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abstract 

Tot*l n«t,.Ü.A pr,.«™ ^ T"“ •‘‘“f" ‘ 

„<«..1 prepellot op.n..in« I. ^ ^ w 
,S,. » pp».,...^.^ TieU p»-~» - -Scp. Th. 

». tu>»» p«*¡». «f «. »— i— r~— “• -r“ 

.¡» ihn to-i. - w»- «-**- "''f;’ '"7*"" 
I. «nlfonm Ho. .1 <h. i..¡„ *’«»• ^ ^ ^ ^ 
ein.,..«.. E-pn-i».»«. .«..1« »< R'oott^0*^ 

peint pfpnsuru. .«o i. W—« ^ 7"7 ' “ . 
,. „SJiüo, n. Un nnJn '• «"i'»" "”*• ’f““'1 ^ 

.1» tnt ». P~?n“"” «r«»« » TJl*. 

.U-d h, .. and Mr=m «nS* P1“"1 ^ ^ “7, 

confticinnt .to««! th.t to»«.!« ■"* ^ ^ *"“• 0f “'f* 

pntpnllupinüunnd „..=«• •»< *« ^ 

peak amplitude sißrftl farther downetreem. 

ÀDMIHISTRATIVF INFOr.MATlOM 

f ^ the Ge. eral Hydromechanics Research Proßram of the 
This work was performe under the Ge..«al H) ^ by 

Nava! Ship Research and Development Center (N. KDC). u g H 

Subproje. t S-ROOO-Clcl, Problem hÛ6-!!0«. 

INTRODUCTION 

Th. .tudy n. p»p..l»-i.d«»d <M p«».». d..«lhnd »■» '• ^ “ «“7” 

i.» ». d...«. - elTJ,e. 

correction» due to thickness were calculated by the Kerw.n method. Ope 

r nre » and backing characteristics4 ol the four designs have been reported. In 
Hon performance, and baching underUken to determine 
addition to these performance studies, an experimenta, program 
th,. stress levels which might be expected U, exist m uniformly Irmded, highly ke P 

p(,,ler blades.5 The effect, of blade skew on unsteady propeller force» ,™8m,U*d 'k" f 

.b»tt h... hnn. d—,.^ » ^ 7'J: J;" 
and employing eix-component dynamometry and test procedure, develop«! earlier. 

Referme*« Uutoé •» >••• W. 

t 
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This .Ul (oes .. U.. ^ " 
J» !» H..,,».,. ».ch ol .ho .,hO.™»ul .oU. ... "* ““ 

^11 '^ultaV.* p,o.»m >■ ■'■,l,l‘1' lm" ’'Ud'“ b’ . , 

T.oh.,.d¡i,' Donny.10 .»d ■>*«* ^ Í »«• 

pose of this study to dettrm.rc exporimoaUlly thu » ffecls o. 

.nd Ui contp... th. fiodinp. .1» U,«>odi,.l prodiodo.. .! p>...hl.. „ 

Tho praoedure -l«»d ... ...«UIW »« ■"» “ ^ “"""J J 
P„„.,o..... L».»d o.. n.. PI.U, ,».,u«.d p.«di.> » u.. p-op-u-, “* 

,h. »..sd..™- .«» loc.l-d ».i.lly ta. .p.“.“ » “r >™-“" pU"' 
,o u,. nl.b> .. o«h .,«..doc -old 1.10,..0. »" 1-1-1.0- 

T.ti«. Jy d»-«* p.........,. — ^ 
K«.!. „ldo.„." TI. KCl. .dhod i. .. ..loo.io. .1 hi- UU.« "«,'«o' ** 
k . lu „d ,, „„„„h,. *«odcPily l.«l,d propollwo. U i* h-ood o» ■ 

ta.. «Pd...«™ o' «"do lo.dinp «-d oüliï.» . lin.«»"" "‘l"''“!” “ 

r.p.'s.n. bl.d. UUok.«... * p..«.ii» diotaU." - <1- »“• -4 “T , 
,1,,1.. ¡, r.l.ulht.d reloli.o P* * P~P0Uo' «»do. - k~'o ...1,.,0 "'»T*' “* 

tt. UMUl.od, bl.do.ro,- pu»«. O“'""'“11* d"""* '™ »' "'"did 
Imre .h. pudiollo.. «• <« ta.p«« f——• *" 

—“'piuodo* -r d;.i;:; 1^;“;;: IZ'";!« P,». 

zzrczzz.o- - ■'*—ta *• -".ir 
„.ta .od .«.opita n... ...«y - «I— o-dita..- 

Ullp.1 «odicUan. n»UloUid P .ko o« «1 «"''»■ „ 

Th. .osta.0. d' ».¡lo.» "P- — i-PP-od .1- <* «— ,h^ [ ’‘T. 
cdcul.üon pfMludo. ..y c.o.rfco.i.lly .«y», i"".*. O"'» “» do"- 

,o.p.,od. Al W ¡II. P0..1«. » .1» “«"‘“do »' -“"O"" '“‘■"«y. •“ 
Uw Kd. p.oc-du.- .od P> .»i»" »' bydrodyn«... ..1-1, di.Pibolio. ..po . 

Id... k.. Lp. pohli-M !» ...I..U-, U» .«I»' dl.»"«"- « '”->»«« 
pitch for . Riven propeller si an offlesign advance cond.Uon. 

TEST PROCEDURE 

Tests were run in the dosed,et test section of the 24-inch water 

pollers fitted on the downsUean, shaft A Hat plate was mounted ^ ^ 
Lis and contain«-! five ^.ns.lueers located on a line nearest to and parallel to propeller 

.xis The flat plate dtmensions. transducer locations, and placement m th. water tonn«,I are 

shown m Fipure i. A plane lhrou«h the hub midlenpü, and perpendicular to the shaft ax,a 



UPSTREAM 
I T T « • 

—19.0* 

Figure 1 - Plat Plaie Dimen^^onn and Placemenl in lhe Vialer Tunnei 



was used as a reference plane for the presentation of data. This plane intefserud the flat 

plate near the center transducer. The plate was positioned at two propeller tip clearances, 

10 and 30 percent of the propeller radius. Because skewed propellers have a natural rake, 

the blade tip." of the 0-, 38-, 72-, and 108-degree skewed propellers were respectively located 

at approximately 0, 25, 41.7. and 58.3 pereonl of the propeller radius downstream of the refer- 

once plane. 
The presence of the flat plate made it necessary to assume a pure image system and, 

consequently, to double the free-space calculated pressures for comparison with the expert- 

mental results. However, since the pressures are calculated from the induced field-point 

axial and tangential velocities, it was also necessary that normals to the transducers inter- 

sect the propellei axis, thus ensuring that the tangential Induced velocities are, in fact, th* 

transverse velocities at tho transducers. Should this not bo the case, a complicated point, 

wise resolution of the induced tangential and radial velocities would be necessary to deter- 

mino the transverse induced velocity in the plane of the plate and at each transducer. 

Tho propellers tested were 12 inches in diameter, and contained five blades. They 

had 0, 36 , 72, and 108 degrees of skew and were designated as hMela 4381, 1882, 4383, and 

4384, respectively. All four were designed to perform identically at the same design advance 

coefficient. The only geometrical differences in the propellers were their degree of skew and 

the radial pitch and camber corrections due to skew. Table 1 gives pertinent geometry for 

the propeller series and Figure 2 is a photograph of the propellers. 
Advance coefficients for the tests were determined by setting a thrust identity «Uh 

the open-wnter test results. Nonuniform flow was generated for some of the teste by the use 

of wake screens,11 and the advance coefficients were then based on a mean thrust coefficient. 

Thrust coefficients established during the tests of all propellers were Kr- 0.0, 0.100, 0.215, 

0.300, 0.375, and 0.400. Table 2 indicates the Kr-J relations in open water for the four 

propellers. Shaft revolutions were maintained at 14.0 rps for all testing. 

In nonuniforei flow tests with the 4- and 6-cycle wake screens, the effect of each 

distinct flow region on induced pressures was investigated. Figure« 3 and 4 are diagrams of 

the wake screens. The position designated on the diagrams are those points positioned di- 

rectly upstream of and in line with the five measuring transducers. 
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TABLE 1 

Geometry of Propellers 

Ne«W 0l S 

A*— ¿t/\ ® ^ 

HACA« 9J 

S#ci>«« TV*iliM*» 0»**mW*»*« NACA U mà Hi* 
mi« m4 toil 

Cfetifi if ••îw 

OvsifN Cf 

OC-míM I 

ri t»b, t/a J 

« 
«.i 
1.4 
M 
«4 
».» 
IJ 
M 

MIM 
1.3014 
I.W1 
17334 
¢.441 
1.3300 
¢.4)14 
«.Ml 

¢.174 
0.730 
».21$ 
».111 
¢.1)1 
0.)47 
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1.1341 1 
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M 
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M 
M 
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1.1300 
1.1341 
12)07 
I.1W0 
U3U 
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• 0101 1 
001« 1 
•Oil) 1 

Pn/.ll.f 411)(34.. - H 0./»^ 1 

"'Vu <1,(4./...) fll U 1 
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1.1117 
1.0270 

«.«))• 1 
•0144 1 
•O») 1 
•0747 1 
•OIM I 
• OKI 1 
¢01)4 1 

rntdl« «ai (St» - ri OtfrMl) 

"71 «,14»...) PV V. I 

¢.1 
M 
1.1 
II 
07 
M 
M 
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HJ)« 
17.101 
%.m 
41411 
M.141 
11(01 

1.1124 
I.4M4 
11040 
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mil 
1.01)0 
1.0011 
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¢0343 I 
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Figur« 2 - Skewed Propeller Serie« 



F¡surc 3 
«.Cycle ttuko Screen Showing Oi^ncl Region» of Flow 

POSITION 4 
H^AVY BLADE LOADING 

POSITION 3 

POSITION 2 
LIGHT BLADE LOADING 

POSITION 1 

Fiuure I 
_ VCvC|0 Wuko Screen Showing Distinct Regions of Flow 

POSITION 4 
s HEAVY BLADE LOADING 

POSITION 3 

POSITION 2 
LICHT BLADE LOADING 
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TABLE S 

Opon-Water Advance Coefficients at the Thrust Coefficients 
Selected for Tunnel Testa 

(Aty “ 0.000, 0.100 O.JU, 0.100, 0. US, mi U.400.) 

Propeller 
NvmW 

Slew 
dejree» 

4381 

4382 

4333 

4334 

0 

36 

72 

108 

Advene* Cotflicitnti 

I.2S0 

I.3Í0 

1.293 

1.297 

1.113 

1.13* 

I 143 

1.127 

0.873 

0.EÎS 

0.E37 

0.87 ï 

0.883 

0.689 

0.635 

0.657 

0.538 

9.53S 

0.527 

0.476 

0.473 

0.435 

0.473 

0.417 

DATA ANALYSIS 

Pressure measured at each transducer was recorded on magnetic tape. The records of 

at least 100 propeller revolutions at each lest condition were digitized and averaged, and the 

average wave form data were thon on' red into a computerized harmonic analysis routine. la 

general, the blade-rate harmonic was the most significant for ell the test results. At Hgh 

advance coefficient-low blade loading conditions, however, the shaft harmonie tended to be 

a sizeable portion of the total pressure signal. This can b», attributed to slight shaft misa¬ 

lignment or even manufacturing differences in the blades. 

The unsteady pressure measured at each transducer can be represented by a Fourier 
series as: 

“o r-» 
P " “ ♦ / . «_ cos si ^ * ft sin m ÿ ^ % 

in • 1 
(i) 

and the blade-rate pressure amplitude would be: 

(Apí.-'.-K-,)* ♦(»,)’] 
i/i 

(2) 

where i is the number of blades. 

The phase of the blade-rate signal vas derived from: 

<q . I ' 
cos si <6 *■ \ ♦ — sin M 

8 



by letting 

« 
— - cos y and 

». 
—- - sin y 
Cm 

Therefore 

em cos(m^-y) 

ami by neglecting all terms except those of blade nte 

tan y - — or y - Un' 
a, 

The maximum blade-rate signal occurs »hen (f>-y) - 0. 

angle 9 for which (Ap), is a maximum is defined to be 

• .. *. ». 3 ~ — tan — 
' a. 

The experimental pressure amplitudes were then nondimensionahred as follows: 

(M, 
pN* D1 

DISCUSSION OF RESULTS 

UNIFORM FLOW - DESIGN ADVANCE COEFFICIENT 

Total blade-rstc-induccd pressure amplitudes and phases measured on a flat plate with 

the propellers operating at design advance coefficient -.ere compared with theoretical prcdic 

lions. The predictions of Kerwin theory were derived from calculated induced velocities dus 

lo the bound vortices on the blades, the free vortices shed from the lifting lines (corrected 

on the blade), and the thickness effects. These induced velocities were then added in phase 

and a Unearned bladorate pressure coefficient computed from the harmonic analysis of the 

resultant velocity distribution. 
Figure? 5-8 and Figures 9-12 compare experimental results and theoretical prcdic* 

lions for propeller tip clearances of 10- and 30-percent radius, respectively. 

Therefore when 4 " y/*i U*® ph*®* 

(») 

9 
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Figure 9 - Comparison of Predicted ar.d Measured Blade-Rate Pressure Amplitude* 
and Phases for Design Advance Coefficient 0-Degree Blade Skew, 

and SO-Pcrcent Propeller Radius Tip Clearance 
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Th, pre„»ro «pliludes pr,«,ntrd in lho form of nondimenslon.iiíed blnde-r»«. 

coofncnL- with th, predicted ».hw* being twice the free-space calculntioua. The ploU 

«how amplitude and phane versts axial d,SUnce from the propeller plane with the e/R - 0 

position designating the propeller reference plane. Phase is defined as the angular d.ffer- 

ence between the circumferential location of the maximum blade-rnte pressure Mgnal an a 

reference ’in. extending from the hub center through the blade hub section m.dchord and ly.ng 

in the propeller reference plane. 
A comparison of Figures 5-8 and Figures 9-12 indicates the large decrease of blade- 

rate pressure amplitude with increased clearance from the propeller blade t,Ps. The »ncreas. 

in clearance from 10 to 30 percent of the propeller radios reduced the max.mum pressure. 

U, 75 percent for the four propellers. The curves of predicted pressure coeffloe»*, at the 

lO-percent radius dearante show that the maximum pressure was reduced by 15, 27, Mid il 

percent for 36, 72. and 108 degrees of skew, respectively, over the value for the nonskew 

propeller. Also, the maximum pressure signal was displaced farther downstream with ,n- 

creasing skew at both clearances. The maximum pressures were located at 10 percent of the 

radius upstrv am of the nonskewed propeller plane and about 8. 25, and 44 percent of th. 

radio, downstream of the propel lei plane for the 36-, 72-, and 108-degree skewed propellers, 

respectively. These comparison, were made for the propellers operating in umfonn flow snd 

st the design ad vine* coefficient. 
The agreement between experimental and predicted values appears to be bettor than 

that found by Denny»» even though the skewed propeller series exhibits far more complicated 

geometries. This may be due to several factors. The individual blades of the fiv.-bl.ded 

skewed propellers were more lightly loaded (a reduction of approximately 20 percent ,n load- 

ing) than the three-Mnded propellers tostod in the previous work, and the lighter loading could 

|„ad to bettor agreement with the mathematical model. A second factor could be the poss-bil- 

ity that the divergent downstream propeller shaft used in the skewed propeller tosto may have 

effected boll, propeller performance and slipstream deformation to some extent. The prop*» 

used for the pressure predictions shown here was an updated version; however, a check be- 

tween the predictions and those of the original program for an identical input case showed 

that the differences were small and not accountable for the improved agreement. 
Tables S-6 give detailed information on the predicted biade-rato amplitudes and phases 

shown in Figures 5-12. It should be noted that the ordinate scale of the phase plot* depicts 

the angular lead (or lag) from the blade reference line. Downstream of th. prope'ler plane, it 

can be seen that the predicted phase curve may sweep the ordinate range of the plot. fhi. 

sweep can 1» interpreted either as an additional 72 degrees of lag in the maximum blade-rate 

amplitude signal or as the appearance of the lagging signe! of the previous Wade. 
It can be seen that phase lag is a function of both the degree of blade skew and dis¬ 

tance of the field point from the propeller plane. The definition of the blade reference line 

location accounts for the appearance in the plot, of phase lag due to skew and evident at the 

propeller reference plane. 
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TABLE * 

Predicad Pressure Amplitude «md Phts* for Prop«»« 4881 

(O-Dopree Skew) 

r/ff-VTO 

*/K 

-O.JCO 
-e.<30 
-0.SJ 
0.0 

-0.3Ú0 

-4.100 
-0.M 
¢.04 
o.ca 
0.M 

0.13 
«.TO 
o.:a 
O.ÎSO 
0.Î7Î 

O.XC 

0.0X4 
0.01U 
C.0”4 
o.ors 
O.OIM 

0.«« 
0.0?u3 
0.054 
0.05'0 
0.0.WÍ 

0.021? 
0 01¾ 
0.0100 
0.CU0 
0.01» 

0.013 

PHcm 

0.5 
. 0.5 
- ti 
- u 
- u 

- 2.3 
- 12 
- 4.( 
- 5.4 
- 4.0 

- 13 
- U 

li 
4.5 
6.1 

6.5 

r/ff.l.3 

0 0044 
O.M70 
f .0152 
,).0140 
0.01(2 

0.02» 
0.03 
0.0304 
0.C1KÎ 
0.0154 

c.ora 
C.C1» 
0.0023 
0.05'3 
OX :53 

0.5372 

PI.«* 

-1.0 
-1.J 
-1.4 
-1.» 
-12 

-17 
-12 
-17 
-Î» 
-17 

-14 
-1» 
-2.4 
-12 
-If 

-U 

r/K. 1.» 

«'S 

0.403 
0.150 
0.5C0 
0.543 
0.540 

O.l'O 
O.i'3 
0.403 
UV) 
o.?a 

eta 
¢.(50 
o.w. 
0.95D 
1X33 

o.cia 
0.0520 
0J054 
0.tJ24 
0.W14 

0.C314 
0.0" IB 
oxoa 
0.C314 
0.00'2 

0X334 
0.0348 
0.W.2 
ora 
o.ooa 

fk*M 

14 
1.4 
6.4 
111 

. 20.7 

. 34.0 
34.7 

■ 41.0 
- 50.4 
■ 415 

- 70.5 
- 7( 5 
- »7.7 
- 07.0 
-»7.» 

r/*.U0 

V* 

0.03¡0 
0.K« 
0.0033 
0.0524 
0.0G24 

0.0372 
0.0322 
0.0323 
0.00» 
0.0X4 

0X310 
o.tca 
0.0X4 
0.0::4 
0.(7304 

PtjM 

-0.1 
-0.1 
0.2 
04 
O.f 

u 
14 
1$ 
U 
10 

13 
15 
0.1 
It 
12 

TABLE 4 

Predicted ‘Uade-Rete Pressure Amplitude and Phase for Propeller 4882 

(SR-Decree Skew) 

r/4f- 120 
f/#-1.10 

-0.BM 
-0.700 
-0433 
-0.500 
-0.4X 

-0.300 
-0.200 
-0.150 
-0.100 
-0X50 

0.0» 
0X25 
0.050 
0.075 
0.1» 
0.125 
0.150 
0.175 
0.2» 
0.225 

0.250 

0.C0I4 

MIS 
0.0034 
0.0362 
0.0102 

0.01(1 
0X264 
0.0333 
0X406 
0X400 

0X570 
0.0604 
0.0524 
0X654 
0.0662 

0.06® 
0.06» 
0.0564 
0.0472 
0.0410 

0X224 

PhrM 

- 217 
- 25.7 
- 25.6 
- 25.1 
- 26.4 

- 27.2 
- 20.1 
- 20.7 
- 29.4 
- 20.1 

- J1.0 
- 21.4 
- 31.» 
- 32.3 
- 311 

- 313 
- 317 
- 34.1 
- 34.4 
- 34.5 

- 34.4 

r,'K -1.» 

V. 

0.0312 
0.0011 
C.0324 
0X042 
0.0062 

O.K'ÏB 
0.01X 
0.012S 
0.0154 
0X170 

0.0»? 
0X184 
OX 156 
0.0iSt 
0X114 

0.0171 
0.0172 
0.0164 
0.0154 
0X140 

0X132 

Pk*M 

-27.4 
-27.4 
-27.2 
-27.6 
-274 

-?S.» 
-29.4 
-29.» 
-».3 
-30.« 

-31.2 
-11.4 
-31.6 
-31.0 
-12.0 

-32.1 
-312 
-322 
-12.2 
-111 
-12X 

f/K-1.10 

*/K 

0.275 
0.300 
0.3® 
0.375 
0.4)3 

0.4« 
0.4® 
0.475 
0.500 
0.540 

0.6» 
0.6» 
0.463 
0.653 
0.7» 

0.750 
0.800 
0.9» 
0.?» 
1.0» 

"p. 

0.0244 
0X174 
0X390 
0.00:6 
0.0091 

0X112 
0.0122 
0X124 
0.0174 
0X110 

0.0010 
0.0334 
0X026 
0.0014 
0.0013 

0.0034 
0.00® 

1X354 
0X030 
0X042 

Pt»M 

34X 
31» 
34.3 
21.2 
».1 

16.» 
. 17.0 
• 17.7 

«X 
- 21.2 

- 26.0 
- 32.2 
- 14.2 
- 41.1 
- 54.» 

- 40.5 
- 74.2 
- IÏ.7 
- »6.7 
-105.5 

0X120 
0.010» 
0.00(4 
OX. 71 
0.0070 

0.0062 
0.0054 
0.K» 
0.0046 
0X040 

0X0» 
0.0024 
0.0022 
0X020 
0X010 

0X0» 
0X012 
0.»» 
0.00« 
O.M06 

TCST 

-m 
-31.5 
-»X 
-10.1 
-2».5 

-28.» 
-20.2 
-27X 
-27.1 
-24.2 

-213 
-34.5 
-20 
-21« 
-as 
-as 
-710 
-as 
-21.2 
-210 
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TABLE 5 

Predicted Blade Rate Pressure Amplitude and Phase for Propeller 4383 

Predicted Blade Rale Pressure Amplitude and Phase for Propeller 4384 
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UNIFORM FLOW - RANGE OF ADVANCE COEFFICIENTS 

Figures 13 sud 14 show the blxle-rste pressure smplitudoa measured with Sd-depee 

Propeller 43S2 operating at advance coeffick-nU of 0.375, 0.3, 0.215, 0.100, and 0.0 at 10* 

and 30-porcent propeller radius tip clearances, respectively. The limited test results have 

been connected by curves for visual clarity; the cunes are not intended to depict trends ia 

the axial pressure distribution. Figures 15 and 18 show the measured blade-rate pressure 

amplitudes for all four propellers of the series at 10-percent propeller radius tip clearance 

- and at thrust coefficient values of if ^ » 0.375, 0.215, 0.100, and 0.00. 

The induced pressures observed in the various uniform flows exhibited similar trends 

in that the induced field pressu.es were greater at low advance-coefficient, high-loading 

conditions and the induced pressures were lessened at high advance-coefficient, lightly 

loaded conditions. The effect of skew was simil sr in that increasing skew reduced ilia in¬ 

duced pressures in comparable amounts regardless of the advance condition. 

N0NUNIF0RM FLOW 

Figure 17 corpaies the results of induced pressure measurement« on a fl-t plate for 

Propellers 4381 (10-decreo skew) and 4383 (72-degrce skew) run atdesii^i advance conditions 

(ir.rsn thrust coefficient ÏÏT - 0.215) for each distinct position of the 4-cytlc wake screen 

and at 10-percent propeller radius tip clearance. Position * produced the largest values of 

blade-rate induced pressures followed in magnitude by values obtained at Positions 3, 1, and 

2, in that order. Position 4 corresponded to the region of heaviest propeller blade loading 

since the inflow velocity was least through that region of the screen. In contrast, Position 

2 was tho region of highest inflow »"lecity and the propeller blade loading was least in that 

region. The other positions were combinations of the high and low inflow regions, ana' values 

of blude-rale induced pressures were between those obtained at Positions 4 and 2. The 

nonunifnrm flow results showed reductions in blsde-rate pressure signal with increasing 

skew comparable to those observed in tho uniforre flow results. 

The results obtained for the various distinct regions of flow created by the 5-cycle 

wake screen showed similar trends to those obtained for the 4-cycle wake screen. Figures 

18 and 19 present (he values of blade-rate pressure measured on the flat plate for Propellers 

4361 and 4393 operating in nonuniform >low created by the 4- and 5-cycle wake screens at 

10-pcrcent propeller radius tip clearance and at several advance conditions. Results ara 

given for measurements obtained while the 5-cycle wake was in Position 3 and the 4-cycle 

wake was in Position 4. Problems with the data recorder occurred during tests with the 

5-cycle wake at Position 4, and the data were not complete enough for presentation. 
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CONCLUSION 

Induced pressure» were measured on a flat plate near skewed propellers. There were 

essentially no harmonics in the pressure signal of comparable site to the blade-rate harmon¬ 

ic. experimental results from the uniform flow tests at pnncller design advance coefficient 

compared very well in phase and amplitude to the Kerwin blade-rale pres-uto predictions. 

Significant decreases in measured blade-rate pressure amplitude were found to occur 

for increasing values of blade skew. The peak blade-rate amplitude determined for the non- 

skewed propeller was reduced by approximately 15, 27, and 61 percent fur 36, 72, and 108 

degrees of blade skew, respectively, at design aJvnn-e coefficient in uniform flow and at 

10-percent propeller radius tip clenrance. Also, because of the natural rake of skewed 

propellers, the peak amplitude signal was located farther downslroam for increasing values 

of skew. Depending on propeller placement on tlio rhip, these fac'ora could be beneficial 

in reducing hull vibrt lion created by the induced pressure fluctuation». 

A sizeable decay of the blade-rate-induced pressure signal was apparent at a 80- 

percent propeller radius tip clearance compared to the 10-perecnt clearance with the propeller 

operating at the same advance coefficient. It is reasonable to assume that values of inducec 

pressures may be estimated for intermediate clearances by interpolating between these 

values. 

Both uniform flow and nonun>form flow results showed ihnt blsde-rate-induced pressures 

increased with an increase in bladu loading. Results of the non uni font flow tests indicated 

that a change of the wake region in line with the transducers had essentially the same 

effect on blade-rale pressure amplitudes as changing the loading by changing the advance 

coefficient in uniform flow. 
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