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Abstract: In order to investigate the performance of expander cycle air—turborocket (ATR) engine with
methane—precooled, the engine performance evaluation model was established based on element—method, the ef-
fects of compressor pressure ratio and coolant equivalent ratio on engine performance under different flight condi-
tions were studied, and the capibility requirements of each component for engine operation under different work-
ing conditions were analyzed as well. The calculation results show that the methane—precooled expander cycle
ATR with at least 1.0 equivalent ratio of methane coolant can realize the continuous work among Ma0~4.0 under
the condition of lower than 2.0 compressor pressure ratio. The low unit power of methane is the main factor that
limits engine performance, because the low enthalpy of methane restricts the improvement of compressor pressure
ratio. Theturbine power of the methane—precooled expander cycle ATR can meet the compressor power require-
ment only under the condition of high turbine pressure ratio and coolant pressure. The matching problem between

cooling cycle and air cycle is the key to synergistic work for the engine components. The specific impulse of 1250~
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2114s, specific thrust of 70~110s and total efficiency of 50% can be obtained in Ma0~4.0 by properly designing

the control parameters of the engin components.
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Fig. 1 Baseline of methane-precooled expander cycle ATR

Y 5 T 7% 6% K 47 21 ATR & s AL 3 B 45 R AE T
() R AR IR P 68 45 S v 20500 R RRE , HY Joc 1 4 2
P o 5 SR 28 JRE A R 22 e 5 () TV 44 X R
U2 R TR OR AR T R S LAY AR R
(=) 2R 0 7800 W AR 19 % 0500 X A2 0 L T8 48 M2 K i
Ty, sl G 1l v AR O i e il B TR e R B A
VIE T, 456 B s 9 v 0 AL ik e = ik
A TR L 5 (DY) T30 T A ER AR AL A
BT IR B 25 I B K e s HL A A% S 48 A 3
BL, B2 I KR35 ATR BB 2 Ve RS Rt 5 &
UL 5T AR T 7 B DG P TR T R B A A

22 HHEFEE

KB HLYERETE B O vk BB A A AR AR T
B R S AL BT S O R 2 RS
R4

ARIEEIESAE L 7, MR HF Y& o b+
FEARARAR R Horh A HI R Y A H T S B A RO
RENHLEPRFI RS i . A TRYES S5
22 [ [ R b 1 F R W 5% BT (NIST) il 38 1 b o o B
S 23 AR e A R R A AR B AR AR R
Vo MRIRAHIF R WA W be 8 AR E T, 0 100K,
A7 T pe o 0 0.2MPa, 55 ¥ H) 57 36 Fe 5 72 vh %
B AR AR /N, AT 200, i T B AR A A be i
I 5 25 SR i i AT R T v 5 4 R A
(4 Ty AR5 ¥ H R 47 FE R B RE B BT . XA
L ORI E m,., 7% 3CHR[22], RAFPERE Y
PAZ e g e A S BE IR 21 0.80 LA I . AR SCTHA B%
0L 0.7~0.8, 45 A g e R 1t -l 7 AR L 3R 2 SRS
HIFA RS

Te, =T, (1)
- De 2
Lp.,,“p _ (p(‘_l_ p(,_u) + Ve (2)
Pc o 2
Mo = i _ CP,.L(:(T(:J - T(:,]) (3)
q max CP.,.,...;"(TH;L] - Tc,l)
@y(he, = he)=hy, = hys (4)

AR AR CCT RN “air” 43 ) R B ER R A A
T RT3 00 R ¥ F0FAAE 28 1 R F0% 8 1 11 A
T Ly, 9 5 386 3 AR B T B HIFTEFE S 5p e M
P FAE S R B 5P o N 1S 1T 5 12 157
BB o, WEEH DR HIFITRE ; C,, B HFIIE
LA, RIS 0T R R S R AR AR B
RV HR 5 25 SR TR BN 5 q R R T
Roshe  Fl b, 53 50 0 ¥ HRIAE TR 48 A HRTH H Y
KA s h, R0 Ry, 5300 R 28 SUAE TV 28 A R 1Y
KA 5y I BRBHE 28 S R BE i Ak 2740 2 1

B REE S P SN i P N T S T IR AR e | |
L 0 28 A5 S 805 A G, R T Kath T London 7
QB IS 2 ) 48 3 s R B A ik AT
PEAG Y ELOR U 5 B an 1 2 B R o

FEASHL 1125 SR 7 AR i 40 o AR AR o RS HL
JE H o 5 R ASLET 25 AR R T, R A0 2R TR AR B
JE 45 3 B il T G 5 R L 6 R 2O R R LR
e .

Puis = T Pairs (5)



42 %

FF Jo8 191 4> g2 708 B 2 b i K R S LR BE 43 AT 1967

~-6-6- 0y for air

06| ™ O for coolant with p=1.0
~++ 0y for coolant with 9=2.0
44— Oy for coolant with ¢=3.0

0.5
0 05 10 15 20 25 30 35

Mach number
Fig. 2 Total pressure recovery coefficient at the outside and

inside of the precooler
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Fig. 3 Total temperature distribution at entrance/exit of the
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