E-ISSN: 2321—9637
Volume 1, Issue 5, December 2013

| nter national Journal of Research in Advent Technology

Available Online at: http://www.ijrat.org

EXPERIMENTAL ANALY SIS ON HEAT
TRANSFER OF ABSORBER/RECEIVER OF
PARABOLIC TROUGH COLLECTOR

D.R.Waghole' , R.M.Warkhedkaf V.S.kulkarni?

12 Mechanical Engineering Department
! Govt COE Aurangabad
% Govt COE Aurangabad
! Email- dnyaneshwar.waghole@mitpune.edu.in

ABSTARCT:

This Study presents the improvementsin Heat Transfer Performance of Absorber/Receiver of Parabolic
Trough Collector. The Absorber istested for Heat Input in four Stepswhich is Suitable for removing heat
from Solar System, Process Industries, Power Plants, Automobile system etc. The effect of various
Operational Limits and Test Parameters such as heat input, Volume fraction, Fluid Temperature, Heat
transfer coefficient are Experimentally Investigated. The nanoparticle is tested for volume concentration
experimentally with average diameter. The experimental results are evaluated in terms of performance
matrices by direct measurements of fluid temperature and surface temperature in the absorber. A
substantial reduction in thermal resistance is observed for concentration of nanoparticle. The Nussult
Number for Absorber increasesin comparison that with water.
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1. INTRODUCTION

A methodto enhance liquid thermal conductivity is the digien of highly conductive solid nanoparti
within the base fluid. This new generation of cortde fluid with nanoparticle is referred to as ofiud.
Taehyu Cho et.al [1] investigated thermal conductivitly fluid suspended with silver nanoparticle .
observations conclude an important in thermal cotidity by 10%,16% and 18% for concentration
1000,5000and 10000 ppm. Paison Naphen et.al [@¢rerentally investigated titanium nanofliud on h
pipe thermal efficiency .The heat pipe with dmized water ,alcohol and nanofliud (Alcohol arahoparticl

) are tested. The titanium nanoparticle with dianetf 21 nm are used in the present study. &ffect of %
charge of amount of working fluid ,heat pipe &ligle and % nanoparticle volume concentrationhennta
efficiency of heat pipe are concluded for the hgipe with 0.1% nanoparticle volume concentratibhe
Thermal Efficiency is 10.6% higher than that with base fliud. Tsaisa et3lifivestigated the influence
heat pipe.

This study is based on structural characterisifc&old nanoparticle of various sizes disperse@ddneous
solution on heat pipe thermal resistance .The thkrasistance of heat pipe ranges from 0.17 to30°ZIW
with different nanoparticle solution. Furthermohe thermal resistance of heat pipe with nanoparsolution
is lower than that with DI water. King et.al [4]ads dilute dispersion of silver nanoparticle in pwater as
working fluid in a circular heat pipe. The diametdrnanoparticle used is 10 and 35 nm respectivEhe
results showed that the nanofliud as working finitheat pipe can transport heat up to 70 W andbisehn than
pure water by about 20W. Park et.al [5] and Sharepn\Wang et.al [6] also observed in another stuady th
silver nanofliud grooved heat pipe thermal perfanoewas higher than that for conventional groovedth
pipe water as working fluid. Zhan Hua Lin, Yan Ui.a¢ [7] studied compositive effect of nanoparticle
parameter on thermal performance of cylindricalrmigrooved heat pipe using nanofliud. L Godsonl §8Ja
studied experimental investigation of thermal carhity and viscosity of silver deionized water adliud..
.Lazarus Godson Asirvatham et.al [9] studied hemisfer performance of screen mesh wick heat péegu
silver water nanofliud.Pak et.al [10] studied hydypamic and heat transfer of dispersed fluid with micron
metallic oxide particle. K.S.Reddy and K.Ravikunjat] studied numerical simulation of energy effitie
receiver for parabolic trough collector. Balbir @n[12] had studied simulation of convective heansfer
coefficient in receiver tube of parabolic troughlector. It is found from above mentioned literatuhat all the
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researcher have observed on enhancement in theerfarmance using nanofliud. It is obvious from abo
literature review that case of forced convectivatheansfer in absorber utilizing nanofliud undeiform heat
flux boundary condition seems not to have beenstigated in past .

2. EXPERIMENTAL ANALYSIS

2.1 Experimental Arrangement

The schematic layout of test facility to measurfeaf of nanoparticle concentration on the perforoeanf
absorber is shown in fig.3. In the present Reseanatk the solar parabolic trough collector receitidye with
heat transfer fluids for various geometries (withdawithout inserts) is analyzed and compared with
experimental results. Experimental set up congibt® test section, pump and flow meter to circultue at
constant flow rate through test section, heatimgreyement. The temperatures of fluid circulatingtigh test
section are recorded by two k-type thermocoupleedixat inlet and outlet of absorber. A total eight
thermocouple sensor (with K-type thermocouple)fased on test section these thermocouple directyasure
fluid and wall (surface) temperature. The heat inpuabsorber is applied using a Wattmeter condettiean
electrical heater. A 230 V AC supply is used torgies the heater. The test section of absorbeorigptetely
insulated using asbestos tape to minimize heag$oShe insulating material also helps to redackat losses
The temperature reading of test section are reddsgieconnecting thermocouple of test section ta dtagger or
temperature indicator .The entire data acquisitgystem is monitored and controlled by a P.C. ptolp. The
plain absorber/receiver (test section) is made fupopper.The twisted tape tapes are in turn inderi®o the
plain absorber/receiver. A band heater is used lastrieal heater which is wounded over plain
absorber/receiver.

2.2 Preparation of nanofliud

Several studies, including the earliest investayati of nanofluids, used a two-step method in which
nanoparticles are first produced as a dry powddrthen dispersed into a fluid in a second procgssiap. In
contrast, the one-step method entails the syntlodésianoparticles directly in the heat transferdurhe two-
step and one-step methods are discussed in maitiddtrther subsection 2.2.1 and 2.2.2.

2.2.1 Two Step Method

A two step method is used to prepare Nanofluid.dganticle are mixed with De-ionized water withodtéion
of any surfactant [9]. The size of nanoparticlensasured using the particle size analyzer and slioig 1
and fig 2. It is clearly observed from fig 2 thaetmajority of nanoparticle has average size ofi-0400 nm
and it is also seen from peak in fig 2. This justifthe average size of nanoparticle used for thgent study.

2.2.2 One Step Method

In present work, The Method selected for synthekisano-particles is as follows:

The nanopatrticle colloidal was prepared by usihgmical reduction method according to the desoripof
Lee and Meisel. All solutions of reacting materialere prepared in distilled water. During this mss the
solution was mixed vigorously. Solution was heatetll color change is observed .Then it was remdventh
the heating element and stirred until cooled tonwwdemperature.
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Fig. 1: Absorption Spectrum for Nanofluid
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2.3 Experimental Approach

The experimental arrangement (installation) consisthe testing receiver/absorber, Heat transfaid fl tank,
pump, heater, temperature control system, dataisitqo systems, valves, pipes etc. The heat tearfifiids
(water and Nanofliud) are pumped through the floaten into receiver /absorber and continued to laelgeto
the required experimental temperature. The recawdreated by electrical heater. The heat flux esting
receiver/absorber can be changed to the requirétke May changing the output of electrical heatere Th
Experimental setup is as shown in fig 3. The anslgENu vs. Re, and other parameter for experialetdta is
carried out .As per experimental data a generalixgcklation function for convective heat transdad friction
factor is investigated. The experimental procedsii@s follows: At first the fluid pump is switched and fluid

is allowed to flow for few minutes. Then the el@zt heater is switched on and allowed to heatféwy
minutes. The electrical power is adjusted with liedp of Dimmer stat to the required value (uniforaiue).
The flow rate of fluid through the test sectionsit to desired value and kept constant with thp béfflow
control valve. First the variations in wall tempeira at all location are observed until constattieras attained
at all eight locations. Then the outlet bulk tengpere of fluid is monitored. The steady state ctodiis
attained when outlet fluid temperature did not tliate over some duration of time. At the steadiestandition
thermocouple readings are monitored with help dbder switch/data logger and then recorded. The
manometer reading are observed and taken fromatigicro manometer. The fluid flow rate is changéth
the help of flow control valve after each experita¢mun, hence changed the Reynolds number. Eattri
power supply is kept constant/uniform for changdlwifl flow rate. Different data are taken in siarilway in
each experimental run at steady state condition.

2.4 Uncertainty Analysis

A detailed systematic error analysis is made tonagé the error associated with experimentatioBbgkwith
.The uncertainties of Nussult number, Convectivat liansfer coefficient and heat rate are + 1G:%0 %,
and + 11 % respectively.

3. RESULTSAND DISCUSSION

The experiments are conducted for various heasleath absorber in horizontal position .The surfaod fluid
temperature using thermocouple connected to dajgeto system. The experimental results are cordpare
between base fluid and nanofliud for all concemdrand the enhancement in heat transfer perforenarikh
respect to concentration, heat load, and thermaiphlyproperties etc are discussed in followingssation.
Many day to day experiments have been conductddbaise fluid to check the repeatability in the ekpental
reading and found that the deviation between daynd day 2 reading .It is found that at low heat|dhe
Nussult number ratio of absorber is more. The neasdhat the temperature differencerl’j between the wall
surface and fluid in absorber is high at low load ¢he temperature difference fluid and wall swefé less.
This increases the heat transfer coefficient inaigorber which is directly proportional to the Bluls number
ratio at the load. Fig 4 shows that the convectieat transfer coefficient is a function of heatxflrhe
convective heat transfer coefficient is low. Thasen is that the temperature differendd)( between wall
surface and fluid in absorber is low at low heak fAs the heat flux increasesT increases .This increases heat
transfer coefficient. A similar trend of result halso been observed and reported in publishedatitex [7].
Meantime an average enhancement of the conveatiaetransfer coefficient is also quite similar fbe same
nanofliud. On the other hand ,the convective haaister curve has similar trend for both water aadofliud at
the present operating pressure condition that tieserctually a heat transfer characteristics ofdbevective
mode. The main reason for the enhancement of reaafer coefficient of nanofliud based absorber(&réhe
highly conductive nanoparticle in base fluid wilcrease effective thermal conductivity of nanofl{ifDuring
absorber operation, the working fluid travels thybdwisted tape inserts and the nanoparticle ptésenforms
a coating layer on inserts and on the heating serfahis enhances the heat transfer effect of hbsofiii) The
random motion (Brownian motion) of nanoparticlebiase fluid causes the particle to collide with eatifer
and with particle of DI water. This will enhancestheat transfer effect by convection. This Browniastion is
significant at higher temperature. The effect ahggwisted tape inserts in absorber /receiver eat transfer
characteristics is shown in fig 5, fig 6 and figlf’lshows that the Nussult Number obtained fromoater with
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inserts is higher than plain absorber. It is depuicthat the effect of tape inserts increased at Rgynolds
Number due to the intensive mixing of fluid whicicieased the heat transfer rate and high flow itgloEhus

the increase in Nussult number is low at smalleyrielels Number while it became greater at the higher
Reynolds Number. It could be attributed that theetanserts caused swirl flow or secondary flow pressure
gradient being created along the radial directitme heat transfer rate is also changed with thix helgle of

the tape inserts. It is higher with minimum helirgée. The experimental data for comparison of Niissu
Number and friction factor are not available iredéture for nanofliud with twisted tape inserts.nkle the
present data for flow of water and Nanofliud in@iber and with twisted tape inserts is subjectetpession
and the correlation function is obtained.
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3.1. Experimental Analysis

We have investigated the influence of heat tranfited properties, receiver geometries (with andhaut
inserts) and (heat flux) on overall heat collectitvte have examined the influence of various geaoatr
parameters for heat flux condition with workingifla (water and Nanofliud) and analyzed with experital
results. The balance between energy supplied ynigeand energy absorbed by the flowing fluid isabBshed
using equation and for every set of data and empmrial heat transfer coefficient is estimated. The
experimental Nussult number of fully developed laani flow and turbulent with water and nanofliud are
investigated. The reason for heat transfer enhaectis the effect of thermo physical properties paratively
are greater for Nanofliud . Experiments with twist@pe inserts are conducted with water and nambfli
following the similar procedure for the flow in ptaabsorber without tape insets. The experimentadsuit
number of water for flow in an absorber/receivepiissented in fig 5. However no literature is ealali for
comparison with Silver nanofliud .From fig 5 it cha observed that higher heat transfer rate amdraat with
twisted tape inserts than plain absorber/receegeneralized regression equation is developeas$timation

of Nussult number and friction factor of water asanofliud under fully developed flow condition.

4. CONCLUSION

It is observed that convective heat transfer éciefit increase with increase in concentration aioparticle.

An experimental study is conducted to investigaatitransfer enhancement in an absorber by meansstéd
tape inserts. The study reveals that tape insemdserl an increase of heat transfer at the costcofdse of
pumping power. From the experimental resultfeliewing could be concluded:

i) The Nussult Number for absorber with tapserts increases in comparison that of plain
absorber.

i) There is no significant increase in presgirop or friction factor for Nanofliud in compsoin to
water at the same twist ratio.

iii) A substantial reduction in thermal resistance is observed for concentration of nanoparticle
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