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hc

τ = 0.92

α = 0.9

t = 1.2 mm

L = 0.8 m
2LH L(Hi+Hf)

Apvτα(1− ηE)Ir = ApvUt(Tpv − Ta) + Apvha(Tpv − Tf )

+ Apvhr,pv−w(Tpv − TW )

ṁCp(Tout − Tin) = Apvhc(Tpv − Tf ) + Ainthc(Tw − Tf )

+

⎡
⎣N

z=H∫
z=0

2hcL(Tfin − Tf )dz

⎤
⎦

Apvhr,pv−w(Tpv − Tw) = ApvUb(Tw − Ta) + Ainthc(Tw − Tf )



+N

(
−kAcf

dTin

dz

)

N

(
−kAcf

dTfin

dz

)
|z=0= N

z=H∫
z=0

2hcL(Tfin − Tf )dz

ṁCp(Tout − Tin) = Apvhc(Tpv − Tf ) + Ainthc(Tw − Tf )

+

⎡
⎢⎣N

z=Hi∫
z=0

2hcL(Tfin − Tf )dz +N

z=Hf∫
z=Hi

2hcL

(
z −Hi

ms,fin

)
(Tfin − Tf )dz

⎤
⎥⎦

ms,fin

Apvhr,pv−w(Tpv − Tw) = ApvUb(Tw − Ta) + Ainthc(Tw − Tf )

+N

(
−kAcf

dTfin

dz

)

N

(
−kAcf

dTfin

dz

)
|z=0= N

z=Hi∫
z=0

2hcL(Tfin − Tf )dz

+N

z=Hf∫
z=Hi

2hcL

(
z −Hi

ms,fin

)
(Tfin − Tf )dz

N N = 20 H

= 0.04 m Hi Hf

z

W



ηth = F̄R

[
τα(1− ηE)− ŪL

(
Tin − Ta

G

)]

ηE ŪL

F̄R F̄R

F̄ ′

F̄ ′

F̄ ′ = F0

[
1 +

2Hηf (1− F0)

2HFo +W

]

ηf W

Fo

Fo =
[
τα(1− ηE)− ŪL

(
Tin − Ta

G

)]

F̄R

F̄R =
ṁCp

APV ŪL

[
1− exp

(
−APV ŪLF̄

′

ṁCp

)]

ṁ Cp

ηth =
ṁCp(Tout − Tin)

AaG

UL

Ut Ub

Ue

UL = Ut + Ub



Ut hw

hr,pv−a

Ut = hw + hr,pv−a

hw

hw = 2.8 + 3.0Vw

Vw

hr,g−a

hr,g−a = σεpv

(
T 4
pv − T 4

s

)
Tpv − Ta

Ts

Ts = 0.0552T 1.5
a

Ub

Ub =
κins

δins

κins δins

ŪL = UL − ταηrefβrefG

ŪL UL F̄ ′ F̄R

F ′ FR

Tf

Tf =
To + Ti

2



hc

Nu

Nu = 0.0182Re0.8Pr0.4
[
1 + S

DH

L

]

S = 14.3 log(L/DH) − 7.9 0 < L/DH ≤ 60 L/DH > 60

S L/DH = 60 Nu hc

hc =
ka
DH

Nu

Re

Re =
ρumDH

μ

DH

Ac P

DH =
4Ac

P

hr,1−2 = σ(T1 + T2)(T
2
1 + T 2

2 )
(
1

ε1
+

1

ε2
− 1

)−1

1 2 1 2

Tw

Tw

Qfin = NAfhcηf (Tw − Tf )

N Af

Af = 2HL Af = (Hi + Hf) ∗ L



ηf

ηf

ηf =
tan h mH

mH

m =

√√√√2hcL

κAcf

κ Acf

Hp

HL

ki

v2/2g

Hp = HL = Hf +
∑
i

ki
v2

2g

ki

k

k = 7.2 Hf

Hf =
v2

2g
f
(

L

DH

)

ki Hf

Hp =
v2

2g

(
7.2 +

fL

DH

)

ΔP = gρHp



f

f = 64Re−1 (laminarflow,Re ≤ 2300

f = 0.316Re−0.25 (Turbulent flow upto 2× 104)

ηfan ηmotor

P =
ṁΔP

ρ
=

ṁΔP

ρ ηfan ηmotor

mW/m2 W/m2

mW/m2 W/m2

Voc



Voc

ηE

ηE

ηE =
Imax × Vmax

APV × Esol

Imax Vmax

APV

m2 Esol

W/m2

ηE =
Voc × Isc × FF

Esol × APV

× 100

Voc Isc

ηE = ηref [1− βref (Tpv − Tref )]

ηref βref

Tref

ηO,TH =

T∑
i=1

[ηcI(t)bL τgβc + q̇u]

T∑
i=1

I(t)bL



ηO,TH = ηE +

T∑
i=1

q̇u

T∑
i=1

I(t)bL
= ηE + ηTH

ηE

ηO,TH =
ηE
0.38

+ ηTH

Voc Isc
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Voc Voc

Tpv Voc

Voc

Voc



Voc
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m
s

kg
s

kg
s





m
s

oC oC





Esol Ta





m
s

oC oC



dVoc dIsc
m
s Voc Isc Voc Isc

Voc

Isc

Voc Isc

Vov Isc





Vov Isc

Tpv





dηE
m
s ηE ηE





dηTH
m
s ηTH ηTH

ΔT/G

ΔT/G
oCm2/W





ΔT/G



dηO,TH
m
s ηO,TH ηO,TH

ηO,TH

ΔT/G

ΔT/G oCm2/W

ΔT/G oCm2/W





ΔT/G
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Ta
oC Ta

oC Ta
oC Ta
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