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Abstract: To improve the accuracy of ejecting model, a new method is established based on the mecha-
nism of ejecting process. The mass exchange caused by velocity difference between the primary and the second
flow is selected to be the control factor, and the parameter profile at the section where the momentum of the pri-
mary flow covers the whole normal cross—section is taken to calculate the ejecting process. CFD and experiment
results are used to verify the method. The comparison shows that the parameter profile calculated by this new
method is approximate to the CFD results. While the primary flow is over—expanded and slightly under—expand-
ed, the error of the entrainment ratio calculated by this method is 4.56%. While the primary flow is deeply under—
expanded, the error of the entrainment ratio is 6% with the correction of pressure at the normal cross—section by
characteristic method. And the precision is higher than conventional Fabri mode. This new method can calculate
the critical back pressure accurately, so it is applicative for the RBCC engine.
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Fig. 1 Sketch of three critical regime in ejecting process'’
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Table 1 Flow parameter at inlets' exit plane

Flow Gas p/MPa p/kPa T/K A/’
Primary N, 9.0 60.0/300.0 3250  0.006
Secondary 0,  0.101325 101.3 300 0.030

0.06
g 0.04 N Wall Il
= 0'02 TInlet Rocket outlet / Symmetry plane Outlet
’ X P .

0.00 * * * * * *
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Fig. 2 Solution domain of the ejecting process
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Table 2 Grid information and CFD results

Height of

Entrainment

Name Mesh size base grid/mm Latio Deflection
Coarse 2 4860 0.50 1.5756 0.0122
Coarse 1 29810 0.05 1.5935 0.0009
Default 91260 0.02 1.5950 0.0000
Refine 199320 0.01 1.5941 0.0006
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Fig.3 X-velocity contours of the ejecting flowfield at p =
60kPa
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Fig.4 X-velocity and pressure contours of the ejecting
flowfield at p =300kPa

3 SIGHEEE—4EERSTIRE

B Sk 7k CFD RS0 3 2 e i 45 TR o &
i R AR A o BRI 1 — R H P AR
T 2 2 R A I, — R 2 6] AT A A —
FER IR 6 5 L “Wall” 8% o — L W M i
(M, 50 TRtk & ARG IR G XA — R i =k
TN PR 2% AR B A g S MM R MM HE TR
FIRG M F L LLAN, 430 2 58 4 1Y — YU Al O -
B 2-1 IR A X B iy —A> el o B, 5 bR
0, MM M MR R 53 3 28 T S, , M, MY VL K P,
A TR A 2 MM A AR T 3 A B 3k BE T B
35X PR R RS S N P, SRETIAS 5 M S,, S, 5
MG B 40 XONIR A o8 B, B S O E K
U 5 75 T Bl A A

F2F SRR B S BT R 1 A5 T AR A 5] i R
BRI S

200915-3



435 el KCET R A RIS K BAIL G| I R U — ey B T IR RO 2022 4E

Section 2-1 Section 3 Section 4 Section 5
o A < T Y = — : »

Section 2 | Pure secondary M I_ﬂ—' Sy > —> d I

| flo . e ¢ —>
Secondary flow, : Y W e 2 :_>\\ Mixture ‘_»\ ‘ _>: Normal »
=5 M ,—»\ flow >\ Mixture ——» shock »
Wall <.~ B —» — '

. MZ?‘”"\V ) —_— —P ' H
Section 1 |_,' Pure primary —> " e M"—N > : H

Primary ﬂowr . ﬂO\l/___F : (R ) S < E S <R C—

P

2

3
Mixing boundary line

Fig. 5 Diagrammatic sketch of ejecting flowfield
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Table 3 Flow parameters at inlets' exit plane

Flow A/mm?® Gas Ma O go/mm PIpy,
Primary 25%50 Air 2.4 4.2
Secondary 22x46 N, - - 0.05~0.20
Wall 188 - - -
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primary and second flow

200915-8



F43%  Hsl e i

#HooR

2022 4

FEL P, 2 O A — YR 6L R LG p/p,, >0.08185 (4 54
H A p/p < 1.32) B 2R 5 3ok A 56 0 45 14 5 | 5 L 1) 25
SAE+43% LA . 4 p/p, <0.08185 (He 5 i 1 p /p >
1.32) B, — YR R M e A A R, R FH T R AIE 4R 0%
X AT 3 04 Bl fa R AT RS AE , A 5 s R0 I A5 0 5 | 5
H Y 22 H7E 5.6% VAN .

5 &

=A

A SR A5 B AR 458

(D TES] Gk B b, w7 LU 3 i A% 35 4 41 4
i FRE Y Hg — R k, TEX — R B R
FE 0 fAi Ak o

(2) 5 B8 B LA B Sk 3 506 HiHE 1 6) L 2
AR SO ST ) A T AR | SR Aok AR — 4k oy B BT p I, <
132 NI, 5l e 45 R 09 22 % AE 4.3% LLIN L 78 p/p. <
2.09 BT, 5 EE ALY 22 5 7E 4.56% L, A 3
O HER P S B0 T Fabri BB

(3) 4 — R AL T N TR 25 B, A5 e 1 i i A
REAE T, N 25 B8 — UL X A 289 50 R AR SCR 4%
TR T L X M HEAT THAEIE IR 25 7E 6% LA .

(4) AR5 ¥ B Lb A o 1 1 2K A5 11 53 1 1 54
B3 T RBCC & Bh WL FAT 5 e i i FH 3 5 .
BB E R A ARBR R AL A T AR R A R R
R & S R T S A

2% 3k
(1]

%

Olds J R. A Conceptual Design for a Single-Stage—To-

Orbit Space Station Service Vehicle [R]. IAF-ST-87-

07, 1987.

(2] & i, fE, X . RBCC AT HICH Bl i
ORI, Mizs 24, 2010, 31(7): 1331-1337.

(3] & A, frEss, Xk, 4. RBCC K ShHLIERE 1
RN CHE )y PSR ], MK # AR, 2010, 33(4)
387-390.

(4] B A, XU, ffEE, 5. KEFSHEEEET —K

KRBT, ER K #i A, 2010, 33

[5]

[6]

[7]

[9]

[10]

[12]

[14]

[15]

[16]

200915-9

(6): 631-635.

PR B-E5 S8 A s AT D] Kb
B B B R, 2012,

X, x1 =, S IE. RBCCAHA B # &R
JEBE 1 m9 52wy iS¢ L], i e Bk, 2015, 41(6) -
7-10.

FHHFE, B 0. TR AR B R S AL RE K AR
HEHTSELY ] KEHfERE, 2015, 41(1): 56-62.

Heiser W H, Pratt D T, Deley D H. Hypersonic Air-
breathing Propulsion[ M]. Washington D C: American In-
stitute of Aeronautics and Astronautics Inc, 1994.

KK BC, TR BC. w5 K —u LR SR
BHEM . U6 PHEFE . JERT: EBF Tk ik, 1984,
Fabri J, Siestrunck R. Supersonic Air Ejectors, Advanc-
es in Applied Mechanics [M]. New York: Academic
Press, 1958.

Fabri J, Paulon J. Theory and Experiments on Superson-
ic Air-To—Air Ejectors [R]. NACA Technical Memoran-
dum 1410, 1956.

Shigeki Aoki, Jongsun Lee, Goro Masuya, et al. Aerody-
namic Experiment on an Ejector—Jet[J]. Journal of Pro-
pulsion and Power, 2005, 21(3): 496-503.

Chow W L, Addy A L. Interaction Between Primary and
Secondary Streams of Supersonic Ejector Systems and
Their Performance Characteristics [J]. AIAA Journal,
1964, 2(4): 686-695.

Korst H H, Chow W L. Non-Isoenergetic Turbulent(Pr=
1) Jet Mixing Between Two Compressible Streams at Con-
stant Pressure[ R]. NASA CR-419, 1966.

B, ORIEAT, IR, L. KEFSIAT BT ok
i B 5 RBCC & BIHLI DM (1], R K FF A
2015, 38(2): 179-184.

Nagaraja K S, David L Hammond, Graetch J E. One-Di-
mensional Compressible Ejector Flows [R]. AIAA 73-
1184.

MRigk e . Kkt ik gl = ket (v ] db s S EHE
HibAt, 2004

Sy tR, B ER, Bk, AR R E S R A e
BFIM]L Jbst: BB Tk R, 2013.

(%% .M BL)



