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Abstract

Abstract

Swirl atomizers have a great use in air-breathing gas turbine engines, especially
in aerospace propulsion area, as they have excellent atomization features. Meanwhile,
it is cheaper to manufacture swirl atomizers than other atomizers. To control
emissions, it is essential to design some swirl atomizers that can produce spray with a
particular droplet size distribution. Thus, the influence caused by different atomizer
geometries should be well explored.

In this dissertation, a new CFD software, XFlow, is utilized to predict the flow in
swirl atomizers. This software is based on the Lattice Bolizmann method which is a
mesoscopic way to describe the behavior of liquid and gas. This CFD code is
validated with experimental data from the University of Cincinnati. The data agree
well with experimental data for the film thickness at the exit, spray cone angle, and
some other parameters. The numerical results are better than the results of empirical
equations and theoretical methods.

Using this software, XFlow, a particular study on swirl atomizer performance is
proceeded. Different geometric parameters have been studied in this dissertation, such
as the ratio of length to diameter in the swirl chamber (Ls/Ds), the ratio of length to
diameter in orifice (lo/do) and the swirl chamber to orifice diameter ratio (Ds/do). The
swirl chamber to orifice diameter ratio Ds/do has the greatest impact on atomization
characteristics. The atomizer performance is detailed in term of film thickness at the
exit (t), spray cone half angle (0) and Sauter Mean Diameter (SMD). By analyzing
these atomization characteristics, we can provide some suggestions on manufacturing

swirl atomizers.
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H %

H%

B s |
ADSEFACT. ... I
BB Il e 1
11 FIREREIE YN oo 1
1.2 BEORBBIBERIIN ooooooesieeissssssns 1
1.3 BILRBIEERIMIFGIIR. ..o 5
1.3.1 FEAMIFFEIHAR cooeereeees ettt 5
1.3.2 [EPIIFFEIAR covos e 7
1.4 ZRITHIGEPIZR oo 9
BE ETHRFBUREBHER XFlow BT, 11
2.1 BB FBIREEBTTTE oo 11
211 FE T EBIHL oo 11
2.1.2 METIEIRIE B TTVE oo 13
2.2 FAETIZ DT IR XFIOW. ..o 15
2.2.1 XFIOW BB oottt 17
2.2.2 FEEHEREGRE L oo 19
BEE BORABERBETESE .. 21
3.1 MEBEMIIEAERY 21
3.2 XFIOW HEIEE ..o 24
3.2.0 JUMATAETL IV B oo 24



FT XFLow B i 0 U 25 AL R 2 #7

3.2.2 R RIEE ST (oo 25

3. 3BT EIEIE ..o 26
3.3.1 BUETTFEE T IELE R oo 26
3.3.2 WM T ZARFPE S BRI (oo 33
3.3.3 LI SHUE T IEFIIRITEL (o 36
3.4 ZRFEINGE ....oooooe e 38
BIUE BB T o, 39
4.1 BRI EE ST 39
4.2 BLABE LSBT TEHEMERRM ..o 41
4.2.1 FER B RKAL R AR ATTEI (v 41
4.2.2 Wi H T RKAR ST BRI o 45
4.2.3 JEME A S H O EAZ O Z AR BIRZIA 47
4.3 BRI R RAITIIT oo 50
B.3.1 FHIH LR vttt 50
4.3.2 BKIRTEIIR oo 52
B4 ZREEIPNGE ... 58
BHEE BIBEREE .o 60
Bl TAEIBEE oo 60
5.2 THERRER ..o 60
BB oo 62
B5rQE 2 Tl w13 1 o OO 65
S5 T 66



FT XFLow B i 0 U 25 AL R 2 #7

Table of Contents

Chiese ADSTFACT .........cocuieieie e I
ENglish ADSTFACT..........oooiiie e I
Chinese CONTENT .......oouei e e 1
ENGlISh CONTENT........oiiiiiee e e \Y/
Chapter 1 INtrodUCHION .........ooovviiieiie e 1
1.1 Background and SIignifiCaNCE...........ccueveiieriiri it 1
1.2 Brief Introduction of Simplex AtOMIZErS...........cccveveieeie i 1
1.3 Overseas and Domestic Research Status..........ccoocvveieereiieniene s 5
1.3.1 Overseas Research Status of Swirl AtOMIZErs .........ccocvvvvvievenenieeresie s 5
1.3.2 Domestic Research Status of Swirl AtOmMIzers.........cccocvcvevveveiviciieece e, 7

1.4 Main Tasks 0f the TRESIS ....cc.iiiiiiccicc e 9
Chapter 2 Lattice-Boltzmann Code XFIOW...........cccccevvevieiiiiiieieenn, 11
2.1 Lattice Boltzmann Method...........ccccoveiiiiiiiiie e 11
2.1.1 Lattice Gas AULOMALA .........ccveveiieiecie e 11
2.1.2 Lattice Boltzmann Method ..........cccccveviiieiiene e 13

2.2 KFIOW....oe ittt 15
2.2. 1 AUVANTAGES ....eeeiieeieeietete ettt bbbttt 17
2.2.2 KEY TECNNIGUES ...ttt ettt 19
Chapter 3 Numerical Calculation of Pressure-swirl Atomizer .......... 21
3. L PRYSICAl MOTEL ..o 21
3.2 PrePIOCESSING ....eitieiiieeiie ettt ettt et s et e e e et e e s e et e e s reeereesreeaees 24
3.2.1 GEOMELrY PArameters ........cccoieiiiiieiieie e 24



Table of Contents

3.2.2 SIMUIALION PAraMELErS ......c.eeiiieiieiie it 25

KIS I 0o 4o o - 1 1< o] o F USSR 26
3.3.1 Results for Constant Mass Flow Rate through the Atomizer...................... 26
3.3.2 AtOMIZEr PErfOrMANCE.......veiiieie et 33
3.3.3 Comparison with Experimental Data and Numerical Results..................... 36

3.4 Chapter SUMMAIY .......coiiiiieieie ettt 38
Chapter 4 Comprehensive Study of Atomizer Performance.............. 39
4.1 KEY PAFAMETEIS ....oviiiiiii ittt e h et e e 39
4.2 Effects of Geometric Parameters on Atomizer Performance....................... 41
4.2.1 Effect of Variation iN LS/DS ........ccciveiiiiiiiieic i 41
4.2.2 Effect of Variation in 10/d0.........cccoiveiiiiniiiie it 45
4.2.3 Effect of Variation in DS/A0 ......c..ooociieiiiiiiiie e 47

4.3 Research of Droplet from Pressure-swirl AtOMIZEr........cccoceviveveiieeniesiennnn, 50
4.3.1 Droplet DIAMETET ......c.voiiiiiieitiiis e 50
4.3.2 Sauter Mean DIamMELEr .......cccoiieiiiie et 52

4.4 CRAPTEE SUMMBIY ..ttt bbbt 58
Chapter 5 Conclusion and Future WorkK...........ccccooveiie e, 60
T8 0] o [ 1S T o SO STOTO SRRSO 60
5.2 FUTUIE WOKK ...ttt nee e nnees 60
RETEIENCES ... re et s 62
] 0=] T 1 SRS 65
ACKNOWIEAGEMENT ......ooiviiiie et 66

\



B Al

11 IREREEX

FEREAM A TR A T S =R, LI RE I B RSR T MRS FE R i
RENWUIBAR S, B, Hisksible T WLEEm S, R0z FAK,
MR E A N R BB O B R 22—, HARBEE R IE R 515,
PR a2 NN o & e O b 460)- A D ST P EZS Ve 2R SN
WAbe =, EIREEE S AR, e SR AR 8 08 £ R R e a) P 52
AT RIS, RIS S R % moR RN B P I, nfRgisi e
MRS P 55 A ot e, E TSR R A S ARG I, — ELLUK, T A S L
T, #EAIUNEE,

XEFIRBET S, ReRLE T S0, i S5 2 H A2 3 B IRE R 52 fih
THIAR AT BE 8 SRAG B il R (I AR, SRR L I T 5 %
FORATIR G R IS 10 [0 I RE A A6 45 UK BN 5, AT B8 K
WA X 388 LA B 5/ (35 e . DR, 3k LR BATTX T B A R R
WIR, RIS T AE 8 A AR P B 70 A A SRR s sh A 78 0 i T
fif ik, BATFEEXEA AN IR AT, AR S AT R R TR R
APER) TAR, BOA S RE 2V 2 R R I, HA R IR H E B
H AT FTE F 0 7538k 7 B TSRS IR A L 2 Ab, SN KRR B e S0 7
A BAE T VA o AR SOR A I BUELTH 50759236 5270 H B0 ok 6 88 o 2
S AR B A R 2

1.2 BN FEILHIE E 1

M SRR, W ) 0 SR ] R EORSE H iR . ThRE . MPRISEAN R SR Aokt
A7, BRI oy A AT DU R 1.1 R k.



FT XFLow B i 0 U 25 AL R 2 #7

YRR FH I
ARSRIE I

G 3

i
i
B

=

=
1 55 M

I e

~

=

o
g
5
b

Bvj]

l]jfilf 20 '<
He

I <<

Ry P

AN

BRI

o S
\*ﬂr<

&
g
F
B

oy
i
=
=

~—
B 1.1 Wk oK

RSB B AN ) S 2, e 32 BEmT DA A3y B A U . B,
o3RI EAE, N TE R TARHLEE S 50% B B AR AR

1. B

B R T2 B TR NS SR A 2, b R SR B R S
SEATLI Iy 2, R 455 A o S A SIS 2 I s 1 Al

S5 2P R A S P YR AR LE v T AR e B P A B N B SR v,
TR TSI 52 B A B2 DA R 45 J B4 2 8] B A AR A LA NSHATIR R
TRAREAT RS /N B S5 ARV o ER T B2 Qi s v J LA AN G T B0, ) 1) 3 e A
U AR, REMEAIR KA A=, IR B R T S B K 7 51 B D R
SR FR S B (R, e BB, FnEUE R E A A, DR
FERLE T A B ZE R Z A RCR G B .

2. B

S B 1 AR TR A I — A s IR W TR S (A P AR AR L
8] B U] KB AR, AT Ak 7= A 55 A o S Bt i s (i 35, 00

2



W 4R

T ORI R BN LB ML/ o H R AR (1 dik R 25 1
BN, R T FARCR s LEROR, 24T BRI 2 BB 78 43 1)
W, AR S T BRI R AT b R AE T B . RS A
Jeahrafa E e 1.2 .

Il /=S
[ 5=
BN i

Bl 1.2 <3 SN L5

3. Bl

AT T 12 B L I W AE SEBRAE F P BAT KRR, ZERR T 2R ST 5
B, EHEERH T RN MR BREENL AR ol AR b A R be
Wk, M RGNR TP T A AER, RN IE AT TR R e R4
DLR ARt B s 2 B AR A5 B U 92 ORI, U s L
WM, i AIE R R, B Flid, HEE RN RSB th r] A& Bk, [
IR A AP EENE, RIEFIIZSYERE, HIE A 25 PH 285500 i, B0 g
85 R b b RS PO M L AR SR, AT DA A ELAR S NI/ N AR . IE RO T
BEARZ AR, B0 SRS RS R 21U KRN, o — MEARZ AT
A 32 B 2R L



FT XFLow B i 0 U 25 AL R 2 #7

Jiedt = FEB

e BB (i B

i =
Lo > 2 0HE
o
= [ 4
e TRPSWE |
-

B 1.3 BB S 4 e B

L UM A SN Gk T AR ] 1.3 Piross st AT i ) 8 0 S W F N
PR A e 28 AR B IX =3 2, fELEERl 2 b, B —Leiif 4h
1y, LI W AR — ANy URY 5Kk B, BN T RES IR Sk BLIs 1T
TS 3 SOy PRAR ) S A HE AT 10 RS 207 1 Je A U B8 T RS AN TR BT e it = Sl 2k 1
JrTel, AR SREIE R I, TSNS A . (HIC IR miME s R E R T
i, A AR R Bl AN s SR A e Ul i A s N e =, 12
g 5 PN R VLAV W s A BBE T Jie e, Tl T B8 00 JT IR A, TR s D 2R Ak 27
oty HERW PN i W N TS N b sl Shnla oo/ P TR LS 282 7
e Bl i e, HEH I I o 9B 8 1S 2 R R E A (R, TS0 )
IR A UR IR TS RS, — BRI B T I e o, PR Bz i A2 i L
ARAG ARG » VB 2 T RO 8 22 LB ) B 2 ASUBT 7 2R KB 0 AR U (R 3R
AR EEINK, T4 2H 1 J3E S 5 K B 80 e A 7 A ™. F R B o
MRS 5 A6 SSOR 1) 2 B0 T 2O oA HE AT WAt ARV )5 P« S ARV )P 25 L

4



B Al

REEZH . WIE AU I AR B E 5 IR 5 2B RE, R,
T RERSATAS IR AN S IR S R AT, AT I 0 T RE 8 7E AR = TUE 1A B 510
HH 3 A2 TSR A R T ST,

FECOR o BT I TR VA 25 PR 45 A R T B, (ELR L N SR IR is sh AR N 2%
T3 N BB A AR AN RS S T AE 311, PN B DX 380 o e [l 2 A, i e o i 2 R
AT AR A A S, X I T s B AR e Mo SR 2 B A R i
JURTRSFERS /N, DA BRI T 500 ik, X S8 T BN ERias &
e BN, 7 ReE LI R AR I B, B ER BRI AHAE A, G e
B A Y 14755 LA R THOK

3 S S HR R A AL 28 R 22 B AR A2 I S 56 2 ) F IR S 3 il A 17 R RS 1
R A @ e M ARIREE AR, KB T P2 ARG R Wb
TP T ) @) 75 SRE A 7 A TR S i U v S T B RO e aE EAT 1
iH, MBUE T E IR R Z A8 AR T AR & s B ae ) i e A S Tt
R T . IR S R0 A AR R A AT W AR A FE IS,
ZEH T RZHAA5 o 2 H T3R5 O T € 1) LRR e 25 PRt At AT
FR) N FH VB TR A TR

Zx bk, @SN ENE SR I A S — AR AR T, XFEA R K R
B0 U P IR 1) S B iz Bl R B8 R s BT R I S AR i K
PR A S 5 7).

1.3 BiLNIEE ERIMA R IR

1.3.1 ESMARIR

FF BRI B IR, FE ke R 3, Abromvich fE R & KR
SRR T 1A IR0 B N A SR U R RS, R AL 45
B VAR E R ZUHEAESHE T UTRIESEC MRS R, 2T 7T
BN KB FE AT R, Novikov JUIF AR %S FI A RS T4 S<mi g
H VRO RE (¥ 23 2, AT 4 D 0P P — AN A7 5 8 L AT 2 5 1 e 40,

X B P YRR S H 10 45 X I B R I SR MR R

5



FT XFLow B i 0 U 25 AL R 2 #7

T Jexs T B0 U IR T SEER AT 78 (1) 52 Horvay AT Leuckel PRAZE}
o, AR I AR B R E 3 S5 A 5T, 83 SO 2 3 3 I ST & Y PR
St e) J V) i B, iE B T b AR AR, Holtzelaw 1 Jeng #HE—E 11
JURTAME A TTHIAE 20 TR, R PIV BRI E W0 9 s 8,
TIE W W N 8 SR B B 7 T 2 [ 1o 1, BRI 28 PN, VBUARRAR T [ra) 5 e 1
HE 2 Ab, TR A A7 A R 1 [ 9 X sk 100 e N i 4 0 v 3R A s g
140 PRV NI 5 I Y 1 U JE5 R A P o T W s e 4 1 T e 7 A P48 1) AR
WA, WA 4R — W BRAE I, 4310 75 1A AR A A 7 A nl LR g
Cooper Wi KB SLIGHF AR I, T80 UBTHE N 7 P R & /N ik
TGERY, AL N R S B A R =T, Taeock UGS WA LA K
CCD LML T B0 2N A SRR B I 0, BT ST 1 IR ksl x T e 554
N WUIRE LSS AR R RE T, AL AR —E AL, HARMEARE, R
AR TS Y 110 S R R I3 — 2 F WIS P S 10 ik 3 B S S AR B ),
BTN 1.4 Fros WO &, i i it R I EE 1w A
VR AN IR S B B 1 A R e e A o 1 3k 3 i S5 T BT A IR B Tk
R 0T O AU R AR B A e B ARG IIVEIESE R, ik mT DL —28
e AR BRSSO n IR R S I AR B RO B

B 1.4 WEmEH O R A

FEEE X B Co U HE B 78 24 v, Lefebvre BT IR SR AR Al X B9 0 05

6



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

