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Motivation Research Aim Results
 Linear Stablhty Theory (LST) is unable to predict transition . Study the secondary instabi"ty of TG in Couette flow and * Optlmal disturbances
: , utilize it to predict nonlinear transition to turbulence » Even TG - Sinuous, max. spanwise shear (8=4)
Flow Theoretical (LST) Experimental _ _
Pie Poiseuille » (Stable) 2000 Math tical Method * Odd TG - Sinuous, max. spanwise shear (f~4)
p dinematica etno . :
Plane Poiseuille 5779 1000 _ _ _ _ _  0Odd TG - Varicose, max. spanwise shear (=2)
« Analytical approximation of linear TG using 4 modes : - - . L
Plane Couette « (Stable) 360 Calculati ¢ ! _ _ b he 4 9 « Secondary instability verified by obtaining transition in
alculation o n_o_n Inear m?eractlons e?v_veen the 4 modes ‘Channelflow’ DNS (Gibson, 2012)
Table 1. Critical Reynolds numbers for transition, Theory vs. Experiment * Secondary stability analysis of the modified baseflow
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u=ye +€&u, (t, Y, z) +&u,, (t, Y, z) +0u, (t, X, V, Z) +... Summary
Transient Growth (TG) Couette + 4modes +  nonlinear + secondary - Maximal growth is not essential for transition
+ A mechanism where infinitesimal disturbances grow in a . Lona ti tion of . vabilit dit; * The role of the TG is to generate inflection points
stable flow. During this growth, the baseflow can be ong time correction of up using solvabliity condition - Optimal disturbances occur at maximal shear
-g . -g . .gs o mh - .
modified significantly and instability may occur. [ N - Most transition stages are captured analytically
« Most efficient TG occurs for streamwise independent U, = A()ud ( t, . Z) exp - il orx — j (()(T) 7 |\ iy
vortices M eferences
Amplitude \ i \ / ) “Tracking stages of transition in Couette flow analytically” Karp, M., and Cohen, J.,
Eigenfunction Streamwise Eigenvalue Long time J. Fluid Mech., 748, 2014, pp 896 - 931.
o | ocity. Rec1000 A—d 1-40 wavenumber correction
: reamwise velocity, Re= =4 {=
Even (2 vortices) i y p Secondary disturbance Energy during transition Isosurfaces of the Q definition during transition
(streamwise component) Qdef, t = 40 Qdef, t = 60 Qdef, t = 80
Re=1000 =4 o=21=40 1000 ~  DNS(TG)
; —DNS
e
1. Sinuous R R N
Instability | 5
05 —_—> 400 - R s
~ Spanwise \ \
- 0 Inflection ool TN S
/ C \ \ N
0.5 ; o : - % 50 100 150 200
z B/m t
-1 8 Re=1000 [:4 =2 t=20 Qdef, t = 20
0 0 | ~ DNS(TG)
350 . ——DNS | N 4
| | — — Analytical (TG) N /
ZB/m 5 0 Xou/ T ZB/n 5 -1 u 300 -] ] Analytical
250 | B H
Odd (4 vortices) Streamwise velocity, Re=1000 =2 t=25 - G200 :
Sinuous - 150 | J Y |
= | Instabilty - 0o S —
Spanwise S0 / ************ P \ii\JL *********** I
Inflection _ 0 ; =
0 05 1 "5 0 50 100 150 200
z B/n t
1 Re=1000 =2 a=2 t=25 500 ‘
Z: 400 A
Varicose 02 _ B00pe
Instability ~ o 5] ; |
e 200 ~ - DNs(Ta)
Wall-normal .. -~ —— grll\laslytical (TG)
Inflection 06 0 A/ S Analytical
-0.8 / | Hm“ji\x ;
| i | e
3 % 50 100 150 200

z B/n | t



