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LINEARIZED NON-NORMAL OPERATORS
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LINEAR STABILITY OF PULSATILE FLOW
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THE ORR-SOMMERFELD EQUATION
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INTRINSIC TIME SCALES
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ORR-SOMMERFELD EQUATION
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REDUCED ORR- SOMMERFELD EQUATION
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GALERKIN PROJECTION

wi(r,0) = 3 Ad}u(r) :> [,-(Cw: — Wia®y + la(-w LW + WLy) - L)+ 24s dr = 0

(1+;)%—)'?EH[—@P_*+aH.t+(—a3Q.t+aG.t)e'"‘]Ak-—( R 2% T )A,

Py = —L: +WoLboboudr Out = —LI, + Wi Zéobodr
Hy ™= —I; LESok (ol Wo + Wo Lo, )dr = —Il L WoLdoLdodr
Gg = —II 1 Z:fm_-(—fn.lim + W Z‘n.)df

% = [Ag + A1e**]a

a(r) = e*g(1) O
O




MULTI-SCALE PERTURBATION METHOD
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O(1) perturbation
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O(a?) perturbation
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NUMERICAL RESULTS

alpha=0.1 Re=500 N=30

Galerkin
-0.3606 - 0.4206i
-0.8827 - 0.4170i
-1.6920 - 0.4189i
-2.7481 - 0.4189i
-4.0513 - 0.4189i
-5.6023 - 0.4189i
-7.4010 - 0.4189i
-9.4477 - 0.4189i

Asymptotic

-0.3605 - 0.4189i
-0.8828 - 0.4189i
-1.6915 - 0.4189i
-2.7475 - 0.4189i
-4.0507 - 0.4189i
-5.6017 - 0.4188i
-7.4008 - 0.4186i
-9.4497 - 0.4183i

-11.7424 - 0.4189i -11.7569 - 0.4205i
-14.2850 - 0.4189i -14.3784 - 0.4507i

alpha=0.1 Re=5000 N=60

Galerkin

-0.1595 - 0.2335i
-0.2579 - 0.4201i
-0.1854 - 0.4664i
-0.0958 - 0.5478i
-0.3857 - 0.4219i
-0.5455 - 0.4206i
-0.7287 - 0.4199i
-0.9357 - 0.4195i
-1.1669 - 0.4193i
-1.4225 - 0.4192i

Asymptotic

-0.0238 - 0.4192i
-0.1212 - 0.4184i
-0.2434 - 0.4188i
-0.3147 - 0.4190i
-0.3831 - 0.4189i
-0.5441 - 0.4189i
-0.7277 - 0.4189i
-0.9349 - 0.4189i
-1.1662 - 0.4189i
-1.4218 - 0.4189i
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