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Abstract

The hydrodynamic instability of the three-dimensional boundary-layer over a rotating disk has been numerically
investigated for three cases flows using linear stability theory (ie. Rossby number, Bo = -1, 0, and 1). Detailed
numerical values of the disturbance wave number, wave frequency, azimuth angle, radius (Reynolds number, Re) and
other characteristics have been calculated for Karman, Fkman and Biodewadt boundary-layer flows. Neutral curves
for these flows are presented. Presented are the neutral stability results concerning the two instability modes (Type 1
and Type II) by using a two—point boundary value problem code COLNEW that was based upon the adaptive
orthogonal collocation method using B-spline. The prediction from the present results on both instability modes
among the three cases agrees with the previously known numerical and experimental data well.
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(F, G B= X849 712 5 WA v} 2o 71,

U= dwrF(z), V= dwrG(z), W= doDH(z). @

5% BANE FULE Ro % 2L F (0F EYH
o 2 (3)3% 2ol vjehd % ek

Fi+ Ro(F*+ HF ,— (G*—1))— Co(G— 1) — F =0, 3a)

G+ Ro(2FG+ HG,) + CoF— G4;=0. (3b)

H=-2 fozF(z)a’z ()

F0)=G0)=H(0)=0, F()=0, G(eo)=1. ©
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u(y, z, )= U(2)expli( ary— C,H] ,
#(y,z, = O(2)expli ary— C,H)] . (7)

O =Ro HOp +(Ro H + RoF+2d%) g

+Rol F—H % C(F C+G 9)10%
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—[Ro H &%+ Ro a%S(FS— GC)

+ Ro d%2C(GC—FS)+a%]®p

+[Cyt Re(FC+ GS)ag]®;
—[C,0%+ RAFC+ GS)ds+ ReF C
+ G S)agl®;— (2Ro G+ Co)Up

o | 8,
+R[S(F C+GS)—2G 1Ux ®a)

@, =Ro H®; +(Ro H +Ro F+24)0; (101)
+ Ro[F —Hdi— C(F C+ G 9)]0;

—[Ro H &4+ Ro &S(FS— GC)
+ Ro a4 C(GC—FS)+4%]0,

—[C,+ R(FC+ GS)a1 P
+[C %+ Re(FC+ GS)a3+ Re(F C

+G S)e)0r—(2Ro G+ Co)U;

+ Ro[S(F C+G S)—2G1U, (8.b)
(10.b)
AAZAE a3t 2. (10.b)
KO=0(0)=00)=0,
U (00)=@(0)= @ (0)=( . ©
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F A AAA FAE A vEse FAE 7] 9
3] Orthogonal collocation 7] t5AF2 ¥ (muiltiple shooting)
o] ojggion AFH Z= COLNEWE °)-&shitt [11].
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Non-dimensional Vélocity(F)
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Fig. 1 Numerical solutions of radial direction of
Base flow equations for the Karman,
Ekman and Bidewadt boundary-layer flow;
Ro=-1, 0 and 1, respectively. (The arrow
indicates the direction of increasing Ro)

Non-dimensional Velocity(G)

Fig. 2 Numerical solutions of tangential direction
of Base flow equations for the Kéarman,
Ekman and Bodewadt boundary-layer flow;
Ro=-1, 0 and 1, respectively. (The arrow
indicates the direction of increasing Ro)

Non-dimensional Velocity(H)

Fig. 3 Numerical solutions of axial direction of
Base flow equations for the Karman,
Ekman and Boédewadt boundary-layer flow;
Ro=-1, 0 and 1, respectively. (The arrow
indicates the direction of increasing Ro)
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Table 1. Comparison of the values at the noses of the
marginal curves for Type I instability.

Author Ro Re ap €
Faller [10] 285.30 0378 139
Lingwood [12] -1 290.10 0.381 114
Hwang & Lee [9] 270.22 0.3% 133
Faller [10] 11310 0548 115
Lingwood [12] 0 11630 0528 145
Present 11276 0550 12
Faller [10] - - -
Lingwood [12] 1 214 0487 133
Present 345 0470 32
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Fig. 4 Comparison of the neutral curves for the
Kéarméan boundary-layer flow
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Fig. 5 Comparison of the neutral curves for the
Ekman boundary-layer flow
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Fig. 6 Comparison of the neutral curves for the
Bodewadt boundary-layer flow
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