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ABSTRACT

Houses which use only electricity are becoming popular in Japan. Electromagnetic ranges (IH range)
are used in those houses. The updraft above an IH range is slower than a gas range. The required
ventilation rate is different for a gas range and an IH range. In this study, measurements of updraft
velocity and temperature distribution above the IH ranges are conducted. The required ventilation rate
for the home kitchen with IH ranges are proposed by this study.

Results are as follows: The position of the maximum air flow velocity, when one range is operated, is
directly above the range, and when two ranges are operated, it is in the center of the two ranges. The
updraft air flow rate is strongly influenced by the number of ranges. The capture ratio has few
differences pertaining to power value of a range. When the number of ranges increases, the capture
ratio is small. When two ranges are operated and the capture ratio is 80%, the required ventilation rate
is about 150m?/h.
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INTRODUCTION

Houses which use only electricity are becoming popular in Japan. Electromagnetic ranges (IH range)
are used in those houses. An |H range has no flames, so there is no combustion gas. Because there is
no hot section of a flame, the updraft on an IH range is slower than a gas range. The required
ventilation rate is different between a gas range and an IH range. But Japan has no guidelines or
regulations of the required ventilation rate for an IH range at present. Ventilation rate is decided by the
required ventilation rate of the electric heater. The required ventilation rate of an electric heater type
range is determined by the air flow rate of updraft above the range. According to previous research, it is
known that air flow rate of updraft is proportional to the power of a range.

In this study, measurements of updraft velocity and temperature distribution above IH ranges are
conducted. The required ventilation rate for a home kitchen with IH ranges is proposed.

OUTLINE OF EXPERIMENT

Fig.1 shows the specifications of the IH range. The hood has a simple shape and the size is 600mm
[width] x 600mm [depth] x 600mm [height]. The capture ratio of the hood is influenced by indoor air flow,
so a wall was set around the measurement space.

Experimental Conditions

Table 1 and Table 2 show experimental conditions of the updraft air flow rate. Fig. 2 shows the
measuring plane of updraft velocity, Fig. 3 shows detail of the experimental conditions. Air flow
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velocities were measured by velocity, direction and temperature at intervals of 50mm using a
3-dimensional ultrasonic anemometers and a thermocouple.
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Figure 2. Measuring plane of updraft velocity

Table 2. Experimental conditions of the updraft

air flow rate (vertical section
Table 1. Experimental conditions of the updraft ( )
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Capture ratio

Table 3 shows the experimental conditions of the capture ratio. Fig. 4 shows the outline of the
experiment. Ethylene gas (C,H,4), which is used as a tracer gas, is generated from the edge of the pan.
The concentration at a point inside the hood was measured by FID. The capture ratio was calculated by
formula [1]. The emission rate of the full capture ratio was calculated by the exhaust air flow rate and
the ethylene concentration of exhaust air when the tracer gas was supplied from inside the hood. The
exhaust air flow rate was determined by a JIS standard orifice. The exhaust air flow rate was controlled
by the inverter. In this study, there was a wall at the back of the range to reproduce common home use.
In consideration that there may be a spread tracer gas in the room, the test room was ventilated.

Exhaust Air _ Indoor Air
C,H, Concentration C,H, Concentration

Capture Rate = X Exhaust Air Volume X 100(%)

Emission Rate of Full Capture Rate

Table 3. Experimental conditions of capture ratio
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RESULTS
Updraft above a range
(1) Air flow velocity distribution

Fig.5 shows the air flow velocity of the horizontal section of the IH range without a hood from a height of
800mm. Fig.6 shows the air flow velocity distribution of the Y-axis vertical section. When one range is
operated, the position of the maximum air flow velocity is directly above the range. When two ranges
are operated, the maximum air flow velocity is positioned at the center of the two ranges.
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Figure 5. Air flow velocity of updraft (Horizontal section at 800mm, without hood)
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(2) Results of updraft air flow rate

Fig.7 and Table 4 show the updraft air flow rate above the range. Multiplying the air flow velocity of the
Z-axis by the cross-section area (0.0025m?) gives the updraft air flow rate. In the horizontal section of
800mm and 600mm without a range hood, the updraft air flow rate of the left range 2kw and the left
range 1kw is nearly equal. In the case where two ranges are operated at 2kW, the updraft air flow rate
is about 2 times. In the case of a range without a hood, the updraft air flow rate of the IH range is
affected by the number of ranges used more than the power value of the ranges. When the height of
the cross-section area from a range is relatively lower, the updraft air flow rate decreases. The updraft
air flow rate is about 255m*h when the height is 800 mn for two ranges, and about 100m*h for one
range. The updraft air flow rate at 600 mn for two ranges and one range is about 191m>h and about
86m*/h respectively. In the case of 400 mm, the updraft air flow rate is about 147m*h and 105m°h
respectively.

Table 4. Results of updraft air flow rate

The height of the Ra Exhaust air | Exhaust air | Exhaust air
lower edge of the con dl:tgizn flow rate | flowrate | flowrate [Without hood
hood 300m’h | 200m*h | 100m’h
Right 2kW
+ Left 2kW 267 213 196 255
800mm
Left 2kW 196 142 106 99
Left 1kW 203 144 81 108
Right 2kW
+ Left 2kW 229 201 141 191
600mm
Left 2kW 219 144 98 86
Left 1kW 195 147 81 80
Right 2kW
+ Left 2kW 240 189 125 147
400mm
Left 2kW 196 141 86 105
Left 1kW 180 129 82

Results of capture ratio

Results of the capture ratio are shown in Fig. 8, Fig. 9 and Fig.10. The capture ratio of the hood is over
80% when the height of hood is 800 mm and the exhaust air flow rate is 150m>/h. In the case of 200m3/h,
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Figure 7. Results of updraft air flow rate

the capture ratio is just over 90%. The capture ratio when the height of the hood is 600 mm is over 90%
with an exhaust air flow rate of 150m%h. At 200m*h, the capture ratio is 100%. The capture ratio when
the height of the hood is 400 mn is over 80% with an exhaust air flow rate of 100m%h. In the case of
150m*h, the capture ratio is 100%. The power of the range has only a small influence on the capture
ratio of the tracer gas. When the number of ranges increases, the capture ratio reduces. The capture
ratio improves when the height of the hood is lowered.
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ratios of 80% and 90%.The exhaust air flow rate is (Hood height form the Range is 600mm)



from 130 to 140 m*h at the capture ratio 80%
(hood height is 800mm from the range and two
ranges are operated). When the height of the hood
is 800mm, the hood does not cause disturbance
for cooking or putting out fires. In the case of two
ranges at the capture ratio 80%, the required
ventilation rate is about 150m°h.

CONCLUSIONS
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(1) The position of the maximum air flow velocity, when one range is operated, is directly above the
range, and when two ranges are operated, is in the center of the two ranges.

(2) The updraft air flow rate is strongly influenced by the number of ranges operated.

(3) The capture ratio shows little difference by the electric power value of the range. However, when the
number of the ranges increases, the capture ratio would be small.

(4) When two ranges are operated and the capture ratio is 80%, the required ventilation rate is about

150m°/h.
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Table 5. Results of updraft air flow rate without range hood and capture ratio

The height of the Updraft i flow rate | AP Tate When
lower edge of the Range condition without a hood exhaust air is updraft
hood /] air flow rate
! %]
Right 2kW + Left 2kW| 255 95.9
800mm Left 2kW 100 90
Left kW 108 91.4
Right 2kW + Left 2kW]| 191 98.5
600mm Left 2kW 86 89.7
Left kW 80 87.3
Right 2kW + Left 2kW]| 147 99.6
400mm
Left 2kW 105 98.7
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Figure 11. Exhaust air flow rate at the capture ratio 80% and 90%





