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Results from an investigation of the fully developed turbulent wake of a circular cylinder are 
presented. The study was conducted in the liquid phase, in the controlled flow field of a water 
tunnel. A technique was developed for measuring the intensity of turbulence in water. The 
decay of turbulence intensity downstream from a series of fine-mesh wire screens was measured 
and compared with aerodynamic decoy laws. Profiles of the turbulence intensity in the cylinder 
wake were also obtained. This paper is Part I of a study of liquid phase turbulent mass transfer 
in the wake of a cylinder. The mass transfer results are reported in Part I I  . 

This paper is Part 1 of a report from 
an investigation of liquid phase mass 
transfer in the turbulent wake of a 
cylinder. This portion of the report is 
concerned with the fluid mechanical 
data required, in addition to local con- 
centration information, to compute 
local mass transfer coefficients. Veloc- 
ity profiles, turbulence intensities, and 
the effect of various operational pa- 
rameters on such variables of impor- 
tance are discussed in some detail. 

The system choscn for study was 
the fully developed turbulent wake of 
a circular cylinder. In the center of 
such a wake there is a strong variation 
of turbulence intensity in the down- 
stream direction, and this variation oc- 
curs within a convenient distance from 
the cylinder. A hollow cylinder with 
a porous wall was used in order that 
a wake of electrolyte could be estab- 
lished downstream by forcing a solu- 
tion of electrolyte through, the porous 
wall. Concentration profiles were ob- 
tained at various stations in the wake, 
and turbulent mass trapsfer coeffi- 
cients were then calculated from these 
profiles. The latter are reported in Part 
11 of this effort. 
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Heretofore one of the major experi- 
mental difficulties encountered in stud- 
ies involving the liquid phase has been 
the inability to measure readily either 
the scale of turbulence or the intens- 
ity. There is at  present no instrument 
for liquid-phase research comparable 
to the hot-wire anemometer. Part of 
this investigation concerned the devel- 
opment of a technique for measuring 
the turbulence intensity in water. Al- 
though the scale of turbulence cannot 
be measured directly in water, the 
variation of transfer coefficient with 
scale may be studied in some measure 
by comparing transfer coefficients in 
the wakes of cylinders of different 
size. The assumption is thus made that 
the scale of turbulence characteristic 
of diffusion varies as the gross dimen- 
sions of the system, for example wake 
width, or pipe diameter for turbulent 
flow in pipes. Such a variation of 
length scales with the width of the 
shear region is not unknown. Townsend 
(35, 37, 38) has shown that the longi- 
tudinal scale, a characteristic micro- 
scale, and a length parameter charac- 
teristic of the dissipation in a wake are 
proportional to the wake width. 

In constructing apparatus for ex- 
perimentation in the liquid phase, it 
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would be useful to know to what ex- 
tent aerodynamic correlations may 
justifiably be used for design purposes. 
During the course of the investigation 
data were taken in an attempt to ver- 
ify the similarity in air and water of 
the effect of screens on spatial varia- 
tions in mean velocity, the decay of 
turbulence intensity downstream from 
grids, and the turbulence intensity in 
the fully developed turbulent wake of 
a circular cylinder. 

The relative rates of transfer of 
mass and momentum are also of in- 
terest. From the data taken a compari- 
son is made (Part 11) in terms of the 
turbulent Schmidt number, the ratio 
of the transfer coefficient of momen- 
tum to that of mass. 

Previous investigations of turbulent 
mass transfer in water include those 
of Kalinske and his co-workers (17, 
18, 1 9 ) ,  van Driest ( 5 ) ,  and the re- 
cent work of Flint, Kada, and Han- 
ratty (8) involving the equations of 
Taylor ( 3 2 )  and Wilson (41 )  using 
point or line sources. For such experi- 
ments the source and its support must 
be of such a size that the fluid field is 
not disturbed. Roshko ( 2 4 )  and Corr- 
sin and Uberoi ( 4 )  have established 
the conditions wherein the source may 
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be considered as a point or line. The 
work of Hegge Zijnen (12)  serves as 
an interesting reference to the kinds 
of difficulties inherent in any attempt 
to obtain a mass source which does 
not disturb the flow. When a source 
does disturb the flow, it is evident that 
the diffusing. material may spread 
faster parallel to the tube than trans- 
verse to it [see, for example, Towle 
and Sherwood (34)].  Other studies 
include the work of Sherwood and 
Woertz (29), Schwarz and Hoelscher 
(28), and many others (16, 21, 22, 
26, 39).  The results of Schwarz and 
Hoelscher are of the same general 
shape as those predicted by Dryden 
( 6 ) .  

The turbulent Schmidt number is 
of interest, but the only measurement 
of this ratio in liquids is that of For- 
staI1 and Gaylord (9).  Their results 
indicate that mass spreads considera- 
bly faster than momentum in water. 
From both theory and experimentation 
the turbulent transfer coefficients 
should be functions of velocity, tur- 
bulence intensity, a scale of motion. 
and possibly the physical properties of 
the flowing medium. 

EXPERIMENTAL EQUIPMENT AND 
MEASURING TECH N IQU ES 

The Wafer Tunnel 

The investigation was carried out in 
the 8-in.-square, closed-return water 
tunnel described elsewhere (20, 30). 
The important features will be sum- 
marized briefly. 

The tunnel provides a working sec- 
tion in which the fluid mechanical 
variables of the flowing stream are 
known and controllable. The 1,000 
gal./min., 580 rev./min. pump is 
driven by a 7.5-hp. DC motor, the 
speed of which may be regulated by 
a resistor bank and rheostat in the field 
circuit. The pump impeller is brass. 
The cast iron body of the pump is 
coated with brine resistant paint. 

The upper sections of the tunnel are 
constructed of Plexiglas, and the lower 
and side sections are of brass. All sec- 
tions are of 8-in. square cross section 
except the sections adjacent to the 
pump, which are square-to-round sec- 
tions. All joints between sections are 
qasketed with rubber O-rings in 
flanges held together by C-clamps. 

Temperature in the tunnel was con- 
troIIed by a cooling coil and two 
1,000-watt immersion heaters mounted 
downstream from the working section. 
Since the mechanical action of the 
pump graduallv heated the water, and 
because the thermal capacity of the 
60 gal. of water was high, temperature 
regulation within a few hundredths of 
a degree Centigrade could be obtained 
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Fig. 1 .  Probe for measurement o f  turbulence 
intensity. 

by manual manipulation of the needle 
valve controlling the flow of cooling 
water. To accomplish the rapid initial 
heating of cold tunnel water to oper- 
ating temperature a bank of eight 
high-temperature gas burners was di- 
rected against the sides of the lower 
brass sections. 

The water level in the tunnel was 
controlled by a siphon mounted in the 
riser section extending above the tun- 
nel proper. Oscillation of the free sur- 
face in the riser was prevented by 
suspending a square of perforated 
Plexiglas at the bottom of the riser, 
parallel to the top of the tunnel. 

Spatial variations of mean velocity 
within the tunnel were reduced by in- 
serting square-mesh screens, woven 
from stainless steel wire. These screens 
also permitted some control over the 
turbulence intensity and scale in the 
working section. 

The velocity in the tunnel, for a 
typical set of damping screens, could 
be varied from about 1 to 6 ft./sec. in 
fifteen increments. For a cylinder of 
1-in. diameter, at  20°C., this corre- 
sponds to a range of Reynolds num- 
bers from 7,700 to 46,000. 

At the present time there is no in- 
strument commercially available for 
the reliable measurement of instan- 
taneous point velocities in water. Sev- 
eral instruments are in the process of 
being developed. Attempts have been 
made to use standard hot-wire and 
hot-film anemometry (13),  electro- 
lytic methods ( 2 3 ) ,  unplatinized con- 
ductivity probes (7 ) ,  and electromag- 
netic induction techniques ( I  1 ). An 
attempt has also been made to use 
stroboscopic photographic techniques 
involving colored droplets (40) with 
some success. 

The method suggested by Schu- 
bauer (27) for measuring turbulence 
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intensity involves measurement of tem- 
perature profiles downstream from a 
heated line source. The thermal wake 
of the heated wire spreads through the 
action of molecular diffusion and the 
effect of the free stream turbulence 
transverse to the axis of the wire. The 
method is well-known and will not be 
reviewed here. Suffice it to say that 
the angle subtended by the width of 
the wake, arbitrarily defined, is meas- 
ured, and the angle characteristic of 
molecular diffusion solely is subtracted 
from it. The remaining angle is then 
assumed to characterize the effect of 
turbulence on the spread of the ther- 
mal wake. This angle is correlated 
with turbulence intensity measure- 
ments obtained with the hot-wire ane- 
mometer. 

Since publication of this method, 
several investigators have shown the 
reliability of the method by checking 
it against measurements by hot wires 
(1, 39).  Of more importance to the 
present investigation, where turbu- 
lence intensities were measured in the 
wake of a cylinder, is the further work 
of Corrsin and Uberoi ( 4 )  employing 
Schubauer's method to measure the 
intensity in the anisotropic turbulence 
of a jet. Intensities by this method 
were found to agree satisfactorily with 
hot-wire measurements of the trans- 
verse turbulence component up to an 
intensity of 20%. 

Hegge Zijnen (12)  measured turbu- 
lence intensities across a turbulent air 
jet using both hot-wire anemometers 
and heat diffusion and calculated 
longitudinal and transverse turbulent 
intensities using the equations of Hinze 
(14, 15). The method of Schubauer 
checks well with the calculated values 
of Hegge Zijnen, up to intensities of 
about 25%. 

Hence it can with some justification 
be assumed that the application of 
Schubauer's method, even to the skew 
temperature profiles obtained in shear 
flow, yields values for the transverse 
turbulence intensity in fair agreement 
with hot-wire data for intensities up 
to about 25%. 

One other source of error which 
should be examined is that pointed 
out by Townsend ( 3 7 )  and by Batch- 
elor and Townsend (2) .  The effect of 
the turbulent motion on the thermal 
wake behind a line source is to stretch 
and rotate fluid elements, causing 
large local temperature gradients to 
be produced. This has the effect of 
accelerating the spread due to molec- 
ular diffusion, causing it to be larger 
than when the fluid is not turbulent. 
The equation of Batchelor and Town- 
send which takes this effect into con- 
sideration is 
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(Taken a t  different recorder spans 
and distances from the heated wire) 

Fig. 2. Temperature profiles behind a line 
source. 
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The second term in the equation 
represents the direct contribution of 
molecular diffusion to the spread, 
which is considered in Schubauer's 
treatment. The third term represents 
the contribution to the spread from 
accelerated molecular diffusion, neg- 
lected in Schubauer's treatment. The 
third term may be calculated by using, 
as a rough approximation of the dis- 
sipation, the equation of Townsend 
( 3 5 )  : 

where the dissipation scale is approxi- 
mately equal to 1/5 the width of the 
mean flow variation. Such a calcula- 
tion shows that the wake spread due 
to accelerated molecular diffusion in 
this study is less than 1/2% of the 
spread characteristic of the transverse 
intensity, both downstream from the 
screens and in the cylinder wake. The 
reasons causing the accelerated diffu- 
sion effects to be so small in the pres- 
ent cases are that the thermal diffusiv- 
ity of water is very small, more than 
two orders of magnitude smaller than 
that for air; and that the time interval 
involved is small when measurements 
are made within 1 in. of the source at 
these water velocities. 

The equation of Townsend (37) 
was derived to describe the interaction 
of molecular diffusion and turbulent 
motion which becomes appreciable at 
times such that 

K T  ( t  - to ) < < ~ v ~ / ~ c - ~ / ~  

is not satisfied. Although the equation 
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Fig. 3. Effect of distonce between line source 
and resistance thermometer on calculated tur- 

bulence intensity. 

of Saffman ( 2 5 ) ,  which gives a dif- 
ferent (negative) expression for the 
interaction, is an approximation to the 
same order of time as that of Town- 
send, Saffman states that his equation 
is "clearly of limited value since it be- 
comes negative at t - t, increases. In 
fact (it) is unlikely to hold far outside 
its theoretical range of validity as 
given by" (the above equation). 

For the purpose of the equation in 
this paper, that is to show that the 
magnitude of the interaction term is 
small, either interaction expression 
would suffice, since the interaction as 
given by Saffman is even smaller than 
that given by Townsend. 

Use of Schubouer's Method in Water 
The difficulty in the measurement 

of turbulence intensities in water with 
Schubauer's technique is occasioned 
by the magnitude of the temperature 
differences which must be measured. 
The following observations emphasize 
this difficulty. Working in a turbulent 
air jet Corrsin and Uberoi ( 4 )  report 
that the thermal wake behind a line 
source heated to 300" to 700°C. is 
barely detectable 1 in. downstream. 
For work in water the maximum wire 
temperature is, of course, 100°C. If 
equal volumes of air and water were 
to absorb the same quantity of heat 

from a source, the ratio of the temper- 
ature rise of the water to that of the 
air would be only 0.0004. 

In the present investigation a heated 
wire of 0.0015-in. diameter, approxi- 
mately 1 in. long, was used to approxi- 
mate a line source. I t  was found that 
the temperature profiles downstream 
could be measured adequately with a 
resistance thermometer placed parallel 
to the source. For this purpose a tung- 
sten wire of 0.001-in. diameter, ap- 
proximately */z in. long, was used. The 
probe used for the measurements is 
shown in Figure 1. The resistance 
thermometer was connected as one leg 
of a sensitive recording bridge, which 
could be read to six significant figures. 
The sensitivity limit corresponded to 
approximately 0.002 O C. 

The recording bridge constructed 
for this study is described in detail 
elsewhere (30, 31 ) . Simple adjust- 
ments allow its use with alternating 
current as an impedance or con- 
ductivity bridge. The recorder slide- 
wire is shunted with a three-dial 
decade box, allowing adjustment of 
the span in discrete steps. A recorder 
was employed, containing a sensitive 
12X amplifier. The current to heat the 
line source was supplied by a 0.01% 
AC regulator, and was controlled with 
a variable autotransformer and a 44- 
ohm rheostat. The regulator was iso- 
lated from the control circuit by a 
100-watt isolation transformer. 

To facilitate the measurement of the 
temperature profiles the transversing 
probe was mounted on a micrometer 
screw and driven through the thermal 
wake at constant speed by a synchro- 
nous motor and a suitable gear train. 
The gear train allowed the probe to 
be driven through the wake at speeds 
from 0.0075 to 0.75 in./min. Thus a 
temperature profile behind the source 
could be recorded directly in a few 
minutes. Sample temperature profiles 
are shown in Figure 2 taken at differ- 
ent recorder spans and source-to-re- 
sistance-thermometer distances. 

I I I I I I 
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Fig. 4. Decay of turbulence downstream from wire screens. 

A.1.Ch.E. Journal Page 105 



For wires of the small diameters 
and large L / D  used tungsten was the 
only material tried which would with- 
stand the impact of the water very 
long. Platinum and nickel wires lasted 
less than 30 min. and stainless steel 
wires only a few hours. Tungsten 
wires had to be replaced every 10 to 
15 operating hours, during which time 
their resistance gradually increased by 
about 5%. This was possibly caused 
by slow oxidation of the wires. During 
runs the effect on the background re- 
corder trace of this slow change in re- 
sistance was cancelled by gradually 
cooling the water in the tunnel. 

The tungsten wires were soft-sol- 
dered to the constantan support wires. 
Although a good soldered joint is not 
formed with the tungsten, the me- 
chanical joint formed was stable 
enough that no difference could be 
detected between the signals and 
wake widths measured with the tung- 
sten wires and those measured with 
platinum and nickel, both of which 
solder readily. Most intensities were 
calculated from the average value of 
the thermal width determined from 
six separate temperature profiles. 
Standard deviations for representative 
sets of six profiles varied from approxi- 
mately 2% for intensities near 1% to 
about 5% for intensities near 11%. 
Reproducibility was approximately 2 
5%.  

In the present investigation meas- 
urements of turbulence intensity were 
made with the distance between 
source and resistance thermometer 
varied from 1/16 to 1-% in. The ef- 
fect of this distance on the calculated 
turbulence intensity is shown in Fig- 
ure 3. For intensities above approxi- 
mately 3% no appreciable effect of 
separation was noted. This is in agree- 
ment with the result of Schubauer. 
Separations as small as 1 mm. were 
used by Hegge Zijnen for intensities 
of approximately 15 % . All present 
measurements of intensities below 
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Fig. 5. Background turbulence from turning 
vanes. 
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Fig. 6. Velocity profiles. 

2.5% were made with a separation 
of approximately 1 in. Velocities were 
measured with total head tubes of 
1/16- and 1/8-in. O.D. and an in- 
clined water manometer and were 
found reproducible to 2 1%. The 
readings were not corrected for effects 
of turbulence or mean velocity gradi- 
ents. 

DECAY OF TURBULENCE 
DOWNSTREAM FROM SCREENS 

As a check on the performance of the 
intensity measurement apparatus in 
the system, and also to determine if 
the decay of intensity of turbulence 
behind screens in water resembles that 
in air, decay curves were measured in 
the water tunnel downstream from 
screens of 4, 16, 30, 60 and 100 mesh, 
having wire diameters of 0.063, 0.016, 
0.01, 0.0063, and 0.0045 in., respec- 
tively. The results are shown in Fig- 
ure 4, where the dotted line represents 
the data obtained by Schubauer in a 
wind tunnel at the National Bureau of 
Standards. Attempts were made to 
measure the decay behind a 250-mesh 
screen, but it was impossible to keep 
bubbles from collecting on the up- 
stream side of the screen and disturb- 
ing the turbulence field downstream. 

The only decay data in the litera- 
ture taken in water are those of Vanoni 
and Brooks (40) for the initial period 
of decay, or approximately 100-mesh 
lengths. These data agree well with 
the present data. 

Baines and Peterson (1) made 
many measurements in air of decay 
behind grids of many different types 
and sizes, using both the hot-wire 
anemometer and the diffusion of heat 
and mass from sources. Their data 
obeyed the decay law of Frenkiel 
(10); that is 

-617 U' 
- = A ( $ )  U (4) 

This decay law was followed well 
by the data obtained in this study up 
to distances of about 500 wire diame- 
ters downstream, after which the de- 
cay was too slow. Taylor ( 3 3 )  was led 
to infer that the slowness of decay in 
Schubauer's data for similar distances 
downstream was caused by the slow 
decay of background turbulence of 
large scale. Since data of the present 
study exhibit the same trends as do 
Schubauer's data, an attempt was 
made to substantiate Taylor's reason- 
ing from the data of this study. 

One obvious source of background 
turbulence in the water tunnel was the 
row of turning vanes upstream from 
the screen section. Figure 5 shows the 
slow-decay data plotted as a function 
of the downstream distance from these 
turning vanes in vane diameters. It is 
evident that the turbulence far down- 
stream of the screen is decaying at n 
rate which is characteristic of the tur- 
bulence from these vanes. 

I t  should be noted that the present 
decay data also follow the prediction 
of Batchelor and Townsend ( 3 )  

out to about 100-mesh lengths about 
as well as the prediction of Frenkiel. 
Unfortunately, for decay in the intens- 
ity range from 0.9% to 3%, very ac- 
curate data are required to dd€eren- 
tiate between the two decay predic- 
tions. For higher intensities the data 
of Baines and Peterson tend to favor 
Frenkiel's decay law. 

VELOCITY AND TURBULENCE 
INTENSITY PROFILES 

Cylinders 
The hollow, porous wall cylinders 

used in the investigation were spe- 
cially fabricated from alundum. This 
material has a porosity of approxi- 
mately 30% and a particle retention 

Fig. 7. Peaks of turbulence intensity profiles 
and velocity defect profiles vs. distance from 

cylinder. 
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Fig. 8. Half widths of turbulence intensity pro- 
files and velocity profiles vs. distonce from 

cylinder. 

size of 20p. The cylinders were 8 in. 
long and of three diameters: 0.145-, 
0.224-, and 0.509-in. O.D. Short 
lengths of %-in. stainless steel tubing 
were cemented to the end of the 
tubes, with a polymerizable acrylic 
plastic powder which is mixed with a 
liquid monomer prior to use. The steel 
tubes were inserted through packing 
glands to hold the cylinders in place 
in the tunnel. (The cylinder porosity 
characteristics were of importance in 
Part I1 of this paper,) 

Velocity Profiles 

Velocity profiles were measured in 
the wakes of the two larger cylinders 
and %-in. O.D. stainless steel tubing. 
Sample profiles, normalized to the di- 
mension of the 0.224-in. cylinder, are 
shown in Figure 6. Plots of peak ve- 
locity defects and profile half widths 
as functions of downstream distance 
are shown in Figures 7 and 8. 

Turbulence Intensity Profiles 

Turbulence intensity profiles were 
measured in the wakes of the three 
alundum cylinders and in the wake of 
a %-in. diameter smooth brass cylin- 
der. Sample profiles are shown in Fig- 
ures 9 and 10 normalized in terms of 
the 0.224-in. cylinder. The high in- 
tensities were obtained with small dis- 
tances separating the heated wire and 
the resistance thermometer. This 
served to make the temperatures large 
enough to sense with reasonable ac- 
curacy and to reduce the variation of 
velocity and intensity over the meas- 
ured width of these wide-angle wakes. 
Above about 12% turbulence intens- 
ity the accuracy of the method be- 
came poor, and the measurements 
were used only to indicate the trend of 
the data. 

The half widths of the profiles and 
the intensities at  wake center are also 
shown as functions of the downstream 
distance in Figures 7 and 8. The in- 
tensities at wake center are seen to 
compare reasonably with those of 
Townsend. 

I t  is of interest to note that a double 
peak in the intensity profiles begins 
to appear at about 55 to 60 cylinder 
diameters downstream. Townsend (36) 
made careful intensity measurements 
with the hot-wire anemometer in the 
wake of a cylinder and also reported 
such double peaks. However Town- 
send notes the phenomenon for the u 
and w components of veIocity, whereas 
the present method supposedly meas- 
ures only the v component. The two 
measuring methods are, of course, 
fundamentally different, the hot-wire 
measurements being essentially point 
values, while the diffusion method de- 
pends on wake spread over a finite 
distance. Hinze and Hegge Zijnen (12, 
14, 15) indicate that the wake spread 
is related to both the lateral and longi- 
tudinal intensities, but the data of the 
present investigation are not of suffi- 
cient accuracy to permit application of 
their equations. It appears from Fig- 
ure 7 that the peak transverse intensi- 
ties 100 to 200 diam. downstream as 
measured by the diffusion method fall 
between the u and v component in- 
tensities measured by Townsend. A 
more detailed experimental and theo- 
retical investigation of the phenomenon 
is required to provide a satisfactory 
explanation. 

CONCLUSIONS 

Velocity profiles in the wake of a 
cylinder oriented perpendicular to the 
main flow stream in the working sec- 
tion of a water tunnel were measured. 
Reynolds numbers for the flow based 
on cylinder diameter and mesh size of 
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Fig. 9. Turbulence intensity profiles, 
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Fig. 10. Turbulence intensity profiles. 

the screens in the flow straightening 
sections clearly indicate that the cylin- 
der was primarily responsible for the 
turbulence generated. 

An instrument for measuring turbu- 
lence intensity in water has been de- 
veloped, based on the method of 
Schubauer, and used to measure tur- 
bulence intensity profiles in the wake. 
These are likewise reported. 

These data will be used in Part I1 
of this report along with concentra- 
tion data to calculate local values of 
the turbulent mass transfer coefficient 
in the wake of the cylinder. 
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NOTATION 

A = constant 
b,,, = wake width at one half the 

d = diameter of cylinder or screen 

K ,  = thermal diffusivity 
L, = dissipation length scale 
M = mesh length 
t = time 
to 
U = velocity in x-direction 

peak value 

wire 

= time at beginning of diffusion 
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U .  = mean velocity external to the 
wake 

u, v, w =fluctuating components of 
velocity 

u’, v’ = root-mean-square fluctuating 
velocities 

x = distance from cylinder (or 
screen) in the direction of 
bulk flow 

Y = mean - square displacement 
from wake center 

Yea = mean square displacement in 
thermal wake, measured 

u = kinematic viscosity 
E 

unit mass 

- 

- 

= dissipation of turbulence per 
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Turbulent mass-transfer coefficients were calculated from concentration profiles obtained 
in the wake of a hollow cylinder having a porous wall through which a solution of electrolyte 
was flowing. These coefficients are presented as functions of the turbulence intensity and the 
width of the transport region. This paper is  a continuation of the previous report on this subject 
and utilizes the results presented earlier. 

Interest in liquid phase catalytic re- 
actions and heat transfer has served to 
focus attention on those physical prop- 
erties of flowing liquids which deter- 
mine their ability to transfer heat and 
mass. Since one of the characteristics 
of turbulence is its ability to disperse 
local concentrations of heat and mass 
very rapidly, interest in turbulent dis- 
persion has developed rapidly. 

At present turbulent transport phe- 
nomena are usually treated from mix- 
ing-length theories and by analogy 
with molecular diffusion. A complete 
understanding of the observable phe- 
nomena must await a satisfactory elu- 
cidation of turbulent shear flow. How- 
ever correlations which will allow 

estimation of turbulent transport co- 
efficients remain necessary for engi- 
neering purposes. Such correlations are 
conspicuously lacking for the liquid 
phase. 

This paper is Part 11 of a report 
from a study of turbulent diffusion in 
the liquid phase. Part I was concerned 
with the fluid mechanical details in 
the wake of a cylinder oriented per- 
pendicularly to the mean flow in the 
working section of a water tunnel. In 
the center of such a wake there is a 
strong variation of turbulence intens- 
ity in the downstream direction, and 
this variation occurs within a con- 
venient distance from the cylinder. A 
hollow cylinder with a porous wall 

Transfer 

a Cylinder 

was used in order that a wake of elec- 
trolyte could be established down- 
stream by forcing a solution of elec- 
trolyte through the porous wall. Con- 
centration profiles were obtained at  
various stations in the wake, and the 
turbulent mass transfer coefficients 
were calculated from these profiles. 

EXPERIMENTAL PROCEDURES A N D  
MEASUREMENT TECHNIQUES 

The Water Tunnel 

The study was conducted in the con- 
trolled and reproducible flow field of a 
water tunnel. This tunnel has been de- 
scribed elsewhere, and the details of its 
construction and operation will not be 
reproduced here. 

Measurement of the Turbulence Variables 
A knowledge of the velocity profiles and 

turbulence intensities at various points 
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