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ABSTRACT

A study is conducted to improve the suction performance on suction devices which are used to remove polluted air generated
by welding or machining process in a spacious working place of industry. Air-curtain is applied around the inlet of suction duct
to interrupt the inflow of fresh air from the downstream region where is located opposite to the polluted air source. Two different

air-curtain devices, such as a 45° backward and a fully backward, are adopted. Suction region is experimentally investigated by

measuring the suction velocities using a hot-wire anemometer. Contours of the suction velocity are compared with the computed
results. The suction condition is selected to 110,000 Reynolds number which is widely used on typical suction devices, and a width
of blowing passage for creating the air-curtain is chosen to 9.38% of the suction duct diameter. The experimental results show that
the suction performance obtained with the 45° backward air-curtain was better than that obtained with the fully backward

air-curtain. On the suction duct using the 45° backward air-curtain, the suction region estimated on basis of the 0.4m/sec is

improved by 66% at the same input power.
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Fig. 1 Suction duct with co-axial duct for air-curtain
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(a) straight duct (b) half circle bellmouth

Fig. 2 Streamlines on a straight circular suction duct and on a half
circle bellmouth duct?

{a) straight duct (b) quater circle bellmouth

Fig. 3 Streamlines when the injected flow for creating the
air-curtain is sucked into the suction duct directly”
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Fig. 5 Picture of experimental utility
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Fig. 6 Flow structures at the suction Reynolds number of 110,000
without the 45° backward air-curtain

Fig. 7 Flow structures at the suction Reynolds number of 110,000
with the 45° backward air-curtain

sto] YebH Ao FQ
35 Hojed, W l-r——
of gigt SUFHL ¥sE Hojx

5‘23} Y HolsbaoA FYS skt

2210, 2m/sec) T & 4>

5101 57]Agato] 34
A& Fig, 7oA Hojsa ok, + ?r%%“’ﬂ’ﬂ
Ao dde FrIREE] Q&
Holzal itk Y 84557 0.4m/sec 91 7
2 FY=Es 99 Fig. 60419} o] e FY
FAG G vawste] B Fr|apdEre] Qle A9 S99
o] WAL Frjadate] gl Ao FYHAel Hlsho
133% SHist datg Ko Qo)

AgelA FIRae] WAE skl EARoIN) HEE
&2 FUWANAY FHR5T FLsHA 2AEsHAT A

|ApekE: FAdshr] oty A=A = s EART|

[‘3
Y,

ol I

FHMANAME: 122, M55, 2009



Fig. 8 Flow structures at the suction Reynolds number of 154,000
with the 45° backward air-curtain

Fig. 9 Flow structures at the downstream
with the 45° backward air~curtain
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Fig. 10 Flow structures at the suction Reynolds number of 110,000
without the fully backward air-curtain

C

Fig. 11 Flow structures at the suction Reynolds number of 110,000
with the fully backward air-curtain
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Fig. 12 Flow structures at the suction Reynolds number of 154,000
with the fully backward air-curtain
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Upstream direction, ¢ [2/D]

Radial direction, & [r/D]

Fig. 14 Computational domain and boundary conditions
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(b with atr-curtain
Fig. 16 Comparison of velocity contours obtained
with 45° backward bellmouth
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(b) with air-curtain
Fig. 17 Comparison of velocity contours obtained with
fully backward bellmouth

5. &

rhu

-

2 Ao BRI MRl AATAG] vk
Alcto] glo] FUHS U] 1T WHlow FrIxw
& Fgalgict, B/ 1AUTe BB F9lo) 4NH SHB
oRRE 375 BARl] FAsAon WA 3719 o
P EFFOR e 399 AT B5o] djsto]

AYHOR FYT AR §FL SHFL 0B A4
-0

32

- U

M- z248
0.4m/sec Q1 B$-E 71202 FUFAS vlusiS o 54
T ol mEr Al 133%2] FUF A9 FHi7) olFolR e
o, U3t oA AFIeE ol 66%2] FURH F
7} o] Folzict. olHd FYFA) Fha= FUW A+
of Az E Wute-Ao] 775 ZolA HH vy FHE Ao]
o}, Fo R ALY g v o ® Wt aabdQl F7IA
Z]9} @t7} olFold Ao AbmEr),

Z 7

2 die AAAARAA Adshe AErEsaity
(RT104-01-03) 0.2 S HUTH

1L

23

(1) 724, 2001, “F71E& clofAdle] IAF=Y 27| %
X G #H A7) qF A =EH, AGA
Vol. 17, No. 6 pp. 153~160.

(2) Chokhar, I A., Prozorov, D. S., Spotar, S. Y., 1993, “An
Efficient Extraction of Fumes by Means of The Vortex
Suction Device,” Russian Academy of Science.

(3) Hijikata, K. and Suzuki, Y., 1995, “Local Ventilation and Heat
Transfer by Tornado-Like Vortex,” ASME/JSME Thermal
Engineering Conference, Volume 1.

(4) 1i Y. and Desante, A, 1996, “Derivation of Capture Efficiency
of Kitchen Range Hoods in a Confined Space,” Building
and Environment, Vol 31, No. 5 pp. 461.

6 A+, BEE, Fd4, 4%, 2000, “RFEE 08T
A 2" =) Ad T LA EIA 2000-01-3L

6) 2Fd, A4, 254, 2008, “FYHy F4ol 2 FY
el dgdT” g A=, Vol 13, No. 3, pp.
67~78.

(D 2Fd, A%, 258 2009, “FYHTHEE 9% 371#%
gute] Zite] FEAT, FAUEH A, Vol 6, No.
1, pp. 27~317.

(8 CFX-11, 2007, Ansys.

(9) Menter, F. R, 1994, “Two-Equation Eddy- Viscosity
Turbulence Models for Engineering Applications,” AIAA J.
Vol. 32, No. 8, pp. 1598~1607.

FHOIAME 122, H5Z, 2009



