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Effect of lobe number on aerothermodynamic performance of
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Abstract: Based on a lobed S-shaped two-dimensional nozzle of a turbofan engine, the
length, inner divergence angle, outer divergence angle and ratio of high to width of lobed
mixer were kept unchanged only with the lobe number fixed as 12, 14, 16, 18, 20. A group
of lobed S-shaped two-dimensional nozzle models with different lobe number were built. By
the use of validated CFD simulation, the effect of lobe number on aerothermodynamic per-
formance of lobed S-shaped two-dimensional nozzle was investigated. The results show that
within the flow field between the lobe trail cross section and the first S bend, the degree of
mixing is highly affected by the lobe number and the thermal mixing efficiency increases as a
response to the increment of lobe number. Within the flow field between the first S bend and

the exit of the lobed S-shaped two-dimensional nozzle, the lobed S-shaped two-dimensional
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nozzle model with 16 lobes always has the lowest value of total pressure recovery coefficient

and neither thermal mixing efficiency nor total pressure recovery coefficient has distinct

change between other models. At the exit of lobed S-shaped two-dimensional nozzle, the

lobed S-shaped two-dimensional nozzle model with 16 lobes has the highest thermal mixing

efficiency of 0. 850, while total pressure recovery coefficient of the model has dropped by

0.289% when compared with the model of the biggest total pressure recovery coefficient.

Besides, the gradual narrowing flow passage of the lobed S-shaped two-dimensional nozzle

can contribute to better mixing and more rapid consumption of stream-wise vortex.
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Table 1 Mass fraction of species at the entrances

of core and fan
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2 HEERS5SH

2.1 RHHW

T HRETR B 2 R 0 3 3 e — A M 78 = 4 A
T+ 2T S A A U U 1) R R I T 3R R R K
T8 256 P AR T A e R A R B KRR Be Ak,
B TS SCrp I A o 0 IS A S B S U2 4L TR A R
R TR BN 7 1A S 25 Ak b % K Az Tl B0 1 55 7, it
A PR A % T lF s A E g 2. F X
K5 DT 37 v 3L 18 308 9 A DA R TR A T AR AL 1 e AR Y
FE L BRI S MR A s A R i 3 9 A8 4k
A

6 25t T R 18 BRI UY R A 15 R
i b AR — R = L T AR SO RS BT A
BB AR LA A [R) 0% PR A T R BCR T Y
TR TSI X I S A T 0 3 (R AT AN S
—Ak.

Temperature

6 UEHRECH 18 B U v K 1 A — T s E
Fig. 6 Non-dimensional temperature contours along
the stream-wise section of model

with 18 lobes



920 it = 3

6 TE BB R BE T M S AR A oemEAE R R
B TARTE B 1R LA e S i B R R, A
LT U ) BOE b VR A A B Y AR AL R R
6 ATLLAE B BOREZ N 3 A8k L, AN
LA TR A DX 3 P 0 A AR 3R A A R I
SR HT 3 1] 308 4 Ok 1 5iR TR A VR D A5 56 4
AR TAT I A TR ) 3 B 3 A TR 2 S s . T
B 1A S Ak # PR T AR TR A X S TR
BEGr A O 28 58 4 v 0 0 Y 495 4 B 7 O RO 45
F L IF LRI 8 B 43 A3 X 8 PN 1R A 3 A T S R
FHIFL 585 1A S BZIF S . B A& N AR I R
TR & I 1 20T 1 R, PR e TR A O DB W 4 /) TR
£ T N A R R T N TSl O o
TH % AT 0 3 A 2 B R () IR S A
I FLERAR DX 3ok 308 B 5 428 1) 4 A1 3% T B AIG. 2 0t
% A5 DX P, AT b VR A A A Y R R R A X T
TR A0 4R B B B S0 55 3K B4 1 50 I TR A RO

WEAh L 7E PR A A T UFR S, S B A R
T 7 728 e AR At 7 A W RS . pl TR 6 TT A
BAASEZE, BT SHGE N FmEE. A S
RUWEE o IR A TR O 1 Al B 3 ) L e (AR
— B IR TR A AR A 1) R 2 1 Sk R v AN iR R
AR ¥ T AR U ¢ GRS AR L Hib A0 2 55 PR T6R 5 T AR
A AT PN TR R TR O LA BB ol 3 D e S A
TR A TS N BETH . 5 P9 TR L o
NP S B G BT N BE T, 06 9K 43 7E BE TH
TR g e R T X 1 R R v e X s R
2R L1 AR BT L X TRHILEE 1A 21 A B B v R
AR . P 7RV T IR A A8 DL &S R
T TR T B, 06 AR T 3R G P R o TR L 4 o
FN WM S BUIR A T T P BE T

R T R I RO Y I 1 A TR R A 1Y
ML BT A RO 12.14.16,20 B U R
) 15 S b A i — IR AL

F b AR A T 95 R B0RE 78 U e o 4B AT I 49—
TR 2 T ) LY A e O e AR Y 7 ke ik
FE G AR 58 1 A S B PN A AR AR A X
Sl b gl B A A S AR AR RS AL Y R IR A AR
V4 U AR 32 1 o TR A A% TR i A L R
PR IAE 1) 30 ) B 38 22, Ak T I ] 168 SR8 TR B PN Ab
TR 1R BE 7, (A5 P8 A0 A T AR TR A DX BN 11 TR
JE 43 A S8 A). B TR A TR AR AE S BUmEAT DL K
oM Tk — 2R A TR R R — A R )
VAR BU X L #9370 A i s T — B U
TE OB IE B, TR A AR T 40k B 4 4

Temperature

(a) PEHEECH 12

Temperature

B [ T .
3 04 05 06 07 08 09 L

0 0

(b) WA 14

Temperature

0.3 04 05 06 0.7 0.8 0.9 1.0

(d) HERECH20
B 7 PREC 12,1416, 20 RIS U [ A I 4 —
RE =R

Fig. 7 Non-dimensional temperature contours along

the stream-wise section of models

with 12, 14, 16, 20 lobes

9 T A A0CR DR e [R] — AT 2% A5 8 X ) ) T



4 )

Kk T3 A 25 - DO B S BRUR & InmHE s U PR RE R T 921

25 LT RS RO N AN iR AR
B SIAE S LN N2 e & A TIIESE 2 B
5T DI s 7E S R AL I D B IX 88 A B e A
DX 38l P o T 3T 1) AT b % A AR AR PN A R I AR TR
TP B T — 3, O BL7E oo WA IX SR 34 35 3
RAF B IR A RBOR.
2.2 RERTHHE

WO FR 2 B 1o Pl T A R T ) R A A A
el A5 I R T PO 1) PR R T AR LA TS AR AR AR Y
HE 43 E T I R TR A/ 000 1) A TR I A 2L A T AR
i) P A T s PR e 2 AR T L AR
A H AR S 1 3 RE ], R T A5 S o T 1)
R DR AT R R S I i A IR A /A WS s L i o
RS X s A AT WIH 1k % i
I 163 3 2 1 B AR e 35 A0 F R

D |dw v
uCOl’E aY aZ

X wox AT — 10 T 18 s weor R ORI 5 1
ARG AR b AR S0 i 1) B o O I A
HEETE Y Rl ) B9 8 w AR AR BE LR Z BT
I (1 73

T ER TR AR AR 3 b R T U ) AR
9 07 E , LM P 2 BT 7E X il b A A AR
Xie» I8 LATEE TR OL IS X = X 8
T PP 2R B R O R Gk I A R 2R A
B E 8 iR,

E Lobe trail cross section
[— —

8 VMR SR AR L) B O 2R R IR

Fig. 8 Sketch of lobe trail cross section and central line

- Jdw dv

wx —

(D

Central line

v

9 R PIECH 18 BRI Tk 4 4
A b 1 B 40— Tk ) 165 8 i s AL

9 N ME KN 18 AL FE L/ D= 0.05,
0.10,0.30,0. 50 AT - 5 49— Ui 1] 354 I &2 = A
IZ VR T SR T AR g U I 1 R Y R R R
. A A A S B th AR AR — R e 1) AR
i 3 AR T8 B4 3 1 368, I LB X 3k 1] 8 A
PR THE i EL A A B0 i 8 A2 R AR . 7E L/ D=0. 05 #%
TAT b T X A S P 1o 308 A A R 1 (L FE R

(b) £/D=0.10
0)_‘- &)I\.
23 23
20 20
17 17
14 14
1 11
8 8
5 5
2 2
) -1
-4 -4
= -7
-10 -10
-13 -13
-16 -16
-19 -19
T -2
-25 -25
(¢) LID=0.30 (d) L/D=0.50
B9 BBk 18 BRI T 4 4 AR kg —
1 0 T s

Fig. 9 Non-dimensional stream-wise vortex vorticity
contours at 4 sections prependicular to central

line of model with 18 lobes

CIRDRT 2 5 AR I RAY R N i = A CR A
S A VR A PN MR LR L B T R i R S TR S T
15RO [ B AL 1) 90 A% 0 DX 1 IR R T
5. LA, —F 8 T 5 SIS 1 3 11 308 Sk i) . FE L/ D=
0. 05 Il 3 1) 9 A% 0 X R iR O 21, 85 4%
MM .76 L/ D=0.10,0. 30, 0. 50 #& @ I, ¥ 17 1% %
O XY I3 (A X T L/ D= 0. 05 A1 43 51 9 /)N
T 26.1%,41.7%.89.9%. M Al WL, 7 L/ D=
0. 05~0. 50 F 1A 2 [] 4 DX sk C R O o e 2% T &2
S5 1A S A X0 U 1) R P AR AR TR G
& ESIEM. /£ L/D=0.50 #&i# NS, i
T 0% 1 5 3 L 0 R IS5 L 0T [ I 5 TR A TR
UNIOE IR NN T B

FE R U IR 18 BRI R Y 4 A 8K
A — 3 1) T s B b AT — A A U AR R
AT 200 0 49— 9 1) 36 % e 0 R R DA R ) I
%0 DXCTH FR 4 LT 2 00 ) 2 s 55 11 £ 1 LR
[T 1 A 1 B R R e e N < e



922 it = 3

TRV R 5 1A S A X, S
TR [ RE THT % 1) RO L SRS B A T RE
T 52 B G 0L A R L S R mE A I RE
TR 320 VT WAL 4, 3 SR OGS U IS 4 PN BE T I B
MR AR ] S YT AE b0 £ B T DX SR L
LI T B2 P 1] 3 i AE TR A TR AR Y T (R
i T b 2 0 ] i ) R G R

K10 Mm%k 12, 14,16, 18 BL AL, 1E
L/D=0. 05 & I #5249 — 3t 1] i I8 12t %k LY 14

(0]

23
20
17
14
11
8

5

2
-1
-4
-7
-10
-13
=16
-19
=22
=25

(a) PR 12

(d) AR 18
K10 W%k 12,14,16,18 #AEI/E L/ D=0. 05
T T A o 2N — 37 1) 00 T i s

Fig. 10 Non-dimensional stream-wise vortex vorticity

(¢) PR 16

contours at the section of L/ D=0. 05 of models
with 12, 14, 16. 18 lobes

& 10 L/ D=0. 05 & b 4 F o KA
X 7 ) ek 20— B 1) 08 5 A s TR RN FE L/ D=
0. 05 B TE -, WA= B2 O 1 168 1 1 2L A 388K 1
LA s I ELAS R ASE Y - 3 1 30 T8 {0 A9 0 A B
TR R, 35 F F IR R AR 5 A HE 5 3 A

K11 k0% B 12, 14, 16, 18 £ A1, 7F
L/ D=0. 30 #& 1 L 15 4 — 3t 1] 3% i 1 X L 1A

Dy .
15 15
13 13
11 11
9 9
7 )
5 5
3 3
1 1
—1 -1
-3 -3
=5 —g
% -9
= ol
-13
-13 _15
-15
(@) BEAEO12 (b) BEAFEC 14
a’}‘\' ﬁ.}“.
15
13
1 11
19
7
5
3
1
-1
-3
-5
-7
-9
—11
-13
-15
(c) I ARECH 16 (d) PEAEECH18

11 PECh 12,14,16,18 BEAIYE L/ D=0. 30 #% i
Aab 12— i 1) i R o s A

Fig. 11 Non-dimensionaln stream-wise vortex vorticity

contours at the section of L/ D=0. 30 of

models with 12, 14, 16, 18 lobes

IR & W AR )35 L/ D= 0. 30 #HE B
2t — BUR K I B A0 5 GA R A B A X
L/D=0.05 #fi, L/ D=0. 30 #& i b ¥ 16 1% 4% L
DX 3 2 B R 55 04 22, 4, 7E L/ D= 0. 30 #
AT PO AR — A H 40— B 1 30 8% et ( BH 0 o
VR A TR Y X8R, O FL B & A 3 % X
3850 ) TR A 2 T A T
2.3 RBEEMETHHNE

P AR I A TR TR A A T T 00 U A v 2 T TR
B fE AR 2 T AR A AR IR A A
T34, AR AR TR A AR A AT L 3 TR A
TTET b YRS VAL A Y I R R BN 5 DXL L 168 B K Bl
HLARAS B HE T 1 25 8, W8 B R s MLHE <™ A= 1Y
ZT AN G B /0N, Ry T e A PN A TR O AR S
PRI AR A T B AR A R 28 10 2, Frost™
T 1966 E4 HH S MBUR AR AKX Z AKX A
FRATF



5 43

Kk T3 6 45 < M BN e S RUR

A IR S I PR RE R TR 923

|1 din— T — T
T Gt + 1) — Tt itne — Tt i
(2)
A T S B R TE L A% BT P AR A IR R
Ry T SR AT XA BT P AR B 0T A O B s Toore
SRR AT PN TR U AR P T B S inore SR PR YRR AL AR ) B
U Tro 4 TR A 100 00 0 A4 04 36 BE S g A S0
ToR T AR ) IO B 9 s T W B E IR A IS T AK
(1% ek BE
T Frost J&3& T — 45 sh A AL HY | ik #4
IRARCRAZ R R & 2% T Ui i 3 2 g iy
) = 4E T B 45 4 B Frost & MLHGR & 3R A
A TR G HER RS T T kA5 2 A
PR A RORME. B, 1328 K R & % (E Frost 48
SLHGR AR A SR B 5 AR R
5 25 YRR A F PRI B 88038 SR - T BT U ) A
T b YR A VA A Tk B G A I 5 B AR 58 TR A RS
(O R SR 24 3 o - PR A RlOR A KL 1%
A EAARFRE T

J(T— Te ) dCepmin)

= DCT) )
Hrp
_ Tmre Meore Cp. core + Tfan Mfan Cp, fan
Trmix - . . ( 4 )
Meore Cp, core + Myan Cp,fan
— 2 o . z .
D( T) — core Meore Cp, core + Tfm\ Mian Cp.fan —

Tf mix(('p,cm T.chorc + Cp,fan fnfan> (5

e, SR T L RS BT PN IR AR Y L R
IS L Cpreore NPV FLAR B R FEARZS ¢yt AN IR
TR HE G AR

X - PRTR G 8k 3 O RE % e o 1 5 2
LU ) A1 TR A AR Y SO A RO TR R
AT DL W IR TR 5 0 JL AT 485 4 o AR B R I 3
e B . PRI A S SR -1 AR A ROR A 5
AR A T AR AR A RUCR.

SR TV A A R [ R R R rh R A RO
FE S B v AR AR B I 2k A & A
LAS S Tam X PRz 8 1 B B, [ BB 2R 1
ST ES 24 STHRmRZ N 2 BrEL.
T SCRE 43 I 5 A B B #RGR A 850 1 AR TL R
T e S B50O0T TR A 2550 114 5 ) R AR

HRAE X - IR G RCR AL B 25 1 BB
5 Fofripk IR ARSI AL 1) ) AR B R il
12 fif7R.

HE 12 A0 $OR A RO th & 75 L/ D=

0.6

05F

0.4 r

n

03r —o— Lobe number is 12

o— Lobe number is 14

02 o~ Lobe number is 16

/ <— Lobe number is 18

o1k ¥ >~ Lobe number is 20
0 01 02 03 04 05 06 07 08

LID

Bl 12 551 BrBeh 5 Rk s O 8 i) SR & 850 it 48
Fig. 12 Thermal mixing efficiency curves of 5 models
with different lobe number

at the first phase

0.05~0. 50 BB B JHE P, M7 L/ D= 0.50 ~
0. 70 BirBe b7t 3 B2 WY S AR, DA R4 18 £
IR 5], iZ R AE L/ D=0. 05~0. 50 FrBE8 -
Th¥E B R0, 8191, i fE L/ D=0.50~0. 70 Ky Bt F-
¥ BT A A0, 217 5 MR /N T 730 44 %, 7E
L/D=0.50~0. 70 B Bz #478 & %% T o B 9
WIRGE B PE  PIR G e T U i
FITEL L/ D=0.05~0. 50 By BEam iR & )5, i
] I (1 g it O 22 AR 8RO (0 45 TR 5 T 44 1) g
J1 2R REAR 3 BOR A TR 0 #UR AR08 I
JE B AR

A, R 12 HOR A AR M A T DLk
. AEL/D=0.65~0.70 Fr B, ff A 1 8 1 $OR
BRCRETHEE M X F L/ D=0.60~0. 65 Fr B
Y prde . T L/ D=0. 65~0. 70 Bir BEAH X T
L/D=0.60~0. 65 FrBe 45 1 4> S k1 ,
PRI I T DAAS AT 2 S JRY IS A5 S T AR A 4 AT DL 4
IR A TR B BGR A RCR T HBEE T S A
1B A AR PR G RO AR AR I 0 S0 1 25 B 22

P12 v, 76 3 1) 3 5 30 VR G R ) R Y IX 3
(L/D=0.05~0.50 [ B, &4~ 8 L #0E &2
SEAH BE AR b Bl D A B 3G TR . SR T, A
L/D=0.50~0. 70 Bir Bt v, 4% Ffr I e 40055 780 11 4
RARCRME B FAH R 4. 76 L/ D=0. 50 # 1
FARBEGRFERMHEMEN TR&SMENRET
6.05% SR #E L/ D=0. 70 A I, IR & % %
AR A XS T B (AL T R T 2. 60 %.

HRAE X - TR B RCR A L B 358 2 BrBeh
5 ol g I HIOAE RV A 1) ) IR A R il £ n R
13 fif/R.

TEER 2 B BE I 1) R X AR A B R I B 4



e L

9530 %

~ Lobe number is 12
—o— Lobe number is 14
—— Lobe number is 16

7 Lobe number is 18

>~ Lobe number is 20

0.60

1.0 L1 1.2 13 14 15 16 1.7 18
LID

13 % 2 BrBeh 5 A SR I 1 IR &
Rt £ 1A
Fig. 13 Thermal mixing efficiency curves of 5
models with different lobe number

at the second phase

T3S B B AR G AR R A A ik
T A B4R ) i S R T 4 Ok TR A
ta. AR THE 1 BB L SR A 18 AT S
2Bt IR B AR Y BT E R T
56. 26 %.

TESS 2 By Berh, [m] — AT - 25 ol e R 5 A A
X I 1 #RTR G 0R (E B A A ] 5 {H )&, #E L/ D=
1.32~1. 763 BrBeHh AR 80 16 AR Y HUR &
RORMER LS T HMBIAL JF A E L/D ry3g
T, A AR Y 5 95 AR 16 R AL B HOR A SR A
ZHEM K. 7EL/D=1.763 # 1 . s E R 16
LR (4 R A 280 fe i, 18 1 0. 850.
2.4 BEMERBTUNE

B 14 5 1 BrBeb 5 Fl ol e Hiom A0 3 1)
BRI R ZB A 2, Bh o RFF T F b

0.998 ——
L “*m,,ff»..._, .
0996f g
R
0.994 +
b 0.992
—o— Lobe number is 12
990 +
0990 | —o Lobe number is 14

4 Lobe number is 16
0.988
7 Lobe number is 18
0.9086L I,obclnumhclr is 20

0 01 02 03 04 05 06 0.7

LID
14 551 BrBerh 5 R BORBORE R Y SRR A R B
it £& [l

Fig. 14 Total pressure recovery coefficient curves of
5 models with different lobe number

at the first phase

D HOE IR G TR Y BRI R R L

B SRR R LT LUE W TR
L/D=0.05~0. 45 BrBt. BEWKE R 5T M 5
RGN, SR AEL/ D=0. 45~0. 70 By Bt , Bk
PR IE ZHCEN B 20T B, LA ECR 18 27
B AL/ D=0. 05~0. 45 Fr Bt MR &2 R BOF 1
TR BEAY A L/ D=0. 45~0. 70 [r Bt 24. 82%.

TEGHPORIRE G SRNERIEIR G T, Wm
103 3 J3E VA 1) 0 T Ok 55, R VR PN A TR O AR 1Y)
FE 7 i 22 U6k 55 3 1717 06 2% VR G UL AR RE A 1) R HICH
FE L B A AR A T A R R R R BT R B
WAL SR AR S A BORIR A A S AR A
HEAWEAE v, B R K 52 R ORI 1] 368 55 Sk 5 B 1Y)
DB B A IR B e PR T R RS, 20 7E S ik
DXl B2 B S S B O DX R R R R R B
SR T RER RS BT S A 09 45 A RRAE 38
IR A AR M AE S 25 X el & Az AR KB A L T
AN A HiRE RS 2 U IR BE i B BOR A AR 1
SRR RBE S 45 X B 9 35 R . IR, 7
Vit S B4 S5 A I S, 0 A0 X S B A I
Wi A R UL K i B #f E T LR A Y A, 0 BT
FRAGF LT I B 50 D R B R T 38 25 L3 B R
Y CALIR S TPIE N

1EL/D=0.05~0. 70 [ Bt v, ok e H5 % A
PRI ZR B 5 ) 3 B A B AE A ) i 6 I AR TR A
A T 1A A X 38K (B L/ D=10. 05~0. 45 X3 ,
Ho At DSk P PR B R R E RO A B
AR

K15 M5 2 By Bovbe 5 b il e Bom B 1 i 1
SR AL F B0 AR A i 42

0.986

0.984 1,

—— Lobe number is 12
—— Lobe number is 14

0982+ —4— Lobe number is 16
+ Lobe number is 18
0.980 +

—— Lobe number is 20

6 0.978
0.976
0.974
0972t
OO0 T 12 13 14 16 15 17 18
LID
Bl 15 55 2 BB 5 R O RO Y 1Y S R IR
X ]

Fig. 15 Total pressure recovery coefficient curves
of 5 models with different lobe number

at the second phase



5 43

Kk T3 6 45 < M BN e S RUR

I —
= —

JLIHE BT P fE 925

A

mIE 15 A L. 7E L/ D=0.974~1. 094 X X,
SRR R BT B, DA ECR 18 By
i ZRERIAE L/ D=0. 974~ 1. 094 X4 |- F-3F
M BE S L/ D=0.974~1.763 XA 1. 95 £F.
T L/D=0.974~1.094 XM T4 1 4 S 25
T BRSSP IR A AR
LB 5 1] AE 2 DX R A R e A B 4T B
(= S T NS I e R T =58 S A s
JE fig.

M 15 s Al L& B 78 L/ D= 1. 094 ~
1. 763 X3, P AN 16 BRI S 07 (14 B K &2 2R
B 2 2 I s L i 455 AU i 28, #E L/ D= 1. 094
WRE L BORECR 16 TR R Y B R R R O
X E R R s A R RE T 0. 1210, SR AE
L/D=1.763 # L, P ECH 16 £ AR 1Y S
FER 2 5 BORE X T 12 B0 b 0 e B R B R A
0.289%.

3 & i

AR SCET X S BITR A T OeWE A L FE R
TR A K NP sk ANk A DL R 58 e LR
AR RTHE T o AR PRI A A DR B T —
2H LA N [R) O R B0 I S RUTR A T WA A
RS T BIRBON S BUIR A T < sh
PO PERE RS A AR B LLF 5 A58,

1) IR R0 A8 b X I o B 2k i & A 1

S 25w IR AR IR AR e AR AR R
AR

2) TR E I 258 1A S L #lm X
P TS TR I RE I g ) A L A
3 1 3 R B TR A T £2 T AAR , [RD B oo L 2 )
T 1) I YRR HI R

3) FE T W) IR 3R AR IR A R AR R X
P PR B 25K 3R 3 T I e I 81 B i 3 5 7
L/D=1.763 #{m I, P ECH 16 BA IR S
RO AE B = 5 I8 F 0. 850.

4) FEL/D=1.094 ~ 1. 763 X I, i 5 H
16 FE R N 9 5 K 5 3R 0 24 5% ¥ i = L Atk
PR FE L/ D= 1. 763 #1f L. W5 R 16 1‘;‘%’;@
Xif 7 YR R B AR BRI TR T A s (R
F T 0.289%.

5) TEARSCHE 5V [
% (i P S RUIR A e A IR
H:fE

T

U EE O 18 BEAL
E’fHJEEI‘JﬁijJi‘éUJ

SE Mk

[1] Srikrishnan A R, Kurain J, Sriramulu V. Experimental
study on mixing enhancement by petal nozzle in supersonic
flow[ J]. Journal of Propulsion and Power, 1996,12(1):
165-169.

[2] MaoR H,Yu S C M, Chua L P. Kelvin-Helmholtz and

streamwise vortices in the near wake of a single-lobe

forced mixer[ ] ]. Journal of Aerospace Engineering, 2006,

220(4):279-298.

Zaman K BM Q.,Wang F Y,Georgiadis N J. Noise, turbu-

lence, and thrust of subsonic freejets from lobed nozzles

[J]. AIAA Journal,2003,41(3) :398-407.

ke IR 2N I i A IR IR L1 A ] AR S S

WEELI ] L 3l %R, 1997, 12(2) :212-214.

ZHANG Jingzhou, LI Liguo, GAO Chao, et al. An experi-

[4]

mental study on a lobed nozzle of an infrared suppression
system[ ] ]. Journal of Aerospace Power,1997,12(2):212-
214. (in Chinese)
[5] Presz W M,Morin B K L,Gousy R G. Forced mixer lobes
in ejector designs[ J]. Journal of Propulsion and Power,
1988,4(4) :350-355.
Narayanan A K,Damodaran K A. Supersonic-ejector char-
acteristics using a petal nozzle[ J]. Journal of Propulsion
and Power,1994,10(5) :742-744.
[ 7] Belovich V,Samimy M. Mixing processes in a coaxial ge-
ometry with a central lobed mixer-nozzle[ J]. AIAA Jour-
nal,1997,35(5) :838-841.
[8] MaoR,YuSC M,Zhou T,et al. On the vorticity charac-
teristics of lobe-forced mixer at different configurations
[J]. Experiments in Fluids,2009,46(6):1049-1066.
WS 2 A IR AR TR G T v I A A B
)], BHE R 5 TR, 2011,11(32) . 7972-7978.

XIE Yi, LI Teng,LIU Youhong. Numerical investigation of

[9]

vertical structures in a jet mixing flow of lobed mixer[]].
Science Technology and Engineering,2011,11(32):7972-
7978. (in Chinese)
[10] Tsui Y Y.WuP W. Effects of lobe geometry on the mixing
flow in multilobe mixers[ J]. Numerical Heat Transfer:
Part A Applications»2001.,39(1) ;61-77.
[11] ZHANG Jingzhou, SHAN Yong, LI Liguo. Computation
and validation of parameter effects on lobed mixer-ejector
performances[ ] ]. Chinese Journal of Aeronautics,2005,18
(3):193-198.
[12] XIE Yi, LIU Youhong. Numerical investigation of mixing
length on performance of lobed forced mixer nozzles[ ] ].
Heat Transfer: Asian Research,2011,40(3):205-216.
WL R A . W A i R O IR A HE R R M e
(1. st A . 2011,32(2) : 207-213.

XIE Yi,LIU Youhong. Effects of lobe penetration on per-

[13]

formance of mixer exhaust system[]]. Journal of Propul-
sion Technology,2011,32(2):207-213. (in Chinese)
[14]

Cooper N J, Merati P, Hu H. Numerical simulation of the



926 it = 3 o %308
vortical structures in a lobed jet mixing flow[ R]. AIAA- [17] XIE Yi,LIU Youhong. A modified thermal mixing efficien-
2005-635,2005. cy and its application to lobed mixer nozzle for aero-en-

[15] Z=srHE .ok s s SR &4 (M. dbat . B BF Tl gines[ ] ]. Heat Transfer Research,2011,42(4):317-335.
AR AL, 2007, (18] XA % B, 28, 45 DB i i an R & HEL R &
[16] Frost T H. Practical bypass mixing systems for fan jet acro PERESE M), fiZS 3h 1%, 2010,25(8) : 1683-1689.

engines: exhaust mixing process in Rolls-Royce by-pass jet
engines,noting stream mixing in common duct with corru-
gated metal interface on inlet side[ ]J]. Aeronautical Quar-

terly,1966,17:141-160.

LIU Youhong, FAN Chao, XIE Yi, et al. Effect of lobe
numbers on the performance of a lobed mixer in the forced
mixing exhaust system[]]. Journal of Aerospace Power,

2010,25(8):1683-1688. (in Chinese)



