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A consistent method is presented for predicting local velocities in smooth tubes, con-
centric annuli, and parallel plates. Consideration is limited to the steady, isothermal,
fully turbulent flow of constant-density fluids. Experimental data show the proposed
correlation to be independent of Reynolds number and radius ratio. Intermediate quantities,
calculated from friction data, permit local velocities to be determined over a wide range

of operating conditions.

A number of experimental investiga-
tions have dealt with the distribution
of mean loeal velocities in fully turbulent,
isothermal flow through smooth tubes,
but far fewer velocity data are available
for flow in conduits of noncircular cross-
section. Some recent publications have
indicated that velocity profiles in con-
centric annuli and between parallel flat
plates can be correlated with those in
tubes by means of geometrical trans-
formations. Although each case has been
handled separately with more or less
success, no more general approach has
been forthcoming.

It is the purpose of this paper to present
a consistent method of correlating mean
local velocities in tubes, annuli, and
parallel plates. Consideration is limited
to steady, isothermal, fully turbulent
flow of fluids having constant density.
The recommended correlations are con-
sistent with theoretical relationships
developed for fully viscous, or laminar,
flow, no attempt being made to deal with
the region of laminar-turbulent transition.
New velocity data have been obtained
for flow between parallel plates and in
one concentric annulus to aid in verifying
the proposed correlations.

STATUS OF THE LITERATURE

Rothfus and Monrad (8) have shown
that the Reynolds number effect on the
u*, y* correlation of local velocities in
smooth tubes can be removed empirically,
for practical purposes, by modification of
the correlating parameters. They suggest
the use of the dimensionless coordinates

U+

A=) o
and

vt = Q/TOQO/P (1}_"') (2)
v \V/,

It has been observed that U+ is an
essentially unique function of Y+ over
most of the stream in fully turbulent flow.

G. A. Whan is at present at the University of
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Very close to the wall, the empiricism
must break down since viscous behavior
is approximated in that region. The
modified u*, y* paramecters, however,
make it possible to reduce turbulent
velocity profiles in smooth tubes to a
single functional relationship which is
independent of Reynolds number to a
satisfactory extent. Thus a starting point
has been established from which to pro-
ceed in studying flow through noncircular
ducts.

Rothfus and Monrad have noted that
fully viscous velocity profiles in tubes and
parallel plates are coincident whenever
the radius of the tube equals the half-
clearance between the plates, the skin
frictions are made equal, and the same
fluid flows in both conduits, Assuming
coincident velocity profiles in fully tur-
bulent flow under the same restraints,
the authors predicted that

Ue* = U, 3)
and

YF+ = Yr+ (4)
If the Reynolds number for parallel
plates is defined on the basis of 2 hydraulic
radius over the whole stream in the
usual manner,

bV
INYRep = 4)I £

6)
The Reynolds number for tubes is
ordinarily defined as

7oV
NRB, = =P (6)
14
Since the maximum local velocity is the
same for both types of ducts and r, = b,
then it must follow that

_1 V/un)y
NRe, - 2 Arney (V/um)k (7)

if the local velocities are truly coincident
as assumed. In like manner, since the skin
frictions and fluid densities are equal,

__L; _ (V/um) e
fe = (V/um, ®
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Thus it should be possible to predict ratios
of average to maximum velocity from
friction data or, conversely, friction
factors from velocity ratios.

The data of Sage and coworkers (1, 6, 7)
were shown to be in excellent agrecement
with Equations (3) and (4). The values
of (V/u,), obtained from tube data
(5, 10, 11) at the Reynolds number de-
fined in Equation (6) altered the ordinary
u*, y* correlation for parallel plates in
such fashion as to yield a correlation on
U+, Y+ coordinates which was inde-
pendent of Reynolds number and coinei-
dent with the unique curve for smooth
tubes. Friction factors computed by
means of Equation (8) were in satis-
factory agreement with experimental
friction data. The latter data deviated
somewhat from the values predicted by
means of the usual hydraulic radius
concept. It is the opinion of the writers,
however, that the deviation was probably
less than the experimental uncertainty.
Since infinitely broad parallel plates must
be approximated experimentally by using
a rectangular duct of large aspect ratio,
it is almost impossible to correct for the
effect of the side walls on the friction and
over-all flow pattern.

Several years ago, Rothfus, Monrad,
and Senecal (9) obtained measurements
of fluid friction and velocity distribution
in two smooth, concentric annuli. They
observed that the radius of maximum
local fluid velocity r, attained the same
value in fully turbulent flow as that pre-
dicted from theory for fully viscous flow;
namely

2 2
2 _ T TN

In (72)2
T

They also observed that the Fanning
friction factor at the outer boundary of
an annulus, defined by the equation

(9)

Tm

T2Jo = I22 PV°2 (10)
could be empirically correlated over the
fully turbulent range in a manner inde-
pendent of the radius ratio r,/r.. It was
found that if the hydraulic radius concept
were applied to the portion of the fluid
lying between the radius of maximum
velocity and the outer wall of the annular
space, the friction factor f could be
obtained with excellent accuracy from
the smooth-tube correlation at the Reyn-
olds number
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(11)

The distribution of shearing stress in an
annulus is not linear in the distance r
from the center of the configuration, nor
is the viscous velocity distribution para-
bolic in that distance. Through study of
the theoretical velocity profile for wholly
viscous motion (4), Rothfus, Monrad, and
Senecal defined a distance parameter in
which the velocity was parabolic. They
also showed that a corresponding shearing
stress could be defined which was linear
in the modified distance and which
equaled the actual skin friction at the
outer wall of the annular space.

The new distance parameters per-
mitted viscous-flow patternsin an annulus
to be compared with those in a smooth
tube of radius (.2 — r,2)/r,, the “equiv-
alent” tube indicated in Equation (11).
It was shown that the annular flow cor-
responded to the flow in the outer portion
of the equivalent tube, from the stand-
point of velocity distribution. On the
assumption that a similar coincidence
of local velocities occurred in fully
turbulent flow, a modified u*, y* corre-
lation was developed for annuli. Experi-
mental velocity data indicated that
annular velocity profiles were in rough
agreement with the ordinary u*, y+ cor-
relation for tubes, and the effect of
Reynolds number on the -correlation
appeared to be somewhat greater in
annuli than in tubes over the lower
turbulent range. This was later observed
to be true for parallel plates as well, but
no attempt was made to resolve the
question in the case of annuli.

The velocity correlation for annular
conduits has some disturbing features
when compared with the parallel-plate
correlation previously described. Although
the local velocities in the annulus are
coincident with those in the equivalent
tube, the maximum velocity in the
annulus does not occur at the center of
the equivalent tube. Thus there is no
simple connection between the Reynolds
numbers in the annulus and tube such as
shown in Equation (7). Furthermore, a
pseudo shearing stress, rather than the
actual one, ig made linear in the modified
distance variable; otherwise, the corre-
lating method for annuli is similar to
that for parallel plates in that it requires
restraints on the tube radius, the skin
friction, and the properties of the fluid.

Tubes and parallel plates are effec-
tively the limiting cases of annuli as the
radius ratio progresses from zero to unity.
It is, therefore, reasonable to assume that
2 general method of correlating annular
velocity profiles might be developed which
would include tubes and parallel plates.
The foregoing discussion suggests that
there is a factor in'the behavior of
turbulent fluids which has not been
accounted for in previous studies of local
velocities.
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DEVELOPMENT OF VELOCITY CORRELATIONS

The distribution of shearing stress in
an annulus can be shown, through a
simple force balance, to be

: Apgo (1P — 7.2
0o = (T2 =)

regardless of the type of flow. It is
interesting to note that a hydraulic
radius By can be defined for the fluid
contained between the radius of zero
shear r,, and the arbitrary radius r. If
the hydraulic radius is defined as the
cross-sectional area of the fluid divided
by the perimeter of external shear, then

Apga
LER, (3

Tgr) =

The shearing stress is therefore linear in
the hydraulic radius. The same is true, of
course, for tubes and parallel plates. Since
Equations (12) and (13) can be written
with r = r;, the radius of the outer wall,
it follows that

ro(r* — 1)

To. 14)

The distribution of eddy viscosity,
€, across the annular section is related to
the local shearing stress through the
definitive equation

du,
dr

790 = —(u + &) (15)

where %, is the mean local fluid velocity
at the point where the shearing stress is
measured. Combination of Equations
(13), (14), and (15) yields

At ede (= rt) g

Ry, 7290
If the eddy viscosity proves to be a
function of the local fluid velocity, Equa-
tion (16) can be integrated from the
outer wall to an arbitrary point in the
fluid. Thus

2 te
o [ (b + &) dua
1

It is convenient to work in terms of the
average value of the total viscosity taken
with respect to the local fluid velocity. If
the average is designated by the super-
script 0, then

G+ )% = [ Tt du (18)

In addition, the right-hand side of
Equation (17) can be represented by the
symbol &, where the subscript indicates
that only the fluid -outside the radius of
maximum local velocity is being con-
sidered. Thus by definition,
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..__1_ 2 _ 2 2 KZ)
®0_2R11,2 (rz r?— 2r. lnr (19)

Equations (17), (18), and (19) can be
combined to yield the basic relationship
in the form

2(s + €)’u,

=&
R;{, 7290 ¢

(20)

By means of a similar development, it
can be shown that the last equation
applies equally well to the fluid lying
inside the radius of maximum velocity
provided that the -latter retains its
viscous-flow value indicated in Equation
(9). Knudsen and Katz (3) as well as
Rothfus, Monrad, and Senecal have
shown experimentally that Equation (9)
is valid for fully turbulent as well as
fully viscous flow.

If Equation (20) is evaluated at_the
radius of maximum' local fluid velocity
T, then

2(p + €)m s

= 1.0
QomRﬁ,ngo

@n

The maximum value of ®,, designated as
$,,0, is obtained from Equation (19) with
r = 7. The value of &,,, varies from 1.00
for parallel plates to 2.00 for tubes. The
magnitude of ®,,, is a unique funetion of
the radius ratio r,/r; as shown in Table 1.
It is permissible to write Equation (21)
for that particular annulus whose radius
ratio is zero, namely the tube. If the
radius of the tube is R,, then
Ro = @omR”, (22)
since the hydraulic radius Ry, is simply
R,/2. Therefore

208 + €)n Umn
Ro(Tugo)p

At this point it is necessary to make a
basic postulation about the behavior of
the fluid in fully turbulent flow which
transcends the geometry of the conduit.
A tube and an annulus will be considered
for which Ry = ®4,,Ry, and (rego), = 7200
with the same fluid flowing in both
conduits under fully turbulent conditions.
These are precisely the same restraints
imposed by Rothfus and Monrad on the
case of flow between parallel plates. It
will be assumed that the eddy viscosity
is the same function of the local fluid
velocity in both conduits. On the average,
therefore, under the stated restraints,
Equations (21) and (23) predict that

(l‘ + ea)mou/mlx = (” + eD)mou"lD

and if the assumption regarding eddy
viscosity is correct,

=10 (23)

(24)

(25)

For flow in a tube of radius B, Equa-
tion (19) reduces to the form

Uma = u’mv
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Fig. 1. Correlation of annular velocities inside the radius of maximum fluid velocity.

) = 2[1 - (%)] (26)

where R is the radial distance from the
center of the stream to the point at which
the local velocity is measured. If Equa-
tion (20) is applied to a tube and an
annulus under the restraints previously
described and if this assumption about the
eddy viscosity is valid,

@)

provided that the distances R and r are
related in a particular way. It is apparent
from Equations (20) and (26) that the
relationship must be

2)-() -
(QOM a Q(Jm ? 1 RO (28)
It is customary to express the position
of a point within a tube in terms of its
distance Y from the wall. Thus, since
Y = Ry, — R by definition and R, =
&y, Ry, Equation (28) can be rewritten
in the form

Y=(0- V11— (®/dy,). )Ry, (29

Thus if a tube and annulus are operated
with the same fluid and with the stated
restraints on the linear dimensions and
gkin frictions, the local velocity at
distance r from the center of the annulus
should be equal to the velocity in the
tube at distance Y from the tube wall.
Since the local velocities, linear dis-
tances, and friction velocities for tubes
and all other annuli, including parallel
plates, have been made equal by the
procedure described above, it follows that

Uy = U,

|4
Ut = U, = ——= (—) (30)
V 7200/ p \Un/s
and
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EXPERIMENTAL VELOCITY MEASUREMENTS

Mean local fluid velocities were meas-
ured in a smooth, concentric annulus and
in a smooth, rectangular duct of large
aspect ratio. The outer boundary of the
annulus was a Lucite tube with an inner
diameter of 0.750 in. The core was a
smooth copper tube with an outer
diameter of 0.248 in. The radius ratio
was, therefore, 0.331. The rectangular
duct, formed from smooth brass plates,
was 14 in. wide with a clearance of 0.700
in. between its broad surfaces. Adequate
calming lengths were provided in each
case to cnsure a fully developed velocity
profile at the point of measurement.

The test fluid was water at room tem-
perature. The liquid was recirculated
through heat exchangers to raintain
isothermal, steady flow. Local velocities
were mcasured by means of calibrated
impact tubes formed from hypodermic
needle tubing. The impact pressures

Ya-:» - Yp+

by virtue of the definitive Equations (1)
and (2). The unique U+, Y+ correlation
for smooth tubes can, therefore, be
expected to represent velocity distribu-
tions in annuli and parallel plates.

The Reynolds number in the equivalent
tube, defined in the manner of Equation
(6), must be

Na, = 2oV _ 2q>(,m1ye,,,v,,

(32)

14

The Reynolds number for the annulus
can be defined through Equation (11),
that is, '

(11a)

Therefore, since the maximum local
velocitics in the tube and annulus are
equal, as shown in Equation (25),

(V/thm),
(V/tem)a

In like fashion, since the skin frictions
and fluid densities are equal,

- .
f: o (V/tn)y

It is apparent that since &, is unity
for flow between parallel plates and
f» = fr by definition, Equations (33) and
(34) are exactly equivalent to Equations
(7) and (8). The proposed method of
correlating local velocities in annuli is
consistent in every way with the parallel-
plate method suggested by Rothfus and
Monrad. The assumption regarding eddy
viscosities can_be verified for the case of
annuli by means only of experimental
velocity data.

— %on

Ng., = 2 Nk.., (33)

(34)
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were indicated on vertical U-tube man-
ometers. In order to obtain the necessary
degree of multiplication in the manometer
readings, monochlorobenzene and mono-
fluorobenzene were used as the manometer
fluids. Since the specific gravities of
monochlorobenzene and monofltioroben-
zene at 20°C. are only 1.1084 and 1.0267,
respectively referred to water at 20°C.,
the desired amplification could be ob-
tained without resorting to the use of
micromanometers. Special precautions
were observed in the design and operation
of the manometers to prevent contamina-
tion of the liquid-liquid interfaces.

Friction data as well as velocity meas-
urements were obtained over the viscous,
transition, and lower turbulent ranges of
flow. Since transition behavior is a
scparate subject worthy of individual
treatment, only the data obtained in the
fully turbulent-flow regime are reported
herein. It should be recognized, however,
that the lower limit of full turbulence on
the Reynolds-number scale has been
established through velocity measure-
ments.

RESULTS AND DISCUSSION

The experimental velocity data are
presented in Figures 1, 2, and 3 on
modified »*, y+ coordinates, In each case
comparison is made with the best line for
smooth tubes based on the velocity data
of Nikuradse (5). Diessler (2), Rothfus,
Monrad, and Senecal (9), and Senecal
and Rothfus (10). The data for the
annulus have been supplemented by the
experimental results of Rothfus, Mounrad,
and Senecal in order to extend the radius
ratio range.
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Fig. 2. Correlation of annular velocities outside the radius of maximum fluid velocity.
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Fig. 3. Correlation of velocities for parallel plates.

TaBLE 1. ErreEcT OF RapIUS RaTio
ON THE PARAMETER ®o,,

ri/rs Bom

0.00 (tubes) 2.000
0.10 1.475
0.20 1.386
0.40 1.257
0.60 1.134
0.80 1.062
1.00 (parallel plates) 1.000

It is apparent that excellent agreement
with the smooth-tube data is obtained
through the proposed method of corre-
lation. The tube relationship can be used
with equal precision to predict velocity
profiles in annuli and parallel plates. In
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the case of parallel plates, the data of
Sage and coworkers (I, 6, 7) verify the
results of the present work but are too
numerous to include in Figure 3. The
excellent agreement between these data
and the smooth-tube curve has already
been shown by Rothfus and Monrad ().

Figure 4 is included to aid the reader in
visualizing the form of fully turbulent
velocity distributions in the experimental
annulus. It is apparent that the point of
maximum loeal velocity lies closer to the
core than to the outer wall. The actual
value of the radius of maximum velocity
is in almost exact coincidence with the
viscous-flow value predicted in Equation
(9). The mutual agreement of Figures 1
and 2 also confirms this observation since
Equation (20) can be applied on both

A.l.Ch.E. Journal

gides of the maximum point only when
Equation (9) is obeyed.

In order to calculate local velocities in
the proposed manner, values of (V/u,),
must be obtained for use in Equations
(30) and (31). Since the velocity ratio
is readily available as a function of the
Reynolds number in the equivalent tube,
the problem is one of evaluating the latter
quantity. Ordinarily, the Reynolds num-
ber for the annulus in question is known
or can be estimated tentatively. If the
velocity ratio (V/u,), is known at Ng,,,
the Reynolds number Ng,, and the
velocity ratio (V/u.), can be obtained
from Equation (33) by means of trial
and error.

Unfortunately, too few data on annuli
are available to permit prediction of
(V/um)ea 8t various radius ratios and
Reynolds numbers from experimental in-
formation. On the other hand, the authors
have measured fluid friction in various
annuli and between parallel plates. As a
result, the friction factor f. at the outer
wall is available over a wide range of
radius ratios in the lower turbulent range
of flow. By a fortuitous circumstance, this
proves to be sufficient information from
which to calculate (V/u,,). without much
difficulty.

It is found that the friction factors for
all annuli, including tubes and parallel
plates, are the same function of the
Reynolds number Ng,, in the fully tur-
bulent range. This fact, first observed by
Rothfus, Monrad, and Senecal, is illus-
trated in Figure 5 by the data of the
present authors. Since the friction factors
are unique functions of the Reynolds
number, the ratio (V/u,)./(V/uy), de-
pends on Ng,, and Ng,, only, by virtue
of Equation (34). Thus Equation (33)
can be written in the general form

(V/um)a = ‘p(NIZen QOm) (35)

The necessary trial-and-error calcula-
tions have been performed and the solu-
tion of the last equation is shown graph-
ically in Figure 6. Once the annular
dimensions and operating conditions are
fixed, the ratio of average to maximum
velocity (V/un)s can be obtained directly
from the graph at the appropriate value
of Ng,, and &,. The Reynolds number
Nz., for the equivalent tube and the
velocity ratio (V/u,), at that Reynolds
number can then be obtained from Equa-
tion (33) and Figure 6 by trial and error.
The friction velocity (r:g0/p)!/? is obtain-
able by means of Equation (10) and
Figure 5. The velocity distribution in
the annulus can, therefore, be determined
from the smooth-tube curve of U*
against Y+ shown in Figure 1, 2, or 3.

It should be noted that coincidence of
local velocities under the stated restraints
does not necessarily result in a criterion
for the stability of the turbulent regime
in various types of ducts. The U+, Y+
correlation for smooth tubes is independ-
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ent of Reynolds number in only the fully
turbulent range above 3,000. When
applied to annuli and parallel plates, the
correlation cannot, therefore, be unique
at Reynolds numbers below the value
corresponding to a Reynolds number of
3,000 in the equivalent tube. The Reyn-
olds number Nj., marking the lower
limit of the correlation must consequently

depend on the radius ratio in accordance -

with Equation (33). On the other hand,
the friction data indicate that full
turbulence in the noncireular ducts is
maintained until somewhat lower Reyn-
olds numbers are reached. No attempt
has been made to evolve a criterion for
the critical Reynolds number.

In summary, a consistent and effective
method is now available for calculating
local velocities in tubes, concentric annuli,
and parallel flat plates, Friction data
provide a basis for determining inter-
mediate quantities necessary to the
calculation of velocities. Although the
number of supporting data is limited,
there is ample reason to conclude that
the recommended correlation can be used
in the fully turbulent flow regime over
the entire range of radius ratios.

NOTATION

b = half clecarance between parallel
plates, ft.

f = Fanning {riction factor, dimen-
stonless

go = conversion factor = 32.2 (lb.-

mass)(ft.)/(lb.-force)(sec.?)

"VRJ
IVR.,

Ap

length of conduit, ft.

Reynolds number, dimensionless
Reynolds number defined in
Equation (11), dimensionless
pressure. drop due to friction,
1b.-force/sq. ft.

radial distance from center of
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Fig. 5. Correlation of fanning friction Factors at the outer surface of annuli.
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Fig. 4. Velocity profiles in the annulus of radius ratio = 0.3312.
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ut

U+

v

Y+

f (]

i

configuration to a point in the
fluid stream, ft.; r, = radius of
tube, ft.; r, and r, = inner and
outer radii of an annulus,
respectively, ft.

radius of maximum local fluid
velocity, ft.

radial distance from center of
equivalent tube, ft.; R, = radius
of equivalent tube, ft.

hydraulic radius for the fluid be-
tween 7, and r, ft.; Ry, =
hydraulic radius for the fluid
between r,, and r,, ft.

mean local fluid velocity, ft./sec.
maximum value of mean local
fluid velocity, ft./sec.

velocity parameter =

u/V Togo/ p, dimensionless
modified velocity parameter de-
fined in Equation (1), dimen-
sionless

bulk average linear velocity of
fluid, ft./sec.

distance from wall to a point in
the fluid stream, ft.

friction distance parameter =
y\/;og;,/p/v, dimensionless
distance from wall of equivalent
tube, ft.

modified friction distance param-
cter defined in Equation (2),
dimensionless

Greek Letters

€

u

eddy viscosity, Ib.-mass/(see.)

(ft.)

viscosity of fluid, Ib.-mass (see.)
(ft.)

kinematic viscosity of fluid,
sq. ft./sec.
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Fig. 6. Ratio of average to maximum velocity in tubes and non circular conduits.

density of fluid, 1b.-mass/cu. ft.

T = local shearing stress in fluid, 1b.-
force/sq. ft.; 7o = skin friction ¥
at wall of conduit, 1b.-force/

sq. ft.; 7. = skin friction at outer  subsecripts
wall of annulus, lb.-force/sq. ft. p
geometrical function defined in p
Equation (19), dimensionless; a

&y, = maximum value of geo-
metrical function, dimensionless

= function in Equation (35), di-
‘mensionless

°
1]

parallel flat plates
pipes or tubes
annuli

P,

m = association with the point of
maximum fluid velocity

Superscript

0 = average taken with respect to

the mean local fluid velocity
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Liquud-liquid Extraction Accompamed

by Chemical Reaction

From time to time, A.I.Ch.E. Journal is going to present translations of certain technical
articles written by oyr Japanese colleagues in their own language. These translations are
to be made by Kenzi Etani, who received his B.S. in chemical engineering in 1953 at the
Tokyo Institute of Technology and his M.S. in 1955 at M.L.T. He is associated with Stone
& Webster and is an associate member of American Institute of Chemical Engineers.
He is also a member of the Society of Chemical Engineers, Japan, and the Japan Oil
Chemists’ Society. His offer to help break down the language barrier is acknowledged.

The following arti¢le (two will follow in the September and December issues, respec-
tively) was published in Chemical Engineering (Japan), volume 21, pages 75-79 (1957).

Abstracts, notation, literature cited, tables, and figure captions not published here
appear in English in the original paper. No figures will be reproduced in these translations.

Liquid-liquid extraction accompanied EXPERIMENTAL PROCESS . ’
by chemical reaction was studied with
the use of the following solutes in water

and benzene with known interfacial area:

Apparatus used in this-experiment is
shown in Figure 1. Two known concen-

Upper layer Lower layer

Solvent  Solute Solvent Solute Transferred material

benzene  iodine water  sodium hyposulfite iodine

benzene iodine water  sodium hyposulfite + Nal iodine

benzene benzoic acid water KOH or NaOH benzoic acid
monochloro-acetic monochloro-acetic

benzene acid water KOH or NaOH acid

benzene  butyric acid water KOH or NaOH butyric acid
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tration liquids were introduced into the
apparatus, then stirred by two mixers,
with no break occurring in the surface
between the two liquid layers. The
stirring speceds of benzene and water
were 71 and 78.5 rev./min, respectively,
with rotation in the same direction.
Benzene was sampled intermittently from
the container to determine concentration
change. The solute concentration in water
was calculated by material balance.

Extraction of 1; in Benzene by Sodium
Hyposulfite Solution

The relation between the rate of
extraction and sodium hyposulfite con-
centration at three I. concentrations
in benzene is shown in Figure 3. All
white points in this figure indicate experi-
mental data (black points will be men-
tioned later.) At a low concentration of
sodium hyposulfite, the rate of extraction
increases linearly with the increase of

(Continued on page 6J)
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