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Abstract. The heat pipe heat exchanger is applied widely with the advantages of low investment,
small volume and good effect of heat transfer. To make a full and reasonable use of the heat
resource, a heat pipe heat exchanger is introduced in this paper. Numerical simulation of the heat
pipe heat exchanger with different wind speeds is carried out by the CFD software FLUENT. The
temperature, velocity contours and effects of heat transfer were compared in different wind speed
conditions such as 0.02m/s, 0.04m/s, 0.06m/s,0.08mm/s, 0.1m/s and 0.12m/s. The maximum
difference of cold and hot air heat flow rate is 5.344W in the air velocity of 0.04m/s. And the results
show that rate of heat recovery can reach 52.9% in this model.

Introduction

Heat pipe is a kind of heat transfer element with high efficiency, which can be realized by the
phase change and continuous working fluid. The equivalent thermal conductivity of heat pipe can
reach 10° ~ 10* times of metal[1-3].In numerous ways of heat recovery, by the high efficient heat
transfer component heat pipe consisting of a heat pipe heat exchanger has simple structure, less
material consumption, high heat transfer efficiency, low pressure loss and power consumption
advantages, is being more and more widely application [4-6].In daily life, to improve indoor air
quality through ventilation will increase the indoor cold (hot) heat loads and energy consumption[7-
9].If the heat exchanger is applied to the ventilation of the room, it can improve the indoor air
quality, also greatly reduce the indoor heat loads and energy consumption. Based on the advantages
of heat pipe heat exchanger, the numerical simulation of various operating conditions on the basis
of the software FLUENT is carried out. Study on the efficiency of heat transfer characteristics and
distribution of temperature and velocity of heat exchanger, in order to guide the optimization and
improvement of the heat pipe ventilation heat exchanger [10-12].

Model design and establishment

Fig.1. shows the three-dimensional model which made by gambit software. Model has two
channels of cold air and hot air flow respectively. Indoor parts include cold air inlet and hot air
outlet, and cold air outlet and hot air inlet to the outdoor part. Model design size is
550mmx300mmx100mm, which includes 12¢8 heat pipe .Heat pipes through the hot and cold air
flow between the two channels and maintain a triangular arrangement of cross row. The fins of
adjacent rows staggered to keep uniform distribution. Heat pipes and fins are arranged into the fluid
solid coupling wall surface and the heat pipe is arranged for solid region especially. In order to
ensure the accuracy of the calculation of the internal heat pipe and fins are carried out the grid
encryption and the final grids are divided into 620 thousands.
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Fig.1.Three-dimensional model diagram of heat pipe heat exchanger

The simulation is based on unsteady, implicit solution based on pressure. Standard k-epsilon
turbulence model is used in this model. Cold and hot air inlet are both provided with boundary
conditions for velocity inlet boundary conditions. There are six groups of different air velocity
conditions include 0.02m/s, 0.04m/s, 0.06m/s, 0.08m/s, 0.1m/s and 0.12m/s. Cold air inlet
temperature is 299K, and hot air inlet temperature sets 313K.The outlet is set to pressure outlet
boundary conditions. After about 20 thousands iterations of the residual error, the accuracy
requirements are achieved.

Simulation results and analysis
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Fig.2.The average temperature and temperature difference of the air inlet and outlet

Fig.2.shows the difference in temperature between cold and hot air inlet and outlet at both
0.02m/s and 0.04m/s is the largest, and it can reach about 7.44K.With the air velocity increases,
temperature decreases gradually, while the cold air temperature compared with hot air temperature
rising value reduces the gap between the minimum value. With the increasing of air velocity, the
temperature difference is also increased.
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Fig.3.1sothermal surface at different air velocity
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Fig.4. Temperature diagram of Z=0 section at different air velocity

It is the temperature distribution in the heat exchanger at different air velocity as shown in
Fig.3.The temperature change of the hot and cold air in the heat exchanger is seen from the
isothermal surface under the heat pipes which maintain a triangular arrangement of cross row. The
temperature difference between air inlet and outlet is decreased, and the heat transfer effect of the
baffles obviously. Fig.4.shows the temperature chart on Z=0 section in different conditions. There is
a significant phenomenon of heat transfer at low air velocity. When the air velocity is increased, the

temperature field of the whole heat exchanger can be seen more clearly.
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Fig.5.Velocity diagram of Z=0 section at different air velocity

The velocity distribution in the heat exchanger at different air velocity is shown in Fig.5.The
model is based on the positive direction of the X axis. The cold air flows from left to right. The air
in the internal heat exchanger for fork row distribution of heat pipe and flow distribution between
staggered fin local acceleration and disturbance in the heat exchanger, while the maximum velocity
increased by 65%.
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Fig.6. Heat transfer rate of heat pipe heat exchanger

In the simulation process, the heat exchanger can be seen the system. Hot and cold air inflow
change counted as a heat exchanger system into heat flow rate, while hot and cold air outflow rate
of heat exchanger is counted as the outflow of the system with negative value. The difference is hot
and cold air in the flow through the heat exchanger for heat transfer.Fig.6.showsthat with the
increase of the ratio of inlet velocity, the heat flow rate of the hot air inlet is also increased. While
the difference of heat flow rate of cold air increase with the increase of air velocity, and then
decreases. It reaches a maximum heat flux difference when the air velocity is 0.04m/s. Comparison
of hot air side, in the same 0.04m/s heat flow rate difference reaches a maximum value, and the
speed of hot air in the heat exchange effect is the best.
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Conclusions

(1) Numerical simulation of the heat pipe ventilation heat exchanger with different wind speeds is
carried out by the CFD software FLUENT. Study the characteristics of heat transfer efficiency and
the distribution of temperature and velocity in the heat exchanger. Comparing the heat transfer
performance of heat exchanger with six different wind conditions include 0.02m/s, 0.04m/s,
0.06m/s, 0.08m/s, 0.1m/s and 0.12m/s.

(2) Temperature difference between air inlet and outlet under the conditions of 0.02m/s and
0.04m/s can reach 7.4K. The heat recovery rate can reach 52.9%. With the increase of air velocity
the temperature difference decreases, and further reduce the velocity the temperature difference no
longer increases.

(3) The heat transfer rate of the system can be expressed as the capacity of the cooling air to
absorb heat and the heat capacity of the air. Simulation shows in the 0.04m/s conditions the
difference of the heat and cold air flow rate is 5.344W.
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