View metadata, citation and similar papers at core.ac.uk brought to you by .{ CORE

provided by NASA Technical Reports Server

1991 NASA/ASEE SUMMER FACULTY FELLOWSHIP PROGRAM

JOHNF. KENNED.Y SPACE CENTER
UNIVERSITY OF CENTRAL FLORIDA

TRANSIENT STUDY OF A CRYOGENIC HYDROGEN FILLING SYSTEM

PREPARED BY: Mr. Howard Schleier

ACADEMIC RANK: Associate Professor
UNIVERSITY AND DEPARTMENT: Norwalk State Technical College
Mathematics/Science Department
NASA/KSC
DIVISION: Mechanical Engineering
BRANCH: Special Projects
NASA COLLEAGUE: Gary Lin
Eric Thaxton
DATE: . August 21, 1991
CONTRACT NUMBER: University of Central Florida

NASA-NGT-60002 Supplement: 6

377


https://core.ac.uk/display/10437214?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

I
ACKNOWLEDGEMENTS

The author would like to thank his colleagues Gary Lin and
Eric Thaxton for their leadership, guidance, and
inspiration. It was their efforts that made this project
possible. Sincere appreciation is also given Dr. E. Ramon
Hosler and Ms. Kari Stiles, whose charismatic personalities
insured the success of this project. The staff at DM MED at
KSC, who were friendly and thoughtful, who accepted the au-
thor as one of them, and who never hesitated to attend to my
needs are certainly worthy of the author’s gratitude. Ac-
knowledgement is also given to the staff at VAX Operations,
and the librarians at KSC who were always ready to render
first class service at the drop of a hat. Finally, mention
is given to the remaining staff at KSC for their part in
making this summer a memorable experience.

378



II

ABSTRACT

2.1 PREPARATION. An investigation was made as to pro-
ducing a workable model for the transient analysis of a
cryogenic hydrogen filling system. A series of programs and
subprograms defining: the momentum, mass, and energy
balances, the physical properties, the transport properties,
and their interactions were devised. _

2.2 TEST. The program was modified for a simple theoretical
test fluid. Exhaustive runs and modifications were made and
at this point no stability has been achieved except in tri-
vial cases.
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IIT
SUMMARY

3.1 SCOPE AND PURPOSE. This investigation was of a
theoretical nature. A pressure driven, flow controlled
cryogenic filing system was modeled to accept time
dependent input. The system consists of an upstream

tank (feedtank), upstream piping, a control element,
downstream piping,and a downstream tank (external tank).
The piping configuration is contained in block data, while
certain initial conditions, ambient temperature, run time,
and time interval, are entered as input.

3.2 RANGE OF VARIABLES. Though the algorithm is not limited

in its variable range, some practical restrictions do exist.

No inconsistency with the fundamental scientific constraints

should be entered. Piping should be of order 1lkm, diameters

0.2m to 0.5m, and node lengths 1m to 10m. The time

interval should be chosen such that it is no more than 10%

of the residence time of the smallest node, however it

should be long enough to avoid computational error.

Pressures range from l1E5Pa to 5E5Pa, while temperatures

between 20K and 300K are considered. Mass flows of course TN
should be consistent with the 10% of the residence time ’
restriction.

3.3 RESULTS. The transport and physical property rou-
tines used previously were reprogrammed. Most of them
worked fairly well while others did not work at all.
Several were improved upon. A transient cryogenic
hydrogen filling process was programmed and tested
with a fictitious fluid. Except in trivial cases, the
program failed to reach convergence as of this date.

N
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383

M
S
M
M*r*2 /S%*2

M
M*x%2 /S%*2
M**2 /Sk*2
KG/S**3 /K
LESS
KG*M/S**3 /K
LESS

K

K

M

KG/S

KG/M/S
KG/M/S*%2

"KG/M/S**2

KG/M/S**2
KG/M/S**2
KG/S**3
KG/S%*3
KG/S**3
LESS
KG/M* %3
Mk*2 /Sk*2
K

s
s
M/S
M**3
LESS
M



VI

BODY OF TEXT

6.1 INTRODUCTION

6.1.1 SUBJECT. The subject of this project is the transient
study of a cryogenic line. The intricate procedure involved
in the £filling of the external tank on the shuttle, coupled
the large capacity of a long filling system, suggests a
complicated transient. Predicting the nature of this
transient might enable NASA to develop a more efficient
filling procedure.

6.1.2 STATUS OF THE PROBLEM. NASA had developed some soft-
ware to analyse transient flow of cryogenic fluids. However,
all but one of these programs, fail to include the effects
of heat transfer and two-phase flow. The program that in-
cludes these effects the TCTP(1l) or "transient cryogenic
transfer program". TCTP has reasonable success analyzing
LOX systems, but is not as reliable for LH2-H2 modeling.
TCTP is not well structured and is very poorly documented.
after careful analysis, it was decided to start anew rather
than modify TCTP.

6.1.3 SIGNIFICANCE OF WORK DONE. "H2FILL", a highly struc-
tured and rigidly documented FORTRAN code was developed to
solve the problem. In the course of attempting to modify
TCTP a set of subprograms defining the properties of
hydrogen were developed. "H2FILL" is still being analyzed
for run time stability at this point.

6.2 MAIN TEXT-DESCRIPTIVE INFORMATION

6.2.1 BACKGROUND. In the process of trying to decide
whether to modify TCTP or start anew, the author in-
investigated the possibility of locating software that
might flowsheet the TCTP program and thereby facilitate
the possibility of deciphering it. The "TAMU" code was
located (2). It was available for $3500. After weighing
the trade-offs between modification and initiation,it
was decided to go with the latter.

6.2.2 CONFIGURATION. The confiquration consists of the
feedtank, the upstream piping, the control point (control
valve), the downstream piping, and the external tank.
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The parameters of this configuration are described in the
BLOCK DATA statement "H2BLOCK". The time sensitive para-
meters are read in from an input list "H2LIS,LIS’

6.2.3 PROGRAM. Program "H2FILL" the mainline program calls
in four subroutines in sequence. These subroutines are:
1)"H2INPUT", 2)"H2INIT", 3)"H2MOMNRG", AND 4)"H20UTPUT". The
data between the subroutines is transferred by an unlabeled
COMMON.

6.2.3.1 Input. Subprogram "H2INPUT" reads in the initial
inventories in the tanks, the ambient temperature, and

the initial pressures in the tanks. Then, the time of the
the run and the time interval are read. The remaining data
read in are the tank pressures and the mass flow at each
non-zero time interval.

6.2.3.2 Initiation. Subprogram "H2INIT" initializes the

conditions in the nodes. "H2INIT" also establishes the init-
ial properties through "H2LSAT", "PROPHP",and "PROPPTGS".In
addition it returns elevation from the inventory through
"FEEDTANK" and "EXTANK".

6.2.3.3 Processing. "H2MOMNRG" simultaneously solves the

“momentum, continuity, and energy equations; the properties

and flows at each node are updated. "TRANS" updates the
transport coefficients and the wall temperature at each node
from the properties and the design data.

6.2.3.4 Output. "H2OUTPUT" creates a file "H2DAT.DAT" on

which it prints the data in spreadsheets. The first set
is a node scan of each time. The second set is a time scan
of each node.

6.3 MATHEMATICAL PRESENTATION

6.3.1 MOMENTUM From Newton’s second law (1)
F=d(M*V)/4TIME+(MDOT*V)out-(MDOT*V)in
where F is the net force.
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The parameters of this configuration are described in the
and _

M=RHO*PI/4*D**2 %L, (2)
for a cylinder.Also note that

dF=-PI/4*D**2% (dP+dPF+RHO*G*dZ) (3)
and ‘ :
MDOT=RHO*V*PI /4 *V*D**2 (4)

combining (1), (2) (3), and (4) and integrating we get
(P(NODE, FRAME-1)~-P(NODE-1,FRAME-1)+
(RHO(NODE, FRAME-1 ) *V(NODE~-1,FRAME-1)*%2~
RHO(NODE-1,FRAME-1)*V(NODE-1, FRAME~1)**2)+
PF(NODE,FRAME-1)+G*(Z(NODE)~Z(NODE-1) )=L(NODE)/DELTAT*
(RHO(NODE, FRAME~1) *(V(NODE , FRAME~-1) - ,
RHO (NODE, FRAME ) *V(NODE, FRAME) ) (5)
Substituting (4) in (5) and rearranging the following
appears: :
MDOT (NODE, FRAME ) =MDOT( NODE, FRAME-1 ) -
PI/4*D(NODE)**2*DELTAT/L(NODE) *
(P(NODE, FRAME~1)-P(NODE-1, FRAME-1)+
RHO(NODE, FRAME~1) *V(NODE , FRAME~1 ) % %2~
RHO(NODE~-1, FRAME~1) *V(NODE~1,FRAME-1) * %2
+PF(NODE, FRAME-~1)+RHO(NODE, FRAME-1) *
G* (2 (NODE)-Z(NODE-1))) (6)
which updates the mass flow. '

6.3.2 CONTINUITY. For mass conversation one sees that
dM/dTIME=MDOTin-MDOTout (7)
integrating we get

M(NODE, FRAME )=M(NODE, FRAME-1 ) +DELTAT*

MDOT (NODE-1, FRAME )-MDOT (NODE, FRAME) ) (8)
and
RHO(NODE, FRAME )=M(NODE, FRAME )/
(PI/4*D(NODE)**2*L(NODE)) (9)
also

V(NODE, FRAME )=MDOT (NODE , FRAME) /
(RHO(NODE, FRAME) *PI/4*D(NODE, FRAME ) **2) (10)

hence the momentum and mass conservation laws has

allowed us to update MDOT, M, RHO, and V. However, in

in order to ascertain the state of the system we need an-

other independent variable. Energy conservation will satisfy

this requirement.

6.3.3 ENERGY. For the energy conservation (1) through (8)
d(MDOT*E )} /ATIME=(MDOT* (U+V**2/2+G*Z) )in
~MDOT*(U+V**2 /2+G*Z) )out

+{heat)in-(work)out,(7) (11
where (work)out=(MDOT*P/RHO)out-(MDOT*P/RHO)in, (1) (12
and (heat)in=HC*PI*D*L*(KELWAL~KELVIN), (1) (13
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combining (11), (12), and (13) and noting the definition

of HO we obtain:

d(M*E)/dTIMEn(MDOT*HO)in—(MDOT*HO)out+

HC*PI*D*L* ( KELWAL-KELVIN), (7). (14)

Integrating and solving for the update of E gives

E(NODE,FRAME)=(((MDOT(NODE-l,FRAME-l)*HO(NODE—l,FRAME—l)—
MDOT(NODE, FRAME ) *HO ( NODE, FRAME ) +
HC(NODE,FRAME-1)*PI*D(NODE)*L(NODE)*
(KELWAL(NODE, FRAME )-KELVIN(NODE,FRAME) ) ) *
DELTAT+M(NODE, FRAME-1)*E(NODE, FRAME-1)/
M(NODE, FRAME) ' (15)

then we update U

U(NODE, FRAME )=E (NODE, FRAME ) ~V(NODE, FRAME ) **2 /2-G*Z (NODE) (16)
With U and RHO determined the state of the system is also
determined.Therefore P, H, KELVIN, MU, K and X can all be
updated. A combination of physical properties an the flow
conditions then can produce F, HC, and eventually KELWAL,
PF, and HO. Hence the update would be complete, and the
next iteration can proceed.

6.4 DISCUSSION

6.4.1 HISTORY. NASA has several programs that simulate
the cryogenic fueling systems at the Kennedy Space
Center. However, only one of those algorithms accounts
for both heat transfer and two-phase flow. The program
with both of these attributes is the TCTP code. TCTP
seems to be satisfactory for oxygen, but fails in
describing hydrogen fueling. The authors’ suspicion is
that the hydrogen properties are "stiff", and are not
converging with the numerical techniques used in TCTP.

6.4.2 AGENDA. In order to produce a program that would

successfully model the hydrogen fueling system, the question
of whether to modify the existing TCTP, or to start anew had
to be contemplated. Ordinarily, the easier path would seem '
to be to attempt modification of the existing code. However,
TCTP turned out to be very poorly structured, and hardly
documented at all. Due to the above, and the fact that some-
thing might be gained from a new approach, it was decided
that a new approach would be the way to go.

6.4.3 PROJECT. A highly structured intricately documented
FORTRAN code was started and developed for numerically
solving the momentum, continuity, and energy equations.
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VII

CONCLUDING SECTION
7.1 CONCLUDING REMARKS

7.1.1 PHYSICAL PROPERTIES. A battery of subprograms
describing the properties of cryogenic hydrogen were
developed. The mode was made compatible to the SI system of
units. Most of the data agreed reasonably well with NBS
data, while did not agree well at all. On several points
the author improved on the existing algorithms. Extensive
documentation and perfect structure was used at all times.

7.1.2 TRANSPORT PROPERTIES. An improved algorithm was prod-
uced for flow conditions and the thermal equations were
rewritten.

7.1.3 TRANSIENT CRYOGENIC FLOW ALGORITHM. A highly

structured, extensively documented program was written. A
ficticious fluid was introduced and at this point conver_
gence to reasonable numbers has not as yet been achieved.

7.1.4 RECOMMENDATIONS. The author that some minor revision
would stabilize the run time condition of H2FILL. The
author also believes that when actual cryogenic hydrogen
properties are evaluated the previous troubles experienced
with TCTP will reappear. A more novel method of presenting
the equation of state, might alleviate the problem. Differ-
ential techniques with smoothing might provide the answer.
Other alternatives in the numerical analysis of the equation
of state might also be tried. One might also note that
proper adjustment of the input parameters can also bring
about convergence.
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APPENDIX

8.8 APPENDIX A

8.8.1 TIME SCAN OF NODES
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8.9 APPENDIX B

8.9.1 FORTRAN PROGRAM H2FILL

program h2fill

integer*2 cp,et,frame,kc(5,0:99),node,punp

real*8 cpr(0:99,0:99),cvo(0:99,0:99),
d(0:99),deltat ,do(0:99),(0:99,0:99) ,eps(0:99),
h(0:99,0:99),hc(0:99,0:99),
h0(0:99,0:99),£(0:99,0:99),k(0:99,0:99),
kco(0:99,0:99) ,kelvin(0:99,0:99),kelwal(0:99,
0:99),1(0:99),m(0:99,0:99) ,mdot(0:99,0:99),
wu(0:99,0:99),p(0:99,0:99),pf(0:99,0:99),
pet(0:99),pft(0:99),q9(0:99,0:99),
qext(0:99,0:99),
qmax(0:99),rey(0:99,0:99),
rho(0:99,0:99),tamb,tfinal,tine(0:99),
w(0:99,0:99),v(0:99,0:99),
vet ,x(0:99,0:99),2(0:99)

common
cp,et,frame,kc,node,punmp,
cpr,cvo,
d,deltat,do,e,eps,
h,hc,ho0,f,k,
kco,kelvin, kelwal,
l,m,mdot,
wu,p,pf,pet,
pft,q,qext,gmax,
rey,rho,tanb,tfinal,
time,u,

& v,vet,x,2
ctnﬁtnat-tututam..--nan.unﬁnint‘ttt.tttttatitnnttn'-tt.t.tnatttttt'tl
' H2FILL CALCULATES THE TRANSIENT OF A PRESSURE DRIVEN H2 FILL
SYSTEM. THE PROGRAM REQUIRES THAT INITIAL CONDITION IN THE
TWO TANKS,THE MASS FLOW AT THE CONTROL POINT,AND THE AMBIENT
TEMPERATURE BE GIVEN. TIME INDEPENDENT DATA ARE INCLUDED IN A
BLOCK DATA STATEMENT. A SINGLE UNLABLED COMMON IS USED IN ALL
SUBPROGRAMS FOR TRANSFER OF CONTROL. BOUNDARY CONDITIONS RE-
QUIRED ARE' THE PRESSURES AT THE TOP OF THE TANKS,AND THE MASS
) FLOW AT EACH TIME INTERVAL.

ch.'it.n!Qi!!.lti.ttttt.a..tt.ﬂt'..it.i.itt.t..t!ll'!tﬁ'i'...ttttﬁi't
Ci!-.ttltllt'lI.iﬁ.‘.t‘.lt.tt..i..t'ﬂit.'O..i.'.l.titt..!ﬁ...'..i.i'

[ I B L o o oI rerrErE PR NP

» % B 2 % B %8

nnoannan

(o ALL DIMENSIONED VARIABLES ARE IN THE SI SYSTEM INTERNALLY. »
c ON I/0 NON-SI DATA ARE CONVERTED TO/FROM SI DATA AT THE I/0 *
[ OR BLOCK DATA INTERFACE. *

CRONAARAAAAARN AN AR RARR AR A D AARA AR R DA RN A AN AR R R R A AR AN R RANR A RN ARSI RN DR R AN
[

C.t...ti..t..t.'.ﬁ.ﬁti.'.a'..'...‘l'..’.‘.....i‘.".'.“.ﬁ...".."'

¢ VARIABLE TYPE DEFINITION UNITS »
C . »
c cp INTEGER*2 NODE # OF CONTROL POINT LESS "
c ET . " ®» ® EXTERNAL TANK . .
c FRAME d TIME INTERVAL § - *
c KC ] FITTING TYPE . »
c NODE - NODE # . *
c PUMP ) NODE # OF PUMP U w
c D REAI™*8 INSIDE DIAMETER M »
c DELTAT . TIME INTERVAL s *
c Do ] OUTSIDE DIAMETER M -
c E " U+Ve*2/24G*2 Nes2/S5%%2 .
c EPS . PIPE ROUGHNESS M .
c H . ENTHALPY MA*2/5%%2 "
[o HO " HeVA02/24G*2 M¥*2/5w%%2 L]
[ HC M HEAT TRANSFER COEFFICIENT KG/S**3/K *
c F ] PANNING FRICTION FPACTOR LESS .
c K . THERMAL CONDUCTIVITY KG*M/S**3/K *

391



KCO " TOTAL DISCHARGE COEFFICIENT LESS *
KELVIN " BULK TEMPERATURE K *»
KELWAL " WALL TEMPERATURE K *
M " MASS OF NODE M *
MDOT " MASS FLOW KG/S *
MU . VISCOSITY KG/M/S *
3 " PRESSURE KG/M/S**2  *
PF " FRICTIONAL PRESSURE DROP KG/M/5%*2  #
PET " EXTERNAL TANK PRESSURE KG/M/S**2 #
PFT " FEED TANK PRESSURE KG/M/S**2
Q " HEAT FLUX KG/S5**3 .
QEXT " EXTERNAL HEAT FLUX KG/S**3 .
QMAX " MAXIMUM HEAT FLUX KG/S**3 *
REY " REYNOLDS NWUMBER LESS *
RHO " DENSITY KG/M**3 *
v " INTERNAL ENERGY Mre2/S%%2  #
TAMB " AMBIENT TEMPERATURE K s
TIME " ELAPSED TIME s *
TFINAL " TOTAL ELAPSED TIME s #
v " VELOCITY M/S *
VET " EXTERNAL TANK VOLUME M¥*3 *
X " QUALITY LESS *
Z " ELEVATION M *

*

NEARAAR R B AR A A AR AN AR ANAR D ANA S R AR R A AR AR AR RN NN R R R AR RS AR R AR RN ARR AN NN N

RA R AR R A A AN AR R AR AR R R RN AN AR RN R AR RN N E R AR AN R R AR AR AR AR N R AR R AR NN RARBRAND

INPUT REQUIRED: »
H2LIS.LIS »

OUTPUT GENERATED: *
H2DAT.DAT »

SUBROUTINES CALLED: *
H2INPUT *

H2INIT N

' h2MOMNRG .

H20UTPUT *

AN RAR R R RN BR R AR RAR DR AARRR AN AR R AR RARRANAIRANARRANARERA NS RAS R RN A AT AR AR AR D

AR A AR AN RN AR A AR RS AR R A R R AN N R A ARG R R R R A E R RN A AR R R AN R AN R AR A AR A A NN RN RN,
INFORMATION CONCERNING THE PIPING CONFIGURATION IS CONTAINED *

AN OcCOoOONNOODONNNONONDNDONONNONNNONONNNDONOONONGDN

IN THE BLOCK DATA STATEMENT "H2BLOCK.BLK".THE INITIAL AND »
C BOUNDARY CONDITIONS ARE READ IN ON DEVICE $20 FROM FILE *
c "H2LIST.LIS". »

Ctiiﬁittiitﬁtﬁﬁnttiitﬁlﬁnﬁﬁﬁtﬁﬁﬁattiﬁﬁt'ﬂiitttititti*ittt*tttitt'iii
C
Cﬁﬁ*t’*tt#ﬁiti**iﬂtttttiﬂtittittttﬁ'iQtiﬁitt.iﬁ&'*ﬂ."i#iﬁiﬁt'.‘.tﬁt
C H2INPUT IS THE INPUT SUBROUTINE. *
ctﬁlﬁﬁtﬁ!.!kﬁ.aﬁtﬁﬁtﬁtﬁtﬁﬂ.'tﬂﬂt.iﬂﬁtiti.‘iﬁi.ﬁﬁi'i"'ﬁitiit*ﬁ"titt
call h2input
Cﬁiitlititﬁﬁttinttt.it'tti’ﬁiitI.ttit'iﬁiﬁtttti'i.ﬂtttitiiﬁ'it‘ﬁ.ii'
C H2INIT IS THE INITIALIZATION SUBROUTINE *
citiﬁiﬁiﬁttﬁnt‘tititatttt.-httit'.ﬁﬁtﬁtit*ttiﬁiitiiti.tii*'iiﬁ'titﬁ'
call h2init
4 A AR ARRRRREEREARERERRERRRSRRRERRRS SRR Rl RRRRRRARRRR 2R RRRRRR R R)
C h2MOMNRG IS THE PROCESSING SUBROUTINE *
ctatiﬁt..ﬂtﬁﬂttﬁﬁﬁtﬁBi-kii.ﬁihiiﬁﬁttﬁttitiﬂi'ﬁt&*t"ittttiiﬁilﬂi"'l
call h2momnrg
ctQﬁa’ﬁt'itﬁt..tttﬁﬁttﬁ.i'iﬂﬁi*'ﬁ"ii'.tiii.ﬁ'i'li.ﬁiitt'ii"ﬁ.i'.ﬁ.
[+ H20UTPUT IS THE OUTPUT SUBROUTINE ®
Citt'.ttiiﬁﬂﬁﬂttn'.tntﬂitt*tittttﬂ'.i.!*'li'ﬂiﬁii'ﬁt.t.iti..tt."'i.
call h2output
CR R R AR N AR R A AN T AN R AR N AN AN AR AN A A BRI N AR R R R RV R R LA AR AR AT AN RN ANR SRR R R

[ H2QUTPUT CREATES A REPORT ON A NEW FILE "H2DAT.DAT" ON DE~ *
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[of VICE #21. *
RN AR AR RN AR N AN SRR NN R R AR IR A RN R DA R AR AR AR AN RN R KA RN R RSN AR SR R A RN R A RNk A

[
cﬁltﬁlﬁﬁttntﬁ..ﬁtﬁi..i.t'iti...ﬁiiti.'it.i.t.ﬁittiﬁtl...ﬂ'ttttttittt

(o THEN .

cittttnttuttit.tititﬂﬁtlttiitt.ttttttitttia'.tﬁtﬁltltti*ttt.itﬁiit*t

stop .
ciittiitttﬁtttttitiniﬁttiit'ﬁtitiﬁtltii'ttttitttttﬁttt.ttiitiitttt.i

[~ AND -
Cﬁitl.tttt!'ﬁt.'ttttttitﬁtitti*ttﬁi*ittiit!!ltﬂ*t*itttttti'ittﬁtl‘.t
end
subroutine h2input
Ct!.tttti'ﬁttttﬁ.ttiiii'iﬁ!tittt.itittttitttttitt*ttttitttttitiii'tt
[ H2INPUT READS "H2LIS.LIS". THE FIRST RECORD CONSISTS OF THE
[ MASS IN THE FEED TANK, THE AMBIENT TEMPERATURE,THE INITIAL
o PRESSURE IN THE FEED TANK, AND THE INITIAL PRESSURE IN THE
[ EXTERNAL TANK. THE SECOND RECORD CONTAINS THE TIME INTERVAL
C AND THE THE TOTAL TIME OF THE RUN. ALL OF THE
(o REMAINING RECORDS CONSIST OF THE PRESSURE AT THE FEED TANK
[ THE MASS FLOW AT THE CONTROL POINT, AND THE PRESSURE AT THE
[+ EXTERNAL TANK AT ALL TIMES. THE THE RECORDS CONSIST OF THREE
(o FLOATING POINT NUMBERS EACH SEPERATED BY A COMMA. THE
[
[

INITIAL MASS FLOW WILL BE SET.TO 0.0. DURING INITIATION.
AR AR AR ANA RN A AR A AR R R AR R AR R R AR AR A A AR AR AR R R A R AN N A S AN R NN R AR R AR AN RN AR AN

» % % % % ¥ % % N %N

integer*2 cp,et,frame,kc(5,0:99),no0de,punmp

real*8 cpr{0:99,0:99),cvo(0:99,0:99),
d{0:99),deltat,do(0:99),0(0:99,0:99) ,eps({0:99),
h(0:99,0:99),hc{0:99,0:99),
h0(0:99,0:99),£(0:99,0:99) ,k(0:99,0:99),
kco(0:99,0:99) ,kelvin({0:99,0:99) ,kelwal(0:99,
0:99),1(0:99),m(0:99,0:99),mdot (0:99,0:99),
mu(0:99,0:99),p(0:99,0:99) ,p£(0:99,0:99),
pet(0:99) ,p£t(0:99),q(0:99,0:99),
qext(0:99,0:99),
qmax(0:99),rey(0:99,0:99),
tho{(0:99,0:99),tanb,tfinal,tine(0:99),
u(0:99,0:99),v(0:99,0:99),
vet,x(0:99,0:99),z(0:99)

common
cp,et,frame,kc,node,punp,
cpr,cvo,
d,deltat,do,e,eps,
h,hec,ho,£,k,
kco,kelvin,kelwal,
l,m,ndot,
mu,p,pf,pet,
pft,q,qext,gqmrax,
rey,rho,tamb,tfinal,
time,u,

& v,vet ,x,2z
c.l.i't.*l.titt!lttittiiﬁtﬁﬁ.ititttiiittt'titi'iitﬂ*tﬁttiiit.tttiti
< OPEN "H2LIS.LIS" AND CONNECT TO DEVICE § 20 *
cﬁit!tttit.t.ttiittﬁiﬁttittii'litttitii.*ttiilttti'iiﬁtﬁi*t!*’tti.l

open (file='h2lis.lis’, unit=20, status=’old’)
Ctt*ititﬁ‘!.t.tﬁttttititn!'ﬁl't.t'i*.itﬁt.tii'ttittl*t.tttiiﬁitﬁlti
[+ READ THE FIRST RECORD (INITIAL CONDITIONS) *

c‘."ﬁ.tli'*'..tﬁi'.ﬁitit‘..i‘..ﬁ"ﬁii.i.'t*ti'iﬁiﬁ't*itttitt“ttit

read{20,*)m(1,0),tamb,pft{0),pet(0)
AR A SRR RS R ERR R R R R R SR ER RS Rl E R E R R S R R R R R N R R S R R R S 222 )

[ READ THE SECOND RECORD (TIME PARAMETERS) *

c...ﬁﬁtt‘h.t".Qil.it.ﬁtth.ﬁ.'ii'titiﬂ"!tii*ﬁi'iii"t"ﬁ..ti.i*ﬁi.

read(20,*)deltat,tfinal

[ LB I B CHE I B B B B T

L B I LI O I ]
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CH AR AR R AR A AN R R AAS AR RO SR AR R I A AR AR RARAR AR AN AR DR AR R AR LA DR R AR AR AR RS

[of READ THE REMAINING RECORDS (BOUNDARY CONDITIONS) »
AR AN R AN AR AR B AR R RN AR R AR AR U N R A AN S R AR RN AR AN R AR A AR N RN AR R SRR AN R RN ARk

read(20,*)(pft(frame),ndot{cp,frame),

& pet(frame),

& frame=1l,tfinal/deltat)
citiﬁtttfﬁtﬁatﬁQ*Qtiniﬂittitliiiltﬁitttatiittiﬁi!tt.*ittttﬁ.ti‘t'ﬁt
c DISCONNECT AND CLOSE THE FILE *

A AEEEARARERREREEEERERRERERERERRRR AR RRRRsR Rl Rl

close{unit=20,status=’keep’)
ctttttttiitﬁﬁtﬁittittt*tititttﬁi!tittitttt*tittttttitﬁﬁt.tlttt*!tﬁi

[of THEN #

C'ﬂﬁtiiﬁttttﬂiit’Qttt'ttttttnttttﬁiﬁttiﬁittttttﬁ'!ﬁ'tttitﬁiit’ﬁ**ﬂt
return

Ciﬁtiﬁtl't*htﬁ*ttﬁtﬁitttiQtitQtitittttﬁttQi.ttttt'.*ﬁtttt*t*ﬁﬁﬁtﬁti

c AND *

citttiﬁtﬁitwniittﬁtﬁtttﬂ'!tktttttttttttitﬁtﬁttnatttittitttttttitti*
end

subroutine h2init .
Cﬁti*itiitttQaﬁ'ttiitliitittnﬁ'tttﬁ!*t!'t!ﬁtiitti.t'titt.tti'*tt'ﬁt
SUBROUTINE "H2INIT.FOR" SETS THE INITIAL CONDITIONS FOR
H2FILL. THE INITIAL CONDITION IS CONSIDERED TO BE STATIC. *
THE PRESSURE IS DETERMINED HYDROSTATICALLY, TAKING INTO *
CONSIDERATION THAT HO IS CONSERVED IN THIS INSTANCE, H IS "
DETERMINED, FORCING THE DETERMINATION OF THE OTHER PROP- *
ERTIES AT THE NODE. THE FEED TANK IS CONSIDERED TO BE A
PARTIALLY FILLED WITH SATURATED LIQUID, WHILE THE EXTERNAL *

*
*

TANK IS GAS AT AMBIENT TEMPERATURE.
BARN RN AR AR R R AN R A AR AR AN N A D A SR R AN R A R A AR A AN R A AN R AR RS AR AR R R RO R AR BN AN AN

RAERE AR AN R ARAANT AR LA AR R R AR AR AR R AN EAARARRAIR AR ARNANR R AR R AR AN AT R NARR
SUBROUTINES CALLED: *
. FEEDTANK *
H2LSAT *
PROPHP *
PROPPTGS *
LA R R EEEREREEEEEEEEEEE RS RE R R REEEE R R R R R R R R R R R EE R RS R SR AR R ERREER R X
integer*2 cp,et,frame,kc(5,0:99),node,pump
real*8 cpr(0:99,0:99),¢cvo0{(0:99,0:99),
d(0:99),deltat,do(0:99),0(0:99,0:99),eps(0:99),
h(0:99,0:99) ,hc(0:99,0:99),
h0(0:99,0:99),£(0:99,0:99) ,k(0:99,0:99),
kco(0:99,0:99) ,kelvin(0:99,0:99),kelwal(0:99,
0:99),1(0:99),m(0:99,0:99) ,mdot(0:99,0:99),
®mu(0:99,0:99),p(0:99,0:99) ,p£(0:99,0:99),
pet(0:99),pft(0:99),g(0:99,0:99),
qext(0:99,0:99),
gmax(0:99),rey(0:99,0:99),
rho(0:99,0:99) ,tamb,tfinal,time(0:99),
u(0:99,0:99),v(0:99,0:99),
vet ,x(0:99,0:99),z2(0:99)

nonNnonononnNnNnNOoonOO0nON"n

[ B L S o)

common
cp,et,frame,kc,node,punp,
cpr,cvo,
d,deltat,do,e,eps,
h,hc, ho,£f,k,
kco,kelvin,kelwal,
1l,m,mdot,
mu,p,pf,pet,
pft,q,gext ,gmax,
rey,rho,tamb,tfinal,
time,u,

B LI I Ol B I B
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& v,vet,x,z
Ct"'ii.'...ti.i.t.ﬂtﬁtt.i'i.t'i‘tﬁ'ﬁ.i‘ii.l.'ﬁﬁ.tiﬁ*ttti..iﬁ*ii’t.

C SIX VARIABLES ARE INITIALIZED *
Ctﬁiﬂttiiﬁi!ti#ttQ.ﬂti.tittﬁtititit'*ittt.ﬂ'.Iititﬁ‘ﬁ'i.ﬁﬂ.iti‘*.ti
p(0,0)=pft(0)

p(et,0)=pet(0)
kelvin(0,0)=20.39d40
kelvin(et,0)=tanmb
time(0)=0.
m(0,0)=m(1,0)

frame=0

node=0
Cittﬁﬁttltti.*ttttiitititttﬁtttttti*t’tttttt'ititt'itititttttttttti
C "H2LSAT" RETURNS THE PROPERTIES OF THE SATURATED LIQUID *

C!ttt.ttﬁitttt.0'ittttta.Qtttttttttttt.tﬁﬁ.ttttlittttl.tttﬁtt.t.itt

call h2lsat

CAR AR AR R R AR R R AR R AR AN AR RN RPN RS R G AR AR AN N R AN N R R R R AN RN N R R AR NN SRR AN RN
[ "FEEDTANK" RETURNS THE ELEVATION OF THE LIQUID LEVEL *

ctﬂi*titiittttititi.iﬁittttt*itittttttt'ttti.titittﬁiit'ttitt.tiaﬁt

call feedtank
ctitﬁtiiﬁtitttintittttttittttiQt'.th'titttttittitﬁttﬁtttitltiiittt'
c FOR THE INITIAL CONDITION HO IS INVARIENT AND IT IS *
(o] CALCULATED FOR THE TOP OF THE LIQUID LEVEL. *
cttﬁtitttttt'itttt.ttﬁit.iﬁtttttiittitﬁﬁtttttttﬁtﬁﬁtitt!ttﬁtiittt*t

h0(0,0)=h(0,0)+9.81d0*z(0)
ctit'tttt'tntittﬁﬂtittﬁititﬁttﬂiitﬂQ*tiiit*ittittiitt'ﬁ'tttlttttttt
o FROM THE OUTLET OF THE FEED TANK TO THE INLET OF THE L
(o CONTROL POINT INITIAL PROPERTIES ARE CALCULATED. *

CEANA TR R AR R AR R AR R R R RN R AR A A AN RN A B R AR AR AR ARANR AN A AR NN RN AR R A A A AR AR A IR

. do node=l,cp-1
ctiltttii.tQtt!ith.tﬂttittttttti'iit'it.titt*tltitltittttttttitttti

[ THE PRESSURE 1S CALCULATED HYDROSTATICALLY. *

(4 AZEAREEREEEEEEERREREARARE R AR ERERSP AR RRR 2R A

p(node,0)=rho(node-1,0)

& *9.81d0*(z(node)~2z(node~1))

& +p{node=-1,0) .
cﬁﬁ"tﬁ*ti*'tttiitt’iti'.i'i.i"ﬁ’ﬂtiittlt*ﬂtﬁiﬁﬁtiﬁiiﬁﬁ.ttiiii'..i
(o H IS DETERMINED FROM HO. *
Cittt'ﬁit.llitﬂiﬁiiitiﬁﬁi'tii.ﬁﬁ*.ﬁ'ﬁ*'.tii*ﬁiﬁitii.tt'ii.iﬁiiti"ﬁ

hO0(node,0)=h0(0,0)

h(node,0)=h0(node,0)~9.81d0*z(node)

CRAARA AR AR AN NN AR R AN AR AR R AR S AN R AN R A AR SN N R ANRR AR AR AR AR AR AR AN AN R RS

[ "PROPHP" DETERMINES THE PROPERTIES FROM H AND P *
AR RN AR A A AR AR NN AR AN S R A A RN A AR A A N A RSN A NN R AN A NS R AR R AR N AR AR R R AR AR R AR

call prophp

CHR AN AR AN N R I AR AR AR AR R R AR AR A AN AR AR AR R R AU R AN B A AR SRV A AN AN AR RN AR RN RN

C FIVE MORE VARIABLES ARE INITIALIZED *
Ct*itﬁ'ﬁ.it..ii‘ttiittlitt'tti..‘tttﬁﬁttt'!i.'ﬁ'.ﬁi'.ti*tti*ti'ﬁi‘.
mdot(node ,0})=0.
e(node,0)=h0(node,0)~p(node,0)/rho(node,0)
hc(node,0)=0.
pf(node,0}=0.
kelwal(node,0)=skelvin(node,0)

end do
cttntiiﬂ'tnﬁtt*iﬁttttﬁtt'tihttittt.ttﬁt*titt.t'ttt'ttﬁ*tttt'ittiiii
[+ THE REMAINING MASSES OF THE UPSTREAM NODES ARE ESTABLISHED. *

ctitti!ttttt*tiu‘!naittﬁﬂttQnttnaiiittﬁtttti.tﬁttitiitﬂ.*titt!tittt
do node=2,cp-1
m(node,0)=rho(node,0)*datan{1.d0)
& *d(node)**2*1(node)
end do
cttttitttt.t’ttt*‘.ﬁitiittitﬁtt.'itiatitttt’titﬁ'i'itﬂittit.lQtﬁ.'t
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[ THE INITIAL CONDITION IS NOW ESTABLISHED FROM THE CONTROL -
[of POINT TO THE EXTERNAL TANK. *
cl'ttti.tﬁ'ﬁﬁtt'ttﬁtﬁiaﬁittiﬂtittt'.i.t‘t.ﬁ!t."i'iti‘tttﬁ..iﬂiﬁ..'
node=et
Cin&ttinﬁtiQ'ttttﬁtitﬁttﬁhttt#'iittttiﬁtititﬁ&ti*ﬁt*iﬁtttt*t'tﬂt!'t
c "PROPPTGS" RETURNS THE PROPERTIES OF A GAS GIVEN PRESSURE *
[ TEMPERATURE INPUT. »

CRAASH A AR A AN A AR R A A SRR AN T AR AR R AR A A AR E AR A RN AN AN AN AR TR AR Rt RaR RN AR

kelvin(node,0)=tamb
call h2lsat
ciﬁtﬂﬁﬁﬁtttttttﬁ*tiiﬂi’.tﬁttt*tﬁ.*i*ﬁtt.fﬁﬁttitti*ﬁht.tiitttt.’iﬁt.

[of THE MASS AND HO FOR THE EXTERNAL TANK ARE ESTABLISHED. *

Citi.iiﬁﬂﬁtﬁttﬁﬁﬂtﬁ.ﬂﬁﬁt!tﬁttﬁt‘ttﬁ.ﬁ!‘ﬁtit*'.i't*titttt..iit'ﬁtt.t
m(et,0)=rho(at,0)*vet .

NN R R R A AR R RN AR N R AR R R R AR R AR R R A AR AR A R A R A A A RN RN R R AR RN R R AN R R AR AR R R RS

C FOR THE INITIAL CONDITION HO IS INVARIENT AND IT IS *

[ CALCULATED FOR THE TOP OF THE EXTERNAL TANK. *

CREAA R AR RN AR AN AN IR AR R AR R AR AN R AR A A AR R R AR AR R A NN AR AN RAR R AN RN RSN A AR Ad N

hO(et,0)=h(et,0)+9.81d0%2(et)
CARRAN A AR A AR AR I N AN AR R A AR AR E AR R AR A RN A AN R AAN I AR AN ANRAR A RAR DI AN AR AA NN
(o FROM THE INLET OF THE EXTERNAL TANK TO THE OUTLET OF THE *
[ CONTROL POINT THE INITIAL PROPERTIES ARE CALCULATED. »
Cﬁtﬁﬁtititﬁutﬁaliﬁﬁ.ﬁmtﬁIititQtﬁtiﬁﬁitﬁﬁii.tiittiii’i!.tt*tt'.'.t.i
do node=et-l,cp,-1 )
CHRR R R AR AR RN R A A AN LA DA A AR A AN AR A AR A AR RN AN ARND IR AR AN ARR AR AN RN AR RN AR RN AN

Cc THE PRESSURE IS CALCULATED HYDROSTATICALLY. *
Cr R P AN AR D AR R AR AR B AR AR A A AR AR N AN R AR NN RN A AR RN RN AR AR R AR N RO AR R AR SRR

p(node,0)=rho(node+l1,0)

& *9.,81d0*(z(node+l)~2(node))

& +p(node+1,0)
Ci*iii'*tﬁtﬁtﬁtiittﬁttttiltﬁtﬁﬁiﬁﬂ!'*titttﬁﬁi'ititﬂ.it*tiiitiititii
C H IS DETERMINED FROM HO. *

C*tittiﬁt*ﬁﬁ.ﬁtiﬁwitﬁ&itﬁilitiﬁ.Qii*ttaﬁﬁtﬁtitﬁﬁﬁﬂtt.t!*tttt'tﬁ*tiﬁ

hO(ndéde,0)=h0(et,0)

h(node,0)=h0({nods,0)-9.81d0*z(noda)
G EEREARERERAREEEREENDEEREEEREREEEEEERRREEREE R R R R R RSS2 RS Y]
C "PROPHP" DETERMINES THE PROPERTIES FROM H AND P >
C'ﬁtttttﬁtk*.’ittiﬁtﬁtﬁﬁtitttt**ﬁittiltt'ttt'tﬁt!‘ﬁtilit*ittittitiﬁ

call prophp
Cﬁﬁtﬁ*ﬁt*tﬁﬁttitﬁtﬁﬁﬁ*t‘*ﬁiﬁ'ﬁﬂiﬁ'i*ﬁttttti‘ﬁtt!*ttt!ttt.iiittt‘t.t
(o FIVE MORE VARIABLES ARE INITIALIZED *
CHRR R U B R R RN A AR LN E RN R DA R RN A XD AR D AR R AR R R R AR AR ANIR AN R A AARRAARN RN NN A AR R

mdot {(node ,0)=0.

e{node,0)=h0(node,0)-p(node,0)/rho(node,0)

he(node,0)=0.

pf(node,0)=0.

kelwal({node,0)=kelvin(node,0)

end do
Chﬂtitatnﬁtnﬁiwtﬁitatttﬂwttaﬁntﬁﬁ.titﬁtiﬁtﬁtit'titt..ttttiiittﬁtttt
[of THE REMAINING MASSES OF THE DOWNSTREAM NODES ARE *
c ESTABLISHED. *

S EAREEEERREEE SR REE R R EEE R E R R R X E R R E R E R R R R R R PR S S S R R R L ]
do nodem=cp+l,et-1
m(node,0)=rho(node,0)%4.d0*datan(1.d0)
& *d(node)*1l(node)
end do
do frame=l,tfinal/deltat
p(0,frame)=pft(frame)
node=0
call h2lsat
pl{et,frame)=pet(frame)
node=et
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call h2lsat

end do

do node=0,et .
mdot (node,0)=rdot (node,l)

end do
Ci!Q.ttitit‘ttttaiﬁtﬁﬁtitiitttttittktﬁi*.tf.ititt.ﬁtit'ttitttﬁtt.ii
(o THEN : *
Cﬁ*ittltttt'tt'ﬂtitttttiﬁttﬁtltt..t*t'tﬁtatiitt'tiit*tti!.ttit*!t.t-

return
ctﬂitittt*it.ttti..ttttittitﬁt’tititttﬂtitlitittiiﬂ.itt‘!ﬁ.tt!ttiﬁﬁ
[of AND *
Cttiﬁittlti!.ttt!*’tti.itiiitttttittittiittt'ti'ﬁttﬁ'tttt*tt*'ttiﬂt

end

subroutine h2momnrg
ctt*ttttﬁt'itttl.tiititttttitt.'itititQitittitittt.tt'tti'itittttit

C "H2ZMOMNRG" BASICALLY SOLVES THE TRANSIENT MOMENTUM AND

[ ENERGY EQUATIONS IN ORDER TO UPDATE M, MDOT, RHO, V, E, U, *
c AND THEN THE PHYSICAL PROPERTIES. AFTER THE ABOVE HAS *
[o BEEN ESTABLISHED, THE TRANSPORT COEFFICIENTS HC, F, AND KCO *
c ARE DETERMINED. *
AR N R AR R AR N AR R AR N R AR R AR AR RN RS R AN AR SR AN AN S RN AN AR R AR AN RN RN AN AR AN s
o

CF AR RN RN AR N R RN RN R A RN R A A R AN AN AR A AN S AN R AR AR NN AR AN R AR AN R AR R AR RN AR R
(o SUBROUTINES CALLED: *
< EXTANK *
c FEEDTANK *
c PROPURHO -
c TRANS *
CAR AR A NN R R R Rk RN N R AN A RN R A A R AR A N R AR R AR AR AR R A AR A SRR AR I AR R AN RN R R AN

integer*2 cp,et,frame, kc(5,0:99),no0de,punp

real*8 cpr(0:99,0:99),cv0{0:99,0:99),
d{0:99),deltat,do(0:99),e(0:99,0:99) ,eps(0:99),
h(Q0:99,0:99),hc(0:99,0:99),
h0(0:99,0:99),£(0:99,0:99) ,k(0:99,0:99),
kco(0:99,0:99) ,kelvin(0:99,0:99) ,kelwal(0:99,
0:99),1(0:99),m(0:99,0:99) ,mdot(0:99,0:99),
mu(0:99,0:99),p(0:99,0:99),pf(0:99,0:99),
pet(0:99),p£ft(0:99),q9(0:99,0:99),
qext(0:99,0:99),
qmax(0:99),rey(0:99,0:99),
rho(0:99,0:99),tamb,tfinal ,,time(0:99),
u(0:99,0:99),v(0:99,0:99),
vet ,x(0:99,0:99),2(0:99)

[ o I I I B B O N A LR O

common

cp,et,frame,kc,node,punp,

cpr,cvo,

d,deltat,do,e,eps,

h,hc,ho0,£,k,

kco,kelvin, kelwal,

l,m,mdot,

mu,p,pf,pet,

pft,q,qext,qmax,

vrey,rho,tamb,tfinal,

time,u,

& v,vet,x,z

cttt'tﬁ!ttitttatt".ittﬁtittttt"itt'.titttttiﬁﬁti'ttt..*ﬁt.ttt'iti
[ START THE CLOCK. *

CHRAARAANRN AN AN AT A AR AR AR N AR ANNAA NN RS RN A RN R AR ANANN NN AN S AN RN RN RN REw

do frame=l,tfinal/deltat

Lo A B LR B I N L o ]

’cﬁ'..ﬁ.'ii'ﬁﬁtti.‘ti.t.i..i.l.’.ﬂ‘.ﬁt..ﬁtﬁ.ﬁ'-t‘t'iti'...iii‘i.".i

[+ RECORD THE TIME. *
4 R T ey R R R R
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time(frame)=frame®deltat
Citt**.ﬁtﬂtt*ﬁtﬁﬁﬁt*ttiﬁﬁtltﬁi.iQtﬁﬁ*.ﬁtitQi.ﬁ'tt!itit*.itt.iiiti*ﬁ

c NO ACCUMULATION OCCURS WITHIN THE CONTROL POINT NODE. *

Cinttﬁtwiiaht‘ﬁttttﬁtﬁ*liﬁttttitttiQﬁﬁt'tt.tttiﬁﬁ*tﬁtttiitt.ttitt.i

mdot (cp~1,frame)=mdot{cp,frame)
cﬁtiﬁttttkt*ﬁ*tttittﬁtﬁﬁtﬁtiitﬁtﬁtﬁl*ﬁQt*tttittitittttﬁtitﬁi"ﬁtatﬁ

[ THE FEED TANK PRESSURE IS ZEROED IN ORDER TO ENTER THE DO b
[ LOOP, IT IS LATER UPDATED TO WITHIN 1% OF PFT IN AN .
Cc ITERATIVE PROCESS. *

CHR AR A AR AR R R RN R AR IR K AR AR AN DA RN NN LR R A S AN AN A AR AN AN AR AN AR AR R AR A RN AR

p{cp-1,frame)=p(0,frame)*9.d~1

c do wvhile

Cc & ((abs(p(cp—~1,frame)/p(cp~1,£frame-1))

c & .1t. ,99d0) .or. )

[ & (abs(p(cp~1,frame)/p(cp~-l,frame-1))

c & .gt. 1.01d0)) .
Ctﬁtiw'ﬁﬂttéﬁtttﬁtiiantntt.ﬁttiﬂtﬁti.ttttﬁ*ttti".it'tﬂt't.ﬁthitﬁit
c FOR THE INTERMEDIATE PIPING UPSTREAM OF THE CONTROL. POINT. *

Cittﬁittiﬁﬁt*tﬁnt*tﬂittataﬂnttiittttﬂt'iaihﬁttaﬁiﬁt*ﬁittiiitit*Tlti
do node=mcp—-2,1,~1
c*ﬂtﬁﬁtiahtaﬁtﬁtiltﬁtﬁ*ttttﬁﬁﬂﬁtittit*tii*tﬂ'ttﬁi!ttititit.i!i*'tti

C CALCULATE THE CROSS SECTIONAL AREA. *
ChAM N AR AR AR R A D R A A AR R AR A R A AR AR S A AR AN A A S SN AN R A A DA S AR AR R AR AR AN NAR NN NN

szdatan(l.d0)*d(node+1)**2
CiitalttﬁnatﬁﬁnitﬁtﬂtthattﬁQﬁtnatﬁittttiﬂﬁtﬂ.tttittﬁtitiﬁﬂttiiitﬁtt
[ UPDATE MDOT 'S
Cﬁt’ﬁtinﬁiatiﬁ'tiﬂtitﬁQtﬁtﬁﬁttﬁtt!tﬁitttitﬁtttﬂ.'iﬁt.ttttiitttttita

mdot (node, frame)=mdot (node,frame—-1)~s*deltat/l(node+l)*
(p(node+l,frame~1)~p(node, frame=~1)+
v(inode+l,frame—1)**2*
rho{node+l,frame=-1)-
v(node,frame-1)**2*rho(node,
frame~l)+rho(node+l,frame-1)
*9.81d0*(z{node+l)~z(node) )+pf(

& node+l,frame~1))
Cﬁﬁﬁnt#tttﬁﬁﬂ*i*ﬁﬂﬁﬁtiﬁﬂtﬂhﬁ*tﬁﬂﬁtﬁﬁtttttiytti*tt*ﬂ‘ti*ﬂit!tit.iﬁtt
C UPDATE M, RHO, AND V *
ct'.tﬁithtaﬂt!tﬁnttinﬂtﬂQttaI.ﬁﬁtﬁtt*.tﬂt*ttit'ﬁiiﬂiit.ii"t."ittk

end do
do node=mcp-1,2,-1
s=datan(1.d0)*d(node)**2
m(node,frame)=(mdot (node-1,frame-1)~mdot(node,frame-1)}
& . *deltat+m(node,frame~1)
rho(node,frame)=m(node,frame)/s/1(node)
v(node, frame)=mdot(node,frame)/s/rho(node,frame)

LB o B B B

end do .
Citataitttaﬁhttﬁti'nttﬁaﬁﬁtﬁtﬂtata!itt.'tn*ﬁaﬁ*'tﬁﬂititiittttﬁi!ttﬁi
[ UPDATE MDOT FOR THE FEED TANK »

Ctttﬂtﬁﬂnﬁ.titﬁRQ.'ﬁtﬁtttﬁahaﬂitﬁiﬁ*i.waa‘.*tiiiﬁltttﬁtt!titii*if.*ﬁ
mdot(0,frame)=mdot(}l,frame)
m(0,frame)=m(0,frame-1)~mdot(0,frame~1)*deltat

ctlﬁﬂ.tﬁa'ttitﬁﬁﬁﬂ'tt"iﬁilttﬁittﬁ*ititiitQtiinititin'itititttilit.‘

C UPDATE M, RHO, AND V FOR THE TERMINAL UPSTREAM NODES )

c‘iin‘ﬁﬁwtttﬂiﬁﬁtﬁﬂﬁﬁﬂﬁﬁﬁtﬁtliﬁthbﬁiiitit't*tiii.'iﬁiiﬁlitttltﬁitt..
m(l,frane)=m(0,frame)

C.... THIS IS A COURSE APPROXIMATION FOR AN IDEAL GAS ONLY

C.... A BARAMETRIC SUBROUTINE WOULD BE DEVELOPED FOR THE

C.... GENERAL CASE

rho(l,frame)=rho(2,frame)
vi{l,frame)=v(2,frame)
Cﬁﬁttt.ta*ntaiQatﬁiﬂt**tﬁﬁhiﬁiﬁtﬁﬁtﬁi..*titﬁtt.ti't'*ﬁi.tttti.ﬁiiiﬂt

C UPDATE E,U,H,HO, AND PF FOR ALL THE UPSTREAM PIPE NODES *
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C.at'ittti.ttt‘ittiﬁtQ.ttttiltitﬁ'tﬁ'ti**tlttﬁii'ﬁﬂ.tt.tii.tﬁﬁittiit
do node=cp-1,1,-1
if (node .ne. l)then
e(node,frame)=( (mdot(node-~1,frame~1)*h0(node~-1,

& frame—~1)-mdot(node,frame~1)*ho

& (node,frame~1))+hc(node,frame~1)

& *(4.d0*datan(1.d0)*d(node)*1l(node))*

& (kelwal(node,frame-1)~kelvin(node,

& frame~l1))*deltat+m(node,frame-1)*

& e({node,frame~1))/m(node,frame)

else
e(node,frame)m-ndot(node,frame~1)*h0(node,frame~1)

& +e(node,frame~1l)*n(node,frame-1)/

& m(node,frame)

endif
u({node,frame)=e(node,frane)

& ~v{(node,frame)**2/2-9.81d0*z(node)
ct*ititﬁ'ttiﬁitatiitttilt.titttﬁit*tttt.tttttiﬁtiitttii‘iitiittttﬁti
c "PROPURHO" RETURNS THE PHYSICAL PROPERTIES FROM AN *
c INPUT OF U AND RHO. »

Cititttttittt.tt'!ttuitt*.ﬁi.ﬂiittt'ttt'tttttiltitiiﬁiittﬁti.tﬁ‘*iQ.

call propurho
h0(node,frame)sh(node,frame)+v(node, frllO)‘*Z/Z

& +9.81d0*z(node)
ct.ﬁ.t‘iﬁtiitttﬁtﬁﬁﬁiﬁtt*ttitiﬁ'itiltﬁ‘it.iit.t"t.'ttttit.ﬁ.ﬁ.’*ﬂ.i
(o . "TRANS" RETURNS THE TRANSPORT PROPERTIES F,KCO,AND HC *
c FROM THE PHYSICAL PROPERTIES AND CERTAIN FLOW *
c PARAMETERS THAT HAVE ALREADY BEEN ESTABLISHED. TW IS *
[ ALSO RETURNED. hd

Cittitit*tttttttttttttiﬁ'tt'tiﬁtt!it'tt*tiﬁ*tttt’iﬁit*titﬁ.iti.itti.
if(node .ne. 1l)then
call trans
pf(pode,frame)=(4.d0*f(node,frame)+kco(node,frame))*

& rho(node,frame)*
& v(node,frame)**2/2*
& l(node)/d{node)
endif
end do
ct*itﬁttt.t-tﬁtttﬂ*t..‘ﬁiiitt*'titit*ﬁﬁ'it‘ttitit‘ti.i'iittﬁttttti't
c "FEEDTANK" RETURNS THE ELEVATION OF THE LIQUID LEVEL IN THE *
C FEED TANK FROM THE FEED TANK MASS. *

CARS AR AR R AR AN AR R A AN R IR R ARA RS AN AR AR RN A AN R A AR R R R R AN AR ARSI N AN AR AR

call feedtank

CrRE R AR R AR AR NN AN N AR AR AR IR AR AR R AR RN RN AN AR R A AN R RN R AR AR AR AN A RN Nk

c UPDATE E,H,AND HO FOR THE TOP OF THE FEED TANK »
LR R I R R R P TR R

e(0,frame)=m(~mdot(1l,frame~1)*h0(1l,frame~1)*

& deltat+m(l,frame-1)*e(0,frame~1))
& /m(l,frame)
u(0,frame)=e(0,frame)-
& . 9.81d0*z(0)
node=0

call propurho
ho(0,frame)=h(0,frame)+

& 9.81d0*z(0)
C RNk A NN R R RN R AN R R A R R R R R R R R R AR AN AR AR R R R R AR A S ARG R AR A A NS AR AR R IR RN
[ THIS IS THE THROTTLING CONDITION. *

CHRARAX AR AR R A AN AR R AR AN N R RN NN AN AR AR AR R AN RN N R AN AR AR R ANN AR AR AR TR A RN R S

hO(cp,frame)=h0(cp-1,frame)

CERS AR R A AR AN N A RN SRR AR R A AR SN R A AR AN AN RN B A AN T A R R AN AN ARSI ANANR A RSN A RN

c INITALIZE P INORDER TO ENTER LOOP. AN ITERATIVE PROCESS WILL'
c THEN BRING UPDATE IT TO WITHIN 1% OF PET.
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Ct'ttntttitiinttttﬁﬁi!alQﬁﬁtitttttﬁl*ittttﬁQitttﬁitﬁttﬁtt'iiitﬁittt
p{et,frame)=0.

do while

& (abs(pet{frame)~p(et, frame))

& .gt. 0.01d0*pet(frame))
cﬁttau{hﬁttittﬁﬁﬂﬁnttttttiqt'iwiitQtintQﬁﬁ'Q't't‘ttii.ttiiiiitti.i.
(o EVALUATE MDOT, RHO, V, M, E, HO, U, H, PLUS THE PHYSICAL *
[ AND TRANSPORT PROPERTIES FOR THE INTERMEDIATE NODES. NOTE *
[ THAT TW IS ALSO RETURNED. d

Citit**ttttttﬁﬁﬁttﬁtnﬁﬁiiitﬁtttﬂﬁﬁ*ﬂﬁtitiitﬂﬂﬁi'tﬂitti'i‘tttﬂttltﬂi
do node=met—-1,cp+l,-1
smdatan(1l.d0)*d(node)**2
mdot (node,frame)=mdot(node,frame-~1)~-s*deltat/l(node)*
(p(node,frame~l)-p(node~1,frame~1)+
vinode, frame-1)*#2w
rho{node,frame~1)~
vi{node~1,frame—-1l)**2*rho(node-1,
frame~l)+rho(node~1l,frame~1)
%9.81d0*(2(node)~z(node~1) )+pf{(
node,frame~1)) )
m(node,frame)=(mdot(node~1,frame~1)~-mdot(node,frame-1))*deltat
+n(node,frame—1) .
rho(node,frame)=m{node,frame)/s/1(node
v(node,frame)=mdot(node,frame)/s/rho(node,frane)
e{node,frame)=((mdot (node~1,frame~1)*h0(node-1,
frame~1l)-mdot(node,frame-1)*ho
(node,frame-1))+hc(node,frame-1)
*(4.d0*datan{1.d0)*d(node)*1l(node))*
(kelwal{node,frame-~1)-kelvin(node,
frame~l))*deltat+m(node,frame~1)*
e(node,frame~1))/m(node,frame)
u{node,frame)=e(node,frame)
& ~v(node,frame)**2/2~9.81d0*z(node)
call propurho
h(node,frame})=u(node,frame)+p(node,frame)

[ o I L LB o)

m

L I I B

& /rho(node,frame)
hO(node,frame)=h(node,frame)+v(node,frame)**2/2
& +9.81d0*z(node)

call trans
pf(node,frame)=(4.d0*f(node,frame)+kco{node,frame))*

& rho(node,frame)*
& vinode ,frame)**2/2*
& . l(node)/d(node)
end do
cti*tt*titiitwtiﬁ*ﬁt&at&wﬁttiitittitt'iiiit't*ttttitlttiﬁitittﬂitlt
C UPDATE THE DOWNSTREAM PROPERTIES FOR THE CONTROL ELEMENT *
c AND THE TOP OF THE EXTERNAL TANK. *

Ct.ﬁtttnﬂitﬁﬁﬁtﬁtﬁantatﬂtﬁtttﬁlti'Qﬁttiitttﬁt..t.‘.*‘.ttttiittttitﬁ
tho(cp,frame)=rho(cp+l,frame)
vicp,frame)=mdot(cp,frame)/rho{cp,frame)

& /datan(1.d0)/d(noda)**2
h{cp,frame)=h0(cp,frame)
& -v{cp,frape)**2/2
& ~9.81ld0*z(frame)
node=cp
Ctttttt&iﬁtttniiQtat&ﬁttﬁtﬁ’attﬁtitttintﬁt*tRt!'tt”.tﬁtﬁ"tiiii'tit
c "PROPHRHO® RETURNS THE PHYSICAL PROPERTIES FROM AN *
C INPUT OF H AND RHO. *

cﬁtﬁatﬁ‘nit.tﬁtanﬂnttﬁat.nﬁaaﬁitittﬁtﬂt..tﬁtl.ttitt't'.*ﬁtit't.tit!'
call prophrhoe
e{cp,frame)=h0(cp,frame)=-
& plcp,frame)/
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& rho(cp,frame)
u(cp,frame)=h(cp,frame)-

& p(cp,frame)/

& rho(cp,frame)
C!tt‘tlﬁtittitiiiltﬁﬁﬁittttt.tlttQit.i*iﬂiiti.iiti*liiiittii*ttt'ttt
C "EXTANK" RETURNS THE ELEVATION OF THE FLUID LEVEL FROM THE *
c MASS AND QUALITY IN THE EXTERNAL TANK. *

ctﬁiﬁiﬁ.ﬁiitﬂitttitﬁtti.i‘ttitttttt.t.ittﬂltiﬁ.ittii.t'ﬁﬁlii*it..ﬁtt

call extank
e{et,frame)=mdot(et-1,frame~1)*hl0(et,frame~-1)

& *deltat+m(et,frame~1)*e(ot,frame~1)
& /m(et,frame)

u(et,frame)=e(et, frame)~
& 9.81d0*z(et)

node=et

call propurho
hO(et,frame)se(et,frame)+

& pl(et,frame)/
& rho(et,frame)
h{et,frame}=mu(et,frane)+
& p(et,frame)/
& rhol(et,frame)
end do .
Ctt’iﬂttttQ*htiii*tﬁ**t'iﬁtﬂtﬁ'ﬂttiii*tﬁiit‘tt*iiﬁﬂﬁt'*tﬁtititiit'tt
c RESET THE CLOCK *
C'ttiﬁ*tﬂtk.ﬁitt*htiﬁﬁ'iliitﬁ*ttitﬁti*iﬁiiﬁ'ﬁﬁ'ﬁtt*itil'ti'itttttﬁ.i
end do :
cittitﬂti*tttittﬁitﬁﬁ*t*ktitl*ltiQttttt*titttﬂtﬁitttttt.ﬁtitii*'tﬁit
c THEN *
cﬁttiiht.'tﬁtﬁttﬁi‘iiﬁttititii.*ﬁtttttttttﬁtit.'i'ii*i"t.ttttitttti
return
c'ﬁtﬁﬂiii.i*ﬁttiiitﬁtﬁtntttittthtttttttitﬂ'ititﬂitii.ﬁﬁttii*ti'iﬁiti
C AND A
ctttni*iiitiiiit*ti.'iitiit.ﬁitttiﬁtiilit..iiﬁttiitt.i.'t.ﬁtititittt
end

subroutine h2output
cttttt*iﬁittititttt*ittiﬁtiiﬁtﬁtti.tt'ttﬁi!titttﬁtttii'tttitiitﬁt*tt

(o "H2OUTPUT" CREATES THE FILE "H2DAT.DAT" ON DEVICE § 21. IT *
[+ THEN PRINTS A TABULAR OUTPUT OF THE TIME AT VARIOUS NODES, *
C FOLLOWED BY A REARRANGEMENT OF THE DATA FOR THE NODES AT *
[y VARIOUS TIMES. »

Ctt'ﬂitiﬂ.ﬁttiiiiﬂ!tii.'i’iﬂ.ht'iﬁi'ﬁﬁlﬁ'iﬂiﬁ'ﬁ"tiii'*i‘.ii.ﬁiiiiii

integer*2 cp,et,frame, kc(5,0:99),node,punp

real*8 cpr(0:99,0:99),cvo(0:99,0:99),
d(0:99),deltat,do{0:99),e(0:99,0:99),eps(0:99),
h(0:99,0:99) ,hc(0:99,0:99),
h0(0:99,0:99),£(0:99,0:99),k(0:99,0:99),
kco(0:99,0:99) ,kelvin(0:99,0:99) ,kelwal(0:99,
0:99),1(0:99),m(0:99,0:99) ,mdot(0:99,0:99),
nu(0:99,0:99),p(0:99,0:99),p£(0:99,0:99),
pet(0:99),pft(0:99),9(0:99,0:99),
qext(0:99,0:99),
qmax(0:99) ,rey(0:99,0:99),
rho(0:99,0:99),tamb,tfinal,time(0:99),
u(0:99,0:99),v(0:99,0:99),
vet ,x(0:99,0:99),z(0:99)

common
cp,et,frame,kc,node,punp,
cpr,cvo,
d,deltat,do,e,eps,
h,hc,ho, £ ,k,
kco,kelvin, kelwal,

rPERAEEEDDOD R R

L I L ]
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1,m,ndot,
mu,p,pf,pet,
pft,q,qext,gmax,
rey,rho,tamnb,tfinal,
time,u,
& v,vet ,x,z
Cﬁtﬂﬁt'iﬁttttttthtttittiaﬁtaittit.titoittti'tittﬁﬁﬁt!titti.tttﬁ'ittt

[ CREATE OUTFPUT FILE "H2DAT.DAT" AND CONNECT TO DEVICE § 21. *
CRh A AR R AN R R A AN R A S AR N AR A AR A E RS DA AN AR AR AN A AR A AR AR AN SN R A AR R AN R NN AR

open (file='h2dat.dat’, unit=21, status=‘new’)
ctititiﬁﬁ.intti.iiittatﬁittﬁit*.iktii’*t*ﬁ'ﬁtitit.t"‘t'i"t.iiﬁ't.i

[« START THE CLOCK. *
O R R A R A RN RS AR AR DA S AR AR R A RN AN AR R R B AN N AR A AR AR RS R R AR R R AR AR SR AR R RR R RS

do frame=0,tfinal/deltat

Lo B B B ]

ClRR R AN AR AN AN AN A RN RS AN R AR B AR AR R R A AR A AN SRR A AN AR AN AR N AR A AR AR A SRR RN S

[ PRINT THE HEADING. *

cﬁiﬁlﬂﬁtiﬁ‘ttit‘ti&ﬁﬁﬁtﬁft*iﬁt"ﬁﬁlﬁ.iﬁiﬁ.t.i‘iﬁﬁt.ﬁtﬁﬂtt.'.ﬁ'.t.".
write(21,100) cp,et,tinme(frame)
100 format(1lx,'FEED TANK AT NODE = 0*,/,

& 1x,’CONTROL POINT AT NODE = ’,i2,/,
& 1x,’EXTERNAL TANK AT NODE = ’,i2,/,
& 1x,’ELAPSED TIME = ’,d13.6,/)

write(21,101)
101 format(lx,5x,'NODE’, 5x,
4x, 'QUALITY'3x,
3x,'PRESSURE’,3x,
2x, "TEMPERATURE ', 1x, .
2x, '"WALL TEMP.'’,2x,
4x, 'DENSITY’,3x,
3x, 'VELOCITY',3x,
5x,'MASS',5x,

& 3x,’MASS FLOW’,/)
cﬁ.it*ﬁititthttﬁ\ltttiintiittitﬁtittttt.iti#Qtiﬁtiitﬁﬁtitttﬁiittitt
C SCAN THE NODES. *
Citittttnutit‘ttﬁtﬁntﬁtﬁitt.it..tttﬂﬁtttﬁt*!'ltttitttﬁ*i*iti"ititi

do node=0,et
write(21,102)node,x{(node,frame),p(node,frame),

F SR I B L B o)

& kelvin(node,frame) ,kelwal(node,frame),
& rho(node,frame),v(node,frame),
& m(node,frame) ,mdot (node,frame)

102 format(lx,6x,i2,6x,8(1x,dl13.6))
Citttitiﬁﬁtiﬁﬁilt.ﬂ*ﬂﬁ*titttﬁtﬂﬁ‘ﬂﬁi*iii*i***.i.'*tﬁii.iti.iii.ﬁti'

c NEXT NODE *
Ctnikaittninﬂtatttttt'*ﬁhnﬁttﬁitiiwn.tnatttittt*attiiatit‘itttttiti
end do .
CttnitQititﬁtttti'QQnﬂiﬂttﬁﬁ.tn'ttﬁttt.tiﬁitiittitttﬁﬁ".iﬂiii".tﬁ
c RESET THE CLOCK *
CittnitﬁtQttﬁt-ttt'tttﬁttttatittttnittﬁttﬁttttttﬁtiatttittittittitt
end do
C.ttiitnittiatttﬁihi'atﬂtﬁﬂntﬁ.tﬁt'tt'ittttiitt*ﬁtiittttii.tit'ttt'
c TOP OF THE PAGE FOR THE TIME SCAN OF THE NODES. *

c'.ﬂt'tiQttt.lﬁtﬁﬁﬂﬁt#ﬁiﬁtiiQtttlOtiiii.t.itﬁ".ﬁtiit.i“*tit'.ﬁ‘.‘
write(21,103) )

103 format(’1l’) .
CrRARN AR AR A AN TN ARSI RN RN AR AR S AR AR IR AR A ARSI NN AN RN AN SR RANARARR A AR A AR N D
c SCAN THE NODES. *
C'.it.tﬁl.it'tt.tttttti'ﬁtinﬁi"tﬁti'il*ﬁiﬁ'l’ﬁ.ﬁt*ﬁtitttl*ﬁ".i'ii

do node=0,et
C.t.tiit.ititiattﬂ.'ﬂ.'**'.ﬁtﬁtQ*t*"'ﬁttti'ttttiﬁtﬁtitit.it'i'..*i
[ PRINT A HEADING. *
Ctﬁittﬁiittittt'ﬁﬂQti..tttt..ﬂtitit*ttiti.tiit.tt.tt't'.ﬁtttiitﬁit'

write(21,104) cp,et,node
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104 format(1lx,’'FEED TANK AT NODE = 0‘,/,

& 1x,’CONTROL POINT AT NODE = ’,i2,/,
& 1x,’EXTERNAL TANK AT NODE = ’,i2,/,
k 1x,’NODE ¢ = ',i2,/)

write(21,105)

105 format(1lx,5x,’TIME’,5x,
4x,'QUALITY'3x,
3x, 'PRESSURE’ ,3x,
2x,'TEMPERATURE’ ,1x,
2x, 'WALL TEMP.'’,2x,
4x,'DENSITY',3x,
3x, 'VELOCITY'’ ,3x,
§x,’MASS' ,5x,
3x, 'MASS FLOW’,/)
Ci'*ittitittti.iitta!ttttiﬂtitti*!tiiﬁitﬁit'tttl't.‘tt'tﬁti*i!ititi
[ START THE CLOCK *
ctiﬁttititiii'tt*tlQtttti’iﬁ*itti'tiitt*tiﬁtttiﬁ.ﬁitﬂt.*tt'ttitttlt

do frame=0,tfinal/deltat
Cttiiit'iﬁtﬁtttt.!!titttlitti!‘itt"ittt*t.ﬁt'ti'tt!ﬁtiiﬁt'iti!li‘i

[ PRINT THE DATA. *
R R R IR R R R R R R R R

write(21,106)time(frame),x(node,frame),p{node,frame),

[ I LB S B B

L

& kelvin(node,frame) kelwal (node,frame),
& rho(node,frame),v(node,frame),
& m(node,frame) ,mdot (node ,frame)

106 format(lx,9(1x,d13.6))

CHRNRAN AN R AR A RR N AN AR AR R AR AR A A RN R RN AR AR R AR A AN R RARR AR AR A AR RO AR ARtk

[ RESET THE CLOCK. . »
Cttittiitiittttti'lit'titi!t'i'lt‘l.tiii*iﬁ.'il'ﬁi'*ttﬁ.tt'tittttﬁ!
end do
citﬁ*ti!iiiinttiﬁﬁttit‘.utttttitﬁttitﬁﬁttti?t‘tﬁ'tﬁ*titi'ittﬂt.ttti
C NEXT NODE. L
cititttttttiiitﬁ*ttﬁitt'itttitittttﬁtﬁtttiitﬁitli!i'ittit*tt*it*'tt
f
end do
Ctttﬂ'ltﬁttﬂ'ﬁﬁ*i!tﬁitiﬁitit!'ﬁttﬁtiti.i‘ttitiatttﬁt"'*"t!’tti'tt
C CLOSE AND DISCONNECT FILE "H2DAT.DAT". *

CHARUA AR R AN R AN R R AR AN A A AR AR AR A A AN R RN AN AR AN R R A AR AN A DR AR AR AR R ARt

close(unit=21)
C*tﬁttt't!ﬁtiQttti.n‘*.iitﬁﬁ*t"ttt*tﬁti'itiititﬁt.t'ittttt'tﬁtt'*t

c THEN *

Cii*tttttii.ﬁtt'tt!ﬂtﬁnt'il.ttt*Itttti*tttiii"*.tﬁi.it*l‘ﬁtttii'it
return

Cttiﬂi'tﬁtttﬁQiﬁﬁittit'ﬁtiﬁi.ti'ﬁﬁtiﬁtt.it'.t*tt't‘ﬁittttttlii.iiti

[of AND "

Ciﬂit‘.titﬁttttiﬁtt‘ﬁQit.t.tt'lttt!"i't'ttt'.ﬂit.iiiﬁt'i'tilttﬂﬁti
end

subroutine h2lsat

integer*2 cp,et,frame, kc(5,0:99),node,punmp

real*8 cpr(0:99,0:99),cvo(0:99,0:99),
d(0:99),deltat,do(0:99),0(0:99,0:99),eps(0:99),
h(0:99,0:99),hc(0:99,0:99),
h0(0:99,0:99),£(0:99,0:99) ,k(0:99,0:99),
kco(0:99,0:99) ,kelvin(0:99,0:99) ,kelwal(0:99,
0:99),1(0:99),m(0:99,0:99) ,mdot(0:99,0:99),
Bu(0:99,0:99),p(0:99,0:99) ,p£(0:99,0:99),
pet{(0:99),pft(0:99),q(0:99,0:99),
qext(0:99,0:99),
qmax(0:99),rey(0:99,0:99),
rho(0:99,0:99),tamb,tfinal,time(0:99),
u(0:99,0:99),v(0:99,0:99),
vet ,x(0:99,0:99),2(0:99)

Lo B R I G L I B O L ]

common
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cp,et,frame,kc,node,punmp,
cpr,cvo,
d,deltat,do,e,eps,
h,hc,ho0,f ,k,
kco,kelvin,kelwal,
l,m,mdot,
mu,p,pf,pet,
pft,q,qext ,qgmax,
rey,rho,tanmb,tfinal,
time,u,
v,vet,x,z

call propptgs

return

end

subroutine prophrho

integer*2 cp,et,frame,kc(5,0:99),node,punp

real*8 cpr(0:99,0:99),cvo0(0:99,0:99),
d(0:99),deltat,do(0:99),e(0:99,0:99) ,eps(0:99),
h(0:99,0:99) ,hc(0:99,0:99),
h0(0:99,0:99),£(0:99,0:99),k(0:99,0:99),
kco(0:99,0:99) ,kelvin(0:99,0:99) ,kelwal(0:99,
0:99),1(0:99),m(0:99,0:99) ,mdot(0:99,0:99),
mu({0:99,0:99),p(0:99,0:99) ,p£(0:99,0:99),
pet(0:99) ,pft(0:99),9(0:99,0:99),
qext(0:99,0:99),
qmnax(0:99),rey(0:99,0:99),
rho(0:99,0:99),tamb,tfinal,time(0:99),
w(0:99,0:99),v(0:99,0:99),
vet,x{(0:99,0:99},2(0:99)

comnmon
cp,et,frame,kc,node,punp,
cpr,cvo,
d;deltat,do,e,eps,
h,hc ,ho0,f ,k,
kco,kelvin,kelwal,
1,m,mdot,
mu,p,pf,pet,
pft,q,qext,qgmax,
rey,rho,tamb,tfinal,
time,u,
v,vet,x,z

u(node,frame)=h(node,frame)/1.4d0

call propurho

return

end

subroutine propptgs

integer*2 cp,et,frame,kc(5,0:99),node,punp

real*8 cpr(0:99,0:99),cv0{0:99,0:99),
d(0:99), deltat do(0: 99),0(0 99,0: 99),095(0 99),
h{0:99,0:99),hc(0:99,0:99),
ho(0: 99 0:99),£(0:99,0:99),k(0:99,0:99),
kco(0:99,0:99),kolvin(0:99,0:99),kelwa1(0:99,
0:99),1(0:99),m(0:99,0:99) ,mdot(0:99,0:99),
mu(0:99,0:99),p(0:99,0:99) ,pf(0:99,0:99),
pet(0:99),pft(0:99),9(0:99,0:99),
qext(0:99,0:99),
gqmax(0:99),rey(0:99,0:99),
rho(0:99,0:99),tamb,tfinal,time(0:99),
u(0:99,0:99),v(0:99,0:99),
vet ,x(0:99,0:99),2(0:99)

LB B C O B R ]

Lol S BB I R S A I

Lo B I L B O SR B B I

Eal oI LN I LN B B B SR N N )

common
& cp,et,frame,kc,node,punp,
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cpr,cvo,
d,deltat ,do,e,eps,
h,hc,ho,£f,k,
kco,kelvin,kelwal,
1,m,ndot,
mu,p,pf,pet,
pft,q,qext,qmax,
rey,rho,tamb,tfinal,
time,u,
v,vet , ,x,z

if((frame .eq. 0) .or.

& {node .eq. 0) .or.

& (node .eq. et)) then

if(node .lt. cplkelvin(node,frame)=20.39d0
if(node .ge. cpl)kelvin(node,frame)=tamb

endif

rho(node,frame)=p(node,franme)/

& 4157.d0/kelvin(node,frame)

u(node,frame)=2.5d0*4157.d0*kelvin(node,frame)

call propurho

return

end

subroutine propurho

integer*2 cp,et,frame,kc(5,0:99),node,pump

real*8 cpr(0:99,0:99),cvo(0:99,0:99),
d(0:99),deltat,do(0:99),e(0:99,0:99) ,eps{0:99),
h(0:99,0:99),hc{0:99,0:99),
h0(0:99,0:99),£(0:99,0:99) ,k(0:99,0:99),
kco(0:99,0:99) ,kelvin(0:99,0:99) ,kelwal(0:99,
0:99),1(0:99),m(0:99,0:99) ,mdot(0:99,0:99),
mu(0:99,0:99),p(0:99,0:99),p£(0:99,0:99),
pet(0:99),pft(0:99),9(0:99,0:99),
gqext(0:99,0:99),
qmax(0:99),rey(0:99,0:99),
rho(0:99,0:99),tamb,tfinal,time(0:99),
u(0:99,0:99),v(0:99,0:99),
vet,x(0:99,0:99),2(0:99)

[ S SN O BRI B L

LI SO B O B B I O I ]

common
cp,et, frame,kc,node,punp,
cpr,cvo,
d,deltat,do,e,eps,
h,hec,ho0,£,k,
kco,kelvin,kelval,
l,n,mdot,
nu,p,pf,pet,
pft,q,qext ,qmax,
rey,rho,tamb,tfinal,
tinme,u,
v,vet,x,2
kelvin(node., frame)=u(node,frame)/2.5d0/4157.d0
p(node,frame)=rho(node,frame)*4157.d0*
& kelvin(node,frame)
h(node,frame)=1.4d0*u(node,frane)
mu(node,frame)=2.d-6
k(node,frame)=0.05d0
return
end
block data h2block
integer*2 cp,et,frame,kc(5,0:99),no0de,pump
real*s8 cpr(0:99,0:99),cvo(0:99,0:99),
d(0:99),deltat,do(0:99),0(0:99,0:99),eps(0:99),
& h(0:99,0:99) ,hc(0:99,0:99),

PR DO DD DR

[ ]
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PO PP DR

common

mRRr e OO PM

h0(0:99,0:99) ,£(0:99,0:99),k(0:99,0:99),
kco(0:99,0:99),kelvin(0:99,0:99) ,kelwal(0:99,
0:99),1(0:99),m(0:99,0:99) ,mdot(0:99,0:99),
au(0:99,0:99),p(0:99,0:99),p£(0:99,0:99),
pet(0:99),pft(0:99),q(0:99,0:99),
qext(0:99,0:99),

qmax(0:99),rey(0:99,0:99),
rho(0:99,0:99),tamb,tfinal, time(0:99),
u(0:99,0:99),v(0:99,0:99),

vet ,x(0:99,0:99),2(0:99)

cp,et ,frame,kc,node,punp,
cpr,cvo,
d,deltat,do,e,eps,
h,hc,ho,f ,k,
kco,kelvin, kelwal,
l,n,ndot,
mu,p,pf,pot,
pft,q,qext, qmax,
rey,tho,tamb,tfinal,
time,u,

v,vet,x,z

data cp,et/4,35/
data d/

&

4*0.2d0,32*0.25d0,64*0.d0/

data do/

&

4%0.2240,32*%0.27d0,64*0.d0/

data eps/

&

100*0.0d0/

data 1/

&

100*10.d0/

data qmax/

&

'100*1500.d0/

data z/

&
end

subrou
intege
real*s

L I o SN S L BN I B I o

common

Ea o B oI LB I R

10.d40,34*0.d0,30.d0,64*0.d0/

tine trans

r*2 cp,et,frame,kc(5,0:99),node,pump
cpr(0:99,0:99),cvo0(0:99,0:99),

d(0:99) ,deltat,do(0:99),0(0:99,0:99) ,eps(0:99),
h(0:99,0:99),hc(0:99,0:99), h
h0(0599,0:99),f(0:99,0:99),k(0:99,0:99),
kco(0:99,0:99) ,kelvin(0:99,0:99) ,kelwal(0:99,
0:99),1(0:99),m(0:99,0:99),mdot(0:99,0:99),
mu(0:99,0:99),p(0:99,0:99),pf(0:99,0:99),
pet(0:99),pft(0:99),9(0:99,0:99),
qext(0:99,0:99),

qmax(0:99),rey(0:99,0:99), ‘
rho(0:99,0:99),tamb,tfinal,tine(0:99),
u(0:99,0:99),v(0:99,0:99),
vet,x(0:99,0:99),z(0:99)

cp,et,frame,kc,node,punp,
cpr,cvo,
d,deltat,do,e,eps,
h,hc,h0,f,k,
kco,kelvin,kelwal,
l,m,mdot,

nu,p,pf,pet,
pft,q,gext,gmax,
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& rey,rtho,tamb,tfinal,
time,u,
& v,vet,x,z
f(node,frame)=0.002d0
hc(node,0)=0.d0
hc(node,frame)=1360.d0
if{(node .lt. cp)kelwal(node,0)=20.394d0
if(node .ge. cp)kelwal(node,0)=tamb
gext (node,frame)=gqmax(node)
*(tamb-kelwal(node,frame-1))
/(tamb~20,39d0)
kelwal(node,frame)=kelwal(node,frame~1)
‘+qext (node,frame~-1)
/419/7800/datan(1.d0)
/(do(node) **2
-d(node)**2)/1(node)
*deltat~hc(node, frame~1)
*4{.d0*datan(1.d0)*d(node)*l(node)
*(kelwal(node,frame~1)
-kelvin(node,frame-1})
*deltat
/419.d0/7800.d0/datan(1.40)
/(do(node) **2
~d(node)**2)/1(node)

o

» mn

PP OO DD D DD

return
end
subroutine prophp
integer*2 cp,et,frame,kc(5,0:99),node,punp
real*8 cpr(0:99,0:99),cvo(0:99,0:99),
d(0:99),deltat,do(0:99),0(0:99,0:99),eps(0:99),
h(0:99,0:99),hc(0:99,0:99),
h0(0:99,0:99),£(0:99,0:99),k{0:99,0:99),
kco(0:99,0:99) ,kelvin(0:99,0:99) ,kelwal(0:99,
0:99),1(0:99),m(0:99,0:99) ,mdot(0:99,0:99),
mu{0:99,0:99),p(0:99,0:99),p£(0:99,0:99),
pet(0:99),pft(0:99),9(0:99,0:99),
qext(0:99,0:99),
qmax{(0:99),rey(0:99,0:99),
rho(0:99,0:99),tamb,tfinal,tine(0:99),
u(0:99,0:99),v(0:99,0:99),
vet ,x(0:99,0:99),2(0:99)
common
cp,et,frame,kc,node,pump,
cpr,cvo,
d,deltat,do,e,eps,
h,he,ho0,£,k,
kco,kelvin,kelwal,
l,m,mdot,
au,p,pf,pet,
pft,q,qext, qmax,
rey,rho,tanb,tfinal,
time,u,
v,vet ,x,z
u({node,frame)=h(node,frame)/1.4d0
rho(node,frame)=p(node,frame)/(h(node,frame)
& ~u(node, frame))
call propurho
return
end
subroutine feedtank
integer*2 cp,et,frame,kc(5,0:99),node,pump
real*8 cpr(0:99,0:99),cvo(0:99,0:99),

LB I I R B R BN I B I LB
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common

Lo LR I R B S I BN O

d(0:99),deltat,do(0:99),0(0:99,0:99),eps(0:99),
h(0:99,0:99) ,hc(0:99,0:99),
h0(0:99,0:99),£(0:99,0:99),k(0:99,0:99),
kco(0:99,0:99) ,kelvin{0:99,0:99) ,kelwal(0:99,
0:99),1(0:99),m(0:99,0:99) ,mdot(0:99,0:99),
nu(0:99,0:99),p(0:99,0:99),pf(0:99,0:99),
pet(0:99),pft(0:99),q(0:99,0:99),
qgext(0:99,0:99),

gqmax(0:99),rey(0:99,0:99),
tho(0:99,0:99),tamb,tfinal,time(0:99),
u(0:99,0:99),v(0:99,0:99),
vet,x(0:99,0:99),2(0:99)

cp,et,frame,kc,node,punp,
cpr,cvo,
d,deltat,do,e,eps,
h,hc,ho,£,k,
kco,kelvin,kelwal,

.1,m,mdot,

mu,p,pf,pet,
pft,q,qext,gmax,
rey,rho,tamb,tfinal,
time,u,

v,vet,x,2

z{0)=z(0)

return

end

subroutine extank
integer*2 cp,et,frame,kc(5,0:99),node,pump

real*8
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common
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cpr(0:99,0:99),cvo0(0:99,0:99),
d(0:99),deltat,do(0:99),0(0:99,0:99) ,eps(0:99),
h(0:99,0:99) ,hc(0:99,0:99),
h0¢0:99,0:99),£(0:99,0:99),k(0:99,0:99),
kco(0:99,0:99) ,kelvin(0:99,0:99),kelwal(0:99,
0:99),1(0:99),m(0:99,0:99),mdot(0:99,0:99),
mu(0:99,0:99),p(0:99,0:99),pf(0:99,0:99),
pet(0:99),pft(0:99),q(0:99,0:99),
qext(0:99,0:99),

qmax{0:99),rey(0:99,0:99),
rho(0:99,0:99),tamb,tfinal,time(0:99),
u(0:99,0:99),v(0:99,0:99),
vet,x(0:99,0:99),2(0:99)

cp,et,frame,kc,node,punp,
cpr,cvo, ’
d,deltat,do,e,eps,
h,hc,ho0,£,k,
kco,kelvin ,kelwal,
1l,m,mdot,
wu,p,pf,pet,
pft,q,qext ,gmax,
rey,rho,tamb,tfinal,
time,u,

v,vet,x,z
Z{et)=z(et)

return

end
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