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Linear stability analysis of conical liquid film with

coaxial annular gas flow
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Abstract; In order to analyze the atomization mechanism of gas liquid swirl injector, a temporal linear stability analysis method was used to

investigate the conical liquid film with coaxial annular gas flow. The dispersion equation of a conical liquid film with coaxial annular gas flow was

derived and a prediction model was proposed to calculate the parameters needed in solving the dispersion equation. The results show that the film

thickness at the injector exit decreases with the increase of pressure drop while the spray cone angle, liquid film velocity and liquid film axial

velocity increase with the increase of pressure drop. The sinuous mode disturbance wave dominates the breakup process of conical liquid film with

coaxial annular gas flow because the growth rate of sinuous wave is much larger than that of varicose wave. When the gas flow velocity is small, the

increase of gas velocity reduces the relative velocity of gas and liquid, which weakens the gas liquid interaction and eliminates the growth rate and

frequency of the dominant wave. Finally the breakup time and breakup length increases. However, when the gas velocity is larger than a critical

value, the growth rate and frequency of the dominant surface wave increase rapidly with the increase of gas flow velocity, which in turn lowers the

breakup time and breakup length immediately.
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Fig.1 Schematic of conical liquid film with

coaxial gas flow

(a) IEFZRLX

(a) Sinuous mode

(b) Mkt
(b) Varicose mode
B2 HETE IR i
Fig.2 Model of surface wave on conical liquid film
BCHE TR WO N L A 3 T RY 2% B A N
A (D) B,
{771 —1;]1,0'3 (1)
N2 =M2,0€
Forbom R IHIRIE, PAR 1.2 20 U
W BRI, AR 0 FRWIIIRAS sk =2m/a AU
FIMPLPEL A AR PP 0 = 0, +io;, T
w, FIRRM PR, FET o, 7m0 P HE I E]
AR, 2 o, SRORINHASH R TR AT E
Jolie A Hs i sl il LAH Laplace J5 8 7E

i(kx - ot)

i(kx - wt)



52 4 B, 5 VBB AR TR ST R PR R M 4 19
Vi, =0 (2) BRI (10) A (1) FEW 2 g,

b, o, WAL SR %, =0,1,2 4 BN
R R P SRR AR . ZERE AR AR T, 48
Bl JE AR LASE SN -
b =G, (r)e™ ™ i=0,1,.2 (3)
P (3)FRA(2) AT LUEH .
rzG"i(r) +1G!(r) - (kr)zGi(r) =0 (4)
ZITFE N Bessel Ji e, LR Ny«
G.(r) =Ad,(kr) +BK,(kr), i=0,1,2 (5)
X, 1) A K, EE W Bessel PR
P KRR T 260 WS e i R A% 1 B ok
N0, BEANE TG 5 18 4k AT LK A% 1) Bt 5l 5k B R A
0,H0f:
V(r)=%(‘ré=0,r=0,oo (6)

by b, FRAZ(6) 133
Al (kr) =B,K,(kr) =0,r=0
{Azll(kr) -B,K,(kr) =0,r=o
ol K (0) =,1,(0) =0,K (=) =0,
[,() = Jll B, =0,4, =0, T2 (5)%N:
Gy(r) =Agly(kr) +B,K, (kr)
{Gl(r) =A 1, (kr) (8)
G,(r) =B,K, (kr)
H TR S T B A i s e, 25 B S A 5
FE AR, P2 AT 1912 Bl FLR AR
M,y 9m 9y

(7)

+V - =U, r=a
at 0x or
d d d
My I 9 o,
at ax ar
0 ) ad )
£+V2ﬂ—72=0,r=a+h
at 0x or
d d d
My 0 90
at ax ar

HH AR AT Y ) 0, s 2w, 3 g2 i
FEAN
pgl(% V ail) -pl(% Vi %)

+V + Vo
ot ox ot 0x

Im o m
=U( 1+7;),r=a (10)
a

ox”
dd, dd, dd, db,
pl( oo T Vo ax) pgz( a2 ax)

62
=0’( 7£2+7L§),r=a+h (11)
ox a

Hrpa =a/cosB,
(1) K (3) K (B) AKX () 7T LU
FEA, A, B, B, , fRH 7R (3) A (D AA

120, A2 [ SRR TR SETE 00 1) € BT
FE(12)

M N
o —pleE+(p1C +P5 )(plD +”¢T)] N

N
o' [ 4P VIEFE ~2(CVylp, + MV p,)) (p]D +P2 ) -

pglM
k

2(,)10 + )(DVOkpl +NVipp) | +

1 N
a)z{ [pgl V?]CM+O’( -K +g) +p, VQOkZC] . (p,D +Pg27) +

M
4'(CVOkPI +MV1Pg1)(DVOIq)1 +NV2Pg2) +(plc+ps;£ ) .

|
[ pngZkN+a'( —F +7) +p VD) -6pfvgk2FE} +
. a
2 2 1 2,2
® —2[pg]V1kM+0' K+ +pVik c] .

(DVikp, + NVop,) =2(CVokp, + MVip,, ) -

[pongkN+a'( -K +%) +pr§k2D] +4pfv3k3FE}-
i a
1
pLViK'FE + [ p, kaMw( R +§) +p Ve C] -
a

1

[pnggkN+0'( -k +j) +p1V(2)k2D] =0 (12)
a

Horpr

1
S
kE(a+h)A
K,([k(a+h)]l,(ka) +1,[k(a+h) ]K,(ka)
€= A
K, (ka)I,[k(a+h)] +1I (ka)K,[k(a+h)]
b= A
A=k{lL[k(a+h)]K (ka) -1, (ka)K,[k(a+h)]}
1y (ka)
1, (ka)
K Tk(a+h)]
K [k(a+h)]
A (12) BEA R /NI Bl Bl i 25 % 22 1k 1Y
R D(k,w) =0,

2 S5t

2.1 RBWIE
Xof L MBS I, BT 8IS P 000 60 A7) A A
By ik, HL MU AR FEAR TR, RO
Pg =Pp =P,
{Vl =V, =0

(13)



©20- e AN o 4

41

P (B RA @ HOTT R (12) 7] LU 25T
TR TEEAE LB A T 2R R e A 1) 5 T 7
C,w' +Cw’ +Co* +Cow +C, =0 (14)
K

M N
C, = _PIZFE + (Plc +ng )(PlD +pgT)

N
C, = [4,012 V,kFE —2CVOkpl(plD +pg7) -

M
2(Plc +%)Dvokpl]

1 N
C, = {[0‘( -K +€7) +p1ng2C] (plD +pg7) +

4(CVikp,) (DVyhp,) —6p12 V(z)kZFE +

M 1
(plC +ng )[0’( -k +d7) +P1V<2)k2D]}

1
¢ ={=2[o( =K+ 5] +pviRC] (D) -

2(CV,kp,) [0'( R ) +pr3k2D] +

a2
a

4pfvgk3FE}
C, = _pfv3k4FE+{[a( -k +%) +p]V3k2C] .
a

[0’( K+ ) +p]V(2)kzD]}

B Fu 250k S5 2] 10 4 VR e 0y R
T AR ) AT B 1 [+ b A 1 S T YT
O R IR
2.2 BEAEKE

TEELS A WUNE  TAT, 52 B DI 2l 1 18 1 1) Ff o
i i) 023 [ A8 A, BRI, £ 8507 R B BB 23 S 4%
o LRI S URER 58 TN 1 G 8 V1 R s e
PRSI o I TALRRUE PR 0 i R0 23 TRL RS PR A ml A
TR B2 2R MR G, I 28 B 5 1 40 T LA
HE— 254 BT A B 5 S 20 X0 R R T S A i R A
FE o M THABE S RIREE I RS
I )R PR T 4 et T — 3 SR e R
SEVE T T B S W RV AR T ST R A 28
PR ENE

H T2 6 AR ke A TR TR R B A/ N I
BT (R FFREWGE, Chauhan ™ % B FUA 214 3 5
HENT 177 w/s IR A 4 % R RAE /)
T Lo M I 11 980 B 3 0 K, An SR T W
SR IO — X AR E 1
2.2.1 B Koo A st

TEA T SR A1 A 8 7 2 E W
TR IEESE by I5THE Y N AR a, 55 F4E A B

>
SES

- K

R IZ B Vo SRFIHEA TG SR 1 g0
A 5 55 2 R T A A
Domi 2 L\ %6
hy =1.44(7° ”“‘1) (i)
pIAP, D,
m, = C,wR; ./2p, AP

2 2
R, —a,

ay, =R, —h,

2/2(1-¢)
Je(l+ /1-¢)

(15)

tanB =

V=
’ Pl’ﬂ'<R§_a<2))
V

a

0 COs,

Forpr h W BRI RE S, Dy Sy W
18, Ry i 1A BB AR Ly W KR, @
OB TE YR A RO IR R, V, S D
TR 1) T E , V) IR B 8

MCESRBRIR] LU 1, W H S50 v
LA LS EOR Ko X BUR ] — A E A
FHCy =0.27 (0 AU WS 254 2 B0
Dy,=4.7 mm,L, =40.05 mm,D, =10.2 mm, L, =
10.2 mm,R, =1 mm, 4, =90°, HH, D, Nighi =
HAE, L T E KR,

T I EE 11 Y I 38 M 25 1 £ it o
TEIE R AR AL - e I 3 Fis e MR Rl LUE
H A W A P 8 A, W S 11 9 R 5 58
P/, A 1230 wm J8/E] 920 wm ., 55 IR AR
PSR B, W57 55 S A3 Bt 6 T8 3 1 3 £14 48 R i 34
R, DA S20BE N E 78 AR IR B0 T WA AR el [ 3k
JERG TR 4 g o Bl A T T R 1 Y
IR, WG I Y T Y00 0l 1 3 2 DA 4. 94 m/s B R F)
19.13 m/s, 5 2 5 B Y 4338 N S. 51 m/s 30

100

o 0
1200 4 \ —0—2[3_90
oo 180
a] /O/O

1100 4 >9/0/0 170
g Z
ii /o \n\ 160 S
= 10004 © =N I ®

\D\D
\D\D 40
900 -
30

00 02 04 06 08 1.0
AP/MPa

B3 I R 0T I L 11 9 552 12 A
M 5 1 A Y RE
Fig.3 Effects of pressure drop on the film thickness at

the injector exit and spray cone angle
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