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Vortex rings are very stable structures that can be generated when the fluid is transiently released
from the nozzle. High stability of such structures allows transporting momentum for large distances.
This interesting feature opened an extensive debate on that phenomenon in academic forum. In turn,
a number of research works can be found on such issues as generation, motion and decay of vortex
rings. Not much attention has been put, however, on examining how the geometry of the vortex ring
generator may influence on properties of generated structures and this work is aimed at filling this gap.
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1. Introduction

When transiently releasing the fluid from the noz-
zle one may expect a formation of a vortex ring
(VR) at its exit. Such structures are apparent in
a number of natural processes as for instance lo-
comotion of hydromedusas [1] or during the dis-
charge of blood into the heart left ventricle [2]. VRs
have also found some engineering applications in
pulsed jets [3, 4], swimming devices [5—7| and in
cooling process of electronic systems [8, 9]. The
available literature offers also information on more
fundamental issues as VRs formation [10, 11], evo-
lution [12, 13|, or VRs collisions with different ob-
stacles [14-17]. No much attention is devoted, how-
ever, to the issue of how the geometry of the genera-
tor (as for instance the orifice diameter or the length
of the generator tube) could possibly influence on
the size of generated VRs. Such a knowledge may
be useful from the practical point of view as it may
allow for controlled generation of VRs of desired
size. Hence, the aim of the present work is to exam-
ine the impact of different generator geometries on
the size of generated VRs with the use of hot-wire
anemometry (HWA) technique [18, 19]. Based on
HWA velocity measurements one may easily assess
the boundaries of the generated rings and conse-
quently examine different VR generator geometries.

2. Experimental setup
and measuring procedure

Experimental investigation was performed with
the use of the test setup schematically shown in
Fig. 1 and which was also used in our previous
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experiments on similar issues [20, 21]. In such a
configuration the Gaussian signal is generated us-
ing a personal computer (1) in the Mathematica
software which is then transmitted through the am-
plifier (2) to the loudspeaker (3) mounted on one
end of the cylindrical tube (4). The motion of the
membrane pushes a column of a fluid (air) towards
the axial direction 2 and generates the VR (5) at
the orifice (6) outlet. The motion of the VR can
be then detected and its velocity recorded with the
use of HWA (7) mounted on the automatic travers-
ing system (8) ensuring the motion of the probe
in z and r directions. The HWA used in the ex-
periment was equipped with the wire, which was
0.4 mm in length and 3 ym in diameter and it was
positioned vertically to the axis of the generator.
HWA was calibrated using DANTEC DYNAMICS
StreamLine Pro Automatic Calibrator. The tube
length L and its inner diameter D7 equalled 200 mm
and 100 mm, respectively. Three different orifices
were used during the investigation with inner diam-
eters Dy equalled to 33, 50, and 66 mm. Measure-
ments of the velocity were performed at the fixed
distance x = 3D5, measured from the orifice outlet.
Note that it was assumed that generated VRs have
axisymmetric shape. Therefore, a number of mea-
surements could be reduced to obtaining a single
profile for each considered orifice diameter.

HWA measurement procedure was as follows: af-
ter positioning the probe at a certain location x
and r, one hundred VRs were generated (to get
statistically reproducible results) with 1 s interval
between consecutive excitations (to avoid potential
interactions between consecutively generated struc-
tures). 2 kHz sampling frequency appeared to be
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Fig. 1.

Scheme of the experimental setup.

sufficient to capture all the characteristic features
of the velocity signal such as local extremes. Af-
terwards the probe was shifted with a certain dis-
tance Ar to made a second measurement, and so on
until the measured VR maximum velocity reached
5% of the highest measured one (so one could ob-
tain the diameter Dyg of generated VRs). During
the experiment the Reynolds number Re = UDs /v
(where U is the averaged air velocity and v is the
kinematic viscosity) was kept constant at the level
of Re = 9600 & 3% at the orifice position in order
to ensure identical condition at the orifice outlet for
each case.

3. Experimental results

Figure 2 presents three superimposed consecutive
velocity profiles of VRs collected at probe position
/Dy = 3 and r = 0.85D5 and for Dy = 33 mm.
Local extremes result from the combined progres-
sive and rotating motion of VRs. One may observe
some discrepancies between presented velocity pro-
files, that is why one hundred VRs were generated
for each radial position analysed to get statistically
representative results.

Figure 3 illustrates radial distributions of max-
imum Upax and minimum Uy, velocities corre-
sponding to local maximum (larger one) and local
minimum, respectively (apparent in Fig. 2). Note
that each point represents averaged velocity value
from 100 consecutive VR shots. As can be seen,
both profiles tend asymptotically to zero with in-
crease of radial distance r. Therefore, either Up,ax
or Upnin can be used as a representative criterion in
estimation of VR radial activity limit — in other
words, in estimation of Dygr and Dg (see Fig. 1).
It is interesting to note that Uy, profile appears
at certain radial distance (r = 24 mm). It is be-
cause the radial distance occupied by Uy, profile
corresponds to the rotating part of VR. Moreover,
the beginning of the rotating part of VR is proba-
bly related to appearance of the local minimum at
r &~ 20 mm in Uy, profile, however, more data is
needed to address this issue.

Figure 4 shows a direct comparison between U,y
profiles for each considered Dy/D; ratio vs. nor-
malised radial distance r/Ds. As results from
Fig. 4, the Upax reaches zero at lower distances
r/Ds for higher Dy/Dy, i.e. for orifices with larger
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Fig. 2. Three consecutive velocity traces collected

at probe position /D2 = 3 and r = 0.85D; and for
Dy = 33 mm.
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Fig. 3. Radial distributions of maximum and min-

imum VRs velocities.

diameters. Data from Fig. 4 can be used to esti-
mate activity boundaries of generated vortex rings,
i.e. the total diameter of VR — Dyg — see Fig. 1
for the definition. One needs first to assume an
identical threshold for each velocity profile. Us-
ing 5% of Upyax threshold seems to be reasonable
choice as it is an approximate error for HWA for
the smallest measured velocity values. After apply-
ing such a threshold it can be estimated that the
boundary VR activity (corresponding to the total
ring diameter Dyg) is located at 1.57/Dq, 1.2r /Dy
and 0.95r/Ds for Do/D1 = 0.33, D3/ Dy = 0.5, and
Dy/D; = 0.66, respectively.

To get complete information about VRs geometry
evolution with changing Dy /D; ratio one need to es-
timate the diameter of the VR rotating region Dy
—see Fig. 1. Let us remind that diameter Dy corre-
sponds to the radial distance occupied by Uiy pro-
file as shown in Fig. 3. Direct comparison between
Unin profiles for each considered Ds/D; ratio as a
function of normalised radial distance /D5 is given
in Fig. 5. The results indicate identical tendency as
in Fig. 4, namely the normalised diameter of the ro-
tating region Dg decreases with increasing Do/D;
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Fig. 4. Direct comparison between Upax profiles
for each considered Dy/D; ratio as a function of
normalised radial distance r/D.
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Fig. 5. Direct comparison between Upin profiles

for each considered D2/D; ratio as a function of
normalised radial distance r/D.

from Dgr = 0.8r/Dy for Dy/D; = 0.33, through
DR = 0.6T/D2 for D2/D1 = 0.5 to DR = 0.4T/D2
for Dg/Dl = 0.66.

Taking into account the above results one
may estimate the ratio between Dygr and
Dr which is equal to Dvyr/Dr 3.75 for
DQ/Dl = 033, DVR/DR =4 for DQ/Dl = 0.5 and
DVR/DR = 4.75 for Dg/Dl = 0.66.

4. Conclusions

This paper shows how the diameter of the ori-
fice (mounted at the generator outlet) influences the
size of generated VRs. Total diameter (Dygr) and
diameter of the rotating part (Dr) of VRs were
obtained using HWA measurements of Up.x and
Umin, respectively. The results showed that both
normalised (with r/Ds) VR quantities vary notably
when changing the orifice to tube diameter ratio
Dy/D;. In particular, Dyg and Dg decrease with
increase of Dy/D;. On the other hand, it is inter-
esting to note that the Dygr/Dg slightly increases
with increasing Ds/D;.
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