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LES on breakup and atomization of a liquid jet

into cross turbulent flow in a rectangular duct
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Korea Aerospace University, School of Aerospace and Mechanical Engineering?,
Agency for Defense Development, The 1% R&D Institute**

ABSTRACT

A two-phase Large Eddy Simulation(LES) has been conducted to investigate breakup and
atomization of a liquid jet in a cross turbulent flow in a rectangular duct. Gas-droplet
two-phase flow was solved by a coupled Eulerian-Lagrangian method which tracks every
individual particles. Effects of liquid breakup models, sub-grid scale models, and a order
of spatial discretization was investigated. The penetration depth in cross flow was
comparable with experimental data by varying breakup model and LES scheme.
SMD(Sauter Mean Diameter) distribution downstream of jet was analyzed.

= =

-1 =
ARG ENA HF FEFOE BAHE A4 A AF 2d5} v Aol B
LESE 33tk Z1Adele] 37 4% siddel edeielel siie Agdta, 97 33
<= At FadAt HHES AHEsk] ZIA-HARE o5 (two phase flow) |4 S
Parich 4H 2 md, obAx 2AY BE 9 F AP mE 4F BAL 24
itk A AEe ARZolE AP vmaPon APART R £5E % &

ARG AE FFANA AR-H FEHAG o dt 42 FHsAT

Key Words : Liquid column breakup(}5-%4), Droplet breakup(HZ&4), Atomization
(B 4m 3}, Two phase flow(°]’d+5), Penetration depth(FFZ10l),
Large eddy simulation(th2}& 2 A}

.MM B 9] AAEAH2 A5 v (atomization) ¥ F
7]-9% EF¥(mixing) FA o3 T FFS W
Az ABE ALIE T T2 22 JB = dA7A daAAe Zr-dE n Y

+ Received : September 17, 2015 Revised : March 23, 2016 Accepted : March 25, 2016
** Corresponding author, E-mail : hgsung@kau.ac.kr



44 B B4 R, 2016. 4. AL HE

bof BAMEE 44 AES £9-- 291

Nomenclature

t : Time : Child droplet radius (mm)
p : Density a : Parent droplet radius (mm)
T : Spatial coordinate B, B, : Breakup model constants
U : Velocity Ay @ Wave length
D : Pressure 4y Maximum growth rate
T : Temperature Tgg ~ © Breakup time constant
E : Specific Total Energy u, : Relative velocity
Q; : Heat Flux vector 4 : Ohnesorge number
Tij : Viscous Stress Tensor Ta : Taylor number
D,;;  : Nonlinearity of Viscous We  : Weber number

Stress Term Re : Reynolds number
H, . Energy Flux q : Momentum flux ratio

) d : Orifice diameter

o; : Viscous Work

&

: Mixture Fraction Superscripts

S

i : Conserved Scalar Flux - : Time Average
5 : Kronecker Delta - : Favre Average
Cp : Model Coefficient 5gs : Subgrid-scale
A : Grid Size Subscripts
S : Strain Rate
sgs . l : Liquid-phase
Tij : Subgrid Stress
g : Gas-phase

T;;  : Subtest Stress i,7,ij : Spatial coordinate index
L,;j : Resolved Turbulent stress k : Species index
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Fig. 1. Computational domain

Table 1. Description of each case
Breakup LES Spatial
Case model scheme discretization
1 aloebraic 2" order central
2 KH 9 4" order central
3 dvnamic 2" order central
4 y " order central
222 Ad =A
At A2 2o F /59 £EE 125m/s
ola, F7] freol BAEE dAY BEASEE
13 m/s °lH, HA-7|A ] &FFH ()= 9 oItk
EFHA = 297 ° Ko B& ARESTH
Zt Axke Az g wdded KH 293 LES
9 SGS i EdH tolydy rd, J8a F
b 22 9 4z SAAERES ek AL
o Z Aolze AAT A4 2L Table 13
2z
2.3 A& 23l
231 9™ EF LES Z=
Figure 2 (a)& q=9 &1 &4 HE9 4
s HEoAY U YUR FEFY 945 2
% ARE dehde, AFeld Lad e o)
FE 255 2 H79 Ao IE o|st Ay
2% FAR Qste] A&H o R Y= B
Z7F g4 #HFE BAEG. gHdAe dF
g2 SIRE ZAFS g ALY /7Y
dAES & 4 Ao 13 BEo] FAs= A5

Hzo g J|A-YA 7+ AL Qd F%
o] ZAAEI, 9F By IA wgEe & &
A TH(Fig. 2 (b)).

Figure 3= A EALX A B0 A s}
=13 29y 2i} =4 é}ﬂl EAEE .
A =& 2 3719 %%~ 71 Btk o
Ho| AF HEHE FF



294 FEH - B3 - 43
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(b) Flow development

Fig. 2. Liquid break up of water injected in
cross flow and flow development on
the x-z cross section at center of
the channel
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Fig. 3. The 1% and 2" breakup of liquid jet

Figure 4= z=0.5mmol| 49| z-vorticity &3°]
o AF HEO JTF Aed FYolA LA
+ horse-shoe vortex 7o) &3] YeIT].

vortex?] WEF= 2(29)0 & 7+ + o
o, A z=2@dAM U, =125m/s, St=0.18,
dy=0254mm ©|E=, ¢ f=88495 /sZ Al4tH
o},

fd,
U.

arr

St= (29)

25000 0

Z Vorticity (/s): 50000 25000 50000

Diameter (m): 5E-05

5.4E-05 5.8E-05 6.2E-05

Figure 5& X314 ndg 2| JF Zlo
o] A4k As}olt} Stenzler[16]E A H-S HiEO
2 HEZo] AdgAEnS Atk = Wu
[17]9} Mashayek[18]<> Stenzler®] A7} fAMgH
708 HAPES AANIT Wue HA-71A 9
2HE ZY2x 8] 4<¢<1859 1719 3=
ulsl 0.2~0.49] Z7olA HAFE 33, Mashayek
L 73<q<34294 1714 EUE o=
APE AAFT JHHE zZlo]o] HPALS ¢
=3 2t

y/d:2-584(]0'429(13/61)0'347
y/d — 2-6(]0'36 (l‘/d)039

o] A5 HHo JH 9% IFZlolE 7]
FOoF 3 A@2eltt. AFZoly EE =1
A 9F 0.018~0.2m=E Bl=EYT 23 FIHRT
421 F3re] ALt AT otHE H Ao o Y
A BEXEHE AFE 2o g4 =gl vl
o tholyd] melo] APAA} o FASIT
2.3.3 AlEl HT ZZH(SMD)

Figure 6 tholud 43} gzl Aol AL$-H
B AL HA EAF AXNZRE 75 5tF 4
A A THo g TAT wo|td BAF =
71Q1 x=Imm I AHE x/d=100 ¢! x=25.4mm
7hA Ao FEx7F WA FEHE EEs & T
ATk ERF SMD f1&o Aex Z fte zhe
o, oA AH Ao FFoz s H3F

: Wu (30)
: Stenzler (31)
: Mashayek (32)



44 B IE 4 9%, 2016. 4.

Bl #AEHE dA AES £E-- 295

[ o |CFD —s—Stenzler ——Wu —— Mashayek
21 T T T T T

18
15
12
94
6_
34
0

penetration depth (mm)

T T T
0.04 0.06 0.08

x distance (m)

(a) SGS algebraic, 2" order
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(d) SGS Dynamic, 4™ order

Fig. 5. Penetration depth of water jet to
different SGS models and space
difference schemes
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Fig. 7. Comparison of SMD distribution at
x/d=100
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