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ABSTRACT

A new once-through air solar collector was modeled and tested. In this solar heater a
transpired absorber was used. The cover of the collector was double glazed and consists of
many slats and assembled in such a way that it formed a stair step fashion and made
many slots through which inlet air was sucked into the collector. The sucked air is be-
lieved to recover part of the sort wavelength radiation absorbed by the glass sheets. Fur-
thermore, the long wavelength emission from the transpired absorber was trapped by the
double glazing cover and could also be captured by the air thus reducing total heat loss. A
mathematical model was developed to predict the effects of variations in the input pa-
rameters on the collector thermal efficiency. The theoretical results showed that the
thermal performance of the collector was sensitive to air flow rate, ambient temperature,
solar irradiance, absorber emissivity variations, Slat length and slot height. The collector
was tested under a solar simulator over a wide range of air flow rates. The experimental
results were in good agreement with the theoretical values. An absorbing efficiency as
high as 82% could be obtained. Since the air heater was once-through, it is very suitable

for grain drying purposes.
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INTRODUCTION

Flat plate solar collectors have been in use
for a very long time. The cooling fluid in
such heat exchangers can be air or water;
thereby the flat plate solar collector can be
divided into two groups known as air solar
collectors or water solar collectors (2, 5).
The air solar energy collectors have been in
use for different purposes, such as space
heating and space cooling. Once-through
solar air heaters operating in an open-loop
system have been employed for industrial
drying applications and they are inherently
low in thermal efficiency (at most about
50%) due to low heat capacity and specific
heat of air. Many efforts have been devoted
by researchers to improve the thermal per-
formance of these solar collectors [3, 4, and
6].

In order to improve the convective heat
transfer coefficient between air and absorber
surface, the fin-type absorber collector and
the V-type corrugated absorber collector
were investigated for the effects of shape
and dimension of the airflow passage. Intro-
ducing fins or corrugations into the airflow
path improves the convective heat transfer
coefficient but these systems have a draw-
back due to increasing the resistance to the
airflow. A number of designs that increase
the contact area between the air and absorber
and/ or the heat transfer coefficient have
been proposed and analyzed. In these de-
signs, porous matrix type absorbers were
employed and the results reported were very
promising [7].

An overlapped glass plate absorber solar
air heater was originally proposed by Miller
and was thoroughly investigated by Lof
(1950) and Selcuk (1971). The transpired
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Figure 1. Schematic diagram of the collector cover and absorber.

absorbing system of this kind of air heater
contained a series of single-strength glass
plates arranged in stair-step fashion and
separated by thin spacers. Each pane of glass
was painted black at one third of the area
and arranged in such a way that each black
surface was beneath two clear surfaces. The
daily efficiency for collecting solar energy
was reported to be 30 - 60% (8 and 9).

It is envisaged that an air solar collector
with a transpired cover (slatted glass sheet
cover with a 100% overlap) and a transpired
absorber will combine the work discussed
above and produce an improved efficiency
using the best features of both. This new
version of solar air heater is a “once-
through” type and can be used effectively
for applications, such as drying [10].

MATHEMATICAL MODELING

For the transpired absorber and the tran-
spired cover air solar collector, a mathemati-
cal model was developed. The cover of the
solar air heater was fashioned in such a way
that glass sheets covered each other fully
(100% overlapped, like a double glazing
cover) and the slots were formed between
them (Figure 1). The following simplifying
assumptions were made before formulating
the governing heat balance equations:
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a-The collector is considered to be in a
thermally steady state condition and heat
flow through the glass sheet cover; absorber
and insulator are one-dimensional.

b-The exposed area of the collector is
large compared with its wall thickness.
Therefore the edge and end losses could be
neglected.

c-The airflow direction through the ab-
sorber is nearly normal to the absorber sur-
face and downward, furthermore, air distri-
bution through the slots and across the tran-
spired absorber is uniform, and hence the
flow develops both thermally and hydrody-
namically.

d- Covers are opaque to infrared radiation;
covers and absorber are at a single mean
temperatures.

e- Radiative properties of materials and
physical properties of air are constant.

Referring to Figure 1, and considering the
airflow path through the transpired cover
and transpired absorber, the following heat
balance governing equations can be written
[10],

1- Heat balance equations for the double
glazing cover:

Heat balance equation on upper glass sheet
cover:

SWGl + hrci G-CZ _TC])= hca (Tc1 _Ta)+

(1)
hrca (Tcl _Ta)+ hci (Tcl _Tza)
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Heat balance equation for the lower glass
sheet cover:

SWG2+h, (T, ~T,,)+(1-R,)
hpc (Tp _Tcz) :hrci (Tcz _Tcl) (2)
+ hci (Tcz =T 2a )+ hcl (Tcz _T3)

2- Heat balance equation for the absorber:

SWP=h,, (T, ~T,,)+mc, (T, ~T5,)

+h, (T, -T,) ©)
3- Heat balance equations for the airflow:

me, (T, -T,)=R.h, (T, -T.) “4)
mc, (T3,-T1)=h; (T, +T,-2T2,) (5)
mc, (T4, -T3,)=(T,-T3,)h, (6)
mc,(T5,-T4,)=R, h, (T,-T,) @)

4- Heat balance equations for useful heat
gain:

qu:mcp (Tp _Ti) (8)

5- Equations for suggested recovery factors
for the cover and absorber:

_(me,/hy) o
¢ 1+(mc,/h;,)
B (mc,/h, ) (10)

P 1+(me, /h,)

The above equations accompanied by
properly selected correlation equations for
convective and radiative heat transfer coeffi-
cients have to be solved using iteration nu-
merical techniques to calculate the unknown

Slots

values [10]. The proper radiative properties
of the material, absorber and glass sheet
cover, have to be chosen [10].

MATERIALS AND METHODS

In order to validate the theoretical model a
small solar air heater was designed and fab-
ricated. The collector main casing was made
of plywood (10 mm thickness) and insulated
properly at the rear and sides by polystyrene
(50 mm thickness). The inner surface of the
casing was painted a matt black color and
the edges were sealed properly against the
air leakage. A sheet of Balton Twill black
thick cloth (1.00 x0.70 m.) stretched over a
supporting wide black wire mesh was used
as transpired absorber. This absorber was
hung firmly and diagonally inside the collec-
tor casing using the hooks and bolts. On the
top side of the casing a 70 mm hole was
provided to use as an outlet. The outlet was
connected to the fan using connections and a
combination of flexible ducting and steel
pipes. Somewhere and far away enough
from the outlet the orifice plates have been
incorporated to measure the air mass flow
rates. The upstream pipes were properly in-
sulated by insulating materials.

The cover of the collector was made of
thick Redwood and consisted of several sin-
gle glass sheets arranged in a slatted fashion
(Figure 2). The sheets of the cover were
fully overlapped (100%) to make a double

Glass sheets

Hot air outlet

i Transpired absorber

Figure 2. A simple cross section of the solar air heater.
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Figure 3. The relationship between air mass flow rate and absorber efficiency for 100%
models (theoretical & experimental valures).
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Figure 4. The relationship between air mass flow rate and absorber efficiency for 100%
models (theoretical & experimental values).

glazing cover and make slats through which
air was sucked into the heater. The heater
was equipped with a removable cap. The cap
was designed in such a way that the slot
height and slat length could be easily varied.
The solar heater was tested under a solar
simulator with a constant solar irradiance of
886 Wm™ (average of 0.5 um. wavelength)
according to the ASHREA Standard Method
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[1]. A full range of air mass flow rates of
0.004 to 0.033 kgm™ see” with different op-
erating conditions of slot heights (S) of 3, 5,
and 9 mm and slat lengths (Ls) of 0.1 and
0.2 m were adopted to run the experiments.
Finally the following relationship was used
to calculate the thermal efficiency of the so-
lar heater [5].
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Figure 5: The relationship between air mass flow rate and absorber efficiency for
100% models (theoretical & experimental values).
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Figure 6. The relationship between air mass flow rate and absorber efficiency for
100% models (theoretical and experimental values).

eff =3 100 (11)
g,

A computer simulation technique with the
aid of a computer program written in FOR-
TRAN, was developed to be used as a tool to
quantify the performance of the mathemati-
cal model. The computer program was run
for different operating conditions [10]. The
air temperature of the crucial points were
monitored by T type thermocouples by the
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aids of a data logger and a proper software.
RESULTS AND DICUSSIONS

In fact the fluid flow was examined for
full range of air flow rates and it was found
that the flow was laminar throughout the
collector for full range of air mass flow rates
(0.004 to 0.035 kgm™ see™).
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Figure 7. The effect of normalized temperature difference and slat length on ab-
sorber efficiency (theoretical values), hundred percent model.
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Figure 8. The effect of normaliese temperature difference and slot height on ab-
sorber efficiency (theoretical values), hundred percent model.

The data on the mathematical model and
experimental values have shown a good
agreement (Figures 3 to 6). Both results in-
dicate that the collector efficiency is sensi-
tive to air flow rate variations but this de-
pendency diminishes as the air flow rate in-
creases.This is due to the fact that the buoy-
ancy forces are quite strong and contribute a
lot to the thermal losses at a low air flow
rate resulting in big slopes and, as the air
flow rate increases, these buoyancy forces
are gradually reduced. The theoretical and
experimental results showed absorber effi-
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ciency as high as 82% for high air flow
rates. Sensitivity analysis on the model
showed very small variations when slot
height and slat length were changed but the
effect is more distinctive at high normalized
temperature because the higher the tempera-
ture difference the more heat losses would
result (Figures 7 and 8). The effect of slat
length can be better argued for a shorter slat
length which shows a better collector per-
formance because the shorter the slat length
the larger is the number of the slots through
which air is introduced into the collector
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Figure 9. Experimental pressure drop across slatted glass cover at different air mass flow
rates and slat length, hundred percent model.
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Figure 10. Experimental pressure drop across slatted glass cover at different air mass flow
rates and slot height, hundred percent model.

therefore more heat otherwise lost can be
recovered by sucking in air. This effect is
more noticeable at a high air flow rate.
Moreover the air flow is distributed more
evenly through the collector as the number
of slots increases and this might be another
reason why the collector with a greater slot
number and lower slat length shows a better
thermal efficiency. Also it was found that
the collector efficiency was sensitive to am-
bient temperature and solar irradiance varia-
tions (not shown in the Figures). The impact
of slot height and slat length on pressure
drop across the slatted glass sheet cover are

17

presented in Figures 9 and 10. As expected,
the pressure drop increases sharply when
slot height decreases or the slat length in-
creases. Furthermore, the pressure drop
across the slatted glass cover sheet was rea-
sonably low, although a threshold pressure
drop at the slot is necessary for the air to let
in.
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NOMENCLATURE

Collector surface area, m?
Specific heat of air at constant pres-
sure, J/ kgK

h rca

hrci
hrpc

ai
Qu

P
SWG1
SWG2
SWP

Ta
Te
Ta
Te,
Ti
Tla T2,

T4,, T5,

To
TP

Upper natural convective heat transfer

coefficient, W/m?K

In-slot convective heat transfer coeffi-

cient, W/m’K

Lower convective heat transfer coeffi-

cient (plane wall jet), W/m?K

Natural convective heat transfer coef-

ficient between absorber and cover,

W/m?K

Radiative heat transfer -coefficient

between cover and surroundings,

W/m’K

Radiative heat transfer coefficient

between overlapped cover sheet,

W/m’K

Radiative heat transfer coefficient

between absorber and cover, W/m?K

Air mass flow rate, kg/m?s

Incident solar radiation, W/m?

Useful (extracted)thermal

W/m?

Cover heat recovery factor

Absorber heat recovery factor

Short wave heat gain by upper glass

sheet, W/m?

Short wave heat gain by lower glass

sheet, W/m?

Short wave heat gain by absorber,

W/m?

Ambient temperature, K

Cover temperature, K

Upper cover temperature, K

Lower cover temperature, K

Inlet air temperature, K

T3, Inside collector intermediate air
temperature, K

Inside collector intermediate air tem-

perature, K

Exit air temperature, K

Absorber temperature, K

energy,


https://dorl.net/dor/20.1001.1.16807073.2003.5.1.2.9
https://jast.modares.ac.ir/article-23-3548-en.html

[ Downloaded from jast.modares.ac.ir on 2024-04-28 |

[ DOR: 20.1001.1.16807073.2003.5.1.2.9 ]

Once through Solar Energy Collector

Pler Ll oS a8 & Lol 5 g )
b S L suwy gs

399 -dl .z s oL2o) g

0 A S>

s S sy et L5 g dd> s uidS &F SO Guif (ol o
Gl 00 oy 8yl By v a8l g )i
ool wl oyae JxdRie ga0 3 il dxdw sdad) e (S S
D e S50S & ol el ddud sl Ay g0 gudey g Gy Syl ,B
o A A4S Se 458l JuSAS ol 4dud olehd solu) ol des
Lol s JusSas 1y ol 4y gl T & 45 Wed Juaio pg Suws
SY 51 e 48 W85, cwns olboss Go Lo oleslSa
Sl o 0ol yane slea Lub,o ounSe Sy S 51y 4o LgT
FH—F g 005 0 0SS ey M SIS Se by Ledlsa Js1e
GOS8 JF1 o 4 ady 0y SHgaiol xe yd 4S8 Loy S )
dx o I el b ablw gHiy HI B (Bxd Logb0 odlS
ol oS slea hwed (Wil zao Job Lo ¢iu51) odle
el oud ol Jule g0 Gl .00, 85,0 9yl S0y S 310
Jolas ol o) 4> LSy iSILS Ho shuo!l olads 48 sad e
S gaadysF 0 didS &F sy edS STHLS sadu sl o Lol
IS by b Ty Ole iy 45 oud b gols Loloy Juao
ol a3 Lol Hl 3wy vy 1y ou IS S &F Ho aSl>
pl o3 , 4 by sF %gj)_ﬂ g LS 3 S Jaw 3 oud 2y dwl
$5 Gidey od e JuSh 5 ol 2k Jab 03l dxie Soiad
O w!l plae > o i JouSa 5 s ledlSh Goe g o dSILS sl 4y
s S lw 0SSy S S eud olgddny Jue pladel cwyu ol e
Lo by 8yl 8 g sy olialey T syse glowd JiUS bl b of
Lo =3 S s Fpa olaslae)T =) odol  Ciwdy pld) !
oo glod 31y Loy vy 008 sy woloy Jde axsT
Wyl 38 L wyd> AY sad > sHye 35 Ho g aliyleyT Ho odls
Sl USaw S0 wlel g 401 Jads 4o 6SsS ool . 4o S
cowl owlio jlaws LegSSas 5o ¢Sy ¢l o LS LS

19

JAST


https://dorl.net/dor/20.1001.1.16807073.2003.5.1.2.9
https://jast.modares.ac.ir/article-23-3548-en.html
http://www.tcpdf.org

