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Abstract

A supercavitation propeller (SCP) that has high e ciency under supercavitating condition is expected as
one of the most suitable propulsors for a high-speed vessel. To design a SCP with higher e ciency, a
thinner cavity is recommended. However, less supercavitation sometimesoccur cortrary to the designer's
expectation, thus the thrust becomedessthan the designvalue and the e ciency becomedower. In order to
obtain the predicted thrust and high e ciency, it is necessaryto let stable cavitation occur from the leading
edgeaspredicted by theory. The authors proposea new cavitator that stimulates cavitation by athin groove
near the leading edge on the badkside surface. Through the present comparative tests between propellers
with and without the cavitator, it was claried that the proposedcavitator is e ective in stimulating and
stabilizing a supercavity, and that it increasesthe propeller e ciency .

1 Intro duction

Under high-speed condition, a large cavitation occurs on a convertional propeller so that its thrust and
e ciency go down. A supercavitation propeller (SCP. In this paper a 'supercavitation propeller' meansa
propeller designedfor the useunder supercavitating condition distinguished from a 'supercavitating propeller'
which is a propeller running under supercavitating condition.) is designedfor use under such a high-speed
condition, that is, it will display high e ciency under the supercavitating condition.

An SCP is designedon the assumption that a sheet cavitation coversthe propeller blade from leading
edgeto its wake. In order to expect high e ciency , the SCP must be designedso that the sheet cavitation
will be thin to the utmost (Kudo 1994a,Ukon 1994). On the designedSCP, however, unexpected condition
often occur, that is, the cavitation does not start from the leading edge (Kudo 1998), or the cavitation
separatesto somestreak cavities. This causesthrust and torque unexpected by the theoretical prediction
(Kudo 1994b), and it sometimesleads unstable cavitation and uctuating forces. Stable sheet cavitation
occurrenceis necessaryto prevent such an unexpected condition.

It is well known that the sheetcavitation generally starts at the laminar separation point (Arakeri 1975,
Yamagudi 1981). Basedon the idea that stable separation will make the cavitation stable, the presen
paper proposesa 'groove cavitator' that stimulates cavitation by a thin groove near the leading edgeon the
badside surface,and veri es its e ectivenessby model tests.

2 Figure and Principle of the Cavitator

In cavitation test, in order to prevent the unstable cavitation, sometechniques have often been taken to
stimulate the leading edgeseparation, for exampletrip wire method (Y okoo 1960) or leading edgeroughness
method (Kuip er 1981). Howewer, things attached at the leading edge in these methods tend to make
cavitation thicker, and it causesthe increaseof section drag or propeller torque (Sumino 1991). In the
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Figure 1: Groove Cavitator. Left: Over view. Right: Section.

cavitation test for special purpose,for examplethe pressure uctuation test, stable cavitation will be desirable
even if the torque may increase. In sudch a case,the cavitation stimulating techniqueswill be adopted. For
the real propellers, however, increaseof torque must be avoided becauseit leadsdecreaseof e ciency .

Now authors proposea new cavitator which doesnot increasecavity thicknessand make stable cavitation.
Its appearanceis shown in Figure 1.

The presen cavitator is a groove near and parallel to the leading edgeof the propeller blade, and has a
'V' shape section. The leading edgeof the groove (point A in Figure 1 Right) has almost right angle to the
blade surface,and the trailing edge(point C in Figure 1 Right) joins smoothly to the blade surface.

The principle of the groove cavitator is asfollows. The ow separatescompulsorily at the leading edgeof
the groove (point A), and a separationbubble is formed in the rear. If the pressureis low enough, cavitation
occurs in this separation bubble. This cavitation is stable, or doesn't disappear, becauseit is originated
by the forced separation. Based on the potential theory, upper surface of this cavity is the samesurface of
the cavity starting from the point A without the groove cavitator. Therefore the groove cavitator doesn't
increasethe cavity thickness. The clearestdi erence betweencavities with and without the groove cavitator
is stability.

In order to usethe groove cavitator the most e ectiv ely, it is thought proper to adjust the leading edge
of the groove to the starting point of the cavity calculated by the potential theory.

3 Experiment

To certify the e ectivenessof the groove cavitator, sometests were performed using a 3-bladed propeller.
Principal dimensionsof the propeller are showvn in Table 1. Two models of this propeller were made, one
with the groove cavitator and the other without it. The interval betweenthe leading edge of the blade
and the groove was 2mm measuredparallel to the propeller shaft, and the depth of the groove was 0:2mm
measuredright to the propeller shaft.

The test was performed in the large cavitation tunnel of National Maritime Researt Institute (the Ship
Researt Institute at that time) with the main dynamometer (K&R J26; maximum thrust 60kgf , maximum
torque 30kgf ~ m). Air content ratio was cortrolled between 32% and 35%.

Photos of cavitation obsened in the tests are shown in Figure 2 and 3. Figure 2 is cavitation on both
propeller models under the designcondition. (SeeTable 1.) Both propeller models ran under almost super-
cavitating condition, that is, hole blades except for the root were fully covered with supercavity. Observing
in detail, on the model without the groove (in the left gure), marking lines of 0:8R and 0:9R are visible,
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Table 1: Principal dimensionsand design conditions of tested propeller models

Figure 2: Cavitating propellers under

With the groove cavitator.

Figure 3: Cavitating propellers under

With the groove cavitator.

Diameter Dp 25000mm
Number of blades z 3
Pitch at 0:7R H=D 1:8816
Expanded arearatio | EAR 0:5047
Bossratio XB 0:3046
Rake angle 30:00deg
Skew angle 32:28deg
Direction of rotation right
Material Alminum alloy
Advancecoe cien t J 1:546
Cavitation number v 0:250
Thrust coe cien t Kt 0:138

v = 0:250 condition. Left: Without the groove cavitator.

v = 0:500 condition. Left: Without the groove cavitator.

Right:

Right:
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which meansthat there is no cavity in this area. On the other hand, on the model with the groove (in the
right gure), marking lines are invisible becauseof cavitation.

Figure 3 shaws propeller cavitation with higher cavitation number ( v = 0:50). It is clear that length of
cavity at the propeller leading edgeis di erent betweenboth propellers.

Comparisonsof propeller characteristics betweenthe two propeller models are shovn in Figures 4 to 9.
Figures 4 to 6 are with constart cavitation number y = 0:250, while Figures 7 to 9 are with constart
propeller advanceratio J = 1:546.

In Figures 4 and 5, the thrust and torque of both models don't shov remarkable di erence bellow the
design point J = 1:546. On the other hand, over the design point, although thrust and torque increase
without the cavitator, both decreaseswith the cavitator. Thrusts under the designcondition are lessthan
the designvalue in Table 1. The errors from the designvalue were 6% without the cavitator while 4%
with the cavitator. Although the e ciency without the cavitator readesits maximum at larger J than
the designJ, that with the cavitator is the maximum at the designJ (Figure 6). The e ciency with the
cavitator at the designJ is higher than that without the cavitator by 1:7%.

Against any cavitation number, the torque in Figure 8 shaws little di erence betweenwith and without
the cavitator, while the thrust with the cavitator in Figure 7 is slightly larger than that without the cavitator.
In Figure 9, the e ciency with the cavitator is higher than that without the cavitator, and their di erence
becomessmaller as the cavity becomessmaller with high cavitation number.

4 Conclusion

The groove cavitator was proposedto stimulate and stabilize the cavitation for the purpose of the same
cavitating condition with enoughthrust and high e ciency asexpectedin the theoretical designof a super-
cavitating propeller. Model tests con rmed the e ects of the presern cavitator, that is:

1. The groove cavitator stimulates sheetcavitation starting from the propeller leading edge.

2. The groove cavitator increasespropeller thrust and decreaseits error from the designvalue.
3. Diering from other cavitators, the groove cavitator doesn't increasepropeller torque.
4

. A supercavitation propeller with the groove cavitator showsits maximum e ciency at the designpoint,
and it is higher than e ciency without the cavitator.

The processingmethod, the most suitable gure and arrangemen, and applicable condition of the groove
cavitator are necessaryto be studied as future works.
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Figure 4: Comparison of thrust coe cien t against  Figure 7: Comparison of thrust coe cien t against
propeller advance ratio between with and without  cavitation number betweenwith and without cavi-
cavitator tator

Figure 5: Comparison of torque coe cien t against  Figure 8: Comparison of torque coe cien t against
propeller advance ratio between with and without cavitation number between with and without cavi-
cavitator tator

Figure 6: Comparison of e ciency against propeller Figure 9: Comparison of e ciency against cavita-
advanceratio betweenwith and without cavitator tion number betweenwith and without cavitator



