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Experimental study of laminar flow heat transfer
with microencapsulated phase change material
suspensions in rectangular mini channels
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Abstract: A series of comparative experiments was conducted to investigate the laminar
flow heat transfer characteristics with microencapsulated phase change material (MEPCM)
suspensions in water flowing through rectangular minr channels with a hydraulic diameter of
2.71mm. MEPCM particles with an average size of 4. 97Hm were used to form suspensions
with mass concentrations ranging from 0% to 20% . T he comparative experiments were done
under the same mass flow rates and the same thermal conditions using water and water-based

MEPCM suspensions. The cooling characteristics of MEPCM suspension strongly depend on
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the mass flow rate and the MEPCM mass concentration. The 5% suspension always shows

better cooling performance than water with lower wall tem peratures and enhanced heat trans-

fer coefficient within the whole range of mass flow rates. At higher mass concentrations,

however, the cooling performance is more effective only at low mass flow rates. At relatively

higher mass flow rates, it shows less effective cooling performance than water at higher wall

temperatures and lower N usselt numbers.

Key words: aerospace propulsion system; microcapsule; phase change material; sus-

pension; mintchannel; wall temperature; coefficient of convective heat

transfer
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Table 1 Physical properties of suspension components and suspensions

/ (kg /m?) 1)/ ke * K) /(Wi msK) / (ke/ms) / (kJ/kg)
4180 0. 604 1.0x 103
(1 O dadecane) )
(MEPCM ) ) 2000 018 - - 241
PMM A( MEPEM ) 1470 0.21 - -
MEPCM 1899 0.1643 - -
5% 4065 0. 571 1. 27x 10- 3 - -
10% 3951 0. 541 2.3x10-3 - -
20% 3723 0. 483 4.9x10-3 - -
* PCM
5 , MEPCM
2.1
3 , , ,
Coriolis ’ '
, MEPCM
( Perr PCM
staltic pump, 2 300 ml/ min)
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M 0.39% N u, 9.7%
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Table 3 Wall heating flux value corresponding to each flow rate value of the MEPCM suspension in the experiment

q Q
(kg/ min) (kg/ m?s) (W7 em?) (W)
0.05 33.1 1.923 90
MEPCM ( 0.15 99.3 3.846 180

c 0% 5% 10%

20%) 0.25 165. 5 7.69 360
0.35 231.7 9.615 450

4 MEPCM ’ 20% ’

19. 6% , Nusselt 46. 5%

Table 4 Estimated thermal entrance of MEP (M , MEPCM

suspensions flow in the minichannds at () ,
various mass flow rates
/ , 5%
(kef min) ) (0. 05kg/ mir 0/ 35 kg/ min)
0. 05 %.89 M~ 0. 05 kg/ min .
- 0.15 287.67 1. 8°C; M= 0.35kg/
0.25 479.45 min ,
0.35 671.23 26C
0. 05 > 95.89 (2) MEPCM
MEPCM 0.\15 > 287.67
( 5% M EPCM
10%  20%) 0.2 > 47145 , (M= 0.05kg/
0.35 > 671.23 min) .MEPCM
, M EPCM
5 , (M=
, 0.35 kg/ min) , MEPCM
(MEPCM) ,

MEPCM 0% ~ , MEPCM
20% , :0. 05 ,
kg/min~ 0. 35kg/ min MEPCM MEPCM

MEPCM , M EPCM
(1) MEPCM (3) ,
, , MEPCM
, M = 0. 05 kg/ min, ; , 10%
MEPCM , MEPCM
MEPCM
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