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The necessary and sufficient conditions for stability of a flow in a magnetic field have been
found. It is shown that the critical value of the magnetic field that stabilizes the flow is
0.1 Vyv4mp where V; is the velocity in the center of the channel and p is the fluid density.

1. INTRODUCTION

IN this paper we investigate the stability of flow

of an ideally-conducting liquid in a longitudinal
magnetic field with respect to infinitesimally small
disturbances. We use here the asymptotic method
of Heisenberg and Lin, the applicability of which
was proven by Wasow and Tatsumi as well as by the
agreement with the results of Thomas, obtained with
a calculating machine. The physical interpretation
of this method was confirmed in the experiments of
Schubauer and Skramstad (see reference 1 and the
literature therein). The inverse limiting case of
poorly-conducting liquid was considered by Stuart.?

2. STATEMENT OF THE PROBLEM

The motion of an incompressible conducting lig-
uid and of the field in it is described by the equa-
tions of magnetohydrodynamics

dv

oW — —vP— L BxculB+yVV; divV =0,
vodt 4m

dB/dt = (BV)B +\V’B; divB =0; } =¢?/4 s, (2.1)

where v is the kinetic viscosity and o the con-
ductivity of the liquid. The character of the flow
is determined by the values of three dimension-
less parameters: the hydrodynamic Reynolds
number Rg = VcL/ v, the magnetic Reynolds
number Ry, = VCL/ A, and the Alfven number

A =B,/VeVamp (V¢ is the characteristic veloc-
ity, B¢ is the characteristic induction of the mag-
netic field, and L is the characteristic dimension
of the flow).

At the critical values of these parameters the
flow becomes absolutely unstable, i.e., infinitesi-
mally small disturbances in the flow start in-
creasing with time. To find the critical values
of the parameters, we restrict ourselves to a con-
sideration of the initial stage of the increase in
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disturbances, while they are still considerably
smaller than the corresponding stationary values.
We therefore seek all quantities in the form of
large stationary terms and small disturbing in-
crements

V=V,+v, B=B,+b, P=P,+p. (2.2)

Inserting (2.2) into (2.1) we obtain a system of
equation for the disturbances. The coefficients of
this system are independent of the time. Its solu-
tions are therefore of the form

f(r,t) =f(r)e—,

where w is determined from the solution of the
boundary-value problem for the system (2.1) with
corresponding boundary conditions. The sign of
the imaginary part of w determines whether the
disturbances increase or decrease with time.

We shall assume henceforth that the speed of
flow and the field are directed along the x axis
of a rectangular system of coordinates, and that
all quantities depend only on z. The solutions
have therefore the form

f(r, ) = f(2) exp (— iot + ikex 4 ikyy). (2.3)

It was shown by Michael® that the most danger-
ous are two dimensional disturbances with ky =0.
Using this, we obtain from (2.1) a sixth-order dif-
ferential equation for the z component of the
disturbance of the magnetic field.

In dimensionless symbols, it has the form

{(w — _i"_)z —qr }bz + 2w'<w — %)bz

3 kR,

O 1)

P (@R o (@ — w/f)
T{ R, (@ — )+

m

dz \ 2 | 1 az \3
X <@' - kz/) bz} T szng (d? - k2> bz, (2.4)
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where k =ky and w =V/Ve. The z component
of the velocity disturbance is connected with the

z component of the disturbance of the magnetic
field by the following relation

0z = (@ — wfk) b, - (ifkR ) (®/d2® — K2 b, (2.5)

The boundary conditions at infinity consist of
the vanishing of the disturbances of the velocity
and of the field

v=0; b=0 for z= - oo.

On solid surfaces we need specify only the
vanishing of the velocity disturbance

v=0 for z=2zy,. (2.6)

The magnitude of the field disturbance on a
solid surface depends on the material of the solid.
On a wall made of material with p ~ 1 and a con-
ductivity op, the boundary condition has the follow-
ing form

by [ b, = =4 (K — i0 dmay, LV/c?)* forz=-41. (2.7)

It is obtained by joining the solution of the magneto-
hydrodynamic equations inside the flow with the
solution of Maxwell’s equation inside a thick wall.

Thus, the problem has been reduced to the de-
termination of the eigenvalues of w from the sol-
ution of the non-self-adjoint differential equation
(2.4) with boundary conditions (2.6) and (2.7).

3. SUFFICIENT CONDITIONS OF STABILITY

For a well conducting liquid, Ry, >>1. In most
problems of practical interest the instability can
be expected only at Rg >> 1. Therefore all the
terms in the right half of Eq. (2.4) are preceded by
small parameters. However, it is dangerous
merely to discard these terms, for this reduces
the order of the differential equation and raises
the paradox of vanishing dissipation.i

As is known, the dissipation is important not
only in the thin boundary layer near the walls,
where it is necessary to satisfy a larger number
of boundary conditions than there are solutions for
the “ideal” equation, but also near the singular
points of this equation, obtained from Eq. (2.4) by
going to the limits Rg — «© and R, — <. At the
point z,(w = w/k) phase resonance occurs be-
tween the disturbances and the flow, and at points
z; and zy resonance occurs between the disturb-
ances and the local Alfven wave.

However, as will be shown below, a strong mag-
netic field prevents such a resonance. Therefore
in a strong magnetic field there should be no van-
ishing~dissipation paradox and the liquid can be
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considered as ideal. Eq. (2.4) now becomes
d d
2 {[(w—w/k)z — ]2 bz}

— B [(w— ofk)® — A%]b,=0 (3.1)

with boundary conditions by = 0 on the walls. If
the characteristic velocity of flow is taken to be
at a maximum, V, =max Vy, then 0 <w < 1.
Let us multiply (3.1) by b} and integrate be-
tween the walls. Integrating by parts, we obtain
Zp 1
o S (w— o,/k) (16,17 + & |b,|?) dz = 0;

2 'b‘z

(3.2)

Zibi

% [(@— o,/k)? — A% — u)%/kzl (1 b'z {2+ k%b,]%)dz=0,(3.22)
Zp2

where w=w,.+iw;.

It follows from (3.2) that for disturbances that
increase with time to exist it is necessary that the
phase velocity of the disturbances coincide with
the local velocity of the flow somewhere inside
this flow. Therefore

0 <ofk<1. (3.3)

Analogously, we obtain from (3.2a)
w}/k? < max (w — o, /k)? — A2 < 1 — A%

This leads to the sufficient condition for the sta-
bility of flow:

A > 1. (3.4)

In this case resonant points z; and 2z, are outside
the flow. For disturbances that increase with time
to exist, it is apparently necessary that all three
resonant points be present.

As expected, a strong field (A > 1) stabilizes
the flow no matter what the velocity of distribution.
However, the critical value of the Alfven number
Acp» depends on the profile, particularly on whether
this profile has a point of inflection, which deter-
mines the stability of flow of a non viscous liquid.

4. ASYMPTOTIC METHOD OF SOLUTION

We confine ourselves to an examination of mon-
otonic distributions, symmetrical with respect to
the point z = 0, of the speed of flow between solid
surfaces at a distance 2L apart (at z == 1,
where z is a dimensionless vertical coordinate) .

Equation (2.4) is now symmetrical with respect
to the point z = 0. Its solutions therefore break up
into a group of symmetrical and a group of anti-
symmetrical solutions, b} and b;. We confine
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ourselves to an examination of the symmetrical
disturbances, which have a smaller number of

zeros and lead to instability at lower values of Rg.

By solving the boundary-value problem we can
obtain wj as a function of the parameters k, Ry,
Rg, and A. The equation wj =0 determines the
critical surface that separates the stability region
from the instability region. To obtain this equation
we put wj =0 in the original equations, i.e., we
consider neutral disturbances.

It is obvious that the region of instability is
bounded on the side of large k, since short-wave
disturbances bend very strongly the lines of force
and are, furthermore, attenuated by dissipation.
This region is also bounded on the side of small
Rg, since the field apparently cannot lead to a
reduction in the critical value of this number.

Such limitations cannot be established for R,
and A, since they determine the influence of the
field only in conjunction with each other. When
Rm < 1 the role of electromagnetic retarding
force, as shown by Stualrt,2 is determined by the
product Ry A%, and when Ry, >> 1, as we have
seen, the flow is stable for A > 1.

Using these limitations, we seek approximate
solutions of Eq. (2.4) in the form of asymptotic
series in powers of the small parameters l/kRg
and 1/kRy:

b (z) = Dbz p, n(kRm)™" (kR .

For the zero approximation we obtain the
second-order-equation

{0 — ol — A% b }

—k? {(w— ok — A%} by 0,0 = 0. 4.1)

We seek a solution of this equation in the form
of a convergent series in powers of k2 (we shall
henceforth drop the index 2z):

bl = 2 qrkn, boo = Z qn k", 4.2)
n=g n=0
where

nJ-l = S w-—m//z)z S{ w—w/k)2 A%) qx dz, (4.3)

0 (1]

_ dz
%=1 a= S(w—w/kﬁ—m (4.4)
0

Thus, boo ~ 1+ k%q]. We shall call the solution
boo “jdeal” and denote it by b'i"d. The four other
linearly-independent solutions will be sought in the
form

b.= exp{ S g dz} s (4.5)

2@ =VkRngo+ g1 + g:/VERy +O(1/kRpm). (4.6)
For gy(z) we obtain the expression

g =5 w—olk)

s
+ [_ (v — o/k)? + _ﬁ_g {(w _ Q)/k)2 _ A2}] .

= 2 4.7)

Away from the points z =z, and z =1z, z;, we
have when Rm/Rg >> 1

_ 1 (& — k)2 — A2,
go;3.4—-:{:V_R_t ikRg4 gy :l ; (4.8)
Goso=EViw—wfk). 4.9)

The asymptotic expressions (4.8) and (4.9) are
poor near the points z = z;, zy, and zy. Approxi-
mate solutions near these points can be obtained,
as in the WKB method, by expanding the coefficients
of Eq. (2.4) in a series about the resonance points
and by stretching the scale, so as to retain only
the essential terms. For this purpose we make
the change of variable

z2—z, =¢g1, (4.10)

where
g8 = — g—3in/2 Qw;kRg, w; =uw(z), 4.11)
N=—1iV —20kRg(z—2,). (4.12)

Inserting this new variable into Eq. (2.4) and put-
ting Ry, = @ in the same equation, we obtain,
with accuracy to €,

= (s + b3) = 0. (4.13)
This equation has the following solutions:
bu=140() bu={S,yCl)Vrdn (4.14)
bes = B, () i, (4.15)
boa =\ ha () d, (4.16)

where h is the Airy function (see reference 4)
and S is the Lommel function (see reference 5).

The region of applicability of these asymptotic
expressions differs from the region of applicabil-
ity of expressions (4.8) and (4.9), for these are
valid for fixed 1 and kRg —, while (4.8) and
(4.9) are valid for fixed z and kRg-* o,

Away from the resonant points, the asymptotic
representation of (4.15) and (4.16) coincides with
(4.8), for in the sector

—x/6 < argC < 7x/6 (4.17)
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FIG. 1. Critical points on the
velocity profile.
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w/k w
we have ‘(see reference 4)
bos () = L= exp {*/se=4TA J[1 + O (C)],

C = (— 20}fRy)" (2 — 2p).

We thus have obtained asymptotic expressions
for the linearly-independent solutions of Eq. (2.4).
However, the resonant points are branch points of
these functions.

Therefore, for neutral disturbances, it is nec-
essary to find the correct path around the branch
point. " For disturbances that increase with time,
the asymptotic expression for solutions (4.4), (4.8),
and (4.9) has no singularities. If one considers a
neutral disturbance as the limiting case of an in-
creasing disturbances as wj — 0, this corresponds
to going around the singular points in the complex
z plane from above, since upon passing through the
point w = wp /k, the argument w = wy /k — iwj/k
(where wj > 0) changes by —7 (see Fig. 1). If a
neutral disturbances are considered as the limiting
case of an attenuating disturbance, the phase
changes by 7. This paradox was resolved by Landau
and Wasow. Landau® solved the initial-condition
problem in an analogous case with the aid of a uni-
lateral Laplace transformation, while Wasow’ in-
vestigated the problem with allowance for dissipa-
tion. It was found in both cases that one must go
around the resonant points from the w; > 0 side.
The same can be concluded from the condition
(4.17), for when it is satisfied the four linearly-in-
dependent solutions of Eq. (4.13) go into two “ideal”
solutions and two rapidly fluctuating ones.

As seen in Sec. 2, for neutral or increasing
disturbances to exist it is necessary, apparently,

(4.18)
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that all three resonant points be located inside the
flow. Therefore the point z; should be located
near the wall. A numerical calculation for z; > 1
also discloses no neutral disturbances.

Since arg (w — w/k), arg(w — w/k — A), and
arg (W — w/k +A) change by —7 in going about
the resonant points, the real part of (4.7) does not
reverse its sign. Therefore the solutions by, and
byg increase exponentially from the wall inside the
flow, and their contribution to the symmetrical
combinations ajbyg + agbyy and cqbys + cobgg is
negligible near the wall. The point 2z, is separated
from the boundary by a finite distance, and one can
use for by; the expression

bos = exp {| 2os d2}. (4.19)

On an ideally conducting wall, the boundary con-

ditions for b are of the form

b=0; & =0; iwRmb' +b" =0. (4.20)

Inserting (4.4), (4.15), and (4.19) into (4.20), and
neglecting Rg/ Ry, compared with unity, we obtain
the dispersion equation

bh/ b = (bos/ bus) {1 + (b33 /b15) ioRm).  (4.21)
When Ry, =« (4.21) becomes

b_i;/b_ii; = bog / bs. 4.22)

5. STABILITY OF PLANE FLOW FOR Ry, = «

The right half of Eq. (4.22) is expressed in
terms of the Airy function hy (0 — ig):

4
§ mo—itya

bos —
= T =200

(5.1

The function & () is calculated by numerical
integration and is shown in Table I and Fig. 2. It
is important that the imaginary part of this func-
tion has a maximum equal to 0.387 at ¢ = 2.4,
and tends to zero when ¢ — 1.5 and ¢ — «. This
behavior of Im ®(¢) results in two branches of

TABLE I. The function ®(¢)

4 Re @ (%) Im & (¢) < Re @ () Im & (%)
1.4 1.054 —0.03784 2.8 0,2316 0,3373
1.6 0.9677 0.09275 3.0 0.1644 0.2926
1.8 0.8476 0.2125 3,2 0.1190 0,2470
2.0 0,7195 0.3082 3.4 0.09002 0.2049
2.2 0.5789 0,3683 3,6 0,07436 0.1678
2.3 0.5087 0,3822 3.8 0.06408 0.1393
2.4 0,4421 0.3871 4.0 0.06026 0.1161
2,5 0.3803 0.3835 4.2 0,05917 0.09858
2.6 0.,3241 0.3727
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FIG. 2. The func-
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the neutral curve. Asymptotically, when ¢ — o,
D (©) AL e L 43/, U™ - U0 (— g+ 2001 (5.2)

The imaginary part of the “ideal” solution bjy
equals the sum of the half residues at the resonant
points z; and zy. When going around these points,
art (w — w/k + A) changes by —7. Therefore

2
k2 1 ¢ '
Imb§;=ﬁ{-m?& (@ — o/ k)F—A2] dz

0

-—L,z.z[(w—w/k)"z——/P]dz .
m

29

(5.3)

It follows from Sec. 2 that the neutral disturbances
are possible only when A < 1. Therefore Eq.
(5.3) can be calculated approximately by expanding
it in a series* in powers of A:

2 (W, 3w’? w,
Imbj;:i,l{—%éHl—( % —%)A—I—FlAz},
v, ‘w, wy wy
21
Hy =\ w—o/kpdz, (5.4)
b
where
120w, 20 w3 20(VD 2wz 2
1 1 1
Fi=— 1:51Hl‘|“ 76 H, — i D) +—.
wy w, 3w w; 3w,

The derivative of the symmetrical solution is

V@—o/kp— a3 .

0

k2

+
F ly=w—o/m—=n

(5.5)
Let us consider disturbances arising in a thin
layer near the wall, i.e., let us put 1 — 24 << 1,
which is not a limitation, since it follows from
(5.6) that actually the distance between this point
and the wall is always small. This permits us to
express the critical values of the parameters in

*Actually, it follows from the results [see (5.10)] that
A, ~ 1/10.
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terms of the flow characteristics near the wall.
Inserting (5.4), (5.5), and (5.3) into (4.22) and
considering that

(1—2z)~—{o/k—A)/w,; (w,=w (1), (.53)
we get
W} wIHl + (w';' / w'1 —3 w;Z / w’lz) Asw
- w3 Hy (7 + A)
=Im® (C). (5.6)

The left half of (5.6) increases with increasing
w/k, i.e., with decreasing z;, provided

(@/w, — 3w}?) /wt < 0. (5.7)

This condition is satisfied for convex profiles
of the Poiseuille-flow type. Therefore, the left
half of (5.6) has a minimum at z; =1 and equals

— @A/ wE) W,

+ A v, — 3w @)l (5.8)
If (5.8) is greater than max Im & (¢) = 0.387,
the flow is stable. From this condition it is pos-

sible to determine the critical Alfven number
AG = —8.12w, /w}
—[(66 + 48.7 / Hy ) w' [ wy

—16.2/ Hy, — wy, Jwi 1™, (5.9)

rry

If |wi’] << lwgz/u.aﬁo2 |, we obtain from (5.9)

At =—(8.12+ V66 +48.7/ Hy) wy, [wh

~—2lw, fu?, (5.10)

1
since Hy = fo(w - w/k)?dz ~ Y% . Finally

A ~—0.05w} [w). (5.10a)

For a Poiseuille flow, it follows from (5.10) that
o~ —20.6 w;) /wE = 10.

A more exact numerical calculation given in Sec. 6
yields a value 9.8.

The smaller the critical magnetic Alfven num-
ber, the stronger the stabilizing influence of the
field. It therefore follows from (5.10) that the
greater the curvature of the profile, the more
stable the flow and the less the field required for
its stabilization. For example, when Poiseuille
flow is established, the profile at the inlet of the
tube is almost exponential near the wall,
|w'*/w’? |~ 1, and the critical Alfven number
is half that of a steady-state parabolic profile.

If A < Agyp, then the flow is unstable when
Rg > Rgr (A). The curve of neutral stability
k (Rg) for flow in a field has a different asymp-
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totic value than without the field, since the “ideal”
solution has no solutions with k =0 and w/k = A,
Since Im & (¢) is a function with a maximum,
Eq. (5.6) has two solutions for A < Agp, & = §y
or &y. The left half of Eq. (5.6) is bounded from
below. Therefore © > ¢ > &, >0 and (1 — z)
~ (kRg)' 3, i.e., the resonant point z; is lo-
cated at all times within a viscous layer near the
wall. To find analytically the asymptote of the
neutral-stability curve, we note that in the term
~ In(1 - z{) inthe expression for Reb‘i"d near
the wall is particularly large. Therefore
Rebjfi~1—# -1

1
oy In(1—2),

(I —2z)~exp{2 w{‘, A/k*Hy}.
Since ¢ is finite, we have

(5.11)

Rg=—0/2kw; (1 —2z)® ~exp{— 6wy A/ k?Hyp ). (5.12)

For Poiseuille flow H ~ 8/15 and Rg ~
exp (22.3 Ak™?).

The critical Reynolds number is determined by
the point where the two branches merge. The
phase velocity w/k of such “critical” disturbances
is determined from (5.6), Im® () = 0.387 where
on the right side. The corresponding value of the
wave number k is determined from Egs. (4.22),
(4.4), (5.1) and (5.52) for ¢ ~ 2.4

(14 Rei Twlﬁfﬂ {2y — arjar)erkta
1

0

(5.13)

The integral in (5.13) can be found approximately
by using the transformation

1 z
1=\ ot o — 5~ )

0

1

1
- et (o8 - 4

0

i {(w — 3>2 — Aﬂ} dz. (5.14)

dz
—S(w—m/k)z—A’ k
0

2y
Since w/k < 1, the internal integral in the sec-
ond term is small in the vicinity of the poles of the
integrand. Therefore
1
J= S

0

dz

(w—ow k)2 — A2 Hb

o MeA™ o/k—A

o (5.15)
2w, m/k—A—Ml/uzJ1

853
k=+V—Hb/w;

1 w/k— A

l— L 0,44
{ 247 wik—A(+4/w)

o/k+4 A

}"”. (5.16)

In spite of the fact that k depends on the differ-
ence of the small quantities w/k and A, the ac-
curacy of the expression is not bad, since this
dependence is logarithmic.

Using these expressions, it is possible to obtain
from (4.18a), with accuracy to within the order of
magnitude, the critical hydrodynamic Reynolds
number
Ler

cr
Ry = —2wk(1—2)

— 13-8"”? const
T 2wk(e/k— AP (Ag— AP

(5.17)

We note that one cannot put A =0 in any of the
resultant expressions, for in this case the singular
points will merge into one and the expansion in the
vicinity of zy loses its meaning [see (4.13)].

6. STABILITY OF THE POISEUILLE FLOW.
NUMERICAL METHOD

In conclusion let us give the results of the cal-
culation of the stability of a parabolic velocity pro-
file. In this case

221 A 2+ 4
F_qagp)t A2, AN (ETatad s
bid_l+k{10 x(Ga—5)h P—2— A 2—A
(Z—22)r— A2

4__ a2
zy— A

Zgl 2, 2 (6 1)
—eIn +szo . .

Inserting this expression into (4.21), we obtain

bt
7 ={Re®@ () —Im @ (©) )
id

4+ i{Im®(€) + Re @ () 3}, (6.2)
where
5 4 { B 4+348—922— A2+ 54342
T T R =2 (I —a) (L + 2 (1 — 2+ A)
_ 1 }
A—222/3— A5 |7
and z% is the coordinate of the mean resonant

layer w = w/k. This equation was solved nu-
merically for kRm = o0, 108, 107, and 2 x 10°,
The neutral curve for A = 0.08 and kRy, =
is given in Table II and in Fig. 3. Table III and
Fig. 3 contain the neutral curve for kBy, = 108
and the initial portions of the neutral curves for
KRy, =107 and 2 x 10%, It is seen that as kR,
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TABLE 1II TABLE III
Neutral curve at A = 0.08, Neutral curve at A = 0.08
kR = ©0 1 1
m G| ow | m | ow |
First branch Second branch
2 j =108 |
% JA Y5 kR |
oL RS R R 0.918 | 0.126 | 2210 | 0.129 | 2520
0.915 | 0.186 | 880 0.?08 118:5
0.919 | 0.130 | 3460 | 0.145 | 5230 8’8(1,2 S %ﬁ% 3?2 8;583 e
0.918 | 0.148 | 1700 | 0.168 | 2550 0900 | 0.286 | 159 | 0.334 | 211
0.915 | 0.183 | 663 0.210 971 0.895 0.316 128 0‘365 164
0.910 | 0.222 | 325 0.260 | 445 0.890 | 0.364 | 107 0.394 131
9900 | 928 ) 214 ) 0.299 ) 29 0.885 | 0.380 | 92.1| 0.420 | 108
. . 0. 11 ; : : :
0.895 | 0'316 | 128 | 0.365 | 164 0.880 | 0.400 | 84.4| 0.439 90.2
o,ggcs) 0.346 | 107 . 0,394 | 131 kR, =107
0. 0.380 92, 0.420 108 '
0.880 | 0.400 84°4| 0,439 90.2 0.880 | 0.393 | 86.6] 0.402 | 89.3
kR, =210
0.890] 0.334 l 113 ' 0,365 | 129
K kRp=oo
a4t &
KRF2A0 8oy 1
a3t
,{2
& 700 77 70 740 300
P FIG. 4. Dependence of RE’ wolas
g [~
FIG. 3. A neutral curve at A =0.08, kR, = oo. and of the wave number of
critical disturbances on A.
decreases, the critical hydrodynamic Reynolds
number increases. It is impossible to trace the |
reduction in the stabilizing influence of the field, % }
owing to the limitations of the method. A ;
cr - R
The dependence of Rg" and of the wave num P 7V T

ber k of the critical disturbances on the Alfven
number A is given in Table IV and in Fig. 4. The
critical value of the Alfren number is 0.102, i.e.,
to stabilize the flow it is sufficient to have

The field necessary for stabilization depends on
the specific type of the velocity profile. The results
of this work and of earlier research on stability

B:>V.V 4rp0.102~0.36 Vo) p. are given below

Arbitrary form of velocity profile A =1

Tangential discontinuity of
magnitude V, (reference 8)

Convex profile with maximum
velocity V,

7. CONCLUSIONS

An analysis of infinitesimally small disturbances A= 1/2
of plane flow in a magnetic field shows therefore
that in the case of'ideal conductivity of the liquid it
is sufficient, to stabilize any flow, to have A > 1,

ie., BY/81 = pVé/Z.

A= (wh)/20|wy | .

Poiseuille flow A=0.1

TABLE IV. Dependence of Rgr and of the wave number of
critical disturbances on A

A zg k2 ( R(g‘t)’/ s A z?) Rt ( R(gx)l/s
0,00 1.0845 17.45[1] 0.06 0,8608 | 0,5502 41,92
0,02 0,8266 | 0.7162 20,58 0.08 0.8784 | 0.,4429 83.04
0.0 0,8438 | 0,8352 27.78 0.10 0.8956 | 0,2389 | 873.7
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The difference in the magnitude of the stabiliz-
ing field is due to the fact that in flow with a tan-
gential discontinuity the disturbances arise inside
the entire layer, which is approximately replaced
by the discontinuity, where the total velocity gradi-
ent is effective. In the case of a profile with an
inflection or a kink, the disturbances arise between
the point of inflection and the wall, and in the case
of a convex profile they arise in the thin layer near
the latter. Therefore the field need merely sup-
press the instability in this layer. If we insert in
the Syrovatskif® criterion, instead of the magnitude
of the discontinuity, the speed of the extreme reso-
nant layer for critical disturbances z% =0.8,
w/k+ A~ 0.2, we obtain for Aﬁf exactly the
critical value

BE* 1 1
Vime 02V, 2

cr
BC

— =0.1.
VcVéTtp

and
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