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PREFACE TO REPORT SERIES

Contract NObs~-34208 between the University of Minnesota and the
Bureau of Ships, Department of the Navy, provides for making hydrodynamic
studies in compliance with specific task orders issued by the David Taylor
Model Basin calling for services to be rendered by the St. Anthony Falls
Hydraulic Laboratory. Certain of these task orders related to model experi-
ments for the design of a 60-in., water tunnel,

The end result of the studies related to the 60-in., water tunnel
proposed eventually to be constructed at the David Taylor Model Basin was
crystallized as a series of six project reports, each issued under separate
cover as follows:

Part I DESCRIPTION OF APPARATUS A ND TEST
PROCEDURES (Project Report No. 1.0)

Part II  CONTRACTION STUDIES (Project Report
No. 11)

Part IIT TEST SECTION AND CAVITATION INDEX
STUDIES (Project Report No., 12)

Part IV DIFFUSER STUDIE 8 (Project Report
No. 13)

Part V VANED ELBOW STUDIES (Project Report
No. 1k)

Part VI PUMP STUDIES (Project Report No. 15)

The investigational program was under the general direction of
Dr. Lorenz G. Straub, Director of the St. Anthony Falls Hydraulic Laboratory,
and the work was supervised by John F. Ripken, Associate Professor of
Hydraulics,
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PREFACE TO PART III

Part III of the report series was prepared in accord with’

Task Order 2 of Contract NObs-34208.

This report was written by James S. Holdhusen, Research
Fellow. Mr. Holdhusen was project leader on the experimental work
and was sssisted by Clyde O. Johnson and Harry D. Purdy. Ethel

Swan assisted in preparation of the manuscript.
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SYNOPSIS

— e e ges  Gme  maw  ama

A study of the test section for a water tunnel was made at
the St. Anthony Falls Hydraulic Laboratory as part of the research
program for the design of the proposed 60-in. water tunnel of the
David Taylor Model Basin, Bureau of Ships, Department of the Navy,
It was determined that the variation in velocity across the test
stream would be less than one per cent everywhere except in the -
boundary layer, which would have a maximum thickness of ten per cent.
of the diameter of the test section. The pressure gradient and ener-
gy loss in the test section were computed assuming the test section
boundary layer tobe analogous to that of a plate in a uniform stream.
The critical cavitation area in the tunmel circuit was found to be
at the transition from the test section to the diffuser, and the
corresponding critical cavitation indexes were calculated for sev-

eral points in the test section,
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I. INTRODUCTION

The primary objective of a water tunnel is the production of a mov-
ing flow stream of such quality that the mechanics of flow between the stream
and a test body mounted in the test section most nearly simulates the movement
of the test body through still water. The experimental work on the contrac-
tion cone has shown that the stream entering the test section will meet these
conditions in that the velocity variations will be less than one per cent across
the main body of the stream. As the stream passes through the test section,
however, there is a continual growth of the boundary layer with which is ‘asso-
ciated an axial pressure gradient and reduction of velocity in the boundary
layer. The axial pressure gradient is the result of two phenomena, both of
which cause the pressure to decrease in the direction of flow, The more effec-
tive of the two is the pressure drop caused by the frictional resistance of
the walls on the test stream, This pressure gradient is further strengthened
by a redistribution of velocity and an increase in kinetic energy with an ac-
companying drop in pressure, resulting from the growth of the boundary layer,
Thus, the test body is acted upon by an over-all pressure gradient. which is
comparable to a "horizontal buoyancy" that must be compensated for if the
test results are to be valid.

The cavitation index of the water tunnel is of importance inasmuch
as it restricts the severity of cavitation conditions which can be imposed on
the test installation without cavitating the water tunnel.

II. VELOCITY DISTRIBUTION AND BOUNDARY LAYER THICKNESS

Velocity traverses were taken on horizontal and vertical diameters
% in, upstream and % in. downstream of the test section of the model water
tunnel by using the adapter flange and the %—in. stainless steel pitot cylin-
der, which are described in PART I, DESCRIPTION OF APPARATUS AND TEST PROCE-
DURE. These traverses, which are plotted in Figs, 2 and 3, are rendered di-
mensionless by dividing the local velocities by the velocity at the axis of
the test section. It will be noted that the velocity is very uniform over the
central area of the flow and the variation present is well within the maximum
prescribed variation of one per cent, Only in the boundary layer does the ve-

locity fall below 99 per cent of the velocity at the axis of the test section,
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An analysis of the thickness of the boundary layer in the test sec-
tion of the prototype tunnel is made difficult because the Reynolds numbers
of operation will be considerably higher than those for which previous ex-
perimental results are available. The problem is further complicated by the
fact that the boundary layer is in the process of formation in the curved,

converging section of the contraction cone.

Boundary layer thickness is imporpant in that it affects the amount
of the test stream which can be used for testing purposes. The prescribed
1imit for the variation of velocity in the test stream is one per cent, and
the velocity traverses in the downstream end of the test section of the model
indicate that the velocity is 99 per cent of the centerline velocity to with-
in a distance of about 0.90 in. from the wall (0.15 diameters). Theory indi-
cates that the boundary layer will be thinner at higher Reynolds numbersj
according to the formula of Prandtl,*

d _ _0.371
x - Re 1/5 ’
X

where

1]

thickness of boundary layer,

x = distance along flow direction from point where
the boundary layer begins to form, and
R V.x
exz—T—.

Although this formula is supposedly not valid for Rex greate r
than 2 x 107 and the maximum Rex in the prototype test section will prob-
ably be 2.3 x 108, the formula will give at least an approximation to the
boundary layer thickness in the prototype. If Jgr is the scale ratio between
prototype and model (in this case, “ér = 10) for equal mean velocities of

flow and equal kinematic viscosities,

dp L/s L/s
dm - jr = 10 / = 6,31 .

In this formula, C{p equals boundary layer thickness in the prototype, and
C{m equals boundary layer thickness in the model.

*
Hunter Rouse, ELEMENTARY MECHANICS OF FLUIDS, p. 188.
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The velocity at the downstream end of the test section will be 99
per cent of the centerline velocity at a distance of about 0.90 x 6.31 = 5.68
in., from the boundary (0.095 diameters).

It should be noted here that there will be a deceleration of the
boundary layer and, in order to satisfy continuity, a consequent increase in
the velocity of the central core as it passes through the test section. In
the model test section, the velocity of the central core was 1,010 V at the
upstream end of the test section and 1.050 7 at the downstream end of the

test section where V is the mean section velocity.

In the prototype, the increase in the velocity of the central core
will be less. If it is assumed that the boundary layer is 6.31 times as thick
in the prototype as in the model, the velocity of the central core will be
1,004 ¥ at the upstream end and 1.036 ¥ at the downstream end of the proto-
type test section,

ITI. ENERGY LOSS AND PRESSURE DISTRIBUTION

Much of the energy loss in the tunnel circuit occurs in the test
section, The energy loss cannot be computed by the regular formmulas for head
loss in circular conduits since the loss occurs in a region in which the ve-
locity varies along the flow direction from point to point. Since no method
was available for computation of the energy loss in the inlet length of smooth
pipes; recourse was made to laws derived for progressive skin friction changes
for flow along a flat plate held parallel to the stream. One would expect
this method to be applicable in pipes where the boundary layer was thin in
comparison with the pipe diameter, since each incremental area of wall would
be little affected by the other portions of the wall. The validity of apply-
ing this method to the test section was verified by the model study.

The Prandtl formula® for the coefficient of skin drag on a flat
plate held parallel to the flow is

0.07h

1
Rex

Cf = 3 (1)

where Cf = coefficient of drag and is supposedly valid up to Rex =2 X 107,

or in the region in which the seventh-root law of velocity distribution

*Ibid.,
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exists. For Reynolds numbers higher than 2 x 10, the Kérmén-Schoenherr:

fon’nula,* which is based on the logarithmic law of velocity distribution, has
been found to be in good accord with experimental results:

1
V Cp

Both Egs. (1) and (2) are plotted in Fig. 6.

= L.13 log (Rexcf) . (2)

Values of Cf
sure drop along the test section at three different mean velocities of flow

in the model were determined by measuring the pres-

(18.00, 30.00, and L9.62 ft per sec). The pressure drop as experimentally
determined is divided by the velocity head of the test stream and presented
in Pig. L. The pressure difference was measured from the downstream manifold
on the contraction cone to four different pilezometer taps in the test section
and to the two piezometer taps in the diffuser transition. The location of
the pressure taps is shown in Figs. 1 and L. The reference manifold (R) was
actually 1% in. upstream from the beginning of the test section, but the diam-
eter of the contraction cone at this point was 6.004 inches. Since the sur-
face was the same (smooth-machined aluminum) as the test section, the portion
of the contraction cone downstream of the reference manifold was assumed to
have the same surface characteristics as the test section. In order to deter-
mine the true frictional head loss, the pressure drop as determined experi-
mentally was corrected for the change in kinetic energy of the stream as it
= DAV
N

from velocity traverses taken upstream and downstream of the test section.
It was determined that OC = 1.0015 one-half inch downstream of the beginning
of the test section, and &X = 1,0160 one-half inch downstream of the end of
the test section. Values of X at the piezometer taps and reference mani-

passed through the test section. Values of X = were determined

fold were computed by linear interpolation or extrapolation. Since the diam-
eter of the test section also varied slightly (from 5.999 in. to 6.018 in.),
correction was also made for the pressure change caused by the area differ-

ence, Using Bernoulli's equation, modified to account for frictional head

loss,
2 2
PR VR =2 =2
B _R _ P A x oV
w +O(R g - 0w + & 2g + A d 2¢ °*

i
1 ""ido



where

= pressure at a plezometer tap (1b per sq ft)

= specific weight of water (1b per ft3)

mean velocity of flow at a piezometer tap (ft per sec)

coefficient of friction

¥ > <t £ '
0

distance from the reference manifold to a piezometer tap

diameter of test section at piezometar'tap

(subscript R refers to the reference manifold) .

The friction factor A was computed from

Pp— P L
A2 = __:?1‘____..4-0( — _:.‘Pﬁ__ . (3)
d T2/ 2 R d .

Values of ,A:-%— are plotted in Fig.5 as determined from the above formula,

Since C;, as used in Egs. (1) and (2), is defined by
_ LV =
F "Cf A = ’TO A,

where

F = force on one side of a plate of area A,

S = density of fluid,
V = velocity of free stream, and

if; = average boundary shear on plate,

the relation between Cf and A can be computed. Since in a cylindrical
pipe,

f

o2
Tyt
cf=%~.

Values of C, = éﬁ; versus Re = V;x are plotted in Fig, 6 as determined

then,

in the model. The values of Rex were computed assuming x to be the dis-

tance from the reference manifold to a piezometer tap. This seemed a logical

assumption to make since the extrapolated values of X were nearly unity
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(1.0007) at this point., It is seen that the experimental points plot quite
closely to the semi-empirical curve of. Prandtl* (Fig. 6), and the correlation
is in general at least as good as the. experimental points obtained by Wiesels-

3t
berger.

In extrapolating to determine the head loss in the prototype test
section, it was necessary to use the Karmén-Schoenherr equation, since the
values of Rex will be in general ten times as great as in the model and
thus will exceed the range of Re)C for which the Prandtl equation is valid.
Values of Rex were computed assuming a water temperature of 750 F. and
assuming that the boundary layer will start to develop at a point 1.25 ft up-

stream of the test section, which is a point homologous to that assumed in
the model (the reference manifold). Values of Re_, —%— and )\_:(_;__ for the

prototype test section are tabulated in Table I for four different test sec-

X
d
for x = 31.25 ft is the amount of the test section velocity head lost in wall

friction between a point in the contraction cone 1.25 ft upstream of the test

tion velocities at 5-ft intervals along the test section. The value of A

gection and the downstream end of the test section; these values are plotted
in Fig. 7 for four different velocities of flow in the test section.

In computing the variation in pressure along the prototype test
section, values of X were recomputed taking into account the relatively
thinner boundary layer in the prototype. The value of X at the upstream
end of the test section will be approximately 1.0003, and at the downstream
end X will be approximately 1.0127. It was again assumed that the varia-
tion in X between these two points was linear, and it was assumed that X
was 1,0000 at a point 1.25 ft upstream of the beginning of the test section,
The pressure gradient along the prototype test section (from the upstream end
to its downstream end) is plotted in Fig. 8, the ordinate being the pressure
difference in feet between the upstream end of the test section and any other
point in the test section divided by the velocity head of the stream.

IV. DIFFUSER TRANSITION AND TUNNEL CAVITATION INDEX

One of the important uses of the water tunnel is the study of cavi-

tation on test bodies, propellers, and sonic gear. In studying cavitation on

* Ibid.

W
Ibid., p. 187.



Table I

(ft)

1.25

6.25
11.25
16,25
21.25
26.25
31.25

1.25
| 6,25
11.25
16,25
21.25
26,25
31.25

¥V = 18.00 fps ¥ = 30.00 fps ¥V = 50.00 fps ¥V = 8L.5 fps
Re_-10"1 & A2 | re 1077 A AX | Rre1077 A A2 |Rre 1077 A P
x T d X T d x I d x T d
0.225 0.00397 0.0040 0.375 0.00357 0.0036 0.625 0.0032L4 0.0032 1.060 0.00292 0.0029
1.125 0.,00287 0.0143| 1.875 0.00265 0.0133 3.125 0.002L46 0.0123 5.281 0.00228 0.011kL
2,025 0,00262 0.0236| 3.375 0.00243 0.0219 5.625 0,00226 0.020L4 | 9.506 0.00209 0.0188
2,925 0,002L9 0.0323 | L.875 0.00230 0.0299 8.125 0.00214 0.0277 | 13.73 0.00198 0.0258
3.825 0.0023% 0.0L06 6,375 0.00222 0.0376 10.625 0.00206 0.0350 | 17.96 0.00191 0.0322
L4.725 0.00232 0.0L486 7.875 0.00215 0.0452 13.125 0.00200 0.0419 | 22.18 0.00186 0.0391
5.625 0.00226 0.0563 9.375 0.00210 0.052L 15.625 0,00195 0.0L87 | 26.L1 0.00182 0.0h5hL
Py =™ Px Tmin Py~ Px “min Py~ Px Tmin Py = Py Crin
0.000 0.1327 0.000 0.1292 0.000 0.1259 0.000 0.1228
0.0124 0.1203 0.012k 0.1174 0.0112 0.1147 0.0105 0.1123
0.0237 0.1090 0.0237 0.1068 0.0213 0.10L6 0.0199 0.1029
0.03L5 0.0982 0.03L5 0.0967 0.0307 0.0952 0.0290 0.0938
0.0LL9 0.0878 0.0lL9 10,0869 0.0L01 0.0858 0.0375 0.0853
0.0550 0.0777 0.0550 0.0772 0.0L91 0.0768 0.0L65" 0.0763
0.06L7 0.068 0.06L7 0.068 0.0579 0.068 0.05L8 0.068

°L
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a body, it is desirable to impose as severe conditions as possible on the test
body without cavitating the water tunnel; that is, the static pressure in the
test stream should be as small as possible and the velocity on the test body
as high as possible without cavitation occurring in the tunnel circuit. This
is desirable not only for maintenance of high tunnel energy efficiency and
elimination of boundary pitting, but because the increasing use of sonic
methods of observing cavitation on the test body makes it desirable to main-

tain a low ambient noise level,

The pressure drop in the test section is important in conjunction
with.operation involving cavitation as well as in conjunctlon with drag meas-
urements. The model studies showed that the critical point in the tunnel
circuit in regard to cavitation is the transition from the cylindrical test
section to the conical diffuser. The model tunnel cavitated at this point
when the value of the cavitation index c—cr was 0.058 at the top of the dif-

fuser transition,

Por ™ Pyp
Ter = =2 =
Ve/ 2g
where
Pop = absolute pressure (1b per fta) at point of
incipient cavitation, and
Pyp = Vapor pressure of fluid (1b per ftz).

In determining the wvalue of Top? the pressure was lowered in the
model tunnel to approximately =30 ft of water relative and the tunnel was
allowed to run at very low speed for about one hour, or until no more dis-
solved gases were withdrawn from the water. The tunnel pressure was then
raised to above atmospheric and the test section velocity was set at the de-
sired speed. The pressure was again reduced until cavitation occurred quite
violently in the diffuser transition, as could be determined audibly, and
then the pressure was allowed to rise slowly. The pressure, relative to atmos-
pheric, wag recorded at Tap E by a U=~tube manometer containing mercury when
cavitation had just ceased. The cessation of cavitation was determined audi-
bly by placing one end of a metal rod between the observer's teeth and the

other against the wall of the tunnel. The barometric pressure was obtained
from an accurate, standardized recording aneroid barometer. The average of
four determinations of U7, was 0.0580, the maximum value being 0.0585 and
the minimum 0.0571,

1
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The value of O at any other point in the test section can be deter-
mined if the absolute pressure at this point is known. The preceding section
of this report has defined the pressure variation between the upstream and
dovnstream end of the test section. 1In order to determine the pressure ex-
1sting at an intermediate point in the test section when cavitation is incipi- '
ent at the transition to the diffuser, it is necessary to determine the pres-
sure difference between the point of incipient cavitation and the downstream
end of the test section. The cavitation index O can then be determined for
any point in the test section as follows:

P -~ Py Per | (pg = P,y +(p = Pq) _ Py,
o - w - w W W w s
min T/ 2% ¥/ 2%

where
ag- = minimum cavitation index at a point in the
test section,

absolute pressure (1b per sq ft) at a point
in the test section, and

o]
1)

absolute pressure (1b per sq ft) at the down-

P
d stream end of the test section.

In order to prevent a sharp break in the boundary at the Junction
of the cylindrical test section and the conical diffuser, with accompanying
high local velocities and low pressures from curvilinear flow, a parabolic
transition arbitrarily selected as one-half diameter long was provided, The
transition was designed to be tangent to both the test section and the So
diffuser, which is discussed in PART IV, DIFFUSER STUDIES. For the conditions
above, .

2
r-rozKX,

r0=30 and __grf_ = 0 when x =0

and
dr

-E— tan 20 30' when x =30

yield the equation,

r = 30 + 0,000728 x°,
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for the transition in the prototype. Similar reasoning leads'to the equation,

as the equation for the transition in the model where x and r are in
inches., A template which was made to dimensions obtained from this equation
was used in boring the aluminum casting for the first section of the diffuser.
Although the construction of the template and the boring of the casting were
done with a cumulative error of less than 0,005 inches in radius, this error
was enough to substantialiy alter the constants in the equation for the tran-
sition. Comparative plots of the actual and designed model transition diam-
eters are given in Fig. 9.

In Fig. L/ are presented graphs of the variation of pressure along
the test section and in the transition region of the diffuser, as determined
from the model tests. It will be noted that the lowest pressure attained is
at Tap E, which is in the transition to the diffuser, even though the flow
has been decelerated to a velocity lower than that existing in the test sec-
tion. There are two reasons for this decrease in pressure where a pressure
gain would be expected by application of Bernoulli's theorem to the axial
velocity. The two causes preventing the regain of pressure are friction head
loss and the pressure drop caused by curvilinear flow along the convex wall
of the diffuser transition. Theoretical evaluation of the pressure drop
owing to the curvilinear flow is made somewhat complex by the velocity gradi-
ent in two directions caused by the growth of the boundary layer and diver-
gence of the stream,

» In Fig, 5 is plotted A\‘-—3 d » a8 defined in Eq. 3. This plot of
i\-—a— represents the pressure drop along the test section and in the dif-
fuser transition which is in excess of that to be expected by an application
of Bernoulli's equation, considering the flow at all points to be purely
axial, Thus, where the flow is actually purely axial (in the test section),
the graph represents the head loss from the reference manifold l% in, up-
stream of the test section to a point in the test section. Where the flow is
not purely axial (in the diffuser transition), the graph represents pressure
loss caused both by head loss and flow along the convex wall of the diffuser
transition,

Figure 5 shows that the maximum pressure drop in the model diffuser

\ ) _2
transition is about 0.016 -g-g- greater than that which would occur had the
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loss caused by wall friction continued at the samé rate., This pressure drop
may therefore be attributed to the curvature of the walls of the diffuser
transition. This pressure drop theoretically should be a function of velo-
city head and radius of curvature of the wall; the drop owing to curvature
would be expected to decrease with increasing radius of curvature. The radius
of curvature of the transition in the model as designed is 1/10 the radius
of curvature in the prototype (actually the ratio is about 1/15 owing to in=-
accuracies in boring the model diffuser transition). Since the functional
relation between radius of curvature and pressure drop is not obtainable, it
is therefore arbitrarily assumed that the pressure drop caused by wall curva-

-

ture in the prototype is 0.010 --‘2-,-g-—.

From the comparative plots of the diffuser transition as designed
and machined (Fig. 9), it will be observed that the curvature of the “walls
of the transition of the model begins one inch downstream of the designed
beginning of the transition and that the curvature 1% in. downstream (where
the pressure tap which recorded the critical cavitation pressure was placed)
is quite severe. In computing q_cr from the pressure measured at this tap,
it is tacitly assumed that this tap was recording the pressure at the point
of Icavitation. This is probably a valid assumption to make since the curva=-
ture is quite severe at this point., The assumption is not too important,
however, in evaluating the cavitation index existing at the upstream end of
the prototype test section. If cavitation had occurred at another point in
the model diffuser transition, since the absolute static pressure at this
point would have been lower than that measured at Tap E, the calculated value
of cTcr would have been lower and the pressure drop attributed to wall cur-
vature would have been greater. These would in effect cancel each other, and
thus the calculated q_min at some point upstream would have been approxi-
mately the same,

In the prototype water tunnel, the curvature of the diffuser tran-
sition will begin at the end of the test section as designed, and, since the
radius of curvature is practically constant along the transition, it will be

assumed that the pressure drop caused by curvature is effective immediately
' 52
downstream of the end of the test section and is 0,01 --g-—g—- o Thus,
v2
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and
p- pd

O--m:Ln

a

w
T+ 0,01 + —
cr . v2/2g °

Values of T nin ere computed for 5-ft increments of the prototype
test section., It should be noted that these values, which are plotted in
Fig. 8, were computed for the top of the test section and thus are the mini-
mum values for any cross section of the test section. For a point in the

test stream, the cavitation index would be
O" g + od
= =5, s
min 7 / 2g

where
Ad = distance in feet from top of test section to
a point in the test stream.

If a test body is installed in the test section, the cavitation
index upstream of the model will be increased because of the increased pres~
sure drop in the test section. In the case of a test body one=-gixth the
diameter of the test section having a coefficient of drag of 1.00, crmin up-
stream of the test body would be increased by approximately 0.03.

The question naturally arises as to whether or not the one-half
diameter long parabolic transition is an adequate design. Logically, there
should be some best design of the transition shape so that the pressure re-—
gain caused by deceleration and the pressure drop caused by wall friction and
curvature would combine to give the smallest sag in the pressure curve. For
instance, a shorter .transition would give a faster regain of pressure by de~
celerating the stream more rapidly and allowing a smaller friction loss, but
these factors might be offset by a greater pressure drop caused by curvature -
of the flow., Conversely, if the transition were longer, the various factors
might also combine to give the optimum design. The difficulty in analyzing
the problém lies in defining the pressure drop caused by the curvature of the
streamlines, Unless this can be determined analytically, the problem probably
cannot be solved except by experiments on the prototype. Model studies would
probably be of small value, since a homologous model would not have the same
radius of curvature,

The problem loses some of its importance in the water tunnel facili-
ty, however, when it is remembered that the cavitation index at the upstream



13.

end of the test section is of paramount importance. Even if the pressure drop
caused by curvature could be entirely eliminated--which, of course, it can
not--the minimum value of O at the upstream end of the test section would
be reduced from 0.125 to 0.115. It is therefore felt that the presen‘p design
is adequate,

V. CONCLUSIONS

On the basis of these experimental investigations, the following
conclusions concerning the test section of the 60-in. prototype tunnel are

drawn:

1. The velocity distribution in the test section will
be entirely satisfactory over the main body of the flow.
Variations in axial velocity from point to point of any
section will not exceed one per cent, except in the bound-
ary layer which will have a maximum thickness at the down-
stream end of the test section of approximately ten per

cent of the diameter of the test section.

2. The head loss from a point in the contraction
cone 1.25 ft upstream of the beginning of the prototype
test section to the downstream end of the test section

will vary from 0.056 at a test section velocity of

2g

2

18 ft per sec to 0,0L5 _"QIE' at a test section velocity of
84,5 ft per sec,

3. The pressure drop along the test section will be
practically linear, and the total pressure drop from the
upstream end of the test section to the downstream end

will vary from 0,065 ——évz—- for a test section velocity of
18 ft per sec to 0.055 for a test section velocity of 84.5
ft per sec,

L. The critical cavitation index of the water tunnel
without an installed model will be 0,058 at the crown of
the diffuser transition, and will vary at the crown of the
upstream end of the test section from 0,133 at a test sec-

tion velocity of 18 ft per sec to 0.123 at a test section
velocity of 8L4.5 ft per sec.



5. The transition from the test section to the dif~
fuser is an adequate, though probably not optimum, design
on the basis of cavitation characteristics of the water
tunnel,
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