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Introduction (Microchannel Heat Sinks)

Dissipate high heat fluxes with small ΔT
High heat transfer coefficients and lower 
friction factors due to slip
Used in microelectronics, aviation and 
aerospace, medical treatment, biological 
engineering, material sciences, cooling of 
high temperature superconductors, and 
thermal control of film deposition
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Previous Optimization Objectives: 

• Minimize thermal resistance Rth for given ΔP

• Minimize pumping power for specified Rth

Current Objectives:

• Minimize both thermal resistance and  
pressure drop simultaneously using  EGM 
method



Geometry (MCHS)
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Geometry (MCHS)
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1. Uniform heat flux on bottom surface

2. Steady, laminar, fully developed and  2-D flow

3. Incompressible fluid 

4. Constant thermophysical properties

5. Slip flow (0.001≤ Kn ≤ 0.1) with negligible 
creep effects (Kn = λ/Dh)

6. Microchannel with smooth surfaces

AssumptionsAssumptions
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Entropy Generation Rate
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Mass balance:
Energy balance:

Entropy balance:

Entropy generation rate:



Entropy Generation Rate (Contd.)
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with



Entropy Generation Rate (Contd.)
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Entropy Generation Rate (Contd.)
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with



Optimization ProcedureOptimization Procedure
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Assumed Parameter ValuesAssumed Parameter Values
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Reference: Kleiner et al. [13]



Results of OptimizationResults of Optimization
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Effect of Volume Flow Rate on Effect of Volume Flow Rate on SSgengen
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Effect of Channel Aspect Ratio on Effect of Channel Aspect Ratio on SSgengen
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Effect of Fin Spacing Ratio on Effect of Fin Spacing Ratio on SSgengen
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Effect of Heat Sink Material on Effect of Heat Sink Material on SSgengen
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Effect of Effect of AccomodationAccomodation Coefficients on Coefficients on SSgengen
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Summary and ConclusionsSummary and Conclusions
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Due to slip flow and temperature jump, fluid 
friction decreases and heat transfer increases 

Thermal resistance and pressure drop decrease 
with increase in volume flow rate and increase 
with decrease in Knudsen number

Optimum channel aspect ratio and fin spacing 
ratio increase with volume flow rate



Summary and ConclusionsSummary and Conclusions
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Optimum entropy generation rate decreases with 
increase in Knudsen number

Low thermal conductivity heat sinks with large 
number of microchannels gives acceptable 
performance in terms of entropy generation rate

For fixed Knudsen numbers, lower tangential 
momentum and energy accomodation
coefficients result in higher entropy generation 
rates
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