




 

 

 

 

presented in Figures 4 and 5 [3]. 

Figure 4 shows the temperature difference between 
evaporator and condenser at different power levels when the 
heat pipes are vertical. Compared to small diameter heat 
pipes, large diameter heat pipes transport more heat with 
the same ΔT. Figure 5 illustrates the relationship between 
power and the inclination angle for different heat pipes. 
Clearly the sintered wick structure pipes are better with the 
help of gravity. When the inclination angle is larger than 10˚, 
the heat flux that the heat pipes can transport does not vary 
much. As the inclination angle gradually decreases from 
10˚C, the heat flux decreases as well. At a -90˚ angle, the 
heat flux is less than half of that at 10˚. 

Figure 4. HP-1 Delt-T vs. Power [3]. 

Figure 5. HP-1 Power vs. Angle [3]. 

Loh et al [4] experimentally studied the effects of wick 
structure and orientation on heat pipe performance. The 
bench they used for the tests is shown in Figure 6. The heat 
pipes they tested were 4 mm, 5 mm, and 6 mm in diameter. 
The pipes were 200 mm long with a 35 mm evaporator and 
a 35 mm condenser. Each test started with an inclination 
angle f of 90°, the vertical position at which the evaporator 

block was located at the bottom. The tests ran through a 
180° rotation that paused at each of the following inclination 
angles: 60°, 30°, 0° (horizontal), -30°, -60° and –90°. 

Figure 6. Photo of Heat Pipe Test Bench [4]. 

Figures 7, 8 and 9 show the temperature differences between 
evaporator and condenser for mesh, groove and sintered 
metal powder heat pipes, respectively. A heat pipe with a 
mesh wick structure has the largest thermal impendence. 
The orientation has a large effect on its heat transfer, but it 
manages to work at low and moderate heat flux even at a 
-90° angle. A heat pipe with a groove wick has the smallest 
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thermal impendence among three wick structures when 
the inclination angle is positive. However, its temperature 
difference increases dramatically when the inclination angle 
changes to negative, even at low heat flux. It fails at a 
negative inclination angle when the heat flux is larger than 
15 W. The performance of a heat pipe with sintered metal 
powder is not affected much by its orientation when the heat 
flux is less than 15 W. At moderate heat flux, the sintered 
metal powder heat pipe can still work against gravity with an 
increased temperature difference. At high heat flux (>25 W), 
it can only work with help of gravity. 

Figure 7. ∆T of a 6mm Mesh Heat Pipe at Different Inclination 

Angles [4]. 

Figure 8. ∆T of a 6mm Groove Heat Pipe at Different Inclination 
Angles [4]. 

Figure 9. ∆T of a 6mm Sintered Metal Powder Heat Pipe at 
Different Inclination Angles [4]. 

It is important to select the proper wick structure for heat 
pipes based on their real application. If a heat pipe works 
in conditions with favorable gravitational force and a few 
bends, the grooved wick heat pipe is a good choice because 
of its superior thermal performance. If a heat pipe has 
complex geometry and works at a small or negative tilting 
angle, sintered powder metal is the optimum wick structure. 
For cooling electronic components in telecommunications 
devices and computer products, the sintered powder metal 
wick is the best choice because such applications require a 
compact heat sink size with many turns and bends. The high 
capillary pumping pressure achieved by using a sintered 
powder metal wick due to its small pore size, allows a heat 
pipe to operate in any orientation. Other wick structures do 
not work as well in non-vertical orientations because they 
cannot lift the returning working fluid along the length of the 
heat pipe against gravity. 
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