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Pumping performance for double-stage lobe mixer/ejector
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Abstract:\ The pumping pérformarnces of double-stage lobe mixer/ejector were experi-
mentally and numerically investigated. The aerodynamic characteristics difference of mixer/
ejector between/two inlet modes of mixing duct was illustrated and the effects of mixing duct
area ratiotand length-diameter ratio on the pumping performance of double-stage lobe mixer/
ejector were preliminarily analyzed. The results show that the inlet mode of mixing duct has
strong influence on pumping capacity. Under the present configuration parameters, the pum-
ping capacity of single-stage lobe mixer/ejector is 10% superior to that of double-stage lobe
mixer/ejector in the case of confined inlet. While in the case of open inlet, the pumping ca-
pacity is 35% superior to that of confined inlet at most. The pumping capacity of double-stage
lobe mixer/ejector is stronger than that of single-stage lobe mixer/ejector. Especially for the
mixing duct with bigger area ratio or less length-diameter ratio, the pumping performances

of double-stage lobe mixer/ejector in the case of open inlet is superior to that of confined inlet.

Key words: mixer/ejector; double-stage lobed nozzle; pumping performance;

experimental test; inlet mode

HIWUASHLHE AR GRS R BE AR R A RO ik 8 20 Ah i 25 A HE < 3l 3 5
W LA ST Y T BOR UL R ZL AR ST — A I EREE s OR SEHE IR A IR AT Y 2L 41 30

%5 B #3:2013-05-26
BEEIWB 1054 % 8 i R BF e 4 B 5T R (CXZZ11_0222)
YEZ T AY B R MEC1985—) , B TR TRIN A A B SR AL B0 5 41 1 B B 4 R BT 5T



509 4]

2R M AT OB TR i B S P RE 2175

v )2 R U WA VR O 51 5 R WA 25 0, R
O TF 52 2 T, 00 A W A LA 7 2 O 1 o 1) e % )
REAE 51 SR A P A0 AR AR T 3 5 Y
AT DA B 2 Y B 0 A R AR B X
ELBEAT RN A I A B ) el 1) B PN S
P RO TR A . T A R B X il A g 4 5 | 5 X 4L A
i R TT R AES T YRR HE R G S L
By — A R AR R ST A A 9L B0 0 B
SRR R SRR

W 2 T T A2 sl L) o bE B 4R L R s LR g
7 P 14 o i il 2 A 658 O M B 1 4 T 0 O
THER ARG ML R T e (i HE R S 405
i J7 52 Bt T i S T 20 B Pk L. Presz A
Werle" $2 11} 7 2 Pl 51 SR & 22 &, &
M3 51— T U 5 TR A A T AR
FE O SR A R A AT TR AR A D
il 3 T T XA S0 51 5 BRSO T L B ST 45 R 3R
iR ONCIE MR AN A RV N L B PS8 € i o]
PABR 5 B o BB BRI b R F R
TRA A R 1 AT S 24 B A 52 R 2 ) o) i A
DA B X 22 2 3 I 51 B IR R0 T ST A % 1F
WAL

7R 3Lz S B8 RV T3 3% 0 WU e 5 4 1
B G SMERE AT OF ST, AR T R R B E
AR T W 25 18] A1 52 R s T o 1R X e 51
TR 4 UBIRHIE 22 53 IR0 25 e R B 5 | 1R
e BRTR 45  T AR LR RAR e Xor 5 L P RE S 1

1 YpiEEs

XU 5| 1R A A 1 4y B R &1 1 fF
AN AR 1), F2 il o 5 1 S R AR A
5 2 GEPORWE L IR A 8 U B YR L 7R A
2 POMWE IR G 5 AR AR S S
BB F T 5 A U o B A N A 2
WM A AR RINR & 8 1Y 2E 11 A1 3 22 B AR
32 BRI TR PR O T A0A AR SR HE SO

l Secondary inlet 1

Secondary inlet 2\1
Second stage lobed nozzle
Hot inlet =<
_rotmiet Mixing duct
<

Secondary inlet confiner  First stage lobed nozzle

(a) ZIRAHED

Secondary inlet Second stage lobed nozzle

\ oz

Hot inlet <]
—_
<]

Mixing duct

<

Secondary inlet /' First stage lobed nozzle

(b) W= O
1 PR R A 2% B A
Fig. 1 Schematic diagram of double-stage

lobe mixer/ejector

TR A48 HE 1Ak F 52 PR s i) R 32 BR S 3E 1)L 7
B 1(b)H, g /&5 2 R WRmiE R R R A,
B IR I 14 S i I 35 DA A IR B v R A
AR SO SOM TR A48 3F HLAL T MO 25 8] (R A
Wi FE R ) L BT BT Rl L 5 Sk A 1 E Y 2
S Tt o Sk ATz BRSSP L S
RGBTSR 2 5 B iz K 2 2
MRS 2 D b A XU 0 T S I TR A R B
PP e S HIE A

2 RWERBMITE

&2 Ry 52 R Ak O OB e 5 | R A i 5L 0
PEETN B A RS XL A, A
UL i 3130m° /h, &g JE 1 4 5460 Pa, 7 A H
BRI NN 28 3 B T B At 4 b i oL S
AR, E SO BRI 0. 235ke/s, FLE
A 800 K. YRt Y 32 I 8 Wik ARG 4 7EZ IR
Xk O ERE FERAEA AT R A D Ll
ik W XU WA 0 5 | S A< 174 Jo i i

Secondary inlet confiner

Second stage lobed nozzle

Mixing duct

2 S BRI

Fig. 2 Schematic diagram of experiment setup

WA (K 25 A AN TR 3 AN, AR 1 S I o g
FHOERS d=60mm, HEE L, =50mm, 1
e 12 AT R ) B 50 A L R TE =9 mm,
K 1, =60 mm, PN IFFEE Ry, =45 mm, Fh IR
AR Riow = 76 mm, 55 1 2% I A Mt 4 3 0 1 A



2176 mow=

529 %

A, =3185mm? ;5 2 P WM S T8 b, = 12mm,
/Eiﬁﬁflj\]%ﬂﬁﬁé Ry, =30 mm, ﬂ\ﬂ:*ﬁé Ryou = 66

mm,d, =100mm, l;; =110 mm, l,, =70 mm.

(b) S P

3 PMmUE R B

Fig. 3 Schematic diagram of lobed nozzle

i i AR R A 0 BT L IR s TR
B oS B IR A T R TN R AR L X 51 SRR Y 5
Wi TR A B 4 U 170, 320 F 420.mm., IR
BERARE d KK A 2. 83\, 5. 33 Fl 7.00; IR A
AR HIBCH 142,158 F1 200 mm , X} AR IR A
BRI A/ Ay &I R 5. 0,6.27F1 10. 0.

3 IEEENTE

i F S 0 1 45 ) R S 50 2 B A T BB (B A 4.
Wi E A H Fluent 8.

THER UG T 5 SR G AR BT | 2 U
F 3 Rk O3 A Ah 3 25 a) i A4 . B 4
Sior R O R EOR BRI A EHER R A
Ab 0 3 9T 2 A B RS . HL S 1 I B
IR FEIT K BT LAAE IR A 45 S B — A R 1 K
MK IR (KR AR A E BRI 15 5, R4 NR
BEHEHREM S FOENRAE B DS g 5.

IDREES/ R R BUR TS LTS A ]
SIS AR — 2 B A 0. 235 ke/s, BV IR A
800 K. % [& FI Mk b2 28 Y 100U Y 98 it W A% kL 3
T BN 5%,

2) W i R E N E T AH |
Fol g Mok A KA, RIS A5 KRSES .
101325 Pa, B BV PR I . o 288 K.

3) [ A BE TH 31 A% A - SR FH TG T S ] A4 BE T

Boundary .

Hot inlet
=

Secondary inlet

4 I EHEOREE

Fig.4 Schematic diagram of computational region

T FEAAT S PR HIRRE T 15 S A - R 5 T

) AN FAA BOE BRI T TR R
HEERAE ST, K101 325 Pa, BT IR E Ry 288 K.

TEER PR 4544 4k R0 A%, 78 IO A AR &
7 RE T R T 3 20 2 B TR R 20 SR R 35
H& I 4 3R BE X o 5 B R B9 SST (shear
stress-transport), k- 3% Jit 16 B XN (19 BE i Ak #
AL 5 AT Do A it S e S S 95 2R L e 8 T A
e A 350 T 4.

4 HERE5HH

4.1 BEE#HOARXME G

S R B Al B T | 5 RE ) i S R . X
FEI SRR R E S EREREREZ . £ 1
BT HEZRA#AOXHFT.RAEEKAEL
L/dy=5. 33 I Avne/ A, =6. 2 B, FLILE A
5P e 5| IR A A 0 5 5 2R B8 5 Ik 4
S T RO S 0 g ] 5 RO BT I S S vk
LR RGN, R 2 S T RS S
AT R BUE TS R

F1 ZRAFOSIHRBILRER
Tablbe 1 Experimental result of pumping coefficient

for confined inlet

B g W
55 2% 0.817 0. 766

R2 SIHRBHELER

Table 2 Computational result of pumping coefficient

- L3 e
i3 — —
Z B Wil I 5K Z B W 3K
451
i i i i
SlHTRE 0.833 0.706 0. 949 0.953

TEHAR & B KA LR A 0L S5 5



59 M

T R eSS B 51 SR

e ANEIE e+ 2177

TS5 R R AR R W] X T 32 BRAUHE O BRI
TR A A B 5| 5 RE 1 B T XU P S| SRS
w5 X T EOTAHE B G SR8 0 ZAL T 32 IR

HEIT, HHTXEL%/B‘Z%%IET@ %%El’]%l%]‘ € 1 s
RTHBGPMDIHIRG & X5 O A KT L

W e — . Uﬁﬁﬁ{EA“@#‘ﬂﬁ—tﬁglﬁf
T34 AEH TS .

Bl 5 FE 6 phl AERSERBRL 4=
5. 33 R AWML Ave/ A, =6. 2 B, 32 FR 2
1 2 TR A 4 BE TR R Ar AL AT LR
tH 2 BRCHE R BRI S SHR A 2R IR A

G RE T R A T X R B IR A AR 1
$q&w’£ﬁﬁlﬁﬂﬁé 5| S U 1Y) B8 T BB T AU
P e 51 R A 2 5 % T O 20 O SR A S
eSS TR Rl A%%Eﬁﬁ/*@%%ﬁ%r%ﬁ*
B, AR E A B 5] SR G AR 1R A4S BE I
T R LG (8] 322 ML B0 0F T 26 2 A9 2598,

0r )
000
50t o< o
= 0 m|
& 0@ a
£ 100 8 o8
e | 0P ot
2 o o
j="
2 -150 - o\o o
<
7 " wo
—200 O H o Singlé-stage'lobe mixer/cjector
O, Double-stage lobe mixer/€jector
250 . | . . . B
0 50 100 150, 200 250 300 350
L/mm
(a) WA
0F o)
0] © °
_ Sof 50 © o
]
£ 0°° an
= -100 - 00O -
b o oU
5 150 ° ge”
& L
i o o
7 [m}
~200 o o O Single-stage lobe mixer/ejector
O Double-stage lobe mixer/ejector
_250 1 1 1 1 1 1
0 50 100 150 200 250 300 350

L/mm
(b) PeAETE
B 5 TR A RE T R R A A (32 IRk
Fig. 5

Static pressure on mixing duct wall

(confined inlet)

7 A S B ER S B 5| BHIR & # 5
MM g . AT AE B, X T 2 Rk
FT L B e 5 | TR & 8 1R U mT L Ay I

GESERHBITBIR, MLRAH 2 R
MM 5 5 2 G A8 1 BE T X TR A 5 | A
RGEWRG AT —E MBELPIE -, S BUR AR
B8 I U S B A S5 B L A R b 5 e T IR
MAKEFRAIKRWBIR, X2 FECLEA R
MERENMOT AR P51 SR G 25 1951 520
%%5’3?%&&"%%[%@ s 1Y JLERLL T X T
;—CEL#III 2 PP R G A D H %
T3 RAIREE L UG AT LA i A 5 SR A AR

g
L o 1) 8
=50 | o 0
. I 8o
& 8o
2 -100 oof
= o M
s I o0 gt
.; -150 | o5 .
= L
i 200
- m\ B O Single-stage lobe mixer/ejector
i 0 Double-stage lobe mixer/ejector
-250 1 1 ! 1 1 1
0 50 100 150, 200 250 300 350
L/mm
(@) PR T
0
O
O
=50 | 0 g
B
<
& o“
g 100 | 0 goe
a o]
= o odg®
o —150 + o B
B oo
g B
—200 O Single-stage lobe mixer/gjector
O Double-stage lobe mixer/ejector
~250 | ! | | | |
0 50 100 150 200 250 300 350
L/mm
(b) PR EE

&6 iR a8 BE T Al GO =Xk 1D

Fig. 6 Static pressure on mixing duct wall

(open inlet)

(2) YR



2178

K}

3l

il Eiid o529 4%

2
¥

x3 FREBEEERIEBSIHREY
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