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Abstract: Problem statement: The design of suitable air collectors is one &f thost important
factors controlling the economics of the solar dgyi Air type collectors have two inherent
disadvantages: Low thermal capacity of air and lalsorber to air heat transfer coefficient.
Different modifications are suggested and appl@értprove the heat transfer coefficient between
the absorber plate and air. These modificationsute the use of extended heat transfer area,
such as finned absorbekpproach: The efficiency of the solar collector has beenmixeed by
changing the solar radiation and the mass flow.rate analytical and experimental study to
investigate the effect of mass flow rate and sodatiation on thermal efficiency were conducted.
The theoretical solution procedure of the energyatipns uses a matrix inversion method and
making some algebraic rearrangemen®esults. The average error on calculating thermal
efficiency was about 7%. The optimum efficiencypab70% lies between the mass flow rates
0.07-0.08 kg s€¢. The thermal efficiencies increase with flow rated it increase about 30% at
mass flow rate of 0.04-0.08 kg SécConclusion: The efficiency is increased proportional to
mass flow rate and solar radiation and .the efficieof the collector is strongly dependent on the
flow rate.
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INTRODUCTION One of the most important components of a solar
energy system is the solar collector. It is cam&ed for
Depleting of fossil and gas reserves, combinednany applications in drying of agricultural prodsjct
with the growing concerns of global warming, hasspace heating, water heating, solar desalination.
necessitated an urgent search for alternative gnergmproving their performance is essential for
sources to cater to the present day demands. Atommercial acceptance of their use in such
alternative energy resource such as solar energy &pplications. It is important to note that the morsicial
becoming increasingly attractive. Solar energy is gharameter of solar air collectors design is thecddr
permanent and environmentally friendly source ofconvective heat transfer coefficient between theaad
renewable energy. The use of non-renewable fuelgbsorber plate (Fudhadt al., 2008).
such as fossil fuel has many side effects. Their = The design of suitable air collectors is one @ th
combustion products produce pollution, acid raid an most important factors controlling the economicshaf
global warning. solar drying. To date, flat plate solar collectase
Solar drying system is one of the most attractivewidely used. Air may be allowed to flow above, helo
and promising applications of solar energy systéms or both sides of the absorber plate. Air flow unter
tropical and subtropical countries. The technicalabsorber plate reduces the heat losses through the
development of solar drying systems can proceed iglazing. Major heat losses from the collector ocatr
two directions. Firstly, simple, low power, shafeland  the front cover, because the front face must beseg
comparatively low efficiency-drying system. Secondl to atmosphere, whereas the sides and the backeof th
high efficiency, high power, long life expensiveyishg  collector can be insulated adequately. Air type
system (Fudholét al., 2010). collectors have two inherent disadvantages: lowntiaé
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capacity of air and low absorber to air heat transf Glass cover _ Absorber plate
coefficient. Different modifications are suggestaod .. 1

applied to improve the heat transfer coefficiertisen Alrinlet o %
the absorber plate and air (Supraettal., 2009). These «—| | | | %

modifications include the used an extended heat
transfer area, such as absorber with fins attackled,
corrugated collector and collector with porous raedi
Sopian et al. (2009) studied on the thermal
efficiency with and without porous media of the
double-pass solar air collector for various operati
conditions. They concluded that typical thermal
efficiency of the double-pass solar air collectoithw
porous media is about 60-70%. Pradhapraj. (2010)
reviewed on porous and non porous flat plate air
collector with mirror enclosure. They discussed the
performances of porous and non-porous absorber

plates, the possible methods of finding out aikdeges Fig. 1: (@) The schematic of a double-pass solar
and the methodology adopted for the performance and collector with finned absorber and (b)

efﬂmengy calcula_mons. Photograph of the finned absorber

Various designs of solar collectors have been the
subject of many theoretical and experimental
investigations. Helalet al. (2010) studied energetic J
performances of an integrated collector storagarsol Halogen lamps
water heater. The systems shows little cost, saitpli
and simpler to be installed on the building roafagad
et al. (2010) studied experiment analysis of flat plate
collector and comparison of performance with tragki
collector. Dammaket al. (2010) optimized hybrid of
flat plate collector with a bubble pump for absapt
diffusion cooling systems. Reda (2010) studied the
stability of luminescent solar collector prepargdsbl-
gel spin coating method using Ponceau 2R.

In the present study, the main concern is to study
theoretically and experimentally on the thermal
efficiency of the double-pass solar air collectoithw
finned absorber.

(b)

Air flow in
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MATERIALSAND METHODS
Ajr flow out

Figure 1 shows the cross section of the double-pas
collector with the finned absorber. The collectorFig. 2: Experimental setup of solar collector
consists of the glass cover, the insulated contand
the black painted aluminum absorber. The size ef th
collector is 1.2 m wide and 2.4 m long. In this eypf
collector, the air initially enters through the sfir
channel formed by the glass covering the absorla¢e p
and then through the second channel formed by the
back plate and the finned absorber. The size ofitise
is 6 cm wide and 20 cm long. The fins have area of
1.512 m.

Figure 2-3 show the schematic of the indoor tgstin
facility and the experimental setup of the doulgass
solar collector. The simulator uses 45 halogen Bmp
each with rated power of 500 W. Fig. 3: Photograph of test facility of solar ailleotor
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Fig. 4: Schematic of heat transfer coefficients in (T, Ty)+Ny(T,= T+ h o T,- T)

double-pass solar collector N 3)
+h3(Tp—T,2)+A—Qm =a,l
f
Absorber,
\45 I, Tro:
L Q. N
dz Qs Q= h3(Tp_ sz) + hs( T— sz) +A7f Qn (4)
T Fin
Tb:
Fig. 5:Schematic of energy balance for each elémin
the fin hrpb(Tp - Tn) = hs( T,- sz) + Ub( Ty— Ta) (5)
The maximum average radiation of 788 \Wan ere:
be reached. Dimmers are used to control the amount '
of radiation that the test collector received. Atda . 6
acquisition recorder is used to record the requireoQl B 2mO( T T1vi)/ wi 6)
parameters such as the temperatures (inlet, outlet,
absorber, glass cover and ambient) and intensitheof  Q, =2md T,- T,,)/ wL (7)
solar simulator. A type-T thermocouple is usedhiis t
experiment. By making an energy balance for a differential

A pyranometer is used to measure the SOlagemant of a fin with a height (dz) shown in Figcdh
intensities. A vane anemometer probe is used t§g gypressed as:

measure linear velocity of air flow. The lightingrtrol

of the simulator has been adjusted to obtain theired

radiation levels. The solar collector has been ateer
at varying air mass flow rate and radiation cowdis.

Qz = Qz+dz + hfn( 2|d2)( Tfn - -I;l) (8)

Where:

Theoretical analysis: Figure 4 shows the various heat
transfer coefficients of double-pass solar collecteith - kA
finned absorbers. Figure 5 shows energy balance fo?z - f
each element of the fin with a height (dz).

To simplify the analysis, the following assumpson dT. 4T T
have been made (a) performance is steady staiall(b) QMZ:—kASf[—f") :—kAs{fn +f"dz] (10)
convection heat transfer coefficients in channeid a dz Jyvar dz  dZ
flowing air are equal and constant (3) thermal
conductivity of fin and absorber are constant af)dlfe Substituting Eq. 9 and 10 in Eq. 8, we get:
useful heat gain to the air is uniform along thegth of
the collector. & oh |

The steady state energy balance equations from—2t——=—"-(T, -T,)=0 (12)
Fig. 4 can be written as follow. dz kA

dT;,
dz

(9)

Ty For simplicity, let:
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8,=T,-T, (12)  uniform and temperatures of the airflow vary lifgar

along the collector. For the short collectors, thean
,_ 2h | air temperature is then equal to the arithmetic rmea
M* = (13)  (Choundhuryet al., 1995).
p” Vst
Then Eq. 11 becomes: Where:

2 T,=(T, +T)/2 20

L%_Mzel =0 (14) f1l ( fl,0 |)/ ( )

dz
T, = (sz,o + Tfl,o)/2 (21)

It is a linear homogeneous, second order
differential equation. The general solution for E4.is:
In general, the above Eqg. 1-5 can be presented in
8, =A,coshM( H- 2+, sinhM H- } (15)  5%5 matrix form. The above matrices may be displaye
as (Fudholet al., 2011)

where, A; and A, are constants and depend on the

boundary conditions: [A][T]=[8] (22)
for z=0, Tp-Tf1=60 (16) S, —h1 - hrpg 0 0 Tg Sl
h, S, S 0 0| Tu| |S
forz= H, (ﬁl/ dz= C (17) _hrpg 33 So _ h4 _ hrpb Tp - 53 (23)
from bound ditions, Eq. 15 can be writt 0 Amciwl h % BT S,
rom boundary conditions, Eq. 15 can be written as:
y g 0 0 h, h ST |[s
— e0 _
8, = osh MHcosh M(H- 2 (18) Where:
The fin heat transfer rate from the fin base: S=UT +al (24)
dT, =—(2mg@ wl) T 25
an = QZ:O = —kASf(if“j SZ ( q ) ( )
dz ),_, (19)
=(2k,A h,,)* (T, - T,)tanh MH S =0Tl (26)
Where: $=-5 (27)
T = Fintemperature in the lower channel
h:, = Convective heat transfer coefficient between theS, =-T,U, (28)
fin and air in the lower channel
SG = hl+ hrpg+ Ut (29)

The major design parameters are as follows: L =
24 m, w=12 mg,=0.9504= 0.06,¢,= 0.95,¢5= _ )
0.8,7,= 0.9, =1 W ni’K, k,= 211 W mK', To= 300 5 = [+ o+ (2m@ wi)] (30)
K, Ti=303 K, | = 700 W 1if.

The mean air and wall temperatures of the firstg — 4 4 n + ho+“( 2kA.Lh)* tanh MF 31
section are initially guessed and specified. In shely S =Nt R Ny N Af( AdLhy 1)
except that of the absorber which was set to a

temperature 30°C above that of the ambient temyrerat N
S =- h3+A—(2k&f Lh,)* tanh MH (32)

Theoretical solution procedure: The theoretical f

model assumes that for a short collector, the
temperatures of the wall surrounding the airflove ar So=-S (33)
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h, + h +(2mQG wL) where, Os the specific heat of the fluid. The efficiency
S,=- +ﬁ(2kAsth4)yZ —— (34) of the collector is given by:
| 0= - AL T) (43)
S, =~(Ns* hyy+ U (35) Al A
To _Ta
y :[EL:J’ ae " A (1) - R, S ) (44)
Where:

Incorporating these relations in Eq. 2 and 4 and\; = The area of collector

making some algebraic rearrangements, the meahn The solar radiation incident on the collector
temperature vector may be determined with Excel by, = Heat removal factor referred to outlet
matrix inversion form. temperature of solar collector

U, = Collector total loss coefficient

[T]=[A]"[B] (37)
The heat transfer coefficients are computed

The newly computed temperatures are therfccordingly, such as:

compared with the previously assumed ones and

computed is repeated until all consecutive meanlu = 2.8+ 3.3V
temperatures differ by less than 0.01°C. In thesgmée

case, a sufficient convergence faoy Ty, Ty, T and Ty where, l is the convection heat transfer coefficient due

(45)

are achieves in 4-6 iterations. to wind and V is the wind velocity:
RESULTSAND DISCUSSION 0(T2+T2)(T +T)
ng - P I 9 I P g (46)
The physical properties of air are assumed to vary ;J’;‘l
linearly with temperature (°C) (Alfegét al., 2009) P
specific heat: .
g (T, +T)TZ+TINT,-T
i hrszcg( 9 S)( 9 S)( 9 5) (47)
C,=1.0057+ 0.000066 ¥ 2 (38) ¢ T,-T.
density: there T, is the sky temperature:
p=1.1774- 0.00350 F 2 (39)  T=0.0552(R)+° (48)
thermal conductivity: 1)
2] =
k =0.02624+ 0.0000758 ¥ 2 (40) v
_ _ The convective heat transfer coefficients are
VIScosity: calculated using following relations:
u=[1.983+ 0.00184 F 2 10| 41 h=Xy (50)
D

h
The useful gain by the solar collector to solaryypere:
radiation with values of fluid inlet and outlet \, = Nusselt number

]ttgm)?,\?s@ure and the fluid mass flow rate is given ap = The equivalence diameter of the channel

. Nusselt number for laminar flow region
Q, =mC(T,-T) (42)  (Re<2300), transition flow region (2300<Re<6000) an

720



Am. J. Applied Sci., 8 (7): 716-723, 2011

turbulent flow region respectively are (Basefal.,

2007; Fudholet al., 2011):

1.71
0.0019{ Re Fﬁ’tl)_hﬂ
D 1.17
1+ 0.0056% Re F{rl_“ﬂ

Nu =5.4+

weossqre- ap o 4% ]

Nu=0.018R&® Pt

Where:
Pr = Prandtl
Re = The Reynolds number:

Re= 10
Al
_ 4wd
" 2(w+d)

(51)

(52)

(53)

(54)

(59)

The collector efficiencies increase with flow rate
efficiency increase is about 30 % at mass flow odte
0.04-0.08 kg set. The optimum efficiency is about
70% lies between the mass flow rates 0.07-0.08 kg
sec™.

To determine the physical characteristics of the
collector, one represents effectiveness with efficy
curve, i.e. efficiency versus the reduced tempezatu
parameters (FT,)/S in Fig. 9-11. As seen in the figure
shows the efficiency curve decrease with incredshen
reduced temperature parameters. The curve obtaired
straight line. It will results where the slope igual to
FU. and the y-intercept is equal to,(te). The
respective efficiency equation and the physical
characteristic of the collector are presented inld &- 2.

The model is validated by comparing with the
experimental. It can be clearly seen from figures o
table that the error on calculating the thermatefhcy
are about 6.47%, 6.84% and 6.23% for | = 423 W, in
=572 W m? and | = 788 W nf, respectively. The
model gives fair prediction with an average errér o
6.5%. This may be due to error in the initial cdiwdfis,
as well as the thermal conductivity of the fin mmite

The effect of solar radiation on the efficiency of

Figure 6-8 shows the effect mass of flow rate ONexperimental study is shown in Fig. 15.

the efficiency of the double-pass solar air cobeatith
finned absorber. The efficiency of the collector

strongly dependent on the flow rate.

0.7
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Fig. 6: Variation of efficiency with mass flow eafor
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Fig. 7: Variation of efficiency with mass flow eafor |

=572 W m?

IS Taple 1: Efficiency, loss factor and efficiency atjon of double-

pass solar air collector of theoretical study (fréig. 9, 11

and 13)
S (Wm? Fyta) FoUL Efficiency equations R
423 0.67 23 y=-2.3x + 67.4 0.95
572 0.71 2.6 y=-2.6x + 70.9 0.95
788 0.74 2.9 y=-2.9x + 73.6 0.96

Table 2: Efficiency, loss factor and efficiency atjon of double-
pass solar air collector of experimental studyr{fréig. 10,

12 and 14)
S (Wm? Fyta) FUL Efficiency equations R
423 0.73 4.1 y=-4.1x + 72.7 0.85
572 0.78 5.8 y=-5.8x + 77.8 0.95
788 0.84 6.9 y=-6.9x + 84.1 0.97
0.8 .=
5 0.7 -
3 0.6 -
= -
g 0.5 -
. o -
0.4

T T T T T T T 1
0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
I=788Wm™ Mass flow rate (kg sec™!)

& Theoretical ——pg——Experimental

Fig. 8: Variation of efficiency with mass flow rafier |
=788 W m?
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Fig. 15: The effect of solar radiation on efficignc

At the solar radiation at 423-788W frand mass
flow rate 0.087 kg sét increase efficiency is about
11%.

CONCLUSION

Performance curves of double-pass solar air
collector with finned absorber in lower channel dav
been obtained. These include the effects of masg fl
rate and solar radiation on efficiency of the solar
collector. The efficiency of the collector is stgiy
dependent on the flow rate. It increases with flate.
The optimum efficiency is about 70% lies betweea th
mass flow rates 0.07-0.08 kg SecThe average error
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