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is developed to study the performance of this rectangular fin air
heater. Using this model, the effects of the number of rectangular
fins, air-flow rates, length of fin (length of plate), depth of the air
duct, etc. have been studied on the performance of the air heater and
the results are compared with those obtained for a conventional air
heater of the same duct depth and length.

2. MATHEMATICAL MODEL
The finned air heater is shown in Figs. MODELla and b. The governing

equations are obtained from energy balances for the components of the
air heater. The following equations are obtained :
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Fig. l.(a) Typical rectangular fin solar air heater,
(b) Cross-sectional view of the rectangular fin
solar air heater.

for the absorber plate,

H(ZoC)=J,h2(T2-Tf)+J2hr23(T2-T3)+h2s(T2-Ts)+hr2,(T2-T,) (1)
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for the cover plate,

‘Jt (Tq-Ta) = hsl (Ts-Tq) + hr21 (T2-Tq); (2)

for the air stream,

™ C

for the rear plate,

a (Tout-Ta) = J1 h2 (Tz-Tf) + h3 (T3-Tf); (3)

J2 hr23 (T2-T3) =
 h3

These equations refer to fins parallel to the length of the collector.

Here,

J, = (A Oh) G , (5)

J2 = A @ , (6)

A0 is the total area of the absorber, the sides, and the fins in
contact with the flowing air and is given by

A0 = A + Af + 2 bL. (7)

The overall surface effectiveness n 0 is the weighted average
efficiency between the finned and unfinngd portions of the absorber
plate and is given by

10 = l - (Af/A) (I-lf). (8)

Introduction of the overall surface-effectiveness factor n may be
justified on the basis of the temperature gradient along the pins when
they are extended into the fluid, which reduces the temperature
effectiveness of the finned surface.

In eq. (8), the fin efficiency2p7 is

Tf = tanh nl/nl. (9)

where .
n = (2h2/kf f ) 1 / 2 (IO)

The efficiency of the system was then calculated from

>l = GC, (Tout-T,)/H (11

The effective heat gain is

E.H.G. = net heat energy collected-energy spent in pumping the
air through the collector.

= qH-P (12)

Determination of Heat Transfer Coefficients and Pumping Power
The radiative heat-tansfer coefficients hr a, h r2, and h,23 are,
respectively, given by8

rga = ~ g

where

and by

hrga =~gd(T,
4-Tsk

4)/(T,-Ta), (13)

T s k = 0.0552 (Ta)1*5, (14)
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l-5-21 = d ( T 2
2 + T , 2 , ( T 2 + T , ) / j : ( l / & g ) + ( M p , ) - I ] , (15 )

1 1 A 1
h r 2 3 = d ( T 2

2 + T 3
2 ) ( T 2 + T 3 ) , [ ( ; — - 1)+ ;— (-I- - 1 (16)
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They were obtained accurately by using an iterative process.

In order to determine the forced convective h e a t - t r a n s f e r
c o e f f i c i n t s from the p l a t e s to the flowing a i r , the following
relations5 were used :

Nu = 0.0293 ReO*‘, (17)

Re = G De/p (18)

The hydraulic diameter De of the passage is defined as 4 x the cross-
sectional flow area divided by the wetted perimeter and is given by

De = 2bW/ [W+b (x+1)]. (19)

The forced convective heat-transfer coefficients h2 and h3 were
obtained from

h2 = h3 = kNu/De. (20)

It should be noted that Eqs. (17) and (18) were used to predict h2
and h for turbulent as well as for the transition flow regimes. No
theor2tical results were obtained in the laminar flow regions,

The pressure drop AP is calculated fromlo

&P = 2fG2L/pDe, (21)

where

f = 0.059 Re - 0 * 2, (22)

and the fan pumping power P is obtained by using the relation

P = m tfffj*. (23)

3. RESULTS AND DISCUSSION
Numerical simulation of this theoretical model has been carried out

to evaluate the effects of the number of rectangular fins, length of
the fins (length of the plates), air-flow rate, duct depth, etc. on the
thermal performance of the air heater. The results are compared with
those obtained for a conventional air heater with the same duct depth,
length and air-flow rate.

Figures 2 and 3 show, respectively, the outlet air temperature and
the efficiencies plotted as functions of the number of fins for duct
depths of IO, 15 and 20 cm and for duct lengths of 4, 5 and 6 m at a
fixed air flow rate of 100 kg/hr m2 . The outlet air temperatures and
the efficiencies are observed to increases with an increase in the
number of fins. Their dependence on fin number becomes relatively more
pronounced at larger duct depths. This improvement in air-heater
performance with an increase in the fin number is clearly due to the
increase in the total heat-transfer area from the plate to the flowing
air. In addition, a large fraction of the radiation emitted by the
plate is trapped by the fins and contributes indirectly to air heating.
As expected, the performance also improves with an increase in the
length of the absorber plate, i.e. the length of the fins. The outlet
air temperatures and efficiencies are higher for shallower duct depths
since the heat-transfer coefficient h2 increases with decreasing duct
depth.
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Fig. 2. Dependence of the outlet Fig. 3. Dependence of the
air temperature on the efficiency on the number
number of fins. of fins.

The effects of duct depth on the outlet air temperature and
efficiency for different air-heater lengths and different mass flow
rates are depicted in Figs. 4 and 5 for 25 fins in the air duct.
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Fig. 4. Dependence of the outlet Fig. 5. Dependence of
air temperature on the duct efficiency on the
depth. depth.
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The performance of the air heater deteriorates with an increase in duct
depth. This deterioration is relatively more pronounced at lower air-
flow rates than that at higher flow rates. For a fixed duct depth,
the outlet air temperature decreases with an increase in the mass-flow
rate. However, since heat from the collector is carried away by larger
amounts of air, the efficiency of the system is greater for higher
rates of air-flow, in spite of the low outlet air temperature.

As has been discussed earlier, an increase in the air-flow rate
and/or a decrease in duct depth lead to increased system efficiency.
These changes also cause an increase in the pressure drop experienced
by the flowing air, thereby increasing the power expended in pumping
the air through the collector. The effective heat gain is computed by
substracting the pumping power per unit area from the total heat flux
gained by the system and is shown for different collector lengths, duct
depths, flow rates, and numbers of fins in Figs. 6 and 7. As is
evident from Fig.6, this effective gain for a perticular duct depth
increases with an increase in length and air-flow rate. However, for a
particular length and flow rate, it decreases with an increase in duct
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Fig. 6. Dependence of the effecsive heat gain on the
length (X = 25, H = 960 W/m2, T = 33°C ).

depth. Figure 7 shows the dependence of the effective gain on the
number of fins and mass-flow rate of air for a fixed duct depth of 10cm
and for air heaters with different lengths. In Fig. 8, we have plotted
the ratio of the effective heat gain of the finned air heater to that
of a conventional heater as function of the numbe of fins for
different air-duct lengths and depths at a 100 kg/hr m2 flow rate of
air. The curves show that the ratio increases with an increase in the
number of fins, the rate of rise being relatively greater for larger
duct depths and shorter duct lengths.

4. CONCLUSIONS
A heat-transfer analysis of a solar air heater composed of parallel

fins has yielded relations between the length of the collector, duct
depth of the air heater, mass-flow rate of air, the number of fins,
etc. The collector efficiency shows a strong dependence on the fin
length and number of fins. The efficiency of the finned air heater was
found to range from 45 to 61% for various duct depths and fin lengths.
The outlet air temperature for the air heater with fins is greater than
that of a conventional air heater. A large fraction of the radiation
emitted by the plate is trapped by the fins and contributes indirectly
to air heating. The higher observed efficiencies indicate that the
finned solar air heater could be competitive with other high-
performance collectors.
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Fig. 7. Dependence of the effective
heat gain on the number of
fins.

Fig. 8. Dependence of the ratio of
the effective heat gain of the
finned air heater to that of
the conventional heater on the
number of fins.
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NOMENCLTURE
surface area of the absor)jer (m4)
total area of the fins absor)jer(m)
depth of the air channel (m)
hydraulic diameter of the air flow passage (m)
friction factor (dimensionless)
view factor (dimensionless)
mass flow velocity of air (kg/hr m2)
solar insolation (W/m2)
radiative heat-tranfer coefficient between the absorber plate and
the back plate (W/mh OC)
radiative heat-transer coefficient between the absorber plate and
the glass cover (W/m5 OC)
radiative het-transfer coefficient between the glass cover and
the air (W/mh ‘C)
convective hat-transfer coefficient between the glass cover and

L
m
Nu

P
Re

tout

trans
the air (W/m5 OC)
convective hat-transfer
the air (W/mf OC)
length of plate (m)
mass flow rate (kg/hr m*)
Nusselt number (dimensionless)
pressure drop (pa)
pumping power (W/m )
Reynolds number (dimensionless)
ambient temperature (K)
glass temperature (K)
upper plate temperature (K)
rear plate temperature (K)
average fluid temperature(K)
outlet fluid temperature (K)
stagnant air temperature (K)

coefficient between the back plate and




