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INTRODUCTION

The purpose of the computer program GRADE is to numerically solve the
differential equations that describe heat pipes with graded-porosity
fibrous wicks. Such wicks have an axial variation in porosity so that,
at the maximum heat-transfer rate, the porosity is just low enough for
the wick to support the local liquid-flow pressure drop plus any hydro-
static head. Thus, the highest possible permeability is obtained along
the wick. For comparison of graded-to uniform-porosity wicks, GRADE can
also compute the performance of the latter. In fact, the user can have
GRADE calculate the porosity for a given fiber diaweter, or both the poros-
ity and fiber diameter, that gives the hignest heat-transfer capacity for
a uniform-porosity wick,

In the graded-porosity case, the user specifies an initial porosity*
at the condenser end and either a final porosity or maximum liquid stress**
at the evaporator end., GRADE then calculates the optimum porosity varia-
tion along the wick and the maximum heat-transfer rate. A summary of
GRADE's capabilities follow:

o Calculation of optimum porosity variation and corresponding
maximum heat-transfer rate.

0 Calculation of maximum heat-transfer rate at other than the
wick's design condition.

0 Both earth -gravity and zero-gravity computations.

o Heat pipes having muitiple sections each having different tilts.

0 Multiple heat input and output zones.

*If the user wishes, he can have GRADE compute the fnitial porosity as the
highest for which the wick's condenser end will self-prime in a gravita-
tional field.

**We define stress as the Tocal vapor-liquid pressure difference.



o Calculation of the amount of Tiquid contained in the wick.

o Calculation of the performance of uniform-porosity wicks with
a specified constant porosity.

o Calculation of optimum uniform-porosity wicks.

The mathematical model for flow through a wick is based on the TRW
Report No. 21160-6005-RU-00, "Capillary Flow through Partially Saturated
Wicks"®, however that analysis has been corrected and modified in lignt of
recent theoretical and experimental research. A brief discussion of the
mathematical basis for GRADE follows.

CAPILLARY PRESSURE

The model of capillary pressure generated by a fibrous wick includes
hysteresis, that is, the cap111ary'pressure generated for filling being
significantly lower than that for emptying. The expression for the capil-
lary pressure P generated by a wick of porosity ¢ and of diameter &
is given by

P = 3.247RH iléil - : ' (1)
Here, o 1s the surface tension and H 1s an empirical constant equal to
unity if the wick is filling and 1.955 if emptying. The empirical constant
R 1is the ratio of the maximum stress of a full region to the larger stress
necessary to half empty the region. Its value is approximately 0.6 .

Eq. (1) is derived by first calculating the component of force perpen-
dicular to a vapor-liquid interface exerted by surface tension acting on a
single fiber that penetrates the interface at an arbitrary orientation.

The force components of all fibers penetrating a given area are then summed
with proper account taken of the statistical distribution of their orient-
ations, and the sum is equated to the product of the capillary pressure

and the liquid area.

Eq. (1) can be solved for ¢ , which resuits in

3.247RHs /8
P + 3.267RAa/6 (2)




PERMEABILITY

The permeability K is the proportionality factor in Darcy's law,
which relates the superficial mass flux M to the pressure gradient gg'

and the kinematic viscosity v
K dp
v

The expression we use for the permeability in terms of the porosity ¢ and
the fiber diameter & is

- -1
k=30’ L . — - 8 — | . )
4(1-9)-(1-0)%-2 In(1-0)-3 1y 4y 4 1=(1-¢)
- 1+(1-4)2

The empirical constant D is introduced to obtain close agreement between
theory and experiment.

This expression is derived by first calculating the drag on an arbi-
trarly orientated fiber segment in the presence of neighboring fibers.
The drags on all such segments contained in a cylindrical region whose
axis is aligned with the flow direction are summed with account taken of
the statistical distribution of their orientations. The total drag is
then equated with the difference in pressure forces at each end of the
cylinder.

OPTIMUM UNIFORM WICK

With the use of Eq. (1) for the capillary pressure and Eq. (3) for
the permeability, we can optimize the capacity of a uniform-porosity wick
with respect to its fiber diameter and porosity. The results for operation
in a gravitational field are

o The optimum porosity is 0.79 and the optimum fiber diameter
is such that Eq. (1) gives twice the hydrostatic contribution
to the stress at the evaporator end.

o If the fiber diameter is fixed, the optimum porosity is given
by Eq. (2) with P equal to twice the hydrostatic contribution
to the stress at the evaporator end.



MATHEMATICAL PROBLEM STATEMENT

P

In this formulation, we neglect vapor-flow pressure drop. Three
first-order differential equations govern the stress P (at the top of
the wick if in a gravitational field), the mass flow rate m , and the
cumulative mass M of liquid in the .wick:

Lo vl + g I (4)
AN N O (5)
Y I CY RN | (6)

where v , o , 9 , A , A , %2 , and Q(x) are, respectively, the
kinematic viscosity, density, gravitational acceleration, latent heat,

wick area, heat-pipe slope, and heat input per unit length. The perme-
ability K 1is given by Eq. (3), and for the optimum graded-porosity wick,
the porosity o{(x) 1is set just low enough to generate the required capil-
lary pressure. In particular, o¢(x) is taken as the lowest of:

(1) The porosity required to sustain the stress P , which is
calculated from Eq. (2) with the hysteresis constant H =
1.955 .,

(2) The initial porosity ¢, , which, if not specified, is
caleulated from Eq. (2) with P = pghW ( hy, is the wick
height) and H =1 . '

(3) The local self-priming porosity, which is calculated from
Eq. (2) with H =1 and P = pg[h(x) + hw] .

In zero gravity, priming is not a factor, and the porosity ¢(x)} is
the lower of Items (1)} and (2) above. In non-zero gravity, if the user does
not require the wick to self-prime along its entire length at the operating
elevation, then the self-priming porosity given by Item (3) is not
considered. For this case, in actual operation the wick must first be
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primed by lowering the heat pipe to a more nearly level position prior to
its operation. The advantage of not requiring self-priming is that higher
maximum heat-transfer rates can be achieved.

The boundary conditions for the differential equations are

pgh if ¢g # o , :
P(o) = v | (7)
40/D, if g = o , _

where DVS is the hydraulic diameter of the vapor space,

m(o) = M(o) = o , | - ~(8)

o{0) = ¢o | (9)
and

P(L) = P (10)

If the final porosity ¢(L) = be is specified rather than Pe then Pf
is calculated from Eq. (1) with H = 1.955 '

The differential equations (4) - (6) are integrated repeatedly with
the Runge-Kutta routine., Each time, the total heat-transfer rate is adjust-
ed until Eq. (10) is satisfied, or, for a pre-specified porosity distribu-
tions, until the stress just matches the wick's critical stress anywhere
in the interval 0 2 x S L.

INPUT

The input is in Fortran NAMELIST form. The required parameters are
defined and discussed below. An input form is given in Table 1.

Headings

After writing on the first card or line the NAMELIST identifier
$GRDATA, the user then inputs two lines of descriptive information by
writing on one card or line HD1 = 60H followed by up to 60 characters
of title and on the next card or Tine HDZ2 = 60H followed by another
60 characters. GRADE will print these two lines at the beginning of
the output. '



TABLE 1

HD1 =
HOZ =

(=2
<
I

h
[
pm =

LIQ =
TKELYN =
RHOL =
ST =
VISL =
HFG =
GEE =

INPUT ONLY IF LIQ = 0.0

AW =

HW =
DIAF =
PHIO =
PHIF =

PF =
DIAVS =

HOMOGENEQUS WICK? SET PHIF = PF = 0.0
AND PHID = WICK POROSITY. (IF ONE SETS PHIO = 0.0 OR
PHIO = DIAF = 0.0, GRADE PROVIDES OPTIMUM VALUES FOR
THESE . } -

QDYT =
NQ =
Xq =
Fq =

I

- -NELE =
XELEV =
ELEV =

DX =

'NCASE =
LASTPHT =
ISLFRRM =

l

DY
$END



Fluid Properties

GRADE automatically computes the required fluid properties for one of
several fluids, which the user specifies by selecting a value of LIQ from
the following list: '

Fluid Temperature Range
LIQ = 1 Water (32F < T < 400F)
LIQ = 2 Ammonia (-108F < T < 190F}
LIQ = 3 Methyl Alcohol {-140F < T < 380F}
LIQ = 24 FREON-21 (-55F < T < 305F)
LIQ = 5 Ethane | (-135F < T < 80F)
LIQ = 6 Methane (-280F < T < 120F)
LIQ = 7 - Nitrogen (-340F < T < 250F}

The properties are for a temperature TKELVN that the user inputs in
degrees Kelvin. A1l other fluid properties are automatically computed for
that temperature. If another fluid is used, set LIQ = 0 . Then, values
must be specified'for the following guantities:

Quantity ~ Symbo] Units
Liquid density RHOL Kg/cu., m
Surface tension ST Newtons/m
Liquid viscosity VISL Newton-sec/sq. m
Latent heat HFG Joules/Kg

Caution must be used with fluids other than ammonia at ambient
temperatures. Since GRADE was specifically written for ammonia heat
pipes, the vapor-flow pressure drop was neglected. For fluids with a
relatively low vapor density, GRADE must be modified to fnclude vapor-
flow pressure drop.



Geometrical Parameters

The following quantities specify the cross-sectional geometry:

Quantity SymboT | Units
Wick area AW sq. cm
Wick height from tube bottom HW cm
Fiber diameter DIAF ~oocm
Initial porosity PHIO dimensionless
Final porosity ‘ PHIF dimensionless
Vapor-space hydraulic diameter DIAVS cm
Final stress PF cm ligquid

For non-zero-gravity calculations, if the user sets PHIO = 0.0 ,
GRADE calculates a value just low enough for the wick to self prime at
the condenser end. If the user chooses to specify the final stress,

instead of a final porosity, he sets PHIF = 0.0 and PF to a non-zero
value. Otherwise, PF 1is set to zero.

To calculate the performance of a homogeneous wick, both. PHIF and
PF are set to zero, and PHIQ 1is sét equal to the desired constant
porosity of the wick. If PHIQ0 is set to zero, GRADE calculates an optimum
value that gives the highest capacity for the operating condition. If, in
addition, the fiber diameter DIAF is set to zero, GRADE will supply
optimum values for both DIAF and PHIOQ .

Heat Input

The user specifies the heat~input distribution by specifying the
fraction of the total heat-transfer rate for up to ten segments of the
heat pipe. Heat transfer is assumed to be constant along the given
segment. Values for the following parameters are required:

NQ - the number of segments, which must not exceed ten, into
which the heat pipe is divided.



XQ(1) - the length of the

F(1) -

QDoT

Elevations

1™ segment in cm. The segments must

be numbered consecutively along the heat pipe beginning
at the condenser end.

the fraction of the total heat-transfer rate entering the Ith

segment. If the pth segment is adiabatic, FQ(I)} is

negative.

A nominal heat-transfer rate in watts, which is the user's
best guess at the maximum. A close guess reduces the
numbey of iterations to the final answer.

The user specifies the heat-pipe orientation in a gravitational
field by inputing values for elevations of points along the heat pipe
~ where the siope changes. Between points, GRADE assumes a linear variation

of elevation,

Values of the following parameters are required (except

for zero gravity):

NELEV

XELEV(I)

ELEV(I)

GEE

the total number of pointé along the heat pipe, which must
not exceed 10.

th point.

the distance along the heat pipe in cm to the I
Both ends of the heat pipe must be input, therefore the first
point must be at zero distance [XELEV(1) = 0.0], and the last

at the total heat-pipe length [XELEV(NELEV) = L].

th

the elevation in cm of the I point relative to a horizon-

tal refernece plane.

gravitational acceleration in standard gravities.

Program Control

The following quantities relate to the mechanics of the program and

user options:



DX - integration step size, in cm.

ISLFPRM equals 1 if the user requires the wick to self-prime at the

specified elevations and zero load.

- equals 0 if the user does not require the wick to self prime.

NCASE equals 1 if another case follows.

- equals 0 if another case does not follow.

LASTPHI

equals 1 if the porosity distribution of the last case is
to be used.

- equals 0 if it is not to be used.

$END - ends NAMELIST input.

If another case is to follow (NCASE = 1), then another NAMELIST input
follows that is exactly like the first except only those quantities that
are to be different in the new case are included. Up to ten cases can
be run., The NAMELIST input for the sample calculations are included in
Appendix A.

OUTPUT

GRADE first pr{nts the headings that the user has input. The input
variables and computed thermodynamic properties are printed next. The
final iterated solution follows, which consists of the maximum heat-
transfer rate, the total amount of liquid in the wick, and a tabulation
of distance along the heat pipe, stress, static head, porosity and critical
stress. The static head is that part of the stress due to gravity. The
critical stress is the maximum the wick can sustain without failing.

SAMPLE PROBLEM

To demonstrate GRADE, a typical heat pipe was analyzed. It has a
.356-cm x 1.128-cm (.140-in x .444-in) slab wick with a fiber diameter of
.01016 cm (.004 in). The heat pipe is 180-cm long with single condenser,
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adiabatic and evaporator sections of 60 ¢m. Performance was studied for
ammonia at 294°K (70°F).

For the first run (output in Appendix A) the evaporator end was
elevated 2 cm. A final stress of 7 c¢m is specified, which is slightly
above the pumping ability of a .0178-cm (.007-in) pore. (We have previous-
Ty judged that such a pore corresponds to the critical stress at which
grooves lose communication with the wick. By setting PHIO=0. we let
GRADE calculate the initial porosity that is just low enough to prime the
condenser end of the wick. We require in the first run that the entire
wick has a no-load self-priming capability at the 2-cm elevation (ISLFPRM =
1). GRADE computed a maximum heat-transfer rate of 81.3 watts (3843 watt-
in). The stress and porosity distrubtion are shown in Fig. 1. Until the
break in the stress curve at 120 c¢m, the reduction in porosity is due to
the self-priming requirement.

For the second run, the same porosity variation was studied in zero
gravity.. The calculated maximum heat-transfer rate is 141 watts (6661
watts-in). Notice that in zero gravity, the initial stress has the Tow
value of the vapor-space capillary pressure, whereas in earth gravity the
initial stress is set by the hydrostatic head at the tdp of the wick
of 1.128 cm. ' ' '

For the third run, the self-priming requirement of the first run
was dropped (ISLFPRM = 0). This increased the maximum heat-transfer rate
to 115 watts (5452 watt-in). The wick porosity remains constant at its
initial value until at 62 cm the stress reaches the capillary-pressure
Timit of the wick for emptying. |

In the fourth run, the wick designed in the third run is studied
in zero gravity. The maximum heat transfer rate is 200 watts (9439 watt-in).

In the fifth run, we study a homogeneous wick with a porosity of
.683, which is the same final value as the graded-porosity wicks. Thus
the homogeneous and graded-porosity wicks have the same elevation at which
the heat-transfer capacity goes to zero. The calculated capacity for the
homogeneous wick at a 2-cm elevation is 30 watts (1409 watt-in).

1
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APPENDIX A

SAMPLE PROBLEM INPUT AND OUTPUT
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GROATA NAMELIST INPUT
HO1=0THGRAGE SAM2LE PRO LM

HI2=0 OHSELF-PRIMING 4ICK 2-0M CLEVATION
LIn=2

TKELYN=234,

CEE=1.70

Ad=0.4C1

HW=1,123

CIAF=(.913018

FHIO=0.0§

PHIF=0.,2

PF=T.2

DIAVS=G.47L

a02T=1019,

MNO=3

FRQ==1uCyafalyl.7

XQA=Bl e 160 e 460

NELEV=2 '

XELEV={. U,l&ﬁ .

ELEV=d, 9420

0X=2.

LASTPHI=]

ISLFPRIM=1

NZASE=1

$&ND

IGRUATA

HOZ2=62H3ZLF-PRIMING WICK IR0 GRAVITY
Gei=5.0

LASTPHI=1

$END

IGRIATA o

HD 220 OHNON=SELF =S [MING A 10K 2=GM TLEVATION
GEE=1,.3 .

LaASTeHI =]

ISLFFRM=)

LEND

FGRIATA

HOZ2=6 JHNIN=SELF=FRIMING WiILK 2220 GRAVITY
Chlzyell

LASTPHTI=1

FENMD

ISRDATA

-—
Y



HD 226 THAOMOGE NEDJS MICK
GEE=1.0

LASTPHI=N

FF=0. 2

PHId=.6335

NCASE=?

ISLFPRM=]

5E ND

SL

2-

C

|

E

LEVATION
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FINAL SOLUTIOM

THE MAXIMUM HEAT=-TRANSFZR RAYZ I3 8.1#453E+91 WATTS

THE TOTAL LIQUID IN WICK IS J.43306E401 GRAMS

DISTANCE STRESS STATIC HCAD GRIT. STRESS

8l

PIROSITY

(CH) (CM LIO,) (CM LTIQ.) (CM LIG,)
Je : 1.1280E+00 1.1280E+Q06 8.7265E-01 2.2052E+00
2.0000E40C 1.1595E¢08 1.1532E+C0 He TOLHBE=-01 2.2487E4+50
4.0000E+3C 1.1737€+00 1.172GE+G0D B8.H6329E-01 . 2.2921E400
B.0000E+0( 141975E+00 1.1947€+00 BsBHL3E-L1 2.3356£+00
8.0300C+00 1.2220E+0G0 1.2153E+04 - 8.6393FE~-C1 2+3790E+00
1.0000F+C1 1.2473E400 1.2391E+00 . B, 6134E=01 2.4225E400
1.2300E+01 1.2734E+03 1.,2613E+00 Ba59715~01 2.4659E+400
1.4J00FE+G1 1.3004E+00 1.2K836E+00 Be5759E-C1 2.5094E+00
1.6003F+i1 1.3282E+00 1.3058E€+00 8.55485=01 2.5528E+00
1.8000E+01 1.3570E¢33 1.32306400 6.5338F-01 2.5962E400C
2.00006+01 1.3868E430 1.3502€E+00 3e5129E-01 2.6337E+00
2.2000E+51 1.4176E400 1.3724E¢00 B.LI21E-0Y 2.6RFLE+DC
2e4003E+01 1e4496E+030 1.3947E400 Bab714T=01 2.7266E400
2.60035+401 Le4327E400 1.4163E+00 344508 -ul 2.7700E¢30

2.8000F+01
J.O00U80+0%
3.2000E¢01
J.4100F+012
3.60000+01
3.8400c+(1
4.00G0c+01
Le2000E+51
b JUGE+0Y
L4ebJLTLTL
LaB800E+01
5.03Cutvit
S5.2300£+01
SeLJUIEHE

5.6000E+01
5.32C0F+01

L.517GE+ 34
1.55255+4900
1.5334E¢830
1.6277E+1310
l.0674E+80
l.70B86E¢00
1.7514E+50
1.,7358C+0])
1.3%19E4410
1.88498E+0y
1.9335E+313
1493126403
Ce G345
2+10204L24 00
2158284510
P2.cl3iE430

1.4391F+00
1.4613E+80
1.4836€+00
1.5054€+040
1.5280E+00
1.5502E 480

1.2724E+00

1.2947E+(
1.51092+464
1.6391E+0C
1.6613E+00
1.6836E+00
1705808480
L7283
1.7552E+00
L.7724E490

8 t3utE-0U1
Reb11iE=G1
8.3347c~01
84 3695E~N1

8.34LILE=-01

Ba329uE-G1
3.306955-01
B.2897E~01
De 2730E~-01
e 2508 -01
Be 2309E=01
e 2114E=D1
s.19215~01
ha 1T295-(1
Ha15375=-01
8,1346E~-(1

2.8135E+0¢C
2.8569L400
2.9004E4DC
2.9438E400

2.9872E400

3.1307E+30
3.0741E+00
3411768400
3.1610E40¢
3.2G45E400
3.2L79E+00
342314E400
3.33485400
3.3732E490
3421768400
3.4651540¢C
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5.0300C+21
6.2003c¢01
be.4dJEHD]
B.0d02FE+01
6.,8003E+01

T.0000F+01

T.236Bc+01
740008 +31
7.69008+91
8.0000E+D1
3.23L0C+01
d.L100E+01
3.6300E+31
3.3303E+01
9,0J03E+0Q1
9,2300c+01
9,41008+01
9.,630CE+01
J,800dE+G1
1.0000E+#0¢
1e02L0E+DS
1,4EDBE+C2
1.0500£+402

1.9300L+C2

1.10002+C2

1.12080402

LeluBOE+G2
1.150GE+52
1.1315E+02
1.2400F+0¢z
1.220065+02
1.2400E432
1.250064¢L2
1.230uc+ld
1.33005+0¢
1.3208E+C2
1e34UJE+LE
Le3508r+3c
1.39C08+C2
1.l dGltelc

2.2B8U0LE+TD
2.3441F400
e IB8TE+WY
2ebkThi¢0]
Ze5411E#4D
2eEU8BE+G]
2L,E7T0EL DY
2e TL724E+1T
2. 813364033
248303E+20
C+9034E+0Y
3.0376E+032
3.1130E+43
3139569
3.22T7T2C0434
3e bl eid
3.4262E¢010
3.50758+210
3.593J0E+30
3.6738E¢390
375398449
38452544
3.9323E¢42
babl2ldE4GD
4a.1121E¢013
4« 2037E+]1
422 3RTE4T U
Ge 33115451
w, b3IBBE+UY
e 534 IC+T I
GteB:327E4010
it o 73130 +00
beB7335+7)
4+9773E+373
5.0742c+C0
221717C417)
342691E+(0
5s3064E+TT
St 332434
54554975430
5.6553E+30
J.750054C0

1.7947E+040
1.3169E¢00
1.8391E+00
1.86135400
1.8836E400
1.3G58E+00
1.9280E+00
1.95026+00
1.9724E+D0

. 1.394L7E+CL

2.31593£+00
2.0391€+0D
2, 0613E4C0
2.1053£¢00
2.128LE+00
2e15N2E+UU
2.1724E+00
2,19L7E+00
2.2169E4+G0
2.2331CT+L9
2.261Z£+0¢C

2.30655E+00
2+3230E+C0
2+3532E 40N
2. 372LE 00
Fa39L7E+GT
2«4163F+0C
2.4331E+00
2.4613E+¢00
2.4830E40(
2.50530+010
2.52825+44
255072 +010
2+ 2724F¢00
Z2.594TE+GD
2 HLIRAL LA
2e93¥EHGE
2.0613E+400
2eBRIGEXEY
PLT0RRERLU

B.1156E-61
5+09R3E-01
B.0783£-01
B.0592E~01
BeT4UBE-01

Beu221E-01

A.0036E=01
7.38522-0G1

79689201

7087 2=-G1
Te33G6m-yl

Toe912h6C=ut"

7«A34bHE-T1
T.87672-01
7.8589E-101
TeBul125=(1
7Te3c3ae-01
7.80h035-01
7o 7TAABE-LY
7Te7711--01
Ta75332-1u1
74736601

7.70236-01

T.68532~01
76083201
fe65152=01
7e053L75-31
7feb6013T-01
TeH847:5~01
Ffa56322=71
7e55142~101
7.52242~(1
TetBn2--L1
Fet4932:5-71
fabltio=-{1
Fo373d45=01
7 3abnl-01
fo3lid3e=(1
fed TETE=T]
fell3n_~C1

3.5086£+00
3.55206+00
3.H389E+00
3.60824E¢00
J.7258%E+0¢0
3.7632E+00
381276400

" 34850618400

3.6996E+40
3.96430£+00
3.9365E+0C
Le0299E47 0
4odTILEHTC
,1168E+00
Lo1602E+0¢
We2337E450C
4o2WT1E+DQ

Le2906E+00

Lo334GE+DD
L 3T7TSE430
L L20AE+TE
o4 BULELCT
4.50(785430
L.55125 00
boS5AGTEHEE
W HIBLET Y
LoHELRE+TT
472530400
4.7585548F
£.81135490
G.3554E 400
o IBAE+I0
boeIT7LT4D0
Gt 7L2I450

LT W B 2 R

5426918 473C
Ce3tobo+l ]
Sae03 407
5.55‘)?[\"‘3[‘.
B35 80450
I AR R Y



02

1.4403E+0¢
1.450JE+#02
1.4300E+C2
1.5300E+02

C1.5200E+02

1.5400E+02
1.56G0E+C?
1.53G0E+02
1.6000E+02
L.6203E+02
1.6400E+02
1.6503E402
1.6303E402
1.7106E+02
1.72005402
1.7400E402
1.75006402
173006402
1.8300E4G2

5+3435E+50
5.9355E+40
Beidd58E+UD
H5a.11t1e+9
BecOBLESGY
has2336C+00
Ve 3BLZESD]D
bebllbL+0D
5.5157E+310
b«5360E+90
D+H6%22E440
GeTlulE+G{

B TT15E+0D

Do B24)E+ DD
Hed71LL4E+00
oe 91358400
549501400
bad31LE+GY

7T.0052:+#00

2.7280E+CT -

24 7502E+0
277245400
2.7TILTE+DD
2.8153E+08
2.8331€+00
2.8613E400
2.8836E+(0
2.9053E+00
2. 9280E+0C
2.9502E+C0
2.9724E400
2.9947E4C0
3.0169E+00
3.039LE+60
3.3613F¢GC

J.0836E+00 -

3.1053E 00
J.1280E+04

7.21135-¢1
T.1793E-01
7.1491c~-C1
7.119LE-C1
7097°72-0G1
T.203)e-i1
7.03655-01

CTe1128-01

5.9872C5=01
beJokoc=-C1

6.3434E-01

BeI23TE-C
6. 3055FE~-01
6.3890E-C1

£.3741E-C1 -

be 3610E-11
Bb.8036E-C1
He3ufNE-G1
6e83222-01

S5«8L3554+5 0
5+93558+4§ 0
6.02586+00
bs11L1F+0T
6.20601E+00
6.2836£+40C0
6.36LPE+GT
. U1BE+GT
6.51572+00
H.5860E40C
HeHS2CE+UD
G 7LU1F+00
Be7 715+
.25 %00
FaB71UC+0C
BeI31LISEHNN
6.9531E+00
B.9311F+ 00
7.00562E400
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GRADE
SELF-

INFUT VARIABLES AND FLUID PROPERTIES!

SAMPLE PROBLEM . :
PRIMING WICK ZERD GRAVITY

. &
LIQUIO N!JH:]ER..........‘......
TEMFER“IURE..G........l..‘...l
LIQUID DENSIT'.O.Q...'.C'.IC..

SURFAGE TENSIONesesessonsnssns

LI“UI&) VISCOSITYoooooa-oonoooo
LATE‘N]‘ HEAT."I....!...._’....'

GRAVITATIONAL ACCELCRATION.sa.

HICK AREA.-.-.-..-..;-.--ooa-.
WILK HEIGHT s sassssssancnananss
WICK FIBER CIAMETERceseessosee
INITIAL POROSITY e ssvescennsvees
FINAL FOROSITYvessconssnanssan

FINAL STRESS.‘...........-.....
VAPOR'SPACE DIAMEIER.....-....

NOMINAL HEAT-TRANSFZR RATZeese
NO. HEAT?INPUT SECTIONScesanes
SECTION WUMBER t
SECTION LENGIHew snansenan
HEAI'INPUT.FRACTION.---..
SECTION NUMBER 2
SECTION LeNGTHassasssense
HEAT-INPUT FRACIIGM’.I.I!
SECTION MUMBER 3
SEGTION LENGTHsosessssssns
HEAT=INPUT FRACTICNasasss

NUe ELFVATION PUINTSe esvasvans
CcLEVATION POINT NO. i
DISTANCE T3 POINTescasssns

ELEVATION OF POINT.eeesns.

LIQ

TKELVN'

RHOL
ST
VISt

HF G,

CEL
AW
HW

IIAF
PHIG
PHIF
PE
JIAVS

3007
NQ

X0
FQ

X0
L

Xa
Fa

NELEV

XELEV
ELEV

[T T TR T H o H Hont

ti 'H

it Ho# i N HoH ‘HoH

i+ H

CASE NO. 2

.2 .
€.9L000F¢G2
6.09L35F+02
2U03409E-02
1.37840E-04
1.18576L+405

0.

L.010008-11
1.128G0:+00
1.0164CE-12
GI
C'

7.0U03GT¢¢C
b, 7uD00E-01

1.000uC=z+02
2

~r

6. 0000CE+01
=1.00300L5+57

6. 03006Ce+01
0.

6.0J60C05+31
1.G020CE+an

¢

0.
g.

DEGREES KELVIM
KG/CU. N
NEWTONS/M
NEWTON=SEC/SQ. M
JOULES/KG

STANDARD GRAVITIS
SGe £M

CH
cH

oM LIQ.
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ELEVATION POINT NO. 2
OISTANTE TO POINTaseesaas
ELEVATION OF POINT..vaees

INTEGRATION STEP SIZCescaavecse

ANOTHER CASE (G=NQ, L=YES) ease
USE LASY POROSITY DISTNacssssa
REUUIRE StLF PRIHEto-.-lo.h-io

XELEV
ELEV

ax.

NCASE
LASTPHI
ISLFFRM

HoooiH

1.800G0E+02
2.C30GCE+0D

2.00000€+00

1
1
1



FINAL SOLUTION

THE MAXIMUM HEAT-TRANSFCR RATE IS 1.39551E+02 WATTS

THE TOTAL LIQUID IN WICK IS 3.43306E4+01 GRAMS

£

BISTANCE STRESS STATIC HEAD POROSITY SRIT. STRESS
{2M) (CM LIQ.) (CM LTIQ.) o {(CHM LIz
0. . 2+984L40E-01 n, B. 72002Z-31 2+ 2052E+0C
2.00900E+GG 2+9%492E-01 0. 8. 70467 =01 2424ATEFDD
G.J0U0E+00 J.2951-01 Y 8.6429g-01 £2+4292154#10
6+0100E#QC J.0325c~61 Ji Bab0l3==(1 2. 3356E«D0
8.0000E+u0 J.0722e-101 - D 8.6333E-21 2+3790c+09
1.0003E+01 3.1244:5-01 0. 8.,618L5-01 22258400
1.,20008+61 3¢4131Z2£-971 0. G.5971-§G1 2eh653E 4] C
1.4000E+01 3.2721£~01 0. £.5753c=-51 Ce5d34E+C0
1.6009E+01 3+306855-01 D Be55L8~-01 C«5B2HE40D
2.0J080c¢01 J«61006E£-01 Je - 8.51235-01 2+B39TEXGC
2.23L0E+C1 3«7582E-01 aq. B.4921t-ul 2.58331E+00
2.4000E+01 3.9246E-01 n. Bo4714E~01 2.7266E4D0
2+6000E+01 LbellGBE-J1L 0. 8,45092-01 2.7700z+00
28000401 4e3l78E-0T1 3. B.u304E-C1 CeAl13Be+30
3.00998+01 4e54b4E-01 Oe Bau10BE-01 2.4589F+0 1
3.2000E+01 4a7I77E-01 J. 8,3297E~-21 275002430
3.4000E¢61 5.i727E~01 0. 8.3695E=01 2eFLIAE+GD
3.6000E+012 GeFd?24E-G1 D 8.3494E-01 2e9372E+L0N
3+8000E+C1 3+H637IE-G1L Ga Be 32V0E~T1 J.O3uTCe0Q
4. 000JE+G1 bel533E«01 . B.30935Z-01 3.GTHLES DG
G.21C0E+u1 Del3dfc-ul T 8.,28497c=01 J+1176E¢30
oy JGEHGL be3431E-01 . Be27udz=ul 3.161C5+C0D
4.60036401 T«2738E-01 e §.25007=01 3.2745E+00
LoB300E+CL Te7509E«u1 O Bed3LII-u1 3.7LT7AE+DN
S.008C0E+01 $425475-01 (e de211bFE=-01 J.2914E+3¢0
S.2500E401 3.7322g-01 Je 3.13215-61 Je 3344550
S5.4L003E+01 9,3643E=-11 0. Ba17295=01 C3L.3IT7RZESDE
C.bdCiE+01 F9740E~01 T Ra1u378-61 2 L2176 0
5.3000FE+¢091 1.0h21E+421 de Be13u4b65-31

3.45651E+0¢C



ve

6.0000E+01
6e2304E+DT
o«.4000L+401
6.hJCNC+01
b+ 3000E+01

CT.3000E+(1

7.2000€+01
TotesCdEFG]
7.56)d0E+01
T.87,0E+01
B.0UOUESQL
8.,2003L+01

Be4J0UE01

2.63332%01
BaBJLIE+G]
FaDULCEFCYL
9,27003£+01
F.4300E+0G1
9.60C0E+01
J.833ulE+]1
i.d9008+02
1.92005+492
1.0450E+02
l.0000E+G2

1.6800e¢C2

1.10U0E+G?2
1.1200€+402
1.1400E+Ue
1.1603E+062
l.13GUz+ue

1.2300E+G2

1.22C0L2E+02
1240t 4u?2
1.23GlE+02
1.2300E+C¢2
1.5300F¢0272
1.3208E+C7
1.3+GUESCE
L«350dE (2
Le330062 402
L 4iGGE+G2
1.0200F 002

1-1306E+00
1.2317E+03]
1.2744E+20
1.3488E+00
1.4253€E+063
1.5129E+09
1.5827E¢¢)
1e€643E#R]
1.74775+00
18333C+40
1.9202c+00
2,0093E+01
2.1004E400
2elISHEHDY
2e2B885E+00
2a38555¢00
2.434L7E+210
245859E£+7)
2.63393E+04
2. 734 TE#DN
2.90324E+00
3012284010
3.12643E%00
3.2386E4010
J«3552FE¢0D
JJLT42E4010
3.59547445Q
Je 7191640
3.3451E+08
3.9735E+00

L« 10L5E+(D

ba23nabxD0

4o 3062E4+0D

hakIe3AcHd]
4o 62345480
boe7523E+4D
Led312E45G0
5.LU3TE#]]
D« L377ECGY
5. 20LRE+1]
S5, JANBEHT]
SeSiu7E#0u]

8.11565-01
3,0968F-01
HoG7A0==-C1
B.35325-01
Be.JdL06E=-01
B.02215-C1
B.0036E-01
7.33525-01

" Te96632-11

Tedud7C-01
7.93&6E'01

7.9126E-31 -

7e394b65~-01
7.3767:2-01
7.3589E-01

Ta34227-01

7.3236E=11
7. 3G60E~01
7.78E5¢6=(1
fa7711E-u1
7.75%8E-u1
7. 7360201

CTe7134c~-31
T« 7323E=01 .

7.68535-01
7.55332-01
7.565158-01
fab3L?7E=-01
7.61i33dc~01
Feb 13601
FTeS5BLTE=-O]
7e5632¢-01
7.55138-01
745224701
7+480627-01
7.45320-01

7at1bLh=01

70379301
74 3446E=01
7e3153:2-012
7.27E7E-11
7.2436E-01

3.5036E+C(
3455208417
3.5955%c+0¢0
3.6389F+40
J.HB2LE+00
3.7258E40¢C
376920+ 0
J.31275+00
3.8561E+0¢0
3.8996E¢( 0
3.9430E¢00
3.9865E+39
L.0239E+C 0
LeD73LE+30
4.1168E¢00
Lo1692E+07C
LGae2037E40C
Lo2471E+00C

4.2906£409

Lo3340C+gC
4a3775E+30
La%203E+00
LelRG4LEFDD
4.5373c+0 0
5455126 +00
L B3IGTEHNT
L.6331C+00
4.6316-+4 0
G 7250F+5 0
boe7T0ASE+0G
LeB8119E+08
Le9554E+0 1D
L.B9RRKE QD
Lo GTTRE+GT
5.3742E+70
5.1717E+5 0
H5.2641E4+7 0
Ee3004E+3 0
S IFEHET
5455972+3C
5.55530+017
L7503+ 00



T4

1.400E+0c
1.4000E402

1l.4300E¢02

1.50G8E402
1.5200E+02
1.54C0E 402
1.5600E+02
1.53C0E+02
1.6U(0E+D2
1.62GIE+G2
1.64005+40¢2
1eHHODERD2
1.6800E+02
1,7030E+62
1.7203E462
1.7L005452
1.75006+02
1.73006+C2
1480035402

52.6363E+00
5.75064E+(10
S.8730t+40
5.38625¢1)1
0a.[955C+04
he20bE4i
Hs 33065400
H43951E407
De833E+ 1)
De5602E+010
H.bhlbc ¢l
5.7097E400
047693500
DaB2L7E400
HBHLIEL DY
6.8993£+CH
0e9230E+010
Be9JA5E+ID
HeF3BERTY

7+21135-01
7.1798E-51
7+1194EFE=31
fe2307E-T1
7.i0630c~-01
7T+ 0365€£-01
Tsuil2e-41
E.3872E-(1
6096&5£f01

5.34345-01"

Ba9237~01
ha JUHLGE~U]
€.8890:-01
He 874 1E-01
b.8610E=01
£.8495£-01
6.8L0405=01
BB 3222-01

5.8435E470C
5.93555640C
62585400
b.11G1E+00
6,2G01E+00
6.2836E400
6.3642E400
B au16ELDD
6,5157E400
6.5B60E+00

6.6522E400

6.7141E+00
G 7715E400
£.3240E40C
beB714E+TC
6491356400
€.9%01E+C0
€.3311c+3¢0C
7.0062e400
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GRADE SAMPLE

BROBLEM

NON-SELF~PRIMING WICK

2=CM ELEVATION

INPUT VARIA3LES AND FLULJ PROPERTIES:

LIQUID

r\‘UHBER...‘.... LEC IR B KL BN B BN A )

TEMPERATURE..'...lll..-...“.'
LIQUID DENSIT?........‘-.‘...I
SURFAGE TENSIONsesessssasscons
LIQUID VISCOSITYesusessesasasne
LATENT HEAT.....I!.....‘O....!

GRAVITATIONAL ACCELFRATIUNs»es

WICK AREAeeonevancsaeancsssosss
HICK HEIGHT..‘..II.II'...‘.‘..
HICK FIBER DIA”ETER...-.---.&-

INITIAL POROSITY, ..

! FINAL POQQSITYnanI

o8 s pasBan

«a8 2 % s hESNTS

FINAL STRESS.I'..QQ.).O......!‘

A

VAPOR‘SPQCE DIAMETER. tsvasnamas

"NOMIMAL HEAT-TRANSFER RATEeves

NG HEAT'INFUT SECT[ONS-.‘..,.

SECTION NUMBER i

SECTION LENGTHessesssonna
HEAT‘INPUT FRACTION-...-.

SECTION NUMBER 2

SECTION LEINGTHe s sssasanaa
HEAT'INPUT :&ACTIONCOUOO.

SECTION NUMBER 3
SECTION

LENGIHI...Q......

HEAT=INPUT FRACTION G eenas

ELEVATION POINT NO.

NO. ELEVAYION FOINTS.«....{-..

1

DISTANCE TO PUINTeassasesa
ELEVATION OF POINT e wnvna

L10
TLELVN
RHOL
ST
VISL
HF G

GEE

AW
Hu
DIAF
PHIG
PHIF

PF

OIAVS

Q007
NG

XQ
all¢

XQ
g

XQ
=0

NELEYVY

XELEV
ELEV

Honu 1o H H 1] ] LI T [ I Y I | " [ I T T I T [ 1

i on

i

(LY

CASE NO. 3

2

2.9L00GE+02
6.0Ia35E¢02
2.G3409E-02
1.3784GE-04
1.18576F+06

1.0000(+00
LeG1000F-01
1.1280GE+08
1,016L08-02
G

0.

7.0003CE+00
e 70000GE~D1

1.000CEE+N2
3

6.00000E+01
-1 3D GEE+ 0D

6400000+l
0.

6.600GDE+)1
1.03300c+00

2

D
0.

JEGRPEES KELVIN
KG/CU. M
NEWTONS/H
NEWTON-SEC/S50Q. M
JOULES/KEG

STANDARD GRAVITIES
3Q.

CM
CM

M

oM LIQ.
CH

HATTS



{2

ELEVATION POINT NO. 2
JISTANCE TO POINTaeeawess
ELEVATION OF POINTeeooess

INTEGRATTON STEP SIZtasececons
ANOTHER CASE (L=NOy 1=YES)eean

USE LAST FOROSITY CISTNasseesss
REQUI'{E s'tLF PQI["E..' 4 4 b 20 AwE

XELEV
ELEV

ax

NGCASE
LASTPHY
ISLFPRM

[T} ]

it

i N

1.8000CC+22
2.0G0C0E+4¢

2.000C00+00
1

o
K

cM
oM



FINAL SOLUTION

THE MAXIHMUM HEAT-TRANSFER RATE I3 1.1543GE+22 MWATTS

THE TOTAL LIAUID IN WICK IS 3.50100E+7L GRAMS

OISTANCE - STRE S5

82

STATIC HFAD PORASITY GRIT. STRESS
(M) (€M LI (CM LIDL) (CM LI}
Ua 1.1280F+5U 1.1230E+00 84 72657=01 2427528400

2«31LTEFDD
L4.DJAGE+D YT
5.03UdE+00
3.00C0E+CC
1.00C0E¢C1
1.2060€6+01

1.4300E+01L

1.0000c#lt
1.3200E+01
2.0000E¢01

24200CE¢01

2.4dJIE+0L
2.6100E+01
2.81061F+¢0U1
3.0300E+G1
3.2000E+01
3.430UE+DL
3.0J00E+31
3.83C0€E+01
G.0300E+01
4. 20C0E+01
bebGuGE+(]

4.BJ00ELUL

430G IER0L
S.0I00E+G1
S.2JulE+L1
Se4l805+01
5,63005+G1
S.33008+G1

1e1572654]¢
Peal741E#0D
141384E4(7)
1.2236E4+00
142639524 ()
1.2763E+400
la30405¢30
L«33245450
130175+ 00
1.3949£+ 400
1422858400
ledB47EC U
1. 6873E+00
1.520884073
1.5551C+01
1.59022¢040
1.62625+410
1.€0335+00
L7338E+ud
1.73915+373
177345+52
1.8185E8430
1.89955%00
1.9313E+400
Le9439E+0 0
149874520
2eN3LTF4GY
2elTHAECLS
2.,12234F5+09

1.1512E+5 8
1.1724E+0¢
1.12472+40¢
1.21695+50
1.2391F ¢G4y
1.2643E¢0¢
1.2836E+40(
L.3055E8¢05
13230 +00
1.350zF+4 ¢
1.3724F+C10
1.3947E+00
lab3nAE+0E
1.4391E+GC
1.%613c+0%
1.4836E+¢4
15052403
1.5230E+C4
1.550Z2E+C40
1.5724E+0¢
1.53G47E+00
1.6169E+07
1.0391£+00
l.65613c+04
LeBARIRE+HN]
1e7858E+00
172400 +C3
La75028+00
1.77264E+00

Be 72056=31
be7255=--(1
s 7255201
B. 72655 ={1
Be7265:2-01
By 72E5°=01
A. 72652«51
Ha 72655=01

B T265:-01
Be7265E-01 -

B.7:655=-31
Ba7265:5=01
By 72655=51
8,72655-01
B.72h50=01
Be72656=31
8, 726%55=91
3.72h5:=01
Be7265-=01
Be72R55=01
Be72655wu1
Be 72655=01
B, 7e05E=01
e 72658501
Ba72656=11
Re72655=01
B, 726551
84 72652~-01
E.7265E~01

Zec(i52E4a10
2.27652F+00
C+2092E+00
2.20552L400
2.23520+00
2.20U52F 460
Z.2052F5+00
2.2:52L+00
2.23525400

2.2UB2E+Q0

2.23528 400
2.2552E+019
242552400
2.20527+010
2.2052e+0C
2. 2UB2E+0°0
2.2(57E+0¢0
22385284070
2e2uB52c 430
2.2 52£ 4080
2e2uB2E )0
2.2052E+40¢C
2.20526%00
2.2052+4040
2420520450
2.20520+50
e 2HR25 440
242552450
2v2cHIFE+TN



6¢

SRTH RTINS IV §
6.2009E+EL
B.duyE+ll
b.600GLvu1
beBJCOE+DL

CTLG300E+G

7.200GE+01
7.4000¢+01
7.5050F+01
7+30G0E+01
8,3100E+01
B.2J0UE+01
B.40U0ELDT
8.6J00E+0L
8.8J00C+51
3.00C0E+01
9.23005+C1
9,4I0GE+01
3.60005+01
9,B3CIE+0
1.0060E+02
1.5205E¢32
1.04606E402
105005402
1.330UE+d2
1.13068+02
1.120uE+02
1.14C00F+02
1J1500E+02
1.,1300£¢02
1.2000E462
1.2203F+02
1.24008¢02
1.26006+G2
1.230UE+CE
131002402
1.32005+402
1.34G0F+C2
1.3503E+02
1033006452
1.43055402
L.4200F+G2

2e1H9RE+ Y
2.CL07TE+TY
2alieBiedd
2e3132E+40
243629E480
21 3I7E+G0
2elush0E4120
2«5137E+40
2eST23E+0G1
2L E23424070

2.,6852E+00

2. 7433F+00
2 8029E+4C3
2.8643E407
2.9266E+]0
2.935392%020
3e0GB73E42]
3.1243E%08
Gel13uBE+S]
3e260uE+GD
Se34iutecd
3, 416HE40D
3.4352E400
3.57636+00
366025400
3.7463E430
3.8365E401)
Se92ISEHLD
it o 02595+ 00
ke1260574 30
4.2301E403
4e3374E430
44861507
e 5561F+uD
hoebAT2ES(LD
4oT793E450
wae?3236+33)
5.1353E+00
5411375450
5423336434
5, 24795+ (1
Sebbl55+00

La7947E+QD
1.316IE+5Y
1B33LE 400
1.3513F+L0
1.8830E+00
1.9054E+00
1.328Ge+0¢C
1.9532E+G0
1.3724E+00
1.,9947E¢00
2.0169E+00
2.0331E+(GR
2.3613E+00
2.3836E+0G
2.1056E400
2.1230E+G0
Z+1532E+00

2. AT24E+GD

2. 10947TE+0C
2.2153TC+010
2.23318+0¢C
226135406
2e 2B30E+]C
2.30586+406
Pe324UFE+L0
3035L2£+0G
26 3724E+01%
2. 3947E #0805
2.,4169E+040
2+ 4391E 400
2e4613E4+1010
ZeA30E+00
2.5058E+G0
2452490€6+00
2+5502E+06
2eaf24E+(0
2.5347C+00
2+5163£+00
2,0391F 404
2.6613E+0(
Z.9H36040]
27CSREDD

Be 7265£-01
B, 7287%~-81
8.63072-01
B.o724c=C1
Be BGT7L-01
B.p227E~-01
8,5972E-C1
B.5713E-01

" B.B4u50E=-01

843183791
Ban9liT-P1

S b83IZE-01

62 43535-01
BeGOSTE-(1L

Ha 37 75E=C1"

Re3b7Te-01
Be 3174L==-T1
Bs.2B64C-01
2,25437-01
8.2220~(1
Bse1396c =1
Ea15C32=-01
8.12152-T1
JeldBB2T~01
2.0501Z~-01
B, 0131E-01
7T.37%25-21
7e3362L~01
7.8962cz-01
7.25522-(C1
7e812395-01
T.763472-01
Te?2002-01

7.569343-31
7eb4320-01

Te093712-01
fe55430-ul
F.51167-01
Tetsr335~-01
Ted274--u1
7e3803z-11
7e34522-01

2.2u526+70
2.2167E+58
2.26L5E+00
2.3132F+040
2.3629E+0C
2.Wid7EDC
CeH6EBHE+DQ
2.5187E+00

24572984010

2.H284E407
2.h8352E+300
2. T433E+09
2.8029E400
ce364LTFEFDT
2.920bL+("
E.QQqufﬁﬂ
3.3570C+0 0
I.120B8E+00
J.13465+08
J.2h6Lre 0
Tl ¢+l
J.alhhcel
3.L352040C
3.5763E+00
3.BH02E40(
J.7LBAEHUE
3.83%06F0+0°
392956+ 00
L,0259E+00
4.1260t*ﬁﬂ
Lo2301E4320
La3374E400
G.hbh0lE+0 D
b, 5561 +3 0
L,HaT720+00

4 P 7AZERNG

Ll8G230400
540 554EF 40 6
5.11970+80
5, 23398 40 0
5 347IE+CT
NIRRT



0t

1.4400E+02
1.4600E+02
1.4300c+02
1.5dG0E+G0E
1.5200E+02

1.5640d8402

1.56U0E462
1.53C0E+02
1.6000E+0¢
1,6200E¢52
1,6400E402
1,6605E+02
1.56330E402
1,71395402
1.72095402
1.7400E+02
1,75006402
1,7300E+42
1.3JG0E+82

Se5744uEe0d
5.68625+01
5479655400
5.9052E+00
54 D115E4G0
ha11535¢00
6a2154E400
5+3122E¢00
BolGUBE+UD
6o 4I2BE]D
5e5756E+00
6.6528E+03
5472336400
Be7B34E¢00
beBUSIEDD
6+ 89615459
5a9337E409
6497325460
6+99965¢6]

2.7230E+00
Z.71502E+00
2aTT2LE+E0
2. 7947E+CD
2e3169E+00
2483936400
2.3613€+00
2. 3836E+00
2.9053E£+080
2.3230E4D04
2.9502€+4G4
2.3724E+400
2.3947F+0¢(
J+.0169E+00
3.3391E+80
3.0615E400
3.0836E¢00
J.10G8E+0D
3.1233E+LC

fe3C52E=-01
T.205%E=il
Te22755-01
7.1902z-01
7.1540E~01
7+11912-01
7.035hE-01
7.3535E-01

7e32322-C1

b.g‘ihﬁr'ﬂi

64 96795=01

609432201
63206501
. 9002E=-01
haB33215-01
Ba BB6LE-01
b 35325-01
BeBW24E=01
Fed3638=01

S5.5744F+ (D
5.0862E+00
S«7966E+0U1
5.9052E+370
Oel11CE+)D
6.11507E£+910
B.2154E+00
6e3122E¢)0C
Dol LlWBE$yTD
6 43230430
6.5756E+91
665234310
6.72383E+00D
G T7TARBLE+
6.8459E +0 0
6.8901+3(
6.3337E40¢C
Be9732E+02C
BeIIIBEHGC



L

GRADE SAMPLE PRUBLEM

NON=-SELF=-FRIMING WICK ZERD GRAVITY

INPUT VARIADLES AND FLUID PROPERTIES!

LIQUID NJHBEQ--.....-QOO-Qoino
CTEMPERATURC e sssasssssosestssanae
LIQUID OENSTITY senecsosnrascnans
SURFACE TENSIONesasesesesvsnse
LIQUID VISCOSITYeaeneassesanes
LATENT HEAT-r------o----oo--oo

GRAVITATIONAL ACCELERATION....

HIGK AREQ...'.‘II.!Il....l.l'.
HIUK HEIGHT-o.-u..t&..lo..nl..
WICK FIAZR UIAMETERasseesesssnn
INITIAL PORUSITY..-u..-.......
FINAL FOROSITY.--'Q..l-ll-olon

FINAL ST?ESS.I.II.‘....?..IO'.
UAPDR-SPACE gIﬁ”ETER--.--.-...

NOMINAL AEAT-TRANSFER RATEwwess
NO. HEAT'INPUT SECTIONS..O-I..
SECTION AUMBER 1
SECTION LENGTHe v eseaveane
HEAT=INPUT FRACTION assws
SECTION NUM3ER 2
SECTION LENGTHe s sesvsnana
HEAT=INPUT FRACTION aassa
SECTION NUMBER 3 :
SECTION LENGTHawaseansaas
HEAT=-INPUT FRACTIONG s eene

NO, ELEVATION PUOINTSsasranasne

ELEVATION POINT NO. 1
DISTANCE T9 PCINTasnaanne
ELEVATION QOF PUINTssnaass

LIQ
TKELWN
RHOL
ST
vISL
HF G

CEE
AW

HiW
OIAF
PHID
PHIF
PF
DIANS

2807
NG

Xa
FQ

XG
Fo

11 WonoWouou H

H

H N

1ol H W It it

H

inon

CASE NO. 4

2 .
249430CF402
Ha(9435E+ 02
24094 095-52
1.37840E-04
1.183576E¢06

C.

LaB10G0E=-01

1.123C0E+50
1.01600E-02
0.
7.
7.00000F¢03
4o 733LCE-01

1.6690CE+02
3

6. 03000E+01
-1.,00000F¢CH

6.000C000+01
2,

6. 000C0CE+01L
1.0000G0c+0¢

2

fa
0.

JECREES KELVIN
KG/CU. M
NEWTONS/M
NEWTON=-SELC/S7. M
JOULES/KG

STANDARD GRAVITIES
5.

CH
oM

SH

CHM LIq.

oM

WATTS

oM
5



rA

ELEVATION POINT NO. 2
DISTANCE TO POINTeeoeoses
ELEVATION OF FOINTeocoees

INTEGRATION STEP STZC vecavesss
ANGTHER ZASE (L=N3y 1=YES) wees

USt LAST POROSITY DISTNesesess
REQUIRE SELF PRIHE-....IQDQI...

XELZV
ELEV

nx
NCASE

LASTRHT
ISLFPRM

H N

it nou

23

1.87%300z#52

2.00000E+00D

2.0000CE+30

oM.

<
=



FINAL SOLUTION

£e

THE MAXI4UM HEAT-TRANSFZR RATE IS 2.00000F+02 WATTS
THE TOTAL LIQUID IN WICK IS 3.56100E401 CGRAWMS
DISTANCF STRLSS STATIC HEAD POROSITY CRIT,. STP=SS
M) {CM LIQ.) (CM LIG.) (CY LIN,)
0. 2ed84JE-T1L B e T2H5C=11 2.20G2E+0¢
2.3000FE+00 2.9912€=31 3. B.7265°=01 2.2052E+70
4o DQUUE+LE 3.0129E-D01 O Be 7265¢=01 223528400
H.200CE+DD 3.0490E-01 2, 8.72655-01 2.2062F4+)¢
3.J0L0E+DC 3.0995€E=-01 0. Be 72B5E=G1 2.20520400
1.0003E+51 3.1A45E={¢ T Re 7265Z=01 2.2352E+44¢0
1.2000E+01 3.2439:=01 O Be 7265811 2.2052E+00
1.4900E4¢01 3.3377E-91 3. 3e72855=51 2.2052E406
1.610CE+C0L 3.4459E-01 Te Be72657-31 2.2.525400
1.8300E¢CL 3.564455-31 T 8. 72h55-01 2.2052E+0C
2.300CE+01 3.7253E-41 0 3.72655-01 2.22525+4C
2.200GE+G1L 3.3573F-31 2. 8.72655-51 2.27952:450
2 hULDE+DL L.0233E-01 D Re7265E~-11 2420528400
2.6000E+§1 4e20395=01 D B,72655=01 2.2u52E400
2.%000E+01 4o 3937E~D1Y 9. B.72657=01 2.27252L+00
3.00C0E+G1L L.HhDBOE=D1 3. B, 72655=11 2.2)52E+00
3.200CE+01 WweB317E-01 N 3.7265:-41 225528400
3.4000€4512 5.0639E-01 O 8.7265=01 2.245284+00
3.5300E+01 5432266-01 J. Be72655=51 2 25352E400
J.8J4G0E+01 5.59955-31 1. B, 72555=01 2.2:528490
4,3000E+G1 5.671JE=-01 S Be72650=11 2.20625+0 0
Le2)03E#01 HelBHIE-01 T Ba7265C=01 2.2052E+1¢
4odudE+IL HekTTIE-u1 n, &,72p5£="1 2.2052F+00
4eBUOCEHDL HeRIZLE=-01 7. 8, 7?265-=41 2.20626 4546
L,330NE+y1 7eltl3E=01 T 2,72565=01  2,205204070
5.,0)00E+01 7e4350E=(1 0, Ba72555=01 2.20522+00
5.4200E+#01 7eb531c-11 i 3e TEAGE=TL 2e2uB2C+ 5t
HeLhlpultil Jel2ubBi=1 T 2, 7265c=-01 Pa20520 400
SebJJIESGT 3.64256-01 T Be 72a55=01 2.2152 470
5.30006401 J.45392-51 C 0. B8e72655=51 2.235754454



ve

G.0300C¢C
B.2000E¢01
B.ud03E+01
6.6100E¢C1

- 6.8500E+01
7.0300E¢31 -

7.2)00E+31
T.40TRE+QL
7T.6000E+401
7.83C0F+%01
8.0000E+01
8.,2300€F+01

B.LODGCE+UL .

8.6000E (1
B.80RIE+G1
9. 0JUCE+UL
9,2300E+31
9,4J09E40:
3.6300:+01
3.3)60E+481
Lo0T80F +i?
1.3203E4C2
Legu00E652
1.0500E+02
L, 08005462
1.1303E+52
1.12CIF+02
L1e1a03E402
1.1500F+C2

1,130 08#G2

1.25C0F+02
1.22006 452
1,24G95402
1.2600c 402
1.2301F (2
1.306Gc+02
1.3200€6482
1o34GaF+32

1.35002402

1.34G3E+02
1.43biuet?
l.420984C2

F447I8E-01
4+ 9124E-01
103556403
1.U03t5FE+0G0
1.1232E+30

. 1+41787E+]8

1.2331ce¢i0
1ed335E+uu
1.3333L+870
1.37562+09
1.4565E+00
1.C187E+070

« 5835400
1.6533E+23
Le72335+010
1«73383c+00
1.8037cC+10
1.9488E%03
2« 0312443
2ell71e+39
2+:2007E+04
2+ 300354+ 00
2.3933E+0D
2y5351E+LY
2+€0BBE+UT
e 71A5E+0Y
2835535409
24953 JE+E3

Sel360E+13

3221584733
J.303LE+ 0T
35103404
SebHI7E+T]
J.8127C4+00
T.390045+07
“e 12255400
Lhe2796c4 10
4443798430
DRSS 1% 3- v
4o 730 0E+ID
443153E+0]
Ge 27 3GE+T])

B8.72652-01

3.7227e-01

8.6967-C1
B.6724E-01
8. 64772-01
B.6227E=01
845972¢~01
A.5713E=01
Ba54507~01
€e51835=01

. B.L911Z-01

As 4b35E-N1
B.u4353E-01
Babib7-N1
Be3775Z=01
He 3477E-01
Be3l74E-01
B.28R4E-01
Be2G43E=C1
e 222671~C1
Be1896E-01

2e1215Z-01

deub01z~-C1

8433131542

T.37522-01

7e3362c-01
Te%962E-51
7+3652:=-01
781237 =41
TeToddn =41
Tel20A0=01
faB834LT=-01
Penty2I=T1
75871 =31
7e55L35=-01
Tedltna-1
TeubS3=01
Teb?27ThLiE=(1
Fo38niE=0]
7eaipo?I=a1

2e2UB2E+G
2.2167C420
Ce2ELSE4DT
2e3132840C
2a3623C 4070
2413754300
2+40B56E40T0
2.5137E+0¢C
245729E+00
2.6284FE+00
2.6352E+30
2T 4I3E+LT
2.8J29E+00
2e860640E+00
2e9260E+NC
299095406
3.057T0E+00
3.124R£+C0 0
3:1940E408
Je26BB4E80T
334004400
3eb1656L¢00
S+ 4952E4+0¢
3.57H3E+4 L
3.60025+400
3.7463:%0 0
J+B3BARE+ODN
3«3295€+C0 0
4,07253E+00D
L,1260E+00
L,23V1E+0D
L 3374LE+00

ThabLb1E+UY

L.5561E+30
LeBHET2E4uN
4o 77935 40¢C
LeBG23F+0 0
5,0359 +R T
$.11977¢ 3§
5.2339t40°"
CL34T7aE+ N
B.4A1BEAD



St

1.4400E+02
1.4500C+02
1.64300E+02

_1.5000€¢02

1.5200E¢52
1.5400E402

l1.5800E¢02

1.5300E+02
1.6040F+i2

1.6200E+0C2

1.04U0E+De
1.65600E¢02
L.6800E+02
1.7000E+02
1.72040E+02

1.7400€+062
- 1.700GAEYD2

L.78G0E4D2
1.8000€402

5.¢335E+00
5.3357E+02

5.5335c+90

546880E¢00

543337E+00
5.9746E+01
De1131E400
6.2332E409
b.3611E¢00
b 4750E*QD
beSA800E4LY
6.6752E+00
0.7598E+00
6.8331F+00
bed9643E 4010
6+9L28E+3)
6.9730E+G0
65+9333E+J0
7.0065E+80

7e30528=01

.T+2659E-01

Te2275E=01
7«1302E-[1
f.1540£-01
T.1191E~01
7.0856E-01
7.45365-01
7.02325-01

b.994Hh%~-C1

64 96TIE=CL
HeIW3I2E=-01
6.92065=01
6+ IIL2E-01

h.3821E-01

s 366LE-[1
£.85328~-01
6aB84242-C1

6.A3G3E-GL

545744E+00
5.6362E+00
5.7966E+0 0
5.9052E400
601156400
he1150E+0C
62154400
6.3122E400
G.4048E+00

. B+4928£+00

6.5756£¢+00
6.6528E+00
6.7238E+0 D0

‘B TARLE+DD

6.8L535+00

‘b 8961F 430

6.93876+00
6.9732E+040
6.39936FE+3C



GRADE SA4MPLE PRJIBLEM

CASE NO. 5
HOMOGENEQUS WICK  2-CM ELEVATION ‘ B

INPUT VARIAGLES AND FLUID PROPERTIES!

9

LIGUID NIUMBER evaeesssosonsnasne LI = 2
TEMPERAT IR E s snevsesstasnsssasns TKELYN = 2,900+ 22 JEGREZES KELVIN
LIQUIG QQNSITVo-aQQ---oounooo: QHOL = '6.ﬁ94355+3 KG]CUO M
SURFACE TENSIONssssesmnsvsaness 3T = £.09L09E-02 NEWTAONS/M
LIQUID'VISCGSITYonncoco--o;.-q VISL = 1:3?3“0&-0& NERTON=-SECFS3e M
LATENT HEAT cevsnssssaaasscnasnae HFG = 1.13576L+06 JOULES /KG
GRAVITATIONAL ACCELEZRATIONGess. GEE = 1.d000Cc#00 STANDARAD GRAVITICS
WICK ARCAessrevesensassssnnsacs AW = 4,G100Cc~D1 SN, G
WICK HEIGHT wuvvsnnsnsvassasanas HW = 1.1288CG2+0C M
HICK FIBER DIAMETER--..-. LR W) NIAF = 1.91686t—?2 CH
IN[TIAL DOROSIT‘.-.---........ ‘ PHIU = 6.8350&5‘31
FINAL POROSITY¢o-....--.;.;... PHIF = a.
FINAL STQESSCOGIiOOOOII;‘COOOi PF = C. oM LIO.
VAPOR-SPACE DIAMETERecasasansea DIAVS = La7GJUC0E-C1 oM
NOMINAL HLAT-TRANSFER RATEsees 9097 = 1.058008¢72 44713
ND« HEA[‘INFUT SECTIONS e asnans NOQ = 3
SECTIJIN NUMBER 1

SECTION LENGTHa e esesesans XQ = 6.GUdA0E#IL oM

HEAT=INFUT FRACTIONZsssea FQ = -1ODQBGDE+DD
SECTION NUMBER 2

SECTION LENGTHu  caavsaones XQ = 6.00000T+01 oM

HEAT=INFUT FRACTICNG snwea FQ = 3,
SECTION NUMBER 3

SECTION LENGTHae s acassvss XqQ = 6.00000C2+012 M

HEAT=THFUT FRACTICNe s enea FQ = 1.033C0c+ 38
NQae ELEVATION POINTSiaessnsean NeELZY = 2
CLEVATION POINT NO, 1

DISTANCE TO POINT eeaensss XELeEy = Ne oM

CLEJATION OF POINTeeonnns ELZV = G CM



£

ELEVATION POINT NO. 2
DISTANCE TO POINTseseaasns
ELEVATION OF POINTeeaeaes

INTEGRATION STEP SIZfweassveces
ANOTHER ‘:ASE (.=NO, 1=YES'OODO

USE LAST POROSITY DISTNeeasess
REQUIRE SELF PRIMEsescsvanansns

XELEV
ELEV

X

NCASE
LASTPHI
ISLFPRM

1.8C06GCE+G52
2.0000C0E+03

c.0C000E+UC

¢
f
¢



FINAL SOLUTION

THE MAXIHUM HEAT-TRANSFER RATE IS ~2.983828E+01 WATTS

THE TOTAL LIQUID IN WICK IS  3.30665E+01 GRAMS

8¢

JISTANCE STRESS STATIC HEAD POROSITY CRIT., STRESS
(SM) (CM LIQ.) (CHM LIG.) (CY LI
0. 1,:230E+00 CL1,123GE+ 0D 6.8350°5-01 6.9972E+010
2.0J00E+C0 115135400 1.1542E+00 be 83535-01 5.99372E+0C
4.0JQC0EH+DT 1.1763E+3) 1.1724E+00 6.3350E-41 £.9972E400
6.03G0E+QU L.200L4E+00 1.1947E+00 haR35Jc=31 6.9972F 00

8.00G0E40¢C 1,23L2E+01 1.2169€+«GE HeB83505-01 6.,93726400
1.2000E+01 1.3002£+00 1.2613E400 F.336505=01 £.9972€400
L.4003€4¢C1 1.,3355c+03 C1.2836FE+00 bae 3350F=01 be9372L4+30
1.6300E+51 1.3749E+490 1.30564€ 00 . 64 83518-01 HeIA72E+AT
1,3J10F+G1 1.4154E+00 1.3280E+00 be 8353E-01 6. 3972€+00
2.0000E+D1- 1.4582F+09 1.35325+69 £433505-301 6.9372E+0C
2.2000F%01 1.5031E¢03 1.3724E4030 B4 B8350E=01 BeII72E+CC
2.4000E+401 1.5501E440 1.3947E+0u FeA350F=N1 6.,33725+0¢0
2.6300E+01 159936405 1.4169E+20 ©e83505=(1 5+9972E+5 &
2.8903E+01 1.65)7E+DQ 1.4331E+00 5.43505-21 639725400
3.03009E+01 1,.,7042E+4010 1.48613E+00 Be835)E=u1 6.3972E+0(
3.20006401 1.7593E+070 1 4R36E+G0 hs33505=01 F«3972E+400
3.4300E401 1.6177¢4370 1.5053E+50 £ 3350F-0u1 699720400
3.6000E+01 L A773E+0G0 1.5230E+CC He83505=G1 Be9372E40C
3.80008+01 1.9399E+080 1.5532E¢00 Ge83535=01 6+39726+00
4.0030GE+01 2.0342E400 1.5724E4+00 £e8350C=01 6e93I72E+]0

4.230C0E+351

2.370TE+G]

1.5947E+00

Bes3502=01

6.9972E400C

L4000+ 01 2.1334£400 1.6159E+80 8. 8350z-01 €.9972E+u 0
4.,63005+01 2213284370 1.6331E+00 6e33505-01 B.33725+050
4.31002+01 242331408 1.66153E400 £.335ut=01 6.3972644070
5.00038+381 2435828+ 379) 1.6836E+00 BeHBIG0C-0Y be99725¢0¢(

5.20CZ401

2el355c+ 0]

1.7C52E+40

b H5360GZ~01

BaI72E 0N

S5.40002+01 2+514IE4GY 1.7c3CE+CC Ee33502-01 be.9a725+0L
5.6002E¢01 2+59365E+79 1.7502E+00 6. 8353081 699728 +4 C
5.8000E+01 1le772ut+00 Fe3d35JE=01 B.IIFRE+ICL

2. 6333E+00 .



6¢

503002401
B+ 2IGIE+GL
6.4dLIE+IL
65.610uc+il

6. BI0E+01

T.6000€«01
T,2)00E+C1
T40C3E+C1
7.6000E+#01
7.9009E+C1
B.0000C+01
3.2760E+01
B.400GE+01
3.68020E+01
B.8100E+C1
Yo 0JLIE+DL
9,2JG0E+01
9-&33J£+bl
J.60005+01
3.8J00E+C1
1.020CE+0E
1.02L00F %02

1-3405[*&2,

1.0500c+402
1.0305E+¢02
1.1100E+4€2
1.12005+02
1.1400E402

1.15038402

1.1300E+02
1.2300E+62
1.22038+u2
1-2%005*32
1.2600E+02
1.2300E+462
1.3300%&+062
1.3200E432
1.34G06F+(2
Le30LOE+LC
1.3300E+02
1.4u0uz+C2
Lew200E+G2

2. T662E+00
28523400
2.93955+373
302015450
3.1127E#22
31034E+30
3.2350E+40
3.3725Z+34
3.4592c+07]
3.5453E¢UU
3.6325E+00
J.7191E404
3.8054E4031
3.89245+4C10
3.97UEHNY
4. GBSTE+]]
+41523E¢ 02
4e2333E4+39
4,325BE+00
Lal122E+03D
4.,4398%35+¢33
G,535584 03
.72t +ul
4. T537E+CY
G o 3453FE¢0J
wasG312304C3
Del136E+LD
5,109%25+90
54131L9E+00
5.,273%€+00
5. 35851E+0J
SeaS1JE+0D
253438401
S.olbGE+D]
5.6958E+(010
De7T31#4d
5344825010
5.492122401)
5+.9320c#0d
HenblbnE+ld
6e1271E+0C
HeldlLE+0D

1.7947E#0%
1.8169E+00
1.8391E G
1.8613Ef00
1.3836E¢00
1.9053E+00
1.923uE+ 00

1.9502E+ G-

1.972LE +0C
1.9947E+06
2.0169E+00
2,03ILE+CO
2.0613E+00

2. 0836E400

2.1053E+450
2a1280£4+01
2415828 +04
2.1724E+0¢C
2.19L7E 400
22169t ¢ 00
242391€E483G
2.2613E «00
2.2836E ¢0C
2.JLG3EDD
2.3230€+00
2.3532E+010
2+:372ug+08C
Sa394T7E40G
2 16IE+TD
2.4331C+00

2 4H13E+00

2.43830£+100
2.BL54E+0G0
a8 0E+lu
2.5932E+{{
2e0720E+0 0
2.594?5+0ﬂ
2.0163E+ 00
2.6331E£+0C
2.6R15E+0C
2475580400

0. 3353201
s 8350E=31
6.655&5'51
6eB8353E£-101
6e33535-01
fa23350E-01
By 3350==-01
Be 3350 ~01
6e33508-01

Fa8350E=C1
6e3353E=01

6. 335301
6o 5350E-61
5. R350E=01
Ge050Z=01
60&353E-D1
Fe3350E-01
6.8350=-C1
6.53555“;1
£e33505=01
6433532-¢1

6-5550&:81 B

b‘%SEJE-Gl
be83502-U1

£.B3508-81 .

©e33537-011
He336]5=01
Ee8350c-L1
£483535=~01
643355501
6. 335001
6. 8350E~C1
6.33532‘51
Ga4355E~01
£.8350E~01
ﬁiﬁssgg“di
be 4350501
Fe8350L=01
he83505~11
he53505=01
he BISHE~C1
Bs 8353601

0.93972E+00
6.3aA72E+0 0
haFI7ZE+DE
b.9372F+ 0N
B.3A72FE4GT
B.9972E+00
6.9972E+4C
6.9972E+00
6. 9I7ZE+0T
5,9972E+10
6.9972E4+00
£.9372E+0G0
6.,9372c+01
6.9972E400
0.9372E+00C
6.9972F+0Q
6£,33720¢30
6.G372+00
6.9972E+0 0
6.39725+(0
F.9877L+30
B.9372L+010
B.9972E+43¢C

Ge3YTPEHLD
649372F+00

6.9372E+0L

BaIAT2EHLT

6.3972E+1¢(
b.9372E+ T
6.,9377E+a3 0
643372420
B 3A7E+0T
6.33720+00
BeIIT20LGY
6.9972E+70
6.0972E+30
6.33725+4G¢C
£.9372E+0C
E.9Y72F+00
Bbe3I72E410C
£49972L 400
H.3372€«00



oY

l.44L0E+D2
1.4600E+02
1.4300E¢82
1.53udE+D2

© 1.520JE+62

1.5%03E+0?2
1.5600E+02
1.6330E+02
1.620Uc+02
1.64(3E+02
l.6nilE+C?2
1.63C0C¢02
1.7400E+8¢2
1.72038+02
La?4livE+D2
1.7600E+02
1.7300F+C2
1.300G08+G2

0. 2500E¢00
GeJ136E+(7]
Ge37L4E+00
B.271E4800
o.4B5BE+]Y
Ha532035+79
5.59122400
0628554010
Hab7325#31D
Ge7153%417
5.75652¢ 30
o 7949E+30
ed3lic+ll
baeOB52249)
Da8372E+0Y
b+320312401)
533002431
T.053332+30

2.7230E+00
2.7502E+00
247T2LE+0D
24T3U7E+LY
2.8169E+00
2e8331E+40C
2.3613E+0C
2.,8836E+00
2.93058E 408
2.972LE¢00
243847E+80
3.0163€+0G
3.0331E48G

J.0013F¢DC

3.3835E+0¢(
3.1098E+00
3.1237%€E4¢C0

6.,3353E=-01

be3360E=01

£.3350%6-01
6.e33502~61
6+83502=41
be3350E~-(1
€. ¥350E=-01

- b.A350:~01

Bbe33592=9y1

Ga B350E-01
De3350Z=01
£e3350E-01
6e33502-01
ne 3350%=G1
0. 33505-01
Bbe3350C2-101
Ge33502-01

6.9972E400
699726450
6493720460
6.9972E+0C
6.93726+0 0
6433726400
6997204340
6+9972544 G
5.99372E 400
£.9372E4+00
B49972E4030
6.9972E+30
6.9372E400
6+9972E400
629972545 €
643372E400
ba3I72E40C
6.3972£+090
6. 3972E430D



APPENDIX B

PROGRAM LISTING
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RUNX COMPILER (VEZ.Z,3M) 03/23/T4. 15.31.43.

PROGRAM MAINCINPUT=201, TAPES=INPUT, QUTPUT, TAPEE=0UTPUT)
Qudilh COMMON /ZPARAM/ PHIZPHIQ,DPHI PEFO,PUVS PNDsGEE Gy NIy NIPL,HA,

0000CY 1 NGsFCLI) ¢NELEVy XELEVIL18) 4 ZELEVLL0) ,ELEV L),
9GO0k 2 ELEVB (L0 yDsH FNUBLAWABLXTOT 40X DZ,Q0T3,.300T,
4CI004 3 DIAF AC7 41060 9X2(1G)4Z2QLL0) 4PBS4PHIF4FF,
00J034 4 NGASELASTPHI,SAVPHI(1000), ISLFPRM, IFATL
082004 COMMON /CPRIPS/ XMWy SHAV.HF G 4PV RHOL yRHOV, VISLy VISV 4 XKL 2 ST, TF
c ' :
600004 DO 5300 K=1,140
060066 CALL INPT
ocoaoLv? II=1
- 600010 N3T3=1.
gu0012 PADTB=.5
000014 CALL INGRTN(PIF)
Gudo1é . DO 404 I=1,40
508320 IFCIFAIL EQ. 1) GO TO 323
gcegaz IF(RIC=PRFS) 1uly202,307
300385 104 TFCIT.e0el) GAITR=2,%00073
C£{ci3t IFIL1T.5Ga2) 0aNTiz,5%¥03)T4
£59345 N3Tu=03T=+000TH
LLadLs? © AL TRGRIN(PAR)
LC00uL IF(PAF,GT, PAFG) 11=7
GGOO4S 0 10 395
G
0000u6 363 IF(IT.5Q.2) DQoTa=.5%#DQ0T8
800052 a0T3=0078~-0QnT3
000054 IFSAv=IFAIL
Ganose CALL INGKTNEPSF)
0 60060 IF(LESAV-IFATL JfJde 1) II=?
(00064 IF(IFSAY .E3. 1} GO TO 335
6L Ne6 IF(P3F,LT.PHFG) I[=7?
50072 305 CONTINUE
C
LidlDu?2 395 TEST=ASS(PBF=-P3F}Y/PAF]
ouln75 IFLTEST JLT. Ge0utl) GO TO 2¢2
00140 IF(0A0TR LT, UEQL*¥0DT3) 50 TO 252

<+
[AN]



RUNX COMPILER (VER.Z2.3IM)

Yud1da
GLl1o5
GG0106
0ogigr
0’60110
tgd112
GLa11e
0Ch114

ot

404
z2n¢e

500
501

CONTINUE
CONVINUE

CALL WRY
IF(NGASE.EQ. D)
CONTINUE
CONTINUE

5TIP

TND

GO TO 501

03723774, 15.34.42,

- MATN



3

&

RUNX COMPILER (V¥Z.2.3M) - 13/723/74e 15.31.43,

SUIROUTINE JERIVIY®,Y) S
600005  COMMON /FARAM/ PHILPHIO.DPHI,PBFC,PBVS,PNI+GEELGy NI NIPLHN,

C400C5 1 NGsFAULN) JNELEVLIXELEVIL0),ZELEVIL0Y,ELEV(1D),
¢L0COo5 2 ELEVBIL0),D,H)FNUB,ANAB,XTOT,0DX,0Z,00T3,72007,
0038G65 3 DIAF,A(T 20000+ XATLC) 4ZGLLT) 4 PISPHIF,PF,
GoooeLs 4 NOASTZLASYPHIZSAYPHI(1C00), ISLEPRM, IF2TL
900005 COMMON 7CPROPS/ KAWs SHRV HFG 4P RHUL yFHOU, VISL VISV AKLy 3Ty TF
CC0a9s NI4ENSION Y2 La) s ¥ {4)
v
S Gegacs YPL1)=1,

000007 PB=Y(2) "'
GoBuil C N=NELEVeq
pooo13 30 101 I=i,N _ - .
CO0C15 7= (1) |
g00016 TFUZLGELZELEVIL) oAND, Z.LZLZELEVILI#1Y)} THK=I
600432 . 1641 CONTINUE :
000034 NELEV=tELEVACTIAK L) ~ELEVI(IMKI Y ZUZELEVIIMK4 1) =7ELEV(IMK) )
000061 HASELEVB (IMX) + (ELEVI{IMK+ 1) -ELEVH(IMK) Y F{Z=-7 L TVIINKY )/
DU004L 1 (ZELEV(IMK#1) =ZELEVITMK) 1 +1,

. c , .
Geooss PHISPG=PHIQ o,
0 63CS7 IF(PHIN .E0. J.0) PHISPI=(PBS/HI/ (1L +PBES/H)
000d66 PHISP=IPIS/HI/Z{H3+PE5/H) T :
DLQOTL. IF(GEF i 1. Te) PHISP=1.
00garz IF(ISLFPRM <£Q. 0) PHISP=1.
ge9102 PHI=P3S/ (PR+P33) X f
000105 .  TIF{PHI LT, 0e1) PHI=G.1
660110 . IF(PHI .GT. PHISP) PHI=PHISP
0L0113 IF(PHI.GT.PHISA0) PHI=PHISPYD
G 00116 _ IFC(PALF .20, D. JAND. PF .50 G,) PHISPHIN
gao125 IF(LASTPHI +E3. ) GO 1D 105 _
060126 IZ=INT({(Z+1.C1%DZ3/07}
000132 PHI=SAVYPHI(NIPL) :
(00136 IF(IZ LEC. WIPL) GG TD 116
£G3136 PHI=SAVPHAI(IZhe (SAVPRICIZ#L )} ~SEVPATEIZI MM (7 -{I/~10%D2) /07
0Ge150 185 CONTINUE '

n
-h



RUNX COMPILER

00150
000154
0ub15%

04J205
Gig213
0Go214
3063216
guozal
Gon223
Uud 226
003231
0C0e35
000237
000246
goo267

1

c

[\p]

112
113

{

1
2

VE2a2.3M) 38723/ Tk,

PEIM={ 3,73 *0¥{PHI/ [L-PH]IY) /

(4o ¥PHIZ (4. F (1, ~PHI) =(1,=PHI)*¥ 2= 2.‘ALOC(1.-FHT) -34)
8a/ LALOG (12 =PHI) #1141 4-(1+=PHII**2) /(1,4 (1.-PHI) ¥+2)))

YyP{zt= FNUB*I(3)/(PEQW‘A3D+DELCV‘CE*
DIST=g.
D0 112 I=1,NQ
DIST=DIST«ZQI(I)
IM=1
IF(Z LT.O0ISTY) GO0 TQ 113

ONTINUE
YP(SIz-UDIB‘FQ(INKiIZQ(IMKI
YP{4)=PHT
IF(PY «CTa 1.0001%¥P3S*¥(1.=PHII/PHI)
RETURN
END

15,3103

IfFAIL=1



RUNX COMPILER |

Beooo3
060003
640ud3
geoGe3
000303
040003
006G303
640093
gocdos
$i03d0s
Dtod11
coopi2
0C0013
Goucts
C03C24
Geoost
0eLa32
0004L3%
gogr3e
CO00UuD
fCO0&L
0000LGL
BuBC4o
GLdasy
BGANSL
gco0as56
Cibge2
080665
Gulle7
GCoaze
Goan7s
180075

ot

£ Py

110
120

VER .24 3M) ' 03/23/704e 15.31.43.

SUIRDUTINTG INGRTN{PIF)

COMMON 7PARAMZ PHIWPHIZ«OPHI +PBF)PBYS+PNIZGEE 4 Go NIy NIPL JHH,
NQeFOULIT) yNELEVHXELEV LG s ZELEVILO) yELEVILDD ,
ELEVI(L0) o s HyFNUB AN GAB XTOT,,0X D24 00V3,0007,
GIAF 4 A(7+10utid o XQUL3) 4ZQUIT Y yPRS,PHIFWPF,
NCASE ZLASTPHI,L,SAVFHIULBCGN) 2 ISLFARM,IFATL

JTMENSION Y{k},¥P{4)

COMMON /ZCPROPS/ XYWy SHRV HF Gy PV RHOL s RHOWV o VISL W VISV o XKL 95T, TF

ACLly1)=0,

Al2,11=1,

IFIGEELEQaD.) A(2,1)=P8HYS

Al3,1)=0,

Atiay,13=0,

A{54,1)=PHIC :

IFIPHIT Qe 0a) ALSL1I=(RPIS/HY /(L #F35/HE

IFCLASTPHI Jcla 1) A(S,11=5AyPHIIL)

Y{r)=41(1,1)

Yiz2)=a(cg, 11

Y{31=A(3,1)

Y(4)=Afhye1)

IFAIL=3

GALL DERIVIYP,Y)

NIPL=NI+1

DO 120 I=2,NIP1

CALL RUNGZI(Y YP.02)

00 11C J=1i44

A{JyI)=¥YtD)

A(S,I)=PHT

CONTIMUE

CONTIMUE

PBF=A{2,NIPL)

REVURN -

SN



RUNX GOMPILEPR

000002
560602
600GL2
00002
e coeoe
pagoa2
Gu1002
056002
600002

u (00382
Cugdg2
ggoude

6dgo02
GLaoos
coacay
GudGil
¢ G012
teocie
ullyv7
000023
gfdgee
4Cdtee
060036
0Cu3&2

J06L5T .

500056
303 )6k
010972
Gud108
000126
GLI11k
69122
D ED014)
BG3 330

-3
~J

(@]

{

£ o N e

AR o

VE2.ds M)

TRA23/7 74, 15031427,

SUIRIUTLIAE INST
SOAMON ZFARAMZ PHLyPHIN W IPHI yPOFC,PRAVS  PND v GEE 4 GoaNT o NIPL , HW,

NOg FACLID) o NZLEVXFLEVIL0) #ZTLEV LY s ELDVILD) o
ELEYOULGY s Dy H FNUE AW AB,XTOT,OX,02,329T7T3,200T,
CUIAC AT L0000y X110 3 Z08010) 4 P35 ¢ PHIF,PF,
NCASZ ,LASTPYI ySAVPHT (1050) 4 ISLFOPRYM,IFATL

COMMON JOPRIPS, XAW,SHRVIHF G PV PHUL s KHOV W VIGL VISV XKL ST, TF
CIMENSTON HI21(6) ,472(6)

JATA HOL70%1H /7 HOZ/FE%LH / :

DATA H/: . I55/4072.03/9R7 537,679,877

NAAELTIST /ZGADATA/ LIG'TKFLJN-QHOLvSTvVISLoHFG;GEE.AH;HN;DI&F,

PAIQ yPHIF y OTAVS,GOOT Ny FQeNELEV 9 XELEV 4ELEV y
Ky HDLyHD2 9 XAy NCASEZLASTPHI,, PFL,ISLFFAM

REAL(S,620ATAY
TRANK= 1 8Q*TKELYN
GALL PRUFS(LIATRANK)

TFILIZ.EQ.€)

57 10 13

ST=bL,Lal*3,231¢5T

RHOL= e 4530%3, 2313 #RHOL
VISL=0,4643%3,241%%2%36ud.*VISL
HFG=(13556. %2, 2085 *HFG

CONTINUE

WRITZ(5,500)
URITEL6,901)
WRITE(%5,972)
WRITE(S,904)
WIALTZ(H,95R)
WRITE(5,933)
ARITZ(5,G19)
WRITE (h,912)
WOITELA, I1L)
WRITE(H,9156)
HRITZ (5,913
HRITE(B,920
ARITE(S,922)

HdlyHI2

LIg
TKELYN
RHOL
ST
VISL
AF G
6Lk
A4
iy
JIAF
PHIN



RUNX COMPILEIR (YF1.2.3M)

C 00144
vihatse
CLO16y
GLdte66
GCo17%
c£g262
BGl20%
60216
Geopz2h
epn227
GCGJ231
BCo2u3
LLd 240
G025
Dot 262
ggezand
god27e
000276
cddavo
L6d276
tadavs
tooe7e
465276
Gtog?s
0Eie7s
tceoz?e
gagare
0u0276
Cé02?o
ipoare
YLEQ276
beezzs
(uo27e
Giozre
téoz27e
Lpere
0Cc0e?5

0cdere

-
o

WRITELL,92410
WRITE(64925)
HRITELG,926}
ARITE(H,4928)
HRITE (20,9309
00 5 I=1,N7
WRITE(H,232)
COHTINUE

WRITE (549340

B3/723/7w.

PHIF
PF
UL AVS
QnoY
NQ

Ty XGUI,Ft D

NELEV

33 & I=1,NeLEV

WRITE(GR, O30}
CUNTINUE

WRITE(H,938)
WRITE(B,9Q40)
WRITEL{HyS42)
WRITE L0, V4a4)

I!XLLEV‘I":LFV{I.

X
NGASZ
LASTRHI
ISLFPIA

A0d FORMAT(LHL, 4X42A10,75X,06A11)
901t FOIMATL//5X, 330 INPUT YARIAHSLES ANU FLUID FRCPEIRTIZSHIZA)

1

S5Xy37H INPUT VARIAGLES AND FLUILID P%0OPERTIES*//)

15.3144L32,

302 FOIMAT(

904 FOIMAT

aﬁéiroennrt

08 FONATE

9101F02MAT(

912 FORMAT{
1

1BX1‘¢3HLT\]UID \!JHBEanocol,,uucnnnno'll ’

1Jx"'2HTE:q_P£RATEJQ‘:...I.‘...I..I'l.'.l.
E12.5,16H OJEGREES KILVINY
10X e H2HLIDUID JENSITYeesnsnnsavasnnnan

E12eDa1B6H  LL/CU, ™ )
13Xy 42HSURFAGE TENSIONesessesessescces
£12+54,16H NEWTONS M )

iaXVHZHLI}UIa vISGOSITY..'.l..‘..I‘lI .

E12.5418H HNEWTON=SES/SO. H4)
1GX|42HLAT£NT HEAT..-).....-..of-on--
F12.54186H  J0ULZS/IKG )

914 FORMATI/ 10X, 42HCRAVITATIONAL ACSELEIRATION.w W,

1

E12,.5+20H STANJAR]D GRAVITIES)

916 FOQMAT(/iﬂX “JF‘HI"JK AQLA..‘.I...iﬁ"l'll“..l

1 :
91A FOIMATIL
1
320 FORMATH
1

£E12.5,16H S3. 5™ )
13x'h2HHIC( H.'—IGHT...'............-..
Fl2.5416H CH : }
15Xy 42ZHHITK FIHRER JI\“tTER-.-t-oototu
£12.54i6H COM , )

LIG
TRELYM

2HAL

57

JLAF

INPT

Hodt

1 129

v



RUNX COMPILER (VER2.3M)

gco27e
60276
spave
gGo276
400276
Gig27re
gC0276
0560276
God27e
060276
t00276

S Lg0276

600276
ggae7e
Gogave
coozre
gca27e
6C3276
0Ce27o
062276
CoGC276
000276
0Coere
ULd 270
GaD 270
guoess
600276
06ga7e
0La276
020275
06u275
bLudfe

ug027e
cEo 392
0ca303
6c0311
dCv 312

F-3
o)

[

5.’0"23/7‘0- 15-31-1}31

PNO=RHOL*G* (HW/110.)

IFIDIAF JEQe 3.3) 60 TO 11
' PAST3.24E*R*H*ST/LLOIAF/LOT LI ¥END)
11 IF(GET.NEST.) GO TO 12

PAVS= (L *ST/Z(DTAVS/100. 01 /PN)

- INFT

922 FORMAT( 1UX,4200INITIAL PUQOSITY--.--;.-..-{-. DPHIZ =
1 £12.5)
324 FORMAT( 1UX,42HFINAL FOROSTITYassessersoacoane PHIF = ,
i F12.5)
325 FORMAT(/7 33X, 42HFINAL STRESS s ecncavsrcssrsvens s PF =
1 F12.5,16H oM LTQ. )
326 FORMATI/ 10X, w2AVAPUR=SPAGCE UTAMETER s wesvsnsee ITAVS =
1 £12.5,16H M ) '
923 FORMAT (/10X 42HNCMINAL HEAT=TRANSFIR RATCe s 00T =
1 FL2.5,16H WATTS )
330 FORMAT( 13X ,42ANC. HEAT=INPUT SICTIONSssees s NG =
i 12} ,
Q32 FORWMATH( 10X416HSECTIGN NUM3Z2 .12/
1 15X, 374ASECTION LENGTHa v asaessnes X3 =
2 El2.5440F CHM /
3 15X 37AHEAT=INPYT FRACTION s wsavs Fl =
4 . E12.5)
934 FORMATIZL0X,424ND, ELZVATION FOINTSesvesesnsnn HELEV =
1 T2} . )
§36 FOIMATUELLX, 2145 LEVATION PIINT NO. - 412/
. 1 15X,5?HDISTANCE TO FOIer 20 ot KELEV = *
2 f12.54L0H GM /
3 15XQ37“‘EL‘EVATIGN OF PIINTeuossanse tLcy = v
: 4 1245910 oM )
9385 FOAMATI(Z1dXy 624 INTESRRATION STEP SIZFeasseessn CX =
1 F12.541HhH4 M }
Q4 FOSMATE/Z13X, 42HAMOTHER CSASE (3=NO0, 1=YLSt.aee NCASE =
1 12) .

32 FORMATI( 13X,42HUSE LAST 20R0SITY DISTHeeasees LASTPHI =
1 ' I2) :
Gt FOIMATA EOX,424KEJVIRE Sclf PRIMEvcasceserncs ISLFPR2M =

1 12}



CRUNK COMPILER (VER.243M) 03/23/74e 15.31.43. " INeT

gco3L7 12 CONTINUE
0G0 317 - XTaT=4,
pGe 323 N0 16 I=1,NQ
GLo322 XTOT=XTOT+XQ(I)
BC0 325 16 SONTINUYE
G033 AS=AW/HW**?
bGd 333 30 18 I=1,NELEV
0036335 ZELEV(IV=XELEV(I}/ZXTOT
000342 ELEVA(I)=ELEV(I)/HNW
DCO 3463 © 18 CONTINUE
GO0 346 00 ¢J I=1, N
" @0B3350 ZA{T)I=XQUIN 7 XTOT
6093353 20 CONTINUE
BG0356 NI=XTOT/DX B
L0361 DZ=DX/XTOT
U4 363 IF(PHIY JNE. 0.0) GO TO 50
009 354 IF(PHIF JNEs Do) 50 TO 59
D(3 365  IF(PF JNE. 0400 GO TO 50 .
c _
c _OPTIMUM=-HIMOGENEDUS=-WICK CALCULATIONS
i
067366 IF(OIAF «NE. 3,01 GO TO 3%
DGO 367 FHIG = 0479 ‘ _
BCG3ITL P332 ¥(ELEVOINELEVI+1 VY *PHIG/ (L =PHICY
0 GO4d0 DIAF=100.%3.246%**H*ST/{P3IS*PND)
CCd 405 WRITE(5,950) JIAF,PHIT
003615 _ 60 TO 53
600416 35 PHIG=P3S/{2.*{ZLEVIINELEV) #1 .) ¢+PRS)
G423 WRITE(H,952) PHIC . -
CGO&3L 950 FIRMATHI///719X,&0H OPTIMUM HOMOGENEOUS WICK?! FIRER JTA. =,
DO0 63t 1 F12.5,16H =M, POROSITY =,E12.5)
COU&31 1352 FOMAT(///10K,47H OPTIMUM=-PQRISITY HOMOGENECUS WICKS ©20R0SITY =,
60943t i £12.5)
(0043t 55 CONTIMUE
o .
00543t FNJu={VISL/RHOLY *IQDOT/HFG)* (XTOT/100,. 1/

Giuda3l i (PND*(ODIAF /100, ) ¥*¥2%{HW/L0D.)**2)

<

0$



KUNX COMPILER (V242,31

200446
DGO ubl
000473

060501

600514
030514
600515

LS

S GO0 GOO QGG

<5

03/23/74. 15,31.43. - INPT
CALCULATION OF FINAL STRESS PoFg '
1. PF SPECIFIED IN GRADE)N=FIROSITY GESIENG
TFILASTPHILEQLD JAND. PF.GT.O.G)lPBF9=PF1Hw

>, PMIF SPCGIFIZH IN GRAJED-POROSITY DESIGN?
IFCLASTPHIZE0,0 JANG. FAIE.CT.0.0) PRED=PIS*(1.-FHLF) /PHTF
3. 23F0 SET 3Y PHIF  OF LAST CASEt

TFLLASTPHIVEQ.1) P3FI=P3S*(1.-SAVPHIINIPL) ) /SAYPHI (NIPL)
4. HOMOGENEOUS WICK = P3F)  3ET BY PHID:

IF(LASTPHILEQLD «AND. PAIF4PF.E0.0) PBFG=PBSY (1,-PHIL) /PHL]
SONTINUE

RETURN
END



RUNK GOMPILLR (VER.2, IM)

0006u5
063905
0 Couos
60105
000025
63005
- BeLaas
863005
0906005
000005
080005

cagaus

GLoaoes

0udu05
ctadus
Gaguth
TR T
G8Jua5
GChuns
usggas
8G3535
GCuais
tgooes
LGoacs
GGGads
363435
utacss
pLooos
dL008e%
gLEdLES

o
™~

OO0

360 O

SUARQUTINL PROPSHL,T)

03723774, 15.31.43,

THIS ROUTINE COMPUTES FLUID PROPERTIES FROM DATA FITS

COAMON /CPROPSY XMW;SHQU;HFG,PU,QHOL,RHOV;VISL,UISU'XKL;ST,TF

JIMENSION AL1{7), AZ21(7),

D474 Al11¢i, Al12t1d, AlL13(11},

L A3147),y A32(7), A33(7), A36(7), A3S(7),
2 ALLUTY, Aw2(T), Aa3(T), A4LL7), A4S(7),
3 ALL(73, AL2(T}, AS53(7), ASG(7), AS5(7),
4 ABLI7), A62(7), AG3(T7), ABLLIT7), ABS(T7),
5  ATLIL7), AZ2(7), AT3IU7)y AT4l7), A7S5(7),
b A31U7), AB2(7}, AB3U(T), AIG(T), ASS(T),
7 A31(7), AS2(7), AI3(T7), AIL(T7), AQS(T),
8 ALLL(7), AL22(7), ALQ3(7), ALOG4(7), ALNS(7),
I ALL1147), 8112(7), AL13(7), AL1GL(T7), ALLE(7)
WATFR (32F <T<4Q0F)
JATA  AL1(1), AZ1C1)/
¥ 431.7, . 13,216/ ,
DATA  A31(1), Ad201), A3 (1), A34(1), A5 14/
*  1.3555636,-4.,95757A5-5, Cas Doy - Re/
JATA  ALL(1), AL2U1), Au3 (1, AL, ALS (1) /
¥ 1219.55289=5.705515E-2,-4,45L5885~4, Jas Y
DATA  AS1C1), AS2(114, A5311), ASL (1), ASS (117
* 14.199322, =6.5267262, -.81813763, Tes Ves
DATA  ARL(L), AB2(1), AES (1), AELLL), ABS-(13/
* 5n|481?b6c 2.556?955:'29'5-54?212?."5' Jaey T/
DATA  A71(1), AT2(1), A7301) A74(1dy, . ATS{1)/
. 7432132, =5,0175647, =-,7994C9R2, Yas Tt
- DATA ABL(L), AB2(1), A33 (10, AB4(10, AES (1} /
@ 220625735, =.2627609Fy 5.U33270E=t4=4,L11A235=7, 1,463625-10/
DATA  AS1(i}, A92(1), A931(17, A9L 11D, 49511) /
* - -13060(455' 1I1J£+1|]871 Go’ '7-1 .7
CDATA . A1C1 (1), V1G211), AL 3(1), ALliatld, AL1GS (17
¥ =Lle0535655,5, 352293283, -5, L680508-6,2,51523270-14, S et
A114¢1), 41151}/



RUNX COMPILZR (vE.2.3M)

CLGL3S

C

» AMMONTIA (-10i7.3F<T<130F)
LB00GCS JATA atie2y, A21t2)/
TS * 35145, 17.332/
GO00ELI5 DATA A51(2), A3212), A33(2), A3al2), A3IS(2)/
L0095 4 1.31, Dy Cao Tey i
GG60COS DATA AGl(2), ALZ{2), AL3L2), AGL(2), - ALS5{2)/
0L0LES , *  1.093251E43,-2,4823555+40, 4+976430E-3,4k 47496756, e/
C6oCrs JATa  As1(2), ASZ(2), A5 3(2) AS4{2), ASS (2)y
065035 ' % 1 .3923745¢1,~4,321740C¢0y 2400501 8E=1,~7.5795372-2, Gel
LLedoes NaTA A61(2), AB2LZ), A6 312D, 466 (2), ABS (2 /
6603499 ¥ 7.043760E41,-1,172408c -1, Le331T07i-4,~1.643313E-7, De/
Cuanaos DATA A71(2}, A72(2), A73(2) ATL(2), A7T5 2}/
GC30A5 C % 1 ,2hEIRBERL, =111 3373F41, 2.339T12840.~4.639703E-1, fias
geocas DaTA ABL(2), ABZ(2), A33(21 ABG(2) ABE {2}/
GCG005 ¥ 3 5370 LAE# 1. 2.k0L26E "1y HeE2TL0BE "L y=7 9613057 =7,3,55215LE~10/
gcaidts nala A91(2), 4921(2), AS3020 tag(2), A95(2)/
GuB0ns * o3.370395E 43, 1.360094E+3,-4,728715E42, 5.054066E41,-2,3204309E+¢70/
QCe0uls JATA  A10L1(2), A192(2), R1G 32D, ALCul2), ALnSL2Y/
CG0Cas ¥ o4, 1603186E-1y 3.9347175-3,-6.537242E-6, 3.0034355-3, N/
0GIOas CJATA  A111t2), A1121(2), £113(2) BLLGL2), A115(2) 7/
BLOLES 2 S LBl =T HIUEWIE=H,=-7.6397597-3,3.0835335-12, Def

G .

C METHYL ALCOHIL (=143F<T<38(F)

c
0G0C0S DATA  AL1U39, A2103y/
000005 ¥ 32247 12,042/
309205 JAT L A31(3), A32(31, A33(3), A3uL5), A5 (3)/
0GOECD5 ¥ 1.2330 Nay Coy Jey A,/
bCo305 JaTA ALL1(3), Ae2 (3, A4 3(3), ALL (3D, AL5(31/
060305 ¥ 3, 7305LbE 42, =2 4TALI05E4T, 6.416620 =3,=7.0041955-6, 24216439773/
GE0GeS AT A AS11 %), A52103), A5 2630, AGLIT), AGS (T)/
GGouds ¥ L, 5u59i1T41,-9.2040630 540, 3.356136540,~1.90692005¢0, 3.35£36580-1/
G605 AT A ARLL3), A6213), A6 3(3), Aha s, AGG L3/
0CE0CS 2 1L 107493 €4, £493283RE-1, =341 T7BT72E~ty F.THI2O2E-Ty=4, 10HU25 -1/
GLa0Gy JATA A71431%, B72(3%, A73{3} 4 Afw (), A7S(3)/

o
w

P3/23/74, 1%.31.43.

PROFS

¥ -3.%37558E-39'9-717223€-5n-2-ESF?STE-?.Z.1171955-1&:-?.53081?-1&/



RUNX COMPILER (VER.243M} 33723774 1543143, - BPRIPS

Lo ¥ 1.,533104LT+1,-2.173338c+¢1, 1-1“43265*1'-4.2?86h3€+ﬁ. 9480990682 -1/

GLgons JaTth Ar1C3), ag 2030y AB3(3), 28413), L3503/
003605 ¥ 2.72853636+1,~1.1531636=1, 2.3037955~4,-2,1551275-7, 7.551725-11/
103025 JATA A3113), 492130, A3y 494 (3}, AQ5(3)/
QCooes ¥ 1.,322590E429-1.720769E+2, 301133445414-3,3184102¢0, 1.325051e~1/
(0A0E5 IATA  A10LL3Y, 31302031, A10343), OALEL(3), AL (3)/
-G LoLuy ¥ 3, IuLb433E=2, 2.897&175-#,-6.31[6@?5-?.?.39%36&5-10,-3.L?ﬁ@ﬁi-t?f
gudaos JATA 4111034, A11203), A113031, Al11a4(3), A115(3}/
GEOO0LS *  5.79)525E~3y=LadubtILE-D, 1.2056500=8¢3.5166235=12,-8.,57229E-15/
c FRAIN-21 (=55F<T<3]5F)
‘ ¥
L3000 DAT A ALL(G) A21(4Y)/
Go3005 * Fhdaly 102.93/
G00005 DATA A3Ll4a), A32C0LD, AZ3{4), A34104a), A5 L4Y/
0920405 * 1175, Naw Uen - day Te/
gcCaons JATEA Al {ud, B42{4L), A3 {4d, Abh{h), AGLS L)/
Q35405 ¥ 3.537825641, L.AI6558E-1,-1.6315685E=3, ?2.0563975-64=1. 71890487 -9/
J0LETS OATA AS1{4l}, 45240 A5331(4), AGL {4y ASS {6/
DLGal % 5, eToT32E+4#0s 1.573170541,-1,6073592 41, 5426324354046, 203501-1/
gcoacsh NATA A1), - AB2lud, A 3{Uld . AoL{ud,y AESILY/
[RSIVE *  1.332756F¢2,-3.2561757=-1, 1,111656:=3,~1,€117282-64F49.60674E~-1"/
000305 DATA A71(4), A72(4), AT3(4), A7404) A75 (L) S
¢Go00% ¥ 3,53430254#1,-1.0625755¢2,y 1.252531-¢2,-4,26530825¢1, Do i7DLHTE4T/
LELulO5 ATA L21(4L), ARZ2LL), ARZ (4, aGt{a), ARG LLY/
(1d4al5 B o3 3L THTHE+ Gy B0 301100 =24=-2,75730805=4G, JoEu3T2640-74=1.75387e~10/
CLudcs JATA AQLLLY A921(4), B332(4L1} ABL L), AQS (L) /
ULJLCES ' * ~1,3335P3543, 1.1393665¢3,-2,94L711542, 3.2153Tblvly=1.345722040/
250005 NATA  3101(8), AtuZ{ab, AL2304), A1CL (4}, AliOluls
GB35 £ W 75510 E~La"wZael 356373y 5.7135125~645,3313025~F Ze053L0E-12/
CLGaas OATOG  Al11(w), A1121(6), Al131{4), Aflutlid, 111508/
vildud * ~5,2648974c-3, 4. 9B4ABIE-5,=1,133775=7,C, 235653 =114-<e 2595314/
r
o STHAME (=13EF<T<4rF)
€Lduld DATA A1115), AZL(5Y/
gooaes ® 151469 T ‘ .
DugCos - TATA ATL(5), A3219), AS3(5), ASH (S ). A3545)/

o,
N



RUNX COMPILER (VER.Z. 3M)

003605 -

GLOULs
060305
tooaos
600365
GCaaos
GTa0ys
tG6oos
000005
L 003C5
géocas
S gtacos
GedLeo
6eooas
CLdGis
2380035
Geo0oS

6C0305
6 Cdens
g4ayuas
640605
CCoLNS
660005
CUGaos
0C0GES
L LGOS
669305
800005
£ 60005
020005
060405
000605
T )
(09005
GGG GES

o
o

O

x

¥ 1.18, Jey Ues Ses 0s
AT A AL1(5), AG2(5)y AL3{5), Aul (5, A4S {5}/
“4. 2789364543y 4a573254E+19=14719481E-1, 2.840439-4ys-1.756839E-7/
AT A A51(5), AS2(5), A5 3(5), ASL(5), ASS {5}/
¥ 3,513570E#1,-5.3032735+1, 3.38B50554¢1,<9,165774C405, Je154T0uF=1/
DATA AB1(5), AR21{5), A6 3151, i6615), AES (5)/
* =3,6L33015E42, 34901061540y~ Lat7B827c=2, 2.651166F=54=1.,518682E~R/
NAT A A71(5}, A72(5), A73(5), AT4iS), . A751(5)/
¥ 3, 831080C¢L,-1.0H637F1E42, B.L22958541,~2,13183415¢1, 2,129853540/
DATA ASL115), AB2(5), A33(5), ABuL5), ABS5(5)/
* =1,763943E41, 1.931920E-1,4-7.953022F~4,y 1,3851035-64=8.90506F=-10/
DATA AYL1L(5), B92(5), A33(5), A4(5), . A354(5)/
*  2,9378555¢4,~2,0174356¢4, 5.035R13643,-5,637093F¢2, 2.3928702¢1/
JATA  ALL1(5), A1321(5), ALG3L5), ALGLL5) A1C5(5)/
¥ -1 ,1L28676 40, 1.317096E=2,-5.072525E=5, B8.390204E=«8,=-5,11860t~11/
DATA  AL111¢(5), AL12(5), A113(5), AL14(5), A115(51/
¥ 1,123703E-2y=84339A22525, 24759121674 =4.393436~10,2.6514685=-13/
METHANE (=28jF<T<«=120F)
DATA AL1(AH)y CAZ1ted/
. 15342, 154047
AT A B31(6), A321(6), A33(6), A34(5), A35(H) 7/
* t.o32y Ouyn Ve Jas o Ney
AT B Al (D), A2 (E) ALT (B, AL (B, ALS (&) /
* -1, 124091E43, 2e425L142E41,~1.589307E-1, 4,567 110 b,y =4, 0871407/
DATA ASL(B, AB2(€), AS3 (6D, ASL{H), A551(6)/
¥ 1.355634E¢0, B.5GTH1/E#ds=3, 746575240,y 5,3033472-1,=3.257152F=2/
OATA AEL(5), AE2(6), A2 (6D, ABL(SY, R -3 X -3 N4
¥ 1.463901E+1, 3.8143315=0,-3.2235425-3, L.0764205=5,~143531235~87
DaTa 471 (0, A72(a), A73UR, YNNI A751(R)/
* A, 3810R2ZE+L,-5,435G637+1, 1.837493L41,-2,7931635+0, 1,587535¢~1/
QAT A ASLLG), A32(E), A83(B, AB4t5), A35(61/
* =) 52h4RAT 0, 2.U2H13E-1,-1.540820F=3, 4.719715 -6,-5.211A756~9/
DATL BG1L(H, Ad2(6). A3 (6D, A9L (B, I E-CREY WA
¥ ) 11 9BS1E+3, 64706523043, 1. 8305225 ¢3,-2,.3215R50+2, 1,07044L097 1/
JATA  Alui(H), 8132¢(51, ALC 3D, ALYa(H) A195(a3) 7
r Faa8306 T3 =1a=1472)3595«3Fy 54HFA237 0T 9 Lo BQl7LTE=,=-7,7332355-11/

U3/2377he 15431443, " PRIPS



RUNX SOMPILCR {(VER.2.3M)

LLGe05
GLapas

GClacs
CLOuLS
CCo0GS
0Cudd5
Gouces
GLG 005
GCoess
tédoes
Guooos
CLoRas
0C00235
oLagads
0Lacos
Liodas
£eonos
£Coad»
ccsoes
CLitds
gLoeas
Gedios

CLd0d5

Goiute
(CRFTETR 4
GCai1t
GtEa0l3
GG63815
033317
ftodal
9323
Gtganevy
0rng3t

o
(=)

[ B9 )

[

DATA

2111(69,

G4/723/74. 15.31,.47,. CeRNPS

Al1124€),

A11 3 (6}, A114¢(5H0, A115(R)/

Fo0. L1277 =3, =5, 40394725, 2.856240E-T =7, 617305 -2Jy5.1464958-13/

R

»

¥

»

¥

¥

5

*

*

*

NITRIGEN (=343F<T<=25{F)

JATA atLcsy, AZ1(7Y/
113.9, 2R, 115/ o
AT A A31¢7), AR32(7), A33L(70, AJad(T), A3ZS (7)) /s
I S 1 ‘ us . Cow TP Gef

JATA ALl (7). Ay2L7), AL (7)Y, Aby (7)), AUS(T)r
7206489700 ¢1,-2,305556E-1y 5.317599:-3,-2,340715:5~5, ) Ta/

DATA AS1(7), AS2(7), AS3(7), ABGt?), AGS (T /
36217173041y =1.43123YE41y 3. UDUTOUT#L,=3.133777E-1y 1L 176447 =2)

JATA AE1(7), AGZLT7Y, A 3(7), ABL (7)), ARES (T /
74233713c+1,-3.F232325=4,y 2.,281409E=3,=-T.4795323-6, N./

OATA A71 (7Y, A72(7}), A73(7), ATHL(T ), AT (7 s
2;1528526+11'7.53372?Ef01 F.613273E-1,-4 . B0B1117E=2, Do/

JATA AB1L(7), ABZ2(T), a33L7), ABad7), AR5 (TY/

~1.130709E+1y 3.93323F7E-1,-3.0809435~3y L B87310:5-5,-2.3092650=38/

DAT A Aai(7), A9287}1, AI3LT7), CAQL(Th, - A9G (7} /
Le713670E406,=1437199105 4, 4.103085543,-5.4535152¢2, 2.71566245+1/

JATA  ALCG1LT), ALu2(7), L13317), AL LAT)Y, A5 7)Y/
1-1?3t95£"1"?.‘)32‘12#5'5!'10‘9&1515?2.‘61 Jeo T/

DATA  A1114(7), 811217y, 81131(7), £114C(7), A11Bt7)Y/
1-63r’3$él€'é;-5.76‘393‘55-5,-4.3?93?1*-8, 1.075:336E-172, T/

[F (L.ZQ43) GO TG 249

T2 = T*7

TS = T2#%7

T = T2¥72

TR = 13304077

TR? = TR*TR

TRs = Tk2*TR

TRe = TRZ#TR2

ALT=ALDC(T)
ALTE=AL T A4ALT
ALTI=ALTE*ALT



RUNX SOMPILLR (V2.2 3M)

tcog33

0eG035
Gtoosvr
TN TR IS
Gud(s3
LU0TeS5
GCO1G3
CCLolLrs
GC2133
£ 00151
063167
tts201
G6oo213
0c02ls
0ia217

biu2eu
g uo2aa
Glo221

LS

AL I ]

20

18423/ 740 15431443, . PROPS

ALTG=aLT2*ALT? ' : _ A
FLUID PROPERTIES

TF = A11(L)

XMH=A21 (L)

SHRY = ﬁ&llLl+d32lLl*7}333lLI*T2+A3L(L)‘T3+A35!L1*TL
HES = 341 (L 1+a3 2 (L) *TeAG3IIL I *T2+ AL (LI *TI+ALB (L) *TY

PV = SXPIASLIL) +AGZ2(LI*TREASIILI*TRAZ2+ASL{LI*TRI+ASSILI*TRY)

PHIL = Al (L) #ABZ2(LI*THAGS(LIFT2+A04 (LI *TI+ARS(L)*Th

RHOV = E¥2{a?1 LI+ A72(LI TR A7 SILI*TR2eAT7G{LITTRISATEIL) *TRYG)
VISL = SXPLAGLILI#AR2LL I *T+AAZILI*T2+A8LIL)I *TI+ARSLLIPTY)

VISY = EXPLAGL{L ) +AQ2(LI*ALT+A9TI(L) *ALT2FAYL (LY *ALT 3+A95 (LY RALTH)

XKL = ALCIUL D #ALC2 {0 *ToALI3(L)*T24 L1004 (L) *T34+AL05(LI*TY
ST = ALLL(LY+ALI2(LY *T+ALLICLY¥T2+A114(LI*TI+AL15(LI*TY
VISV = VISU/6.1697504F3

VISL=VISL/4.169757458

RF TURN

CONTINJE
RETURN
ENT



RUNX COMPILER (VE2,2,3M) 037237740 154314634

E00Gon
R N HY
0Gddde
G Gacie
LLJ0Co
fud0de
060G 306
CGOLdo
0CA01G
BLunis
acac22
gtan2e
060939
GL0gaz
DEGL4W3
IR THIEYYL
ggocss
JUg 057
0C0gsaL
L Lu07e
yid1ce
God103

89

£ i

SUARJUTINE RUNGE(Y,YP,D72)

SOMMON /FARAMZ PHI,PHIOG,OPHI, PBFE PHBVS, PNT, Grqu NIy MNIPY,HYU,
Na’Fl(lU,!N_L:v!xELtv‘lﬂ’OZELFV(IU,!ELEV‘lU"
ELZVBULC) 3Dy HaFNUB,AW 1AB+XTOT,0X40D2,00T3,200T,
BIAF Q07,1620 4X0010) 4200100 4P3S,PHIF,PF,
NCASE sLASTPHI ¢SAVPHI(10C0) 4 ISLFPRM,IFATL

QIAENSI ON Y(ul,YPl%’val(kJ,YPd(kl.YPS{higYPh(klgYJ(h)

COAMON ZCPRIOPS/ XMW, SHRVLHFG.PV, KHUL'RHOVQVI)LyVIbV:XKLpST TF

00 1 I=1,4

YPLUIY=YPII)

YOUII=YL(I)+YPLITI)*0Z/2,

CALL OJERIVIYP2,Y0)

90 2 I=1,4

YOUL=Y(I)+YP2(TV*¥DZ/r2.

CALL DIRIV{YPI, YD)

03 3 I=14k

YGUI =¥(D)+YP3(I)*D2

CALL DIRIVIYPu,.YL)

a0 & I= 1'4

Y(Il‘Y(II+(YP1(I)fd.‘YPZ{I)*2.‘YP3(IliYPQIIll'(Dllﬁ.l

CALL O:zRIVIYP,Y)

"RETURN

END



RUNX COMPIL:R (VE21.243M) 4 33723770 15431.42.

6C0062
600002
000062
006002
UG00d2
Gutsa2
003002
secoCes
Gu0C1L
6GdC16
pCOG22
GOCE3;
000037
060037
60UC55
B0BGHO
6CJ063

000075

GL0103
" 00utn2
000196
D{d116
GCoi2)
00014y
CG0147

000147

0GC14T
GulLny
(1R L
CCo147
CCuin?
LTS+ R 4
GED 147
089147
CCC15D

65

53

9n
960
962

366

J:'HI'\JP-"

SUBROUTINE WRT

COH4MIN /PQRAM/ PHIZPHIG,OPHI JPEFOLPEVS,PND,GEE LG, HLy NIP1L yHHW,
NQeyFQALL D) 4NE LLUgXtLFVIIB’yZLL V18, ELFV(LD) ,
ELEVILL10) 20 HyFNUS AW AS W XTOT DX 407, 30T3,000T,
DIAF A7 4130300 ,X2010D,2GC10),F43S,PHIF,PF,
NCASE.LASTPHI, SAVFHT (1006), ISLFPRM, IFATL

SUAMON / CPROPS/ XeAW ¢ SHRU G HFG 3 PV RHOL S RHOV, VISL e VISY 4 XKL, ST, TE

[+ LS P S VI

IM<=1
GMASS= G{hyNIFil*(ANIIDGBE.)‘QHOL’TXTOTIISU.)’lﬂﬂﬂ.
20 54 J=1,NIPL
AC1,JY=XTIAT*4{L, 1)
H(Z'J)=*ﬁﬂ.‘PN1*ﬁ(2.JIf(RHOL*GI
TFUACL U WGELXZLEVEIMKI) IMK=TMK+1 -
ALS I =ELEVIIMK=1) ¢ LACL 3 J) = XFLEVIIMK= =1 MLELEVIIM) «FLEVIIMK=1))
FAXCLEVOIMK) =XELEVOIMK=1) b+HW
IF{GEE +Ede Dedd AlD,J)=C.
SAVEHI(JI=A(5,4)
A7,y =100, ‘PND/(?HOL‘J}D*P%S*(i.-ﬁ!hodii/A(J-Jl
CONTINUE
GO0T=QDTH*0OT
WRITE(6,960)
WRITE(D,962) Q0T,GMASS
DO 90 J=1,NIFL
ARITE (B9 966) Al1sJ) AL 2, )V, 0064 3) A5 4d)ALT74d)
CONTIMUE
FORMATCL1HLy 4X4 L5HEINAL SOLUTTON //)
FORMAT (18X, 35HTHE MAXIMUM HEAT- TRANSrER RATE Is
E12.5,7H WATTS//
- LEXy 23HTHE TOTAL LIGUIZ IN WwICK IS ,
L1245, 74 GRANMSZ//

15X,y BHOTSTANCE y 35Xy 6HSTRES S, 7X, 1LHSTATIS HEAD 46Xy AHPOROSTTY

SX912HLRIT. STRESS/L7Xy4H(CM) 9%, 9H(CM LIGe) yAXy FHICH LIGe)s

22X+ IHITM LIRWIZF)
FORMATULIX, 351544
RETURN
TND



