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EXPERIMENTAL STUDY OF TURBULENCE NEAR A DUCT WALL 
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ABSTRACT; A specially developed stroboscopic instrument has been 
used to measure the instantaneous velocities in the wall region (includ | 
ing the viscous sublayer) in a turbulent liquid (water) duct flow. Values 
of the average velocity and the turbulent fluctuations are found as a 
function of the distance from the wali. 2[~_e method employed is much 
simpler than hot-wire anemometry, although somewhat less accurate. 

The hydrodynamics of the viscous sublayer and the transition layer 
in a turbulent flow is of great interest in connection with a whole series 
of theoretical and practical problems. However, the literature contains 
very few data even on such a classical problem as that of flow over a 
plane smooth surface without a pressure gradient [1, 2].  Moreover, all 
these data were obtained using a hot-wire anemometer, although the 
application of this instrument in the wall region not only involves 
considerable technical difficu!ties but also has certain fundamental 

limitations [8]. 

Fig. 1. Optical system of apparatus: 1) flash 
tube; 2) slit; 3) objective; 4) prism; 5) duct 
with transparent walls; 6) still or motion- 

picture camera. 

Thus, for example, at high relative values of the turbulent fluctua- 
tions the hot-wire anemometer readings must be corrected by introduc- 
ing a factor that depends not only on the value of the measured 
fluctuation component but also on the correlation between this com- 
ponent and the rest. The serious technical difficulties involved in 
making and operating hot-wke anemometers with particularly fine 
wires (to 1 micron in diameter) also impose a number of limitations: 
with respect to spatial resolution, flow velocity, gas purity, etc. 

These disadvantages may be avoided by using the known method of 
flow visualization* consisting in introducing into the moving gas or 
liquid luminous tracers, which are then photographed. In particular, 
it is possible to obtain such tracers by introducing into a liquid or gas 
flow fine solid particles with good tight-scattering or reflecting prop- 

erties; photographing these particles in pulsed lateral illumination 
gives a continuous trace on a stationary film. By measuring this trace, 
two components of the instantaneous particle velocity can be computed ; 
it is also possible to compute the instantaneous accelerations of a given 

volume element of liquid. 
Of course, for this it is necessary that the solid particles introduced 

into the flow follow the liquid or gas sufficiently closely. Calculations 
show that this is the case if the condition 

wo/g~ i l f  

is satisfied. Here w0 is the sedimentatiou rate of a particle in the given 
medium under the acceleration of gravity g, and ~ is the characteristic 
frequency of the flow examined. 
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Fig. 2. Mean longitudinal velocity 
<~x} as a function of y = y.: 1)pro- 
file'~ obtained in [5]: 2) author's 

results. 

This condition is usually satisfied for a liquid medium; however, 
even in this case the particle size is of the order of I0 microns, so 
that photography must be carried out with a magnification of 3-10 

times. 
The experimental apparatus consisted of a circulation loop with 

an interchangeable working section and a special electronic circuit 
that ensured the pulsed (stroboscopic) illumination of the object ; the 
optical system is shown in Fig. 1. 
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"Apparently, the first author to apply the method of visualization 

to this problem was Fage [4] ; in a comparatively recent article [5] the 
mean velocity profile was obtained with the help of a special stereos- 

copic microscope, 

Fig. 3. 1) Mean longitudinal 
velocity <Ox> ; 2) mean square 
longitudinal fluctuation <~o~2>. 

Working section No. 2, on which most of the experiments were 

performed, was a transparent plastic rectangular duct measuring 17 • 
• 16 ram. The tracers were photographed in a section 475 mm from 
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the inlet ( i .e . ,  about 30 times the duct dimension) near the bottom 
surface of the duct at a t~eynolds number of the order of 20 000. The 
working medium was water at room temperature; fine particles of 
A1 z O s or A1 (aluminum powder) were introduced. In the latter case it 
was also necessary to introduce small amounts of wetting agent. Before 
the experiments the particle suspension was clarified; in most of the 
experiments the A1 particle fraction with w0 -< 0.1 cm/sec was used. 
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Fig. 4. Transverse fluctuation <~2> as a function of Y. 

The flash lamp electronic control circuit was designed to ensure 
the brightest possible flashes and the most stable flash repetition rate. 
The impulsive discharge of the capacitors across the flash iamp was 
controlled with TGIL-400/16 thyratrons (discharge current to 400 A); 
strictly equal time intervals between flashes were ensured after suitable 
shaping with the sinusoidal voltage of a master oscillator, whose 
frequency could be varied within wide limits. At discharge parameters 
of 2 kV, 2 ~zF, the WK-120 flash lamp gives a brightness of about l0 s 
stilbs, and a flash time of the order of 20 vsec. 

An image of a slit (Fig. 1) is projected by a lens through the 
transparent bottom surface of the working section, so that a narrow 
region of the liquid flow, several tenths of a millimeter deep along the 
z axis, is illuminated. Apart from the tracers, each frame registered 
a luminous mark on the bottom of the working section from which the 
y-coordinates of the tracers were reckoned. 

Each frame, regarded as a certain set of tracers, characterizes the 
instantaneous velocity field ; averaging the instantaneous values over 
different frames makes it possible to compute the average velocity 
and fluctuation fields. 

Figures 2-4  show the results obtained in one series of experiments. 
In Fig. 2 the mean longitudinal velocity < co x > (in dimensionless form) 
has been plotted in semilogarithmie coordinates. 

The experimental points obtained Be mainly in the viscous sublayer 

(Y = yV. /v  < 5) and in the intermediate layer (5 < Y < 30). It is clear 
from the graph that in the intermediate layer the velocity profile can 
be approximated by the expression 

<0),>=--5.7 + 14 lgY. 

The dynamic velocity V. = 4Tf-fwas computed from the pressure 
drop along the duct. 

Within the limits of accuracy of the experiment (the principal 
error is associated with inaccuracy in determining the local value of 
the dynamic velocity) this coincides with the data obtained by Laufer 
[1] and Reiehardt [2] by the hot-wire anemometer method. The data 
of these authors can be expressed by the equation 

<~oz> =--3.5  + 12.0 lgY,. 

Figure 3 shows profiles of <cox> and the longitudinal mean square 
fluctuation <w~s> in the imerval Y < I0, and Fig. 4 the transverse 
fluctuation < @2> . The probable statistical errors plotted on these 
graphs were computed from the number of averaged values of the 
instantaneous velocity in each interval of Y. These data also agree with 
Laufer' s data within the Limits of accuracy of the experiment. 

It is important to stress that in the viscous sublayer there is a very 

high level of longitudinal fluctuations a x = Wx -1 <co:}z> ; our experi- 
ments gave (x x = (30 ~ 10fro. Thus, the viscous sublayer consists of 
randomly alternating regions with variable values of the local instan- 
taneous shear stress r m. The extent of these regions in the longitudinal 
direction can be estimated from measurements of the instantaneous 
accelerations of a liquid mole. So far, only a rough estimate has been 
obtained, namely, that the extent of the smallest elements of these 
regions is not less than several tenths of a millimeter under the condi- 
tions studied. 

A statistical analysis of the fluctuations in the viscous sublayer 
points to asymmetry in the distribution of the fluctuations with respect 
to magnitude and sign. 

The author thanks V. M. Karsten and E. S. Mikhailov for their 
assistance with the experiments and E. M. Khabakhpashev for his 
useful advice. 
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