
CALCULATION OF PARAMETERS OF A FLAT 
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On the basis of the solution of the problem of a flat turbulent jet in a deflecting s t r eam ob- 
tained ea r l i e r  by the author a method is suggested for calculating the pa ramete r s  of the 
main sect ion of such a jet with allowance for the rarefac t ion  occurr ing  behind it. The amount 
of ra refac t ion  was determined f rom an experiment  and is accounted for by a second empir ica l  
constant.  The resul t s  of a calculation by the proposed method are in sa t i s fac tory  agree -  
ment with the experimental  data.  

The solution of the problem of a flat turbulent jet in a deflecting s t r eam is presented in [1, 2]. The 
resul t s  obtained in these works show that when there is sa t i s fac tory  agreement  for the velocity u m at the 
axis of the jet and for the ordinates 5 t and 62 of its boundaries the axis of the jet is bent less than indicated 
by the experimental  resu l t s .  The suggest ion was made in [2] that this difference between experiment  and 
calculation is explained by the fact that ra refac t ion  behind the jet was not taken into account. In the p re -  
sent repor t  an attempt is made to allow for this rarefact ion.  

To a cer ta in  extent the flow in the zone behind the jet is analogous to the flow in the Mdead, zone be-  
hind a plate mounted at right angles to the impinging s t r e am.  From physical  considerat ions one should ex-  
pect  that the ra re fac t ion  behind a jet must  be somewhat less than behind a plate. In fact, when a deflecting 
s t r e a m  flows around a jet the re turn cur ren ts  behind it are stimulated with less velocity than behind a plate. 
This occurs  because the velocity in the jet which separa tes  the "dead" zone f rom the res t  of the flow de- 
creases steadily, and if the return currents are intense then the rarefaction behind the jet must be some- 

what less than behind a plate. 

From the results of the experiment described in [2] the maximum relative rarefaction behind the jet 
was constructed as a function of the ratio of the initial velocity u 0 of the jet to the velocity voo of the deflect- 
ing stream (Fig. I). It turned out that this rarefaction is approximately constant and equal to 2Ap/pV 2 

= 0.7. The value of the rarefaction obtained in this way can be considered as a second empirical constant. 

The rarefaction found from the experiment was used in the calculation whose results are presented in 

Figs. 2 and 3. It is seen from a comparison with the experiment that with the introduction of a correc- 

tion for the rarefaction the results of the calculation agree satisfactorily with the experimental data for all 

the parameters examined. 

Values calculated on an electronic computer for the ordinate of the exterior (facing toward the stream) 

boundary ~e of the jet, the distance x along the axis of the jet, the radius of curvature R of the axis, and 

the relative velocity us/V ~ at the exterior boundary of the jet as functions of the coordinate ~ and the value 
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Fig. 1. Dependence of relative rarefaction on 

ratio of initial velocity of jet to velocity of de- 

flecting stream (black circles were obtained in 

a study of the main section of the jet, open cir- 

cles in a study of the initial section). 
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Fig. 2. Compar ison  of calculated axis of jet  with exper imen-  
tal data: solid line, calculation for  u0/V~ = 5; 'broken l ine,  ca l -  
culation for  u0/V~ = 9.81; 1) exper iment  [4] at u0/V~ = 10); 2) 
[2] at  u0/V~ = 9.81; 3) [21 at u0/V~ = 5; 4) [5] at u0/V~ = 5; 5) 
[41 at ua/V~ = 5. 

Fig. 3. Comparison of calculated boundaries of jet  and ve loc-  
ity at axis of jet  obtained on e lec t ronic  computer  with exper i -  
mental  data at u 0/V~ = 5: solid l ines;  calculations:  1) exper i -  
ment  [2]; 2) [3]. 
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Fig. 4. Comparison of 
ordinates  of jet  and 
veloci ty  at axis of jet  
calculated by proposed 
method with exper imen-  
ta l  data [3] (u0/V~ = 7.06). 

K 2 = (uo/V~c)2b02 are presented in Table I .  (Here (4, ~) is an orthogonal coordi- 
nate sys tem whose axes are  d i rec ted  along the d i rec t ion  of the deflecting 
s t r e am (4) and along the d i rec t ion of d ischarge  of the jet  (~), while the origin of 
the coordinates  is located at the fictive source ;  b02 is the width of the in te r ior  

i downst ream par t  of the nozzle cut re la t ive  to the width of the nozzle b 0. This 

i quantity is de te rmined  f rom the solution for  the initial sect ion [2]. To a f i r s t  
approximation it can be set  at 0.5.) 

The calculations showed that the dependences presented  in Table  1 are  
prac t ica l ly  unchanged during var ia t ion of the empir ica l  constant fl in the range 
0.08-0.1 usually encountered.  The data presented  in the table can be used for  
a simplified calculation of the p a r am e te r s  of a je t  in a deflecting s t r e am in the 
range of var ia t ion in u0/Vr f rom 3.5 to 10. Such a simplif ied calculation can 
be organized in the following way. Through interpolat ion f rom Table  1, ~e, x, 
R, and u 6 / V ~  as functions of } are  determined for  a given K 2. These  are  the 
auxil iary values for  calculation by the equations presented in [1] and [2]. Since 
the dependence of 52 on x is close to l inear,  as seen  f rom Fig. 3, one can as-  
sume for s implici ty  that this dependence is the same as that in a submerged 
jet, i .e. ,  

6~------ 225 ~x. (I) 
8 

Thus, with the help of Eq.  (1) and the dependence x(4) found f rom Table 1 one can find the ordinate 62 
of the in ter ior  boundary of the jet  as a function of ~. Then 61 and u m / V  ~ are  de termined  f rom the equations 
obtained in [1] for  the values of 52 found using Eq.  (1): 

U m i)-~ K~ 

" 1 1 2  8 4  R , 

6~ = - - a ,  (1 - u6 "]~"3 (3) 
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To determine the axis of the jet one must  plot the value of 
5 i f rom the external  boundary along the normal  to it. Here it is 
assumed that the normal  to the extcrnal  boundary of the jet dif- 
fers  little f rom the normal  to the axis.  As a result ,  all the 
pa r ame te r s  of the jet are  obtained as functions of the coordinate 

which is reckoned f rom the fictive source .  In o rder  to de te r -  
mine the connection between the pa rame te r s  found and the nozzle 
cut one must  find f rom the solution for the main section of the jet 
the coordinates of the c ross  sect ion in which the velocity u m at 
the axis is equal to the velocity u 0 at the nozzle cut, i.e., find the 
coordinates of the transi t ion c ross  section.  F r o m  Eq. (2), neg-  
lecting the smal l  contribution f rom the t e rm 62/1:{ and using the 
condition u m = u0, we obtain an equation for the ordinate of the 
in ter ior  boundary of the jet at the t ransi t ion c ros s  sect ion 

K2 (4) 
62t := ~ 33 

- -  ( U o l V ~ . )  ~ 
112 

F rom (1) we have 

8 
x t 6._,t 10-~. (5) 

225 

Knowing x t one can find the corresponding values of ~t and 
gt. If one assumes  that the t ransi t ion c ross  sect ion coincides 
with the end of the initial sect ion then one must  decrease  the 

values ge, x, and ~ found bY(gt-gi)  , (x t -xi)  , and ~t-(~t-61t),  r e -  
spectively in order  to find the corresponding coordinates  reckoned 
f rom the nozzle cut. Here gi and gi are  the coordinates of the end 
of the initial sect ion and x i is the distance along the axis of the jet 
f rom the nozzle cut to the last c ro s s  sect ion of the initial section, 
which to a f i rs t  approximation can be considered as the same as 
for a submerged jet and equal to (see [2]) 

35 
x i  __  _ _  ~ - 2 .  

1248 

To determine ~i and ~i the radius of curvature  of the axis of 
the jet in the initial sect ion is f i rs t  calculated f rom the equation 

R =:2 [In (u~ 1 -I  . (6) 
( t ~ o . i V ~ ) "  - -  1 

Following [2], one can assume that the radius of curvature  
of the axis of the jet is constant in the initial section.  Then ~i 
and ~i represent  the coordinates of a point on a c i rc le  having a 
radius R and a center  which does not coincide with the origin 
of the coordinates,  and they are determined f rom the equations 

~ i =  i T ( l - - c o s  xi 

A calculation was made by the method descr ibed for u0/V~o 
= 7.06 (K 2 = 25). Its resul ts  are  presented in Fig. 4. It is seen 
f rom a compar i son  of the calculation with the experimental  data 
of [3] that the calculation is in sa t i s fac tory  agreement  with ex-  
per iment .  
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are curvilinear coordinates: x eoineides with axis of jet and is reckoned from fiat 
source, y is orthogonal to x and directed from axis of jet toward its external boundary; 
are the longitudinal and transverse coordinates: ~ coincides with direction of deflecting 

of stream and is reckoned from flat source, ~ coincides with direetion of emergence 
of jet; 
are the ordinates of y at external and internal boundaries of jet; 
is the ratio of width of internal (downstream) part of nozzle Cut to width of nozzle; 
is the relative kinematic impulse of internal part of jet; 
is the rarefaction behind jet; 
are the density, velocity of emergence of jet, and velocity of deflecting stream, re- 
spectively; 
are the velocity at axis of jet and at its external boundary; 
is the radius of curvature of axis of jet; 
is the empirical constant; 
is the end of initial section; 
is the t rans i t ion  c r o s s  sect ion.  
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