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Abstract: In this study, we theoretically investigate the thermal performances of heat pipes that have different
nano-fluid properties. Two different types of nano-particles have been used: Al,O; and CuO. The thermal
performances of the heat pipes are observed for varying nano-particle aggregations and volume fractions. Both
the viscosity and the conductivity increase as the volume fraction and the aggregation increase, respectively.
Increasing the volume fraction helps increase the capillary limit in the well-dispersed condition. Whereas, the
capillary limit is decreased under the aggregate condition, when the volume fraction increases. The
dependence of the heat pipe thermal resistance on the volume fraction, aggregation, and conductivity of the
nano-particles is analyzed. The maximum thermal transfer of the heat pipe is highly dependent on the volume
fraction because of the high permeability of the heat pipe . For the proposed heat pipe, the optimum volume
fraction of the nano-particle can be seen through 3D graphics.
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Table 1 Specification of heat pipes

S|Emol= xf ¥ 9
Material Copper
Working Fluid Nanofluid
Pipe Outside Diameter(d) 1.5 cm
Wall Thickness(t) 0.08 cm
Length of Evaporator(L,) 10 cm
Length of Adiabatic(L,) 30 cm
Length of Condenser(L,) 20 cm

Wick Thickness 0.1 cm
Sintered | Sintered Diameter 0.01 cm

Porosity(¢) 0.58
Tilt Angle -10°




Boiling limit

Sonic limit Entrainment limit

Capillary

Viscous limit limit

Input Power ,Q

Operation Domain

v

Temperature K

Fig. 1 Limit curve of the heat pipe
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Table 2 Properties of the nano-particles
Density Conductivity
(kg/m’) (W/mK)
ALO; 3880 42
CuO 6510 20
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Table 3 Input parameter of nano-particles

Volume Aggregation
Faction ratio
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Fig. 3 Relative conductivity of ALLO; + water
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Fig. 4 Relative viscosity of AlLOs; + water
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Fig. 5 Capillary limit of heat pipe with Al,O;
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Table 4 Thermal resistance of heat pipe for volume
fraction and aggregation

Volume Fraction
rt 0.01 | 0.02 | 003 | 004
1 |0.7044 | 0.6792 | 0.652 | 0.6257
ALOS 2 | 0.6849 | 0.6375 | 0.5897 | 0.5434
3106661 | 0.599 | 0.5341 | 0.4737
4 |0.6479 | 0.5633 | 0.4847 | 0.4141
1 |0.7054 | 0.6814 | 0.6560 | 0.6302
2 | 0.6868 | 0.6415 | 0.5956 | 0.5510
G0 0.6689 | 0.6046 | 0.5421 | 0.4836
4 ]0.6515 | 0.5703 | 0.4942 | 0.4254

Thermal Resistance (KAV)

Volume Fraction

15 2 25 3 35 4
Aggregation

Fig. 9 Thermal resistance for particle concentration
and aggregation
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Table 5 Input parameter for permeability and volume
fraction
Parameter
Volume Faction 0~04
Aggregation Ratio 1.2
Heat pipe Permeability(m®) | 7.7e-13 ~ 1.9e-09

500 1000 1500 2000 2500

3000~

(%)
(=]
o
o

Capillary (W)
=
b=

1.9e-09

02

Volume Fraction 0 7.7e13 Pemeability

Fig. 10 The representation of heat pipe maximum heat
transfer in terms of permeability and
nano-particle(Al,O;) volume fraction

500 1000 1500 2000 2500

Capillary (W)

1.9e-09

0 7.7e13

Volume Fraction Permeabiltiy

Fig. 11 The representation of heat pipe maximum heat
transfer in terms of permeability and
nano-particle(CuO) volume fraction
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