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Abstract: Effective efficiency evaluation is one of the important parameters in designing and selection of SAH. In this
research article author have evaluated the effective efficiency of SAH using different coarseness configuration attached to the
underside of collector of SAH used by various research. Correlation developed by various researchers for various coarseness
has been used for the evaluation of effective efficiency. Effective efficiency evaluated for each coarseness used in SAH has
been compared and suggested that which coarseness is to be used on the basis of comparison.
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1. Introduction

In today’s era, need of energy is growing steadily with growing population rate of the world. We have only
the limited sources of energy like fossil fuels, Nuclear fuels, Renewable energy sources, etc. Need of most of the
energy requirement is fulfilled by fossil fuels and the generation of energy using fossil fuels creates a lot of
pollution and the availability of fossil fuels is limited and will be vanished with its continuous use of it. In short,
we can say that using fossil fuel for energy generation is destroying life on the planet Earth. So, we have to think
to switch to other energy sources that are eco-friendly. Only sources of energy that are eco-friendly are
Renewable energy sources. We are using renewable energy sources like Solar energy, wind energy, biogas, etc
but their uses are limited as compared to the need of energy. We have to increase the uses of renewable energy
sources for energy generation to prevent the planet Earth as well as on the other hand cost of energy generation
by using renewable energy sources is very less as compared to energy generation by fossil fuels. There is one
dominating source of energy which is renewable and can fulfil the need of energy all alone i.e., Solar energy if it
is properly used Duffie and Beckman [1]. Solar energy can be utilized to generate electricity using PV Cells.
Solar energy can also be used to heat air and water by transferring the energy to the working fluid. For this
purpose, SAH and SWH are available, Mittal et al. [2]. Designing SAH as compared to SWH is easy and
economical but there is a limitation with SAH. The efficiency of SAH is quite low due to the low heat carrying
capacity of air and low heat transfer between the collector plate and air. There is only one possible way
suggested by number of researchers to increase the efficiency of SAH is the creation of artificial coarseness on
the underside of the collector plate. Due to the creation of coarseness the laminar sub layer on the collector plate
gets destroyed and hence the heat transfer rate between the collector plate and air get augmented. Coarseness is
created in such a way that it augments the heat transfer with minimum pumping power. Coarseness can be
created by using ribs, machining, etc Hans et al. [3]; Saini et al. [4]; Bhushan and Singh [5].

The consequence of using coarseness on heat transfer and friction factor to the two opposite surfaces of the
SAH duct has been investigated by Zhang et al. [6]; Han et al. [7]. In case of SAH, the coarseness must be
created just underneath the collector plate receiving solar radiations. Therefore, a rectangular channel with one
coarse wall and three smooth walls is built for SAH. It has been seen during the literature review that many
investigators have used Reynolds number as flow parameter and coarseness parameter like p/e, /D, o, etc.

2. Concept of Coarseness Creation

Nikuradse et al. [8] was the first investigator who had seen the consequence of coarseness on the friction
factor and velocity distribution created by sand blasting in the pipes. In simple words we can say that Nikuradse
has proposed the concept of using roughness to augment the heat transfer. After Nikuradse et al. [8], Dippery and
Sabersky [9] was the researchers who have seen the consequence of using coarseness in the tubes created by
sand grain. They have developed the correlation for finding heat transfer in coarse tubes. Later on, Gee and
Webb [10] investigated the consequence of using helical ribs in the tube to enhance the heat transfer and friction
factor. They also developed the correlation for heat transfer in terms of coarseness variable. Further,
investigation has been carried out by number of investigators to see the consequence of using coarseness in the
SAH duct. They have carried out the study by using various range of operating parameters and coarseness
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parameter to see the consequence on heat transfer and friction factor. Experimental data collected on various
geometries of rib roughened surfaces has been utilized for development of correlation of the form:

R=R (Re, p/e, a, channel shape, rib shape)

G=G (Re, p/e, a, channel shape, rib shape)

It was however, subsequently realized that the statistical correlations may be better suited for design and easy
to formulate. Such relationship can be of the form:

Nu or (St) = Nu or (St) [Re, e/D, p/e, a, rib shape, channel shape]

f=[Re, e/D, p/e, a, rib shape, channel shape]

2.1. Consequence of coarseness Variable and Flow variable on heat transfer and friction factor

The consequence of coarseness on heat transfer and friction factors has been investigated by various
investigators. The correlations for the Nusselt number and the friction factor were also established as a result of
the flow variables and coarseness variable. Prasad and Saini [11] have seen the consequence of coarseness
variable like dimensionless coarseness height (e/D) and dimensionless coarseness pitch (P/E) on the heat transfer
and friction factor. They have suggested that the value of /D and p/e must be in the range of 0.033 and 10 so as
to augment the heat transfer and friction factor in SAH duct. Momin et. al. [12] have carried ot an investigation
to see the consequence of using continuous V-shaped ribs to the underside of collector plate. The maximal
augmentation of Nu and friction factor was reported to be 2.30 and 2.83 folds, respectively for o of 60°.
Lanjewar et. al. [13] have investigated the consequence of using W shaped ribs attached to the underside of
collector plate. They found that enhancement in Nu and friction factor was 2.36 and 2.01 folds, respectively.
Kumar et. al. [14]; Shukla and Sharma [15] investigated the consequence of using discrete W shape ribs to the
underside of collector plate. The maximal augmentation in Nu and friction factor was reported to be respectively
2.16- and 2.75-folds w.r.t o of 60°. Saini and Saini [16] investigated the consequence of using continuous arc
shape ribs to the underside of collector plate. The maximal augmentation in Nu and friction factor was reported
to be respectively 3.80 and 1.75 folds w.r.t o of 60°. Sethi et. al. [17] investigated the consequence of using
dimple-shape coarseness arranged in arc fashion to the underside of collector plate. They also evaluated the
thermohydraulic performance variable that lies in between 1.18 to 1.887. Yadav et. al. [18] investigated the
consequence of using hemi-spherical protrusion in arc shape to the underside of collector plate. The maximal
augmentation in heat transfer and friction factor was observed to be 2.89 and 2.93 folds respectively. Deo et. al.
[19]; Kumar and Sharma [20] examined the consequence of using multi-gap V down ribs amalgated with
staggered ribs to the underside of collector plate. The maximal augmentation in Nu, friction factor and
thermohydraulic performance variable was reported to be 3.34, 3.38 and 2.45 times respectively. Correlations for
Nu and friction factor developed by various researchers have been shown in Table 1. These correlations are used
for evaluation of effective efficiency and their comparison.

Table 1. Parameters and Correlation developed by various researchers

Investigator | Coarseness Range of | Correlations

S configuratio | parameter
n s
Momin et. | Continuous Re = 2500- 0077 0.424 2
al. [12] V- shaped | 18000 NU = 0.067x Re0-888(£j S - _o.m{m(i]}
ribs ple =10 60 Dy, 60
Dy = 0.565
-0.093 : 2
0.02-0.034 | ¢ _ 566, pe0425( & & exp| —0.719 In| %
a = 30° 60 Dh 60
90°
Lanjewar et. | W-shaped Re = 2300- 0.4487 0.1331
ple = 10 Nu =0.0613x Re™" — hadl
¢/Dr=0.018 D, 60

-0.03375

a = 30° NL:

75° exp —0.5307{In(—]}
60
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f =06182xRe” 0-2254{

of (5

60

(04

Kumar et. al. | Discrete W- | Re = 3000- —0.081 2
[14] shaped ribs | 15000 NU = 0.105 x Re0-873 J T expl 059 m[a]
ple = 10 ' ' 60
e/Dn=0.016
8-0.0338 -0.081 2]
a = 30° | f=568xRe 040 j exp —0.579{|n(“j}
750 60
Saini and | Arc  shape | Re = 2000- 0.3772 —0.1198
Saini [15] | ribs 17000 NU = 0.001047 x Rel-3186 2
ple =10 ' 90
e/D=0.021
0.1765 0.1185
3-0.0422 _
S e, | f =0.14408x Re 0-17103( j (ﬁ)
90
75°
Sethi et. al. | Arc  shape | Re = 3600- _ _
[16] dimple 18000 Nu = 7.1x10~ 3 x Re1-1386 PO 1) 0088
arrangement | p/e = 10-20 e 60
e/Dp=0.021 2
0.036 exp[— 0.7792{|n[“]} ]
o = 45°- 60
75°
—-0.059 —-0.0042
f=4.869x10 L1 xRe” 0-223[ 2 “j
e 60
2
exp —0.4801{In(aj}
60
Yadav et. al. | Hemi- Re = 3600- 0.521 -0.38 -0.213
[17] spherical 18100 NU = 0.154 x Re1-017[ & P o
protrusion ple = 12-24 ' D 60
arranged in | e/D=0.015-
arc shape 0.03 a 2
o = 45°-| exp| —2.023In| —
75° 60
-0.18 0.038
f =7.207x Re_0'56( E) 1)
e 60
o 2
exp| —1.412 In(—j
60
Deo et. al | multi-gap V | Re = 4000-
. —0.06 0.04
[18] down  ribs | 12000 0.98 p a
combined ple=4-14 | Nu=0.02253xRe { D (Ej (@j
with e/Dp=
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staggered 0.026-
ribs 0.057
o =
80°
wle=4.5
p/P =0.65
gle=1
n=2

40°-

f =0.37156 x Re— 0-1°

& P
D

0.65

0.21 0.57
a
)

h 60

3. Evaluation of Effective efficiency in SAH

Hottel and Woertz were the first to evaluate the thermal performance of flat plate solar collector in terms of
heat removal factor (Fr) as reported by Duffie and Beckman [1]. Useful energy gain (Qu) as a function of inlet
temperature of the fluid (Ti) and the ambient temperature (Ta) as reported by Duffie and Beckman [1] is given

as:

Useful energy gain Q =FA [I (Ta)_ U, (Ti -T, )]

Useful energy gain can also be expressed in terms of increase in enthalpy of air through the collect.

Useful energy gain

Qu = me(To _Ti)

By comparing eg. (1) and eg. (2), heat removal factor can be written as,

me(To _Ti)
A 1)U, (T, T, )]

@)

@)

©)

Thermal efficiency of SAH is the ratio of useful energy gain to the solar irradiance and can be given as

Duffie and Beckmen [1].

Syl ()

Al

(4)

Effective efficiency has been evaluated for the various coarseness configuration used by various researcher.
The typical values of variable taken into consideration for determining effective efficiency are given in Table 2.

Table 2. Typical values of system and operating variables

Variables Values
System variables

Collector length, L 1m

Duct width, W 0.2m

Duct height, H 0.02m
Overall loss coefficient, Up 10W/m2K
Thermal conductivity of insulation, k 0.0262 W/mK
Transmittance—absorptance product, ta 0.85
Dimensionless coarseness height, e/D 0.045
Dimensionless coarseness pitch, p/e 12
Reynolds number, Re 3000-27000
Angle of Attack, a 30°-75°
Operating variables

Ambient temperature, T, 300K

Wind velocity, V 1mls

Solar radiation intensity, | 1000 2
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4, Result and Discussions

Evaluation of effective efficiency has been done on the basis of the method proposed by Duffie and Beckman
[1]. It has been examined during the literature review that there are three important coarseness variable and one
flow variable that are ¢/D, p/e, a and Re respectively. During the investigation value of e/D and p/e are kept
constant as in many studies it has been seen that maximal enhancement in heat transfer occur at e/D of 0.045 and
p/e of 12. Effect of increasing o and Re on effective efficiency has been investigated using different coarseness
configuration. Fig. 1 to Fig. 7 has shown the variation of effective efficiency w.r.t Re. It has been seen from Fig.
1 to Fig. 7 that effective efficiency goes on increasing upto Re 18000 and after it there is a gradual decrease in
effective efficiency. This is due to the reason that at higher Re pumping power required will be more. It can also
be seen from the Fig. 1 to Fig. 7 that maximum effective efficiency is obtained at angle of attack 60deg. This is
because of the Span wise anti rotating secondary flows created by inclination of the rib that is responsible for the
significant span wise variation in the coefficient of heat transfer.

07 I = 1000W/m?
0.65 PE=12
/D =0.045
0.6

=
Lh
A

Effective Efficiency
2 o
Lh wn

=
.

0.35

0.3
0 3000 6000 9000 12000 15000 18000 21000 24000 27000

Reynolds number
-------- alpha = 30 deg. alpha =45 deg. alpha = 60 deg alpha= 75 deg.

Figure 1. Variation in Effective efficiency w.r.t Reynolds number for the configuration used by Momin et. al.
[12]
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Figure 2. Variation in Effective efficiency w.r.t Reynolds number for the configuration used by Lanjewar et. al.
[13]
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Figure 3. Variation in Effective efficiency w.r.t Reynolds number for the configuration used by Kumar et. al.
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Figure 4. Variation in Effective efficiency w.r.t Reynolds number for the configuration used by Saini and Saini
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Figure 5. Variation in Effective efficiency w.r.t Reynolds number for the configuration used by Sethi et

. al. [16]
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Figure 6. Variation in Effective efficiency w.r.t Reynolds number for the configuration used by Yadav et. al.
[17]
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Figure 7. Variation in Effective efficiency w.r.t Reynolds number for the configuration used by Deo et. al. [18]

Fig. 8 shows the comparison of effective efficiency w.r.t Reynolds number for various configurations used by
number of investigators. It can be clearly seen from Fig 8. that effective efficiency is higher in all configuration
up to the Reynolds number 18000 and after Re 18000 effective efficiency starts decreasing. Out of all the
configuration the highest effective efficiency is evaluated for Deo et. al. [18]. It means that out of all the
configuration the enhancement in the heat transfer and friction factor is more by using multigap V-down ribs
combined with staggered ribs as coarseness attached to the underside of the collector plate for full range of
Reynolds number.
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Figure 8. Variation in Effective efficiency w.r.t Reynolds number for the various configurations used by various
investigators at a=60 deg, e/D = 0.045 and p/e =12

5. Conclusion

In this article an effort has been made to evaluate the effective efficiency of various configurations of
coarseness attached to the underside of the collector plate of SAH in order to increase heat transfer and friction
factor. Following conclusions can be drawn from this work:

1. Augmentation in the heat transfer and friction factor is achieved by using coarseness attached to the
underside of collector plate.

2. Effective efficiency has been evaluated using correlation proposed by various coarseness configuration
used by various investigators.

3. Maximal effective efficiency is obtained at Reynolds number 18000 for every coarseness configuration
and it further start decreasing with increasing Reynolds number.

4. Maximal effective efficiency has been found at angle of attack o = 60 deg.

5. Maximal effective efficiency has been found by using multigap V-down ribs combined with staggered ribs
as coarseness for the full range of Reynolds number.

6. Future Scope

Enhancement can also be achieved by improving the absorptivity of collector plate by coating it with
different nano particle as used by various researchers.

7. Nomenclature

SAH: Solar Air Heater

SWH: Solar water heater

e+: coarseness Reynolds number

Re: Reynolds number

Re(e+): Momentum transfer function
f: Friction factor

e/D: Dimensionless coarseness height
p/e: Dimensionless coarseness pitch
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W: Width of channel, mm

H: Height of channel, mm

qu: useful heat flux, W/m2

FR: Heat removal factor

UL: Overall heat loss coefficient, W/m2K
Ti: Inlet temperature, K

Ta: Ambient temperature, K

To: Outlet temperature, K

AP: Pressure drop, Pa

8.  Greek symbols

nth: Effective efficiency
p: Density, kg/m3
a: Angle of attack or arc angle, degree
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