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Results are presented for the measurement of the velocity, temperature, 
and intensity of variations in these quantities within a free circular 
jet. Data are presented an the distribution law for these variations and 
for their derivatives with respect to time, as well as on the autocer- 
relation and spectral functions of the fiuxuations in velocity and tem- 
perature. 

We m e a s u r e d  the  t u r b u l e n t  c h a r a c t e r i s t i c s  f o r  a 

j e t  of a i r  d i s c h a r g i n g  a t  a v e l o c i t y  of 35 m / s e e ( R e  
70 .  10 a) f r o m  a n o z z l e  30 m m  in d i a m e t e r .  The  

s t r e a m  of a i r  was  h e a t e d  to a m a x i m u m  of 60 ~ C o v e r  

t he  t e m p e r a t u r e  of the  a m b i e n t  m e d i u m .  

W e  d e t e r m i n e d  t he  v e l o c i t y  d i s t r i b u t i o n  in t he  j e t  
f r o m  the  d y n a m i c  h e a d ,  m e a s u r e d  by  m e a n s  of a P i t o t  
t ube  0.35 x 0 .07 m m  in s i z e ,  and w i t h  t h e  a id  of a 

m i c r o m a n o m e t e r o  T h e  m e a n  t e m p e r a t u r e s  a t  v a r i o u s  
p o i n t s  in the  j e t  w e r e  m e a s u r e d b y  m e a n s  of a c h r o m e l -  

a t u m e l  t h e r m o c o u p l e  w h o s e  j u n c t i o n  e x h i b i t e d  an  o u t -  
s i d e  d i a m e t e r  of 0~ m m ,  and a l s o  w i t h  a P P  p o t e n t i o -  
m e t e r .  T h e  t u r b u l e n t  f l u c t u a t i o n s  of v e l o c i t y  and t e m -  
p e r a t u r e  w i t h i n  t h e  j e t  w e r e  d e t e r m i n e d  w i t h  a 

t h e r m o a n e m o m e t e r .  A s i n g l e - f i l a m e n t  t u n g s t e n - w i r e  
s e n s i n g  e l e m e n t  w a s  u s e d  a s  t he  s e n s o r .  F o r  p u r p o s e s  
of m e a s u r i n g  t h e  v e l o c i t y  f l u c t u a t i o n s ,  the  s e n s o r  was  
f a b r i c a t e d  out  of a w i r e  20 p m  in d i a m e t e r  and  4.5 m m  

in l e n g t h ;  to  m e a s u r e  t h e  f l u c t u a t i o n s  in  t e m p e r a t u r e ,  
t he  s e n s o r  w a s  m a d e  of a w i r e  5 p m  in d i a m e t e r  (wi th  
the  s e n s i n g  p o r t i o n  1.5 m m  in length)  ; t h e  r e m a i n i n g  

p o r t i o n  of t h e  s e n s o r  f i l a m e n t  w a s  c o a t e d  w i t h  c o p p e r  
to  a d i a m e t e r  of 40 # m .  

A p o s i t i o n i n g  d e v i c e  w a s  u s e d  to m o v e  t h e  s e n s o r s  
w i t h i n  the  f low,  t h u s  m a k i n g  i t  p o s s i b l e  to  d e t e r m i n e  
the  m a g n i t u d e s  of t h i s  d i s p l a c e m e n t  to an  a c c u r a c y  of 

0.05 r a m .  
T h e  m e a n  and  f l u c t u a t i n g  m a g n i t u d e s  of t h e  v e t o -  

c i ty  and  t e m p e r a t u r e  w e r e  m e a s u r e d  a l o n g  t h e  s t r e a m  
a x i s  (x /d  = 0 - 1 0 )  and  a t  t he  l a t e r a l  c r o s s  s e c t i o n  of 

the  j e t ,  a t  a d i s t a n c e  of 10 d i a m e t e r s  f r o m  t h e  n o z z l e  

ou t l e t .  
T h e  v e l o c i t y  c h a r a c t e r i s t i c s  w e r e  m e a s u r e d  w i t h  

a E T A - 5 A  e l e c t r o t h e r m o a n e m o m e t e r  w h i c h  o p e r a t e d  
a t  the  c o n s t a n t  t e m p e r a t u r e  of the  s e n s o r  f i l a m e n t .  
T h e  c o n s t a n t - t e m p e r a t u r e  m e t h o d  i s  p a r t i c u l a r l y  e x -  

p e d i e n t  in m e a s u r e m e n t s  f o r  j e t s  in w h i c h  t he  f l u c t u a -  
l i o n s  a r e  p a r t i c u l a r l y  i n t e n s e ,  t h u s  m a k i n g  i t  n e c e s -  
s a r y  to a c c o u n t  f o r  t h e  n o n l i n e a r i t y  of t he  v e l o c i t y  
c h a r a c t e r i s t i c  of t he  s e n s o r .  M o r e o v e r ,  u n d e r  e o n d i -  
l i o n s  of h i g h - i n t e n s i t y  j e t - v e l o c i t y  f l u c t u a t i o n s ,  the  
c o n s t a n t - t e m p e r a t u r e  r e g i m e  p r o v i d e s  f o r  a m o r e  
q u a l i t a t i v e  c o m p e n s a t i o n  of t he  s e n s o r - f i l a m e n t  t i m e  
c o n s t a n t  t h a n  t he  r e g i m e  of  c o n s t a n t  f i l a m e n t  h e a t i n g .  

The  s e n s o r  f i l a m e n t  w a s  h e a t e d  to 150 ~ C a b o v e  the  
f low t e m p e r a t u r e ;  the  s t e e p n e s s  of the  a n e m o m e t e r  

c i r c u i t  w a s  120 A / V .  The  t i m e  c o n s t a n t  of the  c e n t e r  
f o r  t h e s e  c o n d i t i o n s  of a n e m o m e t e r - c i r c u i t  o p e r a t i o n  

w a s  d i m i n i s h e d  by a f a c t o r  of 250 r e l a t i v e  to i t s  v a l u e  
w i t h  t h e  c o n s t a n t - c u r r e n t  m e t h o d  and  a m o u n t e d  to 10 -5 

s ee .  
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Fig. I. Distribution of mean velocity, temperature, 
and intensity of turbulent fluctuations in the jet cross 
section x/d = 10: 1) U/Urea x in isothermal jet; 2) 
UflJmax in heated jet; 3) 0/0max; 4) U/Uma x from 
thermoanemometer measurement; 5) au/Umax; 6) 
g0/0max; 7) ffU/Umax according to [4]; 8) a0/0ma x 

a f t e r  [51. 

T h e  c a l i b r a t i o n  of t he  s e n s o r s  s h o w e d  t h a t  the  h e a t -  
b a l a n c e  e q u a t i o n  f o r  t he  f i l a m e n t  c a n  b e  r a t h e r  a c c u r -  

a t e l y  a p p r o x i m a t e d  b y  an  e x p r e s s i o n  of t he  f o r m  

~o5 = B + CP. (1) 

E q u a t i o n  (1) was  s u b s e q u e n t l y  t a k e n  in to  c o n s i d e r a t i o n  
in the  d e t e r m i n a t i o n  of the  m e a n  va lue  and  of t he  i n t e n -  
s i t y  of v e l o c i t y  f l u c t u a t i o n  f r o m  the  o s e i l l o g r a r n  of t h e  

a n e m o m e t e r - b r i d g e  c u r r e n t .  
F o r  p u r p o s e s  of r e c o r d i n g  on ly  t he  t e m p e r a t u r e  

v a r i a t i o n s  w i t h i n  the  f low,  we e m p l o y e d  a t h e r m o a n e -  
m o m e t e r  c i r c u i t  w h i c h  w o r k e d  on t h e  c o n s t a n t - c u r r e n t  

m e t h o d ,  s i n c e  t he  a n e m o m e t e r  f i l a m e n t  ( o p e r a t i n g  at  
c o n s t a n t  t e m p e r a t u r e )  r e t a i n s  g r e a t e r  s e n s i t i v i t y  to 
v e l o c i t y  f l u c t u a t i o n s  w h e n  the  f l u c t u a t i o n s  in t e m p e r a -  
l u r e  a r e  s u b s t a n t i a l .  F o r  t he  m e a s u r e m e n t  of t he  t e m -  
p e r a t u r e  f l u c t u a t i o n s ,  the  f i l a m e n t  was  s u p e r h e a t e d  by  
~ 0 . 1  ~ C,  and t h e  t i m e  c o n s t a n t  w a s  4 - 1 0  - t  s e e .  T h e  
s e n s i t i v i t y  of t he  s e n s o r s  to  a c h a n g e  in t e m p e r a t u r e  
w a s  d e t e r m i n e d  by  c a l i b r a t i o n .  

An  M P O - 2  loop  o s c i l l o g r a p h  ( loop IV) w a s  u s e d  to 
r e c o r d  t h e  c u r r e n t  of t h e  t h e r m o a n e m o m e t e r  b r i d g e  
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Fig. 2. Curves for the probability density of  the fluctuations 
and their derivatives in the jet cross section x / d  = 10: a) 
Pu for r / (x  + a) = O; A =-0.2 '72;  E = - 0 . 1 1 ;  b) Po; 1) r /  
(x + a) = 0; A =--0.354; E = 0.52; 2) r / (x  + a) = 0.2; A = 
1.13; E = 3.63; c) variation in the asymmetry coefficient 
in distribution of temperature-fluctuation probabilities; 
d) PU, f o r r / ( x + a )  = 0 ; e )  PO' ;1  r / ( x + a ) = 0 ;  2) r /  

(x+ a) = 0.2. 
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during the m e a s u r e m e n t  of the velocity and voltages 
applied to the senso r  in the m e a s u r e m e n t  of the t em-  
pe ra tu r e  f luctuat ions;  this device made provis ion  for 
motion pic ture  f i lm record ing  or for the use of a c o r -  
r e l ome te r  which is  a type of high-speed analog com-  
puter .  The c o r r e l o m e t e r  descr ibed  in [1] was used to 
find the m e a n - s q u a r e  values of the t empera tu re  f luc-  
tuat ions,  as well  as the f luctuat ions in velocity over 
the range in mean  velocity values (25-35 m/sec) in 
which the re la t ionship  between the heating cu r ren t  for 
the f i l ament  and the fl0w velocity is close to the l inear .  

The exper imenta l  data obtained in the form of an 
osc i l logram on the f i lm were converted into punch-  
card code notation and then processed  on an e lec t ronic  
digital  computer .  

The computat ion p rog ram made it poss ib le  to der ive  
the following cha rac t e r i s t i c s  of a s ta t ionary  random 
function: the mathemat ica l  expectation, the s tandard  
deviation,  the probabi l i ty  d is t r ibut ion  for the ampl i -  
tudes of the f luctuat ions,  the a s y m m e t r y  and excess  
p a r a m e t e r s ,  the au tocorre la t ion  and spec t ra l  functions,  
and f inal ly,  the d is t r ibut ion  of the probabi l i t ies  for the 
f i r s t  der iva t ives  of the velocity and t empe ra tu r e  f luc-  
tuat ions.  The p rog ram made provis ion for the [ i nea r i -  
cation of the a n e m o m e t e r - s e n s o r  cha rac t e r i s t i c s  on 
the bas i s  of Eq. (1) (the anemomete r  ca l ibra t ion  curve),  
and thus ensured  computat ional  re l i ab i l i ty  for the above-  
indicated cha rac t e r i s t i c s  of the velocity f luctuat ions 
for the ent i re  range  of veloci t ies .  

The m e a s u r e d  velocity and t empera tu re  prof i les  
for the flow at the nozzle  outlet were  flat. The in ten-  
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Fig. 3. Energy  spec t rum of velocity and 
t empera tu re  f luctuat ions on the jet  axis at 
the c ross  sect ion x/d = 10: 1) EU; 2) E0; 
3) calculat ion of E U according to the auto- 
cor re la t ion  curve;  4) E U after  [9]; 5) E 0 
af ter  [9]; 6) s t ra ight  l ine with angular  coef-  

f ic ient  of -5 /3 .  

si ty of turbulence  within the flow at the nozzle  outlet 
was ins ignif icant  (~u/U < 0.01). 

The prof i les  for the average values of the velocity 
and t empera tu re  in the la te ra l  c ross  sect ion of the jet 
(x/d = 10) are  we l l -gene ra l i zed  by a re la t ionship  of 
the Gauss i an -cu rve  type (Fig. la) .  The data obtained 
with the t he rmoanemomete r  agree with the Pitot  tube 
m e a s u r e m e n t s .  

A compar i son  of the prof i les  shows that the heated 
jet spreads  out over a wider  a rea  than the i so thermal  
jet,  i .e . ,  the tu rbulen t  mixing is more  intense when 
we have dif ferences  in the gas dens i t ies .  Moreover ,  

~u,P0 i 
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Fig.  4o Autocorre la t ion  functions for turbulent  
velocity and t empera tu re  f luctuat ions in the c ross  
section x/d = 10 (T, in see): 1) R U for r/(x + a) = 
= 0; 2) R 0 f o r r / ( x + a )  = 0 ;  3) R 0 f o r  r / ( x + a )  = 

= 0.08~ 

the coefficient of turbulent  the rmal  diffusivity is some-  
what higher than the coefficient of tu rbulen t  viscosi ty,  
thus yielding a t empera tu re  profi le  that is somewhat 
ful ler  than the velocity profi le .  The convergence of 
the curves  in the per iphera l  zone of the jet  shows that 
the rat io of the coefficients is apparent ly  var iable  over 
the c ross  section.  Accord ingto  analys is  [2] and accord-  
ing to the exper iments  ca r r i ed  out in [3] with liquids 
exhibiting substant ia l  d ivergent  physical  p roper t i e s ,  
the rat io of the coefficients of tu rbulen t  t he rma l  diffu- 
sivity and turbulen t  v iscosi ty  in the core of the flow 
is close to 1.4. 

The change in the intensi ty  of the fluctuation in the 
longitudinal velocity component ac ross  the flow in the 
case of i so thermal  flow and theochange in the f luc tua-  
t ions  of t empera tu re  in a heated jet  are  quite s imi la r  
(Fig. lb).  The intensi ty  maxima  are  found in the zone 
which the flow exhibits the grea tes  values for the g r a -  
dients of the averaged fields.  

These r e su l t s  are  in close agreement  with the C o r r -  
sin data [4,5]. The exis t ing divergence in the re la t ive  
in tens i t ies  of the velocity f luc tua t ions- - reach ing  30% 
in the pe r iphera l  por t ion of the jet ( r / (x + a) = 0 .12-  
0.17)--is  evidently associated with the differ ing m e a -  
su rement  methods. According to [2], the c o n s t a n t -  
cu r ren t  method in the anemomete r  operat ion employed 
by C or r s i n  can yield a s ignif icant  unders ta t ement  of 
the intensity of velocity fluctuation relative to the con- 

stant filament-temperature method, when we consider 

the nonlinearity of the calibration curve which was 

employed in these experiments. 

In measuring the intensities of the temperature fluc- 

tuations we employed a method identical to the one 
used in [5], ice., the sensor  f i laments  functioned as 
r e s i s t a n c e  t h e r m o m e t e r s .  This port ion of the r e su l t s  
is in good agreement  with the C or r s i n  m e a s u r e m e n t s .  
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A signif icant  d ivergence  is found for the r e su l t s  ob-  
tained from the data of [6], both in t e r m s  of the veto- 
c i ty-f luctuat ion in tensi ty  and the intensi ty  of the t e m -  
pe ra tu re  var ia t ion.  

According to the exper imenta l  data, at a dis tance 
of about 8d f rom the nozzle outlet the d is t r ibut ion  of the 
mean  veloci t ies  and the d is t r ibut ion  of the t empera tu re s  
in the jet become s i m i l a r .  For  the dis t r ibut ion of the 
f luctuat ion in tens i t i es  aU/Uma x and ao/Oma x we find 
no tendency toward s e l f - s i m i l a r i t y  in the m e a s u r e -  
ment  segment  (x/d = 0-10) .  The re la t ive  in tensi ty  
of the velocity f luctuations i nc rea se s  over the en t i re  
segment;  the in tens i ty  of the t empera tu re  f luctuat ions 
at f i r s t  i nc rea se s  and then,  beginning f rom x/d = 9, 
we find a tendency toward reduct ion.  

F r o m  the probabi l i ty  standpoint,  the most  complete 
cha rac te r i s t i c  of the random function is the d i s t r i bu -  
tion law. Fo r  i so t ropic  turbulence,  we establ ished that 
the Gauss ian  curve se rves  as an excel lent  approxi-  
mat ion of the d i s t r ibu t ion  curve  for the components  of 
the velocity f luctuat ions.  Thus according to the Town- 
send [7] data the d i s t r ibu t ion  is symmet r i ca l  and exhi-  
bi ts  an excess  p a r a m e t e r  in the range  2 .99-3 .  The 
probabi l i ty  densi ty  given in [8] for the t empera tu re  
fluctuations in the wake behind a heat source in an 
isotropic flow deviates  markedly  from the normal  law. 

Of pa r t i cu la r  in te res t  is the de te rmina t ion  of the 
probabi l i ty  densi ty for tu rbulence  with a la te ra l  shift, 
where the effect of the velocity and t empera tu re  g ra -  
dient may make i tself  felt .  By process ing  the der ived 
osc i l tograms of the velocity and t empera tu re  f luc tua-  
t ions,  we were  able to de te rmine  the d is t r ibut ion  den-  
s i t ies  at severa l  points  of the la tera l  c ros s  section of 
the jet.  The d is t r ibut ions  of the f luctuation ampli tudes 
at various points  in the core of the flow (0 - r/(x + 
+ a) --< 0.1) (Fig. 2a and b) do not exhibit s ignif icant  
differences.  The s ta t i s t ica l  d is t r ibut ion  is evened out 
well by the Char l i e r  curve.  With inc reas ing  dis tance 
f rom the core (rAx + a) > 0.1) the excess coefficient 
i nc reases  and the sign of the a s y m m e t r y  coefficient 
changes. 

The change in the sign of the a symmet ry  (Fig. 2c) 
is apparent ly associa ted with the predominant  ge ne r a -  
tion of in tensive  l a r g e - s c a l e  vor t ices  within a spec i -  
fic region of the jet  in which the coefficient A is close 
to zero (r/(x + a) ~ 0.1). The penet ra t ion  of such v o r -  
t ices  to the center  of the jet  and to the pe r iphe ry l eads  
to intensive f luctuat ions of correspondingly  different  
s igns,  which is consequently ref lected in the sign of 
the a symmet ry  coefficient.  

The probabi l i ty  densi t ies  of the f i r s t  der iva t ives  
with respec t  to t ime  for the f luctuat ions of the velocity 
and t empera tu re  components  differ markedly  f rom the 
n o r m a l  law (Fig. 2d and e), whereby we note a sub-  
s tant ial  i nc rease  in the probabi l i ty  density of the zero 
values of the der iva t ive  in the per iphera l  zone of the 
jet in compar i son  with the core.  This type of p roba -  
bi l i ty  d i s t r ibu t ion  of U and O and their  der iva t ives  is  
associated with the in te rmi t t ence  of the flow. 

The energy d is t r ibut ion  for the tu rbulen t  f luc tua-  
t ions with respec t  to f requencies ,  or with respec t  to 
the wave n u m b e r s ,  was de termined by pass ing  a signal  

through the na r r ow - ba nd  f i l te r  (a re la t ive  passband of 
3%) and by the m e a s u r e m e n t  of the m e a n - s q u a r e  mag-  
nitude of this s ignal  after the f i l ter  by means  of the 
co r r e lome te r .  F r o m  the derived values of the in t ens i -  
t ies  we subsequently de termined the var iance density 
for the chosen quas i - r e sonance  frequency.  The inf ra -  
sonic- f requency ana lyzer  developed by the L'vov Po ly-  
technic Insti tute served a s t h e b a n d  f i l ter .  The frequency 
range of the f i l ter  was 0.5-1000 Hz. 

In de termining  the spect ra l  density of the t e m p e r a -  
tu re  f luctuat ions--when the t he rmoanemomete r  was 
working in accordance with the cons tan t - cu r ren t  me th-  
o d - w e  introduced a cor rec t ion  factor  for the effect 
of the t ime constant  of the anemometer  sensor  f i l a -  
ment.  To ver i fy  the m e a s u r e m e n t s  and the s tandard-  
izat ion of the resu l t s ,  we used the re la t ionship  

gu,o = z E u ' ~  d[ . (2) 

The difference between the r igh t -  and left-hand m e m -  
be r s  of Eq. (2)was  insignif icant .  In pa r t i cu la r ,  in the 
de terminat ion  of the one-d imens iona l  spec t rum of the 
velocity f luctuat ions,  the divergence amounted to 4%. 

The spect rum of the longitudinal  velocity f luc tua-  
t ions and of the t empera tu re  f luctuations on the jet  
axis was taken for a f requency range of 4-1000 Hz 
(wave number s  of 1.0zl. 10-2-2.6 cm -1) (Fig. 3). Ana l -  
ys is  of the curves  shows that 75% of the f luc tua-  
tion energy is  conc_entrated in the wave-number  range 
up to 1 cm -1. There  is no s ignif icant  difference be -  
tween the spec t ra  of the velocity and t e mpe r a t u r e  f luc-  
tuationso Both of the spec t ra  in the region of large 
wave numbers  a re  close to the Kolmogorov spect ra l  
law (-5/3) .  In compar i son  with the r e su l t s  of Cor r s in  
[9], the spec t ra l -dens i ty  m e a s u r e m e n t s  which we c a r -  
r ied out are  broadened by an order  of magnitude in 
the region of lower wave numbe r s  cor responding  to 
energy-conta in ing  vor t ices .  In both of the w a v e - n u m -  
be r  ranges ,  the comparable  spec t ra  exhibit no s ign i -  
f icant  d ivergences .  

P roces s ing  of the osc i l lograms  gave us  one of the 
in tegra l  cha rac te r i s t i c s  which ref lected the i n t e r r e -  
lat ionship of the t ime var ia t ions- - the  normed autocor-  
re la t ion  function (Fig. 4). 

The autocorre la t ion  functions of the pulsat ion com-  
ponents of U and 0 at all  points of the flow can be 
approximated by an exponential  curve.  The t ime co r -  
r e l a t ions ' fo r  the cent ra l  port ion of the jet  (r/(x + a) - 
~< 0.05) a re  close to those represen ted  in the f igure 
by the autocorre la t ion  curves  of the f luctuat ions on 
the jet axis. We find some divergence  between the co r -  
re la t ion  functions of the velocity and t e mpe r a t u r e  f luc-  
tuat ions for values of T < 1 .5 .10  -3, whereas  the spec-  
t r a l  dens i t ies  of these f luctuations are close to one 
another.  This  is apparent ly  associated with the effect 
of the thermal  ine r ta  of the sensor  in me a su r i ng  the 
t empera tu re  f luctuat ions.  The effect of the t ime  con-  
stant for the sensor  f i lament  in the de te rmina t ion  of 
the autocorre la t ion  function of the t empera tu re  f luc-  
tuat ions was not taken into considera t ion;  the ine r t i a  
was taken into considera t ion in the analys is  of the 
spec t rum.  
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The t ime cha rac t e r i s t i c s  of turbulence  can be found 
f rom the au tocor re la t ion  curve.  The magnitude of the 
la rges t  t ime re la t ionship  for the f luctuations (macro -  
scale) can be assumed equal to Te = 1 .2 .10  -3 see ; the  
t ime segment  ~-e = 0.7 • 10 -3 sec cor responds  to the 
mos t  rapid changes in the f luctuation magni tudes  on 
the axis of the jet (Euler  mic rosca le ) .  This  smal l  dif-  
f e rence  be tweenthe  m a c r o -  and m i c r o - s c a l e s  indicates 
the compara t ive ly  un i form s t ruc tu re  of the tu rbu len t  
vor t ices  and the t e m p e r a t u r e  pe r tu rba t ions .  

For  points in the jet  removed f rom the axis by more  
then r j x  + a) = 0.05, the fo rm of the cor re la t ion  curve 
is f la t ter  and the f rac t ion  of the low-frequency f luc tua-  
tion energy i nc r ea se s .  

The spec t ra l  function can be de te rmined  by F o u r i e r  
t r ans fo rmat ion  of the au tocorre la t ion  function. F igure  
3 shows the d i s t r ibu t ion  of the spec t ra l  densi ty for the 
velocity f luctuat ions on the jet  axis,  found in this m a n -  
her .  For  a wave number  K = 0 the spect ra l  densi ty 
was 1.71 cm. The values  of the spec t ra l  densi ty,  c a l -  
culated f rom the au tocor re la t ion  function and derived 
by m e a s u r e m e n t  with the aid of the band f i l te r ,  a re  
in good agreement .  

NOTATION 

d is the nozzle  d iamete r ;  x is the coordinate  along 
the jet  axis;  r is the rad ius  of the m e a s u r e m e n t  point 
a is the dis tance f rom the nozzle outlet section to the 
condit ional  d i scharge  source;  U is the longitudinal  

velocity; U is the longitudinal  component of the f luc tua-  
t ion velocity;  Uma x is the velocity at the jet axis;  0- is 
the excess  t empe ra tu r e  at a point in the flow; 0ma x is 
the excess  t empera tu re  at the jet  axis;  0 is t h e t e m p e r a -  
ture  f luctuation; u U is the in tensi ty  of the longitudinal  
velocity f luctuat ions;  0-0 is the in tens i ty  of the t e m p e r -  
a ture  f luctuat ions;  PU and PU'  a re ,  respec t ive ly ,  the 

probabi l i ty  densi t ies  for the velocity f luctuations and 
its t ime der ivat ive;  P0 and P0'  are ,  respect ively ,  the 
probabi l i ty  densi ty for the t empera tu re  fluctuations 
and its t ime  der ivat ive;  E is the excess coefficient;  
A is the a s y m m e t r y  coefficient;  R U and R 0 a re ,  r e s -  
pect ively,  the autocorre la t ion  coefficients for the velo-  
city and t empera tu re  f luctuat ions;  T e is the Euler  t ime 
ma c r osc a l e ;  T e is the Eu le r  t ime mic rosca l e ;  E U and 
E 0 are ,  respec t ive ly ,  the spec t ra l  densi t ies  for the 
turbulent  f luctuations in velocity and t empera tu re ;  f 
is the frequency;  K = 2~//U [s the wave number ;  I is 
the f i l ament -hea t ing  cur ren t ;  T is the t ime;  Re is the 
Reynolds number .  
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