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SOME PECULIARITIES OF JET FLOWS IN A DEFLECTING STREAM

A EPSTEIN and V. HENDRIKSON (TALLIN)

Results of experimental study of turbulent nonbuoyant and buoyant jets issuing into the cross
siream are presented. It has been shown that the flow has different patterns depending on initial
ratios of jel o stream momentom and of jet buoyancy fe stream momentum. For given ratios.
different types of temperature disttibutions were observed at distances near the orifice and far
downstream with tendency to similarity at each stage.

NOMENCLATURE

x coordinate parallel to the main stream direction,
¥ coordinate normal to x,
Py velocity of jet at the outlet of nozzle,
w  velocity of the main stream, ‘
To temperature of jet at the outlet of nozzle,
Ty  temperature of the main stream,
ATy excess temperature of jet at the outlet of nozzle,
AT excess temperature in cross-section of the jet,
AT, excess of the maximum temperature in a cross-section of jet,
Dy nozzle diameter, - T
g gravitational bonstant,
¢ “equivalent” radius, . -
ro.s “half” radius, corresponding to AT=0.54T,,
S area enclosed by certain isotherin,
I complex parameter T, v2/Ty w?,
J complex parameter gDg AT, vo/Ty wo.

"The problem of a round jet in deflecting stream attracts attention of investigators
in connection with certain technical applications (combustion chambers, spreading
of efftuents from chimneys, VTOL aircraft, efc.) [1 - 6]. Specific demands of actual
applications and also rather bulky routine of experiment results in the fact that,
although considerable amount of experiments were carried out, we know quite
little about basic features of such fows. The major amount of information obtained
concerns determination of the jet’s trajectory., Much less has been studied the struc-
ture of the flow and regularities of mixing. Lack of knowledge about the nature of
the flow does not permit to suggest an adequate theoretical model of this phenomenon.

Present report concerns some peculiarities of the flow which were established
experimentally. Subsonic nonbuoyant and buoyant jets issuing perpendicularly to
the main horizontal stream were studied. Experiments were carried out in a iow-speed
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wind tunnel with the size of working section 1.1x0.9 x 1.2 m. Initial parameters of
the jet and the main stream were:
Dy=20 or 40 mm, wv,=1-50 m/s,
w=05-11.5 mfs, A4T,=10-200°
In the course of experiments two complex parameters

T, 'vg gD ATy g
T Ty w2’ T Tywd

which are responsible for the influence of initial momentum and initial buoyancy,
respectively, were varied in ranges:

I=4-100, J=0-3.30.

Measurements of the temperature fields constitute the main bulk of experimental
procedure. These were carried out with help of chromel-copel thermocouple. Also
some measurements of the total and dynamic pressures in the plane of symmetry
were made by three-hole probe.
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Fig. 1

Measurements were performed in the following manner, Primarily, jet’s trajectory
was determined, Further, detailed measurements in planes normal to jet’s axis
were carried out up to distances x/Do=24. It is worthwhile to note that the terms
“‘Jet axis” or “jet trajectory” have in fact rather conventional meaning because of
numerous possibilities to determine them. Figure 1 shows the trajectories of non-
bucyant jets at different values of I. Solid lines correspond to temperature maxima
.and dotted lines to velocity maxima. As it can be seen, the difference between these
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two lines tends to increase with distance and is more pronounced at smaller values
of I It can also be seen that our experimental data are in a quite good agreement
with data of other investigators [1, 2, 4, 5, 6]. Presence of budyancy forces strongly
influences the trajectory (Fig. 2). Basic attention in the experiments was devoted
to the detailed study of the evolution of temperature distribution in the process of
jet development,

Several investigators [1, 2, 3, 4] have noticed some peculiarities of such distribu-
tions which strongly differ from distributions in a jet in a stagnant environment.
For instance distortion of isotherms and so-called “bifurcation” of the jet were
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Fig. 2

mentioned but nobody correlated these essential phenomena with parameters of the
flow. Our experiments have shown that the pattern of flow can rather be different
depending on values of the parameters I and J. It appears that at small values of
=416 (for non-buoyant jet) the distortion of isolines which -takes place in the
proximity to the nozzle (Fig. 3a) tends to decrease quite quickly. Further isotherms
restore their shape to almost oval form (Fig. 3b). A quite different pattern of evolo-
tion was observed at greater values of 7336, In these cases, the process of distortion
is more efficient. If, at close distances to orifice, cross-section has a typical kidney
shape (Fig. 4a) further isotherms show tendency to separation with appearance of
two lateral maxima which have greater values than the central one (Fig. 4b), Such
basic differences in Jet evolution are obviously determined by the peculiarities of
jet interaction with the cross flow.

Presence of buoyancy in jet strongly intensifies the process of bifurcation which
can now be observed even at small values of 7 (Fig, 5a, 5b). To get a more quantitative
picture of process, the experimental data presented in the form of isotherms were
analysed in the terms of “equivalent” jet. Correspoudmg “equivalent” radius was
calculated as
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where S is the area enclosed by certain isotherm. In Fig. 6, the data for two values
of I are plotted in coordinates AT{AT,, fros (Where ry s is the ,half” radius).
It can be observed in the figure that, at distances in the proximity to nozzle, the
experimental data may be described by

well-known jet profiles (Gaussian or oy

1 I
Shlichting’s) in spite of considerable ' ™ [.;;; AT
random scattering. At larger distances, 08 r\\\\\\ E ag ]
experimental points deviate from these a7 \*\;‘@%\—-- — g w Uf —
profiles and tend to form more narrow 85 A E 3)’-; —
profifes also with tendency to similarity. 05— odo b )E?*J{——'~-‘ — & % —
In Fig. 7 the lateral width of non- 04 “\T ] ;f( ;52 -
-buoyant jet (determined by isotherm 83— . *1}3%——* ]
AT=0.14T,) is plotted against the co- 7 : !‘ \‘ ~
ordinate y corresponding to the tem- 0 311*335\"7“( '@B‘\LJ‘E_
!

perature maximum. It appears that the
spreading of jet can be described by
linear functions, moreover, the rate of Fig. 6

spreading depends on vaive of the para-

meter I (the larger is I, the slower spreads the jet). It can also be seen that the
graphs of spreading of jet consist of two sections and the angle coefficient of the
second section is larger than coefficient of the first. The coordinate of the point of
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break also depends on 1. Similar regularities were found for buoyant jets but no
dependance on the parameter J was noticed. ‘
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Tt is necessary.to point out that the above-mentioned transition from one to the
other form of the temperature profile takes place in the same region where the more
rapid spreading of jet starts. .

On the basis of the experimental data obtained it is possible to speak about
two different siages of development of the jet in a cross flow. In the first stage this
flow retains some general features of typical jet flows. However, in the second stage
it is apparently more common with the cylindrical pulfs or thermals, which i8
consistent with ideas put forward by Scorer [7}.

REFERENCES

1.¥O. B. Ysanor, fidiexmuenoce cocuzanue nNaOCAOIHbLX 20PIOVIEX 2306 6 MORKAY, 3e¢r, Tocu-
spat.,, Tamma 1959,

2, T, C. Wangopos, Hcmedenne us ranasd ¢ NeRoOSUNCHYIO U denorcyuiyroca cpedy, KT®, 27,
1, 1957 '

3. ¥, B. Hamaruur, [, Y. Temupbace, 3arorosmepliocni poacnpocmpareius QCeCHMMEMPUYNOIL
BOIOVIIAHOI CIMpYH 8 CHOCAHIEM odwopodnom nomore, CO. ITpoGnenpl  TEINOIHEPTETHKH
¥ mpukgagHOR Temnodmimky, 4, mux. ,Hayka®, Agmva-ATa. :

. G. F. Kereer, F. D. BAINEs, The round turbulent jet in a cross wind, J Flaid Mech., 15, 4, 1963,

. R. L. GORDIER, Studies of Auid jets discharging normally into moving Heuid, St.. Anthony Falls

Hydraulics Lab. Univ. Minnesota, Techn. paper No. 28, series B, 1959,

6. T. W. Ramsey, R. J, GorpsteiN, Interaction of a heated jet with a deflecting stream, WASA
GR-72613 HTL TR No. 92.

7. R. 8. ScoREr, Natiral aerodynamics, Pergamon Press, 1958,

th b

STRESZCZENIE
NIEKTORE WLASCIWOSCI STRUG W ODCHYLAJACYM JE STRUMIENIU

Przedstawiono wyniki badaf eksperymentalnych nad sirngami turbulentnymi przenikajacymi
do przeplywajacego poprzecziie ofrodka, zardwno przy obecnodcei jak i nfecbecnosei sit wyporu.
Wykazano, 7e struktura przeplywu zalezy od poczatkowego stosunku pedu strugi do pedu oérodka,
jak réwniez od poczatkowego stosunku wyporu strugi do pedu ofrodka. Dla danych wartosei tych
stosunkow zaobserwowano rozne rozklady temperatur w réznych odleglosciach od przekroju po-
czatkowego, stwierdzajac jednoczesnie tendencjg do wysigpowania podobienisiwa W kazdym prze-
kroj.

PeswMe

HEKOTOPLIE OCOBEHHOCTH CTPVfI B OTKJIIOHMSOWEM IICGTOKE

FipescTapiensl pesyILTaTh HCCIeAoRaHaH TypBynenTHEIX CTPYH, BTEXAIOMRX B nOrepeyHbIH
HOTOK, OPE OTCYTICTEMH ¥ TIPH HANMHW BHITATKEBAOIAX CHIL. Tokasamo, ITO KapTEBA TEYEHHT
BARFCAT OT HAYAJDHOTO OTHOINCHRS KOTHYECTBA JBEIKCHEA CIPYH M IOTOKA, 4 TAKKE OT Hazalb-
HOTO OTHOIZEHUS IABY4ECTH CTPYH H KOJHYeCTBA JIBHKCHYA JIOTOKA. Jss magHOro OTHOLNSHHA
HaGmonaNuch PASIBYERE PACTPEICNCHE: TEMASPATYP HA PAsHBIX DAcCTOAHMAX OT HAYATBHOIO
Cevers CTPYH, HO ¢ Teamenuael X moaobHio B KadKI0M COYCHUM.
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