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An Investigation of Thermal Performance of Heat Pipe
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Abstract Heat pipes are two-phase heat transfer devices with high effective thermal conductivity. The performance of the
heat pipe is greatly depends on the filling ratio of the working fluid. An experimental set up was made from a copper tube
with an inner diameter of 20.8 mm and outer diameter 22 mm. The Di-water is used as a working fluid. The temperatures at
different places on the heat pipe were measured including the temperature of inlet and outlet of the cooling water. The results
indicate that the variation of filling ratio, heat input and angle of inclination has a significant effect on its performance.
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1. Introduction

Air cooling solution which comprises a fan and heat sink
is employed to remove heat generated by electronic device
for stability and lifespan[1]. To solve the growing heat gen-
erated by electronic devices, two-phase change devices (e.g.
heat pipe, loop heat pipe, thermosyphon cooling system)
become main cooling technologies in the electronic indus-
try[2]. Heat pipes are two-phase heat transfer devices with
high effective thermal conductivity. Due to the high heat
transport capacity, heat exchanger with heat pipes has be-
come much smaller than traditional heat exchangers in han-
dling high heat fluxes. With the working fluid in a heat pipe,
heat can be absorbed on the evaporator region and trans-
ported to the condenser region where the vapour condenses
release the heat to the cooling media [3]. Heat pipe tech-
nology has found increasing applications in enhancing the
thermal performance of heat exchangers in microelectronics,
energy saving in HVA C systems for operating rooms, sur-
gery centres, hotels, clean rooms, temperature regulation
systems for the human body and other industrial sectors.

Heat pipes play an important role in almost all industrial
fields as an effective heat transfer element. Heat pipe is an
evaporation-condensation device for transferring heat in
which the latent heat of vaporization is exploited to transport
heat over long distances with a corresponding small tem-
perature difference. The heat transport is realized by means
of evaporating a liquid in the heat inlet region (called the
evaporator) and subsequently condensing the vapour in a
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heat rejection region (called the condenser). Closed circula-
tion of the working fluid is maintained by capillary action
and /or bulk forces[4]. The heat pipe was originally invented
by Gaugler of the General Motors Corporation in 1944, but
did not truly gamer any significant attention within the heat
transfer community until the space program resurrected the
concept in the early 1960’s [5]. Pastukhov et al. [6], ex-
perimentally investigated the performance of a loop heat
pipe in which the heat sink was an external air-cooled ra-
diator. The study showed that the use of additional active
cooling in combination with loop heat pipe increases the
value of dissipated heat upto 180 W and decreases the system
thermal resistance down to 0.29 K/W. An advantage ofa heat
pipe over other conventional methods to transfer heat such a
finned heat sink, is that a heat pipe can have an extremely
high thermal conductance in steady state operation. Hence, a
heat pipe can transfer a high amount of heat over a relatively
long length with a comparatively small temperature differ-
ential. Heat pipe with liquid metal working fluids can have a
thermal conductance of a thousand or even tens of thousands
oftimes greaterthan the best solid metallic conductors, silver
or copper. A pressure difference is created in the lig-
uid-saturated wick due to the difference between the capil-
lary radii in the evaporator and condenser ends of the wick
structure which drives the liquid from the condenser section
to the evaporator section through the wick structure and
hence the overall process becomes continuous [7].

Fluids used in heat pipes have high-surface-tension be-
cause they provide the necessary capillary pumping and
wetting characteristics for better operation. The required
thermophysical properties of fluids used in heat pipes in-
clude a high liquid thermal conductivity, high latent heat of
vaporization, low liquid viscosity, and a low vapor viscos-
ity[8].The properties of the material and structural charac-
teristics of heat pipe wick structures are a high thermal
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conductivity, high wick porosity, small capillary radius, and
high wick permeability[8].
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Figure 1. Schematic viewof heat pipe

Wu and Peterson [9] developed a transient numerical
model capable of predicting the thermal behavior of micro
heat pipes and compared their results with the steady state
results obtained by Babin et al. [10] in 1990.

Yu-Wei Chang et al.[11],Analyzed the thermal perform-
ance of heat pipe cooling system with the thermal resistance
model for various parameters such as evaporation surfaces,
fill ratios of working fluid and input heating powers. Kung et
al[12], investigated the characteristics and dominating pa-
rameters of heat pipe both experimentally and theoretically.

Peterson [13], derived an expression based on the mo-
mentum conservation and Laplace-Young equations for the
maximum capillary heat transport limit in micro/small heat
pipes. Mozumder et al. [14], investigated the performance of
heat pipe for various fill ratio and working fluid and lowest
thermal resistance is obtained for 85% fill ratio. Lips et al.
[15], studied experimentally, the performance of plate heat
pipe temperature fields in the heat pipe which were measured
for different filling ratios, heat fluxes and vapor space
thicknesses. Experimental results showed that the thermal
performance depends strongly on both the filling ratio and
the vapor space thickness. In this present work the thermal
performance of the heat pipe is analysed using Di-water as
the working fluid and the experiment is carried out for
various angle of inclination, heat input and different fill ratio.

2. Experimental Setup

A copper tube was used for test section with an internal
diameter of 20.8 mm and external diameter of 22 mm.Two
layers of stainless steel screen mesh wick has been used to
improve the capillary action. The length of the evaporator,
adiabatic and condenser sections are 150,300 and 150 mm
respectively.
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Figure 2. Schematic diagram of experimental setup
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The evaporator section was heated by an electrical heater
surrounding at its circumference and the power supply to the
heater is given by variac. The condenser section was cooled
by circulating cooling water at a constant temperature. To
minimize the heat loss the evaporator and condenser section
is insulated by using glass wool. Thermocouples are welded
on the top surface of the heat pipe along the axial direction
and twelve K-type thermocouples with uncertainty + 0.1°C
were calibrated against quartz thermometer and soldered on
the surface of the heat pipe to measure the wall temperature
at different locations of the heat pipe including four at the
evaporator region, three at the adiabatic region, three at
condenser region and the remaining two. To maintain steady
state cooling conditions in the condenser section, the tem-
perature and flow rate of the cooling water were fixed at
constant value. The vacuum was maintained in the heat pipe
by heating the tube at the evaporator section and the impu-
rities are removed by opening the pressure release valve.

3. Results and Discussion

Experiments were carried out using Di-Water as a work-
ing fluid; the heat pipe is tested for various angle of inclina-
tion, different fill ratio and for different heat inputs. The
temperature gradient along the heat pipe axis increases with
increase in heat input and the temperature difference across
the condenser and evaporator section is larger.

3.1. Effect of Fill Ratio on the Thermal Resistance of
Heat Pipe

The thermal resistance represents the effectiveness of the
heat pipe .The R can be represented by
Te-Tc
R=" (1)

Fig.3-6 represents the thermal resistance of the heat pipe
for various fill ratio and different heat inputs. It is clear from
the graph that when the heat input increases, the thermal
resistance decreases and the fill ratio has a great impact on
the thermal resistance. The thermal resistance is higher for
lower fill ratio and starts decreasing for further fill ratios i.e.
upto 75% and starts increasing again when the fill ratio is
further increased. Hence the lowest thermal resistance is
obtained when the heat pipe is operated at 75% fill ratio.
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Figure 3. Thermal resistance for different heat input and fill ratio for 0°
degree inclination
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Figure 4. Thermal resistance for different heat input and fill ratio for 30°
inclination
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Figure 5. Thermal resistance for different heat input and fill ratio for 60°
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higher the temperature at the evaporator section is lower and
hence the evaporation occurs at a lower rate, as a result very
little vapour is flown into the condenser section thus reduc-
ing the thermal efficiency of the heat pipe. The heat pipe
reaches maximum efficiency when the angle of inclination is
30° and 70W heat input. This is because the gravitational
force has a significant effect on the flowing of the working
fluid between evaporator section and condenser section.
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Figure 6. Thermal resistance for different heat input and fill ratio for 90°
inclination

3.2. Effect of Fill Ratio on the Heat Pipe Efficiency

Fig.7-10 shows the variations of thermal efficiency of heat
pipe for different heat input and fill ratio. It can be seen that
the thermal efficiency of the heat pipe increases when the fill
ratio increases and reaches the maximum value when the fill
ratio is 75% and shows a decline in efficiency for further rise
in fill ratio. When the fill ratio is low the fluid at the evapo-
rator section is vapoursied at a faster rate when the heat input
is given and the condensation occurs at a lower rate due to
the accumulation of more vapour at the condenser section
which leads to dry out phenomenon at the evaporator section
and hence the lower efficiency occurs. When the fill ratio is

Figure 7. Efficiency for different fill ratio and heat input at 0° degree
inclination
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Figure 8. Efficiency for different fill ratio and heat input at 30° degree
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Figure 9. Efficiency for different fill ratio and heat input at 60° degree
inclination
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Figure 10. Efficiency for different fill ratio and heat input at 90° degree
inclination

4. Conclusions

Experiment has been conducted on the heat pipe using
Di-water as a working fluid to analyse the thermal per-
formance of the heat pipe under various operating parame-
ters such as heat input, fill ratio and angle of inclination. The
thermal resistance decreases as the angle of inclination in-
creases and reaches a minimum value when the heat pipe is
in vertical position and the fill ratio is 75%. Also an optimum
efficiency value is obtained when the heat pipe is operated
with 75% fill ratio for an angle of inclination 30° .

REFERENCES

[1] Bejan A, Sciubba E. “The optimal spacing of parallel plates
cooled by forced convection”. Int J Heat Mass Trans-
fer,35(12),3259-64,1992.

[2] Leonard L. Vasiliev. “Heat pipes in modern heat exchan ger”.
Applied Thermal Eng, 25, 1-19, 2005.

[3] Faghri, A., “Heat pipe science and technology”, Taylor &
Francis, Washington DC, USA, p. 341 .1995.

[4]

(8]

(9]

[12]

(14]

[15]

An Investigation of Thermal Performance of Heat Pipe Using Di-water

Peterson, G.P., “An introduction to heat pipes, modeling,
testing and applications”,John Wiley & Sons Inc., New York,
USA, p.1, 1994.

Grover,GM.,“Evaporation, condensation heat transfer de-
vice”. US patent 3229759, applied 2 December 1963.

V.G. Pastukhov, Y. F. Maidanik, C.V. Vershinin, and M .A.
Korukov,“Miniature loop heat pipes for electronics cool-
ing”,Applied Thermal Engineering, vol.23,pp.1125-1135,
2000.

Ochterbeck, Jay M..: Heat pipes, In Heat Transfer Handbook,
1. Edition - July 2003.

Swanson L. W.: Heat pipe, Heat and Mass Transfer, Me-
chanical Engineering Handbook, Ed. Frank Kreith Boca Ra-
ton: CRC Press LLC, 1999.

Peterson, G. P., and Wu, D., “Investigation of the Transient
Characteristics of a Micro Heat Pipe”,Journal of thermo
physics, Vol. 5, No. 2, pp.129-134,1991.

Babin, R. B., Peterson, G. P., and Wu, D., “Steady State
M odeling and Testing of a Micro Heat Pipe”, ASME Journal
of Heat Transfer 112, pp.595-601,1990.

Yu-Wei Chang, Chiao-Hung Cheng, Jung-Chang Wang,
Sih-Li Chen,“Heat pipe for cooling of electronic equip-
ment”,Energy Conversion and M anagement ,49 ,3398-3404,
2008.

Hsu, C. H., Kung, K. Y., Hu, S., and Chang, C.C., “study of
two phases heat transport capacity in a micro heat
pipe”,WSEA S Transactions on Information Science and Ap-
plications Volume 6, Issue 7, pp. 1104-1114, ISSN:1790-
0832,2009.

Ma, H. B. and Peterson, G. P.,“The Minimum M eniscus
Radius and Capillary Heat Transport Limit in Micro Heat
Pipes”,Journal of Heat Transfer, Volume 120, Issue 1,
227-234, 1998.

A KM ozumder,,A.F.AkonM.S.H.chowdhury and S. C.
Banik, “Performance of Heat Pipe for Different Working
Fluids and Fill Ratios”,Journal of Mechanical Engineer-
ing Transaction of the Mech. Eng. Div., The Institution of
Engineers, Bangladesh Vol. ME 41, No. 2, 2010.

S.Lips, F. Lefévre, and J. Bonjou, “Combined effects of the
filling ratio and the vapour space thickness on the perfor-
mance of a flat plate heat pipe”,International Journal of Heat
and Mass Transfer vol. 53, pp. 694-702, 2010.



	1. Introduction
	2. Experimental Setup
	3. Results and Discussion
	3.2. Effect of Fill Ratio on the Heat Pipe Efficiency

	4. Conclusions

