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Abstact: The solar air heater is newly developed air tight circular collector in which dull black powder coated aluminum
tube of thickness 1.0 mm is used as absorber. The absorber tube is placed cocentrically in borosilicate glass tube, and at the
both ends of these tubes neoprene rubber are place which will act as sealent to the air preasent between absorber and glass
tubes and neoprene rubber also maintain gape between absorber and glass tube. These type of 04 assamblies are placed
into the frame.A air inlet pipe conect four assamlies at bottom with air blower whoses speeds are regulat by ressistance
regulator. Four assamlies are open in air outlet unit Efficiency evaluations were conducted during daylight hours over a 2-
month period and included extensive monitoring and recording of temperatures with type- RTD (PT 100) placed at key
locations throughout the system. The results confirmed the anticipated fluctuation in collector efficiency dependent on the
time of day, solar energy irradiation, ambient temperature and circular tube surface mean temperature. An efficiency of
approximately 78% was achieved.
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I. INTRODUCTION

Solar air heaters are used for space heating and drying .In different solar heating system, air heater is an important
components. Thermodynamics properties like heat transfer coefficients for air heater is low. Other way low convective heat
transfer between airs is flowing in heater and absorber plate. Also high heat losses among absorber plate and surrounding
environment which results in decrease of the efficiency. Heat transfer coefficient can be improved by providing fully
turbulent flow in experimental system. Collector lengths, type of absorber plate, collector depth, wind speed and glass cover
plate are important factor which help to improve the efficiency of solar air heater. The design of solar air heater is depend on
various parameter such as an absorber plate shape factor, dimension. Efficiency of air heater increase by providing large
shape area which improve heat transfer to flowing air in collector ,beside higher pressure drop in systemresult in more power
consumption.[1.]Different design with various shapes and dimensions of air flow passages for plate type solar air collector
were checked[2-7].Obstruction are fitted in air channel duct which increase in heat transfer between absorber plate and air
steam , result in improvement of thermal performance of solar collector of air heater[5]. Design of obstructions provide
uniforms air distribution to the system [8, 9]. Second law of thermodynamics is used to analyse the design of thermal system
analysis[10]. First law of thermodynamics applied to typical thermodynamics design based on energy balance of the system.
Second law of thermodynamic analysis associate with a standard design development lead to important idea into the
operation of system. First and Second law of thermodynamics give exergy analysis in comparisons with energy analysis ,it
mean how much quality of energy is transferred. The main aim of exergy analysis is to evaluate the cause of problem of the
chemical and thermal processes.A powerful tool to design a system is exergy analysis because of optimization and
performance evaluation of energy utilization are easily achieved .The main source of exergy loss and production of entropy
can be minimized by this analysis, in a given thermodynamic process where material as well as transfer of energy is
important[11,12]. Dincer and Rosen suggested [13] the design and analysis of thermodynamics system ,using energy
principle and conversation of mass are together with second law of thermodynamics where energy analysis is an important .
Exergy analysis gives ideas , definitions and approvable technique. With the help of themiit is possible forn a more efficient
design[14,17].Demirel and Ozturk [18] exp lained this by practical performance of air heater with Raschig rings. They noticed
that efficiency of exergy and energy for packed bed solar air heater increases as outlet temperature of heat transfer is
increased. Seasonal latent heat storage system for greenhouse heating with the solar air heater ,Ozturk narrate experimental
evalution of exergy and energy efficiency[19].Ucar and Inalli introduced passive augmentation technique for exergy and
thermal analysis.In this paper we present result obtained by the circular solar collector air heater for significant variab les.
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II. DESCRIPTION OF THESYSTEM

Air heater is manufactured by assembly of different parts like absorber tubes, glass tube covers, neoprene rubbers,air inlet
unit,air outlet unit,support cover, axcial blower, speed regulator for axcial blower and iron stand. It is instrumented by RTD
(PT 100) at various locations which are associated with Temperature Indicator for getting tmperature during uniform time
interval as well as Anemometer which is used for measurement of air speed (wind), Pyranometer is help to obtain radiation
intensity.

Table 1: Characteristics of Solar Air Heater

- '—-slr ! '* Absorber tube (lass tubes
LW, ¢ r
’. | 1 No. of tubes 4 No. of tubes 4
MMaterial Alumitnm MMaterial | Borosilicate glass
Coating Dull black. Emissivity 0.7
powder coating -
Emissivity 038 Transmissivity] 09
Absorptivity] 09 Thiclkness 1.5 mm
Thickness 1.0mm Length 1500 mm
36mm(ID 54 mm(TD
Diameter ) Diameter )
3% mm{OD) &0 mun{OD)
Length 1600 mm Collector area 0.5652 m2
Spacing Spacing
between 120 min between 60 mm
two tubes two tubes

Fig 1. Air Heater

Fire work is done on both end of glass tube to prevent fracure at the time of assemly. Borosilicate glass tube used as a
collector cover for reducing convectional and radiation heat losses. The absorber tube i placed cocentrically in borosilicate
glass tube, and at the both ends are sealed with neoprene rubber, which will act as sealent to the air preasent between
absorber and glass tubes .Neoprene rubber also maintain gape between absorber and glass tube. Air inlet unit is manufactured
from mild steel cylinder, having 760 mm length ,120 mm inside diameter and 123.2 mm out side diameter. It supports four
absorber tubes as well air blower. Air outlet unit also made from Aluminum rectangular section 85mmx45mm .There are
four circular holes drilled for joining absorber tubes.It is closed at one end with cover and other end of duct is connected
with Humidification chamber. Air outlet unit having 830 mm length.Two support cover are made from MS sheet which are
bend on hydraulic press and punched six circular holes. They are supports to solar circular collectors , air inlet unit and air
out let unit.They are clamped on frame having slope of 35° with horizontal surface.

111 PROCEDURE

The experimental apparatus is located at Vadodara latitude 22.000 N 73.10° E. The air heater is inclined at 35° south facing
and connected to humid ification chamber. The whole assambly is mounted on the fixed stand. The experimental setup was
run from 07:00 Am To 06:00 pm. Every one hour interval temperature on four absorber outer surface have been taken.
Simultaneously four outer surface temperatures on glass tube are noted. Also air inlet temperature and out let temperature are
readied by Digital temperature indicator. The experiments are conducts by varying flow rate of air of 5.7x10°m’/s ,7.92x10°
3m’/s,9.72x10°m%/s ,11.52x10°m?/s , 13.32x10°m’/s | 14.4x10°m®/s and the measurements of solar radiation using
pyranometer with some assumptions like climate conditions averaged per hour, no air leakage, time dependent performance,
heat loss or gain from edges of the solar air heater to ambient are neglected

IV RESULT AND DISCUSSION

As per the system arrangement and following procedures, result obtained for variant ambient condition and air inlet
temperature for different air flow.

@IJAERD-2015, All rights Reserved 361



International Journal of Advance Engineering and Research Development (IJAERD)
Volume 2,Issue 3,March -2015, e-ISSN: 2348 - 4470 , print-ISSN: 2348-6406

Table 2 : Variation in ambient

condition on 12th April 2014

120414
Variationin ambient condition Solar | Aubient
Isolation, |Temperature| Time
Wim® L5
£ 3729 28 7.00 am
=z 260 i3 2.00 am
= —O—Sola.r _ 415 35 9.00 am
; Radiati .. 509.73 # 10,00 am
= 68595 43 11.00 am
o -
= 85,35 45 12,00 pm
5 824,12 47 01,00 pm
& 1753 4 02.00 pm
= 6674 48 03.00 pm
A Time Duration 5043 | 600pm
! rati 2035 15 05.00 pm
1399 46 06.00 pm
Figure 2: Variation in ambient condition on 12th April 2014
4.1 Effect of air inlet temperature on efficiency for different dates
Table 3: Effect of air inlet temperature on efficiency
At Air Flow Rate= 0.0057 m’/s
Air Tntet] Absorb Glass Sofar Incident Cot
2 Time |~ et| Absorbe Tube Heat : L Solar ° .ec,tor_ 12/04/2014
2| EHr Te:nc'lp._ Trtube:C Inner |Loss, W m“‘j:_;ﬂ radiation eﬁic::nc,}-._
T | Temp :C o] W . 10000
700 23 2625 26 047 3064 224 789
800 | 27 | 3875 | 32 | 2329 | 22236 | 12568 | 6088 R 8000
9:00 32 30235 3635 60.1 325 133.69 4828 a 60.00 S T———_
10:00 36 37735 40 8385 48038 276.6 50.69 E
- 11:00 30 6125 43 8487 64778 366.13 57.82 E 4000 -
S| 2 64 46 8357 | 74332 | 42012 | 6111 & 2000 -
g 13:00 43 6325 47 87.06 766.1 433 60.82 0.00
14:00 43 633 46 80.75 73033 412.79 6144 ' -
1500 [ 43 635 47 752 | 65720 | 3715 60.76 3 27 311 % ¥ o4 £ 8 83 8 484 8
16:00 43 60 47 3733 526.78 20774 61.67
1700 | 43 5425 47 2842 | 280 [ 15826 [ 6304 Air Inlet Temperature
13:00 41 4375 43 1.84 3025 2218 2N

Figure 3: Effect of air inlet temperature on efficiency
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Table 4: Effect of air inlet temperature on efficiency
At Air Flow Rate= 0.01332m’/s
Gl Incident
. . Air Inlet] Absorbe ass Solar crden collector 21/04/2014
Z | Time T b Tube Heat diati Solar fHici .
o |Hr :émp: {I' m:é Inner Loss, W :\:' _mjm radiation :}_ clency:
P Temp, °C me W e 80.00
700 |27 3l 303 1.08 3899|2204 |76.00
500 |31 4125|345 [2533 188 |wes2  |5728 5. 60.00 :
%00 |33 4725 |36 4705 |36228 |20476 |38.02 £
U
10:00 |36 5275 | 5168 |:2236 |20s24  |en.a1 < 40.00
< (1100 |40 5525|433 6448 |779.07 |44033 6636 &
2 ; ; ; ; “ 2000 ==Series]
3 |2o |u 6023|445 7098 |s51.16 |48108  |[6625 : eres
= |00 |43 615 47 6426 |ss965 |50283 [es:2
14:00 |44 6125 |47 6291 |se09 |436358 6807 0.00
15:00 |46 61 485 33.68 731.78 [|4136 68.02 27 031 33 3% 40 41 43 43 44 45 46 47
16:00 |47 5775 |49 3359 |47254 |26708 6767
17:00 |46 513 46 1983|200 11304 6345 Air Inlet Temperature
18:00 |43 445 4 113 39 204 7585
Figure 4: Effect of air inlet temperature on efficiency
Table 5: Effect of air inlet temperature on efficiency
At Air Flow Rate= 0.01152m’/s
. . Ajir Inlet | Absorbe Glass Solar, Incident collector 23/04/2014
Z | Time T b Tube Heat Solar fHici 3
o |E e%p: Trtu E:C Inner |Loss, W[ . ™ radiation | © ctfncy:
P Temp, °C W - 100.00
700 28 30 203 1.08 39 22.04 76.1
o . > - 80.00
8:00 33 413 355 | 2196 | 18734 | 10588 | 6026 - \M‘O—o
9:00 33 0 33 5095 | 4025 | 2749 | sseét 2 6000
10:00 40 543 433 5499 | 53573 | su4a 63.49 2
< 100 13 6025 47 5758 | 7208 | 41248 | 6704 E 40.00
3 1200 4 61 47 6847 | 8474 | 478095 66.7 20,00 =#=Series]
& |13:00 47 6475 19 7285 | 8817 | 40834 | 6630
14:00 18 6325 | 503 | 5505 | most | 4375 | eoas 0.00
15:00 18 6225 50 5242 | 7276 | 41124 | 6825 38 33 35 40 43 43 44 45 47 47 48 48
16:00 47 365 19 2892 | 48832 | 276 70.52
17:00 145 333 18 2033 | 31156 | 17600 | 6045 Air Inlet Temperature
18:00 13 4525 145 0.49 12 2374 7895
Figure 5: Effect of air inlet temperature on efficiency
Table 6: Effect of air inlet temperature on efficiency
At Air Flow Rate= 0.00972 m’/s
- . Ajir Inlet | Absorbe Glass Solar, Incident collector 25 4 2014
= | Time Tube Heat o Solar .
= Temp, | rtube . |radiation i efficiency,
= - - Inner |Loss, W . radiation .
*C |Temp. °C| N Wim2 N £
Hr. Temp, °C W 100,00
700 | 28 3025 30 047 | 3824 | 2161 7881
500 | 33 433 353 2200 | 2010 | mzer | sam 5 8000
v
900 | 36 52 40 5105 | 404 | 22834 | 3865 £ 6000
10:00 | 38 36 12 6154 | 56486 | 31926 | 6172 5 1000
I [ESE N 61.75 4 5208 | 7355 | 4157 6125 E '
|| 4 6325 18 6336 | 83727 | 47323 66.53 2000 - Seriesl
Al oo 46 63 475 5274 | B65s5 | 48918 | 600 0.00
Lol !
14:00 | 47 6375 505 5760 | soeg | 45776 63.4
15:00 | 48 625 51| 48358 | 6858 | 33761 | 6847 18 33 36 38 42 42 45 45 46 47 43 48
16:00 | 48 60 52 3198 | 4008 | 2774 69.47 )
1700 | 45 54 49 1815 | 3215 | 1816 | 7102 Air Inlet Temperature
1300 | 42 13 125 11 7721 | 4364 7843
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Table 7: Effect of air inlet temperature on efficiency

At Air Flow Rate= 0.00792 m’/s
< | ime [P St | | ol [T cotect 26/4/2014
& Hr. Te_mp: rtube_ Inner |Loss, W md"n_nm radiation efﬁme.ncy:
T [Temp " pop ¢ Wim2 | % 100.00

700 27 285 28 108 | 4025 | 2275 7626

8:00 32 433 33 3447 | 25168 | 14225 56.77 - §0.00 W

900 34 51 38 562 | 48515 | 21421 60.5 £ 6000

1000 | 38 5725 12 6074 | 53785 | 30309 58.06 %
< | 1100 3 62 45 7701 | 7024 397 61.37 E 40.00 _
g 1200 | 45 63.3 43 8276 | 8048 | 45487 62.81 20,00 =4=Seriesl
& | 1300 48 66 50 7428 | 8256 | 46663 65.08

1400 | 48 65.75 51 6731 | 8166 | 46154 | 6642 0.00

13:00 48 6323 32 4732 696.05 30341 63.97 77 32 34 38 43 44 45 46 43 48 48 48

16:00 | 48 61 52 3600 | 5246 | 2065 68.83

1700 | 46 5475 40 2147 327 184.82 60.38 Air Inlet Temperature

18:00 | 44 1673 45 406 | 8318 | 4984 71.05

Figure 7: Effect of air inlet temperature on efficiency

Table 8: Effect of air inlet temperature on efficiency

At Air Flow Rate= 0.01442 m’/s
2 | Time Ajir Inlet | Absorbe F;f;: Heat S.ola..r MSC;T:IM co]l.ector 28/4/2014
& Hr. Te_mp: rtube_ Inner |Loss, W md"n_nm radiation efﬁme.ncy:
C | Temp, °C] Temp, °C Wim2 W £ 80.00

700 | 28 3325 | 323 177 | 3725 | 2105 72.58 W

s00 | 33 4225 35 284 | 260 | 14695 | 6168 5 00.00

g00 | 35 5023 39 712 | 425 | 20021 | s13e ¢

ww | n 53.23 m 5735 | s0e73 | 2881 61.03 24000
oo f 4 60.73 43 7099 | 68593 | 38760 | 6269 E _
Flow| s [ ean | s 6721 | 78585 | 44416 | 6587 2000 == Series]
% [sw| o 63.73 30 6176 | 82412 | 46578 | 6774 00

1400 | 49 6.3 32 5506 | 7737 | 43843 | 6sae :

1500 | 4¢ 63 52 1605 | 6674 | 37721 | 6878 28 33 35 41 43 45 46 47 47 48 49 49

1600 | 48 60.5 51 3851 | 5045 | 28514 | 6749

1700 | 47 5525 19 2376 | 2055 | 16589 | 66.68 Air Inlet Temperature

1800 | 46 | 4175 | 463 332 | 7308 | wm | 17

Figure 8: Effect of air inlet temperature on efficiency
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V SAMPLE CALCULATION

Date:-28/04/2014, at 01:00 PM

Effective Thermal Conductivity (Kc¢),

Data:
Air inlet temperatwe — T, —47°C
Absorber tube temperature =T, = 63.75 °C K = K X0.317 (R -)’.-"4
Glass tube inner temperature — T, — 50°C eff o
Glass tube diameter=1) ;= 54 mm =0.04
Absurber tube vutside diameter — D~ 38 mum
Mean Temperature. Heattransfer coefficient (hy..)
Tabs an T:qi
Tnean = 2 A _ 2XK.y
" puin(2s)
=32988°K. e
By =B
At. T,...=329.88 °K Property of Air from table A-4[1] are,
Thermal Conductivity K=0.0282 WmK, :
Prandalt No 0,695, Overall heat loss coefficient (g/l),
Kinematic Viscosity = 18.21 X 10%m’/s, )
Temperature Difference At 9 _ 1§ (T -T ) + 97Dy (Tmean '~ Tgi‘)
Temperature Difference At=T, - T, i BB a {L.,Dﬂg(l- 1)]
T =6375-50 S
-13.75°C
Where, ¢, = Emissivity of absorber tube = 0.38
Rayleigh number: g = Emissivity of glass cover = 0.7
o o OXAX(D,~D)XPr Heatloss, (g)
¢ Tonean X v q= 7— X no.of tube X length of tube
_ 9.81X13.75X 4.096X107X 0.695 q= 6176 W
R, = 329.86 X (18.21 X 10 )°
R, = 3510.32 Collector Efficiency (% n), = 0.9x0.9=0.81
Modified Rayleigh number: e _ _AXITX081-gq
Collector Ef ficiency = n = —————
A XIT
S/ In (D/D,) y ¢
(Ry") /s = 5 XR, s n=0.6774
3 1 1 * -
b's 5 —— n=67.74%
D, 's Dg's

VI CONCLUSION

The air inlet temperature is an operational parameter which strongly influences the performance of collector .It is seen from
above graphs , that the efficiency of the collector decrease as the air inlet temperature increase .In graph 40°C to 44°C
temperature efficiency increase due to ambient condition.

Variations in ambient conditions were observe, in which solar radiation received was higher during 12:00 pm to 1:00 pm,
lower during morning, and evening. In addition, there is variation in amb ient temperature; it was lower during morning
periods and higher during 12:00 pm to 03:30 pm.. These parameters are use during experiments and hence it is important to
understand the variation of that.
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