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Large-eddy simulation of particle dispersion and velocity similarity in
a two-phase round-tur bulent jet

WAN GBing, ZHAN G Hui-giang, WANG Xi-lin

(Beijing 3E Energy Key L aboratory , School-of Aerospace;
Tanghua University , Beijing 100084.,” China )

Abstract~A'\high- Reynolds two-phase round-turbulentjet was numerically smulated by
meansof large eddy smulation for gasphase and-particle trajectory model for particlephase.
The disperson behavior of particles with median Stokes number in large scale structures was
studied. Two-phase statistical velodties were compared with each other. It's shown that particle
diperdon is dominated both by large eddy structures and particle inertia, resulting in a high
particle concentration distribution in the edge of vortex structures or interlaced regions of
vortexes (called as particle preferential distribution) . The decaying rate of two-phase veloci-
ty in the axial directionisdifferent , and the particle-phase velocity decays dower than that of
gasphase. Inthe near field, two-phase velocities differ from each other sgnificantly. Inthe
far field , two-phase mean velocities are smilar , and particle velocity decays radially dower.

Key words: large-eddy smulation; two-phase round turbulent jet ;
particle preferential distribution; velocity smilarity
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Fig.1 Sketch of the computational geometry

13



1466 24
b @, =1020kg/ m*) 0
5%,
,5 -
—10f
f -15¢
0}
Aver  fl via - v N Vb
dt To r s
s 5
dve _ - VAV (5)
dt Ty r (a) RN Z) 1=200 (b) LR %] =220
G Fovews e B2 A B 2R3 % ) A B
dt T Fig. 2 Evolution of large scale vortex at different
non-dimensional time
Loy, (6)
110
Vap ;W
; i f {
9 S 4
Ve z:c y ] ‘) 115
n2 n2 w2 ’ l{ ;
Ve (%, Y5, %) = %3 "
@ Y i:ZZ j:ZZ k:Zz f: Q
[ "2 . % W2 v v W2 - Z] z A%<+ 120
- X b - Vi D - ¢ \
Vi,j,
|:J-_r|2 Xi - Xu:nz Yi -V |:1I_n|2 Zk - Z e
(£ ((E)] (#£R
7
VL (%o, Yo 20)
3 !
AdamsBashforth . , 100 (a) LA Z =200
) 20
10
2
21 15
2 -
y 20
5D 7D ,
z>20D , , 25
, 0.4
2 , 3
Stokes  ( %
D/ Ujc) 185, (b) LRHNHFZ ¢ =220
z<10D ' , B3 ) B I 20 R ) £ 5 A
( ) Fig. 3 Particle spatial distribution at different

non-dimensional time



7 : 1467

] 2o .
0. 089.
H 3 5
22 ) . )
>
4 , z/ D
12 ,
865 =0 (2 D- 2/ D) (8) Ue/ Uo =Bu/ (Z D - 2/ D) (8)
a , 008 Q09 , Bu : 631z
, 4. 41D. 1
18¢ —*= Numerical data
16l — Fitting line 8,5~0.089z/D
1.4
1.2
& 1.0} 5(b)
0.8 1
s Q 8Uk. ,
0.4
02 b Z/D<5,
024 6 81012141618 202224
z/D ’ ’
zZID>12, ,
4
. ) zZ/ D=25,
Fig. 4 Increase of-jet half-width
70 %, 23 %.
1.2 12p
—— Gas-phase
10 ——— 1.0 Particle-phase
0.8 S 08
s 2
= 0.6 > 0.6
0.4 b — ‘Pressent LES Re=20000 o 04r
—o— Curve fit of present LES data t
I —un— Curve fit of DNS data LBB Re=2000 0.2
0.2 F —e— Exp. PL Re=11000 ko
—a— Exp. HCG Re=100000
0 5 10 15 20 25 0 5 10 15 20 25
z2D zID
(a) A3k (b) F0RLAH - 350405
5
Fig.5 Statistical resultsof two phase mean velocitiesin the axial direction
1
Table 1 Comparison of mean flow parameters
[2] [13] [14] [15] [16]
2 4%x10° 8 7x10* 1.0x10° 1 1x10* 1.0x10° 2 0x10*
/
Bu 59 59 57 61 58 6 31

2 49 - 3 - 40 4 41
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Fig. 6 Gas-phase mean velocities in-the axial direction\at different positions in /the near field and the far field
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Fig. 7 Particle-phase mean velocities in the axial direction at different positions in the near field and the far field

20000
, Stokes 158 ,

, [1] Verzicco FL, Orlandi P. Direct smulations of the trans-



1469

[2]

[3]

[4]

[5]

[6]

[7]

(8l

[9]

tional regimeof acircular jet[J]. Physcsof Fluids, 1994,
6(2) : 751-759.
Boersma B J, Brethouwer G, Nieuwstadt F T M. A nu-
merical investigation on the efect of theinflow conditions
on the self-amilar region of aroundjet[J]. Physcsof Fu-
ids, 1998, 10: 899-909.
Lubbers CL , Brethouwer G, Boersma B J. Smulation of
the mixing of a passve scalar in a round turbulent jet[J].
Fluid Dynamics Research, 2001, 28: 189-208.
Yuan L L, Street R L. Trajectory and entrainment of a
round jet in cross flow[J]. Physcsof Huids, 1998, 10:
2323-2335.
YuanL L, Street RL , Ferziger J H. Large-eddy smula
tions of a round jet in crossflow[J]. Journa of Fluid Me-
chanics, 1999, 379: 71-104.
Schluter J U, Schonfeld T. LESof jetsin cross flow and
its application to a gas turbine burner[J]. How Turbu-
lence Combustion, 2000, 65(2) : 177-203.
[D].

, 2006.
RONG Yi. Sudy on particle modulationsin dilute gas sol-
id two-phase round turbulent jets[D]. Bejing: Tsnghua
University , 2006. (in Chinese)
Uchiyama T, Fukase A. Vortex Smulation of gasparticle
two-phase compound round jet[J]. Powder Technoloegy ,
2006, 165: 83-91.
Yuu S, Umekage T Tabuchi M. Direct numerical. d mula

[10]

[11]

[12]

[13]

[14]

[15]

[16]

tion for threedimensona gassold two-phase jet usng
two-way method and experimenta verification[J]. JSME
International Journal , SeriesB, 1996, 39: 230-238.

Yuu S, Ueno T, Umekage T. Numerical smulation of the
high Reynolds number dit nozzle gasparticle jet usng
sub-grid-scale coupling large eddy smulation[J]. Chemical
Engineering Science, 2001, 56: 4293-4307.

Almeida T G, Jaberi F A. Large eddy smulation of adis
persed particle-laden turbulent round jet[J]. International
Journal of Heat and Mass Trander , 2008, 51: 683-695.
Gllandt |, Bauckhage F U. Measurement of phase inter-
action in dispersed gagd particle two-phase flow[J]. Inter-
national Journal of Multiphase Flow ,2001 ,27:1313-1332.
Rodi W. A new method of analyzing hot wire sgnasin
highly turbulent flow and its evaluationin a round jet[ R].
DISA Information, Feb.1975:9-18.

Wygnanski |, Fieder H E. Some measurements in the
self-preserving jet[J]. Journa of Fluid Mechanics, 1969 ,
38: 577-612.

Panchapakesan N R, Lumley J/L. Turbulence measure-
mentsin axisymmetric jetsof ar andhelium: Part 1- Air
jet[J]. Journa of \Huid Mechariics, 1993, 246: 197-223.
Hussein-HJ3+-Capp 'S P, George W K. Velocity measure-
mentsin a high Reynolds number , momentum-conserving
axisymmetric turbulent ‘jetTJ]. Journa of Huid Mech. ,
1994 , 258: 31-75.



