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Effect of Metabolic Heat of Occupant in A Water Tank Ventilation Effect Test
Part2 Concurrent effect of natural and forced convections

by Lin-wei Zhang ' and Hiroshi Homma">
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ventilation

The natural convection around an occupant body

caused by its metabolism was examined how it
influences on ventilation. The research object was a
small office room with one or two occupants. The
examination was performed with a water tank. The
Reynolds number and Grashof number in the tank were
equalized to those of the research object to simulate
the forced ventilation and the natural convection,

respectively. Ventilation efficiency indexes were
calculated from the temperature change in the tank
which was caused by the heated occupant’s model. The
examined ventilation patterns were downward and
upward ventilations and wall bottom supply. The inlets
and the outlets were examined with and without
diffuser plates. The tested ventilation numbers were
ranged from 0.5 to 10 air changes per hour.

The applicability of the water tank method, which
failed in simulating the Prandtl number of the real
object room, was examined by comparing the ages of
air in the present experiment with the experimental
results of real rooms in existing literatures. The water
tank method was found to be applicable because the
ages of air in the method and the real room agreed
reasonably well.

The influence of the natural convection was tested by

introducing two ventilation efficiency indexes. One of

*1 Graduate school of engincering, Toyohashi University of
Technology
*2 Professor, Ph.D., Toyohashi University of Technology

49

which was a heat direct evacuation ratio (HDER). This
index indicates the rate of the produced heat, which did
not mixed in the tank water. The second index was a
ventilation bypass ratio (VBPR). This index suggest the
rate of the ventilation flow, which did not contribute to
transport the heat out of the tank.

The downward ventilation of an air change number
of larger than three ach had a negative HDER, and a
VBPR. This that

convection stagnated in the upper part of the tank, and

positive indicates the natural
difficult to be evacuated by the ventilation. The upward
ventilation had a positive HDER and a negative VBPR
throughout the examined ventilation numbers. natural
convection concentrated in the upper part of the tank
and evacuated smoothly by the ventilation. On the other
hand, the supplied ventilation was blocked by the
natural convection layer to reach the ventilation outlet
in this flow pattern. The thermal stratification was
clearly observed in the test of the lower ventilation
numbers. The thermal stratification was broken by the
entrainment flow of the forced ventilation as the
ventilation number increased. The wall bottom supply
indicated almost the same characters to the upward
ventilation. In the later two ventilation patterns, the
natural convection was found to keep its influence in
transporting the heat to the ceiling outlets, and
evacuated the occupant body heat directly, even when
the thermal stratification was broken in a ventilation
number of 8 ach.
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