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FQRWARD

The computer program HTGAP described in this user's manual was pre=
pared under NASA Contract NASHS-24144, "Axially Grooved Heat Pipe'. The
contract was administered by Goddard Space Flight Center, Greenbelt,
Maryland, with Mr. Stanford Ol.endor{ serving as tochnical wonitor,

br. Y. Kamotani was vesponsible for the dovelopment of the analytical

madel and computer program.



1, INTRODUCTION

HTGAT ds a computer program that numerically predicts the steady
state tomperature distvibution dnside an axially grooved heat pipe wall
for a glven groove geametry and working fl1udd under various heat input and

N .
output medes,  The program computes hoth evaporatden and condenser film
coctfdeients,  The prograwm is able to handle both axtsmametric and pon=
axisymmetvie heat transier cases,  Non-axisymmetrvice heat transter vesules
elther from non=unitorm foput at the evaporator or noan=unitorn heat romoval
from the condenser, or trom both,  The prosenve of a Hquid pool fn the
condensey regivn under one=g condtt{on alsoe cauges non=axisymoetvic
heat tvanster, and f1ts effeet on the pipe wall temperatuve distribution
1 fueluded e the prosent program.

The bvdroadynawic aspect of an ax{ally arooved heat pipe is studied
in the Groove Analysis Program (GAP).  The present thermal analysis pro-
sram assuwmes that the GAP propram (or other similar programs) is yun
first so that the heat transport J{wit and optimuw fluld charge of the
heat pipe ave konown a priori.  The performance of an wnder=charvaed heat

pipe is not constderaed 4n the present progeam,

2. ANALYRIR
2ol Problem Statoement
Figure 1 shows a typical axially grooved heat pipe.  Bach groove is

designed to operate as an jsolated liquid passage. Undor steady state



conditions the rates of condensation and evaporation must be equal for each
groove. For uniform heating at the evaporator and uniform cooling at the
condenser (axisymmetric case) all the grooves are subject to identical
boundary conditions so that the performance of the heat pipe can be deduced
from the behavior of any one groove (assuming no excess liquid). For
non-uniform heating and cooling, however, the rates of condensation and
evaporation of a groove may be different from those of .ther grooves so
that iE is necessary to study the behaviors of all the grooves in order to
predict the performance of the heat pipe.

The pipe wall temperature distribution is governed by a steady state
heat conduction equation together with the exterior boundary condition
(i.e., the way heat is applied to the evaporator and vemoved from the
condenser) and the interior boundary condition (i.e., the rates of
evaporation and condensation). Using cylindrical coordinates (Fig. 1)

the governing equation is written as

AT L a2T 13T 8T _,
Jye yor P oy T 2z* 1)

The boundary condition describing the thermal interaction between
the groove and the liquid in it, and between the liquid and the vapor is
very complicated because of the complex geometry of the groove. To avoid
an unnecessary complicated solution in the present analysis, the imner
surface thermal behavior is modelled as that shown in Fig. 2. An
equivalent heat transfer coefficient ( h?g,ecn:heg,c ) is usad to describe
the thermal inter;%ion between a hypothetical inner surface (radius Ry, )
and the vapor. This approach was initially used by Schneider and

Yovanovich [l1]. The computations of hpgle andbe%‘c are explained in the
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following section. The region covered by a liquid pool is assumed to be
thermally insulated.

The exterior boundary condition is determined by a specified (by the
user) heater-cooler combination. Three different boundary cenditions can
be specified in the regions covered by the heater and cooler as explained
in section 2.3. The rest of the pipe wall surface is assumed to be
thermally insulated, or the user can specify parasitic heat logss or gain.
The heat conduction through the pipe end caps is neglected in the present
analysis.

Equation (1) together with the above mentioned boundary conditions is

solved numerically using the successive-over-relaxation method.

2.2 Problem Formulation

To solve Eq. (1) numerically the heat pipe wall is divided into a
number nodes as shown in Fig. 3. The cylindrical wall is divided into L
nodes radially (r-direction), M nodes (equal to the number of grooves)
circumferentially (Y -direction), and N nodes axially (z-direction). An
energy balance applied to every node yields a system of finite difference
equations representing the heat conduction equation (1). The following
finite difference formulation follows Schneider and Yovanovich [1].

For the (i,j,k) th node the finite difference equation is written as

Cs_TL,d‘,ﬁ = (, TL—LJ,ﬁ + (G T‘-H/J‘jﬁ
+  Glj-Leg + CoToj+1R

+ Cs Te,j, -1 Ce Ty, R+1 (2)
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where
C’/Z, = d')-:F
C ' %?w AZ JZ | r. + cfr'ﬁ/ﬁz
BT TgyF N v - gr /2

C =7‘5W,A\V (Fo+ P2 )= (v: = dr72)"
¥ gz 2 3

The heat transfer rate at the hypothetical inner surface (Fig. 2) of
the pipe wall is determined by the equivalent heat transfer coefficient He%.
heg represents the total thermal conductance between the pipe inner sur-
face (radius Ri) and the vapor. Then, the interior boundary condition is

incovporated into the above formulation by putting

he¢ A%

_ B 2
C’ - |+ heg ap
. 2

(&)
for those nodes contacting the vapor. In the present analysis the vapor
region is modeled as one node with a uniform temperature Tv'

If the pipe inner surface temperature is lower than Tv’ condensation
takes place. In Ref. 2 Kamotani suggested a numerical method to compute
the condenser film coefficient of a grooved heat pipe. However, the method
is too complex to be included in the present program. After some cal-
culations using the method under various conditions, it was found that
the following expression for the equivalent heat transfer coefficient

expresses well the computed as wgll as experimental values.
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(5)
If the pipe inner surface temperature is larger than Tv’ evaporation

takes place. After studying several experimental and analytical investi-

gations on the evaporator film coefficient of a grooved heat pipe

(Ref. 3 - 7), the following expression for the equivalent heat transfer

coefficient is suggested.

) N Ey /
e 2mR ki P
v el + = =
Aw 3 (6)

The boundary condition at the exterior surface of the heat pipe is

discussed in the following section.

2.3 Modes of Heat Input and Removal

The exterior boundary condition is determined by the way heat is
applied to the evaporator and removed from the condenser. Three typical
boundary conditions are considered in the present analysis. They are shown

schematically in Fig. 4, and discussed below.

Type 1 Boundary Condition

Total heat flux Q and vapor temperature Tv are given. This boundary
condition is incorporated into Eq. (2) by adding a source (or sink) term
S =t 2R,AYAZ
to the right hand side of Eq. (2) for those nodes contacting the heater

or cooler. q is heat flux per unit area (Q divided by heating or cooling
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area). + sign is for heat input, and - sign for heat removal.

Type 2 Boundary Condition

Total heat flux Q at the evaporator and condenser surface temperature

Tw o are given. For those nodes contacting the heater the treatment is
?

the same as above. The surface temperatures of those nodes contacting

the cooler are set eygual to Tw o’ The vapor temperature is computed
’

from the relation

N ’793(7—&"—”) =0

Lneed Rée ',*Isu:_

where .T;u is the inner surface temperature.

Tyep 3 Boundary Condition

Both evaporator and condenser surface temperatures Tw e and Tw o are
L 9

given. The specification of this boundary condition and the computation
of Tv are the same as above.
If there is parasitic heat loss or gain from the heat pipe to the

environment, it is accounted for by putting

hear AF
_ Bw 2
C, =
hpar OF

I+ _
Rw Z

—

Ly, R = Tdmb
for the nodes on the pipe outside surface. hpqr is the heat transfer
coefficient between the pipe and the environment, and Ta is the ambient

mb

temperature.
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2.4 Puddle Effect Treatment

At the user's option the program investigates the effect of a liquid
pool on the pipe wall tempevature distribution in one-g and under an over-
charged condition. The excess liquid forms a liquid pool at the hottom
of the heat pipe, which influences the pipe performance (puddle effect).
The hydrodynamic aspect of the puddle flow is studied in GAP. The present
program considers mainly the thermal aspect.

The free surface of the liquid pool is assumed to be f£lat in the
present analysis. The assumption is not valid when the heat pipe is
operating at a small tilt angle under a high heat load, or when the ratio

f?c?ﬁxaﬁ”(Bond number) is on the order of one or less. Therefore to avoid
a complex combined hydrodynamic and thermal analysis, the puddle effect
.ft zero tilt angle is not considered in the present program.

Depending on a given tilt angle and amount of excess fluid, the puddle
shape is classified into one of four shapes depicted in Fig. 5. To
simplify the numerical analysis the following approximate relatica between

the puddle volume and the puddle depth H, at the condenser end is used,

1
H’_ 2.
voLr = mfx /‘3"3 (2A>y)

The pipe inner surface submerged in the pool is assumed to be thermally

1 is set equal to zero for the submerged nodes on

the pipe inner surface. At a given z location the submerged region is

insulated. Numerically C
—e— "

specified by the angle § (Fig. 5). The angle & is related to the puddle

depth H by the equation
—l(/ )
e"C&d R
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2.5 Method of Solution

A set of finite difference equations (2) together with the aforementioned
boundary conditiqns are solved by successive-over-relation to determine
the pipe wall temperature distribution. Recognizing the fact that the
heat transfer in the pipe wall 1s predominantly in the radial directiom, the
temperature distribution in the r-direction is determined first to reduce
the convergence time (Schneider and Yovanovich [1]), that is, at a given
(yV,z) lacation, L equations in the r-direction are solved simultaneously.
Once the temperature distribution in the pipe wall is determined, the
program computes the evapnrator and condenser over—-all film coefficients

which are defined as

he.:= = = s he= =
QERVL?(E,E‘-T;’) t 27ERVAC(‘/—5:"~7;,C)

(7
Notice that the coefficients are based on the vapor core diameter (ZRV)
and the difference between the vapor temperature and the average evaporator
or condenser surface temperature.
The progrgm also computes the heat load of each groove. In case of
non-axisymmetric heat transfer each groove transports different amounts of

heat so that all the grooves do not dry-out at the same time. The program

checks whether the heat load of any of the grooves exceeds the heat

transport limit of a single groove. To compute the single groove trans-
port limit the user must specify the heat transport limiz of the heat pipe

in zero-g (or under zero til? without the puddle effect) and under
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axisymmetric heat transfer conditions, which can be determined either from
GAP or from similar hydrodynamic analyses. If the transport limit is

not known, it can be set equal to an arbitrary large value, but in that
case it is noted that the program does not predict partial dry-out con-
dition. In zero-g or for horizontal operations without the puddle effect
in one~g, the single groove transport limit is simply equal to the heat
pipe transport limit divided by the total number of grooveé. Under tilt
conditions in one-g without the puddle effect the single groove transport
limit is calculated as

Quimit ( o ELV
aRALGIR ] — ~
N Xs7 (8)

D///m,zL

In the above relation the static height of the pipe (X}T) must be speci-

fied by the user. X&Tcan be determined from GAP or from the relation
230

/%j Wlﬂ/vﬂ

When the puddle effect is included, the single groove transport limit is

Xst =

calculated as (Ref. 8)

/
pmit L Leyt Tand
e = Sine Lo (| Ly Tt

/‘/Ac-yf Xsr (9)
where
+le + La+z(lp=Lc) ¢ LpsLec
L/e'//z: Tle +(Lp-Lc) 4 Le < LpX Lce+Lla

M-

(Lp—La—Le) ¢ Lp>La+lc



If the heat load of any of the grooves exceeds the transport limit,
the program writes-out a statement to inform the user about the partial
dry-out condition,

It is noted that the above analysis is based on the assumption that
there is a groove-to-groove liquid communication in the condenser section.
According to Kamotani [9] such condition most likely prevails in one-g
as well as in zero-g applications. Therefore the present program does
not consider the situations where there is no liquid communication

between the grooves.

3. PROGRAM DESCRIPTION

3.1 General

HTGAP's flow chart is given in Appendix A, and the program listing in
Appendix B. The program is written in Fortran IV, and is designed to
operate on the IBM 360 computer system. The field length of the program
requires 60 K actual works, and the complications of the program requires
typically .5 CPU minutes and .5 IO minutes. 7The CPU time varies depending
mainly on the desired accuracy in the numerical iteration. The variables
and constants used in HTGAP are listed at the beginning of the program.
HTGAP uses metric units.

HTGAP consists of a main program and a subprogram. The main program
reads the input data, conducts numerical iterations, and outputs the
final results. If required, the subprogram (PUDDLE) is called, which

determines the region covered by the puddle.



3.2 Input Desciiption

The HTGAP user must correctly specify the properties of the working
fluid and the pipe material, the pipe and groove geometry, the selection
of the type of heat input and removal mode,and the operational mode of the
program. The set-up of the input data deck is shown in Table 1. In
case of multiple runs these input cards specified in Table 1 (also in the
program) must be repeated for exch additional run. The re;t of the para-
meters remain fixed.

The phy;ical properties of the working fluid and the pipe material
should be evaluated at the vapor temperature (Tv) for type 1 boundary

condition, and at T
w,C

»

for types 2 and 3 (Tv is not known a priori in
these cases). In the latter cases a better accuracy is obtained by running
the program twice, evaluating the physical properties at the calculated
vapor temperature from the first run.

Caref must be taken in specifying the heating and cooling zones.
Four numbers are used to specify the circumferential extent of the heat-
ing (or cooling) zone. They are angles (in degrees) measured counter-
clockwise from the pipe bottom. Some examples are shown in Fig. 6. If
only two numbers are needed (examples 2 and 3), the rest of the numbers

P h et
should be set equal topan aribt. ary number lesgdx than 500.

3.3 Output Description

The program output from the illustrative example (explained in the
following section) is shown in Appendix C. On the first output page the

program outputs the input data consisting of the names of the working fluid



and the pipe material, the pipe and groove geometry and the heating and
cooling mode. Those parameters are the same for all the cases in case of
multiple runs. The following two pages describe the heat pipe operating
conditions, the physical properties and the computational results for one
run. The computational results include the heat pipe surface temperature
distribution, the heat load of each groove and the pipe performance
characteristics (average evaporator and condenser temperatﬁre drops, film

coefficients, partial dry-out conditions, etc).

3.4 Sample Case

To illustrate HTGAP, the following case is studied. An axially
grooved aluminum heat pipe filled with ammonia is operating at 250 K in

one-g.

heat pipe geometry

‘e

evaporator length Le = .3048 m
adiabatic length La = ,4572 m
condenser length Le = .1524 m

outer diameter 2Rout = ,159E-1 m
inner diameter 2Rin = ,1088 E~1 m
vapor core radius Rv = ,45E~2 m
groove geometry

number of grooves N = 27

groove depth D = .108E~2 m
average land width S = .37E-3 m

heating and cooling mode

type 1 boundary condition. The heating region is the upper half of the
pipe, and the cooling region is the lower half. No parasitic heat loss
or gain is considered. .

total heat transport Q=80W
T

vapor temperature v = 250 K



properties of working fluid and pipe material

fluid (ammonia)density = 670 kg/m
fluid thermal conductivity = ,592 W/mK
aluminum thermal conductivity = 180 W.mK
heat pipe operating conditions

one-g condition

elevation ELV = ,6E-2 m
excess mass charge XMASS = 1.2 g,
heat pipe performance limits

maximum heat transport (in zero-g) Ql' it = 215 W
static height —_— XL = 14E-1 m

ST

The sample input is given in Table 2. The program output for the

above case is presented in Appendix C. The results show tha*t the 5/ .o
ek Yre

evaporator and condenser film coefficients are .67 and 1.03 W/cmzK,$’

respectively, and no partial dry-out is expected. 55 iterations are

needed to obtain the temperature distribution within .0l K accuracy.

S
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NOMENCLATURE
C's . finite difference coefficients
D groove depth
ELV elecation
g gravitational acceleration
h over~all film coefficient
heq equivalent heat transfer coefficient
hpar heat transfer coefficient for parasitic heat loss or gain
H puddle depth
Hl puddle depth at condenser end
k thermal conductivity
ta length of adiabatic section
Lc length of condenser section
Le length of evaporator section
Lp puddle length
Loss effective transport length (=La + 1/2 (Le + Lc))
Léff, defined in Eq. 9
N number of grooves
Q total heat transport
q heat flux per unit area
Qlimit maximum heat tr;nsport
qlimit single groove heat transport limit
Ri pipe inner radius
ROut pipe outer radius



R vapor core radius

v

§ average lard width

T . temperature

Tsi inner surface temperature

Tv vapor temperature

iw average outside surface temperature
ambient temperature

amb

W, groove minimum width

min

XST static height

XMASS excess mass charge

(r,v,z) cylindrical coordinate system defined in Fig. 1

.4 &

C tile angle

§ spacing between two adjacent nodes

A nodal width

v's angles to specify heating and cooling zones

8 puddle angle

p density

o] surface tension

Subscripts

c condenser

e evaporator

) liquid

w wall



Card No.

1

Format

3F10.4

15
5E10.4

5A2
10A2

3F10.5

3F10.5

3F10.5

3E15.4

3E15.4

4F10.3

Name

XLE
XLAD
XLC

NGRV
GDEPTH
WIDTH
ROUT
RIN
RV

IFLUID
JPIPE

Q
TV

QMAX

Q
TCOND

QMAX

TEVP
TCOND
QMAX

CONDL
RHO
CONDW

XSM
EL
XST

PSIE(1)
PSIE(2)
PSIE(3)
PSIE(4)

(D

TABLE 1 1INPUT CARDS DESCRIPTION

Description

evaporator length
adiabatic length
condenser length

no., of grocves
groove depth
average land width
pipe outer radius
pipe 1nner radius
vapor core radius

name of working fluid
name of pipe material

total heat tramsport
vapor temperature
max. heat transport

total heat transport
condenser surface temp.
max. heat transport

evaporator surface temp.
condenser surface temp.
max. heat transport

liquid thermal conductivity
liquid density
pipe thermal conductivity

excess mags charge
elevation
static height

angles to specify
heating zomne

Unit

DEG.

Remarks

if
KTYPE

]
-

if
KTYPE

It
N

if
KTYPE

I
w

Skip this card
i1f MGRVT = 1
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Table 1 Input Cards Description (cont'd)

Card No. Format
8 F10.3

9 F10.3
E10.4

Name

PSIC(1)
PSIC(2)
PSIC(3)
PSIC(4)

TEMPS
HPAR

¢

Description

angles to specify
cooling zone

ambient temp.
heat transfer coeff. for
parasitic heat loss or gainm

(Repeat No. 4 to 6 cards for additional cases)

Unit

DEG.

W/m2K

Remarks
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Table 2 Sample Input

COLUMN NO.

0000000001111111111222222222233333333334444444%44455555555556666666666
123456789012345678901234567890123456789012345678901234567890123456789

INPUT DATA

.3048 4572 .1524
27 .108E~-2 .37E-3 . 795E-2 «S544E-2 +450E-2

AMMONIA  ALUMINUM

80.0 250.0 215.0
.592E 0 .67E 3 .18E 3
1.2E-3} .6E-2 1.4E-2
90.0 270.0 500.0 500.0
0.0 80.0 270.0 360.0
0.0 .0E O

ALITYND Hood 40
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Figure 1. Heat Pipe Cross-Section
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C.l = heq’e (TSi(Y’Z) - TV)XAREA
OR

4 = heq,c (Tv - Tgi()F,Z))xXAREA

v2r = 0 (Eq. (1)

2
Figure ¥. Hypothetical Imnner Wall Surface
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Figure 3. Heat Pipe Model
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Q = const. Q = const.
131 ettt
EVAP, Tv = const. COND.

Type 1
Q = const Tw,c = const.
EREE. {
EVAP,. Ty = variable COND.

Type 2
Tw,e = const. Ty,ec = const.
EVAP, Tv = wyariable COND.
Type 3

Figure 4. Exterior Boundary Conditions
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Shape 1 ﬂ . Shape 2

Shape 4

Figure 5. Puddle Shape Classification
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Example 1

heater or
cooler

T\
¥

0 (deg.) , J2= 60 ¥ =90 ,¥= 270
300 8% = 360 T; = 500,0y= 500

Example 4

Example 3

- -

(uniform heating or cooling)

x
"

0 , %= 360
= 500,%= 500 (multiple heating or cooling)

Dt
!

%, =80 ,Nk= 150
¥ = 230 ,a;= 320

Figure 6. Heating and Cooling Zone Specification
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PROGRAM FLOWCHART
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MAIN PROGRAM
START
INPUT DATA
AND PARAMETERS
WRITE
-OUTPUT
PRINT PIPE AND
GROOVE GEOMETRY
COMPUTE FILM
COEFFICIENTS
MESH GENERATION
CALCULATE
CALCULATE SURFACE TEMP.
heq,e AND heq,c DISTRIBUTION
DETERMINE FINITE CALL PUDDLE SATISFY THE

DIFFERENCE

IF PUDDLE EFFECT

COEFFICIENTS

IS INTERESTED

INITIAL ESTIMATE
OF TEMPERATURE
FIELD

'CONVERGENT
CRITERION

CALCULATE Ty (IF
NOT SPECIFIED) AND
HEAT LOAD OF EACH
GROOVE

[

PERFORM SINGLE

ITERATION OVER x
TEMPERATURE FIELD
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SUBROUTINE PUDRDLE

CLASSIFY
PUDDLE SHAPE

Y

DETERMINE PUDDLE
COVERED REGION

COMPUTE TRANSPORT
LIMIT OF EACH
GROOVE
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" COMPILER ﬂPTlﬂNS - NAMEs '

TMAINGDPTE02,L INECNT=82,ST2E=0000K 4

3
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(1S/3A0 FIKIRAN H

SOURCE,FBCDIC  yNOL TST o NINFCK GLNAN G, MAP ZJNAENT Ty TN o XKFE

ISN 0002

—_—lon o003

1SN 0004
ISN_0005

NIMENSINN R(7).PSI(iﬁivﬂFGPSIGWS)oZ(??)-Dﬂl7lvﬂPS|(55lvﬂ7(3?)

_DIMENSION, TU5129327) 51745293270, TIN(29.271,I0UT(29,27)

NDIMFNSTON PSTFI4)POSTICTI4) o NGFL4) (NGCLG)

1SN 0006

- DIMENSION C(4000,8), £5(4000) ,CTDMALT) ,DINMALT) —_—

NIMENSION CONDL (5) CANDWIES) RHI(5) ¢0(5) ¢TVIS) o TCAMD (5 ) ( TEVAP(S)
1 XSMIS) ek (5} XST(8)

1SN 0007
15N _Q00R

DIMFMSTON OUMAX{6) sOMAXGR(25),QOSINGL (35)

ISN 0009

DIMENSION TFLUINIS) WJPIPEQIOY . ———

COMMON CoZ o XL FoXLANGXLC o Xt ¢ RV NGRV o XSTHT oL oMy MM N, NN NNNQ
1 RHOL o XSMAS, FL Va QOMX0 , DMAXGR _

BABCEREEE RS EE SRR U R AU R BB R E GO E R R IR RS AU R R BD B A SRS BN UR LN KK

NOMENCLATURF

HEBERBEER S EECERE N REERER B R B EEEB U EEEE R LS RN E AR BEEE AR A BU SRR EERES

Ci{MP,N) = FINJTE NIFFFRENT COFEFICTFENTS (W/K)

CONLCONDL = FLUIDN THERMAL CANDUCTIVITY (W/ (M*KT]
CONWSCONDW = PIPF WALL_ THERMAL CONDUCTIVITY (W/(MeK))

hrxﬁzw}\ntﬁnrwhrﬂnl

PPST(J) = INCREMFNI

IN PST ABNUT J (RAD,)

NRIT) = INCREMENT IN_ R AROUT T (M)

NZ{K) & INCREMEMT TN 7 AHOUT K (M)

NYSPFC = SPECIFIFN ACCFPTABLE CHANGE IN TFMP, HETWEFN SUGCESSIVE

FTFRATINNS

(K}

FLyFLV = FVAPNRATNR FND B FVATION (M)

FILMEV = FVAPNRATAR FILM COFFFICIENT (W/ (M®®2%K])
FILMCO = CONDENSFR FILM COEFFICIFNT (W/{M%82 %K) )

FS = HFAY GENFRATINN THRM (W)
GDEPTH = GRODVYF NEPTH (M)

HCON = FOUIVALFNT CONMDENSER FILM COFFF. (W/ (M*s28K))
HEYP = EOUIVAL FNT FVAPORATOR FILM CNFFF, (W/ (Mx%28K) )

HPAR = HFAT TRANSFFR CNFEFFe FIR PARASITIC HFAT LOSS DR GAIN

(W/(M=e22K))

IFLUID = NAMF NF WNRKING FLUTD
1PUNL = CNPE FOR_PUINNL F_FEFFCT

IPUDL = )y PURDLF FFFFCT IS MIT INCLUDED
2 PUNDLE FFFECT IS INCLUDED

INIT = NO. OF JTFRATIONS PER LNBP NF ITFRATION
JPIPF = PIPE WALL MATFRIAL

!

KTYPF = CODF TN SPFCTFY BOUNDARY CONDITIONS (SFE ThHF MANUAL FOK

IRIS CONF)

MGRAVT = CODF FOR GRAVITY EFFFCT
MGRAVT = 1, ZFRO=G CONDITINN

2y ONF=G
MP,MPAR = STORAGF PARAMFTFR .

CONPITION

NCASF = NO, OF CASES IO WE RUN
NGHV = NO. (IF GRONVES

NDIVR = NN, NOF DIVISIONS IN R=-DIRFCTINN

NDIVSI = NO. OF DIVISINNS IN PSI-DIRFCTION

NDTVZ = NO. OF DIVISIONS IN 7=NTRECTINN

NDIVIF = NO. NF_AXTAL NDIVISIANS IN FVAPMRATNR

NDTVIA = M. NF AXTAL DIVISIONS TN ADTARATIC SECTION
NDJVIC = NO, NF_AXJAL DIVISINNS IN (CONNENSER

Iakel aNaltalaliaNallalallaEsliaNalalalla¥allalel alelaVola¥el a¥eliatsllaknl e e]

NGC(1)et2)4(3),414)
NGE(1),(2),(3),(4)

= PSIC CONVFRTFD TN GRINVFE NUMRERS

PSTE CONVFRIFD TN GRONVE NUMRERS
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W e T — NS M e tw A P G E e kM oA e

MITN & TNTAL NUMBER NF TTRRATIONS

PRSI w o aNGLE OF MIDES Al J tRAN,) -

PSICILIL L2040 (200 (&) = ANGLES IN SPRCIFY CAAL IMG ZANF (NFLG)
CSIEL)dat2) (2o te) » AN ES TN _SPECIFY HEAYING J0ONE (DFG. )

|
|
|
1
i

b ———— o o p——.

Lo.0Max = MAX, HFAY TRANSPORY OF PIPE FOR NPYIMUIM CHAKGE (W)

LOMAXGR x MAX, HEAT TRANGHIKT OF SINGLE GROGVEADJUSTEND FIK

OOTAIL = INTAL KFAY INPUT (W)

OMXO = MAX. HFAY TRANSPORY NE SINGLE GRANVE (W)
TILY AND PUNDLF FFFEGY >
OMAXHP = MAX, HEAY JRANSHORY OF PIPEANJUSTED HIR TILY AND

shopnaboanparna

— iz

PUNDLF FEFFC Y
OTRNSP = NET HEAT IRANSHIRT NE PIPE (W)

. ade st B3 KW EIWCW. WK A et W e s

NSINGL = NFY HFAT TRANSHIRY NF FAGH GRAAVE (W)

i e n K ROUT, = PIPE QUTER RANJUY (M) o e ix e e
C RIN » PIPF TNNER RANIUS (GROGVE RNAT RARING T 1M
o RY = VAPOR CORE RANIUS. LOGRODVE TLIE BADIUS) (M)
C RHOL+RHN = FLIED DENSTTY (KG/Mew3)

e e ke e RALY 2 BADIUS.OF MIDES AT 0 L. . e s s o n
C TEMPS = AMBIFENYT JEMPRRATURE (K)

e Loe o JOUMDLIHG x, CONDENRER WALL SURFAGE JEMB, (K)o

¢ TEVAP,TWE = FVAPNRAINR WALL SURFAGF TFMP. (K)
o IMLIVAR s VAPDE TEMPERAYIRE (K}

e e e s S W1 A Vowr B8

L e RN T o T — e weeowm . 2 e — L m X  tw wer L ST s
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ORIGINAL PAGE jg
OF POOR QUALITY

TTYWCAV & AVERAGE CANDENSFR WALL SUKFACE TFMP. (K)
IWEAY = AVERAGE FVAPOKAINK WALL SURFACFE 1tMP, (K]

TIN = PIPF INNFR SURFACF TEMP. (K]
_TOUY s PIPF DWITFR_SURFACE TFMP, (K]

TTYFMPF = ESTIMATED FVAMNRATOR TFMP. (K)
TEMPC = ESTIMATED CONNENSER TEME,. _(K)

TNGRG = TNTAL NUMKHEK OF GRONVES IN COOL ING 7ANE
INGRE = JOJAL MUMHFR NF GRONVES JN HEATING 20 MF

W = RFLAXATINN PARAMFIER
WINTH = AVFRAGF GRNNVE LAND WINTH (M)

XLF = LENGTH NF FVAPARAINR SFCTION (M)
XLAD = LFNGIH NF ADIABATIC SEOTION (M)

XLC = JFNGTH NF CANDFNSER SFCTION (M1
XL = TNTAL PIPF LENGIH (M)

XSTHT +XST = STATIC HFIGHTY (M)
XSMAS XSM = FXCFSS MASS CHARGF (KG)

XPDL = PUNDLF LENGTH (M)

XTHNS = TRANSPNART LENGTH (M)

XSVOL = FXCESS VOLUMF (M==3)
Zi(K) = PRSEIION IN Z2-DIRECTION OF NODES AT K (M)

EEEERERBE AN B ERE RS R AR R E GRS AR AR EER SRR R BRGNS RN R TR B GRS R G

FUNCTION DFFINTITIOANS

BECEXB AR ER GRS R B R BRI AR BRI R ERRE R I BN EECE AR ERE N CRER AR ER D&

alalslalalelelaNaliaNal ﬁ(“f\ﬁtﬁf\ﬁ(ﬂr\ﬁfﬂf\ﬁ(ﬁr\ﬁx

ISN 0010 DRP (1) = (DRIT+IV+PR(III/2,
ISN 0011 DRN(I) = (DRITI+DR(1-1)}/2.
1SN 0012 NZP(K) = {NZ(K+1V+D2(K)II/2,
ISN 0013 NIN(K) = (DI(KI+NZ(K=1)1)/2.
1SN 004 CleTeJoK) = COMIS{KET)=PRNIT)/2.1%DPST(JI*D7(K)I/NRNIT Y
ISN 0015 C2(1+sJsK) = CONWS(RIT)I+NRPIT)/2.1%DPST{JI*NZ (KY/DRP (T}
158 ON16 C3(1eJoK) = CONWENZIK)®ALOGI(RITI4DRPITIN /2 V/(RITI=DRN(TIN/24.0)/
1INPSYLJ)
1SN 0017 ColledsK) = CONWENZ (KI*ALOGI(RUIV+DRP(TII/24V/(RETI=DRN(T}/24010/
1APST I}
ISN_D01R CSULodaK) = CONWSNPST(UI® {((RITI+PRPIT) /2, ) *x2~{RI1)=DRN{1)/2.)
1#%21/2.1/DIN(K)
ISN 0019 COlTaJdeK) = CONWEDPST(JISLIIRITI+DRP(T)/2. 1 %%2=(RIT)=DRN(T)/2,)
1%%21/2.1/D2P (K}
ISN 0020 MPAR (1 +JsK) = (K=1)%L®M + ([-1)%M + J
c
C (333333313333 333 83333333783 RS S SSSSS ISR RS R RS SSSS R SRS R RS R R R X2 )
C
C INPUT SECTINDN
[d
C EEEERES BN RENEEE RN SRR SRS R I E SRR SRR R KX R EE R AR R K E R SR RS X8 %
c
C INPUY NPERAIING PARAMETFKS
C
ISN 0021 1PUNL = 2 i .
ISN 0022 KTYPF = 1 - -
ISN 0023 MGKAV] = 2
a —
C.__INPUT PIPF GFOMEIRY
C
ISN 0024 READIS10) XLFWXLADXLC
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OF POOR QUALITY

XL = XLF + XLAD + XLC

TTISN noes
e . e . e e e e e

C INPUT GRONVE GEAMFIRY
c

1SN 0026 REAN(S s 11) NGRVoGNEPTH W IDTHROUT (RN RV
O U en — e .
C INPUT FLUID AND PIPF MATFKIAL NAMFS
o -

1SN 0027 READ(5,12) CIFLUIDII) 121451, (JPIPF{J} 051,10}
'8
C  INPUT NPFRATING CONDITINNS AND FLUIN AND PIPF MATFKIAL PRIPFKTIES
[0 FOR £ACH HUN
c

1SN_N02K NCASE = ] o . _

1SN 0029 NN 20 IRUN=1,N ASF

198 0030 GO I0 (1a2,3)s KIYPE

1SN 0031 1 REAN(S,13) O(IRUN), TVIIRUND, OMAX{ IRUN)

ISN 0032 60 10 & . o -

ISN 0033 2 RFAD(5,13) O(IRUNI, TCOND{TRUND yOMAX ({ TRUIN)

JSN 0034 G0 10 _& . e ’ .

1SN 0036 3 RFAN(5,13) TEVAP (TRUN), TCOND{IRUN) ;OMAXTIRUN]

1SN

0036

& CONTJNUIF




ORIGINAL PRET I8
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TIENT003T T T T T RFAN(SL16) TCOMDLUTIRUND (K H0 CTRUNI T CANDWCTRIING T T
C. IN 7ERN-G CONDIYION SKIP THE NEXT GAKRD
ISN 0038 TF(MGRAVT JFG. 1) G 1N 20
LSN_ 004 _READIS,17) XSMETRUND L EL CIRUNI G XSTUIRUND
1SN 0041 20 CONT INUF
C
ISN D047 REANIS 141 (PSTFLT) I=21,4)
18N 0043 READIS, 16} (PSICLI),dsLeg)
1SN 0064 RFAN(S5.15) 1FMPS,HPAR
C
1SN N04S N 199 1Jsle4
1SN 04k NGEL]JI) = PSIELIJI®N RV/360. .
1SN 0047 NGC(TJ) = PSIC(IJY*#NGRV/ 360, ~
1SN _Q04R 199 CONTINUE
[d
1SN 0049 10 FORMAT(3F10.4)
1SN 0050 11 FORMAY(IS,5E1D.4)
{SN_0Q5] 12 FNKMAT (542,10A2)
1SN D0S?2 13 FORMAT(3F10.5)
1SN 0083 16 FOKMAT(AF]5,4)
1SN 0054 17 FOKMATUAF16.4)
1SN 0056 164 FORMAT(4F10, *)
1SN 0056 15 FORMAT(FI0.3:F10.4)
C
€ INPIIT PARAMETERS
C
ISN 0051 NDIVR = 3 s
ISN_00%A NNIVST = NGRV 1.~
1SN 0059 NDIVZIE = 10 q.
1SN 0060 NDIVIA = § ) —_
ISN 0061 NDIVIC = 10 o
1SN 0082 NDIVYZ = NDIVZE + NDIVZA + NOJVIC
1SN NO&KI L = NDIVR
ISN 0064 AL = L+ -
1SN 0065 LLL = L+2
LSN_0066 M o= NOJVST o e e e e e e
ISM 0067 MM = M+
9N _Q04P MMM = M+
1SN 0069 N = NDIVZ
1SN 0070 NN = N+l
1SN 0071 NNN = N+2
ISN 0072 INIT = & Y o
1SN 00713 We t,0 U7
[SN NOT4 NTSPFC = [-0] —_
ISN 0075 PA] = A.1%159
¢
'mﬁ"-itnt;}:{:#i;;;t-;;b;iilt-ti‘;;3&?5::;;?:?3&;Kﬁuiﬁ*:iii:#-n:unnvn¢¢"'
C
€ o e T PTPE AND GROOVE DITMFNSINNS o
£
C unuunvan.no'u-n“-ttntnn'uuuut#nt#tnv#\\nmﬁnvuv#tﬁ*»ﬂc:mt»qg##muuaun
"
1SN 0076 T T TTTMRITR (64921 cooTTTm o e
ISN0077_ 971 FﬂkMA1(‘1"?ﬂx.'#nnu#tn~¢¢unvv¢mm»wv-\vtnvuuct(t»»uunuuu~xu»~n«'/)
1Sh DOTR WRITE (649010 T T T
158 0079 GOL FORMATE 20X, ' THEKMAL  ANBL YSTS NF AXTALLY GRONVEN HEWY PPt /)
1SN (0 WRITFIh 922}

1SN Qual 92/ FnkMATI/QX!|v#vuunmvwvvsuu»u”nﬁ»nnnu%vu#:nm»N“#nh\~i“n\uknul)




1SN

1SN

0H0R?
0043

o b

OF FGUR QUALITY

TMRITET6.960) CTRLUIDIE I 121,81, (JPTRF () sJ=14100)
960 EORMBYL///aL5% " NAMES (iF HORKIMG FLUIO AND PIPE MATERIAL Y0 /7

|

20X 'WORKIMG FLUIDY TT744547/
1 20X 'PIPE HMATERIAL 5,174, 042}

ISN
] SN

NOK4G
00RS

*AOUT = RONIT=2,
LDIN = _Rime2,

ISN
1SN

00RA
00R7

WRITF (59021 XLFsXL ANy XLC XL 3P 11T o1 TMNeRY
902 FORMAI(/// 15Xy VHEAT PIPE DIMEMSIOING? W/ /, ) _

20X« 'FVAPNRATAK LFENGTHIM) ' o T70,F15.5/
20X *ANIARATLIC L ENGIH(M)Y , JTO,F) 6,5/

20X s P*COAMNENSFR  LENGTHIM)Y ' 4 TTOWF15.5/
20X, VINYAL PIPE LENGTHIMIY ,TI0,F15.5/

20K 4P IPF NUTFR NIAMFTFRIM) 4 T70.F) 5.5/
20X, "PI1PE INNER _DIAMETERIMI ¢, TT0,F) 5.5/

NORA

20X, 'VAPNR CURE RADI 'S(M) ! TTOWF15.5)
WRITF(A,903) NGHV,GNEPIHWINIY

ISN

00R9

Q03 FOKMATI//+¢15X ¢ 'GRANDVF DIMENSIONSY o/ /
1 20X P NUMKER OF GROUYES' 175,15/ —

1 20X, *GRONVF NFPTHIM) '+ T70.F15.5/
1 20X, *AVERAGE § AND WIDTH{M)' 3 TT0,F16,5)

el

AN PNY HEATING At 00t ING MIDFS




c”ut{m£w~ ﬁ E&
OF POGR Ququ

C
1SN 0040 WRITE(6,976)
ISN 009} 976 FNRMAT(//4 15X, 'HEATING AND COANL ING MANFSY)
1SN_00Y? __JFUNAFLLY GFD . O JANDy NGREL2) JFO. M) 6D 0 977 _
ISN 0094 WRITE164979) PSTFI1),PSTFI2)
ISN 00495 919 FNRMATL/, 20X, "FVAPOIKATOR REGINN' 3 150 'MON=TIM]ENKM HEATIMGYy /0
1 TG0, THEATING REGLON COVERS FRAM PST=17F5.17 7 NEG ~ TN PSI=
(F5.1,% N7ty
1SN 0096 TFIMGF(3) oL 1. M) WRTITF(6,9R0) PSTIF(A) PSTF(&)
ISN _009A 980 FAKMAT(ATXs*AND FROM PST=¢4F5.1,¢ NFG 10 PSI='4FS5.140 NEG')
1SN 0099 60 TN 9A1
1SN 0100 977 WRITFIOQTH) _*__”“_N_mm_m~__~'
1SN 0101 Q18 FORMAT(/, 20K *FVAPAKATINR REGINNY, 70 "UNTFORM REATINGYY—— ——
ISM 0107 981 CNNT INUF
TSN 0103 IFINGC (1) «FU. O <AND. NGC(2) <EQ. M1 GO 10 92
1SN 010% L_WRITF{649R4) PSIC(1,PSICI2) —
1SN 0106 984 FOKMAT(/7420%, "CANRENSER REGINNT 2 T60, VRON-TINTFORM GUAL INGT /Yy
1 150, CONLING REGION CAVERS FROM PST=1' F5.1,¢ NEG TN PS1=!
1 WFS. L U DEGYY
1SN 0107 IF(MOC(3) LT, M) WkIJF(H,9H5) PSIC(3),PSIC (&)
1SN 0109 985 FOKMATIATX,'AND FROM PSI=? F5.1,' DEG TN PSI=t,F6.14' NFG'}
1SN 0110 L _GQ_TN 4Rs | L -
1SN D11 9R2 WRITFi6,9H3)
ISN_ 0112 963 _FOKMATL/, 20X, 'CONDFNSER REGION', TT70,'UNIFIRM CNOL INGY )
ISN 0113 966 CONTINUE
C
c SEES R ERNEEER O EE RS A EEC AN E DA KR E NS RN R R R R E SRR DM B ENE TR R R B R B
c
I MFSH GENERATINN -
[
L L I I I T I T I I I T T I I I D T I T Y Ty
C
TSN 0114 NN 101 T=2.LL
ISN 0116 NR(LD = (ROUT = RIM}/L
ISN 0116 RTIT = RINY(I-1.51%0R( 11
ISN_ 0117 101 CONTINUF
TSN O11R T PR(I) = 0.0 -
ISN 0119 R{1) = RIN
1SN 0120 ARILLL) = 0.0
ISN 0121 RILLL) = ROUT
3
1SN 0122 NN 102 Jd=lo MMM
ISN 0123 NPST(JY = 2.0%PAT/M TTTTr T
1SN 0126 PSI(I) = (J=1.51%NnPST(.4)
SN 0175 102 CONT INIIF
1SN 01276 PS1(1) = 0,0
ISN 0127 PSIIMMM) = 2.0%PAI Tt T
C
1SN 0128 nZ(11 = 0.0 [ —
1SN (1179 7010 = 0.0
1SN 0130 NDVFI = NNIVZIF + 1
1SN 0131 __.hn 103 K=2 ,NDVE]
1SN 0137 TTTRTORY = XUF /N IR T B T - -
1SN 0133 7(K) = (K=1.5)%N7 (K} _
TSN 0134 SO TENNTINUET T T - - — T mm
IS8 N13§ MOIVF? = NMNOIVZF + 7
1SN D136 NDVFAL = MOJVZF + MDTVZA + )

1SN 0137

nn ]0_4 K:hﬂﬁ_?“,rynwnl
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2oeR @

' » l“ -M_ : L
PALITY

-
)

1SN N13R NZ(K) = XLAN/MRIVZA
158 0139 oL UR) = XLE ¥ (K = NDIVIE = 1.83e02(K) . . — e
1SN 0140 104 CONT INUIE
1SN 01¢6) NOVEAZ = NDIVZE + NDIVIA + 2
1SN 0142 DN 105 KeENNVFA? NN
1SN 0163 DZIK) = XLL/NDIVZC - be e ee e ot oo e i
ISN 0144 7(KY = XLF + XLAD + (K = NDIVZF = NDIVZa = 1,.5)#N7 (K}
I N 0148 105 _CONT INIIE —
1SN 0146 N7 (NNN) = 0.0
1SN D147 JINNNY = X|

C

C SEREFEASRUBERE RIS SRS U R RUR B RSB AR ECR AR R ERY R IR CR AR BRI R B U BN E.

C

C RUN THF _PROGRAM FOR_THF NUMRFR NF CASFS SPFCIFIED . _

C

[ AN RU AR RSN R RN NG YRGB R SRR NN MR REE RS IRB IR BAUMT Y RN BN AR

C
ISN 0}4R nO_50 1RUIN=1,MCASF e
ISN 0149 CONL = CONDLETRUND . L o
ISN 0150 RHOL = RHN({IRIIN)
1SN 0151 CONW = CONOW(JRIIN)




CRIGHIAL Broa b
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OF PGOR CUALITY

(.
(. CAMPUTE SIMGLE GRONVE TRANSPORT L IMIT
{SN 0152 IR IMARAVT LJFD. 1) GOOTD 120
¢ o e e
C FOR ONF=G CONNTTINN (PUNDLE EFFFCT 1S CANSINFRED LATFK)
1SN 0154 FLv_ = _FLOIRUM) e
1SN 01585 XSTHY = XST(IRIIN)
1S _DYSH XSMAS = XSM{IRIIND
ISN 0157 OMX0 = OMAX(IRUN)/NGRY
JSh_DO15R DO 121 =204 et e — . e r—————
ISN D159 OMAYGRIJ) = OMKO® (1. =~ FLV/XSTHT)
[SN_0160 IR (DMAXGROJ)Y LLF, 0,01 OMAXGRISI=0.0 - — e
1SN D162 121 CANT INUF
188 0163 GO 10 122
C
1SN 0166 120 CONTINUF _
C
C FNR_7FRN-G (‘nanTlg_l_‘_
ISN 01658 oMXD = QMHAX {TRIIN) /NGR
1SN D) b6k NN 123 J=2, MM
ISN 0167 OMAXGR(J) = OMXO0
1SN 0168 123 _CONTINUE e
G
ISN 0169 .22 CONTINUF e o
C
C. EXEREREAE B BACE R AR E R AR BRI SRR AR EE TR M EEI RN KR BE R E R R SRR G IR R
C
C CALCILATINNS NF FVAPNRATOK AND CONDENSFR FOUIVAL FNT HFAT
C TRANSFFR COFFFICIENTS
C
C SR aEBOMEEnnN b en AR AR E R E RN R T E RN AR AR SR G R AR KRR G o X
C
ISN 0170 HFVP = (NGRVRCON. /12 ., %PAL=RINYI/Z(OTOY+{CANL/CNMWIRIGNFPTH/WIDTH))
sy o111 HCON = (NGRV*CONL /(2. *PAT%RINIY /(0204 (CON/UONWI*(GNEPTH/WINTHI )
C
C AR A O KK AT AR N A K Rk e N X N KRR R K R IR SR KRR MK R SR BT A MR K e KKK B M NN N R R R
C
C STORAGE NF COFFFICIENTS
C
C KR N K KBS AR KK AR AR K O R N R XK KR KKK AR e KR AR 0K XA W R o A o O o o N K BR aE  ak ak e KK MK N I KK
C
JSN 0172 NN_200_K=2,NN
ISN 0173 NO 200 J=2, MM -
ISN 0174 NN 200 1=2,LL
1SN 0178 MP = MPARI{1,J.K)
C
1St 0174 CIMPVEY & C(T.d7k) ™ T
IS8 0177 CiMP,2) = C? {(1edeK)
[SN Q)78 TIMP3) = C3(T.J7KT
1Sn (0179 C{MPal = Coll oK)
{SN OIRD C{MP.R) = C8(1eJek)
TSN ()R CtMpeh) = CalladeK) . _
1SN 01BZ CIMP,H)} = 0.0 .
1SN 0183 FS(MP) = 0,0
1SN 0184 TOUT LK) = 0.0 TTTTttTT T T T T Tttt ot T
C
C SPFCIFY HBNOUMNDARY CONDITINNMS
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oF POCR QUALETY

TPARASITIC HEAT LOSS OR GALN

C *pODES CONMTAL TING 28D - Trmmem - .
C , - S - . w
1SN 0188 TELK kO, 2) CUMPLSIR0L0
Lo . ——
€ «NDDFS CONTACTING 7wXL
- U ¢ - .. . - L.
1SN O1R7 1E(K JFO. NN) CUMP,61&0.0
U G . e ——
C »LNFS CONTACTING RuRDO
[ —
158 01R9 1601 NF. LL) 60 0 200
s i oot e e onme i+ ot oo meoe e T v i - —
¢
L.

T ION 0191

TUUCUMPL2) x G201l K ) e (HPARSDRILL ) /CNNWIZT2.0 4

— -~

- LAN D192

-~

HB AR YR () /CONW )

CUASSTEY BOUNNARY CANNTTIONS TNT0 THKEF TYPFS
GO IO (201420222030 K1YPE

B emma b % ek

IEn 0193 201 CONT INUIF R
R - f. -
€ TYPE 1 BOUNDAKY CONDITION
N —_— e ot e o



ORIGHINT frrs 1o

OF POCR Qb LETY
T TN 0194 OTOTL = OLIROM) - oo e e
1SN 0195 1vAP = Ty (lkiing
€ FVAPORATIAR (INVAL HWFAY INPUT SEECIFIEDY - i e
___ISN 0194 L TEINGELR) WGT. M) (4110 204 . _ o .
1SN 0194 TNGRE = (NGF(2) =~ NGFILY) ¢ INGFI4) = NGE(3))
1SN (1199 GO 1IN 204 .
TSN 0200 204 TNGRF = NGF(2) = NGE(T)
1SN 0201 205 CONTINUE o e .
1SN 02027 TECI LTS AINGEOY 20 e 0210
1SN 0206 JEFGS GGF L ANGEL2)42) (ANDL LT, INGEI2142)) M0 210
1SN 0206 TTRELD JGF. INGFU4)+2)) 0 1O 210
1SN (1208 TELZ(KY OYe XL FY €O 311 210
ISN 0210 FSIMP) = DZ(KI®OINTL/ (TNGRESXLF)
1SN 0211 R N N s
c
C CONDENSFR _ETNTAL HEAT OUTPYY SPFCIFIEN) e
c
1SN 0212 1EAMGCEA) LG61. M) GO IN_211
1SN 0214 TNGRC = (NGC(2) = NGC{L)) + (NGC(4&) - NGC(3))
S §-1 Y1 ¥ - S 11 B A 4 I 2O N s
ISN 02164 211 TNGRC = NGCL2) - NGCUT)
__JSN 0217 . . _ 212 CONTINUE e e e — e e e e
ISN 0218 TR LT INGGO11+2)T 60 TR 7320
1SN 0220 JE(J oGF, (MGCUP)+2) ,aN0. J LLT, INGC(R)+2)) GO W 220
ISN 0222 IF(J «GF. (NGC(4)+2)} GO TO 220
1SK_0224 e CMELZUR) LT IXLFeXLADY) GO_TIN 220
1SN 0226 FStMP) = ~nZ (K1 »0TATU /T TNGRC®XLT)
1SN 0221 220 _CONT INUF L
ISN 0228 G0 70 200
C
SN 0229 202 CONTINUF
C e o Jpp—
. TYPE 2 BNUNDARY CONNITION —
C
1SN 0230 arnTl = 0UTRUNT
1SN N231 THWC = TCONDCIRIINY
C
¢ FVAPNRATNR (TNYAL HFAT INPUT SPECIFIEN)
C
1SN NP2 1IE(NGE(3) 6T, M) 60 10 221 ;
1SN 0234 TNGRE = (NGE(2) = NGE(IT) + (NGE(G) = NRECETT
1SN N238 on TN 222
ISN 0234 221 TNGRF = NGF(2) = NGF(1]
IS8 0237 222 GONTINUF —
1SN 0738 TFLD LTe INGFILY. 0V 6V 30 273 "”
1SN_0240 JAEL oOF . INGFL2)+2) JAND. 0 LT, (NGF(Z1420) 60 T 223
1SN 0742 1IFUD .6F. (INGFTZ1+21V 60 TA 773 -
ISNM N24g TEI7(K)Y 6T XUEY [0 N0 2P
1SN 02464 FSOMPY = PIZIRISOTNTL/ (TNGRERXL F )
- ISN 0267 223 _CONVINGOF
¢ e srreermon e e e
,,..(-_ﬁ_,__‘C“,"!'EY‘,'C:FL._‘”MFp SHHEACF TEMPERATURE SPECIRTFM
c QUTEE 2IMEACE TEHMPERATI + - e e e,
1S 0P4R TFt) AT, (NGCE1I20 ) AN IR
1SN 0260 TF(S ofF. (NGEL21+71 vARD. 1 W1 1. (NGETRT0) T 0 554
SN 0262 e BN BOF, INGCLL) ¥ 2)) (W 224
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ISN NP8 TE(7(K) oLTe (XLF+XLADI) GO 10 274
e dsm 0286 - TOUT K] = Tl o e vt ————— -
1SN 0257 CIMPLRY & C211,JsK)
1SM 0268 224 CONTINUE
1SN 0259 © 60 TN 200
L . — e . PO
1SN 0260 203 CONT INUF
€ e _ e
C  TYPF 3 BNUNDARY CONNITINN
ra
1SN 0261 TWE = TFVAP(IRUN)
1SN 0262 I = TCONDIIRLIN) _ e e v ———
C
C FVAPNRAINR (NUTFR_SURFACFE TEMPERATURE SPECIFIFN) o _
C
1SN 0263 1E(S 2L T. (NGECL)+2)) 60 10 226
ISN 0265 TF(J «GFe (NGFI2147) .AND. J JLT. (NGF(3)+2)1 GO 10 275
ISN_ 0761 1E () «GF. INGEL&)+2)) GO T 225 o L
1SN 0269 1F(7(K) +6T. XLE) GO 0 225
1SN 0271 TOUT (o Ki = TWE__ _
TSN 0272 C(HP,BY ® C2(1,d+0)
1SN 0273 225 CONTINUF




ORIGINAL Pasy 1o
OF POOR QUALITY

C
C . CONDFNMSFR (OUITFR SUIRFACFE TEMWERATIIRE SPECIFIFN)
C
—ISN 0274 _FTFG WLTe ANGOLLNe20) G0 TO 226 L
ISN 0276 TRt oGF. INGLU2)42) JAND. J LT, INGGCE2I+2)) GO TU 226
—ASN 0278 L NFLD oGE. INGOUGI+2)) GO TO 226 L . - e e
1SN N2R0 TFL7(K) JLT. {XLF+XLAD)) GO TN 226
1SN _Q2K2 TOUT (Kb = 1WC .
ISN 0283 C(MP,B) = C2(1.J,%)
1SN Q284 226 CONTINVE .. . e e e
C .
ISN Q2HS 200_CONTINUE e N __
[
C _sNONES COMTACTIMG R=RIN
[d THIS PART SPFCIFIFS NINLY PUNDNLF FFFFCT
C HFAT TRANSFER CONNETION IS SPFCIFIFN IM THE TTFRATIUN SECTION
C
1SN _02R6 TE{MOGRAVT KO, 1) 6N IO 270
ISN O2RR IFLIPUNL LFO. 1) GO 10 770
1SN 0290 JF{XSMAS JLF. 0,0) GO W1 270
ISN 0292 IFIFLV LF. 0.0} GO TN 270
C (PUNNLF FFFFCT FOR_ZFRN-B FVATION IS MIT TRFATFD IN_THIS PRIGKAM)
ISN 0294 CALL PUNNLE
1SN 0295 270 _CONTINUF
c
C EERESEENBEBESBEREIBEINRENARE R R BRI LG EEB DR R ORGSR RN B DL ST KRR RN
[«
C INITIAL FSTIMATF OF TFMPFRATURF FIALD
[d
C BEKEKEFUEEPEEECR R EEEL LU SRR EEERDIFECEREEANERE R RO ARE RS B AR R KR RSB R XK EE KX E
[4
1SN 0294 GO IN {250,25)1+252)s KIYPFE
C
1SN 0297 250 _CONTINIIE
o
C __FOR TYPF ] BNUNDARY CANNITINN
[d
ISM 0298 1 =1
ISN 0299 NO 2583 J=1,MMM
1SN 0300 AN 2583 Kx] MAN
1SN 0301 TUlsJeK) = TVAP
1SN 0302 253 CONTINUE N
ISN 0303 TEMPF = VAP + OINTL/(2.*PAT®RIN®HFVP®XL F)
1SN 0304 TEMPL = VAP = NINIL/ (2. %PAT*RIN*HOAN®XLC )
1SN 0305 N0 284 [=2,LL
1SN 0306 NN 2654 J=],MMM
1SN 0307 N0 264 K=1,NNN
SN 030R T(levK’ = JVAP
ISN 0309 TE(7(KY JLF. XLF) T(leJKISTFMPF
1SN 0311 TE(7(K) JGT. (XLF+XLAD)) T(T4J KI=TEMPC
ISN 0313 254 CONTINUF
ISN 0314 GO TN 260
£ —
ISN 031§ 251 CONTINUIF
c
C__FOR_JYPE 2 BOUNDARY CONDITION
c
ISN 0316 =]
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TVAP = TWC + DINTL/{2.%PAT*H I NSHCANSXL ()

Sy ey
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1SN 0317
158 031R_ DN 255 Jsly MMM —
1SN 0319 NN 256 K=l yNNM
1SN 0320 T(l.0aK) = TYAP
1SN 03z] 255 CONTINUIF
1SN 0322 CUIEMPE = QWG + () OZUHEVPEXLF) + ) O/IHCONSXLC))0TNTL/(2,0%P A}
1 sKiIM) :
1SN 0323 nN_256_l1=2,LL -
ISN 0324 N 286 Jx) MMM
1SN D325 DN 256 K=1 MM
ISN 0326 T(lodoK) = TVAP
1SN 0327 1F(Z{K) oLFEq XL E) JL]JsKIZTEMPE e
1SN 0329 TF(7(K) «GTe (XLF*XLANY) TUIyJeKI=TWC
1SN _033) 256 CONTINUE, —_
ISN 0332 GO TN 260
C
ISN 0333 252 CONTINUF
c - —_— e e
C FOR TYPF 3 ANUNDARY CONDITION
C
1SN 03346 T =1
1SN 0335 JIVAP = (IWF 4 TWCe(HCONeX CYI/IHEYPeX FV) /(1,0 + (HONSXLC)/




OF POOR QL7 f_'rv'

1 (HFVPeXLF) )

ISN

03177

1SN 0334 OT(IL = 2, %PAleRYO{IWE = TWCI/Z{1 . Q/({X¥ FRHEYP) + 1, 0/(XLCeHCON))
ISN 0337 NN 287 Jel MMM
ISN_033R e DD 2R K g NN e e e ——————— e ot e e m
1SN (0339 TiloJdeK) = TVAP
1SN 0340 _ 2571 CONT|NUIE e e e+ e o e — s e . -
ISN 0341 NN 258 1=2,LL
1SN 0342 DO 28R =1 MMM
ISN 0347 NO 256 Kol NNN
1SN 0346 TUlydaK) = VAP
1SN 0348 TF(2(K) LF. XLF) T{TeJdeK)=TWF
ISN_ 0347 TFA7UK) _o6To AXLEXLANY) VL1oJoK)ETHE . .
ISN 0349 25R (ﬂNTlNHF
C
ISN 0360 260 CONTINUIF
C
ISN 035] 1 = LLL
ISN NS 2 NN 261 J=s] 4 MMM
ISN 03983 NN 261 K=1,NNN
1SN (0354 YiladeK) = 1EMPS
1SN Q03K5% 261 CDONTINUF
C
c "“‘.""““l.“"“::;"5#0‘#'tl““;.—ﬂ"‘“‘\‘l'."'#"’;’::‘:.”m
C e e s
¢ CHECK FNK TRANSPORT LIMIT
C
C SEES BN RS EREE SRS E IR RSN B URCHENE BB AR BU BB XA R RO R A E N E TR NN E B CRB LR R
C
C CALCIILATF HFAT TRANSPORT LIMIT OF HFAT PIPF
ISN Q356 OMAXHP = (0.0
ISN 0357 NN 262 JE24MM
LISN 0358 262 OMAYHP = OMAXHP + OMAXGH({ )
: Cc 1F TOTAL HFAT INPUT 1S LARGFR THAN HFAT PIPF TRANSPURT LIMIT,
C TERMINATE CNMPLITAYINN.
ISN (359 TIF(DTONDTL GT. OMAXHPY GN TN 973
C
M O L I I I OO I O T T T r Y Y Y
C
C ITFRATION
C
AT I T e N oo oy
¥
c
ISN 0361 JIN = 1
ISN 0362 300 CONTINUF
1SN _ 03463 DO 350 [1=),1IN1IT
ISN 0364 NO 310 KK=l,N
JSN_0365 K_= NNN_ = KK .
ISN 0366 NN 310 Jm2,MM
1SN Q347 l1 =2
ISN 034R P = MPAR(T,JeK)
(SN 0369 TIA1o oK) = TUIo9oK) _ -
ISN 0370 TF(C{MP,1) JLF. 1E-5) GO 10 300 - - —
[S™M Q0372 TF{T(TedeK} GT. Tvap) G0 1N 201
TSN 0374 CMP T = CTOLV KT THCANSOR T2V 7CONWT /T2 0« ROONSDRTZY7TONY
[SH Q378 G0 TN 302
ISN 0376 301 CUMP,1) = Cl{T,J K)I®{HEVPRDRI{2)/CONWI/ (24 + HFVPRNRTZT/TONW)

302 CONTINUF




ChIEEIAL PREETTE
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ISN N3T7R CUMPL,T) & CIMPall + CU{MPo2) + CUMP 2 + CIMP b)Y + LIMPS) +
e e e e 1 L(mPy6y
ISN 0379 Nz CIMP L)1l =14JyK} 4 CIMPL2)eT{],d=1,K) + CiMP )= (T oJ+ oK)
1 4 CIMP 81 T{)adak=1) + CqMP,eI8T([rfsK+]1})
ISN N3AR0 CCTIMALT) 2 ~CUMP 21 /CIMPyT)
1SN _03H] e = DIOMALLY = DILCIMELTY - . T,
c
1SN _03R2 NN. 303 .1=3.1 . - —— e e = e e
ISN 0343 MP = MPARI(L,JsK)
1IsN_ (0384 IY (], daK) = TA{ladaK)
[SN (345 N = CI{MP,3)®T(l,J=1,K) ¢ CUMP,&IeT(1,4J+1,K]) + CIMP 5 )®T{] o JsK~1]
1 + CiMp 6o T(Lada KoY . rem .=
1SN O3RA C(MP,7) = CIMP,1) « C(MPo2) + CUMPy3) + CUMPs4) + LIMP,R) +
o L CAMPAYL i
[SN O3AR7 NEN = CIMP,T) + C(MP,1)1=CTDMALT~])
19N D3RR Cynmafi) = =C{mMb,?2}/NEN
{SN QN3H9 NTNMALTY) = (D + CIMP,1I*DTOMA(T=111/DFN
ISN 0390 303 CONTINUF _
C
1SN N391] 1. = Ly e
ISN 0397 MP = MPAR(] 4JsK}
SN 0393 TT 43 ede®) = T(foJeK}
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- - .. — - .. f meeiember— e m s b e rmme n aemear

TTTTISNTA394T T T T TN e CUMPL PRI 10 K) + CIMPIAIRT(I L d=1,K) + CUMPL 4 RT (L d4l K] +
1 CAMPL G I# 1] 40y K=1) + CUMP,AI®TLT doKel) + FS{MP) ¢ ((MPH)»
L1 TOHIT (KD
1SN 0395 L _CIMPyT) E CUMP LS + CUMPe2) + CUMP3) + CUMP &) + L(MPyS) +
Y CMP L a) 4 CUMP R
1SN 0394 _NEN = C(HPTI_+ COMP,1IRCTOMALT=1) e
ISN 0397 NTOMALT) = (N + CIMP,1I®NTNOMALT=1))/NEN
C
C  TFMPERATURF CALCILATINNS
c ) — _ e e+
1SN 0398 1 = LL
1SH_0399 TllaudeK) = DINMALT) A —_—
ISN 0400 nO 304 11=2.0
1SN D&p] o= (Lt =11
ISN 0402 TiledoK) = DTOMALT) = CTOMACTI®T(I+1,J4K)
1SN 0603 304 _GONTINUIF
C
€ RELAXATION
c
SN 0404 NO 305 [=2,LL
ISN 0408 T DeKY 2 (1.0 = WISTY{] 409 K)Y + WET(],0,4K)
1SN 0406 305 CONTINUF
ISN Nz07 NN 306 1e2,LL
1SN 0408 1F(J .FQ;_gl_lQ]_ggﬁj&lfT(l.i:Kl
TSN na10 TFTd FOL MNT TTT 1K) =TT d KT -
[SN 0412 306 _CONTINUF
c
1SN N4)3 310 CONT INUF
c
[ VAPOR TFMPFRATIRFE AND TOTAL HFAT TRANSPORYT CALCUL ATIUNS
C
_1SN 04l4 TIVAP = JYAP
ISN 0416 1 =2
1SN 0e) 6 N0 315 K=2,NN
1SN 0617 NN 316 J=2,MM
1SN _N4}R MP_= MPAR(l,JeK} . _
ISN 0419 IF(C(MP 1} &L F. J1F=5) GO 10 al7
LSM 0421 JF{Tt]aJsK) LGl TVAP) G0 IO 316
ISN 0423 CIMP.1) & ClIT¢JeKI®{HCON*DR(ZV/CONWY7(2, + HCON®OR (2 Y /CONW )
1SN 0424 6N TN 317
ISN 0425 316 C(MPo1) = CLIToJoKI®(HFVP*DR(2)/CONWI/ (2. + HEVP*NR {21 /CONW )
1SN 0426 317 CONTINUF
1SN 0427 CiMP.TY = CIMPLIT & C(MP,21 + CIMP,3Y + CIMP. &) + CIMP,5) &
1 _CIMP,6)
ISN 042R CPRIMF = CIMP 71 = CIMP,1) + CI{T+d+K]
ISN 0429 TINGUK) = (1.0/C1 1o JoeK)IR(CPRIME*TITad oK) = C(MP,2 18T (141 4J,K)
A = MR AN T T Jm 1K) = CUMP e ® Tl g0+ 14K = CIMP 5 I®T(1,J7K-17 =
1 C(MP6I®T(LJiK+1)) .
1SN 0430 315 CONTTNUE
ISN 0431 HNT = 0.0
1SN 0432 HDA = 0.0
1SN 0433 NTKNSP = 0.0
1SN 0434 NN 378 J=2, MM
1SN 04135 NSUM_= 0.0
ISN 0436 PO 330 KK=]1,N
1SN 0437 K_= NMN - KK
ISN 0G3R MP = MPAR(],J.K)

ISN 04139 1E(C(MP,1) LLF, 0.0) GO ™ 330
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\ - -
ToN Nesl 1EITINIJSIK) 61, TVAP) () 1IN 319
— ISN. 0443 HDT 2 HDT + HOOMSTINGIpK)eRINSDPST(JI®07(KY -
1SN 044 HNA = HNA + HCONSRIN®RNPS)(J)%N7(K)
1SN 044h ‘600 330
ISN D44k 319 HNT = HNT + HFVHSTIN(JKY =K INSNPST(J)*N7 (K )
14N O_L_‘_o'l - HOI{_.:. HDA + HFVP‘R]N“DPSHJ)"_Q]!K) e e
1SN 044R OSUM & OSIIM + HEVPe (TIN(J K) = TVAPI®RIN®APST (31 #N2 (K )
LYN 0649 TFINSUM _GT. OMAXGRIJ)) G0 TN =31
ISN 048] 330 CONTINUE
1SN (0452 GO 10 332
ISN 0453 331 CNNTINIIF
¢ [F_QSUM_ ]S LARGER THAN THE JRANSPORY LIMIT NF THF GKOOVF, THF
c GROOVE PARTIALLY DRYS NUT,
1N .0454 Kl = K
ISN 04656 N0 335 K=2 +NN
188 Q484 JEINK 4 1, K1) GN TN 334
ISN (48R CiMPsl) » CliTlsJoK)
1SN_0459 G0 .J0 335
1SN 0460 334 CIMP.1) = J1F-5
o (EOR_DRIEN-001 GROAVES C{MP,1) IS SET FOUAL 10 A SMALL NUMBEHR
' FOR CONVENIENCF NF NUMFRICAL JTERATION)
1SN _N&eA] 335 CONT INUF
-




OP.LFEJ‘Q‘_ EJ"’U"" prx
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TTsnT0en2 T T 332 CONTINUE
1SN D463 . OSIMGL(J) = NSUM
1SN 0464 OTRMSP = OTRNSP + OSUIM
SRR . LUNN 7% » 1 _LALH CONTIMIE . e+ s —
ISN NLAAK GN TN (311.51?v31?)' KTYPF
1SN DGAT_ 312 TVAP = HNT/HNA i L .
1SN NLKHA TVAP = (1.0 = WISTIVAP + wWaTVAP
ISM L hS 1 =}
1SN N&LT0 NN 321 J=1,MMM
_Isn 0671 DO 321 K=1.NNM — —
ISN 0472 T(lydoeK) = TVAP
1SN 043 321 CANTINUE _
TTTISN 04 14 LN "CONTINUF
C
ISN 0475 350 CONTINUE
C
T I I I L I I
G R
C CNANVERGFNCE CHFCK
C
A I I ooIooooommmo
— G o e
[SN N&T6 nTMAX = AHS(IVAP TTVhP’
15N 0471 DO _360 K=2 NN __
1SN 0478 NO 360 J=2yMM
(SN 0479 NO 360 (=24t
1SN N&RO DT = ABSET{T ¢JoK)I=TTUl1sJeK))
1SN 0481 __1FANT .Gl. DIMAX) DTMAX=DT
1SN 0483 360 CONT INUIF
C
C IS THIS MAXIMUM CHANGE ACCEPTABLE
C
ISN 0O4R4 ITN = [TN « ]
[SN Q4RSS IF(NTMAX .GT. NTISPFC)Y GO 1IN 300
C
__ C MUMBFR OF TTERATION RFQUIRED FNR CONVERGENC F
C
ISN D&H? NITN = (TTN - 1}=INIT
[
C SUSSsRBRSNENRRENRN? SAURESERCKRRDRR IR R VRN R KR KRR R R R KRR KB RR AR RS
C
C SURFACF TFMPFRATURF CALCILATINN o
¢ ——
C R e R 0 we N R oG e X e ks 0 XK KO B KX R K X e KRR KRR KX KR KR KR KRG Ke N RN RNR KX NN KRR A e K TR KNS KOKE K he RO K
C
_ISNOLRR V=L . —— . ——
1SN 04R9 PN 370 K=2 NN
I8N _Dae0 DO _RAT0 J=2.MM e e e
[SM N49] MP = PAR( 1], JvK)
ISM Ney? CAMPT7) = CUMPW Y1) + CUMP42) + CIMPyR) + C(MP,4) + L{MPWS) +
1 C(MP,6)
CISN 0493 CPRIME = CUMP,T) - CUMP,2) + C2014d,K)
1SN 0494 TOUTIIWKY 2 (1.0/7C201 0 KIVE{CPRIMEST T od oK) = CUMPLIINTITI=1 4d oK)
e _l:’ r‘Mp'_f'“1(le-]|K) —C(NP 4"‘T(le+1'K) "r(MPQD)uT(le K 1)
1 = CUMPJOYSTIT U KR+ Y)y 777777777 - - o mmemm T -
SN 04985 370 CONT IMEF ' _

C
C ‘#“‘BH######&#V#O#Q( % ?Mﬂ#\‘##ﬂ###t uuw“v:vvlnnnunuwu&uv;uuu "A*#v##ﬁv
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[T - - . —— e = e e ———— e s ——

C
0. LAVERAGF SURFACE 1EMPERATURES NF _FVAMIRAING AMD CONDENSER —— -
C
( BRABNABNEECHELUBR RN IR S AR IS US AU O I AR AV EERE R R B EUEB SN EE RO B NN
c -
1SN 0496 G0 J0. (371,372,373}, KIYRE ‘e e e
ISN 0497 371 CONTINIUF

L - ——
C FOR TYPF I BOUNDARY CONDITION
L

ISN 049K TWES = 0.0
ISN 0499 JIWLS = 0,0

1SN 0500 NO 374 K=2,NN

1SN _0s0] DO 374 J=2, MM o . o : L

164 0502 TE(Z(K) oLTe XLF) TWFS=IWES+TAUTIJ K1 *RAUT*NPST (JI¥NZ (K)
_JSN_0804 JFL7(K) oGTe (XLE+XLAN)) TWCS=TWCS+TONT (I KI#KNUTROPST LIV =07 (K)
1SN 0506 374 CONTINUF

1SN 0607 TWEAV = TWFES/(2.5PAISKNUT#XL F)

1SN 050A TWCAV & TWCS/(2.%PAT*ROUT#XLC)

ISN_0509 GO TN _37%

c
1SN 0510 372 CONTINUE

ngir” e e




- ——— s

ORIGINA®. e 1
OF POOR QUAL vy '

C__FOR TYPF 2 HOUNDARY CONDITINN
.
1SN 0511 —INCAY = WC e
ISN 0812 TWES = 0.0
ISN 05])3 na a6 K=2 3NN _ - — o ——— e+ .
ISN n5)4 DO 376 U=2, MM
1SN (1518 JE(2(K) .| Y. Xl F) TNFS=THFS*TDHT(J:ﬁ)#ﬁﬂ“]‘ﬁPQI(J)“HZ(K’
ISN 0817 376 CONTINUF
ISN_0&1R THEAY = YWES/(2,#PA]*ROLT* XL E) _—
ISN 0519 60 70 375 -
- C. e ——
ISN 0520 373 CONTINUF
C
C FOR TYPF 3 BOUNDARY CANDITION
C - - — —
ISN 052] TWFAV = TWF
1SN N522 TWCAV = JuC e
ISN 0823 375 CONTINUE
C
c
C Eﬁ##:333‘-335#‘l‘“‘.‘U‘U“‘ﬂ“#“““#“.l‘*."“““‘.##*#l‘ﬂﬂ“"v
3 . ——
C EVAPORATOR AND CONDENSER NVFRALL F LM CIEFFICIFNIS
¢ —
C ""5.“""““#“'.‘“‘#"""“‘#““‘V*‘ﬂ#‘n""“‘#vl#““*‘#5#9
c
1SN_0524, FILREY = QIRNSP/(2.9PAl»RvaXUES (TWFAV = Tyap))
ISN 0525 FILMCO = OTRNSP/(Z.'PAI‘RV*XLC‘(TVAP - TwCAV))
c_ . T i e ,
c -uttatutntt;ttuttntvtvtt#ttttat##mt:uattt:t:utm:tn:xt:tu-a#:vi}-ti_m“'_
C
C QUTPUT SFCTION
C ——— . —_— e .
C #tttntt#‘*ll&t#t#8#"#lt-#at###‘ttt###'&##t#nt#nl't&tv*un!lltullvt
I c e S
ISN 05264 WRITF(6+961) IRUN
1SN 0827 961 FORNAT('1'114X1’CASE NUMBER =1,12)
ISN 0528 WRITFI(6,905)
ISN 0529 905 FﬂRMAT(i!.lSX.'HFAT PIPF NPFRATING CrANDITINNS ')
ISN 0530 IFIMGRAVT _FO. 1) G0 10 965
ISN 05837 WRITF{6,966)

T ISN 0833

IS

0834

6@2"%nkuATT77T?UXT?nwﬁrﬁ“tﬁﬁdki1ﬁ~') -
GO TN 947

1SN

SN

ISN 0537 "

0535
0536

"T96'T CONT INUF

965 WRITF(&6,968)
964 FﬂkMA]l//v?OXv'ZF&-G CONDITINNG)

ISN_083R G0 TN (906,907,901, KTYPE
1SN 0539 806 WRITF (679057 1NT, TVES i
1SN 0540 909 FNKMAT(20X, *1YPE 1 HDUINDAKY CONDITINNY /7
1 20X, *TNTAL HEAT INPUTIWY " TR T FI5.27
L b 20x,'vapar JEMEFRATURFIKIY y1674F15.7)
ISN 05%) GO TN 950 T T —- - T T T e T T
1SN N542 307 WKITE(6,910) 0INIL, Tl
ISN 08473 910 FnkMA1(?ox{'Tvﬁh'?"HhuNnAu?“thmnlfﬁhﬂ-i?“““ T T T e e
1 20X, * INTAL_HEAT] INPUT(M)  y TAT,EL R, D/
1 20Xy 'COMNFNSER WALL TEMPERATURFE (KT JTA87,F15.7)
1SN 0644 hnsese o " e _ —




Q08 WRITF(6,911) TWF, WG

g, oC
AR NN
g:u 'F)()Gt{: k‘f r\/

1SN 0845
LSN_QR4h (911 _FORMAT(Z0X, P TYPF 4 HNUNDARY _CONDITIONY // e
20X ¢ VFVAPNRATINR WALL TEMPERATUHE (KT ' 4 TAT F1 5. 2/
1 JOX G CCOAMIEMSER  WALL TFMPERANIIKFEIK ) ' e 1hT4F1 5.2)
ISN 0547 WRITF (6,95H4) OMAXTIRUINY
[SN 0R4R 95H FOKMAT (20X, 'MAX. HEAT TRANSPORT UNDFR O-GUW I T6T,F15.20
ISN 08&49 950 CONTINUF
I8N 0RS0 WRITF(649)2) TEMP_sHPAR
ISN 0551 912 FORMAT(20X . "AMKTFNT TEMPERATIRFIK) '+ T6TsFIB .2/
1 20X, YHEAY JKRANSEEFR CNEFF, FOR PARASTTIC '/
1 20X 'HFAT LOSS NR GAIN(W/ (Mxa2aK ) )1, TT0,E15.5)
1SN 0852 [F{MGRAVT JFO. 1) GN 10 969 .
ISN 0§84 WRITF (64970} XSMAS.FLV.XSTHT
1SN _055% 970 FORMAT(20X ' EXCESS MASS CHARGE(KG)',T70, Els 5/ . _
1 2UX W VFLFVATIONIMY Y s TT0,F16.5/
1 20X, 'SIAYIC HFIGHT OF PIPF(M)',T770,F15,5)
ISN 0656 969 CONTINUF
1SN 0557 WRITFE(6:904) RBBOL 2 CONL 5 CONW
ISN 0558 904 FORMATI// 15X 'PROPFKTIFS OF WARKING FLUIID AND BIPE MATERIAL /775

1 20Xs *FLUID DENSITY(KG/Ma%3) !, T70,F1 b5/ . S—
1 20X, VFLUTD THERMAL CONROCTIVITY(W/ (MK} )P T70,Fi15.57

1 20X, 'WALY THERMAL CONDUCTIVITY(W/ (M*K 1) TT0,F15,5)




‘ OREG'F\L E’DF e ,,0

OF POOR Gttty
1SN 0559 WRITF(6,913)
1SN 08460 913 FORMAY (////226%, YSURFACE YFMPFRATUKRE N]STRIPUTION (DFGREES K)'//)
1SN 0561 WRITF (64914}
1SN 0667 Y14 FORMAY(2X, 'AXTAL 'y 20X 'CIRCUMFFRFNTIAL LNCAYIONYY _
ISN 0563 WRITF (44930)
1SN D564 930 FNKMAT(LIX ILOCATINMY) . o
ISN 06865 WRITF(6,931)
4N QR 6A 93] FNRMATLAX, 97 (M)',235%,%PS] (NEGRFFS)I/)
1SN 0567 NO 951 J=], MMM
1SN _086AR _NFGLPSILY) = PST(JI®1R0.0/PA] e
[SN 0569 951 CONT INUF ;
1SN 0870 WRI C16,915) (NEGPSI(J)od=24MM,3) N .
TSN asT) 915 FORMATLIOX,12F9.11
1SN D672 WKITF(h,932)
ISN 0573 932 FORMAT( )
1SN 0674 NN 952 K=2,NN,? . _ .
ISN 0575 WRITF (649161 Z(K) s (TUTII K yd=2 MM 3)
1SN 0874 16 FORMAT(FT.3,3X,12F9.2)
1SN 1577 952 LONT INUF
1SN 0578 WRITF(6,9R87) -
1SN 0579 987 FOKMAT(']1',35X, 'HFAT TRANSPART OF FACH GRONVFE'/)
1SN _O5HD WRITF (6,988} (Jdyd=1.12) -
ISN 05R1 WRITF(6+9R9) (OSINGL (J),d=2,13)
1SN DSR2 WRITF (649R8) (JyJ= lj,gﬁl o
ISN 0583 WRITF (6,989 (OSINGLIJY, 0214425
AN _QS5RG WRITFE (6,9HB) (J,J=28, M)
1SN 0585 WRITF({6,9R9) (OSINGLLJ)J=264MM}
ISN_Q&8R6 QHR FOKMAT(// 12Xy 'GKANVE NN.*,6X,1218)
ISN 0587 989 FORMATI/42Xs '"HFAT TRANSPORT (W) '412FB.3)
1SN 0588 WRITFL6,917) — ) ,
ISN 0589 917 FOKMAT(///,30%,"HFAT PIPE PERFOIRMANCE CHARACTFRISTICS,7/)
1SN _D&Y0 NTFVAP = TWFaV = TvaP
1SN 06891 NTCONND = TVAP - TWCAV
ISN 05972 WRITF (6+918) OTRNSPOMAXHP,TVAP TWFAV,TWCAVINTEVAP (DTCOND,
} FILMFV, FIL MCO
ISN 0593 918 FORMAT(20X,'TNTAL HFAT TRANSPAKRT(WI'+T170,F15.72/
1 20X, VMAXTMITM HFAT TRANSPART(WYI Y 41 70+F16.27
1 20X, 'VAPNR THEMPFRATURFI(K} ' 4T70,F15.2//
1 20X, VAVFRAGFE FVAP, SIURFACF TFMP.IK)',TT0+F15.27
1 20X, VAVFRAGF COND. SURFACF TEMP.(K)'4TT70.F15.2//
1 20X, "AVFRAGF FVAP, TFMPFRATURF DROPIK) o TTO4F16.2/
1 20X, 'AVFRAGF COND. TFMPFRATURE PROPIK) W TT0.F15.2//
1 20X, "FVAPORATOR FILM COFFFICIFNT(W/ (M¥2%K) 1, TTOF1544/
1 20X, "CONDEMSFR FILM CAEFEJCINTIW/ (M®R22K )1 4 TT0DFlh.4)
ISN 0594 IF(MGRAVT JF0. 1) G} 10 945
1SN _DRYA IFOIPUNL F0. 1) 60O TN 946
ISN (159R WRITF(64947)
ISN_0599 947 FOKMATL/,20X, 'PUNNLFE FFFECT IS INCLUDEDY)
ISN 0600 G0 TN 945
TSN D60)) Q4b VWKRITF(H,96H)
1SN 06072 94R FOKMAT(/,20%,*PUNNLEF FFFFCT IS NOT INCLOIDFNT)
ISN_NA02 945 CONTINUE
1SN 0604 NN 983 Jd=2,Mm T T T~ T T T T T T T
ISN 0605 _ IFINSINGLIJ) .GT. OMAXGR{J)) GO IN Y54
TSN 0607 953 CONTINGE T~ T T
1SN OANK WRITF {6,855 :
ISN 0609 955 FNKMAT(/ 420X+ "N PARTIAL DRY=('UT IS FYPFCTIFD ']

ISN 0610 GO T 98564
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3
-9

( - e e
TS Ghéa WHRITF LA 9MT) T e mmmmmmm e T on
e LSN 062 9hT FORMAY (/20X PPARTTAL DRYAILT IS_EXPFOIEN ) . e -
ISN 0613 956 (ONT INtIE
1SN _0Al4 —HIYELO,971) M1IN
1SN OALSK 71 FORMATL /420X YV INTAL NUMBER OF TTERATIONS RFGHIKFED =, ]5)
1SN, QAlA e om0 TELAD e e e e —— e e oo .. .
c
1SN _Q6LT 913 . 00nT INUE, | . - o e o o o e S e e e O e s s e - .

1SN
LS

0AL1R
0419

WRITF(6,961) TRUN

WHITE(ARLHTN )

i SN

0620

975 FORMATL//,20X4"INTAL HFAT

e e e i e

JSN

0621

c

S50 CONTINUE

INPUT EXCFFPS HFAT TRAMSHIRT L IMIT

v

1SN 0622 s10p T T oo -
1SN 0623 N



ORIGINAL pogz [5
OF POOR oi.#; ity

TURS7EA0 T HIKIWAN H

COMPILER NPTIANS = [HAMFE MATN,APT=02,l TNECNI=H? S 12F=0000K ,

SDURCE ERCPICNOL 1S MODFCK A DAN, MARMIEN] ], D XKFF

ISN 0002 SUBRNAUTINF PUDML F
L e et o e o o = s mr. e m—n i n o i e e em R
C THIS SURKNUTINF NDFTERMIMFES THF REGINN CNVERED HY A L 11D PHOL AdD
[ 1HEOSES CONDLIAON JHAT BEAT JWANMSEER HATE 1§ Z2FRD OVER JHE KEGIONM
[# THIS PROGHAM AL SN CALCILATES GHAMGE NF MAX, HFAT TRANSHOIRT DUF TN
C PUNOIE EOK EACH GRONVE
C
1SN (1003 DIMENSION ((eN00,R )2 (32} OMAXCREASY ¢XPOL (AR XIRNSERD)
ISN 0004 COMMNN o7 ¢ XL Fo XL AN GXLC g XL ¢RVoNGRV e XSTHT oL o My MM N ¢ NN o NN o
1 KHOL g XSMAS, FL v, IMXO, (IMAXGR _ ——
G
¢
ISN 00OS MPAR (T 4JeK) = (K=1)sL*M « (]J-1)%M + J
1SN 0006 PA) = 3.14159 e .
C
e LSN_ Q00T 0O 740 J32, MM ——— et e o e
ISN OOOR XPOi (J) = 0,0
158 0009 140 (ONTINUFE
ISN 0010 XSVOL = XSMAS/RHNOL
e e e emenn s o . —
C CLASSIFY PUDDLF SHAPF
e G e e e+ o e e - e
ISN 0N} ¥HY = 2.02XSVNL /Z{RAI=RYRXL ) + ,5%FL vV
ISM 0012 XHO = XH) = F V
ISN 00173 1F(FLY .GT. (2.0%RV)) GO 10 702
1SN_0015 IE{XHO L1F, 0,0) 60_10 710
1SN 0017 TFIXHY JGT. (2.0%*RV)) GO 10 711
1SN 0019 Gn 10 712 . L
ISN 0020 703 CONTINUIF
1SA 00 2) JE{¥H) L F, (2.,0%Rv)) GO 10 710
ISN 0023 TF{XHO .GT. 0.0) GO 10 711
1SN_00265 GO 10 713 . . _
C
LSN 0026 710 CONTINUE .
C
€ __PUDDLE SHAPE )
C
1SN 0027 XHI = 2.0%RV2SORTIXSVOL =R V/(PAJ=XL*(RV)®x3))
TSN O02ZR XLP = XHI=XL/FLV
1SN D29 1 e 2?2 o o
[SH OO0 NN 770 KK=1,N
SN 0013) K = MAIM = KK
[SN 002 NO 720 J=2 MM
158 00313 MP = MPARI(T.J,K) . . —— — e —— e —
SN 0134 THC = XL - 2{K)
1SN 0035 _LFAZHC 61 X1 P)_ GO I0 721 _ .
ISN 03T HOP = 1,0 = XK1/RV + JTHO=FLV/(kRveXL)
1SN DQ4R AE(HOP ,G1, 1.0) HGP=],0
1SN (060 PANGL = AKCOS(HAPR)
1hm Q04 AP0 = PAMGLeNGRY/(2u®bALY . . - .
1SN 0042 TE(J «GT. (JPUD+ T JAMD. O WL T. (MM=gPIIN+L L) (0 0 2P0
158 0042 e CtMP ) ) 2. 0.0 e = . R
ISM G04LR XPDE L) = 7HC -
L _(iah 120 COHT IMLE
ISN ONG Y 721 CONT IMUF
1SM _004R GO I0_ T80 e e e e -




ORIGINAL PAGE I3
OF POOR QUALITY

C
ISN_ 0049 711 CONTIMIE e e e e i
€
€ RINDLE SHAPF 2
C
1SN _0050 __XLPY = XL = SORT(4 OsxL®(Palsxl. = (RY)us2 - XSWIL }/(rAT=KVEFLYI)
1SN 0061 XHO = 2.0%RV = (XL - XLPL)®FLV/XL TToTT T T
1SN _0052 Y= . . _— - .
1SN 0053 NO 775 KK=14N e
1SN 0084 K = NNM = KK
1SN 0055 NO 725 J=24MM
1SN (1046 MP £ MPARULyJgKY L
1SN 00&7 IHC = XL - 2(K) -
LSN_ON&A 0 JF(2HC .G1. XLPL) GO0 7726 . e e e e e
1SN 0060 CiMP,1) = 0.0
1SN 00s} 726 CONTINUE
1SN 0067 PANGL = ARCNSI((ZHC - XLPLI®SFLV/(RVEXL) = 1.0)
15N D063 JPUN = PANGL ®NGRV/ (2. #PAT) L L
1SN 0064 TF(J 26T. (JPUN+T) AND. J LT (M4=-JPUR+YIYY O TN 125 -
JSN 0066 CitMPs1) = 0.0 . o
1SN 0067 XPPL(J) = ZRC ) Tt Tt
1SN N0&LA 725 CONTINUF
= - —




ORIGINAL PAGE |5
OF POOR QUALITY

1SN 0069 “an"1n 780

L
ISN 0070 712 CONTINIIF

(- - A e e wesw
C . PUNDLE SHAPF 3
G

1SN 0071 XH1 & 2.08XSUNL7(PAT®RUSKL ) + . S*FLV
188 0p72 1 =2
ISN 0073 N T30 KK=1.N
[SN_0074 ) K =2 MNN =~ KKt e .t o o et
1SN 0075 NI 730 J=2 4 MM
1SN_00 1A JMP E MPARCL R . S
1SN 0077 THC = XL - 2(K)
1SN Q078 PANGL = AR(NS{)1.0 = XHI/RY ¢ 2HCeFL y/{RY®XL ))
ISN O079 JPUN = PANGL®NGRV/(2.%PAT)
1SN _OQHO o LEA SGLa LJPUDER) G ANDe J_eh e (MM=JPUDN+YN) M _TO 730 .. o
1SN 0042 ClMp,1) = 0.0
1SN oom3y 0 _xPDLLD) = 2HC —— — N,
1SN 00R4 730 CONTINUE
1SN DOHS G 10750
C
1SN _0QR& 113 CONTANUE o o e e — e e e e e e e -
C
— LG PUDDLE SHAPF & L. e o
1SN OOKR7 XLP]l = XL = SORJ({& O9Xl *(PAT®XL®{RV)IN®2 = XSUNL )/ (PAI®RVYSELV]))
1SN NOAR XLP = XLP) + 2.0%RV*XL/FLV
sN oo v =2 —
ISN 0090 N 735 KK=1-N
1SN 0091 K = NNN - KK e e s -
ISN 0092 NN 735 J=24MM
1SN N093 MP = MPAR(],J. K]}
1SN 0D%4 IHC = XL - 2(K)
1SN 0095 JFE(IHC L,GTe XILP1) GO_IN 736
ISN 0097 CI(MP.1) = 0.0
LSN_NOQR 736 _CONTINGUE
1SN 00%9 TF(7HC .G1. XLP) GO 10 737
ISA 0101 PANGL = ARCOSE(ZHC = XL PLI*FL V/(RY®eXL ) = 1,01
1SN 0102 JPUN = PANGL ®NGRV/(2.%PA1}
1S~ 0103 JFLY 26T, (JPUIN+]Y AND. J Lt T, {MM~JPLIN¢) ) ) O 1N 735
ISN 0105 ((MP, 1) = 0.0
1SN 0106 e XPDE () = 2HC
1SN 0107 735 CONTINUF
1SN _0M0R 137 CONTINUE
o
1SN 0109 750 GONTINUE
c
1SN 0110 NN 761 J=2 .MM )
1SN 0111 1E(XPRL{J) +6GY. XLC) GN 1O 742
1SN 0113 XTRMS(J) = 5eXLE + XLAD + 5% (XLC ~ XPDL{J))
1SN 0114 GO TN 743
1SN 0115 7642 TEAXPNLIJ) oGle (XLC+XLAD)) GN_TN T¢4
1SN 0117 XTHNS(J) = .6%XLF + (XLC + XLAD - XPNL(J))
1SN Q118 60 TN 743
ISN 0119 T44 XTRNS(J) = S5e(XL - XPNL(J})
1SN 0120 743 _CONTINUF
1SN 0121 XTRNSO = .5#XLF + XLAD « .58XxL(

ISN 0122 OMAXGRIJ) = OMXO® (XTRNSO/XTRNS{J)I® (140 ~ (FLV/XSTHT)»




SN 01za

1SH 0124

T 1.0 = XPOLCSI/XL D)

()

761 CONTINUF

RETURNM

CRICEIAL PAOE IS
OF POOR QUALITY

1SN 01258

FND

.
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APPENDIX C

SAMPLE OUTPUT



RIACNBRYBEHANRRONS LR NN IR S RNU LR FD X RS R RR MK RSB RS

THEKMAL ANALYSIS (JF AXIALLY GRONVED REAT PIPF

CUBSEIFALRRERUEONEIPUPLURANEIXDRCUNBEABERB HURBEUEE RS

NAMES OF WORKING FLUIDN AND PIPF MATFRIAL

AMMIINT A

WORKING FLUID
AL (IM [ MUIM

PIPF MATFRIAL

HEAT PIPF_DIMENSIONS
FVAPNRATOR LENGIHIMY Us 304HOF 00
ADTABATIC LFNGTHIM) 0.45720F 00 .
CONNENSFEFR L FNGIHIM) o 0.15240F 00
TONTAL PIPF LENGTH(M) 0.91440F 00
_PIPE QUTER DIAMETER (M) 0. 15900F~01
PIPF INNFR DIAMFIFRIM) 0.108H0F-01
VAPOR CORE RADIUS M) Ve aBUNOF-02

GROOVE DIMENSIANS

27
0. LOHOOEFE-02

NUMHBFR F GRONVES
GRONVE DEPTHIM)

AVFRAGE LAND WIDTH(M]

0.37000F-03

HEATING ANMD COOL ING MDDES

NIN=UNIFOIRM HEATING L N
HEATING RFGINN COVERS FRUM PS1= Q0.0 DEG

FVAPORATNR RFEGINN

10 PS1=270.07 DEG

NIN=TINTFORM CANL TNG

CONDENSFR REGIDN
CNOL ING REGION COVERS FROM PSI= 0,0 DEG

T PSI= 90,0 DG

AnMD FROM PST=270.0 DEG

T PST=350.0 DEG

ALIHAD ¥O0d 30

[ Siai}

€

o

TVNORI0

L9

&



CASF

HEAT

NUMBER = ]

pIPE NPFRATING COMDITIUMS

ONF=G CONDET TN

IOTAL HEAY IMpPitl€w]

TYPE 1 BOUNDAKY LOMBITION .

ni) i1}

VAPNR TFMPERATURFIK)
AMBLIENT TEMPERATURE(K)

250,00
0.0

HEAT THANSFFR COFFF, FOR PARASITIC
HEAY LNSS MR GAIMIW/ I Me328K) |

0.0

FXCFSS MASS (HARGFIKG)
ELEVAY JOM (M)

U 6000DF~-112

v.12000F-02" 7

STATIC HFIGHT OF PIPFIM)

0.,14000F-01

PROPERTIFS OF WNRKING FLUID AND PIPF MA

TERIAL

FLUID DENSI]Y(KG/ Mzs3)

V.6TOOOE O3

FLUIN THFERMAL CONDICTIVITY W/ [M*K)
WALL THFRMAL CONDUCTIVIIY(W/(M*K))

)

0.59200F 00
_U.1BOOOE 03 _

SURFACE TEMPEKATURE NDISTRIBUTION (NEGREFS K)

AXJAL CIRCUMFERENTIAL LOCATION _ e
LOCATION

2 (M) PS1 (DEGREESI

bG.1 48,1 6.7 12647 166,17 20657 246.7 286,17 126,17

0,015 50,77 250,95 251,44  251.H0  251.93 2651 .47 751,60 751,07 250.H1

0.076 250.18 250.96 251445 251.81 251.94 781,88 251,62 251.08 250.82

0,137 250,18 250,496 251,45 25,41 251,94 251 ,HH 251 .67 261.08 260 . H2 *
0.198 250,78 250.96 251.45 251,81 251.94 251 .88 2Rl.67 251.08 750 A2

0.259 50,74 250,95 251,45 251 .4} 251.94 _ 25) .RH 251 .61 251 .0H 250,12

0.351 250,02 250.02 250,02 250,03 250,03 250,03 250.03 250,02 200,02

0.531 750,00 250,00 250,00 250.00 250,00 250,00 250,00 250,00 250,00

0.716 249 .98 249.99 249,99  240.00 250,00 250,00  249.99 249,99 249,99

0, THY LabaH] 241,614 L4816 2449 .42 249,63 249,55 264,11 248,06 247.22

0.815% 246418 267.12 248,56 249,33 249,58 249,49 249.01 241.19 246.60

0, H46 gaba1 7 247,11 24H .55 249,33  249.58 249449 249,00 247,78 246,59 o
0.476 268,17 247,11 2648.55 249,33 249,58 249,49 249,00 247.78 246.%9

0,907 (46411 247,11 248.55 249.33 249,58 24Y9.49 249.00 247,18 246459

ALTYND ¥ood 40
8] IDVd TYNIDINO



THEAT TKANSHIRT OF FACH

GRNOVE

GROOVE NO. 1 2 3 4 5

TTHEAT TRANSPORT (W) 1,713 1.7HS™  1.911 2,094 20340 20652 3.015

3.331 7 3.58%

TT3JTALT 30924 T 4,078

GROOYE MO, 13 14 15 16 12 14 1y 20 21 22 23 24
HEAT THANSPOKT (W) _ 4,067 4,069 _4.027  3.939 3,800 3,608 _ 3.356 _ 3,042  2.67h _ 2.364 _ 2.115 1,927
GROOVE NN, 25 26 27 . -

HFEAT TRANSPORT (W)  1.796 1.718  1.690

HFAT PIPF PFRFORMANCF CHARACTERISTICS

TOTAL HFAT TRANSPOKT(W} 1836
MAX IMUM HFAT TKANSPORT(W) 132,15~ -
VAPNR TEMPFRATURFIK) e . _ . ?5m.00 )
AVFRAGF FVAP. SURFACF TFMP.(K) 2491.46
AVFRAGF CNND. SURFACF TFMP. (K} 248,23
AVFRAGF FVAP. TEMPFRATURE DROP(K) 1736
AVERAGE COND. TEMPEKATURE DROPLIKY .71
FYAPOKATOR FILM COEFFFILTIENTIW/ (Mo%22K) D.6TOIE 04
CONDENSFR FILM COFFFICINTIW/ (M*%22K) 0.1028F 05

PUDDLE FFFECT IS INCLUDED

ND PARTIAL DRY=DUT 1§ EXPECTED

TOTAL NUMHFR OF TTFRATIONS RFOUIRFD =

55

ALTYNO 00« 40
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