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Unsteady harmonic motions
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Linearization of Unsteady Reynolds-Averaged
Navier-Stokes (URANS) equations

time-dependent coordinate: x(t) = [x(t),y(t),z(t)]"
velocity field: U(x(2),1) = [u(x,1),v(x,1), w(x,1)]"

nondimensionalized integral strong conservation form:
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with W :=[p,pu,pv,pw,pE,pV

Isolating the time derivative

R(W,x,X) := /

dQ(t)
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Linearization of URANS equations

semi-discrete form (a): J(MW)

dr
M being the mass matrix M := M(x) := diag(|Q;(¢)|), i=1,....,N

+R(W,x,%) =0

linearization around steady state (Taylor-series) - (b)
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Linearization of URANS equations

after (b) into (a) we obtain:

(M(i) +M(i,i)) % (W(‘
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using discrete Fourier-series (c) for harmonic excitations - transformation into
frequency domain
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Linearization of URANS equations

after (c) into (b) we obtain:
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Implementation! - neglect higher order term - solve for hat W
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DLR F12 - RANS
Ma = 0.85, Re =1.28 mill., o = 0.0°, amp = 0.5°, red. f = 0.068
Dynamic response
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Linearization of URANS equations

for higher harmonics nh we obtain:

KinleJr 8_R> W + [8_R +in @ (8_R +W8—M)] fq] ey

oW ox ox ox
+...+
— JR\ —~ JR JR M :

] - - ; _ i S iny, @t
+[(mth+8W)th+[8X+mhw(85( —|—W8X>]th]e +

oM 2 . g in, Wt
—I—g <(—0) —I—za))nlxlwl)e 250 4
+...+
M W LiCm)or _

+g (—n,%a)2 + nhia)) X, W, e




