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ABSTRACT

The parameters of the efflux from a helium dewar in space were
numerically calculated. The flow was modeled as a one-dimensional,
compressible, ideal gas with variable properties. The primary boundary
conditions are flow with friction and flow with heat transfer and friction.
Two PASCAL programs were developed to calculate the efflux parameters: EFFLUXD
and EFFLUXM. EFFLUXD cualculates the minimum mass flow for the given shield
temperatures and shield heat inputs. It then calculates the pipe lengths,
diameter, and fluid parameters which satisfy all boundary conditions. Since
the diameter returned by EFFLUXD is only rarely of nominal size, EFFLUXM
calculates the massﬂ flow and shield heat exchange for given pipe lengths,

diameter, and shield temperatures.
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NOMENCLATURE
area

specific heat
diameter

friction factor
fluid film constant
fluid thermal conductivity
pipe length

Mach number

mass flow

Nusselt number
prassure '
stagnation pressure
Prandt1 number

-shield heat exchange

heat flux

Reynolds nuﬁber

Stanton number
temperature

stagnation temperature
wall (shield) temperature
adiabatic wall temperature
velocity

distance

Greek Letters

Y specific heat ratio
€ shield effectiveness
o density

Po stagnation density

u viscosity

Subscripts

1 entrance

2 exit

function of M (= [1 + (v -1)/2] M?)
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1. INTRODUCTION

One of the primary objectives in the design of a long lifetime heljum
dewar is to minimize the parasitic heat lecad. This is accomplished to a large
extent. through low-conduction supports and vapor-cooled shields imbedded in
nulti-layered insulation (MLI). The vapor-cooled shields can be modeled as a
series of heat exchangers with constant temperature walls and constant heat
input to the helium efflux. With the ambient pressure of space being
approximately zero, the fluid flow is compressible with a Mach number of unity

at the exit throat. The solution of this model basically consists of

' determining (1) the length of pipe required to provide the necessary heat

transfer and (2) the diameter required for the optimum mass flow to reach the
Mach number of unity at the throat.

This solution entailed the development of two PASCAL programs: EFFLUXM
and EFFLUXD. EFFLUXD is used to optimize mass flow and define the length and
diameter of the heat exchanger pipe. Since this diameter is only rarely and
by chance of nominal size, EFFLUYM is used to determine the mass flow and heat
absorption of a similar heat exchanger but with a nominal diameter close to
theoretical diameter determined through EFFLUXD. These programs ara explained
in APPENDIX A.

Although the original scope of the project was to develop these programs
with the number of shields, the temperature of these shields and their
position as given, a second-law thermal analysis of the shield system would
seem beneficial to the project as a whole. reliminary calculations indicate
that the optimal number of shields is 1ess than the five previously cited by
other sources. Informaticn on this subject will be forwarded at a later

date.
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2. THEORETICAL CONSIDERATIONS

The shield heat exchanger system is a pit unusual in that both shield
temperature and heat input are specified St each shield from an overall heat
transfer analysis of the entire insulation system developed elsewhere. If a
shield heat exchanger system is analyzed with the effectiveness method, it
becomes clear that for a given effectiveness the mass flow is a dependent
variable. This mass flow may be minimized as an explicit function f shield
temperature, heat input, and effectivaness. As an example of the method, the
three-shield system shown in Fig. 1 will be analyzed. The initial stagnation
" temperature, the shig]d temperatures, the shield heat inputs, and the shield
effectiveness (or shield-tc-helium exit temperature difference) are all
given. From the definition of effectiveness as shown in Egq. (1), the fluid
stagnation temperatures at points 1, 2, and 3 may be calculated.

€= (Ty out = To'in)/ Ty = To 4n)- (1)
Note that the stagnation temperature at points 1 and 2 are outlet conditions
for one shield and inlet conditions for the next. A single mass flow,
however,‘ will generally create different effectiveness in each shield.
Consequently, the optimal mass flow must 'be found which will provide the
maximum effectiveness in one shield. To accomplish this objective, each jth
mass flow is calculated as a function of the initial stagnation temperature,

the jth wall temperature, and the summation of heat inputs to the jth wall.

j )
IhJ = Eﬁ] QW'I ]/ECP(TOJ - TO 1n)] (2)

The maximum resulting mass flow is the optimal mass flow .for the given
conditions. With this mass flow, the actual shield effectivenesses can be

calculated. For constant fluid properties, these effectivenesses would
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directly define the heat exchanger lengths. The widely varying properties of
the helium flow, however, force the sectional solution used in the EFFLUXD
program.

In addition to the problem of variable fluid properties, the flow is
compressible with a Mach number of 1 at the exit throat. Since the mass flow
and length have already been set, the condition of M = 1 at the exit must be
satisfied by determining the proper diameter. This is done implicitly in
EFFLUXD as shown in APPENDIX A. If a nominal rather than calculated diameter
is used, the mass flow is no longer optimized and must be varied until the
exit condition of M = 1 is reached. This is done implicitly in EFFLUXM as
shown in APPENDIX A.

Both of these programs use a number of functions and procedures which
solve for the exit Mach number of a short section of pipe, given the inlet
Mach number and the boundary conditions. The first of these procedures
calculates the pipe entrance Mach number as a function of mass flow and
diameter as explained in APPENDIX B.

For sections with friction only (connecting pipes between shields or
valves), the flow is assumed laminar below a Reynolds number of 2000 and
turbulent above that. This transition changes the frictional and thermal
behavior of the fluid. In laminar flow, the friction factor is a function of
bReyno]ds number only and the Nusselt number is constairt; in turbulent flow,
both the friction factor and Nusselt number are functions of Reynolds and
Prandtl numbers as illustrated more clearly in APPENDIX C.

Frictional effects are also important in a heat transfer section of
sufficient length. Before the exit Mach number of a short section may be
calculated, the exit stagnation temperature must be known. This can be

calculated with the simple energy balance in APPENDIX D. One interesting

o —— s e
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aspect of this balance is that it is a function of the adiabatic wall
temperature. For Taminar flow, this is ‘equivalent to the stagnation
temperature; for turbulent flow, the adiabatic wall temperature lies between
the fluid stagnation temperature and the actual fluid temperature. However,
for subsonic pipe flow, the adiabatic wall temperature can be assumed to equal
the stagnation temperature with no appreciable error.

After the exit stagnation temperature is calculated, the governing
differential equation for compressible flow with heat transfer and friction

may be simplified using Reynolds analogy and the previous energy balance as

"described 1in APPENDIX E. The resulting equation is solved as shown in

APPENDIX F with a fourth-order Runge-Kutta method.

Within each small section, the fluid properties may be assumed constant,
but overall <:hermal conductivity, viscosity, and Prandtl number vary as a
function of temperature. The Prandt! number, as a function of absolute
temperature, was modeled with a fifth-order Teast squares fit as shown in
Fig. 2, while the thermal conductivity and viscosity are modeled with third-
order fits as shown in Figs. 3 and 4. The temperatures used are the section
inlet fluid temperatures.

The diameter, once determined, remains constant. Any constriction of the
diameter in beginning sections increases the diameter in later sections to
maintain the uptimal mass flow. Furthermore, diameter increases would either
require the design and manufacture of smooth venturi sections or would result
in pressure loss across the area change. This added pressure loss would again
require increasing the diameter even more or require increasing the mass
flow. Earlier suggestions of diameter increases seemed to arise from the
problem of ertremely long pipes; heat transfer sections about two orders bf

magnitude 1ongef than needed were proposed since, at the time, the heat
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transfer mechanism was not fully understood. Even though it is difficult to
see the advantage of area changes, a procedure to deal with them is in EFFLUXD
as shown in APPENDIX H. This approach, however, was never utilized.

To" summarize the design procedures, the following components can be
identified:

1. The sections in contact with heat shields are treated as heat
exchangers with both heat transfer and friction influencing the flow
of gas.

2. The connecting sections between heSt shields are considereq as
adiabatic lengths with friction only.

3. Valves in the system can be treated as adiabatic sections as in point
2, with equivalent lengths adjusted to yield the proper pressure drop
for a given flow rate and entrance conditions. Depending on the data
available for the valve, this calculation will require iterations by

the user of the program.
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APPENDIX A
The inputs and outputs of the PASCAL programs ZFFLUNXD and EFFLUXM should
be self-explanatory. The unitc are consistently SI. Example runs of both
programs’ with & five-shield system follows. The input data used were taken
from “Feasibility Study for Long Liftime Helium Dewar," Parmley, R. T.,
Lockheed Missiles and Space Company, Inc., Contract No. NAS2-10848, NASA,
1981, pp. 3-11.
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UNIVERSITY GF ILLINDIS
UNDER CONTRACT OF NASA, AMES RESEARCH

JULY 1, 1782

J. €. CHATO AXKD K. V. BRINDLEY

THIS PROGRAN DETERMINES CERTAIN PAEANMETERS OF THE EFFLUY RESULTING®)

FROM THE PARASITIC HEAT LOAD ON A HELIUM DEVAR I SPACE.

THE SHIELD

SYSTEM CONSISTS OF CONSTANT TEMPERATURE SHIELDS VITH CONSTANT HEAT
INPUTS AS PREDETEERMINED 8Y THE THERMAL CHARACTERISTICS OF THE

SATELLITE.
FIRST CALCULATED.
HEAT EICHANCERS.

THE MININUM MASS FLOV WHICH CAN SATISEY THESE INPUTS IS
THIS MASS FLOV IMPLIES THE LENGTH OF THE SHIELD
THE MASS FLOW, PIPELENTHS, AND THE NECESSARY

(¢ CONDITION OF CHOKED FLOV AT THE EXIT IRE THEN USSD TQ CALCULATE THE

(r

PIPE DIAMETEH.

THIS PROGRAN MAY BE USED IX COMJUMCTION.VITH EFELUIN

(® VHICH SOLVES FOR XASS PLOW GIVEN PIPE LENGTHS AND A NOMINAL DIAMETER

CONS

T

A/ 1]

T

P13 141592453,
R=2077; (2 J/KG-K2)
K=1.47;

CPaS208;

g

DIVISIONS=ARNAY(S. 20007 OF REAL;
COUNT=ARRAYCO..201 OF REAL;
ICOUNT=ARRAYCG..20] OF INTEGER;
REALOUT=EILE OF REAL;

INTOUT=FILE OF INTEGER;

NUMVALLS  NUMDIV, SPACECNT N, XTEST: INTEGER;
I,LOOPCOUNT, PEEY, TAR, PIPECKT, WALLCNTNTECER;
EFFOUTD, POUTD : TEIT;

EITIND1 : REALOUT;

EFFIND2: INTOUT;

P,T,RH0,DIA:DIVISIONS;
1,01,%,90,70,Q,RE,E,NU:DIVISIONS;

GV, TV, LTEMP, LSPACE, EFF,QVALL: COUNT;

t)
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L,LTOTAL, LOVIOUND, H1BOUND, TOSAYE: REAL;

WDOT ,KAXEFE,DIAL,DIVLENGTH :REAL;
Ki,Tot,re1,71,0 ,RHOS, FL,REL,QL,0X1,NUL:REAL;

: PROCEDURE INDATA(INDEX: INTEGER);
SEGIN (¢ INTERACTIVE INPUT )
! IT INDEX ) 0 THIN

| S

SRTRR & R B IR L R e S e e e
3

P s tighiea, srenotes
-

ELSE

IEGIN

(8 READ IN DITA %)

VRITELN(' INPUT DATA S PROMPTED AY TEAMINAL');
VRITELR(' *);

VRITELN('VHEN ASKED FOX A SERIES OF OATA SUCH AS THE SHILLD');
VRITELN('TEMPERATURES, INPUT THE DATA IN THE ORDER ENOM DEWAR®);
VRITELN('TO THE QUTER JOUNDARI.');

VRITELN(® *);

VRITELN( ‘ENTER THE NUMBER OF RADIATION SHIELDS'};
REAOLN;

READ(NUNVALLS) ;

VRITE(EFFIND2. NUMVALLS);

VRITELN( ‘XUH!EI OF SHIELDS=', NUMVALLS:3);
VRITELN(' )

::g{:m'mn SINGLE DIVISION LENGT (M}*);
READ(DIVLENGTH) ;

VRITE(EEFIND! ,DIVLENCTH);

VRITELN('DIVISION LENGTH (M)s' DIVLENGTH:13:8);
VRITELN(' ');

VRITELN('ENTER PIPE LENGTHS NOT ON SHIELDS (M}');
ron ll;él;o NUMVALLS+{ 00

READLN;
READ(LSPACELID);
VRITE(EFFIND1, LSPACELI]);
EMD; (2FOR®)
VRITELN('ENTER TEMPERATURES OF RADIATION SHIELDS (K)*);
POR I:x! TO NUNVALLS DO P)
BEGIXN B
1EADLK;
READ(TV(I));
VRITE(EFFINDL, TVCID);
END; (s FOR 9)
VRITELN('ENTER HEAT INPUTS OF RADIATION SRIELDS (W)}');
TOR I:s! TO NUMWALLS 0O
REGIN
1EADLN;
READ(QV(11);
VRITE(EFFINDS ,QVIID);
END; (*FOR?)
g{;ﬁﬂ('!ﬂﬂﬂ MAXIIMUM HEAT EICHANGER EFEECTIVENESS AS A FRACTION®);
READ(MAXIETE);
VRITE(EFEIND! MAXEEE);
VRITELN( ' SHIELD EFTECTIVENESSs' MAXEFF:15:7);
VRITELNC® *);
VRITELNC'ENTER INITIAL STAGNATION T (K}*);
KEADLN;
READ(TOL1));
VRITE(EFFINDL,TEC11};
W01 =Tol1];
VRITELN( ' INITIAL STAGNATION TEMPERATURE (K)a',TO[11:{5:5);
VRITELNC® ');
VRITELNC'ENTER INITIAL STAGMATION P (FM)'});
READLN;
LEADCPOLLID);
VRITE(EEEIND1, PRL11);
VRITELN( ' INITIAL STACNATION FRESSURE (PA)=',POL1):15:5);
WRITELN(® ')
VRITELN('ENTER NUMBER OF STEPS IN RUNGE-XUTTA METHOD');
READLN;
READ(N) ;
VRITE(EFEINDZ N);
WRITELN(® *);
WRITELN( STEPS IN BUNGE-KUTTA«*,N:S);
IND(2LFY)

(2 IEAD FILR 1)
BEGIN
RESET(ELEINDLY;

3
" ORIGINAL PAGE |
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RESET(EEEINDD);

BEAD(EFTIND2, NUMVALLS) ;

READCEFSIND!,DIVLENGTH) ;

POR 1:=l TO NUMVALLS¢! 00 READ(EFFIND1,LSPACELID);

FOR [:sl TO NUNWALLS 00 READ(EFFIND1,TVLI1);

FOR 1:«( TO NUMWALLS DO READ(EFFINDI,QVCID);

READ(EFFINDL MAXEEF);

READ(EFEINDL,TOL1));

TVEE):aTO(1);

READ/CZFPINDL, POL1D);

READ(CEFTINDZ N) ;

END(SELSED) *
Do; (s INDATA *}

PROCEDURE QUTDATA;

e

BIGIN
VRITELN(EFFOUTD, 'LAMFLOV OUTRUT' :40);
VRITELN(EFEOUTD,* *');
VRITELN(EFFOUTD,' *);
VRITELN(EFEQUTD,' ');
VRITELN(EFFOUTD, 'VALUES OF INPUT':40);
VRITZLN(EFEOUTD,* *');
VRITELN(EFFOUTD,® ');
UIIT!LN(E!'FOUTD.'!NLET STAGNATION TEMPERATURE (K)=':50,TOL1]:15; W)o
VRITELN(EFEQUTD, ' INLET STAGNATION PRESSURE (PA)s’ Sﬂ,"(ll 15:10);
VRITELN(EEFOUTD, 'NUNHER OF RADIATION SH!!LDS-':S!.WILLS:ISH
VRITELN(EEEOUTD,* ');
VRITELN(EFFOUTD, 'TEMPERATURES OF RADIATIATION SHIELDS':$8);
FOR [:s1 TO NUMVALLS DO VRITELN(EFFOUTD,'SHIELD TEMPERATURE (K)':38,[:2,°s':1,TVWCI1:13:10);
VRITELN(EFFOQUTD, ' ");
VRITELN(EFFQUTD, 'HEAT INPUTS T0 RADIATION SHIELDS':1¢);
FOR 1:sl TO NUKWALLS DO WVRITELN(EFEOUTD, 'SHIELD HEAT (V¥)‘:30,1:1,'s':1,QWCIT:15:10);
VRITELN(EFFOUTD, * ‘'});
VRITELN(EFFOUTD, 'PIPE LENGTHS BETWEEN SHIZLDS':50);
FOR 1:s1 TO NUMVALLSe! DO VRITELN(EFFQUTD,'SPACE LENGTH (M)*:38,1:2,'s':1,LSPACELL]:13:14);
VRITELN(EEFOUTD,' *);
VRITELN(EFFOUTD, 'SOLU? ION SECTION SIZE (M)=';S0,DIVLENGTH:1S:10);
VHTELK(EH'DUTD.'MX'HUK SRIELD EICHANGER EEFECTIVENESSs':58,MAXEFF:15:10);
VRITELN(EEFOUTD, ' *);
VRITELN(EFEOUTD,* *);
VIITELH(!"OUTD.' '
VRITELN(EFFOUTD, ' *); )
VRITELN(EEFOUTD,' ');
VIITELH(EHOWD.'VILU!S OF QUTRUT*:40);
VRITELN(EEFOUTD,' *);
VRITELN(EFFQUTD,* ’);
VRITELN(EFFOUTD, 'MASS FLOV (XG/S)=':30,MDOT:20:18);
VRITELN(EFEOUTD, ‘PIPE DIAMETER (M)=':30,0IACLOOPCOUNT1:20:18);
VRITELM(EEFOUTD, ' *};
VRITELN(EFFOUTD, "TOTAL PIPEL LENGTH (M)=':SNW,LTOTAL:24:10);
VRITELN(EFFOUTD, 'SHIELD LENGTHS':40);
FOR I::1 TO NUKVALLS DO VRITELN(EFPOUTD.'SHIHD LENGTH (H)' 30,1:2,'~":1,LTENPCIT:13:10);
VRITELN(REFFOUTD, ' ');
VIXTHN(EFFOUTD.‘TOTAL HEAT TRANSFER (V)=':§8, GVILI.[NUHVILLSOIJ.ZI."),
VRITELN(EEFOUTD, 'SHIELD HEAT TEANSFER':40);
FOR 1:=1 TO NUMWALLS DO VRITELM(EFFQUTD, 'SHIELD HEAT (W)':38,1:2,'s':1,OWALLLI]:1S:18);
VRITELN(EFFOUTD, ' *);
WVRITELN(EFFOUTD, 'OVERALL EXCHANGER EFFECTIVENESSs':$8,EFFINVAVALLS+1]:18:18);
VRITELN(EFFOUTD, ‘SHIELD EFFECTIVENESS':40);
FOR I:=1 TO NUMVALLS DO VRITELN(EFFOUTD, 'SHIELD EFEF':30,1:2,'s’:1,LFFLI]:15:10);
VRITELN(EFFOUTD, ' *);
VRITELN(EEFOVTR, 'EXIT STAGNATION TEMERATURE (K)=':50,TOCNIMDIVI:10:14);
UIITEUI(EFIOUTD.'!!XT STAGNATION PRESSURE (PA)=‘:50,POLNUNDIV]:28:18};
VRITELN(EFFOUTD,
VRITELN(EFFOUTD, * ')
:ﬁg&m FOR AN OUTPUT OF SECTION FLOV VARIABLES, [NPUT I. OTHERVISE INFTT £.');
READ(PXEY);
12 PREY = 1 THEN
JEGIN
VRITE(EFFOUTD, 'LENGTH':7, 'MACH NUMBER':14,'STAG TEMP':14,°'STAC PRES':14);
VRITE(EEFQUTD, 'TEMP*:10, 'PRESSURE®: 10, 'NUSSELT*:10, 'REYNOLD NUM':15);
VRITELN(EFFOUTD, 'SECTION REAT':13,'TOTAL HEAT':1S5);
VRITELN(EFEOUTD, * ');
FOR I:=1 T0 XUMDIV DG
BECIN
VRITE(EFFOUTD, JC11:8:8," *:4, MC11:10:8," ':4,TOC1):10:4);
VRITE(EFEQUTD,* *:3,P0011:10:8,° *:2,TII1:8:4,* *:2,2011:0:0);
VRITE(EFFOVTD,* ':1,NUCE2:8:3,° *:5,RECDD:1Q:5,' *:§5,Q01):18:7);
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VRITELN(EFFOUTD,' *:5,0XC1):10:D);
IND{TFORE)
END; (elF®)
VRITELNC'FOR A PLOT FILL ENTER I, OTHERVISE ENTER ¢°);
READUN; READ(TAR) ;
IF TAR ) 4 THEN
BECIN
VRITEZLN(°TOR PLOT OF STAGNATION TEMPERATURE ENTIR 1.');
VRITELN('FOR PLOT OF STAGNATION PRESSURE ENTER 2.');
VRITELN('TOR PLOT OF HEAT TRANSTER INTIR 3.');
READLX; REAG(TAB) ;
VRITELN(POUTD , NMDIV) ;
FOR !:={ TO NUMDIV 0O
BECIN
CASE TAR OF
1:  VRITELN(20UTD,TO(I));
1.  VRITELN(POUTD,P&(l1);
3. WRITELN(POUTD,QI(ID);
END(CASE?)
IND; (*FOR?)
FOR [:sl TO NVMOIV DO VRITELN(POUTD,I(11);
IND; (21F2)
VRITELN( ' NUMBER OF INTERATIONSs':3Q,LOOPCOUNT:S);
VRITELN('FOR INTERATION INFORMATION, INPUT1. OTHERVISE INPUT #°);
READLN; .
READ(PKEY);
Ir MXEY s 1 TREN
TOR I:st TO LOOPCOUNT DO
VRITELN(EFFOUTD, ' INTERATIONs:28,1:3, 'OIANETERs' :20,DIAL11:19:10);
EXD; (8 QUIDATA t)

FUNCTION PWR(N,P:REAL) :REAL;

(* SQLVES FOR Neap v)

A:sPoLNIN);
PVR:=EIP(A); ’ .
0D; (¢ VR 2)

a

FUNCTION B(M:REAL):RIAL;

(lcgoms QFTEN OCCURRING FUNCTION t) ,

RECIN
Bl 0e(K-1.0)0SQR(N)12.0;
EMDi(z P t)

FUNCTION TEMP(TO,M:REAL):REAL:

(t CALCULATES LOCAL TEMPERATURL t}
BEGIN

TEMP:=TO/B(M);

IND; (¢ TEMP t)

FUNCTION PRES(PO,M:REAL):REAL;

(* CALCULATES LOCAL PRESSURE t)
VAR 4,C:RELL;
BEGIN
C:s8(N);
A:sLI(1-K);
PRES:sPUtPVA(C,A);
Oi; (¢ PRES ¢)

FUNCTION DENSE(P,f:REAL):REAL;

(2 CALCULATES LOCAL DENSITY 1)
JICIN

DENSE 2P/ (R2T);

END;(t DENSE ©)

FUNCTION XU(T:REAL):REAL;

VAR A,B,C,D0:REAL;

BEGIN(tNU2)

A=l 10419243531E-04;

Roaf 1480 77504448E-072T;
€:2-3.2227229240428- 142 SOR(T);

14
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B:=d. 7257002992201 30T2SOR(T) ;
MU:adeleCoD;
Do; (snue)

PUNCTION COMD(T:REAL);REAL;
vilk A,3,C,D:REAL;
BEGIN(*CONDUCTIYITY CALCULATION®)
A:28  0187210071;
9:s6. 3414352300427,
C:n-§.99407521L-07250R(T) ;
D:nd, ST0I004E-102T2SOR(T);
COND:sdeBeCeD;
N ; ( *COND?)

FUNCTION PRANDTL(T:REAL):REAL;
ViR 4,3,C,D,E,F:REAL;
BECIN(*PRANDTL NUMBER CALCULATION®) . ,
A:=8.57023290;
B:=d.008587210427;
C:=-7.58324532E-052SQR(T);
D:»4.32720501E-072T2SQR(T);
Biset {1661445SE-072SAR(T) ASAR(T);
F:xl . $7403042E-120T2SQR(TI2SQR(T);
PRANDTL :sd+84C¢D¢E+F;
EXD; (:PRANDTLE)

FUNCTION MOUT(N!,X2,D1,D2:REAL):REAL;
(¢ USED IN CASE { OF NEVWTON 1)
VAR A C:RELL;
BEGIN . :
Ain(Kel 4)1(2.00(K-1.0)0);
C:=B(N2)/B(NL);
MOUT: =(M1/M2)*EVR(C,A)-50R(D2/D1);
0D; (s MOUT )

o

FUNCTION DMOCUT(M!,M2:REAL):REAL; '
(¢ USED IN CASE 1 OF NEVWTON t)
VAR A,C:REAL;
BECIN
A:=0(N3)IB(NL);
C:n(Kef Q) /(2.00(K-1.8));
DMOUT: = (((X+1.0)/2.0)2(B(N1)/B(M2))-1.0/SQR(NZ))eMI?PVRIA,C);
END; (¢ DMQUT 2}

EUNCTION MTRIC(M1,M2,D,F,L:REAL):REAL; '
VAR MFR:REAL;
;;ul{,s‘!ﬂ IN CASE 2 OF NEWTON ?)
:E:;E(Sgl;éﬂﬂ-sal(!ﬂ))I(I'SGB(H!'H!)M(IH.l)I(l.ﬂ'l)'m(l(!{ﬂ'sﬂl(!l)I(l(lllHSOR(HNH-LI'!'LID;
.z H
END; (¢ MERIC t)

FUNCTION DMERIC(MI,N2:REAL):REAL;
(* USED IN CASE 2 OF NEVTONM t)
VAR OMF:REAL;
JEGIN
ONE:ad. 47 (K*N20SQR(N2)) +(K+1)/KM22SQR(R(NLY)/(PVR(NI, ()2PVRIN(ND), 3));
DMERIC:=ONF;
IP DMF { 1.274 THEN (*FUNCTION UNSTABLE, MACH=!1 APPROACHED?)
ONMERIC:=i.0;
END; (% DXERIC 1)

FUNCTION MFRST(M,D,XDOT,P®,T#:REAL):REAL;
(¢ USED IN CASE 3 OF NEVION ®)
VAR A,C:KEAL;
BEGIN
A:=B(K);
Cia(Kel . 0)/(2.00(1 .0-));
MERST:«(MePQePITSQR(D) /4. 0)*SQRT(K/ (RETY) ) 2PVR(A,C)-M0T;

15
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0; (¢ NERST ¢)

PUNCTION DMFRST(M,D,P0,TO:REAL) :RELL;
(* USED IN CASL § OF NEVTON t)
ViR A E:LIML;
llGll
A:sB(R
¢: l(‘t! "lﬂ (LIS B¢ K
B:s(9.00K-1.0)/(1, l'(l -0);
DNFRST:=(PI9SQR(D) /4, ”'"'Sﬂlf(ll(n'ﬂ))'(M(I.C) SOR(M) #(Kel.0)/2.000VR(A,0));
END(® DMERST 0);

FUNCTION MEVTON(XEY; INTEGEX; N1,D,r,L,LTOT,20,T0:REAL):REAL;
VAR MNEV,MOLD,DIFF,D1,D2,A,MDOT,OMF, MF:REAL;
COUNT: INTEGER ;
BEGIN(® NEVION t)
DIEE:xi.0;
(4114 ll! ot
< BEGIN
(l CAB.;:ULST!S EXIT MACH NUMER POR SECTION VITH AREA CHANCE )
U
02:sf;
NOLD:aSOR(D{/D3)M1;
VHILE (DIEF )= 8.401) DO
MGIN

MNEV: =MOLD-MOUT(M1,X0LD,D1,D2) / (DNOUT (M, M0LD));
DIFF:=ABS(MOLD-MNEV);
MOLD: «MNEV;
IND(® VHILL 1)
IND;(r 1 1)
1: MECIN ,
(8 CALCULATES EXIT MACH FOR SECTIZA VITH IRICTION CNLY 1)
KOLD:st1.012N1;
COUNT: ! ;
\mm‘ég{;r )= 4.08005) LND (COUNT ( 14) DO
DNF :=DNFRIC(NL ,XOLD); s
NP :aMERIC(N!,X0LD,D,F,L1);
MNEV: «MOLD-NFRIC (1 ,XO0LD,D, £, L)IONE;
DIEF:=ABS(MOLD-MNEV) ;
17 °"§:Eu‘( -0 THEN (*FUNCTION UNSTABLE, LIIT LOOPS)
DIEF:=4.00001;
MNEV:st  ¢;
END; (t1F%)
COUNT: :COUNT+1;
NOLD: «MNEV;
IND(t VHILE ©)
IND; (2CASE 31t)
3: BECIX
(2 cxgm‘r‘:‘s INLET MACH NUNBER t)
NOLD:=Nf;
VHILE (DIFF )= 8.08001) DO
BEGIN
MNEV: =MOLD-MERST(MOLD, D, MDOT, 0, T0) /ONFRST{¥OLD,D, 20,T0);
DIFE:=ABS(MOLD-MNEV);
MOLD: =MNEV;
IND(* VHILE *)
END(t 3 1)
END; (¢ CASE ®)
NEVTON: sH0LD;
IND; (* NEVTON t)

PROCEDURE [NLETMACH(D,XDOT,PQ,T0:REAL; VIR X,T,P, EHO:REAL);
(t CALCULATES INLET CONDITIONS t)
VAR A:REAL;
BECIN(® INLETMACE 1)
M:«NEVTON(3,X,D,0,XD0T,0.0,20,TD);
T:=TEMP(TD,X);
P:=PRES(PE,X);
RRO:=DENSE(P,T);
END; (¢ INLETMACH ¢)

16



= g —

PROCEOVRE AREACHANGE(DI, Du,ﬂ PO:REAL;VAR M,T.P,RHO,AL,F,NV,PR:QEAL);
(v FOR DIAMETER CK”(GI
VAR A:REAL;
JECIN
ll.-l(MON(l !l 01,02,0,0,0,0);
T:=TEMP(T
'.IPIIS(".M.
RNO :sDENSE(P,T!};
1€:sRE201/01;
IF RE (= 2000 THENM
BECIN (* LAMINAR PLOV 1)
F:ald 0RE;
NU:sd. é§;
ED(sire)

SECIN (® TURBULENT Flov 0)
F:ul WUE/PVR(RE,0.2);
NU:=8.0230PWR(RE,0.0)0PVR(PR, 0. ();
EMD; (VELSES)

; (¢ AIHCIANGI 1)

PROCEDURE TRICTION(TO,DIA,F,L:REAL;VAR X,T,P, RHO,PY,0; lﬂl)o
(s IOR ILOV VITH leCﬂON ONLY 1)
ViR A,C,NEWM:REAL;

ILGIN
NEVM: =NEVTON(2,M,DIA,F,L,LTOTAL, 0, 0);
IF NEWM ) 1.8 THEN NEWN:ai,0;
A:sB(NEVM)/R(N);
CoadKal 0)1(2.00(K-1.0));
, M aPOYM/NEVNOPVR(A,C);
N:sNEWN;
T l‘l'ﬂl!(ﬂ M)
P.=PRES(PO,N);
RHO: sDENSE(P,T);

Q:=4;
KND; (SFRICTION?)

FUNCTION DIAMETER{MDOT,TO,P0,M:REAL):REAL;
{* CALCULATES DIAMETER GIVEN MDOT IND MACH 1)
VAR A,C:REAL;
BEGIN(*OIANETER®)
A:ad, O*HDOTOSQRT(ROTQ/K) I (PIOMEPR) 5
Cin(Kel ) (2.00(X-1.0));
DIAMETER: =SORT(A*PVR(B(N) €));
IND; ('DIAMETER?)

PROCEDURE SECTION(NUMTOT:INTEGER; LENGTH,DIVL:REAL; VAR I:DIVISIONS; VAR NUMDIV:INTECIR);
(% DIVIDES PIPE LENGTHS INTO SNALLER SECTIONS ®)

(1]
RESL,REALDIV:REAL;
1,J: INTEGER;

BEGIN(*SECTION®)
IF NUNTOT = ! THEN
BEGIN
WUNTOT :=0;
1002:x0;
IND; (21F?)
(* CALCULATE RESIDUAL SOLUTION SECTION LENCTX ©)
REALDIV:=LENGTH/DIVL;
NUMDIV: = TRUNC(REALDIV);
RESL: = (REALDIV-NUMDIV) tDIVL;
IF EESL ) 0 THEN
IEGIN
NUMDIV:=NUMDIVel;
IND(RIFY)

REGIN

RESL:=DIVL;

END; (*ELSEY)
(¢ DEFINE LENGTH SECTION ARRAY t)
NUMDIV: =NUXTOT+NUMDIV;
FOR 1:=NUMTOT+! TO NUMDIV DO XLIY:=X[I-13eDIVL;
IIKUMDIV] = XINUMDIV-{1+4RESL;
TINUMDIVel): =1 [NUMDIVI+DIVL;
END; (sSECTION®)

ORIGINAL PAGE 18
OF POOR QUALITY
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o [UNCTION STAGTENP(TH,TV,NU,XP,MDOT,L:3EAL):REAL;
:;cgumms NEV STACNATION TEMPERATURE IS4 PLOY VITH NEAT TRANSFLR 2)
o STAGTENP; =TVe ((TO-TV) /EIP((NUSPIERFSL) [ (MIOTECEN));
IND; (9STACTENP®)

S TUNCTION RFUNC(M,TW,TV,PR,NU:REAL; KLY:INTEGER):REAL;
. (¢ SOLVES AN OFTEN USED FUNCTION IN PROCEDURE HEATTRANS o)
ViR A,C,D,E:REAL;
{ BICIN
! A:sMOR(N)/(3.00(1, 4-SOR(M)));
C:nll,B4K230R(N) ) ITH;
D0: =LPSQR(N) ;
IF KEY = 1 THEN
JEGIN
l:-l.ll(}V-Tl):

-

E:slé 00PR/ (NUS(TV-TH));
IND; (*ELSE®)
RFUNC:sA9(D2E+C);
IND; (2 2FUNC #)

PROCECURE HEATTRANS(TV,L.D,MDOT.REAL; N:INTEGER; VAR X,T0,?0,T,?,QHO,RE,Z,0Q,0,NU:REAL);
g:.CllCULATES FLOV VARIABLES FOR FLOV VITH FRICTION AND HEAT TRANSFER 1)
€1,62,03,64,STEP,A,C REAL:
T#1,T02 ,X1,83, PR, KF,DELN, 1:REAL;
KEY, 1: INTIGER; :
BEGIN
KEY:=¢; ‘ Y
(* FLAG KEY [F PLOV TURBULENT o) -
I XU ) 3.4é THEN XEY:=f; .
(* CALCULATE NEV STAGNATION TEMPERATURE ®)
PR:=PRANDTL(T);
KE: =COND(T);
4 T01:=T0;
T82:=STAGTEMP(TO!, TV, NU, KF,MDOT, L) ;
(* STEPVISE SOLUTION USING RUNGE-KUTTE METHOD t)

s

N

1 (* CALCULATE STEP SIZE t)
i STEP: :ABS((T02-T01)IN);
Nl::K;
L:=i;
1 VHILE I (= N DO
IECIN
F C1:=REUNC(N,T0, TV, PR, NV, KLY);

IF €1 ( 0 THEN C1:=0;(*EUNCTION UNSTABLE®)

, C2:2REUNCC(MeC18STEP/2.0),(TO+STER%.0), TV, PR, NV KEY);

! 1F €2 ¢ 0 THEN C2:20;(*FUNCTION UNSTABLES)

. C3:sREUNC((M+C2®STER/2.0), (TO4+STER/2.0), TV, 2R, NV, KLY ;
IF CY ( 0 THEN C3:=0;(9FUNCTION UNSTABLE®)
CA:=RFUNC(M+CI®STEP, TO+STEP, TV, P, NU KEY);

2 IF €4 ( 0 THEN C4:=0;(*FUNCTION UNSTABLE®)
DELM:=STEP/€.00(C1+2.00C242.00CI4CH);

s M:sM+DELN;

T8 :aTeSTED;
I:slel;
IF M ) | THEN (*FUNCTION UNSTABLE, EXIT LoOPt)

... SECIN

¢ IF (C1 = &) OR (C2 = 4) OR (C3 = &) OR (C4 = #) THEM
(SFUNCTION UNSTABLE, EXIT LOQPY)
BECIN
1:2Nel;
. N:al;
END; (2[It)
N1::N;
A:=8(N2)IB(NL);
Cia(Xel 0/ (2. 02(K-1.0)); ’
* PO =P0(M1/M2)0SQRT(TO2/TOL)2PVR(ALC); R

18
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P:aTRIS(PO,ND); 19
. T:«TENP(TO1,N2);
RHO: sDENSE(P, T) ;

RE:ad $0MDOT/(PIEOTNU(T));
IT RE (= 2008 THEN

. SEGIN (% LANINAL, FLOV %)
£:el, IR .
: MUl i6;
IND(31E1)
; TSt
i STGIN (% TURBULENT FLOV 1)
~ P:al, 06 PVRARE,8,2);
. NU:ed, S130PVR(RE, 0. 8)SVR(PR, 0, 0);
£XD; (VELSE?)
; Q:sCPONDOT® (T02-TO1) ;
01:2%340;

NG ; (¢ EEATTRANS )

Fe

i PROCEDURE SETBOUND(KEY:INTEGER; VAR HIB,LOVE,DIA:REAL);
(¢ RLTERS DIAMETER SO THAT MACH MLY HE INTERATED IN THE MAIN PROGRAM TO REACH OKE ®)
BEGIN(2SETBOUND®)
I KEY = | THEN
BECIN

3 118:s01);
’ . EXD(*(F2)
Y
i

LOVE:=DIA;

END; (*ELSES)
DIA:=(LOVE+HIB}/2.0;
EXD; (¢SETBOVND?)

PROCEDURE SVAP(VAR A,B:REAL);
(* USED 8Y PROCEDURE BSORT t}

——
13
Y

YAR T:REAL;

L AEGIN(2SVAPY)
T:=d;

i A:al;
B:sT;

! END; (25WiPt)

PROCEDURE BSORT(START,TOP: INTEGER; VAR ARRY:COUNT; VAR CNT:ICOUNT);
(¢ USED IN FUNCTION MDOTNIN TO FINJ OPTIMUX MASS FLOV %)

1
: it
‘. RCNT: COUNT;
INTERER;
1 SVITCH: BOOLEAN;
. IEGIN(*HSORT?)
. FOR [:=START TO TOP DO BCNTLI):=CKNTLI);
; IEPEAT(® UNTIL SORTED VITR SMALLEST AT TOP )
, SVITCH: =FALSE;
FOR 1:aSTART TO T0P-1 DO
1ECIN
L, IF ARRYCIT ) ARRYLI+1] THEN
BECIN
1 SVAP(ARRYCID,ARRYII+1]);
SVAP(RCNTC I, RCXTLI+11);
.. SVITCH: = TRUE;
END(21IF)
. END;(2fOR?)
; UNTIL SVITCH = TALSE;
: TOR 1:=5TART TO TOP DO CNTL11::B0UND(RCNTLIN};
‘ END; (3850RT1)
BUNCTION XDOTMIN(Q,TV:COUNT; T0{,EFF:REAL; X:INTEGER):REAL;
.. (¢ DETTRMINES OPTIMUX MASS ELOV ®)
Vi
TOT,TOXAL, MDOT : COUNT;
INDEX : ICOUNT;

[, NCONT: IKTEGER;
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BECIN(*MDOTHINS)
(¢ INITIALIZL INDEI ARRAY o)
FOR [:ad TO N DO [NDEXCI):sl;
(% CALCULATE SHIZLD EXIT STAGNATION TEMPERATURES ©)
TIMAZL):»T0Y;
TOR 1:s1 TO N DO TOMAZCD) :wCEPO(TVOI)-TOMAXCI-11)4TOMARCY-1);
(¢ CALCULATE MASS FLOWS AS DETERMINED EY SECTIONS )
QTOTIN] :sd;
TOR I:=l 70 X DO
BEGIN
QTOTCL);=QTOTII-1]40L1);
WAL =QTOTLLI/ (CPA(TAMATLI-THE));
[ /4; (eFORY)
{t SEARCN [OR LARGEST MDOT ¢)
BSORT(4, X, MDOT, INDET);
MOOTHIN: =MDOTIK];
IND; (#MDOTEINS)

PROCEDVRE [NREASSICN; .

(eDEFINES VALUES FOR USE IM PARAMETER LIST ¢}
JEGIN(INREASSIGN®)

ML:MC11;

Tt :=THL1);

M=), ‘
T1:8T(1);

MBIl

1HOt : sRHOL1); -
F:=P(1);

1E1:sREL1);

01:sQ(1);

ary:sQx(l1y;

WUL:aNUTTD;

END; (S INREASSICN®)

PROCEDURE OUTREASSICN; ’

(¢ DEFINES NEV VALUES OBTAINED FXOM PARAMETER LIST ®)
BEGIN(®QUTREASSICKS) -
L:slst;

N(1):aKY;

TL1):2T0¢;

LTI =001; '
T(11::T1;

PLIY:aRY;

RHOCI): =RHO1;

PId:=F1; .
RECI):=REY;

0f11:=01;

Q111 =011,

NUCI):aKUS;

END; (*OUTREASSIGN®)

PROCEDURE INITIALIZE;

(* PREPAES VARIABLES FOR USE IN MAIN PROGRAM 1)
BEGIN(® INITIALIIEY)

(SDETERMINE NININUX MASS FLOVY)

XDOT: sMDOTHIN(QV, TV, T0{ 1], KATEER NUKVALLS ) ;

(¢ DEFIME P1IST SECTION SIZE f)

1011 =D IVLENCTH;

(¢ DIFINE IMIGINARY LAST FIPE LENCTH 1)
LSPACECNUMVALLS¢21:20;

(*START LOOP COUNTER®)

LOOPCOUNT: =4 ;

(SINITIAL NACH NUNBER CUESS®)

NE1D:ed

(¢ INITIAL DIAMETER CUESS, ASSUMES INLET MACH OF 0.1 )
DIAC1):a01AMETER (XDOT,TOCI1, POCIT, NILT);

(* CALCULATE MINIMUX DIAMETER, MACH « 1 t)

LOVBOUND: =01AMETER (¥DOT, TOC11,P0C1,1.0);

(2 DEFINE NAIINUM DIAMETER ©)

HIBOUND : « 1 00LOVEQUND;

IND; (+1NITIALIZE®)

PROCEDURE REINITIAL;

(¢ FREPARES VARIABLES FOR USE [N MAIN PROCRAIM )
BEGINCTREINITIAL®Y)
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('um'uuu GOUNTIRS?)
pieceer:at;
WALLCNT:=;
SPACECNT:
(*INCRENENT (00P COUNTIR®) .
LOOPCOUNT ; »LOOPCOUNT+ 1 ;
(% DEFINE FIRST PIFC [ENGTN 0)
LTOTAL: sLSPACE(1);
(SCALEULATE IKTRANCE CONDITIONSY)
If13:x0;001):0;
RECL]:»4. G*MOOT/ (PIOMUCTHCLY) *OIACLUOPCOUNT]) ;
IF REC1] (s 3000 THEN .
BEGIN (¢ LININAR FLOV #)
PU1):adé 0/R0CHD;
O RERTT
- END(1rt)
REGIN (* TURRULENT FLOV *)
PULY:s0. 046 /PVRIRECET, 2, 20;
HUC1D: =0, 02308VR(RECLT, 0, 00 0PVR (PRANDTLATOLID) 0. 1) ;.
END; (SELSEN)
(*CALCULATE INLET CONDITIONS®)
INLETMACH(DIACLOOPCOUNT] , MDOT, POC1], THC1T,NC1), TCL), PED, RHOCLT)
($INITIALIZE CONTROL CARD?)
NTEST:al; !
DO; (*MEINITIALY)
BECIN(® MAIN PROGRAN 1)
, VRITELN('TO INTER DATA, ENTER I, OTHERVISE,ENTER 0.');
READLN;
1EAD(TAD) ;
INDATA(TAR) ;
INITIALIZE; ‘
REPEAT (® UNTIL TRE FLOV (S CHOKED 9)
REINITIAL; .
wut.éé;}‘czcm (= NUMVALLS+1) AND (NTEST ( 2) DO :
(2 TEST FOR CHANGE IN TEMPERATURE SOUNDARY t)
IF 01D ¢ (LTOTAL-DIVLENGTH/Z.4) THEN
EECIN(* FRICTION FLOV 1)
(* DIVIDE FRICTION LENGTH INTO SECTIONS ) '
SECTION( !, LSPACELSPACECNT],DIVLENGTH, I, NVMDIV); ,
(s DEFINE END MACH NUNBER FOR TEST AT ING ) .
NINUIDIV]: =4 ;
VHILE (I ( NPDIV) AND (NTEST ¢ 1) DO ' |
BEGIN g
Liel(11-101-1);
INREASSI1CN;
FRICTION(TO1,DIACLOOPCOUNTI, F1,L,X1,T1, 24, kKO, POL,01) ;
QUTREASSICN;
IF NC1D ) 0,97 THEN MTEST:a2 (P€XIT LOOPY)
END; (SWHILE®)
SPACICNT :«SPACECNT 1 ;
PIPECNT :=PIPECNT+1;
- END(Y PRICTION ELOV 1)
BEGIN(® TEMPERATURE BOUNDARY CHANGE *) |
QVALLIVALLCNTY:=0; |
LTEMPLVALLENTT: =4; :
EETCVALLCNT]: ad; |
TOSAVE:=TOL1]; |
“‘“‘,gg‘{,‘."““"“ ) QVALLIVALLCNTI) AND (EFFCVALLCNTI ( NAIEFE) AND (NTIST ( 1) 00 ;
IXREASSICN;
g&qg%rmmm ,DIVLENGTH, DIACLOOPCOUNT], MDOT, N, M1, T01, P91, T1, P ,RHO1 ,RE1, 11,01, 081, KU1) ;
QVALLIVALLENT): :QVALLIVALLENTI 01 ;
CEFIVALLCNTY:2(TOCI1-TOSAVE) / (TVIVALLCNTI-TOSAVE); :
UTENPCVALLCNT] : <LTENPCVALLCNT] +DIVLENGTH; |
T010:=X01-43+DIVLENGTH; 1
I NCI1 ) Q.97 THIN TEST:sd; (*EXIT LOOPS®) |
£ND; (*VHILE®) "
LTOTAL:3LTOTAL ¢ LTEMPIVALLCNT1+LSPACELSPACECNTY;
PIPECNT: =PIPECNT41;
VALLCNT: -VALLCNT+1; ;
IND; (¢ TENPERATURE BOUNDARY CHANGE 1) i
IND; (*VHILE®; :
:
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DIAL:=DIALLOOPCOUNT);
SCTROUND(NTEST, HIBOUMD, LOVROUND , DIAL);
' DIACLOOPCOUNT+11:2DIAL;
UNTIL (NONVMDIVE ) 0.97) AND (PIPECNT ) 1sNUMVALLS+1) OR (LOOPCOUNT ) ID);

(*CALCULATE QVERALL EFFECTIVENISS *)
EEPONUMVALLS¢1): « (TOINUMDIVI-TOC1 1)/ (TVCNURVALLS)-TEI1]);
(8 CALCULATE TOTAL HEAT TRANSFER t)
QUALLINUNVALLS+1]: «MDOTCCP (TOCNUMDIVI-TOC1]);

' VRITELN('QUTPUT STORED [N FILE EFFOUTD.');

: VRITELN('INPUT STORED IN PILES EfFIND AND LrPINDI.');
! QUIOATA;
0. CMAIN PROGRAM®)

- aeatall
s

-

22
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BIND. ORIGINAL PAGE IS
TO ENTER DATA, ENTER .. OTHERVISE,ENTER 0. OF POOR QUALITY
11

INPUT DATA AS PROMPTED BY TERMINAL

WHEN ASKED FOR A SERIES OF DATA SUCH AS THE SHIELD

TEMPERATURES, INPUT THE DATA !X THE ORDER FROM DEWAR

TO THE OUTER BOUNDARY.

:wg:n THE NUMBER OF RADIATION SHIELDS

?

NUMBER OF SHIELDSs L

‘5"}"’},3'"““ DIVISION LENGTH (M) '

DIVISION LENGTH (M)= 0.00200

ENEE% gIPE LENCTHS NOT ON SHIELDS (M)

| < Baude Ba VL TRVY
HJooegoos
oo

™
HAD O are

N EMPERATURES OF RADIATICMN SHIELDS (K):

. Aﬂﬂ W2 9

z-.ﬂ"‘-hﬂzﬁh

5—-;—&»»
oo amMm

AT INPUTS OF RADIATION SHIELDS (W)

%

s MAOIUIGr Y. - -

QMO-aooono.»- -

3 IIMUM HEAT EICHANGER EFFECTIVENESS AS A FRACTION
SHIELD EFFECTIVENESS= f.%800000

gﬂzﬁgalNlTIAL STAGNATION T (X) )

INITIAL STAGNATION TEMPERATURE (X)= 4.234000

ENTER INITIAL STAGNATION P (PA)

INITIgLOSTAGNhTION PRESSURE (PA)= 2100.00000

gNEER NUMRER OF STEPS IN RUNGE-XUTTA METHOD

*ub §v *B cqp *W b P o] "B 9 ‘WD p O
z -
eﬂocoae
. .

o X" XV

STEPS IN RUNGE-KUTTA= 4

QUTPUT STORED IN FILE EFFQUTD.

INPUT STORED IN FILES EFFINDL AND EFFIND2.

50& AN OUTPUT QF SECTION FLOW VARIABLES, INPUT 1. OTHERWISE INPUT 0.

1
fog A PLOT FILE ENTER 1!, OTHERWISE ENTER ¢

NUMBER OF INTERATIONSs 13
501 INTERATION INFORMATION, INPUT!. OTHERWISE INPUT 0

2.806 CP SECS, 1027148 CM USED.

23
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.- VALULS OF 1)PUT
INLET STAGNATION TEMPERATURE (K)=  4.2300000004
INLET STAGNATION PRESSURE (PA)=2100.8000000000 .
.- NUMBER OF EADIATION SKIELDSs ]
;. TIMPERATURES OF RADIATIATION SHIELDS
N SHIELD TEMPERATURE (X) 1= 21.7000000004
.. SHIELD TEMPERATURE (K) 2= 39.7000004040
, SHIELD TENPERATURE (K) 3= &S, 4006000000
: SHIELD TENPERATURE (K) 4= 101.1860000000
SHIELD TEMPERATURE (K) Ss 144.6000000000
' HEAT INPUTS TO RADIATION SHIELDS
1 SNIELD HEAT (V) 1= (.0804000000
) SHIEZLD HEAT (V) 2« 0.0540804000
SNIELD HEAT (V) 3= 4.0914000000
, SHIELD HEAT (V) 4«  0.1384000009
SHIELD KEAT (V) S=  0.2243000000
: ‘ "piPe LENCTHS BETVEEN SHIELDS
SPACE LENGTH (M) s  4.0190040000 \
s SPACE LENGTH (M) 2=  0.0210006000 '
i SPACE LENCTH (M) 3«  4.0240000000
LN SPACE LENGTH (M) 4=  0.0260808008
SPACE LENCTE (X) S=  0.4340000000
- SPACE LENGTH (M) ¢«  .0350008000
i ) SOLUTION SECTION SIZE (M)=  §.4020003000
: MATINUM SHICLD EXCHANGER EFFECTIVENESSs  0.980000000¢
'
s .
' _.. VALUES OF oUTRUT .
l -
MASS FLOV (IC/S)= 9.0000024272
: PIPE DIAKETER (M)s 00018264434
‘ TOTAL PIPE LENGTH (M= 0.2530000008
SHIELD LENGTHS
SHIELD LENGTH (M) 1=  0.0320008040
. } SHIELD LENGTH (M) 2= § 9100000400
i ‘ SHIELD LEKCTH (M) 3= 0.0080406000
; ‘. SHIELD LENGTH (M) 4=  4.0064000000
SHIELD LENGTH (M) S=  0.0380600000 '
I ! fOTAL HIAT TRANSFLR (V)= 1.1933520433
I ; SHIELD HEAT TRANSFER
| SHIELD HEAT (V) 1= 4.0904976368
SHIELD HEAT (V) 2= 0.04424801%8
. SHIELD HEAT (V) 3=  4.1081726348
g . SHIELD HEAT (V) 4= 0.15775%4101
i i SHIELD HEAT (V) S=  0.7714713449
3 . OVERALL EXCHANGER EFFECTIVENESSs £ 0098140440
B SHIELD EFFECTIVENESS
‘ 0 SHIELD EFF iz 0.4135927431
SHIELD EEF 2= 4.204791070%
SHIELD EFF 3=  0.2983040314
: SHIELD EFF 4= §.2834743520
SHIELD EFF Ss  0.7043444518
8.
BIIT STAGNATION TEMEIATURE (K)s 145.1498257385 .
LXIT STACHATION PRESSVRE (PA)» 49.2579023906
. LENGTH MACH KUMEER STIGC TDNP STAG IPRES TENP PRESSURE  NUSSELT  NCYNOLD NUX  SECTION HEAT  TOTAL HEAT
000200 0. 02145443 4.220000  2108.00008  4.2293 1099.193 3.660 713.65327 0.0000008 §.0000008
000400 0.02109700 €.130000  2095.97130  4.2293 2095.143 3.660 713.65317 0.4000000 1.6000000
0.80600  9.02153918 €.220000  2091.95006  4.2293 2091.140 1.468 713.45321 60000008 6. 0400000
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0. 00000
1.01000
0.01208
601400
0.014600
0.0
0.01900
1,014
0,130
0,050
0.1
L
0. 03106
N
1.03500
10970
0.03000
.10
1.04300
6.04500
1.04708
104900
0.05100
0.45300
0.0550¢
0.05748
0,450
60100
3. 06300
0.04sH
0.06700
686900
1.47100
L
17408
n
07400
N
RTHT
NI
T
NI
49000
200
09400
NI
49808
-10008
.10208
10400
10400
-10000
11008
-11200
11400
-11600
(11000
-12000
.12200
-12400
12400
-13400
.13008
-13200
13408
-13600
13008
-14008
14208
-18480
14608
-14000
15008
-15200
15400
-15608
15808
16000
16200
-1640e

002150048
§.02142220
 RITE
002170847
1,010
L
602183101
0. 02303310
0.02582411
0.01754724
f.021204
§.02058402
$.R1un
6.8031042
8. 03434476
0.01542004
§.03410374¢4
0.0373133
0.03823408
0.03707514
§.0310401¢
0.04033424
6.04122091
0.04127404
§.04130878
g.00138203
404143604
0.404149119
§. 4154352
0.0415999¢
1041454044
§.04170908
§.0412437
§.04101040
404404303
0.04¢14323
0.0480715%
8.04004203
0.43152121
§.05140007
10314713
2.0517583¢
§.05103782
6.0519174¢
§.4519972
0.05207732
4.0321375¢
$.03223717
0.152318%1
$.03231041
§. 45248048
8.035427748
005979413
0.04305312
1.0440419
0.04611920
.43
0.04447530
$.66461428
0.04475347
B
0.04703433
§.04717357
0.04731737
L6uUmMm
¢.04240277
L. 47743
§.04789057
§.47390119Y
0.87941900
§.88443808
0.08470340
€.48515503
0. 0854047
§.08543742
0.0850140¢
0. 08617207
0.08443120
008460254
8.00493384

(.
¢, 130000
LB
{.

]
¢

]
'

1s.
254
it.
AN

i1
11

12.
Aedsn
13.
A7%03
i4.
S
id.
4.
1.
1.
14.
i".
1.
.
i,
1.
16.
18.
481992

13
1
14

11

.
.
542209
.
542707
1.
L4220
.
542700
1.
54270
1.
L3270y
.5417%¢
LA61383
1.

1
7]
¥
11!
4
11
3]
13

2

33
k1]
kL]
33
33
33

33
K}

1.
.
33,
3.
33.
972244
4.
72244
33.
7224
8.

LE )
53
51
3

10000

130000
13008

230004
330000
330000
g,

uirn

77
’.727611

$te??

,.2l4762
428

124443
Q1042
7243446
1aie
103374
149444
149464
46
149444
140464
149444
149464
149444
149444
149444
LT
3771944
151728

143132
4170

41709
am
41700
41709
41707

111928

.28300%
3.
3.
A4
3.
AU
3.
L3274
3y,
L34
LU
L7244
3.

1714
2774

27144
a2nu
2774

277U

L3370
274

38342
114294
172244
172244
171244

172244
171244
172244

72366

1087,1342
1083, 029%4
1079, 03104
102902197
1071.95540
0401
104480044
1043.72487
1043.421%
1043.4930¢
1042,74012
2043, 24478
3041.96444
1041.33191
1041.001148
104040034
.17
103740174
108005471
1030.49318
1037.90573
1037.29704
3056.64747
1033.99441
1031,31543
1048,6427Y
1043.17241
1043.30433
1040.63133
1037.973501
2035.31377
103245488
1019 19018
10272.34347
1026. 2171
1023.42040
1024.343%¢
1023.17342
3021.11730
018,437
1013.74043
1012.48523
1000.41177
2004,34023
1003.47047
1000.40302
1997.33728
19942734
199121148
198815141
1983.09383
1983.27337
1941.20513
197887034
1926.14172
1972.1904
1968.11842
196404714
193917392
1953.90307
1931.82451
1947.7442¢
194349423
193842444
1935.554%¢
1931, 48543
1917414354
1923, 34741
{919.54817
1915.02088
1909.71888
1704.20420
189848018
189314474
188740377
188205119
1476, 48094
187811481
1863.33480
13r.7an
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L.1an
un
A1
L2213
RiiE]
A
QA
080
137
N9
15
212
4234
384
10. 0128
1.47
11.7311
12.3243
12.103Y
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13.4337.

13.1744
1417
140410
14.940¢

14,9400 -

16. 0409
14,9401
1€.7408
14. 9408
14.9408
14.9408
14. 1408
1¢4. 14027
14.9407
16.3472
18.1448
17.6448
11,1374
12.9117
12,52
12,322
11.3113
12.312¢
11.524
12.5223
11.5112
12.1212
12.311
12.311
11.3220
12.3210
13.4340
19.085¢
.24
33.17%7
33,3238
35,1732
35.2730
35.2748
35.274¢
35,1714
3.4
18,179
5.707
35.273%
35,272
38.2730
35.2728
41.5813
7.1
13,0430
§3.8422
$3.0415
53.4407
§3.4319
§3.4311
$3.4383
§3.137%
330347
3,139
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1017,
1083,
A1
1079,
1071,
1047,
108
1041,
273
86
20

197

1043

1042
{13
104t

1040,
1048,
109,
Al

103

1058,
10387,
2037,
348
AN
Al
AN
153
m
.1
16
.04
370
.08
.43
348
. 105
048
1T
Jd46
431
441
0
1.443
387
An
AN
1009,
2001,
1.
480
.07
AN
.48
401
1100,
Q40

119§
mm
131}
foae
183

1978

1973,
314

1nn

1949,
1944,
103
N18)
31
1948
RI17

1940
1954
1152

1944

1946,
Jan

1934

1932,
220

1918

.
A5
1468

1124
1113

1910.
132
1.
1191.
1487,
.463
N1l
1}

1904

1881
1876
1474

1844
A9
il
433

1151
1833
1y

123
1

113
n
130

(L1

738
1t
L]
L)

L]
201

11t
0
13§

336
0l

171
111

e
473
103
13§

128
Kk} |

194
1

104

LITY

1.448
3.440
1.440
3.460
1.400
1.440
1.460
1.440
3.440
1.440
1.400
3.480
.40
1.440
1.648
3.460
1.440
3.448
1.448
.44
1.444
3.440
3.440
3.440
1.0
3.440
L0
3.440
1.440
3.440
3,440
1.440
1.460
.66
1.4640
3.640
1.440
.44
3.440
3.440
1.440
.44
3. 460
3.440
3.480
3.440
3.480
3.440
1.44¢

.44t
1.460
1.440
i.460
3.4060
3.440
3648
3.440
3.460

3.
713,
mni,
13,
13,
7L,
LER
473.
7.
A4137
.
§335.
§23.
54304

sie

7.
1.
TR
12611
15041
43154
67337
33603
L7
917
ann
O
L7117
1N
L1270
ann
2170
N
mn
JAnn
L1108
007
L4610
95648
44058
40038
. 64058
60058
.68038
44051
. 48058
.68058
60038
40038
. 44038
40030
L4408
14440
L4540
.S492¢
A1742
41742
1742
41741
A174
A174
A1742
4174
41742
4174
4174
41742
41742
4174
i3l
04427
L6448
L6144t
.4480
L5448
47448
49448
41480
414048
.69440
49448

434

8317
530
5317
(310
§3317
3327
63317
11404
44an

15417
0
319

31811
na
0224

0.
(B
'.ldlﬂiﬁﬂ

B
0070418

111

Lina

A06d87Y

e
043737
0048334
NIl
4033
453424
0031244
104108
0044348
4044351
0041974
0031750
.oagaece
.qatonoe
.agoo00e
.doeaoon
Jaeto00e
.000000
.gogaeae
.tot00a¢
4000000
.40080000
.Aeegeot
41377191
LH133664
4118172
0123801
0118258
.hoaoece
1000008
.soeoaod
000008
.adeotoe
000400
0000400
.po00000
.gea0a0e
.sgagcoe
.decoooe
080004
.023080¢
A275111
0247804
A257418
.Jognaoe
.Q0q0008
.aac000e
.go80000
.aeeoone
1000000
.aogeo0e
.goeoea
.ggeocoe
.fogo00e
.goeod00
.1ga0008
.qeaces
L4538704
La51931t
AS1237
.HRoe0s
.Hogao0e
.hoaoooe
.Hogg000
Jaoeg2a
.degadoe
.0eg000¢
1040000
NN
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1. 1080000
4.0800000
0, 4000000

0 000008
l 1080000
§.0600008
t.0000000
6.0072071
0.0143549
0.021131
t. 1270211
§.034300
§.0405037
0.0444393
6.4514403
0.05806353
0. 0634201
0.06833547
$. 4734433
g.0701020
4.0825270
0.0047244
G006
§.00000%¢
.09060%4
0.00047%
§.0906094
§.00000 %4
0904094
§.000499%
10906194
$.29000 %
1.1906994
Lo
§.1044717
11704383
1.1387425
§.142120
§.1500477
§.1341477
§.1540477
§. 1340477
§.1541477
01549477
§.1540477
¢ 1549477
£ 1540477
1SN
1.1540477
0.134477
1.1549477
0183027
1.1105947
0.237311
$.163110
0.2431203
0.1431103
0.2431203
$.1431203
0.2431203
$.1531203
0.2631203
0.2631283
0.2431203
§.1631103
0.2431203
$.2631143
1.2431203
$.3146009
§.3094219
.aam
Laum
8. 4208707
.40
4207
14100707
$.4201797
AN
.77
04100797
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A ccttnad

056000
1. 14000
0.17300
017300
0. 12400
012406
0.17800
6.10000
010200
010400
0. 10600
010000
0.19000
619200
6.19400
119480
0.19000
0.20008
t.10200
620400
620000
02000
8.31000
1.21200
0.31400
8.21400
6.21000
1.32000
t.12100
612400
0.22400
0.23800
0.13000

113200

1.25300

0, 08712118
t.a7n
$.08775850
003007
0. 08030444
08058077
100005034
000014024
4 000350000
2.i0734737
¢ 11544338
2186001
LA1930528
13347032
J4133143
14433571
15109428
. 13335411
13002530
143178460
14000313
§.1722105¢
217441007
L18074184
18323404
11060191
19303714
10024320
.20508371
LA207724
11000823
31642933
L23404404
14432308
3351150
246754047
18117411
.39944431
L33118403
RIITEIEY)
8563748
A3
.53178048
L74448831
1.00000000
INTERATION=
INTERATION=
INTERATION=
INTERATION=
INTERATION=
INTERATIONs
INTERATIONs
INTERATION:
INTERATION=
INTERATIONs 10
INTERATION= 11
INTERATION= 12
INTERATION= 13

B A D O A had P

L R L Ry T

SI.071246 183414040 33,8251
ST I71244  1040.52833  8).04
$3.971246  LB42.00371 83,00
SN 1032.27044 83,0388
$3.9/2246  1831.42900  S3.0314
SLI72246  1R2L.17407  S1.0300
. 171344  1820.30092  Sa..m
33971246 181443411 33,0290
43179418 100667904 (3. N8
74.408310 179604721 251144
$6.992452 1704, 04004 84,4097
94.730112 177104415 94,2524
105, 454112 1795.12443 104, 0443
113, 04454 1737.31321  112,3534
119814128 1717.74468  110.7304
120919098 149434358 124.019
129.36764Y  1473.92107 128.3458
132900421 1449, 04049 11,9111
135004440 1424.74454 1347017
138.200034  590.44807 1349443
140.033037  1371.13707 138.7200
140470720 154252084 144,800
142.612558  1513.50117 14140411
143499492 (48341360 141.7400

144191587 1432,32920 142,882

144730417 142031471 (43,0011
145. 149826 1387,34260 14,3231
145. 149026 1353.12473 143.225Y
145, 149824 131815014 143.11%4
145149026 1281.03410 142.7983
145, L9026 1244, 34049  142.1342
143149026 1208,54(37 142.4919
143149826  1143.32401 142.5147
P45, 149026 1123.4531¢ 141.3041
143140026 1079,72333  142.0504
1451490024 103383181 141,750

145149824
143149024
143149024
143, 149824
145140004
145, 140024
145, 149824
145, 149824
143, 140024
DIAMETERs
DIAMETERs
DIAMETER=
DIAMETER=
DIAMETER:
DIAMETER«
DIAMETER=
DiAMETER=
DIAMETER=
OIAMETER=
DIANETER»
DIAMETER=
DIAHETER=

115.47338 1410707
93410541 140.1108
17700404 1i9.3012
019443550 132,470
733,.80333  138.1409
479.74033 1346.3114
§93.28841  132.5371
49120017 121.2842
46’.25:’0 103,7243
f. 1102400043
$.00955474%4
0.8052017323
£.603023243¢
:.lﬂl)!l!l’l
¢
!
¢
1
]
'

1008487349

8013128421

4016449287
0018009578
0018489724
LA018349454
Q018179418
A01026462¢

1141, 413
1834.744
1831100
142540
1819197
1804, 044
1808.344
1001.450
1711.111
1771447
1748.183
1740117
1730.743
i718. 309
1687438
1444, 398
1442.43¢
{il7.078
1310.421
1343. 134
1334.47¢
1308.1717
11154
1443.711
1411, 531
1378, 383
134412
1308. 038
1271.420
1134113
1115.12
1135. 440
1113.34
1041.334
1023.101
174,544
112,484
§67.3504
107.707
741. 44i
§47.742
$i1:232
{13900
15.437
1.7

.48
1.400
1640
3.4
1.440

174.41440
174.49441
174.49448
174.40440
174.49448
174,49448
174, 49448
174.49440
153. 82477
134.99521
135,193
116.79958
110.37912
145.54919
101.49531
19,1944
17.40377
15,3170
14.15213
13.20710
12.48498
1M.93447
1M.S144¢
11.2011¢
10, 94574
10.79294
10, 66941
1064741
10. 64041
9066141
10.44941
1044941
19.66141
1964941
10.44941
10. 64941
10. L4941
1064941
19.44941
1.44941
10. 44941
1. 66041
10.44041
10,6404t
10. 64041

0.1000000
§.0000000
§.0000000
4,4000000
e.0000000
0,0000000
4.400000¢
0.00000040
§.00540709
I NILITEY)
0.009534¢
0.0824440
6.07373%¢
0.6442414
§.0547228
0. 137N
00324134
¢. 4223404
0.02:0714
$.0170109
0.1155143
£.0122133
4. 0005034
§.0073043
4.0038348
$. 0043409
00035478
4. 0000000
04000000
¢.00000008
8.8000000
§.00600000
8.00008008
§.0080000
0.0060000
s.0000000
9.0000000
0. h0s000¢4
§.40%0000
1.4000000
4.4000000
t. 4000008
§.0000800
§.0040000
e.49000000
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42017
L4087
IR
(a0
1,420007
.07
$.4200717
s.a100007
0. 51438534
0.410717¢
t.7003721

enn .

01544754
L0
$.975443¢0

1.011182¢ -

1.0518138
1.0003842
1.1130874
1.133544
104900444
1.141101
1.47200037
113882
1.1842442
1. 1800031
1.191351
1.1922521
1.1813811
1.1123321
1.1913521
1.1123521
1.1913511
1.1123521
1.1923581
1.1123521
1.4903321
11923511
1.1923521
1.1923511
1.19233521
1.1923511
1.1923521
11133521
1.1923511
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(s THIS PROGRAM OETEAMINES CERTAIN PARAMETERS OF THE EFFLUX
(¢ RESULTING FROM THE PARASITIC HEAT LOAD GN A HELIUM DEVAR IN

(¢ SPACE.
(¢ SHIELDS VITH A GIVEN DIAMETER AND FIPE LENGTHS.

THE SHIELD SYSTEX CONSISTS OF CONSTANT TEMPERATURE
THE MASS FLOV

f)
t)
t)
1)

(¢ AND SHIELD HEAT TICHANGE ARE THEN CALCULATED ALONG VITH THE FLOV 1)

(*  VARIABLES.

LABEL 14;

CONST
Pla3, 1415924383, .
R=2077; (2 J/KC-K2)
Kal 47;
Cr=5200;

TIPE
, DIVISIONS=ARRAY(O..20001 OF REAL;
COUNT=ARRAYCS. .101 OF REAL;
ICOUNT=ARRAY(O..20] OF INTEGER;
REALOUT=EILE OF REAL;
INTOUT=EILE OF INTEGER;

VAR
NUMVALLS, NUMDIV, X, KTEST, PKEY: INTECIR;
1,L00PCOUNT, TAB, PIPECNT, VALLCNT, SPACECNT : INTEGER;
EFEQUTH, POUT: TEXT;
EFEINMI:REALOUT;
EFFINN2 : INTQUT;
?,T,RHO:DIVISIONY;
1.01,X,20,70,0,RE,F,NU, XDCT:DIVISIONS;
EFF,TV,LSPACE, LPIPE, LVALL ,QSRIELD : COUNT;
L, LTOTAL, DIA, LOWBOUND, HIEOUND :RELL;
TUSAVE,QSAVE, MDOT! , MDOTYAX , MAXEFT : REAL;
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nL,T07,208,T1,08,RH0L,F1,REL, 01,088, NVLREAL;

PIOC!DU“ INDATA(INDEX: INTEGER) ;
JEC

i IIII.IE! ) 4 THEN
(e 1E1D X DATA 1)
i VRITZLNC' INPUT DATA AS PRONPTED BY TERNINAL'Y;
VRITELN(* *);
.- VRITELN('VHEN ASKED FOR A SERIES OF OATA SUCH AS THE');
. VRITECN(*SHIELD TEMPERATURES, INPUT THE DATA IK');
. VRITELN('ORDER FOM THE DEWAR TO THE QUTER BOUNDARY');
VRITEINC *);
VRITELN( 'INTER THE NVXGER OF EADIATION SHIELDS');
RCAOLY;
‘ READ(NIWILLS) ;
VRITE(EIFINND, NVMVALLS) ;
VRITELN(‘NUMBER OF SHIELDSs' NUMVALLS:S);
J VRITEINC' );
VRITELN('INTER NUMEER OF SECTIONS FOR SOLUTION');
i READLK;
READ (NVDLV);
] VRITE(EFFINNZ , NUNDIV);
; VRITELN('NUMEER OF SOLUTION SECTIONSs' NUMDIV:S);
i VRITELHC °);
* VRITELN('ENTER DIAMETER (m').
READLK;
READ(DIA);
VRITE(EFEINNL,DIA);
VRITELN('DIAMETER (M)s',DIA:15:7);
VRITELNC' ');
VRITELN( ' INPUT DISTANCES BETVEEN SHIILDS (X)');
FOR L:al T0 KURALLS4L D0

1EADIN;

READ(LSPACELI]);

VRITE(EEEINM1, LSPACELL]);

END; (2FQR?)
VRITELN('ENTER PIPE LENGTHS ALONG SHIELDS (M)}*);
FOR [:=1 TO KUXWALLS DO

o

-

i IEID(WILH IN;
VRITE(EFFINML, LVALLLI));
END; (tFOR?)
T VRITELN( 'ENTER TEMPERATURES OF RADIATION SHIELDS (X)');
i FOR I:s1 TO NUMVALLS DO
) BEGIN
READIN;
t READ(TVLI]);
. VRITE(EFFINML,TVLI]);
i END;(® FOR t)
gg}:&m'zmn MAYINUM SEIELD EICHANGER EFFECTIVENESS');
LEAD(MAIEEE);
VRITE(EFFINML MALEFE);
VRITELN('MAXIMUM SHIELD EFFECTIVENESS«' MAXEFF:15:9);
VRITELN(® *);
1 WVEITELN('ENTER INITIAL STAGNATION T (X)');
. 1EADIN;
5. READ(TOC12);
, VRITECEFFINM,TOL1));
1 VRITELN(' INITIAL STAGNATION TEMPERATURE (K)s',TOC1):15:9);
’ VRITELN(® *);
V. TWI0):=T0L1];
VRITELN('INTER INITIAL STAGNATION P (PA)');
1EADLN;
g READ(POLI]);
VRITE(EEFINML,POL1]);
' VRITELN(*INITIAL STACNATION PRESSURE (PA)=*,P0C11:15:9);
> VRITELN(C' '),
VRITELN('ENTER MASS FLOWV APPROXIMATION (XG/S)');
READLN;
LEAD(XDOT(1));
VRITE{EFEINM, MDOTII]);
VRITELN('XASS FLOV (KG/S)=' MDOTI11:15:9);
VRITELN(* *);
VRITELN(*ENTER NUMBER OF STEPS IN RUNGE-KUTTA METHOD');
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READLN;
1EAD(N);
VRITE(EFELNNG XD ;
VRITELN('WUNSER OF STEPS IN RUNGE-KUTTAs',N:5);
DD(*(Tt)
st
(* READ FILI ?)
JECIN
RISCT(ERFINML);
RESET(EIFINNZ);
READCEFEINND ,NUMVALLS);
READ(EFEING , NMDIV) ;
REAOCEEFINNL,DIA);
POR I:sl TO NUMWALLS+1 DO REAO(EFFINMI,LSPACEL1]);
FOR I:sl TO NUMWALLS 00 READ(EFFINM1,LWALLLI);
FOR [:s! TO NUNVALLS DO READ(LFEINME,TVWCID);
READ(EFFINME  MAXEEF);
READ(EFELNNG, TOC1));
TVIN):aTO( D]
READCEFEINMI, POLL));
BEAD(EFFINM1 ,MDOTUID); . '
READ(EFEINM2, N);
END(SELSE®)
END; (¢ INDATA 1)

1’ PROCEDURE OUTDATA;

:

JEGIN :
VRITELN(EFEOUTX, ‘LAMFLOV OUTZUT':40);

'VRITELNCEEFQUTM, ' *);

VRITELNCEEFOUTN, ' *);
VRITELN(EFEOUTH,' '}; -
VRITELN(EFFOUTN, 'VALUES OF INPUT':40);
VRITELN(EFEOUTH,' *);
VRITELN(EETOUTH, 'NUMBER OF SECTIONS «':50,NIMDIV:$);
VRITELN(EFFOUTM, 'DEVAR STACNATION TEMPERATURE (K)a=*:30,T0(1):10);
VRITELN(EFFOUTN, '0EWAR STAGNATION PRESSURE (PA)=':%0,PO0C11:20);
VRITELN(EETOUTN, 'KASS FLOV APPROXIMATION (XG/S)s':350,XDOTL11:20);
VRITELN(EFFOUTN, ¢ *); h
VRITELN(EFEOUTN,' *);
VRITELN(EFTOUTN, ‘SHIELD TEMPERATURES (K)!':¢d);
FOR I:=1 TO NUMWALLS DO VRITELN(EFEQUTH,'SHIELD TEMPERATURE':48,[:2,'=':1,TWC11:(5:9);
VRITELN(EFFOUTX,* *);
VRITELN(EFEQUTN,® '),
VRITELN(EFFOUTH, ' *);
VRITELN(EFEOUTH, 'VALUES OF OUTRUT®:(0);
VRITELN(EFFOUTN, ' *);
VRITELN(EFTOUTY, 'MASS FLOV (KG/S)=*:50,MDOTCLOOPCOUNTI:15:9);
VRITELN(EFFOUTH, *TOTAL HEAT TRANSEER (V)=':50,0X{NUMDIV]:15:9);
VRITELN(EFFOUTN,* *);
VRITELN(EEFOUTN, 'SHIELD HEAT TRANSFER (W)*':40);
FOR I:=1 TO NUMVALLS DO VRITELN(EFEQUTM,'SHIELD HEAT (W)':¢6,I1:2,'«':1,QSHIELDLII:1S:9);
VRITELN(EFFOUTY,* ');
VRITELNCEFTOUTN, 'SHIELD HEAT EICHANGER TFFECTIVENESS®:40);
FOR I:=1 TO NUKWALLS DO WRITELN(EFEFQUTM,'SHIELD EFFECTIVENESS':40,1:3.'s':1,EFF(I3:15:9);
VRITELN(EFEOUTK, ' );
VRITELN(EFTOUTX, * '),
mgﬁm-ron AN OUTPUT OF SECTION ELOV VARIABLES, INPUT {. OTHERWISE INPUT §.');
READ(PKEY);
If PXEY = § THEX
BIEGIN
VRITE(EETOUTH, 'LENGTH' :10, 'MACH NUMBER':1S,'STAG TEMP*:1¥,'STAG PRES*:15);
VRITE(EFTOUTN, 'TEMP' :10,'PRESSURE':10, 'NUSSELT ¢':10,'REYNOLD #°:12);
YRITELN(ETFOUTM, *SECTION HEAT':1$, 'TOTAL HEAT':15);
VRITELN(EFEOQUTH,' °');
FOR I:s=1 TO NUXDIV DO
JEGIN
VRITE(EFFOUTM, ' *:2,1012:8:8," *:§,MCID:10:4," *:%,T0CIT:10:4);
VRITE(EFEOUTM,* ' :§,POCTI:04:3,* *:3,TCID:4:4," *:23,0000:0:0);
VBITE(EFFOUTH,* ':3,NUCI):4:3, *:3,REL1):10:5,' ':5,Q011:10:7);
VRITELN(EFFOUTN, ' *:5,0X(13:18:7);
IND(2EORR)
EXD; (2F2}
VRITELN(® ');
VRITELN('FOR A PLOT FILE INTER {, OTHERVWISE INTER §');
READLN; READ(TAB);
IF TAB ) ¢ THEX
BEGIN )
VRITELN('TOR PLOT OF STAGNATION TEMPERATURE ENTIR 1.');
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VRITELN('FOR PLOT OF STAGNATION PRESSURE ENTIR 2.');
VRITILN('FOR PLOT OF HEAT TRANSIIR INTIR 3.');
READLN;READ(TAL) ;
fOR I:s! TO NUXDIV DO

BEGIN

CASE TAN OF
1:  VRITELN(POUT,TACID);
3:  VRITELN(POUT,?0I1N);
§:  VRITELN(POUT,OICI));
EXD(1CASEY)
D(sroRe)
IND; (2111)
mmm-m INTERATION INEORMATION, INPUT 1. OTHERVISE INPUT ¢.°);
1
READ(PKIT);
1T PXEY = { THEX
[OR I:=l TO LOOPCOUNT DO
VRITELN(EFFOUTH, * INTERATION=": 26, 1:3, 'NASS FLOVa':20,MDOTLIN:15);
VRITELN('OUTPUT STORED IN FILE EFFOUTH');
DD; (¢ QUTDATA 1)

FUNCTION PVR(N,P:REAL):REAL;
(¢ SOLVES FOR Nta2p )
VAR A:REAL;
BECIN
d:aPeLNIN);
IVR:sCIP(D);
JEND; (8 VR ¢)

FUNCTION B{X:REAL):REAL; -
;;cgaﬂﬂ OFTEN QCCURRING FUNCTION %)
B:al, Do (K-1. 8} 9SQR(N) /2. 0;
(L H U B

FUNCTION TEMP(TO,M:REAL):REAL; ‘.
(* CALCULATES LOCAT, TEMPERATURE ) \
I _

OO TE/RN;
D; (¢ TOE 1)

FUMCTION PRES(ZO,M:REAL):REAL;
(¢ CALCULATES LOCAL PRESSURE )
VAR A,C:REAL;
BICIN
C:=l(N);
A::K11-K);
PRES :=PIREVR(C,L);
; (¢ PRES 1)

FUNCTION DENSE{(P,T:REAL) :REAL;
(¢ CALCULATES LOCAL DENSITY )
IEGIN
DENSE: =2/ (R2T);
END; (® DENSE ¢}

FUNCTION MU(T:REAL):REAL;
Vit A,3,C,D:RELL;
BECIN(MUY)
A:al 10419245531E-04;
Boml 16047750464 8E-471T;
€:2-3.222912924042E-1€25QR(T);
D:=4.715700293922E-132T2SAR(T);
KU:xA¢B4CeD;
END; ( 1i(Ue)

FUNCTION COND(T:REAL):REAL;
VAR 4,8,C,0:REAL;
BEGIN(*CONDUCTIVITY CALCULATION®}
At 1157210071,
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B:eb, 3414S2SE-040T; OF POOR QUALITY
Cined, 97407521 L-079SOR(T) ;

. D:ed, S2003094E-100T45QR(T);

COND:sheleCeD;

0; (+COND?)

. TUNCTION PRAMDTL(T:REAL):REAL;

: vik A,3,C,0,E,1:00AL;
BECIN(*PRANGTL NUMBER CALCULATION®)

" A:ud,870232904;

000, 00550722011 T;

C:ne? 50324532803 2500(T);

D:nd. 3272050 1E-472T2SQR(T);

Bioel J14414450-472S00(T) 2SQR(T);

! Pial 0740384281 20T9SAR(T) ASQR(T);

PRANDTL :sh¢BeCoDoBoF;

D@; (*PIANDTLS)

TUNCTION NERIC(M1,X2,0,F,L:REAL):REAL;
; VIR NFR:EEAL;
| (s ISID IN CASE 2 OF NEVTON )

1]
gllelsg:nu-sulm J1/(KSSQR(MIMT)o(Kel. 0D 1(2. 00K)2LNCR(N2)SSORIN )/ (H(NI)2SAR(ND))) -4, 42F2L/D;
% z )
O; (¢ MFRIC 1)

-

Ny e

FUNCTION DNFRIC(MI,N2:REAL):REAL;

(9 USED IN CASE 2 OF NEVTON )

;glaur;nm:
! ' 351;}: cmmznsumnnmumnzrsaummum(m.mmu(m KT
H s :
1P OMF ¢ 1.274 THEN (*FUNCTION UNSTABLE, AACHsl APPROACHED®)
: DMERIC:=1.4;
i DO;(* DNFRIC %)

-

RN

S

¢ 1 rwwerion sersTon,0,mo0T, Po, To:REAL) :REAL;

L L (¢ USED IN CASE § OF NEWTON 1)
VAR A,C:REAL;
; IECIN
ﬁ Lsd(n);
Cialkel .M (2.10(1.0-0));
: NERST:» (MRPOIPT2SGR(D) /4. 0) *SART(X/ (BETH) 11 PVR(A,L)-NDOT;

: IND; (* NFRST 1)

{ ,  FUNCTION DMFEST(X,D,?8,T0:REAL):REAL;

(* USED IN CASE 3 OF NEVTON t)

VAR A,C,E:REAL;

o BECIN

z L)

‘e C:x(Kel. /(2. 00(1.0-0));

. Eix (3. 09K-1.0) /(2,001 . G-E));

DMFRST: =(P1#SOR(D} /4. §) tPOSSORT(K/ (RPTE) )0 (PWR(A,C)-SOR(NI #(Ke1. 8D /2. 0IPVR(A, I));
END(t DMERST 1);

. FUNCTION NEVTON(KEY:INTEGER; A1t,D,F,L,LTOT,?0,T8:REAL) :REAL;
' VAR MNEV,MOLD,DIFF,D1,D2, l.HDOT DNI:REAL;

COUNT: XHT!GEI.
t BEGIN(® NEVION ®)

DIEFL:=1.0;
i L CASE XEY OF
: ’ 1: BECGIN
i . (% CALCULATES EXIT MACH FOR SECTION VITH ERICTION ONLY )
; N KOLD:=1.01¢MY;
: COUNT:s{;
: Vﬂlﬂ'éﬂgf Y= 0,00005) AND (COUNT ( 1§) DO
H {r
DXF ::DXFRIC(MI, XOLD);

! MNEV: =MOLD-MTRIC(MI,%O0LD,D,F,L}/DNF;
| DIFF:=ABS(MOLD-MNIV);
i {F DMF = 1.0 THEN (SfUNCTION UNSTABLE, EIIT LOO2®)

i
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BICIN
DIFF:=0.0080);
OIEV: =t . 0;
END;(2(F?)
COUNT : sCOUNT+1 ;
ROLD:=MNEV;
END(® VKILL t)
IND; (*CASE t1)
1: BEGIX
(s mcumis INLET MACK WUMEER ¢)
M
BOLD: =Nt ;
Ulm.l':ﬂ.tl )= 0.00001) DO

MNEV: =MOLD-MFRST(XOLD,D, XDOT, PO, TV) /DNFRST(NILD,D,00,T70);
DIFE: s XBS(MOLD-MNEV);
MOLD: =MNIV;
END(® VHILL ?)
Dot 1 1) .
EXD;(* CASE t)
NEVTON: «XOLD;
END; (% MEWTOK ¢)

PROCEDURE INLETMACH(D,MDOT,?0,T0.REAL; val N.T,P,RHO:REAL);
(2 CALCULATES INLET CONDITIONS 1}
VAR A:R3AL;
IIGII(' INLETMACH *)
K:=NEVTON(2,X,D,0,MD0T,0.0,28,T0);

T: -mum,m,

P:sPRES(M, M) ;

REO:sDENSE(?.T);
IND; (¢ INLETMACH *)

.

PROCEDURE FRICTION(TO,DIA,F,L:REAL;VAR M,T,?,RHO,P0,0:1EAL);
(2 100 LGV VITH FRICTION ONLY )
Vll I.C.KM:REILE -
JEGIN
NEWM: :NEVTON(1,M,DIA,F,L,LTOTAL,0,0);
A:=B(NEW) [B(N);
Coa(Ket . 0)/(2. 02(K-1.0)); '
PO =POM/NEVMEPVR(A,C);
N: =NEVN;
T:aTENP(TO,X);
P:=PRES(FO M) ;
RHO:=DENSE(R,T);

Q:s48;
IND; (¢ERICTION®)

2

TUNCTION STAGTEMP(TO,TV,NV,XF,XDOT,L:REAL):REAL;
;;GEQLCUUTES NEV STAGNATION TEMPERATURE FOR FLOV VITR HEAT TRANSEER t)
STAGTENP: =TV ((TO-TV) /EIP((NUSPI2KELL) / (MDOTECP)) };
END; (sSTAGTENP?)

FUNCTION RFUNC(X,TO,TV,PR,NU:REAL; KEY:INTEGCR) :REAL;
(* SOLVES AN OFTEM USED FUNCTION [N PROCEDURE HEATTRANS 1)
VAR A,C,D,L:REAL;
BECIN
As=HeR(M) /(2.00(1.0-5QR(M) )}
C:n(1. 0¢L*SAR(HN)ITO;
D:=ErSQR(N) ;
1T KEY = 1 THEN
TECIN

L=l 0/(TV-TO);
END(21F8)
11814
IEGIN
E:ald 0tPR/(NUS(TV-TD) };
IND; (2ELSEY)
REUNC:zAS(DYE4C);
END; (¢ RFUNC ©)
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PROCIOURE HEATTRANS(TV,L,D,MDOT:KEAL; N:IXTIGIR; VAR M,Te,P0,T,P,IHO,REL, I.G QX,NU:REAL);
o® ;;!CMCULATES tLov muuts FOR FLOV VITH FRICTION AND HEAT TRANSIER 9)
€1,63,03,C4,8TCP,),C NEVL,FACTOR: REAL ;
T01,T02,M1, K2, PR, k¥, DELN:REAL; .
-~ ERY, 1, TEST: INTEGLA; *
, BECIN .
: KLY:s=d;
N TIST:st;
{¢ FLAG KEY [F FLOV IS TURBULENT )
v IF MU ) 3.44 THEN KEY:ul;
(8 CALCULATE NEV STACNATION TEMPERATVRE *)
‘ PR:sPRANDTL(T);
XF:«COND(T);
. Ti1:=TL;
1 -sracr:nr(rox v, "U:llﬂlﬂ@f L); R
! It (TV-T82) (0. 0001 THEN
:;cyali TIMPERATURE APPROACHED, EXIT PROGRAN t) .
! 4 1= (KDOTICP) / (PLANULLE) ;
NEVL:=d2LN(8,03);
‘ FACTOR :=L/NEVL;

VRITELN( ‘THE FLUID TEMPERATURE APPROMCHES THE VALL TEMPERATURE');
VRITEINC'AT AN INDETERMIMATE LENGTH. INCREASE THE NUNEER OI');
VRITELN('SOLUTION SECTIONS. SUGGESTED INCREASE BY FACTOR OF',FACTOR:1S,',':1);
VRITELN('OR NOKE.');
€OT0 10;
_ £ND; ($1F2)

(% STEPVISE SOLUTION USING RUNGE-KUTTE NETHOD )

(% CALCULATE STEP SIZE 1)

STER:sAMS((T2-TOL)IND;

L I et

Mi:al;
Y* 1:sl;
VEILE (I (= N} AND (TIST = 0) DO
d. BEGIN
€1::REUNCIN,T0,TV, PR, NU,XIY);
IF €1 ¢ 0 THEN C1:s0;(¢FUNCTION UNSTABLE®) .
1 C1:sRFUNC((M+CI0STER/2.0), (TO4STERPI2,0), TV, PR NU,XEY); °
| IF €2 ( 0 THEN C2:=z4;(tFUNCTION UNSTABLE®) -
C:xRFUNC((M+C22STEP/2.0), (TO4STEF (2,03, TV, PR NU,XEY);
. IF C3 ( 0 THEN C3:s0;(*FUNCTION UNSTABLE?Y)
! CA:=RFUNC(M+CIRSTEP, TO+STER, TV, PR, NV, KEY);
: IF C4 ¢ 0 THEN C4.=0; (tFUNCTION UNSTABLE®) '
: DELX:=STEP/E.00(C142.08C242.02CeCH);
N:aM+DELN;
) T:aTE+STEP ;
1:=el;
M IF M) ! THEN (=CUNCTION UNSTABLE, EXIIT LOOPt)
JEGIN
TEST "'
T K:sl.d
tHD('lrl)
bl EMm; (» VHILE 0)
Ir (Cl = 1) OR (C2 = 0) OB (C3 « §) OR (C4 = §) THEX
. . (*FUNCTION UNSTABLE, EXIT LOQP®)
JECIN
Iy TEST:«l;
. N:si;
L IND; (21F%)
x1:=N;
A:xB(N2) B(ML);
' Coal{Kel . D/(2.00(-1.1));
PO =0 (KI/M2)*SQRT(TO2/TE1)2PVRIA,L);
P:2PRES(PO, M) ;
T:sTENP(TOZ,N2);
. RHO:=DENSE(P,T);

RE: =4  AMDGT/(PI202MU(T));
IF IE (= 1800 THIN
BEGIN (® LAMINAR FLOV )
P:=14.0/RE;
NU:=3.§4;
INDCeLre)

SEGIN (* TURBULENT fiOv ¢)
F:z0 Q44/PVR(RE,0.1);
NU:=4.0713¢PVR(RE,0.0)tPVR(PR, 0.4);
EXD; (®ELSEY)

Q:=CPEMDOTE(T02-T01);

0%::0%+0;

ELSE
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Vit
RISL,LTOT, L:REAL;
€OUNT1,COUNT2, [, KEINTIGER;

BEGIN (* SICTION %)
(¢ CALCULATE NOMINAL SECYIdN SIZE t)
LT0T:»é;
TOR 1:sl TO NWALL DO LTOT:sLTQT+L¥II]:
FOR I:s1 TO NVALL+t DO LTOT:sLTOT+LSLI);
L:sLTOT/NUMDLY;
(8 CALCULATE PIPE SECTIONS )
LT0T:=4;
1t01:=4;
J:sd;
XLY:=d;
COUNT1:st;
COUNT2:al;
TOR 1:s1 TO I*NVALL+l DO
BCIN

KRY:sLEY+l;
IF KEY = { TEEM
JECIN -
LTO0T: =LTOT: LSCLOUNT 3;
COUNT : xCOUNT1+1;
END(IEY)
LSE

BECIN

LTOT; =LTOT+LVICOUNT2);
COUNT2:2COUNT2¢4;
KET:a0;

EXD; (*ELSEY)

VHILE I{J] ¢ LTOT 0O
BECIN
diadel;

1031 :2203-1)eL;
END; (AVHILE®)

IF 1031 ) LTOT THEN
JECIN )
RESL:=LTOT-X0J-11;
10J3:320J-134RESL;
END; (21F2)

END; (*FOR?)

W1V:=J;
IINDIVe1]:sLTOT+L;
END; (*SECTIONS)

PROCEDURE SETBOUND(KEY:INTEGER; VAR IR, LOVE,XDOT:1EAL);

BECIN(eSETBOUND®)
IF KEY & | THEN
BEGIN
LOVE:=M00T;

END(2(F?)

LSE
MGIN
NI0:<NDOT;
END; (1ELSEY)
MDOT:= (1. 0*LOVE+RIB) /3. 8;
END; ( $SETEOUND®)

FROCECURE IMREASSICN;

(*DEFINES VALUES FOR USE IN PARAMETIR LIST t)
BEGIN(* INREASSIGN®)

L:=Il11-I[1-11;

Mi:eNCIT;

TH =T,

P01 x20L13;

T1:=TLIY;

:0(1);

REOY:=RHOL1);

ORIGINAL PAGE IS
OF POOR QUALITY

PROCEOURE SECTION(NVALL:INTEGER; VAR NDIV:INTTCIR; LS,LV:COUNT; VIR I:DIVISIONS);
(v THIS PROCEDURE DIVIDES THE PIPE LENGTHS INTO NONOVERLAPPING SECTIONS 1)

34
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I:aL1); ORIGINAL PAGE IS

MO1:aULS);
Qt:sQl1];
011:s01L1);

0m; (L DAEASSICHT)

*. PROCIOVRE OUTREASSICN;
(9 QEFINCS NIV VALULS OBTAINED FRONM PARANETER LIST )
. JEGIN(SQUTREASSICNY)
. L:alet;
N{YD:aME;
TICI) :sTHL;
POCLY: 00
. T05):aTH;
“(11:a01;
RECCI):=RHOI;
{§SH 13T
{{SORT 14 .
NBCI):sNUL;
acrl:«01;
QIC1):s011;
END; (*QUTREASSIGN®)

- PR

-

PROCIDURE INITIALIIE;
(¢ PREPARES VARIADLES FOR USE IN MAIN PEOGRAN 1)

{
! e JNTIGIR ;
]

d:sf, 000, 4050(K-1.0);

CintKel 0)1€2.00(1,0-K));

MDOTMAX ;= (R10SON(DIA) /4.0)2POCL 2 SARTIX/(RRTOCI]) }ePVR(A.C);
{*CHECK GIVEN MASS FLOV IND REDUCE IF NECESSARYY)

IF MDOTLL1) ) MOOTMAI THEN MDOTU1]:s0.78MDOTMAL;

(¢ CALEULATE TOTAL PIPE LENGTH M)

PRI

CTOTAL: »4;
‘ POR I:«l TO NUMVALLS 00 LTOTAL:=LTOTAL+LVALLLI);
: FOR [:sl TO NUMVALLS+1 DO LTOTAL:=LTOTAL+LSPACECI];
‘ (SCALCULATE SECTION LENGTHS®)

(INITIALIZE SECTION ARRAYR)

: SECTION(NUMVALLS, NP1V, LSPACE, LVALL,I);
(*START LOOP COUNTERT)
L00PCOUNT:20;
(SINITIAL MACH NUMBER GUESS®)
NC1D:sd.01;

(SINITIALIZE END MACH NUMEER SO THAT IT MAY RE USED IO TEST?)

! NENUMDIV] ;50,0

N (INITIALIZE B0UNDS 1)
RINOUND ; sHDOTHAX;
LOVEOUND: =4 .0 ;

1 END; (*INITIALIZEY)

PROCEDURE REINITIAL;
(* PREPARES VARIAALES FOR USE IN MAIN PROCIAN 1)
VAR J:INTEGER;

. BEGINCAREINITIALY)
:tn‘nruuzz COUNTERS?)
<285
' PIPECNT :=t;
. VALLCXT :=1;

SPACECNT:al;
(*INCREMENT LOOP COUNTER®)

® LOOPCOUNT : sLOOPCOUNT +1
(SCALCULATE ENTRANCE CONDITIONSt)

. LRIPEC1]:=LSPACELL);

. QIC1]:=8;0(1]:=0;

REL1):=d. 0*MDOTILOOFPCOUNTI/ (PITNU(TOCLI)2DIR);
IF RECL13 (= 2000 THEN
FEGIN (» [AMINAR ELOV ®)
BC11:=14.0/RECLY;
ST NTH
END(21F2)
LSE

e e

. RLi:eRL31); OF POOR QUALITY
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BECIN (* TURRULENT FLOV *) N

FOLL nd 044/PVRIRECL),0,2);

KO3 ad, lll'lﬂ(ll(!l 0. l)'!ﬂ(!lmﬂ!ﬂ!l".l 0

IND; (TELSES )
ucmmm INLET CONDY7IONS®)
IMLETMACH(DIA, MDOTCLOOPCOUNT, POCT), TOCED, NE1D, 7010, P010,2HOL1D);
('!llﬂllll! CONTROL CARD®)

IID; ('lllllﬂll"

BECIN(® MAIN PROCRANM t)
VRITECN('TO ENTER UATA, INTER. (., OTHIRVISE,ENTIR (.');
READLN;
READ(TAD) ;
IMDATA(TAR) ;
IMITIALIZE;

REPIAT (t UNTIL THE FLOV IS CHOKED *)

REINITIAL;

VRILE (I ( NUMDIV) AND (NC1] (« 4.17) DO .
SEGIN

(¢ SECIN TRICTION FLOV CALCULATIONS 1)

Ullu.éé%&l (x LETPECPIPECNTI) AND (MCIJ (= 0.17) D0
INREASSIGN;
FRICTION(TO!,DIA, F1,L,N1,T2,PL,RHOL,201,01);

' QUTREASSIGN;

IND; (SVHILE?

ST VALLCNT (= NUMVALLS THEN
JECIN

PIPECNT  «PIPECNT4L;
SPACECNT : sSPACECNT+1;
éﬁ!?[!&!l’icm‘l::l?[l’![!!!!t)ﬂ'—!l‘L\IAlL[VlLlCIﬂ;
(elFe
(¢ BECIN HEAT TRANSFER CALCULATIONS )
TOSAVE:aTU(1];
EFFIVALLCNTI:«0;
QSAVE: =QI(1];
VHILE éé{;[ﬂﬂtlﬂ'l ( MATIEEF) AND (XCI3 { LPIPECPIPECNTI) AND (MLI3 (s §.97) DO

INREASSIGN
ggg'gr‘tg?é;vwmcm +L,DIA, NGOTCLOOPCOUNTI, N, N1, TOL, 201,71, 24, RHO1  RE2, 71 .01,000,RV1);
EFPCVALLCONT) :=(TOL11-TOSAVE) /(TWIVALLCNT]-TOSAVE);
END; (SWHILE?)
QSKIELD(VALLICNT]:=QX(1]-0SAVE;
IF VALLCNT /= NUMVALLS THEN
BECIN
PIPECNT :xPIPECNT+1;
VALLCNT: sVALLCNT+!;
LPIPECPIPECNT) 2 LB IPEIPIPECNT-11¢LSPACECSPACECATY;
END(21ES)
END; (*WHILEY)
IF NUMDIV ) ! THEN MTEST:s1;
MDOTS : s MDOTILOOPCOUNTI;
SETBOUND(XTEST, HIBOUND, LOVEOUND, XDOT1) ;
MDOTCLOQPCOUNT+11:=D0T1;
UNTIL (MINUMDIVI ) €.17) AND (MCNUMDIV) { 1.03) OR (LOOPCOUNT « 30);

QUTOATA

'

,u: 0. (¢ KAIN PROGEAN 1)
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TO ENTER DATA, ENTER 1,
?
INPUT OATA AS PROMPTED BY TERMINAL

SINM.
$

ORIGINAL PAGE IS
OF POOR QUALITY

" OTHERVWISE,ENTER 0,

WHEN ASKED FOR A SERIES OF DATA SUCH AS THE

SHIELD TEMPERATURES,

INPUT THE DATA IN

ORDER FROM THE DEWAR TO THE OUTER BCUNDARY

fu;tn THE NUMBER OF RADIATION SHIELDS
NUMBER OF SKIELDS=
ENTER NUMBER QF SECTIONS FOR SOLUTION

? 129
NUMBER OF SOLUTION SECTIONS= 123

ENTER DIAMETIR (M)
?7 0.0014
DIAMETER (M)=

INPUT DISTANCES BETWEEN SHIELDS (M)

0.01
? 0.02
! 0.02
? 0.02
? 0.02
? 0.73
ENTER
? 0.03
' 0.01
? 0.00
? 0.00
1 0.02
ENTER
? 21.2
Y 31.7
¥ 45.4
? 101.
? 144,
ENT
!0

1
L]
]
4
]
P

4

2
8
é
8
T

O~ o

0.0014G00

IPE LERG'YHS ALONG SHIELDS (M)

EMPERATURES OF RADIATION SHIELDS (X)

ENTE§3!NITIAL STAGNATION T (X)

INITIAL STACNATION TEMPERATURE (K)=

ENTE%OINXTIAL STAGNATION P (PA)
INITIAL STAGNATION PRESSURE (PA)= 2100.000000000

ENTER MASS FLOW APPROXIMATION (XG/S)

? 0.00000343
MASS FLOW (KG/S)=

ENTEH NUMBER OF STEPS IN RUNGE-KUTTA METHOD
NUMEER OF STEPS IN RUNGE-KUTTA=

50? AN QUTPUT OF SECTICON FLOW VARIABLES. INPUT 1. OTHERVISE INPUT 0.

EO% A PLOT FILE ENTER 1,
fDR INTERATION INFORMATION, INPUT 1{.

0.000001430

OUTPUT STORED IN FILE EFFOUTM

1.

824

CP SECS,

1014488 CM USED.

EHSHAXIHUM SHIELD EXCHANGER EFFECTIVENESS

MAXIMUM SHIELD EFFECTIVENESS= 0.980000000

4.230000000

OTHERWISE ENTER 0

OTHERWISE IMPUT 0.
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TIPE, EPEOUTH 38
LANTLOV OUTYUT

VALUES OF INPUT

NUMBER OF SECTIONS = (28
DEVAR STACNATION TEMPERATURE (X)= 4.230000040C0E+000
DEVAR STAGNATION PRESSURE (PA)a 2,10000000000E+003
NASS FLOV APPROXIMATION (KG/S)= 1.43040000000E-004

SRIELD TEMPERATURIS (X)
SNIELD TEMPERATURE (=  21.700000008
SKIELD TEMPERATURE 1=  J39.700000080
SMIELD TEMPERATURE 3=  (35.400000000
SRILNLD TEMPERATURE 4= 101.100000000
SRILLD TEMBERATURL S= 144.400800008

VALUES OF QUTPUT

MASS FLOV (KG/S)=  0.000000858
TOTAL HEAT TRANSEER (V)= §.430131118

SHIELD HEAT TRANSEER (V)
SHIELD HEAT (V) 1= 0.043718148
SHIELD REAT (V) 1= 0.04289%082
SHIELD HEAT (V) 3= $.071470217
SRIELD HEAT (W) 4= 0.0937242199
SHIELD HEAT (V) 3= 0.354114483

SHIELD REAT EICHANGER EFFECTIVENESS
SHIELD EFFECTIVENESS 1= 0.042247782
SHIELD EFFECTIVENESS 1a f.443717702
SHIELD EFFECTIVENESS ls €. 43430134
SHIELD EFFECTIVENESS 4e §.300185874
SHIELD EFFECTIVENESS = 4.904241974

c"

LENGTE  MACE WMBIR STAC TIHP STAG PRES TEXP PRESSURE NUSSELT § REYNOLD &  SECTION KEAT TOTAL HIAT

0.00262 0.01473047 {4.130000 1100.00000 4.1297 10418 3.440 429.50017 0.0000000 V.go8c000
400405 0.01470744 4.230000 1093. 00477 4.1297 2011443 3.440 419 50017 t.0000008 §.0000000
1.00407 0.01403481 4.130000 1086.11224 1.21117 085.70 3.440 419.30017 6.4000000 1.6000080
050814 0.01480414 4.230000 1079.20137 4.1297 1078808 1.440 1219.50017 t.0000008 §.0000000
8.i1012 0.01413542 4.130000 1072.31504 4,2217 1071.11% 3.460 419.50017 §.0000000 1.1000000
§.01214 9.01478528 §.230004 1065. 45022 4.12197 2045.043 .46 1219.50817 ¢.0000000 1.0000000
0.1e? 8.01500510 {.230000 1088.¢0780 {.1217 1058.11¢ 3.440 411.50617 0.00800008 1.4000000
041419 0.01308507 4.230000 1091.78772 1.2297 2051.308 1.440 417.50617 6. 0000008 §.0000008
¢.01122 0.01513523 4.130000 104408100 4.2297 1044.39Y 3.460 419.50017 8.0000000 9.1000000
4. 41100 0.01514538 4.230600 1030.21427  4.21%7 1037.422 3440 429.30017 6.000000¢ 1.0000000
1.02102 0.01523548% {.130000 103140128 £.1217 20314 3.460 419.50017 0.0000000 1.4080000
§.12303 §.017047%7 $.423338 1031.2257¢ §.8277 1034.443 11 31573793 $.0071299 1.0670290
4.42507 6.£2009920 7.355442 1030.92014¢ 7.154¢ 2030.13% 3.460 5.0 §.0048131 13430
.0 0.02498954 1.400342 1038.57312 §.7989 1029.733 1.448 32494483 t. 0004447 £.0203377
e.02111 0.02342543 10.153418 1000.18400 10.1520 2027.114 1,440 103. 43758 0.004037¢ §.4244154
1.03114 0.02508172 11. 410414 1029.7328¢ 11,4082 2028.49¢ 3.449 1S 14144 §.0034048 $.0328314
€.0317 0.028629844 12.547484 1029.2304¢  12.5¢40 1018.10% 3.4460 171.42303 0.005141% 1.371112
103519 0.01731014 13.824708 1020, 76018 13,4214 2027.492 1.440 150034 0.0847154 1.0410007
0.037122 0.0283444 14583734 1028.21784  14.5778 1024.151 1.460 150. 11411 g.0042777 LISRIL
§.03924 0.42118340 13. 443056 202742165 15,4436 2024.190 .468 .0 §.003835¢ §.0308420
004124 0.02911424 14.122353 1027.61205  14.2177 2015.4% 3.440 135.00248 §.003434 1.4534970
1.14221 0.03853480 16.112042 1026. 34141 14,9877 2024783 3.440 129311 f.003070¢ 1.0343748
¢.04531 0.0311143Y 17525548 1025.4029¢  17.5199 2014044 3,448 114. 48311 0.002732%% $.45020%4
f.04734 0.0314040 18.844428 202497071 18.0408 2023.211 1.460 120.3027 1.00241 44 1.0617240
0.0403¢ 0.03103107 14.343342 1024.25138  18.5370 i022.518 1.460 114,054 0.00211357 1.0630497
0.85100 ¢.03340272 18.961539 1023.5033¢ 18,9545 2021.73% 3.6464 113.58028 §.0018454 §.085718
¢.43302 0.03242127 18.96133 1019.23734 18,9548 2017 .441 1.440 113,888 $.400000¢ 0457132
0.05505 0.03134148 14.96133¢ 01407486 18,9348 2013494 3.648 113.80128 g.00000¢10 £.0457182
643202 §.03241218 18.941337 1019.51%19 109548 2008.738 1.460 113.68820 g.0000004 4. 16571312
0.05110 0.03248307 1894153 1006.17053  18.9548 2004.381 1.448 il §.0000800 00657152
1.94112 003273404 18.94153 1001.8288¢  18.9347 2000.437 3.idt 113.80818 §.e000000 . 4637132
§.06314 0.0328282¢4 18.941331 159749410 14,9347 1995.408 1.468 3.0 £.000000¢ 1.0457192
a.84517 0.03280441 18.961339 (993, 04447 180547 1911347 3.440 113.80818 0.00c00000 157132
$.04711 6.031%4810 14.94133¢ 1980, 84378 18,9544 1987.442 1.4t 3.1 t.0000008 €.06371352
t.8401 0.03303193 14,9413 {984.53187 109348 1902.72¢ 3.440 3.8 §.0000004 1. 1657182
L7124 ¢.833111n 18.94153¢ 1900.22495 18,9346 1978.412 3.é6 211312 e.q000008 40437132
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1.07100
0.47402
0.47408
0.47007
0.08014
1.48200
1.00462
640408
0. 08607
1.09010
.m0
09414
000017
T
A1
.10124
10424
.10400
.10802
11008
11207
11400
11401
11808
A0
13210
A1
2414
13017
13019
122
13424
13434
13028
.14008
14202
14408
14600
L1400
15005
15207
15410
15612
504
16017
14219
16423
16424
16824
17829
1713t
17434
17434
47838
14000
10202
18408
18407
BTTH
19013
19114
BT
19419
1921
.10024
.30224
.20429
.20431
.20834
-3¢
.31
BT
L1443
.11100
.12002
.12208
L1240
¢.12410
0.12011
§.23014

0.03313400
0.3315034
0.03342037
.07
0.0
g.04094309
0.q40101142
g.0q108184
§.04115231
3.041217
0.04129304

0.04134402

§.04143422
0.04150773
0.041357744
0.c4145140
0.04172337
0.04179513
0. 04104440
0.04402357
0.0495811)
0.05287704
§.03270749
0.05283132
0.03217184
0.05310511
0.035313108
4.05237378
0.05350921
0.05344322
9.03370211
0.03391199
0.03405843
§.054197¢4
0.03433743
0.0344450¢
0.04113478
€.04473131
0.04499712
0.04727244
0.04735094
8.04783112
0.04811422
§.040406329
0.0484924¢
0.04878440
0.06928375
0.04158250
0.04708831
e.07010144
0.¢703007Y
0.07081397
0.07113048
0.07145038
0.07177433
0.0720514¢
0.08278777
0.09142007
0.0984043Y
0.10404048
0.10831134
4.
0.11474308
0.11745487
0.13000004
8.12253049
0.12448703
0.12738402
0.13003453
$.13184134
0.13511128
81312243
8. 142703185
9.14650070
0.14948930
0.1541408¢
0.1590262¢
0.146440293
0.17041743
01711411

N{TLEL
sy
11703
Qe
L3
47013
.$70330
A
RYLEE]]
S ELEE]
L370330
L7130
L7000
130
L7030
YRR
371330
S0
370330
NITENY)
L4342
L4641
L046422
444622
NLTTYY
NLITY:
444622
444612
448422
LIy
LAd6d11
444422
644422
L4462
L444412
L4462
109883
10931y
107379
109394
109319
109394
.10131%
.109319
.109310
L1093
.101379
10939
169379
101390
10939y
L1013
.109319
LA
L1093
L10939¢
A0
BRI
JAun
ASE4SY
A1
RASITL
1290358
454901
Jmn
A2408
L4408
AUn
L1240
A0
Aria
AU
491408
492408
A
LU
492408
A

192408
s

ORIGINAL PAGE IJ
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1173
1171
1170
146
1948
$ {1
1943
1144
1954
1131
1930
14
1143
1140
1934
11
193¢
1124
1123
14
330
113
11
1104
1741
1894
141
i1y
1432
1877
1871
1844
1863
1458
1833
1849
1844

1438,

1431
1

1814.
1401,
1801,
1794,
174,
177y,

1

1763.
1734,
1748,

{741

1733,
1715.
1718,
1718.
1703.
1613,
1480,
1443.
1idd.
1412,
159¢.
1373.
1349,
1323,
1494,

1448

1440,

1411

13el.
1331,
1324,
1.
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APPENDIX B: CALCULATION OF INLET MACH NUMBER
The stagnation conditions of the dewar are equivalent to the entrance
stagnation conditions. The continuity equation for one-dimensional flow

states that

h = pVA. (8.1)
The definition of Mach number is
M= v/LRT)2) (8.2)

Combined with (B.1), this yields
o= (RTY/2 oma (B.3)

The density may be expressed in terms of the stagnation density and the Mach

number.
b = agfl + Ly - 1723 e~/ 01 (8.4)
The ideal gas equation states
Py = Po/RT, (B.5)
Combining Egs. (B.4) and (B.S5) yields
o= [P /(RTIID + (r - 1)/2 w27/ Or=1) (8.6)

Similarly, T may be expressed in terms of M and T,

T=T01+ (y-1)/2] Wy (8.7)
Combining Egs. (B.3), (B.6), and (B.7) yields
ho= (/RT ) AR (1 + DGy - 1)/2] w3t E1 /R0 D (8.8)

We wish to solve for the Mach number. Since the equation is nonlinear in M,
the Newton-Raphson method of solution is invoked. Starting from some initial
condition, new values of M are calculated iteratively until convergence is
obtained. Using the expression

Moew = Mora = [FMg1a) VL' (Mg14)]  (8.9)
where

fy = RT)VZ A 1+ [y - 13720 w20 D g )
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and

' . 172 {[y+1 -
£ ) = ey (r AT ) /2 gt DO 0y 2y 2y 87
B is-an often used function of M and y.

B=1+[(y - 1)/2] W2

(8.11)

(B.12)

42
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APPENDIX C: FRICTION FLOW MACH NUMBER CALCULATION
The differential equation relating the change in Mach number to the

change in distance is

aM/M = (TyM? BI/[2(1 - M2)D[(4F dx)/D] (c.1)
Solving with the imposed boundary conditions of M = Ml at x = x; and M = Mz at
X = Xo yields

[4F(x, - x)1/0 = (5 - W2)/ ¢y 42 uD)
+ Loy + T/23nnLed 8,)/ (05 8,) ] (C.2)

Solve for M2 with’the Newton-Raphson method using

t(My) = L3 - M)/ (y M2 2]

+ Llr+1) /201 1nL (o5 B,)/ (45 8,)1 - 41L/D (c.3)

' - 3 ' 2,4 o3
£1(My) = [2/(M3) + {Llr+1) M, (837 (M7 83)] (c.4)
where L = x5 = Xq. f
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APPENDIX D: STAGNATION TEMPERATURE CALCULATION FROM AN ENERGY BALANCE
The heat transferred to a fluid as it travels through a pipe within
isothermal walls is
mdq = (T, - Taw) 7D dx (0.1)
The differential change in heat of an ideal compressible gas is a function of
the stagnation temperature.
dq = < ar, (D.2)
Combining Egs. (D.1) and (D.2) yields
h cp dT° = h(Tw -'Taw) D dx (D. 3)
The adiabatic wall temperature of a laminar flow is equal to the stagnation
temperature. For turbulent flow, the slope of the temperature profile of a
fully developed fluid is too steep to apply a recovery factor; therefore, the
adiabatic wall temperature will be assumed to be also equal to the stagnation
temperature for turbulent fluid. Equation (D.3) may then be expressed as
i < T, = h(Tw - To) 7 D dx (D.4)
One may recall that the Nusselt number is defined as
Nu = hD/kf (D.5)
Equation (D.4) may be then expressed as m c dT, = = Nu kf(Tw - To) dx.

dTo/(Tw - To) = (v Nu kf)/(m c

P

o) dx (D.6)

Integrating Eq. (D.6) with the boundary conditions

T = Tol at x = x] and To = T02 at x =

o yields

*2
Top = Ty = ([T, = T 1/Texp(n Nu ke L/ c )]y (D.7)
The exit stagnation temperature of a length L of pipe is therefore a function

of known quantitites.
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APPENDIX E: HEAT TRANSFER WITH FRICTION
The change in Mach number in a pipe is a function of the change in length

and the change in stagnation temperature.

2 . 2\ dT
dM _y M'B  4f dx ’ (1 + yM°)B r 0 (E.1)

RE o R I I

From the energy balance in APPENDIX D, we have

2

i cp dT0 =p Vn/40D Cp dTo = h(Tw - TO) r D dx (E.2)
One may express these relations in terms of dimensionless parameters.
dTo/(Tw - TO) = [4NuD/Pr(ReD)] dx/D (E.3)

For laminar flow,

Rey = 16/f (E.4)

EdTo/(Tw'- To)] = [4 NuD]/[Pr(16/f)] dx/D (E.5)
(4f dx/D) = (16 Pr/NuD)[dTo/(Tw - To)] (E.6)

For laminar flow the differential equatibn is then,

oy W B 16 Pr dTo, SOty MZ.) g o (E.7)
"Tan oWy wy WoTo 20 -wh) o
For turbulent flow, one may invoke the keynolds analogy
St = /2 (E.8)
and
(E.9)
dT /(T = To) = 4(f/2) dx/D (E.10)

So that for turbulent flow,

2 2 dTo

B (1 +y M) g 9T,
T

oy
20 - M%) Tw " To 201 -M3) To

M

(E.11)
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Equations (E.7) and (E.11) are solved numerically with the Runge-Kutta method,
using about four iterations, as shown in APPENDIX F.
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APPENDIX F: RUNGE-KUTTA SOLUTION

The basic Runge-Kutta equation is rather simple.

Mas1 = My * ATO/G(c] + 26, +2c, + c4) (F.1)
where
< = F(Ton,Mn)
c, = F(Ton + AT°/2,, Mn * G AT°/2)
Cqy = F(Ton + AT /2, Mo+ ¢ ATO/Z)
Cq * F(Ton + ATO, Mn + Cq ATO) (F.2)
The function F is simply a form of the differential equation we wish to solve
for i
F(Ton’ Mn) = dM/dToln (F.3)

For laminar flow,

_dM. MB . 2, 16 Pr . 1 +y M
Faqre-= [y M%¢ ) + ] (F.4)
o 2(1 - M%) Nup Ty, = Tg) To
For turbulent flow,
2
Foall o By B + LEX N (F.5)
0 2(1 - M%) W 0 0

N P e b S

R o
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APPENDIX G: FLUID PROPERTIES
A1l curve fits shown below were performed by a standard IMSL Math Library
routine on the University of Illinois Cyber 175. They are valid only in a
temperature range of 4.2 K to 350 K.

Thermal conductivity:

-4 2

kf = 0.0 157218071 + 6.3416525%10 *T - 6.99407521*]0'7*T

+ 4,52003096*10" ' Ox73 @)
Viscosity:
u = 1.10419265531%10°° + 1.160677594648%10°7+T
- 3.222922924062%10"'0%12 4 4,725700293922+10°13+13 (6. 2)
Prandtl number: '
Pr = 0.570232994 + 0.0055872291*T - 7.58324532+10~ 5472+ 4.32720501+10~7+73

- 1.11661445%10" 974 + 1.07403542%10712#75 (6.3)



ORIGINAL PAGE IS
OF POOR QUALITY

49

APPENDIX H: MACH NUMBER CALCULATION WITH AREA CHANGE
In most texts, the area ratio is given in terms of the area at the

throat, A*. The following merely algebraically solves for some arbitrary

A
20 .

MR = (M) T2/ + 1)) 8y EHTV/E2G-D D (K1)
A/A* = (1M} ([2/(y + 1)] By BrH1/I20-D D (H.2)
Ap/Ay = (MM} (8,8, EYF1V/I26-T) D (H.3)

Solve for Mo with a Newton-Raphson method.
f(My) = (My/M,} (BZ/B_])(EMJ’EZ(*"”} - Ap/A (H.4)

B, {[y+11/[2(y-1) ] B

£ (M,) = M, <-rf) -t (@ -;171 (H.5)

2

T et e wms.
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