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Objectives 

2 

 
 

• To investigate whether nanofluids enhance the heat extraction 
 
 
 

• To study numerically the heat transfer characteristics of using 
aluminum metal foam (porous media) as heat sink of 
electronic devices surface subjected to both steady and 
pulsating air flow and then nanofluids. 

 
 

 
 
 



Nanofluids 

• Nanofluids are engineered colloids= base 
fluid(water or any other liquid)+nanoparticles. 

• Nanoparticles materials:Oxides(Al2O3, 
ZrO2,SiO2,Fe3O4), Stable metals (Au, Cu), 
Carbon(fullerene),Polymers (Teflon) 

• Particle size is small(1-100 nm) 
• High surface to volume ratio(High energy and 

mass transfer rates) 



Finite element model 



Nanofluid: Water-Al2O3 



Nanofluid: Water-Al2O3(cont’d)  



Nanofluid: Water-Al2O3(cont’d) 



Model Description  
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Schematic diagram of the experimental facility 
presented by Fu et al. [3] 

COMSOL model  



Results 
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•  Time average local temperature distribution for steady flow at  0.8 W/cm2  

Entry region of the fluid at the 
beginning of the channel which 

enhance the heat transfer by 
mixing. 

 

The temperatures approach 
constant  
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Flow Direction  
Maximum relative error 
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Results (cont’d) 
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• local Nusselt number distribution for steady flow at 0.8 W/cm2 
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Results(cont’d) 
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• Time average local temperature distribution for Pulsating flow at  0.8 W/cm2 
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The temperature near both entrances are 
lower than that at the center due to 

reversing flow direction 
 

Max Temperature  
 

Re=44 



Results(cont’d) 
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• Time average local temperature distribution for Pulsating flow at  1.6 W/cm2 

0

10

20

30

40

50

60

70

80

90

100

0 0.5 1 1.5 2 2.5 3

T
(d

eg
 C

) 

x/De 

Experimental, Re=104

Experimental, Re=72

Numerical, Re=104

Numerical, Re=72



Conclusions 
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•  For steady flow the local average temperature distribution along heated surface 
increases with increasing the dimensionless axial position and decreasing the 
Reynolds number 
      
•  For pulsating flow the local temperature distributions acts as convex curve 
with a maximum point at the center  
 
•The pulsating flow achieves more temperature uniformity than steady flow 
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