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Experimental Evaluation on the Effect of Nan fluid
Concentration on the Performance of Direct
Absorption Solar Collector

Hemant Kumar Gupta, Ghanshyam Das Agrawal, Jyotirmay Mathur

Abstract- In this study, a direct absorption solar collector (DASC)
working on volumetric absorption principle is developed to
perform experimental study for evaluating the effects of different
Al,Os-H,O nanofluid concentration. Experimentation was
carried using four different concentrations of 20 nm size Al,O3
nanoparticles, 10 ppm, 50 ppm and 100 ppm. ASHRAE standard
93-86 was followed for calculation of instantaneous efficiency of
solar collector. Use of nanofluid as working fluid improves the
optical and thermo physical properties that result into an
increase in the performance of the collector. Improvement in
efficiency of solar collector has been recorded in all three cases
of using nanofluids in place of water. Optical efficiency
enhancement of 22.1%, 39.6% and 24.6% has been observed for
10 ppm, 50 ppm and 100 ppm concentration respectively.

Keywords. Direct absorption solar collector; Al203-water
nanofluid; Concentration, Collector testing; Performance
enhancement

l. INTRODUCTION

Use of solar energy is popular renewable sourcenefgy
with least environmental impact and free avail&pilior
every human being all over the world. The majoritition

However, the efficiency of direct absorption coltecis
limited by the absorption properties of the conicml
working fluid, which is very poor over the range of
wavelength in solar spectrum (Otanicar et al., 2009the
beginning, black liquids containing millimeter
micrometer sized particles were also used as wgrHiird
in direct absorption solar collectors to enhances th
absorption of solar radiation that had showed iefficy
improvement. The applications of micron-sized et
into the base fluid for DASCs lead to pipe blockage
erosion, abrasion and poor stability. Particle seditation
from the suspensions resulted in clogged chanhlsa¢di

and Chunag, 1975). Advance material synthesis
technologies provide us an opportunity to prodineertano
size materials called nanoparticles. The mixing of
nanoparticles in a base fluid (nanofluid) has antiic
effect on the liquid thermo physical properties rsugs
thermal conductivity (Arai et al., 1984). Studiagygested
the thermal conductivity enhancement due to dispersf
nanoparticles (Wang and Majumdar, 2007), interesiiba

of turbulence (Pak and Cho, 1998), Brownian motiXunan

to

with the use of solar energy is poor collection an@nd Li, 2000; Keblinski et al., 2002) and thermorgtsis

conversion efficiency of solar conversion syster8slar
thermal collector is one of the most common typesafr
system for collection and conversion of solar epergo

(Koo and Kleinstreuer, 2005).
Masuda et al. (1993) dispersed ;@4 and TiQ
nanoparticles in water and found thermal condustivi

thermal energy. Among these different types of rsoldmprovement by 32% and 11%, respectively. Grimmd@)9

collectors, the conventional ‘tube in plate’ typatfplate
collector absorbs incident solar radiation throwglhblack
solid selective surface, and transfers heat to wwgrRuid
flowing in tubes called risers, brazed onto thdame of the
absorber plate. The efficiency of a solar thernallector
relies on the effectiveness of absorbing incidefdrsradiant
energy and heat transfer from the absorber to #ndec,
which is normally fluid. Due to surface heat absiom and
indirect transfer of heat to working fluid, the eension of
sunlight into thermal energy suffers from relativdbw
efficiencies and outlet temperatures (Pacheco, RB01
order to improve the efficiency of solar thermallector,
researchers proposed the concept of directly almapthe
solar energy within the fluid volume in the 197QCsled
Direct Absorption Solar Collector (DASC) (Minardna
Chunag, 1975; Bertocchi et al., 2004).
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dispersed aluminum metal particles (1-80 nm) intater
and claimed 100% increase in thermal conductivityhe
nanofluid for 0.5-10 wt%. Natarajan and SathishO@0
investigated the thermal conductivity enhancemdribase
fluids using carbon nanotube (CNT) and suggested
efficiency enhancement of the conventional solatewa
heater by using CNT based nanofluids as a heasgeah
medium. Nanoparticles also offer the potentialnopioving
the radiative properties of liquids, leading entahc
efficiency of direct absorption solar collectors Mt al.,
2010). Yousefi et al. (2012a) reported the expemniale
results on a tube in plate type conventional sotdlector
(size 2 M) using AbO5-H,O nanofluid of 0.2 wt % and 0.4
wt % concentrations for three different mass flates and
found 28.3% improvement in efficiency with 0.2 wt &b
nanofluid in comparison to water. Yousefi et al012b)
also examined the effects of multi wall carbon nahes—
water nanofluid and observed remarkable efficiency
increase with 0.4 wt % nanofluid. Tyagi et al. (2P0
numerically studied a direct absorption solar aitie using
aluminum nanoparticles in water for performanceu@ition
and reported efficiency improvement up to 10% ttieat of
a flat-plate collector. Otanicar et al. (2010) exmentally
studied the role of different nanofluids as the oapton
medium on the efficiency of horizontal mics@ze (3 cm x 5
cm) direct absorptiorcollector in indoor environment and
reported efficiency improvement up to 5%.
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Experimental Evaluation on the Effect of Nan fluid Concentration on the Performance of Direct
Absorption Solar Collector

Very few studies on the thermal performance evalnabf
flat plate solar collector with nanofluids are dshie. As
such no study on DASC under actual outdoor condiiso
available. An attempt has been made in the prexger to
experimentally study the effect oAl,Os-H,O nanofluid

concentration as a direct absorbing medium on tRg.

efficiency of a tilted direct absorption solar esflor under

outdoor  condition. Effect of three different nanofluid jn Taple 1 It mainly consists of a glass base plate, mounted
concentrations i.e10 ppm, 50 ppm and 100 ppwmere

performance was also compared with distilled water.
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DASC Experimental Set-up

Schematic diagram explaining the working of direcB€t UP consists of a solar collector, working flisdp and
absorption collector is shown in Fig. 1.
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Fig.1. The schematic of direct absor ption solar

collector (DASC).

Tablel The Specifications of DASC components.

Component Dimension Remark
Collector 1.54mx0.9m Gross Area = 1.40
Absorber 1.44 mx0.80m Effective Area = 1.15

m2
Transparent cover 6 mm Material- toughened
glass
Base plate 6 mm thick Material- toughengd
glass
Collector box 6 mm thick Material -plain glass

inner glass wall

Film formation

¥" header pipe

Aluminum pipe

system with 1 mm dia
holes-106 no,
pitch 1 mm
Bottom insulation 50 mm thick Glass wool
Side insulation 25 mm thick Glass wool
Frame 200 mm height Material- M.S.
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2.1. Experimental Apparatus and procedure

For experimental study, a set up of DASC was deeslo
and erected at the roof top of Mechanical Engimeeri
Department, Malaviya National Institute of Techrplp
Jaipur (26.01° latitude and 75.52° longitudes). Tolector
as oriented due south with a tilt angle of °.26
Specifications of the collector components usedshi@vn

on a wooden box with inner glass wall on all foides and

glass base plate. In DASC no tubes are used foyicgr
fluid and nanofluid flows directly over the gladate, which
is used in place of black absorber platexperimental test

data acquisition systerflow rate is measured with the help
of electromagnetic digital flow meter (Make-Electes,
range 0-5 Ipm, accuracy *1 %). A centrifugal pump
circulates the collected fluid in the systerithree K-type
thermocouples were installed to measure collectiet and
outlet fluid temperatures andhe ambient temperature
These readings were collected and stored in a ctampu
through a data logger (Make-Agilent, model-349704%,
channels). Intensity of total solar radiation wasarded
using digital solar meter (Range-1to1300 \/accuracy +5

% of measurement). The experiments were perfornted a
different inlet temperatures of working fluid acdorg to
ASHRAE Standard 93-86 (1986).

2.2. Nanofluid Preparation

Preparation of stable nanofluid with uniform disgien is an
important requirement for improving heat transfer
performance of conventional fluids and nanofluicde to
be prepared in a systematic and careful mannereeThr
methods available for preparation of stable namdslare
(Trisaksri and Wongwises, 2007).

i Surfactant addition to the base fluid
ii. Acid treatment of base fluid
iii. Ultrasonic mixing of nano powder in base liquid

Thermo physical properties of nanofluids are a#dcwith

the use of surfactants and acid treatment may aaaserial
degradation after some days of continuous usage of
nanofluids in practical applications. The sonicatis an
approved technique for dispersing the aggregated
nanoparticles L(ju et al., 1998; Li et al., 2007)In the
present study ultrasonic vibration mixer is used fo
preparation of nanofluid with minimum aggregatiofi o
nanoparticles and improved dispersion behavior. SlpD;
nanoparticles of 99.99% purity and average siz0380

nm (procured from Nanoshel-Intelligent MaterialsvRie

Ltd, USA based company) are used with distilledenats
base fluid in nanofluid preparation.

The quantity of AJO; nanoparticles required for preparation
of nanofluid of different volume concentrationsaculated
using formula in Eq. (1). A sensitive balance (makien,
model-CTG 602 resolution- 0.1mg) is used to weigh the
Al,O; nanoparticles very accurately.

My, = Vi VEy. pnp
1)
where m, is the mass of nanoparticles (kg), i¥ the total

volume of nanofluid (), VF,, is the volume fraction of
nanoparticles anph, is the density of nanoparticles (kgjm
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Ultrasonication was applied for 6—7 hours to milcakated a straight line will result according to Eg). Intersection of
amount of A}O; nanoparticles in distiled water usingthe line with the vertical efficiency axis equatsabsorbed

ultrasonic vibration mixer (Make-Toshniwal, modeRy €nergy parameterfy(ta). At this point the temperature of

600S, power-600W, frequency-83 kHz,) the fluid entering the collector equals the ambient
P - 1req 4 e temperature and collector efficiency is at its mmaxin.

The ALO; nanofluid thus prepared was kept for observatioﬁloIoe of the line indicates energy loss from thigector that

and no particle settlement was observed at theiodf the IS nomlr_1ated as energy loss par_amdgekL. .At the
flask even after twenty four hours. During th intersection of the line with the horizontal axisllector

€ .. . ; ) i .
experimentation, the time taken to complete thesgrgent efficiency is zero and designated as stagnationtposually
is less than the time required for first sedimeatato take

occurs when no fluid flows in the collector.
place and hence surfactants are not mixed in th®-sAl
nanofluids. Four different volume concentrationsOc®01,
0.005, 0.01, and 0.05 % were used in the study. 4.1 Al,Oz-water as working fluid
Al, O3 nanoparticles are mixed in base fluid
_ _ ~ distilled water to get nanofluid of 50 ppm
The experiments were performed at different inlegoncentration and investigations are performed to
temperatures of working fluid according to ASHRAEdetermine theeffect of different flow rates at 1.5
Standard. The measurements were taken for ambidet, . . . 7
& outlet temperature, global solar intensity ané tiass 2 and 2.5 lit/min.At each flow rate experiments

flow rate of working fluid. The useful heat gain the fluid With several test periods at different inlet fluid

V. Results and discussions

I1. Data Reduction

can be calculated using H@). temperature in quasi steady state conditions were
conducted from 10.00 AM to time when
Qu=1mC, (T, T) = AFg[I(t0)-U,(T;-T,)] stagnation temperature is achieved on a dag.
(2) experimental results are plotted as shown in Fig.2.

The efficiency parametersg@a) and RU_ of

whereQ,, is the useful heat gain (Wy, is the mass flow rate collector fo_r three flow rate of AD; nanofluid are
of fluid (kg/min), G, is the heat capacity of water orpresented in Table 2.

nanofluid (J/kg K)T, is the outlet fluid temperature of solar
collector (K), A, is the surface area of solar collecto”m
Fr is the heat removal factorie) is absorptance— 08 1 10.903x+0.5455 Y= 1>:663x+0.7372
transmittance product/, is the global solar radiation 07 N R?=0.9349 R®=0.982
(W/m?), U, is the overall loss coefficient of solar collegtor :
and T, is the ambient temperature (K).

The heat capacity of nanofluid is calculated wita help of
equation (Zhang et al. 2006).

¢ 15Ilpm
Conr = Cpnp(® + Cppr(1- 0) 2.5 Ipm
(3) x 2 lpm

where@ indicates the volume fraction of nanoparticlesj an
C andC,,, are heat capacities of nanoparticles (77

pnp
J/kg K) and base fluid (4180 J/kg K) respectively
Instantaneous collector efficiency relates the ulséfeat 0 0.02 0.04 0.06
gain to the incident solar energy by Eq. (4) and (5 (Ti -Ta)/I; (m2K/W) >
;= Qu — m Cy (To — T)

'oAclr It Fig.2. Efficiency curve at threeflow ratesfor Al,Os -
(4) water nanofluid.

(T —Ta)

n; = Fr(to) -FrU, LITa

®)

If the thermal efficiency test is performed at thermal
incidence conditions thefi;(ta), and FRU; is constant for
the temperature range of the collector. When tfieieficy

values obtained from averaged data is plotted ag%kh—T;T“)
T
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low temperature range absorbed energy parameter
dominates over heat loss parameter. But higharevaf

Table 2 Collector efficiency parametersfor Al,Os-water
yb a3 heat loss parameterg®,, for 10 ppm of AJO; nanofluid

nanofluid N X
. than water, in high temperature range causes ¢totlec
S.No. Flow rate FRUL | Fr(T0) R efficiency decrease and collector efficiency foe thuids
(lit/min) become nearly equal towards higher temperaturestang
Table 3 Collector efficiency parametersfor Al,Os-water
1 15 10.903 | 05454 0.9349 nanofluid.
S.No.| Working | Concentration| gU, Fr R?
2 2 15.663 0.7372  0.982 fluid (Ta)
type
3 2.5 9.4418 | 0.5322 0.925 |1 Water | 0 1156 ] 0.528 0.968
2 10 14.346| 0.6447 0.978P
AlLO;
It is observed from Fig.2 that the collector efficty lines | 3 nanofluid | 50 15.663 0.7372 0.982
for 2 and 2.5 lit/min intersect each other at realic
temperature value of 0.035. For low temperaturgea(; - 4 100 14132 0.6579 0.9426

T/ I+ <0.035, the collector efficiency is greater dit/2nin
due to higher value of absorbed energy parameter a
reduced heat losses. However for high temperatamnger,
(Ti -T2/ I+ > 0.035, the collector efficiency is greater &
litymin. As collector is operated most of the timmethe low
temperature range hence, 2 lit/min flow rate isseimofor
further experimental study.

Birect absorption collector efficiency increased thwi

2 increase in nanoparticle concentration from 10 @oppm
"due to increase in absorbed energy parameter 856 1%4.
and heat loss parameter increase by 9.2 % as @os&om
Table 3. Further increase of nanoparticle concéatrdrom
50 to 100 ppm, resulted collector efficiency deseedlhe

4.2 ALOswater as working fluid- effect of volume fraction basic reason for this result is that t@ellector efficiency
AlLOswater nanofiuid of three different concentrations of°€aked at certain volume fractiog)( and decreased for

10 ppm, 50 ppm and 100 ppm were prepared and stuglgwer and higher values of _vollume fraction._ For dow
were performed at the flow rate of 2 lit/minThe volume fraction, some of the incident solar radiasi were

experimental results for water and four concerdratiof 2apPsorbed by the nanofluid film and remaining partio

nanofluids are plotted in the form of efficiencyrees as absorbed by the bottom base plate. This raisedahefluid
shown in Fig. 3. temperature near the bottom plate causing extrasive

losses hence lower collector efficiency. At certaamofluid
0 IS 05T Y- 1436rr 06Ty 1566307372 volume fraction Whe_n p_eak_ coIIe_ctqr eﬁicienc_y istau'ne_d
RU=0068 (water)  R2=0.9780 (10ppm) K= 0982 (50 pprm) even temperature distribution within nanofluid vok is
observed. For higher volume fraction, top layers of
nanofluid absorbed most of the incident radiatiomd a
allowing little or no radiation to penetrate thevkr fluid
layer and reach the bottom plate. This results neven
temperature distribution within nanofluid film aridgher
top layer temperature causes excessive emissigedamnd
drop in collector efficiency.

0.7 4

064 N

B water
%10 ppm

+ 50 ppm
100 ppm V. Conclusion

Thermal performance study of direct absorption rsola
collector using nanofluid of three different congations 10

- ‘ ‘ i — ppm, 50 ppm and 100 ppm with 20 nm alumina
0 001 002 003 0.04 005 nanoparticles in distilled water is carried outeTdollector
(Tl (mk/W) > efficiency increased for all three concentratiohsanofluid
than pure water. Collector efficiency enhancemér96%
and 22.1% is noticed for 50 ppm and 10 ppm respalgti
Enhancement in efficiency with nanoparticle concaiins
beyond 50 ppm is found to be lower as comparedttero
It is observed from Fig.3 that collector efficienajth all concentrations.
the three concentrations of ,8; nanofluid is higher than
with water as working fluid. This is due to higherlues of REFERENCES
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