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ABSTRACT

Two digital programs, Numbers 5-1 and 5-2, for analyzing steady-state

performance of heat exchanger systems,are presented. These programs are

J
restricted to systems where the prinicpal source or sink for the heat is
attributable to latent heat of the fluid which passes through ducts located

in the exchanger. Extended surfaces (fins) to improve the system performance
may be attached to the ducts. Heat is exchanged with the environment by
radiation, convection, or both. Fluid pressure drop is calculated (for the
two-phase flow) by the Lockhart-Martinelli method.

Program 5-1 is restricted to the analysis of circular ducts having
two symmetrically located single section fins. The radiation environment
may include the effects of three external bodies. One of these is assumed
to be the sun. The others can be of almost any shape or size as long as
their effect on heat transfer can be expressed by their view factors, surface
temperatures and emissivities. These three factors are assumed constant
along the length of the duct and along the length of the fin. Fin performance
is established by a Runga-Kutta-Gill numerical integration routine.

Program 5-2 analyzes complicated duct and fin configurations. Pressure
drops for irregular duct shapes are calculated assuming an effective diameter
equal to four times the hydraulic mean radius. Single or multisection fins
can be attached to the external surface of the duct. Each fin can have its
individual material properties and environments. However, the fin performance
must be fed in as input data to the program. Performance of unsymmetrically
spaced fins in a radiative environment will need to be approximated since no

known exact solutions are available.
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INTRODUCTION

In the performance analysis of condensers or svaporators two major
items that have to be evaluated are (1) the radiative and convective heat
exchange with environment and (2) the fluid pressure change within the duct.
To handle the overall task it was decided to assemble two complete programs.
These are numbered 5-1 and 5-2.

This study is a natural follow-up of the work presented in Refs. 1
and 2. in which programs are presented for calculating the combined effects of
radiative and convective heat transfer in heat exchangers aﬁd surfaces,
Techniques have already been developed for predicting the performance of con-
densers losing heat solely by radiation, see Ref. 3. This study contains the
first programs capable of analyzing both condensers and evaporators in convective
and radiative environments.

In radiative and convective cases it was observed that the length of
duct required to cool or heat a fluid could be established using equivalent
length for the fins and duct system. The equivalent length of a fin is defined
as the length of an imaginary strip measured perpendicular to the axis of the
duct that would transfer the same amount of heat as the actual strip but would
have a constant temperature equal to the root temperature. The equivalent
length was observed to be nearly independent of the root temperature and would
therefore remain essentially constant along the duct.

Program 5-1 analizes configurations employing circular tubes and
symmetricalbfins. The maximum complexity for the radiative environment is
as illustrated in Fig. 1. Program 5-2 analizes complex configurations inclu-

ding multisection fins and non circular ducts. The duct configuration is



specified either by the internal diameter or by the cross-—sectional area and
perimeter. The later option is used for non-circular ducts. The required fin
performance item is the equivalent length which can be evaluated by using programs
given in Ref. 2. By separating the fin performance calculations from the

duct length calculations, innumerable geometric configurations can be analyzed.
The fins can be of single or multisection shapes, of unsymmetrical design,

of different materials, and even in different environments.

Heat exchanger performance calculations in purely radiative
environments given in Ref. 4 were simplified by using dimensionless parameters
to specify the environment and the fin configuration. Curve fitting
techniéues were subsegently employed to correlate numerically calculated data
so that the programs contained only systems of curve fit equations to calculate
the fin performance. No comparable set of equations is available for calcula-
ting the effectiveness of fins in a combination of radiative and convective
environment. Therefore, in these programs, numerical integrations are used,
either directly or indirectly, to obtain the fin performance.

The heat transfer coefficient from the fluid to the wall is very high
when a mixture of liquid and vapor is present. Under these conditions little
temperature difference exists between the fluid and the wall and little error
is introduced in the programs by assuming the two temperatures are equal.

Two-phase flow in the tubes of a condenser presents a more diffi-
cult pressure drop analysis than does a liquid in a radiator. The flow can be
in either laminar or turbulent regimes at the tube entrance. In two-phase
flow, one of the phases can be turbulent while the other is laminar. Due to
condensation or evaporation of vapor the flow regime for either liquid or
vapor can change from one to the other. Since all the variations are possi-

ble, these programs have been written to evaluate the regime for each fluid,



for each section and to calculate the pressure drop in the section assuming
the no change or regime takes place within the section. To accurately calcu-
late the total pressure drop in the duct it is necessary to divide the length
into a number of short sections. The input data for specifying the problems
are the normal conditions encountered, such as tube size, fluid flow rate,
and fin geometry. The duct lengths and duct section lengths are established
by the programs. The input values for temperature (T*) and pressure (P*) for
the fluid entering the ducts are assumed to be at saturated conditions. As
the fluid flows along the duct the static pressure will either rise or fall.
In a condenser for low to moderate flow rates the pressure normally rises
since fhe momentum head is larger than the friction pressure drop. At higher
rates the friction pressure drop will become the predominant factor. For
evaporators, however, there is always a pressure drop. The momentum pressure
head for the liquid is less than for the mixture of vapor and liquid. Should
the analysis of excessive flow rates be attempted, the calculated increment
for the pressure drop will be found to be high. The program was not written
to accurately calculate the thermal properties of the fluid when the pressures
deviate widely from the inlet conditions. Two tests are provided in the
program to avoid meaningless analysis. A particular case is terminated when
the calculated pressure is less than zero, or if the section length is nega-
tive. Print outs are provided to give the reason for early case termination.

The basic assumptions made for these programs include the following:

1. Steady state conditions have been reached.

2. No heat is transferred from the outer edges of the fins. Cor-
rections can be made for this item in program 5-2 if this feature is applica-
ble and if the user wishes to expend the effort to do so., Normally the

accuracy of the problem does not warrant such refinement.



3. No heat is transferred in the direction parallel to the duct.
The temperature gradient in this direction is normally small enough that
its effect does not materially degrade the predicted performance.

4. The environment remains constant along a fin and throughout the
length of the duct.

5. The heat transfer properties of the duct and fin materials are
not affected by temperature or position in the system.

6. The duct wall temperature is assumed equal to the temperature
of the vapor.

7. The fin equivalent length remains constant along the duct and
in Prdgram 5-1 is calculated at the fluid inlet temperature.

8. The fluid enters the duct at its saturation temperature and
pressure. However, the weight percentage of vapor is an input variable which

depends upon the desired problem conditions.



Equations

(CP)g

© )y

Computer

Program

AD

A(T), AA(T),
AAA(T)

ALPHAA

ALPHAB

AS

B(I), BB(I),
BBB(I)

CAPN

CHI

CHIC1

C(I), cc(1),
CCC(I)

CKO, CKl, CK&

CM(I)

CPG
CPL

cl

NOMENCLATURE

Definition
Duct cross sectional area for fluid
flow, sq ft/duct

Curve fit equation constants [see Eq.
(128), Ref., 3]

An element of condenser area, sq-ft

Absorptivity of surface facing sun,
nondimensional

Absorptivity of surface away from sun,
nondimensional

Plan form area exchanging heat with the
environment. (Heat may be exchanged
from both sides of the extended surface),
sq ft

Curve fit equation constants [see Eq.
(128), Ref. 3]

Number of ducts in heat exchanger

Pressure drbp function [see Eq.(114),
Ref. 3], nondimensional

Pressure drop constant [see Eq.(1l16), Ref.
3]

Curve fit equation constants [see Eq.(128),
Ref. 3]

Heat transfer constants, [see Eqs..(2.15)
to €.17)

Subscripted constant in Runge-~-Kutta-Gill
integration routine

Specific heat of vapor, Btu/lb R
Specific heat of liquid, Btu/lb R

Radiation constant, G(Ga +€) Btu/ft” -hr R”



Equations
c, (L)

Cld(I)

D1
D=
D3

D4

Computer
Program

c1(L)

C1D(I)

c2

C2D (1)

c2(L)

C3

DELTAH

DEIWL

DELTAR

DI

D(I)

DO
DPCL

DPM

DPMDW1
DPMDW2
DPMDW3

DPMDW4

Definition
Radiative constant, C,,for fin w,
Btu/hr sq ft R

Radiative constant,éCl, for duct section
(1), Btu/hr sq ft R

Radiative comstant, heat received from
environment by both surfaces of a unit

of fin area, Btu/hr sq ft

Radiative constant Cz for duct section
(1), Btu/hr sq ft

Radiative constant Cg for fin (L) (heat
to both surfaces), Btu/hr sq ft

A * 4
Environmental parameter, C_/C,(T ),
nondimensional

Thickness of root or attachment end of
extended surface, ft

Weight of liquid changing phase in each
section, 1b/sec

Ratio of end to root thickness of fin

Duct inside diameter (or effective diameter),
ft

3}

Tube outside diameter, ft

curve fit constant [see Eq.(129), Ref

A constant [see Eq.(9%), Ref. 3]

Change in momentum pressure from entrance
to exit of duct (+ if pressure rise), 1b/sq ft

A constant [see Eq.(14l), Ref. 3]
A constant [see Eq. (140), Ref. 3]
A constant [see Eq.(142), Ref. 3]

A constant [see Eq.(l44), Ref.3]



Equations

Cps

dP /dw
m I-l

de/dx

dL
w

DZ0
DZW

(dZ/dw)l

Computer
Program
DPMDW5

DPMDWX

DPSUM

DPXF

DX

DZ0

DZW

DZ1

D27

EFC1

E(I)
EKEND
EKS
ELC
ELE.
ELE (L)
ELH
ELW

EMA

EMB

Definition

A constant [see Eq.(145), Ref. 3]
Pressure change in the duct due to
momentum change in the fluids, lb-sec/
1b-ft

Accumulated sum of pressure change, 1b/sq ft

Friction pressure drop per foot of duct
length, 1b/ft

Differential length of duct, ft

(dzZ/dw), for a previous attempt at conver-
gence where heat transfer was low

(dZ/dw)1 for a previous attempt at conver-
gence where heat transfer was high

Initial value of (dZ/dw) to start integra-
tion routine, nondimensional

Function statement, nondimensional

Flat plate convective effectiveness,
nondimensional

RL curve fit constant [see Eq.(129), Ref. 3]
Fluid kinetic energy at duct exit, Btu/lb
Fluid kinetic energy at duct entrance, Btu/lb
Duct width for convective heat transfer, ft
Equivalent length of a fin, ft

Equivalent length for fin (L), ft

Actual extended surface width, ft.

Duct length, ft

Hemispherical emissivity of extended surface
facing sun, nondimensional

YHemispherical emissivity of extended surface
away from sun, nondimensional



Computer
Equations Program Definition
Lquations rogram Zerinition
€ EMX Hemispherical emissivity of external
x surface x, nondimensional
N ENT Number of ducts in heat exchanger
€a EPSA Emissivity of extended surface facing
sun, nondimensional
€b EPSB Emissivity of extended surface away from
sun, nondimensional
%n EPSM Emissivity of body "m", nondimensional
€ EPSX Emissivity of external body, "x", non-
x dimensional
Fa FA Radiative form factor between exchanger
and body, '"m", for surface facing sun,
nondimensional
Fah FAH Environmental convgctive parameter,
6 . £
[haTaa +h T ) L /k hT], nondimensional
Fa FAX Radiative form factor between the heat
X exchanger surface facing the sun and a
second surface near the exchanger,
nondimensional
Fb FB Radiative form factor between exchanger
and body "m'" for surface away from sun,
nondimensional
Fb FBX Radiative form factor between the exchanger
X surface away from sun and a second surface
near the exchanger, nondimensional
Fe FE Variable used in Newton's iteration procedure
Fh FH Extended surgace convective parameter,
6 d. .
[Gg + hb) L, /k h], nondimensional
hfg FHH Latent heat of fluid, Btu/lb
F F(I) RL curve fit constant [see Eq. (129), Ref. 3]
Lh FINLH Extended surface length of section, ft
6 FINTC Thickness of extended surface at cold end, ft



Equations

gh

di,s

gJ

G, (L)

G, (L)

h_ (L)

hat

Computer

Program

FINTH

FMESH

FMUG

FMUL

FNK

FO(I)

F2

GDI

GDl,...GD3

GJ

G2 (L)

G3 (L)

HA(L)

HB

Definition
Thickness of extended surface at root
edge, ft
Number of subsections in which the duct
length is divided for calculation purpo-
ses, nondimensional
Viscosity of vapor, 1lb/sec-ft

Viscosity of liquid, 1b/sec-ft

Thermal conductivity of fin material,
Btu/ft-hr°R

Subscripted integration term
Fanning friction factor, nondimensional
Units conversion factor, 32.17, ft/sec”

Pr%ductzof g and tube inside diameter,
ft°/sec

Heat exchange constants for duct

Product of gravity and the mechanigal
equivalent of heat, 32.17 X 778 ft -1b/
Btu-sec

Subscripted constants
Subscripted constants

Convective heat transfer coefficient
on the side facing the sun (if applicable)
Btu/hr sq ft R

Convective heat transfer coefficient to
the environment for side "a" of fin (L),
Btu/hr sq ft R

Sum of convective terms, (h. T +h T ),
Btu/hr sq ft a asa "bab

Convective heat transfer coefficient on
the side away from the sun (if applicable),
Btu/hr sq ft R



Equations

h, (L)

h, (1)

P*

*
X

Computer
Program

HB (L)

HD(I)

HG
HL

HT

IS0

ISW

ITER

OMEGA

PERIM
PHI

PMEND

PMS

PSTAR

QALSTR

10
Definition

Convective heat transfer coefficient to
the environment from sideb" of fin (L),
Btu/hr sq ft R

Convective heat transfer coefficient to
environment from duct section (I),
Btu/hr sq ft R

Enthalpy of liquid, Btu/lb

Enthalpy of vapor, Btu/lb

Sum of convective heat transfer coeffi-
cients, (ha + hb), Btu/hr sq ft R

Switch to signal a zero condition has
been encountered

Switch to signal a wilt condition has
been encountered

The number of attempts for a starting
value of DZ/dw

Ratio, L/Lh where L represents distance

that the heat has traveled along the fin

and Lh represents the total length, non-

dimensional

Absolute fluid pressure, 1b/sq ft
Duct internal perimeter, ft
Function [see Eq.(113), Ref. 3]

Fluid momentum pressure of duct exit, 1b/
sq ft

Fluid momentum pressure at duct entrance,
1b/sq ft

Static saturation pressure at duct inlet,
2
1b/ft

Quality of fluid entering duct, weight
fraction vapor, nondimensional



Equations

R
eg

Computer
Program

QDPR

Qs

QSUM

REGP

RELP

RGP

RLP

RHOEND
RHOFS
RHOG
RHOL
RHOFM

RHOM

RHOTM

RHOX

11

Definition

Heat exchanged with environment, Btu/hr per

duct

Heat transfer from duct per foot of length,

Btu/hr-ft

Heat transfer to the environment from a
unit of duct length, Btu/sec

System heat exchanged with environment,
Btu/hr

Gas constant, 1544/M, ft-1b/1lb-mol

Pseudo Reynolds number for vapor in duct,
nondimensional

Reynolds number for a fluid flowing in a
duct, nondimensional

Pseudo Reynolds number for liquid in the
duct, nondimensional

Fraction of the duct filled with vapor
at the section midpoint, nondimensional

Fraction of the duct filled with liquid
at the section widpoint, nondimensional

Fluid density, 1b/£t°

Fluid density at duct exit, lb/cu ft
Fluid density at duct entrance, 1lb/cu ft
Density of vapor fraction, lb/ft®
Density of condensed liquid, 1b/ft®
Density of fin material, 1b/ft®

Reflectivity of environmental surface,
nondimensional

Density of tube material, 1b/ft°

Reflectivity of second surface, x, nondi-
mensional



Equations

5.(D

5.(1)

aa

Taa(L)

ab
Tab(L)

T, (D)

T

Computer
Program

RLAFEG

SC

SC(I)

SR(I)

TAA

TAA (L)

TAB

TAB (L)

TA(T)

TE

THETAM

THETAP

THETAX

TSTAR

12

Definition
Subroutine used in pressure drop calcula-
tions
Solar heat, Btu/hr sq ft

Peripheral duct length for convective heat
transfer from section (I), ft

Effective peripheral duct length for
radiative heat transfer from section
(1), ft

Absolute static temperature of vapor and
fin root (taken equal), R

Ambient fluid temperature on side "a", R

Ambient environmental temperature for side
"a" of fin (L), R

Ambient fluid temperature of side '"b", R

Ambient environmental temperature for
side "b" of fin (L), R

Ambient environmental temperature for
duct section (I), R

Effective environmental temperature,
[see Eqs.(1.14) and (2.20)}, R

Angle between sun's rays and normal
to body "m" surface, degrees

Angle between sun's rays and normal to
fin surface, degrees

Angle between sun's rays and normal to
second surface, degrees

Surface temperature of body "m'", R

Temperature of fluid (must be saturated)
and also tube wall at inlet, R
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Computer
Equations Program Definition
TX X Surface temperature of body "x'", R
T(2) Existing value of W, nondimensional
dw T(3) Increment of W used for calculations,
nondimensional
yA T(4) Value of T/T*, nondimensional
dz/dw T(5) dZ/dw, nondimensional
U U Vapor velocity in duct, ft/sec
UFEND Fluid velocity at duct exit, ft/sec
Ugg UFS Fluid velocity at duct entrance, ft/sec
UuP2 Pseudo velocity of vapor in duct (as if
vapor occupied entire volume), ft/sec
U* UZERO Fluid velocity at duct entrance, (equal
velocities assumed), ft/sec
u? U2 Square of the vapor velocity, ftz/secg
v \Y Liquid velocity in duct, ft/sec
L VF Specific volume of the liquid, £t%/1b
vg VG Specific volume of the vapor, ft/1b
vfg VFG Specific.volumeaincrease during
evaporation, £t"/1b
Vf Fluid velocity in a duct, ft/sec
V@ V2 Square of the liquid velocity, ft?/sec®
w W Weight rate in one duct, 1b/sec
WALTH Tube wall thickness, ft
WD Weight of a tube, 1b
w WDOT Total weight rate of flow, vapor and liquid,
1b/hr
w WDOTD Weight flow of fluid in a duct, 1b/hr-tube



Equations

(1)

(L)

Computer

Program

WDPR

WE

WILT

WG

WL
WLT
wQ
WT

WIM

ZETAP
ZZ

1k
Definition
Weight of the duct per foot of length,
1bs/ft

Weight of extended surface, 1b

Value of (dZ/dw)1 used for the previous
iteration, nondimensional

Weight flow rate of vapor in duct, 1lb/sec

Weight flow rate of the liquid in duct,
1b/sec

Weight of the liquid trapped in the conden-
ser, 1b " )

Dry condenser weight per unit of heat
transfer, 1b-hr/Btu

Total weight of condenser (neglecting
fluid), 1b

Molecular weight of fluid, 1b/mol

Heat transfer rate at fin root temperature,
Btu/hr sq ft

Lockhart-Martinelle Correlation factor

Correction factor, P/p RT, nondimensional
also used as a dimensiBnless ratio, i.e.,
the temperature in a fin at a given section
divided by the hot end temperature

Profile number, C T° ®/k8, , for rectangular
plan extended surface, nondimensional

SUBSCRIPTS

Surface facing the sun (if applicable)
Surface in shade (if applicable)

Duct section "I" or ¢ curve fit for section
HI“

Fin "L"



Denotes entrance to duct section (if
applicable)

Denotes exit from duct section (if
applicable)

15
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PROGRAM 5-1 DESCRIPTION

This program is adapted to systems having the geometry shown in Fig.
1. Much of the work presented is common to the two programs and the overlap-

ping portions will not be repeated.
The heat transfer from an element of fin surface depicted in Fig,

2 in a radiative and convective environment can be written as

— 14’ - B . oo - 1
dq =[(GT% = Co + b (T = T ) + by (T - T, )]dA . (1.1)

The radiative constants C1 and C? are

" -8
C; = (ea + eb)c = (ea 4 eb)0.1713x10 (1.2)
*
[Ref. 3 ,Eq. 2]

and
= 8 0
Cz Sc(oza cos 5 +Fap cos O + Faxa/apX cos GX + Fbepm cos em
-8 4
+ F o P cos SX) + 0.1713x10 [(Faea +F e )e T

4
+ (F e +Fe)e T ] +0.0L(e, + €. (1.3)

[Ref. 3, Eq. 3]

The heat transfer from an element of fin can be written as

k6, T
dg =yl AL = ——ITh——- (%Za\) dL
“ h 4l (1.1)

X,

*This denotes the source of the equation.



1T

where

y = CT -¢C, +Th -nh (1.5)
< t at

ho=h o+ b (1.6)
t a i

and
h 2 T S T (l.l—”
al 1 Aan b ah

Thus y is the heat exchanged per hour per unit area at the wall temperature.

Rearranging Eq.(l.4) and combining with (1.5)

az
-1, \do /)

e Qp(]."Cg) + Fh - Fah

L (1.8)

[Ref. 1, Eq. (1.8)]

The value of (dZ/dw)1 is obtained at the inlet vapor temperature, T%, by the
numerical integration procedures described in Ref, 2, Egs. (4) through (23).
The heat transfer from an element of tube can be obtained by adding
the amounts resulting from both radiation and convection. However, in this
program each mode of heat transfer is calculated differently. As explained
in Ref., 1, the heat transferred by radiation from a fin and tube system can
be readily evaluated with excellent accuracy using the projected area of the
tube. In this program the heat transferred by convection is assumed to take
place from the exposed area of the tube. Using these areas, the heat exchange
is

L

dg, = [Do(ClT - 02) + Lc(htT + hat)] aL_ (1.9)

[Ref. 1, Eq. (1.9)]
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where

L, =10 s (1.10)

The total heat from the surface to the environment is obtained by combining

equations (l1.4) and (1.9). For the element

dgq = 3600 g an (1.11)

for the system total

q = 3600N§:IW' q dL (1.12).
s LW=O

w

where\a represents the heat exchanged with the environment per second per

foot of tube length or

- i
q = [eyLe + D, (c.T" - C2) + LC(h

1 T - hat)] + 3600. (1.13)

t

The environmental temperature (defined as the one the fluid would

reach if the duct were infinitely long) was calculated from Eq. (1.13) by

i

putting E = 0 and Te TW. The value of Te was obtained using Newton's method

in which
T =T "' ~-F |dF
e e e _& (1.1h)
dT
e
where
b
= p— - + R
Fe (ClTe 02)(21,e + Q} + (htTe hat)(ZLe Ib) (1.15)
and
aF_ 3
EE;-= hClTe (eLe + Do) + ht(QLe + LC) (1.16)
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T* was used as the first approximation for Te and Te was accepted

when

F_ S 0.001. (1.17)

When convection is absent

ht= 0, (1.18)
=e. T - C

¥ 17e 2, (1.19)

a4 = Do(clTe” - 02), (1.20)

and with these substitutions in Eq. (1.13) and rearrangement

c, )¢ \
T | 1.21
r,o=\gr ) ( )

The mixed fluid properties at the tube inlet are calculated assuming
the two fluids are traveling at the same velocity. From the continuity equa-

tion for each constituent

=W
Ay /e (1.22)
A =V P U 1.2
o= ey (1.23)
For equal velocities
U, =U=1Y (1.24)

fs

The duct area is equal to the sum of the areas occupied by the two

fractions or

A+ A =A (1.25)

Combining Eqs. (1.23) through (1.25) and rearranging the mixed fluid velocity is
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W W
U =2 Ly g (1.26)
s Ag oL Pgs

The fluid momentum pressure (velocity X mass/sec) is

_ 1 2 2 (1.27)
P .= ézg-(pLALV + 0gshgl”)
The total flow is the sum for the two fractions or
W=W_ +W (1.28)
L g
Combining Egs.(1.22), (1.23), (1.24), (1.27) and (1.28)
v U
P_= Afs (1.29)
& %4
The kinetic energy per pound of fluid at duct entrance is
=U.° /237 . (1.30)
Eks s <

A similar set of equations is applicable to the fluid leaving the duct. No
assumptions need be made for velocity distribution since W = zero in an
evaporater and Wé = zero in a condenser,

In these programs the size and shape of the system is specified
except for the length of tubes needed to condense the vapor or evaporate the
liquid. The length of tube and pressure drop along it are determined simul-
taneously by calculating the pressure drop over an increment of tube length,

and then performing a step~by=-step numerical integration down the length of
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PROGRAM 5-2 DESCRIPTION

This program is set up to handle a variety of duct and fin configu-
rations as illustrated by Fig. 4. 1In order to make it flexible the number of
extended surfaces attached to the duct and the divisions of the duct circum-
ference are specified by the input data. The heat transfer to the extended
surface is calculated for each surface from its equivalent length. The heat
transfer from the duct is obtained by adding the radiative and convective heat
transfer from each of the sections.

When the radiative heat tranmsfer to the environment from a given
extended surface is independent of the other extended surfaces, the programs
in Ref. 2 can be used to calculate the equivalent length for the surface.
Unfortunately, when the extended surfaces are oriented in such a way that

they can "see"

each other, the heat transfer by radiation to the environment
is restricted and no known programs are available for calculating the equiva-
lent length. At present the user will have to approximate the reduction in
heat transfer and adjust the values of Le accordingly. The approximations will
be sufficiently accurate if the interfering surfaces are insulated, or if the
ambient fluid is opaque to radiationm.

The cross sectional flow area for the duct can be calculated by
the program when the duct is circular. If not, the area and duct perimeter

must be included in the input data. The effective internal diameter used to

compute pressure drop for a non-circular duct is

4A

p, = —3 . 2.1)
i p
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For circular ducts

D2
Ad = 41 . 2.2)
and
p=T" Di . 2.3)

To account for the two modes of heat transfer with the environment,
the calculations for a section of duct circumference are divided into two
parts, convection and radiation. The division is necessary because of the
use of projected areas, if applicable, for calculating radiative heat transfef.
Also it is assumed that the duct itself might be of a compiicated configuration
requiring several sections to adequately represent the heat transfer. For an

element of any section, the heat transfer can be written as

dq(I) = {sr(I) [Cld(I) T * - cgd(z)] + 8 (1) hy (1) [T - Ta(I)]} dL. (2.4)

The effective section lengths Sr(I) and SC(I) are thus chosen independently.
In some cases, for example a duct without fins, equal values for Sr(I) and
Sc(I) should be specified., The total heat transfer from an element of duct

circumference is the sum of the amount from all sections, or

dgy = (Ga1 T * + Ggz T - Gda)dL (2.5)
where
I
2
Gd1 = / S_(I) C1g(I) (2.6)
I=1
n
2
Gdz = /. SC(I) hy (D) (2.7)

I

1]
|



2k

and
n

6ga= ) [Sr(l) Ced (1) + S_(I) hy (1) Ta<1>] . (2.8)
I=1

For an extended surface the heat transfer is

dq(L) = { Ci(L) T* - Co(L) + T [:ha(L) + hb(L)] - [ha(L) T, (L) +

+ by (LT, (L)] }Le (L)dL. (2.9)
setting
G (L) = ha(L) + hb(L) (2.10)
and
Gs (L) = ha(L) Taa(L) +h (L) T (L) + Cz (L), (2.11)
dq(L) = [Cl(L) T*+G@ T - Gs(L)] L (L) dL. (2.12)

The heat from an element of duct length can be obtained by adding

the heat from the extended surfaces and the duct or

dg = 3600 g aL_ (2.13)
Where
- L
qa=[K +KT +KT ] (2.1k)
nl
.
Ko = - {Gds + ) Ga(L) LL) (2.15)

1=1
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n
v
Ki = Gdz + /. [GQ(L) L, @) (2.16)
L=1
nl
\\_'
Ky = Gd1 + [i} [Cl(L) Le(L) (2.17)
L=1
and
n' = number of fins attached to a duct.

Equation (2.14) is used with Newton's method for establishing the

effective environmental temperature. Setting, E = 0 and Te =T

L
Fe = Ko + KlTe + KL}TG (2.18\)
3 )
dF, / dTe = Ky + hK,Tg (2.19)
and
dFe
- v =
T, =T, F [z - (2.20)
e
The inlet fluid temperatures T* is used as the first approximation
for Te'. The value of Te is accepted when

Fe < ,001 . (2.21)
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CONCLUSIONS AND RECOMMENDATIONS

These programs can be used to solve a myriad of evaporator and
condenser problems. While they have been specifically designed for problems
where the heat exchange with the environment is by the combination of convec-
tion and radiation, they can be-used where the transfer is restricted to

one or the other. Problems involving only convection environments are
also solvable by conventional approaches and such a program would be a little
bit more econoﬁical with machine time.

The rigorous mathematical treatment of the combined effects of radia-
tion and convection heat exchange systems has been avoided in the past because
of the difficulties in solving the nonlinear differential equations. These
difficulties are made acute by the large number of variables which influence
the exchanger performance. Radiative exchange problems have been greatly
simplified by the use of dimensionless parameters. Comparable studies with
the combined effects of radiation and convection are sorely needed. Per-
formance curves or charts would aid in the understanding of problems and
in interpreting the results obtained for a given case. The programs presented
herein combined with those of Refs. 1 and 2 should provide interested parties
with the basic tools for making such a study.

" each other will

Inter-radiation effects between fins which "see
introduce errors which are difficult to approximate. Very little work has
been done in this field.

Problems involving heating and cooling of gases and mixtures of gases

can not be solved with either these programs or those of Ref. 1. The modifications

required are not extensive and work in this field is recommended.
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Fig. 1. Program 5.1 Radiative Environment
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Fig. 3.
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Fig. 4 Representative Configuration (Program 5.2)



APPENDIX A

PROGRAM INFORMATION

Included in this appendix are deck setups, flow diagrams, compiled
listings of the main programs and subroutines, (Figures A-1 to A-5 inclusive),
Information for Program Users, and Input Variables for Programs. Subroutines

permanent Hollerith listings and a set of input date for sample problems

are included along with program listings.



[ END
Decimal Data -999

Requires (-) END OF PROBLEMS _{
In Column 1 of S U
Last Card of | END CONTROL CARDS l
Every Case l_--—-—--—-—---—-—-——--—--—-——--—--..-_..j
/ A
/ DECIMAL DATA // )

A TITLE CARD _( /
______________ /

' MULTIPLE CASE RUNS j/

L—-—-—————-———-—— ———— — — — — —— — —— —-

/ DECIMAL DATA /

TITLE CARD

{ PERMANENT HOLLERITH DATA (5-2 only) '

e S—— —— av—  — — — N—— — oD oty wrere—  —

SUBROUTINES

MAIN PROGRAM

COMPOSITE DECK

Fig. A-1. Composite Deck Setup



READ
VARIABLE
DECIMAL DATA

COMPUTE
CONSTANTS

PRINT INPUT
DECIMAL
DATA

COMPUTE
FIN
PERFORMANCE

COMPUTE
ENVIRON TEMP

ERROR

TE < TSTAR MESSAGE

9

TE-TSTAR|<5.

NO

&/

Fig. A-2. Program 5-1., Flow Diagram



Al

TSTAR > TE DELWL=WG/FMESH§

|

DELWL=-WL/FMESH

COMPUTE

Re No. FACTORSg .|

FOR PHI CALC. 4
RHOGA

SUBRCUTINE

DECRD
COMPUTE ROAD
CONSTANTS FOR INDEZX .0
PRESSURE DAT..
CHANGE CALC.
T

COMPUTE :

JINDEX==999

HEAT TRANSFER

L STORS DATA
COMPUTE : IN
e
LENGTH CF SEC. [NDEX LOCATION
TEMP. CHANGE

*

Fig., A-2. VProgram 5-1 Flow Diagram (cont.)



Fig. A-2.

N/

COMPUTE WT.
OF LIQUID
TRAPPED IN
TUBE
i

CONVERT:

PRESSURE
CHANGE
{

LENGTH OF FIN

PRINT OUT
LOOP

INFORMATION

TOTAL: PRESS}

CHANGE, HEAT
TRANS., LGTH.
TUBE, WI. LIQ}

FLUID WEIGH;S

CONVERT-
TOTAL
HEAT TRANSFER

PRINT OUT
TOTALS

—

COMPUTE :
WEIGHTS

AREA

N/

PRINT OUT
WEIGHTS
AND AREA

Program 5-1 Flow Diagram (cont.)
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521

9487

502

p—

A-6

PRUGRAM D=1, CUNDENSER AND / 0OR EVAPORATUR ANALYSIS

DIMENSIJIN UAC(HO0Y » CARDC(C1A)

COMM{N EMA, EMHBs THIETAPs, FA» ALFAA, RHUM» THETAMe FAX» RHOX»
1THETAXs FRs ALFAB, FBXe, 1Ms LMxs TXs Cts C2» TSTARs ELHs FANK»
2FINTHe UVELTARs Z2Z2s CAPNs» ADDT: WALSTRe WTIMe Z» D02 DIs VFEs VG
3FHHs HA» HB» TAAs TAB: FH» FAHs, FLE» C3» PSTAR> CPLe CPG» RHOI .
GFMUGs il THP. RHNOTM

DACU4BI=1.0

READ DATA

REAL 521 CARD

FORMAT (16A5)

PRINT 522 CARD

FORMAT ("1"s16A5/)

CALL DECRD(DA)

ENTER DATA

FMUW=DA(B)Y; FMUL=DA(9)3 TSTAR=DAC3)3 QALSTR=DA(10)
WTM=DAC(13); Ci=UAl33)3 C2=DA(3b6)5 CPG=DA(37)3 CPL=DA(38)
DO=NACL)YS L1=DAC2)Y; WDOT=DAC4); EILH=DA(D)YS FINTH=DA(6)}:
VDELTAR=DA(7); FNK=DA{11)3 FHH=0A(12)5 HA=DA(14)5 HB=DA(15)3
VTAA=DACL1A)Y3 TAB=DAC17)3 ALFAASDAC1IR)} ALFAB=DA(19)3
VEMASDA(Z20): EMB=DA(21)3 EMX=DA(R22)V5 FA=DA(23)5 FAX=DA(24)3
VFR=DA(25)35 FBX=UA(26)3 RHOM=DA(27); RHUX=DA(28)3 ZZ=DA(29);
VIMETAM=DA(C30); THETAX=DA(31)5 TM=DA(32)3 Tx=DAC33)3 EPSM=DA(C34)}
VFMESH=DAC39)S PSTARSDACA40)F INGIC=DAC41)} RAOL=DAC42)3 FHz=DAZ4 /D
CAPN=DAC44) 5 7=DA(45) 3 RHOTM=DACA46) ;fHLTAP=DA<u3) FobAHERALLR)
CALCULATE SYSTEM CUNSTANTS

CALL CINZCINDIC)

27=ClLaTSTAR**#3xELH**2/(FNK*FINTH)

PRINT INPUT DATA

caLL uur

CALL ENTURT

CAMPUTE ENVIRONMENTAL TEMPERATURE

CALL TEMP(TE)

PRINT 987 ELEs TE

FORMAT (6%, "CALCULATED DATAT™//F15,:5:5X"EFFECTIVE LENGTH OF FINs
1FTe®/F19:55 o "ENVIRONMENTAL TEMPERATUREs DeGREES R™/)

IF (QALSIR OGTQ lgb aANDQ TE .uT. TSTAR) GD Tﬂ 101

IF (QALSTR LT, «02 +ANDs TE +LTs TSTAR) GO TN 102

IF (ABSCTSTAR~TE) oLTe S.) GO TO 103

SECTIUN CONSTANTS

P1=3,14159

WenwDOT/(CAPN®3600.)

GU=7T8,%32,17

AD=PI*D1xx2/4,

aDI=32,17*D1

WL=(1o=dALSTR) #W

WGEW=W

IF CISTAR uTe. TE) Gd 10 1

DELWL==WL/FMESH 3 w0 TO 2

DELWL=WG/FMESH

P=FSTAK

T=15TAR

Px=p

FUH=7 (8o *FHH

DPSUM=04ed

ELw=0.0

QSUM=Q, 0

WLTSUM=0.0 Fig. A-3. Program 5-1, Listing
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28
29
30

R=19544,/01T M
RHUGSEPSTAR/(TSTARXR*Z)
WLI=WL+DELWL/2,

WGl=W=ki1
UFS=(WL/RAQL+AG/RHDGS) /AD
PRINT 49» ufsS

FORMAT (F15,55s9Xs"MIXTURE VELOCITY AT TUBE ENTRANCE»

UFS2=UF S*w?
PMS=w*UFS/(32,17%4AD)
EKS=UES2/(2,%GY)
MESH=FMFSH

SECTIUN CALCULATINNS

DY 27 Jd=1,MESH

QAL=HLL/n

RHOGA=P/(RxTx /)

REGP=( LWL )/ (Plx)I*FMUG)
RELP=(4,vWL1)/ (P 1+DI+FMUL)
IF(REUP=2000,)28528229
IF(RELP=2N000.)3U5305 31
IF(RELP=2000.)32232»33
CHICI=(FMUL*RHQWA)/(FMUG*RHOL)
CHI=SQRTCwWLIACHICTI)/Wa1)
DCHI=W*CHT/ (2. %NL1%4GY)
F=16./REGP

. Gn TO 34

31

32

33

34

CHIC1=(o0b6%4 %% ,8)/ (1A *(PI*DI)**,8)+(RHOGA/RHOL)*(FMULW*,2/FMUG)

CHI=SURT{(wL1axl,8/WG1)*CHICL)
DEHI=(1e0*AGI+WL1)*CHI/ (24 *Aul*Al )
Fz186./KEGP

GO TO 34

CHICI=(1O*(PI*xU[)**8)/(2040%x4,%x%,8)*(RHOGA/RHOL) #(FMUL/FMUG**,2)

CHi=SURT{(WL1/Walex]1,8)*CHICL)

DCHI=C(AHGI+]1 ,B8+WL1I)*CHI)/(24%WLG1xWLYL)
F2a0406/REGP % ,2

GN Ty 34

CHICI=(RHNGA/RHOL)Y* (FMUL/FMUG) %%, 2

CHI=SHRTO(WLI/WOL1)Yax1 B84CHICL)

DCHI=(,9*WxCHI)/(AG14WL1)
T,0Ub6/REGP**, 2

CALL RLAFEG (CHIsPHIsRLPSNRLOXSREGP,RELP)

RGP=1.=RLP

VAl 1/ (RLP*AD*RHOL)

UswG1/7(RGPxAD«RH0GA)

Vo2zVawnD

U2=zyx*p

UP2=(AG1/(AD*RHDUA) ) * %2

U2CAEE =1 .= ((WOI*UCHT*DRLDX)/RGP)

VaCurt =1 o= (WLL1*DCHI*DRLOX)/RLP)

DPXF==PHl #%2%2 , *UYP2*RHOGA*F /6D 1]

DPMOW1=DRLODX=DCH]

DPuMDWN2=2e=((DPMDAL*HWGL)/RGP)

DPMDWI=2~((DPMDWL=WL1)/RLP)

DPMDWA=RHDLWAAU2*RGP*UPMDW2/(32.17+WG1)

DPMDWO=RHOL*V22«RLP*NPMDW3/ (3217 *WL 1)
DPMDWX=DPMDRA4=DPMNIWS

DPCI=s(CHL*WLTI+CPGRWGLI*T/(F JH*RHOGA)
HT=(HA+HE)

HAT=HA* TAA+HB*TAB
AREA=(DU*PL=2,«DELTAHY/2,

QSES((C1+2e #ELE+YC1*D0) 2T x4+ (HI*2 *ELE+HT*AREA) *T

1+(=C2=HAT)I*2, *FLE=C2*DO=HAT=AREA)/ 3400,

Fig. A-3. Program 5-1, Listing (con't)

FT/SEC®/)

62
63
64
65
66
67
68
69
70
71
77
73
74
™
74
77
78
79
89
81
87
83
84
85
85
87
83
89
90
91
g2
g3
94
95
96
97
93
v
100
101
102
103
104
109
109
107
108
109
110
111
1{2
113
ii4
115%
114
117
118
119
120
i21
122



35

36

44

119

111

41

2/

42

DX1=d52+0PCL*NPX}

DX2=tHH=V2«V2COEF /3J+U2%U2COEF/GJ=NPCI*«DPMDWX+(U2=V2)/(2,%GJ)
DX=0Dx2*Detwl./NX]

IFLDX)3523095 36

PRINT 63

Go TO 19

DP= DPMUNX*OELWL+DPXF *DX

DELT= T*OP/(FJH*¥RHOGA)

WLT=RHOL*AD*RLP*DX*CAPN

PRINT 44, J

FORMAT (0% 5X,"SECTION™»110)

PRINT 110, QAL

FORMAT (F15,5s5Xs"QUALITY AT MIDULE OF SECTION™)

PRINT 1i1s V¥

FORMAT (2159 5Xs™LIQUIN VELOCTTY (FT./35EC.)™)

PRINT 41s Y, JI82s DX» DELTs DP

FORMAY (F15,5s5X»"VvAPDOR VELOUITY (FT,/SECI™/F15,5»5%
1"QUANITIES OF HEAT REJECTED PER FOODT NF TUBE LENGTH»(BIU/SEC=FT)"/

PF15.505Xs "DIFFERENTIAL LENGTH UF TUBEs (FTW)"/F15:555Xs

I"CHANGE IN TEMPERATURE PER DIFFERENTIAL LENGTH», (DEGRELS R™/

4F1545s5X»"CHANGE IN PRESSURE PLR OIFFERENTIAL LENGTHs (PSF)™)

T=i+0ELT

PX=¥P

WL1=wlLi+DELAL

WGl=w=WlL1

DPSUM=DPSUM+DP

P=P+)¥

IF (P ,ubEs 0.0) &0 TO 75

ELNSELWHDY

QSUMSRSUMEQSP+ XA CAPN

WLTISUM=WLTSUM+SLT

CONTINULE

QSUM=WESUM% 3600,

PRANT 422 JIPSUM» ErLWs QSUMs wl TSuM

FORMAT (/7 F15.555Xs"ACCUMULATED SUM OF PRESSUPE CHANGE» (PSF)"/
1F154925Xs"THTAL TURBE LENGTHs FToW/F154595%s

2UAZCUMULATED SuM OF HEAT LOSTs BTU/ZHR™/F15.5»5X»"ACCUMULATED WEIGH

31 uF IRAPPED LI9UID» LB.™)
RHUGE=P/(TxK=*7)

WLE=wL1=DELwWL/2.

WGEsw=uWl. L
UFEND=(AWLE/RHOL+WGE/RHUOGE ) 7 AV
UFE2=UFEND® %2
PUEND=W*UFEND/ (32,17 %AD)
DPM=PMS=PHMEND

EKENOSUFE2/ (20 %0J)

WN=P L *RADTM*EL W (DU*%x2=DI*%x2) /4,
WESF INTH*ELHXRHOFMAELW*(1.+FRTIO)/2.
WTSCAPN*(WD+2,2WL)

AQZAT/QHUM

AS=(DU+2 2ELHI*EL W*CAPN
FINTC=FINTH*FRTIU

PRINT 405 wWd» WTe WQe AS

80 FNRMAT (F15,5s5X>"HEIGHT OF ONE TUBEs LBST"/F15,555Xs

81

1 "TOTAL WEIGHT OF UNIT, LBS"/F15.5»5X,"WEIGHT PER UNIT OF HEAT TRA
2NSFERs LBeHR/BTU®/F15.5s5Xs"PLANFNRM AREA», SQFT"/)

PRINT 8ls PMS, EALSs PMEND: EXKEND, DPM

FORMAT (F15:555Xs *MOMENTUM PRESSURE AT INLETs LBS/SQHTY/
1F195:525Xs A INETIC ENERGY OF FLUID AT INLET» BTU/LB "o/

2F15.525Xs "MNMENTUM PRESSURE AT ENNDs LBS/SAFT®/F15,5s5Xs"KINETIC EN

JERGY UF FLUID AT END» BTU/LH ®/F15.525Xs
Fig. A-3. Program 5-1, Listing (con't)

123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
1343
139
140
141
142
143
144
145
146
147
143
149
150
151
152
153
154
155
1956
157
158
159
160
161
162
163
164
165
1656
i67
168
169
170
171
172
173
i74
175
176
177
179
179
180
181
182
183
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GPCHANGE [N MOMENTYM PRESSUREs LBS/SQFT"™) 184

a7 Tu 10 185

75 PRINT 7o i84s
76 FOKMAL (" FLOW RATE EXCESSIVE, PRESSURE DROP GRFATER THAN INLFT PR 187
1ESSUREY) 188

s 10 10 189

101 PRINT 901 190
G0 TO 10 191

901 FORMAT(™ TEMPERAVURE IS 70O HIuH 70 CONDENSEY™) 192
102 PRanNT 992 193
902 FORMAT(Y TEMPERATURE TS TOO LOW TN EVAPHORATE®™) 194
a0 Ty 10 195

103 PRINT 903 196
903 FORMAT(™ FLUTD TEMPERATURE TOO CLNSE TO ENVIRONMENTAL TEMPERATURE®™ 197
1) 193

G 70U 10 199

63 FNORMAT(38H FLOW RATE EXCESSIVE. GO TO NEXT CASE.) 200
END 201
SUBROUTINF RLAFEG (CHI»PHILRLPsNDRLOUXSREGP,RELP) 207

203

COMMON E£MA, EMBe THETAPs FAs ALFAAs RH(OMs THETAMs FAX» RHOX» 204
TTHETAX s FR» ALLFAHB, FHXs TMs EMXs TXs Ctls C2» TSTARs ELHs FnKo» 205
2FINTHy DELIARs Z/Zs CuaPNp WDOTs QALSTRe WIMs Z» N0s DIs YFs» VG» 206
3FHHs Ha» HBs TAAr [AB» FHs FaH, ELEs C3s PSTAR, CPLs CPG» RHOLS 207
4FMUG, FMULe THP» RHOIM 208
DIMENSINN A(5)sB(5)»C(9)rAA(S)YsBBIB)SCC(D)»AAA(S)»BBB(D)»CCC(R)s 209

210

VOCHI2E(DIeG(HI»DACI00) 211
DATA (ACI)sI=155)/.961729s 0526762 L,17996s ,108387s 022224/ 212
DATA (BCL)eI=1:0)/8.28577s 42222 +509048s 6530%2r 81402/ 213
DATA (CCIY»I=150)/4.T7T4133s «250008s A09772s 24097725 4334969/ 214
DATA CAACT)»I=125)/49Y57448, 2062721 ,201257» ,138803» 050525/ 215
DATA (BA(1)»sI=125)/4,299550 ,292i37s ,584971» 530757 ,691175/ 216
DATA (CCC[)sI=12D)/8,82121s .385293, ,539591s ,539591» 46745/ 217
DATA CAAACTI)»I=155)/,03448006s ,0728001» ,13A8s ,13» ,079999/ 213
DATA (BBBCI)»r[=12R)/4+239203: 37805 L4928 481, 562003/ 219
DATA CCCCCIdeT=125)/.4080045 ,572B02s 462322 o631s ,600998/ 220
DATA (DCI)sT=159)/=e290935=,289159:=,20092»=,092062s=,07548}/ 221
DATA (ECL)e[=19)/=,34075™,U060579» 45461 461834, ,456419/ 227
DATA (GCI)eI=15D)/=1.62562=1:.0729s=,638275=,638275=,69665/ 223

224

IF(CHI=1F+2)151e? 229

1 ELX=ALOGIOCCHT) 226
IF(a001=CH]I)3532H 227

5 NA=0O,U 228
Gd TU 6 229

3 NAsG,+ELX 230
GO TU 6 231

2 CHI=9Y,9Y . 232
Gi) U 1 233

6 IF(NA)Zs/58 234

Fig. A-3. Program 5-1, Listing (con't)
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¢ PHI=1, 230
G0 Ty 1N 236

8 IF(REUP=2000,119%519216 237
15 IF(RELP=2000.)17217»18 233
16 IF(RELP=2000,)1821319 239
17 X=bLX*(ELX*A(NAI+B(NAY)+C(NA) 240
Pril=10,%*xX 241

GO Ty 11 242

10 XsbELx*(ELX*AA(NA)+BB(NA))+CC(NA) 243
PHIStU,**Y 244

Gn TU 11 245

19 X=pLX*(ELX*ARA(NAY+BBBI(NA)I+CCC(NA) 246
PHI=1U,x*X 247

11 IF(NA)12217513 248
12 RLP=10,%%xF| X 249
DRLUX=1U % xELY/CH [ 250

GO TO 14 251

13 RLPSELX*(ELX*D(NAY+E(NA))+GC(NA) 25?2
RLP=10. **RLP 293
DRLOX=RLP* (2 , *ELX*DIMNA)+E(NADI/CHT 254

14 REURN 255
ENU 256
SUBROUTINE CinNz (IRDIC) 257
258

IF INUDIC=0, TIN? o1LL CALCULATE ALL CONSTANTS 259

IF INCIC=1, Cing WILL NDT CALCULATE C1 AND C2 260

IF INDIC=2s CINZ WILL NOT CALCULATE Ct» C2s FHs» OR FAH 261
262

CNMMUON EMA, EMBe THETAPs FAs ALFAAs RHUOM» THETAMs FAX» RHOX» 263

{1 THETAXs FRBs ALFABs FBXs TMs» EMXs TXs Cls C2s TSTAR, ELHs FNKs 264
2FINTH» DELTARs ZLs CAPNs WDOT» QALSTR» WTM» Zs DOs D1s VFse VG 265
3FHH» HAs His TAAs TABs FHs FAHs ELE» C3» PSTAR», CPL» CPG» RHOL>» 266
AFMUGs FMULs THRPe RHOTM 267
268

IF (INDIC JEQ. 1) 60 TU 113 269

IF CINDIC LE@Q. 2) GO TO 13 270

Cl = «1713E=8 * (EMA+EMB) 271

P = 3.14159246/130. 272
C2 = Q43 x(ALPHAAXCOS(P*THETAP)+FA*ALPHAA*RHOMACOS(PA*THETAM) 273

V  +FAX*ALPHAA®RHUX#CUSCP*THETAX)+FB*ALPHAB*RHOM«COSC(P*THETAM) 274
V  vFBXXALPHARX*RHUX*COS(PATHETAX)) 275

V  +TM*xdx 17 13E=8%(FA*EMA+F 3*EM3)*#EPSM 274

V O PEMX*TX*%d% 171 3FE=Bx(FAXYEMA+FBX*EMB) 277

V oo+ c01x(EMA+EMD) 273
113 FH=(pLH %22 (HA+HBI I/ (FNK*FINTH) 279
FAHR(ELH** 2% (HA*TAA+HB*TAB) )/ (FNK*FINTH*TSTAR) 280

13 IF (C1 sNEs 0a0) C3=C2/(C1*TSTAR®*4) 281
RETURN 282
END 283

Fig. A-3. Program 5-1, Listing (con't)
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A-11
SUBRUUTINE DECROD(DATA)
READS A VARIARLE NUMBER OF ITEMS OF FLOATING=POINT DATA INTNH
SPECIFIED ELEMEMTS OF AN ARRAY IN BLOCKS OF 5 CONSECUTIVE TTEMS.
ONE JUR MURE HLANK FIELDS ON A DATA CARD CAUSE THE VALUES IN CORE
TO REMALIN UNCHANGKED
THE FORTRAN INTEGWER INDEX IN THE FIRST FIELD N+ EACH CARD DEFINES
THE PUSITION OF THE ARRAY OF THE FIRST ITEM QOF EACH BLODCK OF FIVE,
THE BLOCKS NEEYD NOT BE SEQUENTTAL NOR CONTINUNUS.
THE TNDEX (S PLACED AT THE END OF ITS fIELD. IT MAY NOT 8Bf ZFRO
OR BLANK, IT SHALL NUOT CONTAIN A DECIMAL POINT,
A DECIMAL POINT MUST ALWAYS Bt PLACED IN EACH DATA ITEMs THERFFORE
THr VALUE MAY dE PLACED ANYWHERE IN EACH DF THE FIELDS PER CARD,
THe DECIMAL SCALEe LF ANYs FJUR A NATA ITEM MUST 3E PLACED AT THE
ENU OF THE FTEL),
A 0. MUST BE ENTERED 70 READ IN A ZERUs A =0, IS THE SAME AS A
BLANK FIELD. THE READING OF DATA IS TERMINATED RBY ENTERING A
NEGATIVE INOEX IN THE LAST CARD OF EACH SERIES,
T USE THE RUUTINE ==== CALL DECRDIDATA)
DIMENSION ORBU (5)s DATA (6)
READ 2 INODs (DRIU(TIeI=199)
FORMAT (112, 2C12.0)
IF (INDs EQs (=999)) STOP
J = [A8SCIND)
D3 7 I=1s5
IFCIRBUCTIY) 651256
DATACJ) = UR3UC(CI)
Jd = J+y}
IFCIND) 951101
RETURN
IFCSTGNTY.»DRAULEI DY) Torllse
CALL EXII
END

SUBROUTINE TEMP (T2)

COMMON EMA, FMBs THETAPs FA» ALFAA, RHUMs THETAM» FAXe RHDXs
1TAETAXs FRBs alLFA3s FBX» TMs EMXe TXs Cls» C2e TSTARs ELH» FNK»
2FINTHs ODELTAR: ZZ2 CAPNs WODOT, JALSTRs ATMs Z» D0 DIz VFe VG
3FHHs HMA» HBs TAAs TABs FH» FAHs ELEs C3s PSTAR, CPL» CPGs RHOLS
4FMUGs FMULs THPs RHNTM

Clu=¢C1

C2u=C2 :

FAT (A% TAA+ 42 TAR)

PI=3,101%9

BRPAS{DEAPI=2, 408 TAR) /27,

AsCtaz,vr g +C1N%D) ,

BTl A+ ) * (2,65 “ 4307 A)
Ca(=C2=~HdAT)*2,xELE~C20%DJ=HAT#AREA
T1=T3TAR

D9 19 1=15100
T25T1=*(A*T1#%4434T1+ )/ (A% AxT1**x3+RB)
IF (ABS(12=T1) LT, ,001) RETURN
Ti=T2

PRINT 1

FORMAT (7 SUBROUITINE TEMP DID NJQT CONVERGE"™)
Cal EXIT

ENV
Fig. A-3. Program 5-1, Listing (con't)

28¢
28"
284
28i
28¢
28¢
29°¢
291
297
291
294
295
2946
297
293
299
300
301
302
303
304
305
3045
307
304
309
319
311
312
313
314
315

316
3i7
318
319
329
321
322
323
324
325
3246
327
323
329
330
331
332
333
334
339
334
337
338
339
340



SUBRIUTINE JUT A-12

COMMUN EMA», EMB» THETAPs FAs, ALFAAs RHUM» THETAM: FAXs RHOXs
1THETAXs FBs ALFAH, FBXs TMs EMXs TXs Cis C2» TSTAR, ELHs FNK»
2FINTH: DUELTARs Z2Zs CAPHs WDOTs QALSTRs WTMs Ze DODs DIs» VFs VGs
3IFHHe HA» HHs TAAs TAB» FHe FAHs ELEs» C3» PSTAR, CPL, CPGs, RHOLS
AFMUGs FHULe THP» RHOTM

PRINT 91
9) FORMAT (™ T2 10X"INRPUT DATA"//)
PRIN[ 91» TSTARs PSTAR:. WDOT» WALSTR
91 FORMAT ("™ " ldebdsHX"FLUID TEMPERATURE» DEGREES R™/
1Fi1He2e9Xs"FILULD ENTERY PRESSUREsSLB/SQFT™/
2F15.2¢H5Xo"FLiITY RATES LB/HR"/T15,5:5X,"WETGHT FRACTION OF VAPOR™/)
BRINT 925 CPis tMULs RHOL» FHAH
92 FORMAT ( F156925%Xs"SPECIFIC HEAT OF LIQUIDs RTU/LB=DEGREFS R™/
LF19e2e5Xs™VISCUSITY OF LIQUID» LB/SEC=FT"/F15,595X»
2TOENSUTY OF LIQUINs LA/CUFT"/F15.5s5Xs"LATENT HEAT OF FLUIDs BTU/L

3B /)
PRINT 94s CRGy Fitge WIMy Z
94 FORMAT ( F15505Xs"SPECIFIC HUAT OF GASs BTU/LB=DEGREESR"/

1F19e92BXe "y ISCOSITY OF GAS» LB/SEC=FTY/
2199229 "MILECJLAR NEIGHT JF GASs LB/MOL"™/F15,5»5Xs.
I"CORRECTION FACTOR FOR JTODEAL GAS FORMULAMY/)
PRINT 912 D1s JO» CAPN
912 FNRMAT ( Fi19:9s9X"INSIDE DIAMETER OF TUREs FTY/
LF19eD0 e "OUTSIOL DIAMETER OF TUBE» FT"/F154595%
2UNUMIER UF TusES"™/)
PRINT 93» FNKs FAs FBs ALFAA» ALFAB, EMA, EMB
93 FNRMAT ( F19e9s5%s"THERMAL CONDUCTIVITY OF FIN
1t MATERTAL (BTU/F T HRZRI®/F15,5,5Xs"FNRM FACTOR BETWEEN SINDE A AND
AMOUNT/F154529X"FORM FACTOR BETWEEN STIDE B AND MOON"/F13.%55Xs
ITAGSURBTIVITY» SINDE A®/F1D,5»5X,»"ABSORBTIVITY, SIDE B"/
GF19e925X2"EMISSIVITY, SIDE A"/F15,9s5Xs"EMISSTIVITYs SIDE Bv)
PRINT 999 FAX» FBXe TXe THETAX» RHOX
95 FORMAT (F19:5s5%X»"FORM FACTUOR BETWEEN SIDE A AND X"/F15,5:5¥%»
{1"FURM FACTUR SETWEEN SIDE B AND X"/F15.5»s5X<"TEMPERATURE OF X (DEG
PREES RI)P/F15:.555X: "ANGILE BETWEEN SUNS RAYS AND WNORMAL TO X (DFGREE
ISIV/F 159 9X s "REFLECTIVITY OF x*)
PRINT 962 TMs THETAM: RHOM
96 FORKMAT (F15:5s5A,"TEMPERATURE OF MOON (DEGREES RI®/F15:555X%s
i"anGLE SETWEEN SUNS RAYS AND NUORMAL TN MOON SURFACE (DEGREES)IM™/
2F15:9»5X» *REFLECTIVITY OF MOUON SURFACFE®™)
PRINT 975 THPs FINTHs, DELTARs ELH
97 FORMAT (F15.525Xs"ANGLE BETWEEN SHNS RAYS AND PLANE OF EXTENDED SuU
LRFACE"/F15:923X2"RO0OT THICKNESS» (FEET) ®/F15,525%,
2URATIU OF END TU R00T SECTIUN"/F15,%s5XxaYLENGTH OF FIN (FEFTI™/)
PRINT 98, HA» HHs TAAs TAB
98 FOKMAT (F19e5:5Xs"CUNVECTIUON CUEFFICIENT SIDE A (BTU/HR.«SQFT.RI"/
1F156525Xs"CONVECTION COEFFICIENT SIDE B (BTU/HR.SQAFT.RI®/F15:555Xs
2UFLUID TEMPERATJRE SIDE A (DEGRLCES RIM/F15.95Xs"FLUID TEMPERATURE
3 STDE B (DEGREES RY™®//)
SC1=C1*1,0L0%
PRINT 99, SCt. C2
99 FNORMAT (F15:5:9X2"X10E=08"5s5Xs"C1 (BTU/HRSQAFT,R**4)7/F15,525%s
1"C2 (BIUY/MR,SAFTL) /77D
PRINT 910
10 FORMAT (% NUNDIMENSIONAL PARAMETERSY/)
PRINT 911 27 » (32 FHs +AH
911 FORMAT (F19:525%,"ZETA P PRUFILE NUMBERT/F15,555%s"C3 ENVIQONMENT

Fig. A-3., Program 5-1. Listine (con't)

341
342
343
344
345
346
347
348
349
350
351
352
3513
394
359
356
357
3538
359
360
361
362
363
364
365
364
367
368
369
379
371
372
373
374
375
374
377
378
379
3380
3814
382
383
384
38%
33s
387
388
389
390
391
3972
393
394
395
394
397
398
399
409
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1AL PARAMETER™/F15.95:5Xe"FH SURFACE CONVECTIVE PARAMETER"™/F15.5» 401
29X "EFANR ENVIRIONMENT CONVECTIVE PARAMETER®//) 402
RETURN 403

ENU 404
SUBRUUTINE ENTGRI 4905

406

COMMON EMAs EMgs THETAP, FAs» ALFAA, RHOM» THETAM, FAXe RHOX: 497
{THETAX:, FRs ALFABe FBXe TMs EMX» TXe C1e C2» TSTAR: ELHs FNK» 408

2 InNTHs OQELTARs ZZ» CAPN» WDOTs QALSTRs WTM» Zs DDs DIls VF2 VGs 409
3FHH» HA» HHs TAA» TABs FHe FAHs ELEs C3» PSTARs CPL» CPGs» RHOL» 419
4FMUGie FMULs THP» IHOTH 411
DIMENSTION CME(S5)sFI(5)e T(9)» AC3)s B(3)s C(3) 412

413

DATA (A(1)eI=153)/ 441199999 » ,0N53315, ,00002362/ 414
DATA (B(I)sI=123)/=,878319995 =,0962585s =,004058435/ 415
DATA (CCI)21=153)/ 1605 62800492 ,23347166/ 414

417

D2/7Ci2:T45T5)=(TH*(1le=DELTAR) ¢ ZETAP#(T4*xA4=C3)+FH*T4=FAH)/ 418
VO1e=T72%C1=0DFLTAR)) 419
IETAP=Z/ 420

IF (ZETAP=100.) (202 1295 12> 421

129 NA=3 422
GO TH 12/ 423

126 IF (ZETAP) 1232 129s 128 424
128 NA=2+ALOGIUCZETAP) 425
IF (NA LT, %)Y nNA=1 428

127 EFR1=(1.=C3)*(ZETAP*(ZETAP*A(NA)+B(NA)I+C(NA)) 427
129 IF (FH «NEs D,0) EFC1=TANH(SART(FH)I)/SURT(FH) 428
T(S)==ZETAF*EFRI=(FH=FAH)*EFC1 429

IF (ZETAP Ed.: Us0) GO 10 1400 430
ITER = O 431
ITLT=15, 432
ISu=0 433
I1SW=0 434
DZ0=0, 435
DZIN=0, 435
DZ1A=T(5) 437

0%0 WILT = H09, 438
TCa) = 1, 439

061 T(3)=1s/25, 440
T(2) = Q. 441
MESH=Z5, 442
DZ1=T7(%) 443
[TER=LTER+] 4a4

IF LIILT = ITERD) 1125611301130 44%s

125 PRINT 150007182071 84486
300 FORMAT(3BHOINTEURATIUN CONVERGENCE FATLLED. DZ1A=E12.5s5H D71= 447
¥ b12.H) 448
RETURN 449

130 DD 139¢C J=1s»MESH 450
FO(2)=0. 451
FN(3)=i1(3)/72, 45
FOCa)=T(3)/2. 493
FO(oI)=T1(3) 454
CM(1)=0. 455

DO 2 I=255 454

Fig. A-3. Program 5-1, Listing (con't)
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CMOI)=02LCTC2)+F0CE)»TCAI+EOCTI*TLD) s T(HI+FACTIXCM(I=1)) 457

2 CONTINUE 453
TC2)=1(2)+1(3) 459

DT84 =7(3)/6.«(CMI2)+CM{3)+TMLEII*T(3I+T(3)xT(DH) 450
TC4)=1(4)+0714 461

DT =T(3)/A#(CHMI2)42 . xCM(3)+2.«CM(4I+CM(D)) 467
TCO)=T(9)+0LTH 463

1200 IFCABS(UZ)+ARSCT(D))I=ABS(NDZ1I+T(5)))1250,125051205 464
L1205 TF(ISW)I1275,123551225 465
122 DZu=021 466
T(O9)=eb%(NZ0+DZA) 467

GO 7O 1210 464

1235 D70=DLY 469
T(5)=1,10%D41 8470
IFCISW)1210,1239.1210 471

1210 IFCCABS(DZW)=ABS(DZ0))/ABS(T(5))=,0025)1400»,1400,1239 472
1237 150=1 473
IFCITLI=ITER) 1125,112551050 474

bxxx TEST FOR WILT 475
1250 IF (ABS (WILT)I=ABS (T(5))) 120V, 1380,1380 4746
L1260 IFCISVILI278s127751278 477
L277 T(9)=.90=*071 473
DIvn=DLY 479

G Ty 1265 480

1278 D72w=i/0 481
T(H)=eb*(NLO+NZA) 482

1265 IFCCAHSCDZw)=ABS{NZ20))1/ABS(T(5))=,0025)1400+140151270 483
1270 ISwW=1 484
IFCLILT=ITER) 1125511251050 485

1380 WILT=1(D) 484
1390 CONTINUE 487
G Tu 1260 4885

400 ELb==b{H*T(B5)/(ZETAPX(1.,=C3)+FH=1AH) 489
RE TURN 490

EnNUD 491

DATA FOR PROBLEMS
rITASSTUM CONDENSER 6000 LR/HR 464 TURES

60083333 825 1s21E=05 1+0FE=04
120.0 0.0
39 4. 49Q.
3 1620,
10 o8 51¢5 873 3961
35 ¢30B2E-080,0 e21 s183
1 05208 e0312 6000 e 16666
45 4936 494
- 41 1.0 43,6 464,
£ ITASSTUM CONDENSER 6000 LR/HR 120 TUBES
- 44 120,
oOTASSTUM REHEATER CONVECTIVE ENVIRONMENT
44 464,
14 2 2 2000 2000
35 s001E~08
=4 3000
¢ ITASSIUM REHEATER CONVECTIVE ENVIRONMENT
- 16 1622, 16224

FITASSTUM CONDENSER CONVECTIVE AND RADIATIVE ENVIRONMENT
- 35 sC500E=08

eMAn OF DATA

- 999 Fig. A-3. Program 5-1, Listing (con't)
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S

FORMAT
Wl wWT, = +
STATEMENTS i ]
P [
sl READ
TITLE SET:
DETWL = -
|
READ INITIALIZE
VARIABLE DUCT SECTION
DECIMAL DAT LOOD
" (DECRD I
COMPUTE
ENTER DUCT Re No. FACTO ‘
VALUES FOR PHI CALC. 4
T RHOGA
PRINT
DUCT
My
ENTER FIN
VALUES ’
T COMPUTE
CONSTANTS FOR
PRINT PRESSURE
FIN CHANGE CALC.
VALUES |
COMPUTE:
CALCULATE
CONSTANTS HEAT TRANSFER
[ T
COMPUTE :
DUCT
EC.
ocp LENGTH CF S
CALCULATIONS TEMP. CHANGE
{ I
COMBINE DUCT COMPUTE WT.
& FIN VALUES
FOR CONSTANTS OF LIQUID
& TRAPPED IN
¥
COMPUTE TUBE
ENVIRON TEMP CONVERT:
| LENGTH OF FIN
PRESSURE
CHANGE



Fig. A-4. Program 5-2 Flow Di3gram (cont.)

N

PRINT
LOOP
INFORMATION

TOTAL: PRESS

CHANGE, HEAT

TRANS., LGTH.

TUBE, WT. LIQ
]

Last Sii;i>
\\\\\\W/Yes

CONVERT
TOTAL
HEAT TRANSFER

{

COMPUTE :
END
ITEMS

PRINT
TOTALS

A-16
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PROGRAM NI, H5=2 CONDENSFR AND/OR FVAPORATOR ANALYSTS

DIMENSTON F1(12)sF2C12)sF3(24),F4¢1321,F5(24),FAC24),FT7T(12)Y,FR(12)
VeFOU28)sN10012)sF11(28)F12012),F13(20)F14028)sF15(12)»F16€12)>
VE17C12)e F1B(2M8)sF19(24),F20028)sF21(AN)»F2203A)sF23(12)sTTITLEC16)

DIMENSTON DAC300)»SR(AI»SC(H)CIDIAISC2N(AISHN(AI»TA(H)»C1C10Y,
VC2(103sHACL10)»HBC10Y» TAACL1O)»TABC10)»FLECTO)Y

FQUIVALENCC(NACL)I»WDOTIs(NA(2)SENT),

TENACBY,FMESHY» (NACY)YsPSTAR) S (DACINIS TSTARIS(DACYI1I»QALSTR),
P(NDACIP)s FHH) S (NDACTI3)2CPGIs (NACIA) s FMUG) s (NDACIS)I>WTM)(DACI6YS7) s
3CNACI7Y»RHOLY s (NACIBIs CPLY» (DACIIY ML)

READ PoFlebF2sF3sb U sFSsFasFT»FRIFIsF10sb115F12,F13,F18sF155F16,
VE1T72F18sF19sF20sF215F22,F23
2 FORMAT (172A8)
5 RFAD 2400-TITLF
2400 FAORMAT (16AA5)
caiL DFCRD (NA)
PRINT CASF DATA
PRIMT 2600 TTTLF
2600 FNRMAT (1H1s1mAS//7/)
PRINT Fa4s(JsDNA(S)eJz1919)

FNTER AND PRINT DUCT VALUFS
NP=3()
NND=DACK)
Dﬂ 100 Y:l,Nn
SR{II=NA(NE)
SCLTI)=DA(NP+T)
CIDCI)=DACNP+2)
CoONCIX=NA(NMP+3)
HOCTI=NAINP+4)
TACI)I=NA{NP+S)

100 NP=NP+10
PRINT F95(K»SR(K)sK=12ND)
PROINT FAas(KsSC(RKYsKz1,ND)
PRINT F7s(KsCiID(K)sK=1sND)
PRINT FBrafthpCP2N(K)sK=1,N[)
PRINT FO9s(KsHN(K)sK=1sND)
PRINT F1O0s(KeTA(KYsK=1»ND)

FNTFR AND PRIMY FTN VALUES
NF=DAC7)
IF(NFLEsN,0) GO TO 250
N=Qn0
Na 200 L=1-NF
CICLY=NDACN)
C2(LI=NA{N+T)
HACL)=NA(N+2)
HR(LI=DA(M+3)
TAALLY=DACN+4L)
TARCLI=DACN+S)
FLECLY=DA(N+A&)

200 N=N+10

Fig. A-5. Program 5-2, Listing



275

280

295

300

500
550

640

A51

660

670

A75

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

CaLCUL
P1=3,1
TF{NA(
PFRIM=
An=NA(
NTizde*
60 TN
DI=DA(
AN=pPlx*x
PERIM=
W=wWnOT
G.Jj=778
GN1=327
GN1=0,
GN2=0,
Gﬂ3=0.
SHMO=0
Stimi=0
StMg=04
nn 300
GN1=aG6D
Ghz2=6N

GD3=GD3+(SRETI*C2NCTII+SCCII*HNCTII*TA(CY))

IF{NF.,
nn 590

F11o(KsC1(K)sK=1sNF)
F12:(KsC2(KIpK=1»NF)
F13s(KsHA(KYsK=1NF)
F14s(KsHB(K)s»K=1»NF)
F19s(KsTAA(K)sK=1sNF)
F16s(KeTARB(K)sK=1sNF)

F175CKsFLECK) pK=12NF)
F10

ATE SYSTFM CONSTANTS
415926

3)) P?75s280+275
PACR)

4)

AD/PERTIM

295

%)

Nix*2/4,

PI*N]
ZCENT*3AN00,.)
w*37,17

W1 7%01

I=1,ND
1+SRCTI*CIDCT)
2+SCCTY*HDC(T)

LEL,0,0) GIY T 550
L=1sNF

A-18

SUMON=SUMO+ELF (L)X (HACLI*TAACLI+HBOLI*XTABCLI+C2(L))

SUMI=SUMI+ELECLI*CHACLY+HB(L))

SiIMA=S
CKQ==(
Cx1=6D
CH4=GH

CAaMPyT
1F(CK!
t.c=0

TF=TST
Le=LC+
IF (LC
PRINT

GN T0
FF=CKO

IFCARS(FEY=,001)1003,1003,.,670

NFENTE
TF=TE=
G TO
TF=5QR

Fig. A-5.

UMA+FLF(LI*=CT1 (LD
GD3+SUMN)

2+ S1IMY

1+SUMY

E ENVIRONMENT TEMP
LELO,0) GO TO 675

AR

1

=253 AAN»BH60,651
F1B, TF»CKOsCK12CKY
5
+CKI«TF+CKA*TE*x*4

=2CK{+4 ,*CKA*TE k%3
FE/DFEDTE

A40
TCSART(=CKO/CK4))

Program 5-2, Listing (con't)
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SFCTINN CONSTANTS

1003 IF(QALSTR ,GT. «98 AND. TE +GT, TSTAR) GN TO 704
TF (QALSTR (LT, 02 LANI, TF.LT, TSTAR) GN TO 707
TF (ABS(TSTAR=TE) .LT. 5,) GO TN 703
WL=(1e=QALSTR)*W

WhE=W=WL

IF (TSTAR .GT. TFY GO TN 801
DELWL==WL/FMESH

GN TN 802

RO1 DFLWL=WG/FMESH

802 P=z=PB ST aR
t= Tt AR
FUHS 7 /B, = RH
BT M= 0
:E.‘_N;.’). i
(‘\t‘»:«j"’r:(;/c ()
wi TSm0
A=18444/ 17 W
Frila3sP3 AR/ (TS5 1 aR«Rx7)
iYL +DE AP,
e Szl /700N +Wn /RHIGS 374D
UFS2=UF§ns?
PMSzva I 570371 7%AD)
FRS=UFSZ/(Pa%6G.4)
TSR T
MFESy=FME Vi

SECTTON LALCH a1T10NS
P37 Jd=teHMESH
RHOGA=R/IR* =7
REAP=(0,+a 1Y/ IPERTM*FMUG)
RefPm(l,«nl 1Y/ (PERTMeFMY) )
IRV GP=2000,378923,29

28 [FIRELP=2000,4330:30,31

29 IF(RFLP=2000,)32532,33

30 CHICT=CF L +RRNGA)/(FMUR*RA0L )
CHT=2SaRT (W% TIC1)7WGY)
DCHIEA*CHIZ (2 ol Lxwi1)
Fzih,/REST
GO in 34

31 (HTCTIE0 0MA A 2% o B/ (1A A {PERIMI** R * (KHURA/RHDL I+ (FMUL k%, 2/FMUG)
CHTI=SGRIIIHLI*#*LeB/WGLI*CHICL)
DIHI=(1, 3w WGT+ri 1)=CHI/(2.%0Glr0L 1)
F=tn,/RiLnP
G 34

32 CHICIS( LA, #{PERTMUI* % B3/ 0Ub*8 5k R X (RHUGA/RHUL I X CFMIL/FMUGR*,2)
CHT=SQRICIALYZANGL**»1 . BI%CHICT)
DCHTI=S (A1 +T1, 85wl 3aCHTI ) (2., %*WG1 WL 1)
Fe,0860/REGPax 2
G T 34

33 CHICI=(REUGAZ/FNUNL 3o (F ML /FMUG) *+,2
CHY2SGRT (YT /WG Y*ex1,8«CHTCT)
DCWV 1= e 9+wWxCHI)/Z(HWGTL AWLTS
F2,.046/REGP*4,2

Fig. A-5. Program 5-2, Listing (con't)
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34 CALL RLAFFG(CHI»PHIsRLPsODRLDX+RFGP,RFILP)

RGP=1 ."RLD

VWL 1/(RLPxAND*RHOL)

U=WwGi/(RGP*AD*RHOGA)

VozVwxD

U2=tjn*?

UP2=(WG1/CAD*RHNGA))Y*+D,

UPCHAEF=1,=((WRI*DCHI*NRLDXI/RGP)

V2COEF =1 o=((WL1*DCHI®DRLDX)/RLP)

NPXF==1 , * (PHTI**2*( (2, *1JP2*RHNGA*F)Y/GNT))

NPMDWI=DRIDX*NCHI

NPMOW?=2,=((DPMDWI*WG1)/RGP)

NPMDW3=2 ,=((NPMDWI*WL1)/RLP)

NPMDUA=RHNGAXUP*RGP*DPMDW2/ (32 ,17+WG1)

NPMDAS=RHNL VI *RLP*xDPMDWI/ (32,1740 1)

NPMOWX2DPMOIWA=NPMOKS

NPCI=(CPL*¥WLI+CPG*WG1)*T/(F JH*RHOGA)
QAS=(CKO+CKI*T+CKA4*T2*4) /3600
DYX1=QS+DPC1+DPXF
DX2=FHH=VI4VICOEF /GJ+UP%UPCAEF/GJ=NPCI+DPMDUX+(H2=V2)/(2.%GJ)
NDx=DXx2+xDFLWL/NDX]
IFINX)35» 35,36

35 PRINT F22,0X1sNX2sT»TESQS»DPC1,DPYXF
GN TO 5

36 NDP= DPMDAXENFLWL+NPXF%NX

- NDFLT= T+DP/{F.JH*RHNGA)

WL T=RHNL*AD*RLP*DX*ENT
PRINT FPO0sRELPVsREGPsUsQSsDXsDELTsDP
T=T+DELT
WLI=wL14DFLWL
WGEI=W=WL1
DPSIM=NPSHM+NP
P=P+pP
IF(P,LF.0.N) GO TO 705
FLw=FLWw+NY
QASUM=RSUMSQS*NXY*ENT
WELTSUMzWL TSUM+ALT

37 CNANTINUE
RELM=aSUM* 1600,
RHOGE=P /2 T+Rx/)
ALF=ul =0 LWl /2,
NG zwen] |
UFTADS{nLE/RHUL+WGE/RHNGE ) /74D
JFF o=UdPEnl=+?
PMEND=WrgF FARN/ (32,1 7%ADD
DFMzPMS=RREND

EuEnlizlbt b /(e %G
PRINT FoleNFSUMsTIFMe ALTSUM GSUM S FSoUFENGsELWoPHSsPHEND TESEKS
VEKE 4%
i 1005

701 PRINT Fls1EsTSTAR
GLo1n 8

702 PRINT FZsTEsTHTAR
GLe 105

703 PRINT F3,1TE,TSTAR
Gir 105

705 FPHINT FzisFeNESUM
Gt 105
EnD

Fig. A-5. Program 5-2, Listing (con't)
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SUBROUTINF RLAFEG (CHIsPHT»RLPsNDRLNDX,REGPsRFL.P)

DIMENSTON ACS)YB(5)»C(5)>AA(5)sRB(S)»CC(S)»AAA(S)»BRRIB)ICCO(S)s
VDES)sFE(S5YsG(S)DAC300)

NATA (ACIY»I=155)/,9617295 ,05267h, ,1799As ,i10R387, 022224/
DATA (BCIYs1=125)/4428577s 42725 509048, ,653052s ,81402/

DATA (CC1)»I=165)/Uo748133s 250008, ,409772s 44097725 ,3349A9/
NATA (AACT),I1=105)/.9574485 (0N62725s 201257, ,13R803» ,050525/
NATA (BB(T)»1=155)/4,29955» 4292137, ,584971» 5307575 691175/
NATA CCCCT)r1=1551/4,821215 385293, ,539591s .539591s ,44745/
NATA (AAACT)»I=155)/.0344006s ,072R001» 1368 ,13» ,079999/
DATA (BBB(13»1=1s5)/,239203, 3784, L4928, ,4R1» 562003/

DATA (CCCCINsT=155)/.44R004s ,57T2R02, ,67232s 6315 ,600998/
DATA (NCI13»1=155)/=4290035=,289155=,20092,=,002N62,=,0754581/

15
16
17

18

19

i1

12

13

14

DATA (ECTY2T=155)/=,308075s=,060579y ,45461» 4A1A34, ,45K4109/

DATA (G(IVYs1=2155)/°1,62506921,0725s=,63827»=,63827»=,65665/
IF(CHT=1 F+231s13s? )
ELX=ALDGIOCCHT)

IF(e001=CHIY353»5

NA=OQO

GNn TO 6

NA=4 , +FLX

GN TO &

CHI=99,99

Gn 10 1

IFINA)T7»T7»8

PHI=1,

G0N 70 11

IF(REGP=2000,115515516
IF(RELP=2000,117-17518
IF(RELP=2000,)18,18,19

X=E L X*(ELX*A(NAY+R(NAX)+C(NA)
PHI=10,#%%X

GN T0 11
X=ELX*(ELX*AACNAX+BB(NA)I+CC(NA)
PHI=10,%%xX

6N T0 11
X2EULX*(ELX*AAA(NAY+BBRINA))I+CCC(NA)
PHI=10,%%x¥X

IF(NAY12:,12513

RLP=10,**FLYX

DRLDX={0 . #xFLX/CHI

Gn 70 14
RLPSELX*(FLX*#D(NA)Y+E(NA))I+G(NA)
RLP=10,#%RLP
DRLOX=RLP# (2, +ELX*D(NAYSECNA))Y/CHT
REFTURN

END

Fig. A-5. Program 5-2, Listing (con't)
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SHBRDUTINF DFCRD(DATA)

¢
¢ RFADS A VARTABLE NUMBER OF ITEMS NF FLOATING=PNINT DATA INTN
C SPECIFIE) ELFMENTS NF AN ARRAY IN BLOCKS NF S CNNSECHTIVF TTEMS,
C ONE OR MORE BLANK FTELDS ON A DATA CARD CA{SE THE VALUES TN CARF
C TN REMAIN UNCHANGED
C THE FORTRAN INTEGER INDEX IN THE FIRST FIFLD AF FACH CARD DFFINES
C THE POSIYION OF THE ARRAY OF THE FIRST TTEM OF FACH BLOCK 0OF FIVE,
C THE BLOCKS NFED NNT BE SEQUENTIAL NNR CONTINUNUS,
C THE INDEX IS PLACED AT THE END DF 1TSS FIELD, 17 MAY NOT BREp 7FRD
C NR BLANK, IT SHALL NOT CONTAIN A DECTMAL POINT,
C A DECIMAL POTNT MUST ALWAYS BFE PLACFD IN FACH DATA [TEMs THFRFFNRE,
C THE VALUE MAY BE PLACED ANYWHERE TN EACH NF THE FTELDS PER CARD,
C THE DECIMAL SCALE: IF¥F ANYs FOR A NDATA ITEM MUST RF PLACED AT THF
C END OF THE FIELD,
C A 0, MUST RE ENTERED TOD READ IN A 7FERNe A =0, 1S THF SAMFE AS A
C RLANK FIFILLD, THE READING OF DATA 1S TFRMINATED RY ENTERING &
c NFGATIVE TNDEX ON THE LAST CARD 0OF EACH SFRIES,
C TN USE THF ROUTINF =w=== CALL DECRN(DATA)
DIMENSTON DRBU (%), DATA (6)
1 READ 25 INDs (NDRBU(CI)»I=155)
2 FORMAT(I1?s SF12.0)
IF (IND, FQ, (=99%)) STNOP
3 J = TARSCTIND)
4 DN 7 I=1,5%
S IF(NRBYUCII) A:1054h
6 NDATACY)Y = DRRUCT)
fJ = J+i
8 TFCIND)Y 951191
9 RFTURN
10 TF(SIGNC1.=DRBUCII))Y 751156
11 CALL EXIT
END
C
C PFRMANENT HOLLERITH DATA
C

(36H TEMPERATURF 1S T0O0 HIGH TO CONDENSF/4H TE=F12,R,7H TSTAR=F12,8)
(36H TEMPERATURF 1S TOOD LOW TO EVAPORATF/4H TE=E12,R,7H TSTAR=E1P,8)
(57H FLUYID TFMPFRATURE T0ON CLOSFE TO ENVTRANMENTAL TEMPFRATURE/4H TE=F12,
8s7H TSTAR=E{12,8)
(11H INPUT DATA/I9sF15,8526H TOTAL WETGHT FLOW (| R/HR)/T9,F15.,8,13

H NN. NF DUCTS/T9:F15.8528H DUCT PERIMETFR (FT)Y *NPTINN/I9sF15:.8:26H DUC
T AREA (SQ FT) #0PTION/T9,F15,85,32H EFFFCTIVE DIAMETFR (FT) *DPTINN/ 19,
Fi9,8:,21H NN, OF DUCT SFECTIONS/T19:F15,8,12H NGO, OF FINS/T19sF15.,8,18H NO
OF SUBSFCTINNS/19sF15e8:26H INLET PRESSHRE (LB/SQ FTI/19,F15.8»,27H FLUIN
TEMP AT ENTRANCE (R)/T19,F15,8,22H WEIGHT FRACTINON VAPNR/IOsF15,8,30H LA
TENT HEAT OF FLUID (BTU/LB)Y/19,F15,8,34H SPFCIFIC HFAT NF VAPOR (RTH/LR
R)/19,F15,8531H VISCNSITY OF VAPOR (LB/SEC FT)/T19,F15,8,35H MOLFCHLAR WF
IGHT DF FLUID (LR/MNOL)/T9sF15,85s29H VAPNR CNMPRESSIRILITY FACTOR/T92.F 15,
8s29H NENSITY OF LTIQUID (LB/CU FT)/19:F15.8535H SPFCIFTIC HEAT 0OF LYQUID
(BTU/LB RY/T9,F15,8:32H VISCOSITY OF LIAUIN (LR/SFC FT))

(//718H TNPUT DUCT VALUES/ 44 SECSXs43H EFFECT PFRIFFRAL LENGTH FNR RA
DIATION (FT)/(C13:,7X,F15,8))

( AH SECHX»44H EFFECT PERIFERAL LENGTH FAR CONVECTTON (FT)/(13-7Y%,
F15.,8))

{ 4H SECS5Xs42H RADTATION COMSTANT C1 (BTH/HR SQ FT R##4)/(13s7X»F15.8))
( 4H SECSX»37H RADIATION CONSTANT C2 (RTI/HR SQ FTI/(13,7XsF15,8))

( AH SECSXs4RH CONVECTIVE HEAT TRANSFFR COEFF (BTU/HR SQ@ FT R)Y/(T73,7X
5F1508))

( 4H SECSX»17H AMBIENT TEMP (R)Y/(1357%XsF15.8))

(17HIINPUT FTN VALUES/ AH FINSXs42H RANTATION CONSTANT C1 (BTU/HR SQ

FT Re#4)/{13,7X£15.8))
Fig. A-5. Program 5-2, Listing (con't)
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( 4H FINSXs37H RADTATION CONSTANT C2 (RTI/HR SQ FTY/CI13s7XsF15,8))

( AH FINSXsHSH CONVECTIVE HEAT TRANSFFR COFFF SINDF A (BTU/HR SQ FT R)
/C13s7X5F15:8))

( 4H FINSXsS5SH CNONVECTIVF HEAT TRANSFFR COEFF SINF R (BTU/HR S0 FT R)
/C13:7XeF15:8))

( AH FINSYX»28H AMBIENT TFMP SIDE A (RI/(T3:7X>F15,8))

( 44 FINSXs24H AMBIEMT TEMP SIDEF B (RY/(13s7XsF15,R8))

( 4H FINSXs19H FFFECT LENGTH (FT)/(T13s7%X2F15,8))

(28H FNVIRUN TEMP CONVERG FATLED/AH TE=F12,8:s5H CKO=F12:8:s5%H CKiI=F12,855

H CK4=F12,8)

(/7124 NUTPUT DATA/1HO» 1 2HRFLP= (LTIQYs1Xs9HV= FT/SFC24YXs 12HRFGP= tVAP)

piXsGHU= FT/SEC4X 1 1HAS=RTUH/SCFTs2Xs6HNX= FT.7XsTHNFIL.T= RsAX7HNDP= PSF)

CIH sF12,501X2F 12581 XeF 12,501 XsE12.:5s1X¥3F 12,901 XsE12:521XsE12,551X:E12,

5’1X9F1?a5)

(1HOS HNPSUM=E12,5:9H ((B/SQ FTe?PXs5H DPM=E12.5s9H LR/SA FTs2Xs8H WLTSUM=

E11.:.553H LB/7AH QSUM=F12,927H BTU/HRSXSH UFS=F12,59H FFFT/SEC3XsaHUFEND=

E12.559H FEFT/SFC/5H FELW=E12.5»5H FFET8Y»5H PMS=F12,5,9H LB/SQ FTs 2X57

H PMEND=E12:.5s9H LB/SO FT/54H TESE13,522H RIIXsH5H KFS=F12,5s7H RTII/I Rs8 Y

pTH KEEND=F12,5s7H BTU/LR)

(16H FLNW FXCESSIVFL/5H DX1=F12:95s9H BTU/SCFT» SH DX2=2F12,5¢7H RTU/I Bs 3IH
T=E172.522H R/NMH TF=F12,95s2H Re4H QS=FE12,5,9H RTU/SCFT»6AH NDPCi=FiD, 599H

BTU/SCFT/6H NPXF=F12,5,9H BTU/SCFT)

(21H FLNW RATYE FXCFSSIVF,/3H P=F12,5+4H PSF/7H NPSUM=F12,5,4H PSF)

C
o DATA FOR PROARLEMS
CANNDENSER WITH NONCIRCULAR DUCT=2 LRB/UR FLOW RATF
12, 1, «0518 000111 0,00
61, 2. 10. 1659,74 660,
1114, 977.9 « 35 +RUAQ3F=0518,
161, 60,3 1.005 2 N0NP20R2
30,0304 2« 0365 ¢ 14ABAFE=NRBR AL 0.
350,
90 s 1456F=0R88,61 0 0, 0.
950, « 1559
100 « LUSAF~0838,A1 0. 0, 0.
- 1050, « 1559
CANDENSER WITH NONCIRCULAR NDUCT 1.5 LB/HR FLOW RATFE
= 115 1e «OH18 «NONT 1Y 0,00
MULTI FIN FRENN CANDENSER 75 LB/HR FLNOW RATF
175, 1. 0, 0, « 0375
A3, 3. 10. 3157,.9 600,
it1. 61,31 ¢ 161 L00N00T46 187,30
16.95 92,33 o218 NON207072
30,03375 « 03375 e 1URAF=NB106,1 7.0
35530,
400, O 0 0. 0.
450,
50,03378 2003375 0. 0. i?.
55500,
90 2« 145AF=09146,1 Te 12, 530,
95900, o186
100 « 145AF=08144,1 Te 0. 530,
1050, 0 349
1100, 0. 12, 0. 500,
= 1150, 2 2997
C
c FAND CNNTRNL CARNS
c

FND OF PRNBLFMS
=999 Fig. A-5. Program 5-2, Listing (con't)



INFORMATION FOR PROGRAM USERS

DECRD (DECIMAL READ SUBROUTINE)
Description

This routine provides the facility for reading a variable number of
pieces of floating point data into specified elements of an array; these
elements may be either in sequential or in nonconsecutive locations. Only
the information specified is actually read into storage.

The fixed point number (index) in the first field on each card
defines the position of the first piece of data on the card. If the index
is l,‘the first pilece of data will be stored in the first location reserved
for the array; if it is 16, the first work will be placed in the 16th position,
etc. The remaining fields on each card contain information for the successive
locations of the array. 1If one or more fields are left blank, no information
is read into the locations corresponding to these fields; the information

already in these locations is unaltered.

Use

The decimal data will be read into storage by means of the FORTRAN
statement, CALL DECRD (Name of array to be read).

The data are written in decimal data form which has 6 fields of width,
12 card-columns each.

a. The index or location number must be written to the extreme

right of the first field; it may not be zero or blank.
b. The fleoating point data may be written in two ways on the data

sheets:
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1, With a decimal point: 42,62 may be positioned anywhere in
the field of width 12.

2. With the E. type Format and the decimal point: .243 E02,
where the exponent specification is written to the extreme
right of the field.

c. Reading data are concluded by placing a negative sign in the

first field of the last card to be read.

Restrictions

If any negative zero or ".0" is written as a piece of data, it will

be recognized as a blank by FORTRAN. Zero should be designated by "0."

Error Indication

If a zero or blank index appears in the first field of a card, an

error message is printed and the job is terminated.

Program Termination

Two cards are used to terminate a program. The first is a card with
a title such as "End of Problems'", the second has a -999 punched in columns
9 to 12, A test is provided in DECRD to terminate the program when these

numbers appear.

NOTES ON PROGRAMS

1. Data numbers for the input variables are shown on pages 27, 28 and

29.

2. Data options are provided in both programs. In program 5-1 an
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index (DA 41) is used to specify the option to be taken. 1If all radiation
constants and convection parameters are to be calculated a "0" is entered.

If C1l and C2 are entered in DA 35 and DA 36 a "l" is placed in DA 41. 1If pure
parametric studies are to be made Cl, C2, FH, and FAH are entered as input
data in DA 35, 36, 47, and 48 respectively, and a '"2" is entered in DA 41. 1In
program 5-2 if non circular ducts are to be analyzed the duct perimeter and
duct area must be entered in DA 3 and DA 4 respectively. If circular ducts
are analyzed the internal diameter can be entered in DA 5 or the duct peri-

meter and area can be entered as for non circular ducts.



DA

10

11

12

13

14

15

16

17

18

19

20

21

22

A-27

INPUT VARIABLES FOR PROGRAMS

Program (5-1)

DO (outside diameter ft)

DI (inside diameter ft)

T* (inlet temp, R)

w (total weight flow, 1b/hr)

ELH (fin length, ft)

FINTH (fin root th., ft)

DELTAR (thickness ratio)

FMUG (gas viscosity, lb/ft-sec)
FMUL (liq. viscosity, 1b/ft-sec)
QALSTR (inlet quality)

FNK (fin k, Btu/hr-ft-R)

FHH (latent heat, Btu/1b)

WIM (mol wt, 1b/mol)

HA (con. h.t. coef., Btu/hr ftzR)
HB (con. h.t. coef., Btu/hr ftzR)
TAA (con. ambient temp, R)
TAB (con. ambient temp., R)
ALFAA (absorptivity side A)
ALFAB (absorptivity side B)
EMA (emissivity side A)

EMB (emissivity side B)

EMX (emissivity body x)

Program (5-2)

w (total weight flow, 1b/hr)
ENT (no. of tubes)

P (duct perimeter, ft)

AD (duct area, sq ft)

DI (effective dia., ft)

ND (no of duct sect.)

NF (no of fins)i

FMESH (no. of sub. sect.)

P* (inlet pressure, 1b/ft2)

T (inlet temp, R)

QALSTR (inlet quality)

FHH (latent heat, Btu/1lb)

CPG (spec. ht. of vap., Btu/lb)
FMUG (gas viscosity, lb/ft-sec)
WIM (mol. wt., 1b/mol)

Z (compressibility fac.)

RHOL (liq. density 1b/ft3)

CPL (spec. ht. of lig., Btu/lb R)

FMUL (liq. viscosity 1b/ft-sec)
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24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

FA (view factor to m)
FAX (view factor to Xx)
FB (view factor tom)
FBX (view factor to X)
RHOM (reflectivity of m)
RHOX (reflectivity of X)
77 (profile no.)

THETAM (sun angle to m)
THEATX (sun angle to X%)

™ ( temp,of m, R)

“TX (temp. of X, R)

EPSM (emissivity of m)

Cl (rad. comnst., Btu/hr ft2 RA)
€2 (rad.from env. Btu/hr ftz)

CPG (spec. ht. of vap., Btu/1lb R)
CPL (spec. ht. of liq., Btu/lb R)
FMESH (no. of sub. sec.)

PSTAR (inlet pres., 1b/ft2)
INDIC* (OPTION IND.)

RHOL (liq. density 1b/ft3)

THETAP (sun angle ep’ deg.)

CAPN (no. of tubes)

Z (compressibility fact.)

RHOTM (density of tube, 1b/ft3)
FH (convective parameter)

FAH (convective parameter)

(see listing below)

A-28



NP

NP

NP

NP

NP

NP

NP

=30, I
+ 1

+I+1
+ 1+ 2
+1I+3
+ I+ 4

+I+5

=90, L =

N+1L

N+L+1

N+ L+4

N+L+5

N+L+6

0,5

0,20

A-29

SR(I) (duct width for rad., ft.)
SC(I) (duct width for comv, ft)
C1D(I) (duct rad., Btu/hr ftZRA)
C2D(I) (duct rad. from env., Btu/hr ftz)
HD(I) (conv. h.t. coef., Btu/hr ftzR)

TA(I) (conv, ambient temp, R)

Cl(L) (rad. const., Btu/hr ftzRa)-
C2(L) (rad. from env., Btu/hr ftz)
HA(L) (conv., h.t. coef., Btu/hr ftzR)
HB(L) (conv. h.t. coef., Btu/hr ftzR)
TAA(L) (conv. amb. temp, R)

TAB(L) (conv. amb. temp., R)

ELE (L) (equivalent length, ft)



APPENDIX B

SAMPLE PROBLEMS

Several sample problems are presented to demonstrate the capabilities
and limitations of the programs. These problems are also useful for checkout
should the program deck be reproduced or modified for use on another computer.

Three fluids, water, "Freon 113" and potassium were used in the prob-
lems. Some of them are reruns of those presented in Ref. 3 and some employ the
configurations used in Ref. 1. This will permit the interested reader to make

comparisons,

Problem l: Potassium Space Powerplant Condenser

Two of the problems of Ref. 3 have been rerun as well as two cases with reduced
numbers of tubes. Both programs 5-1 and 5-2 have been used for this example,

A 6000 1b/hr case was run on program 5-1 and a 3000 lb/hr case was run on 5-2,
however, when employing 5~1 the number of sections was reduced to four. The
input and output for the 6000 1b/hr case is shown in Figs B-1 and B-2 respec-
tively. The 3000 1b/hr case is shown in Figs. B-3 and B-4. The calculated
data using these programs agree closely with those of Ref. 3; the greatest
discrepancy is in the value for the effective length, ELE. The value given in
this report is considered to be the more accurate since it was obtained directly
from a numerical integration procedure while the one in Ref. 3 was calculated
from curve fit data., The difference is approximately two percent. The pres-
sure for both cases is shown to increase as the fluid passes through the tubes.

This is due to the fact that the momentum pressure rise is larger than the
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friction pressure drop. This may be surprising considering the fact that the
fluid enters at a velocity of 459.31196 ft/sec for the 6000 1b/hr case. 1In
spite of this high inlet velocity the tube length is still only 1.8459 feet.
This short length demonstrates one of the big problems in designing a satis-
factory space power plant condenser.

The results of using 120 and 100 tubes for the 6000 lb/hr case is
shown in Fig. B-5. Reducing the number of tubes increases the fluid velocity
and the associated pressure drop. It was impossible to completely analyze
either of these cases. Calculations terminated after the second section for
the case employing 120 tubes and after the first section for the 100 tubes.
The reasons for the terminations are different. Pressure fell below zero for
120 tubes and the calculated section length was negative for 100 tubes. Both
situations are impossible and both tests are needed in the programs to termi-

nate useless calculations

Problem 2: Potassium Reheater

This problem uses much of the data of Problem 1 except that  pure
convective environments were selected. Two environments were chosen., 1In the
first an ambient fluid at 2000°R was assumed. This is above the fluid inlet
temperature of 1620, The inlet quality was held at 80 percent as in Problem
1. The input and output data are shown in Figs. B-6 and B-7. When the ambient

was reduced to 1622 the output data was

CALCULATED DATA

0,15363 EFFECTIVE LENGTH OF FIN: FTo
1622.00000 FNVIRONMENTAL TEMPERATURE, DEGREES R

PLULID TEMPERATURE Tuo CLUSE TO ENVIRONMENTAL TEMPERATURE
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This check is provided in the program since the integration routine may get

into difficulty if the temperatures of fluid and environment are nearly equal.

Problem 3: ©Potassium Condenser in Convective and Radiative Environments

This problem was chosen to test the ability of program (5-2) to
handle an ususual situation. A low value was chosen for the radiation con-
stant Cl and an ambient convective temperature was chosen which was slightly
above the fluid inlet temperature. As shown by Figs. B-8 and B-9, heat trans-
fer by radiation outweighs the convection and heat is lost from the system.
The reduced radiation coefficient Cl accounts for the longer tube length

required by this problem.

Problem 4: Tubular Heat Exchanger

Water is to be evaporated as it passes through a 3/8 inch 0.D. tube.
A low pressure gas having a low convective heat transfer coefficient surrounds
the tube but high gas and wall temperatures are present. It is required to
find the conditions in the evaporator, as the water passes through tube of
sufficient length to completely evaporate the water.

In using Program 5-2 the values of the radiative and environmental
parameters C, and C, are required. The problem conditions used to calculate

1 2

these parameters are:

€ =0,6, € =1,0, T = 1000R and F 1.0
X ax

a h:4

Using these values in Egs. (1.2) and (1.3)

€ 0= (0.8) (0.1613) (10~ %Y

@]
—
It

o
#

0.1713(10" %) (1000™Y (1.0) (0.6) = 1028

B-3
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Two flow rates, 2.5 and 10 1lb/hr, were chosen for this illustration., The
remaining input items are shown in Fig. B~10. While the output for the two
cases 1s shown in Fig. B-11l. The analysis was sucessful for the 2.5 1b/hr flow
rate, but the program ran into difficulty with the higher flow rate. The
calculated pressure in the tube at the end of the eighth section was -1521.5
1b/sq. ft. and the program stopped the analysis. Fluid pressure drop in the
turbulent regime is substantially higher than in the laminar region. The
Reynolds numbers for vapor are shown to be in the turbulent region for all but
the first section. Pressure drop for two phase flow is high when compared
with single phase flow for either liquid or vapor. It is therefore easy to
underestimate the actual pressure drop. In this case the final Reynold's‘
number was 12,975-~-a value well in the turbulent region but not impossible in
many flow problems. Observe also the impossible predicted temperature drop

of 2136.9 degrees R in the last section analyzed. This is far from the
expected range of only a few degrees of deviation from the inlet temperature.
Lowering the flow rate to 2.5 lb/hr reduces the pressure drop to 73.382 1b/sq
ft. This drop is only 2.3 percent of the calculated drop associated with
approximately 807% of the heat transfer at the higher rate. One should remember
that a portion of this difference is due to the difference in tube lengths.
The duct length is approximately proportional to the flow rate and the pressure
drop is approximately proportional to the length. The higher rate being four
times the lower would indicate approximately four times the amount of heat

exchange and four times the amount of duct length.

Problem 5¢ Condenser with Noncircular Duct

Problem 5, illustrated in Sketch 1, also uses Program 5.2,
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0.0365" developed length
for convection

Ad l.llxlO_zlL sq ft (flow area)

0.0518 ft

J
]

Fluid - 2 1b/hr of steam

Material - Aluminum - k = 118 Btu/hr ft R
T%l = 660 R
Le = 0,1559' (calculated by Program 2-1 and shown in Figs. B-6 and B-7 of Ref

Sketch 1

D
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The input and output data for this problem are shown in Figs. B-12 and B-13.
Two flow rates were considered, 1.5 and 2 lb/hr. However, the later flow

was excessive and the analysis was stopped after seven of the ten sections

had been analyzed. For the lower flow rate, the pressure drop in the first
five sections is shown to be considerably higher than in the last five sections.
This is due to the turbulent Reynold's number's calculated for the vapor. Even
with the lower flow rate the pressure drop is quite high (477.25 1lb/sq ft).
With the uncertainties involved in using equivalent diameter for calculating
two phase flow pressure drop, and since the program ignores the entrance

losses that come with any design, the acceptance of this flow rate should be

questioned unless actual testing proves otherwise.

Problem 6: Multi Fin Freon Condenser

A coil carrying "Freon 113" is brazed into a tank structure as
shown with much of the data in the Sketch 2. The coil itself has a 1/2" out-
side diameter, and a 0.025" thick wall.

The fin input and output data approximating the problem conditions
is shown in Figs. B-10, B-11l and B-12 of Ref 1. The final input and output
problem data from program 5-2 is shown in Figs. B-14 and B-15., For this prob-

lem two flow rates of 75 and 225 1b/hr were chosen.
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Duct Section # 1
e —  1.72" =1 0.405" j:::;////////J/
/

Fin # 2_\\\\ //////// ’//FFin #1
a

J

b ] b T
~ )
0.405"
Y
Duct Section # 2

/l/ \\\\vFin # 3
= R
Insulation ”’//” 500

T
h = 12 Btu/hr sq ft R
h =20 | |
a
W

Duct Section # 3

System Fin #1 and Fin#2
T, = 600 R '"Freon 113" T =T =530R
il m a
Le = 0.186 ft. (fin 1) ha = 7 Btu/hr sq ft R
= 0.349 ft. (fin 2) C, = 0.1456 x 1078
= 0.2952 ft. (fin 3) 02 = 146.1 Btu/hr sq ft
Sketch 2

The problem demonstrates the wide capabilities of the program, the manner in
which the data might be examined, and the configurations chosen to attain a
suitable performance compromise.

Interesting data is printed out for section 9 and 10 for the 75 1b/hr
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flow rate. The pressure drop for section 9 is negative while all other sec-
tions are positive, In a condenser the vapor velocity decreases as mere liquid
is formed. This would appear to steadily lower the pressure drop from duct
inlet to outlet. The fluid momentum goes down as the vapor condenses. This
factor gives a pressure increase to the fluid. For the first eight sections
the momentum rise is higher than the friction pressure drop and each section
has a positive value forAP. 1In the ninth section the liquid Reynold's number
exceeded 2000 and the flow was considered turbulent by the program. The tur-
bulent-turbulent combination produced a higher pressure drop. 1In the tenth
section, however, the friction pressure drop was again reduced in value and
the momentum force was again predominant and gave a slight pressure rise. The

overall pressure rise for the duct is shown to be 1.837 1b/sq. ft.
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PUTASSIUM CONDENSER 6000 LB/HR 454 TUBRES

INPUT DATA

1620,00000 FLUIN TEMPERATUREs DEGREES R
490,00000 FLUID ENTERY PRESSURESLB/SQFT
6000,00000 FLOW RATE, LB/HK
0.80000 AEIGHT FRACTIUN OF VAPOR
0,18300 SPECIFIC HEAT OF L.1QUINs STU/LB=DEGREES R
0,00U10 VISCOSITY OF LIQUID» LB/SEC=FT
43,60000 DENSTITY OF LIQUIDs LB/CUFT
873,00000 LATENT KEAT OF #LUIDS BTU/LB
0.21000 SPECIFIC HEAT OF GAS3» BTU/LB=NEGREFSA
0,00001 VISCNSITY OF GAS» LB/SEC=FT
39,10000 MULECULAR WEIGHT 0F GAS» L8/MOL
0,93600 CORRECTION FACTUR FUR IDFAL GAS FORMULA
00312V INSINE DIAMETER OF TUBES FT
N.057208 QUTSIVE OIAMETER OF TUREs F1
464,00000 NUMBER OF TUBLES
51,50000 THERMAL CUNDUCTIVITY OF FIN MATERIAL (BTU/FT.HR.R)
N 0000V F(RM FACTOR BETWEEN STDE A AND MOON
0,00000 FORM FACTUR HBETWEEN SIDE B AND MNQON
0,00000 ABSORBTIVIVTYs SIDE A
0.,00000 ABSORBTIVIIY, S1DE B
0,00000 EMISSIVITYe SIDL A
0,00000 EMISSIVITYs SIDE B
0,00000 FUKM FACTOR BETWEEN SIDE A AND X
0,00000 FORM FACTUR BETWEEN SIDE B AND X
N.00U00 TEMPERATURE OF X (DEGREES R)
0,00009 ANGLE BETWEEN SUNS RAYS AND NGRMAL TD X (DEGREES)
0,00000 REFLECTIVITY UF X
0.00000 TEMPERATURE 0OF MUUN {DEGREES R)
0,00000 AMGLE BETWEEN SUNS RAYS AND NORMAL T0 MOON SURFACE (NDEGRFES)
0,20000 REFLECTIVITY DF MOON SURFACE
0.00000 ANGLE BETWEEN SUNS RAYS AND FLANF OF EXTENDED SURFACE
0,00833 ROUT THICKNESS» (FEET)
075000 RATIN OF END TO R007 SECTION
N0s.15666 LENGTH OF FIN (FELT)
0,0QuQQ CONVECTINN COLFFICIENT SIDE A {(BTU/HR,.SGFT.R)
0,00000 CONVECTION COLFFICIENT SIDE B (BTU/HR.SQFT.R)
0.,00000 FLUID TEMPERATURE SIDE A (DEGREES R)
0,00000 FLUID TEMPERATURE SIDE B (DEGREES R)
0s30820 X1UE=08 Cl (BTU/HR,SQF T R*x4)
0,00000 C2 (BIU/HR.SQFT,)

VONDIMENSIUNAL PARAMETERS

0.84804 ZETA P PROFILE NUMBFR

0.00000 C3 ENVIRONMENTAL PARAMETER

0.00000 FH SURFACE CUNVECTIVE PARAMETER
Q00000 FAH ENVIRINMENT CONVECTIVE PARAMETER

Fig. B-1. Problem 1, Input Data
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CALCHLATED DATA

D,08824 EFFECTIVE LENGTH UF FINe T,
0.,00290 ENVIRINMENTAL TEMPERATURE: DEGREES R
459,31196 MIXTURE VELOCITY AT TUBE ENTRANCE, FT/SEC
SECTIUN 1
070000 WUALITY AT MIDDLE UOF SECTION
316053 LIQUTD VELIUCITY (FT,/35EC.)
8404,03216 VAPUR VELOCITY (FT1./SEC,)
1.34/772 QUANTTIES OF HEAT REJECTED PER FOOT Nt TUBE LENGTHs (BTU/SEC=
Ne86882 DIFFERENTIAL LENGIH 0OF TUBEs (FT.)
3,33020 CHANGE InN TEMPERATURE PER ODIFFERENTIAL LENGTH. (NEGREES R
11.42571 CHANGE IWN PRESSURE PFR DIFFERENTIAL LENGTH» (PSF)
SECTIuUN 2
0,50000 QUALTIY AT MIDDLE OF SECTION
3.0002%8 LIQUIV VELOCITY (FTe/SEC.)
286414649 VAPUR VELOCITY (FT1,/SEC.) X
1,35884 QUANITIES OF HEAT REJECTFD PER FOOT OF TUSE LENGTH» (BTU/SEC=Ff
0,46270 DILFERENTLIAL LENGTH 0OF TUBEs (FT.)
2:750459 CHANGE IN TEMPERATURE PER DIFFERENTIAL LENGTHs (NDELGRFES R
9,61710 CHANGE IN PRESSURE PFR DIFFERENTTAL LENGTH, (PSF)
SECTIUN 3
0,30000 QUALTTY 4T MIDDLE OF SECTION
2455109 LIJUIV VELOCITY (FT./SEC,)
170,81236 VAPOR VELUCITY (FT./SEC,)
1¢36807 QUANITIES OF HEAT REJECTED PER FONT OF TUBE LENGTH»(BRTU/SEC=F
0.,45839 DIFFERENTIAL LENGTH NF TUBE» (FT,)
1.90459 CHANGE IN TEMPERATURE PER DIFFFRFNTIAL LENGTH, (DEGREES R
676430 CHANGE IN PRESSURE PER DTFFERENTTIAL LENGTHs (PSF)
SECTION 4
0,10000 QUALITY AT MIDDLE OF SECTION
162361 LIQUTD VELIOCITY (FT./SEC.)
58,06430 VAPUR VELOCITY (FT./SEC.)
1237449 QUANITIES OF HEAT REJECTFD PER FOOT 0OF TUWE LENGTHs (BTU/SEC=F
0,4560] DIFFERENTIAL LENGTH OF TUBEs (FTa)
0,78396 CHANGE IN TEMPERATURE PER DIFFERENTIAL LENGTHs (DEGREES R
2.82173 CHANGE IN PRESSURE PER DTFFERENTIAL LENGTH. (PSF)
30.62884 ACCUMULATED SUM OF PRESSURE CHANGEs» (P3F)
184991 TOTAL TUBE LENGTHs FT,
4200147.64539 ACCUMULAFED SUM OF HEAT LUST: BTU/HR
0,33150 ACCUMULATED WEIGHT DF TRAPPED LIQUIDs LB
{24537 At TGHT OF ONE Tudbs LBS
BT77.85264 TOTAL wEIGHT OF UNIT» 1.BS
0,U0014 WJELGHT PER UNIT OF HEAT TRANSFER: LB=HR/BTU
330.09666 PLANFURM AREA» SQFT
6707934 HUMENTUM PRESSURE AT INLETs LUS/SQFT
4,21459 KINETIC ENERGY OF FLUID AT INLET. RTU/LSB
0,01>74 MUSENTUM PRESSURE AT ENO» LBS/SQFT
0:00U00 KINETIC ENERGY OF FLUID AT ENDs BTU/LSB
67,06350 CHANGE IN MOMENTUM PRESSUREs LBS/SAQFT

Fig. B-2. Problem 1, Output Data (464 tubes)
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PNTASSIUM CONDENSER FOR SPACE POWFRPLANT

INPUT DATA

.

2
3
4
5
6
7
A
9

10
11
12
13
14
19
16
17
i8
i9

3000.00000001
464,00000000
0,00000000
0,00000000
0.03120000
2,00000000
2.,00000000
10,00000000
490.00000000
1620,00000001
0,80000000
873,00000001
0,21000000
0.00001210
39.,10000000
0.,93600000
43,60000000
0.,18300000
0,00010000

DUCT VALUES

EFFECT PERIFERA
0,05208000
0,05208000

EFFECT PERIFERA
0,00000000
0.00000000

RADIATION CONST

215410000£=08
«+15410000E=08

RADIATION CONST
0,00000000
0,00000000

CONVECTIVE HEAT
0,00000000
0.00000000

AMBIENT TEMP (R
0,00000000
0.00000000

TOTAL WEIGHT FLNW (LB/HR)

NO., OF DUCTS

NUCT PERIMETER CFT) =OPTION

DUCT AREA (SQ FT) =0PTION
EFFECTIVE DIAMETER (#T) *OPTION
NO. OF DUCT SECTIONS

NO. OF FINS

NO 0OF SUBSECTIONS

INLET PRESSURE (LB/Su FT)

FLUIn TEMP AT ENTRANCE (R)

WEIGHT FRACTION VAPOR

LATENT HEAT UF FLUID (BTU/LR)
SPECIFIC HEAT OF VAPOR (BTU/LB R)
VISCOSITY OF VAPOR (LB/SEC FT)
MOLECULAR WELIGHT OF FLUID (Ls/MOL)
VAPOR COMPRESSIRILITY FACTOR
DENSITY OF LIQUID (LB/CU FT)
SPECIFIC HEAT OfF LIQulv (BTuU/LB R)
VISCOSITY OF LIQUID (LB/SEC FT)

INPUT DATA NO.
. LENGTH FOR RANDIATION (FT) 20
40
L LENGTH FOR CONVECTION (FT) 31
41
ANT ¢1 (BTU/HR SQ FT R#w4)
32
42
ANT C2 (BTU/HR 8@ FT)
33
43

TRANSFER COEFF (BTU/HR 5@ FT R) 4
3

44

)
35

45

Fig. B-3. Problem 1, Input Data (Program 5-2)
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CALCULATED OATA

0.08824
000230

1776,00624

SECIIUN
0,70000
20.,49243
1563.,46928
1.34r72
2.20429
=49,93293
®169,74465

SECT{ON

050000
18.,38751
166573463
1,19030
2.,98/730
=245,31483
=5844,97684

B-13

120 THBES

EFFECTIVE LENGTH UF FINe FT.
ENVIRONMENTAL TEMPERATURF, DEGREFES R

MIXTURE VELOCITY AT TiBE ENTRANCE, FT/SEC

i
QUALTTY AT MIDDLE OF SECTION
LIQUID VELDCITY (PT./SEC.)
VAPOR VELOCITY (FT./SEC,)
JUANTTIES OF HEAT REJECTED PER FOUT 0OF TUBE LENGTHs (BTU/SEC=!
DIFFFRENTIAL LENGTH OF TUBE» (FT.)
CHANGE IN TEMPERATURE PER DIFFERENTIAL LENGTH, (NDEGREES R
CHANGE IN PRESSURE PFR DIFFERENTIAL LENGTHs (PSF)

2
QUALTTY AT MIDDLE OF SECTION
LIQUID VELOCITY (FT./SEC.)
VAPOR VELQCITY (FT1,/5EC.)
QUANITIES OF HEAT REJECTED PER FOOT OF TUBE LENGTHs(BJTU/SEC=F
DIFFERENTIAL LENGTH 0OF THBEs (FT,)
CHANGE IN TEMYPERATURE PER DIFFERENTIAL LENGTH», (NEGRFES R
CHAWGE IN PRESSURE PFR DIFFERENTTAL LENGTH, (PSF)

LOW RATE EXCESSIVE» PRFESSURE UROP GREATER THAN INLFT PRESSURE

CALCULATED DATA

0,08824
0,00290

2131.,20749

SECTION
0.,76000
25.00647
2034,31417
134772
1:,28358
'69.35513
»237.95349

100 TUBES

EFFECTIVE LENGTH OF FIN, FT,
ENVIRONMENTAL TEMPERATURE» DEGREFS R

MIXTURE VELOCITY AT TUBE ENTRANCE, FT/SEC

1
QUALTTY AT MIDDLE OF SECTION
LIQUID VELOCITY (FT,/SEC.)
VAPUR VELOCITY (FT./SEC,)
QUANITIES OF HEAT REJECTED PER FOOT OF TUBE LENGTHs(BTU/SEC=F]
DIFFERENTIAL LENGTH NF TUBE», (FT,)
CHANGE IN TEMPERATURE PER DIFFERFNTIAL LENGTHs, (DEGRFES R
CHANGE IN PRESSURE PER DTFFERENTIAL LENGTHs (PSF)

Ow RATE EXCESSIVE. GO TO NEXT CASE.

Fig. B-5. Problem 1, Output Data (100 and 120 tubes)
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POTASSTUM REHEATER CONVECTLIVE ENVIRONMENT

INPUT DATA

1620,00000
490,00000

FLUIN TEAPERATUREs DEGREES R
FLUID ENTERY PRESSURFsLB/SQFT

3000,00000

080000

N0a.18300
0,J0010
43,60000
873,00000

0,21000
0,00001
39,10000
0.9360\)

Na03120
0.05208
464,00000

51,50090
0,00000
0,000V00
0490000
0,90000
D,G0000
0,0000QV
0,00000
0.00000
0.00000
0.30000
0.00000
0:00090
0.,000QU
0,00000
0,0000QC
020833
0s22000
0.16666

2,00U00
2,,00000

2000,00000
2000,00QU00

0.00000
0,00009

ONDIMENSTUNAL

0.0000)
0e0ULULO
0,25838
0631960

FLOW RATEs LB/HR
WETGHT FRACTION OF VAPOR

SPECIHIC HEAT OF LIWHIDs BTU/LB=DEGREES R
VISCOSITY OF LIQUIDs LB/SEC=FT

DENSTTY JF LIGJIDs LB/CUFT

LATENT HEAT 0OF FLUID, BTU/LSB

SPECTFIC HEAT OF WAS: BTU/LB=DEGREESR
VISCOSITY GF GAS3s L88/3EC=FT

MOLECULAR WETGHT uF GAS» LB/MUL
CuRKECTION FACTOR FUR IDFAL GAS FUORMULA

INSIN: DIAMETER OF TUBEs, FT
NJTSTOE ODTAMETER (OF TUBEs FT
NUMBER (F TUBLS

FHEKMAL CONDUCTIVITY JF FIN MATERTAL (BTU/FT,HR.R)
FURM FACTOR SET#HEEN SIDE A AND MOQON

FORM FACTOR BETWEEN SIDE 8 AND MOON

A3S0RBTIVITY, SIOE A

ABSHURsTIVITYs SIDE 4

EMISSIVITYs SIDE A

EMISS{VITYs Slubk o

FunrM PACTUOR BETWEEN SIDE A AND X

FuRM FACTOR BETWEEN SIDE & AND X

TEMPERATYRE 0O X (DEAREES R)
ANGLE SBETWEEN SUNS RAYS AND
REFLECTIVITY ufF X
TEMPERATURE 0F MOUON (DEGREES R)
ANulLE BETwWEEN SUNS RAYS AND NORMAL
REFLECTIVITY OF MUON SURFACE

ANalLE BETWEEN SUNS RAYS AND PLANF
RISGT THICTKNESS, (FEET)D
RATI OF END T RODOT SECTION
LENGTH OF FIN (FEET)

NORMAL TO X (DEGREES)H

TO MOON SuURFACE (D

OF EXTENDED SURFACE

CONVECTION COLFFICIENT SIDE A (BTU/HR,S@FT.R)
CUNVFCTION COEFFICIENT STDE 3 (BTU/HR.SQFT,.R)
FLUID TEMPERATURE SIDE A (UDEGREES R)
FLUID TEMPERATURE SINE 8 (DEGREES R)

X10E=08 Cl (BTU/HR,SAFT4R**4)
C2 (BIU/HARSJFT,)

PARAMETERS

ZETA P PROFILE NUMBFR

C3 ENVIRONMENTAL FARAMETER

F SURFACE CUNVECTIVE PARAMETER

FA4  FNVIRUONMENT CONVECTIVE PARAMFTER
Fig. B-6., Problem 2, Input Data

EGRFES)
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CALCULATED DATA

015363
2000,90000

229,565998

SECTIUN
0.82500
1.06786

238,93127

=0,16427

ND,47891
=1,.86657
=4,30409

SECTIUN
0437900
Qe248174

2956402436

=0,16598

0472641
»{,93433
=h:566K4

SECTION
0622500
D475141

2734270835

“0,16571

0.47058
~1,.93280
=6,48621

SECTION
NeI7TH5JV
0.45949

291,27534

=0e,1l6672

0.4674b6
»2,39970
»7.96258

=27,31952
1.88564

»521276,30831

0,17709
1,27217
590,28833
=0,00113
337,2004%2

16.,76983
105365
22,99231
{82860
©5,32248

EFFECTIVE LENGTH UF FINs FTo
ENVIRUNMENTAL TEMPERATURE, DEGREFS R

MIXTHURE VELOCITY AT TUBE ENTRANCE, FT/SEC

1
QUALTTY AT MIDDLE OF SECTION
LIGUID VELOCITY (FT./SEC,)
VAPOR VELOCITY (FT./SEC,)
QUANTITIES OF HEAT REJECTED PER FNOT OF TUBE LENGTHs (BTU/SEC=!
DIFFERENTTAL LENGTH OF TUBE» (FTe)
CHANGE IN TEMPERATYURE PER DIFFERFNTIAL LENGTHs (NDEGREES R
CHANGE IN PRESSURE PER DIFFERENTIAL LENGTHs (PSH)

2
QUALITY AT MIDDLE OF SECTION
LIWUTO VFLOCITY (FT./SEC.)
VAPOR VELODCITY (FT./SEC,)
QUANTTIES JF HEAT REJECTFD PER FNOT OF TUBE LENGTH» (BTU/SEC=!
DIFFERENTIAL LENGTH NF TuUBEs (FTa)
CHAANGE IN TEMPERATURF PER NDIFFERENTIAL LENGTH, (NDEGKREES R
CHANGE IN PRESSURE PFR DYFFERENTTAL LENGTHs, (PSF)

3
QUALTTY AT MIDOLE OF SECTION
LINUTL VFLOCITY (FT./SEC.)
VAPOR VELOCITY (FT,/5EC,)
QUANTTIES OF HEAT REJECTFD PER FOOT OF TUBE LENGTHs(BITU/SEC=I
NIFFERENTLIAL LENGTH AF THBEs (FTe)
CHANGE IN TEMPERATURFE PER DIFFERENTIAL LENGTH, (DPEGREES R
CHANGE [N PRESSURE PFR DIFFERENTTAL LENGTH, (PSF)

4
QUALTY AT MIDDLE OF SECTION
LIQUTD VELOCITY (FET,/SEC.)
VAPQR VELOCITY (FT1,/SEC,)
QUANTTIES OF HEAT REJECTED PER FNOY OF TUBE LENGTHs (RTU/SEC=!
DIFFERENTIAL LENGTH OF TUBEs (FTe)
CHANGE IN TEMPERATURE PER DIFFERENTIAL LENGTHs, (DEGREES R
CHANGE [N PRESSURE PFR DTFFERENTIAL LENGTHs (PSF)

ACCUMULATED SUM (OF PRESSURE CHANGE, (PSF)
TOTAL TUBE LENGTHs, FT.,

ACCUMULATED SuUM OF HEAT LOST», RBTU/HR
ACCUMULATED WEIGHY OF TRAPFED LIQUIDs LB
WELGHT OF ONE TUBEs L8S

TOTAL WEIGHT OF UNIT, LBS

WFETGHT PER UNIT OF HEAT TRANSHER» LB=HR/BI1U
PLANFORM AREAs SQFT

MOMENTUM PRESSURE AT INLFT, LBS/SQFT

KINETIC FENERGY OF FLUID AT TINLETs BTU/LSB

MIIMENTUM PRESSURE AT ENDs LBS/SQFT

KINETIC ENERGY OF FLUID AT ENDs BTU/LS

CHANGF IN MOMENTUM PRESSURE: LBS/SQFT
Fig. B-7. Problem 2, Output Data



POTASSIUM CUNDENSER CONVECTIVE AND RADIATIVE ENVIRONMENT

INPUT UATA
1620,00000 FLUID TEMPERATURE. DEGREES R
490,90000 FLJYLID ENTERY PRESSURESLB/SGFT
3000,00000 FLOW RATE» LB/HR
0,80000 WEIGHT FRACTION OF VAPOR
0,18300 SPECIFIC HEAT OF LIQUIN, BTU/LB=DEGRELS R
0,00010 VISCNSITY OF LIQUID» LR/SEC=FT
43,60000 NDENST (Y OF LI&UIDe LR/CUFT
873,00000 LATENT HEAT OF FLUIU» BTU/LB
0.,21000 SPECTFIC HEAT OF GAS» BTU/LB=DEGREESR
0670001 VISCNSITY QF GASs [LB/SEC=FT
39.10000 MOLECULAR WEIGHT OF fiAS, LR/MOL
0.93600 CURRECTION FACTUR FUR IDEAL GAS FORMULA
0,031290 INSIDE DIAMETER OF TUBE, FT
005208 OQUTSIOE DIAMETER OF TUBE, FT
484,.00000 NUMEER OF TUBES
51.50000 THERMAL CONDUCTIVITY QF FIN MATERTAL (BTU/FT,HR.R)
0.,00000 FORM FACTOR SETWEEN SIOE A AND MOON
0,20000 FORM FACTOR BETWEEN SIDE B AND MOON
0,00000 ARSORBTIVITY, SIDE A
0.90009 ABSORBTIVITYs SIDE B
0.,00000 EMUSSIVITY, SIDE A
0.90000 EMISSIVITYs SIDE B
0,00000 FURM FACTOR BETWEEN SIDE A AND X
0,00000 FORM FACTOR BETWEEN SIDE 8 ANU X
0,00000 TEMPERATURE NF X (DEGREES R)
0,00000 ANGLF RBETWEEN SUNS RAYS AND NORMAL TO X (VEGREES)
0,00000 REFLECTIVITY UF X
0,00000 TEMPERATURE OF MDON (DEGREES R)
0,00000 ANGLY, BETWEEN SUNS RAYS AND NORMAL TD MOON SURFACE (NEGREES)
0,00000 REFLECTIVITY OF MOOWN SURFACE
0,00009 ANGLE BETWEEN SUNS RAYS AND PLANE 0OF EXTENDED SURFACE
0,00833 RODT THICKNESS» (FEET)
0,25000 RATIN OF END 70 ROOT SECTION
0,16666 LENGTH OF FIN (FEET)
2.00000 CONVECTION COEFFICIENY SIDE A (BTU/HR.SQFT,R)
2,00000 CONVECTION COEFFICIENT SIDE B (BTU/HR.SQFT.R)
1622,90000 FLUID TEMPERATURE SINFE A (DEGRFEES R)
1622,00000 FLUID TEMPERATURE SiDE B8 (DEGREES R)
0,05000 X10E=03 Cl (BTU/HR,SQFT.R*%4)
0.30000 C2 (RTU/HR,SWFT,)

ONDIMENSTUNAL PARAMETERS

013758 7ETA P PROFILE NUMBER

0.00009 C3 ENVIRONMENTAL PARAMETER

D,?5883 fH SURFACE CONVECTIVE PARAMETER
025920 FAA  ENVIRONMENT CONVECTIVE PARAMETER

Fig. B-8. Problem 3, Input Data



B-17

e G ALCULATED DATA . e e
0,12773 EFFECTIVE LENGTH UF FINs FTe - - == e e
1298,22747 ENVIRONMENTAL TEMPERATURES DEGREFS R
229,65598 MIXTURE VELOCITY AT TuBE ENTRANCE; FT/SEC
SECTION 1 o ‘
0,70000 QUALITY AT MIDOLE OF SECTION
1.19854 LIQUID VELOCITY (FTo/SECed— - -
203,685847 VAPOR VELOCITY (FTe/SECs)
e @934 e - QUANTTIES. BF HEAT-REJECIED-RER FOOT-0F TURE-LENGTHs (BTU/SEC S
1,07253 DIFFERENTTIAL LENGTH NF TUBEs (FT.)
=0.h7T686 CHANGE IN TEMPRERAIURF PER DIFFEREMTIAL LENGTHs (DEGREES R
-2.,32228 CHANGE IN PRESSURE PER DIFFERENTIAL LENGTHs (PSF)
SECTION 2
- 0,50000- - - —QUALTITY AT MIODLE-OGF-SECTION-- - - — e v e
1,21605 LIQUIN VELOCITY (FTs/SEC)
147,41722 VAPOR VELOCITY (FT./SECL)Y . .
0,29269 QUANITIES OF WEAT REJECTED PER FODT DF TUBE LENGTHp(BTU/SEC F
1,07321 DIFFERENTIAL LENGTH DF TUBEs (FT.) - -
-0,20369¢4 CHANGE IN TEMPERATURF PER DIFFERENTIAL LEN TH, (DEGREES R
. =0,69648 . __ CHANGF IN PRESSURE PER DIFFERENTIAL LENGTHe (PSEI . . . ...
SECTION 3. . S
0,30000 QUALITY AT MIDDLE JfF SECTION
1.015%6 LIQuUID VELOCITY (F14/8SECW)
89.94401 VAPOR VELOCITY (FT1./SEC.)
o .0.292466  _QUANTTIES OF HEAT REJECTED PER FOOT . OF TUBE LENGIH»(BIU/ZSEC=E
1,07241 DIFFERENTIAL LENGTH OF TUBEs, (FT,.)
0,32276 . __CHANGE IN TEMPERATURE PER DIFFERENTIAL LENGIH, (DEGREES R
1,10173 CHANGE IN PRESSURE PFR DIFFERENTIAL LENGTH» (PSF)
SECTTION 4
e 3 GQ00 . QAL T Y AT MIDDLE OF SEC T L ON o e e e e
0,83005 LIQUID VELOCITY (FT./SECW)
30,59588 MAPOR VELDCITY (FTL/SECY) - .. :
0,29282 QUANTTIES OF HEAT REJECTED PER FOUOT OF TUBE LENGTH:(BTU/SLC F
-1,07086 - DIFFERENTIAL- LENGTIH 0OF TUBEs» (FY+)- -
0,08361 CHANGE IN TEMPERATURE PER DIFFERENTIAL LFNGTH, (DEGREES R

e 0g 28594 CHANGE LN PRESSURE- PER DIFFEREMTIAL- LENGTHI CREFE I o e -

-1, 63158 ACCUMULATED sum oF PPESSUHE CHANGE » (PSF)
. 4,28904- - TOTAL TUBE LENGIHs FTy —-- — e e
2098096.33713 ACCUMULATED SUM OF HEAT LOST» BTU/HR
g A 50 AGCUMULATED MWEIGHT - OF JRARRED L 1QUID LB e
2.,89364 WEIGHT OF DNE TUBE» LBS
1342,64905 —— TOTAL WEIGHT. OF UNIT, LBS — — . . B
0,00064 WEIGHT PER UNTT OF HEAT TRANerR. LB= HR/RTU
,zssfoaaa? PLANFORM AREA, SQFT . . —
16,76983 MOMENTUM PRESSURE AT INLET, LBS/ZSQFT R
1,05365 KINETIC ENERGY OF FLUID AT INLETs BTU/LB
0,00393 . MOMENTUM PRESSURE. AT ENDs LBS/SQFT_ .. . —_
0,00000 KINETIC ENERGY OF FLUID AT ENDs BTU/LB
_346,76590_ . __CHANGE IN MOMENTUM PRESSUREs |BS/SQFT _.. e

Fig. B-9. Problem 3, Output Data



TUBULAR EVAPORATOR

INPUT DATA

INPUT
SEC

SEC
SEC
SEC
SEC

SEC

1
2
3
4
5
6
7
8
9
10

11
12
13
14
15
16
17
18
19

2+:50000000
1,00000000
0.00000000
0,00000000
0,01925000
1.00000000
0,00000000
10,00000000
1659,74000001
660,00000000
0,00000000
97790000001
035000000
0,00000849
18,00000000
1,00000000
60.30000000
1,00500000
0.00020520

DUCT VALUES

EFFECT PERIFERA
0,09817000

TOTAL WEIGHT FLOW (LB/HR)

NO. OF DUCTS

DUCT PERIMETER (FT) *0OPTION

DUCT AREA (Sq@ FT) =OpTION
EFFECTIVE DIAMETER (FT) *0OPTION
NO. OF DUCT SECTIONS

ND. OF FINS

NO OF SUBSECTIONS

INLET PRESSURE (LB/Sq FT)

FLUID TEMP AT ENTRANCE (R)

WEIGHT FRACTION VAPOR

LATENT HEAT UF FLUID (BTU/LR)
SPECIFIC HEAT OF VAPOR (BTU/LB R)
VISCOSITY OF VAPOR (LB/SEC FT)
MOLECULAR WEIGHT OF FLUID (LB/MOL)
VAPOR COMPRESSIRILITY FACTOR
DENSITY OF L1QUTD (LB/CU FT)
SPECIFIC HEAT OF LIQUID (BTU/LE R)
vISCOSITY OF LIQUID (LB/SEC FT)

L LENGTH FOR RADIATI&RWPF€¥EAIW-
30

EFFECT PERIFERAL LENGTH FOR CONVECTION (FT)

0.09817000
RADIATION CONST
«13700000E=08
RADIATIQON cONsT
1028,00000001
CONVECTIVE HEAT
1,30000000
AMBIENT TEMP (R
$25,00000001

31
ANT €1 (BTU/HR SQ FT Rw#4)

32
ANT €2 (BTU/HR s@ FT)

33
TRANSFER COEFF (BTU/HR SQ FT R)

34

)
35

Fig. B-10. Problem 4, Input Data
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CONDENSER wITH NONCIRCULAR DUCT B-20

INPUT DAJA
1 150000000 TOTAL WEIGRHT FLOW (LB/HR)
2 1.,00000000 NDy OF DUCTS
3 0.09180000 DUCT PERIMETER (FT) *0OPTION
4 0,00011100 DUCT AREA (S& FT) =0PTION
5 0.00000000 EFFECTIVE DIAMETER (FT) *0PTIUN
6 1.00000000 ND, OF DyUCT SECTINONS
7 2,00000000 NO, OF FINS
8 10,00000000 NO OF SUBSECTIONS
9 1A59.74000001 INLET PRESSURE (LB/SQ FT)
10 660,00000000 FLUID TEMP AT ENTRANCE (R)
11 1.,00000000 WEIGHT FRACTION VAPOR
12 9/7.90000001 LATENT HEAT OF FLUID (BTU/LR)
13 035000000 SPECIFIC HEAT OF VAPUOR (BTU/Ly R)
14 0.00000849 VISCOSITY OF VAPOR (LB/SEC F1)
i5 18,00000000 MULFCULAR WELGHT OF FLUID (Lbs/MOL)
16 1.00000000 VAPGR COMPRESSIRILITY $ACTOR
17 60,30000000 DENSTITY OF LIQUID (LB/CH FT)
18 1.00500000 SPECIFIC HEAT OF LIQUID (RIU/LK R
19 0,00020520 VISCOSITY OF LIQUID (LB/SEC FT)
INPUT DUCT VALUES "INPUT DATA NO.
SEC EFFECT PERTFERAL LENGTH FUR RADIATIUN (F1)
1 4,030640000 30
SEC EFFECT PERIFERAL LFNGTH FUR COUNVECTION (FT)
{ 0,03650000 31
SEC RADIATION CUNSTANT €1 (RTU/HR SQ FT Rxxa)
1 2 18560000E=08 32
SEC RANDILTION CONSTANMY (€2 (RTU/HR SQ FT)
1 A6.61000000 33
SEC CONVECTIVE HEAT TRANSFER COEFF (BTU/HR S@ F1 R)
1 0,00000000 34
SEC AMRIENT TEMP (R)
1 0,00000000 35
INPUT FIN VALUES
FIN RADIATION COUNSTANT €1 (BTU/HR SQ FT Rwxd)
i e 18560000L=08 90
2 145%60000E=03 100
FIN RADIATION CONSTANT €2 (BRTU/HR 3G FT)
i 86.61000000 91
2 BEL,61000000 101
FIN CONVECTIVE HEAT TRANSFER COLFF SIDE A (BTU/HR Sy FT R)
1 0.00000000 92
2 000000000 102
FIN CUNVECTIVE HEAT TRANSFER COLFF SIDE B (BTU/HR S& FT R)
i C.00000000 93
2 0.00000600 103
FIN AMRIENT TEMP SIDE A (R}
i KL 00000000 94
2 ¢,00000000 104
FIN AMRIENT TEMP SIDE B (R}
i 0.00000C00 95
2 0,00000000 105
FIN EFFECT LENGTH (FT)
1 0,15590000 96
2 0,15590000 106

Fig. B-12. Problem 5, Input Data
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INPUT

INPUT
SEC

DATA
1 75,00000000 TOTAL WEIGHT FLNW (Lg/HR)
2 1.,00000000 NO, 0OF DUCTS
3 0,00000000 DUCT PERIMETER (FT) *0PTION
4 0,00000000 DUCT AREA (S4q FT) *0pTINN
5 0,03750000 EFFECTIVE DIAMETFR (FT) *0DFTION
6 3,00000000 NO. OF DYCT SECTIONS
7 3.00000000 NOs OF FINS
8 10,00000000 NO OF SUBSECTIONS
9 3157.90000001 INLET PRESSUKE (LB/SQ FT)
10 600,00000000 FLUTID TEMP AT ENTRANCE (R)
11 1.,00000000 WEIGHT FRACTION VAPOR
12 61.31000000 LATENT HEAT UF FLUID (BTU/LR)
13 0.,16100000 SPECIFIC HEAT QF VAPUR (BTU/LB R)
14 0.00000746 VISCOSITY OF VAPOR (LB/SEC FT)
15 187,39000000 MOLECULAR WEIGHT OF FLUTID (LB/7MOL)
14 0.95000000 VAPOR CNMPRESSIRILIVY FACTOR
17 92,33000000 DENSITY OF LIQUID (Ly/CU FT)
18 0.21800000 SPECIFIC HEAT OfF LIQulID (BTu/sLy R)
19 0.00029702 VvISCOSITY OF LIQUID (LB/SEC FT)
DUCT VALUES -
EFFECT PERIFERAL LENGTH FOR RAnIATluQWPEffJABm'
003375000 30
0,00000000 40
0.03375000 50
EFFECT PERTFERAL LENGTH FOR CONVECTION (FT)
0,03375000 31
0.,00000000 41
0.03375000 51
RADIATION CUNSTANT €1 (BTU/HR SQ FT R#%4)
¢ 14560000E£=08 32
0 42
0. 52
RADJATION CONSTANT €2 (BTU/HR SQ FT)
146,10000000 33
0.00000000 43
0,00000000 53
CONVECTIVE HEAT TRANSFER CNEFF (BTU/HR $SQ FT R)
7,00000000 34
0,00000000 44
12,00000000 54
AMBIENT TEMP (R)
530.,00000000 35
0,00000000 45
500,00000000 55

MULTI FIN FREON CONDENSER

Fig. B-14. Problem 6, Input Data
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MULTI

FIN FREON CONDENSER

INPUT FIN VALUES .
RANDTATION CONSTANT C1 (BTU/HR SQ FT Rw#x4)

FIN

,.
Z

-
=

-
2z

P-4

-
R PO e i W NO = et () NI b bt 8 N e et () )

+14560000E=08
»14560000E=08
0.

323

INPUT DATA NO.

90
160
110

RADIATION CONSTANT C2 (HBTU/HR SQ FT)

146,10000000
146,10000000
0,00000000
CUNVECTIVE HEAT
7.00000000
7.00000000
12,00000000
CUNVECTIVE HEAT
12,00000000
0.00000000
0,00000000

TRANSFER COLFF

TRANSFER COLFF

AMBIENT TEMP SIDE A (R)

530,00000000
530,00000000
500,00000000

AMBIENT TEMP SIDE B (R)

500,00000000
0,00000000
0.00000000

EFFECT LENGTH (FT)

0.18600000
0.34900000
0,29520000

91
101
111
SIDE A (BTU/HR S® FT R)
92
102
112
SIDE B (RTU/HR S@ FT R)
93
103
113

94
104
114

95
105
115

96
106

lia

Fig. B-14, Problem 6, Input Data (con't)
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