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Abstract

The present study involves a theoretical study to
investigate the effect of mass flow rate, flow
channel depth and collector length on the system
thermal performance and pressure drop through
the collector, on V-groove absorber at single and
double flow mode. This study has been
conducted by using a developed internet based
mathematical simulation. It is concluded that in
V-groove absorbers types, the double flow mode
is 4-5% more efficient than the single mode. On
the other hand the using of porous media in
double flow increase the air heater efficiency to
be 7% efficient than air heater in single mode,
and 2-3% more in double flow mode without
porous media. The analyses results and the
graphs obtained in this paper can be a helpful
tool for a designer engineer to construct
economical and efficient solar air heaters with
technical dimensions.
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1. Introduction

Solar air heaters are cheap and most widely used
collection devices because of their inherent
simplicity [1]. It has a wide range of applications
in drying agricultural produces, industrial
process heating as textile and papers, space
heating and greenhouse heating. Extensive
investigations have been carried out on the
optimum design of conventional and modified
solar air heaters. The researchers have give their
attention to the effects of design and operational
parameters, type of flow passes, number of
glazing and type of absorber flat, corrugated or
finned on the thermal performance of solar air
heaters [2,3,4,5]. The use of porous packing
material in the collector duct is also one of the

methods that been proposed for the enhancement
of the collector’s efficiency [6]. An internet
based mathematical simulation has been
conducted and developed to predict the thermal
performance for different designs of solar air
heaters [7,8]. This study uses the aforementioned
developed program in [7,8] to find the influence
of different parameters, such as mass flow rate,
flow channel depth and collector length on the
system thermal performance and pressure drop
thought the collector, for VV-groove absorber in
single and double passes with and without using
a porous media.

2. Theoretical Analysis

Figure 1 shows schematically the cross sectional
views and the thermal net work of the solar air
heaters investigated in the present work. In all
types, the air heaters are composed of three
plates, the cover, the VV-groove absorber and the
rear or back plate. The air is flowing in the upper
channel depth through the V-groove absorber in
type 1, and then it is turned to continue flowing
in the lower duct between the absorber and the
rear plate in type 2, 3. The lower duct has been
packed with a porous media of 0.80 porosity in
type 3. The various heat transfer coefficients at
different components of the air heaters are
illustrated in the thermal network in Figure 1. To
model the solar air types and obtain there relative
equations, a number of simplifying assumptions
has been made. These assumptions are as
follows:

1- Performance is steady state

2- There is no absorption of solar energy
by a cover insofar as it affects losses
from the collector

3-  Heat transfer fluid is considered a non-
participating medium

4- The radiation coefficient between the
two air duct surfaces is found by
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assuming a mean radiant temperature h(T, -T,)+h (T, -T,)=U (T, -T,) 4)
equal to the mean fluid temperature 3
5-  Loss through front and back are to the V-groove absorber ©)
same ambient temperature (T, =TT, ~T)-Hh 0,7+, o)+, (T, )=l
Fluid medium in the upper passage
Therefore the energy balance equations for the mC de1
plates and the flowing air yields the following h, (T, =Tq) = ( )( ) ©)
equations: Fluid medium in the lower duct
mC d
(T, ~Ti2) = (g +h (T -1 ()
Bottom plate
hA(TfZ _Tr)+hr2(Tp _Tr):U b(Tr _Ta) (8)
c) Type-3
. Collector cover
Insulation
hl(TP _Tc)+hr(Tp _Tc):U[(Tc _Ta) (9)
V-groove absorber
h(T, T+ D@D TG T)=le - (10)
Cover TUt |. | Fluid medium in the upper passage
L dT
hy (T, =T o) = (& ) (1)
1ol Fluid medium in the Iower duct
as et mG,, dT, (12)
o (T, =T o)+, (T, =Teo) +h (T, —T,) =( W )(W)
" _ I Porous media
Insulation 1/!’\.’2> >1/}'111
liry hrZ (Tp -T pr) + hG (Tpr _Tr) = hA (Tpr _TfZ) (13)
(b) Type -2 Bottom plate
Ta] hS(TfZ_Tr)+h6(Tpr_Tr):Ub(Tr _Ta) (14)
l_+1‘f11 The thermal efficiency which defined as the ratio
™% T[?_ T of the useful energy to the total incident solar
radiation is expressed by the Hottel-Whillier-
0] Bliss equation [9].
s T -T
Insulation n= SI —FR(TOC) F U ( i I a) (15)

(©) Type -3 Heat transfer coefficients
Figure 1: Schematic diagram of V-groove

solar air heaters with thermal network The following correlation proposed by Me

Adams [10] for air flowing over the outside
surface of the glass cover is used to predict the

a) Type-1 ! us
Collector cover convective heat transfer coefficient
h (T, =T)+h (T, -T)=U. (T -T,) @) h, =5.7+3.8V (16)
/rgroove absarber where h_is the convective heat transfer
h,(T, =T )+h(T, -T)+h (T, -T.)=lza (2 a

coefficient, and V is the wind velocity.

Fluid medium T The radiation heat transfer coefficient from the
f
h, (T, ~T,)+U - (3) absorber to the glass cover can be stated as
dx following [3, 9]
b) Type-2

Collector cover



Lo TN, < T 7
L+ ! -1
& 4 &

b ¢
In the V-groove the radiation is reflected several
times in the grooves, each time absorbing a
fraction of the beam. This multiple absorption
gives an increase in the solar absorptance but at
the same time increases the long-wavelength
emmitance [11].

_ 2%, (18)
1+e,

Y

The convective heat transfer coefficients are
calculated using the following relations

h = < Nu (19)

h
where Nu is Nusselt number, k is the air thermal
conductivity and Dy, is the equivalence diameter
of the channel. Nusselt number for laminar flow
region (Re<2300), transition flow region
(2300<Re<6000), and turbulent flow region
respectively are [12]:

D
0.00190(Re Pr(—"))*"
Nu=54+ LD (20)
1+0.00563(Re Pr(T"))l-17
Nu = 0.116(Re?3~125) Pr¥’* (1+ (%)2/3)(L)o‘14 (2]_)
ILIW
Nu = 0.018 Re®® Pr%* (22)
where Re is the Reynolds number, Pr is Prand
Re= ot (23)
Aju
D, = 4 Cross sectional area of the flow (24)

wetted perimeter
For the V-groove absorber it is found the
hydraulic diameter equals to [7]:
_2H,sin( ¢/2) (25)
" 14sin( g/2)

And the convective heat transfer coefficient in
the cavity to the cover is adjusted by the ratio of
the heat transfer area to the collector aperture
area.

h 26
h=—— (26)
sin(¢/2)

Pressure Drop
When the air flows through the channel in the air

heater, due to friction the air pressure drops
along the length of the flow channel. This
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pressure drop across the flow duct is given by
the flowing expression [3]:

2 3
R
P D
f=f,+ y[ﬂj (28)
L
The values of f_ and Y are
f_ =24/Re, y=0.9 for laminar flow (Re<2550)

f, =0.0094, y=292Re** for transitional flow
(2550<Re<10%)

f, =0.059Re?, y=0.73 for turbulent flow
(10°< Re<10°)

3. Simulation Procedure

A prototype internet-based computer program
was developed to support the design of solar air
heaters. Dreamweaver™ combined with the
Active Server Pages (ASP) as an extension
environment, have been chosen as a development
software tool. The programmatic code was
written by VBScript as scripting language to
execute commands on a computer [7]. Rules
have been used to specify a set of action
performed for a given situation. The required
data are classified into three groups, the general
input data concerning about metrological
conditions, the collector characteristics data that
contain all specific manufacturing attributes
related to the collector and the energy
characteristics data which contains measured
data about inlet temperature and mass flow rate
related to the transfer media inside the collector
[8]. Numerical values of different parameters
such as outlet temperature, efficiency and the
pressure drop were computed corresponding to
an ambient temperature 33°C, solar radiation
500W/m?, air velocity 1.5 m/sec, inlet
temperature of 35°C and different values of mass
flow rate.

4. Results and Discussion

Figure 3 shows the variation of efficiency with
mass flow rate for V- groove absorber in single
pass, double pass and double pass mode with
porous media, from the figures, it can be seen
that the efficiency of the air heater is strongly
dependent on the air flow rate. The efficiencies
of all three air heaters increased constantly up to
0.06 Kg/sec in single flow mode and up to 0.07
Kg/sec in double flow mode, then tended to
approach a constant value. This figure clearly
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shows that the double flow mode is 4-7% more
efficient than the single flow mode. This increase
in efficiency in double pass mode due to the
increased heat removal from two flow channels
compared to one flow channel in single pass
operation. On the other hand the using of porous
media in double flow increase the air heater
efficiency to be more 7% efficient than the air
heater in single mode and more 2-3% in double
flow mode without porous media. Hence, the use
of porous media increases the heat transfer area
which contributed to the higher efficiency.

Because, the outlet temperature is an important
parameter for drying applications; the outlet
temperature was investigated for a wide range of
flow rates. Figure 4 shows the variation of outlet
temperature with flow rate, as expected the outlet
temperature of the flowing air through the
collector decreased with increased flow rate, but
after a flow rate of about 0.05 kg/sec for single
flow mode, and a flow of about 0.065 kg/esc for
double flow mode the rate of temperature drop
become lower. Figure 5 illustrates the variation
of pressure drop with mass flow rate; it is show
that the pressure drop is a function of mass flow
rate hence it is increased by increasing the mass
flow rate. The figure clearly shows that the value
of the pressure drop in double flow mode is
almost doubled the value of the pressure drop in
single flow. At the same time the use of porous
media in the double flow V-groove absorber
increase the pressure drop from 3 to 25 Pa more
than the pressure drop in double flow V-groove
absorber without the porous media.

The variation in efficiency and pressure drop
with flow channel depth for single pass mode in
V-groove absorber at different collector lengths
(1.8m, 1.5m & 1m) is displayed in Figure 6& 7
respectively at fixed mass flow rate of 0.034
kg/sec. Figure 6 indicates that at fixed mass flow
rate the efficiency is decreased with the increase
of flow channel depth, and this effect is more
predominant for longer flow channel. Figure 7
illustrate that the pressure drop increase with the
decrease in the flow depth, and this increase is
more for longer channel flow. The variation in
outlet temperature with the flow channel depth is
displayed in Figure 8, which indicates that the
outlet temperature can be increased with the
decreased of flow depth.

The effect of different upper channel depth on
pressure drop, efficiency and outlet temperature
for double pass mode with and without porous
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media is conducted, for fixed mass flow rate of
0.03 kg/sec, constant lower flow depth of 0.025
m channel and two different channel lengths of
Im and 1.5 m. It is found that with the increase
of the flow depth the pressure drop decreased as
well as the efficiency and the outlet temperature
decreased and by increasing the duct length, the
efficiency is decreased but the outlet temperature
and the pressure drop is increased as illustrated
in Figure 9-11. It is appeared from Figures 9-11
that the use of the porous media increase the
system efficiency by 3-7 %, but the rise in outlet
temperature is slightly small about 2-3°C.
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Figure 3: Efficiency variation with mass flow
rate
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Figure 4: Outlet temperature variation with
mass flow rate
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Figure 5: Pressure drop variation with mass
flow rate
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v long channel length. The double flow is more
475 | efficient than the single flow made and the using
471 -\'\_\\ of porous media increase the system efficiency
] and the outlet temperature. This increment will
s ] result in the increase of the pressure drop thus
a5 increasing the pumping power expanded in the
sy EoETiOM collector.  Finally the adoption of the
1 *\.\’\’ aforementioned internet based mathematical
41:: simulation that have been developed to predict
25 the thermal performance of solar air heaters, and

ooz 002 0o 005 e 00T 008 to find the influence of different parameters is
seems to be promising, hence it is capable to
predict a reasonable results according to chosen
parameters with design rules that incorporate the
human expertise in the field. What’s more the
use of internet will help in sharing and
distributing the knowledge.

Outlet temperature (0C)

Upper channel depth (m)

Double pass with using porous media
Figure 11: The \variation of
temperature with upper channel depth

outlet

5. Validation

Validation and verification focus on the
comparison between the predicted output and the
experimental results for each solar air heater
type. The experimental results have been done
by Karim and Hawlader, for V-groove absorber
in single and double pass mode [5]. The output
from the mathematical simulation has been run A
according to same configuration and parameters

This process should be of interest to designers,
and engineers who like to compare the cost
effectiveness of solar air heaters.

Notations

Area of collector that absorb solar

. . 2
done in experimental work [5]. A great radiation, m . ) _
agreement has been occurred between the C,  Specific heat of working fluid, J/kg K
experimental results and the predicted output D Collector Width. m
when comparison has been achieved with an o
D,  Hydraulic diameter, m

error deficiency equal to 5% at maximum. The

investigation study on double pass V-groove f Friction factor
absorber with porous media has not been
conducted before theoretically or experimentally. Fr Heat removal factor
The theoretical study has been conducted by h Fluid heat transfer coefficient, W/m? K
using the developed program in this study, and h Radiation heat transfer coefficient,
the output results have been represented. .

W/m* K
5. Conclusion H,  V-groove height, m

I Solar radiation, W/m?
A mathematical simulation to predict the effect L Collector length, m
of different parameters on system thermal ;
performance and pressure drop, for V-groove m Collector flow rate, Kg/sec
absorber in single and double flow mode with P Pressure drop across the duct, Pa
and without using a porous media have been Q, Rate of useful energy gain, W
conducted. It is found that increasing the mass . .
flow rate through the air heaters results in higher T, Ambient air temperature, K
efficiency but also it is increased pressure drop. T Cover temperature, K
On the other hand decreasing the channel flow ‘ ]
depth results in increasing the system efficiency T, Fluid temperature, K
and outlet temperature at the same time it s
increased the pressure drop. The channel length Ti Fluid inlet temperature, K
also has an effect on the thermal efficiency hence Tp Absorber plate surface temperature, K
the system efficiency is more increased for short .
channel length than the long one, while the T, Porous media temperature, K
pressure drop is less than the pressure drop in T, Bottom plate temperature, K



Overall heat loss coefficient, W/m? K
Back loss coefficient, W/m? K

o

Top loss coefficient, W/m? K

Collector width, m
eek symbols
Emittance of absorber plate

s c cc

™
h=]

™
(¢]

Emittance of glass cover
Air density, Kg/m?
Stephen-Boltzman constant

Solar transmittance of glazing
Solar absorptance of collector plate

V-groove angle
Dynamic viscosity, Pa.sec

" ™LA
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