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Heat pipes are high capacity heat transfer devices that use 

evaporation, insulation and condensation as means to remove heat .

This device uses a wick, as a porous media, to pump the condensed liquid 

working fluid to evaporation section.

What Is A Heat Pipe?



Nanofluid- “is a nanoparticle of solid metallic or nonmetallic materials 

dispersed in base fluids such as water, ethylene glycol and glycerol.” 

Typically made of chemically stable metals, metal oxides or carbon in various 

forms 

Base fluid usually water and organic fluids

Range between 1-100nm

What is Nanofluid?

Range between 1-100nm



The use of nanofluid enhances heat transfer in the heat pipe due to its 

improved thermo-physical properties, such as a higher thermal conductivity.

Why nanofluid heat pipe?



�They are mainly used in cooling and thermal management in 

electronics, aerospace,  and telecommunications.

�Recent studies have shown that heat pipes can be used in military 

avionics. The LED monitors in the cockpit use very small components with 

very high energy and need to dissipate the heat generated very quickly. 

Heat Pipe Applications



Heat pipe limitation

Capillary limit

Sonic Limit

Entrainment limit

Viscous limit

Characteristics of Heat Pipe 

Boiling limit

Flooding limit

Maximum Heat flux 



�The wick is in charge of the capillary 

action in the pipe, which traditionally is in 

forms of screens, wire meshes, sintered 

metal powders and woven fiberglass or 

grooves [13].

�According to Graham Rice, within an 

adiabatic uniform space of the heat pipe 

the wick structure would achieve a more 

Wick type

the wick structure would achieve a more 

stable boiling process, which provides a 

more uniform condensation and capillary 

action [7]. 



�Each heat pipe is used for a specific heat flux at a specific temperature 

range; therefore the working fluid is chosen based on the characteristics that 

will allow the heat pipe to work within the desired temperature range [15,16]

�It is also important to point out that the working fluid should be 

compatible with the pipe itself and the wick around it . 

Working Fluid



Disadvantages

• Agglomeration could cause clogging 

of channels

• Instability

• Increased viscosity and density

• High cost

Nanofluid Characteristics

Advantages

• enhancement of thermal conductivity

• Maintains Newtonian behavior of fluid

• Small Concentration

• High cost



Thermal conductivity and convection coefficient 

enhancement



Viscosity and Density



More compact and smaller electrical 
components, more challenge are faced to 
dissipate heat.

Researchers show the use of nanofluid to 
be more of an ideal base fluid increasing 
thermal conductivity and the overall heat 
transfer of a liquid coolant. In a study by 
Shokouhmand et al. on the performance 
analysis of microchannel heat 

Electronics

analysis of microchannel heat 
sinks, nanofluid containing Cu 
nanoparticles was used for a silicon 
microchannel heat sink. Compared with 
the pure water, experimentation showed 
that nanofluid could enhance the 
performance of the heat sink by 
increasing both the thermal conductivity 
of the coolant and the nanoparticle 
thermal dispersion effect.



Another heat pipe model was done by Asmaie et al. with a closed two-phase 

thermo syphon, using CFD modeling. Because the system lacked a capillary 

and wicking structure, the model was mounted vertically to allow gravity to 

return the condensed fluid back to the evaporator section. Their study 

showed that the maximum heat fluxes of the thermosyphon had a 

remarkable increase upon substituting of the nanofluid with water as the 

working fluid. Under the same conditions, the maximum heat flux of 

nanofluid was about 46 % higher than water.

Thermal syphon with nanofluid 

nanofluid was about 46 % higher than water.



Cylindrical Nanofluid Heat Pipe

Cylindrical model assumes steady state, incompressible, and 
Newtonian fluid, and ignores radiative and gravitational effects. 
Overall, study shows improvement in thermal performance [22]. 



Cylindrical Heat Pipe Thermal Resistance 

Reduction



Flat Shaped Nanofluid Heat Pipe



Flat Shaped Heat Pipe Size Reduction



- Thermal conductivity

- Pressure drop

- Thermal resistance

- Maximum heat flux

- Heat pipe size 

Conclusion

- Heat pipe size 
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Questions?



Let Us Meet Again

We welcome you all to our future conferences We welcome you all to our future conferences 
of OMICS Group International  of OMICS Group International  

Please Visit:Please Visit:
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