IJSART - Volume 5 Issue 8 - AUGUST 2019

ISSN [ONLINE]: 2395-1052

Performance Analysis of Solar Air-Heater With V-
Shaped Fins And Reflectors

Tushar Kondhalkar®, Dr. Nihar Walimbe?, Prof Akash Bhise®
13Dept of Mechanical Engineering
%principal, Dept of Mechanical Engineering
L2 Dhole Patil College of Engineering

Abstract- Given the geographical location, India has
enormous scope for utilization of solar energy. This accounts
to that India is a tropical country and hence receives solar
radiation all round the year, which may be as much as 3,000
hours of sunshine which is equivalent to more than 5,000
trillion kWh. Approximately, 4-7 kWh of solar radiation per
square meters is received by all parts of India, that being
equivalent to 2,300-3,200 sunshine hours per year. This work
deals with the energy and exergy analysis of solar air heater
having absorber flat plate with force convection.
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I. INTRODUCTION

Energy is a basic ingredient needed to sustain life and
development. Energy is needed to in various forms to fulfil
our day to day requirement. Energy consumption rate of the
people are directly related to the preoperative or the standard
of living. Two types of energy resources are available:
conventional and non-conventional. Conventional energy
resources such as fossil fuel (coal, crude oil and natural gas)
are limited in amount. Total energy in recoverable
conventional energy resources is estimated to be around 32-
35Q (1Q=1018Kk) while the global energy consumption rate is
roughly 0.4-0.5Q/year. Hence conventional energy resources
are roughly estimated to last for 75-85years. This awareness of
the limited nature of conventional energy resources gave rise
to the search of alternative energy resources. Solar energy has
the greatest potential among all the sources of renewable
energy and even a small amount of this renewable source of
energy is sufficient to meet the total energy demand of the
world.

Most solar air heating systems are wall mounted, this
allows them to capture a optimum amount of solar radiation in
the winter. They are also fully building integrated and
typically reduced between 20% to 50% of conventional energy
used for heating buildings.
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For a workable solar energy system, one should
understand how the solar energy reaches the earth and also
how this energy varies accordingly throughout the time of
year. The peak climatic conditions for solar heating are based
on bright sunlight on the coldest days of the year. A solar
collector is then able to gather plenty of energy when is
needed most. Surprising is the amount of energy available
even on cloudy days, which also tend to be not as cold. Clouds
act as a covering or blanket over the earth which results in
preventing some of its energy from radiating away. Solar
radiation reaches solar panels in three patterns: direct, diffuse,
and reflected radiation. There are three types of radiations are
as mention below:

« Direct radiation consists of parallel rays coming straight
from the sun. This type of radiation casts shadows on
clear days.

- Diffuse radiation is scattered, non-parallel energy rays.
This type of radiation makes the sky blue on clear days.

Il. PROBLEM STATEMENT

Many experiments are done previously on solar air
heater, but many of them uses only flat plate without blower
because of that they get lower efficiency. Now we are going to
use both flat plate as well as blower so that we will get
maximum efficiency.

Although solar air heater has vast potential, it has not
received much attention like the solar liquid collectors. Air
type solar collectors have two problems, low thermal capacity
of air and low absorber to air heat transfer coefficient, at the
same time the most essential parameter of solar air collector
design is the heat transfer coefficient between the absorber
plate and the flowing air since the collector efficiency is
strongly affected by this parameter, which is turn is dependent
on collector type and operating conditions..

Nusselt number increases whereas friction factor
decreases with increase of Reynolds number. Values of
friction factor and Nusselt number are higher as compared to
those for smooth absorber plate. This is due to change in flow
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characteristics because of roughness that causes flow
separation, reattachments and generation of secondary flow.

I1l. LITERATURE REVIEW

D.V.N.Lakshmi et.al, thermal and exergy efficiency
of trapezoidal corrugated absorber solar air heater with
sensible heat storage material (gravel) is experimentally
investigated and compared with flat plate collector and
trapezoidal corrugated absorber without sensible heat storage
material. The energy and exergy analysis of solar air heater
having absorber plate corrugated in the shape of trapezoid
along with sensible heat storage material is carried out. Gravel
is used as a sensible heat storage material and placed below
the absorber plate. [1]

K. Mohammadi et.al, studied that due to unfavorable
thermo-physical properties of air, the rate of heat transfer
between absorber plate and flowing air is low, which results in
lower energy efficiency of solar air heaters. The performance
of upward type single pass solar air heater with fins and
baffles attached over the absorber plate is investigated. The
parametric study of the fins and baffles & effect of mass flow
rate and solar radiation intensity are examined. [2]

Atul Lanjewar et.al, studied that the efficiency of
flat plate solar air heater is low because of low convective heat
transfer coefficient between absorber plate and flowing air that
increases absorber plate temperature, leading to higher heat
losses to environment. Low value of heat transfer coefficient
is due to presence of laminar sub layer that can be broken by
providing artificial roughness on heat transferring surface.
Efforts for enhancing heat transfer have been directed toward
artificially destroying or disturbing this laminar sub-layer. [3]

Abdul-Malik Ebrahim Momin et.al, the efficiency
of flat plate solar air heater has been found to be low because
of low convective heat transfer coefficient between absorber
plate and the flowing air which increases the absorber plate
temperature, leading to higher heat losses to the environment
resulting in low thermal efficiency of such collectors. Several
methods, including the use of fins, artificial roughness and
packed beds in the ducts, have been proposed for the
enhancement of thermal performance. it was found that the
Nusselt number on the ribbed side wall having transverse ribs
is about two or three times higher than the four-sided smooth
channel values. [4]

In the study of Anil Kumar; (2013) Solar air heaters
form the major component of solar energy utilization system
which absorbs the incoming solar radiation, converting it into
thermal energy at the absorbing surface, and transferring the
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energy to a fluid flowing through the collector. Forced
convection heat transfer in smooth and roughened ducts has
been investigated by several investigators, and a large amount
of useful information is available in the Literature. An
artificial roughness on the heat transfer surface in the form of
projections mainly creates turbulence near the wall or breaks
the laminar sub-layer and thus enhances the heat transfer
coefficient. In the present work the performance of a solar air
heater duct provided with artificial roughness in the form of
thin circular wire in V-shaped, Multi v-shaped ribs and Multi
v-shaped ribs with gap geometries has been analyzed using
CFD.[5]

IV. PROJECT DETAILS
A) Future Scope

The present study of forced convection heat transfer
from horizontal rectangular passage can be extended to study
further in future

»  Future studies should be consider the effect of the
gap between the absorber plate and the cover

» By changing shape and orientation of fins used in
plate with fin, performance can be better than this.

» Also by adding some absorbing materials such as
silica sand, glass pieces, different results can be
obtained.

« There is a lots of effect of inclined angle of duct, so
by changing it also we can get more desired effect

B) OBJECTIVES

»  Experimental study and comparison of heat transfer
of flat plate and plate with fins by using forced
convection in rectangular duct.

»  Experimental study and comparison of temperature
variation of flat plate and plate having fins with
respect to time of the day.

»  Experimental study and comparison of outlet
temperature of flat plate and plate having fins with
respect to time of day.

e« The experimental study and comparison of
convective heat transfer coefficient of flat plate and
plate with fins.

»  Study and comparison of Nusselt number of flat plate
and plate with fins.

C) Methodology

Usually experimentation is done over solar air heater
for its performance improvement. For this experiment, a
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potential survey was conducted over use of solar energy and
solar air heater which uses this energy. Qualitative data was
obtained from this survey. After analysis of this data, actual
problem was found on which research is to be done. Further
the problem regarding solar air heater & solar energy was
defined which also included comparing the performance of
solar air heater with fins & without fins.

An actual model of solar heaters, one having fins &
other without fins was made for this research. Testing of
model includes numerical experimental analysis &
Computational fluid dynamics simulation.

The result obtained after experimentation and
simulation is further discussed, analyzed and conclusion is
recorded.

‘ Extensive literature survey I

[ Collect the data J

{ Analyze the collected data J

[ Defining the problem J

[ Test conducted on Test Rig 1

[ Note the Result J

[ Analyze the Result J

V. EXPERIMENTAL SETUP

A solar air heater consists of wooden duct, absorber
plate, transparent cover, flexible pipe, blower, frame,
anemometer, and thermometer.

Pictures of experimental setup, of different solar air
heaters are shown in fig. (6). One solar air heater has absorber
plate with fins welded over its surface & reflector is also
attached to both side for reflection of solar radiations, whereas
other air heater has flat plate absorber with no reflector

A wooden duct is placed over stand with 22°
inclination angle to ground. Black color is painted to inner
sides of duct. Absorber is placed inside duct, & duct is
covered with acrylic glass. Blower is used to supply air flow
through air heaters. Same mass flow rate flows through both
air heater at a same time. Both air heaters undergoes same
working, experimentation & climatic conditions

Page | 201

ISSN [ONLINE]: 2395-1052

In experiment fins are placed in the opposite
direction of airflow and the distance between two successive
fins is 10cm.Total 84 fins are placed on setup aluminium
sheet.

Due to reflector more solar radiations are reflected
over absorber as compared to flat pate air heater, so we will
have higher temperature for air heater with reflector & also
fins will slower down the velocity of air which will leads to
more heating of air as compare to flat plate air heater. Thus we
are expected to obtain higher Outlet temperature of air leaving
from air heater having fins & reflector as compared to flat
plate reflector

Fig. 07 Experimental Setup
VI. EXPERIMANTAL ANALYSIS
A).Reading Tables

Table 1: Readings taken for flat plate at mass flow rate of
0.013113 kg/s

TOD [TI [ T2 [T [ E[ G [ TG [T [ TE[&T

030

o | 32|82 |62 | 65| 68 |70 |68 |35 3

Do 52 |es |72 | 7a| 73 81 |79 | 58]

Vil sa o[ 7a | 97| ve |82 |81 |60
=

S0 ss 71|73 [ 76| 76 |82 [s0 |63 |7

e |55 |67 |ee [0 70|76 |72 |60

TS0 [ oo | ;

e |50 |58 |so | 62|61 |6s |63 | 533

2oy | so[safss |[ss]|ss|se |57 |52

Table 2: Readings taken for plate with fins at mass flow rate
of 0.013113 kg/s

TOD | T1 | 12| T3 [ T4 | T5 | 16 | T7 | T8 | AT
ii? 32 |65)| 53 | 55|62 |66 |6a|38)| 6
:ff s2 |60 | 63 |66 | 7a | 75| 74|39 | 7
;1;{0 ss| 72| 67 |69 |76 | 79|78 |62]| 7
IPZ&D s6 | 73| 72 | 70|75 | 79 | 72 | 64 | =
1131:.1? 55 |68 | 64 |65 |72 | 72| 71|61 | 6
12325 so | ss| 57 |s8|63 |61 |61|54]| 2
3”3\‘5 48 [ sa | 53 | 52|53 |56 | 56|50 2
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Table 3: Readings taken for flat plate at mass flow rate of
0.015069 kg/s

TOD T1 T2 T3 T4 T3 TG 7 T8 | AT
930

AN 41 35 57 62 &0 66 64 45 4
10:30

A L 30 65 68 70 69 TG 74 36 &
11:30

A L 535 68 71 75 71 80 7T 39 4
12:30

P 39 73 76 TE 77 23 71 63 4
1:30

P 31 64 65 65 63 66 65 35 4
2:30

PV 47 31 30 30 31 52 52 30 3
3:30

P 46 47 47 49 30 52 30 48 2

Table 4: Readings taken for plate with fins at mass flow rate
of 0.015069 kg/s

TOD T1 TZ T3 T4 T= TG 7 T8 | AT
930

AL 41 57 52 34 60 66 63 47 &
10:30

A 30 66 61 64 71 75 71 38 B
11:30

AN 54 70 & 67 74 78 TE 39 5
12:30

P 38 T3 T6 78 7T 83 71 63 5
1:30

P 51 30 39 64 0 70 67 37 &
2:30

PV 46 48 48 52 31 33 52 30 4
3:30

P 46 46 47 30 30 52 52 49 3

Table 5: Readings taken for flat plate at mass flow rate of
0.009892 kg/s

TOD T1 TZ T3 T4 | T3 TG T7 | TE | AT
Q:30

AN 46 64 66 69 6E 75 73 52 &
10:30

AN 53 72 T6 77 T6 24 22 60 7
11:30

AN S8 76 79 21 Z0 ZE 26 63 5
12:30

P S8 75 TE T8 TE 25 23 63 5
1:30

P 57 71 74 ] 75 21 TE 62 5
2:30

P 54 64 67 67 66 71 T0 57 3
3:30

P 47 54 37 36 36 59 38 31 4

Table 6: Readings taken for flat plate at mass flow rate of

0.009892 kg/s
TOD T1 T2 | T3 T4 T | T6 T7 T2 | AT
Q:30
AN 47 64 39 60 67 T0 70 33 ]
10:30
AN 53 72 68 69 77 80 T8 61 2
11:30
A 57 77 72 73 21 g3 21 63 g
12:30
P 56 T4 71 T3 T8 82 e 63 7
1:30
P 51 71 6o 68 74 77 753 63 12
2:30
PV 52 63 62 61 65 66 66 57 5
3:30
P 47 34 51 53 56 36 36 53 &
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B).Calculations:

1. Fins are provided on aluminium sheet. The distance
between two successive fins is 10cm and total 84 fins are
used. There is a relationship between pitch and height of the

fin as follows
P

e 5to 10.
Where, P= Pitch (distance between two fins)
e= Height of fin
The dimension of the fins is 5cm X 1.5¢cm X 0.2cm

1. Temperature of Plate (Tp):
T2+T3+T4+T5+T6+T7

Tr 6
. Flat plate @9:30 A.M.
. 644+644+654+664+70468
Tr 6

Tr=66.16667 °C
1. Plate with fin @ 9:30 A.M.
. 654+534+554+624+66464

Tr 6
Tp=60.83333 °C

_ T1+T8
3. Fluid temperature (Tg): Tg 2
l. Flat plate @9:30 A.M.
32435
Te 2
Te=335°C
1. Plate with fin @ 9:30 A.M.
_ 32+38
Te 2
Te=35°C

4. Temperature difference between plate and ambient

{Mpf): (&TPF) =(Tp—Te)
. Flat plate @9:30 A.M.

(AT,) = (66.16667 - 33.5)

AT, = 32.66667 °C
1. Plate with fin @ 9:30 A.M.

(AT = (60.83333- 35)
AT, =2583333°C

5. Inlet and outlet temperature difference (*f"T):
AT =(T8 - T1)
1. Flat plate @9:30 A.M.
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AT = (35— 32)
AT =3 °C
Il Plate with fin @ 9:30 A.M.
AT = (38 —32)

AT =6 °C
6. Mass flow rate (1)
m = pAV
P=1.1575kg/m®at32 €
md? 700282
A= s = 1 =0.0011343 m?
V =10m/s

M = 1.1575x0.0011343x10
M = 0,013133 kg/s

7. Heat transfer rate (Q):

Q=T AT

l. Flat plate @9:30 A.M.
Qriat = 0.013133%x1006.55%3
Qfia = 39.65706 J/s or W

. Plate with fin @ 9:30 A.M.
Qfin = 0.013133%1006.55%6
Qsin = 79.3141 J/s or W

8. Convective heat transfer coefficient (h):
Q=1 Cp AT = hA (T, Tp)
A = Area of Aluminium plate = 0.75x1.5 = 1.125 m?
l. Flat plate @9:30 A.M.
Q = 0.013133 = 1008.35 %3 —
hx1.125 (66.16667 - 33.5)
h =1.079103357 W/m?k
Il. Plate with fin @ 9:30 A.M.
Q = 0.013133 % 100655 x6 _

hx1.125 (60.83333 - 35)
h = 2.729089 W/m?k

9. % change in heat gain
Qfim—QFizt
% Change =  @fin
79.3141—- 39653706
x 100
79.2141

% Change = 50.00 %

* 100

% Change =

10. Nusselt number (Nu):
Total heat transfer

Nu = convective heat transfer
ha,
= k
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4 X Ayecrangular opening

Precmngu!ar opening
4x%1.5%0.75
= 2{1.5+0.75)
d, =0.2068 m
l. Flat plate @9:30 A.M.

h = 1.079103357 W/m?k
k = 0.027374 W/mk

dh:

1.0791033537x0.2068

Nu = 0.027374
Nu = 8.155757

II.  Plate with fin @ 9:30 A.M.
h = 2.729089 W/m?k
k = 0.027374 W/mk
2.729089x0.2068
0.027374

Nu = 20.61719999

Nu =

11. Efficiency of solar air heater (T]);

Q
n:

IxA

Where: Q = Heat gain in watt
I = Intensity of solar radiation
A = Area of collector duct

1) Tflat = (39.65)/ (901 * 1.5* 0.750)
MNflat = 3.91 %

1) Tfin = (79.31)/ (901 * 1.5 * 0.750)
Nfin=7.81%

VII. GRAPHICAL ANALYSIS
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Graph 1: Output temperature Vs TOD for mass flow rate of
0.013113 kg/s
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Graph 2: Output temperature Vs TOD for mass flow rate of
0.015069 kg/s
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Graph 3: Temperature difference AT Vs TOD for mass

flow rate of 0.013113 kg/s
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Graph 4: Heat Gain Q Vs TOD for mass flow rate
of 0.013113 kg/s
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raph 5: Nusselt Number (Nu) Vs TOD for mass flow
rate of 0.013113 kg/s
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VI RESULT

After Analysis of performance of Solar flat plate air
heater ~ with fins & without Fins, we get following
Experimental Results

e The maximum outlet temperature of plate with fins is
65°C and at the same time the temperature for flat plate
is 63°C.

*  Maximum temperature difference which we are getting
from this experiment is 12°C for plate with fins and that
for flat plate is 7°C.

«  The maximum value of heat gain obtained is 119.6004
J/s for plate with fins at mass flow rate of 0.009892 kg/s
at 1:30 P.M. At same flow rate and same time
maximum efficiency of air heater with fin and
reflector found 9.16 % at same time flat plate air heater
has efficiency 3.77 %

»  The maximum value of Nusselt number is 154.5313 for
plate with fins and that for flat plate is 123.223

»  There is maximum % change in the value of heat gain
is 59.08721% for mass flow rate of 0.009892 kg/s

IX. CONCLUSION

The study of forced convective heat transfer from
horizontal rectangular plate solar air heater has been studied
experimentally by this research. We are studied five different
types of parameter with respect to time of day. These are like
outlet temperature, temperature difference between inlet and
outlet temperature, heat gain by aluminium plate, Nusselt
number and % change in heat gain of solar air heater. This
investigation is conducted for 3 days in the month of April
2019.

e It is observed that all the parameters which we have
studied are dependent on solar intensity.

e From analysis of data we concluded that the outlet
temperature of plate with fin is always more than
that of flat plate.

e |t is observed that heat gain is dependent on time of
day, Generally the maximum value of heat gain is
obtained in the time span of 12:30 P.M. to 1:30 P.M.
for all values of mass flow rate.

e For mass flow rate of 0.009892 kg/s at 1:30 P.M.
maximum efficiency of air heater with fin and
reflector found

e From the calculated data the value of Nusselt number
is found to be maximum between the timing of 12:30
P.M. t0 1:30 P.M,,
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From graph we concluded that the value of % change
in heat gain is varying with respect to time of day as
well as solar intensity.

From all analysis it is seen that the value of heat gain
for both plate is maximum for lower value of mass
flow rate.
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