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Abstract
A novel Trombe wall with PV cells is presented in this paper. A two-dimensional model of PV glass panel and a model of the PVTrombe wall system are established. The temperature distribution and electrical performance of the PV-Trombe wall system are also
obtained. Results show that according to the measured weather data and the special simulation condition, the temperature difference
between the elements with and without PV cell on the glass panel reaches a maximum value of 10.6  C; the temperature difference
between the room with and without PV-Trombe wall reaches a maximum value of 12.3  C during 3 days; after 7 days’ operation, the allday temperature of the room with PV-Trombe wall retains at about 13.4  C and an increase of 5.00% for the electrical efﬁciency can be
achieved.
r 2006 Elsevier Ltd. All rights reserved.
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1. Introduction
A conventional Trombe wall is a south-facing concrete
or masonry wall, blackened and covered on the exterior by
glazing. It has been widely used and has improved much in
past decades due to advantages such as simple conﬁguration, high efﬁciency, zero running cost and so on [1].
Nevertheless, one of the important factors, which have
limited its spread and application, is its unaesthetic
property caused by the blackened massive wall.
More than 80% of the solar energy irradiated on the
surface of a photovoltaic (PV) cell is converted into
thermal energy rather than electrical energy, thus the
temperature of PV cells increases and results in a drop of
efﬁciency of PV cells. With PV cells being afﬁxed back of
the glass panel, a novel Trombe wall with PV cells (PVTrombe wall) is constructed. The thermal energy on the
surface of PV cells is removed by the air ﬂow between the
glass panel and wall, so the temperature of PV cells
decreases and the electrical efﬁciency increases. It not only
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generates electricity, but also provides space heating;
meanwhile it brings more aesthetic value.
Much theoretical and experimental research has been
focused on the heat transfer, dynamics and performance
analysis of Trombe wall. Smolec and Thomas have
done the theoretical calculation about the temperature
distribution of Trombe wall by using a thermal network and compared it with the experimental data [2].
Chen et al. have investigated the air ﬂow in Trombe
wall and deduced that the air ﬂow is the function of
the height of the air duct [3]. Guohui Gan has carried
out the numerical simulation for Trombe wall using CFD
techniques and investigated the effect of the distance
between the wall and glazing, wall height, glazing type
and wall insulation on the thermal performance of Trombe
wall [4].
In the research of PV walls, Brinkworth et al. have
deduced that with a well designed ventilated PV-wall
structure, the PV cell temperature can be reduced by 15  C
and the PV-module power output can be increased by 8.3%
[5,6]. Yang Hongxing and Ji Jie have established the heat
transfer model of the PV-wall structure, numerically
investigated the heat gain of the PV-wall and compared it
with the heat gain of the massive wall without PV module.
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Nomenclature
A

sectional area normal to X direction of the air
duct, m2
Aglass area of PV glass panel, m2
Ain ; Aout areas of the bottom and top vent, respectively,
m2
APV
total area of PV cells, m2
Cf
friction factor along the air duct
C in ; C out loss coefﬁcients at the bottom and top vent,
respectively
CG
speciﬁc heat of glass, J/kg K
CP
speciﬁc heat of air, J/kg K
Cw
speciﬁc heat of wall, J/kg K
d
duct hydraulic diameter, i.e. d ¼ 2ðw þ DÞ, m
D
depth of the air duct, m
Dw
wall thickness, m
E
electric power rate generated by PV cells, W/m2
E total daily electricity generation, kWh
g
gravitational acceleration, g ¼ 9:80665 m=s2
G
total incident solar radiation on the vertical
plane of the PV glass panel, W/m2
G total daily solar radiation, kWh
Grx
local Grashof number
hco ; hci convective heat transfer coefﬁcients on the
outside and inside surface of the PV glass
panel, respectively, W/m2 K
hnwo ; hnwi convective heat transfer coefﬁcients on the
outside and inside surface of the normal wall,
respectively, W/m2 K
hnrwo
radiant heat transfer coefﬁcient on the outside
surface of the normal wall, W/m2 K
hro ; hri radiant heat transfer coefﬁcients on the outside
and inside surface of the PV glass panel,
respectively, W/m2 K
hrwo
radiant heat transfer coefﬁcient on the outside
surface of the blackened massive wall, W/m2 K
hwo ; hwi convective heat transfer coefﬁcients on the
outside and inside surface of the blackened
massive wall, respectively, W/m2 K
L
height of PV-Trombe wall, m
Lroom depth of the room, m

m
mass ﬂow rate of the air ﬂow vented from the
top vent, kg/s
N ux
local Nusselt number

Results show that the heat gain of PV-wall structures can
be signiﬁcantly reduced in summer, so that the cooling load
of the building is decreased [7]. Ji Jie and He Wei have
theoretically and experimentally investigated the performance of PV Walls with and without an air duct. Results
show that different integration modes have only a small
effect on the annual power output, but have an obvious
effect on the annual heat gain [8,9]. In the research above,
only the temperature distribution in the vertical direction is
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RTrombe ratio of the Trombe wall area to the total
southern wall area
T nwo ; T nwi temperatures of the outside and inside
surface of the normal wall, respectively, K
T p ; T e ; T a temperatures of the PV glass panel, environmental air and air in the air duct, respectively,
K
T wo ; T wi temperatures of the outside and inside surface
of the blackened massive wall, K
Tr
indoor temperature along X direction, K
Tr
average indoor temperature, K
V
ambient wind speed, m/s
Va
velocity of air ﬂow in the air duct, m/s
w
width of the PV-Trombe wall, m
wroom width of the room, m
X ; Y ; Z calculation height, thickness and width, respectively, m
Greek symbols
a
aa
awall

absorptivity of PV cell
thermal diffusivity of air, m2 /s
absorptivity of the outside surface of the
blackened massive wall
anwall absorptivity of the normal wall
b
heat expansion coefﬁcient, K1
t
transmissivity of glass
r
density of air, kg/m3
rG
density of glass, kg/m3
rw
density of wall, kg/m3
la
thermal conductivity of air, W/m K
lG
thermal conductivity of glass, W/m K
lw
thermal conductivity of wall, W/m K

ratio of PV cell coverage
i ; o ; wo ; e emissivities of the inside and outside of the
PV glass panel, the outside surface of the
blackened massive wall and the ambient,
respectively
n
kinematic viscosity of air, m2 /s
x1 ; x2 ; x3 emissivity factors
s
Stefan–Boltzman constant, W/m2 K4
Z
daily electrical efﬁciency
Z0
electrical efﬁciency under standard conditions
(1000 W/m2 , 25  C)
Ztotal
total electrical efﬁciency during 7 days

considered and there is no systemic calculation of Trombe
wall.
A novel Trombe structure with PV cells is presented in
this paper, and a new two-dimensional model of PV glass
panel and a model of the PV-Trombe wall system are
established. The temperature distribution and PV cells’
electrical performance are numerically calculated by
coupling the PV-Trombe wall and indoor room as a closed
system.
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2. Theoretical models
The only difference between the normal Trombe wall
and the novel Trombe wall is that the novel Trombe wall
structure with PV cells changes the normal glass panel to
PV glass panel, on which some PV cells are afﬁxed back of
the glass panel. In order to obtain solar radiation on the
blackened massive wall, the PV cells are grid distributed, as
shown in Fig. 1, where X ; Y ; Z represent the height,
thickness and the width direction, respectively. The ratio of
PV cell coverage is deﬁned as
¼

APV
,
Aglass

(1)

where APV is the total area of PV cells and Aglass is the area
of PV glass panel (m2 ).
2.1. Energy balance of PV glass panel
The PV cells laminated on the back of the glass panel are
very thin, the adherence between the PV cells and the glass
is very tight and the heat conduction is good, so it is
assumed that the temperature of the PV glass panel along
Y direction is uniform. However, because the absorptivity
of PV cells is higher than glass, the temperatures of the
elements with and without PV cell are not uniform, even
have great difference. A temperature difference with a
maximum value of 10  C has been substantiated according
to our initial test. Hence, the temperature distribution of
the PV glass panel is considered to be a two-dimensional
(along X and Z direction) heat transfer problem, and this is
much different from the processing methods adopted by
Refs. [2–9] in which only the temperature distribution
along X direction is considered. In order to simplify the

calculations, it is assumed that the temperature of every PV
cell is uniform and base-center grids are plotted along the
boundary of every PV cell. As shown in Fig. 2, the PV cell
is so thin that its heat capacity can be neglected,
considering the heat capacity of the PV glass panel and
the solar radiation, the energy balance equation of the PV
glass panel is established according to Ref. [7]




qT P
q
qT P
q
qT P
lG
lG
rG c G
¼
þ
þ b.
(2)
qX
qZ
qt
qX
qZ
It is discretized as
rG cG ðT p  T 0p Þ
 Dt

lG
lG
¼
ðT U  T P Þ þ
ðT D  T P Þ
DX U  DX
DX D  DX


lG
lG
ðT W  T P Þ þ
ðT E  T P Þ þ b,
þ
DZ W  DZ
DZ E  DZ
ð3Þ
where b ¼ S c þ S p T p , and subscripts U, D, W, E stand for
the up, down, west, east control volume, respectively.
Through the analysis of the heat transfer control
volumes of the PV glass panel, as shown in Fig. 3, it yields
(1) For the elements with PV cell on the glass panel:
S c ¼ ½at þ ð1  tÞG  E þ hco T e þ x1 hro T e þ hci T a
þ x2 hri T wo ,
SP ¼ ðhco þ x1 hro þ hci þ x2 hri Þ.
(2) For the elements without PV cell on the glass panel:
Sc ¼ Gð1  tÞ þ hco T e þ x1 hro T e þ hci T a þ x2 hri T wo ,
SP ¼ ðhco þ x1 hro þ hci þ x2 hri Þ,
where rG ; C G ; lG are the density (kg/m3 ), speciﬁc heat
(J/kg K) and thermal conductivity (W/m K) of glass,
respectively; a is the absorptivity of PV cell; t is the
transmissivity of glass; G is the total incident solar radiation
on the vertical plane of the PV glass panel (W/m2 );

PV glass panel PV cells
X

Solar radiation G

Top vent

Y
Air duct

X

Z
dx
L

Twi

Tp Two
Ta

Y

WALL
Indoor
temperature Tr

Ambient temperature Te
Bottom vent
D
Fig. 1. Distribution scheme of PV cells on the glass panel.

Dw

Fig. 2. Schematic diagram of a novel Trombe wall with PV cells.
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element with PV cell on the glass panel

[+(1−)]G−E+hco(Te−TP)+1hro(Te−TP)

hci(Ta−TP)+2hri(Two−TP)

G(1−)+hco(Te−TP)+1hro(Te−TP)
X

hci(Ta−TP)+2hri(Two−TP)

element without PV cell on the glass panel

Y

Fig. 3. Heat transfer control volumes of the PV glass panel (Y direction).

T p ; T e ; T a and T wo are the temperatures of the PV glass
panel, environmental air, air in the air duct and the outside
surface of the blackened massive wall, respectively, (K);
x1 ; x2 are the emissivity factors on the outside and inside of
the PV glass panel, respectively; hco ; hci are the convective
heat transfer coefﬁcients on the outside and inside surface of
the PV glass panel, respectively, (W/m2 K).
E is the electric power rate generated by PV cells
(W/m2 ) [10]
E ¼ G  Z0  ½1  0:0045ðT p  298:15Þ,

mCP(Ta+dTa)
WALL

dX

(4)

where Z0 is the electrical efﬁciency under standard
conditions (1000 W/m2 , 25  C), 14% is adopted in this
paper.
hro ; hri are the radiant heat transfer coefﬁcients on the
outside and inside surface of the PV glass panel,
respectively, (W/m2 K)
hro ¼ sðT 2P þ T 2e ÞðT P þ T e Þ,

(5)

hri ¼ sðT 2P þ T 2wo ÞðT P þ T wo Þ,

(6)

where s is the Stefan–Boltzman constant, W/m2 K4 .
The emissivity factors x1 ; x2 can be calculated from [11]:
1
1
1
¼ þ  1,
x1 o e
1
1
1
¼ þ
 1,
x2 i wo

(7)

(8)

The convective heat transfer coefﬁcient due to wind on
the outside surface of the PV glass panel is given according
to Ref. [11]
(9)

The convective heat transfer coefﬁcient on the inside
surface of the PV glass panel:
N ux la
,
X

X

Air duct
Y
D
Fig. 4. Energy balance of the air control volume in the air duct.

where V is the ambient wind speed (m/s); la is the thermal
conductivity of air (W/m K); N ux is the local Nusselt
number.
According to Ref. [6]
N ux ¼ 0:12  ðGrx  Pr Þ1=3 ,

(11)
Pr ¼ n=aa ,

(12)
2

where n is the kinematic viscosity of air (m /s); aa is the
thermal diffusivity of air (m2 /s); g is the gravitational
acceleration (m/s2 ); b is the heat expansion coefﬁcient
(K1 ).
2.3. Energy balance in the air duct

2.2. Convective heat transfer coefficients

hci ¼

mCPTa

PV glass panel

Grx ¼ gb  ðT P  T a Þ  X 3 =n2 ;

where i ; o ; wo ; e are the emissivities of the inside and
outside of the PV glass panel, the outside surface of the
blackened massive wall and the ambient, respectively.

hco ¼ 5:7 þ 3:8  V .

hwo(Ta−Two)w⋅dX

hci(TP−Ta)w⋅dX

(10)

The air per unit length in the air duct is taken as a
control volume, as shown in Fig. 4. Though the PV
glass panel consists of the PV part and glass part for a
control volume, the temperatures of different parts are
averaged along Z direction to simplify the calculations.
Then it gives




m C P T a þ hci ðT P  T a Þw  dX ¼ m C P ðT a þ dT a Þ
dT a
þ hwo ðT a  T wo Þw  dX þ rC P D  w  dX
,
dt

ð13Þ
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where the mass ﬂow rate of air m ¼ rwD  V a , then it
follows that
rDC P

dT a
dT a
¼ hci ðT P  T a Þ þ hwo ðT wo  T a Þ  rV a DC P
,
dt
dX
(14)

where D is the depth of air duct (m); w is the width of the
PV-Trombe wall (m); C p is the speciﬁc heat of air (J/kg K);
r is the density of air (kg/m3 ), and V a is the velocity of air
ﬂow in the air duct (m/s).
The velocity of air ﬂow in the air duct V a can be
calculated as [7]
vﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
u
u0:5  gb̄  ðT out  T in Þ  L
,
(15)
Va ¼ t
2
2
C f Ld þ CAin2A þ CAout2 A
in

out

where L is the height of PV-Trombe wall (m); d is the duct
hydraulic diameter (m), i.e. d ¼ 2ðw þ DÞ; A is the cross
sectional area normal to X direction of the air duct (m2 ),
i.e. A ¼ w  D; Aout ; Ain are the areas of the top
and bottom vent, respectively, (m2 ); C f ; C out ; C in are
the friction factor along the air duct, the loss coefﬁcients at the top and bottom vent, respectively;
C out ¼ 0:3; C in ¼ 0:25; C f ¼ 0:3  1:368  Gr0:084
.
x
2.4. Heat transfer across the southern wall
The schematic of a comparable hot-box is shown in
Fig. 5 where the southern wall consists of the blackened
massive wall and the normal wall, and other walls consists
of double insulated walls with an air interlayer between
them for better insulation. For the blackened massive wall,
considering the solar radiation transmitted through the
elements without PV cell, the solar radiation on the outside
surface per unit area of the blackened massive wall is
G  awall  t  ð1  Þ, where awall is the absorptivity of the
outside surface of the blackened massive wall.
Room with PV-Trombe wall

Room without Trombe wall

It is assumed that the heat transfer across the blackened
massive wall is one-dimensional [5–9]. The unsteady heat
conduction equation is [7]
qT
lw q2 T
¼
,
qt
rw C w q2 Y
 
qT
 lw
¼ hwo ðT wo  T a Þ þ x3 hrwo ðT wo  T p Þ
qY y¼0


qT
qY

 lw

þ Gawall tð1  Þ,



ð16Þ

¼ hwi ðT wi  T̄ r Þ,
y¼Dw

T t¼0 ¼ Tj0 ðY Þ,

ð17Þ
3

where rw ; C w ; lw ; Dw are the density (kg/m ), speciﬁc heat
(kg/m3 ), thermal conductivity (W/m K) and thickness (m)
of wall, respectively; T wi is the temperature of the inside
surface of the blackened massive wall (K); T r is the average
indoor temperature (K); hwo ; hwi are the convective heat
transfer coefﬁcients on the outside and inside surface of the
blackened massive wall (W/m2 K), respectively; hrwo is the
radiant heat transfer coefﬁcient on the outside surface of
the blackened massive wall (W/m2 K), hrwo ¼ hri . The
emissivity factor x3 ¼ x2 .
For the normal wall, Eq. (16) is used for calculation and
the relevant boundary conditions are as follows:
 
qT
 lw
¼ hnwo ðT nwo  T e Þ þ x1 hnrwo ðT nwo  T e Þ
qY y¼0

 lw

qT
qY



þ Ganwall ,
¼ hnwi ðT nwi  T̄ r Þ,

y¼Dw

where T nwo ; T nwi are the temperatures of the outside
and inside surface of the normal wall, respectively, (K);
hnwo ; hnwi are the convective heat transfer coefﬁcients
on the outside and inside surface of the normal
wall, respectively, (W/m2 K); hnrwo is the radiant heat
transfer coefﬁcient on the outside surface of the normal
wall, (W/m2 K); anwall is the absorptivity of the normal
wall.
2.5. Heat transfer in the room
In order to simplify the calculations, it is assumed that
only the heat transfer across the southern wall is considered
while the heat transfer across other walls is not considered
in a hot-box room as a result of their favorable insulation,
and the indoor temperature varies along X direction only.
The energy balance equation in the room is obtained
similarly


m C P T r þ ½ð1  RTrombe Þ  hnwi ðT nwi  T r Þ
þ RTrombe  hwi ðT wi  T r Þ  wroom  dX
PV-Trombe wall

Normal wall

Fig. 5. Schematic of the comparable hot-box.



¼ m C P ðT r þ dT r Þ þ rC P Lroom  wroom  dX

dT r
ð18Þ
dt
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it follows that
dT r
¼ RTrombe  hwi ðT wi  T r Þ
dt

m C P dT r
þ ð1  RTrombe Þ  hnwi ðT nwi  T r Þ 
,

wroom dX

rC P Lroom

ð19Þ

where T r is the indoor temperature along X direction (K);
wroom ; Lroom are the width of the room along Z direction,
the depth of the room along Y direction, respectively (m);

m is the mass ﬂow rate of the air ﬂow vented from the top
vent (kg/s); RTrombe is the ratio of the Trombe wall area to
the total southern wall area.

1549

heat C w ¼ 840 J=kg K; the thermal conductivity
lw ¼ 0:814 W=m K;
5. the thickness of glass is 3 mm; the density
rG ¼ 2515 kg=m3 ; the speciﬁc heat C G ¼ 810 J=kg K;
the thermal conductivity lG ¼ 1:4 W=m K; the transmissivity t ¼ 0:9;
6. the ratio of PV cell coverage  ¼ 0:324; the absorptivity
of PV modules a ¼ 0:9; the absorptivity of the
blackened massive wall awall ¼ 0:9; the absorptivity of
the normal wall anwall ¼ 0:72; the emissivities of the wall
and glass panel surfaces are 0.9;
7. the size of the hot-box room: width wroom ¼ 3:00 m,
depth Lroom ¼ 3:00 m, height is 2.66 m.

3. Numerical simulation
In order to investigate the thermal and electrical
performance of the novel Trombe wall with PV cells,
a numerical simulation program is written in FORTRAN
by authors for the comparable hot-box in different
cases (PV-Trombe wall system, normal Trombe wall
system without PV cells, system without Trombe wall).
The measured weather data of Hefei’s winter, as shown
in Fig. 6, is conﬁgured as a data input ﬁle of the program, then the temperature distribution and electrical
performance are discussed. The following parameters were
used:
1. the width of the PV-Trombe wall w ¼ 0:84 m; the height
L ¼ 2:66 m;
2. the depth of the air duct D ¼ 0:13 m; the areas of top
and bottom vent are both 0:04 m2 ;
3. the density of air r ¼ 1:18 kg=m3 ; the speciﬁc heat
C P ¼ 1000 J=kg K; the thermal conductivity la ¼
0:026 W=m K; the kinematic viscosity n ¼ 1:58
105 m2 =s;
4. the thickness of the wall (red brick structure)
Dw ¼ 240 mm; the density rw ¼ 1800 kg=m3 ; the speciﬁc

Two PV glass panels are ﬁxed on the frame. Both the top
and bottom vent are opened at 10:00, closed at 16:00
everyday. The time step is 20 s and the initial time is 1:00.
The initial indoor temperature is 2  C according to the
measured data.
Results are as shown below:
3.1. The temperature of the PV glass panel
Fig. 7 shows the temperatures on the PV glass panel.
TC1, TC2 are the temperatures of the element with and
without PV cell in the centre of the upper PV glass panel;
TC3, TC4 are the temperatures of the element with and
without PV cell in the centre of the lower PV glass panel.
dTC ¼ ðTC1  TC2 þ TC3  TC4Þ=2, dTC is the average
temperature difference between the elements with and
without PV cell, as shown in Fig. 8. From the two ﬁgures,
the temperature of the upper PV glass panel is slightly
higher than that of the lower one, for both the elements
with and without PV cell. The average temperature
difference between the elements with and without PV cell
reaches a maximum value of 10.6  C and its behavior
follows the variation of solar radiation.

Incident solar density

800

6
ambient temperature

700
4
600
2
Te (C)

G (W/m2)

500
400
300

0
-2

200
-4
100
-6

0
-100

-8
0

10

20

30
40
Time (hour)

50

60

70

0

10

Fig. 6. Measured weather data of Hefei’s winter.
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Fig. 9. Air temperature in the air duct.

Fig. 7. Temperature distribution on the PV glass panel.
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Fig. 8. The average temperature difference between the elements with and
without PV cell on the glass panel.

Fig. 10. Comparison of the temperatures in the room with and without
PV-Trombe wall, and ambient temperature.

3.2. The temperature of the air in the air duct

system without Trombe wall, TE is the ambient temperature. Fig. 11 shows the temperature difference between the
average temperature of the room with and without PVTrombe wall. From Figs. 10 and 11, with the increase of
height, the indoor temperature of the PV-Trombe wall
system increases; the indoor temperature escalates during
the ﬁrst 3 days and the temperature difference between the
two rooms reaches a maximum value of 12.3  C. The ﬁrst
peak value of the daily indoor temperature of the PVTrombe wall system is due to the solar radiation and the
second is due to the thermal storage function of the
blackened massive wall.
Fig. 12 shows the simulation results after 7 days’
operation according to the repeating adoption of the third
day’s weather data in the latter 4 days. TR is the average
temperature of the room with PV-Trombe wall. TR retains
about 13.4  C after 7 days’ operation. By increasing the
area of PV-Trombe wall or insulating the interior surface

Fig. 9 shows the air temperatures in the air duct.
TA1, TA2, TA3, TA4 are the temperatures at the 45 ; 35 ; 25 ; 15
times of the height of the air duct, respectively. From
Fig. 9, the temperature in the air duct increases
with the increase of height. The acute part of TA3,
TA4 in the ﬁgure is due to the saltation of the temperature when the top and bottom vent are closed at 16:00
everyday.
3.3. The temperature of the rooms
Fig. 10 shows the temperatures of the room with and
without PV-Trombe wall, and ambient temperature. TR1,
TR2, TR3, TR4 are the PV-Trombe wall indoor temperatures at the 45 ; 35 ; 25 ; 15 times of the height of the hot-box
room, respectively. TNR is the indoor temperature of the
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Fig. 11. The temperature difference between the room with and without
PV-Trombe wall.
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Fig. 13. The indoor temperatures for different rooms.

Table 1
Daily solar radiation, electricity generation, electric efﬁciency after 7 days’
operation

Room with PV-Trombe wall
Room without PV-Trombe wall
Ambient temperature

20
15
Troom and Te (deg C)

1551

10
5

Day

Gtotal (kWh)

E total (kWh)

Z ¼ E total =ðGtotal  Þ

1
2
3
4
5
6
7

9.3356
7.4100
9.9333
9.9333
9.9333
9.9333
9.9333

0.4548
0.3598
0.4726
0.4691
0.4690
0.4690
0.4690

0.1504
0.1499
0.1468
0.1458
0.1457
0.1457
0.1457
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Fig. 12. Comparison of the temperatures in the room with and without
PV-Trombe wall, and ambient temperature after 7 days’ operation.

of the massive wall, the need of space heating will be
satisﬁed.
Fig. 13 shows the indoor temperatures for different
rooms (the room with PV-Trombe wall, with normal
Trombe wall, without Trombe wall). From Fig. 13, the
indoor temperature of the PV-Trombe wall system is lower
compared with that of the normal Trombe wall system,
because of the shading of solar radiation by PV cells.
However, as a new type of BIPV/T (Building Integrated
with Photovoltaic/Thermal), PV-Trombe wall system can
provide space heating at the same time while generating
electrical energy, and the aesthetic value is much more than
that of normal Trombe wall so that it will have more
application prospects.

Table 1 shows the measured daily solar radiation ðG total Þ,
the calculated daily electricity generation ðE total Þ and
electrical efﬁciency Z ¼ E total =ðG total  Þ of the PV-Trombe
wall system after 7 days’ operation.
P The total
P electrical
efﬁciency during 7 days Ztotal ¼
E total =ð G total  Þ is
0.1470, which increases by 5.00% compared to Z0 (14%),
because the temperatures of the PV cells remain less than
20  C when operating in winter (as shown in Fig. 7).
4. Conclusions
In the case of PV cells’ grid-distribution on PV glass
panel, the two-dimensional model of PV glass panel has
been established. The simulation for PV-Trombe wall
system has been conducted under the special simulation
condition by using the measured weather data of Hefei’s
winter, and results have been compared with those of the
system with normal Trombe wall and without Trombe
wall. The comparative study gives the following results:
(1) The temperature difference between the elements with
and without PV cell on the PV glass panel reaches a
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maximum value of 10.6  C during 3 days, so it is deduced
that the two-dimensional model of PV glass panel is
feasible.
(2) The temperature difference between the room with
and without PV-Trombe wall reaches a maximum value of
12.3  C during 3 days and the average indoor temperature
retains about 13.4  C after 7 days’ operation. The indoor
temperature of PV-Trombe wall system is lower compared
with that of normal Trombe wall system, but the PVTrombe wall system can provide space heating at the same
time while generating electrical energy, and the aesthetic
value is much more than that of normal Trombe wall.
(3) An increase of 5.00% for the electrical efﬁciency can
be achieved with an air duct behind the PV modules.
(4) The computation program can be easily used in
predicting the temperature distribution of a Trombe wall
system at any time if the weather data of a certain zone and
the relevant property parameters have been given. It is
beneﬁcial for the Trombe wall design and the analysis of its
thermal performance.
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