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Parallel plans for TBCC variable geometry inlet
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Abstract; With analysis on parallel plan for parallel turbine based combined cycle (TB-
CCO) inlets, a method for classification and a type of parallel plan were proposed. Numerical
simulations were conducted for four types of parallel plan inlet during the mode transition at
Mach number of 2. 5. Results showed that total mass flow rate kept nearly constant for pure
internal parallel plan, contributing to stable thrust during mode transition; total mass flow
rate decreased for other three plans. Pure external-parallel inlet with back door had the low-
est mass flow rate of ramjet channel with a large change, other three plans had a small

change. Total pressure recovery at turbine channel exit increased from a lower initial level
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during mode transition for pure internal plan; it decreased evidently from a high initial level

for external parallel plan, but decreased within a narrow range for mixed internal plan.
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turbine based combined cycle (TBCC); variable geometry inlet;

parallel scheme; mode transition; turbine channel
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Table 2 Geometry parameters for pure external-parallel

inlet with front door during mode transition
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Table 3 Geometry parameters for pure external-parallel

inlet withback door during mode transition
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Table S Performance for four inlet schemes during

mode transition

oh I SEE 2y e R E Y e B aE o 1

g OMERS IR R
WME R REWKE R SRR R

Hif 4l

o 0. 357 0. 894 0. 376

Hh Ik

Ja JT 4t

o 0. 372 0. 891 0.516

LIRS

JaIF 4k

o 0. 245 0. 881 0. 496

N If 1K

RA R

o 0. 336 0.916 0. 566

N I 15

A4 P IR T7 58 B R U R AR R i ol 3 I
FR ORI 00T R R O A R S A e AR
AR S R T 14 F . ATl J5 JF4E N I8 5
FB R R RO AR /N R 3 Bl SO R R
ORI Bt 108 8 36 1 Y S PAT 328 3 sl /N 1Y 9 /)N 3
JE 2 B T i e 1 A T IR IR AR B 1S
T84 53k L Hi T 2f 2 IF 15 TR 53X N I I A9 DT
MRUR ARG 5 4 il D 58 oo T 308 3 30 B 2R A 2
Heid FE b X 2 T 9 (] 14 (b)), JR T 4l N
W T7 58 19728 AR B8 B KL Hiar 3 Bl T R B)
Xt T i f T K AT EE B B (14
() Ff T4 41 I BCRTR & X P T BRI 5 58 &2
Wi/ B T3 1 A T SR Y s K A I B R
e AR IT A0S0 I BRI IR AR R S EOH
LSRR PNV S R L S iE e & (WU R TR
AR N IFEE T 3 0 T2 O S R K 5 B e AE A
ASF A T R R AR R B % T iR R
H TSP R R AR 4 RO 5 R

0.65
—s— Pure external-parallel inlet with front door
| —e— Pure external-parallel inlet with back door
0.60 - —a— Pure internal-parallel inlet with back door
I —v— Mixed internal-parallel inlet
055
2
g
o 0.50
g
2 0450
&
=
0.40 +
0.35 Il " 1 " 1 L Il L 1

0 20 40 60 80 100
Degree of closure/%

(a) Bt R AL

050 o Pure external-parallel inlet with front door

| —=— Pure external-parallel inlet with back door
—a— Pure internal-parallel inlet with back door
| —v— Mixed internal-parallel inlet

S e
= =
S W

Mass capture ratio
=
fad
N
T

0.30
0.25F
0.20F
0 20 40 60 80 100
Degree of closure/%
(b) I R 3R i TR A
0.9

—s— Pure external-parallel inlet with front door
0.8 | —*— Pure external-parallel inlet with back door
+ —a— Pure internal-parallel inlet with back door
0.7 [ —»— Mixed internal-parallel inlet

0.6F
05F
04F

03F

Total pressure recovery coefficient

0.2}

0.1

0 20 40 60 80
Degree of closure/%

(c) IFEE A R R R R

14 4 Fl gk =l 7 SRS G # 3k AR 1 AB LU A
Fig. 14 Performance comparison for four inlet schemes

during mode transition
LY
4 & it

RS T 0 BLA S R AT 9 B 908 98 0
s 38 T — b I 1 Al I BERE IR BT S 07
BT RITER N T IR T Al s - B AR &
P IF I A 5 1B 7 48 o X i 2l SR I B LS T
AU FEI L JE T4l A SRR A X IR 4 RO
HRTT S B 5 e R R AT 1 AR S5 L i e R
P 4 P 7 S A RO ER LA . 13 LU 4598

D) Ji JF 20 P 9 3K T 58 10 6 i e AR RO A AR
/NG A 3 R B S A AR RO R B A T e I 1Y
R PAY T S % D /0N PR i/ 3k JBE B BB T 90 5
A I AT I Y 3 AR R 1R T 2SN R LRI 4
I TR A 2N I I8 TR 4R UK A1

2) 4 FhJ5 48 b e 3 G U R BT B S B
1R PR T L S T AN IR R A
F (U A e 3 T - 47 3 e AR R A T MR R A
AR 3 FIT RAEMNR BE B

3) HiIJT 4 A1 I B AR A 2N I 5w A %



2996

i B

532 %

PO 10 30 A H TR P AR AR A AR A T i e e v 22 0
ANEEH L T SRR T S T K A B s O
e FoA AT IT 2050 I B 2 B PR B 4 R 5
R AR TR 5 3 A R B T 8 1 P 2 R R K A

-
= o

S E Wk

(1]

(2]

[3]

[4]

[5]

[6]

(7]

[8]

BULMAN M J, SIEBENHAAR A. Combined cycle pro-
pulsion:aerojet innovations for practical hypersonic vehi-
cles R]. ATAA-2011-2397,2011.

TR FR oA A TBCC it 38 fF 78 PR I L 56 i 4
ALV 2 K8h S % %4k 2010, 28(5) : 613-620.

ZHANG Huajun, GUO Rongwei, LI Bo. Research status
of TBCC inlet and its key technologies[ J]. Acta Aerody-
namica Sinica,2010,28(5):613-620. (in Chinese)
G2 BRI AR Kk 4. TBCC B S <3 R
WEFEBUR B % g o e 0] ot 25 b2 AR 2017, 28 (1)
10-18.

XIANG Xianhong, QIAN Zhansen,ZHANG Tiejun. An o=
verview of turbine-based combined cycle ( TBCC) inlet
mode transition aerodynamic technology[J]. Aeronautical
Science and Technology,2017,28(1):10-18. (in Chinese)
WEIDNER ] P. Conceptual study of a turbojet ramjet inlet
[R]. NASA-TM-80141.1979.

SLATER ] W,SAUNDERS J D. Computational fluid dy-
namics ( CFD)
combined-cycle (TBCC) inlet mode transition[ R]. AIAA-
2009-7349,2009.

ALBERTSON C W, EMANI S, TREXLERC. A. Mach 4

simulation of hypersonic turbine-based

test results of a dual-flowpath turbine based combined cy-
cle inlet[R7. ATAA-2006-8138., 2006.

B A SN IFERE TBCC 3B T8 8 25 85 3 Rt i 2 (D .
M R < W JR R Tl K%, 2015,

CAO Shibin. Investigation of over/under TBCC inlet mode
transition characteristics[ D]. Harbin; Harbin Institute of
Technology,2015. (in Chinese)

FEEMG e R R — B A R S A LA i SCTE Y IR
R TAERET IR L5t 58 2 WA G D% RN
4x,2013.

TG AR, S — Pl ORL T B AR LA e S AL A
TR ASHE BBt 5 05 Z LT AL A 8 ) 2# 4. 2015, 30
(11):2695-2704.

WANG Depeng,ZHUANG Yi, TAN Huijun, et al. Design

and simulation of a dual-channel variable geometry turbine
based combined cycle inlet[ J]. Journal of Aerospace Pow-

er,2015,30(11) :2695-2704. (in Chinese)

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

FALHE PP B B8 B, 25, TBCC P I 36wl 8 — Jo ot <38
BUHB LR, MG IR 55 8 Jm 4 [ o i 75 B R 2% 25 1,
2015.

B3 S SRR P L 2. AP I B TBCC wl i oy #% k<3
BB R BTN <55 18 Jii 4x [ i 18 75 3 gl ) AE R
A4, 2016,

TRAR T F A R SE. NIR R TBCC #E <0l 5 & B0t
KB UEL) . fiias 3 1 % 4. 2012,27(11) : 2475-2483.
ZHANG Huajun, GUO Rongwei, XIE Liirong.. Design
and validation of scheme of over/under TBCC inlet[]J].
Journal of Aerospace Power,2012,27(11):2475-2483. (in
Chinese)

A 7 B A L ik 2. TBCC #3828 JLAaf il 3 s A 9%
[J0 iZS 8 Jy 248 ,2012,27(12) . 2714-2723.

ZHANG Huajun, GUO Rongwei, XIE Liirong. Study of
variable geometry bleed cavity of TBCC inlet[]J]. Journal
of Aerospace Power, 2012, 27 (12):2714-2723. (in Chi-
nese)

XE AR FE R 1. MIFERN TBCC A A il
U SR BT L) 1. 41 - 2016, 37(4)  461-469.

LIU Jun, YUAN Huacheng,GUO Rongwei. Analysis of o-
ver/under TBCC inlet mode transition flow characteristic
[J]. Journal of Astronautics, 2016, 37 (4):461-469. (in
Chinese)

AT TR BN L AR A OF RO A S AL G 1 I iR
SR AR R A2 FHE R 2015, 26 (1) .
37-42.

YUAN Huacheng, ZHANG Xintao, TONG Zerun, et. al.
Research of over/under type TBCC inlet model transition
technology [ J ]. Aeronautical Science and Technology,
2015,26(11) :37-42. (in Chinese)

FeE TR B E T RN S B T R & 1 TBCC # <ii
SRS L] TR Y 3 2= 4, 2015, 36 (2): 274~
278.

ZUO Fengyuan, HUANG Guoping ,CHEN Jie, et al. Based
on the concept of waverider TBCC inlet mode transition
study[J]. Journal of Engineering Thermophysics.2015, 36
(2):274-278. (in Chinese)

O'BRIEN T F.DAVIS D O, COLVILLE J R. The ad-
vanced combined-cycle integrated inlet test program : test
results[ R]. ATAA-2008-2637,2008.

e ATl GRTEIE L AF L 48 45 4 BE R 3l WL O I X
OB RELT ] HEBEH R, 2008,29(6) 1 667-672.

LI Long, LI Bo, LIANG Dewang,et al. Aerodynamic char-
acteristics of over/under inlet for turbine based combined
cycle engine[ J]. Journal of Propulsion Technology, 2008,
29(6):667-672. (in Chinese)

(3. ZE2E)





