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The resul ts  of an investigation of the transit ion of a laminar boundary layer  to turbulent in 
the a i r  behind a shock wave by the thin-fi lm the rmomet ry  method are  presented.  Stabiliza- 
tion of t ransi t ion Reynolds number  is observed with an increase  of the intensity of hea t t r ans -  

fer.  

The problem of t ransi t ion of a laminar boundary layer  to turbulent in the presence of intense heat 
t r ans fe r  has important  applications in physical gas dynamics,  since the charac te r  of flow in the boundary 
layer  de termines  the magnitude of tangential s t r e s s  on the surface.  

A number of theoret ical  and experimental  studies have been devoted to this problem recently ([1, 2] 
et al.). The organization of such an experiment  under s teady-sta te  conditions is difficult, since it is neces-  
s a ry  to crea te  considerable heat abst ract ion from the model. In a shock tube it is possible to study the 
dynamics of the boundary layer  in a wide range of pa ramete r s  by the thin-fi lm res is tance t he rmome t ry  

method. 

The problem of investigating the boundary layer  on a flat plate differs from the problem of the deve[,- 
opment of a boundary layer on the wall of a shock tube by the boundary conditions, but on the basis  o fexper -  
iments in a shock tube it is possible to make qualitative conclusions on the effect of heat t r ans fe r  on the 
transi t ion.  The problem of the development of a laminar  layer  behind a shock wave was investigated theo- 

re t ical ly  in a number  of studies [3,4]. 

If a thin-f i lm t h e r m o m e t e r  is mounted flush with the surface of the tube channel, it is possible to 
record  the transi t ion of the boundary layer during movement of the gas dynamic "plug" over  the sensing 
element  owing to the smal l  magnitude of the time constant (T~ - 1 - 3  #sec),  

The fact of the occur rence  of the laminar layer  behind the shock wave over  the sensor  was determined 
by the stepped form of the tempera ture  of the substrate  surface recorded by a thin-fi lm res is tance  thermo-  
me te r  [5, 6]. The change of heat t r ans fe r  conditions at  the t ime of t ransi t ion and development of the turbu-  
lent layer  is recorded by the marked change in the the rmogram of the surface tempera ture .  The c lar i ty  of 
the recording of the t empera tu re  of the s e n s o r ' s  film permits  evaluation of heat fluxes in the laminar and 
turbulent par ts  of the layer.  

An evaluation of the length of the laminar  zone in the tube is of considerable importance for methodo- 
logical investigations.  The presence  of a turbulent layer  on the optical wails of the tube channel can inter-  
fere with visual observat ions conducted in the flow core .  This is important  when studying the mechanism 
of detonation and when determining the delay of ignition of combustible mixtures .  In thermodynamic inves-  
tigations the spec t ra l  lines can be distorted due to considerable absorption by a cold turbulent layer.  

The purpose of the present  study was to determine the effect of the magnitude of the heat flux onboun- 
dary  layer  stabil i ty and the possibil i ty of the effect of dissociat ion p rocesses  in the flow core on the t r ans i -  
tion of a laminary  layer  to turbulent. 

The experimental  device was a diaphragm-type shock tube of rectangular  section 55 • 72 mm with a 
total length of the tow-pressure  chamber  of more than 10 m. The tube consisted of two copper  waveguide 
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Fig. 1. Photoosci l logram of the heat pulse of the surface 
tempera ture  behind the shock wave (the transi t ion of the 
laminar layer to turbulent is seen}. Markers  are  1 psec  

each (Pl = 5 �9 10 -2 arm, M -~ 5}. 

sections lined for strength with shaped steel plates uniformly bolted over the entire length. The size of the 
measur ing  section was selected on the basis  of the length of the laminar zone of the boundary layer on the 
side wall of the section. A pressure  chamber  made from a welded cyl inder  with flanges for a vacuum line 
was mounted in the measur ing section at the end of the tube to prevent destruct ion of the boundary, layer  by the 
reflected wave. 

To determine the duration of the gas dynamic plug, we used a thermal  probe in the form of an 8 -mm-  
diam. quartz tube with a thin-fi lm the rmomete r  applied about its generatr ix.  The probe was located af ter  
the measur ing section and recorded the size of the plug from the wave front to the contact  zone on the basis  
of the change of the parabolic form of the surface temperate  at the stagnation point of a cylinder.  The thin- 
film the rmomete r s  were manufactured according to the technology presented in [7] and represented 5 - m m -  
diam. glass cylinders with a platinum film brazed  on the polished surface of the substra te .  To eliminate 
the shunting effect of the gas and other in terferences  the sensing element was coated with silicon monoxide 
with subsequent annealing to convert  SiO to SiO 2. The sensors  had a resolution time of not worse than 2-3 

s e c .  

Calibration of the t he rmomete r s  was done by the method in [8] by a rectangular  cur ren t  pulse having 
a specific duration. 

The velocity of the shock wave was measured  by recording the time of passage of the shock wave of a 
fixed base between the thermal  sensor  t r igger ing the driven sweep of the oscil lograph and the s ta r t  of the 
tempera ture  jump, which was recorded by another sensor .  Thus the wave velocity can be re fe r red  with 
sufficient grounds to the channel section where the transit ion was investigated. 

In calculating the thermodynamic and gas dynamic proper t ies  of the flow behind the shock wave we 
used the tables for a i r  [9], and the experimental  resul ts  in [1] were taken into account for calculating the 
transit ion, Reynolds number Re~-. The experiments  were conducted in a i r  in the range of shock-wave 
Mach numbers  f rom 2 to 10 at initial p res su res  in the low-pressure  chamber  of 10 -2 ,  5 �9 10 -2, and 10 -1 
atm. Owing to the absence of glass sections, unlike in [2], the permiss ible  level of initial p re s su res  was 
considerab[y higher. 

The recording apparatus consisted of a measur ing circui t  with a bal last  res i s tor ,  pulse amplif ier ,  and 
IO-4 oscillograph. The duration of the "plug" was recorded simultaneously by the thermal  probe and the 
results  for which T of the plug > ~ (where T l is the tempora l  length of the laminar part  of the boundary layer) 
were used in the calculations. 

A typical pulse of the surface tempera ture  is shown in the photograph, where we see a recording of 
the heat t r ans fe r  intensities in the laminar and turbulent parts  (Fig. 1). 

The results  of the investigation were t reated by a method which gives, in our opinion, a c lear  and 
more physical concept of the effect of the heat factor on the transit ion.  The stay time of the laminar layer  
over the sensing element was determined from the length of the pulse area  from the thermal  sensor  to the 
instant of a marked change of the tempera ture  curve recording the loss of stabili ty and s ta r t  of development 
of the turbulent layer.  The modified heat flux q~f~'/~P2 is determined uniquely by the Much number. The 
magnitude of the heat flux was determined on the basis  of the tempera ture  jump by the formulas of a semi-  
bounded body. The transi t ion number was determined by the formula used in [2]: 
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Fig. 2. Transition t ime vs heat t r ans f e r  in- 
tensi ty  (q~rr/,/~p2 kcall /2/l /2;  r l, /~sec): 1) 
Pl =10-1 atm; 2) 5 .10-z ;  3) 10-2; 4) zone 
of Re~- variat ion depending on heat t r ans fe r  
intensity. 

The experimental  results  are  presented in Fig. 2. 
For  analysis  the transi t ion Reynolds number ReT is 
shown as a function of the modified heat flux on the 
wall. As a resul t  we can make the following conclu- 
sion: 

1. The transi t ion time ~'l increases  nonlinearly 1 
with decrease  of Pl. Thus, r = 10 ~sec when Pl = 10- 
atm, T l ---15 gsec  when Pl = 5 . 1 0  -2 atm, and % = 10 

- 2  when Pi = 10 atm (for example, for qv~/~rP2 ~sec 
= 200). Naturally the average time values are  indicated. 
Consequently, it is easy  to show by extrapolation that 
when Pl -< l m m H g  the transit ion t ime is much g rea te r  
than the stay of the hot gas near the wall, and there-  
fore it is impossible to record  the t ransi t ion up to the 
appearance of the contact zone. 

2. For  high Mach numbers (M >- 10), when dis-  
sociation of the a i r  in the flow core is of considerable 
significance, no anomalies were observed in the behav- 
ior  of the tempera ture  curve,  which indicates the 

smal l  effect of p rocesses  of diffusion of atoms with their  subsequent recombination in the cold layer on the 
tempera ture  gradient near  the wall under conditions of part ial  dissociation of a i r .  

Thus, the effect  of physicochemical  p rocesses  occu r r inga t the  upper "limit" of the boundary layer on 
t ransi t ion is ruled out, at least in the range of gas dynamic pa rame te r s  considered.  

3. The weak effect of the initial p re s su re  Pl (in the range Pl ---5-100 mm Hg) on the tempera ture  fac- 
to r  Tw/T2, which is mainly a function of the Mach number,  was confirmed experimental ly.  

4. Beginning with q~/~/~/P2 ---150 (M-~:7), there is a considerable stabilizing effect, which is de ter -  
mined mainly by the intensity of heat t rans fe r .  The zone of variation of ReT when q~/~-l/~p2 < 150 for a 
concrete  value of the intensity of heat t r ans fe r  is explained by the effect of the unit Reynolds number Re 

=P2u2/P2 �9 

NOTATION 

M is the Math number of shock wave; 
V s is the shock wave velocity; 
u 2 is the velocity of gas behind shock wave; 
q is the heat flux; 

is the t ime; 
Tw 
T2, P2, ~2 
Pl 
71 

is the tempera ture  of wall surface;  
are  the tempera ture ,  density, and viscos i ty  of gas behind shock wave; 
is the initial p ressu re  in low-pressure  chamber;  
is the t ime during which the laminar  layer  is over the sensor .  
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