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NOTATION

b0 Blade section length at 0.70 radius

D Diameter of propeller

g Acceleration of gravity
V,

J Speed coefficient, J - n-D
n'D

Kt  Thrust coefficient, Kt =

Kq Torque coefficient, Kq =p? 4

n Revolutions per unit time

P Pitch of prbpeller at 0.70 radius

p Absolute static pressure

Pv Vapor pressure

O Torque

B Propeller radius

r Radial coordinate of propeller

Re Reynolds number, Re " b =/V (0.7"n'n D) 2

T Thrust
Va

V Ship speed, V I

Va  Speed measured at x - 0.70

I - Local wake fraction at radius x

x r/R

V Kinematic viscosity

p Density of water

a Cavitation index, a P -P
%-pV 2

iv



ABSTRACT

this report presents the results of the evaluation of

three model propellers tested in the 24-Inev Water Tunnel

with a simulated wake of a reprc ientative submarine in-

order to determine the cavitation characteristics. Curves

are also presented for the inception of cavitation along

the radius as a function of the operating conditions. .

INTRODUCTION

The Bureau of Ships has submitted three submarine

propeller designs for evaluation in their intensive study

of methods to increase the quiet ship speed and systemati-

cally evaluate new propellers. The Taylor Model Basin was

requestedl~ 2' 3 to determine the cavitation characteristics

of these three propeller designs. Although these propellers

were designed for different submarines, they were tested in

the same velocity field. The model propellers 3744, 375,

and 3749 were designed for the SS(N)597, SSGN594, and

SS(N)93, respectively. Photographs of these propellers are

shown in Figures 1 to 3, inclusive. The drawings and design

parameters for these mcdel propellers are shown in Figures 4+

to 6, inclusive. The design parameters of these three

1References are listed on page 8



propller and the eight propellers previously tested in

the same velocity field are compared in Table 1. The open

water characteristic curves for the three propellers are

presented in Figures 7 to 9, inclusive.

INSTRUMENTATION

The evaluation of these single-screw rubmarine propel-

le: feas conducted in the 24-Inch Variable Pressure Water

Tunnel, equipped with a radial wake distribution. The ten-

horsepower dynamometer was used to measure the thrust, torque,

and angular veloc5ty of the propeller.

The eesired radial mean wake was first set up in the

water tunnel with a dummy hub on the shaft. This wake was

simulated by installing a wake producer over a six-inch

diameter pipe fairing ahead of the propeller and determined

by a pitot tube survey conducted in the plane of the propeller.

Photographs of the installation are shown in Figures 10 to 12Z

The radial distribution of the wake was then adjusted by moving

the vake producer away from or closer to the propeller plane

and.by covering part of the upstream side with screening until

thez; -sired dirstribution was obtained.



-i e the three nodel propellers are of different

diameters, the radial wake is slightly different. The wake

distribution for the three propeller designs is shown in

Figure 13. The velocity field set up in the tunnel, how-

ever, is the same as was used with the previous tests,

The water velocity during the tests was measured with a

pitot tube rounted in a plane through the centerline of the

-ro-eller and ten inches from the shaft centerline (see

Figur s 10 and 11). This speed was reduced by a factor,

Oetermined from the wake survey, to obtain the true water

P eed at the 0.7 radius which was used in all the computations

so that the speed coefficient would be comparable with values

obtained from the propulsion test in the basin. It should

bi . noted that this factor is different for the three propel.

lers as they are of different diameters.

These propellers were machined from plate aluminum.

To permit the detection of the inception of face cavitation

on the blade su rface, the propellers were anodized and then

dyed black. T.aial lines were marked on the face and back of

1 bil d e with a white pencil.



PROCEDURE

An atmospheric calibration was run in the water

tunnel to determine the effect of Reynolds number on scale

-effect for these propellers. Propeller 3744 which has the

smallest jiameter was selected for this calibration. The

coneition, J = 0.60, was setup through a range of rpm from

-0 to 1800 and thrust, torque, and rpm were read. The

thrust and torcue coefficients were calculated and are

plctted against rpm in Figure 14.

These propellers were terted at 1400 rpm which is the

same angular velocity used in the previous tests and is suf-

ficiently high to minimize scale effect. T'-z propellers were

tested at even values of speed coefficient j from 0.3 to

about 0.8 or the point of zero thrust. For each value of

speed coefficient J tested, the cavitation index od

was varied within the limits which were contingent upon the

peirmissible tunnel pressure for that water speed.

For evch sFeed coefficient the water speed and angular

wvlocity were held constant. Starting with atmospheric

priesure on the wter surface the tunnel pressure was

lncreased, provided some form of cavitation was visible,



until the propeller was free of all cavitation or the maximum

permissible tunnel pr.essure for the water speed was reached.

With the propeller free of cavitation the thrust, toraue,

and tunnel pressure were recorded. The tunnel pressure was

then reduced by small increments until the inception of

cavitation. At this condition thrust, torque, and pressure

were read and sketches made of the location and extent of

cvitation. This procedure was repeated with the readings

-eccrded at each step until the minimum tunricl pressure was

reached. In between spots were run when necessary to ?cetr-

m~n the inception of back cavitation and tip vortices.

The extent of face and back cavitation was plotted against

cavitation index c'. For each even value of x the 0' for

the inception of face and back cavitation was determine from:

these curves and then plotted acainst sFeed coefficient J

in Figures 15 to 17. Sketches of the cavitation present at

selected values of cavitation index for the Fpeed cofficiEnts

t ste4 are shown in Figures 18 to 20.

In Feiltion to Octermi:ing the !nception of cavtati,

at the o'ffere'nt speed coefficienrts, the thiust an toxcue

coefficients were calculated ane plotted against nvitati on



ind: ~-r Figures 21 to 23. The thrust and torque coefficients

for cavitation indices of 4, 6, 10, 20. and 25 from the

above curves were plotted against speed coefficient 3 in

Figures 24 to 26.

DISCUSSION OF B1SULTS

The cavitation inception curves, Figures 15 to 17,

renresent the limiting value of c0 for cavitation at the

zection x under consideration; that is, "aea above the

curve indicates that there was no cavitation present at the

given radius x. Below the curve the intensity of cavitation

increases with a decrease in sigma. At a given speed coef-

ficient J and cavitation index cO , the type and location of

cavitation will be determined by the curves above this point

on the chart. An example woul3 be to determine the type and

location of cavitation on Propeller 3744 operating at a J of

0.45 and e = 6.0. Observing the curves above this point on

the J of 0.45 ordinate on Figure 15, back cavitation would

be present extending from approxiately an x of 0.75 to the

tip. Tip vortices would also be present.



Although these three propellers were designed for

different submarines, they were all evaluated in the same

velocity field in the water tunnel. A comparison of the

cavitation inception curves (see Figures 15 to 17) for the

three propellers show that the J values for minimum cavita-

tion are 0.56 for Propeller 3744, 0.42 for Propeller 374 5

and 3.41 for Propeller 3749. To determine when the cavi-

tation effects the thrust and torque or SHP the charac-

teristic curves, Figures 24 to 26, must be consulted. The

loss of thrust for Propeller 3744 is much less than for the

other two propellers.

It vwa observed that the black dye was worn off on

Propeller 3749 in a similar location on all the blades.

Photographs of the back and face of all the blades are

presented in Figures 27 and 28. This phenomenon may be

similar to cavitation erosion. It will be interesting to

observe the cavitation erosion on this full-scale propeller

and compare it with the photographs in Figures 27 and 28.
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PSD - 94490

Figure 3 - Photograph of Model Propeller 3749
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PROPELLER 3744

NUMBER Or BLADES.....
EXP. AREA RATIO......

BTF ......... .........

P/D (AT O.7R)........
DIAMETER .............
PITCH (AT 0.7R)......
ROTATION. .... .....
TEST n.............
TEST Va ..............

. ... . . .
b eeoO.

. . . . o

• . . .. ..

... ....
. . ... . 0

3.5 to

5
0.530
0.218
0.035
0.786
9.181 ins.
7.214 ins.

R.H.
18.5 rps
11.7 fps

TESTED FOR....... BUSHIPS
DESIGNED BY....... BUSHIPS

OFFSETS DATED 13 JUNE 1958

Figure 4 - Drawing of Model Propeller 3744
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PROPELLER 37T5

NUMBER OF BLADES.....
EXP.AREA RATIO .......
M R. ............

BTF . .. ........
P/D (AT 0.,R)....
DIAMETER..........
PITCH (AT 0.7R)..
ROTATION.........
TEST n ...........
TEST Va ..........

TESTED FOR.......

*... . 5

....... 0.621
....... 0.234

....... 0.051
....... 0.876
....... 9.900
....... 6.696
....... R.H.
.11.5 to 17.6
.. 2.0 to 10.5

BUSHIPS
DESIGNED BY...... BUSHIPS
BUSHIPS CFFSETS DATED 21 JULY 1058

Figure 5 - Drawing of Model Propeller 3745
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PROPELLER 379

NUMBER OF BLADES........... 5
EXP.AREA RATIO............... 0.625

MWR......................... 0.247

BTF........................ 0.057

P/D (AT 0.7R)............. 0.888

DIAMETER .. ................. .. 10.800
PITCH (AT 0.7R)............. 9.569
ROTATION .................. R.H.

TEST n.............. 12.4 to 13.7
TEST Va.............. 3.0 to 11.3

TESTED FOR....... BUSHIPS
DESIGNED BY ..... BUSHIPS
BUSHIPS OFFSETS DATED 7 JULY 1958
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Figure 6 - Drawing of Model Propeller 3749
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TABLE I

GFUOTRIC CIARACTRISTICS OF PROPFLLERS

PROP NO 3620 3639 3640 3641 3666 3667 3697 3698 3744 3745 3749

DIAhTER 10.800 10.800 10.E00 10.800 10.800 10.800 10.800 10.800 9,181 9.900 10.800

PITCH 8.162 8.456 8.380 8.143 9.569 10.020 9.258 9.450 7.214 6.696 9.569

P/D 0.756 0.783 0.776 0.754 0.886 0.928 0.857 0.875 0.786 0.676 0.886

I.IWR 0.215 0.216 0.219 0.226 0.250 0.206 0.250 0.250 0.216 0.234 0.247

BTF Var 0.059 0.059 0.059 0.057 0.057 0.057 0.057 0.035 0.051 0.057

EAR 0.526 0.529 0.538 0.554 0.627 0.518 0.627 0.627 0.530 0.621 0.625

BLADES 5 5 5. 5 5 5 5 5 5 5



OIARACTERISTIC CURVES
OF

PROPELLER 37th

v It (0.7wou0)
REYNOLDS NUIBER, R,2 bi.

THRUST COEFFICIENT, Kt=

TOROUE COEFFICIENT K, -

SPEED COEFFICIENT, J i fi

EFFICIENCY, e V K- t
T - THRUST
o TORQUE
n a REVOLUTIONS PER UNIT TIME
V,= SPEED OF ADVANCE

be. 7 SECTION LENGTH AT 0.7 RADIUS
0D OIANETEIR
P * PITCN
v KINEMATIC VISCOSITY
p - DENSITY OF WATER

NUMBER OF BLADES......... 5
EXP. AREA RATIO.......... 0.530

R ....................... 0.216
BTF ... .............. .... 0.035
P/O (AT 0.7R)............ 0.780
DIAMETER................ 9.181 ins.
PITCH (AT 0.R).......... 7.213 ins.
ROTATION.................R.H.
TEST n ................ 18.5 rps

TV Va ............3.5 to 11.7 fps

114 AUGUST 195C

DAVID W. TAYLOR 1MOEL BASIN
WASHINGTON. D.C.

___- C -- I -

10.0D. 7 ~--- ----

-"I. -........

0.2 --------00.5
-2. --- ------ - - - -

TT
____--- ( - --- ~- -~t :rt:::.t :::: r:-< I

O. F_f -p24222 -~

0 0.1 0.2 0.3 0.14 0.5 0.8 0.7 0.8

SPEED COEFFICIENT J

Figure 7 - Opein %kater Charateristics of Miodel Propeller 3714
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GLCRATERISTIC
OF

PROPELLER 3745

" V+(O.7lwnD)l
REYNOLDS NUMBER, Re= be .0- -1.7.D

THRUST COEFFICIENT, Kt -  10

TORQUE COEFFICIENT K =

SPEED COEFFICIENT, J z nA

TV KtEFFICIENCY, e - x-

T = THRUST
Q - TORQUE
n - REVOLUTIONS PER UNIT TIME
Ve= SPEED OF ADVANCE

be.t= SECTION LENGTH AT 0.7 RADIUS
0 = DIAMETER
P = PITCH
v = KINEMATIC VISCOSITY
p = DENSITY OF VATER

NUMBER OF BLADES......... 5
EXP. AREA RATIO.......... 0.621
MVR ...................... 0.234
BTF...................... 0.051
P/) (AT O.7R) ........... 0.67.
DIAMETER ................. 9.900 ins.
PITCH (AT O.7R).......... 8.89 ins.
ROTATION................. R.H.
TEST n ............. 11.5 to 17.8 ri:s
TEST Va .......... 2.0 to 10.5 fps

17 N VEI!BEF 195

DAVID V. TAYLOR MODEL BASIN
WASHINGTON, D.C.

f; : ; : : "t-

i I

tL 14- i 3 T

0.2 0.3 O. l 0.0 0.0 0.7
SPEED COEFFICIENT J I

Open Water Characteristics of Model Propeller 3745
-17-
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CPARACTPISTIC CIPVES
OF

PROPELLER 3749

REYMLDS ItBER, r bO 14.7

THRUST COEFFICIENT, t

TOkCUE COEFFICIENT K,-

SPEED COEFFICtENTi, J ol

EFFICIENCY, e v T !s

THRUST

0 - TORUE
a * REVOLUTIONS PER UNIT TIME
Va SPEED OF A&VACE

be.-7 SECTIOII L T AT 0.7 RADIUS

O it DIAMETER
P - PITCHN
, KINEMATIC VISCOSITY

p DENSITY OF VATIER

NUMBER OF eLAOES .........
EXP. AREA RATIC .......... 0.82
VR...................... 0.27
BTF....................... OC7
PID (AT O.?R) ............ . _.B
DiAmE

T
ER ................ 1o.e0

PITCH (AT 0.7R) ........ 9.5%
ITATION .................. I .
TEST e .......... 12.4 to 13.7
TES

T
V ........... 3.0 to 11.3

P4 DECEMBER 1958

DAVID W. TAYLOR MODEL EASIl
WASHINGTON, D.C.

J N Pe D

0.25 12.317 rs 5.+ • Ics

0.70 13.21 rps . Ic
1

IirC~~~

=j4- :ei

44-~-

--rrc---2 - c-cc*----;,.1 U+ci-mll~cClcrc----t~er+-
t~-c* --T-'C,---*- + - i-
.- t-HC~-t =-Le*~--- i---- -- --
rc- C--L~-tt

i-- -
~t'?t"C7'--"'t'T

0 0.1 0.2

:-r

I

0.3 0.1 0.3 0.8 0.7

ite

-

Itf X
:::;-- :::

.---- 

i

..--~-i
f--~c--~~------,-------ii

0.8 0.9 1.0

SPEEO COEFFICIENT J

Figure 9 - Open Water Characteristics of Model Propeller 37t9
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Figure 10 - Photograph Showing Propeller 3744 Mounted in the Tunnel.

Looking into tunnel through access door to the observation window.
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Figure 12 - Photograph Showing Propeller 3744 Mounted in the Tunnel.

Looking down into the tunnel from the hatch above showing the location

of the pitot tube relative to the propeller.
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SIMULATED WARE

IN WATER TUNNEL

_ _ PROPELLER 3744

8 - PROPELLER 3745 -

PROPELLER 3749 ',

7 - - - - - - - - - -

- , - - - l ,

5--------------------------------------- -

. . a 0.6 0.7

BLADE RADIUS, X

0.8 0.9

Figure 13 - Wake in 24-Inch Water Tunnel

The velocity field in the tunnel is the same for all three propellers;
however the propellers are of different diameters.

0.
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J = 0.60
f

600 800 1000

RPM

1200 1400 1600 1800

oo x 1o

Figure 14 - Atmospheric Calibration on Propeller 3744
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30

28

26

24

22

20

AREA OF NO
CAVITATTON

18

b

16

BACK CAVITATION

FACE CAVITATIONOE.. I 1 -12

0.3 0.4 0.5 0.6 0.7 0.8

SPEED COUEFFZCIENT, J

Figure 15 - Inception Curves of Visible Cavitation on Propeller 3744

Cavitation will occur at any point below the curve for the type shown. It
is possible to have all types of cavitation present-at the same tire.
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30

28

26

24

22

20

18

AHEA OF NO
CAVITATION

16 N

-14
w

12

8 I - i I

4

BACK CAV I TATION

FACE CAVITATION

0.3 0.4 0.5 0.6 0.7

SPEED COFFFICIENT. J

Figure 16 - Inception Curves of Visible Cavitatio! (oi Propeller 3715

Cavitation will occur at any p,,int belou the curve for the type shown. It
is possible to have all types of cavitation present -t the svnw time.



32

30

26

24

22

20

18
18 AREA OF NO

CAVITATION
S16

S14

12 ____

0

10 .

0.,3 0.4 O.S 0.6 0.7 0.

Eigure 17 - Inception Curves of Visible Ca.itation on Propeller 374904 0BASE CAVITATIONCOEFFI2-

Figure 17 - Inception Curves of Visible Cav-itation on Propeller 3749

Cavitation will occur at any point below the curve for the type shown. It
is possible to have all types of cavitation present at the same time.
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0.3

10.0 17.4 22.4 27.4 32.5

o4
07-- 0

5.5 6.9 9.8 15.0 20.0

0.5 o o oo
3.5 3.9 4.2 5.3 6.2

CAVITATION INDEX, C
CAVITATION ON THE BACK OF THE BLADES

0.6 Q Q 0 0

2.4 3.1 4.3 5.0 6.2

0.7000

3.0 4.0 5.0 10.0 14.0

00 0 0 0
3.0 4.0 5.0 10.0 14.0

CAVITATION INDEX, U
CAVITATION ON THE FACE OF THE BLADES

Figure 18 - Visual Observations of Propeller 3744
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_____ . ......_________EU]hINI EilE I hI III dH,,,ll ilUl iii

0.3 . 0

8.5. 10.1 12.5 15.0 20.0

S0.4 0

9; 4.8 5.4 6.4 7.1 7.4

0.5 ( *

3.2 3.6 4.1 4.3
CAVITATION INDEX, a

CAVITATION ON THE BACK OF THE BLADES

0.5 0000
3.0 4.0 5.0 10.0 15.0

0 0 0 0
a 3.0 4.0 5.0 10.0 15.0

0.7 00 0
3.0 4.0 5.0 10.0 15.0

CAVITATION INDEX, G
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Figure 19 - Visual Observations of Propeller 3745
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Figure 27b - Blade Number 2

Figure 27c - Blade Number 3 Figure 27d - Rlade Number 4 FpIure 2'e - Plade lunber %

Figure 27 - Photographs of the back of all the blades of Propeller 3749
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Figure 28* - Blade Number I

Figure 2Pc - Blade Number 3 Figure 28d - Plade Number 4 Figure 2Be - Blade Number S

Figure 28 - Photographs of the face of all the blades of Propeller 3749
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