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Time-Mean Helicity Distribution in
Turbulent Swirling Jets

V. Tesar

Helicity offers an alternative approach to investigations of the structure of turbulent flows. Knowledge of the spatial distribution of the
time-mean component of helicity is the starting point. Yet very little is known even about basic cases in which Helicity plays important role,
such as the case of a swirling jet. This is the subject of the present investigations, based mainly on numerical flowfield computations. The re-
gion of significantly large time-mean helicity density is found only in a rather small region reaching to several nozzle diameters downstream
[from the exit. The most important result is the similarity of the helicity density profiles.
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1. Introduction

The concept of helicity was originally introduced in the
1950s in the context of magnetohydrodynamics, where it
proved to be very useful and has been used quite extensively.
Its use in hydromechanics of non-conducting fluids was intro-
duced in 1969 by Moffat [1], who proposed to apply it as a
measure of the “knottedness” of vortex lines — which are
known to be often quite tangled in turbulent flows. Helicity is
a quantity of very fundamental character, closely related to
basic topological aspects of the flowfield. Moreau [4] formu-
lated the helicity conservation theorem. This holds for ideal
non-viscous fluids, in particular for any inviscid barotropic
fluid flowing under the influence of conservative body forces.
In the theory of non-viscous flows, this invariance gives heli-
city a status comparable to that of quantities as basic as energy.
There have been several attempts to use helicity also as
the starting point in attacking the problem of fluid flow
turbulence. Recently, interest and hopes have revived, as doc-
umented e.g. in [5, 6], and [8] - and particularly in the studies
by Zimmerman [11, 12, 13] of helical coherent structures in
turbulence, which have led to important results having direct
practical engineering relevance. The present study of helicity
distribution in a swirling jet was performed to support a more
extensive current research program aimed at applying the
concept to description and improvement of fuel and oxidant
mixing in swirl burners.

The helicity of fluid flow [2] is defined as an integral
(across a specified volume) of the scalar product of local ve-
locity vector w, characterising the velocity field, and local
vorticity vector w, which characterises the rotational motions
—as shown in Figs. 1 and 2. In practical flowfield studies, the
variable of interest is the local quantity, helicity density H
(m/s?) as defined in Fig. 2:

H=ww
=w|w|cos a (1)
= wiwq + WoW9 + wgWs ...

An interesting fact is that despite being a quantity fully de-
termined by a single numerical value, helicity is not a simple
scalar. Its sign depends upon the used reference frame. Such
quantities are sometimes characterised as pseudo-scalars: the

change of sign takes place during the transition from the
reference frame of right-handed chirality to left-handed one.
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Fig. 1: Helical deformation of a fluid volume in turbulent flows.
This idealised shape would arise in the exceptional case of
strong rotation with mutually collinear vorticity and veloc-
ity vectors.

The idea of the helical shape of fluid objects deformed by
aflowfield exhibiting high helicity is presented in Fig. 1. Itis a
very idealised case, with the two vectors w and o collinear, the
rotational speed very high, and the deformation very regular.
Examples of such shapes are known e.g. from tornadoes. Nev-
ertheless in usual turbulent flows, especially with generally in-
clined local vectors w and w (Fig. 2) and irregular deformed
objects, the helical shape is much less easy to recognise.

Scalar product:

=W =IW! @ cosol

Fig. 2: The quantity evaluated in the present investigation is the
helicity density # — the scalar product of the local velocity
vector w and vorticity vector .

The deformation affects any object in the fluid. Objects of
particular interest are turbulent vortices. A vortex, visualised
by e.g. dye addition, exposed to a shear flow is elongated and
twisted as if it were a deformable body, because vortices can-
not be simply destroyed (they decay only gradually — in an
ideal frictionless fluid their vorticity w is conserved) and can-
not be torn into pieces — this is prevented the consequences of
Kelvin’s theorem, the essence of which [3] may be stated as
vortex cores behaving like material objects retaining their
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identity. Once the vortex core is bent, it becomes twisted and
curled, even if it were alone in the flowfield, by the induced ro-
tational motion generated by interaction with its other parts.
Much more tangled shapes due to the induced motions are
then caused by presence of other vortices in the neighbour-
hood. Due to the stochastic nature of the motions in typical
turbulent flows the deformation is irregular. As a result, the
real shapes of the visualised coherent vortical structures gen-
erally bear only a very distant resemblance to the regular
shape indicated in Fig. 1. The “pitch” between the loops is
usually large relative to the diameter of the object, and the
stochastic character of the deformation causes the “pitch
magnitude” to be different at different locations. The shapes
are also typically skewed due mutual inclination of the two
vectors (Fig. 2), which again may vary from one location to
another. Finally, the lifetime of vortical structures is usually
too short to permit seeing more than a single loop. Neverthe-
less the idea of the real deformation being composed from
superimposed components corresponding to Fig. 1 is a useful
working concept. In fact, the shapes of the deformed vortices
need not be helical at all, and they may exhibit nonzero
helicity. Moffat in [1] has evaluated the helicity of the inter-
looped configuration of vortices as shown in Fig. 3, and has
demonstrated it to be proportional to the product of their cir-
culations I" and a topological invariant called the linking
number of the two loops. Configurations similar to those in
Fig. 3, typically with several smaller loops instead of just the
single one shown here, arise in the process of mutual interac-
tion of structures, once the intertwined loops start to undergo
the processes of “cut and connect” — a mechanism which may be
particularly relevant for evaluating the spectral transfer of
helicity.

Fig. 3: A high helicity in a fluid flow does not necessarily mean the
presence the of helical coherent structures of Fig. 1. Much
more important may be the high helicity found for the
mutually linked vortex rings (which, according to some
theories, may be the basic structures in turbulence).

The starting point in investigations of helicity transport
phenomena is the spatial distributions of time-mean helicity
on the integral (or device) scales. Unfortunately, very little
information is available, despite the engineering importance
of many flows with a particularly strong helical spinning
mode (lacking axial symmetry). The swirling character may
be imparted externally. However, swirling flows, like the well
known case of the bathtub vortex, typically exhibit self-in-
duced rotation as a result of breaking the initially helicity-free
reflectional symmetry.
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The purpose of this paper is to provide some information
about recent investigations of time-mean helicity in a very
basic flow case — that of a round jet with rotation about its axis,
caused by imparting a swirl upstream inside the nozzle. Both
experimental, using PIV, and also computational studies were
performed. So far most of the results have been obtained
from the computations. The experiments have been delayed
by the necessity to amend the standard optical interroga-
tion system by additional components which generate a par-
allel different colour light sheet to resolve the derivatives in
evaluating the vorticity. The resultant unique PIV system is
specially suitable for helicity measurements. In the computa-
tions, helicity has been evaluated at individual points of the
flowfield by multiplying the local collinear components of
velocity and vorticity and summing of the three products,

Eq. (1).

2 Novel swirl generator

Nozzles for generating swirling jets are commonly based
upon one of the two usual types of swirl generators. On the
one hand, there are passive devices inserted into the nozzle
(or immediately upstream), the geometry of which disrupts
the geometric axial symmetry. The most common forms are
twisted tapes, helical rifling of the nozzle walls, or inserted in-
clined vanes. This method of generating the swirling motion
was unsuitable for the experimental part of the present pro-
ject, as it does not allow variations in the intensity of the gen-
erated swirl - unless the swirl imparting vanes are made with
variable inclination, as discussed below. On the other hand,
there are active devices, with the swirl generated by admission
of an adjustable tangential inflow component superimposed

(a)_
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wheel" /
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.

Fig. 4: Tangential inlet generation of swirling flows which was
found unsuitable for the experimental study: a) single
inlet produces asymmetric flow and instability, b) compli-
cated multi-inlet layout can eliminate the asymmetry but
retains instability and uneven nozzle exit velocity profile.
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on the basic axial flow (which, in the extreme case, may even
vanish). Experience with vortex type fluidic devices, that use
this tangential inflow approach is not encouraging for ap-
plication in basic hydrodynamic investigations. The simple
single-inlet geometry (a in Fig. 4) is unable to generate a suffi-
ciently symmetric flow. This may be improved by a more
complex arrangement with many inlets (such as case b in
Fig. 4), with the disadvantage of a rather complex and more
expensive layout — the more so because in the present case
the planned investigations call for ambi-chirality, capability to
generate both directions (senses) of rotation. Another prob-
lem caused by imparting the tangential momentum on the
periphery of the inlet is the difficulty of obtaining a regular
velocity profile at the exit. The profile shape may be improved
by a long nozzle exit channel, but this generates a thick
boundary layer (degrading the outer parts of the profile) and
the inevitable fast dissipation of the swirl decreases the achiev-
able magnitude of nozzle exit helicity.

A configuration meeting the demands is found in genera-
tors with adjustable vanes — adjusted to a desirable attack an-
gle. They impart the momentum across the whole radius so
that the resultant profile is regular. Unfortunately they tend
to be mechanically very complicated and therefore expen-
sive — especially if the adjustment is to be reproducible, which
requires the vanes to be provided with some mechanism mak-
ing their angle of attack equal and fixed. Though perhaps
possible in principle, there have been few (if any) attempts to
make the mechanism capable of performing time-dependent
variation of the attack angle.

Instead of mechanically adjustable vanes, the author used
for imparting the angular momentum in the upstream en-
larged inlet cross section of the nozzle the idea developed in
the 1970s for use in fluidic valves [9] and later applied by
Markland and co-workers [10] for switching gas turbine exit
flows. The idea is to impart the tangential momentum by
fixed vanes with control jets issuing from their trailing edges.
The vanes form the swirl generator, located in the upstream
part of the nozzle, Fig. 5. As shown in Fig. 6, the vanes are

Nozzle exit
diameter:
D=32mm

Fig. 5: The used nozzle with the original swirl generator based
upon the supercirculation produced on fixed vanes by the
Coanda effect.
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Fig. 6: The principle of supercirculation vanes as successfully de-
veloped at CTU in 1973 [9]. The ambichirality required in
the present investigations called for two control flow exit
slits (and two inlet cavities) in each vane.

hollow, made from parallel metal sheets and two round rods
forming both the leading edge and the trailing edge. The
thin jet issues from one of the slits between the outer sheets
and the trailing edge rod (the other slit is used for generating
the swirl of reverse chirality). The tangential momentum is
imparted due to the circulation generated on the vane by the
inclination of the jets (Fig. 6) caused by their attachment to
the round trailing edges by the Coanda effect. A circulation
around the vane is generated despite the geometric angle of
attack of the vane being zero. The advantages of this novel
swirl generator are:

a) As in all principles using vanes, by imparting the angular
momentum over the whole radius the swirl generator pro-
duces a flat and regular resultant velocity profile.

b) The flat vane shape imparts no angular momentum with-
out the control jet flow, generating a non-swirling jet.

¢) Despite the flat vane shape, the magnification effect of the
supercirculation makes it possible to impart angular mo-
mentum values at least an order of magnitude larger than
with a vane at an adjusted attack angle (which is prone to
separation at its leading edge if the attack angle is set too
large).

d) The control effect is adjustable instantly, by changing the
control air flow admitted into the hollow vanes (while me-
chanical adjustment of the vanes takes time) and because
of absence of inertia of moving components the generated
swirl may even be made time-dependent.

e) Thanks to the supercirculation effect, the control flow rate
needed for a strong swirl is very small — an order of magni-
tude smaller (a magnification factor in excess of 20 was
measured in [9]) than in the direct tangential inflow ac-
cording to Fig. 4.

f) The swirl is reproducible and may be adjusted con-
tinuously — while mechanically adjusted vanes can be
set reproducibly only if they are mutually linked by some
mechanical linkages (which makes them expensive) or
if they are provided with a set attack angle fixation mecha-
nism. However in this case it is not possible to adjust
them continuously, only to attack angles arranged in the
mechanism.

g) The new Coanda jet vanes are simple and easy to make.

A virtual model of the swirl generator showing the four
vanes and the small centre body is shown in Fig. 7. The vanes
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Fig. 7: Virtual computer model of the swirl generator from the
upstream (inlet) side

are placed in the 112 mm dia upstream inlet part of the noz-
zle. The nozzle cross section decreases in the flow direction
(Fig. 5) to the D =32 mm exit, with a short constant-diameter
channel. The vane chord is 52 mm, thickness 9 mm. The
leading edge is of r =4 mm radius, and the trailing edge is of
smaller, r = 3.5 mm radius. On both sides of the trailing edge
there is one 0.3 mm wide control flow exit slit. Fig. 8 presents a
photograph of the nozzle and the generator as they were used
in the first experiments (with air inlet connected for only one
direction of generated swirl rotation).

Fig. 8: Actual nozzle (left) and swirl generator (right) used in the
experimental investigations

3 Numerical model and preliminary
tests

Numerical flowfield computations were performed using
a finite volume discretisation of the computation domain. Ini-
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Fig. 9: With zero swirl the axial time-mean velocity profiles com-
pare successfully with existing similarity solutions [16] and

[17]

tially, the nominal symmetry of the flowfield was used to save
some computation time by limiting the domain to only one
quadrant (positive values of co-ordinates Xy and X3), with pe-
riodicity boundary conditions on the symmetry planes. The
saving was, however, not large and there were some discrep-
ancies caused by the enforced boundary conditions so that
in the actual computation runs the domain was complete
3D volume. The downstream space where the investigated
swirling jet is formed is cylindrical, 640 mm long, which is
equivalent to 20 nozzle exit diameters. The diameter of this
space is also 640 mm, i.e. its transversal dimension is also
equal to 20 nozzle exit diameters. While this may not suffice
for a complete development of the turbulent structure of
the generated jet (note that attaining the full equilibrium
of turbulent fluctuation energy requires lengths larger than
60 nozzle diameters — cf. Fig.10), the size is definitely much
larger than the region of interest in the experiments, and cer-
tainly suffices for evaluating the time-mean helicity (as is
shown below, the region of substantial helicity magnitude
does not extend to more than about 4 nozzle diameters — cf.

A gax ... Relative fluctuation energy on jet axis

’ oe® - Tesaf & Ho: repeated experiments 1997 I
Re = 71 .10° Tesaf asymptote ... £=0.07614
0.10 d =3,85mm {similarity solution 1995)
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[ ]
o
I Y 1y b O
0.05 an O gd-oiqe’le N
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‘ W ... Present computational results I

Fig. 10: Less satisfactory agreement with similarity solutions [17]
for the turbulent fluctuation energy in the no-swirl case
is explained by very long required development length,
as found also in other investigations
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Fig. 18). The inlet into the nozzle in the experiment is from a
large settling box. This is not modelled in its full extent, as
experience has shown that with the character of the flow de-
termined by the upstream boundary conditions it is sufficient
to add to the domain just a small space uprstream from the
nozzle. In the computations this upstream space was hemi-
spherical, of 110 mm radius, as shown e.g. in Fig. 11.

1086 i

l96 Relative control
~ flow rate:

87.0 0

L 843%

70.3

1.5 Nozzle exit
I52,8

44.0

35.2

26.4

17.6

X
e éxz Hemispherical
0.00 X3 upstream volume

Fig. 11: Computed pathlines (colour coded by velocity magni-
tude) of the left-hand swirling flow downstream from
the swirl generator at a medium magnitude of applied
control

An unpleasant fact for computation is the presence of in-
congruent length scales. For efficient (and not excessively
time-consuming) computations, the discretisation should
lead to as small a number of grid elements as possible, all of
them preferably not differing in size and having aspect ratios
near to 1.0. In the investigated case there is, however, on the
one hand the size of the control slits at the trailing edges of
the swirl generator vanes as narrow as 0.3 mm — while there is
the 640 mm long downstream volume. This means a more
than 1:2000 ratio of the important scales. The elements of the
discretisation grid cannot have such a span of sizes, and it was
necessary to use a larger number of small elements to cover
the large space. After the grid adaption, performed by refine-
ment in regions of large velocity magnitude gradient during
the initial runs, the final unstructured tetrahedral discre-
tisation contained as many as 921 167 cells.

The computations were run using the two-equation turbu-
lence model with the with standard set of model constants and
the RNG approach for modification of the model in regions
of low turbulence Reynolds numbers. Prior to the actual swirl-
ing jet computations, verification runs were performed with
zero control flows from the control slits in the vanes. The
intention was to confront the used computational proce-
dure with known results. In particular, the computed profiles
of time-mean velocities and turbulence parameters were
compared with the similarity solution of the axisymmetric
turbulent jet using the one-equation model of turbulence by
the present author and his student J. Sarboch [16], and the
later analogous similarity solution using the two-equation
model of turbulence described in [17]. The computed axial
velocity profiles were used to evaluate the convention diame-
ter O 5, defined as the transversal distance between the two
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locations in which the axial time-mean velocity equals 0.5 w,,,
where w,,, is the maximum axial velocity at the same down-
stream distance X . The profiles were converted into similar-
ity co-ordinates, as shown in Fig. 9, with local time-mean axial
velocity related to the velocity maximum in the particular
profile and the transverse distance from the jet axis related to
the convention jet diameter. As seen in Fig. 9, all profiles were
indeed found to be similar — which, in fact, is somewhat
surprising since this similarity was found at downstream dis-
tances from the nozzle less than the usually encountered
development lengths. Fig. 9 also documents excellent agree-
ment of the computed data points with the available similarity
solutions from [16] and [17].

Similar comparisons were also made for the computed
specific values of the fluctuation energy (per unit mass — as
seen from the dimension m?/s?) nondimensionalised by relat-
ing to the square of the maximum velocity w,,,. The computed
values were much lower than the equilibrium values assumed
in the similarity solutions. This, however, is not surprising in
view of the fact that the jet leaves the nozzle with a very small,
almost negligible level of turbulent fluctuations. The fluc-
tuations are produced in the shear layers of the jet and this
leads to a considerable downstream distance before turbu-
lence assumes the fully developed state. This downstream
distance is much longer than generally believed — as demon-
strated in the present author’s earlier experimental measure-
ments (with his student T. Strilka — [17]) presented in Fg. 9,
where a length as large as equal to 60 nozzle exit diameters
was required for complete development. The present results
are quite in line with the general character of the experimen-
tal data in Fig. 9, where the values of the dimensionless fluc-
tuation energy on the jet axis are plotted as a function of the
relative downstream distance.

The most important conclusion from these validation
computations is the substantial difference between the advec-
tion dominated case of the velocity field and the production
dominated specific energy field. The profiles of the former
exhibit a local maximum on the jet axis and values decreasing
monotonously with the streamwise distance. On the other
hand, the latter exhibit an off-axis maximum and a gradual
streamwise growth in the locations of present interest imme-
diately downstream from the nozzle exit.

4 Helicity computation results

The investigations being rather time-consuming, only five
cases of swirling jets (listed in Table I') have been evaluated so
far. They, however, suffice for formulation of some useful
more general results. All flows investigated so far have con-
centrated on quite high Reynolds number regimes. The four
cases A, B, C, and D share the same flow rate magnitude sup-
plied into the axial inlet and differ in the magnitude of the
control flow rate admitted into the vane exit slits (distributed
equally into all four slits). The four control flow rate magni-
tudes in the tests increase roughly in a geometric series. In the
cases C and D, in fact, all flow rates were the same and the
only difference was the control flow issued from the other set
of four slits, producing the reverse rotation sense (direction).
The last two cases D and E, on the contrary, share the same
magnitude of the control flow rate and differ in the magni-
tude of the axial flow rate.
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Table I: List of investigated flows. The otherwise identical cases C
and D differ in left-handed and right-handed direction
of swirl rotation. Characteristic swirl angle « is evaluated
from the ratio of tangential and axial velocity maxima in
the nozzle exit.

COMPUTED SWIRLING JET CASES
Relative control (8
flow rate chirality Re [deg]
A 4.42% R 178 10° 49
B 6.45% 182 10% 89
C 9.43% L 189 10°  -12.5
D 9.43% R 189 10 125
E  126% R 148 10° 146

.1 06e+02
as7es01  Relative
g70e:01  control flow rate
0
7 91e+01 g 43 /I]
7.03e+01
6.15e+01 .
Swirler
5.28e+01
440401
3526401 Path Lines Colored
by Velocity Magnitude (m/s)
2 64e+01
1.760+01
Is 790400
0.00e+00

Fig. 12: Computed pathlines (colour coded) released from a tan-
gentially located line so that they approach one of the
vanes in a tangential plane perpendicular to the vane
span.

As the first observation, the computed pathlines in Fig. 11
and Fig. 12 as well as the experience gained with the labora-
tory rig indicate very satisfactory operation of the novel swirl
generator. This was already seen from the very small values of
the relative control flow rates sufficient for obtaining quite in-
tensive swirl intensity. In spite of the rather small radius (only
r=3.5 mm) of the vane trailing edges, the jet sheets issuing
from the control slots safely attach to them and generate the
required circulation about the vanes. The quality of the flow
issuing from the nozzle is completely satisfactory. The exam-
ple of evaluated tangential velocity profiles in Fig. 13 shows
that the generated jet rotation has a solid body character (ve-
locity increasing in proportion to radial distance) — decaying
quite rapidly, however, as soon as the jet leaves the nozzle.

As for the evaluated helicity, because of the rather compli-
cated evaluation procedure and also because of the differen-
tiation operation involved in computing the vorticity, the
scatter of the data is quite large, even though the velocities
have converged to smooth spatial distributions. There is also a
remarkable difference in the size of the velocity and helicity
tflowfields. The helicity dissipates and diffuses away very fast
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Fig. 13: Typical profiles of tangential velocity and their changes
with axial distance downstream from the nozzle exit

once the jet leaves the nozzle, while the velocity field exhibits
significantly nonzero values in a large part of the available
downstream volume. A decrease of helicity magnitude to only
5 % (i.e. to within the likely error of the results) of the initial
nozzle exit value was found to take place at a distance shorter
than 4 exit diameters.

4.1 Two helicity generating mechanisms

The first among the interesting results which do not seem
to have been discussed in the available literature is the dis-
covered existence of two different regions with significantly
increased helicity: one of them is the solid-body-rotation core,
and the other is the boundary layer on the inner wall of the
nozzle. The two regions are discernible downstream from
the nozzle in Fig. 14. The regions may even exhibit reverse
chirality. If a positive helicity (right-handed) is generated by
the swirle generatorr vanes in the core, as shown in Fig. 15,
then the helicity in the near-wall layer is negative — Fig. 16.

Quite surprisingly, no doubt due to the pseudo-scalar
nature of helicity, reversing the sense (direction) of the gener-
ated rotation did not lead to a simple change in the sign of the

\

Negative
helicity
values

-
4 i
;‘g/, Nozzle axis

Positive
values

Fig. 14: Typical contours of positive and negative helicity in the
perpendicular plane downstream from the nozzle exit
evaluated for flow with positive (i.e. right-handed) swirl
chirality
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Fig. 15: Typical positive helicity contours evaluated in the merid-
ian plane for a jet with positive swirl chirality — case D,
with medium applied relative control flow rate 9.43 %
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Fig. 16: Negative helicity contours evaluated in the same merid-
ian plane for the same jet with positive swirl chirality as in
Fig.15 (the negative valued helicity is generated in the
boundary layer on the nozzle wall)
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Fig. 17: The consequence of the pseudo-scalar character of heli-
city: reversal of chirality of the imparted swirl does not
lead to a simple change in the sign of the helicity. Half-
-profiles of helicity evaluated immediately downstream
from the nozzle exit indicate invariance of the sign of the
helicity in the nozzle wall boundary layer.

results. The sign of the helicity generated in the wall layer
tended to be the same (negative), so that the resultant helicity
in the nozzle exit is subtracted in the positive swirl chirality
flow case C (as shown in the top part of Fig. 17) and added to
the negative swirl chirality in the flow case D (in the bottom
part of Fig. 17).

Nevertheless, the near-wall helicity decays considerably
faster, and while it remains detectable (Fig. 16) —note also the
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Fig. 18: Helicity distribution along the jet axis shows the remark-
ably fast decrease: values become less than the typical un-
certainty beyond the downstream distance from the
nozzle exit equal to 3—4 exit diameters
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vestigial negative values in the example profiles in Fig. 21 at
the distance equal to one nozzle exit diameter — it ceases to be
an important factor in the velocity profiles evaluated further
downstream (though it may be responsible for the lower val-
ues indicated by the arrow in Fig. 23).

4.2 Similarity of helicity profiles in the jet

The profiles of the time-mean helicity density were evalu-
ated from the individual components of the velocity and
vorticity vectors by computing the time-mean variant of the
expression Eq.(1)

77 = 5@1 + 5262 + Zﬂgag 2)

As an example, Fig. 19 presents the values evaluated at a
distance of 2 nozzle diameters from the exit for the case E,
showing the profiles of the six individual quantities from
eq.(2) as well as the three products to be summed. The sub-
stantial difference in the vertical scales may be noted: the re-
sultant helicity density profile presented in Fig. 20 is clearly
dominated by the axial component with just a secondary ef-
tect of the tangential values.

100000 ‘ q
90000 —] Pl -0-1000 W, |—
r \ ——
80000 — * * - W3, —
70000 — * ‘
60000
50000 [%&@33(0\%3\\'\
40000 0y
dl \
30000 // r \ g\\\
20000 k \
. o i/ S X,
0 M&&b@w—o—%
-0.04 -0.02 0 0.02 0.04
[mm]
Ly 2 -0-1000 W,
4000 —| _
- W,
3000 — ‘ -z
2000 #o—u\
1000 AN oL g: %: X2
0 —E— 7\& % 00— -
-1000 [mm]
2000 N
3000
4000
5000
0,04 002 0 0.02 0.04 0.06

12000 I H
o /
3 A
VAR
AN

&000\ X2

6000

g1
’._,r‘

4000

2000

/

/
//
X

o | s

2000 ————— — ~0-1000 W, [mm]
o @,
4000 | o W0,
6000 |
008 004 002 0 002 0,04 008

Fig. 19: Evaluation of helicity from the three velocity components
and the three components of the vorticity vector. 1-axial
components, 2— radial components, 3— tangential com-
ponents (note the different vertical scales). Computed
for 12.6 % relative control flow rate at X; =2 D.
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Fig. 20: Profiles of the three velocity X vorticity products from
the example in Fig.19 and the helicity profile as the re-
sult of their sum
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Fig. 21: Typical helicity profiles evaluated at several small dis-
tances downstream from the nozzle for a small, 6.45 %
relative control flow rate

In the computed helicity profiles, e.g. those in Fig. 21, it is
easy to evaluate the maximum values H,,, — usually very

Relative control flow rate: 6.45 %
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Fig. 22: Similarity the of two helicity profiles from Fig. 21 when
plotted in relative co-ordinates
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Fig. 23: Similarity of helicity profiles evaluated for the highest in-
vestigated control flow rate. The wide arrow (cf. Fig. 17
and Fig. 21) indicates low values, which may be a rem-
nant of the negative wall-layer helicity.

near to the time-mean helicity density on the jet axis. They
may then be used to nondimensionalise the computed and
experimental values of helicity. It is then also easy to find the
locations in which the local time-mean helicity density magni-
tude equals a pre-determined percentage of the maximum.
In the present case, the author has determined the radial
locations in which the interpolated helicity value is equal to
1/2°H ax at the same downstream distance X ;. These locations
define the convention diameter 5710_5 used to non-dimen-
sionalise the horizontal co-ordinate. The profiles of time-
-mean helicity density exhibit a remarkable mutual similarity
and in the transformed co-ordinates, as seen in the examples
Fig. 22 to Fig. 24, the resultant nondimensionalised pro-
files collapse to almost a single curve — with some scatter
understandable considering the rather involved evaluation
procedure involving the spatial derivatives.

Also the transverse size of the helicity region, character-
ised by the diameter 6Ho.5’ exhibits a considerable scatter.
Despite this, Fig. 25 tends to suggest that the size increases in
the downstream direction in a linear manner, in agreement
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Fig. 24: Similarity of helicity profiles evaluated from the medium
control flow rate computation results
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Fig. 25: Axial growth rate of the convention diameter of the
helicity region in the investigated swirling jet evaluated
from the data used in plotting the profiles in Fig. 23

with the idea of passive transport by turbulent vortical mo-
tions. This idea may form a basis for future formulations of
helicity transport equations. Fig. 26 shows an example of an
early result in this direction, based upon the idea of a constant
helicity diffusion coefficient in a constant velocity field. The
latter simplifying assumption stems from the observation that
the profiles are mostly located in the constant-velocity “poten-
tial” core of the jet.
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Fig. 26: Comparison of typical evaluated helicity profiles in rela-
tive co-ordinates and a theoretical similarity solution for
a constant value of the turbulent gradient transport

5 Conclusions

The concept of helicity used for investigations of turbulent
flowfield, after a period of mixed previous results, is currently
gaining popularity. Spatial distributions of the time-mean
component of helicity density discussed in this paper are
the starting point. Unfortunately, very little information has
been available. The presented results of continuing investiga-
tions, obtained using parallel experimental and computa-
tional approaches, provide some information about the case
of a turbulent swirling jet. The swirl was imparted by an novel
method, using an unusual swirl generator design based upon
the author’s earlier idea of producing flow deflection by us-
ing Coanda-effect generated supercirculation on fixed vanes.
The design proved to be very useful, bringing several marked
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advantages. The investigations of the generated time-mean
helicity density in the swirling jet indicate that the region
forming donwstream from the nozzle is of limited extent, the
time-mean helicity apparently becoming converted into the
stochastic helicity component. Very important finding of this
study is the fact that the evaluated profiles of time-mean
helicity density exhibit remarkable similarity.
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