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A Study on Indirect Prediction of Welding Fume
Concentrations Using Computational Fluid Dynamics

Cheng XuPiao" - TaeHyeung Kim - Jeoung Yoon Seo - Rong BinHe - JungHoLim
DaeWoong Kang - Hyun Chul Hal

Department of Environmenta Engineering, Changwon Nationd University,
\/entech Corp

There are various methods for welding fume control. These
methods can be divided into local exhaust system, genera
ventilation system and integrated control system. With the
generd vertilation system, we should have a good prediction
tool for testing various appropriate control options. But, until
now there are not many studies about how to predict the
welding fume concentrations. Especialy, the prediction of
welding fume concentration is not a very easy task because
welding fumeisthe particulate matters

In this study, we tried to measure CO. concentrations and
welding fume concentrations in a smal single room with a
gmdl ventilation opening. Usng commerdidly available CFD
(Computational Huid Dynamics) software, we tried to predict
CO: concentrations under the exactly same conditions. Then,
we tried to compare the numerica CO.concentrations with the

experimenta results to know whether we could predict CO:
concentrations. Then we tried to compare CO:. concentretions
with experimental welding fume concentrations to know
whether we can use the numerica CO.concentrations to predict
the weding fume concentration indirectly.

KeyWords:  Welding Fume, CO. concentration, Indirect
Prediction, CFD.
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Table 1. Welding conditions
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Fig. 1. Schematic drawing of experimental set up

Fig. 2. Schematic drawing of experimental room
and others
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Table 2. Simulation conditions

1. 3H& YE=2X 5881

SAF YA E SY AN Tdle3, Fg. 4= Av]HH tf 7
B 2xF ] oA 05mo)3tEA ¢ o] 1.0gmo] —'6}7}
995%c)/Foltt. o] = &4E2] W5%e) ] A& 7]
A(COE 23] BMbt&3 v etk 218 A 0}01 T

39tk 3k 919 Ak Fete] SHES Y AR A
HALE = A 7EQ) o] AbslekA 9] Aol A o Atk
B8 A3 Y 7hsAd o] Saobthal skt whetA

o~

AFS 8 S5k 5 54U ol
W0 FES 230l 15 Aolo] AAE WA
gae4e A 5 ol

i

2. 84& S5 CO- EYsT Hlud

Agolr S99 4F 559 CO 55 S AN Tale
| & A3} (Fg5) 71 7] &(R)-2 097095
A COrz 9] Mgk 971%7F 44 22 Rt 9 st
AP ST & 4 Stk o) Ake] AAEAIZE ul g =

—t— e *éuﬂoF Ao & EHFY sl A%
= EUA R oA WAL = 2| 7EAS] CO8) A3t vl
H|52he Aok Zlolth webd COE AH7EAE AR
ke b8 Aol CO s ERES TSR

$HE FEREI} FENRE T2 A5T 5 92 2]

*
1o
o
r
e
m{m

jusl

__Q,o

3. CO: 58 5=2 Simulation HAS T H| w1}

oM e COS4 s s AFe A g olds 53t
CO s = A 3 Table5) 2 FALo] A7l = v) w3k A 3}
(Fig6)= A B 7]o & (R)E 0.77762 A o] =
Smulaion(Predicted) CO-5 = 2] W 3}+= 77.76%7} COS7d %
9] Wiglol| oJato] AgsthaL & ¢ Qlok gk ke A
FHAE A vl =rhe S AWshs 2024 Co
Ao R o AFEAEH )M AN A 7FAR
AHEshE o284 AN CosETEe sER
= 5T Ae= A eth

k 15

CO:flow

CO: velocity CO: temperature

0027 00021

0.083m/min

0.33m's 600C




R %S P

oBL

/ﬂ A

98 - S9Nl - QT - e - sdA

Ho

Table 3. Measurement results of welding fume diameter
Digtribution of fumediameter
Sze(pm) No.1 No.2 No.3 No.4 No.5 Rete(%)
<03 1466 347436 359749 374969 379979 371816 363108 360685 3H61033 361336 7443
<05 14476 75806 81182 89675 A312 92051 83201 83201 89980 8026 1781
<07 18986 22481 24071 26030 27443 27074 25938 25938 27171 26805 528

<1 7406 9606 9974 10154 10511 10611 10228 10228 10665 10742 211
<2 1455 1731 1763 1666 14% 1510 1637 1637 1677 1598 035
<5 170 188 167 142 16 156 187 187 186 188 004

Diameter rate of W elding fume (%)

nc, { mg/nf')

Measured welding fume co
w
=

1} 500 1000 1500 2000 2500
Measured CO. conc, {ppm)

Fig. 4. Schematic drawing of Welding fume Fig.5. Correlation of Measured Fume and Measured
diameter rate CO:

Table 4. Measurement results of Fume concentration and CO: concentration

Lowel Lowe2 Lowe3 Lowed Lowe5 Uppal Uppe2  Uppe3  Upped  Uppeb
Measured CO,(ppm) 19118 8161 5328 863.1 895 15%8 10291 9853 A16 906.3
Meesured Fumg(mgim®) ~ 65.8 294 183 330 338 631 368 31 36.3 339
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Table 5. Results of COz concentration and Simulation concentration
Lowel Lowe2 Lowe3 Lowed Lowe5 Uppel Uppe2  Uppe3  Upped  Uppeb
SmulaionCO,(ppm) 802 20 213 269 491 656 257 233 249 418
Messured CO,(ppm) 19118 8161 538 831 895 15958 10291 9853 %16 063
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Fig.6. Correlations of Measured CO2 and Fig.7. Correlations of Measured Fume and
Simulation CO: Simulation CO:
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