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HEAT PIPE COMPUTER PROGRAM (HTPIPE) USER'S MANUAL

by
F. C. Prenger, dJr.

ABSTRACT

Program HTPIPE is a hydrodynamic model of heat pipe
performance. The program was developed for high-
performance liquid metal heat pipes but can easily be
adapted to other working fluids if thermal transport
property values are known. Several Tiquid return
geometries can be analyzed including homogeneous wick,
screen covered grooves, circular arteries and gutters.
The program can be used to optimize the heat pipe
design, to calculate performance limits, and to deter-
mine axial temperature and pressure profiles. The
program is written in FORTRAN and 1is operational on
CDC-6000 series computers. Sample problems are
included.

I. INTRODUCTION

HTPIPE is a computer program developed at the Los Alamos Scientific
Laboratory as an aid in the design and analysis of high-performance heat
pipes. The program is written in FORTRAN and is operational on a CDC-6000
series computer.

The program utilizes a hydrodynamic model of the heat pipe which is
capable of handling several liquid return geometries as shown in Fig. 1. Also
the program can analyze heat pipes containing liquid metal working fluids and
water, Additional working fluids can be easily added if the thermodynamic and
transport property data are known.

The program is both a design and analysis tool. The design portion
enables the optimization of the heat pipe internal dimensions for maximum
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Fig. 1. Heat pipe liquid return geometries.

performance and the analysis portion predicts performance limits and calcu-
lates temperature and pressure profiles along the heat pipe axis. The model
is based on a pressure balance in the flow direction for both the liquid and
vapor. This pressure balance defines the wicking limit. Other limits to heat
pipe performance include the sonic limit and the entrainment Timit and both
are included in the model. The boiling limit which is a heat flux limitation
in the evaporator is not included since radial temperature distributions are
not calculated.

A brief discussion of the hydrodynamic model is contained in the follow-
ing section. Sections III and IV define the program structure and the input

and output. The Appendix contains the program listing, sample problems, and
plots.
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II. THEORY

The heat pipe program is a hydrodynamic model of heat pipe operation
which contains four input options. For three of the four options, the model
treats the power transported by the heat pipe as the dependent variable and is
calculated from

Q= mhfg

is the power

is the maximum fluid flow rate; and

is the latent heat of vaporization of the working fluid.

The fluid flow rate is determined from a pressure balance on the heat pipe.

The vapor and liquid frictional pressure drops are given by

APf = 2f pV
where
APf is
f is
o} is
v is
L is
D is
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3

frictional pressure drop;
Fanning friction factor;
density;

radial-average axial velocity;
Tength; and

heat pipe diameter.

The friction factor for laminar flow is

f = 16/Re,

and, for turbulent flow

f = 0.0791 Re”
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For the liquid pressure drop the friction factor is expressed in terms of a
wick permeab11ity(l) that is related to the tortuosity, poke size, and void
fraction of the wick. The permeability is usually determined empirically.
Both the laminar and turbulent form of the friction factor are given and the
user must specify which form is used for the vapor pressure drop term.
Because of the two-dimensional flow in the evaporator, which results from mass
addition, the flow in the evaporator is usually laminar. However, transition
to turbulent flow can occur in the adiabatic section, where the boundary
condition is changed, if the axial Reynolds number is sufficiently large. For
this reason the capability to analyze both types of flow is included.

The inertial pressure drop is

AP = AoV,
where A is a velocity profile correction factor (see below); and
V is the average axial vapor velocity at the evaporator exit.
The velocity profile correction term is defined as

x=
n
<Nl CN }

where u is the local velocity at any axial location in the heat pipe and
varies across the radius. The bar indicates a spatial average at any axial
location.

4), A is a function of the pressure ratio in the

For laminar f]ow(
evaporator and has a maximum value of 1.234. For fully developed turbulent
f]ow(5), the value of A is 2.22.

The pressure drop due to the hydrostatic head of the liquid is given by

APZ = png sin 0 ,
where
APZ is the hydrostatic pressure drop;
is the height of the Tiquid column;
8 is the elevation angle,




g is the acceleration due to gravity, and
Pe is the liquid density.

In this equation, Z does not always correspond to the total length of
the heat pipe. In general, Z equals the height of the liquid column up to
the wet point. The location of the wet point is discussed below.

The maximum pressure difference across the liquid-vapor interface is

calculated using

_ 20
APC = ®
where
APC is the pressure drop across the interface;
o is the surface tension; and
R is the effective pore radius of the capillary.

Compressibility effects are considered in the adiabatic section. Wall
friction accelerates the vapor flow and thus increases the vapor pressure
drop. A one-dimensional treatment of this phenomenon is given by
Shapiro(g) and is included in the heat pipe model.

The capillary 1imit of the heat pipe is based on pressure gradient
limitations across the vapor-liquid interface. Although it is theoretically
possible for the capillary structure to support a negative pressure grad-
ient, i.e., P]iquid > Pvapor’ this condition in heat pipes is an un-
stable one and generally does not exist. Instead, a wet point, defined as
the location where liquid and vapor pressures are equal, is formed at some
axial location in the heat pipe; i.e., other than at the end of the conden-
ser. This wet point can occur at the condenser inlet or in gravity-assist
heat pipes at the evaporator exit. The location of the wet point influences
heat pipe performance and since its location is dependent upon the pressure
gradient in both the liquid and vapor phase it is sometimes called a pres-
sure gradient 1im1t.(3) The program first determines the Tocation of the
wet point which defines the lengths for the AP terms and then calculates the

capillary 1imit of the heat pipe.




The heat pipe capacity can also be Timited by sohic vapor flow. Such a
condition results in a choking of the flow and consequently limits the heat
transport of the heat pipe. Considering the effect of two-dimensional flow

in the evaporator, the axial heat flux in the heat pipe is given by(q)
- “fg(popo)]/2 [—E (1 ~P—)]l/2
LN V¥: Po Po =
where
q is the axial heat flux,
P is the vapor density,
p is the pressure,
A is the velocity profile correction factor (see above), and
hfg is the latent heat of vaporization of the liquid.

while the subscript zero denotes conditions at the beginning of the evapor-
ator. The above equation is used to calculate the sonic Timit where P is
the pressure at the condenser inlet, the location where the MACH number is
one.

Another performance limit included in the model is the entrainment
Timit. This limit is a result of a shear interaction between the counter-
flowing 1iquid and vapor streams. The shear stress exerted by the vapor on
the liquid prevents the liquid from returning to the evaporator and a sub-
sequent dry-out of the wick in the evaporator occurs. Prior to the onset of
entrainment, waves are formed at the interface. The wavelength that results
is governed by the geometry of the underlying surface. In the case of
screened wicks, the wavelength corresponds to the screen mesh. The stab-
ility of the 1nterface(6) is related to a critical value of the Weber
number that is taken to be 1. This relationship defines a critical vapor
velocity that can then be related to the heat pipe capacity. If




where
A is the wavelength, and
o is the surface tension,

then

11/2
VE[ZWG ‘I ’
oA
and

= 2 PO 1/2
9 fg A

The above equation defines the entrainment limit where X is determined from
the heat pipe geometry. For the case of smooth-wall, wickless heat pipes, a
countercurrent flooding corre]ation(7) of the form

. xy 172 C k12
(Jg ) + (Jf ) = CW )
where
5 1/2
o V
PR foxe - E—
g 9L (og=rg)
and
1/2
2
» _ [P Y
Jf - gL(pf-pg)

is used. The subscript g refers to the vapor phase and f to the liquid

(8)

phase. The constant Cw is given by




c, = V3.2 TaMH (0.580 4,

where the bond number is

Bo = D [g(pf - pg)/d 1/2

The flooding correlation can be related to the heat flux using

to give
1/
{ch(p - p )} 4
- = €2 h LI
E K fg [p—1/4 + P «1/4] 7
f g

The above equation is used to calculate the entrainment limits for smooth-
wall, wickless heat pipes.

The pressure drop relationships along with the performance limits dis-
cussed above are the basis of the heat pipe hydrodynamic model. The program
was developed in close coordination with numerous heat pipe test programs,
with the test results being carefully compared against the model predic-
tions. Where appropriate changes to the model were incorporated to achieve
better agreement with the test results. Fortunately, these modifications
have been minimal, indicating good compatibility between theory and experi-
ment.

IIT. PROGRAM STRUCTURE

The basic structure of the program is shown in Fig. 2. The first group
of user inputs defines the heat pipe geometry. This includes the
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evaporator, condenser, and adiabatic section lengths, and the heat pipe
inside diameter. The heat pipe operating condition comprises the second
input group. Operating temperature at the evaporator exit, total power
transported by the heat pipe, elevation angle of the evaporator, and whether
or not the analysis is based on laminar or turbulent flow of the Tigquid or
vapor are specified in this group. The heat pipe working fluid is input
thirdly. Property data for most Tiquid metals are contained in the pro-
gram. Currently, the working filuids include tithium, sodium, potassium,
mercury, and water. The last input group specifies the wick design. These
input include screen dimensions, artery characteristics, and effective
capillary pumping radius.

The type of output provided by the program depends on which of four
options are selected. The first two options are design aids where the
program optimizes either the number of liquid flow passages, if appropriate,
or the dimension of the liguid flow passage. The results are for a speci-
fied operating temperature with heat pipe capacity as the dependent vari-
able. Tne remaining two options are used for performance analyses. One
calculates performance limits due to pressure drop, sonic flow, and vapor
entrainment as a function of operating temperature. The fourth option
calculates heat pipe temperature and pressure profiles for a given operating
condition {power and temperature both specified). For all options, the
range and increment of the independent variable is specified by the user.

i HEAT PIPE OPERATIHG WORKING WICK
| GEOMETRY CONDITIONS FLUID DESIGN

USER
INPUT

PROGRAM
HTPIPE

OUTPUT

OpTiMIZE
ARTERY

DEsi6N ARTERY

GeomMeTRY FOR'
My imum
RESSURE DRrOP

CALCULATE
TEMPERATURE
PROF#LES LON
HeAT PIPE AXIS

PrepICT
PERFCRMANCE
LIMITS

Fig. 2. Heat pipe program schematic.




IV.  PROGRAM INPUT AND OUTPUT

Program input is accomplished using 24 floating point constants. The
FORTRAN format is 4E20.10 per line. Input of the constants is preceded by
an alphanumeric title containing a maximum of 60 characters and blanks. The
constants are numbered C1 through C24 and are defined in Table I.

Values for all 24 input parameters are not required for every option.
Those necessary for each program option are indicated in Table I.

The four program options are defined as follows:

Option 1. This option is used to optimize the heat pipe cross-sectional
configuration by treating the number of liquid flow passages as the indepen-
dent variable. It is only applicable for circular and grooved-wall arteries
since it applies to multiple independent liquid passages. Increasing the
number of Tliquid flow passages reduces the liquid pressure drop but de-
creases the vapor flow area and conversely. Therefore, the heat pipe capa-
city can be maximized with an optimum number of Tiquid flow passages.

Option 2. This option calculates the heat pipe power limits which
include capillary, sonic, and entrainment effects. The independent variable
for this option is evaporator exit temperature.

Option 3. This option calculates pressure and temperature profiles
along the heat pipe axis. Length along the heat pipe axis is the indepen-
dent variable and both the power and evaporator exit temperature must be
specified.

Option 4. This option optimizes the characteristic dimension of the
artery or wick in the heat pipe. Since there is a design trade-off between
1iquid and vapor flow area, the artery size or wick thickness is a critical
parameter. The independent variable for this option is the artery or wick
characteristic dimension.

Program output is arranged in column format with abbreviated headings
printed once across the top of the page. The headings for options 1 through
4 are given in Tables II through V. It should be noted that a negative
value for the capillary pumping Timit in option 2 indicates the sonic limit
is numerically less and will therefore govern the heat pipe capacity. Also,
when adiabatic sections are present, the capillary pumping Timit may require
a flowrate with a corresponding velocity that exceeds the sonic velocity at
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the condenser inlet. In this case, a message is printed to this effect and
precedes the data in question.

Plotting of the output for options 2, 3, and 4 is available by placing a
nonzero integer in column 61 on Tine one of the input file. The plot pack-
age makes use of the DISSPLA* system and is executed in subroutine DRaw.

The plots can be deleted without affecting the remainder of the code.

*DISSPLA is a proprietary software product developed by Integrated Software
Systems Corporation, San Diego, CA.
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TABLE 1
INPUT VARIABLES FOR HEAT PIPE PROGRAM

Definition

Vapor temperature at evaporator exit (K)

Heat transfer rate of heat pipe (W)

Evaporator length (cm)

Adiabatic length (cm)

Condenser Tength (cm)

Velocity profile correction factor, 1.234 for laminar, 2.2 for
turbulent

Elevation angle of heat pipe, positive for evaporator
down (degrees)

Pipe inside wall radius (cm)

Distribution screen thickness (cm); porosity if ARTG = 4

Wall friction factor if ARTG = 0

Artery screen thickness (cm) if ARTG = 1

Thickness between arteries (cm) if ARTG = 2

Gutter wall thickness (cm) if ARTG = 3

Screen tortuosity if ARTG = 4

Not used if ARTG = 0

Artery radius (cm) if ARTG = ]

Groove depth (cm) if ARTG = 2

Gutter width (cm) if ARTG = 3

Wick thickness (cm) if ARTG = 4

1/2 peak-to-peak spacing of wall roughness (cm) if ARTG = O

Effective pore radius for maintaining A P at liquid-vapor
interface (cm) if ARTG =1, 2 or 4

Gutter height (cm) if ARTG = 3

Number of arteries operating satisfactorily (must be > 1)

Number of arteries not operating satisfactorily




15 Artery geometry (ARTG): O for wickless pipe, 1 for circular
arteries, 2 for groove-wall, 3 for helical gutter, 4 for
homogeneous wick

16 Number of turns of helical gutter (used only if ARTG = 3)

17 Working fluid; 1 for Tithium, 2 for sodium, 3 for potassium,

4 for mercury, 5 for water

18 Flag for laminar or turbulent flow
1 for Taminar vapor and liquid flow
2 for turbulent vapor and Taminar liquid flow
3 for laminar vapor and turbulent Tiquid flow
4 for turbulent vapor and turbulent Tiquid flow

22 Option number
1 to optimize number of liquid flow passages

(for ARTG = 1 or 2 only)

2 to calculate performance limits vs evaporator exit temperature

4 to optimize artery dimension

3 to calculate temperature and pressure profiles
23 Wire diameter for screen wick (cm)
24 Screen mesh (for ARTG = 4 only)

Option Number
1 2 3 4

19 Fewest arteries | Lowest evaporator] Increments in | Smallest

considered exit temperature evaporator artery di-
(K) mension (cm)

20 Most arteries Highest evapor- | Increments Largest ar-
considered ator exit in adiabatic tery dimen-

temperature (K) section sion (cm)

21 Increment Increment (K) Increments in Increment

condenser (cm)




TABLE II
OUTPUT PARAMETERS FOR OPTION 1
(OPTIMIZE NUMBER OF LIQUID FLOW PASSAGES)

Variable Definition
NA Number of arteries
XA Artery dimension (cm)
DPL Liquid pressure drop (d/cmz)
DPZ Hydrostatic pressure drop (d/cmz)
DPV Vapor pressure drop, laminar (d/cmz)
DPI Inertial pressure drop (d/cmz)
DPT Vapor pressure drop, turbulent (d/cmz)
DPE Pressure drop in evaporator (d/cmz)
DPA Pressure drop in adiabatic section (d/cmz)
DPC Pressure drop in condenser (d/cmz)

DPCAP  Maximum pressure difference from capillary force (d/cmz)
TBE Temperature at beginning of evaporator (K)

REFF Effective capillary pore radius (cm)

AV Area of vapor passage (cmz)
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Variable
TEE

Liquid
Vapor (L)
Inertial
Hydrostatic
Vapor (T)
Capillary
Evaporator
Adiabatic
Condenser
TBE

TBC

TBESON
TBCSON
Power
QSONIC
QENTRN

TABLE III

OUTPUT PARAMETERS FOR OPTION 2

(PERFORMANCE LIMITS VERSUS EVAPORATOR EXIT TEMPERATURE)

Definition

Evaporator exit temperature (K)

Liquid pressure drop (d/cmz)

Vapor pressure drop, laminar (d/cmz)

Inertial pressure drop (d/cmz)

Hydrostatic

pressure drop (d/cmz)

Vapor pressure drop, turbulent (d/cmz)

Maximum pressure difference from capillary force (d/cmz)

Pressure drop in evaporator (d/cmz)

Pressure drop in adiabatic section (d/cm2)

Pressure drop in condenser (d/cmz)

Temperature
Temperature
Temperature
Temperature

at beginning of evaporator (K)
at beginning of condenser (K)
at beginning of evaporator at sonic Timit (K)
at beginning of condenser at sonic Timit (K)

Capillary Timit (w)

Sonic 1imit
Entrainment

(w)
Timit (w)

15




TABLE IV
OUTPUT PARAMETERS FOR OPTION 3 (TEMPERATURE AND PRESSURE PROFILES)

Variable Definition

Dist Axial location along heat pipe (cm)

Power Local transport power (w)

Temp Local vapor temperature (K)

Press Local vapor pressure (d/cmz)

DPL Liquid pressure drop from X = 0 to X = DIST (d/cmz)

DPZ Hydrostatic pressure drop from X = 0 to X = DIST (d/cmz)
DPV Vapor pressure drop from X = 0 to X = DIST, laminar (d/cmz)
DPI Inertial pressure drop from X = 0 to X = DIST (d/cmz)

DPT Vapor pressure drop from X = 0 to X = DIST, turbulent (d/cmz)
DPE Pressure drop in evaporator (d/cmz)

DPA Pressure drop in adiabatic section (d/cmz)

DPC Pressure drop in condenser (d/cmz)

AV Vapor flow area (cmz)

TBE Temperature at beginning of evaporator (K)

QSONIC Sonic limit (w)

16




Variable

X
Power
DPL
DPZ
DPV
DPI
DPT
DPE
DPA
DPC
AV
TBE
QSONIC

TABLE V
OUTPUT PARAMETERS FOR OPTION 4

(OPTIMIZE ARTERY CHARACTERISTIC DIMENSION)

Definition
Artery dimension (cm)
Capillary limit (w)
Liquid pressure drop (d/cmz)
Hydrostatic pressure drop (d/cmz)
Vapor pressure drop, laminar (d/cmz)
Inertial pressure drop (d/cmz)
Vapor pressure drop, turbulent (d/cmz)
Pressure drop in evaporator (d/cmz)
Pressure drop in adiabatic section (d/cmz)
Pressure drop in condenser (d/cmz)
Vapor flow area (cm2)
Temperature at beginning of evaporator (K)
Sonic Timit (w)
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APPENDIX

The following includes a sample input file, output file, and plots for options 2, 3, and 4.

included is a listing of the program. LASL Identification No. LP-1018.

Srtuing, Lob, Sahpa hFIPE.

Iltat;tn-
SEPS RaDIA HEAT PIPE (STRINGER) i
008‘ i2. +03 35.0000600000E+00 ©.6000000000E+00
458 . 6600000006C 1.2340000000E+00 ©.0000000000£+00 1.8560000006E +66
€. 0364200008C 100 §.9304860000E+60 ©.1256000006E+6¢ 6.8

56 .6060000606E 68 2.0060600900£+00 6.6050800080E+08  156.0390000000C 508

Also



fia (1-ltyig. i=1)

SECONDS COMPILATION TIRE
sattach(disfinrun=library)
‘/j. ltbrnw(du!‘h!

#\go{samp2)
SEPS RADIATOR HEAT PIPE (STRINGER)
HEAT PIPE AMALYSIS: POUER VS TEE

TEE

POVER HYDROSTATIC UAPOR(T)  CAPILLARY

580,
~968.

666 .

-4621 .

656,
-§289.

768,
-13656 .

750,
~80697
00,
80474,
856 .
461386.

860,
63418,

6l

NO. OF MTERIES OPERﬁTING-

ARTERY DIRENS
ARTERY MIM RﬁDIUS =
ARTERY GEOMETRY e

N0, OF ART., NOT OPERATING=
ARTERY SCREEN THICKNESS =
DISTRIB. SCREEN THICKNESS-
EVAPORATOR LENGTH
ADIABATIC LENGTH
CONDENSER L

ANGLE FROM HORIZONTQL
PIPE INSIDE RADIUS
WORKING FLUID NO.
A-RATIO(LARIN OR TURB)
PIPE EFFECTIVE LENGTH
UVAPOR PASSAGE AREA

TOTAL LIQUID FLOW AREAR
PRES

3
. 12500 +00
. 25000E -62
! CIRCULAR
. 30480E-01
- 30486E-01
. 35008E+92
.345000903
. 18500£+01
3k
12340E+01
242506463

«18173E+62
+14726E+00

20 a2 220 > e e s

SURE DROPS
LIGUID VAPOR(L) INERTIAL EUVAPORATOR

1854. 62261.
.C ®
a23aa. 28477.
4448, 14876.
7656, 8611.
i2134. $469.
L B .
186061 . 3624.
@. .
28310. 2667.
.. L
34638 ig8s.
L B 6.
44088, 143%.

78435, 82924,
83686 . 8.
-51647.
78197, gease.
86429, 9.
-37623.
76446 . 77518,
77848. 6.
~-48237.
74086 . 74707,
75260. 9.
~-535688.
71414, 71“4.
72888.
’54531.
88538. 68861 .
76108. .
-54179.
65508, 65694,
87628, 8.
52871 .
82348, 62484,
64940 . 8.
-51838.
§6674. §9178.
82366 . 8.
-48858 .

PLOTTING COMMENCING

2960006906000 06608060008

TBE
ADIABATIC TBESON TBCSON
CONDENSER

+000c DISSPLA UERSION 72 40000

NO.

ENTER LIME SPEED (CPS), TERM TYPE, ERASE, FAST PLOT

TEMPERATURE

TBC
819. 5e@e.
$19. 500.
817. 556.
573. 556.
8iS. 686.
. 6088.
8i5. 656.
8ig8. 766,
7 e 7 ®
g2g. 756.
793. 756.
848. $00.
849. B
878. 856.
817. 966.
862. 900.

OF FIRST PLOT

LIRITS
QSONIC
GENTRN

£0.
974.

i20.
2874.

530.
4572.

1856.
8182,

5410.
13416.

13627,
20425,

36480.
28341.

61837,
48165.

116660.
52816.
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tist.tnesamp3
SEPS PALRTATUR HERT PIPE (STRINGER s

T.UGee90d00RE +e 2 12.502¢000000E+03 35.9000000000E +30 3.0¢2000¢C23E+00

45Q ., 0903002000 +08
Q.0304803900L +86
3.00080008000E +00
3.9000000¥00E 00
3.0800800000L +00¢
9.8
966,3,9,1
£01 ENCOUNTERED.

Le

1.C340900000E+29
0.0204800000L+02
0.003000000PE +00
0.006800000CE+30
3.0000600000E+00

2.0000RBI20E +00
2.12500339J0E +¢3
1.000000C0800E +00
7.0000003000E+00
2.005¢200000E +08

1.85¢a00eee2E+00
23.0025390082E+00
2.200232000CE +00
€.900332000CL +00

150.0000000000E +00
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tn tichtpios, 1=
CNLGEd 0P SECONDS COMPILATICON TINE
attachidisiin un=library)
<. librarytdisiing
LIPRARYIDISFTN
“tgolsamp3)

SEPS RADIATOR HEAT PIPE (STRINGER)
HEAT PIFE ANALYSIS: TEMF U5 LEN

L77500€E +93
.125@0E+2S

EVAPORATOR EXIT TEMP =
POUER -

NO. OF ARTERIES OPERATING= 2
ARTERY DIMENSION .12500E +23
ARTERY PUMPING RADIUS .25000E -32
ARTERY GEOMETRY 1 CIRCULAR
NO. OF ART. NCT OPERATING= a

W BN

ARTERY SCREEN THICKNESS = .3@482E-091
DISTRIB. SCREEN THICKNESS: .304380E-91
EUVAPORATOR LENGTH .35e32E+02

ADIABATIC LENGTH
CONDENSER LENGTH
ANGLE FROM HORIZONTAL
PIPE INSIDE RADIUS
WORKING FLUID NO.

a.
.45@00E+03
.
. 1B599E+01
3 ¥

I VR I TR R VRN )

A-RATIOLAMIN OR TURB) . 12340£+01
PIPE EFFECTIVE LENGTH . 24250F +072
UAPOR PASSAGE ARE & J12173E-02
TOTAL LIGUID FLOW AREA . 14726 -00
POUER TEME eRESS DPL
DPA
125090. 796.1 crigce. 14821,
1786 795,7 57811, 16.
573 794.6 56763, 47,
5359 792.6  55¢18. 73.
7143. 789.8  52574. 111.
8929, 786.1  49430. 143,
10719 781.2  45588. 175.
12500, 775.8 41045, 207,
1115 779.6 44320, 2107,
728, 783.4 47227, 1856.
8333, 786.5  49757. 1607.
6544, 789.1  51905. 1358.
sss6. 781.1  53667. 1110.
169, 782.7  S5040. 863.
2778, 793.7  $6023. 616.

Pz

3.
3.
3.
é.

9.
@.
Q.
Q.

e.

490.

2

.o

NG.

ENTER LINE SPEED (CPS), TERM TYPE, ERASE, FAST PLOT

Y

1525.

i2.
16.
a1,
27.
297.
246.
c2ee.
164,
129.
98.
68.

435.¢0 1386, "ga.4  EEall. aze.
-£30.
¢. : _

435.¢0 2. 794.6  S68eS. 123,
-z1e.
°. 0.

PLOTTING COPMENCING

se 6 e s s a0 9 s 00 e e
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LENGTH

TEMPERATURE VS.

S

008

062 S84

082

500

4CC

208

230

C

~ e
J .

2

~EN

—t

23




¥e

lList . in=samp4
FERS RADIATOR HEAT FIPE
T.7C89900000E+02
450, 0PRI9009Q0E+20
Q.2384820000L +60
3.0000200¢B0L +00
31.0082008000E+2¢
9.0100990000E +20
8.0
76¢,3,0,1
EN] ENCAUNTERED.
rewind, samp4d
SRFWIND, SamP4.

(STRINGER)

12.52923Re00¢ES]
1.23400090C¢E+d2
?.0334800002¢ +30
Q.02392000edE +9
?.2089000@00E + 20
4.8000000230C 00

LS OR AR |

.200000900CE+20
. Q00eBI00BEE +30
. 1258290020E 100
. Q0eeRAI0RRE+29
.U5¢000000CE+00
. 0052800000L 100

SR ®

. 002099e0 At +0e
.8530000¢00E v @@
. 0025000002E+00
. 02009000205 +00
.1500600002E +00
156.0000000000E +00
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ftn (1ship
2e.674

1ge,l-l

P SECONDS COMPILATION TIRE

3

“attachidisfin‘un=library)

/%, ibrar
LIBRARY (D
slgol(samp4

.Q509
L9609
.97e9
.98e9
.93¢0
.teee
.1lee
L12ee
.13ee
.140¢e

(disfin
SFTN)
3

}

SEPS RADIATOR HEAT PIPE (STRINGER)

HEAT PIPE ANALYSIS: OPTIMIZE X

EVAPORATOR EXIT TEMP
NO. OF ARTERIES

REFF

ARTERY GEOMETRY
NOT OPERATING=
ARTERY SCREEN THICKNESS
. SCREEN THICKNESS=

NO. OF ART.

DISTRIB

EUAPORATOR LENGTH

ADIABATIC LENGTH
CCNDENSER LENGTH
ANGLE FRLI HORIZONTAL
PIPE INSIDE RADILS

WORKING FLUID NC.
A-RATIO(LANIN OR TURB)

PIPE EFFECTIVE LENGTH
PRESSURE
VAPQOR DENSITY

LTIQUID DENSITY
URPOR UTSCOS5ITY

LIGUID

VIGTO6ITY

REAT OF UAPQRICZATION
SURFACE TENSION

POUER

cB26.
4178,
TE€43.
15706,

19385
24559
c4718
24761
c48i1
2479¢€

bPL

£8527.
58129.
£7273.
E5554.
62445.
£1997.
35682.
25e68.
18361.
13643.

..... 0ISESPLA UERSION 7.2

NG, OF FIRST PLOT @

EMTER L INE

SFEED

CF

W o4 ow o

=

=

wowowom

WM ow oW W

& © -

10

.77508E+083

.25eeeE-92
CIRTULAR

. 32480E-01
.3B480E -01
. 35839E 402

.45202E+02
L 13500801

X
L 12349E 21

L2425QE+@ 2

.41827E et
. 242396F -24
.72223E 2@
.193i5E-2%
-16554GE 82
. 29967E 24
. 359136432

ORLERLDLHS

boe s e

. e

DPE
4ata.
1882,
B62€7.
17345,
40384,
HSeR4,
66235.
66587,
67485,
67825,

DPha

DPC

~167.
-icec.
-473E,
-1407e.
-34019.
-5558¢e.
-5661@.
-557e6l.
-576889.
-57979.

AY

19.34
19.32
(9.31
i6.28
16.26
1¢.24
10.c1
19.13
10.156
10.13

ASONIC
28993,
20961,
20Sc4.
20884 .
20848,
207%e.
207409,
20684.
c0624.
2esel.




92

WATTS

POWER,
10000

20000 25000

15000

5000

0, QSONIC Vs,
QSONIC
/
y
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0.04 0.086 0.08 0.10 0.12

ARTERY DIMENSION, CM




C

#

PROGRAM HPQ3(INPUT,OUTPUT,DUMMY, TAPEgO:INPUT,TAPE15=OUTPUT,
¥TAPESQ= DUMHMY . TEKIN- /1030 TEKOUT=/20480)

INPUT FILENAME IS SAM

REAL LE,LA, LC LEFFV LEFEL LT,LTOT,MUV ,MUL , MW

INTEGER ARTG
1%%M%gg§ow H(é) C(30) D(30),RNC(30),XP(50),YP(50),Y1P(50),
DIMENSION NFLUID(TO) NARIG(5,2), NCALCS(B) NSON(Z) NOARTG(2)

EQUIVALENCE (C(1),TEE) gc(z) QTOTAL; 3
1 (C(u),LA>,<C(5>,LC),<é 6),AR), (C(7 ThETAi (c<a> RO)
2,(C(9) TSD ORD), (C(10),TSA,TBAX, WG, TORT) (C(11) A) (c(12),GH)
DATA Pl GRAV,EXPC,RBAR/3.1416,980.,2.3026,8.3
DATA NFLUIDSI;,I:1,5§/2HLI 2HNA, 28K 2KHG, 5HWATER/
DATA (NOARTG(I) I=1.2)/6HWICKLE,6HSS =/
DATA (NARTG 1,I§,I=i,23/6HCIRCUL 6HAR /
DATA NARTG 2.1).I=1,2)/6HGROOVE ,6H WALL /
DATA NARTGE%,Ig,I=1,2;/6HHELIC " 6HGUTTER/
DATA (NARTG(L.I).I=1.2)/6HHOMOGE 6HNEOUS /
DATA NCALcsgig,I:1,é§/6HDESIGN bH /
DATA (NCALCS(I),I=3.4)/6HPOWER .6HVS TEE/
DATA (NCALCS§I;,I=5,6§/6HTEMP V,6HS LEN /
DATA (NCALCS(I).I=7.8)/6HOPTIMI ,6HZE X /
DATA NSON(1),N30N(2}/5H SHSONIC/
DATA (H(I),I=1,3)/10HHEHEHEEAGH , 10HHHHHHEHERH , 1OHEHEHEHHHHE/
DATA (H(I),I=4,5)/10HHEHEHHHHHH, TOHHHHHHHBHHP 10HHHHHHHEHHR/
PRESSR(RMACH,RK) = SQRT((RK+1.)/2./(1.+(RK=1.)/2,%RMACH¥#2))/RMACH
FLMAX( RMACH,RK) = (1,-RMACH**z)/RK/RMACH**z - ‘
+ +1. A » 2k -1a » H¥#2
% (RK+1.)/2. /RK ALOG( (RK+1. ) ¥RMACH®#¥2/2,/(1,+(RK=1.)/2,¥RMACH¥¥2))

Cc(
LONTINU
READ(30,5010) (H(I),I=1,6),NPLOT,(C(I),I=1,24)

REFF=GH
NA=C(13)
IF(AREG.EQ.H)NA 1

2“3
ARTG C(15
§
3
C

17)
FCONV-.OOOOT
IBACK = 0
IF(ARTG-3) 110,105,110

REFF=A
-IFEC(23).GT,O)REgF=C(23)

PN = OO CO ot =

1
1
2
c(2
et
= C(

IF ITV,NE,33PLT=
IF(DDO.LT.0)DDO=1
DOOP=D00

DO1P=D0O1

DDOP=DDO
Q=QTOTAL

T2=TEE

T=TEE

TBA=TBAX
ggM%X:RO—TSD—TWG

Yb=
17= C(19)+C(20)+C(21)+1
LTOT=LE+LA+LC

27




————— GU T0 3 TO PRINT KEADING Y INPUT DATA
GG TO 3 ‘
GEOMETRIC LATA

19

———— InITIAL
Lk L.C)/2

120 LEEFL
L tl t‘ V

N

L

k
O%LzrrL
O)LEFEL

--M\H H;\

3200,3300),I1TV

et 8
Ny
o
(@]

OPERTIES ' HEALING
EV , RHOV , kisCL , MUV ,HUL , EHFG, S

PN O

UGN G110 ) |
MOU’!OO'T

V) REOV | REOL iUV, MUL JHEG | blh
150,184) ,ITV

NY MO

AV ,LL®NA
AV, LAL*NA
:,170 169),11V

Lo

Fh

)
)
0
)
)

)
0

NS PO PO
S w U G GG Y ¢ ¥ ab
—_ /-\C O’"‘\JO"U?O"(A)LA)

OE’?U’GU’K}"‘U’?O\NW THATTIT T O -2

CWER DATA FOR CALCULATING WICK LIMIT
AV+AL*FA)

39)

)

LAl

uuo 1
DDO= 1
165 1T3=1T3+1
DCT1=CC(IT3+17)
I¢(IT3.6Q0.1)D0T=1
IF(DOUT,LT.1)GO TO 1205
GO TO 190
189 WRITE(59,5240)
WRITE(15,5241)
e CHOOSE INDEPENDENT VARIABLE
190 RDOMAY=1.+(L01-000)/LDO
1DOMAR=RLOMAX
DO 1200 IDCV1=1,IDOMAX
FDOV LUO+(IDOV1 1) *DDC
ILOV=kLOV
kDO1=D01
I=i+1
1T1=0
GO TO (200,210,220,232),ITV
200 NA=IDOV
GO 2
99, F3y23s
GO TO 235
220 T=T2 , _ )
GO TO (235,224,226,228),113
Z24 XL=LE*RLOV/RDCY
U¥=LE/RDOT
L%% (hPOVéRLOV (RDOV=~ 1)**2)/(RD01*RDU1)
L. — J‘l
01 = GTOTAL®*XL/LE
¢ = QTOTAL* (RCOV-.5)/RDO1
GO 1O 230




226 XL=LE+LA®¥RDOV/RLOY

DX = LA/RCO1

DXA =LA/RDO1

DXI = 0.0

G = QTUTAL

Q1 = OTOTAL

GO 10 230
XL-Ln+LA+LL*dbOV/RLO1
Dx=LC/RDO1

DXI=((EDOT-RDOV) ¥%2. (RDOT+1=RDOV) *¥*2) / (KDO1¥*KLO1)

DXA = 0.0
G = QTOTAL*(1.-(KDOV-0.5)/RD0O1)
Q1 = GTOTAL¥(1.0-KDOV/KDG1)
230 DAV=DX
IF(IT3.EC.3) DXV = 0.0
DX T= D
IF(IT3.EQ.3) DXT = 0.0
LY.L=D%
DXz=D¥
6o 10 239
232 A=RDG
Com ooz lk(C(aj) EQ.0)REbE=A
XL=LE

LXV=LEFEV
DXI=LEFFV
DXT=LT
LXL=LEFFL
DXZ=LTOT
DXA = L&
Q=QTQOTAL
}E(ITV,NE,1)GU TO 236
DG 645 I1Th=
Ib(IfV NE, 1) oo TG 240
A= (,97+.02%TTU)* 41
GU TO (270,330,330,270),ITV

Com e GO 10 3200 FOk WICK CHARACIERISTICS
GO TO 3200

----- GO
GO

TO 3300 FOR PLUID PHOPLRTIES
TO 3300

O START ITERATION
CEFG=G/RHFG
IT1=IT1+1

on @

C CALCULATE LIQUID LAYER THICKNESS FGR

%bEARTg QEL0) GO 1O 395
REYGAM = 2.0%QHFG/(P1%MUL*¥RC)
TORT = 16.0/REYGAN
IF(REYGAM.GT.10C0,0) TORT = ,
DELSTR = 0.315*(HEYGAM*TORT*
DLL = DELSTH % MNUL #%,667/(GRA
PI* (RO*#2- (RG-DEL)*#%2)
PI¥(RO-DEL) %22
RE = DEL

RG-DEL

CIRC = 2,0%PI¥RV

GG TO 400
Cmmmmm CALCULATE PRESSUKE CEAHGES
REYNL= 2*RM*QPEG/(MUL*AL*NA)
IF(PLT.GE.2)FRE=.07T9¥REYNL%®% 75

£
V* (K

s
T

=
o n

WICKLESS PIPE

REYGAM¥#Q 2
667
HOL-KEOV ) *KEOL ) ¥%,333

DPL= PHh/E*MUL*QHbU*D)L/(NA*RBLL*AL*nh*RI)

DPV= P1*8*Dkvl(AV*AV)*NUV*QhPG/hth
IF(PLT.EQ.1.0R.PLT.EQ.3)DEV=0

GO TO (510 510,520,510) , 1TV

DPI= (CEEG/AV)**zfpﬁ/ynu

GO TG 600

29




30

520 IF(I-2)510,530,530
530 DPI=DP11*LXI
500 DPT=.028% (CLRUA¥S®MUVRQHFCG##7 ) %% 2E%DXT/(AV#%3I¥RHOV) #*PLT
ik (PLT.EG,0.0k, PLTEQ,2)DPT=0
700 DPL=bXi*KEOLXGHAV*SIN( THETAPI/160.)
LPCAP = 0.0
Ik (ITV.NE.1.AND.REFF,NE.0.0) DPCAP=2,%SIG/REFF
I¥ (AKTG.EC.0) LPCAP = O
DPE= Ly1+bfv*Lu/(2*thﬁV)+DPlk4 /11.%LE/LT
EVALUATE PRESS DROP IN ADIABATIC ShCTIOh (CCMPRESSIELE FLOW)
CUMPUTE MACH NUMBER AT EVAPURATOR EXI
M1 = QBEG/LV/RHOV/SQRT(RBAR¥T/MW)
IF(LAJEG.0.0) GO TO 770
EVALUATE FRICT1ON FACTOR
REY = 4 ,0®CHFG/PI/2./RV/MUV
P o= 16.0/KEY .
IF(KEY.GT.2300.) F = 0.079/REY®¥,25
IF(REY.GT.20000,) F = Q.0UG/REY*¥,2
IF(PLT,EC.0.0R,PLT,EG.2) F = 16.0/RLY
L2 = PLMAX(RMT,RK) - W,0%F=DXA/2./RV
CEECK TO SEE IF FL2 LT 0, IF SO FLOWw AT EXIT IS SONIC
IFLAG = O
IE(FL2.GT.0.,0001) GO TO 750
IFLAG = 1
RM2 = 1.0
G0 10 760
750 CALL FMEX(FLZ,RK,RM2,RMT)

_ 760 CONTINUE

EVALUATE PRESSURE RATLO

PR = PRESSK(KM1,RK)/PRESSK(RMZ,RK)
IF(Ph.GY.2.08) PR = 2.006

EVALUATE ePEsDLRE AT ADIABATIC SECTION OUTLET
PA2 = PV/PR

CALL TSAT(IFLUIL,PA2,TEC)

LPA = PV - PA2

GO TO 760
770 LFA = 0.0
18#C = 7

KM2 = RM1

760 DPIC = KhCV*1,11%RM2**2%REAR®TEE/MW
DPC = ~DPIC + DPVH#LC/(2.0%LEFFV) + DPT®U,/11,¥LC/LT
G0 10 (790,7§0,1050,7 0),1TV

790 Ik (AKRTG.EC.O) GO TO 600
GC TO (800,800,900,800),AKTG

) CHECK FOR GRAVITY ASSIST

800 1GRAV =0
IF(IBACK.GT.0) GG TO 805
I¥(DPZ,GT.0.0) TIGHAV = 1
lk(uPA) 805,805,812

2,
- 805 LPLC= uPL*LL/(a;&LbFL) -DPZ¥LC/LTOT
1

LOCATE wET FOI
DPLVC=DPC+DPLC

. IF(DPLVC)810,820,820

10 -DPCAPL= DPE+DPA+DPL~DPLL DPZ

JFLAG = 2
20 =
GO TO 830

; GRAVITY ASSIST MODE, CHECK LIG AND VAP PRESS GRADS IN ADIABATIC SEC
§12 DPLA = DPL¥LA/LEFFL - DPZ*LA/LTOT
IF(DPA, Gl.-DPLA) GO TO 818
WET POINT AT EVAPORATOR EXIT
JFLAG =3
DETERMINE CRITICAL POINT, ZC [D(DELTA P)/DZ=0]

815 2C = RHOL¥*REOV¥*GRAV/AR/Z. O*(AV*LL/QhrG)**Z

DPLEY = CPL*LE/2./LEFFL

DFZE = DPZ®LE/LTOT

LPCAPL = DPE + DPLEV - DPZE + DPZE*DPZE/L , O/(DPh+DPLEV)
GO TG 830




850
870
880
g00

910
920

1
930
000

i v s s

1065

WET POINT AT CONDENSER INLET

JELAG = 4

GO TO 815

DPCAPL=DPL+DPE+DPA+DPC~LEL

JELAG = 1

ZC = 0

CONTINUE

WRITE(15,5001) JFLAG éLPLAPL iC .
FORMAT (0%, #JFL 1" z I2,2X,¥DPCAPL = %,110.0,2X,%¥2C = #,p5,1)
GC TG (8L0.870,1050,900) 1TV
DPCAP=DPCAPL

D(ITW)=DPCAP

CONTINUE

XZA(D(2) ~D(1))/(.02%41)

X2=A

IT1=171-1

GO TG 3600

X3=A

GO TG 3500

A=X

GO TO 238
DP=DPCAPL-DPCAP
Y2=DP

Xe=Q

GO T0 3600 R
;F(ITV.EQ.T)GO TO &50

IF(AﬁTG EQ. o) GO TO 9

GO TO (910.510,920,510

Y2:DPCAP—DPCAPL

GO TO 930

DPZE=DPZ¥*LE/LTOT ,

Y2=DP1+(DPV+DPL)*LE/(2¥LEFFV) -.5% (DPCAP+DPZE+SGRT(DPCAE®

(DPCAP+2.%¥DPZE)))

GO TO 3600

IF(DPL.GT.DPZ,.AND.IGKAV.EQ.1) GG 10 1010

IBACK = 0

GO TG 1015

IGREV = O

171 = 0

TEACK = 1

GO TO 680

GG TO (1020,1050,1050,1050),11V

ITERATION COMPLEfb CETERMINE EFFECTIVE CAPILLARY SIZE.

IF(DPCAP)1030 1030, 1040

REFF=100000

GG TG 1050

REFF=2%SIG/DPCAP _

BETF¥MiN§ TEMP OF BEEGINNING CF EVAPORATOK ! SONIC TKANSFER RATE
TOUT=DPE

IF(ITV.NE.3.0K.IT3.£0.1)G0 TO 1060

DPTOT==DPV=DPI-DPT~DPA

PV2=PV+DFTOT

CALCULATE TEMPERATURE COREESPONDING TO PV2
CALL TSPT(IPLUID pvZ, T”g
IF(iTV.KE,3.0K, IT? EG.1 TEE = 12

COMPUTE SONWIC LIMIT (MACE=1 AT OUTLET OF ADIAEATIC SECTION)
IDUM = O
QS = QHFG
KEYS = 4,0%QS/PI/2.0/RV/MUV
F = 16, O/BLY°

——a
C;

IF&REYS .G1.2300,) ¢ = O D?Z REYS## 25
IF(REYS GT 20000, ) 6/KEYS** 20
IF(PLT.EQ.0.0R.PLT.EQ.2 f = 16.,0/REYS

E‘
FL1 = 4.0¥F*LA/2.0/RV

31



32

C
1070
C

[ e

1080
C

1085

1089

1090
110z
1104 K
1106

Oa G

e

1110

CLECK TO SEx It ADIALEATIC SECTICN PRESERT

v (FLT.GE.0.0001) GC TO 1070

SONIC LIMIT AT wVAPORATOR COUTLET

CUMPUTE SCNIC STAGNATIGHN PLRiSSUKE ANMD SONIC LIMIT
POS = 2.,08#%py

CALL TSAT(IFLUID,POS,TLESCN)

Thbe = T

lLLbu\= T

QSCGNIC = LUT74¥2 ,08%HFG*AV*SGRT(PV¥RHOV* TEE/TBESON)
GO0 TO 1069

DETERNINE INFLUERCE CF ADIAtAllC SECTION

CALL FMAX(FL1,RK,k:15,0.0)

COTEUTE VELCCITY AT BVAPORATOR EXIT

T = 7T

w1l = 0.986%¥RMTS*SQRT( RBAR¥TEE/MW)

COMPUTE PRESSURE DRCP IN EVAPORATOR

VISCOUS (LUSSE EQ. 44)

EPVUS = S.O*PUV*wT/hV*?Z*Lb/Z.O

INERTIA (BUSSE EQ. 42)

Ab = 1,11

Do 1080 I1=1,

DPIS = thV*AL‘WT**ﬁ

PCS = PV + DPIZS + DPVS

POR = POS/PV

AE = 1.,2117/PCK*#%,1035

CALCULATE SChIC LIMIT

IF(POS,.GT.0) GG TO 1085

MS%TE(13,5“20) POS,PV,DPIS,DPVS,POR,REY,W1,RM1S

P = P

CALL TSAT(IFLULL,PUS,TBESON)

GSONMIC = SQRT((1.-1. /POH)/POR*RPUV*FV*TEL/TfthN/AB)*POh*ﬁV*HBG
CALCULATE SOWIC LIMIT EASED ON PRESSUKE RATIC OF 2,08 (POG/PCI)
PCI = PV/PRESSK(RM1S,RK)

CALL TSAT(IFLUID,PCI,TECSON)

RHOVZ = MW*PCI/(BEAE*TECSON)

POS3 = PCI*2,006

CALL LDAT(lbLUIL POSS, TEES)

Q80N = .4T7h*2, OS*FEG*AV*SQRl(PLI*KEOVE*TPCSON/TtbS)
DC = AEQ(Q CU;L Q3*LEFG)

iF(DQ.LE. 1) GO TG 1090

GBS = QSCNIC/HFG

1DbuM = IDUM + 1

IF(1DUN,GT.20) GC TO 1090

GO TO 1065

CONTINUE

IF(GSONIC-C) 1102,1102, 1104

KSOh=2

GO TO 1106

KSON=1

Ir (IFLAG.GT.0) WRITE(15,5410)
CALCULATE ENTKAINMENT LIMIT

IF(ARTG.EQ.O.AND,REFF,EC,0) GC TC 1145
WL = 2, 0*ﬂEFE + Wl

ChECK 10 SEE IF ADIABATIC SECTION PRESENT
IF(LA.EQ.0.0) GO TO 1140

F2E = FCI
TCIE = TBCSON
JDUM = D

REOVE = mii*p2k/(REAR¥ TCIE)
Wek = SURT(2,0%PI#SIG/WL/RHOVE
RMZ2E = W2E/SORT(RK*REAR/MW¥TCI
1F(EM2E,GT.1,0) RM2E = 1,0
REYE = 2.*¥KV*REHOVE#W2E/MuY

o= 16,0/REYE

&)




1120
1130

1140
1145

1150

3140
3150

3160

3170

3160

IF(REYE.GT,2300.) F = 0.079/REYE®#* 2F
IFEHEYE.GT.EOOOO.) F = 0,046/KEYE#*
IF(PLT.EG.0.0R,PLT.EG.2) F = 16.0/RE
FL2E = 4,0%F#LA/2,0/RV

FL1E = #L2E + 1LMAX(Rn2n RK)

CALL FMAX(FL1E,RK, EMTE,0.0) '

P2E = PVEPRESSR(RNZE, hh)/PREbbR(RN 18, RK)
CALL TSAT(IFLUID,PZE,TCIKR)

IF (ABS(TC1E2-TCIE) .LT,1.0) GO TO 1130
IF(JDOM.GT,30) GO TG 1120

JDUM = JLUM + 1

TCIE £2
GO TO 1110
DT = ABS(TCIE2-TCIE)
WRITE(15,5430) DT
QENTRN = SQRT(2.0%¥PI*RHOVE*SIG/WL)*BEG*AV
MRI¥8(§?é642O){f1n ,RM2E,P2E,TCIE,TCIE2, EEOVE,FL2E, REYE
GO TG
QENTRN = SQRT(Z.0%*PI®*RECVESIG/WL)¥LEFCG*¥AV

GO TO 1150

CONTINUE i

BEO = 2.0%RO¥SQRT(GRAV* (KHOL-EHOV) /31G)

BOA = 0.5%LO%%® 25

CK = SQRT(3.2)*(EXP(EOA)=EXF(~EOB))/(EXP(BCA ) P(-BECA))

GENTRN = CK##2% AVELEC# (GRAVESTGE (REOL-KHOV ) ) H /(RHOL**(-.LS)
* LRHQU* % (= ,25) ) ¥%D

CONTINUE

IF(ARTG.EQ.0) WRITE(15,5303) AV,AL
~GO TO 3900 TO PKINT RESULTS

GO TO 3500

EONTINUL
IF(1TV.EC.3.AND.IT3,.NE.4)G0 TO 185
GO TO 9999

-PRINT HEAD
WRITE( 15 5 ), NCALCS(Z2#ITV-1) ,NCALCS(2%ITV)
"NCALCS(ITV)

6)
31253 ITV

-.A._ﬁo_..a.-—lo.._\—-éf'—'

", NA, REFF

NA,KEBF

0 TO 135

ARTG, (KOARTG(I),I=1,2) ,KANO

UNO = UTNOWNTTIWOUNS
Te v it v 3w w3 e
f-)v =

B od
O

=&

JAKTG , (MARTG(ARTG,1),1I=1,2),NANO
)AKTG, (NARTG(ARTG,1),1=1,2) ,kANG

60 170 3180) ,ARTG

[PV ol
a

VUM IO T TN UT a1 O 20T muntiol O U0 U -1l
- O

UDe e
0 N

—3 2

WD » e

GO T
GH,TWG
GH, le

GO T

P

P

WRIT

OKO,10RT
OURO, S TORT
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5 WRITE(SC,S 903T sB1,LE,LA,LC, THETA, HU IBLUID hELUlD(IELUIDg
Egl%&(é ,5190)TSD1 LL,LA I.C,THETA ,RO,IFLUID NFLUID(IPLUID AR
20
CALCULATE ARTERY LhARAC;LRI%TICb
IF (TEAX.GE.10) TBA=

.1
AV = PL*RO* 2
I¥ (ARTG.EC.0) GO TO 3290 \
GO TO (3¢10 3220,3230,3240) ,ARTG
CIKCULAR ARTERIES (ARTG=1)

) KADIUS=A

Rht=A

EV=RO-TSD

AL=PI1®*RADIUS*KADIUS ]
?%:P%z(RV*RV—(NA+NANO)*(HADIUS+TSA)**2)
Rb= »

GO TO 3290 . )

ANNULAK SECTION ARTERIES (ARIG=2)
RV=RO=A=TSD
B=(RO+RV+TSD)*¥PI/(NA+NANO)~TBA

_ LV=PI*RV¥RV

o

T ——

—

Rh= A*F/(A+L)

BL=A¥E

RAE= A/L

TF(RAE-1)3226,3226,3224

K&B=E/A

FRE= 14,254G,75% (1-RAE)*%2,85 B
TF(ARTG.EG.2.AND . NA+NANO.EQ. 1) FRE=FRE/2.5
GO TC 3290

HELICAL GUTTERS (ARTG 3)
CL=(RO=A/Z,-TSD)#2 ,%PT
LEFFL=SCRT(LTOT*LTOT+CL¥CL¥NT#NT ) # (LA+(LE+LC)/2.,0)/LTOT
IF(ITV,EG.H4)DXL=LEFFL

KI=RO-TSD

EETh=ATAN (NT*CL/LTOT)
AV=zPI*RI*¥RI-(GH+TWG)/COS(BETA)* (TWG+A)*NA
RV=SCRT(AV/PI)

E=Ch

GO TG 3222

HOMOGEREOUS WICK (ARTG=4)

CONTINUE

AL=P1* (2%*R0-4)*A*PORO

Kb = (1.0/RMESH¥*2,54 - WS)/2.0

IF (RH.LE.O) RH = REFF

RV=KO=£4

EV=PI*KV#*RV

FRE=2% TORT

CIRC=2,¥P1¥*RV

GO 16 (390,150,150,390),ITV

PROPEKTY LDATA
GG TO (3310, 3320 3330,3340,3350),IFLUID
LITHIUM, IFLUID=1
FV=10%%(7,67-7TH40/T)*1333,

Mk=6.84

RBOL:O,SSBfO.QBME-M*I

MUV=z1.2E-T¥T-b6LE~-6

MUL= .00 142¥EXP(5,48E10/ (RBAR*T) )
HFG:,2412E5+1*(—,o9aa+1*(-,2262E—2+1* 6281E-6))
SIG=U53,-, 48T

RK = 71,7997 - .0001479%1T

GC TO 3390

SODIVN, IFLUID=

FV=3,83E10/EXP(12180./T)

MW=23,

REOL=1,018-2,34E=4*T

MUV=1.bEE7*T—E§E 6

MUL=10%*(=3,0

HEG=5 ,226E3+T# (=1, 374+r*(3 292E~4-T#5 462E-8))
31G=220,-,091%T

K = 1.7590 = .0001720%T

GO TO 3390 -




G POTASSIUM, IFLUIL =3
3330 PV=2,197E10/EXP(10223./T)
I“Jh j 11
KHOL= . G0G-2 4 1E-L#T ‘
MUV=1.06E-T4T-5,E-6 ‘
MUL=.75% 10%# (= 2.992R+245 AT )
HEG=2.G92E3+T% (=1, 84+T%(.001323-4,123E-7%T))
S1G=136,~,06U5%T
RK = 7.7402 - ,0001238%T
GO TO 3390
[ MERCURY, IFLULL
3340 PV = 1.332&3*bk?(1i 85-7059.5/T)
Mi=200.59
RHOL=12,75=2.50E=-3%T
MUV:?.O32&—6*T-2,00E—5
MUL=5.13’E—3*hkP(E6H 3/7)
HFG:BSS.O*EXP(—;.‘Sb—hﬁl)
S51G=562.4-0.308%T
RK = 1.667
GO T0 3390
C WATER, IFLUID=5%
3350 PV=3,975E11%EXP(-U4872./T
Mk=18.0
RHOL=1.49-1.MOE-B
MUV=6.91E-5%EXF(D,67E-6%T*7)
MUL=6,22E-5%EXP( 1. 478E3/T)
HFG=3800,-4.,333%1
SIG=133.5-0,2056%T
RK = 1*32u
GO T0 3390 ]
3390 RHOV=MW*PV/(KBAR*T)
4 0 TG (140,390,390,140),1TV
Coemmm IS DEPENDENT VARIABLE ZERC& IF HOT, TRY & NEW INDEPEUDENT VARIABLE
3600 IF(IT1-2)3610,3620,3620
3610 X=1.1%%2
CONVE=1,
COKV=1,
GO TG 3640
3620 CONV=(&i2- x1§/)1 )
IE(ABSécomv FCORV) 1000, 1000,3630
3630 SLOPE=(Y2-Y1)/(X2-X1)
¥=X2-Y2/SLOPE
C CHECK TO SEE IF X IS WEGATIVE
 IF(X.LE.0) X=0.01
3640 Y1=Y2
Xi=X2 . .
IF(AES(CONV) . LT.CORVE) CONVE=AES(CONY)
Ib&ALS(LuNV/COth) LGEL,10)X=,9%X 2+, 1%%
) IF(1T1-100)8680,36G60, 3690
3690 WRITE(59, buoogcouv
WRIIE(Wb 5400 )CONV
_ GO TO 1000
Cmmmmm PRINT RESULTS ‘
900 GO TO (5910,3%30,3947 ,3970),1TV
3910 WKITE(59,5500)%A,2,DPL,DP% 0PV, LET,DPT, PR, DPA,DPC, DPCAP 12
1,KEFF, LV ,NSOL(KSON)
WRITE(15.5510)8A, A, DPL, P2, 0PV, DFT,0PT ,DPE,DPA, DPC, DPCAP, T2
1,REFF, AV, NSON(KSON)
XP(1)=lA
Y1P(I)=DPCAP
YdP(I) DPCAP
A= A®SQGRT(NA/ (NA+LDO))
GO TO 1200
3930 G=Q¥ABS(QSONIC-G)/ (CSCHIC-Q)
WRITE(59,5600)T,G,DPL,LPZ,DPV,DPL,DFT,LPE,DPL,DPC,DPCAP, T2 ,CSORIC
wRIT£§15,5@11 TEE . DPL ,DPV,DPI, DPE . THE T TEC,OSORLC
WRITE(15.5612)(,DPZ ,DPT,DECAP . DPA , TEESON , TECSON , CENTRN
) WRITE215,5613 DPC
C WRITE(15,5620) TECSON,PCI,UuSON,TEES,POSS,RMTS
C WRITE(15,5420) POS,PV,DPIS,DPVS,POR,REY,WT,RMTS

35
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LP(1)=T ‘
1P (1)=ALS(C)
Yor{17=C8S0NIC
GC 10 1200

IGLT TF(113-1)3945,3948,3950

3G4B XL=0.
C1=QTOTAL
DPIT=LPI
FVLR=PVZ
%k}TE‘SQ,%4SO;hLU£(&>uN

A hh113215,5450 hoou{&ubhﬁ

2950 whlTk(59,5700)%L,C1,T2,vVe,DFL,DFZ,BPV,DPI,DPT
WRITE(15,571008L,01,72, V2, DPL,DPZ ,DPV ,LPI,DPT, DPA
vip(Iy=i2
Yor(I)=12
wF(I)=3L
GU TO 1200

3970 WRITE(SG,5800)4,4,0PL,DPZ,DPY,DPYT,DPT,DPL,DPA,DPC,AV,12,0S0NIC
WRLTE(T5.5610)4.C, OPL.DPZ.LEV.DPL.DPT,DPE . UPA.DPC, AV, T2 . 0SONIC
11?(1):@
Yop(1)=CS0NIC
wr{i)=A
GO 1C 1200

5010 FORMAT(6A10,12/6(4E20,10/))

5112 BORMAT(/10X,64107/710% ,*HELT PIPE ANBLYSIS: % ,246,/)

5114 rUhHAT(?OX,*tVakOHAiUh EXIT TEMP =% 115,5/
110X, ¥PUnLE =* £15,5)

5116 FORMAT(10%,%¥N0, OF ARTERIES OPERATLHG=%,15/
110X, %*4RTERY DIFMENSTON =% 15,5/
210X, ¥ ARTRERY PUMPING RADIUS =* F15.,5)

5120 fup“zl(ﬂoz,ngVAPoﬁéTcﬂ EXIT TEMP =% E15,5/
110%,%*N0, OF ARTEPIES =% 15/

2108, #REFF =% F75,5)

5140 FORMAT(10X,*ARTERY GEOMETRY =% 15 ,3X,246/
110%,%NC, OF ART. NOT OPERATING=%*,15)

514G FORRL %1@K,WWALL FRICTION FACTOK :*,315.5;

5150 FORMAT(10%,%ARTERY SCREEL THICKNESS =% E15.5

5160 rURNAT(10X,*DISTANCE EnTWEEN ARTERLES=*,E15.5)

5170 FORMAT(10X,%GUTTER HBEIGHT =% L15 .5/

170X, *GUTTER WALL THICKUESS =% E18,5)

5180 FORMAT(10X,%WICK POROSITY =% }15,5/
110A,*?IL& TORTUROSITY =% E15.5)

5190 FORMET(10%,*DISTRIE. SCREEN THICKNESS:=* E15.5/

110%, *EVAPOKATOR LENGTH =% P15,5/
KTWK,*ALTLbﬁLTL LERGTH =% E15,5/
31 OA,"’KAJIV[/LHQFH LENGTH 2*,515 .5/
uzoﬁ #ANGLE FRUI HOKIZOWTAL =% E15.,5/
510%.%PIPE INSIDE HADILS =¥ £15,5/
b?Oh,*kunfT G FLUID NO. =% ,15,3%,42/
T10X,%8=-RATIC(LAMIN CR TURE) =% [15.5)

5200 Lu\quawaA,*PIPh EFFECTIVE LENGTH =% 115,5)

5210 FORMAT(/3%,#NA X4 DPL DPZ ppy®
17X, *hﬂl LPI#/6% ,*DPE DPA DPC DPCAPH

4 26%,*% Tkbk HISEE AVE)

5211 rbnrkl(/ X,%NA XA DPL DPL DPY DPI¥
1OX®DPT DPE DEA DPC LPCAP TBE  HEFF*,
IR INED )

5215 FURMAT (/85 , % mwmmm o PRESSURE DROPS=mommmmse e mee e £
®3X, *LLMHHHATUHE* 3K, RLIMITS®

5216 FORMATC1Y,*TER¥ 8A,*LIQU‘F* 4% ,®VAPQR(L) ¥ ,UY *INERTIAL¥®,2¥,
®xEVAPORATOR®  hx #THE#® Ly #1hck 4y #QSONICH) '

5217 FORMAT(1X,*pPOwE R 1x,*HYUkobThTIb4 LY, ®#VAPCR(T)#, 3§ LECAPTILLARY*,

. **X,*ADIALﬁllL* 1%, *Tl’:EbOL* 1X, *TBL,SON" “);,*CJENTRN
5216 LLPMALE'-%SX *C(;HDP‘ ‘IOE} )
H2dz FORMAT

/6% ¥TEE POWER LPL DPZ DPV DPI*,
17X, *DPT% /115, *DPE DEA DPC DPCLP TEE#
2U% ¥ CSONICH ) A
5221 FORMAT(/5n, #TEE POWER DPL DPZ DPV DPI¥*
14X, *DPT LPE DPA DPC  DPCAP TEE  GSONIC¥)
5230 FORMAT(/* DIST  PQWER  TEMP PRESS  DPL  DPZ  DRV*
1% DEI DPT#)




oo c
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[elolalelelie]

52371 FORMAT(/*¥* DIsT, POWER TEMP PRESS LPL )

1Pz DRy DEI®, /7% ,%DPTH ,7X,¥DPA¥)

5240 FORMAT(/6X,* X POWER DPL Lr7
17X, ¥DPT#/ 11X, ¥LPE DEB LPC 4
ZHX,*QSONIL*) )

5241 FORMAT(/5X,%* X POWER DPL DPZ Dpy LpI*
TUX,*DPT DPE DPA ) AY ‘ g

5250 FORMAT(10X,*PRESSURE
110%, #VAPOR DENSITY

210X, *LICUID DENSITY

310) ,®VAPOK VISCOSITY

10X, ®¥LIQGUID VISCOSITY
ﬁ1ox, ‘HEAT OF VAPORIZATION
010%, #¥SURFACE TENSICHN

5303 FORMAT(10X,*VAPUR PASSAGE ARLA $E15.5/
110X, ¥TOTAL LICUID FLOW AREA =% E15.,5)

500 FORMAT(® TRE NEXT DATA FAILED TO CONVERGE FOR WICK LIMIT.#,
1%  CONVERGENCE=¥%,F9.,5)
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5410 KO RiAT%% ELOW IS CHOKED, MACH NUMBER EXCEEDS UNITY AT EXITH®)
5420 EQK&AI_*&?O 3)
5430 f?guAl( FITERATION LIMIT BEXCEEDED ON ENTRALMMENT LIMIT, DELTA T= ¥,
wp 5/
5450 FORMET (10X,A10)
5500 bUhNAF(IS,E10.3,5F1G.O/SE?0.0,PTO.M,P7,2,AIO)
5510 EORMATEIS,PY,S,TOF9,0,2P§,3,A9)
5600 FORMAT(/7¢10.0/5%,6F10.0
5611 rORMAT(E5,o,ux,u§Flo,o,2xg,Q(t%.o,zxg,t?.og
5612 FORMAT(FT7.0,2X%,4(F10.,0,2X),2(F5.0,2%),£7.0
5613 EURhAlguix,FTO,G) )
5620 FORMAT(10X,5F8.,0,16.3) ) _ )
5700 EURLA1E56.2,58.0,57.1,kg.o,z(so.o,ﬁs,e) FS.0)
5710 FORMAT(F10,2,610.0,810.1,5610.0,/2F10.0)
5800 FORMAT(F10,4,6810.0/5%,3F10,0,F10,2,2F70.0)
5810 FORMAT(F9.4,9F9.0,F9.2,2F9.0)
4999 CONTINUE
IF(NPLOT.NKE.O)CALL DRAW(ITV,NFP,XP,Y1P,Y2P)

CALL BKP

CALL EXIT

END

bULHbUlIhL TSAT(IELUID,PRESS, TLNP)

THIS SUBLKGUTINE CALCULATES THE SATURATION TERPERATURE CORRESPONLDING
TO Thi INPUT PRESSURE, PRESS. 1ELUIJ SPECIFIES ThHE WORKING FLUIL

GO TO (10,20,30,40,50),IFLUIL
LITHIOM
10 TEMP = TT40.0/(7.67-ALOGTO(PRESS/1333.0))
GO TO 99
SGDIUM i )
20 TEMP = 12180.0/4L0G(3,83510/PRESS)
GG TO 99
POTASSIUM
30 TEMP = 10223.0/AL0G(2.1G67E10/PRESS)
GO TO 69
‘ MERCURY
40  TEMP = 7059.5/(17.65+ALUG(1.332E3/FRESS))
GO TO 99
WATER _
50 TEMP = 4872.0/ALOCG(3.G975E11/PRESS)
99 CONTINUE
RETURN
END
SUEROUTINE FMAX(FMX,RK,RMACH,RHACHO)
THIS SUBRCUTINE CALCULATES THE MACEH NUMEER CORRESPONDING TO VHLUESR
OF FMAX, NEWTORS METHOD IS USED.
FMx = INDEPENDENT VARIAELE
KK = SPECIFIC hEAT RATIO
RMACH = EXIT MACE NUMEER
RMACHO = INLET MACH NUMEER
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5430

10

CALCULATE INITIAL GUESS
PEI = (,3403/FMX*#,2550)%%2
%P(R%ALHO GT.1.0) PEI = (1.0286%EXP(2,U4938%FMY) )#%2

E = (1,0-PHI)/RK/PHI + (RK+1, O)/Z./RK*,

# ALOG( (RK+1.0)#¥PBI/2./(1.0+(RK=1.0)/2.%PHI)) - FMX
IF(AES(F).L1,0,0001) GO TOQ 4O

DF = (FKE+1.0)/(2.%RK*PET*(1.0+(RK=1.0)/2.%PHI)) - 1.0/RK/PHI¥¥2
PHINEW = PH1 - F/DF

1rgPhINhh.LL .0) PHINEW = 1.0E- 6 ,

1F (RMACHO.LT.1.0.AND.PHINEW.GT.1.0) PHINEW
¢b&hMALBO GE.1.0.AND,PHINEW,LT.1.0) PHINEW

I = I+1

Ib(I GT.50) GO TO 30

PRI = PRINEW

GO TQ 10 o

WRITE(15,5430) I,F

CONTIRNUE

HMACE = SQRT(FEI) _ ,

FORMAT (¥CONVERGENCE FAILED IN FMAX, I = *,I3,% AND F = ¥ E10.3)
RETURN

END

SUBROUTLNE DRAW(I
DIMENSION kP(NP),

DIMENSION W(50),4

DIMENSIOR %5(201)
IF(IOPT.LT.2) RETUKN
CALL TEKTRN
CALL BGNPL(0

CALL PAGE(9,
CALL HEIGET(

YMAX= 0,0
YMIN= 1000

0.9999
1.0001

,L€B§ Y(3),LABRLZ(3)

)
)
5,
0.

*gY&(NP) -XF(1))

o
G-
LAJ'\J

+

NSt IS THE NUMEER OF POINTS IN THE SMOOTHED FUNCTION
NS 1S THE NUMEER OF INTERVALS IN TEE SMOOTHED FUHCTION
w wILL CONTAINM THE SECOND DERIVATIVES

1J GlVLb THEE SPACING CF POINTS IN THE ORIGINAL ARRAY
IOP SETS THE EUUNDARY COMDITIONS AT THE END POINTS

A, B, C ARE WORKSPALCES

ANS(1) WILL CONTAIN THE Y-VALUE AT THE CALCULATED POINT
Ambgag wILL CONTAIN THE FIRST DERIVATIVE

ANS(3) WILL CONTAIN THE SECOND DERIVATIVE

FIRST SET UP THE X-VALUES FOR THE SHOOTHED FUNCTION

Ab(?) = XP(1)

= (XP(NP) ~XP(1))/KS
0o 3 1=1,N
XS(I+1) = 9(1) + I%DX
NZ=26

ENCODE (MNZ,11,LAEELZ)
bOh%AT(EbEQ VS, EVAPORATUR EXIT TEMP)
NY=12

ENCODE (NY,12,LABELY)
Eon¥ﬁT(1ththR WATTS)
ENCODE (NX,13,LAEELX)
FOKMAT (1URTERPERATURE, K)
CALL INTAXS

DO 14 I=1,HP

YHIn= AMINT(YMIN,Y2P(I))
YMAX= AMAXT(YMAX,Y2P(I))
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15

16
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32

33

34

35

CONTINUE
YVEL= (YMAX-YKIN)*.02 + Y2P(1) -
CALL TITLE(LABELZ,NZ,LAEELX,NX,LAEELY,NY,6.5,7.5)
CALL GRAF(P(1),10ESCALE SE(NE),IMIN  TORSCALE
CALL SPLIDT(NP,XP,Y1P,w,I10P,1d ,A,E,L5
Iéh%g Eugs THE SECOND DERIVATIVES OF v1P INTC W

A

CALL SPL1D2 uP )P Y1P,w,1J,%S(1),ANS)
Y1S(l) = ANS(1

NOW KEPEAT Ihb PROCESS FOR TRE QELUNU CURVE
LALL6SPL1bSéhP KPLY2P,w,10P,T1d 4L,
i

CALL SPL1D2(NE,%P,Y2P,W,1J,xS(1),ANS)

Y25(1) = ANS(1) _

NOW CHECK FOR POINTS OF Y1S WHICH ARE ABOVE Y29
NPG = NST

DO 17 I=1,NS1

TF(Y18(1). LT Y28(1)) GG TU 18

’\C

NPQ = NPG-

CONTINUE )

CALL CURVE(3S,¥2S,081,0)

CALL RLMESS(6RQSONIC,S ,XVAL,YVAL)
NSTAKT = NS1+1-KPG

CALL CUKVE(XS(WSTAKT),Y1S(NSTART),NPG,0)

GO T0 35
Nz=22
ENCUDE%EZ ,21,LABELZ)
FORNﬁT z2eH lePEHATURL VS. LENGTE)
NY=14
ENCODE%N ,<2,LABELY)
/ fgﬁwé 14k TﬁNPEhPlUPh K)
NA =
ENCODE&‘X,23 , LABELX)
FORMAT( TOHLENGTH, CM)
CALL IfiAXS
DO 24 I=1,NP
YMIN= AMI#?(X MIN,Y2P(I))
YMAX=AMAX T( YMAX ng(l))
CONTIRNUE
CALL TITLE(LAEBELZ,Nz,LABELX,NX L}LhLX,Nl,6.5,7,5)
CALL GHAE(XP(?),?OHSLALL XP(NP) ,YMIN, 10ESCALE
CALL CURVE(XP,Y2P,NP,0)
GC T0 35
Kz=15

ENCODE(NZ,31,LABELY)

FORMAT( 150AC, "GSOHIC Ve, A)

NY=12

ENCODE(NY, 32, LAEELY)

FORMAT ( 120POWER, WATTS

NX=20

ENCODE(NX,33, LABELX) ~

FORMAT (ZOHARTERY DIMENSION, Ci)

CALL YINTAX

DO 34 I=z1,KP

IMIfi= AHINTEYHIN LY1P(T );

YMAX= AMAXTCYMAX,Y1P(I)

CONTINUE

YVAL= (YMAX-YMIN)#*,02 + Y2P(1)

CALL TITLE(LABELZ,NZ LALhL},n) LAﬁhLi MY, 6 ,T45)
CALL GRAF(XE(1),10RSCALE P(LF),YMIN, 100RSCALE

CALL CURVE(X ,YWP Ng, O
CALL CURVE(XP,¥Y2P,HUP
HQSONIC XVAL,YVAL)

CONTINUE
CALL GRID(1,
CALL ENDPL(I
CALL DONEPL

P
P
CALL RLMESS(6
1
0

br)

YMAX)

,YMAX)

,YMAX)
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40

40

10
4

20

Z01

203 C2=

200
302

RETURN
END
SUBKCUTINE SPLADT(M,X,F,W,10P,1J,A,E,C)
WhEKE b= NUGEEK OF POINTS IN THE IDTERPOLATIO%
%= OKIGIN OF TAELE OF INDEPENDENT VARIAELE
F= CORIGIK OF TAELE OF DEPENDENT VARIARLE
w= AN AKKAY OpF DIMENSICN N WHICE CONTAINS THE CALCULATED
SECUNL LDERIVATIVES GPON RETURI
10P= AN ARRAY OF DIMENS1OH 2 WEICH CONTAINS COMEINATIONS OF
THE INTEGERS 1 TukU 5 USED TO SPECIFY THE EOUNDARY
"CONDITIONS
IJ= SPACING IN THE F AND W TABLES
h,B,C= AKKAYS OF DIMENSION N USED ECH TEMPORARY STORAGE

DIMENSTON luP(a) x(z F(2),w(2),4(2),p(2),C(2),COMM(6)
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THO IF (I-1)141,742,141
142 A(N)-O
gm) ()(N 1)-%(N))/3,
b (K4 ) =02~ (F (KL )=F(KT) )/ (N(N)=X(8=1))
GO TO 70
141 Ik (I-K) 143,144 143
T BILL=(X(N)=X(N~1))76.
GO TO 70
143 BILL=0.
GG TO 70
150 1F (I=-1)151,152,151
152 A(N)=0.
CON)=(X(N=1)+X(1)=X(K)=X(2))/3, N
WEKHaz(g(IJ+1)-F(W))/(X(2)—X(1)) (F(EU)=F(KT))/7(X()=-X(N=1))
GG TG 7
151 IF (I-2)153,154,153
154 BILL=(X(2)=%(1)} /8"
GO TO 70
153 1F (I-K)15%,156,155
156 FILL=(X(N)=X(k~1))/6.
GO TO 70
155 BILL=0.,
GC TO 70
100 CON=A(1)*C(H)-C(1)*A(N)
D7:—k(1)\
D2==W(Kh) _ o
h(i):(@?*t(h)—@\1)*D2;/CON
WKL )= (A (1)*D2=-D1%A4(N) ) /CON
0 110 I:2,K
Mz(I-1)%1d+1
110 w(t)=W(M)+A(T)#W(1)+C(T) *W(KL)
GO 10 305
300 CALL LABRT(1,COMM,1)
305 nguRh
SUEROUTINE SPL1D2(N,X,F,Ww,1J,Y,TAE)
WHERE Nz NUMEER OF POINTS TN THE INTERPOLATION
k= ORIGIN OF TADLE OF THE INDEPENDENT VARIARLE
k= GRIGIN OF TABLE OF THE DEPENDENT VARIARLE
W= og£?1$ OF TAELE OF SECOND DERIVATIVES AS CALCULATED RY
S ]
IJ= SPACING Ik THE TABLES F AND W
Y= THE POINT AT WHICH INTERPOLATION IS DESIRED
TAB= AN ARKAY OF DIMENSION 3 WHICH CONTAINS THE FUNCTION
VALUE, FIRST DERIVATIVE, AND SECOND DERIVATIVE AT Y
DIMENSION X(3),f(3),W(3),TAE(3)
LOCATE Y IN THE X TAFLE
IF(Y-X(1))10,10,20
10 Iz
GO T¢ 20
20 IF(¥=XTH))15,40,40
4O Izh-
GO TO 30
15 CALL bEARCh(Y X,N,I,MFLAG)
30 MI=(I-1)%IJ+
K1=MI+1J

FLE=X(I+1)=X(1)
CALCULATE F(Y)

B=(W(HI)* (X(T+7)=Y) ¥ %345 (K1) ¥ (¥=X (1) )*¥#3) /(6. %FLK)
B=(F (K1) /FLK~Li(K1)®FLK/6. %*(Y~X(Ig)

C=(F(MI) /FLE-FLK#6 (MI) /6 )% (X(T+1)=1)

TAE( 1)z A+E+C

CALCULATE THE FIRST DERIVATIVE AT Y
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A:(W&KT%*(YuX(I))**2~W(MI)*(X(I+1)-Y)**2)/(2,*FLK)
B=(F K1 -F(MI))/FLK

C=FLK¥ (W(MI)-W(K1))/6.

TAE(2)=A+E+C

CALCULATE THE SECOND DEKIVATIVE AT Y
TAE(3)=(W(MI)®(X(I+1)=Y)+W(K1)*(¥-X(I)))/FLE
RETURN

EN
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