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Technical Review and Analysis of
Ramjet/Scramjet Technology
II. Scramjet and Combined Cycle Engine

Hong-Gye Sung* - Hyun-Gull Yoon**
ABSTRACT

A technical analysis of current scramjet and combined-cycle engine is presented. Substantial research
has been pursued to characterize the operation mechanism of scramjet propulsion, especially in the
areas of flame stabilization and system integration, dramatically over the years in support of both
military and space access application. Major technology that had significant impact on the maturation
of scramjet propulsion technology are dual combustion ramjet, dual mode ramjet, and combined cycle
engine to cover a typical wide rage of flight, up to flight Mach number 10. Notable are the
fundamental and practical techniques, for instance, scram propulsion itself, thermal relaxation and
protection using endothermic fuel and/or CSiC composit materials, and design/manufacture of

movable intake and nozzle, to realize high speed propulsion system in near future.
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Table 1. Scrmajet Missiles in the World (updated version of ref 1)
274 o/ Aam | e | 2w |emas jf;‘N Lanche| 2t | A7 B |
sl o) el year olsts [ (KiY mile r {in} {in} {lom

0|3/ sl External bum ° ERJ 1957-1962 | 5-7 Combustion tests
2{ Al o} Chetinkov research |ERJ 1957-1960 | 5-7 Component tests
s/ 32 Marquardt SJ DMSJ |1960-1970| 3-5 88 |10 x 15 Cooled engine tests
o3/ 3o GASL SJ*° SJ 1961-1968 | 3-12 40 31 in® Cooled engine tests
o|l=/ s SCRAM® LFSJ | 1962-1977] 75 100 350 Rail 288 26.2 5470 |Free-jet test
o3/ a3 IFTV © H, /SJ|1965-1967| 5-6 56 Component tests
0|3/ Z32-NASA |HRE® H, /SJ|1966-1974| 4-7 87 18 Flowpath tests
o] Z/NASA AlM° H, /SJ|1970-1984 | 4-7 87 18 Cooled engine tests
ZzZA ESOPE ° DMSJ |1973-1974| 5-7 87 18 Component tests
o|Z/ s WADM/HyWADM ° |DCR 1977-1986| 4-6 80-100 |500~900| VLS 256 21 3,750 |Component tests
2 Al o} Various research |SJDCR | 1980-1991| 5-7 80-100 Combustion tests
o] Z/NASA NASP ° MCSJ |1986-1994 | 0-26 | O-orbit |Orbital | Run way 500,000 |Free—jet test (M7)
=Y Sanger 11° ATRJ | 1988-1994 4 O-orbit |Orbital | Aun way | 3976 550 800,000 |Concept vehicle
o= |HOTOL © sJ 1990-1994 | 2-8 combustion tests
A= NAL-HTPR® TRBCC [1989-1988 | 0-6 (-orbit 1 x 10° |component tests
A= PATRES/ATREX ® TRBCC [1990- 0-12 100 87 30 component tests
e NAL-KPL research® |SJ 1991~ 4-12 | 50-100 83 8 x 10 component tests
A= TRDI TRJ 1998-2003 | 0-2 component tests
2{ Al o} Kholod * DCR |1991-1998 | 3.5-5.4 | 50-115 SA-5 36 24 flight tests
HAloZF A |Kholod ® DCR [1991-1995 | 35-54 | 50-115 SA-5 36 24 flight tests
2 Alol/al = Kholod * DCR |1994-1998 | 35-7 | 50-115 SA-5 36 24 flight tests
=gtA CHAMIOS ° BEN 1992-2000 6.5 8 x 10 component tests
=gA Monomat DMSJ |1992-2000 | 4-7.5 4 x4 component tests
A PREPA* DMSJ [1992-1999 | 2-12 0-130 | Orbital | Ground | 2560 |waverider |1 x 10® |component tests
2{A| o} ORYOL/MIKAKS |SJ 1993~ 0-12 0-130 [ Orbital | Ground component tests
=2tA/{Alol |WRR® DMSJ |1993- 3-12 0-130 Ground Waverider | 60,000 |component tests
2 Afo} GELA Phase H *® |RJ/SJ |1995- 3-5+ 295 Tu-22M flight tests
2{ Al o} AJAX® SJ 1995~ 0-12 0-130 Concept
ojI/s+ HyTechH?* SJ 1995- 7-10 | 50-130 87 [ 9x12 component tests
o| =z GTX* RBCC °|1995- 0-14 | 50-130 component tests
o 5/5l = Counterforce DCR |1995- 4-8 | 80-130 amvLs | 256 21 3,750 [component tests
0| =/NASA X-43 AlHyper-X* [H2/SJ |1995- 7-10 100 200 | Pegasus | 148 |60(span)| 3,000 |flight tests
zZA/E JAPHAR * DMSJ |1997-2002 | 5-7.6 80 90 4 x4 component tests
o{= ARRBMD ° DCR  |1997-2001 3-8 80 450-800 | Rauk/Air | 168-256 21 2200-3,770|component tests
2{ Al o} IGLA® SJ 1999- 5-14 | 82-164 ss-25 | 197 flight tests
0| Z/NASA X-43C° DMSJ |1999- 5-7 100 Pegasus 10.5 wide component tests
ol IHPTET ° ATR 1999- 0-5 0-90 15-40 component tests
oj= RTA® TBCC [1999- 0-5 0-90 15-40 component tests
=ZA Promethee ° DMSJ |1999-2002 | 2-8 0-130 238 3,400 |component tests
oK AVATAR-M° SJ 1999- 0-14 0-orbit | Orbital | Ground 19-25ton [component tests
qd= HOTOL Phase 1l SJ 2000~ 2-8 component tests
=gA PIAF ° DMSJ 2000~ 2-8 0-110 53 8 x2 component tests
0|z MARIAH MHD/SJ |2001- 15 component tests
zF HyShot ° SJ 2001- 7.6 {75000-120| 200 Tg:lzc: 55 14 component tests
*System discussed and shown. “System  discussed. ‘Horizontal takoff and landing(HOTOL). ‘NASA Glenn Rc hydrogen

fueled/cooled(GTX). “Reference vehicle designation(RBCC).




