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CL Lift coefficient

P Free stream pressure

r Local blade radius

R Propeller radius

t Time

V Velocity

V Circumferential velocity
c

VT Tangential velocity component of wake

VA Axial velocity component of wake

V Free stream velocity

6 Propeller shaft inclination angle

o Blade angular position

o Cavitation number

* Frequency or rotation

q Blade rate of rotation
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1.0 INTRODUCTION

This report describes work carried out by HYDRONAUTICS,

Incorporated as part of a study of partial chord-length cavities

under Office of Naval Research Contract N00014-78-C-0144. This

work is sponsored Linder the U.S. Navy General Hydromechanics

Research (CR) program administered by the David W. Taylor Naval

Ship Research and Development Center (DTNSRDC).

The total period of this contract has been four years,

beginning in April 1978 and ending in Nay 1982. During the

first two years of this contract a theory was developed at

LYDRONAUTICS giving a mathematical representation of the phe-

nomenon of inception of leading-edge cavity as well as its

extent on hydrofoils and wings Ln unifocm flow. During

this period numerical methods were developed, based on this

theory, for the computation of leading-edge cavity on an air-

foil of given section geometry operating in uniform flow at

zero on finite angle of attack. Computational results showed

very good agreement with experiment. References 1 and 5 give

the details of theory development and the correlation of the

numerical results with experimental data.

During the third year the HYDRONAUTICS cavity flow theory

was extended to permit its use for the prediction of inception

and fluctuation of leading-edge cavity on a marine propeller

blade. Using the theory in this extended form, a numerical

prediction was made of the inception and fluctuation of leading-

edge cavity on a three-dimensional marine propeller blade under-

going a purely sinusoidal fluctuation of angle of attack, such

as occurs with operation of a marine propeller with an inclined

shaft, and uniform inflow.
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In addition, during the third year, the cavity-flow theory

was also extended to make it applicable to noncavitating flows

involving wakes and separation bubbles. A paper describLng

this work was presented in October 1980 at the Thriteenth

Symposium on Naval Hydrodynamics in Tokyo, Japan. Details of

the numerical example for the inclined-shaft marine propeller

and a copy of this Symposiumi paper were included in Reference 6.

During the final year of this contract, a validation study

for a numerical method for predicting unsteady, partial chord

blade cavities on marine propellers, which is described in

detaLi in this report, and is based on the HYDMONAUTICS cavity flow

theorv was condlucLd for tvpi.cal mar inc proeicller operating in a

realistic, non-uniform ship wake. Numerical predictions were

made for the inception and Fluctuation of blade leading edge

cavities on a propeller operating in the wake of a typical

single-screw cargo ship. The predicted resulLs were then com-

pared with the experimental observation of

model of the propeller under the same operating condition.

As described in Section 4.0 of this report, it was orig-

inally planned to consider at least one additional propeller

in the validation study. Hlowever, there was not found another

set of data clearly defining suitable leading edge cavitation

over a significant percent of blade length and at an adequate

number of angular positions of the blade. An inclined-shaft,

uniform-flow propeller cavitation test was then conducted in

the EYDRONAUTICS high-speed, free-surface wave channel with a

container ship propeller model. Unfortunately suitable leading

edge cavities were not obtained in this test.

The present report contains the results of numerical pre-

diction of leading-edge cavity made for the inclined-shaft
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propeller operating in unifor flow (as presented in Reference 6)

and the results of the validation study made for the cargo ship

prope tler.
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2. 0 NUNERICAL PREDICTION OF MARINE PROPELLER CAVITATION

Nuerical predictions were made of the inception and fluc-

tuILtion of leading-edge cavities at three representative radial

b1 Lade sections of-- the selected propellers. Fropeller lifting-

urface theory was us;ed, in coujunction with Lighthill's Rule

(Re[Terence I) for flow at foil leading edges, to predLct the

di,;ttibutions of perturbation velocities and pressure distribution

due to blade thickness and loading for each of the selected

blade sections. Calculations were carried out at 24 angular

positions of the propeller blade, using even, 15-degree incre-

ncents The resultin; velocit:vy distri.t'tio(ns were then used

iki conjunction .:iLh the blade secLion Jecoing-cage cavity-flow

theory devel-oped at HYDRONAUTICS (References 1 and 5), to com-

pute unsteady propeller blade cavity lengths.

2.1 De-;crLption of Computational Procedure

For each selected blade section and each of the twenty-four

ang,,ular posi dons of the blade, the pefturbation velocities due

to circul.ation and blade thickness were obtained using computer

program PUF-2, Reference 3. This program is based on lifting-

surface theory and was developed at 1,IT for the computation of

unsteady thrust and tongue of a propeller operating in non-

uniform flow. For each selected blade section, program PUF-2

gave the perturbation velocities at nine chordwise locations.

A continuous chordwise distribution of these velocities was

obtained from the nine discreet values by means of a cubic

spline fit.

Of the nine points obtained from the results provided by

PUF-2, the point nearest to the leading edge was 2.5 percent of

chordlength from the leading edge. A distribution of the

perturbation velocities was needed between the leading edge
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and this point, This di ;tribution was obtained using Lighthill's

Rule, Reference 1. In order t:W use LilIgLhill's Rule an estimate

of" the blade section angle of attack was needed at each angular

posi.tion of t:he blade. This esti mate was made in the manner

described below for each blade section of intere:st.

Section Lift coeff icients were calcu lated IS 11n,, a computer

prog, ram hased on tLhe lift ing-line theory COL' d,,.irCd vs wIuc

c) F blade section and blad a'gular position. Uslug the kno-n

physical camber of each blade section and the Ili-ting-surface

for camber presented in Reference 4, the effective lift coeffi-

c~ient due to camber was estimaLcd. The section lift coefficient

due to ang le of attack was then obtained by :'ubtr-ict ing this

li.ft coCF17ffc jent due to camber From the total section lift: coof-

fi-ci-cnt determined us in .ifti n-line theory. The angle of

attack for the equivalent 2-D airfoil. section was then obtained

by ( i~viding the lift coefficient due to angle of attack by the

section lift-curve stope.

After the perturbation vel.ocities were obtained for each

blade section and blade angular positions, comnouer programs

based on the HYDRONAUT[CS cavity-flow theory, as described in

References 1 and 5, were used to predict the section leading edge

cavity geometry at each section and angular posi.tJon. For each

bl.ade section, an initial estir';ite of cavity volume growth (or

collapse) rate was made by the quasi-steady treatment of calcu-

lating the cavity volumes at the twenty-four angular positions

and obtaining the local rates at these positions by using the

calculated lengths. These growth (or collapse) rates of

cavity-volume were then incorporated into the computations and

the cavity volumes were recalculated at the twenty-four angular

posi.tions. The new rates were then calculated. This procedure

was repeated until the local rate of growth (or collapse) at

k l I. .
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each blade position converged within a specified tolerance.

Corrected cavity growth (or collapse) rates due to fluctuation

of angle of attack were thus obtained at the selected blade

sections.

The unsteady cavity flow predictional methods which have

been developed as part of this contract, are two-dimnsional

methods. It has been prevLously demonstrated that the methods

can be successfully applied to finite aspect ratio foils. It

was hypothesized, based on this experience with three-dimensional

hydrofoils, that the methods should be applicable to marine

propeller blades in which the cavity spanwise extent was signi-

ficantly greater than cavity chordwise extent or length and in

which this cavity length did not change too r;ipidly with radius.

The method is only applicable to leading ed,, cavities which

are distinct from tip vortex cavities. Validation of the

applicability of these cavity flow methods to the prediction

of unsteady propeller cavitation therefore requires test data

for a propeller with LeadLng edge cavities of this type.
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3.0 PREDICTION OF CAVITATION ON
M\RINE PROPELLER ON INCLINED SHAFT

Numer[cal predictions were made of inception and time varia-

tion of leading-edge cavitation on a propeller in which the

blades were undergoing a purely sinusoidal fluctuation of angle

of at tack. Th is was donie by cons ide cing a marine propeller
operating on an inclined shaft in uniform flow. The computations

were carri.ed out for two representative blade sections, 0,684R

and 0.937R, where R Ls the overall radius of the propeller.

Using the mcthods described in Section 2, the fluctuating cavity

Lengths and volumes were obtained at these two blade sections.

3.1 Se lect ion of Prope 11r

A Lypical single-screw cargo ship propeller was chosen for
this study. This was one of the two propellers designed by

DTNSRDC, for which model tests had been conducted at MIT in a

realistic axial-flow ship wake in order to study their cavita-

tion characteristics. This propeller was chosen because it

was also planned to use the MIT test data to validate the

HYDRONAUTICS cavity-flow theory for the case with a typical

axial wake. This latter effort could not be carried out, be-

cause these data could not be obtained from MIT (See Section

4.1). The principal particulars of this propeller model are

given below:

Overall Radius, R , 6 inches

Design RPM, N 1500

Rotational Speed, N 1500 rpm

No. of Blades , 5

Pitch-Diameter Ratio at 0.7 R: 1,077

Expanded Area Ratio . 0.725

Blade Section Type * NACA 66

Blade Camber Type a = 0.8 meanline
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3.2 Description of Inflow

The orientation of propeller with respcct to inflow is

illustrated in Figure 1. The flow conditions used in computations

are given below:

Freestream Flow Velocity, U : 12.33 knots

Tnclination of Flow to Propeller Axis, 5 10 degrees

Freestream pressure, p. 11.8 psi

Mean Cavitation Number at 0.684R : 0.67

Nean Cavitation Number at 0.937R : 0.39

As shown in Figure 1, the axial component of the free-

stream velocity, VA, is constant over the propeller disk and is:

VA : UO, cos 6

The shaft inclination produces a tangential or circumfcrential

velocity component which has a mean value of 2r, where Q is

the constant rotational. speed of the propeller and r the radial

distance of the blade section from the axis of rotation. This

tangential velocity also has a time-varying component,

VT sin (,t,

which is independent of the radial location of the blade section.

This fluctuating part of the tangential velocity is due to the

propeller axis inclination to the flow. The amplitude and phase

ofthis fluctating velocity component are

VT = U. sin 6

and

wt = 0, respectively,

where 0 is the blade angular position as defined in Figure 1,

The magnitude of the resultant inflow velocity at a blade
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section at radius r is then

= + V 2'
VR +~ VC

WhO L-e

VA Co s

and

Vc = r + VT sil (Ot

= r -- U sinS sin0
CO

3.3 Calculated Results

The predicted results are given in Figures 2 through 6.

Figure 2 shows the circumferential fluctuation of lift coeffi-

cient at radii 0.684R and 0.937R. This variation is due to the

propeller axis inclination to the uniform flow, resulting in

sinusoidal variation of blade section geometric angle of attack.

The resulting cavity length variations at the two blade sections

are shown in Figures 3 and 4. Figure 5 gives the angular rate

of variation of cavity volume and Figure 6 gives the fluctuation

of cavity volume with respect to the mean volume.

3.4 Discussion of Results

As seen in Figures 3 and 4, the propeller blade had cavita-

tion at the two radii of interest at all angular positions of

the blade. The inception (onset) and washoff of cavitation due

to varying angle of attack therefore were not seen at any

blade position, because the blade section angle of attack was
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large enough at all positions of the blade to produce leading
edge cavitation. As seen in Figure 6, the fluctuation of cavity
volume or cross-sectional area is small and does not exceed 27
percent of the mean volume at 0.634R or 30 percent of the mean

volume at 0.937R.

4
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4.0 VALIDATION STUDY FOR PROPELLER
IN NONUNIFORM FLOW

LI.l Selection of _Propeller and InfLow

The selection of a suLtable propeller and inflow for use

in validating the predictional methods developed under this con-

tract was largely based on the availability of a set of cxperi-

mental data whLch gave a clear delinition of cavitation on pro-

peller blade at various angular positions of the blade while

operating in a well defined wake.

At the time this validation study was proposed, it was

intended that the study be conducted for two configurations of

propeller operation: the propeller operating on an inclined

shaft, in a horizontal uniform flow, :nd hence undergoing a purely

sinusoidal variation of aingle of attack and the propeller oper-

at ing in a typi.cal sinlc-screw cargo ship wake, which was dom-

inated by variaitions in axial velocity.

A search of the availablc literature was made for cavitation

data for the uniform -flow, inclined-shaft propeller operation;

but no set of experL cntal data clearly defining the cavitation

on propcller blade at a number of angular positions of the blade

was found. An incli-ned--shaft, uniform-flow propeller cavitation

test was then conducted in the HYDRONAUTICS high-speed, free-

surface watcr channel with a container ship propeller model of

IYDRONAUTICS design. Unfortunately, no suitable data were ob-

tained from these model test. The model test was conducted for

a shaft inclination of 7.5 degrees and for various combinations

of free-stream velocity, rpm and static pressure. Clear, par-

tial leading-edge cavitation could not be obtained at any test

condition. Cavitation, when it occurred, remained mainly in

the tip region, distorted by tip-vortex cavitation, and the

k=
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cavity in that region extended over the whole chordlength.

For validation For a propeller operating in a typical single

screw ship wake, it was originally proposed to use data from

recent cavitation tests conducted at MIT, for the Maritime Admin-

istration, with a typical single-screw cargo ship propeller.

Unfortunately, MIT was unable to make available suitable test

data for thi.s study. After a search of the published Lest data,

those presented in Reference 2 were selected for this study.

These data are from a propeller cavitation test performed at

the Norwegian Ship Model Experiment Tank in the wake of a typical

single-screw cargo ship. Details of the propeller geometry

were supplied by Dr. Erling Huse, author of Reference 2.

4.2 Descriptin o.f Selected Propeller

The propeller model designated as P--548 by the Norwegian

Ship Model Experiment Tank was selected for this study. The

principal particulars of this propeller model arc given below:

Overall Radius, R 3.78 inches

rpm, N 1140

Rotational Speed, : IL40 rpm

No. of Blades 4

Pitch-Diameter Ratio at 0.7R: 1.077

Expanded Area Ratio 0.738

Blade Section Type B-Series (Wageningen)

Blade Camber Type a = 0.8 meanline.

Some geometric properties of the propeller blade geometry

are given in Figure 7. Details of propeller geometry are not

presented at the request of Dr. Iluse.

4.3 Description of Ship Wake and Its Effect on Cavitation

A velocity contour map of ship wake including the location
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of the propeller is given in Figure 8. This wake is represented

by contours of constant axial inflow velocity made dimensionless

with respect to U , the freestream velocity. The inflow to the

propeller in this wake is assumed to be purely axial, i.e., the

flow velocity vector is parallel to the axis of rotation of the

propeller.

The physical properties of the propeller inflow in the

model experiment set-up were as follows:

Freestream Velocity, U : 14.11 ft/s

Frecstream Pressure, p" . 13.35 psi

Mean Cavitation Number at 0.684R: 0.53

Mean Cavitationi Number at 0.811R: 0.39

Mean Cavitation Number at 0.937R: 0.30

4.4 Calcula ted and _'xperit rtal Resul ts

Results from numerical prediction and experiment are given

in Figures 9 through 14. Figure 9 shocs :he circumfereuti al

variation of blade section 1Lft coefficient at: the three radii

of interest. Figure 10 gives the fluctuation of cavity volume,

with respect to the maximum volume, at each of these radii.

Figures 11, 12, and 13 show the circumferential variation of

cavity-length, as obtained from both the numerical prediction

and the model test, at 0.684R, 0.811R and 0.937R respectively.

As described in Section 2.1, the three-dimensional propeller

blade problem was reduced to one in two dimensions, where the

calculations of the equivalent 2-D section angle of attack

required the two-dimensional lift-curve slope. For the numerical

results presented in Figures 11-13, the 2-D lift-curve slope

used was that given by inviscid theory, viz., 27r. However,

experimental data indicate that it is more appropriate to use

a value of about 5.73 (0.1 per degree) for the lift curve slope
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of typical propeller blade sections. A comparison was made, for

the blade section at 0.684R, between predictions of cavity made

using these two lift-curve slopes. Figure 14 shows this compari-

son. As seen in this figure, the predicted leading-edge cavity

changed only slightly with this change in the value of lift-

curve slope, and the difference is not considered significant.

Figure 15 shows the variation of cavity length with axial

velocity, for the first quadrant of propeller blade rotation.

4.5 DiL;cu,;sion of Results

The purpose of that phase of the contract discussed here

was validati-on of the applicability of HYDRONAUTICS cavity-flow

theory, to the prodict:1on of unsteady marine propeller blade

leading urdge cavitaLion. The proccdure used for propeller

cavitation predict ion, as described in Section 2.1, involved

five step8 . each of which significantly influences the prediction

of cavit:ttion. Tho:.e steps are:

(a) comput,'ti.on of blade surface perturbation velocities

using a slightly modified version of lifting surface computer

program PUI-2;

(b) computation of blade section lift coefficient at each

angular position of blade using a lifting-line computer pro-

gram;

(c) use of tabulated lifting-surface data to calculate the

lift coefficient due to camber for an equivalent 2-D airfoil

section;

(d) use of a 2-D lift-curve slope to obtain the section

angle of attack;

(e) use of the HIYDRONAUTICS cavity-flow theory for com-

putation of unsteady cavity length and volume.
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As seen in Figures 11, 12, and 13, the theory agrees quite

well with experiment as far as the extent of cavitation. There

exist, how7ever, some discrepancies in the point of inception of

cl,.,Lt,' tion z.ind phase of maximum cavitation:

(a) Near the 3000 position of the blade, the theory pre-

dicts inception of cavitation significantly earlier than is

observed in experiment.

(b) In the vicinity of the 1800 position of the blade,

the theory predicts cavitation while the experiment shows no

evidence of civitation.

(c) The experimental observations lag, in phase, the

prodictCed occurrences ,F maximui-m cavitation. This phase lag

is especially noticeable at 0.684R and 0.81IR radii, where

the experiments show mximum cavitation at 15' and about 40'

blade-positions, respectively, while the theory predicts

ma: LFr um cavitation at 0' for alL radii.

There are three posisible major sources of the disagree-

ments described above. These are: factors influencing the

experimental results; computational methods used in program

PUF-2 to account for the unsteady effects on the blade loads

and surface perturbation velocities; and the cavity-flow

theory and associated computational mehtod used to determine

the time-history of cavity growth (or collapse) at a given

blade position.

Near the 300' location of the blade, the experiment shows

a rather significant delay in the observed inception of cavita-

tion relative to theoretical prediction. However, except at

the 0.937R radius, where the cavitation is expected to be

significantly influenced by three-dimensional effects, the

theoretical and experimental blade-position for cavity wash-
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off are in good agreement.

In cavitation-tunnel tests, a delay in cavitat ion inception

will occur if the air content in the tunnel water is not at least

sa tura ted, with some free ;iLr bbbles. The experiment of thi s

study was conducted in a closed jet water tunnel, and in such

t:unnels the air content in water i.s typically less than the

saturated value. ThereFore, it is possible that the delay in

cavitation inception shown in experiment, compared with the

theoreLical prediction, is due at least in part to a low air

content in the tunnel. A low air content might also explain

the ;ALb;ence of cavitaftion in expe2ri.ment in the vicinity of the

180 ' position of the b ilde, where the theory predicts -he

occurrence of' cavi.tation.

The second po!:;:.ible source to the obscrved discr1.!pancies

is the method emp1 loyed in program PUF-2 to account for unsteady

effects. Figure 15 sho.s, for the first quadrant of prpcller

blade rotation, the variation of predicted cavity 1.ength with

axial velocity in ship's woke. Figure 15 shows that, as the

blade enters regions of increasing axial velocity, the pre-

dicted cavity length decreases monotonically from its rxixirum

at the 0-dcgree location of blade. The computational procedure

predicts the occurrence of maximum cavity length at the 0-degree

location, where the axial velocity is a minimum. This prediction

is consistent with the physical phenomenon in the absence of

unsteady effects, in which situation the maximum cavity length

would occur at the 0-degree location, the location of the maximum

blade section inflow angle of attack. On the other hand, the

presence of any significant unsteady effects would cause the

blade location for maximum cavity length to shift from the

location of minimum axial velocity. This phase difference

between minimum axial velocity and maximum cavity length does
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exist in the experimental results (Figures 11, 12, and 13), sug-
gestin-, there fore, the presence of teefcso ntaies

Because the predictLion shows no such difference in phase , it is

possiLble that the unsteady effects were nor adequately taken
into aiccount by program PUF-2 in the computation of blade sur-

face perLrub'Itiln velocties.

IL aippears Lhat no validation of prograim IPUF-2 based on

experl iiien taLLy MeaSured( for:ces OnI a singLe propellecr blade as a

functionl Of angular1,11 po.Sit Ins in an axial wake has beenl carried

out . A 1 ida Lion studly waIs conductcd for PUF- 2 by Boswell,

et al . (Re Forcc /) , but this u--is f -or to tal. Forces on the

prOpe I 111 ad LhiC ro for l. w con11 1ci us ionS derIived in Re ference 7
cia no1t: appl)y tO thi-s study.

Ft n livCte method used ini co-iputing propellier b lade

lea ug- (gecavity charactr s Lie: ; m-iay hatve cont~ributed to the

disagormet~hteentheory an lu epcrcimn L, i~n the, f ncrption

and phiase . As dioserilecd in Secution 2 .1I, the time-his tory of

caviLty ,;rowth (or co 1.lap:,; ) was takel-n .in to account in the

compuLta-t ion through an iterative procedure for the convergence

of timew-rate of ca;vity ftlctuation at a given blade position.

There i s a pos sib ility that the tim-ii dcependence of the flue -

tua-ition of- cavity was not flly aCCOUnted for by this procedure.

The possible m-,ajor sources of the disa eements have been

(liscu.ssed above. There is no means with available data of

deteriingnp which of these sources is (are) tie primary con-

tributor(s) to these disagreements. Therefore a more definitive

explanaition for these cdi'crepencies based on these results is

not presently possible.
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4. 6 Concluts ions and Rocommenldaltions

Based on the vaLidation effort described in this section,

i~t can be concluded thiat:

* 'ile proposed methlod of analysis for un:.;t eady propel iCr

bladle Ic lad ill ed- caJLtL_[ Z1tDC rscapable Of

predictinig Such cavity LIO,,.s with -CeneralIly ('good -1((:lracy.

o The priimary differences between the ina:u e nd pre-

dic ted cavt y flow fl.uC teat i onS;1: ac La tha' pod; r ian OTS

of[ cavity onset aind .-aslioff , anid i n t-he .oe o. a1

sma 1 1 region o L C observed Cailia-:1! on whe n th11 i a2 is

in the ve i t ownwaird pos[i in (,- - 180') .

a There are ito~c of poss ible cause:,,s for the observed

ci t :rences,- he: owet2n prod i clued. aind lasre results,

I n IU iogpo:,; ai i o c effect.,a ini the model test

results used.

The -mithod appeairs to0 he a use Lul. enigineer-iing tool

for predictj Clno heinc uption , c-eiien and volume of

Uens ead', blad ol a0,d lag edJge cavilt.0s.

In ordier to furtheir imiprove confidence in the method,

adt t jonal. vall iat:Loa -i needed. In part-icular , validation

ba;_sed on tests withl thc , prope I ler inclined to a uniform

inflow are desirable, ,.s these eliminate the effect of factors

such ais flow shear and turbulence which are present: with

tx'pical. nonuniform wakes. A comparison with data from the

carefully conducted experiments at MIT would be very useful.
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OPPOSING AXIAL INFLOW, V A)

FIGURE 1 - DESCRIPTION OF INFLOW AND PROPELLER OPERATION
(INCLINED-SI AFT PROPELLER CAVITATION PREDICTION)
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FIGURE 2 -VARIATION OF LIFT COEFFICIENT
(INCLINED-SHAFT PROPELLER
CAVITATION PREDICTION)
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FIGURE 3 -FLUCTUATION OF CAVITY LENGTH AT 0.684R
(INCLINED-SIHAFT PROPL2LLER CAVITATION
PREDICT ION)
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FIGURE 4 - FLUCTUATION OF CAVITY LENGTH AT 0.937R
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PREDICTION)
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FIGURE 5 -RATE OF CHANGE OF CAVITY VOLUME
(INCLINED-SHAFT PROPELLER CAVITATION

PRE~DICT ION)
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FIGURE 6 - FLUCTUATION OF CAVITY VOLUME
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FIGURE 9 - VARIATION OF BLADE SECTION LIFT COEFFICIENT
(PROPELLER IN SHIP WAKE)
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FIGURE 10 - PREDICTED FLUCTUATION OF CAVITY VOLUME
(PROPELLER IN SIIIP WAKE)
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FIGURE 11 -FLUCTUATION OF CAVITY LENGTH AT 0.684 R
(PROPELLER IN SHIP WAKE)
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FIGURE 12 FLUCTUATION OF CAVITY LENGTH AT 0.811R
(PROPELLER IN SHIP WAKE)
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FIGURE 13 - FLUCTUATION OF CAVITY LENGTH AT 0.937 R
(PROPELLER IN SHIP WAKE)

t



HYDRO NAUTICS, INCORPORATED

T11L0RY, USING A LIFT-CURVL 0SLOP E 2o
1.0 . . .- - iiEOP.0Y, USING A LIFT--CURVE SLOPE OF 5.73

E XiLqI: IEkNT

0.684

0.8 - EAN ',VIIAFICN LJMULER, u 0.53

L(N
-.

C)

Lu
S 0 . 6 .

0

,.. I
H I

FIUE 4CIMAIONO '!-'SN /F CA I

//\

0.2 -- U

0C 600 120E 1800 240I 300 °  3600

BLADE POSITION

FIGURE 14 -- COMPARISON OF P!REDICTIONS OF CAVITY
AT 0.6841k USING *rWO VALUES OF LIFT-
CURVE SLOPE (PROPELLER IN SlIlP WAKE)
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