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Abstract—Phase change materials (PCMs) have the capability of storing heat (latent heat storage units) and phase transition point to 
the environment of the operating temperature. The purpose for which they are designed is to prevent heat loss by absorption or release 
thereof. In the present work an efficient cooling technique for micro-engines that operate intermittently, or discontinuously, has been 
presented and investigated analytically. It is found that the new phase-change cooling technique is more appropriate for cooling the 
micro engines that work for small discontinuous periods of time. Operational time that is defined as the time required by the phase-
change solid material to be completely melted and converted to liquid is investigated in this study.  This means that the engine is able to 
operate during this operational time by relying on the phase-change new cooling approach.  It is found that the cooling operational time 
increases as both the melting temperature and   the enthalpy of melting increase.   

Keywords—cooling; discontinuous operation; micro-engine; phase change material. 
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1.  INTRODUCTION  
Cooling of any hot system is restricted by mass flow 

rate, cooling capacity, and temperature of the used working 
fluid.  It is very difficult to use air (low total heat capacity) 
to cool a very hot system. In addition, if air has low speed, 
then there will be a small mass of air available to carry 
away the released heat.  To improve the system cooling 
using air as a working fluid, one must blow more air over 
the system. Furthermore, blowing more air will create more 
noise and consumes more power by the driving fans. 
Liquid-cooling is thus a good solution to a difficult 
problem, but sometimes it is even difficult to circulate 
enough cooling liquid through the system to keep it cool. A 
new cooling technique using phase change materials is 
proposed to enhance the cooling process.  

Phase change materials (PCMs) have the capability of 
storing heat and phase transition point to the environment of 
the operating temperature. The purpose for which they are 
designed is to prevent heat loss by absorption or release 
therefrom. A new cooling technique using Phase Change 
Material in a car ceiling and wall buildings is investigated 
by Khadrawi at al. [1]. Fallahi and Fang [2-4] prepared 
microPCMs based upon different types of paraffins and 
analyze their thermal behavior. Alkan [5] studied the 
preparation, characterization and thermal properties of a 
microencapsulated PCM for thermal energy storage. 
Alvarado and Bukovec [6-7] come equally to performance 
microPCMs analysis with DSC and TGA techniques. The 
aim of the present work is to find an efficient cooling 
technique for discontinuous micro-engines using 
microencapsulated phase change materials which works for 
small period of time “on and off”. Also, this method will be 
much better for restarting since phase change material 
release heat upon restarting the machine and helps in 
warming up the engine.    Hadam [8] discusses the transfer 

of heat during the melting of a phase-change material, 
determining the spread and inclination of the solid-liquid 
interface at the time.  

Microencapsulation may be defined as the process of 
wrapping or surrounding one substance to another substance 
at very limited scale, producing capsules ranging from less 
than one micron to several hundred microns in size. The 
material used for encapsulating the nucleus is known as a 
membrane, coating, and shell or wall material. The 
microcapsules may have wall arranged in several layers 
with different thicknesses of the base. The applications of 
microencapsulated materials are almost limitless. 
Microencapsulated materials are used in pharmaceuticals, 
food, agriculture, cosmetics and textiles, fragrances, paints, 
paper, coatings, and printing applications, and many other 
industries. Historically, first commercial product used 
microcapsules was the carbonless copy paper. A 
microencapsulated colorless ink layer applied to the top 
sheet of paper, and a developer material is applied to the 
following sheet. When pressure is applied to the writing, the 
capsules broke and the ink reacts with the developer to 
produce the dark color of the copy. Nowadays 
microencapsulated materials used in the textile industry to 
improve the properties of the finished products.  

Recently, improving the surface properties of fabrics 
based on microPCMs incorporating wool, observing a 
higher thermal activity, increased durability and improved 
fiber performance is discussed by Grahremanzadeh [9]. 
PCMs heat storage in thermoregulation nonwoven fibers are 
investigated by Zhang [10-11]. Choi [12] investigated the 
temperature changes of the tissues treated with PCMs in 
cold and temperate. The feasibility of a new cooling 
technique that uses PCMs for an engine is studied by Kim 
[13]. This new cooling system participates to intrinsic 
reduction in cooling system in terms of performance and 
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volume. Using PCMs in flash memory cooling, following 
the recent replacement of hard drives for these devices is 
proposed by Wutting [14]. Cooling of mobile phones that 
use a PCMs, performing mobile experimental prototypes 
made of aluminum is examined by Setoh [15]. The study 
indicates that the use of heat sinks with PCMs was very 
active for cooling of mobile phones in the discontinuous 
moderate usage.  

2. ANALYSIS 
Consider cylindrical micro engine as shown in Fig. 1. 

The gas temperature inside the engine is assumed to be 
Co100 and it has high heat transfer coefficient, 

KmWhg
2800= , which means that the inner surface has 

the same temperature. The air temperature ( CT o25=∞ ), 
the wall thicknesses ( cm5.021 == δδ ), the inner and outer 
radiuses ( cmrcmrcmrcmr oioi 5,5.4,5.3,3 2211 ==== ), 
the thermal conductivity of the engine and the thermal 
conductivity of the jacket ( mKWkk 3521 = ), respectively, 
and the density of the phase change material is (

3920 mkgm =ρ ). The heat transfer coefficient of the 

phase change material is ( KmWhsf 1000= ), which is 
inserted between the engine and the jacket, are assumed to 
be very high (low thermal resistance), so the outer surface 
temperature of the engine and the inner surface of the jacket 
are assumed equal the melting temperature of the phase 
change material. 

From the energy balance 
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where  is the rate of change of melting material from solid 
to liquid and is given by: 

 

 
Fig. 1: Schematic representation of the domain under 

consideration. 
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Also, mmm Vm ρτ = ,  where τ is the operational time of 
the system and is given by: 
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The study introduces the engine operational time τ    
that is defined as the time required by the phase-change 
solid material to be completely melted.  This means that the 
engine is able to operate during this operational time by 
relying on the phase-change new cooling approach. 

3. RESULTS AND DISCUSSION 
Figure 2 shows the effect of melting temperature on the 

operating time at different values of latent heat of diffusion. 
It is obvious from this figure that as the melting temperature 
decreases the operational time of the system decreases. This 
means that as the melting temperature decreases the melting 
rate increases then the operational time of the system 
decreases. The latent heat of diffusion has small effect on 
the operational time of the system for kgkJhsf /500< . 
Also, as the latent heat of diffusion decreases the 
operational time of the system decreases, especially for 
small values of mT . Also, Figure 2 shows that a typical 
micro engineunder typical operating conditions and having 
typical dimensions may run for about 90 minutes. Figure 3 
shows the effect of melting temperature on the melting rate 
at different values of latent heat of diffusion. It is clear that 
as the melting temperature decreases the melting rate 
increases. 
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Fig. 2: Effect of melting temperature on surface temperature 
at different sfh  

 

 
Fig. 3: Effect of melting temperature on melting rate at 

different sfh  

 

Also, the enthalpy of melting or the latent heat of diffusion 
has insignificant effect on the melting rate for large values 
especially for large values of melting temperature

CT o
m 60>  . Fig. 4 shows the effect of melting 

temperature on the outer surface temperature of the jacket. 
It is clear that as the melting temperature increases the outer 
surface temperature increases, while the effect of the 
enthalpy of melting is insignificant. 

4. CONCLUSION 
A novel cooling technique is proposed to cool the micro 

engines that operate on intermittent or discontinues (on and 
off) basis. The new cooling technique uses a phase change 
material that melts when it is in contact with temperatures 
equal to or higher than the melting temperature and   
solidifies when it is in contact with temperatures equal to or 
less than the solidification temperature. It is found that the 
cooling operational time increases as both the melting 
temperature and   the enthalpy of melting increase. The 
effect of the enthalpy of melting on the cooling operational 
time is found to be more pronounced at large values of 
melting temperatures.  The study shows that a typical micro 
engine operates under typical operating conditions and 
having typical dimensions may run for about 70 minutes 
while relying on the proposed phase-change cooling 
technique. 

 

 

 

 
 

Fig. 4: Effect of melting temperature on surface temperature 
at different sfh  
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