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Appendix A
LISTINGS OF MAIN PROGRAMS

This appendix contains listings of the main programs described in Chaps. 3 and 4. These pro-
grams include the transient compartment model programs FODRFT (Appendix A.1) and INDRFT
(Appendix A.2), the closed compartment/ventilation system model BATCH (Appendix A.3), a pro-
gram for simulating releases from a cylinder through a breach in containment or a piping system,
BYLIND (Appendix A.4), and the plotting programs COMPLT (Appendix A.5) and CYLPLT
(Appendix A.6). COMPLT plots output from FODRFT and INDRFT, while CYLPLT plots out-
put from CYLIND.

Table A.1 lists the subroutines required for the execution of each main program, excluding the
plotting programs. COMPLT and CYLPLT require the availability of DISSPLA version 9.0* on
the user’s system. These subroutines are listed in Appendix B. Table A.2 identifies the input/output
device numbers used in each main program.

*For information on DISSPLA, contact Integrated Software Systems Corporation, 10505 Sorrento Valley Road, San
Diego, CA, 92121.



Table A.1. Main program subroutine requirements

Main Programs

Subroutines
FODRFT INDRFT BATCH CYLIND

BREACH *
COMPRT * * *

CPUF6
DENTHL
DENUF6
DPFLOW
EQTUF6
FLASH
HCOEFF
HFPOLY
HHFH20
HUF6
HUMID
INTMEB
LEVEL
MIXFLW
PHASE * *
PHFH20
PIPSYS *
REMOVE
RESIST
ROOM
SETRAY
SSBLOW
STERM
SUF$
THCUF6
TRBLOW *
VISUF6
VPRUF6
ZUF6

* K K K R * K N K K
* % X X % B X K ¥ *
* % * * %

*

*
*

L 2NN SN IR N R R
# % ¥ # ¥ * ¥

* *




Table A.2. 1/0 device numbers

Output files

Program  Input Files

To others S .

programs For printing/plotting
FODRFT 40,22° 48% 49 41,42,43,44,45,46,47°
INDRFT 40,22¢ 48% 40 41,42,43,44,45,46,47¢
BATCH 5 6
CYLIND 20 22,30,31 30
COMPLT 488 49 d
CYLPLT 30,31 d

“Input device number 22 is an optional input file to
FODRFT and INDRFT.

The file written to device 48 by FODRFT or INDRFT
for use by COMPLT is unformatted.

‘FODRFT and INDRFT output files provide conditions
in the compartment (41), inlet flow conditions (42), source
term conditions (43), outlet flow conditions (44), deposition
rate information (45), condensate accumulation on the floor
{46), and release summary (47).

4Compressed data files are generated via an initial call to
the subroutine COMPRS.



A.1 FODRFT - A Forced-Draft Compartment Model

C THIS PROGRAM MODELS A RELEASE OF UF6 OR HF INTO A COMPARTMENT
C HAVING A FORCED DRAFT VENTILATIOGN SYSTEM. NODE NUMBERS AND
£ STREAM DEFINITIONS FOR THIS MODEL ARE AS FOLLOWS.

OO0 O0OO0ONOOOCOO00OO0O00O0000O0000O0O00O0nOo0O00OnnO0OOnOO0000n

0y A B WY P

COMPARTMENT

INLET AIR BLOWER
SOURCE TERM

FORCED DRAFT EXHAUST
CONDENSATE FALLOUT
COMPARTMENT FLOOR
AMBIENT

THE FOLLOWING VARIABLES ARE USED.

KRCOEF {30)

DPAREA (30)
DEPVEL

JENTHAL/

H (30)
QRATE  (30)
QcooL  (30)

HTCOEF  (20)
HTAREA (30)

/15TRMS/

IIN (30,4

COMMCN BLOCK VARIABLES
/LBMASS/
MASS (30,9) NODE MASS, LB, OR MASS FLOW RATE, LB/(DELT)
RH RELATIVE HUMIDITY, % (AS INPUT) OR FRACTION
(INTERNAL}
/COMPTPR/
TC (30) NODE TEMPERATURE, DEG F
PC (30 NODE PRESSURE, PSIA
TSURF  (30) NODE HEAT TRANSFER SURFACE TEMPERATURE, DEG F
/MOLWT/
WMOL (9] COMPONENT MOLECULAR WEIGHTS, LB/LB MOLE
AVOLUME/
VoL (30) NODE VOLUME, FT%%3

RESISTANCE COEFFICIENT, --, OR RESISTANCE TERM,
RESISTANCE TERM, PSI-SECA%2/LB-FT*%3
DEPOSITION AREA, FTH*2

DEPDSITION VELGCITY, FT/SEC

NODE ENTHALPY, BTU, OR ENTHALPY RATE, BTU/(DELT)
HEAT TRANSFER RATE, BTU/SEC OR BTU/(DELT)
COOLING RATE, BTU/HR (INPUT) OR BTU/SEC
(INTERNAL}

HEAT TRANSFER COEFFICIENT, BTU/SEC-FT**2-DEG F
HEAT TRANSFER AREA, FT#kZ

INLET STREAM NODE NUMBER



ouT (30,4
/CONTRL/
AMINLN
TIME
DELT
MAXTIM
IFLAG
TRELS
/POLYMR/
C1

c3

Ce

WMBHF
MISCEL/
ITYPE
SOURCE
I1SEN
SRUFLOW/

TSTART  (30)
TSTOP  (30)

VoL ACFM

FLAREA

RATE  (2)
MSOURC  (5)
TSOURC  (5)
TEMP  (5)
PRES (%)
NAME  (9)
TITLE  (10)
DWGNUM  (6,4)

INODES

INOUT

OUTLET STREAM NODE NUMBER

NATURAL LOG OF MINIMUM NUMBER ACCEPTED BY THE
COMPUTER

CUMULATIVE SIMULATION TIME, SEC

TIME INTERVAL USED FOR TRANSIENT SIMULATION, SEC
MAXIMUM SIMULATION TIME, SEC

FLAG TO CONTROL PRINTING OF OUTPUT

TOTAL RELEASE TIME, SEC

WEIGHT FRACTION OF HF MONOMER TO TOTAL HF VAPOR
WEIGHT FRACTION OF HF TRIMER TO TOTaL HF VAPOR
WEIGHT FRACTION OF HF HEXAMER TO TOTAL HF UAPOR
MOLECULAR WEIGHT OF HF MONOMER, LB/LB MOLE

VARIABLE TO SPECIFY TYPE OF RELEASE, SEE CARD S
TOTAL MASS OF RELEASE, LB

VARIABLE TO SPECIFY ISENTROPIC OR ISENTHALFIC
RELEASE, SEE CARD S

START OF REVERSE FLOW (NOT USED)
END OF REVERSE FLOW (NOT USED)

EQUIVALENCED VARIABLES

(30)  VOLUMETRIC FLOW RATE, FT**3/MIN
(30)  FLOW AREA FOR PRESSURE-DROP-CONTROLLED
NODE, FT#k2

OTHER DIMENSIONED VARIABLES

COMPONENT MASS FLOW RATE, LB/SEC
INCREMENTAL SOURCE MASS, LB

INCREMENTAL RELEASE TIME, SEC
TEMPERATURE OF INCREMENTAL SOURCE, DEG F
PRESSURE OF INCREMENTAL SOURCE, PSIA
COMPONENT IDENTIFIER

TITLE ARRAY

PLOT NUMBER ARRAY

UNDIMENSTIONED VARIABLES

MAXIMUM NUMBER OF NODES ALLOWED BY CODIMG OF
SUBROUTINES

MAXIMUM NUMBER OF INLET STREAMS AND OUTLET
STREAMS
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IRELST

M
MWURAN
MRELS
PTEST
PRINT
RATIO

UA
TCOUNT
IRELS
DELTAT
SOLIDS
IDEV
HRATE
DENU
DENKF
UF6REL
UOFREL
uror
HFREL
HFUF&

HFTOT

LOGICAL VARIABLES

CHECK

NUMBER OF INCREMENTAL RELEASES IN TOTAL RELEASE
(MAXIMUM OF 5)

MOLECULAR WEIGHT, LB/LB MOLE

MOLECULAR WEIGHT OF URANIUM, LB/LB MOLE

TOTAL MASS OF SOURCE MATERIAL RELEASED, LE
UAPDR PRESSURE OF SOURCE, PSIA

PRINT INTERVAL, SEC

RATIO OF MOLES OF WATER VAPOR TO TOTAL MOLES OF
MOIST AIR

PRODUCT OF HEAT TRANSFER COEFICIENT AND AREA,
BTU/SEC-DEG F

COUNTER TO CONMTROL PRINTING OF OUTPUT

CURRENT INCREMENT OF TOTAL RELEASE

SOURCE TERM INPUT INTERVAL, SEC

MASS FLOW RATE OF UF6 SOLIDS ONTO THE FLOOR,
LB/ (DELT)

OUTPUT DEVICE

ENTHALPY RATE, BTU/SEC

COMPARTMENT CONCENTRATION OF URANIUM, LB/FT**3
COMPARTMENT CONCENTRATION OF HF, LB/FT#%3
CUMULATIVE MASS OF UFE RELEASED TO THE
ATMOSPHERE, LB

CUMULATIVE MASS OF UD2F2 RELEASED TO THE
ATMOSPHERE, LB

CUMULATIVE MASS OF URANIUM RELEASED TO THE
ATMOSPHERE, LB

CUMULATIVE MASS OF HF RELEASED TO THE
ATMOSPHERE, LB

CUMULATIVE MASS OF HF THAT CAN BE FORMED FROM
UF6 RELEASED TO THE ATMOSPHERE, LE

CUMULATIVE MASS OF HF RELEASED TO OR FORMED IN
THE ATMOSPHERE, LB

FLAG IN ESTABLISHING INITIAL STEADY STATE
CONDITIONS ABOUT NODE 2

THE FOLLOWING SUBROUTIMES ARE CaALLED BY FODRFT,

COMPRT
DENTHL
DPFLOW
HCOEFF
HUMID
PHFHZO
REMOVE
RESIST
ROOM
SETRAY
SSBLOW
STERM
VFRUFe



THE FOLLOWING SUBROUTINES ARE ALSO REQUIRED.

C

C

c DENUFE
c EQTUFS
C FLASH

C HFPOLY
C HHFH20
C HUF&

C PHASE

c SUFe

C ZUFe

C

c

C

C

seeoke deode e dededed dedesle ek ek fede ke de e de e dedededededede s dededede ke dede ek dedededede dede ke e dededededededek dedede dedededeke ok

Mo

IMPLICIT REAL*S8 (A-H,J-Z)
LOGICAL CHECK

DIMENSION FLAREA{30), ACFM(30), RATE(9), MSOURC(3), TSOURC(3),
* TEMP(S), PRES(S)
DIMENSION NAME(9), TITLE(10), DWGMUM(&,4)

COMMON /LBMASS/ MASS(30,9), RH

COMMON /COMPTP/ TC(30), PC({30), TSURF(30)

COMMON /MOLWT/ WMOL(9)

COMMON /VOLUME/ VOL(30), KRCOEF(30), DPAREA(30), DEPVEL
COMMON /ENTHAL/ H(30), QRATE(30), QCODL(30), HTCOEF(30),
* HTAREA(30)

COMMON /ISTRMS/ 1IN(30,4), I0UT(30,4)

COMMON /CONTRL/ AMINLN, TIME, DELT, MAXTIM, IFLAG, TRELS
COMMON /POLYMR/ C1, C3, C6, WMBHF

COMMON /MISCEL/ ITYPE, SOURCE, ISEN

COMMON /RUFLOW/ TSTART(30), TSTOP(30)

EQUIVALENCE (VOL(1),ACFM(1},FLAREA(L))

DATA NAME /8HAIR V|, 8HH20 L , 8HH20 W , BHHF L,
* 8HHF V, BHUFe S, 8HUFE L , 8BHUFE V , BHUOZ2F2 S /

CALL SETRAY(INCDES, INOUT)

NODE ASSIGNMENT

3000
1]
1]
[
H
i
n
i
fl
il
it
K
1§
n
I
1

TIN(1,1)
TINCL,2)
1IN(2,1)
1IN(4,1)
TIN(5,1)
1IN(6,1)

Bouwowon oo
AW



IguT(1,1) = 4
IouT(i,2y = 5
10UT(4,1) = 7
IOUT(S5,1) = ¢
C
C READ STATEMENTS
C =====zs=s=z=c==z====
c
C ALL INPUT DATA EXCEPT THAT ON CARDS 1 AND 9 ARE READ IN FREE FORMAT.
C ON CARDS 1 AND 9, COUNT CHARACTERS STARTING IN COLUMN 1.
C
c
(Y
C/ CARD 1. READ TITLE (MAXIMUM OF 80 CHARACTERS).
g
READ (40,4000) TITLE
C
c
g7/
C/ CaRD 2. READ AMBIENT TEMPERATURE (F), PRESSURE (PSIA), AND RELATIVE
c HUMIDITY (%3,
c
READ (40,%) TC(7), PC(7), RH
c
IF (RH.GT.1.D0) RH = RH/1.D2
c
C
cv
C/ CARD 3. READ COMPARTMENT TEMPERATURE (F), PRESSURE (PSIA), VOLUME
c {FT*x%3), AND FLOOR (DEPOSITION) AREA (FThk2).
c
READ (40,%) TC¢1), PC(1), UOL(1), DPAREA(1}
C
C
c/
C/ CARD 4. READ INLET AIR BLOWER FLOW RATE (ACFM).
c
READ (40,%) ACFM(2)
£
c
c s
Cs CARD 3. READ HEAT TRANSFER SURFACE AREA IN COMPARTMENT (FTh%2),
c HEAT TRANSFER SURFACE TEMPERATURE (F}, AND COOLING RATE
c (BTU/HR). A NEGATIVE COOLING RATE IMPLIES & HEATING RATE.
£ WHILE THE VALUE OF THE SURFACE AREA IS NOT PARTICULARLY
C IMPORTANT BECAUSE THE PRODUCT OF THE SURFACE AREA AND THE
c HEAT TRANSFER COEFFICIENT TO BE CALCULATED WILL BE
c CONSTANT, A SURFACE TEMPERATURE GREATER THAN THE
£ COMPARTMENT TEMPERATURE MUST BE SPECIFIED.
C

READ (40 ,*) HTAREA(1), TSURF(1), QCOOL(1)

[

QCOOL{1) = QCOOL(1)/3.6D3

[



C
c/
C/ CARD 6.  READ SOURCE TYPE, NUMBER OF RELEASES, BASIS FOR FLASH, AND
C MOLECULAR WEIGHT. SOURCE TYPE IS GIVEN BY THE FOLLOWING:
C
c 4 L1QUID WF
C 3 VAPDR HF
c 7 LIQUID UFé (VAPOR SOURCE TERM GENERATED)
C -7 LIQUID UF& (VAPOR/SOLID SOURCE TERM GENERATED)
c 8 VAPOR UFe
c 22  INPUT PROVIDED IN FORZ2.DAT
c
c IF SOURCE TYPE 22 15 SPECIFIED, SET NUMBER OF RELEASES TO
C ZERO. NO MORE THAN FIVE RELEASES MAY BE SPECIFIED, WHICH
c ARE TO RUN CONSECUTIVELY, THE BASIS FOR THE FLASH IS GIVEN
C BY THE FOLLOWING:
C
C G ISENTROPIC
c 1 ISENTHALPIC
C
cC THE DEFAULT MOLECULAR WEIGHT FOR UFe IS 35Z2.025; ENTER A
C VaALUE LESS THAN 100 IF THAT VALUE IS ACCEPTABLE.
c
READ (40,%) ITYPE, IRELST, ISEN, MW
C
IF (MW.LT.100.D0) GO TO 10
C
WMOL(9) = WMOL(3) - WMOL(&) + MW
WMOL(&) = MW
WHMOL{7) = MW
WMOL(B) = MA
c
10 CONTINUE
C
MAURAN = WMOL(6) - 113.39D0
C
IF (ITYPE.EQ.22) GO TO 30
€
c
c/
C/ CARD 7. -= DO NOT USE "CARD 7" CARDS IF ITYPE = 22, --
C
c READ FOR EACH INCREMENTAL RELEASE THE DURATION (SEC), MASS
C {LB), TEMPERATURE (DEG F), AND PRESSURE (PSIA). SPECIFY AS
c MANY SETS OF DATA AS THE NUMBER OF RELEASES (IRELST). IF
C THE PRESSURE GIVEN IS LESS THAN OR EQUAL TO ZERD 0OR GREATER
C THAN THE VAPOR FRESSURE, THE PRESSURE IS8 SET EQUAL TO THE
C VAPOR PRESSURE FOR THAT INCREMENT.
C
READ (40,%) (TSOQURC(I), MS0URC(I), TEMP(I), PRES(I), I=1,IRELST)
C
TRELS = 0.D0
C
MRELS = 0.D0



10

c
DO 20 120=1,IRELST
c
TRELS = TRELS + TSOURC(120)
c
MRELS = MRELS + MSOURC(I120)
c
IF (ITYPE.EQ.S) CALL PHFH20(TEMP(I20), 1.D0, 0.DO, PTEST,
* 0.00, 0.00)
IF (ITYPE.EQ.8) CALL VPRUFG(TEMP(I20), PTEST)
c
IF (PRES(120).GT.PTEST .OR. PRES(120).LE.0.DO)
* PRES(120) = PTEST
c
20 CONTINUE
c
30 CONTINUE
c
c
cC/
C/ CARD 8. READ TIME INTERVAL FOR CALCULATIONS (SEC), CURATION OF

c SIMULATION (SEC), AND PRINT INTERVAL (SEC).
C

READ (40,%) DELT, MAXTIM, PRINT
c

IFLAG = IDINT(PRINT/DELT+0.01D0)
C
C
c/
L/ CARD 9. -- THESE CARDS ARE OPTIONAL, --
C
C READ DRAWING NUMBERS FOR PLOTS (LIMITED TO 20 CHARACTERS--
c THE LAST CHARACTER MUST BE & DOLLAR SIGN ($)).
c
c 1ST CARD 9 = CUMULATIVE URANIUM RELEASED
c 2ND CARG 9 = CUMULATIVE HF RELEASED
C 3RD CARD 9 = URANIUM CONCENTRATION IN COMPARTMENT
C 4TH CARD 9 = HF CONCENTRATION IN COMPARTMENT
c STH CARD 9 = TEMPERATURE IN COMPARTMENT
c 6TH CARD 9 = PRESSURE IN COMPARTMENT
C

DO 4G 140=1,6
C

READ (40,4010,END=50) (DWGNUM(I40,1), I=1,4)
WRITE (49,4010) (DWGNUM(140,1), I=1,4)
C
40 CONTINUE
C
S0 CONTINUE

C

MRITE (4%9,4020)
C

Codedededededekdedededededededeskedede ek ook de ke e dhedeodedede e dedesiesk de e deske e e de ke ook e deoke e e dededk e e ek ek ek ke
C
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C STEADY STATE CONDITIONS

c
c
C SET STEADY-STATE CONDITIONS FOR THE COMPARTMENT, EXHAUST, AND INLET
C AIR NODES.

c

CALL HUMID(?, RH, RATIO)

: UOL(7) = 1.D9
- CALL ROOM(7, RATIO)
‘ CALL ROOM(1, RATIOD)
‘ CALL SSBLOW(Z, RATIO)
‘ MASS(4,1) = MASS(2,1)

MASS(4,3) = MASS(2,3)
‘ TC(4) = TE(1)

PC(4) = PC(1)
- KRCOEF(4) = 0.D0
- CALL RESIST(4)
‘ CALL DENTHL(TC(4), PC(4), 4, H(4))
‘ CALL HCOEFF(1)
- UA = HTCOEF(1) * HTAREA(1)
g****'kt****'Hr******'k'k******‘k***‘k*‘k**‘ki"k******‘k*'k*l*****-k******i****ﬂ**'k*
g TITLE BLOCKS
€ ===zszsczocs
c
C MWRITE TITLE AND PROGRAM IDENTIFIER.
- DO 60 160=1,7
‘ IDEV = 40 + 160
- WRITE (IDEV,4030) TITLE
- 60 CONTINUE
E WRITE NODE NAMES AND IMPORTANT CONSTANTS FOR EACH FILE.
‘ WRITE (41,4100) VOL(1), UA, TSURF(1), QCOOL(1)
E WRITE (42,4200) ACFM(4), TC(7), PC(?)

IF (ITYPE.EQ.4) WRITE (43,4304)
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*

*

*

*

*

*

%*

*

*

*

IF
IF
IF

IF

IF

IF

IF

IF

IF

IF

IF

IF

IF

IF

IF
IF

IF
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(ITYPE.EQ.S) WRITE (43,4305)
(IABS(ITYPE).EQ.7) WRITE (43,4307)
(ITYPE.EQ.8) WRITE (43,4308)
(ITYPE.NE.22) WRITE (43,4310)

(ITYPE.EQ.4) WRITE (43,4320) (TSOURC(I), MSOURC(I),
TEMP(1), I=1,5)

(ITYPE.EQ.S) WRITE (43,4230} (TSOURC(I1), MSOURC(I),
TEMP(I), PRES(I), I=1,3)

(IABS(ITYPE).EQ.7) WRITE (43,4340} (TSOURC(I), MSOURC(I),
TEMP(I), I=1,3)

(1ABS(ITYPE).EGQ.7 .AND. ISEN.EQ.O0)} WRITE (43,4341) TSOURC(4),
MSOURC(4), TEMP(4)

(IABSCITYPE).EQ.7 .AND,. ISEN.EQ.1} WRITE (43,4342) TSOURC(4),
MSOURC(4), TEMP(4)

(IABS(ITYPE).EQ.7) WRITE (43,4343) WMOL(6), TSOURC{(S),
MSOURC(3), TEMP(3)

(ITYPE.EQ.8) WRITE (43,43530) (TSOURC(I), MSOURC(I},
TEMP(I}, PRES(I}, I=1,3)

(ITYPE.EQ.8 .AND. ISEN.EQ.D) WRITE (43,4331} TSOURC(4),
MSOURC(4}, TEMP{4), PRES(4)

(ITYPE.EQ.8 .AND. ISEN.EQ.1) WRITE (43,4352) TSOURC(4),
MSOURC(4}, TEMP(4), PRES(4)

(ITYPE.EQ.8) WRITE (43,4353) WMOL(6), TSOURC(S), MSOURC(3),
TEMP({35), PRES(S)

(ITYPE.NE.22) WRITE (43,4360) TRELS, MRELS
(ITYPE.EQ.7) WRITE (43,4370)

(ITYPE.EQ.22) WRITE (43,4380)

WRITE (44,4400) KRCOEF(4)

WRITE (45,4500} DEPVEL, DPAREA(1)

WRITE (46,4600)

WRITE (47,4700)

WRITE COLUMN HEADINGS.

WRITE (41,4110) NAME
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bo 70 170=2,4

C
IDEV = 40 + 170
c
WRITE (IDEV,4210) NAME
c
70 CONTINUE
C
HWRITE (45,4510) NAME
C
WRITE (46,4610} NAME
e
WRITE (47,4710)
C
Cedckdedede e doded dedededededehdodek dedok ke dodededededodedoded dededde ke dedeededeod dededekded dedekdekdedededodedkdok kokdkeokok ke
€ .
£ TRANSIENT ANALYSIS
C ===aszss=szszsscss=s=
£
C BEGIN TRANSIENT ANALYSIS.
C
TIME = 0.DO
C
ICOUNT = IFLAG
C
IRELS = 1
C
TRELS = 0.D0
C
c
cC/
C/ OPTIONAL SOURCE TERM INPUT: CARD 1. ENTER TIME INTERVAL FOR SOURCE
C TERM INPUT (SEC).
c
IF (ITYPE.EQ.22) READ (22,%) DELTAT
C
80 CONTINUE
C
C EVALUATE SCURCE TERM
i: EEOnsSSEZIoo=TSEEoa===
C
IF (TIME.LT.TRELS) GO TO 120
c
IF (ITYPE.NE.Z2) GG TO 100
€
c
cC/
C/ OPTIONAL SOURCE TERM INPUT: CARD 2. ENTER INITIAL TIME FOR RELEASE

INTERVAL (SEC); MASS FLOW RATE (LB/SEC) FOR EACH OF THE NINE
COMPONENTS IN THE FOLLOWIMNG ORDER: AIR, H20(¢L), HZO(V),
HF{L), HF(V), UFB(S), UFe(L), UFe6(V}), UOzFZ; SOURCE TERM
TEMPERATURE FOR INTERVAL (DEG F)j; AND SOURCE TERM PRESSURE
FOR THE INTERVAL (PS1A),

o B o I o B o I s B
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READ (22,%,END=120) TRELS, (RATE(I},I=1,9),TCCIIN(1,2)),
%* PCCIIN(L,2))

DO 90 190=1,9
MASS(TIN(1,2),180) = RATE(190)*DELT

CONTINUE

CALL DENTHL(TC(IIN¢1,2)),PCCIIN(1,2)),1IN(L,2) H(IINGL,2)))

TRELS = TRELS + DELTAT

60 TO 120

CONTINUE

IF (IRELS.GT.IRELST) GO TO 120

TRELS = TSOURC(IRELS)

SOURCE = MSOURC( IRELS)

TC(3) = TEMP(IRELS)

PC(3)

[}]

PRES(IRELS)
CALL STERM(3, 1, SOLIDS)
TRELS = 0.D0
DO 110 I1110=1,IRELS
TRELS = TRELS + TSOURC(I110)
CONT INUE
IRELS = IRELS + 1
CONT INUE

IF (TIME.GE.TRELS) IIN(1,2) = INODES

EVALUATE FLOW RATES

e . o o it . e e e et S S
e e

“CALL TRBLOW(2)" -- NOT CALLED SINCE INLET BLOWER PRODUCES
CONSTANT FLOW RATES THROUGHOUT TRANSIENT
ANALYSIS,

CaLt DPFLOMW(4)

IF (PC(1).LE.PC(7)) WRITE (44,4410) TIME
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CALCULATE DEPOSITION RATE,
CALL REMOVE(1, 3)
IF (ICOUNT.LT.IFLAG) GO TGO 150

OUTPUT NODE DATA

T S
WRITE COMPARTMENT DATA.
WRITE (41,4120) TIME, (MASS(1,I1),I=1,9), TC(1l), PC(1)
WRITE DATA FOR FLOWING STREAMS.
DO 140 1140=2,5
IF (TIME.GE.TRELS .AND. I1140.EQ.3) GO TO 140
00 130 1130=1,9
RATE(I130) = MASS(1140,1130)/DELT
130 CONTINUE
IDEV = 40 + 1140
HRATE = H(1140)/DELT
IF {1140.LE.4) WRITE (IDEV,4120) TIME, RATE, TC(I1140),
* PC({1140)
IF (1140.G7.4) WRITE (iDEV,4120) TIME, RATE
140 CONTINUE
WRITE MASSES OF CONDENSED MATERIALS ON FLOOR.
WRITE (46,4120) TIME, (MASS(6,1),1=1,9)
ICOUNT = 0
WRITE SUMMARY DATA ON RELEASE.

WRITE (47,4720) TIME, UF6REL, UOFREL, UTOT, HFREL, HFUF6, HFTOT,
* DENU, DENHF

HRITE SUMMARY DATA FOR PLOTTING.

IF (TIME.GT.TRELS) WRITE (48,%) TIME, UTOT, HFTOT, DENU, DENHF,
* TC(1), PC(1)

150 CONTINUE
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IF (TIME.LE.50.D0 .AND. TIME.LE.TRELS) WRITE (48,%) TIME, UTOT,
* HFTOT, DENU, DENMF, TC(1), PC(1)

IF (TIME.GT.60.D0 .AND. TIME.LE.TRELS .AND.
* 10%(ICOUNTA10) .EQ. ICOUNT)
* WRITE (48,%) TIME, UTOT, HFTOT, DENU, DENHF, TC(1), PC(1}

EVALUATE COMPARTMENT CONDITIONS

e e e - - —
gt e e e

TIME = TIME + DELT
IF (TIME.GT.MAXTIM) STOP
ICOUNT = ICOUNT + 1
PERFORM MASS AND ENENGY BALANCE FOR THE COMPARTMENT.
CALL COMPRT(1, 2, INODES)
CALCULATE COMPARTMENT CONCENTRATIONS OF URANIUM AND HF.

DENU = ((MASS(1,6) + MASS(1,7) + MASS(1,8))/WMOL(6)
* + MASS(1,9)/WMOL(9) )*MWNURANVOL(1)

DENHF = (MASS(1,4) + MASS(1,5))/V0L(1)
ACCUMULATE SOLID PARTICLES AND LIQUID DROPLETS OW THE FLOOR.
DO 160 I1160=1,9
MASS(6,1160) = MASS(6,1160) + MASS(S,1160)
1e0 CONTINUE

IF (ITYPE.EQ.7 .AND., TIME.LE.TRELS) MASS5(6,6) = MASS5(6,6)
* + SOLIDS

ACCUMULATE TOTAL MASS QUANTITIES OF URANIUM AND HF RELEASED TO THE
ATMOSPHERE .

UF6REL = UFBREL + MASS(4,6) + MASS(4,7) + MASS(4,8)

UOFREL

i

UOFREL + MASS(4,9)

UTOT = (UFEREL/WMOL(E) + UOFREL/WMOL(9))*MWNURAN

HFREL = HFREL + MAS5(4,4) + MASS(4,5)
HFUFE = 4.DO*UFESRELAWMOL(4)/WMOL(6)
HFTOT = HFREL + HFUF&

GO TO 80
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c
Ccdeedekedededededededededdededee et dedede e e desiode e dede e dedede dededededeok dededdedede e e deded dededededededede e de e de e
c

C FORMAT STATEMENTS

L ===sswo==soooomcms
c
4000 FORMAT (10m8)
c
4010 FORMAT (4A3)
C
4020 FORMAT (6(1H$,/))
C
4030 FORMAT (1  TITLE: 7,10A8,/,’0 DATA GENERATED BY FOORFT -- 7,
* ‘# FORCED DRAFT VENTILATICN SYSTEM TRANSIENT’,
* * COMPARTMENT MODEL.)
C
4100 FORMAT (70  COMPARTMENT CONDITIONS”,Te0, COMPARTMENT VOLUME =7,
* F11.0,7 FT*x2’,/,Tel,’UkA PRODUCT =7,
* 1FE1L1.3,” BTU/SEC-DEG F”,/,T60, SURFACE TEMPERATURE =7,
* OPF11.1,’ DEG F’,/,T60,/COOLING RATE =/ ,1PE11.3,
* ‘ BTUSSEC”)
C
4110 FORMAT (0  TIME/,42X,’COMPONENT MASS (LB)‘,39X,
* ‘TEMPERATURE PRESSURE’,/,” (5EC)” ,9(3X,A8),
* © (DEG F) (PSIAY’,/,1H )
c
4120 FORMAT (F10.1,1P3E11.3,0P2F10.4)
C
4200 FORMAT (0  INLET AIR BLOWER’,To0, FLOWN RATE = ,F11.1,
* ‘ ACFM?,/,T60, "4MBIENT TEMPERATURE =7 ,F11.3,” DEG F7,/,
* T60, AMBIENT PRESSURE  =/,F11.3,’ P3I1a%)
C
4210 FORMAT (0 TIME”, 30X, ' COMPONENT MASS FLOW RATE (LB-/SEC)’,
* 32X, " TEMPERATURE PRESSURE” ,/” (SEC) " ,9(3X,A8),
* * (DEG F) (PSIAY’,/,1H )
c
4204 FORMAT (°0  SOURCE TERM: HF LIQUID,Te0,
* “INCRE- DURATION MASS TEMPERATURE PRESSURE”)
C
4305 FORMAT (0  SOURCE TERM: HF VAPOR‘,TeO,
* INCRE- DURATION MASS TEMPERATURE PRESSURE”)
C
4307 FORMAT (0  SOURCE TERM: UFe LIQUID",Tel,
* INCRE- DURATION MASS TEMPERATURE PRESSURE”)
c
4308 FORMAT (°0  SOURCE TERM: UFe VAPOR‘,Te0,
* “INCRE- ODURATION MASS TEMPERATURE PRESSURE”)
c
4310 FORMAT (760,  MENT (SEC) (LB) (DEG F) (PSIAY")
C

4320 FORMAT (1H0,T60,¢ 17,F11.1,F8.1,F11.3,-  LIQuiD‘,/,
* T60,° 27,F11.1,F8.1,F11.3,”  LIQUID',/,
* Te0,”  3‘,F11.1,F8.1,F11.3,7  LIQUID',/,
* Te0,’ 4°,F11.1,F8.1,F11.3,”  LIQUID’,/,
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5/,F11.1,F8.1,F11.3," LIQUID")

4330 FORMAT (1HO,Te0,” 1’,F11.1,F8.1,2F11.3,/,

24 ,F11.1,F8.1,2F11.3,/,
3/,F11.1,F8.1,2F11.3,/,
4’ ,F11.1,F8.1,2F11.3,/,
5/,F11.1,F8.1,2F11.3)

4340 FORMAT (1HO,Te0,” 17,F11.1,F8.1,F11.3,7 LTQuib“,/,

2/,F11.1,F8.1,F11.3,”  LIQUID’,/,
3/,F11.1,F8.1,F11.3,”  LIQUID")

FLASH BASIS: ISENTROPIC,
4 ,F11.1,F8.1,F11.3,” LIQUIDY)

FLASH BASIS: ISENTHALPIC”,
4/ ,F11.1,F8.1,F11.3,”  LIQUID")

UF6 MOLECULAR WEIGHT =",F8.3,
3,F11.1,F8.1,F11.3," LIQUID )

4350 FORMAT (1H0,7Te0,’ 1-,F11.1,F8.1,2F11.3,/,

2,F11.1,F8.1,2F11.3,/,
3/,F11.1,F8.1,2F11.3)

FLASH BASIS: ISENTROPIC’,
4’ F11.1,F8.1,2F11.3)

FLASH BASIS: ISENTHALPIC”,
44 ,F11.1,F8.1,2F11.3)

UF6 MOLECULAR WEIGHT =,F8.3,
5/,F11.1,F8.1,2F11.3)

4360 FORMAT (Te0,” TOTAL,F9.1,F8.1)

SOLIDS FORMED BY FLASHING UFé LIQUID ARE ASSUMED,

‘ 70 ACCUMULATE OM THE FLOOR.’,/,” THESE SOLIDS ARE NOT”,

* T60,”
* T60,°
* T60,°
* T60,
* T60,°
* T60,"
* T60,°
4341 FORMAT (’
* T60,*
4342 FORMAT (’
*  Te0,’
4343 FORMAT (°
* T80,
* 160,
* T80,
4351 FORMAT (’
* T60,”
4352 FORMAT (°
* TE0,*
4353 FORMAT (°
* T60,”
4370 FORMAT (/0
*
*

“ INVOLVED IN ENERGY BALANCES ABOUT THE COMPARTMENT.’)

4380 FORMAT (70

*

SOURCE TERM: SOURCE TERM MASS FLOW RATES,”,

* TEMPERATURE, AND PRESSURE WERE READ FROM DATA FILE.")

4400 FORMAT (0
‘RESISTANCE TERM =/ y1PE11.3," PSI-SECk*2/LB/FT*%3%)

%*

EXHAUST STREAM (FORCED DRAFT)/,T640,

4410 FORMAT (FilC.1,” REVERSE FLOW OCCURING”)

4300 FORMAT (0

*

Fi0.4," FT/SEC’,/,T60, DEPOSITION AREA

4310 FORMAT (‘0

¥

£y

CONDENSATE FALLOUT’,T60,DEPOSITION VELOCITY =/,
=/ ,F10.0,” FT#k2°)

TIME‘ 35X, COMPONENT MASS FLOW RATE (LB/SEC)’,
(SEC)‘,3(3X,A8),/,1H )
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4600 FORMAT (’0  CONDENSATE ACCUMULATED ON FLOOR”)

c
4610 FORMAT (‘0 TIME‘,42X,’COMPONENT MASS (LB)‘,/,
* ’ (SEC)‘,9(3X,A8) ,/,1H )
c
4700 FORMAT (‘0  URANIUM AND HF RELEASE SUMMARY AND COMPARTMENT”,
* * CONCENTRATIONS’)
c
4710 FORMAT (1HO,T86,’COMPARTMENT CONCENTRATIONS? ,/,’ TIME ‘y
* ’CUMULATIVE MATERIAL RELEASED OR FORMED FROM RELEASED-,
* * MATERIAL ¢LB)’,T94,” (LB/FTx%3),/,” (SEC) .,
* ‘ UFs UD2F2 TOTAL U HF HF FROM UF6‘,
* * TOTAL HF URANIUM HF ./ 1H )
C
4720 FORMAT (F10.1,5X,1P6E11.3,5%,2E11.3)
C

Cedededodede dede oo dedede ke ded o dede Ao dedesdededede e dedede e desdedede dedede e dede e de ok de dedede ke de dedededk dede de ke dedede ke dede e

c
END

A.2 INDRFT - An Induced-Draft Compartment Model

C THIS PROGRAM MODELS A RELEASE OF UF6 OR HF INTC A COMPARTMENT
C HAVING AN INDUCED DRAFT VENTILATION SYSTEM. NODE NUMBERS AND
C STREAM DEFINITIONS FOR THIS MODEL ARE AS FOLLOWS.

COMPARTMENT

INLET AIR

SOURCE TERM
EXHAUST BLOWER
CONDENSATE FALLOUT
COMPARTMENT FLOOR
AMBIENT

N WA W e

THE FOLLOWING VARIABLES ARE USED.

COMMON BLOCK UARIABLES

/LBMASS/

MASS (30,9) NODE MAS3S, LB, OUR MASS FLOW RATE, LB/(DELT)

RH RELATIVE HUMIDITY, % (AS INPUT) OR FRACTION
{ INTERNAL)

/COMPTR/

TC (30 NODE TEMPERATURE, DEG F

PC (30) NODE PRESSURE, FSIA

TSURF  (30) NODE HEAT TRANSFER SURFACE TEMPERATURE, DEG F

/MOLWT/

OOoOOOO0OOO0O0OcOaOOOnNOOoOOOoOOOOOaO00On

WMOL 2 COMPONENT MOLECULAR WEIGHTS, LB/LB MOLE
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/VOLUME/

vaL (30)
KRCOEF  (30)

DPAREA  (30)
DEPVEL

/ENTHAL/

H (30)
QRATE (3D
acooL (30)

HTCOEF  (30)
HTAREA (30)

/18TRMS/

1IN (30,4)
ouT (30,4)

/CONTRL/
AMINLN

TIME
DELT
MAXTIM
IFLAG
TRELS

/PBLYMR/
Cl

c3

Cé

WMBHF
/MISCEL/
ITYPE
SOURCE
ISEN
/RUFLOW/

TSTART (30)
TSTOP  (30)
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NODE VOLUME, FT#x3

RESISTANCE COEFFICIENT, ~-, OR RESISTANCE TERM,
RESISTANCE TERM, PSI-SECkk2/LB-FT*k3

DEPOSITION AREA, FTh%2

DEPOSITION VELOCITY, FT/SEC

NODE ENTHALPY, BTU, OR ENTHALPY RATE, BTU/(DELT)
HEAT TRANSFER RATE, BTU/SEC OR BTU/(DELT)
COOLING RATE, BTU/HR (INPUT) OR BTU/SEC

( INTERNAL)

HEAT TRANSFER COEFFICIENT, BTU/SEC-FT+*2-DEG F
HEAT TRANSFER AREA, FTxk2

INLET STREAM NODE NUMBER
OUTLET STREAM NODE NUMBER

NATURAL L.OG OF MINIMUM NUMBER ACCERTED BY THE
COMPUTER

CUMULATIVE SIMULATION TIME, SEC

TIME INTERVAL USED FOR TRANSIENT SIMULATION, SEC
MAXIMUM SIMULATION TIME, SEC

FLAG TO CONTROL PRINTING OF QUTPUT

TOTAL RELEASE TIME, SEC

WEIGHT FRACTION OF HF MONOMER TO TOTAL HF VAPOR
WEIGHT FRACTION OF HF TRIMER TO TOTAL HF VAPOR
WEIGHT FRACTION OF HF HEXAMER TO TOTAL HF VAFOR
MOLECULAR WEIGHT OF HF MONOMER, LB/LB MOLE

VARIABLE TO SPECIFY TYPE OF RELEASE, SEE CARD 5
TOTAL MASS OF RELEASE, LB

UARIABLE TO SPECIFY ISENTROPIC OR ISENTHALPIC
RELEASE, SEE CARD S

START OF REVERSE FLOW IN NODE
END OF REVERSE FLOW IN NODE

EQUIVALENCED VARIABLES
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ACFM

FLAREA

21

(30)  UOLUMETRIC FLOW RATE, FT#%3/MIN
(30)  FLOW AREA FOR PRESSURE-DROP-CONTROLLED
NODE, FT#x2

OTHER DIMENSIONED VARIABLES

RATE
MSOURC
TSQURC
TEMP
PRES
NAME
TITLE
DIHGNUM

(3)
(3)
(3)
(3}
(3
{3)
{10)
{6,4)

COMPONENT MASS RELEASE RATE, LB/SEC
INCREMENTAL SOURCE MASS, LB

INCREMENTAL RELEASE TIME, SEC
TEMPERATURE OF INCREMENTAL SOURCE, DEG F
PRESSURE OF INCREMENTAL SOURCE, PSIA
COMPONENT IDENTIFIER

TITLE ARRAY

PLOT NUMBER ARRAY

UNDIMENSIONED VARIABLES

INODES

INOUT

IRELST

MW
MIWURAN
MRELS
PTEST
PRINT
RATIO

MASEZ
DENS
DELP
Ua

1COUNT
IRELS

DELTAT
SOLIDS

Ul

Ve

FRAC

1DEYV
HRATE
DENU
DENHF
UFEREL

MAXIMUM NUMBER OF NODES ALLOWED BY CODING OF
SUBROUTINES

MAXIMUM NUMBER OF INLET STREAMS aAMD OQUTLET
STREAMS

NUMBER OF INCREMENTAL RELEASES IN TOTAL RELEASE
(MAXIMUM OF 352

MOLECULAR WEIGHT, LB/LB MOLE

MOLECULAR WEIGHT OF URANIUM, LB/LB MOLE

TOTAL MASS OF SOURCE MATERIAL RELEASED, LB
UAPOR PRESSURE OF SOURCE, PSlaA

PRINT INTERVAL, SEC

RATIOD OF MOLES OF WATER WAPOR 7O TOTAL MOLES OF
MOIST AIR

MASS FLOW RATE THROUGH NODE 2, LB/{DELT)
DENSITY, LB/FTH%3

PRESSURE DROP, PSI

PRODUCT OF HEAT TRANSFER COEFICIENT AND AREA,
BTU/SEC-DEG F

COUNTER TO CONTROL PRINTING OF OQUTPUT

CURRENT INCREMENT OF TOTAL RELEASE

SOURCE TERM INPUT INTERVAL, SEC

MASS FLOW RATE OF UFe SOLIDS ONTO THE FLOOR,
LB/(DELT)

VOLUME OCCUFIED BY CONTENTS OF THE COMPARTMENT
AT AMBIENT PRESSURE, FT#%3

MAXIMUM VOLUME TO BE RELEASED BY REVERSE FLOW
THROUGH NODE 2 OVER A SPECIFIC TIME INTERVAL,
FTak3/(DELT)

VOLUME FRACTION (-V2/V1) USED TO OBTAIN MASS
FLOW AND ENTHALPY RATES WHEN LIMITING EXHAUST
RATE THROUGH NODE 2

QUTPUT DEVICE

ENTHALPY RATE, BTU/SEC

COMPARTMENT CONCENTRATION OF URANIUM, LB/FT#k3
COMPARTMENT CONCENTRATION OF HF, LB/FTh43
CUMULATIVE MASS OF UF6 RELEASED TO THE
ATMOSFHERE, LB



UOFREL

utor

HFREL

HFUF &

HFTOT

CHECK
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LOGICAL VARIABLES

COMPRT
DENTHL
DPFLOW
HCOEFF
HUMID
PHFHZ0
REMOVE
RESIST
RCOM
SETRAY
SSBLOW
STERM
TRBLOW
VPRUF6

DENUFe
EQTUFB
FLASH
HFPOLY
HHFH20
HUF 6
PHASE
SuUFe
ZUF6

INITIAL STATEMENTS

SorooExzsEEsT

——————
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CUMULATIVE MASS OF UD2F2 RELEASED TO THE
ATMOSPHERE, LB

CUMULATIVE MASS OF URANIUM RELEASED TO THE
ATMOSPHERE, LB

CUMULATIVE MASS OF HF RELEASED TO THE
ATMOSPHERE, LB

CUMULATIVE MASS OF HF THAT CAN BE FORMED FROM
UFE RELEASED TO THE ATMOSPHERE, LB

CUMULATIVE MASS OF HF RELEASED TO OR FORMED IN
THE ATMOSPHERE, LE

FLAG IN ESTABLISHING INITIAL STEADY STATE
CONDITIONS ABOUT NODE 2

THE FOLLOWING SUBROUTINES ARE CALLED BY INDRFT.

THE FOLLOWING SUBROUTINES ARE ALS0 REQUIRED.

ek e e e Ao dok e A Feode ek e e e ek e e e dede e de e e dedededede e Ao do e dook Aok o Ao A dede dook ek dodok e de e e ok e

IMPLICIT REAL*8 (A-H,J-Z)

LOGICAL CHECK
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DIMENSION FLAREA(30), ACFM(30), RATE(3), MSOURC(S), TSOURC(S),
* TEMP(S), PRES(S)
DIMENSION NAME(9), TITLE(10), DWGNUM(6,4)

COMMON /LBMASS/ MASS(30,9), RH
COMMON /COMPTP/ TC(30), PC(30), TSURF(30)
COMMON /MOLKWT/ WMOL(9)
COMMON /VOLUME/ VOL(30), KRCOEF(30), DPAREA(30), DEPVEL
COMMON /ENTHAL/ H(30), QRATE(30), QCOOL(30), HTCOEF(30),
* HTAREA(30)
COMMON /ISTRMS/ 1IN(30,4), 10UT(30,4)
COMMON /CONTRL/ AMINLN, TIME, DELT, MAXTIM, IFLAG, TRELS
COMMON /POLYMR/ €1, C3, C6, WMBHF
COMMON /MISCEL/ ITYPE, SOURCE, 1SEN
COMMON /RVFLOW/ TSTART(30), TSTOP(30)

EQUIVALENCE (VOL(1),ACFM(1),FLAREA(L))

DATA NAME /8HAIR V , 8HH20 L , 8HH20 VU , SHHF L ,
* BHHF U , BHUF6 § , 8HUF6 L , BHUFE U , 8HUOZF2 § /

CAlLLl SETRAY(INODES, INGUT)

NODE ASSIGNMENT

Law S o B Y
i
1
]
t
¢
]
1
#
H
I
I
t
i
1
|

TIN(L,1)
TIN(1,2)
1IN(2,1)
1IN(4,1)
1IN(5,1)
1IN(6,1)

nau#®nn
=P NWwm

10UT¢1,1)
10UT(1,2)
10UT(2,1)
10UT(5,1)

o= NN

READ STATEMENTS

e et it 218 S o iy i iy
=

ALL INPUT DATA EXCEPT THAT ON CARDS 1 AND 9 IS READ IN FREE FORMAT.
ON CARDS 1 AND 9, COUNT CHARACTERS STARTING IN COLUMN 1.

/
/ CARD 1. READ TITLE (MAXIMUM OF 80 CHARACTERS).

OO0 00000

READ (40,4000) TITLE
c
C
c/
C/ CARD 2. READ AMBIENT TEMPERATURE (F), PRESSURE (PSIA), AND RELATIVE
c HUMIDITY (%).




)

READ (40,%) TC(?), PC(7), RH

o]

IF (RH.GT.1.D0) RH = RH/1.D2

7
/ CARD 3.

OOOMNOOnNoOn

READ COMPARTMENT TEMPERATURE (F), PRESSURE (PSIA), VOLUME
(FT*%3), AND FLOOR (DEPOSITION) AREA (FTkx2). IF THE
COMPARTMENT PRESSURE 1S NOT KNOWN AND 1S TO BE CALCULATED,
SPECIFY A PRESSURE GREATER THAN OR EQUAL TO THE AMBIENT
PRESSURE OR LESS THAN OR EQUAL TO ZERO.

READ (40,%) TC(1), PC(1), VOL(1), DPAREA(1)

/£
s/ CARD 4.

OO0 OO0 0

READ EXHAUST FLOW RATE (ACFM), INLET FLOW AREA (FT#%2), AND
INLET RESISTANCE COEFFICIENT (--). IF THE PROGRAM IS TO
CALCULATE THE RESISTANCE COEFFICIENT, A COMPARTMENT
PRESSURE GREATER THAN OR EQUAL TG THE AMBIENT PRESSURE OR
LESS THAN OR EQUAL TO ZERQ MUST HAVE BEEN ENTERED, AND

AN INLET AREA AND RESISTANCE COEFFICIENT MUST BE GIVEN. A
RESISTANCE COEFFICIENT COEFFICIENT OF 1.5 REPRESENTS A
SUDDEN CONTRACTION FOLLOWED BY A SUDDEN EXPANSION.

READ (40,%) ACFM(4), FLAREA(Z), KRCOEF(2)

/
/ CARD 3.

IO

[ e B or B o B o B B o

READ HEAT TRANSFER SURFACE AREA IN COMPARTMENT (FTx%2),
HEAT TRANSFER SURFACE TEMPERATURE (F), AND COOLING RATE
(BTU/HR). A NEGATIVE COOLING RATE IMPLIES A HEATING RATE.
WHILE THE VALUE OF THE SURFACE AREA IS NOT PARTICULARLY
IMPORTANT BECAUSE THE PRODUCT OF THE SURFACE AREA AND THE
HEAT TRANSFER COEFFICIENT TO BE CALCULATED WILL BE
CONSTANT, A SURFACE TEMPERATURE GREATER THAN THE
COMPARTMENT TEMPERATURE MUST BE SPECIFIED.

READ (40,%) HTAREA(1), TSURF(1), QCOOL(1)

©)

QCOOL(1) = QCOOL(1)/3.6D3

/
/ CARD 6.

oo

OO0

READ SOURCE TYPE, NUMBER OF RELEASES, BASIS FOR FLASH, AND
MOLECULAR WEIGHT, SOURCE TYPE 1S GIVEN BY THE FOLLOWING:

LIQUID HF

UAPOR HF

LIQUID UFe (VAPOR SOURCE TERM GENERATED)
LIQUID UFe (VAPOR/SOLID SOURCE TERM GENERATED)
VAPOR UFe

INPUT PROVIDED IN FOR22.DAT

I
MO N~NUS

[
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c
C IF SOURCE TYPE IS SET EQUAL TO 22, SET NUMBER OF RELEASES
C TO ZERO. NO MORE THAN FIVE RELEASES MAY BE SPECIFIED, WHICH
C ARE TO RUN CONSECUTIVELY. THE BASIS FOR THE FLASH IS GIVEN
£ BY THE FOLLOWING:
c
C 0 ISENTROPIC
c 1 ISENTHALPIC
c
c THE DEFAULT MOLECULAR WEIGHT FOR UF6 IS 3352.025; ENTER A
C VALUE LESS THAN 100 IF THAT VALUE IS ACCEPTABLE.
c

READ (40,*) ITYPE, IRELST, ISEN, MW
C

IF (MA.LT.100.D0) GO TO 10
€

WMOL(9) = WMOL(9) - WMOL(E) + MW

WMOL(E) = MW

WMOL(?7) = MW

WMOL(8) = MW
c

10 CONTINUE

c

MWURAN = WMOL(&) - 113.93D0
c

IF (ITYPE.EQ.22) GD TO 30
C
c
c/
£/ CARD 7. -— DO NOT USE "CARD 7" CARDS IF ITYPE = 22. --
C
C READ FOR EACH INCREMENTAL RELEASE THE DURATION (SEC), MASS
c (LB), TEMPERATURE (DEG F), AND PRESSURE (PSIA). SPECIFY AS
C MANY SETS OF DATA AS THE NUMBER OF RELEASES (IRELST). IF
c THE PRESSURE GIVEN IS LESS THAN OR EQUAL TO ZERO OR GREATER
C THAN THE VAPOR PRESSURE, THE PRESSURE 1S SET EQUAL TO THE
C VAPOR PRESSURE FOR THAT INCREMENT.
C

READ (40,*) (TSOURC(I), MSOURC(I), TEMP(I), PRES(I}, I=1,IRELST)
»

TRELS = 0.D0
C

MRELS = 0.D0
»

DO 20 120=1,IRELST
C

TRELS = TRELS + TSOURC(120)
c
MRELS = MRELS + MSOURC(Iz20)

C

IF (ITYPE.EG.S) CALL FHFH2O(TEMP(I20), 1.DO, 0.DO, PTEST,

0.D0, 0.DD)

IF (ITYPE.EQ.8) CALL VPRUF&(TEMP(IZ20), PTEST)
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IF (PRES{120).GT.PTEST .OR. PRES(120).LE.0.DD)
* PRES(I20) = PTEST

20 CONTINUE
C
30 CONTINUE
C
C
crs
C/ CARD 8. READ TIME INTERVAL FOR CALCULATIONS (SEC), DURATION OF
C SIMULATION (SEC), AND PRINT INTERVAL (SEC).
c

READ (40,%) DELT, MAXTIM, PRINT

L]

IFLAG = IDINT(PRINT/DELT+0.01D0)

/
/ CARD 3. -- THESE CARDS ARE OPTIONAL. --

READ DRAWING NUMBERS FOR PLOTS (LIMITED TO 20 CHARACTERS--
THE LAST CHARACTER MUST BE A DOLLAR SIGN (#)).

1ST CARD 9
2ND CARD 9
3RD CARD 2
4TH CARD 9
JTH CARD 9
6TH CARD 9

CUMULATIVE URANIUM RELEASED
CUMULATIVE HF RELEASED

URANIUM CONCENTRATION IN COMPARTMENT
HF CONCENTRATION IN COMPARTMENT
TEMPERATURE IN COMPARTMENT

PRESSURE IN COMPARTMENT

LI T T [ N B |

Lo 2 o o e T o N o I Y o B o B e e B v e B s R

DO 40 140=1,6

(]

READ (40,4010,END=30) (DWGNUM(I40,1), 1=1,4)
HWRITE (49,4010} (DWGNUM(140,1), 1=1,4)

40 CONTINUE

50 CONTINUE

o]

WRITE (49,4020)

Ly B or

ek derke Jo e e e e I e de e e e dededede dedeFededededek Fedededede ke dedk e Ao dedede e dededededededededededededodede e dedodede ke ek

STEADY STATE CONDITIONS

b= ]

SET STEADY-STATE CONDITIONS FOR THE COMPARTMENT, EXHAUST, AND INLET
AIR NODES.

OO0

CALL HUMID(?7, RH, RATIO)

aw ]

IF (PC{1).GE.PC(7) .OR. PC(1).LE.0.DO) PC(1) = PC(?)

[}

CHECK = .TRUE,
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C
voL(7) = 1.09
c
CALL ROOM(?7, RATIO)
c
60 CONTINUE
C
CALL ROOM(1, RATIO)
c
CALL SSBLOW(4, RATIO)
C
MASS(2,1) = MASS(4,1)
MASS(2,3) = MASS(4,3)
c
TE(2) = TC(?)
PC(2) = PC(?)
c
IF (PC(1).LT.PC(7) .AND. CHECK) GO TO 70
C
IF (CHECK) CALL RESIST(2)
c
CHECK = ,FALSE.
c
MASS2 = MASS(2,1) + MABS(2,3)
c
DENS = (MASS(7,1)4+MASS(7,3) 3/ V0L(7)
c
DELP = KRCOEF(2)*MASS24MASS2/DENS/DELT/DELT
c
IF (DABS(PC(7)-PC(1)-DELP).LT.1.D-&6.AND.PC(1).LT.PC(7))
* GO TO 70
C
PC(1) = PC(7) - DELP
C
G0 TO &0
c
70 CONTINUE
C
KRCOEF(2) = 0.D0
c
CALL RESIST(2)
c
CALL DENTHL(TC(2), PC(2), 2, H{(2))
C
CALL HEOEFF(1)
c
Ua = HTEOEF(1) * HTAREA(L)
C
CFevesdededede e ek e Fe e e de e deFede e dede e dedede e dededededededodededede ek deshe e ok Fe e dode v dede e de e ke e e e e e e e e o oo e e de K
C
C TITLE BLOCKS
 ==z===szoo====
C

C HWRITE TITLE AND PROGRAM IDENTIFIER,



DO 80 180=1,7

IDEV = 40 + 180

WRITE (IDEV,4030) TITLE

80 CONTINUE

WRITE NODE NAMES AND IMPORTANT CONSTANTS FOR EACH FILE.

WRITE (41,4100 VOL(1}, UA, TSURF(1), QCOOL(1)

WRITE (42,4200) KRCOEF{(2), TC(7), PC(?)

IF
IF
IF
IF

IF

IF
*

IF
*

IF
*

IF
*

IF
*

IF
*

IF
*

IF
%

IF
*

IF
*

IF

(ITYPE.EQ.4) WRITE (43,4304)
(ITYPE.EQ.3) HRITE (43,4303)
(IABS(ITYPE).EQ.7) WRITE (43,4307)
(ITYPE.EQ.8) WRITE (43,4308)

(ITYPE.NE.22) WRITE (43,4310)

(ITYPE.EQ.4) WRITE (43,4320) (TSOURC(I), MSOURC(I)},
TEMP(I), I=1,5)

(ITYPE.EQ.3) WRITE (43,4330) (TSOURC(I), MSOURC(I1),
TEMP(I), PRES(I}, I=1,3)

(IABS({ITYPE}.EQ.7) WRITE (43,4340) (TSOGURC(I), MSOURC(I),
TEMP(I), I=1,3)

(IABS(ITYPE).EQ.7 .AND. ISEN.EQ.0) WRITE (43,4341) TSOURC(4),
MSOURC(4), TEMP(4)

(IABSCITYPE) .EQ.7 .AND. ISEN.EQ.1) WRITE (43,4342) TSOURC(4),
MSQURC(4), TEMP(4)

(IABSCITYPE).EQ.7) WRITE (43,4343) WMOL{(6), TSOURC(3),
MSOURC(3), TEMP(3)

(ITYPE.EQ.8) WRITE (43,4350} (TSOURC(I), MSOURC(I),
TEMP(I), PRES(I), I=1,3)

(ITYPE.EQ.8 .AND. ISEN.EQ.0) WRITE (43,4351) TSOURC(4),
MSOURC(4), TEMP(4), PRES(4)

(ITYPE.EQ.8 .AND. ISEN.EQ.1} WRITE (43,4352) TSOURC(4),
MSOURC(4}, TEMP(4), PRES(4)

(ITYPE.EQ.8) WRITE (43,4353) WMOL(6), TSOURC(S), MSOURC(S),
TEMP(S), PRES(3)

(ITYPE.NE.22) WRITE (43,4360} TRELS, MRELS
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IF (ITYPE.EQ.?7) WRITE (43,4370)

- IF (ITYPE.EQ.22) WRITE (43,4380)
‘ WRITE (44,4400) ACFM(4)

‘ WRITE (45,4500) DEPVEL, DPAREA(L)
‘ WRITE (46,4600)

c

WRITE (47,4700)
c
€ WRITE COLUMN HEADINGS.
c

WRITE (41,4110) NAME

c
DO 30 I130=2,4
M
IDEV = 40 + 190
g
WRITE (IDEV,4210) NAME
C
90 CONTINUE
c
WRITE (45,4510 NeME
C
WRITE (46,4610 NAME
C
HRITE (47,4710}
c
3 ek e e e ke e e e ke e ek e e sk vk ol ke e e ke ke e dod e ek de e e e e ok e e e ke e ko ek Ao e de e de e e dedeoe
£
€ TRANSIENT ANALYSIS
C ========s====s=== ==
C
C BEGIN TRANSIEMT ANALYSIS.
c
TIME = 0.D0
c
ICOUNT = IFLAG
C
IRELS = 1
c
TRELS = 0.D0
C
c
cC/
C/ OPTIONAL SOURCE TERM INPUT: CARD 1. ENTER TIME INTERVAL FOR SOURCE
c TERM INPUT (SEC).
[
IF (ITYPE,EQ.22) READ (22,%) DELTAT
e

100 CONTINUE
c
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€ EVALUATE SOURCE TERM

C P § e e oo e rmiren e e g o gsed
C
IF (TIME.LT.TRELS) GO TO 140
C
IF (ITYPE.NE.22)} GO TO 120
c
C
/s
C/ OPTIONAL SOURCE TERM INPUT: CARD 2. ENTER INITIAL TIME FOR RELEASE
c INTERVAL (SEC); MASS FLOW RATE (LB/SEC) FOR EACH OF THE NINE
c COMPONENTS IN THE FOLLOWING ORDER: AIR, H20(L), H20(V),
C HF(L), HF(V), UF6(S), UF6(L), UF6(V), UD2F2; SOURCE TERM
c TEMPERATURE FOR INTERVAL (DEG F); AND SOURCE TERM PRESSURE
c FOR THE INTERVAL (PSIA).
C
READ (22,%,END=140) TRELS, (RATE(1},I=1,3),TC(IIN(1,2)},
* PCCIINGL,2))
[
DO 110 1110=1,9
C
MASS(IIN(1,2),1110) = RATE(I110)%DELT
C
110 CONTINUE
c
TRELS = TRELS + DELTAT
c
GO TO 140
C
120 CONTINUE
c
IF ¢(IRELS.GT.IRELST) GO TO 140
e
TRELS = TSOURC(IRELS)
c
SOURCE = MSOURC(IRELS)
C
TC({3} = TEMP{IRELS)
C
PC(3) = PRES(IRELS)
C
CALL STERM(3, 1, SOLIDS)
C
TRELS = 0.D0
c
00 130 1130=1,IRELS
c
TRELS = TRELS + TSOURC(I130)
c
130 CONTINUE
C
IRELS = IRELS + 1
C

140 CONTINUE
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IF (TIME.GE.TRELS) I1IN(1,2) = INDDES
EVALUATE FLOW RATES
CALL TRBLOW(4)
CALL DPFLOMW(2)
LIMIT REVERSE FLOW EXHAUST RATE THROUGH DOOR.
IF (PC(1).LE.PC(7)) GO TO 160
V1 = PC(1)%VOL(1)/PC(7)
U2 = Yl - ACFM(4)*DELT/6.D1 - VOL(1)
IF (V2.L7.0.D00) V2 = 0.D0
FRAC = -V2/V1
IF (DABS(FRACXMASS(1,1)).GE.DABS(MASS(2,1))) WRITE (42,4220) TIME
IF (DABS(FRACXMASS(1,1)).GE.DABS(MASS(2,1))) GO TO 160
DO 150 1150=1,9
MASS(2,1150) = FRACKMASS(1,1150)
150 CONTINUE
H(2) = FRACKH(1)
Te(2) = TC(1)
PC(2) = PC(1)
WRITE (42,4230) TIME

160 CONTINUE
CALCULATE DEPOSITION RATE.
CALL REMOVE(1, 3)
IF (ICOUNT.LT.IFLAG) GO TO 190

OUTPUT NODE DATA

o L . . e o T S
e e ——

WRITE COMPARTMENT DATA.

WRITE (41,4120) TIME, (MASS(1,1),1=1,9), TC(1), PC(1)
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WRITE DATA FOR FLOWING STREAMS,
DO 180 1180=2,5
IF (TIME.GE.TRELS .AND. I1180.EQ.3) GO TO 180
DO 170 1170=1,9
RATE(I170) = MASS(I180,1170)/DELT
170 CONT INUE
IDEV = 40 + 1180
HRATE = H{I180)/DELT
IF (1180.LE.4) WRITE (IDEV,4120) TIME, RATE, TC(I1180),
* PC(1180)
IF (1180.GT.4) WRITE (I1DEV,4120) TIME, RATE
180 CONTINUE
WRITE MASSES OF CONDENSED MATERIALS ON FLOOR.
WRITE (46,4120) TIME, (MASS(6,1),1=1,9)
ICOUNT = 0
WRITE SUMMARY DATA ON RELEASE.
WRITE (47,4720) TIME, UF6REL, UOFREL, UTOT, HFREL, HFUFE, HFTOT,
* DENU, DENHF
WRITE SUMMARY DATA FOR PLOTTING.
IF (TIME.GT.TRELS) WRITE (48,%) TIME, UTOT, HFTOT, DENU, DENHF,
* TC(1), PC(1)

190 CONTINUE

IF (TIME.LE.60.00.AND.TIME.LE.TRELS) WRITE (48,%) TIME, UTOT,
* HFTOT, DENU, DENHF, TC(1), PC(1)

IF (TIME.GT.60.D0.AND.TIME.LE.TRELS.AND,10%(ICOUNT/10) .EQ. I COUNT)
* WRITE (48,%) TIME, UTOT, HFTOT, DENU, DENHF, TC(1}, PC(1)

EVALUATE COMPARTMENT CONDITIONS

e e A Y s o o
m—— = -

TIME = TIME + DELT

IF (TIME.GT.MAXTIM) STOP
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ICOUNT = ICOUNT + 1

PERFORM MASS AND ENENGY BALANCE FOR THE COMPARTMENT.

QOO0

CALL COMPRT(1, 2, INODES)

CALCULATE COMPARTMENT CONCENTRATIONS OF URANIUM AND HF.

OO0

DENU = ((MASS(1,6) + MASS(1,7) + MASS(1,8))/WMOL(6)
* + MASS(1,9)/HMOL(9) y*MAURANVOL (1)

DENHF = (MASS{1,4) + MASS(1,5))/V0L(1)

ACCUMULATE SOLID PARTICLES AND LIQUID DROFLETS ON THE FLOOR.

00

DO 200 1200=1,9
MASS(6,1200) = MASS(6,1200) + MASS(S,1200)
200 CONTINUE

IF (ITYPE.EQ.7 .AND. TIME.LE.TRELS) MASS(6,6) = MASS(6,6)
* + SOLIDS

ACCUMULATE TOTAL MASS QUANTITIES OF URANIUM AND HF RELEASED TO THE
ATMOSPHERE .

[ar Rae IR o B o |

UF6REL = UFEREL + MASS(4,6) + MASS5(4,7) + MASS5(4,8)
* + DABS(MASS(2,6) + MASS(2,7) + MASBE(Z,8))

c

UOFREL = UOFREL + MASE(4,9) + DABS(MASS(Z2,9))
C

UTGT = (UFeREL/WMOL(6) + UCFREL/WMOL (9} )*MWURAN
c

HFREL = HFREL + MASS(4,4) + MASS(4,3)

* + DABS(MASS(2,4) + MASS(2,5))

c

HFUF6 = 4.DO0%UFGRELXWMOL (4)/1MOL(6)
C

HFTOT = HFREL + HFUFé
c

GO TO 100
c

Cdeededededed Aok ke doedededededededed o dedededkodeddeodedodedededdeodedod ook dedodode dodkdededede ke okl dedkede dokede ko
c
¢ FORMAT STATEMENTS

 =====z===== mEz===

4008 FORMAT (10A8)

c

4010 FORMAT (4A5)

C 3
4020 FORMAT (B6(1H$,/))

c



34

4030 FORMAT (1  TITLE: 7,10A8,/,°0  DATA GENERATED BY INDRFT -- 7,

* ‘AN INDUCED DRAFT VENTILATION SYSTEM TRANSIENT,
* ’ COMPARTMENT MODEL.”)
c
4100 FORMAT (‘0  COMPARTMENT CONDITIONS',T&0,’COMPARTMENT VOLUME =/,
* F11.0,” FT#x2’,/,T60,UkA PRODUCT =,
* 1PE11.3,’ BTU/SEC-DEG F’,/,T60,’ SURFACE TEMPERATURE =7,
%* §PF11.1,’ DEG F’,/,T60,°COOLING RATE =/ ,1PE11.3,
* * BTU/SEC’)
c
4110 FORMAT (‘0  TIME‘,42X,‘COMPONENT MASS (LB)’,39X,
* *TEMPERATURE PRESSURE’,/,” (SEC)’ ,9(3X,A8),
* “ (DEG F)  (PSIAY',/,1H )
C
4120 FORMAT (F10.1,1P9E11.3,0P2F10.4)
c
4200 FORMAT (‘0  INLET AIR STREAM (INDUCED DRAFT)/,Té0,
* *RESISTANCE TERM =/ ,1PE11.3,’ PSI-SECk*2/LB/FT*%3’,
* /,T60,”AMEIENT TEMPERATURE = ,0PF11.3,” DEG F’,/,
* T60, AMBIENT PRESSURE  =/,F11.3,” PSIA’)
C
4210 FORMAT (‘0  TIME‘,35X,’COMPONENT MASS FLOW RATE (LB/SEC)’,
* 32X, TEMPERATURE PRESSURE” ,/’ (SECY”,9(3X,AB),
* ©  (DEG F) (PSIA)* ,/,1H )
c
4220 FORMAT (F10,1,’ REVERSE FLOW OCCURING?)
£
4230 FORMAT (F10.1,° REVERSE FLOW OCCURING -- FLOW RATES LIMITED’)
c
4304 FORMAT (‘0  SOURCE TERM: HF LI1QUID‘,T&0,
* /INCRE~ DURATION MASS TEMPERATURE PRESSURE’)
c
4305 FORMAT (‘0 SOURCE TERM: HF VAPOR‘,T60,
* *INCRE- DURATION MASS TEMPERATURE PRESSURE’)
c
4307 FORMAT (/0 SOURGE TERM: UFé LIQUID’,T&0,
* “INCRE- DURATION MASS TEMPERATURE PRESSURE”)
c
4308 FORMAT (‘0  SOURCE TERM: UF6 UAPOR’,T60,
¥ “INCRE- DURATION MASS TEMPERATURE PRESSURE’)
c
4310 FORMAT (T60,” MENT (SEC)  (LB) (DEG F) (PSIA) ")
C

4320 FORMAT (1H0,T60,° 1¢,F11.1,F8.1,F11.3,7  LIQUID’,/,
Te0,” 2/,F11.1,F8.1,F11.3,7  LIQUID’,/,

T60,”  37,F11.1,F8.1,F11.3,°  LIQUID’,/,

Téo,’ 4/ ,F11.1,F8.1,F11.3,7  LIQulD’,/,

T60,”  5°,F11.1,F8.1,F11.3,7  LIGQUID*)

ko

c
4330 FORMAT (1HO,T60,” 1°,F11.1,F8.1,2F11.3,/,

Té0,’ 2’,F11.1,F8.1,2F11.3,/,

T60,’ ¥ ,F11.1,F8.1,2F11.3,/,

T60,° 4°,F11.1,F8.1,2F11.3,/,

Té0,” 5¢,F11.1,F8.1,2F11.3)

F A R
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c
4340 FORMAT (1H0,T60,” 17,F11.1,F8.1,F11.3,7  LIQUID‘,/,
* Te0,’ 2’,F11.1,F8.1,F11.3,”  LIQUID’,/,
* TéG,’ 3/,F11.1,F8.1,F11.3,  LIQUID")

c
4341 FORMAT (‘  FLASH BASIS: 1SENTROPIC ,
* T60,” 4’,F11.1,F8.1,F11.3,”  LIQUID”)

c
4342 FORMAT (/  FLASH BASIS: ISENTHALPIC”,
* T60,’ 4/,F11.1,F8.1,F11.3,”7  LIQUID’)

c

4343 FORMAT ¢’  UF6 MOLECULAR WEIGHT =/ ,F8.3,
* T60,” S5‘,F11.1,F8.1,F11.3,”  LIQUID*)
c
4350 FORMAT (1HO,T60,° 1/,F11.1,F8.1,2F11.3,/,
* T60,”  27,F11.1,F8.1,2F11.3,/,
* T60,° 37,F11.1,F8.1,2F11.3)
e
4351 FORMAT (’/  FLASH BASIS: ISENTROPIC,
* 160, 47,F11.1,F8.1,2F11.3)
c
4352 FORMAT (’  FLASH BASIS: ISENTHALPIC’,
* T60,”  4°,F11.1,F8.1,2F11.3)
C
4353 FORMAT (’  UF6 MOLECULAR WEIGHT =/,F8.3,
* T60,” 5‘,F11.1,F8.1,2F11.3)
c
4360 FORMAT (T60,’ TOTAL’,F9.1,F8.1)
c
4370 FORMAT (‘0  GSOLIDS FORMED BY FLASHING UFE LIQUID ARE ASSUMED,
* * TO ACCUMULATE ON THE FLOOR.’,/,”  THESE SOLIDS ARE NOT’,

* - INVOLVED IN ENERGY BALANCES ABOUT THE COMPARTMENT.”)
C
4380 FORMAT (‘0  SOURCE TERM: SOURCE TERM MASS FLOW RATES,”,
* ‘ TEMPERATURE, AND PRESSURE WERE READ FROM DATA FILE. )
c

4400 FORMAT (’0  EXHAUST BLOWER’,T60, FLOW RATE =7,F10.1,° ACFM7)
c
4500 FORMAT (0  CONDENSATE FALLOUT’,Te0,’DEPOSITION VELOCITY =7,

* F10.4,’ FT/SEC’,/,T60,’DEPOSITION AREA =/ F10.0,’ FT*k2)
¢
4510 FORMAT (0  TIME’,35X,’COMPONENT MASS FLOW RATE (LB/SEC)”,
* /)’ (SEC)Y’,9(3X,48),/,1H )
c
4600 FORMAT (0  CONDENSATE ACCUMULATED ON FLOOR’)
c
4610 FORMAT (/0  TIME,42X,’COMPONENT MASS (LB)’,/,
* ’ (SEC) ,9(3X,AB),/,1H )
c
4700 FORMAT (‘0  URANIUM AND HF RELEASE SUMMARY AND COMPARTMENT”,
* / CONCENTRATIONS’)
¢
4710 FORMAT (1HO0,T86,’ COMPARTMENT CONCENTRATIONS’,/,” TIME ‘Y

% ‘CUMULATIVE MATERIAL RELEASED OR FORMED FROM RELEASED,
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c
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* * MATERIAL (LB)”,T94, (LB/FT*%3)’,/,”’ (SEC) ‘y
* ! Ureé uoz2re2 TOTAL U HF HF FROM UFé&7,
*  TOTAL HF URANI UM HF 7,/ 41H )

4720 FORMAT (F10.1,5X,1P6E11.3,5X,2E11.3)
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END

A.3 BATCH - A Closed Compartment/Ventilation System Model
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THIS PROGRAM MODELS A RELEASE OF UF6 OR HF INTO A CLOSED COMPARTMENT
OR A CONSTANT RELEASE OF UFe OR HF INTO A CONSTANT VOLUME FLOW. IN
THE LATTER CASE, THE REQUESTED COMPARTMENT VOLUME 1S CONSIDERED A
VOLUMETRIC FLOW RATE BASED ON THE SAME TIME UNIT AS THE SOURCE TERM.
IF THE MODEL IS USED IN THE LATTER STEADY-STATE MODE, AN QPTION IS
AVAILABLE TO PERMIT THE EVALUATION OF THE FINAL TEMPERATURE AND PHASE
COMPOSITION AT AMBIENT PRESSURE (WHICH ASSUMES RELEASE TO THE AMBIENT
SURROUNDINGS) . THIS MODEL MAKES USE OF SUBROUTINES DEVELOPED FOR
TRANSIENT ANALYSIS OF UF6 AND HF RELEASES IN BUILDINGS. NODE NUMBERS
AND DEFINITIONS ARE AS FOLLOWS.

1 CLOSED COMPARTMENT

2 AMBIENT CONDITIONS

3 SOURCE TERM

4 OPEN COMPARTMENT (FINAL PRESSURE = AMBIENT PRESSURE)
THE FOLLOWING VARIABLES ARE USED.

COMMON BLOCK VARIABLES

/LBMASS/

MASS (30,2} NODE MASS, LB, DR MASS FLOW RATE, LB/{DELT)
(INTERNAL)

/COMPTR/

TC (30) NODE TEMPERATURE, DEG F

PC (30) NODE PRESSURE, PSIA

/MOLHT/

WMOL (3 COMPONENT MOLECULAR WEIGHTS, LB/LB MOLE

/VOLIME/

VoL (30) NODE VOLUME, FT#*3

/ENTHAL/

H (30)  NODE ENTHALPY, BTU, OR ENTHALPY RATE, BTU/(DELT)
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/18TRMS/

TIN (30,4)
rout (30,4)

/CONTRL/
AMINLN
TIME
DELT
MAXT IM

I1FLAG
TRELS

/POLYMR/
Cl

c3

Ce
WMBHF
/MISCEL/
ITYPE

SOURCE
ISEN

NAME (%)
TITLE (&)

INODES
INOUT
RH

M
IHRITE
RATIO
SOLIDS

M8STOT
DENS
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INLET STREAM NODE NUMBER
QUTLET STREAM NODE NUMBER

NATURAL LOG OF MINIMUM NUMBER ACCEFTED BY THE
COMPUTER

CUMULATIVE SIMULATION TIME, SEC

TIME INTERVAL USED FOR TRANSIENT SIMULATION, SEC
MAXIMUM SIMULATION TIME, SEC, EQUALS DELT FOR
BATCH ANALYSIS

FLAG TO CONTROL PRINTING OF OUTPUT

TOTAL RELEASE TIME, SEC, EQUALS DELT FOR BATCH
ANALYSIS

WEIGHT FRACTION OF HF MONOMER TO TOTAL HF VAPOR
WEIGHT FRACTION OF HF TRIMER TO TOTAL HF VAPOR
WEIGHT FRACTION OF HF HEXAMER TO TOTAL HF VAPCR
MOLECULAR WEIGHT OF HF MONOMER, LB/LEB MOLE

UARIABLE TO SPECIFY TYPE OF RELEASE, SEE CARD S
TOTAL MASS OF RELEASE, LB

UARIABLE TO SPECIFY ISENTROPIC OR ISENTHALPIC
RELEASE, SEE CARD 5

OTHER DIMENSIONED VARIABLES

COMPONENT IDENTIFIER
TITLE ARRAY

UNDIMENSIONED VARIABLES

MAXIMUM NUMBER OF NODES ALLOWED BY CODING OF
SUBROUTINES

MAXIMUM NUMBER OF INLET STREAMS AND OUTLET
STREAMS

RELATIVE HUMIDITY, % (AS INPUT) OR FRACTION
MOLECULAR WEIGHT, LB/LB MOLE

CONTROL VARIABLE TO SPECIFY OUTFUT BASED ON THE
ASSUMPTION OF AN OPEN COMPARTMENT

RATIO OF MOLES OF WATER UAPOR TO TOTAL MOLES OF
MOIST AIR

MASS FLOW RATE OF UFe SOLIDS ONTO THE FLOOR,
LB/ (DELT)

FINAL TOTAL MASS IN COMPARTMENT, LB

DENSITY AT FINAL TEMPERATURE, PRESSURE, AND
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VOLUME (SPECIFIC VOLUME OF CONDENSATE IS
NEGLECTED), LB/FT¥*x3

THE FOLLOWING SUBROUTINES ARE CALLED BY BATCH.

COMPRT
HUMID
MIXFLW
ROOM
SETRAY
STERM

THE FOLLOWING SUBROUTINES ARE ALSO REQUIRED.

DENTHL
DENUF®
EQTUF6
FLASH
HFPOLY
HHFHZ0
HUF &
PHASE
PHFHZ20
SUFe
VPRUFE
ZUFe

C
€
C
c
C
c
C
€
£
C
€
C
c
c
€
£
C
c
c
C
c
c
£
C
C
C
C
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c
C INITIAL STATEMENTS
c Pttt
C
IMPLICIT REAL*B (A-H,J-Z)

DIMENSION NAME(S), TITLE(&)

COMMON /LBMASS/ MASS(30,9), DUML

COMMON /COMPTR/ TC(30}, PC(30), DUM2(30)

COMMON /MOLWT/ WMOL(9)

COMMON /VOLUME/ VOL{30), DUM3(61)

COMMON /ENTHAL/ H(30), DUM4(120)

COMMON /ISTRMS/ IIN(30,4), I0UT(30,4)

CoMMON /CONTRL/ AMINLN, TIME, DELT, MAXTIM, IFLAG, TRELS
COMMON /POLYMR/ Cl, C3, C6, WMBHF

coMMoM /MISCEL/ ITYPE, SOURCE, ISEN

DATA NAME /8HAIR U ,8HH20 L ,8HH20 v ,8HHF L ,
* SHHF v ,BHUF6 S ,8HUF6 L ,BHUFE U ,
* 8HUDZF2 S /

SET PARAMETERS.

lw N el

CALL SETRAY(INODES, INOUT)
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INOUT = 1
IFLAGE = 1
1IN(1,1) = 3
[IN(4,1) = 1
I0UT(1,1) = INODES
10UT(4,1) = 2
DELT = .01
MAXTIM = DELT
TRELS = DELT
c
C READ STAMENTS
L ==z===z=z==z==
€
C BATCH IS WRITTEN FOR INTERACTIVE EXECUTION.
c
C ALL INPUT DATA EXCEPT THAT ON CARD 1 ARE READ IN FREE FORMAT.
€ ON CARD 1, COUNT CHARACTERS STARTING IN COLUMN 1.
c
c HWARNING: OUTPUT APPEARS IN FOR06.DAT
c
WRITE (5,5000)
c
€
c/
C/ CARD 1. -—---
c
C ENTER TITLE (MAXIMUM OF 48 CHARACTERS).
c
WRITE (5,5010)
C
READ (5,3013) (TITLE(IS013), IS015=1,6)
C
C
c/s
C/ CARD 2. ——=--
C
c ENTER COMPARTMENT TEMPERATURE (F), PRESSURE (PSIA), AND
c VOLUME (FTA%3).
c
WRITE (3,3020)
c
READ (5,*%) TC(1), PC(1), VOL(1)
c
c
c/
C/ CARD 3. ~-==--
C
C ENTER AMBIENT TEMPERATURE (F), PRESSURE (PSIA), AND RELATIVE
c HUMIDITY (%)
c
WRITE (5,5030)
c

READ (3,%) TC(2), PC(2), RH
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RH = RH/1.D2
c
c
c/
C/ CARD 4, ——-—-
c
C  ENTER SOURCE TYPE (4=HF LIQUID, S=HF VAPOR, 7=UF6 LIQUID WITH VAPOR
C  SOURCE TERM AND SOLIDS IGNORED IN HEAT BALANCE, -7=UF6 LIQUID WITH
C  WAPOR PLUS SOLID SOURCE TERM, 8=UF6 VAPOR), TEMPERATURE (F), AND
€  PRESSURE (PSIA--A NEGATIVE PRESSURE OR A LIQUID RELEASE DEFAULTS
C  TO THE VAPOR PRESSURE CORRESPONDING TO THE SOURCE TEMPERATURE).
c
WRITE (5,5040)
c
READ (5,%) ITYPE, TC(3), PC(3)
C
IF (ITYPE.EG.4 .OR. ITYPE.EQ.5) GO TO 10
c
c
c/
C/ CARD 5. ——-—-
C
C  ENTER UF6 MOLECULAR WEIGHMT (A VALUE LESS THAN 100 DEFAULTS TO
C  352.025) AND BASIS FOR FLASH (0=ISENTROPIC, 1=ISENTHALPIC).
C
WRITE (5,5050)
C
READ (5,%) MW, ISEN
C
IF (MA.LT.1.D2) GO TO 10
c
WMOL(9) = WMOL(9) - WMOL(6) + M
WMOL(6) = MW
WMOL(7) = MW
WMOL(8) = MW
c
10 CONTINUE
c
C
C/
C/ CARD 6. —-=—-
C
C  ENTER MASS OF SOURCE TERM (LB).
c
WRITE (5,5060)
C
READ (5,%) SOURCE
C
C
C/
C/ CARD 7, ===---
C

c ENTER OUTPUT BASIS (1=CLOSED COMPARTMENT, 4=0PEN COMPARTMENT WITH
C FINAL PRESSURE EQUAL TO AMBIENT PRESSURE).
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c

41

WRITE (5,50702)

READ (35,%) IWRITE

Crfeodedertedodede ek ok oo v e e e o e e de e dee e e e e e e e e e e e e e b s e e e ool s e e e de e de ek ke e ke e e
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BATCH ANALYZIS

-t 3+ ++ £+ 311

WRITE (6,6000) (TITLE(IG000}, I6000=1,¢6)

EVALUATE INITIAL CONDITIONS.

CALL HUMID(Z2, RH, RATIO)

WRITE (6,6010)

WRITE (6,6020) TC(2)
HWRITE (6,6030) PC(2)
HRITE (65,6040} RH, RATIO

CALL ROOM(1, RATIO)
WRITE (6,6050)

WRITE (6,6020) TC(1)
WRITE (6,6030) PC(1)
WRITE (6,6060) VOL(1)
DO 20 120=1,9

IF (MASS(1,120).GT.0.00) WRITE (6,6070) NAME(120),
* MASS(1,120)

20 CONTINUE

EVALUATE SOURCE TERM.

IF (ITYPE.EQ.4) WRITE (6,60308)
IF (ITYPE.EQ.5) WRITE (6,6100)
IF (IABS(ITYPE).EQ.7) WRITE (6,6110)
IF (ITYPE.EQ.8) WRITE (6,6120)

WRITE (6,6020) TC(3)
CALL STERM(3, 1, SOLIDS)

IF (ITYPE.EQ.S.O0R.ITYPE.EQ.8) WRITE (&,6030) PC(3)
WRITE (6,6130) SOURCE

IF (1ABSCITYPE).EQ.7.0R.ITYPE.EQ.8) WRITE (6,6140) WMOL(6)
IF (IABS(ITYPE) .EQ.7.AND.ISEN.EQ.0) WRITE (6&,6150)

IF (IABS(ITYPE).EQ.7.AND.ISEN.EQ.1) WRITE (6,6160)
IF (ITYPE.EQ.8.AND.ISEN.EQ.0) WRITE (&6,8170)
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IF (ITYPE.EQ.8.AND.ISEN.EQ.1) WRITE (6,6180)

c
IF (ITYPE.EQ.7) WRITE (6,6190) SOLIDS
c
IF (1ABS(ITYPE).EQ.7) WRITE (6,6200) TC(3)
IF (ITYPE.EQ.8) WRITE (6,6210) TC(3)
c
DO 30 130=1,9
C
IF (MASS(3,130).GT.0.D0) WRITE (6,6070) NAME(130),
* MASS(3,130)
C
30 CONTINUE
C
C EVALUATE CLOSED COMPARTMENT FINAL CONDITIONS.
c
CALL COMPRT(1, INOUT, INODES)
C
IF (IWRITE.EQ.1) GO TO 40
c
C EVALUATE OPEN COMPARTMENT FINAL CONDITIONS.
c
CALL MIXFLW(4, 1, INODES)
c
40 CONTINUE
c
IF (IWRITE.EQ.1) WRITE (&,6220)
IF (IWRITE.EQ.4) WRITE (6,6230)
c
WRITE (6,6020) TC(IWRITE)
WRITE (6,6030) PC(IWRITE)
WRITE (6,6060) VOL({IWRITE)
c
MSSTOT = 0.D0
C
DO S50 150=1,9
C
MSSTOT = MSSTOT + MASS(IWRITE,I150)
C
IF (MASS{IWRITE,I50).GT.0.D0) WRITE (6,6070) NAME(ISO),
* MASS(IWRITE, 150)
c
S50 CONTINUE
C
DENS = MSSTOT/VOL{IWRITE)
c
WRITE (6,6240) DENS
c
STOP
c
Ckdekdodededod dedededededo ke ko ok dodododode kAo de ek dodododedodo ek dodedodedodok ok ke kk ok dedodokkdokododokoddoh -k dokok
C

C FORMAT STATEMENTS
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c
5000 FORMAT ¢//, 41H WARNING: CUTPUT ARPEARS IN FOR0E.DAT,
* 77
C
S010 FORMAT (- ENTER TITLE (MAXIMUM OF 48 CHARACTERS).’)
C
3015 FORMAT (6A8)
C

3020 FORMAT (d46H ENTER COMPARTMENT TEMPERATURE (F}), PRESSU,
* 14HRE (PSIA), AND, /, 20H VOLUME (FT®%3).)

c

5030 FORMAT (46H ENTER AMBIENT TEMPERATURE (F), PRESSURE (,
* 19HPSIA}, AND RELATIVE, /, 17H HUMIDITY (%))

C

5040 FORMAT (46H ENTER SOURCE TYPE (4=HF LIQUID, S=HF VAP,

2HR,, 24H 7=UFb LIQUID WITH VAPOR, /, 11H SOURCE,

16H TERM AND SOLIDS, 28H IGMORED IN HEAT BALANCE, -7,

16H=UFe LIQUID WITH, -, 10OH VAPOR, 10H PLUS SOLI,

49HD SOURCE TERM, 8=UFé VAPOR), TEMPERATURE (F), AND,

/7y 46H PRESSURE (PSIA~-A NEGATIVE PRESSURE OR A ,

eHLIQUID, 17H RELEASE DEFAULTS, /, 14H TG THE VA,

12HPOR PRESSURE, 32H CORRESPONDING TO THE SOURCE TEM,

10HPERATURE) .}

b O

c
5050 FORMAT (46H ENTER UF6 MOLECULAR WEIGHT (A VALUE LESS ,
* 20HTHAN 100 DEFAULTS TO, /, 17H 352.025) AND,
* 16H BASIS FOR FLASH, 24H (0=1SENTROPIC, 1=ISENTH,
* 7HALPIC).)
C .
S060 FORMAT (36H ENTER MASS OF SOURCE TERM (LB).)
C
5070 FORMAT (46H ENTER OUTPUT BASIS (1=CLOSED COMPARTMENT,
* 24H 4=0PEN COMPARTMENT WITH, /, 17H FINAL PRESSU,
* 11HRE EQUAL TO, 19H AMBIENT PRESSURE).)
C
6000 FORMAT (‘1  CASE: ‘,6A8)
c
6010 FORMAT (’~  AMBIENT CONDITIONS’,/,1H )
c A
6020 FORMAT (° TEMPERATURE ‘ F13.3,5X%,
* ’DEG F*)
C
6030 FORMAT (° PRESSURE +,F13.3,5X%,
* ‘PSIA’)
c
6040 FORMAT (’ RELATIVE HUMIDITY ‘,2PF11.,1,7X,
* % /AW L/, WATER VAPOR : MOIST AIR  /,0PF15.5,
* 3X, “MOLE/MOLE”)
c
6050 FORMAT (‘0  INITIAL COMPARTMENT CONDITIONS’,/,1H )
c
6060 FORMAT (’ VOLUME ‘,F11.1,7X%,
* "FT%%3,/,1H )
C
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6070 FORMAT (8X,’MASS OF 7 ,AB,11X,F11.1,2X,’LB")

C
6080 FORMAT (1H ,/,” TOTAL ENTHALPY *,F11.,1,7%,
%* ‘BTU’ ,/,1H )
c
6090 FORMAT (’0 SOURCE TERM: HF LIQUID’,/,1H )
c
6100 FORMAT (‘0 SOURCE TERM: HF VAPOR’,/,1H )
C
6110 FORMAT (0 SOURCE TERM: UFe LIQUID’,/,1H )
C
6120 FORMAT (0 SOURCE TERM: UF& VAPOR,/,1H )
C
6130 FORMAT (° TOTAL MASS OF SOURCE “,F11.1,7X,
* ‘LB’ ,/,1H )
C
6140 FORMAT (- MOLECULAR WEISGHT ‘4 F13.3,5X%,
* ‘LB/LB MOLE’,/,1H )
N
6150 FORMAT (- BASIE FOR FLASHING OF LIQUID‘,
* i’ ISENTROPIC’ ,/,1H )
N
6160 FORMAT (7 BASIS FOR FLASHING OF LIQUID ,
* ’ ISENTHALPIC ,/,1H )
C
6170 FORMAT (- BASIS FOR EXPANSION OF VAPOR-,
* ’ ISENTROFIC’,/,1H )
C
6180 FORMAT (~ BASIS FOR EXPANSION OF VAPOR‘,
* ’ ISENTHALPIC/ ,/,1H )
C
6190 FORMAT (- SOLID UFe DUMPED ON FLOOR - ,F11.1,7X,
* ‘LB ,/1H )
C
6200 FORMAT (7 TEMPERATURE AFTER FLASHING “,F13,3,5X,
* ‘DEG F*,/,1H )
c
6210 FORMAT (- TEMPERATURE AFTER EXPANSION-,F13.3,5X,
* ‘DEG F’,/,1H )
C

6220 FORMAT (0  FINAL CONDITIONS (CLOSED COMPARTMENT},/,1H )
C5230 FORMAT (0 FINAL CONDITIONS (OPEN COMPARTMENT)‘,/,1H )
C6240 FORMAT (’0 DENSITY OF FINAL MIXTURE *,F15.5,3X,
* /LB/FT**3")
g*********************‘k**'k**'k**********:k'k***‘k*'k*******'k**‘k**‘k‘k*****‘k'k***
- END
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A.4 CYLIND - A Cylinder Release Model

c
c
c
C
C
C
Cx
C
C

[ I

(9 B ar B an o

OO0 OOMN

[or N ae B o B v B o |

THIS PROGRAM CALCULATES THE MASS FLOW RATE FROM A UFE CYCLINDER
TO THE SURROUNDINGS THROUGH EITHER A BREACH OR HOLE IN THE
CYLINDER OR THROUGH A PIGTAIL CONSISTING OF A KNOWN LENGTH OF
PIPE AND FIXTURES. THE PROGRAM AND AlLL SUBROUTINES ARE WRITTEN
IN DOUBLE PRECISION,

Fededede sk dek Fededededededededed oA dedededede dede o e dedesie de ek de et e e e e oo e e ek e e e e ek e ode e e ke dedkede e deoke

INITIAL STATEMENTS

T I o e e e e w2 e e e e e e

IMPLICIT REAL*E (A-H,J-Z)

COMMON BLOCKS TRANSFER INFORMATION ON THE STATE OF UF6 AND
CN THE OPTIONS TO BE USED.

COMMON /ICOMON/ 1SEN,IPIG,IBRCH,IGEXIT

COMMON /CONCYL/ PCYL,TCYL,XVCYL,XLCYL ;MW

COMMON /CONENT/ PENT,TENT ,XVENT ,XLENT ,UNTBAR

COMMON /GMTRY / PIGRAY

COMMON ZCONIN / PIN,TIN,XVIN,XLIN

COMMON /CONVOL/ PUOL,TVUOL ,XVOL ,XLVOL

COMMON /PARAM / WOL,DELT,Q

COMMON /MASS / MSFLRT ,MIN,MTOT

COMMON /CYLIND/ DIACYL,LCYL,RHOLE,DHOLE,ALPHA, IVERT
COMMON /TRIPLE/ TTRIPL,PTRIPL

DIMENSION TITLE(16)

DIMENSION PIGRAY(99,3),DUMMY(99)

DIMENSION TOTM(6),TATV(6) ,CYLD(8) ,CYLL(SE) ,HOLR(6) ,HOLD(6)
DIMENSION DWGNUM(4,4)

THE FOLLOWING DATA STATEMENTS PROVIDE DEFAULT VALUES FOR VARIABLES
REQUIRED BY THE SUBROUTINE LEVEL. THE USER MAY SPECIFY A COMPLETE
SET OF VALUES BY SPECIFYING ICYL = { THEN ENTERING THE REQUIRED
INFORMATION ON THE FOLLOWING LINE OF INPUT.

MODEL NUMBER 3A 8A 128 30B 48X a48Y

VALUE OF ICYL 1 2 3 4 S 6

DATA TOTM / 55.D0, 255.00, 460.D0, S020.D0, 21030.DG, 27560.00/
DATA TOTV /0.28400, 1.31900, 2.38D0, 26.00, 108.900, 142.700/

DATA CYLD ~ 3.D0, 8.D00, iz.Do, 29.D0, 4g8.bo, 48.D0/
DATA CYLL /24,9900, 45.34D0, 36.36D0, 68.0200, 103.99D0, 136.2700/
DATA HOLR ~1,37500, 1.37500, 1.37500, 2.ba, 17.00, 17.00/

DATA HOLD /0.375DCG, 0.373D0, 0.375D0, 0.875D0, 0.875D0, 0.875D0/

ANY PROGRAM USING THE BREACH AND PIGTAIL SUBRDUTINES OR THE
LIQUID LEVEL AND MASS/ENERGY BALANCE SUBROUTIMES USED HERE
MUST SUPPLY SIMILAR DATA AND TRANSFER BLOCK COMMON STATEMENTS.
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€ READ STATEMENTS

C ===============

c

c

£/

€/ CARD 1. READ TITLE (LIMITED TO 80 CHARACTERS),
£

READ (20,2000) TITLE

"/
/ CARD 2. READ FLASH BASIS, CYLINDER TYPE, CYLINDER ORIENTATION,
AND NUMBER OF ELEMENTS IN RELEASE PATHWAY.

OOMNo

FLASH BASIS (ISEN)

0 ISENTROFIC
1 ISENTHALPIC

ISEN = 1 IS RECOMMENDED SINCE THE FLASHING PROCESS WAS
ASSUMED TO BE ISENTHALPIC IN THE DERIVATION OF THE
CORRELATION USED IN THE SUBROUTINE PIPSYS FOR PRESSURE
DROP IN A PIPE.

CYLINDER TYPE (ICYL)

USER SPECIFIED

TYPE 5A CYLINDER

TYPE 8A CYLINDER

TYPE 12B CYLINDER

TYPE 30B CYLINDER (2.5 TON)
TYPE 48X CYLINDER (10 TON)
TYPE 48Y CYLINDER (14 TON)

TR s W) e

IF & NEGATIVE VALUE OF ICYL IS READ (-}, -2, -3, -4, -5,
-6), THE USER MAY SUBSEQUENTLY SPECIFY A TOTAL MASS OF UF6
DIFFERENT FROM THE DEFAULT VALUE (SEE CARD 4),

CYLINDER ORIENTATION (IVERT)

-1 CYLINDER STANDS ON END -- RELEASE FROM TOP END
0 CYLINDER LIES ON SIDE -- RELEASE FROM END
1 CYLINDER STANDS ON ENMD -- RELEASE FROM BOTTOM END

NUMBER OF ELEMENTS IN RELEASE PATHWAY (IPIG)

IF IPIG = 2, THE RELEASE PATHWAY IS A BREACH IN THE
CYLINDER. IF THE RELEASE PATHWAY IS A PIPING SYSTEM, IPIG
IS GREATER THAN 2.

READ (20,%) ISEN, ICYL, IVERT, IPIG

0

IF(ICYL.GE.-6.AND.ICYL.LE.6) GO TO 10
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WRITE (5,300) ICYL
C
5TOP
C
10 CONTINUE
C
IF (IABSCICYL).GT.0) GO TO 20
C
c
c/
C/ CARD 3, ~-- USE THIS CARD ONLY IF ICYL =0 --
c
c READ MASE OF UFe IN THE CYLINDER (LB)j; VOLUME (FT*%3),
C INTERNAL DIAMETER (IN), AND INTERNAL LENGTH (IN) OF THE
c CYLINDER; RADIUS FROM THE CYLINDER CENTERLINE TO THE VALVE
c {BREACH) (INj; AND THE VALVE (BREACH) DIAMETER (IN).
c
READ (20,%) MTOT, VOL, DIACYL, LCYL, RHOLE, DHOLE
c
G0 TO 30
c
20 CONTINUE
c
MTOT = TOTM(IABS(ICYL))
VOL = TOTW(IABS(ICYL))
DIACYL = CYLD(IABS(ICYL))
LCYL = CYLL({IABS(ICYL))
RHOLE = HOLR(IABS(ICYL))
DHOLE = HOLD(IABS(ICYL))
C
c
c/
C/ CARD 4. -- USE THIS CARD ONLY IF ICYL IS8 NEGATIVE --
c :
c READ MASS OF UFe IN CYLINDER (LBj.
(®
IF (ICYL.LT.0) READ (20,%) MTQT
C
30 CONTINUE
c
C
c/
C/ CARD 5. READ PRESSURE (PSIA), TEMPERATURE (DEG F), LIQUID MASS
C FRACTION OF THE NONVAPOR FRACTION (--), MOLECULAR WEIGHT
C (LB/LB MOLE), AND THE ANGLE MEASURED FROM A VERTICAL VECTOR
c PASSING THROUGH THE CENTER OF THE END AND A VECTOR FROM THE
c CENTER OF THE END AND THE ENTRANCE TQ THE RELEASE PATHWAY
C (DEG) . IF PRESSURE IS SPECIFIED AS ZERDO AND/OR TEMPERATURE
c IS SPECIFIED AS NONZERO, THEN THE PRESSURE WILL BE SET EQUAL
C TO THE VAPOR PRESSURE. IF PRESSURE IS SPECIFIED AS NONZERO
C AND TEMPERATURE IS SPECIFIED AS ZERD, THEN THE EQUILIBRIUM
c TEMPERATURE CORRESPONDING TO THE SPECIFIED PRESSURE WILL BE
C CALCULATED. IF THE TRIPLE POINT TEMPERATURE IS SPECIFIED
c (147.306561 DEG F), THEN A NONZERC VALUE FOR THE LIQUID MASS
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C FRACTION OF THE NONVAPOR FRACTION CAN BE SPECIFIED;
C OTHERWISE, THE VALUE READ AS INPUT WILL BE SET BY THE
c PROGRAM TO THE APPROPRIATE VALUE. THE DEFAULT VALUE FOR
c MOLECULAR WEIGHT IS 352.025 —— IF THIS VALUE IS ACCEPTABLE,
C A& ZERGC MAY BEPECIFIED FOR THIS VARIABLE.
C
READ (20,%) PVUOL, TVOL, XLVOL, MW, ALPHA
c
C CHECK SPECIFIED VALUES OF PVOL AND TUCGL. TERMINATE EXECUTION IF AN
C ERROR IS FOUND; OTHERWISE, CALCULATE THE APPROPRIATE VAPOR PRESSURE
C OR EQUILIBRIUM TEMPERATURE.
C
IF (PVOL,.GE.0.DO.AND.TVOL ,GE.3.00.AND., (PYOL+TVOL)Y .GT.0.DO)
* 60 TO 40
c
WRITE(S,510) PVUOL, TVOL
C
STOP
C
40 CONTINUE
c
I[F (TVOL.GT.0.DC) CALL VPRUFe (TVOL,PVOL)
C
IF (TUOL.EQ.0.D0) CaLL EQTUFe (PVOL,TVOL)
C
C SET THE TRIPLE POINT CONDITIONS AND CHECK THE VALUE OF THE
C LIQUID/SOLID SPLIT.
C
PTRIPL = 22.04226474DC
C
TTRIPL = 147.306561D0
C
IF (TVOL.LT.TTRIPL) XLVOL = 0,00
[
IF (TUDL.GT.TTRIPL) XLVOL = 1.D0
C
IF (XLVOL.GE.0.DO.AND. XLVOL.LE.1.D0) GO TO 50
c
WRITE (3,520) xXLVOL
C
STOP
c
50 CONTINUE
c
JF (MW.EQ.0.DO)Y MW = 352.023D0
c
JF (IPIG.6T.2) GO TO 60
C
c
c/
C/ CARD 6. ~-- USE THIS CARD ONLY IF IPIG = 2 --
c
C READ AMBIENT PRESSURE (PSIA). A ZERO VALUE DEFAULTS TO

c 14.7 PSIA.
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c
READ (20,%) PAMB
c
C SET UP ELEMENTS OF PIGRAY FOR A BREACH CALCULATION.
£
PIGRAY(1,1) = 1.D0
PIGRAY(1,2) = 0,500
PIGRAY(1,3) = DHOLE/12.D0O
c
PIGRAY(2,1) = 2,D0
PIGRAY(2,2) = 1.DD
PIGRAY(2,3) = 14,700
C
IF (PAMB.GT.0.D0) PIGRAY(2,3) = PAME
c
GO TO 80
C
60 CONTINUE
,
/ CARD 7. -- USE ONLY IF IPIG 1S GREATER THAN 2 --

READ AS MANY CARDS AS THE VALUE OF IPIG TO SPECIFY THE
PIPING SYSTEM. EACH CARD CONTAINS (1) A VALUE SPECIFYING
ELEMENT TYPE, (2) ELEMENT LENGTH (FT} OR RESISTANCE
COEFFICIENT (--), AND (3) DIAMETER (IN), EXCEPT FOR THE LAST
CARD. THE THIRD VALUE ON THE LAGT OF THE "CARD 7" CARDS IR
THE AMBIENT PRESSURE (PSIA).

ELEMENT TYPE (PIGRAY(I1,1))

1 SPECIFIES A PIPE SEGMENT (EXCEPT FIRST "CARD 7" WHERE
IT SPECIFIES THE ENTRANCE)

2 SPECIFIES A PIPING SYSTEM FEATURE (SUDDEN EXPANSION,
V&LVE, BEND, ETC.) FOR WHICH A RESISTANCE COEFFICIENT
IS SUPPLIED

3  SPECIFIES A SUDDEN CONTRACTION FOR WHICH A RESISTANCE
COEFFICIENT IS SUPPLIED

RESISTANCE COEFFICIENT (PIGRAY(I,2))
THIS VALUE MUST BE CALCULATED BY THE USER,
DIAMETER (PIGRAY(I,3))
(NOTE: PIGRAY(IPIG,3) IS THE EXHAUST PRESSURE, PSIA.)
FOR A SUDDEN CONTRACTION, SPECIFY THE DOUWNSTREAM DIAMETER

FOI.LOWING THE CONTRACTION. FOR A SUDDEN EXPANSION, SPECIFY
TH® UPSTREAM DIAMETER BEFORE THE EXPANSION.

Do 70 I70 = 1,IPIG

L]
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READ (20 ,%) (PIGRAY(I?Q,I), I=1,3)

c
€ CONVERT DIAMETER FROM INCHES TGO FEET FOR EACH ELEMENT OF THE
C PIGTAIL WHICH HAS A DIAMETER VALUE.
C
IF (170.LT.IPIG) PIGRAY(I70,3) = PIGRAY(I70,3)/12.D0
c
70 CONTINUE
c
80 CONTINUE
c
PFIN = PIGRAY(IPIG,3)
C
C
c/
C/ CARD §. READ SIMULATION TIME INTERVAL (SEC) AND MAXIMUM
C SIMULATION TIME (SEC).
G
READ (20,%) DELT, MAXTIM
C
C
c/
C/ CARD 9. -- THESE CARDS ARE OPTIONAL --
C
C ENTER DRAWING NUMBERS (LIMITED TO 20 CHARACTERS--THE LAST
c CHARACTER MUST BE A DOLLAR SIGN ($)}. THESE NUMBERS ARE
C ENTERED IN A FILE FOR CYLPLT PROCESSING.
c
C 18T CARD 9 = PHASE MASSES AND TOTAL MASS OF UFG INSIDE
c CYLINDER
C 2ND CARD 9 = PHASE AND TOTAL MASS RELEASE RATES FROM
C CYLINDER
C 3RD CARD 9 = TEMPERATURE AND PRESSURE INSIDE CYLINDER
C 4TH CARD 9 = EXHAUST TEMPERATURE
C
DO 90 190=1,4
C
READ (20,2010,END=100) (DWGNUM(I90,1), I1=1,4)
WRITE (31,2010} (DWGNUM(I®0,1), 1=1,4)
c
90 CONTINUE
c
106 CONTINUE
C
WRITE(31,2020)
C

Cohvehdedrdoddokdedkdedededodekdedodedodededo o dedodekdededodedodedodededdodedodedkdededededededdede ok dede dedededededededededek dede

INITIAL CONDITIONS

- - — - - — ——
Bt 1

DENUF6 WILL CALCULATE DENSITIES OF UFe PHASES IN THE CYLINDER

OO Ooo

Call DENUFE (TVOL,PUDL MW, DENSOL ,DENLIG, DENVAP)
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THE VAPOR MASS FRACTION IN THE CYLINDER CAN NOW BE DETERMINED

oMo

XVoL = ( VOL/MTOT - XLVOL/DENLIQ - (1.D0-XLVOL)/DENSOL)
* /(1 .D0/DENVAFR — XLVOL/DENLIQ - (1.D0-XLVOL)/DENSOL)
c
C THIS ARGUMENT TO THE LEVEL SUBROUTINE S3AVES PREVIOUS VALUES OF
C LIQUID LEVEL FOR USE AS INITIAL GUESSES. IT IS INITIALLY SET EQUAL
C TO CYLINDER DIAMETER.
C
ULFACE = DIACYL
C
C THIS DRIVER ROUTINE DOES NOT CONSIDER AM INLET STREAM TO THE
C CYLINDER. THE LEVEL AND INTMEB SUBROUTINES ARE WRITTEN TO
C HANDLE SUCH A STREAM. THEREFORE SET MASS OF THE STREAM TO
€ ZERD AND OTHER STREaM PARAMETERS TO MATCH THE CYLINDER
C  CONTENTS,
c
MIN = 0.D0
>
PIN = PUOL
C
TIN = TVOL
C
XVIN = XVOL
C
XLIN = XLVOL
c
ITRIPL = 0
c
C SET TIME STEP AND HEAT TRANSFER
C
DELTSM = 0.D0
c
a = 0.D0
C
WRITE (38,3000) TITLE
€
WRITE (30,3010)
C
WRITE (22,2200) DELT
c

Ckdededededededededed e dekdededededededed dedededededodedededede edededededededede s dedokede de e dededeke dededede dedede s dedededok ek

=t -]

c
C TRANSIENT ANALYSIS
C
C

110 CONTINUE

FROM THIS POINT ON THE PROGRAM SOLVES EACH TIME STEP USING
VALUES FROM THE PREVIOUS STEP AND FROM THE MASS AND ENERGY
BALANCE ABOUT THE CYLINDER. STARTING VALUES FOR THE STREAM
LEAVING THE CYLINDER DURING THE COMING TIME STEP ARE INPUT AND
THE LEVEL SUBROUTINE IS CALLED IF NEEDED TO MODIFY THESE

o000
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PARAMETERS AS REQUIRED. TCYL IS ALWAYS EQUAL TO TVOL, BUT
XVCYL, XLCYL, AND PCYL MAY BE CHANGED AS THE VAPOR/LIQUID
INTERFACE DROPS.

eyt = 1,00
XLEYL = XLVOL
PCYL = PVUOL
TCYL = TVOL

IF (IVERT.NE.-1) CALL LEVEL (DENVAP,ULFALE)

BREACH FLOW RATE ANALYSIS

e e b v 5

THE BREACH SUBROUTINE CALCULATES A MAGS VELOCITY AND A SET OF
CONDITIONS FOLLOWING THE ENTRANCE PRESSURE DROP. THOSE
CONDITIONS ARE TRANGFERRED TO PIPSYS IF THE PIGTAIL
SUBROUTINE IS CALLED.

IF (DELTSM.GT.0.DO .AND, IPIG.GT.2) GO TO 120

CALL BREACH (G)

THE BREACH SUBROUTINE HAS CALCULATED A MAXIMUM VALUE OF MASS
VELDEITY.

IF(IPIG,.EQ.2) GO TO 130

PIPING SYSTEM FLOW RATE ANALYSIS

THE PIGTAIL SUBROUTINE CALCULATES NEW UaLUES OF G FOR RELEASES

OF UF6 THROUGH PIGTAILS CONSISTING OF LENGTHS OF PIPE AND

FIXTURES SUCH AS £LBOWS AND VALVES.

120 CONTINUE
IF ¢TCYL.EQ.TTRIPL .AND. XVCYL.EQ.1 .AND. ITRIPL.EQ.1) GO TO 130
CALL PIPSYS (G)

SET BASIS FOR SUBSEQUENT EVALUATIONS OF G IN PIPSYS.
IBRCH = 3

SET FLAG FOR SKIPPING CALL TO PIPSYS.

ITRIPL = 0
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IF (TCYL.EQ.TTRIPL .AND. XVCYL.EQ.1.D0) ITRIFPL =1
130 CONTINUE

OUTPUT DATA

PHASE COMPOSITION INSIDE CYLINDER

MSOL = MTOT*(1.D0 - XVOL)*(1.D0 - XLVOL)
MLIG = MTGTA(1.D0 - XVOL)*XLVDL
MUAP = MTOTHXVOL

PHASE COMPOSITION ENTERING RELEASE PATHWAY

PHASE = ‘

IF (XVCYL.EQ.1.D0) PHASE = © VAPOR -

IF (3}CYL.LT.1.D0.AND.XVCYL.GT.0.D0.AND.XLCYL.EQ.1.D0)
* PHASE = ‘LIQ-VAP/

IF (XVCYL.LT.1.D0.AND. XVCYL.GT.0.00.AND XLCYL.LT.1.D0,
* AND.XLCYL.GT.0.D0) PHASE = “3-PHASE’

IF (XVCYL.EQ.0.DO.AND.XLCYL.EQ.1.00) PHASE = “LIQUID -

IF (XVCYL.EQ.0.DO.AND.XLCYL.LT.1.D0.AND.XLCYL.GT.0.D0)
* PHAGE = “S0L-LIQ7

CONDITIONS OF UF6 EXHAUSTED AT FINAL PRESSURE

CALL FLASH (TVOL,PUOL MW XVUCYL ,XLCYL ,PFIN, ISEN,XVFIN/XLFIN,TFIN}

MSFLRT = G*(PIGRAY(1,3)%*2)%*3,14139D0/4,D0
MSSRTS = MSFLRT*(1.D0 - XUFIN)*(1.D0 - XLFIN)
MSSRTL = MSFLRT*(1.D0 -~ XUFIN)YXXLFIN

MSSRTV = MSFLRT*XVFIN

BASIS FOR FLOW RATE CALCULATION
BASIS = “CHOKE’
IF (IPIG.EQ.2.AND.IBRCH.EQ.2) BASIS = 7 PDC ~
IF (IPIG.GT.2.AND.IGEXIT.EQ.2) BASIS = * PDC *
OUTPUT TO TERMINAL FOR MONITORING PROGRESS OF PROGRAM EXECUTION
WRITE (5,530) DELTSM,MTOT,MSFLRT
PROGRAM OUTPUT

WRITE (30,3020) DELTSM,MSOL,MLIQ,MJAP,MTOT,TVOL,PUOL ,PHASE,
* PCYL ,BASIS,MSSRTS,MSSRTL ,MGSRTY ,MSFLRT ,PFIN, TFIN

QUTPUT TO DATA FILE FOR INPUT TO FODRFT OR INDRFT

WRITE (22,2210} DELTSM,MSSRTS,MSSRTL,MSSRTV,TFIN,PFIN
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»
C CYLINDER INTERNAL MASS AnMD ENERGY BALANCE
C SEREEERERET = === SEDSESDSITDTITT
c
EALL INTMEB
C
DELTSM = DELTSM+DELT
C
CaLl DENUFe (TVOL,PVOL ,MW,DENSOL,DENLIQ,DENVAP)
C
IF (TVOL.LT.TTRIPL .OR. MTOT.LT.(MSFLRT*DELT).OR.
* DELTSM.GE.MAXTIM) STOP
C
GO 7O 110
C
Crerhededeoderde e hede e de ek e e he e e e de e dedede ke e e dedo e dedede de e de e dedede ke de o dede ke ok ok e e de ke de ok de e de e dedede
c
C FORMAT STATEMENTS
C 41+ -1
c
S00 FORMAT(”  VALUE OF ICYL =7,13,
* 4 NOT RECOGNIZED -- EXECUTION TERMINATED. )
c
310 FORMATC(’ FUOL =7,F8.3,7 AND TVOL =°,F8.3,° NOT ALLOWED --7,/,
* ’ EITHER PUOL OR TVOL MUST BE GREATER THAN 0 --7,/,
* ¢ NEITHER PYOL OR TVOL CAN BE LESS THAN 0 --7,/,
* ! EXECUTION TERMINATED.?)
c

520 FORMAT(’  TRIPLE POINT SPECIFIED --",/,
* ’ SPECIFIED VALUE OF XLVOL =“,Fe.2,” OUT OF BOUNDS --7,/,
* ’ EXECUTION TERMINATED”)

S30 FORMAT (3F15.5)

2000 FORMAT(16A5)

2010 FORMAT (4A5)

2020 FORMAT(4(1H$,/))

2200 FORMAT (1PE15.7)

2210 FORMAT (1PE15.7,” 0 0 0 0 O ‘,3E15.7,° 0 /,2615.7)

3000 FORMAT(1H1,T22, TITLE: /,1645)

3010 FORMAT(”0 Jedkdkdk CONDITION OF UFE IN CONTAINMENT-,
 kkkkkd PATHAAY INLET Fokdokdokkdk CONDITION OF7,
 UF6 EXHAUSTED kikkkikiks” 7/ T76, FLOW ,/,* TIME  sokkkk?
“kkkdk MASS (LBY,

s dkkdkkkdkkx  TEMP  PRES RELEASE PRES RATE  #kkx’,
¢ RELEASE RATE (LB/SEC) *&kk  TEMP  PRES‘,/,” (SEC)Y”,

! SOLID  LIQUID VAPOR  TOTAL (DEG F) (PSIA)7,
“ PHASE  (PSIA) BASIS  SOLID  LIQUID VAPOR  TOTAL',

Eol R
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* * (DEG F) (PSIAY',/,1H )
c
3020 FORMAT(F7.0,1X,4F8.1,2F8.3,2X,A7,F8.3,2%,A5,1X,6F8.3)
C
ke etk de ke ek ok e de et ook dede ek e ek e ok et e e de e e e dedede e dede ek dededeoke

C
END
A.5 COMPLT - A Plotting Program for FODRFT and INDRFT Results
THIS PROGRAM PLOTS QUTPUT FROM FODRFT aAND INDRFT.
THIS PROGRAM USES DISSPLA (VERSION 9.0) SUBROUTINES FOR PLOTTING.

£
c
c
C DISSPLA IS A& PRODUCT OF INTEGRATED SOFTWARE SYSTEMS CORPORATION OF
£ SeN DIEGO, CALIFORNIA, DOCUMENTATION WAS COPYRIGHTED IN 1981.
C
C*
C
C

Jededededodokddedod ek dededdek dedodo ke dede ke dedede ke ok dedededededededede g dedededede ke e dede e e dede dedededede e ek ok ke dedok

INITIAL STATEMENTS

[ =zosss=sszssosommos
c

IMPLICIT REAL%4 (A-H,J-Z)
C

DIMENSION TIME(1000), UTOT(l000), HFTOT(L000), DENU(1000),

* DENHF(1000), T(1000), P(1000)

DIMENSION DWGENUM(G6,4), NUMBER(4}
C
Gk kdddok ek otk ek ko dokdok ook kdkkdkdkdd kk ko dkkhkhkdkdokdkkdkdckdhdokkkkdkdkdkkdkkiikk
[
C READ STATEMENTS
c 3 3 3 Y333 ]
c

IMAX = 0
C
C CODING BETWEEN *10 CONTINUE®" AND "30 CONTINUE" READS AND DEVELOPS
€ DATA FOR PLOTTING
C

10 CONTINUE

e

IMAX = IMAX + 1
£
C INPUT IS5 READ FROM AN UNFORMATTED CUTPUT FILE GENERATED BY EITHER
C FODRFT DR INDRFT,
c

READ (48,%,END=30) TIME(IMAX), UTOT(IMAX), HFTOT{IMAX),

" DENUC IMAX) , DENHF(IMAX), TCIMAX), P(IMAX)

C

IF (DENU(IMAX).LT.1.E-20) DENU(IMAX) = 1.E-20

1F (DENHF(IMAX) .LT.1,E-20) DENHF(IMAX) = 1.E-20
(M

IF (IMAX.B6T.1) GO TO 20
C

DUMAX = DENU(1)



DUMIN = DENU(1)

c
DHFMAX = DENHF(1)
DHFMIN = DENHF(1)
C
™AX = T(1)
TMIN = T(1)
c
PMAX = P(1)
PMIN = P(1)
c
80 TO 10
c
20 CONTINUE
C
IF (DENU(IMAX).GT.DUMAX) DUMAX = DENU(IMAX)
IF (DENUCIMAX) .LT.DUMIN} DUMIN = DENU( IMAX)
c
IF (DENHF( IMAX) .GT.DHFMAX) DHFMAX = DENHF ( IMAX)
IF (DENHF{IMAX) .LT.DHFMIN) DHFMIN = DENHF(IMAX)
c
IF (T(IMAX).GT.TMAX) TMAX = T(IMAX)
IF (TCIMAX) .LT.TMIN) TMIN = T(IMAX)
C
IF (P(IMAX).GT.PMAX) PMAX = P(IMAX)
IF (PCIMAX).LT.PMINY PMIN = P(IMAX)
c
60 TO 10
c
30 CONTINUE
c
C READ DRAWING NUMBERS.
c
DO 40 140=1,6
c
READ (49,4900) (DWGNUM(140,1), I=1,4)
c
40 CONTINUE
C
IMAX = IMAX - 1
c
TIMMAX = TIME(IMAX)
C
UMAX = UTOT(IMAX)
c
HFMAX = HFTOT(IMAX)
c
DUMIN = AMAX1(DUMIN,S.07E-8)
C .
DHFMIN = AMAX1(DHFMIN,6,24E-8)
c
koo sk e e v she v e e e e s kool e e oo s vk v e e e e ool e de e e e sk dedede e e dode e e dede e s e ok ke ek
c

€ PLOTTING COMMANDS
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e L]

CALL COMPRS
DO 80 180=1,6
SET UP AXES.

CALL RESET(’ALL’)
CALL NOBRDR

CALL GRACE (0.)
CALL AREA2D(S.,5.)
CALL FRAME

CALL DUPLX

CALL XREVTK

CALL YREVTK

CALL YAXANG(0.0)

CAaLL MX1ALF{“STANDARD”,"1”)
CALL MX2ALF(’L/CSTD ,7¢%)
CALL MX3ALF(“INSTRUCTION’ ,/ &)

CALL XINTAX

CALL XNAME (‘CUMULATIVE TIME OF TRANSIENT@ {SEC)i$‘,100)

CALL AXSPLT (0.,TIMMAX,S.,XORIG,XSTEP,XAXIS)

XMAX = XORIG + XSTEPXXAXIS

IF(180.E0.3.0R,.180.EQ.4) GO TO S0

PLOT LINEAR AXES FOR PLOTS 1, 2, 5, AND 6.

IF (I80.EQ.1) CALL YNAME (‘CUMULATIVE URANIUM RELEASEDE@ (LB)I$”,
* 100)

IF (I80.EQ.1) CALL AXSPLT (0.,UMAX,5.,YORIG,YSTEP,YAXIS)

IF (180.EQ.2) CALL YNAME ( CUMULATIVE HF RELEASEDe (LB)!¢-,100)
IF (IB0.EQ.2) CALL AXSPLT (0.,HFMAX,5.,YORIG,YSTEP,YAXIS)

IF (180.EQ.5) CALL YNAME
* (“"TEMPERATURE IN COMPARTMENTE (&EH.S@D&EXHX!F@)i$‘,100)
IF (180.£0.5) CALL AXSPLT (TMIN,TMAX,5.,YORIG,YSTEP,YAXIS)

IF {I80.EQ.e) CALL YNAME (’PRESSURE IN COMPARTMENT® (PSIA)!%7,
* 100)

IF (180.EQ.6) CALL AXSPLT (PMIN,PMAX,5.,YORIG,YSTEP,YAXIS)
YMAX = YORIG + YSTEPXYAXIS

CALL YINTAX
CALL GRAF (XORIG,XSTEP,XMAX,YORIG,YSTEP,YMAX)

60 TC &0

50 CONTINUE
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PLOT SEMILOG AXES FOR PLOTS 3 AND 4.

CALL YTICKS (D)

CALL YAXEND (’NOENDS’)

CALL RESET (’YINTAX’)

CALL RESET (‘YNAME’)

CALL GRAF (XORIG,XSTEP,XMAX,0,1,1)
CALL RESET (‘YAXEND’)

CALL YTICKS(1)

IF (180.EQ.3) CALL ALGPLT (DUMIN,DUMAX,S.,YORIG,YCYCLE)

IF (180.EQ.3) CALL YLGAXS (YORIG,YCYCLE,S.,
%  “URANIUM CONCENTRATION IN COMPARTMENT@ (LB/FT&EH.B@3SEXHXE)!$’,
* 100,0,0)

IF (180.EQ.4) CALL ALGPLT (DHFMIN,DHFMAX,5.,YORIG,YCYCLE)
IF (180.EQ.4) CALL YLGAXS (YORIG,YCYCLE,5.,

* *HF CONCENTRATION IN COMPARTMENT@ (LB/FT&EH.B@3S4EXHX@)!$”,
* 100,0,0)
6G CONTINUE

CALL THKCRV (0.03)
CaLL NOCHEK

FLOT 1. CUMULATIVE URANIUM RELEASED (LB) VS CUMULATIVE TIME OF
TRANSIENT (SEC).

IF (I80.EGQ.1) CALL CURVE {(TIME,UTOT,IMAX,0)

PLOT 2. CUMULATIVE HF RELEASED (LB) VS CUMULATIVE TIME OF TRANSIENT
(SEC) .

IF (180.EQ.2) CALL CURVE (TIME,HFTOT,IMAX,0)

PLOT 3. URANIUM CONCENTRATION IN COMPARTMENT (LB/FTx%3) VS
CUMULATIVE TIME OF TRANSIENT (SEC).

IF (I80.EQ.3) CALL CURVE (TIME,DENU, IMaX,0)

PLOT 4., HF CONCEMTRATION IN COMPARTMENT (LBAFT*%3) US CUMULATIVE
TIME OF TRANSIENT (SEC).

IF (180.EQ.4) CALL CURVE (TIME,DENHF,IMAX,0)

PLOT 5, TEMPERATURE IN COMPARTMENT (DEG F) WS CUMULATIVE TIME OF
TRANSIENT {(SEC).

IF (180.EQ.3) CALL CURVE (TIME,T,IMAX,0)

PLOT &. PRESSURE IN COMPARTMENT (PS1A) US CUMULATIVE TIME OF
TRANSIENT (SEC).
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IF (180.EQ.8) CALL CURVE (TIME,P,IMAX,0)

C
C DRAWING NUMBERS.
c

DO 70 170=1,4
C

NUMBER(170)=DWGNUM(180,170)
c
70 CONTINUE

c

CALL HEIGHT (0.1)

CALL MESSAG (NUMBER,100,3.2,5.1)
c

CALL ENDPL(0)
C

80 CONTINUE

c

Call DONEPL
c

STOP
C
Cedededededekdededododok dodkdededededodededdedodedodedodedkdoddedkdedokkdedodok ko dedodededk ke dodedkededkdoke dodkedekddede ke ek ok
C
C FORMAT STATEMENTS
{ =oo=ssssosssss=ss
C
4300 FORMAT (4A5)
C

Cacddedede ool iede de e o e e e e e e e e de e e Feale e e el de ek ek de e e kol e de ek sl e deshe ke ool e de ook dede de e de e e ke
C
END

A.6 CYLPLT - A Plotting Program for CYLIND Results
THIS PROGRAM PLOTS OUTPUT FROM CYLIND.

THIS PROGRAM USES DISSPLA (VERSICN 9.0) SUBROUTINES FOR PLOTTING.
DISSPLA IS A PRODUCT OF INTEGRATED SOFTWARE SYSTEMS CORPORATION OF
SAN DIEGO, CALIFORNIA. DOCUMENTATION WAS COPYRIGHTED IN 1981,

C
c
c
C
c
C
Lo Jedede oo dodedede dokede ke e dek e deedok e dedede ke dede ke de dedededkede e e e o deoke dededede ook e e de dedede ke e e
c
c

INITIAL STATEMENTS

R EERZIRETEZIEESRS

Lar B wr

IMPLICIT REAL*4 (A-H,J-Z)

DIMENSION TIME(1000), MSOL(1000), MLIG(1000), MTOT(1000),
* TCYL(1000), PCYL(1000), MSSRTS(1000), MSSRTL(1000),
* MSFLRT(1000), TFIN(1000), BSLNX(2), BSLNY(2), AX(2),
* AY(2), BX(2}, BY(2), CX(2), CY(2), DX{(2), DY(2)

DIMENSION DWGNUM(4,4), NUMBER(4)
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Coledededededok dededodedk ke dede dedede oo e dedede dedede dededefodedededede ek dededde ke dedededede e dedede ke dedededede e dedek ko ko kodek

c
C READ STATEMENTS
L ==s=z=z=szz=zzocoT
C
C THE FOLLOWING DO LOOP BYPASSES HEADINGS IN THE INPUT FILE WHICH IS
C THE PRIMARY CYLIND OUTPUT FILE.
€
DO 10 110=1,6
€
READ (30,301C) IDUM
c
10 CONTINUE
C
IMAX = 0
C
C CODING BETWEEN "20 CONTINUE" AND "40 CONTINUE"™ READS OR DEVELOPS DATA
C TO BE PLOTTED.
c
20 CONTINUE
C
IMAX = IMAX + 1
c
READ (30,3020,END=40) TIME(IMAX), MSOL({IMAX), MLIQ(IMAX),
* MTOT(IMAX) , TCYL(IMAX), PCYL(IMAX), MSSRTS(IMAX),
* MSSRTL(IMAX), MSFLRT(IMAX), PFIN, TFIN(IMAX)
C
MLIQ¢IMAX) = MSOLCIMAX) + MLIQCIMAX)
C
MSSRTL(IMAX) = MBSRTS({IMAX) + MSSRTL(IMAX)
c
IF (IMAX.NE.1) GO TO 30
C
TMIN = TFIN{IMAX)
TMAX = TFINCIMAX)
c
GO TO 20
C
30 CONTINUE
C
IF (TFINCIMAX) .LT.TMIN) TMIN = TFIN(IMAX)
IF {TFINCIMAX) .GT.TMAX) TMAX = TFIN{IMAX)
C
GO TO 20
C
40 CONTINUE
c
C READ DRAWING NUMBERS.
C
DO S0 150=1,4
c
READ (31,3110) (DWGNUM(IS0,1), I=1,4)
c

20 CONTINUE
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C
IMAX = IMAX - 1
C
BSLNX(1) = 0.
BSLNX(2) = TIME(IMAX)
BSLNY(1) = 0.
BSLNY(2) = 0.
c
el e dede dede s Fedededede e de ke dedede ke dohe ke K de e dede dode ke de e de e de sk e do ke Aotk Aededede dede e dode Aok e ok hke ke dekeok
c
C PLOTTING COMMANDS
C =zzzzzzsssss=s=s=s=
C
CALL COMPRS
c
DO 160 1160=1,4
C
€ SET UP AXES.
c
CalLl RESET (’ALL”)}
CALL NOBRDR
CAaLL GRACE (0.)
CALL AREAZD(S.,5.)
CALL FRAME
CALL DUPLX
C
Call XREVTK
CALL YREVTE
CALL YAXANG(D.0)
C
CALL MXIALF{ STANDARD ," 1)
CALL MX2ALF(’L/CSTD’, @)
CALL MXBALF(/INSTRUCTION” , &%)
c
CALL INTAXS
C
CALL XNAME (/CUMULATIVE TIME OF TRANSIENTE (SEC)i¢-,1a0)
CALL AXSPLT (0.,TIME(IMAX),S. ,XORIG,XSTER,XAXIS)
XMAX = XORIG + XSTEPAXAXIS
c
IF (Ile0.NE.1) GO TQ &0
C
CALL YNAME (“MASS OF UF&LH.8G6&LXHX! IN CYLINDERE (LB)!'$7,100)
Call AXSPLT (C.,MTOT(1),5.,Y0RIG,YSTEP,YAXIS)
c
GO TO 90
C
60 CONTINUE
C
IF (1160.NE.2)Y GD TO 70
C

CALL YNAME (’MASS RELEASE RATE OF UFSLH.B@G&LXHX@ (LB/SEC)!$7,100)
CALL AXSPLT (0. ,MSFLRT(1),5.,YORIG,YSTEP,YAXIS)
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90

70 CONTINUE

IF (1

160.NE.3) GO TO 80

CaLL YNAME (7UF&LH.B@6&LXHX! TEMPERATURE IN CYLINDER®@

* (&EH.S@O&EXHX!FE)!%”,100)
CALL AXSPLT (TCYL{IMAX),TCYL(1),5.,YORIG,YSTEP,YAXIS)
GO TO 20

80 CONTINUE

CALL YNAME (‘UF&LH.8@6&LXHXT EXHAUST TEMPERATURE®

* (&EH.35@0&LXHX!F@) !4 ,100)
IF (ABS(TMAX-TMIN) .LT.1.) TMIN = FLOAT(IFIX{TMIN})
IF (ABS{TMAX-TMIN).LT.1.) TMAX = FLOAT(IFIX(TMAX + 2.3)

CALL AXSPLT (TMIN,TMAX,S.,YORIG,YSTEP,YAXIS)

90 CONTINUE

MAX
CALL

XFACT
YFACT

= YORIG + YSTEP*YAXIS
GRAF (XORIG,XSTEP ,XMAX,YORIG,YSTEP,YMAX)

(XMAX-XORIG) /5.
(YMAX-YORIG)/S.

CALL THKCRV (0.03)

CALL NOCHEK

IF (1

PLOT 1.

ALl
CALL

CALL
CALL

CALL
CALL
CALL

EALL
CALL
CALL
CALL

180 .NE.1) GO TO 100

MASS OF UFe IN CYLINDER (LB) VS CUMULATIVE TIME OF TRANSIENT
(SEC).

CURVE (TIME,MTOT, IMAX,0)
RESET {“THKCRV2

poT
CURVE (TIME,MLIQ,IMAX,0)

CHNDOT
CURVE (TIME,MSOL, IMAX,0)
RESET (/CHNDOT”)

SHDPAT (43330)

SHDCRY (BSLNX, BSLNY, 2, TIME, M30L, IMAX)
SHDPAT (135190}

SHDCRV (TIME, MSOL, IMAX, TIME, MLIQ, IMAX)
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SHDPAT (45590)
SHDCRV (TIME, MLIQ, IMAX, TIME, MTOT, IMAX)

60 TO 110

100 CONTI
IF (1

PLOT 2.

CALL
CALL

CALL
ALl

CALL
EALL
CALL

cALL
CALL
CALL
CALL
CALL
CALL

110 CONTI

NUE
160.NE.2) G0 TO 120

MASS RELEASE RATE OF UFe (LB/SEC) VS CUMULATIVE TIME OF
TRANSTENT (SEC).

CURME (TIME,MSFLRT,IMAX,0)
RESET (’THKCRV")

par
CURVE (TIME,MSSRTL,IMaX,0)

CHNDOT
CURVE (TIME,MSERTS,IMAX,0)
RESET (/CHNDOT’)

SHDPAT (45350)

SHDCRV (BSLNX, BSLNY, 2, TIME, MSSRTS, IMAX)
SHDPAT (135190)

SHDCRV (TIME, MSSRTS, IMAX, TIME, MSSRTL, IMAX)
SHDPAT (45590)

SHDCRV (TIME, MSSRTL, IMAX, TIME, MSFLRT, IMAX)

NUE

LEGEND FOR PLOTS 1 AND 2.

AX(1)
AX(2)
AY(1)
AY(2)

BX(1)
BX(2)
BY(1)
BY(2)

CX(1)
cX(2)
CY(1)
cr(a)

DX(1)
DX(2)
bY(1)
DY(2)

2. SkXFACT
3. &% XFACT
4.90%YFALCT
AY(1)

AX(1)
AX(2)
4,62%YFACT
BY(1)

L LI | I : I ]

AX(1)
AX(2)
4.34%YFACT
CY ()

| E I [ I ]

AX(1)
AX(2)
4,06%YFACT
DY(1)

w o un

CALL THKCRV (0.03)
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CALL CURVE (AX, AY, 2, 0)
CALL RESET (THKCRV*)
CALL CURVE (DX, DY, 2, 0)
CALL DOT

CALL CURVE (BX, BY, 2, 0)
CALL CHNDOT

CALL CURVE (CX, CY, 2, 0)

CALL RESET (‘CHNDOT”)
CALL SHDPAT (45350)
CALL SHDCRV (DX, DY, 2, CX, CY, 2)
CALL SHDPAT (135190)
CALL SHDCRV (CX, €Y, 2, BX, BY, 2)
CALL SHDPAT (45590)
CALL SHDCRV (BX, BY, 2, AX, AY, 2)
CALL MESSAG (‘UF&LH.B@6SLXHX! VAPOR$,100,3.5,4.69)
CALL MESSAG (’UF&LH.B88BELXHX! LIQUID$’,100,3.5,4.41)
CALL MESSAG (’UF&LH.B@GSLXHX! SOLID$’,100,3.5,4.13)
G0 TGO 140
20 CONTINUE
IF (I160.NE.3) GO TO 130

PLOT 3. CURVE 1: TEMPERATURE IW CYLINDER (DEG F) VU5 CUMULATIVE TIME
OF TRANSIENT (SEC).

CALL CURVE (TIME,TCYL,IMAX,0)

LEGEND FOR PLOT 3 (CURVE 1).

AX(1) = 2.53kXFACT

AX(2) = 3.44XFaACT

AY(1) = 4.79%YFACT + YORIG
AY(2) = AY(L)

CALL CURVE (AX, AY, 2, 0)
CALL MESSAG (’TEMPERATURE$’,100,3.5,4.72)

PLOT 3. CURVE 2: VUAPOR PRESSURE OF UF6 IN CYLINDER (PSIA) VS
CUMULATIVE TIME OF TRANSIENT{(SEC).

CALL AXSPLT (PCYL(IMAX),PCYL(1),5.,YORIG,YSTEP,YAXIS)
YMAX = YORIG + YSTEPXYAXIS

EALL YGBRAXS (YORIG,YSTEP,YMAX,3.,’VAPOR FRESSURE OF
* UF&LH.8@6&LXHX! IN CYLINDERE (PSIA)!$/,-100,5.,0.)

CALL CHNDOT
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c
CALL CURVE (TIME,PCYL,IMAX,0)
c
€ LEGEND FOR PLOT 3 (CURVE 2).
C
AY(1l) = 4.61%(YMAX-YDRIG)/5. + YORIG
AY(2) = AY(1)
e
CALL CURVE (AX, AY, 2, 0)
C
CALL MESSAG (’PRESSURE$/,100,3.%,4.51)
c
50 TO 140
c
130 CONTINUE
c
€ PLOT 4, EXHAUST TEMPERATURE (DEG F) US CUMULATIVE TIME OF TRANSIENT
€ {SEC).
c
CALL CURVE (TIME,TFIN,IMAX.0)
c
CALL MESSAG (EXHAUST PRESSURE$,100,3.0,4.72)
CALL MESSAG (¢ = $/,100,3.0,4.51)
CALL REALNG (PFIN,2,/ABUT-, ABUT/)
CALL MESSAG ('@ PSIAl$7 100, ABUT , "ABUT)
C
140 CONTINUE
c
C DRAWING NUMBERS.
c
DO 150 1150=1,4
c
NUMBER(I150) = DWGNUM(I1160,1150)
£
130 CONTINUE
c
CALL HEIGHT (0.1)
CALL MESSAG (NUMBER, 100, 3.2, 5.1)
c
CALL ENDPL{0)
c
160 CONTINUE
C
CALL DONEPL
c
STOP
C
ChFedokddkdddodok kb kdohdodkdoddokdok Kodekdkkoh ok fok ke dok ok kdodkdokhd sk dedohddokdohhdddodkdod hodododdok
C
C FORMAT STATEMENTS
L ==zcssscocszs=sSsc
c

3010 FORMAT (11D
»
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3020 FORMAT (F7.0,1X,2F8.1,8X,F8.1,2F8,3,25%,2F8.3,8X,3F8.3}
c
3110 FORMAT (4A5)
c
Coesheoke e Ao e de e ok e e deode ek desk e de e dedede ke e dede doale e e ek s e ode ke ook ek e e dedede ke fede e dededede e ke e e

-
L

END



This appendix contains listings of all subroutines required by the main programs, FODRFT,
INDRFT, BATCH, and CYLIND. These subroutines are arranged alphabetically by subroutine
name. Several UF, physical properties subroutines described in the text but not required by the
aforementioned main programs are also included in this appendix. Table B.l1 is a summary of
STOPs that may occur during execution of programs using these subroutines. Note that subroutines

Appendix B

LISTINGS OF SUBROUTINES

called by COMPLT and CYLPLT are DISSPLA version 9.0 subroutines.*

*For information on DISSPLA, contact Integrated Software Systems Corporation, 10505 Sorrento Valley Road, San

Diego, CA, 92121.

Table B.1. Causes for program termination

STOP Subroutine Cause
STOP01 COMPRT 100 iterations without temperature-enthalpy
convergence in compartment
STOP)2 INTMEB New estimate of temperature inside cyclinder
exceeds 250°F (upper limit based on DOE
regulations, see Table 8) or is less than
the triple point when UF, condensate is
known to be liquid
STOP03 INTMEB 20 iterations without temperature-enthalpy
convergence; UF, condensate is liquid
STOP94 INTMEB 20 iterations without temperature-enthalpy
convergence; UF, condensate is solid
STOP0O5 INTMEB New estimate of temperature inside cyclinder
is less than O°F (arbitrary lower limit)
or is greater than the triple point when
UF, condensate is known to be solid
STOPO6 LEVEL 100 iterations without convergence on UF;
vapor-liquid interface level (not bounded)
STOPO7 LEVEL 100 iterations without convergence on UFg
vapor-liquid interface level (bounded)
STOP11 LEVEL UF; solid-vapor interface level above hole
STOP12 LEVEL HF-H0 equilibrium partitioning did not
converge in 100 iterations
STOP13 PIPSYS Pressure drop-pipe length calculation did not
converge within 100 iterations
STOP14 PIPSYS Pressure drop calculation across a contraction
did not converge within 100 iterations
STOP15 STERM ITYPE (refease type identifier) not recognized

67
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B.1 BREACH
SUBROUTINE BREACH (G)

THIS SUBROUTIMNE CALCULATES THE MASS VELOCITY, IN UNITS OF LBS/SEC/
FTk%x2, OF UF6 ESCAPING FROM A VESSEL THROUGH A& BREACH OR HOLE IN THE
VESSEL WaLL. THE INSIDE TEMPERATURE (DEG F) AND PRESSURE (FPSIA), THE
OUTSIDE PRESSURE (PSIA), AND THE INITIAL MASS FRACTIONS OF VAPOR,
LIQUID, AND SOLID UFe ARE KNOWN. THE MASS VELOCITY IS CALCULATED.

ALPHA, BETA, DELTA, GAMMA ARE CONSTANTS USED IN DIFFERENT
FORMS OF THE BASIC PRESSURE DROP EQUATION RELATING CHANGE
IN PRESSURE TO MASS VELOCITY AND TO SPECIFIC

VOLUME. THEY ARE SET IN BREACH AND PASSED TO THE CALLING
PROGRAM FOR USE IN OTHER SUBROUTINES THROUGH THE LABELED
BLOCK COMMON /CNSTNT/.

EPSLN IS5 A CONVERGENCE CRITERION ALSO SET HERE AND PASSED
THROUGH THE LABELED BLOCK COMMON /CNSTNT/.

INPUT UVARIABLES, VALUES PROVIDED BY CALLING PROGRAM.

ISEN INDEX FOR CONSTANT ENTROPY/CONSTANT ENTHALPY
ISEN=0, ASSUME CONSTANT ENTROPY FLASH
ISEN=1, ASSUME CONSTANT ENTHALPY FLASH
IPIG NUMBER OF ELEMENTS IN RELEASE PATHWAY:
IPIG=2, PATHWAY IS A BREACH OR HOLE.
IPIG>2, PATHWAY IS5 A& PIPE AND FIXTURE SYSTEM,
PIGRAY  ARRAY OF VALUES DESCRIBING THE RELEASE PATHWAY.
EACH PATHWAY ELEMENT CORRESPONDS TO ONE ROW OF
THE ARRAY. SPECIAL VALUES INCLUDE
PIGRAY(IPIG,3), THE AMBIENT PRESSURE IN PSIA.
PIGRAY IS MORE FULLY DESCRIBED IN THE
CALLING PROGRAM AND INPUT DATA FILES.
PEYL PRESSURE OF MASS ENTERING RELEASE PATHWAY, PSIA
TCYL TEMPERATURE OF MASS ENTERING PATHWAY, DEGREES F
PTRIPL, PRESSURE IN PSIA AND TEMPERATURE IN DEGREES F,
TTRIPL RESPECTIVELY, FOR THE TRIPLE POINT CONDITION,
INPUT FROM THE CALLING PROGRAM
XVCYL VAPGR MASS FRACTION ENTERING PATHWAY
XLCYL MASS FRACTION OF THE NON-VAPOR MASS
WHICH IS LIQUID ENTERING PATHWAY
MW MOLECULAR WEIGHT COF UF&, LB MASS/LB-MOLE

INTERNAL VARIABLES, USED ONLY IN BREACH AND ITS SUBROUTINES.

PINT INTERMEDIATE PRESSURE, PRESSURE-DROP-CONTROLLED
FLOW, PSIA

TINT INTERMEDIATE TEMPERATURE, PDC FLOW, DEGREES F

AVINT VAPOR MASS FRACTION AT INTERMEDIATE CONDITIONS
IN PDC FLOW

XLINT MASS FRACTION OF THE NON-UAPOR PHASE WHICH IS
LIGUID AT INTERMEDIATE CONDITIONS IN PDC FLOW

OOQOOOOOO000COO0O0OO0O0O0MNO0OOOOO0O000O0MCO000O00OaOO0OoOO0OaOOOen
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RHOVI, DENSITIES OF VAPOR, LIQUID, AND SOLID,
RHOLI, RESPECTIVELY, AT INTERMEDIATE CONDITIONE,
RHOST LB MASS/FTHk3
VIBAR SPECIFIC VOLUME OF MASS IN RELEASE PATHWAY AT
INTERMEDIATE CONDITIONS, FT¥%3/LB MASS
ICHECK  INTEGER VARIABLE WHICH CONTROLS PROGRAM FLOW
PUPPER, UPPER AND LOWER LIMITS ON PRESSURE IN PSIA
PLOWER FOR INTERVAL HALVING SEARCH TECHNIGQUE
P2 PRESSURE IN PSIA ONLY SLIGHTLY LOWER THAN
THE CHOKED FLOW PRESSURE. THE SMALL PRESSURE
DIFFERENCE AND THE CORRESPONDING SMALL
DIFFERENCE IN SPECIFIC VOLUME ARE USED TO
APPROXIMATE THE DERIVATIVE OF PRESSURE WITH
RESPECT TO SPECIFIL VOLUME AT CHOKED FLOW

CONDITIONS,
T2 TEMPERATURE IN DEGREES F CORRESPONDING TO P2
xJ2 VAPOR MASS FRACTION CORRESFPONDING TO P2
XLz MASS FRACTION OF THE NON-UVAPOR FPHASE WHICH IS

LIQUID AT P2, T2

U2BAR  SPECIFIC VOLUME IN FT¥x3/LB MASS CORRESPONDING
TO P2

GMAX CHOKED FLOW MASS VELOCITY, LB MASS/S/FTxk2,
EVALUATED AT CURRENT GUESS FOR P1, T1 CONDITIONS

PCHECK  PRESSURE IN PSIA PREDICTED WHEN CHOKED FLOW MASS
VELOCITY 15 USED IN PDC FLOW EQUATION BETWEEN
CYLINDER CONDITIONS AND P1, T1 CONDITIONS. WHEN
GMAX CORRESPONDS TO P1, T1 CONDITIONS, PCHECK
EQUALS P1.

OUTPUT UARIABLES, VALUES SET BY BREACH FOR CALLING PROGRAM.

[Pl

MASS VELOCITY THROUGH THE HOLE, LB MASS/S/FTk2

Kok ok odok ok ok odeodok ok ok ok ok ok ok ok ko ok ok ok ok ok ok k% %
NOTE! PRESSURE-DROP-CONTROLLED MASS VELOCITY (PDC G}
IS A FUNCTION OF CONDITIONS IM THE CYLINDER,
INTERMEDIATE CONDITIONS, AND AMBIENT CONDITIONS.
CHOKED FLOW G IS5 DETERMINED BY MATCHING CRITERIA FOR
PDC G FROM CYLINDER CONDITIONS TO THE CHOKED FLOW
CONDITIONS WITH THE CHOKED FLOW EQUATION, WHICH
RELATES MAXIMUM G TO THE DERIVATIVE OF PRESSURE WITH
RESPECT TO SPECIFIC VOLUME AT CHOKED FLOW COMDITIONS.
THE SMALLER VALUE, PDC G OR CHOKED FLOW G, IS THEN
OUTPUT AS THE BREACH MABS VELOCITY.

dok ok ok ok ok ok ok ko ok Ak ok ok ok ok ok ok bk ok ok ke ok ok ok Kk

L B B R R

T1 TEMPERATURE IN DEGREES F CORRESPONDING TO THE
INTERMEDIATE OR CHOKED FLOW CONDITIONS

P1 PRESSURE IN PSIA CORRESPONDING TO THE
INTERMEDIATE OR CHOKED FLOW CONDITIONS

XUl VAPOR MASS FRACTION AT T1, Pl

XLl MASE FRACTION OF THE NON-UAPOR PHASE AT Ti, P1
WHICH IS5 LIQUID

V1BAR SPECIFIC VOLUME AT T1, Pl

O R R L
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IBRCH INDEX OUTPUT CHARACTERIZING BREACH MASS VELQCITY
=1, CHOKED FLOW CONTROLS THE MASS VELOGCITY
=2, PDC FLON CONTROLS THE MASS VELOCITY

THIS SUBROUTINE 1§ WRITTEN IN DOUBLE PRECISION. ALL INTEGER VARIABLE
NAMES START WITH “I°.

IMPLICIT REAL*8 (A-H,J-Z)

NAMED COMMON BLOCKS TRANSFER MOST INPUTS FROM THE CALLING PROGRAM aND
MOST OUTPUTS CALCULATED BY THE BREACH SUBROUTINE.

COMMON /1COMON/ ISEN, IP1G, IBRCH, IGEXIT
COMMON /GMTRY / PIGRAY

COMMON /CONCYL/ PCYL,TCYL,XVEYL ,XLCYL MW
COMMON /CONENT/ P1,T1,XV1,XL1,V1BAR

COMMON /CNSTNT/ ALPHA,BETA,DELTA, GAMMA, EPSLN
COMMON /TRIPLE/ TTRIPL,PTRIPL

AN ARRAY 15 DIMENSIONED WHICH CONTAINS DESCRIPTIVE VALUES FOR THE
RELEASE PATHWAY, MODELED AS AN INFINITESIMAL LENGTH BETWEEN ENTRANCE
&ND EXIT PRESSURE LOSSES.

DIMENSIOM PIGRAY(S99,3)

FOUR RELATED CONSTANTS ARE USED IN THE UARIOUS PRESSURE DROP
CORRELATIONS,

ALPHA = 4623.1D0

BETA = ALPHA*4.D0-3.D0
DELTA = ALPHAXZ. DD
GAMMA = ALPHAX4 .00

DEFINE & SMALL NUMBER FOR CONVERGENCE TOLERANCE.
EPSIN = 1.D-6

AN INTERMEDIATE PRESSURE INSIDE THE BREACH 15 CALCULATED.
PINT = (PCYL*Z.DO+PIGRAY(IFIG,3))/3.00

IN THE PRESENCE OF LIQUID, THIS INTERMEDIATE PRESSURE MUST BE
AT OR ABOVE THE TRIPLE POINT. ADJUST PINT UPWARD IF NECESSARY.

IF (XVCYL.NE.1.DO.AND.
* XLCYL .NE.O.DO.AND,
%* PINT.LT.PTRIPL) PINT = PTRIFL

AT THIS PRESSURE A FLASH CALCULATION 15 MaADE TO DETERMINE THE
INTERMEDIATE TEMPERATURE AND MASS FRACTIONS.

CALL FLASH (TCYL,PCYL MW, XUCYL,XLEYL,PINT, ISEN,
o XUINT  XLINT, TINT
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CALCULATE THE INTERMEDIATE SFECIFIC VOLUME.
THE DENSITIES OF EACH PHASE ARE REQUIRED.
CALL DENUF& (TINT,PINT,Md,RHOSI,RHOLI ,RHOVI)

VIBAR = XVINT/RHOVI+(1.00-XVINTIRXLINT/RHOLI]
* +(1.D0-XVINT)* (1, DO-XLINT }/RHOSI

CALCULATE THE MASS VELOCITY LIMITED BY PRESSURE DROP.
B = SQRT(DELTA*(PCYL-PIGRAY(IPIG,3))/1.500 VIBAR)

THE MASS VELOCITY MIGHT BE LIMITED BY CHOKED FLOW. EQUATION 119 MAY
BE USED TO EVALUATE THE CHOKED FLOW MASS VELOCITY. USE THE
INTERMEDIATE CONDITIONS AS FIRST GUESSES FOR THE CHOKED FLOW
CONDITIONS. ONCE THE CHOICE BETWEEN PDC FLOW AND CHOKED FLOW IS
MADE, THE STORAGE LOCATIONS FIRST DEFINED HERE WILL BE UPDATED WITH
THE CORRECT BREACH CONDITIONS FOR OUTPUT TO THE CALLING PROGRAM.

T1 = TINT
Pl = PINT
Xyl = XVINT
XL1i = XLINT
UlBAR = VIBAR

THE ITERATION BELOW CLOSES 7O A VALUE OF P1 EQUAL TO PCHECK. THE
METHOD USED IS CHANGED AS REQUIRED FROM DIRECT SUBSTITUTION TO
INTERVAL HALVING TO REGULA FALSI. THE FOLLOWING PARAMETERS ARE
INITIALIZED FOR BOOKKEEPING IN THE ITERATION.

INDICES FOR PROGRAM LOGIC CONTROL

[CHECK
IPLUS

0
0

1}

UPPER AND LOWER BOUNDS ON PRESSURE FOR INTERVAL HALVING.
CALL VPRUF& (TCYL, PCYLEQ)

PUPPER
PLOWER

PCYLEQ
06.D0

UPPER AND LOWER BOUNDS ON PRESSURE FOR REGULA FALSI.

PUCHK = 0.DO0
PLCHK = 0.D0
10 CONTINUE

THE PROGRAM BEGINS THE DETERMINATION OF GMAX, THE CHOKED FLOW MASS

VELOCITY, BY SETTING A SMALL (APROXIMATELY INFINITESIMAL) PRESSURE

DIFFERENCE, STARTING FROM THE MOST RECENT GUESS FOR THE CHOKED FLOW
PRESSURE.
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Fa = P1-1.D~3

AT THIS PRESSURE A& FLASH CALCULATION IS MADE TO DETERMINE THE
DIFFERENTIAL TEMPERATURE AND MASS FRACTIONS.

FLASH BASIS FOR CHOKE FLOW CONDITION 1S ISENTROPIC.
ISNGMX = O
CALL FLASH (T1,P1,MH,XV1,XL1,P2,1SNGMX,XV2,XL2,T2)

CALCULATE THE DIFFERENTIAL SPECIFIC VOLUME. THE DENSITIES OF EACH
PHASE ARE REQUIRED.

CALL DENUFe (T2,P2,MW,RHOSZ,RHOL2,RHOV2)

VZBAR = XVZ/RHOV2+(1.D0-XV2)xXL2/RHOLZ
* +(1.00-XV2)%(1.D0-XL2)/RHOS2

THE CHOKED FLOW MASS VELOCITY CORRESPONDING TO THE LATEST GUESSES FOR
CHOKED FLOW TEMPERATURE AND PRESSURE 1S CALCULATED.

GMAX = SQRT(ALPHAX(P1-P2)/(VZBAR-V1BAR))
A CHECK IS REQUIRED TO SEE IF THE GUESSED PRESSURE FOR CHOKED FLOW
CORRESPONDS TO THE PDCPRESSURE CALCULATED USING GMaX, THE CYLINDER
PRESSURE, AND THE SPECIFIC VOLUME AT THE GUESSED PRESSURE. WHEN THE
GUESSED PRESSURE AND THE PDC PRESSURE DIFFER BY LESE THAN SOME
TOLERANCE CRITERION, THE CLCULATION OF GMAX 1S5 COMPLETE.

PCHECK = PCYL~(GMAX**2,D0*V1BAR/GAMMA)

IF (PCHECK.GT.PCYLEQ) PCHECK = PCYLEQ

IF (DABS(PCHECK-P1).LT.(100,DO*EPSLN)
* .OR.DABS(PUPPER~P1) .LT.(EPSLN)} GO TO 40

IF THE MAXIMUM MASS VELOCITY FOR CHOKED FLOW IS NOT COMPATIBLE WITH
THE PREVIOUSLY CALCULATED CHOKED FLOW CONDITIONS, AN ITERATION IS
NECESSARY TO FIND THE ACTUAL CHOKED FLOW CONDITIONS OF PRESSURE,
TEMPERATURE, AND MASS VELOCITY,

IF (PCHECK.GT.P1) GO TO 20

ICHECK = 1

IF (PCHECK.GT.0.DO.AND.PLCHK.GT.0.D0) ICHECK = 3
20 CONTINUE

IF (ICHECK.GT.0) GO 7O o0

PLOWER = P1
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PLCHK = PCHECK
Pl = PCHECK
30 CONTINUE

CALL FLASH (TCYL,PCYL MW, XVCYL,XLCYL,PL1,ISEN,XV1,XL1,T1)
Call DENUF&(T1,P1,Md,RHOS1,RHOLL,RHOV])

VIBAR = XV1/RHOV1+(1.D0-XV1)*XL1/RHOL1
* +{1.D0-XV13%(1.D0-XL1)/RHOSL

GO TO i0
40 CONTINUE
NOW THAT THE CHOKED FLOW MASS VELOCITY HAS BEEN CALCULATED THE LOWER
OF THE TWO VALUES FOR MASS VELOCITY WILL BE RETURNED TO THE CALLING
PROGR&M.,

IF (GMAX-G) 50,120,120
S0 CONTINUE

CHOKED FLOW CONTROLS THE MASS VELOCITY., THE CHOKED FLOW CONDITIONS
ARE THE INTERMEDIATE CONDITIONS, S0 P1, ETC., NEED NOT BE CHANGED.

G = GMAX
IBREH = 1
GO TO 130
&0 CONTINUE

IF (ICHECK.GT.1) GO TO 70

PUPFER = P1

PUCHK = PCHECK

F1 = (PUPPER+PLOWER)/2.D0
ICHECK = 2

GO TO &6

70 CONTINUE

IF (ICHECK.GT.2) GG TO 90

PLOWER = Pl
PLCHK = PCHECK
Pl = (PLONER+FUFPER)/2.D0
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80 CONTINUE
GO TO 30
90 CONTINUE
IF (P1.GT.PCHECK) GO TC 100

PLOWER
PLCHK

P1
PCHECK

It u

IF (ICHECK.EQ.4) IPLUS =1
ICHECK = 4
GO 70 110

100 CONTINUE

FUPPER
PUCHK

Pl
FCHECK

[

110 CONTINUE

Pl = ( PUPPER*PLCHK-PLOWER%PUCHK )
% / (PUPPER+PLCHK-PLOWER-FUCHK)

P1PLUS = 2.D0%Pl-PLOWER

IF (IPLUS.EQ.1.AND,PIPLUS.LT.PUPPER}Y P1 = P1PLUS

IPLUS =0
GO TO 30
120 CONTINUE
PDC FLOW CONTROLS THE MASS VELOCITY. THE INTERMEDIATE CONDITIONS ARE
THE BREACH CONDITIONS. P1, ETC., ARE RESET FOR OUTPUT.
T1 = TINT
Pl = PINT
X1 = XVINT
XL1 = XLINT
V1BAR = VIBAR
IBRCH = 2

130 CONTINUE
RETURN
END
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B.2 COMPRT
SUBROUTINE COMPRT (IC, INOUT, INODES)

THIS SUBROUTINE PERFORMS A& MASS AND EMNERGY BALANCE FOR NODE I1C. 1T
DETERMINES THE TEMPERATURE, PRESSURE, AND PHASE COMPOSITION AT THE
END OF A TIME STEP. THE MASS AND ENERGY OF INLET AND OUTLET STREAMS
ARE ADDED OR SUBTRACTED TO THE MASS AND ENERGY OF THE COMPARTMENT
NODE, THEN COMPONENTS WITHIN THE NODE ARE ALLOWED TO REACT BEFORE THE
FINAL CONDITIONS ARE EVALUATED.

THE FOLLOWING VARIABLES ARE USED.

INPUT VARIABLES

Ic NODE NUMBER OF COMPARTMEMT

INCUT MAXIMUM NUMBER OF THE NUMBER OF INLET STREAMS
AND THE NUMBER OF OUTLET STREAMS (LESS THAN OR
EQuaL TO 4)

INODES MAXIMUM NUMBER OF NODES ALLOWED, CORRESPONDING

TO THE NULL VECTOR
CoMMON BLOCK VARIAELES

MASS (30,3) COMPONENT MASS OR MASS RATE, LB OR LEBS(DELT)

TC (20) NODE TEMPERATURE, DEG F

PC (30 NODE PRESSURE, PSIaA

TSURF  (30) HEAT TRANSFER SURFACE TEMPERATURE, DEG F

WMOL (N COMPONENT MOLECULAR WEIGHT, LB/LE MOLE

VoL (30) NODE VOLUME, FT#%3

H (30) NODE ENTHALPY OR ENTHALPY RATE, BTU OR
BTU/(DELT)

GRATE (302 HEAT TRANSFER RATE TO COMPARTMENT ATMOSPHERE
FROM HEAT TRANSFER SURFACES, BTU/(DELT)

gcooL (30) COOLING RATE, BTU/SEC

HTCOEF (30} HEAT TRANSFER COEFFICIENT, BTU/SEC~FTx42-DEG F

HTAREA (30) SURFACE AREA FOR HEAT TRANSFER, FT#%2

1IN {30,4) [INLET STREAM NODE NUMBERS

out {30,4) OUTLET STREAM NODE NUMBERS

AMINLN NATURAL LOG OF MINIMUM NUMBER ACCEPTABLE TO THE
COMPUTER

TIME CUMULATIVE TIME OF TRANSIENT SIMULATION, SEC

DELY TIME INTERUAL FOR TRANSIENT SIMULATION, SEC

INTERNAL VARIABLES

T (3 ESTIMATED FINAL TEMFERATURE, DEG F

HOIF (3 DIFFERENCE BETWEEN ENTHALPY AT ESTIMATED FINAL
TEMPERATURE AND THE ACTUAL FINAL ENTHALPY, BTU

HRXN HEAT RELEASED BY REACTION, BTU

HAVAIL FINAL ENTHALPY, BTU

ITEMP INDEX FOR ITERATION VARIABLES T AND HDIF

ICOUNT COUNTER TO LIMIT NUMBER OF ITERATIONS

OO0 O0OOON OO0 0000000000000 000n0000O00O00O0O00N0DO0Nno

TR ABSOLUTE TEMPERATURE, DEG R
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PUFe
MAXVAP

NAIR
NH20
NHF

NUFe
NTOT
PTOT
HTEST
M
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VAPOR PRESSURE OF UFe, PSIA

MAXIMUM AMOUNT OF UFe THAT CAN BE CONTAINED AS
VAPOR IN THE COMPARTMENT VOLUME AT THE ASSUMED
TEMPERATURE BASED ON THE VAPOR PRESSURE OF UFé
MOLES OF alR

MOLES OF WATER VAPOR

MOLES OF HF VAPOR BASED ON THE EFFECTIVE
MOLECULAR WEIGHT OF THE POLYMERIZED VAPOR
MOLES OF UF6 VAPOR

TOTAL MOLES OF VAPOR IN THE COMPARTMENT

TOTAL PRESSURE IN THE COMPARTMENT, PSIA
ENTHALPY AT THE ESTIMATED FINAL TEMPERATURE, BTU
APPROXIMATE SLOPE OF HDIF V58 T, BTU/DEG F

THE FOLLOWING SUBROUTINES ARE CALLED BY COMPRT.

DENTHL
PHASE
VPRUFG

THE FOLLOWING SUBROUTINES ARE ALSO REQUIRED TO USE COMPRT.

SuM INLET

10

DENUF &
HFPOLY
HHFHZ0
HUf &
PHFHZ0
ZUF6

IMPLICIT REAL*8 (A-H,J-Z)

DIMENSION T(3), HDIF(3)

COMMON /LBMASS/ MASS(30,9), DUML
COMMON /COMPTP/ TC(30), PC(30), TSURF(30)

COMMON /MOLWT/ WMOL(9)

COMMON /VOLUME/ VOL(30), DUM2(61)

COMMON /ENTHAL/ H(30), QRATE(30), QCOOL(30), HTCOEF(30),

*

HTAREA(30)

COMMON /ISTRMS/ 1IN(30,4), IDUT(30,4)
COMMON /CONTRL/ AMINLN, TIME, DELT, DUM3, IDUM1, DUMA4

AND OUTLET STREAM MASSES AND ENTHALPIES FOR THE TIME STEP.

DO 20 120 = 1,INOUT

IF ((IINCIC,120)+I0UT(IC,120)).EQ.{2%INODES)) GO TO 30

DO 10 110 = 1,9

MASS(1]

CONTINUE

C,110) = MASS(IC,I10) + MASS(IIN(IC,120),110)
- MASSCIOUT(IC,120),110)
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H(IC)
20 CONTINUE

30 CONTINUE

17

= HCIC)Y + H(IINCIC,120)) - H{IOUT(IC,I20))

PLACE ALL COMPONENTS IN THE YAPOR PHASE.

MASS(1C,3)
MASS(IC,5)
MASS(IC,8)

MASS(IC,2)
MASS(1C,4)
MASS(IC,6)
MASS(IC,?)

nomon

MASS(IC,2) + MASS(IC,3)
MASS(IC,4) + MASS(IC,S5)
MASS(IC,e) + MASS(IC,?7) + MASS(IC,8)

0.00
g.Do
06.D0
0.00

REACT UF6 WITH H20 TO THE EXTENT POSSIBLE.

UFE(V) + 2 H20¢V) --> UD2F2{8) + 4 HF(W)

HRXMN

HRXN

0.Do

23,193 BTU/LB MOLE H20 AT 77 F AND 1 ATM

IF (MASS(IC,8).EQ.0.D0.OR.MASS(IC,3).EQ.0.D0) GO TO 30

IF ({MASS(IC,8)/MASS(IC,3)).LT.(WMOL(B)/(2,D0%WMOL(3)))) GO TO 40

THE FOLLOWING MASS AND ENERGY BALANCE 1S BASED ON H20 CONMTROLLING THE

EXTENT OF REACTION.

MASS(1C,8)
MASS(1C,9)
MASS(IC,5)
HRXN
MASS(IC,3)
60 TQ S0

40 CONTINUE

THE FOLLOWING MASS AND ENERGY BALANCE 15 BASED ON UFG CONTROLLING THE

[ TR ||

il

MASS(IC,8) - MASS(IC,3)*WMOL(2)/ (2. DOXWMOL(3))
MASS(IC,9) + MASS(IC,3)*WMOL(9) /(2. DOKWMOL(3})
MASS(IC,5) + MASS(IC,3)%2, DOKHMOL{4)/WMOL(2)
25.199D3*4MASS(1C, 3) /WMOL (3)

0.DO

EXTENT OF REACTION.

MASS(IC,3)
MASS(IC,2)
MASS(IC,3)

HRXM

MASS(IC,3) - MASS(IC,8)%2,DOKWMOL(3)/WMOL(2)
MASS(IC,9) + MASS(IC,8)%WMOL(9)/WMOL(8)
MASS(IC,3) + MASEB(IC,8)%4.DOXMOL(4) WMOL(R)

S0, 328D3AMASS(1C, 8) /WMOL ()
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MASS(IC,8) = 0.D0
50 CONTINUE

EVALUATE HEAT TRANSFER TO THE COMPARTMENT ATMOSPHERE FROM HOT
SURFACES.

QRATECICY = HTCOEF(ICYXHTAREA(TC)X(TSURF(IC) - TC(IC))*kDELT

CALCULATE THE TOTAL ENTHALPY IN THE COMPARTMENT AT THE END OF THE
TIME STEP.

HAVAIL = HRXN + H(IC) + QRATE(IC) - (QCOOL(IC)*DELT)
BEGIN ITERATIVE PROCEDURE TGO FIND FINAL TEMPERATURE, PRESSURE, AND
PHASE COMPOSITIONS. TEMPERATURE IS VARIED UNTIL ENTHALPY AGREES WITH
HAVAIL,

ITRMP =1

TCITEMP) = TC(IC)

HDIF(2) = 0.DO

ICOUNT = 0
60 CONTINUE

TCOUNT = ICOUNT + 1

PLACE ALL COMPONENTS IN THE VAPOR PHASE.

MASS(1C,3) = MASS(IC,2) + MASS(IC,3)

MASS(IC,5) = MASS(IC,4) + MASS(IC,S)

MASS(IC,8) = MASSCIC,6) + MASS(IC,7) + MASS(IC,®)
MASS(IC,2) = 0.D0

MASS(1C,4) = 0.DD

MASS(IC,6) = 0.D0

MASS(IC,7) = 0.D0

TR = T(ITEMP) + 459.67D0

DETERMINE IF ANY UF& CONDENSES,
IF (MASS(¢1C,8).LE.0.D0) GO TO 70
CaLL UPRUFE (T(ITEMF), PUFG&)
MAXVAP = WMOL{8)*PUFe*OL(IC)/10.72D0/TR
IF (MASS(IC,8).LE.MAXVAP) GO TO 70

IF (T(ITEMP).GT.147.20656100) MASS(IC,?) = MASS(IC,8) - MAXUAF



QMo

Low I on B g B o [}

[gp]

79

IF (T(ITEMP),LE.147.306561D00) MASS(IC,6) = MASS(IC,8) - MAXVAP
MASS(IC,8) = MAXUAP
70 CONTIMUE
DETERMINE IF HF AND/OR HZ20 CONDENSE.
IF (MASS(IC,3).EQ.0.D0.AND.MASS(IC,5) .EQ.0.DO) GO TO 80
CALL PHASE (T(ITEMP), IC)
80 CONTINUE

ESTIMATE FINAL COMPARTMENT PRESSURE.

NAIR = MASS(IC,1)/WMOL(1)

NH20 = MASS(IC,3)/MMOL(3)

NHF = MASS(IC,3)/WMOL(3)

NUFe = MASS(IC,8)/WMOL(8)

NTOT = NAIR + NH20 + NHF + NUFé
PTOT = NTOT#10.73D0OXTRAOL(IC)

EVALUATE ENTHALPY CORRESPONDING TO ESTIMATED TEMPERATURE AND COMPARE
TO HAVAIL.,

CALL DEMTHL (T(ITEMP), PTOT, IC, HTEST)
HOIF(ITEMP) = HTEST - HAVAIL

IF (DABS(HDIF(ITEMP)).LT.DMAX1(1.D-2,DABS(HAVAIL*1.D-3}))
* GO TO 140

IF (ICOUNT.EQ.100) STOPO1
ESTIMATE NEW TEMPERATURE TO CONTINUE ITERATICON,

IF (ITEMP.EQ.3) GO TO 120
IF (ITEMP.EQ.2) GO TO 100

IF (HDIF(1).LT.0.DO.AND.HDIF(2).5T.0.D0) GO TO 110

IF (HPIF(1).67.0.D0) GO TO 50

ITeMP = 2
T(2) = T(l) + 5.D0
GO TO &0

906 CONTINUE
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T(2) = T(1)
HDIF{23 = HDIF(1)
T(1) = T(2) - 5.D0
GO TO &0

100 CONTINUE

IF (HDIF(2).67.0.D8) GO TO 110

HDIF(1) = HDIF(2)}
T(1) = T(2)
T(2) = T¢l) + 5.D0
GO TG &0
110 CONTINUE
ITEMP =3
M = (HDIF(2) = HDIF({1))/(T(2) ~ T(1))
T(3) = T(2) - HDIF(2)/M
GO TO &0

120. CONTINUE .
IF ({T¢2) - T{1)).LT.1.D-3) GO 7O 140

IF {(HDIF(3).GT.0.D0) GO TO 130

HOIF{1) = HRDIF(3)
T(L) = T(3}
Ga To11o

130 CONTINUE
HDIF(2) = HDIF(3)
T(2) = T(3)
GO TO110

140 CONTINUE

THE MATERIAL AND ENERGY BALANCE HAS BEEN CLOSED FOR COMPARTMENT IC.
TC(IC) = T(ITEMP)
PCCIC) = PTOT
H(IC) = HAVARIL
RETURN

END
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B.3 CPUF6
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SUBROUTINE CPUFé (TF, PSIA, MW, CPSOL, CPLIQ, CPUAP, CVAP,
* CFTOCW)

THIS SUBROUTINE CALCULATES THE CONSTANT PRESSURE HEAT CAPACITIES OF
UFe S0LID, LIQUID, AND UAPOR, AS WELL AS THE CONSTANT VOLUME HEAT
CAPACITY AND THE HEAT CAPACITY RATIO FOR THE VAPOR. THE FOLLOWING
VARIABLES ARE USED.

TF TEMPERATURE, DEG F

TR ABSOLUTE TEMPERATURE, DEG R

TRSQ TRAx2

PSIA PRESSURE, PSIA

M MOLECULAR WEIGHT, LB MASS/LB MOLE

CPsOL CONSTANT PRESSURE HEAT CAPACITY OF THE SOLID,
BTU/LB MASS-DEG F

CPLIG CONSTANT PRESSURE HEAT CAPACITY OF THE LIQUID,
BTU/LB MASS-DEG F

CPUAP CONSTANT PRESSURE HEAT CAPACITY OF THE VAPOR,
BTU/LB MASS-DEG F

cWwaP CONSTANT VOLUME HEAT CAPACITY OF THE VUAPOR,
BTU/LB MASS-DEG F

CPTOCV  HEAT CAPACITY RATID

ZPS1A UAPOR COMPRESSIBILITY FACTOR AT TF AND PSIA

Z1ATM VAPOR COMPRESSIBILITY FACTOR AT TF AND 14.696 PSIA

Zr

ZP

THE FOLLOWING SUBROUTINE IS CALLED.
ZUfFe

THE HEAT CAPACITY CORRELATIONS ARE BASED ON INFORMATION IN R. DEMWITT,
"URANIUM HEXAFLUORIDE: A SURVEY OF THE PHYSICO-CHEMICAL PROPERTIES,”
GAT-280, GOODYEAR ATOMIC CORP., PORTSMOUTH, OHIO, JAN. 29, 1860,
PAGES 56 - 64. THE HEAT CAPACITY OF THE VAPOR GIVEN BY THE CORRELA-
TION IN GAT-280 1S FOR A PRESSURE OF 1 ATM. THE VAPOR CORRELATION
GIVEN BELOW HAS BEEN MODIFIED USING THE MAGNUSON EQUATION OF STATE
(SEE GAT-280, PAGES 97 - 101) AND THE DEPARTURE FUNCTION CORRELATIONS
GIVEN IN R. C. REID, J. M., PRAUSNITZ, AND 7. K. SHERWOOD, THE
PROPERTIES OF GASES AND LIQUIDS, 3RD ED., MCGRAW-HILL BOOK COMPANY,
1977, PAGE 93, SO THAT BOTH SATURATED AND UNSATURATED VAPOR HEAT
CAPACITIES CAN BE CALCULATED.

IMPLICIT REAL*E (A-H,J-Z)

TR

TF + 459.6700

TREQ TRek2

THE HEAT CAPACITY OF THE SOLID I8 GIVEN BY THE FOLLOWING CORRELATION
WHICH 15 ACCURATE WITHIN 1% BETWEEN -10 DEG F AND THE TRIPLE POINT
(147.3 DEG F).
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CPSOL = ( =5.70531D-2 + 2.5501390-4%TR
* + ( 9.64563D3/TRSQ ) ) * ( 3.92D2/MH )

THE HEAT CAPACITY OF THE LIQUID IS GIVEM BY THE FOLLOWING CORRELATION
HWHICH IS REPORTED TO HAVE AN ACCURACY OF (.6% BETWEEN 147.3 aND 206.3
DEG F.

CrLIQ = ( 3,
{

0057D0-2 + 1.02623D-4%TR
* + 3

1
6,13934D3/TRSQ ) ) * ( 3.32D2/MH )

CALCULATE THE YWAPOR COMPRESSIBILITY FACTOR AT 14.696 PSIA AND AT
"PelA" AS WELL AS ZP AND ZT AT "PSIA."

CALL ZUFe {(TF, 14.869eD0, Z1ATM, 0.00D0, G.0D0D)
CALL ZUFe (TF, PSIla, ZPSla, ZP, ZT)

THE CONSTANT FRESSURE HEAT CAPACITY OF THE VAPOR IS5 GIVEN BY THE
FOLLOWING CORRELATION,

CPUAP = (5.21307D-2 + 1.25253D-5%TR
* - { 2.95171D3/TRSQ )
* + 3.0939D0-3 * ( (4.DO¥ZPSIA-3.DOXZPSIAKKZ)
* =~ (4.D0*ZIATM-3. DIAZLIATMAXZ) 3 ) % ( 3,5202/MW )

THE CONSTANT VOLUME HEAT CAPACITY OF THE VAPOR 158 GIVEN BY THE
FOLLOWING CORRELATION.

CWAP = CPVAP - ( 1.9872D0 % ZT4k2 )/( Md % ZP )
THE HEAT CAPACITY RATIC FOR THE VAPOR IS GIVEN BY

CPTOGCY = CPVAFP / CWAP

RETURN

EMD

B.4 DENTHL

SUBROUTINE DENTHL (T, P, I, H)

THIS SUBROUTINE DETERMINES THE ENTHALPY OF A MIXTURE AT A GIVEN
TEMPERATURE WITH RESPECT TO A REFERENCE TEMPERATURE OF 77 F AND
THE FOLLOWING REFERENCE STATES:

AIR VAPOR
H20 VAPDR
HF MONOMERIC VAPOR
UFe VAPOR

uozrFz  S0LID
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THE FOLLOWING VARIABLES ARE USED:

INPUT VARIABLES

T TEMPERATURE, DEG F
P TOTAL PRESSURE, PSIA
1 NODE NUMBER

OUTPUT VARIABLE
H ENTHALPY OF & MULTICOMPONENT MIXTURE WITH
RESPECT TO THE REFERENCE TEMPERATURE AND STATES,
BTU OR BTU/(DELT)
COMMON BLOCK YARIABLES

MASS (30,9) COMPONENT MASS OR MASS FLOW RATE WITHIN A NODE,
LE (COMPARTMENT) OR LB/(DELT) (STREAM)

WMOL (%) COMPONENT MOLECULAR WEIGHT, LB/LB MOLE

€l WEIGHT FRACTION OF HF MONOMER T0O HF UAPQOR
c3 WEIGHT FRACTION OF HF TRIMER TO HF VAPOR

Ce WEIGHT FRACTION OF HF HEXAMER TD HF UAPOR

tedkededke e ke dedeshedede e dedkede dedede dedkedede deded ook dedeode dedede ke de ke e ek e dededededededededede ke dodeok dekedek
* *
* WARNING ! THIS SUBRQUTINE RESETS THE VALUES OF C1, C3, AND %
% (€. BE SURE THAT SUBSEQUENT CODING YIELDS APPROPRIATE VALUES *
* OF Ci, C3, AND Cé FOR LATER USE. *
* *
Jededededede ok dkdedodedodededodekded ke ok dodokedok dedededede dedekededokdedeodk dok ek ok doke kodededodededo ok dok ok

WMBHF MOLECULAR WEIGHT OF HF MONOMER, LB/LB MOLE

INTERNAL VARIABLES

HA ENTHALPY OF AIR WITH RESPECT TO THE REFERENCE
TEMPERATURE AND STATE, BTU OR BTU/(DELT)

HMX ENTHALPY OF HF AND H20 WITH RESPECT TO THE
REFERENCE TEMPERATURE AND STATES, BTU OR
BTU/(DELT)

HFH20L COMBINED MASS OF LIQUID HF AND LIQUID H20, LB
OR LB/(DELT)

HFH20V COMBINED MASS OF HF VAPOR AND H20 VAPOR, LB
OR LB/(DELT)

WHFL WEIGHT FRACTION OF HF LIQUID IN A LIQUID MIXTURE
OF HF AND Hz20

WHFV WEIGHT FRACTION OF HF VAPOR IN A VAPOR MIXTURE
OF HF AND Hz20

HMXLT ENTHALPY OF THE HF-H20 LIQUID PHASE, BTU OR
BTU/(DELT)

HMXVT ENTHALPY OF THE HF-H20 VAPOR PHASE, BTU OR
BTU/(DELT)

HFH20T COMBINED MASS OF HF AND H20, LB OR LB/(DELT)

OOO0OO0O00O0MNOOOODOOO OO0 OO0 O000O00CO0000000000NO0O0D0OOOaOnOan

WHFTOT WEIGHT FRACTICN OF HF LIQUID AND VAPOR IN A TWOD
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UFeTOT

HEST
H6LT
HeVT
HEVZ?7
HHUF B

HUF2
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PHASE MIXTURE OF HF AND H20

REFERENCE ENTHALPY FOR THE HF-H20 SYSTEM,BTU
OR BTU/(DELT)

COMBINED MASS OF UF6 SOLID, LIQUID, AND VAPOR,I
LB OR LB/(DELT}

ENTHALFY OF SOLID UFe, BTU OR BTU/(DELT)
ENTHALPY OF LIQUID UFe, BTU OR BTU/(DELT)
ENTHALPY OF VAPOR UFG, BTU OR BTU/(DELT)
REFERENCE ENTHALPY FOR UF6, BTU OR BTU/(DELT)
ENTHALPY OF UFe WITH RESPECT TO THE REFERENCE
TEMPERATURE AND STATE, BTU OR BTU/(DELT)
ENTHALPY OF UQ2F2 WITH RESPECT TC THE REFERENCE
TEMPERATURE AND STATE, BTU OR BTU/(DELT)

SUBROUTINES CALLED BY DENTHL ARE:

OTHER SUBROUTINES REQUIRED TO USE DENTHL ARE:

IMPLICIT REAL*8 (A-H,J-Z}

COMMON / LBMASS / MASS(30,9)
COMMON / MOLWT / WMOL(9)
COMMON / POLYMR / €1, C3, C6, WMBHF

CALCULATE THE ENTHALPY OF AIR WITH RESPECT TO THE REFERENCE
TEMPERATURE AND STATE.

HA = MASS(1,1)%0.24073D0%(T-77.00)

CALCULATE THE ENTHALPY OF THE HF-MW20 SYSTEM WITH RESPECT TO THE
REFERENCE TEMPERATURE AND STATES.

HMX

il

HFH20L
HFH20V

MASS(I,2) + MASS(I,4)
MASS(I,3) + MASS(I,3)

IF ((HFH2OL+HFH20V) .LE. 0.D0) GO TO 30

IF (HFH20L.LE.0.DO) GO TO 10

WHFL = MASS(I,4)/HFH20L

10 CONTINUE

IF (HFH20V.LE.0.DO) GO TO 20
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WHFY = MASS(I1,3)/HFH20V

C
20 CONTINUE
c
CALL HHFH2O (T,WHFL WHFY, HMXLT , HMXUT)
c
HFH20T = HFH20L + HFH2OV
c
WHFTOT = (MASS(I,4) + MASS(I,5))/HFH20T
€
c1 = 1.D0
C3 = 0.D0
6 = 0.D0
c
CALL HHFH20 (77.D0,0.D0 ,WHFTOT,0.D0,HMXV?7)
c
HMX = (HFH2OLAHMXLT + HFH20UXHMXUT) - HFH20TXHMXV?7
c
30 GONTINUE
c
C CALCULATE THE ENTHALPY OF UFE WITH RESPECT TO THE REFERENCE
C TEMPERATURE AND STATE.
c
UFETOT = MASS(I,6) + MASS(I,?) + MASS(I,8)
C
CALL HUF6 (T,P,WMOL(8),H6ST,HELT HEUT)
C
CALL HUF6 (77.D0,14,696D0,WMOL(8),0.D0,0.D0,HEV77)
c
HHUF6 = (MASS(I,6)*HBST
* + MASS(I,7)%HGLT + MASS(I,B)*HEVT)
* -UF6TOT*HEV77
C
C CALCULATE THE ENTHALPY OF UD2F2 WITH RESPECT TO THE REFERENCE
T TEMPERATURE AND STATE.
c
HUF2 = MASS(I,9)%0.082100%(T-77.00)
c
C CALCULATE THE ENTHALPY FOR NODE 1 WITH RESPECT TO THE REFERENCE
C TEMPERATURE AND STATES.
C
H = HA + HMX + HHUF6 + HUF2
c
RETURN
C
END
B.5 DENUFé
SUBROUTINE DENUF6 (TF, PSIA, MW, DENSOL, DENLIQ, DENVAP)
£

C THIS SUBROUTINE CALCULATES THE DENSITIES OF UF6 SOLID, LIQUID, AND
€ VAPOR. THE FOLLOWING VARIABLES ARE USED.
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TF TEMPERATURE, DEG F

TR ABSOLUTE TEMPERATURE, DEG R

PSIA PRESSURE, PSIA

M MOLECULAR WEIGHT, LB MASS/LB MOLE

z COMPRESSIBILITY FACTOR FOR THE VAFOR
DENSOL  DENSITY OF SOLID, LB MASS/FTxx3
DENLIQ  DENSITY OF LIQUID, LB MASS/FT4%3
DENVAFP  DENSITY OF VAPOR, LB MASS/FT*43

THE DENSITY CCGRRELATIONS USED ARE BASED ON R. DEWITT, *URANILM
HEXAFLUDRIDE: A SURVEY OF THE PHYSICO-CHEMICAL PROPERTIES," GAT-280,
GOODYEAR ATOMIC CORP., PORTSMOUTH, OMIO, JAN. 29, 1960, PAGES 17 -
24. A CORRELATION FOR SOLID DENSITY, BASED ON TABLE 7 OF GAT-280
(EXCLUDING PRELIMINARY VALUES), WAS DERIVED BY W. R. WILLIAMS.

IMPLICIT REAL*S (A-H,J-Z)

TR = TF + 459.67D0
THE DENSITY OF THE SOLID 1S GIVEN BY THE FOLLOWING CORRELATION WHICH
IS BASED ON DATA REPORTED OVER THE TEMPERATURE RANGE OF 69 T0 145
DEG F.

DENSOL = ( 3.300D2 - 1.800D-1%TF ) * { MW / 3.5202 )
THE DENSITY OF THE LIQUID 1S GIVEN BY

DEMLIQ =

( 2.506D2 - ( 1.241D-1 + 2.620D-4 * TF ) * TF )
* * (

MW / 3.5202 )

EVALUATE THE COMFRESSIBILITY FACTOR FOR UF6 UAPOR.
CALL ZUFE (TF, PSIA, Z, ZP, ZT)

THE DENSITY OF THE VAPOR IS GIVEN BY
DENVAP = ( MAd % PSIA % Z ) / ( 10,7300 % TR )
RETURN

END

B.6 DPFLOW

Lo I B o I o I e B 4 |

SUBROUT INE DPFLOW (IC)

THIS SUBROUTINE EVALUATES THE MASS FLOW THROUGH & PRESSURE-DROP-
CONTROLLED PATHWAY OVER A TIME STEP DELT. THE ENTHALPY CHANGE ASS0CI-
ATED WITH THIS MAGS FLOW IS5 ALSO DETERMINED. IF REVERSE FLOW OCCURS
{WITH RESPECT TO THE NORMAL DIRECTION OF FLOW), THEN THE MAES IS
TAKEN FROM THE PROPER NODE AND THE INDIVIDUAL COMPONENTS ARE ASSIGNED
NEGATIVE VALUES.
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THE TOTAL MASS FLOW RATE IS ESTABLISHED USING & RESISTANCE TERM
EVALUATED IN THE SUBROUTINE RESIST,

NOTE THAT THIS SUBROUTINE IDENTIFIES THE TIME WHEN REVERSE FLOW
BEGINS AND WHEN IT ENDS. PREVIOUS FLOW REVERSAL START AND STOP TIMES
FOR A NODE ARE OVERWRITTEN AS SUBSEQUENT REVERSALS OCCUR.

THIS SUBROUTINE USES THE FOLLOWING VARIABLES:

INPUT VARIABLE

Ic

NODE NUMBER FOR STREAM BEING EVALUATED

COMMON BLOCK VARIABLES

MASS

TC

pC
VoL
KRCOEF
H

1IN
ouT
AMINLN
TIME

DELT
TSTART
TSTOP

INTERNAL VARIABLES

CHECK
DELP

INLET
MASS1
DENS
MASS2
FRAC

(30,9)

(30)
(30)
(30)
(30)
(30}

(30,4
(30,4)

(30)
(30)

(30}

COMPONENT NODE MASS OR MASS FLOW RATE, LB
(COMPARTMENT) OR LB/(DELT) (STREAM)

NODE TEMPERATURE, DEG F

NODE PRESSURE, PSIA

COMPARTMENT NODE VOLUME, FTak3

RESISTANCE TERM, PSI-SECk*2/LB-FT*%3

NODE ENTHALPY OR ENTHALPY RATE, BTU OR
BTU/(DELT)

NODE INPUT STREAM NUMBER

NODE OUTPUT STREAM NUMBER

MINIMUM NATURAL LOG ACCEPTED BY THE COMPUTER
TIME AT WHICH MASS AND ENTHALPY RATES ARE BEING
DETERMINED, SEC

TIME INTERVAL USED IN TRANSIENT SIMULATION, SEC
TIME AT WHICH FLOW REVERSAL BEGINS, SEC

TIME AT WHICH FLOW REVERSAL ENDS, SEC

LOGICAL VARIABLE USED IN DETERMINING TSTART AND
TSTOP

PRESSURE DIFFERENCE BETWEEN NORMAL INLET AND
OUTLET NODES, PSI

ACTUAL INLET NODE TO STREAM

TOTAL MASS CONTAINED IN ACTUAL INLET NODE, LB
DENSITY OF ACTUAL INLET STREAM, LB/FT¥%3

TOTAL MASS FLOW RATE THROUGH STREAM, LB/(DELT)
RATIO OF MASS FLOW THROUGH STREAM NODE TO TOTAL
MASS IN ACTUAL INLET NODE -- & POSITIVE VALUE
CORRESPONDS TO NORMAL FLOW AND A NEGATIVE VALUE
TO REVERSE FLOW

IMPLICIT REALX8 (A-H,J-2)

LOGICAL CHECK(30)

COMMON /LBMASS/ MASS(30,9), DUML
COMMON /COMPTPR/ TC(30), PC(30), DUM2(30)
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COMMON /VOLUME/ VOL(30), KRCOEF(30), DUM3(31)

COMMON /ENTHAL/ H(30), DUM4(120)

COMMON /ISTRMS/ 1IN(30,4), 10UT(30,4)

COMMON /CONTRL/ AMINLN, TIME, DELT, DUMS, IDUML, DUMe
COMMON /RUFLOW/ TSTART(30}, TSTOP(30)

IF (TIME.EQ.0.DO) CHECK{IC) = .TRUE,

DETERMINE PRESSURE DIFFERENCE ACROSS STREAM NODE, ACTUAL INLET NODE,
AND THE TOTAL MASS CONTAINED IN THE ACTUAL INLET NODE.

DELP = PCCTINCIC,1)) - PCCIOUT(IC,1))
INLET = TINCIC,1)
IF (DELP.LT.0.DO} INLET = 10UT(IC,1)
MASS1 = 0.DO
DO 10 110=1,9
MASS1 = MASSL + MASSCINLET,I10)
10 CONTINUE
SEEERMINE INLET DENSITY AND TOTAL MASS FLOW RATE THROUGH THE STREAM

DENS MASS1/VOL( INLET)

MASSZ2

DSQRT (DABS(DELP)*DENS/KRCOEF (IC) )*DELT

DETERMINE COMPOMENT MASS FLOW RATES, STREAM ENTHALPY RATE, AND STREAM
TEMPERATURE AND PRESSURE.

IF (DELP.LT.0.DO) MASS2 = - MASS2
FRAC = MASS2/MASSE]
0o 20 120=1,9
MASS(IC,120) = MASS(INLET,I20)%FRAC
20 CONTINUE
H{IC)

TC(IC)
PC{IL)

H( INLET )%FRAC
TCCINLET)
PCCINLET)

CHECK FOR REVERSE FLOW.
IF (DELP.GE.0.DO) GO TO 30

IF (DELP.LT.0.DO.AND.CHECK(IC)) WRITE (5,100) IC, TIME
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IF (DELP.LT.O0.DO.AND.CHECK(IC)) TSTART(IC) = TIME - DELT

c
CHECK(IC) = .FALSE.
c
RETURN
c
30 CONTINUE
C
IF (,NOT.CHECK(IC)) WRITE (S5,110) IC, TIME
IF (.NOT.CHECK(IC)) TSTOP(IC) = TIME - DELT
C
CHECK{IC) = .TRUE.
C
RETURN
C
100 FORMAT (’ REVERSE FLOW OCCURING IN NODE’,13,7 AT/ ,F10.5,” SEC.”)
C
110 FORMAT (° NORMAL FLOW RESUMES IN NODE-,I13,” AT ,F10.3,7 SEC.”)
C
END
B.7 EQTUF6
SUBROUTINE EQTUF& (PS1A, TF)
C
C THIS SUBROUTINE CALCULATES THE EQUILIBRIUM TEMPERATURE, TF,
C CORRESPONTING TO A GIVEN PRESSURE, PSIA. THE FOLLOWING VARIABLES ARE
€ USeD.
C
C PSIA PRESSURE, PSIA
C P1 ESTIMATED PRESSURE, PSIA
C P2 ESTIMATED PRESSURE, PSIA
c P3 ESTIMATED PRESSURE, PSIA
c TF TEMPERATURE, DEG F
C Ti ESTIMATED TEMPERATURE, DEG F
C T2 ESTIMATED TEMPERATURE, DEG F
C T3 ESTIMATED TEMPERATURE, DEG F
C LIMIT ACCURACY REQUIRED OF P3 RELATIVE TO PSIA
C Fi DIFFERENCE BETWEEN Pl AND PSI1A
C F2 DIFFERENCE BETWEEN F2 aND PSIA
C F3 DIFFERENCE BETWEEN P3 AND PSIA
C M SLOPE OF F = MXT + B
C
IMPLICIT REAL*E (A-H,J-Z}
C
C THE ACCURACY REQUIRED OF P3 RELATIVE TG PSIA IS GIVEN BY LIMIT.
C

[y N v e B e B oy |

LIMIT = PSIA/1.DB

THE INITIAL GUESS OF TF, WHICH IS5 T1, IS BASED ON THE CORRELATION
FOR VAPOR PRESSURE USED BETWEEN 147.3 AND 240 DEG F (22.04 aAND
87.31 PSIA).
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Ti = ( -4.66807D3 7 (DLOG(PSIA) - 12.1600D0) ) - 367.533D0
IF (PSIA.GE,22.04226474D0) GO TO 40

THE FOLLOWING SEQUENCE OF EQUATIONS, THROUGH STATEMENT 40, GIVES THE
EQUILBRIUM TEMPERATURE FOR A PRESSURE LESS THAN 22.04 PSlA.

# SECOND ESTIMATED TEMPERATURE IS ALSO REQUIRED.
T2 =T1 + 1.0D0
IF (T2.GT.147.306561D0) T2 = 147.306561
10 CONTINUE
CALCULATE VAPOR PRESSURES CORRESPONDING TO Ti1 AND T2.

CaLlL VPRUF& (T1, PI1)
CALL VPRUFe (T2, P2)

20 CONTINUE

EVALUATE T2, AN IMPROVED ESTIMATE OF TF.

F1 = P1 - PSIA
F2 = P2 - PSIA
M =(F2-Fl)/(T2-T1)
T3 = T2 - Fa/M

CHECK ACCURACY OF T3 BY CHECKING ACCURACY OF P3.
CALL VPRUFe (T3, P3)
F3 = P3 - PSIA

IF (DABS(F3).LT.LIMIT) GO TO 30

T =72
T2 =73
PL  =P2
P2 = P3
G0 TO 20

30 CONTINUE
TF = T3
RETURN

40 CONTINUE

IF (PSIA.GT.37,9133385200) GO TO 50
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THE ESTIMATED TEMPERATURE, T1, CORRESPONDS TO TF BETWEEN 147.3 AND
240 DEG F (22.04 AND 87.91 PSIA).

TF =T1
RETURN
50 CONTINUE
IF (PSIA.GT.135,4039894D0) GO TO 60

THE FOLLOWING SEQUENCE OF EQUATIONS, THROUGH STATEMENT &0, GIVES THE
EQUILBRIUM TEMPERATURE FOR PRESSURES BETWEEN 87.91 AND 135.4 PSIA.

CHECK Ti 7O EMSURE THAT IT DOES NOT EXCEED 275.8 DEG F. & SECOND
ESTIMATED TEMPERATURE IS ALSO REQUIRED.

IF (T1.G67.275.8D0) T1 = 275.8
T2 =Ti + 0.2D0

RETURN TO 10 TO EVALUATE TF CORRESPONTING TO PSIA.
GO TO 10

60 CONTINUE

THE FOLLOWING EQUATION GIVES TF FOR FPRESSURES EXCEEDING 135.4039394
PSIA (276 DEG F).

TF = { -6.97611D3 / (DLOG(PSIA) - 13.7627DD) ) - 3511.866D0
RETURN

END

B.8 FLASH

OO0 O0O0OO0

SUBROUTINE FLASH (TINIT, PINIT, MW, XVINIT, XLINIT, PFIN, ISEN,
* XUFIN, XLFIN, TFIN)

THIS SUBROUTINE DETERMINES THE VAPOR MASS FRACTION FOR A GIVEN FINAL
PRESSURE BASED ON THE INITIAL TEMPERATURE, PRESSURE, VAPOR MASS
FRACTION, AND LIQUID MASS FRACTION OF THE NON-VAPOR FRACTION AS WELL
AS WHETHER THE FLASH IS ISENTROFIC OR ISENTHALPIC. THE FOLLOWING
UVARIABLES ARE USED.

INPUT VARIABLES:

TINIT INITIAL TEMPERATURE, DEG F

PINIT INITIAL PRESSURE, PSIA

M MOLECULAR WETGHT, LB MASS/LB MOLE
XVINIT  INITIAL VAPOR MASS FRACTION
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XLINIT  INITIAL LIQUID MASS FRACTION OF THE NON-VAPOR FRACTION
PFIN FINAL PRESSURE, PSIA
ISEN VARIABLE SPECIFYING BASIS FOR FLASH CALCULATION

ISEN = 0, ISENTROPIC FLASH

ISEN = 1, ISENTHALPIC FLASH

[

MITPUT VARIABLES:

XUFIN FINAL VAPOR MASS FRACTION
XLFIN FINAL LIQUID MASS FRACTION OF THE NON-VAPOR FRACTION
TFIN FINAL TEMPERATURE, DEG F

e derdede e ek Fokdeded dokedededed dededdodede dedodedekdede ke doded dekede e dedede ok deded ol ok ok

*
*
*

*

WARNING! PINIT MUST BE GREATER THAN OR EQUAL TO PFIN. *
%*

sededdedeode dede ke ke e e de ke dededede dede e e dede dededkede e de e de ek de ek de e de ke e de kel ek Aok

THE

INTERNAL VARIABLES:

S80L ENTROPY OF THE SOLID, BTU/LB MASS-DEG F

SLIQ ENTROPY OF THE LIQUID, BTU/LB MASS-DEG F
sUAP ENTROPY OF THE VAPOR, BTU/LB MASS-DEG F
SAVG AVERAGE ENTROPY OF THE INITIAL MIXTURE,

BTU/LB MASS-DEG F

HSOL ENTHALPY OF THE SOLID, BTU/LB MASS
HLIQ ENTHALPY OF THE LIQUID, BTU/LB MASS
HVAP ENTHALPY OF THE VAPOR, BTU/LB MASS
HAVG AVERAGE ENTHALPY OF THE INITIAL MIXTURE, BTU/LB MASS

F1, F2, F3 VALUES OF THE FUNCTION F = M&T + B CORRESPONDING
TO 71, T2, AND T3

THE FUNCTION F CORRESPONDS TO THE TEST VALUE
MINUS THE AVERAGE VALUE OF THE PROPERTY,

§1, S2, §3 TEST ENTROPIES CORRESPONDING TO T1, T2, AND T3

Hl, H2, H3  TEST ENTHALPIES CORRESPONDING TO T1, T2, AND T3

Ti, T2, T2 TEST TEMPERATURES

M SLOPE OF THE FUNCTION F

LIMIT ACCURACY REQUIRED IN ESTIMATING THE AVERAGE PROPERTY
IN SELECTING THE FINAL TEMPERATURE

™AX MAXIMUM TEMPERATURE A SUBCOOLED LIQUID CAN ATTAIN AT
THE FINAL PRESSURE, DEG F

FOLLOWING SUBROUTINES ARE USED.

SUFé CALCULATES UF6 ENTROPIES

EQTUFe  CALCULATES TEMPERATURE CORRESPONDING TO A GIVEN
VAPOR PRESSURE
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HUF6 CALCULATES UF6 ENTHALPIES
THE FOLLOWING SUBROUTINES ARE ALS0 REQUIRED.
DENUF6
VPRUFB
ZUFe
IMPLICIT REAL*8 (A-H,J-Z)

f THREE PHASE INITIAL RELEASE CAN ONLY EXIST AT THE TRIPLE POIMNT;
THEREFORE, XLINIT EQUALS 1 DR 0 EXCEPT AT THE TRIPLE POINT.

IF (TINIT.GT.147.306561D0) XLINIT
IF (TINIT.LT.147.306361D0) XLINIT

1.0D0
0.000

nH

SELECT BASIS FOR FLASH CALCULATION,
IF (ISEN.EQ.1) GO TO 40

CALCULATE THE AVERAGE ENTROPY OF THE INITIAL MIXTURE.
CALL SUF6 (TINIT, PINIT, MW, SSOL, SLIG, SVAP)

SAVG = XVINITASVAP + (1.DO-XVINIT)®XLINIT*SLIO
* + (1.D0-XVINIT)*(1.DO-XLINITI*SS0L

CALCULATE THE FINAL UAPOR MASS FRACTION ASSUMING AN EQUILIBRIUM
FLASH.

CALL EQTUF6 (PFIN, TFIN)
CALL SUF6 (TFIN, PFIN, MJd, SSOL, SLIQ, SVAP)

(SAUVG-SLIQ)/(SUAP-SLIG)
(5AVG-S50L )/ (SVAP-5S0L)

IF (TFIN.GE.147.30656100) XVFIN
IF (TFIN.LT.147.306561D0) XVFIN

no

IF (XVFIN.GE.O.0DO) GO TC 10

A VALUE OF XUFIN LESS THAN ZERO IMPLIES A SUBCOOLED CONDENSED PHASE
IS RELEASED. SINCE THERE IS CURRENTLY NO PRESSURE DEPENDENCE FOR
LIGQUID ENTROPY, TFIN = TINIT.

XLFIN = XLINIT
XUFIN = 0.0D0
TFIN = TINIT
RETURN

10 CONTINUE

THE COMDENSED PHASE RELEASED WITH THE VAPOR IS LIQUID IF THE FINAL
TEMPERATURE 1S GREATER THAN OR EQUAL TO THE TRIPLE POINT TEMPERATURE.
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IF (TFIN.GE.147.3065610D0) XLFIN
IF (TFIN.LT.147.306561D0) XLFIN

1.0D0
0.0D0

IF (XUFIN,.LE.1.D0) RETURN

A VALUE OF XVFIN GREATER THAN 1 IMPLIES THAT THE FINAL FORM OF THE
RELEASE IS A SUPERHEATED VAPOR. THE FOLLOWING SEQUENCE OF EQUATIONS
THROUGH 40 EVALUATES THE FINAL TEMPERATURE OF A SUPERHEATED VAPOR
HAVING PFIN AS THE FINAL PRESSURE.

LIMIT = SAVG / 1.D8
S1 = BVAP

T1 = TFIN

T2 =Tl + 1.D0

EALL SUF6 (T2, PFIN, MW, 0.0DO, 0.0D0O, S2)

20 CONTINUE
Fl = §1 - SAVG
F2 = §2 - SAVG
M ={FZ-F1)/(T2-T1)
T3 =72 - Fe/M

CALL SUF6 (T3, PFIN, MW, 0,000, 0.0D0, S3)
F3 = 83 -~ 5AUG

IF (DABS(F3).LT.LIMIT) GO TO 30

T = T2
T2 = T3
51 = &2
52 = 33
GO TO 20

30 CONTINUE
XVFIN = 1.D0
TFIN = T3
RETURN

40 CONTINUE

CALCULATE THE AVERAGE ENTHALPY OF THE INITIAL MIXTURE.
CALL HUFE (TIMIT, FINIT, MW, HSOL, HLIG, HUAF)

HAUG = XVINIT*HUAP + (1.DO-XUVINITI#XLINITHHLIG
* + (L. DO-XVINIT)*(1.DO-XLINIT)*HSOL

CALCULATE THE FINAL VAPOR MASS FRACTION ASSUMING AN EQUILIBRIUM
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€ FLASH.
C
CALL EGTUFE (PFIN, TFIN)
c
TMAX = TFIN
£
CALL HUF6 (TFIN, PFIN, MW, HSOL, HLIQ, HVAP)
C
IF (TFIN.GE.147.306561D0) XVFIN = (HAVG-HLIQ)/(HVAP-HLIG)
IF (TFIN.LT.147.306561D0) XVFIN = (HAVG-HSOL)/(HVAP-HSOL)
C
IF (XVFIN.GE.0.0D0) GO TQ 70
c
C A VALUE OF XVFIN LESS THAN ZERC IMPLIES A SUBCOOLED PHASE IS
C RELEASED.
C
XLFIN = XLINIT
XVFIN = 0.0D0
c
C IF XLINIT EQUALS ZERQ, THAN THE SUBCOOLED PHASE IS SOLID.
C
TFIN = TINIT
c
IF (XLINIT.EQ.0.D0) RETURN
c
C IF XLINIT IS NOT EQUAL TO ZERO, THEN A SUBCOOLED LIQUID 1S RELEASED.
C THE FOLLOWING SEQUENCE OF EQUATIONS THROUGH 60 DETERMINES THE FINAL
C TEMPERATURE OF A SUBCOOLED LIQUID HAVING PFIN AS THE FINAL PRESSURE.
c
XLFIN = 1.0D0
LIMIT = HAVG / 1.D8
T1 = TMAX
H1 = HLIO
T2 = TINIT
C
CALL HUF6 (T2, PFIN, MW, 0.0D0, H2, 0.0D0)
c
50 CONTINUE
C
Fi = Hi - HAVG
F2 = H2 - HAVG
M =(F2-FL)/(T2-T1)
T3 = T2 - F2/M
C
IF (T2.GT.TMAX) T3 = (TMAX + DMAX1(T1,T2))/2.D0
IF (T3.LT.TINIT) T3 = (TINIT + DMINI1(T1,T2))/2.D0
»
CALL HUFE (T3, PFIN, M4, 0.0D0, H3, 0.0D0)
c
F3 = H3 - HAVG
C
IF (DABS(F3).LT.LIMIT) GO TO &0
C

IF ((DMAX1(T1,72,T3) - DMIN1(T1,T2,73)).L7.1.D-3) GO TO &0
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Tl
T2
H1
HZ

T2
T3
H2
H2

LI I L 1

GO TO 50

60 CONTINUE
TFIN =173
RETURN

70 CONTINUE

THE CONDENSED PHASE RELEASED WITH THE VAPOR IS LIGQUID IF THE FINAL
TEMPERATURE IS GREATER THAN OR EQUAL TO THE TRIPLE POINT TEMPERATURE.

IF (TFIN.GE.147.306561D0) XLFIN
IF (TFIN.LT.147.306561D0) XLFIN

1.0D00
6.0D0

[ 1

IF (XJFINLLE.1.D0) RETURN

A VALUE OF XVFIN GREATER THAN 1 IMPLIES THAT THE FINAL FORM OF THE
RELEASE 15 A SUPERHEATED VAPOR. THE FOLLOWING SEQUENCE OF EQUATIONS
THROUGH THE END OF THE SUBROUTINE EVALUATES THE FINAL TEMPERATURE
OF A SUPERHEATED VAPOR HAVING PFIN AS THE FINAL PRESSURE.

LIMIT = HAVG / 1.D8

H1 = HVAP

T1 = TFIN

T2 = T1 + 1.D0

CALL HUF6 (T2, PFIN, MW, 0.0D0, 0.0D0, H2)
80 CONTINUE

Fi = H1 - HAVG

F2 = H2 - HAVG

M =(F2=-F1)/(¢T2-T1)

T3 = T2 - Fa/M ’

CALL HUFE (T3, PFIN, MW, 0.0D0, 0.0D0, H3)

F3 = H3 - HAVG

IF (DABS(F3).LT.LIMIT) GO TO 90

T =T
T2 = T3
Hl = H2
H2 = H3
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GO TO 80
¥
50 CONTINUE
C
XVFIN = 1.00
TFIN = T3
£
RETURN
C
END
B.9 HCOEFF

SUBROUTINE HCOEFF (IC)

THIS SUBROUTIME DETERMINES THE HEAT TRANSFER COEFFICIENT GIVEM THE
ENTHALPIES OF THE INLET STREAMS AND THE COMPARTMENT, THE MASSES IN
THE INLET STREAMS AND THE COMPARTMENT, THE COOLING RATE AND THE TIME
STEP, AND THE AREA AND TEMPERATURE OF HEAT TRANSFER SURFACES. THE
HEAT TRANSFER COEFFICIENT IS BASED ON HEATING UP THE MASS BROUGHT IN
BY THE INLET STREAMS TO THE TEMPERATURE OF THE COMPARTMENT ATMOSPHERE
UNDER NORMAL STEADY STATE CONDITIONS, THE TEMPERATURES USED IN
EVALUATING THE HEAT TRANSFER COEFFICIENT ARE THE ROOM TEMPERATURE
(NOT THE INLET STREAM TEMPERATURES) AND THE HEAT TRANSFER SURFACE
TEMPERATURES.

THE FOLLOWING VARIABLES ARE USED.
INPUT VUARIABLES

IC NODE NUMBER OF THE COMPARTMENT FOR WHICH THE
HEAT TRANSFER COEFFICIENT IS BEING CALCULATED

COMMON BLOCK UARIABLES

MASS (30,9) CCMPONENT MASS IN A4 NODE, LB (FOR COMPARTMENT
NODES), OR LB/(DELT) (FOR STREAM NODES)

JC (307 NODE TEMPERATURE, DEG F

PC (30 NODE PRESSURE, PSIA

TSURF  (30) HEAT TRANSFER SURFACE TEMPERATURE, DEG F

H (30) TOTAL ENTHALPY OR ENTHALPY RATE, BTU OR
BTU/{DELT)

QRATE (30} AMOUNT OF HEAT ADDED TO A NODE TO MAINTAIN A
CONSTANT TEMPERATURE UNDER NORMAL STEADY STATE
CONDITIONS, BTU/SEC

gcaoL (30 COOLING RATE, BTU/SEC

HTCOEF  (30) HEAT TRANSFER COEFFICIENT, BTU/SEC-FT*%2-DEG F

HTAREA (30) SURFACE ARES FOR HEAT TRANSFER, FT#*2

AMINLN NATURAL LOG OF THE MINIMUM NUMBER ACCEPTED BY
THE COMPUTER

DELT (30) TIME INTERVAL USED FOR THE TRANSIENT SIMULATION,
SEC

1IN (30,4) INLET S5TREAM NODE NUMBER
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C
C INTERNAL VARIABLES
E MASSEIC TOTAL MASS IN COMPARTMENT WNODE IC, LB
C MASS1 TOTAL MASS RATE IN INLET STREAM 1, LB/(DELT)
[ MASS2 TOTAL MASS RATE IN INLET STREAM 2, LB/(DELT)
C MASS3 TOTAL MASS RATE IN INLET STREAM 3, LB/(DELT)
C MASS4 TOTAL MASS RATE IN INLET STREAM 4, LB/(DELT)
C
IMPLICIT REAL*B (A-H,J-2Z)
£
COMMON /LBMASS/ MASS(30,9), buml
COMMON /COMPTP/ TC(30), PC{30), TSURF(3D)
COMMON Z/ENTHAL/ H(30), QRATE(30), QCOOL(30), HTCOEF(30),
* HTAREA{30)
COMMON ~/CONTRL/ AMINLMN, DUMZ2, DELT, DUM3, IDUM1, DUM4
COMMON /ISTRMS/ TIN(30,4), 1DUM2(120)
e
MASSIC = 10.D0
MasSsl = 0.DD
MASS2 = 0.D0
MASS3 = 0.D0
MaSsS4 = 0.D0
C
- DO 10 110=1,9
£
MASSIC = MASSIC + MASS(IC,I110)
MASS1 = MASST + MASS(IIN(IC,1),110)
MABSZ = MASSZ + MABS(IIN(IC,2),110}
MASS3 = MASS3 + MASS(IIN(IC,3),110)
MASS4 = MASS4 + MASS(IINCIC,4),110)
£
10 CONTINUE
C
QRATE(IC) = {(H{IC)*(MASS1l + MASSZ + MASSI + MASS4)/MASSIC
* - (H(IINCIC,1)) + H{IINCIC,2)) 4+ H(IIM(IC,3))
* + H(ITINCIC;4))) + QCOOLCIC)*DELT)Y/DELT
C
HTCOEF(IC) = QRATECIC)/HTAREA(IC)/(TSURF(IC) - TC(IC))
c
RETURN
£
END
B.10 HFPOLY
SUBROUTINE HFPOLY (TF, PHF, MW, ClC3C6)
£
€ THIS SUBRCGUTINE IS BASED ON INFORMATION PRESENTED IN JOHN M.
£ BECKERDITE, DAVID R. POWELL, AND EMORY T. ADAMS, JR., "SELF-ASSOCI-
C ATION OF GASES. 2. THE ASSOCIATION OF HYDROGEN FLUCRIDE," J. CHEM,
C ENG. DATA 1983, 28, 287-293. THE EQUILIBRIUM COEFFICIENTS USED BELOW
C WERE DEVELOPED FROM STROHMEIER AND BRIEGLER-S DATA (SEE TaBLE I111).
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THE FOLLOMING VARIABLES ARE USED.

TF
TR

PHF
PLIMIT
MW
WMBHF
K3

Ké

P1
P1MA1
P3MW3
PEMAG
PMWSUM
c1

C3

Ce

€1C3Ce6

F

DFDP

TEMPERATURE, DEG F

ABSOLUTE TEMFPERATURE, DEG R

PARTIAL PRESSURE OF HF, PSIaA

CONVERGENCE LIMIT FOR PRESSURE, PSI

AVERAGE MOLECULAR WEIGHT OF HF, LB/LB MOLE

MOLECULAR WEIGHT OF HF MONOMER, LB/LB MOLE

EQUILIBRIUM COEFFICIENT FOR TRIMER, PSlfakk-2

EQUILIBRIUM COEFFICIENT FOR HEXAMER, PSIAkk-3

PRESSURE OF HF MONOMER, PSIA

PRESSURE-MOLECULAR WEIGHT PRODUCT FOR HF MONOMER

PRESSURE-MOLECULAR WEIGHT PRODUCT FOR HF TRIMEK

PRESSURE-MOLECULAR WEIGHT PRODUCT FOR HF HEXAMER

SUM OF PRESSURE-MOLECULAR WEIGHT PRODUCTS

MASS FRACTION OF MONOMER TO TOTAL HF, LB MONOMER/LB HF
VAPOR

MASS FRACTION OF TRIMER TO TOTAL HF, LB TRIMER/LB HF
VAPOR

MASS FRACTION OF HEXAMER TO TOTAL HF, LE HEXAMER/LE HF
VAPOR

A LOGICAL VARIABLE TO INDICATE WHETHER EXISTING VALUES
OF €1, C3, AND Co SHOULD BE CHANGED

» TRUE , PERMITS UALUES TO BE CHANGED
.FALSE. RETAINS EXISTING VALUES

THIS VARIABLE IS GENERALLY .TRUE. EXCEPT, FOR EXAMPLE,
WHEN ONLY THE MOLECULAR WEIGHT IS REQUIRED IN PHFH20 TGO
ESTABLISH THE AZEOTROPIC MOLE FRACTION OF HF IN THE HF-
H20 SYSTEM; IN THAT CASE, A CHANGE IN THE VALUES OF

Cl, C3, AND Cé WOULD MESS UF OTHER CALCULATIONS.

FUNCTION OF PHF AND ESTIMATED P1 THAT MUST CONVERGE TO
ZERG TO OBTAIN THE AVERAGE MOLECULAR WEIGHT OF HF VAPOR
DERIVATIVE OF F WITH RESPECT TO P1

IMPLICIT REAL*B(A-H,K-Z)

LOGICAL C1C3Ce

COMMON /POLYMR/ Cl, L3, Cé,WMBHF

.NOT.C1C3Ce) GO TO 10

MW = WMBHF

IF ¢

Cl = 1.00

C3 = 0.DC

Ce = 0.D0
10 CONTINUE
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IF (PHF.LT.1.D-5) RETURN

PLIMIT = PHFX1.D-6

TR = TF + 459.67D0

K3 = DEXP(23884.0D0/TR - 51.239300)
Ké = DEXP(40319.6D0/TR - 87.7327D0)
Pl = PHF

[ L LI 1]

20 CONTINUE

F = PHF = P1 - K3%P1k*3 - KE*PLkkG

IF (DABS(F).LT.PLIMIT) GO TO 30

DFDP = -1,D0 - 3.DOXK3*P1%4*2 - 6.DOXKG*P1¥k5
PL = P1 - F/DFDP

GO TO 20
30 CONTINUE
PIMH1 = WMBHF*P1
P3MW3 = 3.DOXWMBHF*K3%P1%3
PeMie = &.DO*WNMBHFAKEXP1hkk6

PMWSUM = PIMW1 + P3MW3 + PeMWE
MA = PMWSUM/PHF

"own

IF (.NOT.CIC3Ce) GO TO 40

Cl
C3
Ce

P1MW1/PMWSUM
P3MH3/PMASUM
PEMIE/ PMASUM

40 CONTINUE

RETURN
END

B.11 HHFH20

SUBROUTINE HHFH20 (TF, WHFL, WHFY, HL, HV)

c

C THIS SUBROUTINE CALCULATES THE ENTHALPIES OF LIQUID AND VAPOR

€ MIXTURES OF HF AND H20 GIVEN THE TEMPERATURE AND THE WEIGHT MASS
€ FRACTION OF HF IN EACH PHASE. THE FOLLOWING VARIABLES ARE USED.

TF TEMPERATURE, DEG F

WHFL WEIGHT FRACTION HF IN LIQUID, LB HF/LB HF-H20 LIGQ MIX
WHFY WEIGHT FRACTION HF IN VAPOR, LB HF/LB HF-H20 VAP MIX
HL ENTHALPY OF HF-H20 LIQUID MIXTURE, BTU/LB LIQ MIX

HV ENTHALPY OF HF-H20 VAPOR MIXTURE, BTU/LB VAP MIX
C3POLY MASS HF TRIMER TO MASS OF HF, LB TRIMER/LB HF VAPCOR
CePOLY MASS HF HEXAMER TO MASS OF HF, LB HEXAMER/LB HF VAPOR
WHFLSQ WHFL**2

OOOOOO0OMOO00
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Al,A2,A3,A4,A5 CONSTANTS IN EQUATIONS FOR LIQUID ENTHALPY
B1,B2,83,B4,B5 LINEAR CONSTANTS IN EQUATIONS FOR LIQUID

ENTHALPY

c2,C3,64,C5 QUADRATIC CONSTANTS IN EQUATIONS FOR LIQUID

ENTHALPY

H20,H&0 , H80 ,H30,H100 LIQUID ENTHALPY AT 20, €0, 80, 30, AND

100 WT %, RESPECTIVELY, BTU/LB HF-H20
MIXTURE

M20,M60 ,ME0 M0 SLOPE OF H-WHFL CURVE AT 20, A0, 80, aAND

IMPLICIT

90 WT %

REALXS (A-H,J-2)

COMMON /POLYMR/ DUM1,C3POLY,CePOLY,DUMZ

THE FOLLOWING SEQUENCE OF EQUATIONS THROUGH "50 CONTINUE® EVALUATE
THE ENTHALPY OF HF-H20 LIQUID MIXTURES. THE EQUATIONS ARE BASED ON

A PLOT OF ENTHALPY VS CONCENTRATION AS A FUNCTION OF TEMPERATURE
WHICH WAS SENT TO W. REID WILLIAMS BY BRIAN C. ROGERS OF ALLIED
CHEMICAL, SOLVAY, NY, IN A LETTER DATED JULY 26, 1983. THE EQUATIONS
WERE DEVELOPED BY W. R. WILLIAMS.

WHFLSQ

Al
Bl

IF (WHFL.

WHF LAHF L

-32.25200 + 0.99733D0*TF
=337.70D0 - 0.969D0%TF + 0.0013D0kTF**2

GT.0.2D0) GO TO 10

THE FOLLOWING EQUATION IS APPLICABLE FOR WHFL BETWEEN 0.0 AND D.2.

HL =
G0 To 50
10 CONTINUE

H20
H&0
M20
Cz
82
A2

| I T T IO C 1}

IF (WHFL,

Al + BliWHFL

Al + B1%0.2D0

-179.68D0 + 0.63569D0XTF + 5,8429D-4*TFik2
B1

(H20 - H6D + 0.4DOAM20) / (-0.18600)

M2¢ - 0.4D0%C2

H20 - 0.2D0%B2 - 0,04D0%C2

GT.0.6D0) GO TO 20

THE FOLLOWING EQUATION IS APPLICABLE FOR WHFL BETWEEN 0.2 AND 0.6,

HL =

GO TC 50

A2 + B24WHFL + C2HWHFLSH
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20 CONTINUE
HB0 = -159.26DC + 0,79385DOXTF
Me0 = Bz + 1.2D0*C2
€3 = (Hel - HBO + 0.2D0kMe8) ~ (-0.04D0)
B3 = Me0 - 1.2D0%C3
A3 = He0 ~ 0.6D0*B2 - 0.36D0%C3

IF (WHFL.GT.0.800) GO 7O 30

THE FOLLOWING EQUATION IS APPLICABLE FOR WHFL BETWEEN 0.& AND 0.8.

HL = A3 + BIXWHFL + C3*WHFLSQ
GO TO 50
30 CONTINUE
Ha0 = -111.54D0 + 0.6705747TF
Med = B3 + 1.6D0*C3
C4 = (H80 - H90 + 0.1DO%MBO) ~ (-0.01D0)
B4 = MB0 - 1.6D0*C4
A4 = HE80 - 0.8D0*B4 - 0.e4D0%C4

IF (WHFL.GT.0.9D0) GO TO 40

THE FOLLOWING EQUATION IS APPLICABLE FOR WHFL BETWEEN 0.8 AND 6.9.

HL = A4 + BAAWHFL + C4%HHFLSQ
GO TO S0
40 CONTINUE
H100 = -23.314200 + 0.870283D0*TF
Ma0 = B4 + 1.8D0%C4
C3 = (HS0 - H100 + 0.1DO*M30) / (-0.01D0)
BS = M90 - 1.8D0%CS
A3 = H30 - 0.9DO*B5 - 0.81DOXLT

THE FOLLOWING EQUATION 1S APPLICABLE FOR WHFL BETWEEN 0.3 AND 1.0
HL = A5 + BSHWHFL + CSAWHFLSQ
S0 CONTINUE

THE FOLLOWING EQUATION FOR THE ENTHALPY OF & UAFOR MIXTURE OF HF AND
H20 WAS DERIVED BY W. R. WILLIAMS FROM THE ABOVE CITED PLOT AND FROM
INFORMATION PRESENTED IN JOHN M, BECKERRITE, DAVID R, POWELL, AND
EMORY T. ADAMS, JR., "SELF-ASS0CIATION OF GASES. 2. THE ASSOCIATION
OF HYDROGEN FLUORIDE," J. CHEM. ENG. DATA 1983, 28, 287-293.

HY = (1031.000 + 0.472D0%TF) - (376.000 + 0.136D0*TF
* + 7920.642D0*C3POLY + 667.398D0*CeROLY ) *HFY
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c

RETURN
c

END
B.12 HUF6
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SUBROUTINE HUF& (TF, PSIA, MW, HSOL, HLIOQ, HVAR)

THIS SUBROUTINE CALCULATES THE ENTHALPIES OF UFe SOLID, LIQUID, AND
UAPOR. THE FOLLOWING VARIABLEE ARE USED.

TF TEMPERATURE, DEG F

TR ABSOLUTE TEMPERATURE, DEG R

TRSAQ (DEG R}*%x2

PSIA PRESSURE, PSIA

VPSIA VAPOR PRESSURE CORRESPONDING TO TF, PS&IA
MW MOLECULAR WEIGHT, LB MASS-/LE MOLE

HEOL ENTHALFY OF THE SOLID, BTU/LE MASS

HLIQ EMTHALPY OF THE LIQUID, BTU/LB MASS

HVAP ENTHALPY OF THE VAPOR, BTU/LB MASS

DENLIQ  DENSITY OF THE LIQUID, LB MASS/FTi*3

ZPS1A UAPOR COMPRESSIBILITY FACTOR AT TF AND PSIA

Z1ATM VAPGR COMPRESSIBILITY FACTOR AT TF AND 14.696 PSIA

THE FOLLOWING SUBROUTINES ARE CALLED.

DENUFe&
VPRUFE
ZUFe

THE ENTHALPY CORRELATIONS ARE BASED OF INFORMATION FOUND IN R.
DEWITT, "URANIUM HEXAFLUORIDE: A SURVEY OF THE PHYSICO-CHEMICAL
PROPERTIES,® BAT-280, GOODYEAR ATOMIC CORP., PORTSMOUTH, OHIO, JAN.
29, 1960, PAGES 65 - 67. THE CORRELATIONS REPORTED IN GAT-280 FOR THE
ENTHALPIES OF THE SOLID AND LIQUID ARE FOR SATURATED CONDITIONS, AND
THE ENTHALPY OF THE UAPOR IS BASED ON A4 PRESSURE OF 1 ATM. THE LIQUID
ENTHALPY CORRELATION WAS MODIFIED FOR SUPERSATURATED CONDITIONS (PSIA
GRAETER THAN UPSIA) ASSUMING AN INCOMPRESSIBLE LIQUID. THE UAPOR
ENTHALPY CORRELATION WAS MODIFIED USING THE MAGNUSON EQUATION OF
STATE (SEE GAT-280, PAGES 97 - 101) AND THE DEPARTURE FUNCTION
CORRELATIONS GIVEN IN R. C. REID, J. M. PRAUSNITZ, &ND T. K.
SHERWOOD, THE PROPERTIES OF GASES AND LIQUIDS, 3RD ED., MCGRAW-HILL
BODK COMPANY, 1977, PAGE 93, SO THAT BOTH SATURATED AND UNSATURATED
UAPOR ENTHALPIES CAN BE CALCULATED.

IMPLICIT REAL*8 (A-H,J-Z)

TR TF + 458.67D0

TRSQ

TR&x2

THE ENTHALPY OF THE SOLID IS GIVEN BY THE FOLLOWING CORRELATION WHICH
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C IS ACCURATE WITHIN 0.01% FROM 17 DEG F TO THE TRIPLE POINT (147.3

C DEG F).
C
HSOL = ¢ 50.4460D0 - 5,70531D-2%TR + 1.27505D-4%TRSQ
* - ( 9.6456303/TR ) )} * ( 3.52D2/Md )
C
€ CALCULATE THE DENSITY OF THE LIQUID AND THE UAPOR PRESSURE.
c
CALL DENUF6 (TF, PSIA, Md, 0.0D0, DENLIQ, ©0.0D0)
C
CALL VPRUFE (TF, VPSIA)
C
C THE ENTHALPY OF THE LIQUID 1S GIVEN BY THE FOLLOWING CORRELATION
C WHICH IS REPORTED TO HAVE AN ACCURACY WITHIN 0.01% [OVER THE ASSUMED
C RANGE OF 147.3 TO 206.3 DEG F} FOR THE SATURATED LIQUID.
c
HLIG = { 30.6133D0 + 5.10057D-2%TR + 5.13165D-5%TRSQ
* - ( 6.13934D3/TR )
* + ( 1.82628D-1 * ( PSIA - UPSIA ) / DENLIG ) )
* *x ( 3.52D2/MW )
c
€ CALCULATE THE VAPOR COMPRESSIBILITY AT 14.696 PSIA AND AT "PSIA."
C
CALL ZUF6 (TF, 14.696D0, Z1ATM, 0.0D0, 0.0D0)
c
CALL ZUF6 (TF, PSIA, ZPSIA, 0.0D0, 0.000)
C
C THE ENTHALPY OF THE VAPOR IS GIVEN BY THE FOLLOWING CORRELATION.
c
HVAP = ( 43.2614D0 + 9,21307D-2%TR + 6.262650-6*TRSQ
* + ( 2,9517103/TR )
* + 3.0939D-3 % TR * (ZPSI& - Z1ATM) ) * ( 3.52D2/Md )
C
RETURN
C .
END
B.13 HUMID

SUBROUTINE HUMID (IC, RH, RATIO)

THIS SUBROUTINE CALCULATES THE RATIO OF MOLES OF WATER VAPOR IN HUMID
AIR TO THE TOTAL MOLES OF AIR PLUS WATER VAPOR.

THE FOLLOWING VARIABLES ARE USED.

INPUT VARIABLES

1C NODE NUMBER OF VECTOR HAVING TEMPERATURE AND
PRESSURE REQUIRED FOR CALCULATING RATIO
RH RELATIVE HUMIDITY CORRESPONDING TO TEMPERATURE

AND PRESSURE OF NODE IC

OO0 0OD00O000m0
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QUTPUT VARIABLE

RATIO RATIO OF MOLES OF WATER VAPOR TO TOTAL MOLES OF
MOIST AIR

COMMON BLOCK VARIABLES

TC (303 NODE TEMPERATURE, DEG F
FC (30} NODE PRESSURE, PSIA

INTERNAL VARIABLES

WHFL WEIGHT FRACTION OF HF IN HF-H20 CONDENSATE
PH20 VAPOR PRESSURE OF H20, PSIA

THE FOLLOWING SUBROUTINE IS REQUIRED.
PHFH20

THE SUBROUTINE HFFOLY IS CALLED BY PHFH20, BUT IT 15 NOT CALLED IN
CALCULATING PH20 FOR THIS SUBROUTINE.

OO OOCOCOOOO0O0O00DO00O00O

IMPLICIT REAL%*8 (A-H,J-Z)

c
COMMON /COMPTP/ TC(30), PC(30), DUML(30)
¢
WHFL = 0.DO
c
CALL PHFH20 (TC(IC), WHFL, 0.D6, 0,00, PH20, 0.D0)
C
RATIO = RH*PH20/PC(IC)
c
RETURN
c
END
B.14 INTMEB
SUBROUTINE INTMEB
£
C THIS SUBROUTINE DETERMINES THE FINAL STATE (PRESSURE, TEMPERATURE,
C MASS FRACTIONS IN EACH PHASE) OF UF6 IN A CONTROL VOLUME GIVEN THE
C INITIAL STATES OF INLET AND OUTLET STREAMS AND OF THE MASS IN THE
C VOLUME AT THE BEGINNING OF A TIME STEP DURING WHICH MASS AND ENERGY
C ARE ASSUMED TO FLOW AT CONSTANT RATES.
c
IMPLICIT REAL*8 (A-H,J-Z)
c
C COMMON BLOCKS TRANSFER DATA BETWEEN INTMEE aND THE DRIVER.
c

COMMON /ICOMON/ ISEN,IFIG,IBRCH,IGEXIT
COMMON ~CONCYL/ PCYL , TCYL ,XVCYL ¢ XLCYL (MK
COMMON /CONIN / PIN,TIN,XVIN,XLIN
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COMMON /CONVOL/ PYOL,TVOL ,XVOL ,XLVOL
COMMON /PaRAM / VOL,DELT,Q

COMMON /MASS ~ MOUT MINMTOT

COoMMON /TRIPLE/ TTRIPL,PTRIFPL

DIMENSION HARRAY(3,3) ,HVECTR(3)
THE ARRAY FOR ENTHALPIES OF MATERIAL AT TIME T IS FILLED
CALL HUFG(TYOL ,PUOL ,MW,HARRAY(1,3) ,RARRAY (1,2) ,HARRAY(1,1))

CALL HUFE( TIN, PIN,MW,HARRAY(2,3),HARRAY(2,2) ,HARRAY(2,1))
CALL HUFe(TVOL,PVOL ,MW,HARRAY(3,3),HARRAY(3,2) ,HARRAY(3,1))

HTOT =
* MTOT*(HARRAY(3,1)%XV0L + HARRAY(3,2)%(1.D0~XVOL )y *XLVOL
* + HARRAY(3,3)*(1.DO-XVOL)*(1.D0-XLVOL))
*+(MINK(HARRAY (2,1 )%XVIN + HARRAY(2,2)%(1.DO-XVIN)*,XLIN
* + HARRAY(2,3)%(1.DO-XVINY*(1.DO-XLIN))
*=-MOUT* (HARRAY (1,1 )*XVCYL + HARRAY(1,2)%(1.D0-XVCYL)*XLCYL
* + HARRAY(1,3)%(1.D0~XVCYL)*(1.D0-XLCYL))
*+ Q)%DELT

MTGT = MTOT + DELTX({MIN-MOUT)

FIRST ASSUME A FINAL CONDITION AT THE TRIPLE POINT
CALL HUFEe (TTRIPL,PTRIPL MM, HVECTR(3) ,HVECTR(2) ,HVECTR{1)}
CALL DEMUF&{TTRIPL,PTRIPL,MJ,DENSOL,DENLIG,DENVAFR)

MUAP = DENVAP*( VOL*DENLIQ¥DENSOL*(HVECTR(2)-HVECTR(3))
HMTOT# { DENSOLAHVECTR (3) ~DENL I O*HVECTR(2))
+HTOT* (DENLIQ-DENSOL) )

/¢ DENLIQ*DENSOL*(HVECTR(2)~-HVECTR(3})
+DENVAPADENLI QX (HVECTR(1) -HVECTR(2))
-DENVAP*DENSOL* (HVECTR (1) -HVECTR(3)))

* % o % %

MLIQ = HTOTA(HVECTR(Z)-HVECTR(3))
-MTOTAHVECTR( 3}/ (HVECTR( 2} -HVECTR(3))
“MVUAP* (HVECTR(1}~-HVECTR(3) )/ (HVECTR(2)~HVECTR(3))

%

M&0L = MTOT-MUAP-MLIQ

ITERER = 0
oLDSOL = MSOL
OLDT = TTRIPL

IF (MLIQ.LT.0.DO) GO TO 30
IF ¢(MS50L.LT.0.DO) GO TO 20

TYOL = TTRIPL
PUOL = PTRIPL
XYoL = MVAP/MTOT



[}

[ vl o M v}

Lo N an Bl

107

I¥ (MLIQ.EQ.0.DO.AND.MEOL.EQ.0,.DO) GO TO 10
ALvoL = MLIQ/(MLIOHMSOL)
RETURN
10 CONTINUE
XLvoL = 1.D0
RETURN

FOLLOWING CODE SEGMENTS ARE CALLED WHEN FINAL CONDITIONS
DO NOT MATCH THE TRIPLE POINT.

20 CONTINUE
FINAL TEMPERATURE IS ABOVE TRIPLE POINT. NO SOLID I8 PRESENT.
XLWoL = 1.D0

30 CONTINUE

CALL HUFe (TVOL,PVOL ,MW,HVECTR(3) ,HVECTR(2) ,HVECTR(1 )}

CALL DENUFE&(TVOL ,PVOL MW, DENSOL ,DENLIQ,DENVAP)

MUAP = DENVAPX( VOLXDENLIQkDENSOL* (HVECTR(2)-HVECTR(3))
HMTOT* ( DENSOLXHVECTR(3) ~DENLI Q*HVECTR(2) )
+HTOT*(DENLIOQ-DENSOL))

/( DENLIOXDENSOLX(HVECTR(2)-HVECTR(3))

+DENVAPXDENL I (e ( HVECTR (1) -HVECTR(2))
~DENVAP*DENSOL, (HUECTR(1)Y-HVECTR(3)}))

L A

MLIG = HTOT/(HVECTR(2)-RVECTR(3))
-MTOTHHVECTR(3)/(HVECTR(2)-HVECTR{(3))
~MUAP* (HVECTR (1) -HUVECTR( 3) )/ (HVECTR(2) -HVECTR(3))

% %

MSOL MTOT~-MVAP-MLIQ

XVoL MUAP/MTOT

IF (DABS(MSOL).LT.1.D-6) RETURN
IF (MSOL.GT.0.D0O) GO TG 40

MSOL
TVOL
HITVOL
HIMSOL

0LDSOL
OLeT
TVOL
MSOL

0 nu

40 CONTINUE
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NEWT = TVOL - MSOL*(TVOL-OLDT)/(MSOL-0LDSOL)
IF (NEWT.GT.250.D0.0R.NEWT.LT.TTRIPL) STOPOZ
ITER8R = 1 + ITERSR

IF (ITERBR.GT.20) STOPO3

HIMSOL = MSOL
HITVOL = TVOL
TVOL = NEWT

CALL VPRUF&(TVOL,PVOL)
GO TO 30
50 CONTINUE
FINAL TEMPERATURE IS BELOW TRIPLE POINT. NO LIQUID IS PRESENT.

Do

XLVOL = 0.
= TTRIPL - 10.D0

TUOL
CALL UPRUF&(TVOL ,PUOL)

60 CONTINUE

CALL HUF6 (TUOL,PVOL,Md,HVECTR(3) ,HVECTR(2) ,HVECTR(1))

CALL DENUF&(TVOL ,PVOL ,Md,DENSOL ,DENLIQ,DENVAPR)

MUVAP = DENVAPX( VOL*DENLIQ*DENSOL*(HVECTR(2)-HVECTR(3))
HMTOT* (DENSOLXHVECTR( 3) -DENLI Q*HVECTR(2))
+HTOT* (DENLIG-DENSOL) )

/{ DENLIQXDENSOL*( HVECTR(2)-HVECTR(3) )

+DENVAPXDENL I Q& (HVECTR{1)-HVECTR(2)}
-DENVAPADENSOL* (HVECTR(1)}-HVECTR(3) )

* % % % %

MLIQ = HTOT/(HVECTR(2)-HVECTR(3})

* “MTOT*HVECTR( 3}/ (HVECTR{2)-HVECTR(33)

* -MVAPK(HVECTR(1) ~-HVECTR(3) )/ (HVECTR(2) ~HVECTR{3))
MSOL = MTOT-MVAP-MLIQ
XYoL = MVAP/MTOT

IF (DABS(MLIQ).LT.1.D-6) RETURN
IF (MLIQ.G6T.0.D0) GO TO 80

OLDLIG
OLDT

MLIQ
TVOL

IF (ITERBR.GT.0.D0) GO TO 70
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C

TVOL = TVOL - 10.D0
C

CALL VPRUF&(TVOL ,PVOL)
c

GO TO 60
C

70 CONTINUE

C

oLDbT = TVOL

OLDLIQ = MLIQ

TWOL = LOTVOL

MLIQ = LOMLIQ
C

80 CONTINUE

C

ITERBR = 1 + ITER8R
c

IF (ITER8R.GT.20) STOPO4
C

NEWT = TVOL + MLIQE(OLDT-TVOL)/(MLIQ-OLDLID)
C

IF (NEWT.GT.TTRIPL.OR.NEWT.LT.0.DO) STOPOS
C

LOMLIG = MLIQ

LOTVOL = TVOL

TVOL = NEWT
C

CALL VPRUF6&(TVOL,PVOL)
C

GO TO &0
c

RETURN
C

END
B.15S LEVEL

SUBROUTINE LEVEL (DENVAF, ULFACE)
C
€ THIS SUBROUTINE CALCULATES THE LEVEL OF THE PHASE INTERFACE WITH
€ RESPECT TO THE BOTTOM OF A COMTAINMENT VOLUME AND W.R.T. & BREACH
C OR PIPE SYSTEM ENTRANCE. THE CODE THEN DETERMINES THE MASS FRACTIONS
C OF VAPOR, LIQUID, AND SOLID WHICH LEAVE THE CONTAINMENT AND THE
C PRESSURE OF THE RELEASE, IF DIFFERENT FROM THE SATURATION PRESSURE.
€
C THE TOTAL MASS IN CONTAINMENT IS INPUT ALONG WITH THE TOTAL VOLUME,
€ SATURATION PRESSURE AND TEMPERATURE, AND THE MASS FRACTIONS OF EACH
C PHASE PRESENT. ALS0O INPUT ARE THE CONTAINMENT PARAMETERS OF LENGTH
C AND DIAMETER, THE BREACH PARAMETERS OF HOLE DIAMETER AND DISTANCE OF
C THE HOLE CEMTER FROM THE CONTAINMENT CENTER. THE CONTAINMENT IS
€ MODELED AS A CYLINDER WITH THE HOLE IN ONE END AND THE CYLINDER
C ORIENTATION (UPRIGHT OR ON ITS SIDE) IS ALSO INPUT.
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INPUT VARIABLES, VALUES PROVIDED BY CALLING PROGRAM.

DENVAP  DENSITY OF VAPOR, LB MASS/FTH%3

ULFACE  HEIGHT ABOVE CYLINDER BOTTOM GF UAPDR-LIQUID
INTERFACE, IN

XVOL MASS FRACTION OF UAPOR IN CYLINDER

MTGOT TOTAL MASS IN CYLINDER, LB MASS

VoL TOTAL VOLUME ENCLOSED IN CYLINDER, FT*%3

DIACYL  DIAMETER OF CYLINDER, IN

LeYL LENGTH OF CYLINDER, IN

RHOLE  LENGTH OF RAY FROM CENTER OF CYLINDER
TO CENTER OF HOLE, IN

DHOLE  DIAMETER OF HOLE, IN

INTERNAL VARIABLES USED BY THE LEVEL SUBROUTINE

ALPHA ANGLE BETWEEN VERTICAL UPWARD RAY AND RAY FROM
CENTER OF CYLINDER TO CENTER OF HOLE, DEGREES
WIOL VOLIME OF VAPOR IN CYLINDER, FT%3
voLz, TOTAL VOLUME AND VAPOR VOLUME IN CYLINDER,
WOL2  RESPECTIVELY, INk*x3
RADIAN  ANGLE AS DEFINED FOR ALPHA, RADIANS
ISPLIT =0, YAPOR-LIQUID INTERFACE IS ABOVE (BELOMW) HOLE
=1, VAPOR-LIQUID INTERFACE COINCIDES WITH HOLE
IVERT =0, CYLINDER LIES ON SIDE
=1, CYLINDER STANDS ON END, HOLE ON BOTTOM
ITERER  INDEX USED TO CONTROL NUMBER OF ITERATIONE
Al,AZ,A3 OLD, CURRENT, AND NEW RESULTS FOR VLFACE
G1,62,G3 OLD, CURRENT, AND NEW GUESSES FOR VLFACE
OLDVLF  STORAGE LOCATION FOR PREVIOUS VALUE OF VULFACE.
HINTER  DEPTH OF LIQUID ABCVE BOTTOM OF HOLE, IN
YUWCYL VAPOR VOLUME FRACTION
OF MATERIAL ENTERING RELEASE PATHWAY.
DENLS DENSITY OF THE MASS FRACTION WHICH IS NOT VAPOR,
LE MASS/FTh*3

OUTPUT VARIABLES, VALUES RETURNED TO CALLING PROGRAM.

XYCYL VAPOR MASS FRACTION

OF MATERIAL ENTERING RELEASE PATHWAY.
FCYL PRESSURE OF MATERIAL

ENTERING RELEASE PATHWAY, PSIA

IMPLICIT REAL*8 (A-H,J-Z)
COMMON BLOCKS TRANSFER MOST OF THE INPUT AND OUTPUT VALUES.

COMMON /CONCYL, PCYL,TCYL,XYCYL ,XLCYL MW

COMMON /CONVOL/ PUOL, TUOL ,XVOL ,XLVOL

COMMON /PARAM / VOL,DELT,Q

COMMON /MASS .~/ MSFLRT,MIN,MTOT

COMMON /CYLIND/ DIACYL,LCYL,RHOLE,DHOLE,ALPHA, IVERT
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CALCULATE THE VOLUME OF VAPOR IM THE CYLINDER.
WOL = XVOLXMTOT/DENVAP
VOL AND WOL ARE IN CUBIC FEET. CONVERT TO CUBIC INCHES.

voLz VOL*1728.b0

WLz WOLx1728.00

ALPHA IS IN DEGREES. USE EQUIVALENT ANGLE IM RADIANS,

RADIAN = ALPHAX3.14153D4/180.00
AN INTEGER INDEX IS SET TO ZERO FOR A VAPOR-LIQUID INTERFACE ABOVE
THE TOP OF THE HCLE OR BELOW THE BOTTOM OF THE HOLE. IF THE VAPOR-
LIQUID INTERFACE IS FOUND TO COINCIDE WITH THE HOLE, THE INDEX WILL
BE RESET 7O 1.

ISPLIT = 0
IF THE HOLE IS AT THE BOTTOM OF A CYLINDER STANDING ON END, THE
VAPOR-LTQUID INTERFACE CAN BE CALCULATED DIRECTLY. THE PROGRAM WILL
SKIP DOWN TO THAT SECTION,

IF (IVERT.EQ.1) GO TG 70

CALCULATE VAPOR-LIQUID INTERFACE. START WITH THE VALUE OF VLFACE
PASSED FROM THE CALLING PROGRAM. THEN EVALUATE VLFACE USING THE
PREVIOUS VALUE AS A GUESS.
ITERER = 0
Al = 0.00
G = §.D0
A2 = 0.D0
G2 = 0.D0
A3 = §.bo
G2 = {0.bo
10 CONTINUE
OLDVLF = VLFACE
VLFACE = DIACYL/2.D0%(1.D0 + DCOS(32.14159D0kLCYL/VOLZ
* *(WWoLZ/LCYL + (VLFACE - DIACYL/2.D0)
* *DSART (VLFACEXDIACYL - VLFACEX*2))))
IF VLFACE CONVERGES STOP THE ITERATION.
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IF (DABS(VLFACE-OLDVLF).LT.1.D-6) GO TO &0
ITERBR = ITERBR + 1

IF VLFACE DOES NOT CONVERGE STOF EXECUTION.
IF {ITERS8R.GT.100) STOPO&

IF (VLFACE.GT.OLDVLF.AND.G1.GT.A1) GO TO 20

L

G1 OLDULF

Al

H

VLFACE

60 TO 10

20 CONTINUE

A REGULA FALST SCHEME DETERMINES FURTHER GUESSES FOR VLFACE.

G2

OLDVLF

A2 ULFACE
30 CONTINUE

G3 = {G2k(A1-A2)-A2*(G1-G2))
* /C (Al-A2)- (G1-G2))

A3 = DIACYL/2.D0%(1.D0 + DCOS(3.14153D0xLCYLAJOLZ
* *(WOL2/LCYL + (G3 -~ DIACYL/2.D0)
* *DSQRT(GI*DIACYL - GIkk2))))
IF A3 CONVERGES STOP THE ITERATION.
IF (DABS(A3-G3).LT.1.D-6) GO TO 50
ITERBR = ITERSBR + 1
IF A3 DOES NOT COMNVERGE STOP EXECUTION.

IF (ITERBR.GT.100) STOPO?

THIS MODIFIED REGULA FALSI SELECTS WHICH OF THE TWO PREVIOUS GUESSES
TO REPLACE WITH THE NEW GUESS. BY THIS MEANS THE REGULA FALSI IS

ALHWAYS USED FOR INTERFOLATION, SPEEDING CONVERGENCE.
IF {G3.LT.A3) GO TO 40
A2 = A3

G2 = G3
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GO 70 30

40 CONTINUE
Al = A3
Gl = G3
G0 TO 30

S0 CONTINUE

HEIGHT OF THE YAPOR-LIQUID INTERFACE 1S DETERMINED. THE LAST PAIR OF
GUESS AND RESULT IS STORED AS OLDVLF &ND VLFACE, RESPECTIVELY.

ULFACE = A3
QLDVLF = G3
60 CONTINUE

NOW CALCULATE THE DEPTH OF LIQUID ABCVE THE BOTTOM OF THE HOLE.

HINTER = VLFACE - (DIACYL/2.D0 + RHOLE*XDCOS(RADIAN)
* - DHOLE/Z.DD)

HINTER NEGATIVE MEANS VAPOR-LIQUID INTERFACE 1S BELOW BOTTOM OF HOLE;
A VAPOR RELEASE OCCURS. SINCE THE CALLING PROGRAM HAS ALREADY
INITIALIZED & VAPOR RELEASE, LEVEL RETURNS WITHOUT FURTHER
CALCULATION.

IF (HINTER.LE.O0.DB) GO TO 100
THE LIGUID LEVEL IS ABOVE THE BOTTOM OF THE HOLE. IF IT IS ABOVE THE
TOP OF THE HOLE, THE RELEASE WILL CONTAIN NO VAPOR. CALCULATE THE
INTERFACE LEVEL FOR A PRESSURE CORRECTION,

VLFACE = HINTER - DHOLE/2.DO

IF {HINTER.GE.DHOLE) GO TO 80

THE LIQUID LEVEL COINCIDES WITH THE HOLE LEVEL. CALCULATE THE VAPOR
VOLUME FRACTION AND SET ISPLIT TO 1.

YVCYL = (ACOS(SNGL(2.DOXHINTER/DHOLE-1.D0)}
* -4 . DO/DHOLEX* 24 (HINTER-DHOLE/2.D0)
* *DSORT ( DHOLE*XHINTER-HINTER**23),/3.14159D0
ISPLIT = 1
70 CONTINUE

CALCULATE DEPTH OF LIQUID IN VERTICAL CYLINDER.
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ULFACE = LCYL*WOLAVOL

[

80 CONTINUE

SET XVCYL TO ZERD AND CALCULATE THE DENSITY OF THE NON-VAPOR MASS
FRACTION.

Lap I v I e B oy}

®UCYL 0.00

]

o)

DENLS MTOT*(1.D0-XVOL )/ (VOL-AOL)

o

IF (ISPLIT.NE.1}) 60 TO 90

IF THE LIQUID LEVEL COINCIDES WITH THE LEVEL OF THE HOLE THE VYAPOR
MASS FRACTION OF THE RELEASE IS RECALCULATED. WVLFACE IS SET T0 ZERO
&0 THAT THE PRESSURE OF THE RELEASE WILL EQUAL THE SATURATION
PRESSURE.

[or o B o B o I o B o]

XUCYL = YUCYLADENVAP/DENLS
* Z(1.00 - YUCYL + YUCYLADENVAP/DENLS)

VLFACE = 0.D0
90 CONTINUE
C
C CALCULATE RELEASE PRESSURE, NO CORRECTION IF VLFACE IS ZERO,
c

PCYL = PUOL + VLFACEXDENLS/1728.D0

C
100 CONTIMNUE
C
ULFACE = OLDVLF
c

C THIS SUBROUTINE CANMOT PROVIDE REASONABLE RESULTS IF THE UF6 GOES
C SOLIDb BEFORE THE INTERFACE DROPS BELOW THE BOTTOM OF THE HOLE. CHECK
C FOR THIS RESULT AND STOP IF A PROBLEM IS ENCOUNTERED,

IF (XLCYL.EQ.0.DO.AND.XVCYL.NE.1.D0) STOP11

c

RETURN
¢ .

END
B.16 MIXFLW

SUBROUTINE MIXFLMW {IC, INLET, INGDES)

Feddodkekkdodedekdededededededededededeodek ok ok e ke ko dededede ok dodekokokdodokdok o dodeododdekok ke dek koo Aok kok
*

*  WARNING | THIS SUBROUTINE USES THE MNULL WECTOR (NODE 30) FOR
* INTERMEDIATE STORAGE. NODE 30 VALUES ARE RESET TO THOSE VALUES
* ABSIGNED BY THE SUBROUTINE SETRAY.

Lo e Tt T o T T e B
b

k
*
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THIS SUBROUTINE COMBINES UP TO 4 INLET STREAMS AND DETERMINES THE
OUTLET PHASE COMPOSITION AND TEMPERATURE AT A GIVEN FINAL PRESSURE.
IF REACTIVE COMPONENTS ARE IN THE STREAMS, THEY ARE ALLOWED TO

REACT TO THE EXTENT OF THE LIMITING REACTANT. ALL INLET STREAMS MUST

BE BLOWER NODES.

THE FOLLOWING VARIABLES ARE USED IN THIS SUBROUTINE.

INPUT VARIABLES

IC
INLET
INODES

NODE NUMBER REFPRESENTIMG COMBINED STREAM
NUMBER OF STREAMS TO BE MIXED (MaAXIMUM OF 4)
MAXIMUM NUMBER OF NODES ALLOWED BY THE SET OF
SUBROUTINES OF WHICH THIS SUBROUTINE IS A PART,
CORRESPONDS TO THE NULL VECTOR NODE NUMBER

CoMMON BLOCK VARIABLES

MASS (30,9}

TC (30)
FC (30)
ACFM (30)
H (30)

1IN (30,4)
I0UT  (30,4)
AMINLN

DELT

INTERNAL VARIABLE

[OUTMP

COMPONENT MASS FLOW RATE, LB/(DELT)

NODE TEMPERATURE, DEG F

NODE PRESSURE, PSIA

VOLUMETRIC FLOW RATE THROUGH STREAM NODE,
FT#%3/MIN

NODE ENTHALPY RATE, BTU/(DELT)

NODE INPUT STREAM NUMBER

NODE OUTPUT STREAM NUMBER

MINIMUM NATURAL LOG ACCEPTED BY THE COMPUTER
TIME INTERVAL USED IN TRANSIENT SIMULATION, SEC

TEMPORARY STORAGE VARIABLE

THE FOLLOWING SUBROUTINE 18 CALLED BY MIXFLW.

COMPRT

THE FOLLOWING SUBROUTINES ARE ALSO REQUIRED.

DENTHL
DENUFe
HFPOLY
HHFH20
HUF 6
PHASE
PHFH2O
VPRUFB
ZUFe

IMPLICIT REAL*8 (A-H,J-Z)

COMMON /LBMASS/ MASS(30,9), DUM1
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COMMON /COMPTP/ TC(30), PC(30), DUM2(30)

COMMON /VOLUME/ ACFM(30), DUM3(6l)

COMMON /ENTHAL/ H(30), DUM4(120)

COMMON /1STRMS/ T1IN(30,4), IOUT(30,4)

COMMON ZCONTRL/ AMINLN, DUMS, DELT, DUMe, IDUML, DUMY

SPECIFY INITIAL ESTIMATES OF MIXED STREAM TEMPERATURE AND VOLUME
FLOW RATE.

IF (TCC(IC).EQ.0.DO) TC(IC) = TCCLINCIC,1))

IF (ACFM(IC).G6T.0.D0) GO TO 20

ACFM(IC) = 0.D0

DO 10 I10=1,INLET

ACFM(IC) = ACFM(IC) + ACFM(IINCIC,I10))

10 CONTINUE
20 CONTINUE

ACFM(IC) = ACFMCIC)XDELT/6.01

SET NODE IC COMPONENT MASS AND ENTHALPY RATES TO ZERO AND TEMPORARILY
SET THE OUTLET NODE OF NODE IC TO THE NULL VECTOR.

DO 30 130=1,9

MASSB(IC,130) = 0.0D0

30 CONTINUE
H(IC) = 0.DO
IOUTMP = I0UT(IC,1)

10UT(I1C,1) = 30

COMBINE STREAMS TO OBTAIN COMPONENT MASS AND ENTHALPY RATES, THEN
RESET OUTLET STREAM NODE FOR NODE IC.

CALL COMPRT (IC, INLET, INODES)

IOUT(IC,1) = 10UTMP
SET "NULL VECTOR"™ VALUES TO BEGIN ITERATION TO OBTAIN MIXED STREAM
PHASE COMPUSITION AND TEMPERATURE AS WELL AS VOLUME FLOW RATE WHICH
CORRESPOND TO THE OUTLET PRESSURE.

ACFM(30) = ACFMCIC)*PC(IC)/PC{IOUT(IC,1))

H(30) = H(IC)
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c
TC(30) = TC(IC)
C
DO 40 140=1,9
C
MASS(30,140) = MASS(IC,140)
>
40 CONTINUE
C
50 CONTINUE
c
CALL COMPRT (30, 1, INODES)
c
IF (DABS(PC(30) - PCCIOUT(IC,1))).LT.1.D-4) GO TO 60
C
ACFM(30) = ACFM(30)%PC(30)/PC(IOUT(IC,1))
C
GO TO 50
C
60 CONTINUE
c
C TRANSFER TEMPORARY VALUES STORED IN THE NULL VECTOR TGO NODE VECTOR
€ IC, THEN RESET NULL VECTOR VALUES.
c
DO 70 170=1,9
c
MASS(1C,170) = MASS(30,170)
MASS(30,170) = 0.D0
C
70 CONTINUE
c
PC(IC) = PC(30)
PC(30) = 0.D0
c
TC(IC) = TC(30)
TC(30) = 0.D0
c
H(30) = ©.D0
c
ACFM(IC) = 6.D1*ACFM(30)/DELT
ACFM(30) = 0.D0
c
RETURN
c
END
B.17 PHASE

SUBROUTINE PHASE (TF, IC)

THIS SUBROUTINE CALCULATES THE PHASE COMPOSITION GF THE HF-H20 SYSTEM
IN A EOMPARTMENT. THE FOLLOWING VARIABLES ARE USED.

| e I w ]
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C

TF
TR

Ic
MASS
MSSH20
MSSHF
MSSTOT
MSSVAP
WMOL
M

voL
WHFL

HWHFV

WHFTOT
AZEOTR

WHF

PHF
PH20
PSUM
YHF

NUAP
PEALC

PBIF
PCONY
AMINLN
LNPHF
LNPHF1,

1J
[COUNT
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TEMPERATURE, DEG F
ABSOLUTE TEMPERATURE, DEG R

NUMBER OF NODE BEING EVALUATED

MASS OF COMPONENT IN NODE, LB

MASS OF WATER IN NODE, LB

MASS OF HF IN NODE, LB

COMBINED MASS OF HZ20 AND HF IN NODE, LB

MASS OF HF AND H20 VAPOR IN NODE, LB

COMPONENT MOLECULAR WEIGHT, LB/LB MOLE

ESTIMATED MOLECULAR WEIGHT OF HF UAPOR, LB/LB MOLE
VOLUME OF NODE, FT*#3

WEIGHT FRACTION OF HF IN THE HF-H20 LIQUID CONDENSATE,
LB HF LIQ/LB HF-H20 L1Q MIX

WEIGHT FRACTION OF HF IN THE HF-H20 VAPOR MIXTURE,

LB HF VAP/LB HF-H20 VAP MIX

WEIGHT FRACTION HF IN THE HF-H20 SYSTEM, LB HF/LB HF+H20
WEIGHT FRACTION OF HF IN AN HF-H20 MIXTURE OF AZEOTROPIC
COMPOSITION, LB HF/LB HF-H20 MIX

WEIGHT FRACTION OF HF IN THE LIQUID REQUIRED TO YIELD
PHF BASED ON THE CONCENTRATION OF HF ASSUMED TO BE
VAPOR ONLY, LB HF LIQUID/LB HF-H20 LIQ MIX

PARTIAL UAPOR FRCSSURE OF HF, PSIA

PARTIAL UAPOR PRESSURE OF H20, PSIA

VAPOR PRESSURE OF THE HF-H20 SYSTEM, PSIA

MOLE FRACTION OF HF IN THE HF-H20 UAPOR SYSTEM, MOLES HF
VAPOR/MOLES HF-H20 VAPOR MIXTURE

MOLES OF HF-H20 VAPOR MIXTURE, MOLES/LB PLUME

PARTIAL PRESSURE OF HF-H20 UAPOR MIXTURE RESULTING FROM
NVAP, UOLUME, AND TR, PSIA

PCALC - PSUM

PRESSURE COMVERSION FACTOR FROM TORR TO PSIA

MINIMUM NATURAL LOG ACCEPTED BY COMPUTER

LN(PHF/PCONY)

COEFFICIENTS FOR LN(FHFY = A/TR + B
LNPHF2 LN(PHF) AT 1 AND T + 1

INDEX CONTROLLING PHASE ITERATION SCHEME
COUNTER FOR PHASE ITERATION SCHEME

THE FOLLOWING SUBROUTINES ARE CALLED.

HFPOLY
PHFH20

IMPLICIT REAL*8 (A-H,J-Z)

DIMENSION WHFL(3), PDIF(3)
DIMENSION A(20), B(20)}

COMMON ~LBMASS/, MASS(30,9), DUM]
comMMoN AVOLUMEZ VOL(303, DUM2(61)
COMMON /MOLWT/  WMOL(9)
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COMMON /CONTRL/ AMINLN, DUM3, bUM4(2), IDUML, DUMS

DATA & /-10689D0,-10536D0,-10647D0, 1067500, -10460D0 , 1036200,

% -9779.5D0,-8917.7D0,-8188,200,-7770.000,-7575.0D0,-7411.400,
*  -7315.7D0,-7163.400,-6984,3D0,-6459, 700, -6269. 7D0,-5891 ., 7D0,
*  -5843.8D0,-5641.000/

DATA B #17.680D0,18.069D0,18.793D0,19.409D0,19,59500,19.95100,
*  19.429D0,18.94800,18.256D0,17.97500,18.05400,18.17800,

*  18,36500,18.45700,15.49200,17.65700,17.61200,17.39100,

*  17.555D0,17.364D0/

TR = TF + 455.67D0

PCONV = 14.696D0/7.6D2

M8SHF = MASS(IC,4) + MASS(IC,D)
MSSH20 = MASS(IC,2) + MASS(IC,3)
MSSTOT = MSSHF + MSSHz0

WHFTOT = MSSHF/MSSTOT

THE FOLLOWING SECTION EVALUATES THE WEIGHT FRACTION OF HF IN THE
LIQUID, WHF, REGUIRED TO YIELD PHF BASED ON THE ASSUMPTION THAT ALL
HF 15 IN THE UAPOR PHASE. IF THE REQUIRED WHF 1S GREATER THAN ONE,
CONDENSATION WILL OCCUR. IF WHF 1S LESS THAN OR EQUAL TO ONE, PSUM
CORRESPONDING TO WHF 1S CALCULATED AND COMPARED TO PHF + PH20 EVALU-
ATED ASSUMING ALL HF AND H20 1S IN THE VAPOR PHASE. IF PSUM 1S LESS
THAN PHF + PH20, CONDENSATION WILL OCCUR.
10 CONTINUE

PHF = MSSHFATR#*10.7300/V0L(1C)/HMOL(5)

CALL HFPOLY (TF, PHF, MW, .TRUE.)

IF (DABS(MW-WMOL(S)).LT.1.D-4) GO TO 20

WMOL(5) = (MW + WMOL(5))/2.D0

GO TO 10
20 CONTINUE

WMOL(S) = MW

PHZ0

MSSH20ATR*10.7300AV0L(1C) AMOL(3)

LNFHF

AMINLN
IF (PHF.GT.0.00) LNPHF = DLOG(PHF/PCONV)
THE FOLLOWING EQUATION APPLIES FOR WHF BETWEEN 0.00 AND 0.03.

WHF = PHF*0.035D0/PCONV/DEXP(A(L)/TR + B(1))



OO oOn (]

[

OO0 Mo 2

Lo ]

e o I e I ] Lo}

o]

120

IF {WHF.LT.0.03D8) GO TO 40
THE FOLLOWING SET OF ITERATIVE EQUATIONS IS APPLICABLE BETWEEN 0.05
AND 1.00. IF WHF IS FOUND TO BE GREATER THAN 1 ON THE INTERATION 19,
CONDENSATION OCCURS.

DO 30 130 = 1,19

LNPHF1 = A(I30)/TR + B(130)
LNPHF2 = A(I304+1)/TR + B(I30+1)
WHF = 0,05D0%({LNPHF - LNPHF1)/(LNPHF2 - LNPHF1)
* + DFLOAT(I30))
IF (WHF.GE.(0.05D0OXDFLOAT(I30)) .AND ,WHF.LE.
* (0.0300%DFLOAT(I30+1))) GO TO 40
30 CONTINUE

IF (WHF.GT.1.D0) GO TO 50
40 CONTINUE
CALL PHFH20 (TF, WHF, 0.D0, 0.DG, 0.D0, PSUM)

IF (PSUM.LT.(PHF+PH20)) GO TO S0

MASS(IC,5) = MSSHF
MASS(IC,4) = 0.D0
MASS(1IC,3) = MSSH20
MASS(IC,2) = 0.D0
RETURN

50 CONTINUE

IF CONDENSATION OCCURS, THE FOLLOWING SECTION EVALUATES THE
EQUILIBRIUM VAPOR PHASE COMPOSITION AT TF,

IF (MSSHF.EQ.0.D0.0OR.MSSH20.EQ.C.DO) GO TO 60
AZEOTR = 0.382¢eD0
IF (DABS(AZEOTR-WHFTOT).GE.1.D-6) GO TO 70

THE FOLLOWING SECTION EVALUATES THE VAPOR CONCENTRATION AT THE
AZETROPE OR FOR A PURE COMPONENT.

60 CONTINUE
CALL PHFH20 (TF,WHFTOT,YHF,PHF,PH20,PSUM)

IF (MSSHF.GT.0.D0) CALL HFPOLY (TF,PHF,WMOL(S),.TRUE.}



70

80

50

100

121

MASS(1C,5)
MASS(1C,4)
MASS(1C,3)
MASS(1C,2)

PHFAVOL(IC)XMOL () 710.73D0/TR
MSSHF -MASS(IC,S5)
PH20%VOL( I1C)*WMOL(3}/10.73D0/TR
MS5H20-MASS(IC, 3)

Hn B 1

RETURN
CONTINUE
ICOUNT = 0

WHFL(1)
WHFL(2)

AZEOTR + DSIGN(1.D-6, (WHFTOT-AZEOTR))
WHFTOT

IJ =1

Ga TO 30

CONTINUE

1J = 2

CONTINUE

CALL PHFH20 (TF,WHFL(IJ),YHF,PHF ,PH20,PSUM)

CALL HFPOLY (TF,PHF ,WMOL(S),.TRUE.)

WHFV YHF*WMOL (3) 7 (YHFRWAMOL (3 + (1.D0 = YHF)*KWMOL(3))

MSSVAP

(MESHZ0WHFL.(1J) - MSSHF4{1.D0 ~ WHFL(I1J}))
S (WHFL(TTY - WHFVY)

NVAP MSSVAPKWHFV/WMOL(S) + MSSUAPA(1.D0 - WHFV)/WMOL(3)

FCALC

NUJAPX1G.73D0*TRAVOL(IC)
PDIF(IJ) = PCALC - PSUM

IF (1J - 2) 80,100,110

CONTINUE

ICOUNT = ICOUNT + 1

I = 3

M = (PRIF(2) - FDIF(1))/(WHFL(2) - WHFL(1))

WHFL(3) = WHFL(2) - PDIF(2)/M

IF ((PDIF(1)-PDIF(2)).GE.PSUM) WHFL(3) = (WHFL{1) + WHFL(2))/2.D0
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GO 7O 90
C
110 CONTINUE
C
IF (DABS(PDIF{(3)).LT.(PSUMK1.D-3)) GO TO 140
c
IF (ICOUNT.EQ.100) STOP1Z2
c
IF (PDIF(3)) 120,140,130
c
120 CONTINUE
c
WHFL(2) = WHFL(3)
PDIF(2) = PDIF(3)
C
G0 TO 100
C
130 CONTINUE
c
HWHFL(L1) = WHFL(3)
PDIF(1) = PDIF(3)
C
GO TO 100
C
140 CONTINUE
C
MASS(IC,5) = MSSVAPKWHFY
MASS(IC,4) = MSSHF-MASS(IC,S)
MASS(IC,3) = MSSUAPX(1.D0 - WHFV)
MASS(IC,2) = MSSH20-MASS(IC,3)
c
RETURN
C
END
B.18 PHFH20
SUBROUTINE PHFH20 (TF, WHFL, YHF, PHF, PHZ0O, PSUM)
C
C THIS ROUTINE CALCULATES THE MOLE FRACTION OF HF IN THE VAPOR PHASE OF
C THE HF-H20 SYSTEM AS WELL AS THE PARTIAL VAFPOR PRESSURES OF HF AND
C H20 AND THEIR SUM GIVEN THE TEMPERATURE IN DEG F AND THE WEIGHT
C FRACTION OF HF IN THE LIQUID PHASE. THE FOLLOWING VARIABLES ARE USED.
C
c TF TEMPERATURE, DEG F
c TR TEMPERATURE, DEG R
C WHFL WEIGHT FRACTION OF HF IN THE LIQUID HF-H20 MIXTURE,
C LB HF LIG/LB HF-H20 LIQ MIX
c THF MOLE FRACTION OF HF IN THE VAPOR HF-H20 MIXTURE,
C MOLES HF VAFPOR/MOLES HF-H20 VAPOR
C PHF FARTIAL VAPOR PRESSURE OF HF, P5IA
C PH20O PARTIAL VAPOR PRESSURE OF H20, PSIA
C PSUM VAPOR PRESSURE OF THE HF-H2Z0 VAPOR MIXTURE, PSIA
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PCONV  CONVERSION FACTOR FROM TORR TO PSIA, PSIA/TORR
A, B COEFFICIENTS FOR LN(PHF) = A/TR + B

LNPHF1, LNPHF2 LN(PHF) EVALUATED AT 11 AND I2
Il, I2 INDICES FOR EVALUATING PHF (l2 = I1 + 1)

LNPHF  LN(PHF)
AMINLN  MINIMUM NATURAL LOG ACCEFTED BY COMPUTER
MHAZ MOLECULAR WEIGHT OF HF VAPOR AT THE AZEOTROPE,

LB/LB MOLE
AZEOTR AZEOTROPIC WEIGHT FRACTION OF HF IN THE HF-H20 SYSTEM
PHFAZ  PARTIAL VAPOR OF HF AT THE AZEOTROPIC COMPOSITION
PH20AZ PARTIAL VAPOR OF H20 AT THE AZEQTROPIC COMPOSITION
PAZEDT PHFAZ + PH20AZ

IMPLICIT REAL*S (A-H,J-Z)

DIMENSION A(20), B(20)

COMMON /CONTRL/ AMINLN

DATA A /-10689D0,-10536D0,~10647D0,-1067500,-1046000,-1036200,
*  -9779.5D0,-8917.7D0,-8188.2D0,~7770.0D0,-7575.0D0,-7411.400,
*k  -7315.7D0,-7163.4D0,~6984.300 ,~6459, 7D0,-6263, 7D0 ,~5891.7D0,
*  -5849,8D0,-5641.0D0/

DATA B /17.680D0,18,06900,18,79300,19.46900,19.59500,19.951D0,
*  19.429D0,18.94800,18.256D0,17.975D0,18.054D0,18.17800,
*  18,365D0,18.457D0,18.49200,17.857D0,17.812D0,17.39100,
*  17.55500,17.364D0/

TR

TF + 439.6700

PCONY 14.696D0/7.6D2

THE FOLLOWING SEQUENCE OF EQUATIONS THROUGH "30 CONTINUE" EVALUATES
THE PARTIAL VAPOR PRESSURE OF HF. THESE EQUATIONS ARE BASED ON A& PLOT
OF PARTIAL VAPOR PRESSURE OF HF VS TEMPERATURE AS A FUNCTION OF
WEIGHT FRACTION OF HF IN THE LIQUID PHASE. THIS PLOT WAS PROVIDED TO
W. REID WILLIAMS BY BRIAN C. ROGERS OF ALLIED CHEMICAL, SOLVAY, NY,
IN A LETTER DATED JULY 26, 1983. THE EQUATIONS WERE DERIVED BY W. R.
WILLIAMS.

PHF = 0.000

IF (WHFL.LE.(DEXP{AMINLN+&.D0}Y) GO TO 30
Il = IDINT(WHFL/0.05D0)

IF (I1.EQ.20) I1 = 19

12 =11 +1
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IF (I11.EQ.0) GO TO 10

LNPHF1 = A(I1)/TR + B(I1)
10 CONTINUE

LNPHFZ = A(I2)/TR + B{12)

IF (I1.EQ.0) GO TO 20

THE FOLLOWING EQUATION APPLIES FOR WHFL BETWEEN 0.05 AND 1.00.

LNPHF LNPHF1 + (LNPHF2 - LNPHF1)*{WHFL/0.05 -~ DFLOAT(I1)}

PHF

"

PCONVDEXP ( LNPHF )

GO TO 30
20 CONTINUE
THE FOLLOWING EQUATION APPLIES FOR WHFL BETWEEN 0.00 AND 0.05.

PHF = (WHFL/0.05D0)*PCONVADEXP(LNPHF2)
30 CONTINUE
THE FOLLOWING SEQUENCE OF EQUATIONS THROUGH "60 CONTINUE" EVALUATES
A PSUEDD PARTIAL VAPOR PRESSURE FOR HZ0, THE EQUATIONS ARE BASED ON
THE UYaPOR PRESSURE GF WATER GIVEN IN R, €. REID, J. M. PRAUSNITZ, AND
T. K. SHERWOOD, THE PROPERTIES OF GASES AND LIQUIDS, 3RD ED., MCGRAW-
HILL BOOK COMPANY, 1977, PP. 629 AND 632, AN ESTIMATED VALUE OF THE
PARTIAL VAPOR PRESSURE OF H20 AT THE AZEOTROPE, AND THE REQUIREMENT
THAT PH20 = 0 AT WHFL = 1. THE EQUATIONS USED BELOW WERE DERIVED BY
W. R. WILLIAMS.,
THE FOLLOWING EQUATION GIVES THE VAPOR PRESSURE OF H20.

PH2O = FCONUXDEXP(18.3034D0 - €863.39D0/(TF + 376.64D0))

IF (WHFL.EQ.0.DO) GO TO S0

THE FOLLOWING SEQUENCE OF EQUATIONS ESTIMATES THE PARTIAL VAPOR
PRESSURE OF H20 AT THE AZEOTROPE.

LNPHF1 = A(7)/TR + B(7)

LNPHF2 = A(8)/TR + B(8)

AZEOTR = 0.3826D0

LNFHF = LNPHF1 + (LNPHF2 - LNPHF1)*(AZEOTR - 0.35D0)/0.03D0
FHFAZ = PCONVADEXP(LNPHF)



125

C IN THE FOLLOWING CALL TO HFPGLY, THE LOGICAL VARIABLE C1C23Ce IS
C SPECIFIED AS .FALSE. SINCE PREVIOUS ESTIMATES OF Cl1, C3, AND Cé&
C SHOULD NOT BE CHANGED.

C
CALL HFPOLY (TF, PHFAZ, MWAZ, .FALSE.)
c
YHF = (AZEQTR/MWAZ) /(AZEOTR/MHWAZ + {1.D0 - AZEOTR)/18.016D0)
c
PH20AZ = (1.D0 -~ YHF)XPHFAZ/YHF
c

IF (WHFL.GT.0.3826DG) GO TC 40

c
C THE FOLLOWING EQUATIONS APPLY FOR WHFL BETWEEN 0.0 AND THE AZEOTROPE.
C

PAZEOT = PHFAZ + PH20AZ
c

PSUM = PH20 + (PAZEOT - PH20)*WHFL/AZEOTR
c

PH20 = PSUM - FHF
c

GO TO &0
C

40 CONTINUE

g THE FOLLOWING EQUATION APPLIES FOR WHFL BETWEEN THE AZEOTROPE AND 1.
‘ PH2O = PH2OAZ*((1.D0 — WHFL}/{1.D0 - AZEOTR))**3
S0 CONTINUE
FSUM = PHF + PHZO
60 CONTINUE
YHF = PHF/PSUM
RETURN

END

B.19 PIPSYS
SUBROUTINE FIPSYS(G)

THE PIPSYS SUBROUTINE RECALCULATES THE MASS VELOCITY AS IT MOVES DOWN
THE LENGTH OF THE PIPE AND FIXTURE SYSTEM. THE INITIAL MaSS VELOCITY
SUPPLIED TO PIPSYS CORRESPONDS TO THE ENTRANCE EFFECT PRESSURE DROP,
THE TRUE MASS VELOCITY MUST BE LESS THAN OR EQUAL TO THIS FIGURE. 50
A NEW GUESS OF MASS VELOCITY IS CALCULATED.

Jodkededededododeodedode ke dok ke dekdeddedek kedeokeokdedokdededodedokeodede ke dedededekdekodkekedededede e dododhek dokeiok
* *

* WARNING: THE YALUE OF MASS VELGCITY, G, IS CONSTANT ONLY %
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IF THE PIPING SYSTEM DIAMETER IS CONSTANT. HOWEVER,
MASS FLOW RATE IS CONSTANT. THESE VALUES ARE RELATED
THROUGH PIPE DIAMETERS. THE VALUE GFEAT IS CALCULATED
HWHEM A MASS VELOCITY POTENTIALLY DIFFERENT FROM THE
INITIAL G CAN BE EXPECTED FOR A PARTICULAR DOWNSTREAM
FEATURE.

e - O
o A oAk X N A

Fodesdkededededededededodededeod dededefed dede ok dede dodedededededke ek dededekodededek ok dede ke dededekek dekokke dede
IMPLICIT REAL*E (A-H,J-Z)

COMMON /1COMON/ I1SEN, IPIG, IBRCH, IGEXIT
COMMON ~CONCYL/ PCYL,TCYL ,XVUCYL,XLCYL MW
COMMON /CONENT/ PENT , TENT ,XVENT , XLENT ,UNTBAR
COMMON /GMTRY / PIGRAY

COMMON /CNSTNT/ ALPHA,BETA,DELTA,GAMMA,EPSLN
COMMON /TRIPLE/ TTRIPL,PTRIPL

DIMENSION PIGRAY(23,3),CONRAY(93,6)

THELTH = 1.D0/12.D0

REYMMX = 1.1504

THE IGEXIT SWITCH CONTROLS THE CALCULATION OF THE EXIT. AT A VALUE
OF IGEXIT=2 THE EXIT IS KNOWN TO BE CONTROLLED BY PRESSURE DROP AND
THE FURTHER CALCULATION OF GMAX UALUES SHOULD BE SUPPRESSED.

IGEXIT = 1
TGO BEGIN THE PIPE SYSTEM CALCULATION, A GUESS FOR G ONE-HALF THE
VALUE ENTERED A5 PIPSYS WAS CALLED (WHICH MIGHT BE A CHOKE FLOW
UalUE) IS USED IN CALCULATING THE ENTRY PRESSURE DROP. & NEW GMAX FOR
CHOKE FLOW IS THEN DETERMINED AND IF THIS VALUE IS LESS THAN THE
ASSUMED G, THE ASSUMED G IS5 REDUCED BEFGRE ENTRY CONDITIONS ARE
RECALCULATED,

CONRAY(IPIG,1) = PIGRAY(IPIG,3)
SET UPPER AND LOWER BOUNDS ON G AND MAKE FIRST GUESS.

CONRAY(IFIG,S) = 1.D10

IF (IBRCH.LT.3) CONRAY(IPIG,S) = G

CONRAY(1PIG,6) = 0.D0

IF (IBRCH.LT.2) G = G/2.00
10 CONTINUE
ON RETURNING TO THIS POINT IN THE SUBROUTINE (I.E., 10 COMTINUE), THE

VALUE OF G HAS BEEN ADJUSTED AND THE ENTIRE PIPE 3YSTEM CALCULATION
15 REPEATED STARTING WITH THE ENTRANCE EFFECT.
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IF ( (CONMRAY(IPIG,3)-CONRAY{IPIG,6)) / (CONRAY(IPIG,5)+
CONRAY(IPIG,6)) .LT.EPSLN) GO TO 200

20 CONTINUE

*

PENT = PCYL-PIGRAY(1,2)kGkk2/DELTAXNTBAR
CALL FLASH {TCYL,PCYL MW, XVCYL ,XLCYL ,PENT , I SEN,XVENT ,XLENT , TENT)

CALL DENUFG(TENT ,PENT ,M4,RHOS RHOL ,RHOV)

OLDVBR = UNTBAR
UNTBAR = XVENT/RHOVH(1.DO-XVENT ) 4XLENT/RHOL
+(1.D0=-XVENT )% (1.D0~-XLENT)/RHOS

A NEW SET OF ENTRANCE CONDITIONS BASED ON THE NEW VALUE OF MASS
VELOCITY HAS BEEN COMPUTED.

IF (DABS(UNTBAR-OLDVBR).GT.(EPSLN)) GO TGO 20

P2 = PENT-1.D-3

EVALUATE GMAX BASED ON ISENTROPIC EXPANSION,

*

%

ISNGMX = 0

CALL FLASH (TENT, PENT, MW, XVENT, XLENT, P2, ISNGMX,
XV2, XL2, T2

CALL DENUF6&(TZ2,P2,Md,RHOS,RHOL,RHOV)

V2BAR = XV2/RHOV+H(1.D0~XV2)*XL2/RHOL
+(1.D00-XU2)*x(1.D0-XL2)/RHOS

GMAX = DSAQRT(ALPHAX(PENT-P2)/(VZBAR-UNTBAR) }

IF (GMAX.LE.G) GO TO 180

LOAD THE FIRST ROW OF CONRAY,

30

CONRAY(1,1) = PENT
CONRAY(1,2) = TENT
CONRAY(1,3) = XVENT
CONRAY(1,4) = XLENT
CONRAY(1,5) = UNTBAR
CONRAY(1,6) = GMAX
IFEAT = 2

CONT INUE

IF (IFEAT.EQ.IPIG) GO TO 150
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GO TO (40,100,130, IDINT(PIGRAY{IFEAT,1))
40 CONTINUE
THE PIPE SOLVER STARTS HERE BY LIMITING THE TOTAL NUMBER OF STEPS TO
THE PRESSURE DIFFERENCE BETWEEN THE BEGINNING OF THE PIPE AND THE
SURRDUNDINGS. IN LATER PASSES THE TOTAL PRESSURE DROP CONSIDERED
WILL BE UPDATED. EACH STEP INCLUDES A CALCULATION OF THE PIPE LENGTH
CORRESPONDING TO AN INCREMENTAL PRESSURE DROP OF ABOUT ONE PSI.
DELTAP = CONRAY((IFEAT-1},1)-CONRAY(IFIG,1)

THE TRIPLE POINT PRESSURE MUST NOT BE INCLUDED IN DELTAP IF FLASHING
FLOW IS OCCURING.

1F (CONRAY{({IFEAT~1),1).GT.PTRIFL .AND.
* CONRAY(IPIG,1).LT.PTRIPL .AND.
* CONRAY((IFEAT-1),3).NE.1.D0)
* DELTAP = CONRAY((IFEAT-1),1)-PTRIPL
IF (DELTAP.LE.O0.DO) GO TC 180
ICON =1
50 CONTINUE
IDELP = IDINT(DELTAPF)

IF (IDELP.EQ.0) IDELP =1

DELP = DELTAP/DFLOAT(I1DELP)
P1 = CONRAY (¢ IFEAT-1),1)

T1 = CONRAY((IFEAT-1),2)

XUl = CONRAY((IFEAT-1},3)

xl1 = CONRAY((IFEAT-1),4)

VIBAR = CONRAY((IFEAT-13,5)

DLSUM = 0.D0

ADJUST THE MASS VELOLITY BASED ON THE ENTRANCE DIAMETER TO THE
CURRENT DIAMETER.

GFEAT = GX(PIGRAY(1,3)%%2)/(PIGRAY(IFEAT,3)%*2)

DO 8¢ I80 = 1,IDELP

P2 = P1-DELP
60 CONTINUE
PAVG = (P24+P1)/2.D0

CALL FLASH (TCYL,PCYL,MM,XVCYL,XLCYL,P2,1SEN,XV2,XL2,T2)
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CALL DENUF&(T2,P2,Md,RHOS,RHOL ,RHOV)

V2BAR = XVZ/RHIV + (1.D0-XV2)*xXL2/RHOL
* +(1.D0-XV2)*(1.D0-XL2Z)/RHOS

CALL FLASH (TCYL,PCYL,MH,XVCYL,XLCYL,PAVG, ISEN,XVAVG,XLAVG, TAVG)
CALL DENUF&(TAVG,PAVE,MA,RHOS,RHOL ,RHOV)

UBRAVG = XUAVG/RHOV + (1.D0-XVAVG),XLAVG/RHOL
* +(1.D0-XVAVG)I*(1,D0~XLAVG) /RHOS

CALL VISUFe(TAVG,PAVG,MA,VISL ,VISV}

VIS = (VISVKRXVAVG/RHIV + VISLA(1.D0-XVAVG) AXLAVG/RHOL } /VBRAVG
REYN = 3600.DOXPIGRAY(IFEAT,3)*GFEAT/VIS
BFACTR = 1.D25

IF (REYN.GT.1.D3) BFACTR = (37380.D0/REYN)**l6
AFACTR = 0.D0

IF (REYN.GT.1.D3) AFACTR = (2.457D0%
* DLOG(1.00/((7.DO/REYN)**0.9D0 + (0.27DO*EPS0OD))))%*1l6

THE EQUATION FOR FRICTION FACTCR IS OF & TYPE WHICH LEADS TO AN ERROR
MESSAGE IF REYN IS TOO LARGE. LIMITING REYN WILL NOT AFFECT THIS
CALCULATION AT THIS POINT. THIS FROBLEM IS SIMPLY A& MACHINE
LIMITATION,

IF (REYN.GT.REYNMX} REYN = REYNMX

FFACTR = 2.D0*((8.DO/REYN)*A12
* + (1.D0/ (AFACTRHBFACTR ) %1, 500 ) )3&TWELTH

DELTAL = (4633.1D0%(P1-P2) + GFEATk*2A(V1BAR-VZBAR))/
* {2 .DOXFFACTRAGFEAT X% 2% (VBRAVG) /PIGRAY( IFEAT,3)
* + 32,174D0XDSIN(THETA)/ (VBRAVG))

IF (DELTAL.LE.C.DO .AND. IGEXIT.EQ.Z2) WRITE (5,5300) IFEAT
IF (DELTAL.LE.Q.DO) GO TO 180
DLSUM = DLSUM + DELTAL
EVALUATE GMAX BASED ON ISENTROPIC EXPANSION.

P3

P2-1.D-3

ISNGMX = 0

CALL FLASH (T2, P2, Md, Xv2, XL2, P3, 1SNGMX,
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* XV3, XL3, T3)
CALL DENUF&(T3,P3,Md,RHOS,RHOL ,RHOV)

V3BAR = XVI/RHOVH(1.DO-XV3)*XL3/RKROL
* +(1.D0-XV3)*(1,D0-XL3)/RHDS

GMAX = DSQRT(ALPHAX(P2-P3)/(V3BAR-VZBAR) )

IF (GMAX.LE.GFEAT .AND. DLSUM.LT.{PIGRAY(IFEAT,2)-0.01D0} .AND.
* IGEXIT.EQ.2) WRITE (5,510) IFEAT

IF (GMAX.LE.GFEAT .AND. DLSUM.LT.(PIGRAY(IFEAT,2)-0.01))
* G0 TO 189

IF (DABS(DLSUM-PIGRAY(IFEAT,Z)).LT.1.D0-2) GO TO S0
IF (DLSUM.LT.PIGRAY(IFEAT,2) .AND., ICON.EQ.1}) GO TO 70
IF (ICOM.EQ.100} STOP13

IF (ICON.EQ.1) FUPPER
IF (ICON.EQ.1) PLOWER

Pl
pa

iHon

PE
pe

IF (DLSUM.GT.PIGRAY(IFEAT,2) .AND, ICON.GT.1) FLOMWER
IF (DLSUM.LT.PIGRAY(IFEAT,2) .AND. ICON.GT.1) PUPPER

Pz = (PUPPER + PLOWER}/2.D0
ICON = ICON + 1
pLsUM = DLSUM - DELTAL
Go TO &0

70 CONTINUE
Pl
T1
XUl

xL1
V1BAR

P2
Tz
xve
xXL2
Uz2BAR

L1 I | S I | |

80 CONTIMUE
GO TO 180
90 CONTINUE

PRESSURE DROP EUALUATED FOR TOTAL LENGTH OF CURRENT FEATURE. CHOKE
FLOW DOES NOT OCCUR IN THE CURRENT FEATURE.

CONRAY(IFEAT,1)
CONRAY (IFEAT,2)

i n

T
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CONRAY(IFEAT,3) = Xv2
CONRAY( IFEAT,4) = XL2
CONRAY (IFEAT,5) = UZBAR

CONRAY (IFEAT,6) = GBMAXAPIGRAY(IFEAT,3)%*2/P1GRAY(IFEAT,1)%k2

€
IFEAT = IFEAT + 1
C
€ FINISHED WITH PIPE ELEMENT.
C
G0 TO 30
c
100 CONTINUE
£
C EXPANSIONS AND FITTINGS FOR WHICH PRESSURE DROP MUST BE CALCULATED
C ARE HANDLED BY THIS SECTION OF PROGRAMMING.
c
C ADJUST THE MASS VELOCITY BASED ON THE ENTRANCE DIAMETER TO THE
€ CURRENT DIAMETER.
c
GFEAT = G*(PIGRAY(1,3)%%2)/(PIGRAY( IFEAT,3)%*2)
c
CONRAY(IFEAT,1) = CONRAY((IFEAT-1),1)
* - PIGRAY(IFEAT,2) * GFEAT#*2/DELTA
* * CONRAY((IFEAT-1),5)
c
CALL FLASH (TCYL,PCYL,MW,XVCYL,XLCYL ,CONRAY ( IFEAT,1),1SEN,
* CONRAY ¢ IFEAT, 3) ,CONRAY ( IFEAT, 4) , CONRAY{ IFEAT,2))
£
CALL DENUF6E (COMRAY(IFEAT,2),CONRAY(IFEAT,1) ,MA,RHOS,RHOL ,RHOV)
C
CONRAY ( IFEAT,S) = CONRAY ( IFEAT , 3} /RHOV
* + (1.DO-CONRAY( IFEAT,3) )*CONRAY ( IFEAT, 4) /RHOL
*+ (1.D0-CONRAY( IFEAT,3))%(1.D0-CONRAY(IFEAT,4) )/RHOS
c

C FOR & SUDDEN EXPANSION, A GMAX VALUE NEED NOT BE CALCULATED. GMAX
€ FOR THE PREVIOUS ELEMENT IS PLACED IN THE CONDITIONS ARRAY.

IF (PIGRAY((IFEAT+1),3).GT.PIGRAY(IFEAT,3) .AND,
* (IFEAT+1).LT.IFIG) GO TO 120

110 CONTINUE
P2 = CONRAY(IFEAT,1)-1.D-3

c
E EVALUATE GMAX BASED ON ISENTROPIC EXPANSION.
€

ISNGMX = 0
c
CALL FLASH (CONRAY(IFEAT,2), CONRAY(IFEAT,1), MA,
* CONRAY( IFEAT,3), CONRAY(IFEAT,4), P2, ISNGMX, Xv2, XL2, T2)
¢
CALL DENUF&(T2,P2,Md,RHOS ,RHOL ,RHOV)
C

V2BAR = XV2/RHOV+H(1.D0-XV2)kXL2/RHOL
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* + (1.D0-XV2)%(1.D0-XL2)/RHOS
c
GMAX = DSQRT(ALPHAX (CONRAY(IFEAT,1)-P2)/
* (V2BAR-CONRAY (IFEAT ,5)))
c

C IF GMAX IS SMALLER THAN G, THE CALCULATION MUST BE RESTARTED AT A
C NEW, LOWER VALUE OF G.

c
IF (GMAX.LE.GFEAT) GO TO 180
c
120 CONTINUE
c
CONRAY ( IFEAT,6) = GMAX*PIGRAY(IFEAT,3)%k2/PIGRAY(1,3)%%2
c
IF (PIGRAY((IFEAT+1),3).GT.PIGRAY(IFEAT,3) .AND.
*.  (IFEATH1).LT.IPIG) CONRAY(IFEAT,6) = CONRAY((IFEAT-1),6)
£
IFEAT = IFEAT+1
C
GO TO 30
c
130 CONTINUE
c
C CONTRACTIONS IN THE PIPE SYSTEM ARE HANDLED BY THIS SECTION OF THE
C PROGRAM. SINCE THE PRESSURE DROP 1S A FUNCTION OF DOWNSTREAM
C CONDITIONS, AN ITERATION IS REQUIRED. INITIALLY THE SPECIFIC VOLUME
C UPSTREAM IS ASSUMED TO HOLD DOWNSTREAM. THEN A NEW BUESS IS COMPUTED.
C
ICON =1
c
CONRAY (IFEAT,5) = CONRAY((IFEAT-1),5)
c
C ADJUST THE MASS VELOCITY BASED ON THE ENTRANCE DIAMETER TO
C THE CURRENT DIAMETER.
C
GFEAT = GX(PIGRAY(1,3)%k2)/(PIGRAY(IFEAT,3)%%2)
c
140 CONTINUE
c
CONRAY(IFEAT,1) = CONRAY((IFEAT-1),1)
* ~ PIGRAY(IFEAT,2)%(GFEAT*%2)/DELTA
* % CONRAY(IFEAT,5)
C
CALL FLASH (TCYL,PCYL,MN,XVCYL,XLCYL,CONRAY(IFEAT,1),1SEN,
* CONRAY ( IFEAT,3) ,CONRAY ( IFEAT ,4) , CONRAY ( IFEAT ,2))
c
CALL DENUF6& (CONRAY{IFEAT,2),CONRAY(IFEAT,1),MJ,RHOS,RHOL ,RHOV)
c
OLDCON = CONRAY(IFEAT,S)
c
CONRAY( IFEAT,S) = CONRAY( IFEAT , 3)/RHOV
* + (1.D0O-CONRAY(IFEAT,3))*CONRAY( IFEAT,4)/RHOL
* + (1.DO-CONRAY(IFEAT,3) )% (1.D0-CONRAY ( IFEAT,4) ) /RHOS
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ICON = ICON + 1

IF (ICON.GT.100) STOPL4
IF (DABS(CONRAY(IFEAT,5)-0LDCON) .GT.EPSLN) GO TO 140
GO TO 110
150 CONTINUE
EVALUATION OF PRESSURE DROP ALONG THE PIPING SYSTEM FOR THE CURRENT
VALUE OF G IS COMPLETE EXCEPT FOR THE EXHAUST PRESSURE DROP,
DELTAP = PIGRAY{IPIG,Z2)*GFEAT**2kCONRAY((IPIG-1),5)/DELTA
DETERMINE WHETHER THE CURRENT VALUE OF G I5 AN UPPER OR LOWER LIMIT.
IF (CONRAY((IPIG-1),1) - DELTAP - PIGRAY{IPIG,3)} 170, 190, 160
160 CONTINUE
RESET LOWER BOUND ON G AND INCREASE MASS VELOCITY.
CONRAY(IPIG,6) = G
G = (G + CONRAY(IFIG,3))/2.D0
IF (CONRAY(IPIG,S5).EQ.1.D10) G = CONRAY(IPIG,6)/0.98D0
G0 TO 10
RESET UPFPER BOUND AND REDUCE MASS VELOCITY.
170 CONTINUE
IGEXIT = 2

180 CONTINUE
CONRAY(IPIG,S) = G
G = (Gt CONRAY(IPIG,56))/2.00

IF (CONRAY(1PIG,6).EQ.0.D0 .AND. IBRCH.EQ.3)
* G = CONRAY(IPIG,S)*0.98D0

G0 TO 10
190 CONTINUE
IGEXIT = 2

200 CONTINUE
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RETURN
C
S00 FORMAT (° 7,/ WARNING ! CHOKE FLOW PREDICTED IN FEATURE-,
* 13,7,” AFTER PRESSURE-DROP-CONTROLLED FLOW ESTABLISHED',
* * FOR PIPING SYSTEM (DELTAL.LE.D0).”)
C
510 FORMAT (7 7,/," HWARNING ! CHOKE FLOW PREDICTED IN FEATURE’,
* 13,7/, AFTER PRESSURE-DROP-CONTROLLED FLOW ESTABLISHED”,
% 7 FDR FIPING SYSTEM (ISENTROFIC FLASH).’)

END

B.20 REMOVE
SUBROUTINE REMOVE (I1C, IREMOV)

THIS SUBROUTINE DETERMINES THE MASSES OF CONDENSED PHASES REMOVED BY
DEFOSITION FROM A ROOM.

THE FOLLOWING VARIABLES ARE USED.

INPUT VARIABLES

IC NODE NUMBER OF COMPARTHMENT FROM WHICH CONDENSATE
IS BEING REMOVED BY FALL OUT
[REMOQY NODE NUMBER OF REMOVAL STREAM

COMMON BLOCK VUARIABLES

MASE (30,2} COMPONENT MASE REMOVAL RATE, LB/(DELT), OR
COMPONENT MASS IN COMPARTMENT, LB

VoL (30) NODE VOLUME, FT*%3

DPAREA  (30) DEPOSITION AREA, FT¥k2

DEPVEL DEPOSITION VELOCITY, FT/SEC

AMINLN MINIMUM NATURAL LOG ACCEPTED BY COMPUTER
DELT TIME INTERVAL FOR TRANSIENT SIMULATION, SEC
TC (30) NODE TEMPERATURE, DEG F

FC (30) NODE PRESSURE, FSIA

H (30} ENTHALPY RATE, BTU/(DELT)

INTERNAL VARIABLE
RMFRAC REMOVAL FRACTION (VOLUME BASIS)
THE FOLLOWING SUBROUTINE IS CALLED,
DENTHL
OTHER SUBROUTINES REQUIRED ARE:
DENUF&

HHF H20
HUF e
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C UPRUFe
C ZUFe

IMPLICIT REAL*8 (A-H,J-2}

COMMON /LBMASS/ MASS(30,9), DUM1

COMMON /VOLUME/ VOL(30), DUM2(30), DPAREA(30), DEPVEL
COMMON /CONTRL/ AMINLN, DUM3, DELT, DUM4, IDUM1, DUMS
COMMON /COMPTP/ TC(30), PC(30), DUM6(30)

COMMON /ENTHAL/ H(30), DUM7(120)

CALCULATE THE REMOVAL FRACTION WHICH IS BASED ON THE WOLUME FROM
WHICH CONDENSATES CAN BE REMOVED DURING THE TIME INTERVAL USED
FOR THE TRANSIENT ANALYSIS DIVIDED BY THE TOTAL YOLUME OF THE
COMPARTMENT . THE FIRST VOLUME IS THE PRODUCT OF THE DEPOSITION
VELOCITY, THE DEPOSITION AREA, AND THE TIME INTERVAL.

OO oOMO

RMFRAC = DEPVEL*DPAREA{IC)*DELTAJOL(IC)

APPLY THE REMOVAL FRACTION, RMFRAC, TO CONDENSED PHASES CONTAINED
IN NODE IC.

[ M w B on R s

MASS( IREMOV,1)
MASS( IREMOV, 2)
MASS( IREMOV, 3)
MASS( IREMOV, 4)
MASS(IREMIV, 5)
MASS( IREMOV, 6)
MASS( TREMOV, 7)
MASS( IREMOV, 8)
MASS( IREMOV, 9)

0.00
MASS( 1€, 2)%RMFRAC
0.D0
MASS(1C,4)*RMFRAC
0.D0
MASS(1C,6)*RMFRAC
MASS( 1C, 7)*RMFRAC
0.D0
MASS(1C, 9)*RMFRAC

i unnunu

SET THE TEMPERATURE AND PRESSURE OF THE REMOVAL STREAM TO THAT OF THE
SOURCE NODE, THEN CALCULATE THE ENTHALPY RATE OF THE REMOVAL STREAM.

[w N o B B ]

TC(IREMOV)
PC{ IREMOV)

TCLIC)
PCCIC)

wn

CALL DENTHL (TCC(IREMOV), PCCIREMOV), IREMOV, H(IREMOV))
RETURN

END

B.21 RESIST
SUBROUTINE RESIST (I0)

THIS SUBROUTINE EVALUATES THE RESISTENCE TERM FOR THE RELATIONSHIP
DELP = KRCOEF*MASS-FLOW-RATEX*2/DENSITY. THE MASS FLOW RATE FOR THE
TIME STEP DELT MUST HAVE ALREADY BEEN CALCULATED BEFORE THIS
SUBROUTINE IS CALLED UNLESS A RESISTANCE COEFFICIENT FOR THE STREAM
HAS BEEN ENTERED.

Lo B or I o o T 00 B g
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THE FOLLOWING VARIABLES ARE USED IN THIS SUBROUTINE!:
INPUT VARIABLE

i1c STREAM NODE FOR WHICH RESISTANCE TERM 1S TO BE
EVALUATED

COMMON BLOCK VARIABLES

MASS (30,3) COMPONENT NODE MASS GR MASS FLOW RATE, LB
(COMPARTMENT) OR LB/(DELT) (STREAM)

TC (30) NODE TEMPERATURE, DEG F

PC (30} NODE PRESSURE, PSIA

VoL (30) COMPARTMENT NODE VOLUME, FT*%3

KRCOEF {30) RESISTANCE COEFFICIENT (INPUT), --, OR
RESISTANCE TERM (OUTPUT), PSI-SECk*2/LB-FT¥*%x3

NOTE: AS A RESISTANCE TERM, KRCOEF IS A COMBINATION
OF THE RESISTANCE TERM, THE CROSS-SECTIONAL
AREA OF FLOW, AND CONVERSION FACTORS.

1IN (30,4) NODE INPUT STREAM NUMBER

10UT {30,4) NODE OUTPUT STREAM NUMBER

AMINLN MINIMUM NATURAL LOG ACCEPTED BY THE COMPUTER
DELT TIME INTERVAL USED IN TRANSIENT SIMULATION, SEC

EQUIVALENCED VARIABLE
FLAREA (30) CROSS-SECTIONAL AREA FOR FLOW, FT¥%2

INTERNAL VARIABLES

DELP ABSOLUTE PRESSURE DIFFERENCE ACROSS NODE, PSI
MASS1 TOTAL MASS IN INLET NODE, LB

MASS2 TOTAL MASS FLOW RATE IN STREAM NODE, LB/(DELT)
DENS DENSITY OF MATERIAL FLOWING INTO THE STREAM

NODE, LB/FT#%3

IMPLICIT REAL*8 (A-H,J-Z)

c
DIMENSION FLAREA(30}
C
COMMON /LBMASS/ MASS(30,9), DUM1
COMMON /COMPTP/ TC(30), PC(30), DUM2(30)
COMMON /VOLUME/ VOL(30), KRCOEF(30), DUM3(31)
COMMON /ISTRMS/ T1IN(30,4), I0UT(30,4)
COMMON /CONTRL/ AMINLN, DUM4, DELT, DUMS, IDUM1, DUMe
c
EQUIVALENCE (VOL(1}, FLAREA(1))
c
IF (KRCOEF(IC).LE.0.DO) GO TO 10
C

C IF A POSITIVE RESISTANCE COEFFICIENT HAS BEEN ENTERED, FOR EXAMPLE, A
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€ VALUE OF 1.5 CORRESPONDING TO A SUDDEN CONTRACTION FOLLOWED BY A
C SUDDEN EXPANSION, THE RESISTANCE TERM IS EVALUATED USING THE FOLLOW-
€ ING EQUATION.
C

KRCOEF(IC) = KRCOEF({IC)/FLAREACIC)/FLAREA(IC)/9266.100
C

RETURN
c

10 CONTINUE

c
C THE REMAINDER 0OF THIS SUBROUTINE EVALUATES A COEFFICIENT WHICH
C INCORPORATES THE RESISTANCE COEFFICIENT, FLOW AREA, AND CONVERSION
C FACTORS INDIRECTLY BY USING INITIAL STEADY STATE CONDITIONS OF MASS
C FLOW RATE AND PRESSURE DROP.
c

DELP = PC(IINCIC,1)) - PCCIOQUT(IC, 1))
€

MASS1T = 0.D0

MASS2 = 0.D0
€

DO 20 I20=1,9
C

MASS1 = MASSL + MASS(IIN(IC,1),I120)
MASS2 = MASSZ + MASS(IC,120)
C
20 CONTINUE

c

DENS = MASS1L/VOL{IIN(IC,1))
c

KRCOEF(IC) = DELP*DENSkDELTXDELT/MASSZ/MASSZ
C

RETURN
c

END
B.22 ROOM

SUBROUTINE ROOM (IC, RATIO)
C
C THIS SUBROUTINE EVALUATES THE INITIAL MASSES AND ENTHALPIES IN NODES
€ WHICH REPRESENT ROOMS.
C
L THE FOLLOMWING YARIABLES ARE USED.
C
c INPUT VARIABLES
c
C IC NUMBER OF NODE BEING INITIALIZED
c RATIO RATIO OF THE MOLES OF WATER VAPOR TO THE TOTAL
C NUMBER QF MOLES OF MOIST AIR
c
c COMMON BLOCK VARIABLES
C
C MASS {30,9) NODE COMPONENT MASS, LB
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TC {30} NODE TEMPERATURE, DEG F

PC {30) NODE PRESSURE, PSIA

WMOL (9} COMPONENT MOLECULAR WEIGHT, LB/LB MOLE
H 130 NODE ENTHALPY, BTU

VoL {30) NODE VOLUME, FTx*3

INTERNAL VARIABLES

NTOT TOTAL MOLES OF MOIST AIR IN NODE
NH20 MOLES OF WATER VAPOR IN NODE
NATR MOLES OF DRY AIR IN NODE

THE FOLLOWING SUBROUTINE IS CALLED.
DENTHL
THE FOLLOWING SUBROUTINES ARE ALSO REGUIRED.

DENUF&
HHFH20
HuFe
UPRUF&
ZuFe

OO OOoOOOO0OnND OO0 OO0

IMPLICIT REAL*8 (A-H,J-Z)

C
COMMON /LBMASS/ MASS(30,9), DUML
COMMON /COMPTP/ TC(30), PC(30), DUM2(30)
COMMON /MOLWT/ WMOL(9)
COMMON /ENTHAL/ H(30), DUM3(120)
COMMON /VOLUME/ VOL(30), DUM4(61)
C
NTOT = PCCIC)XVOL(IC)/10.73D0/(TC(IC) + 458.67D0)
c
NH20 = RATIORNTOT
NAIR = NTOT - NH20
C
MASS(IC,3) = NH2OKWMOL(3)
MASS(IC,1) = NAIRMWIMOL(1)
C
CALL DENTHL(TCCIC), PC(IC), IC, H(IC))
c
RETURN
c
END
B.23 SETRAY

SUBROUTINE SETRAY (INGDES, INOUT)

THIS SUBROUTINE 1S USED TO INITIALIZE VALUES IN THE UARIOUS ARRAYS
NEEDED FOR TRANSIENT COMPARTMENT ANALYSIS.

Lw I o v I o
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C
C
C
C
c
C
C
c
C
C
c
c
C
C
C
c
c
C
c
C
C
c
c
€
c
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
c
C
C
£
C
C
C
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THE FOLLOWING VARIABLES ARE USED.

OUTPUT VARIABLES

INGDES

INCUT

NUMBER OF NODES AVAILABLE IN THE TRANSIENT
COMPARTMENT MODEL (NOTE: NODE 30 IS THE NULL
VECTOR)

NUMBER OF INPUT AND NUMBER OF OQUTPUT STREAMS
ALLOWED IN THE TRANSIENT COMPARTMENT MODEL

COMMON BLOCK VARIABLES

MASS

RH

TC

PC
TSURF
WMOL
VoL
KRCOEF

DPAREA
DEPVEL
H

GRATE
QcooL
HTCOEF
HTAREA
TIN
10uT
AMINLN

TIME
DELT
MAXTIM
IFLAG
TRELS
C1

c3

Ce
WMBHF

ITYPE
SOURCE
1SEN

(30,9

(30)
(30)
(30)
&)

(30
(30)

(30}
(303

{30)
(30)
(30)
(30
(30,4)
(30,4

NODE COMPONENT MASS, LB, OR NODE COMPONENT FLOW
RATE, LB/(DELT)

FRACTIONAL RELATIVE HUMIDITY, --

NODE TEMPERATURE, DEG F

NODE PRESSURE, PSIA

NODE HEAT TRANSFER SURFACE TEMPERATURE, DEG F
COMPONENT MOLECULAR WEIGHTS, LB/LB MOLE

NODE VOLUME, FT*%3

RESISTANCE COEFFICIENT, --, OR RESISTENCE TERM,
PSI-SECK#*2/LB-FT&%2

DEPOSITION AREA, FT*k2

DEPOSITION VELOCITY, FT/SEC

NODE ENTHALPY, BTU, OR NODE ENTHALPY RATE,
BTU/(DELT)

HEAT TRANSFER RATE, BTU/(DELT)

COOLING RATE, BTU/(DELT}

HEAT TRANSFER COEFFICIENT, BTU/SEC-FT%%2~DEG F
HEAT TRANSFER AREA, FThkk2

NODE INLET STREAMS

NODE OUTLET STREAMS

NATURAL LOG OF THE MINIMUM NUMBER ACCEPTED BY
THE COMPUTER

CUMULATIVE TIME OF THE TRANSIENT SIMULATION, SEC
TIME INCREMENT FOR THE TRANSIENT SIMULATION, SEC
MAXIMUM CUMULATIVE TIME OF THE SIMULATION, SEC
CONTROL. VARIABLE FOR PRINTING OUTPUT

TOTAL RELEASE TIME, SEC

WEIGHT FRACTION OF MONOMER TO HF VAPGOR

WEIGHT FRACTION OF TRIMER TO HF VAPOR

WEIGHT FRACTION OF HEXAMER TO HF VAPOR
EFFECTIVE MOLECULAR WEIGHT OF HF VAPOR,

LB/LB MOLE

TYPE OF RELEASE

TOTAL MASS OF RELEASED MATERIAL, LB

CONTROL VARIABLE IDENTIFYING BASIS FOR UFé
LIQUID FLASH OR VAPOR EXPANSION

EQUIVALENCED YARIABLES

ACFM
FLAREA

(30)
(30)

BLOWER FLOW RATE, FTX*3/MIN
FLOW AREA FOR PRESSURE DROP CONTROLLED FLOMW,
FThk2
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IMPLICY
DIMENSI

COMMON
COMMON
COMMON
COMMON
COMMON

COMMON
COMMON
CoMMON
COMMON
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T REAL*8 (A-H,J-Z)
ON ACFM(30), FLAREA(30)

/LEMASS/ MASS(30,9), RH

/COMPTP/ TC(30), PC(30), TSURF(30)

/MOLWT/ WMOL(2)

/VOLUME/ UOL(30), KRCOEF(30), DPAREA(30), DEPVEL

/ENTHAL/ H(30), GRATE(30), QCOOL(30), HTCOEF(30),
HTAREA( 30)

/1STRMS/ T1IN(30,4), 10UT(30,4)

/CONTRL/ AMINLN, TIME, DELT, MAXTIM, IFLAG, TRELS

/POLYMR/ €1, €3, C6, WMBHF

/MISCEL/ ITYPE, SOURCE, ISEN

EQUIVALENCE (YOL(1), ACFM(1), FLAREA(1))

AMINLN

INODES
INOUT

MOLECULAR

10

WMOL(1)
WMOL(2)
WMOL(3)
WMOL (4)
HWMOL(5)
WMOL(B)
WMOL.(?)
WMOL(8)
WMOL(9)

WMBHF

DO 30 1

-88.00

30
4

ity

WEIGHTS.

28.966D0
18.016D0
WMOL(2)
20.0080D0
WMOL (4)
352.023D0
WMOL (6
WMoL(8)
308.023D0

Hannw i un

= WMOL(4)

30=1,IMODES

DO 10 110=1,9

MASS(130,110) = 0.D0

CONT INUE

VOL(130)

H(

QRATECI 30
QcooL(130)

0.

= 0.0D0

130) =0.DO
}y =0

]

DO
.DD
D

HTCOEF(130) = 0.D0
VoL(I30) = 0.D0

KRCOEF(130)
DPAREA(I30)

g.0o
0.00
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DO 20 120=1,INOUT

c
TINCIZ0,120) = INODES
I0UT(130,120) = INODES
C
20 CONT INUE
c
30 CONTINUE
C
DEPVEL = 0.033D0
£
RETURN
C
END

B.24 SSBLOW

SUBROUTINE SSBLOW (IC, RATIO)
THIS SUBROUTINE EVALUATES THE STEADY-STATE COMPONENT MASS FLOW RATES
RESULTING FROM THE FLOW OF MDIST AIR THROUGH A CONSTANT VOLUME BLOWER
GIVEN THE RATIO OF WATER VAPOR TO AIR AND WATER. FOR STEADY STATE
CONDITIONS, THE TEMPERATURE AND PRESSURE OF NODE IC SHOULD BE THAT OF
THE NODE SERVING AS THE INLET TO NODE IC.
THE FOLLOWING VARIABLES ARE USED:

INPUT VARIABLES

I1C STREAM NODE NUMBER
RATIO RATID OF MDLES OF WATER VAFOR TO TOTAL MOLES OF
MOIST AIR

COMMON BLOCK VARIABLES

MASS (30,3) COMPONENT NODE MASS OR MASS FLOW RATE, LB
(COMPARTMENT) OR LBA/(DELT) (STREAM)

TC (30) NODE TEMPERATURE, DEG F

PC {30) NODE PRESSURE, PSIA

HMOL (N COMPONENT MOLECULAR WEIGHTS, LB/LE MOLE

ACFM (30) VOLUMETRIC FLOW RATE THROUGH STREAM NODE,
FThk3I/MIN

H (30 ENTHALPY RATE, BTU/(DELT)

1IN (30,4) NODE INPUT STREAM NUMBER

1out {30,4) NODE QUTPUT STREAM NUMBER

AMINLN MINIMUM NATURAL LOG ACCEPTED BY THE COMPUTER

TIME TIME AT WHICH FLOW RATE IS BEING EVALUATED, SEC

DELT TIME INTERUAL USED IN TRANSIENT SIMULATIONM, SEC

INTERNAL VARIABLES

TR ABSOLUTE TEMPERATURE, DEG R
NTOT TOTAL MOLE FLOW RATE, MOLE/(DELT)

COOOOOODOOOMNOO0000000000C000000N0 0000000
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THE FOLLOWING SUBROUTINE IS CALLED BY DENTHL:
DENTHL
OTHER SUBROUTINES REQUIRED (BECAUSE OF DENTHL) ARE:

HHFHZO
HUF 6
DENUF&
UPRUF&
ZUFe

IMFLICIT REAL#E {(A-H,J-Z)

o

COMMON /LBMASS/, MASS(30,9), DUML

COMMON ~COMPTP/ TC(30), PC(30), DUM2(30)

COMMON /MOLWT/ WMOL{9)

COMMON /VOLUME/ ACFM(30), DUM3(&61)

COMMON ZENTHAL/ H(30), DUM4{120)

COMMON /ISTRMS/ TIN(30,4), T0UT(30,4)

COMMON /CONTRL/ AMINLN, TIME, DELT, DUM3, IDUM, DUM6

TCLIC)
PCCIC)

TCCIINGIC, 1))
PCCLINCIC, 1))

TR

TCCIC)Y + 459,.67D0

NTOT PCCIC)RACFM(IC)*DELT/10.73D0/TR/6.D1

MASS(IC,3)
MASS(IC, 1)

RAT I CANTOTAWMOL (32
(1.D0 - RATID}ANTOTHMOL(L)

CALL DENTHL (TC(IC), PC(IC), IC, H(IC))
RETURN

END

B.25 STERM

SUBROUTIMNE STERM (IC, ICMAIN, SOLIDS)
THIS SUBROUTINE EVALUATES A STEADY STATE RELEASE RATE BASED ON THE
INITIAL PRESSURE OF THE MAIN COMPARTMENT AND, FOR UF6 RELEASES,
WHETHER THE RELEASE IS5 ISENTROPIC OR ISENTHALPIC.
THE FOLLOWING VARIABLES ARE USED.

INPUT UARIABLES

ic NODE NUMBER FOR SOURCE
ICMAIN NODE NUMBER OF COMPARTMENT IN WHICH SOURCE IS

[ I e T o T et T e I v I o O e T e §
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OUTPUT VARIABLE

SOLIDS
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LGCATED

MASS FLOW RATE OF UF6 SOLIDS BEING DEPOSITED ON
FLOOR, LBA(DELT)

COMMON BLOCK VARIABLES

MASS (30,9
TC {30)
PC (30}
WMOL (9)

H (30)
AMINLN

DELT

TRELS
ITYPE

SOURCE
ISEN

INTERNAL VARIABLES
WHFL
PHF
XVINIT
XLINIT

XVFIN
XLFIN

TFIN

PUF&

COMPONENT MASS FLOW RATE, LB/(DELT)

NODE TEMPERATURE, DEG F

NODE PRESSURE, PSIA

COMPONENT MOLECULAR WEIGHT

NODE ENTHALPY RATE, BTU/(DELT)

MINIMUM NATURAL LOG ACCEPTED BY THE COMPUTER
INTERVAL OF TIME USED FOR TRANSIENT SIMULATION,
SEC

TOTAL TIME OF RELEASE, SEC

RELEASE TYPE INENTIFIER

HF LIQUID

HE VAPOR

UFe LIQUID, SOLIDS DUMPED TO FLOGR
UFe LIQUID, SOLIDS AIRBORNE

UFe VAFOR

W~ o~ s

TOTAL MASS OF SOURCE, LB
BASIS FOR FLASH OF UFe LIQUID

0 ISENTROPIC FLASH
1 ISENTHALPIC FLASH

WEIGHT FRACTION OF HF IN HF-H20 CONDENSATE
VAPOR PRESSURE OF HF, PSIA

INITIAL UFe VAPOR MASS FRACTION

INITIAL UFe LIQUID MASS FRACTION IN THE UFe
CONDENSED FRACTION

FINAL UFe VAPOR MASS FRACTION

FINAL UFe LIQUID MASS FRACTION IMN THE UFe
CONDENSED FRACTION

FINAL TEMPERATURE OF FLASHED UF6 CORRESPONDING
TO THE PRESSURE OF THE MAIN COMPARTMENT, DEG F
VAPOR PRESSURE OF UFe, PSIA

THE FOLLOWING SUBROUTINES ARE CALLED BY THIS SUBROUTINE.

DENTHL
FLASH
HFPOLY
PHFH20
VPRUF &
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€ THE FOLLOWING SUBROUTINES ARE ALSO REQUIRED TO EXECUTE THIS
C SUBROUTINE.

c
c DENUF&
c- EQTUF6
C HHFHZ20
c HUF e
C SUFe
c ZUFe
c
IMPLICIT REAL*E8 (A-H,J-Z)
C
COMMON /LBMASS/ MASE(30,9), DUML
COMMON /COMPTP/ TE(30), PC(30), DUMZ(30)
COMMON /MOLWT/ WMOL{9)
COMMON /ENTHAL/ H(30}, DUM3(120)
COMMON /CONTRL/ AMINLN, DUM4, DELT, DUMS, I1DUM, TRELS
COoMMON /MISCEL/ ITYPE, SOURCE, ISEN
c
SOLIDS = 0.DO
C
MASS(IC,IABSCITYPE)) = SOURCEXDELT/TRELS
c
C SOURCE TERM FOR HF LIQUID,
C
IF (ITYFE.EG.4) GO TO 40
C
C ©SOURCE TERM FOR HF VAPOR. IF THE ENTERED SCURCE PRESSURE IS LESS
C THAN ZERO OR GREATER THAN THE VAPOR PRESSURE CORRESPONDING TO THE
C SOURCE TERMPERTURE, THE SOURCE PRESSURE IS SET EQUAL TO THE VAPOR
C PRESSURE.
C
IF {ITYPE.NE.S) GO TO 10
C
WHFL = 1.D0
c
CALL PHFH20 (TC(IC), WHFL, G.DO, PHF, 0.DQ, G.DO)
C
IF (PHF.LT.PC(IC).OR.PC(IC).LT.0.D0) PC(IC}) = PHF
c
CALL HFPOLY (TC(IC), PC(IC}, WMOL(S), .TRUE.)
c
GO TC 48
c
10 CONTINUE
C
C SOURCE TERM FOR UFe LIQUID. UFe LIQUID IS FLASHED TO THE INITIAL
C PRESSURE OF THE COMPARTMENT. IF ITYPE = 7, ONLY THE VAPOR FRACTION IS
C UTILIZED AS A SOURCE TERM FOR THE COMPARTMENT, WHILE THE SOLIDS
C FRACTION IS ACCUMULATED ON THE FLOCOR. IF ITYPE = -7, BOTH SOLID AND
C VAPOR ARE INCORPORATED INTO THE SOURCE TERM.
C

IF (IABSCITYPE).NE.7) GO TO 20

(90
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CALL VPRUFe (TC(IC), PL(IC))

XVINIT
XLINIT

0.D0
1.D0

CALL FLASH (TC(IC), PC(IC), WMOL(?7), XVINIT, XLINIT, PC{ICMAIN),
* ISEN, XVUFIN, XLFIN, TFIN)

MASS(IC,8) = MASS(IC,7)AXVUFIN
SOLIDS = MABE(IC,7) - MASSCIC,®)

IF (ITYPE.EQ.-7) MASS(IC,6) = SOLIDS
IF (ITYPE.EQ.-7) SOLIDS = 0.D0

MASS(IC,7) = 0.D0

TC(IC) TFIN

PC(IC)

PCCICMAIN]
G0 TD 40
20 CONTINUE
SOURCE TERM FOR UF& VAPOR. IF THE ENTERED SOURCE PRESSURE IS LESS
THAN OR EQUAL TO ZERO OR GREATER THAN THE VAPOR PRESSURE
CORRESPONDING TO THE SOURCE TERMPERTURE, THE SOURCE PRESSURE IS SET
EQUAL. TO THE VAPOR PRESSURE,
IF (ITYPE.NE.8) GO TQ 30
CALL VPRUFe (TC(IC), PUF&)
IF (PUFe.LT.PC{IC).OR.PC{IC).LE.0.DO) PC(IC) = PUFe
GO TO 40 |
30 CONTINUE
WRITE ($5,500) ITYPE
STOP1S
40 CONTINUE
CALL DENTHL (TC(IC), PC(IC), IC, H(IC))
RETURN
500 FORMAT (//¢SX, ITYPE =/,31,° NOT RECOGNIZED.‘,//)

END
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B.26 SUF6

Lo e I I o L]
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SUBROUTINE SUFe (TF, P5Ia, MW, S80L, SLIG, 3VAP)

THIS SUBROUTINE CALCULATES THE ENTROPIES OF UF6 SOLID, LIQUID, AND
VAPOR. THE FDLLOWING VARIABLES ARE USED.

TF TEMPERATURE, DEG F
TR ABSOLUTE TEMPERATURE, DEG R
LNTR LN{TR)

TRSQ TRk 2

PSlA PRESSURE, PSIA

M MOLECULAR WEIGHT, LB MASS/LB MOLE

2300 ENTROPY OF THE S0L1D, BTU/LE MASS-DEG F

SLIQ ENTROPY OF THE LIGUID, BTU/LB MASS-DEG F

SVAP ENTROPY OF THE VAPOR, BTU/LE MASS-DEG F

ZFS1A UAPOR COMPRESSIBILITY FACTOR AT TF AND PSIA

Z1ATH UAPOR COMPRESSIBILITY FACTOR AT TF AND 14.6%96 PSIA

THE FOLLOWING SUBROUTINE IS CALLED.
ZUF6

THE ENTROPY CORRELATIONS ARE BASED ON INFORMATION IN R. DEWITT,
"URANTUM HEXAFLUGRIDE: A SURVEY OF THE PHYSICO-CHEMICAL PROPERTIES,"
GAT-280, GOODYEAR ATOMIC CORF., PORTSMOUTH, OHIO, JAN, 29, 1960,
PAGES 67 -~ 70. THE ENTROPY OF THE VAPOR GIVEN BY THE CORRELATION IN
GAT-280 IS FOR A& PRESSURE OF 1 ATM. THE VAPOR CORRELATION GIVEN BELOW
HAS BEEN MODIFIED USING THE MAGNUSON EQUATION OF STATE (SEE GAT-280,
PAGES 37 - 181) AMD THE DEPARTURE FUNCTION CORRELATIONS GIVEN IN

R. C., REID, J. M. PRAUSNITZ, &ND T. K. SHERWOCD, THE PROPERTIES OF
GASES AND LIQUIDS, 3RD ED., MCGRAW-HILL BOOK COMPANY, 1977, PAGE 93,
50 THAT BOTH SATURATED AND UNSATURATED UAPOR ENTROFIES CAN BE
CALCULATED,

IMPLICIT REAL*E (A-H,J-Z)

TR = TF + 439.6&7D0
LNTR = DLOG(TR)
TRSQ = TRA*x2

THE ENTROPY OF THE SOLID 1S GIVEN BY THE FOLLOWING CORRELATION WHICH
I8 ACCURATE WITHIN ©.01% BETWEEN 32 DEG F AND THE TRIPLE POINT (147.3
DEG F3.

850L = ( 3.,33535D-1 - 5.70931D-2%LNTR + 2.55013D-44TR

* - ( 4.82282D3/TREQ » ) * { 3.9202/MW )

THE ENTROPY OF THE LIQWUID IS GIVEN BY THE FOLLOWING CORRELATION WHICH
IS REPORTED TO HAVE AN ACCURACY OF 0.01% [OVER AN ASSUMED RANGE OF
147.3 TO 206.3 DEG F].

63D-1 + 5.10057D-Z*FLNTR + 1.02633D-44TR

a
6967D3/TRSQ 3 ) * { 3.5202/Md )

stia = ( -1.72
* - .0

(3
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C
C CALCULATE THE VAPOR COMPRESSIBILITY FACTOR AT 14.696 PSIA AND AT
C "PSIA."
C
CALL ZUFe (TF, 14.e9eD0, Z1ATM, 0.0D0, 0.0D0)
CaLL ZUFeé (TF, PSlA, ZPSlaA, 0.0D0, 0.0D0)
£
C THE ENTROPY OF THE VAPOR IS GIVEN BY THE FOLLOWING CORRELATION.
c
SVaP = ( -3.,32704D-1 + 9.21307D0-2%LNTR + 1.25237D-54TR
* + ( 1.47386D3/TRSQ ) + 3.0339D-3 * (ZPSIA - Z1ATM)
* + 1.0313D-3 * DLOG( (1.D0 - Z1ATM) ~/ (1.D0 - ZPS1A) } )
* * ( 3.52D2/MW )
c
RETURN
c
END

B.27 THCUFé6

SUBROUTINE THCUFe (TF, PSIA, MW, THCSOL, THCLIQ, THCVAP)

c
C THIS SUBROUTINE CALCULATES THE THERMAL CONDUCTIVITY OF UF6 SOLID,
C LIQUID, AND VAPOR. THE FOLLOWING VARIABLES ARE USED.
c
c TF TEMPERATURE, DEG F
C TR ABSOLUTE TEMPERATURE, DEG R
c PSIA PRESSURE, PSlA
c Mid MOLECULAR WEIGHT, LB MASS/LE MOLE
c THCSOL  THERMAL CONDUCTIVITY OF THE SOLID, BTU/HR-FT-DEG F
c THCLIQ  THERMAL CONDUCTIMITY OF THE LI1QUID, BTU/HR-FT-DEG F
c THCUAP  THERMAL CONDUCTIVITY OF THE VAPOR, BTU/HR-FT-DEG F
C CRLIQ HEAT CAPACITY OF THE LIQUID, BTU/LB MASS~DEG F
C DENLIQ  DENSITY OF THE LIQUID, LB MASS/FTxk3
c
C THE FOLLOWING SUBROUTINES ARE CALLED.
C
c CPUFe
c DENUF &
C
IMPLICIT REAL*8 (A-H,J-2)
c
TR = TF + 459.67D0
C
C THE THERMAL CONDUCTIVITY OF THE SOLID IS BASED ON DATA OBTAINED FROM
C E. J. BARBER (FERSONAL COMMUNICATION, JULY 13, 1983). ASSUMING A
C LINEAR RELATIONSHIP BETWEEN THERMAL CONDUCTIVITY AND TEMPERATURE,
C THE THERMAL CONDUCTIVITY OF THE SCLID IS GIVEN BY
C

THCSOL = 2.586D-1 + 6.084D-4%TF

CALCULATE THE HEAT CAPACITY AND THE DENSITY OF THE LIQUID.

[ I o i oy



148

CALL CPUF6 (TF, PSIA, MM, 0.0D0, CPLIG, 0.0D0, 0.0D0, 0.0D0)

C
CALL DENUF& (TF, PSIA, Md, 0.0D0, DENLIQ, 0.0D0O)
C
C THE THERMAL CONDUCTIVITY OF THE LIQUID IS BASED ON A SINGLE VUALUE
C REPORTED IM R. DEWITT, "URANIUM HEXAFLUORIDE: A SURVEY OF THE
C PHYSICO-CHEMICAL PROPERTIES," GAT-280, GOODYEAR ATOMIC CORP.,
€ PORTSMOUTH, OHIO, JAN. 29, 1960, PAGE 46. ASSUMING A GENERAL FORM OF
C VARIOUS PREDICTIVE CORRELATIONS FOR THERMAL CONDUCTIVITY OF & LIQUID,
C WHICH IS K = B % CP & (DENX%1.,33) / TR, THE COEFFICIENT B WAS
C DETERMINED. THUS, AN APPROXIMATE CORRELATICGN FOR LIGQUID THERMAL
C CONDUCTIVITY IS GIVEN BY
C
THCLIQ = 3.247D-1 * CPLIQ * ( DENLIQ#*(4.D0/3.D0) ) / TR
c
C THE THERMAL CONDUCTIVITY OF THE VAPOR 1S BASED ON GAT-280, PAGES 44 -
C 46, AND IS GIVEN BY
c
THCVAP = 3.268D-3 % ( 1.0D0 + 2.52D-3*%TF )
c
RETURM
C
END
B.28 TRBLOW

OOoOO0O000O00000000000 00000000000

SUBROUTINE TRBLOW (IC)
THIS SUBROUTINE EVALUATES THE TRANSIENT MASS FLOW RATES FOR A
CONSTANT VOLUME BLOWER REPRESENTED BY NODE IC WHICH DRAWS FROM A
COMPARTMENT REPRESENTED BY NODE IIN(IC,1).
THE FOLLOWING VARIABLES ARE USED:

INPUT VARIABLE

IC STREAM NODE NUMBER
CoMMON BLOCK VARIABLES

MASS (30,9) COMPONENT NODE MASS OR MASS FLOW RATE, LB
(COMPARTMENT) OR LB/(DELT) (STREAM)

TC (30) NODE TEMPERATURE, DEG F

PC (30) NODE PRESSURE, PSIA

WMOL (%) COMPONENT MOLECULAR WEIGHTS, LB/LB MOLE

ACFM (30) VOLUMETRIC FLOW RATE THROUGH BLOWER, FT*%3/MIN
H (30) ENTHALPY OR ENTHALPY RATE, BTU OR BTU/(DELT}
AMINLN MINIMUM NATURAL LOG ACCEPTED BY THE COMPUTER
DELT TIME INTERVAL USED IN TRANSIENT SIMULATION, SEC
IIN (30,4) NODE INPUT STREAM NUMBER

10UT (30,4) NODE OUTPUT STREAM NUMBER

EQUIVALENCED VARIABLE
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c
C VL (30)  COMPARTMENT NODE VOLUME, FT#%3
c
T INTERNAL VARIABLE
C
C FRAC RATIO OF BLOWER VOLUME FLOW RATE-TIME INTERVAL
c PRODUCT TO INLET NODE VOLUME
C
IMPLICIT REALX8 (A-H,J-Z)
C
DIMENSION VOL(30)
c
COMMON /LBMASS/ MASS(30,9), DUM1
COMMON /COMPTP/ TC(30), PC(30), DUM2(30)
COMMON /MOLWT/ WMOL(9)
COMMON /VOLUME/ ACFM(30), DUM3(61)
COMMOM /ENTHAL/ H(30), DUM4(120)
COMMON /CONTRL/ AMINLN, DUMS, DELT, DUM&, IDUML, DUM?
COMMON /TSTRMS/ 1IN(30,4), 10UT(30,4)
C
EQUIVALENCE (VOL(1),ACFM(1))
c
FRAC = ACFM({ICI*DELT/6.D1/VOL(IIN(TC,1))
c
DO 10 110=1,9
»
MASS(IC,110) = FRACAMASS(IINCIC,1),110)
C
10 CONTINUE
c
H(IC) = FRACKH(TINCIC,1))
TC(IC) = TCCIINCIC,1))
PCCIC) = PCCIINCIC,1))
C
RETURN
c
END
B.29 VISUF6
SUBROUTINE VISUFG (TF, PSIA, MW, VISLIG, VISUAP)
£
C THIS SUBROUTINE CALCULATES THE VISCOSITIES OF UFE LIQUID AND VAPOR.
C THE FOLLOWING VARIABLES ARE USED,
C
C TF TEMPERATURE, DEG F
C TR ABSOLUTE TEMPERATURE, DEG R
C PSIA PRESSURE, PSIA
c M MOLECULAR WEIGHT, LB/LE MOLE
C VISLIG  LIQUID VISCOSITY, LB MASS/FT-HR
C VISUAP  UAPOR VISCOSITY, LB MASS/FT-HR
c ,
C THE FOLLOWING SUBROUTINE 1S CALLED.
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YPRUF6&
THE VISCOSITY CORRELATIONS ARE BASED ON INFORMATION FROM R. DEWITT,
TURANIUM HEXAFLUDRID: A SURVEY OF THE PHYSICO-CHEMICAL PROPERTIES,®
GAT-280, GOODYEAR ATOMIC CORP., PORTSMOUTH, OHIO, JAaN. 23, 1960,
PAGES 38 - 44. THE VAPOR VISCOSITY CORRELATION WAS FITTED TO DATA
REPORTED IN GAT-280 BY W. R. WILLIAMS,

IMPLICIT REAL*8 (A-H,J-Z)

TR = TF + 459.67D0
THE VISCOSITY OF THE LIQUID IS GIVEN BY THE FOLLOWING CORRELATION
WHICH IS BASED ON DATA RANGING FROM 138 TO 410 DEG F. THE SUM OF THE
TERMS IN THE EXPONENTIAL IS CORRECT BASED ON THE DATA OF BLATT
REPORTED BY DEWITT IN TABLE 25,

VISLIQ = 0.404D0 * DEXP( (92.97D2 + 4.1D-2%PSIA)/TR )

THE VISCOSITY OF THE VAPOR BASED ON DATA RANGING FROM 104 TO 392
DEG F ISGIVEN WITHIN 0.6% BY THE FOLLOMWING CORRELATICN.

VIBVAP = 1.192D0-4 % TR%*x(,92303D0
RETURN

END

B.30 VPRUF6
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SUBROUTINE VPRUFE (TF, PSI1A)

THIS SUBROUTIMNE CALCULATES THE VAPOR PRESSURE OF UF6. THE FOLLOWING
VARIABLES ARE USED.

TF TEMPERATURE, DEG F
FSIA PRESSURE, PSlA
Pl PRESSURE, PSIA
P2 PRESSURE, PSIA

THE VAPOR PRESSURE CORRELATIONS USED ARE BASED ON R. DEWITT, "URANIUM
HEXAFLUORIDE: A SURVEY OF THE PHYSICO-CHEMICAL PROPERTIES,® GAT-280,
GOODYEAR ATOMIC CORP., PORTSMOUTH, OHIO, JAN. 29, 1980, PAGE B81.
IMPLICIT REAL*8 (A-H,J-Z)
IF (TF.GE.147.306561D0) GO TO 10

THE UAPOR PRESSURE OF UFs OVER THE S0LID FROM 32 DEG F TO THE TRIPLE
POINT AT 147.3 DEG F IS GIVEN BY

PSIA = DEXP ( 10.4443D0 + %.64233D-3%TF - ( 3.90741D3 /
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* ( TF + 258.14%00 ) ) )
RETURN
10 CONTINUE

DEWITT RECOMMENDS 2 CORRELATIONS FOR THE VAPOR PRESSURE OF UF& OVER
THE LIQUID. THE FIRST, WHICH IS GIVEN BELOW BY Pl, GIVES GOOD AGREE-
MENT (0.03%) FROM THE TRIFLE POINT TO 240.8 DEG F. THE SECOND, WHICH
IS GIVEN BELOW BY P2, AGREES WITHIN 0.3% ON AVERAGE BETWEEN THE
240.8 DEG F AND THE CRITICAL POINT. P2 EXCEEDS THE TABULATED VALUES
OF VAPOR PRESSURE FROM 240.8 DEG F TO ABOUT 276 DEG F. BY USING A
WEIGHTED AVERAGE OF P1 AND P2 OVER THIS RANGE, & BETTER AGREEMENT
WITH TABULATED VALUES IS OBTAINED, AS WELL AS A CONTINUOUS FUNCTION
FOR VAPOR PRESSURE.

Pl
Pz

DEXP ¢ 12,1600D0 - ( 4.66807D3 / ( TF + 367.533D0 ) ) )
DEXP ( 13.7627D0 - ( 6.97611D3 / ( TF + 511.866D0 ) ) )

IF (TF. GE, 2.40D2) GO TO 20

THE VAPCR PRESSURE OF UFé OVER THE LIQUID FROM THE TRIPLE POINT TO
240 DEG F IS GIVEN BY

P14 = P%
RETURN
20 CONTINUE
IF (TF.GE.2.76D2) GO TO 30

THE VAPOR PRESSURE OF UFe OVER THE LIQUID FROM 240 TO 276 DEG F 1S
GIVEN BY

PSIA = ( (2.76D2 - TFY*P1 + (TF - 2.40D2)*P2 )/ 3.6D1
RETURN
30 CONTINUE

THE VAFOR PRESSURE OF UF6 OVER THE LIQUID FROM 276 DEG F TO THE
CRITICAL POINT 1S GIVEN BY

PSlA = P2
RETURN

END
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B.31 ZUF6
SUBROUTINE ZUF6 (TF, PSIA, Z, ZP, ZT)
c
C THIS SUBROUTINE CALCULATES THE COMPRESSIBILITY FACTOR OF UF6 AS WELL
€ AS THE QUANTITIES ZP AND ZT. THE FOLLOWING VARIABLES ARE USED.
C .
c TF TEMPERATURE, DEG F
c TR ABSOLUTE TEMPERATURE, DEG R
C TCUBE  (DEG R)**3
C PSIA PRESSURE, PSIA
c 4 COMPRESSIBILITY FACTOR
c
c ZP = Z - P (DZ/DP}, EVALUATED FOR CONSTANT T
C ZT = Z + T (DZ/DT), EVALUATED FOR CONSTANT P
c
C THE COMPRESSIBILITY FACTOR IS BASED ON THE EQUATION OF STATE FOR UFé
C PROPOSED BY D. W. MAGNUSON CITED BY R. DEWITT, "URANIUM HEXAFLUDRIDE:
C # SURVEY OF THE PHYSICO-CHEMICAL PROPERTIES," GAT-280, GOODYEAR
C ATOMIC CORP., PORTSMOUTH, OHIO, JAN. 29, 1950, PAGES 24 AND 97 - 101.
»
IMPLICIT REAL*8 (A-H,J-Z)
c
TR = TF + 459,.67D0
TCUBE = TR**3
C
i = TCUBE / ( TCUBE + 4,8923D5%PSIA )
c
ZP = ( 2.000 -2 ) %2
yAl = ( 4,000 - 3.0D04Z ) * Z
c
RETURN
C

END



Appendix C
EXAMPLE PROBLEM OUTPUT

Output for Examples 1 (Cases 1 through 4), 2 (Cases 1 and 3), 3 (Cases 1 through 3), 4
(Cases 1 through 4), and 5 are included in this appendix. Output for Examples 1, 2, and 3 were
produced by CYLIND. Output for Example 4, Cases 1 and 3, as well as Example 5, were produced
by FODRFT and for Example 4, Cases 2 and 4, by INDRFT. Example problems are described in
Chapter 5. Output for Examples 2 {Case 2) and 6 from CYLIND and BATCH, respectively, are
included in Chapter 5 as are selected plots produced by COMPLT and CYLPLT.
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