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Review of Various Losses Occurring in Single
Glazed Flat Plate Collector — An Experimental
Study

M. K. Bhatt and S. A. Channiwala

Abstract— The efficiency of a flat plate collector is largely
dependent on various losses such as, the top loss, the bottom loss,
the side loss, the edge loss, the corner loss etc. The principal
parameter governing its efficiency is top loss co-efficient. The
experimental investigations are carried out on 1.21m x 0.71m x
0.16m, size single glazed, flat plate collector. The collector is
equipped with 1 kW capacity heaters kept below the absorber.
The temperatures at various points (48) are measured with
chromel — alumel thermocouples. The natural wind is created by
three pedestrial fans. The wind velocity is varied from 1 to 5 m/s
and wind loss and top loss co-efficients are evaluated. The losses
are measured and evaluated under steady state conditions. The
various losses and loss co-efficients are presented in this paper.

Index Terms— Collector, Experimental Simulation, Tilt
angle, Losses.

I. INTRODUCTION

The measurement of collector efficiency is a ratio of
useful energy gain to incident solar energy. The useful energy

gain in turn depends on energy losses from the top. The losses
from the edges of the collector and from the bottom are
always to exist but their contribution is not as significant as
the losses from the top. Thus accurate determination of top
loss co-efficient (Uy) is desirable. The present experimental
work is aimed to determine the various losses, under various
wind velocities, at different plate temperatures and at
different heat input flux carried out under steady state
conditions for each set.

II. NOMENCLATURE

Ap Area of absorber plate , m*
Qs Loss of heat from sides, W
Qb Loss of heat from bottom, W
Qt Loss of heat from top, W
Ein Energy input, W

B Collector tilt angle, degrees
N No. of covers
c Stefan Boltzman constant 5.67x10® w/m?K™*
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€y Emmisivity of plate

€ Emmisivity of cover

Tb Temperature of bottom cover of collector, K

Tc, Mean temperature of 1* cover, K

Tc, Mean temperature of 2" cover

Tc Thickness of cover, m

Ut Top heat loss co.eff. w/m’K

UL Over all heat loss co.eff. of collector, w/m’K

Th Temperature of heater plate, K

Tp Temperature of absorber plate, K

hw wind induced convective heat transfer coeff., w/m’K

hei Convective heat transfer co.eff. between 1% & 2™
cover, w/m’K

Kce Thermal conductivity of cover, w/m’K

h,. Convective heat transfer co.eff. between absorber
plate to cover, w/m’K

he., Convective heat transfer co.eff. between cover to
atmosphere, w/m’K

Fp-c Radiation shape factor between plate to cover

€ Emmisivity of glass cover

Qu Useful energy gain, W

S Flux absorbed by collector, W-m?

III. EXPERIMENTAL SET-UP

The experimental research collector is developed during
the course of this work. It essentially consists a cover plate of
5 mm thick. The powder coated absorber plate of copper
having size 1210 mm x 710 mm x 1 mm, having two reflective
electric heaters of 0.5 kW capacity are kept below the
absorber. The wooden housing is filled with the cerwool
insulation (k=0.03 w/mk) at back and the glass wool (k=0.04
w/mk) insulation is kept at sides. The experiments are
conducted in a laboratory with black curtains on the windows
so as to avoid any infiltration of external radiation.

The electricity is supplied by two heaters. The power is
varied from 200 W to 700 W. There are 48 calibrated chromel
— alumel thermocouples, mounted on bottom of glass cover,
absorber plate, heater plate, bottom, sides and covers of
housing. The wind is created by pedestrial fans.

IV. EVALUATION OF VARIOUS LOSSES AND LOSS
CO-EFFICIENT

The collector is allowed to reach to steady state conditions.
Once the steady state is achieved, the top loss and the overall
loss co-efficients are evaluated from the energy balance
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equation as follows.

Qin=Qi+Qp + Qs+ Q. + Qc +Qy; (D
Heater plate &
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Fig. 1 Sketch of experimental research collector

The bottom loss Qb, the side loss Qs, the edge loss Qe, the
corner loss Qc are calculated as per method suggested by
Channiwala [10]. The sealing losses are assumed as 1% and
hence the top loss Qt is obtained by subtracting all these

losses from input energy Qin, Hence,

Q
U = t
" Ap(Tp-Ta)
UL — Qil’l
Ap(Tp—Ta)
Qt _ G‘Fp—c (T; _Tc4)

h
** Ap(Tp-Ta) Ap(Tp-Ta)

Q GF (T =T
h =h = _ c\¢c a
Y Ap(Tc-Ta) Ap(Tc—Ta)
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Fig. 2 Photograph of experimental set-up

The various correlations for Ut may be summarized,

As per Hottel & Woertz [22]
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As per Klein [17]
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As per Klein [18] As per Malhotra et. al [12]
_ -1 -1
U N !
t 0.252 ho
U,- N — 1 (204420m,). [L cosp T, )/(N+f)} ol hw
: h
C T,-T w
p "a (T§+T2)(Tp+Ta)
T (e | : ! @y
S [Ip+0.0425N(1-1p)} +] (2t 1) g [N
o (Tp+T, )(Tp +Ta
®) 9 30
NG . f= [140.091N] (22)
‘1 +0.05N (1-1, )‘ +‘(2N+f—1)/1g‘—N hy h 3169
f= (1 -0 -04h +0.0005h )(1 +0.091IN ) 9 The various correlations for ‘hw’ may be summarized as
follows:
C=365.9(1—0.00883B+0.0001298B ) (10)
As per the Jurges [20],
hy=57+3.8V h, = 5.7+3.8V (23)
ab  v<smss
) As per the Wattmuff [16],
As per Klein [17, 18], he =2.843V (24)
! V<5 mis
U.= N L b As per the Sparrow et al. [15],
e o Y0y N,=0.86 Re,">.P," L=4A/P (25)
pla 3 -3
[ ] 20 x 10°<Re;<80 x 10
Tp JAN+£
2,2 As per the Test et. al. [13],
T,+T (T +T
. o (TpTa )(Tp +Ta ) (12) hy=8.55+2.56V (26)

a -1 5 5
‘1p+0.0591th N 1.35 x 10°< Re< 3.15 x10

+<2N+f-1+o.133i )/i
p/) ¢

(13)  As per the Shakerin [6],
N,=1.23 Re".P,"*; oc<40° 27)

f=(1+0.089h -0.1166h I)(1+0.07866N)
W W p

C=520 (1 0.000051p2 ) N,=0.9 Re"%.P,"; oc<40’
e P (14) 58000 < Re < 25000
for 0°<B<70°Forp>70",usep=70"
(15) As per the Sharples [1],
— . 0.44
e=0 43| 1100 h,=8.3+2.2V=9.31 (28)
. For I=0 & 0.8 <V<6.7 m/s
_ _ 0.46
by -5.7438V (1) =79+2.6V=9.5.V (29)
For =45 & 0.6<V<6.2 m/s
h,=6.5+3.3.V=9.5.V** (30)

As per Larson [9] For I=0 & 0.8 <V<6.2

V. RESULTS AND DISCUSSION

N 1 The salient features of the results obtained from the

U,.= 0.33 7} extensive experimental investigations, carried out on single
[C j Tp-Ta W glazed flat plate collector are given as under:

Tp )i N+f Fig. 3, 4, and 5 show the variations of top losses at 2, 3 and

a1, )(T 2,02 4.5 m/s wind velocities. There is an increase in the loss is

. ( )( ) (17)  observed. This is obvious due to an increase in convective

[ ip 10 05N ( )] N [(2 N+ f-1 )/ig ] N heat losses from the top V\‘llth’lncreasn?g wind Yelocmes. From

the graph of % losses, with increase in velocity, the absolute

C=250[1-0 -0044(13-90)] (18)  Values of all the losses are found to be decreasing which is

_ (1 0.04h  +0.0005 02 )(1 10.091N ) (19) also an anticipated trend. Thus it is observed that the highest

losses take place from the top are about 85-90%. The bottom

hy =5.7+3.8V 20) losses are of the order of 5-10%.
Fig. 3, 5, and 7 give the effect of wind velocity on
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distribution of losses that as input heat flux increases the top
losses also increases this is due to an increase in the plate
temperature. The bottom and the side losses are relatively
decreasing. This is basically due to higher rate of heat loss by
convection and radiation losses from the top as compared to
the losses by conduction from the bottom.
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Fig. 6 Top Loss (%) Vs. Wind speed (m/s) when
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Fig. 8 Top Loss (%) Vs. Wind speed (m/s) when

Qi/A,=780W/m’
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With an increase in the wind velocity, there is an increase in
the top loss coefficient of the collector as shown in Fig. 9, 10,
and 11. This is quite obvious from the fact that at higher
velocities, the convective losses are higher from the upper
surface of the collector, which in turn results in higher top loss

9
coefficients.
8 » Fig. 9, 10, and 11 also indicate that the overall loss
/.//'/ coefficient (Up) increases with increase in velocity.
7

6 / VI. CONCLUSION

Based on the present investigations, the effect of the wind
5 ‘ ‘ ‘ ‘ ‘ velocities on different losses and the loss coefficients of a
0 1 2 3 4 5 6 single glazed flat plate collector, following conclusions may
be drawn.
The increase in the wind velocity, enhances the percentage
Fig. 9 U, & U, Vs. Wind speed (m/s) Fop loss and the pottom loss coefficients, this is dug to
when Q,/ Ap:207W/m2 increased convective losses. The top loss co-efficient
correlation in general over predicts the value of U, by 5 to
15%, Klein [17], Samdarsai and Malluick [2, 5], Agrawal and
—o— Ut —&—UL ‘ Larson [9] correlation seems to correlate the present work
with + 10%.
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