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The Froude Scaling Study on the Ventilation of Non-isothermal Concentrated Fume from the
Semi-closed Space

Hyuksang Chang! - ByungIl Choi* - Jae-Cheul Park - Myung-Bae Kim*

Environmental Aerosol Engineering Laboratory, School of Civil and Environmental Engineering, Yeungnam University
*Department of Thermo-Fluid System, Korea Institute of Machinery & Materials

ABSTRACT : The Froude scaling between the prototype and the model was tried to estimate the necessary ventilation rate for non-isothermal
concentrated fume from the semi-closed inner space. Based on the non-dimensional similitude equations derived from the Zukoski plume rise
analysis, the scaling experiments were done to verify the relationship of the non-dimensional energy release rate and the non-dimensional mass
flow rate by using two different scaled volume models, model A (1 mx1 mx1 m) and model B (0.5 mx0.5 mx0.5 m). The experimental
results showed that the theoretical similitude between the models is acceptable for the prediction of ventilation rate of the concentrated
fume. The maximum energy release rate used for the experiments was 20 kW/m3. In the expetimental range, the similitude between the energy
release rate and the ventilation mass flow rate was well defined and the necessary ventilation rates were 20 - 30% higher than the stoichio-
metric ventilation mass flow rate. Based on results of current study, the design of the local air ventilation system can be improved by
correcting the effects of buoyancy and diffusion of the non-isothermal concentrated fume.

Key Words : Local Air Ventilation, Froude Scaling, Energy Release Rate, Similitude
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Table 1. Evaporation rate of n-heptane from the fuel tray in
various sizes

Table 2. Comparison of the similarity in the scaled model
study

Size of Fuel Tray ,
No. of Fuel Tray — — mf* (kg/m” - sec)
Diameter (cm) { Area {(cm”)

1 5 19.63 0.0152
2 7 38.47 0.0155
3 12 113.04 0.0165
4 14 153.86 0.0168
5 16 200.96 0.0153

* Height to diameter of the fuel tray : 0.3
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Model A (H = 1.0 m) Model B ( H = 0.5 m)
Qlo*]z ]zt m |m* Q@*|z|z* m | m*
(kW) (m) {kg/sec) (kw) (m) (kg/sec)

0404100300002 | lo2 {04 00060 !0,
5.7 10.0052) 0.6 | 0.6 |0.0630 | 0:0168. 1 0‘.0‘(?)'5’&

0.8 [ 080.1090 |0.0290
0.4 [04 00328 00087
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205(00186] 06 | 06| 00848 00226 38 [00195] 0.

080801243 0033
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¢ A7 238 5 A9E U 33
A &g @8 2 A widE me) &S A (7h) 2 (7o
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Table 3. Comparison of the plume mass flow for model A(H = 1.0 m)

my : Experimental m ; : Theoretical l kRl 100'
. . . my
Q (ka/sec) Q (kg/sec) %)
i z¥=04 | 7*=0.5 | z*=0.6 | z*=0.7 z2*=04 | z*=0.5 2*=0.6 | z*=0.7 | z*=0.4 | z*=0.5 | z*=0.6 | z*=0.7

1.7 0.014 0.027 0.035 0.049 1.7 0.012 0.028 0.039 0.050 17 g 0 | 2
57 0.023 0.043 0.063 0.089 5.7 0.018 0.043 0.058 0.075 28 0 19
9.6 0.033 0.047 0.065 0.094 9.6 0.022 0.051 0.069 0.090 50 BB 4
20.5 0.043 0.061 0.085 0.106 20.5 0.028 0.066 0.089 0.012 54 8 ) ' 8.
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