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A study is made of the applicabil i ty of indirect  methods for  the de te rmina t ion  of the local skin 
f r ic t ion coeff icient  in a turbulent  boundary layer  with a longitudinal p r e s s u r e  gradient .  

w 1. The expe r imen ta l  de terminat ion  of the local skin f r ic t ion coefficient  cf for  flow with a longitudinal 
p r e s s u r e  gradient  around a body is one of the mos t  complex,  and as yet  unsolved, p rob lems  in exper imenta l  
ae rodynamics .  The method  of weight m e a s u r e m e n t  of f r ic t ional  force  by means  of a "floating" e lement  is the 
m o s t  re l iable  for  g r ad i en t - f r ee  flow of a liquid or  gas ,  since this method is not assoc ia ted  with any assumpt ions  
about the nature of the flow in the boundary layer .  However ,  the method of weight m e a s u r e m e n t  of f r ic t ional  
force  is prac t ica l ly  unusable when there is a longitudinal p r e s s u r e  gradient  p resen t  in the flow ( d P / d x  r 0), 
since the m e a s u r e m e n t  of f r ic t ional  force  is then assoc ia ted  with the development  of an ex t remely  complex 
s y s t e m  of co r rec t ions  for  the d i sp lacement  of the "floating" e lement  produced by the p r e s s u r e  forces .  As a 
resu l t ,  one of the main advantages  of the exper imen ta l  technique using a "floating" e lement  is lost;  this is the 
fact  that no p r e l im ina ry  ca l ibra t ion is required  for  weight m e a s u r e m e n t  of the f r ic t ional  force  except for  a 
de te rmina t ion  of the e las t ic  constant  of the weight sys tem.  This  led to a si tuation where  mainly those indirect  
methods for  the de te rmina t ion  of skin fr ict ion were  being used in expe r imen ta l  p rac t ice  when d P / d x  ~ 0 which 
were  developed for  g r ad i en t - f r ee  flow of liquid o r g a s  as the s imples t  and mos t  p rac t ica l  in use. 

Indi rec t  methods for  the de te rmina t ion  of cf  a re  mainly based on the m e a s u r e m e n t  of velocity (or of its 
distr ibution) in the boundary layer  with the universal i ty  of the velocity dis tr ibut ion laws in the boundary layer  
being assumed  to exist .  At the p re sen t  t ime,  however ,  the n e c e s s a r y  information is lacking which would make 
it poss ible  to judge the degree  of suitabil i ty of indirect  methods for  the de te rmina t ion  of skin f r ic t ion in a 
turbulent boundary layer  with a longitudinal p r e s s u r e  gradient .  This  r e su l t s  p r i m a r i l y  f rom the absence of 
re l iable  methods for  ca l ibra t ing  the indirect  methods under  these conditions,  which e l imina tes  the possibi l i ty 
of an objective evaluation. Neve r the l e s s ,  there  is a bas i s  for  assuming  that indirect  methods successfu l ly  used 
for  the de te rmina t ion  of cf in g r ad i en t - f r ee  flow can a lso  be used in the case  of flows with compara t ive ly  smal l  
longitudinal p r e s s u r e  grad ien ts ,  since it is considered that the velocity dis t r ibut ion law in a boundary laye r in 
the flow region where  the effect  of v iscosi ty  is d i rec t ly  felt  (wall law) is only slightly sensi t ive to ex te rna l  con-  
di t ions,  i .e. ,  to the influence of a longitudinal p r e s s u r e  gradient .  However ,  the l imits  of applicabil i ty of the 
indi rec t  methods have not been determined r igorous ly ,  which cons iderably  l imits  thei r  p rac t i ca l  use. 

In this si tuation,  there is undoubted in teres t  in making a compara t ive  analys is  under identical conditions 
of gradient  flow of the eff iciency of var ious  indirect  methods for  the de terminat ion  of skin fr ic t ion with s i m u l -  
taneous checking of the assumpt ions  made in the c rea t ion  of these methods with r e spec t  to the nature of the 
flow in the boundary layer  fo r  the actual  conditions under which m e a s u r e m e n t  is made.  It can be assumed that 
such an analys is  makes  it possible  to obtain the information n e c e s s a r y  to a r r i ve  at some judgment as to the 
l imits  of applicabil i ty of the var ious  indirect  methods.  

This  paper  p resen t s  the resu l t s  of a compar i son  of the eight indirect  methods mos t  common in e x p e r i -  
menta l  p rac t i ce  under conditions where  the p r e s s u r e  gradient  va r i e s  both smoothly and abruptly along the flow, 
a l so  including cases  where  there is a s t rong effect  of p reh i s to ry  on the development  of the turbulent boundary 
layer .  
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.s 2. Indirect  methods for measur ing skin frict ion which are based on the use of the wall law 

u =~ ( gu,p I'l, 
u. \---~t-- j 

which follows f rom the logical p remise  concerning the unambiguous dependence of the shear  s t ress  at the 
wall,  Tw = Pu2*, on the velocity u at a distance y f rom the wal l ,  on the viscosi ty p. and on the density p, can 
be divided into two groups. One of them includes measurement  of velocity in the immediate neighborhood of 
the wall in the region of the viscous sublayer  of the turbulent boundary layer;  the other includes m e a s u r e -  
meat  of velocity outside the viscous sublayer  in the transit ion region and In the turbulent core  of the boundary 
layer.  The methods in the f i rs t  group are mainly based on the assumption of a Hnear velocity distribution in 
the viscous sublayer ,  for which the value of the shear  s t r e ss  can be found f rom the relation 

l/, 

x w == p, - - - - -  , 
Y 

and the methods in the second group are  based on the assumption of the universali ty of the logarithmic velocity 
distr ibution law. 

Fo r  the measurement  of velocity in the immediate neighborhood of a wail in the region of the viscous 
sublayer ,  one ordinarily uses ei ther  flat micropitot  tubes or surface devices.  In the f i rs t  case ,  the shear  
s t r e ss  is determined f rom the initial slope of the linear velocity distribution in the viscous sublayer measured 
in the immediate vicinity of the wail. When surface devices are used, the value of T w is determined from 
the value of the velocity averaged over the height of a surface device located on the wall. In both cases  it is 
necessa ry  to consider  the effect of the nearness  of the wall, of the t ransverse  velocity gradient,  and of flow 
viscosi ty  on readings f rom the micropitot  tube or surface device [1, 2]. Fo r  surface devices made f rom safe ty-  
r azor  blades arid deeply submerged in the viscous sublayer ,  the following cal ibrat ion relation is recommended 

[21: 

"~wh~4p v~ = 0.3255 .( 4,---S ~ ] a P h  2 ~0.r335, (1) 

where AP = P0 - Ps t  is the measured pressure  differential  between total and static p re s su re ,  which determines  
the average value of the velocity u over the height of the device; y = h is the height of the surface device up to 
its sharp front edge. 

Also in the f i rs t  group of methods is the fence method [3], which consists  of measurement  of the d i f fe r -  
ence between the p r e s su re s  before and behind a fence that projects  a few hundredths of a mi l l imeter  above the 
surface along which flow occurs ,  and the method for  determination of cf by means of a probe with a heated 
element  mounted flush with the surface along which flow occurs  [4]. 

Assuming linearity of the velocity distribution near  the wall, the difference between the p res su res  be-  
fore and behind the fence will be proport ional  to the frict ional s t r e s s  at the wall: 

AP ---- klxw, (2) 

where the  coefficient kl depends on the height of the fence and is determined by calibration. 

The probe with heated element (thermal probe) has received widespread acceptance in foreign pract ice  
for  the experimental  determinat ion of surface friction. As has been shown [4], the dimensionless coefficient 
of heat t r ans fe r  f rom the heated element of the probe to the gas f lowin  the immediate neighborhood of the wall 
is proport ional  to the cube root of the fr ict ional  s t ress  on the wall: 

Nu t, ~,,,3 (3) 

where Nu = coast (12R/AT). Here R and I are the resistance and the current flowing through the heated ele- 
ment; AT is the difference between the temperature of the heated element of the probe and the temperature 
of the oncoming flow. 

The universal nature of the wall law was used by Clauser [5] for determination of the local skin friction 
coefficient from measurements of the velocity distribution in the turbulent core of the boundary layer and aiso 
by Preston [6] for measurements of the velocity with a circular pitot tube of diameter D located directly on the 
surface along which flow occurred. Using the logarithmic velocity distribution law 

.__~u = 5.31g _yu. + 5.8, (4) 
U ,  u 

528 



where the coefficients were  selected on the basis of best  agreement  with the experimental  data for  gradient -  
free flow [7], and the equalities 

u u ( + ) , , : 2  u , g  u ~ g  ( + ) , 2  2% 
; - -  ; O f :  - -  , �9 

u,  u| v ~, pu ~ 

one can obtain the following relat ion for the determination of the local skin fr ict ion coefficient:  

= 5.31g +5.31g +5.8 . 
U~ u 

(5) 

By using the P res ton  method, the requirement  for measurement  of the velocity near  the wall is con-  
siderably softened in compar ison  with the case where frict ion is determined from the initial slope of the ex-  
per imental  curve for the velocity distribution in the viscous sublayer or f rom surface devices deeply sub-  
merged within the viscous sublayer.  When the size of a c i r cu la r  pitot tube located on the surface along which 
flow occurs  is such that it includes the viscous sublayer  and the t ransi t ional  {buffer) region between the viscous 
sublayer  and the turbulent core  of the boundary layer,  the following cal ibrat ion relation is recommended [8]: 

y* = 0.8287--0.1381x* + 0.1437x*'--0.006x *~ (6) 

for  1.5 < y* < 3.5, where y* = log O - w D 2 / 4 p u  2) and x* = log ( A p D 2 / 4 p v 2 ) .  If the tube includes the region of the 
turbulent core  of the boundary layer but does not extend beyond the region where the wail law is satisfied, the 
cal ibrat ion relation is wri t ten in the form~ [9] 

x* = g* + 21g (1.95g* + 4.404) (7) 

where 3.5 < y* < 5.3. 

Standing somewhat apart  in the se t  of indirect methods is the method of Ludweig and Tillmann [10] which 
is based on measurement  of the velocity distribution over the entire thickness of the boundary layer,  including 
the external  region of the turbulent boundary laye r where viscosi ty is not a dominant factor.  Based on their 
exper iments  in a boundary Layer with a positive p ressu re  gradient,  Ludweig and Tillmann proposed the follow- 
ing empi r ica l  relation: 

0.246 
cf = lOO.67SHRe**O.~6 s , (8) 

where 

;( 
H = - -  ~- ; ~ Ke** 

u-L--1--  u du 
U~ U~ 

0 

, u |  6 * *  

A s imi la r  simple relation was also obtained byHead  and Patel  [11]: 

c I = exp (a l l  + b), (9) 

where  a = 0.02-0.387c + 0.02802 - 0.0007c3; b = 0.192 - 0.835c + 0.063c 2 - 0.002c3; c = lnRe**. Equation (9) was 
obtained by theoret ical  methods f rom considerat ion of the integral relation of momenta writ ten for  the case 
d P / d x ;  ~ 0 with the nonequilibrium nature of the flow taken into consideration.  It should be pointed out here 
that Eqs. (8) and (9) are  recommended as theoret ical  equations but they can also be used for experimental  de-  
terminat ion of cf. 

3. The indirect  methods described in Sec. 2 and used in our experiments  for  the determination of skin 
frict ion when d P / d x  ;" 0 were  f i rs t  tested under the simplest  conditions of gradient - f ree  flow. 

Experimental  values of cf obtained by the weight method by means of a "floating,' element (see curve I, 
Fig. 1) were taken as control  values for  skin friction. Values of cf determined from Eqs. (1_.) and (5)-(9) are  
compared with curve I in Fig. lb. Also shown are  values of cf obtained from the initial slope of the velocity 
distribution in the viscous sublayer  measured with a flat micropitot  tube and correc ted  for  the effects of 

/The numerical  values of the coefficients in Eqs. (6) and (7) are  determined by selection of the coefficients A, 
]3, and C in the logari thmic velocity distribution law in the transi t ion region of the turbulent boundary, u / u ,  = 
Alog (yu . /u  + C) + B,  and in the turbulent core ,  u / u ,  = A l o g ( y u J ~  ) + B. 
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Fig. 1. Dependence of the local skin f r ic t ion coefficient  measu red  by the weight method on Reynolds 
number  for  d P / d x  = 0 (a); compar i son  of values of the local skin fr ic t ion coeff icient  measured  by in-  
d i r ec t  methods for  d P / d x  = 0 and v a r i o u s  Reynolds numbers  with values  of cf obtained by the weight 
method {b): 1) method of ca l ibra ted  sur face  devices ;  2) Ludwe ig -T i l lmann  method; 3) H e a d - P a t e [  
method; 4) method of initial slope of velocity profi le  in viscous subiayer ;  5) P r e s t o n  method; 6) 
C lause r  method; 7) weight m e a s u r e m e n t s .  

Fig. 2. Variat ion of flow c h a r a c t e r i s t i c s  in the boundary layer  (a) (u~, m / s e c ;  d P / d x ,  N / m 3 ) ;  
compar i son  of values  of local skin fr ic t ion coeff icient  measu red  by var ious  indirect  methods for  d P /  
dx r 0 (b): 1) method of sur face  devices ;  2) method of initial slope of velocity prof i le  in viscous  sub-  
layer ;  3) method of probe with heated e lement ;  4) fence method; 5) P r e s t o n  method; 6) Ludwe ig -  
Ti l lmann method; 7) I - I ead-Pa te [  method; 8) C lause r  method. 

v i scos i ty ,  nea rness  to the wall ,  and veloci ty gradient  on the readings of the microp i to t  tube [1], W e i g h t  m e a -  
su remen t s  of f r ic t ional  force  were  a l so  used to obtain ca l ibra t ion re la t ions  for  the fence sensor  and the probe 
with heated e lement ,  which requi re  individual ca l ibra t ion [see Eqs.  (2) and (3)]. In the weight de terminat ion  of 
cf,  highly sensi t ive  magnetoe lec t r ic  weights [12] were  used with a f r ic t ional  force  m e a s u r e m e n t  range f rom 1 to 
10 mg and inductive weights [13] with a m e a s u r e m e n t  range f rom 5 to 50 mg. The "floating" e lement  was p r e -  
pared in accordance  with the recommendat ions  of [14] and Was of r ec tangu la r  shape with dimensions  15 • 30 
m m  and 4 • 12.5 m m ,  respec t ive ly .  

As is c l ea r  f r o m  Fig. lb ,  all  expe r imen ta l  points a re  grouped around curve  I independently of the method 
of m e a s u r e m e n t  with a s tandard deviat ion of 4.5%. This  indicates the excel lent  efficiency of the methods we 
selected fo r  the de te rmina t ion  of cf under conditions of g rad ien t - f r ee  flow. 

A longitudinal p r e s s u r e  gradient  in the boundary layer  was c rea ted  by means  of a shaped inse r t  installed 
in the opera t ing  port ion of the wind tunnel. F igure  2a shows the var ia t ion in the values of d P / d x  and in the 
d imens ion less  shape p a r a m e t e r  F = (v/pu 3) (dP /dx) ,  which c h a r a c t e r i z e s  the longitudinal p r e s s u r e  gradient  
along the inser t .  Also shown is the var ia t ion  of the velocity at the outer l imit  of the boundary layer  and the 
var ia t ion  of the shape p a r a m e t e r  H of the boundary layer .  

Values of local skin fr ic t ion coeff ic ients  cf de te rmined  at 18 measu r ing  stat ions along the inser t  by means  
of indi rec t  methods a re  shown in Fig. 2b. As is c l ea r ,  up to F = - 4 . 1 0  -6 (fourth station) where  a smooth and 
monotonic var ia t ion  of the negative p r e s s u r e  gradient  st i l l  occurs ,  all  expe r imen ta l  points can be descr ibed  in-  
dependently- of the method of m e a s u r e m e n t  by a single common curve .  F a r t h e r  downs t ream,  where  d 2 p / d x  2 
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Fig. 3. Velocity dis t r ibut ion in a boundary layer  with a longitu-  
dinal p r e s s u r e  gradient :  1) u .  f rom probe with heated e lement ;  
2) u .  f rom the Ludwe ig -T i l lmann  method. 

changes sign and the subsequent  drop in the value of the shape p a r a m e t e r  begins to slow down (after which the 
p a r a m e t e r  F begins to r i se) ,  spli t t ing of the expe r imen ta l  points along two paths is observed.  One of these 
paths includes expe r imen ta l  points obtained by" mearm of methods based on the m e a s u r e m e n t  of flow p a r a m e t e r s  
in the immedia te  neighborhood of the wall  within the viscous sublayer ,  and the other path includes e x p e r i m e n -  
tal  points obtained by means  of methods based on m e a s u r e m e n t  of veloci ty within the confines of the region,  
which is covered  by the effect  of the wall  law or based on the velocity distr ibution over  the ent i re  thickness  of 
the boundary layer .  The spread of the exper imen ta l  points d e c r e a s e s  marked ly  s ta r t ing  at s tat ion 10 with d P /  
dx and the shape p a r a m e t e r  F taking on posit ive values.  

In Fig. 2b, the solid line connects  expe r imen ta l  points obtained by a probe with a heated e lement ,~  and 
the dashed line connects  expe r imen ta l  points obtained by means of Eq. (5) in the C lause r  method. We cons ider  
these methods of m e a s u r e m e n t  as mos t  typical  of the group of indirect  methods specified above. Values of cf 
obtained by the use of Eq. (8) f rom Ludweig and Ti l lmann are  connected by the dashed-dot  line occupying an 
in te rmedia te  posit ion in Fig. 2b, which possibly r e su l t s  f rom the specif ic  c h a r a c t e r i s t i c s  for  which this r e l a -  
tion was obtained. Indeed, although the e m p i r i c a l  re lat ion (8), which connects  fr ict ion with the shape p a r a m -  
e t e r  H for  the velocity profi le in the boundary layer ,  was  a lso  obtained under an assumpt ion  of the validity of 
the wail  law for  a posi t ive p r e s s u r e  gradient ,  the actual  value of the fr ict ion in this case  was taken by Ludweig 
and Ti l lmann f rom m e a s u r e m e n t s  made with a probe with a heated e lement  located d i rec t ly  on the sur face  along 
which flow occurred.  

We now compare  the expe r imen ta l  dis t r ibut ion obtained for  the values of cf along the inser t  with the 
prof i les  of averaged veloci ty in the boundary l ayer  measu red  at the same measu r ing  stat ions.  

In Fig. 3, the expe r imen ta l  velocity dis tr ibut ion in the boundary layer  is compared  with the logar i thmic 
law (4), where  u ,  = q -~" ]~was  de te rmined  both with a probe with heated e lement  (points 1) and by means  of 
Eq. (8) f rom Ludweig and Ti l lmann (points 2), i .e . ,  by use of methods in the f i r s t  and second groups.  

As is apparent ,  up to stat ion 4 where  the exper imenta l  values of cf  a re  st i l l  unsplit  and fall  on a single 
common curve ,  a l inear  velocity dis t r ibut ion occurs  in the viscous  sublayer  and the logar i thmic velocity d i s -  
t r ibution law r ema i ns  valid in the turbulent  core  of the boundary layer .  Thus,  the assumpt ions  made as the 
bas i s  of indirect  methods belonging both to the f i r s t  and second groups find exper imen ta l  ver i f icat ion.  

At s tat ions 5-10, the logar i thmic law (4) is not sat isf ied and a sharp  deviation of expe r imen ta l  points 
f rom the logar i thmic  velocity dis tr ibut ion law is observed over  the ent i re  thickness of the boundary layer ,  
while the velocity dis t r ibut ion in the viscous sub layer  can st i l l  be assumed  to be prac t ica l ly  l inear  (see points 
1 in Fig. 3). With a posit ive p r e s s u r e  gradient  (stations 10-16), the wall  law is sat isf ied somewhat  be t t e r  and 
this leads to convergence of the exper imenta l  values  of cf obtained by the different  methods.  

Consequently,  in those cases  where  a marked  change in the longitudinal p r e s s u r e  gradient  occurs ,  where  
the effect  of the p reh i s to ry  of the boundary l ayer  on its development  is noticeable in the boundary layer ,  and 
where  a tendency toward lamination of the averaged velocity profi le  is observed (see Fig. 3, s tat ions 6-9), the 

tThe contr ibution to the average  f r ic t ion f rom a pulsating component  was insignificant in these exper iments .  
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Fig. 4. Dependence of relative skin friction coefficient 
@ on the shape p a r a m e t e r s  for  a longitudinal p r e s s u r e  
gradient  F,  f, A and II(a); dependence of re la t ive  skin 
f r ic t ion coefficient @ and skin f r ic t ion coefficient  cf  on 
the shape p a r a m e t e r  G (b). 

use of indirect  methods based on the universal i ty  of the logar i thmic velocity dis tr ibut ion law is not justified. 
At the same  t ime,  laminat ion of the turbulent  boundary l ayer  does not e l iminate  the possibi l i ty  of using methods 
in the f i r s t  group for  the de te rmina t ion  of cf. The la t te r  is in ag reemen t  with the conclusions of [15] where  it 
was  shown that the ca l ib ra t ion  equation for  a probe with a heated e lement  inser ted  flush with the sur face  along 
which flow occurs  r em a i ns  the same  both in a turbulent  and l aminar  boundary layer .  This  r esu l t s  f rom the 
fact  that the t he rma l  probe  is deeply buried in the viscous  sublayer  where the flow is near ly  l amina r  in any 
c a s e .  

Thus ,  the resu l t s  presented  provide a bas i s  for  supposing that in the de te rmina t ion  of the skin f r ic t ion 
coeff ic ient  in a turbulent  boundary l ayer  with a longitudinal p r e s s u r e  gradient  p re fe rence  should be given to 
those indirect  methods based on a l inear  velocity dis tr ibut ion in the immedia te  neighborhood of the wall.  

An a t tempt  was made to r e p r e s e n t  the expe r imen ta l  values  of cf as a function of the shape p a r a m e t e r  
cha rac t e r i z ing  the longitudinal p r e s s u r e  gradient .  As such a shape p a r a m e t e r ,  we tested the var ious  fo rms  

6" d P  6** dP v dip and  H ----- , F =  d P  ; t=_ - - _ _ ;  
pu~ dx  pu~ dx  Pu~. d z  % dx  

which are  m o s t  widely used in exper imen ta l  p rac t i ce  and which re f lec t  var ious  points of view about the s t r u c -  
ture  of the shape p a r a m e t e r  for  a longitudinal p r e s s u r e  gradient .  F igure  4 shows the dependence of the r e l a -  
tive skin f r ic t ion coeff icient  ~ = (cf/cf0)Re**=ide m on F ,  f, A, and ll. In the de te rmina t ion  of @, values of cf 
in gradient  flow were  taken f rom expe r imen ta l  data obtained with a probe with a heated e lement  and the values 
of cf  fo r  the same  Re** numbers  were  taken f rom exper imen ta l  data obtained by the weight method in g rad ien t -  
f r ee  ~low (Fig. la) .  The numbers  0, 1, 2 . . . . .  17 in Fig. 4 denote the number  of the measu r ing  station,  and the 
a r rows  indicate the d i rec t ion  of passage .  

As is c l e a r  f rom Fig. 4, the shape p a r a m e t e r s  F,  f, A, and II can be used for  a descr ip t ion  of the e x -  
pe r imen ta l  values  of ~ only up to the fourth or  fifth measur ing  station where  there  st i l l  is a smooth and mono-  
tonic var ia t ion  of the negative p r e s s u r e  gradient .  F a r t h e r  downs t ream the dependence of @ on these shape 
p a r a m e t e r s  becom es  nonunique with the nature of these re la t ions  being approximate ly  the same  and d i s t in -  
guished mainly by the degree  of development  of this nonuniqueness. The solid lines in Fig. 4a connect  those 
expe r imen ta l  points which were  obtained for  an approximate ly  constant  Re** number  (stations 5-10, Fig. 2b), 
which made poss ib le  the e l iminat ion of a poss ib le  effect  of the Re** number  on the value of the re la t ive  skin 
f r ic t ion  coefficient  ~. 

The nonuniqueness of the dependence of @ on the shape p a r a m e t e r  for  the p r e s s u r e  gradient  is a r e su l t  
of the fact  that the behav io r  of a turbulent  boundary l ayer  depends not only on local conditions (such as the 
local value of the p r e s s u r e  gradient ,  f r ic t ional  shea r  s t r e s s  on the wall ,  sur face  condit ions,  etc .) ,  but a lso  
on p reh i s to ry  in the development  of the boundary layer .  Since the p reh i s to ry  in each specif ic  si tuation can  
be di f ferent ,  a desc r ip t ion  of b o u n d a r y - l a y e r  c h a r a c t e r i s t i c s  by only local  p a r a m e t e r s  is not unique. 
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In Fig. 4b, values of the skin fr ict ion coefficient  are  presented as a function of the Clauser  integral  shape 
p a r a m e t e r  [5]: 

l I 

0 0 

which is re la ted to the shape of the velocity profile in the boundary layer.  As is evident, the nonuniqueness 
develops less here  than in Fig. 4a; it also appears  worthwhile to cons t ruc t  the relat}on of(G) instead of ~I,(G). 
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DETERMINATION OF THE DISTANCE TO A TURBULENT 

CONE DURING THE INTERACTION BETWEEN LAMINAR 

AXISYMMETRIC FREE JETS 

V. N. Dmitriev and N. A. Kuieshova UDC 532.517.3.001.5 

Results  a re  presented of an exper imenta l  investigation to determine the distance to the turbulent 
cone originating in a laminar  feeding jet  during its interact ion with a laminar  control  jet. 

Turbulent  ampl i f iers  [1, 2], whose operating principle is based on the forced turbulization of the ax i -  
symmet r i c  f ree  feeding submerged jet  by a laminar  control  jet  of the same type and on the deflection of the 
feeding jet,  have recent ly  been used extensiveiy in jet  pneumoautomation. In this connection, the question of 
determining the distance to the turbulent cone of the laminar  feeding jet,  which is needed for the computation 
of the static and dynamic cha rac te r i s t i c s  of a turbulent ampli f ier ,  is urgent. 

It is known that if mechanical  obstacles ,  control  jets ,  sound fields, etc . ,  do not act on an ax isymmetr ic  
laminar  f ree  jet,  then the laminar  jet  becomes unstable for  Re 0 > 30 [1], computed according to the s t r eam in 
the capi l lary  shaping the jet ,  and there is a t ransi t ion to turbulence. The loss of the laminar  jet  stability is 
explained by vortex origination during its emergence  f rom the capi l lary  [3], which spoils the laminar  s t ruc ture  
by acting on the jet. 
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