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NOTATION

Co. 7  Blade-section length at 0.7 radius (ft]

D Propeller diameter [ft]

J Advance coefficient, J = VA/ND

K Nondimensional pressure coefficient, Kp = p/pN
2D2

K Nondimensional blade-frequency pressure coefficient,
PZ Kpz = Pz/pN2D2

KQ Torque coefficient, KQ = Q/pN
2D5

KT Thrust coefficient, KT = T/pH 
2D4

N Propeller revolutions per unit time

p Pressure [lb/ft
2]

Cp Ambient static pressure [lb/ft2]

Pv Ambient vapor pressure [lb/ft
2]

Q Torque [ft-lb] 2

Rn  Reynolds number at .7R, RN -Co.7

T Propeller thrust [lb]

V Ship speed [knots]

VA Speed of advance of propeller, positive forward,

VA = (1 - w)V [ft/sec]

w Taylor wake fraction, based on thrust identity,

w = (V - VA)/V

n Efficiency n = TV/2rQn

p Mass density of water [lb - sec 2/ft4]

iii



aCavitation number a Po - v
2

1/2pV

V Kinematic viscositY of water [ft 2/sec)

iv



ABSIRACT

Cavitation performance of two propellers at different

hull clearance-to-diameter ratios in a tunnel hull model are

presented, as well as the propeller-induced pressures measured

in the tunnel wall. Cavitation performance of the two pro-

pellers in uniform flow is also included. The propellers

operating in the tunnel hull were found to be more efficient

than in uniform flow. Predominate features of the induced

pressure measurements were the blade-frequency harmonics.

There was no evidence of flow separation on the tunnel hull

model at simulated ship speeds of 45 knots.

INTRODUCTION

Hull tunnels have been proposed as a means of decreasing the

navigational depth of small high-performance craft. Model experiments1

have shown that a decrease in navigational depth requirements can be

accomplished without loss of speed-power performance of the craft.

The high propeller shaft angles required on many small high-

performance craft (12 degrees or more) have been found to be a major

cause of propeller root erosion.2 The use of tunnel hull construction

permits a reduction in the propeller shaft angle (5 degrees in Reference I).

The Naval Ship Research and Development Center (NSRDC) was requested

by the Naval Ship Engineering Center, Norfolk Division to determine the

cavitation performance of a propeller operating in a deep tunnel hull.

1Harbaugh, K. H. and D. L. Blount, "An Experimental Study of a High
Performance Tunnel Hull Craft," presented before the Society of Naval
Architects and Marine Engineers, Lake Buena Vista, Florida (Apr 1973)

2Peck, J. G. and D. H. Moore, "Inclined-Shaft Propeller Performance
Characteristics," NSRDC Report 4127 (Apr 1974)



It was anticipated that a cavitatlng propeller In the close vicinity of

the tunnel walls might induce relatively large pressure-fluctuations on

the wall. In order to provide design information on the required plate-

thickness in the vicinity of tunnel-hull propellers, pressures in the

wall of the tunnel hull were also measured. The cavitation performance

of the tunnel was determined through visual observation and photography.

A drawing of the tunnel hull and photographs of the propellers

used in these experiments are shown in Figure 1. Geometry of the

propellers and the scope of the experimental program are given in

Tables 1 and 2, respectively.

DESCRIPTION OF FACILITIES AND EXPERIMENTAL PROCEDURE

Propeller open-water characteristics were obtained in the Center's

deep water towing basin. Cavitation characteristics of the propellers

were obtained in the 24-inch variable-pressure water tunnel. Tunnel

water velocities for each propeller, in uniform flow and in the model

tunnel hull, were established by setting the thrust values in the water

tunnel equal to the thrust values obtained from the open water character-

istics tests at the same advance coefficient. The water velocity at the

propeller was 20 fps and tunnel pressures were used to cover a range of

cavitation numbers at the proveller of 0.5 to 7.5.

The model hull tunnel was mounted in a flat plate attached to the
floor of the water tunnel. Three pressure transducers were mounted in

the wall of the hull tunnel as shown in Figure 1. The center pressure

transducer was mounted in the plane of the propeller disk. The forward

transducer was 1.25 inches from the propeller plane and the after

transducer was 1.50 inches from the propeller plane. The pressure at

each transducer was recorded on magnetic tape and digitized and analyzed

by an Analog-Digital Converter and an Interdata Corporation Model 4

Minicomputer.

2



REDUCTION AND ANALYSIS OF THE EXPERIMENTAL RESULTS

PROPELLER CHARACTERISTICS DATA

The open-water characteristics of the propellers were reduced to

the usual nondimensional coefficients of thrust and torque. Characteris-

tics curves of these propellers are presented in Figures 2 and 3.

(Reynolds number for the open water characterizations ranged from
5 52.3 X 105 to 5.6 X 105.)

The thrust and torque data from the cavitation experiments were

reduced to nondimensional coefficients KT and K Efficiencies,
KT/J2 , and KQ/J 3 %,ere calculated from faired values of KT and KQ. All

force coefficients are given in Tables 3 through 6. The speed coefficients

and cavitation numbers are always measured at the propeller in order to

facilitate comparison of in-hull and uniform flow propeller performance.

The cavitation numbers cover a range of ship speeds from 11.8 to 40.3

knots.

The cavitation performance of the two propellers is presented in

Figures 4 through 7. These curves represent the faired data contained

in Tables 3 through 6. The results presented seem compatible, except

for one set of data for Propeller 4175. Operating in the tunnel hull

(Figure 5) at a cavitation number of 1.937, the torque of Propeller 4175

was higher than expected, resulting in an efficiency lower than would

seem reasonable. The reduced data are also shown in Figures 8 through
2

11 as propeller efficiency versus KT/J for each propeller. TheseThs

curves will enable the user to estimate propeller performance for

varying conditions of thrust and cavitation index.

3



HULL-PRESSURE DATA

The pressure measured at each transducer was recorded for at least

200 propeller revolutions, digitized, and averaged. The average wave

form data representing the hull-pressure variation over a propeller

revolution was then entered into a Fourier analysis program. Typical

rotational variation of pressure amplitudes for each propeller at

KT/J2 = 0.2 and cavitation number of 3.4 are shown in Figures 12 and 13.

The zero degree reference for propeller rotation was with the blade

centerline 90 degrees past the pressure transducers in the direction of

rotation. Both figures show the predominance of the blade frequency

harmonic. It appears from the data that the minimum pressure occurs

at the transducers just as the trailing edge of a propeller blade passes

the transducers.

The measured blade-frequency pressure amplitudes for each propeller

are presented in Figures 14 and 15. Both figures show the effect of

cavitation number on measured pressure in the plane of the propeller.

Pressures measured forward and aft of the propeller did not show any

trends attributable to cavitation number. As can be seen, the blade

frequency pressure amplitude in the plane of the propeller can be quite

large.

Figure 16 shows the effect of hull clearance on the measured blade-

frequency pressure amplitude for the two hull clearances used in these

experiments, at various propeller loadings. The slopes of the curves

indicate tiat there may be some common minimum pressure amplitude indepen-

dent of loading (KT/J2), at a hull clearance to diameter ratio beyond

the range of the experiments (about hull clearance/diameter ratio of 0.2).

This possibility may be worth further exploration.

4
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Sketches of cavitation prasent on the propellers are presentLd

in Figure 17. These sketches illustrate the changes in cavitation

present on the propeller as it rotates through the wriable flow field.

The area of cavitation on the propeller, operating in uniform flow, is

between the extremes of cavitation present when the propeller is

operating on the model, although tending to be more like the heaviest

cavitation condition.

Not shown in the sketches but observed during these experiments

was cdvitation which occurred between the tunnel wall and the tips of

the propeller operating with the minimum hull clearance. The cavitation

was present at the lightest propeller loading and disappeared as pro-

peller loading was increased. This cavitation was not present between

the tunnel wall and the tips of the propeller at the larger hull clearance.

The RPM limit of the dynamometer driving the propellers limited

the simulated ship speed for which a range of advance coefficients

could be achieved to 40.3 knots. However, the water speed in the water

tunnel was raised to simulated ship speed of 45 knots for one lightly

loaded propeller condition and observations of the model tunnel hull

wade. There was no evidence of flow seperation on any part of the model

tunnel.

Photographs of the two propellers, in the tunnel hull and in

uniform flow, are presented in Figures 18 and 19.

CONCLUSIONS AND RECOMMENDATIONS

Thes3 experiments show that for the same propeller loading pro-

peller efficiency was higher operating in the tunnel hull than operating

in uniform flow. This verifies the point made in Reference 1 that a

5



tunnel hull propulsion arrangement is comparable to the conventional

shafting arrangement in terms of propulsive efficiency.

There was no flow seperation on the model tunnel hull through

simulated ship speeds of 45 knots. The extent of cavitation present

on the propellers in uniform flow is between the extremes of cavitation

present during one revolution of the propeller in the tunnel hull. The

cavitation in uniform flow fairly well represents the cavitation present

on the propeller in the tunnel hull in the lower water velocity portion

of one revolution.

Induced pressures measured in the tunnel wall showed that there were

no harmonics in the pressure signal of comparable magnitude to the blade-

frequency harmonic. Blade-frequency pressure amplitudes increase as

propeller loading increases. Blade-frequency induced pressure decreased

with increasing hull clearance to diameter ratio. Induced pressures

were greater in the plane of the propellers than either forward or aft.

Induced pressures were larger forward of the propeller than aft. Values

of blade-frequency pressure amplitudes determined in the experiments

indicated quite large full-scale forces.

Results of the experiments indicate that the desirability of further

experiments with hull clearance a parameter. These experiments should

be conducted measuring pressures on a flat plate which would provide data

of a more qenerally applicable nature tnan a tunnel hull model. In

addition, a series of experiments should be conducted with propeller

diameter as the parameter to verify that blade-frequency pressure amplitude

coefficients can be scaled.

REFERENCES

1. Harbaugh, K. H. and D. L. Blount, "An Experimental Study of a High
Performance Tunnel Hull Craft," presented before the Society of Naval
Architects and Marine Engineers, Lake Buena Vista, Fla. (Apr 1973)

2. Peck, J. G. and D. H. Moore, "Inclined-Shaft Propeller Performance
Characteristics," NSRDC Report 4127 (Apr 1974)
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TABLE 1
Geometry of Model Propellers

NSRDC Nlominal Model Number Hull
Propeller Pitch-Diameter Propeller of Clearance
Number Ratio Diameter Blades to

inches Diameter
Ratio

4175 1.27 6.00 3 0.021

4214 1.43 5.25 3 0.095

TABLE 2

Experimental Program

In Uniform Flow

NSRDC Wake Propeller Propeller Ship
Propeller Fraction Advance Cavitation Cavitation
Number Coefficient Number Number

4175 1.0 0.8-1.30 0.5-7.5 0.388-5.81

4214 1.0 0.9-1.55 0.5-7.5 0.442-6.63

In Tunnel Hull

4175 0.88 0.8-1.29 0.565-7.5 0.5-5.81

4214 0.94 0.9-1.55 0.565-6.58 0.5-5.81
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Figure 17 -Sketches of Cavitation Present on Propellers 4115 and 4214

in the Tunnel Hull and in Uniform Flow, KT/J2 = 0.232 and
Two Sigmas
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Figure 18 - Photographs of Propeller 4175 in Uniform Flow and in the
Tunnel Hull at ap = 1.291 and KT/J2 = 0.232


