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Abstract: A new scheme about ATR (air turbo rocket) engine driven by cracking gas of
hydrocarbon fuel is presented in this paper. The performance of ATR engine working with specific
cracking gas components is calculated. The influence law of alkane/alkene ratio from cracking gas on
engine performance was obtained. The results show that the thrust increases and the specific impulse
has a degressive trend basically as the rotating speed of the engine increases under the same flight
condition, and the higher the alkane/alkene ratio of cracking gas rises, the higher the specific impulse
becomes at the same rotating speed. The specific impulse of the engine can reach about 7644 m/s while
alkane/alkene ratio is 4 and its rotating speed is 70% . The specific heat capacity of cracking gas
increases gradually with the rise of alkane/alkene ratio.

Keywords: hydrocarbon fuel; cracking; ATR engine; alkane/alkene ratio; engine performance

WFHER: 2016-10-21; 1&EIHH: 2017-02-01
EEWB: MR ALH(617010406)
TEZRIN: sk (1986—), B, TR, Msails -hal Gt REsh i HEAR



2 KofE et

2017 46

0 55

2 KT RS N — R SRR & 3l
BL, R K E RS ) % S iR iU Sh LA T
AHLAET, IR A DR SECS AT TR
L RTE T REMLTAEREE  HAEE

AR T A, ATR KRSl E 21
R TR A EAEIP M IRAGER 2 Fh 5 557, AR
KA ATR R SHLZ XA C R
A WAHBE . H OB AE) AR g e k515,
AT R S A AR, HAREE R T kA
fae k2 WK ATR &l (Air-Turbo-
Ram Expander cycle, ATREX) i Fl¥ & AE M3
e AR RE o, PARERVE R, HE
fi5, AP HI MR RE R, BREPEEL
22,

e EARARHE R K S LT T2 o
FURL, [ AT T B BB BT 5T 22 4 e A
YRR SR A v B0 7 T Bl SRR E i %
AL S5 T SRR /Ny TRk | SR A
Yy, s REMCH, TR S LRE [ EAT Ve e
[, BREUREIPEENE BRI, Jriifii, M
PEFEEE T A R T ATR bl . 2T,
ASCHE T — PR Tl SO 2R AR ATR
KM CFSCRFRBE ATR £l FE, i#
IR TR S TAR IR, oty TR ShbLE
RETHAL, WP T R SRR B4 10 % R ST RE
PSRRI, ] o Je 2 R & A sh LT St
FERRHEHT IR

1 T1EEIERERE

Rk ATR A sl £ SRR <E . L.
SRR R TR R E L R v
BT BE ATR K S HLI R 5 32 2
Ak 2 A R EUR R R A /N TR 2R
I RIFEE . TR AR R, AR AT
T 23R AR UK A e A el g T T AR S
YREh A SRR A, ) m Hola I A Uk
PEA RSP, PR B S TR 2R (R
VMR e 7 AR R R TR SR A

SRR AR S, E IR e 8 R LA,
KA GG 5 BRI AR5 Y
Whbeas, TEIRBE S A Z R i A () i TR
PRIEATIRSE A I v AR o W A8 I MK 2
710

[Ny
HAEE !
L
dﬂéﬂ :
b -

Vit Mbem W

U — 14

B 1 %S ATR A3 TIEREREE
Fig. 1 Sketch for working principle of ATR engine

working with cracking of hydrocarbon fuel

MYEIR E ATR &SPl TAEIRI, #5717k
HPLTAE- T FE, AR .
D) %8S A B A A
n,=n, (1)
X n HYIELH; AR ¢ HIESHL; Thet
poRE i
2) RENHLIIE LI P ORI
FEII0R) -
Dy, :]ﬁzp7 ()

Kb p WEPEE ARSI = KR, T
br2, 4, 7008 RSP F I . R A T #
T WS M I

3) AT A

m,=m,+m, (3)
R me Sy B B [ 388 2o R4 T A T A

4) WREE 5 RSN ORE EPL )

PR
L.=L, (4)
X L oNIR,

BT BRIEAE R, B T RSN
B R SHLEETT A (R AS 1009 55 53 43
) #EJ129 10 kN, 2SS 0aEm 10 kefs, AL
HATE L 2.6, IREEVEIELL 16, [R5 fE 2] e pihs



55 43 45 55 3 4 SRR, S5 SETOREUREIRYE TAER ATR & ZhHLYERE b 3
FLECHHHERE, SRR TR GR%ERT 14000 . oo ]
SRR 1000 Ko % SHLIR A AL ISR 120000 i Sy
E . - V- f‘:lo2kkm/02 ]\I/\I/Ia 12000
EANE 1 s N —@— 4 km0.6 Ma
®1 WEATR LT RAGSH(HS) 10008 e T A 00
Tab. 1 Parameters of subassembly for ATR engine 3000 h po .
L . z 8
working with cracking gas of hydrocarbon IS 8000
fuel at designed state 6000
' B 4000 °000
AW (kg s™) 10 200%0 — '7'0 — ‘8;) E— '9(') — '10‘(‘)000
%
PRI ER 0.9 X .- .
PR M2 REALEEN. AR DT AR
FEAHLI FE 1 26 Fig. 2 Variation of thrust and specific impulse with
rotating speed at typical flight condition
mAETEIE L 16
S Bl 75l S22 — VA
i 03 2 BRI
SR A e e A 2y S 5 ok 7
RS R/ 1000 RFERMT, AR AR AR )
—— 008 AT L0 PR IR ML FEE . X T

RAHURELR FIAE KT B il A id Jr
(A B U e SRR, 2R 9E, 76 1 000 K
T AR S SR R i E AR B RR S
e, 5t ke, M. NI I TIR5E (2%
TR 4 UL B o Hi, feldih,
b, Zkt. NEEFRE LA 1.1:1.55:1; MkeZk
M. IR TR N 2.1:1.7:1,

BT ERESNILSE, XA RAT S
(0 km/0 Ma, 4 km/06 Ma, 8 km/1.5 Ma, 12 km/2 Ma)
& ATR K EhPLPEREEAT TR RS R,
st SRR 2 e 4, HAly tfRAE=l, &
2 T REE L (el SRR R L) A
BF, ANFE T ZSHLIET) . bS5 o A
g . B 2 AR bR RSP E S b, B
2 R, TER—RATRMT, BEE R SLEEH T
., #Hed1zEr b, AR R VS, o
TS5 T0%5 A 73t , R BhHLE phAs
T 5 A LA e AR X B v, HAB 2R 6 374 wis;
12 km/2 Ma 5514 . 60%%%5 3 A 43 Ui, Hanp 2y
13 000 m/s,

M ATURR SRR, R P e A LUBRATR T
FRE T B, [ 4 FUIEL S ool et TR T ik
RANPLAMF SR ATR & ShHl, 16w 5%
(GRS T SN 2 BN s AR U LS ST e
0.5, 1, 2, 3, 4) FFE# (60%, 70%, 80%,

90%, 100%) “FAEILEE R,

2.0
L —,—1:2
—A— 11

—0—3::1
—@—4:1

0'0- T T TN T A TN T ST AT T T T T T N |
60 70 80 90 100
%

3 FEG/EE REFEE THRESMBIRET K

Fig. 3 Variation of mass flow rate of hydrocarbon fuel

at different alkane/alkene ratios and rotating speeds
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Fig. 4 Variation of thrust and specific impulse at

different alkane/alkene ratios and rotating speeds
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Fig. 5 Specific heat capacity Cp of cracking gas at
different alkane/alkene ratios at 1000 K
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