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Abstract: In order to investigate the effects of strut angle on the rocket—based combined cycle engine
(RBCC) inlet and optimize its design method, the numerical simulation was employed. The influence of various strut
angles on the minimum length of internal compression section had been detailed. The numerical simulation present-
ed herein demonstrated the influence of various strut angles on inlet flow field and performance quantitatively and
qualitatively in typical conditions. The results show that the increase of the strut angle results in the decrease of
the inlet length (the isolator length of Strut_2, Strut_3, Strut_4 and Strut_5 decreases by 47% , 62% , 70% ,
75% when compared with Strut_1) and viscous drag force coefficient (the internal compression section viscous
drag force coefficient of Strut_2, Strut_3, Strut_4 and Strut_5 decreases by 33%, 45%, 55%, 59% at Ma.=1.5
and decreases by 37%, 50%, 57%, 61% at Ma,=5.5 when compared with Strut_1). But no influence have been
imposed on captured mass flow coefficient or flow uniformity. The inlet was optimized according to the preceded
analysis in this paper, the starting performance and other performance parameters are improved effectively. The in-
let internal drag coefficient decreases by 13.5% while the inlet external drag coefficient decreases by 5.7%. The
total pressure recovery coefficient increases by 2.6% while the cycle static temperature ratio increases by 0.5%.
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Fig.2 Isolator configuration
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Fig. 4 Model and pressure distribution comparison
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Table 1 Configuration parameters of inlet with different

struts

Model Strut_1 Strut_2 Strut_3 Strut_4 Strut_5
L/H,,, 21.9 11.7 8.2 6.5 5.5
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Fig. 6 Mach number contours at Ma.=1.5
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Table 2 Performance parameters of inlet with different
struts at Ma_=1.5

Item C, C, 17 Ma Q
Strut_1 0.0200 0.0009 0.16 0.720 0.99
Strut_2 0.0134 0.0014 0.16 0.757 0.99
Strut_3 0.0111 0.0018 0.16 0.796 0.99

Strut_4 0.0091 0.0024 0.16 0.844 0.99

Strut_5 0.0083 0.0028 0.16 0.873 0.99
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Fig. 7 Internal compression section total drag coefficient

curve at Ma_=1.5
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Table 3 Performance parameters of inlet with different
struts at Ma_=5.5

Ttem C, c, @ Ma )
Strut_I 0.115 00011 095 2725 081
Strut_2 0072 00024 095 2714 081
Strut_3 0057 00045 095 2706  0.81

Strut_4 0.049 0.0081 0.95 2.686 0.81
Strut_5 0.045 0.0173 0.95 2.639 0.81
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Fig. 9 Internal compression section total drag coefficient

curve at Ma_=5.5
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Table 4 Inlet Performance parameters at Ma,=5.5

[tem Che Chran 2 g IIT.
Strut_2 0.074 0.174 095 0623 2914
Strut_2_new 0.074 0.164 094 0655 2.804
Strut_5 0.062 0.174 095 0611 3.016

Strut_5_new 0.064 0.164 094 0.639 2929
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Fig. 10 Mach number contours at Ma.=3.0

Strut_5_new Jit. 3% W I R K& B0 AR 3 o B X
X 2 PR Ry — T3 T e A O 4 AR RS 4 A
AE 14 21 Fe IR 10 38 0 B2 ) s AR IR e v B T )2 )
Y5 AE AT 3 2 R T b0 SOH RE S B e 1Y AR
T AT A B T B A B A 45 RO 5 53— Jr T i
T B T R B RS B 1 0 B o B p RO o it
I PN 4 B N 22 b P S P O SR s
UEAE TR IR

4 & g

AR SR X e B | S AR A SR /R R AR S (4K
0~ 8) Y ki FE 41 & 9 5 (Rocket Based Combined Cy-
cle) & S HLAE #E 8 B 25 B Py b0 OB 25 1 R
SUCBFSE T D SRR T A X R S R R B A 4
SR

(1) Hhvrs S A T £ B B 5 B B 9 5k A 1 A2 4k
X s SHR K B I R, 2 b SO A b —
E I SR TOU AR i /0 23 WD I 38 gk < e S B Al
KB, AT Strut_1, Strut_2 & Strut_5 1Y b@ 25 B K
B 43 80 47% ,62% ,70% , 5%

(2) Y 3F SGE b T oK R BT, v SpR T
A5 A% S P RE S 8O W WS e H o R A B
7R AR R PE B ) R AR I 25 S, a0 SO T A
i /1N 2 B3 8 384 00 p 2 BRI G SRR 7 AR Y ORG  BEL
h 2% ., M T Strut_1, £ Ma, =1.5 i} Strut_2 &
Strut_5 P Hs 45 B 14 BH 1 7 £ 0 08 b 33% ,45%
55% ,59% ; WeAb , P9 R 4 B 1 He i B T 22 BB oo 52
Hi 0L Ff 38 T 38 K, 3 02 H B B 1 45 AT () o
By oy vE e W AR g LR i o

(3) Y3k A3 b T S AR AS B, Hho St g R )
U R RO, O SOHR TH A A A RE R R G e
1 1) A5 R R T G ) B s SOMR T AR A X H A
JE 45 B Az iR R B T 28 850 e 5 B ) R B0 5 e
oI R AH e T Strut_ 1, 7F Ma, =5.5 I Strut_ 2 &
Strut_5 P Hs 45 B 14 BH 1 2 500 0 0 b 37% ,50%
57%F 61%

(4) 3 2o e & F SO 25 G0 4 M R R4 A, R
FH A SOHRHEAT Wl 3G e, O A 8 ASAL 5B I T )2
W I O A BB T Ok, B TR AL 10 B R IR L T B
FHE T, B2 /0 0F A TE A R A e TG R <3 R B
E i QR Y =B S W1 N1 OB VESI 1= A P L B U N e N 1
HESIE BN AP 4 BB ) 3R B0 0 B AR 13.5% F
5.7% , ol JEAR 52 Z BOFNAIE B 5 0L LE 20 0] $2 =i 2.6%
0.5%.



H394% 4 L SR TG % RBCC 3G i B B9 775
‘ metric Analysis and Experimental Investigation on Side
Sk . .
Wall Compression Inlet[J]. Journal of Propulsion Tech-
(1] % 6B ML R, S KRS BT nology, 1995, 16(6): 20-25.)
PR 5T R I, M RAR L 2010, 31(6): 660-665.  L10) A &, ATEER, &K, SR S RBCCHEBLIEH
(QIN Fei, LV Xiang, LIU Pei-jin, et al. Research Sta- BT 5 RO BT Wias ) 54, 2011, 26(8):
tus and Perspective of the Rocket Based Combined Cy- 1801-1807.
cle Propulsion System [J]. Journal of Propulsion Tech- CIL] R T30 30 ) 5 03 B - CFD i 5 2 5 09
nology, 2010, 31(6): 661-665.) CML B i AR KA T A, 2004,
[ 2] AR 7k pE fT R LA ko L4l A 1R I [12]  XUmeflh. K& A G082 (RBCC) 3l Jy 5838 I #F <
(RBCC) HE i#F 5 45 M 4 % 3 B2 0 ). TE A JEHFTELD ] PE% PEL Tl KA 2010,
2003, 24(1): 1-5. (HUANG Sheng—hong, HE Hong- [13] Herrmann C, Koschel W. Experimental Investigation of
qing, HE Guo-qgiang, et al. Conceptual Design Model the Internal Compression Inside a Hypersonic Intake
of Rocket Base Combined Cycle Propulsion System [J]. [RJ. AI44 2002-4130.
Journal of Propulsion Technology, 2003, 24(1): 1-5.) [14] Reinartz B U, Herrmann C D, Ballmann J, et al. Aero-
[ 3] Rk K& HASZ HIEFF (RBCC) D] G A k4 dynamic Performance Analysis of a Hypersonic Inlet Iso-
WA D], P22 . P4 Tolk Je 22, 2002. lator Using Computation and Experiment[J]. Journal of
[ 4] Bulman M, Siebenhaar A. The Strutjet Engine: Explod- Propulsion and Power, 2003, 19(5): 868-875.
ing the Myths Surrounding High Speed Airbreathing Pro- [15] Hiberle J, Giilhan A. Investigation of Two—Dimension-
pulsion[ R]. AIAA 95-2475. al Scramjet Inlet Flowfield at Mach 7[J]. Journal of Pro-
[ 5] Scott D H. Experimental Investigation of Generic Three— pulsion and Power, 2008, 24(3).
Dimensional Sidewall- Compression Scramjet Inlets at [16] Hohn O, Gillhan A. Experimental Investigation on the
Mach 6 in Tetrafluoromethane[ M ]. USA: NASA Langley Influence of Sidewall Compression on the Flowfield of a
Technical Report Server, 1998. Scramjet Inlet at Mach 7[R ]. AIAA 2011-2350.
[ 6] Kanda T, Wakamatsu Y, Sakuranaka N, et al. Mach 8 L17] b ok, 2= 1, sEEF. K 8t X RBCC ik <UiE
Testing of a Scramjet Engine with Ramp Compression PEREAY B2 (1], HfEHEHEA, 2010, 31(2): 153-160.
[JJ ]ournal Of Propulsion and Power, 2002’ 18 (2) (LIU Da, LI BO, HUANG Cuo—ping. Rocket Jet Effect
417-423. on the Performance of a RBCC Inlet[J]. Journal of Pro-
[ 71 ZKouichiro T, Kanda T, Kenji K. Aerodynamic Perfor- pulsion Technology, 2010, 31(2): 153-160.)
mance of Scramjet Inlet Models with a Single Strut[ R]. (18] ShiL, Liu X, He G, et al. Numerical Analysis of Flow
AIAA 93-0741. Features and Operation Characteristics of a Rocket—
[ 8] Singh D J, Carl A Trexler, Julie A Hudgens. Three Di- Based Combined—-Cycle Inlet in Ejector Mode[]J]. Acta
mensional Simulation of a Translating Strut Inlet [R]. Astronautica, 2016, 127: 182-196.
AIAA 92-0270. [19] Soltani M R, Daliri A, Younsi J S, et al. Effects of
[ 9] KMIT, A, & M. &0IER S0 280 Bleed Position on the Stability of a Supersonic Inlet[]].

Br Ko s ko [ #EREE AR, 1995, 16(6): 20-25.

(ZHANG Kun-yuan, XIAO Xu-dong, XU Hui. Para-

Journal of Propulsion and Power, 2016, 32(5)
(3% A5

L 1-14.
Bt)



