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On Compressible Boundary Layer in Magnetodynamics

by Michiya SUGO & Goro OzAWA

This report shows a similar solution which bases on following assumptions.

1.

4.

Boundary layer approximation is to be applied to boundary layer
theory in magnetodynamics.

Magnetic boundary layer is thicker than that of velocity, i.e.,
assuming that Re>Ry>1.

Specific heat C; and Prandtl number Pr are assumed constant,
however, Pr is not always one.

The product of density p and viscosity % is assumed constant.

The author obtains following conclusions.

1.

When outer velocity of the boundary layer is constant, there is a
similar solution.

He can get also the similar solution of the thermal boundary layer.
The solution means that the thickness of the boundary layer be-
comes thinner along the stream under magnetic field.

The skin friction decreases when the similar solution is applicable
under magnetic field.

The heat transfer rate slightly decreases for the upper case, the
effect of the magnetic field on heat transfer is very weak.
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0 0 4.0000 111.3592 0.9915 3.8742
1.6259 0.0664 12.0739 112.0611 0.9942 3.1724
4.7553 0.1328 19.0332 112.6382 0.9962 2.6212
9.1646 0.1986 24.8734 113.1179 0.9974 2.1944
14.6300 0.2647 29.5941 113.1179 0.9984 1.8688
20.9282 0.3298 33.2048 113.8707 0.9990 1.6239
27.8395 0.3938 35.7299 114.1764 0.9994 1.4423
35.1507 0.4563 37.2134 114.4509 0.9996 1.3095
42.6597 0.5168 37.7211 114.7027 0.9998 1.2137
50.1800 0.5748 37.3422 114.9382 0.9999 1.1457
57.5448 0.6298 36.1870 115.1623 0.9999 1.0980
64.6116 0.6813 34.3839 115.3784 1.0000 1.0650
71.2645 0.7290 32.0733 115.5890 1.0000 1.0425
T77.4176 0.7725 29.4005 115.7959 1.0000 1.0274
83.0101 0.8115 26.5078 116.0003 1.0000 1.0174
88.0140 0.8460 23.5272 116.2031 1.0000 1.0109
92.4228 0.8761 20.5742 116.4048 1.0000 1.0067
96.2519 0.9233 17.7433 116.6059 1.0000 1.0040
99.5331 0.9233 15.1059 116.8065 1.0000 1.0024
102.3105 0.9411 12.7105 117.0068 1.0000 1.0013
104.6353 0.9555 10.5842 117.2070 1.0000 1.0008
106.5627 0.9670 8.7359 117.4072 1.0000 1.0004
108.1478 0.9757 7.1600 117.6072 1.0000 1.0002
109.4438 0.9827 5.8404 117.8073 1.0000 1.0001
110.4995 0.9878 4.7541 118.0073 1.0000 1.0001
118.2073 1.0000 1.0001
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0 0 0 112.0020 0.9914 3.9186
1.6256 0.0662 4.0000 112.7117 0.9941 3.2067
4.7548 0.1328 12.0715 113.2948 0.9961 2.6472
9.1656 0.1983 24.8874 113.2948 0.9974 2.2140
14.6355 0.2639 29.6265 114.1872 0.9983 1.8832
20.9426 0.3288 33.2613 114.5378 0.9989 1.6344
27.8680 0.6798 35.8152 114.8453 0.9993 1.4498
35.1993 0.4549 37.3301 115.1210 0.9996 1.3148
42.7379 0.5153 37.8698 115.3737 0.9997 1.2174
50.2880 0.5732 37.5210 115.6099 0.9998 1.1482
57.6913 0.6282 36.3919 115.8343 0.9999 1.0996
64.8011 0°6748 34.6087 116.0507 0.9999 1.0660
71.5004 0.7275 32.3107 116.2615 1.0000 1.0432
77.7007 0.7711 29.6425 116.4685 1.0000 1.0278
83.3423 0.8102 26.7467 116.6729 1.0000 1.0176
88.3931 0.8449 23.7563 116.8757 1.0000 1.0110
92.8463 0.8751 20.7879 117.0775 1.0000 1.0067
96.7162 0.9009 17.9377 117.2785 1.0000 1.0040
100.0342 0.9226 15.2787 117.4791 1.0000 1.0023
102.8438 0.9405 12.8608 117.6795 1.0000 1:0012
105.1965 0.9550 10.7122 117.8797 1.0000 1.0006
107.1474 0.9666 8.8430 118.0797 1.0000 1.0003
108.7250 0.9756 7.2480 118.2798 1.0000 1.0001
110.1323 0.9825 5.9115 118.4798 1.0000 1:0000
111.1323 0.9876 4.8107 118.6798 1.0000 1.0000
118.8797 1.0000 1.0000
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\/R—ey* w* T* Jﬁy* u* T*

0 0 4.0000 135.7933 0.0163 50.0525

0.9862 0.0013 3.8618 145.9829 0.0163 51.8423

2.3447 0.0026 7.7231 156.5297 0.0162 53.6248

4.0754 0.0038 9.5840 167.4323 0.0160 55.3995

6.1783 0.0050 11.4444 178.6890 0.0159 57.1661

8.6532 0.0062 13.3043 190.2981 0.0157 58.9241
11.4999 0.0073 15.1635 202.2580 0.0155 60.6732
14.7185 0.0084 17.0218 214.5668 0.0153 62.4132
18.3086 0.0094 18.8793 227.2226 0.0150 64.1435
22.2701 0.0103 20.7356 240.2236 0.0148 65.8640
26.6028 0.0112 22.5906 0 0 0
31.3062 0.0120 24.4440 1.6225 0.0641 4.0000
36.3803 0.0134 28.1453 4.7516 0.1286 12.0520
41.8244 0.0134 28.1453 9.1791 0.1920 25.0352
47.6382 0.0140 29.9925 14.6958 0.2556 29.9572
53.8212 0.0145 31.8370 21.0022 0.3186 33.8332
60.3728 0.0150 33.6785 28.1601 0.3807 36.6747
67.2924 0.0154 35.5166 35.6948 0.4416 38.5071
74.5792 0.0157 37.3509 43.4985 0.5008 39.3732
82.2324 0.0159 39.1810 51.3839 0.5580 39.3364
90.2513 0.0161 41.0067 59.1785 0.6126 38.4820
98.9348 0.0163 42.8274 66.7292 0.6642 36.9161
107.3819 0.0164 44.6427 73.9058 0.7124 34.7632
116.4915 0.0164 46.4523 80.6044 0.7568 32.1604
125.9624 0.0164 48.2557 86.7494 0.7971 29.2502
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Jﬁ?y* t* T*
92.2934 0.8331 26.1723
97.2159 0.8647 23.0565

101.5209 0.8920 20.0138
105.2324 0.9152 17.1341
108.3898 0.9344 14.4829
111.0436 0.9502 12.1018
113.2499 0.9627 10.0110
115.0675 0.9726 8.2128
116.5538 0.9803 6.0956
117.7631 0.9860 5.4332
118.7446 0.9903 4.4136
119.5420 0.9933 3.5921
120.1930 0.9955 2.9435
120.7291 0.9971 2.4391
127.1765 0.9981 2.0527

VRey* u* T*
121.5564 0.9988 1.7607
121.8857 0.9993 1.5434
122.1776 0.9996 1.3839
122.1776 0.9997 1.2684
122.6872 0.9999 1.1860
122.9182 0.9999 1.1280
123.1396 1.0000 1.0878
123.3542 1.0000 1.0603
123.5643 1.0000 1.0417
123.7713 1.0000 1.0295
123.9763 1.0000 1.0214
123.1800 1.0000 1.0162
124.3829 1.0000 1.0129
124.5853 1.0000 1.0109
124.7873 1.0000 1.0097
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