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Abstract. High efficiency heat exchanger is always a hot topic, and field
synergy theory is introduced as an important means to optimize the heat
transfer efficiency. Based on the field synergy theory, a new type of heat
exchanger is proposed in this paper, in which, the cold and hot fluid
presents reverse cross flow law. Through the verification of the test and
numerical simulation results, a reasonable numerical simulation model and
method are obtained. Then, the flow and heat transfer conditions of the
new structure heat exchanger are simulated by the verified numerical
simulation technology. The conclusion is as follows: K-¢ turbulence model
and coupled heat transfer model can be effectively used in the numerical
simulation of heat exchanger. And the reverse cross convection heat
exchanger can effectively improve the uniformity of water temperature
distribution in the heat exchanger.

1 Introduction

The effective utilization of energy has always been accompanied by the development of
human society. Since the discovery of fire, the discussion and research on energy utilization
has continued up to now, such as the efficient combustion and power generation of fossil
fuels, the efficient conversion and transfer of heat energy, etc'. The process of energy
utilization mainly includes two aspects, one is the transformation of energy, and the other is
the transfer of energy?. It is also one of the main equipment to improve energy utilization
efficiency. The heat exchanger industry involves nearly 30 kinds of industries, such as
HVAC, pressure vessel, reclaimed water treatment equipment, chemical industry,
petroleum, etc?.

There are many kinds of heat exchangers, and there are many researches on them. Based
on the field synergy theory, this paper proposes a new type of plate heat exchanger, which
is based on the plate heat exchanger, adding a Z-shaped baffle on the plate surface of the
heat exchanger to separate the hot and cold fluid on both sides of the baffle plate. At the
same time, the numerical simulation technology is used to study the fluid flow, temperature
distribution and efficiency of the heat exchanger.
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2 Materials and models

2.1 Physical models

The structure of the new heat exchanger is shown in Fig.1. This type of heat exchanger is
optimized on the basis of plate heat exchanger. Reverse, interval and cross flow of cold and
hot fluid in the heat exchanger. In Fig.1, the red area represents the hot fluid flow inlet area,
the blue area represents the cold fluid inlet area, and the yellow area inside the heat
exchanger is the cold and hot fluid separator. The fluid area of each layer of heat exchanger
is divided into hot and cold fluid areas through baffles. The hot and cold fluid flows in
opposite directions on both sides of the "Z" baffles.
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Fig. 1. The structure of heat exchanger

2.2 Mathematical models

When the fluid flows in the heat exchanger, a velocity boundary layer and a temperature
boundary layer will be formed on the wall of the heat exchanger, and a mass boundary layer
will be formed on the wall when there is mass exchange of the fluid*. When CFD numerical
simulation technology is used to analyze the flow and heat transfer characteristics inside the
heat exchanger, the governing equations can be written as the following equation’”:

%mwmw) — di(T" gradg)+ S, )

In this equation, the above parameters can be found in reference’.

Table 1. Parameters of the governing equations

¢ T, Sy
Continuity 1 0 0
Momentum Vv, H _%pi +5,
) 3 5.
nergy T c, c,
Component m, D, S,
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3. Numerical simulation verification and analysis

In the numerical process, different mathematical models and boundary conditions were
chosen to simulate the operation characteristics of the heat exchanger under different
conditions. In order to ensure the accuracy and reliability of numerical simulation, this
paper selects the comparison of experimental data and simulation data in the literature® to
verify the reliability of numerical simulation results. The comparison results of experiment

and numerical simulation are shown in Fig.2.
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Fig. 2. The comparison of the experiment and numerical simulation results

A comparison between experimental and simulation results are shown in Fig.5. Relative
errors falls within £5%. The results of the numerical model agree well with those of the

experiments.

4 Results and discussion

Firstly, the flow inlet speed of 3.0m/s, high-temperature flow inlet temperature of 75 °C,
and low-temperature flow inlet temperature of 25 °C are analyzed; the temperature
distribution in the internal fluid flow channel of the heat exchanger is shown in Fig.3.
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Fig. 3. Temperature and velocity distribution of water flow in heat exchanger

Fig.6 shows the temperature distribution of the central interface in the Z direction of the
heat exchanger when the inlet temperature of the high and low temperature water flow is
75°C and 25°C respectively, and the inlet water flow speed is 3m/s. It can be seen that in
the heat exchanger, the hot and cold water flow through the heat exchange wall from both
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sides in reverse direction. The water flow path at the diagonal position is longer, and the
heat exchange is more sufficient, while the heat exchange area away from the diagonal is
smaller, which leads to the weakening of the heat exchange effect.

Similarly, the velocity distribution in the fluid flow channel of the heat exchanger under
the same working condition is shown in Fig.6. It can be seen that in the heat exchanger, the
water flow presents the rule of counter current cross flow, and the high and low temperature
water flows in opposite intervals. The high-temperature water or low-temperature water is
vertically incident to the inside of the heat exchanger from the inlet. After the jet flows to
the first heat exchange wall, change the direction and enter the adjacent heat exchange
space. Then change the direction on the heat exchange wall of the jet channel and continue
until the water outflow. At the same time, the flow on the other side of the wall also shows
the same law of motion. On both sides of the same heat transfer wall, the high and low
temperature fluid presents the heat transfer condition of vertical jet, which can improve the
heat transfer efficiency.
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Fig. 4. The variation of Nu and velocity with flow inlet velocity in heat exchanger

Fig.4 shows the law that the number of Nu on the hot and cold water flow side changes
with the inlet water flow speed. It can be seen that the number of Nu measured by the hot
and cold water flow increases linearly with the increase of water flow. It can be seen that
with the increase of water flow speed, the pressure drop of water flow increases gradually.
This is mainly because with the increase of water flow speed, the turbulent energy
consumption of water flow inside the heat exchanger increases, which increases the energy
consumption of water flow.

Fig.9 shows the change rule of pressure drop of high and low temperature water inside
the heat exchanger. It can be seen that with the increase of water flow speed, the pressure
drop of water flow increases gradually. This is mainly because with the increase of water
flow speed, the turbulent energy consumption of water flow inside the heat exchanger
increases, which increases the energy consumption of water flow. It can also be seen that
the overall pressure drop of hot water flow in the heat exchanger is higher than that of cold
water flow, which is mainly related to the design of heat exchanger structure. Because of
the different flow space of cold and hot water flow in the heat exchanger, the pressure drop
of water flow in the heat exchanger is different.

There are two heat transfer interfaces within the heat exchanger. One is the heat transfer
interface between the flue gas and gas channel wall surface, and the other is the heat
transfer interface between the water and water channel wall. Therefore, there are two
dimensionless Nu coefficients of heat convection written as follows:

_ hch
A

Nu )

Where 4. is the convective heat transfer coefficient, which can obtained by calculating
the heat flux and temperature gradient at different locations within the heat exchanger. dj is
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the characteristic length of the heat transfer wall surface, and A is the heat conductivity
coefficient of the heat exchange medium.

In the numerical simulation results, the overall thermal efficiency of the heat exchanger

can be obtained by statistical calculation of the heat flow at the inlet and outlet of the cold
and hot fluid. The thermal efficiency 1 refers to the proportion of the heat obtained by cold
water to the heat provided by hot water. In the heat exchanger of this structure, when the
water flow inlet is 9m / s, the heat efficiency of the heat exchanger reaches the highest
value of 96%, which is about 10% higher than that of traditional heat exchanger.

5. Conclusion

Based on the synergy theory of enhanced heat transfer field, a new structure of heat
exchanger is proposed in this paper. The cold and hot fluid in the heat exchanger presents
reverse cross flow law. A new type of reverse cross flow heat exchanger model is obtained
by using the field synergy theory, and the K-¢ turbulence model is used for numerical
simulation. Through the simulation and analysis of the temperature and velocity
distribution in the heat exchanger, it is found that the heat exchanger can effectively
improve the uniformity of the temperature distribution in the heat exchanger.
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