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This report presents the results of the numerical simulation of
cross-ventilation and the examination of. the flow rate of cross-
ventilation. The numerical simulation mgdel is a rectangular prism
area around a single unit house. The model house has two relatively
large windows on opposite walls which face the wind vertically. The
air flow in the indoor and the outdoor : space is calculated
continuously. Two kinds of partially fined mesh system are applied
to the numerical simulation. One is the multi mesh method, and the
other is the partial fine area method. The latter means the re-
calculation of the air flow in the partial space on finer mesh
system with the calculation results on coarse mesh system. The
indoor air flow distributions calculated by these two methods agree
well. The flow rate obtained by the numerical simulation is larger
than that calculated by the equation for ordinary ventilation rate.
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1. INTRODUCTION

Cross-ventilation usually means natural ventilation with large
flow rate caused by the wind through open windows or doors. The wind
directly blows into the indoor space with a small loss of its
dynamic energy. Cross-ventilation has great effect on the thermal
sensation of occupants(Ishii et al. 1990). This is the important
purpose of cross-ventilation in summer. The thermal effect of cross
-ventilation depends upon the distribution of indoor air £low speed
which is greatly influenced by the wind around the building. It is
almost impossible to calculate the flow rate of cross-ventilation
exactly by the usual equation for ventilation rate.

Cross-ventilation should be simulated in order to prédict the
indoor air flow distribution to wutilize the cross-ventilation
better as the natural cooling device, and to examine the flow rate
of cross-ventilation to model the equations for cross-ventilation

rate finally. 1In this paper, 3-dimensional numerical simulation
of cross-ventilation is discussed. The indoor air flow and the air
flow around a model house should be simulated continuously to
consider the interaction of them(Tsutsumi et al. 1990). Since the
indoor and outdoor simultaneocus simulation needs a - large
simulation area and a large number of calculation points, special
calculation methods for in and around a model house are provided to
reduce the calculation points and the calculation time to simulate
the changable air flow. -~ - = ' S

2.NUMERICAL SIMULATION METHOD
2.1 Simulation Model

The whole area for numerical simulation is shown in Figure 1.:
It is a 3-dimensional space around a model house. The model house i
a cubd with two square openings, which is used as a one-room model
and & two-room model -with a partition as shown in Figure 2. The
length of a side of the model house is the representative length of:
the simulation model. It is placed on the ground level, facing'its
windows vertically to the wind.

* The calculation points are basically fixed on the staggered
grid system which divides the representative length 9 equally. This
grid system called "basic mesh". The air flow in and near the model
house should be simulated on finer grid system, because the air
flow remarkably changes in this area. Therefore, two kinds of mesh:
are applied for finer grid system. One is "multi mesh" (Kurabuchi et
al. 1991), and the other is "partial fine area". The former is the
combination of the basic mesh and finer mesh of which the area is
shown in Figure l. The latter means that the calculation on finer
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mesh is independently carried out in a limited area which is shown
in Figure 3 from the results of the basic mesh. The finer mesh scale¢
is the halp of the basic mesh in all the directions.

2.2 Calculation Methods

The basic equations for the numerical simulation are shown in
Table 1. The k-€ 2-equation medel is used as the turbulence model.
Forward difference is applied to the differential terms with
respect to time. Basically, central difference is applied to the¢
differential terms with respect to space. Only the advective terms
of k and € transport equations are changed into up-wind difference.
Vertical distribution of the normal velocity component on the
inflow boundary is given as the power law with the exponent of 1/4.
Tangential velocity components are naught on the inflow and cutflcw
boundary. Normal velocity component on the outflow boundary is
found from the continuity of flux. The value of k and € are found
from the wind tunnel tests. They are shown in Figure 4. The boundam
conditions on the upper and the side boundaries are free-slip. The
boundary condition on solid boundaries for the tangential velocity
components is the power law with the exponent of 1/4. The boundary
condition for the other valiables are free-slip.

The numerical simulation of cross-ventilation in the one-roonm
model is carried out on the basic mesh and on the multi mesh, and
that in the two-room model is carried out on the multi mesh. The
numerical simulation of cross-ventilation in the one-room model
and that in the two-room model are carried out on the partial fine
area, using the results of the one-room model on the basic mesh as
the boundary conditions. Moreover, the numerical simulation of the
air flow around the model house without cross-ventilation ia
carried out on the basic mesh to find the wind pressure on the wall
surface to examine the ventilation rate.

Table 1. Basic equations for the numerical simulation

a_{"!"...._é\_(yi Uj)=“l?'€‘+i(Vijj+—L'a—Ui) (1) E‘__=(_3_U_,-+_iﬂ Q)
ot Ox; Ox; 0Ox; Re 0x; Oxj  0x;
s g U,-)=i(-‘i+L)ﬁ\+wE,-,-gﬂ-a ©) vi=Cokl (4
or Ox; ox; 'O Rel gy, j 0x; £

%, 0 euy=tus 1), ceyg, gk Wi_o (o)
o ox; ox;\\02 Relgy | kT Vo v ox;

Xi:axis, rtime, Ui:velocity component of xi direction, P:pressure vr:eddy viscosity coefficient
k:turbulent kinetic energy, €:energy dissipation rate, Cp=0.09, Ci=1.59, C>=0.18, 01=1.0, 02=1.3
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Fine mesh area

Figure 1. Whole calculation area of
numerical simulation.

Figure 3. Calculation area
for the partial fine area.
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(c) Energy dissipation rate

Figure 4. Numerical simulation
results on the central vertical
section by the basic mesh.
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(b) Partial fine area

Figure 5. Wind vector on the
central vertical section in
and near the one-room model.
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3 .RESULT DISCUSSTION
3.1 Numerical Simulation Results

The results of numerical simulation on the bas:< Zesh are shown
in Figure 4. These are the distributions of wind ww2or, turbulent
kinetic energy and energy dissipation rate on thé wertical sectien
at the centre of Y direction. The air flow throush The model house

noase.

is well simulated. k and € increase near the mode. -~

The distributions of wind vector in and near 32 :"?de:L house by
the multi mesh and the partial fine area are shown % FIGUL€ 5 Tl;xey
are of the same section as that of Figure 4. The <widiled air flow
in the model house which does not appear in Ficu® 4 18 clearly

presented in Figure 5. The results of two kinds of ~esh agree well.

3.2 Ventilation rate
Crdinary ventilation rate is found by the £ >
if the air flow goes through simple openings atraight-Y:

g = e JOAP
W o
Zi" (Aiou‘
where, g:ventilation rate, i:opening number, Ai: opening area, &
AP:wind pressure difference between windward and loew and

aiiowing equation,

(=129 (7)

fow coefficient (0.65)

usually measured

The wind pressure used in this equation is
tons on the wall

without ventilation. The wind pressure distribut :
surfaces by the numerical simulation on the pasic mesh with e.md
without cross-ventilation are shown in Figure 6. The average wind
pressure differences on the opening area of thase tWO cases are
shown in Table 2. The wind pressure on the openind with cross-

ventilation is smaller than that without ventilation. The. wind
pressure without ventilation is used in the followingd giscussion
-0.87 e Non-ventilation
e '_ 4 Cross-ventilation
‘0.4 " :" ‘4
! < ? — J
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Figure 6. Distributions of
wind pressure on the wall
surfaces of the central vertical section and hor
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Table 2. Average wind pressure Table 3. Flow rates found by
differences between inlet and the equation (1) in the case of
outlet opening non-ventilation
Ventilation AP <Inlet>-<0utlet> Model Flow rate by eq. (7)
Cross-ventilation 0.5865 One-room model 0.06942
Non-ventilation ©0.9191 Two-room model 0.06528

Table 4. Flow rates found by the numerical simulation and the
comparisons of them to those by the equation (1)

Simulation condition Inlet flow rate Outlet flow rate Ratio to eq. (7)
Multi One-room model 0.08464 0.08464 1.2192
mi Two-room model 0.08644 0.08644 1.3241
Partial | One-room model 0.08569 0.08566 1.2342
;]l‘gg Two-room model 0.08448 0.08445 1.2939

The flow rate of the cross-ventilation in the one- and two-room
model by eg. (7) is shown in Table 3. The flow rate by the numerical
simulation is shown in Table 4 and compared with those by eq. (7).
There are small differences between the inlet and outlet flow rate
in the case of the partial fine area. The flow rate of the two-room
model is larger than that of the one-room model in the case of the
multi mesh in spite of the increase of resistance.

4 . CONCLUSIONS

Cross-ventilation is well simulated if the indoor and the
outdoor air flow are continuously calculated. Both the multi mesh
and the partial fine area method can provide the detailed indoor
air flow. The ventilation rate calculated by the usual equation is
smaller than that of the numerical simulation by 20-30%, because
the air flow keep the dynamic energy from the inlet to the outlet.
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