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for the condition I > 1y, Where 1 is defined from the
cited formula.

NOTATION

M, is the Mach number at nozzle outlet; I is the
mixing chamber length; 7 is the relative mixing cham-
ber length; dy is the diameter of useful cross-section
of mixing chamber; 711 is the relative area of useful
cross-section of mixing chamber; P, is the pressure
in chamber; P, is the stagnation pressure before noz-
zle; L is the chamber length; L is the relative cham-
ber length; d, is the diameter of outlet cross-section
of a nozzle; f, is the area of outlet section of a noz-
zle; nlim is the limiting degree at which it is impos-
sible to predict outflow of a jet; ZO is the relative op-
timum length of mixing chamber.
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Results are presented from experimental studies of the thickness of a
layer of viscous normal liquid entrained by a drum rotating at a speed

greater than the boundary for the retention of shape in the static menis-

Cus,

An estimate of the magnitude of the liquid layer
entrained by rotating bodies of cylindrical shape is of
great significance in studying problems relating to
the application of a layer of dissolved substance onto
the surfaces of bodies extracted from solutions; it is
also important in the transmission of liquid lubricat-
ing materials, in the metering out of paints and adhe-
sives in polygraphic and automatic packing machines,
ete.

The problem of the slow withdrawal of a body from
a nonmoving liquid has repeatedly been considered in
the literature {1—-8]. It has been established that the
thickness of the entrained liquid layer is a function of
the velocity of body motion, as well as of the viscos-
ity, density, and surface tension of the liquid, and
also of the distance of the point in question from the
free surface of the liquid.

In this paper we have stated the following prob-
lems: 1) to determine the thickness of the layer en-
trained by a horizontal drum rotating at a speed in
excess of the boundary for the retention of shape in
the static meniscus; 2) to determine with greater ac-
curacy the conditions under which the effect of sur-

face tension ceases to make itself felt; 3) to establish
the boundaries of applicability for the resulting rela-
tionships.

Characteristics of the Tested Liquids

, B, (N
Liquid *sec)/ p, kg/m3 3, N/m
mZ
|
Transformer oil 0.0285 | 883.0 | 0.0315

38% transformer oil + 67%
0.069 884.5 0.0298

Compressor oil 0.250 896.0 0.0340
75% transformer oil +25%
compressor oil 0.038 887.0 0.0323

The work was carried out with viscous normal lig-
uids (table) which wetted the drum surfaces very
well. The viscosities of the liquids were determined
by means of a capillary viscosimeter, the surface
tensions were determined by a bubble-jumping method,
and the density was determined with a pycnometer.
Two steel-45 drums 80 and 60 mm in diameter and
100 mm long were used for the study. The thickness
of the layer was measured with a micrometer screw
to whose end a needle was attached. The idea behind
the use of this method is not new [6]. It has been es~
tablished that the boundary effect is sensed at dis-
tances to 13-14 mm from the ends of the drum, and
the measurements were therefore carried out at points
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removed from the ends by no less than 20 mm. The
experiments were carried out at a temperature of
24~30° C within a range of velocities at the drum sur-
face from 0.03 to 0.35 m/sec for initial angles of ¢, =
= =12°30", -20°50', ~33°30', and —44°, and for values
of ¢ =10, 45, 90, 130, and 155°.
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Fig. 1. Dependence of thickness of entrained layer on
surface tension at P = 2.18.

In processing the experimental results, we ob-
tained three dimensionless parameters by applying
dimensional analysis, and these characterize the sub~
ject phenomenon:

g= ol p_ 2nAg
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The parameters T and S account for the effect of the
force of gravity and surface tension, while the param-
eter P characterizes the position of the subject point
relative to the free surface. In the general case we
can write

T =§(S, P).

Using the method of least squares to process the func-
tions T = fi(8) for various values of P yields the equa-
tions of two straight lines:

T =0.427 S + const, T = const.

In particular, Fig. 1 shows the function T = fi(S) for
the case P = 2.18, which corresponds to values of ¢¢ =
= —33°30" and ¢ = 90°. The straight lines intersect
for a value of Sy = 0.3225, identical for all values of
P. Figure 2 shows the function T' = T + AT = )(P).
The method of determining AT follows from Fig. 1.

Each point in Fig. 2 represents the average of six-
teen values of T' determined for four liquids at vari-
ous points on the two drums, at various speeds and
temperatures. The standard deviations from the mean
fall within limits of 1-1.5%, with the greatest devia-
tions occurring for the smaller values of P,

The processing by the method of least squares for
the segment P > P, yields

T’ =0.657 —0.045 P 1)
or, after substituting the values 6f T' and P,
1
h— (i‘i‘—) T [0.657 —0.785.10-*Ag]
0g
for'S > 0.3225, (2)

1
P (%) 7 [0.519 + 0,427 S — 0.785. 102 Ag]
p .

INZHENERNO-FIZICHESKII ZHURNAL
for S < 0.3225. (3)

In the region P < P; (Fig. 2) the thickness of the en-
trained layer is a function of the various extraneous
phenomena defined by the influence exerted by the mo-
tion of the liquid in the bath. The experimental points
here are therefore greatly scattered, the scattering
all the greater, the closer the subject point to the free
surface and the lower the viscosity of the liquid. The
experiments carried out on the more viscous liquid
demonstrated that the function T' = §(P) in the region
P < Pj has the form

T = EIS—fL +0.136. (4)

The control experiments on the remaining liquids
yielded a deviation from the values calculated accord-
ing to formula (4) ranging from 3 to 15%. Since the
region P > P, is most important for practical pur-
poses, we can be satisfied with such accuracy. The
combined solution of (1) and (4) yields Py = 0.62.

The experiments show that beginning with values of
S > 0.05—0.06, the parametric relationship between
the thickness of the entrained layer and the surface
tension is linear. For values of S < 0.05, which cor-
responds to a drum speed of up to 0.05 m/sec, the
following formula [1, 3] is valid:

i
h=<ﬂﬂ_) ? 0.93 5,
pg
which yields the deviation from experimental data
in the range 2—5%. With increasing rotational veloc-
ity the shape of the static meniscus is not retained
and the divergence is increased, reaching 30% at a
speed of 0.268 m/sec. Thus formula (3) is valid in the
region 0.05 < S < 0.3225. In the region S > 0.3225 for-
mula (2) takes effect. With an increase in S there is
pronounced agitation of the liquid in the bath, with the
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Fig. 2. Dependence of reduced thickness of entrained
layer on position of point under consideration at drum
surface.

limit value of S being a function of the relationship
between the speed and viscosity. The lower boundary
for the appearance of waves lies within the range S =
=2.3-2.5.
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NOTATION

h is the layer thickness; u is the dynamic liquid
viscosity; o is the surface tension of the liquid; p is
the liquid density; g is the gravity acceleration; ug is
the linear speed of body extraction; @ is the angle be~
tween the horizontal axis of the drum end and the
radius-vector of the point under consideration; ¢ is
the angle between the horizontal axig of the drum end
and the radius-vector of the boundary at which the
drum is immersed into the liquid.
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The dynamic pattern of the shock compression of a substance in cyl-
indrical bombs is examined. It is demonstrated theoretically and
experimentally that conditions are established in the center of the
bomb for nonregular Mach repulsion,

In studying the shock compression of powders in
cylindrical bombs, we noted that a narrow region
("filament") is established along the axis, this region
noticeably different from the remaining mass of the
substance in form and properties [1]. Thus, in com-
pressing carbonates [2] in this region we find pre-
dominant decomposition of the substance, while with
NaCl, CsBr, and the nitrates [3], we find the forma-
tion of defects. Within the "filament" we frequently
encounter voids in the form of channels or vacuoles
whose walls are fused. The "filament"usually appears
in the case of a small bulk density for the material
being compressed. As the bulk density is increased
these effects are reduced.

It is interesting to examine the reasons for the
appearance of the "filament" within the substance.
The most important moment in the explosive com-
pression of a steel bomb contained within a cylindri-
cal explosive charge is the formation of the oblique
shock-wave front within the substance (figure). This
configuration arises as a result of the fact that the
bomb is not simultaneously compressed over the en-
tire surface, but successively.

As a matter of fact, at a certain instant in time the
detonation front reaches the point M. From the point
M the perturbation is propagated in the walls of the

S

Shock wave configuration in a
cylindrical ampul: ABC =28,
opening angle of a head wave;
ECF =2q, angle of impact of
oblique shockwaves; NO, shock
wave frontinampul; EC, shock
wave front in a substance.

bomb at a velocity Dy and reaches the point O within
a unit of time. Within this same period of time the



