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We present the results of an experimental study dealing with the ther- 
mal characteristics of the boundary layer on an isothermal flat plate 
under conditions of t~ansverse streamlining. 

A number  of exper imenta l  pro jec ts  [1-3] havedea l t  
with the invest igat ion of heat  t r a n s f e r  in the case of 
the t r a n s v e r s e  s t r eaml in ing  of a plate.  However,  in 
none of these pro jec ts  was sufficient at tent ion devoted 
to the turbulence  of the free s t r e am,  whereas  this 
factor is one of the mos t  decis ive [4,5]. In addition, 
these pro jec ts  deal t  with a var ie ty  of p rob lems ,  as a 
r e su l t  of which the complex and uni form condit ions of 
wall  i so thermic i ty  were  not main ta ined ,  nor were  the 
condit ions of the wa l l ' s  plane geometry ,  or  the u n i -  
formi ty  of the free s t r eam.  Although these  dif ferences  
are  ins ignif icant ,  the r e su l t s  were  neve r the le s s  
marked ly  divergent  (see Fig.  3). The theore t ica l  so lu-  
t ions have l imi ted applicat ion,  s ince they have been 
der ived only for the forward point and its vicini ty [6, 7]. 

The exper imenta l  ins ta l la t ion (Fig. 1) consis ted of 
a low- turbulence  wind tunnel  1 [8], an automatic  device 
2 to m e a s u r e  the t empe ra tu r e  fields in the boundary  
layer  [9], an exper imenta l  heat exchanger 3, and t h e r -  
mosta t ing sys tems  4 -10 .  All of the quanti tat ive con-  
c lus ions  regard ing  heat  t r ans fe r  were  based on the 
r e su l t s  obtained in measu r ing  the local t empera tu re  
gradients  at the wall ,  these having been de te rmined  
f rom an ana lys i s  of the boundary layer .  The select ion 
of the method was based on its abi l i ty  to yield r e su l t s  
that a re  f ree of the influence of heat  leakage, and 
whether or not it wil l  make it possible  to study the 
t r a n s f e r  of heat over the en t i r e  surface  of the disk, 
including its edge. The method was analyzed f rom the 
standpoint  of its effect on such factors  as radia t ive  
heat exchange, the l inear  in terpola t ion of t empera tu re  
d is t r ibut ion  at the wall ,  the a s y m m e t r y  of the condi -  
t ions of heat t r ans f e r  between the thermocouple  and 
the ambient  medium,  and the t he rma l  ine r t i a  of the 
thermocouple .  Moreover ,  the r e su l t s  of the automatic  
m e a s u r e m e n t s  were  compared with data derived espe-  
cial ly for this purpose by a ca lo r ime t r i c  method. 

The radia t ive  heat exchange between the wall  and 
the thermocouple  in the heat-flow d i rec t ion  under  con-  
s idera t ion  should fundamenta l ly  d is tor t  the slop of the 
t e m p e r a t u r e - d i s t r i b u t i o n  curve in the di rect ion of the 
decl ining gradient .  The quanti tat ive evaluation of this  
effect was achieved exper imenta l ly .  The thermocouple  
was mounted over the boundary layer  for this  purpose  
and it was then shifted along the disk rad ius .  It thus 
found itself under conditions of maximum and virtually 
constant radiative heat exchange, but with differing 

convection conditions. Since reference [8] has pro- 
vided us with the law governing the change in the velo- 
city of the potential flow along the radius, we were 
able to determine the quantitative relationship between 
the additional heating of the thermocouple (which re-  
sulted in its thermal balance) and the velocity of the 
medium by which the thermoeouple was streamlined. 
It was established that for the maximum temperature 
difference which occurred in these studies between 
the medium and the disk at 75 ~ C, the greatest addi- 
tional heating was found at the center of the disk, Leo, 
under conditons of minimum local velocity, and it 
amounted to 2 ~ C (2.5% of the total temperature head). 
From a local velocity of I m/see, there was absolutely 
no additional heating. Consequently, the region at the 
center of the disk--where the error attributable to the 
radiant flux was of the indicated order--was extremely 
limited and involved only hundredths of a fraction of 
the radius when the free-stream velocities were sub- 
stantial. 

It proved to be impossible to determine the true 
temperature distribution at the very surface of the 
disk, since the dimensions of the thermocouple itself 
prevented this. The temperature distribution at this 
point was interpolated linearly on the basis of the pre- 
vious points and on the basis of the point correspond- 
ing to the temperature and the position of the wall. The 
wall temperature was determined from the thermo- 
couple imbedded within it, and the position was deter= 
mined from the instant at which the tip came into con- 
tact. Basically, such an interpolation should lead to a 
reduction in the gradient being determined for the wall. 
But since the actual temperature distribution in the 
immediate vicinity of the wall was close to the linear, 
this reduction can be neglected. 

The thermal inertia of a thermoeouple moving con- 
stantly across the boundary layer changes in accord- 

ance with the concurrence variations in the convection 

conditions. When moving toward the wall (as is speci- 
fied in the automatic device) and with approach to the 
wall, the thermal inertia of the thermocoupie increases 

and the temperature of the thermocouple must increas- 
ingly lag behind the rising temperature of the ambient 
medium. Basically; this lag must result in a distor- 

tion of the temperature profiles being measured. How- 

ever, experimental verification of the thermal inertia 
of the thermocouple by shutting down the automatic 
device for a period of time (for the assumed warming 
up of the thermoeouple) revealed no changes in the 
readings after the device was started up again. This 
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~ig. 1. Scheme of experimental installation. 
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indicated the p r a c t i c a l  absence  of t h e r m a l  i ne r t i a  on 
the p a r t  of the  thermocouple~  

It was  a s sumed  in the m e a s u r e m e n t s  that  the r e -  
co rded  r ead ings  of the  the rmocoup le  pe r t a in  to the 
medium a t the  points  c o r r e s p o n d i n g t o t h e  ins tantaneous  
pos i t ions  of the g e o m e t r i c  cen te r  of the the rmocoup le  
junction.  As a m a t t e r  of fact ,  b ecause  of the l a r g e  
t e m p e r a t u r e  g rad ien t  in the boundary  l a y e r ,  and owing 
to the fact  that  the d i a m e t e r  of the  t he rmocoup le  j u n c -  
t ion is  c o m m e n s u r a t e  with the th i ckness  of the bound-  
a r y  l a y e r ,  individual  sec t ions  of the junct ion su r f ace  
found t h e m s e l v e s  under  va r ious  t e m p e r a t u r e  condit ions.  
It is  obvious that  under  these  condi t ions the mean  
t he rmocoup l e - j unc t i on  t e m p e r a t u r e  mus t  be c l o s e r  to 
that  of the med ium of the s ide  on which the h e a t - t r a n s -  
fe r  coeff ic ient  is  h ighe r .  F r o m  the da ta  of [10] we can 
conclude for the  l a t e r a l  s t r e a m l i n i n g  of a cy l inder  in 
the c a s e  of low Reynolds  n u m b e r s  that  with r e g a r d  to 
the d i r ec t ion  of the l o c a l - v e l o c i t y  vec to r  th is  side wi l l  
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Fig. 2. Comparison of results from 
various methods of studying mean 
heat transfer in the central part of the 
disk within the range of linear velo- 
city increase; 1) calculation accor- 
ding to [6] based on data of [8]; 2) 
r e s u l t s  for  t e m p e r a t u r e  g r ad i en t s ;  
3 and 4) c a l o r i m e t r i c  m e a s u r e m e n t s  
for  d i sk  D = 100(a)and  200 m m ( b ) .  

be the fo rward  s ide  in the ca se  of a t he rmocoup le ,  
whi le  under  condi t ions  of n o n s y m m e t r i c  s t r e a m l i n i n g  
in the boundary  l a y e r ,  i t  wi l l  be  that  por t ion  of the 
f ronta l  su r f ace  that  is s t r e a m l i n e d  with a g r e a t e r  ve lo -  
ci ty,  i . e . ,  that  por t ion  which is  turned toward the 
ex te rna l  flow. Consequent ly ,  for  the hea t - f lux  d i r e c -  
t ion under  cons ide r a t i on  the r e a d i n g s  of the t h e r m o -  
couple w e r e  somewhat  lower  than the t e m p e r a t u r e  
c o r r e spond ing  to the  g e o m e t r i c  pos i t ion  of i ts  cen te r .  
This  was not  a cons tan t  d i f f e rence  and va r i ed  in p r o -  
por t ion  to approach  of the wal l  as  the  t he rmocoup le  
was shif ted in the l a t e r a l  d i rec t ion ;  th is  was  a r e s u l t  
of the change in the t e m p e r a t u r e  g rad ien t  and in ve lo -  
ci ty.  The t e m p e r a t u r e  p ro f i l e  d e t e r m i n e d  f rom these  
m e a s u r e m e n t s  should consequent ly  be s l ight ly  d i s -  
to r t ed .  The appea rance  of such a d i s to r t ion  in the 
t e m p e r a t u r e  p ro f i l e s  was e a s i l y  de tec ted  as  the p r o -  
f i l e s  we re  def lec ted  f rom the point  c h a r a c t e r i z i n g  the 
wall  t e m p e r a t u r e  and pos i t ion  on the d i ag ram.  The 
m e a s u r e m e n t s  showed that  the def lec t ion  is s igni f icant  
only in the cen t r a l  r eg ion  of the d i sk  and that  th is  
is  obvious ly  due to the  fact  tha t  the  su r f ace  at th is  
point  of the  fo rwa rd  s ide  of the the rmocoup le  is tu rned  

en t i r e ly  to face  the ex te rna l  flow. The p ro f i l e s  e x p e r -  
iencing this  type of d i s to r t ion  we re  not cons idered  in 
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Fig .  3. Inves t iga t ion  r e s u l t s  
for  local  hea t  t r a n s f e r  on a 
p la te  in t r a n s v e r s e  flow: 1) 
t e s t s  [1] (plate);  2) t e s t s  [2] 
(disk);  3) t e s t s  [3] at Re = 
= 104 (disk) ; 4) ca lcu la t ions  
accord ing  to [6] based  on 
da ta  f rom [8]; 5) solut ion of 
[7] (disk); 6) the s a m e  c o r -  
r e c t e d  with the account for  
d a t a f r o m  [8]; 7) au tho r s '  e x -  
p e r i m e n t s ;  8) ca lcu la t ion  a c -  
cord ing  to [11] based  on da ta  
of [8]; 9) the s ame  with au-  

t h o r s '  a s sumpt ions .  

the p r o c e s s i n g o f t h e  r e su l t s .  As the f r e e - s t r e a m  v e l o -  
c i ty  was i nc r e a se d ,  the boundary  of th is  r eg ion  was 
reduced .  This  fac tor  did not become  evident  in the 
r e m a i n i n g  sec t ions  of the boundary  l ayer .  The c r i t i c a l  
point  r e m a i n e d  that  one point  at  which th i s  type of d e -  
fo rma t ion  of the p ro f i l e  did not d i s a p p e a r ,  r e g a r d l e s s  
of the reg ime~ However ,  an inves t iga t ion  of the qua l i -  
ta t ive  a spec t s  of the t e m p e r a t u r e  p ro f i l e s  by means  
of an I ZK-454 i n t e r f e r o m e t e r  showed that  the th ickness  
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Fig .  4. E x p e r i m e n t a l  da ta  on mean heat  t r a n s f e r  
for  a p la te  in t r a n s v e r s e  flow: 1) da ta  of [2]; 2) 
da ta  of [3]; 3) da ta  of [1]; 4) da ta  of the p r e s e n t  

s tudy with r e s p e c t  to r e l a t i on  (2). 

of the boundary l aye r  and of the t e m p e r a t u r e  p rof i l e  
over  the en t i r e  cen t r a l  r eg ion  r e m a i n e d  v i r tua l ly  iden-  
t i ca l ,  up to r /R = 0.5. This  l a s t  conf i rmed  in e x p e r i -  
men t s  e s p e c i a l l y  conducted for th is  pu rpose  by the 
equal i ty  in th is  r eg ion  of the loca l  in tens i ty  of naphtha-  
lene subl imat ion .  
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Thus the m e a s u r e m e n t  r e s u l t s  which se rved  as the 
b a s i s  for  our conc lus ions  could contain only those  e r -  
r o r s  which w e r e  due to the l i nea r  in te rpola t ion  of the 
t e m p e r a t u r e  at the  wal l  and of the r ad i a t i ve  hea t ing  of 
the the rmocoup le .  In p r i nc ip l e ,  consequent ly ,  the 
m e a s u r e d  t e m p e r a t u r e  g rad ien t  could thus only be 
unde r s t a t ed .  In quant i ta t ive  t e r m s ,  th is  u n d e r s t a t e -  
ment  is  ins igni f icant .  

On the other  hand,  exaggera t ed  r e s u l t s  a r e  c h a r a c -  
t e r i s t i c  of the  c a l o r i m e t r i c  method under  c e r t a i n  con-  
d i t ions ,  as  a r e s u l t  of va r ious  types  of heat  l o s s e s .  By 
us ing  the two methods  we w e r e  able to c o m p a r e  t he i r  
da ta  and to find addi t ional  a rgumen t s  re f in ing  the r e -  
sul ts  de r ived  with the au tomat ic  device~ On the b a s i s  
of the second method,  we f ab r i ca t ed  two c a l o r i m e t r i c  
hea t  exchanges  with e l e c t r i c a l  heat ing and a t e m p e r a -  
tu re  shie ld .  The des igns  of these  exchangers  r e v e a l e d  
our effor t  to r educe  hea t  l o s s e s  as  much as  pos s ib l e ,  
and they made  it p o s s i b l e  to de t e rmine  the ave raged  
hea t  t r a n s f e r  in the v ic in i ty  of the c r i t i c a l  point  by 
d i r ec t  m e a s u r e m e n t  of the power  suppl ied.  This  l a s t  
fact  made  i t  p o s s i b l e  to c o m p a r e  the e x p e r i m e n t a l  
da ta  with the exac t  solut ion exis t ing for  th is  r eg ion  
[6]. The r e s u l t s  of the inves t iga t ion  into the h y d r o -  
dynamic  boundary  l aye r  [8] showed that  the boundary  
of the reg ion  of the c r i t i c a l  point  under  the condi t ions 
be ing  cons ide red  h e r e  extends v i r tua l ly  up to r / R  = 
= 0.5. This  d e t e r m i n e d  the se lec t ion  of the r e l a t i o n -  
ship be tween  the hea ted  su r f aces  of the c a l o r i m e t e r s  
and the i r  unheated annular  envelopes .  S t ruc tu ra l ly ,  
the hea t  exchanges  we re  ident ica l  and d i f fered  only in 
the i r  d i a m e t e r s  (100 and 200 ram).  Without  p r e s e n t i ng  
d e s c r i p t i o n s  of t he i r  des igns ,  we should point  out that  
the comple te  sh ie ld ing  of the  inope ra t ive  s u r f a c e s  was 
imposs ib l e ,  as  a r e s u l t  of which some loss  of heat  
f rom the hea ted  por t ion  toward  the unheated texto[ i te  
envelope did occur .  The unshie lded su r face  of the 
l a r g e r  d isk  was r e l a t i v e l y  s m a l l e r ,  and this  should be 
taken into cons ide r a t i on  in a c r i t i c a l  evaluat ion of the 
r e s u l t s  achieved with th is  method.  Let  us take  not ice  
of the fact  that  the rad ian t  l o s s e s  which w e r e  r educed  
to negl ig ib ly  sma l l  va lues  by thorough pol i sh ing  of the 
su r f aces  a lso  b a s i c a l l y  se rved  to exaggera te  the  r e -  
su l t s .  The ins ta l l a t ion  of the l a r g e r  d i sk  r e s u l t e d  in 
the b lockage  of the tunnel  beyond convent ional ly  a c -  
cepted l i m i t s .  This  led us  to r e c a l l  the  conclus ions  
of [8] as  to the ~ ins igni f icant  effect  of b lockage  on the 
hydrodynamic  s t r e a m l i n i n g  of the cen t r a l  por t ion  of 
the d i sk  in the spec ia l  c a se  of t r a n s v e r s e  s t r e aml in ing .  
Let  us note that  the  change in the na tu re  of the s t r e a m -  
lining of the d i sk  b e c a u s e  of the  b lockage  r e s u l t e d  in 
an i n c r e a s e  in the hea t  t r a n s f e r ,  which s e rved  a lso  to 
i n c r e a s e  the  o v e r s t a t e m e n t  of the data .  The non i so -  
t h e r m i c i t y  of the  sh ie lded  d i sks  was ins igni f icant  and 
amounted to a f r ac t ion  of a degree .  In addit ion to o ther  
f a c t o r s ,  th i s  was  expla ined by the r e l a t i v e  cons tancy  
of the h e a t - t r a n s f e r  coeff ic ient  in the  cen t r a l  reg ion  
of the disk .  

The r e s u l t s  f r om the m e a s u r e m e n t  of the mean  h e a t -  
t r a n s f e r  coeff ic ient  in the v ic in i ty  of the c r i t i c a l  point ,  
de r ived  wi th the  aid of the c a l o r i m e t r i c  heat  exchanger s ,  

and the r e s u l t s  obta ined by averag ing  the loca l  coef f i -  
c ients  de t e rmined  for  th is  r eg ion  f rom the t e m p e r a t u r e  
f i e lds  a r e  given in F ig .  2 in the fo rm of {he funct ion  
Nu =f(Re). The mean  t e m p e r a t u r e  boundary  l aye r  was 
taken  as  the dec i s ive  t e m p e r a t u r e  he re  and in al l  the 
subsequent  e xpe r ime n t a l  r e l a t i o n s h i p s .  Compa r i son  
of the r e s u l t s  f r om the va r ious  methods  showed that  
the da ta  de r ived  f rom the t e m p e r a t u r e  g rad ien t s  at  
the var ious  d i sks  co inc ide  and fa l l  on a s ingle  curve  
(Fig .  2, curve  2). However ,  the  r e s u l t s  obtained by  
means  of c a l o r i m e t r y  (Fig .  2, cu rves  3 and 4) d i f fer  
f rom each other  and a r e  h igher  than the f i r s t ,  while 
the s lopes  of these  cu rves  a r e  l e s s  s teep.  It is  no t e -  
wor thy  that  th is  i n c r e a s e  in the absolu te  e x p r e s s i o n  
of mean  h e a t - t r a n s f e r  coeff ic ient  for  each d i sk  was of 
a d i f ferent  magni tude ,  which r e m a i n e d  app rox ima te ly  
constant  in each ca se  for  a l l  ve loc i ty  and t e m p e r a t u r e  
r e g i m e s .  The i n c r e a s e  for  the l a r g e r  d i sk  p roved  to 
be s m a l l e r  h e r e .  Ana lys i s  of these  c i r c u m s t a n c e s ,  
with cons ide ra t ion  of the r e l a t i onsh ips  for  the unshie lded  
po r t ions  of the hea t  exchangers ,  indica tes  some  heat  
l o s s e s ,  p redominan t ly  of the  conduction type ,  which 
w e r e  r e l a t i ve ly  s m a l l e r  in the case  of the l a r g e r  d isk .  
It is  obvious that  with an i n c r e a s e  in the flow veloci ty  
and in convect ion heat  t r a n s f e r  the r e l a t i v e  magni tude 
of these  l o s s e s  d imin i shed ,  so that  the  r e s u l t  should 
approx imate  the t rue  magni tudes .  Consequent ly ,  the 
fact  that  l o s s e s  we re  p re sen t ,  and the approach  of 
each of the curves  obtained with th is  method to the 
curve  plot ted fo r  the ave raged  local  coeff ic ients  s e r v e s  

as  addi t ional  conf i rma t ion  of the fact  that  the chosen 
method of de t e rmin ing  the loca l  heat  t r a n s f e r  on the 
b a s i s  of the t e m p e r a t u r e  f ie lds  is  p r e c i s e .  This  is 
a l so  conf i rmed by the  c l o s e n e s s  of the  r e s u l t s  to the  
da ta  f rom the exact  solut ion of the b o u n d a r y - l a y e r  
equat ions [6] (F ig .  2, curve  1). On the b a s i s  of a l l  of 
the foregoing ,  if we neg lec t  the effect  of the f a c to r s  
under  cons ide ra t ion ,  the a c c u r a c y  of the r e s u l t s  (with 
the except ion of those  for  the fo rward  point) is  governed  
by the p r e c i s i o n  c l a s s i f i c a t i o n  of the i n s t rumen t s  used  
in de te rmin ing  the flow veloci ty ,  the ca l i b r a t i on  of the 
t he rmocoup le s ,  and the m e a s u r e m e n t  of the i r  r e a d -  
ings,  as  wel l  as  by the e r r o r  introduced in the p r o -  
ce s s ing  of the r e s u l t s .  F o r  r e l i a b l e  values  of the ve l -  
oci ty  r e g i m e s ,  the m e a s u r e m e n t  e r r o r  did not exceed 
• 

For a complete investigation of heat transfer over 
the entire extent of the radius we employed an un- 

shielded disk 100 mm in diameter, heated with satur- 
ated steam. The transition to another heating method 
was necessitated by the fact that under conditions of 
pronounced nonuniform heat removal from the stream- 
lined surface the electrical heaters were unable to 
provide the required isothermieity. 

The system of thermostating the heat exchanger 
with saturated steam (see Fig. 1) made it possible to 
speci fy  and au tomat i ca l ly  to main ta in  an opera t ing  
r e g i m e  for  s t eam g e n e r a t o r  4 such a s  to ach ieve  a 
c e r t a i n  superhea t ing  of the s t eam.  This  was  n e c e s -  
s a r y  0niy to p reven t  the fo rmat ion  of a condensate  in 
connect ion tube 5 on the path to hea t  exchanger  3. The 
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specification of the regime was achieved by changing 
the position of the communicating vessel 6 with res- 
pect to the steam generator and by regulating the lab- 
oratory autotransformer 7 of the supplied electrical 
power~ This specified level was maintained automa- 
tically by feeding the system from the overturned res- 
ervoir 8 at the instant at which drainage tube 9 was 
opened as the level of water dropped. The condensate 
which appeared during the period of system heating 
was removed as a result of the increasing pressure 
within the sys tem.  Level ing tube 10 served to p reven t  
d is rupt ion  of sys tem operat ion.  

With the change in the flow velocity f rom 2 to 14 
m/sec ,  the complete range  of study covered 6.5 �9 103 _< 
-< Re -< 4.5 �9 10 t. The r e su l t s  of the complete inves t i -  
gation of the local h e a t - t r a n s f e r  coefficients r e f e r r ed  
to the en t i re  disk su r face - -averaged  for severa l  velo-  
city r e g i m e s - - a r e  given in Fig.  3, curve 7. We see 
from the resu l t  that in the case under  cons idera t ion  
the d is t r ibut ion  of the r e fe rence  local h e a t - t r a n s f e r  
coefficients is un ive r sa l  and a function exclusively of 
the re la t ive  radius  r /R .  We can isolate two cha r a c -  
t e r i s t i c  regions  here:  the cent ra l  reg ion  (vir tual ly up 
to r / R  = 0.5), where the heat  t r ans fe r  m a y b e r e g a r d e d  
as r ema in ing  constant  and cha rac t e r i s t i c  of the v i -  
cinity of the c r i t i ca l  point,  and a per iphera l  region in 
which the in tensi ty  of the heat t r ans f e r  is markedly  
increased .  F igure  3 p re sen t s  the data of other authors 
[1-3,  6, 71 for purposes  of compar i son ,  as well as the 
r e su l t s  obtained f rom calculat ion by an approximate 
method [11] and those obtained f rom the exper imenta l  
data of [8]. We were  also able to obtain the solution 
of Sibulkin [6] on the bas i s  of the exper imenta l  data in 
[8]~ The figure also shows the Motulevich [7] solution 
which we correc ted  on the bas i s  of the data in [8]. This 
cor rec t ion  enabled us to f ree the solution of the inac-  
curacy  resu l t ing  f rom the theore t ica l -po ten t ia l  velo-  
city d i s t r ibu t ion  f rom [12], which he had used.  In turn ,  
this made it possible  to undertake a more  co r rec t  com-  
pa r i son  of the Motulevich solution with the r e su l t s  of 
the exact solution according to Sibulkin [6], as well as 
with the r e su l t s  of our exper iment  and, thus,  to evalu-  
ate the r ema in ing  d ivergence  resu l t ing  f rom the r e t e n -  
t ion of other assumpt ions  in the Motulevieh solution.  
It is noteworthy that the r e su l t s  of this invest igat ion,  
in good ag reemen t  with the exact solution of the bound-  
a r y - l a y e r  equat ions of [6], a re  lower f rom the quan-  
t i tat ive standpoint  than the r e su l t s  of all  known exper i -  
menta l  inves t iga t ions .  It is possible  that this m a y b e  
explained exclus ively  by the accuracy  of the selected 
method, or poss ib ly  a l so  by the low turbulence  of the 
flow in our exper iments .  The following c i r cums tance  

is worthy of attention. If in the method used in [11] for  
the t r ans i t i on  to the eaIeulat ion of heat t r a n s f e r  we 
adopt the tabulated f r ic t ional  form p a r a m e t e r  at the 
wall and the complex cons is t ing  of local values of the 
f r ic t ion  factor  and the Reynolds and Nussel t  numbers ,  
constant  over the extent of the en t i re  boundary layer ,  
and p rec i se ly  such as es tabl ished at the c r i t i ca l  point,  
the r e s u l t s  of such a ca lcula t ion wilI yield excel lent  
agreement  with exper iment  (see Fig. 3, curve 9). 

excel lent  agreement  with exper iment  (see Fig.  3, 
curve 9). 

The genera l ized  values of the local he a t - t r a n s f e r  
coefficients are  sa t i s fac tor i ly  approximated by the 
re la t ionship  

Nu~/Re ~ = 0.5 =-'0.7 �9 (r/R) 7. (1) 

The Nussel t  number ,  calculated from the mean 
h e a t - t r a n s f e r  coefficient for the ent i re  disk surface,  
is approximated by 

Nu = 0.65 Re ~ , (2) 

derived by integration and subsequent averaging of 
relationship (I). Relationship (2) is shown graphically 
in Fig. 4, curve 4. Since the derived results pertain 
to the laminar boundary layer, their applicability is 
governed by the limits of the existence of the latter. 
The calculation carried out in accordance with the 
method in [13], in conjunction with the us e of the hydro- 

dynamic characteristics derived in [8], showed that 
under conditions of transverse streamlining for a flat 
disk by a low-turbulence medium the laminarboundary 

layer is stable up toR= 109 . 

NOTATION 

D and R are  the d iamete r  and radius  of the disk; 
r is the ins tantaneous radius ;  L is the plate width in 
[1]; x is the dis tance f rom the point of flow bifurcat ion 
in [1]; U~o is the velocity of the incoming flow; U is 
the velocity in the externa l  boundary layer ;  u is the 
coefficient of kinematic  viscosi ty;  y is the coordinate 
no rma l  to disk; tf  is the t e mpe r a t u r e  of incomingflow; 
t w is the wall  t empera tu re ;  t is the t empera tu re  in 
the boundary layer ;  t is the t empera tu re  in the bound- 
ary layer  in d imens ion less  form;  ~ is the mean heat 
t r ans f e r  coefficient;  c~ x is the local mean heat t r a n s -  
fer  coefficient; X is the t he rma l  conductivity; Nu is 
the mean Nussel t  number ;  Nu x is the local Nussel t  
number ;  Re is the Reynolds number .  
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