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Abstract: Scramjet is a key technology in developing the hypersonic vehicle, Hypersonic missiles, aircraft and
aerospace plane are based on scramjet and significantly important to future space battle and transportation.
Thermodynamic cycle efficiency of hypersonic airbreathing engine is analyzed using thermal engine closed cycle
analysis, a quasi one-dimensional performance calculation model of hypersonic airbreathing engines is developed
by one-dimensional flow approaches using the entire set of control volume conservation equations, and the in-
fluence of some potentially important parameters are analyzed. The quasi one-dimensional performance calcula-
tion approach can be used as a first leveled calculation model in the performance calculation model of multi-lev-
eled hypersonic dynamic propulsion system. It’s very simple and efficient, and can be used to confirm some
major parameters and flight parameters in the phase of conceptual design of the hypersonic aircraft. So this
model has a very important practical value to the primary development of the feasibility scheme of the hyper-
sonic aircraft,
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Fig.1 Scramjet reference cross-section numbers and related

terminologies

BO— 3RS R KRN oM A
HAMESZMBEZEADGR T;.

B3R 4 FE MG R R AHBER T
InARE R T, , R T, TR &,

R e W E A Su i . A
HIR e % 3R p, = p, KB H HRWMER py =
Do o

10— S 0. A BB H A, M
HRRE R CEE, ZRMAEHE ORI,
SIKE R R ERE

PopAE T

10

K2 ®SKEIFASEF T-s B
Fig. 2 Airbreathing engine brayton cycle T-s diagram
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Table 1 Input parameters
¢ Vo/(me+s 1) To/K f St hg
7.0 3048 222 0.0291 0.029 1 0
To/K Vi/Vs Vi/Vs P10/ Po T
Aw/A3
222 0.5 0.5 0.10 1.4 0.9
hpr/ R/km? « S72 «
e Cpe C
" Wk K ’ o
0.9 0.9 0.9 289. 3 1. 09 1.51
cpe (K] +
Ye 7 Ye go/(m’ s~
(kg + K)™H
1.51 1. 362 1. 238 1. 238 9.8
1H R BE BT 25 SR AT -

®2 EEBREHAOHTEER

Table 2 Calculation results, constant pressure combustion

Sa Vs/ Sa
' Ta/K ‘ ‘ s
(Nes<kg™H (mes ) (NesekgD) Po
3 069 1554 2527 2705 260
As Ay by
a3 V. T, 24 4
A, ! ! As b0
0.032 47 2 369 3750 2. 65 260
A
Sa, T1o Vi Sy, A_lo“
2 827 1616 3472 3 607 4.695
F
;‘% o /Y Mo Ip/s
565 0.493 3 0.446 6 1. 105 1981
TEHE AP R SR ANT -
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Table 3 Calculation results, constant area combustion

Say/ Vs/ Sa
’ Ta/K : : 2
(Nes-kg™!) (m+s™) (Nesekg ) Po
3 069 1554 2 527 2 705 260
A3 A4 p4
23 V. T 24 4
Ao ¢ ¢ AS Po
0.032 47 1831 4 498 1 260
A
Sa, T Vio Say, A—lo"
2 542 1 585 3 486 3617 4. 588
F
Mo Mo oy o Ip/s
577.8 0.504 5 0.460 3 1. 096 2 026
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Fig. 3 Influence of cycle static temperature ratio
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Fig. 4 Influence of fuel heating value on total efficiency
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Fig. 5 Influence of process efficiencies on total efficiency
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Fig. 6 Influence of constant area combustion on total efficiency
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Fig. 7 Influence of fuel/air ratio on total efficiency
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Fig. 9 Influence of free stream velocity on engine geometry
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Fig. 10 Influence of combustor drag on total efficiency
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