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NOTATION

BlFang Bearing force angle, measured from the vertical
B,,g= arctan 1711/FV ideg I

C 0.7 Blade-section length at 0.7 radius Ifti

IF Propeller diameter Ift]

F H Horizontal force, measured perpendicular to the shaft Ilbi

FV "Vertical" force. measured perpendicular to the shaft fib]

Bearing force FBr = V/Fu 4 ilb]

J Advance coefficient J = V/nD

KBI. Bearing-force coefficient Kar = FBF /pn2 D4

KL Lift coefficient KL =L/pn2 D4

K0  Torque coefficient K0  Q/pn2DS
.44

KT Thrust coefficient KT = T/pn2 D4

L Lift force L = T'sina + FV cosa JIbM

n Revolutions per second of unit time

P.. Ambient static pressure [lb/ft2 I

P, Ambient vapor pressure [lb/ft2 I

Q Torq ue [ ft-lb I

T Thrust in the horizontal plane T T cos ak- FV sin f'l [bi

T' Thrust measured on the shaft Jib]

V Spced of advance (ft/sec I
CkAngle of shaft inclination [deg]
17 Efficiency qi = TV/2irQn

p Mass density of water [lb - sec2 /ft' I

Cavitation numbera
k -/ pV



ABSTRACT

A series of three commercial propellers with sysyem-

atic pitch reductions at the hub were characterized at

zero and 15 degrees shaft angle, over a range of cavita-

tion numbers and advance coefficients. In addition to the

usual thrust and torque forces, horizontal and vertical

side forces were measured. These experiments showed that

varying the pitch distribution of these propellers

changed the type of cavitation on the propeller without

significantly affecting the performance of that propeller.

ADMINISTRATIVE INFORATION

This work was funded by the Naval Sea Systems Command, sponsored

by PMS 300 under Funding Code 49501, Work Unit 1532-242.

INTRODUCTION

One of the most persistent i:oblems which bigh-performance, small

* craft have encountered is propeller cavitation erosion in the blade

*root area. This problem was also observed on a series of constant

pitch commercial propellers which were characterized on inclined shafts
/1

at the Naval Ship Research and Development Center (NSRDC).1  The

Naval Sea Systems Command (NAVSEA) requested that NSRDC investigate the

effect of reducing propeller pitch at the hub on propeller blade root

cavitation.

Two propellers were purchased with specific pitch reductions at

0.2R of 80 percent and 90 percent of the pitch at 0.7R. The design

1
Peck, J. C. and 1). !. Moore, "Inclined-Shaft Propeller Performance
Characteristics," NSRDC Report 4127 (Apr 1974)
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pitch distribution of these propellers and of a constant pitch propeller

from a series characterized earlier are shown in Figure 1. The pitch

of each blade of the three propellers was measured at several radial

stations. An averaged value for the four blades of each propeller was

calculated. These values are given in Table 1, and are presented as

percent of pitch at 0.7 radius in Figure 1.

EXPERIMENTAL PROCEDURE AND FACILITIES

Propeller open-water characteristics were obtained in the deep-

water towing basin using a propeller boat with zero degrees shaft

inclination. All three propellers were characterized in open water

over a range of advance coefficients (J) from zero velocity Lo zeLo

thrust loading. Reynolds number for the open-water tests ranged

5 5
from 6.8 x 105 to 7.4 x 10

Cavitation characteristics of the propellers were obtained in

the 36-inch variable pressure water tunnel using the right-angle shaft

dynamometer. Cavitation experiments were conducted with a strut and

shaft system upstream of the propellers simulating a typical full-scale

environment. Tunnel water velocities for each propeller were established

by setting thrust values at zero degrees shaft inclination equal to the

thrust values obtained from the open-water characteristics tests at the

same propeller advance coefficient. A water speed of 20 fps was used

for all of the experiments. Reynolds number for the cavitation experi-
6 6

ments ranged from 1.5 x 106 to 2.2 x 10

All three propellers were characterized at cavitation number values

from 0.5 to 14.7 over a range of advance coefficients from zero thrust

loading to maximum torque of the dynamometer. Characterizations were

made at zero and 15 degrees shaft inclination. In addition to thrust

and torque, forces perpendicular to the shaft in the vertical plane and

in the horizontal plane were measured. Cavitation observations and

sketches were made throughout the entire prcrma.

7-C
2
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PRESENTATION OF DATA AND DISCUSSION

The open-water characteristics data of the propellers were

reduced to the usual nondimensional coefficients of thrust and

torque. The characteriecic curves of these propellers are pre-

sented in Figure 2. These curves show that, except when lightly

loaded, the propellers with radially varying pitch distribution

increasing toward the tip produce more thrust at the same advance

coefficient but are less efficient than the constant pitch propellers.

During the cavitation characteristic experiments, forces

perpendicular to the shaft and thrust and torque forces in the shaft

were measured. In order to present the results in the usual co-

ordinate system, the thrust and side forces were resolved into

horizontal and vertical components as shown in Figure 3. The

resultant thrust and torque data from the cavitation experiments

were reduced to the usual nondimensional coefficients, KT and KQ,

for each propeller. The lift coefficient KL, bearing force

coefficient KBF, and bearing force angle BF , were also computed

from measured data. Efficiencies, KT/J 2 and K were computed

from the faired values of KT and K All force coefficients are
Q.

given in Tables 2 through 7.

The cavitation characteristics of the three propellers are shown

in Figures 4 through 15. Figures 4 through 8 show the performance

characteristics of each propeller for various cavitation numbers at

zero shaft inclination and 15 degrees shaft inclination. Cavitation

inception curves for the three propellers at 15 degrees shaft inclina-

tion are given in Figures 10 through 12. The cavitation inception

curves represent the limiting values of sigma for cavitation at the

section r/R under consideration; i.e., the area above the curves indicates

there is no cavitation present at the given radius r/R. At a given

&3
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advance coefficient and cavitation number, the type and location of

propeller cavitation will be determined by the curves above this

point on the chart. These curves clearly demonstrate the effect of

pitch reduction at the hub on face cavitation. The pitcb reduction

causes face cavitation from the hub to 0.3 radius, at much higher

cavitation numbers than on the constant pitch propeller.

Figures 13 through 15 show propeller efficiency versus propeller

loading for each propeller at various cavitation numbers. These

curves indicate the propeller efficiency which might be expected for

a given propeller loading at a specific cavitation number.

Photographs of the constant pitch propeller and one of the

reduced pitch propeller are shown in Figure 16. These photographs

show that, for the same operating conditions, the constant pitch

propeller has back cavitation over a larger extent of the blades,

wherees the reduced pitch propeller has heaviir face cavitation from

0.45 radius to the hub. Figure 17 presents ske.ches of the cavitation

present on the three propellers at 15 degrees shaft inclination for

two propeller loadings. These sketches illustrate the decrease in

back cavitation and increase in face cavitation on a prepeller with

pitch reduction at the hub compared to a constant pitch propellez

with the same pitch at 0.7 radius.

CONCLUSIONS AND RECOMMENDATIONS

These experiments show the changes in propeller cavitation which

may be made by varying the radial pitch distribution of propellers

having the same pitch at 0.7 radius. Reducing the pitch at the hub

decreases back cavitation in that area but increases face cavitation.

4



The erosion damage caused by the different types of cavitation cannot

be determined by the experiments. The performance of these propellers

was not greatly affected by the pitch distribution. It is therefore

reconuended that constant pitch propellers continue to be used on high-

performance small craft.

REFERENCES

1. Peck, J. G. and D. H. Moore, "Inclined-Shaft Propeller Performance
Characteristics," NSRDC Report 4127 (Apr 1974)
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Table 1

pitch Distribution of Propeller Series

Propeller 4529 4615 4614

r/R Averaged Averaged Averaged

Measured Measured Measured

Pitch Pitch Pitch

Ins Ins Ins

0.2 7.637 7.360

0.3 10.117 8.300 9.120

0.5 10.104 9.588 9.565

0.7 10.175 10.217 10.144

0.9 10.289 10.776 10.505

6
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Table 2 - Performance Characteristics of Propller 4529 at Zero Shaft
Inclination

INCLINATION ANGLF = U.000 IITCW RATIO 1.00 SIr3MA * 14.700

J KTOtJT I OKoU I FFFIr KT/J2 KG/J3 L KIIF NANG

.6500 .2226 .375t, .6132 .p6bq .1368 .001? .00?. 60.5474

.7000 .199A .34?04 .6401 04078 .1014 .goI3 .0027 42.3387

.7;00 .1774 .3192 .6634 .31S4 -0?%? .00|4 .0030 65.0422

.8000 .1S43 .291a .6?E9 .2424 .0570 . .o00 67.2465

.8%00 .1376 .264% .6785 .1835 .0431 .ools .0040 6.4799

.000o .1093 .231*- .0684 .1349 .0321 .0017 .00" 68.8037

.qS0O .04R .1943 .6461 .0939 -0231 .00IA .001 68.80S0
1.0000 .0q] .I C5 *0J5 .Or49 .01SA .0019 .0054 69.2696
1oS00 .0330 .]OQO .;055 .0299 00094 .0014 .0059 71.0952
1.1000 .0079 .064c .9012S .0065 .0049 .oni .0071 74,8643

TNCLINATION ANALE = O.efl PITCH RATIO 1 1.000 SIGMA * 3.000

KTOUT IOf0t Iy EFFIC KT/J2 KO/J3 KL KRF HFANG

.6500 .2?frt .371b .6124 .5207 .1353 .0010 .00?9 69.h55

.7000 .20P0 .3457 .bsi .4123 .1008 .0007 .0030 7.7671
o 7%00 ,IAl, ,317A .6810 o3?22 .P7S3 .0005 .003? 10.?75
.1000 .15S3 .2M4 .6967 .247L 0564 .000A .0035 79.8402
.ts500 .1333 .2584 .h979 .Ilf .0421 .0011 .0039 74.4612
.9000 .1076 .2241 .6R18 .1329 .0307 .0016 .0044 64.9103
.9500 .0416 .4% .b61 -094S 00215 .0 1 .00su 6?7.7328

1.0000 .057 .1394 .635S .05b7 .0139 .0016 .CDS? 72.5410
1.000 .029 .0921 .3?72 .0268 .0080 .0014 .0065 79.0656
1.1000 .OP?7 .09H .t)Q35 .0022 0037 .0019 .007.' 74.1673

INCLINATION ANILE a O.O0 PITCH RATIO x i.0ou S16MA I 1.500

J KTOUT 1GKOOUI EFFIC KT/J2 KQ/J3 1. KF HF A4G

.6s00 .156? .286- .S640 .3696 .1043 .0005 .0034 81.01644

.7000 .16R4 .299? .4173 .3184 00872 .000 .004U 01.7123

.700 .163 .297% .6560 .?906 .070s .0006 .0041 40.4255

.OO0 .1I1I .2143 .6AS7 .2172 .OSSI .OooA .0041 77.V57?

.500 .1331 .2546 .7072 .1843 0041S .0012 .0042 74.0192

.9000 .I 09 .21I .7169 .1352 o0300 .001; .004h 70.6337

.9500 .OPPR .177h .7044 .018 .0207 .0019 .0054 68.%66
1.0080 .051 .1355 6b470 .0S51 .0136 .00p .0064 69.5798
I.06%00 .0P? .04S4 .4949 .056 .0082 .00?4 .0074 71.4841
1.1000 .0045 .060" .1310 .0037 .0045 .00?? .00' 71.0915

INCLtNATIONI ANGLE = 0.000 PITCH RATIO • 1.000 SIGMA * .?SO

KTntjT OKOI)UT EFFIC KT/J2 KO/J3 WL KPF RFANG

.^500 .074 .1671 .4672 .1785 o0608 -.000? .0032 *00.4547

.7000 .R441 .ifq .5127 01717 .0S33 -.0007 90014 -46.5191

.7500 .0917 .1959 .586 .1630 .0464 .0002 .0040 37.3538

. 000 .0963 .2071 .b917 .1504 .040S .0009 .00"6 8.7723

.0SO0 .095 .2123 .605 .1322 .0346 .0016 .0053 92.7012

.9000 .0470 .204. 06082 .1074 00281 .00 1 .0056 7101046

.9500 .0692 .i193 .538 .0767 00209 .0S .006S 53.0690

1.0000 .04P6 .13S .5027 00426 .013 5 0030 .007S 58.7?66

!00500 .0101 ?07Ad .113S .0091 .0068 .0034 005 7807778

1.1000 -. 02?1 e0290 -1.3333 -. 0183 *0022 00P .0094 53.147

INCLINATION ANGLE a 0.000 PITCN RATIO a 1.000 SIGMA• .SO0

J KTOUT IOKOOUT EFFIC KT/J2 KQ/J3 WL KOF rANG

.4500 0039P .1004 64021 .0927 .0367 .0009 .0031 A397098

.7000 .0491 .1182 .4630 91003 .0345 -. 0001 .0040 37.2028

07500 .0554 01300 .5089 00985 *0308 -. 0000 .0045 -33.817
.000 .0604 .14S0 05298 00943 00283 -. 0061 .0050 -46*7173
.A600 .0617 .1S71 .5311 .&OS4 902S6 .0007 000S8 1.7039
.9000 .0%52 S1534 .5155 00682 00210 00019 .0070 6902886
09S00 .037S .1231 94S9? .0416 e0144 00035 00086 10395606

1.0000 .0046 .067% e2040 .0086 .00057 .000S .0097 76.375S

1.OSO0 -002S1 .0062 -607184 -00228 .0005 .0059 oO000. 10609i

101000 -. 048d -. 0113 7.5260 -00401 -. 000 00M .00?9 5031612?<

I- ltl4i l l l l lll IIiii",, -



Table 3 -Performance Characteristics of Propeller 4615 at Zero Shaft
Inclination

TNCP4AIO ANL~ 0000 OITCH VAfIu a 1.000 SIGMA a 14.700

J KT(WT I 4K OU I EFFC KT/J2 KOVJ3 IL K9F @FANG

.6500 P??70 .3601 .6381 .5:374 .1340 .001? .001S 6*3566

.7000 *20"7 *3310 .6f,81 .4136 005 .0010 .0038 73,0760

.?SOO .1794 .3086 .b939 o3169 .0731 .0o11 .0034 73.2014

0000 *156r .2769 .7197? .2446 O@5oI .0014 .0043 71.1506

.0c,00 .13110 .2423 .7426 .1114t .0395 .00111 .0044 69.1542

00000 .1079Q .205% .7524 .1132 .0242 .00?0 .00%7 69.2356

09,500 .'1009 o1A 7330 .0096 .0195 .0q00 .0066 72.1917

1.0000 *'I521 .1P52 .6648 .0523 *h12S .0017 .0074 76.S710

).#)S0O .02IA .0763 .5207 .0216 .0066 .601A .O003 77.6556

1.1000 -.0016 .0111 -.2498 -.0013 00004 An-41 .008" 66.4400

y~CL1NATIO4 ANGtF 0.000 t'ITC'4 RATIO a 1.000 SIGMA -~3.000

J KYTi I OKO0O4I T EFF1C (AT/12 KU/J3 9. K4 FA

.S a0 .?IQ . 37,ot bsu3 .5300 .1382 .0007 .002d 75.'.*9

.7000 .2019 .3S14 '6~4b% .4162 .1026 .00110 .0029 74.1267

.7%00 .1797 . 31 o-t .6731 .3194 .07"is .0011 .0931 69.4567

.11000 . 1546~ .2431' .6936 .2*15 40554 .0 19 .001% 65.41141

.R500 .1796 o.?40'd .7050 .)7'92 .0405 00010 .004-3 64.2982

.9000 .1037 021-' 0 .7010 .1200 00291 .0019 .0047 #6.9311

.9500 .076? .11?6 .6674 0044 .0201 .001q .0057 69.6126

1.0000 .0460n .129h .5736 00466 .0130 .0019 .0066 73.1461

1.0500 n.1 .01%4b .3420 .0157 .0073 .00;P0 .601 73.1%39

1.1000 -.007,1 104111 -.3103 -.0060 .0031 .00'2% .006" 60.?006

!NCLINATlf AW4LE F 0."00 IICm RATIO =1.000 SIGMA I .500

J K7C1197 10'OOU1 EFFIC KT/J2 p.9V53 91 OV RVAW*

.6500 .1I67f. .30054 .1125368 *lp .4005 .0033 A04845

.7000 .1710 .3101 .6022 .34509 .0927 .000S .0034 01.6400

.?SOO .1661 .3170 .637S .2953 .0717 .4007 .0033 77.6019

0111189 .10 .?919~ .6se7 .2169 .0570 .0011 .0035 71.3414

."So0 .1200 .263h .6604 .1782 00429 .6017 .004ou SS.1661

.9000 .10?0 .2288 .6387 .1"59 .0314 .00"? .00'*A ;-2e138

.9580 .0710 .1148 .5aba .0009 .0219 .0"04 .0056 o3.f*90%

1.0000 .04?6 .1415 .4790 .0416 .0142 .007's .0046 67.2003

1.0se0 .0096 09"1 .1425 .0097 .0076 .0(010 .007:% 66.7631

1.00 -.0302 .025 -2.0761 -.0p50 .0019 0 ,1r 1 .0006 *8."??a

TICLINATION ANAILE -0.000 0'11.4 &PATIO u 1.000 SIGMA 0 .?S0

K roft IT I 11zou T EFFIC KT#4J2 90.4J3 ML t F OFANG

.46;00 .0999 .194" &P30I .2"3 .0710 -. 011IM .0010 -06.1424

.7000 .142S 22 .!P63a .20VI 99591 -60001 .00?e -12.0605

.7500 6101,1 .2076 .S0?3 .1401 .69 "O00 .OS 003? 40.4%90

*111e0 1090? .209" .5950 6153 " .010 .0014 .0041 49.b356

.0500 .0916; eosu1 .6041 .1207 .0330# 003 .0050 77.54b3

.910 .071%1 .167. .5972 .906 *Gas? 001? *00%7 ',9..148

.9%00 AS0551l . !P1 *443 .01,11 0177 .004., .0067 14919*

1.0000 AM22 .0954 03654 0220 .0096 .00%4 .007? 440.1829

1.R500 -.01711 .02?I -1.3404 -.0161 0019 .006* .000b6 514550

1.1000 -.0%4r% -.05Q3 1.6097 -00 -00"S 0072 .0067 -28.4576

1NCLINIATION *IGLF a0.000 PITCN4 RATIO 0 1-000 SIG"A Sso0

J KTOUT IoK0OUT EFFIC KT,*.1 KO#J3 iV %OF @ANG

.650 .500 .140 43SP '1*16 .6537 0000 *0? 12%4953

.76 076 .50 .1. .1379 00452 -00004 .002S -4.20
.?w0 .0676 3 AIM2 .7? 0030A -.000? .0029 -IS.1510

00000 000 .14414 .4%60 .0905 .029 .007 00' 7*9

050 .04*1 .1304 .4310 0*10 s0eps .0f010 .0071 W7OW7
.900 .655 61171 .31112 .0315 .6161 0014 *@7 9706

~ 0029% 6042 05 6 *0 3 a* o p .0020 0 2 44. 819

116100 -.0209 .0391 -.A4*90 -.0'T99 got"9 .0004 .07 111K40 -*4t 00V.'ta-9P0



Table 4 - Performance Characteristics of Propeller 4616 at Zero Shaft
Inclination

INCLINATION AW.E 0.000 PITCH RATIO a 1.000 SIGMA * 14.700

J KTlT oooilr EFFIC KT/J2 K0/J3 KL F OANG

.AS O0 .??1q .36h4 .h316 .S300 .1336 .0017 .002m 53.4108

.7000 .?006 .3406 b6560 .4093 .0993 .001? .0031 57.566

.79;00 .1781 .313? .6790 .3167 .0742 .0017 .0035 60.7193

.4000 .IS40 .2794 .7048 .2421 .0547 .0018 .0039 62.7819

.0150f .1305 .2423 .7286 .1806 .034 .11019 .0043 63.9353

.9000 .104A .2040 .7361 .1?94 00260 .000po .0046 64.5143

.9,00 .0781 .16"0 .7051 .046A 01q .007? .005 64.8348

1.0000 .0%11 .132v .6I17 .0511 .0133 .0 AP .006u 65.0301
1.0s00 .022p .0897 .4179 .0203 .0077 .0olQ .06" 64.8883
1.1000 -. 009P 01a7 -. 8661 -. 0076 .0014 00o .007d 63.68%

TCIINATION AN4LE 0.000 PITCH RATIO 3 1.000 SIGMA * 3.000

KT011T IOKonUT EFFIC KlJ2 XK/J3 KL KSF HFANG

00%00 .2241 .379? .6113 .5304 .1381 .0004 .0025 70.3770

.7000 .P040 .3S32 .6433 .4163 .1030 .0008 .0030 74.3377

.7500 .1P(3 .3224 .6074 .3205 0074 .0007 .0034 78.6387

.NOoo SS . *2897 .6832 .2429 .0566 .0007 .003H 79.6128

.so0 .1301 .2565 .6861 .1800 .0418 .0009 .006 77.5858

.000 .10A .2226 .6668 1779 .0305 00011 .0043 74.9620

.9500 .07SS .1870 .6103 .0836 00218 .001? .00404 74.3102
1.0000 0045 .147 o4912 .0455 .014 .001 .00%5 76.4501
1.0600 .0151 .1014 .248S .0137 00088 .0014 .0063 780t378
1.1000 -. 0174 .0453 -.4779 -. 0102 .0034 .0017 .0070 72.120

INCLINATION ANGLE 0 0.000 PITCH RATIO s 1.000 SIGMA ..750

J WT0IJT IOKOOIIT EFFIC KT/J2 KQ/JJ KL  KA FANG

o6500 .0931 .1874 .5139 .209 .0684 -.C005 .0031 013.7666
.7000 .0062 1969 .5444 01964 .0574 -.0003 .003A -80.0924

.7500 .09S5 .Pol .9609 .1697 .048? -.0001 .0045 -4.0161

.POoo .0938 .2067 5777 .1465 .0404 .0002 .051 S9.923

.*o0 .0Q0 .202? .SS6 .1232 00329 .0005 .005c 0.8262
09000 .0770 .1829 .6028 .0950 .025i .0010 00060 9101750
.95o0 .05? .1446 s%666 .0600 .0169 .0019 .0065 75.9S72

1.0000 .020S .0890 .3667 .020S .0089 .00?9 .007; 62.2532
1.0500 -00177 .02A8 -1.0271 -. 0161 o002s .0018 00076 58.6377
101000 -.0453 -,0046 8.2429 -. 0374 -00007 .0040 007_1 54.6130

INCLINATION ANWLE 2 U.000 PITCH RATIO * 1.000 SIGMA u 1.SO0

j wTltIT I KQOUI FFIC KT/J2 KO/J3 KL KOF RANG

.A50 .1670 .?973 0.510 .39)2 .1083 -. 0007 .0015 -69.9498

.7ao .1714 .310? .6217 .3539 .0906 -. f00A8 .00'. -80.6324

.75fO .1676 .3069 .6518 .2979 .0727 -.0007 .00%u -95.081A

.n0o .1.15 .2A6&% .6731 .2367 .0560 -.0004 .0051 -79.6970

.4%00 .1?79 .2541 .6809 .1770 00414 .00p .005% -19.2312

.qO00 .0998 .215i .h643 .1232 .0295 .0011 .006V 64.2561

.9 00 .0697 .1740 .6045 00772 00203 .002A 600"o 104.4582

1.0000 .0391 .1328 .4682 .n391 .0133 .004P .0093 -2009486

1.00 O0 .0076 .0860 .1476 .0069 .0074 .0on44 .0024 *012360

1.1000 -. 0271 .0214 -2.2317 -. 0226 00016 .0017 -. 0143 003.5837

INCLINATION ANGLE z 0.000 PITCH PATIO * 1.000 SIGA * .500

KT(II1T 1OwOOUT EFFIC KT/J2 IOWJ3 L L KF NFAN

.6500 00401 .1411 .4403 .1422 OS14 .0005 00s 8100092

.7000 .06;4 .1523 .4764 .1335 .044 .000' .001? 8.2089

.7500 .1667 .1596 .4992 .il7 .0378 .000q .0032 81.3843

.moon .0. .1617 .5023 .0997 .0316 .000% .003k 800123

.000 .041 155 .4687 .0779 .02 4 .0000 .003# 9.26S4

.9000 .1fl7 .137- .4456 .027 00188 .0008 .0030 76.2373

.9400 .019S .1014 .2910 0216 .0118 .0011 .00## 76.6286

1.0000 -. 020c .0422 -,77" -00205 .0042 .0015 .00" 74.0876

1.6"0 -. 0"al -. 0460 3.2352 -. 0806 -,0040 .00p0 .006k 700892

1.1000 -.2018 -. 16h7 2.1153 -0168414c0
2 7  

.0025 0069 68o390314106 -*113 JL4'CO2? 'opi
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Table 5 - Performance Characteristics of Propeller 4529 at 15 Degrees
Shaft Inclitlntion

INCLINATION ANGLE z 15.000 PITCH RATIO a 1.000 SIGMA * 14 ?00

J KTOUT iOKGOUT EFFIC T/J2 KO/J3 WL E8¥ 8FANG

.6500 .2191 .3655 .5879 .5165 .1404 .0809 .0227 -13.6048

.7100 .1977 .3595 .6129 .4036 .1040 .0770 .0241 -1207635

.7500 .1775 .3349 *6327 .3156 *O794 .077 .0251 -11.5613

.000 *15Is .3103 .6477 .2466 .060 .0708 .0275 -10.3901

.0500 .1379 .2841 .6565 .1908 .0463 .0640 40310 -9.4135

.QO00 .1168 .2553 .6555 .1442 .0356 .0651 .0339 -696526

.9500 .0940 .2230 .6376 .1042 00260 00619 *036 -80720
1.0000 .0693 *1072 .5891 .0693 *0187 .0564 .0371 -7.6640

1.0500 .0429 .1484 .4828 .0389 *0128 .0546 .0436 -7.5361
1.1000 .0160 .1084 02581 .0132 .0081 .0507 60654 -709951

INCLINATION ANGLE : 15.000 PITCH RATIO a 1.000 SIGMA 3.000

J KTOuT IOKQOUT EFFIC KT/J2 K/J3 KL KOF 8FANG

.500 .2107 .3864 612 .4966 .1414 0079 5 .0225 -706808

.7000 .1970 03666 .5987 .4020 .1069 .0774 .0241 -9.8460

.7500 .1786 .3408 .6254 .3175 .0808 .0740 .027 -10.7821

.• 000 .1563 .3139 06421 .2474 .0613 .0704 .0 2 7v -10.7347

.500 .1371 .2661 06480 .1897 .0466 .06468 029. -10.0354

.9000 .1146 .2565 .6401 .1415 .0352 .0614 .0319 -9.0544

.9500 .0905 .2238 .6110 .1002 .0261 .0599 .03.8 -0.1532
1.0000 .0644 .1876 .5465 .0644 00166 .0561 .0379 -7.6373
1.0 0 .0377 .1492 .4226 .0342 .0129 .0522 .0410 -7.7066
1.1000 .0137 01128 .2123 .0113 .0085 .04R4 .0436 -8.4192

INCLINATION ANGLE 1 1%.O00 PITCH RATIO a 1.000 SIGMA u 1.SO0

j KTOuT IOEQOUT EFIC KT/J2 K/J3 XL KBF WPANG

.500 .1450 .2785 .5384 .3431 ,1014 .0538 00147 10.7725

.7000 15"?5 .2686 .5889 .3113 .0841 *0608 0193 5.2480

.7500 .1554 .2943 .6301 .2762 .0696 .0659 .0234 -09895

.4000 .IS07 .28?2 .6681 .2355 .0561 .0661 .0269 -5.7514

.ASO0 .1361 .2666 7009 .1912 00434 .0676 .0298 -83353

.9000 .11A9 .2367 .7193 .1467 .032S .0650 .0324 -9.0767

.9500 .0950 .2029 .7060 .1OS3 .0237 .0613 .0351 -6.9006
1.0000 .0690 .1687 .6510 .0690 e0169 .0574 .0381 -88743
1.0SO0 .0429 .1325 .5406 .0389 ,0114 0537 .0414 -9.7574
1.1000 .0173 .0836 .3631 .0143 0063 1499 .0449 -11.5552

INCLINATION ANGLE = 15.000 PITCH RATIO a 1.000 SIGMA ..750

/ KTOUT lOKQOUT EFFIC KT/J2 KQ/J3 KL KBF WPANG

-SO0 00759 .18s .4154 .1796 .06uo .0256 .0054 17.6763
.7000 .0814 .2026 .4474 .1660 ,n591 .0300 .0063 16.4611
.7500 .0866 .2144 .4820 .1539 .0506 .0348 .0116 15.3365
.A000 .0900 .2231 .5138 .1407 .0436 ,0400 .0156 110499
.SO0 094 .2258 .534 o123? 9038 .0449 .0204 5.9127
.9000 .0823 .2193 .5376 .016 00301 .0466 .0257 -1.1174
.9500 .0675 .2013 o5069 00748 00235 .0501 .0312 -703637

1.0000 .0452 .1717 .4192 .0452 06172 .0490 .0363 -11.4660
1.0500 .01"S .1339 .2304 .0168 60116 .0457 .0406 -13.3180
1.1000 -.0064 .0962 -.1166 -.0053 00072 00420 .0437 -15.2050

INCLINATION ANGLE • 1I.000 PITCH RATIO a 1.000 SIGMA 500

J KTOUT IOKOUT EFFIC KT/J2 KO/J3 KL KSV WiANG

.so0 .0397 .1149 .3576 .0940 00416 00160 .005' 1991620

.7000 00441 ,1255 .3926 .0903 0366 00172 .0053 14.6735

.7500 .0516 01438 04200 .0916 00341 e0204 .0066 13*0623

.0000 .0562 .1572 64549 ,0870 00307 00240 0068 11.7246

. SO0 .OSS7 .1619 .4655 .0771 06264 00274 .0122 904117

.9000 .0499 .IS89 .4496 00616 00218 .0307 0016 S.3960

.9500 .0397 .lSl .3970 .0440 00176 00334 .0226 -.1502
1.0000 .0262 ,1394 e2969 .0262 0013" *036 .0286 -600073
1.0500 .0096 01195 .1377 00069 00103 .0369 .0335 -9.7192

1.1000 -.0IOS .0784 -,23SI -.087 0659 .031? 00332 -7.4356

Liii ,.1 2



Table 6 - Performnce Characteristics of Propeller 4615 at 15 Degrees
Shaft Inclination

INWLINATION ANGLE a 1S.000 PITCH RATIO a 1.000 SIGMA a 14.700
KTiTW iOoOUT EFrIC KT/J2 KO/J3 XL Rp 8ANG

:6%00 .22?3 .3977 .5783 .S262 .1448 .0819 .0225 -15.7900.7000 .1998 .3717 .5988 .4078 .1084 .0777 .0241 -14.5626.7900 .1790 .3462 .6136 .3152 0082S 00743 .0261 -13.0000.:00 .1581 e3221 *6257 .2473 .0629 .0709 .0281 -11.5607.As0 .1363 .2929 .6295 .1686 .0477 .0674 .0304 -10.4115.000 .1120 .2622 o6120 .1383 .0360 .0636 .0329 -9.5514Oon .083 .2313 .55ss .0945 .0270 .0593 .0356 -8.93501.0000 e0st7 .1962 .4553 .0567 .0191 .0548 .0387 -8.59651.OSO0 .0281 .1556 .3016 .0255 .0134 .0S04 .0419 -8.77341.1noo .00P7 .0880 .0529 .0022 .0066 .0464 .0448 -10.0298
INCLINATION ANGLE 3 15.000 PITCH RATIO a 1.000 SIGMA a 3.000

J KTOUT I0KOOUT EFFIC KT/J2 KO/J3 I. K9F RFANb
.6so0 .2163 .3900 .5737 .5119 .1420 .0808 .0222 -4.8659.7000 .2014 .3717 .6039 .4111 .1084 .0791 .0245 -8.7217.7500 .1824 .3451 .6308 .3242 *0818 .0758 .0265 -10.5810.O000 .1610 .3156 .6494 .2515 .0616 .0719 .0282 -10.7729.AsO0 .1380 .2851 .6548 .1910 00464 .06?6 .0301 -9o9346.0000 .1136 .2s3s .6421 .1403 .0348 .0634 .0322 -80814S5.9500 .0878 .2193 .6052 .097? .026 0S90 00347 -8.07421.0000 .0606 .1807 5339 .0606 .0181 .0547 .0375 -6.0912I.OSO0 .0333 .1370 .4062 .0302 0116 .0sos .0407 -8076121.1000 .0081 .0889 ,iS91 .0067 .0067 .0409 .0437 -9.3006

INCLINATION ANGLE a IS.000 PITCH RATIO a 1.000 SIGMA a 1.500J KTOUT IOKOOUT EFFIC KT/J2 KO/AJ3 iL KSF 8FANG
.6500 .1607 .2983 .5574 .3804 .1086 .0604 .0172 13.4653.7000 .16S7 .3082 .5919 .3381 0098 .0655 .0206 8.0264.7500 .1643 .3075 .6379 .292 .0729 .0690 0241 1.6228.P8000 .1556 .2945 .6726 .2431 .0575 00701 .0275 -3.8633.R500 .1399 .2707 .6993 .193? .0441 0688 .0305 -7.6473.9000 %l1? .2392 .7111 .1466 00326 .0656 .0331 -9.7678.9500 .0937 .2028 .6986 .1038 .0237 .0614 .0358 -10.81171.0000 .0663 .1627 .6482 .0663 .0163 .0569 .0386 -11.64021.0500 .0369 .1163 5302 -0335 -:100 .0522 .0419 -13.11431.1000 .004S .Oss? .1428 .0036 .0042 .0470 .0462 -15.8200

INCLINATION ANGLF 1 tS.000 PITCH RATIO a 1.000 SIGMA ..750
J KTOUT IOKOOUT EFFIC KTIJ2 KO/J3 KL KRF WANG

.6s00 .0809 01708 .4893 .1912 o0622 ,02?8 .0063 19,4317.7000 .0897 .1882 5312 ,1831 00549 .0341 .0100 1297222*7500 .0940 .1985 .5649 .1670 00471 *0389 .0134 6.927018000 .0933 2004 .5929 .1458 .0391 .0422 .0166 a.1074.8500 .0873 .1928 e6121 ,1208 .031* 0440 .0199 -2.1944.9000 .0753 1755 6144 .0929 .0241 *0446 00237 -6.5619.9500 .0S7S 01488 .5639 .0637 00174 00442 0284 -11.31021,0060 .0349 .1140 04874 .0349 .0114 .04?7 .0335 -16.09171.0500 .010? 0734 .2320 .0092 .0063 ,0398 .0379 -19.50261.1000 -.0122 .0302 -07089 -.0101 00023 .0344 .0390 -18.6884
INCLINATION ANGLE a 15.000 PITCH RATIO v 1.000 SIGMA a 0500

. KTOUT I|KQOUT EFFIC KT/J2 KG/J3 IL SPANG
.6500 0S14 .1345 .3953 .1217 .*490 6018 005 18.3419.7000 .054 .1552 e4193 .1192 .0452 .0227 .0068 1008S49,7500 0633 .172S *43T8 .1125 .0409 .0277 00098 47211.8000 .06S8 .1821 .4600 .1028 .03Se .0314 .0132 0;603.1So0 .0622 .1817 .4630 .0861 .0296 .0328 .0163 -.8112.9000 .0487 .1714 .408 00601 .0235 .0320 .0190 -106174.900 e0246 .1s2 .2431 00272 .0176 .0295 .0215 -2.35991.0000 -.0044 .1287 -.0541 -.0044 00129 .0258 .0233 -3.05S5leOSOO -.0226 .1031 -.3659 -. 020S .0089 .0207 .0232 -2007?21.1000 -.0014 .0801 -0312 -60012 000 .0129 .0189 46314

16'.



Table 7 - Performance Characteristics of Propeller 4616 at 15 Degrees
Shaft Inclination

INCLINATION ANGLE z 15.000 PITCH RATIO a 1.000 SIGMA w 14.700

J KTOUT IOKQOUT EFFIC KT/J2 KQ/J3 . K9F OFANG

.6500 o2189 .3884 .5830 05161 e1414 .0810 .02 2 -13.5094

.7000 .1971 .3639 *6035 .4023 01061 0772 .0241 -12.3259

.7500 .1774 .3429 *6176 .3154 *0813 .0740 .0260 -10.7703

.RO00 .157? .3191 .6272 .2456 .0623 .0708 .0280 -9.3467

.8500 .1353 .2907 .6294 .1872 .0473 .0672 .0302 -8.3020

.9000 .1113 .2583 .6173 .1374 .0354 :0633 .0326 -7.69SS

.9500 .0856 .2234 05797 .0949 .0261 .0592 .0353 -7.4679
1.0000 .0588 .1867 .5009 .0588 .0147 oOSSO .0383 -7.5112
1.0SO0 .0309 .146S e3531 .0281 .0127 0S09 .0416 -7.7373
1.1000 .0019 .0965 .0341 00016 .0073 .0469 .0453 -8.1480

INCLINATION ANGLE • 1S.000 PITCH RATIO u 1.000 SIGMA u 3.000

J KTOUT IOKQOUT EFFIC KT/J2 KOi'J3 EKL KBF 8FANG

.6500 02159 .3776 .5916 .5111 .1375 .0810 .022S -6.6045

.7000 .1995 .3542 .6275 .4071 .1033 .0788 .0248 -9.6279

.7S00 .1803 .3264 .6594 .3206 .0774 .07SS .0267 -10.5978

.*O0 .1596 .2977 o6827 .2494 0S81 00718 .0285 -10.2386

.8S00 .137S o2690 .6918 .1904 .0438 .0679 .0304 -9.2993

.9000 .1138 .2394 .6807 .1404 .0328 .0639 .0327 -8.4377

.9500 .0879 .2066 .6430 .0974 .0241 .059R 00354 -8.1061
1.000 .0598 *1670 05698 0598 .0167 .05SS .0385 -8.4360
1.0500 .0302 .1160 .4349 00274 00100 .0S08 .0418 -9.1231
1.1000 .0009 .0483 .0311 .0007 .0036 .0458 .0446 -9.3124

INCLINATION ANGLE = IS.000 PITCH RATIO = 1.000 SIGMA a 1.S0

J KTOUT 1OKGOUT EFFIC KT/J2 KQ/J3 Il. KBF WPANG

.6S00 .1596 .3110 5308 .3777 .1132 .059? .0167 13.4178

.7000 .16S7 .3230 .5716 o3381 90942 o0660 .0210 5.3333

.7S00 .16S4 .3253 .6070 02941 00771 00702 .0251 -2.1391

.8000 .1562 .3153 e6308 .2440 .0616 .0710 .0284 -7.0964

.50O .138S .2930 e6396 .1918 .0477 o0689 .0310 -9.4678

.9000 .1149 .2610 .6307 o1419 .03S8 .0649 .0335 -10.2548

.9500 .0883 .2227 05995 00979 e0260 .0607 .036S -1007713
10000 .0606 .1817 .5312 .0606 o0182 .0570 .0402 -11.8831
1OSOO .0316 .140S o3764 .0287 00121 .OS30 o0441 -13.2488
1.1000 -.0027 .0997 -.0472 -.0022 .0075 .0458 .0464 -12.5S91

INCLINATION ANGLF w IS.000 PITCH RATIO - 1.000 SIGMA T W750

/ KTOUT IOKOOUT EFFIC KT/J2 KQ/JJ I, KOFANG

.6S00 00879 .2015 .4513 .2081 0734 .0309 .0074 16.3909

.7000 .0939 o2174 4814 01917 .0634 .0361 .0109 13.6581

.7500 .0985 .2296 .5122 .1751 .0544 :0411 0144 9.7134

.OOO .0999 e2380 .5342 .1560 .046S .0454 .0181 4.1701

.8S00 .09S8 2401 .5398 .1326 .0391 .0486 .0222 -2,1941

.9000 0846 .2326 .5210 .1045 *0319 .0502 .0269 -8.1039

.9500 006S6 .2127 o4660 0726 e0248 0499 .0319 -12.4520

1.0000 0396 .1796 3510 .0396 00180 .0475 .0369 -14.9654

10S00 00100 .1353 .1231 .0090 .0117 a0414 .0412 -16.8716

101000 -0172 0866 -3469 -0142 0065 0381 .0439 -21.5646

INCLINATION ANGLE u 15.000 PITCH RATIO a le000 SIGMA * .500

KTOUT IOKOOJtU EFFIC KT/J2 KQ/J3 91. KOF SFANG

6S00 .0638 .1750 .3773 .1511 .0637 00221 00SI 18.2236

.7000 .0742 .1979 .4177 .1514 .0577 .0284 .0085 14.8623

.7so0 .0803 .21SS .4450 .1428 .0511 .0337 0119 11.0062

.A000 .0811 .22S6 4S78 .1267 .0441 .0373 .0151 5.8148

.8500 *07S7 .2269 .4S12 .1047 .0369 .0394 .018S -2497

09000 .0637 2189 .4170 .0787 0300 .0403 .0226 -6.0688

9500 04S5 .2016 3410 0504 e0235 e0404 .0277 -105140

10000 .0219 .17S3 .198S e0219 00175 .0394 :0332 -13.0932

1,0500 -OOSS 1401 -"06S1 -40050 .0121 0360 o0375 -14.5972

1.1000 -.0340 .0955 -.6229 -.02 .020 .0374 -17.461

- - ------ -J----
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Figure 11 -Cavitation Inception Curves for Propeller 4615 at 15 Degrees
Shaft Inclination 2
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Figure 13 -Propeller 4529 Efficiencies versus KT/32 for Various
Cavitation Numbers at 15 Degrees Shaft Inclination
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*Figure 17 - Sketching of Cavitation Present on Propellers at 15 Degress
Shaft Inclination, a - 0.75, and Two Thrust Loadings1~ 32<


