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Stability of the Karman Boundary Layer Flow

Young-Kyu Hwang' , Yun-Yong Lee’
School of Mechanical Engineering, Sungkyunkwan University, Suwon 440-746, Korea
‘Department of Mechanical Engineering, Sungkyunkwan University, Suwon 440-746, Korea

(Received September 7, 1999; revision received June 1, 2000)

ABSTRACT: The Karman boundary-layer, has been numerically investigated for the
disturbance wave number, wave velocity, azimuth angle and radius (Reynolds number, Re).
The disturbed flow over rotating disk can lead to transition at a much lower Re than that of
the well-known Type I mode of instability. This early transition is due to the excitation of
the Type I mode. Presented are the neutral stability results concerning these modes by
solving new formulated vorticity equations with consideration of whole convective terms.
When the present numerical results are compared with the previously known results, the
value of critical Re corresponding to Type 1 is moved from Re.1=285.3 to 270.2 and the value
corresponding to Type II is from Re. =694 to 36.9, respectively. Also, the corresponding
wave number is moved from ki=0.378 to ki1=0.389 for Type [, from k2=0.279 to k»=0.385 for

Type II. For Type II, the upper limit of wave number and azimuth angle is ky=0.5872, €y=
-18°, while its lower limit is k.=0.05, €.= -27°. This implies that the disturbances will be

relatively fast amplified at small Re and within narrow bands of wave number compared

with the previous results.

Key words: Karméan boundary-layer ﬂow(Kérmén 3 A% F %), Hydrodynamic stability(5=% &
g3 A A), Rotating disk flow(3]A9% %), Disturbance amplification( &% %)
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Table 1 Critical values of Type I Instability

Mode Type 1
Faller'’  Modified Present
Re, 285.3 270.8 270.2
k 0.378 0.389 0.389
€ 139 130 132
Cp -4.44 -4.93

Table 2 Critical values of Type II Instability

Mode Type I1
Faller'” Modified Present
Re, 69.4 38.25 36.9
k 0.279 0.355 0.385
€ -19.0 -26.0 -23.5
Cr 17.70 15.79

Table 3 Minimum values on the neutral
curve of Type I Instability near 'nose’

Re, k € Cp
385.19 0.6 85 9.74
297.69 0.5 10.1 2.50
270.61 04 12.8 -4.08
270.22 0.386 13.3 -5.13
288.84 0.3 16.3 -1091
340.0 0.234 185 -14.67
388.36 0.2 19.1 -14.28
400.0 0.193 19.0 -63.30
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(b)
Fig. 2 Type II and secondary instability of
Karman boundary layer illustrated
(a) photo from Faller(1991);
(b)sketch of their structured.
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Type I and II instabilities.
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