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Abstract: In order to reduce the production cost of the target drone and increase the thrust—to—weight ratio
of the target drone engine, a solid rocket ejector—based combined engine model is put forward. It consists of a sol-
id rocket and a reburning chamber. The layout can be divided into solid rocket built—in and solid rocket external.
For getting the optimized layout structure of engine, the numerical simulation of flow in the built—in and external
layout engines are carried out by quantitative heating in the reburning chamber simulating the engine working pro-
cess. The calculation results show that for both the internal and external engine, the ejection efficiency is reduced
with the increase of heating quantity under the same inlet ejecting area. The built—in layout engine thrust is basi-
cally unchanged, and the external layout engine thrust gradually increased. It has high thrust and thrust gain

(maximum up to 39.3%). Thus, it can be seen that the external engine has better thrust performance. In order to
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further optimize the external layout engine, the performance of six cases of engines, i.e., the ratio of the ejection
inlet size to the solid rocket outlet diameter (L/D) being set as 1/6, 2/6, 3/6, 4/6, 5/6, 6/6, are studied. The re-

sults show that as L/D increases from 1/6 to 6/6, the ejection efficiency, thrust and thrust gain increase first and

then decrease. When L/D is equal to 4/6, the engine’s ejection efficiency and thrust are maximized and the en-

. ’ . .
gine s performance is optimal.
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Fig.2 Structure of solid rocket external
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Table 2 Flow of different engine interface

Case Gas Ejected Outlet Ejection
flow/(kg/s)  flow/(kgls)  flow/(kg/s)  efficiency/%
1 0.594 0.254 0.848 42.8
2 0.593 0.280 0.873 47.2
3 0.593 0.304 0.897 51.2
4 0.570 0.354 0.924 62.1
5 0.593 0.344 0.937 58.0
6 0.588 0.318 0.906 54.1
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& LD WG, K g AL FOBR A B S B N S )
YRS R B R ME S BRAE L/D=5/6(Case 5) &b ; B
& L/D WX N, & Zh B F R 0 B S el N 748 in 2
e KAB S B0/ DN, H0 1R <0 2 o KA T B AE L/D
=4/6(Case 4)Ab . FEFE 15, BAR K& AL ORI
Tt d K AE AR L/D=5/6 (CaseS) &b, H TR Sk
e K H oW 287.1m/s B AE L/ID=4/6(Case 4) 4k, & ShHL
FR 3 77 3 L P A sh LI 1Ak R <0 B R 3 e A [
FE , Case 4 fll Case 5 W FE 221 K F H R B 25, R
HEEL B AL Z W

0.65

0.60 | .\.
0.55 - \_

Ejection efficiency

0.2 0.4 0.6 0.8 1.0
L/D
Fig. 13 Ejection efficiency varies with L/D

7 280
0.4 F —a—Thryst gain o
—u—Thrust
= 03F 1 260
5 — z
‘(;)' 1)
g E
= —
= 02r {240 T
0.1 |
1 1 1 1 220
0.2 0.4 0.6 0.8 1.0
L/ID

Fig. 14 Thrust and thrust gain varies with L/D

25 F TR, 7F Case 4 TR B 51 5 01 X F L/D=4/6
iF, & sh ML ELAT B 0 B4 51 59 Pk 8 S HE B .



Farl s AR 5 A1 Jr) of T A T 51 5 3k S BILPE R 2 i WF 5% 999
1.00 - 7 300 a Jet Pump Using an Elliptical Nozzle[J]. Review of Sci-
_ -\. /' 1 250 entific Instruments, 1999, 70(12): 4727-4729.
EXl o > 2 [ 6] L%, WA, Fo bk, 4. WO0k A E X W2
E e \ 260 PERESS MBS 0]. 1Y%, 2007, 26(4) : 16-18.
7 0.90 2 . . .
é ./' | 240? [7] Pianthong K, Seehanam W, Behnia M, et al. Investiga-
5 I / o é; tion and Improvement of Ejector Refrigeration System Us-
8 DB = 7.78332:221?@)&] 12209 ing Computational Fluid Dynamics Technique[J]. Ener-
I gy Conversion & Management, 2007, 48 (9) : 2556-
el o.'2 014 O.I6 o.ls 1‘0200 2564.
L/D
Fig. 15 Flow and velocity of outlet gas varies with L/D L8] Keenan J H, Neumann E P. A Simple Air Ejector [J].
Applied Mechanics, Trans ASME, 1942, 64, A75-A81.
(9] EBIF, FvFE. ZBUAESIHARMTERESHTI]. Fa
4 % % fL s L K K 2424, 1996, 28(3) : 350-355.
[10]  EBIF, 2. WG A 5] 5 8% P Ae iy 2 45
ARICE T CFD B2A XA K B AL B 3 A5 (A FEASRBETE )], W% 3 1), 1996, 11(3).
B o A 3 b b B A R R S LA AN E A (] B SIS AR AL BT BRG] AR
Jeh B WL Pk B L SR 6 O A R, B9 T 314 ERHFRAKRS, 2014.
DRTJ‘L/DXﬂ‘kiﬁ]*}L‘@ﬁEE"J%HFﬁJ,?%?Uﬁ[l?%l% [12] Aﬂ{%ﬁ:, %%"a?‘? Klﬁj{ﬁﬁgﬁjﬂ RBCC 5| #5457
(D ZERI TAE S0 F B A e % 2 LB 4 iilﬁl\*ﬁm. Bl 8RR 5T, 2012, 12(21) : 5408-
AOCR TSI A e K B LG]SR P9 A e [13] Lineberry D, Landrum B. Effects of Multiple Nozzles on
Eﬁ Eﬁ% E‘J?}[E#‘fﬁﬁg ,@,H\Tﬁjjiﬁé)ﬁﬁ{ﬁo Asymmetric Ejector Performance [J]. AIAA Journal,
() TEM R TAE 4T 508 A0 R 3R A5 R4y 2013.
AT 2, BAT A i T PR fE [14] TR, s, gk, — kA28 RBCCH
(3) 26 7 3¢ L 0 91 8 2 A b 6 F T 000 24 % 50 SR EIEH A, 2003, 24(3): 204-
*R%[Eﬂ‘ | Rﬂ‘ L/D=4/6 Hﬂ‘ ,ﬁﬂﬂ%l%ﬁﬁﬁ%*ﬂ?ﬁﬁﬁ 207. (WANG Guo-hui, HE Guo—qiang, CAT Ti-min.
B 1k T B AR A Effect (jf Primary Rocket Parame?ers on the Pe.rforn.lance
B R 5 AR S A S B e RS AR of RBCC (Rocket Based Cor.nblned Cycle) in Ejector
Mode [J]. Journal of Propulsion Technology, 2003, 24
BT L I0UGE G A B, SRR S 6 U e A A T Y (3): 204-207.)
(LR (157 @Az ub, fapab R, Ay o . SOM KR 51 5 s & 3 Bl
B2k Gl HH IS B BE U B (11 ) Bk be B A AL 2 g [ ]
et AR, 2003, 24(3) : 259-264. (HUANG Sheng-
(1] Bk Al EAMBCCATEE S RG], PG & hong, HE Hong—qing, HE Guo—qiang. Combustion Flow
S Az, 2016, 45(4): 183-188. in Ejecting Mode of Strutjet Engine( II ) Effects of Second-
(2] Fuk#FH. HAHWIAHALI]. AL T8, 1986, 4 ary Combustion and Configuration[J]. Journal of Propul-
(9): 45-46. sion Technology, 2003, 24(3): 259-264.)
(3] RAg, XNXHFE, THL. LM S 500 w5 251 5e 1Y [16] Daines R L, Merkle C L. Computational Fluid Dynamic
sy pr[)]. R AR, 2013, 41(5): 56-59. Modeling of Rocket Based Combined Cycle Engine Flow
(4] Br M, BRIEWE, B2, BEGEes — 4 5 PEmem Fields[J]. AIAA Journal, 1994.
HAE S HrLT]. B HLBK, 2008, 29(6) : 57-60. (17] EBA, \FM, k2T, 5. RS (] v
[ 5] Guillaume D W, Judge T A. Improving the Efficiency of 22 PEE Tl K2 Mt , 2006.

(%% R Z%)



