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Aircraft/engine performance integrated analysis on
combined cycle engine

ZHANG Dongging, SONG Wenyan., CHAI Zheng,
LIU Lili, MENG Pingping

(School of Power and Energy,
Northwestern Polytechnical University, Xi'an 710072, China)

Abstract; Two cases of combined cycle engines (case 1: turbine engine/ramjet/dual
mode scramjet, case 2: turbine engine/ejector ramjet/dual mode scramjet) were compara-
tively studied by using aircraft/engine performance integrated analysis method. Constraint a-
nalysis and mission analysis were conducted based on a given mission of the hypersonic vehi-
cle capable of Mach number of 6. 5 cruise. The optimal thrust loading and wing loading satis-
fying the constraint were obtained, and the corresponding takeoff gross mass and sea-level
takeoff thrust were further obtained. Results indicated that under the condition of comple-
ting the mission of hypersonic vehicle, case 1 had a comparable takeoff mass with case 2.
The takeoff mass of case 1 was 2. 6% lower than case 2, and the takeoff thrust of case 1 was
10. 3% higher than case 2. Considering the state-of-the-art of turbine engines, two 129 kN-

thrust turbine engines and two 119kN-thrust turbine engines were used for casel and case 2,
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respectively. In addition, the takeoff mass increased shapely with the cruise distance. The

takeoff masses will be about 85t for both cases when the cruise distance is 4000 km.

Key words:

hypersonic cruise vehicle; combined cycle engine;

aircraft/engine performance integration; overall performance;

takeoff thrust
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Fig. 1 Schematic diagram of turbine/ramjet/dual mode scramjet propulsion system
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Fig. 2 Schematic diagram of turbine/ejector ramjet/dual mode scramjet propulsion system
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Table 2 Mission profile of the hypersonic vehicle
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Table 3 Lift-drag ratios of the hypersonic vehicle

LB R THEEL I
1~2 0~0.3 7.0
2~3 0.3~0.8 7.0
3~4 0.8 6.0
4~5 0.8~1.1 3.0
5~6 1.1~2.0 3.5
6~7 2.0~2.3 4.0
7~8 2.3~3.0 4.3
8§~9 3.0~3.5 4.5
9~10 3.5~4.0 4.6
10~11 4.0~4.5 4.8
11~12 4.5~5.0 5.0
12~13 5.0~5.5 5.2
13~14 5.5~6.0 5.4
14~15 6.0~6.5 5.5
15~16 6.5 5.5
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Fig. 6 Non-dimensional thrust of case 1 turbine (TE)/ramjet (R])/dual mode scramjet (DMS]) engine
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Table 4 T, and W,, with different T, /W,, and W,,/S

WIS T4/ W, (W,/S)/Pa T,/kg W./kg
4500 249.9 31872
0.80
5000 241. 4 30791
4000 251.8 30222
0.85 4500 242.0 29046
5000 234.6 28166
4000 269. 7 30584
I -1 = c
Jrde 1, 0.90 5000 251.5 28510
TE/RJ/ 5500 245. 4 27819
DMS] 3500 313. 8 33702
0.95 4500 285.3 30646
5500 269. 6 28960
3000 380. 2 38800
4000 331.5 33826
1.00
5000 307.5 31380
5500 299. 6 30569
4500 219. 3 29832
0.75
5000 212.7 28934
4000 257.0 32779
0. 80 5000 238.9 30472
5500 233.0 29720
4000 291.0 34936
b g, 085 5000 269. 7 32376
TE/ERJ/ 5500 262.5 31511
DMS] 4000 331, 0 37530
0. 90 5000 305, 5 34637
6000 297.1 33686
3000 442.7 47550
4000 378.1 40612
0.95
5000 347, 3 37301
5500 337. 2 36220
R I A B PR I B R % .
T3 W o b e G I L 0 2R 4 T A 5 K

BN 5% H S OIS B A AR R S L R 3 kR
G Jo St AH B B0 DT A KA Al TR
RN, T5 S A AT AR AR T A By Bk
FT 515 K5 0 48 A sh FLAE [R] A S R ORIy
QAT IR TR] R A1) i B P S B I T G 4 R

45 5 0T TR U T A 14 5 e B R v B %
Tl R T R RS L PR UL B A R HE I L A
T, CAT R R R T R

FEAH TR A QAT L T /W B R —FJ7

MR R R Y A HLEE A W, /S 1Y

T B AV 3 A2 DR Ay AL B 48 A 114 164 o e 45 AH 1 1
AT AR LI AR (S 2 T B BRI SR AR T
AT AR IO PLE S A5 M B AT RRAIR T AT R
A RUE T A,

R AP TR R R T,/
W, =0. 85, LI faf W,,/S=5000 Pa, Fl AN iy
BEHES) Ta=234.6 kN Flig R i W, =
28166kg: JFE MR KIS Ty/W,=0.75,
MLE i ff W, /S =15 000 Pa, FlAH N (9 A2 € HE )
T,=212. 7kN Fl €8 ma W, =28934kg, J7
Z-WEECREEE TR ZW/NT 2.6%, 82 €
e S BN T 10. 3% .

E 1 A IS 6 HE T L LR A T L R
Rl 4 3h 1 5 S8 1 RAT A0 RS 4% 2R 40 9 o o
g s k.

RS AMARNMTHRRTIRE

Table § Vehicle sizes and masses of the two cases

SR TE/RJ/DMS] TE/ER]/DMS]
Ta/W, 0. 85 0.75
(W,/S)/Pa 5000 5000
CATAY K/ m 16. 3 16. 3
KATA R AR/ m’ 160 187
HLF H A/ m? 55.2 56. 7
o i i/ kg 1500 1500
HEH R G/ kg 6308 6082
St it/ kg 5344 5364
AR &2/ ke 13606 14541
TRGH R/ kg 1408 1447
A E R R/ kg 28166 28934

FEF I B de & Sh LK, S — Rk H
P B HE T (5 10 0 M LA ) Fu=129
KN {8 48 & s HL . T J7 48 00 75 225k W 5 i
TR LR S (5 18 1006 I R3O N Fuy=
119kN HyiR%e & ghil.

A S 5 VAR T AS [ A B B % F AT gk
REEENER., B 12 8B THMA S
L AT AR CR TR BE S ARk 6. 5 I B
122 4L
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Fig. 12 Takeoff total mass variation with cruise distance
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