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GRAPHICS DISCLAIMER

All figures, graphics, tables, equations, etc. merged into this
translation were extracted from the best quality copy available.
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The investigation of turbulent structure is necessacy for

[« . . . .
understanding the physical mechanism 9: transfe- Jrocesses in
rotating streams, their peculiarities and distincrtions from
rectilinear flows, for solution of questions of the intensifica-:on

of carburetion, combustion etc.

For the purpose of revealing the main characteristic
pe?culiari:ies of the effect of the field of centrifugal forces on
the processes of turbulent transfer, research of the aerodynamics and
heat exchange of circular flow in annular channe.s between rotating
cylinders was conducted. In this case vere exanined7£yo limiting
cases of the relationship of angjular velocities of rotation of
external and internal cylinders, equal to zero (only the internal

cylinder rotates) - unstable flov and to infinity (external cylinder

,

rotates) - stable flow. - prfn 2 A o Mg o e Portrens,

T%&”
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. . . . ' /=7 - L
The distributions of tangential ':. =) v, w). axial

@.- v e ! and radial I1,=}"¢, w' components of relative
intensity of fluctuations of velocitys, measured in channels with
internal (a) and external (b) rotating cylinder, are presented in

Figure 1.

FOOTNOTE « Measurement of fluctuation characteristics of flow was

performed by ETAM-3A hot-wire anemometer with ESU-2 amplifier of

system VEI (1]. ENDFOOTNOTE
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Fig. 1. Profiles of components of relative intensity of fluctuations

of velocity in the charnel with internal (a) and external (b)
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cylinder.
Key: (A) channel.

In the channel with internal rotating cylinder, just as in
rectilinear channels, comporents s snd ¢ take maximum value
ciose to the walls; in the region of the greatest change of average
velocity. The greatest value of radial component 3 is observed in

the central part of the channel,

During rotation of the external cylinder ¢« and &+ reach
maximum value near the rotating wall, and minimum - near the
stationary wall, The level of fluctutations in the channel with
internal rotating cylinder is significantly higher (3-5 times} than

during rotation of the external cylinder.

The substantial difference in the level of intensities of
fluctuations of velocity in channels with external and internal
rotating cylinder is connected with the different action of the field
of centrifugal forces on the fluctuating motion in these cases. In
the first case the field of centrifugal forces damps the turbulient
fluctuations and stabilizes flow. This leads also to significant

reduction (2-3 times) of the resistance and intensity of heat

transfer. In the second case the reverse action of the field of
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centrifugal forces is observed.

In contrast to flow in the channel with internal rotating
cylinder, where turbulization of the stream sets in virtually
simultaneously along the entire widih of the channel, in channels
with external rotating cylinder the turbulence appears first in a
narrow band close to the rotating cylinder and in prcportion to
increase of the speed of rotation is gradually propagated through the
entire width of the channel. In this case in a certain range of
Reynolds numbers there exist regions of laminar and complete}y
turbulent flov, separated by a region of the periodic appearance of
fluctuations. fhe width of each region .s changed with a change of

Revnolds number.

The noted qualitative peculiarities of the effect of the field
of centrifugal forces on the processes of turbulent transfer in
circula: flows are observed also in more complex cases of rotating

flows, in particular, in cyclone chambers.
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mean-square turbulent fluctuations of velocity

Fig. 2. Distribution of the relative intensity of turbulence

Vo

in a cyclone
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chambcr.

Key: (A) =/s.

Fig. 2 shows the distribution of tangential (¢)., axial (s,)
and radial (i) components of relative intensity of velocity
fluctuations in different cross sections of a cyclone chamber. As
seen from the figure, all th.ee components have qualitatively
icentical form: approximately constant value in the region of
quasi-potential mo«ion (5-10%) and increase in the region of
quasi-solid (up to 40%). The coefficients of turbulent viscosity

found during the use of experimental profiles of averaged
velocity and ccrrelations o, v, and v.v,, in the quasi-potential
zone are hundreds and thousands of times, ard in the quasi-solid are
thousands and tens of thousards of times greater than the coefficient

of molecular viscosity.

The high level of intensity of turbulent motion, larger values
of coefl{icients of turbulent transfer determine the sharp

intensification of the process of combustion in cyclone chambers.

Flov in the quasi-potential zone of the cyclone is qualitatively
similar to flov in the channel vith internal rotating cylinder. In

the near-vall region of cyclone stream, vhere the tangential velocity




is decreased with increase of tne radius, a zone of hydrodynamically

unstable flow appears. Due to the action of centrifugal forces here
occurs intensification of the fluctuating motion and processes of
turbulent exchange. As in the case of flow in the channel with
internal rotating cylinder, this leads to the appearance of so-called
"quasi-potential® zone of flow, in which the momerit of momentum of
elements of liguid can be approximately cornsidered as constant.
Concerning flow in the quasi-solid zone of the cvclone, here, in
contrast to flow in the channel with external rotating cylinder,
wvhere V=0 further rise of the level of fluctuating motion occurs.
This, apparently, is connected with the circumstance that in this
region is observed the greatest value of gradients of axial component
of velocity (region of blending of forward and counter streams),
i.e., are created conditions for intense turbulent exchange. Flow in
this zone resembles flow in the stream region of the near-wall
stream. Hovever, flow in the quasi-potential zone in such analogy
approximately corresponds to the nucleus of the near-wall turbulent

stream.

All this confirms the stream diagram of flow in the cyclone

chamber developed in work [3].

Article submitted 27 May 1967
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