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NOTATION

Blade section length at 0.70 radius
Diameter of propeller

Acceleration of gravity

v
Speed coefficient, J = n.;
Thrust coefficient, K, = ‘5““‘;‘?’

Torque coefficient, Kq = ——7—37—3-
P'ncD

Revolutions per unit time

Pitch of propeller at 0.70 radius

Absolute static pressure

Vapor pressure

Torque

Propeller radius -

Radial coordinate of propeller

b 2 “Mn-Dy2
Reynolds number, R, = ”JVL+ ‘(’0'7 TnD)

Thrust
V.,

Ship speed, V = 77—y
x

Speed measured at x = 0.70
Local wake fraction at radius x
£/

Kinematic viscosity

Density of water
PP,

Cavitation index, o =
%-p V2
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ABSTRACT
‘\\\\\\

three model propellers tested in the Zh-Ingh»water Tunnel

is report presents the resultcs of the evaluation of

with a eimulated wake of a feprc;entative 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 J

The Bureau of Ships has submitted three submarine
propeller designs for evaluatign in their intensive study
of methods to increace the quiét chip speed and systemati-
cally evaluate new propellers. The Taylor Model Bacsin was
requestedl’2’3 to determine the cavitation characteristics
of thece three propeller desighs. Although these propellers
were designed for different submarines, they were tested in
the same velocity field. The model propellers 3744, 3745,
and 3749 were designed for the SS(N)597, SSGN59%, and
SS(N)593, respectively. Photographs of these propellers are
shown in Figures 1 to 3, inclusive. The drawings and desién
parameters for thece mcdel propellers are shown in Figures 4

to 6, inclusive. The design parameters of these three

lReferences are listed on page 8
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propclizrz ané the eight propellersh previously tested in

the came 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 evaluaticn of these single-screw submarine propel-
less was conducted in the 24~Inch Variable Pressure Water
Tunnel, equipped with a radial wake distribution. The ten-
norsepower dynamometer was used tc measure the thrust, torque,

and angular velocity of the propeller.

The cecired 1adial mean wake was first set up in the
water tunnel with a dummy hub on the shaft. This wake was
csimulated by installing a wake producer over a six-inch
diameter plpe fairing ahead of the propeller and determined
by a pitot tube survey conducted in the plane of the propeller.
Photographs of the installation are chown in Figures iO to 12.
The radial distribution of the wake was then adjustéd by moving

he wéke'ﬁfoéuéer away from or closer to the propeller plane
and .by covering part of the upstream side with screening until\

ths decired distribution was obtained.



Itroe the three model propellers are of different
diameters, the radial wake is slightly different. The wake
distribution for the fhree rropeller designe ie rhown in
Figure 13. The velocity field set up in the tunnel, how-

ever, 1s the came as was used with the previous testsk.

Tﬁe water velocity during the tests was measured with a
ritot tube mounted in a plane through the centerline of the
rror=ller and ten inches from the shaft centerline (csee
Fifuress 10 and 11). This speed was recduced by a factor,
determined from the wake survey, to obtain the true water
sneed at the 0.7 radius which wae used in all the computatio
g0 that the rpeed coefficlent would be comparable with value
obtained from the propulsion test in the basin. It should
b. noted that this factor is different for the three propel-

lers as they are of é¢ifferent diameters.

These propellers were machined from plate aluminum.

To pernit the detection of the inception of face cavitation

S

on the tlacde surface, the propellers were anodized and tkren

fved tlack.  Facfizl lines were marked on the face and back o

11 ulsdes with a vhite pencil.



PROCEDUKE

An atmospheric calibration was run in the water
tunnel to determine the effect of Beynoids number on scale
effect for these prorellers. Propeller 374% which has the
rmallest diameter'was celected for this calibration. The
conéition, J = 0.60, was setup through a range of rpm from
{0 to 1€00 and thrust, torque, and rpm were read. The
thiust and torgue coefficients were calculated and are

plctted against rpm in Pigure 1.

These propellers were tested at 1400 rpm which is the
same angular velocity used in the previous tests snd is suf-
ficiently high to mirimize scale effect. T-2 propellers were
tested at even values of speed coefficient J from 0.3 o
about 0.8 or the point of zero thrust. For each value of
cpeed coefficient J tested, the cavitation index o
was varied within thé limits wvhich were contingent upon the

permissible tunnel pressure for that water cspeed.

Tor ezch :reed coefficient the water speed and angular
veloeity were held constant. Starting with atmospheric
piessure on the w=ter surface the tunnel precsure was

increased, provided csome form of cavitation was visible,



until the propeller was free of all cavitation or the maxim
permiessible tunnel pressure for the water speed was reached
With the propeller free of cavitation the tkrust, toraue,
and tunnel precssure were recorded. The tunnel pressure was
ther reduced by small increrments until the inception of
cavitation. At this condition thrust, torque, and prescsure
were read ancd cketches made of the location and extent of
tavitation. This procedure was repeated with the readings
~eccrded at each step until the minimvm tunnel pressure was
reacned. In between spots were run when necersary to Jeter

mine the inception of back cavitation and tip vortices.

The extent of face and back cavitation was plotted aga
cavitation index o, For each even value of x the O for
the inception of face ané hack cavitation was Getermined fr
thece curves and then plotted against sreed coefficient J
in Figures 15 to 17. C&ketches of the cavitation precent at
selected values of cavitation index fox the speed coefficie

tesied are

"1y

shown in Figures 18 to 20.

In =¢dition to cdetermiaing the 3nception of cavitatins:
at the &ifferent cspeeé coefficlernts, the thrust and toroue

coefficlente were calculated ané plotted cgainst cavitation



-

ind<. in Figures 21 to 23. The thrust and torque coefficlents
for cavitation indices of 4, 6, 10, 20. and 25 from the
above curvers were plotted against rpeed coefficient J 1in

Figures 24 to 26.
DISCUSSION OF RaSULTS

The cavitation inception curves, Figures 15 to 17,
renrecent the limiting value of (@ for cavitation at the
secticn x vunder concideration; that is, "*.: area above the
curve indicates that there was no cavitation precsent at the
given radiuse x. Below the curve the intensity of cavitation
increases with a decrease 1a csigma. At a given speed coef-
ficlent J and cavitation index ¢  , the type and location of
cavitation will be determined by the curves above this poiht
on the chart. An example would be to determine the type and
location of cavitation on Propeller 1744 operating at a J of
0.45 and 0 = 6.0. Observing the curves above this point on
the J of 0.45 ordinate on Figure 1%, back cavitation would
te prééent extending from approximately an x of 0.75 to the

" tip. Tip vortices would also be present.



A1though these three propellers wvere deéigned 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 3745
ard J.£1 for Propeller 3749. To determine when the cavi-
tation effects the thrust and@ toroue or SHP the charac-
teristic curves, Figures 24 to 26, must be conculted. The
loss of thrust for Fropeller 3744 is much less tran for the

other two propellers.

It was observed that tre black dye was worn off on
Propellér 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
.6bserve the cavitation erosion on thics full-scale propelier

and compare 1t with the photographs in Figur?s 27 and 28.
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PROPELLER 37uu

NUMBER OF BLADES..ccccccesse 5

EXP. AREA RATIO.....ccc0.... 0.530

MWR. ... .coceverenceccsnaeeas 0.218
BTF....... eiescsccncssavecss 0.035

P/D (AT 0.7R)..ccvveennnnn. . 0.7886
DIAMETER. .ccveveeenccccesses 9.181 ins.
PITCH (AT 0.7R)..ecevceeees. 7.214 ins.
ROTATION.....cocnceeencanene R.H.

TEST Reveccenecscecscncncees 18.5 rps
TEST Vaeeveveneeeeee. 3.5 to 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 37u5

NUMBER OF BLADES....ccc00ene 5
EXP.AREA RATIO.............. 0.621

MWR. . cceieroscnnnscasansanas 0.23U
BTF.cieeierrecennacsansessss 0.051

P/D (AT 0.7R).ccvveceesnssn. 0.876
DIAMETER. ....ccvvveecnaseese 9.900 ins.

PITCH (AT 0.7R)......... .... 6.696 ins.
ROTAT'ONO'..I.‘O".OQOO.CI.. R'HO
TEST n..vvvnees. veeese b1.5 to 17.6 rps

TEST Vaeereeeeneeenss.. 2.0 to 10.5 fps

TESTED FOR....... BUSHIPS 7
DESIGNED BY...... BUSHIPS ~

BUSHIPS CFFSETS DATED 21 JULY 195€

kvzﬁ

AN
¥ A Le il v .
" RN

R
AR
NENRN
" 3Ny

\

Figure 5 - Drawing of M&del Propeller 3745
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PROPELLER 3719

NUMBER OF BLADES............ 5
EXP.AREA RATIO.....cc0000e.. 0.625

MWR. . oveecerencccnceanceanes 0.2U7
BTF.ceeeeeeccacsasosaccnesss 0.057

P/D (AT O.7R) ceeececneseeass 0.888
DIAMETER. cevveeeecrecceeeeeas 10.800 ins.
PITCH (AT 0.7R)..cccveceeea. 9.569 ins.
ROTATION. ...ccccveceesacessss R.H.

TEST Neveeeeeenseees 12.8 to 13.7 rps
TEST V,..... cesesasss 3.0 to 11.3 fps

TESTED FOR....... BUSHIPS

DESIGNED BY...... BUSHIPS
BUSHIPS OFFSETS DATED 7 JULY 1958

- ...l

Figure 6 - Drawing of Model Propcelier 3749
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TABLE 1

‘Cﬁx»WﬂRIC?CJURACTFRISTICS OF PROPFLLERS
A 12
PROP NO 3620 3639 3640 3641 3666 3667 3697 3698 3744 3745 3749
DIAMETER | 10.800 | 10.800 | 10.£00 | 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
; MWR 0.215 0.216 0.219 0.226 0.250 0.206 0.250 0.250 0.216 0.234 0.247
v BTF Var 0.059 0.059 0.059 0.057 0.057 0.057 0.057 0.035 0.051 0.057
FAR 0.526 0.529 0.538 0.554 0.627 0.518 0.627 0.627 0.530 0.621 0.625
. BLADES s 5 < 5 5 ) | 5 'S 5 S 5




THRUST COEFFICIENT (K,), EFFICIENCY (), AND YORQUE COEFFICIENT (10K

CHARACTERISTIC CURVES

oF

PROPELLER

37uy

] 2
RETWOLOS NUMBER, R, ».,,‘ vl.w;'mm

THRUST COEFFICIENT, K=
TORQUE COEFFICIENT K=

patd

~

SPEED COEFFICIENT, J = ~—ayt—

v, . K
EFFICIENCY, e« b= b,
T = THRUST

Q = TORQUE

n = REVOLUTIONS PER UNIT TiME
V.= SPEED OF ADVANCE

®e.7 SECTION LENGTH AT 0.7 RADIUS
D = DIAMETER

- PITCH

v = KINEMATIC VISCOSITY

p = DENSITY OF WATER

NUMBER OF BLADES......... 5

EXP. AREA RATIO.......... 0.530
MU¥R. .civvrneennarsanannse 0.2168

3 2 . 0.035

P/D (AT 0.78)..vvvvnancan . 0.766
DIAMETER. covenvnnnnnnnnas Q101 ins.
PITCH (AT 0. 7TR) .. ciienenn 7.21% irs.
ROTATION. ..covavueennuess R.H.

TEST n...... vesens “ea 18.5 rps
TES VYgeerainauann 3.5 10 1.7 fps

14 AUGUST 195¢€

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

SPEED COEFFICIENY J

Figure 7 - Open Water Charateristics of Model Propeller 3714
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CHARACTERISTIC CURVES
oF
PROPELLER  37u5

J 2 2
REYHOLDS NUMBER, R = 5‘.7__21112623221_ NUMBER OF BLADES......... 5§
EXP. AREA RATIO0.......... 0.62]
THRUST COEFFICIENT, K= FTY) MWR. ..overennnnnnnan veee.0.234
TORQUE COEFFICIENT K _= _’78'— BYF. i, . 0.051
‘ v'“ P/0 (AT C.7R)...... veve.. 0.878
SPEED COEFFICIENT, J = —p»— DIAMETER. ..vveuunannn.. 9.900 ins.
v, K, PITCH (AT O.7R).eunn..... 8.808 ins.
EFFICIENCY, @+ b= —x:t‘%. ROTATION......... e R.H.
T = THRUST TEST noenvcennnn... 11.5 to 17.8 rys
Q = TORQUE TEST Y,....... erees 2.0 to 10.5 fps
n = REVOLUTIONS PER UHIT TIME
Vo= SPEED OF ADVANCE 17 NCVEMBEF 1959
be.7= SECTION LENGTH AT 0.7 RADIUS
D = DIAMETER
P = PITCH DAVID W. TAYLOR MODEL BASIN
v = KINEMATIC VISCOSIFY WASHINGTON, D.C.
p = CENSITY OF YATER
-‘G’ { + % 1 : T
-] ' sats t
et 006 Lt e by
= J RPS Re o
2 0.20 5 u3dxjos
- 0.55 I15.5 5.9 X 105 , +
w 0.8 :
8 ' X
[ 18 + B 7
i; . y C
Ef 18 B T t 1
o 0.3 EEEsusEass: . - i
3 (n 1l v
Il 17 1
- i s 1 :
3 j“’ " !g : 2 I L ; i N
5 0.3% Hx, Frasis : . '
0 I~ A B H
2 3 N..?‘,'\ 4 § N
2 LY P Y
g § Ehexs ' :
. 0.2 L e 4_&5;' ' -
- ! +72. 501 TP 13 a i t
x b 208 T A P S :
A DR ESNE POESNENE AP ot BN ]
= A 4_25/‘. o soft TYbRE P !
o 0.t h]'_‘r— + . + 1T o % .0.?"%’1‘3 s
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8 e ~T? 0. 0 FH
}4 I L | B 1 -
= : o T 11 9:95 17 1
= Ll Ta1] alliid IS BRREEN 1
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SPEED COEFFICIERY
Figure 8 - Open Water Characteristics of Model Propeller 3745
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CHARACTERISTIC IRVES
oF
PROPELLER 3749
T vi(0. 701 ?
REYNOLDS NUMBER, R » by ,~—b—p NUMBER OF BLADES......... 5
THRIST COEFFICIENT, X = ;;,5,- EXP. AREA RATIO.......... 0.82%
L1 SO o.2wW?

TOKQUE COEFFICIENT Kyr  — ool BTF....... e 0.cs7

. ¥ PID (AY O.TR} ... it C_668
SPEED COEFFICIENT, J = —3y DIAMETER . cvnnesenneennes 10.906 irs.

v Ky PITCH (AT 0.7R)....cnenen 9.589 ine
FFICIEWCY F. . :.
EFFICIENCY, &= 1:'45 OTATION........ RO e
= THRUSY TEST Aevvnnnein. 12.8 to 13.7 rps
@ = TORQUE TEST Vgouoornannns 3.0 10 11.3 fos
n » REVOLUTIONS PER UNIT TIME
V,* SPEED OF AGVANCE
By.7e SECTION LENGTH ATV 0.7 RADIUS o4 DECEMBER 1958
D = DINGTER DAVID ¥. TAYLGR MODEL BASIW
P = 170K WASHINGTON, D.C
» * KINEHATIC VISEGSITY . 0.C.

» = DENSITY OF WATER

o ° o &
” o o

THRUST COEFFICIENT (K.}, EFFICIENCY (@), AND TORQUE COEFFICIENT (10Kq)

(-]
.
-

[ - /aswss sases poses swpay sosamasmy:
T ¥ - e R
T = BESSE MEUESSSE
+rHt ]
SENESSOIRE DG DY BERS vt ]
" P ISP
1 253 Tias
0.7 ¥
J |
oas r 0.2% 1247 rcs
SERRR RS 0.70 13.21 rps
Saduy +
0.8 1T T
e
Sana H Qs
I
1
T

PP SIS
Py PO

0.3
SPEEC COEFFICIENT J
Figure 9 - Open Water Characteristics of Model Propeller 3749
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SIMULATED WAKE
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Figure 14 - Atmospheric Calibration on Propeller 3744



CAVITATION INDEX, O
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Figure 15 - Inception Curves of Visible Cavitation on Propeller 3744

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

-24-



CAVITATION INDEX, O
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Figure 16 - Tnception Curves of Visible Cavitation on Propeller 3715

Cavitation will occur at any puint below the curve for the type shown. It
is possible to have all types of cavitation present £t the swme time.
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CAVITATION INDEX, O
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Figure 17 - Inception Curves of Visible Cavitation 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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Figure 18 - Visual Observations of Propeller 3744
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Figure 19 - Visual Observations of Propeller 3745
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SPEED COEFFICIENT, J

CRORY
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Figure 20 - Visual Observations of Propeller 3749
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THRUST COEFFICIENT, K, & TORQUE COEFFICIENT, 10 Kq

with Cavitation Index for Propeller 3744
-30-
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