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Applicability of Computational Fluid Dynamics
on Industrial Ventilation Engineering

Hyun-Chul Ha, Tae-Hyeung Kim, Kwang-Jin Shim*

Department of Environmental Engineering, Changwon National University,
Industrial Health Research Institute, Korea Industrial Safety Co.

Computational Fluid Dynamics(CFD) was applied to predict air flow around the hoods : circular
hoods, square hoods, and push-pull hoods, A commercially available CFD software, CFD-ACE( Ver.
4.0), was tested, which is based on the finite volume method using the «#-& turbulence model.
Numerical results were compared with the experimental, analytical and numerical results from other
studies. CFD solutions showed an excellent agreement with the previous experimental and numerical
results. It is promising that CFD techniques could be applied on the variety of complex problems in
the industrial ventilation engineering,
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Cu Ce, Ce, a, a,

0.09 1.44 1.92 1.0 1.3

3) & &= (Wall Function)

£% ke 29 #F Rert ¢ 2ok 7S
dlA olRoATt. AT W ZHAM = T
W wje Zn, HAcNE R 527 92
27 k-e& A7) AE o FFE =
sich, wd 2eMe df dgEE ohE A% £
o] EEET.

o i ‘
==l )

X iy'>11.63 (5)
T, |\ Py,
A B — ] t =
4714, u'= Ulu. ur 5 ) i .

k: Karmani4ol:, Ex ZEAFolct. 4%
d o8 A5E 47 E9.0(5ggH e juiE
el glF) . k=0.42 AR e] 2ot

e g dF Ak dF &%E
(&) A ()T 4 (N2 78 F Ut

£m 2 (6)
5
€=CE”4’£'
ky

2. x| LY

CFD-ACE(Ver. 4.0)914 & oj4ts} W22
s A2 (Finite Volume Method)& AH&-3tiL
. 9% wAAY ¥ WS =Te
uhy o 2 SIMPLE-C(Semi-Implicit Method for
Pressure-Linked Equations Consistent) 22}
zg i galgr}. o] ¢me)ES Patankare] 23]
Aoty SIMPLE ¢zl Fel &8 234
(Pressure-Correction Equation)& 9% F3
o} m 2] Zo|tH(Patankar, 1980: A&, 1997).

I. =xlsid 2t 243
1. HE % WU ¥=

58 Fcr 458 FHez 23 2 U &2
9 (Axisymmetry model)& =&ttt ) ara)
Fci e jTRE FHoE o2 AF 25
Bl 4588 & b yzET zxF e THCE
3 )3 29 (Symmetry model) & 283ttt

1) F=x|51M 2

923 F=o AL Dalla Valle(1952)2
Hood &9 A& AHed A 2 FAHLE FE
o] BAL 15mo]ln FQ F5L 20m/selth. AW
8 zc j7Ee Z7E 72, A2 20w BAZ
Hoz Asyd. AW F= 7] FFES 18
/minelx, ATA F&& 7.5m/seltt. Fig. 1&
Q=3 ol AWE F= 2dS Jehd Aotk

(1) Unflanged circular opening  (b) Flanged circular opening
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(c) Unflanged square opening
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(d) Flanged square opening
Fig. 1. Circular and square hoods for numerical simulation.
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Table 2. Validation method of numerical solutions for
plain circular opening

Reference Method
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Table 3. Validation method of numerical solutions for
flanged circular opening

Reference Method

Dalla Valle(1952)
Flynn(1985)
Drakal(1970)

Measurement
Potential flow solution
Analytical solution
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Fig. 3. Predicted and empirical centerline velocities for unflanged

circular opening.
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(h)Velocity contour combined with streamline

. 5. Velocity contour and Velocity contour combined with streamline for unflanged circular opening.
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Fig. 10. Predicted and empirical centerline velocities for flanged
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Table 4. Configurations of push-pull ventilation system
for numerical simulations

QB SB UB
it m?/s perm of slot  (m) (m/s) QOB
1 0.0571 0.00725 7.88 8.67
2 0.0285 0.00725 393 17.34
3 0.0571 0.01500 3.81 8.67

Exhaust volumetric flow rate per m of slot (QE/L) :
0.495me/s/m

Exhaust volumetric flow rate per m2 of liquid surface
(QE/A) : 0.283m¢/s/m

Vessel width (W) : 1.8m

Exhaust slot height (SE) : 0.195m

QB : Flow rate of push nozzle

QE : Flow rate of exhaust slot

SB : Push nozzle height

UB : Push air velocity

(a) Unflanged circular opening (b) Flanged circular
opening

(c) Unflanged square opening (d) Flanged square opening
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Fig. 12. Computational domain for push-pull ventilation system.
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