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Figure 5: Thermal Model Results: (a) PV module; (b) 

insulation panel; and (c) air. 
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Figure 6: Thermal Model Results: (a) PV Module 

Temperatures; (b) Air Temperatures. 

 

 

 

 

  

 

 

 

 

 

 

Figure 7: Useful energy generated and solar energy 

absorbed by a photovoltaic module. 
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(c) 

Figure 8: Variation of hydraulic diameter, velocity and 

flow rate vs pressure drop on a log scale. 

Conclusions 

A study on integrated insulation modeling of an airflow 

window with a PV solar wall via energy conversion is 

10 100 1 10
3

1 10
4

0.01

0.1

1

Pressure Loss (Log Scale)

H
yd

ra
ul

ic
 D

ia
m

e
te

r 
(L

o
g

 S
c
a
le

)

0.2222

0.0488

Dp

m

1428.121537.2732 dPp

Pa

10 100 1 10
3

1 10
4

1

10

100

Pressure Loss (Log Scale)

V
el

o
c
it

y
 (

L
o

g
 S

c
a
le

)

26.7539

6.4458

Vp

m

s

1428.121537.2732 dPp

Pa

10 100 1 10
3

1 10
4

0.01

0.1

1

Pressure Loss (Log Scale)

F
lo

w
 R

a
te

 (
L

o
g 

S
c
al

e
)

0.25

0.05

Qp

m

s

1428.121537.2732 dPp

Pa

Insulation Panel

y = 2.4418Ln(x) + 19.448

R
2
 = 0.9942

17

18

19

20

21

22

23

24

25

4.95 14.85 24.75 34.65 44.55 54.45 64.35 74.25 84.15 94.05

Height (cm)

T
e
m

p
e
r
a
t
u

r
e
 (

 o
C

)

PV Module

y = 32.197e
0.0097x

R
2
 = 0.9743

32

32.5

33

33.5

34

34.5

35

35.5

36

4.95 14.85 24.75 34.65 44.55 54.45 64.35 74.25 84.15 94.05

Height (cm)

T
e
m

p
e
r
a
t
u

r
e
 (

 o
C

)

0 7.5 15 22.5 30
10

2

6

14

22

30

Natural Convection in Cavity I

Natural Convection in Cavity II

Forced Convection in Cavity I

Forced Convection in Cavity II

AIR TEMPERATURE VARIATION AT SOLAR NOON

VERTICAL DISTANCE IN WINDOW (m)

A
IR

 T
E

M
P

E
R

A
T

U
R

E
 (

C
)

27.216

5−

T5 i

T15 i

T_I5 i

T_II5 i

300 X i

6 4 2 0 2 4 6
20

0

20

40

60

Natural Convection

Forced convection

Solar Time

T
e
m

p
e
ra

tu
re

 o
f 

P
V

 c
e
ll
 d

e
g
 C

50.817

16.279−

T cp
it

T1 cp
it

4.4734.473− tit

hr

________________________________________________________________________________________________ 

________________________________________________________________________________________________ 
Proceedings of the 16th IBPSA Conference 
Rome, Italy, Sept. 2-4, 2019

 
8

 

 
  



 

 

performed. The noise interference and characterization 

equations as per speed of a composite wave are 

presented. The sources of noise measurement equations 

(sun, light, sound, heat, electricity, fluid and fire) are 

described depending on their speed of noise interference. 

Noise measurement equations and their units are coined. 

The acoustic insulation systems are classified as per 

source signals of solar power, electric power, light 

power, sound power, heat power, fluid power and fire 

power.  

Several performance and optimisation issues are 

considered in development of the model including 

optimal air velocity for heat transfer, dimensions of PV 

module (height), selection of cavity width to reduce 

pressure drops, and prediction of temperature rise of air 

as it flows out of the airflow window system and into the 

outdoor test-room. The airflow is adjusted to a constant 

value to optimise necessary temperature for integrated 

photovoltaic array as well as for pre-heated fresh air into 

the outdoor test-room. It is envisaged that inside an 

airflow window integrated with PV, cooling by forced 

convection is essential, without which, the temperature 

of PV cell reaches very high (51oC), which decreases the 

efficiency by more than 20% (Dehra, 2002). The 

combined efficiency (electrical and thermal) of the 

system reaches 50%.  

A Building Integrated Photovoltaic Airflow Window 

(BIPV-AW) system is developed for the purpose of 

combined generation of electricity, thermal energy and 

daylighting. This approach will have additional 

following advantages: a) there will be reduction in peak 

heating loads, which will reduce the required capacity of 

the heating/cooling system; b) there will be reduction in 

energy consumed for heating and lighting in the 

building; and c) electricity demand of the building will 

be reduced and energy utilities will get peak surplus. 
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