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CONDENSER TUBE BUNDLE CONFIGURATION

1. INTRODUCTION

Large desalination plants require tube bundles exceeding the size
of those used in steam surface condensers of power plants and operating
under different conditions. Tube arrangements and configurations are
important factors in designing to obtain minimum pressure losses and
maximum heat transfer without incurring excessive shell costs. 1In
addition, consideration must be given to methods for removing non-
condensables and for providing adequate flow velocities over the tubes
in sections of the condenser where the tubes are liable to become air
bound. To achieve minimum pressure drop, the designer must find the
optimum tube spacing and maximum coil width.

Large desalination plants have many square feet of wall area; and,
with major portions of it operating at pressures below atmospheric, in-
leakage of air is almost certain to occur. In addition, the makeup
brine stream entering the plant contains dissolved gases which upon
being heated are released; and, if the deaerator is not operating
properly, they can enter the main evaporator plant and be drawn into
the condenser tube banks. The deleterious effect of these relatively
small amounts of noncondensables upon the condensing heat transfer
coefficient is widely recognized, and they must be considered in the
calculations. While the actual amount of noncondensables reaching the
condenser tubes of a flash evaporator may be very small, estimated as
being on the order of 0.002% to 0.02% weight percent even in the worst
situations, the removal of water vapor from the flowing stream will lead
to higher fractions of noncondensables as the gas passes through the
tube bank.

The Office of Saline Water has had the 0ak Ridge National Laboratory
to study the problems of large condenser bundle design. This document
presents the findings of this work. The main objectives of the study
were as follows:

1. To identify design parameters and extract from the literature
the most reliable information on heat transfer, steam pressure losses,
tube spacing, tube length, tube diameter, bundle shape, venting, con-
densate rain, and other technical aspects of condenser design.

2. To review and briefly describe current design practices in
industry.

3., To develop a computer program for general use and a graphical
presentation of the data.

It is expected that this study will enable proper evaluation of
designs for 50-Mgd and larger plants, as well as provide methods for
design.
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2. LITERATURE SURVEY
A literature survey was made to obtain reliable information on heat
transfer, steam pressure losses, tube spacing, tube length, tube diameter,
tube bundle shape, methods of removing noncondensables, condensate rain,
and other aspects of condenser design. The reference list of condenser
design reports consulted is included in Appendix F.

In our opinion, the most useful data on particular aspects of con-
denser design were found to be as follows:

a. Forced convection film coefficient, Reference 13.
b. Condensing coefficient, Reference 4.

c. Steam pressure loss, References 3, 6, 7, and 8.
d. Effect of noncondensables, References 14 and 17.
e. Method of removing noncondensables.

Discussions with industrial designers regarding current
practice (see section below).

3. CURRENT CONDENSER DESIGN PRACTICES

Manufacturers of steam surface condensers were consulted to obtain
general data for use in design of evaporator condenser coils. Design
of tube sheet layout is considered proprietary information; therefore,
no specific data were obtained on this item. The following data outline
the current design practices used by three major manufacturers of power
plant steam condensers.

3.1 Mechanical Design Features Associated with Condensers

3.1.1 Company A

Company A's method of handling noncondensable is to design the tube
layout and the steam lanes to converge the noncondensables toward the
bottom center of the condenser to an air cooler section. From this
point they are continuously removed by a two-stage ejector. A down-
stream air meter detects any increase in flow. Dual, two-stage ejectors
share common inter- and after-condensers. A "hogging" steam ejector
evacuates the system before start-up.

Company A makes tube-to-tube-sheet seals by slipping rubber "O"
rings over the tubes and then flaring the tube ends into the tube sheet,
instead of using a rolled joint.

For seawater installations, Company A has found epoxy coatings over
a fiberglass lay-up to be effective in protecting water boxes against
corrosion.




3.1.2 Company B

The Company B method of coping with noncondensables is quite similar
to that of Company A except that the convergence 1s more toward the
center of the condenser tube bundle. Removal is effected by the apparently
standard arrangement of paralleled two-stage steam ejectors with common
inter- and after-condensers.

Company B also has used epoxy coatings to protect water boxes in
salt-water service. The actual coating is a Dow-Corning mixture of
epoxy and "flake" glass. They have previously experimented with epoxy-
fiberglass but found the adhesion to be rather poor. In contrast, the
epoxy-flake glass coatings are still giving good protection since their
application six years ago.

Tubes are normally rolled into the tube sheet but are welded if
requested. In the latter case, the tubes are fusion TIG welded with no
filler metal being used. Considerable care must be exercised to avoid
tube sheet warpage during welding.

3.2 Condenser Bundle Design

3.2.1 Company C

3.2.1.1 Tube Sheet Layout

1) Steam lanes are used to direct steam flow rather than
baffles.

2) The tube rows between steam lanes are usually two or three
rows deep, occasionally one row, and never more than four rows.

3) Toward the center of the tube bundle, the tubes are closely
spaced with no regard to steam laning since velocities and pressure drops
are quite low in this section.

3.2.1.2 Pressure Drop

1) Pressure drop in the bundle is the pressure drop encountered
by the vapor flowing in the steam lanes, plus the pressure drop across
the tubes.

2) Pressure drop is minimized by directing vapor flow essen-
tially downward, parallel to the direction of condensate flow, rather
than horizontally or upward.

3) Maximum velocity encountered in surface condensers ranges
from 300 to 500 ft/sec coming from the turbine.

4) Experimental data from test sections of tube bundles are
used to calculate pressure drop in Company C's surface condensers.
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5) Company C has a computer program which will calculate pres-
sure drop and heat transfer for a specified tube sheet layout. This
program, however, does not determine optimum tube sheet layouts.

3.2.1.3 Noncondensables

1) The amount of noncondensables in surface condensers is
normally on the order of S5 scfm per million lb/hr of steam flow.

2) For handling noncondensables, a cooler section is in-
corporated in the vicinity of the noncondensable removal pipe to remove
most of the remainder of the water vapor from the noncondensable gas.

3) The noncondensables are directed longitudinally through the
bundle from the higher pressure (warm) end to the lower pressure (cold)
end and then fed to the ejector systen.

4) This cooler section comprises approximately 2% of the total
tubes in the bundle.

5) A minimum vapor velocity of 50 ft/sec within the bundle
is desirable to keep tubes swept free of noncondensables.

3.2.1.4 Heat Transfer Coefficient

Coefficients in the HEI(l) Standards are used for condenser design.
3.2.2 Company D

3.2.2.1 Tube Sheet Layout

1) Steam lanes are used to direct steam flow; tapered bundles
have been tried with little success.

2) Tube rows between steam lanes are usually Jjust two rows
deep.

3) Tubes are quite closely spaced at the center of the bundle.

3.2.2.2 Pressure Drop

1) Pressure drop to distribute the incoming steam around the
periphery of the tube bundle and pressure drop for steam flow through
the bundle should both be considered for optimum tube bundle design.

2) Direction of vapor flow within the bundle, i.e., up, down,
or horizontal, does not make a noticeable difference in the pressure
drop.

3) Conde?gir pressure drop calcu%aSions based on information
published by Diehl and Diehl and Unruh (7 give reasonable results.




3.2.2.3 Noncondensables

1) The amount of no?c3ndensables are usually less than the
maximum specificed in the HEI 1/standards.

2) Minimum velocity of 40O ft/sec is necessary throughout the
tube bundle to minimize noncondensable accumulations.

3) A gas cooler section is incorporated to remove most of
the remainder of the water vapor from the noncondensables.

4) Noncondensables are removed from each section of the bundle
by means of a central pipe, rather than allowed to flow longitudinally
through the bundle.

3.2.2.4 Heat Transfer Coefficient

1) The Nusselt(2) condensing coefficient for five rows yields
a satisfactory average value for use in bundle design.

2) To minimize flooding, a good design should probably have
no more than twenty-five tubes in a row vertically, although this rule
is not inviolate.

3) The optimum tube bundle orientation was calculated to be
a 60-degree equilateral triangle laid out with the one side of the
triangle 19 degrees from the vertical. With this tube orientation,
the condensate drain from one tube strikes the tube below tangentially,
leaving a larger portion of the lower tube surface dry for better con-
densing performance. However, other considerations, such as drilling
the closely packed portion of the tube sheet at the center may require
some relief from this optimum 19-degree orientation.

4) Company D has a wealth of condenser data accumulated over
years of testing.

5) Condensers are designed for 96% to 98% efficiency based on
the following definition of efficiency:

U actual
U based on flange conditions*

Eff

¥*defined as inlet and outlet nozzle conditions.

3.2.3 Company E
3.2.3.1 Tube Sheet Layout

1) Condensers containing 30,000 square feet or less of surface
ares are considered to be small condensers, and no steam lanes are used
in the tube sheet layouts of this size. No steam flow path through the
tube bundle can be longer than 3 feet irrespective of the tube packing
arrangement.



6

2) Larger condensers than those above are designed with steam
lanes for every three rows of triangularly arrayed tubes. Condensate
removal baffles are located carefully to avoid flooding.

3) Tube bundles are designed to insure that sufficient steam
(approximately 20%) will enter the tube bundle from the bottom to serve
as a reheat source and thus minimize subcooling of the condensate.

4) The tube sheet layout of a large TVA condenser was described
as a unique design necessitated by the requirement of horizontal steam
flow into the condenser. It represents a standard Company E design
rotated 90 degrees from the vertical and is thus an untried modification.

5) Minimum web thickness on their tube sheets is 0.25 inches
for 5/8-inch diameter tubes with somewhat thicker webs for larger tubes.

3.2.3.2 Pressure Drop

1) The steam velocity at the entering face of the tube bundle
is a maximum of 150 ft/sec to minimize pressure drop losses.

2) The minimum design face velocity is 100 ft/sec in order to
insure uniform distribution of the steam into all four faces of the tube
bundle.

3) The design pressure drop for condensers operating at 1 inch
Hg is around 0.1 inch HgAP from plenum chamber to air removal pipe.
(This corresponds to about 30F temperature drop at 1 inch Hg.)

M) No noticeable effect on pressure drop of direction of steam
flow through the bundle (i.e., horizontal, up, or down) has been observed.

5) Flow of steam through the tube bundle is calculated with
the assumption that all tubes in the bundle have the same heat duty.

3.2.3.3 DNoncondensables

1) Approximately 5% of the steam is removed through the non-
condensable system. Loss of steam, however, 1s minimized by utilizing
a somewhat oversized condenser in the steam ejector system.

2) The proportion of noncondensables in the vapor stream re-
moved through the noncondensable system is very small.

3) The vapor removed through the noncondensable system is at
the saturation temperature corresponding to the pressure in the gas
cooler section.



3.2.3.4 Heat Transfer Coefficient

1) Heat transfer coefficients are obtained by calculating an
overall U based on a single tube coefficient for the condensing side
and then multiplying this value by 0.85.

2) Dead spots of noncondensables are found to occur in the
shadows of the condensate removal baffles.

3.2.3.5 Miscellaneous

The pressure drop correlations given in the HEI(l) Standards for
water flow through tubes and through water boxes are much too high and
are currently under revision.

4. COMPUTER PROGRAM FCR CALCULATING PERFORMANCE
OF CONDENSER TUBE BUNDLES

4.1 Purpose of Program

The second phase of this study consists of developing a computer
program for use in calculating pressure drop and heat transfer values
for various types of tube bundle configurations. The purpose of this
program is to enable the performance of condenser tube bundles to be
predicted to the best extent possible with the current information
available. The application of all available information through com-
puterized designing of condenser bundles is a logical step since
over-design and under-design of the tube bundles of an evaporator
plant could cause considerable variation in plant capital cost.

Use of this program will enable detailed analysis of condenser
tube bundles in each stage of a flash plant, thus allowing closer pre-
dictions of performance. Incorporated in this analysis will be the
heat transfer performance of individual tubes as affected by their
location within the bundle. Among the factors that must be considered
are the following:

1. The amount of condensate flowing down from the upper rows of
tubes.

2. The local saturation pressure and local saturation temperature
at the internal tube rows as determined by pressure drops encountered
by the vapor as it flows through the bundle.

3. The effect of small amounts of noncondensables in the vapor
stream upon the heat transfer coefficient, particularly as the non-
condensable concentration increases with passage through the bundle.

4, The effect of pressure level upon the heat transfer and the
pressure drops within the bundle.
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5. The effect of change of bundle geometry such as amount of face
area presented to the flow, depth of the bundle, fraction of tubes that
are shielded by baffles to form a gas cooler section, etc.

The preferred method of using this program is to incorporate it
into an evaporator plant program as a subroutine which makes the initial
estimates of the bundle geometry, performs the necessary thermal and
hydraulic analysis, and returns an overall heat transfer coefficient
to the main program for use in finalizing the plant design. Also in-
cluded in these calculations could be such additional information as
the amount of noncondensables present and the fraction of tubes in a
baffled gas cooler section. Another use of this program could be as a
separate program where information on bundle dimensions and vapor flow
to the tube is inserted and bundle performance at various locations
can be analyzed. This data may be used then to make modifications to
the bundle geometry results of the evaporator plant program, thus ob-
taining an optimum bundle configuration.

As mentioned above, the condenser tube bundle codes described in
this report use the input information on steam flows and temperatures,
general bundle configuration, and tubing information and, from these,
proceed to make row-by-row analyses in selected sections of the tube
bundle. These analyses consist of pressure drop and heat transfer
calculations for each row, performing thermal balances, adjusting the
pressure and temperature conditions at the exit of each row to correspond
to the calculated changes and then repeating the procedure for the next
row encountered. Local conditions for temperature, pressure, heat trans-
fer, condensation, presence of noncondensables, etc., are employed based
upon the best correlations available for heat transfer and pressure drops.
After following the vapor flow through the main portion of the tube
bundle, the procedure is repeated for the gas cooler section to define
pressure, temperature and flow conditions at the exit of the tube bundle.

In this fashion, the performance of the condenser bundle is eval-
vated, and an area-weighted overall heat transfer coefficient is obtained
based upon the direction of vapor flow within the condenser, whether
it be horizontal, vertical, or radial flow. At the same time, pressure
drops and associated temperature losses are evaluated, thus defining
the conditions of the exit stream from the tube bundle.

In addition, if a certain percentage steam loss at the bundle exit
is specified, an iterative loop is available which will adjust the
tubing length in the bundle in order to achieve the desired percentage
condensation. Thus, the correct surface area required to perform a
specific duty can be obtained through the use of either the rectangular
or the circular condenser bundle code.

Descriptions of the heat transfer correlations employed in these
codes are given in Section 4.8, and pressure drop correlations are given
in Section 4.9. Descriptions of the condenser codes, including flow
charts and listings of the codes, are presented in the Appendix.
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4.2 Input Information

Input information to this code should be fairly specific in
detailing the duty expected of the particular condenser. For desalina-
tion plants, most of these details are quite readily available so that
the assembly of the input information should be relatively simple and
straightforward. Among the information required by this code are the
data normally presented on a flow sheet and the following:

1. Flows and Temperatures

a. Steam or vapor flow rate, lb/hr
b. Coolant flow rate, ft/sec
¢. Brine concentration in the coolant, ppm
d. ©Noncondensable flow rate, lb/hr
e. Exit steam fraction
f. Inlet steam temperature, °p
g. Inlet coolant temperature, °r
2. Bundle Information
a. Number of tubes in the bundle
b. Percent of tubes allocated to the gas cooler
c. Ratio bundle height/bundle width
d. Bundle length, ft
e. Direction of steam flow, vertical or horizontal
f. Tube spacing in condenser
g. Tube spacing in the gas cooler
h. Half or full condenser
3. Tubing Information
a. Tube 0.D., inch
b. Wall thickness, inch

c. Wall thermal conductivity, Btu/hr-rto-CF/rt

d. Fouling factor
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In specifying the input information, it must be borne in mind that
the code is analyzing the performance of a single tube bundle. Con-
sequently, if the tube bank is expected to consist of two or more separate
bundles, it will be necessary to apportion the steam and noncondensable
flow rates and the number of tubes accordingly.

The coolant for the condenser bundle is assumed to be either water
or brine and the equations for physical properties, such as heat capacity,
thermal conductivity, density, and viscosity that are incorporated into
the code have been done with this in mind. Similarly, the noncondensable
gas entering the bundle along with the steam is assumed to be air, and
the physical properties for air are incorporated in this code.

Exit steam fraction is the fraction of the entering steam which re-
mains uncondensed at the exit to the noncondensable removal system. This
fraction may be specified if desired, in which case the stage length
which is given as input information will be used only as a first estimate.
Additional calculations are then performed by the code to arrive at a
bundle length which will satisfy the exit fraction requirement. If the
exit fraction value is given as 0.0, the code will consider the tube
length as being specified and solve for the exit fraction of steam
leaving the condenser.

The steam temperature given as input is assumed to be the saturation
temperature, and the saturation pressure is calculated from this value.
The total pressure of the system is found by adding the partial pressure
of the noncondensables to this saturation pressure. Over the range of
temperatures and pressures involved, it is assumed that the noncondensable
gas can be treated as an ideal gas.

The specified coolant inlet temperature is assumed to be the same
for all tubes in the bundle. The row-by-row calculation performed within
the code, however, makes no such assumption concerning the exit tempera-
ture of the brine from the tubes in the different parts of the bundle
and proceeds to solve for these local exit temperatures.

The number of tubes specified is the total number of tubes per
bundle, including those in the gas cooler section.

The ratio of bundle height to bundle width refers to the approximate
shape of the condenser portion of the bundle. When this ratio is speci-
fied as 1.0, the bundle height, h, will be equal to the bundle width, w
(Figure 2); or, in other words, the bundle will have a square cross
section exclusive of the gas cooler section. If the ratio is specified
as 2.0, the vertical face dimension will be twice that of the horizontal
face, etc.

Percent tubes in the gas cooler specifies the approximate number
of tubes to be located in the gas cooler section. This specification
undergoes a slight adjustment during the course of rounding off the
number of horizontal and vertical rows to integers for the sake of
indexing within the program, but the final value will be within a very
small fraction of the specified percentage.
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Bundle length is an input value which may be held constant during
calculation or may be altered, depending upon the analysis desired. As
mentioned above, if the exit fraction of steam is entered as 0.0, the
condenser code will hold the bundle length inviolate and solve for the
fraction of steam leaving the condenser as a dependent variable. If,
however, the exit fraction is entered as some finite value greater than
0., the program will solve for a bundle length which will meet the
specified exit steam fraction.

The S/D ratios, or tube spacing-to-tube diameter ratio (Figure 1)
in the condenser and in the gas cooler section, are specified separately.
This will allow larger spacings and lower pressure drops in the main or
the condenser portion of the bundle if desired, and at the same time
relatively close spacing and higher velocities in the gas cooler section
where the uncondensed fraction is relatively small.

The direction of steam flow may be specified as vertical or hori-
zontal for the condenser portion of the bundle. The vapor flow is
assumed to follow only the specified orientation, with no cross flow
or diagonal flow being considered. While this is admittedly & simpli-
fication of the true flow pattern, it is felt that the results should
still present a reasonable characterization of the internal performance
of the condenser. While shrouding or baffling may be necessary to ob-
tain a vertical-only or a horizontal-only flow pattern, neither the
presence nor the absence of such baffling is assumed by the code.

Vertical baffling is assumed around the gas cooler section to
direct the vapor and gas mixture into entering this section at the
bottom and then traveling upward through it to the noncondensable re-
moval duct. Vapor flow in the gas cooler section is assumed to be
upward in every case with the noncondensable removal duct located at
the top as shown in Figure 1.

Another geometrical variation which may be specified is whether
the bundle is symmetrically arranged on each side of the gas cooler
section or whether the gas cooler section is located at the back of
the bundle with all flow coming through the front face only for the
horizontal flow, or the top face only in the case of the vertical con-
denser. The sketch in Figure 2 illustrates these two variations which
are called as a "full" condenser or a "half" condenser within the

program.

Tubing information to be inputted, such as outside diameter, wall
thickness, wall thermal conductivity, and fouling factor, is standard
information for condenser calculations and should present no difficulty
to the user.

Calculations made for rectangular condensers of a representative
multistage flash plant¥ indicate that the pressure drop for wvapor

*
A 50-Mgd multistage flash plant with 56 stages and maximum brine tem-
perature of 250°F as calculated by the computer code ORSEF. There are

16 separate bundles in this design.
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flowing through the condenser bank is very small over a major portion

of the plant. (See Table I.) Since the majority of the tube and bundle
sections will operate with very small pressure drops, it appears that

the bundles for the condenser should be laid out with a minimum allowable
web thickness. This can lead to relatively large temperature drops in
the last two or three stages of a flash plant, but the overall penalty
incurred due to these few stages will be very small. On the other hand,
the closely spaced tube banks will provide more positive sweeping of
noncondensables from the tube banks, and this should enhance the per-
formance of those stages where noncondensable buildup is a problem.

Since the pressure drop is very low, steam lanes should not be
required in the evaporator section condenser bundles. The heat reject
section of a flash evaporator plant might use a more open tube spacing
and/or steam lanes, since the vapor volunes to be handled are larger
st this end of the plant.

4.3 Calculation of the Geometry for the Rectangular Tube Bundle

In the rectangular tube bundle code, the actual geometry of the
bundle is calculated in the following fashion:

1. The fraction of tubes in the condenser portion of the bundle
is obtained from the input information.

5. The tubes in the condenser are assumed to be arranged on a
lattice of equilateral triangles with the base of the triangles oriented
parallel to the horizontal flowing vapor (Figure 2). Consequently, the
vertical face of the bundle will be equal to the quantity 0.866 x 5/D x
S x number of tubes in a vertical row, and the horizontal face of the
bundle will be S/D x D x number of tubes in the horizontal row. Since
the ratio of bundle height to bundle width is part of the input informa-
tion, the number of tubes in a vertical row and in a horizontal row are
quite readily determined. The number of tubes in the horizontal row is
obtained first and rounded up to the nearest integer divisible by 2 in
the case of the full condenser, since there will be two condensing
sections. With the rounded number, the number of tubes in a vertical
row is obtained and then also rounded up to the nearest integer.

3. Having determined the number of tubes in the condenser portion
of the bundle, the number of tubes in the gas cooler section is re-
determined as the difference between the total number of tubes specified
and the number of tubes assigned to the condenser portion of the bundle
by the code. A slight deviation in the fraction of tubes assigned to
the gas cooler section from that specified in the input data will usually
result.

i, The gas cooler section is assumed to have a vertical dimension
equal to two-thirds the height of the condenser section. The equilateral
triangles in this section are assumed to be oriented with the base normal
to the vapor flow which means that the height of the gas cooler section
is equal to 0.866 x S/D x D x number of tubes in a vertical row. The




TABLE I

CONDENSER BUNDLE DIMENSIONS AND PRESSURE DROP

Condenser Tube Bundle
Stage Temp . Diameter, Number of Rows Dimension, ft Product Pressure Drop
No. OF in. s/D Horizontal Vertical Height  width gpm “psi___ OF U ot
1 245.0 0.664 1.30 3. LY, 4.60 3.22 41.4 0.003 0.006 684, 11.5
234.5 0.66k4 1.30 73. Lk, L.60 3.22 40.6 0.003 0.007 671. 11.5
10 221.4 0.664 1.30 73. L, 4.60 3.22 39.5 0.004 0.010 662. 11.6
15 208.2 0.664 1.30 73. L. 4.60 3.22 38.6 0.00k 0.015 645, 11.7
20 195.1 0.664 1.30 73. L. 4.60 3.22 37.6 0.005 0.022 626. 11.8
25 182.0 0.664 1.30 3. L. L .60 3.22 36.7 0.006 0.033  613. 11.9
30 168.8 0.664 1.30 73. Lh . 4.60 3.22 35.9 0.007 0.051 s572. 12.0
35 155.6 0.664 1.30 73. Ly, L.60 3.22 35.0 0.008 0.080 555. 12.1
Lo lh2.4 0.664 1.30 73. L, 4.60 3.22 34.2 0.010 0.128 534, 12.1
45 129.1 0.664 1.30 73. Ly, 4.60 3.22 3.4 0.012 0.208 k496, 12.2
50 115.7 0.664 1.30 73. Ly, L .60 3.22 32.7 0.014 0.340 k75, 12.1
54 104.9 0.664 1.30 73. by, 4 .60 3.22 32.1 0.017 0.511  4jo0. 12.0
55 97.7 0.625 1.30 82. 27. 4.80 1.81 93.0 0.00k 0.153  384. 11.1
56 89.8 0.625 1.30 82. 27. 4.80 1.81 53.3 0.007 0.313 340, 15.0

aT
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number of vertical rows arrived at in this fashion is rounded up to the
nearest integer, and this value is used to obtain the number of horizontal
rows required. The width of the horizontal section is equal to s/Dx D x
number of tubes in a horizontal row. These dimensions for the gas cooler
section are subject to modification as will be explained later if the
vapor velocity entering this portion were to exceed 150 ft/sec.

5. Calculations for the geometry for a vertical flow condenser are
identical to those just described for a horizontal flow condenser.

4.4 calculations for the Performance of the
Rectangular Condenser Tube Bundle

With horizontal flow, as shown in Figure 2 for the full rectangular
bundle, the vapor flow is assumed to approach the condenser horizontally
from both sides, to undergo a contraction pressure drop into the tube
side face of the bundle, and then to travel horizontally toward the
center. Upon reaching the baffled section enclosing the gas cooler,
the uncondensed portion travels downward until it reaches the entrance
of the gas cooler section. Here, the remaining vapor is accelerated
into the gas cooler section and then proceeds to travel upward to the
noncondensable removal system. In the half bundle design shown in
Figure 2b, the back face of the condenser is assumed to be blanked off
by means of a baffle or a wall. Thus, flow is assumed to enter from
a single face only. In all other respects, the flow path is similar
to that described for the full condenser. Conseguently, calculations
involving the geometries in Figures 2a and 2b are essentially identical
and only a flag in the input data is necessary to handle the required
calculations for these two types.

The vertical face open to flow is divided into four equal horizontal
sections with flow entering each section at identical temperatures and
pressures. The overall heat transfer coefficient for the first row en-
countered in each section is calculated using the temperature and pressure
conditions existing at that row. The forced convection coefficient
inside the tube is based upon the Sieder-Tate correlation with the liquid
coolant properties being calculated at the average coolant temperature,
which in turn is dependent upon the amount of the heat transferred. This,
of course, requires an iteration for the coolant exit temperature as a
function of the calculated overall heat transfer coefficient. A fouling
factor for the inside will also be considered in the calculation if
entered as input data.

The average outside condensing coefficient is calculated using a
modified Nusselt equation for the effect of the number of tubes in a
vertical row. This equation is also a temperature dependent function
and requires the same type of iteration as the inside coefficient cal-
culation. The effect of the presence of noncondensables upon the con-
densing coefficient is treated by means of correlations based upon
data available in the literature. The overall heat transfer coefficient
based upon these individual resistances is then used to calculate the
amount of water vapor condensed as the flow passes through the first
row of tubes.
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In addition, a second condensing coefficient is obtained for those
tubes which are located above the mid-point of this section and which
may thus be considered as contributing to the condensate rain falling
through this section. A second overall heat transfer coefficient de-
fined by using this condensing coefficient is used to calculate the
amount of condensate falling in this section and contributing to the
two-phase pressure drop encountered by the horizontally flowing vapor.

The two-phase pressure drop for the steam flow is calculated using
this value and the Diehl-Unruh two-phase tube bank correlation for
horizontal flow to derive the system pressure at the entrance to the
next row of tubes. Since the amount of noncondensables (if present)
is considered to remain the same, the fraction of noncondensables will
increase after passing through each row, thus lowering the saturation
pressure at the entrance to the next row of tubes. The assumption is
made that the vapor is at its saturation temperature and pressure at
all times; this leads to a decrease in the saturation temperature which
is also the temperature of the vapor-noncondensable mixture. These
conditions are then used as the entrance conditions for the next row
of tubes, and the flow of the vapor is followed in this fashion until
it emerges from the last row of the condenser section.

Similar calculations are performed for each of the four sections
shown in Figure 2, resulting in four different exit conditions of
temperatures and flows since each section will perform differently
because of its relative position vertically within the bundle. Since
the pressure drop encountered in each of these four sections should
be identical, the entering vapor and gas flow to each section is
adjusted (but not the entering temperature or pressure) and the
procedure is repeated until the pressure drop encountered in each
section has been balanced to within 1.0% of their numerical average.

After the performance through the condenser section has been satis-
factorily determined, the remaining vapor and gas flow is assumed to
be funneled into the bottom of the gas cooler section, where it then
travels upward to the noncondensable removal exit. The geometry of
the gas cooler section was determined as explained previously, but
it may be altered at this point to insure that the entering vapor
velocity does not exceed 150 ft/sec. If the quantity of material
entering the gas cooler section is so large as to have an entering
velocity greater than 150 ft/sec, the shape of the gas cooler section
is revised to become wider and shorter in order not to exceed this
maximum value. This is done to insure that excessive pressure drop
and resultant poor heat transfer performance are not encountered in
the gas cooler section.

A computational procedure for heat transfer and pressure drop
similar to that described for the condenser section is then performed
for vapor which is assumed to be engaged in upflow through the gas
cooler section. While the fraction of noncondensables increases as
the vapor travels upward through this portion, the flooding factor
(i.e., the number of tubes in a vertical row) decreases so that in
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some cases the heat transfer coefficient may reach a minimum at some
point within this section and then increase slightly as it approaches
the upper rows of the gas cooler. Since no pressure drop correlations
could be found in the literature for vapor in upflow through a tube
bundle, the pressure drop through this section is calculated as double
the factor for horizontal flow through tube banks.

4.5 Calculations for the Performance of Rectangular
Condenser Bundle with Vertical Flow

A sketch of the rectangular tube bundle with steam flowing vertically
downward through it is shown in Figure 1. To insure that vertical flow
is maintained in such a bundle, baffling of the two side faces to elimi-
nate horizontal flow will be necessary.

The concept of a condenser with vertical flow is advanced particularly
for incorporation in multistage flash plants where the range of system
pressures may run from a few pounds per square inch absolute up to two
atmospheres or more. At the low-pressure end of the plant, vapor ve-
locities will become quite high and the resulting pressure drop within
the tube bundles will detract from the expected heat transfer performance.
On the other hand, the same bundle geometry installed in the high=-
pressure section of the plant will cause a considerably denser vapor
to flow at a much lower velocity. In fact, the velocity in the high-
pressure end may become so low as to detract from the heat transfer
performance in still another fashion, namely, that of allowing non-
condensables to build up because of lack of a sweeping action of the
vapor. For a situation such as this, the rectangular tube bundle
having the same dimensions as the bundle at the low-pressure end, but
with baffling installed on the two side faces, will present a smaller
face area to the incoming vapor. This, of course, will result in an
increase in vapor velocity through the bundle, and thus a better sweeping
action of the noncondensables. Because of the lack of experimental
evidence, however, the effectiveness of this arrangement for high-pressure
condensers can only be postulated at this time.

Inasmuch as the evaluation of the flooding factor is much simpler
in the vertical-flow case, the condenser for vertical flow is not sub-
divided into smaller sections as it was in the calculation for hori-
zontal flow. Calculations for the individual film coefficients inside
and outside the tubes are performed in the same fashion as for the
horizontal-flow case. For the vertical-flow condenser, however, the
flow enters from the top face of the bundle so that, for the first row
encountered, the condensing ccefficient is very high, being that for a
tube bank of one tube only. For the second row, the condensing co-
efficient is that for the second row only. Since the modified Nusselt
condensing correlation gives the mean coefficient for a tube bank, the
coefficient for the second row is derived as being the difference be-
tween the mean coefficient for a tube bank two rows deep and for one
row deep. This process of obtaining individual row coefficients is
repeated for each row as the calculation is performed vertically down
through the bundle.
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To ascertain the amount of condensate cascading down through the
bundle and contributing to the two-phase pressure drop, the heat trans-
fer coefficient for the tube bank above the particular row, n, being
considered is obtained and used to calculate the amount of steam con-
densed by the (n - 1) rows above. The two-phase pressure drop for this
vertical flow is then calculated using the correlation proposed by Diehl
for pressure drop in downward flow through staggered tube banks. Since
this analysis of vertical flow requires no subdivisions of the condenser,
the process of adjusting flow in order to balance pressure drop is not
required.

The vapor emerging from the bottom of the condenser section is then
fed to the bottom of the gas cooler section for travel upward through
it to the noncondensable removal system. The calculation in the gas
cooler portion is identical to that previously described for the hori-
zontal flow condenser.

4.6 Calculation of the Geometry for a Circular Tube Bundle

For the circular tube bundle code, the geometry of the bundle is
calculated in the following fashion:

1. The fraction of tubes assigned to the condenser section is
derived from the input information.

2. The remaining number of tubes is assumed to be arranged in
a lattice of equilateral triangles. The amount of tube sheet area
required for these tubes is then considered to be represented by the
equation

_ 2
Ang = 0.866 (s/D x D)” x N,

The radius for the circular tube sheet is calculated to be the radius
for this area increased by a slight factor ( of 2%) to avoid pinching
of the flow as it converges towards the center of the bundle.

3. The vapor flow is assumed to be parallel to the base of the
equilateral triangle. The number of tubes in the outer face of the
circular condenser is calculated by assuming that the tubes are spaced
S/D x D distance apart along the outer circumference of the circle
described by the outer radius.

L. The next radius is calculated to be 0.866 x S/D x D less
than the first radius, and the number of tubes in this row is calcu-
lated as in (3). The procedure is repeated until the number of tubes
assigned to the condenser portion has been reached or exceeded.

5. The number of tubes in the gas cooler section is then re-
calculated as the difference between the total number of tubes and the
number of tubes in the condenser section. The calculation for the
geometry of the gas cooler section is identical to that for the gas
cooler section of a rectangular bundle.
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4.7 Calculations for the Performance of
a Circular Condenser Tube Bundle

The circular condenser is assumed to be divided into twelve egqual
sectors, each of which may be analyzed separately as indicated in
Figure 3. The two semicircular bundles, one on each side of the gas
cooler, are assumed to operate in identical fashion so that only six
sections in one of the semicircles is analyzed by the stepwise procedure
used in this program. Many of the assumptions and computational pro-
cedures used for the circular bundle are identical to those which have
been explained in detail for the rectangular condenser. Thus, it is
assumed that the temperature and the pressure of the vapor stream at
the outer surface of the tube bundle are equal at every point along
its periphery.

The flow is assumed to enter the circular bundle normal to the
circumference for each of the 30-degree sectors shown in Figure 3.

The overall heat transfer coefficient is calculated for the tubes
in the outer row, assuming that all of these tubes along an arc perform
identically within any given section. The inside coefficient is calcu-
lated by using the Sieder-Tate correlation with the fluid properties
being based on the fluid temperatures, as was explained previously.

The outside condensing coefficient is calculated using the modified
Nusselt equation for a "typical" tube which is assumed to be the one
located along the center line of the sector. The flooding factor for
the "typical" tube is calculated by measuring the vertical distance
from this tube to the outer edge of the bundle in the condensing co-
efficient and by finding out how many tubes are located along this
vertical line. The overall coefficient for the first row, based upon
these individual film coefficients, is then used to obtain tube-side
and condensing-side temperatures from which the fluid properties are
reevaluated and a more precise heat transfer coefficient is obtained.
This iterative procedure and the subsequent two-phase pressure drop
calculations are essentially identical to those described for the
rectangular tube bundle.

After undergoing condensation and pressure drop in flowing past
the first row of tubes, the vapor stream (plus noncondensables if
present) encounters the next row of tubes arranged along an arc of
gomewhat shorter length because of the decreased radius. Flow of the
vapor past this decreased radius is calculated in the same fashion as
for the first row, and the procedure is repeated until the vapor emerges
from the last row of tubes in the 30-degree sector.

Similar calculations are performed for each of the six sectors in
the semicircular bundle, and the vapor flow to each of the sectors is
adjusted in order that the pressure drop encountered in each sector
will be essentially the same. At the same time, of course, the sum
of the individual flows to the six sectors must equal one-half of the
total flow rate specified as input information (or all of the total
flow value for the half condenser case).
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After flow rates and pressure drop calculations in the condenser
section have been completed, the calculation of performance of the gas

cooler section is conducted in the same fashion as described previously.

4.8 Heat Transfer Equations

Calculation of the heat transfer performance within the bundle is
performed on a row-by-row basis using the following correlations:

Steam Side - Condensing Coefficient (Film Type )

0.25
kg FD? HFG e
h o= 0.725 | 5 (.-t )a Xx CxF (Ref. 4) (1)
\FLf o] sat w
where hm = mean condensing coefficient, Btu/hr—fta-oF
kf = thermal conductivity of the condensate at the
film temperature, Btu/hr-ft2-OF/ft
g)f = density of the condensate at the film temperature,
‘ 1v/ft3
HFG = heat vaporization at the film temperature, Btu/1b
fo = wviscosity of the condensate film, lb/ft-hr
DO = outside diameter of the tube, ft
tsat = saturation temperature of the vapor, OF
tw = outside wall temperature, Op
= i € © = - -
to = film temperature, F gy = 005 (tsat tw)
n = number of tubes in vertical row
C = correction factor for n
F = correction factor for the presence of noncondensables
8. = gravitational constant, ft/hra.

The factor C for the effect of number of tubes is calculated as a
function of n, number of tubes in a vertical row, as follows:
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C = 1.310 for n=1.0 (2a)

= 1.2379 + 3.5361l x 10n - 1.5703 x 10730 (2b)
for 2 = n = 16

= 1.4017 for n = 16 (2¢)

The effect of noncondensables, when less than 4% by weight, is
calculated as a function of the amount of noncondensables present as
follows:

1 3.2

F = 1.0 - 3.4313 x 107 X + 1.2268 x 10°X~ - 1.4923 x 1oux3 (Ref.14) (3)
where X = weight fraction of noncondensables.

4.8.1 Brine Side - Forced Convection Coefficient

-%9 = 0.027 N§é8 N§;333 (f%fﬁg 0.1 (Ref. 13) (k)
W
where h = forced convection coefficient, Btu/hr-ftz-oF
D = 1inside diameter of the tube, ft
k = thermal conductivity of the brine, Btu/hr-ftz-oF/ft
NRe = Reynolds number for brine flow, dimensionless
NPr = Prandtl number for brine side, dimensionless
FLave = viscosity of the brine at average bulk temperature,
1b/ft-hr
M = viscosity of the brine at wall temperature, lb/ft-hr.

Iterations are performed to determine t 17 the wall temperature on
the brine side and the ty,, the wall tempera%ure on the steam side, in
order to define the heat transfer coefficients for both inside and out-
side surfaces.

When the amount of noncondensables becomes greater than 4% by weight,
a weighted gas-vapor coefficient is calculated as follovws:

Q
1
hl = QTGh * o (Ref. 17) (5)
cg g m
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where hcg = condensing coefficient with noncondensables present
h = gas coefficient based on properties of the non-
g condensable
QG = sensible heat removed from gas
QT = total heat removed from gas and vapor
hm = condensing coefficient with no noncondensables.

The gas coefficient is calculated by the correlation

E%—? = 0.33 Ng£33 N§é6 (Ref. 13) (6)
where hg = forced convection coefficient, Btu/hr-ft2-oF
D = outside diameter, ft
k = thermal conductivity of gas, Btu/hr-ft2-oF/ft
Nﬁe = Reynolds number for the gas, dimensionless
NPr = Prandtl number for the gas, dimensionless.

4.9 Pressure Drop Equations

Pressure drop calculations within the tube bundle use two-phase
flow correlations as a multiplier for the friction factor data on tube
banks. Since the friction factors for tube banks as a function of
Reynolds nu?E3r, longitudinal pitch and transverse pitch, as correlated
by Grimison , have resulted in curves of such complicated shapes, they
have been incorporated into the program as a table rather than as equations.
A subroutine is used to perform an interpolation between points of this
table.

The two-phase flow correlation of Diehl and Unruh(7) for horizontal
flow through tube banks is used as a multiplier to modify the single-

phase pressure drop data and has been correlated as a series of equations
as follows:

For X = 0.15

= 1.0 (Ref. 7)  (6a)




For 0.15 <= X = 2.0

AP\ i

[

T T
>
o
I

where

X = LVF ///(-égg
\ ! L
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exp [-0.93213 - 0.74257 fnx - O.l3l7h([nx)2J (6b)

exp |-0.85714 - 0.94972 fnX - o.015453gfnx)2] (6c)

APTP = pressure drop calculated for two-phase flow
APG = pressure drop calculated for total flow occurring in gas
LVE = liquid volume fraction.

For pressure drop in vertical downflow through tube banks, the two
phase correlation developed by Diehl (Ref. 6) has been fitted over several

ranges as follows:

For X, = 0.001

D
S| (72)
= 1.0 fa
\AP
\“%6 )
For 0.001 <= X =< 0.02
AP
L5 R exp {-u.o317 + o.5u538,[n X (7b)
AE, D
+ 0.39108 (fn xD)2 +1.0329 (fn XD)3]
for 0.00L = X = 0.02
For X > 0.02
AP
TP| -1.02
APG = 0.0225 XD (7c)

X, = ——

where LVF (fg)
Py

0.5

NRe
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4.10 Overall U Value and Log Mean Temperature Difference

The overall U value reported by this code is an area weighted U
derived as follows:

n
E: U.A,
il
= _ i=1
U= (8)
E: A,
i
i=1
where
U = an average overall heat transfer coefficient, Btu/hr-ft2-oF
Ui = overall heat transfer coefficient for row i, Btu/hr-ft2-oF
Ai = heat transfer surface of row 1, ft2
n = total number of rows under analysis (condenser section or

gas cooler section).

These weighted U values are obtained separately for the condenser
section, for the gas cooler section, and for the entire bundle.

The effective log mean temperature difference is calculated using
these weighted U values as follows:

|-—|.

TR ngl=]
O
'_l

I - (9)
m n
L A
i=1
where

Astm = effective log mean temperature difference, OF

Qi = amount of heat transferred at row i, Btu/hr

i = tube row number.

Values of effective é&tm are reported for the condenser section,

for the gas coocler section, and for the total bundle for each case.
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5. EXAMPLES OF PROGRAM CALCULATIONS

5.1 Description of Base Cases

Two sets of conditions considered as being typical of multistage
flash evaporator operations were used to perform sample calculations
with the condenser codes. These conditions are shown in Table II.

Case A may be considered representative of a stage condenser in
the high-temperature end of a multistage flash plant, operating at
maximum brine temperature of 250°F. A single bundle is assumed to
consist of 3,302 tubes made of T0-30 copper-nickel, whose thermal
conductivity is 16.7 Btu/hr-ftz-oF/ft. Sixteen such bundles will be
required in each stage of a 50-Mgd flash plant.

Case B is for conditions representative of the reject end of a
multistage flash plant or of the deaerator section. Pressures and
temperatures are very low, making the condenser bundles in this section
very sensitive to losses sustained through unwarranted pressure drops,
etc. A higher fouling resistance of .0005 is assumed for the tubes in
this section, as well as a thermal conductivity of 9.k Btu/hr-rt°-OF/ft,
corresponding to stainless steel. As in Case A above, sixteen of these
bundles will be required in each stage of the reject section of a 50-Mgd
flash plant.

As mentioned above, the conditions shown in Table II were considered
as being merely typical of flash plant operation and should not be con-
strued as recommendations for operating conditions of flash plants in
general.

Although the reference bundles are useful for very large desalting
plants, they might be classed as "small" bundles relative to those of
power plant condensers (see page 5).

Calculations performed with this code have indicated that there are
no major advantages or disadvantages of the rectangular-shaped bundle
over the circular bundle. Consequently, the shape of the condenser
bundle used, whether rectangular or circular, will be dictated primarily
by the design of the shell containing the bundles and by the shape of
the vapor flow path to the condenser. Aside from these considerations,
it appears that, for high-pressure stages where vapor velocities are
low and pressure losses small, a shrouded bundle design such as the
rectangular condenser with vertical flow may be desirable from the
standpoint of increasing vapor velocity for the purposes of sweeping
out noncondensables. On the other hand, for a very low-pressure
operation where velocities become high and pressure losses become
significant, a bundle design presenting a larger face area such as the
circular layout would appear to be preferable.



TABLE II

DESCRIPTION OF BASE CASES USED
FOR SAMPLE CALCULATIONS

Saturation temperature, oF
Brine temperature in, OF
Steam flow rate, lb/hr

Brine velocity, ft/sec

Brine concentration, solids fraction

Noncondensable flow rate, lb/hr
Number of tubes

Tube 0.D., in.

Tube wall thickness, in.

Tube wall conductivity

Tube spacing, condenser section
Tube spacing, gas cooler section
Fouling resistance

Reference length per stage, ft

Reference area per stage, ft2

Case A

2hh.6
231.8

27620.

6.0
0.0576
50.
3302.
0.6637
0.04k2
16.7
1.30
1.30
0.0003
5.20
2984.

Case B

85.2
65.0
21685.

0.0336
50.
213k4.
.625
-035

.30
.30
. 0005
.00

3143.

W O +H 0 O O
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5.2 Row-by-Row Performance

Calculations for heat transfer and pressure drop within tube bundles
are performed on a row-by-rov basis. A typical set of results for tem-
perature, pressure, and flow profile within a rectangular bundle (hori-
zontal flow) is shown in Figure 4, The entering conditions for this
particular case were those corresponding to Case B (of Table II). Ten
percent of the total tubes were assumed to be located in the gas cooler
portion of the bundle. As shown in this figure, a pressure drop of
0.06 psi was incurred in passing through the condenser porticn of the
bundle, and & further loss of 0.03 psi was incurred in the gas cooler
section. At a pressure level corresponding to 85°F, these pressure
losses correspond to temperature losses of 3.59F in the condenser section
and to an additional 2°F loss in the gas cooler section, resulting in
a total drop of 5.5°F. The sharper decreases in temperature and pressure
in the gas cooler section are due to two factors, namely, the higher gas
velocity achieved in this section and the conservative pressure loss
correlation assumed for two-phase flow moving vertically upward.

The overall heat transfer coefficient in the condenser section on
an area-weighted basis was 435.6 Btu/hr-ftE-OF and 382.8 in the gas
cooler section portion with a combined overall coefficient of 430.9
Btu/hr-£t2-CF.

The upper line in Figure L shows the decreasing percentage of steam
remaining uncondensed as the vapor passes through the bundle. In this
calculation, 13% of the entering steam was vented from the top of the
air cooler section. If desired, the code could be used to resize the
bundle to give some other desired exit steam fraction.

5.3 Effect of Noncondensables on Condenser Performance

The effect of the amount of noncondensables in the vapor stream
upon the overall heat transfer coefficient of a rectangular condenser
is shown in Figure 5. The base case used in preparing this graph was
Case A of Table II, and the tube length was assumed to be constant at
5.20 ft. With zero noncondensables entering, the overall heat trans-
fer coefficient was T760.8 Btu/hr-ftE-oF for the entire tube bundle,
with an average coefficient of 760.7 for the condenser section and
with 761.9 for the gas cooler section. Approximately 4% of the entering
steam remained uncondensed at the exit end of the gas cooler section
for the assumed condenser and driving force.

Shown plotted in Figure 5 is the ratio of the overall U with non-
condensables to the overall U with zerc noncondensables (760.8 Btu/hr-
ftg-oF) as a function of the entering amount of noncendensables. The
overall U value decreases quite rapidly to about 75% of the original
value when the entering noncondensables increase to 0.7% (by volume ).
As a result of this decrease in heat transfer performance, the un-
condensed steam passing through to the noncondensable vent system
increases from M% to 28% over the same range, indicating a sizable
loss to the vent system due to the increase in noncondensables within
the bundle.
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Also shown in Figure 5 is the loss in heat transfer performance
due to an increase in the dirt fouling resistance from .0003 to .0005.
The overall U value is decreased between 6% and 12% because of this
increased resistance, and the fraction of uncondensed steam loss to
the vent removal system increases proportionately.

As shown in Figure 5, just above the line for the overall U ratio
for the entire bundle is a line indicating the U value ratio for only
the condenser section of this bundle compared to the U value of 760.8
for the total bundle. The U value for the condenser section ranges
from O to about 3% higher than the U value for the whole bundle over
this range of noncondensables. The lower solid line is the U value
ratio for the gas cooler portion, and here the large effect of the
increasing concentration of noncondensables in this portion of the
bundle becomes quite apparent. The overall U value in the gas cooler .
section is decreased to about 60% of the original value when the
entering amount of noncondensables 1is 0.7%

Because of the extreme similiarity of the performance for the
vertical flow condenser and the horizontal flow condenser, it was not
possible to show a separate line for the heat transfer coefficients
for this case. They were essentially identical to the results just
described for the horizontal flow condenser. In fact, the very slight
difference in the performance of the vertical flow condenser can be
shown graphically only when comparing the much more sensitive parameter,
the uncondensed fraction leaving the condenser. Here, as indicated by
the dashed line in the upper portion of Figure 5, a slightly higher
loss amounting to the .05% of the entering steam is indicated for the
vertical flow case. This is attributable to the slightly higher
velocity and to the slightly greater pressure drop prevailing in this
type of bundle. While these pressure losses are almost insignificantly
small at the pressure levels prevailing in Case A, it may be of interest
to note that the pressure losses in the vertical flow bundle become
impossibly large under the conditions of Case B, and the calculations
were automatically terminated before reaching a solution.

5.4 Comparison of the Rectangular Versus the Circular Condenser

A comparison of the relative performances of rectangular (hori- -
zontal flow) and circular condensers is shown in Figure 6. The entering
conditions for steam and noncondensables are those corresponding to
Case B in Table II.

System pressure, saturation temperature, and the uncondensed
fraction of steam are shown plotted in this figure versus percent of
area traversed. A slight difference in system pressure is encountered
immediately (0% area) because of the difference in contraction loss
suffered at the entrance face of the tube bundle, with the circular
bundle presenting a greater face area for vapor entry than the rec-
tangular design. The higher vapor velocity prevailing in the rectangular
bundle design results in a larger pressure drop with an associated larger
loss in the thermal driving force as shown by the lower levels for both
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pressure and temperature in the rectangular bundle. This loss in thermal
driving force results in decreased condensation as indicated by the upper
pair of lines with the net effect being that 94.0% of the entering steam
is condensed in the circular bundle compared to 86.7% in the rectangular
bundle when both have the same heat transfer area. In terms of heat
transfer coefficients, however, the rectangular bundle had a slightly
higher overall U value of 430.9 Btu/ftg-OF-hr versus 417.1 for the
circular, because of the noncondensables being less concentrated at

the exit of the less effective bundle. However, the improved coefficient
is overshadowed by the loss in thermal driving force. This advantage

of the circular over the rectangular bundle is accentuated in the case

of the low-pressure condenser cited in this example. At higher pressures,
this advantage was found to be much smaller.

The following discussion shows that a rectangular bundle with more
open spacing could perform as well as the circular bundle.

5.5 Effect of Tube Spacing upon Condenser Performance

Figure 7 is a plot showing the effect of tube spacing upon condenser
(rectangular bundle) performance. The base case used here is Case B of
Table II, the low-temperature condenser with 50 lbs/hr of noncondensables
added. Under these conditions, the overall U value is 430.9 Btu/hr-ft2-OF,
and the log mean temperature difference is 14, 79F with 13.2% of the
entering steam leaving uncondensed. If the tube spacing were increased,
thus decreasing the pressure drop within the bundle, the gain in thermal
driving force or the log mean At improves the performance of the con-
denser and is shown in Figure 7 to reduce the uncondensed fraction of
steam from 13% down to 3% as the tube spacing-to-tube diameter ratio is
increased from 1.3 to 2.0. A substantial part of this gain, however,
is seen to be achieved by increasing the spacing from 1.3 to 1.5.

Actually, all of the gain in performance is achieved through an
improvement in thermal driving force since the overall heat transfer
coefficient actually decreases as the spacing is increased, because
the percent noncondensables is increasing as more of the water vapor
is condensed and thus adversely affecting the heat transfer performance.
However, as seen in Figure 7, a substantial net gain is achieved through
the use of wider spacings for condensers operating in low-pressure
regions.

In practical design situations, the higher shell and tube-sheet
cost of bundles with wide spacing must be balanced against the higher
tubing cost of close-spaced bundles to perform the same Jjob.

As may be surmised, the value of wide tube spacing is significant
only for lower pressure operations where vapor velocities are high and
pressure drop losses are an appreciable factor. Under these conditions,
steam lanes are frequently used by condenser manufacturers.
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5.6 Effect of Noncondensables on Condenser
Area for Constant Fraction Condensed

Figure 8 is a modification of the cases computed for Figure 5.
Here, over the same range of noncondensables entering the bundle, the
condenser area is allowed to vary in order to condense 96% of the
entering steam in each case. As the entering amount of noncondensables
jncreases from O to 0.7% (volume), the required heat transfer area is
seen to increase by almost 100%. The overall heat transfer coefficient
in the condenser section decreases to 63% of its initial value, while the
U value in the gas cooler section drops even faster to the vicinity of
20% of the initial value because of the increasing fraction of inerts.
The combined condenser and gas cooler coefficient, thus, decreases to
about 55% of its original value over this range of noncondensables.

Comparing these results with those in Figure 5, it becomes apparent
that not only the entering concentration of noncondensables but also
the concentration at the exit must be considered when deriving overall
heat transfer coefficients for streams having noncondensables. Other-
wise, the quantity of uncondensed steam lost to the vent system may
become a significant fraction of the entering total.

5.7 Possibilities of Flooding

In the gas cooler section of the tube bundle, the vapor flow is
assumed to travel upward countercurrent to the condensate rain from
the tubes above. Since this is a situation which might result in
flooding, some check calculations were performed with the results
obtained for Cases A and B with zero noncondensables in the gas stream,
i.e., the highest possible heat transfer coefficient. To approximate
the geometry of the tube bundle, the flooding correlation line for
stacked Raschig rings was employed in this calculation. (Referencel7)
The results indicate that, for the conditions represented by these two
cases, flooding in the gas cooler section would occur only if the volume
of condensate rain were generated by gas cooler sections 40 feet high
or more. Since the possibility of designing gas cooler sections of
such a dimension would be very remote, the danger of bundle flooding
does not appear to be a real problem. On the other hand, since the
flooding correlation assumed was for stacked Raschig rings, it would
appear that some data on flooding that would be more representative
of tube bundle geometry would be of value in designing condenser tube
bundles.

-

6. CONCLUSIONS

The results of these calculations indicate that there are not any
major advantages of either rectangular or circular bundle configurations
from the standpoint of condenser performance. Thus, the shape of the
bundle will be determined by external factors such as shape of the
housing for the condenser, orientation of the steam inlet, location of
structural obstructions, etc.
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Other considerations such as maximum size of bundle and steam
lanes are functions of the maximum allowable pressure drop, size and
shape of inlet, etc., and are details which can be studied through the
use of these codes. Evaluation of these details will be dependent on
the circumstances for each case so that no firm criteria can be formu-
lated concerning bundle size or steam laning requirements.

The effect of pressure drop on condenser performance becomes apparent
when analyzing condensers operating at relatively low pressures, i.e.,
about 2 psia or less. Condenser performance at these lower operating
pressures may be aided materially by increased tube spacing or steam
lanes, thus minimizing the loss due to pressure drop.

Noncondensable venting is required to prevent gas-blanketing the
condenser surface. The data from these studies indicate that relatively
small amounts of noncondensables, on the order of 1% (volume) or less,
can detract seriously from heat transfer performance of even a well-
designed condenser.

The effect of condensate rain upon the condensing coefficient is
sufficiently large to require that the tube orientation in a vertical
row be given careful consideration in an effort to minimize the loss
through flooding. In accordance with this, it is recommended that,
for bundles with equilateral triangular tube lattices, the apex of the
triangles be oriented toward the top of the bundle as shown in Figure 2
or that the rows be at an angle with the vertical.
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8. FUTURE WORK

The condenser code as described herein utilizes many of the
correlations currently available from the literature on condensation
heat transfer and two-phase pressure drop. Experimental verification
of the results predicted here, of the losses and inefficiencies in
large condenser tube bundles, would be the next logical step to obtain
improved condenser bundle designs and more accurate predictions of
their performance.

The types of information desired from such a test program would
include the following:

A. Heat transfer information as functions of
1. individual tube location in bundle,

2. amount of noncondensables,



5.
6.

39
pressure level,
thermal driving force,
local gas velocity, and

local flooding.

Pressure drop information as functions of

local two-phase flow,
bundle configuration--tube spacing, tube orientation,
direction of vapor flow--up, down, horizontal, and

local vapor velocity.

Flow distribution as functions of

1.
2.

3.

entrance configuration,
pressure level, and

local pressure gradients.
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DESCRIPTION OF CONDENSER PROGRAM

Flow Chart for the Rectangular Condenser Code

The flow chart for the rectangular condenser code is shown in
Figure A-1l.

After the input data is read in, the bundle geometry is calculated
based upon the tube diameter, the tube spacing, the fraction of tubes
in the gas cooler section, and the ratio of bundle height to bundle
width. Depending upon whether the vapor flow is desired to be vertical
or horizontal, indexes are then set up for either one or four sections,
respectively.

After an entrance loss is calculated, treated simply as a sudden
contraction loss into the first row of the bundle, the row-by-row
calculation is begun. Heat transfer and pressure drop subroutines
are called alternately until the end of the section has been reached.
Four sections at four different levels (see Figure 2) are analyzed for
horizontal flow condensers and one vertical section for a vertical flow
type. In the case of the horizontal flow condenser, the pressure drops
across the four sections are balanced by apportioning the flow to each
section in accordance with a loss coefficient calculated for each fol-
lowing an initial row-by-row analysis. The row-by-row analysis is then
repeated to confirm that the sectional pressure drops have been equalized.

After the pressure drops for the condenser section are satisfactorily
balanced, the performance of the gas cooler section is analyzed, again
on a row-by-row basis. Preliminary to performing this calculation,
however, a check is made to see that the vapor velocity entering the
gas cooler section does not exceed 150 ft/sec. If the velocity is
found to exceed this value, the geometry of the gas cooler section is
revised by increasing the width at the expense of the height in order
to avoid an excessive pressure drop. While this is an expedient built
into the code in order to avoid an unduly low performance of a condenser,
this factor of reasonable vapor velocity should be given careful con-
sideration in actual practice.

After the mixture passes through the gas cooler section and reaches
its exit, a test is made to see if an exit steam fraction value has been
specified. If this has not been specified, the calculation is concluded
and the results are given at this point. If an exit feed fraction is
desired, the tube bundle length is adjusted, and the entire calculation
is repeated until the specified exit fraction is attained.

In the heat transfer subroutine (HETTRN) as shown in Figure A-2,
the primary variables required are steam temperature, coolant tempera-
ture, steam flow rate, coolant flow rate, noncondensable flow rate, and
an index to define the flooding factor. Film and wall temperatures are
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estimated; and from these, inside and outside coefficients are calculated.
On the basis of the amount of noncondensables present, different cor-
relations are used for calculating the effect of noncondensables upon

the condensing coefficient.

After the overall heat transfer coefficient is obtained, a check
is made to see if the resulting film temperatures and wall temperatures
used for calculating fluid properties are in agreement with the original
estimates. If not, the entire procedure is repeated until satisfactory
convergence is obtained, and then the resulting overall heat transfer
coefficient is returned to the main program.

In the pressure drop subroutine (PRSDRP) shown in Figure A-3, the
information required is temperature, pressure, steam flow rate, non-
condensable flow rate, and condensate rain flow rate. Fluid properties
are calculated and a superficial Reynolds' number based upon steam plus
noncondensable flow rate is obtained. With this Reynolds' number and
the longitudinal and transverse spacing of the tubes, a table lookup
subroutine is called which contains the Grimison friction factor values
for staggered tube banks. With this friction factor and the two-phase
pressure drop correlation for either horizontal or vertical flow in the
tube banks, as the case might be, a pressure drop is calculated and re-
turned to the main program.

Flow Chart for the Circular Condenser Code

The flow chart for the circular condenser code is essentially
identical to that for the rectangular condenser code. The only signifi-
cant differences between the two codes lie in the calculations of the
bundle geometry and in the evaluation of the flooding factor for each
point within the bundle. Heat transfer and pressure drop subroutines
used are essentially same as those described for the rectangular bundle
code with some minor modifications to account for the differences in
geometry.

Condenser Code Output

Examples of the output page from the condenser code are shown in
Table A-1 for the rectangular condenser with horizontal flows. The
upper half of the first page is a listing of the input information to
the program. In addition, on the rectangular flow condenser, an identi-
fication line is printed to indicate whether the vapor flow is assumed
to be horizontal or vertical.

The results are summarized on the bottom half of this outputl page.
Included in this output and listed separately according to whether 1t
is for the condenser section, the cooler section, or the whole tube
bundle are the following items:
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TABLE A-1

RECTANGULAR CONDENSER INPUT DATA

(HORIZONTAL FLOW)

CASE IDENTIFICATION AND NOTES #*%%% REJECT TEST CASE CNDNSR IV - HORIZ. FLOW

GEOMETRY SPECIFICATION TUBING SPECIFICATION FLOW AND PROPERTIES SPECIFICATION
NO. 0OF TUBES 2134.00 QUTSIDE DIAMas INCHES 0.6250 STEAM FLOW, LBS/HR. 216B4.9
PCT, TUBES IN CCOLER 10.00 WALL THICKNESS, INCHES 0,0350 NON—CONDENSIBLE FLOW, LBS/HR. 50,0
BUNGLE HGT/WIDTH RATIO 1.C0 WALL COND. +BTU/HR/SQ.FT/DEG.F. 944000 COOLANT VELOCITY, FT/SEC. 6.0
LENGTH CF TUBES 8450 FOULING FACTOR 0.,000% STEAM TEMP.,» DEG. Fe. 85,2
S/0y CONCENSER 1.30 COOLANT TEMP,.y DEGa. Fe. €¢5.00
S/0y CCCLER 1.30 WY, FRAC. OF NACL IN COOLANT 0.0336
EXIT STEAM FRACTION, PCT. OF INPUT O
SUMMARY OF RESULTS
Uy LOG MEAN PRESSURE TEMP. STEAM VELOCITY NUMBER OF TUBES TUBE SPACING TUBE FRACTION
BTU/HK/SQ.FT. DELTA TEMP. DROP DROP FT/SEC HORTZ. VERTICAL RATIO,
/DEG. Fe DEG«Fe LBS/SQeINe DEG.Fs INLET QUTLET ROWS ROWS S/0D PERCENT
CONDENSER 434,69 14.87 0.,0623 3.651 253.64 57.35 40. 48 1.3 91.17
CCOLER 427.16 12.71 0.0270 1730 151.31 109.35 37. Se le3 8,83
GVERALL 434,02 14,68 0.1098 649 40. 48,
CCULER HEIGHT, FT. 035 COGCLER WIDTH, FT. 2.54
BUNDLE HEIGHT, FT. 2.87 BUNDLE WIDTH, FTs 2.76 BUNDLE LENGTH, FT. 8.900
EXIT STEAM, PERCENT CF INPUT 14,04 EXIT NON-CONDENSIBLES, PERCENT OF TOTAL EXIT FLOW 1e62
] t ' ’

81



REJECT TEST CASE

STSAT
0.84329151€ 02
0.83976627E 02
0483647617 02
0.83341801E 02
0.83058811E 02
0.82798138E 02
0.82559193E 02
0.82341305E 02
0.82143€S6t 02
0.81965511E 02
0.81805782E 02
0.81663456F 02
0.81537395E 02
0.81426723E 02
0.81267124E 02
0.81128124E 02
0.81007526E 02
0.80902851t 02
0.80811169E 02
0.80728863E 02
0.80651066E 02

CNDASR IV - HORIZ.

ROW BY RCW OUTPUT,

PMIX
0.58317126E
0.57662243E
0.57057367E
0.56500732E
0.55990543E
0.55524555¢E
0.55102C94E
0.54720025¢E
0.54376785E
04540703 74F
0.,53798752E
0.53559852E
053351 575E
0.53172455¢E
0452911559
0.52690001€E
0.52504467E
0.52351642E
0.52228208E
0.52130864E
0.5205634CE

oc
00
0ocC
00
00
00
00
00
00
00
00
00
0cC
00
Q0
00
ocC
00
0C
00
00

FLOW

WS
0.23455305E
0.22379273€
0.21324348E
0.20288125¢
Ce19269422F
0.18267040E
0.17279818E
0.16306643E
0415346447E
0.14398228E
0.13461046¢E
0.12534040¢
0.11616438E
0.10707569E
0.98068555E
0.8G171761E
0.80378109E
0.71682276E
0.63083593E
0.54580143F
0.4617578GE

03
03
03
03
03
03
03
03
03
03
03
03
03
032
02
02
02
02
02
02
02

CONDENSER SECTION J =

VEL
0.25364103E
0.25090817E
0.24149923E
0.23192669E
0.,22220198E
0.21233658E
0.20234244E
0.19223189E
0.18201749E
0.17171212€
0.16132873E
0415088044E
0.14038V46E
0.12984064E
0.11950719€E
0.109132408E
0.98735963E
0.88343AB9E
0.77967593E
0.67630128E
0.57354403E

1

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
02
02
02
Q2
02

RC
0.23004551€£-02
0.24107985E~-02
0.25297599E-02
0.26586248E-02
0.27987832E-02
0.29519098£-02
0.31200305E-02
0.23056175€~02
0.35117167E-02
0437421213E-02
0.40016120E~02
0e42962960E-02
0+446340948E-02
0.50254649€-02
0.54844985E-02
0.60283960E~-02
0.66835160E-02
0.74882273E-02
0.85002427t-u2
0.98115656E-02
0.

UN
0.46409473E
0.46399877F
0.46288435E
0.46369305E
0.46344783¢
0.46314295¢F
0.462T77124E
0.46232424E
0.46179220E
0.46116232E
0.46042327E
0.,45555453E
0.45853508E
0.,45733665E
0.45602028E
0.45442425F
0.45251248E
0.45008503E
0.44731425F
0.44396G03E
0.

03
03
03
03
03
02
03
03
02
03
03
03
03
c3
03
03
03
03
02
03

SHNF
0.22680965E
0.22702232E
0.22698093E
0.22673559¢
0.22634741E
0.22580424E
0.22509150F
0.22419225E
0.22308779E
0.22175637¢
0.22017272E
0.21830675E
0.21612233E
0.21357433E
0.2108%292E
0.20758973E
C.20375647E
0.19901811FE
0.19379853E
0.18775652F
0.

o228
04
04
04
04
04
04
04
04
04
04

04
04
04
04
04
04
04

SHI
0.12728077E
0.12715709E
0.12709260E
0.12703345E
0.12697834¢
0.12692712E
0.12687967E
0.12683576E
0.12679524E
0.12675788E
0.12672340¢
0.12669152E
0.12666187F
0.12663414E
0.12659590E
0.12656079E
0.12652745€
0.12649424E
0.12646164E
0.12642761E
0.

61



REJECT TEST CASE

CNDNSR

ROW BY RCW QUTPUT,

IV - HORIZ.

FLOW

CONDENSER_SECTION J =

STSAT
0.84329151¢k
0.83975880¢
0.83644711E
0.83335278E
0.83047970L
0.82781265E
0.82535229E
0.82308338¢L
0.82059%87E
0.81909511E
0.81736164E
0.81579136E
0.81437534E
0.81310406E
0.81196728E
0.81095341¢E
0.81005024¢E
0.80924343¢F
0.80851688E
0.B0785229E
0.80695095E

02
02
02
02
02
02
02
02
02
[oF;
02
02
02
02
02
02
02
02
02
02
02

PMIX
0.58317126E
0.57660694E
0.57051673E
0.56488237E
0.55970056E
0.55493473E
0.55057756E
0.54659513E
0454297097E
0.,53968834AF
0453673039E
0453408001E
0.53172004E
0452963324E
0452780230€
0.52620991€E
0.52483881E
0.52367183¢t
0.,52269188E
0.52188502E
0452076G34E

00
00
0cC
00
00
00
o]0}
ceC
00
00
00
00
00
0C
(o]9]
0oC
00
00
00
00
00

WS
0422989373E
0.21976422E
0.20983354E
0.20007950E
0.1904918SE
0.18106001E
0.17177398E
0.16262403E
0.15360125E
0.14469724E
0.13590407E
0.,12721445E
0.11862174E
G.11012010E
0.10170457E
0.9337117SE
0.85117205E
0.76941303¢E
0.68843844E
0.60827225E
0.52896223E

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
02
02
02
02
02
02

VEL
0.24860250E
0.24639717E
0.23765855E
0.22876956E
0.21973555€
0.21057381¢€
0.20129156E
0.19190519E
0.18242546E
0.17286327E
0416322970E
0.15353600E
0.14379353E
0.13401381E
0.12420856E
0.11438978F
0.10456992E
0.94762044E
0.84980196E
0.75239340¢
0.65612295E

2.

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
02
02
02
02

RC
0.23004601E-02
0424062392E-02
0.25198311E-02
0.26423504E-02
0.27749729E-02
0429191064E-02
0430764265E-02
0432489576E-02
0434391500€-02
0436500074E-02
0.28852500E~-02
0.41495379€-02
0+44487843E-02
0.47906000E-02
0.51849427E-02
0.56450871€-02
0.£1891138E-02
0.68422786E~-02
0.76409226E-02
0.86392449E-02
De

UN
0.43264979E
0.43252339E
0+443244925E
0.43229325E
0.43207781F
0+43179953E
0.43145034E
0.43102400E
0.43051107€E
0.42990081E
0.42918042E
0.42833447E
0.42734424E
0.42618646F
0.424B3234E
0.42324566E
0.42138071E
0+41617998F
0.41657165E
0.41346509E
0.

03
03
03
03
03
03
03
03
03
03
03
02
02
03
03
03
03
03
03
03

SHNF
0.16784228E
0.16782899E
0.16783697E
0.16771303E
0416749272E
0.16717203E
0.16673976E
0.16618840E
0.16550598E
0,16467939€
0.16369357E
0.16253100E
0.16117105E
0.15658917E
0415775597
0.15563638E
0.15318826E
0.15036216E
0.14710161E
0.14334718E
O.

SHI
0.12703573E
0412694576E
0.12688502E
0.12682869E
0.12677597E
0.,)2672658BE
0.12668045€
0.12663731E
0.12659700E
0.12655936E
0.12652417F
0.12649121E
0.12646021E
0.12643085F
0.12640283E
0.12637568F
0.12634894E
0.12632203E
0.12629425E
0.12626477E
0.

0§



REJECT TEST CASE

STSAT
0.84329151E
0.83975864E
0.83644543E
0.83334759¢
0.83046108E
0.82778110E
0.82530224¢E
0.82301830F
0.82052838¢E
0.81901783¢
VeB81728275E
0.81570789¢
0.81428455¢E
0.81300342E
0.81185428E
0.81082561E
0.80990452¢E
0.80907596E
0.80832172E
0.80762470E
0.80694523E

02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02

CNDNSR IV - HORIZ,

ROW BY ROwW OUTPUT,

PMT X
0.58317126E
0.57660785E
0.57051611E
0.56487694E
0.55967283E
0.55488608E
0.55049891E
0.54649346E
0.54286227E
0.53957445E
0.53661967E
0+53396850F
0.53160461E
0.52951162E
045276731 7€
0.52607290E
0.52469451E
0.52352178t
J452253858E
0.52173987E
0.52109867E

00
00
00
00
00
00
oo
00
00
00
00
06
[o1¢
00
00
oo
[o1¢
00
00
00
00

FLOW

WS
0.22319958E
0.21306777E
0.20313750E
0.19338415E
0.18379777E
0.17436822E
0.16508564E
0.15594061¢E
0.14692415E
0.13802750E
0.12924290E
0.12056296E
0.11198141E
0.10349284E
0.95092725E
0.86777693E
0.78545693E
0.70396283E
0.62330974E
0«54353672E
0.46470855E

03
03
03
03
03
03
03
03
03
03
03
03
03
03
02
02
02
02
02
02
02

CONDENSER SECTION J =

VEL
0.24136357E
N.23888532E
0.23007580E
0422111772E
0.21202589E
0.20281093E
Ue19348367E
0.18405525E
0.17453377¢€
0.16493457E
0.15526699E
0414554577E
0.13578217E
0.12598776E
0.11617430E
0.10635410E
0.96540063E
0.86746059E
0.76987264E
0.67279373E
0.57643185¢

3

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
a2
02
02
02
02

RC
0423004555E~02
0. 24095833E~-02
0.25270769E-02
0.26541920E-02
0427922406E~02
0.29427962E-02
0.31077520E-02
0432894046E-02
0.34905646E-07
0.37147150E-02
0.39662021E-02
0.42505356E-02
0.,45747792E~-02
0.49481500E-02
0.»3828570E-02
0.58956448E-02
0.65095171E-02
0.72576207€E-02
0.81890294E-02
0.93796320E-02
0.

UN
0.43264029E
0.43250058E
0.43241807E
0.43224328E
0.43200704E
0.43170378F
0.43132594E
0.42086465E
0.43030865E
0.42964697TE
0.42886387E
0.42794265E
0.42686085E
0.42559075E
0.42409748E
0.42233¢93E
0.42025310€E
0.41777520E
0.41481579E
0.,41127253E
0.

02
03
032
03
03
03
03
03
02
03
03
03
03
03
03
03
03
03
03
03

SHNF
0.16781522F
C.16779440F
0.16779047E
0.16763869E
0.16738800E
0.16703098F
0.16€655743E
0.16595598E
0.16521208E
0.16431309E
0.16324030E
0.16197542F
0.16049386E
0.15876652E
0.15675840F
0.15442743E
0.15172334E
0.14858752¢F
0414495545
0.14076453F
0.

SHI
0.12704222E
0.12654589E
0.12688478E
0.12682825E
0.12677517E
0.12672537E
0.12667875E
0.12663514E
0.12659446E
0.12655643F
0.12652083E
0.12648735€
0412645568E
0.12642552¢E
0.12639647E
0.12636807E
0.12633976E
0.12631089E
0.12628062E
0412624807E
0.

04
04
04
04
04
04
04
04
04
04
04
04
04
04
04

04
04
04
04



STSAT
0.84329151E
0.83976208E
0.836427T1GE
0.83330860E
0.83040226E
0.82770236E
0.82520664E
048229058&4E
0.82079433E
0.81886463E
0.81710880E
0-81551815E
0.81408329E
0.81275690E
0.81164661E
0.81062801F
0,8097T1477E
0.808888C5E
0.80812435E
0.80739216E
0.806643G4E

02
02
02
G2
02
02
02
02
02
02
n?
02
02
02
02
02
02
02
02
02

ROW BY RCW QUTPUT.

PMI X
0.58317126E
0.57661550E
0.57048552E
0.56481054E
0.55957311E
0e55475562E
0.55034035E
0454630658E
0.54264558E
0.53933067F
0+53634723E
0.53367775¢E
U.53130482E
0.52921651E
0.52739366E
0.52583252¢
0.52449886E
N.52337104F
0.52243195€
0.52166401F
0.52105013¢E

00
00
(]0]
o0
00
00
00
00
00
00
[o] ¢
0c
00
00
00
00
00
on
o]
oC
00

REJECT TEST CASE CNDNSR IV - HORIZ. FLOW

WS
G.21618482E
0.20605278E
0.19612266E
0.18637091¢
0.1767875GE
0.16736254F
0.15808597E
0.14894846E
0.13994111E
0.13105550€E
0.12228390E
0.11361924E
0.10505524E
0.96586601E
0.88208935E
n.76919720F
0.71715605E
0.63598732¢E
04555T71684E
0.47640506E
0.39814688E

03
03
02
23
03
03
03
03
03
03
03
03
03
02
02
02
02
02
02
02
02

CONDENSER SECTION J =

VEL
0.23377795E
0.,23102177E
0422214306E
0.21312410E
0420397584k
0.19470895E
0.18533441E
0.17586339E
0.16630723E
0.15667746E
0.1469B567TE
0.13724361E
0.12746323E
0.11765556E
0.10783370E
0.98008302E
0.88197008E
0.78415355€E
0.68680551E
0.59012191E
0.49432813E

4

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
02
02
02
02
02
02

RC
0.23004557E-02
0.24133008E-02
0.25351817€-02
0.26674799E-02
0.28116723E-02
0429695418E-02
0.31432485€-02
0.33354334E~02
0.35493578€-02
0.37890935E-02
0.40597872E-02
0.43680365E-02
0.4722432TE-02
0.51343662F-02
0.56192637£-02
0.61985155E-02
0.65026752E-02
0.77767872E~02
0.88901182E~-02
0.10354817E-01
0.

UN
0.432625930F
0.43248320E
0.43238598E
0.43219184E
0.43193239E
0443160138E
0.43119021E
0.43068883E
0.43008535E
042936547
0.42851178E
0.42750294E
0.42631223¢
0.42490559E
0.42324050E
0.4212607SE
0,41889882E
0.41606€41E
0.41265737E
0.40855987E
0.

03
03
03
03
03
03
03
03
03
032
03
03
03
02
03
03
02
03
03
03

SHNF
0.16781248E
0.16776832E
0.16774328E
0.16756340E
0.16727905E
0.16688182E
0.16636027E
0.16570150E
0.16489067E
0.16391062F
0.16274115E
0.16135832E
0.15973336E
0.15783076E
0,15560883E
0.15301446E
0.14999073F
0.14646838E
0.14237640E
0.,13766321F
0.

SHI
0.12704286E
0.12694585E
0.12688422E
0.12682720E
0.12677361E
0.12672330E
0.12667615E
0.12663200E
0.12659066E
0.12655194E
0.1265155bE
0,12648132E
0.12644882E
0.12641778E
0.12638773¢
0.12435827E
0.12632852E
0.12629766F
0e12626465E
0.12622830E
0.

04
04
04

o4
04
04
04

04
04
04
04
04
04
04
04
04
04
04

cs



STSATC
0.80398594E
0479970753E
0.76582325E
0.76233936E
0.78920086E
0.78668514E

REJECT TEST CASE

02
02
02
02
02
02

CNDNSR IV -

ROW BY ROW CUTPUT-

PMIXC
0.51612918E
0.50919111E
0.50301012¢&
0.49758624E
0.49281003E
0.48915105¢F

HORIZ.

00
00
00
00
00
00

FLOW

WSC
0.44471356E
0.41526720E
0.38696936E
0.35910417E
0.33227072E
0.30451458E

04
04
04
04
04
04

GAS COOLER SECTION

VELC
0.15130711¢€
0.14318135€
0.13504939¢€
0.12669507E
0.11838385E
0.10935236F

03
03
03
03
03
03

RCC
0.11118188E~01
0.11897193E-01
0.12756099E~01
0.13732334E-01
0.14824886E-01
0.

UNC
0.42994668E
0.42445130E
0,42988476E
0.42333805¢E
0.45175756E
0.

02
03
03
03
03

SHNFC
0.16525634E
0.157622€8E
0416545715E
0.15633335E
0.20336026E
O.

04
04
04

04

SHIC
0.12629368E
0.12617946E
0.12614239E
0.12604343F
0.12613959¢
O.

04
04
04
04
04

34
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Overall U, weighted on the basis of area, Btu/hr-rt2-OF

Log mean AT, a back calculated value from the total amount of
heat transferred and the condenser surface area, OF

Pressure drop, lb/in.2
Pressure drop expressed as equivalent temperature drop, °p
Vapor velocity at the inlet and outlet of each section, ft/sec

For the rectangular condenser, the number of tubes in a horizontal
row and the number of tubes in a vertical row.

Tube spacing to tube diameter ratio, S/D
Percent of tubes calculated to be in the gas cooler section
Bundle dimensions, ft (height, width, and length)

Cooler dimensions, ft (height, width) (length assumed to be same
as condenser section)

Exit steam percentage (as percent of input steam)
Exit composition (as percent noncondensables )

The output format for the circular condenser program is very similar,
the only difference being in the description of the geometry.

Outside bundle diameter, ft
Inside bundle diameter, ft
Number of radial rows of tubes

In addition to the summarized values, an option is available for
presenting the following information on a row-by-row basis:

STSAT saturation temperature for row i, °p
PMIX - system pressure at row i, psi

UneC - overall heat transfer cocefficient for row 1, Btu/ftz—hr-OF

WS - weight flow of steam at row i, 1b/hr
VEL - vapor velocity at row i, ft/sec
SHI - inside heat transfer coefficient, Btu/hr-ftz-OF

SHNF - condensing heat transfer coefficient including effect of
flooding and of noncondensables, Btu/hr-ft2-oF

RC - weight fraction of noncondensables at row 1, dimensionless
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APPENDIX B

INPUT DATA SETUP

Data Setup

Figure B-1 illustrates the order in which the program accepts the
input data for each case. Data cases, each consisting of the four in-
put cards as shown, may be stacked and the program will compute the
cases successively. The input variable names and required unit dimension
can be identified from the nomenclature dictionary given in Appendix C.
The necessity and result of inputting these variables are discussed
fully in Section 4.2.

Card No. 2 of Figure B-l1 is an option control card and operates
as follows:

If HFCDFL = 1.0 (Columns 1-5), the code will compute the case as
a "full"condenser (shown in Figure 2a). If HFCDFL = 0.0, the "half"
condenser case will be camputed as shown in Figure 2b.

If $UTPUT = 1.0 (Columns 6-10), the program will provide all the
output shown in Table A-1 of Appendix A. If GUTPUT = 0.0, only
the first page of Table A-1 will produce.

If VERT = 1.0 (Columns 11-15), the program will compute the case
assuming vertical steam flow through the condenser, whereas setting
VERT = 0.0 results in a horizontal steam flow path being assumed.

In the circular condenser model, only the ¢UTPUT option is available
and the 1.0 or 0.0 must be entered in Columns 1-5 on Card 2.
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INPUT DATA SETUP (ONE CASE)
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APPENDIX C

NOMENCLATURE USED IN CONDENSER PROGRAMS

Nomenclature - Condenser Main

ADTCIR - Average Z&Tm in the gas cooler section, °F

ADTCND - Average LXTm in the condenser section, °p

ADTOA - Average [me for the entire bundle, °F
AT - Inside heat transfer surface per tube, ft2

AIMAX -~ Tube length at which steam flow reaches zero or negative
value, ft

AIMTD - Log mean temperature difference for tube i in the condenser
section, Op

ATMTDC - AIMTD in the gas cooler section, °F
ALST ~ Tube length, ft
AMOLS - Steam flow within the condenser section, moles per hr

AMLSCC - Flow rate of noncondensables in the gas cooler section,
moles/hr

AMLSSC - Flow rate of steam in the gas cooler section, moles/hr
AMOLNC - Entering noncondensable flow, moles/hr

AMOLSC - Noncondensable flow rate within the condenser section,
moles/hr

AMOLSS - Entering steam flow, moles/hr
AMOLST - Total molal flow entering, moles/hr

ANF - Number of tubes in a vertical row for calculating the
flooding factor

ANT - Total number of tubes in the condenser bundle
AC - Outside heat transfer surface per tube, ft2
AXT - Cross sectional area of tube, ft2

AXO - Area open to flow in the condenser section, moles/ft2



AXOC

BHOBW

CBI

CPB

DELP

DELPC

DELPCT

DELPVE

DELTP

DELTPC

EXITFR

FOUL

GB

HBND

HFG

HNO

HNOC

HTCIR

oD

PCTCLR

PMIX

PMIXC

PMXEXT

62
Area open to flow in the gas cooler section, £t2
Ratio of bundle height to bundle width
Loss coefficient, dimensionless
Salt concentration in coolant, lb/lb
Heat capacity of coolant, Btu/lb
Pressure drop per row in condenser section, psi
Pressure drop per row in gas cdoler section, psi

Pressure drop due to contraction into the gas cooler
section, psi

Average pressure drop through the condenser section, psi

Pressure drop due to two-phase flow in the condenser
section, psi

Pressure drop due to two-phase flow in the gas cooler
section, psi

Fraction of entering steam remaining uncondensed at the
exit from the gas cooler section

Tube resistance factor

Mass flow rate of coolant, lbs/hr-ft2

Bundle height, ft

Latent heat of vapcrization, Btu/lb

Number of tubes in a horizontal row in condenser section

Number of tubes in a horizontal row in the gas cooler
section

Height of gas cooler section, ft

Tube outside diameter, inches

Percent of tubes assigned to the gas cooler section
System pressure in condenser section, psia

System pressure in the gas cooler section, psia

Average system pressure at the exit from the condenser
section, psia
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PSAT - Saturation pressure of water vapor, psia

PSATC - Saturation pressure in the gas cooler section, psia

QCND - Heat removed through condensation of steam, Btu/hr

QG - Sensible heat extracted in cooling the gas stream, Btu/hr
QGC - QG in the gas cooler section, Btu/hr

oM - Heat removed above row i to form condensate rain, Btu/hr
QMC - Heat removed above row i in the gas cooler section to

form condensate rain, Btu/hr

QT - Total of QG and QCND, Btu/hr

QTC - Q T in the gas cooler section, Btu/hr

RC - Weight fraction of noncondensables in the condenser
section

RCC - Weight fraction of noncondensables in the gas cooler
section

SDD - S/D, the tube spacing to tube diameter ratio in the

condenser section
SDDMIN - S/D in the gas cooler section
SDI ~ Inside diameter, ft
SDO - Qutside diameter, ft
SHPINV - Resistance factor for the fouling

SHG - Heat transfer coefficient for noncondensables only in
the vapor stream, Btu/hr-oF-ft2

SHGC - S HG in the gas cooler section
2

SHI - Inside heat transfer coefficient, Btu/hr-’t -°F

SHML - Average condensing coefficient for tubes above row i,
Btu/hr-rt2-°F

SHN - Condensing coefficient for row i, Btu/hr-ft2-CF
SHWINV - Resistance factor for tube wall

SKW - Thermal conductivity of tubing wall, Btu/hr-ft2-CF/ft



6l

STBI - Temperature of coolant entering condenser, oF

STSAT - Saturation temperature in the condenser section, °p

STSATC - STSAT in the gas cooler section

STSAEX - Saturation temperature at exit of condenser section, °p

STSAT1 - Saturation temperature of vapor entering the condenser, Op

SVNC - Specific volume of noncondensables, ft3/lb

TNO - Number of tubes in the condenser section

TNOC - Number of tubes in the gas cooler section

TSAT - Saturation temperature, °rR

TSATC - Saturation temperature in the gas cooler section, °R

TSATEX - Saturation temperature at end of condenser section, °r

UAVGW - Average overall heat transfer coefficient for the bundle,
Btu/hr-£t2-°F

UBARW - Overall heat transfer coefficient averaged by area in the

condenser section, Btu/hr-fte-oF
UBARWC - UBARW in the gas cooler section

UM - Average overall heat transfer coefficient for tubes above
row i in the condenser section, Btu/hr-ft2-OF

MC - UM in the gas cooler section

UN - Overall heat transfer coefficient for row i in the condenser
section, Btu/hr-rto-°F

UNC - UN in the gas cooler section

VEL - Gas velocity in the condenser section, ft/sec
VELBI - Coolant velocity inside the tube, ft/sec

VELC - Velocity in the gas cooler section, ft/sec
VELEXT - Velocity at exit of condenser section, ft/sec
VERT - Flag for vertical flow in condenser

VG - Specific volume of steanm, ft3/lb
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VMIX - Specific volume of vapor in noncondensable mixture,

££3/1p

VNO - Number of tubes in a vertical row in the condenser
section

VINOC - VNO in the gas cooler section

WB - Weight flow of coolant per tube, lb/hr

WBI - Total weight flow of coolant, lb/hr

WBND - Bundle width, ft

WCND - Amount of steam condensed on tube i in the condenser
section, lb/hr

WCNDC - WCND in the gas cooler section

WL - Weight flow of condensate rain, 1lb/hr

WLC - WL in the gas cooler section

WNC - Weight flow of noncondensables, lb/hr

WNCC - WNC in the gas cooler section

WNCI - Weight flow of noncondensables entering the condenser,
1b/hr

WP - Adjusted flow of steam and gas in the condenser section,
1b/hr

WS - Weight flow of steam, lb/hr

WSC - WS in the gas cooler section, 1lb/hr

WSEXIT - Weight flow of steam entering gas cooler section, lb/hr
wST - Weight flow of steam entering the condenser, lb/hr

WSP - Adjusted steam flow in the condenser section, lb/hr

XW - Wall thickness of tubing, in.

Nomenclature for Subroutine HETTRN

DELST =~ Temperature drop from steam side to coolant side, OF

DTFIIM - Temperature drop across the outside film, °p

RIN - Inside resistance



RMA

ROUT

RTOT

SHCGM

SHEM

SHML

SHNF

STBAVE

STFI

STFO

STWI

STWO

TB2

XNC

XNF

66

Mole fraction of noncondensables
Mole fraction of steam

Outside resistance

Total resistance to heat transfer

Condensiné coefficient including effect of noncondensables,
Btu/hr-ft=-°F

2.0

Mean condensing coefficient for i rows, Btu/hr-ft F

Mean condensing coefficient for the tubes above row i,
Btu/hr-£t=-°F

2_0F

Condensing coefficient for row i, Btu/hr—ft
Average coolant temperature, Op

Inside film temperature, OF

Outside film temperature, °p

Inside wall temperature, °p

Outside wall temperature, Op

Exit temperature of coolant, oF

Correction term to condensing coefficient for effect of
noncondensables

Correction term to the condensing coefficient for effect
of flooding

Nomenclature for Subroutine PRSDRP

ALVF

ALVEFD

ANRE

DELPFS

DELPTP

GSTAR

Ligquid volume fraction factor for two-phase horizontal
flow correlation

Liquid volume fraction factor for two-phase downflow
correlation

Reynolds number, dimensionless
Frictional pressure drop assuming gas flow, psi
Two-phase pressure drop, psi

Mass flow rate based on total flow of vapor and liquid,
1b/hr-ft?



SF

TPOG
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-~ Friction factor
- Two-phase pressure drop factor

-~ Viscosity of noncondensables, lb/ft—sec
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APPENDIX D

RECTANGULAR CONDENSER CODE
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$IBFTC COND DECK CONDGOOG
C CNDNSR = HORiZe OR VERT. FLOW CONDOOOS
C CONDENSER MAIN CONDQUI1U
C*¥* THIS DECK CALLS FOR HETTRN WiTH Q GAS CORRELATIGN CONDOO 5
C#%* THIS DLCK CALLS FOR PRSDRP WITH EXTENDED TABLE CONDOOD20
C*% DECK NGo 2 INPUT MUST INCLUDE SDD CONDGTO25
C¥*  INPUT MUST INCLUDE AMWNC 11/12/65 CONDOO30
C*x QUTPUT CPTION REVISED 1u/25/66 CONDOO35
UIMENSION iDENT(|3)9DELP(4)9WP(4)9WGA5(4)9AMOL5(lDU,4)9AMLSSC(|UD)CONDUD4D
DIMENSION PMIX (1U0s4)s PSAT (130s4)s TSAT (130s4), CONDDO45

I STSAT (10U0s4) » VEL (10G0s4)s WS (100s 4) » ALMTD (100s4), CONDOO5O0

2 WL{I0Os4)s WCND (100 4)s UN (130s &) CONDOO55

3 SHI (1UUs 4)s SHN (10Cs 4) Cla)y RC (100s 4) CONDOGAKO

4 DELPTP ¢1JdUus 4) CONDGO65
DIMENSION VELC (10U} PMIXC (100)s PSATC (100)s TSATC (10G)s CONDGO7O

I STSATC (luld)s WSC ([dJ)s ANFC (100)s ALMTDC (400) s CONDOO75

2 WLC (iU WOCNDC (1uud)s  UNC (100)s WSP (100)s DELTPC (100)s CONDOOBO
3S5HIC (1u0)ys  SHNFC (Jul)y RCC ({Ud) CONDOOB8S
DIMENSION ANFIP(IGU) CONDOO9U
DIMENSION COORI(3) CONDUGO95
DIMENSION ANFI (4)s ANF2Z (4)s ANF3 (4) CONDO{ 0O
COMMON  SDO s S5TBI s Al s AO s AW » SHWINV CONDO1 05
COMMON  FOUL » CBI » SDI s AXI » WB s HFG CONDG 1D
COMMON  SDD s STB2ES s GB » VG » AMWNC » STFO CONDO1I 15
COMMON  TB2 » STBAVE » VNO s J s XNC s SF CONDO 120
COMMON  COOR s JRC s VERT CONDGI25

U0 READ (598LUU)IDENT CONDO 138
8UJD FORMAT(13A6) CONDO I35
READ (5,8Ju5) HFCDFLs OUTPUT, VERT CONDG 140

8005 FORMAT(4F5.2) CONDD 145
READ(55801U) ANTs PRCCLRs BHOBW» ALST, SDDy CONDO 5D

! SDDMIN» 0D, XWs SKWs FOUL» CONDO 155

2 WSl WNCIs VEL3Is STSATIs STBI, CONDO 160

3 CBIs EXITFR CONDO 165

8010 FORMAT(8EID.5) CONDO 170
WRITE(68015) CONDD 175

8015 FORMAT(IH! 48Xy 32HRECTANGULAR CONDENSER INPUT DATA ) CONDO} 80
IF(VERT) 105s 110, 105 CONDO 185

105 WRITE(6,8020) CONDD 19U
8020 FORMAT([HUs56Xs I5H{VERTICAL FLOW) ) CONDD 95
GO TO 15 CONDO20uU

110 WRITE(658025) CONDO205
8L25 FORMAT(IHU»55Xs | 7H(HORIZONTAL FLOW) ) CONDO210
115 WRITE(658030) [DENT CONDOZ215
8L30U FORMAT(|HUs 35HCASE IDENTIFICATION AND NOTES #%#% , |3A6 ) CONDD220
WRITE(6+8035) CONDG225

8035 FORMAT (IHU» Z22HGEOMETRY SPECLFICATION ,9Xs 20HTUBING SPECIFICATIONCONDO230
I 925Xy 33HFLOW AND PROPERTIES SPECIFICATION ) CONDO235
WRITE(6,8040) ANTs ODs WSI» PRCCLRs XWs WNCIs BHOBWs SKWs VELBIs CONDO240

I ALST» FOULs STSATI, SDD»s STBIls SDDMIN, CBI, EXITFR CONDO245

8040 FORMAT(1HOs 14H NOs OF TUBES,9XsF8e2s4Xs 21HOUTSIDE DIAMes INCHESCONDO250
I913Xs> F6elisySXy I9HSTEAM FLOW»s LBS/HRes 13Xs F841/1X22H PCTe TUBESCONDOZ55
2 IN COOLER 53Xy FOe2s4Xs 22HWALL THICKNESSs INCHES »12XsFbe&4s5Xs 2CONDO260
39HNON-CCONDENSIBLE FLOWs LBS/HRe 35Xs F6el/iX24H BUNDLE HGT/WIDTH CONDO265
4RATLIO » 3Xs Fhe294Xs 32HWALL CONDesBTU/HR/SQeFT/DEGeF. sFB8e4s CONDO270
55Xy 25HCOOLANT VELOCITYs FT/SECe slIXs Fa4el/IXI7H LENGTH OF TUBESCONDO275
6 +8Xs F6e294Xy I4HFOULING FACTOR »20Xs F6e435Xs 20HSTEAM TEMP., DECONDO280
7Ge Feo 915Xy FS5.1/1X16H S/Ds CONDENSER s11Xs F&e2s 49Xs 22HCOOLANTCONDO285
8 TEMPes DEGe Fo 313Xy F6e2/1XI3H S/Ds COOLER 5 14XsFbe2s45Xs34HWT «CONDO290



C
120
125
130
C

135

T2

?ngﬁs.ng.NéELI&QU%OOEAQE-Z ) »3Xs Fbes /8iXs 35HEXIT STEAM FRACEg“Bg%gS
AMWNC # 280965 CONDO305
ILNG # U CONDO3 10
ALMIN # Oe0 CONDO3 15
1FSTRY # U CONDGB320
SG#324 174 CONDO325
JRC # 0 CONDO330
VLCMAX#15040 CONDB335
SDCO#0D/ 1260 CONDO34U
SDO#SD0 CONDG345
SDI#(0D-240%XW) /1240 COND(B350
TSATI#STSATI+459 466 CONDO355
PSAT I #PSATEN(TSAT () COUNDO360
AMOLSS#WSI/ 184016 CONDO365
AMOLNCHWNCI /AMWNC CONDO370
AMOL ST#AMOLSS+AMOLNC CONDLB375
PMLIX I #PSAT | #(AMOLST/AMOLSS) CONDO380
VOI#VGFN(TSAT] »PMIXI) CONDU385
PI#3e1417416 CONDO39U
AXT#(PI*SDI*%2) /44U CONDO395
SDW# (SDO-SDI1)/ALOG(SDO/SDI CONDD4UO
HFGH#HFGFN(STSATI) CONDO405
CPB#CPFN(CBL1sSTBI) CONDO4 14
SVYNCI#10e729%TSAT I/ (AMWNC *PMIX| ) CONDO4 15
SVMIX! # 140/ (AMOLSS / (AMOLST * VvGIl) + AMOLNC/ CONDO420

I (SVNCI * AMOLST)) CONDO425
WBI # 36UUe.J* ANT * AXI * ROEFN ( CBI» STBI) * VELBI CONDO430
WBH#WBI/ANT CONDO435
GB#WB/ (36U LU*AXT) CONDD440
STB2ESH(WSI¥HFG) / ( WBI*CPB)+STBI CONDO445

C INITIAL ESTIMATE OF GEOMETRY ( FOR SQUARE BUNDLE) CONDO450

CONDENSER SECTION CONDG455
TNO#ANT#* (] e U-PRCCLR/ 1UUe1U) CONDO4 60
IF(HFCDFL) 12091255120 CONDO465
IHNO # SQRT(0.866 * TNO/ BHOBW } * Js5 + Je5 CONDO470
HNO # FLOAT(IHNO ) % 24U CONDO475
GO TO 130 CONDO48U
IHNO # 3QRT(0.866 * TNO/ BHOBW ) + 0e5 COND(O485
HNO # FLOAT(IHNO) CONDD490
LVNO # TNO/HNO + Ue5 CONDO495
VNO # FLOAT({1IVNO) CONDO500
TNO # HNO*VNO CONDOS505
HBND # 0e866 * SDD * SDO * VNO + SDO CONDOS5 18
WBND # SDD * SDO # HNO + SDO CONDO5 15
COOLER SECTION CONDO520
TNOC#ANT-TNO CONDO525
HTCLR#2+0%¥HBND/3 0 CONDO530
IVNOC # (HTCLR=SDO)/ (SDDMIN¥SDO*{«866) CONDO535
VNOC#FLOAT(IVNOC) CONDO54U
ITHNOC#TNOC/VNOC CONDO545
HNOC#F LOAT ( 1HNOC) CONDO550
TNOC # VNOC®*HNOC CONDO555
FCTCLR#VNCC*HNOC/ANT*1UU.0 CONDOS560
IF (VERT ) 140, 135, 140 CONDO565
JK # 4 CONDO570
IK # IHNO CONDO575
GO TO 145 CONDO580
JK # | CONDD585

|40



155

160

cccccc

C

CCcccc
165

170

175
180
185
190
195

240

1K # 1VNO
ANFIP(CL)Y # 1.0
ANF2P#O.
ANF3P#16.0

GO TO 165

ANFIL (1) # VNO
ANF2 (1) # VNO
ANF3 (1) # VNO
ANF 1 (2) # VNO
ANF2 (2) # VNO
ANF3 (2) # VNO
ANF 1 (3) # VNO
ANF2 (3) # VNO
ANF3 (3) # VNO
ANF 1 (4) # VNO
ANF2 {(4) # VNO
ANF3 (4) # VNO

INITLALIZATION

CONTINUE

ALSI| # ALST
ATH#PI*SDI*ALST
AO#PI*SDO*ALST
AOC # AQ
AWHPI#*SDW*ALST

Kok ok ok ok ok ok Xk K K ok ok

UJel25
0.0625
Lell
UJe25
Uel875
Uel25
Ge375
Oe3125
0.25
LUebSU
Ue4375
Ue375

SAWINVE (AD*¥XW) /(1 2 O*SKW*AW)

SHDINV#FOUL
DO 175 1I#1,450
DO 170 J#is4

PMIX (1sJ)#U0e0
PSAT (I,J)#0.0
STSAT (IsJ)#0.0

VEL (IyJ)#0a0
UN (I,0)#0.0
WCND  (1sJ)#040
WS (1sJ)#0a0
ALMTD (1sJ)#0.0
SHI (LsJ)#UWD
SHN (1sJ)#0sU
RC (IsyJ)#UW0

PMIXC (1) #040
PSATC (1)#040
STSATC(I)Y#0e0
VELC (I)#U.0

UNC (1)#0.0
WCNDC (1) #0.0
WSC (I)#0.0

ALMTLC (L) #0.0
SHIC (I)Y#Ued
SHNFC (I)#ueu
RCC (Iy#lbed

LFSTRY#IFSTRY+ |
IF (VERT ) 205,

19Uy 205

LF(HFCDFL) 19592009195

AENTHZ « UXALST* (SDD~1e0)*SDO* VNO

AREAl # HBND*ALST

GOTO210

AENTHALST*(SDD~-1+0)*SDO*

¥ 24U

VNO
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CONDOS59U
CONDO595
CONDO60U
CONDO605
CONDO6 I L
CONDOb6 15
CONDO62G
CCONDO625
CONDO630
CONDC635
CONDO64D
CONDO645
CONDO650
CONDO655
CONDO66U
CONDD665
CONDO67C
CONDD675
CONDO68D
CONDOD685
COND0690
CONDO695
CONDO700
CONDD705
CONDO710
CONDO715
CONDO720
CONDO725
CONDO730
CONDG735
CONDO740
CONDO745
CONDO750
CONDU755
CONDO760
CONDO765
CONDO770
CONDO775
CONDG 780
CONDD785
CONDO79U
CONDO795
CONDO8UU
CONDO8G5S
CONDC8 0
CONDO81i5
COND(O824
CONDOB25
CONDO830
CONDOB835
CONDUB40
CONDOB845
CONDG85U
CONDOB855
CONDO86D
CONDOB865
CONDO87uU
CONDO875
CONDO880O



C
C

cccecec

C
C

215

225

230
235

240

245
250

255

260
265

270
275

280
285

s

AREAI # HBND*ALST
GO TO 210 A

AENT# ALST* (SDD—1{+0)#SDO* HNO

AREAIl # WBND * ALST
AXDH#ALST*(SDD~140)%*SD0
G2#288.0%SG*SVMIXI

VEL I#((WSI+WNCL) *SVMIX i)/ (3600.0%AREA])
AXO#AXOD

IF(AENT-AREAL) 220, 220, 215
ARATIO#AREA L /AENT
DELPI2#( 1 «0-ARATIO)*VEL | %%*2/G2
VEL2#ARATIO*VEL |

GO TO 235

ARATIOXAENT/AREA|

VEL2#VELI/ARATIO

IFCARATIO-UWT715) 2259 225, 230
DELPI2H0e4*(1425-ARATIO) #VEL2¥%2/G2

GO TO 235

DELPIZ # De75%(1U~ARATIO)*VEL2%%2/G2
DELP23#(VEL2¥*%#2—-VEL | *%2)/G2

LF (VERT ) 240, 245, 240

A ¥ |0

GO TO 250

A ¥ lalb

DO 255 JU¥1sJK

WGAS(JI# (WNCI/AENT)* (SDD~140) #SDO*ALST
WSCHs JIH#IWSTI/AENT ) *(SDD=1 o0 ) *SDO*ALST
WS s J)HAXWS( 1)

A#A-Ue |G

WSAVEH#WGAS (| ) +(WSI/AENT)#(SDD~|40) ¥SDO*ALST
FCR THE FIRST PASS THROUGH THE CONDENSER » (J#1)

SET UP FOR CALCULATION THRU CONDENSER USE DOUBLE SUBSCRIPTS,

1---TUBE ROWS, | TO 1K

J~--PASS NO , | TO JK

IPLOOP#0O

DO4 1 5J#1 s JK

PMIX{isJ) # PMIX| - DELPI2 - DELP23
FSAT (1o J)APMIX(1J)*(AMOLSS/AMOLST)
PAL#PSAT(1sJ)

TSAT(I s J)#TSATEN(PAL)

STSAT (L eJ)I#TSAT(19J)—459469
TAL#TSAT (s J)

VGH#VGFEN(TALSPMIX(19J))
VNCH(IDe7T29%TSAT(19J))/ (AMWNC *(PMiIX({sJ)))
VMIX#1 U/ ( (AMOLSS/ (VG*AMOLST ) ) +{ AMOLNC/ (VNC*AMOLST ) } )
VEL(1 s J)#CIWST+WNCL) *¥VMIX) /(36U0«0*¥AENT)
QG#C .0

QGP#040

DO4IUIL#IyIK

TRIL

LQ#0

IF(WNCL) 27us 270y 275

WGAS(J) # U.u

WNC # WGAS(J)

STSAT(i+1sJ)#STSAT(IJ)

iF  VERT ) 28Us 300s 28U

IF (¢ MOD( Is2) ) 290 285y 290

ANFIPC I + 1) # ANFIP(I) + teU

LR
CONDOB95
CONDO900
CONDO905
CONDD9 10
CONDO9 15
CONDOB920
CONDO925
CONDO930
CONDO935
CONDO940
CONDO945
CONDO950
CONDO955
CONDO960
CONDO965
CONDB970
CONDO975
CONDO98O
CONDQ985
CONDD990
CONDO995
COND 1000
COND 1005
CONDIO1IO
COND D145
COND 020
CONDI1025
COND 1030
COND 035

(I,JICONDIQ4AO

COND 1045
COND I 050
CONDI055
COND 1060
CONDI065
CONDIO70Q
CONDID75
COND {080
COND 1085
CONDiB90
COND1095
COND 100
CONDIO5
CONDI 110
CONDI LIS
CONDI 120
CONDI I 25
COND 1130
COND1 135
COND | 140
CONDI 45
COND 1150
CONDI 155
CONDI1 160
COND I 165
CONDI 170
CONDI 175
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ANF I (J) # ANFIP (I COND I 180

GO TO 295 COND 1185

290 ANFIP(I+1) # ANFIP (I ) COND1 190
ANF 1 (J) # ANFIP (1) COND 1195

295 ANF2P # ANFIP(1) - leU COND1200
ANF2 (J) # ANFZ2P COND 1205
ANF3 (J) # ANF3P CONDI210

3UB STAVOH(STSAT(I+| sJ)+STSAT(IsJ))1%*5e5 CONDI215
CALL HETTRN({STAVG ’ WS(I9J)sWNCHUM sUN(TIsJ) COND1220
TALMTD(19J)sASSsQGsGTsQCND9SHI(I9J) s SHML s SHN (15J) 9 SHG s CONDI225

< SHCGM 2 ALSTRC(I5J)»SHCGN yLQsSTSAT(1sJ) s STSAT(I+1sJ) COND 1230

3 ANFL (J)s ANF2 (J)s ANF3 (J) ) COND 1235
IF({ASS)545,305,545 COND 1240

3U5 QM #UM *AD* ANF2(J) *ALMTD(IsJ) COND 1245
HFG#HFGFN(STSAT(1isJ)) COND 1250
ANL(I»J)#QM /HFG COND 1255
WCND (19 J)HUNCT »J)*AO*ALMTD(] »J) /HFG COND 1260
AMOLS(isJI#WS(I9J) /184015 COND 1265
AMOL SCHWNC/AMWNC COND 1270

L # &4 CONDI275
CALL PRSDRP(TSAT(I9J)sPSAT(I9J)sPMIX(LsJ) sWS(IsJ) sWLIIsJ)sWNCyAXOsCONDI280
IAMOLS(19J) » AMOLSCsNERRsDELPTP{19J) s WCND(15J)sTPOG s ALV sL)CONDI 285

JX ¥ 0 COND (290
IF(NERR)55553109555 COND 1295

310 WS(I+1sJ)I#WSIIsJ)=WCIND(IsJ) COND 1304
IF(WS{I+15J)131593459345 COND1305

315 IF (EXITFR) 330, 320, 32U CONDI310
320 ALMAX # ALST CONDI315
ALST # ALST * Ue9 %% ( |e0 /(FLOAT(ILNG)+ 1«0 ) ) COND 320

IF (ALST - ALMIN ) 325, 325, 165 COND 1325

325 ALST # ALMIN + (ALMAX = ALMIN) * (.| COND 133U
GO TO 165 COND 1335

330 STSAT(1+1»J)#STFO COND 340
TSATMNAESTSAT(I+15J)+459469 COND 1345
PMIN#PSATFN(TSATMN) COND 1350
WCND (L o J)H#WSLT 9 J) ¥ (PSAT(19sJ)=PMIN)/PSAT(1J) COND1355
WSTI+1 s J)H#WS(T»J)~WCND(1sJ) COND 1360
WOH(WS( Ly J)¥CPSFN(TSAT(I19J) )/ 184 US+WNCHCPAFN(TSAT(I9J))/AMWNC )% CONDI365
TOTSAT(LsJ)~TSATMN) CONDI370
QT#QG+WCND (1 J) *HFG COND 1375
IF(STSAT(1,J)-TB2) 335, 335, 344 COND 1380

335 TB2 # STSAT(IsJ) - Ol COND 1385
340 ALMTD(IL»JI#((STSAT(I+19J)=STBI)=(STSAT(19J)-TBE2))/ALOG((STSAT(1+1»COND390
1J)=STBI)/(STSAT(isJ)-TB2)) COND 395
UN(L»J)#QT/ (AO*ALMTD(I,J)) COND 1400
AMOLS(1+15 ) #WS(I+15J) /184015 COND 1405
PMIXCL+1 s JYHPMIX(I9J)=DELPTP(1,J) COND 1410
PSATUI+ s JYHPMIX(I+] s J)*AMOLS(I+15J) /7 (AMOLS I+ sJ)+AMOLSC) COND 1415
TSATUI+1sJ)#TSATMN COND 1420

GO TO 405 COND 1425

345 AMOLS(UI+1sJ)#WS(1+1,4,J)/7184015 COND 1430
PMIXCI+1sJY#PMIX(T»J)-DELPTP(I,J) COND 1435
PSAT (L1419 JI#PMIX(I+]sJ)*AMOLS(I+1J)/(AMOLS (14| sJ)+AMCLSC) COND 1440
PAL#PSAT(I+1s) COND |1 445
TSATCi+1,J)®TSATEN(PAL) COND 1450
STSAT(I+1sJ)#TSAT(1+15J)-45969 COND 1455
TAL#TSAT(i+19J) COND 1460

WCNDPH#(UN (19 J ) *AUXALMTD (L 9J)—(WSL1 9 J)*¥CPSFN(TSAT(I+15J))/184105 CONDI465
I+WNCHCPAFN(TSAT(I+15J)) /AMWNC ) ¥ (TSAT(1J)~TSAT(I+[sJ) ) )/HFG COND 1470



350

355
8045

360

365 QGH(WS(IsJ)*CPSFN(TSAT(I»J)) /186 IT5+WNC¥CPAFNITSAT(LsJ) ) /AMWNC )%

C3g00

370
375
380

385
390

z95

440
8050

405

410

415

420
425

430
435

440

76

1ELABS{WCNDP/WCND (I 9J)=1e0)-eU05)36553505350
IX#IX+]

IF(JX-50)36iUs36Uy355
WRITE (6s8L45)IDENT sl sJslsd

COND t47
COND 148

COND 1 485
COND 149U

FORMAT (IH 15 13A6/ I1HOs5X s 2HI# 125X s2HJ#s 11/ 1HDs 24HNO CONVERGENCE FOCOND 1495

IR WCND(I2yIHsI1siH))
GO TO 745

WCND (T sJ)#WCNDP
GOTO0310

FTATSAT(I»J)=TSAT(I+15J))
WCND (I »J)#WCNDP
QT#QG+WCND (19 J)*HFG

WRITE OUTPUT TAPE 65 3000s Is Jsy RC(IsJ3}»QGs QTs QGPsUN(IsJ)
FORMAT (2155 5E£1648)
IF{RCisJ)~UeD40UI4U5»405537U
IF(ABS(QGP/QG ~{e0)~Us 10 140593755375
IF(L@)380538Us385

GGP#QG

LQ#LQ+ |

GOTO 300

IF(LQ- 5)39U»39U»395
QGPH#QGP-0«5#(QGP~QG)

GG#QGP

LQ#LQ+1

GOTO 340
QGP#QGP-0. 1 ¥ (QGP~-QG)

QG#QGP

LQ#LQ+ 1

IF(LQ=-10)303+400,400

WRITE (658050)IDENTelsJstyJ

COND t500
COND 505
CONDIS1D
CONDISI15
COND 1520
COND 1525
COND 1530
CONDI535
COND 1540
COND 1545
COND 1550
COND 1555
COND 1560
CONDI1565
COND 1570
COND 575
COND 1580
COND 1585
COND 590
COND 1595
COND 1 630
COND 1605
COND16IU
CONDI1615
COND 1620
COND 1625

FORMAT(IHI s 13A6/ 1HO»5Xs2HI#512s5Xs2HJ# 11/ 1HDy22HNO CONVERGENCE FOCONDI 630

IR QG(I2sIHsIlsIH))

VGHVGEN(TSATUI+15J) sPMIX{I+15J))

QGP#QG

VNCH(10e729%TSAT(I+135J) )/ (AMWNC % (PMIX(I+15J)))
VMIX#1 o0/ ( LAMOLS (I+15J) /(VG* (AMOLS (I+1,J)+AMOLSC) ) )+ (AMOLSC/
| (VNC*(AMOLS (I+15J)+AMOLSCI) )
VEL(L+13J)#(WSLI+]sJ)+WNC)/AXO¥VMIX/ 36000

CONTINUE

G#288.00%SG*SYMIX |

VEL (19 J)#SVMIX ¥ (WS (1 sJ)+WGAS(J) )/ (3600.0%AXO0)
COJIVHIPMIX (1 9D)=PMIX{IHNO+ 1 9J) ) %G I /VEL (| 9J) #%2
CONTINUE

PMXEXT#040

DO425J#1 s JK

DELP (JI#PMIX(15J)=PMIX( IK +1,J)

PMXEXTH#PMXEXT+PMIX( IK +]3J)

PMXEXT#PMXEXT/ FLOAT (JK)

DELPVE#PMIX( s 1)—PMXEXT

WPT#U.O

IF (VERT) 470, 430, 470

DO 435 J#1yJK

IF (ABS(DELP(J) / DELPVE = 140) = Oe01) 4355 435, 440
CONTINUE

GO TO 470

DO44SI#] 4t

WP (J)#(DELPVE*GI/C(J))*%0.5 *3600.0% AXO /SVMIX |
WSP(J)H#WP (J)*WST/ (WNCI+WSI)

COND 1635
COND I 640
COND I 645
COND I 650
COND 1655
COND 1 66U
COND 1665
COND 167U
COND 1675
COND 1680
COND 1685
COND 1690
COND 1695
COND 1700
COND 1705
COND!t 710
COND! 715
COND 1720
COND1725
COND 1730
COND 735
COND I 740
COND | 745
COND 1750
COND 1755
COND 1760
COND 765



445

450

460

455
8C55

470

475

480

485

490
495

520
525

7T

WGOAS({JI#WP (J)-WSP(J)

WPT#WPT+WP (J)
IF(ABSIWPT/ (46 U¥WSAVE)~1,U)=UeUTU5) 4555455y 450
DELPVL # (WSAVE * 4.u / WPT ) * DELPVE
WPT#U.0

GOTO440

IPLOGP#IPLOOP + |

DO 460 J#ls4

WS(19J)#WSP(J)

IF(IPLOGP-10) 260s 26Us465

WRITE (658055)IDENT

FORMAT(IH 11 3A694UHNO CONVERGENCE IN CONDe DELTA P (IPLOOP)
GOTO745

AVERAGE CONDITION AFTER CONDENSER SECTION AND BEFORE COOLER
SECTiONe

PMXEXT#PMIX(1y1)—-DELPVE

WSUME#(Ce0

WSUMX#040

DO 475 J#lyJK

WSUMX#WSUMX + WS( 1K +1sJ)

WSUME#WSUME + WS(1sJ)

WSEXLT#WSUMX/WSUME*WSI

WSFR # WSEXIT / WSl

TNOFR # TNOC / (TNOC + TNO) #1000

AMLSEX#WSEXIT/ 184015

PSATEX#PMXEXT* AMLSEX / (AMLSEX + AMOLNC)

WNCCHWNCI

TSATEX#TSATFN(PSATEX)

STSAEX#TSATEX=459469

VELEXT#U.0

DO4B8UJIH I »IK

VELEXTHVELEXT+VEL( 1K + s J)

VELEXTHVELEXT/FLOAT (JK)

CALCULATION THROUGH COOLER

AXOCH# SDU*HNOCX¥ALST * (SDDMIN -~ 1ed)

SVGEXTH#VGFN{TSATEX9PMXEXT)

SVNCEX# 10 729%TSATEX/ { AMWNC* (PMXEXT))

AMLT # AMLSEX + AMOLNC

SVMXEX # leU / (AMLSEX / (AMLT % SVGEXT) + AMOLNC /
{(AMLT #* SVNCEX ))

VELCOI I #(WSEXIT+HWNCC I *¥SVMXEX/ (AXOC*¥3600.01)

PF(VELC(1)=VLCMAX)50U»5009495

AXOCH (WSEXIT+WNCC) ¥SVMXEX/(VLCMAX%3600,0)

HNOCH#AXGC/ ( SDU*ALST * (SDDMIN = 1.0 )

VNOC#TNGC/HNOC

IVNOC # VNOC + Ul

VELC{ 1) #VLCMAX

G2#288.U*SG*SYMXEX

IF(VELCUI)=VELEXT)5U595uU5s51U

A2DAI#VELCU1 ) /VELEXT

DELPCT#( (] «0—-A2DAT)*VELEXT%%2) /G2

GOT0525

A2DATAVELEXT/VELC( 1)

IF(A2DAI-0.715)5209520,5515

CELPCTH#(UeT5%( 1o G=A2DAII*VELC( 1} %¥%2)/G2

GUT0525

DELPCTH(Deb*(1e25—A2DALI*¥VELC(I)¥%2)/G2

PMIXC(1)#PMXEXT=DELPCT ~(VELC{ 11 ¥%¥2 ~VELEXT*%¥2)/G2

PSATC( 1 )#PMIXC( ) *AMLSEX/ (AMLSEX+AMOLNC)

CONDI 770
COND1775
COND 1780
COND 1785
COND 790
COND 1795
COND 180U
COND 1805
CONDI8I10
CONDI8I5
CONDI820
COND 1825
COND 1830
COND 835
COND 840
COND 1845
COND 1850
COND 1855
CONDI860
COND 865
COND 1870
COND 1875
COND 1880
COND 1885
COND 1890
COND 895
COND 1900
COND1905
CONDI1910
CONDIS 15
COND 1920
COND 1925
COND 930
COND 1935
COND 1940
COND 1945
COND 1950
COND 1955
COND 1960
CONDi965
COND 1970
COND 1975
COND 1980
COND 1985
COND 1690
COND 1995
COND2000
COND2UO5
COND2010
COND20 15
COND2020
COND2025
COND2030
COND2035
COND2040
COND2045
COND2050
COND2055
COND2060



530

235
540

245
8U6U

550

78

PAL#PSATCL )
TSATCTII#TSATEN(PAL )

STSATCILI#RTSATC( 1) =459,69
WSC L) #WSEXLT
TAL#TSATC( 1)

VOHVGFN(TAL sPMIXC (1))
AMLSSCUIIAWSCLI) /184015
AML SCCHAMOLNC
VNCHIUST29%TSATC( 1)/ (AMWNC % (PMIXC(1)))

VMIX# | oL/ C LAMLSSC 1)/ (VGH* (AMLSSC( 1) +AMLSCCY })
[+ (AMLSCC/ (VNCH* (AMLSSC( | }+AMLSCC) ) ) )

VELCOI I A (WSC [ )+WNCC) *VMIX/ (AXOC*3600.0)
ANFCUT)#(VNOC+140) /240

QGCHULU

WGPC#D.0

DC65U KKK#1 s 1VNOC

I # KKK

J oK 4

LGC#D

STSATCII+1)#STSATC(I)

IF (MOD(I»2) ) 535, 530, 535

ANFC (I+1) # ANFC (i) = |eu

GO TO 540

ANFC (L+1) # ANFC (1)

STAVGH(STSATCUI+1) + STSATC(I))*U.5

ANFCZ # ANFC (i) - leu
CALL HETTRNI(STAVG s

WSC 1) swWNCC s UMC

sUNC(I),

FALMTOC(TL) 5 ASS 9 QOCsGTCsQCNLC» SHIC (1) s SHMLC s SHNFC (1) 5»SHGC s
2SHCGM sALST SRCC(1) 3 SHCGCN sLGCySTSATCHI N 9 STSATCLI+])

3 ANFC (1) ANFC2 s ANFCZ }
IF(ASS) 545,550, 545
WRITE (658u6U)1DENT

COND2UJ6
CONDZU78

COND2075
COND2080
COND2085
COND2089U
COND2095
CONDZ2 103
COND2105
COND2118
COND21 15
COND2 120
COND2125
COND2130
COND2135
COND2 140
COND2145
COND2 15U
COND2155
COND2 160
COND2165
COND217C
COND2175
COND2 180
COND2185
COND219d
COND2195
COND2200
COND22035
COND2210
COND2215
COND222ii

FCRMATCIHT» 1 3A6/48HUNO CONVERGENCE FOR Tb2 IN HEAT TRANSFER ROUTINCCND2225

1E)

CO TO 745

uMC AUMC *¥ALKANFC2 ¥ALMTDC(I)
HFEG#HFGFN(STSATC(1))

WLC (1) #GMC *#HNOC/HFG

WCNDC (L) #UNCT ) ¥AU*HNOC*ALMTDC (1) /HFG
LJ # 5

CALL PRSDRP(TSATL(l)’PSATQ(I)9PMIXC(1))WSC(1),WLC(I”WNCC:AXOC!
TAMLSSC L) s AMLSCCoNERRSDELTPC (1} 9 WCNLBC (1) s TPOGC

CELTPC (1) # 2ed * DELTPC (1)
JY # 0

LFINERR)555,5605555

VRITE (698U65)IDENT

yALVC sLJ)

FORMAT (IH 15 13A6942HERROR IN INTPL2 WHICH 1S CALLEL

CO TO 745

WSC LI+ 1) HWSCLT)~WCNDC (1)
IF(WSCHI+]))5659595,595
iF (EXITFR) 58us 58us 57U
ALMAX ¥ OALST

ALST # ALST #0498 #% ( [oU /(FLOAT (ILNG)}+ [0

1F (ALST - ALMIN ) 575, 575, 165
ALST # ALMIN + (ALMAX — ALMIN) % Ul
GO TOU 165

STSATC(i+1) # STFO
TSATMN#STSATC(I+1)+4459.69
PMIN#PSATFN(TSATMN)

)

)

Y PRSDRP.)

COND2230
COND2235
COND2240
COND2245
COND2250
COND2255
COND2264
COND2265
COND2270
COND2275
CONDZ2280
CONC 2285
COND2290
COND2295
COND2300
COND2305
COND23 14
COND2315
COND2320
COND2325
COND233u
COND2335
COND234L
COND2345
COND2350
COND2355



590 ALMTDCII)#((STSATCUHI+I)-STBII=(STSATC(I}-TB2))}/ALOG(

595

605
610
8L70

615

Cc30ul
620
625
630

8075

635

640

645
650

9

WCNDC (L) #WSCITI) ¥ (PSATCII)-PMIN)/PSATC(I)
WSCUI+)#WSCIII-WCNDCH(I)

UGCH(WSC(II*CPSFNITSATCLL))/ 18401 5+WNCCHCPAFN(TSATC(I) ) /AMWNC) #

1{TSATC(I)-TSATMN)

QTCH#QGC+WCNDC( 1) *HFG
IF(STSATC(I)-TB2) 58
585 TB2 # STSATC(I) - (.

5

1STBI)/(STSATC(1)-TB2}))

UNC(I)#QTC/ {AO*HNOC*ALMTDC( 1))

585, 590

AMLSSC(I+1)#WSC(I+1)/18.015

PMIXCUI+)#PMIXC(I)}-DELTPC(I)
PSATCUI+] ) #(PMIXCOI+ 1) *AMLSSCUII+|) )/ (AMLSSCUI41)+AMLSCC)
TSATC(I+1)#TSATMN

GO TO

635

AMLSSCII+1)1#WSC(I+1)1/i8.015

PMIXC(1I+1)#PMIXC(I)=-DELTPC(I)
PSATCULI+1I#(PMIXCUL+ ) #*AMLSSCUI+] 1))/ CAMLSSC{1+])+AMLSCC)
PAL#PSATC(I+1)
TSATC{LI+1)#TSATFN(PAL)
STSATC(UI+1)#TSATC(I+1)-459.69
TAL#TSATC(I+1)

WCNDP# (UNC{ 1) *#AU*HNOC*ALMTDC (I ~{WSC(1]
I +WNCC*CPAFN(TSATCLLI+1)) /AMWNC

IF(JY-

WRITE

(6,80

FORMAT ( {HUs

GO TO

QGCH{AMLSSC(I)*CPSFN(TSATC(I ) }+AMLSCC*CPAFN(TSATC(I}) ) *(TSATC(I)~

745

ITSATC(I+1))
WCNDC (1) #WCNDP
QTCH#QGC+WCNDC (1) *¥HFG

TU)1

610

(STSATC(I+1)-

COND2360
COND2365
COND2370
CCND2375
CONDZ238U
COND2385
COND2390
COND2395
COND2400
COND2405
COND2410
COND2415
COND2420
COND2425
COND2430
COND2435
COND2440
COND2445
COND2450
COND2452
COND2460
COND2465

P RCPSEN(TSATC(I+1)1/184105COND2470
J¥(TSATCHII-TSATC(I+1)))/HFG
600 IF(ABS(WCNDP/WCNDC(I)=10)-,0051615»605+6305
WCNDC (I Y #WCNDP
JY # JY + |
50) 560y 5609

25HNC CONVZRGENCE FOR WCNDC(»

WRITE OUTPUT TAPE 6>
FORMAT (15, 5E16.8)
IF(RCCH

30Ul I

QGPCH#(QGPC + QGC)I*U.5
LQCHLQCH]
IF(LGC-50)54U9630963U
(6s8UT75)IDENT, I

WRITE

FORMAT(IH} s 13A6/1HU,5Xs2HI#512/1HU»25HNO CONVERGENCE FOR QGC(I))

GO TO

VGH#VGFN(TSATCI+1)sPMIXCCI+]))

745

QGPC#QGC
VNCH#1Oe729%TSATC{I+1 )/ (AMWNC #(PMIXC{1+1)))

VMIX#|eO/ CLAMLSSCUI+ 1)/ (VG* (AMLSSCU 1+ )+AMLSCC) )} + (AMLSCC/ (VNC*

(AMLSSC(I+1)+AMLSCC) )
VELCCOI+)#(WSCUI+1)+WNCC)®¥VMIX/ (AXOC *¥3600.0)

IF(MOD(1,2))640+6455640

ANFC I+ )Y#ANFC(IL)
GOTO0650
ANFCUI+ | )#ANFC({1)=1eU
CONTINUE
DELPC#HPMIXC(1)~PMIXC{IVNOC+1})
CLCHDELPC#488,0%SG*SVMXEX/VELC{ ] )*¥2

XTFRI

# WSC

(IVNOC +

1)

1}-Ue04u)63596355620
IF(ABSIGGPC/QGC—1eU)-Ue lU)63596255625

/ WSI

RCC(I)»

QGCy

129 2H}e )

QTCs

QGPCo

UNC(I)

COND2475
COND2480
COND2485
COND249U
COND2495
COND258C
COND2505
COND25 1
COND2515
COND2520
COND2525
COND2530U
COND2535
COND2540
COND2545
COND2550
COND2555
COND256U
COND2565
COND2570
COND2575
COND2580
COND2585
COND2590
COND2595
COND2600
COND2605
COND26 10
COND2615
COND262U
COND2625
COND2630
COND2635
COND264L
COND2645
COND2650



655
660
665
8480

670
€75

680

685

690
695

7ul

7u5

710

715

720
725

80

(=%
PE (RBATSRERT2D e 0392R%°2 .25 « EXITFR) 720, 720s 660
IF ( ILNG = 5) 67Us 67U»s 665
WRITE (648080)
FORMAT (I|HU 44H NO CONVERGENCE FOR EXITFR AFTER 5 TRIES
GO TG 720
IF (XTFRI — EXITFR ) 675» 675, 700

ALMAX # ALST

IF { ILNG - 2) 68Us 6855 685

ALST # ALST *(( leu + XTFRI) / ( o0 + EXITFR ) )
GO TO 695

ALST # ALST + (ALSI - ALS2) / (XTFRI = XTFR2)

t ¥ (EXITFR - XTFRI )

iF (ALST - ALMIN ) 690y 690, 695
ALST # ALMIN +(ALMAX - ALMIN ) * OJ.|
ALS2 ¥ ALSI

XTFR2 # XTFRI

ILNG # ILNG + |

GO TO 165

ALMIN # ALST

IF (ILNG ~ 2) 705, 710, 710

ALST # ALST *(( 1eU + XTFRI) / ( |e0 + EXITFR ) )
GO 70 695

ALST # ALST + (ALSI - ALS2) /7 (XTFR1 — XTFR2)

I % (EXITFR - XTFRI )

iF (ALMAX - ALST) 715s 715, 695

ALST # ALMAX - (ALMAX - ALMIN) * 0.

GO TO 695

CONTINUE

ARCOND#AD* (ANT-TNOC)

WONDTH#WST-WSC( 1)

QTCOND#WCNDT*HFGFN(STSATC (1))

T+ C(WST+HWSC 1)) %0« S*¥CPSFN(TSATC(1)) /184015
2+AMOLNCH#CPAFN(TSATCU1 ) ) ) * (STSAT( 11 )-STSATC( 1))
STB2CD#QTCOND/ (WB¥* (ANT-TNOC) *CPFN(CBI»STBI)) + STBI
DTCONDH#((STSATC( 1 )—-STBI)~(STSAT(|s1)—-STB2CD) )/
FALOG((STSATC( 1)=STBI)/(STSAT(1,1)=STB2CD))
UCOND#QTCOND/ { ARCOND*DTCOND)

ARCOOL#AO*TNOC

WCNDCTH#WSC( 1 )=WSC(IVNOC+1i)
QTCOOL#WCNDCT*HFGFN(STSATC(]))

I+ (WSCUT ) +WSCIIVNOCH] ) ) *Ue5*%CPSFNITSATC(1)) /184015
2+AMOLNCHCPAFN(TSATC{ ) Y ) ¥ (STSATC( i) -STSATC{IVNOC+1})
STB2CLA#QTCOOL/ (WB* (TNOC)I*CPFNI(CBI»STBI)) + STBI
DTCOOL#((STSATCIIVNOCH ) ~-STBI)=(STSATC(})=STB2CL})/

i ALOG((STSATC(IVNOC+1)~STBI)/(STSATC(1)~-STB2CL) )
UCOOL#QTCOOL/ (ARCOOL*DTCOOL)
STB2T#(QTCOND+QTCOOL )/ (WBI*CPFN(CBI»STRI)) + STHI
DELTOTH#((STSATCUIVNOC+])=STBI)~(STSAT(11)-STB2T))/
IALOGU(STSATCIIVNOCH | )-STBI)/(STSAT(|s1)-5TB2T))
UAVG#(QTCOND + QTCOOL )/ (AU*ANT*DELTOT)

DTCND2# (STB2CD- STBI) / ALOG(( STSAT(Isi)— STBI) /
ISAT(1s 1) - STB2CD))

UPCOND # QTCOND / (ARCOND * DTCND2)

UTCOL2# (STB2CL- STBl) / ALOG(( STSATC(I) - STBI1) /
ISATC(} ) = STB2CL))

UPCOOL # QTCOOL / (ARCOOL * DTCCLZ )

DLTOT2# (STB2T— STBI1) / ALOGU(STSAT(ls1) - STBI) /
ITCls 1) - STB2T))

¢oNBsees

COND2665
COND2670
)} COND2675
CONDz680
COND2685
COND2690
COND2695
COND2700
COND2705
CONDZ2710
COND2715
COND2720
COND2725
COND2730
COND2735
COND2740
COND2745
COND2750
COND2755
COND2760
COND2765
COND2770
COND2775
COND278U
COND2785
COND2790
COND2795
CONDZ280G0
COND2805
COND281i0
COND2815
COND2820
COND2825
COND2830
COND2835
COND2840
COND2845
COND2850
COND2855
COND2860
COND2865
COND2870
COND2875
COND2880
COND2885
COND2890
COND2895
COND2900
COND2905
( STCOND2910
COND2915
COND2920
(STCONDZ2925
COND2930
CONDZ2935
(STSACOND2940
COND2945



C

C

81

UPAVG # (QTCOND + QTCOOL) / (ADC * ANT * DLTOT2)
UBARW # (.0
UBARWC # 0.0
HNO2 # FLOAT(IHNO)
DO 735 J#1,JK
CO 730 1#1,1K
730 UBARW # UBARW + UN(I,J)
735 CONTINUE
UBARW # UBARW/ ( FLOAT(JK) * FLOAT(IK) )
DO 740 1#1,I1VNOC
740 UBARWC # UBARWC + UNCI(I)
UBARWC # UBARWC/VNOC
UAVGW #(UBARW*TNO + UBARWC*TNOC)/{(TNO + TNOC)
ADTCLR # QTCOOL/ (UBARWC*ARCOQL )
ADTCND # QTCOND/ (UBARW*AQ*TNO)
ADTOA # (QTCOOL+QTCOND) /7 (UAVGW* ( TNO+TNOC) *A0)
TOROP| # STSAT(lsi) = STSAEX
TOROP2 # STSATC(I) -~ STSATC(IVNOC+I)

TOROP3 # STSATI ~ STSATC(IVNOC+])
THOFR # TNO/(TNG + TNOC) *|00.U
DELPOA # PMIX| = PMIXCLIVNOC+!)

HBNDC # 0.866%VNOC*SDD*SDO + SDO

WBNDC # HNOC#SDD*SDO + SDO

EXSTFR # WSCCIVNOC+1)/WSI * [UU.O

EXNCFR# WNCI/Z(WNCI+WSC(IVNOC+1)) #0040
REGULAR OQUTPUT PKG

WRITL(6,8085)

COND2950
COND2955
COND296U
COND2965
COND2970
COND2975
COND2980
COND2985
COND2990
COND2995
COND3000
COND3005
COND301D
COND30 15
COND3020
COND3025
COND3030
COND3035
COND3040
COND3045
COND3050
COND3055
COND3060
COND3065
COND3070
COND3075
COND3080

8085 FORMAT(IHK»52Xy |8HSUMMARY OF RESULTS /IHOs 16Xy 2HUs8Xs 8HLOG MEANCOND3085
I 94Xy T9HPRESSURE TEMP o STEAM VELOCITY NUMBER OF TUBES TUBE COND309U

2SPACING TUBE FRACTIGN /i2Xs B88HBTU/HR/SQ.FT. DELTA TEMP» DROP COND3095
3 DROP FT/7SEC HORIZ. VERTICAL RATI10s/14Xs99H/DEGCOND3 100
be Fa DEGeFe LBS/SQeINe DEGeFe INLET OUTLET ROWS RCOND3105
50WS s/D PERCENT ) COND3 1110
WRITE(6+809U) UBARWs ADTCNDs DELPVEs TDROPts VEL(Isi}s VEL{IHNO+|sCOND3}I5
I1)» HNOs VNOs SDDs THOFRs UBARWCs ADTCLRs DELPCy TDROP2s VELC(1)s COND320
2VELCUIVNOC+1)s HNOCs VNOCs SDDMINs TNOFRs UAVGWs ADTCAs DELPOAs COND3125
3TDROP35s HNO, VNO COND3130

8090 FORMAT(IHOs | |HCONDENSER » FBa2s6XsF6e29TX9FTet33X9F64352XsF6425COND335
12XsF6e293X9F6e093XsF6e0r8XsF3el98XsF6e2/1Xs 6HCOOLER »5XsFB84296XsCOND3 140

2F6e29TXoFTe433X9F60392X9F6a292X9sF60293XsF6e093X0F6e098X 3F3eis8Xs
3F6e2/1Xs  THOVERALL s4XsF8e296XsF6e29 7Y% sFTets3XsF6e2s19XsF6els3Xs
4F640 )
WRITE(6s 8U95) HBNLCC» WBNDC
8U95 FORMAT(IHOs J18HCOOLER HEIGHT> FTe sF6e295Xs | THCOOLER WIDTHs FTe »
1F662)
WRITE(6s 81UU) HBNDy WBND»s» ALSTsy EXSTFRs EXNCFR
81U0 FORMAT(1HOs IBHBUNCLE HEIGHT s FTe sF6e295Xs | THBUNDLE WIDTHs FTe »

COND3145
COND3150
COND3155
COND3 160
COND3165
COND3170
COND3175
COND3180

IF6e29s5Xy [8HBUNDLE LENGTHs FT. sF743/1H0s 28HEXIT STEAM», PERCENT OCOND3185
2F INPUT 35XsF6e259X» 49HEXIT NON-CONDENSIBLESs PERCENT OF TOTAL EXCOND3190

31T FLOW 35Xy Fée2 )
IF(OUTPUT) 745, 100, 745
FULL OUTPUT PKG
745 IVNOCHIVNOCH+]
LHNO# (K +|
DO 750 J # 1»s UK
WRITE (648105)IDENT
81UJ5 FORMAT(IHI,I3A8)
WRITE (6, 8110 ) J

COND3195
COND3200
COND3205
COND321tU
COND3215
COND3220
COND3225
COND3230
COND3235

8110 FORMAT(IHO 2UX &4IH ROW BY ROW OUTPUT, CONDENSER SECTION J # , I12)COND3240



82

w5%¥g(é?é?%5?)(STSAT(I,J),PMIXbloJ),WS(I,J)oVEL(I,J),RC(I,J), ESNB%%%B
FUN(T2J)sSHN (I9J)sSHI(IsJ)s 1#1,s1HNO) COND3255

750 CONTINUE COND3260
WRITE (6981u5)IDENT COND3265
WRITE (65 8115 ) COND3270

8115 FORMAT (IHU 20X 39H ROw BY ROW QUTPUTs GAS CCOLER SECTION ) COND3275
WRITE (658120) COND3280
WRITE (698130) (STSATC(L)sPMIXC(I) oWSCCL)sVELC(I)sRCCIL)»UNCII) COND3285
ISHNFC{I)sSHIC(I) s I#1 s 1VNOC) COND329U
IVNOC#IVNOC~1I COND3295
IHNO# IK -1 COND3300

8120 FORMAT (IHO»5X s 6HSTSATCs I0XsS5HPMIXCs | I X»3HWSCs 1 3Xs4HVELCs [ 2X93HRCCHCOND3305
1 13X»3HUNC s I 3X95HSHNFC s 1 1 X94HSHIC ) COND3310
8125 FORMAT(IHUs5Xs5HSTSAT s | IXs4HPMIXs | 2X92HWSs 146Xs3HVEL s 13X 2HRC» 14Xy COND3315
J 2HUN» 16Xy 4HSHNF 9 | 2X s 3HSHI ) COND3320
8130 FORMAT(IH s8E16e8) COND3325
GOTOIGO COND3330U

END COND3335
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$IBFTC HTTR DECK HTTROOOO
C SUBROUTINE HETTRN SANS-0 UPDATE 9/21/66 HTTROOO5
C*% THIS HETTRN USES QGAS CORRELATION HTTROO!O
SUBROUTINE HETTRN(STSATS WS s WNCs VML yVNF s ALMTDsASS»QGHYQT»QCNDs  ITTROOIS

I SHI 9 SHML 9 SHNF » SHG s SHCGMs ALST sRC 9 SHCGN s LQs STSAT | s STSAT2, HTTROO20

2 AAls AAZ2s AA3) HTTRQO25
DIMENSION COOR (3) HTTROO30
COMMON  SDC » STBI s Al » AO s AW SHWINV HTTROO035
COMMON  FOUL y CBI s SDI s AXI y WB HFG HTTROO40
COMMON  SDD » STBE2ES » GB s VG sy AMWNC STFO HTTROO45
COMMON  TB2 s STBAVE » VNO s J s XNC SF HTTRCO50
COMMON  COOR sy JRC s VERT HTTROO55

C COMMON SDOs»STBIsAI sAO»AWs SHWINVIFOULsCBI1sSDIsAXIsWBsHFG»SDDsSTB2ESHTTROU60
C 19GE»VGs AMWNC,STFOsTB2s STBAVE» VNOs Js XNC HTTR3O065
C COMMON SFs COORs JRC » VERT HTTROO70
C DIMENS1ON CGOR (3) HTTROO75
RCHWNC/ (WSHWNC) HTTROO8O

ASS#U HTTROO85
TSATHSTSAT+459,69 HTTROO9O

ANF # AA| HTTROO95

ANF2 # AA2 HTTRO {00

ANF3 # AA3 HTTRO105

BNFM # 1640 HTTRO 110
IF(TB2}) 100, 100, 105 HTTRO1 15

100 STBAVE#( STBI+STB2ES) / 2.0 HTTRO120
TB2 # STB2ES HTTRO125

cccec HTTRO 130
C CALCe BRINE PROPERTIES AT STBAVEs»{(CBIsMUWsTWsCBI) HTTRO 135
C .8 0.33 Oela HTTRO 140
C Shl#UeU27*( K )(SDI*GB) (CP*BMU) (oMU(AVG T) ) HTTRO 145
C (SDI)¢ BMU ) (K } (BMU(WALL T)) HTTRO 50
CCCC HTTRO155
1J5 BB#GBE*3600.0 HTTRO160
STBAVE # (STBIl + TB2)*0.5 HTTRO165
STWIH#(STBAVE+STSAT) /2.0 HTTRO170

STWOH (STBAVE+ STSAT) /2.0 HTTRO 175
STFI#(STBAVE+STWI) /2.0 HTTRO180
STFO#(STSAT+STWO) /724U HTTRO 185

K # 0O HTTRO190

KK # O HTTRO 95

80Ul FORMAT(IHUs 8H IDIV # » 14 ) HTTRO200
CALL DVCHK (KUJJUFX) HTTRO205

GO TO(I1Ust}5)sKULUFX HTTRO210

110 1DIV # 8051 HTTROZ215
WRITE (6,8LuUU)IDIV HTTRO220

115 CONTINUE HTTRO225
120 SHI#«U27*SKBFN(CBIsSTBAVE)/SDI*(SDI*BB/BMUFN(CBI y$STBAVE) ) *¥0, HTTRO230
18% (CPFN(CBIsSTBAVE ) *BMUFN(CBLySTBAVE)/SKBFN(CBI1sSTBAVE) ) #%,333% (BMHTTRO235
2UFN(CB1sSTBAVE) /BMUFN(CBLySTWI ) ) #3414 HTTRO240
RIN#AO/(SHI*AL) HTTRO245

cCccc HTTRO250
C CALCULATE STEAM PROPERTIES (KsRQOEsHFGsMU) AT TFO HTTRO255
ccccce HTTRO26G
AMOLSS#WS/ 18015 HTTROZ65
AMOLNCHWNC /AMWNC HTTR0270
RMS#AMOLSS/ { AMOLSS+AMOLNC) HTTRO275

RMA #AMOLNC/ (AMOLNC+AMOLSS) HTTRO280
IF(RC-0.040)130s130y5125 HTTROZ285

125 XNC # 1.0

HTTRO290



130
135
140

145
150

165
170

175

180

185
190

195
CCCcc
C
C
C
C
cCCcC

210
215

220
225

8L

GO
XNC;?.528.343IE2*RC+U.I2268E4*RC**2—U-I4923£5*RC**3

IF(ANF~140) 140,140,145
XNF#1 4310
BNF# 1.0
BNF2 # 10
GOTO195

IF (ANF — 1640) 1509 {50y 155
BNF # ANF
BNF2 # ANF2

IF(BNF2) 152s 152» 153
BNF2 # 1.0
BNF3 # ANF3
GO TO 190
BNF # 16.0

IF (BNF2 - 1640 ) l6uds 160y 165
BNF2 # ANF2
BNF3 # ANF3
GO TO 190
BNF2 # 16eU

LF (BNF3 - 1640 ) 17Uy 17ds 175
BNF3 # ANF3
GO TC 190
BNF3 # 1640
CALL DVCHK (KBOUFX)

GO TO(i80,185)sKOGOFX
1DIV # 8053
WRITE (6,8000)IDIV
CONTLINUE
ANF#H 1 «2379476+e3536U826E~1#BNF—o|5703466E-2%¥BNF*%2
XNF2 #1e2379476+e35360826E—I%*BNF2 —415703466E-2%BNF2 #%2
XNF3 #12379476+e35360826E—1%BNF3 —oI57T03466E-2%BNF3 *%2
XNFMIN#1e2379476+435360826E~|%BNFM ~o |5703466E-2%BNFM *%2
AKEXNFE#XNC

KSTFO#0
CALCe AVGe HEAT TRF COEFF AT BRINE CONCe#0
3 2 8 Ue25
SHM#Oe 725%( K *#ROE ¥HVAP¥4,17%{0 ) L)
{ BMUXSDO¥DELTA T*BNF )

IF ( RC - 0.040) 200, 200y, 205
XNC2 # (I0UeO%¥RMA + uUeb) %% (—1|e50 /(ABS(STSAT-STWO) ) *¥%0e{7)
XNC# AMINI(XNCy XNC2)
A # XNC * XNF
A % XNC * XNF
SHMK#0 e 725% (SKBFN{UsSTFO) **#3*¥ROEFN(D«lsSTFO) %% 2¥HFGFN(STFCO) *
141697504043/ (BMUFN(DOsSTFO)*¥SDO*ABS(STSAT-STWO) ) ) XX G25
SHM # SHMK # XNC * XNF / BNF %% 04,25
SHML# SHMK * XNC ¥ XNF2/ BNF2%¥* 0.25
SHMIN # SHMK % XNC % XNFMIN / BNFM *%¥0,25
CALL DVCHK (KOGOuFX)
GO TO(210,215)sKLUCFX
I1DIV # 8055
WRITE (6,8U00)IDIV

CONTINUE

IF (VERT) 220y 255, 220

LF (ANF = 140) 225y 225, 230
SHNF # SHM

H11RB338

HTTRO305
HTTRO310
HTTRO315
HTTRO316
HTTRO320
HTTRO325
HTTRG330
HTTRO335
HTTRD338
HTTRO339
HTTRO340
HTTRO345
HTTRO350
HTTRO355
HTTRO360
HTTRO365
HTTRO370
HTTRO375
HTTRO380
HTTRO385
HTTRO394
HTTRO395
HTTRO400
HTTRO405
HTTRO4 10
HTTRO415
HTTRO420
HTTRO425
HTTRO430
HTTRO435
HTTRO440
HTTRO445
HTTRO45U
HTTRO455
HTTRO460
HTTRO465
HTTRO470
HTTRO475
HTTRG48G
HTTRQ485
HTTRO490
HTTRO495
HTTRO500
HTTRO505
HTTRO5 0
HTTROS515
HTTRO520
HTTRO525
HTTRO530
HTTRO535
HTTRO540
HTTRO545
HTTRO550
HTTRO555
HTTRO560
HTTRG565
HTTRO570



230
235

245
250

255
260

265
270

275

280
285
290

295
34l

cCCc
C
C
C
C
CCCcC

320
80U>5
325

330

85

SHML # 1.0 EIS5

GO TO 300

IF (ANF - 16.0) 240U, 235, 235

SHNF # SHM

GO TO 300

SHNFP # (ANF * SHM = ANF2 * SHML) / (ANF — ANF2)
SHMIN # SHMK * XNC * XNF3 / BNF3 *%0.25
SHNF# AMAX| (SHNFP, SHMIN)

CALL DVCHK (KDOOFX)

GO TO(245,250)9K000FX

IDIV # 8057

WRITE (6,8000)1ID1V

CONTINUE

GO TO 3u0

IF (J - 1) 260, 260,y 265

SHNF # SHM

GO TO 300

IF (ANF3 - [640) 275 270s 270

SHNF # SHM

SHML # SHM

GO TO 360

SHM3 # SHMK * XNC * XNF3 / BNF3 *% (0,25

SHM3AV # (BNF * SHM - ANF3 * SHM3) / (BNF - ANF3)

IF (SHM3AV —~ SHMIN) 280, 285, 285
SHM3AV # SHMIN

IF (ANF - 16e ) 290y 290, 295

SHNF # SHM3AvV

GO TO 340

SHNF # (SHM3AV * (160 = ANF3) + SHM ¥ (ANF ~ |640))
CPMIX#CPAFN(TSAT) /AMWNC

AKMIX#AKAFN(TSAT)
AMUMIX# AMUFN(TSAT)

CALCULATE STEAM-AIR MIXTURE HEAT TRF COEFF.s SHG
0.33 Ueb
SHG#D 33 (CP%XMU) (SDO*G)y ( K )
( K ) ( MU ) (SDO)

SHG#U o 33% (CPMI X*AMUMI X*3600,0/AKMIX)*#0433% (SDO* (WS+WNC) /
I (3600.0¥ALST*#SDO*(SDD—| ¢ 0)*AMUMI X} ) #%0,6*AKMIX/SDO

CALL DVCHK (KOOUFX)

GO TO(305531U)sKUUUFX

IDIv # 8059

WRITE (6,8000)IDIV

CONTINUE

IF(RC-Us04013304330,s315

SHCGM# 140/ (QG/{QT*SHG) +] « B/ SHML)
CALL DVCHK (KOOGFX)

GO TO(320s325)sKL0OOFX

WRITE (6,8005)SHML

FORMAT (IHUs 20X» 21H DIV CHECK ONs SHML # » F5.2
CONTINUE

SHCGN# 140/ (QG/(QT*SHG) + 1 40/ SHNF)
ROUT#1+0/SHCGN
RTOT#RIN+ROUT+SHWINV+FOUL
VNF#1.U/RTOT

VML#1 «U/(RIN+14U/SHCOGM+SHWINV+FOUL)
IF(SHML) 33543359345

ROUT#1 «0/SHNF

)

(ANF-ANF3)

HTTRO575
HTTRO580
HTTRO585
HTTRO590
HTTRO595
HTTRO6&00
HTTRO605
HTTRO6&10
HTTRO615
HTTRC620
HTTRO625
HTTRO630
HTTRO635
HTTRO640
HTTRO6&645
HTTRO650U
HTTRO655
HTTRO660
HTTRO665
HTTRO670
HTTRO675
HTTRO680
HTTRO685
HTTRO690
HTTRO695
HTTRO700
HTTRO705
HTTRO710
HTTRO715
HTTRO720
HTTRO725
HTTRO730
HTTRO735
HTTRO740
HTTRO745
HTTRO750
HTTRO755
HTTRO760
HTTRO765
HTTRO770
HTTRO775
HTTRO780
HTTRO785
HTTRO790
HTTRO795
HTTRO800
HTTRO8O5
HTTRO810
HTTRO815
HTTRO820
HTTRO825
HTTRO833
HTTRO835
HTTRG840
HTTRO845
HTTRO850
HTTRO855
HTTRO860
HTTRO865



335

340
345

350

355
360

365

370

375

380

8410

385

390

395
400

405
410

420
425
430

435

440

445
450

86

CRRITRINIRRETysHwInv+FOUL HTTREES
1F(SHML) 335,335,340 HTTRO88D
VML#U.O HTTRD885
GOTO345 HTTRO89U
VML#( 1 e U/ (RIN+1oL/SHML+SHWINV+FOUL) ) HTTRO895
CONTINUE HTTRO900
IF(STSATI-TB2)350s35Us355 HTTRO905
ALMTD#ALMTD HTTROSI10
GOTO370 HTTRO915
IF{STSAT2-STBI1)3603605365 HTTRO%20
ALMTD#ALMTD HTTRO925
GOT0370 HTTRO930
ALMTD#( (STSAT2=-STBI)~(STSATI~TB2))/ALOG({ (STSAT2-STBI)/(STSATI~-TB2)HTTRO935
1) HTTRO940
DTFILM # VNF * ALMTD * ROUT HTTRO945
STWOP # STSAT - DTFILM HTTRO950
IF( (ABS{STWOP~STWO)/(STSAT~STWO! ) ~0.0051385+375+375 HTTRO955
STWO # STWOP HTTRO960
STFO # STSAT - (STSAT - STWO)* 0.5 HTTRO%65
KSTFO#KSTFO + | HTTROS970
IF (KSTFO - 20) 20Us 380, 380 HTTRO975
ASS # 2.0 HTTROS80
WRITE (6,8010)KSTFO, KK HTTRO985
FORMAT ({HU»s 8H KSTFO #s 13s 4H KK#s [3s 28H FILM TEMPS. NOT CONVERHTTRO990
IGINGs )} HTTRO995
G0 TO 450 HTTR1000
QCND#VNF*AQO*ALMTD HTTR1005
TB2P #QCND/(WB*CPFN(CBIsSTBAVE) 1+STBI HTTRIG!O
IF (K = 20) 395, 395, 390 HTTRIOIS
ASS# 1«0 HTTR1020
GO TO 450 HTTR1025
IF(ABS((TB2P =STBI)/(TB2-STBI)-1+0)~e010)4155415,400 HTTR1030
TB2 # TB2P + (TB2 - TB2P) * 0.5 HTTR1035
IF (STSAT- TB2) 405, 405, 410 HTTR 040
TB2 # STSAT—- 0.5 HTTR1045
K # K +1 HTTR1050
STBAVE#(TB2+STBI)#0.5 HTTRI055
STWI#STBAVE+VNF*ALMTD*RIN HTTR1060
GOTO 120 HTTR1065
STBAVE#(TB2+STBI) /2.0 HTTRIO70
DELST#STSAT-STBAVE HTTRIO75
TWIPM#STBAVE+(RIN+FOUL) /RTOT*DELST HTTR1080
TFIPM#(STBAVE+TWIPM) /2.0 HTTR1085
TWOPM#STSAT-ROUT/RTOT*DELST HTTR1090
TFOPM# (STSAT+TWOPM) /2.0 HTTRI095
IF(ABS(TWIPM=-STWI)~1+0)4255420420 HTTR1t 100
STWI#TWIPM HTTRI1 (05
IF(ABS(TFOPM=STFO)—1+0)435,430,430 HTTRI 11D
STFO#TFOPM HTTRIIIS
KK # KK + | HTTRI120
IF(KK=20) 120, 120y 380 HTTRI 125
CONTINUE HTTR1 130
CALL DVCHK (KOOUFX) HTTRI 35

GO TO(4&0,445) 9KUGUFX HTTR1 140
IDIV # 806l HTTR1 145
WRITE (6,8000)IDIV HTTRI150
CONTINUE HTTRI 155
RETURN HTTRI 160
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HTTR1 165

END
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$1BFTC PDRP DECK

C

SUBROUTINE PRSDRP

C*% THIS PRSDRP CALLS FOR EXTENDED TABLE

[aYaNaNaNaNaN el

cccC

100

105
110

I

SUBROUTINE PRSDRP{TSATsPSATsPMIXsWSsWL s WNC»AXOs AMOLS s AMOLSC

NERRs»DELPTP s WCND» TPOGsALVFsLJ)
DIMENSLION COOR(3)

COMMON  sSDO » STBI s Al » AOQ
COMMON  FOUL s CBI » SDI » AXI
COMMON  SDD » STB2ES » GB y VG
COMMON  TB2 » STBAVE s VNO y J
COMMON  COOR y JRC s VERT

L IMENSION COOR(3)

- e w e

AW

WB
AMWNC
XNC

SHWINV
HF G
STFO
SF

PDRPOCGO
PDRPQOGOS
PDRPGCOIO
PDRPODIS
PDRPCG20
PDRPCO25
PDRPGG30
PDRPGO35
PDRPOO4O
PDRPOO4S
PDRPGOSU
PDRPBO55

COMMOUN SDOsSTBIsAIsAQsAWSSHWINVFOULICB1sSU1+AX] sWBsHFGsSDDsSTB2ESPDRPOCGD

»GBsVGy AMWNCsSTFOsTB2s STBAVEs VNOs» J»

COMMON SFs COORs JRC » VERT

XNC

CALCULATES STEAM PROPERTIESUS»VSs AT TSAT(I)sPSAT(I)

CALCULATE WATER PROPERTY VR AT TSAT (1)
STSATH#TSAT =~ 459469

SG#324 174

IF (WNC ) 105, 105s 100

AMNC# AMWNC

VNC#1Ue729%¥TSAT/ ({PMIX-PSAT) *AMNC)
UNCH#AMUFEN(TSAT)

PDRPOJ65
PDRPOO70
PDRPOO75
PDRPQOB80O
PDRP0OE8S
PDRPOO9D
PDRPOUSS
PDRPO (OO
PDRPO 105
PDRPO 10O
PDRPOI1I5

VMIX#1eU/ CCAMOLSC/ (VNC* (AMOL SC+AMOLS) ) J +(AMOLS/ (VG* ( AMOL SC+AMOL S) )PDRPO 120

]

GO 70 110

VMIX # VG

GSTAR# (WL+WS+WNC) / (AXO*¥3600.0)
ANRE# (SDO*GSTAR)} /SMUFN{TSAT)
COOR( 1) # ANRE

[F(ANRE-2000e0) 1159130, 130

115 IF(ANRE~100.0) 120y 125y 125
LAMINAR FLOW FRICTION FACTORs SF
120 SF # 70.0%(1e0/5DD)*% | ¢6/ANRE

GO 70 210

TRANSITION FLOW FRICTION FACTORs SF

125

130
135
140

I 45
150

155

160
165
170

175
180
185
190

195

SF # (1e0/SDD)**¥2/ALOGIU(ANRE - 81.0)
GO TO 210
COOR{ | Y#ANRE

IF({COOR(1)-80000U«0) 145y 145y 140
COOR (1 1#80000.0
IF (VERT ) 155, 145, 155

IF (LJ = 4) 150 150 155
COOR (2)# 0450 * SDD

COOR (3) # SDD * ].732

GO TO 160

COOR (2) # SDD * U.866
COOR (3) # SDD
IF(COORI(3)—-14i5)17Us 1655165
IF(COOR(3)-3¢5)180s18Us175
COOR(3)#1e15

GOTO 180

COOR(3)#345
IF(COOR(2)-47)190+185+185
IF(COOR(2)-12)20052005195
COOR(2)#47

GOT0200

COOR(2}1#142

PDRPUI25
PDRPO 130
PDRPO 135
PDRPO 140
PDRPO 145
PDRPOI50
PDRPOI55
PDRPO 160
PDRP3J 165
PDRPO1 70
PDRPD 175
PDRPO 180
PDRP(O 185
PDRPC 190
PDRPO195
PDRP0O20GC
PDRPO205
PDRPO2 10
PDRPO21t5
PDRPO220
PDRPO225
PDRP(0O230
PDRPO235
PDRPO240
PDRPO245
PDRPO250
PDRP0O255
PDRPO260
PDRPO265
PDRPO270
PDRPO275
PDRP0O280
PDRPO285
PDRPU290



2ul
205
210
215
220
225

230

89

CALLINTPL2(COOR(1)»SFsNERR>JRC)
IF{NERR)230,210,230

ALVF#1 e0/(VLFN(QeOsSTSAT)I/VMIX+{WS+WNC)/ (WL+WCND )
1F (VERT) 215y 220s 215

ALVFD # ALVF / ANRE *¥(.5

TPOG # TPDNFN ( ALVFD )

GO TO 225

TPOGH#TPOGFN{ALVF)

DELPFS#4 4 0% SF*GSTAR*¥2¥VMIX/ (2.0%¥5G*144.0)
DELPTP#DELPFS%*TPOG

CONTINUE

RETURN

END

PDRPO295
PDRPO300
PDRPO305
PDRPO310
PDRPO315
PDRPO320
PDRPO325
PDRP0O330
PDRPO335
PDRP0O340
PDRPO345
PDRPO350
PDRPO355



90

$IBFTC FC2 NECK
FUNCTION PSATFNI(T) 1g
PSATENH2 e TIB%¥¥ (14,1501 19-(6452,5621/T)-{(837533,21/T%%2)) 0020
RETURN 30
END 40
$IRFTC FC3 DECK
FUNCTION TSATFN(P) 10
AA#(ALOG(P)-144150119) 20
DET#6452 562 | ¥%2—(4«(1¥AA¥837533,21) 30
IF(DET)Y 19242 40
I WRITE (6,3) 50
3 FORMAT(IHI,,37HSUBROUTINE TSATFN FINDS COMPLEX ROOTS) 0060
CALL EXIT TU
2 XH(-6452e45621+SQRTIDET) )/ (2.0%AA) 8U
YH(—6452e5621-SQRT(DET))/ (2.0%AA) 90
IFIX=Y)1435,5 1 00
4 TSATFN#Y 110
GOTO6 120
5 TSATFN#X 130
6 CONTINUFE 140
RETURN 150
END 160
$IRFTC FC4 NFCK
FUNCTION HFGFN(T) 10
HFGFN#1093488-065703%T+,000!2819%T*%2~,0000008824%T%%3 0020
RETURN 30
END 40
$IRFTC FCS DFCK
FUNCTION CPSFN(T) 10

C*x¥%xEQUATION SPECIFIC HEAT FOR PURE WATER
CPSFN# 140121559 +(~0e24618473E~3 + 0.10282155E~-5%T) %7

RE TURN 3

FND 40
$IRFTC FC6 DECK

FUNCTION SMUFN(T) 10

SMUFN#| « 0E=5% (e 122+ (1 «00IE=3)%T+(24892E-T) ¥T%¥2—-(74693E— | 1) xT#%3) 0020

RETURN 30

FND 40
SIRFTC FC7 DECK

FUNCTION VGFN(TsP) |10

X#ALOGI(T/P)

VGFNH#EXP({(e001N3758%X~eN|77861)%X+14 10267)%¥X—-e72240)

RE TURN 80

END 90
$IRFTC FC8 DECK

FUNCTION SKSFN(T) 10

X#T+459.69 20

SKSFN#e Q| ¥{(ett8+1e5FIE=3%X+| 42 |E-6HX*%2-2,087E~[Q¥*X*%3) 0030

RETURN 40

FND 50
$IRFTC FC9 NECK

c

FUNCTION CPFN(CsT) |
100 IF(C=NeNS)INl,inisin2
Cx#%¥%*EFQUATION SPECIFIC HEAT FOR PURE WATER
101 CP# |eni21559 +({-Nel46|8473E~3 + Qe10282155E-5#T)*T
GO TO 103
C#x#%¥¥FQUATION SPECIFIC HEAT FOR BRINFE
102 CP#e96946859+( 2% (0000104049651 %T)=(e91199294%C)
14+ ( 2% (—eINN64829659 ) RCT I+ (=1 4555779% (Cx%2) )+
2(2e%(e0076721469)%#(Cx%2)¥T)+( 6479810082 (C*%3) )+
3(2e*(~e01261N354)%#(Cx*32)%T)



102 CPFN#CP
RETURN
FNP

SIRFTC FCIN NECK

FUNCTION VLFN(CHT)
VLFN# oD/ (626 T17753=432152986E-2%T+444315006E2%C—e | 1647394E-12CHT—
| o 4BG32TTTE LT %244 | 6449 945E2%CH%¥2+, 13761 984E~ | #C*%2#T+,34231326E~
25HCHT ##2-¢G22753N 1 E-4RCx¥2¥T*%2)

RETURN
FND
$IRFTC FCIt NECK
FUNCTION SKRFN(C,T)
C THERMAL CONPUCTIVITY OF SALINE SOLUTION, RANGE OF DATA
C 1 - 24 PERCENT CONCENTRATION AND 40 - 300 DEGREES FARENHEIT

SKRFN#{ «3NI57913+¢697989E~3%T—4 12506E-5*T*%2
- | =~e2NT2E—1O*T*%2) ¥ (-4 16871 0N9O*¥C+| o)

RFTURN
END
SIPFTC FC12 NFCK
- FUNCTION BMUFN(C,T)
C VISCOSITY OF SALINE SOLUTIONe RANGE OF DATA WAS 0 - 24 PERCENT
C CONCENTRATION AND 40 - 21p DEGREES FARENHEIT.

R#T+459.69
BMUFN#EXP (~1Ne592566+s4606532E-2%R-114591155%C
| +e12602329E-1#C*R+475945941/R+3863.7378%C/R)

PFTURN
END
SIRFTC FC13 NFCK
FUNCTION ROEFN(C,T)
c DENSITY OF SALINF SOLUTIONs RANGE OF DATA WAS 0 — 26 PERCENT
c CONCENTRATIAN AND 40 - 300 DEGREES FARENHEIT.

ROEFN#62e7N7172+494364088%C~e43955304E-2%T
|— 032554667~ | #C#T-eb46NT76921E-43T*¥%2+,63240299E~4
ORTRXDXC
RETURN
FND
$IPFTC FCl4 DECK
FUNCTION TPOGFN(A)
IF(A~-NelS) 19l 97
{ TPOCFN#1en
GOTONN
2 X#ALDG(A)
IF(A-2eN}34354
3 TPOGFNAEXP(~0e93213315-0e74256993%X~ (Qe!13174182)%¥xX%%2)
- G0T01N
4 TPOGFNHEXP( ~0a85714256-0e94971689%X—(415453488E-0])%X%%2)
10 CONTINUE
RE TURN
END
$I2FTC FCI5 NECK
FUNCTION AMUFN(T)
AMUFN#T oNE=5%(Ne 1490+(Na228E=2)1%#T—=(¢72N0E—-6)*¥TRX2+ (o | |B4E-9) *¥T¥%2)
RFTURN
FNR
$IRFTC FCI6 NECK
FUNCTINON CPAFN(T)
C AIR CPy BTU / LB MOLE-DEGREE RANKIN
CPAFN#T7e139-Ne9884E—3%T +Ne |3930-5%T*%2 —~0e3367E-9%#T**%3
RETURN
FND
$IRFTC FCI7 MNECK

50
60

10
0020
0030

40
50

70
80

t0
0150

1298

1300
1301
1302



FUNCTINN AXAFN(

T)

92

C AIR K, BTU / FT-HR-DFGREF RANKIN

AKAFNHN M % (—NaNPE+0G2266F-2%¥T —NeB271E~6¥T¥%2 +0e 1251 E-9XTx%2)

RETURN
FNP
§IRFTC FC25 NFCK

FUNCTION TPDNFN(A)

IF (A - nennl}
5 TPONFN # |40

GO TO 25
In X # ALNDG(A)

IF € A - nenN2)
I= TPDNFN # EXP( -

| eN?220Q49172 #* X))
6o TO 25
20 TPDNFN # n.022%
25 RETURN

END

By 5y 1IN

18y 155 20
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*X)y *X)

/A ®¥|GN7
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(MNe3910848 +

1304
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$IBFTC SuUBlI DECK
C INTPL2 UPLCATE - 9/30/66 TAELE | EXPANSION - TAZLID T CUT INgolc
SUBROUTINE INTPL2(COORsAVERINERR» JRC) IND020
DIMENSION Z(|D)’X(|u)!Y(Ia),W(IC’|C’|3)’COCR(3)’CORN(6) INGO3C
C DIMENSION Z(ID)’X(IU)’Y(|D)!W(|G’|E’|U)5CQCR(3);CQRN(&) INCC4C
IF (JRC)Y 100s 100, 2CO INQCS50
lud Z(1)#2Cu0.0 INOOED
Z(21#400L0.0 INDT77
Z(3)4%8000.0 InNansa
Z(4)#%20C0d.0 NCC%0
Z(5)#40008.0C INGIOC
Z(6)#80000.0 INDIIG
XC1Yy#0e7 INC120
X(2)#O el INDG 130
X(3)1#0e¢ INJ14C
X{4)H 10 INDISC
X(51#]e2 INC16T
Y(1)#lelD INCI170
Y(2)#!1e20 INO 118G
Y(3)#1425 INQI133d
Y(4)#let0 INC200
Y(5)#1 .40 IND210
Y(6)I#2eL INC22C
Y(T)1#21 ING230
Y(8)#3.C INO24d
Y(9)#3e5 IND25C
W(ls!lel)#e370 INC2564d
W(lsle2)#e250 IND27C
Wity e3)#4205 1NQ280
Wllyl et )#e150 IND293
W(lslaE)H#el28 inNg3cC
Wllyleb)Hallh INC21 2
W(lyle7)#.098 IND32G
W(lsleB)#.083 IN3320
Wllyl e9)#e065 INO343
W{ls2s1)#e360 INB35C
W(!1s2e2)#4250 INJ363
W(1s2e3)#e205 IND37C
Wlls2el)#el5L ING283
W(ls2e5)#e133 IND390
W(ls2eb6)#ell8 INZ402
W(ls2e7)#a102 INC4 D
W(lys2e8)1#.088 INJ428
W(ls249)#e072 NCa30
W(ls3el)#e321 INQ44D
W(ls3e2)#e245 IND450
W{ls343)#.200 INO46D
W(ls3e4)#alB5 INO470
W{ls3 D) #e136 IND4glU
Wllys2eC)Hel24 IN0490
Wils3.7)#e107 INQSOC
W(ls348)1%.001 INTJEI0
Wlls2e9)1#.075 INOS520
W(lsbel)#e32D INGO530
W(lyhe2)#e240 INO540
W{lshe3)#4200 INDS550
W{lsheb)#el57 INOS6C
WllobaS)Helt2 INO570
W{lsbaeb)#a135 INO5870
WillsbaTYHel22 IND590

W(lsheB)#4100 INO600



WllabheD)Hael84
WllsSe!l)H#ae325
WllsSa2)#e240
Wlls5e2 #4230
Wlls5eb4)ttelS6
Wlls5eS)Helyl
willsZel)#el3D
WlleSaT)I#el22
WilsSa8)#al]2
wlls5e9)#el0C
wl2sl sl t#a305
W29 ea21#e232
Wl2s1e3)¥e180
Wl2slek)#el28
W{Zsl w21 #el23
W2yl e6)Hel18
W(Zyl eT)#aCS2
W2y «8)#elT7

WlZe2el)tH el
W{2s2e3) %l
wlZesZel)Hel27
Wl2sZeD) Kol
W(ZsZeC)He 108
W 2yZ a7 i#e0S4
w(Z,Z.B)#.GSI
WIZsZeF)Helbb
wi(Zs3el)#e28C
wWlZle3ec)Helli
W({Z9s3e3)KelT76
W(Z293eb)#all0
w293l el
WlZs3e0i#el 1l
W(29371#%#eU%6
W{Z293e8)%e0B3
Wl293e7)4el
wlZsbellte
wlZsybollWe
WiZsdhel)lHe
wldosb ot jioe
WlZra el ke
WlZoshelliial
wWl{Zshe 7l kellD
W{Zebh el l#Hal53S
W{294%)#eCT76
WlZrsDelliels3
Wl2edeZ)Helll

wllsZallHelTo

DU pa

.
Ce
W(2sZlallHelS
-
2
7

-— = — M) N

— MW~ Cr O
LMW

WlzesZ el lheldl
i'i(Z,;.i);;’.IZ()
wl230eC)Kal |6
WiZsHwTl)heloy

wildsZeblnaelll

wlZsS el ) Hael5!
wlZslel)¥el5D
wiSsled)ielll
willsslel)HaelSd
wilSsleb)Heidd
wW(Zsiel)Hellil
Wi(3sleb)iel(D

(%3]

v

o

IND6 1O
IND620
IN0630
IND640O
IND650
INO66D
INO67U
INCQ680O
INQ690O
INO700
INO710
IND720
INO730
IN3740
INO750
IND760
INQ770
INO780
INO790
IND8O0
INOC8 10
INO820
INC830
IND840
INDE850
INO860O
INGQ870
INOB8D
INOROD
INCo0O0
INO9ID
INQ929
INO930
INQ940
IND250
INO960
INQ970
INO980O
IN0990
INIT2OO
INIDIO
INID20
mM1930
INI1040O
INID50
INTC60
INIO70
IN1080O
INICOO
IN1100
INIIIO
INIT2C
INVT130
INI 140
INII5E
INI16D
INITT70
INT 18D
INI190
N1 200
INI21C



W(j’l.7)#o&88
W(3s | e8)KeL73
W3yl a9 )Hel385
il392el)Heltd
W{39Z2el)#e|53
w3923V Hall3
Wl392eb e l22
w3925, %6109
W{392401#e0955
W (3927 )tenB6
Wl3yZe8)#elT74
W(39245)#e060
W{3s3el)¥eztZ
W(39342)4e182
Wl393e3)%e155
(393 eb)H#el T
W(39345)ial 7
W(593e0)Keu9d
Wil393e7)%elB6
W{39346)#el74
wil393e5)Kelb2
Wi{3sb4el)#e2l4
W(3sbe2)H#eilbd
W{3s4e3)HeitZ
W{3sbed)kellT
wi3sb4el)kaellD
wi{Ssb4eb)Kaella
Wi3sb4eT)Hel52
W{394e0)%eU8C
wWl394 5 )Henb8
w3958l )#ectl
W(39542)#e il
W(3s5e3)#el50
W(39Seb)Hal24
W35 42 )Helll
Wi{3s5e6)Kell2
W25 7)) #a356
wl3sSebiHel85
Wl{ZsSe9)Aeds |
Wilds el )helE8
Wldsl e2)Hal bt
wlbyleZ)Kel28
wlbsleh)#elTH
Wilkhol ed)Hel58
Wilhs | o6V%5085
Wlkhyl a7 iHaelT78
vildsl eOjHeL6D
Wilds | &5 )#eU5 ]
Wlb4s2al)#alBo
wlbsZae2)Haelll
Wlhsla3S)haelll
wWi{delelb)Hell2Z
n(L.Z.D)#.uQ_’;
wlhs2eb)#telE5
WlhyZ2eT)HedT25
WlbszablHel 63
WlhsZeT)#Haell |
Wlas3el)tiel 98
Mlds3el)Helbl
wlhe3el)HellE

Wlds3e4)#el%T

95

InNtzan
INT23C
INT240
INI250
INT250
IMN1270
IN1280
IN1290
INI300

Niz210
INI32C
INI1330
INI2402
IN1350
IN1360C
INI370
IM1380
INI390
IN1402
INT413
N4z
IN1430
INT440
INT450
INT4&2
INT470
IN1483
IN1493
INI50]
INIS1O
IN152D
INTE3D
INTSAD
INTEsE
INtB6O
INISTC
INTS8L
INIBSU
INTEOD
INIGID
INt1520
INI1E63C
INI640
INtesO
INT660
INT1ET7C
INTESO

N1690
INI700
INIT71D
INIT720
IN1720
IN1740
INITEQ
INI76M

NIT76
iNTT783
INT798
INT3CC

NEgin

INte20



W{Ls2e5)#a087
W(ksB3eb)HelBU
Wlbs3aT)#e 0TI
Wlks3 4814062
W(49349)#a052
W(lbsbal)#elST
Wllbsbe2)#el26
Wlkst o3)Kel 1D
Wlbsboet)#al92
Wlkste5) #4083
Wlhsteb)#elTT
Wbyt T)#e0725
WllhslhaB)#Hal6D
Nlbyhe9)1#e057
wibksDel)#elBE
W(lhae5e2)#el&l
Wlksded)Hel2l
W(4,5'4]#0098
W(4s55)#e089
W(Ls5eb6) #4082
WL sSeT)H#elTT
Wlts5e9)He066
W(5ylel)#al150
N(5’|.2)#OIZG
w5yl e31#eiJb
W(5s | «4)#e090
W(Hsleb)#eI85
W(5sl«6)#4079
Wi5s ] eT)IHeUbY
W(5s | «8)1#edJ57
W51 e9)1#a047
W(5s2«l)#altsh
W(5s2e2)#el 16
Wi{bs23)#a103
Wi(5s2e4)#.086
W(592e5)#e08U
wi(5926)#073
W(5s2eT)#eUb2
W(55248)#e057
W(bs2e9)#elia33
Wi(5s3el)#albT
W(593e2)1#e120
Wi593e3)#e102
W(593e4)#.083
W(5s3e5)#.072
W(5536)1#4066
W(5s3e7)1#.3059
W(5s3e8)#e0515
W(5»3+91#043
W(5s4el)#el20
W(Dsbe2)#el98
Wibsbeb)HeuTd
W{5s4e6)#sU63
W(5s4eT #4058
W(DslheB)#aud35
W{5sbeG)iHellB5
Wi(595el)#el32
W(59542) #4105

96

INIE30
INIB8&4LC
IN185U
INI860
IN187C
IN1880
IN189J
IN!1900
IN1910
IN192C
IN1930
IN1940
INT195D
IN1960
IN1970
INT9gD
INI9SU
IN200d
IN2021D
IN2C20
IN2030
IN204U
IN2050
IN2060
IN207U
IN2080
IN20°0
IN2100
IN2110
IN2120
IN213EC
IN2140
IN215d
IN2160
IN2170
IN2180
IN2190
IN2200
IN221E
IN2220
IN2230
IN224C
IN2250
IN2256C
IN227C
IN2280
IN229C
IN2300
IN2213
IN2320
IN233C
IN2340
IN2352
IN2360
IN2370
IN2280
IN2390
IN2400
IN2410
IN242C
IN2430
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w(),icl)k.LS«Z
WlH9D b ) #HalT76
Wlos5e5) #6070
Wi595e6)#elbb
WS90 eT)Helib2
WI5s5¢8)#e058
W{55549)#40535
Wbsleidttelll
Wbyl el )1kaliG3
W{bsile3)4%e083
Wbyl ed)ialTh
Wbyl aD)HelTl
Wibs | eb)helbb
W(bs i e7)#el575
Wbyl eO)HellT
WlbsleY)AHel3h
WibsZal)#alll
W(bs2el}He0535
N(6,2‘3)#0082
W(G’Z‘L#)#.:!?G
W{6sZ2eD)Ka0066
W{bsle6) e 60
W69 ZlaTiHel50
W(é"‘.B)#o\]QU
W{bsce9)nel345
Wlbs3al)hellZl
W(0s3e2)H#eT54
wlOs32e3)#e378
WlGrs3 el )Hal63
Wilbs3e0V#a056
Wlbs3e0ieudl
Wib93e7;#elLE
Wl0s3e8)ke0353

Wlbsbe2)Had72

Wl(Oabh el )Helll

W{Osh e )Halb4h

W(Esh el JKa000T
W(bsb oGl #e04T5
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Wibs5el)Hel83

Wl6sL 2 ) #Hel07
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v'V(615“+)r‘r"¢;:25
WlbsD el )Kel30

wl{69D eO)Hel480
W65 a7)1He 045

W(6s5e0)Hel43

W{6s545 ) 4640

INZ# &
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IN2440
IN2450
IN2460
IN2470
IN2480
IN2490
IN2530
IN2510
IN2520
IN2530
IN2540
IN2550
IN2560U
IN2570
IN2580
IN2590
IN2600
IN261C
IN2620
IN2630
IN2640
IN2650
IN2660
IN2670
IN2680
IN2690
IN2700
IN2710
IN2720
IN2730
IN27408
IN2750
IN2760
IN2770
IN2780
IN2790
IN2800
IN28 10
InN2B20
IN2830
IN2840
IN2850
IN2860
IN2870
InN2880D
IN2890
IN2900
IN2910
IN2920
IN2930
IN2948
IN2950
IN2960
IN2970
IN2980
IN2990
IN300U
IN3010
IN3020
IN3034
IN3040D
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IFIXPT=X(1))21921
IFLYPT=Y (1)) 21432y
v] T Y PA

i (ZPTrZii))29209 1
CORN(GIZ0I-1)
CCr
It

I

U U
ry -

)

1 C

N{2)YrnZ (1

Ju G THZNX

LF (XPT=X(1))5s5s4
CORNIBIAXCTI-T1)
CORNU&YH#X L)
IND3#I-1

IND4 #1

GG TO 6

CONTINUE

DO 7 1#2NY

I (YPT-Y(1))898s7
CORNIZIAY (1~-1)

INDE# ]

cC 70 ¢

CONTINUE
JLOPE#(CORN(C)~¥CP“(’))/('C”“(h)—CORN(B))
DUTORMLING HALF CF CubD TC CLIMINATE

IF(YPT"(COR‘(6)+5LOPL“(XPT*CORN(4))))lelU,IZ

CLIMINATL UPPIR HALF

JU#G

CALL APFROX(CORNUI) o INDT s IND2sIND29 INDAs INDS s INDESAVERyJJHCOORTT)
ZOLyaXCid e YOy awWlolal)aNZsNXsNY}

GO0 TG 22

ELIMINATE LOWER HALF

JJ#|

CALL APPRUX(CCRN( 1) oiNDI s IND2sIND3sINS4s INDESINC69sAVERSJJsCOORCT)
TZCI e X Ol oY (1) ol loleol)sNZaNXaNY)

GO TC 27

NCRR# 1

RUTURN

END
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INBBID
IN33220
IN3230
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IN3350
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IN3370
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IN3463
IN3470
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$IBFTC SUR2 DECK

C
1a
|
8
9
7
31
C
30
3
C
4
4|
40
C
6

SUBROUTINE APPROX(CsINDIsIND2sIND3s INDL»INDS s INDSsAVER Y JJsCOOR »Z »X
FaYsWaNZaNXaNY)
OIMENSICN Al4s4)sClE)swllusluslu) sF(4)sVALIG)»COOR(2)

DIMENSLICON Z{iu)sX(1U)sYLID)
SET UP FIRST BASC
K#&O
KK#G
IVAL#|
DC | I#1»93
Alls 1)#C(2)
A(Ly2)#C4)
AlT93)#C(5)
Alls4)#1.0
IF (KK)7+748
DO g 1#i,2
A(Ts 1 YHTEMP
AlTsZ)#CU3)
Al393)#C(E)
Alb4y4) #1140
FOLY#WIIND2sIND3sINCS)
FO2)¥WUIND2 s IND4 s INDS)
FO3)¥WUINDZ2s IND4 s INDE)
IF (JJ) 30+30,31
Al292)%C(3)
Al293)#C(6)
FO2)¥WIINDZs IND3s INDG)
SET UP FIRST TETRAHEDRCN
Alds 1)#RC(L)
IF(K)4s396
Al4,2)#C(3)
Al443)KC(5)
FOa)#WILIND Iy IND3,INCS)
CALL AMATQ2(AC1s1)sF (1 )sDrtbsl)
VALUIVALY#ECVAL(COOR(IYsF (1))
IVAL #IVAL+!
K#~|
GO TO IO
SET UP SECOND TETRADRON
AlLs2)HCL4)
Albs3)1#C(5)
Fl4)#WILIND ! s IND4SINDS)
IF (JJ) 4040541
Alb4s2)#C(3)
A(4s3)HC(6)
F4)#WCINDI s IND3sINDS)
CALL AMATQ2(A(Is 1 )sF{1)sDstsl)
VAL{IVAL)H¥EVAL(COOR(11YsF (1))
IVAL#IVAL+]
K#1
GO TO 14
SET UP THIRD TETRADRON
AlLs2)#CL4)
AlLy3)HC(6)
Fla)#WIIND T 9 IND4 s INDG)
CALL AM/TQ2CACIs 1) oF(1)sDsbyl)
VALUIVAL)H#EVAL(COORITI ) oF (1))
IVAL¥IVAL+]
IF (KK)Itsllsl5
KK# |
K#0

99

0010

0030
40
70
80
QU

100
110
120
120
140
120
160
170
180
190
200
210
220
230
240
250
260
270
28U
290
300
310
320
330
340
0350
0360

380
390
400
410
420
430
440
450
460
470
480
0490
500
510
520
530
540
550
560
0574
os8u
59d
600
610
620



v
Ny —

(641
w

50

<d

lvO

TEMPHIND |
INDI#INDZ
INDZ#TEMP
TEMPH#C(1)
Cihywciza)

GG TO 1L

K#0

DO 50 J#!ls6
JHI#I-

DC 50 I1#IMIs6
IF(I-J151+50951

LF(ABS CIVAL(J)I=VAL(I))/VAL(J) ) —1eE-D03)52+52+50

KHEK+]
IF(K=31L0953952
AVERAVAL(JI)

GO TC iuO
CONTINUL
AVER#Deu

DO 20 [#1s6
AVEREAVLRHVAL(T)
AVERAAVER/ 640
RETURN

END

pIB6FTC SUB3 DECK

Ny

(Yol RN o))

SUBROUTINE AMATG2(A»BsDs111sJJJ)
DIMOINSION A(494) 9B l4s 1)
KK#I11

NVEJIIJ

KKM#EKK =1

D#lsU

CO201# 1 sKKM

S#0e0

DO2JU#1 KK
REABS(ALI L))
IF(R=S)Zs 1l

SAR

L#J

CONTINUE

IF(L~11398»3

DO4I#1 s KK

SHACL eJ)

AllsJd)rAlLsd)

AlLsyJIAS

IF(NV)YT97s5

DO6JH 1 91V

SHB(I «J)

B(IsJ)#HB{LsJ)

BlLyJIHS

D#-D

IFCACTI 1Y )592055
IPCHI+I

DOI4J#IPCHKK
IF(ALU) ) 10914913
SHACIST)/A(T 1)
AlJs1)#HSed
COLIK#LIPC KK

Ao KT HEALI ) =ALTsK) %S
IFI(NVY T4yl L4l 2
DOI3K#T g NV
DlJsKIHL (S K)=BIIsK)*S
CONTINUE
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630
640
650
660
670
68U
690
700
710
720
730

0740

750
760
770
780
790
80U
81d
820
830
840
850

20

5U
60
70
8u
90
100
1o
120
130
140
150
160
170
t8ad
190
200
210
220
230
240
250
2632
270
280
290
300U
210
320
330
340
350
360
370
380
390



17
I8
19

1C1

CONTINUI,
OCIDI#HTKK
CHOD¥ALis 1
SFANVYIS 1910
KMOA KK |
DOIBK#I NV
B KKK IAB(KKK) /A (KK sKK)
DOI81#1sKMO
NAKK -1
DO 7J¥NSKMO
BUINSKIHE(Ns i) AN I+ 1) RB(J+],K)
BUINsKIKDINsK) /AN SN
RETURN

END

$IBFTC FCI DECK

410

FUNCTICN EVAL(CZOCRSF)
CIMENSION F (&) 4CCCRI2)
CVAL#OL0
20 | I#1,2
EVALAZVAL + F(I) * CCOOR(I)
CVAL & CVAL + F(4)
WRITE SUTPUT TAPD 69403 s VAL (F (I} e 18l st)
FORMAT LiHD s4HEVAL LT 16e855X))
RETURN

EERTN

LD

[

(e8]
— V@4 Py —

[ s s I o I e Y s I i B o Y 6}
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APPENDIX E

CIRCULAR CONDENSER CODE
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$IBFTC CIRC DECK CIRCOOOUU
C CIRCND 12 SECTOR CIRCULAR CONDENSER CIRCUUOS
DIMENSION IDtNT(13)’DELP(6)'WP(6)’WGAS(é)yAHOLS(lUDvé)’AMLSSCLlDD)CIRCDUIU
DIMENSION PMIX (130s6)s PSAT (100s6)s TSAT (100s6), CIRCOOI5

I STSAT (105s6) » VEL (10Us6)s WS (100, 6) s ALMTD (10Gs6) > CIRCO020

2 WL(1OUs6)s WCND (10U 6)s UN (130, 6l CIRCOO2s

3 SHI (1uls 6)s SHN (ICUs 6)s ANF 100961 9RCUIGG»619CLE) CIRCOO030

4 DELPTP (10G» &)y QTS (10Us 6) CIRCOG35
DIMENSION VELC (1Qu)s PMIXC (100)s PSATC (100)s TSATC (100)s CIRCGO40

I STSATC (1UG)s  WSC (1UU)s ANFC (100)s ALMTDC (100} CIRCOG45

2 WLC ((u0)s WCNDC (130G)s UNC (1UU)s WSP (1UO0)s DELTPC (100)s CIRCOG50
3SHIC (1ul)s SHNFC (100)s RCC tiou)s QTCS (100) CIRCOO55
DIMENSLION RADIUS(IUD)’TBNPR(lDU);AOTFLW(IDD) CIRCGQ60
DIMENSION COOR (3) CIRCOG65
DIMENSION Cl(6)y C2(6) CIRCOO74
COMMON  SDO s STBI s Al » AO y AW s SHWINV CIRCOG75
COMMON  FOUL y CBI s SDI y AXI s WB » HFG CIRCOQA30
COMMON  SDD » STBR2ES s GB sy VG s AMWNC s STFO CIRCOG8S
COMMON  TB2 s STBAVE » VNO y J s XNC s SF CIRCEO090
COMMON  COOR s JRC CIRCOO95

U0 READ (5,80UB)IDENT CIRCOIOBO
80J0 FORMAT(13A6) CIRCOI05
READ (5,8005)0UTPUT CIRCOI1IO

80J5 FORMAT(2F5.2) CIRCOII5
READ(558010) ANT» PRCCLRs BHOBWS ALST SDD» CIRCOI2G

I SDDMIN 0D, XWy SKWs  FOUL, CIRCOI25

2 WST WNCIs VELBIs STSAT!s STBI, CIRCO130

3 CBIs EXITFR CIRCOt35
8010 FORMATI(8F|U.2) CIRCO!140
WRITE(6,80U15) CIRCOI45

8L15 FORMAT(iHIs47X, 29HCIRCULAR CONDENSER INPUT DATA ) CIRCOI50
lu5 WRITE(6,8020) IDENT CIRCOI55
B8U20 FORMAT(|HUs 35HCASE IDENTIFICATION AND NOTES #%%% , [3A6 ) CIRCO6U
WRITE(6,8025) CIRCQ165

8025 FORMAT([HU»s 22HGEOMETRY SPECIFICATION s9Xs 20HTUBING SPECIFICATIONCIRCO}70
I 925Xs 33HFLOW AND PROPERTIES SPECIFICATION ) CIRCOI175
WRITE(658U3u) ANT»s ODs WSIs PRCCLRs XWs WNCIs BHOBWs SKWs VELBIs CIRCO180

I ALST» FOULs STSATIs SDD»s STBIs SDDMINS CBIy» EXITFR CIRCO185

8030 FORMAT(IHUs |4H NO,., OF TUBESs9XsFB8e234Xs 2IHOUTSIDE DIAMas INCHESCIRCOI190
I913Xs F6e4s5Xs [9HSTEAM FLOWs LBS/HRes [3Xs F8el/1X22H PCT. TUBESCIRCOI9S
2 IN COOLER »3Xs F6e254Xs 22HWALL THICKNESSs INCHES s 12XsF6e435Xs 2CIRCO200
39HNON=-CUNDENSIBLE FLOWs LBS/HRe 35Xs F6ol/|X24H SUNDLE HGT/WIDTH CIRCO205
4RATIO » 3Xs Fae294Xy 32HWALL CONDesBTU/HR/SQeFT/DEGeF sF8e4s CIRCO210
55Xy 25HCOOLANT VELOCITYs FT/SECe !Xy Faol/iXITH LENGTH OF TUBESCIRCOZ215
6 »8Xs F6e234Xy I4HFOQULING FACTOR 920X F&ety5Xys 20HSTEAM TEMP., DECIRC(O220
7Ge Fe 515Xy FS541/1XI16H S/Dy CONDENSER 51 1Xs FheZy 49X, 22HCOOLANTCIRCOZ225
8 TEMPa4y DEGs Fu 513Xs F6e2/1XI3H S/Ds COOLER 2 14XsFbe2y49Xs34HWT e CIRCO230

9 FRAC. OF NACL IN COOLANT »3Xy Fée4 /81Xy 35HEXIT STEAM FRACCIRCOZ235
ITIONs PCTe OF INPUT » F6e2 ) CIRCO240
AMWNC # 284965 CIRCO245

PI # 3ei4l6 CIRCO250
SDO#0D/ 1240 CIRCO255

C COMPUTE BUNDLE GEOMETRY CIRCOZ260
C CONDENSER SECTION CIRCO265
TNOHANT* (| « U=PRCCLR/ 10U«G) CIRCO270
NOROWSH ({ TNO¥* 14 1035)%%045/2,0) %602 CIRCO275
BNDRAD#FLOAT (NOROWS ) ¥SDD*SD0 CIRCO280

C CALCULATE TUBE SHEET AREA, ARTS CIRCO285

ARTS # PI % (BNDRAD + SDD*SDO/2,0)%%2 CIRCD290
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C CALC. TUBE DENSITY;RTgBDEN

TUBDEN # TNO / ART

C CALC. FOR EBEACH ROW(I)s RADIUS AND NOe OF TUBES

C kST

120

125

130
cccccc
C
cccecce

135

140

RADIUS (1 )#BNDRAD

GMFCTR # 2.u*PI/{(SDD*#SDO* |1240)
RADSW # BNDRAD*¥%2

SPFCTR # 14732%SDD*5SDO
SUMTUB # 0e0

DO 125 1#19NOROWS
TBNPR(1)#RADIUS(1)*GMFCTR
IMATE NOe TUBES ABCVE ROW(I) FOR THE 6 SECTOR GEOM. CONCEPT
ALNI#0s96593%RADIVUS(1)
ALNS#0e25882*RADIUSI(I)
ALNZ2# (RADSQ-ALNS*#2 ) #%¥ 5
ANF (1 s 1)#(ALN2-ALNI}/SPFCTR
ANF (196)# (ALNZ2+ALNI ) /SPFCTR
ALN3#Ue 7071 I#*RADIUS( 1)
ALNGH (RADSU~ALN3#*#2) ¥*[ 45
ANF (1 92)# (ALN4—~ALN3) /SPFCTR
ANF(1s5)# (ALN4+ALN3)/SPFCTR
ALNE# (RADSQ-ALNI#*#2)¥*¥¥Je5
ANF (1 93)#{ALN6-ALND) /SPFCTR
ANF (1 s4)#(ALN6+ALNS)/SPFCTR
DO 115 JJ#iy6

IF(ANF(IsJJd)=140) 110y 110y 115
ANF(1sdJ) # 140
CONTINUE

SUMTUB # TBNPR (1) #12.0 + SUMTUB

LF (SUMTUB - TNO) 125 12Uy 120

IHNO # I - |

SUMTUo # SUMTUB - ToNPR (I) ¥ 120

TNOC # ANT - SUMTUb

RADINS # RADIUS (1 - ) - SDD * SDO / 2.0

GO TO 130

RADIUS (I + 1) # RADIUS (1) - D.866 * SDD * SDO
CONTINUE

INITIALIZATION

JRC ¥ O

ILNG # U

ALMIN # Ued
CONTLINUE

ALS| # ALST
Cz2(1) # 0.0

DO 145 1#1,100
DO 140 J#1s6
PMIX (IsJ)#0.0
PSAT (lsJ)#Ued
STSAT (IsJdi#Hued
VEL (1sJ)#Ue0

UN (IyJ)#0a0
WCND  (Te ) #UWD
WS (IsJ)#del
ALMTL (1,J)#Ue0
SHI (IyJ)#Je0
SHN (1,J)#0.0
RC (1sJ)#U00

AOTFLW(I)#U.0O

CIRCB295
CIRCG3060

CIRCO305
CIRCO310
CIRCO315
CIRCO320
CIRCO325
CIRCO330
CIRCO335
CIRCO340
CIRCO345
CIRCO350
CIRCO355
CIRCO360
CIRCO365
CIRCD370
CIRCO375
CIRCO383
CIRCO385
CIRCO390
CIRCO395
CIRCO400
CIRCO405
CIRCO410
CIRCO415
CIRCO420
CIRCO425
CIRCO430
CIRCO435
CIRCO440
CIRCO445
CIRCO45U
CIRCO455
CIRCO460
CIRCO465
CIRCO470
CIRCO475
CIRCO480
CIRCO485
CIRCO494
CIRCO495
CIRCG500
CIRCO505
CIRCO510
CIRCO515
CIRCO520
CIRCO525
CIRCO530
CIRC3O535
CIRCO540
CIRCDO545
CIRCO550
CIRCO555
CIRCO56U
CIRCO565
CIRCO57U
CIRCO575
CIRCO580
CIRCO585
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PMIXC (1)#0.0
PSATC (1)#0.0
STSATC(I)#U.0
VELC (l)#UeU

UNC (1)y#0.0
WINDC (1)#d.U
WSC (1)#0.0

ALMTOC(L)#UL0O

SHIC (1)#0.U

SHNFC (I)#d.0

RCC (I#U.0

SG#32. 174

VLCMAX#150.0

SDI#(OD-24U%¥XW)/ 1240

TSATI#STSAT1+459 469

PSAT I#PSATFNITSATI)

AMOLSS#WS1/184016

AMOLNCHWNCI ZAMWNC

AMOL STH#AMOL SS+AMOLNC
PMIX1#PSAT I % { AMOLST/AMOLSS)
VGI#VOFN(TSAT | 4PMIX )

AXI#(PL*SDI¥%2) /440

WBI # 360U.0% ANT * AXI * ROEFN ( CBls STBI) #* VELBI
WBHWBI1/ANT

Al#P1*SDI*ALST

AO#P I *SDO*ALST

SDW# (SDO-SD1)/ALOG(SDC/SDI)
AWHPL*SDWHALST

SHWINVH (AO*XW) /(| 2o GXSKWHAW)

CB#WB/ (36Uua.u*AX])

HFGH#HFGFN(STSATI )

CPB#CPFN(CBIsSTBI)

STBZ2LSH#(WSI#HFG)/ ( WBI*CPB)+STBI
SVNCI#1Ue729%TSAT I/ (AMWNC  #PMIX | )
SVMIXt # 140/ (AMOLSS / (AMOLST #* VGI) + AMOLNC/
I (SVNCI| * AMOLST))

C CALC. BUNDLE FACE AREA

BNDFAR # 2.0%PI% (BNDRAD + SDO/240)*ALST

C CALC. FOR EACH ROW(I)s THE AREA OPEN TO FLOW

150

155

PATHAR # (SDD-140U)%SDO®ALST

DO 150 1#1sNOROWS

AOTFLWI(I) # PATHAR % TBNPRI{I)
VELI#((WSI+WNCI)*SVMIX|)/(3600.0%BNDFAR)
G2#288eU*SG*SVMI X |

ENDIAM # 2.0%(BNDRAD + SDD*SDO/2.0)
COQLER SECTION

HTCLR # 2.U*BNDIAM/3eu
VNOC#(HTCLR-SDO) /( SDDMIN *SDO)
LHNOC# TNOC/VNOC

HNOCH#FLOAT { LHNOC)

VNOC#TNOC/HNOC

LVNOCHVNOC + o5

VNOCHFLOAT(IVNOQOC)
PCTCLR#VNOC®HNQC/ANT* [UULG

AENT #12.0 * AOTFLW(I)

IF(AENT-BNDFAR) 160s 160, 155
ARATIO#BNDFAR/AENT

DELPI2# (1e0~ARATIO)*VELI*%2/G2
VEL2#ARATIO*VEL |

CIRCO590
CIRCO595
CIRCO60O
CIRCO605
CIRCO610
CIRCO615
CIRC0O620
CIRCD625
CIRCO630
CIRCD635
CIRCO640
CIRCO645
CIRCO650
CIRCO655
CIRCO660
CIRCO66"5
CIRCO670
CIRCO675
CIRCO680
CIRCO685
CIRCO690
CIRCO695
ClRCO700
CIRCO705
CIRCO740
CIRCO715
CIRCO720
CIRCO725
CIRCO730
CIRCO735
CIRCO740
CIRCO745
CIRCO750
CIRCO755
CIRCO760
CIRCO765
CIRCO770
CIRCO775
CIRCO780
CIRCO785
CIRCO790
CIRCO795
CIRCO8B0O
CIRCO8D5
CIRCOBIO
CIRCO815
CIRCO820
CIRCO825
CIRCO83C
CIRCO835
CIRCO840
CIRCO845
CIRCO850
CIRCO855
ClIRCO86D0
CIRCO865
CIRCO870
CIRCO875
CIRCO880
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GO

T0 175 CIRCUB8S
160 ARATIO#AENT/BNDFAR CIRCO890
VEL2#VELI/ARATIO CIRCO8B95
IF(ARATIO-G.715) 165, 1655 170 CIRCO90G

165 DELPI2#Uas¥*{|425-ARATIO)¥VEL2¥%2/G2 CIRCO905
GO TO 175 CIRCOYIU

|70 DELPI2#0.75%( ] oU~ARATIO)¥VEL2%%2/G2 CIRCO915
175 DELP23#(VEL2¥¥*2—VEL%%2) /G2 CIRCO920
A#lel5 CIRCD925

DO 180 J¥is6 CIRCO93U

WGAS (J) # WNCI / 120 CHRCO935

WS (I»J) # WSI / 1240 C1RCO940
WGAS(J)# A*WGAS(J) CIRCO945
WS{1sJ)#A*WS ([ 5J) CIRCO950

180 A#¥A~D.075 CIRCO955
WSAVE # (WNCI + WSI11/12.0 CIRCO960

C FOR THE FIRST PASS THROUGH THE CONDENSER s (J#}) CIRCO965
C SET UP FOR CALCULATION THRU CONDENSER USE DOUBLE SUBSCRIPTSs (IsJ)CIRCO970
dddde CIRCO975
C I-——TUBE ROWS, | TO IHNO CIRCOS8O
C J===PASS NO » | TO 6 CIRCO985
IPLOOP#Q CIRCO990

185 DO 325 J#ls6 CIRCO995
PMIX(1sJ) # PMIXI ~ DELPI2 - DELP23 CIRCI0G0

PSAT( 1 J)#PMIX ([ »J)* (AMOLSS/AMOLST) C1RC1005
PAL#PSAT( 1) CIRCIDIU

TSAT( s J)#TSATFNIPAL) CIRCiIOIS
STSAT( s JI#TSAT(15J)1-459469 CIRCI020
TALETSAT(1sJ) CIRCIO25
VGHVGFN(TALsPMIX (1sJ)) CIRC1030
VNC#(1Ua729%TSAT(190)) /7 (AMWNC *(PMIX(1sJ))) CIRCI035
VMIX#| eU/ ( (AMOLSS/ (VG*¥AMOLST ) ) +(AMOLNC/ (VNC*AMOLST) ) ) CIRC1040

VEL (ls J) # ( WS (1sJ) + WGAS (J) ) * VMIX / (3600.0% AOTFLW(1))CIRCID45
IF(WNCL) 190 19Gs 195 CIRCID50

190 WGAS(J) # 0.0 CIRCIO55
195 WNC # WGAS(J) CIRCI060
AMOL SCH#WNC/AMWNC CIRCIO65

TB2 # 0.0 CIRCIOTO

QG#0 0 CIRCIOTS
QGP#U0 CIRC1080
DO32uUIL#| s IHNO CIRCIO85

I¥IL CIRC1090

LQ#0 CIRC10G95
STSATUI+1sJI#STSAT (1) CIRC! 100

200 STAVGH#(STSAT(I+15sJ)+STSAT(IsJ)1%0e5 CIRC!IO5
CALL HETTRN(STAVG SANF{I3J) sWS(I1sJ) s WNCsUM sUN(CIsJ)s CIRCIIID
JALMTD(I9J) sASS»QGsQTsQCNDs SHI (15 J) s SHML sSHN (IsJ)sSHG » CIRCITIS
2SHCGM »ALSTSRC(15J) » SHCGN sLQ»STSAT(1»J)»STSAT(L+1sJ) ) CIRCI 20
IF{ASS)45552055455 CIRCI125

2U5 QM #UM *AO*ANF (15J)*ALMTD(15J) *TBNPR(I) CIRC} 130
HF G#HFGFN(STSAT(15J)) CIRCI 135

WL (T sJ)%aM /HFG CIRC! 140

WCND (I s J)#UN( L »J) *AO*ALMTD( I »J} /HFG * TBNPR (1) CIRCI 145
AMOLS(IsJ)#WS(I1sJ) /184015 CIRCI 50

L # & CIRCI 155

AXO # AOTFLW(I) CIRCI16D

CALL PRSDRP{TSAT(I>J)sPSAT(15J)sPMIX{I1sJ)sWS(1sJ)sWLUIsJ}sWNCsAXOsCIRCII65
IAMOLS(LsJ) s AMOLSCsNERRyDELPTP (I15J) sWCND(I9J)sTPOG sALV sL)CIRCI 170

JX#0 CIRCH1 75
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IF(NERR) 465452109465 CIrRCt {80

210 WS{I+I»J)# WS({IsJ)-WCND(IsJ) CIRCI 185
IF(WS(1+15J112155235,235 CIRCIH19G

215 1F (EXITFR) 230s 230s 220 CIRCI195
220 ALMAX # ALST CIRCIl 200
ALST # ALST #* Jeo9 ¥% ( | U /(FLOAT(ILNG)+ .0 } ) CIRC!205

IF (ALST - ALMIN ) 225, 225, 135 CIRCI2!0

225 ALST # ALMIN + (ALMAX = ALMIN) * 0. CIRCl2IS5
GO TO 135 CIRC1220

230 WCND(I»J) # De5*%¥WS(IsJ) CIRCI225
WS(I+1sJ)I# WS(IsJ)~WCND(IsJ) CIRC!230
AMOLS(I+I s D) AWS(I+15J) /184015 CIRC1235
PMIXCI+1sJ)#PMIX{1sJ)=DELPTP(I,J) CIRCI1240
PSATUTI+ ] s J)#PMIX (1413 J)*AMOLS(I+15J) 7/ (AMOLS(I+]sJ)+WNC /AMWNC) CIRCI245
TSAT(I+1sJ) # TSATFN(PSAT(I+[sJ)) CIRCI1250
STSAT(I+1sJI#TSAT(I+1+J)—459469 CIRCI255
QGH(WS(I 9 J)*CPSFN(TSAT(19J))/ 18| 05+WNC*CPAFNITSAT(IsJ))/AMWNC )% CIRC]260
TOTSAT (L s J)=TSAT(I+1,J)) CIRCI265
QT#@G+WCND (1 J)*HFG CIRCI270
ALMTD(1sJ) # WCNDUI,J) ¥HFG/(UN(I»JI)*AO * TBNPR (1) ) CIRCI275

TB2 # QT/(WB*CPFN(CBI»STBAVE)*TBNPR(I) ) + STBI CIRC1280

GO TO 315 CIRCI285

235 AMOLS(I+1sJ)#WS(I+19J)/18e015 CIRC1290
PMIX{I+]sJ)#PMIX(1sJ)-DELPTP(IsJ) CIRCI1295
PSAT(I+15sJ)4#PMIX(I+1»J)¥AMOLS(I+1+J)/ (AMOLS(E+19J)+WNC /AMWNC) CIRC1300
PALH#PSAT(I+]sJ) CIRCI305
IF(PAL) 240, 24U,y 245 CIRCI3 1O

240 WRITE(658035) Is PMIX(I+1sJ) CIRCI315
8U35 FORMAT(IHO» 22HPAL 15 NEGATIVEs PMIX( 4 12 6H+I1) # » El6e8 ) CIRC1320
CO TO 655 CIRCI325

<45 TSAT(I+1,J)#TSATEN(PAL) CIRCI330
STSAT(I+ 19 JIXTSAT(I+]9J)=-459469 CIRCI335
LF(STSAT(I+1J)-STFO) 250, 250, 255 CIRCI340

250 STSAT(I+1lsJ) # STFO CIRCI345
TSATULI+1sJ) # STSAT(I+1sJ) + 459.69 CIRCI350

255 TAL # TSAT(I+]|,J} CIRCI355
WCNDP# (UN( T, J)*AO*ALMTD(1sJ) % TBNPR (1) CIRC1360

{ ~(WS{I SJ)¥CPSFN(TSAT(I+1sJ})/184105 CIRCI1365
2HWNC*CPAFN(TSAT(I+19J)) /AMWNC I ¥(TSAT(IsJ)-TSAT(1+1sJ)))/HFG CIRC1370
LF(CABS (WCNDP/WCND(IsJ)-1e0)-.005127592609260 CIRCI375

260 JX#JIX+I CIRC!380
IF(JX=5U)2T7J»27Us265 CIRCI385

265 WRITE (64804U)IDENTsIsJsIsJ CIRCI1390
8040 FORMAT(IH{s 13A6/IHU»S5X»2HI#»1295Xs2HJI#s11/1HO»24HNO CONVERGENCE FOCIRCI395
IR WCND(I2sIHsIlsiH)) CIRCH40O

GO TO 655 CIRC1405

270 WCND (1 sJ)#WCNDP CIRCI410
GOTO210 CIRCI415

275 QGH(WS(IsJ)*CPSFN(TSAT(19J) 1/ 186 IUS+WNCHCPAFN(TSAT(15J))/AMWNC )% CIRCH420
I CTSAT(I s J)=TSAT(I+1,J)) CIRCH425
WCND (1 5J)#WCNDP CIRCH430
QT#QG+WCND (19 J) *HFG CIRCI435

C WRITE OUTPUT TAPE 6s 30uUs I Js RC(IsJ)sQGs QT QGPsUN(IsJ) CIRCI440
C3Lu0 FORMAT (2155 5E16.8) CIRCI 445
IF(RC(19J)=0e04U131593155280 CIRCH450

280 IF(ABS(QGP/QG ~1eC)=Uell 1315,28549285 CIRCI1455
285 IF(LQ)2909290,295 CIRCI460
290 QGP#QG CIRC1I465

LQ#LQ+ I CIRCI470
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GOTO 200
IF(LQ=~ 5)30LUs3UUs3U5

GOP#WGP-0.5% (QGP-QG)
QGH#QGP

LQ#LQ+I

GOTO 20U
QGP#QGP-0. | *¥(QGP-QG)
QG#QGP

LQ#LQ+]
LF(LQ-101200931Us310

310 WRITE (698045)IDENTelsJslsd
8L45 FORMAT(IHI» 13A6/ IHUsSXs2HI#912s5X92HJU# 11/ 1HOs22HNO CONVERGENCE FOCIRCI530

315

8050
320

325

330
335
340

345
350

355

360

R QG(I2siHsIlsiH))

VGHVGFN(TSATI+15J) sPMIX(I41J))

QGP#QG

AMOLSC # WNC/AMWNC

VNCH (1 DaT729%TSAT(I+19J) )/ CAMWNC ¥ (PMIX(I+19J)))

VMIX# | «G/ CCAMOLS (141 9J) /{VG* {AMOLS 1+ 15sJ)+AMOLSC) ) Y +(AMOLSC/
(VNC*¥ (AMOLS(I+19J)+AMOLSC) )
VELCI+TI2JIH(WS(I+19J)+WNC)Y/(AOTFLW (I+1) ) *VMiX/3600.0
WRITE OUTPUT TAPE 6, 8Uu4s STB2ESs TBZ2, STFO
FORMAT ( IHOy 3Fi10«5)

CONTINUE

Gl#288.00%SG*SVMIXI

VEL( s J)#SVMIXI¥(WS(]5sJ)+WGAS(J) )/ (3600.0%AOTFLW( I} )
CI{JIH(PMIXT 19 J)=PMIXUIHNO4 | sJ))¥GI/VEL(sJ)%%3
CONTINUE

PMXEXT#00

LF(C201))33us 33Uy 34U

DO 335 JU#ls6

C2(J) # Ct(U)

DO 350 J#ls6

Cld) # (Cl(U) + C2(J)) ¥ Ue5

C2(J) # C(I)

DELP(JI#HPMIX (1 sJ)=PMIX{IHNO+1,J)
PMXEXT#PMXEXT+PMIX(IHNO+|sJ)

PMXEXT # PMXEXT/6eU

DELPVE#PMIX(1s1)=PMXEXT

TNOFR # TNOC / (TNOC + TNO) *100.0

WPT#UeU

DO 360 J#I1s6

IF (ABS(DELP(J) / DELPVE - 10} -~ 0.G1) 360 360s 365
CONTINUE

GO TO 395

DO370U#156

WP (J)#(DELPVE*GI/C(J))%%0.,3333%3600.0% AOTFLW (1) /SVMIX |
WSP{J)HWP (J)¥WST/ IWNCI+WSI)

WGAS(J)H#WP (JU)~-WSP(J)

WPT#WPT+WP (J)

IF(ABS(WPT/ (6 U*WSAVE)~1.0)-Uel0UGS5) 380,380, 375
DELPVE#DELPVE* (WSAVE*GU/WPT ) %%2

WPT#UW0

GOTO365

IPLOOP#IPLOOP + |

DO 385 J#1+6

WS 9JIH#WSP (J)

IF(IPLOCP~10) 185y 1855390

WRITE (6s8U55)IDENT

FORMAT (IH s | 3A@s40HNO CONVERGENCE IN CONDe DELTA P (IPLOOP) )

CIRCI47
CIRCI48

CIRCI485
CIRCI1490
CIRC1495
CIRCI500
CIRCI505
CIRCIS5 10
CIRCI5 IS
CIRCI520
CIRCI525

CIRCI535
CIRCI540
CIRCI545
CIRCI550
CIRCI555
CIRCI560
CIRCI565
CIRCIST70
CIRCI575
CIRCI580
CIRCI585
CIRCIS590
CIRCI595
CIiRC1600
CIRCi€05
CIRCl610
CIRCI615
CIRCl620
CIRCI625
CIRC!1630
CIRCI635
CIRCI 640
CIRCI 645
CIRCI650
CIRCI655
CIRCI660
CIRCI665
CIRCI670
CIRCI675
CIRCI680
CIRC1685
CIRCt690
CIRC1695
CIRCI1700
CIRCI705
CIRCI71C
CIRCITI1S
CIRCI72G
CIRCI725
CIRCI73U
CIRCHT35
CIRCi740
CIRCI745
CIRCI750
CIRCI755
CIRCI1760
CIRC1765



395

400

410

415

420

430
435

440
445

[
=
-

GOTO655

AVERAGE CONDITION AFTER CONDENSER SECTION AND BEFORE COOLER
SECTLIONe.

PMXEXT#PMLX(|y1)-DELPVE

WSUMX#0.0

DO 4uUd J#¥ls6

WOSUMX#WSUMX + WS({IHNO+1,J)
WSEXIT#WSUMX*¥2,.,0

AMLSEXH#WSEXIT/ 184015

PSATEX#PMXEXT* AMLSEX / (AMLSEX + AMOLNC)
WNCCHWNCI

TSATEX#TSATFEN(PSATEX)
STSAEX#TSATEX-459.69

VELEXT#0.0

LO405J#1 46

VELEXTHVELEXT+VEL{IHNO + 1 J)
VELEXTAVELEXT/6eU

CALCULATION THROUGH CGOOLER

AXOCH# SDO*HNOC*ALST * (SDDMIN - 1.0)
SVGEXTH#VGFN(TSATEX s PMXEXT)
SVNCEX#]10e729%TSATEX/ (. AMWNC* (PMXEXT))
AMLT # AMLSEX + AMOLNC

SVMXEX # 1.0 7/ (AMLSEX / (AMLT % SVGEXT) + AMOLNC /

I (AMLT * SVNCEX 1))
VELCUII#LWSEXTT+WNCC) *SVMXEX/ (AXOC*#360040)
IFAVELCU) ~VLCMAX 1420494209415
AXOCHIWSEXTIT+WNCC)*SVMXEX/ (VLCMAX*3600.0)
HNOC#AXOC/ ( SDO®ALST * (SDDMIN - 1.0 )
VNOCH#TNOC/HNOC

1VNOC # VNOC + Ul

VELCH{ 1) #VLCMAX

G2#288 «0*¥SG*SVMXEX

LF(VELC(1)=VELEXT 4255425430
ADAIHVELC( ) /VELEXT

DELPCT#H#( (| e0-A2DAI ) *VELEXT*%2)/G2

GOTO445

A2DAI#VELEXT/VELC(])
IF(AZDAI-0.715)440,440+435
DELPCT#(0eT75%{ 14 U-A2DATI*VELC(])1%%2)/G2
GOTO445
DELPCT#(Dae4*(|425-A2DAI)*VELC(|)%%2)/G2

PMIXCH( ) #PMXEXT-DELPCT ~(VELC())**2 ~VELEXT*%2)/G2

PSATCLI)#PMIXCU 1) *AMLSEX/ (AMLSEX+AMOLNC)
PAL#PSATC( 1)

TSATCUI)#TSATEN(PAL)
STSATCU I )HTSATC(1)~459469

WSCO ) HWSEXIT

TAL#TSATC( 1)

VGH#VGFN(TALsPMIXC (1))

AMLSSCOI)#WSC(1) /18,015

AML SCC#AMOLNC

VNC# 1 Ge729#TSATC( 1)/ (AMWNC * (PMIXC(])))
VMIX# oL/ ( CAMLSSCUL )/ (VG* (AMLSSC( | ) +AMLSCC) )
14 (AMLSCC/ (VNC® (AMLSSC ([ }+AMLSCCI) )
VELCEII#IWSCO )Y +WNCCI*#VMIX/ (AXOC*3600.0)
ANFCUIIY#(VNOC+140) /240

QGC#0.0

QGPC#D 0

DO5651K# 1 IVNOC

CIRCIT770
CIRCIT75
CIRCI780
CIRC1785
CIRCI790
CIRCIT795
CIRCIHS8O0
CIRCI805
CIRCIBID
CIRCI8I5
CIRC1820
CIRCI825
CIRCI1830
CIRCI835
CIRCI840
CIRCI845
CIRCI850
CIRCIB55
CIRC1860
CIRCI1865
CIrRC1870
CIRCI8T75
CIRC!880
CIRCI885
CIRCI890
CIRCI895
CIRCI1980
CIRCI90U5
CIRCI9HO
CIRCI9I5
CIRCI920
CIRC1925
CIRCI93C
CIRCI935
CIRC1940
CIRCI945
CIRCI950
CIRC1955
CIRCI1960
CIRCI1965
CIRC1970
CIRCI975
CIRC1980
CIRCI1985
CIRCI990
CIRCI1995
CIRC2080
CIRC2005
CIrRCZ2010
CIRC2315
CIRC2020
CIRC2025
CIRC2030
CIRC2035
CIRC2040
CIRC2045
CIRC2050
CIRC2055
CIRC2060
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i e1RE3RYg
LQc#U CIRC2075
STSATCUI+1)#STSATC(T) CIrRC2080

450 STAVOHISTSATC(I+I1) + STSATC(I))*¥045 CIRC2085
CALL HETTRN(STAVG s ANFCUI )9 WSCI T ) sWNCC s UMC sUNC(I)y CIRC2090
FALMTDC I ) 9 ASS»QGCHQTCHQCNDCs SHIC (1) 3 SHMLC s SHNFC (1) sSHGC ’ CIRC2095
2SHCGCM s ALSTsRCC(I)sSHCGCN sLCC,STSATCUI ) s STSATCULI+]) ) CIRC2100
IF(ASS) 45554604455 CIRC2105

455 WRITE (6,8060)IDENT CIRC2!10
8060 FORMAT(IHI»|3A6/48HONO CONVERGENCE FOR TB2 IN HEAT TRANSFER ROUTINCIRC2115
1E) CIRC2120

GO TO 655 CIRC2125

460 QMC #UMC *AOXANFC (1) *ALMTDC (] CIRC213¢
HFGHHFGFN(STSATC( 1)) CIRC2135

WLC (1 )#QMC *¥HNOC/HFG CIRC2140
WCNDC (I )Y#UNC(I)*AO¥HNOC*ALMTDC(1) «HFG CIRC2145
CALL PRSDRP(TSATC(Li)sPSATC(I}sPMITCUL)sWSCUI)}sWLC(I)sWNCCsAXOCS CIRC2150
FAMLSSC (1) s AMLSCCyNERKSDELTPC (L) sWENDC (1) s TPOGC s ALVC sLJ) CIRC2155
DELTPC (1) # 2ed * DELTPC (1) CIRC2160

JY # 0 CIRC2165
IF(NERR)465,470+465 CIRC2170

465 WRITE (698U65)IDENT CIRC2175
8065 FORMAT(IH|»s»3A89y42HERROR IN INTPL2 WHICH IS CALLED BY PRSDRP.) CIRC21t80
GO TO 655 CIRC2185

470 WSCUI+)#WSCLI)-WCNDC(T) CIRC2190
IF(WSCUI+1)14759505,505 CIRC2195

475 1F (EXITFR) 490, 490, 480U CIRC2200
480 ALMAX # ALST CIRC2205
ALST # ALST %0498 ¥% ( |40 /(FLOAT(ILNG}+ 140 ) I CIRC2210

IF (ALST - ALMIN ) 485, 485, 135 CIRC2215

485 ALST # ALMIN + (ALMAX =~ ALMIN) * U] CIRC222U
GO TO 135 CIRC2225

490 STSATC(I+1) # STFO CIRC2230
TSATMNASTSATC(I+1)+459469 CIRC2235
PMINAPSATFN(TSATMN) CIRC2240
WCNDC (T ) #WSCIII*(PSATCUI)=PMIN)/PSATCI(]) CIRC2245
WSCUI+ 1) #WSCLI)~WCONDC () CIRC225C
GOCH(WSCUI)*CPSFNITSATC(I})/18el|5+WNCCHCPAFN(TSATC(I}) ZAMWNC) * CIRC2255
I{TSATC(I})-TSATMN) CIRC2260
QTCHQGCHWCNDC (1) *HFG CIRC2265
IF(STSATC(1)-TB2) 495y 495, 500 CIRC2276

495 TB2 # STSATC(I1) = Ul CIRC2275
500 ALMTDCUI)#((STSATCHI+})-STBI)—(STSATC(I)~TE2))/ALOGI{STSATC(I+1)~ CIRC2280
ISTBI)/Z(STSATC(1)-TB2)) CIRC2285
UNCLT)#QTC/ (AO*HNOC*ALMTDC () CIRC2290
AMLSSCUI+1)#WSCUI+1)/18.015 CIRC2295
PMIXCOI+1)#PMIXC(I)-DELTPC(I) CIRC2300
PSATCOL+ Y #(PMIXCOI+1 ) ¥AMLSSCUI+1) )/ (AMLSSCLI+])+AMLSCC) CIRCZ305
TSATCCI+1}YH#TSATMN CIRC2310

GO TO 550 CIRC2315

505 AMLSSC(I+I1)#WSC(I+1)/18.015 CIRC2320
PMIXC UL+ 1) #PMIXC(I)~DELTPC(T) CIRCZ2325
PSATCUI+ )V #(PMIXCUL+] ) *AMLSSC(I+1) )/ {AMLSSC(I+])+AMLSCC) CIRC2330
PAL#PSATC(L+1) CIRC2335
TSATCLI+1 ) ¥TSATEN(PAL) CIRC2340
STSATC(I+])#TSATC(I+1)~459469 CIRC2345
TAL#TSATC(I+1) CIRC2350

WCNDP# (UNC( 1) *¥AO*HNOC¥ALMTDC (L) -{WSC(I )*CPSFN(TSATC(I+1)}/18I0G5CIRC2355
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| +WNCC*CPAFN (TSATC(I+1)) /AMWNC Y*(TSATC(I)-TSATC(I+1)))/HFG CIRC2360

510 IF(ABS(WCNDP/WCNDCI(I)—140)-4005)1525+5154515 CIRC2365
515 WCNDC(I)#WCNDP CIRC2370
JY # JY + | CIRC2375
IF(JY~50) 470, 470, 520 CIRC2380

520 WRITE (6,8070)1 CIRC2385
8UT70 FORMAT(|HUs 25HNO CONVERGENCE-FOR WCNDC(s 12y 2H)s ) CIRC2390
GO TO 545 CIRCR2395

£25 QGC#(AMLSSC(I)*CPSFN(TSATC(I}I+AMLSCC*CPAFN(TSATC(II) I *(TSATC(I)- CIRC2400
ITSATC(I+11)) CIRC2405
WCNDC (I )#WCNDP CIRC2410
QTC#QGC+WCNDC( 1) *HFG CIRC2415

C WRITE OUTPUT TAPE 6» 30Uls Is RCC(I)» QGCs QTCHy QGPCs UNCILI) CIRC2420
C30J1 FORMAT(I5s 5El6e8) CIRC2425
IF(RCC( 1)-0s04u)55Ls55us530 CIRC2430

530 IF(ABS(QGPC/QGC-1eU)-Ue 0155055355535 CIRC2435
535 QGPC#(QGPC + QGC)*L.5 CIRC2440
LQCHLQCH] CIRC2445
IF(LQC-50)45uUs54Uy54U CIRC2450

540 WRITE (65s8UT75)IDENTy1 CIRC2455
8075 FORMAT(IH s |3A6/1HU»S5Xs2HI#512/1H0»25HNO CONVERGENCE FOR QGC{I1)) CIRC2460
545 CONTINUE CIRC2465
GO TO 655 CIRC2470

550 VGH#VGFN(TSATC{I+])sPMIXC(I+])) CIRC2475
QGPCHQGC CIRC2480
VNC#10e729%TSATC(I+1)/ (AMWNC *(PMIXC(I+1))) CIRC2485
VMIX#1 o0/ L (AMLSSCUL+ 1)/ (VG (AMLSSC( I+ )+AMLSCCY ) )+ (AMLSCC/ (VNCH* CIRC2490

| CAMLSSCUI+1)+AMLSCC)) ) CIRC2495
VELCUI+)#(WSCUL+1)+WNCC)®VMIX/(AXOC *3600.0) CIRC2500

C WRITE OUTPUT TAPE 6» 8UU4s STB2ESs TB2y STFO CIRC2505
IF(MOD(1+2)1555956J9555 CIRC2510

555 ANFCU{I+|)#ANFC(I) CIRC2515
GOTO565 CIRC2520

560 ANFC(I+|)#ANFC(I)~1.0 ClIRC2525
565 CONTINUE CIRC2530
DELPC#PMIXC(1)-PMIXC(IVNOC+1) CIRC2535
CLCH#DELPC#488,0%SG*SVMXEX/VELC () ¥%2 CIRC2540
XTFRI # WSC (IVNOC + 1) / WSl CIRC2545

IF (EXITFR) 635 6355 57U CIRC2554

570 IF (ABS(XTFR! = EXITFR) - Us25 * EXITF*) 6359 635y 575 CIRC2555
575 IF ( ILNG - 5) 585» 585, 58y CIRC2560
580 WRITE (6,8uU8U) CIRC2565
8080 FORMAT (1HU 44H NO CONVERGENCE FOR EXITFR AFTER 5 TRIES )} CIRC2570
GO TO 635 CIRC2575

585 1F (XTFRI -~ EXITFR ) 590, 590, 615 CIRC2580
590 ALMAX # ALST CIRC2585
IF ¢ ILNG - 2) 595 600, 600 CIRC2590

595 ALST # ALST * ( |0 + XTFRI) / ( 1«0 + EXITFR ) CIRC2595
GO TO 610 CIRC2600

600 ALST # ALST + (ALSI - ALS2) 7/ (XTFRI - XTFR2) CIRC2605
| * (EXITFR - XTFRI ) CIRC2610

IF (ALST - ALMIN ) 6U5s 6U5y 61U CIRC2615

€45 ALST # ALMIN +(ALMAX - ALMIN ) * Uel CIRC262U
610 WRITE (658U85)ALST» ALSts ALS2s XTFRI» XTFR2 » ALMAX, ALMCIRC2625
I'IN CIRC2630
8085 FORMAT (1RO 6H 4002 TE16.8) CIRC2635
ALS2 # ALSH CIRC2640
XTFR2 # XTFRHU CIRC2645

ILNG # ILNG + | CIRC2650



615

620

625

630

635

640
645

RE
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GO TO 35

ALMIN # ALST

IF (ILNG - 2) 620y 625, 625

ALST # ALST * ( Jeu + XTFRI) / ( le0 + EXITFR )
GO TO 610U

ALST # ALST + (ALSI| - ALS2) / (XTFRI = XTFR2)

| % (EXITFR - XTFRI )

IF (ALMAX - ALST) 630, 630, 610

ALST # ALMAX - (ALMAX - ALMIN) % O}
GO TO 610

CONTINUE

ARCONDH#AC* {ANT-TNOC)
WCNDTHWSI-WSC( 1)
QTCONDH#WCNDT*HFGFN(STSATC( ] ))

P+ C(WSI+WSCU ) ) *0W5%¥CPSFNITSATC(1)) /186015
2+AMOLNCH*CPAFN(TSATCUI ) ) )% (STSAT{ ) st )=-STSATC( 1))
STB2CO#UTCOND/ (WE* (ANT-TNOC) *CPFN(CBIsSTBI)) + STHI
DTCOND#( (STSATC{ | )-STBII=(STSAT(|s1)=5TB2CD))/
IALOGU(STSATCU | )=STBLI/(STSAT(1,1)=STB2CD))

UCOND#QTCOND/ ( ARCOND*DTCONLC)

ARCOCL#ACHTNOC

WCNDCTH#WSC (1) ~WSCIIVNOC+])
QTCOOL#WCNDCT#HFGFN(STSATC( 1))

T+ CIWSCO ) +WSCUTIVNOCHE ) ) *¥J W S*CPSFN(TSATC(1)) /184015
2+AMOLNCH*CPAFN(TSATC(1) ) ) *¥(STSATC( 1 )—STSATC(IVNOC+[))
STB2CL#QTCOOL/ (WB* ( TNOC)Y*CPFN(CBI»STBI)) + STBI
DTCOOLH((STSATCIIVNOC+1)=STBI )~(STSATC(!)~-STB2CL) }/
| ALOG((STSATC(IVNGC+|)=STB1)/(STSATC(I)~STB2CL))
UCOOLAWTCOOL/ (ARCOOL*DTCOOL)
STB2T#(QTCOND+QTCOOL ) /{ WBI*CPFN(CBI »STel) ) + STHI
DELTOTH#((STSATCULIVNOC+|)~STBI)~(STSAT(1s1)=ST22T))/
ALOG{ (STSATCHIVNOC+|)=STBL)/(STSAT{ I51)=-STE2T))
UAVGH (QTCOND + QTCOUOL )/ (AU*ANT*DELTOT)

DTCND2# (STB2CD— STBIL) / ALOG(( STSAT(1sl)- STBI) /
ISAT(Is1) — STB2CD))

UPCOND # QTCOND 7/ (ARCOND * DTCND2)

DTCOLZ # (STB2CL- STBI) / ALOG(( STSATC(I) -~ STBI) /
ITSATC(! ) —- sTB2CL))

UPCOOL # QTCOCL 7/ (ARCOOL * CTCOLZ2 )

DLTOTZ# (STB2T- STBI) / ALOG((STSAT(lsf) - STEL) /
ITCLs 1) = STB2T))

UPAVG # (GTCOND + GTCOOL) / (AU * ANT % DLTOT2)
VNOC # FLOAT(IVNOC)

UBARW # 0.0

UBARWC # 0.0

CO 645 J#!1,6

DO 640 I1#1,1HNO

UBARW# UBARW + UN(I,J)*TBNPR(1)%*2.0

CONTINUE

UBARW # UBARW/TNO

L3O 650 I#1i,IVNOC

UBARWC # UBARWC + UNCI(I)

UBARWC # UBARWC/VNOC

UAVGW #(UBARW%TNO + UBARWC*#TNOC)/(TNO + TNOC)
ADTCLR # QTCOOL/ (UBARWC*ARCGOL)

ADTCND # GQTCOND/ (UBARWXAO*TNO)

ADTOA # (QTCOOL+QTCOND) / (UAVGW® ( TNO+TNOC) *AQ)
GULAR OUTPUT PKG

TDROP! # STSAT(Is}) - STSAEX

CiRCZ2655
CIRC2660
CiRC2665
CIRC2670
CIRC2675
CIRC2680
CIRC2685
CIRC269C
CIRC2695
CIRC2700
CIRC27035
CIRC271d
CIRC2715
CIRC2724
CIRC2725
CIRC2730
CIRC2735
CIRC2740
CIRC2745
CIRCZ750
CIRC2755
CIRC2760
CIRC2765
CIRC277C
CIRC2775
CIRC2780
CIkC2785
CIRC279U
CIRC2795
CIRC2800
CIRC2805
CIRC2810
CIRC2815
( STCIRC2820
CIRC2825
CIRC2830
(SCIRC2835
CIRC2840
CIRC2845
(STSACIRC2850
CIRC2855
CIRC2864
CIRC2865
CIRC2870
CIRC2875
CIRC2880
CIRC2885
CIRC2890
CIRC2895
CIRC2900
CIRC2905
CIRC2910
CIRC2915
CIRC2920
CIRC2925
CIRC293U
CIRC2935
CIRC2940
CIRC2945
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THOFR # TNC/(TNO + TNOC) *10U.U CIRC295C
TDROP2 # STSATC({) = STSATC(IVNOC+I) CIRC2955
DELPOA # PMIX!I - PMIXC(IVNOC+1) CIRC2960
TDROP3 # STSATI ~— STSATC(IVNOC+1) CIRC2965
VOIDID # 2+0%RADINS CIRC2970

HNO # FLOAT(IHNO) CIRC2975
HBNDC # 0e866%VNOC*SDD*SDO + SDO CIRC2980
WBNDC # HNOC*SDD*SDO + SDO CIRC2985
EXSTFR # WSCCIVNOC+|)/WSI * jul.O CIRC2990
EXNCFR# WNCI/(WNCI+WSC(IVNOC+|)!*100.0 CIRC2995
WRITE(6,8090) CIRC3000

8090 FORMAT([HK»52Xs |8HSUMMARY OF RESULTS /FHOs|6Xs 2HU»8X, B8HLOG MEANCIRC3005
I s4Xs 33HPRESSURE TEMP. STEAM VELOCITY » 29H TUBE CIRC3010
2SPACING TUBE FRACTION /12Xy 56HBTU/HR/SQeFTs DELTA TEMP, DROP CIRC3015

3 DROP FT/SEC » 8X» 6HRATIOs /14Xy 58H/DEGCIRC3020

4e Fo DEGeFe LBS/SQeINe DEGeFe INLET QUTLET » CIRC3025

5 6Xs 18HS/D PERCENT ) CIRC3030
WRITE(6s8U95) UBARWs ADTCNDs DELPVEs TDROPls VEL(Ilsl)s VEL{IHNO+{sCIRC3035

i)y SDDs THOFRs UBARWCs ADTCLRs DELPCs TDROP2s VELC(!)s CIRC3040
2VELCIIVNOCH+] ) SDDOMINs TNNFRs UAVGWs ADTOAs DELPOAs» CIRC3045
3TDROP3 CIRC3050
8095 FORMAT(IHOs | |HCONDENSER s FBe2s6XsF6e2yTXoFTolis3XsF6e392XsF6e2sCIRC3055
i2X9F6e2ys TXsF3e)98XsF6e2/1Xs 6HCOOLER 95X9sF8e236XsCIRC3060

2F 6029 TXsFTelis3XsF6e392X2F64292X9Fbe2 TX sF3e198Xs CIRC3065
3F6e2/1Xs THOVERALL 94XsF8e296X9F6e23TX9FT70493X9F6e3 ) CIRC3073
WRITE(6s81UJ) BNDIAMs VOIDIDs HNO CIRC3375

8140 FORMAT(IHUs 25HOUTSIDE BUNDLE DIAMes FTe » F6e2s4Xs 22HINSIDE VOIDCHRC3080
| DIAMesy FTe 9 Fbe294Xy 26HNUMBER OF RADIAL TUBE ROWS » F&.0 ) CIRC3085
WRITE(6s 81U5) HBNDCs WBNDCs ALSTs EXSTFRs EXNCFR CIRC3090

81U5 FORMAT(IHUs I8HCOOLER HEIGHTs FTe 3sF6e295Xs | THCOOLER WIDTHs FTe » CIRC3095

IF6e295Xs |8HBUNDLE LENGTHs FTe sF7.3/1HO0s 28HEXIT STEAMs PERCENT OCIRC3100
2F INPUT s5XsF64259Xs 49HEXIT NON-CONDENSIBLESs PERCENT OF TOTAL EXCIRC3105

3IT FLOW 95Xy Fee2 }
IF(OUTPUT) 6555 ILus 655
FULL OUTPUT PKG
655 IVNOCH#IVNOCH+!
IHNO # IHNC + |
DO 665 J#1+6
WRITE(698114d) IDENT, J
WRITE (658125)
DO 660 1#|sI1HNO
WRITE(69813L) STSAT(IsJ}sPMIXIIsJ) sWS(IsJ)sVELUI»J)sRC(IsJ)s
TUNCTsJ)sSHN (19J)sSHI(I»J)
660 CONTINUE
665 CONTINUE
WRITE(658115) IDENT
WRITE (658120)
WRITE(658130) (STSATCII)sPMIXC(I)sWSCII)sVELCUIIsRCCIIISUNC(I),
ISHNFC(L)Y s SHIC(I) s 1#1 5 IVNOC)
IVNOC#IVNOC-1I
ITHNO # IHNO - |
8110 FORMAT(IHI»13A&s TH J# s 12
8115 FORMAT(IHIs 13A6s ITH COOLER SECTION )

CIRC3110
CIRC3115
CIRC3120
CIRC3125
CIRC3130
CIRC3135
CIRC3140
CIRC3145
CIRC3150
CIRC3155
CIRC3160
CIRC3165
CIRC3170
CIRC3175
CIRC3180
CIRC3185
CIRC3190
CIRC3195
CIRC3200
CIRC3205
CIRC3210

8120 FORMAT(1HUs5Xs6HSTSATCs IUXsSHPMIXCy | [ X93HWSCy 13X s4HVELCs [ 2X93HRCC»CIRC3215

P13Xs3HUNCy 13X 5HSHINFC s 1 1 X9 4HSHIC )

8125 FORMAT(IHU»5XsSHSTSAT 9 | I X9 4HPMIX s 1 2Xs2HWSy 14Xy 3HVEL» 13X 2HRCy | 4Xy
[ 2HUNs 14Xy 4HSHNF » 1 2X93HSHI )

8130 FORMAT(IH »8E16e8)
GOTO 100

CIRC3220
CIRC3225
CIRC3230
CIRC3235
CIRC3240



8135 FORMAT(IHUs 8H IDIV # » 14 )
END
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$IBFTC HTTR DECK HTTRUOOU
C SUBROUTINE HETTRN SANS-u UPDATE 10/5/66 HTTRGCO5
SUBROUTINE HETTRN(STSAT s ANFsWSsWNCs VML s VNF s ALMTD sASS» WG GTsGCONDs  HTTROOID

I SHI » SHML » SHNF 3 SHG» SHCOMs ALST sRCy SHCGN LG9y STSAT I s STSAT2) HTTROOI5
DIMENSICN COOR (3) HTTROG23
COMMON  SDO s STBI s Al s AO s AW s SHWINV HTTROO25
COMMON  FOUL s CBI s SDI s AXI s WB s HFG HTTRUU3d
COMMCN  sDD s STBZES » GB y VG s AMWNC , STFO HTTROO035
COMMON  TBZ2 s STBAVE » VNO y J » XNC s SF HTTROG4U
COMMUN  COOR sy JRC HTTRGO45

C DIMENSION COOR (3) HTTRG35C
C COMMUN SDOs>STBIsAT»AU» AW SHWINV s FOUL»CB319SDIsAXI sWBsHFGs»SDDsSTB2ESHTTRUOSS
C I 9GEBIVGy AMWNCSTFOsT2s STBAVESs VNOs Js XNC HTTROO6U
C COMMUN SFs COORs JRC HTTROG65
BNF3 # 16.0 HTTROO70

XNF3 #1e2379476+e3536U8B26E~1*¥BNF3 -4 |5703466E-2#BNF3 *%2 HTTRGO75
RCHWNC/ (WS+WNC) HTTROUJ8U

ASS#U HTTROO85
TSAT#STSAT+459.69 HTTROOSU
IF(TB2) 100, 100y 105 HTTROO95

100 STBAVE#( STBI+STB2ES) / 2.0 HTTRO10O
T82 # STB2ES HTTRO 105

CcCCcc HTTRO 11U
C CALCe BRINZz PROPERTIES AT STBAVE, (CBIsMUWsTWHCBI) HTTRGI15
C 8 Je33 Uel4 HTTRG 124
C SHiI#UUZT#*( K }{SvI*Go) (CP*BMU) (oMUCAVG T) ) HTTRO 25
C (SOL)Y( BMU ) ( K ) (BMU(WALL T)) HTTRO )30
cccc HTTRO135
L5 BEB#GE*36(0d.0 HTTRO 140
STBAVE # (STBI + TB2)1*0.5 HTTRO 145
STWI#(STBAVE+STSAT) /2.0 HTTRO 150
STWO#(STBAVE+ STSAT) /2.0 HTTRO 155
STFI#(STBAVE+STWI) /2.0 HTTRO 60
STFO#(STSAT+STWO)/2,.u HTTRO165

K # U HTTRO 17U

KK # O HTTROI175

110 SHI#eU27*SKBFN(CBLsSTBAVE)/SDI*(SDI*¥BB/EMUFN(CEL 9 STEAVE ) ) *#0. HTTRO 80
18% (CPFN(CBI s STBAVLE ) #*BMUFN(CBI s STBAVE) /SKbFN(CB1 s STBAVE ) ) #%,4333%(BMHTTROI85
2UFN(CBLsSTBAVE) /BMUFN(CBI »STWI ) #%e (4 HTTRO1S0
RIN#AO/(SHI*AT) HTTRO195

CCCCcC HTTRO200
C CALCULATE STEAM PRCPERTIES (KsROEsHFGsMU) AT TFC HTTRO205
qdade HTTRO210
AMOLSSHWS/ 184015 HTTRG215
AMOLNCHWNC/AMWNC HTTRO220
RMS#AMOLSS/ ( AMOLSS+AMOLNC) HTTRO225

RMA #AMOLNC/ ( AMULNCHAMOLSS) HTTRGO230
IF(RC-0.040G) 1209120115 HTTRO235

15 XNC # 1.0 HTTRO24C
GO TC 125 HTTRO245

120 XNC#1oU-Ue3431E2#RI+Ue | 2268E4*RCH*¥2-e | 4923E5%RCH%3 HTTRO250
125 LF(ANF=1.0)130,130s135 HTTRG255
130 XNF#1310 HTTRO260
BNF# 1.0 HTTRO265
GOTOI150 HTTRO270

135 IF(ANF=1640)140s14Uy145 HTTRO275
140 XNF#1e2579476+¢35360826E—1#ANF—o i 5703466E~2%ANF*%#2 HTTROZ28u

XNFP#1e2379476+¢3536U826E~LI#(ANF~1 01— !5TU3466E-02%(ANF—-140)%%#2 HTTRO285
BNF#ANF HTTRO29U
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GOTO 15U .
145 XNF#1e2379476+435360U826E~1%16e0-e15703466E-2%]640%%2
XNFP # XNF
BNF#16.0
150 A#XNF*XNC
KSTFO#0
cecce
C CALCs AVG. HEAT TRF COEFF AT BRINE CONCe#uU
C 3 2 8 Ue25
C SHM#O < 725%( K *ROE *HVAP#4417%10 ) - *A
C { BMUXSDO*DELTA TxBNF )
cccc
155 XMNC2 # (1UUGUXRMA + Ueb) *% (—]e50 /(ABS(STSAT-STWO) )*%0a|7)

XNC# AMINI (XNCy XNC2)
A # XNC ¥ XNF

SHM#U o 725% (SKBFN{UsSTFO) #%3%ROEFN(Je0sSTFO) %% 2%¥HFGFN(STFO)
141697504040/ (BMUFN(UsSTFO)#SDO*ABS(STSAT-STWO) ¥BNF ) ) %% 4 25%A
SHMK#Ue725% (SKBFN(U»STFO) #¥3%ROEFN(De5»STFO) *%2%¥HFGFN(STFO) %

141697504040/ (BMUFN(OsSTFO)#SDO*¥ABS(STSAT-STWO) ) ) E¥* 25
SHMIN # SHMK # XNC * XNF3/ BNF3#% (.25
IF(ANF-1408) 16051609165
160 SHML#0.0
GOTO!1 70
155 SHML # SHM*(NF/ (BNF—ie0))%%0s25%XNFP/XNF
1 70 SHNF # SBNF*SHM={BNF-1e.U) * SHML
SHNF# AMAXI (SHNF s SHMIN)
CPMIX#CPAFN(TSAT)/AMWNC
AKMIX#AKAFN(TSAT)
AMUMIX# AMUFN{TSAT)

CCCC

C CALCULATE STEAM—-AIR MIXTURE HEAT TRF COEFFe»s SHG

C De33 0.6

C SHG#U 33 (CP*MU) (SDO*G) ( K )

C t K ) ( MU ) (SDO)

cCce
SHG#Ue33% (CPMIX*AMUMLX%¥3600,0/AKMIX ) #%#0e33% (SDO* (WS+WNC)/
| (36U0«U¥ALST*SDO*(SDD=140) *AMUMIX) ) *%0« 6¥AKMIX/ SDO
IF(SHM - SHG) 175 180, 180

175 SHM # SHG

SHML # SHG

SHNF # SHG
180 CONTINUE
IF(RC-04999)200+200,185
{85 SHCGM# 140/ (QG/ (QT*SHG)+1.0/SHML)
CALL DVCHK (KBOJFX)
GO TO(I9Us195)sKuuUFX
190 WRITE (6,8000)SHML
80uU0 FORMAT(IHUs 20Xs 2IH DIV CHECK ONs SHML # » F5.2 )
195 CONTINUE
SHCGN#1+0/ (QG/ (QT*SHG) + | « U/SHNF)
ROUT# ! e/ SHCGN
RTOTH#RIN+ROUT+SHWINV+FOUL
VNF#1«0/RTOT
VML# |« U/ (RIN+ | «U/SHCGM+SHWINV+FOUL)
IF(SHML) 20552059215
2060 ROUT# ! 40/ SHNF
RTOT#RIN+ROUT+SHWINV+FOUL
VNF#(1eu/RTOT)
IF{SHML)205,2059210

HITROZ29
HTTRDBDS

HTTRU305
HTTRO31U
HTTRO315
HTTRO324J
HTTRO325
HTTRO334
HTTRO335
HTTRO340
HTTRG345
HTTRO350
HTTRO355
HTTRO360U
HTTRO365
HTTRGC370
HTTRE375
HTTRO38C
HTTRO385
HTTRO390
HTTRO395
HTTRO400
HTTRO405
HTTRO41Q
HTTRO4 15
HTTRO424
HTTRO425
HTTRG43U
HTTRO435
HTTRG440
HTTRO445

HTTRO455
HTTRO460
HTTRO465
HTTRO&70
HTTRO475
HTTRU480
HTTRO485
HTTRO490
y TTRO495
HTTRO500
HTTRG505
HTTRO51G
HTTRE5 15
HTTRO520
HTTRO525
HTTRO530
HTTRO535
HTTRO540
HTTRO545
HTTRO550
HTTRO555
HTTRO560
HTTRO565
HTTRO570
HTTRO575
HTTRO580
HTTRO585



245

210
215

2¢0

240

245

250

8Uus5

255

260

265
210

275
230

298
295

3us
310

VML#U U HTTRO59U
GOTO215 HTTRG595
VMLAE(T o U/ (RIN+ 1oL/ SHML+SHWINV+FOUL) ) HTTRO60U
CONTINUE RTTRUGUS
IF(STSATI-TB2)220s220U»225 HTTRO610
ALMTDH#ALMTL HTTRO615
GOT0240 HTTRO620
IF{STSAT2-STBI)230s230+235 HTTRO&25
0 ALMTD#ALMTD HTTRO630
GOT0240 HTTRO635
ALMTD#((STSAT2-STBI )~ (STSATI-TB2) )} /ALOG((STSAT2=STRI)/(STSATI-TB32)HTTRO640
1) HTTRUO645
DTFILM # VNF % ALMTO % ROUT HTTRO65uU
STWOP # STSAT - UTFILM HTTR3655
IF(CABS(STWOP~STWO) / (STSAT-STWO) ) —(U.00U5)25542454245 HTTRO660
STWO # STWOP HTTRO665
STFO # STSAT — (STSAT — STWO)¥ (0.5 HTTRO670
KSTFO#KSTFO + HTTRU675
IF (KSTFO - 20) 155, 250, 25U HTTRDO680
ASS # 2.0 HTTRO685
WRITE (6580U5)KSTFOs KK HTTR0O690
FORMAT (iHus 8H KSTFO #s 13 4H KK#s i3s 28H FILM TEMPSe NOT CONVERHTTRO695
JGINGe ) HTTRG70G
GO TO 310 HTTRO705
QCND#VNF*AQ*ALMTD HTTRO7I1U
TB2P #UCND/(WB*CPFN(CDI9STBAVE))I+STb1 HTTRO715
IF (K = 23) 265, 265, 26U HTTRO72U
ASS#| WU HTTRO725
GO TU 310 HTTRO730
IF(ABS((TB2P ~STBI1)/(TB2-STBI)—140)=eJ10)285+2854270 HTTRO735
TB2 # TBZP + (TB2 - TB2P) * 0,15 HTTRO740
IF (STSAT- T82) 275, 275, 280U HTTRO745
T32 # STSAT- 0.5 HTTRO75U0
K # K +] HTTRO755
STBAVE#(TB2+STBI )*U.5 HTTRO760
STWI#STBAVE+VNF*ALMTD*RIN HTTRO765
GOTOIl U HTTRO77U
STBAVE#(TB2+STB1)/72.0 HTTRO775
DELST#STSAT-STBAVE HTTRO780U
TWIPM#STBAVE+(RIN+FOUL) /RTOT*DELST HTTRO785
TFIPME(STBAVE+TWIPM) /2.0 HTTRO790
TWOPMESTSAT~ROUT/RTOTH*DELST HTTRU795
TFOPM#(STSAT+TWOPM) /2.0 HTTR0O800
IF(ABS(TWIPM-STWI)-140)295,2905290 HTTRO805
STWI#TWIPM HTTRO8 U
IF(ABS(TFOPM=STFO)~1+0)305,3U0L»300 HTTRO815
STFO¥TFOPM HTTRO820
KK # KK + | HTTRUB25
IF(KK=20) 110s 110s 250 HTTR0O830
CONTINUE HTTROB35
RETURN HTTRO84U
END HTTRO845



$IBFTC PDRP DECK PDRPOGGB
C#*¥% THIS PRSDRP CALLS FOR EXTENDED TAGSLE PDRPQBCES
C SUBROUTINE PRSDRP PDRPOCIO
SUBROUTINE PRSDRP(TSATsPSAT»PMIXsWS s WL »WNC»AXO» AMOLS»AMOLSC, PDRPOO!S
INERRsDELPTP s WCND s TPOGALVF L J) PDRPOOZ0O
DIMENSION CGCOR(3) PDRPOOZS
COMMCON  SDC y STBL s Al » AQ y AW » SHWINV PDRPCUL3U
COMMUN  FOUL y CB1 s SUI y» AXI » WB y HFG PDRP3O35
COMMON  SDD sy STB2ES » GB y VG » AMWNC » STFO PDRP3340
COMMON  TB2 s STEAVE s VNO y J » XNC s SF PORPOO45
COMMUN  CCOR » JRC PDRPGOS5D

C DIMENSICN COOR(3) PDRPLOS5
C COMMON SDUSSTBIsAI»AUs AW SHWINVSFOUL s CB1 s SUT 9AXIT sWEBsHFGy SDD s STB2ESPDRPO06D
C 195GB>VGs AMWNC,sSTFOsTB2y STBAVE, VNOs Js XNC PDRPODO&5
C COMMON SFy COOR» JRC PDRPUD7U
[qqade PDRPJO75
C CALCULATLS STEAM PROPERTIESUSsVSs AT TSAT(L)sPSATI(I) PDRPOOBD
C CALCULATE WATER PRUPcRTY VR AT TSAT (1) PDRPOO85S
STSATHTSAT — 459469 PDRPGUSU
SGH3Ze 1 T4 PDRP3095

IF (WNC ) 185y 1C5s luu PDRPOI3JU

130 AMNCH AMWNC PDRPOIDO5
VNCHIDe729%¥TSAT/ (L (PMIX~PSAT) *#AMNC) PDRPOI1 1D
UNCHAMUFN(TSAT) PDRPOI 15

VMIX# | eG/ CCAMOLSC/ (VNCH* (AMOLSCHAMOLS) ) )+ (AMOLS/ (VGH* (AMOLSC+AMOLS) )PDRPO 120

1)) PDRPO 125

GO TO 110D PDRPC 134

1d5 VMIX # VG PORPG 135
110 COTARF(WLHWS+WNC) / (AXO*36ulab) PDRPU 14U
ANRL# ( SUO*¥GSTAR) /SMUFN(TSAT) PDRPGC 145
COOR(]) # ANRE PORPO 50
PF(ANRE=-200U«C) 1159130130 PDRPOI155

115 IF(ANRE=10d.0) 120y 1255 125 PDRPG 160

C  LAMINAR FLOW FRICTIGiN FACTORs SF PDRPO165
120 SF # T70e0%(1.0/SDD1*¥|46/ANRE PDRPO170
GG TO 210 PDRPLIT75

C TRANSITION FLOwW FRICTION FACTORs SF PDRPG 180
125 SF # (1.0/SDD)1*##2/ALOGIU(ANRE — 81e0) PDRP3 185
GO TO 210 PORPO 19U

133 COOR(1)#ANRE PDRP3 195
135 LF(COOR(])—8ULIULLL) 145y 145 140 PDRPU2UU
140 COOR(1)I#800U0.0 PORPLZO5
a5 IF (LJ - 61 1509 150y 155 PDRPO210
150 COOR (2)# 0.50 * SDD PDRPO215
COOR (3) # SDD * 14732 PDRPOJ220

GO TC 160 PDRP0O225

155 COOR (2) # SDO * (.866 PDRPO230
COOR (3) # SBD PDRPU235

160 LF(COOR(3)-115)1T7Us1655165 PDRPG240
165 IF(COOR(3)-345)180si8UJsl75 PDRPG245
170 COOR(3)1#1415 PORPO250
GOTO180 PDRPO255

175 COOR(3)#345 PDRPO26U
180 IF(COOR(2)-e7)190,185,5185 PDRPB265
185 1t (COOR(2)~1e2)20052004195 PDRPG2743
190 CCOORI(21#47 PDRPB275
CJT02C0 PDRPO280O

195 COOR{2)#1.2 PDRPO285

200 CALLINTPLZ2(COOR( 1) sSFeNERRJRC)

PDRPGC290



o
o
3

IF(NERR)21542109215
ALVF# | oU/{VLFN(ULeUsSTSAT)/VMIXH{WSHWNC) / (WL+WCND) )

TPOGHTPCGFN(ALVF)
DELPFS#40*SF*GSTAR¥¥2#VMIX/ (20%SG*¥ | 4440)
DELPTP#DELPFS*TPOG

CONTLINUE

RETURN

END

PDRP0295
PORPO300

PDRPO305
PODRPO310
PDRPO315
PDRPU32U
PDRPO325
PDRPO330
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APPENDIX F

REFERENCE LIST OF CONDENSER DESIGN REPORTS
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by Digital Computer.” The American Society of Mechanical Engineers,
Paper Number 63-PWR-2, bresented at the ASME-IEEE National Power
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Boucher, D. G., and C. E. Lapple. '"Pressure Drop Across Tube Banks."
Chemical Engineering Progress, 4l, No. 2 (February, 1948), 117-134.

Briggs, D. E., and E. H. Young. The Condensing of Low Pressure Steam
on Horizontal Titanium Tubes. University of Michigan, College of
Engineering, Report No. 55, December, 1965.

Colburn, A. P. "Problems in Design and Research on Condensers of
Vapours and Vapour Mixtures." Proceedings of General Discussion
on Heat Transfer l-l1l1, Institution of Mechanical Engineers and
ASME (1951).

Diehl, J. E. '"Calculate Condenser Pressure Drop." Petroleum Refiner,
36, No. 10 (October, 1957), 1k7-153.

Diehl, J. E., and C. H. Unruh. "Two-Phase Pressure Drop for Horizontal
Crossflow Through Tubebanks." Petroleum Refiner, 37, No. 10 (October,
1958), 12L4-128.

Grimison, E. C. '"Correlation and Utilization of New Data on Flow
Resistance and Heat Transfer for Crossflow of Gases over Tube Banks,'
Transactions of the American Society of Mechanical Engineers,

PRO'59_8J (1937)1 PpP. 583’591"

Hampson, H. "The Condensation of Steam on a Tube with Filmwise or
Dropwise Condensation and in the Presence of a Non-condensable Gas.'
International Developments in Heat Transfer, Part II, International
Heat Transfer Conference (1961), pp. 310-318.

Hendrie, C. F. "Evolution of the Worthington Steam Surface Condenser
and Auxiliaries. A Summary of the Latest Ideas in Power Plant
Design and Operation for Fluid Handling Equipment, Steam Power
Symposiums, G-2843-1, Worthington Corporation (1961).

Kern, D. Q. "Mathematical Development of Tube Loading in Horizontal
Condensers.”" A.I.Ch.E. Journal, 4, No. 2 (June, 1958), 157-160.

McAdams, W. H. Heat Transmission, Third Edition, 195L.
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Meisenburg, S. J., R. M. Boarts, W. L. Badger. "Influence of Small
Concentrations of Air in Steam on the Steam Film Coefficient of
Heat Transfer." Trans. A.I.Ch.E., 31, 622 (1936)

Nusselt, W. "Surface Condensations of Steam." Z. Ver. deut. Ing.

60-541-569 (1916).

Owens, W. L. '"Two-Phase Pressure Gradient." International Develop-
ments in Heat Transfer, Part II, International Heat Transfer
Conference (1961), pp. 363-368.

Perry, R. H., C. H. Chilton, C. H. Kirkpatrick. Chemical Engineers'
Handbook. Fourth Edition, 1963.

Sebald, J. F. "A Rational Approach to Steam Surface Condenser
Design." A Summary of the Latest Ideas in Power Plant Design
and Operation for Fluid Handling Equipment, Steam Power Symposiums,
G-2843-L, Worthington Corporation (1961).

Short, B. E., and H. E. Brown. '"Condensation of Vapors on Vertical
Banks of Horizontal Tubes." Proceedings of General Discussion on
Heat Transfer, Institution of Mechanical Engineers and ASME

(1951), pp. 27-31.
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APPENDIX G

COMPUTER PROGRAM DIAGNOSTIC STATEMENTS

Most programmers, during the writing of a computer code, will insert
diagnostic checks in locations where the computations could logically
cause trouble. Examples might be where division by zero could occur or
where iterative calculations could repeat endlessly. Since there are
several iteration type calculations imbedded in the steam condenser codes,
several diagnostic messages were inserted to assist in the location of
trouble spots.

The source of most errors will probably be faulty input data, and
the exercise of due care in this area cannot be overemphasized.

The following compendiums of diagnostic messages do not define error
sources, but do indicate the area of the program where an error has begun
to cause trouble. Under normal circumstances these messages will rarely
be encountered.

CNDNSR (MAIN RPUTINE)

1. (Case Identification) - NO CONVERGENCE FOR WCND (I,J) - The
iterative computation for the weight of condensate in the condenser from
the I'D tube row of the JEP sector did not converge to within the re-
quired 0.5 percent after 50 iterations. Execution concludes with a print-
out of the computations made up to this point. This error message is
located near program statement number 355.

2. (Case Identification) - NO CONVERGENCE FOR QG (I,J) - The iterative
computation for balancing the heat transferred from the noncondensable
gases at the 1th tube row of the Jth sector did not converge to within
the required ten percent after 10 iterations. This is located near
statement number 400. Computation will continue but the results will
be unreliable.

3. (Case Identification) - NO CONVERGENCE IN COND. DELTA P (IPLOOP) -
The iterative computation to balance the pressure drop between the repre-
sentative flow sectors did not converge to within the required one percent
after 10 iterations. Execution concludes with a printout of the computations
made to this point. This message is located near statement number Les5,

4. (Case Identification) - NO CONVERGENCE FOR TB2 IN HEAT TRANSFER
ROUTINE - The iterative computation which computes the downstream (hot)
coolant (brine) temperature did not converge to within the required one
percent after 20 iterations. Execution concludes with a printout of the
computations made up to this point. The message initiates near program
statement number 305 if an error occurs during condenser section calcu-
lations or statement number 545 if an error occurs in the cooler com-
putations.
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5. (Case Identification) - ERROR IN INTPL2 WHICH IS CALLED BY
PRSDRP - The occurrence of this message should be extremely rare and
indicates a failure in communication between subroutines which compute
pressure drop through tube banks. This message is initiated near state-
ments numbers 310 or 555 for computations in the condenser or cooler
sections, respectively.

6. NO CONVERGENCE FOR WCNDC (I) - Error occurred at Ith row in
the cooler section (see 1, above) near statement number 610 in the
main program.

7. (Case Identification)
I = NUMBER

NO CONVERGENCE FOR QGC (I) - Error occurred at I°® row in the
cooler section (see 2, above) near statement number 630.

8. NO CONVERGENCE FOR EXITFR AFTER 5 TRIES - The iterative com-
putation which adjusts the tube bundle length has failed to obtain an
exit steam fraction which is less than 25 percent of the specified exit
fraction (see Input Data, item EXITFR). Computations conclude with
a printout of the computations made up to this point. This message
is near statement number 655.

HETTRN (SUBROUTINE)

1. KSTFO = iii KK = kkk FIIM TEMPS. NOT CONVERGING - This message
is generated near subroutine statements numbers 380 and 435 and occurs
occasionally when log mean temperature differences are very small. The
condenser bundle under consideration is probably overdesigned and no
EXITFR has been specified.

o. 1IDIV = iiii - An attempt was made to divide by zero at some
point in the subroutine. See subroutine listing above the point where
IDIV = iiii to locate the trouble spot.

PRSDRP (SUBROUTINE)

1. See INTPL2 error message in CNDNSR (MAIN ROUTINE), item 5.

NOTE: There is a combination of conditions which can seem to result in
unrealistically high pressure and/or temperature losses through the
system being considered. This combination is:

(1) EXITFR = 0.0. (i.e., the exit steam fraction option has
not been exercised), and

(2) The computed exit steam is less than 0.5 percent of the
input steam (i.e., the tube bundle is overdesigned).
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The effect of these conditions is enhanced when the amount of non-
condensables has been specified as zero (i.e., WNCI = 0.0).

Actually, the high pressure and/or temperature losses are realistic
because the program assumes the exit pressure condition can be controlled
(by throttle or vacuum system); and, as steam condensation approaches 100
percent, the vapor temperature approaches the condensing film temperature
which, in turn, very rapidly approaches the coolant temperature. The
saturation vapor pressure at, or near, the coolant temperature is, gener-
ally, quite low with respect to the entering steam vapor pressure. Thus,
the pressure drop through the system is large and serves to indicate that
a better design is possible. The optimum condenser should contain less
condensing tube surface.
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