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TWO TYPES OF VORTEX TUBE

V. A. Bubnov, A. A. Solov'ev UDC 532.51
and Kh. Z. Ustok

Experimental and theoretical modeling is an efficient method of solving problems of
vortex generation [1-7].

It is noted that in a number of references that vertical flows in: linear vortices are
everywhere directed upwards, starting from the axis, right out to the boundary of the solid
rotation, and only far away at the periphery does the direction change to the opposite {8,
9]. 1In other investiagtions the authors noted descending axial flows and flows ascending
along the walls of the vertex tube [10, 11], and the vortex structure is called one-cell
and two-cell, respectively. 1In [10] and attempt was made to classify vortex tubes, depend-
ing on the ratio of intensity of the vertical streams and the circulation. The present
paper discusses an experimental study of transition from a one-cell to a two-cell vortex.

The vortex tubes are induced in a vortex chamber. The chamber height is 0.665 m. Its
diameter is 0.382 m.

The upper part of the chamber has a four-blade vortex generator, mounted on the axis
of a motor. The height of the rectangular blades was 0.07 m, and the width in some of the
tests was 0.05 m, and in others 0.10 m. The generator was attached to the axis of the motor
behind a heavy cylindrical platform. The platform diameter was 0.21 m, and its height was
0.05 m. The function of the platform was to deviate the flow, which arrived at the motor
after interacting with the lower surface of the platform. In addition, this platform pro-
vided a stable frequency of rotation of the vortex generator. At the top the chamber was
covered by a 1lid. Tests were conducted with the chamber both open and closed, and here an
annular gap of the required dimensions was assigned by varying the diameter of the 1lid.

By using the gap in the lid we could change the dimensions of the zone in which the
flow received angular momentum. In addition, as the gap changed there was a change in the
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R
flow rate Q per second along the axis of the vortex: Q==2n_(vgﬂr, where R is the size
7 . 0

of the ascending flow zone.,

The motor frequency was monitored with a tachometer., It consisted of a light source,
a photodiode, and an oscillograph. Measurements of velocity and pressure were made with a
5-channel spherical probe with sphere diameter 0.003 m, fastened to a rod of diameter 0,015 m.

The pressures in the probe apertures were measured with a Prandtl micromanometer. The
probe was positioned at a fixed specific distance and could be moved along a radius, moved
vertically, and rotated by an angle ¢ about the axis of the mounting rod.

In the flow the probe was set up at an angle ® such that the pressures in the aperatures
4 and 5, located transverse to the mounting bracket, became the same, i.e., Pm=pPs=PpPs ,
The measurements were recorded during the tests: the angle ¢ of the velocity vector relative
to the chosen reference plane; the pressures p, and ps in the meridional apertures 1 and 3,
and also the pressure pz in the central aperture 2.

The absolute values of velocity v, static pressure po, and flow downwash angle § in the
plane of the 1-2-3 meridian were later calculated from the equations: ¢ = kPgm, Po = P2 — f(8)g,
-8 = ¢psy/Dam» where 9 = PV%2; Pam = Py—Pmi Par = Ps—p1; [(8), ¢, k are constants which were deter-
mined from the calibration curves.

The relative error of velocity measurement with the spherical probe, due to flownonuni-
Po—Pm d )
formity, av;=’%ETJE;U where d is the distance between apertures 2 and 4 or 2 and 5 of the
2m
probe; pap is the pressure difference between apertures 2 and 4, which was noted in the re-
gion with considerable velocity gradients; y is the dimension. of the zone with considerable

drops in velocity (inour measurements y is the size of the vortex core).

According to our test data, even in situations least favorable for measurement (y =
0.017 m), the fall in pressure at the edge of the core, in comparison with the fall in pres-
sure on the axis of thevortex, was p,, — 20 scale divisions of the micromanometer. At dis-
tance d = 0.001 m the possible uncertainty in manometer readings due to flow nonuniformity
was 1.2 divisions.

. In the measurements at points far from the vortex axis, at distance (0.3-0.4)y, we have
Pam =~ 8 divisions. As a result we find §, == (1,2/16) 100% = 7,5% . On the whole the errors of
velocity measurement in cases unfavorable for measurement did not exceed 107.

The vortex tubes generated in the chamber were distinguished by quite good stability.
Visual observations showed only a slight deviation, in the range (0.2-0.3)D, of the end of
the vortex from the axis. The frequency of these deviations was quite large and was not re-
flected in the micromanometer readings. The oscillation about the axis at the center of
the vortex was considerably less than at the base. As a rule the measurements were conduct-
ed three times independently under the same conditions. The scatter of the measured data
did not exceed 5% in the three measurements.

Amongst the large number of vortex tubes investigated two typical cases were observed.
The qualitative picture of the flows in the vortex tubes was studied by visualizing the va-
porization. Case 1 is a uniform distribution of condensate particles. Case 2 is a dense
layer of particles forming the wall of the vortex tube. Case 1 corresponded to vortex length
7 = 0.32m, generator diameter do = 0.1 m, and angular velocity of rotation of the blades of
rpm. Case 2 was observed for 7 = 0.64 m, do = 0.05m, 2 = 5900 rpm. In Case 1
a gap was set up at the top of the chamber, and in Case 2 the chamber was tightly
covered. Figures 1 and 2 show the results of velocity measurements in Case 1 at height
z =0.1m, and in Case 2 at z = 0.14 m (Fig. 1 shows the tangential velocity (curves 1. and
2) and the circulation (curves 3 and 4) in the vortex tubes; 1 and 3 indicate a vortex tube
of one~cell structure; 2 and 4 show a two-cell structure; in Fig. 2 curve 1 is a one-cell
vortex, and curve 2 refers to a two-cell vortex). The velocity components Vg V. were
measured. On the graphs these quantities are referenced to the vortex core velocity vo.
The distances from the vortex axis in Figs. 1 and 2 were reckoned in dimensionless units,
obtained by dividing by the characteristic dimension ry, the core radius.

In a one-cell vortex there are ascending flows along the axis, and in the two-cell
vortex the axial flow is descending. In the one~cell vortex the particles approach the
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TABLE 1
One-cell - | Two-cell
Parameter %ngasur - One-cell |(measure- | Two-cell
ents of the [10] ments of . [10]
authors) the authors)
2
cm ; 16,7
T, 104— 7,9 11,0 . 1,5
cm
v, 102 = 244 19,8 10,8 20,1
Te, CM 3.8 7,6 1,7 8.4
1, cin 32 183 64 183
Ap, Pa 1300 3800 350 500
2
cm
0, 10 = 15,9 44,0 2,3 4,0
Re,, 10* 96 18,8 2,5 1,6
e 0,53 0,53 0,90 0,029
s 0,24 0,33 0,59 0,65

center, and in the two-cell vortex the particles move from the center towards the edge with-
in the core. In the potential part of the vortex the particles also approach the edge of
the core. The axial flow is formed as a result of flow towards the edge of the core.

Calculations of the circulation I = 2nry, at different distances from the vortex axis
show a different dependence for the two cases. Figure 1 shows values of the circulation ref-
erenced to the circulation T, measured far from the vortex axis. A noticeable increase of
the circulation is observed in the two-cell vortex. It occurs in the region of trnasition
from the solid rotation axis to the potential flow.

Reference [10] has proposed the dimensionless parameter & = Q/RTl'x to evaluate the
structure of flows in the vortex tube, and here the flow rate Q varies with height, since
the air in the upper part of the vortex generator, drawn out from the vortex, moves away
through the exhaust tube. The amount of air drawn off from the vortex was determined from
the vertical velocity v, at the height where the radial flows do not vary with distance
from the bottom and are practically zero, i.e., at entrance depth h. In our vortex model
the value of Q was determined from data of measurements of v, at a height equal to the depth
of flow entrance into the vortex.

Table 1 shows the results of calculating the parameters describing the structure of
the two types of vortex..

According to what was said in [10] for the transition from a one-cell vortex to a two—cell type
one must achieve a considerable reduction of the parameter e. It can be seen from Table 1
that this condition is not observed. 1In the two-cell vortices excited in our measurements,
the parameter & had a value larger than in the one-cell vortices. It was shown in [7] that
transition from a one-cell to a two-cell vortex occurs at a critical value of the vortex
ratio calculated from the formula s=9.044—°%Re, where a =Ah/R is the depth of flow entry
into the vortex. The one-cell vortex was observed experimentally for s< (0.45. Our mea-
surements, as can be seen from Table 1, confirm this conclusion.
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EXCITATION OF TOLLMIEN-SCHLICHTING WAVES IN THE BOUNDARY LAYER
BY THE VIBRATING SURFACE OF AN INFINITE SPAN DELTA WING

A. M, Tumin UDC 532.526.013

The problem of instability wave origination (Tollmien-Schlichting waves) is discussed
extensively at this time in connection with the solution of the problem of predicting the
laminar~to-turbulent boundary layer transition point [1, 2]. The problem of exciting Toll-
mien-Schlichting waves is considered in [3] in the case of a two-dimensional boundary layer
on a vibrating surface. This paper is devoted to the solution of the problem [3] in the case
of spatial perturbations in the boundary layer in the vibrating surface of an infinite span
delta wing.

1. FORMULATION OF THE PROBLEM

Let us consider the flow in the boundary layer on an infinite span delta wing. We
select as coordinate system: x is the distance from the leading edge along the streamlined
surface, v is the distance along its normal, and the Oz axis is along the wing leading edge.
We write the Navier-Stokes equations in dimensionless form by using a certain length scale
1, and the free stream velocity Us. We measure the time in the units 7/Ue, the pressure is
referred to poUs (po is the density in the free stream). The temperature and the viscosity
coefficient are also measured in units of the corresponding quantities in the free stream.
As in [4], we assume that the fundamental flow is weakly inhomogeneous in the absence of
perturbations. The following dependence on the coordinates is assumed for the velocity com-
ponents (U, V, W) and the pressure and temperature (p, T):

U=UG@ny), V==e¥s(ony), W=Wa), -3

p=p(x), T=T(z,Yy) 2 =02z, e,
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