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TURBULENT CIRCULAR AND FLAT STREAMS DEVELOPING
IN A COUNTERFLOW"

E. Timma

Until now there have been no analytical artlcles concerning
turbulent streams developing in a counterflow which would permit us

to satisfactorily determine the change in veloclty on the stream axis.

The experimental investigations of L. A. Vulis, T. P. Leont'yeva
and V. P. Kashkarov [1,2] and of Yu. V. Ivanov and.Kh. N. Suy [3,4]
do not include the entire stream length.

Certain authors [1,2] experimentally study the change of the

dimenslonless range L/d of a circular stream with parameter values

K=g= = 0.2 to — 0.48 (uOm and u, are the maximum velocity in

om
the initlal section of the stream and the flow velocity, respectively)

H

other authors [3,4] examlne the velocity field in the maln section

of a circular and a flat stream within bounded 1limits o7 a change of

* This work .3 carrled out under the supervision of Yu. V.
Ivanov, Doctor of Tec! lcal Sclences.
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the determining parameter,

We know of no éxperimental data for determining the values of
turbulent characteristics in the initlal section and 1n sufficlently
distant sectlons in the mailn sectlion of the stream. Heated streams
developing in a counterflow have not been studied at all.

In this article an attempt 1s made to experimentally study the
development of turbulent streams in a counterflow, This article.is
a sequel to the 1lnvestigations conducted earlier at the Power Engi-
neering Institute of the Academy of Sclences of the Estonlan SSR [3,4].

It i1s expeditlous to 1lnvestigate by sections a turbulent flow,
developing 1n a uniform counterflow. We can, for example, divide a
stream into the following three characteristic sections:

1. the 1nitlal sectlon 1in which exlsts a potentlial flow core;

2. the maln section in which the flow acqulres a structure such
that the stream can be consldered as developing from a point source
or from a source of Insignificant size;

5. the transient sectlion, lncluded between the 1nitial and
maln sections, in which rearrangement of the stream structure ends,

The inltlal and translent sectlons were experimentally lnvesti-
gated 1n greater detail; to a considerably lesser degrer we investi-
gated the main sectlons of a turbulent circular and flat stream
developing 1n a counter flow., This 1s due to the fact that the main
section of an 1sothermal stream developlng 1n a counterflow has been
studied in greater detall earlier [3,4]. To conduct the tests we used
the experimental arrangement plctured in Fig. 1, a detailca descrip-

tion of which 1s poesented in an earller article [5].
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Fig. 1. External view of the arrangement.

In the tests the stream veloclty was varied from 13 to 20 m/sec
while the average veloclty of the counterflow remained.constant,
6.7 m/sec.

To form the circular stream a nozzle of %0 mm 1n dlameter was
used; for a flat stream we used a nozzle 1% x 200 mm (with orlentation
perpendicular to the larger slde ). The maximum temperature differ-
ence between the unheated stream and.the flow did not exceed 8 degrees,
and therefore we can conslder that the ratio of the maximum absolute
temperature of the stream (TOm) to the absolute temperature of the
flow (TH) 8 = TOm/TH is approximately equal to unity. The tempera-
ture of the flow throughout the experiments equaled : -cm temperature,

In stream cross sectlons the veloclty 1n the direction of the
stream axis and the' temperature T were measured using the :ollowlng
parameter values:

1. for a flat stream

a) in an lsc. .-~mal stream when © ~ 1 and with ratlos of

flow velc. .y to stream velocity p = uH/uOm = ~ 0,33;
- 00501
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b) 1in a nonisothermal stream when & = 1.48 and p = 0.3.
2. For a clrcular stream
a) in an isothermal stream (6 = 1) when n = ~0.33; -0.50,
b) in a nonisothermal stream 8 = 2 and u = 0.33. Since the
« ratio of the flow and nozzle diameters 1s comparatively large,.ﬁhen

in agreement with the formula presented earlier [4] we can establish
that with a parameter value p = -1 to -0.3 a stream 1s developed 1n
a counterflow, but when u > -0.3 there is Interaction of the stream
not with the flow but with a counterstream.

The temperature and velocity flelds in stream cross sectlons
were symmetrical; therefore 1t was posslble to decrease the number
of measurements. For determining veloclty or temperature fleld 1n
cross section of a circular stream it was sufficient to conduct
measurements with respect to a horlzontal line cuttlng across the
center, Flgures 2a and 2b show the velocity proflles in various
cross sectlions of a circular stream when 6 = 1 and A = 1/u = -3,

-2 and a flat stream when 8 = 1 and A = -2, From these figures 1t 1s
obvious that with the indicated parémeter valués in the initilal sec-
tion of the stream, there 1s a noticeable deformation of the velocitiy
field of the flow,

The relative error when measuring the velocitles in the 1lnltlal
and translent sectlons of the flows dld not exceed Z%. The relative
accuracy was higher at the stream axls and decreased toward the outside
boundaries of the stream,

Close to to: Tine of zero veloclty the relatlve error 1s larger
and Increases wlth Jdlstance from the nozzle, Close to the point on
the axils where v:l.. 'y u = 0, we noted velocity pulsations which

notlceably hindered .he :easucements. We can say that the veloclty
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pulsations increase at the end of the maln section of the stream.,

During temperature measurements the relative error did not exceed 4%,
It 1s known that one 1mportant property of a turbulent stream

developing in a counterflow or in an immobile medium is the similarity

of velocity profiles in the initial, transient, and main sections.

'By profile similarity, we mean the possibllity of representing veloclty

profiles 1n different cross sections of the streams by means of the

same function:

u-—-—u

Uy — Uy

Sl :f‘.(ﬂ)‘.’ (1)

where u, uy and u, are the veloclties at an arbitrary point of the
flow, 1n the flow, and at the flow axls, respectively;

fk(n) 1s the universal function 1n cross sections of the stream,
which can have varying aspects 1n the 1nitlal, translent, and main
sectlonsy

1 1s the dimenslonless ordinate of the poilnt, defilned 1n the
initial section by the formula

Y—N

n= v,—n' (2)
and in the transient and maln sectlions of the stream by
n=%, (3)

where y 1s the distance of the point from the stream axis; vq and Yo
are the ordinates of the point of the Internal and ecxternal boundary,
respectively, of the displacement zone 1n the 1nitial .cctlon of the
stream; ‘

d 1s the ordinate of the stream boundary in the tra.sient and
maln sections, Iu order to verify the above mentioned similarity of
profiles of a turbul ‘at stream developing 1n a counterflow we must

consider that in F.. i (1) the veloelty of the counterflow u, is
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negative. Since experlimental determinatlons of the boundary pcint
where the dimensionless velocity u-uy equals zero are possible only
with large errors, the experlimental data are presented in Fig. 3

in the followlng coordlnates:

Y=Y a.n4J0.5 "7

Yn = Uy Yo0.5 ~ ¥0.9
where Yo 52 0.9 are the ordinates of the point; the dimenslonless
* L] u - u
excess veloclty i‘ffﬁﬂ 1s equal to 0.5 and 0.9, respectively. A
m H

simple conversion shows that 1f the experimental data lie on a single

curve, the condition of similarity (1) is fulfilled.

u -
From study of the simllarity of the velocity pbof11e31;;:7;¥i
H

in different cross sections of a stream it follows, as 1s obvious

from Fig. 3, that the similarity 1n the initial and {ransient sections
of clrcular and flat streams 1s observed only within dimenslonless
velocitles from 0.3 to 1. For determining the profiles we can use
formulas introduced in a pre?ious article [5].

Thus, according to Schllchting's formula

) =(1—nup - (%)
and according to the polynomial formula
fa(n) = 1 — 617+ 83 — 3¢ (5)
Yos—Y
after the substitution '“=ﬁmr_yaﬁ.”u(UM'—nm04 (6)

we get the so0lld and dashed llnes, respectively, 1n Fig. 3. Here
' 9.5 0.1 and No.g are constants defined from the corresponding
equations |
e(nas) = ;; fi(nos) =01 fe(nay) =09.
It 1s obvious in Fiv, 3 that the calcnlation ﬁbcﬁrding to‘Polynomial

(5) vetter agrees wl.u the experimental data than does the calcula-
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tion according to Schlichting's Formula (%).
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Flg. 2. Velocity profiles in different cross sec “lons
of a turhulent stream developing in a counterflcw:
a) flat wvcamy  b) circular stream. A
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Flg. 3. Profiles of ¢ -nsionless excess velocity
in cross sections of a turbulent stream developing
in a counterflow: a) circular stream; b) flat stream.
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Flg. 4. Profiles of dimensionless excess
veloclty in cross sections of the main
section of a circular stream developing 1in

a counterflow, The dashed llne was obtalned
from experiments of Xh, N. Suy (4], the
triangles designate profiles obtained from
experiments of L. A. Vulis [1], and the solid
line was obtalned from Polynomial (5).

Figure % compares the profiles of dimenslonless excess veloclty
In different cross sectlons of a clrcular stream according to
experiments by Kh. N. Suy [4], L. A. Vulils, and the author. Obviously
in the maln section of a turbulent circular stream developing in a
counterflow the veloclty profiles are similar and they can be satis-
factorily determined with the ald of Polynomlal (5) by the substitu-
tion

n= ’lo.s;:; . ' (7)
Flgure 5 gives the temperature profile of the stream in dimers lonless

coordlnates, Here it 1s obvious that the profiles of dimenslonless
T-T

__H 1n different cross sections of a clrcular

excess temperature s— T,

m
and a flat stream are similar and can be calculated froi “ormula (5).
T, TH and Tm i1s the temperature at an arbltrary point of the

stream, in the flov, and at the stream axls, respectively.



¥'o 5 and y', g are the distances of the poilnts from the stream

T-T
H

axis, at which R U equals 0.5 and 0.9 respectlively.
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Flg. 5. Proflles of dimenslonless excess
temperature in flat and circular streams
developing in a counterflow., The solid
line was obtalned from Polynomial (5).

For the determination of the long range L of .a clrcular and
flat stream the following simple formulas are obtalned:

K==, - (8)

p=A=Be g (9)

where R 1s the radius of the circular nozzle;

bo 1s the half width of the flat nozzle.

Figyre 6a compares test data with calculations accofding to the
formula of Kh. N. Suy [#], L. A. vulils [1,2], and Formula (8). In the

L. A, Vulls formula L%
: T
where the coeffilcicecnt k = 3 =~ 3.52

When comparing 'he calculations 1n Fig. 6a we used the averaged

value
k= 3.25.

-10-



In Fig. 6a the dashed line 1s given according to Formula (8),
the broken line according to Formula (8a) and the solid line accord-
ing to Suy's formula [#]. As 1s obvious from Fig. 6a, Formula (8)

glves the better agreement.

15.0 accoﬁai;g to‘tests of
s e SUY

200
d =00 wm according to tests of
d =00 mn « Ao Vulis and others
e according to tests of
the author

de 50nu8
02 J

according to tests of

Kn, N, Suy

X by =704 according to testis of
. this au‘hor

o by=offun
> - Of

Fig. 6. Comparison of test data according

to the range of the stream with a calculat .oa
acc rding to formulas of varlous authors;

a) clecular stream; the dotted line 1s

froa Z“ormula (8), the solid line is from

Kh. N. Suy (4], and the broken line is from
the T.. A. Vulls formula (8a). b) flat
strecia; Uie solid line 1s from Fooumula (9).
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It 1s obvious in Fig. 6b that the solid line drawn according to
Formula (9) well describes the test data wlthin the 1imits of change

of the parameter p from O to 0.5..

Conclusions

1. There !s a simllarity of profiles of dimensionless excess
Y- Yy
Up = Yy
sectlons throughout a stream, beginning at a distance of one nozzle

veloclity within limits from 1 to 0.3 in different cross

diameter from the 1lnitial section for a circular stream and at one

nozzle width for,a'flat stream, depending on the dimensionless excess
Jo.5 = ¥
Yo.5 ~ Yo.9

be determined with the aid of Formulas (%) or (5).

ordinate . Profiles of dimensionless excess velocity can

2. In the maln sectlion of a circular or flat.stréam the profiles
of dimensionless excess velocity, dependiné on the &imensionless
ordinate 3%}' , can be determined with the aid of Polyncmial (5)
with aubstit&?ion of (7).

5., There 1s similaﬁity of the proflles of dimensionless excess
T -T :
H

Th-Tx ‘
sections throughout the stream, beglnning at a distance of one nozzle

temperature within 1imits of 1 to 0.3 in different cross

dliameter from the initial section for a circular stream and at one

nozzle width for a flat stream, depending on the dimensionless excess
- 03

ordinate Y0.5 . y“ . The profiles of dimensionless cxcess tempera-

y' -
0.5 .9
ture can be detcrmined from Formula (5).

4, The loi; 'nge of circular and flat streams developling in

a counterflow 1s i :presented by Formulas (8) and (9).
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