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Turbulent Flow between a Rotating Disk and a Parallel Wall

Paur CoOPER*
TRW Inc., Cleveland, Ohio

ELI RESHOTKOT
Case Western Reserve University, Cleveland, Ohio

A scalar effective viscosity method is used to calculate the incompressible flow in the gap between two infinite,
parallel smooth disks, one of them rotating and the other stationary. The flow is calculated for two values of the
gap Reynolds number ws?/v, namely 296 and 2852, where w is the disk angular velocity, s the gap width, and v the
kinematic viscosity of the fluid; and over a range of radial Reynolds number wr?/v from 0 to 107 where r is the
radius from the axis of rotation. A numerical shooting technique is used to match the two boundary-layer flows
arising on the disk and wall. Gradual transition is assumed over the range 1.6 x 10° < wr?/v < 2.5 x 10°, The results
are in good agreement with Daily and Nece’s measurements of velocity profiles and disk friction drag for enclosed
rotating disks, and at sufficiently large radius the local skin friction approaches that of turbulent Couette flow.

Nomenclature

a = maximum radius of disk

Cro = local circumferential coefficient of friction on disk,
Eq. (32)

Cp = integrated disk friction moment coefficient, Eq. (33)

f = radial stream function, Eq. (18)

g = circumferential stream function, Eq. (19)

k, = switching factor for eddy viscosity, Eq. (14)

! = Prandtl’s mixing length

M = integrated disk friction moment, Eq. (34)

p = pressure

p = dimensionless pressure, Eq. (30)

r = radial distance from axis of rotation

re = dimensionless radius [ = (R,)"?]

R, = radial Reynolds number (= wr?/v)

R, = gap width Reynolds number (= ws*/v)

s = gap width

u, v, w = mean radial, circumferential and axial velocity
components, respectively

U = relative circumferential velocity defect

u = mean velocity vector parallel to disk and wall

i'w'y (v'w’y = Reynolds stresses (time averages of u'w” and v'w’)

z = axial distance from disk

z = axial distance from nearer boundary (disk or wall)

B = dimensionless pressure gradient, Eq. (22}

b = intermittency factor

d = boundary-layer thickness

7 = dimensionless axial distance from disk, Eq. (17)

0 = circumferential coordinate = central angle

v = kinematic viscosity

o = {luid density

T = shear stress

w = angular speed of disk

Subscripts

b = boundary (wall or disk)

d = disk

e = effective

inner = inner layer (next to boundary)

outer = outer layer
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o.d. = maximum radial position on disk

r = radial component

t = turbulent {eddy viscosity)

tr = transition—at mintmum radius of transition range
tr, b = transition—at maximum radius of transition range
0 = circumferential component

oe) = outside boundary layer

Superscripts

’

= fluctuating component (¢, v, and w only)
= partial differentation with respect to  (except u, v and
w)

+ = divided by v

’

Introduction

HE configuration of a disk rotating near a coaxial, stationary

disk (herein called a “wall”) is frequently encountered, e.g.,
in fluid machinery; and information about the attendant
resistance to rotation is often sought. As indicated in Fig. 1, the
flow in the gap is typically turbulent. Daily and Nece,! who
performed extensive experimental work on enclosed disks with
various gap widths, inferred that laminar flow exists at the inner
radii of the gap. This was in fact observed in the flow next to a
“free” disk, i.e., one rotating far from any stationary wall.?
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Fig. 1 Structure of the flowfield in the gap between a rotating disk and a
parallel fixed wall, showing the cylindrical coordinate system used. For a
sufficiently small gap width s, the boundary layers are merged.
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Fig.2 Approximate gap flow regimes for enclosed rotating disks.

Adapted from Ketola and McGrew.” The regimes in a given configura-

tion of gap width s and radius a are found along a line of constant
s(o/v)1? forr < a.

Precise theoretical analyses of laminar flow in radially infinite
gaps have been conducted?®~? yielding radial and circumferential
velocity components # and v proportional to radius r and constant
axial velocity w. For sufficiently large gap width s, two boundary
layers of the constant thicknesses noted on Fig. 1 exist separately
with an intervening core of fluid rotating at 0.3135 of the disk
angular speed w.

Where a cylindrical enclosure is placed around the gap,
Bondor® showed that the laminar flowfield is negligibly affected
except in a small region at the maximum radius of the gap.
Furthermore, he found no net difference in the fluid drag torque
on the disk from that calculated using infinite-disk results.
Therefore, in order to simplify the problem, the gap is here
assumed to be infinite in radial extent for all flows.

The radially similar behavior of laminar gap flow is absent in
turbulent fields, the boundary layers thickening with r greater
than an assumed transition radius r,, as shown in Fig. 1. For
sufficiently large r, the turbulent layers will be merged. The
possible flow regimes that can exist in the gap were identified by
Daily and Nece' as follows: Regime I—merged laminar
boundary layers that produce a disk shear stress 7, varying
inversely with spacing s ; Regime II—separate laminar layers (and
merged ones that also produce negligible dependence of 7, on s);
Regime ITT—merged turbulent boundary layers; and Regime IV
separate turbulent boundary layers.

The approximate domains for which these flow regimes exist
are shown in Fig. 2 in terms of the spacing ratio s/a and radial
Reynolds number wa?/v, where a is the maximum radius of the
disk. Ketola and McGrew’ deduced this from the data of Daily
and Nece.! If it is assumed that the results for a disk of maximum
radius a apply equally well to the inward portion of a larger disk,
the local radius r may be substituted for a. Then the domains of
these regimes in any particular gap can be identified by the
location of the applicable line of constant dimensionless gap
width s(w/v)'/%. For example, if this width is 10, only Regimes II
and I exist in the gap. But, for any width, Regime III is always
attained at sufficiently large radius.

A comprehensive analytical approach to gap flows should
apply to all these regimes. Bayley and Owen® analyzed the
turbulent regimes for the case of superimposed radial outflow.
They made eddy-viscosity substitutions for the two Reynolds
stress terms in the boundary-layer equations. This approach,
together with an assumption about the radial location of
transition, was successfully employed to describe the boundary-
layer flow due to a free disk.® Therefore, an effective viscosity
method is here applied to infinite gaps involving Regimes II, I1I,
and IV with zero net radial through-flow.

Method of Analysis

In the fixed r— 6 — z coordinate system indicated in Fig. 1, u, v
and w are the associated mean absolute velocity components.
While the fluid moves circumferentially (v) in the gap, it is also
thrown radially outward (u) by the disk and flows inward along
the wall, the circuit being completed by an axial feeding of the
fluid across the gap from the wall layer to the disk layer (—w).
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Thus near disk and wall, the velocity vectors form the skewed
profiles typical of three-dimensional boundary layers.

Equations of Motion

The turbulent boundary-layer equations for steady, incom-
pressible, axisymmetric flow are therefore applied to the entire
gap flow. The core, if any, is assumed to be devoid of any motion
(such as a net radial throughflow) that would invalidate their
applicability. First the continuity equation is

(1/r) [O(ur)/or] + ow/dz = 0 1
and the momentum equations are
udu/dr—v/r+wou/dz = —(1/p)dp/dr +
vo02ul0z* —0luw 0z (2)
in the r-direction and
udv/0r +uvfr+wdv/dz = v0?v/0z> — 0 {v'W )0z 3)
in the f-direction and
0p/oz=0 )
in the z-direction. As was done for the free disk case,” the two

Reynolds stresses are assumed to be related to the mean velocity
gradient as follows

{Uw')y = —v,0ufdz 5
and
o'W = —v,0v/0z (6)

where v, is a scalar kinematic eddy viscosity for turbulent flow.
Equations (2) and (3) now become

udu/dr—v*fr+wou/0z = —(1/p)dp/dr + (6/92) (v, Ou/dz) v

and
u0v/0r+uv/r+wov/oz = (3/0z) (v, v/ 0z) )
where the scalar effective kinematic viscosity
Vo= v+, ©

Thus the total apparent shear stress vector T = pv,0u/dz has the
same direction as the local velocity gradient parallel to the disk
and wall.

Effective Viscosity

The kinematic eddy viscosity v, is given by an adaptation of the
two-layer model used by Cebeci and Smith for two-dimensional
turbulent boundary layers.'® Figure 3 illustrates the domains of
the inner and outer portions of the turbulent layers, both of which
are assumed to be laminar for r < r,,. For the inner portion or
layer, v, is given by

ouj .
V:inner = 0.167% % {1—exp[—Z(|w|/p)"?/26v)]}*  (10)
where 7 is the distance from the nearer boundary (disk or wall);
1, is the shear stress vector at that boundary; and u s the velocity
vector parallel to the boundaries, so that

| 0u/oz | = [(0u/0z)* +(dv/0z)*]"? (11)
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Fig. 3 Elements of the gap boundary-layer structure that enter into
the effective viscosity model. A gradual introduction of eddy viscosity is
specified over the interval r,, <r <r,,.
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y < 1, v, drops to zero at edges of the boundary layers; i.e., in the middie
of a wide gap.

Equation (10) contains the Van Driest exponential factor. This
approximates the behavior of v, in the sublayer region. Elsewhere,
v, — 12| 0n/dz | where | = 0.4 Z is Prandt!’s mixing length.

For the outer layer, v, is approximated by

Viouter = 0-057(|19,dl/p)1/26dy (12)
an expression which is derived!? from the concepts originally
advanced by Clauser.'! Equation (10) yields an increasing eddy
viscosity with distance from the boundary, as illustrated in Fig. 4.
Equation (12) is applied for Z greater than that at which both
equations yield the same result—also shown in the figure.

The intermittency factor y in Eq. (12) was set equal to unity
except in one case (to be noted) wherein the following expression
was applied:

y = 1/[1+55(5/3,)°] (13)
The considerable difference in v, o arising from these two
choices of y had little effect on the velocity and skin friction
results. Thus it was reasonable to unify the v, jue-expressions for
both disk and wall boundary-layer flows in terms of the disk-side
data 144 and d,.

Furthermore since d, becomes a fictitious quantity when the
boundary layers merge, (Regime III, Fig. 3) it was taken to be a
linear combination of curve fits to two single boundary-layer
solutions of the kind outlined in Ref. 9—one for v =0 as
z— oo (the free disk case) and one for v = wr/2 as z — 0.*?

Finally, for the case of merged inner layer—as occurs in narrow
gaps or at large radii (Fig. 3)—the sharp peak in v, that would
otherwise exist is avoided as shown in Fig. 4 by spanning the
middle third of the gap by a straight-line distribution of v,.

This model for v, is used because it is simple, convenient and
because it gives good results in similar flows. Actually the two
Reynolds stresses [Eqgs. (5) and (6)] are intimately related to
other turbulence quantities. For example, Bradshaw treats three-
dimensional turbulent boundary layers by adding a differential
transport equation for each Reynolds stress.!® This does not
remove the empiricism, but transfers it to the higher level of
approximating the turbulent kinetic energy equations. Such an
approach is also used by Koosinlin and Lockwood'* in their
analysis of swirling flows. As a consequence of their modeling,
they found that the eddy viscosity near the wall is far from
isotropic, but they acknowledge that good results on free rotating
disks are also obtained for an eddy viscosity that is everywhere
isotropic.

Transition

Transition from laminar flow (v, = 0) at r < r,, to the flow just
described was effected gradually over the range r, <r <r,,
through a switching factor k,, so that v, =k, (V.inner OT Vi outer)
in that r-range. Here,

k, = {exp[—6(1—x)*]—e"®}/[1—e¢] (14)
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where x = (r—ry,)/(ry.p—ry), providing a smooth variation of k,
from O to 1 in this r-range that effects transition with the least
numerical trauma. The range was determined by specifying
R..,=16x10%and R, ;, = 2.5 x 10°. These choices were made
because a) the boundary layer was observed to be fully turbulent
on a free disk at R, = 3 x 10%, b) the radially inward motion
involved in gap flows can be expected to carry the turbulence to
smaller radii, and ¢) drag moment data for enclosed disks’
evidence transition approximately in the range chosen.

Boundary Conditions

With the foregoing effective viscosity model represented by
Eq. (9), Egs. (1), (4), (7), and (8) form a closed system of partial
differential equations in r and z for the three velocity components
u, v, and w, and the pressure p. The boundary conditions are that
at the disk, where z = 0,

v=wr, u=w=_0 (15)

and at the wall, where z = s
u=v=w=0 (16)

The r-independent laminar solution yields the starting velocity
profiles for turbulent flow at r = r,,.

Method of Solution

This system is solved by a) introducing a transformation that
aids in the elimination of the continuity equation, b) expressing
the partial derivatives with respect to r in finite difference form,
and c) matching solutions for each side of the gap in a numerical
shooting process. The calculations are conducted by advancing
radially outward in steps, numerically integrating the equations
axially from the boundaries and matching in the interior of the
gap at each radial step or station. More rapid numerical methods
for turbulent boundary layers are in use; e.g. the implicit finite
difference approach.® In the gap flow however, the radial pressure
and mid-gap velocity distributions are not specified (as in the
usual boundary-layer problem), but are the result of matching the
disk and wall layers. Attempts to utilize the more rapid
approaches led to instabilities, particularly in the transition zone
which turned out to be a region of rapidly varying pressure
gradient.

Transformed Equations and Boundary Conditions
The transformation is defined as follows

Zn, ror

where
n = z(w/v)''? (17
Let
S (n.r) = uf(or) (18)
and
g'(n.r) = v/(cwr) (19)

where the primes on the stream functions f and g denote partial
differentation with respect to #. Correspondingly transformed,
the continuity equation [Eq. (1)] is integrated, yielding the axial
velocity component w

wlwv)'? = —2f—rof/or (20)
w and f having béen set equal to zero at # = 0. By substituting
this expression for w in the momentum equations [Egs. (7) and
(8)], they transform to

VTS =B g =22 = r(fOf Jor—f"0f/or)  (21)
for the r-direction with f, the dimensionless pressure gradient
given by

B = [dp/dr)/(pre*)}'2 (22)
and
(g =2f'g'+2fg" = r[f'(0g'/or)—g"@f /o] (23)
for the f-direction, where
vt = vy = Lhy/v (24)
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Fig. 5 Pressure and pressure gradient. Pressure results for both passes
of the narrow gap computations differ negligibly. A second pass of the wide
gap computations was not conducted.

The transformed inner and outer eddy viscosity relations
[Eqgs. (10) and (12)] are

Viianer = 0167°[(R)(g"* +1"*)]" x

{1—exp[(—71/26)(R.)"*(gy"* + £, ) '* ]} 25
and

v_;,ouler = 0.057 (Re)1/4(|gd” )1/254((0/V)1/2V (26)
These are utilized as previously described and illustrated in
Fig. 4.

Equations (15-19) yield the transformed boundary conditions
n=0: g=1; ff=f=0 (at the disk)
n=slwm'?: ¢g=f=f=0 (at the wall)
/=0 at the wall as well as at the disk, because the net radial
outflow in the gap at any r is, using Egs. (17) and (18),

0 = 2nr jsudz = 2n(v) " *r?(f\,—f2) (28)

and f; = 0 in the derivation of Eq. (20). It can be seen from Eqs.
(21) and (23-26) that the laminar, similarity solution is obtained
r = 0. The right-hand sides of Egs. (21) and (23) and the v
relations [Egs. (25) and (26)] produce the nonsimilar results of
turbulent flow. The laminar results are the starting profiles at the
specified transition radius.

@7

Numerical Procedure

At each radial position, Egs. (21) and (23) were integrated
numerically in the y-direction from each boundary. The fourth-
order Runge-Kutta method was used at the three points nearest
the boundaries thereby furnishing starter values for the more
rapid fourth-order Adams-Moulton method.

At the matching point in the interior of the gap, continuity in
the velocities and their first derivatives was required; which is
satisfied by matching f, f*, ¢, f”, and ¢". Guesses of § and of disk
and wall values of f” and ¢" were required to start the #-
integration at those boundaries, f, f, and ¢’ being known there
through the boundary conditions. These guesses had to be very
precise in order to obtain this matching. They were obtained from
the previous r-station, the innermost or laminar values having to
agree very closely with the data of Refs. 3-5 in order to obtain
a solution. These were improved in up to five interations at each
r-station, this shooting process being repeated at each radial
position. .

The r-derivatives were expressed as finite differences of data
from the current r-station (n) and the previous one (n— 1)

aq/ar = [(qngqn-l)/(rnurn—l)] (29)
with ¢ playing the role off, f*, or ¢'. Application of this one-sided
expression to various r step-sizes showed that it had no effect on
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the results. However, numerical instabilities arose when the
attempt was made to evaluate these radial partial derivatives in
terms of the data of the current pass (of calculations over the
radial range of the problem). This led to the multi-pass approach
in which these derivatives were evaluated in terms of data from
the preceding pass. The instability was apparently due to the
variation of pressure gradient vs r and the associated r-variation
of the tangential velocity ratio ¢’ in the middle of the gap,
particularly in the transition region. Since it was found that the
nature (through various k, vs r relations) and the extent of the
transition region had no effect on the outer, turbulent region,
only one pass was made in the region r <r, ;. Furthermore, a
complete omission of the second pass had a small effect on the
velocity field and led to errors in disk friction drag no larger than
39 Pass 1 yields the locally similar result, with zero for the radial
partial derivatives. Thus the eddy viscosity formulas [Egs. (25)
and 26)] are far more important in determining the gap flow
than is the history of its development at other radii.

Calculated Results

By means of the foregoing method, results were obtained for
two values of dimensionless gap width s(co/v)*/?, namely 17.2 and
53.4. These correspond to gap width Reynolds numbers
R, = ws*/v of 296 and 2852 and are called the “narrow” and
“wide” gaps respectively. Computations covered the radial
Reynolds number range R, = wr?/v from 0-107 in both cases.
Two passes of computations were made for the narrow gap—
part of a third pass producing no change from the results of the
second. Only one pass was made for the wide gap, due to the
larger number of axial positions (570 vs 345 for the narrow gap)
and consequent greater running time. In the light of the small
differences between the results of the two passes of the narrow-
gap solution, the wide-gap data for one pass are felt to be reason-
able for that case.

The intermittency factor y [Eq. (13)] was applied in the outer
eddy viscosity relation [Eq. (12)] in the wide-gap solution.
Comparison with another such solution for y = 1 showed little
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y-effect on fluid shear stress at the disk and wall, while the
velocity profiles in the middle of the gap showed less curvature for
y =1 as might be expected for the greater resulting mid-gap
eddy viscosity. Theoretical resuits for y < 1 in the gap interior
agreed best with available velocity profile measurements. The
intermittency question did not arise for the narrow gap case,
because Eq. {13) there gives values of y that differ negligibly from
umity.

Pressure and Pressure Gradient

The resulting radial distribution of the pressure gradient
parameter [ Eq.(22)]is shown in Fig. 5 for both gap widths. The
laminar result is § = 0.3135 as expected,® since Fig. 2 shows both
gaps to contain Regime II flow at low R, values. An increase of
B in the transition zone brings the S-values above 0.4 at the fully
turbulent end of this zone. The largest differences between the
respective results of the two passes exist in the region of significant
B-variation, there being no difference at the high R, values where
B (and the mid-gap value of ¢’) levels off to a value slightly greater
than 4. For the wide gap, it is expected that § would approach
% at sufficiently greater R,—an asymptotic result to be discussed
further on.

Integration of the f-distributions yields the pressure parameter
p = (p—p,)/(pwv) also shown in Fig. 5

p= j “Brdr, (30)

For both narrow-gap passes the results for p differed negligibly
from each other.

Velocity Profile -

Figures 6-9 illustrate the development of the circumferential
and radial velocity components vs Reynolds number for both
gap widths. To aid in illustrating the radial development of the
flow, these curves are presented in a staggered sequence; i.e., the
origin for the velocity component profile at a given value of r, is
displaced upward by one grid marking from that for the next
lower r,. As would be expected from consideration of the bulk
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motion [Egs. (2) and (22)], the values for ¢’ at the middle of the
gap (Figs. 6 and 8) agree very closely with the corresponding
B-values of Fig. 5.

In the terminology of Fig. 2, it is evident from Figs. 6 and 7 that
the turbulent flow in the narrow gap is in Regime III (merged
boundary layers), while that for the wide gap (Fig. 8 and 9)
indicates the separate layers of Regime IV for rw/v)¥/? < 1600,
ie. R, < 2.56x 108, the layers being merged in a Regime III
flow at greater R,. The laminar flow in both gaps is that of Regime
II. These observations are in agreement with Fig. 2, which was
deduced from trends in the experimental data of Daily and Nece
for the integrated drag moment coeflicient of enclosed rotating
disks!. Figure 10 compares the wide-gap resultsat R, = 2.56 x 10°
with the corresponding set of velocity profiles obtained by Daily
and Nece in that work. The good agreement demonstrates the
success of the present calculation method and its applicability to
configurations of finite radius. Further velocity profile com-
parisons could not be made as no other applicable experimental
data were found.

Disk Friction Drag

The local skin friction drag at the disk, 1, is found from the
velocity gradient there. The circumferential component of the
skin friction 744 is of interest as it contributes to the total drag
moment M of the fluid on the disk. This component is defined as
follows

Toa = pY0U/32) = pov(R,) g 31)

Results obtained for the coeflicient of local circumferential disk
friction ¢, o, where

Cr0 = To,d(p0’r*/2) (32)
are presented in Fig. 11 for both the wide and narrow gaps.
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calculated from the law of the wall [Eq. (36)].
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Fig. 12 Integrated disk friction drag moment. Comparison of present
theory for the wide and narrow gaps [constant s(w/v)"/? = 534 and
17.2, respectively] with experimental data for enclosed rotating disks
[constant s/a, but varying s(w/v)"/*]. On each theoretical curve, a
point is shown at which s/a has the same value as does the nearer
experimental curve.

Figure 12 shows the results for integrated disk friction moment
coefficient C,, where

C,, = 2M/(pw?a®/2) (33)
with

M= j 2mr? l ‘c@,d|dr (34)
which applies to the entire disk surface radially inward of r = a.
Also plotted on Fig. 12 are two of the experimental curves of
Daily and Nece. Each of the latter applies however, to several
gap-flow configurations, all having the same gap-to-radius ratio
s/a; while each curve from the present theory applies to flows
at various dimensionless radii (R, o 4)"/? at a constant dimension-
less gap width s(w/v)'/2. Where both the theoretical and experi-
mental curves have the same s/a, agreement is achieved. These
points are specially indicated in Fig. 12: The-narrow gap has
s/a = 00127 at R, 4 = 1.83 x 10° and the wide gap s/a = 0.217
at Ry g = 6 x 10%.

Asymptotic Bebavior at Large Reynolds Number

At sufficiently large R,, a simple relationship for the local drag
coefficient ¢, is motivated by examination of the foregoing
results. Specifically the radial velocity component is nearly
suppressed in the narrow gap at R, = 107 (Fig. 7), leading to the
speculation that the fluid motion is essentially that of a two-
dimensional, turbulent, Couette flow. In such a case, Egs. (1-3)
would reduce to w=0, u=0, and (6/0z)(v,0v/dz) =0 or
Tp = pv,00/0z = 194 =Tg,, and 1,=0; v, being given by
v+ Vyinner, LEQ. (10)]. The result of this problem should be the
matching of two law-of-the-wall profiles’® in the middle of the
gap. From Coles’ tabulation, one has approximately

v/v, = [In(zv,/v)]/0.4+5 (39)

where v, = (t4/p)"/?. At the match point v = wr/2 and z = s5/2, and
Eq. (35) can be rewritten, using Eq. (32), as follows

0.173718(2/c; )2 +10g16(2/c; o) = logy o (0s*/v)+
logio(R.)+1.13512 (36)

Equation (36) is plotted on Fig. 11 for both gap widths. The
narrow-gap curves approach each other at large R,, and the wide-
gap curves can be assumed to converge at R, > 107: the wider
the gap the greater the radius at which the asymptotic flow
pattern develops.

Summary and Conclusions

The laminar and turbulent, incompressible, steady flow in the
gap between a rotating disk and a fixed, parallel wall—both
surfaces infinite in radial extent—has been described using a
scalar effective viscosity. A numerical shooting technique was
used to obtain the flowfield for two cases, one having a gap
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Reynolds number of 296 (the “narrow” gap) and the other,
2852 (the “wide” gap), the radial distance covered in both cases
corresponding to theradial Reynolds number range 0 < R, < 10”.

Transition from laminar to turbulent flow was introduced
gradually over the range 1.6x 10° <R, <2.5x 10°. The inner,
laminar region is characterized by radially similar flow and
constant-thickness boundary layers on disk and wall, as is well
known. The turbulent layers, however, become thicker with
radius, merging at a point determined by the gap width. For the
narrow gap they were merged at all radii, while they were
separate in the wide gap for R, <2.56x 10°. The turbulent
flows are essentially locally similar, i.e., the flows at different
radii have little effect on each other. Thus the specification of the
transition behavior has negligible effect on the turbulent flowfield
at greater radii.

The foregoing approach yielded velocity profiles that agreed
rather well with the small amount of experimental data avail-
able for an enclosed rotating disk configuration. The cylindrical
enclosure of the tests does not appear to obstruct agreement
with the present infinite-gap theory. Excellent agreement is
obtained with the data for the integrated disk drag moment.

These results indicate that the fluid motion tends toward a
two-dimensional, turbulent, Couette flow at large R,. The narrow-
gap results for the local coefficient of friction on the disk at large
R, agree closely with that predicted by a relation derived for this
asymptotic flow phenomenon.
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