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Natural Ventilation of Wall Air Cavity for Solar Heat Gain Reduction

Part 2——Calculation Method of Heat and Air Transfer in Cavity

by Hiroshi HomMma*' and Hisashi Mizocuchr*?

Synopsis: Heat gain reduction by ventilating a
building envelope cavity should be examined under
natural conditions of weather. The behavior of
the air in a cavity is not so well understood as
the heat flow in a solid wall is. Firstly, a method
was developed to simulate the air and heat flows
in a cavity by applying a finite difference method.
Then the correction of the viscosity and heat
conductivity of the air were examined to adjust the
simulation results to the experimental results.

Air flow in a cavity was considered to be one
dimensional. A cavity was considered to consist
of many vertical thin layers. The buoyancy, which
is caused by the absorbed heat from the sides,
frictional resistances between the layers, and
dynamic losses at the entrance and exit of the
cavity are the forces which were considered to
decide the velocities of the layers. The velocity
distribution in a cavity were sought by balancing
all the forces over the layers. The air temperature
distribution in the cavity were treated by con-
sidering two dimensional heat flow, and the heat
transportation by the vertical air flow were also

considered in it. A relaxation method was applied

*#1 Department of Regional Panning, Toyohashi In-
stitute of Technology, Member

*2  Department of City Planning and Housig, Shizu-
oka Prefecture Office

to balance the air flow and heat flow simul-
taneously. A computer program was written to
treat the relaxation calculation.

The theory of turbulent mixing length was
applied to take into account the horizontal
component of the air movement in a cavity. In
the same manner, the eddy heat conductivity of
the air was applied to cover the horizontal heat
transportation by the horizontal air movement.
These two concepts were adopted into the simula-
tion program, then the constants in the eddy
viscosity and the eddy heat conductivity were
adjusted by comparing the calculated results with
the corresponding experimental results.

The performance of this calculation method was
examined by changing heat production of the sides
and restriction of entrance and exit in ranges.
The strongest heat production was set to be the
value, which may rise when strong solar radiation
hits the exterior surface of a cavity wall. When
this heat production was assumed, the Reynold’s
number of the air flow in a cavity were between
1500 and 2500, according to the restriction of the
top and bottom openings. This range belongs to
the transition region of laminar and turbulent
flows. When heat transfer of the both sides of a
cavity is strong, and also when openings on top

and bottom of a cavity are larger than 30 percents
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of the section, this calculation method simulates
reasonably well the heat and air transfers in a
cavity. For the smaller heat production and
stronger air flow restriction, carefull adjustment
of the properties of the air was required. The
eddy viscosity appeared to be different between

the stronger and the weaker heat production sides.
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The strength of turbulency seemed to vary with
the restriction of the openings. By these modifica-
tions, the heat and air transfer in a cavity wall
seemed to be well included in the total thermal
performance analysis of a cavity ventilated building
envelope under natural weather.
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