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Abstract - If flammable liquid leaks, vapor evaporated from the pool can cause poisoning or suffocation to
workers, leading to secondary accidents such as fires and explosions. To prevent such damage, ventilation fa-
cilities shall be installed when designing indoor workplaces. At this time, the behavior varies depending on the
characteristics of the leaked chemical, so it is necessary to select a suitable vent location according to the
material. Therefore, 3D CFD simulations were introduced to derive optimal vent position and ventilation effi-
ciency was quantitatively evaluated by vent position. At this time, assuming a situation in which flammable lig-
uids leak at indoor workplaces to form pools, the concentration of vapor evaporated from pools was compared
to derive the optimal vent position. As a result of research on toluene with high vapor density, ventilation effi-
ciency was confirmed to be the highest at the upper supply-lower exhaust, and it is judged that introducing it
can achieve about 3.7 times ventilation effect at the same maintenance cost. Through this study, it is expected
that the workplace will be able to secure workers’ safety by applying simulation results and installing ven-
tilation ports.
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Table 1. Supply and Exhaust coordinates [m]

X Y zZ X Y zZ

S1 0 075 | 225 El 6 075 | 225

S2 0 151 | 2.25 E2 6 151 | 225

S3 0 225 | 225 E3 6 225 | 225

S4 0 0.75 | 151 E4 6 0.75 | 151

S5 0 151 | 1.51 E5 6 151 | 151

S6 0 225 | 151 E6 6 225 | 151

S7 0 0.75 | 0.75 E7 6 0.75 | 0.75

S8 0 151 | 075 E8 6 151 | 0.75

S9 0 225 | 0.75 E9 6 225 | 075
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Table 2. FLACS simulation conditions.

Pool position 3, 1.5, 0.01)
Pool area 1 m?
Fan position E1~E9 (Fig. 1, Table 1)
Fan flow rate 9 m’*/min
Fan duration 900 s
Ambient temperature 293 K
ACH 10

Supply
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&
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Fig. 3. Scenarios according to the combination of
supply and exhaust.

KIGAS Vol. 28, No. 1, March, 2024

olFA - T A

G

C
Reductionrate(%) = ———

%100 1)

714, Coe= EFN] =
EZ9 5EE ou|dh

webA g7 AlZF & 50%, 100%, 1503, 200,
250%, 300%, 600%, 90025 7|F o & Hj7| 7 =%
H e s AaeS vudlga, RE ZP) FE TS
o E2étes AR gQlst V1 EE A9l 1w
SHIE O 2 ER/ate] vastgitt ojuf, H¥ 5
= EF 49| Threshold Limit Value(TLV) <! 50 ppm.©-
2 A3ttt

N

BE, Gt 204

. ei1Zxn}

31 ZAHEY| M EFH HES 24
Fig. 49} Zo] AW ) 37ped o EF<0 F 1m’E
PAste 5 £ 1 AlEY IS TE3HA T ofw A
= FE0) fan 2740 §lof R 82 Yl
T3 EFA 9] gtk AEFS A 4 THIS]. 5
73 A AW Ul S3E EF2qlo) AFe 9F20.4
o2 e Y& AA ol 98.71 ppmS FAE AT &
Ao} As- 57 W=7t 371 B 27] W&ol Pool
kAl AW skl F7171 HFE AE Rl
o], 714 w2 T vl 7] F 0] 21 0.75 m ©] 3= T
BuE 2435t 525 RIS A3 EFA F7]9
2F98%710.75 m o] 3kl F4H AL &3
webA 2] W AW R 59 98.71 ppme &
71 FE&2 o] g7 T Z3el 2 T E A4S

H w8k o

A M E o

aQ

olN

tlo

32. 7| A| MY LB 7 |1R
Fig. 5% aHoll EF40] 49 F&olA fans

After60s

MoleFractionf el 30.TOLUENE (5pmv)

E o
After 1505 o
5 -
After 3005 £

a0

_A—,

Fig. 4. Simulation result of toluene pool evapora-
tion (3D-Isosurface).

- 14 -



CFD 7|4k Qls}d A A

(a)S1 E3

MoleFractionFuel_3D.TOLUENE (ppmy)
50,0000
475000
450000
425000

40,0000

37,5000
35,0000
325000
300000

21,5000

Ater 1002 At 1200 Aer 1508
25,0000
22,5000
200000
17.5000
15,0000

. 125000

100000
75000
5.0000
25000

0.0000

(b) S1-E9

VelocityVector 3D (m/s)
gy 10.0079

95500
9.1000
86500
82000
7.7500

7.3000

68500
64000
5.9500
55000

5.0500

4.6000
41500
37000
3.2500

28000
23500
19000
14500
0.0000

Fig. 5. Airflow velocity vector field and concen-
tration distribution (a)S1-E3, (b) S1-E9.
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Fig. 6. Time to target concentration (50 ppm).
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Table 3. Concentration reduction rate according to the location of the supply and exhaust
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Ranking Combination concentration
1 (S1,E9),(S3E7) 52.94s
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Ranki
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Bottom
Ranking
2 (S7,E3),(S9,E1) 186.43¢5
3 (S4,E3),(S6,E1) 178 545

Fig. 8. Ranking for time to reach target concen-
tration.
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