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with greater decrees of free etreao turbulence. 

For comparing the difference.- in transition at different levels of 

free stream turbulence Figures 25 and 26 t-11 the story pretty com- 

pletely. In each case the total energy, the discrete energy and 

the height of the discrete portion above the continuous is plotted 

as a. function of flat plate Reynolds number. The height of the 

discrete portion was, of course, non-dimen&iooalized in the same 

manner as the curves of Figure 20. As indicated by Figure 25, the 

total energy start? to increase the same time the discrete energy 

starts to Increase. This corresponds to the Initial Introduction 

of the oscillations into the boundary leyer. The discrete energy 

quickly reaches a peak and starts to decrease, despite the fact 

that the amplified waves are still present, as Indicated by the 

continuing Increase in height of the discrete portion. This indi- 

cates that the discrete portion is feeding energy to the rest of 

the spectrum, initially the lover frequencies and finally the 

higher frequencies, as discussed above. Eventually the height of 

the amplified frequency portion of the spectrum starts to decrease, 

Indicating the oscillations art bursting into high frequency tur- 

bulence more rapidly than the oscillations can grow. Following 

this, modification of the velocity distribution occur* quickly, as 

the pitot tube pressure rise, shown for convenience, Indicates* 

In figure 26, the same curves are show but for a higher level of 

turbulence. Aside from transition occurring further forward on 

the plate, many other differences are dirc-mihle. The ratio of 
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discrete energy to total never becomes very high. This can only 

mean that as quickly as the oscillations build up, they are dis- 

torted and quickly feed the rest of the spectrum. It is seen that 

the magnitude of the amplified frequency Guilds up in much the same 

manner as with lover turbulence, but the maximum is reached much 

faster and the magnitude of the amplified frequency band relative 

to the rest of the spectrum decays much more rapidly than with 

lower turbulence. 

As indicated above and borne out by the data, it is very incorrect 

to speak of transition as occurring at any one point - its begin- 

nings occur very far upstream on the plate. Figure 27 shows the 

plot of Figure 12 with more of the "landmarks" of transition 

included* It is seen that with low txtrbuleace, there is consider- 

able distance between the first appearance and the fir\al establish- 

ment of the turbulent boundary layer. With higher turbulence, 

however, the waves are established only a short distance before 

the turbulent boundary layer washes away the laminar layer. 
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CONCLUSIONS 

This investigation of the detail:? of the boundary layer flov in the 

transition region on a smooth flat plate in a zero pressure gradient, 

indicated the following conclusions: 

1. Over the range of turbxlence investigated, laminar oscillations 

play an integral part in transition. 

2. The frequency which is amplified at a particular value of boundary 

.Layer Reynolds number is determined by the curve of ncatral sta- 

bility resulting from the Tollmien-Schlichting theory of laminar 

oscillations. The experiments did not indicate always the gradual 

shifting of the predominate frequency as indicated by the theory. 

3. At lower levels of turbulence the oscillations appear at a higher 

value of boundary layer Refolds number than at higher levels of 

free stream turbulence. This indicates either that the product of 

the initial distvircance and the amplification received at higher 

values of *2*z with lower free stream turbulence does not lead to 

an oscillation of any importance or there is some minimum value 

of free streun turbulence necessary to excite the higher frequen- 

cies. 

'». It appears that the mechanism of transition with lower values of 

free stream turbulence is very similar to the development of a 

turbulent wake from the vortex sheet behind a cylinder. The 

oscillations appear at some point determined by the turbulence In 

the tree  stream, and quickly build up to an appreciable value. 
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Shortly after the appearance of the waves the rest of spectrum 

feeds off the amplified frequency. It appears that first the 

lover end oi the spectrum builds up hy virtue of the distortion 

of the oscillations. Then the higher frequencies gain energy, 

corresponding tc the bursting of the oscillations into turbi;lence. 

The amplitude at the lover frequencies remains fairly constant 

during this process. Shortly after the amplitude at higher fre- 

quencies increases, modification of the velocity distribution 

occurs. 

5. Free stream turbulence controls the purity of the laminar oscilla- 

tions and the rapidity vith vhich the -eat of the spectrum feeds 

ol't the oscillations. With lover turbulence, a large percent of 

the t;otai fluctuation energy in the bcundsry .layer in concentrated 

at the oscillation frequency, and the process covers a considerable 

distance on the plate. With higher turbulence in the free stream, 

the rest of the spectrum feeds quickly off of the amplified fre- 

quency and onlj a small portion of the total energy is concentrated 

at ihis frequency* 

6. Extrapolating this information to even higher levels of free stream 

turbulence than used for the above tests, it is obvious that at 

some point the laminar oscillations vill play no part in transi- 

tion. This level of turbulence, however, is much higher than had 

been previously anticipated. Quite possibly at this level of tur- 

bulence and beyond, transition Is controlled by the laminar e. nar- 

ation theory proposed by Taylor (Eef. h). 
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APPLICATION TO MODEL TESTING 

The most inportent application of the above work to abip model 

test work is the importance of the frequency of the disturbance on 

the poeition of transition. In attempting to control the position 

of transition on a mode], it would appear that introducing the 

proper frequency, possibly witb a cylinder of the proper diameter 

placed a short distance ahead of the model would be worth inves- 

tigation. It would also appear that trying to predict the position 

of transition merely from the level of turbulence present in the 

free stream would be son«wh*t unreliable in the presenc** of v»v>r*»- 

tion, etc. A somewhat difficult problem remains in evaluating the 

characteristics of the  turbulent layer after transition has occurred, 

when the phenomenon is brought about by different means. For 

example, in the above tests a certain amount of energy was still 

concentrated at a particular frequency even after the velocity 

distribution hod baen modified. This fact alone vould make one 

wonder if the turbulent l»yer had the same frlctional character- 

istics a given distance following transition Irrespective of the 

degree of free stream turbulence. Certainly the length of the 

transition region and the energy going into the laminar oscilla- 

tions particularly when the turbulence level Is low would give 

rise to frictional characteristics which could not be corrected 

for merely on the basis of present day formulae for resistance 

with a laminar layer. It would appear that complexity of the 

transition process as brought out in this report vould make a 

study of the frlctional resistance of the transition region a 
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worthwhile area for effort and such an effort would undoubtedly 

help to make the corrections for the transition region more 

reliable. 
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