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Breakup and atomization of annular flow jet in crossflow
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3 School of Energy and Power Engineering, Xi‘an Jiaotong University, Xi’an 710049, China)

Abstract Experimental investigation was carried out on the atomization of the gas-liquid annular
flow jet in crossflow. Results show that the liquid film of the annular flow jet realizes steady
atomization in crossflow macroscopically. The dimensionless trajectory correlation of the annular flow
jet in crossflow is presented based on the captured atomization images. The transient breakup and
atomization of the annular flow jet in crossflow was investigated by using high-speed photography
techniques. Tt is found that the transient breakup and atomization processes of annular flow jet are
periodic and discontinuous. The mechanisms of the film breakup and atomization were discussed and
the influences of different parameters on them were obtained. Results also indicate that the
atomization pattern may vary with conditions. Increase in superficial gas velocity improves the
atomization effects.
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Fig. 1 Schematic diagram of test system for atomization

process of annular flow jet
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Table 1 Test conditions of annular flow jet in crossflow

B R w,/ (m/s) FMWTHE uy/(m/s)  FUBGE wy (m/s)

14.5 20 ~70 0.05~0.3
10 20 ~50 0.1~0.3
7 20 ~40 0.1~0.3

20 ~40 0.1~0.3
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Fig. 2 Atomization patterns of annular flow jet in crossflow

N T RN HOANTR] PR 2R I 25 AL ASCR 1 52
Wi , AR SR FH 3R R RS- 249 AR R AR AR 3L Hh #0IR
TSI FEARRBOR . B 3 45 IR AR I 2R LT A
0.2 m/s I, AN RS 0 B8 | AN [R] BRbR U AL
IR S R R KIREAR Dy o FILLE
iy FRR IR 7 Hh 55 A kAR BEPRPR I 2 0L U
AR R TIT I/ 5 AR TRI PR A6, A 1) e 3
(LN A ey
2.2 #EESRERPIREHRTREL

FER ) RS SR B R R, SR B0l 2
Sl ) S P AR AL 25 R A Y E A,
RS SBRIBRASNELSHZ —, WK

I /N SR B 2P DR BE AN T SR SRR 7T
MRS

N T AR SR B 2, X IR P 5
Ay b B 30 2o 49 50 %ok LU A 31 59 MR Y 25 4
el AL T0e SR O /NG (VS i b o B 3 D i
XERRAR B, BPRESR 7 1 O X Sl E D7 1), A R Ak
L2 A PR S AT XU B 2 R 3
AT AP L (A 4 FR) .

TATE R AN R 00T PAOBR A S U B9 5 2 I ik
A3 00 Hr RO L, A 4 B m o0 o B i 77 7 20
AU G AR S S A BRSO A A L v Y
SR G R g FA



T | 45 <A 1) OO b PROPR R TR R e e 5 25 1 163

F2
350
.
300 L '\\\\ . —=—u=145m/s
£ \ * u!=10 m/s
= N :
Q‘v‘ 250 | \\
¢ .
2 200} N\
§§ 150 -
p S
100 | T
\\i
50 1 1 1 1 1
30 40 50 60 70

Eﬁﬁfﬂ%ﬁugl/(m/s)

B3 AEFRKRRASE TR R
EN T HHEKN (uy; =0.2 m/s)
Fig. 3 Droplet diameter of annular flow jet at different

superficial gas velocities (u; =0.2 m/s)
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Fig. 4 Trajectories of annualr flow jet in crossflow

(b) 3538 %% o BE b B

Y 0.163 0.187 [ X 0-405
2= 6.124¢] ] (5) ,

2
u; N I3 S — ]
E*uﬁzj}ﬁ%ﬁﬁ@%/ﬁﬁmgwwg=

2
%%ﬁ%%ﬁ¢@%ﬁuﬁmmam%ﬁ%%ﬁ
S, TRV, A ;D
FFRRF R B IR T B RS

NIRRT LUt SRR b T B
BRI P00/ B B H R B M BRI I 5
AR T T ST A B K B FRR IR
i/ B R RERAR L P L BB L
B, STTERENE 0 B SR L R

B R SRR S S 2 2 41 A
T AFH TR AR TS S50 5 B S TRk
WEEH 55 L OB, T T 7 4 5 5 SR O 4B 1R
AR, B TR D s, BTk A A
T A 0 R O R IR 9 1 B
0. ST ARG TR PR 1% 1
2 R U E S (BT

2.3 BMRBHREERPHUAENL
Tz

IR AR: FH AT BE AT A VRS O v SR LA
RSB I W o A% 55 DD VE I
FEE TAT IS TR, S TRT U P2 35 | Y I A
b, AR I AR TR O B AR ) i 5 )
i, KR R R R R W i A . T 13RS
IRRIS ARV E T AR 25 AL AL, R
Ten R ARG AR X FIR AL S0 8 VR R 1 I A o e o
PEATHEHE o S8 & B, FACHR A0 V00 ) 0 e L T
1) 2 A4S AR Yt S5t 8 A 1 W S e e ol i LA
JEI RIS, B S A R 14 5 /s
WA 0. 1 m/s, WA 15 m/s Bif
— B ) I N W R R S R R . AEAR U
B, 8 SCPRBR I S 3 A 1 ) 0T Sy YRR 2
FEmEWEHE A Z, B e =0 i),

FEF AT G B B, PR 0 VR B AE g i 1 Ak
JELRE AR, A AT W T DX, S 8 R 1 24 BRI 2%, rhols
SEEPIVERTR S A s SRR A, R
TG 22 23 ALY S T A A ol A7) S 2058 1% e ™ YRR 5 7
HUSERTT R Ahiz 3, R i TS0
(BB I 7 A AR v, ZE R e SO VR R R, S it v
S ) 5 XU 25l o 7F ¢ = 7.3 ms B, 537 30 XL
M BEY UI 20 . BT U022 EL A S 55 ik
T AR P R BLRURRAE B TR S SR AR 2 3l
77 ) b AN [R) S B P AR 2 U L AT UE B
S, IR LB U128 . Fe4T1 & 30l T 3R
FEE SR Ay ) b 22 5 VR ER T R A B, A
XARENVE T, PRAR S It A P30 XA 11 30 5
VI, 55 Y0210 B I8 RN & J A1 1 AR e ¢
TR FITE AR T AR SRR 1 55 1k Bl
B S S — 2R, 5T U0 2 R 25 5
K, W B B2 — 20 A5 G T A A R, LG s PR
TR EAFAE 22 PR AL , Ty 24 i A8 Rl e |
2245 SRR AT, 75 KU B AE A VR R SR AR
Wi 22 MR % (e =14. 8 ms B %)) . 5
W [T, PR TRV S 1% = T2 1l 1) DR VBB A 3% ThT
K FIAE I WO 1A R A YR R IR 22, 3 6 i 3k
FR 22 AERE A E T i — 20 78 I R e . DAIA
HaT LA 5540 IR B0 /N 22 93 A #E 1 A
Mo AEXTTT T, T AU 32 A8 5 e 5 555 , 3600 XU 9
FEAERE AR T 23 1) 85 KU RS 2y, A o 75 XL
TR P E2 I R, I 5 I A R 485 4 1) Y B A
W22 (It =19. 1 ms B} Z) .



164 rh

[ B2 B R4l

u=14.5m/s, u,=0.1 m/s, u =15 m/s
g il ol

1=2.4 ms|

BS RRAFREERPSUBRSERE

2

Fig. 5 Transient atomization of annular flow jet in crossflow
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Fig. 6 Transient atomization of annular flow jet in crossflow under different conditions
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