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Abstract: In order to numerically study breakup characteristics of the liquid film of liquid—centered swirl
coaxial (LCSC) injectors under different operating conditions, the adaptive mesh refinement technology and cou-
pled level-set and volume of fluid (CLSVOF) method were adopted to capture the gas—liquid interface, and the
improved delayed detached eddy simulation (IDDES) was used to simulate turbulence. The break—up mode of the
liquid film, spray angle, break—up length, and flow characteristics were analyzed. With the enhancement of the
gas—liquid interaction, the break—up of the liquid film is mainly caused by the dominant surface waves, Ray-
leigh—Taylor (R-T) and Kelvin—Helmholtz (K-H) instability, and air—blasting breakup. With the increase of
the gas—liquid momentum flux ratio (MFR) , the spray angle and break—up length gradually decrease and show a
gradual trend. It is found that the dimensionless spray angle and break—up length are proportional to MFR™. Al-
though the operating conditions are different, the main flow characteristics are similar when the break—up mode
of the liquid film is the same.
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Fig. 1 Liquid-centered swirl coaxial injector'”

UE LA 2K B X LCSC M Mg 155 257 4 M 10 B 5% 2
AR v 7R S0 B T T o

T S8 7 1, Eskridge 5" & BUAE [A] b 07 09 1
FHTT B B T8 W0 R385 7 9 8 1000 S T ) JB a3 2% ik Bl
WA N T B e MR B R (37.5m/s) I, T i
50mm V- [ (14 ¥ AH T A U 2 Ik B L4 2K . Eberhart
SEHOTR T X i R 6 LCSC Mt B B S 25 UEA T T
e B A A MBS 5 A A7 DN 50% B TR R R 4 K
20% ; 3 H. % BEAE LCSC Wi By B0 e 55 rf , X U 2k fiE
% 5 A 285 b W B RE B L Im SR B LCSC M R
) W% 55 4 ) B UK B B 08 LG B MFR A3 M)
Homs 250 25 15 [a) b 5 D) 2w e 2R 8L, LCSC M I Y 42
[1] SMD (Sauter Mean Diameter) 53 47 42 B HY i 7 ffg 25
OHETE Ay A o A% 7 AR AE O R TR 4 3E I LCSC Mg

HE A A /N, RTRE 4 w9 T B IR A 4 S N
M) BN e | AN e B o e B L S e
o W K F 46 HE A i CRIAE F I B SR A ) WO
SMD /)N, B4 48] A BRI L Tk BE A% ek
2 WM 1Y) 25 (L PR RE s A AE — A48 E R B BE BB 6% i
AL R TR R X RO R R D 5 A AR TR A AR 1
T, LCSC M 1) 55 Ak M g O 1 ) il 5 010 =X g
Kang %538 2 52 96 B 5% 1000 J0T 4k L 28 LU 8 07 AR <
i H (Gas—Liquid Ratio, GLR) %} LCSC I I 5% 55" 45 P
SR A T RO WA T NI I T N N R R A <]
VT ORLAR - RE T A R S5 43 S AN T DX Y
GLR e /INEE 5 W55 55 43 Ry S T 3 DX R AR B8 A o I
4 GLR R RIS 5 55 73 S 5 55 vt (o 2 O
YEFH X A 25 A0 [ = A8 43 o GLR W38 KA A% [ ot
TR R Y A AR W SMD B AR T 43 A A
FRU 5 W), {42 1) SMD 43 A 1R 25 0 HE B 728 SR {8V
W, A8 R A NTIE o

FEFRIS B 5 J5 T, Hu 55540 T LCSC Wi (1 2
BB 7, O L R v B RS KRG 5 T R
D5 ¥ 0 T SEPE AT T LCSC M 1 3 R R TR
Wit FuZEBIE T LCSC M i 3h 1 2 Rk
W5 LCSC W Mg 43 o0 4 1F 25 F0 455 1E 25 100 04 38 4%, I B
WA 5 AR A = N A a0 A AR B T
W R R AR % XA TR ) R 0 R Y 15 3 R
oo Ay HTAS B IR R R R L A R P ERRE 65 U
N T I R IR 0 (R e N, TR Ll R4 B L
DU F8 % 388 R 1 I 2R IR 9 1 () 3, {H X 4k
SR T R AR B B AR AR R A N . B
S ST S IR SR AR T Il S T T T Y
B R & I Y P A S R /N 8 R R
JEE A 45 W T 3 3 TR U0 3 R 9 K R I T A R
P ) A2 K BB AR K B G R 5 Y R R e R A i B
{ELI , B 5 SR B 9 38 K, 5 3 T I AR N K
R R AR (R VR B AR T ] 4 T A R S

JRUE Xt LCSC g ( iF 58 & 24 L HAR B g s,
AR AL ER AT SR AN ELVE M . Hh T 5 209 SO AH
VR VA A A ) R BT R L R O L Sl
ok R G B AR A R R AT VTR R 1) T A AR .
1T BB SE LCSC W B iR LR i AR 2L A AR K1
BE PR, A T oK Bl T B AL s A BN A BT
i1 2

H T LCSC W5 Mg rh 5 K 22 A0 Fil 22 RO 19 3 3 )
ML HEA S RA G EAEAAER R AT



1524 ot

/N 2021 4¢

CLSVOF J5 ¥ 3 F SST(Shear—Stress Transport) k-w
Iits it B4 U () IDDES (Improved Delayed Detached Eddy
Simulation) —SST B A | DL Ko [ 3 K 190 4% 240 1k B2 AR, XF
ANTA) T80 f LCSC S W A 00 I Al A48 A P AT 1 4K
ERCERI T

2 HEFY IR

AR SCXF LCSC g I PN 5 T A1 358 38 3 09 PR AH I B
HEAT = 2 B B LF 5 8 2 oK A 4R N-S 5 R A
CLSVOF J7 R #5540 LCSC W5 W 1) Ik 245 W5 7 55 fb o 72
SR B P AS 0] R 4 0 K ORT B AR s SO B TR .
CLSVOF J7 ik B AE SCIR 18 1 1 4t i ik o
2.1 IDDES-SST #&#!

DES (Detached Eddy Simulation) 1 7 & — Fh
RANS(Reynolds Average Navier—Stockes) fll LES( Large
Eddy Simulation) ZE O TR Davidson X I
Shur %5216 J5 4F L iE AT T etk , £33 T IDDES £ Y
TE7 3C i I 2 B IDDES-SST #55 vh | 1] F SST k- H5
TR RS ADL A W PN 19 RS T2 9 30, R LS A 7R A 400 s i
HNERG I o AH T LES ALY IDDES-SST 455 7Y 8 1% &)
M AT AR 5 i A T RANS B | H W fiE 4%
it 1 Xt DA 1 A UK O Jit 98 A9 B 4DUKG 82 #2230 LESS
BRI )

TE SST k—w FE7 f FE AL 1 IDDES-SST A5 B 1) ¥
il A Ry

dpk Vi
L+V-(pUk)zV-[(M+a'k,u|)Vk]+Pk—p (1)
Jt IDDES
dpw
+V-(pUw) = V+|(n + Vo | +
5 (pUw) [(u« o, w]
Vk-V
201 = Fpop——C v ol P~ Bow®  (2)
My
KNP UNEE . p HEE w N EE .
i it 266 M 2R B e, E LN
_ ak (3)
e _pmax(a,'a),Fz'S)
F R, E U
500v| 4po .k
F, = tanh {[ min| max Vk s Y , P 1'3(4)
Cod, do| C,d
2Vk 5000
FZ:tanh{[max(Cdew’diw )T} (5)
AP d, 2R Bl T BE T B RS, €, E SCINR
Vk-Vo o
C,, = max(2p0,—,107") (6)

15 SST k—w BERU R, Sy 1 Bl7 1k A6 i 11 X A i

i, FERE S 7 AR b g | AR B P, B
P, = min(u,S*, 10 C, pkw)
IDDES £ FE R [y s 2 LN
Lones = (14 1) Lo + (1= 73) s
X f, MBI R,
fo=max((1-£).5)

(7)

(8)

(9)
H

C

l - tanh [(Cdll.rdl) M]

14

S

t

K>d\J0.5(S” + 2°)

/f, = min { 26:)(p(—901_2)7 1.0}

Ty =

(10)

|||||

TS I 53 530 S I AR A 5 R 5K R Y
PN
SR TR R B L

J. = formax((f, - 1.0).0) (11)
Hrh
2-exp(-11.09-a%),a > 0
fel =
2'exp(—9.0'a2),a <0
fo = 1.0 - max(f.f,)
£, = tanh ((C2r,)) (12)
2 10
fi = tanh((Crry) )
v
ra =
Kd>\/0.5(5 + )

Ej lIDDES%'ﬂJ ’ lLES %H ZRA]\'séj\EIJ y‘j LES KE RE ﬂ:ﬂ
RANS KRB, & LR

Ligs = CpisA
7 (13)
RANS CMQ)
Hrp
Coes = Cpps" Fy + Cppirr(1 - F))
(14)

A = min { Cwmax[dw,hmux], h,.}

Kb, R TR KK
TEF AL A9 IDDES B A v 44 £ % E 4 0, Wl IDDES

P RUBE s T AE R
Looss = it Luans + (1= 1) Ligs (15)
RN G E R I
C, =0.09,x = 0.41,a, = 0.31,C,, = 0.78
Cpess = 0.61,C, = 0.15,C,, = 20,C,, = 3
€, =50,C =187 (16)

W a,B, o, Mo, B k- Fl k-0 B8 A



a2k HETW

TR v 2 T B S I VAR MBS T R A e 0 ECOF 5 1525

HRGHEATIR S AR R A, B0

a=aoF +a,(1-F) (17)
GEIRIPSIECEL NN

a, =5/9,a, = 0.44

B, = 0.075,5, = 0.0802

o, =0850, =1

o, =050, =0.856
22 LA

LCSC W I 25 ¥4 4n [5] 2 fir 7 o LCSC W W AT 43

PR 43 IS I (R rpos 250 X g ) A Ah g i (Ep 4b
BREREE ) o b B0 2 (Y e It & b Uy A ) A
PUAS D] g AT AR AB B 1) A T[] B 90° . AR 25 ) i)
A FHEABERE , M ie i s 5 B Oy
K B, AR5 B3k 0 B0 AUmEE H E o AR A B O
JIAE R T8 BUHE TR W, OF 7 W5 Mg o B U
SRR AN B B B8 U il 1) W SRR B e B L T S
TV W 5 & A 5 B0 0 S0V AH B VR R Y I T A R i
VL 22 R R VR o R ST T I BEHE S Bai 08
56 v BT FH W A R — 3, B RS a3k 1 R .

(18)

N

Liquid ] |
(H,0)

"% 7
I~ %_J B
5
a
o
g
2R/
(a) LCSC injector (b) Pressure swirl
injector

Fig.2 Schematic of the LCSC injector
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Table 1 Geometrical parameters of the LCSC injector

Parameter Value
D,/mm 10.2
L, /mm 10.2
D /mm 4.7
L./mm 40
L,/mm 5

D, ,/mm 9

D, ;/mm 8
H/mm 2.5
D /mm 2

R, /mm 4
al(°) 90
6/(°) 10
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Liquid mass
flow inlet
Wall
Gas mass
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Fig.3 Calculation domain and boundary conditions
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Table 2 Simulation conditions and parameters

Case m/(g/s) m /(gls) MFR

1 80 0 0

2 80 2.5 0.2844
3 80 4.9 1.0935
4 80 7.2 2.3523
5 150.9 0 0

6 150.9 2.5 0.0720
7 150.9 4.9 0.2767
8 150.9 7.2 0.5952
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Table 3 Break-up mode of simulation conditions

Break—up mode Case

Dominant surface wave 1,5,6
R-T and K-H instability 2,7

Air=blasting 3,4,8
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Fig. 6 Break-up details of the liquid film in Case 1
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Fig. 8 Simulated and theoretical frequencies of the dominant surface wave
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Fig. 9 Positions of the speed measurement points

Table 4 Calculation results of acceleration and wavelength

2mm downstream 3.7mm downstream

Point 1, 2 Point 3, 4 Point 1, 2 Point 3, 4
9.0002 9.2309 11.9097 12.1736
Vil (m/s)
10.2965 10.5934 12.6525 12.9372
aaml/(m/sz) 25013.6032 27010.8939 18246.0248 19171.3377
;mal/(m/sz) 26012.2485 18708.6812
Ap_p/mm 0.5766 0.6799
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