2004

- =% *%
T uEE 2 84y

Analysis on the Unsteady Reacting Flow-field in Integrated Rocket Ramjet
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Abstract

Transition sequence of rocket to ramjet was simulated numerically for a two-dimensional axi-
symmetric can-type ramjet engine. Multi-species preconditioned Navier-Stokes equations with k-¢
turbulence model and finite-rate chemistry model was employed. To calculate transition sequence,
initial flow-field conditions for inlet diffuser with closed port-cover was computed first, and then that
result was applied as initial conditions after port-cover opened. Terminal shock was developed as a
result of increased pressure in a combustor due to combustion and ramjet operated at supercritical
condition. For a smaller nozzle throat area, buzz instability was occurred. Strong pressure oscillations
were observed as a result of forward and backward movement of terminal shock and those oscillations

were not damped out.
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Fig. 2 Time trace of wall pressure at various diffuser
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Fig. 4 Mach number(top) and fuel mass fraction
(bottom) contour at 2 ms after port cover open

—0— Diffuser inlet
—— Combustor inlet
Nozzle throat

Mean chamber pressure

Mass flow rate (kg/sec)
Pressure (atm)

0.‘02 0.2)3
Time (sec)
Fig. 5 Time trace of mass flow rate and mean chamber

pressure

|
0.00 0.01

5 2ms | A 2] wla}
CHFA S0l 2
o A vortex roll-up ©I
2 HJA= As

Zof 4] o
2y B ?..}E’H

[e}
ﬂT‘QL

Pol A A

i B



T Roemw AAE WL dAdA wk

fsi3
=

oF7]

=
=

7

=

o

SpA R, Tl AN A <)

S

7}

=
S

2004
spill-over @7o] glojA|d fFyAsFo] thA]

spill-over o 9]

75

70

Time (ms)

65

buzz cycle

B0 T Mﬂ%m&ﬂzﬁ@ﬁ%ﬁ%%%%ﬂ@@&

- X0 r<e % T oF mr o __ o %0
urmﬂwwa:”u %mu_wﬂ%,MWM_MMWLW%%,]%%MMEMMWM
ﬂﬁro _ o \1:0 ™~ O) —
2 B8R _ BRXPSTFHATT IR P ocErox ©° F
PP TWERNT O WFE EFEORW MW T <

RemENU RN AT W o % Bty
Mﬁwaﬂﬂﬁﬂﬁ&ﬁWAiﬂ%?%%z%4%mﬂ

! N 0 w f
,mquAATQ@EQLEMIWﬂod.‘_Hﬂmﬂﬂxlﬁro‘mﬂAIﬂlﬂ_Neo_u
g Wy TN T T oy B S PRy
= 0 —_— — X ﬂﬂri.h —_— o=l

TAWFT TeF R R R - TR I
3 A O — (@2} -
Mmmwxmmﬂlouwﬂﬁo%ﬁﬁﬁmnﬂrom%ﬁbmﬁc,ﬁmioWoWNaﬂwzﬂvﬂlﬂHﬂ_.dv.
T ST g a BN L= Hoar Wy g ok Pl e e g
pPalasdel Neseml ccm®wgr o X
N R IV T (- S0 R
SELEIE FESE IR LS ot FESRES
s T <° B 7 - o — o) &% T o "L o
FERT B B, e hTh bkEeeIEE P HL
B g T m BB g XX o Tordm T8 8w
EIT - Bl I Y R U . I 2 3 s 3

— o &2 _— f 3 T © 0 [t} < <
AR ST P N S (rtonss o
M HeEmE XZEUHTPEDTPRHTPTTE W FET P
R o AR TR®ASHNFT W 2 TH T W oF
E R N Mwuﬂmﬁw 4 B O o PR = RGN

e KT ~ - KN o g = - 3 S —_
drmmdr%u% @.%ﬂr.;x%%%ﬂ@% .= M%i
= % G ol o Mo © N oR - 1= < o B o
WWNE ca EW&OMMQ]%AWO‘% ]dﬂﬂﬂﬂ ..M ﬂu.‘_ﬁﬁm_.odu

= s " "5 0 Mo — 5 o
R O : - o 1
T TR m e e T T I 2 5 1° 2 U
o WA T oD S okt F g3 5 o Mo o
RSN Aoﬂ%ﬂ'%ﬂu NN X Ty &= . 8 o
EE e B W Sy i 18 g€ arc
Tatg EH ™ wa M Bop, PR 2 o
& oo ﬁua Lthaﬂﬂ_ﬂowa.i%Ji X E %0 rE g
Mﬁao_iwumvmamcm« ,Emoﬂrﬂﬂ ,%Mlaaa I . 88 % Mu
M,_ﬂuovw_ﬁ ]zmoﬁamﬂmﬂmeﬁoﬁﬁﬂlﬁxﬂi Mm Th JlﬂAl
I I N S L (I D - N 28 T
ﬁOfﬁEﬂUWlOL#UOOHa:A Ct ‘glbf‘ljlo . am H Y
}OT ,_..WO ot XU B _EH\IF,].N\HA_!Lf ﬂEﬂ_OIO X o 1o m“ > H;I _
~ ﬂ]E\mﬂ‘ﬂl Eﬂ‘lr —_ S — m g
&nzmoﬁ M;Nlﬁawwm%dula_mzoﬂm,_%o mm m_\ = B
LS oY T — "0 K . = Ll ‘Iﬂ
R ah Pl IRCTTiasliply w2233 =8 3 Tg
. ‘ml JIOL gMH »ﬁ@l Mﬂoﬁ AT] I <~ o N - ] = © .A,.#
T ORMSE WL o TR T o ° (we) 1nssaid Ry w X
T R T ROl ke R o o W W W T Mok AR L R T HT W

60

Fig. 7 Time trace of mean chamber pressure during

1497



2004

300 &80 800 1050 1300 1550 1800 2050

Fig. 8 Temperature contours and streamlines (at 60ms,
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Fig. 9 Time trace of mass flow rate at diffuser inlet and
combustor inlet section

4. 2 E

BAEN ] Moy & Egste] FYet
Aidel ik MAY W FE5dE WA}
At TEAWZE S 9l FHe] FAE FATF
e Foy w@r)e] dade) R4S 2%
dezste] LEAM 7Y Fof FAE FJT 2
Aadel whg f5de ASH e El
ZApelgich ZEAH A el FYTelA T
Aol 28 T4 44 F71E L F4
o= A& &k 4 SllaL, A U] hEws
b FUTRS fY9dE fRC dvgE & o5
AN ZEAH Y F AR FApeh A, A
2 Fo Ande] hEo] Asdt] FPT
o THTARI G, okeE fredel 94

(1) R. S. Fry, "A Century of Ramjet Propulsion
Technology Evolution,” Journal of propulsion and
power, vol. 20, no. 1, 2004

(2) H. G. Sung, "Unsteady Flowfield in an Integrated
Rocket Ramjet Engine and Combustion Dynamics of a
Gas Turbine Swirl Stabilized Injector,” PhD Thesis,
The Pennsylvania State University, 1999

(3) R. W. Newsome, Jr. “Numerical Simulation of
Near-Critical and Unsteady Subcritical Inlet Flow
Fields," AIAA paper 83-0157, 1983

(4) S. Venkateswaran, C. L. Merkle, "Analysis of
Preconditioning Methods for the Euler and Navier-
Stokes Equations, Von Karman Institute Lecture Series,
1999

(5) Z. T. Yang and H. Shih, "New Time Scale Based
k—& Model for Near Wall Turbulence," AIAA Journal,
vol. 31, pp.1191-1197

(6) S. Y. Hsieh, V. Yang, " A Preconditioned Flux-
Differencing Scheme for Chemically Reacting Flows
at All Mach Numbers," Intl. J. of Computational Fluid
Dynamics, vol.8, pp.31, 1997

1498



	Paper List
	제1발표장
	제2발표장
	제3발표장
	제4발표장
	제5발표장
	제6발표장
	제7발표장
	제8발표장
	제9발표장
	제10발표장
	제11발표장

	Author Index



