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Stability Analysis of Wakes with Chemical Reaction

D.S. Shin" and S. J. Hong"*

ABSTRACT

This paper investigates the linear stability of wakes with special emphasis on the effect of
chemical reaction. Velocity and density profiles for laminar flows are obtained from analytic
profiles as well as from simulation. Wakes have two generalized inflection points and two
unstable modes-sinuous and varicose modes. For analytical laminar profiles, sinuous modes
are more unstable than varicose modes irrespective of density variation, which shows wakes
will be destabilized by sinuous modes. Large velocity difference and density difference lead to
more unstable wakes due to large momentum difference. For simulated laminar profiles,
chemical reaction with stoichiometric chemistry increases temperature and stabilizes the flow
due to increase in viscosity. In compressible reacting wakes, flow becomes stable as velocity
increases due to viscous dissipation.
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Fig. 1. Gaussian mean velocity and temperature
profiles.
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Fig. 2. Geometry for combustor.
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Fig. 3. Mean profiles of incompressible reacting
wakes (a) velocity (b) temperature
(Velocity = 10ms, X/H=5)
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Fig. 4. (a) Amplification rates (b) phase speeds
vs. frequency with velocity changes in
cold flows.
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Fig. 7. (a) Amplification rates (b) phase speeds
vs. frequency with velocity changes when
density gradients exist.
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mode ¥ varicose modeE AFAIAT FAld
olg9 A& A T L 5 Ao} YdEEE B
o7t AESHE FolAY, 19 RESE AAE
AE Ho d4av) LS B 2=U) w
g §x= Hud ZleZ Alsdrh

Fig. 9¢ 7olAe] £57} 340ms9l 434 45
o] 799 AAEI AAEEE Fuld disie U
bl Aolch. Fig. 83 A9 vixd ZA3E Holn
A9 vl A Holm glon} 5] FFLo
2 fr5ol ¢RsET lon, HAFHoR Fupprt
Fho}a] ubgo] ZojZ & U Utk

4.4 £
i HhE-E TR BIgEA R AEAE FRAS

of disid 43 B M S AT 1A

59 54 2 253 W49 ¥4 L 94 08



H2d HM2%, 1998. 8

ool L
00 05 10 LS 20 25 30 35 40 45

05l — s
00 05 10 15 20 25 30 35 40 45
@

(b)

Fig. 9. (a) Amplification rates (b} phase speeds
vs. frequency with equivalence ratio in
compressible reacting wakes. (Velocity =
340 mf)
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