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SUMMARY OF RESOLVENT ANALYSIS

1. Fourier decomposition in homogeneous directions

u(z,y,2,1) /// W(y; Ky, Ky W ellrer T r-2—0t) i Ak, dw
f

w + (u-V)U + (U-V)u + Vp — (1/Re;)V*u = —(u-V)u

resolvent operator

l

ﬁ(y; KRz, Rzaw) — H(H:m "izaw) f.(y, Rz, Hzaw)

2. singular value decomposition iny forany Ky, Kz, W

(randomized scheme by Halko, Martinsson & Tropp, SIAM Rev., 2011)



RESOLVENT ANALYSIS — SYSTEMS REPRESENTATION
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RESOLVENT MODE SHAPES
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INFLUENCE OF THE MEAN VELOCITY

H(’isca Kz, CU) — C(":xa %z)R(K'sca Kz, w)CTO{:m Rz)
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REQUIREMENTS FOR SELF-SIMILARITY

H(ky, bzyw) = Cllg, k2)R(Kgy Ky w)COT (K K2)

R A1 (i/ﬁ',x (U—-c)A = U") — (1/R67)A2) 0
B ik, U’ ik, (U —c) — (1/Re;)A
condition 1: U — ¢ should be independent of Re.,

yields: scaling in ¥y

condition 2: wall-normal locality of resolvent modes
yields: range of ¢

condition 3: ik, (U — ¢) balances (1/Re;)A
yields: scaling in x, z



INNER AND OUTER SIMILARITY
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REQUIREMENTS FOR GEOMETRIC SELF-SIMILARITY

H (g, biz,w) = Clkig, kz)R(Kg, k2, w)C (K, k2)
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SELF-SIMILAR HIERARCHIES
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GEOMETRIC SELF-SIMILARITY
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SIMILARITY UNDER BROADBAND FORCING

INNER (UNIVERSAL)  SELF-SIMILAR (ANALYTICAL)  OUTER (UNIVERSAL)
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PREDICTIONS UP TO ATMOSPHERIC RE
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A TURBULENCE "KERNEL”
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NONLINEARLY INTERACTING HIERARCHIES

X1 = Z Ni2s x2 x3

ma,ms

Niag = 0203 < o - Vb3, ¢ >

scaling of the interaction coefficient

N123 _ e—2.5m(cn—cm)N123

Sharma, Moarref & McKeon, PTRSA, 2017 (to appear)



RESOLVENT MODE SHAPES
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SOME CONCLUSIONS AND IMPLICATIONS

Resolvent analysis as a tool to study structure and self-sustaining
mechanisms

By starting with a self-similar mean profile, similarity of the resolvent
can be identified

— Similarity of modes with convection velocities corresponding to inner,
wake and overlap (log) regions

— Geometric self-similarity in log region, impressed on nonlinear
Interactions

Implications for “reassembly” of invariant solutions
Implications for computation of near-wall cycle
Further structure to exploit...
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