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ABSTRACT

A simulation model has been developed for a system of ex-
changers to preheat the feed to a crude distillation unit. In
conjunction, a Fortran program for the performance of the model
calculations by digital computer was written, Two types of pre-
heat system were simulated, a single train system and a split
(or parailel) train system. A number of features were included
in the program for flexibility and Versatility. A particular
effort was made to have the model represent as economical a pre-
heat system as possible,

The model program was used to obtain computer-calculated
results for both single-~train and split~train preheat systems,
Computer runs were made to show the effect of using different
temperature approach values, The computer output data as printed
for several sample problems is preéented. Results have been
analyzed with regard both to type of preheat system and to tem=-

perature approach value,
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CHAPTER |
INTRODUCTION

The purpose of this thesis project was the development of
a simulation model to perform the calculations required for pre-
heating the feed to a crude oil distillation unit. Economic con-
siderations as well as heat transfer principles are involved in
the preheat problem itself, and in the model that has been de-
veloped, The model program is entitled ''"Preheat "

The problem of feed preheat is encountered whenever‘a new
crude distiliation unitlis designed for the petroleum industry,
The feed to a crude unft must be heated sufficiently to effect
the required amount of vaporization at the inlet of a distilla-
tion tower operating at essentially atmospheric pressure, and a
system of equipment to accomplish this must be selected, Such a
system is shown in Figure |, The principal components of the
system are heat exchangers, coolers, and a fired heater or fur-
nace, Liquid sidestreams are withdrawn from the atmospheric
distillation tower at elevated temperatures and must be cooled
before leaving unit limits., These streams may be routed through
heat exchangers to preheat the feed by indirect heat transfer,
before flowing through coolers (air‘or water) to be brought to
required battery limits temperatures, That portion of the re-
quired heat not supplied by the heat exchangers must be supplied
by the fired heater, using gas and/or oil as fuel, The problem

is to determine how many heat exchangers to employ, how much heat
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should be provided by each, and cbnsequently how much musf be -
supplied in the fired heater. A great deal of engineering effort
is involved in establishing a suitable system of equipment. The
necessary calculations include many, many heat balances, and
numerous studies involving the various economic factors that are
applicable, Since the amount of heat involved is usually large,
fuel costs and equipment investment costs will be correspondingly
high. Careful and detailed studies are required in order to
minimize these costs. A great deal of time can be consumed if
the above calculations are carried out 'by hand', i.e, with pencil,
slide rule and/or desk calculator, Use of a computer to performv
the calculations is indicated and desirable, Not qnly can engineer-
ing time be saved, but the resulting design should more nearly
approach the optimum from an economic standpoint. The model de-
veloped here is intended primarily as a time saving tool and has
been kept as simple as feasible. However, its use should result
in economical désigns since it pfovides the capability of compar-
ing results obtained when significant parameters are varied,

A number of articles have been published dealing with the.
- economics of heat exchangers, both with regard to'relatively
Vsimple systems invé]ving but one exchanger and cooler, and with
more complex systems involving banks of exchangers and their
associated coolers, The articles stress the importance of‘eﬁploY—
ing optimum cold-end temperature approaches for the exchangers.
This concept of eptimum cold-end approaéh has been used in the
development of the simulation model,.

Figure | shows a vessel marked ''"desalter'as being included
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in the preheat system. The purpose of the desalter is the removal
from the crude of salt which would otherwise be deposited in the
tubes of the high temperature heat exchangers and the furnace,
The desalter is usually electrical, an imposed voltage promoting
coalescence of brine droplets which are formed on pre-mixing a
small amount of water with the crude, The desalting temperature
is usually 260-270°F. and this temperature requirement must be met
in order to establish a satisfactory preheat system.

A preflash drum is also shown in Figure |, represented with
dotted lfnes to indicate its inclusion is less common than that of
a desalter. The flash that occurs is defined by the input data to

the model program.



CHAPTER 2
ECONOMIC CONSIDERATIONS AND COSTS

The heat exchangers included in the preheat train of a
crude distillation unit serve the dual purpose of removing heat
from streams that must be cooled and of supplying the crude with
the heat required for fractional distillation, The streams to be
cooled are product streams and pump around streams. Pump around
streams, which are sometimes called circulating reflux streams,
are used to remove heat from the distillation column at tempera-
ture fevels suitable for heating crude, A great deal of heat must
be supplied to the crude to comply with tﬁe conditions required
at the '"flash zone'" of the distillation célumn. Much of this

~ heat must be supplied in a fired heater by burning fuel. Generally
substantial savings of money can be effected by using exchangers

to recover as much heat as possible from the product and pump
around streams, thus reducing the amount of Fireé heat required,
This not only reduces the amount of fired heat, but also the ex-
~tent of cooling with water and/or air. Besides the savings in

- fuel and water costs which result, the investment cost of the
furpnace and cooling equipment are both reduced.

As previously indicated, reductions in utility costs
effected by heat exchange are regarded as !'savings', Figure 2
gives yearly savings in utility costs per million BTU/hr. of
heat exchanged., Both fuel costs and cooling water costs are in-

cluded in these savings. Figure 2 is based on a similar chart
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presented in an article by Whistler (3). To attain these savings,
equipment costs must be incurred, }Equipment costs include capital
charges, or investment costs, which must cover not only the purchase
price of the exchangers themselves, but the cost of associated
piping, foundations, insulation, etc,, as well as installation
_costs. Equipment maintenance expenses are also involved, These
fnclude cleaning costs as well as the cost of replacement parts,
such as new exchanger tubes, After yearly gross savings and the
investment costs have been calculated, the yearly net savings can
be calculated by subtracting a fixed percentage of the investment
cost, e.g., 20%, from the yearly gross savings, These are 'before
tax'' savings. The ''payout time' can be calculated by dividing
- equipment cost by savings. A payout time of from 2 to 3 years on
a 'before tax'' basis is usually considered satisfactory. There-
after, the net savings that result for the rest of the life of the
equipment may be considered as 'profit''. Another way of evaluating
the desirability of the exchanger installation in question is to
divide the yearly savings by the investment cost, giving yearly
return on investment as 'per cent return' , Abreturn of 30% or
better before taxes is usually considered satisfactory,

In determining how much heat from a hot stream should be
exchangéd with the crude stream entering an exchanger, a number
of outlet temperature values can be assumed for the hot stream
and the per cent return calculated for each case, The temperature
difference between the hot stream leaving an exchanger and the
cold stream (crude) entering it is called the '"cold end" tempera-

ture approach., Savings can be plotted against cold end approach
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to give curves showing maximum savings at an optimum approach,
Whistler (3) presents several such sets of curves, Figure 3
illustrating a typical set, Fuel costs, incremental exchanger
_costs, and the exchanger heat transfer coefficient ail affect the
value of the optimum temperature approach., High annual fuel costs
result in ''closer' approaches if incremental exchanger costs and
‘the heat transfer coefficient stay the same. Higher exchanger
costs and/or a lower heat transfer coefficient result in a larger
optimum temperature approach value for cases where the fuel cost
remains the same,

Typical yearly fuel cost values in $/year/MMBTU/Hr range
from about 2000 to 4000, Gulf Coast fuel costs are usually rela=-
- tively low since natural gas is often available at low cost. East

Coast fuel costs are generally at the higher end of the range,
A typical value for the cost of water is $.02/1000 gallions which
includes the cost of required equipment, including cooling tower
and piping, as well as the cost of the power for pumping. In-~
stalled cost of exchanger surface, $/sq. ft., will usually vary
from as low as $6 to as high as $20. Heat transfer coefficients
may vary from 30 - 75 BTU/hr/sq.ft./°F for the exchangers in a
crude train,

Average values of $10/sq.ft. for exchanger surface and
50 BTU/hr/sq.ft./°F for the heat transfer*éoefficient can usually
be used quite satisfactorily in determining the optimum tempera-
ture approach for all the exchangers in a crude preheat train,
This is true because the hotter exchangérs,which tend to have

the higher heat transfer coefficients, .d also tend to cost more
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because they require more expensive materials. Higher fouling
factors at hotter temperatures also tend to keep the heat transfer
coefficient values from varying excessively., The "return'" versus
~approach curves are relatively ffat at approach values above the
optimum, as is shown by Figure 3. Below the optimum approach the
decline in yearly savings is quite abrupt, so it is better to use
approaches slightly above, rather than below, the optimum. In-
spection of the above curves seems to indicate that the optimum
approach wiil usualiy fall between 35 and 75,

Happel (1) suggests 'Yas a rule of thumb' starting with a
value of 30°F when making calculations to determine an optimum
exchange approach. While this may be all right as a starting
point, it appears from Whistler's work that such a close approach
would only be justified when fuel is quite expensive (about
$.45/MMBTU/Hr heat absorbed: or when exchanger surface is un-
usually cheap, in the order of $6/sq.ft. installed).

In summary it appears from Whistler's article that an
approach vailue of 40°F could safely be used if the cost of fuel
is fairly high relative to the cost of exchanger surface, while
a value of 50°F could be used when the cosﬁ of fuel is, agaiﬁ
relatively, somewhat low. However, a more precise method of
determining optimum approach is detailed in Chapter 3. Whether

or not its use is justified will be determined by experience,



CHAPTER 3
OPTIMUM TEMPERATURE APPROACH

Estabiishing the most economical preheat system for a crude
unit is a matter of establishing the order in which the available
streams should exchange their heat with the crude and of determine
ing to what extent the streams (other than fixed-dutyfétreams)
should be cooled by the crude before undergoing further cooling
inair or water coolers,

Considering a system with only one heating stream, the in-
et temperatures of the hot and cold streams will be constants,
with the outlet temperatures as variables (of course fixing
either outlet temperature fixes the other). There will be an
optimum outlet temperature for the hot stream which will result
in the most profitable exchanger-cooler system from the standpoint
of utility savings realized., This problem is dealt with in con-
siderable detail by Happel (1) in his text book. He shows calcu-
lations for a number of base cases and presents Eesuits in tabular
form. The most significant case is for "East Coast! utilities
and for 1-2 muitipass exchangers., Results for this case are given
in Table |. Optimum approach temperature is the dependent vari-
able with R and D (see nomenclature) as. the independent variables,
The temperature approach values given are "hot end'' approaches,
This is somewhat inconvenient since approach is generally considered
to refer to ''"cold end' approach. This is the "approach' used by

Whistler and by Happel himself in another chapter in his book



TABLE |

% OPTIMUM APPROACH (HOT END) = t,-T,, °F

EAST COST UTILITIES 1-2 MULTI PASS EXCHANGER

R = w& = APPROXIMATE RATI0 OF HOT FLUID TO CRUDE

e

(see Nomenclature for Definition of Symbols)

We
Dwt]—T] ’ R
D . .25 .50 .75 1.0 2.0 L.o 6.0 10.0
50 46 4o 33 28 2k 17 12 10 8
100 91 79 6L 53 Ls 28 i8 13 11
200 182 158 126 104 86 52 30 22 17
300 272 235 188 153 127 75 L2 30 21
Loo 363 313 250 203 169 - 98 56 4o 28
TABLE 11
% OPTIMUM APPROACH (COLD END) = ty=T,» °F
EAST COAST UTILITIES 1-2 MULTI PASS EXCHANGER
R = we = APPROXIMATE RATIO OF HOT FLUID TO CRUDE
We
R
D=t]~f}'
D . .25 .50 .75 1.0 2.0 L.,o 6.0 10.0
50 10 10 16 21 24 34 L L3 L6
100 10 16 28 37 4g 64 80 86 91
200 20 32 52 72 86 126 58 170 182
300 20 Lo 76 104 127 187 235 255 272
L4oo 30 52 100 137 169 249 314 340 . 363
% YCOLD'" APPROACH = RD-D + "HOT' APPROACH
‘ R

12
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entitled, '""Practical Rules of Thumb''. There it says that as a
~first trial a 30°F difference between incoming hot stream and
leaving cold stream may be employed. Table || has been prepared
and included here for convenience., The results in Table 1| are
the same as in Table | exéept that '"cold end" approaches have
been substituted for ""hot end' approaches.

Where there is a bank or train of exchangers, the problem
of optimization is more complicated because the possible savings
for each exchanger are affected by the exchangers which '""follow
it" in the train to further heat the crude, This problem is
dealt with by Ten Broeck (2) who gfves detailed calculations for
the optimum outlet temperatures for each exchanger>in a ''‘bank'
of three., A sample problem is solved in Appendix C to illustrate
Ten Broeck's method. Reference to this problem indicates that
only the exchangers which follow affect the savings for a parti-
‘cular exchanger. Both Ten Broeck and Happel use nomographs de-
veloped by Ten Broeck in calculating optimum temperatures, Refer
to Figures 9 and 10 in Appendix € for nomographs to|be used for
multi-pass (1-2) exchangers and multi-pass (2-4) exchangers res-
pectively,

In view of the above, one way to employ the model program
for accurate'results is to use Ten Broeck's method of obtaining
optimum outlet temperatures for each exchangeFmih a train, using
known utility and equipment costs. The calculated 'cold~end"
approach for each exchanger should then be entered with the other
input data, and will be used in the heat transfer calculations,

"This appears to be the best way to approach true optimization
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without unduly complicating the mathematicaf model,

The simulation program itseif could have been written to
include an optimization procedure, but, in view of the large number
of variables involved, and the complexity of their relationships,
much simplification and approximation would have been necessary,
The results obtained from such én over-simplified procedure could
hardly have been‘considered optimum from a theoretical standpoint.

If the Ten Broeck method of determining optimum temperatures
is found to be too laborious, a ''trial and error' method of attack
can be employed. Several cases would be investigated, each with a
separate set of estimated approach temperatures. Then, since the
model gives values for the amount and cost of both exchanger and
cooler surfaces, the case giving the best results in terms of per
cent return on incremental investment would be selected as the
design case,

This trial and error approach should prove reasonably prac-
tical since, as shown in Figure 3, relatively little variation in
savings occurs over a rather wide range of temperature approach
values, as long as the approach value employed is above, rather
than below, the ''exact! optimum, Chapter 6, '"Conclusions', gives
results of a sample probiem where three sets of approach values
were used, with the same approach used throughout each set for

each variable-duty exchanger in the preheat train.



CHAPTER 4
"FIXED DUTY STREAMS

A great deal of the material in Chapter 3 referred primar-
ily to variable-duty streams, such as the product streams from a
distillation tower, which must be cooled to relatively low tem~
peratufes before leaving the distillation unit area, Heat not
transferred to crude by an exchanger must be removed in an air or
water cooler, The temperature of the hot stream leaving the ex-
changer depends on the optimum approach which in turn depends on
utility and equipment costs. Besides these variable-duty streams,
fixed-duty streams also supply heat to crude, Pumparound streams
(or circulating reflux streams) are important examples of this
type. Both the amount of heat to be removed and the temperatures
of the pumparound stream entering and leaving the heat exchanger
are supplied as input data to the program. Sometimes, instead of
the entire pumparound duty being transferred to crude, a trim
éoo!er is incorporated in the pumparound circuit, The amount of
trim cooling is a process rather than an economic consideration
. however,and the amount of pumparound heat to crude is still pre-
determined,Aeven though it may not be 100% of the heat removed by
circu}ating reflux.

As to the nature of pumparound streams, they are used to
remove heat from a crude distillation column, A certain amount
of the heat entering the column with the partially vaporized feed

must be removed at the top of the tower to satisfy fractionation
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fequirement#. This heat may be removed by pumpfng back condensed
overhead as reflux, or by circulating an externally cooled pump-
around stream over several of the tower trays to generate internal
reflux, Figure 4 shows these two systems., Usually one or more
additional pumparound systems are located farther down the column
for the balance of the heat removal,

The use of pumparound systems has two advantages. First,
heat is made available at sufficiently high temperature levels to
be advantageous for economically preheating crude, Second, the
diaheter of the tower need not”be as large, if midnpumparouﬁd heat
 remova1 is employed instead of letting all the heat flow up the
tower to be removed by top reflux,

A pumparound system usually is compfised’of several heat
transfer trays located immediately below a sidestream product
drawoff tray, a pump for circulating'liquid, and associated ex-
changersand/of,coolers. While the primary function of these trays
is the generation of internal reflux by direct heat transfer, they
also afford a limited amount of fractionation., When a crude tower
is being designed, the lower pumparound duties are established on
the basis of removing as much heat as possible at as high a tem-
perature level as possible, while still allowing enough heat to
pass up the tower to result in adequate fractionation between the
product streams above, The amount of pumparound and the drawoff
and return temperatures are selected to correspond to an integral
number of pﬁmparound trays within the column, usually two, three
or four. As to temperatures, the pumparound stream should usually’

be withdrawn>ag a temperature approximately 30°F below the
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18
temperature of the ascending vapor at the withdrawal pbiht. The
return temperature should be such as to give a good mean tempera-
fure difference for transferring heat to crude while at the same
time satisfying the internal heat removal requirements, The
system selected should result in minimum cost for heat transfer
trays, external heat transfer surface and pump, with capitalized
pumping costs included,

if a top pumparound system is employed, it may well turn
out to be the first prehéat stream and to flow through the first
exchanger in the train because of its relatively low temperature
Ievel, When a top pumparound system is not employed, the overhead
‘ccndensing duty of the tower may be large. In such a case it may
prove economical to empiqy a vapor heat exchanger to recover part
of this heat by preheating crude, When using the model program,
the duty for a vapor heat exchanger should be pre-established by
the user. This is because the program relationships apply only
to liquids, not to condensing vapors,

Another type of stream that may sometimes require special
" treatment is a ''residue' or tower bottoms stream., The temperature
of such a8 stream leaving @ tower is invariably high and if the
quantity is féirly ifarge, the amount of associated heat avaijlable
for preheating the crude may be large. Because of the high tem-
perature, such a stream will usually flow through the last ex-
changer in a preheat train. Frequently, the residual stream
leaving this last exchanger will still contain too much high teme
perature level heat to be 'thrown'' to water, In using ''‘preheat!!

in such:a situation, the procedure would be to calculate a duty
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for the last exchanger based on-'a reasonably good estimate of the
final preheat temperature to be achieved, This hot stream should
then be treated as a pumparound or fixed duty stream when supply-
ing the necessary input data to '"Preheat', The residue at the
exit temperature from the "hot residue exchanger' should be
entered as a separate variable duty stream., This stream will
then transfer heat to the crude at a point in the train corres-
ponding to the ''"Pseudo T" value calculated by the program. The
program will also carry out all the necessary calculations in-
cluding fhe calculation of cooler éurface, etc. Figure 5 shows

a train with "hot' and 'cold' residue exchangers. The figure also
shows the crude from the 'hot" residue exchanger flowing to a
hulti~pass heater., Most heaters, except small ones, are multi-
pass. Because of this, the crude should not be heated above its
bubble point at the heater inlet pressure, since instrumentation

problems make it impractical to split a two-phase stream,
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CHAPTER 5
MODEL PROGRAM DESCRIPTION

‘The model program, entitled '""Preheat', simulates a system
‘of’heat'excﬁangers‘preheating the feed to a crude distiliation
unit., Two types of system are sfmulated. The first of these,
designated ''single train', is represented physically in Figure 1
of Chapter I. Figure 6 gives a 'heat picture', or thermal repre-
sentétion, of such a singfe train system,

The second type éf system simulated is the split, or paral-
lel, train. This is represented by the heat bicture in ngure 7.
The split occurs after the crude flows from the desalter, The
crude is dividéd into two equal parallel streams, each of which is
then heated by an individual set of heating streams, The program
selects the heating streams for each set in such a way that the
two parallel streams receive approximately equal amounts of heat,
The parallel drains are called the "A Train" and the "B Train"
respectively. The heat loads for the '"A' and 'B' trains are re=
presented in Figure 7.

The crude stream is not usually split upstream of the de-
salter, primarily because much of the heat absorbed up to that
point is generally supplied by a low temperature, high heat capa-
éityrstream, for example an atmospheric top‘pumparound stream or
an atmospheric tower overhead vapor stream. Such:a stream can
- exchange heat efficiently with the whole crude stream,

The heat pictures show how each variable-duty heat stream
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exchanges heat.With the crude until the specified temperature
approach is reached, The pictures also show that more heat can
be transferred from the heating streams to the crude as the heat-
temperature lines representing the heating streams tend to parallel
the heat—température line (or curve) of the crude. This is not
only true fér individual exchangers, but applies to the relative -
arrangement of exchangers in a train as well,

The model program may be considered to represent'heatvex-v
changer trains mathematically in much the same way that heat
pictures, ;uch as Figures 6 and 7; represent them graphically.
The‘order in which the individual exchanger calculations are to
be performed is determined by. the program, This corresponds to
determining the order in wh}ch the exchangers should be arranged
physically. Then the calculations corresponding to thé transfer
of heat are carried out; with the temperature rise of the crude
being determined in each exchanger. |In the case of the variable-
"duty heating streams, the duty corresponding to the specified
temperature approach (to crude) must be calculated, wIkis is not
required for fixed-duty heating streams.

Detailed information relative to preheat is given in
Appendices A, B énd C. Appendix A describes the‘program'é features,
defines its variables and gives detailed instructions for its use,
Appendix B contains the statement list for the program and gives
results for three sample problems. Appendix C covers the selec-

tion of economic temperature approach values by Ten Broeck's

method,



CHAPTER 6
CONCLUS 1 ONS

Some conclusions based on results obtainéd using '""Preheat"
are discussed in this chapter. More definite conclusions as to
practical selection of economic temperature approach values and
the type of preheat system to be employed, whether single or split
train, can better be made after further use of the program,

vAs to evaluation of an optimum temperature approach, com=~
puter runs were made for a sample problem, corresponding to a
single train sysfem, using the same temperature approach value
for each ''variable duty'' exchanger in each run, The data for
this sample problem were essentially the same as for sample prob~-
lems #1 and #2 in Appendix B. Three runs were made with the
approach (or temperature difference) having values of 30, 40 and
50°F, Comparative heat duties as well as fuel and equipment
costs are shown in Table 3. The '‘total equivalent incremental
equipment cost! listed in the table equals the incremental equip~
ment costs plus the incremental utility costs for a 'payout"
period of three years (before Eaxes). Iincremental costs for the
three cases were plotted versu§ temperature approach, The curve
plotted in Figure 8 indicates that a 40° approach gives the lowest
cost for the case investigated. The results in this example are
not particularly sensitive to the value of the approach used for
for the variable duty exchangers, due.to the large amount of

"fixed duty' heat associated with the pumparound streams in the
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TABLE 3
APPROACH ECONOMICS FOR SINGLE TRAIN EXCHANGERSYSTEM. o
OPTIMUM APPROACH IF SAME VALUE USED FOR ALL VARIABLE DUTY EXCHANGERS

APPROACH °F

30 ko 50

Exch. Duty MMBTU/Hr , 77.29 76.12 74.95

lncremehtal Exchanger Duty ‘

MMBTU/Hr | 2,3k 1.17 0.0

Incrementai Heater Duty :

MMBTU/Hr : 0.0 1.17 2,34

Incremental Fuel Cost for

3 years - § 0.0 12,700 25,400

Surface Cost - § 334,000 314,800 249,600

Incremental Heat Cost,.

$ @ $3.00/1000 BTU/Hr Capacity 0.0 4,700 - 9,k00
~ Total Equipment Cost, § 334,000 319,500 309,000

Incremental Equipment Cost, §$ 25,000 23,200 25,400

Total Equivalent Incremental

Equipment Cost, $ (including _

3 yrs Fuel Cost) 25,000 23,200 - 25,400

1) See Figure 8 for plot of results,
2) Basis - 3 yrs. of fuel savings (before taxes)

3 yrs Equiv, Fuel Cost = 1.17 MM x 0.33 $/MM x 3 yrs.,
v .75 Effy
x (8750 x .93) Hrs/Yr, .=

$12,700
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preheat train, This will be true of many preheat trains,

To further investigate the subject of temperature approach,
two more computer runs were made for a single train exchanger
’system. The results appear as the output for sample problems #l
and #2 in Appendix B. The arrangement of the exchangers in the |
train differed slightly from that on which the calculations of
Table 3 were based, One run was made using a LO°F temperature
_ approach for each variable duty exchanger. (sample problem #1 in
Appendi* B.) For the other computer run the temperature approaches
used for the variable duty exchangers were 60°F, 50°F, 30°F and
20°F, with the lower values being used for the hotter exchangers
(sample probiem #2 in Appendix B). Comparative heat duties as
well as fuel and equipment costs are shown in Table 4,

It will be noted that the incremental cost for the ''varied
approach' case is less thanfor the "4O°F approach' case, However,
the différence of approximately $2,000 is so small as to be almost
insignificant, representing only about 0.6% of the total actual
‘equipment cost,

As to the economics of a split train system (following the
desalter) versus a single train system, it has been thought that
the split train system is more economical where large capacity
crude units are involved, However, the results of sample problem
#3 in Appendix B, as summarized in Table 5, show a yearly return
of but 7% on the incremental investment required for the split
train system. Use of a split train system is certainly not justi-

fied for the case on which thissample problem was based, The crude
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TABLE 4

"APPROACH ECONOMICS FOR SINGLE TRAIN EXCHANGER SYSTEM

COMMON APPROACH VALUE VS, VARIED APPROACH VALUES
FOR VARIABLE-DUTY EXCHANGERS

Single Varied

Value Values

Lo°F 60-20°F
Exch, Duty, MM BTU/Hr 73.2 73.5
incr. Exch, Duty, MM BTU/Hr 0 0.3
incr. Heater Duty, MM BTU/Hr | 2.9 2.6
Incr. Fuel Cost for 3 yrs, § 31,300 28,100
Surface Cost, § 11,600 10,400
Incremental Heat Cost, §$,
@ $3.0/1000 BTU/Hr Capacity 248,930 251,220
Total Equipment Cost, $ 260,530 ’261,620
blncremental Equip., Cost, § - : 0 1,090
Total '"Equivalent' Inéremental

Equip. Cost (Includes 3 yrs Fuel 31,300 29,190
, Cost)

NOTES: 1) Basis: - 3 yrs Fuel Savings (Before Taxes)

3 yr. Equiv. Fuel Cost = 1,17 x 0.33 /MM x 3 yrs
0.75 Effy

x (8750 x ,93) Hrs/Yr = $12,700
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unit in this case was a large one and the low return on invest
ment raises considerable doubt as to whether many cases will

arise in which a split train system would be justified,
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TABLE 5

_ ECONOMIC COMPARISON OF SINGLE TRAIN
VS, SPLIT TRAIN PREHEAT EXCHANGER SYSTEMS

Single Train Split Train
System System
Exch., Duty MMBTU/Hr 305,11 307.0
Incr. Htr. Duty, MMBTU/Hr 1.89 : 0.0
Exch., Cost, $ ’ 931,400 _ 1,035,500
.Cool Cost, $ 224,200 . 224,200
Total Surf Cost, $ 1,155,600 1,259,700

Yearly Savings @ HT Value of $0.33/MM BTU/Hr.

Heat to 0il:

1.89 MM BTU/Hr. x $0.4U7MM Ht. x 8250 Hrs/Yr. = $6,800/yr.
Fired

% Annual Return on Incremental Equip. Investment:

~$1,259,700 - $1,155,600 = $98,100
$6800/598,100 = 7.0%
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APPENDIX A

1. Program Features

Some of the principal features of the program are enumerated
and explained below.

a, Array of Heat Streams

Input and output data for the program are conveniently
stored and handied in the form of an array, The varjgus heat
streams correspond to the columns of the array and there are
fourteen of thém. The various characteristics of each stream, or
the calculated values for that stream, correspond to the rows of
the array, There are eighteen of these rows, Thus, the subécripted
variable HTSTR (I, J) represents any input or output value related
to any of the preheat streams, where | can have any value from |
to 18 and J any value from 1 to 14, For example, HTSTR (L, L)
would designafe the °AP| of preheat stream #4.

The array is first printed to show input data: The streams
have been rearranged at this point in ascending order of their
'""Pseudo T's', Other array positions not containing input data
show "0,0'" at this point., After the preheat calculations have
been carried out and the significant results have been stored in
their proper positions, the array is again printed, this time
showing not only the input data but all the pertinent output data
as well. Of course provision had to be made for the fact that in
some cases there will be more output streams than input streams.
This happens, for example, when one of the heating streams must

be split into hot and cold streams to bring the crude to the re-
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quired desalting temperature. The lower temperature stream heats‘
the crude to its desalting temperature, while the higher tempera-
ture stream exchanges heat with the crude leaving the desalter,

b. Rearrangement of Heat Streams

Heat streams need not be arranged in any particular order
when being submitted as input, The program will rearrange the
heat streams in the proper order in accordance with their 'heat
transfer potential'' called '"Pseudo T'' and defined by formula in
the list of Program Variables, This formula is somewhat empirical
but appears to give satisfactory results. However, a variable has
been included in the program which permits the formula to be
"adjusted!, For further flexibility, provision has been made so
that heat streams can be submitted in any desired order and not
be rearranged, i.e. the preheat calculations will be carried out
with the heating streams supplying heat to the crude in predeter-
mined sequence. This feature might be desirable if, for exampie,
the amount of heat available from one stream, say the crude residue,
were large, and it was decided to ''split" the duty between two
exchangers, the high temperature exchanger presumably being the
last in the train, and the low temperature exchanger located at
any desired point in the train but at a lower crude temperature
level,

¢. Suitability to Crude Unit Preheat

While the program could quite easily be adapted to other
types of preheat systems, it is specifically intended for a crude
distillation unit, Crude units almost always include an electro-

lytic desalter as discussed in Chapter |. The desalting process
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should take place at a rather specific temperature, related to the
nature of the crude but usually approximating 260°F, The program
takes this problem into account and proportions the heat exchanger
duties so that the required desalting temperature is obtained be-
tween exchangers., The program also assures that the duties of the
exchangers immediately upstream and downstream of the desalter are
~of suitable magnitude, that is not too small to be practical, A ’
crude temperature rise requirement of at least 10°F provides for
this. Furthermore, the program providesvfor the fact that a tem~
perature drop occurs when the crude flows through the desalter,
The temperature to the next exchanger is 5-10°F lower than that
from the preceding exchanger, Quite often a flash drum is in-
cluded in a preheat train, sometimes in addition to, and sometimes
instead of, a desaiter. The quantity and temperature of the crude
will usually change when flowing through a flash drum and the pro-
~gram is also sufficiently versatile to take this into account,

d. Types of Preheat Streams

There are two principal types of preheat streams, Side-
streams withdrawn from the tower exchange héat with the crude in
the ofder of their heat transfer potential, and down to a tempera-
ture corresponding to an ''economic' cold end approach. This tem-
perature approach is a function of fuel cost, exchanger cost, etc,
and is to some extent related to the heat transfer characteristics
of the other streams from which heat may be transferred, Usually,
however, this optimum approach is fairly constant over a consider-

able range in the value of the above factors., A value of 40°F is
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frequently satisfactory in cases where fuel and exchanger costs
are "normal'', Streams of this first type may be designated
f'varjable duty" streams,

Streams of the second type may be designated 'fixed duty!
streams. Tower pumparound streams are the principal examples of
this type of stream. For such streams, outlet exchanger tempera-
tures and heat duties are supplied to the program as input data,
rather than calculated as with product streams. |If, as is some-
times the case, a vapor heat exchanger is used to preheat crude,
it should be treated as a pumparound stream, and a "|' should be
placed in the proper position to designate it as such,

e, Parallel Trains

When dealing with small or medium sized crude units, all
the exchangers providing heat to the crude are’usually arranged
in series for the sake of simplicity and to avoid inclusion of
exchangers that might be somewhat too small to be economical,
When dealing with large units however, say 100,000 BPSD (barreis
per stream day) or more, it has been found advantageous to split
the crude into two parallel streams immediately downstream of the
desalter, This arrangement makes it possible to preheat the crude
_to higher temperatures than would otherwise be possible, The pro-
gram makes provision for this. The program user can specify that
the calculations be performed and results printed for a single
train system only; or he can specify the run be made for a parallel
train system, In the latter case, not only will the single train
calculations be performed and printed, but the program will con-

tinue on through the calculations for a system with parallel trains
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of exchangers downstream of the desalter (frains 'A' and "B").
The results for both systems will be printed and comparison can
be made of the final preheat temperatures, amounts of exchanger
and cooler surface, and the relative costs of such surface,

f. Temperature Approach

An individual value for ''cold end'" temperature approach

" must be entered for each variable duty heating stream. The need
for achieving an optimum preheat system made it seem advisable to
make provision for using ''varied' approach values,

g. Subroutine "SPHTY

A subroutine entitled f'Sl”HT”L is incorporated in the program.
Every time a heat exchanger duty, cooler duty, or change in temper-
ature is calculated, a specific heat value must be employed that
is correct for the particular temperature range involved. The
subroutine cal;u]ates the specific heat value as a function of
temperature and the °AP| of the fluid undergoing the temperature
change, There are three cases for which the subroutine must deter-
mine a specific heat value, The simplest is when two temperatures
are known and can be given as arguments, along with the °AP| of
the liquid. The second is when the heat duty and the hotter tem-
perature, along with the °AP|, are the arguments. The third is
when the duty and colder temperature (again with the °AP|) are
the arguments. For the latter two cases, the subroutine performs
a trial and error type of calculation, in which the second trial
gives a sufficiently accurate specific heat value, ln‘the first
case, with both temperatures known, the specific heat can be

calculated directly.
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APPENDIX A

2. Program Variables

The variables used in ""Preheat'' are defined as follows:
HTSTR (I, J) - This array is used for storing input and

output data associated with the various streams available for

preheating crude, ''J" represents a particular preheat stream
while "|" represents either an input value or a calculated value
for that stream, ''J" can be any number from | to N, where N is

the value read into the computer representing the number of heat

streams. ' is any of 18 values associated with each stream,
either as input or calculated, The various '"['" variables are as
follows
HTSTR (1, J) ) Stream Name, alpha meric
) 3 words totalling 10
HTSTR (2, J) ) characters used for
) each name
HTSTR (3, J) )
HTSTR (4, J) =~ Specific gravity as °AP|
HTSTR (5, J) - quantity of heat stream, 1bs/hr,
HTSTR (6, J) =~ inlet (hot) stream temp., °F.
HTSTR (7, J) -~ temp. of stream from ''system', °F,
HTSTR (8, J) -~ either "0" or "i", |f a '"|" is entered

then the stream is a pumparound stream with a fixed amount of heat
to be transferred. |If a '"0" is entered, then the stream is not a
pumparound and the amount of heat to be exchanged must be calcu-
lated, primarily as a function of the ''cold end'" :temperature

approach to the crude entering the heat exchanger,
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HTSTR (9, J) - Exchanger Duty - BTU/hr.

HTSTR (10, J) - Temperature of heating stream from
exchanger, SF.

HTSTR (11, J)

3

Temperature of crude leaving exchanger
"JHS OF.

HTSTR (12, J) - Cooler duty, BTU/hr.

HTSTR (13, J) - Pseudo, T, °F,

Pseudo T is the name given to an empirical
function that is regarded as indicative of the heat transfer poten-
tial of a heating stream, The program causes the streams to be
rearranged, in ascending order, in accordance with the calculated
Pseudo T values, before the preheat calculation proceeds. The
Fortran formula employed is;

HTSTR (13, J) = HTSTR (6, J) - (FACT®CRLB/HTSTR (5, J) or

Pseudo T = t, - (FACT x W)
W

The value recommended for the factor employed (FACT) is
10.0. If experience should indicate it to be desirable, a differ-
ent factor can be introduced as input data to alter the order in

‘which the streams exchange heat with the crude,

HTSTR (14, J) Exchanger heat transfer surface, sq.ft,

HTSTR (15, J)

cooler heat transfer surface, sq,ft,

'

HTSTR (16, J) Exchanger Cost, $

HTSTR (17, J)

Cooler Cost $
HTSTR (18, J) - “Approach' - The 'cold end! temperature
approach to be used for the heating stream. No value is entered

for a pumparound stream.
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N - number of heating streams.

'MODE - either "1' or "2" must be read into MODE. Ifmn,
calcuiations are made on a single train arrangement only. |f ”2”;_
the calculations are first made for a single train and then for a
parallel train arrangement so the results can be compared,

IFFL - either "1' or "0'" must be entered under |FFL. |If
"}'"", the presence of a flash drum in the train is indicated and
the quantity of flashed crude leaving the flash drum and its tem-
perature and specific gravity must be included as input data, |f
CHgt, there is to ge no flash drum and consequently no flashed
crude data is provided as input,

NOAR - either "' or "0'" must be read into '"NOAR', |If
"'INOAR'" is 0 (considered the more usual case) the streams will be
rearranged in order of ascending 'Pseudo T' values, [f '"'NOAR"
is "', the heat streams will not be arranged in ascending order
in accordance with their '"Pseudo T' values, but remain in the pre-

determined order in which their data is read into the array.

YHTSTR'Y,
CRAPI ~-specific gravity of crude, °AP|,
CRLB - quantity of crude, lbs/hr,
CRTIN - temperature of crude to unit, °F,
TWI - temperature of cooling water to users, °F.
TW2 - témperature of cooling water from coolers, °F,
FCRAPI —vspecifiﬁ gravity of flashed crude, °F,
FCRLB - quantity of flashed crude, lbs/hr.
FCRTIN =~ temperatﬁre of crude from flash drum, °F,
DESALT -~ temperature of crude‘to desalter, °F,
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TTOL - temperature tolerance, or allowable deviation from

prespecified value of desalting temperature, °F,

FUCOST - cost of fuel, $/MM BTU/hr.
ACOST - average cost of exchanger (and cooler) surface,
$/sq.ft.
| UAV - average heat transfer coefficient for exchangers,

and coolers,

PAYRS =~ number of years allowed for 'paying off" an invest-
ment, years,

DROP - drop in crude temperature from desalter.iniet to
outlet, °F,

ECAP - economic ''cold end' temperature approach between
heating stream leaving and exchanger and crude entering the ex-

changer, °F, .

cpP - specific heat, BTU/1b/°F,

DELT - temperature difference, °F,

NB - number of exchangers before desalter,

NAFT - the number of the first exchanger after the de-

safter. NAFT will equal NB + 1.

MAFT - number of exchangers following desalter in single
train,

NEWN - number of heating stream after split at desalter
and/or after division a large heating stream into 2 parallel

" streams with parallel trains.

FACT -~ .factor to be employed in formula for calculating

""Pseudo T,
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coolér, °F;

DELTH
cooler, °F;

DELTC
cooler, °F,

SPRIT

H

]

3

L2

log mean temperature difference for exchanger or

hot end temperature difference for exchanger or

coid end temperature difference for exchanger or

"'split' is to contain "I' if a stream is split to

provide heat downstream as well as upstream of desalter, "Q' in

split means no such "split' occurs.

SUM 9
SUM 14
SUM 15
SUM 16
SUM 17
Al,J)
B(1,J)
SUMA
SUMB
DIF
RISE
NAT
NBT
AETv HAFCR

SALT

H

1

i

H

sum of exchanger dufies, BTU/hr,

sum of exchanger surfaces, sq. ft.

sum of cooler surfaces, sq, ft._

sum of exchanger costs, §

sum of cooler costs, §

A train array (Ist parallel train).

B train array (2nd parallel train).

sum of heat duties of A train exchangers,

sum of heat duties of B train exchangers,

DIF = SUMA -~ SUMB,

increase in temperature of crude in exchangers,
number of ‘exchangers in A train,

number of exchangers in B train,

quantity of crude 1Ibs/hr, thru each of Trains A & B.

temperature from desalter (DESALT - DROP),



Subroutine Variables

Tl - high temperature

T2 - lower temperature

Q - duty, BTU/hr.

XLB - stream quantity, 1bs/hr.
COUNT - number of iterations (0 to

APi - Specific gravity, °API:

1.

L3
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APPENDIX A

3. Program Instructions

Data cards must be prepared and placed in back of the pro=«
grém deck in the usual manner. As discussed under ''Features',
the input data associated with the heating streams and all the
results considered significant for output are stored in the array
named HTSTR (I, J) where variable "J'" represents the streams pro-
viding heat to the crude and variable "' represents values asso-
ciated with the stream. 'I|'" may represent a property such as °AP|
or the quantity in lIbs/hr.; or it may represent a calculated result
such as the temperature of crude from the exchanger or the duty of
‘ the exchanger corresponding to the heat stream, The o6ther input
data to be provided is specified in the description of the indivi=
dual cards which follows:

Data Card 1 - Y“[ntegers!'

[l

All the variable values for this card must be entered as

integers, right justified,

Columns Variable Name
1 - 2 N, number of heating streams entered here,
3 -4 MODE - enter '"1" for a single stream exchanger

gystem and "2" if both a single stream arrange-
Tmént and a parallel stream arrangement are
desired,

5«6 - IFFL - enter 1" if a flash drum is to be
included at-some poinf in the heat exchanger

train and V0" if no such drum is included,
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Columns Variabie Name

NOAR - enter "1'' if the heating streams are
to remain in the order in which they are
entered on the input data card and '"Q" if
(as would be usual) the program is to re-
arrange the streams in ascending order of
their '""Pseudo T's'",

Dafa Cafd 2 - Crude Data

All the variable values punched on this card as to decimals

(floating point).

Columns _ Variable Name

1 .- 10 CRAPI -~ specific gravity of crude, °API,

i1 - 20 o CRLB - quantity of crude, Ibs/hr,

21 - 30 CRTIN - inlet crude temperature, °F,

31 - 4o TW I -~ inlet water temperature, °F,

L1 - 50 TW2 - exit water temperature, °F,

51 - 60 FCRAP | - specific gravity of flashed crude

(if flash drum included), °API,
61 - 70 FCRLB - quantity of flashed crude, 1bs/hr,
71 - 80 FCRTIN- temperature of flashed crude, °F,

Data Card 3 -~ Miscellaneous Data

Enter these variable values as decimals.

Column Variable Name
I - 10 | DESALT - desalting temperature, °F,
11 ~ 20 TTOL - allowable deviation from desalting.

temperature (+ or =), °F,
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Columns Variable Name

21 - 30 FUCOST -~ cost of fuel, $/MM BTU.

31 - Lo DROP - temperature drop of crude in flowing
through desalter, °F,

L1 - 50  UAV - average heat transfer coefficient for
exchangers and coolers, BTU/hr/°F./ft.sq.

51 - 60 PAYRS ~ number of years for investment ''‘payback"

61 - 70 ACOST - Cost of exchanger and cooler surf,
§/ft. sq.

71 - 80 | ECAP - economic exchanger '‘cold end' tempera-

ture approach, °F (may or may not be
entered) .

Data Card 4 -~ Factor

Enter this variable as a decimal number in columns 1-«10

of this card,

The usual value is 10,0,FACT is used by the program in the
calculation of '"Pseudo T" values for each heating stream,

Data Cards 5 and 6 - Stream Names- HTSTR (1-3, J)

Stream names are to be entered alphamerically in columns
-1=-10, 11-20, etc,

Two cards must be included even though the second may be

* blank,

Data Cards 7 thru 2N + 6 - Input Data for Heating Streams

(N above equals the number of heating streams).
Enter this data as decimals, Two cards must be included

for each stream even if the second is & blank.
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ist Card

Coluﬁns Vafiabfé Name

1 - 10 HTSTR (4, J) - specific gravity of heating
stream, °API.

11 - 20 HTSTR (5, J) - quantity of heating stream,
Ibs/hr.,

21 - 30 HTSTR (6, J) -~ inlet temperature of heating
stream, °F,

31 - 4o HTSTR (7, J) - temperature of heating stream
leaving cooler, °F, (enter '"0' if stream is
a pumparound stream).

Ly - 50 HTSTR (8, J) - enter "i" if stream is a pump-
around stream (with ''fixed'" duty). Enter a
"g" otherwise,

51 - 60  HTSTR (9, J) - enter duty, BTU/Hr, if stream
is a pumparound stream, Otherwise leave bilank.

61 - 70 HTSTR (10, J) - Enter temperature of stream
leaving exchanger in case of a pumparound .(fixed
duty) stream. Otherwise leave blank.

71 -« 80 To be left bIank.

2nd Card
1 - 60 To be left blank,
61 - 70 HTSTR (18, J) - leave blank if the stream is a

pumparound (fixed duty) stream, Otherwise enter
the ''cold end' temperature approach for the ex-

changer,
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Column Variable Name

71 - 80 To be left blank.

Data Cards 2N + 7 thru 34

Include enough blank cards to bring the total number of
data cards to 34k, This will introduce '"0.0's" into the array in
the positions where no stream values would otherwise be introduced,
which is desirable when the array'is written out,

Sample Input

The data input form which follows is included as an example
only. The data shown corresponds generally to the input data for
-sample problems #1 and #2 included in Appendix B.

Qutput

input data printed on the first output page for convenience
includes data on the crude stream and on the flashed crude stream,
if flashing occurs, Other data used on heat balances and economic
calculations, such as desalting temperature, cooling water tempera-
tures, fuel cost, etc,, are also printed,

On the second page is printed the heating stream array
'showing all the input data provided relative to these streams,

The streams appear as rearranged in order of ascending ''"Pseudo T"
values rather than in the order in which they were ''read in"
(unless NOAR = 1, in which case no rearrangement occurs),

The heating stream array for a singlé train arrangement is
always prfnted on the third output sheet., The order of the streams
will be the same as on the preceding sheet, but it will be observed
that calculated values for each stream, such as exchanger duty,

¥

cooler duty, etc.,, now appear in place of the previously printed
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Hoh values. The calculated temperature of the crude leaving each
exchanger in the train is also printed,

It should be noted that the streams are identified as
pumparound streams if a '"1'" appears in row "PA?". Calculated
values of ''Pseudo T are also printed,

In the event the programmed calculations result in the
splitting of one of the heating streams into @ cold stream and
hot stream, to achieve the required desalted temperature, the two
streams are printed in sequence, The temperature of the crude from
the ''cold" stream represents the temperature to the desalter
(DESALT). The 'hot'" stream will heat the crude further in the
stream immediately following the desalter (or following a flash
drum should one be included in the system), Below the single train
heat stream array are printed totals for the combfned exchanger
duties, eXchanger surfaces, cooler surface, etc,, for the entire
single train arrangement,

If operating MODE '1'' was specified in the input data, then
only the single train calculations are made and this third sheet
will be the last sheet of output data.

Fourth and fifth output sheets are printed if the program
proceeds according to MODE '"2'. |n this case, after the single
train crude preheat calculations have been completed and printed,
the program continues on to perform calculations for a "'split"
train, The crude stream leaving the desalter is split in half.
If the duty of any of the heating streams is found to be large

(i.e. sufficiently largé to heat the crude as much as 60°F), that
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stream also is split in half to give two heating streams. The re-
sulting heating streams are arranged in order of their '""Pseudo TV
values in the heat stream array. Next, the heat streams are
arranged in two ''parailel' arrays called "A'" and 'B'"., Array "A"
will thus be comprised of alternate streams from the HTSTR array,
.starting with the first heat stream after the desalter and contin-
uing on through the array, using the 3rd, 5th, etc. streams after
the desalter. Array "B'" will similarly be comprised of the 2nd,
Lth, etc, streams after the desalter., After the calculations to
preheat the two (half quantity) crude streams have been performed,
using the heating streams in array, "A' and 'B" respectively,

. the amount of heat transferred is summed up for each of the trains,
and the sum compared. If the totals differ by more than the

amount of the last exchanger duty of the array with the higher duty
summation, then that stream is transferred to the other array to
make the two summations nearly equal,

On the fourth output sheet, the heat streams preceding the
desalter are printed out, for convenience, with all their jnput:
-and calculated va]ue§ appearing. On the fifth output sheet are
printed the newly formed "A'' train and '"B" train arrays, In addi=-
tion, values for the total exchanger duty, total exchanger and
cooier surfaces; and total exchanger and cooler costs which have
been calculated by the program, are also printed out for ease of
comparison wfth the corresponding values for the previously calcu-~

fated single train arrangement,
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APPEND IX B

Program Statement List for '""Preheat!., All the statements
comprising the main program and for Subroutine USPHT' are
listed, Comment cards are included to aid in following and
using the programs,

Explanation of Qutput for Sample Problems.

Qutput for Sample Problem #1. Single ﬁrain‘systemvwith Lo°F
approach for variable duty gxchangers.

OQutput for Sample Problem #2. Single Train system with varied
temperature approach values for variable duty Exchangers,
OQutput for Sample Problem #3. Single Train and split train

systems with 40°F approach for variable duty éxchangers,



i PROGRAM LIS TING BORLPRELEAT s il
FORTRAN IV G LEVEL 18 MAIN . © . DATE = 71011 v - 42/20/24 . ~ PAGE 0001
(1193 § . DIFENSTION HTYSTR{19414) )
0002 " DIFENSTON BTTI9yTY S ) i i -
00C3 RO CIMENSION B(L19,7) ' ) . R
TOCH READUT v IT Ny MODEVTFFLyROBR
Q005 1 FORMAT(412)
TO06 S NtAutx,thRAvl.LRLu.LRI!N.lHI‘TH?“FCKKFT*FCRCK'FCRTTN T
coor . - o % FORMAT(BF10.0) ,f“} i5<,
00l READTTySTDESAL Ty TTOLyFUCOSTYACOS Ty URY Y PAYR STOROPLECAP
0GCY READLL,5)FACT )
T C010 i READTI 2V CtHT S TR I I3 Ve a= Ty Ta)
SIS o1y TL 2 FORMATI(B(2A44,A2)/76(2404,4A2))
N v TREADTL A T T STRO I T4y 19 I = T T4
0013 4 FORMAT(8F10.0/8F10,01}
Cots RRITECATIONY
co1% a 105 FORMAT([*1%//55X,*0OUTPUT SHEET 1%//55X,*MISC. INPUT DATA'/)
WLD - WRITETIZTUOTURAP I YLURL U URTN
0017 106 FORMAT(3X,'CRUDE DATA'.5X.'API=',F4.l'SX,'LBS/HRﬂ'.Fl0.0'SX.
" PYINTTEMP =ty a0y
0018 ’ WRITE(3,10TIFCRAPI,FCRLB,FCRTIN

j“*"*"00tﬁ*”*"*""*"“tﬂT”ﬁﬂRMAff?X?*Ft‘tRUOE‘Dﬁfﬁ*”ﬁx“*t?i**—?#“f“ﬁx“*tﬁﬁfHRv*"ftﬂ“ﬂ‘*"*”““’“‘“““‘”"‘”"”*‘”“““"‘“”
. ) 15X IN TEMP=',F4.0/) ,
MRV PAY) RT3 TOS Y DESAL T TTOLVACOSTHUAV URDP " *
0021 104 FORMAT(BX,'TEMP TO DESALTER=®F4.0,SX,*TEMP TOL="3F441¢5K,
- " T+ SURFP €u37~’—?ﬁ“f751**ﬁﬁV‘*.ft“T-ﬁx“*DESﬁtTER“TEMP”ﬁRO?**’?#‘TTT“"”*”"””*“*”““'"““““““
C WRITE CQUTPUT SHEET 1 SHUWING MISCELLANEQUS INPUT DATA

0022 " BRITECAVIALY NHyMCOE, IFFLTNOARTTHLTIWZYFACT L
€023 - 131 FORMATU(BX¢"N=",12,5X " MODE="* 4 [1295Xe*IFFL="1245Xs "NOAR=® 4 12,5X,
TR = T Oy St TH2 = Yy FU O SXT Y FACT =Yy P oL 7T *

C CALC PSEUDC T FOR EACH STRM

002% o6 3=1vN
i €025 : 6 HTSTR{13¢J}=HTSTRI64JI~-{FACTHCRLB/HTSTRISJ))
e S ) @ e S E RS TOR T EN 2 (L)
: co2? IF(NCARILI13,112+113
Jrr————— e A R R AN G E S THS T IN T ORDERCFASCENDING PSEUDO TS
; €028 ©. k12 F=N-l

0029 N D08 =M

€030 L=J+1

CO3Y - COdK=tvh

0032 L TFAHTSTRELA,J)-HTSTR(13+K 118,847

O3S 09 =119

€034 TEMP(1)=HTSTR{L+J)

€035 HESTROT7II=HTSTRUTSHY)

0036 S 9 KTISTREI K)=TEMPLI)

0037 B-CONTINUE '

€ WRITE REARRANGED HTSTR ARRAY WITH INPUT DATA AS QUTPUT SHEET 2
=MINOCTeNY
€039 o WRITE(3,108)

’;zm.._.....w Bty Qoo - Q G F ORMATH A 55 %5 BT PUT—SHEET— 2477 - o L . . E




et NS ek 180 st TREVS «&?\ Al

FORTRAN IV G LEVEL 18 ' . ~ OMAIN DATE = .T71011. . 12720724 ° o PAGE 0002
0041 ’ RRITE(3,40) )
0% ” WRITE a3 HHTSTRU T I I=td 3 o131y
. 0043 e WRITE(3 441 ((HTSTR(IsJ)rJ=1 4KV 124418)
—CO4Y * tPN=TITIOFTTOvTTL
0045 [ 111 WRITE(3,45)
0046 et wRITECIv4 3T HHTSTRI v v =y aryd=8v Ny
- 0047 WRITE(A 4L LIHTSTRULI 1 J ) J=Bo14)sI=4,18) '
; m’ﬁﬁ#ﬂ""—w‘”’”ﬁﬁ“f"ﬂkﬁﬂf TS TS INGEETRAINS A/ 30%7 Y5100 T’?‘Wmmmmm“

110X, *5%,10Xs'6%+10Xy*7%/)

COEI— §3—FORMAT{3X v NAME Y719 X7 T13A4 T}
0050 : 45 FORMAT(S5SX,*SINGLE TRAIN CDNTD'//??X;'&'.IOX’")"KOX"IO'.
- - OG5 10X 1 205 10X 135 1 0%y s v ) )
C EXCHS BEFORE DESALT :
C~CHECK - WHETHER—THE-CRUDE—TEMP-FROM—EACH SUCCfSSf’Vf:‘“E”XCﬁANGER“EQUAt‘S‘“THMESﬁi..f
- C ING TEMP {WITHIN THE ALLOWABLE TOLERANCE) o
CO%t FHEFHTSTRAE PP M0+ Ov T -
0052 ) 10 HTSTRO10+1)=CRTIN+HTSTR{1841)
e e GG 5 3 CALL-SPHTHTSTR (v HTS TR UG HTSTRELO v Qe v Qe s CP
L Q054 HISTR{G 411 =HTSTR(S 4L )#CPR(HTSTR{G2L)I-HTSTR{10,41))
'MMG&SW’%CA&%PHHCRAH Oy CRTINTHTSTREF v T EREDCP)
0056 . DELT=HTSTR{9,1)1/(CP*CRLB)}
b G 35 3 HTSTREY v H=CRTINYDELT
: cose 4=2
CO5F— ) wamn S lad
COoe0 [F(HTSTRIB,J3)13,13,14
| e 2525 3 4 A3-HTSTRILO rd 1=HTSTREV LK FeHTS TR 8w} "
0062 o . CALL SPHT(HTSTR(4yJ) e HTSTR{G e ) 4HTSTRILO0p ) 3040049CP}
QO - ~ TSR I r=HTSTRAEG VR CPR LHTSTRA 65 P HTSTR 1050 ))
0064 14 CALL SPHT(CRAPI'0.pHTSTRflvi).HTSTR(‘).JMCRLB:CP)
CO65 N CELT=HTSTREFwHH/ALCPCRLE
; C0e6 HTSTR(11ed)= HTSTR(lvi)#DELT
“‘M%?WFfHTSTWYT:H"QES"ﬂLT Sy F
; Co68 19 IF(HTSTRI1L1yJ)+10.,~DESALT 16,418,418
G o e 4L
; CO70 GO TO 12
L e S A S 1] 3 RO 10 DESACT L 818 19
0072 19 AB=J
GO - NAFTwg+}
, €074 NEWNZN+L
e QO 5 HESTREL I =DESALT
€076 CALL SPHT(CRAPIHTSTRIL]+K)oOESALT 000 sCP)
"é FH—WHEN-THE-CRUDE-TEMP—FROM—THE ORI G INAL—E XCHS v EXCEEDS—DESALTFy FH—DOES—S0-B
rQ

i RE THAN THE ALLOWABLE TOLERANCE,THEN THC HEATING STRM WHICH PRODUCES THE
immﬁmm'e—%fﬁﬁ‘TtMP—*{ﬁ”Sf‘L R INTO-TRO-HEATANG - STREAMSS

cor? ‘  CUTY1=(DESALT-HTSTR(L11,K))¥CRLH*CP
€076 —BUTY2=HTSTRGrd 1~DUF 1 -
0079 o, HTSTRI9,4)=DUTY]

i~w-4ﬁhﬁ%-m--*~—w—-eﬁtt—&»ut4Hv&%ﬂ*#ra+ve~vhfsfﬂfferd+vﬂ¥5$R+973+Tﬂ?S*ﬂ+5vd+wev+-*-*"~*"-*--~*-**--~w
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FORTRAN IV G LEVEL 18 © MAIN - DATE'= T10LL . 12/20/24 PAGE 0003 ,
008l : DELT=HTSTR(9,41/ (CP¥HTSTRIS,4))

uugs o STORE=HIODTHRIG I

goe3 . - HTSTR{64J)= HTSTR{10,41 +DELT

SETT OF  STREAMS AFTER DESALTERBY UNE lU MAKE RUUH'TN’IRRKV FOR IRE
C ADDITIONAL HEATING STREAM RESULTING FROM THE SPLIT.

[V " FAFT2N=ND
CO85 . DO 20 M=l,PAFT
CO8s " TIENELIENT
0087 A T T
U088 - Lo 29 TFi1Y
Co89 ] ZG HTISTRETSLI=HTSTRUT,,J)
““““”"““”C"FﬂKC“STRF”ﬁfTER“DESﬁtTfR“CGRRES?0NU“TD”HOT”PURTTDN“OF"S?tTT”STKN“”“”*”“*“‘”“““’““““”“”‘""““’“
0090 4  J=NB
OO - {r=NAFL
0o92 ' SO L0 21 1=145
C09% 2 HTSTRIT T U I=HTSTRET v
0094 a HTSTR(64L)=STORE
Qe VAV, e " HYSTRUTyLUY=0%
G096 . N HTISTREB+L)=HTSTR(8,44)
0097 - HTSTRT9TVII=DUTY2
0098 - . HYSTRELO LY =HTSTR{64d)
UUSS N L1 6 B A R WAy )
€100 S 22 HTSTRIILLI=0,0
CICY : SPL1T=17%
Q102 Ga ¥YC 23
10y - P DESACT=HTSTRCT Ly
€104 R aR=d .
198 § U S NART=0+1"
0i1c6 - NEWN=N
OO . SPEIT=03
wocles GO TO 23

" CADIUST &KUUE“TEM?‘FOR“ﬂﬂﬁ?“THﬂT‘OC€0RS"TN‘Tﬂf“0ESKfTEk““““""”'”‘""“““”"‘“”“'“”“"””“”“—”*““*““”
0109 .+ 2% SALT=DESALT-DROP

TP THE CRUDE“!S”NUT‘FttSﬁfﬁ*TﬂEN“Tﬁﬁ“CRﬁﬁﬁ"?Rﬁ?ﬁRTTES‘DOﬂNSTR&tﬁ“OF”TNﬁ
~C DESALTER ARE MADE THE SAME AS UPSTREAM,

e - tECEFFU 24724729
Q111 24 FCRLB=CRLB
G2 — FCRTIN=SALT
Cl13 FCRAPI=CRAPI
y CPERFCRY ?RﬁﬂfAf“ﬁﬁtCS“fﬁR*EXCﬁS‘“ﬁffﬂﬁ“ﬁﬁSﬁtTfR"‘““’”“““““”"“’*“‘"““*“"”“““*”‘“”‘“““"“*’“”””'”
Cill4 . 295 TF(SPLIT)IZ6426421
U5 S & ausasesuny ~263=NAFT
CLl6 . . HTYSTR{L1O,J1=FCRTIN#HTSTR({1844)
G €At JPHT1ﬁfﬁTﬂfﬁ“ﬂf“ﬁTﬁfRfﬁ"df”ﬂTSTRfTﬁ“ﬁ?‘ﬁ??ﬁ”?ﬁ?f‘“‘”“"‘”“””“**’*”““‘“‘”””“*““““"““““
CiLi8 . HTSTREF 3 ) =HTSTRAG ¢ JI*CPR{UTSTRG6, J)~HTSTR(10,441})
s €119 - 27 LALt“SPHTfFCRﬁPi'0~“FCRTPNvHTSTﬁf9iNAFF1*FﬁRLB}C?
[ gL20 - I CELT=HTSTRID«NAFTI/ (CP=FCRLB)

G- FERITTE X 708 BTN+t
R YA Y leJl"lll'l‘(ﬂ"l l‘r\;ﬂlll“YUELl
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. FORTRAN IV G LEVEL" 18 - MAIN . DATE = T1011- . 12/20/24 . - PAGE 0004

0122 L=NAFT+1

U123~ S O30T NEUN

o124 . L K=Jg-1 :

T125 T I THTSTRUS 31128728529

Q126 .28 HTSTRELO ¢ JI=HTSTRELL ¢ KI+HTSTRE1B44)

or2 7 P CALESPHT (HTSTRUATHTTHT S TR OGSV YT HTSTREOTO I v U7 055CPY
’ 0128 ‘ CHTSTR( 41 =CP¥HTSTRIS s JI*HTSTRIG,,JI-HTSTR(1044 1))
3”*“”6t29‘“““”"**“”“2q-€ttt“%?ﬂfffCﬂk?XcﬁTTﬁTSTRfit“K1 ﬂfﬁfk1ﬂ*1#‘h13!n(9.4!.uvl
. CL30 DELT=HTSTR{Y+ S}/ CP*FCRLB} .
- 131 FOHFSTREL T =HTSTRET i FeDECT
[N - € CALCULATE COOLER DUTIES.
155 eI - O35 4=y NEWN
H CL23 IF(HTSTR(8,J)131,+31,33
f"*“”etiﬁ‘*ﬁ~m-~m-ﬁf”€ﬁtt~ﬁPHf(hTSTR(4 J)aHfSTR110f31.HFSTRf?Td*TGwou-t
| G135 HYSTRI124J)=CPEHTSTRIS  JIS(HTSTR{10,J}-HTSTR( Ty 4} )
o 5 14 B e THEHFSTRETO 3 =TH2

0137 ., « CELTC=HTSTR( 7,4)-TH1

€138 KMFO=(DEtTH*ﬁEtTC#*WQfAtOGfDEbTﬂfﬁEL?C3
: C13a9 ; HTSTRILS p JI=HTSTR{124J1/(XMTD%®50.)
e (] 4 HFSTR CL i) =HTSTREL 550 1 *ACOST

) Cl4l - 33 CONTINUE
€ CALCULATE COOLERSURFACES 6 €OST Sy
0142 . CO 35 J=2 ¢NEWN
€143 - =gt

: € CALC. HT CXCH SURFS & COSTS
i} § g g e F PR ECTHEH TS TRUGTII~HTFSTR O T e )

0145 : DELTC=HTSTRELO,J)-HTSTR{LL,K}
.GE et ‘ X MTO=DELFH=DECTC a9/ ALOG CDECTHADELTE Y
0147 HTSTRI14¢J)=HTSTR{9J)/ (XMTD*®50,)
-~——etﬁe-~wn-w-~as~H$5r«t16;3)=H¥5¥R(14.J)*A605,
' 0149  DELTH=HTSTR(6,11-HTSTR{11,41}
€158 EELFERHTSTFRATOv HI~ERTIN
€151 ‘ XMTD=(DELTH~DELTC) *.9/ALOG(OELTH/DELTC)
9152 e PS TR C L4 b RIS TREG 1/ AXMTD# 50}
- 6153 e L HTSTR(L6,1)=HTSTR{14,1)*ACOST
€—GET {G?ﬁt—PREHf~£ﬁ%¥wﬁ*eﬂ~ﬁﬂﬂﬁm&"ESS?&ﬁeﬁtﬁ%~§ﬁﬂfﬁGE*ﬁ*ﬁBﬁ*“FﬁR“SfN&t€*¥kaﬂ"*M"*~m-~”*"~*~——
¢ EXCHANGER SYSTEM.
**"“"""""’0*1‘1 - - SUMIed+ 6
- 0155 ; S SUML4=0.0
€156 S UM 6=0+0
0157 SUMIS=0,0
G158 — SUKLTal 0
i 0159 , £0 36 J=14NEWN : F ' oo A
s €160 SUMG=SUMIHHTSTR (9 rd . et - :
0161 : SUML4=SUM14+HTSTR(144d) '
| e 72 3 SUMLESSUMG+HHTS TR E-Laydt
: Cle3 ; SUMLS=SUMLIS+HTSTRI1S,4)
L TR S U LTS TR
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| FORTRAN 1V G LEVEL 18 MAIN  DATE = 71011 12/20/24 =  PAGE 0005
' " C.WRITE HTSTR ARRAY FOR SINGLE TRAIN SYSTEM ON OUTPUT SHEET NO.3 THE ARRAY NOW

T IRCLUDES AT THE CATCULATED VALUES AS WELU AS THETTINPUT VALUtb-

0165 - WRITE(3,4141)
Ulad TAT FURTAT UYL Y7755K YUUTPUT SHEET 3777
0167 : "WRITE(3,440)
UITES TTRERINOTT YN
. - Q169 L thTC(B.%S)((H(STR(leJ);l 193V pd=14K)
UrTO WRTTE I AT T AT S TRUT 7T 7 35 17K T 1545 187 '
0171 41 FORMAT{3X s "APIY o 15X TFL1241/3Xe*LBS/HR® 412X, TF12, OIBX.'TIN.F'.XBX.

. TR 07 3y T OUT  E Yy 12X TRL 2 U/ 3Ky PRI T SXVIF T2 073Xy YEXSDUTY 7 BTUY
: L/ZHR'.éx TFL12.0/3X *EXOUT TEMP,F* 46X TFL124.C/3X,*TEMP CRUDE QUT,F?,

X TR 20/ Ay COOL S DUTY B TUZHRY v 2 X7y TF Y2507
43X.'PSEUDOT'.11X,7F12.0/3X-'Fx SURF SOFT 3 6Xs TF12.0/3X,

SECCOLTSURFFSURT Y y4XTTFLIZ 0/ 3Xy EXCOSTS Y v ITXYTIFL2007 3Ky
GPCO0ULLCOST»8 o TX4TFL12.073X ' APPROACHFY 48X TF12.0/7) .

e ™ TR INEWN=T V44764742

0173 42 WRITE(3,45)

O T T WRITECI 73V CIHTSTRUT v+ =193 v =D NEWNY
QL1715 - WRITE(I 41 ({HTSTR{TsJ)ed=8914)41=4,18)

;—””**"*‘"“"“““‘"C“tﬁfo‘THE*SUV“ﬁF‘T?E‘OUTtES—SURfACESCCBSTS”ON”GvTPUT‘SHEcl NOTI FORSINGLE

C TRAIN SYSTEM.
i) e RWRITECS y 46 TSUMS FSUMTE FSUMES ySUMTS7SUMETD

0L7T7 »,.ﬁ 46 FORMAT(JX"TOTAL DUTY=*yFLl1+0y*"BTU/HRY /23X, *TOTAL EXCH SURF='4FB.0,
- PRI S O AT TOTAL EXCHCOST=3 4 F T30/ 37 TUTAC COOLERSURF=*F T3 O

2'FTSCY /3%, 'TOTAL COOLER COQST=$'yF 7.0}

;"””"0178“”“”‘"“""“"““””&1VENSfUN”TtPPi‘19't“l
; o119 ' GO TC (300,2001),M0CE

C S TARTOF  TWO TRATNSEGHENT
C CHECK ON MAGNITUCE OF HEATING STRMS. SPLIT ANY HEATING STREAM IN HALF WHICH
CRATSESTHE ~TEMPCF— fNE“ﬁRUDf“MORE“fﬂAN"tﬂ*F““ﬂﬁO*THE*NEN“STRHS’10“1h: HTSTR

€ ARABAY IN THE CORRECT POSITION,

;ﬁmcrao-—mm-m-zmwm-mf - NEWN

0181  AR RISE=HTSTR{I,J)/(FCRLDB*,6)
0182 ~f¢ = o RIS F=60¢ V6 T748 740
ci1e3y | ' .. 48 K=J+¢l
Cres — CO 49 =KTNCHN
cL8es C 00 49 1=1.19
ittt - —r g T EMP LTy Y =T S TR )
ci187 : HTISTR{5,J)1=HTSTR(S 1/ 2.
€188 - HIS TR I =HTSTRUO v I Y2
; 0189 CO 150 1=1,19
f”""*”etQO””"‘””“““—tﬁﬁ*ﬁVantxpnl»nla?"fiqéi
; C1s1 CO 54 L=KyNEWN
€192 OS54 =1v19 o
0193 F=L+]l -
0194 - S HFSTRU P I=TENP T HIEY
€195 o NEWN=NEWN+1

O3 &

PENPUNEY
WA L Rt A 8
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€2 iﬁmm“'"”"ﬁfS*ﬁﬁr J=LyNAT

. 3 % Bt L Ve
. FORTRAN IV G LEVEL 18 : MAIN . " DATE = 71011 © 12720724 PAGE 0006
0197 4T CONTINUE
0198 ) X RRITE(ITIOT I NEWN
€199 . 101 FORMAT(®*L? 43Xy "NEWN=*, 14}~
’ LT SET UF ATTRATN ARU U ITRALTN
: €200 NAT=0
o2 0 =1
: c202 Do 50 J=hAFT:NEHN|2
02073 0203 1=1v19
0204 203 M I+K)= HTSTR([.J)
0269 - - NAT=NAT el
3. 0206 : 50 K=K+l
"“"“""""‘”023' MAFT=NAFT+Y
: c2(8 ABT=0
€209 =1
€210 L0 81 J=MAFY ¢NEWN,2
21t — o204 t=1519
€212 . 204 BT K)=HTSTR(I44)
¢213 N T=NBTF+T
C214 . 51 K=K+l . '
: € 03?ﬂPﬁ“ﬁHM“BF”ﬁ*ﬂﬁiﬂ*ﬁ'ﬂ*ﬂﬁfﬂ*ﬁﬂ?f&&*ﬁ‘ﬁﬁﬂ?ﬁRE"*HEM“*““"*“““**““”—‘“”***“““—**“*“*M**““““*‘““
€215 SUMA=0,0

C AS AN ATTEMPY TO ECUALILZE

€217 | 5% SUMA= SUMAOA(Q'J)
€218 SUMB=05 0

0219 DD 56 J= lvNﬂT
6220 SE-SUM3=SUMBHE {9y
c221 C[F SUMA~ SUMB

f“—~—~—m-—“-*~**€*ﬁﬂffﬁ*fHF*tAﬁf“E*GHWFRﬁﬂ*?ﬂﬁ”ﬁ?ﬂﬁ{ﬂ“*G’fﬂﬁ”%*ﬂA!N‘ﬁR*ViﬁE"VERS#“*B“GQﬂibfiﬁ*”*“"‘“““"“”"‘“‘"""
s THE OQUYLET TEMPERATURES FROM THE TWO TRAINS.

62¢2 PR IF S 8v64vST

C223 ST IF(DIF~A{94NAT I} 64464460
0224 GE—d=NRT+1

0225 CQ 59 1=1,419

226 BT pdi=AtENATY

G227 59 A(I.NAT}=0,0

€228 NAT=NATF—L

€229 ABT=NBT+1

€230 - G{-FO—64

cz221 - . 58

TFIBIINEBTI+DIFI61 464464

L0 62 121,19
6234 &¢4yd oAy NE TS
c23s 62 BLI,NBT)=0,0
0236 NAT=NAT-+E :
,, 6237 ABT=NBT-1
e G A E— P R EHEAT-EA L CS—FOR—ATRA N5
1 238 , 64 SALT=DESALT-DROP
g na‘)n - #%F‘\FC:{ r{:“l.u".‘




R R DO St

12120724

PAGE 0007

" 'FORTRAN IV G LEVEL 18 MAIN ___DATE = T10i1

0240

IF{A(Bs11153,52453

e e HAKE COULE R CALCSFURTBTRAT NS

0283

P V. W
WY

LYP4D Y 2 ATIULRTIT=0RA0TRATIB LY
0242 A{lle1)=AL10,1} :
U4 3 AL SPITIATG I T ATEy T  ATIU Ty Uss Dy LV}
0244 A9 LI=AS LI ECPRIA(G,11-A(10411))
0249 Sy CATU SPRTTFCRAP IOy SALT s ATT v T T HAFLRYUP T
0246 DELT=A{9,1 )}/ (CP*FCRLB/Z241) :
C25T AT I V=SAUTFOELT
Q248 DO 69 J=2 NAT
LN ) K=J=1
€250 [F(A(B+J1)6T+6T7+68
C2%T T ATTOVIT=AtTITKIFA{TE V)
Q252 CALL SPHT(A(G,0) s A(603)2A010,0)450690.:CP)
025% Y TII=AtS TP FCPE CATG T AT OO
0254 68 CALL SPHT(FCRAPI Q.sA{L1K)y A(9F4J)HAFCRCP)
T25% CEUT=ATYTS Y (CPXFORUTBZZY
£256 69 A(LleJd)=A(L1,K)+DELT
CHAREPRENEAT CALCSFORBTRATING
0257 . IF(Bi{B,1)) 103,102,103
€258 1o eI = ti0v )
0259 CALL SPHTU(R(4 1) eB(6911,BL1041340640.9CP)
0260 BT =B Sy 0Pt 867 T =B 0wy - T
€261 103 CALL SPHT(FCRAPI0.+SALT»B(FsL)eHAFCRCPY
2672 ~CEL =019 7Y A CCPEFCRUBZ2Y : '
0263 Bl 1) =SALT+DELT
G2 e BO-T2—d=2yNET
0265 K=Jd~1
€266 tPtBte7 I T0vTO0vTY
Q267 70 P(10J)= BUL14KI+BE18¢d)
6268 AL SPHITB (s to7 v B IO vy OavtUev Py
€269 B J)=8{SsJ)RCPR(BI64J)~B(10,d})
€270 T A SPHTHFCRAPTFOTT B I v 8 (v Fe HAFCRTCPY
0271 CELT=B{94 I/ {CP%FCRLB/ 24}
G212 T2 8t d =Ly K+ DECT
) : € MAKE COOLER CALCS FOR ATRAIN,
€213 T3 —3d=1vRAT
0274 FFLALB ) T74:73,:73
€275 T CALL—SPHTLA (45 T s ATEOVI A T v Oy O O
L0216 A(LZ240)=CPRALS s JI%(A(LOWJI~A(Tsd)) : o
i 02717 DECTH=""81TOvIT=TH2Z
% . G218 CELTC= A(T.d)~TW1
2 €279 AMTO=( 0L TH=0ELTC ey ALOG COECTHADELTC)
G220 Al1S,J1=AL124J)/{XKTD%50,)
0281 ATy A CES T
¢z282 73 CONTINUE

DU 75 J=1,NDT ‘ R
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- FORTRAN IV G LEVEL 18 MAIN o DATE =:71011 . - 12/20/24 0 PAGE 0008

028? - . T6 CAaLL SPHT(B“HJ’vﬂ(XOvJ,QB(TQJ'QOeQOQOCP)’ ) ) )

TOZBETTT T T IR T RO PR B S I TR B T L0 I B CTY I ) : ) T - e

€287 .70 7 DELTH=B(10,J)-TwW2 4 T R T LT P
U288 CELTC=O TV I=THT § - y N -
0289 L XMTD=({DELTH-DELTCI*,9/ALOGI(DELTH/DELTCY = ¢ ' o
€290 T IS v =8 277 (XMTO*5 0 *
0291 BO17+4V=B(15,J)%10.

"“”“"ﬁ?‘??“""‘"“*“"""‘”f'ﬁ’”ﬁﬁﬁfﬁw“\)“:

3 "€ AGBTRAIN CUULERS DONELEXCHS FOLLOM,.
e AL S FOR P IR E T AT RA TN EXCHT

0293 L CELTH=A(6,1)~A(L1,1) ;
e} G e B G AT O LS ALT
: 0255 - - XMTD=(DELTH-DELTC)*,9/ALOG{DELTH/DELTC)
, G296 A=Ay OMT D5 05— ; e
i 0297 T - Af16,1)=Al14,11%10, ,_.LM"”* :
Frrm———rtesee G AL E S FORF FRSTRTRA TN EXCH . -

€298 CELTH=B{6,1)=B{11s1)
~-ww~ﬁ299«~wm-—~«-—-ﬁftrc=ﬁt1&1&%~&AL.
: 0360 o XMTD=(DELTH-DELTCI%,9/ALOGIDELTH/BELYC)

301 . BEH P = B M A XHT D505 }

o3¢z - - Bile,11=8(14,1)%10,

. € CALESFUR—REST-OF—ATRAIN-EXCHSS

€303 . CO 77 J=24NAT

¢3€% X ==t

0305 ' CELTH=A(6,d)~A(11,d)

Ot BELFC=ACTO v 1A ¢ i) - " ”

1 0307 AMTU=(DELTH-CELTC)*,9/ALOG(DELTH/DELTCY -~ - o
St A T T A ST A T MT D0 50 e e
, 03C9 T7 ALL16,4)=AL14,41%10, ‘
e G ALE SR UR—RES T OF U FRA TN EXEHS
; 0310 \ £O 78 J=24NAT

€31t ', e

0312 CELTH=B(64J)-B(11sd) , s ,

0313 . BEETE=81 FOvd b= 1154} e

c3le © XMTO={DELTH-CELTC) *.9/ALOG(DELTH/DELTC) :

3 +5 - . B4 14 =B A OMTDES 05}

0316 ‘ T8 Pl16+J)=B{14,4)%10,

G5 MA THON GF"DHY!ESTET€n~FGR~€XGHS*GbFGRE*ﬁ%ﬁtt*fﬂ1"**~“-”*““*~“~“*“~"""~"*"“~—-"~“"“*"--~”

c317 SSUM9=0,0 .

6318 e 55UML4=0+D0

0319 .. 55UM16=0.0

350 SEUMES =00

¢3zy o o SSUMLT=0.0 ;

6322 - B G Ly N
: 0323 SSUMI=SSUMI+HTSTR(Gd )
fommrmrr {3 @ e S S UM LA 55 U L+ HTS T R T4
~ €325 R SSUMLE=SSUMLG+HTSTRILG6,4)

32 i —SSUMES = ESUMEEHHES TREE S ~
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DATE = T1011

12/20/24

PAGE 0009

WRITE(3,85)

) 0355
i €356
Q357

0327 79 SSUMLT=SSUMLTH+HTSTR(LT . 1)
" bunnAl1uN“UF"UUTTES“ETC”“FUK“KTKITN EXCHSS
Q328 ASUM9=0,0
T329 TESUMIGEE0L.0
€330 w5 ASUM16=0.0
U331 T ASUMIS =000
0332 CASUMLT=0,0
€333 DO B0 I=TyNAT
0334 ASUMI=ASUMI+A(9,J)
03358 ASUMIG=ASUP IR FA T UT
0336 ASUMLIO6=ASUMLOYA({1644)
0337 ASUMIS=ASUMTISFA(TISTIY
€33g 80 ASUMLT=ASUMLIT+A(LT,4)
CSUMMA T TONOF DUTTESTETCS FOR BTRATNEXCHSS
0339 BSUMI=0,.0
350 FSUMLI4=030
€341 BSUML6=0.0 -
0342 BSUMIS =030
0343 BSUMLT=0.0
R CO 8T Il yNET—
C345 BSUMI=8BSUMI+B(9,J)
O3IRE RSUMIG=RSUrTSFR {1450}
0347 BSUMIOE=HSUNMLE+B116,44)
0348 BSUMLS=BSUMTS*¥B (TS0
€349 81 BSUML7=BSUMLT+B(1T,d)
€ ;UFH#TIUN(fOfAL}GF“ﬁLt“GUliﬁS'CTbe
0350 TSUMI=SSUMI+ASUMI+BSUMY
IPE N 8 TSUMIE=SSUNM TG FASUMTEFBSUNTS
0352 - TSUMLAE=SSUMNL6+ASUMLG6+BSUMLE
0353 TSUMIS=SSUML SEASUIMLSTBSUMLS -
0354 TSUMIT=SSUNLT+ASUMLIT+BSUMLTY

ﬁ---—--«~—~—-c~1ﬂffrmﬁrsfk—ﬁﬁknv—FuRwﬁ«ﬁHS*ﬁEFﬁRe*ﬁEStrTER"CN"O&?PUT"SﬂEff“ﬁ6“#"“*‘***“““*””“”"”‘“‘”“*“””**“”

WRETE(3,86) (HTSTR(44J)sd=14NB)

P
WIFD

G359

WRITE 37T I tHTSTREG S yvid=1yNDY

WRETEC3 va3 b COHTS TR =13 e Ty Ne )

WRITE(3,88) (HTSTR{6,J)eJ=1,NB)

WRETEL3 389 1 HTSTRET 1 7= 1D Y

WRITE(3,90) (HTSTR{BsJ)yd=1yNR}

WRETEC3I 791 FIHIS TR v = IyND )
WRITE(3,92) (HTSTR{10yd}ed=1NO)

. WRITE(3,94) {HTSTR(L12¢d)sd=14NB)

HRETECT 93— HTSTR T r b yvid=1y Nt

nKif:(%‘QSﬁ"ﬁHYSTR(Ii < Frd=TinNgd

WRITE(3,96) (HTSTR{14,J)sd=1N0Y

€369

WRITECI3 9 HTSTRELS vy d=1wNE)

WRITE(3,98) (HTSTR(16sJ)ad=1eNB)

f**""ea?e“----*~—~wﬂﬂﬂfﬂa~99+~1ﬁ$5¥R117 v =Ly
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371 . "WRITE(I 2100 tHTSTR{1B84JVsd=1oND}
"““*’ﬁa?z“""*“““”””"aﬁ“FGKHATf*t*1130R**OﬁT?UT"GHEET“ﬁ*1123X“‘EtCHANGERS”ﬁEruu: URSACTERY
S VA :
[ 20 B ] - N 't!() FORMAT VIR AP I T IOy AT L e 1)
, 0374 . BT FORMAT(3X,'LBS/HR' 4 12K,4F12.00
e 3 P G FORMAT AT T INTF VI 4R 12500
L 0376 . B9 FORMAT(3X s 'TOUT yF*,12X44F12.0}
[ 3 PP G - ORMA TS KT PAT AT LS K 4F L2500
: 03718 91 FORMAT{3X, "EX.DUTY,BTU/HR®3Xy4F12.0)
€379 GF-FORMAT I3 X7 EXOUTTEMP s R 6 X 7AFL 250}
- 0380 ... 93 FORMAT(3X,*TEMP CRUD DUT4F*s2Xs4F12.0)
?*ﬂ**haaet—~*-~**~*m9¢~ﬁﬁkmnffaxT*ceotvDUTviﬁfufﬁﬁe.zx.ariz.ﬁi
. 0382 ’ 95 FORMAT(3X,'PSEUDOT*,11X,4F12.0)
4363 e Yo~ FORMAT (I X5+ EXvSURFSOFT 46 XvaF1250F
0384 T 97 FORMAT(AX.'COOLWSURFSAFTY 14X44F12.0)
B3 G P E QR MA T (3 K7 EXCOS T3 7 HOXTAF L2 0)
0386 - 99 FURMAT(3X"COUL casr.s'.7x,4F12 0y
: €—PUT—0 46~1N—4k‘ﬁRRA¥~PGSlTtONS~NG!—GCCU?iEB*ﬁ?*HEA%{NG“S*REﬂMS**”"""“*""““"*'*““""“"""“"*"“"*"
0387 100 FGRMAT(BK.'APPROACH,F'.TK;&F[Z.OS
;¢~w~weaeﬁ--~ww--m~«¢wa7+i
: C389 O 126 J=K,T
0350 y - CO 26— t=1v19
0391 . 126 A(I,J} 0.0 : '
o G PAFF 54 fN*‘ﬁ*ARRﬁ*“?ﬁ%fffﬁNS*Nﬁf"ﬁﬁﬁﬂ?fﬁﬁ"ﬂ**ﬁﬁﬁ?iN&"ﬁfﬁﬁAMS“M“““““**““**““**”‘“““““*“*““*““
€392 : ‘ T K= Nar+1
1,;?”*"‘-*—"63‘}3 ; 50—t 2 Fd=KyT
A0 0396 . Co 127 1= 1.19
AT - - 2ty i=0
C WRITE 'AYARRAY WITH PREHEAT VALUES AS CALCULATED ON OUTPUT SHEET NO.4.
833G - Wi P (31200
0387 CORRITE(3 4431 ((ALLed) 1= 1.3).4 I,NATl
€394 WRETEA v At Fydbrd=iy T e sy 89
{ C HR[TE *BYARRAY WITH PREHEAT VALUES AS CALCULATED ON QUTPUT SHEET NOo4.
i 4399 RETEC3yI2Y)
SR T Y o uert(3 43V 0LIBITedbel=ly3 )y dmLeNBT)
O - 17% & uafTEfarﬁtwftat{wd¢13=tw4aviwevia:
L C NRITE SUMS OF CUTIES,ETCe FOR SPLET TRAIN SYSTEM.
e Gy € P RITE(3vE28)1-TSUMY
04C3 . hRITC(3 129) TSUM14 o , Lot
~*““—€ﬁ0&"**”“““~—~129*F6RMA?1tﬁXr‘TOT*E*"SdRF.5G =ty 10509 S Sae
€405 WRITE(3,122) TSUMLS o
~m~«~€406«*—~m-—-&%ﬂ~%GRMAT(iva*TOF~CGCE~5URFrSQ—FF"1F“8:G
3 0407 e WRITE(3 41231 TS5UMLé
{omtommectre 3 by G i} 2 3 - GRMATA L0 Koy AFGT—EX CH-COS Py bty F 1250}
: 0409 : WRITE(3,124) TSUMLT

ool § (e} Pl YRMA T L X HTO - COCE—COS Ty bty F 1204

Q411 120 FORMATUP1Y//55X*QUTPUT SHEEY S5%//760Xy*A TRAIN')
M%WMWMWWMFWMHMM”WM*WWMMW
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. FORTRAN IV G LEVEL 18 o MAIN . DATE = TIOLl .. <. 12/20/24 .. ' PAGE 0011

0413 " 121 FORMAT(60X,'8 TRAIN'/)
R vLS € " FVORETURN g ]
. 0415 . END
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FORTRAN IV G LEVEL 18 SPHT DATE = 71011 ..~ . ' 12/20/24 PAGE 0001
0001 o SUBROUTINE SPHT(API.T1,T2,Q¢XLB.CP}
" CIF OO, UYCALC CP AT AV UOF TTIET 2.
Qoc2 S IF(Q)6:5,6 :
(HIDE) " STETTIFTZY7 2,
CoC4 o Go TQ0 9

CIF QO ODOES RUTTEQUAL UWU LRLMQ APPRUXRNUETL VTV ARNL AV.V i VALUtQ!NtN VALUL TIROY
€ TRIAL -VALUE CF CP. , o :

VUL & LOUNT=U.U

€006 » CELT=0/(.55%XLB)

0007 TR TITZ )N

00c8 00 2 T=T1-DELT/2.

VUL v U Uy

colo0 3 T=T2+DELT/Z.

00Tt 1 G Lv:.g4+woozrs*tva—oﬁqygfr*~Oeee&nﬂf#ﬂwww‘

0012 GO TC 30

f‘*“”““”‘”““‘*“”t‘TF_Q“TS—NUT'GTﬂ_ﬁNﬁ”ttSD’TF”COﬂNT“TS"NGl U.UthLALCULR!t crs
; co13 3C F(QI31,+33,31 '

13155 % FI TR tCUUNT Y3 3v32+3)
0015 32 CDUNT=1.0

CO1t E— SECT=071CP*AtE)
CoLr7 DR GO Y0 8

TOTH — FYRETURN

0019 . END S .
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APPENDIX B
EXPLANATION OF OUTPUT FOR SAMPLE PROBLEMS

Program Qutput - Sample Problem |

Three output sheets are included, which are essenﬁially
self-explanatory, They represent the results obtained from a com-
puter run for a sample problem referred to as problem #1. This
problem corresponds to the preheat system for a relatively small
crude unit with a feed rate of approximately 30,000 BPSD; Only
a Y'single train' run was made because the crude unit was so small,
A LO°F temperature approach was Qsed for all the variable duty
~ exchangers,

Program OQutput - Sample Problem 2

Three output sheets are‘presented. This problem is identi-~
cal with sample problem #1 except that varied temperature approaches
were used for the variable duty exchangers. The approaches used
rranged from 60°F down to 20°F with the higher values:! used for
- the Tow temperature exchangers,

Program Qutput -~ Sample Problem 3

~Five output sheets are included, The first three are for
a "'single train system'', The fourth and fifth apply to a split-
train system, Since problem #3 corresponds to the preheat system
of a ra;her large crude unit with a feed rate of aimost 100,000
BPSD of crude, the run made was of the type giving results for both
single and split train preheat systems. A temperature approach of

LO°F was used for all variable duty exchangers,



i e B oUTPUT SHEET 1 o
: MlSC. !NPUT DATA
CRUDE DATA AP! 4l. 2 LBS/HR‘ 347760. IN TEMP= €0.
FL. cauoe DATA AP1=40, o LBS/HR= 340000, IN TEMP= 255.
TEMP TO DESALTER=260.  TEMP TOL=10.0  SURF COST=10.0 UAV -50..0 DESALTER TEMP DROP=10.0
N= 7 MODE= 1 IFFL- 1 NOAR= 0 TWl= 90. Twas 110. FAcr-lo 0
E"#ES m
~ e e o S — e e .__9. o
. (r(} o ffy (D
e - e R . Rk
_ e . e i | olm | .
Cl» =
F213 lo
—ine iz
e e - 10
| R
- R i ) Lyl
,,,,, - - . S " e



‘ OUTPUT SHEET 2
—— —— -SINGLE TRAIN

—— NAME
. APl
— — LBS/HR

32.2
44420,

. 57.0
289300,

TINoF

245,

R, S

463,

TOUT,F

PA?

————EXJDUTYBTU/HR 246000004 ———— O¢---17500000, . -

EXOUT TEMP,F

1l 0.
200, 0.

150, -

L s |

VAP HTEX s——LGO~-CR ~~——UPPER PA

42

28000

40

,“7.Z“4;_

.6 42,6
0a = ---95150,
7. 440,
' YA
1. 0.

5 - SP—

32,2
187000,
463,

32.1

e 348604 —
529,

Y PR—

0. 1.

i () g - @ QO 0000w -

D e

by 4
¥

KERO=CR ~——-HGO=CR - -———LOWER PA—— RESID-CR—

2244

e $8230,

612.

~——-TEMP CRUDE OUT oF ——lmmrmooe Qg o Qg mm - e Y PG s DO —_
COOL.DUTY,BTU/H 0. 0. 0. 0. ‘0, 0. 0.
—— PSEUDCT - --233, 385, - 395, e f0B g By e e llylyg e =56 14
EX.SURF,SGFT 0. 0. o. 0. 0. 0. 0.
COOL . SURF ¢ SQFT o e B g oo Qg = oo YR Y, AU U« 0.
EXCOST$ ' 0. 0. o. 0. 0. 0. 0.
—— COOL.COSTy$ S Y+ P 0. Y Jp— ~—0s 0.
APPROACH,F 0. 40, 0. 40, 40, 0. 40,
o B o



; DUTPUT SHEET 3
— . - -SINGLE TRAIN - —
- e | e e N -4 Rl e -
———NAME VAP,HTEX. - LGO-CR --- -—UPPER PA UPPER PA- - ~KERO-CR— - ~HGO-CR- -~ LOWER - PA - —me o
. APl L 57.0 32.2 4246 4246 42.6 32.1 32.2
——— LBS/HR - — 289300+ -~ - 44420, - ~—280000, - -280000. 951504-—---—34860¢- —— 1870004 -~
———TOUTF - 0. 1504 - 0 oo - Os 100. S 1 D A —
PA? 1. 0. 1. 1. 0. - Oe 1.
——— EXs DUTY,BTU/HR -2460000C0., 6313467, 7100907, 10399093, 6037069, — 3657543, - 6000000, e
EXQUT TEMP,F 200, 234, 307. 347. 345, 373, 413,
~~~~~ TEMP CRUDE OUToF —- '— - 194, - - 225, - 260, - 3054 - - 333, - om349, - - 3T6e e
COoL. CUTY;BTU/HR O, 1999824 . O 0. 13617774, 4465351, 0.
———PSEUDCT e s 233 e 385, 395, - Os = - 4034 o 4294 - o bhhy o - -—
. EX.SURF,SCFT 6184' 1265, 1874, 2459, 1971. 873, 1780.
~———— COOL.SURF4SQFT - — oo oo Oy - 505, 0. - 0. 4240, R R pp—
EXCOSTS 61842. 12649, 18742, 24594, 19708, 8733, 17805.
——- COOL.COST,$ I PO VX - D — 0 - - 0. 42395, ——n 2234 e - -0,
APPROACH' 0. 40. 0. 0. 40. 40, 0.
- —— ~-SINGLE-TRAIN CONTD - - —
o - S - B SO, * 3 R { ¢ P —— .._mu-.-:“l'z, VI —— - Y 5 14 —
e MAME - R ...:,_,M.”i, - RESID=-CR B - —_— - e JS— — R S S P
API o - 2244 0.0 0.0 0.0 0 0 0.0 0.0
— LBS/HR—— e 68230, B4 i Dgom e e Dig e e~ D -0 Ou-—
TIN'F N 6120 0. 0. 0. 0. 0. 0.
TOUTGF —— o el 2004 o o Oe 0 - 0. L I ) e.
. PA? 0. D On 0‘ [+18 (1] 0.
——EX.DUTY,BTU/HR - —... 9078231, - ' O SRR J Y . D S + L U — O4 - _—
EXOUT TEMP,F 416, 0. 0. 0. 0. 0. O.
———TEMP CRUDE OUT4F — -0 - 414, Y, DS ) SRR Y Y, U s PR 0.
CODL.OUTYBTU/HR 8426894, 0. 0. Q. 0. Q0. 0.
PSEUDCT - o - el e 56F 4 o O R S - J— 0. 0.
EX.SURF,S8GFT 2042, O. 0. 0. Q. 0. 0.
wrCO0L s SURF y SQFT - e - =977, e N — 0% Y S Y p— 0o - —
‘ EXCOSTS : 20419, 0. 0. 0. 0. 0. 0.
= COOLCOST e $ 97175, 0. 0. 0. - 0. ¢ T N —
APPROACH, 40. 0. O. L 0. Q. 0.
‘ i o
:1»"TQTAL DUTY= 73186256.BTU/HR - P - e e S SRS ¢, S
TOTAL EXCH SURF= 18449.FTSQ
. TOTAL EXCH COST=$184491, . T . - —
TOTAL COOLER SURF=  6444,FTSQ )

- TOTAL COOLER COST=3% 64442,



CRUDE DATA API %1 2

FlLa CRUDE DATA API 40.

TEMP TO DESALTER 260.

LBS/HR- 347

LBS/HR—

TEHP TDL 10 0

N— 7 VODE= 1 . IFFL- 1 NDARa 0

Tt OUTPUT

MISC.

760. IN TEMP“

SHEET l

INPUT DATA

60.

340000' iN TEMP 255,

SURF COST 10 0

TWI’ 90. Th2= 110.

UAV 50 0

DESALTER TEMP DROP=10.0

FACT 10 0

— - e e < m (JA‘ -
Pz 2R
[ —— . e e+ e - _ - s e e ﬂ 0 _‘.3“_ m,
- e 1=z
- T ‘"“g mlm g}
s — - e o e e R el )g ‘g{_
- e e T e . — — . IR e v] RN A ST N
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S . e e e e e e e — ARIZ. % Ci—
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noLg
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;  OUTPUT SHEET 2

[— : : - _ '.—_._'».v"“‘,-"‘ B T ,,_ - SINGLE TRAIN e e

Lo T T T - e DT e § & [ - - - & R,
e NAME — - : ~—VAPHTEX ¢~ LGO~CR -~ ~UPPER PA “KERD-CR - -~ HGO~CR - ~— LOWER-PA- - RESID-CR-~
; AP1 : - 57.0 32.2 42.6° 42,6 32.1 32.2
——— L BS/HR - e 289300, - ——- 44420, - —--280000, - - 951504 - ——-34860¢ — - 1870004~ 682304 -
: TIN,F 245, 463, 407, 440, 529, 483,
T OUT g F— , ¢ T .- 11 It PRI ¥ ]+ PR - 1¢ TRl + P —
PAY : 1. O 1. 0. 1.
——  EX2DUTY yBTU/HR - ———-- 24600000, - - w04 ~~17500000a = - - Qg o - e 60000004 - - - -
EXOLT TEMP,F 200, 0. 307. . 0. 413,
———FEMP CRUDE QUT yF—mmime o 0 cmmmeoome— Qg oo = o Qg imom oo oo Qg e e et I
COOL.CUTYBTU/HR 0. Qs 0. 0. 0.
——- PSELDCT - e K . Y 1| e b - T ¥ i JA s 2 2 S e & 1 T
EX.SURF,SCFT : 0. 0. 0. 0. 0.
—— CODLLSURFSQFT - e o - v D gomirmmmmme e D g o o me Qg = gy i e Qg oo (g () g e e
EXCOSTS 0. (% Oa 0. ' O.
~——CO0L.L0S5Ty$  —— SRS VRN UOIUY « WU VUUNY ¢ JE VG RN ¢ J USSR + PRSI PRSI A
APPROACH,F ' 0. 60, N 50, 0.
i
P - - - - — P - - — S o




= - TOTAL CCOLER COST=

B OUTPUT SHEET 3
- - e - -~ SINGLE TRAIN - -~ :
Pt —ohe o R e 2 R —— 1 & - B TR S T E Y | SRISP RS LT TIpe——
e MAME - - e o e AP G HTEXe - LGO=CR---- —UPPER PA UPPER PA -- KERO-CR —- - HGO=CR— - -—— LOWER PA -~ —-—
; APl : - 57.0 32.2 42.6 4246 4246 32.1 32.2
~—— LBS/HR . 289300, - ~—- 44420, - 280000, 280000e - - ~~95150s ~— 348604 ~—— 187000 4 - -
TINSF 245, 463, 350, 407, 440, 529, 463,
TOUT,F s 1 P, DU X1 P 111 D, D
PA? : 1. 0. 1. 1. 0. Oe " 1e
EX.DUTYSBTU/HR - v - 24600000, — - 5811309, - 7603075, 989692547 - 55672364 -~ -3973298., ——6000000,
EXCUT TEMP,F 200, 254, 307, 350. 353. 359, 413.
~ “TEMP- CRUDE OUT4F - o’ — =194 g ~ oo 2234 o 2604 - - 3034 mm o329y mm e o Bhe e BT B o e
CO0L.CUTY,BTU/HR . 0. 2501983, 0. O, 14087607, 4149597, 0.
—— PSELDOT e 2334 . 385, — —— - 395, — 0 403, — - 4294 —— - &bby -
EX.SURF SCFT 6184, 994, 1946, 2278, 1615, 1043, 1711.
————COOL o SURF 4 SQFT - wmmme e o Oy oo 5804 -~ oo Oa- Y - 42854 e 6954 e oo Qg e e -
EXCOSTsS 61842, 9943, 19460, 22778, 16145, 10435, 17107,
——— COOL.COST4$ R re—— - T E —— 0. - . 428534 -~ -~ 69494 i Q- — —
"APPROACH,F 0. - 60, 0. 0. 50, 30. 0.
— — — --~SINGLE TRAIN CONTD —- -
—— - e B 9 10 11 12 13 R e e
—NAME— : RESID~CR--— - ; e
APl ’ 22.4 0.0 0.0 0.0 0.0 0.0 0.0
LBS/HR 68230. -~ -~ Q¢ O S PO , N 0.
TINGF - 612. a. 0. 0. 0. o. 0.
YOUT +F - 200, 0. 0 ~—— — Qg e e Qg - 0. 0.
pA? . . . 0. 0. 0. 0- 0. 0. 00
: EXJDUTYBTU/HR ~ - -— 100539874 o vimne O - o Qg e O R P P Ou -
EXOLT TEMP,F 333, 0, Q. 0. 0. 0. O.
TEMP CRUDE OUT4F -~ — - - 4154 - 04 o O Y Y — SRS, PO 0o
COOL.DUTY,,BTU/H 7451137, 0. Q. Q. 0, 0. [+
e @ SEUDGT - oo oo 5610 e e O SR R JE - -0, ~0u- 0.
. Ex.SURF'SCFT 2886Q 0. ’ 0. 0. 0. 0. 0.
€ OOL « SURF » SOF T e 2904, ~ 0. ~ 0 - 0. 0. O o Qo mm - -
EXCOSTs 28859, O. Os 0, 0. 0. "0,
e COOLACOSTy$ = oo e 9044, - 0. 0. 0. 0. B S U -
APPROACH,F 20, 0. 0. 0. 0. 0. O
=——F0TAL DUTY= 73503792.BTU/HR — e - S S S
TOTAL EXCH SURF= 18657.FTSQ -
~TOTAL EXCH COST=$186569. — S O
TOTAL COOLER SURF=, 64565.FTSQ
t 64550, - . e



- oty _QuTPUT SHEET 1 , D ‘ ’ o
‘ HISC- INPUT DATA S I

e i e e e e ! < — e e o -

CRUDE DATA API‘45 7 LBS/HR— 1220000. IN TEMP— 85. A . o . S

FL.CRLDE DATA API 0 O LBSIHR' 0. IN TEMP— 0.

‘ TEMP TO DESALTER 260- . TEHP TOL 10 0 SURF COST—IO o A UAV 50 0 DESALTER TEMP DROP=10 ¢] S

N=10 PUDE“ 2_ IFFL— o . . NDAR= 0 THl 85., THZ 115. FACT 10 O U : R

A T A - T . “f" —— _ T em—— - U? UA‘ j U"
: Sz
‘_ R i
o 2>
U, e e . e e s [ [ . I I e e e e P_,E E :'QA.:*; —
. : ' 0 217
> o In
T B T Dl le e
O _— - - T ? ‘;;’ |
Lo R
— I _ A2 e
- #iH
- - I — e I P Vﬂ
>
e o e s+ o s L e e - - - — - - - e Z;.ﬂ_. I
_ . [Tl L
- ~ e —— - e — —_ e e e e e e e e e = i+ e .\‘
™




, outPUT SHEET
T — B et S INGLE TRAIN

e NAME - e et i e —§ T NAPH -
APl - 52.0
e kBS/HR i 279500,

TIN,F 290.
TOUTHF
PA?

e E K e DUTY 9 BTU/HR — oo .
EXOUT TEMP,F

———TFEMP CRUDE QUT,F - i
COOL» BUTY;BTU/HR

-~—PSEUDGT -

. EX,SURF,SEFT

————GO0L s SURF,SOFT
EXCCSTS

—— CODL.COSTy%- - -
APPROACH,F

0.

100, -

e PAL- -
52.0
1210000,
340,

1.

SR ¢ P

92200000, -
215,

—HV NAPH
44.2
139000,
425,
115, -

21
5300
61
15

- aPI
——LBS/HR-—-
TINGF
———TOUTF
PA? :
——EX.DUTY yBTU/HR
.~ EXOUT TEMP,F
———TEMP- CRUDE OUT,F -
COOLLDUTY,BTU/HR
—- PSEUDOT - -
EX.SURF,SCFT ‘
<= COOL o SURF ¢ SQF T e i
 EXCOSTS.

28.5
e 550000.
500.

1.
- 21000000, -
445,

= LO0L.COST % - — S
: APPROACH,F » 0.

—~—1VAC MPA- -
0.'

Y, YO

-2VAC PA

24,0
- 201000
600,

1.

-121000004 — - oo
509, .

S, D,

~ O- 0‘ 0' o' 355.
- 0O~ - 0. s e Q4 e Qe s Qg e
0. O. . 0. 0.
337¢ : 3850 T 400. ‘431; - 463. T ““‘
O 0. 0. 0, C.
R Oy - oom e Qa i e Y P S—— —_
Ou O, Oo 0. 0.
R Y e Dy e D — a. 0.
40, "0. 40. 60. 0.
SINGLE TRAIN CONTD —
S 1 I § i SEDY S |- SO Y S
ATM GO —— .. R e o e e e+ .
33.3 0.0 0.0 0.0 0.0
~ . .275000. - 0. Y YUY o AN ) PN
590. 0. 0. C. - 0.
—- 120 - Qa - - Qe - - Qo 0.
Oa 0. Oa Oa [+1Y
e O — O S Y 0.
O. O. 0. o' - 0.
SR NS ¢ 1N Qe - USRI ¢ WU — ¢ P [+ 18
0. 0. 0, 0. 0. ,
e 546, 0. —~-- Qs —- Qa- o Qe T g
0. O. 0. 0. O,
- [+ P - O - O — ey s R ¢
D, 0,0_ 0. 0. 0.
— 0. - 0. B Jap— Qe Qg
40, 0. 0. C. 0.
b
— S —_—— e w s e

2

S
- 1VAC. 3Ss-

.4
C.
54
C.

SA

24.8
73800,
565,

150, --

IVAC 255 -~

11.8

50000,

675

e

7-

2YAC RES--— PA2—

44,2

475,

275,

Ou--—

i.

-—86300000,

1050000, -




o TOTAL
TOTAL

- TCTAL
TOTAL

-z - TOTAL

DUTY= 305115904.8TU/HR
EXCH SURF= 93139,FT5Q
EXCH C0ST=38931394.,
COOLER SURF= 22416.FTSQ
COOLER COST=$724159.

OUTPUT SHEET 3

e e e SINGLE TRAIN - —
N P e P B e By e i e B - y S U B
— NAME- LT NAPH - PAL-—————Hy NAPH - IVAC 35§~ 1VAC 255 - -2VAC-RES—— PAZ-—
APl ) 52.0 52.0 44.2 214 2448 11.8 44,2 .
LBS/HR —momom e - 2795004 -~ 1210000, 139000, 53000, - 738004 -~ ~500004s - -~1050000, -
TIN,F S 290, 340, 425, 615. 565, 675, 475,
FOUTgF e 1004 - - O = 1154 150, T DR £ P —
PA? . 0. 1. 0. 0. 0s 0. la
o EX+DUTYBTU/HR - - - 27711984, - 92200000, 12427567, 10627397, - 11793509, - 11033886, ---86300000, -
EXOUT TEMP,HF 125, 215, 289, 306. 318, 333. 355,
TEMP CRUDE QUT4F - - — o - 1284~ - - 2594 = - 2664 ~- - 2TBy —cv = 2934w -oe 3054 - - 4124
caoL. DUTY:BTUIHR 3853604, 0. 13941342, 4350593, 6708251, 1555106, O,
———PSEUDCT : e 2664 = 330, - 337, 385, - - 4004 o 431g e 463, o
‘ EX4SURF54GFT 7054, 243613, 3566, 1696, 2163, 1654. 34083,
~——— CO0L. SURF, SQF T e 6944 - 0. - - 3783, 828. 1229 =+ 1704 ceme o - Dgoeee
EXCCSTs 10544, 243634- 35656. 16958, 21631, 16540, 340832.
e CO0L L COST o $ - 69445, - D. - 37826, - 8279, 122905 -~ -~ 16984 — - - Do
APPRGﬁCH F - 40. 0. 40, 40, 404 40, 0.
- — e i .- SINGLE TRAIN CONTD-m o~
SSUURONY . RV NORI « SRS 10 - U —— JEORISNIEY §. SYSUINC————  S—— __.__‘__7*1"._‘___ .
e NAME - — . - 1VAC MPA 2VAC PA ATM GO - : S —
APl 28.5 24.0 33,3 0.0 0.0 0.0 0.0
LBS/HR i 5500004 - - 201000e - 2750004 - Oy 0O, 0. 0.
TIN,F - 500, 600, 590, 0. 0. 0. . 0.
-—-«———-—JQUI'F i s et e 0' T o 0"“' ———— 120‘ - -OQ e 0' - —— ._.‘O', 00 —————
PA? . 1. 1. 0. 0. 0. 0. 0.
EX.DUTY+BTU/HR - 21000000, - 12100000, 19922048. R | IS e O 0,-
EXOUT TEMP,F 445, 509. . 490, 0. 0. 0. D.
TEMP CRUDE-QUT,F - - — 3B ~ 450, - - 4T2, e L Rt EE T ¢ PO ' I Do —
PSEUDCT e 4T B - 539, 5464 - O S Y P, 0
oL EX+SURF ,SCFT 9910. 2512, 6138. 0. O. 0. . O,
———CO0LoSURF g SQFT - - ot oee O b con Qg oo 9462, Oy e O 0. O - -
EXCCSTS 39101. 25121. 61378, 0. 0. C. 0.
e COOL.COST, R 0. 0. 94621, 0. 0. - SR D —— -~ 0e -
AP?ROACH,F 0. 40, 40, 0. O. 0. 0.
o ~



QUTPUT SHEET 4
EXCHANGERS BEFORE DESALTER

NAME " LT NAPH PAl
— L 8240 - 5240 -
‘ -LBS/HR 279500, 1210000, =

TINGF - 2904 e - 340 e e - -
; TOUT,F 100, 0.
e PRATD e e e e e . . e — e e i e et e e

EX.DUTY,BTU/HR 27711984, 92200000,

EXOUT - TEMP yF oo mommmo 1284 o= n == 2150+ - -
; TEMP CRUD OUT,F 128, 259,
—— COQLWCUTY 4BTU/HR  — —-3853604 4 -~ oo o Qg <o o e S - - —

PSELDCT ~ : 246, 330,

EX4 SURF ,SCFT o e TO5 b 263634 - — SENIENS - —

€OOL . SURF 4 SQFT 6944, 0.
PUE— Excc ST’ i . R ““““‘“‘70544‘. P 243634. P i e e e i i o i PR, e e e e

COOL COST,$ 69445, 0. - -
——— APPROACH ,F - ¥ ——— T — ~ E— e -

~I
R e s S = e _ _ v




: _ OUTPUT SHEET 5
f : : A TRAIN
e NAME - - HY NAPH - 1VAC 255 ~PA2 1VAC MPA
API 44,2 24.8 44,2 28.5
e LBSZHR oo - 139000, 73800, 525000, 550000,
| TINGF 425, 565, 475, 500,
~———TOUT,F S G P RIS L1 um—— 0. - — O
: PA? - 0. 0. 1. 1.
e EXe DUTY s BTU/HR - 1242756 T4 - - 11629170,  43150000. 21000000, -~
i EXOUT TEMP,F 289, 322. 355, 445,
TEMP CRUDE OUTsF - - 2824 - — - ~312s --—- 419, 467.
COOL.DUTY ,BTU/HR 13941342, 6708251, 0. 0.
PSEUDCT - e 3374 4004 - e 4634 - - 478,
EX.SURF,SCFT 3418, 2240, 19514. . 15916,
COOL 4 SURF g SQFT - oo oie 37834 --=1229, - R L Y
: EXCOSTS 34179, 22402, 195136. 159159.
~——CO0LoCOST 9% -~ - - oo -378264 -~ - 12290, - S 0e o 0
APPROACH yF 40, 40, 0. 0.
— . JSE UL PRSI - S, ¢ -3 § Y|
——NAME -~ e 1VAC 35S ---2VAC RES ---PA2 . 2VAC PA.
API 21.4 11.8 44,2 24.0
——LBS/HR - 53000, -——50000. —-525000. .- —201000.-
TIN,F . 615, 675. 475. 600.
TOUT,F S 150, - 2754 - — - 0. - - 0.
PA? 0. 0. 1. 1.
EX.DUTY,BTU/HR - ~ 11126515. - 11415634.- 43150000. - 12100000,
EXOUT TEMP,F 289, 319. 155, 509.
TEMP CRUDE OUT,F -— 279, - 308e - - 4154 - - - 443,
-~ COOL.CUTY,BTU/HR 4350593, 1555106, 0. 0.
~_PSEUDOT -~ - e 3854 = - 43le - - 463, 539,
EX.SURF,SCFT 1777, 1721. 18120. 2194.
COOL 4 SURF 4 SQFT - 828 1704 0. 0. -
; EXCCSTS 17768, 17211, 131205. 21941,
——COOL.COSTy$ - = - B279. 1698, 0. - - 0.
APPROACH , F 40, 40, o. 40,
e vm~—1at DUTY,BTU/HR= 307020800, R ——
10T EX SURF,SQ FT= 103550, . R o
o -— TOT COGL SURF,SQ FT= 22416, - e e e
TOT EXCH CGST,$= 1035498, : -
e o TOT COCL CCST,$= 224159. : i

0.0 0.0 0.0
00 Oo R T 0. —
0. 0. 0.
M Tmmm——— 0."_ '0. 0‘,
0. o' 0.
T .'”0. “‘0. '0.
0. 0. 0.
= —— 0. o — 0. O.
0. 0. 0.
R P 0. 0.
0. 0. 0.
T “0.' 0." "‘"""O. e
0. 0‘ 0'
- N T
0. 0’ OO
“ATM GO - = - -
33.3 0.0 0.0
275000, 0e- 0.
. 590, 0. 0.
e 1204 o — e D e e e Qe
0. 0. 0'
21110112, - omnn Q9 ——— Qe ———
483. 0. o'
4924 - e Qo O e -
61011008. 0. 0.
5460 - o QO 0.
7232, 0. 0.
. 94624 - - O e Qg e SRS S
72322, 0. 0.
o N 94621. o I - 0"" T T o."—"' i
40, 0. 0.




APPENDIX C

Example of Selection of Optimum Temperature.
Approach by Ten Broeck's Method

A sample calculation is given to illustrate Ten Broeck's
method of determining the optimum cold end temperature approach

for the exchangers in a preheat train., Figures 9 and 10, which

give "P' values required in the application of this method, are

included,
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CHART To OBTAIN VALUE OoF P
(P=teaT TRANS FEA EFFC) ENCY)
For. _
TPE 1-2 MULTI-PAasSS ExcHANGERS

function 5= %;%

where D=t ,~-TT,

. 02

ol"
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| FIGURE 10
CHART To 0BTA N VALUE oFF .
(P=WEAT TRANSFER EFFICENCY)
: For.. .

WPE 2-4 MULTI- Pass ExcHANGERS

. fonctiom €= CH/ZED

| e 53‘ V LR S é"“ rL(o ’ 7] . & : . q
/?:: wcC ' '
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NOMENCLATURE

A = area of exchanger, ft. sq.

81

APl = Specific gravity, °API. °API = 141.5 = 131.5
Sp.gr.

<y
i

specific heat of crude

¢ = specific heat of side stream

E = incremental exchanger cost, $/ft.sq.
D =t, - T,
. .
f wat t, - twa

G.= cost of water, $/thousand gallons
H= 114 ie/YU
HF = value of incremental heat, $/million
Hw = cost of water, $/million BTU removed
i = rate of depreciation or amortization
P = t; -t

G- T
Q = rate of heat transfer, BTU/hr,
R=Ty - T 2 we

t] - tz wC
S = savings, $/yr.
T = temperature of crude stream, °F,
t = temperature of side stream, °F,
twl = inlet water temperature, °F,

tw2 = outlet water temperature, °F,

DeltH = t} - TZ’ hot end approach, °F,

BTU



DeltC = t, - T], cold end approach, °F;

U
W

i

i

it

overall coefficient of heat transfer,

rate of crude stream, lbs/hr.

rate of sidestream, Ibs/hr,

fractjon of year in operation,

function related to position of exchanger in preheat train

(See example in appendices)



(1)

(2)

(3)
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