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TECHNOLOGY OF OPTIMIZATION AND ENERGY
SAVING OF HEAT EXCHANGER NETWORKS

INTRODUCTION

Heat Exchanger Network (HEN) is an important subsystem of energy recovery pro-
cess. In chemical production, some streams need to be heated, while others need to be
cooled. If the hot streams are used to heat the cold streams, the energy can be recovered.In
order to ensure the streams reach the designated temperatures, some auxiliary heating de-
vices and cooling devices are needed.So the combination of heat exchangers, heaters,
coolers, mixers and splitters in heat exchange process constitute the heat exchanger net-
work. The retrofit of heat exchanger network is how to improve a heat exchanger network
with a certain structure or operated and make it to be optimal while the flows and the inlet
and outlet temperatures of the streams are changed and the heat exchanger network can also
meet the technological demand and operation under the optimum condition or close to opti-
mum.

For some old devices in chemical production, the heat exchanger networks need to be
improved because of inefficiency of heat exchange for its backward technological conditions
or influences of change of productivity and technological conditions.So the application of the
HEN retrofit is wide and important. Whatever designing a new HEN or improving an old
one, the optimal synthesis technology, analysis technology, optimal design technology of
heat exchangers, process simulation technology analysis of sensitivity and flexibility of
HEN, and so on, are needed.

In Chapter 1, the researching status of saving energy of heat exchanger networks is
introduced.

In Chapter 2, the relationship of utility usage with the available energy lost of HEN
by thermodynamic analysis is set up.The rule 1 of matches between cold and hot streams is
obtained from the relationship for synthesizing HEN with maximum heat recovery.By the
mathematics derivation, the relationship that the distribution of heat transfer temperature

differences of heat exchange units in HEN affect on total heat transfer areas of the networks
J— 5 JR—



is given. From this rule 2 of matches between cold and hot streams is obtained for synthesiz-
ing minimum heat transfer areas with the heat recovery being constant. The contents of the
rule 2 are as the same as the rule 1.Because they are obtained from two different optimizing
objectives and are the same, they are theoretical basis of synthesis of optimum
HEN. Hence, we come into the conclusion that the HEN with maximum heat recovery and
HEN with minimum heat transfer areas under maximum heat recovery can be synthesis at
the same time. By using the pinch point, the mathematical model of possibly maximum heat
recovery Qmax and minimum utility usage with analytical method are given, and the limits
of practical heat recovery Q, and utility usage ( Q., and Qh.) are obtained, which provide
a standard to evaluate the heat exchanger network synthesized.On the basis of the rule 1
and the rule 2 and for the sake of the reasonableness of HEN structure, a set of artificial
intelligent graphs is developed to synthesize optimal HEN by the practical experience.The
procedures of synthesizing optimal HEN are given with the graphs.Solving the optimal HEN
can be synthesized analytically.Networks with streams can be synthesized with the
method. According to process requirement, some hot sireams are also restricted to be
matched with some cold streams. Three objective functions used in synthesis are studied . We
discover that optimal HEN obtained using an objective function (obj,) making heat recovery
maximum and the number of heat transfer units minimum under the condition of maximum
heat recovery is the same as using another objective function (obj;) making annual cost
minimum . When optimal HEN is synthesized and obj3 can not be calculated, it can be syn-
thesized using obj, as an objective function. Studying minimum allowable approach tempera-
ture (At,;,), we discover that the best HEN can be synthesized when gets a value between
5~20C.

In Chapter 3, the mathematical model of non-linear planning for optimal analysis of
HEN is set up.The model can optimize the inlet and outlet temperatures of each heat ex-
change units in HEN with a certain structure, and if the streams are split, it can optimize
the flow of every branch at the same time. By using the combination of complex BOX method
and linear programming method, the NLP problem of the HEN analysis can be solved suc-
cessfully.

In Chapter 4, the mathematical model and optimal design method are established for
the standard series of the heat exchangers. The artificial intelligent method is used to regu-
Jate the structure parameters of the heat exchanger and design the heat exchangers with min-
imum heat exchange area under the designated conditions. The database of oil product prop-
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erties and structure parameters of the standard series heat exchanger are set up in order to
make the whole optimal design finish automatically. In the computer software, the functions
of checking heat exchangers and solution of the inlet and outlet temperatures of the streams
passing the heat exchangers are added.

In Chapter 5, the mathematical model of optimal simulation of the HEN is estab-
lished. In the simulation of heat exchange process, if the streams have branches, the flow
of every branch is optimized in order to recover the maximum energy . The optimal simulation
of the HEN is a NLP problem. The flow of every branch is optimized with the complex BOX
method, and the operation parameters after simulation can make the HEN recover more en-
ergy. In the simulation of the HEN, a sequential model method is used.First, the HEN is
decomposed into subsystems which can be solved independently with the systematic decom-
position method, and arranged their computing order, then solved in sequence.

In Chapter 6, a common mathematical model of calculation of sensitivity coefficients
and sensitivities of heat exchanger networks with various configurations is proposed, and
the method to solve the model is given. The computer program has been made and tested by
the example. The mathematical formulations used in the calculation can be formed automati-
cally by the program based on the basic input information about the structure of
HEN. Necessary data used in theoretical analysis of operability of HEN can be provided.

In Chapter 7, a simple and effective approach to calculation of flexibility index (CFT)
of HEN is proposed based on process simulation of HEN with help of sensitivity coeffi-
cients. If there are manipulated variables in the CFI, when disturbance variables (DVs)
change from their normal values and induce the change in the controlled variables (CVs)
from their setpoints, the manipulated variables (MVs) will be adjusted in order to make
CVs return to their setpoints. The curves of derivations of CVs from their setpoints vs.the
number of adjustment of MVs can be drawn on the screen. Flexibility test at a fixed state
can be done.

In Chapter 8, through the qualitative analysis of HEN, four rules of optimal improve-
ment of HEN are provided. (1) The CVs should react sensitively to the MVs. (2) The num-
ber of MVs selected should no more than the number of CVs. (3) There should be a set of
MVs to match a set of CVs. (4) If the HEN is optimum under the standard operating condi-
tions, and in the process of improvement, the minimum change makes the HEN fit the
present or multi-period operating conditions, the cost of the improvement must be mini-

mum, and the improvement is optimum. Based on the rules and combination with sensitivity
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analysis, a model and solution method of optimal improvement and control of HEN are pro-
posed. The procedure of the retrofit of HEN is given. Two examples are done in order to il-
lustrate the use of the approach.

In Chapter 9, a relation matrix is defined based on sensitivity coefficients. An ap-
proach to identification of control loops is proposed according to the relation matrix. Control
loop table and control loop orders are introduced. Effect of control loops on each other is an-
alyzed based on the control loop order. Two examples are used to illustrate the usage of the
approach.

In Chapter 10, the energy saving technologies of HEN proposed in this book are ap-
plied to optimal energy saving research for sixty sets of atmosphere-vacuum plants in our
country. In this book, a HEN of atmosphere-vacuum plant of an oil refinery factory is used
as an example to explain the application process. Through synthesis, analysis, optimal de-
sign of heat exchangers and simulation, some problems in the existing HEN are found
out. After making synthesis of HEN, analysis of HEN, the methods are proposed for opti-
mal design and process simulation of heat exchangers in optimally retrofitting existing
HEN. The leaving HEN temperature of the oil from the bottom of the initial column is risen
from 272°C ( determined data) to 308°C .The fuel oil saved directly is 7878 ton per year,
benefit of energy saving is 7,670,000 yuan per year, equipment investment is 2,000,000
yuan, the return time of the investment is 4 months, gaining great benefit of energy sav-
ing, which provides reliable technique bags to the plant.

The model and method are all programmed with Fortran 77 language. The data and in-
formation input windows are programmed with Visual C ++ under Windows 3.x and Win-
dows 95.The software is tested with practical examples, and the resulis are accurate and
reliable. It is applied in the engineering research and innovation, obtaining great economic
benefit.

In a word, the mathematical models, solving methods and computer software set up in
this paper can be applied in the engineering research and design widely .

KEY WORDS: Heat exchanger networks.Heat exchangers.Heat transfer. Energy sav-
ing. Process simulation. Optimal design. Sensitivity analysis.
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