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Abstract. The article is devoted to the issue of thermodynamic
optimization of heat transfer systems. Optimization is carried out by an
exergy pinch method. This method includes the advantages of exergy
analysis and pinch method. Exergy analysis takes into account the
quantitative and qualitative characteristics of thermal processes, the pinch
method allows structural and parametric optimization of heat transfer
systems. The article presents a mathematical model for optimization by
exergy pinch analysis. This model allows automated system optimization.
Exergy pinch analysis allows more efficient use of energy and resources at
the enterprise, which is relevant today.

1 Introduction

Russia is the largest exporter of oil and gas, increasing the efficiency of the refinery is an
urgent task requiring a thorough scientific approach to their study [1, 2].

The exergy method of thermodynamic analysis allows one to take into account the
energy potential (qualitative characteristics) of thermal processes [3-6]. To date, the most
effective method of parametric optimization of heat and power processes is the method of
integration of heat fluxes (pinch method) [7, 8]. However, the pinch method is based on a
change in enthalpy, which does not take into account the qualitative characteristics of
energy [9]. In our article, the development of the pinch method continues; exergy is used
instead of enthalpy. Heat exchange systems are optimized by using the exergy pinch
method.

Earlier, we performed an exergy pinch analysis of the heat exchange system of the
boiler unit and analysis of the heat exchange system of the primary oil refining unit [10,
11]. The results of the analysis of the exergy pinch allow us to formulate and justify
specific design measures to improve the energy efficiency of heat transfer systems, which is
very important for the oil refining industry [12, 13].

2 Mathematical model

The heat exchange system is optimal when the exergy losses are minimal (1):
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> AE —min, (1)

where ZAE - the sum of the exergy losses in the system.

To fulfill this condition, it is necessary that the recovery of exergy of hot and cold flows
is maximum; therefore, the difference between exergies of hot and cold flows tends to a
minimum.

In most cases, external energy carriers are necessary for the operability of the heat
exchange system. They, in turn, impose a financial burden on the enterprise. Thus, the sum
of exergies of external hot and cold energy carriers (utilities) must be minimized.

In view of the above, in order to optimize the heat exchange system, in addition to
bringing the composite curves closer to the minimum temperature difference ATmin, use
the following function (2):
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where ¢, - the exergy of the hot composite curve, e, - exergy of the cold composite

curve, E,; - exergy of external hot energy carriers, F, .- exergy of external cold energy

carriers.
Limitations:

for hot streams T < T, <...<T, ) <T,

for cold flows T | <T,<...<T_ ) <T,.

One of the main stages of an exergy pinch analysis is the determination of composite
curves [14, 15]. Manual determination takes a lot of time, and the human factor cannot be
avoided.

The approach to the mathematical model of traditional pinch analysis was developed by
D. Agapov.

A mathematical model can be used to determine exergetic composite curves. This
mathematical model is suitable for flows without phase transitions. The initial data for the
model are formed in the form of three matrices. The first matrix includes the source data of
the hot stream (Hot), the second matrix includes the source data of the cold stream (Cold).
The number of hot flows is n, the number of cold flows is m. These two matrices indicate:
the initial and final temperatures of the flows, the ambient temperature, the natural
logarithm of the ratio of the initial and final temperatures of the flows, and also the flow
heat capacity (the product of the specific heat capacity and mass flow rate). The unit of
temperature is Kelvin. Ambient temperature is a constant parameter for the entire system.
The third matrix consists of the original values of the first two columns of the matrices Ex
and Ec. Moreover, all temperatures in this basis are sorted in ascending order, i.e. T1 < T,
<...<Tyi1 < Tk
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Functional dependencies forming a composite curve of hot flows have the form (6):

for the first temperature range:

(T T, Tln ]ZCP}‘J

for the first and second temperature ranges:
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for (k-1) temperature ranges:
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for k temperature ranges:
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where n is the number of heat flows in a given interval
The functional dependencies that form the composite cold flows have the form (7):
for the first temperature range:
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for the first and second temperature ranges:
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The initial and final temperature of the heat fluxes in the input data matrices (3) and (4)
are divided into temperature intervals in the matrix (5) with allowance for the temperature
increase. The functional dependences (6 and 7) are composite curves that sequentially
summarize the exergy over each temperature range.

3 Conclusions

Exergy pinch analysis allows you to efficiently use the energy and resources of heating
equipment. The presented mathematical model allows you to automate the construction of
composite curves, avoiding errors and inaccuracies. To optimize the heat exchange system
by the exergy pinch method, it is necessary:

1) Determine the flow exergy, you can use the device for measuring exergy (Russian
Patent No 2702701 by Lebedev V A and Yushkova E A);

2) Using a mathematical model to build composite curves of hot (6) and cold (7) flows;

3) Reduce the composite curves to ATmin, taking into account the optimization
criterion represented by formulas (1, 2);

4) Determine the optimal values of utilities (external energy carriers) and the values of
the exergy of the composite curves.
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