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Abstract

Experimental study was conducted to investigate the thermal 

behavior enhancement of a cooling liquid when it was mixed with 

micro-encapsulated phase-change material (MEPCM).  The 

improvement was found to be due to the phase changing effect 

of the PCM which was able to increase latent heat storage to the 

coolant.  The MEPCM having capsule diameter of approximately 

10-30 m was mixed with a base-fluid mixture of Ethylene Glycol 

and water to become “slurry fluid”.  The slurry fluid was then 

used as a coolant in the experiment designed to model a cooling 

system of electronic cooling applications.  For this reason, 

Octacosane MEPCM was selected because it has melting point 

at about 60°C which is suitable for typical electronic controlled 

temperature.  The experiment was conducted using a flow-loop 

equipped with heat source, heat sink, coriolis mass flow meter, 

magnetic-coupling pump, and data-acquisition system.  The 

experimental results show that the phase-changing effect of the 

MEPCM used can enhance the heat capacity of the slurry 

working fluid by up to 5 times higher than that of the base-fluid.  

Additionally, heat transfer coefficient inside the heater can be 

increased by up to 20% over the baseline condition when slurry 

fluid was used. 

1.

 phase-change material (PCM) 

 PCM  paraffin wax, 

fatty acid,  salt hydrates  paraffin wax  fatty acid 
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 salt hydrates [4] 

 [6, 8-9]  PCM 

 PCM 

(thermal pad)  laser 

 PCM 

 PCM 

 [7] 

 PCM 

 PCM 

 PCM 

 PCM

 micro-

encapsulated phase change material (MEPCM) 

 10-30 m

MEPCM  [5, 10]

 MEPCM

 slurry fluid  MEPCM 

 MEPCM  1000 

 slurry fluid  [3, 7, 

11]  

 slurry fluid  MEPCM 

 MEPCM  MEPCM  
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)

 single phase 
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2.

2.1

 MEPCM 

Octacosane -

 60±6°C 

 MEPCM

 10-30 m

 PCM (Octacosane)  83% 

 17%

MEPCM  (

base-fluid)  Ethylene Glycol 

 50/50  MEPCM  base-fluid 

 23%  MEPCM 

 slurry fluid 

 (flow-loop) 

Pumps 
(2 in series) TC3TC4 TC5 TC6

Copper Tube (Type L):  
OD = 0.375”, ID = 0.320” 

Mass Flow 
Meter 

Heat Exchanger :
Concentric counter flow tube 

TC1

TC2SF1

SF2

SF3

SF4

SF0

PT1

PT2

Type-T thermocouple 

Heater Unit:
Cold-Plate heat exchanger having 
electric rubber heater pads on top and 
bottom surface (25 sq.in. total heating 
area on each side).   
Maximum supply heat rate = 280W.

Pressure transducer 
(0-6 psig) 

Cooling water provided from a close-
loop system equipped with an air-cool 
chiller.   
Inlet water temperature is set at 35 °C. 

 1

 1 

 [2] 

 2.4  0.3 

 ¼  norminal diameter 
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 0.320  magnetic-

coupling

 1.52 g/s  15.2 g/s (  0.2 – 2.0 lbm/min)

 coriolis  coriolis flow meter  magnetic-

coupling pump 

 MEPCM  slurry fluid  MEPCM

 (heater unit)  plate heat 

exchanger

 heater unit 

 322.83 

 (electric rubber 

heater pad)  heater unit 

 280 W 

 rheostat  current and voltage transducer

 (heat sink)  concentric 

counter flow 

 rotameter 

 refrigerant air-cooled chiller 

 flow-loop

 35°C

 thermocouple 

type-T  5  SF0  SF1 

1  heater unit  6 

 TC1  TC6 

  pressure transducer (PT1  PT2) 

 heater unit  

 (data acquisition system 

DAQ) , data acquisition card, SCXI 

module  terminal box 

 steady-state  DAQ 

1-5  50-100 

2.2

MEPCM

 (heating capacity) 

 (heat transfer coefficient) 

 heater unit  MEPCM 

(base-fluid)  MEPCM  (slurry fluid)

 2.12 g/s – 11.4 g/s (

0.28-1.5 lbm/min)

0.2 gallon  heater unit 

280 W 

 253 W (±3%) 

 base- 

fluid  flow-loop 

 base-fluid  heater unit

 flow-loop 

 slurry fluid  MEPCM 

 slurry fluid  heater unit 

 base-fluid 

 MEPCM 

 (Qmea)
 heater unit 

inoutpmea TTCmQ       (1) 

meaQ   = 

Tin  Tout    =  heater 

unit

m    = 

pC    = 

avgSFavg

mea

TT
QhA        (2) 

hA               = 

SFavgT          =  heater unit 

 thermocouple SF0  SF4 

avgT             = 

 heater unit 

Ethylene Glycol 
 base-line fluid

 [1]
 base-fluid   

 300 K 

 3.253 kJ/kg-K 

bslCp

bslCp

 slurry fluid 

 slurry fluid  (sensible heat) 

effCp
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 slurry fluid 

 Octacosane 

 slurry fluid 

inout
eff TTm

Q
Cp mea        (3) 

effCp  =  slurry fluid 
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 base-fluid  (Tin)  (Tout) 
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