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Over/under type inlet scheme for turbine-based combined cycle engine

WANG Ya-gang. YUAN Hua-¢heng, GUO Rong-wei

(College of Energy and Rower Engineering,
Nanjing University of Aerenautics and Astronautics.~Nanjing 210016+ China)

Abstract: A design{scheme of-variable geometry over/under type inlet for turbine-based
combined cycle-engine was présented. Numerical simulation was carried out to investigate
the variation of-aerodynamic performance of this variable geometry inlet scheme along flight
envelop. On basis of this, the design parameters and geometry modulating law were stud-
ied. A superior operating law, was acquired. The inlet performance of typical work point
was provided. Results indicate that the total pressure recovery coefficients at throat section

of turbine inlet-and exit’section of scramjet inlet are not less than 0. 69 and 0. 38 under differ-

ent freestream‘Mach number.

Key words: turbine-based combined cycle engine; inlet; variable geometry;
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Fig. 1 Over/under type inlet for TBCC
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Table 1 Geometrical parameters of inlet
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AR SCR FSCHR L5 ] v A (e 107 2 %0 A0 JF T I LA/ BE

106 R0 i % HE 2 500 3A & B WLt < 4R S i AT
BOE AL, T WA A 3% ] renormalization group
(RNG) ke BEAL, 1] 2 Bl XUA% 255 A, T BE X
SR R THT pR 50 b B 3B W B L 2% T B Y Ak 25
YRR 4 A Hoi 208 e [a) I ORAIE HE<CTE Y 105
U AR E . SCHR[ 15 ] 45 R W i BUE Oy 17
A Sy A Ay b S0 b 2 AT ) T B
2 BRITHEHSKETILAET
pIRE S

SPIFEREL TBCC & s WL At Stk & 7. 0,
i BEN 25. 5 kem W A5 Bl TR AT RAT LB 3
.

N —— Fight envelop\and work points
2!};
1of
I 2 3 4 5 6 7 8
Ma
K3 AhIRIEL TBCC & shl «A7 5k

Fig. 3 Flight envelop of over/under type
TBCC engine

TEW 2 BARERE ZR A 2645 T L A3 R T R IR
/N TR TR 3 ' X FEE Rl 2 981 4 R SO A R AT
Ay TR, o Rl T AT R 2R

1) T I 7 3 ) R 7 o Bk ] — 2k
AUIE BT, e O TE A AR B 1 S R 3 A
B € O 6. 57, 5% 2 AT 5558 1 AR T Al 0°.
SH P A/ B PN SO L RAIE T 3 AR i e 3l
PERE. 850 38 s B S48 1 b JF R DL A2 A1 I R
B TBCC % sh ML i & S PR RE R oK. b T ol 18

2) RITDBEONRE 2.0 B REP .50 2
BLIH 355 1 B0k 3 i 7% 3, Sl Bk 2. 0 B
Proh 7.2°.55 3 AR AL EH )5 1] F OB is
By, /)N M T R 9 R PN I L R B S AE
W ST AR AR . R L5 4 BT L
DA E B 1] A o B 5 40 I Bk AL TBCC & s #l
UNIER S-S =0 ¥ e A L

3) Bl F CAT il AR g O L W 40 3 18 R B 4k
Sepa b A, DBl 3.0 BREE R LR N
3. 577 A% JLART B 1 i e AR e R O R AR T
HESHE A BBk e B R T R S 1R s 4
B DABCTE D R 300 ) 3K A 35 A L A R v A B R
PRI FR A i T R TR R AL R B
BRECN 35T M 3 T8 S R I Y Al o i
HRBIFG TAE. AERMDBECH 4.0, W E
AR S L RIS S e e g R

HR A b 34 S50, 58 3 22 56 sl R 1T B B A
LGB MR TS 2 AR KA BT
55 2 GBI Ff I Ok DL T R HIO0 O AL TR v R R
FORBAE BT A3 85 1 L HE 26 b T A R LA
SESRL T E WL 2 SR i A R I R A
VLT RER N 2. 74, DB 4.0 WL AR E

—&— Computed
- = = = Linear it

2nd ramp angle/(°)

35 4.0 4.5

3.0
Ma

B A4 552 SRR AR B R U T R A Y R
Fig.4 Modulating law of 2nd ramp angle with

2.0

free stream Mach number



1854 W oz @

12, 5%,

4) BOSFRIE B S MECH 7.0 SRR, iR
A Ah T 5C FATAR A, R B Oy o R GE 2R 3 2]
SIS BRI R 18, 8°. ol I T B T A
Bk LAy LR Bl 0 T AE AN TRk U b A 2%
A7 SHe 5T 4 i 7 N BT St O R A AR AR

KI5 25 i T B 40 5 AR O IRAS TR i
SRR R RO BRIRE RS
it R BRI R 51 A R AR fh i 6. B Ak bR ROR R
BRI A DA R s R I Y R SR

F AT D AN R R i S R A OB R R
B4 I s B A B s/ CRIJS B8 1) B %) 38 K
SRR E Z B e 1G5 08 Bk 4. 0 B RS AF
FEZERE. AR RTINS T L A0 B0 A KL F 1A
AETE Y it Pt T 5 A B sl /)N A Ao O 1 4
K. B IE ZETF I B AR 1 3 I PR R s 5 A
FER RT3k 5555, % 5 o bk B0 =, B vl
EREK. B s ) b AR R B
YRAZ Z B A TE . S R U R B R,
WA A 3G A, HLope 5 4 T Y S0 R AT A% L T 3l
R SO /I 1 AN = U
B 2 ASCTE N L o A AR BIPIRAS, 7R

0.8 L.

[ ——a— ¢ of scramjel inlet

0.7k —e— Oof scramjel inlet
'  —e—=0" ¢ol scramjel inlet

0.6

=
W
T

1 Wl FEEEE FEEEE R |

P R
10 11 12 13 14 15
Cowl angle/(®)

(a) Ma=4.0 (BEZS0IT)

U:J-uul““l“
8 9

08 —— ¢of scramjet inlet
} —a— o of scramjel inlet
—e— o * ¢ of scramjet inlet

0'...|-.,,|...,|...l..-.l,,..,,, Ly
6 7 8 9 10 11 1213 14

Cowl angle/(?)

(b) Ma=5.0

B W % 28 %
1.2 —— ¢ofscramjel inlet
r ——— O of scramjel inlet
—a— & * ¢ ol scramjel inlel
1.OF
o 038 I
b -
< 06
6 [
0.4 '_ "_____‘__,_‘,_._.—a——--l-———a—._._‘
02f

5 6 7 8 9 |I'[] 11 12 13
(:l}\\l }“'lgll’!(a)
(¢) Ma=6.0
B 5 AEBETFARATS v i M RE S 4K
Rif Je5 58 £ B2 7B A
Fig.5 Performance parameters of scramjet inlet
varying with angle of cowl tunder

off-design conditions

B 2UR T R TR SRR E R i R R
B R EHLEY HE Y, DLk SOETR R R R AL
B RN T o RE R RER S RE
MR 5 HhRT g A B A () ofe Ui S5 b AR T i <E TR
R SR 400,5.0,6. 0 B350 9. 0°,
7. 8°F6-6° AT AR ECH 7. 0 B BB A 8.5

62ty 7 LAY AR R BEACTE AR LA I S
S AL

|

D

3rd
hinge hinge

hinge

6.5°
(a) 2 IR

6.5° (d) Ma=4.0



o8 i

F b 45— RSN IF IR B e S BB IR R SRS R 1855

6.5°

(1) Ma=4.0~7.0

&6 MR AR g #E A AR LA R T R B A
Fig. 6 Profile of modulating law of variable geometry

inlet on typical work points

3 HSESHERSEE I

AR SO A0 IR A e 4H A 26 Kk s LY
LT #ESGE 4 AT 7B L A
B T REW W S MR

L7 25 7 A [] o U ) o 25 B 1 <3 s ) 4%
1B PR, A58 285 B 40 1T, % 0 38 RN b G T Y O
RS 4 I o T3 0 30 T DG PAD. /L AT AL, S e 4
I 75 A [ SFe Uit S5 B AT, 108 56 38 18 i FHEUE 35 28
TIE AU B 5 5 WU BT AT, BEE
S it 5 R 5 A 15 DK A I R R/ TR i A D
N B E R SRS 4.0 B LA 2 GE Y R R E
FI s A e 48 5, b H 3 3 B T, kol I 2%
PN, 3 A B 22 T TR F. B & R I bk 48
B /)N o A1 S S0 AR 1S I, FF B G 25 s 1, ST T
AEAE R it » HL R I Sh R AR 8N S iR IR 4 8 ] .

Yim

0 0.2 04 0.6 0.8
X/m
(a) Ma=2.0

Y/m

0 02 04 06 08
X/m
(h) Ma=3.0

Yim

e 1
0 0.2 0.4 0.6 0.8
X/m

(d) Ma=4.0 (BEZSHE L)

Ym

X/m
(e) Ma=4.0 (BIEHAILS)

Y/im
=]

0 0.2 0.4 0.6 0.8
X/m
() Mg=50

Yim

0 0.2 0.4 0.6 0.8
Xim
(&) Ma=6.0

Y/t

0 0.2 0.4 0.6 0.8
Xim
(h) Ma=7.0

M7 #HGEE N =B

Fig. 7 Static pressure contours of inlet

R T8 B A B I IR, AN TR) ke U 1 b AR, 56 3
SIER) WAR S Bk Y = R NS T
8 2 i T ik AT 1 i B W R U b
Ak Hh 2, A5 A bR 2 7R R T R 4, 9N A bR e 7R AH B
R E AT T R S Bk v o 3 R0 e o 3
FE 43 01 LA i 25 BB A 0 I R O T 2 RUGRAE
Wit o Of Y b Ak 50 ) 15 K s S 3 O O R
BOAS AR R KR RIE 1.5 24 . BLid 4 R ik
B  HEAE SRR AR BN, b S R e B 1
b o A5 Fiti 5 A It D bR A5 1 R TG R (& 8 ().
I 8(b) (& 8 (o) ] LU« #F S IE R b
FVEL T b 49 Bl o >k It S5 bk A5 0 3 g 3 L 2
Ma,=7.0 BFE 2R 57. 0. iR FF L2 R 4. 5.
RV E B BB AR I, i RTE R R R S R AU



1856 fit =

o 28 4

e o A SR T B A SO T D A G 4 A K
R 38 K30 A 5 A R TRV 0 L X BB TN R 2
SPECE BRI I RS HLHE SR (B 8 (D).

30
—— Ma of throat of turbine inlet
—a— Mua of exil of :-il']‘.'lllljl'l inlel

25

=S 20f

I.U i i i i i i i l i i i i i J
1 2 3 4 5 6 7 8
Ma,
(a) MRS ChRAOR H 11 A
60 -
I —e— plp,of turbine inlel
Po——— pf_uuuf.:i{'i‘:lli]}ll'l inlel
40 F
20 F
0F
| 2 3 4 S 6 7 8
Ma,
(b) IEHE

4.5 p —— TIT, of turbine inlet
4.0 E—2*— TIT, of scramjet inlel
35
30
= 25
2.0

1.5

1.0

Ma,
(c) I T HE

—e&— p/p,,of turbine inlet
0.9 —a— p/p,, of seramjet inlel

1 2 3 4 5 6 7 8
Ma,

(d) SLIb &

—— [low coelficient of turbine inlet
1.0 —d— [low coellicient lbr:i!'l‘x'lr'ﬂj!'l inlet

5 6 7 8

4 a
Ma,
(e) itk AL
P8 i 1 fE 2 K R I b K2

Fig. 8 Performance parameters of inlet varying with

free stream Mach number

i 8Ce) AT UL BT Sk A T L A
Tt RE g1, TS . Bl 2521 T Sk 5 0 s/
AR B A B BRI L TR BRI T R

R G Ml A Sl A R TBCCO & 8l bl itk
B R PEREAF T B AL — 2 1 BARAKE.

4

% i

P F b - Bk R i 48 3k 2 A1 348 % Bh L
A U]k SOEA BT O 5l i 2 R BUE AL,
2t T R R S R AT B 7 L AR 3y B A

BT B 25 T A8 JUART i S0 3E A R O 9 2
B B shbERE. 45 B AR ST,
TP 0 3 3 IR R RO KT 0. 69, M TE
BRECTE 1.5 A2 A7 oh W G 7E W SRR
(Ma=7. 0) P 11, A 7] 5k 55 R 50T B0 Kk
S RBIE 0.38 L) |,

CESd s

[1] sk M. 2. TBCC U< fF 58 BR B 56 sl
AL 288 J1 222412, 2010, 28(5) : 613-620.
ZHANG Huajun, GUO Rongwei, LI Bo. Research status
of TBCC inlet and its key technologies[ J]. Acta Aerdy-
namica Sinica,2010,28(5):613-620. (in Chinese)

(2] BEKOL. BA s 475 TBCC HEMALI] M= &3
HL,2006,32(3):10-13.
CHEN Daguang. Briel introduction of hypersonic flight
and TBCC concept[J]. Aeroengine,2006,32(3):10-13. (in
Chinese)

(3] RRWI, MR, B, 5. ol s diR g/ h R4 6 & sl
Jr G 00 AL RO 28 LK R 2 241, 2006, 32(3) : 263-266.
ZHU Daming. CHEN Min, TAN Hailong. et al. Over-un-
der concept hypersonic turbo-ramjet combined propulsion
system[ ] ]. Journal of Beijing University of Aeronautics

and Astronautics,2006,32(3):263-266. (in Chinese)



%58 4 T b 55— PP AR IR B A R A SR RS R AT R 1857
[ 4] Bradley M,Bowcutt K, McComb J. Revolutionary turbine large scale inlet mode transition experiment (CCE LIMX)

[6]

(7]

[8]

[10]

[11]

accelerator(RTA) two-stage-to-orbit (TSTO) vehicle study
[J7. ATAA 2002-3902,2002.

Sanders B W, Weir L J. Aerodynamic design of a dual-flow
Mach 7 hypersonic inlet system for a turbine-based com-
bined-cycle hypersonic propulsion sytem[R]. NASA/CR-
2008-21-5214,2008.

Albertson C W, Emami S, Trealer C A. Mach 4 test results
of a dual-flowpath turbine based combined cycle inlet[ ] ].
ATAA 2006-8138,2006.

Mrozinski D P, Hayes ] R. Numerical and experimental
analysis of a hypersonic variable geometry inlet[ R]. ATAA
1999-0899,1999.

Foster L. E, Saunders J D, Sanders B W, et al. Highlights
from a Mach 4 experimental demonstration of inlet mode
transition for turbine-based combined cycle hypersonic
propulsion[ R]. ATAA-2012-4143,2012.

Slater ] W, Saunders ] D. CFD simulation of hypersonic
TBCC inlet mode transition[ R]. AIAA 2009-7349,2009.
Dippold V F. Computational analysis of the LIMX TBCC inlet
high-speed flowpath[ R]. NASA/TM-2012-217219,2012.
Saunders J D, Stueber T J, Thomas S R, et al. Testing of

the NASA hypersonics project’s combined cycle engine

[12]

[13]

[14]

[1

o]

]

[R]. NASA/TM-2012-217217,2012.

A AR WG R 2 A 08 B R S LTI 2 HE B B
FEPELT . HESERE AR . 2008,29(6) :667-672.

LI Long, LI Bo. Aerodynamic charateristics of over/under inlet
for turbine based combined cycle engine[ J]. Jornal of Propul-
sion Technology ,2008,29(6) :667-672. (in Chinese)

BT K EEAR L T i 2R, TBCC & sh WL ok < 3B & 3 i
AT R R A AR A BT LT ] P AL Dok R AR
2007,25(5):615-619.

CAI Yuanhu,ZHANG Jiandong, WANG Zhanxue. Explo-
ring TBCC engine inlet design for Ma= 5[] . Journal of
Northwestern Polytechnical University,2007,25(5):615-
619. (in Chinese)

TELLW B A b Ve L S AR R B HL AT I EAE RSN T
RELT]. Mi2s 8 J3 2% 4, 2011,26/(2) - 458-467.

YAN Hongming, ZHONG Jingjun, YANG Ling, et al.
Aerdynamic characteristics researeh~on-variable geometry
inlet of combined cycle engine[ ] ]. Journal\of Aerospace
Power,2011,26(2):458-467. (in Chinese)

TR R R SO0 . T SO A% ) iy JL AT 5 i
A ATE M & B 2 () ). R E L 2007,
37(11):1469-1479.



