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CHAPTER I 

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 distillation unit is designed for the petroleum industry. 

The feed to a crude unit 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 I. 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 Liquid sidestreams are withdrawn from the atmospheric 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 consequently how much must 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 perform 

the calculations is indicated and desirable. Not only 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 designs since it provides 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 

simple systems involving but one exchanger and cooler, and with 

more complex systems involving banks of exchangers and their 

associated coolers. The articles stress the importance of employ-

ing optimum cold-end temperature approaches for the exchangers. 

This concept of optimum cold-end approach has been used in the 

development of the simulation model. 

Figure I 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 I, represented with 

dotted lines 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 levels suitable for heating crude. A great deal of heat must 

be supplied to the crude to comply with the conditions required 

at the "flash zone" of the distillation column. 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 fired 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 

furnace 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 

include 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" . A return of 30% or 

better before taxes is usually considered satisfactory. 

In determining how much heat from a hot stream should be 

exchanged 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 all 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 gallons 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 Eoefficient 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 exchangers, which tend to have 

the higher heat transfer coefficients, and 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 flat 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 will usually fall between 35 and 75. 

Happel (1) suggests "as 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 value 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 cost of fuel is, again 

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 

Establishing 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 determin-

ing to what extent the streams (other than fixed-duty streams) 

should be cooled by the crude before undergoing further cooling 

in air or water coolers. 

Considering a system with only one heating stream, the in-

let 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 results in tabular 

form. The most significant case is for "East Coast" utilities 

and for 1-2 multipass exchangers. Results for this case are given 

in Table I. 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 Rappel himself in another chapter in his book 



TABLE I  

* OPTIMUM APPROACH (HOT END) = t1-T2, °F 

EAST COST UTILITIES 1-2 MULTI PASS EXCHANGER 

R WC = APPROXIMATE RATIO OF HOT FLUID TO CRUDE 
WC 

Dt
1
-T

1 
D .1  .25 .50 .75 1.0 2.0 4.o 6.o 10.0 

50 46 40 33 28 24 17 12 10 8 

too 91 79 64 53 45 28 18 13 11 

200 182 158 126 104 86 52 3o 22 17 

300 272 235 188 153 127 75 42 30 21 

40o 363 313 250 203 169 98 56 4o 28 

TABLE II  

* OPTIMUM APPROACH (COLD END) = t2-T1, °F 

EAST COAST UTILITIES 

R = = APPROXIMATE 
WC 

D=t
1
-T

1 

1-2 MULTI PASS EXCHANGER 

RATIO OF HOT FLUID TO CRUDE 

R 

D .1  .25 .50 .75 1.0 2.0 4.o 6.0 10.0 

50 10 10 16 21 24 34 41 43 46 

100 10 16 28 37 45 64 8o 86 91 

200 20 32 52 72 86 126 58 170 182 

300 20 40 76 104 127 187 235 255 272 

400 3o 52 too 137 169 249 314 340 363 

* "COLD" APPROACH = RD-D + "HOT" APPROACH 
R 

(See Nomenclature for Definition of Symbols) 

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 II has been prepared 

and included here for convenience. The results in Table II are 

the same as in Table I except 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 gives 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 C 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 exchanger in 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 mathematical model. 

The simulation program itself 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 an 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 problem 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-

peratures 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 

cooler 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, even though it may not be 100% of the heat removed by 

circulating 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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requirements. This heat may be removed by pumping 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 

diameter of the tower need not be as large, if mid-pumparound heat 

removal is employed instead of letting all the heat flow up the 

tower to be removed by top reflux. 

A pumparound system usually is comprised of several heat 

transfer trays located immediately below a sidestream product 

drawoff tray, a pump for circulating liquid, and associated ex-

changersand/or 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 pumparound trays within the column, usually two, three 

or four. As to temperatures, the pumparound stream should usually 

be withdrawn at a temperature approximately 30°F below the 
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temperature of the ascending vapor at the withdrawal point. The 

return temperature should be such as to give a good mean tempera_ 

ture 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 t,op pumparound system is employed, it may well turn 

out to be the first preheat stream and to flow through the first 

exchanger in the train because of its relatively low temperature 

level. When a top pumparound system is not employed, the overhead 

condensing duty of the tower may be large. In such a case it may 

prove economical to employ 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 a stream leaving a tower is invariably high and if the 

quantity is fairly large, the amount of associated heat available 

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 tem- 

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 the calculation of cooler surface, 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 

multi-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 exchangers preheating the feed to a crude distillation 

unit. Two types of system are simulated. The first of these, 

designated "single train", is represented physically in Figure 1 

of Chapter 1. Figure 6 gives a "heat picture", or thermal repre-

sentation, of such a single train system. 

The second type of system simulated is the split, or paral-

lel, train. This is represented by the heat picture in Figure 7. 

The split occurs after the crude flows from the desalter. The 

crude is divided 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 trains 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-

city stream, 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-temperature line (or curve) of the crude. This is not 

only true for individual exchangers, but applies to the relative 

arrangement of exchangers in a train as well. 

The model program may be considered to represent heat ex-

changer trains mathematically in much the same way that heat 

pictures, such 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 which the exchangers should be arranged 

physically. Then the calculations corresponding to the 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, wThiA is not 

required for fixed-duty heating streams. 

Detailed information relative to preheat is given in 

Appendices A, B and C. Appendix A describes the program's 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 

CONCLUSIONS 

Some conclusions based on results obtained 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. 

As to evaluation of an optimum temperature approach, com-

puter runs were made for a sample problem, corresponding to a 

single train system, 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 taxes). Incremental costs for the 

three cases were plotted versus 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. 
OPTIMUM APPROACH IF SAME VALUE USED FOR ALL VARIABLE DUTY EXCHANGERS 

Exch. Duty MMBTU/Hr 

Incremental Exchanger Duty 

3o 

APPROACH °F 

4o 5o 

77.29 76.12 74.95 

MMBTU/Hr 2.34 1.17 0.0 

Incremental Heater Duty 
MMBTU/H r 

Incremental Fuel Cost for 

0.0 1.17 2.34 

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 9,400 

Total Equipment Cost, $ 334,000 319,500 309,000 

Incremental Equipment Cost, $ 

Total Equivalent Incremental 
Equipment Cost, $ (including 
3 yrs Fuel Cost) 

25,000 23,200 25,400 

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. 
.75 Effy 

x (8750 x .93) Hrs/Yr. 

$12,700 

NOTES: 
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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 #1 

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 40°F temperature 

approach for each variable duty exchanger. (sample problem #1 in 

Appendix 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 problem #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 than for. the "40°F approach" case. However, 

the difference 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 
Value 
40°F 

Varied 
Values 

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 

Incremental Equip. Cost, $ 0 1,090 

Total "Equivalent" Incremental 
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 $IMM 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. 



TABLE 5 

ECONOMIC COMPARISON OF SINGLE TRAIN 
VS. SPLIT TRAIN PREHEAT EXCHANGER SYSTEMS 
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Single Train 
System 

Split Train 
System 

Exch. Duty MMBTU/Hr 

Incr. Htr. Duty, MMBTU/Hr 

305.11 

1.89 

307.0 

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 Oil: 

1.89 MM BTU/Hr. x $0.44/MM Ht. x 8250 Hrs/Yr. = $6,800/yr. 
Fired 

% Annual Return on Incremental Equip. Investment: 

$1,259,700 - $1,155,600 = $98,100 

$6800/$98,100 = 7.0% 



APPENDIX A  

I. Program Features 

2. Program Variables 

3. Program Instructions 



33 

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 handled in the form of an array. The various heat 

streams correspond to the columns of the array and there are 

fourteen of them. 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 subscripted 

variable HTSTR (I, J) represents any input or output value related 

to any of the preheat streams, where I can have any value from 1 

to 18 and J any value from 1 to 14. For example, HTSTR (4, 4) 

would designate the °API 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- 


