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Abstract—The scalar mixing field of a turbulent jet issuing from a sharp-edged rectangular orifice with an
aspect ratio of 10 is investigated using marker nephelometry. Results include the mean and fluctuation
concentration field of nozzle fluid and intermittency. In the near region of the flow, the mean concentration
decay is characterized by the narrow dimension of the jet, the saddle-back profile characteristic of the
velocity field is observed and good symmetry is demonstrated for the scalar properties. In the far field of
the flow, the mean concentration decay is characterized by a length scale equivalent to a round jet with
the same orifice area. Based on this length scale the centreline mean concentration decay is about twice
that of a round jet. In addition the transverse profiles of the mean concentration, fluctuation concentration
and intermittency exhibit a departure from symmetry in both planes.

INTRODUCTION

IN HEAT and mass transfer operations, turbulent jet
flows have found wide application where dispersion
of material is required. Examples are mixing limited
gas phase reactions (combustion) and dispersion of
material and energy sources in various chemical and
environmental applications. A primary interest in
these systems is the mixing and entrainment behaviour
of turbulent jets with a surrounding fluid or selective
mixing with another fluid stream involved in the pro-
cess. Direct measurements of entrainment of the tur-
bulent jet in free, stagnant surroundings have been
made, for example, by Ricoh and Spalding [1]. Tech-
niques for measuring the mixing between different jet
streams have been demonstrated by Becker and Booth
[2]. Information regarding the mixing field of a round
free jet has also been obtained from measurements of
the mean and fluctuation properties of the nozzle fluid
[3]. The scalar concentration and intermittency data
from this work also provides information for a direct
comparison with other systems such as jets with swirl
[4].

The superior spreading characteristics of flow issu-
ing from rectangular slots [5], underlies the importance
of preferring these over other types of orifice shapes.
The flow from rectangular slots has been studied
extensively in the past [6-16]. In addition, experiments
have been performed using rectangular slots with
shaping in planes perpendicular to the mean flow
direction [17-19]. From these studies, the centreline
mean velocity decay can be separated into three
regions, or, perhaps four [11]: the potential core, the
typical or characteristic decay region, the transition
region and the axisymmetric decay region. The region
that appears to have received the most attention is the
typical or characteristic decay region for it is here that
there are located saddle-backed velocity profiles in the

plane or major axis of the rectangular jet. The saddle-
backed velocity profiles seem to be present only when
the jet issues from a sharp-edged slot [8, 13].
Moreover, they are not observed when the slot has an
aspect ratio of 3 or less ; they are not found in square
jets for example, duPlessis ez al. [20], Tsuchiya et
al. [13] and Schwab [21]. As yet, there is no clear
explanation for the occurrence of the saddle-backed
velocity profile.

The flow fields of these jets have been mapped by
Krothapalli ez al. [19], Quinn et al. [11], Tsuchiya et
al. [13] and Schwab [21]. These data indicate that the
axial velocity decays as X~ "'! in the far field, the
mean velocities reach self similar behaviour about 30
slot widths downstream of the orifice, the turbulence
quantities (i.e. turbulent kinetic energy, Reynolds
stresses) do not show self-preserving behaviour for at
least 100 slot widths, and that within the characteristic
decay region, the fluctuation components of velocity
and Reynolds shear stress exhibit significant
depressions that are, according to refs. [11, 21], indi-
cations of negative production (see for example Hinze
(22)).

Studies of the dispersion or distribution of con-
taminants within jets issuing from three-dimensional
slots are limited to those of van der Hegge Zijnen [23],
Sfeir [24], Sforza and Stasi [25] and Tsuchiya et al.
[13]. In all cases, the mean contaminant (either mass
or temperature) spread rate or half-width is larger
than that for the mean velocity. Moreover, the cen-
treline axial mean temperature decay follows the axial
mean velocity decay rate, and for the sharp-edged
orifice cases, the mean temperature profiles exhibit the
saddle-backed feature found in the axial mean velocity
profiles. To the authors’” knowledge, no measurements
exist of contaminant fluctuation in the literature for
the case of flow issuing from rectangular slots.

The purpose of this paper is to present results of
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b transverse concentration half width, point
where T = 1/2T",

D equivalent diameter of the rectangular
nozzle, (4hLim)'"?

w hydraulic diameter, 2LA/(L + h)

width of the rectangular slot nozzle

length of the rectangular slot nozzle

parameter in equation (8)

transverse distance in a jet flow, equation

®)

Schmidt number

longitudinal coordinate

transverse coordinate

transverse coordinate.

X o~y

N~>xbu

Greek symbols
f  concentration intermittency

NOMENCLATURE

y  concentration fluctuation, I — T’

I"  total concentration

¢  wrinkle amplitude, standard deviation of
the mean jet transverse length.

Subscripts

r concentration property
centreline value
nozzle or jet source value
velocity property
property in the Y-direction
property in the Z-direction.

N“;‘QOO

Superscripts
time average value
r.m.s. value.

,

concentration measurements in a three-dimensional
jet. A jet issuing from a sharp-edged slot of aspect
ratio 10 has been selected. To measure the mean and
fluctuation concentration field, marker nephelometry
[26] was used. Estimates for intermittency are pro-
vided ; these estimates are, too, the first of their kind
for this flow situation.

EXPERIMENTAL

The experimental nozzle used in this work is the
same as that used by Pollard et al. who investigated
the velocity field of the jet. For the present study of
the concentration field of the jet fluid, this nozzle
(aspect ratio of 10, 12.7 x 127 mm), was mounted on
the face of a wind tunnel with a 1 m contraction to the
nozzle dimension. Note that the present investigation
employed the experimental setup used in refs. [4, 27}
and represents a totally new system from that used by
Pollard et al. The nozzle velocity was set at 55 ms™',
corresponding to a nozzle Reynolds number based
on the narrow slot dimension, 4, of 4.7 x10%. An
appropriate length scale in the near field is A, while
further downstream we might employ the diameter of
a round jet with equivalent area, D = (4hL/n)'/?, and
Djh = 3.57.

The marker nephelometry system used in the pre-
sent study was similar to the system described in pre-
vious work, see ref. [4] ; however, in the present inves-
tigation computer data acquisition for the fluctuation
signal and a digital storage oscilloscope for inter-
mittency measurements were incorporated. The light
source was a 75 mW argon ion laser which could be
mounted on various types of traverse rigs to permit
measurement of the point source concentration at
various places in the flow field. The jet fluid was tagged

with a condensed oil smoke generated by rapid evap-
oration and cooling of a commercially available oil
[28]. The fog stream from this smoke generator was
fed directly into the intake of the wind tunnel fan.
Mean and fluctuation signals were measured sim-
ultaneously with a 100 s time average for all readings.
Measurements were taken at random positions
repeatedly in the flow field so as to ensure repro-
ducibility of the measurements. Traversing accuracy
for all measurements in this work was +0.25 mm.
Centreline measurements of the mean concentration
were taken with the nozzle value as a reference signal
for the light-scatter tests while the corresponding cen-
treline value was used for transverse profiles.

Measurements of intermittency were made. Data
were recorded on a digital storage oscilloscope (14-
bit resolution). These data were stored on floppy disks
and processed on a microcomputer to obtain the frac-
tion of time turbulent jet fluid was observed for each
point of interest. A total of 2 x 10° points were typ-
ically processed for each measurement of inter-
mittency. Typical values of intermittency were in the
range of 0.15 and 0.95.

PRESENTATION OF RESULTS

The mean and fluctuation field of the nozzle fluid
were measured along the centreline of the flow in the
range 0 < X/D <60. The mean centreline con-

centration decay, I',, relative to the nozzle value, T,
was described by the relations, Fig. 1

r 2
25< X/h<15: (:°> = 0.348 <%+3.59)

c
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The centreline concentration fluctuation intensity,
y./T,, where y’ = (%) "2, represents the r.m.s. value of
the fluctuation signal, is shown in Fig. 2. Using the
approach of Becker et al. [3], those data for I',/T, > 2
can be recast in the form
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FiG. 2. Centreline fluctuation intensity as a function of
downstream position.

turbulent rectangular jet 2655
: T.

Yo _ 0253 / [1 245 (~)] 4)
r, r,

while those data further downstream, I',/T, 2 12, can
be expressed in the form

T 0257 / [1 +2.52 (Fﬂ
T, r,

indicating that y./T, ~ 0.25 far downstream.

Transverse profiles of the mean concentration field
were measured at X/D = 0.56, 1.40, 2.80, 5.60, 8.40,
11.2, 14.0, 19.6, 25.2, 30.8, 36.4 and 42.0. These are
equivalent to those locations used previously for the
velocity field [11]. The half concentration widths as a
function of downstream position are shown in Fig. 3
and can be described by the relations

&)

b, X
=228: ==0. — .
XD>28: 0130(D+054> (6)
b X
= T2 =0. — —J. .
Xp>14: 2 0152(D 50) )

All transverse profiles in this work were obtained by
taking measurements totally across the flow using
a mean concentration reference position near the
centreline and ‘folding’ the data about the half
concentration width for each traverse. Data are pre-
sented with the same symbol but with ‘open’ or ‘closed’
shading to denote data on opposite sides of the jet
centreline.

In the nozzle region, 0 < X/D <4, the mean
concentration profiles demonstrate a saddle-back be-
haviour in the Y-plane, as shown in Fig. 4. The
corresponding fluctuation intensity data are also
shown in this figure. Transverse profiles of the mean
concentration decay in jets with and without swirl
typically follow the Gaussian (normal) probability
density function [27]

r
I

where r/b is a transverse position normalized with

— e—0.693(r/h)” (8)

by/D or b, /D
(%] H

N

FiG. 3. The half concentration width as a function of down-
stream position.
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Transverse profiles of the mean concentration field in
the Z- and Y-planes are shown in Figs. 5 and 6 with
a separate symbol for each downstream location. In
each graph the transverse position is normalized with
respect to the half concentration distance appropriate
for that plane and downstream position. Those data
for 2.8 < X/D < 14.0 in the Z-plane, Fig. 5, show
good symmetry and can be described by the relation

—0.693(Zih) " *
e g 0693(Zi0)

®
which is in good agreement with equation (8). Those
data for X/D > 19.6 do notindicate as good symmetry
and these data can be described by the relations

Fi16. 5. Transverse mean concentration decay in the Z-plane.
Open and closed symbols indicate opposite sides of the jet
flow,

~0.693(¥ih )40

closed symbols: —=¢ (14)

r

Transverse profiles of the concentration fluctuation
intensity were also made at the downstream locations
noted above and these results are presented in nor-
malized form, y'/y, as shown in Fig. 7. Those data
in the Z-plane for 2.8 < X/D < 14.0 indicate good
symmetry and some tendency towards a self-similar

F D2 ot . . -
open symbols: — = ¢~ *3&m) (10)  behaviour; however, those data for X/D > 19.6 indi-
L cate a departure from such a form in that these data
T —0.693(2h P appear to display a preferential grouping on either
closed symbols: T ° P (D Gide of the jet as indicated by the open and closed

Those data in the Y-plane, Fig. 6, for 84 < X/D
< 14.0 also indicate good symmetry and can be
described by the relation

r

=

I,
while those data further downstream, 19.6 < X/D
< 42.0, also demonstrate a somewhat unsymmetrical
behaviour

= 0.693(¥/h )*03

(12)

1,38
open symbols: - = ¢~ *6%3(¥)

- (13)

symbols. A similar trend was also noted in the Y-
plane where some tendency to a self-similar behaviour
can be inferred for 8.4 < X/D < 14.0 with a deviation
from this trend for X/D > 19.6. The transverse fluc-
tuation intensity can also be related to the mean con-
centration by the form suggested by Becker e al. [3]
as shown in Fig. 8. The linear region, typically where
[/T. = 0.3, can be expressed in the form

77 = —0.08617 +0.115TT,

Y-plane: 7%= —0.077T2+0.116IT,

Z-plane: (15)
(16)

and within the experimental error associated with
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these results the data for both planes can be described
by

7% = —0.08377+0.116I'T. (17)

Intermittency measurements were obtained at tne
same downstream positions as noted for the mean and
fluctuation concentration fields. These data, Fig. 9,
are presented with the transverse position normalized
with respect to the half concentration width at each
downstream position as the independent variable.
Becker et al. [29] suggested the mean position of the
jet boundary, or mean jet radius, as the point where
the intermittency, B (=3 erfc (Z—Z)/,/20)) is equal
to 0.5 and the width of the intermittent zone, o, is
given by the r.m.s. excursions from the mean jet radius
(also termed the ‘wrinkle amplitude’). As an example,
the wrinkle amplitude for the Z-plane is

o= [~f(z—z‘)2 <g—§> d(z—z‘)]”2 (18)

where Z = Z when g = 0.5.

Becker er al. [3] showed that the mean and fluc-
tuation concentration fields of the jet fluid are related
to the intermittency through the relations

2657
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T, < I ( 5)) 1
where T, = /8.

From Fig. 9, it is clear that in the far field,
X/D > 19.6, there is a departure from symmetry in
the Z-plane, while those data for the Y-plane display
good symmetry. The mean jet width and the ‘wrinkle
amplitude’ in the Y- and Z-planes as shown in Fig. 10
can be described by

7~ 0.230X (20)

o, ~ 0.047X o)

open symbols: Z =~ 0.316X (22)
0.~ 0.12X 23)

closed symbols: Z = 0.165X 24
6, ~ 0.044X. 25)

DISCUSSION OF RESULTS

The present data for the mean and fluctuation scalar
field confirms the presence of a saddle-back behaviour
in the Y-plane in the near field, a high entrainment
rate and some interesting features in the far field of
the flow. The experimental techniques used in this
work are well established in our laboratories and pre-
vious studies have been carried out with the same
wind tunnel facility for investigations of jets with and
without swirl [4, 27] on a flow scale similar to the
present work. The limitations of the marker nephel-
ometry technique have been well documented [26).
For the present studies, the main limitation involves
measurement of the mean concentration field far
downstream where the oil smoke tracer was trans-
ported at velocities of the order of 5 m s~'. In such
regions the smoke particle diameter can change due
to evaporation and coagulation. The latter effect is
small with the smoke concentration employed in the
present work but the transit time of smoke particles
in the flow must be less than about 0.1 s for particle
evaporation to be negligible. Hence measurements in
the present system were not extended beyond
X/D = 60 or 2.7 m. Appropriate corrections for the
concentration fluctuation signals were employed in
this work. These measurements are a ‘local’ value
and depend on the adequacy of the smoke marker
to follow the turbulent fluctuations at the point of
interest. In the present system, this marker consisted
of particles with a diameter of the order of 1 um and
only coagulation effects would have an adverse effect
on the frequency response of the signal—as noted
above this effect would be small in the present work.

Repeat measurements were made for all scalar
properties in this study. For centreline measurements
of T" and 7, the experimental error typically increases
with downstream position as demonstrated by the
scatter shown in Figs. 1 and 2. In the case of transverse
profiles, the ‘local’ error for estimates of f‘/ﬁ, Y /e,
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Fi1G. 7. Transverse concentration fluctuation in the Y- and Z-planes. Open and closed symbols indicate
opposite sides of the jet flow.

and f§ are approximately constant with a pooled stan-
dard deviation of 0.015, 0.020 and 0.024, respectively.

The mean concentration decay along the jet
centreline in the near field, typically X/A < 30
(X/D < 8.4), follows a two-dimensional jet form with
(T,/T)? ~ 0.384(X/h). In this region the spreading
rate of the jet in the Y-plane, Fig. 3, was relatively
constant before increasing at the rate described
by equation (7). Further downstream the mean
concentration decay displayed two regions of axi-
symmetric behaviour. For 8 < X/D < 25, I"D/ITC
~ 0.267(X/D) and TI' /T~ 0.342(X/D) for X/D
> 25. The slower decay law corresponds to the
region where the jet spreading rate in the Y-plane
tends to the form of equation (7) while the higher
decay law appears to correspond to the region where
the spreading rate tends to similar values in both
planes. The mean concentration decay, equation (3),
is about twice that of a round jet where typically
[,/T, ~ 0.185(X/D) [3,27] and more closely simulates
the case of a round jet with a swirl level of S~ 0.4
0.5 [4]. The nozzle dimension in the present work,

= (4hL/m)''?, appears to be a logical choice for
this system, however, it is worth noting that if the
traditional ‘hydraulic’ diameter, D, is chosen we find
Dy = 0.51D and [,/T, = 0.196(X/D,,), a value quite
close to that found for a round jet.

The centreline fluctuation intensity tends to an ulti-
mate value of y,/T, ~ 0.25, which is slightly higher
than that found in round jets with weak or no swirl
where y./T. ~ 0.22 [4, 27]. Centreline fluctuation
intensities of the order of 0.25 have been observed far

downstream in jets with strong swirl [4]. The fluc-
tuation intensity in the present work also exhibits two
local minima along the centreline. The first minima
occurred near the point where the half concentration
widths cross, X/D =~ 7, the second as these widths
began to coincide near X/D =& 30 and the slope in the
centreline mean concentration decay changed from
0.267 to 0.382. These are further illustrated in Fig. 1.

In the nozzle region, the flow exhibited good sym-
metry in the Y-plane as shown in Fig. 4. The transverse
fluctuation intensity remained at a low or minimum
value in this region to the point where there occurred
the saddle-back in the mean concentration. Trans-
verse profiles of the mean concentration decay exhi-
bited Gaussian type behaviour in the near field region
for the Z-plane and for the Y-plane after the effects
of the saddle-back behaviour were observed. The half
concentration widths in each plane appear to merge
in the region X/D =~ 30-40 and up to that point, the
rate of growth was slightly higher in the Y-plane,
b, = 0.15X, compared with b, ~ 0.13X. Transverse
profiles could not be extended beyond X/D =42 in
the present work but the form of those data in Fig. 3
would suggest that the jets might continue spreading
with similar half concentration widths, b ~ 0.14X, in
both planes. This is about 30% higher than for a
round jet with no swirl where » ~ 0.105X and more
comparable to the spreading rates of jets with mild
swirl [4]. Flow field results {11, 17, 24], indicate that
the velocity half width spreads as ~0.11X. In
addition, it has been reported [11] that the spreading
rate in the Y-plane is higher than that of the Z-plane



F1G. 8. The relationship between the transverse fluctuation intensity and the mean concentration decay in
the Y- (top) and Z-planes (bottom). Open and closed symbols indicate opposite sides of the jet flow.
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for X/D < 50 as observed in the present study. The
present results indicate good symmetry in the near
field for both the Y- and Z-planes. However, further
downstream, the mean concentration profiles tend to
depart from a Gaussian behaviour and a non-sym-
metrical behaviour was also noted in both planes. This
point will be elaborated upon later.

Transverse profiles of the fluctuation intensity also
indicated good symmetry in the near field region but a
self-similar form of the data was not observed further
downstream where a non-symmetrical behaviour was
also found in both planes. The fluctuation intensity
was adequately described by the form of equation
(17), for T/T, = 0.3, demonstrating the utility of this
type of correlation.

The present measurements of intermittency provide
a very critical test for symmetry in this type of jet flow.
In the near field, the data indicated good symmetry
for X/D < 14 but for X/D > 19.6, the mean jet width,
where $ = 0.5, showed distinctly larger values in the
Z-plane and the wrinkle amplitude, o, showed a simi-
lar trend in both planes. The data shown in Fig. 9
should be more correctly plotted with the transverse
distance normalized with respect to the mean jet width
at each downstream location. However, far down-
stream it is expected that both the half concentration
and the mean jet widths should increase linearly with
X. The half concentration widths can be more accu-
rately estimated in a flow of this scale and would
provide an adequate scaling parameter for the inter-
mittency data. The parameters, b,, ., ¥ and Z rep-
resent transverse scales of the average, inner region of
the jet while 6, and o_ are representative of the outer,
large eddy structure in the flow. The ratios, ¢,/ ¥ and
0./Z, have average values of 0.204 and 0.203, respec-

tively (based on parameters in equations (20)—(25)),
compared to values in the range of 0.169-0.212 for
jets with no swirl or mild swirl [4]. Close agreement
was also observed in the ratios of the parameters,
6,/b, and o,/b., which had average values of 0.309
and 0.338 (equations (6), (7), (21), (23) and (25)),
compared with values of 0.309 for jets with no swirl
and 0.405 for jets with mild swirl [4]. These results
imply that rectangular jets have a large eddy structure
similar to round jets with little or no swirl.

Previous work with this type of nozzle in our lab-
oratories has concentrated solely on the mean and
fluctuation properties of the velocity field with hot
wire anemometry. The width of the mean con-
centration field, br-, is somewhat larger than the width
of the velocity field, b, by/b, = (Sc)~ /%, where the
turbulence Schmidt number, Sc, typically assumes a
value of about 0.75, and b /b, ~ 1.15. Alternatively,
the half concentration point in a jet flow of this type
occurs at the point where the mean velocity is approxi-
mately 40% of the centreline value. Hence the present
study of the scalar field is quite appropriate for the
investigation of flow symmetry.

The first evidence of the non-symmetrical behav-
iour in this type of jet flow came to light when inter-
mittency measurements were made and the results
analysed. A more detailed examination of the trans-
verse mean and fluctuation concentration data sug-
gested that rather than a large amount of scatter, a
distinct pattern was indicated. The mean con-
centration data appear self-similar on different sides
of the jet with profiles that start from a Gaussian
form closer to the nozzle and then depart from this
behaviour further downstream. The transverse con-
centration fluctuation data reveal a similar trend and
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the intermittency data certainly raised doubts about
the symmetry of this type of three-dimensional flow
for the region examined in this work. Previous
measurements of the velocity field have assumed bilat-
eral symmetry for a jet of this type. This work has
employed hot wire anemometry and pilot probes as
measurement systems with their inherent inaccuracies
in regions of high turbulence intensity. The con-
centration field in the present work has the advantage
of providing a wider flow scale with a non-intrusive
measurement technique. Hence the results can provide
valuable insight regarding the flow symmetry but
lacks the detail of the flow structure that might be
provided by laser anemometry for example. It should
be emphasized that due to limitations of the marker
nephelometry technique, the present results of the
transverse profiles could only be made to X/D = 42.
While the transition to axisymmetric behaviour is
clearly indicated by these data, additional information
would also be required to assess ultimate values of the
flow scales and symmetry beyond this region.

CONCLUSION

The scalar concentration field of a sharp-edged rec-
tangular jet with an aspect ratio of 10 has been inves-
tigated using marker nephelometry. Measurements
include the mean and fluctuation concentration field
of the jet fluid and intermittency in both transverse
planes for X/D < 42 with centreline measurements
extending to X/D = 60. The principle findings of this
work are:

(1) In the near field region the flow is characterized
by a saddle-back profile in the Y-plane similar to
previous findings of the velocity field [8, 11-14], and
a half power law decay of the centreline mean con-
centration for X/h < 30.

(2) Further downstream the spreading rate of the
rectangular jet is about 30% higher than a round jet
emanating from a nozzle of the same area. In both
transverse planes the mean concentration changes
from a Gaussian type distribution to a form that is
non-Gaussian and unsymmetrical in both transverse
planes. A similar trend for the symmetry is observed
for the concentration fluctuation intensity and inter-
mittency data. The mean concentration decay, ex-
pressed in terms of the downstream location normal-
ized with respect to the diameter of an equivalent
round jet, is described by an axisymmetric jet form
with a decay rate about twice that of a round jet.
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MELANGE SCALAIRE DANS UN JET TURBULENT RECTANGULAIRE

Résumé—On étudie a l'aide d’un marquage par néphélométrie le champ de mélange scalaire d’un jet
turbulent sortant d’un orifice rectangulaire & bord mince avec un rapport de forme égal a 10. Les résultats
incluent le champ de concentration moyen et instantané et I'intermittance. Dans la région proche, la
décroissance de la concentration moyenne est caractérisée par la dimension étroite du jet, le profil carac-
téristique du champ des vitesses est observé et une bonne symétrie est démontrée pour les propri€tés
scalaires. Dans la région lointaine de I’écoulement, la décroissance de la concentration moyenne est
caractérisée par une échelle de longueur équivalente & un jet circulaire avec la méme section d’orifice. Basé
sur cette longueur d’échelle la décroissance sur I’axe est environ deux fois celle du jet circulaire. De plus
les profils transversaux de concentration moyenne, la concentration fluctuante et I'intermittance montrent
un écart 4 la symétrie dans tous les plans.

MISCHVORGANGE IN EINEM FREIEN TURBULENTEN RECHTECKIGEN STRAHL

Zusammenfassung—Das skalare Mischungsfeld eines turbulenten Strahls, der aus einer scharfkantigen
rechteckigen Diise mit dem Seitenverhéltnis 10 austritt, wird unter Verwendung der Nephelometrie unter-
sucht. Es werden Ergebnisse fiir den Mittelwert und die Fluktuation der Konzentration im Fluid angegeben.
Im Gebiet nahe der Strémung fallt die mittlere Konzentration aufgrund der geringen Abmessung des
Strahls ab. Das Geschwindigkeitsfeld zeigt ein sattelformiges Profil. Die skalaren Eigenschaften weisen
eine gute Symmetrie auf. In gréBerer Entfernung von der Strémung ist der Abfall der Konzentration durch
einen Lingenmalstab gekennzeichnet, der demjenigen bei einem runden Strahl und gleichem Diisen-
querschnitt dquivalent ist. Auf der Grundlage dieses LangenmaBstabs erweist sich der Konzentrationsabfall
entlang der Mittellinie als zweimal so groff wie beim runden Strahl. Dariiberhinaus zeigen die Profile der
mittleren Konzentration und der Konzentrationsschwankung in beiden Ebenen quer zur Stromung eine
Abweichung von der Symmetrie.

CKAJIIPHOE CMENIEHWME B CBOBOJHO! TYPBYJIEHTHOU MPSAMOYI'OJIbHON
CTPYE

AnnoTauns—C HCIOJIb30BAHHEM MAapPKEPHOH HeEIOMETPHH HCCIEAYETCA CKAIAPHOE MOJE CMELIEHHS
TypOy/JIEeHTHOH CTPYH, MCTEKAIOLIEH M3 NPAMOYrONbHOTO OTBEPCTHA C OCTPBIMH KPasiMH, OTHOLHEHHE
cTopoH KoToporo pasHo 10. ITonyyeHHble pe3yJbTaThl BKIIOYAIOT MOJE CPEAHMX U IYKTYaUHOHHBIX
KOHIEHTpauuil [UI MCTeKaloLlel H3 COIIa XMAKOCTH, a TaKXKe nepeMexxaeMocTb. B GumxHeit obnactu
Te4YeHus yMeHbILEHHe cpefiHeit KOHUEHTPALMH ONpeaesiseTCa MeHblleH cTOPOHOl cedeHns, HabmonaeTcs
cenroobpasHbiil MPOGHIL OIS CKOPOCTH, & CKaJApHBIE CBOMCTBA OOHAPYXHBAIOT XOPOIUYIO CHMMeT-
puio. B nanenei 061acTH TeveHHs yMeHbIUEHHE CPellHEH KOHUEHTPAMH XapaKkTepusyerTcs Maciurabom
IUIHHBI, KBUBAJICHTHBIM KpPYIJIOH CTpye ¢ TOH Xe IUIOIAAbio OTBepcTHs. Ha OCHOBE yNOMSHYTOro
Maciutaba JIMHBI YMEHBILIEHHE OCeBOH cpeliHell KOHLEHTPALHH MOYTH BABOE GOoJIbllE O CPABHEHHIO CO
ciydaeM Kpyrioit crpyn. Kpome Toro, monepeynsie npoduaM cpenned ¥ GpaykTyauMoHHON KOHLEHTpa-
HHH, & TAKKE EPEeMEKAEMOCTh YKa3bIBAIOT Ha OTKJIOHEHHE OT CHMMETPHH B OGEHX MIOCKOCTAX.



