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INFLUENCE OF THE CONCENTRATION INITIAL SECTION ON THE
MAGNITUDE OF DIFFUSION FLUXES IN TURBULENT FLUID FLOW

Yu. E. Guber UDC 532.517.4:536.2,242+629.7.063

Results of an experimental investigation of the influence of initial sections of
a mass delivery surface on values of the Stanton number are presented,

A stabilized temperature (concentration) profile is achieved in very rare cases in tur—
bulent fluid flows with Prandtl (Schmidt) numbers significantly greater than one (oil heat ex-
changers, electrochemical treatment in viscous electrolytes, etc.) and a length of the ini-
tial section of the transfer surface sufficiently large. Hence, the design dependences of
the heat and mass transfer, obtained for a developed temperature (concentration) profile, are
barely suitable under these conditions. The methods used at this time to take account of the
influence of the initial thermal (diffusion) section on the average values of the Nusselt
(Stanton) numbers [l, 2] are empirical in nature.

An experimental investigation was conducted in the range of Reynolds numbers between 1°10*
and 1,3¢10° and of Schmidt numbers, 1.5¢10%-5,2¢10“, on two experimental setups, The change
in the limit diffusion currents in an oxidatiomreduction reaction on potassium ferroferri-
cyanide which proceeds on solid electrodes is studied in the research as a function of the
extent of the electrode along the flow. The method of conducting the tests and the experi-
mental setups are described in detail in [3, 4]. The electrodes were glued flush with the
side surface of a rotating cylinder. The rotating cylinder has definite advantages over other
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objects because of the absence of an undeveloped hydrodynamic boundary layer on its side
surface. When the whole cylinder side surface is the working surface, the diffusion problem
is simplified, since the need to take account of the influence of the initial section on the
mass delivery drops out. At the same time, the possibility of studying the mass transfer
under conditions of an undeveloped concentration boundary layer with a completely developed
hydrodynamic boundary layer appears on rotating cylinders for which the extent of the working
surface along the circumference is limited.

Nickel electrodes 20 mm high along the cylinder generator were located at an equal dis-
tance from the end faces of a 70-mm~high and 100-mm-diameter cylinder. The influence of the
initial section of the transfer surface on the mass delivery was studied on electrodes of 2,
5, 10, 20, and 85 mm extent along the circumference of the cylinder. The diffusion fluxes
under conditions of a fully developed concentration profile were measured on working cylin-
ders on which the electrode was located along the whole circumference of the cylinder (314
mm long).

In the absence of influence of the initial section of the mass delivery surface, the ex-—
perimental results correspond, with 7% accuracy, to the soclution of the convective mass-
transfer differential equation i

0 1 ) ac.
— 4+ b + 1=0 1
0y, [( s T, 0y, ] @
with the boundary conditions
c, (0)=0, c,(o0)=1 (2)

obtained in [5]. For a damping law of the turbulent transfer coefficient in a viscous sub-
layer, which follows from tests on rotating cylinders, on which the concentration boundary
layer was fully developed [3]:

£ —2.7.107%, (3)
’v L

this solution results in the dependence
St. = o.nssc—3/‘l/ %f : (%)

The hydrodynamic drag coefficient of a cylinder rotating in the cylindrical vessel of the
first setup was computed by means of the formula

1
Ve
which correlates the test data of direct measurements [6]. Values of the hydrodynamic drag
coefficients of a cylinder rotating in the hexagonal working vessel of the second apparatus
were determined from test results on mass delivery, obtained on electrodes with a fully de-

veloped concentration boundary layer and on electrodes from which the turbulent transfer
could be neglected [3].

= —0.6+4.07 IgRe V<, )

The set of values of the Stanton number obtained in tests and averaged along the elec-
trode length

St = ht 6
St Re-Sc - 2 (6
as a function of the dimensionless extent of the electrode along the flow
Re 1/% L
b= 21107 —ggm— o
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Fig. 1. Influence of the extent of the transfer sur-
face on the diffusion fluxes to turbulent flows. A)
Experimental results: 1-3) cylinder, electrochemical
method, setup No. 1 [1) L = 314 mm; 2) 10; 3) 2]; 4-7)
cylinder, electrochemical method, setup No., 2 [4) L =
85 mm; 5) 20; 6) 10; 7) 5]; 8) tube, dissolution meth-
od, results [8]; B) theoretical curve accord’ag to [7]:
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is described well by two interpolation relationships (Fig. 1):
St

for & <C0.1 <t

=0.92e7"%, (8)

for B> 0.1, L L a3 10z 8+ (£
or ¢ >U.1, Stno - + IOOE ["3 - exp(_ .,L] ( / ‘ (9)

This result agrees with the solution of the differential equation of convective diffusion to
a surface of any extent along the flow, executed in [7].

Since the wall curvature exerts no essential influence on the magnitude of the thermal
(diffusion) fluxes for Pr(Se) >> 1, it can be assumed that the relationships St/Ste = V(g
are also valid for plates, tubes, and other objects. This is indeed indicated by the test
results [8] presented in the figure, which were obtained by dissolution of different sections
of the inner surface of a cylindrical tube along the length.

NOTATION

b, constant in the law for damping of the turbulent transfer coefficient; n, exponent
in the damping law; c, concentration; c,, concentration in the volume; cy, dimensionless con-
centration; veg/2, hydrodynamic drag coefficient; L, extent of the electrode along the flow;
r, cylinder radius (characteristic dimension); W x» dynamic viscosity; y4 = yW, /v, dimension-
less coordinate in a direction perpendicular to the wall; e, turbulent transfer coefficient;
v, coefficient of kinematic viscosity; £, dimensionless extent of the electrode along the
flow; Pr, Prandtl number; Sc, Schmidt number; St, Stanton number (st averaged alongthe length
of the electrode; Sts under conditions of a fully developed concentration boundary layer);
Nu, Nusselt number; Re, Reynolds number.
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WALL—PARTICLE INTERACTION IN A VERTICAL GAS SUSPENSION FLOW

N. I. Gel'perin, L. I. Krupnik, UDC 621.547
Z. N, Memedlyaev, and V. G. Ainshtein

The results of an experimental investigation of the carrier velocity fields in a
vertical gas suspension flow are presented, and the development of the shear
stress due to interaction between the particles and the channel walls is analyzed.

A quantitative evaluation of the relation between the velocity distribution in a de-
veloped turbulent continuum flow and the tangential wall stress (Tg), based on the Prandtl
mixing length hypothesis, leads to the logarithmic law:

% . B,

v

w
—g=Aolg (1)

w,

With respect to gas suspension flows, on the interval 30 < w%y/v < 700 this law quite
satisfactorily describes [1-3] the velocity field of the carrier medium [at various mean ve-
locities wy = 8-30 m/sec and solids flow concentrations uf = 0.1-16 (kgeh™)/(kgeh~?)] as de-
formed by the presence of the solid particles,

Investigations were carried out [2, 3] by means of a Pitot tube in channel sections of
diameter D = 2R = 50 mm with various degrees of hydrodynamic flow stabilization L/D = 11-111,
In the experiments we used narrow fractions of quartz sand of diameter d = Q.17 mm, AV-17
anion-exchange resin d = 0.52 mm, glass pellets d = 1.3 mm, corundum pellets d = 1.05 mm, and
wheat d = 3.9 mm. Values of Tg(WE) were obtained from the data of measurements of the local
carrier velocities w(y), using Clauser's method of nets [1] and Preston's equation [2]. In
Fig. 1 we present the results of an investigation of the carrier velocity fields on the sta-
bilized section (L/D = 100) of a vertical gas suspension flow. Clearly, in the inner region
of the turbulent flow core all the experimental data (Fig. la) are grouped about dependence
(1) with constants Ap and By equal to 5.5 and 5.8, respectively. It is noteworthy that, ac-
cording to Nikuradze's data [4], the values A¢ = 5.5 and B, = 5.8 most accurately describe
the experimental points in the turbulent wall region (y/R = 0.2) of continuum flows.

Attempts havebeenmade to use an equation of type (1) to calculate the total resistance
of a gas suspension flow (1, AP¢) including, in addition to the carrier friction losses (Tg,
APg), the energy expended on keeping the particles in the suspended state (tg, APg) and the
losses (Ty, APy) due to interaction between the particles and the channel walls (frictien,
collision).t For this purpose the gas suspension is treated [5, 6] as a quasihomogeneous

+The introduction of the "tangential" stresses tg, Ty and the corresponding dynamic flow ve-
locities is justified only phenomenologically andconstitutesaconvenientmathematicaltechnique.
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