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Abstract. Hollow blocks or bricks are widely used due to the good thermal insulation,
lightweight, and acoustic insulation etc. In this paper, we present a numerical study of heat
transfers coupled by natural convection and radiation conduction through a hollow block with
three cavities used for the construction of ceilings of buildings. This hollow block is subjected
to an incident solar flux and exchanging heat with the air ambient. The governing equations of
the mathematical model used for the simulation are discretized by the finite volume method
and solved by the SIMPLE algorithm. The main objective of this simulation is to study, in
steady state, the effect of the thermal conductivity of the solid partitions on heat flux through
this hollow block. The results are presented in terms of streamlines, the isotherms, temperature
profiles on the actives surfaces and the obtained global heat flux.
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1. Introduction

Great and inefficient energy consumption intensifies the energy crisis and causes various
environment issues. Buildings energy consumption (residential and tertiary) usually takes up a
significant percentage of the total social energy consumption. And more than half of this part energy is
eventually consumed for heating and cooling buildings. A significant portion of energy in buildings is
consumed due to heat loss or heat gain in the building envelope. Indeed, heat losses through the
building envelope are localized at all levels since a building behaves like a container pierced with
different types of holes: doors and windows, external walls, ceilings, ventilation, including the
envelope of roofing represents 25 to 30% of these thermal losses ... Therefore, the energy efficiency in
this sector is very important and there is a great potential to do this. With this in mind, it is important
to take this in consideration at the time of design.

Utilization of energy-efficient building envelope may be a good means for improving the building
energy efficiency. In recent years, hollow block/brick, a new kind of prefabricated building
construction material, is becoming more and more popular. This block has good thermal insulation,
lightweight, acoustic insulation etc. (Zhang et al. [1], Gao et al. [2]). But, in general, the heat transfer
in the hollow block as the main unit of this envelope is complex and coupled by conduction in solid
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partitions, natural convection inside the caviteexl radiation between the internal surfaces of the
cavities.

Consequently, adequate study of the thermal bebawefosuch structures must take into account the
simultaneous existence of the three modes of n@asfer. Many investigations concerned about the
hollow block/brick have been presented. Some ahthecus on the thermal properties of this system
mainly by using theoretical (Bouchair [3]), numeti¢Del Coz Diaz et al. [4]) or experimental stuglie
(Kus et al. [5], Ahmad et al. [6]).

Most of the work carried out in this sense has liEmted to the study of the effects of conduction
and/or radiation on natural convection in a diffgéi@ly heated rectangular block, A part of these
works studied the effect of conduction in solidtp@ns on natural convection [7-8]. Whereas the
other part studied the effect of radiation exchabgiveen cavity surfaces on natural convection [9-
10]. Recently, Ait-Taleb et al. [11-13] presenteseaies of numerical studies that take into accthent
three modes of heat transfer in alveolar blockgdtefrom below or above, but submitted to the
imposed temperatures excitation. These studies aaymportant role in simulating the thermal
performance and optimizing the configurations &f tiollow block.

In this paper, we propose a humerical simulatiorsteady state, the effect of thermal conductivity
on heat transfer in a hollow block with three horital rectangular cavities with thick walls subgatt
to a solar flux imposed, and exchanging heat witiiant air at constant temperatures with surface
exchanges coefficients ind h The main objective of this simulation is to examthe effect of the
thermal conductivity of the solid partitions on th&ture of flow and on the overall thermal behawviou
of this hollow block.

2. Mathematical formulation

2.1. Studied configuration and governing equations

Figure 1 shows the schematic of a hollow block vaitie row of air cells. This hollow block has
three rectangular cavities surrounded by solid svdtlach cavity has a width | and height h having
vertical conductive walls of thickness ex and otherizontal ones of thickness ey. The top horizZionta
face is subjected to an incident solar flux (G) amdhanges heat with the ambient air at the
temperature Jwith a surface exchange coefficient fihe lower surface exchanges heat with the
indoor air of a room at temperaturgand with a surface exchange coefficieptwhile the vertical
surfaces are considered adiabatic.
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Figure 1. Schematics of hollow blocks: (a) hollow blocklzggs; (b) hollow block; (c) cross-section
of the hollow block

The heat transfer of the perforations (cavitiesjhef hollow tile as shown in Figure 1 is complex
and coupled with heat conduction, convection addten. Therefore, non-linear characteristics Eexis
within the heat transfer process of these perfomati In order to model this problem we adopt some
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simplifying hypothesis such as the inner surfagegontact with the fluid, are assumed to be gray,
diffuse emitters and reflectors of radiation with @missivitye. The flow is conceived to be laminar,
two-dimensional and incompressible with negligiaecous dissipation. The fluid is assumed to be no
participating to radiation and the heat transféwis-dimensional. All the thermophysical propertids
the solid and the fluid are assumed constant exbepdensity in the buoyancy term which is assumed
to vary linearly with temperature (Boussinesq agjnation), such a variation gives rise to the
buoyancy forces.

Taking into account the above-mentioned assumptithhs dimensionless equations representing the
conservation of the mass, the momentum and thesoaaiton of the energy inside cavities full of air
are:

Zrus+vii= ——+Pr(TV+Z—V)+RaPr9 (3)

Where U, V1, 8 and P are the dimensionless parameters assotiatlee primitive quantities u, v, t,
T and p, respectively.

The dimensionless variables are obtained fromdheviing expressions:
_ ﬂ vH _ T-T; __ Ptpody _ t_q
U= — V=— — e_Te—Ti' —po(a/H)zand 1= (5)
The Rayleigh number (Ra) and the Prandtl numbéraifergiven successively by:

gRATH  ond Pr=1a ©6)

AaVa o

Ra =

The dimensionless equation for heat conductiomlid svalls is:

905 _ ag [ 0%05 , 8%0g

=) (7)
The thermal boundary conditions imposed are:

: - " _ 0s _ (90s _

Adiabaticity conditions : (ax)x 0" (0X)x—1 =0 0<Y <1 (8)
On the external horizontal side:

—_aG+ “e—H (0e— 0se) = = (9)
On the inner horizontal side:

22 (0si — 01) = 2 (10)

To these conditions are added those of continditpetemperature and the heat flux to the fluilidso
interfaces, which given by:

6,(X,Y)=6,(X.Y) (11)
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Wheren is the dimensionless coordinate normal to the idensd interface. The expression for
calculating the dimensionless net radiative flugiven by the radiosity method of Siegel and Howell
[14]:

4 4 4
— 1 1
Q () =&y (1-5) (Ok(rk) + = _1) -gkzljsj 3, () dFys ds (13)
The dimensionless average heat flux across thetsteuis given by:

L
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Q= —Ej'%j dX = —EI%) dXx (14)
Lo dY LodY ),

The dimensional average heat flux in (W)ris calculated by this equation:

Q=(Q, xk,xAT)/H (15)

2.2. Method o$olution

Governing equations are discretised using theefindifferences method based on the control
volumes approach (Patankar [15]) with a power lalaemne and are solved by the SIMPLE algorithm.
The resulting system of algebraic equations isexblwy the Tri-Diagonal-Matrix-Algorithm.

To accelerate the convergence of solutions, themying equations are solved in their instationary
form. To realize a compromise between accuracycantputation time, a study on the effects of both
grid spacing and time step on the simulation resudts been conducted. This study leads to the non-
uniform grid size of 80 x 40. This number of mesinpused is sufficient to modeling accurately the
heat transfer and fluid flow inside the hollow til&he dimensionless time used is®10The
convergence criterion is Tavhich is based on the relative change in the be®aU, V, P, and (at
different nodes of the calculation domain:

™GD = 1" 6G0)| gge
‘ £n0.D) ‘—

(16)

Where f"(i, j) is the variablef (f =U V,P,6,Q,) value at node (j, j) calculated at iteration n.

2.3. Parameters of simulation

The results presented in this study are obtained foollow block representing a type of hollow
bricks. This block is formed by three rectangulavities each one of the geometrical dimensions such
as the width | = 13cm and the height h = 7cm (t9p80 x 11) and having vertical conductive walls of
thickness ex= 2.5cm. And other horizontal ones of thickness=efcm. The thermal conductivity k
varies between 0.5 and 1W/mK, and its thermal diffity is os= 4.25x10'm?/s. The cavities are full
by air of thermal conductivity kand thermal diffusivityn, are equal to 0.0262W/mK and 1.57%10
°m?/s respectively. The Prandtl number is Pr = 0.He &missivity of the internal sides of the cavities
is equal 0.9. In accordance to real conditionsatrerage surface exchange coefficients were skéat
values, b= 17W/nf°C and h= 8.3W/nf°C. The indoor air temperature is maintained atpenature
T; = 20°C, while the ambient temperature is setde #0°C. The incident solar flux G on the outside
face of the structure is fixed at the value 1000%V/m

3. Results and discussion
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3.1. Streamlines and isotherms

Figure 2. illustrates the streamlines (at the laftl the isotherms (at the right) obtained for the
considered three thermal conductivity valugsOk5 ; k=0,8 and k=1W/m.K.We are in a situation of
heating from the top, due to the positions of tbednd cold facades. As expected, the flow withim t
three cavities is characterized by the existendewfsmall cells rotating in opposite directiofese
small recirculation cells (at the streamlines)due to low intensity flows¥.x = 0.86) resulting from
the temperature gradients created by conductiorbgmédiation at the corners of the various cagsitie
Concerning the effect of the thermal conductivityekamination of the current lines shows that this
does not affect the nature of the flow. Indeeds trature of flow is similar in the various cavitiefs
the block and so for the three values ofdnsidered: The air particles in direct contachwie upper
surface of the various cavities, heated by condoctare the lightest, And consequently their
movements, remain limited in the vicinity of thetiae walls. Temperature field analysis shows that
heat transfer is mainly through conduction andatial. Indeed, the isotherms are almost parallel
lines in the cavities (horizontally stratified teenpture fields) with small distortions of the isatims
at the level of the vertical solid walls which adeie to the difference between the thermal
conductivities of the two solid and fluid environnte.

(b)

(©

W

Figure 2. Streamlines (left) and isotherms (right) obtaif@dG=1000W/m and different values of
conductivities: (a) &£0,5W/m.K ; (b) k=0,8W/m.K and (c) &1W/m.K.

3.2. Temperature Profiles

Figure 3 shows the temperature profiles of Ts(X)ooth high and low horizontal surfaces of the
studied hollow bloc. Through this figure, it is sho that the conductive thermal transfer is more
important in solid partitions than via fluid envimment. Furthermore, we notice that the temperatfire
the higher wall decreases noticeably as the comnilyck, increases. This situation is reversed in the
higher horizontal side where the wall temperatgréoiver in the environment, and increases as k
increases but in more significant way. All this damexplained by the radiation transfer who is less
important in the lower side than in the higher. Tiherease/(decrease) of temperature in the higher
side/(lower) as kincreases can be explained simply by the incredseat conduction in accordance
with Fourier's law, in the isolation characteristiof materiel that increases whendecreases more
precisely. We also notice that in the higher sithe, temperature is low in the lower corner and
increases in the function of X. It reaches its maxn inside every cavity as we decrease and move
the higher corner. This behaviour matches the rsetés made while we analyse the isotherms, in
which we noticed small distortions of isothermghe level of solid vertical walls. This is due teet
differences between thermal conductivities in keilid and fluid environments.
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Figure 3. Temperature profiles (left) uppleorizontalsurface, (right) lower horizontal surface.
3.3.Global heat transfer

With respect to the total heat transfer in the igaltdirection, figure 4 for G = 1000W/m2,
represents the distribution as a function of thdthwiX, of the overall heat flux passing through the
cold (Y = 0) and hot (Y = 1) hollow block, respeetly for the values of the thermal conductivity=k
0.5, 0.8 and 1.0 W/mK.
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Figure 4. Variation of the global heat flux crossing the epfleft) and lower (right) surfaces of the
structure.

From this figure it can be seen, as expected,abdhe thermal conductivity kncreases there is a
considerable increase in the heat flux, especidtign k increases from 0.5 to 1.0 W/m.K. Indeed, the
average value of the total flux increases from @dl61.56W/mz for k= 0.5 W/m.K to 191.32 W/m2
for ks = 1.0W/m.K. This corresponds to an increase otiaithi8%. It is also noted that the heat flow is
maximum at the solid partitions separating thedloavities due to the thermal conductivity of the
solid k. Inside the cavities there is a moderation of tieat transfer, marking the absence of
convection (because it is a heating from above)tewisa the value of k The comparison of the
distributions of the total flux obtained on the that and cold sides of the block show that the eaofg
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variation of the overall flux on the hot side (upp&ce) is more extensive than that on the colé sid
(lower face) regardless of the value of the condlifgtks considered. However, and as expected, the
average heat flow is retained.

4. Conclusion

The coupled heat transfers by natural convectiondaction and radiation in a hollow block with
three cavities which is used in the constructiandagilings of buildings, subjected to an incidesiais
flux and exchanging heat with the air ambient, haen studied numerically. The simulation results
show that heat transfer through this hollow bloelated from above by the incident solar flux and
exchanging heat with the air ambient makes maiglgdnduction and radiation. The intensity of flow
within the different cavities is very weabonfirm that there is a very low convective heansgfer. It
has been found that thermal transfer through tregesn depends highly on the thermal conductivity of
solid partitions k This parameter changes the structure of flondeéie cavity and contributes in the
global heat transfer growth in a significant way.
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