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Abstract

The thermosyphon pipes are two-phase heat
transfer devices with extremely high effective
thermal conductivity. In this work, the thermal
characteristics of a thermosyphon pipe with
finned condenser (free convection condenser) is
studied experimentally. The thermosyphon pipe
is manufactured from copper. Distilled
deionized water is used as a working fluid, the
pipe is charged at filling ratio equal to 50% of
the  evaporator volume. Annular fins
manufactured from aluminum are installed on
the outer surface of the condenser section. The
thermosyphon pipe is tested experimentally at
different input power (2 W, 5 W, 10w, 15 W,
20 W, 25 W, and 40 W) and different
inclination angle (30°, 60° and 90° from
horizontal). The results show that the increase
in the input power leads to increase in the
thermosyphon pipe operating temperature,
while the thermal resistance decreases with
increasing the input power. Also the results
showed the thermal performance of the pipe is
improved when the pipe is positioned at
inclination angle of 30° comparing with the
inclination angles 60°, and 90°.

Keywords: Thermosyphon, Thermal
resistance, Thermal performance, Finned
condenser

1.Introduction

Thermosyphon pipes are two-phase heat
transfer devices with extremely high effective
thermal conductivity. The advantage of using the
thermosyphon is its need to small area and
temperature difference. In addition, to simplicity
of design, high rate of heat transfer, one way heat
transfer (thermal diode), low cost, low weight,
low cost of maintenance [1,2]. All thermosyphons
have three sections including: evaporator,
adiabatic and condenser, and the condenser
always placed above the evaporator. In a
thermosyphon, the heat is inputted through the
evaporator section where a liquid pool exists,
turning the working fluid into vapor. The vapor
rises and passes through the adiabatic
sectiontoward the condenser.
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In the condenser the vapor condenses and gives
up its latent heat. Then, the condensate returns to
the evaporator due to its gravity [3]. Regarding to
their high efficiency, reliability and cost
effectiveness, thermosyphons have been used in
many different applications. These applications
include preservation of permafrost, de-icing of
roadways, turbine blade cooling, and applications
such as in heat exchangers, solar systems,
humidity control, reactors and food industry [4].
A numerous experimental investigations were
carried out to understand the thermosyphons
characteristics and the effect of wvarious
parameters on their performance. Negishi and
Sawada [5] investigated experimentally the
thermal performance of an inclined two-phase
closed thermosyphon. They use water and ethanol
as working fluids. Their conclusions are that the
highest heat transfer rate is obtained when the
filling ratio (ratio of volume of working fluid to
volume of evaporator section) is between 25%
and 60% for water and between 40% and 75% for
ethanol, and the inclination angle is between 20°
and 40° for water, and more than 5° for ethanol.
Wang and Ma [6] studied condensation heat
transfer inside  vertical and inclined
thermosyphon. Their conclusions were that the
inclination angle has a notable influence on the
condensation  coefficient, and the optimum
inclination angle varies with liquid filling from
20- 50 degrees. Payakaruk et al. [7] investigated
the heat transfer characteristics of copper
thermosyphon with inner diameters of 7.5, 11.1
and 25.4 cm. Water, ethanol, R-22, R- 123, and
R-134a are used as working fluids. They
concluded that the optimum inclination angle for
water is between 40° and 70°. Abou-Ziyan et al.
[8] investigated the thermal performance of two
phase closed thermosyphon under stationary and
vibratory conditions with water and R134a as a
working fluid. They carry out the experiments for
filling ratio of range (40% to 80%). The
thermosyphon is tested for various adiabatic
lengths of (275,325 and 350mm), vibration
frequency (0.0-4.33Hz) and input heat flux (160-
2800 kW/m?). They concluded that the adiabatic
length of 350mm and liquid filling ratio of 50%
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provide the highest heat flux. Park et al. [9]
investigated the heat transfer characteristics of a
copper two phase closed thermosyphon with
Copper Ferrous as working fluid in the range of
50 — 600W heat input and 10 — 70% fill charge
ratio. They concluded that the heat transfer
coefficient of the evaporator section increases
with the increase of the power. The effect of the
filling ratio is negligible for both the smooth and
grooved surface. On the other hand, the heat
transfer coefficient showed some enhancement
with increase in the filling ratio in the evaporator
section by the expanded working fluid pool.
Samuel Luna Abreu and Sergio Colle [10]
worked an experimental study of two-phase
closed thermosyphon (TPCT) for compact solar
domestic hot-water systems. The effects of
cooling temperature, slope, fill ratio, and
evaporator length are determined for different
heat fluxes. They concluded that an increase in
the cooling temperature decreases the overall
thermal resistance. For the smallest slope, better
results are achieved; however a dry-out limitation
can occur, although it was not observed during
the experiments. The thermal resistance decreases
for the lowest fill ratio, but it is necessary to take
care about the dry-out limitation too. Changing
the evaporator length will also change the power
input, but the lowest thermal resistances were
achieved for the shortest TPCT evaporator. Ong
and Haider E. Alahi [11] investigate
performance of an R134a filled thermosyphon.
They carried out the experiments to study the
effects of temperature difference between bath
and condenser section, fill ratio and coolant mass
flow rate, which was water. The thermosyphon is
of a copper material with inside and outside
diameter of 25.5mm and 28.2mm respectively.
The overall length of thermosyphon is 780mm
(300mm-evaporator length, 300mm-condenser
length). They concluded that the heat flux
transferred increased with increasing coolant
mass flow rate. Abreu and Colle [12]
investigated experimentally the analysis of the
thermal  behavior of two-phase  closed
thermosyphons  with an unusual geometry
characterized by a semicircular condenser and a
straight evaporator. All the tests are done in an
experimental indoor setup that uses electrical skin
heaters to simulate the solar radiation. Different
evaporator length, fill ratios of working fluid,
cooling temperatures and slopes of the evaporator
are tested for different heat fluxes. The analysis of
the transient results and the steady state
performance are used in order to provide
information for the design of a compact solar
domestic hot-water system. Noie et al. [13]
conduct experimental investigation of boiling and
condensation heat transfer of a two phase closed
thermosyphon. They concluded that the heat flux
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of the thermosyphon is nearly 250 times that of a
copper rod with the same dimensions. Maximum
heat transfer rates for each aspect ratio occur at
different filling ratios evaluate, where for an
aspect ratio of 9.8 the maximum heat transfer rate
occurs when the filling ratio is 60%, while for an
aspect ratio of 11.8 the highest value occurs at
filling ratio of 30%.

2. Data reduction

The dimensions of the thermosyphon pipe are
selected to fit the application desired to be used in
the pipe, which represent cooling water reservoir
in summer season. The researcher takes into
account that the removal of heat in the condenser
section are by free convection. On these bases,
fins installed are made from aluminum on the
condenser surface for calculated distance, so that
transmission of heat from the condenser to the
outside air can be obtained. Here are some
theoretical calculations regarding the selection of
the dimensions of the pipe and the number of fins
that must be installed on the surface of the
condenser.
2.1  Estimating the optimum space

between the fins

To determine the number of the fins fitted to
the condenser surface, or the ideal distance
between each fin and its neighboring, the
relationship of Bar-Cohen and Rohsenow [14] has
been used, where:

R,
— — 25
Sope = 2.7 5

(1)
where:
R, : Rayleigh number.

S: The space between the fins.

L: Length of the fin.

2.2  Estimating the convection heat

transfer coefficient
The convection heat transfer coefficient is
calculated in the following manner:
Nu K

R = e e e (2D

opt

where:
h : Convection heat transfer coefficient.

K: Thermal conductivity of air.

Nu: Nusselt number.

The Nusselt number computed from Bar-Cohen
and Rohsenow for symmetric isothermal plate
[14].

— o5

N 576 2.87
M = Raswtz_'_ RoS5,..1%°

[Fere=] [P
where:

Lc: correct length.
The correct length computed from the following
equation [15].
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where:

A Cross sectional area of the fin.
P: Perimeter of the fin at the tip.

L= (4)

The Rayleigh number computed from the
following correlation [14].
T.—T,_ )53
R_ _ 9T " Ts) v eee eeee (5)

[ )
Where:

g : Gravitational acceleration.
ﬁ : Volumetric thermal expansion coefficient.
&¥: Thermal diffusivity.
17: Kinematic viscosity.
T : Temperature of fin surface.

T , : Ambient temperature.

2.3 Estimating heat dispassion from the
condenser
The total heat dissipation from the
thermosyphon condenser part estimate by the
flowing equation
Qmm: = inns + Q‘pi'pa ' (E'j
where:
Qﬁ-m: Heat dissipation by the fins.

Qm-pg . Heat dissipation from thermosyphon

wall between the fins.
The amount of heat dissipation from fins
computed by the following equation [16].

sz'n = Ngin hﬂfm (Ts - Tm:] [:?:]
where:
Nfin: fin efficiency.

Afm : Cross sectional area of fin.

While the amount of heat dissipation from
thermosyphon wall between the fins computed
from the following equation

(8)

Qpipe = BA(T, — T e e e e
where:

A Surface area of the pipe condenser wall
between the fins.

Tw : Temperature of the surface condenser wall.

3. Experimental Work

In this work, the thermal performance of a
thermosyphon pipe with finned condenser (free
convection condenser) is studied experimentally.
The thermosyphon pipe is manufactured from
copper, with length 1.0 m. The inner and outer
diameters are (49 mm and 53 mm) respectively.
Thermosyphon pipe consist of three sections:
evaporator, adiabatic, and condenser. The
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evaporator length is 0.45 m, and the adiabatic
section length is 0.1 m, and the condenser length
is 0.45 m . The fins installed on the surface of the
condenser;The thickness of the fin is 0.1cm and
the distance between each fin and its neighboring
is 0.9cm, and the outer diameter of the fin is
15.9cm . The number of fins are 45. The pipe
dimensions are taken to employ it to dissipate the
heat from water tanks in summer season. Distilled
deionized water is used as a working fluid, the
pipe is charged at filling ratio equal to 50% of the
evaporator volume. Annular fins manufactured
from aluminum are installed on the outer surface
of the condenser section.

The experiments are carried out on a two
phase closed thermosyphon pipe as illustrate
photography in figure (1.1) and schematicly in
figure (1.2) to investigate the effect of two
parameters, input heat flux and inclination angle ,
on the performance of two phase closed
thermosyphon.  The  evaporator of  the
thermosyphon is heated electrically with an
electrical heater of length of 200 cm and power of
2000 Watt. The heater is fixed tightly around the
outer surface of the evaporator as a spiral to
insure distribute the heat worthy on the
evaporator. The heat input to the evaporator is set
using an electrical energy regulator (Variac). To
prevent the heat losses, the entire length of
evaporator and adiabatic of the thermosyphon
pipe is insulated with 5cm thick of fiber glass
insulation. The condenser part for the pipe is
cooled by natural convection. The wall
temperature of the thermosyphon is measured
using eight calibrated thermocouples type (K) (Ni
Cr/Ni Al) with measurement error of £0.5 °C.
Each thermocouple welded together and
calibrated and inserted in (1 mm) grooves,
machined in the outer surface of the pipes, and
fixed by an epoxy steel in positions. All
thermocouples are connected to data logger type
BTM-4208 with twelve channel. Two digital
Ammeter and Voltmeter are used to determine the
voltage and the current used by the heating
element. Voltage is measured directly across the
output from an electrical energy regulator
(Variac) by a digital voltmeter type INDO that
has a resolution of 1V for the used range, and
with accuracy was + 0.5% of reading. The current
is measured by a digital ammeter type DP3-72A,
with range AC 0~10 amp. With accuracy of £1 %
of reading. The thermosyphon pipe is
investigated in three angles 90°, 60°, and 30°, and
at various input power namly 2, 5, 10, 15, 20, 25,
40 Watt. At any power adopted the thermosyphon
pipe allowed to reach to the steady state condition
before taking the readings of temperature and
input power. The time required for each
experiment is approximately from one to three
hours to complete.
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Figure (1.1): Photograph of the test rig.

4. Uncertainty analysis

The main source of uncertainty for the
calculated R (effective overall thermal resistance)
came from the temperature readings, which were
measured using K-type thermocouples and power
reading. According to Taylor [17], the
propagation of uncertainties associated with the
calculated R (ug) can be estimated from the

equation:

| 2 2
g _ Upre-c (“Q[n)
= ,Jl(ﬂ.rg—c) +ghy) e (9
where:
Upre—r = "."r{“'re—:ﬂ]z + {“Tc—:vjz

The uncertainty associated with 4Te — ¢,
Ugzin: The uncertainty associated with the
reading of the energy throughput Qin.

here :ATe ¢ =Te-av— Tc-av .

Te-av (Tel + Te2 +Te3)/3 and Tc-av

S -
EJ=1 cil are the average wall temperatures in
the evaporator and condenser  sections,

respectively. By calculating “#, for the entire
experimental range, the maximum uncertainty
associated with the resulting R values was found
to be around 2.1%, which is an acceptable value
in engineering applications.
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Figure (1.2): Schematic diagram of
experimental apparatus.

5. Results and Discussion

Figure (5.1) shows the temperatures
distribution along the outer surface of the
thermosyphon pipe. The input power of the
thermosyphon pipe are varying from (2W to
40W) with three different inclination angles (30°,
60° and 90°). it's clear that the wall temperatures
are increasing with the increase of the input
power. As the heat input increases, the
temperature distribution becomes everywhere
decreasing toward the top of the pool. This occurs
due to the transition from the geyser boiling to the
nucleate  figure (5.2) shows the relationship
between the thermal resistance and the overall
heat transfer coefficient with input heat flux for
thermosyphon pipe with angle 90° (vertical
position), where the performance of a
thermosyphon can be characterized by the thermal
resistance R and overall heat transfer coefficient
U. Where the rate of heat transfer to the
evaporator and the heat sink from the condenser,
and inversely proportional to the equivalent
thermal resistance to heat transfer between the
two regions [18]. The thermal resistance Ry, can
be defined as follows [19]:

R Teom —Teom
T em

where; Qj, rate of input heat. T, and T, are the
mean evaporator temperature and the mean
condenser temperature respectively.

Different heating power inputs have been used
to investigate the performance of a two-phase
closed thermosyphon. The behavior of the
thermal resistance began to decrease with the
increasing of the input heat flux even reaching the

total —
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lower value of thermal resistance at the highest
energy input for each angle.
The overall heat transfer coefficient U can be
defined as follows [15]:
1

VA, =

NSRRI & § §
Rmrci

where; A is a cross sectional area.

The behavior of the overall heat transfer
coefficient is true, due to its inversely
proportional with thermal resistance. Where the
thermosyphon with higher input heat flux is more
effective in the overall heat transfer coefficient
compared to lower range of input heat flux [19].

Figures (5.3) and (5.4) show the wall
temperatures distribution for the thermosyphon
pipe at difference inclination angles (30°, 60° and
90°). It can be seen that the maximum
performance of the thermosyphon pipe is at angle
30°. This is due to the free convection which can
be enhanced when the position of the pipe move
from vertical to horizontal position then the fins
reache from vertical channel case which lead to
easy movment for boundary layer. The mean
evaporator temperature at angle 90° is higher than
60° and 30°. At angle 30° the free convection
from condenser is best than the other two angles,
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temperature, where the maximum mean
condenser temperature is at angle 90°. Also the
mean condenser temperatures are increasing with
increasing of heat input.

The effect of the inclination angle on the
thermal resistance is shown in figure (5.5) the
minimum values of thermal resistance are at 30°,
this means the maximum thermal performance of
thermosyphon pipe. The behavior of the thermal
resistance also begins to decrease with increasing
of the input power even reaching lower value of
thermal resistance at highest input power. The
reason of low heat thermal resistance with the
increase in input heat flux is due to the
enhancement of boiling techniques. The nucleate
boiling activity improves in the evaporator section
with increase in power input there by reducing the
thermal resistance of the evaporator section hence
reducing the thermal resistance of the
thermosyphon. The improvement in boiling
activity with increase in heat input, enhanced the
performance of thermosyphon [18].The overall
heat transfer coefficient is influenced by the
inclination angle, where figure (5.6) shows the
behavior for the thermosyphon at angle (30°, 60°
and 90°). The maximum value at angle 30°,since
minimum value of thermal resistance at this

angle.
also the mean condenser temperatures has the g
same behavior of the mean evaporator
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Figure 5.1:Temperature distribution along outside wall surface at angle 30° .
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6. Conclusions

In the present study, experiments performed on
a two phase closed thermosyphon had the inner
and outer diameter with 4.9cm and 5.3cm
respectively. The experiments carried out in order
to investigate the effect of input heatat 2 W, 5 W,
10w, 15 W, 20 W, 25 W, 40 W and inclination
angle at 30°, 60°, 90°. The working fluid used
was deionized distilled water with filling ratio
50% from evaporator volume. The experimental
results show that:
» The temperature distribution of the two phase
closed thermosyphon is nearly uniformed in
evaporator section and fell slightly toward the
adiabatic section. The temperature reaches
minimum value at the top end of the condenser
section.
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»  The incline position at 30° of thermosyphon
has higher performance than other positions
60° and 90°.

»  Lower thermal resistance was 0.4247 °C/W
found at 40watt heat input, consequently it
has highest performance.

» The overall heat transfer coefficient is
increased with increasing input heat flux.
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