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FOREWORD

Thls report, prepared in response to ATD Work AssiE;vmnt
ao. 60, is the third in a series dealing with published
Soviet research on the subject of the mixing of concen-
tric high-velocity airstreams. It conprises abstracts
of articles selected from Soviet open literature Avail-
able at the Aerospace Technology Division and the Lbrary
of Congress.

Full translations of some of the source materials used
in this report may be available from other agencies or
co ercially. Interested readers may obtain translation
data for individual sources by indicating source nuters
from the bibliography list on the form attached at the
end of this report and returning it to the Aerospace
Technology Division.
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IKXING OF CONCENTRIC hIGH-VTLOC AIRSTREAMS

1. Bezmenov, V. Ya., and V. S. Borisov. Turbulent air Jets heated to
40000 K. IN: Akademiya nauk SSSR. Izvestiya. Otdeleniye tekh-
nicheskikri nauk. Energetika i avtomatika, no. 4, 1961, 42-45.

Experiments were carried out with free, high-teperature submerged
air Jets to verify various hypotheses concerning the effect of Jet
tenperature on the width of the mixing zone, chnge in parameters

along the Jet axis, and posi-
g4 tions of the jet outer boundaries.

'I ITe experimnts were carried
out in an experimental unit
(Fig. 1) in which an electric
arc is used to attain tenpera-
tures up to 40000K corresponding
to a density ratio of p2/p1 -14
(where P2 is the air density in

Fig. 1. Diagram of the experi- the inlet section of the jet and
mental unit Pi is the density of the sur-

rounding media). The nozzle
L - uatnoae; 2 - anode; exit temperature was maintained
3 - insulator; 4 - cold in the rang of 1000-16000 C.
air inlet; 5 - water cooling The relative velocity head (p)
inlet; 6 - measuring attach- and the relative excess tem-
mont. perature [superheat] (v) were
determined as a function of x/d (distance between the cross sections
investigated and the nozzle diameter d) and are shown in Figs. 2
and 3, where:

P P Pm UJ/po. um and v u t& - ta/tmef 0 ta

(1/2von um is the maximum velocity head, treqn is the mren tenperature
at the exit fran the heating chamber, ta is the temperature of the

S XA

Fig2. Change in t' e rr' tive Fig. 3. Change in the relative
velocity head Po1u A oru om maximum excess temperature
along the jet axis tm - ta/tmean - ta along the

Jet axis
o - experiments at P2 /01 1,
0 "P 2 P 1 - 14. A- experiments atP 2/P 1 * 14



surrounding medium, and t- is the maximum temperature). Fig. 3 in-
cluies tioretical data oritalxed with the use of a pblished equation
for calculating the jet mixing zone (Abramovich, G. N., Mk.loyi
turbulentnykh struy, 1960):

It is shown that the values of both the length of tie initial zcrw
and the width of the mixing zone obtained in the experUmts difttr
considerably from the calculated valu. This is attrit d to the
fact that 1) the theory is based on the assumption that the heat
capacity of air in nonisotiernil jets is constant, which is incor-
rect in the case considiered, and 2) the true dependence of the width
of the mixing zone on tre P2 /01rAtLe is not sufficiently reflected in
tne equation. rifroretical and experimental distribution curves of
dimensionless velocities and tenperatures across the jet show that
the tneorj is in satisfactory agreement with the experiment.

2. Ginevskiy, A. S. Turbulent waxe and jet in a concurrent strean in the
presence of the longitudinal pressure gradient. IN: Akadendya
nauk SSSR. Izvestiya. Otdeleniye tekhnicheskikh nauk. Mekhanika
i mashinostroyeniye, no. 2, 1959, 31-36.

A approximate method is proposed for calculating the free turbulence
in the presence of tne longitudinal pressure gradient in concurrent
streams. 'he method is based on the representation of the tangential
stress profile in the jet or ;:ake as a polynomial (T - B + Bl y+ B y2 ),
whose coefficients are determined from the boundary condtions on te
jet axis and boundaries, using the differential equations of motion.
The profile so determined is the result of motion and is not connected
with any assumptions concerning the mechanism of motion. A series of
mathematical transformations leads to the following equation for di-
mensionless profiles for both jet and wake in a concurrent flow:

U - u/U, =.u, (1)

where k : I1 ,t 1/, 1.YY ' rc sin (2y - 1)

u is the average velocity along the jet axis, U is the velocity of the
outer flow, and yO = y/16 (see Fig. 4, a and b). Considering that
u - U u and u = U u, , the deficiency or excess velocity is
expressed Ly theu'olloawin eation:

u1 /u l. . l-F(y@).

Thus, the longitudinal pressure gradient in the region of wake or

jet in a concurrent flow iias no effect on the shape of the velocity
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proftle; it affeots only the 1w ot the vari on. in the vlooit
and the width of the wake or Jet aloni its axs. A .iASS of $qua-

-tie= was deried and solved for various cmos and con£ditiong In-
eluding the case of plane wake:

Ua YmUV x-5v, r.I.u~me:~ (3)

and the case ofasubmergedjet (U- 0):

The following simplified expressions were obtained fbr the velocity
profiles in a wake or a Jet in a concurrent flow:

(5)

and

"-- '- - + 8y" -3e,." G(6)

Velocity profiles obtained according to equations 2, 5, and 6 (see
Fig. 5, curves 1, 2, and 3) were compared with those obtained accord-
ing to previously published experimental data (Fig. 5, curve 4 fbr
the plane turbulent wake; 5 for the plane turbulent Jet; 6 for the
axisymmetrical turbulent wake; and 7 for the axisynetrical turbulent
Jet). The theory, particularly equation 6, is in good agreement with
the experiment. 7he comparison showed that the proposed method may
be easily generalized for axisymnetrical free turbulence.

a)

b)

Fig. 4. The effect of the longitudi-
nal pressure gradient on the flow

a - In a turbulent wake, b - in a
turbulent Jet in a diffuser

-3-
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Fig. 5. Calculated and experimental velocity
profiles of turbulent wake and Jet in a con-
current flow in the presence of longitudinal
pressure gradient

3. Ivanov, Yu. V., Kh. N. Suy, and E. P. Timma. A turbulent isothermal
Jet in a concurrent flow. Inzhenemo-fizicheskliy zhurnal, v. 1,
no. 5, 1958, 3-10

A review of previous studies on the change in axial velocity of an
isotnermal cylindrical jet developing in a concurrent flow at
A a v2 /vy - 2 (where v2 and Vl are the velocities of the Jet and
the receivIng flow, respectively) showed a marked disagreement be-
tween the existing theories (see Fig. 6). To evaluate the existing
theories, the axial velocity of an isothermal cylindrical Jet de-
veloping in a concurrent flow was measured in a horizontal wind tun-
nel (700 nm in diameter and 2200 mu long) in which Jets were g*ura-
ted by a centrifugal fan through nozzles 10.2 and 20.2 mm in diameter.
A velocity ratio of A - 20 was maintained by decreasing v to ' 4 musec,
with a maximum v2 of about 90 m/sec. The experimental daa were
treated in the vy/v 0 and ax/d coordinated (where v is the maxdwin
axial velocity in a given cross section, a is the freviously postulated
Jet structure coefficient, and v0 is a maxim= velocity in the Jet
throat). The experimental curves (Fig. 7) are described by the
following derived equation:

.. O,436 Ole8

d ' 3-

A comparison of tne experimental data with published theories (see
Fig. 8) sho'zed tihat at A > , the equations proposea by Abrawovich
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(Izvestiya AN SSSR. Otduleniye tekkriicheskIkhd naukc, no. 6, 1957) mA
by Vulis and Leortlyev (Izvestiya Akadi nauk Kasahchsoco &MR
Seriya energeticheskaa, no. 1, 1957), which were derived by the sier-
position of motion method, give the closest agreemnrt with the e~.ri-
cant. Experimmntal studies-of plane jets were also carried out In
the saws experimental unit by replacing the annular nouzles with plers
nozzles of various sizes. The results are satisfactorily described
by the proposed equation:

0.14
!~... G-T -1.28 0.7

Ol + ow+.05, (2)
a 3 k -0.29

The experinental data obtained ame in disagreement with those calcu-
lated by the equation for plane isothermal jets in a concurrent flow
(A. S. Weinstein, J. F. Oterle, W. Pb~rtall, J. of Applied Ibchanics,
v. 23, no. 3, 1956). The experimental data at 7 4ax/b %5.7, when
A - 5, are in good agreewent with those calculated by the ftbllowing

equation derived on the basis of the 'Ailis and Leant 'yev equation
fbr the velocity profile of a plane jet in a concurrent flow:

where bo is the half-width of the stream and *1/A.

*Fig. 6. Change in axial veloc-
ity of a jet developing in a
concurrent flov at A a 2

1 - Abranovich (nlu -n2u -1);
2 -the same at u,.u 'O n2U'O 1;
3 - Kyukheman and Veber; 14 -Squire
and Trouncer; 5 - Squire;
6 - Vulis and Leont'yev.
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- -Fig. T. Relatiobehit betif
V Vand the orit,?pliO / V31,

atA0ranging froa 1.54 to6

Am curves correspond to e"U"ISS
I 1 ; the rigures indicate e~t.

% perluental poluts 1, 3, So T,
8, 10, aU 1 t a. a 69~

-L -I - - experimentalpit 2, to.
- - - - 12, 13, and 14 at a a .071.

IU

Fig. 8. Relationship between vm/vo and ax/b0 at
A ranging from 2 toI

Curves correspond to equation 3, where figures
denote X. For experimental points 1, 2, 4, 6,
and 8, a = 3.097, 2b0  2.6: for experimental
points 3, 5, and 7, a =0.097, 2b 0 = 1.2.

4.* Koryavov, P. P. iNurerica. calculation of' higni-tenperature laffdxnar jets.
Zhurnal vjchislitelnoy iiat ratiki i matematicheskoy f'izilci, v. 1,
nio. 5, 1961, 856-868.

'Ienperature profiles, velocity profiles, arid the bounidary of the
mixing zone of' a viscous comrPressible pas jet discharging into a
surrounding rdiumn (stag-iat or moving) are given, and equationms are

-6
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Fig. 9. Flow pattern of the
a mixing zon.

tot
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Fig. 11. Profiles and Tfor the mixing of gases vith
small temperature differences (To a 2730K, T 1 - 3000K) at
u1  1000 in/sec

-. -Fig. 12. Velocity and temperature
S profiles calculated for the mixing

of cool high-velocity gases with a
- - hot low-velocity gas

S - - i



derived for determining the flow paramters. Becaus of high
tenperatures (T> 2000 0K), it is assumed that the Prandtl number

'I

____________ 1 __________.

II

Fig. 13. Velocity and temperature profiles calculated for
various cases of the mixing of cool high-velocity gases
with hot low-velocity gases

changes with temperature and that the parimeters (p - density,
v - viscosity, A - heat transfer coefficient, C - specific heat
capacity) ae know functions of the temerature . A numrical
calculating method is given for the detemination of teoperature

.profiles and velocity profiles in the mixing zone of md-infinite
streams (see Fig. 9) at U - 100 m/sec, T a 273*K, u1 -L 1000 u''Sec,
T, = 10,00MC. The calcudatior wre en; with and withut taking
account of dissociation. The results obtained indicate the Influnce
of dissociation on the width and position of the teoperatue- and
velocity-mixing zones and also on the position of the ze line of the
stream. Figs. 10-14 show the velocity U and teperature profiles
fbr the mixing of high-temperature and high-velocity ases with

-9-



gales of low tenperature and wlocity; the dipenfto at t m
protiles on the ratio of the teMerstuws Wdwloolttes of the
mixued gases is visible.

II-

Fig. 14. Variation of the
boundary of the mixing zone and

-, of the neutral line of the stream10 described in Fig. 13 depending on
- the ratio of the velocities and

- temperatures of the mixed streams

.1/,
I,

5. Linkovskiy, G. B. Calculation of a noncylindrical ejector. Inzhnemo-
fizicheSkiy zhumal, v. 2, no. 7, 1959, 87-91.

The principal difficulty in calculating an ejector with a noncylindri-
cal mixing chamber (Fig. 15, a and b) is that in sucha came the equa-
tion of momentum,

MBW-(mDa WI + M8n2 W) "I(I + Ud - pF +

(where I. n: m. is the mass flow rate.Df the ejecting and "2
of the eected lqffd; N, .1, and W2 refer to the flow velocities
in the corresponding sections of thi ejector; 0 and p are the pres-
sures in the cortes onding sections of the ejector; f, f, and F
refer to the areas of the cross sections 1-1, 2-2, ar 3-3), incor-
porates an unknown term, R, which refers to the foree exerted on the
flow by the wall of the ejector. To overcom this difficulty, an
assumption was made that the pressure distribution a ong the ejector
wall is linear. In this case the mean pressure (pa,) mei be

- 10 -



deterined as the arithnetic mean of the prssures at the inlet d.
exit of the nixing catber,

Pay P and -p.v [F-Cf1 + f 2 .) .
2 a

A closed system of equations may thus be set up fbr the disgdare
from an ejector with a noncylindrical mixing chmber:

aWV'4bW + e-O.

where

(-- ,, + i..,) i2 '(F~hh

- (F+fh I,)

F + it- Aw

C 'nI ±.' On'.

Using tne expression Pay - Z-+ and disregarding the friction
between the flow and tne wall, 2the following system of equations was
set up for tne pressure in a subsonic ejector:

ap'+bp+cmO,

-where
* - (j!+,h' _ c, (F+I., -.._t,

8 M, 2gRM,
b [.(L. r '+f,+l,)p + ,N., V,+n',, W .

b aRM, 1 2i
(iW, +fdW,)(F+h,+1 _ +, _

2M, 4 M,

+ not 2gAW
-v -) n ... , + _ .. + 2t
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Boti. systems of equations have t-o roots; consequentl,, two values
of p iay be obtained, depending on the conditions t tne exit of
tie ejectors.

Ipn. I,,p -w, .. ..

-.-,

* AA2

Pi,. 15. a und L. Diagrams of
noncylindrical ejectors

6. Popov, N. ii. Iixing of gas streams. Izvestiya vysshih uchebnykh zae-
deniy. Aviatsiormaya tekconika, no., 3, 1960, 80-86.

The interaction and mixing of two or more gas streams, e.g., in
ejectors, canbustion chambers, or afterburners, was studied using
the multicaqponent fluid model proposed by Ml. A. lakhmatulli (Fig. 16).
A general case of one-dimensional steady flow of a compressible gas
is considered. rl previously published system of equations obtained
by Pakiatulli for mixing of two incompressible gas streams,

f- W 1./()~~~. ?:-- ,

f(x) , : C2,

Mx pgdx

Vd Id, A

S h d12,

-12 -



and tie following four equations,

+ P

24

were used to obtain a closed system of equation for detezuning the
following nine umknown fuinctions; u, 29 %1, Tj,_%.an
£where u and v are the velocities; p and p am &mtnst a- ad

P2 are the corrected densities in tQ case 8f each ga ocW2; the
etire volume; T and T2 are the temperatures of the two strem;
and p is the totl pressure). The other denotations in these equa-
tions are f(x), the variable cross section of the chawl; C and C ,
the flow rates of the gases per second; and K, the nteracti&i f&2icn
taking into account the effect of the gases on each other and muat be
determined expermentally. The system of equations, in son Oams,
may also be used for nonsteady flows giving a quasiatationry spprod-
mation. The system of equations was solved approximately for the flow
of a two-conponent gas strem obeying the equation of state of an ideal
gas. The limiting velocity, which u and v approach at sufficletly
higi values of yx (where Y - f(K1/C1 + K2/C 2 )), is expressed by the
equation:

Joe.+ AVe
V . C 11

In a particular case when .he pressure cbare along the ndixling uone
is negligible, the latter equation assumes the following form:

. SO4:c,c,
C8+4

The solutions of the equations for the other wunoma functions are
also presented. It is shown that the theory describes Oorzectly the
mixing of two gas streams and may be weneraliued for the Mixing of
several stream.

S, _ Fig. 16. Gu flow diapm

-13-



7. .3hcnerbina, Yu. A. The inzluence of initial turbulence
on the boundaries and range of submerred Jets. III:
Iosoow, Piziko-tekhnicheskliy institut. Trny, no. 7,

1961, 152-157.

A method is iven for caluclatinn the boundaries
and range of submered Jets with an initial.tur-
bulence ranging from 6 to 30% by the semiempirioal
theory elaborated by V. Prandtl, V. Tolmin, and
others and adapted by G. N. Abmmovich for super-
sonic Jets. Results of experimetnal investigation
of plane submerred .lets of v.rious initial tur-
bulences are also presented. The experimental unit
(Pig. 17) consists of a pipe (lengtn. 3000 m;

Idiameter, 200 mm) conheoted to a receiver with a
plane nozzle (width, 250 um; height, 24.6 n).
The turbulence of the jet was varied by the use
of interchangeable. grids in the nozzle. Air
velocity was constant in all experiments, and a
nearly rectangular velocity prorile was maintained
at the exit of the nozzle. Experimental results
(Figs. 18-23) lead to the followinj conclusions:
1) The characteristics of highly turbulent Jets
(30% of turbulence) conform with the basic char-
acteristics .of Jets with low turbulence. '11e
velocity of Jets remains self-similar (Fi. "18)
alonpr the length of the jet, and the lines of
equal velocity (Fig. 19) remain rectilinear. 2) It
is necessary to account for the increasing dis-
tance of the polar point of the jet from the nozzle
exit. 3) In calculating the range of turbulent
jets, it is necessary to account for the increasing
coefficient of turbulence with the increasing
initial turbulence.

The abstract employs the follow.ing conventional
signs; a - empirical constant of turbulence;
s - distance of the pole of the jet from the nozzle.
exit section; u - lonjitudinal velocity of the flow;
u 0 - initial flo. velocity; u - maximum flow velocity
Jn a given section; 2 b - heilht of the plane jet;

- coordinate of a point in which the velocity is
equal to the halt of the maximum velocity In a -Iven
section; x, v - rectangular coordinates; to - initial
intensity of the Jet.

Fig. 17. Diagram of
Air the experimental device

I Pipe; 2 - receiver;
3 - nossle.

-1~4 -
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Fin. 18. Dpeand4ence nf the dimensionless
lot velocity on the 4imeoelonleas coordinate
y at various dintances from the nozzle(x- 150, 400 700 no)

Fin 19 Cuve Of equa dimensi-o-l-ss

veoiisi a je wit A inital-

turaua nce a 

a -- - -- - a a a* 2 a a/ a.

3 a a S- - a 0.6 a S/U 0,

, 7
a a -- a - a - - - a

a a a, a9 auve oeal d a -o a

velocities" in a lJet: vith an initial
turbulence t0 = 301

1 auu m  0.4; 2-ulu* - 0.3;3 .-u.. : 0.6;, - uu .,. 0.8.
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I

I -

I - -

i i

FiI. 20. Relative distance of the
pole of the Iet from the exit section
of the nozzle, for jets with an in-
creased initial turbulence

-Clm off - -- --

_*-c,,-34/u

-- --- 4

V -- - - - - - - - - -

Fie. 21. Lines of dimensionless
velocity; u/u - 0.5 for Jets
with various Tnitial turbulences
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FiR. 22. Dimensionless Axial
velocity of Jets with various
initial turbulences

a
4M

'N ,,,---

Fig. 23. Turbulence coefficient
for Jets tith an increased initial
turbulence

d. Uryukov, B. A. The theory or a dirrerential ejector.
Zhurnial prikladno y meknaniki I tekhnicheskoy
Viziki, no. 5, 1963, 4147

A dirferential ejector is analyzed and compared
with single and multistage supersonic ejectors.
The difrerential ejector (Pig. 24) may be con-
sidered as consisting or an infinite number at
elementary ejectors. It is assumed in this
analysis that 1) friction and heat transfer at
the ej ector walls are negligible ; 2) the mixed
c.ases are ideal and have the same chemical corn-
nosition; and 3) velocity, temperature, and

- 17 -



nressure profiles are uniform In the Initial section
of each elementary ejector. The analysis is made in
terms of dimensionless parameters

where F is the surface; Q, the discharge rate; w, the
velocity; To. the stagnation temperature; P0, the
pressure; A. the reduced velocity; n, the injection
coefficient; T. the stagnation temperature drop;
a. the total pressure drop; t9 the pressure ratio;
#. the relative srte of the mixing oesaber; and
cate conditions at the ejector exit and subscripts
cate citicglsoc tteeeorit Sandbscripts mi
0 indicate conditions at ejector inlet; dP', dQ',
wq TO1j and PC' denote the same parameters of the
ejecting gas in the cross section of an elementary
ejector; and df, the variation of the surface of an
elementary ejector. If A 4 1 at the end of the mix-
Ing chamber, the losses in the diffuser are small.
If X 1 1, various regimes are established in the
diffusor. For larger values of Athe losses are
high. The determinatiQn of an optimum ejector is
reduced to the determination of the distribtiton of
velocities along the length of the ejector A a X(n)
and ' a 1'(n) at which el attains a maximum value.
The optimum value.of A , therefore, may be determined
from the combined consideration of the ejector and
diffusor. It may be demonstrated that A. (at the
inlet of the ejector) increases with Increasing n.
The optinum ejector corresponds to a constant A a x,
along the lengths of the ejector. If A3 0 11,, the
optium ejector corresponds to I a I at A. 4 Al
and, therefore, An A, to the end of the ejector.

The following oases are analyzed; a) A a A* and
A' - AW' along the whole length of the ejector;
b) Al c I*# (the most interesting case for practical
applications); and c) a differential ejector at T - 1,
in which the surface of the mixing chamber does not
change in each. elementary ejector and A' is con-
stant. It is shown how the equations for an
optimum ejector-at A1 * A can be used for evaluating
the influence of the gas -emperature on the com-
pression ratio of the ejector.

-18-



Fin. 24. *tires of a differ-, ontts! ajeetet

9. Yakovlevskiy, 0. V. Hypothesis on the generalization
of ejection characteristics of turbulent gas .lets
and its application. IN: Akademiya nauk SMSR.
Izvestiya. Otdelenlye tokhnicheskikh nauk.
'ekanika I mashinostroyeniye, no. 3. 19610 40- 5 4.

Starting from the assumption that the impulse in
the Initial section of a nozzle is the basic
characteristic of a turbulent jet, the folldwinp
hypothesis has been postulated; If two turbulent
jets discharging trom Identical nozzles have enual
imulses in their Initial cross sections then
both jets have the same ejection properties (i.e.,
drawing of the neighboring fluid by the jets is
Coverned by the same law), expressed b.. the follow-
ing dimensionless equation:

where G is the mass flow rate of a gas in an arbi-
trary cross section; a and I refer to the arbitrary
submerged isothemal jots and to a standard one,
respectively; p is the density; x is the lonvitudinal
coordinate; mid ro Is the initial radius o an
axisymmetrical jet. On the basis of this hypothesi3,
ejection propelties of any arbitrary jet may be
determined by determining the ejection properties
of a corresponding turbulent jot of an Incompressi-
ble fluid, using the equations derived for tho
Initial section ot an arbitrary jet.

- 19 -



and for the main nection of an axisvrmetrical jet:

The flow dia!3rams 4n tie initial section of a .et
rixing, zone and in the main section of a jet dis-
charing into a coaxial flow are given in Pigs.
25 and 26. Torether witn the previously derived
ecuations for the conservation of momentum and for
enthalpy, the new equation forms a closed system
of equations for calculating gas Jets discharging
into a movinp, medium. The application of the pro-
nosed hypothesis is illustrated by calculating
various parameters for the initial section of a
jet in a coaxial flow, for a turbulent heated gas

jet (with varyini, thermodynamic parameters) in a
coaxial flow, for a Jet of an incompressible fluid,
for a supersonic Jet under design and off-design
flow regimes, and for a gas liquid Jet. Comparison
of the calculated data with published experimental
data shows good agreement.

A/

Fig* 25. Flow diagram of the
initial section of a jet mix-
inn zone

1i1
ALI

Fig. 26. Flow diagram of the
main section of a jet discharging
into a concurrent flow
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10. Yakovlevskiy, 0. V. Thickness of the turbulent mix-
inr, zone on the boundary of two streams of gases
of different velocities and densities. IN: Akademiya
nauk SSSR. Izvestiya. Otdeleniye tekhnicheskikh
nauk, no. 10, 1958, 153-155.

The effect of temperature and velocity on the angu-
lar coefficient (b*) of the widening of the turbulent
mixing zone of two nonisothermal gas streams was
studied experimentally and theoretically. The ex-
perimental data obtained (Fig. 27) show that at
m = 0 (m - u2/u I , where u2 and u. refer to the
velocities of the two streams), 1* depends markedly
on the ratio of the densities of the two streams
r (r - 0 2 /o), and, therefore, the published equation
for calculating b* is not applicable to nonisothermal
streams. The following semiempirical equation for
determining b* has been derived:

- , +rm-r
where the constant c is determined experimentally.
Reduction of the experimental data in b5 , r coordinates
showed that for submerged (m - 0) Jets of h compressible
gas, b* may be calculated using the following equation:
bnpj= 0.27(U + r/2), where r (at m - 0) is determined from the
kown equation:

- .2 -F
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Fig. 27. The dependence of the angular
coefficient of the widening of the mix-
ing zone of two nonisothermal gas streams
on the ratios of the velocities (m) and
densities (r) of the two streams
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