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Throat Diffuser Enhanced by Ejection
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Abstract: In order to reduce the operation cost of large supersonic wind tunnel , a new design of secondary—
throat diffuser characterized by ejection of low total pressure cold air is proposed and verified numerically. The
main structural characteristic of the new—designed diffuser is that: a groove is added to the front of diffuser con-
traction section and the low total pressure cold air is ejected into diffuser to form the air film adjacent to the diffus-
er wall, which adjusts the actual flow area of secondary—throat diffuser so that the ability of static pressure recov-
ery is enhanced. Meanwhile, the wall thermal load of the new—designed diffuser is reduced by cold air film as
well. Such advantages of the new—designed secondary—throat diffuser are evaluated by numerical simulations. The
results reveal that the new—designed diffuser case can self-adapt wide operating conditions, protect the diffuser
wall from high temperature gas contacting directly and improve the ability of static pressure recovery effectively
by adjusting the ejection air rate. The evaluation of required primary flow rate of relay ejector shows an almost
30% saving, indicating a great promotion of the operation economy of supersonic wind tunnel by application of
the new—designed diffuser.
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Fig. 2 Mesh arrangement of computation model
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Fig.5 Starting flow field of Ma=6,7 conditions
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Fig. 6 Fluid separation near the groove of new-designed dif-

fuser
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(b) Case groove 2
Fig.7 Ma contours of new-designed diffuser cases with dif-

ferent groove configuration
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Fig. 8 Wall static pressure of new-designed diffuser cases

with different groove configuration
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Fig. 9 Ma contours of conventional secondary-throat diffus-

er under maximum backpressure
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under maximum backpressure

-- Original o
—— p=0.115MPa, m=115kg/s e
20 -==- p=0.136MPa, m=135kg/s Pt
p=0.156MPa, m=154kg/s P =
p=0.175MPa, m=173kg/s /. *
- p=0.195MPa, m=192kg/s -
15 +p—0 IMPa, i=100kg/s Yy
- p=0.1MPa, ri= l73kg/s/ py

10}

Wall pressure/kPa

X/D
Fig.13 Wall static pressure comparison of new-designed

secondary-throat diffuser with different ejection conditions

(Ma =7 state) under maximum backpressure

34 X ESREEAMERIRILE
506 BRI AR B, 51 8 A A R R R AL AR T
%momgmﬂUE&iE#E%Em@$D%E
— TH AR T R MR T B IR 4 3k B g
ﬂ1a=7fﬁﬂﬁ5§§§i_§UT’ISOOK,EﬂﬁﬁfEﬂ%‘*l_§4ﬁﬁﬂi
T, O i R TR I R T T 1000K (A 3 4 B A
AR R A WA BRI FHREAY R R ZE),

X HKE ST R HRY
X TR A R TE 7 % R TR S SR TR ik
%L@Eﬁﬁﬁﬁ%ﬁ:a%ﬁ%ﬁﬁﬁﬁﬁﬁ%
B 15, AT LA R T U T UL RE 5 R g G
B A T R R R A AR A I T R B TET 1Y) 3
ﬂ&&F*m%Lwﬁ@ﬁuﬁ%Wﬁlj£Wﬁ
R MEE T K B — 20 AT KA H, R

A B 3 S R H RO S B BE L S RE T

RE JC it BT 8 207K B X% Wk W 18 E A7 20, KK RE
R A AR
[ = I -

Temperature/K 100 500 900 1300 1700

20 25 30 35 40 45 50
XID
Temperature flow field of conventional secondary-

throat diffuser (Ma=7 state)

Fig.14

L mmmmTTTTT
i
1400 :-»———ﬁ—’l‘\ Or_lgl-nal
J —— p=0.115MPa, m=115kg/s |
il === p=0.136MPa, m=135kg/s -
w 1200 [ il —— p=0.156MPa, = 154kg/s -
2]
=
S 1000 |-
Q
=3
=]
8
= 800
= L
=
600 -
p=0.175MPa, m=173kg/s
---p=0.195MPa, rir= 192kg/s
400 - ——p=0.1MPa, m=100kg/s
I b 741 - p=0.1MPa, m= l73kg/s
T A P 1 .
20 40 60 80
XID
(a) Ma=
= —; S — =]
-- Original
—— p=0.115MPa, m=115kg/s
L -- p=0.136MPa, m=135kg/s
1500 p=0.156MPa, m=154kg/s
o | p=0.175MPa, m=173kg/s "
15} i ) pZO 195MPa, m=192kg/s -
3 —— p=0.1MPa, 1i=100kg/s 4
IS p=0.1MPa, m=173kg/s / /
2 )
£ 5
8
= 1000 |-
S -
=
500 -
[ 1 A A I NI N
20 40 60 80
X/D
(b) Ma=

Fig. 15 Wall temperature comparison at different working
conditions between conventional secondary-throat diffuser

and new-designed case

3.5 WEREERZENSIHBFSIHREFT KPR
SYHT

AL U TE T A S | AR R R AU



a0k 11l

— il | SV R TR G ST ) 4 ) (R A A 2461

kit w T RRE S o i b B, o E R R
0.1MPa (% 51 55 U CE R FETIA ), 20K A
s %5 IR AR Bl T Ok (4 28 B AR 5 3% B A AR R
A, — 5 T AT LA AR R L L /N T A i S g 7K
Tk, Sy — Oy B T KWE B YR RE ) R T
Ja BeE 13 g A i TAERE R L o X P 0 XU 5 5
el UL, T 4 TR L Y L 38 TR L A0S |5 L IR A i 2%
PR A /N T LT BB A R B R B9 51 32 Bl i R
A (B XA R D AR TSR R
AR [ I AR 09 O T R A 3 SORT R 51 S B4 AR
B A 948 51 80 i & i a0 DL, A b B
SRR T R W AE IR DT BE TR S PR N e B
T3 515 A 09 51 G i R IR R E 51 AR RS R R
i A B RO AR X O R B B O S A
RS 1

P 16 Bt 1 45 A SO 5 XU A5 Y A DL 19 i B
F2 7 W 22 90 5| 9 4 B9 51 5 1 it £, 5 | A RO
T R B SRR AR G, 51 RE R AR SR 11 3
Fe i oR o e ZEUCH Y %51 BT RE it 22 51 g AR
R A5 i A PRl £, = T L5 T a1k hE .
VLI 51 58 4% 51 85 Pk BE 0 M 4, i — BT e TR

WA
10f— (
&L , //

Compression ratio
(o)}

/

/ i 1 i i
5 10 15 20
Ejection ratio

Fig.16 Performance curve of a multi-stage ejector (total
temperature of secondary flow is 600K, while primary flow
is 300K)

C 1 Ma=6 Fll Ma=7 Wi Fp T T 1 7 e T oK U it
0090k 37Tkgls Bl 232kg/s , X 35 A YR GE % 1 5]
SRR R 0.1MPa, 5| 7 & Z Hr i om ey — 25 T80,
AR X LR S8 AT U

TR % 2 T ORI B IR, K 8 B R Wk GE 5] S
UL T,=300K 5 T, 2 148 Mt A0 3 5 80 2 — YR I
HE A RIRA G AR, K m A 35 B R i
1, (kg/s) sm B B R E 5 S i i, (kg/s) 5 L

KA (Kiikg) s my, 0K 35 & WA S 5 8
T RS 5 IR A R AR TR 2 600K T 11
5§ K H (300K 7R 7K ), (kgfs) . AR g <7 fE A i
(RN

i, =C, . (T, =600)(m, +m)/(L+C,, ,(600-300))

m, YA % A A IR A AR SR

(kgfs) , i 2
m, =m_ 2+ m, 2+ m,

N RMEIE YT R S R SR kPas 5| S 4R
JE 58 p,=0.1MPa; 34 JE I C=p./p,; 51 5 b E AR Y8 51 51 2%
PERE M AT E RS o 5 BEE: I 51 48 Bl i i & m,
=Exm,; W8 E 0k, R 3 SR R R o i
5 R R MR E T I R B 0 5| RS S i A
BARE, ARSI E L, NRIATLEH:

(1) 7E — 5 B IR A0 JT 3L 2 3 LN, SR P i 28
TR MR TE B SRR RIS S B 9] 5 AR Y 3 Bl i i
i, HX R — AN E A E A0 Ma=6 T.50%E B M63 T,
Xof o7 A R A R I B 173kl , 2 o B A A AL
1) 45% . X —JEE )G A BB WAL,
FEM66 T 0L 2 35 T e, B 51 A Y 30 i £ 2k 58 4 FIK TN
T R B B 254y o Ma=T T L AE R,
M73 T8 K Fe A A8, M76 T 00 B AR 2 &8 /NSO
HHE,

(2) Jif i 3 5 A~ ok 50T D0 23 % B — > i
P = YR T8 A AR, 24 Bl O T e T
et R B 5 RS B IGRLR A S5 I i, B
JEZR Y AR 4R T2, L Ak, ' 17, %N
M66 T4, BUHT, J5 8h — Uk T8 33 I8 R 45 Ok 0, /i 4%
HELAE R B Xl R 2 g ik . W5
VNS ) A NS B = Qe o R = R - 8
PETH H BE T4 R 1 45

(3) M S BT Ma=7 T 000 B 15 4 0 )5 825 5 4%
B R R Ma=6 T K32, X 2K o %
TV Ma=6 Fll Ma=7 i T 00, — R M8 H AR S 4% Ma=6
T8I e Ja s AT Y o s | S AR — g 3 X
Ma=7 T.HLH BT o il o B 22, 1208 B K Wk 5
AT LL3E 34 5 A SR I S R R AR R Ik
N 3 A 30 T R, BRI Ok O S A A T BB T DA
2 TR B 7 28 B & T3

(4)%F Ma=6 T8, 7 %0 — Yk W 3 5 R 7 B
A JE B 5] B B8 M T 10% , X Ma=7
TR Ty SR A AT AR G B 151 9 A E 8
TV AL T 30% , 36 T 7T BN /s i R AU T A A Y
KRG S8 o0 U, et ofe ) 28 T A 25 = AR 2 nT LAY



2462

#fE

o R

2019 4

Table 1 Estimation on primary mass flow rate saving degree of relay ejector in application of new-designed diffuser

Case Ma T/K  m/(kgls) mi(kg/s) — TJK  m/(kels) m, /(kels) p/kPa C, E, m /(kg/s) k1%
M61 6 1574 377 0 1574 130.8 507.8 23 4.35 6.6 3351.4 -
M62 6 1574 377 100 1307 120.1 597.1 28 3.57 5.2 3104.9 7.4
M63 6 1574 371 173 1173 112.4 662.4 31 32 4.6 3046.9 9.1
Mo64 6 1574 377 202 1130 109.2 688.2 32 3.13 4.5 3096.9 7.6
M65 6 1574 377 253 1062 103.7 733.7 33.5 2.98 4.25 3118.4 6.9
M66 6 1574 377 383 919 86.3 846.3 35 2.85 4 3383.5 -0.9
M71 7 2017 232 0 2017 117.1 349.1 13 7.7 12.6 4398.5 -
M72 7 2017 232 100 1500 106.4 438.4 19.5 5.13 7.87 3450.2 21.6
M73 7 2017 232 173 1283 98.63 503.6 23.5 4.25 6.4 32233 26.7
M74 7 2017 232 202 1218 95.5 529.5 24.5 4.08 6.1 3229.9 26.5
M75 7 2017 232 253 1121 90 575 25 4 6 3450.3 21.5
M76 7 2017 232 383 948 76.2 691.2 25 4 6 4147 5.7
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