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Simulation on convective heat transfer of MPCMS in minichannel heat exchanger
based on DPM model
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Abstract: With the advantage of high apparent

specific heat capacity, high energy storage density, :::‘_M ,
and better comprehensive heat transfer performance, 3 ST NS | ¢
the microencapsulated phase change material — = - ;:;l
suspension (MPCMS) has wide application prospect e : ATand APofheat  Temperature distribution
in the field of energy storage and transport. In this _JI_‘ Simulated by Fluent H

paper, the discrete phase model (DPM) was employed —

to simulate the pressure drop and heat transfer

characteristics of microencapsulated phase change
material suspension flow in heat exchanger consisting

Temperature distribution Heating surface

of a series of parallel minichannel. The piecewise \n.‘;-.-..u.l.‘.....u Iw:‘ll.v\;'h:l.rl;:rr inside the heat exchanger  temperature distribution
function that representation microencapsulated phase
change material particle specific heat capacity varies with temperature was used to describe the phase change process.
The inlet and outlet pressure drop and temperature difference of heat exchanger under different flow rates were
discussed and compared with pure water. Meanwhile, the temperature distribution of microencapsulated phase change
material suspension and heat surface were also concerned. The modified local Nusselt number in three representative
channel of heat exchanger were calculated simultaneously. The results showed that the pressure drop of
microencapsulated phase change material suspension in heat exchanger was consistent with that of pure water, but the
value was bigger than pure water. With introducing the microencapsulated phase change material particle, the
temperature increasing rate of outlet and heat surface was reduced slightly. Therefore, the outlet and heat surface of
heat exchanger present low temperature compared to pure water. Because of the influence of inlet/outlet location, the
temperature in heat exchanger present the distribution law as middle channel low and two sides channel high. So,
there was a difference of the local Nusselt number along the flow direction in different channels. The phase change
materials were melted in two sides channels of heat exchanger. However, in middle channel of heat exchanger, the
phase change material was melting partly. Therefore, the location of inlet/outlet should be changed or interior
structure of heat exchanger should be optimized so that to receive better flow distribution and heat transfer
performance.
Key words: microencapsulated phase change material; minichannel; enhanced heat transfer; convective heat transfer
characteristic; discrete phase model
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Fig.1 Schematic diagram of microchannel heat exchanger
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Fig.2 Specific heat of MPCM varies with temperature
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Table 1 Thermophysical properties of n-hexadecane and pure water
Material Density, Specific heat, Thermal conductivity, Dynamic viscosity, Latent heat,
pl(kg/m?) Cy/[J/(kgK)] A[W/(m-K)] w/(Pa-s) hi(kl/kg)
n-Hexadecane (solid) 810 1.650 0.31 - 229
n-Hexadecane (liquid) 773 2.190 0.144 - -
Urea-formaldehyde 1490 1.670 0.42 - -
Water (288K) 998.98 4.190 0.587 0.00115 -
MPCM particle (solid) 938.5 1.656 0.275 - 160.3
MPCM particle (liquid) 903.4 2.034 0.132 — -
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