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Abstract-The thermal performance of classical Trombe wall solar collector systems is studied numerically. 
It is assumed that the flow is laminar and two-dimensional, the glazing is isothermal and the solar heat 
absorbed by the wall is transferred to the air in the channel with a constant flux by natural convection and 
to the adjacent room by conduction and then by convection. The mass, momentum and energy conservation 
equations are discretized and solved using the finite differencexontrol volume method. Flow and tem- 
perature fields are produced and the results are presented in terms of temperature and velocity distributions 
in various parts of the system ; the Nusselt number and the system thermal performance as a function of 

the Rayleigh number are also evaluated and presented. 

1. INTRODUCTION 

THE CLASSICAL Trombe wall solar collector system 
consists of a massive wall installed at a small distance 
from a glazing. The wall absorbs solar radiation and 
transmits part of it into the dwelling by natural con- 
vection through the solar chimney formed by the glaz- 
ing on one side and the wall on the other. The air 

circulates through the vents at the bottom and top of 
the wall into the adjacent room. The natural con- 
vection is then controlled by these vents. The typical 
system dimensions are: 1.0-2.0 m high collector 

system, a distance of about 0.10 m between the glazing 
and the wall, 0.20-0.30 m thick wall, a vent size of 
about 70% of the chimney cross-section and about 

3.0 m room width. The experimental studies indicate 
that the glazing temperature is quasi-isothermal and 
the wall releases heat to the air with a constant heat 
flux resulting in a surface temperature gradient along 
the solar chimney [I]. The advantages and the prob- 
lems associated with this system are discussed else- 
where [2]. 

A review of the literature indicates that previous 
analyses are related to two major categories with vari- 

ous boundary conditions : (1) those that concern the 
natural convection between two parallel plates simu- 
lating the solar chimney; (2) those that concern the 
heat transfer in the entire system including the Trombe 
wall collector and the adjacent room. 

In the first category. the case with symmetrically 
heated isothermal plates was studied by Bodoia and 
Osterle [3], the one with asymmetrically heated iso- 
thermal plates by Aung et al. [4], Aihara [S] and 
Akbari and Borgers [6], the problem with uniform 
wall heat fluxes by Aung et al. [4] and that with non- 
isothermal walls by Rheault and Bilgen [7]. In the 
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second category, the case with both glazing and wall 
at isothermal conditions was studied by Ormiston et 

al. [8]. 
The review shows that the studies in the first cate- 

gory were only concerned with the convection in the 
chimney without considering the inlet and outlet con- 

ditions; in the study of the second category, the wall 
was assumed to be isothermal and also the effects 
of the conduction through the wall and of the vent 

positions and sizes were neglected. The present study 
models the natural convection in the entire system 
with more realistic boundary and operating con- 
ditions ; it includes the vents as orifices with practical 

sizes, wall conduction and constant heat flux on the 
massive wall surface. It also examines the effect of 
geometrical parameters such as orifice size, its distance 
from the bounding horizontal surfaces, the distance 
between the massive wall and the wall opposite to it 
and the effect of the wall conductivity. 

2. PROBLEM DESCRIPTION 

The simplified Trombe wall system consisting of the 

collector, massive wall and the room is shown in Fig. 
1. The solar radiation through the glazing strikes the 
massive wall surface and heats it up. The wall. cooled 
by natural convection of air in the channel, is usually 
at a higher temperature than the glazing. It releases 
part of the absorbed solar heat at constant flux to 
the air which circulates through the vents into the 
adjacent room. The other part is transmitted to the 
room by conduction. The glazing which is in contact 
with the outside air is at a constant temperature of 
T,. The room is adjacent to the other parts of the 
dwelling at the same temperature; therefore it is 
assumed that the ceiling and the floor are adiabatic 
and that the heat gained by the room is dissipated 
through a fictive surface at a constant temperature of 
Tz which is identical to the wall opposite to that of 
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NOMENCLATURE 

A aspect ratio. Hi L T temperature [K] 

h vent width [m] Al‘ temperature difference between the outet 

B vent size parameter. /IIS walls, T, - Tz [K] 

C’ dimensionless lintel height, /z/H Lt. 1‘ fluid velocity in the .Y- and _r-direction 

D dimensionless chimney width, S/L. [m s ‘1 

g acceleration due to gravity [m s ‘1 U, V dimensionless fluid velocities 

H cavity height [m] .x. J’ Cartesian coordinates 

I1 lintel height [m] ; convection coefficient X, Y dimensionless distance on X- and r-axis. 

[W n-t ’ K ‘1 
k thermal conductivity [W m ’ K ‘1 Greek symbols 

k, thermal conductivity ratio, k,,,,/kRuld 

I dimensionless vent size (_I- H+h+h)jh ; 

thermal diffusivity [m’ s ‘1 

thermal expansion of fluid [K ‘1 

L cavity width [m] V efficiency 

NU Nusselt number, hL/k (I dimensionless temperature 

P dimensionless pressure c1 dynamic viscosity [kg m ’ s ‘1 

P pressure [Pa] \’ kinematic viscosity [m’ s ‘1 

Pr Prandtl number, I$X P fluid density [kg m’]. 

Q flow rate through the vents, i:,U dh 

Y heat flux [W m ‘1 Subscripts 

Ra Rayleigh number, g/lL”q/vxk I left wall or glazing ; left channel 

s width of the chimney [m] 2 right wall or fictive wall : right channel. 

the massive wall. By considering the heat transfer by 
natural convection of air and conduction through the 
massive wall, the problem can be reduced to the one 
shown in Fig. I : two horizontal boundaries are adia- 
batic. Two vertical bounding surfaces are isothermal 

at different temperatures of T, and T?. The massive 
wall surface in the chimney releases heat with a con- 
stant flux. Depending on the density of heat flux from 
the massive wall and the boundary conditions on the 
two vertical surfaces. various convection modes and 
hence heat transfer result. 

The geometrical parameters are chosen based on 
the Trombe wall system applications : A = H/L from 

0.7 to 1.0. D = S/L = l;33, d/L = 2133, B = hiSfrom 
0.0 (corresponding to the Trombe wall without vents) 
to 2.25 and C’ = /l/H from 0.0 to 1,123. The ther- 

SOLAR 
FIADIATION 

\ 

DWELLING 

-- AIRVENT I I 

FIG. I. Problem description, geometrical parameters and 
coordinate system. 

mophysical parameters are Ra from 10’ to 2 x IO”, 

AT= T,-T? from - IO to IO’C and k, = 

k,,,,/k,,, = 20 (corresponding to concrete wall) and 
100 (corresponding to stone wall). 

3. MATHEMATICAL MODEL AND 

NUMERICAL METHOD 

The mathematical model and the computer code 
are developed for a general case to study natural con- 
vection in cavities which may be partially divided and 

may contain several walls with different conductivity. 
The flow is assumed to be steady, laminar and two- 
dimensional. The Boussinesq approximation is used 

to account for the density variation. The math- 
ematical model is briefly described below. 

Governing equations are 

(1) 

by introducing the following non-dimensional vari- 
ables : 

_y=” 
L' 

y=; (5) 
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(7) 

Following Patankar [9], two coefficients are intro- 
duced and the resulting non-dimensional continuity, 
momentum and energy equations are obtained as fol- 
lows : 

where r is a general diffusion coefficient which is equal 
to 1 in the fluid region and IO’” in the soiid region. 

and K a thermal conductivity ratio which is equal to 
1 in the fluid region and k, in the solid region. 

The energy balance at the wall--fluid interface at 
x = S requires 

as 
ax= 1. (12) 

The boundary conditions are the no-slip conditions 
on all the rigid wall surfaces, isothermal temperature 
on the vertical end walls and adiabatic on the hori- 
zontal walls. Hence, the boundary conditions for this 
problem are (see Fig. 1) 

x=0,0< YG.4 C’= V==O;$=O, 

X=l,O<YQA u= V=O;B=O, 

O<X<l, Y=O,A U= V=O;;=O 

O<Y<C 

(13) 

The numerical method used to solve the system of 
equations @)-(I I) is the SIMPLER method [9]. This 
algorithm is based on a control volume approach, 

and the equations are discretized by ensuring that 
conservation of mass, momentum and energy are sat- 
isfied over each control volume. A staggered grid for 
velocity is used, as suggested by Patankar, to avoid 
wavy pressure and velocity fields. 

It shouid be noted that the conduction in the mass- 
ive wall is accounted for by introducing the dimen- 
sionless parameter K in the discretized non-dimen- 
sional energy equation (11). By definition, it is equal 
to 1 in the fluid region and to k, = k,,,,/k,,, in the solid 

region. In addition, I- is specified as I in the fluid 

region and lOI in the solid region. The latter ensures 

that U = V = 0 everywhere in the solid region includ- 

ing the solid-fluid interface. The heat flux from other 
surfaces of the wall is deduced from the results of the 
computation. 

4. VALIDATION OF THE CODE AND 

COMPUTATION 

The computer code based on the ~dthematical 
model above and the SIMPLER method is validated 
for various cases: square cavity, rectangular cavity 

with aspect ratio of 5 and rectangular cavity with 
aspect ratio of 10. The comparison of various par- 

ameters for a square cavity and the average Nussclt 
number as a function of the Rayleigh number for 

rectangular cavities are presented in ref. [IO]. It was 
seen that for all the cases tested the present code 
produced results in agreement with those published 
in the literature. 

A non-uniform grid size was used to solve the pre- 

sent problem. The relative number of grids in the solar 

chimney, air vents and the massive wall was about 
20% of the total. This ensured enough details on the 

fiow and temperature fields in these regions. After 
several tries and comparisons with the test cases dis- 
cussed above, it was found that a 25 x 25 grid size 
ensured independence of solution on the grid with 
reasonable computation time. For small Rayleigh 
numbers, the number of iterations was about 35. For 
larger Ra, the solution for smaller Ru was used to 
initialize the computation so the number of iterations 
was reduced considerably. The relaxation parameter, 
as defined in ref. [9], was varied from 0.50 for small 
Ra to about 0.40 for large Ra. The execution time for 

a typical case with Ra = 5 x IO’ and 20 iterations was 
12 CPU seconds on an IBM 3090 with 17 mips. 

The convergence criterion was based on the cor- 
rected pressure field. When the corrected terms were 
small enough so that no difference existed between 

the pressure fields before and after correctioI1, the 
computation was stopped. Hence 

‘1//1% J”, II 

(14) 
,=I ,=I 

where b, is the source term in the pressure correction 
equation [9) and E < 0.001. 

In addition to the usual accuracy control. the accu- 

racy of computations was controlled using the energy 
conservation within the system. It was found that it 
was accurate within 0.1% in the worst case. 

5. RESULTS AND DISCUSSION 

Various computations were carried out using the 
range of geometrical parameters discussed earlier for 
Ra from 10’ to 2.0 x 10” and AT from - 10 to 10-C. 
The reason for using AT in its dimensional form is to 



have a bctler insight in Trombe wall applications. A 
positive AT corresponds to a warm glazing which 
happens usually when the solar radiation strikes the 
collector surface. This is the favorable condition for 
a positive (or useful) convection in the solar chimney. 
A negative AT corresponds. on the other hand, to a 

cooler glazing temperature. possibly with an inverse 
circulation in the chimney. The results v,crc reduced 

to carry out parametric studies on the influence of 
various dimensionless parameters : temperature dis- 
tribution I) in the s- and Ia-directions of the solar 

chimney, the Nusselt and Rayleigh numbers. First, 
the case with A = I .O. B = 2.25, C = I/23 and li, = 20 

will be presented in detail ; then, the effects of A, B, C 
and k, will be discussed. 

5. I. CNW rr.itll A = 1. B = 2.25. C = l/23 rrrld k, = 20 

The massive wall surface temperature along the 
chimney as a function of Y is shown in Fig. 2 for 

AT = - IO and IO C and for various Ra. The non- 
dimensional surface temperature is nonlinear. 
Recausc of the definition of the non-dimensional tem- 

perature, higher values of 0 do not necessarily indicate 
higher surface temperatures. In fact, as it will be dis- 

cussed later, the clockwise air circulation is achieved 
for lower values of mean 0. This is due to the definition 
of 0 in equation (7) which states that 0 is inversely 

proportional to q. 
The temperature and velocity distributions at solal 

chimney mid-height and along .I-, with X/S from 0 to 
I are presented in Fig. 3 for AT = - IO ‘C and in Fig. 
4 for AT = IO C and for various Rayleigh numbers. 
Following the definition of AT, the negative value 
indicates a lower glazing temperature and a positive 

t,, 
AT=lO’C 

FIG. 2. Temperature variation along the height at the massive 
wall as a function of the Rayleigh number and for AT = - IO 
and 10X Dashed curves correspond to the vent locations 
and indicate the air temperature. Other parameters are 

il=l.B=2.25,C‘=1/23andk,=20. 

value at higher tcmperaturc with rcqxct to the room 
fictive wall tcmperaturc. Figure 3 indicates fat 
AT = - IO c‘ the temperature profile in the chimney 
mid-height is an increasing function of the chimney 

width and Ru. For low RLI, the flow is from top to 
bottom and with the vents open, the systctn loses 

energy from the room. As Ru increases, the flow 

becomes reversed near the wall. For the highest RN 

computed. the net flow is from the chimney to the 

room indicating that the heat flux from the massive 

wall must exceed a threshold value in order to have a 

positive (or useful) circulation in the solar chimney. 

Figure 4 shows the same parameters for AT = IO C. 

In this case as the glazing temperature is higher than 

the room fictive wall temperature, the air temperature 
decreases along the chimney for low Ra; it becomes 

an increasing function with s/S at higher Ro. The 
velocity profile indicates velocities in the positive J’- 

direction without a back flow. This is the typical case 

of the Trombe wall operation during the sunshine 

hours : due to radiation heat exchange with the mass- 

ive wall, the glazing temperature is higher than those 

of the room wall surfaces. The velocity profiles at the 
top vent for AT = - IO and IO C and various RLI 

arc presented in Fig. 5. The results on the right for 
AT = - IO C correspond to Fig. 3 and those on the 

left for AT = IO C to Fig. 4. The flow rates arc nega- 
tive for the first case at Ra = IO’ and IO’ then positive 

at Ra = 2 x IO’ confirming the results of Fig. 3. They 

are all positive in the second case although there is a 
small back flow on the upper part of the vent at high 

Ra. These results arc also in agreement with those in 

Fig. 4. 
The heat transfer from the left (i.e. glazing) and 

right (i.e. fictive wall) bounding sides is calculated as 

The results are reduced as Nusselt numbers Nu, and 

Nuz are presented as a function of Ra for two AT 
values in Fig. 6. The positive Nu indicates a heat flow 

in the positive X-direction. The negative values of Nu, 
and positive values of NuZ indicate a loss frotn the 

system. The sum of the heat fluxes from the two 

bounding surfaces, the glazing on the left and the 

room fictive wall on the right, should be equal to the 
heat flux from the surfaces of the massive wall. Since 
the definition of the Rayleigh number contains the 
heat flux from the massive wall, the absolute values 
of Nu, and Nuz are an increasing function of Ru. 

Figure 6 shows that at low Ru the heat may be gained 
through the glazing when AT = 10 C and through 
the room fictive wall when AT = - IO‘-C. Generally. 
however, the heat is lost through both surfaces at high 
Ru. The heat loss is higher through the glazing than 
the room fictive wall. 

Thermal performance of the system defined as the 

ratio of the useful to total energy is 



Natural convection and conduction in Trombe wall systems 1241 

- Ra=lxlO' 
--- Fm=1x108 

0.04 I= -..- m=2x108 

./" ./ 
0.03 ..’ 

..' 
, 

aa /> 
/ 

0.02 /: 
/: 

.- 
.' 

i' .* 

i' ,.* 
.' 

0.01 k ..i. ,* 
/ 0' 

/ ,a' 

.I 

:' 
0.00 

:’ #I’ 
10 

, 

/ l s 
/ ,’ 

/ ,,I L ,.‘ , 

-50 
./” ,<* 
..__s’ 

-100~~ 

0.0 0.2 0.4 0.6 0.6 1.0 0.0 0.2 0.4 0.6 0.6 1.0 

x/s WS 

FIG. 3. Temperature (on the left) and velocity (on the right) at the chimney mid-height (Y = 0.5) for 
various Rayleigh numbers and AT = - 10°C. Other parameters are A = 1, B = 2.25, C = l/23 and k, = 20. 
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FIG. 4. Temperature (on the left) and velocity (on the right) at the chimney mid-height (Y = 0.5) for 
various Rayleigh numbers and AT = 10°C. Other parameters are A = 1, B = 2.25, C = l/23 and k, = 20. 
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FIG. 5. Velocity profile at the top vent for various Rayleigh numbers : (a) AT = 10°C ; (b) AT = - 10°C. 
Other parameters are A = 1, B = 2.25, C = l/23 and k, = 20. 
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FIG. 6. Heat transfer through the bounding surfaces as a 
function of Rayleigh number for AT = - 10 and IO’ C. Nu, 
is the heat transfer through the glazing and Ntrz through the 
room fictive wall. Other parameters are A = 1, B = 2.25 with 

C = l/23, B = 0.0 with C’ not defined and k, = 20. 

(16) 

This is calculated for various Rrt and two AT values 
and the results are presented in Fig. 7. It can be seen 
that the thermal efficiency of the system is an increas- 
ing function of Ru. The case with AT = 10 C cor- 
responding to a higher chimney temperature is more 

favorable for better performance of the system than 
with AT = - IO C : the thermal efficiency is higher by 

about 45% at high Rn and about lOO”/o at low Ru. 

The ratio of energy transmitted to the dwelling by 
conduction through the massive wall to that by con- 
vcction through the vents is also calculated for various 

Ru and for two ATvalues and the results arc presented 

10 ’ 

Ra 
108 

FIG. 7. Thermal performance of the system for B = 2.25 and 
0.0. Other parameters are A = 1, B = 2.25 with C = l/23. 

B = 0.0 with C’ not defined and L, = 20. 

Table I. Ratio of energy transfer by ctrnducuon 10 
convection for ,!I ; 2.25 

I x IO 5x 10: I )r IO 
_ 

AT= IO’C 2.33 3.06 IX II 
AT= --IO C I.61 3.30 13.95 

in Table I. It can be seen that for low Ru this ratio 
has similar magnitudes and that it increases with 
increasing Ru. It is generally higher for high Ra and 
AT = IO C since the energy transfer by convection 

through the glazing (i.e. losses) is higher in this case 
and heat transfer by conduction is dominant. 

The streamlines and isotherms in the system for 

AT = - IO and 10-C and for two values of Ru arc 
presented in Fig. 8 where the various conditions dis- 
cussed earlier can also bc observed. For AT = IO C 
the streamlines indicate a clockwise circulation. i.e. 
the heat is gained from the Trombe wall either by 
circulation through the chimney or from the inside 
surface of the massive wall by convection. As 
expected, the air circulation increases with increasing 
Ra. The isotherms on the right show the variation of 

Al) in the system : for Ru = IO’, A0 varies from 
-0.0096 on the right wall surface to 0.0 on the glazing 
and similarly for RN = 10’ from -0.096 to 0.0. The 
isotherms in Fig. 8(a) are all negative indicating that 

the air temperature is inferior to the glazing tcmpera- 
ture but higher than that of the fictive wall tcmpcra- 
turc. For Ru = IO’ in Fig. 8(b) the lower part of the 

room is at temperatures lower than that of the glazing 
but the upper part is at higher tcmperaturcs. In both 
casts. the stratification of the room air is evident. Fat 

AT = - IO C in Fig. 8(c) the streamlines at low Ra 
indicate a counter-clockwise circulation. i.e. a heat inss 

through the Trombc wall system. For higher Rtr in 

Fig. 8(d) the air circulation bccomcs clockwise with 
most of the heat gains from the inside surface of the 

massive wall by convection. In this cast, the formation 
of secondary cells on the lower and upper part 01 
the room can also be noticed indicating a back how 
through the vents, The isotherms for this case vary 
from 0.0 on the glazing to 0.096 on the room wall for 
Rrl = IO’ shown in Fig. 8(c) and from 0.0 to 0.0096 
for Ru = IO’ shown in Fig. X(d). Again A0 in both 
C~SCS indicates a stratified room air and the tcmpera- 
tures are lower than those at the bounding surfaces. 
It is clear from these figures that in order to have an 
air circulation in the positive Y-direction (heat gain 
from the chimney) AT should be positive or if it is 

negative, Rtr must be high enough to have clockwise 
circulation in the system. The threshold value can be 
infcrrcd from Fig. 6 as about 3.6 x IO’. 

Computations were carried out with .4 = 0.7 and 

other parameters as in the previous case. A = 0.7 cor- 
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FIG. 8. Typical streamlines (on the left) and isotherms (on the right) for the case of: (a) Ra = IO’. 
AT= [O’C; (b) Ra = IO’, AT= 10°C; (c) Ra= 10’. AT= -lO’C: (d) Ru = 10’. AT= -10 C. Other 

parameters are .4 = 1, B = 2.25, C = l/23 and k, = 20. 

responds to a wider dwelling : with a typical H = 2.80 
m, A = 0.7 corresponds to L = 4.0 m which may be an 

upper limit for Trombe wall applications. The results 
showed a negligible effect of A on various parameters. 
The heat transfer from the glazing, Nu,, for A = 0.7 
and 1 .O is presented in Table 2 for various Ra and AT. 

Table 2. Heat transfer through the glazing for A = 0.7 and 
1.0 

Nut 

AT= -IO‘C AT = 10°C 

RU A = 0.7 A = 1.0 A = 0.7 A = 1.0 

1 x IO’ - 13.62 - 13.57 2.39 2.30 
5x IO7 -37.91 -37.96 - 19.52 - 19.63 
1x108 - 67.63 - 67.84 -46.40 -46.50 

It can be seen that the absolute value of Nu, increased 

for low Ra and decreased for high Ra. Since a negative 
Nu, indicates a loss through the glazing, it is seen that 

a Trombe system in a wider dwelling will perform 
slightly better at high Ru. Its performance will be 
slightly lower at low Ra. 

5.3. Efeect oJ’B 
Computations were carried out with B = 0.0 with 

other parameters as in the first case. A value of B = 0.0 
corresponds to Trombe wall systems without vents. 
These are the most simple Trombe wall systems which 
do not require a control strategy or maintenance [I I]. 
It should also be noted that in this case, the energy 
transfer from the system to the dwelling is by con- 
duction only. 

The temperature and velocity distributions at solar 
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various Rayleigh numbers and AL\T = 10°C. Other parameters are A = 1, B = 0.0 and k, = 20. 
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chimney mid-height and along X, with x/S from 0 to 
1 are presented in Fig. 9 for AT = 10°C and various 

Ra. As discussed earlier, AT= 10°C represents the 

favorable case for useful energy gain from the system. 
It can be seen that the temperature distribution is 
similar to that of the case with B = 2.25 in Fig. 4 and 
the same discussion and comments apply. The velocity 
distribution is, however, one in a long rectangular 
cavity: the air is heated at the massive wall, it cir- 

culates at the top and cooled down at the glazing; it 
circulates again from the bottom of the cavity. As 
expected, the circulation is stronger as Ra increases. 

The overall situation can be seen in Fig. 10 where 
the streamlines and isotherms in the system are plotted 

for Ra = 10’ and lo8 and AT = 10 and - 10°C. For 
AT = 10°C in Figs. IO(a) and (b), the circulation in 

the dwelling is clockwise, i.e. heat is gained from the 

massive wall ; there is a stratification of air in the 
dwelling. The air circulation is increased with increas- 

ing Ra. The negative values on isotherms indicate an 

air temperature lower than that of glazing; it is seen 
in Fig. 10(b) that the air temperature in the dwelling 

becomes higher than that of glazing at higher elev- 
ation and high Ra. In Figs. IO(c) and (d), the iso- 
therms on the right show that the fictive wall tem- 
perature is higher than that of the glazing as AT is 
negative in this case. In Fig. 10(c) at low Ra, the air 
circulation is anti-clockwise indicating a heat transfer 
from the fictive wall through the massive wall to the 

glazing. In Fig. 10(d) at higher Ra, the air circulation 
is again clockwise with a heat gain from the massive 

wall to the dwelling. 
The heat transfer through the glazing and the fictive 

wall as a function of Ra and for various A?IT values is 

-32.5 i 

(b) 
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FIG. 10. Typical streamlines (on the left) and isotherms (on the right) for the case of: (a) Ra = 107. 
AT = 10°C; (b) Ra = lo*, AT = 10°C; (c) Ra = IO’, AT = - 10°C; (d) Ra = 108, AT = -10°C. Other 

parameters are A = 1, B = 0.0 and k, = 20. 
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also shown in Fig. 6 for this case. The increased nega- 
tive Nu, (i.e. the losses through the glazing) and Nuz 
(i.e. the losses through the fictive wall) for both AT, 
in comparison with the first case indicates that the 
massive wall without vents is a better insulating bar- 
rier for heat losses from the dwelling through the 
massive wall system. The losses from the glazing are 
by convection and the gain from the system is only by 
conduction through the wail which is lost through the 
fictive wall. 

The thermal performance of this system is cal- 
culated in a similar manner as for the first case and 
the results are also shown in Fig. 7. It is seen that for 
AT = I@ C. the system with vents performs better 
than that without vents by about 25% at low Ru and 
10% at high Ru : the reason is that the thermal losses 
from the glazing are higher for the system without 
vents as can also be seen in Fig. 6. For AT = - 1 PC, 

the system without vents performs much better than 
that with vents since the massive wall prevents losses 
by convection from the dwelling through the system. 

Computafions were carried out with C = 0.0 and 
other parameters as in the first case. C = 0.0 cor- 
responds to vents with their upper and lower edges 
flush with the ceiling and floor, respectively. The heat 
transfer through the glazing, Nu,. for C = 0.0 and 
1123 is presented in Table 3 for various Ra and AT. It 
is seen that the performance of the system is decreased 
by a maximum of 1% for AT = -- 10°C and that the 
system performs better in the more favorable case of 
AT = 10 ‘C; the improvement is about 10% at low RU 
indicating that the air circulation by natural con- 
vection through the vents is increased due to better 
geometrical conditions. 
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Table 3. Heat transfer through the glazing for C = 0.0 and 
l/23 

NM, 

AT= -10°C AT= 10°C 

Ra c=o c= l/2;- c=o C = l/23 

1 x 10’ -13.70 - 13.57 2.53 2.30 
5 x 10’ -38.22 - 37.96 - 19.37 - 19.63 
1 x lox -68.15 -67.84 -46.40 -46.50 

5.5. Effect oj’k, 

Computations were carried out with k, = 100 with 
other parameters as in the first case, except that 
B = 0.0. k, = 100 corresponds to stone and similar 

materials used in Trombe walls. The results indicated 
a non-negligible effect of wall conductivity on various 
parameters discussed earlier : for AT = - lO”C, the 
temperature in the system (chimney, wall and dwell- 
ing) is increased by about 1.96% at low and 19.37% 
at high Ra. The heat transfer, Nu?, representing the 

useful energy gain through the glazing, is increased, 
for AT = - 10-C, by about 1% at low Ra and 1.9% 
at high Ra; for AT = lO”C, it increased by 1.4 and 
2.2%, respectively. 

6. CONCLUSIONS 

The thermal performance of the classical Trombe 
wall collector system including solar collector and the 
adjacent room has been studied numerically. Fol- 
lowing experimental studies and practical applications 
of the system, the geometrical parameters and bound- 
ary conditions are chosen and parametric studies are 
presented. The results indicate that the temperature 

difference AT and the Rayleigh number are two 
important parameters affecting the heat transfer: in 
order to have a useful energy from the solar collector 
system either AT must be positive or if it is negative, 

the Rayleigh number, hence the heat flux from the 
massive wall, must be higher than a threshold value. 

The systems without vents perform better than those 
with vents during sunshine hours, both better still 

when the wall conductivity is high. 
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CONVECTION NATURELLE ET CONDUCTION DANS LES SYSTEMES A MUR TROMBE 

R&urn&On ttudie numkriquement les performances thermiques des systtmes collecteurs classiques g un 
mur Trombe. On suppose que l’tcoulement est laminaire et bidimensionnel, le vitrage est isotherme et la 
chaleur solaire absorb&e par la paroi est transf&r&e a l’air dans le canal avec un flux constant, par convection 
naturelle et B la pi&e adjacente par conduction puis par convection. Les tquations de masse, quantitt de 
mouvement et Cnergie sont disc&i&es et rksolues en utilisant la mkthode des difftrences finies et des 
volumes de contrdle. Les champs de vitesse et de tempkrature sont obtenus et les rCsultats sont p&en& 
pour les diffkrentes parties du systeme ; le nombre de Nusselt et les performances thermiques du systtme 

sent tvalis et prtsentis en fonction du nombre de Rayleigh. 



NATURLICHE KONVEKTION l:ND W#RMELEITIIN<; IN EINEM l‘ROMBEWANDS1’STEM 

Zusammenfassung~~~nas thermischc Verhalten de5 klassichen Sonnetlkollektors~stetl~s einer Tromhewand 
\vird numerisch untcrsucht. D;tbci werdcn folgende Annahmen getroffen : Die StrGmung ist laminar und 
rweidimensional. die Verglasung ist isotherm. die to11 der Wand ahsorbiertc Sonnenstrahlung wird an die 
Luft im Kanal durch natiirlichc Konvektion (konstante WLrmestromdichtc) und a11 den benachbarten 
Raum durch Wiirmeleitung und dann durch Konvektion tibertra~en. Die ~rhaltun@~Lrleichungen fti~ 
Masse. Impuls und Encrgic werden diskretisiert und mit cincm L,tnite-Differenzen-Verfahren fiir Jtc 
Kontrollvolumina geliist. Dabci wcrdcn Striimungs- und Temperaturfcldcr bcrcchnct und fur die wr- 
schiedcncn Teile des Systems dargestellt. Die Nusselt-Zahl und das thcrmische Verhalten des Systems 

uerden ebenfalls berechnet und als Funktion der Raylcigh-Zahl dargestellt. 

ECTECTBEHHAX KOHBEKLHUI M TEHJIOTIPOBO~HOCTb B CMCTEMAX CTEHOK 
TPOM6A 

AutmTaun+%icneHHo &iccnenyxoTca TennoBMe xapaxTepwT~xa xnaccriqecx&ix c&icreM cTeHox TpoM6a 
a xonnexTopax conHewoG wepriw. Hpcnnonaraercn, STO TeqeHHe siBnxeTcx nawiHapHblh4 A nByMep- 

HbIM, OCTeKJIeHB~..30TepMUWCKHM H nOrJIOU&leMal CTeHKOfi COJIHeSHaSI 3HeprHK ,I0 KaHWly C IIOC- 

TORHHblM TetlnOBbIM IIOTOKOM IIepeAaeTCK B BOJAyX ETeCTBeHHOfi KOHBeKIWeii, a B OKpyxaEOuee 

I,OMeU,eHBe-TeIU‘OnpOBO~HOCTblo B KOHBeKUBeii. YpaBHeHHR COXpaHeHW MXCU, KOJEPECTBa LIBHWS- 

HBK H 3HeprHH peUWOTCK KOHeYHO-pa3HOCTHbIM MeTOL,OM. OnpeA,eJ‘lnoTCR nO,ll CKOp0C-d H TeMnepa- 

gyp, nonyveritibre pc3ynbTaTbt npasonnwr a awe pacnpcnenerniii TeMnepaTyp a CKO~OCT~~~ a 
paW,WIHb,X 9aCTSX CHCTCMbI. OueHHBi%OTCn W npHBOL,RTCR TaKme 9HCJlO HyCCenbTa R TeIUIOBbIe XapaK- 

TCPHCTHKB CACTeMbl B SBBBCBMOCTH OT ‘WCJIa P3neK. 


