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Cavitation Characteristics for Hydrofoil 

Section with Pressure Water Supply 

Gisai MAEDA* 

The paper describes some experimental investigations of cavitation characteristics 

of two dimensional hydro-foil section with pressure water supply from on its surface. 

The same kind of experiments were made and reported already by the author. Here 

again the same problem will be discussed. But the location and the direction of the 

supplied water flow are different largely from the previous, i.e., the location is about 

23% of chord length from leading edge of the foil. and the direction is 47 degrees to 

the chord measuring from down stream side. 

Experimental results show that incipient cavitation parameter is somewhat larger 

when pressure water is supplied, but cavitation does not develop so fast as for none 

water supply. Further more, the effects of supplied ~ater at the large angle of attack 

are different from the small angle. 

1 . Introduction 

51 

l ) 
In the previous experiments using a model of two dimensional hydro-foil section, 

the purpose to prevent or to delay cavitation was not attained, because cavitation had 

developed more rapidly by pressure water supply. But, on that time some prediction 

from on its pressure distributions of a foil was obtained that, if the position and the 

direction of supplied water flow were proper, cavitation might be decreased of its 

scale or delayed of its inception. 
2) 

The same Kind of experiments were done using a model of circular cylinder, and 

obtained good results. In that experiments, the direction of supplied water flow was 

always perpendicular to the surface of cylinder which made right angle to the theor­

etical flow direction of potential flow. Experiments were made several supplied posi-

tions of water, i.e. 70°, goo, 
tion point of the cylinder. 

the best was at 130° 

110°. and 130° of angle measuring from leading stagna­

Good results obtained at the angles of noo and 130°, and 

In experiment on this time, the position and the direction of supplied water flow 

are ditermined referring to the results of circular cylinder. 

?.. Experimental apparatus and methods 

The apparatus of this experiment is the same as previous and it was shown de-
3) 

tailed in the first report of this series papers, then there isn't shown of its proced-

ure. At the working section which has 160mm x 60mm of cross sectional area, flow 
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velocity varies up to 15m/sec, but the velocity through all experiments fixed at the 

same value, i.e., 6 mjsec, because the effects of velocity variation are unJ{nown yet 

4) 
sufficiently. 

The apparatus of pressure water supply 1s shown in Fig. 1. The pressure water 

A te> ting model 

From water pipe -
Orifice flow meter 

Fig. 1 Equipment of pressure water supply 

is led from a water pipe directly to a testing foil. The volume of supplied water flow 

is measured by oriffice flow meter installed in a leading pipe of pressure water. The 

oriffice is a self-made and calibrated previously with water flow using the same pipe 

as experiments. 

A testing hydro-foil is shown in Fig. 2. A pressure water leading hole(main hole) 

is in the foil at 15% of chord length from leading edge. Eleven small holes located 

at 23% of chord length at the surface of the foil are connected with the main hole. 

All intervals of these small holes are the same, 5 mm, and a diameter of them is 
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Fig. 2 Testing hydrofoil section 

0.9mm. An angle between chord of the foil and axial direction of small hole is 47 

degrees measuring from down stream side. Nine holes for measuring static pressure 
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distribution along upper surface of the foil are at middle section along chord. 1· The 

intervals of these pressure taps are the same fundamentally, i.e.lOmm, but an interval 

between the first hole located at 2.5 mm from leading edge and the second hole is 7.5 

mm. Furthermore, it is impossible to maKe the third there at 20 mm from leading 

edge, because of the holes for pressure water supply. Then an interval between the 

second and the third is 20 mm. It was certained previously that the flow shed from 

earch hole of thos~ eleven for water supply is approximately equal within the range 

of experiments. 

Lift of th~ foil is estimated by the method of calculation from pressure distribu-
5) 

tions along upper and lower walls of testing section. Drag measurement is by the 
6) 

method of estimation from velocity distribution in a wake behind a foil by Jones, but 

the results vary fairly under the same condition. Then all of the data concerning with 

drag are excepted from this paper. 

Measured velocity of uniform flow forward of a model was corrected considering 
7) 

effects of model, wake and boundary layer along walls. Velocity of uniform flow 

used here and prece~ding is meant the corrected one. 

Experiments are maJe as follows: 

1 Testing hydro-foil is settled at some angle of attack in the working section, 

and make a flow of water in the crossed channel. Velocity is set at predetermined 

value, i.e. 6 mjsec. at working section. 

2 Pressure distributions are measured along upper and lower walls of the 

channel at the worknig section and upper surface of the foil when pressure water isn't 

supplied. 

3. The same measurments are made for existance of supplied water. 

4. After these, static pressure in the working section is decreased but the veloci­

ty is maintained at the same. This is done by decreasing the pressure in a reservoir 

tank by vacuum pump. In this way, we can settle a flow condition at any value of 

cavitation parameter, although the velocity is constant. Then, the same kinds of 

experiments are made for these new flow conditions. If a cavitation parameter is 

changed by supplied water, flow condition, i.e. a static pressure is corrected until the 

cavitation parameter takes the same value as non-supplied water. 

3. Pressure distributions 

In this section, it will be shown how the pressure distributions along upper surf­

ace of the hydrofoil are affected by supplied water. 

Now. relative supplied water volume is introduced as follow: Mass of fluid flow 

that of its momentum is changed by a hydrofoil when getting through near of it is 

proportional to p VA, where p ,V, and A are density, velocity of fluid, and sectional 

area of the hydrofoil respectively. By the way, effectiveness of supplied water to 

change a flow condition near the hydrofoil may vary with a velocity of main flow, even 

though the supplied water is constant. Therefore, a relative volume of supplied water 
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is proposed as a ratio of mass of supplied water volume p Q to the above mentioned 

mass P VA, where Q. is a volume of supplied water per unit time. Then, dimensionless 

volume f1 is expressed as 

11 = /v'i = v'i 
Pressure coefficient Cp and cavitation parameter Kd are proposed as follows : 

Cp = 2 cP --:P~ and Kd = 2 (Po_::-Pv) 
PV2 PV2 

where Po and P are static pressure in uniform flow forward of the hydrofoil and 

local pressure on the surface of it respectively, and Pv is saturated vapor pressure 

corresponding to of its water temperature. 

Figs. 3-10 show the pressure distributions on the hydrofoil. Figs. 3, 4, and 5 are 

0.4 L ~· ~~~lh from leadinM edge I I L 

n.2 0.6 0. 8 1.0 

0 

~ I> -0.4 e,<>. 

t'-1 II - 0.~ 
~ 

u 
·- 1.2 ~ - l.BX 10_, 

- 1. 6 KJ =2.1111 (J 11. =2.~3x 10_, 

incident an.ck• rt=ll' 

- 2 .0 

Fig. 3 Pressure distributions 
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Fig. 4 Pressure distributions 
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Fig. 5 Pressure distributions 

for zero ang le of incidence. On this angle, incipient cavitation parameter Ki is about 
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1.28 for none supplied water. In Fig.3, cavitation parameter Kd is 2. 06, therefore this 

diagram shows the pressure distributions at the range of none cavitation, but for supp· 

lied water volume p. =2.43x10-3, there occurs already feasible cavitation. In Fig. 3, 

we can't recognize any variation on pressure distributions by supplied water volume. 

Fig.4 whose cavitation parameter is 1.25 shows in the range of cavition, but it is not 

so strong. The supplied water makes somewhat difference on pressure distribution in 

this case, especially at the region near the location of water supply. Fig. 5 whose Kd 

is 0.87 also shows in the cavitation range. In this case, cavitation develops nearly 

90% of chord length on the ~ydrofoil for none supplied water and 1.14 x 10-3 of p.. 

Above this value of p. , a scale of cavitation somewhat decays and decreases to about 

70% for 2. 43 x 10-3 of p. . The difference in the pressure distributions in the diagram 

may indicate directly the change of cavitation scale, i.e., in the case of 2.43x10-3 of p., 

pressure drops below fairly at the low pressure region on the hydrofoil compared with 

one of none supplied water. 

Figs. 6 and 7 are for four degrees of incidence. In this case, incipient cavitation 
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Fig. 6 Pressure distributions 
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Fig. 7 Pressure distributions 

parameter is about 1.64 for none supplied water. Fig. 6 whose cavitation parameter is 

2. 71 shows in the region of none-cavitation. An incipient cavitation parameter Ki incr· 

eases gradually with supplied water volume, but when p. takes 2. 43 x 10-3 which is 

the maximum value of p. in the experiments, the value of Ki is 2 .15, therefore, all 

cases in Fig. 6 there isn't any cavitation. In this region, pressure distributions are 

almost the same for any volume of supplied water in the range of experiments. 
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Pressure distributions in the region of developed cavitation are shown in Fig. 7 whose 

cavitation parameter Kd is 1.25. The scale of cavitation is about 70% of chord length 

for none supplied water. In this range, cavitation decays by supplied water, and the 

scales of it are about 50% and 30% of chord length for 1.14 x 10-3 and 2. 43 x 10-3 of 

f1 respe::tively. 

Figs. 8 , 9,and 10 are for 8 degrees of incident angle. An incipient parameter Ki 
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Fig. 8 Pressure distributions 
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Fig. 9 Pressure distributions 
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Fig.lO Pressure distributions 

is about 2.20 for none supplied water. The value of Ki is decreased by supplied water 

except the range of large value of f1. Fig. 8 whose cavitation parameter is 2.88 

shows the pre3sure distributions in the none-cavitation range. They are almost the 

same procedure as seen from the diagram, but at the just forward location of water 

supply, where is a low pressure region, the pressure somewhat increases by supplied 

water. This phenomenon is coinside with the decreasing of incipient cavitation para-
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meter ki . It is also significant considering development of cavitation as seen in the 

preceeding section. Fig. 9 is in the range of cavitation, and it develops about 50% 

of chord length for none supplied water. Pressure distributions are almost the same 

up to this range of cavitation where pressure water exists or not. Fig. 10 whose ca­

vitation parameter is 1. 67 also shows in the cavitation region. Cavitation develops 

on the hydrofoil ab:mt 75% of chord length for zero of f.l. A scale of it is fairly 

decreased by supplied water. Change on pressure distributions indicates this phenome­

non. Concarning with the relation between a scale of cavitation on the hydrofoil and 

supplied water volume will ba shown more detailed in the preceeding section. 

4. Effect of supplied water on cavitation development 

Generally speaking, incipient cavitation occurs more easily by supplied water for 

small incident angle, but for large angle of incidence incipient parameter ki decreases 

if supplied water volume is proper. Cavitation develops fairly rapidly as soon cav­

itation parameter as decreases from incipient value of ki for none supplied water. On 

the other hand, when pressure water is supplied from the surface of the hydrofoil 

cavitation does not develop so easily as former. In this section, these relations will 

be shown. 

Experiments have been made for four kinds of supplied water volume. They are 

f.l =0.71x10-3 ,1.14x10-3, 1.68xl0-3, 2.43x10-3 

To indicate a scale of cavitation development, a ratio of cavitation region's length 

along flow direction L' to chord length L will be introduced (see Fig. 11) ,i.e., 

Fig.ll 

Fig. 12 shows for zero incidence. An ab3cissa indicates cavitation parameter 

Kd and an ordinate is of relative supplied water volume f.l. In this diagram. the 

curves are drawn for constant values of A. Incipient cavitation parameter increases 

gradually with supplied water volume, e.g .. the value of Ki is 1. 28 for zero of f.l, 

but 1.70 for 2.43x10-3 of it which is the maximum volume of supplied water in the 

experiments. Even though this, there are fairly long intervals between inception and 

some scale d~velopments of cavitation when pressure water is supplied. For instance, 
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Fig. 13 Relation between P. and kd for constant value of A 

a change of cavitation parameter Kd from inception to 10 percent development is 0.18 

for zero of fl. and 0. 42 for 2. 43 x 10-3 of fl.. The curves of constant value of fl. incline 

to right hand side below 40% of it, but two curves .for 70% and 90% of A incline 

to left hand side. This means that at the range of fairly developed cavitation, supplied 

water decreases the scale of it. 

Fig. 13 is for 4 degrees of incident angle. Cavitation inception is promoted by 

supplied water as for zero incidence. In this diagram, inception curve is only one that 

inclination is to the light hand side. At the 10 percent development the slope of 

curve is nearly vertical, and above this value of A the scale of cavitatation is decr­

eased by pressure water supply. When Kcl is 1.18, cavitation develops 80% for none 

supplied water, but it decays to 40% or less for 2. 43 x 10- 3 of fl. at the same value 

of Kd. 
Fig.14 is for 8 degrees and Fig. 15 is for l2 degrees of incident angle. Both 

of them, inclinations of inception curve are to left hand side except the range of large 

volume of supplied water. In the case of Fig. 14, the slope of the curve from vertical 



Bull. Science & Engineering Div.,Univ. of Ryukyus (Engineering) 

x w·' 

3.0 

cr=8 • , 
" ,Cf , , 

2.0 
, o: Inception . , 

; , 
;;,:- e: ~= 20 % 
~ () ; = 40 % 1 () ; = 60 % 
0 1.0 

~ 
<D : = 80 % 

e : =100 % 

0.6 2.2 2.6 

Cavitation Parameter Kd 

Fig.l4 Relation between .Uand kd for constant value of A 

" 
& 
; ., 

1 
0 

~ 
2 
-?. 

X 10- 3 

3.01---------------.---..... 

2.0 

1.0 

1.0 1.4 

.:~=20% 

1.8 2.2 

(): 

(): 
a>: 

Cavitation Parameter 

= 40 % 
= 60 % 

= 80 % 

=100 % 

2.6 

Kd 

3.0 

Fig.l5 Relation between .U and kd for constant value of A 

line is small, but in Fig. 15, it is very large. An incipient value of Ki of the later 

is 2.5 for zero of .u, but when pressure water is supplied and if its volume is proper, 

the value of Ki goes down faily. For 0.17 x 10-3 of .u, Ki takes about 2. 06. 

Figs. 16, 17, 18, and 19 are written at constant volume of supplied water. In these 
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diagrams, an abscissa indicates cavitation parameter Kd and an ordinate is for a scale 
ratio of cavitation development A (%) . Now the curves are drawn for constant value 
of p.. In Figs. 16 (zero of incident angle) and 17 ( 4 degrees) , measured values of 
2 for zero of f.1. are in the lower region or left hand side of the diagrams when p. takes 

relatively low value. As decreasing cavitation parameter, A for zero of f.1. increases 
rapidly and goes ahead of it for other values of f.1. • The points that the former ove­
rtakes the later are at 60% of A for zero incidence and at 20%for 4 degrees of incid­
ent angle respectively. 
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In Figs. 18 ( 8 degrees of incidence) and 19 (12 degrees), A. for zero of f.l is left 

hand side of diagrams in almost all range of A. In the case of Fig. 18 the scale of 

cavitation is decreased by pressure water supply up to 80% of A, but above this 

value, the effect of supplied water is contrary. This is entirely reverse phenomenon 

compared with the case of in Fig. 16. In the diagram of Fig. 19, cavitation scale is 

always decreased by pressure water supply at any range of development within the 

experiments, except the neighbourhood of inception for the largest value of f.l. For ins­

tance, when cavitation develops about 60% of A without supplied water, it is entirely 

disappeared by supplied water. There is something in common through these four 

diagrams, that is, at the range of large volume of supplied water, cavitation inception 

is accelerated but the slop3 of development curve becomes low greatly. 

6. Displacement of cavitation region by supplied water 

Cavitation inception always occurs at the position of the lowest pressure in the 

flow. Pressure distributions on the hydrofoil are changed by supplied water as 

seen in section 3 . This means there occurs some displacement of cavitation region. 

Although the positions of the lowest pressure vary with incident angle of the hydrofoil, 

they are little down stream of leading edge when an angle of attack is positive. The­

refore, cavitation inception occurs there if there isn't any water supply. On the other 

hand, when pressure water is supplied, inc3ptio'1 is always at the position of water supp­

ly on the surface of the foil. The meaning of this may consider as follow; at the 

intersection of stream lines of main flow and supplied water, there occurs local pressu­

re fall because of separation. Cavitation development is also made at the down 

Supplied location of water 

Cavitation Cavitation 

(a) Without supplied water (b) With supplied water 

Fig. 20 Displacement of cavitation inception by supplied water 

(a) p = 0 

Faint cavitation 

Strong cavitation 

(b) p=0.71XIO"' 

( c l P = 1.6Bx w-' 'd ) P =2.43x w-' 
Fig. 21 Scale variation of cavitation by supplied water volume (ex= 4 o Kd =1.25) 
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stream region from this point except fully development. Displacement and a change 

of cavitation scale by supplied water are made a sketch in Fig. 20 and Fig. 21, for 4 

degrees of incident angle. You may suppose from these figures, pressure of the ups­

tream side on the hydrofoil from the position of water supply goes up compared with 

none water supply, then cavitation disappears there. Usually speaking, cavitation 

develops on a surface of the body where boundary layer develops. Considering this, 

if there is enough supplied water on the hydrofoil boundary layer development may 

be controlled, then cavitation does not develop on the hydrofoil. Fig. 20 indicates, 

this consideration is true. 

Finally, what difference appears on lift of the foil will be shown. Coefficient of 

lift is shown in Fig. 22. The abscissa indicates caviation parameter Kd and the ord· 

inate coefficient of lift CL, where 

CL = _&L_ 
PV2 t 

and, L: A lift per unit width of the hydrofoil 
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Fig.&& Variation of lift coefficient by cavitation parameter 

In the range of non-cavitation, there isn't effective change of CL by pressure water at 

the low angle of attack. At the high incident angle, CL with supplied water somew­

hat drops than one of without. In the range of cavitation, there are nothing of rem­

arkable change of lift coefficient in any incident angle. This means mainflow is little 

disturbed by supplied water. 

In this paper, drag of the hydrofoil does not shown because of scattering of mea­

sured value. As a general tendency, drag coefficient increases to some extent at a 

low incident angle, but at a large angle it rather decreases by supplied water. 
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6. Summary and conclusions 

The experimental results may be summed up as follows: 

1. In the range of non-cavitation, pressure distributions on the upper surface of the 

hydrofoil are scarcely affected by the supplied water, especially at a small incident 

angle. In the ca>e of large a'lgle, there is a tendency of a little rising of pressure on 

the region of just upstream of water supply. 

2. In the range of developed cavitation, the pressure on the hydrofoil without supplied 

water is almost constant at the downstream side from a starting point of cavitation, 

but when pressure water is supplied and if its volume is proper, a pressure dropping 

continues to the lowest pressure region on the hydrofoil, although cavitation parameter 

is the same. 

3. Cavitation inception is facilitated by supplied water at a small incident angle, but 

at a large angle it is delayed if a volume of supplied water is proper. When its vo­

lume is large enough, incipient cavitation is always promoted at any angle of incide­

nce. 

4. At the range of developed cavitation, a scale of it is decreased by supplied water. 

The tendency of it is growing as increasing an angle of incidence. For instance, at 

12 degrees, cavitatiOn entirely disappears by supplied water when it develops to about 

60% of chord length without supplied water. 

5. In the range of relatively small scale of cavitation, small volume of supplied 

water is rather effective to decrease or to extinguish the cavitation, but for fully dev­

eloped cavitation, large volume of the water is more effective. 

6. Cavitation inception always occurs at the location of water supply at any angle 

of incidence, because there occurs local pressure drop caused by separation at a inter­

section of mainflow and supplied water flow. 

All of experiments have been made at the same position and flow direction of 

supplied water measured from the testing hydrofoil itself. If another position and 

flow direction was tested, it may be obtained different results. Considering the exp­

erimental results of myself, it will be obtained more good results if a supplied posit­

ion of water is a little down stream than this, particularly for small angle of inciden­

ce, because the lowest pressure is at somewhat down stream region compared with it 

for large angle. 
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