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FORWARD

This manual is a revision of an April 1971

renort "User's Manual for the TRW Gaspnine Program".
The Gaspipe 2 Program includes a number of changes
in logic and operating options which provide it
with expanded capability. The nrogram revision
was performed under NASA Contract No. MAS2-5503,
"Design, Fabrication, and Testing of a Variable
Conductance Constant Temnerature Heat Pipe.

The contract is administered by Ames Research
Center, Moffett Field, California, with Mr. J. P.
Kirkpatrick serving as Technical Monitor.

The program has been conducted by TRW Systems
Groun of TRW, Inc., Redondo Beach, California,
with Dr. Bruce D. Marcus serving as Program
Manager and Princinal Investigator. Major
contributers to the program were Mr. G. L.
Fleischman and Prof. D. K. Edwards.
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1.0  INTRODUCTION

This report describes a digital computer program useful in the
design and analysis of heat pipes which contain non-condensible gases;
either for temperature control or to aid in start-up from the frozen
state. Because the program includes the effects of axial conduction
and mass diffusion on the performance of such heat pipes, it represents
a significant advance in steady-state design technology over the "flat-
front" theory previously found in the literature [1, 2]. It allows one
to:

® Calculate the wall temperature profile along a gas-
loaded heat pipe.

e Calculate the amount of gas loading hecessary to
obtain a desired evaporator temperature at a
desired heat load.

® Calculate the heat load versus the evaporator
temperature for a fixed amount of gas in the pipe.

e Calculate the heat and mass transfer along the
pipe, including the vapor-gas front region.

e Calculate the heat leak when the condenser is
filled with gas.

e Calculate whether or not freezing occurs in the
condenser and, if so, at what rate.

® Determine the information required to size the gas
reservoir of gas-controlled heat pipes.

The program contains numerous reservoir options which allow it to be
used for hot or cold reservoir passive control as well as heated
reservoir active control heat pipes. Additional input options permit
its use for parametric studies and off-design performance predictions
as well as heat pipe design.

Provision is also made in the nrogram for two condenser sections
and an adiabatic section.

1-1
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The analysis and formulation of the equations used in the program are
presented in Section 2. Basically, a one-dimensional steady state
analysis has been used and the equations written assuming small wick
resistance and negligible vapor pressure drop along the pipe. The
analytical model used is shown in Figs. 1-1 and 1-2. However, the
program is not limited to the geometry shown. Non-circular and non-
axisymmetric configurations can also be studied by calculating
equivalent diameters, thicknesses, etc. consistent with the formulation
of the equations.

The numerical technigue used to solve the equations is also discussed
in Section 2. It involves a fourth-order Runge-Kutta routine to solve
two simultaneous equations for (1) a parameter fixing the mole fraction
of the non-condensible gas, and (2) the condensible vapor velocity.

Section 3 discusses the potential uses of the program for research,
heat pipe design and performance predictions. The program input
requirements are described in Section 4, and the cutput discussed in
Section 5.

Flow diagrams, program 1istings and sample problems are presented in
the appendices.

This manual assumes that the user has a prior understanding of the

principles involved in gas-loaded heat pipes. References [2-4]
can aid in this respect.

1-2
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2.0  ANALYSIS
2.1 Formulation

The condensing section of the pipe is assumed to reject heat by
radiation and convection from a fin of perimeter P with an effectiveness
n as shown in Figure 1-2. The net heat loss from a length of condenser
dz is thus taken to be

- 4
dq = [}oTw + (T, - T¢) - qab%]nsz (2-1)

where ¢ is total hemispherical emittance, o the Stefan-Boltzman constant,
Tw the wall temperature, h the convective heat transfer coefficient, if

any, Tf the external fluid temperature, and g is the power absorbed

abs
per unit area from the surrounds, oH in the case of irradiation H onto
the condenser surface of absorptance «. For simplicity all parameters
are taken to be constants, but a step change is allowed between sections

of condenser.

In the usual heat pipe application the difference between the wick-vapor
interface temperature Ti and the condenser wall temperature TW is small
compared to absolute temperature level. For this reason Eq. (2-1) 1is
written in a linearized form

dQ = Sdz (TW - TC) (2-2)
where
S{z) = [4EGT13 + h] nP (2-3)
and 4
3ecT, + q + hT
T(z) = —t——s T (2-4)
_ 4EUT1 + h

We adopt the unusual sign convention that the power Q is measured in
the negative z divection. Then Fourier's law is written without the
usual negative sign. Heat flows into an element of pipe dz long at
z+dz and out at z by axial conduction. Heat also flows across the
wick by conduction at the rate

2-1
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2wked2

D.+25
In —-

i

(T,-T,) = Kdz (T;-T,) (2-5)

where ke is the equivalent thermal conductivity of the liquid-filied
wick, Di the inside diameter of the wick, and & the wick thickness.
Eq. {2-5) defines K. The heat balance on an element of condenser is
then

dsz
c i K(T,=T ) = S{T,~T.) = 0 (2-6)

where C is the axial conductivity-area product for the condenser
cross section,

N

C = é; koA (2-7)
In Eq. (2-7) kn is the effective axial conductivity, allowing for slots
or other anisotropies, and Ac,n the cross-sectional area of the nth
element in the pipe. These elements include the pipe wall, the wick
and the fin wall, as shown in Fig. 1-2. When an artery is present, even
if it is not in intimate thermal contact with the condenser wall, its
axial conductance should also be included in Eq. (2-7), because the
temperature gradient in it tends to follow dTi/dz which in turn tends

to follow dT /dz, when K is large compared to S, (See Sec. 4.4).

The wick interface temperature T, is the saturation temperature for the
partial pressure of the vapor above the interface, since the net
condensation rate is far from the absolute rate of condensation. Other
simplifying assumptions introduced, which are reasonable for most
applications, are negligible vapor side pressure loss and a simple
vapor pressure law derived from the Clausius-Clapeyron relation. The

mole fraction of the non-condensible at the interface Xs and the
interface temperature Ti are then related in the following way

2-2
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K =1 - e [l /RT ) (T /Ty = 1) (2-8a)
T T
T. = ev = ey : (2-8b)
! RTev J 1 Tev Y 1
1+ N 1+ 28 o L
eg TR T, TR

Conservation of non-condensible gas requires that the diffusion plus
convection in the tube sum to zero [5],

dx
~G4> ~cVx, = 0 (2-9)

z

where ¢ is the molar concentration,acr%he diffusion coefficient for
the non-condensible diffusing in the vapor, X the spatial or area-
weighted average mole fraction, V the mole average velocity, and Xy
the bulk (area-velocity weighted) average. At least in the region
of the condenser which is gas-controlled, the radial velocity rates
will be sufficiently Tow so that the bulk, spatial, and wall values
of mole fraction of non-condensible will be nearly the same. This
assumption is made for the entire condenser so that the subscripts
i, s, and b on x will be dropped in what follows.

To obtain an equation having the grouping m = cVACM, the condensible
flow rate, Eq. (2-9) is multiplied by AM, where M is the molecular
weight of the condensible working fluid. In addition, the dependent
variable is transformed from mole fraction x to ¢ by introducing

$ = ﬁn%, x=e? (2-10)

Equation (2-9) then becomes

AcMozkgg (2-11)

=.
n

2-3
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Conservation of mass shows that increase in mass flow rate with distance
from the end of the condenser is equal to the condensation rate which in
turn is equal to the product of wick conductance and temperature
difference across the wick divided by the latent heat of vaporization or
subTimation.

dm _
dz K(Ti'Tw)/hfg (2-12)

Equations (2-6, 2-11 and 2-12) form a set of three simultaneous
differential equations in three unknowns: Tw’ ¢, and m. The temperature
Ti is related to ¢ through the highly non-Tinear relations, Egs. (2-10)
and {2-8). The coefficient S defined by Eq. (2-3) is also nonlinear.

An explicit energy equation for the liquid or vapor is not written,
because subcooling of liquid in the wick and superheating of the vapor

in the pipe are not considered to be key physical phenomena and are
neglected in the present treatment. Equations (2-12) and {2-6)} will

give an entirely correct energy balance when Xis X and Xb are identical,

the wick resistance small, and no freezing occurs.

5

A boundary condition on (2-6), (2-11) and (2-12) is taken to be

m=0atz=20 (2-13)

In addition, either one of two conditions may be prescribed: a total
heat rate rejected

L
Q =f S(T,-T )dz (2-14a)
0

or a total number of moles of non-condensible present

L
‘70= AC'O[ [Pi(Ti(Z))/RuTi] dz (2-14b)

In computingﬁ67a.moré accurate vapor pressure law than Eq. (2-8) must
be used. An exponential of a polynomial in the reciprocal of Ti is
used.

2~4
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Strictly speaking, since Eq. (2-6) is second order, two more conditions
must be specified, such as a zero CdTW/dz at z =0 and z = L. However,
an approximation is made that the first and second derivatives of Tw
with respect to z are equal to those of Ti' As is shown in Section 2.2,
this approximation reduces the set of equations to two first order cnes
so that Eqs. (2-13) and {(2-14) are sufficient. The condition on CdTw/dz
is met at z = 0, and at z = L it is met in practical effect when the
evaporator is purged of gas. The approximation regarding the derivatives
of T, and Ti is, of course, exact when the wick resistance is zero.

A review of the features of the analysis and assumptions made are as
follows:

1. Radiation and convection from a finned pipe are considered.
Absorbed radiation from the surrounds is included.
Provision for a step change in condenser properties and
ambient conditions is made.

2. The condenser wall temperature Tw is assumed close to the
wick interface temperature Ti' The first and second
derivatives of Tw and Ti with respect to z are assumed
equal, respectively. In essence high wick conductance
is assumed.

3. Axial conduction of heat in the pipe wall and fin and
one-dimensional axial diffusion of the condensible
species, which carries latent heat, are accounted for.

4. Vapor pressure drop in the pipe is neglected. In
calculating the shape of the wall temperature and wick
temperature distributions, an approximate vapor pressure
1aw derived from Clausius-Clapeyron is used. But in
calculating the pressure in the pipe and the amount of
non-condensible present a more accurate expression is
used.

5. The condition of zero wall temperature gradient is met
at z = 0. FEither the total number of moles of non-
condensible present in the pipe or the total heat
rejected by the pipe is specified.

2-5
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2.2 Dimensionless Governing Equations

The mass flow rate, mass diffusivity, temperatures, and other
parameters were made dimensionless so that orders of magnitudes could be
assessed and for convenient numerical solution. The dimensionless quanti-

ties are
Z*— D
_Z/e
*‘. .
Vo= mhfg/Qnomina1
. )
049’ ) M(Ceﬁ::ev/De)Achfg/Qnomina1
*
TT - T1'/Tev
*_
Ty = Tw/Tev
*
TO = TO/Tev
*
T = T T
C ¢’ ev
*
TR - TR/Tev
*
F 3 * % *
Qe = Y - -1
S dz* W C
* * *3 *
S = F (4EGT1 +H)
* q -
Foo= nPBeeTey/ Qnominal
A h/ngv
* .
C = CTey/Delpominal

where Tev is the evaporator temperature which sets the total pressure in
the system, and De is an equivalent diameter allowing for the presence of
arteries within the pipe,

o 1/2
D, = (4A/m)C,

where Ac is the cross sectional area available for vapor flow. An exponent
E is an empirical factor to account for the temperature variation of the
mass diffusivity defined by

2-6
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£ E
e~ Cewfﬂgv(Ti/Tev)

15, {2-6), (2-11), (2-12), and (2-8) written in dimensionless form become

2 *
d T * * * *
¢ KT - T - ST, - T) = 0 (2-16)
dz
*
de o (2-17)
* * *E
dz Aﬁ’Ti
Wt (2-18)
— =K1 - T
dz
T (1/T.-1)
1 -e*=e 0 ! (2-19)
Under approximation 2 Eg. (2-16) is approximated as
&1t
' { * * _x
¢ —+ KT - ST = 0 (2-16a)
dz

The simplifying feature of this approximation is that the second dsrivative
in Eq. (2-16a) can now be eliminated. Eg. {2-19) is differentiated with
respect to z*, and Eq. (2-17) is used to eliminate d¢/dz*. The result
multipliad by € is

dt -4 T*z'E
* : * . *
C—=C SV (2-21)
—a YT
dz 1-e 0
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(2 21} is differentiated aga1n with respect to 2 , Eq. (2-17) is

used aga1n to eliminate d¢/dz , and Eq (2-21) itself is used to eliminate
dT /dz .

2..%
d-T, *
* 1 d¥ (2_22)
C —55 =06, —5 - &, o, 0
I IV B A
where the functions G5 05, ¢4 ave
*2-E
-y T,
o () = ¢ 2 — (2-23)
(]—e ) 0
= et (2-24)
3,(¢) =1 - (2-ENT;/Tyle
05(6.V7) = V' (1-e" N T (2-25)

Equation (2-16a) together with Egs. (2-18) and (2-22) now can be written

*
dy *
=Q - 3, 0 (2-26)
E;*' e 1 74 .
where
* *
Q_(4)-3,{s)2,(s,V )
* _ e ? 3 2.27
‘D4(¢:V ) - ~| + Q](q’) ( )

2-8
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The program accounts for a step change in axial conduction between sections

1 and 2 of the condenser, Fig. 1-1, by assuming continuity in the mole
fraction, x and ¢. Because the analysis is one dimensional, this assump-
tion leads to a step change in the vapor velocity, V, when the front forms
across the discontinuity. Thus, for a discontinuity in condenser parameters,
the mole average velocity, ¥, is calculated as follows:

&, *
- C1 dT1
V.o o*
1 dz k=g *_
ot ! (2-28)
Vz - V'I * o *
C2 aTi
1+ YV _* *
2 dz Z*—Z-|*+
*
* 4T, . .
where C i s given by Eq. (2-21).
V* dz*

Eqs. (2-17) and {2-26)} together with (2-19) and the definitions of Qj in
Eqs. (2-23, 2-24, 2-25 and 2-27) form a set of two simultaneous nonlinear
first order ardinary differential equations which can be numerically
solved by, say, a fourth-order Runge-Kutta routine. The 1n1t1a1 condi-
tions are V =0and ¢ = ¢5at z = = 0. Values ofiﬁq and 0 for a length
of pipe L can be obta1ned versus ¢, for a given set of parameters and an
evaporator temperature T An iterative routine can be used to find 9
for a prescribed value of e1ther7”?or

2.3  Numerical Solution

Section 2.2 shows how Egs. (2-6),(2-11) and (2-12) are reduced by
virtue of assumption 2 (high wick conductance) to Eqs. (2-17) and (2- 26),
a set of two simultaneous first order differential equations in ¢ and V
(a dimensionless velocity or mass flow rate).

In the numerical solution of these equations, an initial value of Ti
slightly in excess of the sink temperature is used to fix 4(0), and a

2-9
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fourth order Runge-Kutta routine is used to solve for ¢(z) and V*(z). Either
the amount of gas in the pipe or the total heat rejection is then compared
with the input value. Depending on the sign of the deviation, the program
then either (1) operates in the "long mode" and slides the front up the pipe
a certain distance or (2) operates in the "short mode" and increases ¢(0)

a prescribed amount, and the integration is repeated. This iteraticn scheme
is repeated until the calculated value of’?al or é (depending on the option

used) agrees within the numerical integratien accuracy with the specified
value.

2-10
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3.0 PROGRAM APPLICATION
The program has been found useful in the following areas:
e Research
o Design

& Performance prediction

As a research tool it can be used to study the nature of the vapor-gas
interface in gas-loaded heat pipes [Ref. 4]. Using the program for para-
metric analysis, one can study the relative effects of various boundary
conditions, fluid properties, material properties, operating tempera-
tures, etc., on heat and mass transfer. Useful program outputs for
purposes of comparison are the temperature, heat transfer and mass trans-
fer profiles, and the diffusion freezeout rates.

Although the computer program is not a design program, per se, it can be
extremely useful in this respect. By running the program for minimum

and maximum design conditions (evaporator temperature, power and sink
conditions) one establishes the variation in condenser gas inventory and
uses this information to size the gas reservoir. Also, through variation
of design parameters, one can optimize the condenser and radiator design
for the desired power and evaporator temperature control range.

Given a particular heat pipe configuration, the program can be used to
predict performance at various operating conditions, i.e., run a perform-
ance map of Q versus Tev for a fixed set of parameters. This is partic-
ularly useful in studying heat pipe performance under off-design
conditions.

3.1 Minimum Power and Freezeout Rates

It is possible to obtain the heat leakage when the gas completely
blocks the condenser by simply reading the value of QSUM at the beginning
of an adiabatic section. This heat transfer represents, for example, the
heat leak associated with a variable conductance heat pipe in the "full-
off" position. FEach component of heat transfer can be calculated separately

3-1
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by multiplying the mass flow at a point (for example, TI = 0.986) by the
latent heat of vaporization of the working fluid énd subtracting from
QFLOW. In the example given in Appendix C the total heat transfer across
the front is 2.01 Btu/hr, with 0.37 Btu/hr due to diffusion and 1.64 Btu/hr

due to conduction.

If the temperature of the gas-blocked portion of the condenser falls below
the freezing point of the working fluid, then vapor which diffuses through
the gas and freezes on the walls does not return to the evaporator. Given
sufficient time, this will deplete the evaporator of fluid and result in
heat pipe failure. The rate of fluid loss (diffusion freezeout rate) is
given by the mass flow past the point at which the wick falls to the
freezing point of the fluid.

3.2 Design

For design applications one most commonly uses the heat input option
(MODEQM = 0) and prescribes the required heat input, Q. An example of how
the program might be used to size the reservoir of gas-controlled heat pipes
is outlined below.

For a given condenser/fin geometry the following conditions determine the
* *
amount of gas in the pipe for the "full-on" and "full-off" cases.

(1) Coridenser Full-on (Maximum Power):

Heat Input
Evaporator Temperature
Sink Conditions

(2) Condenser Full-Off (Minimum Power):

Heat Input
Evaporator Temperature
Sink Conditions

*Note that if the condenser were truly full-on then there would be no gas
in the pipe. In reality. however, it is not possible to achieve this con-
dition in a gas loaded pipe because of diffusion, nor is it desirable from
a control point of view--especially in passive systems. Similarly, there
is always a minimum power (heat Teak) in the full-off position.

3-2
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A run is made for each of these two cases with the reservoir volume set
equal to zero (VRES = 0) to yield the number of moles of non-condensible

gas,qamnax andcakmin, in the pipe. These are the final values of MPIPE

printed at z = L] + L2 +L, in each case. Summing the total number of moles--

constant for a closed system--yields two simultaneous equations, which may
be solved for the required reservoir volume and gas inventory:

p
. _ gr
62&" VR R T, Jmax +:E%max
uR
(3-1)

72?= Vp Eﬂﬁ_ . ff% .

where PgR is the partial pressure'of non-condensible gas in the reservoir,
which may be found by reading the vapor pressure curve at the evaporator
and reservoir temperatures (PgR = Pay - Pyp)-

Solving for the reservoir volume:

Ry (?hmih_zqmax)

Vo =4
(). ()
TR max R min

This equation may be expressed in terms of the computer output variables
as follows: k

= ﬁb?min —ib&ax

(3-2)

v
" Tev Tev (3-3)
[xp Cev(—ﬁ Imax = DR Cey “TE Imin
where
- ___BvV _ 3
Cov "R T ° 1b-mole/ft
u ev
Tev = evaporator temperature, °R
Pev = vapor pressure corresponding to evaporator

temperature, psf

Xo = mole fraction of non-condensible gas in the
control reservoir, =
0 (P p/Pay) = XSR
3-3
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CEV and TEV are direct outputs of the program, but some discretion must

be used in defining the reservoir properties, Xp and TR' Although the
reservoir volume was set egual to zero, much information about the
reservoir properties may be obtained from the output. The temperature at
the end of the condenser (z=0) where the reservoir feedtube is attached,
for instance, defines the reservoir temperature and the mole fraction 1in
certain cases, Ref. [11. The temperature at the end of the pipe depends on
the length and shape of the front; and the reservoir properties are usually
quite sensitive to this temperature. These considerations are summarized
in Table 3-I for the usual applications.

Table 3-1

Gas Reservoir Characteristics (Design)

Type of Type of TR XR
Control Reservoir
*
Passive Non-Wicked (Hot) TEV Xs @ 7=0
Active Wicked (Heated) Independent Variables {determined
external to program),
**%
Passive Wicked (Insulated) TWICK @ Z=0 XS @ Z=0

*Assuming the reservoir temperature is coupled to the evaporator temperature.
**Assuming the reservoir well coupled, thermally, to the end of the condenser
and insulated from the surrounds.

It must be emphasized that the preceding is not a fixed design procedure,
and the approach may be altered to accommodate other possibilities, such
as variable volume reservoirs, or passive wicked reservoirs which are
thermally de-coupled from the condenser.

3.3 Performance Prediction

For a given application, the amount of inert gas in the pipe is a
known quantity. Thus, in order to predict the performance at various
design or off-design conditions, the amount of gas is prescribed and MODEQM
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is set equal to one. Note that under this option the gas inventory may be
specified in either of two ways:

(1) ZGAS - the length of condenser filled with gas if a sharp
front is assumed (flat-front theory).

(2) AGAS - the amount of gas in 1b~m01es,5a7.

The former might be used in parametric analyses to establish similar vapor-
gas interface locations for varying conditions without tedious calculation
of appropriate molar inventories. It might also be used for specifying

the amount of gas in a heat pipe to aid start-up from the frozen state.

For example, one might specify that the entire condenser be gas-blocked at
an evaporator temperature a few degrees above the freezing point of the
working fluid.

But, for performance estimation purposes, the AGAS option is used and the
amount of gas is put in directly, in 1b-moles. If there is a separate
reservoir volume, it is necessary to enter the appropriate control integer
(NRES) and reservoir temperature {TRES) in the input. Table 3-1I is a
summary of the appropriate input values for typical applications. It
should be pointed.out that the program does not account for heat leakage
from an actively heated reservoir into the condenser.

Again, the preceding is not a fixed procedure, but may be modified for other
possibilities. The heat load might be more accurately known than the molar
inventory, for example, in a certain performance test. In this case one
would use the heat input option (MODEQM = 0) rather than specifying the
amount of gas. Table 3-II is appiicable in either case.
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Table 3-II

Gas Reservoir Characteristics {Performance)

Type of Type of

Contro]l Reservoir NRES TRES

Passive Non-wicked {Hot) 0 ey

Active Wicked (Heated) 1 Desired Temp
¥

Passive Wicked (Insulated) 2 Arbitrarv

*Assuming the reservoir temperature coupled to the evaporator temperature.
**The program assumes that the reservoir is insulated and takes the
temperature at the end of the condenser as the reservoir temperature in

this case.

3.4 Adiahbatic Section

In many heat nine

exists betweer the evanorator and condenser.
section may be negligible.

Thus, the input value is arbitrary (non-zero}.

anplications an unfinned, insulated sectign
The heat loss from this

1t can then be treated as adiabatic. The

computer program has the canability of dealino with such a section in

addition to two condenser sections farther from the evaporator.

[f an "adiabatic section" is not truly adiabatic but toses heat

so that it is not satisfactorv to model it so, the nrogram can still

be used, but care must
adiabatic section with
condenser, Section 2.

which must model the active condenser of the actual nine.

he exercised. The way to treat a not-auite
the existing program is to treat that section as a
There then remains only one other condenser Section 1

The nrogram

adiabatic section capability is then not made use of, and a value of
XLONGA = 0.0 is accordingly input.

3-6
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4,0 INPUT DESCRIPTION

An input form for the program is reproduced in Fig. 4-1. Each
line corresponds to a data card, and the input format is given in the
second column. Also shown are the input parameters which_cannot be set

equal to zero without causing numerical difficulties in operation of the

program. The following defines each input variable and gives some of the
restrictions and limitations imposed on these variables.

Cards 1 & 2 (72H)

These are title cards which are used to identify the run. Any desired
jnformation, such as project, name, date, etc. may be typed on these
cards. The only restriction is that column one is used for carriage
control. Thus, a "1" is usually punched in the first column of card one
to start printout at the top of the page, and the first column of card
two is left blank.

4.1 Fluid Characteristics

Card 3 (3F 12.5)

A11, 811, C11: vapor pressure parameters in the least squares fit,
InP = All - =—4— - —5

where the pressure, P, is in psia and the temperature, T, is in
°R, See Table 4-I.

Card 4 (5 F 12.5)

XMC: molecular weight of the condensible. See Table 4-I.

GIF: mass diffusivity for the vapor-gas pair at one atmosphere
and 460°R (Ft?/hr). See Table 4-I.

4-1
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Which Cannot be Set Equal to Zero

4-2

CARD|FORMAT DESCRIPTION
1 72d | 1
2 72+
PARAMETERS
All B11 cil
3 {3F12.5 20 =0 <0
XMC DIF E HF G
4 |4F12.5 20 -0 ~0
PF1 AF 1 CF1 EF1 EMIST HF 1
N T =0 NOT BOTH
PF2 AF2 CF2 EF2 EMIS2 HF2
NOT GOTH
DOUTA THKWA CWA DELA CWKA XLONGA
7 |6F12.5
=0
— [ oouT THKW W
g |3F12.5 20
DEL CONWK DART
9 [3F12.5 0 -0
TF1 POV XLONG1
10 |3F12.5 20 <0
TE2 POW?Z XLONG2
11 | 3Fi2.5 20
12 3F12.5, TEY Q ZGAS AGAS TTRAP
E12.5f =0 =0 NOT BOTH
" 2F12.5, VRES TRES WRES MODEGQM ZPRINT NRUN
214, =0 20
F12.5,
14
FIGURE 4-1. Program Input Form Showing Parameters
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E: exponent used in the following equation to convert mass
diffusivity at standard conditions to the value at operating
pressure and temperature. See Table 4-I.

aé}/ 1 Tev 1+E
Y DIF (ﬁ;;‘) ( qgﬁ')

evaporator temperature (°R)

here
whe Tev

B~
1}

oy vapor pressure of condensible corresponding

to evaporator temperature {atmos).

HFG: Tatent heat of vaporization of the condensible evaluated at
the evaporator temperature (Btu/]bm). If & freeze-out rate
is the primary guantity desired, the latent heat of vapori-
zation plus the latent heat of fusion (the heat of sub-
Timation) at the freezing point should be used.

Table 4-1

Fluid Characteristics

Fluid Al B11 Cl11 AMC DIF* E

Ammonia (NH3) 13.13  3821.04 296548.2 17.0 0.763 0.8]
Methanol (CHBOH) 14.48 6262.17 557386.2 32.0 0.442 0.81
Water (HEO) 14.20 6526.73 810130.7 18.0 0.8%2 0.81

*
Typical values for diffusion in air.

4-3
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Condenser Parameters, Section 1, Farthest from Evaporator

Card 5 (6F 12.5)

PF1: fin perimeter perpendicular to the pipe over which heat
transfer occurs (inches). Note that if there is no fin
{e.g. a tube rejecting heat from its outer diameter)

PF1 equals “Dout‘ See Fig. 1-2.

AF1:  fin cross-sectional area perpendicular to the pipe (1n.2).
When there is no fin AF1 is set equal to zero. AFI can
even have a negative value to account for a reduction in
pipe wall thickness with respect to the input value THKW.

CF1: effective thermal conductivity of fin for conduction in
the axial direction (Btu/hr-ft-°fF). For a plain fin, the
effective conductivity is simply the conductivity of the
fin material. However, in many cases the fin might Ge
segmented (slotted) to lower axial conductance. In that
case CF1 should reflect the contribution of the segmented
fin to overall axial conductance. An approximate approach
to this case is as follows:

The total axial resistance is given by:

+ R

T fin gap (4-1)
But,
Re = N + N - ] (4-2)
T 1 + 1 + 1 i + 1
R . R R.. R . R
wick wall fin wick wall

Defining the relation for klfin , the effective conductivity:
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R = L .
T '
(A)yiek * (KM)ya1y * Klein (Acdgin
i NLf
(kA)qcp + (KR) gy * (kAL
(N-1) L
+ g (4-3)
(kA ik + (KA)yan
vhere RT = ogverall axial thermal resistance of the
condenser section
RFIN = thermal resistance in the region where the
fins are attached
RGAP = thermal resistance of the gaps between the fins
Rwick = axial thermal resistance of the wick
Rwa]l = axial thermal resistance of the pipe wall
Rﬁn = axial thermal resistance of a single fin
L = XLONG = overall length of condenser section
Lf = length of a single fin in axial direction
L = gap width
g gap
N = number of fin segments
kA = axial conductivity - area product
klfin = (F1 - effective thermal conductivity of the
siotted fin
(Ac)fin = AF1 - fin cross-sectional area

4-5
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Equation 4-3 may be solved in detail for k'ﬁ.n (CF1), but for most

applications the conductance of the wick and the first term on the

right hand side of Eq. 4-3 are negligible relative to the other

terms.

Thus, in most cases the effective conductivity may be

calculated from the following:

EFT:
EMIST:

HFT1:

(KA)yat1 L

k.. = [
fin (Ac)fin (N-T1) L

- 1 (4-4)

effectiveness of condenser fin, n (dimensionless)

fin total hemispherical emissivity, e (dimensionless)
Must be consistent with POW1, section 4.6, and must be
zero when convection only.

fin external convective heat transfer coefficient,

h (Btu/hr-ft2-°F)
1

Must be set equal to zero when radiation only.

f

Note that EF1 and HF1 cannot both be set equal to zero.

Condenser Parameters, Section 2, Nearest to Evaporator

Card 6 (6F 12.5)

The input variables for card 6 are the same as defined above for

condenser section number 1. If there is only one condenser section,

then set everything on card 6 identical to card 5. If section number

2 is an adiabatic section, then PF2 is set equal to zero {Paragraph 3.4).

4-6
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4.4 Adiabatic Section Parameters

4.5

Card 7 (6F 12.5)

DOUTA = outside diameter of adiabatic section pipe (inches)

THKWA = wall thickness of adiabatic section {inches)

CWA = thermal conductivity of adiabatic section wall (Btu/hr.ft.°F)

DELA = wick thickness in the adiabatic section (inches)

CWKA = wick thermal conductivity of the wick in the adiabatic
section (Btu/hr.ft.°F.)

XLONGA = length of adiabatic section (feet)

I

Wall Characteristics
Card 8 (3F 12.5)

DOUT: outside diameter of heat pipe (inches)
THKW: heat pipe wall thickness (inches)
CW: pipe wall thermal conductivity (Btu/hr-ft-°F)

If an artery is present, multiply CW by the ratio

4.6

[(kA)artery ¥ (kA)waH:I / (kA)wall'
Wick Characteristics
Card 9 (3F 12.5)
DEL: heat pipe wick thickness, & (inches)

CONWK: effective thermal conductivity of saturated wick {Btu/hr-ft-'Fj
DART: effective diameter of arteries in pipe (inches)

DART = (4{-\(:/11)1/2 (4-5)

where Ac is the total cross-sectioral area of arteries in the
pipe. See Fig. 1-2.

4-7



13111-6054-R0-00

4.7 Environmental Parameters and Lengths

Card 10 (3F 12.5)

TF1: condenser, section number 1, external fluid or sink
temperature for convective heat transfer, Te s (°R).
May be set equal to zero if only heat transfér mode
is radiation.

POW1: The absorbed power per unit area of the outer fin surface
(perimeter times length). The power is both from the back
(internal power) and the front (solar absorption, etc.),
but the area is the front area only (Btu/hr—ftz). For the
case where the front is surrounded by an effectively black
enclosure at a known temperature T] and there is no internal
heat transfer, POWl is calculated as follows:

PoWl = aqoT? (4-6)

where o 1is the external*total hemispherical absorptivity for
eva If T] is
close to TeV both o and ¢ would be the same internal total
hemispherical emissivity.

source temperature T] and surface temperature T

POWY may be set equal to zero for convection heat transfer
only. In other applications POW1 or POWZ may be a very small
number, e.g. 0.01, but not zero.

XLONG1: length of condenser, section 1, L] (feet).

*See the Journal of Heat Transfer, 91, p. 2, Feb. 1969.
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Card 11 {3F 12.5)

The input variables for card 10 are the same as defined above

for condenser section number 1. If there is oniy one condenser
section, then set TF2 and POWZ equal to TFI and POW1, respectively
and make the sum of the lengths, XLONG1 + XLONGZ2 equal to the
total length of the condenser. If section 2 is an adiabatic
section, then TF2 and POW2 should be input identical to section 1,
but XLONG2 is the adiabatic length (see Section 3.4).

Operating Conditions

Card 12 (3F 12.5, E12.5)

TEV: evaporator temperature, T, (°R)

Q: heat pipe power, Q (Btu/hr).
When using the heat input option, MODEQM = 0, § is the
prescribed heat pipe heat load. If the amount of gas is
input, MODEQM = 1, the program calculates the heat pipe
power, but it is necessary to put in a nominat value for
, since it is used to non-dimensionalize certain variables.
The value of O in this case is arbitrary; it need be
correct only within half an order of magnitude.
See Table 4-II.

The value of  cannot exceed the heat rejection of an
isothermal condenser at Tev’ as given by Eq. (4-7);
otherwise an error message will print "heat flux too
high or pipe too short."

s 4
Q < m P.| L] [E] cTeV + hf] (Tev - Tf]) - F’UN.I ]

4
+ony Py Ly ey oTy, " * hf2 (Tey - sz) - POW, | (4-7)
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76AS: length of condenser filled with gas if a sharp
temperature front is assumed (feet). ZGAS is a means
of specifying the non-condensible gas inventory when
using the gas input option, MODEQM = 1. [t is convenient
for making parametric runs or estimating the performance
of a pipe with gas in it to aid in start-up from the
frozen state.

Since ZGAS and AGAS cannot both be zero, ZIGAS is set
equal to a nominal value when the heat input option is
used. See Table 4-1I.

AGAS: Amount of non-condensible gas in heat pipe and reservoir.
422 (1b-moles}. See Table 4-II.

TTRAP: - Temperature of the wick at the entrance to a non-
wicked reservoir if different from the temperature
of the end of Condenser 1 farthest from the evaporator.
If the same as the temperature of the end of the condenser,

enter 0.0.
Table 4-11
Operating Conditions
MODEQM A ZGAS AGAS REMARKS

0 Actual Nominal* g Heat input option

1 Nominal** 0 Actual Amount of gas input
in terms of 1b-moles

1. Nominal**  Actual 0 Amount of gas input

in terms of gas length

*
Not used in calcylations, but must be input since ZGAS and
AGAS cannot both be zero.

*k
Used to non-dimensionalize certain variables. Put in a Tow
estimate. ‘
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4.9 Reservoir Characteristics

card 13 {2F 12.5, 2112, F 12.5, 1 12)

VYRES:

TRES:

NRES:

4.10 Program

gas reservoir volume, Vj (in.3). Set equal to zero when

a reservoir is not desired.

gas reservoir temperature, Tp (°R). When VYRES = O an
arbitrary non-zero value must be put in for TRES.

Use TEV. When NRES = 2 the reservoir temperature is
determined internally to the program. Thus, an arbitrary
non-zero value {e.g., TEV) must also be input for TRES in
this case. See Tables 3-I and 3-II.

control constant for type of reservoir (0, 1, 2).
Refer to Table 3-II.

Control Options

The following
the reservoir

MODEQM:

ZPRINT:

WRUN :

variables are included on card 12 although not related to
characteristics.

refers to a prescribed heat input (0) or a prescribed
amount of gas (1). Refer to paragraphs 3.2, 3.3 and
Table 4-1I.

Indicates the length of condenser in inches between
printed output points. This distance should exceed

one-quarter of a pipe diameter.

equals 1 if another set of data follows; otherwise leave

blank.
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5.0 QUTPUT DESCRIPTION

5.1 Input
The input is printed out to document the innut parameters and to

permit the user to verify that they were read in correctlyv. The first two
lines are the descriptive words used to describe the run.

5.1.1 Vanor Pressure and Fluid Properties

The first two lines of numerical nrintout are the input vanor
pressure parameters and the fluid nroperties read in on input cards 3 and 4
See Section 4.1.

5.1.2 Fin Pronerties

The next two lines of numerical orintout are the fin oronerties
read in on input cards 5 and 6, Section 4.2.

5.1.3 Adiabatic Section and Pine Pronerties

The adiabatic section parameters read in on inout card 7 is then
nrinted, followed by the data on innut card 8.

5.1.4 Condenser Environments

The condenser environments are next nrinted out, corresnonding to
innut cards 10 and 11.

5.1.5 MWick, Arterv and Reservoir

Input data on card 9 having to do with the wick and artery, and
data on input card 13 havino to do with the reservoir are next orinted
in the output.

5.1.6 Operating Conditions

Finallv, the remaining data on input cards 12 and 13 are nrinted
out. The quantities XGAS and AMT are comnuted quantities corresnonding to input
7GAS or AGAS which fix the aas in the reservoir. The dimensionless auantity
GAS is the amount of gas divided by the normalizing factor COEF, which is
also nrinted.

5-1



13111-6054-R0-00

5.2 Dimensionless Parameters

A number of dimensionless parameters wused in the program are
brinted. These printouts are of no great import, but the user mav
be interested in some of them. For examnle, the dimensionless sink
temperatures TS1 and TS2 give the fraction of the evanorator absolute
temperature which would be achieved under comoletelv gas-blocked
conditions with no axial conduction acting.

5.2.1 Dimensionless Temberatures

The quantities TZ, TS1, TS2, TR, and TTRP are as follows:

TZ To* in Egq. (2-19)

TS1 T in Eg. (2-1) when dh = 0, Condenser I
TS2 As above, Condenser 2

TR T /T, dimensionless reservoir temnerature

res’ ey
TTRP Dimensionless cold trapn temperature

5.2.2 Dimensionless Condenser Parameters

For each of the two condenser sections the following quantities
are printed:
EMIS Emissivity
C C* in Eq. (2-16)

F F* defined in Section 2.2, radiation parameter

H H* defined in Section 2.2, convection parameter

X1 L* lenath L divided bv De

XS X s mole fraction of gas corresponding to temperature

T,in Eq. (2-1) when d} = 0.

5.2.3 Dimensionless Adiabatic Section Parameters

OQuantities are printed as follows:

C3 C* in Eq. (2-16) for the adiabatic third section

RA Dimensionless wick resistance, adiabatic section

NTADI Inside diameter normalized by the condensing section
inside diameter D,

R Dimensionless wick resistance, condensing section

XL3 Length normalized by De
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5.3 Debug Information

A number of printed statements give the user clues as to whether
or not the program is functioning with the input data given it.

5.3.1 Exits from INPT

In subroutine INPT certain errors in the input data will
result in the printing of one or more of the following error messages:

CONDENSER SECTION NO. 1 INPUT WRONG
CONDENSER SECTION NO. 2 INPUT WRONG
INPUT ERROR, ZGAS = 0.0 AGAS = 0.0
PIPE EXCEEDS 250 DIAMETERS

The first two above result when, for the condenser section in
question, the effectiveness, perimeter, or the sum of the emissivity
and convective heat transfer coefficient is zero.

The "input error" message results when both the Tlength of gas-
blocked condenser and the amount of gas specified are zero. The
program is designed to treat heat pipes containing enough non-
condensible gas to affect at least a portion of one of the condensers.,

If the combined lengths of the three sections exceeds 250 inside
diameters De, the internally specified incremental Tength DZ = 0.25
will result in over 1000 integration steps along the pipe. This
number will then exceed the number of storage locations specified
within the program. For heat pipes which exceed 250 diameters in
length, it is necessary to increase DZ within the Fortran source
program or increase the number of storage locations.

5.3.2 Exits from FIRST

A check is made in subroutine FIRST to determine whether
the mole fraction in gas blocked condenser 1 exceeds 0.999999. If
it does, a warning message is printed

INPUT ERROR, CONDENSER 1 ENVIRONMENT TOO COLD

Next a check is made to establish whether the sink conditions for
Condenser 1 are colder than those for Condenser 2. If they are not,
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a message is printed as follows:

INPUT ERROR, CONDENSER 1 ENVIRONMENT HOTTER THAN
THAT FOR CONDENSER 2

Also in subroutine FIRST, depending upon whether MODEQM equals
0 or 1, that is, depending upon whether the heat flux or the amount
of gas is meant to be specified, a check is made to see whether the
specification is compatible with the other specified parameters,
such as evaporator temperature, condenser parameters, and reservoir
size. IF they are not compatible the program prints one of the
following two messages:

INPUT ERROR, HEAT FLUX TOO HIGH OR CONDENSERS TOO SHORT
INPUT ERROR, TOO MUCH GAS FOR PIPE

The gas inventory estimate is made using elementary flat-front
theory so that it is remotely possible that the user can input too
large a gas inventory and still pass the screening test.

5.3.3 Convergence

The program prints messages indicating the subroutines
used in the search for an answer satisfying the convergence criterion.
One normal message is:

ITERATING IN PATCH

Subroutine PATCH calls BACK once and then FORWRD and CROSS repeatedly
to establish the gas-blocked temperature profile in the first condenser
section, based upon the assumption that the second condenser is
sufficiently long to achieve a uniform gas-blocked temperature in

the region remote from the first. If the quantity DELTEE is not

large enough, or if the axial conduction is quite strong, difficulty
may be experienced resulting in the prints:

1000 STEPS IN BACK
1000 STEPS IN FORWARD

Trouble in CROSS may result in the following messages:

1000 STEPS IN CROSS
ZERO J2 IN CROSS
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With none of these troubles the next normal print is:
ITER=0  TSTART = 1 = L1 =

This printing is normally repeated with ITER increasing
sequentially. Convergence in PATCH occurs when Z1 is within DZ of
XL1. Failure to achieve this situation is signalled with the message:

FAILED TO CONVERGE IN PATCH

After the completion of subroutine PATCH, subroutine LONG calls
subroutine START which utilizes PIPE. Trouble in PIPE may be signalled
by:

TOO MANY STEPS IN PIPE, J = 1001

In the normal situation the next print, after successful completion
of the iterating in PATCH, will be:

ITERATING IN LONG
ITER=0 JSTART = 1 GAS = QSUM = JEND = MOREJ =

If the program continues iterating in LONG, additional lines with
ITER = 1, 2, etc. will appear. Successful convergence is signalled by
MOREJ = 0 and may be verified by QSUM = 1.0 for prescribed power or
GAS nearly equalling the value printed under the previous heading
AMOUNT OF NONCONDENSIBLE GAS. Failure to achieve this condition
resulits in the message:

FAILED 7O CONVERGE IN LONG

Under some conditions subroutine LONG may call upon subroutine
START2. In this case the message:

ITERATING IN STARTZ
may appear followed by prints of:
I = TSTART = XSUM = QSUM = JEND = MOREJ =

Convergence is again indicated by MOREJ = O and an appropriate
value of QSUM or XSUM.

Under other conditions, following the print ITER = 0 from sub-
routine LONG, the print:
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ITERATING IN SHORT
ITER = TSTART = XSUM = QSWM =

appears. Convergence is indicated by an appropriate value of XSUM
or QSUM. Lack of convergence is indicated by:

FAILED TO CONVERGE IN SHORT

5.4 Calculated Reservoir Conditions

After completion of the iteration searching process the reservoir
conditions are printed:

TRES Reservoir Temperature in °R
XSR Mole fraction of noncondensible in reservoir
RESGAS Amount of gas in 1b.-moles in reservoir

If the volume of the reservoir is input as Zero, this line of
output will not appear.

5.5 Profiles

Profiles of temperature, mass flow, mole fraction and cumulative
sums of power lost and gas contained in the reservoir and pipe are
printed versus length along the pipe. These profiles are as follows:

J Intearation sten

ZIN NDistance from end of condenser farthest from
the evaporator in inches

z NDimensionless distance
Dimensionless mass flow V* in En. (2-17)

P Dimensionless gas quantitv ¢ in Ea. (2-10)
TI Dimensionless wick - vanor interface temneratures
XSUM Dimensionless running sum of gas contained
OSUM Dimensionless runnina sum of nower lost

MASS FLOW Vapor flow in the pipe, 1b./hr.
QFLOW Cumulative power lost, BTU/hr.
XS Mole fraction
TWICK Wick-vapor interface temperature, °R
TWALL Wall temperature, °R

MGAS Cumulative sum of gas contained in the reservoir
and the nine,lb.-moles
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Missing values of J have been skipped because of the ZPRINT criterion.

5.6 Total Gas and Heat Flow

The final four print statements are as follows:

GAS IN ONE DZ STEP OF GAS-BLOCKED CONDENSER 1 = LB-MOLES.
POWER LOST BY ONE DZ STEP OF FULL-ON CONDENSER 1 = BTU/HR.
TOTAL GAS IN PIPE AND RESERYOIR = LB-MOLES.

TOTAL POWER LOST BY CONDENSERS = BTU/HR.

The first line is the gas contained in a length of Condenser 1
equal to the step size used in the integration. The second line
likewise equals the power radiated in an incremental length of full-
on condenser. Of the final two lines, one should agree, within the
integration precision, with the input value, and the other constitutes
an answer of interest to the heat pipe analyst or designer. If ZGAS
or AGAS had been input, the gas inventory should agree with that value
within the precision indicated, and the power is the answer sought.

If Q had been input, the power should agree with that value within
the indicated precision, and the gas inventory is the answer sought.



13111-6054-R0-00

6.0 NOMENCLATURE

AC - Cross sectional area
c - Axjal conductivity-area product
D - Dijameter
aC}J - Diffusign coefficient for noncondensible in
condensible
E - Empirical constant for temperature dependence of L

F* - Nondimensional quantity defined in Paragraph 2.2
- Irradiation onto condenser surface

- Radial wick conductance

- Length of condenser

- Molecular weight of condensible

Molar inventory of noncondensible

N
1

- Heat transfer perimeter of fin
- Partial pressure of noncondensible at temperature Ti

—

Heat transfer rate

L L O O
1

*

- Nondimensional quantity defined in Paragraph 2.2

1~

- Gas constant for condensible
- Universal gas constant (1545.4, ft—]bf/°R-1bmole)
- Radial conductance from condenser

=

Temperature
_ Characteristic temperature of fluid defined by Eq. (2-8b)

< — — w»n XN =
Q
1

- Mole average velocity

- Molar concentration
- C(Coefficient of heat transfer
- Latent heat of vaporization

iy
w

- Thermal conductivity

Mass flow rate

- Heat flux

- Void volume

- Mole fraction of noncondensible

MNOX < 0O Jex SO0
1

- Axial position
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Absorptance of condenser surface

o -
8 - Wick thickness
£ - Total hemispherical emittance of condenser surface
b - Dimensional variable defined by Eq. (2-10)
1, 0oy O3, ) - Dimensionless groupings defined in Paragraph 2.2
N - Effectiveness of condenser fin
o - Stefan-Boltzmann constant
Subscripts:
abs - Absorbed from surrounds
b - Bulk average (area-velocity weighted} value
c - Effective sink conditions
e - Equivalent vaiue
ev - Evaporator conditions
f - External fluid conditions
i - Wick surface conditions
min,max - Minimum, maximum
nominal - Initialized value for numerical solution
n - Cross-sectional element of pipe
Res, R - Reservoir conditions
3 - Spatial (area weighted) average
W - Condenser wall conditions
1,2 - (Condenser section number 1 and 2, respectively

* - Superscript denotes nondimensional variable
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APPENDIX A
FLOW DIAGRAM (TRW-GASPIPE)

The flow diagrams presented in the following pages are included
as an aid to understanding the overall program logic.
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FLOWCHART OF MAIN PROGRAM

MAIN

CALL
INPT

Reads in
input data

CALL
FIRST
Checks
input
consistency

CALL
PATCH

Generates a

gas-blocked
base

profile

CALL
LONG
Searches for a
satisfactory profile

found from perturbing
the base profile

CALL
OuTPT

Write out
answers

STOP
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FLOWCHART OF SUBROUTINE PATCH

- LONG
CALL
FORWRD
Generates -
profile in SHORT
Condenser 1
CALL
BACK WRITE
Generates ERROR
profile in MESSAGE
Condenser 2
TOD MANY [
CALL
CROSS
NOT TOO NUMBER - WAY
Finds where MANY OF TRYS OFF
profiles
Cross
ADJUST CALL CALL L,
TSTART FORWRD ©]  CcROSS ¢
. A LITTLE
SHORT
ADD
LENGTH
- SUBTRACT - & LITTLE
LENGTH LONG
PATCH
FORWRD
AND BACK

A-3




CALL
SHORT

Searches in
Short mode

13111-6054-R0-00

FLOWCHART OF SUBROUTINE LONG

LONG

Called from
Main

CALL
JSTART=1 START 2
Searches in
new mode
CALL
START
Perturbs
base
profile
to get
new ohe
{
CALL JSTART=
TESTF IMIN+IMAY | e
2
Evaluates
new profile [
JMAX=
MOREJ=-1 JSAY
JMIN=
1

RETURN

CALL
START

CALL
TESTF

JMAX=
JSTARF

JMIN =
JSTART

WRITE
ERROR
MESSAGE
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FLOWCHART OF SUBROUTINE SHORT

SHORT
Called from
Long

TMAX=1
WRITE WRITE
ERROR | ERROR

MESSAGE MESSAGE
CALL

SATUR
Finds TMIN

| NOT
¥

TSTART=
TMIN+TMAX
2

. SET TMAX=
TN STARTING
TSTART VALUES TSTART

CALL
CONSEC,
PIPE,
JOINT, ETC.

Generates
new profile

CALL
TESTF

Evaluates
new profile

MOREJ=-1 TEST MOREJ=1
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APPENDIX B
LISTING (TRW - GASPIPE)

The program listing which is reproduced in the following pages
was compiled on a CDC-6500 computer. The program is general and may
be used on the IBM 360 or Univac 1108 simply by changing the asterisks
in the output format statements to an apostrophe. In addition, the
first card of the main program, which defines the input and output
tapes, is not required with the IBM and Univac versions.

Storage requirements are on the order of 50,000 words {octal);
approximately 15 seconds are required for compilation and from 10 to
60 seconds computation time per run.
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r
¥, .
IS .

"

RUNY COMPILER [VERL26)

e e A0L027 TS 1505014,

PRAGRAM GASTOM (INPUT=Z01,TAPES=TNPUT,OUTPUT, TAPE6=0UTPUTY

b 0w J

MODIFIFATTON OF GASPIPE TO TREAT THO GAS-3LOGKED
CONDENSFRS AND AM ARIASATIC SECTION
COMMON /COND1/ XLi, VS1. Cl, F1, Hi, EMIS1, XS1

COMMON /0ONN?/, XL2, TS2, G2, F2, H2, EMIS2, X52
COMMON ZADPTAG/ XL3I,C3,RA,DIANT
COMMOM /WORX/ ¥L, TS, C, Fy Hy EMTS, TMIN, ZF

COMMON FVP7X0/ VVL1000), PP{100D), ZZ(10O0O), XX{1000), QOC10G0},
1 vB{1000), PBI1000O), 2RI1000), XB{(1000), CQR{1008}.

7 YSA¥L1000), PSAV(1000Y, ZSAV($000), XSAVI1000), QSAVI(1000)

000004 COMMNDM /GASPTA/ T7, N, £, A1t, ®1%, 011, DELTEE, HFG
0noe0Nn4 FOMMON 7PIPNTA/ TFV, NFT, O, GAS, TF, V2, YRES, NZ, M, COEF,TTRP
000004 COMMON ZIMTC/  NOTS, MONEQM, ZPRINT, NRUN, NERROR .
t1000% COMMON /PIPTIN/ 77FRN, VZFRO, PZFRO, YXZERD, GZERO, JZEPD, XTEST
010006 COMMON ZPIPDIUT/ XSUM, ASUM, ©SUM, XSP, ZFPANT, JEND, PPEQ, PREG
COMMON _ZIMG/ JSTAST, JSAV, XL12, XL123 . .o
010004 COMMON JCRSS/ 714724V14V2,X1,X2,PCR0SS, QCROSS,,J1,J1My.02 4 J2M, JBAK
g00B0L REWIND &
10005 REWIND & e R e
[
00010 1 NERROR=Q
_50G_ CALL IMPY e B o
gooni? TF (NFRROR.EA.N) GO TO 2
000013 IF (NRUN.FN.1) GO Tn 1
gann1s 600  CALL FXTIT o e
05001k 2 GONTTNUF
000016 TMIN=TS1
nnzq D N s B 2 o e e e
000922 CALL FIRST
o FIRST FHECKS COMSISTENCY OF TNPUT Q AND GAS
__ _GALL PATCH —— e
c PATCH PATGHFS TOGETHE® THE TEMP. PRNFTLES AT THE
" CONDENSER JNINT,
26 CMLAONG
o LONG SFAPFRHES £0p A VALUE OF JSTAPT £n® WHICH
v} XSUM EFRUALS rAS
gopo2s_ ___CALL Quvey

00-04-¥S09-LLLEL
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10/62/73, 15.05.1%.

GASCON

OUTPUT WRTITES OUT THE VPZXN VARIARLCSS AND CONVERTS'
SOME OF THEM T0 DTMENSTOMAL QUANTITTIFS

Fufﬁnz"s IF (NRUN.EQ.1) GO TO 1
500030 STOP o
000032 £ND

MA

00-04-1509-LLLEL
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RUNX COMPILER (VER.26)

[t L

10702773,

15.05.14.

BACK

paonomro OM= (D1 4P} /2.0
agon63 CALL SATUR {PM,TM)
goon6e% CALL MOLE (T™,¥YM)
000067 XSUM=XSUMeXM2DT7/TH
0poov3 cALL SUSF (TM, 5,70y
GannTs NT=S*(TM=-TCY /(1. 0+S*P)
000104 NSUM=NSUM+NTEN?
poginr pP3{J¥=P
pon112 vatyy=v
000115 Xaq Jy=1sStiv
po0i2n QRL.JY=0SUM
800123 73031=7
0004125 IF (ARSINV) LT.0.015625 +AND, ARSIDZ) . LT,0.25) N7=2.0%D7
000143 CALL SaTUur (2,7TT)
00145 IF (TI.LFL.TS1Y GO TD 159
00d150 100 CONTINIE
C
0Qn1s2 HRITF (F,1M)
000156 10 COPMAT (/2Y,*1000 STFPS TN RACK*)
100156 CALL FYIT
LA
00is7 150 CONTINUE
08157 NZ=¢0.25
000161 JRAK= Y
g00163 RETUCN
poNich TND

T BACK

00-04-1S09-LLLEL
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By geerovTrm oo

T D e T - €

10702773, 15.05.14.

SURROUTINE SBACK

COMMON /CONDLS Xt1, TSt, Ci, Fi, H1, EMIS1, X51
COMMON ZCONMN27 X12, TS2. C2, F2, H2, EMIS2, XS2

goooo2
oononz

COMMON ZVPZXn/ Yv{1000), PP(1000), ZZ{1000%, XX{1000}, [ne1000),
VA(1000)s PBCL0OOTG), ZAL1000}, XBL{1000), ORI1000Y,
YSAVL4000), PSAV(1000%, ZSAV(4i000)., XSAVE1000%, QSAv(i1D00)

“COMMON /GASDTA/ TZ. Ds E, A11, Bi1, Cii, DFLTEE, WFG
COMMON /PIPDTA/ TEV, DFT, Q, GAS, TR, VR, VRES, DZ, R, COEF , TTRP

X Y{h)y THIN, Z7F
COMMON /Z0PSS/ 71472,V1.V2,X1,X2,PCROSSGCR0SSsJL+J1M4J25J2H,JBAK

CALL CONSEC (2)

TSTART=TVS2-NELTEE/TEVY
PZERC=PHI(TSTART)
O2=-0,25%

¥=1,0E-8
F=PZERD
CAE! SATUR (P,TY)

[y |

CALL MOLE (TI,X%)

J=R

XSUM=0.0
QSum=D,.0
7=0,10

00 160 I=1,1000
CALL RUNGE (V,P,0V,0P
1F (ARSIDVY.GCT,.D.062%) GO YO 200

1000042 GO TO 400

000043 200 DZ=0Z7/2.0

‘ 5 GO IO 100

‘ 400 CONTINUE

! NEN1S

| I=Z+D7

1000052 P1=P

L LETY P=PsDP
‘y¥=y+DV

0058

|

TBRCK

00-04-¥509-LL1EL
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I I

INX. COMPT1I FR (UFR L D6)

o 10/02/734 15.05.14b,

SURROUTTNF CONSEC (NSFC)

T
000003

COMMON /TONDY/
M [ d

Y11, TS1, 01, F1l, Hi, EMIS1, ¥S1
Xt.7y TS2s N2y F?y HZ, EMIS2, XS2

pagnos COMMON ZADTARZ XL3,CT4FA,DIANT
$00003 FOMMON 7¥00K/7 YL, TS, C, F4 H, EMIS, TMIN, 7F
"
E;unns IF (NSTC.MNF.1) GC TO 100
000005 XL=¥L1
007 T5=TSt

000011 t=r1

000013 FzF{

006015 H=H{

000017 EMIS=EMISH

000021 RETURN

c

000022 100 rNONTINUE

poan22 JF(NSFGLNE,.?Y GO TO 200
090024 YW=XL1+¥| 2

000026 TS=T82

00039 c=02

30932 E=F?

020134 H=H?

gnon3e EMIS=EMIS2

099040 RETUPN

000061 209 CONTTINUF
E;Bﬂhi YL=XL1+XL24+XLT

00044 1S=1%2

000045 £=C3

000050 €£=0.0

80951t H=1,0

DO0OS Y EMIS=0.0

000354 RETURN '

30055 £ND

_"CONSEC

=

00-04-$503-LLLEL
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I8 L ORI BT .
A ma G el e w s £ e
R LVER . 26) 10702773 15,065,114,

SURBQUIINF CROSS

¢
COMMON /CONDL/ XLL, TS1, C1, Fl, Hi, EMIS1, X51
' . COMMON ZCOND27 X112, TS2, C2, F2, H2, EMIS2, XS2
foogope COMMON ZADTAB/ XL3,C3,RA,NTADT .
000202 COMMON /YPZ¥n/ ¥V (1000}, °P(1000Y, Z7(1000), XX(1000), QOC1000),
nong 1 vye{1000), PR{1000}, 79(10001, XBC1000), QB(100D),

2 . VSAVI100%)}, PSAV(1000), ZSAVIL1000), XSAV{1000), OQSAV(iO00D)
COMMON /PIPDTAZ TEV, OFY, Q, GAS, TR, VR, VRES, D7, R, COEF,TTRP

. _ FRONT PREQ. PREG.
000002 COMMON /LNG/ JSTART, JSAV, ¥Li2, XL123 -
poogo?2 COMMON ZCRSS/Z 714724¥13VZX14X2,PCROSS5,QTROSS+ I+ M 1My Ud2,J2M4JBAK
c
40092 XL123=XL14XL2+XLY
0005 XL312=XL18%L2
nz J2=,18AK
000011 H=0
o
002 p2=PR{,12)
0001S 92:=00(J42)
80020 Do 100 I=1,1000
22 J1=J141 __
o002y . PL=PP(J1)
aono27? : o1=qatJiy
032 IF{P1.1T.P2} GO TO 100
00035 99  j2=j)2-1
00537 IF (J2.EQ.0) 6O TO 181
n P2=pR(.12) L
000043 G2=NA(J2)
020046 IF (P2,LT.P1} GO TO 99
nnass IF _(0Z2.17.01) GO TO 102
00054 100 CONTINUE
t
56 WRITE (6,30) o
000062 30 FORMAT {/* 1000 STEPS IM CROSS™)
Qnoa6?2 cALL EXIT
c

00-04-$509-LLLEL
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R

PUNYX CCHMPILE®

O

(VFR.25) 10/02/73. 15;05.14,

CROSS

p00067 101
0003A/7 41

HOITE (6440)
CORMAT (/% 7FPO J2 TN CPNSS*)

G

000967 102 CONTINUE
000067 J2M= 244 .
onon7T1 n2M=0B (42"}
000074 e2M=PR(JZM}
0ga07v? JiM=J1-1
000101 Q1M=00 L1}
009104 - PLH=PP{ M}
1000147 TEPMI=(P1~-P1 M) *(2~-02M}
600113 TERMZ=(01=-N1M) *(D2M=-P2)
0g0117 DENQM=TERML + TEOH2
009121 TERM3= (Q1-NIMI*PIM-(P]-P1M} ¥O4%
Q00130 TEOML= (OP=Q2M}*PZME {P2M-PZI*02ZM
000135 XNUM=TEPMI¥ (D2M-P2]) ¢ TEPML* (PL1-P 1M}
(13 KL PLCROSS=YNUM/DENDOM
000146 ANUM= [ =01 S TERGML=-{NZ?=07M) *TERMI
090L54 NCPOSS=XNIM/NEHOM
000156 IF(P1.NE.P1M) FRANI= (PCROSS-PIM)/(P1-PIM)
0001604 IF(P2.NE.P?H) FRACZ=(PCROSS-PZH)/IP2=-P21}
000172 IF(QL.NELOLM) FRACL=(ACRNSS~QIH) 7/ (Q1-G1H)
00200 TELO2.NELOZMY  FRAC2=(ACROSS-Q2MH) /1G2-02M)
00028% T1=77¢JIMFRACI*(Z7 (I =27 (2L
0a0214 72=794J2MY +FRACZ*(ZRIJI?}-ZRJ2ZMD)
noo22?2 YASYVEJIMI +FRPACI®IVV(J1)-VV {J1M))
g0239 X1z XX (JIMI+FRACEY XN (J1Y XX (JL1M))
90235 VZ2=VBIJZM)+FRACZ* (VBLJ2)-VALJZMYY
BOZL4 X2=YALJ2MI+FRACZ* (XR(J2=-XB(I2H))
aga2%52 RETURN
000253 END

" CROSS

00-04-9509-LLLEL
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i RodptCir T IVER. 967 " 10/02/73. 15.05.14.,

SURPNUTINF DFL TR (V,P,.DV.0P)

803387 COMMON ZWORK/ XL, TSy Co Fy Hye EMIS, TMIN, ZF
CETE L b COMMON /GASDTA/ T7, Dy €, Ail, B11, C11, DELTEE, HFG
COMMON /PYPDYA/ YEV, DFT, 0O, GAS, TP, VR, VRES, DZ, R, COEF,TTRP

pannaz? CALL SATURIP,T)

fovats TEE = T*¥

021 - XGTEEX(P)

38025 CALL SURFIT,S,TC)

anto33 X=EXP{-P)
’ 1 QT = S*{T=-TCI/(1.045*R) . .
000047 TEBML = CROX/XC)3(T*32/TEE) 710312

000057 0P = NZ*V/ID*TEE)

JEPMZ = 1.0-(2,0-E}*{T/T7)*%X

600104

TERMI = V¥ 2/(N¥TEELNT)
OV=DZ*TERMI*TERM2*TERME/ {1 .+ TERML)
2} RETURN

OV=(DZ*0T/(L.04TFRM1})* (1,04 TERML*TERMZ*TERM3/QT)
0ng11s PETURN
100116 END

DELTA

00-04-1509- [ L1€1
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RUNX_ COMPTILER (MED,28)

R R = T

10762773,

19.05.10,.

FUNCTION FEX{X)

a00003 IF(X.LT. 0.1} GO TN 100
0O00g6 FEX=1.0
onaooio IF (X.0Y,30.,) RETURM
00001% FE¥=1.0=-F¥P (=X}
gopoz2 RETUPN
0oqnzé 100 XXX = X
000025 FEX = ¥
00002 XN = 1.0
p3If - F = 4.1
0oon32 SIGHN = 1,0
00093y No 101 I = 1,7
RODO3G XN = XN+1,.17
0000470 SIGH = =STGN
000041 F = F®YN
Nos3 Xy = W¥UXX
onoous EEY = FEN4RIGN*XXX/F
000051 101 CONTINNE
049053 PETURY
0oanss END

00-04-FS09-LLLEL
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X COMPTUER “INER . 26T 107027732 15.05.16,

SUBRROUTTINE FIRST

FIRST CHECKXS @ AND GAS
COMMON sCONDL/ YUY, T31, Ci, Fl, Hi, EMISL, XS1

loonaoz
: 2

COMMON JCOND2/ ¥12, TS2. 02, F2, H2s EMIS2, X52
fOMMON /ANTAR/ XL3,C3,RA,DIADI :

COMMON /WORKY YL, TS, 6, F, Hs ENIS, THTN, 7Ff
COMMON /GRSDIAs T2, Dy Es ALl, B4, C11, DELTEF, HFG

COMMON /PIPDTA/ TEV, DFT, G, GAS, TR, VR, VRES, DI, R, COFF,TTRP
COMMON ZIMTC/ MRES, MODEGM, ZPRINT, NRUN, NERROR'
COMMON ZPIPIN/ ZZER0O, VZERG, PZERO, XZERQ, Q7EPO0, JZERQ, XTESY

COMMON /PIPOUT/ YSUM. OStMs RSUM, XSR, ZFRONT, JFND, PREQ, PRFG

000002
‘ 02 IEST=1,0-¥S1 _
000006 TF(TEST.LT,1,0F-6) WRITEt6,10)
000012 10 FORMAT(/,* TNPUT ERROR, CONDENSER 1 ENVIRONMFNT TOO COLD®)
12 JE(TS2,17,YS1) WRITE(6,11) . .
000029 11 TOPMAT(/.* INPUT EP®QOR, CONDFNSE® 1 ENVIRONMENT HOTTER®,
800020 1 * THAN THAT FOR CONDENSFR 2%)
09029 DZ=0,25 .
000022 PREG=DZ*XS1/TS1
000025 TI=1.0
27 TALL CONSEC (1) -
000031 CALL SURF(TT,St,TC1) [
090034 OI1 = S1%(TI-TC1)/(1.0+S1%R)

0naz

PREQ=DZ*NTY

IF(MODEQM.NELD) GO TO 98
CHECK FOR Q CONSISTYENCY
L1 CONSEC{?2)

000047 CALL SURF(TI,S2,TC2)
0000%2 QIZ2 = S2¥(TI-TC2Y/7(1.0+5S2*%R)

pa6aa Y7 = QT1*¥1 1+QT2%X| 2 —.-
a00064 TFIVZGY,1.0) RETURN
napos? WRITE(S,12)

rs 12 FORMAT(Z.* INPUT TRROR, HEAT FLUX TOD HYIGH OR CONDENSERS®, N

000073 1 * YO SHORT#*)
gaoo73 WRITE(6,F0) S1,.TCLa0T1,XL1,52,TC2,002,XL24V7

122

60 FORMAT(1Y¥,9F12.4)

_ FIRST

00-04-r509-1LLEL
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PR i

UNY SCMPILER (VEF,.26) 19702/73. 15.05.14. _FIRSY

f00121 50 TN 999
¢
L IV CHEGK FOR GAS GONSISTENTY
o )
goi22 - 9R CONTINUE
go0L22 TR1=TS1
000124 TFINRES.END.1) TR1=TR
000130 TE(NOPFS.E0.2) TR=T®1
D00 34 IFtMRES,.FO.0.4ND.TTRP . NE. 0.0} TRi=TTRP
5001k CALL MOLE (TR1,XSR}
g00LLE RSUMSYR*ASP /TR
pgnict GASMAX=RSUM+YS{2YL1/TS1+XS2* (XL 2+XL3Y/TS?2
000162 IF(GASMAY,GT ,GATY RETURN
p00ihRs KBITE(He17) GAS, FASHMAX
000175 13 ENOMAT(/,P¥X,*INPUT ERROR, TOO MUCH GAS FOR PIPE®,hX,
000t7s 1 POAS =%, F12.h4X FOASMAY =% ,F12.4)
00175 a99 ¢aLL ExIT
000175 DETURN ;
200177 END
FIRST

00-04-7509-LLLEL
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10/02/734 15,05.14b.

SUBROUTINE FORNPD(TSYARTY)

o C
485003 COMMON /CONDY/ XLY, TSi, 01, Ft, H1, EMISL, XS51
RNOANY COMMON ZCOND2/ XL2, TS2, G2, F2, H2, EMIS2, XS2 o
000003 COMMON /YP7Y¥0Q/7 VV(1000), PP{1000), Z7(1000), XX(1000}, QQC1000),
000003 1 ¥yB(1000}, PR{1000), ZBC(1004), XB(1000), QRI(1000),
nongos 7  YSAY(iN00), PSAV(1000), ZSAV(L000), XSAV(1000), QSAV(100D)
000003 COMNON 7GASDTAs 17, D, Ey Ai41, Bil, Cil, DELTEE, HFG
G009z COMMON /PIPDTA/ TEV, OFT, 0, GAS, TR, VR, VRES, 0?, R, COEF,TTRP
00803 == = COMMON /WORK/ DUMMY({HY, TMIN, ZF e
c : -

ennoo3 TMIN=TSTART

4 PZERQ=PHI(TSTART)
sooo0or TR1=TSTAPT
000010 TFINRES.EG.1) TR1=TPR

14 TE{NSFS.FO.2) TR=1TR] S
200020 IFINRES.ED. 0. ANDTTRP,NE,0,0) TR1=TTRP
000030 CALL MOLE (TR1,X5R)
n0nnz3 RSUM=YR*XSPR/T®
000036 CALL MOLF {TSTART,XSTART)
000041 7=0.

2 y=0. o
000043 P=PZERD
000045 _ XSUM=RSIIM
nNn&a? QSUM=0, -
000050 J=10
000051 nr=0.2%

53 CALL CONSEC (1) o
000056 no 100 I=1,1000
000060 GALL RUNGE (V,P,0Y,0P)

IF(ABSINVI.GY. 0. 0625} GO YO 2q0
000071 GO0 TO 4040
nonn?2 200 0Z=07/2.
G0 YO £00 S s 4 gee

002075 400 CONTINUE
onDO7S JzJe1
0Qoz? 7=7s02Z

" FORWRD

00-04-%509-LLLEL
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N T 4 .
Fis e | ML ey T

RUNYX COMPILER (VFR.26} 10/02/73. 15,06.%4, FORNRD
000101 pL=p

000103 P=pP4+NP

Deoins V=v+DV

000197 PMz (P1ePY /2.

gon112 CALL SATUP ([PM,T™)

000115 CALL MDLF (TM,XM)

000121 XSUM=XSUMs XMEDT 2 TN

000124 CALL SURFITHM,S,TC}

r00130 AI=S* (TH=TNY /{1, +5*R)
Funlss OSUM=OSUM+AT*NT

000141 ' LANIER

ano14y op(J) =P

000ts7? 1704y=7

009152 AKX LI =XSUM

BO015S AN {JY=0SUM ‘
000160 IF(ABS(DYI.LT. 0. 015675, ANDABS{DZ).1T.0.25) DZ=2,*07
000173 CALL SATUR (P,TT)

00017e TFITT.GE.TS?Y 6N T 150

000204 100 CONTINGE
0060203 HRITE (5410)
E0021u 10 FORHAT(/2X,*1000 STEPS IN FORHRN®)
000210 CALL EXIY

00212 160 CONTINUF

000212 TMTN=TS1

000214 N7=0.25

000?16 RETUPYN
o217 END

00-0d-¥509-1LLLEL
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SURROMTINE INPT

;o .1‘
INPT

[esoon2 COMMON 700ND17 XU1, TS1, 01, Fi, H1, EMIS1, ¥XS1
go0n02 CONMON ZCONN?S ¥L2, TS52, C2y F24 HZ2, EMISZ2, X532
2 COMMON ZADTAR/ ¥L3.,R3,RALDTIANT I
000002 COMMON /WORPK/ YL, TS, C, Fy, H, FHIS, TMTN, ZF
pooo0n2 COMMON /GASNTA/ TZ, D4 F, A11, B11, C11l, NFLTFE, HFG
anp2 COMMON /PIPNTYAZ TEV, DFT, 7, GAS, TP, VR, yRTS, 07, 2, COEF,TTRP
gao002 COMMON FINTC/ NRES, NMODEQM, ZPRINT, NSUN, NERROR
-ggen2 _ GOMMON /PIPIN/ Z7ERD, VZIERD, PZERO, X2FW0, QZFRO, JZFRD, XTEST
842 COMMON /PTPOUT/ XSUM, OSUM, RSUM, XSR, ZFRONT, JENN, PREQ, PREG _ _ L
goononz READ (5,9) :
pooonne 5 FORMAT {72H
anneg by /12M
300096 $ |
gooaos HPITE (R,%)
Fad
c FLUID GHACACTERTSTICS
61
12 QEAD (5,10) AM11,%919,C11 L )
BAON24 10 FAORMAT (3F12.5) ’
‘ c A11,811 AND r£11 ARF VAPOR PRESSURE PARANEYERS IN THE LEAST SQUARES
¢ FYT, P=FXP{A11-R11/7-C11/7(T**2)), PSTA,T YN DFG-R, .
ne
000024 . © O READK(S, 11y XM ,DIF,E.HFG . -
0000490 11 FORPMAT(4F12.5) -
c XNC IS MOLFCULAP WEIGHT 0OF THE CONDFNSTALE
¢ BIF IS THE MASS DIFFUSTIVITY AT ONE ATHMOS AND LAOR, FT*¥2/4R
c E IS THFE TEMPEPATURE EXPONENY FOR DIFFUSIVITY MINUS OMF S
L HFG IS THE LATEMT HEAT (TU/ZLBY ( AT TEV )
000040 HRITE (A, 12
D044 1?2 FORMAT(/,26H VAPQR PRESSURE PARAMETFERS) e
LEE LYY WRTTE (6,1%F A11,R11,011
000056 13 FORMAT (/y BH. A11=1PE12,5,7H AL1=1PE12.5,7H £11=1PF12.5) .
985% WRITEL(G,14) . o
00po62 14 FORMAT(//,17H FLUID PROPERTIFS) oo
_DDBO0S2 WRITE(B415% HFG,DIF,XMC,F
8097% 15 FORMAT(/,FH HFG=F9,4,14H BTU/LE DIF=F9, 4y 15H FTET/HD YMC=F G, 4
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PUNX CCMPILF® {VYTR.26)
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10/02/72, 15.05,16, INPT - o
000075 % JINH  rp EYP=Fa,4)
5
I CONDENSFR PARAMETE®S, SERTTION 1, FARTHEST FROM EVAPORATOR -
ok
000075 OEANIG,16) OFL,AF1,CF1,FF1,FMIS1,HF1
000115 16 TNMAT(HF12. 5)
N BF1 IS FTM PERIMCTED PFRPENDICULAR TO PIPE (INCHES)
£ A1 TS FIN CONSS-SERTINNAL APEA (SQ. INCHFS)
Iy nF1 IS EFFECTIVE THERMAL CONNURTIVITY OF FIN, ALLOWS FOR SLOTS
K FF1 IS FIN EFFECTIVENESS (DIMENSIONLTSS)
o EMYSY TS FTN TOTAL HFMISPHERTGAL EMTSSIVITY (NIMENSTONLESS)
o HF1 IS FIN CONVEATIVE HEAT TRANSFE® COEFFICIENT (QTU/HR-FT2-R)
000116 WRTTE (6417)
000122 17 FORMATU//,* FIN PROPFRTTES, GONDENSER SEGTION NUMBFR 1%)
000122 WOTTE{S¢1R) DF1,AF1.CF1,FFL,EMIS1,HF1
000142 18 FOQMATU/ 7€y *PF=%,F3 4,* TN¥,2X,*AF=¥,FR 4,% SO INF,2X,
nno1s? 4 SCF=%,TR, ,® ATU/HRFTR® 42X PEF=® ,Fh, b4, 2N, *EMTS=*,FR.4 42X,
000147 ?  FHF=®,FO,4,* PTU/HRFT2R¥)
000142 TEST=EF1¥PF1F(FMTS14HF 1)
009145 IF_{TEST.NS.0,) G0 TN 996
TR NERROR=1
009150 YRTTE(G, 1™
000154 19 FORMAT{/,35H4 COHNENSER SERTION NO. 1 INPUT WOONG)
GO01S4 99r NOMTTINUE '
"
c COMDENSED PASAMETERS, SFOTION 2, NFARESY YO CYAPORATOR
ny
00015 4 READ(S,16) PF2,AF2,0F2,EF2, FMIS?,HF2
non17Y WRITE(A,20)
000200 20 FAPMAT(//,* FIN PROPFRTIES, GONDENSFR SECTIOM NUMBER 2%)
200200 WRTTC (Ry1R) PFP AF2,CF2,FF2,CMISZ,HF?
000229 TEST=FMIS?+HE?
008222 IF (TEST.NF.0.) GO TO 997
00223 NFRROR=1
00224 WRITE(6,21)
000239 71 FNOMAT(/,35H NNNDFENSFR SFGTION NO. 2 INPUT WRONG)
000230 997 COMTINUE

o]

_INPT
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X COMPILER (VFR.261 107027730 15205144 CINPY

c ANTARATIN SERTION CHARACTERISTICS
6e
000232 READ {5,222} DUUTQ;THK“ﬁ,GHﬂgDELl.CHKﬁ;‘LONG&
000250 22 FORMAT(6F12.5)
c POUTA IS QUTSIDE DIAMETER (INCHES). e - _
c THKHA IS WALL THICKNFSS {TNCHFS)
C CUA TS WALL THERMAL CONDUGTIVITY (RTU/HR-FT-D)
c DELA 15 THE WICK THIGKMESS IN ADTARATIC SECTIOM (INCHES) _ o
c CHKXA IS EFFECTIVE GCONMDUCTIVITY OF WICK (ATY/HR=-FT-2)
Lﬂ c YLONGA IS THE LENGTH 0OF THE ADIARATIC SECTION (FT} *
0250 WRITE (6,.23) — s _ U
000254 2T FORMAT (/74794 ADTABATIC SECTION PROPERTIFS }
000254 WRITE {B,24) DOUTA,THXWA,TWA,DELA,CUKA,XLONGA
000274 24 FORMAT{/RH O0UTA=F9,4,114 TN, THKWA=F9,L,ULH IN. / _ i
aou276 t 6H CHWA= FO,ha17H BTU/HRFTR  DELA=FI.4,
000274 2 6H CHEKA= FO.4.19H RTU/HMRFTR XLONGA=FO,.64,3H FT )

r
c
C

WALL CHARACTERTTTICS

D(5+25Y DOUT,THKW,CH

000306 25 FORMATI3F12.5)
¢ DOUT 1S OUTSINE DYAMETER OF HEAT PIPE (INCHES)
n THEM IS WALL THICKNMESS (INCHES) ) o L o
[ CW IS WALL THERMAL GONDUGTIVITY (BTU/H®-FT-R)
000306 : WRITE (6,2}
000312 25 FOPMAT(//416H PIPE PROPERTIES)
400312 HRITE (64271 DOUT,THKH, W ,
anoize 27 EORMAT(/,TH DDUT=F9.4,15H IN  HALL THK=F9.4,16H IN WALL COND=
innn3ze s FO,b4,1%H BTU/HRETR) i
v
¢ WICK CHARACTFRISTICS
cr
000324 READIG,28% DEL,CCONWK,DART
on0336 28 FORMAT(IF12,5)
" DEL IS THFE WEAY PIOF WICK THIGKNESS (INCHFS) - o
[ CONWK IS THF SFFECTIVE THERMAL CONDUGTIVETY OF FILLED WICK T T T
c DART IS THF EFFECTIVE DIAMETER OF ARTERIES IN pTPE (INCHES)
[

00-04-v509-LLLEL
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LUNX COMPILER (YFR,26) 10/02/73, 152054110, INPY

C EMYTPONMENT AL PARAMETERS AND LENGTHS
) -
000336 OEAN(5,29) TF1,POM1,XLONGL
poo3sn 7?9 FORMAT(3F1Z2.%)
[ TF1 TS THF FLUTD TYEMPFRATIRE {NEGREES-R)
n onNWy IS THT ARSQOPAEN PONWER PER UNIT AREA OF THE NUTER FIN SURFAGE
L (PERTMITED TIMFT LENGTH) THE POWER IS B30TH INSIDE {(INTERNAL
C EAREZY AND QUYSTNFE [SOLAD ABRSORPTION, FTR.) BUT THE ARFA IS THE
n QUTSIDE APEFA ONLY (BTU/HR-FT2)
€ XLONG1 IS THF LENGTH OF CONDENSER SECTION NUMBER 1 (FEET)
)
00 3Isn PEANIS 29 TF2,PCHZ,YLONG?
c XLONG? IS THE LENGTH OF CONDENSER SENTION NUMBER 2 (FEET)
goD36? WRITE (f,30)
00366 IN FORMATI/ /4% CONDENSF? FHYIQONMENT, SECTION NUMBE® 1%)
000365 WRITF (6,311 TF1,POW1,XLONGL
DO0LOD 31 FORMAT(/,% TF=",0°FE12.4," B POW=*,0PE12,4,* BTU/HRFTFT _ XLONG=*
000409 13 cOPFL7,b,% FT¥)
8004 OND HRITE(R,32)
090404 32 COPMAT L/ /4 ® MOMDRHSFD FNYT2ONMFENT, SECTINOMN NUMBED ?*)
@uanuu WRTTE(h,31) TFZ,90W2,XLONG?
v
c CPERATING CONDTITTIONS
£
000416 READIG,37) TOY,0,7GAS,AGAS,TTRAP
000434 I3 FOPMATIBEL?, %)
C TEY IS THf FVYAPCRATOR TFMPERATURE (DEGREES-R)
G 1 IS THE HFAT PYPE PNUEP (3ITU/HR}
LK 2GRS TS THE | FNGTH 0OF NONDFNSER FILLED WITH GAS IF SHARP FRONT, FT
C AGAS IS THE AMDOUNT OF GAS IN LR=-MOLFS
o ONE, BUT NOT 8nTH, OF 7GAS AND AGAS MUST ABE £QUAL TO 7FRO
M TTRAP IS THE CNALD TOAP TOCMOEOATURE (RY, IF THERS IS ND
C ACTIVE COLN TRAP, USF ZEI0 FOR THE INPUT VALUF,
00434 TF(ZGAS.E0.0.0.AND, AGAS,EQ.0.0) GD TO 998
00642 IFLZGAS.FR,0.1. NP AGAS.EN.N.O0Y GN TOo 200 _ B
000G 50 gy CONTINUE
gonasn NERROR=1
000451 WRITF{hy3h) 7GAS,AGAS

TINPT
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A0/02/73. 1509464,  INPT

000461 3 FORMAT(/,* INPUT RONG, 7GAS=*,0PEL12.5,% AGAS=%,0PE12.5)
fit CALY EFXTT
a09462 200 CONTINUE
[
c RESEFRYQIR CHARACTERISTICS R,
c1i1 _
000467 IEAN (5,35) VRES,TPFS, NRES,MHONTQM,ZPRINT,NRUN
000502 35 FORMAT(PF12,5,2112,F12.5,T12) ~ - _
' c TYRES IS THE RESERVOIR VOLUNE IN CUAIC TNCHES
¢ TRES I3 THE RESERVYOTR TEMPERATURE IN OEGREES R
C NRES PEFERS TO A NON=-RICXED (0}, AN ACTIVE-WICKED (1) OR A o o
¥ PASSIVE-WICKED (2?) PESEPVOIR,
c MODEQM REFFRS T A PRESCRIABFD Q (81 D% PRESCYIRED MOLES OF GAS (1).
o IN THE LATTER CASE 0 IS SIMPLY R GUESS, HOPEFULLY LOW RUT CORREGY
I IN ORDER OF MAGNITUPE, IN TME FORNER CASE AGAS IS SET EOQUAL TO
c 7ERO AND 7GAS IT A NOMINAL GUESS,
¢ NERINT INDICATES THF NUMPER OF LINSS T0 BE SXIPPED IN QUTPUTY. .
c NRUN EQUALS 1 TF AMOTHER SET OF DATA FOLLOWS., OTHERWISE 0.
000502 WRITF (G, 36)
S06 36 FORMAY(//.* WICK PROPERTIES AND RFSERVOTR CONDITIONS*) o i
EET TS MRITE(6,37) NEL,CONWK,DART,VRES,TRES,NRES
000526 37 FORMAY [/ ,2X, MK THK=® FE. L, * IN¥,2X,"WCK CON=*,FB,4,
526 4 % BYU/HRFTR® ;2% *N-ART=® ,F7 . 4,* IN®,2X,*VRES=%,FA.4s* CU IN¥, o L
000526 2 22X, FTOFS=¥,Fh,1,* R*,2X,*NRFS=*,T2)
000526 SIGMA = D.1714F-A
000530 Y = 15k4,1 B
830532 PY = 3,1415927
600534 TF(EMIS1.FQe 0. N AND HF1.FQ.0.0) GO TO 999
542 60 YO 400 _ i
000563 999 CONYINUE
000543 NERROR=1
D054, QE TUTH e
¢
c CALCULATION NF DIMENSIONLESS PARAMETERS
c
000545 100 CONTIMUE - ) T -
000545 IF (NERROR,E0.1} GO TN 999
10547 _CALL STIHKGEMIS),POWHF1,TF1,TS1) N L
INPT
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RUNYX COMPTLFP {VFP,26)

o 10/02/73. 15.05,14, ___INPT .

000553 182=TS1

080555 IF(PE2, NF. 0.} CALL STNK(EMISZ,POY2,HF2,TF2,TS2) _
000562 TSt = TS1/TEV

000564 TS2 = TS2/TFV

000566 P11 = BAL/TEN L
000570 €11 = S11/TEV**?

000572 CALL MOLEATSL,XT1)
000574 LALL MOLF (TS?2,¥S52)
000576 TP = TRES/TEV
0005600 TTRO=TTPAP/TEV

000602 PEV=(EXPIAL1-B11-0111)1*144.0

000611 SEY = DEV/(PURTEY)

000614 TZ=B11+C11%(1.041.0/TS1)

000621 PATMOS = PFV/{164,0%1%.7)

000623 TEV=(DIF/PATMOS) * ((TEV/4AN,D0)** (E+1,0))

D005 34 CMOH = XMC*NEVICFYRHFG
000640 DIM = DOUT=2,0% THKW L
000643 NI = NIN=7.0%*0FL

000646 FINKAL = RF1¥AF1/144,.0

000651 EYNKA? = CF2®AF2/144.0

000554 WALKA = (PI/575.0)*(DOUTH*2-DIN**¥2)¥CH

N00662 WICKA = (PT/S76.0)% (DIN¥S2-DI**2) ¥ ONWK

005780 SUMKAL = FTMKA1+WALKAEWTNKA

000473 SUMKA? = FTINKAZ+WALKA+WINKA

000676 NTMA=DAUTA-2 , *THKWA

600701 NINWA=DINA-2 *NFLA-

06704 AMA=(PT/4.} *(NOUTAR¥2-DINAS*2)

g0711 ANKA=(PT /4, )% (DINAR®2-NTNNA®*?)

007416 SUMKAZ= (CHAP ANASCHKAXAWKAL /L bG, L B
000723 IF(NT.GF.DAPTY GC T0H 200

000726 WRTTE(5,39) D1,DART

000736 19 ENCMAT(/4® DAPT TOO BIF.  OT=%,0PF12.4y* NART=%,0PE12,4) o
Do736 NERPOR=1

00737 ETUSN .

007640 100 NET = SORT(NI**2<NART*%2)/12.0

000747 Vo = VIFS/{(PT/4,01%1778.0*NFT**T)

000754 XL1 = XLOMGI/DFT
000755 XL2 = XLONGZ2/NFT o

00-0d-$509-LLLEL
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10/02/73a 19.05.14.

InPY

COEF = 3.1415927*CEVAOFT** /4,0
GAS = AGAS/CNEF
TR1=T31

800750 X3 = YLOMGA/NFTY
162 ¥) TOT=X11+%12 —_—
A0OTH 4 IF{XLTAT.LT.250.) GO TC 600
000757 HRITELH 40}
173 40 FOPMAT{//+2?7H PTIPE EXCEENS 250 DIAMETERS} _ o .
Q00773 CALL EXIT '__
000774 609 CONTINUF
00774 1 = SUMKR1EYFY/(Q¥DFT)
031000 N2 = SUMKAZ*TEV/ (O*DFT) - -
001004 £3 = SUMKAZ*TEV/ {Q*NFT)
10 XKAZ2  ¥CT*CWUKA*DEYSTEY/(OFALOG(OINA/DINNAY) i
001022 RA=1, /XKA a )
_gp1a2s NIADI=DINA/DT
1027 XK = 2. 0"DTSCONKK*DET*TEY/(Q*A) OGEOTN/OTYY I
R = 1,0/%K
N = (PI/4.0)%DFTXCMAN/C -
EL = EF1*(PF1/12,.0)*DF T*SIGMA*TEVE*L /] e
F2 = EFZ¥(PF2/12.01*DFTESIGHMACTEVS* L/ T
H1 = HF1*TEV/{STGMA*TEV®®Y)
H? = HF2*YEY/(STICMA*TEV®¥4)

001197 IF (NRES.ED. 1) TP1=TR

001113 IFINRES.ED,?) TR=TP1
f01117 TEINPES.EQ. 0 AND,TTPP NEL0,.0) TRI=TTRP L

01127 CALL MOLE(TRE,XP)

01131 RSUM=XR*YR/TR

1134 IF(7GAS.EQ.N,N) GO TN 400 _ L
601135 GAS = {ZGAS*YSI/Z{TS1*0FT) ) +R=UM

001142 TF{ZGAS.LE.XLONG1Y GO TO 400
001145 CAS=RSUMAYL 1*XS1 /TSI (7GAS-XLONGLY*XSZ2/{TS2%0F T} -

poiLST 6400 AMT = GOFF*GAS

001161 X5AS = DFT*{GAS-RSUMI*TS1/XS1

1166 IFIXGASLLE.XLONG1Y fO Tn 500 -

001171 GAS1=XL1*XSL/TS) T )
0o117% GAS2=({GAS-PSUM) -GAST

14177 XGAS=DFT¥ (XL, 14(GASZ*TS2/X%X521)

00-04-7S09-1LLLEL
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PUNX CCMOTLER (VEP,?6)

o 10/02/73. 15,05.14, __INPT__ e
001204 S00 TONTINUF
001204 WP ITF(541) - -
001210 41 FORMAT(/7,71H OPERATING CONDITIONS)
061210 KRITE(%,u2} TEV,0,MONENM,CEV, TTRAP
001224 47 FOPMAT(/,*  TEV=*,00F12.4,% ®  0=%,0PF12,4,% BTU/HR  MODEQH=*, e
10122~ %12, *  CFV=#,0PT12.4,%* LEMOLE/FT3  TTRAP=¥#,0PF12.4,* R*}
001224 _ WRITF{5,43)
001232 43 COPMAT(//929H AMOUNT NF NONGONDENSTBLE GAS)
p11232 WAITELh,4b) GAS,7GAS,AGAS,COFFLAMT ,XGAS
001252 Bl FORMAT(/,5H GAS=0PE12.4,94  IGAS=OPE12.06,11H FT  AGAS=0PE12.4,
001252 T 15K LAMOLE  COEF=0PF12.64,94 [ BMOLE/,5H ANT=0PE12.4, -
001252 T 14H LAMOLF  XGAS=(OPE1Z,4,34 FT)
001252 WRITF (6,45)
001254 45 FORMAT (//4* DNIMENSTONLFSS TFMPERATURES®)
011256 WRITE (546} T7,TS1,TS2,T2,TTRP
00127 % 46 FOPMAT{/,® T7=%,0PE12.U4,% TS1=%,00E12,4,% TS2=%,0PF12,44% TR=*¥,
004274 % 0PF12.4,* TTPP=%,0PE12.4)
00127 4 WRTTE (H447)
001300 47 TOPMAT(//,% DIMENSIONLFSS GONDENSER DARAMETERS, SECTION NO. 1%)
no430N WRITE(S,68) FMTS1,C1,F14H1,¥11,¥%S1
F013zu 4B FORMAT(/,% FMIS=*,0PE1244s* C=%,0PE12,4,* F=%,0PE12,4,* H=F,
091320 % OPFL12.4,% XL=%,0PE12,4,% XS=¥,0PE12,4)
001324 UDTTE (5, 40) ' ,
001324 40 FNDMAT(//,* NIMENSIONLESS NONDENSER PAPAMETERS, SELTION NO. 2%)
091324 WRTTF{A44R) FEMTC2 C2,F24H2,XL2,X52
091344 WRTTE(5,50) :
001359 50 FORMAT(/7+% DIWFNSIONLESS ADIABATIC SECTION PARAMETERS®)
001350 WRITFUAR.51) C3,PA,NTADI,R,XL3
031365 51 FORMAT (/,44 T3=F172,5,5H RA-E12.5, _
0U1365 1 BB NIANT=T12.544H PF1Z.546H XL3= £12.5)
011365 WRITE(R,457)
001372 52 FOPMAT(///)
001372 RETURN
001373 END

_ INPT
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Luux COMPTILED {VFR.26}

2

... AD/82/73, 15.M5.14, -
SURRNUTTINE JOTMY (NSEC.P,V,VYNEW)
c .
00aooy COMMON /608017 YL1. TS1s 51, F1, H1, E#MTS1, XS1
NAN0fa7 COMMON /ZCOND?Y YL2, TS2, G2, F2, HZ, FMIS2, ¥52
ggaoc? CAMMON /ADTAQ/ YL3,0Z,PA,DIADT
poooo7 COMMON /GASOTA/ T7, N, E, Al1l, B1i, G11, OFLTEE, HFG
[
ganoor CALL SATUP (P, TI)
a0ao1e OTEE=N*TIM*E :
nana=y TERM=(TT**2/DTEEI*CYPL-P) S {FEX(PI*TT)
000041 TF{NSES.EN.2Y GO TN 109
000967 VNEW=VF ({1, 04N1¥TIRMY /(1. 0+C2*TE2M))
na%s2 PETURN
400353 100 CIONTINUF
000153 VMEW=V* { {1 . +C2*TERM) /(1. :CXFTERM))
00062 QETURM
800063 FMD

__JOINT_
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lbunx COMPTIFR (YER,.7R) . AR/0P/T3. 15,0546, -

SyePOUTINE § ONG
o LONG CALLS STARY REPEATEDLY TO SEARCH FOR A VALUE
o OF JSTART FOR WHICH XSU = GAS OR QSUM = 0
annanz COMMON /CONDL/ ¥L1, TSt, Ci, F1, Hi, EMTS1, ¥XS1
000002 CAMMON Z0OND?/ YL2, TSZ, C2, F24 H2, EMTSZ2, ¥X52
gonanz SOMMON ZENTARZ YLI03,PA,0IANRT
100002 COMMON _/MOPKS XL, TSy Ly Fy M, EMIS, THIN, ZF
099902 COMMON /PIPDTAZ TEW, DFY, Q. GAS, TR, VR, VRES, DZ, R+ COEF,TTRP
000002 ~AMMON FIMTC/ NRES, MODEAM, ZPRINT, NPUM, NFRROP
;naaon2. ... COMMON ZILMG/ JSTART, JSAVY, X112, ¥1123
gooopn2 COMMON ZPTPOUT/ YSUM, NSUM, RSUM, X<R, 7FRONT, JEND, PREQ. PREG
000002 JSay=Jcun
109004 JSTART=4
000005 CALL STA®TY
00002% CALL TESTF(MOPEDN
o _SRIYE(AGRDY _ N
00001, ) FORMAT(/,2Y,FITFRATING IN LONG*) :
0no091s =N
000015 . _WRITF(R.20) T, START,XSUM,QSUM, JEND,MOPE
00003s IF(HORTJLFN. MY PETURN
oen3? TFIMORES,FNL1Y (0 Tn 99
0003041 CALL _SHORT
G
ooDos? RETURN
000043 93 COMTYNUE
000043 JMAY=JSAV
BODOLS JMTN=1
r
000046 £O 100 T=1,%0
0000549 JOLD=JSTAPT
pog2 JSTART={ JMAY + JMIN) /2
000055 TE{JSTART NF,LJOLT GO YO 101
000057 IFIMORE],FN,1)  JSTART=JSTART4+1 .
00063 CALL START? 4 ;-
0000R % TMIMN=TS1
000055 I TURN
000067 101 "ONTINUE

"~ LONG

00-04-vS09-LLLEL
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UK CCMPILER (VEP,26) 10202/73. 15.05.%4, . e
000067 fALL STAPT

000710 CALL TESTF (MORFJ) . -

190072 WRITE (6,200 T, JSTART, XSUM, GSUM, JEND, MOREJ

) c -

000112 20 FORMAT (2Xy®TTER=%,T4,2X,* JSTART=%, T4 2X, N B N
000112 1 FXSUM=*4F12.5,2X,*0SUM=%,F12.5,

000112 2 X FJEND=® (Tl 2X, *MOREJ=% , T4)

D001%2 IF (HOREJ.FQ.0} RETURN -

000114 IF{HOREJ.F0.1) 6O TO 200

000116 JHAX=JSTART

000420 Gn T 100

c .

goa121 200 CONTTNUE

000421 JMIN=JSTAPT B

065423 100 CONTINUE
‘ £

00125 NPITE (6419) L . ~ _
000131 10 FORMAT (/% FATLFD 70O CONVEPGE IM LONG®)

000131 CALL EYIT

£ L

000132 RETURN

000133 END

00-04-tS09-LLLEL
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o) ﬁ‘.’;.{‘l’m"{!’ﬁm?"f°-’x
fa e T
CIUER .28

SUARNUTINE MOLE (TI.%S})

e ADSO2F T 15 05a1be

goanes COMMON /GASODTA/ Y7, D, £, Al%, Bi1, Cti, DELTEF,

00005 TERML = B11%(1,0/TI-1,0)

- TERMZ = C11%(1,0/TT¥*¥2=1,9} R
000014 ARG = TFPMY4TEPM2

0oon1s ¥S = FEX(R2G)

22 RETURHM
ruuszs , " ENN

’ &

00-0¥-7509-L1L1el
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!
Lunx COMPTILER (YER,26) 107027730 1520504

SUAPNUTINE QUYPT

000992 CNMMON /WNRK/ YLy TS, €y Fy H, EMIS, TMIN, IF
paoanz COMMON JVP7X0/ YVI1000}, PPC1I000), Z7€14000), XX{1000), 0QQ€1000),
inonga2 | . _\MA131000). PS(1000), 784¢1000), XBC1000), GBLLO0RO),
noaon? 2 VSAYC10NQ), PSAV{10ND), ZSAV(I000}, XSAVI1200), QSAVI100D)
0049002 rOMMON fGASNTAZ Y7, D, £, A{11, 811, C11, DELTEE, HFG
nnnpnz : COMMON #PIPOTA/ TEV, NFT, A, GAS, TR, VP, VRFS, 07, R, COEF,YTRP
oaana? COMMON ZPYPOUT/ YSUM, OSUM, PSUM, XSR, ZFRONT, JEND, PREQ, PREG
ggoanz . COMMAN ZINTE/ NRES, MCDEQM, ZPRINT, NRUN, NERROR
c
pongaz Vv=0.10
gaqon3 7z0.1
pONAIY PESGAS=ROFF2RSUM
000904 TRFS=TEY®TR
poaneg TF{VPES.FN.0.0) GO TN 948
000041 WRITE(5,40) TRFS,XSP,RFESGAS .
q00n23 10 FOPMAT(/,2Y,*TRES =%,512,4,% DEG R*4X,*XSR =%, E12.4,10X,
000023 1 YOESGAS =¥ ,F12.44F LAR-MOLFS*)
600323 o8 CONTINYE
joop0z3 NSEC=1
000024 CALL CONSER INSFCY
nazs IPRINT=1
C
0agn27 n 100 J=1,JFNT
nnnog 31 yi=Vy
Doan3s =2
ga0035 =774
neanLn ZEY=2%0FT
0po0L? TIN=12,.%7FT
000G TF(JeETe1NR.J.FI.JFNDY GO TN 102
pPONDSYL I5(7,0.E.Xt) 70 TQ 949
onpas7? TF {NSEC.FR.1) GO TO 101
000061 IF (NSCLLF0.2Y GO TO 103
goop63 IF_{NSEC.FN.3) GO T 200 i
000n65 99 JPRINT=ZIN/77RIMVT
000070 TECJPRINT.LT.IPFINTY GO TN 100
00007y IPRINT=JFPTNTH+1
_ouTPT
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[ Ot
AT e e

RURNX TOMPTILER {VER.26H} 10/02/73, 15.05.14. QUTPY

- . f

000075 192 CONTIMUF

000075 V=yv i h

000100 9zPP (4}

0ooto3 . YSUM=XY ()

000108 QSUM=010 ()}

000111 DFLOW=N¥NSUM

000113 CALL SATUPLP,TT)

000115 CALL MIOLFITT,XS)

0noLs? CALL SURFITT,S.TC)

000122 TH= (TI+S*R*TAY /L1, 045%R)

000132 THICK=TEV*TY

000134 TUALL=TEV*TH

00035 XHNOT=Y*Q/HFF

000141 AMT=COSF*Y SyM

6001473 OTEE=N% (TI*+F)

000150 CVDZ=V-Yi) 7(7-71)

000154 ASTHN=DYDZ/ (16, N*NTEFY

000157 WRITE (FRo11d Ja7TNs7

onot7i 11 FNRMAT (/% 0 =%, TGeBXo%ZIN =%,F12,Ly* INCHES®,B8X,*7 =%*,E12.4)
000171 WRITE (F,12) V,P,TT

000203 12 FORMAT (16X, %V =%, F12,.4,15X,%P =%, F12.4,14X,*TI =*,E12.4)
080203 WRITE (6,131 XSUM,0S0M,¥YMANT

08215 13 ENPMAT (13X, ¥ASUM =% ,F12 4y 12X*QSUM =*,F12, 4sBX,*MASSFLOW =%,
000215 1 F12,.4y* LO/HES)

090215 HRITF [f,16Y AFLOW, XS, TWICK

0ap227 14 FAPMAT (17Y,*0NCLNH =%, F12.4e% BTU/HR¥, 7Y, ¥XS =%,Fi1Z.4,

000227 i TIN,ATHINK =% ,F12.4,% DEG R¥)

0ap227 WRTITE (6,153 THALL,AMT

000237 15 TOPMAT (12X, 2THALL =*,F12.44% NEG R¥ GY . % MGAS =%,£12,4, L
00237 1 * | R-MOLES*)

oan237 60 Tn 100

00240 101 CONTINUF

098240 NRELC=2:

00241 CALL CONSFELONSET)

00243 50 TN 102 _
000244 103 SOMTINUE

000244 NGEf=T

nonzZus CALL CORSErR {(NSECY

00-04-%509-11LEL
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B T
A

X CoMPTI ERTTUER SR

FEF e v :

10702773, 15.05.94s _____ OUYRY__
000247 G0 YO 1¢?
2% 100 _CONTINUF
88253 200 CONTINUE
.+
253 NO=0*PIFD —-
0na2s55 DG=COEF*PRCG
0o02s7 WRITE(H4+23) NG
nnzZas 23 FOPMATL/.* GAS N ONE D7 STEP OF GAS-BLOCKED CONOENSEDR 314, .
E:QZGS 1 A= ,1712,5,% LBMOLES*)
B1026% WRITE(R,24) DN :
A2r3 24 FORMAT(/.,® POMEP LOST BY ONE N7 STEP OF FULL-ON*, — _
gao2r3 1 - * CONOFENSER | =%,F12,5,% BTI/HR*)
000273 WRITFE (5,25) AMT
301 25 FORMAT (/% TIOTAL GAS IN PIPF_AND RESERVOIR =*,F1?72.5,
0003061 1 * LA=-MOLES™)
400301 HRITEC(G,26) OFLOHW
307 RETURN e
00u310 76 FORMATI/4* TOTAL POYER LAOST Ay CONDENSERS =¥,F12.5,
000310 i * BTU/HR*)

END

-

"OUTPT
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T VI e
3 T e m”ﬂ@x‘%!’ e

RUNX ‘EOMSTLER (VER.2E) 10/02/73, 15,05.18,

SUBRODUTINF PAYCH

e

kﬂgnnz £OMMON /CONDi/ ¥L1., TS1, Gi, Fi, M1, EMIS1, XS1

00002 COMMON /CONDN2/ YL2, TS2, G2, F2, H2, EMITZ, XS2 o

000002 fOMNON /ADIAR/Z XL3,C3,RA,DTADI

000002 COMMON /VP7XN/ VV(1000), PP(1000), ZZ(1000), XX(1000), GOL1000},

go0002 1 VB(1000), PR(1000), 7B{1000), XBC1000), QR{1000},

goone2 2 YSAV{i0DD), PSAV(1000), ZSAV{1000), XSAV{1iDO0O0), QSAV(100D)

000022 COMMON /GASDTAZ YZ, D, £, Al1, 811, 011, DELTEE, HFG

2 COMMON /PIPDTA/ TEV, DFT, Q. GAS, TR, VR, YRFS, DZ, 7, COEF,TTRP .

000002 COMMON 7PIPONIT/ ¥SUM, ASUM, 2SUM, XSR, ZFRONT, JFND, PRFQ, PREG

f00002 COMMON /LNGZ JSTART, JSAV, XL12, XL123

000002 COMHON /CRSS/ Z1:724V1aV23aX1eX2 PLRNSS,QOROSS, J12J1M,32 0 02M,JBAK _

. c . -
lsogo02 NRITE(S,10}
0086 10 _FORMAT (/42X *TTERATING IN PATCH®) . e
c

go0006 TOIF=DFLTFE/TFY

£0g010 TSTART=TS1+TNIF e

00012 THIN=TSTART

0o0LL . TMAY=TS2

88016 CALL FORWRDITSTART) e
000020 _ CALL RACK

000021 - CALL CRCSS

000022 1=0

00023 WRITE(G.31F T,TSTART,Z1.¥Lt

Pooa 37 11 FORMAT(2X,¥TTER=*,T4,2¥ *TSTART=*,F10.5,2X,*Z1=*,

00037 1 F10,552X,*XL12% ,F10,5) ) e
000037 IF{Z1.LF,¥L1) GO TO 200

000042 NN 180 I=1,30

00044 TSTART= ¢ THIN+TMAX) /2, L

5a0L? CALL FORWRD(TSTART)

000S1 CALL CROSS

00052 WRITE(G11) I,TSTART,Z1,X%L% L o L
000066 TEST=ARS (Z1-¥L1)

000071 TF (TEST.LT.NZY 60 Tn 101

074 IF (Z1.6T,%11) TMIN=TSTART o o

00-0Y-vS09-LLLEL
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e

TAT
a

. s
RUNX COMPTIFR (VFR.2ZH)

e omen s e

- 10/92/73. 15,065,060 PATGH . __ _ . _

600100 TF(Z1.LT.XLLY TMAY=TSTART
010G 100_CONTTNUE e e R
000106 WRITE (6,12}

000112 12 FORMAT(/,?¥,*FATLED TO GONVERGE IN PATCH*)
lnan112 101 CONTINUE e
000112 IF (71.LF.XL1) 0 Tn 200

0n0115 11=J1
000117 00 103 I=1,J1 _ -
000121 1I=11-1

000123 TEST=Z1-77¢1T)
pan12e IF(TFST.GY.¥11) GO TR 1046 _ e
000132 103 CONTINYE

000135 1064 CONTINIF
nnoi3s P=PO (Y1) . B o

000140 TL=11s1

BBOLL2 Z0TFF=71-XL1 _ )
ann1ue CALL GANSEC (1) . . e o

000145 caLL SaTur(D,TT)

000150 CALL MOLF(TY, <)

100152 £AL1 SUPF(TT,S,TR) e

000155 ANTFF=XX(TT)4XS*(2ZZ(IT)=ZDTFF) /TT=XX (1) 4 XS1¥ZZ (1) /TS

000167 COTFF=AD(ITI~{ZZ(TTI-ZNIFF)*S* (TI=TC) /{1, +S*R)

202 JJ=0 : e

po0203 no 105 I=IT,J1M

000205 NNERNTZ

000207 V=VYT) o

000212 Wan =v

800215 VSAV (3) =V

DA0220 P=PP{T}) L o o

000223 PRIJI) =P

000226 PSAV(JI)I=P
00231 7=77IY-ZNTFF e -
000234 1714 =7

100237 7SAVIJIY=Z

00242 XSUM=XX(T) =XDIFF . o o
000245 XX {JJY =X SUM

800250 XSAY(J)) =Y SYM

10253 nsyuM 20N 1) -00TFF

00-04-%S09-LLLEL
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F =t S I 3
GO T Y e ame e e

IRUNY ‘CCMOTLFR TVER.26) 19/02/73, 15.05.14. PATCH e e e
000256 00 rJJY=0sSuM
000261 0SAV {JJY=0SUM _ e
000264 105 CONTINUE
000267 50 TO 100

00270 200 CONTINUE i _ - e
0008279 INIFF=YL1-71
000272 STEP=Z0IFF/N7
000274 T1=STEP _ o
000276 STEP=I1
000300 INIFF=1Z*STEP

00302 RSUM=XX [$) =7Z7{4)Y*XS1/TSY e I
00p306 7=XL1~-71-7NIFF
000311 YSUM=RSUME 72 XS1 /TS
000315 P=PHT (TS1) . _ . .
coo320 TFII1.LE.DY N T 202
600322 no 201 I=1.11

00324 7=24+D7 e e
000326 YSUM=XSUMENZ#XTY /T -
000332 VSAV(TI=N,
000334 PSAVIT) =T - _ e
000337 ISAVII) =7

00342 XSAV(TI=XSUM
000345 9SAV(I)=10. i e _ e
000347 701 CONTINUE ‘
000352 202 CONTIMOE
000352 nn 203 I=1,J1M -
03035, JI=11+1 -
000356 VSAVIJ I =YV IT)
400342 PSAV(JJI=PP(T) s
000366 ZSAV (JJI=77 LT
000372 ASAVIIIP=XY (1) ¢ { YSU“=RSUM)
000400 9SAY (JJ¥Y=0CCT) e
Euouua 203 CONTINUE

20407 00 208 I=1.,40

pou1t YW LIY=VSAVIT) o o
00041G OP (T)=PSAVIT) - T )
000417 77LI=7SAVITY
000622 ' XX{I)=XSAV(T) . i

00-04-¥509-LLLEL
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RUNX COMPILER (VEP.26) . A0/02/73a 15.05.46e .

_.PATCH

000425 TLII=NSAVITY
000430 204 COMTINUF
000433 300 GONTINUE
000433 INTIFF=XL1~7Z (JJ)
090436 NNENRIS —
000440 T
000442 CALL SATUP(PARASS,TCROSS)
0Dy CALL MOLF(TEONSS,XS0)
000446 P=PCROSS .
00n450 v=v1

2652 XSUM=XX(JJ) + ZNTFFEXSC/TCROSS
000457 NSUM=0LENSS
000461 YW (JJ) =

00466 YSAY €)Y =Y

000467 PPIJI) =P
000472 PSAM(JJ) =P

475 24 8 R o A
0005080 ZSAV(JII =T
000503 XX (J Yy =Xy
001506 YSAV(JJ) =¥ TN
000511 G0 LJII=aSUM
000514 0SAV(QJ)=0SUM
000517 _XSUME=XSUM N
000521 11=J2
090523 Jaa=g2-1
000525 DA 201 T=1,44J
000527 11=11-1
Eigsst FOIFF=ZR(TT)-77

534 YDIFF=XA(TT) =X?
000537 JI=J et
000541 V=VRLTT}

054k VY (J0) =Y
000547 YSAV (J) =V
000552 P=PR(IT)
000555 o0 {JJy =P o
000560 ESAV(J )Y =P
000563 7=XL1+7NTFF
000565 2720402 =7

00-0d-9509-111€1



€e-4

RUNX COMPTLE?R [VEP.2R)

R 10702773, 15.05.156, PATCH e

000571 7SAVEI N =7

0nns73 XSUM=XTUMC+XNTEE .

090575 XX (J =X SUM T )
Euuqun XSAVEJII=X UM

00503 ASUM=GR(TIT)

0006NF G 0JJY=0SUM

goositl ASAV I =QSUM

100614 IDIFE=70(TTY =27

000617 XNIFF=XX{ITY -2

000R22 JEND=

0006214 IFI7.65. X123} RFETUPN

0onA3N 201 CONTINUE -
000633 7O0IFF=YXL12%-7

LDERLS STEP=7NIFF/n7

onoe3? NSTFP=STED

000641 NSTEP=NSTEDq

000ARAS STFP=NSTEP

ponsLsS DZ=7NIFF/STEP -
00057 v=0.

000%50 P=PHI(TS?)

090553 0SUM=D.

003654 XSUM=EX LI

00657, 0N 302 Tst,NSTFE o .
000661 NNERATE!

1196673 2=74N7

000565 XSUM= XSUME N7 RECR 4T

0080471 VW (JJI =V

0674 VSAV LI NI=Y

0na67? PRI =P

o0g7zo? PSAV (LI} =P

090705 7¢I =7

100710 ZSAvV(JNN=7

907173 XX (. 2])=XSUM

000716 XSAY (JSI=XSUM

00721 LRI =05 L

anp72L RSAV LN =0T -
nooz2? N2 CONTTNUE

gon7 3z JEND=JJ
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s

RUUNY COMPTYIFR (YER.26H)

. A0/02/73s 15.05.16, . PAYCH
0907 34 nZ=0.2%

100736 QETUIY

900737 FNT

i S _— _—

PATCH
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2

2

UNY COMPILFR (WEP.2KY

- —— 10/02;’_’3. 1?\.“5.1"‘!

SUARNUITTNE PTRF

goeanz COMMDN JHORK/ XL, TS, G4 Fe Hy EMTS, TMIN, 7F

ponoge COMMAON sVP7YN/ VYV EI1000, PP{2008), Z7¢10003, X¥{1000), QQ€1000%,
pononz VAL1030Y, PS(L000Y, ZRC1000), ¥X3(10003, QR(1040),
onoao? VSAVIIONGY, PSAVILIONOY, ZSAV(I000Y, XSAVI1000), QSAVI1000}
goQao=2 CAMMON /soYonTay ¥cy, DFT, 0O, GAS, TR, YR, VYRFS, DZ, P, COEF,TTRP
ooganz COMMON /PIPIN/ 77€ER0, VZIFPOD, PZE®PD, XZE°0, QZER0, JTERO, XTEST
pooon2 COMMON /PYONUT/ XSUM, OSUM, PSUM, XSR, ZFRONT, JFEND, PRF0, PREG
angoo02 V=V ZERD

000004 R=pZFeD

0040904 7=77cP9

003919 J=JZERD

Qo012 YSUM=X7EDD

000014 QSUM=NZERD

000016 57=0.2%

0ogo2n pn 100 T=1,2000

030022 CALL RUNGE (Y,P,V,0P)

0aeo2s IF tABSI{W)Y.G6T.0.1250) GO 7O 200

0op93?z GO TN 40D e
000033 200 N7=n7/2.0

pona2s 0 TO 100

000036 400 CONTIMUF

000035 J=J+1

000490 TF(J.GT 10090 fC TO 02

pRON LY 7=74N7 i B
a000u6 IF (7.07.XLY GO 70 150

ago0es2 pi=p '

000354 Pzp+pE _
Boosss V=V4DVY

0an0Ra PH= (P1+P} /20N

00Q0E&3 CALL SATUR {(OM,TH) _
000065 CALL MNLF {Tu,¥K)

nooasery ASUM=XSUMEXMU¥NT /THY

0o9073 DALL SURF (TM,5,T0)

/" PIPE

00-04-9S09-11LEL
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Ip ATy U8 5 A
g\%‘ R ‘;;’ P ATt ol S

PILER TVER.P6EY o 10/02/73a 1540514 . __.___PIPE

peoov7s RI=S*(TM=TC/(1,0+5%P)
QSUM=0SUMs QT *N7 _
PP{INI=P
WIS =y
27¢0¥=7 . e L e
000129 XX (J)=XTUM
000123 aQ (L) =0SUM
000126 IF (ABSIDV) ,LT,0,04 +ANA, 0Z7.1.T.0.25) N7=2,0*07 . .
E:;1u1 100 CONYINUE
8001463 - 192 CONTINUE
143 WRITE (6,103 2 - e e
000151 in FORMAT {/.% TNO MAMY STEPS IN PIPF, J =*,IS)
c
no1se 150 071=7=-%1 o
B00153 27 0JY=0L
009156 FRAC={DZ-D71¥/N7
161 YEST=7 _ L o
000163 7=XL
000165 PL=p
Anai67 P=P4PFFRAT -
@00;72 PP (J)=0
00017% V=V+ OV FRAC
nagzan . YW=y L ) .
gp0203 PM= (PL#PY /7.0
000206 CALL SATUP (PM,TH)
fo021g CALL MOLF (TM™,¥M) o ) -
ono212 XSUM=YSUM+XM*DZ*FRAC/TM T T
000217 XX P=XSUM
ongz22 cALL SURF (TM,S,TCY o o
600225 CI=SY¥ATH=TR) /[1.045%7)
020233 QSUM=QSUMENT*DZ*FRAL
pooz37r NNy =QSuM o
sr0262 JEND=J
000244 JIERO=Y
io0266 PZERO=P
oop2sn - NTERO=V - - T T T
600252 : 77ERO=7
poo254 . XZFRO=XSUM

PIPE

' 00-04-¥S09-LLLEL
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ﬂ;? SORarY o

i CUT amm e e
& o

RUNX_GOMPTILFR IVER,267 10702773,

154 05,14,

000256 NZERQ=QSUM

000260 REYUON
080261 END

PIPE

- 00-04-4509-LL1EL
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— 3 O/N2/73a 15.05.14.,

SURPQUYINE RUNCE(V,FP,0V,00)

=
goono? raLl, DELTA(V,P,NY1,0PL)

190914 Vi = Y4OVi/7.0

onont? PL = P+NP1/2.0 T

008022 CALL DFLTR{V1,P1,0V2,0p2)

000930 Vi = v+DNV2/2,.0

000333 L = PaDP2/7.0

000036 CALL DELTA{V1,P%,0V3,DP31

pnonés 0 M1 = MeDVI - N
000046 F1 = P#nO3

000050 CALL DFLTAIVL,P1,NVG,DPL}

I 133 DY = {OV142 0DV 242, 0*DVY I+NVL) /6,0

200064 NP = {NP142,.0%¥NP242,01%¥NP3+DP4) /6.0

gnonT?2 RETYUPM

pnon73 END e e

[
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RUMY COMOTIFR (YCR, 261

SHRROUTINE SATUP{P,TT)

10/02/73e 1590548, . .

000005 COMMON /WORK/ XL, TS, C, Fy H, EMIS, TMIN, ZF
0n 0305 COMMON /GASDTA/ T2, N, F, All, Bil, C11, NELTFE, HFG
c FLAT RADTAL PROFTILE — _ .
000005 TFEP,GT.30,0) €0 TO 100
000011 TF(P.LF.N.0} 6O TO 101
0000173 TY = 1.0/¢1.0401,0/TZ)*ALAG(1. 0LFEXII))
000026 TF (TI.LT.TMIN) TI=THMIN
goao32 60 TO 107
1900133 108 11 = 1.0 _ -
000034 60 TO 1n2
000035 101 TI=THIN
nNan36 112 CETUSN
000037 FND

. SATUP

00-0d-¥S09-1LLEL
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Ly

/7

(Y emmg e e v
{ . A S A B
CONPTIER” TUFB . 26)

SURPNUTINF SHORY

GLELE g COMMON ZCONDL/ ¥LY, TSi, Ci, Fis H1, EMISL, X531
003002 COMMON /COND2/ XL2, TS2, G2, F2, H2, EMIS2, XS2
Dt :
popoaz COMMON /WORK/ XLy TSy Cy Fy Hy EMIS, DUMM, 7F
oppon? COMMOR ZYPTYN/ WV{1000), 22{1000), 77010000, XX(1000), QACL1000),
| 2 1 ye(io00y. PBRE10D0N, ZB(2000), ¥R(10001, QRI1000),
890002 2 VSAVI1000), PSAV(1000), ZSAVI1000}, XSAV(L000}, QSAV (1000}
anana2 FOMMON /GASDTAZ T7, D, F, A11, B1l, C11, NELTEE, HFG
2 COMMON /PYIPNTAZ TEY, DFT, @ GAS, TR, VR, YRFS, N7, Ry COEF,TIRP o

0o0002 AOMMON FINTR/ NEES, MWONFAM, ZPRINT, NPUN, NFRPQOP
oppan2 COMMON /PI®IN/ 7ZERN, VZERQ, RZERD, XZERO, QZERO, JIFRO, XTEST
000002 COMMON /PIPOUT/ XSUM, QSUM, RSUM, XSR, ZFRONT, JFNO, PREQ, PREG
000002 COMMON /LNG/ JSTART, JSAV, XL12, XL123
0800002 WRITE{(G .10}
(00806 10 FARMAT(/,2Y,*ITERATING IN SHORT®) .
000006 TMAX=1. )
0000120 CALL SATURIPSAVI1) ,TMIN)
a0po1? nn 100 T=1,3%9
LLT P RN TSTART=(TMINSTMAYY /7, b
Q00017 QUMM=TSTART

21 JZERO=0
gnog22 PZERO=PHI[TSTART) Tt - T
000025 y7EPN=1,

126 2ZERD=1, N
noaon27 TR1=TSTART o
00003t IF(NRES.FN.1) TR1=TR

35 "IFEINRESLEQ,?) TR=TRY . e o
000061 TFINRES.EC.D.AND.TTRPNE,0,.0) TRI=TTaP o T
000051 CALL MOLE{TR1,YSP)
000053 QRSUM=YR*XSR/TP _ o e
000056 XZERD=SYM
000060 QZERO=10.

61 CALL CONSEC {1} L
000063 CALL PIPE T T
000064 CALL JOINT{{,P7ER0,VIFRO,VIFRQ)
000067 GALL CONSEC(2)

00-04-409-LLLEL
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N

P
CONPILER' LVER, 26) 10/02/73. 150514, SHORTY

600071 fALL PIPE

208072 CALL JOINTI2,P7ERN,VZERD,VZERD) _ e
‘losoa7s fALL CONSFT (3} T
Founrv CALL PIPF

800100 CALL TESTF (MOREJ) . . e
goo1o2 IF (MOREJ,FN.1) €0 TO 200 T
000106 TMIN=TSTARPT

000106 WRITE(6411) T,TSTART,XSUM,ASUM )
r:nizz TF(MOREJ.EN. N} PETURH

000126 69 YO 100 e

000125 - 200 CONTINUE I
. 000125 THAX=TSTART

000127 W2ITE(H.11) T, TSTART ,XSUM,0SUN

00143 11 FOPMATIZ2Y#TTER=#, 142X, STSTART=%,F10,5,2%,

001“3 1 "KSUH='.E12-'—.’-.2!.'OSUH=",E!.2.5|

00183 100 SONTINUE . I
000145 WPITE (He12)

000151 12 FOPMAT(/,2X,*FATLED T CONVERGE IN SHOOT®)

000151 nALL EXIT _
009152 END

SHORT

00-04-tS09-111IEL
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UMY COMPTIER (VMER.ZE)

10/02773

15,0514,

SURSQUTIINE STIMKUEMTIS,POMaHF,¥F,TS)

sanaio STGMA = 0.1714F-8
go0n12 15 = TF
Q813 JIF{EMIS,.FO.0,0) GN To 102
noooiy TS = SOAPT(SQPT{P W/ (EMTS*STGMALRY)
000031 IF(HF ,EN,.N, 0% GO T0O 1N2
0040032 IF{TS.FOQ.TF) GO TN 112
g0003s TM = (TF+TS1/2.0
000037 00 101 T = 1,10
00061 HR = L 0FFMIS*SIGMASTM®*3
0009045 T82 = (POMEHT*TE4T N¥CMTSESIGHMATTME®4) 7 (HE +HP)
oogns7 TS = (TS+TS2¥ /2.1
10962 T4 = 15
000063 101 CONTINUE
gu0a6% 192 RETUPHN
166 END

. SINK

00-04-$509-LLLEEL
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RUNY COMPTRFD (YER,26)

!

10/02/73a 25.,05,14.

SHYOROUTINE €YART

FBUBGQ COMMON sCNNDY/ YL1, TSi, C1, F1, ML, EMISL, XS1
gooon2 COMMON £CONNZ/ X1L2, TS2, 02, F24 H2, EMIS2, XS2
naann? COMMON ZAPTAR/ %) 3,C35,RPA,0TANT
goao0n2 OOMMON V0K /S YLas TSe £y F» Hy FMIS, THIN, 7Ff
ppoon2 NOMMON /WPZX¥nN/ VY {10100}, PP(1000), Z2(¢1008), XX (1000%, QQ(1000),
apaonne 1 V10001, PAL1GO0Y, Z78(1000), XB(100Q3, ORCL000),
040902 2 VSAV (100D, PSAVE1000), 7S5AV1000), XSAV(1000), QSAVIICO0) ’
Q00002 COMMON /GASOTA/Z T7, T, £+ All, 911, GtY1, DELTEE, MFG
annag2 COMMON /PYPNTIA/ TFY, NFYTy 34 GAS, TP, VR, VYRFS, NZ, Ry, CCEF,YTIRP B
gonag2 CAMMON /INTC/ MRES, MNDENM, ZPPINT, NPUM, NERROR
pagonz COMMON /PTIPTYN/ Z7F00, VZFRD, PZERD, XZFRO, QZFRO, JZERN, XTEST
000902 LOMMON /PTIPOUT/ ¥SUM, OQSUM, RSUM, X%R, ZFRONT, JFNO, PREQ, PRFG
opao0nz COMMON ZLMG/ JSTART, JSav, XL12, XL123
o

{aopno? 0N 100 T=1,)°TARTY .
00000k VT =YSAVLT)
agog07 EO{T)=PSaV(TY
Qoan1? Z7EIY=752¥{T)
QoQnis AR CTI=XSAVLTY
009029 oN{TY=QSAVYITY

23 100, SONTIMUFE _ e
0002k JTERD= JSTRDT
00030 YZEPO=(YSAV [ JSTART) +1,0E-4)%1,001

034 J7ERN=ZSAV [ JSTARY)
000637 XZERD=¥RAV{JSTART)
000042 AZERO=NSAV(JSTAPT)
000045 P=PSAVLISTART)
0000%0 CALL SATUR(P,TTY

TSTART=TT4+NF| TFEF/TCY
TMIN=TSTART

PZERO=PHI{TRTARTY
IF(Z76PN.FA.XL1Y CALL JOTNT(1,PZFRN,YZFPO,VZERD)

e IF{Z27ERC,G¥,XL1Y GO TO 200

000072 CALL CONESFR (1)
000974 CALL PIPF
goones CALL JCTNT(] ,P7FRN4V7ERQO,V7ERD}

- _START
—21AR)

00-04-$#S09-LLLEL
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7

BRE osppmmmzn e o o

START

CoNPILER {VEP.26) 10/02/73, 15.05.16.

000100 200 CONTINUE

000100 IF(27ER0.,EN.¥L17) CALL JOINT(2,P7ERO,VZFPO,VIFRO) - o
100105 IF(ZZERDLGELXL12) 60 TO 340

LIDERY] TALL CONSES (2}
00112 CALY_ PIPE

000113 CALL JOINT(2,07ER0,V7ERN,VZERD)

000116 Zg0 CALL CGONSFR(3)

000120 CALL PIPE

a0a121 THIN=TSY

000123 RETURN
0128 £ND o

START

0-04-€209-LLLEL



S¥-4

TR L o o
EA S R SR S b el
- r -0

o1i’eR” (UFP. 26y

10/02/73. 15.0%.14. e i eaas

SURROUTIMNE START2

¥YL1i, T51, C1, Ft, H1l, EMISL, XS1

ghoge2 GOMMON /C0ONDA/
oo6e2 COMNON /COND2/ YL2, TS2, 62, F2, H?, EMTSZ?, X582
B/ XL3.C3.R4.0TADL

gaoonz

COMHON 7HOPK/ YL, TS, Gy Fy Hy FMIS, TMIN, 7F

COMMON ZVPZXN/ VVI1000Y, PPI1000Y, ZZ2(1000%, XX€1000),
VR{1D009Y, PAC1000), ZB(1000), XB(1000),

one1000),
Qe¢1000),

VSAV (1000}, PSAV(LNAD), ZSAV(1000), XSAVI{i000), QSAVI10D00)

COMMON /GASDTA/Z Y2, N, E, A11, 811, Cii, DELTEE,
TOMMON /PIPOTA/ TEVW, D¥Y, N, GAS, TR, V@, VRES, N7, 2,

COEF 4TTRP

0oongo2

COMMON /7TMTC/ NRES, MONFQM, ZPRTNT, NPUN, NEROQ

ROMMON sPTIPTN/ Z7ERO, VZERD, PZERO, XIEPD, QIFRND,
COMMON /PTPOUT/ XSUM, QSUM, RSUM, XSR, 7FRONT, JFND,

JZFRO,
PREN,

XTEST
PREG

COMMON /LNG/ JSTART, JSAV, XL12, XL123

000005 10 FORMAT (/,2¥,3TTERATING IN START2¥)
000006 19=9

7 MORBF J==-1 S P —
000010 00 100 T=1,JSTAPT
000012 VWIT)=YSAVIT)

15 PP{T)=PSAV(T) e
000020 ZZ(N1=7SAVII}
000023 NX{TI=XSAVIT)

0026 QQ{II=7SAVIT) .
60031 100 CONTINUE
VSTART=VSAY (JSTRRT)

a0c 3%

ZSTART=7SAVLISTRRT)

XSTART=XSAV (JSTART)
OSTARYT=QSAV {JSTERT)
P=PSAV{ISTART)

CALL SATURPIP,TSTART)
TNIFF=NELTEF /2. *TFEV)
no 104 Y-1,30

IF(TR.EQ.O) TOIFF=2,*TOIFF
TF{IB.ER.1Y TRIFF=TNIFF/2,
SIGN=-MO®f J

00-04-¥S09-LLLEL
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£

RUNX GOMPTLFP ([VEP,?2R) — 10702773, 15,05.14, . START?2

£99EL-¥LN

0000773 TSTART=TSTART4SIGN*TOIFF
000076 . TMIN=TSTART o
000100 VZFRO=YSTART i _
000102 PTERD=PHI(TSTACT) 8352
000105 ZZE90=7STARY S25n
000107 X7ERO=YSTAT T =987
000111 NTESN=YSTA?Y 823
000113 JZERD=JSTARY vRba
000115 TF(Z7ERO.FN.XL1) GALL JOINT(i.PZERD,VZFRN,VZERD) 228
000122 1F(Z7E20.GE.XL1) GO Y0 201 RS
000125 CALL CONSEO(L) mSC
000127 CALL PTPF oL
000130 CALL JOINT(1,P7ERD,V7ERD,VZEPD) w23
000133 200 RONTINME ‘ obg
000133 TFUZ7ER0.FN.XL12) GALL JNINT(2,PZER0,VIERD,VZERN =0
g00140 IF(Z7ZERD.GEL.¥XL1Z}Y GO TO 309 meE
joonty3 CALL CONSECI?) A 25>
000145 CALL PTPF 52
000145 AALL JOTINT(?,P7FPO,VZFRO,Y7ERD) 23
000151 300 _GONTINYE 2 g
000151 £ALL GONSFO (3} w3
000153 CALL PYPE =3
00154 CALL TESTF (MDREJ) 3Is
000155 WPITE(5415) T, TCTART XSUM, ASUM, JEND 4 MOREY ) ro
DODL76 15 FOPMAT (7,64, FT=%,Th,2¥#TSTART=¥,F10.5,2%, 254
000176 1 FGAS,TuF,. s ¥SUM,=%,F12.547¥,%QSUMS*E12,5, gT
000175 ?  2X,*JENDZ¥,Th,2X,*MOREJ=Y, T4) agam
Ignuﬂs TF (MOREJ.L.ER, N} PETURN 8%
inngo2a9 IF(MDREY.GTLOY Ta=i o S8 Zm
0203 101 ROMTIN'IE — 0338
000205 WRTITE (64209 o Z2
000211 20 CORMAT(/,2Xs*FATLED TO GNNVERGE TN STARIZ®) g8z2z2
000211 CALL EXTIY T
D002 END

L 8

00-04-v509- L LL£T



L4

BUNY COMPTIFER (NFR.PR) e AN/N2 /T Fa 15050,

SURRONTINFE SURFITI,S,TIC)

poonos COAOMMON /RO2K/ YLy TS, Cy Fy Hy, EMIS, THMIN, 7F

p0a906 BENOM = G,J¥TMIS*TI¥¥34+H

(nonn4 2 S = F*DENNM ) o L
00014 TC = (TMISTTRRMLAYSTSAZ L AREMISH*TI** L) /NENOM

oaen2s PETON

000026 oyN

SUR

T—

00-0d-#S09-L1LEL
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fi

PG SCE RN R L I
L

¥ COMPTIFR (VER.26) : 10/027730 15,065,114,

SUARANMTITINE TFSTF (MOSFED)

H TESTF TESTS TO FIND WHETHER QSUM 0OR XSUM
i > IS ALL RIGHT OR NEENS MORE OR LESS GAS CONTROL
3 COMMON /PIPDTA/ TEV, DFT. 0. GAS, TP, VR, VPES, 97, ©, CORF,ITRP B
000003 COMMON /INTR/ NOES, MODFAM, ZPRINT, NRUM, NERROR
oogo03 COMMON /ZPIPDUT/ XSUM, 0SUM, RSUM, XSR, IFRONT, JFNT, PREQ, PREG
naaans IF{MODEQM,FQ.1) 7O TO 100 . e - L
c PRESGRIRED Q HEQE
gjoees TEST=QSUM-Q
nananz MORF.1=0 S —
000010 TF{ARS{TFSTILTLPREQ) PETURN
o0o001ih MORE =1
700015 JELTEST.GYL0,) RPETUSN -
000a1? MORE J==1i
(LELrd QETURN
TINUE _ e e
¢ PRESHRIAED GRS HFPE
0a0021 TEST=XSUM=GAS
poon23 MORE J=1 i B
30024 IF(ABS(TEST) JLT.PREG) RFTURN
0091030 MOREJ=1
3 IFLTEST LY. 0.} RETURN i
000032 MOPFJ=-1
00003% RETURN
035 END o

( TESTF .

[ S S AP U

00-0d-$509-1L11EL
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APPENDIX C
SAMPLE PROBLEM

One sample problem consists of a performance run for a variable conductance
heat pipe for temperature control of NASA's Lunar Surface Magnetometer (LSM}.
The function of the LSM heat pipe, illustrated in Figure C-1, is to
supplement heat rejection during the lunar day while shutting down during
the night. It is a passive, gas controlled heat pipe utilizing a cold,
wicked gas reservoir. The design details are summarized in Table C-1.

At the "full-on" condition the boundary conditions were stated as follows:

Heat Rejection > 4 Btu/hr
Evaporator Temperature = 530°R
Effective Sink Temperature = 495°R

The gas front will form in the cold trap region of the radiator at the end
of the condenser, and may extend into the main radiator. Thus, Section 1
of the condenser {cards 5 and10) consists of the cold trap region, and

the main radiator will comprise Section 2 {cards 6 and 11}. Note that,

in terms of the model, the condenser is visualized as a straight tube

with no bends; i.e., the radiator is considered one-half its actual width
and twice the actual length. There is some error in this approach if the
front extends into the main radiator, in that the bend section offers
additional resistance to axial conduction, but the results will be
conservative. There is negligible error in not using the actual condenser
length, for the control gas occupies only a small portion of the entire
length.

An input form for the sample run is shown in Figure C-2. The fluid
properties were obtained from Table 4-1. Note that the fin width (PF1)
is slightly less than the actual radiator width in the cold trap region
to account for the reduced area due to gaps between the fin segments.
Using the approximation discussed in Section 4-3 (Eq. 4-4) the effective
axial conductivity of the cold trap is calculated as follows:*

*This approach neglects the axial conductance due to the axial metal
felt wick inside the heat pipe.
C-1



13111-6054-R0-00

2

(Ac)fin AF1 = (3.18) (0.016) = 0.0509 in

2

A (0.25% - 0.21%) = 0.0145 in

= I
wall 4

_9.3(0.0145) [_4.5 _ Bty
CFl = =“5.0509 [8 [0.2) ~ i] = 480 perReer

The effective conductivity of the main radiator is simply the thermal
conductivity of aluminum since there are no fin segments. Also,

AF2 = (3.5) (0.016) = 0.056 in°

Because the circumferential grooves offer negligible radial heat transfer
resistance, a wick thickness of 0.001 in. was input, which roughly
corresponds to the average groove depth. For this reason the wick
conductivity was assumed to be the conductivity of the working fluid.

The axial wick was treated as an artery.

. . . 2
(A )yick = (0-02) {0.21) = 0.0042 in
1.
DART < (4 (0.2042)) :
= 0.073 in.

The effective sink temperature was input as follows:

bWl = POW2 = (0.1712 X 1078) (0.85) (495)"

87.5 Btu/hr-ft

Finally, the nominal value for the heat input was estimated using
Eq. (4-7).

q < (0.959)(3438)(4-5) [(0.85)(0.1712 X 10°8)(530)* - 87.5]

+ (0-959)(342)(7-5) [(0.85)(0.1712 X 10°8)(530)% - 87.5]

Q < 7.44 Btu/hr

c-2
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TABLE C-1I
HEAT PIPE DESIGN DETAILS

Pipe:
Material: 321 stainless steel
Outside Diameter = 0.250 in.
Wall Thickness = 0,020 in.
Evaporator Length = 2.0 in.
Condenser Length = 13.5 in.
Adiabatic Length = 3.5 in.
Radiator:
Material: 6061 aluminum sheet (0.016 in. thick)
Cold Trap: N = 9 fin segments
{t = 4.5 in.
Lf = (.30 in.
L' = 0.2 1in.
g
Wick Structure:
Material: Stainless steel

Description: Metal felt axial wick (0.21 in. X 0.02 in.)
with circumferential grooves in the tube
wail.

Reservoir:

Type: Cold, wicked
Volume: 0.79 in.

Working Fluid: Methanol

7

Control Gas: Nitrogen (1.26 X 107 1b-moles)

€-3
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SAS
RESERVCIR

MATN
o RMIATO.R_ o
—_ — _—
l
LOW CONOUCTANTE BELLOWS
| FYAPORATOR
l SARDLE
I
}

|
FLYIN RESERVOIR FIGURE C-1.

LUNAR SURFACE MAGNETOMETER HEAT PIPE

c-4
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CARDFORMAT DESCRIPTION
1 | 728 |1 SAMPLE PROBLEM 1
2 | 72H A SHORT HEAT PIPE
PARAMETERS
ATl B11 C
3 3F12.5 10 as | 6262.17 | 557386.2
XMG DIF £ HFG
ol UL Y 0.4a2 | 0.81 | 501.0
PF] AF] CF ] EF] EMIST HE ]
5 [6F12.5 398 | 0.081 4.8 0.96 0.85 0.0
PF2 AFZ CF? EF? EMIS? HF?
6 16F12.5"" 350 | 0.056 | 104.0 | 0.9 0.85
orrz. o | DOUTA_| THKWA CHA DELA CHEA XLINGA
> 0.250 | 0.02¢ | 9.30 | o0.0010 | 0.120 0.500
BOUT | THKW o
8 |3F12.51 5 25 | 0.02 9.3
DEL CONWK DART
7 13F12.50 5 001 | 012 0.073
TR POW] XLONG]
10 13F12.51 87.5 0.375
TF2 POWZ | XLONGZ
n3Fte.s 0. 87.5 0.625
N PP B Q 7CAS AGAS
£E12.5 530. 5.0 0. 1.26E-07
27125 L_VRES TRES NRES | MODEQM | PRINT NRUN
214,
Bine.s,| 0.79 495.0 2 1 0.50
14

FIGURE C-2. Sample Input, LSM Heat Pipe

c-5
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The second sample problem consists of a prediction for the
AHPE (Ames Heat Pipe Experiment). The pipe, illustrated in
Figure C-3, flew on board 0A0-C (Orbiting Astronomical Observatory,
Configuration C) launched in August 1972. The pipe provides
temperature control for the spacecraft's O0BP (On Board Processor)
platform, keeping it at 60 T 5o despite large variations in
environmental conditions and power dissipation loads. It utilizes
a hot, nonwicked reservoir containing helium to control the heat
rejection by the methanol working fluid. Axial conductivity was
minimized by slots in the radiator fins as shown in the figure.

Figure C-4 shows the input data for the sample run, and the
output follows.

C-6
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MES KEAT PIP
VARIASLE

GAS RESERVOIR

ALUMINUM 5ADDLE

EVAPQRATCOR AND
GAS RESERVOIR

HLLTUBEI M\‘\}\Fﬁ -

OBP//’
RESERVOIR FEED
TUBE \\\\\\
///’
EQUIPMENT
PLATFORM

JJ -
e

,//ﬁgbLD TRAP

£ EXPER
CONBUCTANCE

N\

Mt

=3

d |
LIk

Pl

MENT (AHPE)

FIBERGLASS
SEPARATORS

A
RACKETS

N .

o’

-

g SFLIT RADIATOR
FINS (ALZAK)

: "",z" -
4 / ///l'
E;’///'/STA!NLESS
P STEEL
TUBE

CUONDINSER
ARTERY

METHANOL VAPOR

~. .

<
NITROGEN GAS
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CARD] FORMAT DECRIPTION
1 | 726 | 1 SAMPLE PROBLEM 2
2 | 724 A 1.ONG HEAT PIPE
A B11 C1]
3137125 4 a8 | 6262.17 | 557386.2
XMC DIF E HrG
u M 32.0 1.77 .97 501.
PF] AF1 CF1 EFT EMIS] HEL
5 |6F12.5
14.3 0.458 | 0.545 | 0.85 0.75
PF2 AF2 CF2 EF2 ENIS? 1F2
6 [6F12.5( 143 | 0.458 1.1 0.89 0.75 0.48
DOUTA | THKWA CWA DELA CWKA XLONGA
7 [6F125 10 437 | 0.035 6.51 | 0.0052 | 0.09 0.30
DOUT THRW W
§ |3F12.5 0.437 0.035 6.51
DEL CONWK DART
9 [3F12.5] 0,0052 | 0.09 0.205
TF] POW] | XLONGI
10 |3F12.51 4 4 42.3 0.25
TF2 POW? XLONG2
1 3FI2-5 500 0 42.3 1.960
3F12,5 —TEV Q ZGAS
121 e12.5] 539.0 5.0 1.0
2;12,5 VRES TRES NRES | MODZQM | ZPRINT NRUN
13 Fig:S, 13.2 | 539.0 0 1 0.500
14
FIGURE C-4. Sample Input, AHPE Heat Pipe
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SAMPLE PoONRLrM ]

A SHORY WFAT pIRf — o

VAPOR PRESSURE PARAMETERS

At1=14.63000F+00 P11=62,62170E+02 £11=55.738627+04

FLUTD PROPEPTIES

HFG= 501.0000 ATU/LA DTF= L4620 FTFT/HR XMC= 32,0000 cn Exp= A100

EIN PRGFERTTES, TOMNENSFP SFOTTON NUMBER 1 T i -

PE=  T.iA00 IN A€z ,0510 <0 IN CF= 6,%000 BTU/HPFTR CF= ,7509 EMIS= .R500 MHF= -0.0000_BTU/HOFT2R

FIN PRCFERTTES, CONDENSFP SFOTICH NUHREP'?

PF=  3,5000 YN AF= L0560 SN TH CF=104.0000 BTUZHFTR  FF= L9607 EMIS= L8500 HE= ~-0,0000 BTU/HRFT2R

ADIABATIC SECTICHN PROPERTIES

DOUTA= L2500 TH, THxuYA= L0200 IM. i
CHA=  9,3000 BTU/HRFTR NFLA= LOn10 CHWKA= L1200 BTU/HRFT®  XLONGA= L5000 FT

PIPE PROPERTIES

nouT= «?500 TN WALt THY= -1200 TM WALL fONN= 9,000 ATU/HRFTP

CONDENSER ENVIRCNMENT, SECTION NUMBER 1

[te=_ 0. R POz L. 3700F+N1 ATU/HRFTFTY YLONG=  3.7500E-01 FT

CONNDENSER ENMVIRCMMENT, SFCTION NUMBEP ?

= 0. R = R.7S00E T /HRE NGz 6.2500E-01 F
TF= 0 POIN= 87500 +01 BTU/HRETFT  XLONG= 6.2500£-01 FT EXAMPLE 1

00-04-$509-LLLEL
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WICK PROPEPTTIFS AHQ RESEPUNTD CINATTIONS

("WEK THK= L0017 TN WAK FAN=  .1200 RTU/APFTR D-ART= L0730 IN VRES=  .7900 CU IN TRES= 495,0 ¥ NRES= 2
i
OPFRATING MONATTTONG

YEV= 5.30005402 @ 0=  S.0000°+00 BTUY/HP  MONFAQM= 1 CEV=  3,4745E-064 LBMOLE/FT3  TTRAP= R

AMOUNT OF NONSOKNENSIALE GAS

GAS=  1.721RF+072 76AS= 1,0000%5-02 €T AGAS= -1, LBMOLF TOEF= 1.,1%68F-09 LBMOLE
AMT=  2,098RE-N7 LAMQOLE YGAS= 1, 0000F-92 FY

DIMENSICNLFSS TFMPEGATURES

TZ= 1.RI27F4+01 TS1= 7.P621F=C) TS2= 0,3uG5€-01 TP= 7,45”29F-n1 TTeP= 0,

DIMENSIONLESS GONNFNSER PARAMFTCRS, SECTION N0. 1

FMIS= A.6000F-A1 C= 1.7201F+0t F= 1.11R9F«01 H= 0. ¥L= 2,3104E401 XS= 9.08851E-01

lUIHENQIGNLEﬁs GAONDENSEP PARAMFTERS, SECTION NO. 2

EMIS=  8,5000°-01 0= 2.7023E402 F=  1,2293F~01 H= 0. ¥L= 3I.B507E+01 XS= 6.7515€-01

DIMENSIONLESS ANTADQATIN SFCTYT0ON PARAMETFRS

'

CI= H.,NQARARE+AG PA= 7.37702F-0% 0DIANI= 1,00962E+¢00 R= 7.377026-03 XL3= 3.08057E£+01

- ITERATING TN PATEH

00-04-t509-LLLEL
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[
f

L IYEP= 9 TSTART= .TRASRA  71= 59.932k5  XLi= 23.10428
ITER= 1 TSTART= LBGORT 71= 10.13391 Xit= 23,10423
ITER= 2 TSTART= APZPT = 17.75790 XL1=  23,10428
[TER= 3 TSTARYT= JAGLPT 71=  24,002R7_ ¥L1=_ 23.10428
| ITER= &4 TSTARY= 81350 7i= 20,08438 XL1= 23.1042R
| ITER= ©§ TSTART= ANART T7i= 21.A5655 XLi= 23I.104248
| TTER= 6  TSTART= LANGES  71=  22.876LO4  YLiT  23.104728
ITERATING TN LCNG
ITER= N JSTADT= 1  XSHUM= 1,88245F+02 QSUM= 1.59621F+00 JEND= 374 MOPEJ= -1
| ITERATING TN SHOPT
_IYeR= 1 TSTART= LONIPA XSUM= 1.30764FE+02  OSUM= 2,07965E+00
TTER= 2 TSTART= JRGLN?  ¥SUM= 1,F3010E402 O0OSUM= 1.795345+00
T1EP= 3 TSTANT= JRINTL ¥SUM= 1,T77RARE402 NSUMs L.SSLABF+GN
ITER=_ 4 TSTART= JAL7RT XSUM= 1.70100E402  0SUM= 1,A8A18F4D0
[[ITE®= 5 T5TARTY= RATR7R NSUM= 1.73666E+02 0OSUM= 1,.62534F+D0
" ITER= 5 TSTART=  ,8F%980 XSUM= $,71877E+02 OSUM= 1.B57HTE+00
TRES = 4,4510FE+072 DER @ Y"R =  9,5412F-01 DESGAS = 1.B048E-07 LB-MOLES
J_= 1 ZTK = 4,8RG7F =02 TNCHFS 7 = ?2.5000F-01
[ ¥ = o, 0RENF-0A P T 4.54L42°-02 TY = 8.3982E-01
: XS¥ = 1,549RE+N? NSYM =  2,.7790E-03 MASSFLON = 9,0668€-18 LB/HR
| QFLOW =  1,1895F-07 BTU/HR XS = 9,541RE-01 THICK =  &4.4511€+02 DEG R
THALL = GL.LSOGRE+N? NES © MAAS = 1.80B1F-07 LA-MOLES
J = 11 ZTN = 65,3662F =11 TNGHES 7 = ?2.7S500F+00
[ ¥ = 1.0734E-04 P = 4.8133E-02 TI = B.u228E-01
i XSUN = 1.57RIFeN2 nSUM = 2.1069E-07 MASSFLOW = 1.0713€-06 LB/HR
; OFLOW =  1.55%6F-11 ATU/HR XS = 9.514%F-01 THICK = L,4640F¢02 DEG R
THALL = L 4BIGF4NT NEQ © MGAS = 1.8L1ZFE=07 LP-MOLES
J= 21 7TN = 1,022GF+00 TMAHES 7 = 6.25005+00
- V= 2.4887F-06 P = 5.6301F-02 TI = 8.4834E-D)
i XSHM =  1,6060E+07 OSUM = F.1935F-07 MASSFLOW = 2.4833E-06 LB/HR
| PELOW =  3,0967F-01 FTU/HR XS = 9,4338E-01 THICK = G4.4994E+02 DEG P
THALL = &.LORQF 402 0°G P MGRS = 1,87360-07 LB=-MOLES
J=_ 31 FIN = 1.509%F400 TNGHES Z = T.7500E+00
V = 5,0025F-04 P = 7.3405€-02 TI = B.6044E-01
XSUM = 1.FITLE402 NSUM = 9,306RF=-02 MASSFLOW = 5.0R23E-06 LB/HR

00-04-$509-LLLEL
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L,IN>RT -01

nFLAY = GTY/HR XS = 9,26A4F-01 TUTCK =  4,5R03E+02 NFC P o
TUALL = &.5RO7F4N2 76 7 MGAS = 1.30GAF=07 LR-41IL%5
J = &2 FIN = 2.04516+400 INCHES 72 = 1.0600%7+01
¥ = 1.1795F-02 ‘ P =  1.1368E-01 T = &,7989E-01
XSHUN = 1.6622E+07 QsSuUM =  1.479RE-01 MASSFLOM = 1.1772E-05 LB/HR
QFLOW = T7.3981E-01 A9TU/HR XS =  R.A8LBE-01 THICK = 4.HRR29E+402 NFG R
TWALL = 4.F6E21°402 056G R MGAS = 1.0394F-07 LR-MOLES -
J = 52 7IN =  2.5320E400 INCHES Z = 1.3000°¢01
¥V = 2.91f9E-02 P = $,9938C-01 TI = 9.05164E-01%
¢ XSUM =  1.6862E+02 osuM = 2.0780E-01 MASSFLOW = 2.9111E-05 LB/HR
OFLOM = 1,0390F00 BTU/HR ¥S = A,1279E-01 THICK = &,797uE+02 DEG R
TWALL = 4.7963E+02 NFG R MGAS = 1.9A74F-07 LB-MOLFES
J = 62 ZIN =  3.7189F+00 TNCHES 7 = 1.5500F+01
¥V = 9,4322¢-03 ? = G4,3650F-01 TI = 9.40152-01
XSUM = 1,7062E+D2 0SUM = 2,88RRE-01 MASSFLOW = 9.4134E-05 LAHR
QFLOW = 1,44buEson ATU/HR XS = F,3679E-01 THICK = 4.9828F+402 DEG R
THALL = G.OR13ce02 NEG R WGAS = 1.990AF-07 LB-MOLES
J= 72 ZIN = 3,5050%€400 INCHES 7 = 1.80005+01
V = 7.3376E-02 P = 1.5747E+00 TI = 9.8%99£-01
XSuM = 1.7179E+02 ASUM = L,0226E-~01 MASSFLOW = T7.3230E-04 LB/HR
. QFLOW = 2,0112€+00 ATU/HR X% = 2.0125F-01 TWICK = 5.2257€+02 DEC R
TWALL = %.2236F#02 0EG R MGAS = Z.0045E-07 LB-HOLES
J= A4l ZIN =  G.NLIGFH00 TNOHES 7 = Z.0750E401
Vv = G6.h173F-01 ¥ = 1,9437F+01 TT = 1.00005+¢01
' ASUM = 1.71RAT407 pSYM = 5,A1577-01 MASSELOW =  5.A005F-03 L3/KP
DFLOW = P.8CTRF+N0 ATII/HD ¥5 = I.3408F-09 TWTCK =  5,30005+402 NFG R
THALL = 5.70776+407 76 R MGAS = 2.00655-07 LB=-MOLFS
J = 94 ZIN = L4.S4BTE+ND INCHES 7 = 2.3354E4+01
Vv = T.0555F-01 P = L.6I6RE40L TI = 1.0000E+00
XSUM = 1.718RE+D0? NSUM = 7,05876-01 MASSELOW = 7.0414E-03 LB/HR
QFLOK = 3,5797€400 BTU/HR XS = 0. TWICK = S.3000E+02 DEG R
TWALL = G.2000F+0? OFG R MGAS = 2.0055E-07 LB-MOLES
J= 95 ZIN = 4,%07uf+00 INCHES Z = 2.3504E+01
. V = 7.11776-01 P = 4.9902E401 Tf = 1.0000€+00
XSuUM =  1,71RRF402 AaSYM = T7.1209E-01 = 7.10356=-03 LB/HR

MASSFLOVW
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OFLOM = 3,5604E+0N BTU/HR XS = 9. THICK = 5.3000€+02 DEG R N
TWALL = 5.2900F+02 NFG R MGAS = 2.0055E-07 LB-MOLES
J = 104 FIN = S5.035AF+00 TNCHFS 7 = 2.5854F+01 )
V = T.eT75F-01 P = 7.7863E+D1 Tft = 1.N0DUE+0D
XSUM =  1,71B8F+N2 QSUM = 7.6R07F-01 MASSFLOW = 7.6621FE-03 LB/HR
QFLON = 3J.ALO3C+NN NTUZHR X5 = 0. - THICK = 5.300NE+02 NEG R
TWALL = 6.2090E+402 OFG R MLAS = 2.00555=-07 LB-MOLES
J = 114 7IMN = S.5225€+¢00 IMCHES 7 = Z.B35uE+01 o o
V = B.2904F-N1 - P = 1.1D53E+02 7T = 1.0000E+Q0
ASUM = 4. T1ARE4DZ OSUM = AL3IN2RFE-01 MASSFLOW = B.2829F-03 LR/HP
OFLOM = 6.15313F+400 PTU/HR XS = O THICK = 5.30005402 DEG R
TWALL = 5.7990F+0h2 DOFG R MGAS = 2.0055F-07 LR=-MDLES
J = 124 7IN = 6.0025F400 INCHFS 7 = 3.08SLE+01 - _
V= B.,9714E-01 P = 1.461RF+N? TT = 1.N000E+90
XSUM = 1. T71RRF Q2 OSUM =  8.924RE-01 MASSFLOW = 8.9036E-03 LB/HR
NELOM = L, 46235+00 PTU/HP XS = D, ~ TMICK = 5,3000E402 DEG R
TWALL = 5.2290FE+N2? 0FG R MGAS = 2.00555-07 LA-MOLFS -
J = 135 ZIN = 6.5451F¢00 INCHES Z = _3.36065+01 o
¥V = 9.5056E-01 P = 1.8%36F402 TI = 1.0000F+00
XSUM =  1,71RAE+02 ASUM = 9,ANBAT-01 MASSFLOW = G.58ALE-03 LA/H?
GFLON = GL,BN&4E+00 PTU/ZHR ¥S = (. TWICY =  5,.3000F+02 NEG R
TYALL = 5.29090F 407 Dof © MnAS = 2,0PBGF=07 LA=¥ALES T T
J = 148 ZYh = 7,072NC4010 TMOHES 7 = 7.5106F+D1
¥y = 1.A723¢s00 P = P.741F+02 TI = 1.,7000£400
XSUM = 1,7tRarsn? OSUM = 1.0231F+400 MASSFLOW = 1,07075-A2 LRB/HP
OFLNW = S.115uT+00 PTU/HR XS = 0. THICK = 5,3000E+402 OFG R
THALL = S.2990E+02 Q<G P MGAS = 2.0055F=07 LB-MOLES
J = 155 FYN = 7,5189F 400 TNLHFS 7 = 3.8RNuE+01%
V = 1.DESRT+ON P = P2.7304E4+02 TI = 1.0000E+00D
YSUM =  1.71RBFE+02 QSUM = 1.NRSIELDD MASSFLOW = 1.0828€-02 LA/HR
NFLOW = S.L2BGF4DD ATU/HR XS = Q. ] TWICK = 5,3007E402 DEG R
TWALL = 5.7990E+4012? DFG P MGAS = 2.0055E-07 LB-MOLES -
J = 185 ZIN =  B8.0058E400 TNCHES 7 = L,1104E+D01 )
[ V= 1.14772F+00D P = X.1924F+02 TI = 1.0000F+¢00 T
XSUM = 1,71BRE+D? OSUM = 1.1475F00 MASSFLOW = 1.1449F-02 LB/HR

00-0d-¥509-LLLEL
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| NFLNM =  5,7374E+00 ATU/HR XS = 0. TNICK = 5,3000E+02 DEG R
THALL = 5.2790F407 NEG 2@ MGAS = 2.07155F-07 LB-MOLES
17€ 7IN = B.5615F+00 INCHES 7 = 4.3854E401
! V = 1.2156E+00 P = 3.7303E+02 TT = 1.0000€+00
: XSUM = 1,7189F+07 OSUM = 1,215QE+00 MASSFLOW = 1.2131E-02 LR/HR
OFLOM = 6. N794F+00 QTU/HR XS = 0. TMICK = 5.3000E+02 DEG R
TWALL ¢ 5.29905407 NFG R NGAS = 2.0055F-07 LA-MOLES
186 TIN = 9,02RLF#0N INCHFS 7 = 4.6354F+01
| V = 1.27786+00 P = G.245LF402 TI = 1.00D0E+00
! XSUM = 1. 71RAC#D? aSUM =  1.2781F400 MASSFLOW = 1,2752E-02 LB/HR
| OFLON = 5.39N4E4RN PTUZHR XS = 0. TWICK =  S5.3000E+02 DEG R
TUALL = 5.2990F+0? OEG R MGAS = 2.0065F-07 LB-MOLES
196 7IN = 9,5153F+00 TNCHFS 7 = 4.BASLF401
| V = 1.%400E+00 P = ©.7883E402 Y1 = 1.0000E+00
{ XSUM = 1,T1ARF+02 OSUM = 1.3403€+00 MASSFLON = 1.3373E=-02 LB/HR
: OFLNW = 6.7014F 0N BTU/HR XS = 0. TWICK = 5,3000E+02 DEG R
THALL = 5.2990F+07 NiG ® MGAS = 2.0055E-07 LB=-MOLES
208 ZIN = 1.00025+04 TNOHES 7 = 5.13546401
i V = 1.4027E£+00 P = 5.3558F402 TT = 1.0000E#00
; XSUM = 1.718eF4n? ASUM =  1.4D2SE+00 MASSFLOW = 1,3934E-02 LA/HR
5 NELAY =  7.01245400 ATU/HR Xs = M, THICK = 5.3039€+402 DEG R
TWALL = 6.7980F 807 M=6 @ MRAS = 2,0066F =07 LA=MOLFS
217 7IN = 1,0F73F 4011 TNOCHFES 7 = S.4104F+01 '
! V= 1.470AC+0N P = .0099F+02 YY = 1.00G0E+0D
| NSUM = 1,T1RRCN2 QSUM = 1.4709E+00 MASSFLOW = 1.4576E-02 LB/HR
| AFLOM = 7.3545E+00 RTU/HR XS = 0. TMICK = 5.3000E+02 DEG R
TWALL = G5.7090F 402 066 R NCAS = 2.0055F-07 LA-MOLES
227 7IN = 1.10257+401 INCHFS 7 = 5.6604E+01
| VT 1.53729E400 P = 6.6316E+402 T £ 1.0000E+00
! XSUY = 1,718RF402 ASUM =  1.5331F+00 MASSFLON = 1.5297E-02 LB/HR
l DFLOM = 7.6655E+00 PTU/HR XS = 0. TWICK = 5.3000E+02 DEG R
TWALL = 5.7990F+02 DG R MGAS = 2,00556-07 LB-MOLFS
237 7IN =  1.1512F+01 INOHFS 7 = 5.9104E+01
¥ = 1.5050F+00 5 = T.27R9F+02 YT 5 1.00005+00
XSUF = 1.718RFaN2 OSUM =  1.5953E+00 MASSFLON = 1.5918E-02 LB/HR

00-0d-¥509-LL1EL
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! OFLOM = 7,97EGE#00 BTU/HO XS = 0. THICK = §.3000E+02 DEG R
THALL = %,20907407 DEG 7 MGAS = 2.0065E-07 LB-MOLFS

J = 749 ZIN =  1.7049T401 TNLHES 7 = 6.1961FE+0%

i ‘ Y = 1.R57LE+OD P = B.0227E402 TI = 1.0000E+DO

‘ XSIM = 1, TLRAF+N? ASUM = 1.8E77E+0D MASSFLOW = 1.6S40E~02 LB/HR

| AFLOW = B, 2RATF+0N BT/HR XS = 0, THICK = S.3000E+02 NFG R
TUALL = 5.7000F492 nNEn © MGAS =  2.00555-07 LA-MOLES

J = 250 7T = 1,2097C0+091 INCHFS 7 = R.2111F+01

- V = 1.6574F+0N P = AL.0913E+07 TT = 1.0000E+00

‘ YSIM = 1,71827 402 nSM = 1,6577E400 MASSFLOW = 1.6540E-02 LB/HR
OFLOW = B PRAIF 400 ATU/HR XS = 0. THICK = 5.3000€E402 DEGC R
TWALL = 6.3000F+n? NFG P MGAS = 2,0055F-07 LB-MOLFES

J = 259 7IN = 1.2536C+01 INCHES 7 = F.43R1F+01

] ¥V o= 1.ES574F00 P = B.TNATFD? TT = 1.0000E+00

v XSU¥ = 1.71BAE4N? OSUM = 1.6577E+00 MASSFLOM = 1.6540E-02 LB/HR

- OFLOW = R.Z?BRIF+00 RTU/HR XS = D THICK = 5.3000E+02 NFG R
TWALL = S.3I0A0F#07 N°G ® MRAS = 2.00N56F-07 LR-MALES

J = 7?69 7IMN = 1,3IN27FeN1 INCHFS I = FohRF1TE 401

| Vo= 1,65TLF+0N - p = 9,394BF+02 TT = 1.7000E+00

: ySitw = 4,71RIF4N2 ASUM = 1.65TTE+0D MASSFLOW = 1.6540E-02 LA/HR

' PELNM = A PABIE+NN ATUSHR XS = 0. THICK = 5,3000E+DZ DEG R
TWALL = ©,3NN0E&07? OFC P MGAS = P2.0056E-07 LR-HOLFES

J = 779 ZTh = 1,3509F401 TNCHES 7 = F,93R1Fs01

: Vo= 1.RGTLEA0D P = 1,0081E403 TI = 1.00D00E+00

| XSUM = 1.71BAC+0? QSUM =  1.6577E+00 MASSFLOWM = 1.6540E-02 L9/HR

L OFLOW = 8,283 +N0 BT /HE Ll N. THICK = S.3I000E+02 DEG R
THALL = S.30N0F402 DFG © MGAS =  2,0055C-07 LA=MOLFS

J = 290 FIN = 1, 40LSF#01 TNCHES 7 = 7.2111F#04

P V = 1,6574F+00 P = 1,0R3RF+03 TI = 1.0008E+00
XSUM = 1.71R9F+N2 OSUM =  1.BSTTE+0D MASSFLOW = 1.6S54NE-02 LB/HR

L NFLON = #.2RAIF400 ATH/HR XS = O. THICK = 5.3080E+02 DEG R
TWALL = 5,3000S+02 O°C P MGAS = 2.00556-07 LR=MOLFES

J = 300 7TN =  1.4SIZE401 THCHFS 7 = 7J.e6L1E+01

- YV = 1.65745400 P = 1.1522F403 TT = 1.0000E+00
XSUM = 1,71PRE+D? ASUM = 1,.6577E+00 MASSFLOM = 1.6540E-02 LB/HR

A
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NFLOW = R.2RATE+(D BYU/HR XS = 0. THICK = S5.3000%+402 DEG R
THALL = S.3080F+02 NFG % MGAS = 2.0055F-07 LAR-MOLES
310 FIN =  1.5019€+401 INCHES 7 = T.T11iF+01
V= 1.6574F+00 : P = 1.2208F+03 YI = 1.0000E+00
XSUM = 1,T18AE+D2 QSUM = 1.6577E+00C MASSFLOW = 1.5540E-02 LA/HP
OFLOM = B.2883F400 ATU/HD XS = 0. TWICK = S5.3000FE+02 DEG R
TWALL = ©5,3000F+02 NEG R MGAS = 2.0055E-07 LB-MOLES
320 ZIN = 1.550RF +01 INCHES 7 = T7.9611E+D01
V = 1,6574F+00 P o= 1.2894E+03 TI = 1.0000E+00
¥SUM = 1.T7T1R8E+D2 aSUM = 1.657TE+N0 MASSFLOW = 1.6540€E~072 LB/HR
OFLOW = B,2R8RTE+00 BTU/HR XS = (. TWICK = S.3000E+02 DEG R
THALL = S5,.3000€+402 DEG P MGAS = 2.0055FE-07 LO-MOLES h
331 2IN = 1,60631E401 INCHES 7 = 8.2361E+401
¥ = 1.65ThE+0D P = 1.3540E+03 T = 1.0000F+00
XSUM = 1.7188€402 asuM = 1.6577E+090 MASSFLOW =  1.6540E-02 LB/HKR
NFLOW = B.2BARIT 4010 BTU/HR X5 = 0, THWICK = S.3000F+402 DEG R
TWALL = 5.3000F+#02 NFG R MGAS = 2,0055F-07 LB-MOLES
3u1 2IN = 1.6528FE+01 INCUFS 7 = HA.4%61FE+01 s
V = 1.6574F+00 P = 1.4335C+03 TI = 1.0000E+00
XSUM = 1,TLBRF+02 QSUM =  1.65T7E+0D MASSFLOW = 1.6540E-02 LB/HR
QFLOM = B8.28RZE+00 ATU/HP X5 = 1. THICK = S.3001E+02 DEG R
TWALL = S.3000E+N2 NFEG P MGAS = 2.0055€£-07 LB-MOLES
351 ZIN = 1,7015F+01 TNCHES Z = AJTIGIE+DL
V= 1.65T4FE+3D P = 1.5021E+03 TI = 1.0000E+00
XSUM = 1,71B3F+0?2 asuM = 1,6577C+00 MASSFLOW = 1.6540£-02 LB/HR
NFLOM = B.ZARIE+Q0N ATU/MR XS = 0. TWNICK = S5.3000E#D2 DEG R
TWALL = 5.3000%+02 DEG P MGAS = 2.0055E-07 LB-MOLES
361 7IN = 1.7502E+04 TNCHES 7= B.9851€C+01
V = 1.685TA4E*00 P = 1,5707E+D03 TI = 1.0000E+D0
XSUM = 1,.,71BRE4D2 NSUM = 1.6577E+00 MASSFLOW = 1,.,6540F-02 LB/HR
QFLON = B.2B83F+060 BTU/HR XS = 0. THICK = S5.3000E+02 DEG R
THALL = 5.3000F+402 DEG R MGAS = 2.0055FE-07 LR-MOLES
372 ZIN = 1.R00AF+01 TNCHES Z = 9.24L17E+01
V = 1.657RE+00 P = 1.6LOBE+03 T = 1.00005+00
XSUM = 1.718%€+02 DSUM = 1.6577E+00 MASSFLOW = 1,6540E-02 LB/HR

00-04-$509-LLLEL
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QFL oW 8, 2RATF+00 ATU/HR XS O

TRICK

5.3000E+92 TEG R

H |it
win

TWALL S.3IN0NESD? DEG R MGAS 2.0055E-07 LB=MOLES

GAS _IN ONF nNZ STEP OF CAS-RLACKEDN CONDFNSER 1 3.67??1#-10 LB=-MOLES

"

POMER LCST BY NNE D7 STEP OF FULL-ON CONDENSER 1 = 7,33508E-02 BTU/HR

TOTAL GAS IN PIPF AND RESERVOTP = 2,005455=07 LR=MDLES

TOTAL PCMER LOST AY CANDEMNSFRS = A,2883%35%+00 ATU/HO

00-04-$509-LLLEL
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SAMPLE P20ALEM 2

A LONG HEAT oTer

VAPOR PRESSURFT PARAMETERS

)

A11=14,.4AN00E+00 B11=R2,f2170F+n? Ci1=55.733R2E+ 04

FLUID FROPERPTIES

[WFG= 501.0000 BTU7U8  NiF=  1,7700 FTFT/79%  XHC= 32,0000 GO EXP= .g10d
! .
L
FTN POGPERTTFSs CNNOENSE® SFRTTNN NUMAES 1
PF= 14.3007 TN AF= 4S8N SN IN CF=  .5450 BTU/HPETR EF= .9500 EMIS= .7500 HF= -0.0000 ATU/HRFT2R
T 5
t
i
|FIN PRCFERTIES, GONDENSER SFGTION NUMBER 2
PE- 14.3000 IN AF= L4580 ©Q IN GF= 1.1800 RTUZHRFTR E®= .8900 EMIS= ,7500 WF= +4800 BTU/HRFT2R
z
'ADIARATIN SECTIAN PROPFRYTES
D0UTA= L3700 TN, THUMA= .0350 TN,
CWA=  $.5100 DTU/HRFT®  DFLA= L0052 CWkA= .0900 BTU/HRFTR XLONGA= .3000 FT
1PIDE PROPERTIES
oUT= LL370 IN  WALL THK= L0360 IN  WALL COND=  6.5100 BTU/HRFIR
[CONDENSER FNVIRCNHENY, SECTTON NUMARER {
JF= 0, R POW=  4.2200E+N1 BTUZHRETFT  XLONG= 2.5060£-01 FT

CONDENSER ENVIRNNMENT, SECTION NUMAFe 2

TrF=  S.4LO0F#02 9 PNW=  4.2300E¢01 BTU/HRFTFY XLONG= 1.9600F+00 FT -

"EXAMPLE 2

00-04-$509-LLLEL
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WICK PRCOERTIFS AND RETEPYNTE CONDITTONS

f
1
!
|

WCKX THK= 0052 IN HOK CIN= .Nann RTU/HPFTR D-ART=

«2050 INM

VRES= 13,2000 CU IN TRES= 539,01 R NRES= 0

OPERAT

TEV=

ING CONDITIONS

S.3000F+32 7

iz S5,ne00F+00 PTU/HR MONEOM= 1

fFryY=

b LLLPE-N4 LBMOLEZFT3  TTRAP= =-0. R

r

L

| B
CAMOUNT OF WOMCONNDENSTOLE GAS

GAS=
AMT=

T.0804LE4N2 7GAS=  1.0000c400 FT RGAS= =D,
3,553I0F-NF LRMOLE ¥GASR= 4,0000F+99 ©T

LAMOLE COEF= S5.0189E-09 LBMOLE

(DIMENSTIONLESS TEMOFATURFS

T7= 1

«GAREF+01 TSA=

7.9018F-01 TS?= BR.IRARIE~01 TP= 1

-000CE+QDD

TTRP= 0.

—

E N
‘DIMENSTONLESS RONNENSER PARAMETE®S, SECTION LA §

EMTS=

7.5000F=-01 €=

1.FBEHLIF+N1 F= 7,12A1F-01 H= 0.

¥L

= 1.0282E+01 ¥S= 9.8558E-01

[DIMENSICNLESS GONDENSER PARAMFTFRS, SFCTION NO. 2

eMIS=

7.5000F-04 €=

2. LFREELNL F=  TLuH1HE-04 H= 1,788LE+D0 Xi= 8,0607F+01 XS5= A.2R61E-01

DIMENSIONLESS ANTARATIN SECTION PACAMETERS

‘Iz 8,87568F 00 RA=

1.939476-02 DTIADT= 1.0”731RE+00 R= 1.93942E-02 XL3= 1.23378E+01

i ITERATING TN PATCH

00-04-pS09-1LLEL
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TSTART=

ITER= 0 J790AS  Zi=  22.A7307  XLi= 10,2815%
IYER= 1 TSTART= SBLWTy  71= T.48817 XL1=  10.28154
ITER= 2?2  TSTART= «R1769 71= f.38581 ¥Li= 10.2B154
ITER= 3 TYSTART= +ARO0L1T  71= 9,15265 XL1= 10.2315&4
ITER= 4 TSTART= 797h1  Z1= 11.84004 YL1= 10.28154
ITER= 5 TSTARY= .80079 Zt= 10,2A317 XL1= 10.28154
ITERATING TN LCNG
ITER= n JSTARY= 1 ¥SUM= £,79337E+02 ASUM= 2,39200E+01 JEND= 423 MOREJ= 1
ITER= {1 JSTART= 207 YSUM= 7,29072£+402 QSUM= 7.54LA5E400 JEND= 422 MOREJ= -1
ITER= 7 JSTART:= 10& XSUM= 7.05382Es02 QSUM= 1.54601E+01 JEND= 423 MOREJs 1
ITER= 3 JSTART= 155 XSUM= 7,17112E+02 QSUM= 1.15409F+081 JEND= 422 MOREJs -1
ITER= & JSTART= 129 XSUM= 7,11132E+02 QSUM= 1.35389E401 JEND= 422 MOREJ= -1
. ITER= S JSTAPT= 116 XSUM= 7,08142F+02 OSUM=s 1.45379E+01 JEND= 422 MOREJ= n
TRES = S.3900F+02 DFG R XSR = 9.8553£-01 RESGAS = 3.3459E-0Ff LA-MOLES
J = 1 ZIN =  T.2470E-02 INCHES 7 = 2.4A37E-01
¥ = Z2.4409€£-05 P = {1.,9035£-02 T = $.0081e-01
XSUM = 6.63I7TE+02 OSUM = 9.1593F-16 MASSELOW = Z.4360€6-07 LB/HP
DFLONW = 4.5797€~-15 BTU/HR XS = 9,80199E-01 THICK = G.31R4E+82 DEG R
THALL = 4,3152F+02 0FG © MGAS = 3,3288E-06 LB=-MOLES
J = 7 ZIN = S5,1015E-01 TNCHES 7 = 1.TLALGEH0D0
V = 1.RBO74E-DL P = 1.9529€-02 TI = B8.0183F-01
XSUM = 6.6521F402 NSUM = 1.7413E-02 MASSFLOW = 1.8034€E-06 LB/HR
OFLAM =  8,7NB3F-02 ATU/HR XS = 9,80M49F-01 TWIGK = 4,.3219E+02 DEG R
TWALL = &,320RFE#02 0OFG ®@ M5AS =  I.3380E-06 LB~MOLES
J = 14 ZIN =  1.020AF+80 INCHES 7 = 3.4984FE+00
¥V = L.I0GRF-04 P = 2.1224E-02 TI = 8.0516F-01
XSUM =  B6.6734E+02 GSUM =  L,1702F-02 MASSFLOW = 4,2967E-06 LB/HR
OFLOW = 2.0851F-01 BTU/HR XS = 9.7877F-01 THIGK = 4,3398E+402 DEG R
TMALL = 4,3782€402 0OFG R MGAS = 3.34A7E-0K LB-MOLES
J= 21 ZIN = 1,5314F+00 INCMHES 7 = S.24845+400
¥ = B.7251E-04% P = 2,4794E-D2 TI = BA.1145E-01
CXSUM = 6.694EEDZ QSUM =  7.5051F-02 MASSFLOW = 8,7077¢-0h LB/HR
DFLOM = 3.7526FE-D1 BTU/HR XS = 9.7515F-01 THICK = 4.37376+402 DEG R
TWALL = 4,3713F+02 DG R MGAS = 3,3594E-06 LB-MALFS
J ZIN = 2.0420€+00 TINCHES 7 = 6.9984F+00

00-04-r509-111EL
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V= 1.,B1a7F-03 P = 3.2009E-02 TI = 8,2137€-D1 _
XSUH =  £,7154E402 QSUM =  1.246?F-01 MASSFLOW = 1.A151€~05 LB/HR
OFLOW = £,2379F=N1 ATU/HR XS = 9.6785F-01 THICK = 4.%304E402 DEG °
TWALL = 4. G26RF402 OFG R MGAS =  X,3598F-06 LB-MOLES
35 7IN =  2.5526E+00 INCHES 7 = 8.74845+00
V = 4.,261RE-NT P = 4,7729E-02 TI = 8.3889€-01
XSUM = R, 7IRTF40? OSUM =  2,9170°-01 MASSFLOW = 4,2533E-05 LASHP
NFLOW = 1.00BSF400 ATU/HR XS = 9,5711F-01 THICK = 4,5216E+02 NEG R
TWALL = 4,5159F402 NEC ® MGAS = 3.38005-0F LB-MOLES
42 7IN = 3.1023F400 INCHES 7 = 1.0632€401
V= 7.064ATE-0% P = R.TALLE-02 TL =  B.6S7T4E-01
-XSUM =  6.7RSIEN? 0SUM = 2.7560F-01 MASSFLOW = 7.0322E-05 LRB/HP
OFLOW = 1.,37RNE+0N PTU/HR XS = 9.1309E-01 THICK = 4.6663E402 DEG R
THALL = 4.R7EAES02 DEG P MGAS = X 394RE-05 LR-MOLES
L3 ZIN =  3.1753E+400 INCHES Z = 1.0892Es01
- ¥ = h.,R7T01F-03 P = 9,3154E-02 TI = 8.68395-01 =
XSUM = 6, 7679F 212 SUM = 2.5394E-01 MASSFLON = 6.8564E~05 LB/RR
OFLOM =  1.26975+00 RTU/HR XS = 9,0AC06F-D1 TMICK = 4.6B06E+02 DEG R
TWALL =  4.6A93F+02 NEG R MGAS = 3.3961E-0& LB-MOLES
48 7IN = 3.5400¢+00 INCHES 7 = 1.21325+401
V= 5,6M42F~03 Pz 4.1705€-01 TI =  B.7873E-01 L
XSUM = 6,7807F+07 OSUM = 1.6857F=01 MASSFLOW = 5.H72RE-05 LB/HR
' OFLOW T  B.425BF-01 ATH/HR XS = 8.8575€-01 THICK = 4.7364FE+02 DEG P
TWALL = 4.7h27F402 DEG R GRS = 3,4026F-0% L A-MOLES
55 ZIN =  4.0506F+00 INCHFS 7 T 1.3882€+01
y = 3,8565€-03 P = 1.4201F-01 TI = 8.8758E-01
XSUM =  6.7OROF+0? DSUM = Q.4749E-02 MASSFLOW = 3.84BSE-D5 LB/HD
QFLOW =  4,7374F=01 BTU/HR XS = AR.6307TE-D1 THICK = 4.7841FE+02 DEG R
TWALL =  4.7A7IF+02 OSG R MGAS = 3,6113€-0% LB-MOLES
62 ZIN = 4.5617F+00 INCHES 7 = 1.5632E+01
V= 2,4044E-03 P = 1,5812F-01 TI = 8,9253€-01
XSUM = R.B1LAF+02Z OSUM = 5,3191£-07 MASSFLOW = 2.3996E-05 LA/HF
OFLOW = 2.R595E-01 STU/HR XS = R.4RTEF-01 THICK = 4.8107E+12 DEG R
TUALL = 4.8125F402 DEG R MGAS = 3.4197°-06 LB-MOLES
69 7IN = S,N719E+30 TNCHES 7 = 1.73B2E401
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V= 1.4279F-0% P = 1.6789F-01 TY = 8.9529E-01
YSU¥ = B.BTILF4N? QSuYM = 2.37REF-07 MASSFLOW = 1.4250E-95 LA/HR
AFLOM = 1,L893E-01 ETU/HR XS = B.4D21E-01 THICK = 4.A256E402 DEG ®
- TUALL = 4. APEAF+02 NEG ° MGAS =  3.4280E-0R LB-MOLES
iJ = 78 7IN = 5.50955400 INCHTS 7 =  1.8882€+01 -
( V= A.8983F-04 P = 1,7295E-01 TI = B8.,9666E-01
XSUYM = H.RLELEN? OSuUM = 1.8030€-02 MASSFLOW = 8,8806F-06 LB/HR
NFLAY = 9.0150T-02 RTU/HP XS = B.3531F-01 " TWICK = 4.3330€402 DEG R
TYALL =  LLRIIAF+I? NEG R MGAS = 3.4350E-06 LB-MOLES
3
iJ = 82 ZIN = £.02012E400 INGHES 7 = 2.0532F+01
L ¥ = 4,9551F-04 P = 1.76455-01 TY = B8.9758E-01
XSUM =  B.ARIAF0? OSUM = 9,8642F-03 MASSFLONW = &,9552E-D6 LB/HR
OFLAOW = 4,9321F-02 ATU/HR XS = 8.3279F-01 THICK = 4.83R0E#02 DEG R
TWALL = 4.BIRIE4N2 OEG R MGAS =  3.4432F-06 LB-MOLFS
I
'J = 89 7IN = £.5709F+008 INCHES T = 2.2382F+01
i ¥ = 2,5R25E-0bL P= 1.7835£-04 11 = 8.9808E-01
XSUM = 6.8779F402 NSUM = 6.0767E-03 MASSFLON = 2.5773E-06 LB/HR
NFLAW = 2,53R4E-02 ATU/HR XS = B.3115F-01 THWICK = 4.8406E+22 NEG R
TWALL = 4,8409E+027 NFG P MGAS = 3.65136-05 LB-MOLES
J = 96 ZIN = 7.0L1LE+00 INCHES Z = 2.4132€+01
; V= 1.0370F-04 P = 1.7927¢-01 TI = 8.9831E-01
XSUM = R.8LNFE4N2 0S1M =  2,0284E-03 MASSFLOR = 1.0350E-06 LB/HR
OFLON = 1.01425-02 PTH/HR XS = R.3036E-01 TWICK = 4.B419E+D2 DEG R
TWALL =  Ll.A421E4N2 NEG R MGAS = 3.45%4F-05 LB-MOLES
I
[
') = 103 7IN = 7.5517E+40N TNCHES 7 = ?2.58B1E+01
{ vV o= 0. P = 1.8130F-01 T! = 8.9883E-01
YSUM = $.9302€402 gSuM = 0. MASSFLOW = 0. L8/FR
oFLOoN = 0. ATY/HR XS = B.2861F-01 TWICK = 4.8447E+02 DEG R
THALL = 4.B4L7E#N? DEG R MARAS = 3.4575E-116 LR-MOLES
\J = 110 7IN = B.0A13F+00 INCHES Z = 2.762AF+01
\ vz 0. P = 1,8130F-01 TI = 8.9883E-01
¥SUM = R.A2R3F#02 aSuUM = 0. MASSFLOW = 0. TB7R%
OFLO% = O, AT /HR XS = 8.2461F-01 THICK = 4.3447E+02 DEG P
THALL = 4uALLTF40? NE5 R MCAS = 3,4756FE-0F LB-MOLES
E = 117 7TN = B.5711F+00 TNOKES 7 = 2.3375F+01
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1.1747F-04

v = P = 1.83228-01 T1 = 8.993Z2-01
XSUM = 6£,9424F+02 gsuUM =  F.3179F-0h4 MASSFLOW = 1.1724E-06/ LB/HR
NFLOM = 1.65R3E-03 BTU/HR XS = R.ZHITE-O1 TWICK = 4.BL73E+D2 DEG R
THALL = 4L,RLT2F4D02 NFG R MGAS = F.uA3TE-04f LB-MOLFS
= 123 7ZIN = 9,008RE+00 INCHES 7 = J.0875E+01
V = 2,43082FE-14 ' P = 1.8400F-01 TI = B.9952E-11
XSUN = B,.GE6PE+N2 QSUM = 2.7314%-03 MASSFLOW = 2.4334E-06 LB/HFP
NFLON = 1,3657-N2 PTU/HR XS = R,2630FE-01 THICK = 4.,8L84LE+02 NEG R
THALL = H.8487FE+402 OFEG R MGAS = 3.4906F-06 LA-HOLFES
= 130 ZIN = 9,5194F+00 INCHES 7 = 3.2825€+401
V = 4,7522F-04 P =z 1,8580F~-01 Tl = B8,9997E-101
XSUM = 6.,9722FD2 nSuM = 7.0565F-0D3 MASSFLON = L4.7L27E-06 LB/HP
AFLOM = 3.52R3E-N2 ATY/HR AS = R.247HE-01 TWICK = 4.R508E+02 DEG R
THALL = 4.B505F+02 NEG R MGAS =  3.49RTF-NF LA-MOLES
= 137 FIN = 1.007DE+01 INCHES T = JX.4W375E+01
V= 8.8284E-06 P = 1.8920c-01 Tl = 9.0080E-01
A*SUM = H,98R3FD?7 QSUM =  1.4459F-02 MASSFLOW = 8.A10RE-0A LAB/HR
OFLOW = 7.2295F-02 RTU/HR *S = ARL2186E-01 THICK = 4,A55%£+402 DEG R
THALYL =  4.85LAF+07 DEG R MGAS = 2.5057¢-0Ff LB-MOLES
= 144 CZTR = 1.0541E401 INCHES 7 = 3J.5125F:01
V= 1.6367€-03 P = 1.9549%-01 TL = 9.0231F-01
XSUM = 7.0042F 02 asyM = 2,7480F-02 MASSFLOM = 1,6334E-05 LA/HR
NFLOW = 1.3740F-N1 RATU/HR XS = A.1653F-01 TWICK = 4.86%5E+02 DEG R
TWALL = &4.B6ZLF+02 DEG R MGAS = 3.51476-05 LB-MOLFS
= 151 7IN =  1,1054E+01 THCHES 7 = 3.7875E+401
¥V = 3.,099F-01F P = 2.0724E-01 TI = 9.0501€-01
XSUM =  7,0199F+D2 OSUM = 5.0592E-02 MASSFLOW = 3,0907E-05 LB/MR
NFLOWM = 2,5296F-01 ATU/HR XS = A,06HRE-01 THICK = 4.8780E+402 DEG R
TWALL = 4,B7#2F+#0A2 OFG R MGAS = 3,522hE-0R LB-MOLES
= 158 ZIN =  1.1562E+401 TNCHES 7 = 3.,9R25E+01
V.= 6.1223€-03 P = 2.2987€-01 T1 = 9.0979¢-101
YSUM = T7.03R3F+07 NSUM = 9.1749%-02 MASSFLOW = .6.1100E-05 LA/HR
QFLOM =  4,5875%-01 PTO/HR XS5 = T.3°%03F-01 TWICK = 4.9034E+02 0EG R
THALL = 4,9005€+402 NEG R MGAS = 3,5303°-06 LB-MOLES
= 165 TIN = INCHES 7 = LJ1375E+01

1.2073E+01
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1:311EF-02

v = P = 2.7R17E-01 TT = 3,1823E-01
XSUM = 7.0G01F+N? ASUM =  1.,6513F-01 MASSFLOW = 1.3080E-94 LA/HR -
OFLOM = B,2564F=01 BTU/HR XS = 7.5129E-01 THICK = 4,9433E+02 DEG R
TWALL = L. 9LXSE+N2 NEG R MGAS = 3.53776-0& LA-MOLFS
171 7IN = 1.251NF4+01 INCHES 7 = L.2RTGE4D1
¥ = Z2.817RE-02 P = I, RO2AF-01 T = 9.3032F-01
XSUM = T.0ATAE+02 ASUM = 2.7231¢-01 MASSFLON = 2.8120€-0% Lasre
OFLAW = 1,3616F+00 PTU/HR S = F.8909F-01 THICK = S.,0144F402 DEG ®
TWALL = 6S.0050FeN? DFG R MGAS = TI,543RE-0% LR-MOLES
178 ZIN = 1,3021E+01 INDHFS 7 = L 4625F+01
¥ = B.GASEF-07 P = £.1127E-01 TT = 9,5328E-01
XSUM =  7.0734F+12 DSIIN = 4.859RE-01 MASSFLOW =  B.BGB2E-04 LA/HR o
NFLOW =  2.429%54+00 8TII/HR XS = 5.3324F-01 THICK = 5,1382E+92 DEG ®
THWALL = 5.1715F402 0EG P MGAS = 3,5494F-06 LO-M™ILES
185 FIN = 1.35T1¢+01 TINCHFS - 7 = 4,63755+01
V= 4,1771F-01 P = 1.5823E+00 TI =  9.85%0E-01 o
YSUM =  T.NANEF+07 OSUM = 8,574RF-01 MASSFLOW = &4.1GBAE-03 LA/HP
NFLON = U4,2623E+400 RTU/HR ¥S = 1.9996E-01 THNIEK = 5.31345¢02 DEG P
TUALL = G.2RR1F+02? NFEG R MGAS = I.5527F-0A LB-MOLES . o
197 FIN = 1.400RE4DL INCHFS 7 = 4.A000E+01
¥ = 1,30476+00 P = S.4091E+00 TI = 9,9972E-01
XSO™ = 7.081LE+D? OSUM =  1.323%5407 MASSFLOW = 1.30215-02 LB/HP
NFLNW = B,6413F+00 RTY/HR . XS = 4.3333F-03 THIOK = 5.38855402 DOFG R
TMALL = B5,35R4F 402 NEG R MGAS =  T.55358-0% LR-MOLES
207 ZIN =  1.451RF+01 INCHES 7 = L.9TS50E+D1
¥ = 1.8675F+00 P = 1.2886E+401 TI = 1.0000E+00
XSUM = T.0R16E+02 ASUM = 1.8670F+00 MASSFLOW = 1.AB375-02 LR/HR
QFLOM = 9.3350F4+00 BTU/HR XS = ?.4535F+06 THIEK = 5.,3900€+02 OFG R
TYALL = 6.3I57RE+N? DEGC P MGAS = T,5535F=0% LB=-MOLES .
214 FIN = 1.5027F+01 TNGHES 7 = S5.150NF+01
] VT 2.4065E400 P = 2,2908F+01 TI = 1.0000E+00 o
XSUM = T.081GE+07 OSUM = 2.406CE+0D WASSFLOW = Z.4017F-02 LB/HR
QFLOY = 1.,7030E401 PTU/HP XS = 1.0B94E-10 TWICK = 5.3900F+02 NEGC °
TWALL = G5.3574F407 NFG R MGAS = 3,5535F=05 LA-MOLES
221 FIN = 1.5627F+01 INCHES 7 = 5.3250E+01

00-04-+609-LLLEL
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3.5659F 401

Y = 2,94555400 P = TI = 1.0000E+D0
XSUF = 7.0814F 07 ASUM = 2.9450F+00 WASSFLOW = 2.9396E-02 LB/HR
AFLOW = 1.472SC N1 ATU/HR s = 'n, THIGK = 5,3900E+402 DEG R
TWALL = 5,3579F+02 NEGC P MGAS = 2,6536F-05 L3-MOLES
[J = 2?28 FIN =  1.60GBE+N1 INGHES 7 = R.5000F+01
! Y = 3 LALSE+QN P = 5,053AC+01 TI = 1.0000£+00
XSV = 7.0R14F 407 0SUM = 3.4340F+00 MASSFLOW = 3.4775E-02 LB/HR
AFLOY =  1.74207+31 ATU/HR Xs = 0, TWICK = 5,3900E+402 DEG R
: THALL = S,¥67aC4n? nrg R MGAS = 3,566535F-05 LA-MOLES
J = 215 ZIN = 1.6553F401 TNOMES 7 = %.6750F+01
L ¥ = 4,0235C400 P = FR.A147Fe01 Y1 = 1.0080E400
XSH™ = 7.NB14Ts0? NSUM = G4.0730°400 MASSFLOW = #4.0156E-02 L9/HP
NELOW = 2,0115F 401 PTU/HR XS = 0, TWICK = 5,3904F+02 DEG R
| THALL = 5.257AFe07 OEG ° MGAS =  2.5635E-D& LD-MOLES
J o= 242 7IN =  1.70R3F¢N1 INCHFS 7 = 5,3500F+01
o V= 4,5675F400 P = B.A2TEE+01 TI = 1.0000E+00
YSUM = 7.0R1hE0? GSUM = 4.5520€400 MASSFLOW = 4,5534F-02 LA/HR
NFLAW =  2,2°11F 401 BTU/HR ¥S = Q. THICK = S5.3900£+02 DEG R
: TWALL = 5,¥57AF402 NEC D MEAS = Z,55356-0% LO-MOLES
g = 248 FIN = 1,750T7F+01 INCHES 7 = F.0000F+01
: V = 5,02G5F400 P = 31.0755E402 TI = 1.0000E+00
XYY = 7.NALLFA(? ASUM = S.0240F4+00 MASSFLOW = G.B145F-02 LB/HR
NFLOW = 2.51206401 PTU/HR XS = 0. TWICK = 5,33200E402 DEG P
1 THALL = 5,3I574F+0? MFG P MGAS = 2,5535F-0% LRB=MOLES
J = 7?55 TN = 1,AN1RC401 INCHES 7 = E.L750F+01
, V = 5.5KI56410 D = 1,3237E402 T = 1,.0000E+00
ASUW = 7.N81hF+0? ASUM = S5.5630F+00 MASSFLON = 5.5524E-02 LA/HP
AELOW = 2,7915C4+01 OTU/HR XS = 0. THICK = 6.3900E+02 DEG R
| TWALL = 5,357AF#()2 N€G P MGAS = 3.553GE-06 LA-MOLES
J = 2?82 FIN = 1.A573Fs01 TNRHES 7 = £.3500E401
V = 6,1NP5F+00 P = 1.5973F+02 YT = 1.0000E+00 -
KGN = 7.0814F ]2 NSUM = 6.1070FE+00 MASSELOW = 6.0003E-02 LB/HR
AFLOM = 1,05107404 OTU/HE XS = 0. TWICK = 5,3900E402 NDEG R
TWALL = 5,3I578FE402 NFG © MGAS = 3,5535E-05 LB-MOLES
'J = 259 YN = 1,9029F401 INCHES 7 = 6,5250F+0t

00-04-1S.09-LLLEL
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E.FL415F +00

= P = 1.8961E+02 _ YI = 1.0000E400
XSUM = T.0814F02 OSUM = 6.6410E+400 MASSFLOW = 6.6282E-02 LB/HR
OFLOW = 3.3205F+01 2TU/HR X5 = 0. TWICK = S.3900E+02 DEG R
THALL = 5.3578F+0?7 0EG R MGAS = 3,5535E-06 LB-MOLFS
276 ZIN = 1.9550F+01 INCHES T = 5.7000E401
¥V = 7.1305E+00 P = 2.2203E402 T1 = 1.0000E+048
XSUVM = T7.0B1LE+07 QsuUM = 7.1800E+00 MASSFLOWN = 7.1662E=-02 LB/HR
OFLON = 3,5900F+01 RTU/HR X5 = 0. TRICK = 5.3900E+402 DEG R
THALL = S.3578E402 DEG R MGAS = 3.5535F-16 LB=MOLES
283 ZIN = 2,0060€+01 INCHES T = 6.3750E+01
‘¥ = T.7195E+00 P = 2,5697F£402 _ T = 41.0000E+00
XSUM = T.0R14E+02 QSUM = T7.7190E+00 MASSFLOW = 7.7041E-02 LB/HR
NFLOW = 3,8595C401 RTU/HR X5 = Q. THICK = 5,3900E+02 DEG R
THALL = 5.357RE+02 NEG R MGAS = 3.5535E-06 LB-MOLES
290 7IN = 2.0574E+0% THNCHES I = T.0500E+01
V = B.,2585E+00 P x> 2.,9443€402 TI = 1.0000E+00
XSUM = 7.08148E+02 OSUM =  8.2580E+00 MASSFLON = 8.2420E-02 LB/HR
NFLOW =  §.1290E+01 ATU/HR XS = 0. THICK = 5.3900E+02 DEG R
TWALL = S.3%578F#02 NEG R MGAS = 3,5535E-06 LB=-MOLES
296 7IN =  2.1008E+01 INCHFS I = T.2000E+01
¥ = 8.72055+00 P = 3.,2856E402 YYI = 1.0000€E+400 _
XSUM = T,.0B1LE+02 QSUM =  B.7200E+00 MASSFLOW = B8,7031E-02 LB/HR
OFLOW = 4.3600F+01 ATUY/HR XS = 0. THICK = S,3900E+02 DEG R
TWALL = S.3S7AF+82 DEG R MGAS = 3,5535E-06 LA-MOLES
303 7TN =  2.1519F+81 INCHES 2 = T.3750E+01 '
v = 9,2595(4+400 P = 3.70T7T2F¢02 ¥I = 1,0000€+00
XSUM =  T7.0814F+02 NSUM = 9.2530E+00 MASSFLOW = 9.2410E-02 LA/HR
OFLOW = 4.6295FE+01 BTU/HR XS = 0. TWICK = 5.3900E+02 DEG R
THALL = S.3I578FE+4N2 NFL R MGAS =  3.G653%F-06 LB-MOLES
310 FYN =  2.,2030E+01 INCHES Z = T.5500E+01
vV = 9.7985E#00 P = b, 1541FE+D2 TI = $1.0000E+90
XSUM =  T.0A14F+02 QSUM = 9.7930NE+00 MASSFLOW = 9.7790E-02 LA/HR
QFLOW = 4,8990F+01 BTU/HR X3 = 0. TWICK = 5,3900E#D2 QEG R
THALL = S.3I57BE+AZ NEG R MGAS = 3.5535F-06 LB-MOLES
317 7IN = 2,25L0F+01 TNCHES Z = T.T250E+01
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£2-3

Gl i

- {;‘Ja. h!y' ,ﬁwg‘f@?}?”ﬁﬂ&t .
Rl B 04 k%111 5 Y P = 4.6263E402 TL =  1.0000E+00
XSUM =  T.0814E+02 OSUM = 1.0337E+01 MASSFLOW = 1.0317E-01 L3/HR
QFLOW = 5.,16B5E+01 BTU/HR XS = ¢, TRICK = 5.3900E+02 DEG R
THWALL = 5,3S78FE+012 DEG R MGAS =  3.5535€-06 _LAB-MOLES
124 ZIN = 2,3061E+0%4 INCHES Z = 7.9000E+01
Ve 1,0877E+01 P = 5.1235F+02 YI = 1.0000E+00
XSUN = T7.0814E+02 OSUM = 1.0876%+01 MASSFLOW = 1.0855E~-31 LB/HP
QFLOM = S.4380F+0% BTU/HR XS = 0. TWICK = S.3900E+02 DEG R
TWALL = 5.3578E202 DEG R MGAS = 3.5535E-06 LB-MOLFS
N34 TIN =  2.I567E+01 INCHES Z = B3.0750E+01
V= {1,1416E:01 ‘P = 5,6M565C402 TI = 1.0000E+00
XSUM = T.0814LE+D2 aOSUM = 1.1415F+01  MASSFLOW = 1.1393E-01 LB/HR
QFLOM = 5,7075E+01 BTU/HR XS = 0. THICK = 5.3900E+02 DEG R
THALL = 5.3578E#02 DEG R MGAS =  3.5535£~06 LB-MOLES
338 TIN =  2.4072E+01 INCHES 7 = 8,2500E+01
¥ x 1.,195SE+81 P = 6.1965E402 TI = 1.0000E+00
XSUM = 7,0814F+02 ASUM = 1.1954F+01 MASSFLON = 1.1931E-01 LB/MHR
QFLOW = 5,.9770E+0t BTU/HR XS = Q. THICK = 5.3900E+32 DEG R
TMALL = 5.3578E+02 DEG R MGAS =  3.55355~06 LB-MOLES
384 ZIN =  2,4510F404 INGHES T = 8.4000E:02
V =z 1.241TE+01 P = 65.68R4F02 TI = 1.000DE+0C
XSUM = T.0814F+02 asyM = 1.2416E+01 MASSFLON = 1.2392E-11 LB/HR
QFLOM = 6,20B0E+01 BTU/HR XS = 0. TRICK = ©5.3900E+012 DEG R
THALL = 5,357RE#N2 DEG R MGAS = 3.5535€-06 LB-MOLES
354 TIK =  2,50206401 INCHES 2 = B.5750€+01
V= 1,2956E:0% P = T.2793Es02 TI = 1.0000E+00
XSUM = T.0814F+072 QSUM = 1,2955E+01% MASSFLON = 1.2930€-01 LB/HR
QFLOM = .B.4T75E+01 BTU/HR XS = 0. TWICK = 5.33D0E+02 DEG R
THMALL = 5,3578E+02 DEG R MGAS =  3,5535F-06 LB-MOLES
358 ZIN = 2,5531F+01 INCHES 7= A,7S00E+401
¥ = 1,3495E+401 P = 7,8996E402 TI = 1.0000E+00
XSHUM =  7.0814E402 QSUM = 1.3494E+401 MASSFLOW = 1.346h8E-01 LB/HR
GFLOH.= B.7LTOE+01 BTU/HR XS = 0. THICK = S5,3900E+02 DEG R
TWALL = S5.3578E+02 DEG R MGAS = 3.5535F-06 LB-MOLES
36% FIN = 2.6062E#0% INCHES 7 = B.,9250E4+01
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¥ = " 1.4036F 018 P = R.,5451E¢02 TI = 1.0080E+00
XSUM =  T,.0B14F+0? QSUM = 1.4D33F+01 MASSELOM = 1.4006F-D1 LA/HR
OFLOW = 7.0165E+01 ATU/HR XS = 0, \ THICK = 65,3900E+02 DEG R
THALL = S.3I5TAF+02 NEG R MGAS = 3,5535F-06 LB-MOLES
= 372 ZIN =  2.6520F+01 INCHES 7 = 9.08895+01
V oz 1.4538E+11 P = 9.1727E+02 TI = 1.0000E+00
ASUM = T7,.0B1LE+R? OSUM = 1.453BF401 MASSFLOW = 1.4509F-01 L3/HR
OFLON = 7.2690E+31 BTU/HR XS = G, THICK = 5,.3940E402 DEG R
TWALL = S.357AE+02 NEG R MGAS = 3.55356€-06 LA-MOLFS
= 373 ZIN = 2.6593E301 INCHES 7 = 9,1139C+01
V= 1.4538E+01 P = 9.,2701iFs02 TI = 1.0000€+00
XSUM = T7.0814E+02 _ QSUM = t.4538F401 MASSFLOW = 1.4509F-01 LB/HR
NFLOM = 7.2690FE+D1 PTU/HR XS = Q. TWICK = 5,3900E+02 DEG R
TWALL = 5.3900E+402 DEG R MGAS = 3.5535€-06 LB-MOLES
= 379 7IN = 2.7T03L1E+01 INCHES 2 = 9.2639E+01
¥V = 1.4538E4+401 P =z 9.8545FE+02 TT = 1.0000€E00
XSUM = 7.081GE+07 QSUM = 1.453RF#01 HASSFLOW = 1.4509E-01 LB/HR
OFLON = T7.2600F+01 RTUZHR XS = 0. THICY = 5,3900E+02 DEG R
TWALL = 5.3900%+02 DEG R MGAS = 3,5535F-0A LB-MOLES
z 386 FIN = 2.7541€+01 INCHES Z = 9.-389E401
¥ = 1,453IRE401 P = 1,15366+403 TI = 1.N000E+00
¥SUM = T7.0R14F 402 NSUM = 1.453Ac+01% MASSFLOW = 1.4509F-01 LB/HR
QFLON = 7.2690FE+01 RTU/HR . XS = D TWICK = 5.3900E+02 OEG R
TWALL = 5.3900F+82 DEG R MGAS = 3.5835F-05 LB-MOLFS
= 393 ZIN = 2.8057F+81 INCHES Z = 9.6139F+D1
¥z 1.4533E+01 . P = 1,1218FE+03 TY = 1.0000€400
XSUM = 7.0814€+407 QSUM = 1.4538E+01 MASSFLOW = 1.4509E-01 LB/HR
OFLNM =  7,269DE+01 ATUSHR XS = 0. THICK = 5.39G0E+02 OFG R
THALL = 5.3900F+07 DEG R MGAS = 3.5535E-06 LRB-MOLES
= &00 ZIN = 2.8562E+01. TNCHES Z = 9,7889E+01
, ¥V = 1,4538E401 P = 1.1980E+03 TI = 1.0000€+00
XSUM = T.0B14E+02 QSUM = 1.4538E+01 MASSFLOW = 1.4509E-01 LAJ/FR
QFLOM = 7.2690FE+01 ATU/HR XS = 0. THICK = G5.3900£+402 DEG R
THALL = S.32900FE+02 DEG R MGAS = 3.5535F-0% LB-MOLES
= &K0O6 ZIN = 2.9000E+01 TNCHES 7 = 9.9389F+01

P
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¥ = 1,4653RE+9%1 P =_1,24B4E+D3 TI = 1.0000€+00
¥SHM = 7.0814F+02 QSUM = 1.453AF+01 MASSFLOW = 1.4509E-01 LB/HR
NFLNW =  7.2R99F+01 aTU/HR XS = 0. TRICK = 5.3900E+02 DEG R
THALL = 5.3900F+02 DEG P MGAS = 2,5535F-05 LR-MOLFS
J = 413 . TTN = 2,9511F+01 INCHES 7 = 1.0114E+02 .
i . ¥ = 1.453RF¢01% P = $1.3166E+03 T1T = 1.0000E+0%0
NSUM = T.0R14%+02 RSUM = 1.45G3AE201 MASSFLOW = 1.4509E-01 LB/HR
OFLOW =  7.2690F#01 PTU/HR XS = D TWICK = S.33%00E+02 DEG R
THALL = S.39060F+02 0°G R MGAS = 3,5535F-16 LB=-MOLES
tJ.= 420 7IN = 3.0321S+0%1 TNCHES 7 = 1.02B9€E+02
X Vs 1.453RE+01 P = 1,3848FE+03 TT = 1.0600£+00
NSUM = 7,0R1LF )2 GSUM =  1.453RF+01 MASSFLOW = 1.4509E-01 LB/HR
OFLNW =  7,2600F+01 RTU/HR XS = 0. . THICK = S.3900E+02 DEG R
THALL =  S5.X000NF+07 NEG R MGAS = 3,5535F-0F LOB-MOLES
lJ = 422 7IN = 3.0120F+01 INCHES 7 = 1.0323E+02
] ¥V = 1.453RFs0% P = 1.3980F+03 T1 = 1.0000£+00
¥SUw = T.0R16F02 QSUM = 1.4538F+01 MASSFLON = 1.4509E-11 LB/HP
NFLOW =  T.7690F+01 RTU/HR XS = 0. THICK = 5.3900E+02 DEG R
TMALL =  S.3Q900F+n? 0EC R MGAS = 3,5535E-06 LB-MOLES

GAS TN ONE N7 STEP OF GAS-BLOCKED CONDENSEP 1

H]

1.564T1E-09 LR-MOLES

POMER 1LCST BY ONS D7 STEP OF FULL-ON CONOENSER 1

TOTAL GAS IW PYPT
|

AND OFERFRYNTP

= 3.91387E-01 BTU/HR

3.5534KC-N6 LA-MOLES

TOTAL POWFE® LAST BY CONDENSERS

7.2RA95E+ 0L BTU/HR
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