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Detonation Wave Studies for CVC Engines of TBCC
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ABSTRACT

DARPA’s hypersonic propulsion program VULCAN is aimed for development of Mach 4+ capable
engine by combining current production turbofan engine such as F119 with CVC (Constant Volume
Combustion) engine. Final goal is a TBCC(Turbo-based Combined Cycle) engine by combining with
dual mode ramjet/scramjet engine. CVC is a common designation of new concept of high efficiency
engines, such as Pulse Detonation Engine (PDE) or Continuous Detonation Engine (CDE), which use
the detonation as a combustion mechanism. Present paper introduces the internationally collaborative
research activities carried out in Aerospace Combustion and Propulsion Laboratory of the department
of Aerospace Engineering of the Pusan national University.

DARPAZ A8 59 g F2 -
AE/2AWAE A7 AAHo] TBCCANS o8 & AEZ, 7129 HEAE(EE BRI A
3} CVCH ADE AFete] el 4ol Pel A 2AE SHed AWE s o
CVC dzle HEolH A4 84S RoR 3 ;

CDEst & A/hdel Aot # wRolde Radstn FF+7387 A2 32 A7olA
Ad 593 ZAZE A7 Y A
A gt

Key Words: TBCC, CVC, Detonation Waves, PDE, CDE

1. VULCAN ==7124 o wistE 4712 ¥ Jhedt XS Adste
zga#olty, VULCAN Z21¥ e FX%
2008 64 DARPA £ VULCAN <z 7+ 24 F2 78 A Z2ao] oy, Er g
ZEaRS Fadgctt. VULCAN Z e MAtE FIre AAE/AFTHAAE AT B
F119¢} e 7= HRE QAL 7|uto =z CVC g3l TBCC RS 4T Aol
(Constant Volume Combustion) 7S F7}3} wekx HCVE $13 TBCC 3 AAl= 71E
of /eE F4& BHE W ARz cve dFS 2
* BAYSm §E-¢-FEst et mlatg 47tA o) & s F3X 7#H,
= Bagsy ggd ¢35y vtstg 2558 6 o]47tA AF 7hedt dual-
AN EE AT mode FAE/~FAAAE A3S HEZ AF s}
A=A 2}, E-mail: aerochoi@pusan.ac.kr 3 eyt 2 Aog BAY. olyd Feeo oA

— 326 —



o
ot
Bl
™
__>:l_"l
p)
N
>
rlo
e
ox
illa}
_1
%0 N,

= # E
A HTV-3X7F 254 AF= VAL S HEA
2= =

HCVE 95t 7gtoz o8 & Ye =2
2% 99714 FAE 7 uE HE AE
AL EAFA Ze= FFol7] Wit F =
2 vEto A FF Jhed BHE AE XS
A7e FAZ At GAd 2 ¥, &A T
oA 7|E9 dAFHE Y& J|E FES 273
22, 7 2 QA Bgo A H@LFHo|ge &
©o =z Holth

-

Concept 2
Annular Vulcan Engine
Common inlet and nozzle - 3

gine flow paths

Fig. 1 VULCAN 2IZl St 7Hd =

olgg tigte g A 1097 Be A7t A
3J ¥ PDE (Pulse Detonation Engine) ]\
AZo]l AFHEI = CDE (Pulse Detonation
Engine) 5, CVC Ato]Zol 7¥tgk Axs 7|&E
o] HREAES A3t Fujo & Alo]& FX
71 JiEE st Aok HASY ATFE
o] PDE § CVC AtelE AR 2 25
oA HAE dR R & HFHE 7HA

ps

o

oo O ¢

T .
AFRL experimentally
= measured HC PDE
5000 <> Test Data Corrected To Flight
<> Predicted Flight Performance

b
£DE
2000 T i e

frijet :
1000 M"qum'f&eztlgy\

0 2 6 8

4
Fliaht Mach Number

Fig. 2 Specific Impulse of PDE
2. H|EU[o|M F=EI7| 2

HEolAE o] g8 £/ U7 ATE

At A b #ES JYH] gov, HZ
10,47 ml=tol A PDE A7 Z2asie] Alxs
wA Zgs B T AA ARG B AT
7F AP HJ dEVolA FX7#e] 71 7]
A A2 7€ HE F78 Hlste
wfg- ek FRE JRgE ooy, HE
de &4 A B duA 97 @ ToF Qs
71&¢ Brayton Ato]Zol Hlstd && WHo|
A 2 AHE 7FAE Humphrey AtolE S
78 ste oA HEWAS 78 dx
HAYZOZ ol&ste e T & AAE
(3]

2
-
;

¢

o

Brayton Cycle

Diesel Cycle

Conetant Preseure
Combuston
2

[ Prossure

Work arallable to the

Humphiey ard Otto eycles.

but not available tothe

Bayton or Diesel cycles |

Censtan Volune
Combustion ‘Work available to the
Humphrey and Brayton
cydles, but not avaiadle to
the Otto or Diesel cyeles

Pressure

Volume

Fig. 3 Comparison of Humphrey Cycle with others

§o] d7Ha glen, 7]

A8 4 JE CDE(EE RDE)ZE AMEE AW
o HEdlo]Ad FR7|AE At glor,

3 A FFo AT AE 2 4
83t3 A& A|2Ho &88 X A
g 3la ¢ltl. CDEE PDE®] HIS 0%

ot
g

2
fqr =
L
o ox N, 2 o o 2 o

F2E AR 4%H02 FFY & 3
e AR golel 12 BR 7
o

o2 FAI AN LT A
7] wEel W7k EA SATw of
o] #& AL Z 3 EY. DARPACIA
olfrz 71Ee] HFelA A7 A S
§l= CDEE VULCAN Z=z 3o THZNH
o sa Qe o oA

>,\I
ki ofo H

Rt

T ofr M o

7 A

o

-

=

- 327 —



Fig. 5 Cut-way Image of Air-breathing
RDE Concept
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Fig. 9 Structures of weakly, moderately and highly
unstable detonation waves

Fig. 10 Detonation wave structures and numerical
smoked foil records in a square duct
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Fig. 11 Two-cell mode detonation wave structures
in a circular duct
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Fig. 12 Numerical smoked—foil record showing the
dependency of detonation cell structures
on the radius of curvature

Fig. 13 Snapshot of pressure distribution in a CDE
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