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The current work deals with the thermal performance of louvered finned solar air collector. 

The study involves evaluating various parameters such as temperature rise, thermal efficiency, 

effective efficiency and insolation compared to that of plane solar air heater. It is observed that 

at minimum duct height and minimum fin spacing the thermal efficiency shows a noticeable 

enhancement but the effective efficiency reduced at higher mass flow rate, even may be less 

than plane solar air heater. This is because of higher pressure drop that occurs at higher mass 

flow rate. Further the result revealed that the increasing solar intensity leads to increase in 

temperature rise linearly while the solar intensity has a little effect on thermal efficiency for a 

given mass flow rate.  
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1. INTRODUCTION

The solar air heater has a vital place in solar thermal system. 

The most obvious and effective approach use the solar energy 

is conversion it in to thermal energy particularly for heating 

application. Because of its inherent simplicity solar air heater 

has low operating cost and is widely used in various 

commercial applications such as crop drying , space heating 

and industrial and agricultural drying etc. The size, shape, 

material and layout of collector are factors influencing the 

thermal performance of solar air heater. Several researchers 

have undertaken in-depth studies account for the performance 

of the solar collectors by connecting fins, fins with baffles, fins 

with perforation, pin fin, artificial roughness, packed bed etc. 

To glance upon the work in past decades involving, 

particularly the studies of absorber surfaces. In this context, 

Yeh and Ho [1] analyzed the external recycle effect on the 

performance characteristics of flat plate solar air heater with 

internal fins. On the other hand, effect of internal recycle was 

examined by Yeh [2]. The result revealed that about more than 

100% in thermal efficiency is obtained by recycling operation 

particularly at higher inlet air temperature with lower flow rate. 

Karim and Hawlader [3] analyzed the v-corrugated and flat 

plate finned solar collector both theoretically and 

experimentally over an extensive range of operating and 

different designs conditions. The study demonstrate that the v-

corrugated collector efficiency was more as compared to the 

plane solar collector. For double pass operation, thermal 

efficiency was improved for all three types of collector 

whereas the improvement in the thermal efficiency was high 

in the simple solar collector as compared to the v-corrugated 

collector. Handoyo and Ichsani [4] investigated the v-

corrugated duct with delta shaped obstacles. They showed that 

enhanced the friction factor and Nusselt number by 19.9 times 

and 3.46 times respectively and can be obtained by placing the 

obstacles on the collector with small spacing, and also 

concluded that the height of delta shaped obstacles was equal 

to its optimal spacing ratio. Chabane et al. [5] performed a 

study the thermal performance and heat transfer of single pass 

solar air heater experimentally with five longitudinal fins 

which are attached to the absorber and found substantial 

enhancement in thermal efficiency. Sabzpooshani et al. [6] 

analyzed the performance of single pass solar air heater with 

attached of fins and baffles. They observed that increasing the 

numbers of fines as well as baffles width and reducing the 

distance between baffles are efficient at lower mass flow rate, 

whereas reverse trend is observed at higher mass flow rates. 

Priyam and Chand [7] developed mathematical model to study 

the thermohydraulic and thermal performance of wavy finned 

absorber solar air heater and evaluated the effect of fin spacing 

and mass flow rate. Ho et al. [8] carried out an experimental 

study and analytical study of the double pass solar air heaters 

with recycled baffled attached with fins. They investigated the 

effects of recycled ratio and mass flow rate on the power 

consumption and heat collection. Further, Maheshwari et al. 

[9] carried out a study of heat transfer and thermal efficiency

in such an absorber plate with half perforated baffles. A

significant improvement in thermal efficiency was obtained in

an experimental study carried out on solar air heater having

absorber plate with half perforated baffles.

In many studies [10-15] experimental and theoretical study 

on louvered fins were tested in the heat exchanger. In the 

corrugated louvered fin heat exchangers studied by Shah and 

Sakulic [16]. Another study by Kraus [17] was on flat tube 

corrugate louvered fin. Webb and Trauger [10] analyzed the 

flow pattern in the louvered finned heat exchanger. The 

geometrical parameters such as fin pitch, louvered angle and 

louvered pitch were varied to study their influence on the flow 

pattern. Sahnoun and Webb [11] investigated the prediction of 

friction factor and heat transfer for the louver finned geometry. 

Their model was based on the channel flow efficiency and 

boundary layer. This model was flexible enough to encompass 

independent specifications of all the major geometric 

parameters of the louvered fin.  

The literatures has substantial amount of work on solar air 

heater with different types of fins likes triangular fins, 

longitudinal fins, wavy fins etc. Also, the use of these fins 

certainly better thermal performance the plain solar air heater. 

International Journal of Heat and Technology 
Vol. 36, No. 2, June, 2018, pp. 741-751 

Journal homepage: http://iieta.org/Journals/IJHT 

741



 

Despite of this, a detailed workout on louvered fin based on solar 

air heater is yet to appear in the literature. In light of this 

knowledge, the author are motivated to performance analysis on 

louvered finned based solar air heater to manifest the grade of 

thermal and thermohydraulic performance it has to offer. The 

advantage of employing louvered fins is that it keeps the air flow 

normal to its louvers, thereby increasing the surface area and 

hence enhancing the rate of heat transfer. The added advantage 

to this is the associated turbulent mixing of air flow which 

impedes the growth of thermal boundary layer from the leading 

edge.    

The present work, involves an analytical study of louvered 

fin solar air heater with an objective of evaluating its thermal 

as well as thermohydraulic performance. The parameters 

considered for this purpose are geometry of louvered fin, fin 

spacing and mass flow rate on thermohydraulic and thermal 

performance has been investigated. Further, the results are 

compared with that of plane solar air heater.  

 

 

2. THERMAL ANALYSIS 
 

The louvered finned solar air heater considered in this work 

has a single pass between the bottom plate and absorber plate. 

Heat transfer coefficients and all geometrical parameter for the 

louvered fin associated with system as shown in Fig.1 and 

Fig.2. Following assumptions has been considered for 

simplifying the analysis. 

i. The flow is Steady. 

ii. The air heater is leak proof. 

iii. Temperature drop is negligible through the absorber 

plate and the glass cover. 

iv. Thermal conductivity is constant throughout the flow 

channel.  

 

2.1. Energy balance equations 

 

Consider L2 be the width of the collector and dx be the 

thickness at a distance x from the inlet section as shown in Fig. 

1. Fig.2 shows the geometrical description of fins and Fig.3 

shows the behavior of flow through the louvered fins. For the 

different component of solar air heater energy balance 

equation can be written as.  

For absorber plate: 

 

( ) ( )1 1 c,1 1 ,12 1 2

1

( )

            ( )

c t a f f r

ff fin f

I U T T h T T h T T

h T T

 



= − + − + − +

−
           (1) 

 

For bottom plate 

 

( ) ( ) ( ),12 1 2 c,f 2 2 2r f b ah T T h T T U T T− + − = −            (2)  

 

For air stream   

 

( )

( )

.

c,1 1 1
2

c,2 2

( )

                  

p

f f ff fin f

f f

mC dT
h T T h T T

L dx

h T T

= − + − +

−

         (3) 

 

In above equations, I (W/m2) is the solar intensity, 1  and 

1T (K) the absorptivity and plate temperature of the absorber 

plate respectively, fT (K) and 2T  (K) are the fluid 

temperature and bottom plate temperature respectively, pC  is 

the specific heat of fluid, the convective heat transfer between 

the air stream and absorber plate ( ,1c fh ) and the air stream and 

bottom plate ( , 2c fh ),  

The effectiveness of fin fin  is defined as, 

 

1
f

fin f
c

A

A
 

 
= +   

 
            (5) 
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Figure 1. Physical model of solar air heater with louvered 

fins 
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Figure 2. Geometrical description of louvered fin 

 

Total surface area of fin and fin efficiency is calculated as, 

 

( )( )1 12 2 2f f f p l lA H L H t l t l t N L t n= + + + +           (6) 

 

2 1 1cA L L ntL= −                (7) 

 

( )tanh f

f

f

mH

mH
 =               (8) 
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where 
,2 c ff

fin

h
m

k t
=   

Solving the energy balance equation (1) and equation (2) for 

getting the temperature difference ( )1 fT T−  and ( )2 fT T− . 

 
Figure 3. (a) Duct directed flow and (b) Louvered directed 

flow through a louvered channel 
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Substituting the value of ( )1 fT T− , ( )2 fT T−  in equation 

(3), and obtain 

 

( )( )2
1. c L f a

L FdT
I U T T

dx
mCp

 = − −                        (11) 

 

where 

 

( )( )
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         (13) 

 

F and UL are the collector efficiency factor and total heat 

loss coefficient respectively. Integrating the equation (11) and 

substituting the boundary conditions 0, f fix T T= =  we obtain 

the temperature distribution  

 

1

2

.
1
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c
a f

L L

c
pa fi

L

I
T T

U L FU x

I
mCT T

U
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  
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The fluid outlet temperature foT (K) is obtained 

1,f foT T x L= =   

2 1

.
1

1 exp
fo fi L

c
pa fi

L

T T L FU L

I
mCT T

U

 

 
−  

= − −  
 + −   

 

          (15) 

 

Useful heat gain rate for the collector. 

 

( )u p fo iQ mC T T


= −            (16) 

 

( )( )
.

1 .
1 exp

p L p

u c L fi a
L

p
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Q I U T T
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 
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         (17) 

 

( )( )1u r p c L fi aQ F A I U T T = − −            (18) 

 

where, rF is the heat removal factor. 

 

.
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1 exp
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p

mC FU A
F

U A
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  
  
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           (19) 

 

2.2. Heat transfer coefficient and pressure drop 

 

An empirical equation for the top loss coefficient ( )tU  was 

given by Duffie and Beckman[18]   
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where, 

 

( )
2

9 30
1 0.091

316.9

a

w w

T
f M

h h

  
= − +     

  

( )
0.252 0.24204.429 cos / wC =   

 

where the bottom loss coefficient is, 

 

ins
b

ins

K
U

t
=              (21) 

 

The convective heat transfer coefficients between the 

atmospheric air and glass cover can be given by the relation 

Watmuff et al. [19] 
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2.8 3.0w wh V= +             (22) 

 

The radiation heat transfer coefficient between the absorber 

plate and bottom plate is calculated as, 

 

( )( )2 2
1 2 1 2

,12

1 2

1 1
1

r

T T T T
h



 

+ −
=

+ −

          (23) 

 

Heaton et al. [20] presented the convective heat transfer 

coefficient for laminar flow between the rectangular channel, 

 
1.66

1
12 1.12

1

0.7 Re
0.00398

4.4

0.7 Re
1 0.00114

h

h

D

L
Nu

D

L

 
 
 

= +
 

+  
 

          (24) 

 

For turbulent flow in rectangular channel heat transfer 

coefficient correlation is presented by Keys [21], 

 
0.8

12 0.00158ReNu =                          (25) 

 

Nusselt number is calculated for louvered finned solar air 

heater using the correlation in terms of Colburn factor ( j ) 

Dong et al. [22], 
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                (26) 

 

where, l  is the louvered angle, pl (m) is the louvered pitch, 

ll (m) is the louvered length, Relp  is the louvered Reynolds 

number, t (m) is the thickness of fin. 

 
0.4

12 RePrNu j=             (27) 

 

Convective heat transfer coefficient,   

 

12
,1 ,2 ,

air
c f c f c ff

h

Nu k
h h h

D
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The hydraulic diameter ( )hD is given by, 

 

( )( )
( ) ( )

1

1 1

4

2 2

f

h

f

wH t H t L
D

L w t L H t

− −
=

− + −
           (29) 

 

Reynolds number of the flow channel is given by, 

 

Re hVD


=              (30) 

where Reynolds number between the louver pitch (Re )lp and 

Reynolds number on the louver (Re )L  are given by Webb and 

Trauger [10] 

 

Re
l p

lp

V l




=             (31) 

 

Re
p

L

V l




=                           (32) 

 

Following empirical correlation is developed by Web and 

Trauger [10] to find the critical Reynolds number.  

 

1

0.34

Re 828
90

l
l


−

 
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 
            (33) 

 

An appropriate air velocity over the louvers ( )lV  is require 

to calculate the Reynolds number in equation (31). Factors 

affecting the louvers’ velocity are (i) the acceleration of the 

flow due to the angular redirection caused by the louvers, (ii) 

the flow efficiency. 

 
 

Figure 4. Flow acceleration caused by louvered angle 

 

Fig. 4 shows that the flow speed increase from V  to
accV , 

because of reduced the flow area. 

 

cos
acc

l

w t
V V

w t

 −
=  
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            (34) 

 

Separate flow efficiency correlation is required to find the 

Reynolds number. The following correlation given by Webb 

and Trauger [10] predicts the flow efficiency.  
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When Rel  < 
1

Rel
 

 

( )
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l

l
Fe

w
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The relationship between ( )lV  and ( )accV  is given by, 

 

l accV V Fe=              (37) 
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The pressure drop ( )p  of air in the rectangular channel 

attached with louvered fins is given by, 

 
2

14

2 h

f L V
p

D


 =              (38) 

 

where, f  is the fanning friction factor calculated from the 

correlation developed by  Dong et al. [22]. 
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                 (39) 

 

The air temperature is in the range of 280-450K. The 

correlation used to calculate the density, viscosity and thermal 

conductivity respectively.  

 
5 2

8 3

3.9147 0.016082 2.9013 10

     1.9407 10

f f

f

T T

T

 −

−

= − + 

− 
         (40) 

 

( )5 2 61.6157 0.06523 3.0297 10 10f fT T − −= + −            (41) 

 

( )5 2 30.0015215 0.097457 3.3322 10 10f fk T T− −= + −           (42) 

 

2.3. Thermal and thermohydraulic performance 

 

Thermal efficiency of a solar collector is define as; 

 

u

c

Q

I A
 =


              (43)  

 

The thermohydraulic performance of solar collector and 

effective efficiency are defined as; 

 

mech

f

eff
c

P
Qu

C

I A


−

=


            (44) 

 

where, 
fC is the conversion factor which accounts for various 

efficiencies, and its value is taken as 0.18.  

To overcome the pressure loss in the flow channel the 

mechanical power ( )mechP is required and can be evaluate by: 

 
.

mech

m p
P




=              (45) 

 

 

3. CALCULATION PROCEDURE  
 

A computer code was developed by considering the 

following system, operating condition and system properties 

as listed in given below. The iteration process is described as 

follows.  

1. Initial value of 1 2, , fT T T  are assumed. 

2. Heat transfer coefficients is calculated using 

equations (23) and (28). 

3. The new value of 1 2, , fT T T  is calculated   

4. If the absolute error of calculated temperature is 

within the tolerance of 10-4 with respect to old value, 

the process is ended otherwise replace the old value 

with new ones and repeat the iteration from step 2  

5. After converse is achieved the value of mean 

temperature is found out and after using the above 

results the thermal and thermohydraulic efficiency is 

calculated using equation (43) and (44) 

A Flow chart represent the calculation procedure in figure 5. 

 

START

Input system, design and operating 

parameters and  

Assumed initial value of T1, T2, 

and Tf 

Calculate heat transfer 

Coefficients, F, Fr  and Qu

Calculate the new value of 

temperature  T1, T2, and Tf 

Is (new  T1, T2, and Tf ) -
(old T1, T2, and Tf ) 

≤0.001

Replace the new value of 

temperature  T1, T2, and Tf 

Calculate the F, Fr  and Qu 

 

No

Yes

Calculate the Thermal and 
Thermohydraulic Efficiency 

STOP
 

 

Figure 5. Flow chart of calculation procedure 

 

 

4. VALIDATION OF MATHEMATICAL MODEL  

 

Results of Karwa et al. 23] have been used for validation 

purpose to show variations in thermal efficiency of louvered 

finned and plane solar air heater by maintaining all the 

parameters as shown in Figure 6. The mean deviation ±5.3% 

from the experimental values of thermal efficiency of plane 

solar air heater is given by Karwa et al. [23]. When mass flow 

rate increases from 0.008kg/s to 0.035kg/s, an average 

enhancement of 21.25% is obtained in the thermal efficiency 

of louvered finned solar air heater. This results reveals a good 

accord between the mathematical and theoretical values, 

which confirm the correctness of results obtained in the 

present theoretical model. 
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Figure 6. Comparison of thermal efficiency of present work 

with Karwa et al. [23] 

 

 

5. RESULTS AND DISCUSSION 
 

In this section the performance of solar air heater equipped 

with the louvered fin for varying mass flow rate, fin spacing, 

fin height, duct height and louvered fin geometry is discussed. 

The results have been compared with that of the simple solar 

air heater. For the sake of numerical calculation following 

design and fixed parameters are considered: 

1 1.2 mL = , 2950 W/mI = , 
2 0.6 mL = , 

0.02 m 0.05 mH = − , 0.018 0.048 mfH = − , 0.0025 mt = , 

0.015 mpl = , 0.014 m,  0.024 mll = , 20o
l = , 

2.5 m/swV = , 50 W/mKfK = , 300 KaT = , 303 KiT = , , 

0.11c = , 1 0.95 = , 2 0.95 = , 0.90c = , 1 0.96 = . For fin 

spacing 1 cm, 2.5 cm, 5 cm.w = and mass flow range of
.

0.0083kg/s 0.083kg/sm = − .  

 

0.00 0.02 0.04 0.06 0.08

0.0

0.2

0.4

0.6

0.8

1.0

C
o

lle
c
to

r 
e

ff
ic

ie
n

c
y
 f
a

c
to

r(
F

)

Mass flow rate(kg/s)

 Plane solar air heater

 w=1cm

 w=2.5cm

 w=5cm

2950 /

0.024l

I w m

l m

=

=

0 2 4 6 8 10

 

 
 

Figure 7. Collector efficiency factor versus mass flow rate 

 

5.1. Effects of fin spacing 

 

Figure 7 depicts the influence of mass flow rate on collector 

efficiency factor for different values of louvered fin spacing 

and plane solar air heater. The value of collector efficiency 

factor rises with the mass flow rate for all values of fin spacing 

and plane solar air heater. The results revealed that the 

collector efficiency factor increases with decreasing fin 

spacing at constant mass flow rate. This is because collector 

efficiency factor is a function of heat transfer coefficients, the 

fin spacing decreases as the effective heat transfer area 

increases. 

Figure 8 shows the effect of mass flow rate for different fin 

spacing on heat removal factor and that for simple solar air 

heater. Result shows that for all range of mass flow rate and 

all values of fin spacing the heat removal factor increases. It 

can be noticed that the heat removal factor increases with 

decreasing values of fin spacing at a constant mass flow rate. 

The reason for this is that the decrease in temperature rise 

through the collector and corresponding increase in the useful 

energy gain. This increases may be the cause of that increase 

in the value of heat removal factor. 

The variation in total loss coefficient for various fin spacing 

and plane solar air heater with respect to mass flow rate has 

been plotted in the Figure 9. The total heat loss coefficient of 

the louvered fin drops with increasing the mass flow rate for 

all values of fin spacing’s. It has been found that the total loss 

coefficient increased with increasing the fin spacing. This is 

due to the fact that as fin spacing increases, the surface area of 

heat transfer decreases and along with it the mean plate 

temperature decreases which holds true for all mass flow rate. 

This will lead to increase in the total loss coefficient. 
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Figure 8. Heat removal factor versus mass flow rate 
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Figure 9.Variation of total heat loss coefficient varies with 

mass flow rate 

 

Figure 10 and figure 11 shows the variation of temperature 

rise and thermal efficiency curves for various louvered fin 
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spacing plotted against mass flow rate and compared with 

plane solar air heater. It is apparent from the figure that the 

trend of variation in temperature rise and thermal efficiency is 

reversed with increasing values of mass flow rate, thermal 

efficiency increases whereas temperature rise decreases with 

the given range of  mass flow rate. It is also seen that the 

thermal efficiency and temperature rise is increased with 

decreasing fin spacing at constant mass flow rate. This can be 

attributed to decreases in the temperature rise which causes 

significant rise in the useful energy gain and heat transfer 

surface area. 
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Figure 10. Temperature rise versus mass flow rate for 

different fin spacing 
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Figure 11. Thermal efficiency versus mass flow rate for 

different fin spacing 
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Figure 12. Pressure drop versus mass flow rate for different 

fin spacing 

Figure 12 shows the effect of mass flow rate on pressure 

drop across the collectors for different louvered fins spacing 

and plane solar air heater. Increasing the mass flow rate causes 

the pressure drop to increase as shown in fig. It can be 

observed that for minimum fin spacing pressure drop goes up 

maximum. This may be due to fact that at lower fin spacing, 

randomness of fluid particle increases due to increase in fluid 

velocity which in turn increases the friction losses. Therefore, 

high power required to overcome these losses. 
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Figure 13. Effective efficiency versus mass flow rate for 

different fin spacing 

 

Figure 13 illustrate the variation of effective efficiency for 

various louvered fins spacing with respect to mass flow rate 

and it is compared with that of plane solar air heater. The 

effective efficiency is termed as the efficiency which accounts 

for the hydraulic flow in thermal fluid. It is evident from the 

figure that the effective efficiency firstly increases with mass 

flow rate, attains a maximum value and then starts dropping 

with further increase in the value of mass flow rate. It can be 

observed that the effect of pressure drop is insignificant with 

increase in mass flow rate up to maximum effective efficiency 

point. Also, the effective efficiency starts dropping with 

further increase in mass flow rate because high equivalent 

thermal energy needed for producing the work energy which 

is required to do down the losses in pressure energy. 

 

5.2. Effects of fin height and duct height 

 

Figure 14 shows the effect of different fin height to collector 

efficiency factor at various mass flow rate for constant fin 

spacing (w=1cm). It can be noticed from the figure that the 

collector efficiency factor increases for all fin height with 

increasing mass flow rate. It is also observed that increase in 

height of louvered fin along with increase in duct height, 

which in turn decreases the collector efficiency factor. This is 

because of the increased surface area of louvered fins. 

However it also causes a considerably drop in the convective 

heat transfer coefficient. 

The effect of mass flow rate on the heat removal factor for 

constant fin spacing (w=1cm) at different fin height have been 

plotted in Figure 15. The results reveal that the heat removal 

factor increases with increase in mass flow rate for all fins 

height. It can be observed that the increase in louvered fin 

height decreases the heat removal factor for all mass flow rate. 

This is because the increase in values of fin height decreases 

the surface conductance of fins. 
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Figure 14. Variation of collector efficiency factor with mass 

flow rate 
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Figure 15. Heat removal factor versus mass flow rate 
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Figure 16. Variation of total heat loss coefficient with mass 

flow rate 

 

Figure 16 shows the effect of different fin height to total loss 

coefficient at various mass flow rate for constant fin spacing 

(w=1cm). From the plots it is observed that the total heat loss 

coefficient keeps on decreasing when fin height changes 

from1.8cm to 3.8cm after which the total heat loss coefficient 

is seen to increase. The minimum value of total heat loss 

coefficient is observed at Hf = 3.8cm which is the optimum. 

Figure 17 and figure 18 illustrates the changes in the thermal 

efficiency and temperature rise with mass flow rate at constant 

fin spacing for different fin height. It is evident from the figure 

that the trend of variation of temperature rise and thermal 

efficiency are reversed with mass flow rate, thermal efficiency 

increases whereas temperature rise drops with mass flow rate. 

It is also observed that the thermal efficiency and temperature 

rise decreases for higher value of fin height (Hf =4.8cm). This 

may be due to the increase the fin height which causes 

decreases in the surface conductance of fins. 
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Figure 17. Temperature rise versus mass flow rate for 

different fin height 
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Figure 18. Thermal efficiency versus mass flow rate for 

different fin height 
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Figure 19. Pressure drop versus mass flow rate for different 

fin height 
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Figure 19 depicts the effect of fin height on pressure drop 

for various mass flow rate throughout the collector. From the 

figure it is evident that the pressure drops increases with 

decreases in fin height. This may due to fact that decrease the 

fin height increases the velocity of air flowing through the 

channel which leads to increase the randomness of fluid 

particle consequently increases the friction losses. 

Figure 20 illustrate the influence of mass flow rate on 

effective efficiency of louvered fin solar air heater for various 

fin height at constant fin spacing w=1cm. It is noticed from the 

fig. that the effective efficiency first increases up to mass flow 

rate (m= 0.041kg/s), attains a maximum value and then drops 

with further rise in mass flow rate. It is also seen that for 

minimum fin height (Hf = 1.8cm) the effective efficiency 

decreases pre-eminent beyond mass flow rate of 0.033kg/s 

onwards. This due to fact that the pressure drop is more for 

lower value of fin height. 
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Figure 20. Effective efficiency versus mass flow rate for 

different fin height 
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Figure 21. Temperature rise versus insolation for different 

mass flow rate 
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(b) 

 

Figure 22. Thermal efficiency versus insolation for different 

mass flow rate 
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Figure 23. Thermal efficnecy and effective efficiency versus 

mass flow flow rate with diffrent louvered angles 

 

Figure 21 (a) and 21(b) shows the effect of isolation on the 

temperature rise for different mass flow rate at fin height 

1.8cm and 3.8cm for constant spacing 1cm. The temperature 

rise increases linearly with increase in isolation at all values of 

mass flow rate. From the results shows that the temperature 

rise decreases with increases in mass flow rate. 
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The influence of solar intensity on thermal efficiency for fin 

height 1.8cm and 3.8cm at constant fin spacing have been 

plotted in figure 22(a) and 22(b) respectively. It is evident that 

the variation of solar intensity has little effect on thermal 

efficiency for each value of mass flow rate. This is due to fact 

the isolation has no significant influence on convection heat 

transfer between the fins and fluids. 

Figure 23 illustrates the influence of mass flow rate on 

thermal efficiency and effective efficiency of louvered fin 

solar air heater at constant fin spacing w=1cm and different 

louvered angle. It is noticed from the figure that the thermal 

efficiency increases with increasing mass flow rate, but the  

effective efficiency first increases up to mass flow rate (m= 

0.041kg/s), attains a maximum value and then drops with 

further rise in mass flow rate. It is also seen that for increase 

in values of the louvered angle, enhancement in thermal 

efficiency is very low, while the effective efficiency drops 

significantly. This is due to fact the increasing the louvered 

angle, increases the compactness of absorber plate which in 

turn increases the pressure drop thus leading to decrease in 

effective efficiency.  

 

 

6. CONCLUSIONS  

 

The current work is aimed to analyze a thermohydraulic and 

thermal performance of louvered finned solar air heater. This 

analytical study is compared with a simple solar air heater.  

Louvered finned solar air heater increases heat transfer rate 

due to the flow is louvered directed. Factors on which the 

efficiency of solar air heater depends are: surface geometry 

and mass flow rate of the collector.  

The value of total heat loss coefficient, heat removal factor, 

collector efficiency factor, and thermal efficiency has been 

obtained from the energy balance equation for louvered finned 

solar air heater. The results have revealed that the louvered 

finned solar air heater with constant fin spacing (w = 1cm) and 

fin height Hf = 2.8cm yields a higher value of thermal 

efficiency as compared to that of plane solar air heater. For fin 

spacing 5cm to 1 cm, the thermal efficiency increases from 

48.89% to 58.98% and 76.80% to 80.15% at a constant mass 

flow rate 0.0083kg/s and 0.083kg/s respectively. The results 

found that for fin height 2.8cm and fin spacing 1cm, the 

effective efficiency increases from 58.98% to optimal value 

74.91% with increase in mass flow rate 0.0083-0.0416kg/s, 

subsequently decreases with further increases in mass flow 

rate. Results also show that for fin spacing 2.5cm and 5cm the 

optimal value is 76.36% and 75.92% at mass flow rate 

0.066kg/s and 0.083kg/s respectively. Increasing mass flow 

rate as well as decreasing fin spacing cause increase pressure 

drop and friction factor, hence the difference between the 

thermal efficiency and effective efficiency increases 

remarkably and after optimal value the effective efficiency 

decreases with increase in mass flow rate or even effective 

efficiency decreases below the plane solar air heater. Increase 

in the fin height from 1.8cm to 4.8cm results in thermal 

efficiency decrease from 80.4% to 77%. This causes decrease 

in the surface conductance of fins. For constant fin spacing and 

fin height 1.8cm, the effective efficiency increases from 58.25 

to maximum value 72.84 for mass flow rate 0.0083kg/s to 

0.0416kg/s and then after decreases up to 52.24% with further 

increase in mass flow rate. This is attribute to increases the 

pressure drop in the louvered channel. The result revealed that 

fin spacing w=1cm and fin height 1.8cm and 3.8cm, the 

increasing solar intensity leads to increase in temperature rise 

linearly while the solar intensity has little effect on thermal 

efficiency for a given mass flow rate.  
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NOMENCLATURES 

 

A  Area: pA (absorber plate), cA (Collector), m2   

pC  Specific heat of air, J/kgK 

 Cf Conversion factor  

hD  Hydraulic diameter, m 

f  fanning friction factor 

F Collector efficiency factor 

Fr Heat removal factor 

FeL Flow efficiency for ReL 

Fe Flow efficiency  

H  duct height, m 

fH  fins height, m 

rh           Radiative heat transfer coefficient: ,1r ch ( absorber 

plate and glass cover), ,r cah ( glass cover and 

ambient), ,12rh (absorber plate and bottom plate), 

W/m2K 

ch  Convective heat transfer: ,1c fh (absorber plate and 

air stream), , 2c fh (bottom plate and   air stream), 

W/m2K 

I Insolation, W/m2 

j   Colburn factor 

fK   Thermal conductivity of fins, W/mK 

k Thermal conductivity of air,W/mk 

1L  Length of solar collector, m 

2L  Width of solar collector, m 

pl   Louvered Pitch, m 

ll  Louvered length, m 

.

m   Mass flow rate, kg/s 

n   Number of fins 

Pmech Mechanical power (W) 

uQ     Useful heat gain, W 

ReL  Reynolds number based on louver 

Relp Reynolds number between the louver pitch  

Re   Reynolds number 

aT  Ambient temperature K 

iT  Inlet fluid temperature (K) 

T  Mean temperature: cT (glass cover), 2T (bottom 

plate), fT (fluid), 1T (absorber plate), K 

t   Fin thickness (m) 

bU  Bottom loss coefficient (W/m2K) 

UL Top loss coefficient (W/m2K) 

wV   wind velocity (m/s) 

Vacc Accelerated air flow (m/s) 

Vl Flow velocity over the louver(m/s) 

V Fluid velocity (m/s) 

uQ   Useful heat gain (W) 

 

Greek symbols 

 

   Absorptivity: c (glass cover), 1 (absorber plate)  

    Emissivity: 1 (absorber plate), 2 (bottom plate), 

c (glass cover) 

τc Transmissivity of glass cover 

η Thermal efficiency  

ηeff Effective efficiency 

ηf Fin efficiency  

   Density of air (kg/m3) 

   Stefan’s constant (5.67x10-8Wm2 K-4) 

p  Pressure drop (N/m2) 

l          Louvered angle (o) 
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