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NOTATION

.

Blade thickness fraction
Propeller blade section length

Propcller blade section length at 0.7R
Maximum chordwise camber

Correlation Allowance

Frictional resistance coefficient, RFIIIZ pV2 [

Residuary resistance coefficient, RR/1/2 pV2 S

Total resistance coefficient, RT/1/2 PVZ S

Propellrr diameter

Expanded area ratio, AE/AO

Acceleration due to gravity
Total head at shaft centerline, less vapor pressure

Total local head, less vapor pressure

Advance coefficient of propeller, V, /nD
.

Vx

Advance coefficient of propeller, local wake,
(nD) +

v
S -
(r/R)n)
Advance coefficient bised on thrust identity
Advance coefficient based on ship speed V/nD
2.5
Torque coefficient Q/pn” D

Thrust coefficient T/pn2 D‘

i
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NOTATION
(continucd)

Rate of revclution
Propeller pitch

Ef fective horsepower

Shaft horsepower

Torque

Reynolds number for propeller, ¢ 7\/;;2 + (0.7 nnD)2

v

Frictional resistance
Residuary resistance
Total resistance

Nondimensional propeller radius
Wetted surface

Thrust deduction fraction, (T—RT)/T
Maximum chordwise thickness

Thrust
Ship speed

Propeller inflow velocity

Local tangential velocity

Local longitudinal velocity

Taylor wake fraction determined from thrust identity

Taylor wake fraction determined from torque identity
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NOTATION
(continued)

Hull efficiency

Propeller efficiency in open water
Propeller efficiency behind the hull
Relative rotative efficiency
Propulsive efficiency, PE/PS
Projected skew angle

Kinematic viscosity

Density

Cavitation number based on vapor pressure, ZgH/V2
Cavitation number based on vapor pressure, local wake

and head, ZgHL/sz
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ADMINISTRATIVE INFORMATION
This work was performed at the Naval Ship Research and Development
Center (NSRDC), Bethesda, Maryland 20084. The project was authorized by
the Naval Ship Engineering Center (NAVSEC), ltr 6136C/DMC 9290, Ser 90,
17 May 1974, and was funded under Purchase Order 4-0118, Amendment 1, !

17 April 1974, NSRDC Work Unit 1524-535,

INTRODUCTION

The Naval Ship Engineering Center initiated a physical model experi-
mental program at NSRDC to aid in the evaluation of a design propeller for
a Naval Auxiliary Oiler (AO).1

PROCEDURE AND RESULTS

The propeller evaluated, NSRDC Model Propeller 4645, was a fixed pitch,
9.812 inch diameter propeller which represents a 21 foot propeller full
scale. Baseline experiments were conducted with stock Propeller 4572A
which represented about a 23 foot diameter propeller. After a thorough
irvestigation was performed at NSRDC, it was decided by NSRDC (Code 1544) and
NAVSEC (Code 6144) to reduce the diameter from 23 feet to 21 feet. Details
of the design of the A0-177 propeller can be found in Reference 2, A
drawing of this propeller is presented in Figure 1. Table 1 gives the
geometry of the propeller. This report presents the open-water and
cavitation experimentzl evaluation for the propeller. The open-water
experiment was performed to provide predictions of propeller performance for

use in the propulsion experimentsa, and to calibrate tunnel velocicy for the

*
References are listed on page 7 .
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cavitation experiment. The cavitation experiments were performed to
determine the type and extent of propeller cavitation in order to predict its
effect on ship powering and the possibility of blade erosion.

The open-water experiment was performed with the Center's standard
propeller boat in the deep-water basin, using a one horsepower gravity type
dynamometer. The experiment was performed at Reynolds Numbers greater than
5.0 x 105 to insure turbulent flow over the propeller blades. Thrust and
torque were measured, while the rate of revolution was varied from 10.0 to
14.5 rps and velocity was varied from 5 to 12 fps. Velocity and rate of
revolution were determined to within 0.01 fps and rps. Thrust and torque
measurements were accurate to witain + 0.2 pounds or inch-pounds.

The cavitation experiments were conducted in the closed-jet test section
of the Center's 24-inch Variable Pressure Water Tunnel in a nonuniform flow
field produced by a wire grid. This wake screen, located 30 inches upstream
of the propeller, was designeda to produce at the propeller the longitudinal
wake components predicted from the wake survey behind the hull model.

A plot of the longitudinal wake components which the screen was designed

to produce is shown in Figure 2 compared to the A0-177 longitudinal

wake. Figure 3 shows a photograph of the tunnel experimental set-up. The
propeller was powered, and thrust and torque were measured by the 150-hp down-
stream dynamomcter. Test section velocity, 14 fps, was calibrated for each
advance coefficient (J) by using the thrust coefficients (KT) from the open-
water characteristics. The calibration was performed by setting the rate or
revolution for the advance coefficient and adjusting the water speed until

the thrust coefficient at the propeller disk was the same as the open-water
thrust coefficient. This calibrated velocity was held ccnstant and static

pressure varied to change cavitation number.




The cavitation experiment were conducted over a range of cavitation
numbers, (o) from 15.3 to 1.9 while including ship speeds from 14 to 24 knots,
based on a full-scale submergence of 21.49 feet to the shaft centerline. The
experiment covered a range of advance coefficients from 0.7 to 1.2.

Thrust, torque, velocity, rate of revolution, and pressure were recorded L
during the experiment. The accuracy of measurements were: tirust, + 0.5 pound;
torque, + 0.1 foot-pound; velocity, within 0.1 fps of the average test section
velocity; rate of revolution, + 0.0l rps; and static pressure, + 0.0l inch i
of mercury. The air content of the tunnel water was held as nearly as
possible at 30%Z of atwospheric saturation (measured by Van Slyke apparatus)
in order to provide clear visibility throughout tie cavitation number range.

Water temperature varied from 96° to 108° Fahrenheit during the testing

period.

DISCUSSION
Results of the open-water experiment are shown in Figure 4 and Table 2
in nondimensional coefficients of thrust (KT)’ torque (KQ), and efficiency (no)
over a range of advance coefficients (J).
Results of ti.e cavitation experiment are shown in Figure 5. All

coefficients are based on velocity at the propeller. These curves are based

on visual observations. The inception curve is based on the first condition,

*
i.e., highest cavitation index and lowest advance coefficient (back cavitating)
, and any circumferential position,at which cavitation of a particular type is
: ' observed. The area above any curve indicates that no cavitation of that

type was visible at these conditions anywhere around the disk. Below the

U— ;
The observation would be highest advance coefficient for face cavitation. '
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curve the cavitation intensity increases with decreasing cavitation number.

Also shown, are two curves based on propulsion data for correlation allowances
of 0.0005 and 0.0012, adjusted for mean wake. Along these curves, ship

speed is indicated in knots. Cavitation sketches are presented in Figures 6
through 8 showing observed cavitation for ship speeds of 20, 21, 21.5, 22 and
23 knots with CA = 0005. These figures present cavitation sketches showing
changes in cavitation intensity due to the nonuniform flow produced by the
simulated model wake. The angles on the sketches indicate areas of from no
cavitation to maximum cavitation and back to no cavitation. Figure 3 is a
photograph of the typical cavitation patterns observed for ship speeds up

to about 22 knots. This photo shows back cavitation as caused by the high
wake region behind the hull. Tip vortex is weak. Back cavitation appears
and disappears as the propeller blades pass through the high wake region
behind the hull. This back cavitation must therefore form and collapse

each cycle of the propeller through the wake. The photo shows a white mist
as the cavity is collapsing which could be a potential erosion problem
{dio..~8€d later). Hub vortices could not be evaluated due to the downstream
driving experimental setup. Typical face and back bubble cavitation at off
design conditions is shown in thc vhotographs of Figure 9. Face cavitation
in these conditions flashed on with tip vortex down to 0.8 radius near the
leading edge and off the surface of the blade. Face cavitation was very
noisy and could be heard before it was visible. Bubble cavitation inception
was observed beyond the operating speed range. Large bubbles appeared near
the leading edge and propagated up the midchord of the blades. These bubbles
started just outside of the high wake region where no back and sheet

cavitation had occurred and as the pressure was reduced, these bubbles entered

into the sheet cavitation in the high wake region.




From Figure 5 the inception spe~d of various types of cavitation are i

predicted for C, = .0005 below:

A

Type Speed .
Initial Back Sheet 0.95 R v 15 knots é
Back Sheet 0.8 R « 20.7 knots d
Back Bubble » 22 knots
Face Sheet does not intersect i
Tip Vortex (uncorrected for Rn) (Back) w~ 15 knots '
Tip Vortex (corrected for Rn) (Back) 9,5 knots
Tip Vortex (uncorrected for Rn) (Face) does not intersect
Tip Vortex (corrected for Rn) (Face) 14,5 knots

"ased on the data obtained and the inception speeds there is no
measurable power loss due to cavitatiom.

Normally the type of cavitation observed is considered to present little
problem in erosion. Sheet cavitation extending to about 0.75 radius at the
extreme conditions as the propeller passes through the high wake region is
typical of this type propelier. Upon remrving the propeller after completion
of the experiments (about 20 hours of tunnel running time), it was observed
to have pittiag of the arodized surface near the 0.9 radius trailing edge.

figure 10 shows photographs of the area mentioned. While no conclusive data

is available, it has been observed in the past that after 40 hours of testing

model propellers in the water tunnel, if no pittir .f the anodizing is

indicated, nc erosion probleme are likely. But, .. in this case, if pitting

is observed, there is a strong possibility that full scale erocion may be a é

potential problem. There 1s one mitigating circumstance which should he

checked out. Due to a heavy test schedule at NSRDC the tunnel water temperature

Ll
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reached 108° Fahrenheit. It is known that increasing temperature increas~-s
rate ¢: eruvsion. B. W. Hansen and R. E. H. Rasmussen5 show the erosion of
a2luminv specimens increases irom 40° to at least 112° Fahrenheit due to
cavitation. In the range of temperatures the tunnel exper :nts were
performed (96° to 108°F), the increase in erosion rate over the normal
temperatures of the tunnel water 1is about 172 as shown by Hansen. With an
exposure of less than 502 of the norual safe no-erosion test and with a
predicted 17% increase n erosion rate, it is predicted that there is a
possibility of an erosion problem with this propeller. Hence, some
additional erosion work should be performed to further evaluate the erosion

problem.
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0,000
+050
+100
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200
250
«300
«350
o400
o450
«500
«550
+600
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7010
*750
<800
+851
«900
«950

1.000

1.050

1.100

1.150
1.200
1.2%0
1.300

1.350

KT =_ o34
=-e 26

TABLE 2

FAIHED GI'EN WATE.. COEFFICTILNTS

TKOPELLER 4645

K

0.579
e 5614
544
o527
+511
o L34
W77
« 460
o 43
o 426
«408
390
e 372
« 353
PRI Y
o314
¢« 293
«271
o249
e 226
0201
0176
2150
0122
e 394
« 064
+ 032

8.000

240
379 (L)

~e 05491 (L **2)

ﬁ HHERE L = ( 1.476C5) (J

=e02754 (L**3)

) - 1,0000

10K, i
0.913 0,000
+890 «050
+869 «100
«849 o188
«830 «106
«812 o242
o794 0287
777 ¢330
o760 371
o742 o1l
o724 ¢ 443
«705 B4
«5686 +S18
+665 549
e643 «578
«620 « 604
+«595 «627
«567 e 647
«538 . +663
0506 067“
o711 «680
o033 «679
«393 +668
o348 o643
e300 . 596
«249 «509
«193 347
0133 P.OUO

10KQ = ¢65353

- =9 29792 (L)
+ ¢ 13386 (L.**2)

=+ 09541 (L**3)
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SETUP AND TYPICAL CAVITATION

FIGURE 3
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BUBBLE CAVITATION

TACE CAVITATION
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