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Abstract  This study presents experimental
performance of thermosyphon heat pipe charged with
the ethanolmethanol mixture. The objective of the
work is to investigate the combine effect of coolant
flow rate, inclination angle and heat load on thermal
performance of thermosyphon. Thermosyphon was
manufactured by using a copper tube of 1000 mm
length with inside and outside diameteof 24 mm and
26 mm respectively. Working fluid used in the
thermosyphon is binary mixture of ethanol and
methanol. Experiments were carried out on the
inclination angle 40 to 9C°, coolant flow rate 3.6 kg/h
to 21.6 kg/h, heat load 25 W to 200 WTremperature
distribution and heat transfer efficiency graphs of the
thermosyphon were drawn and measuredThe results
showed that maximum heat transfer efficiency is
86.39% which is higher at 3.6 kg/h coolant flow rate
with 80° inclination angle and 190 W heat lad.
Binary mixture shows better thermal conductance of
the thermosyphon heat pipe.

Keywords:Computational modelling;eat transfe limitations,
Mathematical andnechanical and surface modificatians

| INTRODUCTION

Gears are the most common means of
transmitting power in the modern mechanical
engineering worldEnergy is an important part of
most aspects of daily life. The quality of life and
even its substance depends on the availability of
energy. Hence energy plays a vital role in day to
day life & well as in heat transfer applications. Due
to the human need for energy, a more efficient way
of using it is a major challenge in the scientific
community. The heat pipe and the thermosyphon
specially designed by the engineers for transferring
heat froma distance. The thermal performance of
thermosyphon is one the most important part of
these types of investigation in the field of heat
transfer.

Natural convection refers to the process
wherein heat, transferred to a fluid, raises its
temperature and redes its density, giving rise to
buoyant forces that lift the fluid (due to density
difference) and transport the absorbed heat to some
other location where it can be removed. Natural
convection occurs in a similar manner in tploase
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systems. Here, the apgation of the liquid phase
produces a lovdensity vapour that is free to rise
though the liquid and condense at some other
location. In either case, continuous circulation of
the heat transfer fluid is maintained [1].
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Fig. 1 Perkins boiler [1]

The Perkins tube, a twphase flow device, is
attributed to Ludlow Patton Perkins in the mid
nineteenth century. As shown in Fig. 1.1, the
Perkins tube, which was actually a singlase,
closedloop thermosyphon, was used to transfer
heat from the furnacto the evaporator of a steam
boiler. A demonstration of the excellence of this
design is the air expansion tube, which provides a
space for the air inside the tube when the liquid
(water) expands and also functions as a valve for

regulating the operating pressure. Early

applications of the Perkins tube include steam
generation, domestic heating, warming
greenhouses, preventing window  fogging,

removing heat from dairy products, cooling car
engines, and in heat exchangers. The development
of modern thermosypn technology and
applications did not start until the 1940s. In 1942
and 1944, Gaugler proposed a tploase closed
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thermosyphon tube incorporating a wick or porous
matrix for capillary liquid return [1]. In 1963,
Grover studied this phase heat transfevice and
named it fiheat pipeo.
been invested in thermosyphon and heat pipe
research, resulting in broad applications. The heat
pipe differs from the thermosyphon by virtue of its
ability to transport heat against gravity by an
evaporatiorcondensation cycle [2].

Thermosyphon heat pipes utilized in heat
transfer related applications for many years. Heat
pipes can operate over a wide range of temperature
with a high heat removal capability. Thermosyphon
heat pipes have being fourtd be useful in a
number of technologies such as electronic cooling,
spacecraft thermal control, transportation systems,
automotive industry, permafrost stabilization, bio
related  applications, solar system and
manufacturing. Heat pipe constitute an ééit,
compact tool to dissipate substantial amount of
heat [2].

Thermosyphon is a property of physics and
refers to a method of passive heat exchange based
on natural convection which circulates a substance
(liquid, or gas such as air) without the necegssit
a mechanical pump. Thermosyphon is used for
circulation of liquids and volatile gases in heating
and cooling applications, such as heat pumps,
water heaters, boilers, furnaces and solar chimney.
This circulation can either be opéop, as when
the sipstance in a holding tank is passed in one
direction via a heated transfer tube mounted at the
bottom of the tank to a distribution point and it can
be a vertical closetbop circuit with return to the
original container. Its purpose is to simplify the
transfer of liquid or gas while avoiding the cost and
complexity of a conventional pump [3]The
thermosyphon is similar in some respects to the
heat pipe. The thermosyphon is shown in Fig. 1.3.
A small quantity of water is placed in a tube from
which the airis then evacuated and the tube sealed.
The lower end of the tube is heated causing the
liquid to vaporise and the vapour to move to the
cold end of the tube where it is condensed. The
condensate is returned to the hot end by gravity.
Since the latent heabf evaporation is large,
considerable quantities of heat can be transported
with a very small temperature difference from end
to end. Thus, the structure will also have a high
effective thermal conductance. The thermosyphon
has been used for many yearsl asarious working
fluids have been employed [2].
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Thermosyphon are enclosed, wickless passive
two phase heat transfer devices. They make use of
the highly efficient heat transport process of
evaporation and condensation to maxinithe
thermal conductance between a heat source and a
heat sink. They are often referred to as thermal
superconductors because they can transfer large
amounts of heat over relatively large distances with
small temperature differences between the heat
sour@ and heat sink. The amount of heat that can
be transported by these devices is normally several
orders of magnitude greater than pure conduction
through a solid metal. They are proven to be very
effective, low cost and reliable heat transfer
devices for pplications in many thermal
management and heat recovery systems. They are
used in many applications including but not limited
to passive ground/road affiteezing, baking ovens,
heat exchangers in waste heat recovery
applications, water heaters and solanergy
systems and are showing some promise in-high
performance electronics thermal management for
situations which are orientation specific [3].

I CHARACTERISTIC OF THERMOSYPHON
AND WORKING FLUID

As an effective heat conductor, thermosyphon
can be usedh situations when a heat source and a
heat sink need to be placed apart, to aid heat
conduction of a solid, or to aid heat spreading of a
plane. However, not every thermosyphon heat pipe
is suitable for all applications. For that reason and
to develop anexperimental model the following
need to be considered while designing heat pipes.

A. Heat transfer limitations of the
thermosyphon
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There are various parameters that put
limitations and constraints on the steady and
transient operations of thermosyphon. Irhest
words, the rate of heat transport though a
thermosyphon is subjected to a number of
operating limits. The physical phenomena for each
limitation are briefly presented below.

Sonic limit

The rate at which vapours travels from
evaporator to condensknown as sonic limitThe
evaporator and condenser sections of a
thermosyphon represent a vapour flow channel
with mass addition and extraction due to the
evaporation and condensation, respectively. The
vapour velocity increases along the evaporator and
reacles a maximum at the end of the evaporator
section. The limitation of such a flow system is
similar to that of a convergindiverging nozzle
with a constant mass flow rate, where the
evaporator exit corresponds to theott of the
nozzle. Therefore, one pa&cts that the vapour
velocity at that point cannot exceed the local speed
of sound. This choked flow condition is called the
sonic limitation. The sonic limit usually occurs
either during heat pipe start up or during steady
state operation when the hegrisfer coefficient at
the condenser is high. The sonic limit is usually
associated with liquignetal heat pipes due to high
vapour velocities and low densities. When the
sonic limit is exceeded, it does not represent a
serious failure. The sonic limitatiocorresponds to
a given evaporator end cap temperature. Increasing
the evaporator end cap temperature will increase
this limit to a new higher sonic limit. The rate of
heat transfer will not increase by decreasing the
condenser temperature under the cllo&endition.
Therefore, when the sonic limit is reached, further
increases in the heat transfer rate can be realized
only when the evaporator temperature increases.
Operation of heat pipes with a heat rate close to or
at the sonic limit results in a sigiént axial
temperature drop along the heat pipe [4].

Boiling limit

The rate at which the working fluid vaporizes
from the added heat. If the radial heat flux in the
evaporator section becomes too high, the liquid in
the evaporator section boils and the llwa
temperature becomes excessively high. The vapour
bubbles that form near the pipe wall prevent the
liquid from wetting the pipe wall, which causes hot
spots, resulting in the rapid increase in evaporator
wall temperature, which is defined as the boiling
limit. However, under a low or moderate radial
heat flux, low intensity stable boiling is possible
without causing dry out. It should be noted that the
boiling limitation is a radial heat flux limitation as
compared to an axial heat flux limitation for the
other heat pipe limits. However, since they are
related though the evaporator surface area, the
maximum radial heat flux limitation also specifies
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the maximum axial heat transport. The boiling limit
is often associated with heat pipes of maetallic
working fluids. For liquidmetal heat pipes, the
boiling limit is rarely seen [4].

Entrainment limit

This limit occurs due to the friction between
working fluid and vapour which travel in opposite
directions. A shear force exists at the liguabour
interface since the vapour and liquid move in
opposite directions. At high relative velocities,
droplets of liquid entrained into the vapour flowing
toward the condenser section. If the entrainment
becomes too great, the evaporator will dry out. The
heat transferate at which this occurs is called the
entrainment limit. Entrainment can be detected by
the sounds made by droplets striking the condenser
end of the heat pipe. The entrainment limit is often
associated with low or moderate temperature heat
pipes with smk diameters, or high temperature
heat pipes when the heat input at the evaporator is
high [4].

Vapour pressure limit

At low operating temperatures, viscous forces
may be dominant for the vapour moving flow down
the heat pipe. For a long liquidetal heapipe, the
vapour pressure at the condenser end may reduce to
zero. The heat transport of the heat pipe may be
limited under this condition. The vapour pressure
limit (viscous limit) is encountered when a heat
pipe operates at temperatures below its normal
operating range, such as during start up from the
frozen state. In this case, the vapour pressure is
very small, with the condenser end cap pressure
nearly zero [4].

Flooding limit

The flooding limit is the most common
concern for long thermosyphon withrde liquid
fill ratios, large axial heat fluxes, and small radial
heat fluxes. This limit occurs due to the instability
of the liquid film generated by a high value of
interfacial shear, which is a result of the large
vapour velocities induced by high alkfeeat fluxes.
The vapour shear holap prevents the condensate
from returning to the evaporator and leads to a
flooding condition in the condenser section. This
causes a partial dry out of the evaporator, which
results in wall temperature excursions ofiniting
the operation of the system [5].

B. Working fluid

Binary mixture

From the literature review, it is found that
various researches has been done on various
working fluid solutions like water, distilled water,
butanol, ethanol, etc. [4, 17 and 2@frigerant like
R-12, R22, R134a, FC72, FG77, FC84, etc. [6,
9, 16 and 20] and nanoparticles such agO4l
Ag,0; and FgOs, etc. In many investigation of
thermosyphon it is seen that water as a working
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fluid has a better performance than other sohst

But because of its high boiling point it cannot be
used for cold temperature regions. By using other
solutions as a working fluid does not get better
thermal performance than water. So it is need of
time to use binary mixture of various solutions to
get better thermodynamic property for using
working fluid in thermosyphon heat pipe.

EthanotMethanol mixture

As far as selection of working fluid for
thermosyphon is concerned, first go through
various thermodynamic properties of ethanol and
methanol.

Table 1.Properties of ethanol and methanol [6
Propert Methanol Ethanol
perty (CH:OH) | (CHsOH)

Molecular Weight 32 46

Boiling point (C) 65 78

Melting point {C) -98 -144

Useful temperature 10 to 130 0 to 130

range {C)

Thermal

Conductivity at 0.202 0.171

30K (W/m-K)

Latent heat of

vaporization 1100 846

(kJ/kg)

In this experiment we used ethanol and
methanol ratio 60:40 (by volume) because at this
ratio these two solutions are completely soluble
with each other.

Table 2 Properties of ethanaghethanol mixture

Property ethanolmethanol

mixture

Boiling point CC) 72.8

Melting point C) -125.6

Useful temperature range 0 to 100

(°C)

Thermal conductivity at 0.1834

300 K (W/mK)

Latent heat of vaporization 947.6

(kJ/kg)

These thermodynamic properties are useful for the
thermosyphon as a working fluid in°C to 100°C
temperature applications. Hence ethameithanol
mixture was selected for the experimental

assessment of the thermosyphon as a working fluid.

Thermosyphomeliability
Thermosyphon have no moving parts.
However, care must be given when designing and
manufacturing the thermosyphon heat pipe. Two
manufacturing factors can reduce the reliability of
the thermosyphon: the seal of the pipe and the
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cleanness of pipmternal chamber. Any leakage in
the thermosyphon pipe will eventually fail the pipe.
If the internal chamber is not thoroughly clean,
when the thermosyphon subjected to heat, the
residual may generate n@ondensable gas and
degrade the pipe performandenproper bending
and flattening of the pipe may also cause the
leakage on the pipe seal. There are some external
factors that may also shorten the life of a
thermosyphon such as shock, vibration, force
impact, thermal shock and corrosive environment.

I EXPERIMENTATION

A. Factors for experimental analysis

Coolant flow rate

It is also important parameter which affects the
thermal performance of thermosyphon to large
extent. Coolant used in this experimentation is
water, because water has maximum ability to gain
or lose the heat from the system [20]. At the
condenser part woikg fluid is condensed due to
which heat is released to the atmosphere. For that
purpose, condenser section is enclosed by another
coaxial copper tube. Upper and lower ends of this
external tube are perfectly closed. In this
experimentation we have usedieas coolant flow
rate which are 3.6 kg/h, 7.2 kg/h, 14.4 kg/h and
21.6 kg/h. During experimentation it was found
that at lower coolant flow rate, heat transfer
efficiency of thermosyphon is maximum and at
higher coolant flow rate, heat transferi@fncy
was minimum This is because at lower coolant
flow rate, velocity of coolant is minimum inside
the outer shell of the condenser due to which there
is enough time to exchange heat from the working
fluid to the coolant [8, 16 and 17].

Inclination angle

It is also important factor which affect thermal
performance of thermosyphon to great extent. The
lower end of the thermosyphon tube was heated
causing the liquid to vaporise and the vapour to
move to the cold end of the tube where it is
condensed. The condsate is returned to the hot
end by gravity. This is why thermosyphon is kept
vertical i.e, 90 with horizontal. Experimentation
also includes study at various inclination angles to
evaluate thermal performance. At various
inclination angles and at variohgat loads thermal
performance is varying [1, 3, 11, 16]. So after
experimentation we got best configuration factor of
inclination angle and heat load which is responsible
for higher therral performance

Heat Load

Heat load is given to the evaporator sattof
the thermosyphon. After applying heat, working
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fluid get vaporize in the evaporator. But heat load
is dependent on working fluid. It defines boiling
limit of the working fluid. If the boiling point of
the working fluid is higher near about 100, then
heat load can be applied from 180 to the point
where maximum fluid will evaporate [1 and 16]. In
this experimental model, we have used binary
mixture of ethanemethanol as a working fluid.
Thermodynamic properties of ethanol dan
methanol are shownni Table 2. Ethanol and
methanol has lower boiling points than water and
under vacuum mixture gain low boiling point. So
for experimentation we have selected heat load
range of 25 W, 45 W, 80 W, 120 W and 190 W.

Coolant Inlet

L Flow control
Valve

Coolant outlet

Coolant
Tank

Temperature Indicator

Fig. 3Schematic diagram of thermosyphon
experimental setup

Table 3Experimental setup description

Component Specification
Working fluid Ethano_lMethanoI
mixture
Tube material Copper
Internal diameter (mm) 24
External diameter (mm) 26
Total length (mm) 1000
Evaporator length (mm) 300
Condenser length (mm) 450
Adiabatic length (mm) 250
Aspect ratio (L/I_D ratio of 1153
evaporator section)
Filling ratio (%) 60

B. Experimentation Parameters.

Experimentation was carried on the
thermosyphon heat pipe. Working fluid is
important parameter in the experimentation.

EthanotMethanol binary mixture was used as a
working fluid. Other parameters and its description
as follows.
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Table 4Experimentation pameters

Parameter Description

Heat load (W) igb45- 80, 120 and
Incllnatlpn oF°(Vertical), 80, 70,
angle with 50°. 56 and 46
horizontal axis '
Coolant flow
rate (kg/h) 3.6,7.2,14.4 and 21.6
Aspect ratio 11.53
Filling ratio 60% (60% Ethancand

9 40% Methanol)

Fig. 4 Thermosyphon experimental setup

The performance of the thermosyphon was
evaluated by knowing factors affecting the thermal
performance of the thermosyphon. For that purpose
calculate heat input, heat output and heat transfer
efficiency at all inclination angle, coolant flow rate
and heaload. Then temperature distribution along
the length of the thermosyphon and heat transfer
efficiency graphs was drawn. Graphs were
analysed and discussed and find out best possible
factors affecting thermal performance of
thermosyphon heat pipe.

[l RESULTS AND DISCUSSION

A. Effect of coolant flow rate
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Coolant flow rate is the important factor
affecting thermal performance. Coolant flow rate
was varied in the range of 3.6 kg/h, 7.2 kg/h, 14.4
kg/h and 21.6 kg/h. Minimum cooling flow rate
shows maximum thermal performance. As coolant
flow rates increaseshe efficiency gets decreases.
This is because, at larger flow rate, velocity of
coolant is maximum though the outer shell of the
condenser and due to this maximum heat cannot
transfer to the coolant. When flow rate is small,
velocity of coolant is minimon and there is enough
time to exchange heat from the condenser fluid to
coolant. Fig. 5 to Fig. 8 shows temperature
distribution along the length of the thermosyphon
heat pipe andig. 9 shows heat transfer efficiency
at 90 inclination and at various cdol flow rate.

(=)}
s
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>

)

——25W

- 45W

4 S0W
Xy = 120W

—t=190W

Thermosyphon
surface temperature (°C
o,

(A

50 150 250 350 500 600

Thermosyphon length (mm)

Fig. 5 Temperature distribution at 21.6 kg/h
coolant flow rate and 90nclination angle

Temperature distribution lines from 25 W to
120 W heat load, shows minimum temperature
downfall because vapours travels slowly from
evaporator to corehser showing lower sonic limit.
For 190 W heat load, rate of vapour travel is
maximum showing higher sonic limit. Because of
higher cooling flow rate, temperature reduction rate
is minimum for condenser section (500 mm to 950
mm).

[=)) (=)}
o o

w
v

——25W
- 45W
SOW
—=120W
—t=190W

) e = n o
o A (=}

[V

Thermosyphon
surface temperature (°C)

(%)
<

50 150 250 350 500 600

Thermosyphon length (mm)

Fig. 6 Temperature distribution at 14.4 kg/h
coolant flow rate and 9inclination angle

Fig. 6 shows temperature gets decreases along
the length of the thermosyphon. At 25 W heat load,
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during start up vapour pressure limit appears shows
slowly temperature redtion along the length.
Temperature distribution lines from 25 W to 120 W
heat load, shows minimum temperature downfall
because of lower sonic limit. For 190 W heat load,
rate of temperature reduction is maximum showing
higher sonic limit.

——25W
|- 45W
SOW
——120W
——190W

Thermosyphon
surface temperature (°C
=S
LN

50 150 250 350 500 600 950

Thermosyphon length (mm)

Fig. 7 Temperature distribution at 7.2 kg/h coolant
flow rate and 9inclination angle

Fig. 7 shows temperature gets decreases along
the length of the thermosyphon. Temperature
distribution lines from 25 W to 120 W heat load,
shows minimum temperature downféécause of
lower sonic limit. For 190 W heat load, rate of
temperature reduction is maximum showing higher
sonic limit.

——25W
—=45W
8O0W
—==120W
—=190W

Thermosyphon
surface temperature (°C)
AN
A

50 150 250 350 500 600 950
Thermosyphon length (mm)

Fig. 8 Temperature distribution at 3.6 kg/h coolant
flow rate and 99inclination angle

In Fig. 8, because of minimum cooling flow
rate, temperature reduction rate is high for
condenser section (500 mm to 950 mm). From
above temperature distribution graph it is proved
that, temperature gets decreases along the length of
the thermosyphon. At minimum heat load,
temperature variation is mimum along the length
and at maximum heat load, temperature variation is
maximum along the length of the thermosyphon.
Evaporator section (50 mm to 250 mm) shows
large temperature falls due to heat is not evenly
distributed for this section and heat lots the
atmosphere is also there. At initial heat load of 25
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W, liquid start to vaporize due to which maximum
working fluid is in liquid state and boiling limit
appears. When heat load at 190 W, maximum
liquid gets vaporize and very small portion of
liquid remain in the evaporator. This will lead to
flooding limitation. Due to this reason, temperature
distribution curve start falling tremendously in
evaporator section for 190 W heat load.

90

80

70

60 g

50 \

40

30

20

10
0

100 50 100 150 200
Heat load (W)

—+—21.06kgh
=14 4kg/h
7.2kgh

—=36kg/h

Heat Transfer Efficiency (%)

Fig. 9 Heat transfer efficiency at various coolant
flow rates and Y0Inclination angle

Fig. 9shows, as heat load varied from 25 W to 120
W heat transfer efficiency increases linearly. But
after heat load of 120 W to 190 W, efficiency curve
slows down. This is so because from 25 W to 50 W
heat load, rate at which fluid parises is minimum
showing lower boiling limit and at that point
vapour pressure is also small showing vapour
pressure limit. At 120 W heat load boiling limit is
maximum. From 120 W to 180 W, evaporator gets
dry out and efficiency curve slows down and
appers entrainment limit and flooding limit. This
fig also shows maximum heat transfer efficiency
for 3.6 kg/h coolant flow rate. This is because, fluid
vaporising rate is maximum at 3.6 kg/h coolant
flow rate.

B. Effect of inclination angle

Thermosyphon heat ransfer efficiency is
maximum from 70 to 90 inclination angle.
However for all other angles it is much lower.
Means for vertical position of thermosyphon, the
efficiency is higher than the other inclinations. This
is because at the lower inclination a®yl heat
transfer efficiency reduces due to the obstructions
of vapour with the condensate return from the
condenser. This obstruction causes heat transfer

efficiency decreases between vapour and
condensate showing entrainment limit.
For EthanolMethanol nixture, a typical

temperature distribution along the length of the
thermosyphon at various inclination angle and 3.6
kg/h coolant flow rate is shown in Fig0 to Fig.

13. Heat transfer efficiency of a thermosyphon at
all the inclination angles with coolafiow rate 3.6
kg/h and heat load of 25 W to 190 W is shown in
Fig. 14.
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——-25W
45w
SOW
120W
—==190W

Thermosyphon
surface temperaure (°C)
(I
<

50 150 250 350 500 600 950
Thermosyphon length (mm)

Fig. 10 Temperature distribution at 3.6 kg/h
coolant flow rate and 80nclination angle

Fig. 10 shows axial temperature drop along the
length of the thermosyphon. The rate at which
vapour travels is minimum for 25 W to 120 W heat
load and is maximum for 190 W heat load shows
higher sonic limit. This fig also shows temperature
distribution lines are evenly distributed along the
length ofthermosyphon due to lower coolant flow
rate atvertical position.

80

——25W

45w

SOW
—=120W
==190W

Thermosyphon
surface temperature (°C)
AN

50 150 250 350 500 600 950

Thermosyphon length (mm)

Fig. 11Temperature distribution at 3.6 kg/h
coolant flow rate and P0nclination angle

Fig. 11 shows temperature gets decreases
along the length of the thermosyphon. Temperature
distribution lines from 25 W to 120 W heat load,
shows minimum temperature downfall because of
lower sonic limit. For 190 W heat load, rate of
temperature reduction is maxiim showing higher
sonic limit and at 7inclination angle entrainment
limit is maximum as compared to 9@nd 80
inclination angle.

75
70
65
60 ——25W
|- 45W
8OW
120W
—==190W

Thermosyphon
surface temperature (°C)

50 150 250 350 500 600 950

Thermosyphon length (mm)
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Fig. 12Temperature distribution at 3.6 kg/h
coolant flow rate and 80nclination angle

Fig. 12shows at 6Dinclination angle, vapour
obstruction due to condensate liquid is maximum
showing high entrainment limit and causing heat
transfer efficiency gets decreases.

fa
70

65

60 ——25W
55 L. -, 45W
50 80W
45 =<=120W
40 ——190W
35

Thermosyphon
surface temperature (°C)

30

50 150 250 350 500 600 950
Thermosyphon length (mm)

Fig. 13Temperature distribution at 3.6 kg/h

coolant flow rate and 50nclination angle

Fig. 13 shows tle axial temperature drop along
the length is maximum for 190 W heat load as
compared to other heat load showing higher sonic
limit. Heat transfer efficiency gets decreases as
inclination angle reduces. This is so because at this
vapourcondenste

inclination obstruction is

maximum.

80
5
70
65
60
55
50
45
40

35

30

——25W
- 5W
SOW

——120W

“—190W

Thermosyphon
surface temperature (°C)

50 150 250 350 500 600 950
Thermosyphon length (mm)

Fig. 14 Temperature distribution at 3.6 kg/h
coolant flow rate and 40nclination angle

From Fig.14it is proved that, temperature gets
decreases along the length of the thermosyphon.
Length 300 mm to 550 mm shows constant
temperature lines isdiabatic section as nbeat
loss from this section to the surrounding. At initial
heat load of 25 W, liquid start to vaporize due to
which maximum working fluid is in liquid state
shows boiling limit appears. When heat load at 190
W, total liquid gets vaporize. This will lead to
flooding limitation. Due to this reason, temperature
distribution curve start falling tremendously in
evaporator section for 190 W heat load.
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Heat Transfer Efficiency (%)
i

0 50 100 150 200
Heatload (W)

Fig. 15Heat transfer efficiency at various
inclination angle an@®.6 kg/h coolant flow rate

From Fig.15at 3.6 kg/h coolant flow rate, it is
found that for 40inclination angle, maximum heat
transfer efficiency is found to be 41.66% at 120 W.
For 50 inclination angle, maximum heat transfer
efficiency is found to b&3.16 % at 190 W. For 80
inclination angle, maximum heat transfer efficiency
is found to be 72.90% at 120 W. For°TiGclination
angle, maximum heat transfer efficiency is found to
be 66.46% at 190 W. For 80nclination angle,
maximum heat transfer efficiency is found to be
86.39% at 190 W. For $0inclination angle,
maximum heat transfer efficiency is found to be
83.32% at 120 W.

From all above result it is cleared that’ &®d
90° inclination angle is bettefor thermosyphon.
This is so because at vertical position there is no
obstruction of vapours by the condensate liquid
from the condenser. At lower inclination angle,
condensate liquid creates more obstruction to the
vapours going upward. Therefore, heagnsfer
efficiency is maximum in vertical position of
thermosyphon.

C. Effect of heat load

The wall's temperature rises at the top region
of the condensation sectionThis is because,
saturated steam flows upward from the centre of
the tube, meets the topall and causes an increase
in the wall temperature. In addition, the thickness
of liquid film near the wall is lower at the upper
side and increases as the liquid flows downward.
Lower liquid thickness at the upper side can causes
a decrease in liquid Ifn thermal resistance.
Therefore, the convection heat transfer from this
side to the lateral wall is higher than those of lower
regions of the condenser. This can be the reason for
higher observed wall's temperatures at the upper
side of the condenser.

Hea transfer efficiency increase from 25 W to
120 W and then decreases from 120 W to 190 W.
In order to explain the changes in efficiency at
various heat input, it can be found that when 25 W
heat load applied, the liquid volume fraction along
the thermosypbn inner wall is quite negligible. It
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is possible to find a very thin layer at almost close
to the wall. It means there are significant dry areas
in the condensation section and heat transfer
occurred with free convection mechanism instead
of a higher heatransfer rate due to condensation
mechanism. A thinner layer of liquid formed near
the wall when the applied inlet flow is 120 W. This
shows that in this condition, a higher rate of
condensation occurred along whole condenser
surface. By applying more hieto the evaporator a
thick liquid layer established in the condensation
section. Increasing the thickness of liquid layer can
cause higher thermal resistance and consequent
lower heat transfer coefficient. Decreasing the
capability of heat absorption irhé condensation
section can decrease the thermal efficiency of
thermosyphon as it was found in the experiments
for the 190 W heat input to the evaporator.
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Fig. 16Heat transfer efficiency at various coolant
flow rate and 8®inclination angle

From above Figl6 it is proved that, as heat
load is varied from 25 W to 120 W, heat transfer
efficiency gets increases and after 120 W to 190 W
heat load, it get decreases. This is because flooding
limit appears after 120 W heat load as total liquid
getsvaporized out from the evaporator. This is why
heat transfer efficiency gets decreases.
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Fig. 17Heat transfer efficiency at various cooling
flow rate and 7®inclination angle

In this Fig.17, for 3.6 kg/h coolant flow rate,
heat transfer efficiency imaximum as compared
to other flow rate. For 21.6 kg/h coolant flow rate,
efficiency curve do not decreases as flooding and
entrainment limit has yet to reach.
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Fig. 18Heat transfer efficiency at various
cooling flow rate and 60nclination angle

Fig. 18 shows maximum heat transfer
efficiency for 3.6 kg/h coolant flow rate than other.
All coolant flow rate efficiency curve shows same
behaviour i.e from 25 W to 120 W heat transfer
efficiency increases and from 120 W to 190 W
efficiency gets decreases shovitooding and
entrainment limit appears.
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Fig. 19Heat transfer efficiency at various cooling
flow rate and 59inclination angle

Fig. 19 shows that for 21.6 kg/h and 14.4 kg/h
coolant flow rate, efficiency curve increases from
25 W to 190 W but not deaases after 120 W. This
is because flooding limit is yet to reach at 190 W
for these two cooling flow rate.

50

——21.6kgh

~= 14 4kg/h
72kgh

——=36kgh

Heat Transfer Efficiency (%)

) 50 100 150 200

Heat load (W)

Fig. 20Heat transfer efficiency at various cooling
flow rate and 4®inclination angle

Fig. 20 shows, at 4Dinclination angle, heat
transfer efficiency found very less as compared to
other inclination angle. 46.52 % maximum heat
transfer efficiency is shown for 3.6 kg/h coolant
flow rate. This is because, vaperwndensate
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