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The aim of the present study to improve the performance of solar air heater because of low
thermo-physical properties of air. In the current work, an attempt has been made to improve
the performance of the heater by employing louvered fins to the absorber plate, as it not
only enhances heat transfer coefficient but also improve heat transfer area. The effect of
exergy performance on the geometrical parameters of louvered fin i.e., louvered angle,
louvered pitch and louvered length has been studied and analyzed. The results are
compared to plane solar air heater (PSAH) to evaluate the effectiveness of louvered finned
solar air heater (LFSAH). The exergy efficiency of LFSAH is comparatively higher for all
the operating conditions except for higher mass flow rate where it may even go below that
of PSAH; possibly due to the higher pressure drop and more loss of exergy at high mass
flow rate. In addition, the results conclude that for louvered parameters viz., louvered angle
20< fin pitch to louvered pitch ratio 0.75 and louvered length to louvered pitch ratio 1.25,
high exergy performance of SAH is obtained as compared to other louvered parameter

values.

1. INTRODUCTION

Solar collectors convert solar energy into thermal energy by
trapping the solar energy falling on it, to heat a plate which
transfers it to a fluid flowing above or beneath it. The fluid
may be air or water depending upon the application. When the
fluid is air it is termed as SAH which is generally used for
moderate temperature drying like harvested grains and sea
foods, whereas when it is water the term solar water heater is
used; the SAH is less efficient than the latter since air has

lower thermal capacity and heat transfer coefficient than water.

However, air is much lighter and non-corrosive. Numerous
researchers have performed exhaustive work on solar
collectors’ performance by pin fin, artificial roughness,
connecting fins, packed bed, fins with perforation and baffles
etc.

A major contribution by many researchers is available as
literature on studies of absorber surfaces. To cite a few,
Bahrehmand et al. [1] carried out diagnostic study to evaluate

the thermal performance of double and single glass cover SAH.

The study concluded a rise in energy and exergy efficiency by
employing thin metal sheet and double glass cover.
Sabzpooshani et al. [2] evaluated the exergetic performance of
baffles attached SAH. They illustrated the effect of baffle
parameters and variation of fin, inlet temperature, number of
glass cover and thickness of bottom insulation on exergy
efficiency. Increasing the baffle width, decreases the baffles
distance while increasing the number of fins finally result at
low mass flow rate, however at a higher mass flow rate exergy
efficiency drops abruptly. Alternatively, increasing the
thickness of insulation had no significant effect on the exergy
efficiency. Chand and Chand [3] investigated a thermal
performance of LFSAH. The study revealed that the thermal
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performance of LFSAH shows a noticeable enhancement with
minimum fin spacing and fin height. Singh et al. [4]
determined the artificial roughness SAH using discrete V-
down ribs and the results are compared to PSAH. They
performed exergy efficiency on various rib roughness
parameters such as roughness pitch and gap width, relative
roughness pitch, height of roughness, angle of attack. Lalji et
al. [5] experimentally performed exergy analysis related to
packed bed SAH at various shapes and porosity of matrices.
They developed the correlation for Colburn and friction factor
as a function of operating and porosity parameters. Chand and
Chand [6] investigated a theoretically model of LFSAH. The
result showed that the thermal efficiency of LFSAH was 79%
higher than the PSAH. Zhang et al. [7] numerically and
experimentally analysed the performance of aslit-perforated
corrugated plate. The study revealed that the effective
efficiency increases up to 67.83% for air velocity increased to
1.14 m/s. Bayrak et al. [8] assessed porous baffles introduced
in SAH numerically using exergy and energy analysis methods.
Higher values of air temperature rise and collector efficiency
was obtained for baffled SAH than non-baffled one. Benli [9]
presented an experimental study on five types of air heating
solar collectors and provided a solution to overcome the low
thermo-physical property of air. Another study on presence of
obstacles in solar air heater was accomplished by Esen [10]
who experimentally performed the energy and exergy analysis
and showed that the higher irreversibility occurs in without
obstacles collectors. Gupta and Kaushik [11] compared
different geometries of roughness in absorber plate of SAH
duct. They reported that V shaped and circular ribs are
beneficial for higher values of Reynolds number while
chamfered rib-grooves may be used beneficially for lower
values of Re. Jafarkazemi and Ahmadifard [12] performed


https://crossmark.crossref.org/dialog/?doi=10.18280/ijht.390529&domain=pdf

parametric analysis and determined the optimal working
conditions of thermal systems of flat plate solar collectors.
Kalogirou et al. [13] presented a detailed review on exergy
study of various solar thermal systems. Kurtbas and Durmus
[14] designed a novel solar air collector by narrowing and
expanding it geometrically in shape. Oztop et al. [15]
performed extensive review of SAH and concluded that only
handful number of research is available on exergy analysis
method while majority of the work is available in energy
analysis method. Matheswaran et al. [16] evaluate the
exergetic performance of single pass double duct jet plate solar
air heater. They design the optimum values of jet plate design
parameter to find the maximum temperature rise.
Hedayatizadeh et al. [17] analyzed the exergetic performance
of double pass v-corrugated SAH. They reported that the
temperature variations of different components of the given
SAH calculated by simulation are compared with their
experimental values. Somma et al. [18] carried out exergy
modelling and optimized Distributed Energy Systems and
successfully curtailed energy cost as well as enhanced the
overall exergy efficiency. Yadav and Kaushal [19] analytically
attempted to evaluate exergy performance of SAH with
protrusions as roughened absorber plate.

Above literatures are based on various types of absorber
plate that enhances SAH performance. Some louvered fins
specific work, which are used in various engineering
applications are available in literature. The corrugated type
louvered fin heat exchanger was studied comprehensively by
Kraus et al. [20] and Shah and Sakulic [21]. Sahnoun and
Webb [22] developed an analytical model to determine the
friction factor and heat transfer of louvered fin geometry
usually encountered in automotive radiators. Webb and
Trauger [23] used dye-injection technique to visualize the flow
over louvered fin geometry. They summarized that decreasing
the louvered pitch increases the fins per pitch which is
imperative to achieve a specific flow efficiency. Vorayos and
Kiatsiriroat [24] studied the response of louvered fins to hot
gas of lower Reynolds number by observing the effect of
design parameters like louver pitch and angle on convective
heat transfer.

The literatures have substantial amount of work on SAH
with different types of fins likes triangular fins, longitudinal
fins, wavy fins etc. The use of these fins results better thermal
performance than the PSAH. Despite of this, a detailed
workout on louvered fin based on solar air heater is yet to
appear in the literature. This paper presents a numerical
solution to LFSAH. The objective of this paper is to calculate
the exergy efficiency of LFSAH. A mathematical model is
devised, which is based on steady flow hypothesis. The
thermal conductivity of absorber plate is assumed to be
temperature and position independent. The performance is
dependent on geometric parameters like louvered pitch,
louvered length and louvered angle at various mass flow rates
and temperature rise parameter. The governing equation is
obtained from the second law of thermodynamics considering
a control volume. An iterative procedure is used to solve the
governing equations based on Gauss-Seidel method. A
homemade computer code based on MATALB programming
language is prepared, which simulate the performance of
LFSAH.

The current section deals with the past development of solar
air heater with various fin arrangements. A systematic study
related to previous work, nobility, objective and contents of
article is presented here. The second section deals with the
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mathematical modelling and algorithm for calculation used in
LFSAH. The third section presents comprehensive analysis of
simulation results obtained for modelled scenario. The
relationship between energy efficiency and considered
parameter is discussed and validated with the existing
literature. A comprehensive concluding remark is furnished at
the end of the article.

2. MATHEMATICAL MODELING

As shown in Figure 1, LFSAH comprises of a flat single
glass cover, a louvered fin attached absorbing plate and flat
bottom plate with insulation beneath it. A typical louvered fin
geometry is demonstrated in Figure 2. The channel created
between the bottom plate and the absorbing plate is the
channel where the air flows. This air is heated by the solar
radiation absorbed by the absorbing plate. Louvered fin
attached absorbing plate is along the air flow direction. The
reason behind the use of the louvered fin attached absorbing
plate are stated as follows. It aids in enhancement of the
turbulence in air flow and also the rate of heat transferred
across the air flow channel which are crucial for the
improvement of efficiency of solar air collector. To measure
the improvement of the current model, the performance of
LFSAH is compared against that of a PSAH.
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c. Top view of LFSAH
Figure 1. Schematic diagram in different views of LFSAH

This study considers some assumptions which simplifies the
analysis without complicating the simple physical
circumstances. Following are the assumptions considered:

1. Steady flow is assumed.
ii. Constant thermal conductivity throughout the flow
channel.

iil. Temperature drop is insignificant across the glass cover



and the absorber plate.
The air leakage from the solar heater is negligible.

iv.

Figure 2. Schematic diagram is shown in 2(a) 3D model of
louvered fin & 2(b) Geometrical parameters of louvered fin

2.1 Thermal analysis

The work on thermal analysis of flat plate SAH has been
examined by Hottel and Woertz [25], Duffie and Beckman
[26]. Bliss Jr [27] considered collector heat removal, Fr, which
is the ratio of actual useful heat gain to the useful energy gain
if the entire collector absorbing surfaces were maintained at
the inlet fluid temperature.

Qu = FrAp (Ialfc _UL (Tfi _Ta)) (1

where, A4, is the area of absorber plate and I is the insolation.

The rate of useful collected energy may be indicated in the
same way with the aid of the rise of the enthalpy of air flowing
over the collector, such as

Qu = me (Tfout _Ti) (2)
Here, F shows the heat removal factor.
mC FU_A
Fr =U Ap ]__exp _# (3)
L% mC,
e (Reab et tin ) (Mo + et +Up )+ Mo, M @
((Ut +h 5+ oo + e in (e + Nt +Up )= (hr,ab,b)z)
where, the effectiveness of fin ¢, is defined as,
As
Piin =1+ A ur (5)

Total surface area of fin and fin efficiency is calculated as,
Ar =(2H L +2H t+(21t+ k) Ny + Lyt )n (6)

A =Ll —ntly (7
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tanh(me) ®
(T
where, m = M.
kfint
h U
UL:Ut+h r,abr,]b b S
rabb T it +VY ©)

hc,abeb
P abo + Nean, ¢ +Up

ot

U; and F are the overall heat loss coefficient and collector
efficiency factor respectively. The collector efficiency factor
is important for any fluid flow rate and design.

The top loss coefficient (U;) is found by an empirical
equation given by Duffie and Beckman [26].

-1

J E

+
C\(Tw-Ta 0252 "y
T M+ f

(T +T2 ) (Tap +Ta )
1 2M +f -1
+ —_
£, +0.0425M (1-¢, ) 2

3

C =204.429(cos B

U,

(10)

M

where,

9
hy,

Ta j(1+o.091|v|)
316.9

0.252
) / W0.24

where, the bottom loss coefficient is,

(11)
tins

The coefficients of convective heat transfer between the
glass cover and atmospheric air are given by Watmuff [28],

h, =2.8+3.0V,, (12)

The coefficient of radiative heat transfer between the
bottom plate and absorber plate is,

i _a(ij T3 )(Tap =To)

ranb = 11 (13)
—+—-1
b b

It is recommended that the Colburn factor (j) is useful to
determine the Nusselt number of the air flow Nug, ), in the
plate- louvered fins heat exchanger [29].
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where, ¢ is the thickness of fin, L, is the louvered pitch, Re;,, is
the louvered Reynolds number, 6, is the louvered angle and L,
is the louvered length.

(14)

Nu,,., = j RePr® (15)

NUgp pKair

D, (16)

hc,ab,f = hc,b,f :hc,ff =

The pressure drop (Ap) of air through the rectangular
channel with louvered fins is calculated as,

4fplyv?

A
P=p,

(17

where, f is the fanning friction factor in the louvered fines
could be calculated from the correlation developed by Dong et
al. [29].

P -0.9925
f =054486(Reyy ) (_Ij {ﬂ}

90 L
0.5458
Ly Ly

(18)

p
-0.2003 0.0688
LP

The air temperature lies in the range of 280K-450K. The
correlation used to find the thermo-physical property of air is
given by Lin et al. [30] as,

p =3.9147-0.016082T, +2.9013x105T?

(19)
-1.9407x107°T}
0.0015215 + 0.097457T,
= 5.2 x107° (20)
-3.3322x10°°T;
p1=(1.6157+0.06523T; ~3.0297x10°T7)x10°  (21)

where, Tris the mean temperature of air.

Thermal efficiency of a solar collector is calculated by the
ratio of the amount of useful heat gain to the total amount of
solar radiation falling on the collector during any period of
time.

u

I x A

n = (22)

2.2 Exergy performance

For conducting a qualitative analysis on the collector and
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also to estimate the system thermal performance in terms of
work, it is necessary to perform an analysis based on the
second law of thermodynamics. For this, consider air is a
perfect gas and negligible change in the potential and kinetic
energy, the general exergy balance for LFSAH by considering
a control volume as shown in Figure 3.

Exergy of solar radiation
falling on glass cover

Insulation
Control Volume

L

Exergy of input %
work required W
by Pump X NN
— . NN

S NN

S NN

O\ Exergy output of
flowing air

Exergy input of
entering air

Figure 3. Exergy flow diagram of LFSAH

EX;, — EXyy + EXg + EX,, = EXgeqq (23)

|

where, T is the sun temperature which is approximately % of
the blackbody temperature of the Sun.

, _
Exs = 1—T—ast (24)

S

| T,
Exin =mC, | (T, —Ta)—Taln(T—fJ

(25)
EXout = EXmass out
' T " (26)
=tic, | (T —Ta)—TaIn[%j
T
Exy = T_aWp 27)
fi

where, W, the pump required work.

mAp
Py

W

where, 7, the pump efficiency is taken equal to 0.85.
Substituting the Eqns. (24), (25), (26) and (27) in Eq. (19).

Ll—i—‘ng mc, [(Tﬁ —Ta)—Taln(%‘H—
|

(28)
Tfout

mc, {(Tfout —Ta)—Taln[ =

a

T .
+—aWp = Exdest
fi

Simplifying the Eq. (28)



T .
[1—T—6J | (zar) A, =Cp (Troue =T )
S
. (29)
. TfOUt Ta
+meTaIn e -|-—Wp = EXdest
Tﬁ fi

Exergy efficiency of SAH as a function of net output exergy
of the system can be defined as,

. Trout T,
MCy | (Trout —Tﬁ)—Taln{ T°“ }rawp
fi fi

" [1_?} (a) A

S

(30)

2.3 Calculation procedure
A computational code was scripted for solving the above

equations. The geometric parameters, operating condition and
material properties are given in Table 1. The iterative

procedure is:
e j
( Start
N

Y

Input operating and design
parameters

A 4

Guess the initial temperature of absorber plat, bottom plat and air flow

A 4

Fr.F, Quand heat transfer Coefficients are calculated using suitable
correlation

A 4

Calculate the new temperature of absorber plat, bottom plat and air flow

Is (new T, Ty, and Ty ) -(old
Tab, T, and Ty ) <0.001

Replace the new temperature of absorber plat, bottom plat and air flow

Y

Calculate the F, Fr, Qu ,thermal and exergy efficiency

Figure 4. Exergy flow chart for LFSAH

1. Assume initial values of Tab, Tb, and Tf.

2. Calculate heat transfer coefficients using Eq. (9) and Eq.
(12).

3. Calculate new values of Tab, Tb, and Tf.

4. Check if absolute error of estimated temperature is
within tolerance of 10-4 with respect to its old value. If
yes, then the iteration procedure is terminated or else
the old value is replaced with new one and steps 1 — 4
are repeated until the convergence is achieved.

5. Once convergence is achieved, mean temperature is
obtained which is further utilized to calculate the
thermal and exergy efficiency with help of Eq. (15) and
(206).

The solution procedure in form of a flow chart is

represented in Figure 4.

3. RESULTS AND DISCUSSION

The exergetic performance of the LFSAH for several mass
flow rate, louvered fin parameters, temperature rise parameters
and insolation are discussed analytically in this section. Fixed

and design parameters are listed in Table 1.

Table 1. Operating and system parameters used in analytical

study
Input data Numerical Values
Collector length (L1) 12m
Collector width(L2) 0.6m
Duct height(H) 0.03m
Fin spacing(w) 0.015m
Fin height (Hr) 0.028 m
Fin thickness (t) 0.0025 m
Louvered Pitch (Lp) 0.01-0.025m
Louvered length (L) 0.01-0.025 m
Louvered angle (61) 10°- 40°
Thermal conductivity of fin (Ky), 50 W/mK
Wind velocity (Vw) 2.5mls
Ambient temperature (Ta) 300K
Inlet temperature (Ti) 303K
Absorptivity of glass (og) 0.11
Absorptivity of absorber plate (oab) 0.96
Emissivity of absorber plate (gab) 0.95
Emissivity of bottom plate (eb) 0.95
Emissivity of glass (eg) 0.90

mass flow rate(ri) 0.0027-0.0694 kg/s

0.9 0.06
0.8 4
____——  Loos
——h, for louvered finned SAH
0.7 4 "
£ —hm for Plane SAH .
:, —h,, for louvered finned SAH 004 &
a 0.6 ——h, for Plane SAH L>J‘
< c
2 @
© 054 003 ©
£ g
< 044 >
@

002 2
< 034 nj
=

- 0.01

024
0.1 T T T T T T T T T T T T T 0.00
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07

Mass flow rate(kg/s)

Figure 5. Variation of thermal efficiency and exergy
efficiency with mass flow rate
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Figure 5 illustrates the effect of mass flow rate on exergy
and thermal efficiency for louvered parameters of 6y, Li/L, and
w/L, are 20°, 1.25 and 0.75 respectively and it is compared
with PSAH. An overall glance at the graph reveals that both
the efficiencies viz., thermal and exergy efficiency of LFSAH
is quite higher than PSAH. Thermal efficiency shows drastic
increase for lower values of mass flow rate after which the
increase is not very prominent but shows a definite increase
howsoever small it may be. On other hand, exergy efficiency
suddenly rises for extremely small value of mass flow rate viz.,
0.005 kg/sec after which it drops with further rise in mass flow
rate. However, though the exergy efficiency for LFSAH is
decreasing, it is still pretty high than exergy efficiency of
PSAH until the mass flow rate is 0.066 kg/sec. Post this value,
the exergy efficiency of LFSAH becomes even less than that
of PSAH. The solar radiation absorbed by the absorber leads
to higher exergy loss which results into lower values of exergy
efficiency irrespective of mass flow rate values. This effect is
much pronounced at higher mass flow rates where the exergy
efficiency becomes negative. Higher mass flow rate requires
higher pump work; this pump work surpasses the exergy of
heat energy collected. Consequently, the numerator of exergy
efficiency, which is the difference of heat energy collected and
pumping power tends to become negative and thereby
resulting into a negative exergy efficiency. The comparative
performance prediction of the PSAH and LFSAH investigated
range of air flow rate is presented in Table 2.

Table 2. Theoretical predictions of temperature rise
parameter, thermal efficiency and exergy efficiency as a
function of air flow rate

Plane solar air Louvered finned solar

Mass Flow heater air heater

rate (kg/s) AT/ Mex M AT/ Tex Nth
0.04 00 0.1

0.0027 19 12 50 0.087 0.047 0.324
0.02 00 02

0.0083 73 15 80 0.053 0.056 0.579
0.02 00 03

0.0138 14 15 52 0.037 0.047 0.665
0.01 00 04

0.0194 80 15 00 0.029 0.041 0.707
0.01 00 04

0.025 57 15 35 0.024 0.035 0.732
0.01 00 04

0.0305 41 14 62 0.020 0.031 0.748
0.01 00 04

0.0361 29 14 84  0.018 0.028 0.759
0.01 00 0.5

0.0416 19 14 02 0.016 0.025 0.768
0.01 0.0 0.5

0.0472 11 13 17 0.015 0.022 0.775
0.01 00 0.5

0.0527 05 13 30 0.013 0.019 0.780
0.00 00 0.5

0.0583 99 13 42 0.013 0.017 0.784
0.00 0.0 0.5

0.0638 95 12 52 0.012 0.014 0.788
0.00 0.0 0.5

0.0694 91 12 61 0.011 0.011 0.791

Figure 6 shows influence of mass flow rate on exergy
efficiency with respect to louvered angle 10°, 20°, 30° and 40°.
For mass flow rate up to 0.01 kg/sec, the exergy efficiency
initially shows a sharp increase and then starts dropping for
further values of mass flow rate. Another noticeable fact is the
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sequence of louvered angle which affects the exergy efficiency.
The exergy efficiency for mass flow rate till 0.03kg/sec is
observed to increase for louvered angle from 10° to 40°, while
when mass flow rate is greater than 0.03kg/sec, the sequence
is reversed Figure 7 shows variation of exergy efficiency with
temperature rise parameter for louvered angles 10°, 20°, 30°
and 40°. The exergy efficiency increases until temperature rise
parameter is 0.067 (K m?W). Post this value, the reduction
starts. Also, it is clearly noticeable that for lesser temperature
rise parameter the exergy efficiency shows a subtle increase
with decreasing louvered angle. However, the exergy
efficiency increases with increasing values louvered angle for
greater values of temperature rise parameter. Exergy
efficiency of LFSAH is significantly higher than that of PSAH
at all louvered angle. However, an increase in louvered angle
has only a mediocre increase in exergy efficiency. Another
downfall of high louvered angle can be pinned on the
associated increase in pressure drop. As louvered angle
increases, the obstruction to air flow increases leading to
exergy loss an increase in pressure drop which finally leads to
increase in pumping work. Thus, it is preferable to restrict the
louvered angle to 20°.

0.06

0.05

0.04

0.03

0.02

Exergy efficiency, n,

0.01

T T T
002 003 004 0.05
Mass flow rate(kg/s)

0.06 0.07

Figure 6. Variation of exergy efficiency with mass flow rate
at different louvered angles

0.06

0.05

0.04 4

0.03

0.02 1

Exergy Efficiency, n

T T T T
0.04 005 0.06 0.07

(T-T)/1 (K m*/W)

Figure 7. Variation of exergy efficiency with temperature
rise at different louvered angle

Figure 8 shows influence of mass flow rate on exergy
efficiency with respect to fin spacing to louvered pitch ratio



(w/Lp) 1.5, 1, 0.75 and 0.50 at constant louvered angle 20° and
insolation I= 900W/m? for mass flow rate up to 0.01 kg/sec,
the exergy efficiency shows a sharp increase and then starts
dropping for further values of mass flow rate. Another
noticeable fact is that for mass flow rate less than 0.045 kg/sec,
exergy efficiency increases in sequence as: 1.5>1>0.75>0.50.
When mass flow rate is greater than 0.045kg/sec the sequence
is reversed. Figure 9 shows deviation of exergy efficiency
using temperature rise parameter for various ratios of fin
spacing to louvered pitch (w/Lp) 1.5, 1, 0.75, and 0.50. The
exergy efficiency increases until temperature rise parameter is
0.067 (K m2/W). Post this value, it starts dropping. Also, it is
clearly noticeable that for smaller temperature rise parameter
the exergy efficiency shows a subtle increase with increasing
fin spacing to louvered pitch ratio. However, the exergy
efficiency increases with decreasing the values of fin spacing
to louvered pitch ratio for high values of temperature rise
parameter. Exergy efficiency of LFSAH is significantly higher
than that of PSAH at all fin spacing to louvered pitch ratio. As
louvered pitch increases i.e., at lower w/Lp ratio, the flow of
air is steered effectively by the louvered fins. This increases
the effective area of heat transfer ultimately enhancing the heat
transfer rate. Conversely, as louvered pitch decreases i.e., at
higher w/Lp ratio, it becomes increasingly difficult for
louvered fins to steer the air flow to effectively increase the
area of heat transfer and hence it leads to negligible
enhancement in heat transfer rate.

0.06 4

0.05 -
— WL =15
e W/Lpzl
0.044 —— WL =075
—— WL =0.50

0.03

Exergy Efficiency, n,

0.02

0.01
0.00

T T T T T
0.02 0.03 0.04 0.05 0.06 0.07

Mass Flow Rate(kg/s)

T
0.01

Figure 8. Variation of exergy efficiency with mass flow rate

at different w/Lp ratio
0.06
0.05 1
&
= 0044
o
jom
(<5}
'S
£ 0031
Ll
B
2 ——wiL =15
g 002 [——wiLts]
i —wiL=1
— WL =075
0014 —— WL =050
T T T T T T T
001 002 003 004 005 006 007 008 009

(T-T)N (K m*W)

Figure 9. Variation of exergy efficiency with temperature
rise parameters at w/Lp ratio
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Figure 10. Variation of exergy efficiency with mass flow
rate at different louvered length to louvered pitch ratio
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Figure 11. Variation of exergy efficiency with temperature
rise parameter at different louvered length to louvered pitch
ratio (Li/Lp)

Figure 10 shows the variation of mass flow rate on exergy
efficiency with respect to louvered length to louvered pitch
ratio (Li/Lp) of 0.50, 0.75, 1 and 1.25 and at constant louvered
angle 20° and insolation I= 900W/m?2, Thus, it can be observed
that for mass flow rate up to 0.01 kg/sec, the exergy efficiency
shows a sharp increase and then starts dropping for further
increasing of mass flow rate for all value of louver length to
louvered pitch ratio. The results revealed that the increase in
L/Lp ratio increasing in exergy efficiency for all rang of mass
flow rate. Figure 11 shows deviation of exergy efficiency
relative to temperature rise parameter for various louvered
length to louvered pitch ratio (L/Lp) of 0.50, 0.75, 1 and 1.25
and at constant louvered angle 20° and insolation 1= 900W/m?.
The exergy efficiency increases until temperature rise
parameter is 0.067 (K m2/W). Afterwards, it starts dropping.
Also, it is clearly noticeable that for lesser magnitudes of
temperature rise parameter the exergy efficiency shows a
subtle increase with increasing louvered pitch to louvered
pitch ratio. However, the exergy efficiency shows rise with
increasing the values of louvered length to louvered pitch ratio
for all values of temperature rise parameter. Exergy efficiency
of LFSAH is significantly higher than that of PSAH at all



louvered length to louvered pitch ratio. As louvered length
increases i.e., at higher Ly/Lp ratio, the flow of air is steered
effectively by the louvered fins. This increases the effective

area of heat transfer ultimately enhancing the heat transfer rate.
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Figure 12. Variation of exergy efficiency with mass flow
rate for different insolation

Figure 12 shows exergy efficiency with varying mass flow
rate for various values of solar intensity. Exergy efficiency
reaches its peak value at extremely lower values of mass flow
rate and then starts dropping for entire remaining range of
mass flow rate with higher efficiency for the highest value of
solar intensity. Figure 13 illustrates plot of exergy efficiency
with temperature rise parameter for several values of solar
intensity. At lower values, exergy efficiency shows an abrupt
increase, after 0.02 (K m%*W) the rise in efficiency becomes
gradual and reaches to its peak at 0.06 (K m?/W) after which
it drops gradually. Also, it is quite obvious that increase in
solar intensity will lead to rise in exergy efficiency which is
clearly evident from Figure 13. This happens due to the fact
that the lower insolation exergy destruction is high.
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Figure 13. Variation of exergy efficiency with temperature
rise parameter for different insolation

4. VALIDATION OF MATHEMATICAL MODEL

For validation purpose, experimental results of Bahrehmand
etal. [1] and Gupta and Kaushik [11] have been compared with

present results to demonstrate variations in exergy efficiency
of PSAH and LFSAH under study of similar operating
parameters and configuration as shown in the Figure 14. The
mean deviations of exergy efficiency of plane solar air heater
(in present study) and plane solar air heater Bahrehmand et al.
[1] and Gupta and Kaushik [11] have been compared and a
variation of £6.65% and +12.69% has been calculated. As the
mass flow rate per unit area increases from 0.01kg/sm2 to
0.08kg/sm?2, the average enhancement in LFSAH with respect
to PSAH was found to be 1.99 times. These results conclude a
good accord between the present analytical result and the
results by Bahrehmand et al. [1] and Gupta and Kaushik [11].
Thus, the current analytical work can now be extended to the
problem of louvered fin presented in this paper with greater
confidence.
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Figure 14. Comparison of exergy efficiency of present work
with Bahrehmand et al. [1] and Gupta and Kaushik [11]

5. CONCLUSIONS

Prediction of exergy efficiency of LFSAH has been carried
out analytically considering operating parameters like mass
flow rate (), temperature rise and geometrical parameter like
louvered length, louvered pitch and louvered angle. On the
basis of above results and discussion, the following
conclusions were drawn:

1. It can be concluded that the exergy efficiency for mass
flow rate till 0.03kg/sec increases for louvered angle from
10° to 40°, while when mass flow rate is greater than
0.03kg/sec, the sequence is reversed.

2. For fin spacing 1cm exergy efficiency suddenly rises for
extremely small value of mass flow rate viz., 0.005 kg/sec
after which it drops with further rise in mass flow rate.

3. Itis observed that the exergy efficiency is maximum when
61 =20°, Ly/L, = 1.25 and w/L, = 0.75. Further, the mass
flow rate of 0.0055kg/s shows the highest exergy
efficiency value. However, when mass flow rate exceeds
0.066kg/s the drop in exergy efficiency is quite high and
may even drop below the exergy efficiency of PSAH.
Consequently, it is preferable to use PSAH for mass flow
rates higher than 0.066kg/s.

4. The fin spacing to louvered pitch ratio of louvered finned
solar air heater is varying from 0.5 to 1.5 discretely. The
exergy efficiency increase with mass flow rate upto



0.045kg/sec, afterward decreasing trend is observed.
From the study, it is also concluded that among the three
geometrical parameters of louvered fins under
investigation viz., louvered angle, pitch and length, the
effect of louvered length on exergy efficiency is more
prevalent while that of louvered angle is the least
dominating.
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NOMENCLATURE

Area: A, (absorber plate), A; (Collector), m?
Specific heat (J/kgK)

Hydraulic diameter (m)

friction factor

Collector efficiency factor

Heat removal factor

duct height, m

fins height, m

Nr.abp Radiative heat transfer coefficient between

absorber plate and bottom plate, W/m?K
Convective heat transfer:

hcan, (@bsorber plate and air stream), heip
(bottom plate and air stream), W/m?K
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Colburn factor

N Number of fins

Qu Useful heat gain (W)

Re. Reynolds number based on louver

Re Reynolds number

Ta Ambient temperature K

T Mean temperature: T, (bottom plate), T;
(fluid), Tap (absorber plate), K

t Fin thickness (m)

Up Bottom loss coefficient

UL Top loss coefficient (W/m?K)

Vw wind velocity (m/s)

Greek symbols

a Absorptivity

€ Emissivity

p Density of air (kg/mq)

o Stefan’s constant (5.67x108Wm? K4
Ap Pressure drop (N/m?)

ol Louvered angle

Subscripts

PSAH Plane solar air heater

LFSAH louvered finned solar air heater

SAH solar air heater





