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Fig.1 The free falling bulk particle plume

in working process
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Fig.2 The ideal single particle model of particle plume
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Fig.3 The dust generation mechanism of the bulk

plume during free falling
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of Free-falling particles
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Fig.5 Quantity of entrained air vs. falling particle
plume in different particle diameter

107

p,=1 295kg/m®

"o W
E
o
H
=
&
#
107 . .
10 100 1000
T RERE# x e

() R B HE S 1 205 kg/m®

e
£,=5 280kg/m’

PO

EME s

o0t s
&
g 10
= e
0 BERR Y

10- . B

10 100 1000
T B EE & x fmm
(L) BB ® Y 5 280 kg/m®

M6 FEMNEETHHRESTLRR
ETHERNELXR
Fig.6 Quantity of entrained air vs. falling particle
plume in different particle diameter



72 WM AFEER (L ¥MH)

2007 iF

X T ORL I /N B Ok O, TR AR ARV I R B
RS TRERT RO S B RKE BB

ERAREN, RO EEREESER
BHSEOESEEPRBHBPREELERBHE
BOW—FL T Ogata et al # B 50N SRS P Y IRIR
EHERBHEMEB D TERPBIANFES
SERE. TRIFRFE L A HCOR SRS B 4
e WA A E TR A AT O B T BT R
FAEE. WX T H il T RS RO, AR
B (R  0he BT &b 4 P MR L R B R R O
B CREREEREEDMRE, R TRBA
R BB S A A B SR BN BN
WENHERIBREEORSE =2, REHE
X 43 IT W3R

5 &

(1) BRI 78 B B RS 2 SR R Y
MFEREFHRBHRREEIEHRE.

(DEBPBFINFREETIERBESHREN
BRI R SRR MR SRR Y

GIFFESIEWER OB TREME « B98I0
Vi 3K, B BE p 0388 1o T 88/

(4)TEARN T o RO, A8 /1 B9 SHOBE 3 Wi 19
BREHEKXTRHEAXHBRPRBRES.

BN

[1] HEITBRINK W A,BARON P A, WILLEKE K. An in-
vestigation of dust generation by free falling powders
[I]. American Industrial Hygiene Association, 1992,
53(10):617 -624.

[2] HEMEON W C L. Plant and process ventilation] M].
Austrilia; The Industrial Press,1963.71 - 73,

[3] TOOKER G E. Controlling fugitive dust emissions in
material handling operation[ }]. Bulk Salids Handling,

[4]

(5]

[6]

7]

[8]

fe]

[10]

(]

{12]

[13]

[14]

[15]

1992,12(2) .227 - 232,

UCHIYAMA T, NARUSE M. Numerical simulation of
gas — particle lwophase mixing layer by vortex method
[1]. Powder Technol 2002 ,125,;111 - 121.
UCHIYAMA T, NARUSE M. Vorlex simulation of slit
nozzle gas - particle, two — phase jet [ 1]. Powder
Technol, 2003(131 3,156 ~ 165,

LIU Z Q,COOPER P, WYPYCH P. Velocity profile in
air entrainment during {ree — fall of paticals[ C]. Aus-
tralia : The Institution of Engineers,2001,841 - 849,
COOPER P,LIU Z Q,WYPYCH P. Plumed driven by
free-dall streams of solid paticals[ C]. Australia; Ade-
laide Universily,2001,649 —652.

LIU Z Q,COOPER P, WYPYCH P. Determination air
entesinment in free falling bulk materials[ C]. Aus-
tralia; The Institution of Engineers ,2004,359 —364.
LR &k HE.% FETHREsES P TSP
0 PMI0 AR RSTAFSE [J]. FRAEFL2F 2 40,2004, 17
(2).:1-5.

MBeE. % B AL ERLESRE A
WHEI]. RFXEER(AB/FER), 2005,33
{3):330 - 333.

ek ¥HE.MWE. % SHTIRRSPE
PYRREMBFE] BHAERER(TE2R),
2004,25(1):98 —101.

RXH MR RENE[M] R BT DS
KR . 2004. 233 - 238. '

COOPER P,ARNOLD P C. Air entrainment and dust
generation from a falling stream of bulk material[ C].
KONA:1995. 125 - 134.

OGATA K, FUNATUS K, TOMITA Y. Experimental
investigation of a free falling powder jet and the air en-
trainment| J]. Powder Technol ,2001,115,90 - 95.
UCHIYAMA T. Numerical analysis of particulate jet
generated by free falling particles[J]. Powder Tech-
nology ,2004,145,123 - 131.

Primary In'vesligation of Air Entrainment in Free Falling Particle Plumes

ZHAO Yong-ling', LIU Ze-qin, ZHAQ Jing-hua, WANG Ya-nan, SUN Er-yan, ]IANG Sheng-lel

(College of Mechanical Engineering, Tianjin University of Commerce, Tianjin 300134, China)

Abstract: Accroding to the characteristics of the free {alling particle plume, the mechanism of the air entrain-

ment in the process of free falling particles is analyzed preliminarily. The Tomemi miscible particle model and

the Ogata non-miscible particle model are discussed in comparison with the experimental data of the quantity of

the entrained sarrounding air. The results indicate that the simulation of the miscible particle model to predict

the volume of air entrainment has a good agreement with the experimental data. But the predicted value from

the Ogata’ s non-miscible particle model is lower than the obtained data in testing. The experimental results

indicate that the volume of the ambient air entrainment increases with the drop-height extension of the particle

plume and decreases with the increase of the particle diameter and density.

Key words: free falling particle stream; particle plume; volume of ambient air entrainment



