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1.0 INTRODUCTION 
The Demonstration Bulk Vitrification System (DBVS) will be used to demonstrate the 
bulk verification process on low activity tank waste. Waste is retrieved by a Single-Shell 
Tank Waste Retrieval System and then delivered in batches to the DBVS Waste Staging 
Tanks. The liquid waste is dried and then transferred into a process system including an 
in container vitrification station (ICV box). The ICV box is ventilated by an Off Gas 
Treatment system (OGTS). The OGTS has an emergency backup exhaust system, the 
OGTS Bypass system, which is connected to the ICV box through a piping connection on 
the main OGTS ductwork. The OGTS bypass system consists of HEPA filters, fans, air 
bypass filters, valves, heaters and piping. When required following a loss of normal flow 
to the ICV Box, the OGTS bypass system is automatically valved in, to provide a 
negative pressure at the ICV box and transfers the process gas to a HEPA filter and 
finally into the main OGTS exhaust stack. 

1.1 Purpose 

This calculation provides a thennal hydraulic assessment of the OGTS Bypass System. 
The OGTS bypass system air flow rates, system pressure losses and temperatures are 
determined during its expected normal operating conditions. 

1.2 Scope 

The scope of the calculation is limited to the determination of the system flow rates, 
pressure losses and temperature in the piping and components from the ICV box to the 
OGTS exhaust stack. This analysis will determine the fan/system operating point; assess 
the operating pressure in the ICV box (insuring a negative pressure is maintained in the 
ICV Box) and predict the temperature of the piping from the ICV box to the OGTS 
exhaust stack for nonnal flow conditions as specified in Section 2.1. 

2.0 Basis 

2.1 Design Inputs 

1. Component and pipe lengths are derived from the project drawings listed in the 
reference section and contained in Attachment 1 of this report. The Bypass 
system ducting is schedule 1 OS (8 inch and larger) and schedule 40S (6 inch and 
smaller), stainless steel pipe, A312 type 316L with surface roughness as specified 
in Crane 1988. 
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2. The process conditions for the ICV box are as defined on the DBVS process flow 
diagram, F-145579-00-A-0021 . The ICV Off-gas Exit Temperature is listed as 
875 °F. 

3. The maximum ambient temperature 115°F, HNF-SD-GN-ER-501. 

4. A nominal air flow of 750 acfin was specified based upon a preliminary 
engineering assessment of commercially available fans suitable for the OGTS 
Bypass system 

5. All isolation and control valves were assumed to be Keystone butterfly valves, 
with the Cv flow parameter as provided by the manufacturer (See Attachment 4) 
for each size of valve and its relative open position percentage. 

6. The HEPA filters were assumed to be Flanders filters with pressure drops 
provided by the manufacturer for similar applications (See Attachment 4). Clean 
and dirty filter pressure drops were utilized for the various parametric models. 

7. The fan characteristics were as provided by the manufacturer for a New York 
Blower Company Model 1508 (See Attachment 4) . 

8. The pressure drop characteristics of the Back draft damper were as provided by 
industry test data (See Attachment 4). 

9. The flow loss coefficients for the standard piping components of the system were 
determined using the ASHRAE Fundamentals (Attachment 5). The ASHRAE 
duct fitting flow loss tables were utilized to calculate these loss coefficients for 
standard fittings, including elbows, wyes, transitions and miscellaneous fittings. 

10. The site elevation at the 200W area location for the DBVS of 662 feet was 
utilized to determine the local atmospheric pressure. 

11 . The flow loss coefficients were added to the pipe loss model within the AFT 
Arrow model for each pipe segment as required by the physical layout. 

12. A main input to the flow model was the heat transfer boundary conditions. The 
AFT Arrow model requires an input for the external heat transfer coefficient for 
the pipe system being analyzed. The external heat transfer coefficients were 
calculated from standard correlations found in the Holman, 1990. The simplified 
McAdams air correlations, found in Holman, for natural convection from a 
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horizontal cylinder was used. In addition, heat transfer by thermal radiation from 
the pipe external surface was accounted for by using methods defined by Holman, 
1990. A combined convection and thermal radiation heat transfer coefficient was 
an input parameter for the AFT Arrow flow model. The calculation of the 
external heat transfer coefficient is contained in Attachment 3. 

13. The pipe internal convection coefficient was calculated by AFT Arrow using the 
standard Dittus-Boelter correlation for forced flow. The thermal properties of 
stainless steel were provided for by the AFT Arrow database to calculate the 
conductive heat transfer through the pipe wall. 

14. The ICY box and the OGTS bypass system were given an arbitrary elevation of 0 
feet relative to the project site elevation. Elevation changes and thus air density 
changes have third order effects on the results of the analysis, and therefore were 
neglected. 

2.2 Assumptions 

1. The process fluid was assumed to be dry air with temperature dependent 
properties that are accounted for by the fluid flow modeling software database of 
properties, including non-ideal gas behavior. 

2. For the condition where flow from the ICY box is through the Bypass system, a 
nominal mass flow split of 60% through the air inlet bleed path and 40% through 
the ICY box is to be utilized in the flow model. This will configuration will 
match the normal OGTS flow through the ICY and is anticipated to produce a 
vacuum at the ICY box within its normal operating range. 

3. Worst case ambient conditions were assumed for conservative prediction of the 
heat loss from the bypass piping. An ambient temperature of 115 °F with no wind 
was assumed for all external heat transfer effects. 

4. The thennal emissivity of 0.6 was assumed for the stainless steel piping, no 
piping insulation was assumed. The emissivity chosen is conservative with 
respect to "as received"' or oxidized stainless steel piping typically used in 
construction (Irwin 2000). 

5. The HEPA filter pressure drops for dirty filters was assumed to be twice the value 
of clean filters, for example, the main HEP A filter element has a clean filter 
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pressure drop of I inch w.c,, the dirty filter pressure drop was assumed to be 2 
inches w.c. 

6. The ICV air inlet was assumed to be 60% open screen with a rectangular right 
angle rain cap. The flow loss of this component was modeled using ASHRAE 
flow loss tables. 

3.0 References 

1. AFT Arrow Compressible Pipe Flow Modeling, Users Guide, Version 3.0, 
Applied Flow Technology, 2005. 

2. ASHRAE Fundamentals, 2005, American Society of Heating, Refrigerating and 
Air conditioning Engineers, Inc. Atlanta, GA. 

3. DBVS Drawing F-145579-00-A-0021, Rev. OJ, "Full DBVS Feed Preparation & 
Melt Process Flow Diagram." 

4. DBVS Drawing F-145579-00-D-0002, Rev. J, "Bulk Vitrification Site Layout 
Plan." 

5. DBVS Drawing F-145579-00-D-0008, Rev. D, "Bulk Vitrification Off-Gas and 
Elec. Trailers GA." 

6. DBVS Drawing F-145579-35-A-OI00, Rev. P, "Bulk Vitrification ICV Box 
P&ID." 

7. DBVS Drawing F-145579-36-A-0108, Rev. F, "Bulk Vitrification OGTS Bypass 
P&ID." 

8. DBVS Drawing F-145579-36-V-0001 , Rev. H, "Bulk Vitrification Off-Gas 
Treatment Plot Plan." 

9. DBVS Drawing F-145579-36-V-0003 , Rev. K, "Bulk Vitrification Off-Gas 
Treatment Melt & Dryer Lower Plan" 

10. DBVS Drawing F-145579-36-V-0006, Rev. H, "Bulk Vitrification Off-Gas 
Treatment Wet Scrubber Skid Plan." 
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11. DBVS Drawing F-145579-36-V-0007, Rev. H, "Bulk Vitrification Off-Gas 
Treatment Scrub & Stack Plan." 

12. DBVS Drawing F-145579-36-V-0028, Rev. K, "Bulk Vitrification Off-Gas 
Treatment Melt & Dryer Section ' C' ." 

13. DBVS DrawingF-145579-36-V-0029, Rev. J, "Bulk Vitrification Off-Gas 
Treatment Melt & Dryer Section 'D' ." 

14. DBVS Drawing F-145579-36-V-0030, Rev. J, "Bulk Vitrification Off-Gas 
Treatment Melt & Dryer Section ' E' ." 

15. DBVS Drawing F-145579-36-V-003 l , Rev. G, "Bulk Vitrification Off-Gas 
Treatment Wet Scrubber Skid Sections." 

16. DBVS Drawing F-145579-36-V-0033, Rev. H, "Bulk Vitrification Off-Gas 
Treatment Scrub & Stack Section." 

17. DBVS Drawing F-145579-36-V-0034, Rev. H, "Bulk Vitrification Off-Gas 
Treatment Scrub & Stack Sections." 

18. Crane, Flow of Fluids Through Valves, Fittings, and Pipe, Technical Paper No. 
410, 1988, Crane. 

19. HNF-SD-GN-ER-501 , Natural Phenomena Hazards Hanford Site Washington, 
Rev. lB, Fluor Hanford. 

20. Holman, J. P., Heat Transfer, 1990, McGraw Hill . 

21. Idelchik, I. E., Handbook of Hydraulic Resistance, 1996, Begell House 
Publishing. 

22 . Irwin, J.J. , Thermal Analysis Methods for Safety Analysis Reports for Packaging, 
WHC-SD-TP-RPT-005, Rev. 1, 2000, Fluor Hanford Inc. 

4 .0 Methods 

The OGTS bypass system thennal-hydraulic calculations are performed using AFT 
Arrow Version 3.0, with inputs provided from the MS Excel spreadsheets 
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(Attachment 3), manufacturer's data (Attachment 4) and selected ASHRAE 
Fundamentals duct fitting flow loss tables (Attachment 5). 

The AFT Arrow program was utilized for analyzing the one-dimensional compressible 
flow in the OGTS Bypass system piping network. Temperature dependent thermo
physical properties of prescribed fluids are accounted for in the AFT Arrow program's 
database. Non-ideal gas effects can be accounted for in AFT Arrow by the use of a 
suitable thermodynamic equation of state. AFT Arrow utilizes the Redlich-Kwong 
equation of state to account for compressibility effects. The AFT Arrow program only 
models steady state conditions. 

The cases analyzed by the AFT Arrow model are listed in Table 1 for the selected fan 
case. The major consideration is the operating pressure drops of the clean and dirty 
filters. Clean filter pressure drops are as specified by the filter vendor per data in 
Attachment 4 . The dirty filter pressure drops are based upon past Hanford experience at 
twice the as received filter pressure drop. 

Table 1. Bypass System Selected Fan Cases. 

Clean Clean 
2 Clean Clean Clean 0/100 0 
3 Dirt Dirty Dirt 40/60 100 

4 Dirt Dirty Dirt 0/100 0 

The second consideration for the parametric cases was whether the system was in 
standby, i.e. no flow from the ICV box to the Bypass system but flow through the Bypass 
inlet bleed filter. The initial case was for flow both through the ICV Box, with the main 
OGTS isolated, and flow through the Bypass inlet bleed filter with all HEP A filters 
having their clean pressure drops. The Bypass inlet bleed filter flow was set to achieve a 
nominal 60/40 mass flow split between the inlet bleed flow and the ICV box flow. 

AFT Arrow has been previously verified and validated on computer #DMJMH+N 
I 02514. MS Excel is a general purpose spreadsheet program. 
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5.0 Results and Conclusions 

The AFT flow model results are categorized by the assumptions on the condition of the 
three sets of HEPA filters (ICV inlet HEPA, Bypass system main HEPA and Bypass 
system inlet bleed HEPA} in the system and the assumption on the flow split between the 
main bypass flow from the ICV box and the flow through the inlet bleed filter. The 
HEPA filters are defined by the condition of"clean", i.e. the manufacturer' s stated 
pressure drop for new filter elements, or "dirty", the maximum expected pressure drop 
during operation. 

5.1 Results for the Selected Fan Cases 

For a nominal flow of750 ACFM at the fan and an 8 inch main bypass line with 875 °F 
ICV outlet temperature, a fan was selected to achieve this flow rate with a static head 
capability of approximately 15 inches w.c. A NYB fan, model number 1508 was 
determined to be acceptable for this application. An evaluation of the selected fan was 
performed. The following results (Tables 2, 3, and 4) were determined by the AFT 
Arrow flow model. 

Table 2. ICV Box Pressure with the Bypass System. 

2 0 NA 
3 100 -5.3 
4 0 NA 

Note: 
1) Inlet bleed valve position set to achieve a nominal 60% of full fan flow through the inlet bleed 
filter when the main bypass line is open to the ICY box. 
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Table 3. Bypass System Air Flows and Fan Conditions. 

344 517 13.99 3.2 
2 0 676 15.76 2.6 

3 277 428 14.25 3.0 
4 0 635 15.79 2.4 

Note: 
l ) Flow is at the Inlet HEPA filter, 36-NO2-0l0. 
2) A nominal fan efficiency of 67% was assumed based upon vendor data (attachment 4). 
3) Pipe Flow Velocity is the minimum velocity within the OGTS Bypass line. 

;;;:X: ·.. :~a.ft ' 
ii;;,~Wft,1. ·_./(f{fo:L .• ' 

2 

3 

4 
Note: 

Table 4. Bypass System Temperatures. 

875 175 
NA 115 
875 169 
NA 115 

1) A Heat Transfer Ratio of 1 means there are no fins on the pipe for enhanced cooling. 

5.2 Conclusions for the Specified Fan Case 

617 
807 
582 
758 

The selected fan, NYB fan model 1508 (Attachment 4), will be able to achieve the 
required flow rates through and pressure in the OGTS Bypass system. The expected 
temperatures at the OGTS Bypass HEP A filters are less than 250 °F and therefore 
acceptable. The throttled condition at the air inlet bleed valve, with a Cv value of 300 or 
approximately 45% open, is acceptable for this valve. 
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6.0 Calculations and Analyses 

-·-

The AFT Arrow model, as shown in the figure, considers the process loop as follows: 

P< 

" t l [PAF-., I 1" t 1•11·0U'I 

' f PJO 

I 

I 

' "'" I 

r,!;-,m 
l..1!J fo l,~ 

OHEPA 

The drawings used to develop the AFT physical model are contained in Attachment I . 
The AFT Arrow Input and Output Files for the various cases analyzed are in 
Attachment 2. Attachment 3 contains the flow coefficient and physical configuration 
input data for the AFT Arrow thermal hydraulic model. Attachment 4 contains the 
manufacturer' s data for the butterfly valves, HEP A filters and fans that may be used in 
the OGTS Bypass system. Attachment 5 contains printouts from the ASHRAE 
Fundamentals, flow loss coefficient tables. 
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No 

1 f - 14SS79--00-0- D008 0.,""'f-GAS 6. OLCT. lRAALRS CA - PlN' 

i-:-'-1---''--.:.":=ss::':='.:.-oo=---•:..-"""=='--¼-""=-----o.s=:..'::.":=WMC.:...c=--"'----=='-"=--"""==---------1 F 
l r-tc5S79-00-P-0012 OFr-'-'S 1A£AN00 - PIPIIC SECTIONS 

-- ~ _£-t4557"9-l6-'i-OIXl7 DfT--cAS 1R£ANEH'T--=--~ '-!...!. SIACk PVM 

S f"- 145S79-l6-V-00Jc OIT-GAS 1R£ATMENT - SCRUB A: STACK SECTnl6 

6 f - 11SS79-l6-Y-0021 OfT-r.AS Ollt.WST SUCK OCT/.&...S 

L ONLY \lt:,ml,\OON OUCtwORK Pif'INC AHO SUPPOR'IINC CABL[ lRAYS SHONN. AU OTHER 
Pft<C NC) C.ASU TRAYS OMITT£0 fOR C\NfflY. 

2. DtuOIS10NS NC) LOCUIONS (1f JOINTS JO DC COHARLCO BY SQ.ECJEO VEHOOA. 

J. VOffllAnCIH Dt.:CIWORK PIPlttC 10 BE ...,.!LIJIJ JHCXHESS SCHEDUl.£ 40 COMPt.£TE WITH 
LO~ RAOIJS Cl.BOWS f'OA 6• AND S&&M.LDI AND SOUDUlE 10 PIPE ANO PIP( flTTlNCS 
FOR P« r ANO lAACCR EXCEPT ~ NOTED. 

C. OUCJ\lr'0Rk J.WCRW... MO fABRJCATION S)WJ.. COHfl>RU 10 A.SMC BJl.1 POWER Pfl'IUC. 

S. DUCTWORK mnHCS AS PCA AU£C OWG. NO. f-14SS79-J6- Y-002J STAH<WtO 
OETl.&..S - SHI'. 1. 

6. I.D. 0£S~TES ISOlAIKlN OUiPERS 10 BC rtNlOCRS AOLNO SUOOU:-TIGH1 
(IUT IUO£ llf(). ,.,,.Ct:S TO 11.UCH 150I DRIU.J<C. 

1. vtHTlLA1IOH DUCTWORK SUPPORTS ARE REPR£S£HTED 8f A. H(JAGOH. 

OOMPL[S -e .. e e e 0 e e 
rnR 'VS' 1'l'P£ SUPPORTS SEE DWC. f-1455-79-l6-0024. 
fOft Ml. OMA SlPPOfUS SEE ORAWl"CS f-14S579-00-P-0001 TO -0004 . 

&. SEE BRANCH ROd"DRCOlOO D(TM. o,~ owe. r - 14557!h:S6- V-002l fOR 
flTllHCS SHOWN SHADED. 
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AFT lvrow 3.0 lnpul 
DMJMH+N 

(1016) 3/2512006 10:22 AM 

AFT,.,,,,,, Model, OGTS Bypass S)ISlem T-H Model Case 1 ( Clean FIIIA!rs. NYB 1508, 115 "F Ambient, HT) 

TIiie: AFT flvrow Model, OGTS Bypass Syslem T-H Model Case 1 ( Clean Filers, NYB 1508, 115 "F Amblenl, HT) 
Input File: M:\Oemonstralion Bulk vmFlscal Year 2006 WOfk\CalculalionslOGTS Bypass Thermal Hydraulics Analysls\Wortc Fileslllypass Flow 8 
Inch Pipe Rev 1 Case 1.aro 

Number Of Pipes= 25 
Number Of Junctions= 25 

length March Solution Melhod wilh Mach Number Umits 
length Slep Size• 12 inclles 
Mach Number Increment= 0.01 
Pr8SSU'e Tolerance: 0.0001 relallve change 
Mass Flow Raia Tolerance= 0.0001 relative change 
Enthalpy Tolerance: 0.0001 relanve change 
Flow Relaxation= (Aulomalic) 
Pressure Relaxation• (AulomaUc) 
Resislance Relaxation= {Automallc) 

Fluid Database; AFT Standard 
Auld:Alr 
Max Fluid Temperature Dala= 1000 deg. K 
Min Fluid Temperature Data= 200 deg. K 
Molecular Weight =28.97 amu 
Gas Constant =0.06855 Blullbm-R 
Critical Pressure =37.25 atm 
Critlcal Temperature =132.41 deg. K 
Acentric Factor =0.021 
Equation of Slate• Red~ch-Kwong 
Enthalpy Model= Generalized 
Specific Heat Ratio Accuracy = High 
Atmospheric PresslKe= 14.3 psia 
Gravitational Acceleration= 1 g 
Standard Pressure"" 14.696 psla 
Standard Temperature= 60 deg. F 
Turbulent Flow Above Reynolds Number= 4000 
Laminar flow Below ReyOOds Number- 2300 

Pipe Input Table ___ ______ _ 

Pipe Name I Pipe length length i Hyd;;,~j~ · Hydraulic j Friction . Ro~giv;~ss· 1 · R,;;,gh~~~; -,· L~sses {K) ! lnitl~-Flo~-

i Defined Units ! Diameter Diam. Units Data Set Umts t 

J JFEs l Yes 163 ; inchesi 4.026 · inches Unsoecified ; 1.635 0.000151 feet 
4 Pip_~ , Ye~,. _ 39 ;_ Inches~ _ 6.065 ' inches __ Unspecified : 

--- ~ - ... Pipe I Y~~- ___ ;1_?.;,_ ]!1~~ .. 4.025 ; inches _ Un,;pecif,ed ; 
6 Pine Yes , 72 ! Inches 6.055: inches Unsoecified l 

- 0.0.901;;, -- ;::;f-!!-00<!'~ 
0.00015 feed 

7 Pioe Yes 141 .s · inches i 5.047 ! inches Unsoecified ' 0 0.00015 feed 
_8 __ . .P.!P.d __ y~]i __ . ~•- inc:l]es ! 6.(/65 ; . .. inches Unspecified , _ 0.00015 __ _______ feet 0.1~ 

~ PIP.~ I ."'.• .s~ ..... JQ.L .i!!!'!>•.~ II 6.065 . . .. _ inches __ Unspecified 0.(100_15 fe~t .9. 
10 Pioe I Vas i 6 inches 6.065 ; inches Unsoecified 0.00015 feot 0.05 

, 11 Pipe I Yes ! 6 inches . . _6.065 : ___ i!)_cll~s _Un51>ecified __ _ 0.00015 feel 0.05 
... ii ___ Pie!_!, -::-· ;;.;;: - ·;~ :· ;;,~~- .... 6.065 _ .. in~s U~specif!ed p.OOQ1?. ____ __ :-i e.!'! ~-i.2794..) =: · · 

13 Pioe Yes ' 251 inches 8.329 inches Unspecified 0.00015 feet 0.39. 

14 Pi~• '(es i 1~~L.J.n_ches ~-32lJ . Ln."1!.•!i. _UnS1!"9.~ed . 0.0@1? fee! ___ _ o.n 1 ___ __ _ 
15 P_ipe Yes ! .. 277.5 _ inches __ _ 6.32L . \nche~ . U~cified 0.00015,_ . . f~~t _1.3?' 
16 !'iP.e · .;,~~-; 18 __ _ 111_q,~~ __ 8._~?.!.. inches ! Uns~.ci~_cL ___ _ O.J)(!OJ_5 _ !ee_t Q.9 
17 DW> Yes ; 12 inches 6.329 inches • Unsoecified 0.000151 feet 0.11 

__ :: _;_ .. ::~pe ___ ~ .. :.: ... ____ :_·~----·_· :.: .:.·.:. 8,3~9.'. _i~!,h.e_s

1
l_!,!~3>-~fie~ .0.-009J~ l__ __ ______ _fg~! 0.11 

_ 8.3~.,.. .i!'!:.~~ .. Un_specifi~~-- Q.0001,5 _f~_e\ . 9 
20 Pioe Yes 564 inches _6.329 , inches Unsoecified 0.00015 feet 2.04 ! 
?1. --~!!!' ... ____ Yes... 104 _ _ inches _____ _ 1239 . inches !_ Unsp_ecir~<! .... 0.00015 ___ _ feel 1.42 ' ! 
22 Pipe Ye~c- 6 indles 6.065 ; inches ! Unspecified 0.00015 • . _ffeeee1

I
t! ______ - ·0

0
· ._04

6
··
1
··1

1

. ! 
23 Pipe Yes _ 268 · ) nc.he~ __ -!~ ! · ...... ·i~chesT- Unspecified : ____ o.00015 .. .. .i 
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/',FT AmNi 3.0 Input 
OMJMH+N 

(2016) 3l2S/'2006 10:22 AM 

/>FT PlroN Model, OGTS Bypass System T-H Model Case 1 ( Clean Allers. NYB 1508.115 "F Ambient. HT) 

i Pipe l Name Pipe j length I Lenglh Hydraulic J Hydraulic Friction ! Rougmess Roughness losses (K) lnlllal Aow 

~---~----- . Defined : _---..J Urits Diameter l Diam. Units Data Set l I.Jnils 
; 30 · Pina Yes l 0.5 i feet 5.047 i inches un-cifo~ ----0.00015 feet 0 

Q. _ __ _ 

i Pipe : lnlllal FloW i .Junctions Geometry Malerlal : Size T)l)e Thermal 
Urn1s , 11 1n Downl Boundani 

i Ambient Temp. 

;-- ~ -:-------- .L ... - ~f ~:~: ~=~::: · ::: ::::: =:1------
[ ___ ! ___ , -·------·:-.. _3, 4 ' C'JllfldricalPipe _ SlairiessSteel ; ___ 4Inch, schedule40 __ _ ___ Adlaballc! 
, _ ....... . 4._5 _ .. Cyfmaicalf'li,e __ Stainless Steel ;- 6inch ... schedule40 ....... _AdlabalicJ .... _ 
! 5 5 6 · "'-"ndrical Pioe I Unsoecir.ed · AdlabaUc : 

6 6, 7 . CYl'JOdrical Pioe Stainless Sleet ! 6 inch I schedule 40 Gene,al Heat Transfer ! 115 
. 7 --·- - .... .. ___ . _____ __ I,_B __ CyllydricalPipa _SlainlessSloel , •. 5inch . _schedule40 .... Genera1Hea1Transrer ! ___ _ 115 

___ 6____ ____ , 6,9 ; CytindrlcalPlpe SlainlessSleeL ___ Binch schedule40 _Genera!HeatTransfer i _____ 115 
; 9 · · 9 10 CvllnMcalPioe SlainlessSleel ' 6 inch schedufe40 GeneralHeatTransfer ' 115 

.
; __ -___ 1

1
0
1 

_< _-· _ . . 1(!_, 11.. (;ylnd,Lcal Pipe . Stainless Steel ' __ 6 inch _ schedule 40 ~jieat TransferJ.__ .. __ . 115 
!!..R . _CylindricalPioe Slalnl~ssSteel • 6inch.r-~!!!!!~..!l!. .. §!>.!!~!!!!t!.ealTri!_l!S..!!'f.L ... J.1~. 

' 12 12 11 · Cvlindtical Pioe, Stainless Sleet . 6 inch schedule 40 General Heal Transfer i 115 

; 13 · ..... __ __________ .!!, 13 Cyli~dricalPipe _ Stainless Steel: . _8 inch .. schedule10 _GeneralHeatTransfer !- --·---- 1·15 
: 14 _ ___ ,,,. _______ ___ . 1=!.._14 CyfLndrical Plee . Stainless Slee! , __ 8 inch .. . schedule.10 _ General Heal Transfer [ .. .. 1_15 

·- .)~. ___ ... _ ··,-- .... 1~.1!i :... Cy~r&~l_!:'.i~!!. __ $JJ1l!'J!!,!~_$!!'.~. , ... ~ ln~h _ ~~-~ !~. _General Heat Tra_~!.."!.: .. . .. _ ...... ..1!5 
, .. 16 - -----· . .. !~ ... 1q_; . Cyf1"!!,ri~lf.iP.!! Stainless Sleet : !!,inch ~i;!)M!J!!..19 . .. 9 .'!!!~_;,J_H~-~Ir~l:\5fer ; 1_1~ 

. 1? .. . - .... •- .. 16, 17 · _ CylindJical Pie_e 
1
_ Stainless Steel ___ 8 inch schedule 10 General Heal Transfer : ____ ., __ ,, _ _ 115 

__ .1.L .. _____ ,, ____ ...... JLJ!l __ \:;yf,!!!g_~!.l:'!P.!!. St;>!~~ss-~l'!"l ___ ~!~~h __ s,:j)l!d~le1_0 ~!"'!'!!H~_\.I~sf_~ , .!1.~ 
1~-- . ___ _ J.!l,JLCy.!_~~I'!P.!! .. Stainless Steel _ . 8 inch . ~~ule \!) General Heal Transfer ; ... _ __ _____ 115 

: .... ~ - ., __ __________ .' ... ... 1_9. ?0 _ CyH11.91:ical _PiP,<1 Stainless Steel .... ~_inch_ --~ ~~_le 10 . General HealTronslcr ..... _____ .. 115 
... 21 __ ________ ___ .. ~! .. 22_; Cy~,;,U"Je~ . StainlessSteel __ 12 inch_ schedule10 ______ ... Adiabatic ' __ 

·- 22..... . 22.23 , _CytlndricalPipe SlainlessSleet_ .. _&inch . schedule40 ________ _ Acliab'!!i£ ....... -----
_ _J1.. .. . . . 23, 13:. Cyt)ndrica!l'ipj> L Stainless Slee! __ _ 6 Inch __ schedulo.40 ...... .. _ __ •• ~ja~;l!ic : 

-~ . . ·:~--~~jt~~:~t:·:L~:.I ::~::::::: ::~: :::::;~ ·-· ___ ::·~:::::::::~ .... _____ _ , 
' 

Pipe Ambient Temp. Special 

... Units Condition · 
None '. 
None · 

·---~- ----"~9~ 
4 None 
5 None 
6 d!!9.F None 
7 ~ - F None 
8 d!!9. F ; None 
9 d!!!J. F ' None 
10 deg. F ; None 
11 d!!9. F ' None • 
12 d!!9. F : None : 
13 d!!9. F None 
14. d!!9. F None : 
15 deg. F None 
16 d!!9. F None . 
17 d!!!J. f , None 
18 d~F None 
19 d!!9. F None 
2Q .. .9~-f Nooe 

I 21 __ _!l.9ne 
22 None 
23 None 
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AFT /vraw 3.0 lnpul 
OMJMH+N 

(3of6) 3125/200610-.22 Ml 

AFT AnoN Model, OGTS Bypass S)'Slem T-H Model Case 1 ( Clean Fillers. NYB 1508, I 15 "F Amblenl, HT) 

. Pipe : Ambient Temp. ; Special l 
; _ _ . _ ! •. . . . Urits . . __ -~ndtion j 

30 · i None ! 

31 .•.• • · ····-·-- _ .• .' · ···- Nono , 

Pioe 1 -• Tab!& 

! Pipe i K T olal Slandaf<I Mitre Smooth I Angle . Ball 
: Losses : Bends Bands Bends , Valves : Valves 

12 ' 1.23 1C0.13) 

13 0.11 

!l<Jtterfly Cylinder Gale 

Vatves Val\les _ ....Yatves 

•·· .1~. 
21 

P .~ 
1.42 

I 
.. ,. ···--•,-...-·•·- · -···· . ·-· ·- ·-·. . -

22 0.04 
: • • . 23 _ _ : . _ 0.11 .. _ .. [ 

Globe ! Plug ! Poppel i 
Valves I Valves : Valves ; . . ' 

Pipe . Three-way · Swing Check i Lilt Ched< Titting Disc Stop Check , Sharp•e<lged ! Long i Contractions · Expansions 
Vatves Ori fice i Orifice 1 · Losses : Valves Valves · Valves Check Valves 

~~· -·--- +. 
15 

}.L 
22 
23 

··· ·· · 1 

Pipe Entrances Exits Dltferential Honeycomb Screen Tee Add1 Loss 
__ f:,OS§e§ 

12 
13 

15 

•.. 21 ···
?.? . 
23 

Flowmeter _ 

lvea Change T3ble 
. Area Change Name Objecl Elevalion 

i Defined · 

3 
4 

5 

. Are~ .Change j Ye~ ·· ·-- .... . 0 
Are~ c;hange l Yes.. .Q . 
Area Channe i Yes O 

7 . · __ Area_Change 1 ___ ___ y~~-- .. P. 
Area Change Angle I Loss 

! Faclor 

3 22. i 0.4399 
4 22. I 0.1552 
5 22. I 0.4404 
7 2s. l 0.1241 

Comoressor/Fan Table 

1(1_.1) .. 

111 .11 

1 (0.04) . 

(0.11) 
!0.22) 

.. (1-~?) 

{0.11l 

Elevation lniliaJ Pres.sure Initial Pressure 

Units Units 

_ re~t 

Je~t 
reet 

feet I _ 

Database _ Type 
Source 

Geometry 

! . ~ical ~~-!r.c!£1!0:'! _ 
. ... : _ £~~ _ -~pa_~lon 

Conical Contraction 

Compressor/Fan Name ! ObJed · Elevahon I Elevallon I INlial Pressure I lmtial Pressure j Oalabase ; S~I ! 
Defined Unils I Un1ls • Source I Condihon i 

17 N31-130 1 Yes ol feet! I ' · None 

Compressor/Fan -- ----~~~ ... - ro~signAow I Design Flow 1· Curreni "" " -

Tvoe Ra!e Rate Units Confiouration 
17 Comp,}Fon Curv_e.L. . . . I -· - · . I 

A5-496 
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Variable 

Vot. Flow Rale 

Ind. Variable 

Unils 

-- ~~min 
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AFT />now 3.0 Input 
DMJMH+N 

(4ol6) 3/25/2006 10:22 AM 

AFT l>mNI Model, OGTS Bypass System T-H Model Case 1 ( Clean F"dlers, NYB 1508, 115 "F Ambient, HT) 

•, Compressor/Fan ! Dep. Variable Cornp.!Fan CUIVe 1 CornpJFan curve Comp.JFan CIM'Ye CompJFan Curve i Comp./Fen Curve 

i UDts COnslanla : Conslantb Constante ..• _.- - · Constanld • •.. : _Constante 
i 11 i in. H20s1c1. 12.45429 : "'2"'.s"'1"'14"'29"e'---0-3..;---'_"'2.295114e.os oi 
i CompresSO</Fan ; Runout Flow Runout Flow : Added Press. : Speed 
. - --··-·····-····· ·---·-, ··· ·-- ··---·••·•··- -·-···- ········ -·· 

; i Rale Rate Units i T : 

'-- ·· .... ..!.7-... Stal~ , . !QO . 

Dead End Table 

' Dead End I 
i ! 

30 

Name ; Object , Elevation j Elevallon 
; Defined ; ! Units 

ToMainOGTS : Yes ! o! feet : 
31 ToTrain B HEPA '. Yes : oi feet: 

General Com--ent T .w .. 

lf"tial Pressure : Initial Pressure 

Unils 

Database ! 
SOUIC8 

[ General Component Name ! Object Elevation Elevation 

µ~~~ 
feel 

Initial Pressure Initial Pressure 

'1· Defined ··· ·- ·····g,...it5: . 
2 HEPA F"dter N02·010 Yes · 

16 HEPA Filler 136/1371 Yes : 

•·· ·· --- 18 
22 

0 

0 

0 
0 

feel 

fe~t 
feet 

None 
.... ··--. ·-f-- · . ___ None _ 

None 
· - · ---... ----··r---· ···· 

: General Component Loss loss Independent 

·- ·--· ·- ·------ - -· _. _ ___ Modet __ Y~.u_e V~riabfe 
2 General Polvnomial l Variable Vol. Flow Rate 

lrxl.i~:ile · o:~::~ni~ . , Oep~~~~•bi"--,~-;~~:.~t-: -~· 

ft3/min Pressure loss in. H2Ostd. ' -1.165517E-17 

~~l'J!~ __ p_r~~S!'!.~-~QS~ I in._ f:ft9. ~tt_: .. ~:531~~-~~~ 17. -----··--·~16- _ -~~~~r:?I P'9!Y_r19mial j v_an;a~re _ Vol~ Flow Rate · 
. 18 General Polynomial_' _Variable ___ Vol.Flow Rate __ 

' 22 . Qe~r~I !'qlyno111!i!I ' . .Y.•!.~!1!1!. .. .Y.QI_._FI~"-" ~~.\!'.'.. 
ft.3fmin : Pressur~. Loss_J in._fj?Q sl~_..; . 7.l)2~767E,02 
ft.3/111in ' pressure Loss I in. H2O std. :. •1.436568E•17. 

'. General Component Loss Loss Loss Loss 

Constant b _ _g~tant c ! Constant d Co!)Slanl e 
2 0.00224 • oi · o o 

. .l~ . . . 
18 

22 

Heat Exchanger Table 

.i&26!>~E·Q3 . oi 
1.687181E•04 3.4618E-OB ! 

o.0013a2 o! 

0 
o. 
0 

0 

0 

Heat Exchanger Name Object 

Defined 

Elevation j Elevation 

! Units 
Initial Pressur; 1 lni1ial Pressure 

Unils 

_ 6 · ···· ·- __ .. J~Y fle!ll,Jm Yes _ ... o! ___ ____ feet • . .. . J. . .... 
, Heat Exchanger Loss 

",1<><1~! 
6 K Constant 

Loss 

Value 

1.5 

Independent 

Y~!!~!~ 

'. Heat Exchanger Loss Loss 

Constant d Conslant e 

. ···-- .. 6_._ -

Tank Table r _ ·· ·-•····--· .. 
Tank N;me I Object I Elevation Elevalion 

. . . ____ Defined u~_ls 
1 Alm Pres Yes O feet 

20 Atm Pres ! Yes O feet 

.. ?1. _ Alm Pres ! Ye~ .J> _____ ___ '-~~t 

Ind. Variable 

. UQits_. 

Initial Pressure 

Dependent · 0ep. Variable 

_\(~~atJl_e_ !--!ryi_t~ 

ln.itiaf Pressure j Database 

Units J Source. 
i 
i 

AS-497 

Database 

Source 

Special Type 
Condition 

Loss Loss 

Consla~l a_ _C~mstant b 

' 

Loss 

_COf!~lant C : 

Pressure \ Pressure Temperature 

_µni_l~_. 
14.3j psia 115 
14.3 \ sia 11 5 

1.4)1. . . .. ~si_a.. 115 
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AFT Am:Nt 3.0 Input 
OMJMH+N 

(5of6) 3125/2008 10:22 AM 

AFT lvrONModel. OGTS Bypass Syslem T-H Model Case 1 ( Clean Altars. NYB 1508, 115 "f Ambient. HTI 

i Tank j Temperat"'9 Balance i Balance. . ! (Pipe #1) (Pipe #2) (Pipe #3) I (Pipe 14) : (Pipe #5) (Pipe #6) 
! . --~ .... Units _ ,_Energy ..Lf!!ncentralion ~ K ln,.li. Out .Kt!!, K Out • K Jn. K Oul ; • K "'-J<Oul . K In, K Out . .. K .l!!,_ K Out 
; 1 I dea..F No ; No i IP110 0 . . 

~-~--f-~ -~ -- . ·: i--•··--::: ~~~~- ~ --·-·······---- + -·--- . . ···-·· .. 
l Tank ! (Pipe #7) (Pipe #8) (Pipe #9) (Pipe #10) (Pipe #11) (Pipe #12) (Pipe #13) , (Pipe #14) ' (Pipe #15) 

I --- -· '. .K~Out Kln._KOul Kln,KOUI Ktn,_K_~ . . KlnJ<OuL Kln~ KOul .Kln, KOut _; Kln, KOul '. Kln, KOut. 
: 1 j 

l _ 20 '. - --- . . -- . -- ---- r-- ·--·--- -·· ·-•-·---- ·- _ ·---••-- __ -- •-·· .... ------··. •·• .. -- ' -•-V•. 
~. 1.1.. : ... ....... ······-·- ·--•··· ·-····-··· ·- ---··•· ···· ··• ······ •····· ·· ···-- ··-·· ·· - ·-··-··-···· ·· 
'. Tari< ' (Pipe #16) (Pipe #17) J (Pipe #18) (Pipe #19) (Pope #20) (Pipe #21) I (Pipe #22) (Pipe #23) (Pipe #24) j 
..• . J<.l!', !(Oul ~ .ln,_~Ql!i. _K_lf!,_KCl!,t~Jn.!(Oul. -~ J!].~Oul _.!S!.l\.~9!!!. _Kln.1rn\!1 ._ ~1Q,)(.Qul Kln,_1(. 0!!! l 

, --2~·-r·_·_·_· __ ··_-__ -- ·- ·--·-- ··· · ·--·- ·--· . - - ~ ~ - ·I 
.. 21 _i _____ . . . - __ J __ . ---.. .. .. --_: ~~ -·=- -~~. -~--~L.--.~- --·;~:~-:~ -1 

: Tank ; (Pipe #25) 
! ; Kln.KOut 

1 
20 

21 

Tee or Wve Table 

: Tee or Wye '. Name Object 
Defined 

8 TeeorWve · Yes 
9 Tee orWve Yes 
11 . ... •.. Tea or Wye . . Y~--
13 Tee orWve . Yes 
14 TeeorWve : Yes 

Tee or Wye : Angle Pipes 

l . ... A.~ .. ~ .. 
8 135 
~ . ~:=ii<i~- .. -
11 30 ; 
13 45 . 

..1 4 135 , .• •. .J 

Vatve Table 

Elevatk>n 1 Elevatton '. loiUal Pressur.e Initial Pressure f Database : Tee/Wye Loss 
Units Units . Source 1 T- Tvoe 

o· feet ! I Round Slraiahl Detailed 
o' feet : Round Slraiahl Detailed · 

.o . le~_t_; .. · I-· - Roury~ Straigl)t . [)~)aJ!.ed_ 
0 leet Round Straiaht . Detailed , 

0 feet I Round Slraiaht = Detailed 

· Valv~ l Name I ~~;;~ I Elevat~: .;-~~::::oo I Initial Pressure tniti.d i:;.sscoe o;:~:;•. c:::t: v~~•e Pr:;~~re 

10 I HV-901 Yes O' feel Na ne No 

23 I V- 178 ! Yes I O leetl None No . 

r Valve l"" - --~ t~· .. . - CdA· 1 · c;;;.·-·--· loss : Loss · 1 tndeP~;~1 Ind. v·~abi; I -o~~denl ; OeP~ ·v;.;b'~ ·-·---L~ss 
:. io- ('~U!~Y.!}i!~:L_~-- :~"'.ts ~ cv?:!~i.:-~o/1\!! r· ·_y~iab'.~ ---· Units •. -I l(ariable .• : .•. - .• ~nits , CQ<>slant .a . 

.. . _H . · . ·-····--· . .. , Cv <;_~~nl . 11~.I . ····-····• ·· i 
15 · Cv Constanl 2440 

· ... : ---· ... l .. ··--:~i:§:::;:J_ ~:I :-·- -- ---i-· 

AS-498 
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AFT A1row 3.0 Input 
OMJMH+N 

(5015) 

Calculation No. 145579-D-CA-056, Rev. 1 
Attachment 2 
Page 8 of 46 

3/2512006 10:22 Ml 

AFTAlro# Modet. OGTS Bypass System T-H MOdel Cllse 1 ( Oean Filters, NYB 1508. 115 "F Ambient. HT) 

i V-.Ne Loss ! Loss I loss , Loss : 

~ 
10 

_9,nslant b '. Constant c_ : . Constant d i . Constant e.: 

!--{~ --·--- 1 
19 

i 23 

AS-499 
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AFT Ana# 3_0 Output 
DMJIIIH+N 

(1 ol5) 

AFT /lnfNI Model, OGTS Bypass SyslemT-HModel Case 1 ( Clean Fillers, NY8 1508, 115 "F Amblenl, HT) 

Tille: AFT Atraw Model, OGTS Bypass Syslem T-H Model case 1 ( aean Filers, NYB 1508, 115 "F Amllienl. HT) 
Analysis run on: 3/25/2006 10:12:56 AM 
Appfication ve,sion: AFT Atraw Ve,slon 3-0 (2005-09.14) 

3/25/2006 

Input File: M:\Demonslrallon Bulk VIT\Flscal Year 2006 Work\Calculalions\OGTS Bypass Thermal Hydraulics Analysls\Work Filos\Bypass Flow 8 
Inch Pipe Rev 1 Case 1_aro 

Execullon Tome= 1:46.88 (106.88 seconds) 
T olal Number or Pressure lterallons= !i73 
Tola! Ncmbe< OI Row aerations= 195 
Total Number OI Enlhalpy lleraions= 195 
Number OI Pipes= 25 
Number or Junctlons= 25 
Matrix Melhod= Gaussian Biminalion 

Length March Soiulion Method with Mach Number Limits 
Length Slep Size• 12 inches 
Mach Number Increment= 0.01 
Pressure T°'e,ance: 0.0001 relative change 
Mass Flow Rale Tolerance= 0.0001 relalive change 
Enlhalpy Tolerance= 0.0001 relalive change 
Row Relaxation= (Automalic) 
Pressure Relaxation= (Automalic) 
Resistance Relaxation= (Automatic) 

Fluid Dalabase: AFT Standard 
Fluid: Air 
Max Fluid Temperalure Dala= 1000 deg. K 
Min Fluid Temperature Data= 200 deg. K 
Molecular Weight =28.97 amu 
Gas Conslant • 0.06855 Btunbm-R 
Critical Pressure • 37.25 aim 
Criticat Temperature :=132.41 deg. K 
Acentric Factor =0.021 
Equatlon or Stale= Redlich-Kwong 
Enthalpy Model= Generalized 
Specific Heat Ralio Accuracy = High 
Atmospheric Pressure= t4 .3 psia 
Gravitational AcceSeration• t g 
Standard Pressure= t-4 .696 psia 
Standard Temperature:::: 60 deg. F 
Turbulent Flow Above Reynolds Number= 4000 
Laminar Flow Below Reynolds Number- 2300 
Total lnOow= 0.9635 lbm/sec 
Tola! Ou!flow• 0.9635 lbmlsec 
Total Energy lnRow= 273-2 Blu/S 
Total Energy OulRow= 210.4 Blu/s 
Tolal Heat Transferred Into Syslem= -62.79 Btu/s 
Maximum Pressu,e is 14.35 psia al Junction 17 OJllet 
Mnimum Pressure is 13.84 psia al Junclion 17 Inlet 
Maximum Static Temperature is 875.0 deg. F at Junction 6 Ou tlet 
Minirn.,m SCalic Temperalure is 11 5.0 deg . F at Junclion 23 Ou tl el 

Comnressor/ Fan Summarv 

Jci Name 
Flow ! Flow Stag. 
Mass ! Vol. I OP 

. __ . __ .(~~Im.I. \ (tt3/min) ! (in. H2O Sid.) 
17 N31-1J0 , 756.8 ! 980.2 ' 13.99 

Jct ¾of 
BEP 

(Percen!l__ 

17 N/A 

Vatve Summary 

DP J Overall I Speed . Overall Comp. BEP BEP 
. Static Efficiency I Power ; _ Ratio 

I 
a Mass 

(,n, l:!2.Q ~.<!,L _J!:'~~!'_t) i. (Per~ent) ___ .<!'P.l _., .(P_er~ent) , (ft3/sec) . (!b!"-'~c) 
13.99 I 67.40 j 100.0 3.157 ! 103.6 , NIA NIA 

AS-500 
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/>FT MOW 3.0 OUlpUI 
DMJMH+N 

(2ol5) J/25/2006 

AFT AnrN, Model, OGTS 11\'pass ~lem T-H Model Casa 1 ( Clean Finers. NYB 1508, 115 •F Ambient, HT) 

; Jct I Name j Valve Mass ; DP Slag ! DP Static : P Slalic ; K ! v,1,.,,, Cv Cv 
j I ( Type Flow i ; . Inlet ; SI.ala EsL 

: ---!---- ! __ ____ (l>rnlseclj(Jloi!!i_j (P~!!!L~ (psia) _: _ ____ !----··- - . ·- __ 
H~ : ::!: :::: = t-·}:f~i~+·t~~+ ·· ~:~::i-~ : ~ -~:{::~ ·-~1 
: 15 i V-166 i REGULAR 0.96353" 0.0091573 ; 0.0091 650 ' 13,96 : 0.7770; """n 2440.0 NIA 
; 19 i V-167 : REGULAR 0.96353 : 0.0090172 ' 0.0090245 : 14.33 . 0.7770 / ~ 2,440.0 NIA 
: 23 : V-178 ! REGULAR 0.57869 ; 0.1841163 : 0.1842918 ' 1426 · 13.7426 ( Onan 300.0 NIA 

; Jct ' Name Mass DPo DP DT 
i i ! flow Loss lnlel OuUel ' Rate In 

T T Heal 

~. ·6· - .:,! ·- 1·cv· ·-· ·P1· -enum·· - · ·1 _ (lbm/so··_-3ec84_ )8. · _. _(p~~L .' .. __ _ (p.@_.i.(\!..eg,.f.L (<!eg,J:L · ~~g, fl[ .J.~~L 
o.04625 : _ 0.02933 \ -1so.o .... 114.6 __ _ 874.6 , ___ 72.25 . 

Pioe OulDul Table 

! Pipe : Name Mass Vol Vet. Vel. Mach Mach dP Slag. 
Flow Flow Avg . In . Out # In # Out TOlal 

(~~) _ Lft31'!!'1l. ~-(f_"!'![sec)__~(!eelhn!!})_; - ·- __ - ·· - -· . _ ·- __ ·_. (i~-~l:!..29._sld.) 
1 Pipe 302.28 344.0 28.55! 1,715.4' 0.024385 0.024417 : 0 .5149786 

; . 2
3 

.• :_-
3

PIFe":l· · 30
30

2
2

._ 2
2
8
8 

.••. •. _34
34

4
6

._9
3

, _____ 2
65

8._s
1

5
2

'. 1,?.19,.9 : o,02_4465 o.024471 o.0918134 
J 3.928.2 ' 0 .055627 ci.'oss!i2-i ' 2.0711608 

4 Pipe 302.28 

Pipe 302.28 I 
Piao 302.28 I 

9 Pipe I 245.24 I 
10 Pioe I 245 24 1 

11 Pioe l 57.03I 
12 PiP.~ : .s?.o3 
13 Pioe i 302.28 
14 Pioei 756.85 
15 Pi~ 756.85 
16 Pioe 756.85 
17 Pioe 756.85 
18 Pioe 756.85 
19 _ __ _ Pip~ .J~M~ 
20 Pioe 756.85 
21 Pioe 454.56 
22. Pipe 454.56 
23 Pioe 454.56 

: 30 Pioe 0.00 

' 31 Pioe 0.00 

. . . 

347.0 ' 

-~H ;. 
795.3 : 
756.3 i 
130_0 : 
sa9_5 i 

586 8 
137.0 -

13~.~~ ---
681 .0 

1.07B.0 -
979.8 
973_9 : 

9B0.5 
959.6 

!IS!!,~. 
947.7 
516.8 

.~1~ .. L -
525.2 

0.0 
0.0 

2B.B2 , 1 729.2 . 0.024613 . 0.024616 : 0.04B0714 

65.54 i .. . .. 3c936.0 i. _0.055985 .. . 0.056038~ _0.3658546 
67.30 : 3 B89.8 '. 0 .037B88 0.037178 : 0.1455076 
93.70 : 5,265.6 i 0 .053743 0.052032 ; 0.7659742 
60.73 3 633.6 : 0.036001 0.035952 ; 0.0554101 
49.12 ' 2,929.8 ' 0.029159 0.029074 : 0.0078931 
4886 · 2 918 4 0 029088 0 029024 001731731 
11.42 680.4 . 0.0067B1 0.006757 0.00092391 

-- 11 .34 ---- 671.4' . 0.006757 • 0.006710 _ _ 0.0155750 I_ 
31.72 1696.8 0.018944 0.017873 o.o89ao11 I 
51.53 2.606.4 0.038125 0.035055 1.7742587 i 
43.44 2.572.8 0.035055 0.034B56 ; o.6301541 I 
42.91 2,573.4 · 0.034879 0.034877 0.1531104 l 
43.20 2,590.8 0.035128 0.035122 · o.0446396 I 
42.32 2.533.2 0.034153 0.034119 0.0644911 j 
_4_2,25 2,533.8 . 0.03414~ : -0.03413~ . 0.0082~91 I 
4225 2.474.4 0.034153 _ Q,_033782 1.0342342 l 
10.29 617.4 0.008784 0.00B785 0 .033B955 ; 

__ 43.04 __ _ f..582.4 __ 0.036755 i _0.036758 . . 0.021B578 i 
43.60 2,619.6 0 .037239 : 0.037291 O:sis-1s24 i 

0.00 0.0 0.000000 · 0.000000 0.0000000 : 
0.00 0.0 0.000000 ' 0.000Q.()O 0 .0000000 ; 

p Slag. 
In 

On. H20 std. (g)) 
0.0000 

-1.2859 
-1.4500 
-3.6533 

·'.!.-?741 
-5.4202 
-5.6118 
-6.3778 
-6.4177: 
-6 6205 1 
-6.6374 i 
-§.6]!00 \ 
-6.63B3 ! 

·--:s~7496 ! 

-B.5238 ! 
-9.4075 1 

-12.3129 i 
1.6294I 

t~ll?.1.1 
1.0342 1 
o.ooool 

_-0,74_81 
-5.8664 
-6.3778 
·8.5238 

p Slog. CM I 
I 

(in. H2()_ std .. (g)) i 
-0.51497877 i 

-

,1,~T/7~~, 
•3,52111602 i 
.3_10133134 ! 
-4.13991928 1 
-5.56569386 
-6.37778568 \ 
-6.43319607 I 
-6,42559338 1 
-6 63778305 : 
-6.63831091 1 
-6.6655B027 j 
-6. 72811794 j 
-8.52383900 i 
-9.15399361 I 
-9.56058025 : 

-12.35751152 i 
1.56486714 ! 
_l-_2B380406.! 

·0.00002640 ! 
-0.03389547 i 

. . -0. 76996034 
-6.41318607 
-6.37778568 
-8.523B3900 

P Slalic dT Slag. T Stag. T Stag. T Static T Static I dH Stag. H Stag. H Stag. I 
Out Inlet Outlet Out In 

(in. H20 std. ( de _ Btunbm Btunbm 
1 .. ... ____ . -0.16364. . o.C>OCIOOQO\l j o.qoooo 20s.1 

2 ··· -·-·--· •1.45011. . :.1-~1~8 ·- ;O)l:(1006104 ' 115.0 115.0 _ 114.9 _ .\14.jl 0.0!!\)()Q 206.1 
_ __ 3___ -2.:19745 -4.37_310 _ -0)10164795 115.0 115.0 . 114.7 . _1 1_4.~ .. 9,9.QQO!l 2~.1 
___ 4__ -3.81844 -3.86654 _ ___ 0.00000000 .• ... !.1~,Q . __ )!5.Q. _1_14,!l:_ .! 1~.9 0.00000 206.1 
· 5 -4.62744 -~-!l!!~.1.2 ___ -0.00024414 :_ .. 1_1~p_ .... 11_~_.o ______ J.14.6 __ ... 11.'!,6 0.00000 21M?-.1 

- --~ - - ... --~6~.-~7-82;5_:8-~7r -· --~~6-_:7~~8-:0-

2

3-:1- -- · t.J
9

~_z5~0J21e
1

'7o~7:6.92': ; • · :7_ 

7

4?.;1~_~7-·_ ~!~:t ~- :;::~: .... ~!~:: . :!-O~:_~e-1

9

~2L4.

4

5· ·1···· m,: 
8 - -- ---'---· ---· - -- - · .. ·-· .. ___ ··- -- . 7~~-2 . 741 .4 737.9 360.5 

AS-501 

Bt~;m I 
206.1 i 
200.1 ! 

' 206.1 : 
29€!-1: 
20§._1 : 

-~ ~81 .~.i 
360.5_! 
359.7 i 
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N'T Arrow 3.0 Output 
DMJM~N 

(3ol5) 

AFT Arrow Model, OGTS Bypass System T-H Model Casa 1 ( Clean Filte,s, NYB 1508, 115 •F Ambient, HT) 

3125/2006 

! Pipe ; P Stalic P Slallc dT Slag. i T Slag. T Slag. i T Static ! T Static dH Slag. H Stag. H .stag. 
! i In Dul i lnlel Oullel ; In ' Dul In 01A 
: -·-- ' . [In~ H20 sld. loll. J!I. H2O sld. (9ll.. ___ (!!!g,_E'}_ __ l.J<l!>.!1,.fl . (m~fJ~..aL~fL _t~~L ,_(~l _(~)_ 
· 9 . .. ~ - - -- -6.64610 - ·· - - ·-=~~ ~ -s.96520996 i _ r~~-..... 131.2 !.- 13s.o , _ ..731 .0 __ ..:!J3454 __ .. 359.1 ___ 357.t 
• 10 , -&.84765 -&.86396 -525341797 , 1312 726.0 , 731.0 , ns.8 -1.30798 357.9 3511.6 

11 ! -&.64974 -6.65059 -8.46142578 \ 738.2 n9.1 ; 7382 ' n9.7 -2.10101 359.7 357.6 
12 -6.66228 -6.6TT67 -16.56591797 729.71 713.2 1 729.7 1 713.2 -4.12364 357.6 353.4 
13 -6.73469 -6.81404 -128.68505859 ' 723.6 594.9 • n3_5 : 594.8 -31.96418 356.o 324.1 
14 -7.14175 -8.85440 -123.2tl121521 • 307.61 184.3 , 307.4 ; 184.2 -30.19798 253.2 223.0 
15 -8.85440 -9.48030 -9.26177979 : 184.3 175.0 184.2 . 174.9 -226422 223.0 "".7 
16 .9_13399 -9.88694 -0.55596924 · 175.ol 114.5 . 114_9 ; 174.3 -0.13588 220.1 220.6 
17 -12.64158 -12.68609 -0.36TT3682 · 174.51 174.1 : 174.3 i 174.0 -0.08988 220.6 220.5 
18 1.30735 1.24357 -1.48486328 ' 184.1 1 162.6 1 184.0 i 162.5 -0.36306 222.9 222.6 
19 0.97056 0.96248 -0.41833496 : 182.6 ' 1822 , 182.5 ! 182.1 -0.10228 222.6 222.5 
20 0.71268 -0.31385 -16.99127197 · 182.2 165.2 ! 182.1 i 165.1 -4.15319 222.5 218.3 
21 -0.02125 -0.05515 o.00036621 115.o 115.o : 115.0 ! 11s.o 0.00000 200.1 206.1 
22 -1 .11905 -1.14094 -0.00006104 . 115.0 115.0 i 114.8 ; 114.8 0.00000 206.1 206.1 

- -~~ · ··- ·- · ··6.2422tl .. ·6,?~!I~. -0 .00048828 , . !!5.-Q _ _115.0 _,. __ ,114.8 ; _ . . !1.4& .. _ .. 0.00000 .•.. . ~~J. ____ 206.1 
30 -6.37779 -6.37779 0.00000000 ' 741 .7 741 .7 · 741 .7 741 .7 0.00000 360.5 360.5 
31 -a.52384 -8.52384 0.00000000 ; · 184.3 184.3 184 3 : 184.3 0.00000 I 223.0 223.o 

Pipe · ··-Hsi;~- --H si~tic Rho - · · Rh~ Slag. i H;aMI .. Tod-ransel. ·;.; I HFleua.·1 . • ·• - --RHea,~el- -
In Out Slag. In ; Out 

(Blu/lbml (Btu/lbml (lbm/1\.31 ' Clbm/ft3l i (Blu/s-tt2\ !Blu/sl 
1 206.0 206.0 0.06719 i 0.06711 Adiabatic 0.00000 0.00000 
2 206.0 206.0 0.06696 : 0 .06696 . Adiabatic 0.00000 0.00000 
3 206.0 206.0 0.06695 '. 0.06660 Adiabatic 0.00000 0.00000 . 
4 206.0 , 206.0 0.06657 · 0.06657 Adiabatic I 0.00000 0.00000 ' 
5 206.0 : 206.0 0.06655 0.06649 Adiabatic i 0.00000 I 0.00000 • 
6 393.7 • 381.3 0.02852 0.02961 Gen1 Heat Tran. -0.50078 l -4.77086 · 
7 381.2 360.4 : 0.02961 0.03161 Gen1 Heal Tran. -0.51574 : -8.03533 
8 360.5 359.6 i 0.03161 0.03170 Gen1 Heall ran. -0.42291 -0.33575 
!!_ _ , •. - -~~.6 357,9. j 0.03170 .. .• 0.03188 _ Gen1Hea1Tran . • -0.36979 j :(),5'!_155 
10 357.9 356.6 1 0.03187 : 0.03200 · Gen1 Heal Tran. -0.38578 1 -0.40837 
11 359.7 357.6 1 0.03168 ' 0.03190 . Gen1Hea1Tran. ! -0.19269 i -0.15298 
12 357.6 353.4 i 0.03190 0.03235 ' Gen'I Heal Tran. I -0.16855 I -0.29939 
13 356.0 · 324.0 I 0.03207 : 0.03598 ' Gen1 Heal Tran. I -0.26970 -12.30086 . 
14 253.1 ' 223.0 0.04945 . 0.05866 ! Gen1Hea1Tran. ! -0.00132 -29.09655 ' 
15 223.0 ' 220.7 0.05866 0.05942 Gen1 Heal Tran. i -0.04327 -2.18163 : 
16 

j ""11· 
~-1.. .. 220.6. 0.05938 ____ 0.05941 Gen1Hea1Tran. j . . :Q .. 0.4~3 -0,13092 
220.6 220.5 0.05899 . 0.05901 Gen1 Heal Tran. , -0.03972 -0.08660 

18 222.9 m .5, 0.06022 : 0.06034 Gen1Hea1Tran. ! -0.04584 -0.34982 
19.. 222.5 . 222.4 i 0.06QJ(! :. 0.06034 _ Gen1 Heal Tran. I -0.04519 : -0.09855 
20 ·-· ___ 222.4 . 216.31 0.06030 . . 0,06)?8_ Gen1 Heallr"!'- · :~:~iiiiiir~:.i',opi11 
21 206.1 206.1 0.06719 · 0.06719 Adiabatic 0.00000 0.00000 
22 206.0 206.0 0.06707 0.06706 , Adiabatic 0.00000 0.00000 · 
23 2os .o __ _ 206.o _o._q~5~0 0.06611 .. . . Adiabatic 0 .00000 o_.QQ9.!J_q_ 
30 360.5 360.5 0.03161 0.03161 Adiabatic 0.00000 0.00000 
31 223.0 . 223.0 0.05866 0.05866 Adiabatic ! 0 .00000 0.00000 

All !unction Table 
! Jct Name Mass Flow dP Slag. P Slag. P Stag. P Static P Slalic 

l Thru Junction Total In Out In Out 
I lsdml fin. H20 std. I fin. H2O std. loll (in. H2O std. (q)l (in. H2O Sid. (g)) (in. H2O std. {gll 

1 Alm Pres f ~0~2!! • Q .. 00000 Q.9.QQ09 • 0.0000.. 0 .00000 0.0000 
. 2 HEPAFinerN02-Q!Q!t ·- • .. ;392.28 o.~.§._ .'.Q,~_1498 -1.2659 -_0.67863 -1 .4~1 

3 AreaChange_ 302.26 0.07220 -1.37776 . -1.4500 ___ · 1~.54=1~98~---~· 2=.29=74~ 

AS-502 
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AFT Arr~ Model, OGTS Bypass System T-H Model Case 1 ( Clean FilleB, NYB 1508. 115 •F Ambient, HT) 

! Jct 1- · Name I Mass FkM dP Slag. P Slag. P Sta9- P Slallc P Slalic 
• • Thnl Junction Total In Out . In I Out 

i I t · · ,- - -,-· _--_·-_-__ __ ·•·ea Cha""" _ (S£1m
302

l _
28 

. (il),._H2Q 51<!.). '. 111!- H;!q •!d, (g)) ~-J!!', H..?Q.~1!!,__(g)lJ _Q'!,_li20 sld. (g)lU!!!,_H20 std~(g)l 
' 4 j _ ~ _ ~= -- 0.13214 • _ _-3.52112 '.... -3_5533 , ---- - -4.373101 ___ ______ -3.8184 
'·-5 ··,•-- •·eaC"---- 302.28 01273 · 3 0134 · 3TT4 • 386654' '62 4 ~ -~ 0. ; • .7 · ·.. 1 ; • . i -- 7 
i 6 ICV Plenum 302.28 ; 1.28028 ! -4.13992 . -5.4202; -4.99412 i -5.8060 

7 Area Ch-e 302.28 ; 

8 TeeortM. NIA i 
9 i TeeorWve NIAi 
10 HV-901 245.24! 
11 

; 
TeeorWve NIA i 

12 HV-902 57.03i 
13 Tee orW"" NIAi 
14 Teeorw......1 NIAi 
15 V-166 1 756.85! 
16 ' HEPA Filler 1361137 I 756.85 
17 ' N31-130 1 756.85 1 
18 B;,c;kdr;i~.l?~ ... d 756..85 ! i - ... ; . .. 
19 V-167 756.es i 

' 20 AtmPres 1ss.es: 
; _21 __________ ____ Alm Pres 4~.?f> ! 

22 Heater & HEPA FIiier 454.56 1 
23 V-178 454.56i 
30 ToMainOGTS 0.00 1 

-~1 To Train_B HEPA O.!)Oj 

0.04610 ; -5.56569 ' -5.61181 -5.93728 I -6.38TT 
0.00000 : -6..37779 ; -6.3TT8 i -6.89796 1 -6.8980 

See Losses ! -6.43306 ' -6.4331 ' -6.68203 i -6 .6820 
0.19486 ' -6.42559 ' -8.6205 : -6.65265 1 -6.8477 

See Losses ' -6.63831 i -6.6383 i -6.76687 i -6.7669 
0.01167 i -6.63831 ' -6.6500 i -6.65059 i -6.6623 

See Losses ; 
0.00000 i 
0.25348 i 
2.75229 ' 

-13.98687 

. _O._?.!??L 
0.24960 
0.00000 : 

-6.74958 : -6.7496 ' -7.05826 : 
-8.52.384 I -8.5238 ° 
-9.15399 1 -9.4075 ' -9.48030 ! 

-12..3129 ' -9.88694 : 
-12.35751 ' 1.6294 : -12.68609 : 

).~~1!_7_[ _ _ -----1.2921 --- .. .. 1-5~~57 
1.28380 , 1.0342 0.96248 : 
O.OOOOO i 0.0000 0.00000 · 

-7.0583 
-8.8544 
-9.7340 

-12.8416 
1.3074 

Q,~7.Jl.! 
0.7127 
0.0000 

Q.OOOQ!_) __ 
0 .71421 

0.00000 ; 
-0.03390 · 

0,(!00.0 __ .. ... ... 0.00000 ' ... . - ------· 0.0000 
-0.7481 ' -0.05515 -1 .1191 

5.09646 -0.76996 -5.8684 -1.14094 -6.2423 
0.00000 -6.37779 -6.3778 . -6.37779 -6.3778 
O,(!ll{!(_lq __ . ____ -8.52384 ......... -8.5238 .. _ ... -_8.5~~ ., :11,5_23_8_ 

' 
···- - .. 

TSt;g. T Stag. I i- Sl~iic I T Stat;c I dH 
.. r H Slag. · H Static ! H Static 

. .. 
' Jct dT Stag. HStag. sonic 

Inlet Oullel i In Out i Stag. In ! Out In I Out Area 
(dea. Fl Idea. Fl ! (dea. Fl ! (deo. Fl (deo. Fl <Blunbml (Btunbml i IBlu/lbml IBtullbml I fBlu/lbml (feet2l 

1 0.0000000 115.0 ! 115.0 i 115.0 ! 115.0 0.000 206.11 206.1 206.11 206.1 0.008442 
2 -0.0006104 I 115.o l 115_0 : 114.9 I 114.9 0.000 206.1 i 206.1 2os.ol 206.0 0.008453 
3 -0.0004883 , 11s.ot 115.0 i 114.9 I 114.7 0.000 206.1: 206.1 206.0 · 206.0 0.008472 
4 0.0002441 , 11_5.o ! 115.0 ! 114.61 114_.g, 0.000 206.1 j 2_Q6.1 .. .. - -~Q!i,Q ---- . ?Q!l-Q . ~,Q08518 - ---- .. ·-•···r ·· 

115.o l 115.0 i 5 -0.0004883 • 114.9 ; 114.6 0.000 206.1 : 206.1 206.0 206.0 0.008522 
6 759.9999542 i 115.0 ! 875.0 i 114.6 1 874.6 -187.7551 206.1 ! 393.8 206.0 393.7 0.008532 
7 0.0001221 I 825.4 ' 825.4 i 825.1 '. 824.71 o.oool 381.4 ! 381.4 381 .3 381.2 0.012848 . 
8 0.0000000 , 741.7 i 741.7 ! 741.3 741 .3 NIA i 360.S i 360.5 360.4 360.4 NIA 
9 0.0000000 ! 738.21 738.2 ; 738.o L_ 738.0 N/Ai 359_7 j 359.7 359.6 359.6 N/A · 
10 0.0000000 i 731 .2i 731 .2 1 731 .0 ' 731.0 0.000 ! 357.91 357.9 357.9 357.9 0.010052 

__ 1,L __ o.ooooooo i 723.6 723.6 ! 723._5 : 723,~ ~J~ L- 3~~J>I }~6,0 356_.o 356.() _ -- N/A 
12 ii:00000001 729.7 729.7i 729.7 ! 729.7 0.000 ' 357.6 357.6 357.6 357.6 ' 0.002337 
13 0.0000000 307.6 307.6 307.4; 307.4 N/A l 253.2 253.2 253.2 253.2 N/A ' 
14 0.0000000 ...... 184.3 __ 1~}. 184.2 : 184.2 NIA! 223.0 223.0 223.0 m.11.: ,:JI/\ 
1~ -0.0001831 .. _ 1_15..g 175.0 174.9 ' 174.9 o.ooo i _ _2_20,7_ __ 2?_0J __ ·tf~, --- 220 .. 7 : o,g2_2748_: 
16 -0.0017090 17~,?.. 174.5 174.3 i 174.3 o:ooo i' 220.6 220.6 220.6 , 0.022761 
17 10.0006714 174.1 184.1 174.0i 184.0 -2.443i 220.5 222.9 220.5 , 222.9 , 0.022921 '. 

.. !8 .. :0,0_~1.!l..:!! __ ___ 182.6 . .. !~-i; 182.5 182.5 O.OOO i 222.6 22?.6 222.5 i ___ m ,LJ!-9fi!m . 
19 -0.0001221 182.2 1 182.2 182.1 182.1 0.000! 222.5 222.5 ' 222.4 ! 222.4 . 0.022275 • 
20 0.0000000 115.0 i 115.0 115.0 115.0 o.oool 206.1 206.1 ' 206.1 I 206.1 0.022048 
2_1__,_ ___ 0.0000000 115.0 i 115_01 1_15,Q .. 1_1~,o. !),OQO 2<M?.1 ! 2q~ .. 1 ; 206.11 206.1 0 ,012~95 
?2 ; -0.0007324 11_5.0 1 1is.0T.-- 115,() __ 11_t ._8 0.000 206.1 [ 206._1 : 206.1 __ 206.0 ___ 0.012696 
23 -0.0040894 1 115.0 I 115.0 ! 114.8 114.8 0.000 206.1 i 206.1 : 206.0 ! 206.0 0.012720 
~o 0.0000000 '· __ _74 1.7, ____ 741.7 ' 74_1.7 741 .7 __ o,ooo _;i6_0~.'.!.L. ___ 360.5 · ___ __ 360.5 [ 3~-? . . 0 .000000 

_3J --- - O,O.O!)OOQO l 184.3 184.3 ; 184.3 184.3 !).000 .?.?J.~l. 2?..~-.o _ _223,o j 22_3.0 .Q,Oll9!)QO 

Junction toss Table 
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AFT Arrow Model, DGTS Bypass System T-H Model Case 1 ( CleanFite,s. NYB 1508, 115 "F Ambient, lfT) 

; Jct ' Pipe i Pipe : dP Stag. Total , 
! . , I - f--Dir. _ .!!!J. H2O sld.). 
• 8 . P7 , In • 0.000 ! 
' . P30 ' Out 0.000 ' 
· · · · -Pa l ci;,i' o:cioo; 

9 P8 i In 0.000 : 
pg < Out -0.01539 ! 

P11 ' Out 0.2043 i 
11 P10 ' In 5.167E-04 i 

P13 ' Out 0.000 : 
P12 • In -0.02727 i 

13 PIJ : In 0.02147 ' 
P14 : Out 0.000 • 
p23 : In 0.3364 : 

14 P14 · In . 0.000 
P15 Out 0.000 
P31 Out - 0.000 

AS-504 
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AFT Arrow Model, OGTS Bypass System T-H Model Case 2 (Clean FlleB. NYB 1508, 115 •F Ambient. HT) 

TIiie: AFT Arrow Model, OGTS Bypass Syslem T-li Model Case 2 (Clean Filter.,, NYB 1508, 115 •F Ambien~ HT) 
lnput.F~e: M:\Oemcnslration Bulle VTT\Fiscal Year 2006 Woik\Calculallons\OGTS Bypass Thermal Hydraulics Analysis\Worl< Files\Bypass Aow 8 
Inch Pipe Rev 1 Case 1.aro ·· · · · · · · ·· · 

Number or Pipes= 25 
Number or Junctions= 25 

lengtt, March Solution Method with Mach Number Limits 
Length Step Size= 12 inches 
Mach Number Increment= 0.01 
Pressure Tolerance= 0.0001 relative change 
Mass Flow Rate Tolerance= 0.0001 relative change 
Enlllalpy Tolerance• 0.0001 relative change 
Flow Relaxation= (Automatic) 
Pressure Relaxation= (Automatic) 
Resistance Relaxafion= (Automatic) 

Fluid Database: AFT Standard 
Fluid: Air 
Max Fluid Temperature Data= 1000 deg. K 
Min Fluid Temperature Data=== 200 deg. K 
Molecular Weight =28.97 amu 
Gas Constant =0.06855 Btu/lbm-R 
Critical Pressure "'37.25 atm 
Crilica1Temperature=132.41 deg. K 
Acentric Factor =0.021 
Equalion of Slate= Redlich•Kwong 
Enthalpy Model= Generalized 
Specific Heat Ratio ACDJracy = High 
Atmospheric Pressure= 14.3 psia 
Gravitational Acceleration= 1 g 
Standard Pressure== 14.696 psia 
Standard Temperature= 60 deg. F 
Turbulent Flow Above Reynolds Number- 4000 
Laminar Flow Below Reynolds Number= 2300 

Pipe Input Table . 

Pipe Name Pipe 
Defined · 

Length Length · ,

1

i Hydraulic 

Units Diameter 

3 
4 

5 
6 

8 
9 

10 

11 

.. g 
13 

... t'iPel Ye~ . 
Pioe, Yes 

3 FEs! Yes 

Pipe ! ... .Y.~~ .. . 

.~·- · .. 1~ches 
104 inches 

6.065 ' 

6.065 : 
163 · inches 4.026 . 

3~ . inches _ ·- - · 6.065 .. 
Pipe I Yes ?2 .. . i~c;he.~ __ 4.025 .. 

·· Pio~ I Yes . 72 inches 6.065 

Pipe Yes , 141.5 '. inches! 5.047 

. Pipe Y~-~. '.. . ( inches ~-9~5.: 
Pipe _ Y~JL .. ].0.5 _ inches_ _ .~ .Q~~~ 
Pioe Yes 8 inches 6.065 , 

_f .iP..~.I. .. Y~s. . ~ .. l'1~~;5: 6.-0.65 
Pipe! Ye.; .. 12._ inches . . . .6.,06.5 · . 
Pioe i Yes 251 inches 8.329 · 

. Y!!~ .. 
Y_e.s _ 
Yes. 
Yes 

1969 : inches , ·-6~3-~9 : . 

in.s! ,..;~:~ .. ml! ._ 

. ¾ }~- :~:~:: j- !:~!: . 
.. . ) _8. Pipe . .. •. Yes · .. 42 in~es i ••.•.•. • ~.329 -· 

.. ·-··- ··-· ·•·• · ·- · ··· ·· . ., .... 
Hydraulic Friction Roughness Roughness I Losses (K) Initial Flow 

Diam. Units Data Set Units 

in~e~ . Unspecified._. __ .. 9=QQQ1~ __ __!~-~,. . __ .... gc~~-
inches Un•=cified 0.00015 feetl 0.21 

inches Unsoecified 0.00015 I reetl 1.635 

inches( u_nsp~ci~~~ - o.0001sL .. .. .. ·f:e:·· ~··t:· I .0
0
_, .. 

3
1.
2
~1,.-

... i!l~.h~~ [ · Unspecified. -·- .. 9.:.9.@.1~ ' __ . 
inches i Unsoecified : 0.00015 - ··0:1·5! 
inches I Unsoecified , 0.00015 feeti 0.47 ! 

-·- _i.rtsh.e_s_LJJ.ri~P..e.~.!~e!1 ~-- 0 .9QQ1_q_ --·- ··- -·Jfeeeettl · 0_.14 1 
inches _. Unsp~cilied.: 0.00QJ~. 0 \ 
inches Unsoecified 0.00015 feet 0.05 

inches Unspecified 0000151 ••H~! _ ·-· --·0 .05 >-- ··--·· 

l "!'.~~-~ ~\J'!~Jl~~~•i:--··o '.0001 s ·. . . . feet .. _.1227941. 
inches Unsoecified _: 0.00015 1 feet 0.11 

inches U.n~p~pfied : 0.0~15 I· _ feel I 0.77 .. 

inches I Unsp~~~~_cf .. . __ oo_.00000011. 55 1 .. _ffeeee1''-, -.. ,_· .. ·.··.·01 .. 3423f,-· 
. i~i!,~~ _. _l).n~p~~~fi~d [ .. 
inches i Unsoecified ' 0.00015 I feet 0. 11 i 
_int:f:l.~s _ u~~p~f;i~~d ; 0.0001s _____ . .J~I:!-~ 

19 f.'iP.~ . Xe~ ; 
Yes '. 

12 . inches .~.?!!. .... in.c:l,es Unspeci.fi.~ . . . - · 0.00015 reel 
.9 ... 1_1_ 

Q 
2.04 

i 
I 

••..• 1 
20 Pipe 564 inches 6.329 

. 2L _ . . Pipe 
2~ . Pipe 

Yes 
;;.; ::· _J9f. ~hes 12-3~ , 

6_. inc)les 6.005- ; 
23 Pip~ .. ~~~ . 268 inc~ _ .. . § .. 0115.: 

inches Unsoecified 

in.~~-~ ·-·~ -':l~P-e_~meq . 
. . ~~t,.e.s ~nsP.e:crn~ : 

inches Unspecified ; 

AS-505 

0.00015 feet 

~.000.!5 .. -.. -··--- feel 
0 .00015 . 

0.09Q1.? . 

feel 

.feet 

1,4Z 

0.04 . 
······- 0.11 

I 
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/>FT Am:NI 3.0 Input 
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(2 ol 6) 3/25/200610:25AM 

/>FT Am:NI Model, OGTS Bypass System T-H Model Case 2 (Clean Filers. NYB 1508, 115 •F Ambient, HT) 

I Pipe ; Name Pipe ; lenglh ! lenglh Hydraulic I Hydfaulic DalaFriclionset i Roughness·---·•-- · _R_~ls -· Losses (K) Initial Flow ! 
' _ , -- ·- - · Ceftned ! _ ___ ; \LnllS __ lllameter ~Clam. Unils _ "" _ · 
, 30 """' Vas : 0.5 • feet 5.047 I inches • .......,cified • 0.00015 feet · - ···· 0 - -----7 
;_]!_: ___ _ ~ )'!'!.L •... ~,Si ___ (~I ___ M_~! __ . l~.,! _Unspecmed ! __ O.ooot5 _ __ feet -· -·-·- ··-0 ··-·· · __ .... . .i 

Size Type Thennal : Ambient Temp. 
8otJnd8N i 

' Pipe • Initial Flow i Junctions ! Geomelry Material 
Units i n,ft Cownl ' 

: __ .. 1 _: -···· -·-· __i__ ··-- · 1,x _CytLndricaLPfpe 
· 2 ! 2. 3 , r...tindrical Ploe 

Stainless Slee! i 6 inch ... schedule 40 
Stainless Steel ! 6 Inch schedule 40 

___ 3 · _ ____ i ______ 3~4 ' _Cyli~~ _SlainlessSleeli _ 4inclt schedule40 

.! . · .~,.!!(. <:)'!!_11<!\lc.;!i !'IP<! . ~)"'11I~s.,_§t~!i. _6 l_nq, . . schedule40 ··-
5 5 6 ! Cvlindrical Ploe Unsoecifred ! 

Adabatic 1 

Adlaballc: 
Adiabalic ; 

. Adiabatic : __ -·-··- ·•·-
Adiabatic · 

6 6 7 ' Cvlindrical Ploe Stainless Sleet ! 6inch schedule 40 General Heat Transfer • 115 
7 __________ ! ___ 7 ~yi@cal Pipe _ Stainless Steel i 5 inch ,_..schedule 40 . General HealTransfer ! ... . ·--· 115_ 

, .. 8 _ _- ___ _ .... ~ ___ 8, 9 • .fl!!!ndrical Pipe .. Stainless Steel 1 _ _ 6)Qc;!! _ schedule4Q _ General Heal Transfer ;·····-·- ···-··· __ 115 
: 9 . , 9 10 , CVlindricalPloe StainlessSteel , 6inch schedule40 GeneratHeatTransler ' 115 

10 _. ·-·-···· - -·· · ___ . _ 10, 11 __ •. C~lindrical Pipe _Slainless_Sleel ! ... _ 6 inch ___ schedule 40_ General Heal Transfer i . .. .. . ... ... __ 1_15 

1_1 1 -· !I. 1.?. ( !,:_yirl<j,jca_l ~P-~ .§!'!.in!"!!'.. §!~!!1.\ ~ !n.ch . 5£1led!')~ 40 G~•J!l tl~al. Tr.a_nsfer.: 1 )5 
12 12 11 · Cv~ndricatPloe SlainlessSteel · 6inch schedule40 GeneralHealTransfer · 115 

__ 1;1 ... 1!. 1}.'._f~µnd_!i~l.!'i~ Stainless Sleel ' . 8.iO.ch s.ch~!eJO . q~,,.,,aj_Hea\ Tr:l!!ISlet '.. .1.1?. 
____ 14 . , ___ .J .3,_14_ ~- _C~~I ~!1'!1 .. Stainless Steel ; __ 8 inch _ schedule 1!L General Heat Transfer · ·--· -···-· HS 
. 15 •. ; .....• 14,. 15 · Cylindrical.Pipe .. Stainless Steel , •.. 8 inch _ schedule 10 __ General Heat Transfer, . -··· • _ __ J !~ 

· --:i ·' -_: · · · :· lt~t:- ~~=t::~ -~:::::~::::~ 0:{;~1-~ ~-::;_~_ ~:~:~t~_:!t-i::;:'. ....... · J:! 
___ !§ __ -··-•·- - ·- -. ____ _11L1e · _ C~ricaf Pipe e-- Stalnless Steel :- 8 inch schedule 10 General Heat Transfer - -·- ··-··-· .. !1~ 
.. . l.!l. . . ... _ ·-·-··- ...... 1a, 19 · __ ,l,yfindrical_Pil>e .. Stainless Steel - · 8 inch_ . schedule 10 • General Heal Transfer •-··-··- __ _ . !.1.~ 

20 . __ . . 1_9._2Q : Cy~d~ical f:>ip~ Slain.{~~~-~te.~~ :. _ ~j~~ : -~ch~~~!~ 1Q . ge~-~~ -H-~~~ Tr~n~rer_'. ..... .. 1.!~ 
__ . .?.1. 21., 22.: i;:ylin_drical Pipe S!•.i~I!'<5 S~e) . __ g _inf.~ j. -~<;!i~.o!~_10 . . __ ...... ___ ... Adiabatic ···-·--- ... .... .. 

22 22. 2~ : . Cylindrical Pi~• Slain[~•• _Sleel · . ~ i~ch 1· . s;:ho,dule 4Q ~iab~lic : 

· :_~-··· ------::::it~l;j;!j~ •~:~:_:_:;~:::::li~El_~;~[~-•---- --• · · · ~::t·:. 
Pipe Ambient Temp . Special 

Uaj!s ·- ... G9~!~~ 
1 None 
2 None 
3 None 
4 None 
5 None 
6 deg. F None 

deg. F None 
8 deg. F None 
9 deg. F None 

10 deg. F None 

11 deg. F None 
12 deg. F . None 
13 deg. F None 

14 deg. F None 
15 d!!!j.F None 
16 deg. F None 
17 deg. F None 
18 deg. F None 
19 deg. F None 
20 deg. F None 

_ll_ __ None 

22 None 
23 None -

A5-506 
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3/2512006 10:25 AM 

AFT Arrow Model, OGTS Bypass System T-H Model Case 2 (Clear, F"ilters, NYB 1508, 115 •F Ambient. HT) 

' Pipe Amlllenl Temp. j Special 
Units _____ : Conditial ..' 

30 None ' 
•• _3_1 ... _.None : 

Pina Lose. Table 

13 0.11 i l 
15 . 1.32 

· 21 • 1.42 

22 0.04 
0.11 

Pipe i ThJee-way 

Losses ( Valves 

.. R 
13 

-- 15 
2_1 _ 

22 

23 

Swing Check : un Check 
Valves Valves 

TIiting Disc 

Checl<Valves 

Pipe 

_ L:-O~s-~ 
_ 1] __ 

Entrances : Exits I [)i,i.;;~,i;; rHoneycomb r Screen . 
I F~er :. ____ j ____ _ 

13 

15 

21 _ 

-~ 
23 

Area Change Table 

I • . i ..... i ! 

1 · -- - ~- -

' -·- ···- ·. 

Stop Check Sharp-edged ' Long : Contractions · Expansions 

Valves Orifice , Orifica i 

Tee · Add1 Loss 

1 (1 .ii :· . 
(0,11) 

111 .11 ' 10.221 

. . ---- --· - (1.42)_ 
1 (O.Q4) _ 

I0.11) 

Area Change Name Object Elevation Elevation 

Units 

Initial Pressure : Initial Pressure Database Type 1· · Geomeuy 
Defined 

__ 3 ~-______ Area Cha~g~. • "t~~L 
~- ~rea Change Yes 
5 Area Chanoe Yes 

----.. -----~~--
, Area Change Angle Loss 

Factor 

3 22. 0.4399 
4 22. 0.1552 

22. 0.4404 

2a. I 0. 1241 

Comoreccnr/Fan Table 

__ o _ _ ___ feel 

f!'.~ 
feet ! 

f~et ! 

Units Source 

~ni~I J. _g9..ryJfi!~!L_on _ 
9.9.f!l~lj.- -S.~P.3r'!~0ry 
Conical Contraction 

Name I Object Elevalion ! Elevat.on I tnilial Pressure I Initial Pressure •
1 

Database Special J 

----------1----"D"'efi,,on:,,e.,,_d__ i Units I Units Source Condrtion 

Compressor/Fan i 

17 N31-130I Yes • 0 ' feet! I None! 

Compressor/Fan Pump j Design Flow I Design Flow 
_________ T~rv _ _ge I Rate I Rale Units 

.E . __ _ ~?,:np./F an Cwve I 

Current 

ConliouratM 

AS-507 

····· ·····--- -- -··· 1~::;nt '. lnd.;:able ~::~nt i 
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Attachment 2 
Page 17 of 46 

3125/2006 10:25 AM 

AFT Arro,,Model. OGTSBypassSyslem T-H Model Case2 (Clean Fillers, NYB 1508, 115 'F Ambien~ HT) 

i Compresso,/Fan ; Oep. Va- , Comp.lFan Curve i Comp./Fan Curve i Comp.IF an Curve Comp.IF an Cun,e i Comp.IF an Cu,ve 

[ .. . .. . _.. .... ' .... . Units _ __ l ... . Constanta . . ... :. _ .Conslantb ·- i .... Conslanlc ___ Constantd _. i ..... Constant 11 - · 

17 in. H2O std., 12.46429 ; 2.571429E·03 ! ·2.285714E-06 0 , 0 

. .. .. .. 11 .. ,._ . 

D•"" End Table 

j Dead End Name Obied · 8evation 
Defined i 

Elevation Initial Pressure . tnilial Pressure I Database i 

30 To Main OGTS : Yes ! 
31 To Train B HEPA ; Yes ! 

General r- ... --. .. ent Table 

General Component I Name 

2 • HEPA Filler N02·010 

16 i HEPA Filler 136/137 

18 
22 

Back.dra/1 Damper 
Heater & HEPA Filter ! 

0 
0 

Object 

D.e.filled 
Yes 
Yes 

. Y~!+ 
Yes ' 

Units 

feet • 
reet : 

o: 
0 

Units Source l 
I 

leel ! ,~~t . 
feet 

- . . , .. L. 
I 

·- ·---'"-----, 
Compression i 

Process · 

.• .. Adiaba~c j 

Special 
_Condition j 

None ; 
None i 
None ! 
None : 

: Ge~·ral Co~~ent / Loss Loss Independent Ind. Variable Oependenl Oep. Variable Loss 

2 

16 ..... 
.1.8 
22 

i Model 
·- -·· r ·Generai"Po . __ Value .. 1/~~i~e__ . U~ts ___ , __ •. Y.~ri~le . ····- . Units __ .. __ «;~s:'S~~~ ~-

iat Variabfe Vol. Flow Rate ft3/min '. Pressure Loss in. H20 std. ; •1.165517E-17 

Genera[!'~ia! : . . va~able Vol . Flow Raio ....... ..... tt3/min I Pressure Loss . . i~ •. H.29 .st~,:. .:t~34.49!!1::1I 
Gene~~!.?.9Jt~a! ; Va~~ ... Y.«?11 .f~"!'ft~~e .~~!.~in ( ~r!!~SU!.~_!,9~~- _in.J-f2Qs_td. '. _ 7.923767E-02_ 
Q.er.!~f~l Poly_~mi~ :. Var~able __ YC?!:.f!~.¥!.f3.ate ; ft3/min : .. P'!~-~~u~~-L9~~ in. _HZ_O std. . -1.436568E-17 

General Component I Loss 

f~~l~~t_b __ 
0.00224 

Loss 

Const:a~t f... 
0 

Loss Loss 

2 
16 
18 
22 

' . 2.82666(;E,O'.! ... 0 ! 
i 1.687181E·04 3.4618E•08 i 

o.0013s2 o! 

__ C_o~s-~ai:1.t ~-- Cons~nl e _ 
0 
0 
0 
0 

0 

0 
0 

o: 

Heal Exchanger Table 

Heal Exchanger Name Object · r Elev~ti~· 1 E1ev~tion I Initial -Pressure : lnili~-p ;_~~;~~~ I Oataba~---··5p;~i_~, ---, Type 

Defined ! Units i Units Source Condthon 

6 !CV Plenum I ... '.l'e~j . 0 I . . .!•~t l._ . ..... _ . .. . .Noo.e 

· Heal Exchanger 

6 

Loss Loss 

.fl!.od.el • Value 
K Constant 1.5 

Independent 
Variable 

Heat Exchanger Loss Loss 

Conslant d Conslant e : 

6 .. 

Tank Table 

Ind. Variab!e 

--· l:!_n_i!§ 

Dependent 

V_ariabl~ 

Dep. Variable i 
Y~it~ 

Loss 

c;:onstan~ a 

Loss 

Constant b 
Loss 

Constant c = 

Tank · Name I obj~t· ! Elevation Bevation .
1
\ lnilial Pressure Initial Press~re T Database : Pressure Pr~~~~e I- Temperature 

De611ed i ___ ___ ~~its , . _ Units __ . ! _Sour.c..e Uni.ls __ , 

1_ AtmPres-i ·· Yesl O reel~ -~1:~ psia 11s ; 

20 ·Ai~ Pres i Yesj O: feel --------- ---+--- ---~14~.3~ ,.-~P~•~••--- -~11~5~. 
-~1 AlmPres_i _____ Ye_s. o · f~~I . ... -----·· ._ .l .. 14.J . __ psial __ ____ J_1~ i 

A5-508 
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AFT Arrr1N 3.0 Input 
DMJMH+N 

(5of6) J/25/2006 10:25 AM 

/>FT Am:Nt Model. OGTS Bypass System T-H Model Case 2 (Clean Fillers. NYB 1508. 115 "F Ambient, HT) 

(Pipe #2) (Pipe #3) : (Pipe #4) : (Pipe #5) (Pipe #6) , Tank I Temperature Balance , Balance : (Pipe #1) 
'---+ -·- Units ___ _ Energy ; Concenltalion , K_ln, K Out_ ,Kln,_KOul _ K,ln,KOut : Kln,KOut _! Kln, KOut_ .. Kln,,KOul 
' 1 1 .._, F No ! Noc fP1l0 0 : ' 

l-~-+ ... --~} .... --~: .. -: H~!%{---------------~-----···----- ---------· 
i Tank l (Plpe#7) (Plpe#8) (Pipe#9) (Pipe#10) (Pipe#11) (Pipe#12) (Pipe#13) I (Pipe#14) i (Plpe#15) 
; . ___ i __ Kln,_KOul __ K_i!l,J<OUI _Kl_n,_IC()ut Kln,!rn.l!\ _Kln,1<.CJ.u! .. ~ln,1<9!i_t _ _ Kln,KOut : Ktn.KOUl _, __ Kln,KOut __ 
l 1 1 : 
. 20 ' . . 

·•·- - --- ··· ·-·· -· --·-------·- ------ --·- --~---- ----. --; . --- ........ . 
: __ 21 . L ----------· ----- ----- ---------- --- --- - ---- : ______ ____ .· .. ·• ·· --- . 

, Tank : (Pipe#16) (Pipe#17) (Pipe#18) (Pipe#19) (Pipe#20) (Pipe#21) (Pipe#22) ; (Plpe#23) : (Plpe#24) 

; _______ _ i Kln,J<Out ____ Kln,K _Oul _K_ln, Kq.J\ .K_l_n, K_(k.11 Kln, .l<_Q!!I _l~_ln.1<_0_~1 .. K_l11,!<_,9~!) K)_rl,_K_(J.~1 ~ 1$1!',.K_Q!J.1. 
'. 1 ! 

: .. ?9.. '.. ....... .. ... ·· ····· ···· 
i . . 2.1 L .. ... .. . 
i Tank j (Pipe #25) 
. : Kin KOul 

20 
21 

Tee orWvt11 T~IA 

Tee or Wye ; Name ; Object!! Elevation , Elevalion 
, Defined Units 

lnilial Presswe 

··---- ··· ·••· : . ···········-- ·---- ----- · 

lnil'31 Pressure 

Units 

Database 
Source 

Tee/Wye 
Tvoe 

Loss 
Tvoe : 

8 Teeo,IMH> : Yes I 0 feel Round Straioht Detailed · 

9 TeeorWve : Yes I 0 ' feel 

11 
13 
14 TeeorWve · Yes l 

TeeorWye . Angl~ ·; · Pipes 

[ A,B,C 

1} 5 ; .... a. 
9 
11 

1_SQ ; 
30 , 

13 45 : 

1.4 .. 

Valve Table 

Valve ! Name Object 
i Defined 

10 ! HV-901 Yes 

1_2 . \ .. J:i'!.·9Q~ )'es 

---:! ··!-~~::: ~:: 
23 V-178 Yes 

Elevation · Elevation 

.. . U!l!~-~- . 
0 
0 
O· 
0 

0 

feet 
feet 

[ee~ 
feet 
feet 

feet 

Initial Pressure Initial Pressure 

U~_i~s_ 

Round Slraiohl . Delaued ' 
.. Round _Straight ____ Det_ailed : 

Round Slraiohl Delailed : 
Round Straiaht Detailed 

Database ! Special Exit Exit 
Source ! Condition Valve Pressure 

· · ·· 1 ·· ·· Ci~s-e~;: ·· N~·•·---------

I None · No 

Valve Exit CdA ; CdA Loss Loss Independent Ind. Variable [ Dependent Oep. Variable . Loss 

PresstN"e Units . ----~ Units __ _ Model .•• • Value. V~Ji~.!>~~ ... L __ J).nlls_. _ j. V.~ia_t?~e . _U_~\1~_ : Conslanl_a . 
1_0 

.1? 
15 
19 

! __ 23 .. L .. 
; 

. ; 
• I 

Cv Consta~t . 1194 

Cv Constant_ 1194 
Cv Constant 2440 

.... Cv_Constant_ 2.4-4.!l __ 
Cv Constant 300 

AS-509 
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Page 19 of 46 

312512006 10:25 Mt 

AFT ArnNt Model. OGTS Bypass System T-H Model Case 2 (Clean Fillers, NYB 1508, 115 "F Am~ HT) 

: V,we Loss ! Loss Loss ! Loss . 

•. _ 10 - · _Conslarol b i· Constant c -: Constant d ·:-·Constante : 

·}! . . .. i . 
19 
23 , 

AS-510 
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AFT hrCNI 3.0 OUlpUI 
OMJMH+N 

(1 of 5) 

Attachment 2 
Page20of 46 

3/2512006 

AFT >nw, Model, OGTS Bypass System T-H Modei Case2 (Clean Filers, NYB 1508, 115 •F Ambient. HT) 

roae:AFT hrrmModel. OGTS BypassSystemT-HMbdel Casa 2(CleanFDters.NY81508, 115 ·F Ambien~ HT) 
Analysis run on: 3/25/200610:23:36 AM 
Applicatlon version: AFT >m,,, Ver.ion 3.0 (2005.09.14) 
Input File: M:\Demonstratlon Bulk VmFlscal Year 2006 Work\Calculations\OGTS Bypass Thennal Hydraulics ~s\Wak FileslBypass Flow 8 
inch Pipe Rev 1 casa 1.aro · 

Exeaillon Time= 11.51 seconds 
Total Number Of Pressu,e fterallons= 0 
T olal Number Of Flow Deralions= 52 
Total Number Of Enthalpy lleralions= 52 
Number Of Pipes= 25 
Nl.l'llber Of Junctions= 25 
Malrix Method= Gaussian Elimination 

Lenglh Man:h Solution Method wilh Mach Number Umlts 
Lenglh Slep Size= 12 inches 
Mach Number lncramenl= 0.01 
Pressure Tolerance= 0.0001 ~• change 
Mass Flow Rate Tolerance= 0.0001 relative thang<I 
Enlhalpy Tolerance= 0.0001 relative chango 
Flow Relaxation= (Automatic) 
Press .. e Relaxation= (Automatic) 
Resistance Relaxation= (Automatic) 

Fluid Database: AFT Standard 
Fluid:Nr 
Max Fluid Temperature Data= 1000 deg. K 
Min Fluid Temperalure Dala= 200 deg. K 
Molecular Weight •28.97 amu 
Gas Constanl =0.06855 Blu/lbm-R 
Critical Pressure =37 .25 atm 
Critical Temperalure =132.41 deg. K 
Acenlric Factor =0.021 
Equation of Slate= Redlitl>-Kwong 
Enthalpy Model=- Generalized 
Spedftc Heat Ratio Accuracy= High 
Atmospheric Pressure• 14.3 psia 
Gravitational Acceleration= 1 g 
Standard Pressure= 14.696 psia 
Standatd Temperature= 60 deg. F 
Twbulent Flow Above Reynolds Number= 4000 
Laminar Flow Below Reynolds Number= 2300 
Total lflffow= 0.7572 lbm/sec 
Tolal Outflow= 0. 7572 lbm/sec 
Tolal Energy lnffowa 157.8 Btu/s 
Tolal Energy Oulftow= 157.3 Btu/s 
Tola! Heal Transferred Into Systema -0.5593 Blu/s 
Ma:,cimum Pressure is 14.33 psla at Junction 17 Outlet 
Minimum Pressure Is 13.76 psia at Junction 17 lnlet 
Maximum Slalic Temperature is 124.7 deg. F at Junction 17 Outlet 
Minim.Jm Static Temperature is 115.0 deg. Fat Junction 13 Inlet 

Comoressor/Fan Summan 

Name 

17 N31-130 

Jct •to of 
BEP 

(Percent) 

: __ 17 . •. tel/A _ 

Valye Symmary 

Mass 
Flow 

_(scrm)_ 

594.8 

Vol. 

Flow 

(U3/rrM. 
702.6 

DP DP I OveraU 

Stag. Static J Efficiency 

. ll'1 .t1?_9_s!g.j __ _lin_. f-!~Q .. S!d,) . ! . (['e,cent) 
15.76 15.77 i 67.40 

A5-51 l 

Speed " Overall Comp. BEP BEP 
l Power Ratio O Mass 

(Pe_rcemt ;_ (ML.. _(J?~r<;!!nJ) .: (lt31>'1t) . (lb!):l/; ec) . 
100.0 • 2.545 104.1 NIA NIA 



RPP'-24544 REV ld 
Calculation No. 145579-D-CA-0~6, Rev. 1 

Attachment 2 
Page21 of 46 

AFT /vrON 3.0 Output 
DMJMH+N 

(2of5) 3/2512006 

AFT Arraw Model, OGTS Bypass System T-H Model Case 2 (Clean Alers, NYB 1508, 115 •F Amblenl, IIT) 

: Jct Name i Vahle i M11S$ DP Stag ; DP Static i P Static K Valve State Cv CvEsl 
i '. Type I Flaw ; : ; Inlet 

:_ X10 ~ HV-901 :_REGIJU\R r ~::~l ~~~;,,. :~~=-; ~N~·L_--I!------!-----_No Solution! Closed B~i 1194.0 NoSol'!!!ll!. 
, X12 HV-902 . REGULAR ! 0.0000 1 NoSolution ' NoSolution • NoSolullon No So1ut1on I Closed B User i 1194.0 No Solution 
; 15 V-166 1 REGUlAR 0.7572 i 0.005216 ' 0.005219 ' 13.84 0.7809 0 2,440.0 

19 V-167 ' REGULAR! 0.7572 i 0.005134 < 0.005136 ' 14.32 0.7817 2440.0 
23 V-178° REGULAR , 0.75721 0.321421 · 0.321952 ° 14.24 13.9968 i 300.0 

Jct ' Name Mass DPo DP OT T T t Heat 
, Flaw Loss Inlet Oullel ; Raia In 

;_ : _ _____ i (lb;n.lsecL ~dl . ~.<!) (~~FJ '. (d~, .F) t~-£>.!.J!!.~L 
' 6_ ' _ 1CVPlenum i ..•.... _o . !"/A . ... t'IA . o' ... _ 115.0 .. _ 115.0 '··-·· N/A 

Pi ...... nutm t Table 

Pipe Name Mass ; Vol. j Vet. Vel. Mach Mach dP Slag. P Stag. P Slag. 
Flow ; Flow Avg l In Out # In # Out Total j In Oul 

lsdml : /ft3/mlnl I lfceVsecl lfeeVminl lln. H20 std.I • lin. H20 std. In\\ fin. H20 std. In\\ 

Pioo 0.0 , 0.0 0.00 0.0 0.00000 0.00000 0.000000 , 0.0000 0.00000 
~ .. Pipe I . o.o! g.o . o.oo _o.o __ o,q~ . 0.00000 .. .• ... 0.000000 : _______ ___ _ 0.0000 .. q_.()()000 
3 3FEs , o_. o_ ; .0.-9. . ··- ·· o.oo ..•.• o.o _ 0.00000 _ _ 0.00000 ..... _0.000000 ,. . Q. . .QOOO o.q!)OOO 
4 Pioe·! o.o · o.o o.oo o.o 0.00000 0.00000 0.000000 , 0.0000 0.00000 

5 .. P.iP." ; .. __ O,Q.. _o._o .. !l-OO. o o 0.00000 0.00000 ·, 0.000000 _ o.~o . _Q.0OQ.oo 

~--· · ~:::1. ~;~: .. --- -~t ~;~ ~-~ ~-::~ ~-~~:, ~-=~·--·· ·--~.:~:::: ~.::::.:-.~~::~~ 
.8 P;pe ! o.o . o_.o .. q.oq o:o - o.ooooii . o 00000 . . · · o:l)(JOO()O ' . Q.QO!lQ 0.ll!)O0Q 
9 __ P;pe i_ 0.!!; 0.0 _Q,0() ..•..•.• 0.0 _ 0.00000 0.00000 : ••• _ 0.000000 . ··- . • 0.0000 . . . ..... 0.!19QD.Q. 
10 Pipe i .•. . o.o ··-•· 0.0 •. 0.- ll!l 0._[l _0 .QD_O~Cl . .. oc~ L .. 0JlOOQOQ.. -1 1.2464 ·11 ._24643 
11 p;p~T.- . 0.0 ___ . __ IJ. • .Q .. 9~0.0. . . 0.0 • O.ll_Q9qQ .. O,()OQQ(l i. . O,O_()OQO() : 0.Q()o.Q . 0.00000 

.. R ..... __ e;r>• I . .. Q.0 o.o. Q.OQ o.o __ ll,OO!JOQ.j. Q.ClOOOO. i ... 0,OQOQQQ . -11 .2464 . . :11c2.464} 
; .. .13 __ .. __ _F•ir>~ L- . 0.0 _Q.0 0.00 0.0 _O.OQ_(l(1Q_:r _ _(l.()00QQ I--- _0.000000 ___ -J 1 .. 21'1:I -1 1.24643 

:t . ::::: _::_:::.:=···_::~~--:-:·.:!~:: =: :}:;~Lt~m: ~-:~}: !1

1 · · ~:::~ • :1!:~~: ::~~~~ 
· .. 16 . .. ' ... J~ip_e_i. 594.8 69l) .8 30.78 1,647.2 0.02629 0.02629 _0.08666l! .. -12.707~ -12.79451 : 

l L .. _E'i~-~1- _,5.~ 408 , . IQ2.ey . 30.95 1.656.9 o.02643 0026431 Q.0_2~9~---. -14.7701 . -14.79553 1 
18 Pine , 594.8 i 686.0 30.22 i 1.812.8 0:02560 0.025591 0.037010 0.9665 I 0.92954 ! 

: ::::1 :::::: ::} ---~{~~~--~:~!:!1·~:~;ml-- i·m~I--· -~:;~~l; 0,7183 ! 0.?1}~91 

?L ..... Pif)& __ 594.8 ° . ..~7.1?.-.? ••·· . J34~ -
0

807.7r 001149r 0.01150 j ··-·o.~770?_ ~:~b~i . :ci~ci~~i~i 
22 ... . . . Pip~ • 594.8_• . .6!8.6 5~.37 3.382.6 ! 0.04815 i 0,04815 \ Q.937019.: ·0.9923 1 .. . . . , 1 .. 02.~~o ! 

_23 Piee .. ~ 4, 8 ' 6~f9 \ . SI,6~ 3.466.2 1 0.049?7 1 0.049:)4 · 0.600747 ·9.9264 1 ___ __ -10.52718 ! 
~O Pip~ O.o ; _ 0.0 j ·· - _0.0 . 0.00000 ! .. 0.00000 _ ___ 0.000000 ; 0.00QQj . . 0.00000 I 
31 Pi 0.0 0.0 0.0 O.OOOOO i 0.00000 0.000000 , -12.2053 1 -12.205271 

Pipe P Static PSiiltic 
ln Dul 

-·---~~,t!;!Q~Jg._(g)L j _(in,.H?9 ~1.d_. (g)) _ . 
_ _ 1 - - 0.00000 . 0.00000 

2 0.00000 ! 0.00000 
3 0.00000 i 0.00000 

:4. . ' - O.!)OQPCl : Q OQOO!) 
5 0.00000 ! 0.00000 

T Slag. ' T Stag. I T Static : T Sta tic dH Slag. H Slag. 
Inlet . OuUet I In . Out In 

.(<!~g._F) . (qeg. F) . (deg. F) (deg. F) : (deg,_f l.. . . (Btunbml.. .•. (Blu/lbm) 
0.00000000 115.0 115.0 115.0 ' 115.0 0.000000000 206.1 
0.00000000 115.o 115.o 115.o , 115.o o.()()()(!l)O_ClQQ.L~ 
0.00000000 
0.00000000 
0.00000000 

115.0 
115.0 
115.0 

115.0 115.0 ' 
115.0 115.0 
115.0 115_0 · 

115.o : 0.000000000 206.1 
115.0 0.000000000 206.1 
115.0 0.000000000 206.1 

._ 6_ ' -- -· 0.00000 j 
0.000001 

0.00000 0.00000000 
0.00000 0.00000000 

115.0 115.0 
115.0 115.0 

115.0 . 115.0 0.000000000 ' 206.1 
115.0 115.0 0.000000000 206.1 

AS-512 

NIA 
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NIA 
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AFT lvrrNl 3.0 .0utpul 
OMJMH+N · 

(3of5) 

AFT lvrrNI Model, OGTS Bypass Syslem T-li Model Case 2 (Oean Fillers, NY8 1508, 115 ·f Ambient, KT) 

I Pipe j : I' Static P Stattc di' Stag. T Stag. ; T Stag. T Static l T Static l dH Slag. H Slag. 
; In Out Inlet ; Oulet In I Out ! In I 

: •• . _L.(ln,.tllQ.§!d~(g)) • .• {11),filQ~.(9)}. __l~...f.l..._ l<!"9cfl. L l!l."9-.f.l.. .(Q~,£)..:...(m_FJ. L {~.'l'l . (Btu/bn..}_j 
; • . 8 _ ;._ 0.00000 ...•.....•. . 0.00000, AOOQOOOOO ' .• 1.1~_.Qi .. J!~.0 .. .•. 115.o : •.• 115.o ~ .•. 0.000000000 _ 20&.1 ! 

9 ; 0.00000 0.00000 0.00000000 ' 115.0 ; 115.0 115.0 · 115.0 , 0.000000000 206.1 . 

' 10 i .11 .24543 .11 .24643 115.o : 115.o '. 0.000000000 206.1 , 0.00000000 I 11s.o '. 115.0 
! 11 I 0.00000000 ! 

12 0.00000000 ! 
13 0.00000000 ! 
14 0.00561523 · 

i 15 0.00024414 

' 16 ·12.89189 · 12.97858 •0.00006104 : 
17 •14.95516 •14.98058 0.00000000 
18 0.78585 0.74889 ·0.24407959 
19 ! 0.53755 0.53267 ! •0.06860352 

; 20 0.39051 --0.20702 •2.72149658 
21 -0.03635 --0.09408 0.00036621 

22 ··- ·-- ·-· •1.62820 .• 0.00000000. 

115.o : 115.0 115.o l 
115.0 : 115.0 115.0 i 
115.0 ' 115.0 115.0 ! 
115.0 115.0 114.9 i 
115.0 115.0 114.9 ' 
115.0 115.0 114.9 
115.0 115.0 114.9 
124.7 · 124.5 124.7 
124.5 ·: 124.4 124.4 
124.4 ; 121.7 124.3 
115.0 ' 115.0 115.0 

m -!l : 115.0 11'!.-L 

115.0 ' 
115.0 ' 
115.o : 
114.9 ; 
114.9: 
114.9 : 
114.9 ' 
124.4 : 
124.3 ; 
121 .6 ! 
115.o ; 

.. ...!!.42.'... 

0.000000000 
0.000000000 
0.000000000 
0.001562005 
0.000123265 
0.000008043 
0.000008210 

•0.059566839 
-0.016742299 
·0.664116430 
0.000000000 
.0.000000000 

206.1 ! 
206.1 I 
206.1 I 
206.11 
206.1 i 
206.1 : 
206.1 ; 
208.4 1 
208.4 1 
208.4 : 

-0.00048828 · 115.o · 115.0 11u: 114.7 . 0.000000000 23 ·10.57713 •11 .17888 206.1 : 
JO 0.00000 0.00000 0.00000000 ; 115.0 · 115.o 115.o , 115.0 0.000000000 206.1 ' 

.. 31 •.. . ....•. -12.21}~ ·---·-· ··12.20527 . q~[ ... . 11.~·!I , .. .. 115.ol.. • . 1.15.o i_ ... U5.o . o .ooOOOOOOQ. ___ 206.1 ! 

. Pipe . H.Sbg·.-·· .H s;uZ ·;; ·s i~u~· Rho Rho Slag. H~Mi Tod. ranel;;.;, Ii IHRleua/lsF•·lt,u2~1 .. . H~~t ·Rai; - . 
Out In Out Stag. In : Out 

IRlu/lbml • {Blu/tbml {Btunbml {lbmlft31 • {l>mllt31 {Btu/sl 

_ 1 ·-·· · ·· 206.1 · ?.06.1 206.! 0.0~19 ;. 9 .. 0.~1.9. . Adiabatic! 0.OOOE+00 o,.()()()00000!) 
... l . ... .... 206.1 • . 206.1 20_6~1 . 0.06719 '. ... 0.06719 Adiabat,J 0.0OOE+O0 .... 0.000000000 
.. ~ ..• .. 206.1 . .... 29.6.J 20§.1 0.06719 . 0.0~lj! • •.•.• . Mia~~j., r o:9!Jij~~ • • 9.-Q.QQQ\l~0 

.. '!. ...• . ~.Ii,!.: . ..2.0li.-1. _ ·- · ~09.~L 0.06719 . o .. 0671~ ....... _A.giabatic _ 0.000~+00 0.00QWQO<l.Q 
•.• ~ - ; . 206.1.·. 206.1 206.1 . 0.06719 . 0.Q6719 .. l\<!i'l~~lif .Q.9!)<\1;+00 0.oqo.~ 
. •. 6 . •.••• _ .206.1 · . 206.1 I 206.1 ! 0.06719 0.06719 Gen·1 Heal Tran. 0.OOOE+00 0.000000000 .. ·~~~~··-::: . . _;~~l : .. ~ttf :~~!tfF·{~~::_ ~:~~~:::·t:::: -~=.t::-c~~::::i 

9 ... .. 206.1 ; •• ?.Q.l!J.. . ?0.6,1 I 0.06719_ . 0.06719 11 .GOl)1 t:!•.~ti:r~ .. . 0.OOOE+00 ' .. 9 .. Q9!l!l.Q9Q9.Q. 
; 10 206,.l ' ? 09: l !. . ~Q.6,1_, .J!,Q!l.~ . 0.06529 , .. G_~'!1.!:!~;>lT!i!!l· 0.000!;,+QQ .• O)l9Q!)Q<J9QD_ 
'.··· 11 .• ·-·· 206.1 ;. 206.1 206.11 0.06719 0.06719 ! Gen'I Heal Tran. 0.OOOE+00 0.000000000 
; 12 · 206.1 : .• 20~.1 2os:1r 0.06529: . 0.06529 I. Gen1 H~~j T;,;;:..: :·o.oooii•-oo ~. 0 .0_OOOQOOOQ 

; _ _ 13 ........ 206.1 : . ..... 206.1 206.1 i 0.0S!i~·-· ··o.ossi9T" Geni Heat -i...;,: 0.OOOE+90 ... 0.000000000 
:. l4 .2Q6aL __ _?_()_6,Q . 206.0 I 0.06529 . ··o .qij'ii1~-~~1t!e!!Lfr;>n.: 3,;l06E:0.9. ... 0.001182711 

15 206.1 206.0 206.0 1 0.06512 0.06506 Gen·t HealTran. l 1.851E•06 0.000093334 
• .. 16 .•. ... .. 206.1 • 206.0. ___ .206.o.l. 0.06504 . 0.06502 Gen1 Heat Tr.a11, __ 1.862E-06 o.!)090.0~Q 
. )! . . 296,!. 206.0 20_6,Q , ... J>.0646~ ..... . Q,9§46~ . Gen'I Heat Tran . •• 2.851E-06 I Q,OOOOQ62J6 
18 208.4 208.4 208.4 0.06624 0.06626 Gen1 Heal Tran. •5.910E-03 ! --0.045102514 
19 208.4 208.4 208.3 0.06622 0.06623 Gen1 Heal Tran. •5.814E--03 i •0.012676848 I 
20 2!)7.7 · 2Q8.~ .•. 207.7 _ 0.06620 . 0.0664.2_ . ~'!1 ~at Tran. -4.907~•03 I· •0.502852261 i 

·-~L .. _ . 29_6.L .2Q6.\ M i_~b.~if . 11,.0..Q9_E+00j . 9,QOOQD_OQQ.ci] 
22 ; 206.1 ; 206.0 Adiabalic O.OOOE+O0i 0.000000000 

. . . 2Qli,1 .. . Q.-0.671~ . 0.06719 
206.0 0.06703 0.06702 

· .. 23 . '· ·-· 206.1; ... 206.0 Adiabatic 0.OOOE+O0 ! 0.000000000 
39. ~Q§..J i .. . . ?Q~ .• 1 i-<!\~balic O.0OOE~oci f .. 0~000000000 

206.Q 0.06551. · -- .0.06541 
206.1 0.06719 0.0671.~ 

, 31 206.1 i 206.1 Adiabal.: 0.0OOE+-00 I 0.000000000 206.1 0.06512 0.06512 

All Junction Table .. 

3/25/2006 

Jct Name M~ Fl~:.V •• ·· ;;;;-Stag, i P Slag. I · P Stag. P Stalic P Static 
Thro Junction Total I In I Out 

rsclml lin. H2O std.I fon. H2O std. lall.i (in. H2O~)) 
In j Out 

(in. H2O std. (g)) j (in. H2O s ld. (g)} 

_1~1----~A~tm=P~re=s~---~o=.o~, --~o~.o=o~ooc.il· 0.00000' 0.0000 
~ .. _HEPAFilterN02-010 o.o o.ooooC. . O_.!lOOOo i 0,IJOQ!l ' 

0.00000 I 0.0000 
0..00000 I o 0000 
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AFT /lnow 3.0 OulpUI 
OMJMH .. N 

(4of5) 3/25/2006 

N'T AnaN Model. OGTS Bypass System T-H Model Case 2 (Clean Alets. NYB 1508, 115 •F Ambient. HT) 

I Jct Name ! Mass Flow ! dP Stag. P Stag. P Stag. P Static P Static 
i : Thru JI.Wlction ; Tola! In Out In Out 
:... u - · - ----· - ·· -- - - - .J .. __ (~~~l. _ ! -~:-~ std.) _Q.ri.:J:l~_Q_~d. (9)l ~!i~-~ .(g)l ~. (lfh~_sld. (g}l_ .{kl. H20 std. (q)~ 
. ~. . . ./\I~-~ . . _ ·- .o.o i - ·- ·- - 0.0000 .• 0.00000 ·--· • •... _ 0.0000 : • .. _ •. •... 0.00000 __ __ _ _ 0.0000 ' 

4 Area Ch-; 0.0 i 0.0000 0.00000 0.0000 : 0.00000 0.0000 : 
5 /Vea 01, ... , .... ; 0.0 : 0.0000 0.00000 0.0000 . 0.00000 0.0000 ' 
6 ICVPlenum : 0.0 i 0.0000 0.0000 : 0.00000 0.0000 : 0.00000 
7 /vea Chanoe : o.o ! 0.0000 0.00000 0.0000 · 0.00000 
B Teeorw,,,, o.o : 0.0000 0.00000 0.0000 • 0.00000 
9 Tee orw- , o.o : 0.0000 0.00000 0.0000 ' 0.00000 

: X10 Hv.901 · 0.0 i No Solution No Soluoon -11 .2464 ' No Solution 

' 11 TeeorWve ; o.o i 0.0000 -11.24643 -11 .2464 i -11.24643 
' X12 HV•902 i 0.0 ' No Solution No Solution -11.2464 · No Solution 

! 
13 Tee orWve l 
14 TeeorWv. ! 
15 v.1ss 
16 HEPA Filter 136/137 . 
1.7 ·- · · ·····-··· ·· N31-130 : 
18 Backdran Damoer 

19 V-167 

22 Heater & HEPA Filler ; 
23 V•178 ' 

NIA : See losses -11 .24643 -11 .2464 : -11.62762 
N/A ! 0.0000 • 12.3891 i -12.20527 -12.2053 , -12.38908 

594.8 : 0.1444 
594.8 · 1.9756 

...... 594.8 ' .. .-15.7621 .• . 
594.8 i 
594.8 ; 

5_~-.8.i 
594.8 ' 
594.8 \ 
594.8 ! 

0.2112 
0.1421 
Q.Q\IO(l 
0.0000 
0.93461 
6.69711 

•12.56347 
•12.79451 

. • C 1_1-ZJ!553 - ~-----.. 
0.92954 
0.71339 

. 0.00000 
0.00000 ! 

-0.05771 
•1.02930! 

-12.7078 
-14.7701 
.. 0 .9665 ; 

0.7183 ! 
0.5713 : 

. . 0.(!C!QO_: 
0.0000 

-0.9923 
·9.9264 

-12.74744 
-12.97858 
-14.9~ 

0.74889 
0.53267 

. _ 0.00000 
0.00000 

·0.09408 
•1.66529 . 

-12.8919 ! 
•14.9552 ; 

_ . _0.7859 : 
0.5375 ! 

. Q.9QQ<!_ 
0.0000 -

-1.6282 
-1 0.5771 

30. 
31 

To ~O.G.T::i :_ .... OP . 
0.0 . 

. . 0.0000 .• .. •... O.OQO.@i 0.0000 . ··-·· . .... 0.00000 . .... .• 0.0000. 
·12.2053 To Train B HEPA 0.0000 -12.205271 -12.2053 -12.20527 

Jct dT Slag. 

I 
T S!ag. ' · - · - ·--· ··· HSlag.l~ ·rHs·i;,;: HS1~1;,;"1n ··1· Hs·,~•ti~-

Oullet , I Out Out . 

. Cd=. Fl (Blu/lbml i IBtullbml CBtu/lbm) I CBtu/Jbml : 

TSlalicln TStallc dH 
Out Slag . 

(deQ. Fl (deQ. F) CBtunbml 
1 !! ... 0.0000000 115.o ! 11_5_.o... .2()g·1 i. 2_06. 1 . 206.1 1 . •..• 206.1 i 
2 o.oo009!1Q . . . • ... 1Js.o j 115.o 2061 1 2061 .. _ 206.1 ·-·- .206.,: 
3 . 0.0000000 .. 115.0j 115.o.. 115,0 . ... 11§.-0 . . _. 0.000 ..... 2.~1. • . ios'.1 _206.1 ..•. . 206.1 · 

· ·•· 115.0_ .• 115.0 Q,QQ.0. 
• • 115.0 .. .. 11.5.0 0.000 

... 465 ...... . 000:.:000000.· .. :0.· 00: :1:1~5!' ... o}r.-· :1:1.~5.:_.~!>.·.·.·.·•· ·::t~~. --B~::t :: .. ri:: i~i !~t:·,.·~ ~::} -~b::;· 
- .. _!.15,o : 115.0. .... 0

0
.::. o.~ l. ~ .1 20§.t 2_~1. 206,1_ 

1. . . 0.0000000 11§.Q . . 11.5_.o.;. . ___ .! 15.o · 1.15,Q .. . 2_Q!U 295,) ..• . 206.1 1. . 206.1 
a 0,990QQ09. 115.0 115.o : . 115.0 ' ._ .115.o Nil', ·-·-··-206.1 200..1 2.Q.6 .. 1 .... _ .. 2_06. 1 . 

. 9 0,0000000 115.0 115.0 : .1).~ .. Q . .• 11~,o .f-J/A ~J 2C!l?.·-1 . 2_00. .. 1. .2.06.1 . 
X10 NoSolution l NoSo~ii~·~y 115_(}~ No SOiution ; 115.0 0.000 No Solution 206. 1 No Solution 206.1 : 

. . 11 .. 0.0000000 .. 115.o ! .115.o ·-- ·-·- .115.0 : 11~.Q.. · ···- NIA . 2.06.1 206.1 ..... . it9.~·1. 2_<1§J , 
X12 i No Solution .NoSol~lior_, 1 1.1~!>. . . t:,Q§g)UtiO<] . 115.0 Q.OOQ NoSoMon 2!)6 •. 1 _No Solution 206.1 : 
13 i. 0.0000000 115.0 : 115.0 114.8 114.e·I N/A 206.1 I 206.1 206.0 206.•' 
14 0.0000000 115.ol 115.o 114.9 114.9 NIA 206.1 I 206.1 206.0 206.0 · 
1.? .... • 0,0001221 115.o ! 1.15.o ·-- - · . !14.9 11.4.9 · ____ .o.ooo 206.1 , 206.1 ~ 206.0 , .2_06.0 . 
16. .-0.0015869 . 115.oi· _1j5,Q .. ·-··-· 114.9 114.9 o .. QQ!)_ . ·206 ·;-r· ·2001 .. 20601· . . ?.Q~.o 
17 9.7330933 1·15.o f 124.7 114.9 124.7 ·2.372 ... ·· · · 2os'i ·208~4· ·-·-2 06'ili . 208.4 

18 . ·0.000183) . ···--· 124.Sl 124 5 .. 124.4 • • .. 124.4 o.o.oo 206 4 208 41 208 4 : 2Ql! ,4_ 
1_9 . -0.0001221 .124.4 .. 124:.j : 124.3 ' . m.~ .... . Q,O()() · 20~:~ ..... 208:4 . 2oa\ -t-- .~9!J.3 
20 0.0000000 115.o 115.0 . 115.o i 115.o, 0.000 206.1 206.1 I 206.1 206.1 
21 115.0 : 115.o 0.000 206.1 206.1! 206.1 206.1 0.0000000 115.0 115.0 : 
22 11s.o : . .. _ .114.7 <!,9QQ.( 206}_ . 206.(!. 
23 114.7 114.7 0.000 i 206.0 206.0 

cQ.QOL~6_~ 115.0 115.0 ; 
·0.0072632 115.0 115.0 ! 

296.1 206.1 i 
206.1 206.1 i 

30 115.0 115.0 0.000 206.1 206.1 0.0000000 115.0 115.0 ' 206.11 206.1 
31 115.o .11.§J!. _ .o.ooo I 206.1 20!>J .. .. Q.J)Q()O(!O0 115.0 11.5.0.:_ 206.1 ! 206JI. 

AS-514 
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3125/2006 

AFT Ana,, Modal, OGTS Bypass System T-H Model Case 2 (Clean Fliers, NYB 1508, 115 •F Ambienl, HT) 

i Jd Sonic 

' -L _____ (t~ .. · 
! ... 1 . _ __ 0.00000 
. 2 0.00000 

3 0.00000 
4 0.00000 

! 5 0.00000 
i 6 0.00000 

0.00000 
8 N/A 

i 9 NIA 
X10 0.00000 

' 11 N/A 
: X12 0.00000 
l 13 NIA 

14 NIA 

• .. 1.!i ... 0.01716 
16 0 .01717 
17 0.01726 

• . 111.. .Q,.qm1 
19 0.01672 

' 20 0.01671 
21 0.01661 

.•. ~ ... . 0J1.J661 
23 0.01665 
30 0.00000 
3! I _o.09()0(! 

~unction Lpss T3bla 
'. Jct . Pipe · Pipe . dP Slag. Total 

. . # . _ _ Dir. - . (l!', .H~O. -~ljl, ). 
8 P7 In • 0.000 . 

P30 Out: 0.000 

. . ] ~ . O.ut; . ....... 0000 
9 P8 In 0.000 

P9 : Out . 0.000 • 

........ P11 '. . Out _ .~,Q'.09. . 
;_11-. . .P.10 ! In 

P13 : Out 

.!'1~ t~ : 
: .13 ... P13 _ .•.. In ... 

P14 Out . 
p23 · In ; 

.. O,OOQ · 
0.000 ' 

o.~ ; 
0.000 . 

0.71 93 

... 14 __ . Pu•. .1~ , .. . ·-··o.ooo . 
f'.1~ i Qu!'. .<!.,Q9.Q.: 
P31 Out 0 .000 · 

AS-515 
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AFT Anow 3.0 Input 
CMJMH•N 

(1 of 6) 3/25/2006 10:38 AM 

AFT Arrow Model. OGTS Bypass Sy,lem T-H Model case 3 (Oifly Fillers, NYB 1508, 115 'F Ambi~ HD 

Tile: AFT ArrowMode~ OGTS Bypass System T-H Model Case 3 (Dlny Fliers, NYB 1508, 115 'F Ambien~ HD 
Input File: M:\Oemonslrallon Bulk VJT\Fiscal Year 2006 Worl<\Calculalions\OGTS Bypass Thennaf Hydraulics Analysis\WO<lt Fies\B:;pass Flow 8 
Inch Pipe Rev 1 Case 3.aro 

Number Of PlpeS" 25 
Number Of Juncllons= 25 

Lenglh March Solution Melhod with Mach Number Limits 
Length Slep Size= 12 Inches 
Macll Number Increment= 0.01 
Pressure Tolerance= 0.0001 relative change 
Mass Flow Rate Tolerance; 0.0001 relative change 
Enthalpy Tolerance= 0.0001 relative change 
Flow Relaxation• (Aulomalic) 
Pressure RelaJ11alion= (Automatic) 
Resfstance Relaxations (Automatic) 

Fluid Dalabase: AFT Standard 
Fluid: Air 
Max Fluid Temperature Dala= 1000 deg. K 
Min Auid Temperature Data= 200 deg, K 
Molecular Weight =28.97 amu 
Gas Conslanl =0.06855 Btunbm-R 
Critical Pressure =37.25 alm 
Critical Temperature =132.41 deg. K 
Acentric Factor =0.021 
Equation of Slate= Redlich·Kwong 
Enthalpy Model= Generalized 
Specific Heat Ratio Accuracy = High 
Atmospheric Pressure= 14.3 psia 
Gravitational Acceleration= 1 g 
Standard Pressure= 14.696 psia 
Standard Temperature= 60 deg. F 
Turbulent Flow Above Reynolds Number= 4000 
laminar Ftow Below Reynok!s Number: 2300 

Pipe Input Table 

Pipe Name 7 Pipe Length Length l Hydraulic Hydraulic Friction Roughness i Roughness r L~~~; (K) 1 · iniii~i·F,~ · 

! Defined Units ! Oiameler · Diam. Units _,,D"'a"'la,cS,cec,t_ _ _ _ _ I Units ; I 

1 Pipe I Yes ~ inches ! ~.os~ : _ i~c_h~~ _Unsp~cified : 0.0001S i feet! .2'.~~l-----.. 
2 Paoe i Yes · 104 inches ! 6.065 · inches Unsoecified O~oo01S l re.et! 0.21 i 
3 3F~s i Yes 163 inches i 4.026 inches i Unsoecified , 0.0001 5 ! leel i 1.635 1 

0.(!00)5. i reet \ 
0.00015 1 feet j . I 

feed 0.00015 , 

7 Pioei Yes 141 .5 inchesi 5.047 inches \ Unsoeci fied : 0.47 ( 0.0001 51 feet i 

-· · 8 - -··- Pipe : __ _ .... Yes . .. § inches: 6.~. inches \ Un5P.~Ci~~-d _ 
9 . f }~ 1-- .. Yes . .• 10.5 .··· in~~~ j ' 6.06~.. inches ! l!nspecified · 
10 Pine l Yes 8 inches i 6.065 inches , Unsoeci fied 

.. 0.0001 5i t :1· 0:000151 
0.00015 . feet I 

11 Pipe ! Ye~ _ 6 . _inches.I . . - ~-.Q~~ .. . .... J~~ri~~-l- Vn~~eci.~ed . 
12_ _Pip~ ! Yes_; 12 inches I ~-P~~-- incht:s j y ~s~~i.fie4 . 
13 Pioe l Yes 251 inch·~~j 8.329 inches! Unsoecified · 

0.0001 ?1 

. -:::I-q.goo.1 5.l 
0.00015 

0.00015 reel 
O.OOQ15 feet 
0.00015 feel 
0.00015 feet 

__ 1.~---- .. Pip5 j ____ _ .. Yes __ .... 1969_ inches ! ~} ~9 . inches l Unspecified _ 
15 . Pil)C I Yes _ 277.5 ·-l~cl!!'_~j ____ 8.329 inches! 1,/n.specilied . 

ii : -~:::l ~=~ ;} :~~::; :~:-- -:~~~:: ·0~:::~~:: 
0.00015 ~- -·· _J~_et 
0.00015 feet 
0.0001 5 feet 

18 · __ x~, ... . Y!'s : . . "-~- in_c'!e~L 8.329 inche.s Umweci~~~--
19 : ·--~ _ _ Yf:~.-- 12 inches i 8.329 . inches t1.nspe:cified 
20 Pioe I Yes 564 · inches" f 8.329 inches Unsoecified 

21 _PiRe l Yes . 10~ - inches l 12.39 . . ~~~-~ . Unspecified ___ __ 0.00015 ___ _ ... __ _ feet 1:42_. 

22. Pipe j Yes . . 6 . i~che~ I 6.065 . inches Unspecified 0 .. 00.01~ fe,:_t __ Q,94 . .. 
.. ~3_ . J>.ip~ f )'.~~-- --- . . ?~_{l ____ i~ _e_s,l 6})~ inches Unspecified 0.00015 feel 0.11 

AS-516 
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AFT Asrow 3.0 Input 
DMJMH-+N 

(2of6) 3/2512006 1 D:38 AM 

AFT /lvrow Model, OGTS Bypass System T-H Model Case 3 (Dirty FIiters, NY8 1508, 115 •f Amblen~ HT) 

L Pipe l Name .I De~ ! Length.: l~:h =::JC:!~!. ~::s:t J Rougw,ess ~OU::$$ >-losses (K) . In~ Flow 

i 30 ; Pioe Yes : 0.5 ! feel 5.047 : Inches Unsn..cltlad ! 0.00015 feet 0 

L_;i_t_ _~-~l. . ·- Y~ ~·- .J !,5!. ... ... feet . •• ..• &,32!!L Inches Uns~oed! _ 0.OOOJ~ .•. ~t 0 . ··· · ·· ·- ·· 
; Pipe Initial Flow ; JLrlClions ' Geomet,y Malerial t Size Type Thermal. ! Ambienl Temp. 

Units . II In Downl . Boundarv I 

.1 : 
2 : 

. ···· ··· - · .... • .. 1, 2 ; C~Jndrical PIP.!!_, Stainless Steel i . 6 inch •. schedule 40 .• Adiabatic I 

. _3 .. L- ..... 
4 • ' -··· · · 
5 
6 

? .. 
t 
9 

_ . ..1.Q 
11 : 

. 12 i 

2 3 CYiindricai Ploe Slainl8$$ Sleet ; 6 Inch schedule 40 Adiabatic ; 

. 3,4 ' . C~indrical PIP<!_ . SlalnI ... s1eeI : .. •. 4 lncll .. schedute.40 - ·· ·-·- ······ Adiabatic : ·•·· - ·· .. 
··-~ .. Cyllndrical Pli>e .• Slainl ... steel-f ... 6 inch . •• schedule 40 • .. ··- •.• ... • · Adiabalic : .•••• 

5 6 i Cvt;ndrical ....., u~•-cified , I AdiabaHc ; 
6 7 / Cvt;nclncalPi"" SlainlessSleet i & Inch schedule40I GeneralHeatTransler i 115 

__ .! ... ~ '. . Cyllndrical Pipe __ Stainless Sleet L S_inch __ scheduk! 40 General Heat Transfer ] _______ ..... ...!ru 
.~. ~ '. Cyii}ldrical Pipe ... Slainless Steel ; .. .• 6 inch . . schedule 40 General Heal Transfer L__ ··- · ·- · 115 
9. 10 1 CvllndricalPinA SlainlessSleel ; 6inch schedule40 GeneralHeatTransler i 115 

10, 11 • C~lindr1cal Pipa ~ Stainless Steel ; . .s !~c.h. .. schedule 40 _ General Heat Transfer ! ..•. 115 
.• 9,. 12 ... Cylindrical.Pipe. _ Slainless Sleel ' .. 6 inch •. schedule 40 .. General Heat Transfe,- : • .. . .. .!.!~ 
12 11 ' CYiindricai Pioe Slainless Steel ' 6 inch schedule 40 General Heal Transfer ; 115 

.. 1.:\ .. · ·· ·· ·--- - ·· . .• 11, 13 :_ cyJndricalPipg . SlalnlossSleel. • .. 8inch ... schedule to General Heal Transfer : ··•·- · · · · ··- 115. 
14 . 

.. . 1s •.. _ .. 

. . !§. . . 
\ 17 

... .l~. 
1~· - --
20 

?1 
.. lf 

;!3 
30 
31 

I:\, 14 · •. Cylindrical Pipe Stainless Sleel ... _B inch schedule 10 General Heal Transfer i 11\) 

14, .15 __ Cy1indrical Pipe .. Stainless Sleel •.. ~_iQch_ •. schedule.10 . . General Heat Transfer ·--· •...... __ . 11 5 
. . ..•. 15, .16'. .. Cylindrical¥ .. Stainless Sleel . .. B.inch .. schedule 10 .. Ge!:!!!@.!..H••l.I!".!'~(er . 115 
... __ .16. 17_1 __ Cylindri~_~e __ SlaipleS$Sleel -__ __ 8 inch --- ~ hedule 10 General Heat Transfer _ ... __ _ ____ ·11·51 

11 •. 1.s ;. ~ ~Q!iP!l_l"ip!'. SJj!irl!~~s.~Jeel"_._B.inch ... sch~sJ<lleJ q __ q~!~!l!'!!'l!•~fl~I~( .. _ .. . 115 
18, 19 ,. Cl'fuldricaJ Pipe .Stainless Slee! : . B.inch ... schedule 10 _ General Heal.Transfer - · · - ··· • _ .1.15 

... !.9. ~0 . Cy9"!qricaJ.Pipe ~ if.!leJS SI~ '. . . B.i'lc_h sc_h!'!!!_l<;.1Q . .. 9aneral ~~LT!:l!!l.S~ -' -· · ······ · 115 

~!,E_ __ ~y!ifi_~ri~ ~ie! . -~tj_ln~~~-$i_ee1 : 12jnch;t· .59'!~9-~~J9_ .. _ Adiabatic i_ . _ 

.2~ .... ?~ _ Cyli~ r\~!.~iP~ _.§!ak',~~! SJ~e.l ... . l?.J~g, --~':t•~~l:J.le.4.Q. Adiabatic '. 
_2:l, 13 .. • Cyli~!!1~l PJ~~ .~li!/.nl~•.~ §I~.e! . .. . ~ i~s!]_ J.£!!.~ .~le. ~o

1 
... ········-··· Adlabalic !. 

8 . 30 : Cy~in~D~~!J:,Je~ .. ~tainles~-~ 1~~'- - --§_ i_nf ~ _ schedule_ 4Q_ __ __ ---~dj~bat~~ ~-
14, ~f ... ~ Y!i!:\_c11j_cal _Pipe j _Stainles~ _§~~~L. _ ~ _i_'!_c!l schedule _!,Q_I . __ _ !4-di~ba_t!c . ··· -· -· --~~_J 

Pipe Ambient Temp. Special 

... Units Co~diti(?~~-. 
None 

2 None 

- · ~ Non~ . 
4 None : 

5 None · 

6 d!!9. F None 
7 deg. F '. None 
B deg. F None 
9 deg. F None 
10 d!!9. F None 
11 d!!9. F None 

12 deg. F None 
13 deg. F None . 
14 deg. F None ' 
15 deg. F None 
16 d!!9. F None 
17 d!!9. F None 
18 deg. F ' None 
19 dog. F ' None 
20 deg. F .. .~C!fl~ . 
21 None ' 
22 None 
23 None 

AS-517 
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/>FT Anaw 3.0 lnpul 
DUJMH+N 

(Joi&) 3/2512008 10-.38 AM 

AFT Am:NI Model, OGTS Bypass Syslem T-H Model Case 3 (01,ty Fifters, NYB 1508, 115 "F Amblen~ HT) 

; Pipe ! Ambient Temp. ; Special ! 
~--· l Unils l Condition l 

30 i +- None : 

:__ll. ... \_ -·- ·-···· ___ _! . _ _ None! 

Pin11 Loss T::1bht 

; Pipe . K Tolal Slandard ! Milre Smoolh Angle i Ball Buttaf11y Cylinder Gale 

. Losses : - -·- ··· __ Bends_.!,_Bends __ Bends Valves i Valves Valves _ _ Valves Valves 
Globe ; Plug i Poppel j 
Valves ~_Valves -1 Valves 1 

12 , 1.23 -,-io:-iJi ·--·-- :-----
13 

.1~ 
21 
22 

0.11 

0.04 1 

. i --- ___ ,: 
. i ; -! 

_ _ 23 _ .. · . l!,)_1 _____ _____ L_ ,_ -- . -- - --· .. - ·-·---~-1._ ___ . .I. . .. ------·· ' ·-
Pipe · Th<ee-way j SWing Check ' Lin Oleck TIit.lg Disc 

Losses · Valves Vatves Valves Check Valves 

. ___ 12... -------· ··--- ·· - . 1,,. 
13 

. _ .. 15 ... .. ... ---- -- ·' 
_J1 

22 
23 

Pipe Entrances 
Lc;,sse~ 

12_ 

.1L . 
15 

?1 
. 22 

23 
.• - ..• L. 

i 

Area Change Table; 

Area Change Name 

3 lvea Change 

4 Alea Change 
5 Area Chanae 

7 __ __ : .. ~ea 9.h~nge i 
Area Change Angle loss 

Factor 

3 22.I 0.4399 
4 22. I 0.1552 
5 22. ! 0.4404 

Objecl 
Defined 

Yes 
'ff!._S __ 
Yes 

y~~ -

7 28.: 0.1241 a 

Com ressor/Fan Table 

Elevation 

0 
0 
0 

9 

EJevation 
Units 

feet 

- ·· feet 
fee l 
feet 

Slop Check ; Sharp-edged · Long : Conlractions ; Expansions 

Valves ' Orifice ; Orifice - i 
. •.. ···•·• _.J_ 

; - -----· -

Tee . Addl Loss 

_ )(1.1) , 

(<!,!!)_ 
1 1.1 0.22 

_ ___ , _ _______ __ (1.42) 

1_1Q..Q1L ....... -- i 
0.11 

tnitial Pressure Initial Pressure Database 

Units Source 
Type I Geometry 

---~:::,t c~=: 
Conical Contraclion 

J _ 

Compressor/Fan Name ! Object Elevalion l Elevation J lniliat Pressure Initial Pressure Database Special 

___ _ _ _ ___ _,i,-=D~•fi='""=d-- --+·-u~n=ils~ -+· ----- +---U,,=i~t•~-+-~Sou=•~c•~-Co=ndilion 
17 NJT-130 I Yes ol feed None I 

Compressor/Fan 

17 . 

Pump 
T e 

_ ~p./Fan Curve 

Design Flow Design Flow 
Rate Rate Units 

Current 

Conti ration 

AS-518 

Independent Ind. Variable : 
; Variabte Units 

Dependenl i 
Variable i 

Vol. Flow Rat~ -· _ _ _ IQ/min : Pressu,e L~J 
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/>FT Arrow Mode~ OGTS Bypass System T-H Model Case 3 (Dirty Fill=. NYB 1508, 115 'F Ambien~ HT) 

Attachment 2 
Page28 of 46 

3125/2006 10:38 AM 

: Ccmpresso,/Fan : Dep. Variable : CompJFan Curve I Canp./Fan Curve i Comp./Fan Curve 

: i Ur»IS j Constant a i Constant b l Constant C 

Comp./Fan Curve ! Comp./Fan Curve 

' 17 i in. H20 std. ; 12.46429: 2.571429E-03 i -2.285714!:--06 
Constant d ; Constant!_ ___ _ 

Compressor/Fan ; Runout Flow Runool Flow ; Added Press. : Speed 
· Rate 

... 1.?. 

n-d End Table 

Dead End ! Name 

30 ToMainOGTS 

RaleUnits T o 

. Object ; Elevation 

• Derrned : 

Yes ! 0 

... Slatic ; __ _ 100 ••. ... • • 

Elevation [ lnl6al Pressure \ lnilfat Pressure 
Units ' Untts 

feel ' 
31 To Train B HEPA ' Yes ! 0 feet '. 

General Comf'\nnent Tabte 

0 

Compression I 
Process i 

. ·· -··· Adiabatic I 

Dalabase : 
Source 

Dalabase Special 
~~ral c

2

cwn~nt_ I Name 

HEPA Fnter N02-010 

Object Elevation ! Etevatk>n lnitlal Pressure Initial Pressure I 
Q_e_fi~ .. ! _U~i~ .. _ _ . ~-~!~ .. . .1! .. ~'-!' £~ -- --~~C!L~ 

Yes ·or- feel None '. 

16 

. -- _ 1_~_ 
22 

I HEPA Fdter 1361137 Yes o! feet i None , 

o: feel - ---·- ···· - i None i Oi feet -----, ------ --- - · · ·· j' .. ______ ,,_ ·-····-None : 

G~;~iCo~ponenl 1--. l oss -i.~; . ---· i~de;~;- - i~~v;ri~bi~ -:-··-o~;~t-- ·o;p:·v;ri-~b~---- --L~~- ---
Model _ ----·--· .. Y.<!~~ Va,ia~a .. Units - ······ ·- \/~i:i~~~-- .. . .. Jl"!!~~ - . Conslant a ···-

2 . General Pol onnaJ . Variable 
1 

· Vol. Flow Rate : ft3/min Pressure loss in. H20 std. -2.331035E-17 

16 _ i Qenera)Polynomi.i!._ V'!riable - 'Joi, ~I.0\YR_a_le (. tt3/min _P!•.~ure_Lo,;,; .J '!,_t,2_Q __ sI~-----·5.47522)!::1.! 

_18_ . ·1 · .Gen_e~aljt9l~o~i-~~ : V:~able i Vol. Flow Rate : ~3Jry1i~ . .Pte~re L~~~ /n. t:f20 ~td. . 7 ~~?~~~~E:.C??. 
_21. ···-·'· General Polynomial ... Variable · .. Voi : Flo,;, R~le : __ __ __ •... tt3/min · .• Pressure Loss •• ____ in. H20 std • . __ -2.602085E-17 

General Component / 

....... 11L 
18 

22 

i 
i 

.. P73)3Jl;·.9h.. Q . o ... o 
··- ·, 1.687181E-04 · 3.4618E-08 O O 

0.002502 ' 0 0 0 

Heal Exchanger l oss Loss Independent Ind. Variable Dependent Dep. Variable loss loss i Loss 

C~~~t~~.!. a ___ Conslanl b_!. Cooslant c -· _____ Model ·· -- Value __ _ . _. Variable .. .U~i!~ . .. ... _Variab~ - - ··•· ··Unils_ __ 
K Constant. 1.5 

Heat Exchanger Loss loss 
Constant d Constant e 

Tank Table 
Tank Name Object ·-,- Ei~~:,1ia"n . 1:·,~~ai1~·r·1nii~i Pr~~~,~-. i~,~i Pressure· 1·oa~~~;-~Pr~~;;·rpr;~sure 

1 Alm Pres · Q.•J•n~;. · ·• o ... -~ni_t:~et I· · · · .... \J.!)!!'!. _ --+ -~o~ce. ··' 14.3
1
1 ·· · l).~-

1:si~ 
~ 2=0~~A~tm= Pres Yes o reel : i · 14.3 sia 

?1 . A_t_")ft~;I .. . Yes . _q· leet i_ ·- ····· 14.31 psia 

A5-5 l 9 

Temperature · 

115 : 
115 : 

. 11s · 
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/>FT Arrwt 3.0 Input 
OMJMH+N 

{5ol6) 3/25/200610:38 AM 

/FT Arrow Model. OGTS Bypass System T-H Model Case 3 (Dirty Fillers, NYB 1508, 115 •f Ambl.!.'~ HT) 

i Tank i Temperature Balance i Balance i (Pipe #1) (Pipe #2) (Pipe#3) 1· (Plpe#4) i (Plpe#5) (Pipe#6) : 
[. _ ---i-- Unils . Energy _:_ Concentralion_; Kin, K Out K ln,_K OUt _ K ln.1..K 0utJ K In. K Out i K ln1.KOut . Klt1.t.KOUt : 
I 1 : """· F No No i IP1l0 0 ! I 

: __ 20 _ '·- . __ deg, f ··--- No ' - ·-· ···- ····No ! LP20)0~0 -·-·--·· -·-··-- ---··-· - -~-- ---+-- ---
: 21 deo. F No ' No i IP21l O 0 

: Tank (Pipe #7) I (Pipe #8) (Pipe #9) (Pipe #10) (Pipe #11) (Pipe #12) (Pipe #13) ; (Pipe #14) j (Pipe #15) 

: 
1 

: Kln, KOut Kin. KOU! _ _J(_[n._~9\1!_ Kln,~~~,.IS<:?!J!. ~ln_._KOut _KJn,KOut _: Kln,KOul f.KlnLKOut 

i , :!Q _L___ _ ! 
! _21 __ _! _ . J ... .. ·- ---· -~--- . •. ... ·- ----------·- ··· . ··-·•· __ ... ______ . ---- ····· --· -

····-- ···-------- ----..•. - ···- ···· ----. ---- ----· -- - --- ··· ·-------
! Tank I (Pipe #16) (Pipe #17) (Pipe #18) 

. __ ___ : K In , K Out __ . K ln,_K Out !SJn, K Out 

___ 1 - -- · ·- ··· .... 
: . 20 ________ ______ ·---·· 

Tank I (Pipe #25) 
'. K In. KOut 

20 
21 

Tee or Wve Table 
Tee or Wye 

8 
9 
11 
13 
14 

Name : Objed I Elevation Elevation ; lnilial Pressure , Initial Pressure 

: Defined Unils Units 
TeeorWve • Yes I O feet i 
Tee0<Wve Yes! 0 leet ; 

__ Tee ~Wy~: _ Yes I .. JL _____ _ reet '.----- - _ 
Tee Of Wve Yes I 0 feet 

Tee or Wve Yes I 0 feet 

Tee or Wye Angle Ape~ -- I 
. A-B.,.G i 

11 30 
13 45 

.. J •. . 135 

Valve Table 

Database 
Source 

Tee/Wye Loss 
Tvoe Tvoo 

Round Straiaht ; Detailed 
Round Straiaht I Detailed : 

. Round Slrai9)\t ' .. Detailed ; 
Round Straioht Detailed ; 
Round Straiaht Detailed '. 

Valve I Name : Object j Elevation 
! Defined i 

E!~;ation I Initial Pressure 
Units 

Initial Pressure 

.... Unils __ 
Database ! Special Exit Exit 

10 ! HV-901 Yes !__ ___ 0 

23 I V-178 Yes l o. 

Valve Exit CdA j CdA 

Pressu~e Units \ l Units ! . .. ! Q. . 

leei/ · 
S01:,1rce . I __ C_om).i!lQ.~-- y_~l!~ ... Pressure 

I None . No '. 
_____ leetl.-- .. __ 

,~~~ : 
. ____ ___ -- --1,·- -- -- _ ~"!~ ~-~- No L_ - ···- _ 

·--!-- - ~Ofl~ j t:Jo ! 
feet ! 
feet ! __ ~:~ -·· _ ~:~: l ~~~.:~:nt _; Ind i~~:ble 

_CvJ;_Qnst~nl_' . 119:4.J ; . • •..... 
Cv Constant ; 1194 , 
Cv Const~nt ; 2440 r 

None : No 
None ! No 

Dependent . Dep. Variable Loss 

Variable 

15 

19 

_2~ --

_______ Cv Constant_: 24~0 j 
Cv Constant:_ ___ '.l!)0J 

AS-520 
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AFT Arrow 3.0 Input 
DMJMH+N 

(6 ol 6) 

AFT AtrrNI Madel, OGTS Bypass System T-H Modal case 3 (Dirty Filters. NYB 1508, 115 "F Ambienl HT) 

I V.Ne loss ' loss loss Loss I 
~- - - -· Conslanlb ; Constante Constanld : C<rostante ! 
! 10 ' ! 

' 12 , '1s ! ·----1 
19 

: 23 

A5-521 

Attachment 2 
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AFT An<>w 3.0 Oulpul 
DMJMH+N 

(1 of5) 

AFT Arrow Model, OGTS Bypass System T-H Model case 3 (Dl11y Afters, NYB 1508, 115 'F Ambien~ HT) 

Trlle:AFT AtmwModel, OGTS !lypess System T-H Model Case 3 (DirtyFalers, NYB 1508, 115 "F Ambient, HT) 
Analysis run on: 3/25/2006 10:33:50 AM ' 
Appllcalion ve,sion; AFT AtrrNt Versla, 3.0 (2005.09.14) 

Attachment 2 
Page 31 of 46 

3/25/2006 

Input f"de: M:\Oemonstralion Bull< VTT\f",scal Year 2006 Work\CalaJlations\OGTS Bypass Thermal Hydrauics Analysls\WO<k Flltts\Bypass Flow 8 
indl Pipe Rev 1 Case 3.aro 

Execulion nme• 1:45.78 (106.78 seainds) 
T olal Number Of Presson, It--• 572 
Total Number OI Flow Iterations• 195 
Total Number Of Enthalpy Iterations= 196 
Number 01 Pipes= 25 
Number Of Junctions• 25 
Matrix Method= Gaussian EliminaUon 

length March Solution Method with Mach Number lbnils 
length Step Size= 12 inches 
Mach Number Increment= 0.01 
Pressure Tolerance• 0.0001 relative change 
Mass Flow Rate Tolerance= 0.0001 relative change 
Enthalpy Tolerance• 0.0001 relative change 
Flow Relaxation= (Automatic) 
Pressure Relaxation= {Automatic) 
Resislance Relaxation• (Automatic) 

Fluid Database: AFT Standard 
Fluid: Air 
Max Fluid Temperature Data• 1000 deg. K 
Min Fluid T emperalure Data= 200 deg. K 
Molecular Weight =28.97 arru 
Gas Constant =D.06855 Blu/lbm-R 
Critical Pressure =37 .25 atm 
Critical Temperature =132.41 deg. K 
Acenlric Faclor =0.021 
Equation of Stale= Redlich-Kwong 
Enthalpy Model= Generalized 
Specific Heat Ratio Accuracy= High 
Atmospheric Pressure=- 14.3 psia 
Gravitational Acceleration= 1 g 
Standard Pressurec 14.696 psia 
Slandard T emperalure= 60 deg. F 
Turbulent Flow Above Reynolds Number= 4000 
Laminar Flow Below Reynolds Number= 2300 
T olal Inflow= 0 .8981 lbm/sec 
Tolal Outnow• 0.8981 lbmlsec 
Total Energy Inflow= 253.5 Blu/s 
Total Energy Outflow= 195.0 Blu/s 
Total Heat Transferred Into System==- -58.43 Btu/s 
Maximum Pressure is 14.34 psia at Junction 17 Outlet 
Minimum Pressure is 13.83 psia at Junction 17 lnlel 
Maximum Static Temperature is 875.0 deg. F al Jundion 6 Outtet 
Minimum Slalic Temperature is 115.0 deg. Fat Junction 23 Outlet 

Comoressor/Fan Summarv 

'. Jct Name Mass I VoL j OP 

, Flow I Flow I Slag. 
- . • : {st!!n) I (N3/nlin) Un. f:l2O std.) 

17 N31 · 130 - 7055 90651 14.24 

Jd ¾of 
BEP 

(Percent) 
17 NIA 

Valve Summary 

DP 
Static 

{ii). H2Ost_q.)_ 
14.25 

Overall ! Speed Overall Comp. BEP BEP 
Efficiency ! '. Power Ratio a Mass 

.. lP.~!91'1lL.:...<!'.l'~~-"-1U . _(~Pl . ·- {P.e¥.~1) . . (n3/sec). _ _ {1!2.m/.•.~) , 
57.40 i 1Q0.0 , 2.971 103.7 N/A NIA 

A5-522 
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AFT Anr,w 3.0 Oulput 
OMJMH+N 

(2 ol 5) 

Attachment 2 
Page 32 of 46 

3/25/2006 

AFT l\rrrNI Model, OGTS Bypass System T-H Model Case 3 (Dirty FIiters. NY8 1508. 115 •F Amblen~ HT) 

l Jct j Name J 
i ! . 

v,,.,. 
T)'P<I 

: 10 .: HV-901 i REGULAR 
' 12 ; HV-902 ' REGULAR 

15 V-166 ' REGULAR 
19 ' V-167 ; REGULAR 
23 · v-11s : REGULAR 

Mass ' I 
Flow i 

_Qbm/S8C} i 
. . oi~: 

0.06643 ! 
0.89811 ! 
0 .89611 ! 
0.54558 \ 

DP Stag ) OP Slatlc i P static I K ! Valve 
; i Inlet I State 

(psid) ! . (psld}__ : (psia)__l---- :-- •· -
0.0058659 ; _0.0058687 f _ 14.07 f·- 0.8583 i 0pe]I 
0.0003585 , 0.0003585 , 14.07. 0.9741 , nn..n 
0.0078699 i 0.0078756 ! 13.98 ! 0.7770 1 """• 
o.oon692 ; 0 .00TT747 1 14.33 i 0.7770 : Ooen 
0.1634032 : 0.1635417 ! 14.241 13.7055 ' """n 

Name Mass DPo OP OT T T : Heat i 

. _ Loss Inlet Oullet 1 Rate In '. , Flow 

. ;_ (lbm/sec) 
. . !L , . ICVPlenum_: __ _ (?,~~~ . 0.03881 h~~it ::'~=f~}. _(~~{-~ _(d•:1f} f · (~:~>9) 

Pio~ Oulnut T"' 

Cv Cv 
Est 

...1.~-0 ...l]ft;_ 
1,194.0 NIA 
2,440.0 NIA 
2440.0 NIA 

300.0 NIA 

: Pipe ; Name 
. ! 

' 
Mass V~. ; Vel. In : Vel. Mach Mach dP Slag. P Slag. I P Slag. Out 
Flow Flow Avg Out # In # Out Total In 

_____ .. l"!i!!!ll - ~l!'L_.l[~.!!~•£l..'. . (l•e:t!!'JI~). : .• _ (in. H2.0 s_t~.) ,.,_ H20 std. (g)) I r,n. _H20 s_t<!, _(g))_ 
' 1 Pine 276.91 315.0 : 26.156 · 1.571.1 ' 0.022337 ' 0.022362 ' 0.4325368 0.0000 -0.43253676 

-- ~---
1 
:i~ --~~~; -- ~:~:: ;::j~i rn~~i' ~:ci;~m, ~:-~~~j~ : ~ :~:~~~~ --------- ::::~21 --:~:~~~!~~~ 

4 Pioe 276.91 318.0 26.413 , 1 584.9 0.022556 . 0.022556 ' 0 .0406270 -3.6395 -3.680t3339 I 

. .. . 5 . .f'.ii>e .. 27f!.91 .. .. 310.5 · •.. . . 60.050 • . A !!.4-1.~ _ -4,2~~!!?.~9J.! . 3, 605.9_- _ 0.051292 -__ 0.051333 _ 0,3078~1_0 
6 Pioe 276.91 -5.3234 -5.44616222 i 727.4 - 61 .632 · 3 553.6 0.034694 0.034004 0 .1227523 1 

Pioe 276.91 669.4 , 85.591 4 788.6 0.049146 0.047467 0.64282601 -5.4647 -6.12755585 
Pine 276.91 663.9 , 55.234 3,304.2 0.032847 0.032799 " 0.0462235 ! -6.1276 -6.17377949 I 

9 Pioe 224.72 536.2 , 44.682 : 2,664.6 0.026611 0.026529 0.0066524 I -6.1609 -6.16752291 
10 Pine 224.72 533.6 · 44.429 2,653.5 0.026540 ' 0.026478 " 0.0144927 -6.3299 -6.34439182 
11 Pioe 52.18 124.4 : 10.376 · 618.0 - 0.006179 ; 0.006156 : 0.0007656 i •6.3440 I -6.34473515 

__ _ 12 ___ Pipe 52.18, ____ __ 123.1" ______ 10.301 : .. 

13 Pioe 276.911 617.7 : 28.831 ; 
609.2 O.QQ61?§ [ O.Q():61_12 ; 0.0129616 1 

1 535.0 - 0.017278 : 0.016264 0.0541694 I 
. .. --~-35~l I -6.36Z622_36 

-6.34481 -6.39901016 
14 Pioe 705.46 993.5 '. 47.482 '. 2 402.4 · 0.035313 l 0.032466 : 1.5365945 1 -6.4174' -7.95403051 
15 Pico I 705.46 903.3 - 40.040 ; 2,372.4 ' 0.032466 : 0.032283 : 0.54330421 -7.9540 -8.49733448 
16 Pioe 705.46 897.9 39.562 ; 2,372.5 : 0.032302 : 0.032299 : 0.1316749 -8.7152 -8.84664849 
17 Pipe 705.46 ! 906.7 39.948 . 2,395.8 0.032630 : 0.032624 · 0 .0365944 i -12.7728 -12.81135062 
18 Pine l 705.46 ! 887.1 39.116 · 2 342.0 0.031707 : 0.031676 0 .0558325 1 1.4289 1.37308323 

_. 39.058 , ___ 2 ,342.1 ___ 0.031696 _- _ 0.031687 :_ . .. __ 0.0072067 j_ 
39.056 ' 2,288.5 0.031704 0.031363 0.8949037 I 

_ _ 19 _____ J 'ie.~ . . 10~.1.s ! _ 8_86.4 
20 Pioe 705.46 ; 876.3 

1,11_7?. 1.1099'.1458 
0.8949 -0.00002640 

_2_1 _ __ Pipe 428.55 j 487.2 

22
23 

Pipe _ 4~8_J _!i ~ . .• 489.0 __ 
9.698 581 .9 0.008281 0.000~"'2_· _ _,o"'.0"'3"'0.,_,11"'33"'+----'o"'.o""o""oo"+----0=.0"'3""01'"'1-"33"'0'-'1 

o,034~9~ 0.0194920 _ __ _______ -1.2492 ... : 1.2s~imn.! __ 40.623 · 2,_4~7.5 . o.9~469_;!_ ; 
Pine 428.55 ! 494 .9 41 .096 " 2 ,467.8 0.035098 0.035127 0.3210566 -5.7918 -6. 11 285210 : 

30 Pioe 0.00 i 0.0 0.000 0.0 0 .000000 0.000000 0 .0000000 -6.1276 -6.12755585 
31 Pioe 0.00 i 0.0 0.000 0.0 0.000000 0.000000 0 .0000000 -7.9540 -7.95403051 

p Slatic p Slalic . ... r~~ dTSi;;;·_--· T·si~;;:· "isi~;i: ·-·;-· s1alic dH si~. ·1 j:i St~. 

In Out l Inlet OuUel In 
in. H20 std. in. H20 std. g)) i /deg. F) . (deg. F) (deg. Fl Blu/lbm . Blu/lbm 

Pipe j 

. . J. . . -0_13132 -0.56999 1 __ o.oopoo104 : 115.o 115.o 11~.9 .... .. 114.9 (_.0.00000: ---·-Z0§.1 
_2 -····-·· ·-··· ·'-98259 -2.0f?OSO L ___ -0.0~1~---- 11.~ 115.0 ____ 114.9 114.9 , 0.00000, _20§,.1-

·- _3_ -2.69509 -4, 44_369_! __ _ -0.001~Q.3!1L • .. 1-15.-11. . ___ mJL .. J14.7 . 114.7 0.90000•1·· 2_()6.1_. 
4 .3_97.~1_0_ •... .... :1,0.Hl!!O ! _ .9.oooos104 : 115,o 115.o - 114_9 114,9 0.00000, 200.i! 
5 4 _65735 __ _ _____ .4_96575 1_ . . 9.000?~41 4 . 115_,o 11~.o.: 114_7 .• ___ 114.7 ··-:~.o

3
.:ooo
0611

!_._;oo

65

i

1 

.... __ · 2!· o:3· 6

0

-.:~1_ 1

11 

. 

6 -s.64703 -5.75713 1 -52.45561055 ___ 675.o . _022.5 . __ 874.7 _ _ 0~ .3 

1 :s :13Jlii . _ -6ii281 ! ... -08.47631836 .. 8~-i i. . ?34. 1 _ 0~~,o 133.s 
: _8 .s.41157 -6.46292 L __ _ -3.66520320 ·_ .. ?~01i __ 130.4:_ .. .!33-~ 730.2 .. -0.91 2101_ __ 358.6 1__ 

AS-523 

H Slag. 
Out 

Blu/lbm 

206.1 
206.1 

-~O~J j 
206.1 j 
~ :1.j 
380.7 1 

358.61 
__ 3~U J 
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AFT 1vrow 3.0 Output 
DMJMH+N 

(3015) 

AFT Asrow Model, OGTS Bypass Syslem T-H Model Case 3 (Dirty Fillers, NYB 1508, 115. "F Amb~t, HT) 

j Pipe i P Stade P stallc dT Slag. ! T Stag. T Slag. l T Static ! T Static dH s~ H Stag. 
1 ! In out ; Inlet Outtet I In l out In 

j fin. H20 std. fall fon. H20 std. lg)) _ t!!!ll£)_~ea. Fl Idea. Fl ! lrlwn. Fl ! (!!!n. F\ IBlullbml -~!!ll. 
f -·~-· ~-- -·· •. --6.35123 _______ -6.35675 . .. -7.26135254 ~ _ _ 730.4 -- ~-n3.1 l _ 730.2 1 _ 723.0 r-•1.90780_ -~~!.~?. 

10 , -6.51920 -6.53282 -5.47229004 '. 723.1 717.71 723.0 ! 717.5 -1.36242 355.9 
11 .s.35424 -6.35492 .s.65502930 ! 730.4 n1.1, 730.4 \ n1.1 .2.15411 357.7 
12 .s.36485 -6.37765 -1 6.93359375 1 n1.1I 704.8 • n1.1 ! 704.8 -4.21355 355.61 
13 -6.42509 -6.47023 -132.41479492 1 715.2 582.8 i 715.2! 582.8 -32.87941 354.0 
14 -6.75423 -8.23802 -121.33561707 ' 299.5 178.1 ; 299.3 1 178.0 -29.71949 251.2 
15 -8.23802 •8.TT779 -8.82202148 1 178.1 169.3 : 178.0 I 169.2 -2.15633 221.5 
16 
17 
18 
19 
20 
21 

22 

.. . .?3. 
30 , 

31 

-8.99579 
-13.05609 

1.15150 
0.84013 
0.61788 

-0.01887 
-1.57931 

.:.6,12.;i!6 .. 
-6.12756 
-7.95403 

-9.12731 -0.52752686 ' 169.3 168.8 l 1692 1 168.7 
-13.09455 -0.34875488 i 168.8 168.4 1 168.7 I 168.3 

1.09624 -1 .43078613 i 178.5 177.1 i 178.4 1 177.0 
0.83308 -0.40277100 ! 177.1 176.7 ; 111.0 ! 178.6 

-027056 -16.24743652 i 176.7 160.4 , 176.6! 160.3 
-0.04905 0.00036621 i 115.0 115.0 ! 115.0 ' 115.0 

115.0 115.0 i ·1.59879 0.00000000 · 114_9 i 114.9 

.... 115,0 115.0) __ _ 
734.1 734.11 

. .-~,44798 .. . :0,00j)24;<!1_4_·_ 114.9 ! •.• 114 
-6.12756 0.00000000 : 734.1 i 734 
-7.95403 0.00000000 · 178.1 178.1 > 178.1 i 178.1 

: Pipe : 1:~;::r,:~::l :~~~:r~~~t~ ---H;;~::r~i-,~::t[:r-·:::~--: 
2 
3 

4 

5 
6 
7 
8 
9 .. . 
10 
11 
12 
13 
14 
15 
1§_ 
17 

18 

. .. 19_ 

--~ 
21 
22 

31 

206.1 ; 
206.1 ; 
200.0 : 
206.1 ' 
206.0 ; 
393.7 ' 
380.6 : 
358.6 ' 
357.7 · 
355.9 -
357.7 : 
355.6 -
353.9 
251.2 . 
221.5 

. ?_1 9.3". 
219.2 
221.5 
2_2 1.2 
22 1.1 
206.1 
206.0 . 

_200.0 · .. 
358.6 
221.5 

All Junction Table 

206.1 0.06719 : 0.06712 ' Adiabatic 0.00000 I 0.00000 : 
206.1 0.06688 ; 0.06687 . Adiabatic 0.00000 I 0.00000 , 
206.0 0.06686 : 0.06656 • Adiabatic 0.00000 I 0.00000 : 
206.1 0.06654 ; 0.06654 Adiabatic 0 .00000 I 0.00000 · 
206.0 0.06653 : 0.06647 ' Adiabatic 0.00000 I 0.00000 ' 
380.6 0.02853 : 0.02969 Gen1 Heat Tran. 

358.5 0.02968 : 0.03183 Geni Heal Tran. 
357.71 0.03163 " 0.03192 Geni Heal Tran. ! 

3J.~.9 _q_.0_3193 ' 0.03_2_12, q~,. t1~a~ :rr~n. 
354.5 0.03211 · 0.03226 Gen1 Heat Tran. 
355.6 0.03191 : 0.03214 Gen1 Heat Tran. 
351 .4 0.03214 : 0.03261 Gen1 Heat Tran. 
321.1 0.03232 0.03642 " Gen1 Heat Tran. 
221 .5 0.05002 ' 0.05931 Gen1 Heat Tran. 
219.3 0.05931 : 0.06006 Gen1 Heat Tran. 

0.06003 '· .. 0.06006 ___ Gen·1 Heat Tran . . 
0.05945 : 0.05948 Gen1 Heat Tran. 

221 .2 0.06071 ' 0.06084 Gen"! Heat Tran. 
0 .06980 : 0.06084 Ge~·t ti~at Tran. 
0.06081 '. __ . . 0._0~2_26 __ Gen't_Heat Tran . . 
0.06719 · 0.06719 

206.0 0.06698 : 0.06698 

2-119,!> 0.06621 _. ... 0}/661.L 
358.6 0.03183 0.03183 
221 .5 I 0.05931 0.05931 

Adiabatic 

Adiaballc 
_MAdiabalic 

Adiabatic 

Adiabalic 

-0.48526 i --4 .62296 : 
-0.49927 I -7.77662 : 
-o.40528 I -o.32115 : 

.:0 .. ~72?H -Q-~111~, 
-o.3s622 I -o.36977 · 
-0.18028 1 -0.14313 " 
-0.17627 i -0.27989 . 
-0.25414 ! -11.59095 : 
-0 .01450 I -26.69146 : 
-0.03841 I -1.93663 

-!),o~~9 f. .-o, 11578 
-0.03~1J . -0.07655 . 
-0.04116I -0.3141 3 · 
-0.04056 j , Q.0884_3 

-o
0 
__ ,_

0
q3

0 
__ 4
0
_
0
f!0

0
1 -3.56919 : 

0 .00000 • 
0 .00000 I 0.00000 : 

. .. 0.00000 I··· 0.00000 . 
0.00000 , 0.00000 . 
0.00000 i 0.00000 

-0.12891 219.3 
-0.08524 219.2I 
-0.34976 221.61 
-0.09847 221 .2 1 

-3.97076 221.1 
0.00000 206.1 ! 
0.00000 206.1 

. 0, Q()Q09. ?QQ,1 
0.00000 358.6 
0.00000 221 .5 1 

Attachment 2 
Page 33 of 46 

3125/2006 

H Stag. 
Out 

i!!.!!!®!!!l. 
.~,9 
354.6 
355.6 
351.4 
321.1 
221 .5 
219.3 
219.2 
219.1 . 
221 .2 , 
221 .1 
211.2; 
200.1 I 
206.l i 
206.1 i 
358.s i 
221.~ 

: Jd . Name Mass Flow I dP Stag. P S tag. P Stag. P Static P Static ·1 
Thru Jundion I Total In Out In out 

(scfm) ! (in. H20 std.) • (in. H20 std. (g)) (in. H20 std. (g)) (in. H20 std. (g)) (in. H20 s td. (g}lj 
Alm Pres 276,91 : 0 .000000 • 0 .00000 0.0000 0.00000 , 0.0000 I 

. .?... . . HEPAFilterN02-010 - . . 276.91 ! __ ·_·1:4i"ii21 : . .... . __ -0.43254 ·· ···--· -1.8446 . -····-- ·0.56999 __ : 21 .. 96.895261 1' 
3 Area Change · 276.91 i 0 .060672 • -1.92251 -1.9832 -2.06050 · . 

A5-524 
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Page 34 of 46 

/>FT /vrwt 3.0 Output 
DMJMH+N 

(4ol5) 3125/2008 

/>FT Anaw Model, OGTS Bypass System T-H Model Case 3 (Dirty Fillers. NY8 1508, 115 •F Amben~ HT) 

! Jd ; Name Mass flow 
ThN Junction 

... lsclmL_ 
__276.91 . 

276.91 

dP Slag. P Slag. I P Slag. P Slalic P Slallc 
Total In ; Out . tn . OUt 

;.--·-~-- Lin. H20 sld.l : Q!.I, !:1?.Q..~~.,_ (g)) -~ .l!!!,Jg_Q.!!<U9))_~_Q!1.,.tl2.Q.s!<!: (g)l_;_(il),lt~Q.!!!!Jg))_ 
4 !-t.ea~h..a.n.~ _ s"-- Area Chanae ~:~: k · -J:~ i-· ····-·· t:!~t- -·-·1'.::: -1~! 
6 ICV Plenum 276.91 1.074394 • -4.24902 ' -5.3234 ' -4.96576 ; -6.6470 
7 AreaChanae 276.91 0.038586 -5.44616 ' -5.4847 ' -5.75713 · -6.1339 
8 TeeorWve NIA 0.000000 · -6.12758 ' -6.1276 '· -6.56091 -6.5609 
9 Teeorw... NIA See Losses · -6.17367 i -6.1737 ' -6.38114 1 -6.3811 
10 HV-901 224.72 0.162371 -6.16752 ' -6.3299 ' -6.35675 : -6.5192 
11 TeeorWva NIA See losses -6.34484 : -6.3448 -6.45194 -6.4519 
12 HV-902 52.18 0.009923 -6.34474 ' -6.3547 , -6.35492 ' -6.3649 
13 Tee or Wve NIA See Losses .5_41744 , -6.4174 -6.68562 ' -6.6858 
14 TeeorWve NIA 0.000000 · .7_95403 : -7.9540 ' -8.23802 : -8.2380 
15 V-166 705.46 0.217844 · -8.49733 , -8.7152 -6.77779 , -8.9958 

l 16 HEPA Filler 1361137 705.46 3.925915 -6.84685 : -12.7728 : -9.12731 i -13.0561 
17 N31-130 705.46 -14.240259 

i 1.8. . . ~kdraft D_amJ>"I: . _ .. ?P.i..4§ __ __ 0.255921 . ... . . 
! 19 V-167 705.46 0.215057 

-12.81135 : 
1.37308) .•. 
1.10994 · 

1.4289 ' -13.09455 ' 1.1515 
.1.1112 ' . _ 1,09624 : ___ ______ 0.8401. 

0.8949 ' 0.83308 • 0.6179 
i 20 AtmPres 705.46 0.000000 0.00000 ' 0. 0000 · 0.00000 ' 0.0000 
! _21. .. . .. . . Alm Pres. 428_,5_5 O.(!Og()QO . ...• 0.0000 -- - - -· _0.00000 : __ _0.0000 

-1.5793 22 Healer & HEPA Filler 428.55 1.219023 -0.03017 -1.2492 . -0.04905 : 
23 V-178 428.55 4.523109 -1.26868 - -5.7918 -1 .59879 ! -6.12581 

: 30 To Main OGTS 0.00 0.000000 -6.12756 -6.1276 -6.127561 -6.1276 
; _31_ _To Train B HEPA_l .0.-!lQ. _ 0,0_0QOOO . -7.95403 - ···. . -1.9540 ·····- ___ .1_95403 : __ _ ··- ·· -J,954_0 1 

: j d dT Slag. f rsi~g--fTsi~-g. ·1-·siai\~-II 1·s1~tic ! dH H Stag. I H Slag. : H Static I H Slalic Sonic 
i Inlet I Oullel In 1 Out i Stag. In I Out ; In Out Area 

Cdeo. Fl i Cdeo. Fl I Idea. Fl Idea. Fl I (deg. Fl i IBlu/lbml IBlu/tbml I m1u11bml , CBlu/lbml IBtunbml Cleet2l 
0.00000001 115.o ] 115.o 11 s.o 11 s .Lo+-i ==o=.ooo=+->=~20~s~_ 1'-l1r-==2=o=s.~1.,., ==2~o~s=_ 1-+-'==20=6~.1-~o~.0=01=1~3....,4 · 

.0.0011597 11s.o ' 11s.o 114_91 114.91 0.000 20s.1I 206.1 ' 206.1 206.1 0 .001142 . 
-0.0003662 11s.o , 115.ol 114.9 i 114_11 0.000 206.1 206.1 

4_ 

5 

206.1 
206.1 

206.1 
206.1 

6 760.0000153 115.0 i 875.0 114.7 874.7 -187.755 206.1 393.8 
7 0.0001221 822.5 . 822.5 I 822.3 822.0 0.000 380.7 380.7 

0.0000000 734.1 ! 734.1 ! 733. 7 733. 7 NIA 358.6 358.6 
0.0000000 730.4 I 730.4 ! 730.2 730.2 NIA I 357.7 357.7 · 

10 0.0000000 723.1 723.1 ! 723.0 723.0 0.000 i 355.9 355.9 
11 o.ooooooo i 115.2 11s.2 i 11s.2 
1i-······ ·,i:0000006 I. 121.1 121.1 ' 121 .1 

354.0 354.0 
355.6 355.6 

715.2 NIA [ 
121.1 o.ocio i 

13 0.0000000 j 299.5 299.5 299.3 299.3 N/A i 251 .2 251 .2 

.zn.5 221 .5 
219.3 219.3 _ 
219.2 219.2 

. J4 0.OOO0OOQ.i • . _!?.~-.1 ___ 178, 1 .. _ 178.0 
15 -0.0001831 i 169.3 -·~~~-3 .... 1~~,2 
16 -0.0025635 [ • 168.BI 168.8 168.7 

17'.8,0 NIA i 
· ·1 

169.2 0.000, 
168.1 ii.coo I 

17 10.0728760 \ 168.4 I 178.5 168.3 178.4 -2.460 ! 219.1 221.6 
_221.~ 221 .2 
221 .1 221 .1 

_ 18 . -0.0001221 I _171.q .•.• . 177.1 ____ 177.0 . 
19 -0.0001831 j . 176.7 ! 176.7 176.6 

17_1'.,0 _0.099.! 
176.6 0.000 i 

20 0.0OOOOO0 i 115.0 ( 115.0 115.0 115.0 0.000 ! 206.1 206.1 
21 __ ___ 0.0000000 ' •. 115.0 t 115.0 11~.0 

' .. p . -9.0011591 1 11s.o , 11~.o 11~,o .. 
. 23 . -0.0035521 ' 11s.oi 115.o 114.9 

_115.Q_ o.ooo i 200.1 206.1 
. !1.~i!. 0.000 i 206.1 .... ~_(l6.1 
1K9 ... . O.ooor . .• 206.1 206.1 

.. 734.1 0.0001 ~~8.6 3~8.6 . 
118.1 0.000 I 221.s 221.5 

Junction loss Table 

AS-525 

206.1 

20~-9 . 
206.1, 

206.0 
380.61 

206.0 0.007771 
.. 296._1_ 0.007807 . 
206.0 0.007810 
393.7 0.007818 
380.6 0.011753 

358.5 358.5 NIA 
357.7 357.7 NIA 
355.9 355.9 0.009173 

~53.l! ! ... 353.9 •. . .... N/A . 
355.6 i 355.6 0.002130 · 
251 .2 ! 251 .2 ' NIA ' 

221 51 221.5 N/A : 
_ 21_9:~ 219_3 : __ 0.021071 

21 9.2 219.2 ' 0.021081 , 
219.1 I 221 .5 : 0 .021293 , 
221 ,2!1 2~1,2 ! 0.020675 ! 
221.1 221 .1 ' 0.020682 ' 
206. 1 I 2os.1 ; 0.020412 : 

. . 2_06.1 ! ... ?_<l6.1 0 ,QJ._!969 
206.1 i 206.0 _ 0.011970 _ 
2os.·o l 206.0 0.012001 

3.Sl!&I __ . 3~.s . o 0000.99 
221,s [ __ _ ?~rs _ _ 0.000000 
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Attachment 2 
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3125/2006 

AFT AtraN Model. OGTS Bypass ~em T•H Model Case 3 (Dirty Fillers, NYB 1508, 115 °F Ambl~. HT} 

j Jct i Pipe i Pipe i dP Stag. Tolal ! 
~-~ Dir. : (on. H20 std.) l 
i 8 ' P7 i In ! 0.000 1 
. i P30 ! Out ; 0.000 ; 
1 I Pa! 0u1: o.ooo i 

9 : Ps i 1n ; o.ooo i 
pg l Out '. -0.01280 1 

P11 i Out ; 0.1703 i 
' 11 : P10 i 1n : 4.476E-04 • 

P13 i Out ' 0.000 ' 
P12 i In -0.02276 l 

•. 13 ' P13 ! ln i 0.01844 ; 
P14 , Out ' 0.000 , 

PIS ! Out' 
P31 i Out ' 

0.3046 1 
0.000 ~ 
0.000 ' 
0.000 : 

AS-526 
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AFT Arrftw 3.0 lnp~ 
IJMJMH+N 

(1 of6) 3125/200610:31 AM 

AFT Anfrw Model, OGTS Bypass System T-H Model Case 4 (Dirty Filters, NYB 1508. 115 "F Ambient. HT) 

TIiie; AFT Arrf1w Model, OGTS B)Pass System T•H Model Case 4 (Duty Fillers. NYB 1508, 115 "F Ambient, HT) 
Input File: M:\Oemonslration Bulk VIT1Flscal Year 2006 WOll('Calculalicns\OGTS B)Pass Thermal HydrauBcs Analys~\Worl< Files\Bypass Flow 8 
inch Pipe.Rev 1 Case 1.aro · · · 

Number OI PlpeP 25 
Number Of Junctions= 25 

Length March Solution Method with Mach N"'1ber Llmils 
Length Step Size• 12 inches 
lllach Number lncn,ment= 0.01 
Pressure Tolerance= 0.0001 relalive change 
Mass F1ow Rate Tolerance= 0.0001 relative change 
Enthalpy Tolerance= 0.0001 relative change 
Flow Relaxation> (Aulomelic) 
Pressure Relaxalion• (Automatic) 
Resislance Relaxallon• (Automatic) 

Fluid Database: /'FT Standard 
Fluid: Air 
Max Auld Temperarure Dala= 1000 deg. K 
Min Fluid Temperature Data= 200 deg. K 
Molecular Weight =28.97 amu 
Gas Constant =0.06855 BluAbm·R 
Critical Pressure =37 .25 aim 
Critical Temperalure =132.41 deg. K 
Acenlric Facio< =0.021 
Equation of State• Redich-Kwong 
Enthalpy Model= Generalized 
Specific Heat Ratio Accuracy= High 
Atmospheric Pressure~ 14.3 psia 
Gravilational Acceleration= 1 g 
Standard Pressure• 14.696 psia 
Standard Temperature= 60 deg. F 
Turbulent Flow Above Reynolds Number= 4000 
Laminar Flow Below Reynolds Number= 2300 

Pipe Input Table 

: Pipe · Name Pipe . Length length Hydraulic . Hydraulic r Friction · · Roughnes-~ I R~9~ne~ I L~sses -(K.) i rniti~ Flow 
Defined Unils Diameter : Diam. Units ! Dala Set , Units 1 

1 Pip'!, ! . )'.'!.s.. 64 ;nches 6.065 ; inches I Unspecified_; 0.00015 feel 2.93 I 
2 PiDe I Yes - 104 inches 6.065 : inches! Unsoecified . 0.00015 feet 0.21 i · 
3 3 FEs Yes . 163 inches 4.026 . inches ! Unsoecified • 0.00015 I feel 1.635 

4 P"" Yes . 39 irl,<;he~ _6.~ . . inches i Unspecilied ' .. .... ... 0.00015 ... .. _ ....... feet ......... _ . 0.16 1 
5 f".ipe . Y'!.S . . 22_ i!)ch.'!.s 4.0_25 : inch'!,S j . Y.n.sf>."?.~e~; . ..... l1c.09 .. Q1~ _f~_e! . o,~ I 
6 Pioe Yes : 72 inches 6.065 · inches I Unsoecified ; 0.00015 feel 0.15 
7 Pioe Yes 141 .5 inches 5.047 : inches ! Unsoecified ; 0.00015 feet 0.47 1 

8 .PiP..!' .... Yes ...... ... . 6 .. .. . inches .. . §.J!!i5 : inches.! Unspecified '. 0.00015 f~'!.I 0.141 
9 Pipe Yes.. 10.5 inclles 6.065 inche<;.; .. .lln.~£i~d __ ... .. 0.00015 .. . t.e~l _ .. . .. 0 

10 Pipe Yes . 8 inches 6.065 inches i Unsoecified : 0.00015 feet 0.05 I 
._ .. 1) . .. .. __ Pipe _··- _Yes -···--·--6 _ inches ___ 6.065 ... ,. ___ ... inches; .. Unspecified ].. 9.qc;>Qt.S. f~~t 
,. .. 1.? .. .. ... P.ip~ . __ _ Yes · ..... _,.12 _,inches _ ..... .. 6.065 : . . .. . Jn_g~.~s :

1 
_un_~P.e;.~_t:d ! 0.-0,C,Q.!~ . f~~t 

13 Pipe Yes ; 251 inches 8.329 inches . Unsnecified ~ 0.00015 feet 

14 P;pe Yes :. )~9 ... inc!'es 8.34~:... inches __ Unspecified ' _ _ 0.00015 ,_ ........ feetll_ .. .. 0.77 . 
. 15_ Pipe . Yes . 27?.~ : inches 8.329 . inches . Unspe~ifi_ed., _ 0,00!)15 feet ... L~.i' . 

..... 16 ....... .. f'.il>!>. . Yes • ... . ..... 18 ...... inches ........ 8.329 ... ..!f!c/!e~ Unspecified : 0.00015 feet I 
17 Pine Yes : 12 inches 8.J29 · inches Unsoecifi~d ! o.0001s feet 

-111. Pipe I xes . _42 . ingl~s ~-~~ . inches !- -Unspecified ··- . .. _ 0.00015 ---··- •m feet !__ .. 
19 Pipe j Yes: 12 . inches ~.329 . inches !. Unspecified :. 0.00015 ... feet! 
20 Pioe Yes 564 inches 8.329 inches ! Unsoecified · 0.00015 feet ! 

0.11 
0.11 

0 
2.04 

:. 21 ._ .. Pipel- · .... Y•• . . .... 104 ... inches ....... !2.39 . inches j Unspecif!e{ O.OQ<?15 f~et [ 1.42 
: .. 22 . .. ~l!.O .... '!'.~L ...... 6 inches .. 6,0.~ - ..... !Qq>_!;S j Unspe<=!.fi_'!.~- O.OOQ15 ~~ti ... .. _ 0.04 
.. 23 Pipel_ Yes . 268 infhes 6.065 inches.I ~sp~cifie .. d . ...0 .. QO!lJ?. . 1~•11. _0,11 

AS-527 
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AFT Arrow 3.0 Input 
DMJMH•N 

(2of6) . 3125/2006 10:31 AM 

AFT Arrow Model, OGTS Bypass System T-H Modal case 4 (Dirty Allers, NYB 1508, 115 •f Amblen~ HT) 

L..31 • L !31! .... . YJ,s ! .. 9,~ L ___ Jeel _8.329 : ••. .Inches _ u_~!oeclfied I 0.00015 feet ~--·- ...... o .. . 

! Pipe i Initial Flow ,
1 

Junctions l Geometry Material ! Size Type Thermal : Ambient Temp. 
! ; Urots n In.Down\ : j Bow,darv 

L. .. 1-..L ... . _____ L ·-···· 1, z; Cylindrical !.'!I!!. --~~.!?_~1,!1.I __ §_I~_,!)_ .• schedulo.40 . Adiaba~c ~ 
i 2 : I 2. 3 ! "'"""-'cal P"- S1-.S Slee! ! 6 Inch scheduf& 40 Adiabatic ' 
l,__3_[_ __ __ ..... f. _ ..... l,4 ! Cylindrical Pipe SlainlessSteell 4inch schedule40 ·····--·- _ ____ Adlabalic ; __ ________ ____ _ 

~---~-. J ·--- !------ __ 4.,_?J .. ~Y't~-~~P!. __ StainlessSteel j 6inch ____ sc:hedule40.~ ____ ., __ ___ ,._ Adiabatic: i ___ _ 
1 5 · 5 s! Cvtindrical PINo UnsnAdffed i Adiabatic : 
' 6 6. 7 ! Cvlindrical Pioe Slafnless Steel ! 6 inch schedule 40 General Heat Transfer ; 115 
, 7 • 7 8 : C~dricalPiJ>e .. s1afnfessSleel ! .. . 5inch __ sche<!<!l.!!lQ ~ GeneralHoatTransfer ~ _____ 115 

' 8 ; • ..:,· _ ···- a: 9;. CyflOdricat Pipe .. Stainless Sla!LJ6inch schedule 40 General HoatTransfer i ... ··-· -·-· .... 115_ 
9 9 10 · CYiindricai Pioe Slalnless Sleet : 6 Inch schedule 40 General Heal Transfer ; 115 

, .. 1!!.' _____ } . .... 10L11.' __ !;ytindricalPipe SlalnlessSteel L .... ~l.rr"-'1. _ schedulo40 _ GeneralHeatTransfer l ·-•-· •... .11!! 
'. 11 .. '··-· . .. •. 1 . 9. 12 : _C~rical Pil!!_ ~ Stainless Sl••!j .•. 6 inch ... schedule 40 .. General.Heat Transfer : ___ •. _ __ 115 

12 12 11 ' C""""rlcal Ploe Stainless Sleet ' 6 inch schedule 40 General Heat Transfer ; 115 

' __ 13 ···- ____ _ ., ··- _ 11,_13 , Cylinalcal Pipe . Slainless Sleet . ·- 8 inch ~ schedule 10 ~ne~al Heal Transfer ; •. . .. 115 
: •. 14 . .: .1:!, 14_ <::~riC'!!!'iP.e ~aJ!,l~;•§!!Oel !.... ~Inch -~~.!O GeneratHealTr&Q~(er : .•..•. __ 11~ 
._ . .lL. . . . 14. 15 . Cyl'!)(!rlcal PIP-!! _§.~e_g,.§!.~!!~. - ~£!! _ sq,e_!fyl_!_ !Q. •• G_<;[l."!~!ti~_;il Tra~sferj 115 

. 16_ __ . 15. 1~: OJli!K.!!!cal f'iP.'! _§.!;i!!!!.e .. H.§!~L _ !1.i/1.£!1 - ~~~I! 1Q. ~ .<,,~~~!,l)!le~lir~.n.sr_er !_. _ _ _ ____ .J!.~ 

~-~-- ·-· ··:·"· ___ ij:·;~:{~:l~:: ~:~::·i::! -:-~:,-=::~~!~;.::~::i:=::~ .. -.···.- ;~ 
.. _!!L. ..18, 19 : __ Cylindrical Pil!!_ _Stainless Sleet . ~)!'£ti. _schedule 10 _ General Heat.Transfer. 115 
.. 20 .. .. _19, ?O' Cylindrical Pipe_ .. §!~l~-~ .§.1.!'!!.'. • .• .BJQC!\ . schedule 10 . _qe_n_,;r_'!f .. H~a\J°(~D•!~ "- 11,5_ 
. . 21 .. 2/, ~ .: .• fY.~\f'ipe_ Slainl~s~. §•.!'~L JZ_inc!J. _s<;l_,_<!d,!!le_19. Adl;l_b;><ic_; 

_22... ..! . .. .. ~?. ~~.iS.Y!n,d_tj~;,!fi~ .. §l_~inle_ss_§.!~el : . .... ~ Inc;!! schedule 40 . _ .. Adiabalic '- ---·-···· .... __ _ 
.. . 23 ___ -·-····· .. •·· .......... 23 •. 13 '. .. Cynndrical Pipe Stainle~. §.le .. ~. . . 6 in.c\1 ···~chedule 40 r _. . . . .. Adiaballc , ...... . 

_-_--~i .. -- ..... _ .. ······-. -· 1·~:-~~-~ .- ~~~~~i:::: I ~::::;: ~~:: ~-: _:~:- :::~:: ~~ l~.-~---~ --~~---~~- ~::::;~:-: . : .. -.. · -~-~ ~ 
Pipe Ambient Temp. ; Special 

.. U~its : Cen<J!tion 
1 None . 
2 None 
3 _ __ •-· :······ None . 
4 None 
5 None 
6 deg. F None 
7 deg. F None 

8 deg. F None 
9 deg. F None 
10 deg. F None 
11 d!!l). F None 
12 deg. F None 
13 d!!!t F None 
14 deg. F None 
15 deg, F None 
16 deg. F None 
17 deg. F None 
18 deg. F None 

19 d!t!j. F None 

20 deg. F . None 
21 None 
22 None ! 
23 None : 

AS-528 
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3125/2006 10:31 /W, 

AFT AITow Model. OGTS Bypass Syslem T-H Model Case 4 (DIiiy FUters. NYB 1508, 115 •F Ambl_!:". HT) 

1 Pipe i Ambient Temp. j Special ! 
\-- ·-+ · __ Unils_ ---[ Con<ilion~ . 
; 30 J i None j 
(_.ll_l..___ N~ 

Pme Loss Table 

' Pipe : K Tolal Standard i Mitre Smooth M<Je ; BaH Butterfly Cylinder 

! .. Los
12

ses !,- ----
1
_
2 
__ 
3 

__ Bends _j Bends _ ~endL Valves i_ Valves ___ Vatves _ Valves 

Gate I Globe Plug [ Poppet 

Valves I Valves Valves -' Valves _ - -- r ------ -
. 110.13\ . 

13 0.11 

' _ 15 ___ ! --·- 1.32 > ------- ' ----·· -- --- ... 
21 1.42 

____ ! -~- -- .. . - - -------- - -·--· -· ·· - I -·-··t··-···---
22 0.04 I 
2~ _ . 9,!!J. . . 1 

[ Pipe f Three-way f Swing Check i Lift Check Tilling Disc 

Check Valves 
Stop Check j Sharp-edged i Long Contractions : Expansions 

: Losses r Valves · Vatves l VaJves Valves Orifice ! Orifice 

_12 . [ 
13 · 
15 

_? 1 

22 
23 

Pipe 

: .. ~~~~ 
12 __ _ 

13 , 

15 

?.1 

~2 .. 
23 

Entrances Exils Differential Honeycomb 

_f.]~~le_r 

' 

Screen Tee . Add'I Loss 

1l!.-Jl , 
.. . . . . . ..... . (OJ_!) 

111.1\ 

1 (0.Cl4) ... 

10.22\ 

t1_.m 

· i o.11, 

Area Change Table __ .. _____ .. _ _ ______ .. ...... . ---- •-•--- -,·- ······-··· 
Area Change Name ! Object Elevation Elevalion 1

1 

lnilial Pressure lnllial Pressure Dalabase 

i Defined Units Unils Source 

_3 
4 

5 

-~-
Area Change 

3 

4 

5 

. f',[ea. Chgt,:,g~ i Y~~.;.. 0 
~r~a C;~ange ! yg~ :. Q. _ 
Area Channe i Yes : O 

__ ~r~~ c;;!:i!ilf.!9e L ···-.Yes 1 ---- ·- -- o 
Angle Loss 

Factor 

22. 0.4399 -
22. 0.1552 · 

22 ! 0.4404 -
2a.l 0.1241 : 

fe~t•,•
feet 
feet . 

Como,essor/Fan Tab!A 

Compressor/Fan Name Object 
Defined 

Elevalion I Elev~IKtn I Initial Pressure I lnilial Pressure 
Units Units 

17 NJ!-130 Yes ol feet! I 

Database 
Source 

Type Geomelr'J 

Coni~J C90lr~~l.iQQ.. 
Conical Expansion : 
Conical Contraction · 

C;onical : Con1raction 

Special 
Condition 

None 

Compressor/Fan PumP - · i O~Qn Fl~ ,- De~g~ Fl~ ! Current rldependent Ind. VariabJe Dependent 

Type ~ Rate Rate Un11s ! Con~191-1rahon ___ _ y~,,_,n~•,be,l_,,_e ___ ,,U'-'n;,,ts,_ __ -'V'-'ar"'i"abl=e-
17 Comp /Fan Curve l I ! Vol. Flow Rate h3/min . Pre.ssure Loss 

AS-529 
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· . 3/25/2006 10-.31 AM ._.- -·· .. 

AFT Atrow Model, OGTS Bypass System T-H Model Case 4 (Dirty Fifle,s, NYB 1508, 115 •F Ambient. HT) 

! Compressodfan I Oep. Variable i Comp./Fan Curve ! CompJFan Curve i Comp./Fan Curve Comp./Fan Curve i Comp./Fan CUIVe 
j------ ; _Unlls _ i __ Conslanta __ __ !_ .. _Conslantb .~ Conslantc _ Constantd ._.J. __ Conslanla 

17 . in. H20 std. i 12.46429i 2.571429E-03 ! •2.285714E-06 O! 0 
L - --~·•---~-

! Comp,essorif'an I R>i>out Flow 
! Rate 

·~t Flow i Added Press. ; Speed 
Rate Units : T tt · Discher 

-- .. JI ______ : ________ _ i_ •. ~\aYY i .. . _1(!9. _ 

""°" End Table 
. Dead End : Name Object i Bevation Etevation i Initial Pressure : Initial Pressure 

. Defined : Units Urnls 
30 To Main OGTS · Yes · feet '. 
31 To Train B HEPA ' Yes feet ' 

Database i 
Source 

Process 
__ Adiaba~ 

General Component Name Ot,iect Elevation Elevation j Initial PreSS1.Ka Initial Pressure I Database Special ! 
--·i - -·-- _ .. HEPA-r=iii;,·N02-010 IJ!fin~~ ~ o· ·--u~~:;;J·· Units ! Sourca .9.Df!d:: : 

16 HEPA Filler 1361137 Yes 0 feet! I None ; 

. ---~~ ····-··-·- H,;.~~:~~:= ~:: -·-····- -~ .. .. ~:::I· I· ·· -~ 
Ge~-;;;, c,;-,;;;.,--;;-.;.;i L~~-- . - . ... i.~;;; · ·-·,~de-;endent ; ·~d.V~bk, .. o;~~d~ni · ,-o-~p. V~bi~ j. ----L~;--

. "!O<!e_l .... ····-· -'!~Ne.. v_a,;_.,ble '. Unit~ . . . .Y.a!lil_l>J~ -- -· ..•.... Unil~ _ ._(._ .. gD.~l;!llta . 
General Pol ·ar Variable Vol. Flow Rate ' ft3/mln · Pressure LOS$ in. H2O sld. ; -1.165517E·17 

General Component Loss Loss Loss Loss I 
' Consla_plJ> COf\S~~ - .. GQ!!!ilc?~t d Constant e j 

2 0.00224 0 o; o: 
!6 4.373333E•03 •. Q o· ~i 18 1.687181E-04 3.4618E-08 o: 
22 0.002502 0 0 - ol 

Heal Exchanger Table . 

Heal Exchanger Name Object i El~~·~,~ ·r·El~~~li~ ,. inilial Pres;ure. Initial Pressure 
Defined ! ! Units Uni ts 

Database 
Source 

Special Type 

Condition . 

. IC:.V.f !e.!lu!')_ I_ _ __ .Y.g~i.. O l feed . . . --·-··· _ ...... -·- . . . I_ -- ~.0!1.~.: . 

Heat Exchanger 

6 

Loss l oss Independent 

Model _ Value Vari~ble 

K Constant_ 1.5 

Ind. Variabte Dependent Oep. Variable I Loss Loss I Loss . 
... !J'!il.~_ . ______ Vnriable .. Units Consta nt a Constant b Cons tant c .. i . . . . . . . i --

Heal Exchanger i Loss Loss 
Constant d Constant e 

6 ·--- - - -·- ··-·-- -•· ·- -

Tank Table 

- Tank N;;,,e · 1· Object ; Elevation Elevation 

Defined I 1.!ni_t~. 
1 -· Alm Pres v;s · ··- · -0-- - feet 

20 Alm Pres I Ye~ i 0... feet 

lnilial Pressure 
. I •• . 

Initial Pressure Database 
Unils 

' Pressure ! Pressure Temperature 

l .... Units 
···-· • 14 .. 31 psia 115 

14.3 i sia 11 5 

?1 . A~ Pr~s l Yes ; 0 feet ... 1:4,~.t. ·-· P~"· _ .J .15_ 

AS-530 
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AFT Anow 3.0 Input 
DMJMH+N 

(5of6) 3/2Sl200610:31 AM. 

AFT Atrow Model. OGTS Bypass Syslem T-H Model Case 4 (Dirty Filters, NYB 1508. 115 °F Ambient. HT) 

: ~~ -·--··- l~~~ - ~:!--- ·::: ·}:~~~-+-- ---i-- ---- . ·--·--i-----+--·---·-~ 

f Tank . (Pipe #7) (Pipe #8) (Pipe #9) (Pipe #10) (Pipe #11) (Pipe #12) (Pipe #13) ! (Pipe #14) , (Pipe #15) 

:·-··,····K bi, K Out K In, K Out . • K In, K CM . . K In, KOut_ K In, K Out I Kin, K Out . KJ!!..KOul : K.ln_._ K Out.~ .K.lrl, K Out 

; ..• ~.Q __ , ___ .. -· - ··-· --- ·-· -- -----
; .21. : . . . 

···-··- - ----··-· ··•· ___ .. _____ _ ----- -----------------·--··- · ' ---··------· ... ---- -···-··· . 
· • ·-· ••• 1.... .• ··· · ··•· · · · ··-· -·· - ·-· ··i ···-···- -·-·--· 

Tani< ' (Pipe #16) (Pipe #17) (Pipe #18) (Pipe #19) (Pipe #20) (Pipe #21) (Pipe #22) (Pipe #23) I (Pipe #24) 

. '. K.ln,KJ ~JI .. K!!>,.!<.Q!Jt .. Kl~.~Q~t .. _K_l!',K.9.ul. Kln,KOut .KJn, .KO\!t _Kln,KOut :.Kln, KOul. :. Kln. K.Out . 

. 1_ .........• -·-·· •. ......... ·- · ·••······--·--
:. 2!) 
.. 21.., . 
Tank ; (Pipe #25) 

, Kin KOut 

20 

21 

Tee e< Wve Table 

. ' . - -----------····•·---- ---- -.----- ----- --
- -- - -•- ·-- ----- --- ·---- ··- . ___ ! ------ - ···--·- - · 

Tee or Wye Name Object Elevation Elevation Initia l Pressure . Initial Pressure Database I TeeNJye j Loss 

_ ________ _,D,.,,•c.:fin:ced=-1-----"U.n_,,i,.,ls,_ ______ ~_.,U"'n'"ils,__+-"S"ou"'r"ce~~pe ! Type 
8 TeeorWve Yes o · feet I Round Straioht ! Detailed 

9 Tee orWve Yes 0 feet ' I RoundStrai ht i Detailed 
!l Tee orWye . __ Y,;J ___ ___ o ______ reet. ___ _ ____ .. I _Round Slraight i _ _D~laile? 

13 Tee or Wve Yes o feet I Round Slraiahl ' Detailed 

14 Tee or Wye Yes I O reel I Round Slraighl i Detailed 

Tee or Wye Angla Pipes 

8 
9 
11 
13 

_)~ 

Vatve Table 

Valve I Name 
. i 

10 i HV•901 

12 HV•~~ 

1~ .V.:~~6. 
19 V-1 67 

.~B, C. 
13~ . 
150_ -
30 
45 

13? . 

Object Elevation 

Defi~~
Yes 

. Y~s __ 

. Y~J 
Yes 

0 

0 

- . 9 .. 

23 V•178 i Yes 0 

Valve : 
I 

Ex~ 

J Pressure U~ts . 

CdA , CdA 
! Units 

"" ! . 
10 j 
12 l 
15 I 

. 1.9 I 
23 

. ··-··· j·-

Elevation I Initial Pressure 
Units 
· ··reeil 

... '··- C.!Qs.e~- .. !'lo,. _feeJ) 
feet! - ... r · · •· --- -1---- . -·· ·--- ___ _____ l ___ Nooe ______ No :, ___ _ 

! I None No reeti 

feet l ! I None No 

Loss Loss 
--------- ---···. ---· - -· ,-- --- -- ----·-·--·- ·-····· 
Independent , Ind. Variable I Dependent · Dep. Variable Loss 

Mod~! V~lue 
Cv Conslant 1194 

Variable Unils ! _\(ariable Units _ ... ___ <;;_~ -sl~mt _a 

Cv Conslant .•.• 1194 .•.. .. . . , .... 
C'I Consrant 2440 ! 
Cv Conslant 2440 
Cv Conslant 30Q 

AS-531 
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AFT Arrow Model, OGTS Bypass System T-H Model Casa 4 (Dirty fillers, NYB 1508, 115 "F Amblen~ HT) 

! Vatve Loss , Loss i Loss _ Loss : i· -
10 

.. Constant I!.; ConJtantc : Conslanld ; Conslanl ~ 

__ J_2 __ _ 
15 

·· ·----------•-•.o• •-: 
19 
23 

AS-532 
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3125/2006 

AFT Arrow Model, OGTS Bypass System T-H Model Case 4 (OlrtyFillers. NYB 1508, 115 •F Ambien~ HT) 

Tllle: AFT AmtwModel,OGTS Bypass System T-H Model Case 4 (llirly Fitters, NYB 1508, 115 °F Ambienl, HT) 
Analysis run on: 3/25/2006 10:29:55 AM 
Applcalion version: AFT Arrow Version 3.0 (2005.09.14) 
Input File: M:\Oemonslralion Btjk VIT\Fiscal Year 2006 Work\Calculations\OGTS Bypass Thermal Hydtauics Analysls\Work Fues\Bypass Flow 8 
inch Pipe Rev 1 Case 1.aro 

Execution rme= 12.84 seconds 
Tolal Number 01 Pressure l!eralions= 0 
Total Number Of Flow Uerations= 56 
Total Number Of Enthalpy Iterations= 56 
Number 01 Pipes= 25 
Number or Jw,clions= 25 
Malrix Method= Gaussian Elimination 

Length March Solulion Method wilh Mach Number Limits 
Length Step Size= 12 inches 
Mach Number lncramenl= 0.01 
Pressl.J'e Tolerance= 0.0001 rata1ive change 
Mass Flow Rate Tolerarce= 0.0001 refative change 
Enthalpy Tolerance= 0.0001 relative change 
Flow Relaxation= (Automatic) 
Pressure RelaxatKW)::: (Automalic) 
Resistance Relaxafion:s (Automatic) 

Fluid Database: AFT Standard 
fluid: Air 
Max Fluid Temperature Data= 1000 deg. K 
Min Fluid Temperature Oata:i: 200 deg. K 
Molecular Weight =28.97 amu 
Gas Constant =0.06855 BIU/1bm-R 
Crilical Pressure =37.25 atm 
Critical Temperature =132.41 deg. K 
Acenlric Factor =0.021 
Equation of State~ Redlich-Kwong 
Enlhalpy Model= Generalized 
Specific Heat Ralio Acwracy = High 
Atmospheric Pressure= 14.3 psia 
Gravilational Acceleration= 1 g 
Standard Pressure~ 14.696 psia 
Standard Temperature= 60 deg. F 
Turbulent Flow Above Reynolds Number= 4000 
Laminar Flow Below Reynolds Number= 2300 
Total Inflow== 0. 7111 lbm/sec 
Total OUlflow= 0.7111 lbm/sec 
Tola! Energy lnflowa 148.2 Blu/s 
Tola! Energy Outnow= 147.7 Bluls 
Total H eat Transferred Into Syslem= -0 .5443 Btufs 
Maximum Pressure is 14.33 psia al Junction 17 Outlet 
Minimum Pressure ts 13.76 psia at Junction 17 ln1el 
Maximum SlattC Temperatu,e Is 124.7 deg. F a l Junction 17 Outlet 
Minimum Static Temperature is 115.0 deg. F at Junction 13 kllet 

Comnressor/F :.1n Summarv 

Jct Name Mass I Vol. 
Flow , Flow 

(sc!m) •,'. (f\3/min) 
17 N31-130 ; 558.6 660.1 

; Jct ! % of 
BEP 

(Percent) 

17 Ni~; 

Vajve Summary 

DP I OP 
Stag. Static 

<l!'., H2_0 std.) (In. _H29. ~_t,<!, ) 
1s.19 i 15.79 

Overall I Speed 
Efficiency · 

(Pcrcenl.) _ (.F'~•~~ntl_' 

67.40 ! 100.0 -

A5-533 

Overall Comp. BEP BEP 

Power Ratio Q Mass 

(~p) . (!'~rcen!l___m;l/.!'.'!.~L;_ (!_l/l!)[s~f)_ 
2.395 104.1 NIA : NIA 
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AFT Arrow Model, OGTS Bypass System T-H Model Case 4 (Dilty Filhlrs, NYB 1508, 115 "F Ambien~ HT) 

Attachment 2 
Page 43 of 46 

3125/2006 

CvEsl I Jct 

I 
' X10 

Name I V...,. !I Mass I DP Stag ! DP Slalic i P Slatic K ! Valve Stale i CV 
! Type Flow I i ! Inlet i 

-·---i-----r(l~*·_Jl?.'lld).__;_ . ~~ ~ - --- - ~-··---- ----· -· - ·--- · 
.HV-901 ! __ REGULAR , ..... 0.0000 , NoSolulion ! NoSolution i . NoSolulion .No.Solution ,_ ClosedByUser : .1, 194.0 _.No Solution 

!xii HV-902 ! REGUlAR i 0.0000 i No Solution i No SoMion I No Solution No Solulion ; Closed Bv User ; 1 194.0 No Solution 

15 V-166 1 REGUlAR ! 0.7111 ! 0.004593 , 0.004595 \ 13.87 0.7810 l nn.n , 2.440.0 NIA 
19 V-167 i REGULAR i 0.711 11 0.004532 i 0.004534 ; 14.32 0.7819 \ Ooen i 2,440.0 NIA 
23 V-178 i REGULAR 1 0.7111 i 0.282496 ! 0.282908 ; 14.22 13.9251 i n-n, 300.0 NIA 

Heat Exchanoer Sunma,v 
! JGI : Name Mass DPo DP OT T T Heal 
. . Flow Loss Inlet Oullet . Rate In 

: ___ . - ··- ---- -<'l!!:1!I.!':<;L . (2sidl <~l _(!l_~ .EL_.(4~s • .£L _(<J!LFl..:...@t.!!l~L 
i _ 6 ·. ICVPlentn1 · __ __ _ . . _0 . .. NIA ~._N/A .... 0 .. _ . . 115.0 ... .• 115.0 ' .. ..... N/A 

'"= Outout Tabl~ 

i Pipe Name 'I Mass . Vol. I Vet. Vet. Mach Mach dP Stag. P Stag. P Stag. 
Flow Flow Avg J' In Out # In , out Tola! In out 

I lsclml lft3/minl treet/secl lfoeVminl On. H2O std.) !In. H20 std. Call fin. H2O std. In\\ 

1 Pioe I 0.0 0.0 0.00 0.0 0.00000 0.00000 0.000000 0.0000 0.00000 

, .. ? Pipe ! o.o: o.ol o.CX) ·--· .o .. o 9..0~00 _Q.~Jl ... Q,QQ9<!99.. .O..OQOQ Q.!l9QQQ 
3 ·.ii:es'I o.o ·o.cii · .. o,C>o .... o.o . 0.00000 . o.~.ClO . . 9J.l.090!J0 '. ····- · ·o.0000 ·-·· ••·- - 0.00000 
4 Pioe 0.0 0.0 I 0.00 0.0 0.00000 0.00000 0.000000 0.0000 0.00000 

, ..• 5 _ .. _ .PipJ> l_ _ .o.~ '·· - ···· o .. Q~ .. . .• .9JJ0. 9p . 0.00000 .. . 0.9.!)Q()Q .. _0.000000 . 0.099_0 -· - · · Q.!!.Q9<ljl 
' . . 6 . - ··· PIP«~ ... o.o , -· . o.o : ·- ··-- o.oo. _ .•. Q .. Q o,9QQQ<1. . 0.00000 ..•. . .. 0.000000 --·-·· ... 0.0000 -·· · . ... __ 0.00000 

1. . . f'.ipc i o,o. o.o.1 o.oo o,o .0.00990_ o.poOC>O 0.000<199 . o.p90o_ . .Q,Q0_Q0.9. 
8 . . Pipe, o.o. . o.o i . . o.oo o._o . Q.0O!l!)0 o.oqooo o.~9... . . . Q,099(! .0,09Q9Q 
9 Pipe j o.o . . o.o i 0.OQ . o.o o.oooo_o o.OQOOO o.0OOQ9!J. . 0.Q0QO 0-99909 

. 10 . Pope 0.0 ...•.•... 0.0 ! ___ 0.00 , _ .. 0"0· .. 0.00000 . 0.00000 · - - -·0.000000_ ·-· ·· ···- · · 10.6592 . :.10_.~59_1.7 

· .. 1
12
1 .. ... PPi!:

1
I.. .9.·0 .... . - ... Q .. 0.1 .. . . _Q.QQ - ·· -· . 0,Q. O.JmCl!!. 0.00000 ·-·· .0.000000 .. ···- ... . _0.0000 O.QO!l_QO 

~~. 0.0 0.0 0.00 o.o_ 0.00(!00 0.OQOQ0 o_.o_qogoo : . •.10_.6592 -1 Q,tl~9E 
.. E . ..... fiP.~[ 0.0_ . . .Q,0 0,OQ . 0.Q Q.OQOQQ _p.099.9.() !).~. . . .... : )0,65j!2 . · 10.65917 

)4 Pipe I 558.!! . _. _65;1_.~ . 28.75 _ _ 1l 29.0 .. 0.02456 . 0.02461 . .!l,l!~.17~? : ···- -· ·1 0.6592 ·11 ,5109_2 
15 Pip~ i 558.6 fl{i_! •S .. . 28.82 ·-· 1,730.5 _.0.02461 _0.02463 0.316410 . -· - _ · 11 .5109 .. ·1 1_.8~7~3_ 

. _!.11.. . Pipe j 558 6 , 6~.o 28.85 1,731_.4 .. o.0.?~ 0.Q2~64. -· 9,Q7~~.~ : 11_. ~fi.45 :W1.~B.1 

. _17. · :Pip~_-1·.j .ij:ii:: 660.o . __ 29"01 1.1.« .. § . o.Q?11\3 .o .. Q?4~ 0.022439 ... . .. •14.8958 .:!~~!..!!2Q - . . .. ,· 
18 Pioei 558.8 644.4, 28.39 1,102.9 0.02404 0.02404 o.032813 0.8677 0.83485 

.. 19 Pipe 5.58.6 . 644.6 ~ .26,~Q 1.103.6 . 0.02405 .. q,0_2405 . .o.OQ:4356 . .<!.6~25 o.62617 
20 Pipe 558.6 . 643,7 ! . 2~.~o . _1,6~1!,?. IL0?1l!6 Q .. Q2403 o.5?960~ . 0.5921 .o.p2~90 

: ... ?L . .... ~i~ - ·~·~8_&_ . ~~ .. 1 L .. J .2.~ 751!.5 .9,01Q?!! 9,01.Q.~O. - ·-· 0.050975 .. ··· - ·· 0.00...QQ_ . ·0.05096 
. -~ ·- . .PiP.~ -· ~~&.. 638.3 1 _53.02 3,.181.7 0.04529 0.04?.?~ . •·· ·· ··0.032767 . .. · · ··- ·- .: 1·6490 ·.1 .. ~71.1!:1 . 

. 23 Pipe ~~8.6 . • ··ss1:1[:· . ~ .. 10 3,2§_1).8 0.04.6?! 0.04628 !).53~Q88 . ·.9,492_5 · 10.02559 
30 Pipe 0.0 0.0 I ... 9-90 .... _g_.9 .Q.11_09.QO 0 .00000 Q.0OOQO0 . . .9_.QO.C>O Q.QO0OO 
31 Pioe 0.0 0.0 1 0.00 0.0 0.00000 0.00000 0.000000 -11 .5109 · 11 .51092 

Pipe P S1alic P Static I dT Stag. T Stag. T Stag. T Static . T Static dH Stag. H Stag. 
In out i Inlet Outlet In OUt In 

_ ..• _(inJ t?9.~!~Jg)) . . li~_. _tg.Q.g<l, .(g)l i .. (lfllQ. FJ . , .(~'!!1,.Fl. .. (deg. n .. !d~g.D :_(<!.111U:L . .. tB.~-~11)). .• . . (!!M!>.m.l . 
1 0.00000 0.00000 ! 0.00000000 · 115.0 115.0 115.0 · 115.0 0.000000000 206.1 
2 0.00000 0.00000 0.00000000 : 115.0 115.0 115.0 115.0 0.000000000 206.1 

4. 
5 

0.00000 0.00000 0.00000000 : 115.0 115.0 115.0 115.0 0.0000000001 206.1 · 
p.!!Q~ . . . .. _ 0.00000 o.0909o0q9 , 11§.0 ; . • !!5.o 115.,Q .. 0.QQQ(!(!OOO0 -·. 206.1 
0.00000 0.00000 0.00000000 115.0 , 115.0 115.0 0.000000000 206.1 
0.00000 0.00000 0.00000000 . 115.0 115.0 115.0 115.0 0.000000000 206.1 
0.00000 0.00000 0.00000000 , 115.0 115.0 115.0 115.0 0.000000000 206.1 
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AFT Atr<>W 3.0 OUtp<.t 
OMJMH+N 

(3 ol 5) 

AFT MOW Model, OGTS Bypass System T•H Model Case 4 (Dirty Filters, NYB 1508, 115 "F Ambient, HT) 

i Pipe ! P Slatlc P Slallc dT Stag. i T Slag. j T Stag. T Slalic I T Slatic j dH Slag. H Slag. j 
: ; In Out ; lnlel i Oullel In \ Out i In l 
:__ . .. + {!f)._tf.'&sld . .19Jl. • .fon. H20std._ (g)l_ .• • id.!>LF1.+~g,£Jf~ .. . l~9,.B+ l~f) ; tBluJJbm). _ .~IIM'l~J.! 
... a_··'·- ····· ··- · o.ooooo .... ••... ... 0.00000. AOOOOOOOO , .. . .. 11s.o, .. 115.o _ ... 115.01 .... 115.0; 0.000000000 ·-·· · 206.11 
! 9 ; 0.00000 0.00000 0.00000000 : 11s.o : 11s.o 11s.0 1 115.o : 0.000000000 206.1 · 
, 10 .10.65917 .10.65917 o.oooooooo i 11s.o : 11s.o 115.o l 115.o • 0.000000000 206.1 , 

11 0.00000 0.00000 o.oooooooo i 115.o ! 0.000000000 206.1 I 115.0 i 115.0 115.0 i 
12 •10.65917 · 10.65917 115.0 ' 115.0 115.0 ' 115.0 ; 0.000000000 206.1 ; 
13 ·10.65917 · 10.65917 115.0 ; 115.0 115.0 ' 115.0 ! 0.000000000 206.1 ' 
14 ·10.82063 ·11.67274 0.00549316 ; 114.9 I 0.001502799 206. 1 : 115.0 ; 115.0 114.9 ' 
15 i · 11 .67274 I ·11.98928 0.00018311 ; 115.0 , 115.0 114.9 : 114.9 ! 0.000114531 206.1 ; 
16 ·12.11647' ·12.19284 -0.00008104 i 115.0 ' 115.0 114.9 ! 114.9 ! 0.000007439 206.1 ! 
17 •15.05904 · 15.08148 0.00000000' 115.o ' 115.0 114.9 ' 114.9 1 0.000009230 206.1 . 
18 0.70821 0.67548 -0.25451660 . 124.7 , 124.5 124.7 124.4 i ·0.062126137 208.4 ! 
19 0.47306 0.46873 -0.07147217 124.5 ; 124.4 124.4 ' 124.4 ! ·0.017449771 208.4 ; 
20 0.34320 ·0.18584 •2.81713867 . 124.4 ; 121.6 124.4 . 121 .s ; -0.687473547 208.4 ! 
21 -0.03207 -0.08305 0.00036621 115.0 115.0 115.0 115.0 : 0.000000000 206.1 ! 
22 .. 3io.1~. 
23 ·10.06571 

. ·~P-4§.2 
·10.59959 

. O.OCl!IQQllQQ : 
-0.00042725 : 

.. m ,l> L. .! 1~.g 
115.0 ' 115.0 

.. JH.8' 
114.8 • 

_114.8 , .. 0.000000000 . 206.1 ! 
114.8 . 0.000000000 • - 200:it 

0.00000 0.00000 30 0.00000000 : 11s.o i 115.o 115.o · 115.0 : 0.000000000 206.1 i 
31 , •1151092 . 11 s1092 ooooooooo i 11so i 11so •. )15.o ._ .. !1.~,o .• 0.000000000 ~ J06.1 · 

- Pip;~...::.:. Slag:~ : ::.:;;~lie ' H si;i-r· - ·R;;~·· ·-;-R~ ~;~. ~ea1 Tran~fer ·H~-;;tFi~~· I -Heal R~l; ·· 1 
, Out In Out Slag. In ; Out Model I , 
i IBlu/lbml (Blunbm) (Blunbml Obm/fl3) ' llhmltt3l (Blu/s-H21 I (Blu/s l I 

1 i 206.1 ~ ..•. •1. 206.1 1 0.06719 ' 0.06719 Adiabalic OOOOE+OO I 0000000000 
· ··• ... - ·- · Adiabatic • o:oooE+oo ·· 0:000000000 2

· ···· - ~Q.E!J . .
2

Q6.l 
2
~ '

1
·1-Jt0!!?.1

9
~ .. 0,06Jljl . . A._di_·.;i, .. ·. a.tic ..•. 0_.00 .. • 0.E.·; oo.·.r ·-o· .. 00000000. -.-._··.-.0_ ·~: ::.:. . ;::;. ::: ..... !~::: ~::~:: . ~:::: ,Adiaballc ... O.OOOE+OO . o.qo.o~ 

5. 206,! .. 2.Q.6.J.. .•. j !!i1-f 0.06{1~ !IA~!.~ . . _ Aif,;,b~llc O.OOQ~•OI!. Q.OOOQO.Q!l\).Q. 
6 ... 21!.~a.1-. • .. ?P6,! .2Q6.l Q.06719 .0.06719 • . Gen1 Heal Tran .. L O.OOOE+OO ... 0.000000000 
7 206.1 . •... 206.1 ]06.1 ... 0.06719 .... P.~7191 Gen1 Heal Tran.! 0.Q9Q~~QQ ·-· ~QOQQQ9()00 
8 206.1 206.1 206.1 0.06719 0.06719 I Gen1 Heal Tran. ! O.OOOE•OO 0.000000000 

. ·9··-·-- 206·,-·· 206.1 . ·200.1 -0.06719 · o06719 f I Gen1HeatTr;;.;.; · · ii:oooE+OO 0000000000 

, .:~ :. !:.:_:: .... :~::.:.···1~'} ·i:~~t .. ;,:i: ·i::~rn::f~~~: ~:~~::: ·_i~~ 
12 .. . 2Q6..,_1·- ··· _2!).!l-1 . 206.1 0.0§~L. _O,Q!\539 Gen!HeatTran . .. !)0QO!l~!.OQ OQ9(!!)0QOOQ 
13 . . .. . _ 2Q6 .. 1 2.06.1 . •..... 2.~.J • . 90 0§539 0.06q39 Ge.n1 Heal Tran . .. OJ100E+OO g 900000000 
14 206.1 2Q6.0 .~~1. . Q..Q!,~9 . 006524 Ge'!lt-J!!ill~ n. ?.987f;•06 0001068698 
15 206.1 206.1 206.1 0.06524 006519 Gen1 Heal Tran. 1 615E·06 0.000081448 
16 206.l_ •. - ~~! 2(16_.1 l..Q.Q6§J.7 •..• •. O,Q§~l~ ! . G.en'I Hea\ Tran. 1.617E·06 0.000005290 
1r. .... . 206.1 · .2.0~.1 206. 1 1 0.06467_ .. 0.06466 L .Gen_1 Hea_[ Tran. 3.010E-06 _ O,O!)(l006!i§.~ 
18 208.4 '. 208.4 208.41 0.06622 0.06624i Gen1 HealTran. •5.789E-03 -0.044160289 
19 208.4 ' 208.4 206.3 0.06621 0.06621 i Gen1 Heal Tran. •5.691E·03 •0.012409204 

•.. ?Q. .. 207L __ fQ8,.~1. 207.7 0.0661 9 . .0.06643 J Gen1 Heal Tran. I_ -4.770E·03 i •0.488888919 II 
? 1.. 206.1 206.1 i .?.Q§.-.1 0.0.67.lL ...• 0.067 19' . Adiabalic 0.000E+OO ! 0.000000000 
22 206.1 ...... 206.o r··- 206.0 0.06692 . 0.05691 . ... . i>.ci;~b~tic ·o.oooe;oo : 0.0000000001 

23 , 206.1 : .• ~o~ .. o ........ 206.0 o.o6sss , .0.05?~9 ... A;<Ji~~•lic o.oooE+oo
1 
... o.ooooooooo.

1 i .. ~o . 206.1 200.1 .. . 2.\!li~4 • . QJ)6719 : 0.06719 - · Adiabalic .• Q,OOQ;:+00 1 0.00000000~ 1 
' 31 ; 206.1 206.1 206.1 I 0.06524 ; 0.06524 Adiabalic 0.000E+oo , 0.0000000001 

,M Junction TaQlg: - ··. 
Jcl I Name Mass Flow dPSlag. P Slag. I p Stag. PSlalic P Slalic 

i Tivu Junction · Total In Out In Out 
I rscfml (in. H20 sld.l fin. H20 sld. In\\ lin. H20 sld. In\\ lin. H20 std. (oil (i~~H20 sld. l!i)L 

1 I AtmPres 0.0 0.0000 0.00000 0.0000 0.00000 0.0000 , 
2 L .HE~~.F_iner N02•010 .. • .. !l,O 0.0000 .. QsOOOO.!l ! . 0.0000 O.OOOQO . .- .. ··· 0.0000 : 
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AFT Pnow Model, OGTS Bypass System T-H Model Case 4 (Dirty Filters. NYB 1508. 115 °F Ambien~ HT) 

Jd Name I Mass Flow ; dP Slag. P Slag. P Slag. P static 
; Thru Jundlon i Tola! In Out . In 

Attachment 2 
Page 45 of 46 

31251'2006 

P Static 

Out 

-+- ------- l__ __ .t~-1.J:in. H20 S!!l.,L J!!LliN..!.l!!,.(g))_ _(~ H20 sld. (g)LL_(!n.. H2Q.!!!!,_(g)J. 
· L .... .. ___ AreaCl1ange ! .. o.o ! ___ ____ 0.0000 ---·-- - ·· ·· o.00000 -•--· o.oooo : ____ _____ _ 0.00000 

4 Area Chan"" i o.o l 0.0000 0.00000 o.ooooi 0.00000 

.li.l, !1~9.~LJ!l>U 
o"QQQQJ 

5 Area C11"""" l o.o ! 0.0000 0.00000 0.0000 : 0.00000 
6 !CV Plenum ; 0.0 ' 0 .0000 0.00000 0.0000 ; 0.00000 
7 Area Ch"""" ' 0.0 i 0 .0000 0.00000 0.0000 ; 0.00000 
8 Tee or w... ' 0.0 ! 0.0000 0.00000 0.0000 ' 0.00000 
9 Tee or Wve : 0.0 i 0.0000 0.00000 0.0000 ' 0.00000 

' X10 HV-901 , 0.0 ! No Solution No Solution -10.6592 ' No Solution 

11 TeeorWve : 0.0 ; 0.0000 -10.65917 -10.6592! -10.65917 
. X12 HV-902 ; 0.0 ; No Solution No Solution -10.6592 ! No Solution 

13 TeeorWve : NIA i Seelosses -10.65917 -10.6592 ; -10.99493 
14 TeeorWve i NIA • 0.0000 -11.51092 -11.5109 1 -11 .67274 
15 V-166 i 558.6 I 0.1271 -11.82733 -11 .9545 : -11 .98928 
16 HEPAFiler136/137 ; 558.6 1 2.8650 -12.03081 -14.8958 ; -12.19284 

; .. -11-.. . ..... N31-130 ! 558.6 ! -15.7859 __ _ -14.91820. ___ _ 0.8677 i___ -1~.-Q~14~ 
, 18 Bacltdraft Damner ; 558.6 ; 0.2023 0.83485 0.6325 · 0.67548 

19 V-167 ' 558.6 ' 0 .1255 0.62817 0.5027 ' 0.46673 
. _20 ____ _____ __ Alm Pres ;_. ... -~ -~ ; 0.0000 - · ·····--0.0OOOO - --· __ 0.0000 ... . .. • 0.OOQQ(! 

21 Alm Pres . 558.6 , 0 .0000 0.00000 0.0000 . 0.00000 I 
22 Healer&HEPAFilter 558.6 . 1.5891 -0.05098 -1 .6400 -0.083051 
23 V-178 558.6 ' 7 .8197 -1.67281 -9.4925 -2.23462 I 

... 30 _ ___ __ ToMainOGTS : _. O,!J i Q.Q.®.0_ .. 0.0000QI ---·-·-- 0.0000 . . 0.00000 1 . 
31 ToTralnBHEPA 0.0 0.0000 -11.51092 i -11.5109 -11.51092 1 

o.oooo i 
0.0000 ' 
0.0000 · 

0.0000 
0.0000 : 
0.0000 

-10.6592 
-10.6592 · 
-10.6592 . 
-10.9949 
-11 .6727 
-12.1165 
-15.0590 . 
. Q.7Q~ 

0.4731 
0.3432 
0.00()() 
0.0000 

-2.2018 
-10.0657 . 

. .. . .... !l,0()00 ' 
-11 .5109 

Jd =~I:; :,;~{ --,~:.~~ T,::~:n ~~~;~l~~~:r~B~=~~- , ,~:~:) I :B~=:~ ,:1~;:) 
.1 0.09000000 ; 115.o .. 115.o ..... 115.o , 11_5..o•, . .. 0-909... -- ~-0_6.!I. . . ~06.1 206.1 206.1 
2 0.00000000 ___ __ __ 11~.o . 115._o 115.Q' 11.~ .. o .Q-.09!1 ______ 11,~.1.i. .. --~ ,l . _206.1 206.1 

.. 3 o.00000000 · __ ______ 11s.o ____ 115.o 11~.o.( ___ u~,Ql. ..... l!&QcQ 29§.1 ! 206.1 206.1 2~.1 
. 4 .. _ 0.00000000 ..... 115.0 . 115.0 _115.0 . __ 115.o i ____ 0.000 206.1 1 20tU ..... .. ?9.~,l. . 70§,1 

:·_.1:-~::E:. ·--- :iiL~~i;i•~·:·~-mt-m:H- ff~ -- -~·- S:i ·:·.::::I ·---st ·-::: 
a 0.00000000 """ .. .... 115.o · . . _11§.0 . 11~.Jl. .. !1.5~L._ __ l>I/~ ---· .206.1_ j 2_06.J 206.1 2_00.1 

.. 9 ___ 0.00000000 · 11~.Q , 115.!) 115.0 ... 11.~,(1 __ NIA _--··· . . 206.l j 206.1 _?!)6.1__ . 2Q6.1 
X1 0 No Solution ; No Solution 115.0 No Sdulion 115.0 0.000 i No Solution i 206.1 No Solution 206.1 :;,\;· -~~~='. NoSo:~1~~~- ::!:~--N~~~I~_:· ::!:~ 9,~~~ Nosl!~l~· .: ~::: --~-~~;:~ ~~::: 
13 0.00000000 . 115.o · 115.0 114.9 114.9 NIAi 206.1 i 

0

206.11 --- 206.0 ___ 206.0 
14 0.00000000 . 115.0 115.0 - 114.9 114.9 NIA ! 206.1 1 206.1 ; 206.1 206.1 

1.5. '1· -,0~ .• 0~0~0~0:6;~1-0448· .. ·. _ 115.0 _. _115.0 · ....... 114.9 ·. 114,9 .00_ .. !)0_0~9. !_. 206._1 20~.1 ... 29~.-.! .•.•.. 20§ ,1 
. ___ 1_6_ _11 i;.q __ 1_,~QL . ____ 114.9 \_ . !!~--~ . 206.1_ 206.1 • . __ 2()§,_1, 2Q6.1 

17 115.0 124.7 ' 114.9 ; 124.7 -2.377 206.1 208.4 206.1 : 208.4 
18 . i .-0.00018311 __ · -··· 124.5 ... _124 .. ?\. 124.4 ____ _ 124.4 _____ 0.000 ____ _ .2.9~-4_ 208.4 .. .. ..... 208.4 . . 208, 4 
19 i· -0.00012207 124,4 _ 124.4 •- ···- .. 124.4 .• 124.4 0.099 208._4 208.4 . _2Q!!}.: . 208.3 
20· ·, -· iiiiooooooo · 115.0 115.0 115.0 115.o ' 0.000 206.1 206.1 206.1 206.1 
21 0.00000000 115.0 115.0 115.0 115.0 0.000 206.1 206.1 206.1 206.1 

.22 -0.00158§91 .. 115.0 · . . )15.o 115.o _ _ 1_14, 8 ____ _ 0.000 . ~op._1 .~ .. 1 206.1 206.0 
23 -0.00634766 115.0 115.0 114.8 114.8 0.000 206.1 206.1 206.0 206.0 
30 0.00000000 115.0 115.0 115.0 115.0 0.000 206.1 206.1 206.1 206.1 

.. ~1. _ _ 0.00000000 115.0 • 115.Q - - - . 1_1_5.0 1-1~-9.. 0.000 _206,~ . __ 206.1_ . 206.1 __ 2Qf!, 1 

AS-536 



PFT Arrow 3.0 OUtput 
DMJMH+N 

RPP-24544 REV ld 
Calculation No. 145579-D-CA-056, Rev. 1 

(5015) 

Attachment 2 
Page 46 of 46 

3125/2006 

PFT ""°" Model, OGTS Bypass Sy,lem Hi Model Case 4 (Dirty Afters, NYB 1508, 115 ' F Ambient HT) 

i Jct Sonic 
i Area 
, • . ... . . (~_g) __ 
___ 1 • __ 0.00000 
. 2 0.00000 

3 0.00000 
4 0.00000 
5 0.00000 
6 0.00000 
7 0.00000 
8 N/A 
9 N/A 

i X10 0.00000 
11 . N/A 

. X12 0.00000 
13 N/A 
14 NIA 

. "1~- __ Q&1.!i!l..!!. 
16 0.01609 
17 0.01621 

... ).6 0_.015?!>. 
19 0.01570 
20 I 0.01569 
21 I 0.01560 j 

.7.2. 1 - ~~~;~~l 23 
30 I 0.00000 

... n I _ 0.00.000 I 

Junction Loss Table 
Jct Pipe • Pipe dP Stag. Total 

·-·-·· ·-· u ____ Dir • . (in. H20 std.) 
6 P7 In 0.000 

PJO Out 0.000 
PB Out__ . 0.QOO _ 

9 PB In 0.000 
P9 Out 0.000 

P11 _Qut _ 
11 Pl.~. _In _ 

!>,OQ!/. 
·-· 0,000 

0.000 

13 

P13 Out 

P1_3 
P14 

. .!_n _ ___ .. 0.000 _ 
In 0.000 

Out . 0.000 '. 
P23 In 0.6336 -

[ _14 ___ P14 ___ __ 1n __ 0.000 · 

P15 ... .. Ou1 ____ . 0.OOO i 
P31 Out : 0.000 ! 
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients. 

Component Details Size Schedule Inside Dia. L ASHRAE ASHRAE Cv 
Fitting Loss 

No Coef. 
(in) (in) (in) 

ICY Box plenum HEPA filter, 35-N02-010, 
Stream No. 9 
Atmospheric Junction 

Inlet Housing and screen 16" square Intake 16 X )6 17.49 CR6- 2.120 
with birdscreen, 1/ER3-1 
(60% o en) S.Stl 

Inlet Piping, 6-AA-35- 6" straight duct , S.Stl 6 40S 6.065 64.000 CDI 1-1 ARROW 
0218 
N02-0 IO Inlet Transition Flanders, Sudden 6 40S 6.357/24.0 ED4-2 0.810 

Expansion, 6 dia x 24 SQ 
SQ, 180° 

Total 64.000 inches 2.930 

5.333 ft 

HEPA Filter, 36-N02-0IO Flanders, 0.12" w.c. 
Pre (0.24" Dirty) at 500 

cfm 
HEPA Filter, 36-N02-0 I 0 Flanders, 1.0" w.c. 24 X 24 X 

(2.0" Dirty) at 500 16 
cfm, P-007-W-43-
N2-NU-5 l-23-GG-
DUS 

~ 
""l:j 
I 

N 
.+:>,. 
V, 
.+:>,. 
.+:>,. 

~ 
< -Q. 
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients. 

Component Details Size Schedule Inside Dia. L ASHRAE ASHRAE Cv 
Fitting Loss 

No Coef. 
(in) (in) (in) 

Outlet Transition Flanders , Sudden 12.0 EDl-1 0.500 
Contract ion, 24 x 6 SQ/6.357 

Rnd 

Piping, 6-AA-35-0218 6" straight duct, S.Stl 6 40S 6.065 42.000 CDl 1-1 ARROW 
Elbow No. I 90° Elbow, RID == 6 40S 6.065 CD3-1 0.130 

1.5, S.Stl 
Piping, 6-AA-35-0218 6" straight duct, S.Stl 6 40S 6.065 62.000 CDl 1-1 ARROW 
Elbow No. 2 45° Elbow, RID= 6 40S 6.065 CD3-3 0.080 

1.5, S.Stl 
Total 104.000 inches 0.210 

8.667 ft 

Reducer 611 X 4", 22° 6x4 40S 6.065/4.025" 5.500 ARROW ARROW 

Piping, 4-AA-35-0218 4" straight duct, S.Stl 4 40S 4.025 163.000 CDl 1-1 ARROW 

Flowmeter 3 ea Size 1 Annubar 4 Vendor 1.635 
flowmeter 

Total 163.000 inches 1.635 

13.583 ft 

Reducer 611 X 4", 22° 4x6 40S 4.025/6.065" 5.500 ARROW ARROW 

~ 
"'C 

I 
N 
.i:.. 
Vl 
.i:.. 
.i:.. 

~ 
< -0.. 
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients. 

Component Details Size Schedule Inside Dia. L ASHRAE ASHRAE Cv 
Fitting Loss 

No Coef. 
(in) (in) (in) 

Elbow No. I 45° Elbow, RID= 6 40S 6.065 CD3-3 0.080 
1.5, S.Stl 

Piping, 6-AA-35-0218 611 straight duct, S.Stl 6 40S 6.065 6.000 CDll-1 ARROW 
Elbow No. 2 45° Elbow, RID= 6 40S 6.065 CD3-3 0.080 

1.5 , S.Stl 
Piping, 6-AA-35-0218 6" straight duct , S.Stl 6 40S 6.065 33.000 CDI 1-1 ARROW 

Total 39.000 inches 0.160 

3.25 ft 

Reducer 6" X 4" 22° 6x4 40S 6.065/4.025" 5.500 ARROW ARROW 
Expansion Joint, EJ-501 4" 4 4.025 22.000 CR6-3 0.32 

(!CV Box CP) 

ICV Box Plenum, Stream No. 9 in, 13 out 
ICV Box plenum CPs Inlet and Outlet Crane 1.500 
( inlet/outlet) Losses 

!CV Outlet to B ass Tie Point, Stream No. 13 
(ICV Box CP) 

Piping, 6-VOG-35-0217 6" Duct w 90° Elbow, 6 40S 6.065 72.00 CDI 1-1 ARROW 
Internal to A WTE 
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients. 
:..,:,, :.•'' 

• (, \;-:,;:'. 
1 
.. , •. ,:::'.::-·;-tt11.0~·~;fii1t~~(h 

... ·oa±s::n':,•:1fi;?s':'.:t,t 1
~ 

·, ':c:t·':?;:'! f t~i\i'.).\t~fi.:/'-t 
Component Details Size Schedule Inside Dia. L ASHRAE ASHRAE Cv 

Fitting Loss 
No Coef. 

(in) (in) (in) 

Elbow 90° Elbow, RID= 1.5 5 40S 5.295 CD3-l 0.150 

Reducer 6" X 5", 28° 6x5 40S 6.065/5. 782" I 0.250 ARROW ARROW 

Expansion Joint, EJ-502 DME 5" size 5 4.9 24.000 CR6-3 0.270 

Piping, 5-VOG-35-0217 5" Duct 5 40S 5.295 24.000 CDl 1-1 ARROW 

Elbow 45° Elbow, RID= 1.5 5 40S 5.295 CD3-3 0.10 

Piping, 5-VOG-35-0217 5" Duct 5 40S 5.295 93 .500 CDl 1-1 ARROW 

Elbow 45° Elbow, RID= 1.5 5 40S 5.295 CD3-3 0.10 

Total 141.500 inches 0.470 

11.792 ft 

Lateral Wye (For Bypass 45° Lateral Branch 5 X 5 X 5 40S 5.295 10.000 ARROW ARROW 
Flow) Flow, Main Flow 

Closed 

OGTS Bypass Main Ducting from Tie Point to 
HEPA inlet, Stream No. 13 

Lateral Wye (For Bypass ARROW ARROW 
Flow) 
Elbow 45° Elbow, RID= 1.5 5 40S 5.295 CD3-3 0.090 

Reducer Standard Reducer, 6x5 40S 5.295/6.065 6.000 ED4-1 0.050 
5x6", 11 ° 
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients. 

Component Size Schedule Inside Dia. L ASHRAE ASHRAE Cv 
Fitting Loss 

No Coef. 
(in) (in) (in) 

Lateral Wye, Forward 30° Lateral Wye, 6x6x6 40S 6.065 6.000 ARROW ARROW 
Direction Main Flow 

Piping, 6-VOG-36-0286 6" straight duct, S.Stl 6 40S 6.065 10.500 CDll-1 ARROW 
Valve, HV-901 6" Keystone, FIG. 6 5.8125 2.250 ARROW ARROW 1194 

362-173, Key-Lok 

Elbow 90° Elbow, RID = 6 40S 6.065 CD3-1 0.050 
1.5, S.Stl 

Piping, 6-VOG-36-0286 6" straight duct, S.Stl 6 40S 6.065 8.000 CDI 1-1 ARROW 

Lateral Wye Reverse 30° Lateral Wye, 6x6x6 40S 6.065 6.000 ARROW ARROW 
Direction Main Flow 

Piping, 6-VOG-36-0286 6" straight duct, S.Stl 6 40S 6.065 6.000 CDl 1-1 ARROW 

Elbow 30° Elbow, RID = 6 !OS 6.065 CD3-l 0.050 
1.5, S.Stl 

Valve, HV-902 6" Keystone, FCG. 6 5.8125 2.250 ARROW ARROW 1194 
362-173, Key-Lok 

Piping, 6-VOG-36-0286 6" straight duct, S.Stl 6 40S 6.065 6.000 CDl 1-1 ARROW 

Std Tee 6" Std Tee, Branch 6 40S 6.065 ARROW ARROW 
flow 

Piping, 6-VOG-36-0286 6" straight duct, S.Stl 6 40S 6.065 6.000 CDl 1-1 ARROW 
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients. 

Component Details Size Schedule Inside Dia. L ASHRAE ASHRAE Cv 
Fitting Loss 

No Coef. 
(in) (in) (in) 

Elbow 30° Elbow, RID = 6 40S 6.065 CD3-1 0.130 
1.5, S.Stl 

Lateral Wye Reverse 30° Lateral Wye, 6x6x6 40S 6.065 6.000 ARROW ARROW 
Direction Branch Flow 

Piping, 6-VOG-36-0286 611 straight duct, S.Stl 6 40S 6.065 6.000 CDl 1-1 ARROW 

Reducer 6 x 8 Std Reducer, 6x8 40S 6.065/8.329 ED4-1 0.170 
19° 

Elbow #1 90° Elbow, RID= 8 !OS 8.329 CD3-1 0.110 
1.5, S.Stl 

Piping, 8-VOG-36-0286 811 straight duct, S.Stl 8 l0S 8.329 114.000 CDl 1-1 ARROW 
EJ-635 811 Expansionjoint 8 l0S 7.900 11.000 CR6-3 0.110 

Piping, 8-VOG-36-0286 8" straight duct, S.Stl 8 l0S 8.329 120.000 CDll-1 ARROW 
Total 251.000 inches 0.390 

20.917 ft 

Lateral Wye, Forward 45° Lateral Trough 8 !OS 8.329 10.000 ARROW ARROW 
Direction Flow (Air Inlet Bleed 

System@ Branch 
flow) 

Piping, 8-VOG-36-0286 811 straight duct, S.Stl 8 !OS 8.329 138.000 CDl 1-1 ARROW 
Elbow #1 90° Elbow, RID= 8 !OS 8.329 CD3-1 0.110 

1.5, S.Stl 
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients. 

Component Details Size Schedule Inside. Dia. L ASHRAE ASHRAE Cv 
Fitting Loss 

No Coef. 
(in) (in) (in) 

Piping, 8-VOG-36-0286 8" straight duct, S.Stl 8 l0S 8.329 15.000 CDll-1 ARROW 

Expansion Joint, EJ-635 + 8" Expansionjoint 8 7.900 11 .000 CR6-3 0.660 
5 others 
Piping, 8-VOG-36-0286 8" straight duct, S.Stl 8 l0S 8.329 1805.000 CD! 1-1 ARROW 

Total 1969.000 inches 0.770 

164.083 ft 

45° Lateral 45° Lateral Flow 8 X 8 X 8 l0S 8.329 ARROW ARROW 
Thru branch closed 

Piping, 8-VOG-36-0286 811 straight duct , S.Stl 8 l0S 8.329 65.500 CDl 1-1 ARROW 
Elbow #2 90° Elbow, RID = 8 l0S 8.329 CD3-1 0.110 

1.5, S.Stl 
Piping, 8-VOG-36-0286 811 straight duct , S.Stl 8 l0S 8.329 100.000 CDl 1-1 ARROW 
Std Tee Std Tee, Branch flow, 8x8x8 l0S 8.329 ARROW 1.10 

main flow dead 

Piping, 8-VOG-36-0286 8" straight duct, S.Stl 8 l0S 8.329 101.000 CDl 1-1 ARROW 
Expansion Joint, EJ-615 8" Expansion joint 8 7.900 11.000 CR6-3 0.110 

(HEPA Inlet) Total 277.500 inches 1.320 

23 .125 ft 
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients. 

Component Details Size Schedule Inside Dia. L ASHRAE ASHRAE Cv 
Fitting Loss 

No Coef. 
(in) (in) (in) 

OGTS Bypass HEPA HEPA Filter skid 
Filter Skid Assembly, 36-D58-

138 
Isolation Valve, 36-V-166 8" Keystone, FIG. 8 7.625 2.500 ARROW ARROW 2440 

362-173, Key-Lok 

Inlet Transition Flanders 8 OD x 15 8.329 18.000 ED4-2 0.430 
w X 18 H X 18 L, 30° 

HEPA Pre-Filter, 36-N02- Flanders 24 W x 24 14.000 
136 H x 14 L, 0.12" w.c. 

(0.24" Dirty) at 750 
cfm 

Test Combination Flanders 24 W x 24 20.000 
Housing H x 20 L, 0.5'' w.c at 

750 acfm 
HEPA Filter, 36-N02-131 Flanders 24 W x 24 20.000 ARROW ARROW 

H x 19.375 L, 1.0" 
w.c. (2.0" Dirty) at 
750 acfm 

Test Outlet Housing Flanders 24 W x 24 20.000 
H x 20 L, 0.5'' w.c at 
750 cfm 
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients. 

Component Details Size Schedule Inside Dia. L ASHRAE ASHRAE Cv 
Fitting Loss 

No Coef. 
(in) (in) (in) 

Outlet Transition Flanders 8 OD x 15 8.329 12.000 SD4-2 0.060 .04" 
w X 18 H X 12 L, 45° @ 

750 
cfm 

OGTS Bypass HEPA Filter Skid Outlet Ducting 
With Fan to Stack 

S 1, Piping, 8-VOG-36- 8" straight duct, S.Stl, 8 l0S 8.329 12.000 CDl 1-1 ARROW 
0319 w 8 x 8 x 1 red tee, 

flow thru 
Expansion Joint, EJ-616 8" Expansionjoint 8 l0S 7.625 CR6-3 0.110 

Total 12.000 inches 0.110 

1.000 ft 

Fan, 36-N3 l -l 30 1125 ACFM Fan, ARROW ARROW 
NYB I 508 , See Data 
Below 

Elbow 90° Elbow, RID = 8 l0S 8.329 CD3-l 0.110 
1.5, S.Stl 

Piping, 8-VOG-36-0319 8" straight duct, S.Stl 8 l0S 8.329 6.000 CDl 1-1 ARROW 

Piping, 8-VOG-36-0319 8" straight duct, S.Stl 8 l0S 8.329 36.000 CDl 1-1 ARROW 

Total 42.000 inches 0.110 
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients. 

Component Details Size Schedule Inside Dia. L ASHRAE ASHRAE Cv 
Fitting Loss 

No Coef. 
(in) (in) (in) 

3.500 ft 

Backdraft Damper SNUPPS Data See ARROW ARROW 
Below 

Piping, 8-VOG-36-0319 8" straight duct, S.Stl 8 !OS 8.329 12.000 CDl 1-1 ARROW 
Isolation Valve, 36-V-166 8" Keystone, FIG. 8 7.625 2.500 ARROW ARROW 2440 

362-173, Key-Lok 

Piping, 8-VOG-36-0319 8" straight duct, S.Stl 8 l0S 8.329 CDl 1-1 ARROW 
Expansion Joint, EJ-617 8" Expansion joint 8 l0S 7.625 11.000 CR6-3 0.110 

Lateral Wye, Forward 45° Lateral Branch 8 l0S 8.329 24.000 ED5-1 0.610 
Direction Flow 
Piping, 8-VOG-36-0319 8" straight duct, S.Stl 8 l0S 8.329 108 .000 CDl 1-1 ARROW 
Piping, 8-VOG-36-0319 8" straight duct, S.Stl 8 l0S 8.329 246.000 CDl 1-1 ARROW 
Elbow 90° Elbow, RID = 8 l0S 8.329 CD3-1 0.110 

1.5 , S.Stl 
Piping, 8-VOG-36-0319 8" straight duct, S.Stl 8 l0S 8.329 34.000 CDl 1-1 ARROW 

Elbow 90° Elbow, RID= 8 l0S 8.329 CD3-1 0.110 
1.5, S.Stl 

Piping, 8-VOG-36-0319 8" straight duct, S.Stl 8 l0S 8.329 144.000 CDI 1-1 ARROW 
Reducer 8 x 12 Std Reducer, 8 X 12 l0S 8.329/12.39 8.000 ED4-l 0.330 

28 .5° 
Sudden Expansion 12 x large 12 X 56 ED4-1 0.880 

Total 564.000 inches 2.040 
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients. 

Component Details Schedule Inside Dia. L ASHRAE ASHRAE Cv 
Fitting Loss 

No Coef. 
(in) (in) (in) 

47 .000 ft 
OGTS Stack 1 atm pressure 

Atmospheric Pressure 
Junction 
Inlet Screen 16" Cicular Intake 16 15 .624 CD6-l 0.970 

with birdscreen, 
(60% o en S.Stl 

Reducer 16" X 12" 16 X 12 l0S 15.624/12.39 14.000 ED4-1 0.120 

Inlet Piping, l 2-VOG-36- 12" straight duct, 12 l0S 12.39 90.000 CDl 1-1 ARROW 
0409 S.Stl 
Elbow #l 90° Elbow, RID= 12 10S 12.39 CD3-1 0.110 

1.5, S.Stl 
Elbow #2 90° Elbow, RID= 12 10S 12.39 CD3-l 0.110 

1.5, S.Stl 
Elbow #3 90° Elbow, RID = 12 l0S 12.39 CD3-1 0.110 

1.5, S.Stl 
Total 104.000 inches 1.420 

8.667 ft 
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients. 

Component Details Size Schedule Inside Dia. L ASHRAE ASHRAE Cv 
Fitting Loss 

No Coef. 
(in) (in) (in) 

HEPA Inlet Transition Flanders, Transition 12.0 dia x 11 .250 ARROW ARROW 0.01" 
12"x28"SQ x 28" SQ @ 
11 .25" L, 30° 250 

cfm 
Heater Element, 36-N84- Watlow/Chromalox 2.000 
140 0.25" w.c.@ 1000 

cfm 
HEPA Pre-Filter, 36-N02- Flanders, 0.12" w.c. 24 X 24 2.000 
135 (0.24: dirty) at 1000 

cfm 
HEPA Filter, 36-N02-134 Flanders, 1.0" w.c. 24 X 24 5.875 

(2.0" dirty) at I 000 
cfm, P-007-W-43-
N2-NU-51-23-CC-
FUS 

Outlet Transition Flanders, Transition 6.065 dia x 11 .250 0.002" 
6" x 28" SQ x 11 .25" 28" SQ @ 
L, 45° 250 

cfm 
Total Pressure drop at 1.382 
1000 cfm 
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients. 

' bif{;g;~it,i!i~l 
Component Details Size Schedule Inside Dia. L ASHRAE ASHRAE Cv 

Fitting Loss 
No Coef. 

(in) (in) (in) 

Piping, 6-VOG-36-0408 6" straight duct, S.StJ, 6 40S 6.357 6.000 CDl 1-1 ARROW 
w 6 x 6 x 1 red tee, 
flow thru 

Valve, 36-V-178 6" Keystone, 6 2.250 ARROW ARROW 1194 
Variable Cv 

Piping, 6-VOG-36-0408 6" straight duct, S.Stl 6 40S 6.357 41.000 CDl 1-1 ARROW 

Elbow 90° Elbow, RID= 6 40S 6.357 CD3-l 0.110 
1.5, S.Stl 

Expansion Joint, EJ-614 6" Expansion Joint 6 40S 5.9 11.000 CR6-3 0.240 

Tee 6 x 6 x 1 tee, flow 6 40S 6.357 12.000 ED5-3 0.260 
thru 

Piping, 6-VOG-36-0408 611 straight duct , S.Stl 6 40S 6.357 204.000 CDl 1-1 ARROW 
Total 268.000 inches 0.610 

22.333 ft 

Wye#! 45° Lateral Branch 6x8 40S 6.357/8.329" 10.000 ARROW ARROW 
Flow 

Fan Curve, NYB Model Test Density: 0.0553 Mechanical 
No. 1508 lbm/cu ft 
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients . 

. ·. /(\~ft{~ ~-~:ttf~ 
. . 9:q;s,ij •'. 

'· : .,,: .. ;,•I',\' f;i~'l 

Component Details Size Schedule Inside Dia. L ASHRAE ASHRAE Cv 
Fitting Loss 

No Coef. 
(in) (in) (in) 

Q Ft/Min dP, IN H2O Std Efficiency, 
% 

0 12 67.36 

500 13.75 67 .36 

1000 13 67.36 

1500 11.25 67.36 

2000 8 67.36 

2500 4.25 67.36 

3000 0 67.36 

Backdraft Damper Ref SNUPPS 90144 
Pressure Oro 

24 x 24 prototype For 811 Pipe Area sch 10 Dia. 

Vs, fpm dP, inches w.c. Q,CFM sq. ft ft. 

700 0.13 264.9 0.378 0.694 

800 0.135 302.7 

900 0.14 340.5 

1000 0.145 378.4 

1500 0.18 567.6 

2000 0.23 756.7 

2500 0.27 945 .9 

~ 
"'O 

I 
N 
+'> 
Vl 
+'> 
+'> 

~ 
< .... 
0. 



• V1 
I 

V1 
V, 
~ 

Calculation No. 145579-D-C 6, Rev. 1 
Attachment 3 
Page 17 of22 

OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients. 

Component Details Size Schedule Inside Dia. L ASHRAE ASHRAE Cv 
Fitting Loss 

No Coef. 
(in) (in) (in) 

3000 0.32 1135.1 

3500 0.36 1324.3 

..... 
Q. 



RPP-24544 REV ld 
Calculation No. 145579-D-CA-056, Rev. 1 

This page intentionally left blank. 

AS-555 

Attachment 3 
Page 18 of22 



• v-, 
I 

v-, 
v-, 
0\ 

-· '· ::· ~-- .. .; 

Twl = 875 

Tw2= 250 

Ts= 562.5 

To= 115 

dT= 447.5 

h= 1.45 

h= 1.38 

h= 1.68 

Calculation No. 145579-D-C 5, Rev. 1 
Attachment 3 
Page 19 of22 

OGTS Bypass External Convection and Thermal Radiation Coefficients 

op 

op 

op 

op 
op Tern erature difference 

Btu/hr-ft/\2-°F Vertical Plane or C tinder h = 0.19 * dT/\1/3 

Btu/hr-ft"'2-°F Horizontal C linder h = 0.18 * dP'l/3 

Btu/hr-ft/\2-°F Horizontal Plate - heated face u h = 0.22 * dT"l/3 

Forced convection, flow across a c !inder (Holman 1990, e n. 6-21 ): 

;;:---
1 0 3 

0.62Re1(2 Prm [
1 

( Re0 \sie]·HS 
1,Uro=. + _ + 1--------1 

. ['1+(0.4 / Prf'·~]1' 4 ( 282,000) 
Re0·Pr> 0.2 

Nufd= 0.3+A*B/C Forced Convection, Nusselt No . 

A~ o:62Red 112Pr113 13;;;; ·rr itew 2-s'21b'oo. ~s1s·0~Y.3' 
D= 8.6 Inch Dia of Pi e 0.21844 meters 

U= 0.1 M h Free Stream Air Ve!. 0.0447 mis 

Ts= 562.5 op 294.72 °C 

To= 115 op 46.11 °C 

Tf= 338.75 op 170.42 °C 

vf= 0.00019 s ft /sec 1.8E-05 s . mis 

Red= 5.45844E+02 Dimensionless Re nolds No. 

Pr= 0.7778 Dimensionless Prandtl No. 

-0. 
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OGTS Bypass External Convection and Thermal Radiation Coefficients 

Red*Pr = 424.57 

A= 13.322 

Stefan B = 1.714E-09 

emiss = 0.65 

Nufd= 12.26 

Nund= 67.50 

The dimensionless numbers Qre : 

B= 

Btu/hr-ft"2-R"4 

Dimensionless 

Dimensionless 

Nusselt, -- hL -- 'Fro 
Nut.. - _c_ or· Nu0 - .:=-k ; 

k, I 

Rayleigh, g · /3 · p -c,,(AT)e R g · /3 · p · Cp(~T)D" 
Ro._ =.;;:.._"--..;..y_ . k..:;.,"----'-- or ao - v. k, ; 

Reynolds , 
VL VD 

Re~-~ or Re 0 -v: 

Prandtl. Pr~ v . P . cp . 
k, . 

1.016 C= 1.132 

Forced Convection, Nusselt No. 

Natural Convection, Nusselt No. 

Nut= 0.3 + (Nufd- c)" · + (Nund - c "' "(IF) Combined Forced and Natural Convection, Nusselt No. 

c = 0.3 for Horizontal c linder 

j = 4 for Horizontal c linder 

Nut= 67 .52 Dimensionless 

he= 1.38 Btu/hr-s .ft-°F Combined Convection he= 7.81977 Watt/s m-°C 
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OGTS Bypass External Convection and Thermal Radiation Coefficients 

Radiation com onent: 

Stefan B = l .714E-09 Btu/hr-ft"2-R "4 

emiss = 0.65 

h :;; as(T/ - T0
4 

) 

, Ti -To 

hr= 2.45 Btu/hr-s .ft-0 f Th Radiation Coefficient 

ht= he+ hr Total HT Coefficient 

ht= 3.83 Btu/hr-s .ft-0 f Total HT Coefficient 

= 1712.29 Btu/hr-s .ft S ecific Heat Loss 

A= 2.25 s . ft for c linder 1 ft Ion 

Q= 3855 . I 8 Btu/hr for c linder 1 ft Ion 

Q= 1129.84 Watts 

Q= 1.13 KW 
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,· 
::~:- Nuclear Grade HEPA Filters: PUREFORM ® Filters 

Standard Sizes and Capacities 

Flanders manufactures standard square 
and rectangular Nudear Grade filters in 
a variety of sizes and capacities. (Sizes 
and capacities for Round and Nipple
connected filters are listed in their 
respective sections in this bulletin.) The 
type (PUREFORIVT" or Separator-Type) 
and depth of the filter element is a 
primary factor in filter capacity. 

NOTE: The maximum allowable res;s
tance at the Nominal Rated Capacity is 1.0 
inch w.g. (or 1.3 inch w.g. for certain siZes 
listed in ASME AG-1, Section FC. Table 
FC-4000-1 ). 

Available Filter Sizes and Capacities 

11 inch PUREFORM'!) Filter Element 

·, FILTER - DIMENSIONS . . . . . CAPACmES .MAX INl11At. 
::; SIZE H· w, . ' · il . ' · (CFMf RESISTANCE . 
_' DESIG~TOR . _ (INCHES} · ' · :· .. ·_ · - . ; ' (INCJµ:SJ ·• 

4 inch PUREFORMai Filter Element 

AS-562 
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'. Keys-fone-K-LOK Figure_ 360i362 arid°i,70/372 -- ;_ :-- ::- ' -_- ·-: 
--.: .--·· ,~_:··. ~. _·_ . _.,·· ~- ':~ ,..:.·: -- _· ,..,-.-~ ·_ - _- ·. -:;' .. -_ · _ 

B16.104-1976 

C1assVI Nominal f>ort 
bi.ame1cr (in.) 
.2 

8ubblas per 
Minute> 

ml. per 
Minuto 
MS 
O.GO 
0.90 
1.70 
4 .00 
6.75 

AJr or NitlOgen Service .i1P or 50 pslg [3.4 ba, d1lle1&ntial}. 
whichever Is lower, al 50" to 125'F [10' to 5"2' CJ 

3 
2'h 4 
a 6 
4 H 
6 '1:'I 
8 45 

ir~ntf;iilti~J&fi,ti~flif.i;'.;:,,, ..... ,.,~iilll~ifiiflrniMifi~1%t1!~ 
C!ass IV 0.01% va:ve capacity at lull travel NJ- or Water Service Af' Of SO psig (3.4 bar ditferenlia~, 

whid!ever Is lcr,,•er. at SO' to 125°F (10' to 52"Cj 

~~ .. ffi?;~~~~~~&--~~~~~12 
~&~~t1f~~~~ffi~~Y/§~~f~~~~~~~~ 
t. K·LCi< 1-'(>lymer, elastomer an!! tlrn·s~~ seillS provide ANSI CiaM 1/l ~ loft. 

2. K-LCK meial seat& prc;vide ANSI Class IV shutoff. 

3. Using Ille ANSMFCI spe::ilieo calibraled measuring oe-,ice. 

Relerer.:e ANSliFCI 70-2 f-or !\mher information. 

Size (In .) 

6_ 
6 

·.: _-1,0 .-

12 
f4:•.•. 
!6 

10' 

6 

': ·' i; 
s 

16 

30 

50 _ 
BJ 

144 
206 

· .. : 257. 

~JS 

20· 
;o 

: ~(); 

·23> 
44 

70 ' 
117 

)D2 
:'04 

.·.·/:i.iso~ 

Angle of Opening 
30• 
10 

:'_fa<'? 
·4'L:. 
83 

·. ,130 · 

251 

40" 50" 

34 :: __ 34\· 
t J 

~o 
1~9 

2,10·-:. 
,:37 

51 ,:53r· 
r;; 

·>:130/ 
242 

· 454 -_. · iM- · :1;1Bs 

-,.:Jtr:;:;/!r#.'.'••':-'.:i\~; 
80:;J 1,.:22 2 ,2!39 

so· 
78 

>~eo_;. 
100 

\~4::_. 
366 . ~so . 

1,052 

' i.iz, _ 

10· 80' 
CL 150 

90• 

'105 134 ·t G3 

:: ,Tit"· i#i;'X "?i/t!ft ::r: 
1~ 1~ n o 

,/?,sf .- , 3(10;'.c\::?, 425;. 
50.! 673 795 

.. 'if#> :,,-:: J 1))ifr.- ),'195 ·: 
1,4a6 

i ei_r 
2.001 

:_ ~;5~1:: 

J;.{Jf?·:,( . <Lr}:;;;?{ llt{·p+?ai:~d 

CL300 
90' 

1$1) 

:i{ii=:"> 
21s 

. ;'4}1 

: 1; 1;i_o,. 

~ 300 

iiif 

j:;~; ;·. 
:i,61~ 5.~51 1.~o 10.040 9.seo 

-18 

20 

2~ 
_30 
36 

. · 373 ': 

~ 

6,50 

432 

548 
Go"j 

99_1 :· 

' 1; i2I •' 
I.JOO 

2,076, 
.3,240 . 

-:,640 

:1;~w-··, .. i2;iioo• 
2,31:i 4, 01? 

-._: 4;1as?:. 
6,'175 

· 6;-i?Ei\'.' < .is~~, ;;,. : 1}.'1,_iio ;:_/.:11-:~tig: 
B.79:S 12.655 i:S.~30 H.120 

1.015 
1,4-£0 

Th e combination of iriic rfomncc tit s-::ats 
and bi -directional packing m akes the 
K-LOK especially well suited for ·vacuurn 
serv ice. 

Standard K•LOK high pertormance 
vaives arc rated lo an absolu te ?rcssurc 
of <: x 1 o-; inch Hg. r.igher vac·uum 
applica tions .:1rn avaiLJble. 

,:i '.aifa O-, ' <,s;os9/ 

. 5,950 '. 
93&, 

·13;701>°' 

F-'..01 

:9.o!'u 
14,200 

2,'.000 

•,i301/ ·_. ,J{a:.i~ • ·,• ,: ?i~&~: ~'.il¼<. 
_ 2 t_,4CQ _ . 29,800 

3o . .ioo '- · ' -1~;000 

Li'Ner l<:1ck 

30 COO 3S,500 

ss\bcd · , ss;soo, 

Handle 
(;i_i!ii,f . 

Pne-Jrnatic 

·· i"42(/ a~ti F~OO Series 

;c;;;u With extended Ira\'?.! a1l;;pl"1' 

OEdulr.hable !Je3r unii:_pr9vides manual . Gear f,. PneumaHc F453 t- F.'9U 

. override lor Irk Ke1s10r.e_ pneumatic ac!uator 

F777 
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The New York Blower Company 
Fan-ta-Size 
Fan Selection Data 

F D an es1an 
Product Pressure Blower 
Sile/Model: .1508 
WheelTvoe: Steel 
Wheel Material: 316 SST 
Wheel Width: 100.0 % 

O C ,oerating onditlons 
Volume Flow Rate: 1125CFM 
Fan Static Pressure: 12.8 in WO 
Outlet Velocitv: 3223 ft/min 
Altitude <above mean sea !even: 360 ft 
Ooeralina Inlet Airstream Densitv: 0.0553 lb/ft3 
Static Efficiencv: 64.93% 
Maximum Operating 

250 Deg F Temoerature: 

Standard Conditions 
Volume Flow Rate: 1 1.25 CFM 
Fan Static Pressure: H.4 lnwa 
Densllv at Mean Sea Level : 0.0750 lbtft3 

Calculation No. 145579-D-CA-056, Rev. 1 
Attachment 4 

Page 5 of8 

I Project I Location: · 
C~o'""n""'"ta-'-'-cC...t--'---+-----,------- ·: 

Arranoement: 8 
Drive fvne: Direct 

Wheel Diameter: 100.0% 

FanSoeed: 3500 rpm 
Fan lnout Power: 3.49 bhp 
VP/SP ratio: 0.0374 
Ooeralina Temperature: 250 DeQ F 

Mechanical Efficiencv: 67.36% 

Maximum Safe Operating Speed: 4000 rpm 

Fan Sneed: 3500mm 
Fan lnout Prn,ver: 4.73 bhP 
Max. Safe Speed at 70 Dea F: 4000mm 

Sound Power Level Ratinas Levels ex1ressed in dB <rower levels reference ·J0"f-12) watts) 
Center Freauencv !Hz): 63 125 250 500 1000 2000 4000 8000 
Oct.1ve Bands: 1 2 3 4 5 6 7 8 Overa.11 
Total Fan Power Levels*: 88. 95. 95. 89. 85. 83. 78. 76. 99.2 
Inlet Power Levelsd: 85. 92. 92. 86. 82. 80. 75 . 73. 96.2 
Outlet Pmver Levels .. : 85. 92. 92. 86. 82. 80. 75. 73. 96.2 -'As corrected rcr po,r.t cf operation 1.lo cat,on en ;an curve) 

" Vnsi!enced Inlet and CuUe1 µew er ratin9S .Jre 3 dB lower than total fan power !evels under the a~sumption Lhat "ha!f" o f 1'.1e wund power can be 
attribu ted to each c;,en:r.g. Silenced power ratings include this 3 dB reduction a s we!! as tl1e silencer attenuation. 

Estim.ited Sound Pressure Levels Expressed in dB (pressure revels reference 2x10-0 microbar) 

Directivity/Reflection Factor (Q) is 4. quarter-spherical radiation; Distance is 5 ft.; A-weighting is in use. 

The estimated sound pressure level outside the fan due to an open inlet OR outlet is 80.6 dBA at 5.0 ieet. The 
estimated sound pressure level outside the fan ~vhen BOTH inlet and outlet are ducted is 69: 1 dBA at 5.0 feet 
(Housing Radiated Noise). 

Your Representative: 
Baxter Air Engineering 
12625 NE 'Noodinville Dr 
INoodinville, WA 98072-8206 
Phone: (42E,) 486-6666 
Fax: (425) 486-8260 
E-Mail : baxter@baxair.com 

Printed·. 0 U i 9:"200B PDF 

AS-564 



• V, 
I 

V, 
0\ 
V, 

Pressure Bhm1cr 
1508 Sted 
Arr.: 8 

The New York Blower Company 
Fan-to-Size 

Volume Fl ow Rate: l , 125 CFM 
Fan Static Press.: l2.8 in wg 

Speed: 3500 rpm 
Power: 3.49 bhp 

Temp.: 250 Deg F 
Altitude: 360 ft 

Density: 0.0553 lb/ft3 
OutletYe.locity: 3223 ·tVmin 

8 , .. / _ _,,,,,-,-----· -- ~- ✓ 
12. 5 -j-,,"-----+-----i-1-----=,,,.--:.-""-- ---+-----+----~::__---+::::l 

rn I 
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,, 
~ 10. 0 -+--------f----;••l-------+-----+..,C.------+------1--l 

_.. I 

6~ 
:J 

"Q 
(1) ,_ 
::, 
(/) 
(/) 
(1) ,_ 

Q. 
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:;::; 
ro 
+-' 
(f) 

C 
ro 

LL 

I 
I 7.5 -l-------l--- /..,:.__-1-----'l-----.J.-..->..----1------

5 s. 
""O 
0 

4~ / 
/ 

'""I -
5.0 -+---------,//-------,;C.-4--------1------+---~-4-----H 

O" 

3 .g-.._.. 

0 500 1000 1500 2000 
Volume Flow Rate (CFM) 

lv l .7 L 1000-R ~- Feb, 2002) Date Primed: l/19/2006 
Copyri ght (t:iJ 999The.Ncw York Blower Company. 

2 

1 

0 

2500 3000 

Your Sales Representative: 
Baxter Air Engineering 
l>hone: (425) 486-6666 

\h ,isio 11: 1.71 .1000-R (F ct,, 2002) Ptlnto:I : 01/111~ POF 
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TYPICAL PRESSURE DROP AS FUNCTION Of FLOW VELOCITY FOR ArN MODEL . 
NBD-71 TORNADO INTAKE DAMPER PER AMCA 500, FIGURE 5.3 FOR INDUCT 
MOUNTING. 

REF.: SNUPPS 90154; 24" X 24 11 & 42 11 X 42 11 PROTOTYPES 
NOTE :. ACTUAL PRESSURE DROP MAY VARY DUE TO DAMPER CONSTRUCTION . 

. _REQUIREMENTS ~ 

q 

3 

2 

·i 
1.0 •- ------~-+--->--+ 

: \ . .. I : : · 

.il 
. i 

.o 

,4 ,--. -+-> J<{ : 
.. . ' . . . i i' 

. 3 
. : I i 

. . . . . . . . . 

. • : l.. . • 

.2 
: t: ________ ; ______ . 

,l 
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2 . 3 i, i ~ 9 ! 000 5 f, / S 9 I 

VELOC I TY IN FEET PER MT~UTE 
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FITTING LOSS COEFJ:t''.ICIENTS 
Fittings IQ SUJ)}lOl1 Exi(yµples 6 ;uxl7 e1Jd some ofth" ll)(Jl"Q CQllllllOn· fittings arc reprinted bere. 
For the complete fl~dng database ~t the Dui:I Filling DutabaU (ASURAE 2002.), 

ROUND FITTINGS 

C:D3-1 Elbow, me St.:unpcd, 90 l>i:,i:re-e, r/1> = i.3 
n,i~ , 4 s , 7 s 9 !ii 

c. O.lO tl.21 0.16 0.14 0.12 0.1 l 0.11 1).1] f 
0....,£,__ 
1 A~ 

CDJ.J Elbow, Die: Stirmµi:d, <IS Degm;, rllJ • 1.S 
D, in. J . -4 S 6 7 to 

C,; (1.18 (l.1:1 0,10 O.C<& lt07 0 ,()7 om 0.07 

f Q 
D 

r 

./_ 
C"DJ-5 Elbow, l'leit!.--d, 90 [><,gree, rlD- .1.5 . 

_'!J,. il'l. ,I 6 8 Ji) ii H 16 
.. 

c,, n.57 0 ,4:} D.J 4 o.i,:,; 0.26 025 0.25 

AS-570 
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DnctDesi~n 

CD3-14 Elbow, 3 Gon. 45 Der.ne, rlD- l.5 

.D,I•. l 
' 9 

12 15 18 11 l4 17 30 61> 

c. 0.31 0.17 0,J J 0.11 D.11 0,09 0.08 . 0.0$ DJi7 0.07 0:tl7 

D, in. J (i 9 12 IS .IS 21 24 27 60 

C0 O.M 0.34 0.34 0.34 0.34 0.34 i).34 O.H 0.) 4 O. J 4 

CD6-l Sct·cc11 (Only) 

C.., \'a)ue.i 

.,. 
A;f.-f. 0.30 II.JS -0.40 OAS ii.Sil 0.55 o.60 0.65 0.71) fJ.,S l),ll(J ii.'>O 1.00 

1)~2 1553)0 lilZ . .>1175.00 55.l:O•l1 .25J U 0 2•U51 8.H l-1 .51>1'1.(II) ll .li J J.Si) l t il(l 

03 68.R9 455 6 13.33 24.44 l~:.33 !4.00 10:1S 8.3'3 G.~ 4.89 35,.; l. >G fl.(\I) 

0.4 38.75 2.5.63 ! K.75 JJ.75 10.JI 7.Kg 6.1).~ ,1 ,69 3.63 1.7:S Z.00 o.ss o.ou 
0., 24.80 16.40 12.00 s.:w 1;.60 :l.04 3.;J;'~ 3.00 2.32. 1.16 1.2.R 0.% 1>.00 
fJ.6 ) 'J .2'2 I U9 8:3) 6.11 4.5)i J..50 2,69 2.08 1.6 1 1.22 o.:.<1 0.3\1 0.l lO 

0.7 11 .('5 8.~1 b.12 4.-l'J ).31 2.S7 !.9~ 1.5:, 1.1 & 0.% 0.65 0.2'> f)J10 

o.s 9.69 ~.-1(i 4.-~9 JA-1 '1.53 l.'J7 !.:! 2 1. ~7 (l.~I ll.59 O.;~I {I ":' "l IHO 

o.~, 7.65 S.06 3.10 2.'ll 2.(14 1.:06 1.20 -0.93 0.7! ()54 0.-<0 0. 17 1u,:, 

i.f.l 6,l•J -1, II) J,llO 2.20 1.6$ t.:U-, 0,9; n.75 n.ss OA~ (I.Ji {}. 14 ().Cl) 

L ::! •UI .2. S5 :rns L~3 I.I S IJ.8.g 0.61 1.1.5? OAO 0.31 0.22 o. ,u O.C'J .. ,,.,. 3.i6 2.09 1.53 !,! l (),S4 1) ,/i~ 0.49 OJ ~ o:,,, r,~tl o.1r, 0.(17 ().(XI 

l.6 Z.-12 1.60 L I i 0 .S6 0 .6 ,1 O.·l~• O.JK U.29 l~.23 (•. 17 <I. IJ IU)5 l).i.YJ 

LS J. '.l l 1. 27 f) 9_1 U.6R 0 51 I)_,') (1.JI) 11.2 ) I) IS r;,.1-< !I.Hi (} {;.! 0.f>3 
2.0 1.:S I.OJ 0.)5 tl .5S l>Ai o.n (U4 1u ,; fi.15 0.1 1 U:Ol\ OJ Z.,t O.Oll 

2.J OS•J o.~l6 r.,.~1~ (1_3 , 0 .. 26 0.20 0.16 t). 12 C• <:9 ,:i.o·; t:-05 0.02 (I.I)() 

)' _fl 0.1;9 1) 4(; 0..1~ 11,~14 0 1:<: ll. I.:l ,J, 11 e- n::. 1).1!6 0.05 Ull.l Iii• :? tl.Oi: 

4.1) (J_J.;: l'.•-26 li.19 ,). !-1 1).10 1).1.lli {LQ(, 1u .1:; !} _l,1...: (t.[•3 \l.i/" 0.01 (l_(nl 

{1.0 (1. J/ 1). 11 t\ l) ~ 0 .(1(, o.:;~ ~1,1;4 {t <H o,n f, 1}2 1).f, I IHJ! IJX>l 0 ,ltt) 
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35.30 .2005 A,Sll:RA,.E lhndbook-Fund:unentals 

CD9-·1 Damper, Buttrrlly 

C. Vah&c;s 
8 

J>JD, 0 ID 21) JI 41> Sil 6'0 70 75 80 s.s ff t o.s 0.l!> 0.27 0.31 0.49 0.61 0.74 o.86 0.96 ().99 un 1.04 l.M 
0,6 0.19 o.n o.o1.., o.69 0,94 1.21 1.41 J.7.2 1.32 1.39 1.93 2.00 
0,'1 O.i !> 0.37 0.64 I.OJ !Ji 2.12 :l.&t 3.-1-6 3.13 3.~ 4.00 6.00 
0,3 0.19 0.45 o.:n J.$S l,60 4,JJ 6.14 S.J8 9"10 10,30 10,80 J,'i.Oi> 
0.9 0.19 o.54 1.!2 HI 4:91 !>J1 17.80 j0.30 38.00 43.00 SO.JO 100.00 
L:ll 0 . 19 0.67 1,76 4.lK 11:20 3l.()O 113.0D 619.00 ::?QI0.00 103.so.!Xl 9\i91J9.00 1m99.oo 

CD9-3 Pirc Damprr, C11rtaio Type, Typt C 

c,~0.12 

F.DJ·J J)11c1 Mo1111lcd in \\':ill 

c. Vo tueo 
/ . /0 

r/l> 0,0() O.OfJZ 0.01 I),~ 1).10 0.ZI) 1)..3() o.~ 10.00 

0.IJ,3 ii.SD n.5; n..es 0.80 O.l\6 fJ.':12 1).9, 1.00 l /JI) 

1).1)2 0.5f) 0.5 1 052 1).55 (1 .(-1.1 (),6(; 1).f,9 0.72 o:n. 
0.1)5 U.50 l>.50 0.50 0.50 03il 0.50 Ii.SO O.~'(l 0.50 

10.00 0..51) l) ,50 o.so f,l ,SO (1 .S\) 0.50 D.50 o.so 0.50 t-L 

F.D 1-3 IMlmoutb. wllh Wall 

,m 0.00 il.0 1 0.02 0.0.' 0.04 ll.~ n.M O.OR O.to 8.12 0.16 11.21} 10.llO 

C, (1.50 0 .-1,1 II.Ji IUI •:1.26 0.22 il.20 0. ! 5 1).11 fJ.O'i tl.t;,S (l.fJJ O.ID 

A5-572 
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Duct Design :is.tr 

.ED?•i Co:nlc:111 Dllflber.Ro1uad to Plmim1, .R1thi!lUI/Retur.11 Sy,t~u 
c •. Vabltt 

LI.D. 
,.t1IA. 0.5 1.0 2..0 J.O 4.0 -!.O ,.o 8.t 10.0 Jl.ll J4.0 'Do 

Q TO 
H1 -;;W~ FAN u 0.03 0.t}2 fl.ell 0.0) 0.04 0.01 0.06 0.08 0.10 0.1 1 0.13 ct 2.0 ll,QS 0;06 0.04 0.04 0.04 o.os 0.05 0.06 0.011, O.Q~ o.w 
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35.36 

EJ>S-l Wye, 45 Devee. Co11veritng, ( Continue//) 
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0.8 0.2 - 2,78 0,50 
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200.5 ASHME Haitclbo~Jc~dameQWs 

C6 \'al- (C"ncl»ld) 

flt/QC-
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0.74 O.ll o.s.s 0,66 !i .. 39 l.02 
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•) .,f~ ,::.!9 0.,17 ::••it IJ .J.) (1J I_\ 

,:t.56 -:: 5.~ 1) .:1 ·~ p_.,.n IJ .J !, -~1.: I) 

0.65 !!.5') IJ .) I C•~n 0..1,, >::.!,I• 

AS-578 
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Dud Design 35.37' 

.EDS-Z Wye, 45 Degree, Cot1.Vergi11g (Ctmcluikd) 

C, V,ihies (C;,1td11J~ 

(1.IIJ, 

.4,IA, AJl.4, .. , o.z u (1.4 o..s M 0.7 u 0.9 

0.6 0.2 -97,;ci -2£i9 -&. IS -Ul -1.l:9 --0.•6 ...o.ro 0.13 0,16 · 
0.3 -7~.l>l -1.5.99 -5.28 -i.9-4 -M4 -0.09 0,13 o.w o.n •· 
0.4 -~O.l5 -lU7 -3.44 -U)9 -0.13 0.1 0 O..ll o.n (1.18 : 

o.~ -4HO -8.13 -2.22 -OJ~ 0.03 0.22 0,26 0.24 0,!8 
0 .. 6 -34.97 -5.11 -1.'.35 -0,17 0.20 (1,.30 0,lO 0,2.S (J.lS 
0,7 -Z6,62 -3,98 --0.71 0.11 O.l3 0..36 0.32 Q,U ().]9 

0.3 ~20;02 ~·i.s, --0:i, 0,3'3 Q.43 !),;II 0.34 0.2~ 0.19 
0.9 - 14;.,g -l.41! 1), 18 0.49 O.SI OA•I 0.3.S 0.27 0.19 
IJ) - l0.29 --0.51 0.51 0.63 O.J'1 0.47 0.31 0.21 0.19 

0..1 0:2 -135,28 -JO.SS - JIA2 - 4.&,S -2.DK --0.ito --0.21 0.02 (>.06 
0.3 -109.6-1 -22.lS - 7.50 -2.l!:S -J.07 --0..31 0.00 0.09 0.01 
OA _g3_96 -16.0S -5.1>2 -1.n -0.52 -0.0S 0.11 0.13 O,Ol! 
O.S - M.'1.J -11.67 -3-36 -0.'XI --0.17 0.11 (l.18 O.l3 0-.09 
u.6 -49.71 -4l.41 -2. 19 --0.43 0.06 o.n 0.22 0.17 0,09 
() ;7 --3SJS ··M4 -1.:31 •. Q,!O O,z,I O.JO Q.l6 O.l ~ -0..09 

o.~ -·29,37 - 4,16 - 0.f>! 0.1~ 0.37 o..;.& 0.2K 0.1~ O.M 
0.9 -22.12 -2.65 - 0.10 0.41 0.-17 ll.'10 O.:W O.li> i>.09 
).I) - 16.1~ - 1.41 0.33 0.6U 05~ O.·H 0.12 0.20 ·0.0~) 

O.li 0.2 -179.]2 -IJ.QI - i5.25 -6.$5 -2.$8 -1.19 --0.41 --0.10 -OJJ-1 
1).3 -l ,s!S.86 -?9.8!) - 10.14 -:.\.\};I -US -0.55 --0"' . ., 0.00 -03)2 
0.4 -l12J.g -21.71 -6.91 -2.50 --0.86 -o.n 0.01 (l.Oj --0:0l 
05 -86.85 -1~.?6 --4.75 - 1.5-1 --0.41 ... 1j,OI O.ll) o.o~ 0,{lQ 
0,6 ~7.62 - 1 J,13 .• J.21 - 0 ,1;7 ·-0,ll) 0.1:l 0.16 11. JO ll .!iO 

0.'i - 52:79 - 8,6l -ms - (J,J 3 O. lZ o_·n o,w 0.11 0.00 
0,6 -41 ,DS - 6.16 - 1.ZO 0.01> ll.29 l)_JJ 0.23 U.12 D,Oi 
0.9 - 31.s,il -4.19 - 051 0.29 M'.l O.l, 0.26 O. ll 0.01 
1.0 - 2:i.78 -i.JS (U\6 0.53 0.54 0.-12 0.2~ O.H 0.01 

O.'J 0.2 - 130.27 -52.75 - '19.6<} - ii.~] -J.SI -1 .63 - 0.63 - 0 . .22 -0.13 
0.} - I 8,.'}5 -l-8.69 -n.H -5.W -.!.)6 - 0.83 ~'.J.2S - 0. fl) - 1). 1(1 

0.-1 - HS.53 - 2X.3·t -9 .. lS - 3.·11 -1.26 --0.41 --0. JI) - 0.04 -0,C,.) 

•J.~ -t l3.L,' -21.07 - 6.42 - 2.19 --0.69 -0.15 0.01 0.00 - 0.1:,3 
Oh - 8S.~ -,:i.'76 - 4,48 -1.35 - IUO (l.l)J (J .09 0,0;1, · O.CJS 
(J,i -?0, !G - l l.1:5 - 3.(14 ,4).1J -0.02 O,l(i !l. 14 0 .{14 ··O.t)S 

(l ,S - 55,J:; -!l,f,7 - 1.S,) -{l,25 0.20 0,26- ll. lS O.U6 - 0.0? 

0.9 -43.}J .. 6.1$ - J.05 0.12 0..37 O.JJ ll.21 lU~7 -·0.0",t 
1.0 ·- ]J.4f, -1.14' --0.J.•I t>J~2 II.SO 0.1\l -0.24 0.08 --0 ,(17 

!.O 0.2 - 2Xli.J.9 - 66.15 - ?4.77 - rn.so -,i.ss -2.14 --0.87 -4).35 --0.22 
(1 .3 -2J6.!:1 -\:i.1',l - 16.S I -6.r.o -U5 - LB --0.44 - 0.2•) --0.1 ? 
ij_,i -lKl:1'/ -%.02 - 11.76 -4.4; -1.?:l -0.63 .-0 .22 -0.12 --0.JS 
a.s -143.i>S -27.0S -!l.3!) -Z.9& -LiJ3 -0:31 -0.08 - 0,0S - 0.17 
0.6 - l D .9 1 <'.0.52 - 6 ,(ll) .• } ;t>J - i)55 ... o.oi; IU!l -0.N -(I.Ji, 

0.7 -- ~"(l.7] - 15.S~ -~.2) - 1.li - 020 (i.07 IHIS -0.02 ...JJ. 1& 
'.).S -,·1.,11 - ll.7.! - 2.% - ll..SS 0.U6 0.1'.' 0.13 ...JJ.1) 1 -~.16 
O.'J - 11.61 ~~.66 -U7 - 1). 1! 0.21 (1.28. O. l<i 0 .0 1 --0.J~ 
l.t'.I -4~ ~? -6. i5 --0.% 0.25 1) .j! 0.:% · 02() (l,Ql ~1. 15 --··--- ... ------- ~ 
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35.38 

ED5-3 Ttt,D, <or-= .to in., Convetglng 

o. r 
A,- D, 

L 

A,J.4, A! IA, __ ,...!:!,__, ____ 0.2 

0.2 ,1.2 

(I.J 

0.4 

0.$ 

0.3 
~t.4 
r,.5 
O.<, 
·0.1 
lJ.8 
11.9 
1.,1 

r>.2 
(). 3 

().4 

ii.5 
0 f, 
ii., 
D.K 
li.9 
LI> 

1)2 
OJ 
r,.4 
0.5 
o.r, 
f}.7 
I).~ 

fl .9 
Lr, 

- M.56 
--:ifJ.'72 

-JOl .SJ 
- J:59.91 
- 2JO.Sl 
- 3 14.56 
~II.JS 
- 520.6~ 
•. (,4.HI? 

- 14.0:5 
- H .18 
- (-1.1.09 
- 'H .SI) 

- IJ.6i l7 
- JS6,SI 
-2,1,J.3} 

-~og_5.1 
-382.4) 

- ~_95 
- Zl.82 
·--:\1) .9\) 

-63.37 
-'J l .72 

-121 :2j 
- 16).'91 
--~01:76 
-·!56.79 

-6.(ij 

-) 5.35 
- Z~.59 

-3.fd 
- 954 

-!7.86 
-28..:,9 
- 4l.6S 
-57.IO 
-74.90 
--95.l:ii 

- 117,1;:3 

-155 
~ .91 
- 9.~ 

- 15.89 
- 23.33 
-32.l ..; 
-•.2.30 
- SJ ,K2 
- !!6.7{J 

-0.54 
- 2.7() 
..-5$ 1 

-9.i\'2 
- H.$9 
-20.24 
- 'J.6.77 
,..3.:.1 , 
-42.,15 

0.04 
- 1.46 
-3.61 

1),4 
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2005 ASHRAE Handb()ok-Fondiim.entah. 

~Ac 

1· 

C• VwtJes 
QJ,!Q, 

O.S 0.6 0.1 1).8 0.9 
~ 

0.59 0.91 1.03 LI ,i 1.19 I.Z7 
-0.01 0.7~ J.10 1.23 UD 1.19 
--0.87 M l 1,09 L'.i2 1.41 J.48 
-2.02 0.1 1 l:OS 1.40 1.51 J.51 
-:u, --0.24 I .lB I.SJ 1.66 I.Iii 
-498 --0,69 1.U-4 l.?l 1.90 I.Sl 
~ .$2 - 1.21 Lll4 l.92 2. J6 2.Q5 
- ~-91) -LS I 1.L'1 2. 15 2.-4S 2.31 

- ·11.i4 . 1.47 1.L~I 2.AI L7S 2.5~ 

O.S9 I.OS 1.16 I.Iii L.23 1.34 
lHi4 l fil I~ I~ I~ IM 
0.24 l.(Ji) l.29 1.39 I .42 l.~ 1 

-41.JJ U.87 1.l2 H6 1.46 1.38 
--1.1.n ll,~ I 1.4.S !.65 LW.. 1.53 
- 1.62 0.?4 1.61 !.:jg 1.88 1.11) 

-ZA3 0.65 1.7:8 2.1 4 2. U 1.88 
- -1.J5 0.54 l.')N 2."2 2Al 1.(18 
--4.39 OA2 z.19 2.74 2.7:Z 1..29 

1,()4 1.15 !.2{} 1.22 1.u; !AO 
1).94 I.I~ U"9 J.J'.? !.JS 1..-17 
1).73 1.19 l.35 U 9 l.39 1.41 
0.45 1.1g i.42 1.47 1_.n U2 
0.20 I~ l~D tm Jm !M 

-0. l (J l.34 J.8 1 1.90 J.8 1 156 
- 0.4,5 !.•n 2 ,0j 2. lf> 2.03 !.b9 
,·O,N5 i .:.D :?.JO :?A il 2.2M :i .l!2 
- l.30 i .63 2.SM 1.-;S 1.54 1 .~}5 

1. 13 I~ tn J~ 1~ 
l.W 1.2; ur, u2 us 
fJ,% !.26 L34 I.JS 1.32 

ll .2 
(/J 
1).4 

I).~ 

0.6 
o.:: 

-~5-45 ~- 6.42 
- 9.J U 

,66- 0.$.S 1 . .13 1.45 1.45 1.38 0.$.S 

l.44 
1.'1& 
1.29 
J.?4 
l,JJ 
1.J!} 
lAf> 
UJ 
I •. ~'/ 

O.fi 

( •.~ 

IJ,!i 

i.O 

0 1 
O.:! 
1)_.: 

( 1 . .,S 

(1.6 

- •S5 .!J2 
-\10. 11 - 13.5M 

- I IS.iri - 18.07 
- t49:.r5 -:D.18 
-- 1 ~5. f:) - 28.S9 

i ,1(1 0 J .9 
I LJ 3 ~~•.72 
~ ~ .:5-:' 2..! :! 

-~.32. 
-' . .!9 
- 5.S I 

I.OJ 
0.79 
(I_\; 

-3,L ~-;t - •1.3:5 -1.(1~ 
-~11, .~S - r~. ~·:) .. ..f, 5(• 
- !:S.:!{1 -~J_:;, -1.lJr, 

o.n 
0.69 
OSI 
(1.43 
1). 2·: 

J.!K 
Uf> 
1.05 
I.U; 

'-'"'~ f (ll) 

- >:') .)2 . t J 1~l I 7:. I l l) 

- '. ! \ .(,:; -i'6 5~"! 2 .:J i I 10 

').·; 

~.1.~: 
i'I O 

11, _____ __________ ,_:.,) _,:.2 ..(.!:f:;.;_ - :': 3J l.(J'.l 

A5-580 

1.-11, u;.; l.li3 15 3 
1.61 U6 1.85 I 70 
1.18 
J.9fi 
2. lf.> 

1.2'.2 
l.li 
L !5 
,_.;:;. 
I ~~ 
Ii! 
l ';Jt 

~ I} 

:! .35 

2_1 ! 2. .. {l~} I.~~) 
2 3~ 2.35 :H 19 
2 .-67 2ft.'! 

!.2-l 
1.3(1 
1.29 
1.-+1 
IE\ 
1:n. 

U 6 
1.3 ! 
t:r: 
1.4 l 
! 5~ 
L J6 

'' __ _. .. 

l _\ll 

u~ 
I 2:! 
U 2 
I .;5 
I ~~, 

i 7i 
~ .:~ -io: 
:: .P3 

IA: 
J,~.1 

I 11 
I.I I\ 
I.I \> 
I 2 '.: 
I ~2 
i ~} 

i(1 
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EDS-J Tee. .D, <or= 10111., Ce1qvergh1g (ConiJquej) 

C• ','llhtts (COMhdd) 

(!,I~ 

A/.A, A11A, D.I 0,1 O.J O • .f 0-5 -0.li 0.7 o.s .,9 
0,7 0.2 -3.00 0.62 !.10 1.11 12} 124 J.2(; -Ul u!J 

(1.3 ..S.74 ·-0.27 0,91 1.)9 1.26 1.27 1.27 us .J.36 
il.4 -16.90 -U9 (l_jg J..1 1 1.2S l .27 J.24 I.IS l.06 
{l,.5 -,Ui.99 ..J,0/l 0.33 1.J7 l.JS Vil J.3(, 1.26 1.06 
0.6 - 39.lS -•U6 0.0'2 l.2Z U4 L.57 J.50 I.JS 1,05 
0.7 - 53,97 - 1.01 -0.3S J.:29 1.n U 6 l.6S us l.02 
O.,& -70.81 -9.50 --0.79 J.35- l ,91 1.97 Ul J.:54 !).9~ 
0.9 - 90.04 - 12.J4 - Ll! l.~l 2.12 '2.19 2.00 l.(>4 0.86 
1.0 - JI 1.50 - 15.SJ - 1.89 l ,46 l-34 1.,u ;2.19 l.7J o:,z 

O.S 0.2 -2.20 0.16 1.14 1.22 1.2-4 J.l4 1.26 l.:11 1.49 
0:3 - 1.04 ~ D.01 0.JIS 1.18 12-:!- 11'.! 1.23 1.22 1.27. 
0.4 -13.77 -l.06 0.71 J.13 1:24 1..24 l.21) J.l'3 I.I)() 

0-5 - 12. 11 - 2..24 O.S-4 1.20 1.36 1;3!5 I.JO l.l9 0,97 
M •• ;)2,33 --) .69 Q,3 1 1.27 1.50 I.SO I.Al J.'.!j 0.90 
0.7 -44-".2 -5.41 0.04 LH (.66 1.65 1.53 1.:W 0.SI 
0.1~ -S.§AO ~7.4? -ll.29 !Ai i.Bl 1.83 1.63 1.35 0.67 
O,!> ~74.2i - -9:12 - r>.67 1.49 2.01 2.lil 1.78 1.3& OA9 
LO -92.06 - 11..30 - I.I :.? 1.56 2:21 2.20 1.n ]..:() 0:24 

0.9 0.2 - 1.67 0.85 1.!6 '1.22 U3 l )i 1.15 UO L4S 
0.3 .. 5,95 0.12 0.95 1.'14 Us !.18 i.16 i.l} l.14 
1).4 - l l.G3 -0.14 o:n l.12 l.'20 J.2.(l (.J('j 1.()8 Ml 
o.s - 18.~5 - 1.74 o.63 us U l J.J.O f.23 LI i 0.35 
fl.G - 27.<i3 -2.'IS OA 4 ,,.. ....... 1.42 1.41 1.31 l.13 0.75 
0.7 -38.M - 1.~5 :t.21 !.30 J.:!5 l.53 t:39 .l.1 4 o.ss 
1).& ·-50.07 - 6.17 - 0.1.n LJ6 ].69 !.65 IA7 Uj 0.37 
0.9 -63.]5 -8.1+ -0.4{) L42 l.&3 l.79 l.54 I. JI <J.W 
1,0 - 7?.GS - JO.l6 - 0.79 !..Iii J.98 l.92 1.61 Ui6 --0.26 

1.0 0.2 ~•I)~ Q.~9 I.J(> l.21 1.12 J.22 Ll~ 1.1',) I.+& 
O.l - 5.30 0.15 U.90 i .l) ~ I.I] J. ! I I.Cr.~ l .. H& 0.99 
o.~ ... Jl) .JJ - (l.S7 0.7S J.()CJ l.!b l.Jj J.11 un C.86 
o.:l - 16.n - 1.47 IJ.64 1.n 1.2-i l.2.l LI S 1,r;., 11.74 

0,6 --N .S6 .• 259 li.46 U 7 J. '.J.i l.3U l.:!I) 1.1) 1 r,_;7 
0.7 - 33.S"l -?-.Vi on 1.W 1.41 u s l .l tl 0.'J7 l}J ,i 
o.~ - M .i--1 -5.4,t - ( 1,1):S 1.22 1.51 J.<C(, l.Z7 o.~1 o .. o;; 
0.9 - %.~9 -?.29 - >:1.Ja l.N 1..59 1..54 1.28 0.$2 -0.Jl 
J.(l -70.62 - 9.}2 --(1.i7 1.24 J ,(,ij 1.61 J.2~ 0,69 - 0.RO 

:£D5--3 "i°l'.t,l>, ·= or -10 in., Com·eq:i11g 

(~ \'.a;lnts 

Q,.'Q, 
A/,.f, ,.,.,.,:.., n.1 ll.2 IIJ 0.4 0.5 o., 1).7 o.:u 0.9 

0.2 (1.2 l !U I 3A2 1.62 l. 11 o.~x:- iJ.SO (J,74 (1.70 o.r:s 
IJ. 3 12.6",I 1.1!1 I A> j J).::.: fl.37 n.iS O:i'~ 030 o.i;s 
(I,.: 9_qg 2,.~7 136 l.L'I 0.~5 ·U.77 ,,:t? 0.69 0.6, 
a.s S.B 2.27 i.:;o U.Y~ (l.S4 0.76 0.72, 0.6~ !),r.7 

U.<i } .>4 2.. J3 12(, LI .% (J.S3 o. 76 U.11 0.6!1 0.6"/ 
n~ 
. ' 6.6 1 2.02 l.'22 0.95 0.82 IJ.75 .{}.7t fJ .69 0.67 
U.S (1.0K I.~·\ 1.19 (1.93 (l.'$ 1 f) , 15 -0.11 0.6~ 0.67 
IL9 :;_,::. :{ l.~i' 1.1 7 0.9.2 (J_t l) o,~ ,ur, ru·,K U.66 
1.(1 .::. .:-s I f:! I {15 (I.Sfi {).76 1)_71 11.6:S 0.66 (U\5 

•J.J ()_'.: ,t,·L\3 7.19 .:-:u 1.5·,t I.cl:~ L' .~~ fl.:?! {1(,3 0.57 

ID 7~1.:.f !-.46 J ~\ U v 1.00 O.ijfl U.~;i.;, 1).(,2 ,J_~,-
li,...l i 1 SJ:! J .59 t½t U r.• U5J6 f}.":~'\ l>.f1".i l t-:'tl \l.56 
r.- :i ~ :'.{:2 •I X<, .'i3 1.2•1 u.~2 1)_:,6 lj.f:(, 1_:- :";1) \"J,50 

1).6 !-1.9(\ ;•:n _!f2 1. 1•> :; !JO r:, , ~ 0.65 ll S') -0.!,~ 

1,a_:1 13.·)(, ) _-l ; :;.:l I I> i:J~S 0.7 ~ 1).(:.\ 1:,5•;, tt:-5 
f.t S 11 ;>- }.: (, .•:Oi 1.1 2 U.36 (1:_.-2 1).f:,:, f.1 5:~; a . .s ,1 

O.~: t; _O:: :.t.:: . ..Ji 1;,_•J"_i () ',": (U~:.. 1, 59 0 ) J ::.s 1 
; I) ~ _;(_, j, ~2 .}!': l) -~15 I) )5 0 .65 0.5S IJ .:i·l i l :i l -,·,~-----·.,·~-- , , _ .,. ___ _ 
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EDS-3 Toe, D, <or= ro In., Conver:jng (Continued) 

AJA, A,IA, I).\ 0.2 

u 0.2 18.99 1225 
0.3 50.14 8.% 
OA 36.26 7.32 
11.5 23.38 6.3-5 
0..6 2J,,5() s:n 
0.7 20.)2 5.17 
o .. s l-194 4.13 
0.9 13.SS HS 
1.0 12.66 J.69 

o.s 0,2 11 4,73 17,76 
(L'l 7(1.5~ 12.7} 
0.4 •19.6il 10.14 
0.5 38.12 8.31 
0.6 3J.2) 1.90 
0.7 21.87 6.00 
'ILK 19.J O 551 
-0.9 17.lM 1.27 
1.0 17.16 5.DS 

M -0..2 142.32 22.(~ 
n ~ µ _,;9 IMS 
-OA 58Al 12.50 
0..5 H.3-1 11 .13 
C.~ 29.0G 8.20 
O.'I 24.71 751 
tl.S 22..56 7.C<i 
-0.9 21.S~ 6;7ii 
1.0 LL2>1 6.6 1 

0.7 0.2 J52.J:! 25.~'2 
•1).3 $ ?J I$ 1&.31i 
04 .59.34 14.~12 
115 J5. IS 1(1,;x, 
D..6 21L26 $1..i l 
·0.7 2:j_i) j ii.9 1 
0.8 21.-ir 3.6'1 
OJ 26.(,S 8.48 
1.0 29.34 SA"l 

(l,S 0.2 n,;,,J !ft,:!.g 

ll.3 75.52 19.20 
0.4 31.:11 12.?9 
0.5 ZJ.25 IU$ 
1)£, 24:i:i 1-0.57 
l'l.7 25.36 1!1.12 
1).8 29:ll9 tll.3 7 
0 .9 ·,455 tRG<> 
I.C ~UJ 16.9S 

0.9 ,;_~ 90.i(I ., .. ,, ... 
.... . , . J -~ 

0 .3 29 .. 9J (.4 .11) 
IH 16.27 I 2.l l 
I).:\ 1-1.80 tU~ 
0.6 19A} ! ,_,;2 
1).7 2i.5.'> i2.(1t; 
O.S 37.:¼ !2.1) 
Q,!} ~!J .S9 !3.57 
J.() <•2 J.} H.5? 

1(1 i.• .2 - 6.4(1 11.i n 
1). 3 -l">.35 Hi91) 
(, 4 . r .1, ~ ; 1n2 
f) .5 .::.~s 1,.,,, 
o.•~ J:!\.~V ! J I~ 
1) _:: 5'(_.;i l -i rt ; 

n:;_ 57 ;; l h -~'"' 
f1 ~ T, ".•') l ( fO "' _ .•. , ,1 .. 

: .I) ::v_:;_,:; : •; S1j 

RPP-24544 REV ld 

O.J 
H2 
3.54 
3.08 
:l80 
2 6.1 
2.-!0 
1j8 
:LS!> 
I.SO 

!i.27 
4.9;2 
~..23 
3.SI 
3.53 
.2..75 
2.59 
.?oc.;6 
2.36 

S.06 
6.1S 
5.39 
~~% 

3.69 
3.~ .... 
t26 
3.12 
3.00 

9Ji8 
1.46 
G 47 
• ·)~ 
4.~l 
•1.16 
J~f:9 
J.8(, 
} .)7 

l()JO 
K.32 
5.n 
;_,i.J 
5.10 
•ISJ 
•INJ 
v~ 
Ul 

ll)J~ 
6.95 

6.2.S 
! .% 
HI 
5,77 

5.J'~ 
.!- .~!, 
~--~µ 

·.:.:2 
6.66 
l~t,.9.i 
6.,.,1 
l:t .b·,; 
~,.~:,_: 
·7(1:_: 

7 , 15 

7 _{,i 
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·C, Val- (Co,.r.bd•tl) 

QJQ, 
1).4 9.5 0.6 8.7 1UI 03 

226 1.39 0.97 0.74 MO o.so 
l.92 1.24 0.90 0.70 M7 0.49' ' 
1:74 J.16 0.8;5 0.67 0.56 0.48".-
!.6J I.JO O.Sl MS 0.54 0,41 
1.54 I.OS 0:79 11.6) 0 ,53 1),4{,, 

J.4"1 .1.01 D:77 0.62 0.:Si. OAS 
l.1 1 0.85 0.6l o.53 0.46 O.,W· 
!.If, O.il2 0,63 -0,52 0.4:S (J.l!f· 
l.l2 0.79 0.62 OSI 0,44 0.39· 

3,1)7 1.79 1.16 o:s1 MO 0.46 
2.56 1.56 1.05 0.75 0.56 0 ;44 

2.29 1.43 0.98 0.71 (l.5•J 0.41 
2. tl t34 D.93 ,o.68 OS? 0.41 
1.9!> 1..27 0,88 MS o.so 0.3? 
15'1 l .Ot 0.7] 0.,52 0.41) o.n 
1.•1\1 a .96 fl.67 0.50 o..:is 0.30 
1.-12 0.9! 0.6.S 0.48 0.37 0.29 
1.3-6 0.88 O.r,l 0.46 0.35 0,21!: 

3.91 1.23 !.)9 i),92 0.63 (1.44 
3.24 1,32 1.n o.gJ 0.58 (1.,11 

2.SS l :7J LI~ o:1s l>..55 'J.39 
2.66 U,) 1.0'.I 0.14 0..52 0.37 
2M 1.1-5 O.St 1).55 O:JS (1.26 
J,')I I.J S o:n 0.52 rlJS 0.24 

J.S I I. I I 0.72 fl:4S 0:33 o,·22 
l.73 t.ll6 0.6S OAS [)_]() 0.20 
1.6:l 1.00 0.6..~ 0.4J D.'2S 0. IS 

:;_QI) L65 u;; L~ O.GS -0.41 
3.SS 2.29 l. -14 Ol" .. • • •"'!> O.~ 11,41) 

3.48 2 ~; L:>3 ,).s--: D.58 ll.H 
W) us 0.97 o.~2 r,01S It'2 2: 
2A2 l.<15 0.9'J 0.57 0.35 IU'I 

2.28 u;. •l&S 0.53 0.32 0. 11 
2. 18 i..29 O.,~ 0.4~ i).28 0.H 
2/.18 1 , ., 0,7'2 0.45 1).2.5 1),1 ;? 

2.0 1 l,I(, 0.711 0 ,•11 022 0.10 

S.22 J.01 l.3S 1.17 0.74 !l.4S 

•V:5 H-' 1.66 i .1)5 0.67 0.-1 1 
3.2l l.1> 1 J.l'? o.n 0.• 2 0.2] 
2..~•8 i. n J.,)~ 0,f.fi OJ? O<I$ 
2.Sl l.&5 1.(11 (1,61) O.JJ 0.14 
1.69 i.57 (1.9~ 0.5:0 (J_?<) O.li 
2-59 Ui! (U1& (1.~0 (US t}OS 
2 . ..50 l.42 (I S}. ().4(, O.l l !1.05 
243 J.].fi ('1 _]7 0 ..11 O.!H 0.01 

S.5.! .).2S 205 I.J{) (I.S I OA? 
J.H6 1.J.H L<it !U,S (J..\K 0.::2 

35.S Z.L? L19 0---. ., , (t.42 (I,!~ 

:(J~ l.'19 1:20 0.7D 0.3? 0.( 4 

3.23 I.S~ I IJ !).64 0.3'2 0 .1 1) 

3. 1-1 1$ 1 IJh", 0.59 0 .27 0.06 
J _;r; 1.7>1 U.99 il.53 0.23 (1,1)2 

J.lil 1.67 us•:i ;)_.!g (UK - l).02 

2.ln 1.61 (l il7 O'" -~- (1 1~ .(l.1)6 

•UI 2.6·1 I. IA I (II) (1.56 O,.Z.i 

l .!l~ Z . .!.i 1.'H ll.90 •l.!1i 0.20 

1 ~2 :t ~:! I l ' IUD lj_!,J (l.l5 
} .~cl 2.23 13J li.76 ,,_,s (J. )1) 

J .":{I ~. l b l.~b u.~'O (> ,~ n.o,~ 
~' .i:-~; 2.t:1;, I 1•) l; ti) -:1 2(, n.ot 
-~ .f-:-": ~ 01 i I: CS, =~ ~t -u.,,., 
-~,(~f; 1.97 ! .I\", I) 5! \} 1~ ...(}JJ•;, 
.1.,:-~ l '.I:! i X•.I 1:1 -'l~ ti I t• --1 : 1-t 
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Dud:Oeslgll 

0.2 

0.3 

0.4 

0.;> 

fl.7 

0.2 
0,3 
0.4 
O.:S 
0.6 
0.7 
0,8 
0.9 
1.0 

0.2 
0.3 
0,4 
o.s 
0.6 
0,7 
o.s 
(I,!) 

1.0 

0,2 
0.3 
OA 
0.5 
0,(, 
0.7 
u.S 
0.9 
1.0 

,p 
<l,3 
0.-1 
\t..S 
{t.6 

0.7 
11.8 
IUI 
LO 

!l.;! 
0.3 
U.-1 
ft5 
(!.<\ 
·lL? 
ll.8 
ll.? 
I.C• 

0.2 
1).3 

1),4 

l)j 
0.(, 

o.:r 
I) .~ 

fi.9 
I.I) 

0 .2 
I)_} 

U-'1 

Oj 

-:26.08 
- 59,71 

- 106.7(1 
-167.36 
-241.60 
-:m.2s 
-430.67 
-545.S I 
-6?-t.7i 

-IS.50 
~JS.76 
-6-1,.0.9 

-100.54 
- 145.16 
- J?S.Ol 
-259.13 
--}2S.S~ 
-406.44 

~10.31 
-ll.96 
--12.9& 
-61.# 
-97.39 

- ll2.$3 
-i73.96 
-220.69 
-27.3.1.2 

- T.'.26 
·-16.99 
-:iOA9 
--17.il2 
-(rJ.0) 
- 9~._17 

- 121.30 
- 156AS 
- 193.74 

• S.1$ 
- 11..43 
-22.W 
-}t92 
- 5035 
-~t.66 
--!!9.8? 

- 114,!;9 
-,.. [dl.J.1 

--B\'J 
-9 .. i.5 

- 1634 
-is.~s 
·-...U.1 1 
-~o.6~ 
-{16.3 1 
-ff4,17 

--HlJ ,2.9 

- ! .YI> 

- 6.•Jt 
- E.31 
- !S• _i--(, 

~7.51) 
·· 37.J.8 
.... ;~:.s·.• 
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-4.1, 
- 10.:SJ 
-I~~? 
-l0.17 
-44.68 
~61.15 
-SO.ll!: 

-IOL?S 
-1iS.98 

-l.16 
- 5.90 

-11 .09 
-1 7.13 
-21.85 
-35A6 
- 4(\..Si> 
-~9.ifs 
-?3.33 

- 1.18 
-3.65 
-'7.03 

-ll.35 
- IMO 
-22.~I 
-29.99 
-38.15 
--41.31 

~0.62 
.,2.35 
- 1.6'1 
-1.61 

- 11.l? 
~, l5.J7 
- 20.2.2 
-25.75 
- 31.92 

--0.27 
- 1.51 
- 'l.! 5 
-5,1!> 
~7.61 

- l!J.52 
- 13,83 
-l'l.(, I 
•·HS~ 

---0.0J 
--ft..')•1 
-2.J() 

·-3..51 
~5. IS 
-7.13 
--9 . .:W 

-! I ~)2 
- ~:.i 1~ 

i>. 15 
-0.5] 
- 13 4 
- J, ~9 
- ;;39 
- 1.f:6 
-f:• I J 
- 7.75 

fl.J 

-0.70 
~2.72 
-5.53 
--9.12 

- 13.50 
-18.68 
-l.4.67 
- 3-1.4'7 
-39.08 

--0,04 

-1.20 
-2.7K 
-US 
-7.21 

- 10.08 
- 13.39 
-17.is 
-21.3'1 

0.26 
-{J.4K 
-i.46 
-2-<',9 
-4,)1 
-5...91 
..c7_91) 

-l0.16 
-l"l.70 

ll.4J 
-{Ht, 
-U.?2 
- J.51) 
-2A2 
- JA9 
---Lii 
-6.l)'J 
-7.1,'3 

0,54 
O. IS 

-0.2j 
-0.7~ 
-uo 
-!.~H 
-1 ,(,~ 
-J.-1.{, 
--,U 5 

0.61 
0.:)5 

IJ.l'i";• 
- 0.2·2 
, fJ.54 

-0.8:1 
-l.24 
-L{,~ 
--2.0~ 

0.(,7 

0.-1~ 
i.:.JI) 

(:.15 
0.0! 

-{tH 

. (; ) J 

.. {: .::,.; 

0.4 

1).33 
,.0A3 
-l.46 
-2.18 
-1;37 
-(i.25 
- ~2 

- 10.8.9 
- 13.64 

0.58 
0.16 

-0-3& 
-UJ6 
-1.81.i 
- 2.S.l 
-3.89 
-~.11 
-6AS 

0,69 
0.'13 
O.i.i 

--0.U 
--0.1;9 
-l.17 
- 1.H 
-2.35 
- J.!)~ 

0.,5 
0.57 
o.}ll 
o.1 9 

-{l,Q} 

- (1.2fi 
-{J ,51) 

-Q.TJ 
-.rm 
(J_;i; 

0.66 
0.5J 
I_I.~(, 

H.->:i 
IL\! 
0.26 
0.'l2 
ll.lS 

ll.H1 
o:.'2 
() _6{1 

1),6~ 

Jl.65 

0.70 
1.:-.iS 

O.C-3 
1)_:(1, 

0.:-' 
11,77 
O.!<.: 
O.~r.· 

o.s 
0.71 
0.43 
0.05 

-1).42 

-0.97 
- i ,62 
- 2.37 
-l.22 
-1,17 

O.Sl 
0,66 
0.48. 
0.2!> 
0.06 

- 0,l'i 
--O.-t7 
--0.711 
-1. 1:l. 

().34 
0.7'.i 
0.67 
0..5? 
{1.52 
O.t.6 
()Al) 

il.35 
0 .29 

IL% 
0 .S!J 

0.16 
(j_i 5-
ll.76 
O, BD 
OK! 
0.% 
L(}(; 

O.HS 
D.83 
O.l\2 
0,84 
0.91 
LO I 
i.15 
LJ2 
L31.1 

O.s'~ 
0.85 
0.$5 
0,911 
LOU 
l.i4 
L')J 

1.:$6 
lll~ 

i.:.9li 
o.:~1 

0.6 

0.87 
(i_7g 
0.67 
0.5S 
0 .. 41 
0.27 
0.) 0 

-0.0& 
--0.28 

(),90 
o_ss 
6..82 
o..&o· 
O.SO 
f}.Sl 
IJ_gs 
ll.M 
-1).94 

O.<J! 
lJ.R:s 
o:&1 
OJO 
0.<ct5 
l.l)) 

1.15 
1.29 
1.45 

0.91 
IH9 
O.iiil 
0.~)_I 
!.f/1 
1.13 
L29 
l.48 
).71 

0.91 
0.8~ 
O.~'~ 
0-9~ 
1.05 
l.lB 
1.% 
J.59 
i.~5 
(1.'.IZ 

0.% 
091 
,1.g; 
1.(17 

1.22 
l.~I 
Ltt5 
U4 

l -I.';. 
! .70 
:: .r-.:i 

0.1 

0,9l 
0.91 
0.91 
0.9'3 
0.% 
1,0! 
l.09 
1.17 
ua 
0.93 
0,92 
0.93 
0.97 
l.05 
1.)5' 

. 1.i& 
L?4 
J.63 

H.93 
0..9t 
0.9) 
0.97 
1.06 
1.1 7 
1.3) ,_,, 
1.7~ 

O.<JJ 
tt~H 
o.n 
0,'.>"7 
1,1)5 

1.17 
1.n 
1.5:1 
I.F 

0.93 
0.91 
o.n 
Ii.% 
!.l>o 
t.!G 
l.H 
!.5 l 

~--~)4 

0.92 
o.~n 
0.91 
l.'J5 
J.l i 
).)_1 

UJ 
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OJI 

0.95 
0.9S 
0.117. 
1.02 
1.10' . 

I.ZI 
l ,35 
l .:S-2. 
l.71 

0,94 
0 .92 
O.!i4 
0,98 
J.05 
l.!6 
1.10 
J.47 
1.68 

0.93 
0.91 
0.9 l 
0.94 
1.01 
l.l l 
U 4 
I AO 
UH 
ll.93 
i>.90 
!l.90 
l}.9) 

D.\IS 
l.{(i 

uo 
1.36 
!.S6 

ll.~) 

O.~! 
1).9) 

r,_9;, 
D.9S 
J.1)1 
J. !9 
l.JS 
U4 

u.''4 
(1_9;:, 
0 .92 
(l. \>,1 

(.(I~ 

I.OS 
Ul 
J.2-6 
J.5(, 

ll _<J~ 

n.<J5 
1;.~•i 
I <:3 
I tl 
I .. ~.': 

1.-n 
! .(· ) 

_35.4J 

. o., 
0:9:3 

. 1),91 /-
0.91 . 
0;93 . 
0.98 · 
HM 
ti? 
1.31 
1.48 

1),91 
O.Kll 
O.M 
0.81 
0.90 
o.~ 
i.Oj 
1.17 
LJ! 

0.9!l 
0.86 
o.&4 
il.&4 
11.s-i: 
(t9i 
1.00 
I.JI 
l.26 

0.91) 
0.81 
0.85 
D.8:i 
tLS8 
0.93 
Ui2 
Lil 
1:i s 

l'.91 
0.&9 
0.88 
o.~9 
O:!>l 
O.'>'J 
l .D~ 
1.!I 
i.37 
(l,!Jj 

0.?2 
0.91 
fJ.9J 
1.1)1) 

l.O~ 
I.W 
1.14 
1 . .52 
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35.42 

l:05-3 Tee,.D~ > 10 In, CORYl!rJti~II: (Colflinuetl) 

A/A, A~TA, 0-I 

0.9 (U -2.14 
()_j -5.14 
0..{ - 9 ;()<;1 

0.5 - 14.06 
M - 20;08 
0.1 -i7.il 
0.8 - }550 
0:9 -4S,01 

1.0 ...SS.79 

1.0 0.2. - 1.54 
U.J -J:7S 
IM - 6,S7 
o..s - 10.05 

M - 14.24 
0.1 - .19.10 
0.8 --i4.9,C 
0.:9 --31.62 
1.0 -39,19 

:tms-J 1~"'- l>, >_JO 111., Co,1-.-erging 

.-1,M, A,JA, II. I. 

0.2 0.1 20.H 
o· ., 12.$3 
04 8.78 
o.s 6.6i/ 
0.6 5 .43 

0.1 ~.64 
1).$ ·,.l 5 
O.? 3.Sf> 

1.0 3,71 

0:3 0.2 51.24 
O.l 29.5'/ 
0.4 19AO 

Q,S (3.~4 
0.6 t0.5tt 
0.7 ~-6·1 
0.8 "7.51 
\l,9 l>.95 
1.0 6.{(j 

1),1 0.2 ~)OJ I) 
0.3 -~9-6 
tl4 Jl!.96 
0.5 2 L{l0 
0.6 i5.-1J 
0.7 12.36 
o.s Jl).~6 
(I} / 111.'lf.i 
1.0 )0_;;7 

O.~ f1_2 11'6J6 
H3 65.!.M 
(t 4 ):,.:;.:. 
0 :, ;5 _1)7 
{>.!, 175'~ 
r.~:' IJ .r.'J 

:}.~ u .;~ 
!)_!l 1-1.-1 5 
I .!: 1(..1, 
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u 
O.la 

--0.21 
---0,76 
- l.J6 
-2.04 
-2.7? 
-M) 
--4..S1 
- 5-64 

0.39 
0.03 

• .32 
-0.6.S 
- MS 
-1.32 
-1.69 
-1.ID 
-2Jj 

O.? 

3.2S 
2.40 
1.9& 
!.15 
1.61 1,., 
i.47 
1.,(3 

l.4'.2 

7.11 
~.Ji) 
3.57 
2.% 
2.59 
:us 
~.25 
2. 19 
2.l? 

12.10 
7.59 

5.51 
4A> 
3.78 
J .~4 
J 27 
3.2! 
3.1! 

16,99 
lll..:?S 
1.27 
5 ;4 
·l.'J~ 
,1.SR 
J 4;, 

·l .1~ 
-1 .:<, 
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c. \llahii:i ( ~a,;l,,Jd) 

fl.;!!. . 

0.3 o.i o.:i u 0.7 o..a l!..9 

0.71 0,.Sj 6.91 0.94 0.116 0.97 Ml> · 
0.57 n.so it88 o.92 MS 0.97 i .02 .-

0.47 0.80 U l 0,94 0,96 (),9S 1.1)6 
0.42 0.% ,o.98 1.01 1.01 I.OZ i."14 
0.42 0.'>9 1. 11 1.12 1.w 1,09 l.z4 
0.47 U7 tjO 1.21 1.21 1.1 9 ua 
OS~ 1.42 .1.55 1.49 1.38 l.J2 1.55 

0.66 1.12 1.86 1.75 1.59 1.49 l.7S. 
o.so 2.08 'l.22 i.M l.~ i.69 I.!>~ 

0.74 0,87 0;92 0.?5 0.97 f.).99 1.03 
0.64 O.Bl 0.90 0.94 O.'n 1.01) LOS 
Q.61 OJl5 0.93 0.97 0.99 1.0l IJG 
0.64 0.-94 1.02 -I.OJ I.I» l.(IS J.:26 
0 ,74 1.10 f.16 l.lS 1.13 1.16 1.40 
0.91 I.J:) 1.)7 UI J.2.6 1:27 1.57 

1.14 L63 1.63 1.51 1,43 1.41 l.7S 
J.U 2.f,O l.!16 t.Si> J.6<1 I.Sil 2.02 
) .76 2.43 2.35 ·2.12 l.'X.I 1.81 2.30 

C,Values 

Q/ Q, 
O.J 0-4 J).5 0.6 0.7 o.s 0.9 

1.4~ (1-98 0.81 0,7) Q.69 0.1¼ OM 
1.21 OS'!l o:n il.71 M& 0.66 i>.~ 
1.12 0,li(, 0.1(, t>.70 0.61 O.M i>.6,l 
I.U6 0.84 (1.75 (i_?(I 0.67 0,65 O.M 
U IZ 0 ,., .o~ 0.74 0.'/0 0.67 0.65 OM 
1.-0(1 o,:;,-i 0.74 ll.70 0,6:r 0.65 o.M 
0.% O.SI 0.74 r>N, l},67 0.65 0 .f. . .$ 

0;9, O.S I 0.1-1 0.it9 0.6"7 (t.65 OM 
ll;97 0.81 0:1'3 lj_.(;9 D.67 0.65 0.64 

2A9 ) .3) ll.90 o:rn ll.<iO (t..S,t 0.50 

l.~7 l .!O O,&O r)_r_i,lj 0 5S (.1,.5) o.~o 
u s 1.00 0.16 O.t~ 0.51 0.52 0.50 
i, tl2 0.94 0.13 0.62 0.56 0.52 o.w 
l.32 0.90 o.n O.i'.,2 0.56 0.52 0.4'1 

t.21 0.88 o:n (l_i; I 1) .56 ·O.S2 0.49 
l.~3 U.,H 0.70 Oh.I 1).~6 u.si (1.49 

1.22 ox: 0.70 0.61 0.56 U.52 (l.-19 

!.2 1 11.l,6 l} ,1(1 Cl.61 0.55 11.Sl 0.49 

Hi I.S5 I.OS (1 ,1-=i 055 1.1.45 0.33 

2 .74 L42 l)_g(J (J.{; j OJI 0.43 (U7 
1,1·1 l.2J n.HZ 0.61 OA~I 0.42 !J-37 
J.92 1.13 1).78 1),.':-'J 0.48 0-'12 IU, 

1.76 I , .. 
·'" 1),75 \).58 tJA-8 1).41 f) ..,\7 

1.67 U l,l 1),1~~ O.!i:r OAll (1.4] {,.11 

l ,f1) 1.nz l).?3 (1.57 U.,n 0.-11 i>~S7 
1.~I LOl 0.13 0.57 (),-l.7 0.41 0-37 

1.6Z l J?Z 0.1:i (IS) 0.4? O.~I 1).37 

S.39 ., ,t "I 
• •• ""! ;,. J. H l).SI U.54 O.J~ 0,2S 

~; _6~ !.?9 ] .l.i5 u 68 (J_"-;l 1).15 IL!7 

237 L S I 0 .93 !U,J {)."YJ ~1.)4 0~17 

2 -'/ . ,~'. ,1:-r: '1 .60 0.-!4 t)JJ 0.2~ 
2.27 : .:r" '.I.S-1 (j 5~ \? .! ] \~I,)) 1).:!!t 

~-17 : .::! 5 (U(! n.J::i: 1t .;J •:i.J3 0.2-~ 

1.1.~ ! ).;\ (l ~! f)_ j'j l'.· l.! (J _}3 (l _:)6 

111 1 ·),; -:1.5.? l) jS I)!! \ O.J, t) .2,:i 

~ ~:.: l.:C~ ,) _,J 1~5 ~ 1;, ~ , i :_.l, 3 (1.2.:; 
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ED5-3 Tc,a, D, > 10 in., Coll'l'trgini; (Continocd) 
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0..015 il.25 O.il 0.1a 0.1.S O .. J3. O.ii O.i4 0.18: 
0.100 0,25 (1.20 0.11> 0.13 0.11 0.09 O.ll (1.16 
0 .. 150 0.2S 0.19 0.14 0.10 o..os O.OK 0.11 0.16 
0.300 0:15 0.17 o.r1 0 ;!)9 0.07 O.D7 l)..ll O,JS 

0.600 0.2S 0.14 0.09 0.01 0 .. 06 O.OG 0.10 0.15 

O.SO {Ui2S 0. IS O.i4 0.0 0.13 0.12 O.i2 0.li o.n 
o.o:ro 0.15 1).1) 0.12 0.11 0. 10 0.09 IUO IU2 
1}.075 O.IS !U3 0.1 0 0.1)9 Q.-08 0.07 D,!JS O.ID 
!UOO 0.15 0.12 O.lO 0.07 0.06 0.(15 l1..i)1 11.10 
~150 0.1$ 1),.11 (I.OS 1),06 0.-0S 0 ,1)4 M7, M 9 
Oj OO (US 0.11) om 1),0J 0.04 ON (t0'.1 0.09 
0.li(,O 0 .15 0.{18 0.05 0.0-l 0.0J 0.04 O:U6 0.09 

0.90 i).02.i 0,1)9 l}.08 0.08 0,(18 0.07 0.07 0.1}7 0.06 
O.O!'J 0.6"i 0.08 0.07 0.06 (>.06 o.M 0.1M 0.01 
l),{175 0 ,1)9 l).07 (1.06 ll,05 0 ,(14 0.04 0.1).~ 0.06 
D.IOiJ 0.i1) 0.01 0.06 (1.04 ().fH 0.(13 o.~ 0.06 
1), 1.W 0,1)9 0.01 o.os tl.04 0.D3 0,0) 1J.r.'4 1.).(16 

0.'30D 0.1)9 D.06 0.04 o.o, 0.03 0.(12 I).~ 0.05 
ll. fiOI) 0.('9 IW5 -0.03 0.02. tl.t:-'2 {1.02 0.1;,,1 ll.11.S 

S'D2-6 Slnckheatl - ---ll, ill 0.:1 0.4 ().S 0,(, O,i 0.11 O.ll U 

c. 129 41.02 )6.80 S.IO 07 ·2.sr. 1.61) 1.no 

A5-588 

150 · )81) 

0,32 •D..34 
0.30 ,0.34 
0.29 0..J4 
0.28 -0.34 
0.!7 O.J~ 
0,?7• 034 
0.?7 034 

· o.n !US 
o.n 02.S 
0.21 0.2:S 
0.21 0.2.S 
0.2'0 0.25 
0.20 025 
(1,ZO 0;2;5 

O.i4 0.15 
0.13 0.15 
O,IJ 1)..1$ 

0.12 0.15 
(l,l l 1).15 
O.l2 0.15 
o.n 0. 15 

().08 0.()9 

o.O& 0.0? 
lWS 0.09 
(>.()1 0.1)') 
-11.07 0.0 9 
0.(17 o.,)9 
0 .07 0.09 

D 
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S.D4-1 Tnnsltlon, Ri,u1MI to Round, Supply Air ·systems 

.i.!'11 U) 15 

OJO 0.05 o.os 
0.17 0.05 0.04 
0;2.5 0;05 0;!» 
0.50 0.05 0.-05 
l .00 OJ:O 0,00 
2.00 o.'" 0.52 
4.CO 2.56 3.52 

10.00 2LOO 28i!>) 
16.00 51.16 14.2• 

20 

1).0,S 

0 ,().1 

l).l)4 

o.os 
o .. uo 
0.76 
,l.ko 

JILOO 
97.~ 

8 

60 120 156 lilt 

·o.os 0.01 o.os 0.1~ 0.29 o.:n 0.43 
0.04 0.06 0.07 O.lll 0.21l 0.36 0.42. 
M4 ll.06 o,o; o.n o.:n o.Js 0.41 
0.05 0.06 0.06 0.12 O.l ll 0,24 0:26 
(I.OD O.OD i).OO 0.00 O,OD 0.00 O.IY,I 
1.28 J.32 U2 J .28 1.24 .1.20· 1.20 
7.J6 9.76 11ug 10.24 10.os <i.S>l 9_91· 

59JJO 76.00 8MO Sl.00 ~ .00 83.00 S'3.00 
tB.M 215.04 225.2$ 225.28 225.28 223.2& 225.1& 

Sll4•'2 'l'rat1$ilwn, Rec1,mgulllr co no1md, Slipply Air Sys1ems 

c. V;II~"' 

0 
AiA1 JO l!i Zll JO 4i 61) 90 120 JSO 

1). 10 0.0S 0.03 1).0S 0.0:5 0.07 0.08 0.19 0.29 0~.37 
0. 17 0.05 o.os ON l).fl4 0.06 om 0.IK 0.28 0.36 
j)2.) 0..(11; 0.•)5 1),05 l)J)4 ·3.06 om (1.17 O.l? 0:3;5 
0.50 {UJ6 0 .07 0.01 ll.OS 0.06 !i.(16 o. i2 O.!S 02.J 
l ;-00 {},(II) ii.Of) 0.00 O. CO 0.00 0,00 Q.00 0.1)!1 OJJ•) 
2.00 0.-60 (J.S~ Ll>'J 1.20 U2 l.'.;2 U2 1.28 t:24 
4,0(\ 4 .(li) $,71) i ,:;!:0 3.J2 9.2S 9.9 2 10.24 10.24 )0.2~ 

10.1:0 '.l-0.00 1-0.(U} H .M 64_{;,j 15.CO :$4.!JI) 89.0(} 11.00 91.00 
l(,,CO 7f,.HI) IJS.24 i,.';5.f,!< 166.40 197.12 '22S.2S N J.20 250.RK 250.HS 

SD5- I \Vye, 4:5 0<'1:rce, Dlvcq~ing 

Qo!Q, 
A,1/A, II. I O.l 11) 0,4 0,5 0.6 0.1 (),8 0.9 

0. 1 -11.J::; (1.39 OAS 

tl.2. 
(I.J 

<J.4 
U.5 
{I.(, 

(I.'] 

0 -~ 

·0 .9 

l.2~ 0.38 
62~J .l.O! 

l.lA l 2..2:5 
2tUS 4.(ll 
30.?3 -6 .'29 
.;'.l ,1}2 9.11) 
57.29 i2.~ ! 
7J.59 l {.i.~.! 

A /.,1: ll .. 1 Ii:? 

! .25 

o.3 

039 OA6 
u.:YJ O.JJ 

ll:l.8 f) .• 3(1 
o.6, o.;s 
1.0! 0.56 
I :S: D.3S 
2.2:> 1-22 
3.% 1_,;9 

OA 

C,,_ Valuu 

Q)Q, 

1).5 --- --- - --·-·--------fL I l). t:~ I)_ lf., 

r• ' : .,;., 

tl.5 
n (; 
!)_"/ 

n.s 
1}. 9 

I) 20 
1). '.;;J 

:.~~ 

(1.15 (J )f, i),2$ 

O. U ii.I-I 1).15 

o 1~ <1.n o 1.: 
u.r·: <:.1-1 1)_1;. 
o.:rn -:u J o. ! ~ 
1.1.~1;. G l~ O. !ii 
(1.3.(i 0. 2t) 0 . i 5 
1_1 _( '-: ! 0 3 (1 f• !9 

(l.48 0.4:5 
0.H OA•I 
o.J t o:,s 
O.JO O.'.lO 
(l.JH O.J i 

O.Sl OJS 
0.74 0.10 
1.02 f/.(,, 

l). •U( OAJi 

(l.J9 OAJ 
o.n 11.36 
(Ull ·Oj ! 

(1.)I l.l.:30 
0.38 lU 2 
(1,4~ 0-'& 

{l,G ~.7 0.8 11/1 

0. 16 O.:!O 
(I_ I ~ I) l '.' (1 l ~

G. H l).t~ 0.1 ~1 
f:. IJ •\ !4 1; 1.t 

U-. 1~ 1.1.: {:. 1:-
iU ,\ O.~ :l. J:! 

l:-1 6 IJ.t (; I.; 

1t34 
1). 1~ 

(1.15 
(1 1.:: 
0.1 .:; 
f1 I ; 

AS-589 

IHO 

0.43 
iU2 
0.-11 
il.Z6 
O.OD 
1.20 

)0 . .24 

88.00 
·2JK.flS 

Oc 

.... 
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Duct Design 

SDS-9 Tee, Diverging 

A6'A, 0.1 0.2 0.3 

0. 1 1.20 0.62 0.80 
0.2 4 .10 1.20 o.n 
0.3 8.99 2.40 1.20 
0.4 15.89 4.10 1.94 
0.5 24.80 6.29 2.91 
0.6 35.73 8.99 4.JO 
0.7 48.67 12.19 5.51 
0.8 63.63 15.89 7.14 
0.9 80.60 20.10 8.99 

A,IA, 0.1 0.2 0.3 

0.1 0 . 13 0.16 
0.2 0.20 0. 13 0.15 
0.3 0.90 0. 13 0.13 
0.4 2.88 0 .20 0.14 
0.5 6.25 0.37 0.17 
0.6 11.88 0.90 0.20 
0.7 18.62 1.71 0.33 
0.8 26.88 2.88 0.50 
0.9 36.45 4.46 0.90 

C6 Value;, 

Q~Q~ 

0.4 0.5 0.6 

1.28 1.99 2 .92 
0.62 0.66 0.80 
0.81 0.66 0.62 
1.20 0.88 0.72 
1.74 1.20 0.92 
2.40 1.62 1.20 
3.19 2.12 1.55 
4. 10 2.70 1.94 
5.13 3.36 2.40 

C, V:ilu,. 

Q,JQ, 
0.4 0.5 0.6 

0.16 0.28 
0.14 0. 15 0.16 
0 ,13 0.14 0.15 
0.14 0.13 0.14 
0. 13 0.14 0.13 
0.18 0.16 0.14 
0.20 0.15 0.14 
0.30 0.19 0.16 

RPP-24544 REV Id 

0.7 

4.07 
I.OJ 
0.64 
0.64 
0.77 
0.96 
1.20 
1.49 
1.83 

0.7 

0.20 
0.15 
0.14 
0.14 
0.13 
0.13 
0.15 

0.8 0.9 

5.44 7.02 
1.28 1.60 
0.70 0.80 
0.62 0.63 
0.68 0.63 
0.81 0.72 
0.99 0 .85 
1.20 1.01 
1.46 1.20 

0.8 0.9 

0.16 0 .34 
0.15 0.15 
0.14 · 0.15 
0.15 0.14 
0.13 0.14 
0.14 0. 13 
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35.49 -

De - D, (1• min. o, 12-mox .) 
SDS-10 Tee, Conical Branch Tnpcrcd into Body, Diverging De r:J C6 Values r Q,IQ, Oc o, 
A,IA,. 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

Ac As 
0.1 0.65 0.24 
0.2 2.98 0.65 O.J3 0.24 0.18 
0.3 7.36 1.56 0.65 0.39 0.29 0.24 0.20 

~Lr 0.4 13.78 2.98 1.20 0.65 0.43 0.33 0 .27 0.24 0.21 
0.5 22.24 4.n 1.98 1.04 0.65 0.47 0.36 0 .30 0.26 4• 

0.6 J2 .73 7.3(> 2.98 1.56 0.96 0.65 0.49 0 .39 0.33 7 
0.7 45.26 10.32 4.21 2.21 1.34 0.90 0 .65 0.51 0.42 
O.S 59.82 13.78 5.67 2.98 1.80 1.20 0 .86 0.65 0.52 I o. 
0.9 76.41 17.75 7.36 3.88 2.JS 1.56 I.II 0.83 0.65 

Oo A, 

C, Values 

Q,IQ, 

AiA'" 0. 1 0.2 0.3 0.4 0.5 0.6 0.7 o.x O.!> 

0. 1 0.13 0.16 
0.2 0 .20 0 .13 0.15 0. 16 0 .28 
0.3 0.90 0 .13 0.13 0. 14 0.15 0. 16 0.20 
0.4 2.X8 0 .20 0.14 0.13 0.14 0. 15 0.1 5 0. 16 0.34 
0.5 6.25 0 .37 0.17 0.14 0. 13 0 .14 0. 14 0 .15 0.1 5 
0.6 11 .83 0 .90 0.20 0.13 0. 14 0. 13 0. 14 0 .14 0. 15 
0.7 18.62 1.71 0.33 0 .18 0.16 0. 14 0. 13 0 . 15 0.14 
0,8 2/,.88 2.XX 0.50 0.20 (1.15 0.14 0. 13 ()_lJ 0.1 4 
0.9 J6.45 4.46 0.90 0.30 0.19 0. 16 0. 15 0.14 0 . 13 

A5-590 
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DuctD.eslgn 

I = 2.0 in, 
s ;;; 1.5 In. 

CR3-l2 Elbow, Mlterro, 90 Dti:nc:, $inglc:-Thickne5s Vanes (3..2-:; ln. Vl\n~ Sj,acl»g) 

c. -0.33 

r>• 4 .Sill. 
s = 325 in. 

(;fU-lS Ell,ow, I\Utcrcd,90 Degree, Doublt-Thlclm~s V:in.,. (2.12:S in. Vs nc Sp~dng) 

Q -
W X H 

AS-591 

a -

•:i -----
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Wx H 

\'/ x H 

r = 2.0 in. 
s -= 2.125 in. 
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.CR3-16 Elbow, Mitered, 90 Degree, Double-Thickness Vanes (3.15 in. V11ne Sp'!cing) 

c.-0.41 

Q 

W X H 

CRJ-17 Elbow, Z-Shaped . 

c, Values 

LIii' 
HIii' 0.0 0.4 0.6 0.8 . l.O 1.2 1.4 L6 1.8 2.0 4.0 8.0 10.0 100.0 Q 

0.25 0.00 0.68 0.99 1.77 2.89 3.97 4.4 1 4.60 4.64 4.60 3.39 3.03 2.70 2.53 

0.50 0.00 0.66 0.96 1.72 2.81 3.86 4.29 4.47 4.52 4.47 3.30 2.94 2.62 2.46 

0.75 0.00 0.64 0.94 l.67 2.74 3.75 4.17 4.35 4.39 4.35 3.20 2.86 2.55 2.39 

1.00 0.00 0.62 0.90 1.61 2.63 3.6 1 4.01 4.18 4.22 4.18 3.08 2.75 2.45 2.30 

1.50 0.00 0.59 0.86 1.53 2.50 3.43 3.8 1 3.97 4.01 3.97 2.93 2.61 2.33 2.19 

C0 = K,Cp 

H 

w 

r=-4:S in. 
s'=.3.25 in. 

2.00 0.00 0.56 0.8 1 1.45 2.37 3.25 3.61 3.76 3.80 3.76 2.77 2.48 2.21 2.07 

3.00 0.00 0.51 0.75 1.34 2.18 3.00 3.33 3.47 3.50 3.47 2.56 2.28 2.03 1.91 

4.00 0.00 0.48 0.70 1.26 2.05 2.82 3.13 3.26 3.29 3.26 2.40 2.15 1.91_ 1.79 

6.00 0.00 0.45 0.65 1.16 1.89 2.60 2.89 3.01 3.04 3.01 2.22 1.98 1.76 1.66 

8.00 0.00 0.43 0.63 1.13 l.84 2.53 2.81 2.93 2.95 2.93 2.16 1.93 1.72 1.61 

where K, = Reynolds number correclion factor 

Reynolds Number Correction F:u:tor K, 

kcllOOO 10 20 30 40 60 80 JOO 140 500 

K, 1.40 1.26 1.19 1.14 1.09 1.06 1.04 1.00 1.00 

AS-592 
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Dud Design 

06-l Scref!II (Only) 

C,\'slun 
,, 

A 1u. o.3'0 0.35 o.-ii» o . .as o.so o.ss o.,o us 0.-10 0.7$ o.so o.,o 1.00 

0.2 155.00 li>i.5-075.00S:S.CO 41.2S 31.5024..25 1&.JS IUO I 1.00 8.00 3.50 0.00 
0.3 68.89 45.siViJ..3324.4418.3314.0010.18 8.33 6.44 4.89 3.56 1.56 O.OI) 
0.4 :JS,75 :25,63 18.iS JJ.,7;5 10.31 7.38 6,-06 4..69 3.6l 2,7S 2.00 O.llS 0.00 
0.5 2A.SO 16.40 ll.00 11.80 6.60 5.04 3.88 :3.00 2.32 !.76 1.28 0.56 0.00 
o.6 11.22 .r 1.19 s .:n 6.H ,us uo u,9 2.os 1.61 1.22 o.8'> o.39 o.oo 
0.1 12.65 S.37 6.12 4.49 ;J,;17 1..51 1.98 1.53 1.1'3 0.9\l Q.65 0.29 ll.00 
0.8 9.69 6.40 4,69 3.44 l.5S 1.97 LS2 U7 0.91 0.6, 0.51> ·il.22 O.M 
0.9 7.65 5.06 3.10 i :12 :?.04 i.:S6 1:20 0.93 0.72 O.S4 0.40 0. 17 ·0.-00 
1.0 6.20 4.10 3.00 2..20 L6S l .2!i 0.97 0.1S 0.58 0.44 0.32 ·0,14 0.00 
1.2. 4,3.1 2,85 Z.1)8 JS3 J.15 (l.8S 0.67 0.52 Q.40 0,31 0.22 0.10 tHiO 
1.4 3, l 1> 2.09 l.53 l."12 OJM 0.64 OA9 0.3S O.lO 0.22- o. I 6 0.0i 0.00 
l.6 2.42 1.60 1.11 0.~6 0.64 0.0 O.JS -0.29 0.23 0.17 0.13 0.05 0.00 
LS l.9 1 l.27 0,93 fl.611 0.51 0,l'} 0.30 O,J3 0.13 0.14 O.JD 0.04 o.r.o 
2 .. 0 l.SS ).0) 0.7S . 0.55 0.41 0.32 0.24 0.19 O. IS O.i I 0.0S 0.0-J i>.-01) 
2.5 0.99 0.66 OAK 0.35 U.26 0.20 0.16 OJ2 -0.09 0.07 0.0S 0~02 0:00 
'.l.O 0.69 0.46 0.'.!-3 0.24 0. 18 0.14 0.11 0.08 0.06 (I.OS 0 ,(14 0 ,02 0.f.O 
4 .0 (l,J? {U6 0.1? O.l4 O. lO II.OS 0,06 0.05 O.O•I 0.03 t>.OZ ll.01 O.IXl 
6.0 o:J.17 U.11 O.Oil 0.06 0Jl5 0114 O.IJ'.l O..tl2 0.02 0.01 0.01 0.00 O.CO 

CR6-4 Obm·11ctfon, Smooth Cyllnder In Recta11~war Duet 

a 
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11 u r,e,1.ar~~ rai;) or woo~ 
A.":mo~ordutl 
A, = -poo .. ocdional.,...,., a 

~Jct oc fit6ng wh= 
:;=~n i:; !<=led 

{_· -~---~--t *~G 
ctWlA0 < 0.3 
where 

Sm=dW 
Re ,. f(d . v.) 

;•'II 
O.tiO 

0.05 

0.H> 

0. 1;" 

-:: ~I.• 

Rr.11000 
O.i 
o.s 
l(JO 
JOO 
40(# 
~o 
MlO 

10::IJ 

0.1 
0.5 
~ll\1 
JG\I 
41Y.J 
5~0 
6C{J 

J(lt,J 

O.OII 
0.l)'J 
0.00 
0.IXl 
0 ,1),1 

ll.lX\ 
OJ)O 
0.00 
!J.O~ 

0.0ll 
0 .0P 
O,!)ll 
0 .01) 
0.00 
0.1)1) 
0.'JO 
(J.(JI) 

ii.Oil 
(I.QI) 

O.•JO 
0.00 
(l.(11) 
(l_{Jf.• 
U.<JI) 
U.<11.i 

0.(15 

0 .10 
OX•~ 
1).liK 
0.o7 
0,05 
0.(/,l 
0.(12 
O.Ctl 

O.!O 
0.0~ 
0.03 
0.07 
(l,05 
0,04 
0.(12 
11.02 

1) .. 09 
Q.!/7 
t)(J? 
l)J':(i 
I_) _{}~ 
l~.U..;. 
ll.llZ 
1).1}1 

s .. 1A,1 

1).10 

0.2! 
0.17 
0. 1:i 
0. 16 
(l.ll 
0.~1 
0.05 
0.05 

0.ZJ 
0.17 
0.11 
CJ. i ;i 
O.ll 
0.08 
(1_1)4 
0.0:i 

(l. :W 
IJ.!6 
{1.16 
!J.15 
(l_Jj 
o.o:, 
{)_i,)4 
U.~J~ 

n.19 
l}, J;; 
nas 
O.J-1 
Ii l (i 
li.f::~ 
Ii I:,~ 
lit~ 

0. 15 

0.3} 
ll.:2S 
li2S 
0:26 
0. 19 
0.1~ 
0,-07 
0.03 

D.J.I 
0.27 
0.21 
0.25 
0.!8 
0, D 
0.0? 
1).()8 

O.JJ 
0.2, 
0.26 
0.Z4 
0, Ii 
(J.l.l 
0.01 
1.1.08 

n.3 I 
H,.25 
(.1, 25 
O. Z.l 
1;. 1, 
I:. I:! 
IHI: 
1).(1;' 

0.20 

0.47 
f)j$ 
b.38 
0.J5 
0,25 
1).19 
0.10 
(I.I I 

f) _,t.1, 

O.J-7 
O.J7 
0)4 
0.24 
0. )8 
0 .! 1) 
O.! I 

0.-14 
IJ.JS 
{1.35 
(t\2. 

•J.2) 
O 18 
!}_(f~) 
,O_ JI) 

1--w~ 

fl .30 

ii.J.) 

IJ •• J~} 

ltc/100~ 11.00 

4-00 0.00 
:i•~O 1).GO 
6'JO 0.-00 

ICYJO l•.to 

O,l 0.L'O 
0,5 OXQ 
zco om 
3CO 0.1);:0 
4CO 0.00 
:'.\t(J fJ.l'>:I 
6CO 0.00 

roto ox,il 
11. 1 ,)_r,o 
l>.S •~m 
ZI}) 0.00 
31)~ (l.00 
~ 1)0 0.1)() 
51)0 0.1)1) 
-:,(IU 0.01) 

l{lOU 0 .(11) 

0.1 II.OD 
0 .5 11.(11) 
nm 1).1)0 
300 001) 
4()1} 0.(11) 
$(.Iii lU II) 
&JI! IU lt) 

1m,; 1;.1;0 

~u o":rr 
0.5 1, .-1:0 

0.05 
0,04 
00) 
o.oz 
0.f>2 

l).ll~ 
(1.06 

0.05 
0,1)1; 
OM 
O.o3 
(l.ol 
0.02 

0.07 
0.06 
0.06 
o.os 
,l(I;\ 
~J.1)J 
<;.,n. 
n.,J1 

{}.(fj 

a.,1s 
ll.()5 
~.05 
1).04 
D.01 
t>.(:J 
1:,,uz 

:l•'.J(t 0 .{;(1 r., t:~~ 
] ,:!l) l)J:tt 1.1.l:~ 

I• I:•:~ I.• I 1:, ~,j ti -liJ .tWJ 0J~0 (1.1:•3 
(1.1 :-"7 I.• I I'.· .'4 1\_l ~ :5l;(1 0.t:(J 0.1'.•2 
o.1r.• r• .1 t;,I: ,.,.J: ..-,Gf• ,1.1:~1 o.i;.1 
O.l:•.f1 Cl.! O.:!: 1.1.;! 11 l(li;(I (1,IXl 11,1:,1 

S.,M., 
11.10 

0. 10 
O.ll'i 
l).i½ 
0.!:14 

0.17 
0.l<l 
0.14 
0.1:l 
0.09 
om 
0.04 
0-°4 

{1. 16 
(l . i3 
•J.-l J 
(U2 
(l.(lr, 
0.06 
{).(13 
u.o~ 

0.13 
l). JO 
1). l (l 
1).1:,,,) 
o.1r: 
0.1)5 
(1 ,1)3 

0.1) :: 

0.15 
ll.16 
O.J2 
0.tJ6 
0,0'1 

0 .1.s 
0 .21 
0.21 
o .. w 
0.15 
0,1 1 
0,0G 
O.OG 

o.ici 
0.21 
Q.21 
0 . .1'! 
0,14 
(l, Jl) 

11.05 
{1_(16 

·0 . .2'] 
D.19 
D. 19 
0 .. 1, 
IU2 
1;_,:;9 
1)_!!5 

IJ.G5 

l).~(I 

1, .16 
016 

"-'~ i.•.11 
(~ .I)~: 
t) J .. '4 
O.US 

().20 
11.2 1 
(l, 16 
11.(19 
(Hi9 

li.'3.8 
i)j() 
0..10 
r,.2s 
0.20 
O.JS 
0.-0:S 
0.09 

Co.lS 
t).2~ 

o.za 
0.26 
0.19 
(1.14 
om 
{1.0~ 

0.3? 
0.2i 
U.25 
tt2) 
ll.)1 
{L IJ 
lH l'i 
IJ.(17 

l).;ts 
1:.22 
ti.1.2 
IJ.10 
0.15 
1).1 I 
(1.1%, 
IJ.0~, -----------------------~------•--•-.--,--------------------
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CR9-1 Damper, Butterfly 

C, Values 

8 

HIIY 0 10 20 30 40 50 60 65 70 90 

0.12 0.04 0.30 1.10 3.00 8.00 23.00 60.00 100.00 190.00 99999 

0.25 0.08 0.33 1.18 3.30 9.00 26.00 70.00 ) 28.00 210.00 99999 

1.00 0.08 0.3-3 1.18 3.30 9.00 26.00 70.00 128.00 210.00 99999 

2.00 0.13 0.35 1.25 3.60 10.00 29.00 80.00 155.00 230.00 99999 

CR9-3 Damper, Par.illcl Blades 

C, Voluts 

0 

LIR 0 10 20 30 40 50 60 70 80 

0.3 0.52 o. 79 1.49 2.20 4.95 8.73 14. 15 32.11 122.06 
0.4 0.52 0.84 1.56 2.25 5.03 9.00 16.00 37.73 156.58 
0.5 0.52 0.88 1.62 2.35 5.11 9.52 18.88 44.79 187.85 
0.6 0.52 0.92 1.66 2.45 5.20 9.77 21.75 53.78 288.89 
0.8 0.52 0.96 1.69 2.55 5.30 I 0.03 22.80 65.46 295.22 
1.0 0.52 1.00 1.76 2.66 5.40 10.53 23.84 73.23 361.00 
1.5 0.52 1.08 1.83 2.78 5.44 11.21 27.56 97.4 1 495.JI 

CR9-4 Damper, Opposed Blades 

C, Values 

8 
LIR 0 10 20 30 40 SIi 60 70 HO 

0.3 0.52 0.79 1.9 1 3.77 8.55 19.46 70.12 295.21 807.23 
0.4 0.52 0.85 2.07 4.61 I 0.4 2 26. 73 92.90 346.25 926.34 
0.5 0.52 0.93 2.25 5.44 12.29 33.99 I 18.91 393.36 1045.44 
0.6 0.52 1.00 2.46 5.99 14. I 5 41.26 143.69 440.25 I 163.09 
0.8 0.52 1.08 2.66 6.96 18.18 56.47 193 .92 520.27 1324.85 
1.0 0.52 1.17 2.91 7.31 20.25 71. 68 245.45 576.00 152 1.00 
1.5 0.52 1.38 3.16 9.51 27.56 107.4 1 361.00 7 17.05 1804.40 

CR9-6 Fire Damper, Curtain Type, Type B 

en - 0.19 
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f 
HxW 

NW 
L/R= 2(H+W) 
where 

N = number o1 damper blades 

H x .W 

_a __ 
A,, 

CRIMPED 
LEAF EDGE 

W = duct dimension parallef to blade axis, in. 
H = duct hoight. in. 
L = sum of damper blllde lenglhs, in. 
R = perimeter of duel , in. 

H x W 

NW 
UR= 2(H + W) 
where 

N = number of damper blades 

LEAF EDGE 

W :::: Uuct dimension parallel to blade axis, in. 
H : duct height, in. 
L • sum of damper blade lengths, in. 
R =- perimeter of duel , in. 

l ,.,_ .:· .· . . -::: 
: . . . . . 
. . . : 

. ·. ' ... · 

MOUNTING ANGLE (TYP.) 
SLEEVE 

a 

DUCT 
(W x H) 

TYPE "B" FIRE 
DAMPER (VERT. 
ORHORJZ. ) 
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Duct Design 

ER2-l Bl'llmoatb, l'lenltiJ1 -to Round. Exh11IIW:Rehttn Sy.itt1ns 

C, V:wits 

rlD j 

A/A1 ll.00 o.e1 .0,01 8.03 $.IM il.il5 11.1)6 &.08 uo • • 12 0.16 iu• 
1.5 Oll 0.20 0.15 0.}4 0.12 -0.JO 0,0:9 0.07 o.os OJ}l 0.03 !),01 

.2:0 0.13 0 ,11 O:OS 0.0& O.ll7 0Jl6 0.05 ()J),I 0.oJ 0.02 0.02 0 .. 01 
-~ 0.118 0.07 0.05 ().Oj 0.04 0.04 0.03 0.02 O.o2 0.01 O.ot 0.1)0 
3,0 0.1)6 o.os O.N 0.03 0.03 ·M2 O.Ol -0.02 O.ol ()..OJ 0,01 D.00 
,1.0 0.03 11.t)} 0.02 0.(12 0.02 OJ>l O.Ol l)j)I 0.01 0.01 0.00 0.00 
8.0 0.01 0.01 0.01 0.00 0.00 0.00 0.011 OJJO 0.00 0 .00 o.oo 0.00 

ER3-1 E•lbow, '° l)~-grl!e, V,rlablc lol~II011tlet Are,u, 
Exbaust/Rdurn S}':ltems 

C~ V~luu 

"'·'"'· 111.w. 1),6 0;8 l ,O I.? 1.4 u Z-9 

0.2.S L76 l.~3 1.2~ 1.J.I I.Of> 1.(16 1.06 
l .C(l L?O l.36 J, ):S J.Ol 0.9~ 0.9\, o.~ 
4.00 1.46 uo 0.90 (I.lit {1,76 o.n 0,(,6 

11)1).00 '1.50 1.0-I 0.7') 0.69 0.6) o.60 (J_5j 

ER4-I Tr:msili~n, Rcc.t:rni:olar, T,vo Sidca Pnr~lkl, 
Sym,nctrit-lll, Exl.1:i11sl/R<,turn Sy$len1~ 

c. v.1 ... -s 

8 

A.,.'.i11 10 15 20 30 45 6-0 911 IZ0 15ll 
· -

().06 1).26 0 .. 27 o .. ~u ,j_5(i 0.7 1 o.S6 l.t,:; 0_91 Q.!i3 
0. 10 1)_24 O~U, (I.% <1,;5 ) 0.(,? (1.S~ 0.9, 0 .9;1 D.92 

0.25 Q. 11 1).1\) 0.22 0.-;2 0.60 MS 0.70 <J.69 l)_,;7 
0,51) OH {}, lJ {I, 1 ~ \1,.24 (}J5 (l,3 i O_JR O..;l7 0 .3 .. ) 
1.00 0.-00 0.(1(1 0.00 0.00 l).0 1) Q.(11) O.C•O MO 1),1)0 

HID rtn lt20 .fi.21) 0.21) 0.24 0.2:i O.!-•I o::s l.Oi 
4.01) 0.8 1 l>.M O.ti4 \I.M {>,,88 1.12 2.1s 4~JS 5.65 
6.uo l.~2 lA~ IA.J J.iM I.Y:i 2.~3 6.!-6 HU(t 13.(,Q 
)P.f.<;l 5,D;\ SJ h) 5.!lt) 5.00 6c50 S.02 l9. l0 19.10 ]7.Hl 

. k'JU-3 Tra,1siti1111, R4'ctaugubr to Round, Exhau.,1/R.,l'lln1 System, 

c~ \rntuc.s 

0 
A, !A 1 Ill 15 :W J{I -1~ 611 •){J 1;0 151) 11>\l 

0.{Uj (l..:.H) G.j-1 {)._'{:l U.6~ 1}"77 i>.3.j 'J.'9S 0,98 li,~JS (1,93 
0. 10 (1 .. 31) ~! . .50 IL5J (1.6•1 tt 75 L\.84 !tK9 O.'JL !).91 tl.~8 
l).iS ~).25 {}_~(~ f~.~5 0-. ; 2. f!. 5S 1/.6"2 f}Ai4 \t.t,:a l).f:4 0 .6ll 
D-5•) -0. 15 n.:2 1 1L2S U-30 !LB 1)33 l~jJ (l.~-2 0.31 iJ.31J 
i .i!(I U (:t) \t ( 11} f:•.\Jti G·.CO r, f;i) (•.IXI C\ 00 (l .()I) 0.1'.,() t't .00 

:! .li'J O_~•l 1L2~. :t2(~ li-2(1 1;,.~z 0_2..:: C-.-N {I ·:"J I) .~)':' I {1,J 

4.11,(1 H· S9 n-;~ I!• 79 l}.":C• 1:0.~-~ L l2 ! .72 •l..;:! -S.62 .~,_:;:) 
r:> .FJ I.~•.) 1.67 !.~,~, I .-l') i.~;•~ 1.5~ 1;.5 _1 '. fl M 13.(15 ! 5 14 

10.c ... 1 5-~~) 5 _-;1 ; 15 s.n5 ;,.s-0 ~J,s 19.1~ ~:J .. u-:; 37.nN .-. :u;;. 
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:10.00 

0.01 
0.01 

0.00 
0.00 

0.01) 

0.0D 

111<1 

0.9S 
0.91 
(1,6(, 

O.J.5 
O,i)O 

l.09 
6.60 

15.21) 
-13,)1) 

Q 

H,,:,cW., 
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35.60 

SlU:-3 Pbin Dlrfuer (Two Sides ParaJld), Freo.Discl,arce 

C~ Vilaes 

$ 
,tiJA. Jh/1600 8 ](l H lO ;o ,n '° ?O tit 

I so 0.-00 0.00 0,00 o.po o.oo 0,00 0.{JO 0,00 0.00 
100 0,00 0,00 0.00 0,00 0,00 0.00 0.00 0,0() 0.00 
i -00 Ct.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
400 D,l)() 0.0() 1).1)0 0.()0 Q,Oi) Q.00 0.t)O 0.1.'() 0.00 

2.000 0.00 o.oo o.oo 0,00 0,00 0.00 0.00 0.00 .0,00 

2 $(1 0,5(1 0,5! 0.56 0.63 0.80 0.96 u» 1.09 1.09 
100 o.~ 0.50 OJ6 0.63 0.80 0.96 .L~ 1.09 1.09 
200 0.-44 0.47 QSl 0.63 0.74 0.93 1.02 1.08 1.08 
400 0.40 0.-42 ll.50 D.62 !l.74 0.93 1.02 I.OIi 1..08 

2-000 ·0.40 0.42 o.so o.~ 0.74 0.93 I.I);? 1.0~ J,03 
4 SU 0 .J4 (1.38 OAS 0.63 0.76 0.91 t.f }3 i.07 L07 

100 0.,1 O.J6 0.45 O.S9 o.n o .. s.~ I.OZ 1.1'7 J.07 
200 0.26 0.31 1),4) 053 0.67 -0.83 1).% J,1Xi l.06 
,fOO o.u 0.2; 0.)9 O.s-3 0.67 i)_g} 0.96 1.06 l.06 

lOO(I 0.22 11.27 0.39 0.53 0.67 1Un 0.96 1.06 UJ6 

6 5-0 0.12 0.34 Ml O.¾ 0.10 0.&4 0.% 1.08 .1.G8 
11)1) 0.27 0.10 0 . .\1 0.56 ()_,0 -0.H4 0.9(j 1.08 1.-0l, 
200 0 .24 0.27 0 .36 0,52 (l.{i7 O.~l 0,94 J.06 J.ll6 
41)0 (l,.ZO 0.14 0.36 Q.Sl 0.67 O.SJ Q,94 1.06 LOti 

20()i) O.i& 0.24 0.34 0.50 o.m O.SI 0.94 1.(1~ LOS 

S.IU-S l'yram.ld:il :0.llfu~er, Free Discbs)'.ge 

c. \'al11_,, 

t) 

A ,IA.. k 1>.ll-Oill) i 10 14 20 ;}1) 4!- 61) 9(l 120 

so o.m> 0.00 0.()!) 0.011 (1.00 0.00 O.i:O 0.1;0 (1.00 
lllO 0.00 0,00 0.00 0.(10 0.00 OJi!l 1),C(J O.C,0 (1.00 
?{JO 11.00 1H¥J O.W <r.oo 0.0[) 0 .-01) 1).li9 c,.c,o (1 _1) L1 

400 o.no o.r:o 0.00 II.fill 0.00 L\.(10 1).t)iJ O.l)'J IJ.OL1 
2(~1(1 0.00 1).1).1 o.on -0.(li) 1).01) [1.00 O.C-!I 0.1),1 (1.00 

2 50 0.65 O.f.~ 0.74 ,1.in ·1>.n 1.:1}5 !.1(1 l.l\!I J.OH 
! CO 0.61 0.(,6 0.73 O.SI lt<JO t J!<I l,f,t-J 1,l)R J.(18 
200 037 o.61 0.'.lO -0.7~} IX89 1.04 LW i .1)8 I.OS 
,tr.-0 ().50 O.S,S 0.6'1 U.76 0.88 1.02 !.07 1.0K 1.08 

2(1f,(l 050 O.:¼ 0.64 0.76 o.ss l .·ll2 .l.07 1.0K 1.08 

50 11.n 0 .60 0.69 {).7~ i>.90 i.li2 .J.(11 J.(,9 1.09 
Jc,) 1).49 0.5S 0.66 0.7S 0.'JO !.D2 J.1)7 J.(19 1.U9 
21)1.) OA;? 05<! (J.(,? 1),74 1).87 J ,IXl J.06 1.0~ 131~ 
41YJ i).36 0.44 IU6 0.70 1).84 lj,'l9 J.(16 J.(18 1.c:, 

:woo 0.36 0.-H {L<6 0.10 0.~4 0.!>9 1.06 J.O!\ I.OS 
(j 50 1)5(1 0.57 0.66 0.17 IJ.91 1.02 J,07 1.08 LOS 

JC(I 0.47 0.5-1 0.-53 0.76 0.93 ].1)2 J.01 1.08 I.OS 
'.lf,t) () ,H 0.48 ()_(,O 1). 73 0$S l.Ol 1.06 l.'JS 1.(:3 
400 l)J.e 0.44 V5G 0.73 (I_&,; ()_~18 1.(1(, .l.(IS Ul8 

-~UOO 0.34 0 .-H IU6 1).7} 0.2fj 0.9~ 1.% I.OS l.liS 

10 :l-0 0.45 ,U3 f)_{j-i 1).74 (Ul5 •l?': I.Ji) 1.12 t.12 
HXI 0.4(1 (IAS 0.!>2 D.D fJ .SS 0.97 I.JI) 1.1 2 L l2 

::wn fj.J~ 0,-!4 It % 0,(t9 O.S? 0.95 I.II) l.. ll !.I I 
4(•0 f.l.W /.1.4() 055 il ,6·7 /.INJ Q,<), l,•)9 1.11 LI I 

'.::UtYJ 0.2X OA () 1).55 0.67 tJ.S!J 0.93 1m 1.1 1 I.I I 

SR2 -li f')'ra,11i1h1l l)jffu.~c.r, nilh w,.11 
IJOk 11.5 1.0 Z.-0 3.0 -1.0 5.1) 6.U a. (1 Ill.II I Z.O t•.C• 

~ ... - ........ -, ...... , ... --~- . ----· - -~-----. 
___ .,.. .. ..__.,,,.. __ .___,.._,. ... ,... .. ________ 

r 049 ~1..:.1) ti. l i i 0.21) (•.1' li .21 lt l •) (!.1"'! O.! ii 0 .15 U.1-'; .. ,, 
Ii 2 :'i ,.,~ r; II 6 i, 

:1 1~ t!:i: ~-;;·•1111:111!:). rn,~I:~ 
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Ho 
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1-w-l 

1 ·w1·1 
ffi£E g1 H,xW,, a 

"• I OISCtil\,.qGE I 111 

L-+f . J 
_/\ 

O is larger ol li1 .am:! !12 O; pt_,,.-;;\( 

f--V'-•·~ 

---~--rr ~ J f Hc_x'No 

-· ---- ---1-.. cl~ 
.•- -·-/\ 

Ii 
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DuttDesig11 

SR3-1 Elbow, 90 Oe,grce, Variable lnll!t/OnUet 
Areas, Sapply Air Sy5lem1 

c. ¼hie,$ 

w.nr, 
llllY1 -0.ti u 1.0 l .l 1.4 u ;?.O 

0..25 0.63 iL92 124 l .64 2.14 2..71 U4 
LOO Mt 0.87 1.15 1..47 1.86 :l.30 l .l& 
4.1!0 0.:53 11.'70 0:90 1.17 1.49 L84 2.64 

100.00 0.54 -0,67 1),79 0.99 l .23 1..54 1.'W 

SU4, t Transltloo, Red.:mgular, Two Sides l'aralld, 
Symmclrical, Supjily Ai'r Sysitnl8 

c. Vala" 
9 

,i.u, II) IS ·?IJ J() ,IS 60 90 120 1:50 18:0 

O. lO (1,03 (I.OS 1).05 0,05 (lQ7 0.1)~ o.1? 0.29 0.37 'fHj 
0.17 O.os 0.04 (JJM l\.C'4 0.1~ 0.28 o.as om 1)J6 0,42 

0,25 0.05 0.04 0,04 1) ,1)4 il.17 0.21 ~.(!6 0,01 ll.JS •0.4 i 
0,:50 0.06 0.05 (J,05 (1,05 0,14 (1,1;0 0.06 (1,1}1 0,2G 0.27 
LOO 0,00 0.00 0,01} !),O(I ii.OD 0.00 1).00 O.llii 0 .00 1.00 
:rno 0.56 O . .S2 o..so 0.96 1.40 1.48 L~Z U8 'l.44 1:40 
4,00 2.72 J.04 3.S! 6.72 9.60 W.ss 11.20 11 .04 10.i2 10.56 

10.01) 24.(11) 2(i.\1fJ J6.•)0 :,;,0,1 6?.110 l!2,0IJ 9)3,10 !)J,01) 92.0i) 91.1:(1 
16.00 66.5669. 12 11)2.·W H~.~-6 .i:$l.16 220.16156.-00 253A~ Z50,S8 250.llS 

FROM 
FAN 
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.,/J•· 
H 

~ 
> 

~w,, 

I 
--Ho 

------------~---------------------------- =~·. ··· .. --·---· 
SR,1-3 Transition, Round lo Rc'Clao;:ular, Supply Air Sysftnti 

15 

0.11) (H r5 0.0-5 
0.1 J IUJS ltO~-
fJ, 25 1).06 n..{}5 
0 . .S() O.GO lt<Y'/ 
Ult} (dll) O.•:O 

2.M 11.t:O 1).8-< 
:4.{uJ :i.no 5.76 

~ U. ~JO _\C)_fl t) ~l).l)J 

C,V.311U'".,-

2(1 JO 45 

1Ht5 0.1;5 o.m 
0,05 (J.I~ ti.IX, 
1).1)5 OJ:,: O.L'6 

L•.1>1 0.()S i).06 
1).1:<J 0.1:'J (I.IX) 

~ .IX• 1 .2.0 ~ .J? 
7.!~I S.}.2 9.2g 

~ >.t)'.J :_;.:,r.(; ';''; ,1)1 

I) 

r.o 90 

OJ:~ U. 19 

1).07 0 IS 
i).1 )7 t•.17 
1) ,~\:j 1), 12 

0.1\ J t?.1;1) 
~ ,J?. • __ ,..;. 

'J .~'7. 11).2.;. 
84.ffl ~\ 9 .1:(! 

120 J;';O ISIJ 

0 .19 o.n b.43 
c..is OJ/i OA2 
1).2'.I O.H /)Al 
0. 1 ~;,; 0.24 0.2-fi 
O.C-'.I (I.IXJ (1.00 
u s 1.24 1,20 

11\24 l(J.24 10.24 
•;1.oa ,;1.ou :,.!too 
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35.62 

SRS-,1 Smooth W.)~ of Tni-A, +Al~ A,., Bnoc:h:90° to MaJn, Dmrejng 

C• Ya!ua 

f!,ilfl, 
A,IA, A~U., 0.1 •0.'1 0.3 O . .f 11.5 0,6 9,1 0.1 113 

0.50 0.-i.5 3.44 0.70 0-30 0,:W O.l7 0. 16 0.16 0,17 0,IS 
flj0 l 1.00 137 L06 0.64 0.52 o.41 0.47 0.-47 0.4B 
1,00 6().C)Q J3.0Q 4..7$ 2.06 0-96 i,l.47 0,31 (),27 0,26 

0,7.1 0.2.5 2.19 055 OjS 0.3] o,n OJS 0.36 0.37 O,J9 
D.S<l 13.(JO 2.50 il,&9 0.47 0.3,1 · {l.3j 0.32 il.16 0.4:l 

1.00 10.00 15 .. 00. H,1 2.62. 1.36 0.18 0.53 1MJ 0.36 

J.00 o.2.S 3.4-4 O.'n 0.42 0.33 0.30 , 0.11 OJIO 0.42 0-46 
05() I S.50 lJ'-0 I. I I 0.62 OAS llA2 0.40 0.42 0.46 
1.00 67 .. 00 13.75 5.ll HJ 1.:28 0.81 0.59 0.41 Q.46 

0.50 0.15 

il,75 

0.50 
1.00 

0.15 
0.5-0 
i.OU 

S.15 
7.50 
3-0(J 

19. 13 
20.Sl 
16.88 

J ,OP 0.25 46.t:o 
0.5-0 35.00 

C, Val11u 

Q,JQ,. 
0:2 (),3 M 1).5 0,6 0.7 0.8 0.9 
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,,_.PUTS 

Height (Ho! in.) 
Width (Wo, in.} 

Height (H1, in.) 

Width (Vv_1, in.) 
length (L. ln.} 

Flow Rate {Q, cfm) 
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ASHRAE DUCT FITTING DATABASE 
Ve~ion2.5.0 

(CR6-3) Orifice, Thfck-Ed9od 
(ldelchik 1986, Diagram 4-15) 

5.3 

5.3 

4.9 
4.9 

24.0 

400 

\"/ .~ ) 
'' 

OUTPUTS 

Velocity (Vo, fpm) 

. Val Pres at Vo (Pv, in. wg) 

----'vV t x H r 

I 
; 

I ' r--L-~ 
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Loss Coefficient (Co) 

Pressure Loss (in. wg) 
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2. Spreadsheet Owner, Organization, MSIN, & Phone No.: John J. Irwin, 375-7866 

3. Spreadsheet File Name and Version No.: M:\Demonstration Bulk VIT\Fiscal Year 2006 Work\Calculations\OGTS Bypass 

Thermal Hydraulics Analysis\Work Files\Bypass Duct Elements 8 inch.xis 3/24/06 

4. Function and Purpose of Spreadsheet: Calculate Thermal Hydraulic K-Losses and Heat Transfer Coeffiecents for DBVS OGTS 
Bypass System 

5. Spreadsheet Category: • Critical Spreadsheet @ Non-Critical Spreadsheet • Multiple-Use Spreadsheet 

6. Associated Document(s): Calculation 145579-D-CA-056 I 6a. Attachments: NA 

7. Scope of Verification: @ Input Data 0 Formulas • Changes Only • Macros/Add-ins • Other 

8. Scope Description: Scope of verification was limited to 15% of the input fields to the calculation and the External Convection 
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9. Verification Checklist: Yes No NA 

a. All unique formulas in spreadsheet have been checked that they correctly perform their intended function. 0 • • 
b. Non-unique formulas have been reviewed to confirm that they have been correctly copied. 0 • • 
C. All values are correctly labeled with units. 0 • • 
d. Formulas were checked for dimensional consistency. 0 • • 
e. Spreadsheet contains no hidden pages or formulas/data on hidden ranges/pages have been verified . @ • • 
f. Links to external workbooks have been verified. • • @ 

g. Input data used in the spreadsheet are appropriate and have been checked against their original source. 0 • • 
h. Spreadsheet has been reviewed for common errors. See TFC-ENG-DESIGN-C-32, Attachment C for guidance. 0 • • 
i. Assumptions in the spreadsheet are reasonable and supportable. 0 • • 
j. Macros contained in the spreadsheet have been verified for correct operation . • • 0 
k. Add-in software is commercially available software, suitable for its intended purpose, and is a production version of the • • @ 

software (e.g. not be a ''beta" or test version). 
I. Spreadsheet contains a documentation sheet with spreadsheet purpose, methodology, assumptions, and reference to 0 • • current SVF No. 
m. A change log is included for multiple-use or revised single-u se spreadsheets and all changes in the log have been verified. • • 0 
n. If the spreadsheet is a critical spreadsheet, a published spreadsheet description document has been produced that • • 0 

provides a description of the spreadsheet purpose, assumptions, methodology. 
0 . Spreadsheet has been protected against inadvertent change per TFC-ENG-DESIGN-C-32, Section 4.6.3. 0 • • 
p. All errors identified during verification have been corrected and the spreadsheet is suitable for its intended purpose. 0 • • 

10. Comments: (Explanation for any items marked "No" must be provided) 

See attached pages for verifcalion evidence (32 pages attached) 

11. Approvals/Clearance: Printed Name: Siar1atur.e: / Date: Release Stamp 

Spreadsheet Owner: John J. frwin //~~mUh1 1/4Plt>6 
Spreadsheet Verifier: Kurt J. McCracken & ~v- • L '31":I.?)~<:, -., .=,,-_ - . 
Owner's Manager: Ja-Kael Luey {1!)(//4~ 3/27/c,t 
LCCB Approval (if required): (V ..,. 
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Clearance Review: 
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Calculation No 145579-D CA-05614§§+9 9 
GA Q§e ORIGINATOR: John Irwin 02-22-

Rev. No.: 0 
200602 22 200(i 

Calculation Title : DBVS OGTS Bypass System CHECKER: Jack McConwell 
Thermal Hydraulics Analysis 

6.0 Calculations and Analyses 

The AFT Arrow model, as shown in the figure, considers the process loop as follows: 

I t ,,...,, 
JJO 

To M ain 

[Q] ClGTS 
P!1 

[ill ... 

Jl3 

Jl2 

"'1·902 

P l2 

l '" 
ml J3I 
~ l olr~ ·-· 

r,!;-,m 
~lo lu, n 

GHEPA 

The drawings used to develop the AFT physical model are contained in Attachment 1. 
The AFT Anow Input and Output Files for the various cases analyzed are in 
Attachment 2. Attachment 3 contains the flow coefficient and physical configuration 

Form EP 3.3-2F, April 2005 
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AFT Arrow 3 •• : 
DMJMH+N · . •. 

(1 of 6) 2/17/2006 12:42 PM 

AFT Arro'II Model, OGTS B~-pass System T-~ 
'•- .··.-,, . 

Title: AF( Arrow Model, OGTS Bypass System T-H Model Case 2 
Input File: C:\AFT Products\AFT Arrow\Bypass Flow 8 inch Pipe Rev B.aro 

Number Of Pipes= 25 
Number Of Junctions= 25 

Length March Solution Method with Mach Nuniber Limits 
Length Step Size= 12 inches 
Mach Number Increment= 0 .0·1 
Pressure Tolerance= 0.000·t relative change 
Mass Flow Rate Tolerance= 0.0001 relati•1e change 
Enthalpy Tolerance= 0.000·1 relative change 
Flow Relaxation= (Automatic) 
Pressure Relaxation= (Automatic) 
Resistance Relaxation= (Automatic) 

Fluid Database: AFT Standard 
Fluid: Air 
Max Fluid Temperature Data= 1000 deg. K 
Min Fluid Temperature Data= 200 deg. K 
Molecular Weight =28.97 amu 
Gas Constant =0.06855 Btu,1bm-R 
Critical Pressure =37.25 aim 
Criiical Temperature =132.41 deg. K 
Acentric Faclor-=0.021. 
Equation of State= Redli_ch-Kwong 
Enthalpy Model= Generalized 
Specific Heat Ratio Accuracy= High 
Atmospheric Pressure= 14.5 psia 
Gravitational Acceleration= 1 g 
Standard Pressure= 14.696 psia 
Standard Temperature= 60 deg. F 
Turbulent Flow Above Reynolds Number= 4000 
Laminar Flow Below Reynolds Number= 2300 

Pioe In ,ut Table 
Pipe Name Pipe Length Length Hydraulic Hydraulic Friction Roughness Roughness Losses (K) Initial Flow 

Defined Units Diameter Diam. Units Dala Set Units - ---
I Pipe Yes 64 inches 6.065 inches Unsoecified 0.00015 feet { 2.93 -., 
2 Pipe Yes 104 inches 6.065 - inches Unsoecified 0.00015 feet ~ 
3 Pioe Yes 163 inches 4.026 inches Unsoec1fied 0 .00015 feet 

I ~14;-')a 3FEs Yes 62 inches 6.065 inches Unsoecified 0.00015 feet 
5 Pipe Yes 22 inches 4 025 inches Unspecified 0.00015 feet 

6 pin,, Yes 72 inches 6.065 inches Unspecified 0.00015 feet 
~:iii Pipe Yes 141.5 inches 5047 inches Unsoecified 0.00015 feet 

8 Pipe Yes 6 inches 6.065 inches Unspecified 0.00015 feel I 9 Pine Yes 10.5 inches 6.065 inches Unsoecified 0.00015 feel 
10 Pipe Yes 8 inches 6065 inches Unsoecified 0 .00015 feet 
11 Pioe Yes 6 inches 6065 inches Unspecified 0.00015 feet 
12 Pipe Yes 12 inches 6.065 · inches Unspecified 0.000·15 feel {j ~109545 r-V ,cJ-l:f' ""' 13 Pipe Yes an inches 8.329 inches Unsoecilied 0 .00015 feet {Du -o,3q 
14 Pipe Yes 1969 inches 8.32::J inches Unsoe.cilied 0 .000 ·15 feet fmlf 

#N $'~- Pioe Yes "'~7:1~ inches 8.329 inches Unspecified 0.0001 5 feet ' (1 .1 ro-Q;l. 
16 - Pioe Yes fa inches 8.329 inches Unspecified 0.00015 feet fO~O f't;R 

17 Pipe Yes ·12 inches 8.329 inches Unsoecified 0 000·15 feet f OM1 $FR"'•~ ,I 

·rn Pioe Yes '12 i1iches 8.329 inches Unsoecified 0.000·15 feet .. o.rr-
19 Pipe Yes 12 inches 8.329 inches Unspecified 0 .00015 feet '1 0 
20 Pioe Yes 564 inches 3329 inches Unsoecified 0.000 ·15 feet t/2.0ir ? 
2·1 Pioe Yes 104 inches 12.39 inches Unspecified 0.00015 feet Ll.4M 1 . <-l ~ p, $l. 

22 Pipe Ye s 6 i11ches 6 065 inches Unspeciiierl 0.000'15 feel \!l.!)4 O Pt!:R .$!, 

23 Pioe Yes 268 inches 6.065 inches Unsoe6iierl 0 .00015 feet \:o,1f ,._.0. ,1 I tr 
30 Pipe Yes O.~. feet 5.047 inches Unspec1iied 0 .000·15 feet 0 
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AFT Am:iw 3.0 Input 
DMJMH+N . 

Pipe Name Pipe Length 

Defined 

31 Pipe Yes 0.5 
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2/17n006 12:42 PM 

AFT Arrow Model, OGTS Bypass System T-H Model Case 2 

Length Hydraulic H~raulic Friction Roughness Roughness Losses (K) · initial Flow 

Units Diameter Diain. Uniis Data Set Units 

feet 8.329 inches Unspecified 0.00015 feet 0 

Pipe Initial Flow Junctions Geometry lv'i.1terial Size Type Them,al Ambient Temp. 

Units (Up,Down) Boundary 
·1 1 2 Cvfind,ical Pipe Stainless Sieel 6inch schedule 40 Adiabatic 

2 2 3 Cvfindrical Pioe Stainless Steel 6inch schedule 40 Adiabatic 
3 3, 4 Cylindrical Pipe : Stainless Steel 4 inch schedule 40 Adiab.1tic __ , 

4 5 Cvlindrical Pioe· Stainless Steel 6inch schedule 40 Adiabatic 

5 5 6 Cvlindrical Pioe Unsoecified Adiabatic 
6 6. 7! Cylindrical Pipe Stainless Steel 6inch schedule 40 General Heat Transfer 115 

7,8 Cylindrical Pipe Stainless Steel 5inch schedule 40 General Heat Transfer 115 

8 8 9 C,iindrical Pioe Stainless Steel 6inch schedule 40 General Heat Transfer 115 

9 9 10 Cylindrical Pipe Stainless Steel 6inch schedule 40 General Heal Transfer 115 

10 10. n Cylindrical Pipe St.,inless Steel 6inch schedule 40 General Heat Transfer 115 

1"I 9 12 Cvfindrical Pioe. Stainless Steel 6inch schedule 40 General Heat Transfer 115 

12 12 11 Cylindrical Pipe Stainless Steel 6inch schedule 40 General Heat Transfer 115 

13 11 13 Cvlindrical Pioe. Stainless Steel 8inch schedule ·JO General Heat Transfer 115 

14 n . 14 Cylindrical Pipe Stainless Steel 8inch schedule 10 General Heat Trans fer 115 
I~ 14 15 Cvlindrical Pioe St:iiriless Steel ,-3 ....... - General Heat Trans fer 115 

16 15 16 Cvfindrical Pi[)e Stainless Steel - 8 inch schedule 10 General Heat Transrer 115 

17 16. 17 Cylindrical Pipe Stainless Steel 8inch schedule 10 General Heat Transfer. 115 

18 H 18 1 Cvlindrical Pipe Stainless Steel 8inch schedule 10 General Heat Transfer 115 
19 18 19 Cvfindrical Pioe Stainless Steel 8inch schedule 10 General Heat Transfer 1·15 
20 !9, 20 Cylindrical Pipe St;.iinless Steel 8inch schedule rn General Heal Transfer 115 
21 21 . 22 Cylindrical Pipe Stainless Steel ·12 inch schedule ·10 Adiabatic 

22 22 23 Cvhndrical Pioe St,1inless Steel 6inch schedule 40 Adiabatic 

23 23 13 Cvlindrical Pioe Stainless Steel 6inch schedule 40 Adiabatic 

30 8, 30 Cylindrical Pipe Stainless Steel 5inch schedule 40 Adiabatic 

31 14 31 Cvlindrical Pioe Stainless Steel 8inch schedule 10 Adiabatic 

Pipe Ambient Temp. Special 

Units Condition 

1 None 

2 None 

3 None 
4 None 

5 None 

6 deQ. F None 

7 deo. F None 

8 deQ. F None 

9 deci. F None 

10 deo. F None 

11 deQ. F None 
·12 dea. F None 
13 deci. F None 

14 deo. F None 
15 dea. F None 

16 deci. F None 

17 deo. F None 

18 dea. F None 

19 deo. F None 
20 deQ. F None 

21 None 

22 None 

23 None 

30 None 

31 None ' 
AS-605 



AFT Arrow 
DMJMH+N ' 

Pi 100 Loss T able 
Pipe K Total 

losses 
·12 1.3'1 

13 0.11 
·15 1-1 
21 3.48 
22 0.04 

23 0.11 

Slandard Miire 
Bends Bends 
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AFT Arrow Model, OGTS Bypas.s System T-H Mode .. · 

Smooth Angle &in Buiterfly Cylinder Gate Globe Plug Poppet 
Bends Val•,es Val·-,es Valves Valves Valves Valves Valves Valves 
1 {0.21) 

Pipe Three-way Swing Check l ift Check Tilting Disc Stop Check Sharp-edged long Contractions Expansions 

losses Valves Valve·s Valves Check Valves Valves Orifice Orifice 

'12 
13 
15 
21 
22 
23 

Pipe Entrances Exits Differential Honeycornb Screen Tee Add'lloss 

Losses Flowmeter 
·12 I (1.1) 

'13 (0.11) 

15 I / 1.11 
21 i3.48) 
22 I (0 .04) 

23 (O_l'I ) 

Area Chan e T abl 
Area Change , Name Object Elevation Elevation Ini tial Pressure Initial Pressure Database Type Geometry 

! Defined Units Units Source 

0 feet 

0 feet 
0 feet 
0 feet ! 

C IF T bl omoressor an a e 
Compressor/Fan Name Objec1 Elevation Elevation Initial Pressure Initial Pressure Database Special 

Defined Uni1s Units Source Condition 

'17 N31- 130 Yes 0 feet None 

Compressor/Fan Pump Design Flow Design Flow I Curren t Independent Ind. Variable Dependent 

Type Rate Rate Units ConfiQuralion Variable Units Variable 

17 Comp.IF an Curve I Vol. Flow Rate ft3/min Pressure Loss 

Compressor IF an Dep. Var iable Comp.IF an Curve Comp1F an Cur,e Comp.lFan Curve CompJF,:m Curve Comp i F an Curve 

Units Const;:mt a Constant b Const.int c Constant d Constante 

17 in. H2O std . 12.46429 2 571429E-03 -2.285714E-06 0 0 
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AFr Arrow Model, OGTS Bypass System T-H Model Case 4 

Tank (Pipe #7) (Pipe#8) (Pipe#9) (Pipe#10) (Pipe #'1-1) (Pipe #12) (Pipe #13) (Pipe #14.) (Pipe /#"IS) 
K In K Out K In KOut Kin K Out Kln. KOut . K In KOut K In KOut Kin KOut Kin KOut K In KOut 

1 
20 
21 .-. 

Tank (Pipe #16) (Pipe #17) (Pipe #18) (Pipe #·19) (Pipe#20) (Pipe #21) (Pipe #22) (Pipe #23) (Pipe #24) 
K In KOut K In KOut Kin KOut K In KOut Kin K Out K In K Out K In K Out Kin KOut Kin KOut 

1 

20 

21 

Tank (Pipe #25) 
K In KOul 

1 

20 

21 

Tee or Wve Table 
Tee or Wye Name Object Elevation Elevation Initial Pressure Initial Pressure Oal..1base Tee/lNye Loss 

Defiued Units L!nits Source Tvoe Type 

r=Jjj ~Tee.or-W¥0 - Yes ~- ·:~ .;"'· ' () 
_ .... ~ 

"" - ,, _,,,ft~ .. R,bun"' 
. 

,''ti"~ 

9 Tee or Wve Yes 0 feet RouridStr;:iioht Detailed 
11 Tee or Wve Yes 0 feet Round Straiaht Detailed 

13 Tee or Wye _Y..es 0 foe! Round Straight Detailed 
1'VII - 1"' Teeor·w.;.. ~- Yes ,--.... o --1ee, [~ ;~•.,- ·, .. .... 

., HnlHV1 -~"-"" ·---· .. -· .. 
Tee or Wye ·Angle Pipes 

- . A B. C , ____ 
·v-~l1 

9 120 
11 30 

=- 45 
:0.£,fflll; 

Valve fable 
Vnlve Name Object Elevation Elevation Initial Pressure Initial Pressure Database Special Exit Exil 

Defined Units Units Source Condition Valve Pressure 
10 HV-901 Yes 0 feet Closed No 
"12 HV-902 Yes 0 feet Closed No 

t/ 1-1&11 • V21fm .;;:,;,',,,:ns 0 feet ,i~ .. ,_ w ·· 1~ Nooe -- 111o .... -- - -- ~ 
19 V-167 Yes 0 feet None No 
23 V-178 Yes 0 feet None No 

Valve Exit CdA CdA Loss Loss Independent Ind. Variable Dependent Dep. Variable Loss 
Pressure Units Units Model \/;llue 1/a,iable Units Variable Units Const.int a 

10 Cv Constant 119-4 

-17 CvConstant 1194 
L.tsr' T!o1<'§0'· ..,- ,,.ev Col'lstant t,;~40 
19 

~- - - Cv Constant 24 40 
23 Cv Constant 300 

Valve Loss Loss Loss Loss 

Constant b Constant c Conslantd Constant e 
10 

12 
f 15 J 

19 
23 
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients. 

P2 Outlet Transition 

Piping, 6-AA-35-0218 

Elbow No. I 

Piping, 6-AA-35-02 I 8 

P2 Elbow No. 2 

OGTS Bypass System Fluid Flow Model 

Flanders, Sudden 
Contraction, 24 x 6 

6" straight duct, S.Stl 

90° Elbow, RID = 
1.5, S.Stl 
6" straight duct, S.Stl 

45° Elbow, RID= 

6 
6 

6 
6 

40S 

40S 

40S 

40S 

12.0 
SQ/6.357 

Rnd 

6.065 

6.065 

6.065 

6.065 

EDI-1 0.500 

42.000 CDll-1 ARROW 

CD3-1 0.130 

62 .000 CDl 1-1 ARROW 

CD3-3 0.080 

i.-..---J-------- ~-=-1.:..:..5,!._, S::..:·-=-S=-tl-----1-----+-----1------+------1------1----.., ,. ........ .. 

Component 

J3 Reducer 

P3 Piping, 4-AA-35-0218 

P3 Flowmctcr 

Details 

6" X 4" 

4" straight duct, S.Stl 

3 ea Size 1 Annubar 
flowmeter 

Size 

(in) 

6x4 

4 

4 

Total 

Schedule Inside Dia. 

(in) 

40S 6.065/4.025" 

40S 4.025 

Total 

104.000 

8.667 

L 

(in) 

5.500 

163.000 

163 .000 

13.583 

inches 

ft 

ASHRAE ASHRAE 
Fitting 

No 

ED4-1 

CDI 1-1 

Vendor 

inches 

ft 

Loss 
Coef. 

0.220 

ARROW 

1.635 

~ .. . . 
·~ ; 

./~ J4 Reducer 6" x 4" I '12.. 0 4 x 6 

\.Gh's- ~ 
40S 4.025/6.065" 5.500 ED4-l 

A Aft1ur :f.'c~ 

Cv 

-0. 
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients. 
-

.0 

"' ·· ") .. 
• J,i '4t,., OGTS Bypass System F1uid Flow Model 

Elbow No. 3 45° Elbow, RJD = 6 40S 6.065 CD3-3 0.080 
1.5 , S.Stl 

Piping, 6-AA-35-0218 6" straight duct, S.Stl 6 40S 6.065 12.000 CDl 1-1 ARROW 
Elbow No. 4 

4SoL 
(2il5Elbow, RID = 6 40S 6.065 c»3~~ :0.080 l•""t' ' 
1.5, S.Stl ·w:-, ~ •• °l;i?) .,,,,;, ~ ---1€· ~'1, ~ 

Piping, 6-AA-3 5-0218 611 straight duct, S.Stl 6 40S 6.065 12.000 CDl 1-1 ARROW ~ ,' {~o;;)"t; 

Elbow No. 5 {/$' ~ Elbow, RID = 6 40S 6.065 CD3-3 0.080 .'"§ 1~ -~qc 1.5, S.Stl "". ~,j .. 

Piping, 6-AA-35-0218 6" straight duct, S.Stl 6 40S 6.065 38.000 CDl 1-1 ARROW ,i -
Total 62.000 inches ..,J 

5.167 ft "'d 
I 

N 
,+>-
V, 
,+>-

Reducer 6" X 4" 6x4 40S 6.065/4.025" 5.500 ED4-l .~ .;A : ·. ~ V.',' •' '-- :,-;) ,+>-

~ Expansion Joint, EJ-501 4" 4 4.025 22.000 CR6-3 .. 
(ICY Box CP) < -Q. 

ICY Box Plenum, Stream 280 acfm at -2.46" 
No. 9 in, 13 out w.g. and 875 °f, 108 

scfm or 513 lb/hr 
(0.143 lb/sec) 

ICY Box plenum CPs Inlet and Outlet Crane 1.500 
(inlet/outlet) Losses 

rev Outlet to Bypass Tie 280 acfm at -2.46" 
Point, Stream No. 13 w.g. and 875 °f, 108 

scfm or 513 lb/hr 
Component Details Size Schedule Inside Dia. L ASHRAE ASHRAE Cv 

Fitting Loss 
No Coef. 
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients. 

OGTS Bypass System Fluid Flow Model 

(in) (in) · (in) 

(ICV Box CP) 

Piping, 6-VOG-35-0217 6" Duct w 90° Elbow, 6 40S 6.065 72.00 CDl 1-1 ARROW 
Internal to A WTE 

Elbow 90° Elbow, RID= 1.5 5 40S 5.295 CD3-1 -
Reducer 611 

X 511 6 x 5 40S 6.065/5.782" 10.250 ED4-1 .. '~~ ;, ti-<IClR~ 

Expansion Joint, EJ-502 DME 5" size 5 4.9 24.000 CR6-3 -Piping, 5-VOG-35 -021 7 511 Duct 5 40S 5.295 24.000 CDl 1-1 ARROW 

Elbow 45° Elbow, RID= 1.5 5 40S 5.295 CD3-3 0.090 ~ ~~ ~:-=,-· 
"' ,. r$a.,. 

Piping, 5-VOG-35-021 7 511 Duct 5 40S 5.295 93.500 CDl 1-1 ARRO~ t 
r -.. .~ --..,.., 

·l 

Elbow 45° Elbow, RID= 1.5 5 40S 5.295 CD3-3 0.090 ~--

Total 141.500 inches --11.792 ft -
Lateral Wye (For Bypass 45° Lateral Branch 5 x 5 x 5 40S 5.295 10.000 ED5-2 0.040 

0. 

Flow) Flow, Main Flow 
"'Qosed 

" ,, 
OGTS Bypass Main 

.~.46" . Ducting from Tie Point to F, 108 
HEPA inlet, Stream No. /hr 
13 
Lateral Wye (For Bypass 
Flow) 
Elbow 45° Elbow, RID= 1.5 5 40S 5.295 CD3-3 0.090 

Reducer Standard Reducer, 6 X 5 40S 5 .295/6.065 6.000 ED4-l 0.050 
Sx6 11

, 11 ° 



OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients. 

OGTS Bypass System Fluid Flow Model 

19 Lateral Wye, Forward 30° Lateral Wye, 6 x 6 x 6 40S 6.065 6.000 ED5-2 0.290 
Direction Main Flow 

Component Details Size Schedule Inside Dia. L ASHRAE ASHRAE Cv 
Fitting Loss 

No Coef. 
(in) (in) (in) 

P9 Piping, 6-VOG-36-0286 6" straight duct, S .Stl 6 40S 6.065 10.500 CDl 1-1 ARROW 
.T lO Valve, HV-901 6" Keystone, FIG. 6 5.8125 2.250 1194 

362-1 73, Key-Lok 

P lO Elbow 90° Elbow, RID == 6 40S 6.065 CD3-l 0.050 
• V, 1.5 , S.Stl 
' °' Pl 0 Piping, 6-VOG-36-0286 6" straight duct, S.Stl 6 40S 6.065 8.000 CDl 1-1 ARROW 

J11 Lateral Wye Reverse 30° Lateral Wye, 6 x 6 x 6 40S 6.065 6.000 ED5-2 0.110 
Direction Main Flow 

,_. 
c.. 

Component Details Size Schedule Inside Dia. L ASHRAE ASHRAE Cv 
Fitting Loss 

No Coef. 
(in) (in) (in) 

19 Lateral Wye, Forward 30° Lateral Wye, 6x6x6 40S 6.065 6.000 ED5-2 0.610 
Direction Branch Flow 

P l 1 Piping, 6-VOG-36-0286 6" straight duct, S.Stl 6 40S 6.065 6.000 CDll-1 ARROW 

P l 1 Elbow 30° Elbow, RID = 6 !OS 6.065 CD3- l 0.050 
1.5, S.Stl 

112 Valve, HV-902 6" Keystone, FIG. 6 5.8125 2.250 1194 
362-173, Key-Lok 

Pl2 Piping, 6-VOG-36-0286 6" straight duct, S.Stl 6 40S 6.065 6.000 CDl 1-1 ARROW 



OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients. 

OGTS Bypass System Fluid Flow Model 

P 12 Std Tee 6" Std Tee, Branch 
flow 

Pl2 Piping, 6-VOG-3 6-0286 6" straight duct, S.Stl 6 40S 6.065 6.000 CDl 1-1 ARROW 
Pl2 Elbow 30° Elbow, RID= 6 40S 6.065 CD3-1 0.050 

1.5, S.Stl 
Jl 1 Lateral Wye Reverse 30° Lateral Wye, 6x6x6 40S 6.065 6.000 ED5-2 0.240 

Direction Branch Flow 

Pl 3 Piping, 6-VOG-36-0286 6" straight duct, S.Stl 6 40S 6.065 6.000 CDll-1 ARROW 
Pl 3 Reducer 6 x 8 Std Reducer, 6x8 40S 6.065/8.329 ED4-1 0.170 

19° 

• Pl3 Elbow #1 90° Elbow, RID= 8 l0S 8.329 CD3-l 0.110 
V, 

' 0,,. 
1.5 , S.Stl 

N P13 Piping, 8-VOG-36-0286 8" straight duct, S.Stl 8 l0S 8.329 114.000 CDI 1-1 ARROW 
Pl3 EJ- (..3~ 8" Expansionjoint 8 l0S 7.900 11.000 CR6-3 0.110 

Pl3 Piping, 8-VOG-36-0286 8" straight duct, S.Stl 8 l0S 8.329 120.000 CDl 1-1 ARROW 

Total 251.000 inches 0.390 

20.917 ft 

Jl3 Lateral Wye, Forward 45° Lateral Trough 8 !OS 8.329 10.000 EDS-2 0.290 
Direction Flow (Air Inlet Bleed 

System@ Branch 
flow) 

P l4 Piping, 8-VOG-36-0286 8" straight duct, S.Stl 8 l0S 8.329 138.000 CDll-1 ARROW 

" Elbow #1 90° Elbow, RID= 8 l0S 8.329 CD3-l 0.110 
1.5, S.Stl 

" Piping, 8-VOG-36-0286 8" straight duct, S.Stl 8 !OS 8.329 15 .000 CDl 1-1 ARROW 

" Expansion Joint, EJ-635 + 8" Expansionjoint 8 7.900 11 .000 CR6-3 0.660 
5 others 
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients. 

ill ' ,.,,_ .. . . i . ,. , 
~ QG1.S1Jy.pass ~step:a Jnu14 Fli~· 

· .. : ·, ' '>' ... , :.;,;;.~--

Piping, 8-VOG-36-0286 8" straight duct, S,Stl 8 10S 8-329 1805,000 CDll-1 ARROW 

Total 1969.000 inches 

164,083 ft 

45° Lateral r.t1.<o:, - 8x8x8 10S 8.329 ED5-2 ,- ,,~,~ -0} .. . ..... At~ -
Piping, 8-VOG-36-0286 8" straight duct, S.Stl 8 10S 8.329 

c; _ 

CDl 1-1 J\R:R'.OW-.. ' ' '/, 

KElh~ 90° Elbow, RID = 8 10S 8-329 CD3-l - ii ~ ~-
r~ w:" ·' -~.: '. 

1.5, S.Stl ' 

Piping, 8-VOG-36-0286 8" straight duct, S.Stl 8 10S 8.329 ~ifl_, CDl 1-1 ARROW 

f{S@:~ l#~n'TH'i...., ... 8x8x8 10S 8.329 ARROW 
main flow dead 

Piping, 8-VOG-36-0286 811 straight duct, S.Stl 8 10S 8.329 CDl 1-1 ARROW . , 
.... . .-. 

l+ExifansionJ9..int.: .... n., ,... 8" Expansion joint 8 7.900 11.0.0,0. CR6-3 . . . ··i, ~ ~ ,~-r,,, _....., ·..:;.;; ,.. • ,-,...;_. 

~ ~ -(HEPA Inlet) -- inches 

23 .12'5 ft 

OGTS Bypass HEPA 
Filter Skid 
HEP A Filter skid 
Assembly, 36-D58-138 

Component Details Size Schedule Inside Dia. L ASHRAE ASHRAE Cv 
Fitting Loss 

No Coef. 
(in) (in) (in) 

Isolation Valve,~~~~ FIG. 8 7.625 2.500 ~ Olll73,tlt'i!o, 'JQ,.1,,f 



OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients. 

OGTS Bypass System Fluid Flow Model 

--Pl6 Inlet Transition Flanders 8 OD x 15 8.329 18.000 ED4-2 
W x 18 H x 18 L, 3 0° 

/ ·~,-• ;T,~; 

Jl6 HEPA Pre-Filter, 36-N02- Flanders 24 W x 24 14.000 
136 H x 14 L, 0.12" w.c. 

(0.24" Dirty) at 750 
cfm 

Jl6 Test Combination Flanders 24 W x 24 20.000 
Housing H x 20 L, 0.5'' w.c at 

750 acfm 
Jl6 HEPA Filter, 36-N02-131 Flanders 24 W x 24 20.000 

H x 19.375 L, 1.0" 
w.c. (2.0" Dirty) at 
750 acfm 

Jl6 Test Outlet Housing Flanders 24 W x 24 20.000 -H x 20 L, 0.5" w.c at 0.. 

750 cfm 
Jl6 Outlet Transition Flanders 8 OD x 15 8.329 12.000 SD4-2 0.060 .04" 

Wx 18Hx 121,45° @ 
750 
cfm 

Total Pressure drop at 2.12 
750 cfm 

F OGTS Bypass HEP A 
Filter Skid Outlet Ducting 
With Fan to Stack 
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients. 

OGTS Bypass System Fluid Flow Model 

Component Details Size Schedule Inside Dia. L ASHRAE ASHRAE Cv 
Fitting Loss 

No Coef. 
(in) (in) (in) 

Sl, Piping, 8-VOG-36- 8" straight duct, S.Stl, 8 l0S 8.329 12.000 CDl 1-1 ARROW 
0319 w 8 x 8 x 1 red tee, 

flow thru 
Expansion Joint, EJ-616 8" Expansion joint 8 l0S 7.625 CR6-3 0.110 

Total 12.000 inches ]iii -
1.000 ft 

Fan, 36-N3 l-130 1125 ACFM Fan, 
NYB 1508, See Data 
Below 

Elbow 90° Elbow, RID = 8 l 0S 8.329 CD3-l 0 .110 
1.5, S.Stl 

Piping, 8-VOG-36-03 19 8" straight duct, S.Stl t 8 l0S 8.329 6.000 CDl 1-1 ARROW 
-0. 

Piping, 8-VOG-36-03 19 8" straight duct, S.St( 8 l0S 8.329 36.000 CDl 1-1 ARROW 
Total 42.000 inches ll..~111 

3.500 ft 

Backdraft Damper SNUPPS Data See 
Below 

Piping, 8-VOG-36-0319 8" straight duct, S.Stl 8 l0S 8.329 12.000 CDl 1-1 ARROW 

Isolation Valve, 36-V-166 8" Keystone, FIG. 8 7.625 ' 2.500 2440 
362-173, Key-Lok 

Piping, 8-VOG-36-0319 8" straight duct, S.Stl 8 l0S 8.329 CDl 1-1 ARROW 

Expansion Joint, EJ-617 8" Expansionjoint 8 l 0S 7.625 11.000 CR6-3 0.110 
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients. 

OGTS Bypass System Fluid Flow Model 

Lateral Wye, Forward 45° Lateral Branch 8 !OS 8.329 24.000 EDS-1 0.610 
Direction Flow 
Piping, 8-VOG-36-0319 8" straight duct, S.Stl 8 l0S 8.329 108.000 CDll-1 ARROW 

Piping, 8-VOG-36-0319 8 11 straight duct, S.Stl 8 l0S 8.329 246.000 CDll-1 ARROW 
Elbow 90° Elbow, RID = 8 l0S 8.329 CD3-l 0 .11 0 

1.5, S.Stl 
Piping, 8-VOG-36-0319 8" straight duct, S.Stl 8 10S 8.329 34.000 CDll-1 ARROW 

Elbow 90° Elbow, RID = 8 10S 8.329 CD3-l 0.110 
1.5 , S.Stl 

Piping, 8-VOG-36-0319 8" straight duct, S.Stl 8 l0S 8.329 144.000 CDl 1-1 ARROW 

Reducer 8 x 12 Std Reducer, 8 X 12 l0S 8.329/ 12.39 8.000 ED4-l 0.330 
28.5° 

Sudden Expansion 12 x large 12 X 56 ED4-l 0.880 

Total 564.000 inches .. , - - -
., 

47.000 ft 
OGTS Stack 1 attn pressure 

Component Details Size Schedule Inside Dia. L ASHRAE ASHRAE Cv 
Fitting Loss 

No Coef. 
(in) (in) (in) 

Atmospheric Pressure 
Junction 
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients. 

OGTS Bypass System Fluid Flow Model 

Inlet Screen 16" Cicular Intake 16 15.624 CD6-1 0.970 
with birdscreen, 
(60% open) S.Stl 

Reducer 16" X 12" 16 X 12 10S 15.624/1 2.39 14.000 ED4-1 0.120 

Inlet Piping, l 2-VOG-3 6- 1211 straight duct, 12 10S 12.39 90 .000 CDl 1-1 ARROW 
0409 S.Stl 
Elbow #1 90° Elbow, RID = 12 10S 12.39 CD3-1 0.1 10 

1.5, S.Stl 
Elbow #2 90° Elbow, RID = 12 10S 12.39 CD3-1 0.110 

1.5, S.Stl 
Elbow #3 90° Elbow, RID = 12 l OS 12.39 CD3-1 O..J.l.O. 

1.5, S.Stl l "lr'~~ ; 

Total 104.000 inches 1.-· (4:ZQ'- ,1., k'. 
• • • i 

8.667 ft .-- ~ - ~ ·~ l 

HEPA Inlet Transition Flanders, Transition 12.0 dia x 11 .250 ED4-2 0.780 0.01" 
12" x 28" SQ x 28" SQ @ 

-0.. 

11.25" L, 30° 250 
cfrn 

Heater Element, 36-N84- Watlow/Chrornalox 2.000 
140 0.25" w.c. @ 1000 

cfrn 
HEPA Pre-Filter, 36-N02- Flanders, 0.12" w.c. 24 X 24 2.000 
13 5 (0.24: dirty) at I 000 

cfm 
HEPA Filter, 36-N02-134 Flanders, 1.0" w.c. 24 X 24 5.875 

(2.0" dirty) at 1000 
cfrn, P-007-W-43-
N2-NU-51-23-CC-
FUS 
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients. 

OGTS Bypass System Fluid Flow Model 

Outlet Transition Flanders, Transition 6.065 dia x 11 .250 SD4-2 0.110 0.002 11 

6" x 28" SQ x 11.25" 28" SQ @ 
L, 45° 250 

cfm 
Total Pressure drop at 1.382 
1000 cfm 

Piping, 6-VOG-36-0408 611 straight duct, S.Stl, 6 40S 6.357 6.000 CDl 1-1 ARROW 
w 6 x 6 x 1 red tee, 
flow thru 

Valve, 36-V-178 6" Keystone, 6 2.250 1194 
Variable Cv 

Piping, 6-VOG-36-0408 6" straight duct, S.Stl 6 40S 6.357 41.000 CDll-1 ARROW 

Elbow 90° Elbow, RID = 6 40S 6.357 CD3-l 0.110 -1.5 , S.Stl Q. 

Expansion Joint, El-614 6" Expansion Joint 6 40S 5.9 11.000 CR6-3 0.240 

Tee 6 x 6 x 1 tee, flow 6 40S 6.357 12.000 ED5-3 0.260 
thru 

Piping, 6-VOG-36-0408 6" straight duct, S.Stl 6 40S 6.357 204.000 CDI 1-1 ARROW 
Total 268.000 inches 0.610 

22.333 ft 

Wye # l 45° Lateral Branch 6x8 40S 6.357 /8.329 11 10.000 ED5-2 0.610 
Flow 

Fan Curve, NYB Model Test Density: 0.0553 Mechanical 
No. 1508 lbm/cu ft 



OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients. 

OGTS Bypass System Fluid Flow Model 

Q Ft/Min dP, IN H2O Std Efficiency, 
% 

0 12 67 .36 

500 13.75 67 .36 

1000 13 67 .3 6 

1500 11.25 67.36 

2000 8 67 .36 

2500 4.25 67.36 

3000 0 67.36 

Backdraft Damper Ref. SNUPPS 90144 
Pressure Drop 

24 x 24 prototype For 8" Pipe Area sch 10 Dia. 

Vs, fpm dP, inches w.c. Q,CFM sq. ft ft. 

700 0.13 264.9 0.378 0.694 -0.. 

800 0.135 302.7 

900 0.14 340.5 

1000 0.145 378.4 

1500 0.18 567.6 

2000 0.23 756.7 

2500 0.27 945 .9 

3000 0.32 1135 .1 

3500 0.36 1324.3 
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RPP-24544 REV ld . 

Calculation No. 145579-D-CA-056, Rev. I 
Attachment 5 
Page 6 of 14 

ASHRAE DUCT FITTING DATABASE 
Version 2,5_0 

jCRS-3) Orifice, Thick-Edge-d 
(ldelchik 1986, Diagram '1-15) 

OUTPUTS 

5.3 ·.'e:CCity (Vo. fom} 

5.3 Vel Pres at Vo (P•: . i;i. wol 

4.'d Loss Ccef.icient (Cc} 

4:il Pressure l oss [:n. wg} 

:Z4.Q 

friday. febrlJ.Jry 10. 2006 

2085 
o_w 

8Jlllf 
0.07 

Flo·,\' R&te (Q. clmi 4CB 

Ao 
Q 

L/Dh > 0.015 

Dh == 2A, /(H1 + W1) 

NEE'D ()NE {Y)of:<€ @ ~ 11:::i:Sc~~ 

PoR.-r"h rs orJ ~ 11 '' 

AS-620 

., 
~: 



RPP-24544 REV Id 

Calculation No. 145579-D-CA-056, Rev. 1 
, ., . ~ .,,. {i\mchment 5 

~S){RA "t;• ffal§P, ~ t J~a~e.~ ofl~ _ ~ 
. <• "'· .• ~·'" .~.s~, t::___~ ~ " 'i~ 

·~' .!~-~ ~ ~~ 

ASHRAE DUCT FITTING DATABA.sE 
Version 2.5.0 

{CD3-·1) Elbow, Die Stamped, 90 Degree, r/D = 1.5 
(UMC 1985, Re-port SRF78.5; lde.Jchik 1986, Diagram 6-·1) 

OUTPUTS 

friday.februa~/10.2006 

. . Dismeter l,_O_, i_n . .:..} ______ -+-___ e_.4 ____ -f-'-•'e_:o_c-'it,:....· ,::__:v_o.:..., f-'--9n_1;'--. ___________ 1B-l_2'--i . 

. FlO'.v Rate-'-('::;)-"'..ccfn.c.=1:, _____ -+ ___ £..c.:·C:..:.5+-~--+.;..::.;._;__;_:~.:....:...::..:.c...;.:..;;;.;;;;..;.;-=... _____ -t-__ °'2;;_·"-'--11 

Q_13' 

Pressut"E ;_oss (in. \'19) 0.03' 

1 Q 
D 

A 
0 

A5-621 



Oi~meter (D. in_} 

Flow· ~.i'le {Q. cfrn} 

t 
D 

RPP-24544 REV Id 

Calculation No. 145579-D-CA-056, Rev. 1 
Attachment 5 
Page 4 of 14 

ASHRAE DUCT FlmNG DATABASE 
Version 2.!i.0 Friday. February 10. 2,J,J,; 

{CD3-3) Elb<iw, Die Stamped;_45 . 
(UMC 1985, Report SRF785; ldelehi~ . 

5 . .3 . 2655 

..;.c6 
D.09 

Pr~ssure Loss fn . •,1:g} 0.04 

45° 

Q 
..... 

A 
0 

AS-622 



Tel: 
Fax: 

INPUTS 

Diameter (Do, in.) 

Diameter (D·I, in.) 

Angle (Theta, deg.) 

Flow Rate (Q, cfrn) 

Q 

RPP-24544 REV Id 

Calculation No. 145579-D-CA-056, Rev. 1 
Attachment S 
Page 8 of 14 

ASH RAE DUCT. FITTING DAT ABASE 
Version 2.5.0 

(ED4-1) Transition, Round to Round, Exhaust/Return Systems 
(ldelchik 1986, Diagrams 5-2 & 5-22) 

K S"~~~~dAb ~A-~~ 
.,.';,' J'jjr ::.IV • . . . • 

,r..t'. f :·· f!'.il_b"f'" bfiTPOI'S 

'\ ·ill ,.. '' .. Velocity C,/o, fpm) 
"\,f:4.4· ' Velocity (V1 , fpm) 

22 Vel Pres at Vo (Pvo, in. wg) 

406 Vel Pres at V-1 (Pv1. in. wg) 

Loss Coefficient (Co) 

Loss Coefficient (C·I} 
Pressure Loss (in. wg) 

e 

Friday, February 10, 2006 

1842 
38'10 
0.21 

0.88 

0.22 

0.05 
0.04 

A0 /A1 < or :> 1 

AS-623 
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Calculation No. 145579-D-CA-056, Rev. I 
Attachment 4 

Page 4 of 8 

Keystone K0 LOK Figure 36( and 370/372 

Cl!GuVI NornlnalP.oel. 
0.:MW:tcr Cir..) 
2 
2•/a 
3 
4 
6 
8 

8ubbklspor 
M•nu1cl 
3 
4 
6 
11 
27 

J16 

- . . . : -

mlpe, 
MiflUtc 
0.45 
0.60 
0.00 
1.70 
4.00 
6.75 

.1. K".LCl< pol;,'",.nr, ol.lsl0fnot3nd 5re-safe· clNIISpiiM<!a AA$Class.VI $1iutolt. 
2. 1<-LCK metal $eals provide Al'\SI Class IV shulo!!, 
3, 'Jsing the ANS11r-cI spod11CO tallt::r.ilr.d measullna oev1ce. 

Tho cornbinalion of inlcrloroncc fit 5Cals 
and bi-dircotional packing makes the 
K-LOK espe_ci.illy \WII suile<l for vacuum 
Service. 

S1a.nda1cl K-LOK high perlormance 
valves arc rated to an ab~oluto ;>rossu1c 
ot 4 x 10-s inci'J Hg. 1-!ighe, vacuum 
!ippl!cations a re 511ailnble. 



RPP-24544 REV Id 

OGTS Dypass System Fluid Flow Model 

A ICY Box plenum HEPA filter, JS-N02-0IO, S tream No. 9 406 acfin ar -2.24" w.g. and 77 °F, tbd scfm or tbd lb/hr (TBR) 

Component Details Size Schedule lttsidc Dia. L ASIIRAE fitting No ASH RAE Loss Cocf. Cv 

(in) (in) (in) 

JI Atmospheric Junctl0,1 

Pl lnlel Housing :md screen 16' square Intake with birdscrecu, (60% open) S.Stl 16 X 16 17.4906454) 7277) CR6- 1 IER3-1 =0.97+ I.IS . lnlct Piping, 6-AA-JS-0218 6' straight due~ S.Stl 6 40S 6.065 =5•12H CDll -1 ARROW 

Pl N02-0IO Inlet Tr•nsirioo Flanders, Sudden Expausiou, 6 d ia x 24 SQ, 180° 6 40S 6.06Sn4.0 SQ ED4-2 0.81 

Total =+SUM(G6:G8) inches =+SUM(l6:18) 

=+G9/1 2 ft 

J2 HEPA Filt<r, J<>-N02-0IO Pre Flanders, 0 .12" w.c. (0.24' Dirty) al 500 efin 

Flanden;, 1.0" w.c. (2.0' Diny) al 500 cfin, P-007-W-43-N2-NU-S 1-23-GG-
12 HEPA Fil1,,-, 36-N02-010 DUS 24x24xl6 

Tot.al Pressure drop al SOO cfin 1.12 

P2 Outlet Transition Flanders, Suddcu Coutractio11 1 24 x 6 12.0 SQ{6.065 R.nd EDI-I o.s . Piping, <>-AA-35-0218 6" straight due~ S.SO 6 40S 6.065 =3·12+6 CDll-1 ARROW 
Elbow No. I 90° Elbow, RID = 1.5, S.Stl 6 40S 6.06S CDJ- 1 0. 13 . Piping, <>-AA-35-0218 6" str,ight duct, S.Stl 6 40S 6.065 =s•12+2 COIi - i ARROW 

P2 Elbow No. 2 45° Elbow, RID = 1.S, S.Stl 6 40S 6.065 CDJ-3 0.08 

Total =+SUM(G18:G21) inches =+SUM(IIS:121) 

- G22/12 ft 

Co1nponcnl Dc1ails Size Schedule Inside Dia. L ASH RAE Fitting No ASH RAE Loss Cocf. Cv 

(in) (in) (in) 
J3 Reducer 6' X 4" 6x4 40S 6.065/4.026" s.s ED4-1 0.22 
PJ Piping, 4-AA-35-0218 4" straight duct, S.Stl 4 40S 4.026 = 13•1 2+1 COIi - i ARROW 
PJ Flowmctcr 3 ca Size I Annub3r Oowmclcr 4 Vi:ndor =O.S4S•J 

Total =+SUM(G28:G29) inches =•·SUM(l28:129) 

=·•GJ0/12 n 

(f lt -14 I, I-• .,,_ ,,__....,. ~ ~T• ("V 4,6 40S ,.._ J· !J~ ED4--I ~Al?~~"' 
P4 F. lhowNo. 3 I. •SWtllfow, RIO = I. S, S.Stl 6 40S 6.065 CDJ.:i.,,A( 0.08 

::; . Piping, 6-AA-35-0218 6" 1traigh1 duct, S.Stl 6 40S 6.065 12 CDl l -1 ARROW 
!tf ,., . Elbow No. 4 u5-,,. (Jiff' 61bow, RID = 1.S, S.Stl 6 40$ 6.06S CD3-3 0.08 i-, _,,._, -A 

? "" " Piping, 6-AA-JS-02 18 6• straight duct, S.Stl 6 40S 6.065 12 CDl l-1 ARROW v--,... -,-

I' ~I• " Elbow No. S ~)°"" 900 ED>ow, RID = 1.S, S.Stl 6 40S 6.065 COJ-3 0.08 J :.--~1:1-<1~ ""'"< 
... , P4 Piping, 6-AA-35-0218 6" straight duel, S.S11 6 40S 6.065 =3*12+2 CDll - 1 ARROW . ....... .. ., 
'. Total = •SUM(GJ4:G39) inches =+SUM(l34:139) 

.r;;~· =+G40/12 ft ,,., 
f'.i . JS - 6• X 4• ... li.T"#lir~ - 6x4 40S 6.065/4.026" 5.S E04- l Md'f"Al!>R()W 

PS •Xpansion Joinl~ EJ -501 4" 4 4.025 22 CR6-J 0.32 
16 ICY llo, CP) 

8 ICV Bo:t Plenum, Stream No. 9 in, I) ou( 280 acfm at -2.46" w.g. and 875 °1', 108 scfm or S 13 lb/hr (0.143 lb/sec) 
16 !CV llox plcmun CPs (inlet/outlet) Inlet and Outlet Losses Crane I.S 

C ICV Oullcl to B)'pass Tic Point, Stream No. 13 280 ocfm ot-2.46"w.g. a11d 875 °F, 108 scfm or S13 lb/hr 

Con1poncnr Oc1ails Size Schedule Inside Dia. L ASHRAE Fitring No ASH RAE Loss Cocf. Cv 

(in) (in) (in) 
(!CV Box CP) .., 

P6 Piping, 6-VOG-JS-0217 6" Duct w 90" Elbow, ~,ternal to AWTE 6 40S 6.065 - 6•12 CDll- 1 ARROW 
P6 Elbow 900 Elbow, RID = 1.S s 40S S.29S CDJ-1 O. IS -... 
J7 K~ J - 6xS 40S 10.25 E04-1 • (tl)4 A~lf«:hJ ---~ l'7 ExpansiM1 Joint, EJ-502 DM E s· size s 4.9 -- 24 CR<>-3 ., _ . Piping. S-VOG-35-021 7 S'" Duct 5 40S S.295 24 CDll-1 ARROW . Elbow 45° Elbow, RID - 1.S s 40S S.295 CDJ-3 0.09 , Piping. S-VOG-35-0217 S" Duct s 40S S.295 7' 12+9.S COIi-i ARROW 

.·~ P7 Elbow 45° Elbow, RID - 1.S s 40S S.295 CDJ-3 0.09 
Total - +SUM(GS8:G62) inches ,--· .::· o.¥5' 

!'-.~ 
=+G63/12 ft 

~ 18 Lateral Wye (F0< Bypass Flow) 45° Lateral llr.mch Flow, Main Flow Closed SxSxS 40S 5.295 10 EOS-2 0.04 

-r AS-625 



I~ 
'{1r-, 

,1'# ., ' J<i ,,? 
ti ,; 

D 

18 

P8 
P8 

19 

P9 

110 

PIO 

P IO 

lll 

J9 

Pll 

PII 

11 2 

Pl 2 

Pl2 

Pl2 

Pl2 

Jll 

PD 

Pl3 

Pl3 

Pl3 

Pl3 

P13 

113 

P14 . 
. . 

P14 

Jl4 

PIS . 
. 
. 
. 

PIS 

E 

Jl5 

P16 

J 16 

Jl 6 

()()TS Bypass Mau, Ducring from Tic Point 10 HEPA inlct, Stream No. I) 

uicnl Wyc(For Bypass Flow) 

Elbow 

Reducer 

Lall-ral Wye, l'onvard Direction 

Componcnl 

Piping, 6-VOG-36--0286 

Valve, HV-901 

Elbow 

Piping, 6-VOG-36--0286 

Lateral \Vyc Revcrsc Dircc1ion 

Component 

Lalcral Wye, FO<Ward Direction 

Piping, 6-VOG-36--0286 

Elbow 

Valve, HV-902 

Piping, 6-VOG-36--0286 

Std Tee 

Piping, 6 -VOG -36-0286 

Elbow 

Lateral Wye Rc"erse Direction 

Piping, 6-VOG-36--0286 

Reducer 

Elbowlll 

Piping. 8-VOG-36-0286 

EJ -~35 
Piping, 8-VOG-36-0286 

Later.JI Wye, Forward Dirc:cl"ion 
Piping, 8-VOG-36--0286 

Elbow #I 

Piping, 8-VOG-36--0286 

Expausion Join~ EJ.635 + 5 orhcrs 

Piping. 8-VOG-36--0286 

45° Larcral 

Piping. 8-VOG-36-0286 

E lbow ll2 

Piping. 8-VOG-36--0286 

Std Teo 

Piping, 8-VOG-36--0286 

Expansion Joint.. EJ-615 
(HEPA b1lct) 

OGTS Bypas HEPA Fi ller Skid 

HEPA Filt<r skid Assembly, 36-D58- 138 

Component 

lsolotion Val•-

In let Transition 

HEPA Pre-Filter, 36-N02- l 36 

Test Combination Housing 

280 acrm al -2.46" w.g. and 87S "F, 108 scrm o.-S 13 lb,1,r 

45° Elbow, RID : I.S s 40S 

Stan<brd Rc.-Uuccr. 5x6", J J 0 6x5 40S 

30,) L!.t lcra l Wye, Maio Flow 6x6x6 40S 

Details Size Schedule 

(in) 
6" straight duct, S.Srl 6 40S 

8" Keystone, FIG. 362-173, Key-Lok 6 

90" Elbow, RID : I.S, S.Sll 6 40S 

6" straight due~ S.Stl 6 40S 

30° Lall-cal Wye, Main Flow 6x6x6 40S 

Details Size Schedule 

(in) 

30° Lalcral Wye, Branch Flow 6x6x6 40S 

6" so-a ighr duct, S .Srl 6 40S 
30° Elbow, RID = l .S. S.Sll 8 10S 

8 '" Keystone. FIG. 362- 173, Key-Lok 16 
6 04 straight duct, S.Sd 16 40S 

6" Srd T,..,, Branch now 

6" straight duct, S.S rl 6 40S 

30° Elbow. RID = 1.S, S.Srl 6 40S 

30° Lateral Wye, Brauch Flow 6x6x6 40S 

6" straighr duel, S .Srl 6 40S 

6 x 8 Sul Reducer, 19° 6x8 40S 

90° Elbow, RID - 1.5, S.Stl 8 IOS 

8" so-. ighl due~ S.SII 8 IOS 

8" Expansion joint 8 IOS 

s• s1111iglt1 duct, S.Stl 8 !OS 

45° l.a leral Trough Fiow (Alf Dilu1ion System@Branch flow) 8 IOS 

8" s1raigh1 duel, S.Srl 8 IOS 

90" Elbow, RID~ 1.5, S.Srl 8 IOS 

8" straight duct, S.Stl 8 10S 

8" Expansion joint 8 
8" stroigh r ducr. S.Srl 8 !OS 

4S0 Lalcral Flow Tim, branch closed 8x8x8 !OS 

8'" str-.ighr duct, S.St l 8 !OS 

90° Elbow, RID = 1.5, S.Srl 8 !OS 

8" straighr duct, S.Stl 8 10S 

Std T~ Branch flow. maiu flow dead 8x8x8 !OS 

8" slraighl duel , S .Sll 8 10S 

8 .. ExpanstOf! joinr 8 

.., 

Details Sr.le Schedule 

(in) 

-
- - 173, Kcy-Lok J a 

Flanders 8 OD x 15 W x 18 H x 18 L. 30° 

Flanders 24 W x 24 H x 14 L, 0 . 12" w.c. (0.24" Dir1y) al 750 cfin 

f landt:ts 24 W x 24 H x 20 L. o .s· w.c DI 750 acrm 

RP_P-24544 REV ld 

S.29S CDJ-J 0.09 

S.295/6.065 6 ED4-I 0.05 

6.065 6 EDS-2 0.29 

Inside Dia. L ASH RAE Firring No ASH RAE Loss Coef. Cv 

(in) (01) 

6.065 10.S CO Ii - i ARROW 

S.8125 2.2S 1194 

6.06S CDJ-1 0.05 

6.065 8 CDll•l ARROW 

6.065 6 EDS-2 0. 11 

lusidc Dia. L ASHRAE Firting No ASHRAE Loss Cocf. Ce 

(in) (in) 

6.06S 6 EDS -2 0.61 

6.065 6 COI i - i ARROW 

8.329 CDJ- 1 0.05 

S.8125 2 .25 1194 

6.065 6 COi l - i ARROW 

6.065 6 COI i - i ARROW 

6.065 CDJ-1 O.OS 

6.065 6 ED5-2 0 .24 

6 .065 6 COIi - i ARROW 

6.065/8-329 E04-I 0. 17 

8 .329 CD3- I 0 . 11 

8 .329 ~-9• 12+6 CD ll - 1 ARRO W 

7.9 II C R6-3 0. 11 

8.329 = 104 12 CD ll - 1 ARROW 

Total - +SUM(G94:G99) iuchc:s ..+SUM(l94 :l99) 

= +G I00/12 n 

8.329 10 EDS-2 0 .29 

8.329 = I 1•1 2+6 COIi - i ARROW 

8 .329 CDJ- 1 0 . 11 

8.329 15 CDll - 1 ARROW 

7.9 I I CR6-3 =0 .11 4 6 

8.329 = 76 4 12+32 ' 12+6-2 1-8+44 ' 12 COIi-i ARROW 

Tomi =tSUM(G I04:GI08) inches : +S UM(1104:11 08) 

=• GI09/12 n 

8.329 ED5•2 ,d Ati,.~i,.1 
8.329 =6 '1 2+5.5- 12 CD ll • I ARROW 

8.329 CD3- I r tUl'.T 
8.329 : 8 '1 2+4 CDll - 1 ARROW 

8.329 ARROW 

8 .329 = 8•1 2+s COIi-i ARROW 

7.9 I I CR6-3 l !Uf;J 
Tora! = +S UM(GI 13:GI 18) inches 1-t.sUMtUUil!lm 

=tGI 19/12 n ~ 

h1Sidc Dia. L ASHRAE fittinc No ASH RAE Loss Coef. Cv 

(in) (01) 

7.625 2 .5 -
8.329 18 ED4-2 0.43 

14 

20 

A5-626 
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Jl6 HEPA Filter, J6-N02- I 3 I Fla11dcrs 24 W x 24 H x 19.J 75 L, 1.0" w.c. (2.0" Dirty) al 750 acfm 20 

JIG Test Outi~-t Housing Floudcrs 24 W x 24 H x 20 L, o.s• w.c 01 750 cfm 20 

J16 Ou1lct Transition Fl1ndcrs 8 OD x 15 W x 18 H x 12 L, 45° 8.329 12 SD4-2 0.06 .04" @ 750 cfin 

Total Pressure drop at 750 cfm ~ -12+0.5+1+0.5 

F OGTS Bypas HEPA f-illcr Skid Outlet Ducting With f-an 10 Stack .,. 

Component Details Siu Scbcdulc b1sidc Dia. L ASHRAE Fitting No ASHRAELossCocf. Cv 

(in) (in) (in) 

P17 SI, Piping. 8-VOG-36-0319 s• straight due~ S.Stl, w 8 x 8 x I red tee, flow thru 8 IOS 8.329 12 CDl l -1 ARROW 

P17 E:<pomsion Jol.nt.EJ.616 s• Expansion joint 8 IOS 7.625 CR6-3 0.11 

- Total =+SUM(Gl40:Gl4 1) inches =+SUM(ll40:ll41) 

l-+G14Vl2 fl 

JI 7 Fan, 36-N31-l30 750 ACFM F:w, NYB 1508, Sec Data llclow 

PIS Elbow 90° Elbow, RID = 1.5, S.Stl 8 IOS 8.329 CDJ-1 0. 11 . Piping, 8-VOG-36-0319 8" slraighl duct, S.Stl 8 IOS 8.329 6 CDll-1 ARROW 

PIS Piping, 8-VOG-36-0319 8" straight due~ S.Stl 8 10S 8.329 36 CDll -1 ARROW 

Total =+SUM(G 146:G 148) incites =+SUM(ll46:1148) 

=+Gl49/12 n 
JIB Backdrafl Damper SNUPPS Datl Sec lldow 
Pl9 Piping. 8-VOG-36-0319 8" straight due~ S.Stl 8 !OS 8.329 12 CD ll -1 ARROW 

Jl9 lsol~n Valve, 36-V-1 66 8" Keystooc, FIG. 36:Z-173, Key-Lok 8 7.625 2.5 2440 

P20 Piping, 8-VOG-36-0319 8" suaigbt dnc~ S.Stl 8 IOS 8.329 CD ll - 1 ARROW . Expansion Joint, .EJ-617 s• Expansion joint 8 IOS 7.625 II CR6-3 0. 11 . Lateral Wye, f'orward Direction 45° Lateral Branch Flow 8 IOS 8.329 24 EDS- I 0.61 . Piping. 8-VOG-36-0319 s• straight duel, S.Stl 8 IOS 8J29 =9•12 CDll - 1 ARROW 

. Piping, 8-V00-36-0319 s· SITaighl due~ S.Stl 8 IOS 8.329 =20•12+6 CDll - 1 ARROW . Elbow 90° Elbow, RID = 1.5, S.Sll 8 IOS 8.329 CD3 -1 0. 11 . Piping, 8-VOG-36-0319 8" slfaight duel, S.Stl 8 IOS 8.329 =2' 12+ 10 CDll - 1 ARROW . Elbow 90° Elbow, RID= 1.5, S.Stl 8 IOS 8.329 CD3 -1 0.11 . Piping, 8-VOG-36-0319 8" straight duct, S.Stl 8 IOS 8.329 = 12•12 CDll -1 ARROW . Reducer 8 x 12 Std Reducer, 28.5° S. 12 10S 8.329112.39 8 ED4- I 0.33 
P20 Suddcu Expansioo 12 X large 12 X 56 ED4-1 0.88 

Total =+SUM(G156:Gl65) U1chcs =~SUM{II 56:1165) 

=+G166/12 fl 
J20 OGTS Stack I abn pressure 

~ 

'-,,. - · ~:;rs.Bypass-HSPA4i~,ru&.• •n 1111 " ,, ~P, ,oscnnor.>3U.1Dfnr "f • • -z:,• 

CompOllC11l Dciails Si1.c Schedule b1sidc Dia. L ASHRAE Fitting No ASH RAE Loss Cocf. C v 

{in) (i11) (in) 
J21 Atmospheric Pressure Junction 

1'21 h1lel Screen 16" Ciculor h11akc with birdscreen, (60% opeu) S.Stl 16 15.624 CD6-I 0.97 . Rcduca- 16" X 12" 16 X 12 IOS I 5.624112.39 14 ED4- l 0. 12 . h1le1 Pipui~. 12-VOG-36-0409 12" straigh1 duct, S.Stl 12 IOS 12.39 90 CDll - 1 ARROW . elbow #I 90° Elbow, RID = 1.5, S.SU 12 IOS 12.39 CD3- I 0.11 . Elbow #2 90° Elbow, RID = 1.S, S.SII 12 IOS 12.39 CD3-I 0. 11 
P21 Elbow#~ 90° Elbow, RID = 1.5, S.Stl 12 IOS 12.39 CD3- I 0. 11 

Total =+-SI.JM(G174:Gl79) inches =+SIJM(ll 74 :1179) 

~+GIS0/12 fl 

J22 HEPA lnkl Transition Flanders, Traus iriou 12" x 28" SQ x I 1.25" L, 30° 12 .0 dia x 28" SQ 11.25 ED4-2 0.78 0 .01" @ 250 cfm 

J22 Hcotcr Elcm<.,it, 36-N84- l 40 Wailow/Chronralox 0.25" w.c.@ 1000 cfm 2 

,, 
J22 HEPA Pre-Filter, 36-N02-l35 Flanders, 0. 12" w.c. (0.24: dirty) at 1000 cfm 24 X 24 2 

J22 HEPA Filter, 36-N02-134 
Flanders, 1.0" w.c. (2.0" dirty) ol 1000 cfm, P-007-W-43-N2-NU-5 l -23-CC-
FUS 24 X 24 5.875 

122 Outld Transition Flanders, Transition 6" x 28" SQ x 11.25" L, 45° 6.065 dia x 28" SQ 11.25 SD4-2 0.1 I 0.002"@ 250 cfm 

Tola I Pressure drop at IOOC cfm 1. 12 

P22 Piping, 6-VOG-36-C408 6" straight duel, S.Stl, w 6 x 6 x I rod lee, now Ihm 6 40S 6.065 6 CD ll - 1 ARROW 

J23 Valve,36-V- 178 6• Keystone, Variable Cv 6 2.25 11 94 

P23 Piping, 6-VOG-36-0408 6" straight duct, S .Stl 6 40S 6.065 =3'12+5 CDll -1 ARROW 

AS-627 



RPP-24544 REV Id 

. Elbow 90° Elbow, RID= 1.S, S.Stl 6 40S 6.065 CD3 -1 0.11 . Expansion Jolnl, EJ-614 6" Expansion Joint 6 40S S.9 II CR6-3 0.24 . Tee 6 x 6 x I tee, flow thru 6 40S 6.065 12 EDS--3 0.26 

P23 Piping, 6-VOG-36-0408 6' straight duct, S.SII 6 40$ 6.065 = 17'12 COIi - i ARROW 

Total - sUM(G 194:G 193} inches =+SUM(ll94:1198) 
=+G l 99/12 r, 

J 13 Wyc#I 45° Latcrnl Branch flow 6x8 40S 6.06518.329' 10 ED5-2 :0.61 

Fan Curve, NYO Model No. 1508 Tcsl Dcusity: 0.0553 lbm/cu ft McehonicaJ 
QFt/Min dP, IN H20 Std Efficiency.% 

0 12 67.36 
500 13.75 67.36 
=500+B207 13 67.36 
=500+0208 11.25 67.36 
=500+8209 8 67.36 
=500+8210 4.25 67.36 
=500+-B21 I 0 67.36 

. 

IJackdraft Damper Pressure Drop Ref. SNUPPS 90144 
24 X 24 prototype For8" Pipe A,o-4 sch 10 Dia. 

Vs, fpm dP, inches w.c. Q,CFM sq. n fL 
700 0.13 =+B2 I 7'E$2 I 7 =+Pl()'F2 ( 7A2/4 =8.329/12 
800 0. 135 =+B218'ES217 
900 0. 14 -=+B219'E$217 
1000 0.145 =+B220'ES2 I 7 
1500 0. 18 =+B221'ES217 
2000 0.23 =+13222'E$2 I 7 
2500 0.27 =+13223'1'.$2 I 7 
3000 0.32 =+B224'ES2 I 7 
3500 0.36 =+B225'E$2 I 7 

A5-628 
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OGTS Bypass External Convection and Thermal Radiation Coefficients 

' ~ .. ~·""""·"··· ,, ... .:.:.::::.. Free Convection Correlations for air at 1 atm. (Holman 1990, Table 7~2) 
; ,., ..... 

· ;. 

Twl= 875 op Temperature End 1 

Tw2= 250 Of T ernperature End 2 

Ts"' 562.5 op Avera_ge Wall Temperature 

To== 115 op Ambient Temperature 

dT= 447:S Of Temperature difference 

h= 1.45 Btu/hr-ft/\2-°F Vertical Plane or Cylinder h = 0.19 * dT/\ 1/3 

h= ,.1.38 B tu/hr-ft"2-°F Horizontal Cylinder h = 0.18 * dT" l /3 

h= 1.68 Btu/hr-ft"2-°F Horizontal Plate - heated face up h = 0.22 * dT" l /3 

Forced convection, flow across a cylinder (Holman 1990, eqn . 6-2 1 ): 

I , r ~ _ a ,, -'- 0.62Re¼2 Prv3 

1 
r Re;o ~.i-B 

Ren·Pr > 0.2 
' '"' re• - . .:> · [·I+ (OA/Prfr3 ti! _ .,,.. 282,0(l01 

,_. 

Nufd= OJ+A*B/C Forced Convection, Nusselt No. 

•··~ ~ -~~7;1, B= r l +(Red/282,000)"5/8]"4/5 m· 'A.~ 0.62Redw . '~ 

Q. 

D= 8.6 Inch Dia of Pipe .1.Q~ meters 

U = 0~1' Mph Free Stream Air Vel. •or~, mis 

Ts= 5625 op Pipe Wall Temperature ~~;n ; oc 

To=, 115 Of Ambient Temperature .e4SJ1l oc 

Tf= 338,75 Of Air Film Temperature ,1~1mti.,· oc 

vf = o.o·dd-1s sq ft/sec Viscosity of Air 1:1~~~, sq. mis 

Red= 5 AS8ME-f;-02 Dimensionless Reynolds No. 

Pr= o.11:1s· Dimensionless Prandtl No. 

kf= 0.0146 Btu/hr-ft-°F Thermal Conductivity Fo!Q253i W/m-°C 



OGTS Bypass External Convection and Thermal Radiation Coefficients 
.. ; ., 

::.;.;·,sutf 
~~~~J Free Convection Correlations for air at 1 atm. (Holman 1990, Table 7-2) 

Red*Pr = 424.57 The dimensionless numbers ara : 

:Vusselt, - .- h~L - ,- h ... D 
tv,.:L ,_, -:"'- or )~u0 - ---;'-- ; 

><, i<., 

Rc1yi'e i9h , g · /J ·P · c~{~T'.L3 g · /3 -p - c _0 (~T)D 3
, 

.c?.i~ - · , · or Ra0 - ~-- ~ ---
v ~ K,, v-k~ 

F~eyno!ds, 

,-=>randtl. Pr = v . P . c.• . 
kr . 

• A= 13,322- B = i.Ol.6v ' 
V, - -· I 

Stefan B = 1.714E:.09: Btu/hr-ft"2-R"4 °' w 
0 em1ss = 0.65 

Nufd = 12.26 Dimensionless Forced Convection, Nusselt No. -Nund = 67.50 Dimensionless Nattrral Convection, Nusselt No. Q. 

Nut= 0.3 + r(Nufd- c)"i + (Nund - c)"il"(I /j) Combined Forced and Natural Convection, Nusselt No. 

c = 0.3 for Horizontal cylinder 

i= 4 for Horizontal cylinder 

Nut= 67.52 Dimensionless 

he= 1.38 Btu/hr-sq.ft-°F Combined Convection he= "-7~~t7> Watt/sq m-°C 



• Vl 
I 

°' w 

OGTS Bypass External Convection and Thermal Radiation Coefficients 

McAdams Free Convection Correlations for air at 1 atm. (Holman 1990, Table 7-2) 

Radiation component: 
h. = a,(Tt - To~ ) 

Stefan B = '1.714E-09 Btu/hr-ft" 2-R-''4 

0.65 
· TJ -T:. _ 

ermss = · 

hr= ·2.4S Btu/hr-sq.ft-°F Th Radiation Coefficient 
-

ht= he + 0hr' Total HT Coefficient 

ht= n3,83 Btu/hr-sq.ft-°F Total HT Coefficient 

q= 1712.29 Btu/hr-sq.ft Specific Heat Loss 

A= 2.25 sq. ft for cylinder 1 ft long 

Q= 3855.18 Btu/hr for cylinder 1 ft long 

Q= 1129.84 Watts for cylinder 1 ft long 

Q= 1.13 KW forcylinder 1 ft long 

-0.. 
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1 McAdams free Coov«tion Correlatjom 

2 Twl .;, 40 Of Temperature End I 

3 tw2 ... 20 Of Temperature End 2 
··-

4 ...... ~lf.JJ/J)\ -· Of Average Wall Temperature 

5 To = o~- - Of Ambient Tcmoerature 

6 <ff.;; 4 ~ ~F t etni,crature difference 
7 h"' ,,;,Q.'1~ll$ri'l~ ll1u/hr-n•2-0 f Vertical Plane or Cvlindcr h = 0.19°cIT• J/3 I 

,;-.- 8 h~ =0;,l.8"'11$6~14) Bllol!ir-f\1'2-6F Honzontal Cvl.indcr It,.. O.(s·•· dT"l/3 
9 h·~ ~!~llil Btu/hr-ft•2-°F Horizontal Plate - heated face up h - 0.22 • dT•l/3 

10 ,--~~ ·' 
11 Forced convection, flow across a cylind< 
12 I ,___ 

~i 
~-"'J<G"l'.:S 13 o 3 ...... ~ -9--&2 ~e8:iJJ~rJ?t G:2a ~ - l'\l t-.•t" .D Reo·P·r 0 .2 14 = >-

- -· - r•~~ ::~~c,>,_~111· ._ 
, 

15 •= 
16 

17 Nufd= 0-lfJ,;•)l,t Forced Convection, Nussell ~ 
;·1$li!II< 

18 D?" 1tti""- inch Dia of Pipe ~13-18 meters 

19 

iii 
mph free St,-eain:Air Vet. · ,.0.1J4104l8'~9 mis - 20 'l's. Of Pipe Wal(Tempe,:aturc ~f{B'2l):.J2'VI 11' "C 

21 To Of Ambient Temperature ~J-:t2)7l:s cc 

22 Th •.. B~B2Jll2' OF Air film Temperature . ...f(R22~.3tY~.3, oc 
23 vf= =Jrui~l9•i23; lsq 11/s« Viscosity of Air , Q.0000I7a9J" sa. mis 

24 Red~mr dimensionless Reynolds No. 

25 fr ,,' i); ~ dimensionlen Prandtl No. -
- ""I' 26 kf..e ~ 6' Btulhr-f1,°F Th(;rmal Coodoelivitv l 1>:02SJ'J W/m-0 c 

27 Red*Pr - , cS!:B24~B2S"'. 
28 

cf i m -e~t"JII.;& i:e> n I e.s.s - f- Th-a. 1,urnb~rs or~ : 
~ -30 ,Vusse,·r- . _, .. ,..-~·.:... - .'?CL e>r •. ,,.'.t . ...lo, - 177'0>: w - f- k, 
31 

,<, 

- r--
32 

/=;!ayl,a-igi,. Ra-_._ g . f ~ . _.:::;, - c~(~ T)L_~- g # · P · C.-.;.. (~T)D-3 - -- <>r ~ao - : 
33 V - .:✓.:. - , • , ... . Jr. ~ 
~ -
~ - - "/ L VD 
35 F?,e,y r~o/'~"7/.:::.., R_e, L <> ... R.e 0 - : 

" V ,__ -
~ - V · P . C:p 

37 .~.--ar~d t .' _ Pr - .k, 
: ' ,__ -

38 

39 f.if'! /\ "": =<1:~•BZ".!Yl/.2)'82-S,"( 1/l)T 1' ,,_a ., """' r't(BZlli-'2s2oooyi{5JS))"(~5) ·c.= e/'ll# 0.4/En,~213~)"{1/4)' 
40 Stefan ll = - ·~ '=0,00000000111~ lllu/ht•fi-"2•R•4 
41 

~ 
enfr&Se ~-6Y . 

42 dimensionless - Nufd r ~~~ Forced Convection, Nusscll No . 
.:& "43 Nund = - na .. dimensionless, Natural Convection, Nusselt No. 

44 Nut a 0.3 + f(!iµfd 0:c)"j +- (Nund-· c)".il"( II , ...., :s;-•• 
Combined forced and Natural.Convection, Nussclt 

45 c= Q.H for HocizonW cylinder 
-46 i.,. 4 • ..- forl:lorizontal cvlinder 

.. 
. 47 ?ij:\lt ';' l~t134i"..0:3)"4'1ffi43--0,3~4)"(.fl4)+0.l ' illmensiooless .~ 

48 hc·'J ::!'Wf?•B261Ii1)•12 . Btulhr-so.f\-°F Combled Convection he = -5.67.t.!6•00 Watt/sqm-•c 

49 

50 Radiation compnnent: 

51 S1efanl3 = "'0'.0000000017t ( Btu/ht-ft"2-R"4 
52 CIJ!iSS = 0.65:,, 

·h¥ 
~(T~~ -£1'~ )· -

">+8JJ•B<l04t(n:2()+46Q)"-.\c(B2ft:4<i())"4).1:(B2o:+'4®HB2Jt 46Q))· -= 53 hr = lltu/hr-SQ.ft-°F Th Radiation Coefficient T, -,;• 7:; : 
54 hl..f,, ~ '£'hr Tola! ITT Coefficient -, ;l-:- >() 

55 f_ht -; -=+Bs:l'l-1348 Btu/hr-SQ. fl. 0 f Total I-IT Coefficient ·-
56 

-~ . 
57 ,<Q"' lle+QS5~(~1i21) Btuihr-sq.n Soecifie Heat Loss 
58 A:- 4 Pl()•B-l8ll 2 !SQ. ft for cylifl<kr I ft Ion!!: 
59 - ·Q-: ,.;;.i.n,,5}•858 lBtilltir ·rot cylinder l ft loru, .. , ' 60 ",-0 = ~.293071 •959 Watts for cyli~ I ft IO!ll! 
61 

. 'O"" -+l36011 OOQ KW for cylinder I ft loM 
62 
63 
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Healer Temperature HEPA Filter 

64 

65 
Ambient Tef11)1!rature (36-N84-140) Outlel Tefll> (36-058-138) Inlet T erT"I) Heater (36-N84-1 40) Mass now rate Heat Input 

66 •F . .. ·"'F .. ' "F lbm'hr KWs 
67 0 .. 2$ 

., .. 13.4 3583 =+867'067'0.242'0.000293071 /0.85 
68 O· 150' . ; ~ . 25 3446 =+868' 068'0.242'0 .000293071/0.85 
69 o· 100· 45 3217 =+869'069'02 42'0 .000293071 /0.85 -
70 0 . 250' 

- ...... ... ... •···- 84 2739 =+870"070"0.242'0.00029307 1/0.85 
71 0 300 ' -- - . 96 2611 =•B71 "071 "0.242'0.000293071/0.85 
72 0 . 400 102 2434 =+B72"072'0.242"0.000293071/0.85 
73 0 < 500· .. 

118 2263 =+B73"073'0.242'0.000293071/0.85 
74 0 =+SUMILINEST!B67:870,C67:C70) '{20, 1)) 20 =+SUM! LINEST/067 :070,B67:B70l'/35.7, 1 ll =+B74 '074 '0.242"0.00029307 1/0.85 Rearesslon:Value 
75 
76 
77 -25 50 13 3492 =+(B77-A77)"D77'0.242'0.000293071/0.85 
78 -25 100 36 3245 .. =+(878-A78)'078'0.242'0.000293071/0.85 
79 -25 150 45 3070 =+/879-A79)'079'0.242"0.000293071/0.85 
80 -25 - 0 -10 3778 =+1880-A80)"080'0.242'0.000293071/0.85 
81 -25 - •SUM/LINESTl877:B80,C77:C80)'(-5, 1)) -5 =+SUM(LINEST(077:080,B77:B80)'(8.1, 11} =+(B81 -A81 )'081 '0.242-0.000293071 /0.85 ReQr&S$lol.l:V,aliie: 
82 
83 115 150 127 2839 =+/B83-A83}'083 '0.242"0.00029307I/0.85 
84 115 175 .. -·- -· 134 2762 =+(B84-A84 )'064 '0.242-0.00029307110.85 
85 115 200 140 2696 =t l885,A85l'D85'02 42 '0,()00293071/0,85 
86 115 ' 225 145 2635 1=+1886-A86l'D86'0.242'0.000293071/0.85 
87 115 - +SUM(LINEST(B83:B85,C83:CB6,.)'(135, 1 )) 135 - +SUM(LINEST(D83:086,B83:B86)"I181 .3, 111 =+1B87-A87)'087-0.242'0.000293071/0.85 ,..,..,,esslo;\ Value 
88 .. ... 
89 
90 

• 
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Subcontractor Calculation Review Checklist 
])BVS OGTS Calculations 

Page_l __ of_l __ 

Subject: Off-Gas Treatment System By-Pass Thermal Hydraulic Analysis 

The subject document has been reviewed by the undersigned. 
The checker reviewed and verified the following items as applicable. 

Documents Reviewed: 145570-D-CA-056, Rev 1, By-Pass Thermal Hydraulic Analysis 

Analysis Performed By: AMEC 
------------------------------

• Design Input 
• Basic Assumptions 
• Approach/Design Methodology 
• Consistency with item or document supported by the calculation 
• Conclusion/Results Interpretation 
• Impact on existing requirements 
• 

Checker (printed name, signature, and date) 

LoisPaync:>¢'c::>f'~ _ f{p{{c, 
Organizational Manager (printed name, signature and ate) 

David H Shuford 
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ame& 
CALCULATION SHEET 

CALC. NO.: 1145579-V-CA-004 

CALC. TITLE: Off-Gas Chiller 

PROJECT NO.: 145579 

Design Verification Required: 

Calculation Type: 

Superseded by Calculation No.: 

REV: Q DATE: March 7, 2005 

PROJECT TITLE: Final DBVS Design 

D Yes 0 No 

D Scoping ~ Preliminary D Final 

0 Voided 

ORIGINAL AND REVISED CALCULATIONS/ANALYSIS APPROVAL 
REV. ORIGINATOR: DATE: CHECKED: I DATE: APPROVED: 

A A. Pr!jincevic 16-Nov-04 NIA N/A F. Sweet 

B A. Prljincevic 03-Dec-04 NIA NIA F. Sweet 

C A. Prljincevic S. Hamlyn 20-Dec-04 F. Sweet 

0 A. Prlj incevic 21-Feb-05 

. ld/J~~ /\ 7 07ftf/J!..b!;J 

AFFE TED DOCUMENTS 

DATE: 

16-Nov-04 

15-Dec-04 

20-Dec-04 

21-Feb-05 

REV. DISC. LEAD 
DOCUMENT NUMBER: TITLE: NO.: INITIALS 

145579-V-DS-011 .1 OH Gas Chiller Skid Pump Data Sheet 0 

145579-V-DS-01 2 Off Gas Chiller Data Sheet 2 

RECORD OF REVISION 
REV. REASON FOR REVISION: 

B Supporting PFD added 

C Full Process Cooling Calculation and PFD added 

0 Hand calculations done in MathCAD 

Changes per RCR, 

ATTACHMENTS 
- TOTAL 

DOCUMENT NUMBER/ID: TITLE: PAGES 

Attachment 1 MathCAD Off-Gas Calculations 6 

Attachment 2 Drawing: F-145579-00-A-0031 (Rev. D) Full Trailer Off-Gas Treatment 1 
(Tri-Mer Operating) Process Flow Diaaram 

Attachment 3 Drawing: F-145579-00-A-0022 (Rev. OE} Full DBVS Trailer Off-Gas 1 
Treatment Process Flow Diaaram 

Attachment 4 Calculation 145579-V-CA-002, "Ductwork Pressures", Rev C, Attachment 2 
2, Sheet 1 and 2 

Attachment 5 Chilled Water/Glycol Schematic 1 

Attachment 6 2001 ASHRAE Handbook - Fundamentals PQ 29.18-19 2 

Attachment 7 1989 ASHRAE Handbook· Fundamentals Pa 33.2 & 4 2 

Attachment 8 Data sheet 145579-V-DS-12.1, Appendix A, Pg 11-15 of 116, York 5 
International Selection Data Form 150.62-EG1 'Air-Cooled Scroll Chillers 
Stvle C YCAL0014 - YCAL0134' 

Attachment 9 AIHTI, Heat Exchanger CataloQue, CS-STC Series, Pa 41 -50 10 

P:\Oesign\HVC\Calcs\14557~V-cA·004 • Ott Gas Ch~lec\14557~V-CA-004 (Otf Gas C/litter) Rev 1.doc Page 1 of 3 
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CALCULATION SHEET 

CALC. NO.: I145579-V-CA-004 REV: Q DATE: March 7, 2005 

CALC. TITLE: Off-Gas Chiller 

PROJECT NO.: 145579 

1 INTRODUCTION 

1.1 PURPOSE 

PROJECT TITLE: Final OBVS Design 

The purpose of this calculation is to determine the basis for Off-Gas Chiller cooling 
capacity and sizing and Off-Gas cooling system. 

1.2 SCOPE 

The scope of this calculation includes analysis of the cooling requirements of the 
heat exchanging equipment located in the existing off-gas trailer, which is the part 
of the Off-Gas System shown on Process Flow Diagrams (PDF). 

1.3 DESIGN INPUTS 

• DWG F-145579-00-A-0031 Rev D, Full DBVS Trailer Off-Gas Treatment (Tri
Mer®1 Operating) Process Flow Diagram 

• DWG F-145579-00-A-0022 Rev OE, Full DBVS Trailer Off-Gas Treatment (Full 
Flow Operation) Process Flow Diagram 

• Chilled Water/Glycol Schematic (Attachment 5) 

• Calculation 145579-V-CA-002, "Ductwork Pressures." 

1.4 CRITERIA-

No external criteria referenced. 

2 ASSUMPTIONS 

The following assumption is used in this calculation and within the body of the 
calculation and attachments. 

1. During the Full DBVS, and when the Tri-Mer® is operating, the Off Gas 
temperature changes through wet scrubber, between stream 19 and 29. 

1 Tri-Mer® is a registered trademark of Tri-Mer Corporation. 

P:\Oesign\HVC\Cak:s\145579•V-CA-004 • Off Gas Chitlei\145579-V-CA-004 (Off Gas ChiDel) Rev 1.dOC Page 2of 3 
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CALCULATION SHEET 

CALC. NO.: 1145579-V-CA-004 

CALC. TITLE: Off-Gas Chiller 

PROJECT NO.: 145579 

REV: GJ DATE: March 7, 2005 

PROJECT TITLE: Final DBVS Design 

2. The cooling required is the capacity for sufficient heat removal in order to cool 
the air from stream #19 temperature to stream #29 temperature. 

3. Since the vendor data is not available heat exchanger is assumed to be the 
type in attachment 9 with pressure drop of 5 psi. 

4. Pipe length is to be 100ft. 

5. Static lift (elevation difference) is to be no greater than 1 Oft. 

6. Chiller temperature differential is 10°R as suggested, with engineering 
judgment (as being most common and efficient), by York International, 
Attachment 8. 

3 METHOD OF ANALYSIS 

Calculations were performed using a handheld calculator and later done again 
using MathCAD software. 

4 RESULTS AND CONCLUSIONS 

• Required cooling capacity is when Fu!! Process is on: 32.25 tons 
• Selected chiller rated capacity: 40.8 tons 
• Required pump flow rate: 87.73 GPM 
• Required total dynamic head: 44.7 ft-water. 

5 REFERENCES 

1. 2001 ASHRAE Handbook - Fundamentals. 

2. York International, Form 150.62-E61 'Air-Cooled Scroll Chillers Style C 
YCAL0014-YCAL0134', 'Selection Data'. 

3. 1989 ASHRAE Handbook - Fundamentals. 

4. "CS-STC Fixed Tube Bundle/ Liquid Cooled Heat Exchangers", American 
Industrial Heat Transfer, Inc., Copyright 2004. 

DATE:/ IJl/.(L~ O CHECKER: 
DATE: 01 Nt.12...05 

P:\Oesign\HVO.Calcs\145579-V-CA-004 -Ott Gas ChITTel\145579-V-CA-004 (Off Gas Oilier) Rev I .doc Page 3of 3 
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Attachment 1 

MathCAD Off-Gas Calculations 
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Project Number: 145579 
CALCULATION SHEET 

Calculation No. 
145579-V-CA-004 
Rev. No.1 
Calculation Title 
Off-Gas Chiller Calculation 

MathCAD Unit Setup: 

Originator:~ _ 
Date:rlh.rU\ 7, ~ 

Checker: ~ 
Date~/ fiA-&!. () <;' 

Due to the lack of incorperated units the following relationships must be 
specified to aid in further analysis. 

KiloJoules: 

Tonn of Heating Capacity: 

Inches of Water: 

Feet of Water: 

Flow Rate: 

Density: 

Specific Heat 

Temperature: 

Heat Capacity: 

Volume: 

Acceleration due to Gravity: 

1. Cooling Requirement 

1.1 TRI-MER OPERA TING (Attachment 2) 

- Sensible Heat: 
(Equation 22, Ch 29, Ref. 1) 

Standard Flow Rate: 
(Mass Based SCFM, Stream 29, 
Tri-Mer Operation, Attachment 4) 

Standard Air Density: 

kJ := I 000joule 

BTU 
Tonn:= 12000-- lTonn = 3.517kW 

hr 

inH20 := 249Pa 

ftH20 := I 2inH20 

rn
3 rt3 

-=35.31-
sec sec 

~ = 0.0624...!!: 

m
3 tt3 
kJ BTU 
-- =0.239-
kg-K lb·R 

K= 1.8R 

kJ . = 0.43 BTU 
kg lb 

3 
gal= 0.134ft 

ft 
g= 32.17-

2 
sec 

I psi = 27 .69 inH2O 

q5t := o-(CA + CyW}•Qs·~T 

tt3 
Q := 657-

s min 

kg o := 1.2-
3 

m 

AS-640 

3 
m 

Q =0.31-
s sec 

lb o =0.07-
tt3 
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Project Number: 145579 
CALCULATION SHEET 

Calculation No. 
145579-V-CA-004 
Rev. No. 1 
Calculation Title 
Off-Gas Chiller Calculation 

Specific Heat of Dry Air: 

Specific Heat of Vapour: 

Humidity Ratio: 
(H20 Mass Flow to Air Mass Flow 
Ratio from Attatchment 2 Stream 29) 

Dry Bulb Temperature Difference: 
(Between Stream 19 and Stream 29, 
Attachment 2) 

Sensible Heat: 
(Equation 22, Ch 29, Ref. 1) 

- Latent Heat: 
(Equation 24, Ch 29, Ref 1) 

Change in Humidy Ratio: 
(Difference of H20 Mass Flow in 
stream 29 to stream 19 over Air 
Mass Flow, Attatchment 2) 

Approximate heat content of 50%RN 
less heat content of the water at 
condensate temperature 
(Standard Conditions) 

Latent Heat: 
(Equation 24, Ch 29, Ref 1) 

kJ 
C := l.006--

A kg·K 

kJ 
Cy:= 1.84-

kg-K 

53 
W :=--

2891 

.1.T := (304 - 85)R 

q5t = 47.07kW 

53 - 7 
.1.W :=--

2897 

kJ 
.1.q := 2500-

kg 

%= l4.77kW 

Originator:.i::)G::> r--
Date: Ma.rc\.... 1" 1 °-:. 

Checker: ~ 
Date: o, HMZ tJ> 

BTU 
CA =0.24-

lb•R 

BTIJ 
Cy=0.44-

lb·R 

W = 0.018 

.1.T = 2I9R 

q
5
t = 13.38Tonn 

.1.W = 0.016 

BTU 
.1.q = 1074.81 -

lb 

qlt = 4.2 Tonn 

- Total Cooling: Tri-mer Operating qto1ri := q
5
t + % qtofui = 61.84kW 

1.2 FULL PROCESS (Attachment 3) 

- Sensible Heat: 
(Equation 22, Ch 29, Ref. 1) 

Standard Flow: 
(Mass Based SCFM, Full Flow, 

rt3 
Q := 2874-

s min 

AS-641 

qtofui = 17.58Tonn 

3 
m 

O,s= 1.356-
sec 
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Project Number: 145579 
CALCULATION SHEET 

Originator:~/ 
Date: a--\OIU"- 7, ~ Calculation No. 

145579-V-CA-004 
Rev. No. 1 
Calculation Title 
Off-Gas Chiller Calculation 

Stream 29, Attachment 4) 

Standard Air Density: 

Specific Heat of Dry Air: 

Specific Heat of Vapour: 

Humidity Ratio: 
(H20 Mass Flow to Air Mass Flow 
Ratio from Attatchment 3 Stream 29) 

Dry Bulb Temperature Difference: 
(Between Stream 19 and Stream 29, 
Attachment3) 

Sensible Heat: 
(Equation 22, Ch 29, Ref. 1) 

- Latent Heat: 
(Equation 24, Ch 29, Ref 1) 

Change in Humidy Ratio: 
(Difference of H20 Mass Flow in 
stream 29 to stream 19 over Air 
Mass Flow, Attatchment 3) 

Approximate heat content of 50%RN 
less heat content of the water at 
condensate temperature 
(Standard Conditions) 

Latent Heat: 
(Equation 24, Ch 29, Ref 1) 

-Total Cooling: Full Process 

Cooling Required: 

kg o := 1.2-
3 

m 

kJ 
C := 1.006--

A kg•K 

kJ 
Cy := 1.84-

kg•K 

W := ~ 
12628 

i'IT := (134 - 80)R 

q5f = 50.56 kW 

qlf := o-bq ·Qs·i'IW 

i'IW := 202 - 6.9 

12628 

kJ 
tiq := 2500-

kg 

qlf = 62.87kW 

Checker: ~ 
Date: (.')1 NA-o 5' 

lb o = 0.07-

tt3 

BTU 
Cy=0.44-

lb·R 

W = 0.02 

t.T = 30K 

q5f = l4.38Tonn 

ti.W = 0.015 

BTU 
Liq= 1074.81-

lb 

qlf = 17.88Tonn 

qtotrun := q5f + qlf qtotruu = 113.43 kW 

qtotruu = 32.25Tonn 

AS-642 
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Project Number: 145579 
CALCULATION SHEET 

Calculation No. 
145579-V-CA-004 
Rev. No. 1 
Calculation Title 
Off-Gas Chiller Calculation 

Because qtotru11 > qto1tn 

2. Equipment Selection 

Originator~a.// .,,,--
Date: 7~ro--- o-.:::. 

qto1tn = l 7.58Tonn 

qtotrun = 32.25Tonn 

Grequired := qtof.rull 

qrequired = 32.25 Tonn 

Checker: ~ 
Date: 07 t-fkru,s 

Page 4 of 6 

York air cooled scroll chiller will be selected to cool propylene glycol/water 50% by weight solution, with 
freezing point of -25 F. 

Selection: 
Type: YCAL0042EC 
Rated Capacity: 40.8 Tonn 
Input Power: 57 kW 

Equipment selection, performance data and correction factors are per: 

"York International" Form 150.62-E61 'Selection Data' 

-Capacity Correction for Proplyene: Qrated := 40.8Tonn Pinput := 57kW 

Efficiency: 

Input Power: 

-Flow Through Chiller (Cooling Fluid) 

GPM formula: 
(Ref 2) 

GPM F/TON Factor: 
(Ref 2) 

Temperature Range: 
(Assumption 6) 

Eff := TONN 
KW 

Eff := 0.928 (50%) 

Q = 37.86Tonn 

qrequired 
KW :,: _ _a.__ ,pinpurEff 

Q 

KW =45.06kW 

qrequired·GF 
GPM:=---

~T 

GF:= 27.2~-_!:__ 
min Tonn 

~T := !OR 

A5-643 

Temperature range is selected as sugested, 
with engineering judgement (as being most 
common and efficient), by "York 
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Project Number: 145579 

Calculation No. 
145579-V-CA-004 
Rev. No. 1 
Calculation Title 
Off-Gas Chiller Calculation 

3. Pump Selection Calculation 

CALCULATION SHEET 

Originator:~ . I . 
Date: , (Y ~ o ;;-

Checker: ~ 
Date: 07 Hk!L o-S 

qrequired·GF International" 'Selection Data'. 
GPM:= --=---

,:ff 

gal 
GPM=87.73-

min 

Off-Gas Chiller Calculation (145579-V-CA-004) to be Revised 

3.1 PROPL YENE GLYCOL PRESSURE DROP CORRECTION FACTOR 
50% by weight mixture 

Cooler Pressure Drop Correction 
Factor for Proplyene Glycol/Water: 
(Data Sheet 145579-V-OS-12.1, 
Appendix A, Page 11 of 116.) 

3.2 EQUIPMENT PRESSURE LOSS 

3.2.1 Cooler Pressure Drop 

Flow Rate: 
(From Section 2 of this calculation) 

Pressure Drop: 
(From Cooler Curves, Pg 14 of 114) 

ti.P f := 1.247 

gal 
GPM = 87.73-. 

mm 

Af' := 6 .5 ftH2 0 

Cooler Pressure Drop (factored): Af' cooler := Af'·ti.Pf 6P cooler= S.J l ftH20 

3.2.2 Scrubber #1 - Heat Exchanger Pressure Drop 

Scrubber Pressure Drop: 
(Assumption 3) 

Af' := 5psi 

Heat Exchanger Pressure Drop: 
(Conservative Approach.corrected 
for proplyene glycol) 

3.3 PIPING AND VALVES 

Head Loss: 
(ASHRAE Fundamentals) 

Table 2 - K factors for welded pipe fittings: 
(2001 ASHRAE Fundamentals Handbook) 

Pipe Diameter: D := 3in 

AS-644 

6P = 11.54 ftH20 

Af'hex = I 4.39 ftH20 

Page 5 of 6 



Calculation No. 
145579-V-CA-004 
Rev. No. 1 
Calculation Title 
Off-Gas Chiller Calculation 

90 deg Elbow: 

Globe Valve: 

Swing Check Valve: 

RPP-24544 REV 1 d 

Project Number: 145579 
CALCULATION SHEET 

keJb := .34 

~lobe:= 7 

~wing == 2 .0 

Originator~ . 
Date: ,rJt!lfW\-7, D < 

Checker: ~ _. 
Date: 61 H ~.) 

Page 6 of6 

Pipes & valves are sized as per guidlines in Ch. 35 'Pipe Sizing' of 2001 ASHRAE. 

Volume Flow Rate: 

Flow Velocity: 

Sum of k factors: 

Head Loss: 

Pipe Losses: 
(1989 ASHRAE Fundamentals 
Handbook, Pg 33.4, Fig 16.1) 

Pipe Length: 
(Assumption 4) 

Pipe Loss: 

Total Pipe & Fitting Losses: 

Total Required Static Head: 

Heat exchanger may be 
elevated up to 10 ft: 
(Assumption 5) 

Total Required Head: 

gal 
GPM=87.73-

min 

ft 
V=3.98-

sec 

Fittings & Valves {Attachment 5) 
10 x 90 degree Elbows 
4 x Globe valves 
4 x Swinging Check Valves 

k := 10-kelb + 4·kglobe + 4·¾wing 

v2 
8.HI := k--

2-g 
6H t = 9.71 ft 

k = 39.4 

2.5ft 
~ ipe := I 00ft 

(For commercial pipe, Sch 40) 

Lpipe := I 00ft 

6Hloss = 34.7 ft 

Hstatic := I Oft 

IMI = 44.7 ft I 

AS-645 
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Full DBVS Trailer Off-Gas Treatment 
Process Flow Diagram 
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Full DBVS Ductwork Pressures 
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I 
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Vi -

A I B D E F 

w.. T rnda 

FIAi Flow• P111sS11111 Clk:1 
.. 

Dly-f!Ulb Mas, Correcilon § 
.L By.OW I To-., Flow Faolor 

3 Fob 28. 2005 deaf blhr 
4 INlETSTACK 77F 606 1.010 

5 ptW•ltld< 77F 506 1,010 
6 1CVAA D 77F 508 1,010 

I BOX 77F 506 1.ll04 

...!. ICV OFF GAB 13 876F 742 0.975 

.1§. ICVOFFGAS 15 S73F 1,248 0.885 

J!. SMF 573F 1,248 0,985 
..11 FIL lEAED OFF OAS 17 673F 1,241 M92 

.1t QUENCH FEED 10 134F 12,439 0.965 
20 CUIIIIChtr 134F 12,439 0 ,965 

E QUENCHER DISCHAAGE 20 75F 12,820 1.009 

~ Sciubbor 76F 12,829 1.006 

A SCRUB DISCHARGE 23 BOF 12,826 1,023 

.M. Mist EEmlnator 60F 12,828 1.023 

~ COND. FEED 28 BOF 12,628 1,023 

A Senibber Conoan11, SOF 12.1128 1.023 

.I!.. Mist EUmlllalor 80F 12.~ 1.004 

A COflD. DISCHARGE 211 80 F 12,828 1.023 

~ HEATER FEED 30 121 F 13,924 1.023 

.ll. HEPAHultr 121 F 13,824 1.023 

.B. HEFAFEEO 31 197f 13,924 1,027 

~ HEPA! 187 F 13,924 1,027 

~ HEPA2 1'7F 13,924 1.027 

~ C-Fll TEA INLET 32 187 F 13,924 1.000 

.1! HegaAll,r 187F 13,924 1.030 
,.E. Poll1hlng FDt•r 187F 13.824 , .roo 
,.a! C-Fll lER DISCHARGE 38 187F 13,924 1,027 

~ SCRFEEO 40 120F 24.1548 0.992 
41 SCA 129F 2-4,645 0.8'32 

~ PART HEATED SCA FEED 41 891F 24,648 0,952 

~ 
HEATED SCA FEED 42 800F 24,948 0.952 

SCA DISCHARGE 4o :248 F 24,680 1Jl28 

J!. FAN 248F 24,680 1.026 

.E.. FAN DISCHARGE 48 372F a,.eeo 1,009 
48 STACK -48 372F 24,880 1,009 

.& 
~ Attachment: 2 

.fil. Cale. No: 145579•V•CA-002 

.E. Rev. No: C 
~ Sheet: 1 of3 
,M. 
.M. 

56 

Attachment: 4 
Cale. No.: 145579-V-CA-004 
Rev. No.: 1 
Sheet 1 of 2 

a I H I I J I K I 

" d 

Mass Density Masi Aoqd Duct Duct Diam 
S.slld Factor Based Diam 
oclm acfm Inches lnohn 
1H 0,99 115 2.30 24 
114 0.99 115 2.30 6 
114 0.06 116 2.30 4 
113 0.98 115 2.30 4 
181 0.30 40B 4.32 6 
274 0,51 537 4.98 e 
274 0.51 637 4.68 8 
274 0.60 651 5.02 8 

2,726 0.86 3,153 12.02 12 
2,728 o.~ 3,1110 12.04 12 
2,826 0.95 2,988 11.86 12 
2,826 0.95 2,968 11.98 12 
2.873 0.81 a1ss2 12.78 12 
2.873 0.61 3,552 12.76 12 
2,874 0,80 3,580 12.81 12 
2,874 0.80 3,680 12.61 12 
2,822 0.79 3,580 12.81 12 
2.874 0,78 3,874 12.96 12 
3,1E9 0.73 4,358 14.13 16 
3,1119 0 ,73 4,358 14,13 18 
3 ,182 0.67 4,753 14,76 10 
3,182 0.67 4,760 u.n 16 
3,182 0.88 4,786 14.83 16 
3,1 90 0.66 4,847 14.91 18 
3,190 o.ee 4,869 14.92 18 
3 ,1 80 a.es 4 ,908 15.00 16 
3,182 0.86 4,908 15.00 18 
5,439 0.89 7,698 19.02 18 
5,439 0.89 7,919 18.05 18 
5,219 0.33 15;913 27,01 16 
6,223 0.30 17,430 28,27 19 
6,836 0.53 10,569 22.01 22 
6,636 0.53 10,593 22.0' 22 
5,642 0.64 6,702 19.97 24 
6,642 0,84 8702 18.87 24 

L I 
Vd 

0.cl 
Velool!y 

fem 
37 

5&7 
1,328 
1,3:10 
2,on 
1,537 
1,538 
1,577 
4,014 
4,024 
3,779 
3,779 
4,623 
4,5Zl 
4,550 
4,558 
4,568 
4,678 
3,121 
3,121 
3,404 
3,409 
3,438 
3,472 
3,480 
3 ,513 
3,614 
5,855 
5,672 

11,997 
12,488 
4,004 
4,013 
2,770 
2,770 

M N I 0 I p I Q I A I 6 I T u V I w 
VP, L H, h, SP.., SP.., 

Voloclty Duct Ftlctlon Friction Spoclal Sum Cool Duol LD,s Equip S.otlon Oov, Statla Cummulawo 
Precsure Length f&c;.tor Coo/I, Fining Losa Loss Pre"ww Static 

lnWG tt ti/II Cool fnWG inWG fnWG lnWG lnWG 
0.000 11 1.0 0.01 1.45 1.46 0,00 0.00 0.00 
0.021 23.7 0.05 1.12 0.88 1.98 0,04 1.60 •1 ,94 0.00 •1,14 
0.1 07 4U 0.07 2,8B 0,8-4 3.72 0.40 •D.40 -1 .94 .2.24 
0,106 0.07 •2.24 .124 
0.106 16.4 0.04 0,73 1.37 2.10 0.22 ~.22 •2,24 -2M 
0.076 18 0.03 0,•7 1.01 ue 0.11 ~ .11 •2,48 ·ZST 
0.076 0.03 ua •9,60 ·2.157 •12.17 
a.on 79.8 0,03 2.33 3.33 5.88 0.44 •0,44 -12.17 -12.81 
0.88B 0.02 1,08 1.08 0.92 ~.92 -12.81 •13.1!3 
0.888 0.02 2.00 •2.00 •13.153 0 15.53 
0.945 0.02 •16.63 -15.53 
0.845 0.02 58.00 •58.00 •1S.63 -71.83 
1.029 0.02 .71,&3 •71,s:J 
1.029 0.02 2..50 -2.50 .71,1;3 •74.IXI 
1.037 0.02 .74.03 •74.03 
1.037 0,02 8,00 •6.00 -74.03 -80.IXI 
1.01 8 0.02 2.50 •2.50 •80.03 -82.SS 
1.064 0.02 -82.53 -82.IIS 
0.44-0 0.01 -82.&3 -112.53 
0.440 0,01 2.00 •2,00 -82.53 -8-4.53 
0.4.!12 0.0 1 1.00 1.oe 0,51 -0,'1 -114,53 -85.04 
o.m 0,01 2.50 •2.50 •BS.04 -87.154 
0.487 0.01 2.50 •2.50 •87,54 •90,04 
0.493 5.0 0.01 0.06 1.4.!I 1.54 0.78 -0.78 ·80.04 •90,IO 
0.4i4 0.01 3.00 ~ .00 ·SO.BO •113,80 
0.49D 0.01 0.85 -<>.BS ·99.80 ""4.e& 
0.498 5 0,01 0.00 1,98 1.A2 0.71 ~-71 •94.86 •95,35 
1,370 17.0 0.01 0.18 0.48 0.68 0.91 -0.91 •95.35 -91.26 
1,374 47,4 0.01 0.50 o.so 0.69 20.00 •20,89 •88.29 -111.95 
2.648 0.01 -118.95 •1'8.95 
2.904 0.01 •118.85 •111,115 
O.S31 21 .S 0.01 0.17 1.07 1.24 0.68 -o.ee •118.95 •117.tl 
0.533 0,01 118.77 0 117,81 O.N 
0.30' 0 .01 1.24 1,24 0,38 ~.38 0.88 0.21 
0.304 130 0.01 0.94 0.114 0.28 ~.28 0.28 0 

Originator: --9~ 
Date: I -, '°'.n'°JI. I ,'Za)~ 

Checked By; --::v..NJ 
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INI.ETSTACK Tlf 505 1.1)13 114 0.119 115 
Jl'Ntadl T7F 505 1.010 114 0,!N 115 
ICV AJA a 77f II05 1.013 11• 0,98 118 

&OX 77f I05 1.013 114 0.98 118 
ICV OFF OAS 13 178F 7'Z 0.1171 m 0.311 '°' ICVOFFOAS 15 mF ma OJIBI 274 0.51 637 

IMF &73F 1248 O.HI 274 0.51 "'" FILTERE!> OFF GAS 17 57:IF 1Zl8 O.H4 214 0.60 650 
OUENCHFl:EO 18 :IO'f 21185 1.014 &SI 0.57 ... 

Ouenchtr 304F 2885 1.014 &51 0.&7 1189 
QUENCHER OISCIWIOE 20 HF 2'42 1.021 6U 0.83 721 - HF U42 1.021 118 0.83 721 

SCRUB DISCHAABE 23 ISF 2881 1.020 ass 0.93 709 
Mist Elmlnllr>f IOF 1191 1.020 118 0.83 709 
C:ONO. PEED 28 1$F 2981 1.0ZO IISS 0.83 709 

Scnibber Concf1nur ISF 2811 1.020 858 0.83 700 
Mla1 EllmiMIM ISF 2891 1.ozo 858 0.92 710 

CDNO. OISCHAIIGE: 2ll ISF 2891 1.021 w 0.02 7f1 
HEAlER FEED 30 123F 4458 1,000 m 0.88 1,116 

HEl'AIIMtor 123F .... 1.000 ... 0.111 1,1'8 
MEPAFl:ED 31 187F 4468 1.020 1,011 0.60 1,2511 

HEPA1 1117' - 1.020 1,011 0.80 1,2.SI 
H6PA2 1G7F - 1.020 1,011 0.80 l,2Gl) 

C-ALTER INLET 32 167 F 4458 1.011 1.011 0.80 1,280 
Hegaflltr 167F 4458 1.019 1.011 0.10 1,260 

PollaN,,gfRt1t l87F 4456 1.010 1,01f 0.BO 1,261 
C-FILlER DISCHAAQE 38 167F 44M OJl70 961 0.80 1,200 

TR;MER 77F 4500 Cl.970 171 0.114 1,039 
0llulecf OIi Ciao 45 70F 3SSOO 1.110 10,837 0.110 11,701 

FAN 79F Sl5$00 1.310 10,837 0!0 11,634 
FAN DISCHARGE 16 79F :i&SoO OJllO ?,C60 0.H a.oa7 

SfACK OJSCHAAOE 79F 36500 O.IB0 7960 OJIB 8.095 
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J K 

" d 

Roqd Ouct Duel Diam 
Diam 

'""""' "' ..... 
z.:JO 24 
z.:JO 6 
2-30 • z.:l1 • 
4.33 8 
•US 8 
4.116 8 
6.02 s 
8,0'8 1Z 
8.18 12 
6.75 12 
5.75 12 
S.70 12 
5.70 12 
5.70 12 
5.70 12 
6.70 12 
6.71 12 
7,21; 16 
1-'-6 18 
7.80 18 
7.6() 16 
7,60 18 
7 ,60 16 
T.80 16 
7.60 16 
7.42 16 
8,90 10 

23.2S 22 = 22 
,us .. 
19.28 24 

L M N 0 p 0 R 8 
vd vP, L Ho h1 

O\.ct Veloc:Jly DrJc:t Friction fridon Spedal Sum Coif OIICI Lou 
Vtloclty Pmwrt u~h Foel>r Cooll. FIiiing 

rom lnWO It 11/IJ Cool JnWO 
37 0,000 111.0 0.01 1.45 1.45 0.00 

516 0.021 2.3.7 o.os 1,12 0.88 1~ 0.04 
1,3V 0.108 41.8 0,07 2.88 0.84 3.72 0.40 
1,329 0.108 0.07 
:z,oas 0.107 18.4 0.04 0.73 0,14 1.57 0.17 
1,SJS 0.075 16 0.QJ 0.• 7 1.02 .... 0.11 
1,538 0.076 0.03 
t,578 o.on 70.B 0.03 2.33 0.88 2.90 Q.Z) 

1,233 0.0154- 0.02 3,33 3'33 Q.21 
1,233 0.084 O.Q2 

818 0.040 0.02 
918 0,04! 0.02 
903 0.047 0.02 
903 0.047 0.02 
903 0.041 0,02 
903 0.047 0.02 
904 0.047 0.02 
805 0.047 0.02 
122 0.0JB 0.01 
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HEAT GAIN THROUGH INTERIOR SURFACES 
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1 of 2 ----- -----

, a space with a dif
separating physical 
lie is given by 

(20) 

adjacent and 

- __._f\l\o.._...'--'-rcc..;=;;lA_~J...., ...... o~S::::,c..__ ~ 
~' 'C o, 11k&---o;-

__ __.;;._.:....__-><..=..;'--"'--- - 25. '.femperature tb 

- a kitchen or boiler 
above the outdoor 
g spaces should be 
wn except that the 
1 contains no heat 
,ll gain. lb - I; may 
?tdoor air and con-

----- -r-- - 0 - -, --- -..----- • ....inus 3 K. In some 
cases, the air temperature in the adjacent space will correspond 10 

the outdoor air temperature or higher. 

Floors 
For floors directly in contact with the ground or over an under

ground basement that is neither ventilated nor conditioned, he.it 
transfer may be neglected for cooling load estimate.s. 

INFILTRATION AND VENTILATION HEAT GAJN 

Ventilation 
Outdoor air must be introduced to ventilate conditioned spaces. 

Chapter 26 suggests minimum outdoor air J:e{)uirements for repre
sentative applications, but the minimum levels are not necessarily 
adequate for all psychological attitudes and physiological re
sponses. Where maximum economy in space and load is essential, 
as in submarines or other restricted spa_ces, as little as 0.5 lls of out
door air per per1,on can be sufficient, provided that recirculated air 
is adequately decontaminated (Consolazio and Pecora 1947). 

Local codes and ordinances frequently specify ventilation 
requirements for public places and for industrial installations. FO!" 
example, minimum requirements for safe practice in hospital oper
ating rooms are given in NFPA Standard 99. Although 100% out
door air is sometimes use4 in operating rooms, this standard does 
not require it, and limiting the outdoor air to 6 to 8 changes per hour 
is finding increasing acceptance. · 

ASHRAE Standard 62 recommends minimum ventilation rates 
for most common applications. For geucnl applications, such as 
offices, 10 Us per person is suggested.. · 

Ventilation air is normally introduced at the air-conditioning 
apparallls rather than directly into the conditioned space and thus 
becomes a cooling coil load component instead of aspace load com
ponent Calallations for estimating this !teat gain are discussed later 
in the section on Heat Gain Calculations Using Standard Air Values. 

Reducing heat gain from outdoor air by using filleled recixcu
lated air in combination with outdoor air·sho1M be considered. 
Recirculated air can also be treated to control odor(see Chapter 13 
of this volume and Chapter44 of the l999ASHRAEHandbook
Applicatiom). 

Infiltration 
The principles of estimating infiltration in buildings, with 

emphasis on the heating season, are discussed in Chapter 26. For 

AS-656 
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the cooling season, infiltration calculations are usually limited to 
doors and windows. Air leakage through doors can be estimated 
using the information in Chapter 26. Table 3 in Chapter 26, 
adjusted for the average wind velocity in the locality, may be USCd 
to compute infiltration for windows. In calculating window infil
tration for an entire structure, the total window area on all sides of 
the building is not involved since wind does not act on all sides 
simultaneously. In any case, infiltration from all windows in any 
two adjacent wall exposures should be included. A knowledge of 
the prevailing wind direction and velocity is helpful in selecting 
exposures. 

When economically feasible, sufficient ~utdOOI" air shoold: be 
introduced as ventilation air through the air-conditioning equipment 
to maintain a constant outward escape of air and thus eliminate the 
infiltration portion of the gain. The pressure maintained must over, 
come wind pressure through cracks and door openings. Wh_en the 
quantity of outside air introduced through the cooling equipment is 
not sufficient to maintain the required pressure to eliminate infiltra• 
tioo, the entire in.filtration load should be included in the space beat 
gain calculations. 

Standard Air Volumes 
Because tlie specific volume of air varies appreciably, calcula

tions are more accurate when made on the basis of air mass instead 
of volume. However, volume values are often required for selection 
of coils, fans, ducts, etc., in which cases volume values based on 
measurement at standard conditions may be used for accurate 
results. One standard value is 1.2 kg (dry air)/m3 (0.833 m3/kg) . 
'Th.is density cori:esponds to about 16°C at saturation and 21°C dry 
air (at 101.325 kPa). Because air usually passes through the coils, 
fans, ducis, etc., at a density close to standard, the accuracy desired 
normally requires no correction. When airflow is to be measured at 
a particular condition or point, such as at a coil entrance or exit, the 
corresponding specific volume can be read from the psychrometric 
chart · 

E:ramp1~•3, Standard air calculation. Assume outdoor air at staociarJ 
conditions is flowing at 10 m3/s. What is ~c flow rate when the out• 
door air is at 35°C dry-bulb and 24°C wet-bulb (0.893 m3/kg)? 

Solution: The measured rate at that coodition should be 10 
(0.893/0.833) = 10.7 m3/s. 

Heat Gain Calculations Using Standard Afr Values 
Air-conditioning design often requires calculation of the 

following. 

I. Total heat 

.. Total heat gain q, corresponding to the change pf a given s_tan· 
dard flow rate Q, through an enthalpy difference.Ah is · 

qt = l .2Q,.6.h 

where air density= 1.2 kg/m3• 

2. Sensible heat 

(21) 

Sensible heat gain q, corresponding to lh~ change of dry~~ 
temperature ru for given airllow (stan~ conditi~ns) Q, is . _. " 

q$ = 1.2(1.006 + l.84W)Q,At .. fu~ 
WMre 

1.\)06 = specific heat of di)' air, kJ/(kg-K) 
W = humidity ratio, kg (water)/kg (air}-

1.84 = specific beat of water vapor, kJ/(lcg-K) . . .,, 

The specific beau are for a range fro!n about -75 to 90°C; ~ 
W = O, thevalueof 1.20(1.006+ I.84W)= 1.21; when W=O.Ol,~ 
value is 1.23; when W=0.02, the value is 1.25; and when W=;!J:9f--. .. :;.; 

~• 
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the value is l .27. Because a value of W = 0.01 approitlmates condi
tions· found in many air-conditioning _problems, .the sensible heat 
chang·e (in"{) can normally be found as · 

q, = 1 .23Q,& (23) 

3 .. Latent heat 

Latent heat gain q1 corresponding 10 the change of humidity ratio 
AW for given airflow (standard conditions) Q, is 

(24) 

where 2500 is the appro~imate heat content of 50% rh vapor at 24°C 
Jess the heat content of water at 1 O~C. 50% Ih at 24°C is a common 
design condition for the space, arid l0°C is norm.al condensate tem
perallm: from cooling and dehumidifying coils. 

the space conditions through the renun air system and equipment 
back. to the conditioned spaco. lf the design is successful (i.e., within 
the degree of conectncss of the various design assumptions}, appro
priate equipment components can safely be selected. If not, the 
designer must judge if the results will be "close enough" to satisfy 
the needs of the project, or if one or more assumptions and/or design 
criteria must first be m<Xlified and the calculations rerun. ' 

Heat Gain from F_ans 
Fans that circulate air through HVAC systems add energy to the 

system by ooe or all of-the following processes: 

• Temperature · rise in the a.in;tream from fan inefficiency. 
Depending on the equipment, fan efficiencies generally range 
between 50 and 70%, with an average valne of 65%. Thus, some 
35% of the energy required by the fan appears as instantaneous 
heat gain to the air being transported. 

.I 

The constants 120, 1.23, and·3010 are useful in air-conditioning 
calculaaons at sea level (101.325.kPa) and for normal temperatures 
and ,moisture ratios .. For _other cnnditions, more precise values 
should he used. For an altitude of 1500 m (84.556 kPa), appropri~ie 

• T~perature rise "in the airstrearn as a consequence of air static 
and velocity pressure. The "useful" 65% of the total fan energy 
that creates pressure to move air spreads out throughout 1be entire 
air transport system in the process of conversion to sensible beat 
Designers commoa.ly assume that · .the · temperature change 
equivalent of this heat occurs ai a single point in the system, 
depending on fan location as noted below. 

\ 
Yalil'es arc 1.00, 1 .03, an·d 2500. ··,-

I. T~:=:::~=:~~~~=~:~:.:~~s 
1 

is a natural phenomenon that is always present Chapters 23 and 24 
1 cover the principles and specific methods used to control moisture. 
l Moisture transfer through walls is often neglected in the usual com-
.i fort air--1:onditioning application because the actual rate is quite 
I small and the corresponding latent heat gain is insignificanf. The 
[ · penneability and penneancc values for various building materials 
t are given in Table 9, Chapter 25. Vapor retarders are frequently 
" installed to keep moisture transfer fo a minimum. 
~ · .~rtain industrial applications call for a low moisture content to 
i be maintained in a conditioned space. In such cases, the latent heat 
·, gaw accomp~ying moisture tran.sfer through walls may be greater i ~ an~ other latent heat gain. This gain is computed by · 

:1 qm = MM,p.(hg - hjJ (25) 

;~ where 

l 
:.1 

:l 
•. 

q., = larent beat gain. W 
M = pcnnean~ of wall assembly, ng/(s• m2-Pa) 
A = an:a of wall smface, m2 

t.p, = vapor pressure diff=~. Pa 
h, = enthalpy at room conditions., lcJ/k:g . 
", = Cllthalpy of water condensed at cooling coil. kl/leg 

== 2500 kJ/lcg when room tcmpt:ralll?e is 24 "C IIDd condensate off 
coil is 10°C 

HEAT GAIN FROM 
MISCELLANEOUS SOURCF.S 

. Toe calculation of the cooling load is affected by such factors as 
(I) type of HVAC systan, (2) effectiveness of heat exchange sur
faces, ('3) fan location, (4) duct heat gain or loss, (5) duct Ieak:Bge. 
(6) beat-extraction lighting sys~ (7) type of return air s~. 
~ ~ sequence of controls. System perlonnance needs to be ana
•1.u:o as a sequence of individual ~ycbrometric processe&. The 
lllOSt Straightforward method fixst defines all known (or ·desiied) 

' ~ points on a psychr9metric chart. Next, the actual entering and 
lcavuig dry- and wet-bulb conditions arc calculated for such com

, ~nts as the cooling and/or heating coils (based on zooe or space 
· "''"'J, the amount of outside air introduced into the system through 
.. lbe equipment, and the amount of heat gain or lo~ at various points. 

1liis O\'etall process must ·verify that the space conclitiom origi
~Y sought can acrually be met by the designed system by tonsid

.. ~g all sensible and latent heat changes to the air as it travels from 

•. Temperatw;µ rise from heat generated by motor and drive 
inefficiencies. Toe relatively small gains from fan motors and 
drives are normally disregarded llllless the motor aod/or drive are 
physically located within the conditioned austream. :Equations 
(7), (8), and (9) may be used to estimate heat gains from typical 
motors. Belt drive losses are often estimated as 3% of tbe motor 
power rating. Conversion to temperature rise is calculated by 
:Equation (26). · 

The location of each fan relative to other elements (primarily fi:c 
cooling coil) and the type of system ( e.g., single zone, multirone, 
double-duct, terminal reheat, VAV), along with the concept of 
equipment control (space temperature alone, space temperature and 
relative humidity; etc.), must be known before the analysis can be 
completed. A fan locaied upstream. of the cooling coil (blowthrough 
supply fan, retmn air fan, outside air fan) adds the heat equivalent of 
its inefficiency to the airstream at that point; thus. a slightly elevated 
entering dry-bulb temperature to the cooling coil result,. A fan 
located downstream of the cooling coil Il!ises the dry-oolb temper
ature of air leaving the cooling coil. This rise can be offset by reduc
ing the cooling coil temperanue or, alternatively, by increasing 
airllow across the cooling coil .as long as its impact on space condi
tions is considered. 
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Extensive age-related flow data are available for use with the . 
Hazen-WIiliams empirical equation. Difficulties arise in its ap
plication, however, because the original Hazen-Williams rough- · 
ness coefficients are valid only for the specific pipe diameters, 
water velocities, and water viscosities used in the original ex
periments. Thus, when the Cs are Cletended to diffe~t diameters, 
velocities, and/or water viscosities, errors of up to about 50% in 
pipe capacity can occur (Williams and HIIZl:n 1933, Sanks I 978). 

Water Hammer 
When any moving fluid (not just water) is abruptly stopped as 

when a valve closes suddenly, large pressures can develop. While 
detailed analysis requires knowledge of the elastic properties of 
the pipe and the flow-time history, the limiting case of rigid pipe 
and instantaneous closure is simple to calculate. Under these 
conditions, 

where 
P1r = pressuce rise caused by waler hammer, lbrfft2 

Q = fluid density, lb0/ftl 
c, = velocity of sound in the fluid, ft/s 
V = fluid flow vclocicy, ft/s 

(9) 

c, for .water is 4720 ft/s, although the elasticity of the pipe 
reduces the effective value. · 

1989 Fundamentals Handbook 

Eu,uple 3. What is the maximum pressure rise if water flowing at JO 
· · ft/s is stopped instantaneously? 

Solution: Ph = 62.4 X 4720 X 10/32.2 = 91468 lb/ft1 

= 63S psi 

Other Considerations 

Not discussed in i:letail in this chapter, but of potentially great 
importance arc a number of physical and chemical comideratioru: 
pipe and fitting design, materials, and joining methods must be 
appropriate for W9r1cing pressures and temperatures encountered, 
as well as being suitably ~stant to chemical attack by the fluid. 

Other Piping Materials and Fluids 

For fluids not included ·in this chapter-or for piping materials 
of diffet1:nt dimensions, manufacturer's literature frequently sup
plies pressure drop chartS. The Darcy-Wcisbach equation and the 
Moody chart or the Colebrook equation can be used as an alter
native to pressure drop charts or tables. 

HOf AND CHILLED WATER PIPE SIZING 

The Darcy-Weisbach equation with friction factors from th~ 
Moody chart or Colebrook equation (or, alternatively, the Haren- .. 
Williams equation) is· fundamental to calculating pressure drop 
in hot and chilled water piping; however, charts calculated from 
these equations (such as Figures 1, 2, and 3) provide easy deter
mination of pressure drops for specific fluids and pipe standards. 
In addition, tables of pressure drops can be found in Hydraulic 
Institute (1979) and Crane Co. (1976). 

Most tables and charts for water are calculated for properties 
at 60 "F. Using these for hot water introduces some error, although 
the answers are conservative; i.e., cold water calculations overstate 
the pressure drop for bot water. Using 60°Fwatercharts for 200°F 
water should not result in errors in Ap 01ceeding 200/o. 

Range of Usage of Pressure Drop Charts 

General Design.Range. The general range of pipe friction loss 
used for design of hydronic systems is between. I and 4 fi/100 ft. 
A value of2.5 ft/100 ft represents the mean towhlch most systems· 
are design¢. Wider ranges may be used in specific designs, if cer-

. tain precautions are taken. 
Piping Noise. C)osed loop hydronic system piping is generally 

sized below certain arbitrary upper limits, such as a velocity limit 
of 4 fps.for 2-i.p.. pipe and under, and a pressure drop limit of 4 ft 
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Table I K Factors--l'bruuea npi: I>i•uul? 

Nominal 90• 90• Long• Swing Bell 
ripe Sl&odard Radius 45" Returu Tee- Tee- - Globe Gate Angle Check Mouth Square Projected 

Dia.,mm Elbow Elbow Elbow Bend Liu Br211ch Valve Vain Valve Valve Inlet Inlet lnltt 

10 2.5 - 0.38 2.5 0.90 2.7 20 0.40 - 8.0 0.05 0.5 1.0 50m: 
15 2.1 - 0.37 2.1 0.90 2.4 14 0,33 - 5.S 0 ,05 0 .5 1.0 50m 
20 1.7 0.92 0.35 1.7 0.90 2.1 JO 0:28 6.1 3.7 0.05 o.s 1.0 
2S 1.5 0.78 0.34 1.5 0.90 1.8 9 0.24 4.6 3.0 0.05 0.5 1.0 50m 

32 i.3 0.65 0.33 1.3 0.90 1.7 8.5 0.22 3.6 2.7 0.05 0.5 l.O 100, 
40 1.2 0.54 . 0.32 1.2 0.90 1.6 8 0.19 2 .9 25 0.05 0.5 1.0 100 : .so 1.0 0.42 0.31 1.0 0.90 1.4 7 0.17 2.1 2.3 0.05 0.5 1,0 
65 0.85 0.35 0.30 0.85 0.90 1.3 6.5 0.16 1.6 22 0.05 0.5 1.0 100 

80 0.80 0.31 0.29 0.80 0.90 1.2 6 · 0.14 1.3 21 ··,. 0.05 0.5 1.0 son 
100 0.70 0.24 0.28 0.70 0.90 1.1 5.7 0.12 1.0 2.0 • ~.05 0.5 1.0 50r 

Sourer. En,w,nni Do/a Boole (Hydm,lic hsiw1c 1979). · 
501 

Table2 KFadors-F1anged Welded Pipe Fittings 100 

Nominal 90• 90° Long• 45° Long- Return Retom Swing lOC 
' Pipe Standard Radius Radius Bend Bend Long- Tee- Tte- Globe Gate Angle aim 1()( 
Dia.,mui Elbow Elbow Elbow Standard Radius Line Branch Valve Valve Valve Vain 

'Pn:v 
25 0.43 0.41 0.22 0.43 0.43 0.26 1.0 13 - 4.8 20 
32 0.41 0.37 0.22 0.41 0.38 0.25 0.95 12 - 3.7 2.0 
40 0.4-0 0.35 0.21 0.40 0.35 0.23 0.90 10 - 3.0 20 I Exa: 
50 0.38 0.30 0.20 0.38 0.30 0.20 0.84 9 0.34 2.5 2.0 
65 0.35 - 0.28 0.19 0.35 0.27 0.18 0.79 8 027 2.3 2 .0 
80 0.34 0.25 0.18 0.34 0.25 0.17 0.76 7 0.22 22 2.0 

100 0.31 0.22 0.18 0.31 0.22 0.15 0.70 6.5 0.16 2.1 2.0 
150 029 0.18 0.17 0.29 0.18 0.12 0.62 6 0.10 2.1 2.0 
200 027 0.16 0.17 0.27 0.15 0.10 0.58 5,7 0.08 2.1 20 
250 0.25 0.14 0.16 0.25 0.14 0.09 0.53 5.7 0.06 '2.1 20 I din 

300 0.24 0.13 0.16 0.24 0.13 0.08 0.50 5.7 0.05 2.1 2.0 s~ 
Source: Eng/11.tering Data Book (Hydnulic In.stirulc 1979). 

Table3 Approximate Range of Variation for K Factors 

90• Elbow Regular threaded :!:20% above 50 1llm Tee Threaded, line or branch :!:25% wl 

±40%bclow50mm Flanged, line or branch :t35% 

Long-radius threaded. ±2..5% Globe valve Threaded :!:25% 

Regular flanged ±35% Flanged ±25% 

Long-radius flanged ±30% Gate valve Threaded ±25% 

45• Elbow Regular threaded :tl0% Flanged :t50% 

Long-radios flanged :tl0% Angle valve Thn::adcd ±20% l!. 

Retmnbend Regular threaded ±25% Flanged :t50% 
(180") ·-· . 

Regular flanged ±35% Oicck valve Threaded :t50% 

Long-radius flanged :t30% Flanged +200% 

-SO% 

~ Enginuring DaJa Bock (Hydraulic lllstitute 1979). 

Table 4 Comparison or K Factors from Rabmeyer (19998) with Previous Reference Data for Elbows 

Rabmeyer Valoes 

PreviDUS Rel.• Values 0.6m!s Um/s 2.4mls 

50 DlDI standani elbow (lhrcaded) 0.60 IO 1.0 (1.0) 0.54 0,6 0.68 . 100 mm long--r.uiius elbow (welded) 0.22 to 024 (0.22) 0.28 0.26 0.24 

\ 100 mm standard elbow (welded) 0.31 to0.34 0.40 0.37 0.34 
;_ 50 mm redncillg elbow (50 x 40) (thrwled) - 0.76 0.81 0 .81 
··• 

50 mm expmding elbow (40 >< 50} (threaded} 0.59 0.54 ' - 0.65 ; 

100 mm mincing elbow (100 x 80) (welded) - 0.72 0.57 0.45 

100 mm cxpa!ding elbow (80 x 100) (welded) - 0.28 0.28 0 .27 

SO mm reducer (SO x 40) (threaded) - 0.99 0.53 0.28 

50 tnrllapansion (40 x 50) (im-led) - 0.20 0.16 0.13 

100 mm rtducet (100 >< 80) (welded) 0.22 0.40 0.23 0.14 

100 111111 expansion (80 >< 100) (wdded) - 0.-13 0.11 0.11 
• Prcvioos td'aaices an: Freeman (1941), Chuc Co. (1976), and Hycnulic 111:.tiWto 0979). Nwnbcn in () arc fro111 ~le I and Table 2, above. 
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Selection Data 
GUIDE TO SELECTION 

Capacity ratings for YORK YCAL Packaged Air-Cooled 
Liquid Chillers, shown on pages 16 through 39 cover 
the majority of design applications for these units. For 
unusual applications or uses beyond the scope of this 
catalog, please consult your nearest YORK Office· or 
representative. 

SELECTION RULES 

1. Ratings - Ratings may be interpolated, but must 
not be extrapolated. The Ratings given on pages 16 
through 39 and the DESIGN PARAMETERS given 
on page 11 indicate the limits of application for these 
chillers. 

2. Cooler Water - Ratings are based upon 2.4 GPM 
per ton which is equal to a 10°F chilled water range 
and a 0.0001 fouling factor for the cooler at sea level. 
Tables on pages 16 through 39 give capacity, com
pressor kW required, cooler GPM and unit EER. 

3. Condenser - Ratings are given in terms of air on 
condenser in degrees Fahrenheit. 

4. Copper Fin Condenser Ratings - Since the ther
mal conductivity of copper is slightly higher than 
aluminum, apply the following corrections to the 
standard ratings. Tons x 0.97 and compressor kW 
x0.99. 

5. Perfonnance Data Correction Factors - Ratings 
are based on 0.0001 cooler fouling factor, 10°F 
chilled water range and at sea level. For operatlon 
at different conditions, apply the appropriate cor
rection factor from the following table . 

FOULING FACTOR 
0.0001 0.00025 

ALTillJDE 
TEMP 

TONS 
COMPR TONS COMPR 

SPllT kW kW 
8 0.994 0.999 0.991 0.998 

SEA LEVEL 
10 1.000 1.000 0.993 0.999 
12 1.005 1.001 0.999 0.999 
14 1.008 1.002 1.005 1.000 
8 0.990 1.010 0.984 1.009 

2000 FT. 
10 0.995 1.010 0.990 1.009 
12 0.999 1.011 0.995 1.010 

14 1.004 1.015 0.998 1.011 

8 0.983 1.021 0.977 1.020 

4000 FT. 
10 0.989 1.024 0.983 1.021 

12 0.994 1.025 0.988 1.024 

14 0.997 1.026 0.993 1.025 

8 0.978 1.035 0.973 1.034 

6000 FT. 
10 0.982 1.037 0.978 1.035 

12 0.987 1.037 0.980 1.036 
14 0.992 1.038 0.986 1.037 

FORM 150.62-EG1 

6. Ethylene Glycol Correction Factors - The fol
lowing factors are to be applied to the standard 
ratings for units coolil')g ethylene glycol. 

ETHYLENE GLYCOL 

%WEIGHT 
TONS COMPR GPM°F/TON PRESS 

FREEZE PT 
kW DROP 

10 0.985 0.997 24.1 1.034 26 
20 0.981 0.996 24.9 1.062 16 
30 0.974 0.995 26.1 1.096 5 
40 0.966 0.991 27.5 1.134 -10 

50 0.957 0.989 29.1 1.172 -32 

7. Propylene Glycol Correction Factors -The fol
lowing factors are to be applied to the standard 
ratings for units cooling propylene glycol. 

PROPYLENE GLYCOL 

¾WEIGHT 
TONS COMPR GPM 0 F/TON PRESS 

FREEZE PT 
' kW DROP 

10 0.983 0.996 24.2 1.048 27 
20 0.974 0.995 24.4 1.086 19 
30 0.961 0.990 25.1 1.134 8 
40 0.946 0.98 26.0 1.186 -5 
50 0.928 0.984 27.2 1.247 -25 

METHOD OF SELECTION 

To select of YORK Packaged Air-Cooled Liquid Chill-
er, 
the following data must be known: 

1. Design Capacity In tons refrigeration (TR). 

2. Entering and Leaving Liquid Temperatures . 

3. Outside ambient air temperature in degrees F. 

4. GPM of chilled liquid. 

Detennine capacity requirements from the following 
formula: 

TRx24 
GPM = --RANGE (°F) 

EXAMPLE - WATER CHILLING 

1. GIVEN: Provide a capacity of 50 Tons at 42°F leav
ing water 10°F range, 0.0001FF, 80°F air on the 
condenser, at sea level and 60 Hz. 

2. FIND: Unit Size 

Compressor kW Input 

YORK INTERNATIONAL 145579-V-DS-12.1, Appendix A 
Page 11 of 116 
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3. From the Ratings on pages 16 - 46: 

SELECT: YCAL0050 (English Units) 

53.1 Tons 

48.7 Compressor kW 

11 .7 Unit EER 
4. Calculate Compressor kW at 50 Tons: 

kW = SO x 48.7kW = 45.9kW 
53.1 

5. Calculate GPM: 

GPM = 50 Tons x 24 = 120 GPM 
10~F Range 

6. From Page 14, read 10 ft of water cooler pressure 
drop for GPM: 

7. A YCAL0050 Is suitable. 

EXAMPLE.!. Brine Chilling 

/ 
1. GIVEN: Provide a capacity of 34 tons cooling 

30% by weight Ethylene Glycol from 
50°F to 40°F, 0.00025FF. 95°F air on 
the condenser, 60 Hz and 4000 ft. al-

titude. 

2. DETERMINE: 

Unit Size 

kW Input 

Ethylene Glycol GPM 

Cooler Pres~ure Drop 

3. See Ethylene Glycol correction factors, for 30% by 
weight Ethylene Glycol. . 

READ: . 97 4 Tons factor 

.995 Compr. kW factor 

26.1 GalJ°F/Tonsfactor 

4. See Performance Data Correction Factors for 
0.00025 fouling factor and 4000 ft. altitude. 

READ: . 983 Tons factor 

1.021 kW factor 

Attachment ____ 8::......,---

c I N 145579-V-CA-004 ac. o.: 
Rev. No.: 1 
Sheet 

of __ 4 __ 
----2 

Originator: 

Date: 

Checked by: 
Date: 

5. From RATINGS on pages 16- 46: 

SELECT: YCAl0040 (English Units) 

36.1 Tons 

38.6 Compressor kW 

6. Determine YCAL0040 brine cooling capacity 

and Compressor kW requirement: 

A. Tons = 36.1 x .974 x .983 = 34.6 

B. Compr. kW = 38.6 x .995 x 1.021 = 39.2 

7. Determine average full load Compressor kW at 

34 tons: 

34 tons x (39.2 kW) = 38.5 Compressor kW 

34.6 tons 

8. Determine Ethylene Glycol GPM: 

GPM = Tons x Gal. °F/minrron factor 

Range 

GPM = 34.0 x 26.1 
10 

GPM = 88.7 

9. Determine Cooler Pressure Drop: 

j(- See Ethylene Glycol correction factors for 
30% by weight Ethylene Glycol. 

READ: 1.096 Pressure Drop Factor 

8. See page 14 at 88.7 GPM for the YCAL0040 . 

READ: 6.5 Ft. Hp Pressure Drop 

C. Cooler Pressure Drop = 6.5 x 1.096 or 7.1 Ft. 
Hp 

10. YCAL0040 is suitable . 

12 145579-V-DS-12.1, AppendlxA 
Page 12 of 116 
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FORM 150.62-EG1 

Design Parameters 
ENGLISH UNITS 

LEAVING WATER 
YCAL TEMPERATURE (0 F) COOLER FLOW (GPMl) AIR ON CONDENSER (0 F) 

MIN1 MAX2 MIN MAX MIN4 MA)(S 

0014 40 55 25 60 0 125 
0020 40 55 25 60 0 125 
0024 40 55 30 70 0 125 
0030 40 55 35 170 0 125 
0034 40 55 35 170 0 125 
0040 40 55 60 325 0 125 

0042 - ··· ·· 4~- 55 _ 60- 325 - 0 125 
0044 40 55 60 325 0 125 
0050 40 55 60 325 0 125 
0060 40 . 55 60 325 0 125 
0064 40 55 100 350 0 125 
0070 40 55 100 350 0 125 
0074 40 55 100 350 0 125 
0080 40 55 100 400 0 125 
0090 40 55 138 525 0 125 
0094 40 55 138 525 0 125 
0104 40 55 156 625 0 125 
0114 40 55. 156 625 0 125 
0134 40 55 156 625 0 125 

SI UNITS 

LEAVING WATER 
YCAL TEMPERATURE (°C} COOLER FLOW (l/s3) AIR ON CONDENSER (°C) 

MIN1 MA){l MIN MAX MIN' MAX' 
0014 4.4 12.8 1.6 3.8 -17.7 51 .7 
0020 4.4 12.8 1.6 3.8 -17.7 51.7 
0024 4.4 12.8 1.9 4.4 -17.7 51.7 
0030 4.4 12.8 2.2 10.7 -17.7 51 .7 
0034 4.4 12.8 2.2 10.7 -17.7 51 .7 
0040 4.4 12.8 3.8 20.5 -17.7 51.7 
0042 4.4 12.8 3.8 20.5 -17.7 51.7 
0044 4.4 12.8 3.8 20.5 -17.7 51.7 
0050 4.4 12.8 3.8 20.5 -17.7 51.7 
0060 4.4 12.8 . 3.8 20.5 -17.7 51.7 
0064 4.4 12.8 6.3 22.1 -17.7 51.7 
0070 4.4 12.8 6.3 22.1 -17.7 51.7 
0074 4.4 12.8 6.3 22.1 -17.7 51.7 
0080 4.4 12.8 6.3 25.2 -17.7 51 .7 
0090 4.4 12.8 8.7 33.1 -17.7 51.7 
0094 4.4 12.8 8.7 33.1 -17.7 51.7 

0104 4.4 12.8 9.8 39.4 -17.7 51 .7 

0114 4.4 12.8 9.8 39.4 -17.7 51.7 

0134 4.4 12.8 9.8 39.4 -17.7 51 .7 
NOTES: 
1. For leaving brine temperature below 40•f (4.4 "C), contact your nei;irest YORK Office for application requirements. 

2. For leaving water temperature higher thari 5S-F (12.S"C), contact the nearest YORK Office ror application guidelines. 

3. The evaporator Is protected agalnst freezing to -2o•F {-28.8°C) with an electric heater as standard. 

4. For operation at temperatut11S below 25°F (--3.9"C), the optional Low Ambient Kit will need to be installed on the system (for YCAL0014-
0080 models only). 

5. For operation al temperatures above 11s•F (46.1"C). the opUonal High Ambient Kil will need lo be installed on the system. 

YORK INTERNATIONAL 145579-V-DS-12.1, Appendix A 
Page13of116 
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Water Pressure Drop 
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Nole: Water Pressure Drop Curves may extend past the minimum and maximum water flow ranges. See page 13 for minimum and 
maximum flow points. 
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FORM 150.62-EG1 
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CS & STC Series overview 

Attachment: 

Cale. No.: 

9 

145579-V-CA-004 

Originator: 

Date: 
Checked _by: 

Rev. No.: 

I ~Y~;. Sheet 2 of __ 1_0 __ 
Date: 

CS SERIES 
Fixed tube construction heat exchangers with NPT 

connections. Made of steel with copper cooling tubes and 

cast iron end bonnets. Standard sizes from 3" through a• 
diameters. Standard one, two, and four pass models are 

available. Options Include 90/10 copper nickel and 316 

stainless steel cooling tube, and zinc anodes. Can be 

customized to fit your requirements. 

STCSERIES 
Similar in design to CS series with fixed tube construc

tion and NPT connections made of 316 stainless steel. 

Standard sizes from 3" through 8" diameters. standard one, 

two, and four pass mcxlels are available. Larger diameter 

units available upon request. Can be customized to frt your 

requirements. 

CS 2000 SERIES 
Fixed tube construction heat exchangers wit 1 ;'.1."-i~ 

ange connections. Made of Steel with copper coc!irn 

tubes and cast iron end bonnets. Standard 10" diameter 

from 111 to 442 sq. ft. Standard one, two, and four pass 

models are available. Options include 90/10 copper nickel 
and 316 stainless steel cooling tubes, and zinc anodes. 

Can be customized to fit your requirements. 

(See Page 51) 

CS 2400 - CS 4800 SERIES 
Strait tube large capacity heat exchangers with 

fixed tube bundle. Standard one, two and four pass units 

available. Sizes from 12• to 24" diameters. Made of steel 

with copper cooling tubes and steel channels. Options 

include 90/10 copper nickel and 316 stainless steel cool

ing tube, and zinc anodes. Can be customized to fit your 

requirements. 

)1•1010 
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CAST BONNET 
Provides fluid into 
lubes with minimum 
restriction. One, two, 
or lour pass inter
changeability. 

MOUNTING 
BRACKET 

Heavy gauge steel 
mounting brackets 
are adjustable in 
orientations to 360 
degrees. 

FLOW CAVITY 
Generously sized to at
low for minimum pres
sure drop and more 
uniform flow. 

RPP-24544 REV 1 d 

THREAD 
CNC precision 
threading to provide 
accurate leakproof 

connecti\. 

CS & STC Series overview 
BAFFLES 

CNC manufactured baffles to 
provide maximum turbulence and 
heat transfer with a minimum nuid 
pressure drop. 

ANISH 
Gray semigloss 
enamel. Can be 
used as a base 
for additional 
coals. 

··'\· ------------·-··· · ----- ---- - .. . 

TUBE JOINT 
Roller expanded tube 

TUBE SHEET 
Precision-machined 
tube-sheet provides 
for long lasting high 
strength service. 

FULL FACE GASKET -··-• · ·•·•· 
Full-face composite 
gasket. 

BUNDLE ASSEMBLY 
CNC precision manufac
tured parts to guarantee 
a close fit between 
the baffles, tubes, and 
shell. Clearances are 
minimized to provide for 
maximum heat transfer. 

DRAIN PORT joint to tube-sheet. 
Drain ports allow for 
easy draining of tube 
side. Optional zinc an
ode can be Inserted in 
place of plug. 

UNIT CODING 

Attachment: 

Cale. No.: 

Rev. No.: 

Sheet 

Originator: 

9 

145579-V-CA-004 

1 
3 of 10 

Example Model Date: 

I 
Model 

cs 
STC 

I 
Shell Diameter 

600= 3.25' 
BOO= 4.25" 

1000= 5.25' 
1200= 6.25' 
1700 = 8.00' 

Shell 

Tubes 

Baffle 

Tube Sheet 

End Bonnets 

Mounting Brackets 

Gasket 

Options 
~ 

CS - 1224 - 4 - 6 - TP - CNT - B - Z 

Checked by: 

Date: 

:=r T J l lllh ZincAnode ' Z = 1 Zlnc Anode 
22 = 2 Zinc Anode etc. 

Effective Spa~O<!e -Tubing -----. 
Tube Length 1.s• Tube 8 _ End Bonnets 
(12" increments) • Cooling Side lank - copper 

2.0 Tube Passes Blank= Cast Iron 
3.0" Dlamenter S-P _ 1 ss Options 
40" - pa · 

· • 6=318• TP= 2 Pass CNT=90/10CuNi 
6.0 10 = 5/8" FP _ 4 pass STS = Stainless Steel 
a.o· - c = Caibon Steel 

Options 
B = Bronze 

STANDARD CONSTRUCTION MATERIALS & RATINGS 

Steel 316 Stainless Steel 

Copper 316 $\ainless Steel 

Steel 316 Stainless Steel 

Steel 316 Stainless Steel 

Cast Iron 316 Stainless Steel 

Steel Steel 

Hypaton Composite HypaJon Composije 

Operating Pressure Tubes 

150 pslg 

Operating Pressure Shell 

300psig 

Operating Temperature 

300 °F 

nollr. AIHTI reserves lhe right to mako n,asonable design changes without notice. 

Copyright~ 2004 American lnduslrlal Heat Transfer, Inc. 3905 Roule 173 Zion, n.. 60099 tel: 1 (&17} 731-1 ODO lax: 1 (947) 731-1010 www.a,1lli.com 
~5-610 
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CS & STC Series selection 
,TEP 1: Calculate the heat load 

The heat load in BTU/HR or (Q) can be derived by using several methods. To simplify things, we will consider general specifications for hy
draulic system oils and other fluids that are commonly used with shell & tube heat exchangers. 

Terms Kw = Kilowatt (watts x 1000) 

GPM Gallons Per Minute Tin = Hot fluid entering temperature in °F 

CN = Constant Number for a given fluid T..,, = Hot fluid exiling temperature in °F 

6T = Temperature differential across lhe potential l in = Cold fluid temperature entering in °F 

PSI = Pounds per- Square Inch (pressure) of the operating side of the system t oul == Cold fluid temperature exiting in °F 

MHP = Horsepower of the electric motor driving the hydraulic pump Q = BTIJ/HR 

For example purposes, a hydraulic system has a 125 HP (93Kw) electric motor instaJled coupled to a pump that produces a flow of 80 GPM @ 

2500 PSIG. The temperature differential of the oil entering the pump vs exiting the system is about 5.3 °F. Even though our return line pressure 
operates below 100 psi, we must calculate the system heat load potential (Q) based upon the prime movers (pump) capability. We can use one 
of the following equations to accomplish this: 

To derive the required heat load (Q) to be removed by the heat exchanger, apply ONE of the following. Note: The calculated heat loads may dif
fer slightly from one formula to the next. 'This is due to assumptions made when estimating heat removal requirements. The factor (v} represents 
the percentage of the overall input energy to be rejected by the heat exchanger. The (v) factor is generally about 30% for most hydraulic systems, 

. however it can range from 20%-70% depending upon the installed system components and heat being generated (ie. servo valves, proportional 
valves, etc . .. will increase the percentage required). 

FoRMUIA ExAMPLE Constant for a given fluid ( CN) 
A) Q ::80 X 210 X 5.3°P = 89,040 BTUhft A) Q = GPM x CN x actual 6T 

n)Q=[(PSlxGPM)/1714] x (v) x 2S45 
c)Q=MHP x (v) x 2545 

B) Q =[(2500x80)/1714) X .30 X 2545 = 89,090 BTU/ 1) Oil ..... .......... .... .... ...... CN=210 
HR 2) Water. ........ .... ... ..... ..... CN = 500 

D) Q = Kw to be removed x 3415 c) Q =125 X .30 X 254S = 95,347 BTU/HR 

D) Q =28 X 3415:: 95,620 B111/HR 

3) 50% E. Glycol...... ... .. N = 4 0 
E) Q = HP to be removed x 2S4S 

STEP 2: Calculate the Mean Temperature Difference 

When calculating the MTD you will be required to choose a liquid flow rate to derive the cold side 6 T. If your water flow is unknown you may 
need to assume a number based on what is available. As a normal rule of thumb, for oil to water cooling a 2: l oil to water ratio is used. For ap
plications of water to water or 50 % Ethylene Glycol to water, a 1:1 ratio is common. 

FORMVlA 

HOT FLUID 6 T = _Q-=---
Oil CNx GPM 

ExAMPLE 

6 T = 89,090 BTU/hr (from step I ,item e) = 5.3.F 
210 CN x 80GPM 

= 6 T Rejected 

COLD FLUID 6 t = BTU/ hr 

Water CN x GPM 
L:lt = 89,090BTU/hr = 4.45°F = 6 T Absorbed 

T10 = Hot Fluid entering temperature in degrees F 
T

001 
= Hot F1uid exiting temperature in degrees F 

t.w = Cold Fluid entering temperature in degrees F 
tout = Cold Fluid exiting temperature in degrees F 

Toa1-t111 = S[smaller temperature difference] = /..§_) 
T1a - tout L [larger temperature difference] \ L 

STEP 3: Calculate Log Mean Temperature Difference (LMTD) 

To calculate the LMID please use the following method; 

L = Larger temperature difference from step 2. 
M == SIL number (LOCATED IN TABLE A). 

LMTD1=LxM 

500 CN x 40GPM (for a 2:1 ratio) 

T. = 125.3 °F 
Tin = 1200 °F 

oul ' 
t =70.0 °F ID . 

tout = 74.5 op 

120.0°F -70.0°F = 50.0°F = 50.0°F = .984 
12s.3°F -74.5°F = 50.8°F 50.8°F 

Attachment: 9 ----------Cale. No.: 145579 -V -CA-004 

Rev. No.: 1 
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To correct the LMID; for a multipass heat exchangers calculate R & K as follows: 
LMIDi ;:: 50.8 X .992 (FROM TABLE A)= 50.39 

FORMULA ExAMPLE 

Tin- Tout 12s.3°F - 120°F 5.3°F 
R= R= 74.5°F - 70°F = 4.5°F = 

tout- tin 

tout - tin K= 
74.5°F - 70°F 4.S°F 

K= 124.5°F - 10°F = 55.4°F = 

Tin - tin 

note: AIHTI reserves Ille right lo mal<e reasonable design changes w!tllO<JI nolioe. 

{1.17==R} 

{0.08l=K} 
[

Locate the correction factor CFJ 
(FROM TABLE B) 

LMID. =LMfDi X CFB 
LMID 

O 
= 50.39 x 1 = 50.39 

44 Copyright e 2004 American Industrial Heat Transfer, Inc. 3905 Route 173 Zion, IL 60099 tet 1 (847) 731.1000 lax: 1 (847) 731.1010 
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CS & STC Series selection 
STEP 4: Calculate the area required 

Required Area sq.fL = 

STEP 5: Selection 

Q (B1U/HR) 
LMTDC Xu (FROM TABLE C) 

89,090 = 17.68 sq.ft. 
50.39 x JOO 

a) From TABLE E choose the correct series size, baffle spacing, and number of passes that best fits your flow rates for both shell and tube side. 
Note that the tables suggest minimum and maximum information. Try to stay within the 20-80 percent range of the indicated numbers. 

Example 
Oil Flow Rate = 80 GPM = Series Required from Table E = 1200 Series 

Baffle Spacing from Table E = 4 
Water Flow Rate = 40 GPM = Passes required in 1200 series = 4 (FP) 

b) From TABLED choose the heat exchanger model size based upon the sq.ft. or surface area in the series size that will accommodate your flow 
rate. 

Example 
Required Area = 17 .68sq.ft Closest model required based upon sq.ft. & series = CS - 1224 - 4 - 6 - FP 

If you require a computer generated data sheet for the application, or if the information that you are trying to apply does not match the corre
sponding information, please contact our engineering services department for further assistance. 

TABLE A-FACTOR M/LMTD = i.xM' 

R 

.01 

.02 

.03 

.04 

.05 

.06 

.07 

.08 

.09 

.10 

.11 

.12 

.13 

.14 

.15 

.16 

.17 

.18 

.19 

20 
21 
22 
23 
24 

.215 

.251 

.277 

.298 

.317 

.334 

.350 

.364 

.378 

.391 

.403 

.415 

.427 

.438 

.448 

.458 

.469 

.478 

.488 

.497 

.506 

.515 

.524 

.533 · 

.25 

.26 
27 
.28 
29 

.30 

.31 

.32 

.33 

.34 

.35 

.36 

. 37 

.38 

.39 

.40 

.41 

.42 

.43 

.44 

.45 

.46 

.47 

.48 

.49 

.541 

.549 

.558 

.566 

.574 

.582 

.589 

.597 

.604 

.612 

.619 

.626 

.634 

.641 

.648 

.655 

.662 

.669 

.675 

.682 

.689 

.695 

.702 

.709 

.715 

.50 

.51 

.52 

.53 

.54 

.55 

.56 

.57 

.58 

.59 

.60 

.61 

.62 

.63 

.64 

.65 

.66 

.67 

.68 

.69 

.70 

.71 

.72 

.73 

.74 

.721 

.728 

.734 

.740 

.746 

.753 

.759 

.765 

.771 

.m 
.783 
.789 
.795 
.801 
.806 

.813 

.818 

.823 

.829 

.836 

.840 

.848 

.852 

.658 

.864 

.75 

.76 

.77 

.78 
.79 

.80 

.81 

.82 

.83 

.84 

.85 

.86 

.87 . 

.88 

.89 

.90 

.91 

.92 

.93 

.94 

.95 

.96 

.97 

.98 

.99 

.870 

.864 

.879 

.886 

.890 

.896 

.902 

.907 

.913 

.918 

.923 

.928 

.934 

.939 

.944 

.949 

.955 

.959 

.964 

.970 

.975 

.979 

.986 

.991 

.995 

1 .994 .983 .971 .959 .922 .855 .70 

.992 .980 .965 .948 .923 .840 

.995 .981 .965 .945 .916 .872 

1 1 .988.970 .949 .918.667 .no 
1 .sn .973 .940 .845 .740 

1 .997 .933 .835 

•
993 

·
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TABLE 0- Surface Area 

C5-614 CS-1236 

C5-624 CS-1248 

CS-636 CS-1260 

CS-1272 

CS-814 CS-1284 

CS-824 CS-1296 

CS-636 

CS-848 CS-1724 

CS·1736 

CS-1014 8.7 4.6 CS-1748 

CS-1024 14.9 7.8 CS-1760 

CS-1036 22.4 11 .8 CS-1772 

CS-1048 29.9 15.8 CS-1784 

CS-1060 37.4 19.8 CS-1796 

CS-17108 

CS-1224 23.6 11 .8 ·CS-17120 

TABLE E- Flow Rate for Shell & Tube 

TABLEC 

400 
350 
100 
300 
90 

34 

36 

50 

65 

80 

45 

50 

70 

100 

100 

60 

65 

100 

140 220 

160 240 

Water 
Water 
Water 

50% E. Glycol 
50% E. Glycol 

45 
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35.3 17.7 

47.1 23.6 

5a9 29.5 

70.6 35.4 
82.3 41 .3 

94.0 47.2 

40.1 23.6 

60.1 35.3 

80.1 47.1 

100.1 58.9 

120.2 70.7 

140.2 82.5 

1602 . 94.3 

180.2 106.1 

2002 117.9 

21 

5 al 

56 

180 14 90 

320 25 160 

Water 
50% E. Glycol 

Oil 
50% E. Glycol 

Oil 
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CS & STC Series performance 
nstructions 

The selection chart provided contains an array of popular sizes for quick 
sizing. It does not provide curves for all models available. Refer to page 44 
& 45 for detailed calculatlon information. 

3) OIL PRESSURE DROP CODING: +g *= 10 psi; 0 = 20 ps_i; 

6= SOpsi. Curves that have no pressure drop code symbols indicate 
that the oil pressure drop is less lhan 5 psi for the flow rate shown. 

Computer selection data sheets for standard or special models are avail
able through the engineering department ol American Industrial. To use the 
followings graphs correctly, refer to the instruction notes •1-s·. 

Pressure Drop is based upon oft with an av r e viscosity of 100 SSU. 
If the average oil viscosity is other than 100 SSIJ hen multiply the 
indicated Pressure Drop by the correspondfngvalue from corrections 
table A 

1) HP Curves are based upon a 40°F approach temperature; for 
example: oil leaving a cooler at 125°F, using 85°F cooling water 
(125°F-8S°F = 40°F ). 

5) Corrections for approach temperature and oil viscosity are as follows: 

2) The oil to water ratio of 1:1 or 2:1 means that for every 1 gallon of oil 
circulated, a minimum of 1 or 1/2 gallon (respectively) ot 85°F water 
mus1 be circulated tolnatch t~e curve results. 

HEAT ENERGY DISSIPATION RATES (Basic Stock Model) 

0: 
w 
_J 

0 
0 
0 
z 
0 
w 
> 
0 
~ 
w 
!E, 
0..: 
J: 

500 

400 

300 

200 

150 

100 
90 
80 

70 
60 

50 

40 

30 

20 

15 

10 
9 
8 

7 

6 

5 

:./::.~ ·. -. 

Model 
OiLIWaler . 

1. 
.- : 2 . 

. 3. 
4. 
s. 
6. 
7. 

.· 8 . 
.·, 9. 
. 10. 

11. 
12. 

· 13. 
14. 
15. 
16. 

·. 17. 
18. 

. · 19. 
20. 
21 . 

·: 22. 
.-_. 23. 
·: 24 . . 
:_ 25. 

( ~~: 
::, 28. 
_·: 29. 
, , 30 
:'' s1 · 
:si 

'. 33. 
: 34. 

614 -1.3-4-FP 
6i4 -3-4-FP 
624 • 1.3-4-FP 
624 • 3-6-FP 
814 • 1.7-4-FP 
814 - 4-4-FP 
824 • 1.7 -4-FP 
824 • 4-4-FP 
836 • 1.7-4-FP 
836 • 4-4-FP 
1014 - 2-6-FP 
1014 • 5-6-FP 
1024 • 2-6-FP 
1024·5-6-FP 
1036 • 2-6-FP 
1036 - 5-6-FP 
1224 • 2.5-6-FP 
1224 • 6 -6-FP 
1236 • 2.5-6-FP 
1236 - 6-6-FP 
1248 • 2.5-6-FP 
1248 • 6-6-FP 
1260 • 2.5-6-FP 
1260 - 6-6-FP 
1724 • 3.5-6-FP 
1724 • 8.4-6-FP 
1736 • 3.5-6-FP 
1736 • 8.4-6-FP 
1748 • 3.5-6-fP 
1748 • 8.4-6-FP 
1760 • 3.5-6-FP 
1760 • 8.4-6-FP 
1 n2 · 3.5-6-FP 
1n2 • 8.4-6-FP 

.· ·.- ~- ·-·· ~~:--.: 

. ::---·: ~---:-~ft ? . 

. ' •. ,• :--~,.:.:;. ,: . 

.. . -. /~ ·.:· :. 

2 

3 4 5 6 

Ratio . 
2:1 
2:1 . 
2:1 - ·· 
2:1 . 
2:1 
2:1 
2:1 
2:1 
2:1 
2:1 . . 
2:1 .. 
2:1 
2:1i-:--1---1-~---'-4'----:--+a-+-'-:.:....:.:.......;;..+-,:~~µ,;.:..::.:~~ 
2:1 
2:1 
2:1 
2:1 ic·--l.:..::.j~:.:....:.:....i:---....,..c.--4-~ .:.:...-'-',--..:..:,\,;,,{:.:;:,;.<~~ 
2:1 . 
2:1 . 
2:1 
2:1 . 
2:1 
2:1 ~4~....,...c:..;J.~ :.._:t--,:s~~~~~~ 
2:1 l--:+ ¥...:;...,...,.,+ .,.,..,:sp -
2:1 '· 
2:1 f:--.i'A'd~24~::t 
2:1 ' 
2:1f-;-':+=,;,..P.-,-+r"'.7.nj;ir,".', 
2:1 
2:1 ; ·, .. 
2:1 
2:1 
2:1 ~.:J..-c.+F:c.,..;,~ 
2:1 
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COMMON DIMENSIONS & WEIGHTS 

4.25 6.00 

5.25 6.75 

6.25 7.75 

10.00 
20.00 

9.00 
19.00 
31 .00 

9.00 
19.00 
31 .00 
18.25 
30.25 
42.25 
54.25 
66.25 
17M 

3.12 

3.62 

4.16 

9 

145579-V-CA-004 

1 
7 of 10 

17.00 
27.00 
16.62 
26.62 
38.62 
17.12 
27.12 
39.12 
27.13 
39.13 
51.13 
63.13 
75.13 
:>7.50 

50 
50 
50 
50 
50 

nob ---- nD1ice. 

CS Series dimensions 

2.00 .50 

T 
.
(4) .92 3/3 2.00 

5.88 1.43 W, 3.00 

CS-1000, CS-1200, Cs-600 & CS-800 
&CS-1700 1.99 ~6 4.00 

SINGLE PASS (SP) 

.63 (2) 1.25 1.06 
.38 

.94 (2) 1.50 1.19 .38 

(2) 2.00 1.44 
.50 

~ 2.50 1.88 

TWO PASS (TP) 

.63 .75 1.25 

.75 (3) 1.00 1.69 .38 

~ 1.50 2.00 

7.06 t .81 (3) 2.00 2..50 .so 

FOUR PASS (FP) 

17 
24 
32 

3.50 4.25 1.75 .44x1.oo (2) 1.50 41 
.25 53 

43 
4.00 5.25 2.00 .44x1.oo (2) 1.50 ST 

.25 72 
85 

110 

4.50 6.25 2.50 -~X1 .00 (2) 2.00 135 
.38 160 

185 
140 

Originator: , f/?J 180 
220 

Date: 7~ 0~ 
3.00 

260 

Checked by: 300 
340 

Date: 0 7 'M K(2 o ~ 
Cop1 ,1'::f"' - ... .__,~ ,._,, __ . ............. _,. ·-- • ·--·• · • -·-· ~ --- - ·····- ----- ·-·· . ,- .. , -- . ·- -- • . 1010 www.1111lli.com I 'RS-674 
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COMMON DIMENSIONS & WEIGHTS 

4.12 6.00 

5.i2 6.75 

6.12 7.75 

10.00 
20.00 

9.00 
19.00 
31.00 

9.00 
19.00 
31 .00 
18.25 
30.25 
42.25 
54.25 
66.25 
1700 

3.12 

3.62 

4.16 

17.00 
27.00 
16.62 
26.62 
38.62 
17.12 
27.12 
39.12 
27.13 
39.13 
51 .13 
63.13 
75.13 
?7.SO 
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.63 

T .92 

5.88 1.43 

STC-1000, STC-1200, STc-600 & STC-SOO 
&STC-1700 7Z3 1.99 

SINGLE PASS (SP) 

.94 

TWO PASS (TP} 

.63 

.75 

7.06 1.81 

FOUR PASS (FP) 

3.50 4.25 1.75 .~X1.00 (2) 1.50 
.25 

4.00 5.25 2.00 .~X1.QQ (2) 1.50 
.25 

4.50 6.25 2.50 .44qx1.00 (2) 
.38 

2.00 
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(4) 
.38 

(4) 
.50 

(4) 
.50 

(2) 
.38 

2.00 .50 

2.00 

3.00 

4.00 

1.25 1.06 

1.50 1.19 

(2) 2.00 1.44 
.50 

(2) 2.50 1.68 
.50 

.75 125 

(3) 1.00 1.69 
.38 

(3) 1.50 2.00 
.50 

(3) 2.00 2.50 .50 

17 
24 
32 
41 
53 
43 
ST 
72 
85 

110 
135 
160 
185 
"(J 
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CS & STC Series installation & maintenance 
PIPING HOOK-UP A ... ........ Hot fluid to be cooled 

ONE PASS 

Receiving/ Installation 
a) Inspect unit for any shipping damage before uncrating. Indicate all dam• 
ages to the trucking finns' delivery person, and mar1< it on the receiving biU 
before accepting the freight. Make sure that there Is no visible damage to 
the outside surface of the heat exchanger. The published weight Informa
tion located in this brochure is approximate. True shipment weights are 

· determined at the time of shipping and may vary. Approximate weight 
information published herein is for engineering approximation purposes 
and should not be used for exact shipping weight. Since the warranty is 
based upon the unit date code located on the model identification tags, 
removal or manipulation of the identification tags will void the manufac
turers warranty. 

b) When handling the shell & tube heat exchanger, special care should 
be taken to avoid dropping the unit since mishandling could cause the 
heat exchanger lo crack and leak externally. Mishandling of the unit is 
not covered under the manufacturers warranty. All units are shipped with 
partial wood/corrugated cardboard containers for safe handling. 

c) Storage: American Industrial heat exchangers are protected against 
the elements during shipment. If the heat exchanger cannot be installed 
and put into operation immediately upon receipt, certain precautions are 
required to prevent deterioration during storage. The responsibility for 
integrity ol the heat exchanger(s) is assumed by the user. American 
Industrial wm not be responsible for damage, corrosion, or other deterio
ratiori ol the heat exchanger during transit or storage. 
Proper storage practices are important when considering the high costs of 
repalr or replacement, and the possible delays for Items which require long 
lead times for manufacture. The following llsted practlces are provided 
solely as a convenience to the user, who shall make their own decision 
on whether to use all or any of them. 
1) Heat exchangers not to be placed in Immediate service, require pre

cautionary ·measures to prevent corrosion or contamination. 
2) Heat exchangers made of ferrous materials, may be pressure-tested 

using compressed air at the factory. Residual oll coating on the Inside 
s!Mfaces of the heat exchanger{s) as a result of ushing does not 
discount the possibility of internal corrosion. Upon receipt, fill the heat 
exchanger(s) with the appropriate grade of oil or apply a corrosion 
preventing inhibitor for storage. 

3) Corrosion protection compounds for inferior surfaces for long term 
storage or other applications are applied solely at the request of cus
tomers. Upon request, American Industrial can provide a customer 
approved corrosion preventative if available when included in the 

B .......................... Cooled fluid 
C ..•.........•...... Cooling water in 
D ................. Cooring water out 

SP .......................... Single Pass 
TP ........ ..................... Two Pass 
FP ........ ..................... Four Pass 

C 

TWO PASS FOUR PASS 

original purchase order specifications. 
4) Remove all dirt, water, ice, or snow and wipe dry before moving heal 

exchanger{s) into storage. Heat exchangers are generally shipped 
empty, open drain plugs to remove any accumulated condensation 
moisture, then reseal. Accumulation of moisture usually indicates 
corrosion has already started and remedial action should be taken. 

5) Store in a covered, environmentally stable area. The ideal storage 
environment for heat exchangers is in a dry, low-humidity atmosphere 
which is sealed to prevent the entry of blowing dust, rain, or snow. 
Maintain In atmospheric temperatures between 7Cl"F and 1 OS<>f (Large 
temperature swings may cause condensation and moisture to form 
on steel components, threads, shell, etc ... ) Use thermometers and 
humidity indicators and maintain the atmosphere at 40% relative 
humidity, or lower. 

d) Standard Enamel Coaling: American Industrial provides its standard 
products with a normal base coat of oil base alr cure enamel paint The 
enamel paint is applied as a temporary protective and esthetlc coating 
prior to shipment. While the standard enamel coating is durable, American 
Industrial does not warranty II as a long-term finish coaling. It Is strongly 
suggested that a more durable final coating be appTiad after Installation 
or prior to long-term storage in a corrosive environment to cover any 
accidental scratches, enhance esthetics, and further prevent corrosion. 
It is the responslblllty of the customer to provide regular maintenance 
against chips, scratches, etc .•. and regular touch up maintenance must 
be provided for long-term benefits and corrosion prevention. 

I 

e) Special Coatings: American Industrial offers as customer options, 
Air-Dry Epoxy, and Heresite (Air-Ory Phenolic) coatings at additional 
cost. American Industrial offers special coatings upon request, however 
American Industrial does not warranty coatings to be a permanent solu
tion for any equipment against corrosion. It is the responslbllity of the 
custc-· ·· · · · Yatches, etc ••• 
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CS & STC Series installation & maintenance 
g) Plan the installation to meet the requirements indicated on the piping 
ins!allation diagram as illustrated above. It Is recommended to put the 
hot uid to be cooled through the shell side and the cold uid through the 
tube side. The Indicated port assembly sequence in the diagram maxi
mizes the performance, and minimizes the possibaity of thermal shock. 
In instances where the uids are required to be reversed, hot uid in the 
tubes and cold uid in the sheH the heat exchanger will work with reduced 
performance. Installation may be vertical or horizontal or a combination 
thereof. However, the installation must allow for complete draining of tlie 
heat exchanger regardless of single pass, two pass, or lour pass construc
tion. Complete drainage is important to prevent the heat exchanger from 
freezing, over-heating of a uid, or mineral deposit buiidup. 
For fixed bundle heat exchangers, provide sulficientdearance at one end 
to allow for the removal or replacement of tubes. On the opposite end, 
provide enough space to allow removal of the complete bonnet to provide 
sufficient clearance to permit tube rolling and deaning. Allow accesslble 
rciom for scheduled cleaning as needed. Include thermometer wells and 
pressure gauge pipe ports in piping to and from the heat exchanger lo
cated as close to the heat exchanger as possible. For more informetlon 
please contact American Industrial . 

h) It is recommended to use exible hose wherever possible to reduce 
vibration and anow slight movement. However, hoses are not required. 
Hydraulic carrying lines should be sized to handle the appropriate ow 
and to meet system pressure drop requirements based upon the systems 
parameters, and not based upon the units supply and return connection 
size. We recommend that a low cracl<lng pressure direct acting relief 
valve be installed at the heat exchanger inlet to protect it from pressure 
spikes by bypassing oil in the event the system expeliences a high ow 
surge. If preventative filtration Is used ii should be located ahead ol the 
cooler.on both shell and tube side to catch any scale or sludge from the 
system before ii enters the cooler. Failure to install filters ahead of the 
heat exchanger could lead to possible heat exchanger failure due to high 
pressure if the system mters plug. 

ij Standard shell & tube coolers are built with a rolled tube-sheet con
struction. However, the differential operating temperature between the 
entering shell side uid and the entering tube side uld should not exceed 
150'F. If this condition exists, a severe thermal shock could occur leading 
to product failure and mixing of the uids. For applications with a differ
ential temperatures of 150'F or more, we recommend using a series with 
a eating tube-sheet, u-tube, or expansion joint to reduce the potential 
for the effects of thermal shock. 

j) Water requirements vary from location to location. II the source of cool
ing water is from other than a municipal water supply, it is recommended 
that e water strainer be Installed ahead of the heat exchanger to prevent 
dirt end debris from entering and clogging the ow passages. If a water 
modulating valve Is used It is recommended to be installed at the Inlet to 
the cooler to regulate the water ow. 

k) For steam service, or other related applications, please consult our 
engineering department tor additional Information. 

Maintenance 
a) Inspect the heal exchanger for loosened bolts. connections, rust spots, 
corrosion, and for Internal or external uld leakage. Any corroded surfaces 
should be cleaned and recoated with paint. 

b) Shell side: In many cases with clean hydraulic system ons it will not 
be necessary to ush 1he intonnr "' tho o,holl Qlno "' tho N'nlor , ... ,.,,_ 

cumstances where the qua! 
side should be disconnecte Attachment 

ushing oiVsolvent to remo, Cale. No.: 
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the particular material of construction. With straight tube heat exchangers 
you can use a rod to carefully push any debris out of the tubes. 

d) Zinc anodes are normally used to reduce the risk of failure due to 
electrolysis. Zinc anodes are a sacrificial component designed to wear 
and dissolve through normal use. Normally, zinc anodes are applied to the 
water supply side of the heat exchanger. Depending upon the amount of 
corrosive action, one, two, three, or more anodes can be applied to help 
further reduce the risk of failure. American Industrial Heat Transfer, Inc. 
offers zinc anodes as an option, to be specified and installed at the request 
ourrustomers. It is the responsibility of the customer to periodically check 
and verily the condition of the zinc anode and replace it as needed. 

Appncations vary due to water chemical makeup and quality, malerlal 
differences, temperature, ow rate, piping arrangements, and machine 
grounding. For those reasons, zinc anodes do not follow any scheduled 
factory predetermined maintenance plan moreover they must be checked 
routinely by the customer, and a maintenance plan developed based 
upon the actual wear rate. 

If substantial wear occurs or zinc dissolves without replacement, pre
m!llure failure or permanent damage may occur to the heat exchanger. 
American Industrial does not warranty customer apprications. It Is the re
sponsibmty of the rustomer to verify and apply the proper system materials 
of construction and overall system requirements. Failures resulting from 
properly applied or misappfied use of zinc anocle(s) into non-specified or 
specified applications will be the sole responsibility of the customer. 

e) A routine maintenance schedule should be developed and adjusted to 
meet your systems requirements based upon water quality, etc .... Fail
ure to regularly maintain and clean your heat exchanger can result in a 
reduction in operational pertormance and life expectancy. 

Note: Since applications can vary substantially, the Installation and 
maintenance information contained in this catalog should be used as 
a basic guideline. Tho safe installation, maintenance, and use of any 
American Industrial Heat Transfer, Inc. heat exchanger are solely the 
responsibility of the user. 

AB-400 lhro AB-1000 
AA-400 thru AA-1000 
CS-600 thru CS-I 000 

AB-1200 thru AB-2000 
M -1200 thru AA-1600 
CS-t200thru CS-1700 

60099 let 1 (847) 731-1000 lax: 1 (847) 731-1010 

0.50'0 

! 

0.63'0 

t 
1/2' NPT Thread 

www..ailli.com 
A5-677 



RPP-24544 REV 1 d 

Figure 1. Subcontractor Calculation Review Checklist. 

Subject: Off-Gas Chiller Calculation 

The subject document has been reviewed by the undersigned. 
The checker reviewed and verified the following items as applicable. 

Documents Reviewed: 145570-V-CA-004 Rev. 1 

Analysis Performed By: AMEC 

Page_l __ of _l __ 

-----------------------------

• Design Input 
• Basic Assumptions 
• Approach/Design Methodology 
• Consistency with item or document supported by the calculation 
• Conclusion/Results Interpretation 
• Impact on existing requirements 

• 

Checker (printed name, signature, and date) 

ThomasHMay 

Organizational Manager (printed name, signature and date) 
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