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ABSTRACT

Solar air heater (SAH) is special kind of heat exchanger that transfers thermal energy from the
solar radiation to the fluid flowing inside of the collector. The most potential applications of
SAH the supply of hot air for heating of buildings, to maintain a comfortable environment
especially in the winter season, air preheating, desiccant refrigeration, and drying of vegetables,
fruits, meat, textile and marine products. Solar radiation intensity is less in the morning that
increase gradually till noon and again decrease from noon to evening. The heat gain is directly
proportional to the mass flow rate.
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1. Introduction

Solar air heater (SAH) is special kind of heat exchanger that transfers thermal energy from the
solar radiation to the fluid flowing inside of the collector. With the development of computer,
hardware and numerical methodology, advanced mathematical models are being used to carry
out critical investigations on SAH. The purpose of this work is to review the present state of
mathematical modelling of SAHs. The validation is an important step in mathematical
modelling development, and therefore comparisons with actual experimental values or
theoretical results have been included where possible.

Modifications were made in the geometry of absorber plate and instead of a conventional
flat absorber plate; absorber having dimple pockets was used to increase the heat transfer
capacity of the system. Based on the comparative study [5] it was concluded that there is
significant rise in average surface temperature of absorber plate because of use of dimples in
the absorber plate.

2. Components of SAH
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Schematic diagram of a solar air heater that converts solar radiation into heat is shown in “Fig
1”. The basic principle is that the heat from the warming absorber plate is absorbed by air
circulating [6][7] around it. A typical flat plate SAH consists of the following

Duct

Supportstand

Absorber Plate

Power supply for blower

Fig.1 Basic SAH Design

e Absorber plate: function of the absorber plate is to absorb maximum solar radiation incident
on it and to transfer the absorbed heat to the air flowing along the duct.

e Selective absorber coating: A selective coating is usually applied over absorber plate which
helps in improving efficiency by increasing the absorptivity of the absorber plate and
decreasing radiative loss.

e Glazing: A glazing (a transparent glass) allow the incident solar radiation for entering the
device and substantially restricting infrared energy losses through re-radiation.

e Duct/passages: In SAHSs, the ducts are used to supply the fresh air and exhaust of warm/hot
air by the means of natural and forced convection. The artificial surface roughness provided
on the ducts or on the absorber plates of SAHSs has a favorable effect on the heat transfer.

e Blower: Fluid motion is dominant to convection heat transfer and concerned with two basic
flow classifications i.e forced convection in which fluid motion is generated mechanically by
using a fan, blower, pump, etc. The first step in the design of a fan/blower/pump system is
the calculation of the quantity of the air to be handled and the amount of heat, which must be
imparted to it.

e Insulation: Thermal insulation is the simplest way to prevent heat losses and to achieve
economy in energy usage especially in solar thermal systems. Some commonly used thermal
insulation materials are as; glass, fibre, alumina silicate, mineral wool and calcium silicate,
among which the glass-wool has been noticed to be used as an insulator in SAHS, commonly
glass-wool has been found a commonly used insulator in SAHS.

2.1 Energy balance equation for absorber plate

The energy balance equations for the absorber plate can be written as:

Rate of heat absorbed by the selective absorber = Heat capacity of selective absorber+ Rate of
heat transfer from selective absorber to the fluid by convection + Rate of heat transfer from
the selective absorber to the absorber plate by radiation+ Rate of heat loss to ambient air by
convection and radiation
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() msts(dT ]+hcsf( )+hrsp( ) (hcsa+hrsa)(s - - .
d (1)Neg|ect|ng the heat capacity of the selective

absorber and simplifying egn (1), the temperature of the glass cover is given by
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3.2 Energy balance equation for bottom plate
The energy balance equations for the glass cover can be written as:
Rate of heat transfer from the selective absorber to the bottom plate by radiation =Heat capacity
of bottom plate + Rate of heat convected to the fluid by bottom plate + Bottom loss

hy (T,-T,)=mC,, [dd ]mcm( Tf)+Ub(Tp—Ta)(3)

3.3 Energy balance equation for air flowing in the duct

The energy balance equation for the air flowing through the duct can be written as:

Rate of heat transfer from selective absorber to the fluid by convection + Rate of heat convected
to the fluid by bottom plate = Heat capacity of the air + heat gain

o (T, T, T, )= i, [‘”fjﬁ“c (‘”]
dt W | dx (4)

m; = p LWV

where "Neglecting the heat capacity of the air flowing through the duct and
eliminating, &= @16 Ty
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where F' and Uy gre the collector efficiency factor and
Overall heat transfer coefficient Collector efficiency factor (F') is given by
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The solution of equation is given by (8)
Applying boundary conditions in eq,
I =Tpatx=0and Ty =Tz, at x = L the gutlet temperature is given by
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The whole system is installed on a stand and blower is used for forced circulation of the air
through the duct, between the glass cover and the absorber plate.
Jm:
A
- Perns - - |h 1 Glass cover
e v ‘T‘hln Absorbar plate

Fig. 4 Cross sectional view and nomenclature

2.2 Energy balance equation for glass cover

The energy balance equations for the glass cover can be written as:

Rate of heat absorbed by the Glass cover = Heat capacity of glass+ Rate of heat transfer from
Glass cover to the fluid by convection + Rate of heat transfer from the glass cover to the
absorber plate by radiation+ Rate of heat loss to ambient air by convection and radiation

T,
U R N TS

Neglecting the heat capacity of the glass cover and simplifying equation, the temperature of
the glass cover is given by

a, ()(h +n%ﬁ'+h'r+h T

cga cgf rgp ' p

9
hega +Miga + Mg + 0y, (12)

2.3 Energy balance equation for absorber plate
The energy balance equations for the absorber plate with insulation can be written as:
Rate of heat absorbed by absorber plate + Rate of heat transfer from the glass cover to the
absorber plate by radiation = Heat capacity of absorber plate + Rate of heat convected to the
fluid from absorber plate + Bottom loss
ar
ra| (1) £ (T, -T, )= mpcp[dt‘)J+hcp,(rp-Tf)+ub(rp-Ta)
(13) (3.14)
Neglecting the heat capacity of absorber plate and substituting the value of 7, from equations
the absorber plate temperature is given by
a1 (1) + 7, (1), +h, +h 1)

rgp cga

(e g g + (g

rga J rgp

+h, +hCgf )U }

cgf

+{h h + hcga+h +hcgf+hf9p)h°pf}

rgp” cgf

b= (g g+ g 1 ) (g 1y +U, ) =12, (14)

2.4 Energy balance equation for air flowing in the duct
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The energy balance equation for the air flowing through the duct can be written as:
Rate of heat transfer from Glass cover to the fluid by convection + Rate of heat convected to
the fluid from absorber plate = Heat capacity of the air + heat gain
T\ m,C, aT,
hcgf( )+hcpf( ) p!tfc [at ] me P
(15) (3.16)

Where ™ =itV Neglecting the heat capacity of the air flowing through the duct and

oT ,

m.C, —=WF'|ra I (t)-U (T, -T,
eliminating, 7, and T, TP o [g o1 (1) L( ! )](16)
Where F' and U, are the collector efficiency factor and Overall heat transfer coefficient.
Collector efficiency factor (F') is given by

gt + gt (g N )+ g+

" pg - cgf cga cpf ' 'rpg cgf ' 'cpf

(Ub +hfgp +hCPf )(hCGa +h +hCPf +hf9P)_ VQP (17) (318)
Overall heat transfer coefficient of the collector (U} is given by
(g 20, Ighy +hgh g U 4

I eof Vepf " Vogf rgp T et e

L™
gy £l g (18) (3.19)

Assuming v, and F' to be constant and applying boundary conditions T = T; at x =0, the solution
of equation is given by

T Ta (Tapl(/j U, F'Wx
ol e
ol [ apl</ j (19) (3.20)

The outlet fluid temperature is obtained by substituting T; = Ty, at x = L
L(t)+U,T, UWF ]
Tm:(%% (t)+u.T,) 1_exp( WF) +Tﬁexp[ UWFL
UL 1 M;Cy

(3.22)
The mean air temperature is given by

{1—exp(_ULWF)LJ [l—exp(_ULWF)L]
m;Cy My Cyt

+T, exp (U m F‘)

. =(fgap|(t)+uLTa) -

mC

£t o9t (20)

2.5 Energy balance equation for top glass cover

The energy balance equations for the glass cover can be written as:

Rate of heat absorbed by the Glass cover = Heat capacity of glass+ Rate of heat transfer by
first glass cover to the second glass by convection + Rate of heat transfer from the first glass
cover to second glass cover by radiation+ Rate of heat loss to ambient air by convection and
radiation from first glass cover

agl (t)=m cpgl[d;] oo (T =To2)

i (T =T (P # e ) (T T2 (21) (3.23)
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Neglecting the heat capacity of first glass cover and simplifying equation, the temperature of
the glass cover is given by

a,l (t)+ (h g J T+ R T

cgla cglg2 g2 rglg2 g2

gl
hcgla + hrgla + hcgng + h

rglg2 (22)

2.6 Energy balance equation for second glass cover

The energy balance equations for the glass cover can be written as:Rate of heat absorbed by
second glass cover = Heat capacity of glass+ Rate of heat transfer from second glass cover to
the fluid by convection + Rate of heat transfer from second glass cover to the absorber plate
by radiation+ Rate of heat received from first glass cover by convection and radiation

dT
Tl (t)=m Cpgz[dt] hchf(T T) hrgZp(Tngp)+

mmw( )*hmw( ) (23) (3.25)

Neglecting the heat capacity of second glass cover and simplifying eqn (3.25), the temperature
of the glass cover is given by

_ gZTgl ()+hcngT (hcglgz hrglgz) +hrgZpT
" gar Moo +hgsge + s (24)

g2

oglg rglg
2.7 Energy balance equation for absorber plate

The energy balance equations for the absorber plate with insulation can be written as:

Rate of heat absorbed by absorber plate=Heat capacity of absorber plate + Rate of heat
convected to the fluid from absorber plate+ Rate of heat radiated to the fluid from absorber
plate + Bottom loss

daT
oforlge M hcm +hrp92 P 92 A U
-1, G o T b 17,0, 1) - a2

Neglecting the heat capacity of absorber plate and simplifying equation, the temperature of the
glass cover is given by
o, Ty Tl (1) + ey To +h g, Ty, +U, T,

cpf rg2p 'g2

T,=
U + hcpf + hrg2p (26)

2.8 Energy balance equation for air flowing in the duct

The energy balance equation for the air flowing through the duct can be written as:

Rate of heat transfer from Glass cover to the fluid by convection + Rate of heat convected to
the fluid from absorber plate = Heat capacity of the air + heat gain

e (T =T )1 (T, T, )= t.C, [@}mimﬁ

aj Woox7) (3.29)

Where ™ =itWVi
Neglecting the heat capacity of the air flowing through the duct and eliminating, T, and T,
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oT,
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Where F'andU, are the collector efficiency factor and Overall heat transfer coefficient
F, _ hrpgzhcng + hcpf (hcgla + hrgla)(hcgng + hrglgz)+ hcpf hrng + hchf hnpf

2
Collector efficiency factor (F) is given by (U* M # st i == 29)

Overall heat transfer coefficient of the collector (U} is given by
(Mg # Mg+ Mg+ 1y +Uy )Ry + g P g )+

cg2f " cpf cg2f opf " rg2p
_ Ub(hcg1a+hrgla)(hcpf +hcg2f )(hrglgz +hcglgz)

“hh +hcm(h +hrgla)(hrglg2+hcglgz)+hh +h.h

cg2f ' 'rpg2 cgla cpf ' 'rpg 2 cg2f " cpf

+hcg2f (hcgla + hrglgz)(hcgm + hrgla ) t hrglahcglgz + hrg1g2hcgla (30) (332)

Assuming v, and F' to be constant and applying boundary conditionst; = Ty; at x =0, the solution
of equation is given by

T, -T, —[(foe)eff | (%J —exp[ULFWXJ

T, -T _{(m)eﬁ '(t)UL] B m,C

rgla

L

£ pf
a

(31) (3.33)
The outlet fluid temperature is obtained by substituting 7; = 7, at x =1
T :(Tga"lOMULTﬁ){l—exp(_ULW F)L:|+Tfi exp 7_%\’?1

fo
U L

mfcpf

(32)

3. Mathematical modelling of single glazed double channel parallel flow SAH

A single glazed double channel parallel flow SAH designed a glass cover, double air flows
between glass cover and absorber plate and between absorber and bottom plates in parallel
direction, and with insulation provided. Many papers have investigated this design [11] [12].

I(t)
T hrga \f hega Glass cover

Channel 1 h"“"l
——

o h skasiie b
Air Flow \ Ahepn sorber plate
Tt N
Channelz_, ™ Th'l"' \ Ahen E Bottom plate
,—} < Insulation
a— U
h Flow channels

. Back Plate R Absorber
Flg 6 Cross suvuunial View anu nuinicnividature

A single glazed double channel parallel flow SAH has a glass cover having an absorptivity of
0.05 and transmissivity of 0.95. The absorber plate is 2.4 m long, 0.6 m wide and is placed 5
mm below the glass cover and 7 mm above back plate. The air is made to flow through the 5
mm gap between the glass cover and the absorber plate and also through the 7 mm gap between
the absorber plate and the bottom plate. The air flows in parallel direction through the channel.

The effective area of absorber plate exposed to solar radiation is 1.44 m?. The system is inclined
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at an angle of 35° to the horizontal facing south. Fig. 6 shows the cross-sectional view along
with all necessary nomenclatures.

3.1 Energy balance equation for Glass cover

The energy balance equations for the glass cover can be written as:

Rate of heat absorbed by the Glass cover = Heat capacity of glass+ Rate of heat transfer from
glass cover to the fluid by convection + Rate of heat transfer from the glass cover to the
absorber plate by radiation+ Rate of heat loss to ambient air by convection and radiation

B S I

Neglecting the heat capacity of glass cover and simplifying equation, the temperature of the
glass cover is given by

(h g ) T+ B Ty i T

cga rgp " p

h .t hrga + hCgfl + hrgp (34)

9

3.2 Energy balance equation for back plate
The energy balance equations for the back plate with insulation can be written as: Rate of heat
radiated from absorber plate = Bottom loss + Rate of heat convected by the plate to fluid in
second channel
M (To =To ) =Uy (Ty = To) + o (T, = T4 (35)
U, T, +hy T, + hrpr
70, +hy, + Moy

The temperature of the back plate is given by (36)
3.3 Energy balance equation for absorber plate
The energy balance equations for the absorber plate can be written as:
Rate of heat absorbed by absorber plate + Rate of heat transfer from the glass cover to the
absorber plate by radiation =Heat capacity of absorber plate +Rate of heat convected to the
fluid in second channel by absorber plate+ Rate of heat radiated by absorber plate to the bottom
plate + Rate of heat convected to the fluid in first channel by absorber plate
T,

ra | (t)+hg (T,-T,)= mpcpp[ me(Tp T+ (T, =T,)+h T, T,l)(37)
Neglecting the heat capacity of absorber plate and substituting the values of Tg and Ty in
equation above, . The absorber plate temperature is given by

I(t),0,+(h

10t hcgflhrgp ) 0,1 (hcpf 205+ Ny Zhrpb ) oy,

+(gp (e 1 )0, + MUy )T,

cga rpb

’ (h )00, + Ny (Mg, + gy

cpfl cga cgf1

cpf

)02 +hrpb(Uh +Nyt2)

% (38)
=hg, +hg +h

cgfl + hrgp 62 = Ub + hcbfz + hrpb
)

where

34 Energy balance equation for air flowing in first channel
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The energy balance equation for the air flowing through the duct can be written as:
Rate of heat convected by glass cover + Rate of heat convected by the absorber plate = Heat
capacity of the air +Heat gain
Mo (Ty = Tra) + Ny (T, =i ) = 241, Cye [an}m“C"faT“
ot W ox (39)
3.5 Energy balance equation for air flowing in second channel
The energy balance equation for the air flowing through the duct can be written as:
Rate of heat convected by absorber plate + Rate of heat convected by the bottom plate = Heat
capacity of the air + Heat gain
Mg (T, =Tr2 )+ Mo (T, =12 ) = £t Cy (@}M&
aj) W & (40)Neglecting the heat capacity of the air and
substituting the values of === in equations and adding them the useful heat gain is given by

Ty, 0

T, .
MCy — -+, Cy —2 =WF [ (r) | (£)-Ugy (T, T,
ox X

)_UUZ(TH_Ta)] (41)

Where F'and U; are the collector efficiency factor and overall loss coefficient.
Collector efficiency factor (F') is given by

(Nyps + Ny 2)010, + g gy, + iy 0 U, +(hwfp1 NNy )(hrngta2 + hrprbal)

F'= cpfl cgf 1" 'rgp UOl_
(oF} (42) |:(hcpfl+hcpf2 bo-l:|01 (43)

3 Mo Up0s +(hcpf202 + hcbthrpb)(hrngto-Z +h Ubo-l)

rpb

n=
[( hcpfl + hcpf 2 ) 0,0, + hcgf 1hrgpo-2 + Nyt Zhrpbal } 0y

)6102 + hcgflhrgpaz + hcbf Zhrp

(44)
03= (hcpfl + hcplZ)UIOZ + hrgp (Ut + hcgfl)GZ + hrpb (Uh + hcbfz)o'l (45)
Overall heat transfer coefficient Uy is given by
U =Uyu+Ug, (46)

Equation (3.43) can be written as

o, . .
m Gy SE=WF (@) 1 (1) -0, (T, - T,) ] (47) (3.49)

U T +Ug Ty,
Where = U
To estimate each convection heat transfer coefficients inside both channels of the collector, it
is necessary to calculate the mean values of Tr and Tr. between the positions of the air inlet
and outlet according to these authors recommendation. The values of T# and Tr, is obtained
by differentiating the equations below. By applying boundary conditions; T1(0)=Ts(0)=T, the
solution of these equations are given below
T, (x) = K, exp(eyx)+ K, exp(a,x)+C (48)

T, (X) =K, exp(alx)—% K, exp(a,x)+D

o (49)
E ! 1
alz_u O!ZZ—A:FUL(].-FULUJ',Z\J
Where mCyl m,C, L UxUy
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K =T T — 1(t)| UglUg +U, (U3, +US) K _I® Uoz(Unln_U{)z)
T UL [UgUg, +USU G, +ULU © UL | UglUg, +URUG, +USU,

' 1 2 ' 1 2
C:Ta+£ ; l.J°2+L1J12,+U122 ; jl(t) D=Ta+( ; |‘JOl+l1le'+U122 - \Jl(t)
UpUg +UUg, +ULU, U01U02 +U12U02 +U12U01 (50)

hcpf 10,0, + hcgflhrgpo-z hcpf 2010, + hyy zhrpb01

F = F =
O3 , O3
. FU, ... FU, UL = Neor 202 + Negr N » Do +hgh
Uy=— Uy =—% =" Up=—"7"-—7"7—
= F, o, o

1 i) k)

Outlet air temperature is obtained by differentiating egn (4.49) and the solution of equation is
given by

T, -7, —[W)eﬂ 0 J
To-T, —[(mhﬂ O ] -e
substituting 7 = Tre 8t ¥ =1
_(Tgapl (t)+ULTa){l—eXp(_ULW F')

[—ULFWxJ
Xp| —
mfcpf

(51) The outlet fluid temperature is obtained by

] UWFL

= +T5xp

fo

L 1Cht o

(52)

4. Mathematical modelling of single glazed double channel counter flow SAH

A single glazed double channel counter flow SAH designed a glass cover, double air flows
between glass cover and absorber plate and between absorber and bottom plates in opposite
direction, and with insulation provided.

I(t)
T hrga \j hega Glass cover

o M T
. Channel1 Thn-n At Absorber plate
Air Flow /\
Channel 2 hm-“l hepi2
-— fhl"v \ A iz Bottom plate

Insulation

Up
Fig. 7 Cross sectional view and nomenclature

In a single glazed double channel counter flow SAH, the absorber plate is 2.4 m long, 0.6 m
wide and is placed 5 mm below the glass cover and 7 mm above back plate. The air is made to
flow first through the 5 mm gap between the glass cover and the absorber plate and then
directed to flow through the 7 mm gap between the absorber plate and the bottom plate. Thus,
air flows in opposite directions through the channel. The effective area of absorber plate [13]
exposed to solar radiation is 1.44 m2. The system is inclined at an angle of 35° to the horizontal
facing south.

Fig. 7 shows the cross-sectional view along with all necessary nomenclatures.
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4.1 Energy balance equation for Glass cover
The energy balance equations for the glass cover can be written as:
Rate of heat absorbed by the Glass cover = Heat capacity of glass+ Rate of heat transfer from
glass cover to the fluid by convection + Rate of heat transfer from the glass cover to the
absorber plate by radiation+ Rate of heat loss to ambient air by convection and radiation
(- mngg[ddTg]mcg“(T 1ot (1T, (1, ), T _ _
! (53)Neglecting the heat capacity of glass cover and
simplifying eqgn (3.54), the temperature of the glass cover is given by
(h +hga )Ty + g Ty 0 T

cga gp - p

T g thgthy,+hy (54)

4.2 Energy balance equation for back plate

The energy balance equations for the back plate with insulation can be written as:

Rate of heat radiated from absorber plate = Bottom loss + Rate of heat convected by the plate
to fluid in second channel

hrpb (Tp -T, ) =U, (Tb _Ta)+ Pl 2 (Tb _sz) (55)

U pTy + Ny, Ti, +h T

rpb

The temperature of the back plate is given by Up +Nuro Ny (56)

4.3 Energy balance equation for absorber plate

The energy balance equations for the absorber plate can be written as:

Rate of heat absorbed by absorber plate + Rate of heat transfer from the glass cover to the
absorber plate by radiation =Heat capacity of absorber plate +Rate of heat convected to the
fluid in second channel by absorber plate+ Rate of heat radiated by absorber plate to the bottom
plate + Rate of heat convected to the fluid in first channel by absorber plate

dTp
Tgapl( )+hrqu( p):mpcpp E +hcmz(Tp_Tf2)+hrph(Tu _Tb)+hwf1(Tu _Tfl)
(57)

Neglecting the heat capacity of absorber plate and substituting the values of Tg and Ty in
equation above, the absorber plate temperature is given by
|t)o0,+(n

opf 161 + h hrgp )O-Z f1

+(hcpfzaz+hcb,zhrph)oT,z+(h,gp(h +hy)o, +h Ubal)

cga pb

T =
" (gt Ny 010, g (g i, + )0, 4 Uy 4o, (58)

cga

Where 0= hcga + hrga + hcgfl + hrgp , 62 = Ub + hcbfZ + hrpb

4.4 Energy balance equation for air flowing in first channel

The energy balance equation for the air flowing through the duct can be written as:

Rate of heat convected by glass cover + Rate of heat convected by the absorber plate = Heat
capacity of the air +Heat gain
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0T,

hcgfl(Tg _Tf1)+hcp11(Tp _Tfl):pltfcpf [6(]+

o
mflcpf Ty,

W (59)

4.5 Energy balance equation for air flowing in second channel
The energy balance equation for the air flowing through the duct can be written as:
Rate of heat convected by absorber plate + Rate of heat convected by the bottom plate = Heat
capacity of the air +Heat gain
ez (Ty =Tz )+ Mo (T, - T12) = 11, Cy (?]J"’\;VC”&;”
* (60)
Neglecting the heat capacity of the air and substituting the values of &+ Te:Tg in equations and

adding them the useful heat gain is given by
m“C f%m«zc i %zwp{(fa)eﬁ I ([)‘Um(TM_Ta)_Uoz(th_Taﬂ r .
P T (61) where F and U are the collector efficiency factor

and overall loss coefficient.
Collector efficiency factor (F') is given by

F, (hcpf 1 + hcpf 2)010'2 + hcgflhrngZ + hcbf Zhrpbgl U. = hcgfluto-B + (hcpf 10t hcgflhrgp )(hrngtGZ + hrpr bo-l)
= 01—

0'3 (62) |:( hcpfl + hcpf 2 ) 0162 + hcgf 1hrgpo-2 + hcbf Zhrpbo-l :| 61 (63)

_ Mo Up0s +(hcpf202 + hcbthrpb)(hrnglo-Z +h Ubo-l)

rpb

02
[( hcpfl + hcpf 2 ) 0,0, + hcgf 1hrgpo-2 + Nyt Zhrpbal } 0y

(64)
Overall heat transfer coefficient Uy is given by
U =Uy+Uq (65)

Eq (4.62) can be written as

aT
Ch — =WF'| (zar) o (1)U (T, -T,
mf pf X |:( )eff (t) L( f a):|(66) (3.68)

1 _YaTu+UeTi,

U (e
To estimate each convection heat transfer coefficients inside both channels of the collector, it
is necessary to calculate the mean values [14] of Tr and Tr between the positions of the air
inlet and outlet according to these authors recommendation. The values of Tr and T is
obtained by differentiating the equations Fig
By applying the boundary conditions
Tr(0) =T s and Tr(L)=Ts(L)
The solution of these equations are given below
T, (X) = KK, exp(ax) + K, K, exp(a,x)+C (68)

T, (x) =K exp(ayx)+ K, exp(a,x)+D (69)

_ 1A;FUL l:(UOZ_U01)+ 1+ 4U01U112:| _ 1AFUL {(UDZ_UM) 1+ 4U01U112:|

a, = a, = - T
'2m,C,L U, U *2m,C,L U, Uy,

where

C+UL +U2 Uy, +UL +U]
C=Ta+[ : poz‘*’Lllel‘*'Uuz : Jl(t) D:Ta+(u'u' 01U1S' SZU' ]l t)
UplUg, +U U, +U U, Yoz TURVe +URY g (71)

(70)
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. mcC ‘ m,C
Y:[u02 ;Ng‘azj[UanUfz {/v'ja ]exp(azL)

2 2

[y, -MiCutn e 2 MiCa exp(a,L)
WF, WF, (72)

F = o0 g O Mar:0103 + sl
1 Y
o , o, (73)
Uy =F¥ y _FUs p Ml il 2 Mo+l
01 F1 02 Fz 12 O_Z 12 o_l
) ) )
C o . .\mC
Uoz(Uoz+U112+U122)+(U01_U02)%
Uz l1- S . 1)
U +UUg, +U Uy
. mcC
+U122(T|*C)[ng*fwig.%]EXp(azL)
K, = 2
1 Y (74)
. . . .M, C
U (Ug +U5, +U ) +(Ugy —Ug, ) —2 =2
Uzl1- WF, |
2 UgUg, +USLU, +U2U, ®
01+~ 02 12~ 02 12~01
. mC,e
U2 (1-) Ui - o)
K, = 2
2

Y (75)

’ 1
K, =1+ lF.U; 1— ,1+4UO—1U.12 K,=1
2 FZU 12 U LU o1 (76)

1IFU,
+ ’ 2
2':2U12

[1+ 1

4+ 4U OlU ZI:.[2

UUg

The outlet air temperature is obtained by evaluating eqn (4.68) at x =0

To=T12(0) =Ky + K, +D 7y

5. Simulation Results

These data are classified into four climatic conditions depending upon the ratio of daily
diffuse to daily global radiations and number of sunshine hour, namely: Type A; Type B;
Type C and Type D, Type a: The clear days (blue sky), the ratio of daily diffuse to daily
global irradiation is less than or equal to 0.25 and number of sunshine hour is greater than or
equal to 9 hours. Type b: The Hazy days (fully), the ratio of daily diffuse to daily global
irradiation between 0.25-0.50 and number of sunshine hour is between 7 to 9 hours. Type c:
The Hazy and cloudy (partially) days, the ratio of daily diffuse to daily global irradiation

} (77)

between 0.50-0.75 and number of sunshine hour is between 5 to 7 hours. Type d:
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Fig.8 Hourly variations in temp of air for weather condition of type A
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Fig. 9 Hourly variation of solar radiation for weather condition of type A

Fig 8 shows the hourly variation of ambient air temperature of the Srinagar for a typical day
of weather condition of type A for the month of May. There is gradual increase in the
temperature of ambient air from morning till evening.

Fig 9 shows the hourly variation of solar radiation for a typical day of type A for the month
of May.Solar radiation intensity is less in the morning that increase gradually till noon and
again decrease from noon to evening.
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Fig. 10 Hourly variation of outlet temperature

Fig 10 shows the hourly variation of air temperature at the outlet for different geometries of
solar air heater, namely UG = transpired SAH; SG = single glazed SAH; DG = double glazed
single channel SAH; PF = single glazed double channel parallel flow SAH; CF =single glazed
double channel counter flow SAH, in weather conditions of Type A and month May. It is
also observed that average flow velocity through the duct as 2.5 m/s, the outlet temperature
for counter flow SAH is maximum at the noon and attains a value of 115°C, parallel flow
SAH attains a maximum temperature of 79°C followed by double glazed SAH, single glazed
SAH and transpired SAH.
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Fig. 11 Effect of mass flow rate on outlet air temperature

Fig 11 shows the effect of air mass flow rate through duct on the outlet air temperature. It is
found that for the counter flow SAH the outlet air temperature is nearly 114°C at the mass
flow rate of 0.005 kg/s and falls to 74°C at the mass flow rate of 0.009 kg/s.

Fig 12 shows the top loss for different geometries of SAH. Top loss is highest for transpired
SAH compared to other geometries owing to absence of greenhouse effect and therefore the
performance is very poor.
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Figure 12 Top loss for different type of SAH

It increases linearly with the increase in the intensity of the solar radiation. Glazing reduces
the top loss (single flow and double flow) significantly. For the double glazed SAH the top
loss is minimum and do not have significant change with the intensity of the solar radiation.
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Figure 13 Effect of mass flow rate on useful heat gain
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Fig 13 shows the effect of air mass flow rate through duct on the useful heat gain. It is being
observed that with an increase in mass flow rate from 0.005 kg/s — 0.009 kg/s the useful heat
gain for all geometries of SAH also increases. The heat gain is directly proportional to the
mass flow rate. It is maximum for the counter flow SAH and is least for transpired solar air

heater.
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Fig 14 Efficiency variation with mass flow rate

M Unglazed m Sigle Cover

400 -

300 A

N
o
[S]

=
o
]

Heatgain (MJ/m?)

o
:

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Double Cover

Fig 15 Annual Heat gain

Fig 14 shows the effect of air mass flow rate through duct over the efficiency of SAH. The
efficiency of the SAH is directly proportional to mass flow rate.

Fig 15 shows the effect of air mass flow rate through duct over the heat gain under different
climatic conditions of the year. The useful heat gain increases is highest in the clear days of
summer month particularly in the month of April-May and lowest in the cloudy days of winter
month particularly in the month of December. It is further observed that the highest heat gain
is for the counter flow arrangement, followed by double glazed arrangement.
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Figure 16 Useful Heat gain for different geometry of solar air heater

http://www.webology.org



Webology (ISSN: 1735-188X)
Volume 18, Number 6, 2021

Fig 16 shows the annual useful heat gain for different geometries of solar air heaters. The
annual heat gain for transpired SAH, single glazed SAH, double glazed SAH, parallel flow
SAH and counter flow SAH are 950 MJ/m?, 1590 MJ/m?, 2920 MJ/m?, 2380 MJ/m?and 3480
MJ/m? respectively. Thus the best configuration is the single glazed solar heater with counter
flow arrangement.

6. Conclusions
However, it reduces the air outlet temperature. Counter flow SAH has relatively better
performance as compared to other arrangement of SAH. Solar air heaters are very useful for
rural areas by improving living standard of farmers by earning through crop drying and
medicinal points.
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