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Perform ance analysis of MHD-A rc-Scram jet canbined cycle engine
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Abstract  The perfom ance of aMHD-A re=Scran jet canb ined eycle engine is analyzed by mvestigating the effect of en-
ergy-bypass systam on the engine specific thmust and presenting the difference of the specific thmst between the MHD-A re-
Scram jet canb ined cycle engine and a conventional scram jet. Results show factors incluid ing energy used for electric-hean jon-
ization energy-bypass ratic themaximum tenperature of arc-heating process and the degree of inlet can pression i pose sig-
nificant effects on the engine specific thrust and it is evident thatw ith the proper choice of the above param eters the specific
thrust of MHD-A re-Scram jet canbined cycle engine is higher than that of the conventional scram jet in the speed range of
2 800~ 4 000 m /s.
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Fig.1 Block diagram of MHD-A rc-Scram jet
can bined cycle engine
(1-2-3-4-1: conventional scram jet engine
1-2-2m-3'-3s-3a-4'-1: MHD-Arc

Scram jet canbined cycle engine)
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Fig.2 Tanperature-entropy cycle
diagram of scram jet engine
(1-2-3-4-1: conventional scram jet enging 1-2-2m -3'-3¢
3a-4'-t MHD-Arc-Scram jet canbined cycle engine)
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Table 1 Engine specific thrust under various inlet configurations

v, /{m/s) 8/(°%) n. M a, T, /K M a,, F_ [(N* s/kg)
Conventional 15 = 2.17 2.69 x 10° = =
) 3 500 5
scran jet 16 - 1.90 3.00 x 10 - 323.45
MHD-=A re=Seram jet 3 500 15 0.02 2.17 2.69 % 10' 1.95 328.47
canbmned cycle ’ 12 0.08 3.04 1.86 % 10° 1.99 376.67
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Fig. 7 Optinal specific thrust

ME R, EEEFSZHAS (N, N The
8), TEAR B8 A ok i S BE Y [ (2 800~ 4 000 m /s)
MHD A re-Scram jetlk & HH K HLE BALHE ST F 35
w TGP R RN FERGFTERL v, > 3 500 m /s)a,
gt I R AL F 58 98 B AR AR 19 7K -, T 1 I
MHD-A re-Scram jethk & 18 ¥ K sh AL RE 4E +7 — € 1
YERE, AT & T K BhHLIE AT B3 6

5 &

AL MHD-A re-Scram jetl & 76 38 K& sh AL A Xt
RIFREMERE AT, BRUT T R &L 55 8% R 4 AW R Bhl
MREMEERER, o SR IR HEERES
FEURNWLEAIHE S T B, RA%EfR/NEFETRT
HEN /D BE R B RE & 55 B LL Bl 1038 i, 2t <E
FOVF 4 R BE FRAR, R BN ER AL HE 77 56 T i J5 PRI

JI3EIN . FEIX L R E U VE N S B S AU,
- SHE WAL RL AN R SEI S5 L)W, E R EE B 2.8~
4.0 km /SEEN MHD-A re-Scram jetlk & 75 30 & sh L
FHXS A& G5 b e R AL ELAT B 0 (1 B 7 A F) AR 35
WAL S # R T MHD-A re-Scran jetik & 1/
AR B AR B B B BE R 5 I R4, Xt T
JE4E AR A I FR AR AT T BB AL . BN
Hr R SIHLEIHI 0 M BEIR T, A SCHE ST 7 RE R 5
% RGN K BN HLIE RE BB 13— R R B IL LA
REPE, 0T R BIHLIR SR P R 2 TEAEFF R (0 LAk .
B it TR A R K R R BT SO Dy Shek inff

S SAE 22 R s % R — S AP AT 55 T K
B 6, 2R B0 IR

Sk

[ 1] FraishtadtV I, KuranovA I, Shekin EG. Use ofMHD
systms in hypersonic aircraft| J]. Technical Physics
1998 43( 11).

[ 2] Pak C Bogdanoff DW, MehtaU B Theoretical perfom-
ance of friction less m agneto-hydrodynam ic-bypass scram jets
[ J]. Journal of Propulsion and Paver, 2001 17(3).

[ 3] Pak C MehtaU B Bogdanoff D W. M agneto-hydrodynan-
ics energy bypass scram jet perfomance w ith real gas effects
[ JI. Journal of Propulsion and Paver, 2001 17(5).

[ 4] Kuranov A L Shekin E G. M agneto-hydrodynan ic con-
trol on hypersonic aireralt under A JAX concept] J]. Jour-
nal of Spacecraft and Rockets 2003 40( 2).

[ 5] Tang ] BaoW, YuD R A new manner for energy rein-
troduction m AJAX [R]. AMA 2006-810L

[ 6] TiaAC, FEilig, 6 s T &l s G MHD-
A re-Scram jetHK A TEEA [ ). M8 524k, 2007, 28(4).

[ 7] Tang ] BaoW, Yu D R The theoretical reament of
i pﬂ[’is(}ﬂ Uf pr!rf(}m ance l](fh’\' een wo S(:I‘ﬂnjf?l {mgll{"s
w ith energy-bypass based on exergy method [ R|. AHA
2007-1381

[ 8] ffl =, BEFHIE, FiA{2. MHD-A re-Scram jetht & 75 5
5 AMX B AIHEREEEEL [ J]. FHUFER, 2007, 28(1).

[ 9] HeiserW H, PrattD T. Canment on analysis of the m ag-
neto~hydrodynan ic energy bypass engme for high-speed
aitbreathing propulsion [ J]. Journal of Propulsion and
Paver, 2005 21(6).

[ 10] Anonymous U S Siandard amosphere[ R]. U 8§ Govern-
ment Printing Office, W ashington DC, 1976

[ 11] M acheret SO, ShneidderM N, M iles R B. E lectron hean
generated plasnas in hypersonic MHD channels [ J].
ANA Journal 2001 39(6).

[12] BHREE, #EE. B I8, 5. HERRPT A F AR S A
RIERTR [ J]. #HEHEHEAR, 2000 21(5). (MAO Gen-
wang HAN Xianwej YANG Juan et al Research state
of electric propulsion and its development prospect| J].
Journal of Propulsion Technology, 2000 21(5). )

[13] Shekin E G, Kuranov A L. Scram jet w ith MHD bypass
under “A JAX” concept[ R]. AHAA 2004-1192

(Zhii: # B



