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COMPUTER PROGRAM GRADE Il
FOR THE DESIGH AlD ANALYSIS OF HEAT-PIPE WICKS

1.0 IHTRODUCTION

» This_user's manual describes the revised version of the computer
program GRADE(]), which designs and analyzes heat pipes with graded-

porosity fibrous slab wicks. The revisions, which are based on work done

under contract NAS 2-8310 with NASA Ames Research Center arnd reported in

Reference (2), were incorporated so that the mathematical model more com-

pletely describes an actual graded-porosity-wick heat pipe. In 6articu1ar,
GRADE II now includes: !

e Automatic calculation of the minimum condenser-end stress that

will not result in an excess-liquid puddle or a liquid slug in
the vapor space, '

¢ Numerical solution of the equations describing flow in the cir-
cumferentiaT grooves to assess the burnout criterion,

] Calcu]atlon of the contribution of excess 11qu1d in fillets and
‘puddles to the heat-transport,

¢ Calculation of the effect of partial saturation on the wick per-
- formance,

e Calculation of the effect of'vapor flow, which includes viscous-
inertial interactions.

In addition to these extended capabilities, the new version retains the
capabilities of the original program:

e Calculation of the optimum poros1ty variation and the correspond-
ing maxxmum heat-transport rate,

¢ Calculation of the maximum heat-transport rate at other than the
. wick's design condition (different temperature, elevations, gravi-
tational field, etc.),

¢ Calculation of the maximum heat-transport rate for a specified
porosity distribution, which includes a uniform-porosity wick,

f‘;
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e The heat pipe can have multiple seccions each having different
tilts,

e Multiple heat input and output zones, ]
e Calculation of the total fluid charge.
The theoretical basis for GRADE II is described in Section 2.0 and

‘the instructions for preparing the input are given in Section 3.0. 1If

excess-1iquid effects are to be included in the calculations, a separate
program FILLET must be run, whose output is a:binary file that becomes
additional input for GRADE Il. This program is described in Section 4.0.
Two sample programs are. described in Section 5.0. The Appendix contains
descriptions and listings of GRADE II and FILLET.

2.0 THEORETICAL BASIS FOR GRADE IT

This section describes the application of fundamental theoretical
and experimental results for capillary flow through fibrous media previ-
ously reported in Reference (3) and (4) to the optimum design of heat-
pipe wicks. To be specific, we consider a heat pipe, as depicted in
Figure 1, with a fibrous slab wick for the axial transport of liquid and
circumferential grooves for the transport across the evaporation and con-
densation surfaces. The slab wick is ultimatély limited in heat-transport
capacity because the factors that affect its performance, the capillary-
pressure limit and the permeability, are related inversely. Any change
in the wick structure that increases fts capillary-pressure limit de-

- creases its permeability and vice versa. The simple uniform-porosity

wick is optimized by selecting the fiber diameter and porosity that
maximizes its heat transport. Such a wick, however, has an unnecessarily
low pevmeability, everywhere along its length except where it begins to
dry out under maximum load. A further capacity increase is possible if
one considers a wick whose porosity varies along its length. With a
graded-porosity wick, the porosity is optimally varied such that at
every axjal location *t is only as low as reqbired to ensure the wick
remains nearly saturated. Thus, the permeability is everywhere as high
as possible. The potential increase in capacity over a uniform porosity

. wick depends on the particular applicatiohs, but it is often greater than -

a factor of two. :
o
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CIRCUMFERENTIAL

GROOVES '
GRADED-POROSITY

SLAB WICK

VAPOR SPACE

: TUBE
VAPOR SPACE

Figure 1. Cross-Section of a Fibrous-Slab-Wick Heat Pipe

.3‘




”

26263-6026-RU~00

Z;f' PROPERTIES OF A FIBROUS WICK

We first summarize the results of Reference (3) and (4) for capillary
flow through porous media and then derive the relationships that are re-
quired for the design of a wick. Expressions for the capillary-pressure
1imit Pc and the permeability Ko for a wick of uniform porosity « consist-
ing of a three-dimensional random distribution of fibers of diameter 3
were shown to be

P = 3.2865 H(o/8)(1 - e)e | (1)

and

Ky = (3/8)82 [/ - )V

4: -
{ 47 - ¢) - (1 - c)z -2 ]n(l -¢) -3 . }"' (2)

8 |
(- e - -2V Q- 5)3]} | |

. where o is the surface tension and H is the hysteresis constant that is

unity if the liquid front is advancing in the wick and an empirically
found value of 1.955 if it is receding. Actually, the wick does not
empty abruptly when the capillary-pressure 1imit is exceeded, but rather
it progrescively desaturates. The wick is envisioned as consisting of
local regions having porosities that are normally distributed with a mean
value ¢, and a standard deviation‘od. The fraction of the wick with a
porosity that lies between e and ¢ 4 de is given by

32,, 2 , ,
) e- (e = ¢o) /2°d | (3)
v2r o4 : v

fley eg> og) =

The standard deviation was found experimentally to correlate with the
mean porosity by the expression

og = 02201 = ;) o (4

When the wick ic subject to a vapor-liquid pressure difference P,
which we call the capillary stress, a local region is filled with liquid
if its porosity is sufficiently low that the capillary-pressure limit
given by £q. (1) exceeds the capillary stress. The saturation fraction,

4 g
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which is the ratio of the liquid content of the wick to the content when
it is completely saturated, was shown to be ’

S = F[g* - co)/cd] - (Od/Co)f[(C* - Co)/sd] ‘ (5)

where f(z) is the standardized normal distribution and f(z) is the stan-
dardized cumulative distribution, and ¢* is the critical value of the '>
local porosity for which the capillary pressure limit equals the capillary
stress. Its value, obtained from Eq. (1), is

- Ps/e -1
e* = 1+ 37657 | S (6)

‘To obtain an expression for the permeability of?the partially saturated

wick, Eq. (2) is applied to those regions with a porosity below the
critical value. The resulting expression is '

c* '
K(EO’ c*, ‘_5-1 Ud) = é Ko(‘ss E){(C' €0 Gd)dﬂb_ (7)

" To this point, we have summarized the results of Reference (3) ard
(4). WYe now calculate the mean porosity that maximizes the permeability
for a prescribed capillary stress. If the porosity is too high, the
wick is unable to hold liquid at the prescribed stress which results in
a low permeability. If, on the other hand, the porosity is too low, the
wick will remain nearly saturated, bit the fibers are unnecessarily clu:e
together which also results in a low permeability. Equation {7) is the
basis for tre optimization. A specified value of the capillary stress
fixes c* by way of Eq. (6). The dependence of the permeability on the
fiber diameter & is eliminated from £q. (7) by using 52 to nondimension-
2"ize K, and the dependence on &4 is eliminated with Eq. (4). The result-
ing exprcssion for the dimeasionless permeability K= K/s2 is

t"
Klcns c*) = ! 3 L . de
n 0 BT =¢ 41 = ¢)<(1 - c)2- 2 (1 - ¢)
| | 10.3(e - co)2
: 8 2} -1 1.8 e i (- '-'0)2 de (8)
lnf(l - C) + }_:ﬂ..‘—ﬁl-z— I - €g . oo :

1 +{} -’c)
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LOCUS OF MAXIMUM s e e

SATURATFN PERMEABILITY
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OVERALL POROSITY €

2. Dimensionless Permeability K = K/é.2

Figure

of a Partially Saturated Wick
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oo s me MEAN POROSITY WHICH GIVES A
SATURATION FRACTION OF 0,9

I

! 2 3 4 : S
CAPILLARY STRESS P = P§,0 FOR EMPTYING

! i ! ! J
0.5 ; 1.5 2 2.5
CAPILLARY STRESS F = P5/0 FOR FILLING

Figure 3. Key Relationships for Design of a
B} Graded-Porosity Wick
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This integral was evaluated numerically with Simpson’s rule on 8 computer,'~
“The results are shown in Figure 2. Also shown are lines of constant

saturation fractfon, which were calculated from Eq. (5} witt -4 given by
€q. (4), ano the locus of points for which the permeability is maximum,

Figure I relates the critical porosity -* to the dimensionless cap-

~$1lary stress P :/: and displays the optimum mean porosity ind the cor-
- respending saturation fraction as a function of the stras.. A graded-

porosity wick ideally would have a porosity variatice that follows the
optimum-porosity curie as the'capiilary stress builds frowm a low value

at the end of the condenser to a high value at the end of the evaporator.
The optimum saturation fraction would rarge from a value above 0.8 at a |

low stress typical of the condenzer region to a value below 0.7 at a high

stress trcical of the evaporator regitn. The fact that such a wick oper-
ates with a liquid fill well below that required to saturate it presents

" practical problems., [f, for example, a fluid charge is used that is

sufficient to completely saturate che wick, then at the maximum heat-
transport rate liquid will be given up that could result in flooding of
the condenser. If, on the other hand, a fluid charge is used that is
Just sufficient to provide the optimum saturation fraction at the maximum
heat-transport rate, then there is no guarantee that the liquid will be
properly distriduted along the wick. To avoid these problems, the wicks
are designed with & porosity variation that provides a uniform high-level
of saturation. Thus, instead of operating along the peaks of the parti-
ally saturated permeability curves of Figure 2, the wick is designed to
operate to the left of the peaks along a line of constant saturation
fraction. Equation {5) {s uscd to obtain the e«pression for the porosity
that provides the desired saturation fraction. The equation is trans-
cendental fn cg, and it must be solved iteratively. For high levels of
saturation, however, the second term of Eq. (5) is small compared to the
first, and an accurate approximation for .o can be cbtained by neglecting
it, which results in

1= FY(5)/4.5

where we have used Eq. (4) to eliminate o4. Equation (9) was used to ‘
calculate the curve of Figure 3 which gives the porosity as a function of

capillary stress that provides a saturation fraction of 0.9. [The criti-
-9. |

X - F-T(S)M.S (9) B

Pisa
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céi:porosity is first calculated as a function of stress from £q. (6)].
2.2 DESIGN OF A WICK
we now focus attention on the hydrodynamic optimization of a heat

pipe for maximum heat transport in a given aoplication. One must be
alert, however, to tie possibility that other limitingc factors may come

into play before the hydrodynamic wicking imit is reachel. Sucn factors

are, for example, the heat-flux limit due to boiling in the wick, and

tie sonic vapor-flow limit. The procedure described herein is used to
calculate the optimum wick porosity variation for a fixed heat-pive geo-
netfy. For the heat-pipe diameter considered, a change in wick area may
further increase the capacity. 1f the capillary stress is due primarily
to liquid flow through the wick, an increase in wick area will increase
the capacity. [f, or the other hand, the stress is due prfmérily tn
vapor-flow pressure drop, or ff there is a relatively large vapor-space
capillary back pressure, which we will see presently can adversely affect
the porosity variation, a recuction in wick area will increase the capa-

efty. In fact, for a given heat-pipe diameter, there is aiways an opti-

mum wick area.

The key equation describing the heat-pipe hydrodynamics governs the
arial variation of the capillary stress. In a gravitaticnal field, how-
ever, it varies hydrostatically across the heat pipe as well; s0 to have
a unique valuve at every axial location, we take its value at the top of
the wick. The equation governing the rate of increase of stress P with
axial distance x from the condenser end is

@ _ v m(x) dh
ol (o) F WL G L i
= & (0 1))

The first term on the right of the equal sign gives thre stress increase
due to liquid of kinematic viscosity v; flowing through a wick of cross-
sectional ares Ay 2t a mass rate m{x)., The permeability X depends on
the local porosity cg and on the capillary stress through the critical
porosigy e*,
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The second term gives the change in hydrostatic pressure in the v
liquid of density o, due to changes of heat-pipe elevation h(x) measured -
from a horizontal reference plane to the top of the wick.

The third and fourth terms are due to vapor flow, as discussed in A
Reference (2). Here U is the average velocity in the vapor space, Re is

- the Reynolds number, and D is the hydraulic diameter of the vanor space.
AThe third term is due to viscous shear on the walls, and the fourth is

due to inertial effects. K and F; are, respectively, an average friction-
factor coefficient and shape factor, which are calculated according to
Reference (2) to give the proper balance between inertial and viscous
effects. The mass flow rate is related to the latent heat of vaporiza-
tion hgg and the heat input per unit length Q(x) (assumed negative in
regions of condensation) by

X
m(x) = - (1/hfg) § Q(x) dx m) .

Thefcptimum porosity distribution is calcualted by numerically inte-

grating Eq. (1) with an assumed value for the heat load. At each step of
the integration, the critical porosity c* and the wick porosity ¢, are

~calculated from Eqs. (6) and (9) with a specified high level of satura-

tion fraction & and with the hysteresis constant H = 1.955 for liquid on
the verge of emptying. Because of hysteresis, however., the calculated
porosity <4 may be too high for the wick to self-fill to the specified
level of saturation under a zero heat load. Therefore, Eqs. (6) and (9) -
are used again with H = T for liquid filling the wick and the stress
given by integration of Eq. (10) with m(x) = 0 to calculate e* and ¢,

for the wick to fill. These latter values are used if the porosity
required tc fill the wick under zero load is lower than-the porosity
required to sustain the stress under the assumed load.

Once ¢g and ¢* have been determined, the value of the permeability
at the particular integration step is calculated from Eq. (8). In

‘regions of evaporation, the circumferential grooves are checked at each

step to see whether or not they dry up. The subroutine DRY, which is
based on the mathematical model of Reference (2), is called to make this
check. It takes into account viscous flow in the groove under the action
of surface tension and gravity. If the grooves are found to dry up,

«11-
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the integration is stopped, the assumed heat load is reduced, and the
integration is repeated. If the integration continues to the evaporator

.end of the heat pipe without groové dry-up occurring, the assumed heat

load is increased, and the integration is repeated. A binary search is
used to find the maximum heat load that does not result in groove dry-up.

The caiculation of the condenser-end stress used to begin the inte-
gration is crucial. The stress must be high enough to prevent a liquid
puddle or slug from forming in the lowest vapor space. 1f, however, the
stress is set too high, the wick must begin with an unnecessarily low
porosity to enable the wick to fill. In the condenser region, where the
wick porosity is reiat:vely high, a small reduction in porositygcan
result in a large reduction in permeability. For example, if a satura-
tion fraction of 0.9 is specified, then we see from Figure Z'that al
percent reduction in a typical condenser-end porosity of 0.88 leads to
a 15 percent reduction in the permeability. Therefore, for a high heat-
transport capacity, the condenser-end stress should be kept as low as
possible. This is one reason why, as discussed previously, a reduction
in wick area can result in an increase in capacityQ The increased size

of the vapor space reduces its capillary back pressure and allows a

higher condenser-end porosity.

~The first requirement on the condenser-end stress is that it must be
high enough that a puddle does not form in the lower vapor space. For
simplicity, we restrict our attention to the situation depicted in Figure
1 where the slab wick is horizontal. If the capillary stress at the top
of the wick has been increased to a point where a puddle is just about to
disappear, the radius of curvature of the meniscus of the puddlie is nearly
equal to the tube radius R. The stress c¢/R at the puddle surface is
related hydrostatically to the stress at the tap of the wick; thus the
stress required to prevent a puddlg is

where h, is the distance between the top of the wick and the bottom of

" the tube. The second requirement on the condenser-end stress is that it
should be high enough to prevent a liquid slug in the lower vapor space.

.‘a
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The conditions under which a slug will form, présented in Reference (2),
are calculated by subroutine VSBKS. The stress used to begin the integra-

~ tion is the greater of the value for the formation of a puddie and a

liquid slug.
3.0 INPUT FOR GRADE II-

The input is in Fortran NAMELIST form. The required parameters are

- defined and discussed below. An input form is given in Table 1.

3.1 HEADINGS

~ After writing on the first card or line tﬁe NAMEL1ST 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 line HDZ = 60H followed by another 60
characters. GRADE II will print these two lines at the beginning of the
output.

3.2 FLUID PROPERTIES

GRADE I1I automatically computes the requifed fluid properties for
one of several fluids, which the user specifies by selecting a value of
LIQ from the following list: ’ '

Fluid Temperature Range
LIg =1 Water (0C < T < 204c)
LIQ = 2 Fmmonia (-78C < T < 88C)
LIg = 3 “ethyl Alcohol (-96C < T < 193C)
LIQ =4 ' FREON-21 (-48C < T < 152C)
L1IQ =5 Ethane ) (-93C < T < 27C)
LIQ =6 Methane (-173C < T < -84C)
Lig =7 Nitrogen (-207C < T < -157C)

The properties are for a temperature TKELVN that the user inputs in
degrees Kelvin. All 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 quaﬁtities:

-13-
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Quantity Symbol “Units

Liquid density RHOL ng/cu. m
Yapor density RHOY  Kg/cu. m
Liquid viscosity VISL "Nes/sq. m
Vapor viscosity VISV  N-S/sq. m
Surface tension ST N/m
Latent heat HFG J/Kg

3.3 GEOMETRICAL PARAMETERS OF THE HEAT-PIPE CROSS SECTIOW

As shown in Figure 1, the heat pipe uses a slab wick in efther a
horizontal or vertical orientation. The input parameters that specify
the cross-sectional geometry are: -

Guantity Symbol Units
Tube inside diameter HPID “Cm
Slab-wick thickness WKTH cm

Geometrical parameter:
Horizontal slab wick IGEOM = Q
Vertical slab wick IGEOH = 1

A1l other parameters of the heat-pipe cross section, such as the wick
area, vapor-space hydrauiic diameter, etc. are automatically calculated.

3.4 HEAT LiPUT

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 seg-
ment. 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 1th segment in cm. The segments must
be numbered consecutively along the heat pipe beginning at
the condenser end. v ' '

FQ(I) - The fraction of the total heat-transfer rate entering the
Ith segment. If thé,lth scgment is a condenser, FQ(1) is
negative. If the Ith segment is adiabatic, FQ(I) is zero.

=16~
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QDT - A nominal heat-transfer rate in watts, which is the user's
best guess at the maximum. A close guess reduces the number
of iterations to the final answer.

3.5 ELEVATIONS

_ The user specifies the heat-pipe orientation in a gravitational field
by inputing values for elevations of points along the heat pipe where the
slope changes. Between points, GRADE assumes a linear variation of eleva-
tion. Values of the following parameters are required {except for zero
gravity):

NELEV - The total number of points along the heat pipe, which
must not exceed 10,

XELEV(1} = The distance along the heat pipe in cm to the Ith point.
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]. 7

ELEV(I) - The elevation in cm of the Ith point relative to a hori-
zontal reference plane.

GEE - Gravitational acceleration in standard gravities.

3.6 CIRCUMFERENTIAL GROOVE PARAMETERS

The cross-section of the circumferential grooves is trapezoida! as
shown in Figure 4.

17
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The following parameters must be fnput:

Quantity - Symbol Units
Humber of grooves per cm GRVS em!
Groove opening ’ : W cm
Groove depth DEPTH con ,
Groove h2lf angle - PHI v degrees
Wetting angle - RIGHET degrees

3.7 WICK PARAMETERS

The user can use the program either to design an optimum graded-
porosity wick and compute fts capacity, or he can use it to compute the _
capacity of a wick with a specified porosity distribution.

3.7.1 Design of a Graded-Poros ity Wick
To design a graded-porosity wick, the user mdst specify:

Quantity Symbol Units
Fiber diameter : DIAF cm
Saturation fraction S '
Minimum allowable porosity EPSMIN

The saturation fractions are the uniform high level of saturation
that the wick is to maintain. We have been using S = 0.9. ¥Khen the
poresity varistion is to be designed, the parameters LASTEPS and NEPS
must be set to zero or, equivalently, just not included in the NAMELIST.
The mnimum porosity EPSMIN is set so that a wick will not be designed
that ts too dense to manufacture,

3.7.2 Capacity at 0ff-Optimum Operation

The proyram is set up to run several cases; one HAMELIST input {s
simply followed by another. When a wick is designed and the user desires
to calculate the performance of that wick at cff-optimum conditions (a
different temperature or evaporatsr elevation, for example), he st-~ly
sets the paraneter LASTEPS = 1. This causes the porosity variation to
be that of the previous case (be sure to set KEPS = 0). ‘

T — AT <1 / e ' : : . o w--""_""'
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3.7.3 Specified Porosity Distribution

If the user desires to compute the capacity of a wick with a speci-
fied porosity distribution, ne specifies the local porosity of a number
of points along its length. Between points, valu2s of the porosity are
calculated by iinear interpolation. The required input parameters are:

Quantity Symbol = Units
Nmber of porosity points (up to IO) NEPS
Distance to Ith point . XEPS(1) om
Forosity of 1th point CEPSX(1)
Wick fiber diameter DIAF cm

Tne first point must be at the condenser end IXEPSH) s C] and the last
point must be at the evaporator end ixEPS(uPuI)_ = heat-pipe length].
Set S = 0 and LASTEPS = O, s ‘

-3.8 OTHER INPUT PARAMETERS

1} 4 - The integration step size in cm.

IPRIMED - Equals O if the user requires the wick to self-prime
under no load at the cperating elavations.

= Equals 1 if the wick is allowed to self-prime level under
no lcad before the heat pipe is raised to the operating

» elevations. -

ROUGH - The average surface roughness of the vapor spaces, which
is used for the calculation of the turbulent f-iction-
factor coefficient.

IFLTS < Equals 1 if the contribution of excess-liquid fillets
and puddles are <o be included, in which case an additional
fnput file is needed (see Section 4).

- Equals 0 {f the excess-liquid contribution is not to be
{ncluded.

NCASE - Equals 1 if a JAMELIST input for another case is to follow,
which is exactly like the first except only those parame-
tevs that are to be different in the new case are included.

- Equals 0 if the precent case is the last case.
$END - Ends present NAMELIST input.
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4.0 THE PROGRAM FILLET
1f the user fncludes the effect of excess-liquid fillets and

~ puddles, he sets IFLTS = 1 in the JAMELIST fnput for GRADE II. This

causes GRADE il to read data from a binary file, TAPE 7, which is the
output of the program FILLET. The theoretical basis for FILLET is de-
scribed in Reference (2). In essence, it numerically inteyrates the
differential equations that describe the free-su-face shape of fillets
and puddles that can exist in the heat pipe. The output fros FILLET is
a table of total cross-sectional area and hydraulic Jiameter of ex~
cess liquid as a function of stress. thr

4.1 NPUT TO FILLET

FILLET also uses NAMELIST input. An input form is given in Table
I1. The HAMELIST identifier is SFILLETD. The input variable, which have

‘ the same definitions as those for (RADE Il ere:

LIQ

TKELV:
RHO* Refer to Section 3.2

ST
1GEOM

WKTH Refer to Section 3.3
HPID

GEE Refer to Section 3.5

*RHO, which is the difference between tne liquid and
and vapor density (RHOL-RHOV), and the surface tension
ST are input only if LIQ = O.

The NAMELIST ends with the line SEND.

-21-
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5.0 SAVPLE CALCULATIONS

In this section we describe two sample problems. The first is
selected to 11lustrate the option for including excess 1iquid, while

the second is selected to illustrate the design of 3 graded-porosity
wick. '

5.1 A SIMPLE METAL-FELT SLAC-WICK HEAT PIPE

The f{nput file for‘ the first heat pipe we are considering is gfven
fn Table 1I1. Tre heat pipe fs 30-om long, with condenser. adiabatic
and eveporator 1engths of 10 cm each (XQ = 3* 10.). The inside diameter
of the tube fs 1. cm (HPID = 1.), the wick thickness is .4 o (WKTH = .4)
and it is vertical (IGEQM = 1). The wick is a slad of felt metal which
has a fiber diameter of 0.002 cm (DIAF = .002). To specify a uniform
porosity, we specify the porosity of two points (NEFS « 2] at the con-
denser end and the evaporator end {XEPS = 0., 30.). At 2ach point we
set the porosity to 0.80 (EPSX = 2* .80), and thus a linear interpolation
* for poiats in between results in the desired uniform porosity. The cir-
cumferential grocves have a width at the top of 0.015 em (W = .015), a
depth of 0.015 cm (DEPTH = ,015) and a half angle of 20 degrees (PHI =
20.). e specified 100 grooves per cm (GRVS = 100.). Upon reflection
one sees that 1t would be impossible to cut such grooves so close to-
gether; however, they will serve for purposes of this {liustration.
Several cases are run with the evaporator elevated 2., 0., 4., and 0.
" higher than the condenser end. The fluid is ammonia {LIQ = 2) at 300K

(TKELVH = 300.). :

Since the effect of liquid fillets are to be included, IFLTS is set
equal to unity, and the program FILLET must be run first. The NAMELIST
{nput to FILLET s shown in Table IV. The gutput from FILLET is writter
fn binary on TAPE 7, which {s read by GRADZ 11 along with the input of
Table 111,

The output from GRADE 11 is shown for the first case (evaporator ele-
vation of 2. cm) in Yable V. First the input parameters and calculates
parameters are listed. Most of the calculated parameters are clzarly
explained by their name, f.e., wick area, etc. He will coement on those
that require elaboration: R o ed
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HY - The wick height is the height in the heat-pipe cross section
to the top of the wick from the lowest point in the vapor
spaces. '

DIAVS - The vapor-space diameter is the hydraulic diameter, four
times the area divided by the wetted perimeter.

HVS - The height to the top of the lowest vapor space from the
lowest point in the vapor spaces.

PERIM - Active perimeter of vapor space is the perimeter over which
evaporation or condensatjon occurs.

TH1, TH2 - Angular groove feed locations measured positively counter-
clockwise from the top of the heat pipe [s2e Reference (2)]. '

FQGRV - Radial input fraction is the fraction of heat input to a
single vapor space.

Under tie heading “FINAL SOLUTION," the pertinent data on the heat
pipe at its maximum capacity sre printed. In this case, the maximum
capacity is 31 watts, the fluid charge is 5.7 grams, the vapor Reynolds
number based on the average vapor velocity u in tne adiabatic section
and the hydraulic diameter of the vapor space is 260, and the vapor velo-
city head 1/2 cvﬁz is 4.8 x 104 ¢m of 1tquid. The radial Reynolds num-
bers, which are based on the normal velocity of the vapor, neaative hen
towards the condensing surface and positive when away from the evaporat-
ing surface, s -2.22 in the condenser and +2.22 for the evaporator.
Next the distribution of stress, static head, porosity, saturation frac-
tion and static pressure of the vapor are listed. The static head is
the contribution to stress from the gravitational acceleration.

The results of several runs for the capacity of this heat pipe as
a function c© elevation are shown n Figure 5. Two curves both with
(IFLTS = 1) and without (IFLTS = 0) the effect of excess liquid are
shown. The wick in this heat pipe was intentionally selected to have a
low permeability in order to show the marked effect excess liquid can
have on a heat pipe. ‘

5.2 EXAMPLE OF GRADED-POPASITY-WICK DESIGN
In the second sample problem, we focus on the design of a graded-
porosity wick. The inpiLt is given in Tatle VI and the output is given

-3
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in Table VII. The heat pipe has an fnside diameter of 1.1 om (HPID =
1.1), a wick thickness of 0.51 cm (WKTH = 0.51) with a fiber diameter of
0.0127 cm (DIAF = .0127). [n this case the wick is horizontal (1GEQM =
0). .The condenser, adiabatic and evaporator lengths are, rnspectively,
50, 60 end 30 om (XQ = 50., 50., 30.).

. The wick is being designed for maximum capacity when the evaporatore
end is elevated 2 om (ELEV = 0., 2.). By setting IPRIMED = 0, we are
requiring the wick to self-prime at the operating tilt. Because fibrous
wicks exhibit capillary hysteresis, a wick with a higher capacity could
be designed if the user accepts the operating constraint of first level-
ing the heat pipe with no load to prime the wick before elevating the
evaporator end. If this ootion is elected, IPRIMED is set to 1.

 The TR version of GRADE Il has the provision to automatica!iy plot
the wick volume density profile (the vvlume density is one minus the
porosity). This plotting capability, which is activated by setting IPLOT =
1, utilizes plotting routines outside of standard FORTRAN, and thus it is

" not included in the user's manual. The plot of the volume-density dis-

tribution is shown in Figure 6. The wick‘begins with & porosity of .873
at the condenser end and ends with a poresity of .631 wnich is above the
set minimum of .GO (EPSMIN = .60). The outrut of Table VIl shows that

the maximum heat-transfer rate is 85 watts, and the fluid charge s 31.}

grams of ammonia.
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ST‘ART

NO]

CALL INPT

i

26263-6026-RU-00

CALL INGRTN

PIPE FAILED?
TFAIL=1?

 YES

INCREALE Q IN
BINARY SEARCH

DECREASE Q IN
BINARY SEARCH

YES

COMVERGED?
3Q<,005Q7?

-1

CALL WRT

ANOTHER CASE?
NCASE = 1?

Figure 7. Flow Diagram for the Main Program, Which
Searches for the Maximum Q

-§42-
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| _, N . : - 26263-6026-Ry-00

- FROM MAIN

1FAIL=0

CALL RUNGE CALL DERIV

IN EVAPORATOR?
FQ>07?

NO

l . : CALL DRY

GROOVES

DRIED UP?
NC
Y FAIL = }
INTEGRATED
TO END OF PiPE
A ,
RETURN 10O
MAIN

SANE | Figure 8. Flow Diagram for Subroutine INGRTN, Which
: Integrates Along the Pipe and Reports

. .‘3 | " Whether There is a Failure

ot e
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A.1 DESCRIPTION OF GRADE I1

The structure of GRADE 11 is given in Figure 7 where the flow chart
for the main program is displayed. The main program begins witn a call
to INPT , which reads the data, computes parameters and calls PROPS,
which calculates the fluid properties. INPT then writes all of this
information. The main program next calls INGRTN, which integrates the

differential equations from the condenser to the evaporator end with an

assumed value Q for the heat-transport rate. - If the grooves are found
to dry up, INGRTN reports this by setting IFAIL = 1. Q is increased if
the heat pipe has failed or decreased if it has not, in a binary search
for the maximum rate. When the change in Q fs less than /2%, the pro-
gram is assumed to have converged. A call to WRT writes the final solu-
tion.

The structure of subroutine INGRTN is displayed in Figure 8. IFAIL

" {s initialized to zero and then RUNGE, which makes 2 single integration

step DX along the pipe, is called repeatedly. RUNGE relies on subroutine

 DERIV to supply values of the derivatives of the key variables. When the

integration is in a region of evaporation, a call to DRY is made to check
whether the grooves dry up. if they have, IFAIL is set to unity. INGRTN
returns control to the main program when the evaporator end is reached.

A brief description of each subroutine is included in the listing,
where the subroutines appear alphabetically.
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000763 1 Fl2.5916n 4CF }
0007653 ) GoA FAOWATYL 1UXp&42HPLOT PCRESITYsevc0cesosconcces
€00783 . 1 12)
060763 G647 FNOPATE TUX,42HEXTRA WICK AT BEGINNINGsessees
00763 1 £12e%210Hh CM )
000763 G4r FORMATE JO0Xp42HEXTRA WICK CN ENDeveccocscccre
€C0763 v 1 Eleosbplor (M )
0CC763 98N CRRFATE 10Xp42HHIGH TOLePANCE LN VOL. CENSITY
cCO763 1 T1249216F FEFCENTY )
000763 696 FNOMATL 10UA,42HLCw TOLERANCE CM VOGLe DENSITY,
C00763 1 Fl2+5216M PERCENMT )
3007613 . BN (OHNL=RHLVISEO (Hn/ 100 )
¢ccor7c PNCu?,26F 0L oneSTZUICIAF/LIC O, )*PNL)

¢ —

CALL veawy

CINPY

LASTEPS =

IPASS .,

h o=y

DEPTIN

PHI

CANGWET .

TH1 |

THZ
FCGFV
HREF
CQVS

IPLCT

X0

xx3
riGH

LtCh

»

- o v
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RUNX_COMPILER (VER,2,3%4) .. ..09728/76s 134264024 . e NPT . -
g VERKE® CALCULATES THE VAPOR=SPACE b5uCK STRISS (THE INITIAL STRESS FBUL)
000777 XTNTsC, ' -
0019500 - 0N 3¢ Ye1,NQ
€01002 _ ___XTOTeXTNT4XQ(S) _ o . . R
0010605 1A EANTINUE
001010 ARwAW/HWES2
001013 N0 1P Te1,NELEY .
001015 ZELEVII)=XELEV(II/XTOT
601020 ELEVBUTISELEV(]) /HNK :
001023 __ 1% CONTINUE . .. e e e ..
081028 on 26 1-1, NC o
001030 © 70(1)eX0(])/XICT o
003033 __ 27 CONTINUE e o . . -
0801034 NTeXTOT/DX
001041 NIP1wNT+1 : :
201043 = D?eD¥Y/XTDY oo . o . e L
¢ : .
¢ CALCULATION GF THE KUMBER CF STEFS TC THE END Cf
e n L. . _fTACH FVAPORATOF SECTION . .. . -
<
001049 17e} : :
003046 __ NEVen . . > . ) e e
001047 nO 25 Te1,NC : -
€01G51 . T1eITex0(})/0X ,
gei6ss . IHFOH).L:.C.) (3] TC 25
001060 NEVeNEV+1
901062 IFVINEV)w]]
001064 25 CNWTINUF
¢
£01067 CENUPSCVTSL/RRGLIS(OCCT/HFCIOL{XTOTZ1CU )/
001067 e ! (ONNS(DIAFFL00)*229(HW/L00.)002)
€ CALCULAYYON OF THE INYFRSC CUPLLATIVE OISTRIBUTION FULNCTICA
¢ .
01106 7 IPILASTTNS.NE.L oTRe NEFS MpeC) CL TC 32
oL1112 * Qetec
CC111s . TecrpTra(Glle/(CoC)))
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RUNX_CORFILER (VER,2,3#) .. .. .09/28/76e 13e26e92s_.. .. ... INPT
€61124 EEMYaTa (G eCI0ToC20T8T)/(1.40)0ToD20T T 30Te1sT)

——ee C - L . e
001141 20 CONTINUE

c .
003343 . _IF(*TPS,FQ,.C) GO YO 101 . : . ..
€O1142 FOSNecPIY (1)
001144 J=1
001165 DN 1°N0 Tel,NIP]) o
pO1ie? YapyYe(I=1)
€o1153 TPIYGY YEPSLIeL)) Jeoio)
002360  __.__ SAVFOS(T)=EPSX(J) S e e
€01163 TFIYFPIJel ) EC.XEPSLI)) GO TO 100
001166 SAEVEPS(T)mEPSAL{J)#CEPSXLJOLI=ERSH(I))OIX=XEPSLS)D/
061166 _ - _ 1 , . C AXEPS(J41I=XEPSLIN) .
001201 100 CONTINUE
001204 101 COMTINUSE
001204 __ 8M1 FNOMAT(/10X,42HNC.VAPOR FLCW OBStaUCIIUNS.... _NOB v
0€1204 1 121 :
¢

01204 WOIYF(£,055) RLUGH o o
801212 " 988 FORMAT( 1uX,42HVAPOR SPACE SURFACE RCUGHNESS. ROLGH =
001212 1 Fl2.92164 CH ]
003232 . __ IF(NNR,F0,0) GO _TQ 205 I
201213 PN 206 Tel,NCB
001215 NRT)ex R (L) /XTLT
001220 204 CNNTINUF ~
601223 WRITE(6,201) NGB
001231 0N 202 Jel,NCH
001233 WRTTE(H,AC0) JpXC3(J)pXKCR{J)
00124% FLEALLES & O
¢C1250 800 FROvAT(104,2 HFLOW 0OBSTRUCTION RO 21&/
po1250 _ 1 19Xs37HDISTANCE TL CBSTRLCTIONG. b *
gci2%0 2 F1245510H CM ’
0012%0 3 19Xe37HVELOCITY MEADS LBSTseenre 308 =
001250 6 £12.5)
0‘1250 265 rﬂwrtune
01250 ¥ CAnTINr
0C12%0 PETIION
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e
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RUNX COMPILEP (VERe2e3%)

ATUREIRES Mg M B h b W e o e

097287760 13.26402.
001251 ) en |

- s e e b e
S G F
s i | e i .
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RUNY _CONPILER _(VFR,2,3¥) ) L  CSI284T0e 13:2644C2, .
e ., EuPrTION 9Lprc;rsc.iass»
S -

¢ ocow  CALCULATES THE DIMENSICMLESS PERACABILITY QF A PARTIALLY
€ SATURATED WICK OF CVERALL PCRLSITY EPSD FOR A CRITICAL

c PrRASTTY EPSS

¢
£20008 oFP¥s1,f=10
000007 IFLFPSS LLE. EPSI) GC TO 70

- 000012 EPSI92,0FP50=1, "

Q00035 PFPSe(FPES=EPSII/10. ) 4 e
000020 proven, o )
£00021 rn &~ 1e9,1C2
000023 . . PFO%ePCRuel4 of INTIEFSOHERSTIeLI=1)00EPS)ONERS/I,
000040 80 CONTIMUF
000042 0N £0 191,6,2
000064 __ . PEUNCOCOMO2 OFINTIEPSO,EPSTIO(I-1)0DEPS)ODEPS LI,
cccoel £0 comuTTupE
C00063 BEOVanrowe (£ INT(22SO0,ERSTIOF INTCEPSL,SPSSIIODLES/I,
09907_& L .70.{0\.!7“3‘"' '
000076 PETURN
000100 eND

W-9209-£9202
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RUNR _CONPILER (VER,2.3¥).

Ot atan

¢
€.

0c0002

600002
£0C002
000002
000002
200002
cceow2
€00602
€00u02
000002
000002

000002

toooc2

00002
$0000¢
L0606

ooco1Q .

000012

000014

000021

000G2%
1444-x 1
Q0C03y

006040

£00041

000043

s
3

P

o aes

PR

(o N a XN gl

proes

O DNO AP WY

CO/26/7¢0 13426,02¢

_ STURENUTING PLCTER

PLOTENR ©LOTS ThE wiICK POPQSITY VARIATION

COUNPN JOARANZ EPSEPSOPPNDPGEE»CoNToNIP Lo Mu s TCEGMI RN TH) FFIC)

NC)‘C‘l")phllﬁ\lltL:V(lb"Z(LEV(IG)ofliV‘1&30
ELEVECLO) s HIFNUBp AW AR XTCT N X9l 250070, LCT, 78y
DIAF ALALL00),XC(2001526L30),7B5,0PVS,HREFHICERVY)
NCASESLASTEPS»SAVEFS(5003pIFATLaPBOp IPRINHIEFSS)
HVS;&VSDVf‘lelVS’b'Di?lﬂnPFZo&NGNE'95)19.llfba
NE“SQIF9!(20);(?5!!20):&J"550?‘5.‘6‘(66))C5h(60'0
VELMG2ZCELIC)»XRCBLLCI» vl » P LTS, SIRSLGT),
IPASS,PEF AP RCLCHa THIp T2 IEVEIC) adEVPlpFLP],
l’kOUD’IO"lliffsﬁxﬂlhlGWOtOt)Pfl(b”hOZlh‘
DIMERSTON X(906 9 Y5C4) 5T (EYYTEO)

DATA (XTCL)s18106) #8elsPel32:e%902404000)0/

DATE (YTU10slelst) 7%cr ervenBoeQenlat

NP TReNINTe2

T 48T PeNPISe]

NPTCPIeNP]Se)
MPYSPR2eMP Y592

€ET UP APRAYS 10 BE PLOTTED

pD B0 Te?,NPISK]

AETVe(All,1-1)eXX0D /2456
Yi1¥ele=a(5e1~1)

T ranTIMEE

NINPTC oW {NFTISPLIeRANL/2,.04
y{rIS Ve Y (NFISPY)

Yt13s0,

Y{ldevi2)

Toerra BT FRLe UMING FORTIPAN CEFIAZD SUFFLR

FALL 107v(5C)
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C
c .
.
000045

000030 . ... .

000052
000054
.
¢
¢
000068
cco06e
000100
000300_

000114
o0C1lé

coc130 . ..

000130

P e et

000144

- e ——————

ano ono

000150
000193
0C01%6
60161
ccol6e
¢o0170

000174
086203
06020%
geo212

- €eo21%

v

pr

CRUNX_COMPILER (VERL2,2%)

1
1
1
1

694284766 134244026

CENTPATE SCALING FLR 3 AND Y  ARPAYS

CALL SCALE(Xo3CerNETSeY)

vino ISPy )eg,
YENPYIDD Vo, ,Ch
!‘(7!“"Q0‘(1-0H16H11C0.$ oGTe o®) YINPTSP2)e .05

" poav A¥ES

CALL AXTS(0,0p 6HIISTANCE [N INCHES» =185 2040 Co

X(LOYSe LD o XINPYISP2))
CALL AXTC{0,Cpc¢3%t VOLUPF DENSITY CF wiCxp2301Cer S0
YINSTSPL)pYUINKPTISP2))

TTTUCALL AYTStOeslCorlh 919164900

NINPTSPLIIaRINFTSP2))
CoLL AYT®(1CarConldtt p=1010006Cor
TINETSFIYpVURETSEZD)

CPLOT Y AND Y AKRAYS

oy s

b K

e

CALL LINE(X,¥sNPTSp15Cs0)
DEMATE Tup CLACLNSER ANC LVAFCPATCR ENDS

YCaY(2)7eiNF1562)

YCaY {22V (NPTISP2)
XCsYINPTCPL )/ INPTISP2)
YRev{NPTERLI/YC(RPTISP2)

CatL CYYB L iXCpYCrebollrlon=1])
CAatL CYRBLLIAL»YepatnlInCer=])
Ane Inpto ANt EANDS T0 PLCY

TEAHIOM.TGoCos oANDe LLDOEC.040CC 1D 20
on 10 el ,NPTS

PLLTER

YiThertTelaehladlisde) : - R

FoNY quy-e
a1y l!"(loip"lbaloia7‘)

-

0-N¥-9209-£9292
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QUK COMPILER. (VERL2034) . . ... O9/28/T6¢ 1324a020. ... MCTER . . e

coo221 BN 1% Tel,NPTS :

00223 - W,YC!)-7({]0(lptlthlibﬁo’ltlg'hlGHIlJb.) _ . . el e e
00234 1% CONTINUE : :

000237 - - CALL LINF(XpYoAPTSo)r1078)

[ s b e iid

AUNAYATE FLET

S c
go0243 . Oat SYMRCTL{2esbere29HC1sCes6l) .
: 000247 CALL SY*PO0L(Zes%e59e20K025Cer€0) :
e 600253 IF(RYEN,ECoCo oANDe LOWEDL04) GO TG 17
; 000262 _ __ .. CALL LINE(XT,VTr&sd01p764) . . . e e rm e m———
000266 catt CYwPL L 02t erelp2tHTOLERANCE NP WICK DENSITY»0ep2dY .

cooer2 17 eemTINue

-

P T

CLOSE PLPTY FILE

non

000272 _ _ 20 CALL PLNT(0,0,599) - L
6cc273 seTupy | |
gco2re S0

M A A AR O W - - - o - > v v -

PR e w T

Tk . AR B ok

ot Al T A R . R o ‘.
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ALNR CORPILER (VER,2,5=) 09228476 13,20.32,

CSURPLUTINE POLECC, 1)

Tl PLUTINE CUMPUTES FLULID PROPERTIES FROM DATA FI1S

i # T ea

666009 CAMPON JCPREESZ K%npSHRV). T ja bV RMOLPAIVIVISLIVISVIZrLs 5T 16
260005 : nluewegan A11(7), 823870,

00005 1 AT, A320T0e £33CTV, 34070, AINLT),
060009 e ACLETYs AGCL700 AG3LT)e AG4LTY, 44LLT),
: 000009 I ASULTY, R521(T), A53(71, A9%LT7), AS5LT),
0600Q9s &  ASLI(7)p A0620T7)s AGIIT)y ADMIT), ALS(T),
000009% S ATYUTY, ATZUT)p AV3Z(T), ATALTYe ALY,
: 000C 0% f ARYUTY, AL24T)e ANIUTN, ABGUT), ALD(T),
X c0co0s T ACIITY, AGZUTHe RS(7)s AGMLITY, ASELT),
— 06000Y 3 AIPYUT)s 2302(T)e A103LIT), B1CA(TIs AL0SLTY,
; 500005 c 9 ANIUET)e AL1TAT)s ALIIUT0, 2134(7)) ALLS(T)
: ¢ VETER (32F¢T¢a00F)
! < :
: 0C0005 . DaTa  811(1), A214102
e 000005 L LGle» 18,0107
, 00005 DATA A1), a32€1), A33¢1), A36(1)s a33tiae
00COCs = e 1.%9550300=4,99737¢ k%, Uer Oe» Cot
00000 DAYA 8411, as2(1), A&3L) ), AGGLI)Y - aeStINZ
00L0ov0S . 1970,55C08 pe9e L0 oD b 0402kt ~4) Jes  Cet
o 6CCO0% ~ rATR Atl(1), L2141, 433410, as4tily 8358304
- 800005 . 16.7963¢22) ~6e52472625 ~o81013009, Ves ot
c L0Co0s T DATA (Y ERRY Ae2€1), 45361, &GALL), eSS4/
‘ 000005  ~ ©  5P,6%]1766s 24986296E=2)=3.547212(~%, Oer Cot
: £00L0s pATE  <Till), aritly, A73€11, 1788 1) ALtV
. C0CGOos . XL AISE TR I R AN Y PR P L1 I T Jes Lot
> L0000 raTa AR (1), NN A4341), TLISE D) (TS SR )]
. 000009 . €2,%2574%) ®o2027¢usSs 920332730 =bp =00 812823E~Ty 108Gt 2E=107
ecoles DaTA 47 1¢30, AR24Y ), A3381), 8S6L1), AGyt1d
- 06C00S L =13e5245kp 4o lO013¢ T, 1Y) - T : Cot
{444} NATE AYTRELDe T B1Gat ) IYEIINSY elvatld, Alec il
40000% S R LA S PTYTPE NS EYFALPIRS FELIRTT R INE YR IS X B g NEL B et

6CCLOS NRTA R1Ta830  MMISUIN,  RME2EID. SECIEETS ALININY

CC-MY-9209-£0292
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RUNX COMPILER (VFR,2,3m) ‘ 09720760 13420402+ PRCES
200005 O @f 3P by G FLT22268 0= aTBCTITE~T,2.00 00000009 "Te53CHiE"i0s
g ARBORIA {=107.9FCY<150F)
Q00005 . ... OATA  all(2)» A2142y¢4
6LOLDS . Tilete 17.0%;:¢
€00c0) ratTa $731(2), A12L2), A32(2) 234620, a3s¢d s
1427 1 S 4 131 Csp [+ FY) Con Lol
000005 eATA A&ty 4462821, A43121%, 243%12)» AsOL2)/
Q0005 ' e 1.N02%1103,-2.4029%51¢0) 4o8T0A3CR~Ip~8007400TE~0) Col
80G00S . ... MaTo %)), A%2L2), A3312) Az412), A%312)
00000% LR P LIAR TR FPEIPLFI R AL IR SR T IS LIES YRS P2 AL X AR P Y] : el
C0CCCYy N S 7] LY P2 ) AIE2) £53182) reatld, actt2y4
COCO0% . © T,0837¢0iele=)alT2eC8C0) 821737 0p=Lahbotlle~?, v 0./
¢0000% Oav’ AT, AT282)s AT3(2), Al682), LKTulirs
€Gcgecs ¢ 1,70r000E0ls=0e81327560), 2.6931208k¢0p~s,08570% =10 .7
000¢CS . DATA  AR3L2), A0it21, 4938210, aest 2y, AS12yy
00C00Y R YR T A L PN P I LA RIS P T AR L VR P A RS SRS B Y
000uLCs DAY 89112, 462471, 833320y £5482), I AFI Y
GOCO0S 4 o1 DPOI0LLe2,y RaWnt GO0t 03y ah TR0 0000y Dedielbit olomdatiiNitir ey
000005 Cata A1, (2), A1C2421 ALX3t2h dlLat 2, AL %0200
84C005 & =&, 14010681y DoS0ATI0E 200530260200y 3,0094338-9, : Oet
000005 . PATa 111420, al3260), 8132429, L336t2), aliseeyw
€o00uY c N T DA TR TR M ISIR P AR LS FIS AT ATRITE -3 L% 3 1 B3 Py Cot
IR, S WETuyL ALCEWIL (=BaLpcTClrOf)
c N
£00609 PATA 813, A2383)7
00CL0s ¢ Y22eTy  F2ens2d A
11212 ] rATA 35134, CA3203, 43303, Y AT R 1) [SS 252 )]
o110 4 ] d YeéU3 _ Lor Se0 e Ceol
secuty rATe 2610, As 13, 482830, 40l 6%ty
60000 L e BLTARGRL 05200 TBICLT AU GobILL 29t 2p =T U 8]0 ime, 20200380~/
gCLoey - - DAY At1(3), C A%ty 83343, &3483%, Luldys
CCCOCE & 1.%3%41jcelp=be26002%0 0Ly 3a30E13Liocr=}e0%iClredy Jodeseton~ly
coeos LA Z U TR N 52 PR 8+ 7LD 8343, N RTINS SN $ R Y
€CoLiy L LA L PR LR FT R IAR S PRIV S ER SRR TIPS IS PN SRS PR TR ISR AR 2 DY)
CCCOLY . PATE 8713, ATt 22420 178030y tisgyys
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RUNX _COMPILEP (VER,?,3M) A G9/2E/7¢s 13424402, . PROFS
Q00005 ¥ 1eF0016GE+Ls=2s10G05E54) s 14166G326E41,=4e275¢43L 400 5. LL5G(EE=L/
tocees . hava Al AE2(3), A33(3), BR4(3), AE513)/
£0C005 TR 242R5363E419=101531€9E~1s 2203795k =4y~2,155127E=7y 7,55172E=11/
000005 . DATA AT13), AG2(3), A93(3), AG4L3), AG5(3) 7/
C0G005 % 1,9%250CE+425=1.2b6769E42) 3.113346E+41,-3,3184105+40, 1.3250(51E~1/
0L0u05 DATA AYR1(3), A1C2(3}), A103(3), A1C4(3), AL(H9(3)/
$G0OCH ¥ 0,04LL23Ew2, 2,057417E~4s=6e310697E=757.3943€4E~10s=3,1%6GCE-137
CCCO0S5 . DATA A111(3), 8112(32), A112(3), £114(3), A11E(3)/
0860005 ¥ B,T0N5%C w1 4400494E"Yy 1e205620c~89345106295=129~E,€7025k~157
€. ...  FREPN=21 (=535F<T<305F)

. C

0000085 NaTA Al11(4), a21{4) ¢
000005 * %47,  107.- 4
€00005 NATA 821(4), A32(4) A33(4), A34(4), A35(4)7
000C05 » 14175, Cos Os» Oosr [
00005 ~  DATA A41(4), Aa2la)s A43(4), £44(4)y IYVIERY
0CCGOS ¥ ORLARTATEE 9], 40H3CO FE-1ywlet31E8LE0=3) 2,0565975~6s=1401EG43E-9/
CcLocs - DATA AC1(4), AL2(4), A53(4)) Ab&(a)y ALY {4)/
CLOCOS_ . % 3e27973ZE+0(y 1.2721702+15=1,607659E+1, 542992435 4uy~Ea2055C0E~1/
0000CS5 DATA AkL(4), AE2(4), 863104, Aou{a), AtS(a)/
0C00GS TR 142327508 42,=3.2617576~1s 14111655k =3,=1461172EE-596eQ0CETLE~1D/
C00COS ~  DAYA A71(4), A72¢4), AT3(4)s A74C4 ), A7Y L&}/

- 0000CS ¥ P 54322 4]9=1.002570E42) 1425263816429 ~447255EL2E41y 5.3756E2140/
pCOCOS NATA AfL1Ca), AB2(4&), AB3(4), £686(4), AES(4)/
0CCOCS . . * =Re247479E+C, FaL3C11Ec=2y=2.757P26E~4) 34643724E~79~1e722F7E10/
00C0C5 ' NATA ABL(4), AG2(4)) A93(4), AG4(4), 26504y

. 0CO005 2 =] ,B3PRALE+3s 1419G3E6E439-2,544711E+42y 36215CTEE+19~1.315721E40/
000005 - DATA  A171L4), 21C214), Al031(5), A106(4), 21CS5 €4/

000005 "7 T 4,750 % cmis=244u254EF =3, 5,713%12565=64361302E=5 2,€5C4CHL=)T/

000005 PATA  £111(4),- £112(4), A113(4), p1lata), A315(4)7
OCO0US . % =5,74P27 1 =3, LeyE4it6i=5,214133747E=7,442356505-11y~20250000 14/
c
¢ ETHANE (~135F<TSEGF)
TS TR
cccoes T PATS  £1.(%), £A1CED !
. 0coros e Tolsty 2€.C7/
7000005 1 DATA  A2L(L), A2zs), A3205),  AdalY5), AZ5(S)/
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RUNX COMPILER (VER203M) . . .. ... KO/28/76, 13424402. . . . . PRGFS -
CCOOOE * 1015' Oc’ 001 Ocl . Co/
CO0Q0Ch .. DATA  B41(5), .. . h&2(%), ... AG3(5), CAGG(5)y . AGL(SY/
300005 # =4 ,2T7PAVGEI3) 4¢ST325GE+1,=1s 715481 =1y 24860439E=4)=)s7506EE9E~7/
2000005 : DATA ABL(S5) A%2(%), L53(%)» Ad4(%), ALS(H)/
pO00OS . ¥ 4,%13520641,)-5.8032T3E+1, 3+388525E+1,~341657765+0y 9.31547C4E~1/
£000CH o NDATA At1(5), A62(9), A63(o)s Ab4lb), Aos(5)¢
geooce Tk =B 433N THE42, 3.G01001740,~104T7BE2TF~2y 244511065 =by~le51ELb2E~R/
coeeos . .. DATa A71(5),. CA72(5) > . A73(5), AT4(35), . ATu L)Y
_ 000005 ' * O, FIINEGE+L,=144963T3LE42) Bo42252EF41s~24191€E41E+1y 24126E0G3E4D/
& 206005 - PATA ARL(Y) AB2(5)» A33(5), LB4(5), ALS(5)/
000008 .. % =1,773G43E+]l, 26931920E~1,=7:6593422€6~4s 1385103665 =8+5050¢E~10/
5 €o0u0s5 | ‘ DATA ACL{L), AG2(5), ASILS ), A4 (L), AG9{L)/
o 800005 * 2., 00GASLERG,=2,)17435E44y ECBSEL3E+3,~5.697(99E 42y 2,3620T0E¢1/
L C0D0OS _ . MaTe AIPL{5),  ALL2(Y)y | A1D3{5), A1CALE) A10LY(5) Y
o 00u00S . * 21,1429608+0s 14317006E=2,5,072525E=99 B84390294EL=8y=5,118¢0F~11/
000005 , DATA  2111(%is All12(5), A113(5), Al14(5)\, A115(5)/
COBOCS =  #* 1,12370GE~:,~HBe336622E=Cy 24759121E=7¢~4e39343E~10,2405)49€CE~13/
] €. ' METHANE («2L0F<T<=120F)
c0C005 ) NATA A11(6), AZl(e&)/
000005 Lo 163425 © 164067
000005 . DATA  A21(E), _A3Z+%3 © A33(6)e  _ A34(6)y _ _ A25(€)/
000005 * 1032’ 0-' °|l 00! 00/
000005 NATA ral1i5), Abz(¢), A43(6)s La4te), AGH(6) 7
CCOCGS % =1,124M01E+3, 2,425142641,=1,.589307é=1y 4.54711CE~04)=4oGQE714E=T/
c00005 . DAT2 AS51(6), A52(€)y A53(6)» AS54(0) ALE(E Y
£00005 . ‘ ® 1.348FR4E40s 8,557617E40,=3,746570E40» 58033478 ~19=3,2571%8E~27
000005  DATA  86]1(€), A€ZlE), A6310), YLYE Y o5 LENY
00Cc00: ® 1,6%006 1841, 3,8i4831i~1)~2,22354 62y 10766201 =5)=~1.2523]123E~8/
0600CH NATA 871{¢eY, TAT2(€Y s CAT3{6)y LT4{0), IYPEI3 Y
GOCGOS % A RRINE E4lym504950cT 91y Leb37493E41,=24750C41E00s L2t 758581/
000005 DATA AR1te)y _ AFZ(E) A83(6)s Ath{o)y 2e51¢€)/
£00005 ) B O, F26400E+Ly 2402613281524 54CE208=30 4,716715==b,=5,211¢672€~-G/
000C0% - . - NATA - rQ1(&), . AG2(6), A33(6)» 2G94(¢), AGS (6
300035 ST e 0, 110AY Ll e, TEL525 42, 1obBUE2E¢2) =232 5 0E420 4alT44L T4/
CLCOLY TONATA A1 L(L) AL0Z(6) s AlD3(06)s LIGG(6)), Alui(ed/
000G0Y - ¥ A 0NAGTuE=1,=1,72C650E=2) 3469629TE=Ts Lou4(747T-Fy=2473223x =11/
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RUNX COMPILER (VER.2.3%) C9/2B/76, 13.24.02. _ PROES

® 1,630} E~3.=3,T7683366=6,=64,379371C~6,1427C3%£7-10, : Cet

TF (LeF0LG) CC TG 20

T2 = 1#7

T2 = 727

TG o T7?2e¢72

TP = 17°0C,f1
TQ2 = TP¥IR

TE? a TQ24TR

TR4 = TR?2971R2
CALTEALPCLT)

ALY ?#ALYALTY
AT T2

000005 NATA A111(6), A112(6), All3(6)s All4t ) C Allbtes

006005 # B L12707E=3,=5.46364TE~5) 20856240L=75-74817C0c~10,8.14€455E~237

¢ MITRUGEN (~34CF<T<=250F)
C
€00C05 DATA 413(7), A21(7)/
000005 * 11309' 2?0016/ .

Q0GOS DATA  A1U7), | A32(7), S A33(7)y . A34t7), . ABS(T)Z
000905 * 1040’ 00’ 000 00’ Col
260005 DPATA ALX{T), w427}, A43(7), 244LT)e AG5L7) 7
000095 W T bLROTLE4]=2430555€6E~1, 5431759GE~35,-2434C715E~5, 0./

. £0C00y NATS  AS1LTY, £452(7), 253(7), 2540 7). £59(1)7
800005 #  3,217173€41,~1.431286L+1, 3,064754E40,=3.1327770~1s 1.176449¢E-2/
000005 . DATA A61(T), AE2(T)y A83(7)y  AES(T)y AcS LT/
00000% T P9P718E+41,~3,2232328~)1y 2,2814069E-3,-7.,478632E8~6, : Co/
000003 DATA ATI(), L7247, A73(7)s a74(7), AT5(?)7
000005 - . * 2.Y02RNZE41,~74503727€40, 9.613273E~1s-4486111€c~2, Ce/

NATA APY1L7), . AR2(T7), ' A33(7), AELLT), ArLL{TY Y

& «1,1307PGE4], 3,560637E=1y=3.800643E=3, 1.0E70C19E~Ls=2,60GE65E~F/
____DaTa A01(7), , A92(T)) A32(7)» L9641(17), ASS(7) ¢/

& 1,T71P870E46,)~1,371%91E44) 441035456435 =5,423515642) 2e7i06c24E+1/

NDATA 8101(7), 8102(7), 4103(7), Al1C4C7), ALGS LY/
% 1,178000E~1,~74992429F~5,=10401515E~6s Oss Cot
T DATE AYYiUT), Al12(7), ALLI(TY, AYi&U 7)Yy . ALY/
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' RUMX_COMPILER (VERG2,3MY) _ . . _ _ .. 06/2E/76e 13.24.02, .. . . ..PRCFS. . e e e e e
000033 ALTGsALT2%ALT2
é FLUIND PROPERTIES
c .
: 00003%. . _ TF = AlLCL) L A o
00C037 YMU=A21(L)
00041 < SHPV = A’l(L)*A3£(L)0144:3(L)*T20A34(L)‘TS#A S(LI*TG
000053 . . _MFG = AT (L)+AG2(LI*T4A43LL)I*T24844(L)%T34445(L)*T4
000065 PV . ¢x°(A51(L}+A52(L)v1k¢A53(L)#TRZ#AS«(L)‘lPa*Abﬁ(L)‘TRG)
‘ 000103 PHOL = ASI(L)I+AG2IL)*T+A63(L)*T24A64(L)I*TI+AL5(L)I*TS
- 000115 ___ _ _RHAV = FXP(A7L{L)¢A72UL)*TReATI(LIOTR24ATA(LI#TRI+ATS(LI¢TRG) e
i 000133 _ VISL ® EYP(ABLIL)#AE2ILI*T+ABI(L)I#T2+AE6 (L )*T34a65(L)*T4) '
x pCO151. VISV = FYP(AGI(L)*AGZCLIPALT+AGIILI*ALT2+A494(L)%ALT3+A9S(L)ALT4)
00C167__ ML = ATOI(L)I+ALG2(L)*T+4103(L)*T2+4104(L)9T3¢2105(L)*T4 L
000201 6T @ ATYT(L)PALI2(LYOT4ALIZ(L)AT24A014(L i *T34A115(L)*T4 '
: 000213 VISV = VISV/4,1697504EE
N 000215 _ _ VISL=VISL/4.1697504E6 _ o . oo .
_ £Co0217 PETION : ‘
¢ c
: €00220 20 CONTINUF _
: 000220 RETURN
L 0002212 END

——— e s o A ————— o G e e e s e

2 e in - o . b €  TWMNSS e e aak LW emee - emom e s Y -

il

00-N4-9209-£9292



fereme f - . . . \ f
- “z\ § ,’ [ \‘ /l - o
.
- L. —
i
i
T RUNX_GOMPILER (VEP.2,7%)  06/26/76. 13.24.02, o
i , ' _ ‘ :
S . SURPPUTING RECECE(RsDHy£C, 1REC) e
L.+ © € RECEPE CALTULATES THE PARAMETERS FOR A GRCOVE WITH 4
it i € CIRCULAR MENISCUS — . . e e e
i
“ 000007 S CNMENM JDARAM/ ERS,FPSCPNDsGEF ) GaNIsNTIPL b, IGE My wk Tty FPIC,
: 000007 _ 1 NCyFCTIS) NELEV, XELENV (0D ZELEVIIC) »ELEVILCY,
0060007 2 ELEVBIIO0) sHyFNLEBy AWs ARSI XTC TH0Xs32,CDTBCOGT 6B
S 000007 3 DIAF,A(E5500),X0E1C)»20(10)»PBSsGRVS, N LF2FCCRY)
- 000007 % . NCASEsLASTEPS,SAVEPS(S500)s1FAILSPBOsIPK,NHIEFSS, N .
500607 s NVSpAVS)VIFsDTAVS phaCEPTHPPHEI A G T3, IFPIMELS
cecoo? 6 NEPS)XEPS(20)9EPSXI20C) o NIB»SSoHuS»AAAL4C) »DDF (480
ceCLo? _ LT ) C VELHD,ZURU1C),XKOBIL1C),X0B¢1uw) » IFLTS,5TRY (40D, )
000007 f JFASS)FERIM)RCLGH ) THi o TH2oTEVIIL)SNEVIFISFEMY,
€00007 ) 1PLOT»XXUpXX1EPSMINSRIGH LOWsRE1LE ) yhD2(¢E)
go0007? - C"""”" lfPROPSI KMy SHRVpHFGsPYSRHIL S RHDOV) VESL, VISV XKLy ST TF o
cceesr T : rnwvnw ICRVOTAZ ACKs PRIP,SPsCPyTP)SFAXSCMAX, PSIMR)HC,ATNIpFERLF,
060007 1 _ RMINSCLRVIBCTHFLO»GFACHIVIACIRWMNIRPD
600007 - . comMwny JAALFA/ AFIToRFIT,CFIToFRF
_ . _ | |
¢ TOECel MEANS MENISCUS ATTACMED TO GROOVE TIPS
. . C_ __I%FC=2 “EANS MENISCUS RECEDED FROM TIPS
: c IPECe3  MLANS PENISCLS TCUCHING THE GRGOVE 30T1CM
E C
: 000007 _  TFIP,LT,PNMIN) GO TU 1CC
: ¢ : .
i € WENTSCUS ATTACHED TG CROOVE T'FS
4 o € o ,
) 200012 COCTa(W/100)/(2.%R)
ccccls COCTarOrT(],~sFS16SPST)
0CC024 ®STP=aTAN(SFLI/CFSI)
000033 ACNMeON ,«PH]=(FSIR/RPD)
; 0006037 CCALL ALFA(ALLN)
; 000044 ACEEIVW/INCL)/2:)*tLIM/iTGe)/U2o*TF)I4ROCPSI)=PEIRIROR
3 260057 AFspraATE ) : C e -
¢cuvoel T O NUeb SAC /I rER]F . :
CCCUBL -, - TESTeow(],=CHSI)
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_SURPDUTIME RUNCE(YpYP,07)

Re243%1

097284764 13¢25.020

g ’ 4 ¢ . ‘ o S :
o QUNGF TAKES CNE INTEGRATION STEP 8Y THE RUNGE~KUTTA METHCD
' ¢
000006 DIFFMSTON Y(S),YPLS)aYPILS),YP2US)»YP2(5),YP4(5)5YD(5)
00C006 A1 Telsy
8006010 YPL(T)=YD(]) .
00013 2 YDUIYeY(T)eYPLLtI)o2/2,
00C022 " CALL NFRIN(YPL,YD)
000026 DN 2 Tel,5 i o
000030 P YN(TVeY(T)evP (1)¢D2/2.
€uco3? CALL PFOYV(YP2,Y0) S
. €0C043 DD 2 Tal,y S ) )
£00065 ‘9 YOl )eY(T)eYP3(1)9D2
£00053 CALL NERTV(YF&4,YC) ‘ o
0000357 DN & T=1.5 ) ‘ _
000061 & YUTInYET 4 (Ve {I)42a9YF2(1)42.2YP3{])4YPL{1))2(D2/06.)
000076 CALL DFRIV(YF,Y)
00102 = PETREM ‘
€co0303 END
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U8 RUMK CCMRILER (VERe243M) L. . 0S/26/T€e 13424432, . RECECE
§ 000067 tesCe]
’§ . 9_&9?70,_,_. . "”77‘TTQIQCE'(DEF'H/1060,, IPECs2
g 00075 RE TUPN
" Q80076 ___ 100 CONTINUE
< ¢ MENTECUS RECEDID INTC GRECCVE
i, GCOOTG 1ocCe?
& C00077 _ _arnvepvnved
: 7 000101 © CALL ALFA(ACON)
- ¥ ocol0e PERTu2,9005PAX/SP~BCT
: 000313 . . _ ACeROSMAYS(ROSMAX/TIPOROCPAX)-PSIMROROR
3 060123 ACepAC=ATO ]
: $0012% NHet,oAC/PER]
b 000130 . __  TFST1»0ecMAX/TP-h6
e 00013+ TESTPeRe (] ~CHAX)
[ c00137 IFCTFST2.GELTESTL) IRECs3
i £CG143 eTTuew
~w§ 000144 Fup
&3 - 4
. o
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-
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QUNX _CCHPILER (VER.2.34)

09(2”76. 13424402,

eyRPnUTINE VSAKS

[4 ' :
4 © yeens  CALCULATES THE VAPCR=SPACE BAK STRESSy WHICH SETS
£ _THF INITIAL STFLSS PBG S
¢ . v
000002 rnmprya fOARANM/ tPSo(’PSC;P'OonFrGﬁNIrNIPlpH-DI(EC“‘vu‘ﬂdoFF 1C»
£00002 _ 1 ’ NC,FCCIC),NCLE¥prlE\(10)oZtlEV(IO!pElEVil()c
00002 B 4 ﬂLevetlstpH.fnce.cu.ns.xtut.ox.nz.ooto,ooot,Gu.
¢0c002 2 Dx&F;A(G;&CO)::ﬁ(lC);lO!iO).VBSoGva.H&EF;fccvv.
pecgo2 . .. &  NCASESLASTEPSs SAVEPS(500), IFAIL,PBOs IFKaNR) EPSS,
coooce L] hv:;AVSoWfQOU-VSohobEP!thhlolk(mi‘oSo!”lP‘tL'
gLouo2 & NéPs;xs‘S(ibi.LPSxtzo).NJe.sspvxs,AAa(«L).(crlab).
o eeoco2 T . VELﬂ?oZC-%(thl'KGBIIOMXJB(thlFtTSoSIPS(‘Oh
- 0600062 " !PAss.Prixn’ﬂcuch.tdlstnzoxev110:.u:v»v1,6rrx,
906002 9 IFLOIpllehil;EFSPIN:hYGﬂDLOuONCI(b)’HDZIQ)
000002 . (nuenw 1CPRCPS/ xﬂh'SNGV,MfG.PVpPHOLpRHOV;VISL:V19VpIILnSTpr
000002 LS LA LA A SALIN 813D pSGLRYNSAIY) . . :
00CG02 "DATA (Satf)slnle 3} Jebnple9p2e240Tly
660002 ___ 1. _ (SRU1),1v1s3) 744Cse304.307y
0d0d02 2 USRI s InYe3) F1e52160id4S/s
000002 3 L (SNE]1)s1m3,3) £1e99102010/
s e B o
0060002 : fE(ErELFQ.0¢) GG TC 10 .
00003 "0'(*TI(HP!LIZOOo)0(Rh(L°PNCV)‘6!&'6‘&#1100.)l?KO
000015 _ “W_‘_“'I-l¢‘.‘sflt(dMOL-RhC\DOC&EOG‘(OIAVSIXQU')"2)3
000026 Je1GENMay -
009030 vta-1.154(SA¢J)/aoosacJ))0(1.-5N(J)oExP(~SG(J)-sca1(9)))
0000%1 . YTeYTRENTAVS/1G0,.
200054 ’*ﬂivtvvo(Hh-h\S)llCC-b'(Phtl~$ﬁcw!‘GEEOCI?ND
0000060 1£(PRA,LT,PBLL) PBusPRC] . :
coocTl | er TPy :
gooov2 10 PaOR{&,¢ST/(OIAVE/100.)17FND
800077 WETION
000100 cwn
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QUNK CONPILER (VER(2,94) . 69128780 130264320 .

'Uﬂ'f“T!”: RETCTSTCA,R]IHR2,TLLSTL2)

cﬂ‘

€ vvt twrrcaarss ALCNG THME GRTCVE FROM  THL ANl TH2 AND
FTRRTE REPOPTS LOCATIUNS TL1 AND  TL2  WHERE ORY-LP OCCURS
c .

- $90010 PANMPAN JPARAMYS CrSetPSCrPNDGEloGoNIaNIPYpHu, JCEDM )W THe P [0y
goCeIG A CoFCUIC o NELEVOXELzVILU)p2ELEVILI0XELEVIIC)),
800010 2 BLENVELIOYsMHaFNLB ) AR ABy XYL T 035C2»COTB,C0LT»PEs
ocoo:o 3 DiaFahlEs500)»XCE10)Z3010)pPBSpGRVESHREFFCCRY,
geesro . &6 NCASESLASTEPSsSAVEPSIS0U) p IFAILsPBOSIMRINHERSSH
teGel1¢ L] NS AVS gVFF o DLAVS amp LEPTHpPHI S AR CWETpSp [Pullely
gccol 0 6 Nk i ks PSL20LIsEPSRI2UISNOPSSHIHVILAAIGU) LLKL&D),
geoole T VeLHC o JCRLI0) o 2R CRBULU)»XORCIG) o IFLTS,3TPY (4L ), 2
800010 L] IP&SSPPERIM,"LUCHI THI ) TH2 S EVIIG) pNEVLP LW EFPY, -
(111} §+] 9 IPLCT )0 saal pEPSNINSHIGHLCWIHL L LO) o102 L)
6C0010 = CPpuny /CPRLPSY XMy SHRV)HFGs PV RHOL pRUOV ) VISLaVISV XL ST, TF
00CL1G COMBPY SLaVLTAs ACHaFNTRoSHaCPaTFpSPANSCMARSPSIPRIHGHIATR]HHERTF
¢GCo10 1 Me N CUPVLaLT)FLC»HFAC VT AC)FRIFNSRPD
0COGI0. TwmON FAALRAYZ LFITsaFITaChITetRF

< . . . ‘
9€0010 O NTYIeTSTANATN]
000013 = IF(NT1.FQ.0) NTlel
€Cools ¥TlevTy
£oCCl1? NTYI=lTCY =T l1) /1)
otow2s TP TUI=TYIGN
60002% o TRUNY 2, F0, INTEmy
¢coo27 . XT2emT2 '
ccco3Iy NT2e{THI=13T(N)/¥TE
CCCO24 'Lﬂ!vfl”‘llS!CL-.n:lI(TFZ*fh’!
5060413 CLN el (N ([R2=1STON)2ITH2=Th])
SLCO&S AR RIS RAMYE S B
cCoua? ACLN2efiPeyxTe
0CCo%] 0lel, /03
£000%3y - Prel/0?
teceysy MenT)
L0057 B L
oueoel LS Rk A8 N
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- RLNX COMPILER (VER,2,2¥) V92207766 13,264,020 . WEY )
JeCLel PELPenFLA)
£0CO65 . NTeDT?
800067 Talwt -
900073 TFLAG=0
: 000072 100 CrNTINUE :
; 000072 ' nO Y101 Tel,N : v : -
! £00074 © eelye
i 0000 6__ = CALL RECFOE(R)LHpACHIREC)
C 000106 IF(1060,6C.3) GC TG 102
7y 0001Céo 0PN TemGFAC®SINIRPOSF)+FRESVFACOFFLO/ (ACOOHO02)
L 000128 0ONTeNPNTeRPD . . :
€00127 PebencnYel] ’ C T
960132 FELreEr A=pFLL
20013e¢ | TeTeny
6oo136 101 CONTINUE -
<
— 000141 102 CANTINUE
00o0141 IELACSITLAGeS )
300143 IFLIrLac,£8.2) GC IC 303
€0016S _ _ _ TL1st o L ,

- 060146 V NeNT2 o o o
€0C15¢ PaP? S :
- eco182 = Frlle=firy o .

: 000154 "7 pELNeenfL L2 ‘ Tt
000156 ATeont?
CO016C _ TeTwd
gco1e2 T em TN 100
0C0163 103 CONTINUY
000163 TL2et
£0016¢ ectyey
000165 . ENe
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RUNX COPFPILER (VFR,2,3%) L . CIr2¢776. 1342%.02,

3co002

200602
3C0002
0000(2
0e0002

J0C002

Joccoe
3tCLo2
J0C007
9to002

S00002

560002 _

£C0002

200603

€Co014

000310
500024

114-3 } 3§

9C0040
0CCuél
0CCo4:

0L0CeT

£00051

£C00067
teCa71
£CC10%
00c111
c0011s
¢cc121
€CcC123

. 000064

0c0122

oco12y

o Xals

_ereary, a0 wkl

WPT WPITES THE RELSULTS

T enuenn PAGAN. EPSsLPS0UENDsCEf pCoNIaNIP I s MRo ILESM UK Ty HF ID,

Mool CLIOV oL iV ynELrVEIUI ) ZRLEVELIONsFLEVLIL),
ELeVBLLIC o p Pl BoAwsAE o XTLE 9D o0 2000 T UCTatbbhe
DIAFALR,5C ) o XCULLO)22CUL0)»PESHCRVSHHREFHECCP Y,
NCASFoULASTEPS»SAVERPSIS500) o IFALLFBO, IMMpNL EFSS,
NG AVSoVFF B IANS o s CEPTH Pl o2 N0WE 1,5k lPrED,
e S RFESI2 N EFS X 20 ) pnUE eSS )N Ss R AV (LPI&C),
VELHD2OB (1), ar0BULL)» XCELL13) 0 BFLTISHSTIR3LGG),
APASSFer TP, Rl LGRp T4l p TR LeVi10 I sNEV b iP],
v FPLOT o RROp XX EFSFINpRIGHM)LEK)HD1CO) 2 D20 L)

CONPNY F7PREPSE XMy ShEVIMIG PV PHAL p ROV VI SLaVISVXNL) ST TH

ATMENSID R!\'llG)ollll'pﬁ-(lllpﬂ?(ll)

fﬂlc‘

e A'¢-¢t£,uxp*:otlulluCO(.399bLLOGIYLYIlCQ.301(DO-

S CATenNnTANLDCT

VVAPSICOT/HFCIALFLOATINVS)(AVSS L E~4)oRN]Y)

PFYayVALS (DIAVSZ1006)2CVISVIPICY)

VELHDE100.01oRNEVYSVVAF®2) /((RHCL=FHOV ) ()

TEIOTFV L T @0k 1Y GL IC €3
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PP 8] Telyll
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IFeYeuly se 2

WOET) el (D UZ/RPEVIZIZ20%0 8Ll )/t YoRLLOMZ{3, 7% [AVSY)
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TFfelosAtles)es;
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AUNK_ CORPILER

(VEP 2,30}

097287760 13:24,02, .

wR1T

000140 °‘V"l|-VVAPROCQXA‘SIZC(.)I!vx'VlﬂdLVJ
G001-7 .29 CONTIMNE ,
- 000R82 AN =0 Jel,N1P)
883156 At1,50V02T0T0401)pd)
009360 . A2 5010b 2000k i
“0CDiel TFE20Y 00 oGl ot LEVIINT)) [wnolpne}
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" A.2 PROGRAM FILLET

 The matheratizsl methods eﬂployed by FILLLY are descrided in Refer-
ence (2). The first part of the program corputes & separate table, for
each. tyye of fillet or puddle that can ufst in the heat pim. of e
area, free perimter. wetted perimeter and hydraulic diamater for various
values of stress. By statement 500 this is accmushed. The rest ol
the progras manipulates the daty into & usable form. For the 7illet )
that forms at the bottom of a vertical wick and the puddle, the values
of stress in the tables does not incresse monotonically. Subruutine

 REARNG rearvingey these tables for increasing stress.

_ The next step 15 to obtain total values for the ored and hydraulic
diareter for all fillets and puidles in the heat pipeQ For & specified
value of stre.s, subroutine INTIR interpolates the tables, and the arpas
and wetted perimeters are suwed from which o tota) hydraulic dismeter
s ralculated. This is done for a range of values of stress to consiruct
3 table of total are: and hydrailic diaseter 25 & tunction of stress.
This table s then written on TAPE 7, ‘

RrE NS R TR A R B




Mx_COMPILER (VER,

2e3M)_ . . 094284764 13405423, . . .. . ...

PRNEPAM FILLET (INFUTSOLTFUToTAPES=INPLT,)TAPEC=OLTPUT,TAFET)

FILLET CALCULATES THE MENISCUS SHAPE, AREA, FREE PERIMETER,

WETTED PERIMETER AND HYDRAULIC DIAMETER FQR FILLETS INA _ .

SLAR=WICK HEAT PIPE AND & BILGE IN A CIRCULAR TUBE,
NAMFLIST /FILLETDZ HPID»WKTH)RHO9STSGEES IGEQNFs TKELVN)LIO

R IS THE TURE RADIUS IN CH
T IS _THF “ICK THICKNESS IN CH_

RHA IS THE UENSITY oxs;easncs BETWEEN LIQUID AND VAPGR =
IN KG/M*23
ST __IS THE SURFACE TENSICN IN N/M

GEE 1S THE CRAVITATICNAL ACCELERATION IN STANDAPD GRAVITIES ~~~

LIO 1S THE LIQUID PARAMETER
IKELVN IS The TEMPERATURE

JICNFG = ] FGR A VERTICAL wlCk
s 2 FUR A HORIZCRTAL WICK

. €
e 1
e
c
c
19004 N
¢ [
TR
A
o
c
[
A
£ €
(o
c
C
;- €
P

*' 3  FGR ND wICK (BILGE ONLY)

D!HENSIDN STKRESS1(80)sSTRESS2(40)sSTRESS3(40),STRESS4(40),

e

STRESS5(40),STRESS6(E0)S5F1(R0)sSF2(4C),SF3(40),
SF4(40)sSF5(40Q),SFE(EDY)eD1(50),D2(4C)sD3(4D)904(4C),
DS(4C)sDOLEG)»AL(RG)A2L40 )2 A3(40)»A4L4C),A5(4C)y

DDH{€D)AAA(E0),STRS(8C)

TTEAMMON LCPRCFS/? XMWy SFRVSHFG PVsRHULpRHOV VISL VISV XRL, STo TF

. _DIMENSTINNLESS FARAMETEPS

PEAD FILLETD
TF(LT0.ED.U) GO Tu 10

TOAMVETKFLVA*i.#

CALL PPNPS{LI0, TRANK)
OMNe 452443 ,223149 3% (RHOL=PHEV)

A&(SC)’SHI(86):5“2(40)’3“3(40)nSHQ(AC);SN&(QO);S&&(BO):'

00-NY-~9209-£9292

-y e ey



UNX_COMPILER (VER.2,3M) o
00020 STabo44R#3,2614ST
00622 TTI0 GuO.R0 T o
00024 . . ICNFG=TGFOH
00026 _  TF(IGEQM.ER.0) ICNFGe=2
00030‘ A=SORT(?, ST/ (RHG*GEE*G))
00037 R=HPID/?.
06041 TewkTH
0043 FBe(R/I0OI /A
00046 TRe(T/100,)/A
00051 P1e3,141592654
00053 ~—DALPHASPT /160
¢. |
c SET RANGE FGR_THE STRESS
¢
00055 | HOw1,/10.%RB)
00060 . _ . _HF®20. . . ..o
00062 WHa 40,
00064 Gh=(HE/HO) S8 1o/ (RH=1))

€y

e e

_w__,__.s.-
00075

? ¢

c === GALCUUATTON OF “AREA,

= G THAG K 5T N

i
)
T

O

..H-.

09/28/76¢ 134050230,

LITVNd 100d iqa
31 1ovd 1VNIDINQ

60077 HeHO*RGH & (K=1)
c

R “'FHP FILLET =~ WICK VERTICAL (CASE 3)
6

»ooxoe - TF(ICNFGeNE.1) GO T0 44

100110 “YswTB/?4

60112 ALPHASCT/2,

100114 aun_..N"Y'ﬁ” B

100116 X=X

100120 YO=Y

0Ci22 ALPnao-AtFHA o

00124 YL -

100125 QFeC,

100126 pn 20 T=1,16C0,

L FILLET

WETTEO "PERIMETERs FREE PERIHGTER;
" HYOPAULIC OIAMETER AND STRESS AT EACh VALUE OF

AT THE INTEGRATICN STARTING PCINL .

00-14-9209-£9292
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PRI perepesee SRS S

FILLET

JNX GCMPILER (VER,2.3M). . .. _. 09/26476s 13054230

- 90130 ) CALL ST"PSN(X;Y)AA:SF:ALFHA:OALPHA:XO;YO:ALFHA()
leﬁéw__-,,“__QBII&X:RE?SLN‘ALPHA! ; o
00146 TE(CRIT +GE. C.) GO TG 22
00150 20 CANTINUE :
00152 __ _ GO TN 24 . PN
00153 29 V0==TR/2, 28
00155 vish, o &
00156 . ... .NW2=X . __ ez .
co160 Wizwe SE
00162 VO=H °F
00164 . __.__ V1s=Y+PR*COS(ALPHA) ) &'
00171 V2ay ‘ B
00173 Va=V1+SORT(RE#RB=wO%WC) -

| Y

- — e i oo

€ TTTTECTMINATE UNSTABLE SOLUTIONS

, e | ‘
100201 TF(STRESS3(K=1).NieCs oAND.s V1.GToSTRESSI(K=1)) 60 TG 26

160211 STPFES3(K=]1)=(,
«G0213 A {K=1)=0,
100215 _SF3(X=1)=0e ____
100217 SH3K=1)=0,
100221 D3{K=1)=0,

100223 26 CQLL”SAMEQAB(K};RQ}&O;klth;HBpVO:VloVZ,VB:AA)

100236 CTRESSI(K)wvl

00240 SFa(K)=SF

100242 . SW2(K)ePW+V3-VC ‘

300246 TTTR2CK ) =h % A3 (KD /SW3IK)
c.

€. LNWER AND UPPER BOTTOM .

360252 24 X=TR/2,

300254______ _ALPHA==PT/2.

060256 y=H

700260 . X0s=Y

000262 Yo=Y

060264 T TTTTIFIYALLF L Ll.L) 6T T 44
000267 ALPHANZALFHA
000271  BA=n,

[}
o
o

i

FILLETS == WICK VERTICAL (CASES 1 » 2)
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UNX_COMPILER (VERe2e3M) . _

-

e am mw e -

09/28/7¢€. 13.05.23. . ... ... FLLLEY

00272

D00375
000403
000416
000420
000424

SF=0,

_1FLAG=O

pO 20 I=1,360

CALL SIHPSN(X’Y:AA’SF’ALPHA,DALPHA:XG;YO’ALPHAG)
CRIT'X-RB*SIN(ALPHA) ~ . - o -

TIF(IFLAG.EQ.1) GO TG 2¢

IF(CRIT oLEe O« oANDs ALPHA oLT, PI/72.) €0 TG 24

2P IF(CPTIT _+GT. O +ANDe 1 JEGe 1£EQ) GO TO 44

IF(CRIT +G6Te Qs «ANDe ALFHA oGEe PI/72+) GO TO 24

29 CONTINUE

30 CONTINUF

——— o

e e - -

000433
060444
000457 ___
GQ0466
000466
000470
000472
600476
CG050C
000504
000506
000507__

e

W30

wl=0,
w"x “e . PR - . . . . . e

VOshH

| V1aY4RAECOS(ALPHA)

vosy

Y3=Y1=SORT{RB*RB~w0O*WO])

_Latt SANF(AAloPH:wD:kl’NZ:k3pVG,V1)VZ;V3pAA)
TKlek

IF{IFLAG +EQ¢ 1) KlmK¢NH

IF(IFLAG.EQ.I_.AND. IQIQEQQI, €Q TO 44

T IFITFLAGsECel #AND. STRESS1(K1~1)4€Qes) GC 1C 35

TF(IFLAG.EQel oANDe V1eGToSTRESS1(K1=1)) 101=1
IFCIFLAG.EQel oAND. 1Q1.EQ,1) GO T 44

TT3® T CANTINUF

A1CtK1YsAA]L
STRESSI(n1)eV
CWI{K1IePp+VC-V3
H-SYLABERY

PI(XI V=G »AL{K1)/SWL(K])

TTRCLICLAG LEQe 1) GO TO 44

TFLAG=Y
¢ 1N 29

LWFP FTLLLT == WORIZONAL WICK (CASE &)

00-NY4-9209-£9292
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e o e e . e
ﬂ,ﬁ&.&ﬂ.ﬂ&l&ﬁ&ﬂﬁ.&;&élﬂ-,..-..... .09{2817.6.;_ 130050230 ... - FILLET T e e e
. 00510 44 IFLICNFG.NEe2) GO TC 68
00532 e X i e - . e
00513 YN
00515 . ALPHA=PY
100837 i RO e e - i e e . e s ———
100521 YOnY
- 100523 IF(YO.LEs2e) GU TO 56
100826, ... ... . ALPHAO®AL PHA e e e e e . - .
100530 Ahe0,
00531 , SFsf, ,
)00532.........1n. 0050 To1a380 i s e TSP ERIREES SPIEES S
560534 Calt ernvsntx.vaAaSF,ALPHa.DALPHA,xo,vo.ALPHon
200545 . CRTT=RB*COS(ALFHA)4Y-H~TB/ 20 : T
900555 . ... TF(CRIT 9GEs Qa) GO TO 52 . . e L - e e oo e mrns
000557 - 50 CONTINUF v G
000561 60 17 SA . 2B
000862 S2MORO. - .o e e BB e e
000563 . ' W1=X=-0R*SIN(ALPHA) e
000570 , W2eXx : £
QZOO?J;ZWW,_‘!QE!!.11:5°.'?,_T:1.B~8‘E.RB:T-.B,3,T_BJ‘;!-!,.,.‘.‘.. s - e Lz i o
000601 “VOsH : : o
000603 , V1sH+TB/2, . =
000606 V2o o e s - o
660610 ' V3en :
000612 CALL QANF(A4(K)’PN’ﬂODHI:NZ’H3)VO:V1JVZ'V3:AA)
600625 ___ ___ _STPESS&(K)a=vl T .
000627 §FG(K)=SF
090631 . SWa(K)=PWe (WC=W3)
000635 L DatK)e4 *A4LK)IISHAIK). .
c
¢ '0DEP FILLET == wICK HORIZONTAL (CASE 5)
< .
000c4l = 8P Ye0, '
000642 YeH =
0CO644  _ ALPHA=D, *
c0064s T YA=Y . 7
006647 YO=Y Lo —_— 3
00651, ALPHANRAL PHA S
. - »
T
8



]
Q0
0

¢

IF(TFLAG.EC.1) GG TG €5

RUNX COMPILER (VERe2e3%)_ _ _09428/760 134050230 . . .. ..
000653 AA=D,

000654 __ ___  SFef. R SR
000655 PN 60 T=1,180

000657 CALL SI"PSN(X’Y’AA!SF;ALPHA’DALPHA:XODYO)ALPHAO)
000670 . CRITPY+Pﬁ*COS(ALPHA)-H*TBIZ.TW ,

000701 TF(CRTT oLEe. O4) GO TO €2

€00703 &0 CONTINUFR

990705 R _GN _TN #8 L ;

000706 2 Wh=0,

000707 WleX=-RB*SIN{ALPHA)

000714 _ W2aXx . e
000716 N?INl#ﬁOpT(RB‘FB-TB‘TBIQ-)

0007295 VOsH
. 600727 VisH=TR/2, = _ .. o
000732 V2sY '

000734 V3eH

000736 cAty SANF(AS(K)oPH»HO,HI;EZ;NB:VO»VI:VZ:V3;AA)
€00751" " STRECSS(K) =yl

000753 SES(X)=SF

000755 _____ SWS(K)=PW4W3-kC o .
¢og761 Dﬁtk)n& ¢A5(x115ustx)

: C
. N BILGF == NO WICK (CASE 6 » n . B
C

00765 67 X=0,

000766 ALPHARD, _ _ .

c00767 - ‘Y=H

000771 X0eX

000773 _YOeY

00775 ALPHAN®AL FHA

000777 AA=O,

001000 _ _SF=0.

001001 IFLAG=0

001002 IF(1e/782.%YGC) oLE. RB +ANDs IFLAG ot0s O) IFLAGw1
0Gl1016 an 70 Te1,16v

001020 CALL QT’”’SN(Y:Y,AA,SF;ALPHA’DALPHAQXG;YOJALPHA()
061031 CRIT=2X~RP¥SIN(ALPHA)

0C1036 _ _

~—

FILLET

vn o w— e it n nt e

v
e+ mamn e s waer t bw s Ao s ewe maems o

0Q‘ﬂH‘9ZO9'€9292



RUNX_COMPILER (VER243M) L 09/28/76,.13,05.23.. . FLLLET.
001040  IFCCPIT oLEe Co <ANDs ALPHA oLTe PI/24) 6C.TO 74 '
001052 65 TF(CPIT oGTs Qs oANDe I oEQs $C) 60 TO 84 n

0010635 " IF(CRIT oGTe O <AND. ALPHA .GT. PI/2.) GO TO 74
002075 69 CONTINUF >

002075 70 CONTINUE . _ .. .. B
601077 74 WO=0. : .

001100 W1l=0,

001101 Mo e e
01103 - W3s=0.

0011046 - vosH ' .

001106 VIsY+RBRCUSCALPHAL . . .. o oo o e
001113 VoeY

001115 VisV1-RR _

001117 Cé&l_Eéﬁﬁtﬁéﬁ;ﬁ!aHQLhulkz'HéalQ*!lfy?zVQ'A&ldn.-,. S
001132 KiskK

001134 - TFUTIFLAG,EQel) .K1uK4NH

001180 IF(IFLAG,EQ.1 »AND, 1064£0.1) 6O T0 84 = . . - .
001147 TFLIFLAG.EQel oANDs STRESS6(KI-11.EQ.0.) 60 70 75

001160 IF(TFLAG.EQel +ANDe V14GT.STRESS6IK1-1)) ICO=]

001273 __ IF(IFLAG.EQe] o<ANDs IC6.£Q01) GO TO &4 _ .. o
001202 T3 CONTINUE

001202 - AGEK1) =2, %AA6 : . }

001208 - STRESSGUXMI=VL ..o e e o -
001207 SW6(K1 )2 #PW

001212 SFE(KL) 22, #SF

001215 __ D6IK1)=4.¥A6(KLI/SWOLKL) .. .

001221 , TFC(IFLAG,EQ.1) GO TO €4 )

001223  7® IFLAG=l (=¥=)
001224, 60 T 40 ]

001225 Ag CHNTTNUE S8

061225 500 CONTINUE ! E
00123¢_ _ _ _ CALL REAPNGISTRESS1,NH) ~

0c1232 CALL PEAFNG(SF1sNH) L

001234 CALL PEARNG(SW1sNH) 5

001236 CALL RFAGNG(AL,NH) ol

6C1240° CALL PEAPNGASTRESSEINH) S

tClz62 CALL OF AONG(SFEsNH) ~a

cor2as . _CAtt PPAPNG(SkEaNH)

'
-
(e}

£0-NY-9209-€929¢
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RUNX COMPILER {VERe243M)

———

001246
001250

09/28/76, 1340%¢23. . .. . FILLET

L LR

001252
D01254

001263

001265
001271
001275

~BO 608 TRIGNN T

001301

301305 7

001312

CALL RFARNG(AG)NH)
Nz 2 *NH

. STRS(T)wHO*GGH#(I=1)
IF(ICNFGJNE.L1) GO TO 507
"CALL INTFR(A3,STRESS3,NHySTRS(I)>YAD)
CALL INTFR(SW3,STRESS3)NHy)STRS{I)sYSW3)
CALL INTER(AL,STRESS1sNsSTRS(I),YAL)
Call TNTER(SW1,STRESS1sNySTRSCI),YSW1)
AAACT) w2, $(YAL+YA3)¥A#A
IF(AAAIT) EQ.04) GO TO 60C

€01314
001320
001324 _
061327
001330

QQ1332,¢

001336
001342
0C1346
001352
001336
001362 _
001370
001372
061377
0034¢3
001406

001411

e

601441

001443

IO OO0

567

TR

o s @

600

SSWe ¢ (YSW3+YSW] %A
DOHIT Y=l o ®AAA(I)/SSH
_STRS(I)=STRS(I)*aA

60 TD 600

IF(ICNFR.EQe3) GO TO 517
CALL INTER(AG»STRESSGsNHsSTRS(I)YAG) ,
TCALL INTER(Shes STRESS4sMHy STRS(I)»YS04)
CALL TMTFREAS,STRESSO)NH,STRS(IVpYAE)
CALY INIFB}ShanSIRk555.whpSTRS(I)nYSuS) e o
ALt INTFRUAG)STRESSG)N,STRS(I)y¥YAS)

" CALL INTER(SW6sSTRESSGsNsSTRS(I))YSWE)

AAACT) w29 (YALEYAS)4YAL)RASA

TELAAACT) JECeCs) GU TO &GO

SSWal2,% (YSWa+YSWH)+YSWEDI*A

__DPUH{TYel »AAA(T)}/SSW

TTSTRSCTISTRS(1)0A

CONTINUE

TWRTTE(T) NHo(STRS(IDNsI=1aNH)p (AAACI) I8l NH) W (COH(E) s IndsrH)

THE OUTPUT IS 2 TaBLE OF AREA IN Pws2 AND HYDRALLIC

T DIAMETER IN M AS A FUNCTION OF STRESS AT THE TUBE CENTER

IN ¥ OF LIQUID.

T srne

-0t~

g e

eNn

R T R

L LR T

aran e o g e

PR "

00-N4-9209-£9292

Lt o



e S S i 74

wdgozzet?g; 134050230,

RUNX_COMPILER_(VERs2e3M) . o
' ,_____,,_.A_,__,,.,,__‘“,.SL’_“Z‘T‘}?TI':’E._,ADNLULPHM‘D*,’OS994\9"v Y9X0» Y02 ALPHAC)
000014 Y-SOPT(YO#YO*COS(ALPHAO)*CDSlALPHA)) )
000040 VOX'CFS(ALPHA)I(Z.*Y) . '
000080___ .. DS=lasi2o%Y1 L o
£00G52 DA'M’S((i-XO)*SIN(ALPHA)-(Y*\'
€c0075 RETURM

e LEND e o T L

=]
[ 88 :
]
o
*-\.wg. —
ex
T2
>

ALV
SI 4

e

P

ot-

o»*ccs&atpun»Y:««.#fy‘

e
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RUNX COMPILER (VER.2.3M)

i

cun?ﬂuTINE INTEF(F;X,N.XX,Y)

—— o ——— "7t = o vt &

< SUBQUUTINE INTER INTEQPLLATES THS CALCULATIONEN DATA
000010 DIMFNSION F(l):X(ll
¢
00C010 XMIN=1.F6 o .
000012 ¥MAX==1,E6
000014 DO 40 I=1,N
000026 - . IF(X(11.FQs0,) GO VO 4C . _.
060020 IF(*(I)-GEoXNINt GG TC 3u
000024 XMIN=Y ()
¢00026 TMIN=T
000030 30 IFIX(TY LE.XMAX) GU 16 40
000034 XMAX=X{T)
000036 __ ____IMAXeIl
600040 40 CPNTIMUF
000043 TF{YY, 6T, XMIN) GG TO 50
000047 __ __ . YsFLINTN)
000051 RETURN
000052 50 IF(XX.lToXHAX) GG 10 60
000055 YO, .
0C0056 RETUPM
060057 60 CONTINUE
000057 _ ____ F2e0e .
£00060 “xsen,
0000561 £N 70 I=1,N
900063 TFIX(I)eEQals) GL TO 7¢
€00065 Fl=F2
GC0067 F2=F(T1}
ocoo07: _ Y1=¥%2
000073 “X2w¥il)
000075 IF(Y2.6Te XX «ANDo xl-LT.XX) 6GC TU 8G
0¢C105 70 _CANTINUF
000110 an Y'F14(F’-F1)’(XX°XI)I(Xc—Xl)
LCollr? RETUON
€ecl20 e

-
-

0t~

.X.II'TVII6 ‘HOOH J0

. 09/28176e 134052336 ... ...

SI 39Vd TYNIDIHO .

F

00-n4-9209-£9292

P

o



L

- PP

e o« et

RUNX COMPILER (VER,243%) . 09/26/T6s 13405423¢ _ _ . . . . ...l i

. SURRDUTIME REAPNG(ApNH) . . : o e meaem

- — ———s "

REARNG REARRANGES THE PARAMETERS FOR THE BILGE AND
BOTTOM FTILLET/VERTICAL WICK FOR INCPEASING STRESS S S e

aono,
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RUNX COMPILER (VFR,2,3M™) .= C3/28/764 13.0%.23,

SUBRNUTIMNE PRGES(LLT)

c » .
c THIS ROUTINE COMPUTES FLUID PROPERTIES FROM DATA FITS
S + e — .. ) . oL R
000005 COMMAN /CPROPS/ XMwy SHRVHFGPVyRHILsRHOV, VISL VISV, XKL, ST5 TF ' : -
06000% DIMENSTION A11(7)y A21U(T)» ' :
060005 _ 1  _A31L7), A32(7), A33(7), A34(T7)y A39(T7), .
000005 27 TRLI(T7Ys AL2(7)s AL3LTYs AGG(T), AGS(T), la ke
000005 3 AS1(7), AS2(7)s AS3(7)s A54(T)s A55(7), Sk
000005 & __A6LIT), A62LT)s AB3(T)) AGG(T), A65(T)) ;ggg R
000005 8 ATV, AT2(T)s ATILTYs ATGLT), ATSU(T), S 4 -
€00005 6 ARI(7), AB2(7), AB3(7)s ABG(T7)s AEL(T), ==
000005 _ 7 _AS1(7), AG2(7)» AS3(7)s AS&(7), AS5(7), Loy
000005 8 T A101(7), A1G2(7)s ALO3(T))» ALO4L7)» ALOS5(7), ;};
600005 9 AL11(7), A112(7)s A113(7), ALLG(T)y AI15(T) e
Lo o : : -
c WATFR (32FST<400F) A -
c
000005 DATA_ All(ll), A21€1)7
800005 * 4937, 16.016/¢ - ’
000005 ~DATA  A31(1), . A32(1)y A33(1)> A34(1), 24350311/
060005 % 1 1435556369 =4.957576E=5, Jes Ves Col A o ' o
. £00065 PATA  AG1(1)) A42(11, A43(11s Ab4ll), L4500 7 -
000005 * 1200,550b9=5.705515F=2,=6,45458LE~4) Ges : Cot ‘ :
060005  _ DATA  AS1(1), A52(1)y  A3Z(1), A54{1), A55(1)7
000005 * 14.196322s =6.52672€2s =.81013069, Ces Y
000005 CDATA  AKL(1), A6211)y . AB3(1l)y B64611)y | REELLY/
00C005 % 5R,481760) 24566296F=2,=34547212E=0) ; Qs T et T e T e e
6CO0C0E NATA A71(1), ATZ81)» AT3L1), AT4(1)y IS CYSRY ' ' e
000605 * Te663213¢ =6,0175047, -a76940G" 2y Jes Vel ) ’ ' :
000605  PATA ARI(1), ABZ(1)s 433(1), AR4L1)s BES(1) 2
000005 * E2,A25785, =,2627609G, 5.033270c=4»=4.411823E=7) 4e&€SC2E-10/
000005 DATA  AOL(1), AGZ(1), A33(1), 894(1), ASS 1)/
cGgooos ¢ «1N,60646ks  LlelC433E2, - . Der - Gos Cot 2 .
€OCLOS 7 T PATA  ATALLLY, A15%2(1 ), ~AYua(l), L1040 AlLa() )Y o
£00005 P =140525650,5,322660 =3, =844 i=5p 2451822278 ~9) Lot &
600605 NATA AN11LL), A112(1)s  Al13(1) 211402), ALI5(2)/ §
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RUNX COMPILER (VEP,2,3M) . D9/2E6176. 13405.23. ) PRLFS
Cco005 A =mQy 03728 w3y G T17823E~E9=2e230757E=79p2.107.656=1Cr~T7453CELE=]14/
T AMMONIA (=107.5F€T<1GOF)
o C

0C0005 . DATA  All(2), A21(2)/

1000005 * S 391,8y . 17.032¢

000005 NATA A3LtZ), A32(2), A33(2), A36(2), A25(2)}/

°°°095 ._...4‘,._*.., P 10310. . Ces. Qer . Qs Ce/

00005 TDATA AR LL2), AG2(2), A4S 25, A4G(2), . AaS(2)/

000005 *  14003255iE+3,=2,442955E+40) 44G76430E-3,~4.4745¢CT7E~6) 0/

000005  _ DATA  AS1(2)s AS2(2), 453421, CAE4(2), . ALSt2)/

000005 * 1,307 7U74E41,=6,52174CE+0s 2¢065Ci6E-ip=T4579597¢=2, Cat

00CCO5 DATA  ARLL(2)) AEZL2)y A63(2), r64(2), atu2) s

GCCO0S % 7.062766E41y=14172405E=15 14531707k=4,=1e045513 =7, | Cot

0C0005 DATA A?1L2), Ar212)s AT3(2) 2740 2) AT5(2)/

000005 ® 1,2669R6E41,=14113376E41) 2.59312EFE+0, =4,68GT6GE~1) Vel

000005 _ _  DATA  ABl(Z), ABZ(2) AB3(2), a8at2), AES5(2) ¢

060005 O R,EITNGEE4L,)=24490424E=1) B46231E0E=4s=Te942EUSE=T7,3455214E=120/

00C0G5 DATA - A91(2), A%2(2), A93(2), AGGL2), ASS5(2)/

C00005_ & =2,070%06E43, 1.9660G4E+30-44728715E425 5.054C06E+1y=20u243L9E40/

000C05 DATA A101(2), A102(2)» A103(2), 210402), ALUS(ZY Y

000005 * =4 1601R6E-1; 3,9447108~3,=6.537242E=6y 2,089435F =9, Co/

000005 _  DATA All11(2), All2i2), Al13(2), All6(2), All5L2)¢7

060005 B 626501E~3,=T7.004041E=bs=T4694759L=~9,R,023E533E5~12, Vel

c
G . mETHYL ALCCHOL (~-140F<T<3¢t0F)

00005 DATA A11(2), AZ1U(3)2

000005 .. * 322479 3240427

00005 NATA A21(3), A37(3), A331(3), 234(3), A35(2)/

cC0005 * Te203 Cor . Ve Ver (o

ceeoes PATA A61(3), AGZ{3), A43(3), A44(3), ey (2)

000005 ® R,TODCUBE+29=2.4TBI0HE 40, £.41662Gt=3,~T740061G5F =6, 2,214439E~9/

L6(C00S5 DATA A51(3), AE2(3), A53(3), A54(3), A9E(3)/

000005 * 1450541 E41,~9,24063054¢0s 3.366136E40)-149¢G700% ¢y 3, 306LLFEm1Y/

060605 nevTa AR1L2Y), Ae2l2), AS3(3)) taals)y asL (217

00CUUY ® 1, OPPRE L 4l 2.93283F . =le=FetlTET2b =0y 0,610t 20i=7,=4q3(tlcc=12¢
NATA AT1(3), AT2(3), AT, AT40), IS DR ESY
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09/28/764 13405023 .. . PROES . o s

X COMPILER (VER.2,8M) . ..
005 " % 1,593164E41,~2.1UGC5EE+], 14144326E+1,~64276643E40s 5. ECSSCRE~LY
CeL___ OATA_ ARL(3), CAR2(3), AB3(3), | Ac4(3), LES(3)7
005 % 2.,285363E41,~14353169E~1, -20303795E=4,~2.155127E~75 7,55172E=11/ .
005 - DATA  A91{3), . A92(3), 493(3), A94{3), A55¢3)¢
005 _ % 1,922596E42,~1,2867655425 34113344E¢1,~3,318410840s 1.325C51E-1/
1005 TPATA T AINL(3), ALO2(3), A103(3), A1G4(3), A105(3)/
1005 - *  0,046423E~=2) 2.,097417F=4,-6.310697E-7,7+394364E8~10,=3.1669¢E~137
1005 DATA A111(3), __ Al12(3), A113(3), _ A114(3), _ _ A115(3)/
1005 *  5,790525E-3,~1,4044%4E~5, 1.205€20E~ 8:3.5166r9€ 125-8,67026€~15/
c @
.m“_,;E_mm,“,“ﬂﬁfzﬁﬂmle_1-55F‘T‘395Flw_m-

- 1005 DATA  Al1(4), A2104)/

008 % . 2487, 102,93/ _ . o : -
1003 DATA  A31(4), A32(4), A33(4), A34(4), 235(4)/
1005 . 1.175, Gosr [+ ) ‘ Oss 0ol
3005 . DATA _ A4l{4)s A42(4), _ " A43(4), LTS PR YT YT VA
005 % P, 6ATRA25E41, 44636556E~1,~1,631685E~3) 2.05¢£G7E~6y~1eClEG4EE~G/
3005 NATA  AS51(4), AL2(4), AS3(4), AYala)s pES(4)/
2005 *  3,270732E+Cs 10573170 +1,=1,607956E+41s 502592436405 =6,2(5501E~1/
3605 DATA _ A6ité)y Ac2(4)y | A63(4) £64(4) A69(4)/
2005 © ® 14332756E425=3.261757F~1s 14111655E-3,~1e611726E=6564906674E-12/
2005 DATA AT1(4), AT2(4), _  AT3(4)s AT4l4d)s . ATEL4)/
8005 % P,534322E41,~1.662575E42, 1,2526E1E+25~4e265662:41) H43756€3E40/
2005 NATA  ARLI(4), AB214), A83(4), £84(4), BES(4)/
0005 _ # —P.34T6TYE+0sy Ee930116E=2,=2,757886E-4) 3.643724E=7,=1,753LTE~1D/
0005 T TDATA TTARL(4), A92(4), £93(4)y .- A94(4), A5504)/ .
0005 " w =1.0385REE+3, 1.1993E6E+3,-2.644711E+42) 34215076E+1,=1,3157266407
0005 - DATA_  A101(4)» Al02(4), A103(4), CAlC4L4), ALUS 4D/
0005 ¥ 4 7R0109E~1,-2,4035480=3, 5,713512t-65-64391302L-9, 2.€65C40e=~12/
0005 DATA 'Al111(4), A112(4), All3(4), L11404), A115(4)/
.gqqauﬂﬁr__“g,-=.7aeq71e 39 4eYB4EEGE-5,=14133747E7,6,235650~11,-2,25650=147

¢ ETHANE (~135F€T<ECF)

0005 T TRATE T aTi(Ldy’ T AZl(5)/

0005 * 16l.¢, 3C.07/ ,

0605 . DATA _ A?1(S)y  A32(5), A33(5), 834(5), B3 (u)/
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NX COMPILER (VERW2.3M) . _ . 09/28/T6s 13:05:23. .. _. .. PROPS.
0605 * 1¢18&» [ . Oes . Oer e/
0005 NATA  A&1LS5), A42(5), 843(5),  A44(S),. 84S/
0005 * =3 ,27R934E+3, 44573254€41,-1.716481E~1y 2,84G439E~49~14756E69E~T/
0005 DATA A%51(S), 452¢(5), A53(5) Ab4(a1, © AS5(5)/
0005 % 4,513520E41,~5,603273E+1, 3,388505E+1,-9,165778E405 9.1547L4E~1/
0005 DATA A6L1(5), AE2(5), A63(5), 264(5), AeH(5)/
0005 * «3,633016E425 3e901041F4Cs=147BE2TE~2s 2.451166E=)~1,18EE2E=-F/
€005 ___ PATA __ATL(5), _._ _AT2(5)» 473(5), AT4(5) CATH(E)/
‘0009 * 9. 8310R0E+1,~1.463731E+2, 8. c422528E41s=2,191R41E+1y 2,125EL3E+0/
14005 DATA 4821(5), AB2451), AB3(5), AB4L5), ABS(S)/
10005 # =1,723943E+1, 1.931620E15=7.653422E~4s 1.385103E=65-6,5C56€€~10/
16005 DATA AQ1(3), AG2(5), AG3(5)s A84¢€5), ASS5 (D)1
10605 *  2,090R%658464,~2.U17435E+4s SoCBEBL13E+35~5,697099E+2y 243%2E870EFE+1/
10005 DATA _A10L{5), 8102¢5)s  A103(5)s CALC4US), | ALOS(5)/
10005 RTe1,142800E40;, 1e317096E~2,=5,072525E=5) B4390294E~8r~5.11E60k~11/
30005 DATYL AY1l1(5), ALl12(5),  AL13(5), - A114(S5), A115(8)¢
30005 _. % 1,123709E=2,~843396226=5, 2475G121E-75=4439343E=10,2,65146FE13/
c
¢ METHANE (=250F<T<=12CF)
c .
06005 DATA Al1(6), AZ21K6})7
00005 * ) 163.2, 16.04/
00005 DATA _ AL(&),  A32(€), A3, 5Dy A34(6),  ABS(6)/.
00005 * 1-32’ 00" "o' Ot) Qe
Q000> DATA AL1(6)) A42(6), A43L6), . A44i6), A4ELO) Y
20605 % =1,126001E+3; 2.425142541,=1.589307E~1, 44547110E=4s=445CET14E=T/
00005 -~ DATA A51(6), A52(6), A53(6), A54(6), ASS(6)7
0000S % 1+3656R&E40) Be55TEL7E40Up=3,T74€57CE+09 5.8032475~19~-34257158E-2/
00005 DATA  A6llel, A6Z(6), 263 1(6), LEG(5), peSLE)
00005 # 1,4A00851E+], 3,b16831L-1,~3,223542t~3) 1.U76420:=5)=1,3L3)123F-9/
¢Q0CS5 DATA AT1(E), A72(6), AT3({6}), A74(6) AT54¢)/
60GO5 % AJIRICA2E+1;=54495CE3E41, 1637493641y =20765C4L540, LoBtTESE-1/
006005 ’ DATA ABL1(E), AEZ(6)y AB3L(bH), AEL4(6), AcoHlE)/
00005 ¥ =G 5284PEE40)y 2,026132E=1s~1e540B20E=3y 4¢T1GTLOL O -0 E12LT5E~G/
0000> . DATA  AGi(E), AS2(e)s  A93{6), 154061, BS5(€) 7
00005 ¥ 0L 11721843, ~6.T7€CEE2GE42y 1.E8GH22E+3,=2.320i5L5C0+42y LeCLT7446(GE+1/
LU0 S DATA 2101(6), - ALO2(6), Alud(o)s AlCa(o), Alusic)/
00005 . % B, AREATE~i,~1e7206:6¢=3), F.€9SZ9TE=Ts 1.£4CT4TIorp=0073323c 11/
L
(=}
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UNX _COMPILER (Qg_.
pATA AlY1(6),

00005

co005 . _* .
c

PP

 C9/28/76s 13405230 _ _ ... PROFS. _ ...

All2(é&), A113(6), AllalEd, A115(6)/
54412707 ¢"3,=5e406359475=5, 2.8562#0L-7;—7 B1l7C0E~10pB8s14L495E~13/

._....., e wesmes

e e ————

000005 *
<

60c60s

000006
600007
£Ccoll
060013
00015
090017
000021 _
000023
0060027
€C0031

ot v e i &

¥
et
(=N

.12

SRR

¢ N1TROGEN (~340F<T<=250F)
c - e — e i T

00005 NATA A11(7), A21(7)7

10GC005 * 113.6, 28,0167

106009 . . ... 0574 A3y, O A3ZUTY, . A33(T), . A34(T) ARV e
100005 N 1:40, Cey O Our Oe/

100005 DATA AL (T)» A42(7), A431L7)y A44eT), XIS RN) o g@
100006 _ .. *  Te64B9T4E+]1y=2. 305556E~1) 5+317599E=3p=2+34C0715€=5, = .. ' Y é?
16000Y PATA A51(7), AY2L7) s AG3(T7)» A5417)s ALY/ aé§£?
160005 . *  A,0Y7173E415-1,43120G1 %1, 3.C64704E+0s~3, 1337776=1y 1e17L449E=2/ 5
60005 __ __ PATA _ AGI(T), AC2(T)s _  AG3L(T), 64Uy . . eS(TIL L o &
- 300003 T4 T 7.200716E+1,~3.323232E1, 2. 2B81469E=3,=7,478632E~¢) Ge/ N
200005 DATA AT1(7), A72(7), AT3(7) . AT4(7) > ATS(7)/ : é;
200005 __ ___ % 2.102R02E+1,=7.503727€40s §e613273E-15=44861116E=2, . Y R
Loeo0s NATA LR1(T), Ac2(7)» A33(7 ) AtG(7)) AEHLT Y/ 53
000005 * ~1,13070GE+], 3.980937E~15=3.880643E~3, 1.667C14E=59=2.60GZEEE~8/

gogoos_ .. QATA A9 (T), AG2(T7)s A33(7), . AG4(T)y ASS(T) /. .
000005 1.7T1B6T0E44,=143716910 ¢4y 4 103645E+3p=5,453515E42s 24716624E41/

000005 ~ DATA A101(7), A102(7)y - AlQ03(7), Al04t7), A105(7)/

000005 & ;.}7“0005-1:-7 992424F~59=1+401515E-6s Qer» 0s/ _ N
060005 DA A111(7)» 2112(7), A113(7)’ All4t7), Al15(7)/

? 6’50’15 ~34+3,7685365~69=4.37G371E-8»14276256£~10» - Cet

¥ (U.EQ.0) 6L 70O 20

s T*T
Y3« T2RT i
T4 = T2%T2
T® = 1700,/7

T2 = TO%IR

TR = TR2%TR

TP = TP2¥TR2

ALTeALORLYY - . _
ALT2=sALTHALTY T . e R

ALTI=ALT2#ALT
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JNX_COMPILER (VERL2.3M) . _ . 09/28/76s 13:03023s. ... PROPS e

30033  ALTGsALT?#ALT2 '

_ c T . - e
=€~ "7 “FLUTP PROPERTIES

o035  TF = Al1(L) R [P,

00037 YME=A21 (L) . _ .

00041 SUPY o ABT(LI+A32(LIST#A32(LIAT24A34(L)*T34A3S(LI*TE

06053 HEG = AG1(L14AG2(L)$T+AG3IL)ST24AG4(LIATI+AGILI¥TA '

00065 Py = ?X’fbsltlI+A52(L)*TR4A53(L)‘TR2+A54(L)*TPB*A55(L)*TR43

00103 - . PHOL = Aél(L)*AQZ(L)‘T4A63(L)*T2+A66(L)‘T3*a6&(t)‘76

RUAV = EXPATL(L)+AT2(LIFTR+ATI(LISTR24ATAULI*TRILATSILISTRA) . . .

g0ils . RHOV 2 .
c0133 VISL = EYP(AGL(L)+AR2ILY#T+ABI(LIATZ4+AEL(LI*T24AB5(L)*TS)
€0151 VISV = €XP(AGL(LI+AGZ(LI¥ALT+AG3(LI*ALT24AG6 (L) #ALT34A95(L)%ALTA)
-c0167 . XKL ® A1NLELI+AL02EL)*T+ALO3(L)#T2+AL0GILI*TI«AL05CLINTS it
00201 ST & A111(L)+A212(L)#T+AI13(L)eT2+A14(L)#T348105(LI*T4. .
00213 VISV = VISV/4.16G7504E¢ -
00215 _ . VISLaVISL/4,1697504E8 S : L e s et =
00217 RE TUIPN

c
160220 29 CANTINUE L e e e e
166220 TRETURN o : 0 ' ' T
100221 END

-0Lt-
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'UNX COMPILER (VER,2,3M) .. 09228776, '13-05_:2,3,-_‘ e e e e s e e e e e
‘,...-,_._._,...‘--.-.*-._. SHARRAYT INe S&NF(AQP;H(U\wlpaZ;\n3lVC’V19V2)V3!AA) o _ K Y e
}00016 o P"C‘PT‘(VI-V3)'*Z4’(N1-N3)**2) .
100032 THE"A'AC"‘S(((HB‘NIH‘(HZ‘HI)‘HVS‘VI)‘(VZ-VIHI
woeo32 1 _SORT(((w3-wl)*¥2+(V3-VL)#*2) = . . e e e
)00032 2 H((W2=n1)%824(V2=V1)#22))) . .
360067 "'P*TH?TA
JOLO71 _ _ _ AD22x 54 ABS((W2eVI-V2¥k3)=(nCHVISVOHNII4 (WTAVZ-VORK2)) N
300107 612"3'o5*THETA‘ROK . . .
00112 A123w,5*ABS(({We*V3~V2+4w3)~ ~(Wl*V3=VitW3)e{wlevZ=-V1ieuw2))
300130 - A=AN23+4A12B3-A)237AA e e . . e et = e e
306134 - RETIPN
300135 END
~n
o
e Y
o
g
o
-~ <
— )
7‘
&=
?
[ ]
51
3




- ‘ \ .
RUNX_GOMPILER (VER,2,3M) 094281760 13405.023¢ .. . ol i e o
e e SUARNUTTINE SIFPSN{Xs YoAAs SFoALFHADALPHA, XC» YCrpALPHALD L
000014 CALL DPV(ALPHA,’DXI;DSI:DAl:X’YJXO:YO:ALPHAO) '
000032 . ALPHA=ALPHA+DALPHA/Z,
09€035. X1sX+(DX¥1/2.)#0ALPHA | e o ) o
000041 CALL DRV(ALPHASDX2,DS2sUA25X19»Y» XCrYOs ALPHAD)
000057 ALPHASALPHA+CALFHAZZ, *
00062 X2eX4DX2HDALFHA ) . .
000065 CALL DRVUALPHASDX3,DS3,0A3,5X%X2,5YsX0s Y0, AL PHAD)
000103 ) Xu¥+(OX1+4 %0 X2+0X3)*DALPHA/G,
000132 . . AAAA4(DA1+4 *DA24DA3)I*DALPHA/G. | . . S -
000121 SFaSF4(NSL+4.%0S2+053)#DALPRA/E, o ny
€00130 RETURM ] 8 o)
060131 __. N0 e --‘vg? e
& :
e . F3 )
&

2L
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