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Thermal Performance 
of Thin Flat Heat Pipes 

A heat pipe is a device with high thermal 
conductance that can transport large amounts of 
heat with small temperature differences between its 
hot and cold ends. It is normally used to transport 
heat from one location to another location or to 
smooth the temperature distribution on a solid 
surface. The heat pipe is widely used in aerospace 
applications, military devices, temperature control 
system, and personal computers.

The heat pipe is a self-driven, two-phase heat 
transfer device. A schematic view of the heat pipe is 
shown in Figure 1. At the hot section (evaporator), 
the liquid evaporates and turns to vapor. The 
vapor flows to the cold section (condenser) and 
liquifies there. The liquid is driven back from the 
cold section to the hot section by a capillary force 
induced by the wick structure. 

Figure 1. Typical Heat Pipe [1]

The heat transfer ability of the heat pipe is 
determined by its diameter, fluid type, wick 
structure and orientation. In order for the heat pipe 
to operate, the capillary pumping power ∆Pcapiliary 

must be greater than the total pressure drop in the 
pipe. The total pressure drop is made up of three 
components [2].

1) The pressure drop ∆PV required to drive the 
vapor to flow from the evaporator to the condenser.
2) The pressure drop ∆Pi needed to pump the liquid 
back to the evaporator from the condenser.
3) The pressure due to the gravitational head ∆Pg, 
which can be zero, positive or negative, depending 
on the relative location of the evaporator and the 
condenser.

For the fluid inside heat pipe to circulate, the 
following equation must be satisfied,

∆Pcapiliary≥∆PV+∆Pi+∆Pg

If this condition is not met, the wick on the 
evaporator will dry out and the heat pipe will 
overheat. As the demands for faster, smaller and 
multifunctional mobile devices, such as cell phones, 
PDAs, and netbooks, keep increasing, both system 
and electronic engineers are trying to integrate 
more functional models into smaller and thinner 
devices. This has forced thermal engineers into 
looking for more innovative and effective passive 
methods to cool semiconductor devices with their 
increasing power density. Thin flat heat pipes, 
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whose thickness is less than 1.5 mm, have found 
more applications on mobile devices and certainly 
drawn more attention from researchers. For the 
design and fabrication of thin flat heat pipes, the 
challenge is to make sure the capillary pressure 
head ∆Pcapiliary  is larger than the combination 
of other pressure drops. As the flat heat pipes 
become thinner, both vapor pressure drop ∆PV and 
liquid pressure drop ∆Pi become larger, due to the 
reduction of the cross-section area, which puts 
more demand on wick structure design.

Thin flat heat pipes can be manufactured by 
different methods with a variety of materials. Le 
Berre et al. [3], tested a rectangular array of flat 
heat pipes fabricated on silicon wafers. Two styles 
of channel were used, see Figure 2; one was a 
small triangular groove that was 230 μm wide and 
170 μm high. The other was a larger triangle 500 
μm wide and 340 μm high.

Figure 2. Silicon Flat Heat Pipe a) Channels with 
Dimension of 230 x 170 μm. b) Channels with 

Dimensions of 500 x 340 μm and Integrated Liquid 
Artery Return Channels [3]

Figure 3. (a) Layout of the FPHP; (b) Cut-away View 
of the Assembled FPHP [4]

Oshman et al. [4] fabricated and tested a flat, 
flexible polymer heat pipe (FPHP); see Figure 3. 
The overall geometry of the heat pipe was 130 mm 
× 70 mm × 1.31 mm. A commercially available, 
low-cost film composed of laminated sheets of 
low-density polyethylene terephthalate, aluminum 
and polyethylene layers was used as the heat pipe 
case. A triple-layer, sintered copper woven mesh 
served as the wick structure, and water was used as 
working fluid. A coarse nylon woven mesh provided 
space for vapor transport and mechanical rigidity. 
The thermal resistance of the FPHP ranged from 1.2 
to 3.0 °C/W depending on the operating conditions.

Amec Thermasol from United Kingdom [5] 
manufactures a thin flat heat pipe product called 
“Flat Cool Pipes”, which are flat aluminum heat 
pipes with acetone as the working fluid.  Please 
see Figure 4. The flat heat pipe can be made as 
thin as 1.2 mm and is bendable. For 1.2 mm Flat 
Cool Pipes, Amec Thermasol shows it has a thermal 
resistance of 0.4 °C/W and can transfer 5 Watts of 
power in the horizontal orientation.
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Furukawa Electric Company from Japan developed 
two different thin flat heat pipes. One commercial 
product is called Pera-flex [6; see Figure 5. The 
Pera-flex heat pipe has an envelope-shaped 
container made of thin metal foil. Its inner structure 
is illustrated in Figure 6. A small amount of water 
is used as a working fluid inside the heat pipe. The 
Pera-flex heat pipe can be fabricated as thin as 0.55 
mm. Their tests showed that the Pera-flex heat 
pipe has a thermal resistance of 1.0 °C/W and can 
transfer a maximum 15 Watts power. 

Figure 4. Flat Aluminum Heat Pipe [5]

Figure 5. Asymmetrical Sharp (Left) and Pera-flex 
Heat Pipe: Straight (Right) [6]

The second type of thin flat heat pipe [7] 
that Furukawa Electric Company developed is 
manufactured from a traditional round heat pipe, 
per Figure 7. In this Figure, both heat pipes were 
made from a round copper pipe of 6 mm diameter 
and flattened to their thickness. The width of the 
thin heat pipe is about 9 mm. The length of the 
1.0 mm thickness heat pipe is 150 mm and that 
of the 0.7 mm thickness heat pipe is 100 mm, 
respectively. The flat heat pipes use meshed copper 
as the wick structure and water as the working 

Figure 6. Pera-flex Heat Pipe Structure [6]

Figure 7. Thin Flat Heat Pipes [7]
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fluid. To maximize the heat pipe performance 
and capillary force inside the wick structure, the 
researchers from Furukawa Electric Company, Aoki 
et al., used a process called oxidation-reduction 
to treat the copper mesh. They then compared 
the thermal performance of the heat pipes using 
common sintered wick, reduction treated mesh and 
oxidation-reduction treated mesh.

Figure 8 shows the comparison of meshes after 
different processes. The surface of mesh wire 
becomes rough and the diameter of the wire 
expanded after the oxidation-reduction process. The 
wetting between the water and the wire surface will 
be increased due to the increase of the roughness 
of the wire. Thus, the oxidation-reduction process 
can yield a high capillary pressure head.

Figure 8. Comparison of Mesh Wick Surfaces a) 
Reduction Only b) Oxidation-reduction [7]

Aoki et al. tested different heat pipes by using the 
experimental setup illustrated in Figure 9. They 
measured the temperature distribution of the heat 
pipe at different powers, by fixing the temperature 
of the adiabatic section. The experimental data 
for three 1.0 mm flat heat pipes are displayed in 
Figure 10. The thermal performance of the heat 
pipes is almost the same between the sintered wick 
and the mesh wick with the reduction process. The 
maximum heat transfer capacity of these heat pipes 
is about 10 Watts. The heat pipe which consists of 
the mesh wick with the oxidation-reduction process 
has a maximum heat transfer capacity of 22 W, 
which is much larger than that of the sintered wick 
and the mesh wick with only the reduction process. 

Figure 9. Schematic of Experimental Setup [7]

Figure 10. Temperature Distribution of 1 mm 
Thickness Heat Pipes. (a) Common Sintered Wick, 

(b) Mesh Wick with Reduction Process, (c) Mesh Wick 
with Oxidation-reduction Process [7]
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Figure 11 shows the calculated thermal resistance 
between the evaporation and the condensation 
sections. The heat pipe with the oxidation-reduction 
process can transfer a maximum 22 Watts of power 
and has the lowest thermal resistance of 0.2 °C/W.

For the 0.7 mm thickness, the heat pipe with the 
sintered wick and the heat pipe with the reduction 
process mesh wick did not function normally in 

Figure 11. Thermal Resistance of 1 mm Thickness 
Heat Pipes [7]

Figure 12. Thermal Performance of 0.7 mm Thickness 
Heat Pipe with Oxidation-Reduction Process. a) 

Temperature Distribution; b) Thermal Resistance [7]

experiments because the pressure balance in 
the heat pipe collapsed. Figure 12 shows the 
temperature distribution and calculated thermal 
resistance for the 0.7 mm thick heat pipe with 
the oxidation-reduction process. It can dissipate 
maximum 8 Watts of power and has an average 
thermal resistance of 0.3 °C/W, which is 50% 
higher than that of the 1 mm thick heat pipe.

Figure 13. Flat Heat Pipe Wick Structure [8]

Cooler Master from Taiwan also makes thin flat 
heat pipes [8]. Their heat pipes use copper as a 
container and sintered copper as the wick structure. 
The working fluid is water. Figure 13 shows one 
of the wick structures Cooler Master uses. Cooler 
Master is able to make this type of heat pipe as thin 
as 1.2 mm. Figure 14 shows the finished 1.2 mm 
thick 200 mm long flat heat. Figure 15 displays its 
thermal performance. It can transfer maximum 18 
Watts of power and its thermal resistance is around 
0.15 °C/W when the power is less than 17 Watts.
Cooler Master also developed another sintered wick 
structure for thin flat heat pipe, see Figure 16. 

Figure 14. 1.2 mm Thickness Flat Heat Pipe 
(200 mm Length) [8]
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This wick structure only lines the inner wall of the 
heat pipe partly instead of the whole inner wall. 
For this kind of structure, Cooler Master can make 
flat heat pipe as thin as 1 mm. Figure 17 shows 
the finished 1.2 mm thick 150 mm long flat heat 
pipes. Figure 18 displays it thermal performance. 
It can transfer a maximum 26 Watts of power with 
a thermal resistance of around 0.35 °C/W. When 
power is less than 17 Watts, its thermal resistance 
is around 0.1 °C/W. 

Figure 15. Thermal Performance of 1.2 mm 
Thickness Flat Heat Pipe [8]

Figure 16. Flat Heat Pipe Wick Structure [8]

Figure 17. 1 mm Thickness Flat Heat Pipe 
(150 mm Length) [8]

Figure 18. Thermal Performance of 1 mm Thickness 
Flat Heat Pipe [8]

The above summary of the thin heat pipes shows 
that their thermal performance varies depending 
on their design, material used, wick structure 
and working fluid chosen. However, it also 
demonstrates that thin flat heat pipes fabricated 
by using traditional methods and innovative wick 
structure can achieve acceptable performances. For 
example, the 1 mm copper flat heat pipe produced 
by Furukawa Electric Company can dissipate 22 
Watts of power and has a thermal resistance of 0.2 

http://www.coolingzone.com/event.php?eventid=41&utm_source=Qpedia-May&utm_medium=email&utm_campaign=CZ13-Downs


16

°C/W while the 1 mm copper flat heat pipe made 
by Cooler Master can dissipate 26 Watts of power 
and has a thermal resistance of 0.1 °C/W. These 
flat heat pipes can be made even thinner. However, 
their performance will decrease as the heat pipe 
cross-section becomes smaller. As much as their 
performance for the thin dimension is attractive, 
it is highly recommended that they are tested in 
the in-situ conditions, as final performance may be 
impacted by the system deployment.
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