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Abstract 
 
This work used experimental methods to study heat transfer behavior inside a heat pipe and found that heat 
transfer behavior inside the heat pipe was changed due to its integration with cooling plates. This change 
caused the heat pipe to have copper-like heat transfer behavior. Experimental performances first built a CPU 
simulator with maximum heat power 300 W in accordance with the ASTM standard as heat source and 
measured temperature distribution by using infrared thermography and thermocouple thermometer. Observa-
tion of heat transfer behavior inside heat pipe influenced by its integration with cooling plates used color 
schlieren technique. A commercial CPU heat pipe cooler was also used as reference object in this work. In-
tegration of the heat pipe with cooling plates causes the heat pipe to have the copper-like heat transfer be-
havior. The results indicate that rebuilding the bare heat pipe’s heat transfer behavior is the best solution for 
improving cooling efficiency of the heat pipe cooler. 
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1. Introduction 

The general principle of heat pipe employs evaporative 
cooling on the heat source with the working fluid and its 
capillary action transports the condensed fluid back to the 
evaporating section. It was first noted by Grover at Los 
Alamos National Laboratory in 1963 and subsequently 
published in the Journal of Applied Physics in 1964 [1]. A 
heat pipe is a passive cooling device with extremely high 
thermal conductivity ca. 5000 ~ 30,000 [W/mK], which is 
initiated by a special heat transfer mechanism and can 
transport relatively large amount of heat in a tiny tempera-
ture difference between the hot and the cold interfaces. The 
heat pipe is hence often named as the thermal supercon-
ductor. Stenger in 1966 [2] first developed the technique of 
capillary pumped loop (CPL) in heat pipe and Maydanik et 
al. in 1985 originally developed the loop heat pipe (LHP) 
for the terrestrial solar energy market using the technique 
of anti-gravitation heat pipe [3]. 

The heat transfer property of heat pipe is theoretically 
different from that of copper pipe. Heat pipe is spatially 
discrete, whereas the copper pipe is continuous. Heat pipe 
for cooling has been widely used in the market due to its 
extremely large value of thermal conductivity and normally 

combined with the cooling finny pieces, named as the heat 
pipe cooler. The heat pipe cooler should have theoretically 
excellent cooling efficiency, but the fact is that it cannot 
reach the predicted value. This is the main question for 
applications of the heat pipe cooler. Most of the studies on 
the heat pipe cooler ignored the considerations on the heat 
transfer behavior change of heat pipe due to the integration 
with the cooling plates and discussed only its integrating 
structure. Bejan and Scibba in 1992 [4] indicated that the 
optimal condition of the cooling plates is dependent on the 
three parameters, 1 2L , 1 2( ) ,  1 4( )P  ,for the heat 
pipe cooler, where L is length of the cooling plates,   is 
viscosity of the cooling fluid,   is thermal diffusivity of 
the cooling fluid, and P  is pressure difference of the in 
and out cooling fluid. Yeh and Chang in 1995 [5] show an 
optimal design for heat pipe cooler. There are a lot of stud-
ies about the improvement of the cooling efficiency for 
heat pipe cooler, but their discussions were almost focused 
on the integrating structural design [6-8]. 

Studies on the heat transfer behavior inside the heat pipe 
are relatively few. A standard application of heat pipe is in 
connection with cooling plates, but the integration has 
changed the original heat transfer property of the heat pipe. 
The heat transfer behavior of heat pipe is similar to copper 
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pipe due to the integration with cooling plates, which cer-
tainly reduces its cooling efficiency. 

This work discusses the inner heat transfer property 
change of heat pipe integrated with cooling plates using ex- 
perimental methods. It found that the change of heat trans-
fer behavior inside heat pipe integrated with cooling plates 
is the main reason for the lack cooling efficiency. The cool-
ing plates far from the heat source cannot reach sufficient 
cooling efficiency. This work found also that a new struc-
ture of heat pipe for integration with cooling plates should 
be designed to keep the original heat transfer behavior of 
bare heat pipe after integration with cooling plates [9]. 

2. Basic Theory 

A heat pipe is theoretically divided into three parts, the 
evaporator, the adiabatic section, and the condenser. 
Figure 1 shows schematics of a bare heat pipe. In proc-
ess, the working fluid absorbs heat from heat source and 
evaporates in the evaporator. The hot vapor directly runs 
through the adiabatic section and condenses in the con-
denser. The condensed working fluid in the condenser 
runs back by way of the capillary structure on the inner 
wall in the adiabatic section and reaches the evaporator 
again. 

Figure 2 shows schematics of a common heat pipe 
cooler, where the convective heat transfer to the cooling 
fin continuously decreases. A common heat pipe cooler 
is integrated with cooling fin in the adiabatic section. 
Due to integration of the cooling fin with heat pipe in the 
adiabatic section, the heat of the vapor is forcedly taken 
away by the cooling fin in the adiabatic section and 
therefore condenses earlier. In other words, the vapor 
cannot reach the condenser section and the adiabatic sec-
tion disappears. This result will shorten the effective 
cooling length of the heat pipe. The original heat transfer 
property of the heat pipe integrated with cooling fin in 
the adiabatic section is unfortunately destroyed by inte-
gration of the cooling fin with the heat pipe and is 
changed to be similar to copper pipe, where the bare heat 
pipe is discrete and the copper pipe is continuous. 

To increase cooling efficiency of a heat pipe cooler, 
temperature distribution on the heat pipe should be more 
uniform. That is, the original heat transfer property of the 
heat pipe in a heat pipe cooler should be recovered. In 
other words, the adiabatic section must be kept. A future  
 

 

Figure 1. Schematics of a bare heat pipe [10]. 

applica

3. Experimental Details 

A CPU simulator was built as the heat source in this work 

 

tion of this work is the so-called dual-pipe heat 
pipe cooler [10]. Figure 3 shows schematics of a 
dual-pipe heat pipe cooler, where the convective heat 
transfer to the cooling fin is more uniform. A dual-pipe 
heat pipe builds the inner coaxial pipe in the adiabatic 
section of a common heat pipe. The built inner coaxial 
pipe can avoid heat of the vapor to be taken away in the 
adiabatic section. This special design lets the vapor be 
able to run through the adiabatic section and successfully 
recover the original heat transfer property of the heat 
pipe for a heat pipe cooler. 

and the experiments were done by using the color schlieren, 
the infrared thermography, and the thermocouple ther-
mometer for temperature determination. The built CPU 
simulator in accordance with the ASTM D5470 standard 
consists of a T form copper block, some glass wool, fire-
proof board, two 150 W cartridge heaters, and a 300 W 
power supply. Figure 4 shows the schematic description of 
the built CPU simulator, where the temperature on the 
 

 

Figure 2. Schematics of a heat pipe cooler [10
 

]. 

 

Figure 3. Schematics of a dual-pipe heat pipe cooler 10].  [
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Figure 4. Schema of the CPU simulator’s side cross section. 

ree points Tu,, Tm, and T  are used to determine the simu-

Fourier’s equation: 

            (1) 

where is the rate of heat flow over 

 
th l

lated CPU power. 
According to the 

Q kA T       

Q  
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the area A and T is 
tempera re. The negative sign indicates that the tempera-
ture gradient is in the opposite direction to the heat flow 
and k is the thermal conductivity of the material. Applica-
tion of the one-dimensional Fourier’s equation for deter-
mination of the CPU simulator output heat flow rate outQ  
receives 

l u
out

T T
Q kA

x





               (2) 

where x  is the positional difference of points T  and 
s 31

l

Tu, A i  × 31 mm2. Figure 5 shows the calibration 
curve of the input and output powers corresponding to 
the power supply and the CPU simulator, respectively. 
The function of the fitted curve is y = 0.93x – 0.31 with  
 

 

Figure 5. Calibration curve of the CPU simulator [9]. 

the
t pipe built on the CPU 

si

 capturing screen of the infrared thermal camera 
sh

eat transfer behavior inside the heat 
pi

 fitting error smaller than 2%. 
Figure 6 shows photo of the hea

mulator. The experimental setup used the IRISYS infra-
red thermal camera, which has resolution of 16 × 16 pixels 
and capturing speed of 8 fps, to record the time dependent 
change of the temperature distribution on the heated heat 
pipe. 

The
ows the 16 × 16 pixels corresponding to 16 × 16 tem-

perature sensors. Figure 7 represents the corresponding 
positions with the heated heat pipe, which will be applied 
to the data evaluation. 

Observation of the h
pe influenced by the integration with cooling plates used 

the color schlieren technique. This experimental setup was 
built in water tank due to the water has larger thermal con-
ductivity than air. The water was set as a good cooling me-
dium for the heat pipe. Figure 8 shows the schematic setup 
of the heat pipe integrated with cooling plates. The sequent 
 

 

Figure 6. Photo of the heat pipe built on the CPU simulator. 
 

 

Figure 7. Capturing screen of the infrared thermal cam a er
corresponding to the position of the heated heat pipe. 
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Figure 8. Schematic setup of the heat pipe in connection 

eating by the heat source convects heat into the water and 

oler with U-form heat pipe 
w

with the cooling plates. 
 
h
yields the simultaneous heat flux which was visualized by 
the color schlieren technique. 

A commercial heat pipe co
as used as the reference object. Its heat pipe has total 

length 265 mm and diameter  6 mm in connection with 
25 pieces cooling plates which have each thickness 0.46 
mm and area 87 × 20 mm2. There are 5 different points on 
the heat pipe for determination of the temperature distribu-
tion. Figure 9 shows the sketch and Figure 10 is photo of 
the setup. 

In process, the copper pipe and the conventional heat 
pipe are individually connected with the CPU simulator 
for developing temperature measurements without out-
side cooling. These measurements can determine heat 
transfer properties of the copper pipe and the heat pipe. 
In principle, heat transfer property of the copper pipe is 
continuous and the heat pipe is discrete. After that, a 
commercial heat pipe cooler is connected with the CPU 
simulator for determination of the surface temperature 

 

 

Figure 9. Schema of the measured temperature points in 
the heat pipe cooler. 

 

 

Figure 10. Photo of the measured heat pipe coole
 

istribution on the heat pipe. These measurements will 

4. Results and Discussion 

Experimental data for discussing discrete heat transfer 

ult shown in Figure 12 agrees to the theoreti-
cal

 

r. 

d
show heat transfer property of the heat pipe influenced 
by the outside cooling fin. In comparison with the com-
mercial heat pipe cooler uses the heat pipe to be im-
mersed into water for visualization of the developing 
heat flux. The water is applied as the outside cooling 
medium in this work. The time-varying schlieren photos 
will show heat transfer property of the heat pipe. 

behavior of the heat pipe in comparison with the copper 
pipe’s continuous property are shown in Figures 11 and 
12. Figure 11 shows the temperature distribution on the 
copper pipe heated under adiabatic condition by the 
300W CPU simulator in 117sec [9]. The arabic posi-
tional numerals shown in Figures 11 and 12 are the 
measured positions corresponding to the distance from 
the heat source. The temperature change on the copper 
pipe is continuous. Figure 11 shows that the temperature 
distribution on the copper pipe gradually reduces away 
from the heat source. This result agrees to the traditional 
thermal conduction theorem and also satisfies the Fou-
rier’s thermal conduction equation. In comparison with 
the result of the heat pipe in Figure 11, it is found that 
the change of surface temperature distribution on the 
heat pipe nearby the heat source is weaker than the end-
point which is under the same experimental condition. 
Figure 12 shows that the discrete temperature distribu-
tion on the heat pipe in middle field has the lowest tem-
perature. 

The res
ly described heat transfer behavior of the heat pipe. 

The evaporated working fluid saves latent heat from the 
heat source and expands directly to the remote con-
densed section. The heat transfer via the vapor expansion 
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Figure 11. Relationship of temperature distribution on the 
bare copper pipe. 
 

 

Figure 12. Relationship of temperature distribution on th

chnism inside the heat pipe is relatively quick than via 

re distribution on the heat 
pi

technism of the heat pipe is 
fu

e 
bare heat pipe. 
 
te
the thermal conduction through the outer copper shell. 
This special heat transfer technism let it have extremely 
large thermal conductivity. The temperature on positions 
2 and 3 in Figure 12 appears unstability because vapori-
zation was happening there.  

Figure 13 is the temperatu
pe which is built in the commercial heat pipe cooler. 

The heat pipe cooler has been heated by 30.8 W thermal 
power for 40 mins. The heat transfer behavior shown in 
Figure 13 is similar to the copper pipe in Figure 11. 
That means, the heat transfer behavior inside the heat 
pipe was altered by the addition of the cooling plates. In 
other words, the cooling plates changed the heat transfer 
behavior of the heat pipe. 

The special heat transfer 
rther described by the direct observation of heat flux 

using the color schlieren technique. Water has larger  

 

Figure 13. Relationship of temperature distribution on a 

ermal conduction coefficient Kwater ≈ 2.526 [W/mK] 

eat pipe cooler uses normally aluminum plates as the 
co

 

commercial heat pipe cooler. 
 
th
than air Kair ≈ 0.23[W/mK] [11]. The water around the 
heat pipe is like the cooling apparatus while the heat pipe 
is immersed into the water tank for heat flux visualiza-
tion [12]. The heat pipe transferred the heat into the wa-
ter and changed the density distribution of the water, 
which was visualized by the color schlieren technique. 
Figures 11 exhibit four time sequent color schlieren im-
ages with the heated bare heat pipe. Figures 11 show 
that the horizontal dark bar in the middle is the heat pipe 
and the separation line upper the heat pipe is the water 
level. Figure 14(a) is at the begin and shows no heat flux 
around the heat pipe. Figures 14(b) and (c) show clearly 
the development of the heat flux away from the heat 
source. Figures 14(a) and (b) exhibit indirectly that the 
heat transfer inside the heat pipe happens from the heat 
source and runs away continuously. Around the full heat 
pipe shows clearly the continuous heat flux from the left 
image to the right image. That means, the theoretically 
adiabatic middle section appears clearly thermal convec-
tion with the water. This significant result indicates fur-
ther that the evaporated heat cannot be effectively 
brought to the remote condensed section, if the sur-
roundings of the heat pipe has good thermal conductiv-
ity. 

H
oling apparatus to take away heat from the heat pipe. 

The aluminum cooling plates have large thermal conduc-
tion coefficient KAl ≈ 230[W/mK] [11]. In this work, the 
surrounding water plays the role of the integrated cooling 
plates in heat pipe cooler. Figure 11 indirectly indicates 
that the integration of cooling plates changes really the 
original heat transfer behavior of the bare heat pipe. This 
result completely agrees to the experimental data shown in 
Figure 10. The changed heat transfer behavior of heat pipe 
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(a)                         (b) 

  

 
(c)                          (d) 

Figure 14. Th lieren image 

tegrated with cooling plates reduces also its cooling 

5. Conclusions 

Temperature measurements using infrared thermogra
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