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ABSTRACT

In the present study, an experimental investigaisoperformed to determine the performance of tluowed heat
pipe using DI water and Iron Oxide nanofluid as therking fluid. The average diameter of DI watedafe,0;
nanopatrticles is 50 nm. In this analysis the partarsconsidered are heat input, angle of inclinatend filling
ratio of the working fluid in the evaporator sectioThe experiment has been conducted with varygag imputs
from 30 to 70 W with 10 W intervals, inclinationgde varies from 0° to 90 ° with 15° interval, fil§ ratio is 75 %
with constant flow rate of coolant in the condensection as 0.08 kg/min. The efficiency and themesistance of
the grooved heat pipe has been determined andstolaerved that B®; nano fluids produces better results when
compared to the DI Water and 45°orientation of lieat pipe has more excellent performance
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INTRODUCTION

In a modern era enhancement of heat transport eémim has been improved by heat pipes. When cordpare
conventional methods, the main advantage of hes igi to transport very huge quantities of heabugh small
cross sectional area with desirable distance andés not requires any external source. The heat isia heat
transfer device, which has three regions likelypevator, adiabatic and condenser. Adiabatic regi@tso called as
transport region. The evaporator section is ath¢behe heat source and the heat pipe filled witiall quantity of
working fluid. The working fluid evaporated to vapan the evaporator region by using the heat atbdity and
that vapour condensed in the condenser regionc@hdensed fluid return backs to the evaporatooregiith the
help of capillary pressure created by the (wickittire) groove which is provided in the heat pipke process
proceeds until there is a sufficient pressure,adrihe condensate back to the evaporator region.

The startup behavior of conventional water heat pipth stainless steel as a container material twated to
examine the increase the transport capacity artlestithe effect of inclination angle [1]. Jaek al studied the
transport behavior of copper — water axial groovedt pipe [2].

Shung — Wen Kangt al [3] developed three layer structures radial gradowgcro heat pipes with bulk micro-
machining and eutectic bonding technique on siliezafers. The experiments were conducted, to analyee
performance of silicon wafers with three varyingfevfiller rates at different heat inputs. From #agerimental
result observed that the micro heat pipe with 70Ptates proved the best performance as comparexdhier filler
rates [3]. Balram Sumaet d [4] developed a transient model of triangularmhanicro-grooved heat pipe. The
combined equations of heat, mass and momentunfdéram® determined to obtain the transient as alsteady
state profiles of various parameters like substieteperature, liquid pressure and liquid velodityvas found that
the time required 20 s to attain the steady statéhk substrate temperature.
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Muniappanet al [5] developed and tested a trapezoidal axial gedowick cryogenic heat pipe using nitrogen as a
working fluid. They reported that the thermal penfiance is improved 2.9 times more over solid copper at
100K. Liu Yi-Bing [6] developed micro — grooved maheat pipes with three different shapes likeamgtlar,
trapezoidal and triangular. He inferred that trajpeal structure of the flat heat pipe shows besit lteansfer
performance next is rectangular structure followsgdectangular structure. K.N.Shukla [7] preserdgedrview of
heat pipes which includes development of loop fif@g micro loop heat pipes and micro and miniah&at pipes.
The heat pipe mainly acts as a thermal protectystesn because of its light weight. Wick length endes capillary
fluid flow and working fluid such as nanofluids ingwe the heat transfer rates of the heat pipe. ek al [8]
investigated numerically and experimentally on@oged wick structure flat plate heat pipe.

Yi Luo [9] fabricated rectangular shape copper aitidon micro heat pipes and inferred that copp&rengrooves
possessed a smaller contact angle and best cqpibi@tion. Also it produced 17% higher thermal doctivity than
the silicon — grooved micro heat pipes.

The concept of nanofluids was introduced by Ch@ [ib the year 1995. Nanofluids are prepared byiragdthe
nano sized metal particles in the base fluid likees, ethylene glycol. The nanofluids are new typheat transfer
and cooling medium because of its higher heat pramisand thermal conductivity than the conventiofhaids.
Yang, and Liu (2008) carried out the thermal perfance of a cylindrical miniature grooved heat piseng
aqgueous CuO nanofluids under the steady operatiegspre conditions and they reported that the thlerm
performance of the heat pipe had a remarkableaserby adding CuO nanoparticles into the basedlifii].

The use of nanofluids in heat pipes has more aoik rattention because of the heat pipes are opevate the
phase change of working fluid to transport the leargy from one end to another end. The selectfiomorking
fluid is very important one to enhance the therpaformance of heat pipes. The enhanced heat ¢éraefécts of
nanofluids in the single phase and the phase chgrgat transfer, researchers have used variousluials in heat
pipes to enhance their thermal performance [12 K 13

The performance characteristics of a cylindricahiature grooved heat pipe using aqueous CuO nadddhkl the
working fluid at steady and unsteady cooling cdndi were studied and experiment results showthieabanofluid
can apparently improve the thermal performancédefieat pipe for steady operation [14]. The togathesistance
and the maximum heat removal capacity of the hgas psing nanofluids can maximally reduce by 50% an
increase by 40% compared with water, respectiviedy. unsteady startup process, substituting the fhaddor
water as the working fluid, cannot only improve thermal performance, but also reduce significatity startup
time.

In the present study, grooved heat pipes are faiedcwith copper as a container material. The wgriiuids used
in this analysis are DI water and Iron oxide namdfl The experiments are conducted for various hgatts (30,
40, 50, 60 and 70 W) and inclinationg,(05°, 3¢, 45, 60, 75’ and 90to horizontal). The filling ratio of the
working fluid is 75%. The performances of the hgiges are analyzed based on the thermal efficiandythermal
resistance.

EXPERIMENTAL SECTION

The grooved heat pipe is made up of copper mateithl evaporator length of 150 mm, condenser ledd® mm
and adiabatic length 300 mm. The outer diamet¢h@heat pipe 9.5 mm and inner diameter of heat 8ig5 mm.
Heat is supplied to the evaporator with the helgxternal heat source of capacity 250 W. The higa is fully
insulated using glass wool to reduce the heatftoss the surface of the heat pipe. The concentiie tcondenser is
used to remove the heat from the working fluidamadenser section. K-Type thermocouples are usettsure the
surface temperature of the heat pipes as welllasand outlet temperature of cooling water whishused in the
condenser with accuracy of temperature measurei®en0.1 °C. The nano particles used in the expentmvere
Iron oxide particles with a size of 50 nm immersedDIl water. The mixture was created using an stirac
homogenizer. Nanofluid concentration of 100 mgiiéts used in this study. Experiments were condubiedater
and nanofluid as working fluids for different ortation with different heat inputs. The microscogitucture of the
grooved heat pipe as shown in figure 1.

The schematic diagram of the experimental setughdsvn in the fig. 2. In this experiment, small amibaf two
different working fluids such as Iron oxide and Water was used in two different grooved heat pipesame
dimensions. After filling the working fluid in thkeat pipe, the input power is given to the evaporaéction by
using variac and the temperature distribution altreheat pipe was observed at regular intervdivef minutes
until steady state prevails. The heat pipe takesly®0 to 90 minutes to attain steady state. Tipati power is
measured by wattmeter. After attain the steadestahdition had been reached, the temperaturebdistm was
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measured and recorded. The process was repeatedfféoent heat inputs from 30 W to 70 W of 10 Wyuéar
intervals. The fill ratios used in this experimavas 75% of the evaporator volume for all two differ working
fluids. The experiments were repeated for variduangles (0°, 15°, 30°, 45°, 60°, 75° & 90°).

Figure 1. Microscopic structure of grooved heat pip

Temperature indicator

Cooling water outlet

Rotometer

Cooling water inlet

Figure 2 Experimental setup
RESULTS AND DISCUSSION
Variations of Efficiency with Heat Input:

The thermal efficiency of the heat pipe is defimsdhe ratio of heat carrying capacity of the itgpimedium in the
condenser section to the to the heat suppliedeie#aporator section.

mCp (Teo—Tei)

Thermal efficiency = o

1)

Where m is the flow rate of cooling water in thendenser in kg/s, (s the specific heat of water in J/kg K, &
the heat supplied at the evaporator in \} ahd T, are the temperature of the cooling water in thedenser jacket
at inlet and exit respectively in K.

Figures 3 & 4 shows the variations of thermal éfficy with heat input and angle of inclinations fao different
working fluids in the heat pipe. It was observedttthe input power in the evaporator increasestehwerature
difference between the evaporator section and ¢mailesections of the heat pipe increases and theffr@ency
of the grooved heat pipe also increases. It is guarthe fact that the heat generated in the seidéthe heat pipe is
larger, the higher rate of heat input in the evafrsection and the working medium which is inftren of vapour
moves strongly into the condenser section. As altréise efficiency of the grooved heat pipe incesasvith the
excessive heat in the cooling water absorbed inctmelenser. The rise in ambient temperature affdet heat
transport rate at higher heat loads. These grajghs used to compare the thermal characteristicsamived heat
pipe using two fluids like DI water and & The efficiency of grooved heat pipe with workingifi Fe,O; gives
three times greater than the base fluid (DI wafEng tilt angle of 45° gives satisfactory resutts hoth working
fluids.
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Efficiency curve for 75 % Fill Ratio of DI Water
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Figure 3 Variations of Efficiency with varying heatinputs for DI Water
Efficiency curve for 75 % Fill Ratio of Iron oxide
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Figure 4 Variations of Efficiency with varying heatinputs for Fe;O3

Variations of Thermal Resistance with Heat Input:
The thermal resistance (TR) of the heat pipe imddfas

. Te—T
Thermal resistance = —=—=<

in (2)
Where T, and T, are the average surface temperatures of the fpmtpthe evaporator and the condenser section.
Qin is the heat energy supplied in the evaporaotien in W.

Figures 5 & 6 show the variations of thermal resises that occur at different tilt angles for the tdifferent
working fluids at different heat inputs. The valfethermal resistance is higher at lower loads ti@nhigher heat
loads. Since the evaporation rate at lower heat Isdess, therefore the evaporator section had quid film
which occupies bottom of the evaporator sectionhigher loads the evaporation rate is high andsthiel film also
removed. So that the value of thermal resistangeis reduced. These graphs were used to compatédimal
resistance of grooved heat pipe using two fluile DI Water and F©s. The thermal resistance of grooved heat

pipe with working fluid FeO; gives 1.75 times lower than other fluid. The &tigle of 45° gives satisfactory
results for both working fluids.

Thermal Resistance curve for 75 % Fill Ratio of DI Water
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Figure 5 Variations of thermal resistance with varyng heat inputs for DI water
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Thermal Resistance Curve for 75 % Fill Ratio of Iron oxide
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Figure 6 Variations of thermal resistance with varyng heat inputs for FeO;

Comparison of efficiency with varying tilt angle

Figure 7-12 shows the comparative performance af pipe for two different fluids and tilt angleryang from 15°
to 90° with regular interval of 15 °. It can be sdbat the efficiency heat pipe with &g always produces better
results than other fluid for all tilt angles. Ttileéangle of 45° gives best results for both wodkfluids.

Efficiency curve for 30° Tilt angle
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Figure 7. Comparison of Efficiency for two workingfluids with 30° tilt angle

Efficiency curve for 15° Tilt angle
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Figure 8. Comparison of Efficiency for two workingfluids with 15° tilt angle

Efficiency carve for 60° Tilt angle
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Figure 9. Comparison of Efficiency for tw working fluids with 60° tilt angle

Efficiency curve for 45° Tilt angle
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Figure 10. Comparison of Efficiency for two workingfluids with 45° tilt angle
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Efficiency curve for 90° Tilt angle
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Figure 11. Comparison of Efficiency for two workirg fluids with 90° tilt angle

Efficiency curve for 75° Tilt angle
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Figure 12. Comparison of Efficiency for two workingfluids with 75° tilt angle

Comparison of thermal resistance with varying tiltangle

Figure 7-12 shows the comparative performancesat pipe for two different fluids and tilt anglerymg from 15°
to 90° with regular interval of 15 °. It can be sehat the thermal resistance of heat pipe withbOFalways
produces better results than other fluid for dilangles. Heat pipe with DI Water shows the maximvalues for
all heat inputs and tilt angles. The tilt angletdf gives satisfactory results for both workingdhu

Thermal Resistance curve for 15° Tilt angle
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Figure 13. Comparison of Resistance of two workin§uids with 15° tilt angle

Thermal Resistance curve for 30° Tilt angle
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Figure 14. Comparison of Resistance of two workinfuids with 30 ° tilt angle

Thermal Resistance curve for 45° Tilt angle
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Figure 15. Comparison of Resistance of two workin§uids with 45° tilt angle
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Thermal Resistance curve for 60° Tilt angle
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Figure 16.Comparison of Resistance of two workinddids with 60° tilt angle

Thermal Resistance curve for 75° Tilt angle
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Figure 13. Comparison of Resistance of two workinfuids with 75 ° tilt angle

Thermal Resistance curve for 90° Tilt angle
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Figure 14. Comparison of Resistance of two workinfuids with 90° tilt angle
CONCLUSION

In this study, thermal efficiency and thermal remise were presented for two different working dhiiwith
different heat inputs and tilt angles. From theeripental results the following conclusions weredma

« From the experimental results, with,Bgas the working fluid produces better efficiency ahedrmal resistance
than DI Water.

« It was concluded that 45 ° tilt angle shows bgtenformance in both DI Water and,Pg grooved Heat pipe.

» Thermal efficiency of the heat pipe with iron oxid@nofluid is three times higher than the basel flui

» Thermal resistance of the heat pipe with iron oxideofluid is nearly 1.75 times less the base fluid

» Temperature of the adiabatic surface is almostteohs
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