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PREFACE 

This report consists of three parts. Part A describes the results of 
an analysis of recently obtained tip vortex cavitation-inception data and 
the findings which were presented at the 21st ATTC held in Washington, 
D.C., August 5-7, 1986. Part 'B describes the results of an analysis of 
travelling bubble cavitation inception data obtained on various test 
bodies, using different facilities and at wide ranging free stream 
parameters. In Part C the pertinent findings from Parts A and B are used 
for making suggestions for further work. 
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PART A: ANALYSlS OF RECENT TIP VORTEX CAVITATION INCEPTION DATA 

ABSTRACT 

An analysis of the recently obtained 0i values for tip vortex cavi
tation inception from an elliptical planform hydrofoil is presented. This 
includes the estimation of critical a values for nuclei supply from the 
facility and separated regions on the foil. When measured 0i values are 
compared to these critical a values, certain obvious trends are noted. 
These have been used to estimate the dominant nuclei size at inception and 
are found to be surprisingly small. Thus, it is found that their role 
should be carefully examined in analyzing present inception data. 
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NOMENCLATURE 

local chord length 

gas content parameter> ~Y/l/2ptf 
base chord of the hydrofoil 

2 
minimum pressure coefficient, (Pmin-Poo)/1/2pU 

2 pressure coefficient at separation, (Ps-P~)/1/2pU 

initial test section pressure before start of inception tests 

minimum static pressure in the flow 

static pressure in the separated region 

saturation pressure corresponding to the dissolved gas content, 

vapor pressure of water 

free stream reference pressure 

Reynolds number based on base chord, UCo/v 

dominant nuclei size at inception 

coefficient of surface tension 

free stream reference velocity 

axial distance from the leading edge 

geometric angle of attack 

zero lift angle 

Henry's constant 

dissolved gas content in ppm (mole basis) 

kinematic viscosity 

water density 

cavitation number (Pm-Pv)/1/2ptf 

critical cavitation number for nuclei supply 

cavitation number at inception 

cavitation number based on initial pressure (Pinit-Pv)/1!2ptf 
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1. INTRODUCTION 

One normally a.ssociates the inception cavitation number or index, 0i 
with the minimum pressure coefficient in the flow, -CPmin. However, a 
close relationship between the two is expected and observed only if a 
copious supply of nuclei with si~e typically exceeding 100 ~m is assured. 
Strictly speaking, it is necessary to modify the first statement by stating 
that the minimum pressures of interest are in the regions of the flow where 
nuclei supply is likely to occur. The best example to illustrate this is 
by studying the. inception characteristics of the hemispherical nose. In 
this case, in many fiicilities, the nuclei supply is from the separated 
region and thus the' minimum pressures of consequence are the ones 
downstream of separation and not the theoretical minimum pressure coef
ficient. The latter, would, however, be significant in facilities where 
nuclei supply is assured within the test section itself. Therefore, 
following Holl (19,69), it is useful to characteri~e nuclei as either "free 
stream" nuclei or "body" nuclei. Free stream nuclei are the ones available 
in the flow upstream, of the body susceptible to cavitation. The concept of 
body nuclei is new and replaces the term "surface" nuclei used by Roll. 
Surface nuclei are the ones generated from the surface of the body; 
however, they are rarely found to be important in the inception process. 
The body nuclei are the nuclei generated within the separated, transitional 
or turbulent boundary layer regions of the flow over the body. It is now 
well established through the work of Katz (1984) that separated regions are 
definitely crucial sources of body nuclei. The role of the other two is to 
be still firmly established. It is to be emphasized that the Original 
source of the body nuclei is still the free stream nuclei or surface 
nuclei. To quantify these ideas, it would be worthwhile to introduce the 
critical cavitation numbers associated with nuclei supply and designated by 

or 

The subscript here indicates the source, namely "f," for free stream or "b" 
for body, and the superscript number in the parenthesis indicates the 
largest dominant nuclei size (~m) available at that cavitation number. We 
expect the magnitude of a f to be dependent on the facility charac
teristics, like whether equipped with a resorber or not, dissolved gas con
tent, etc. Whereas, the magnitude of 0b would be dependent on whether 
the body possesses laminar separation or not, the dissolved gas content, 
etc. Further work is necessary to quantitatively estimate the values for 
the critical cavitation numbers introduced. However, it is not beyond the 
scope of present capabilities to at least estimate the values of Of and 
0b at which the local critical pressures would be greater or smaller than 
the partial pressure of the dissolved gas in the liquid. 

The next question to be addressed is how to utilize the known infor
mation about -CPmin, Ob(50), Of(25), etc. to predict the magnitude of ai
For this, a hypothetical situation shown in Fig. 1 will be used. On this 
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curve hypothetical values are shown for <1b(2), <1b(10), crb(50) and <1f(10); 
thus body nuclei are likely to be the dominant soulce of nuclei for incep
tion. The shape of these curves are like C/1/2pif, where C is propor
tional to the partial pressure of dissolved gas. The magnitude of -CPmin 
is assumed to be constant. During inception tests it is normal practice to 
lower the pressure at a fixed velocity, thus, proceeding along the arrow 
marked as A or B in the figure. Now consider the case of 20 ft/sec, as 
we proceed along the direction indicated by A, before approaching the 
condition of cr ~ -CPmin , we cross the condition cr = crb(10). Thus, when 
conditions are just favorable for vaporous cavitation, that is <1 " - CPmin' 
we have a supply of nuclei having a dominant size of 10 vm. However, we do 
not expect inception under these conditions, since the tension required for 
a Ro ~ 10 vm nuclei is (see Katz, 1984) 

with appropriate units for the other quantities. Assuming that as we go to 
lower cr values the dominant size of nuclei does not change, then 

Similarly, at 30 ft/sec, along B, we expect 

If nuclei size does change, let us say for the case A, then <1i is predicted 
from the condition that available tension is equal to the required tension 
corresponding to the available dominant nuclei size. 

In the present article we use these ideas to analyze recently obtained 
tip vortex cavitation inception data from an elliptical planform hydrofoil 
over a range of Reynolds number (velocity), angle of attack and dissolved 
gas content. Details of the experiments and extensive results are 
available in Rogers (1986). However, these are presented briefly here 
first. Then the method of estimating critical <1 for nuclei supply is 
outlined. This is followed by the analysis of the results and finally a 
summary is provided. 
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2. EXPERIMENTAL METHODS AND RESULTS 

The experiments were conducted in the 7.5"x7.5" (0.19 m x 0.19 m) 
square test section of the SAFHL, high speed water tunnel facility. Tip 
vortex cavitation inception data was obtained for an elliptical planform 
hydrofoil having a base chord of 3.15" (81 rom) and a semispan of 3.74" (95 
mm) giving a full span aspect ratio of three. The cross section of the 
hydrofoil had a NACA 662-415 shape with a~0.8 mean line. The design lift 
coefficient, all due to camber, was 0.4. The zero lift angle, no for the 
profile is - 2.5°. The hydrofoil was mounted on a calibrated base plate, 
such that its geometric angle of attack, n could be varied. In addition, 
the free stream velocity, U and the dissolved gas content, "( was also 
varied. .. 

The procedure for inception observations was as follows. At a given 
geometric angle of attack and free stream velocity, the tunnel was run at 
high pressures (for example corresponding to test section (1 value of 
about 12 at a velocity of 22 ft/sec (6.71 m/s)) for ten minutes and then 
the test section pressure was slowly lowered until inception of cavitation 
was detected visually. The corresponding test section pressure etc. were 
recorded for the computation of 0i, Re and other required parameters. Some 
video recording of the inception process was also made. This procedure was 
repeated for a range of test section v,elocities, angle of attack and 
dissolved gas content. In the present analysis, the data used covers a 
range of a-ao values of 5.5° to 8.5°, U values of 20 ft/sec to 50 ft/sec 
(6.1 m/s to 15.24 m/s) and three dissolved gas content, "( values of 12.5 
ppm, 8 ppm and 4 ppm. The mean temperature for the tests was 67.5°F 
(19.7°C) and hence the following values were used for reducing the data. 

v = 1.08x10-5ft2 /sec(lxlO-6 m2 /s) 

Pv = 0.34 psia (2313 Pa) 

~ = 0.976 psia/ppm (6640 Pa/ppm) 

The mean dependence of (1 i on the Reynolds number at a-no values of 
5.5°, 6.5°,7.5°, and 8.5° is shown in Fig. 2 for a dissolved gas content 
value of "( of 12.5 ppm. Similar results for "( values of 8 ppm and 4 ppm 
are shown in Figs. 3 and 4, respectively. These results will be used for 
present analysis. 

3. ESTIMATION OF CRITICAL 0' FOR. 'NUCLEI SUPPLY 

3.1. Body N~e1ei 

As indicated, the conditions for the supply of body nuclei are 
strongly dependent on the viscous flow characteristics of the body. 
Boundary layer computations were made on both the suction and pressure side 
of the particular hydrofoil under consideration. The theoretical pressure 
distribution at a given angle of attack was computed using the method 
described in Abbott and Von Doenhoff (1959). These do not include any 
three-dimensional effects which are likely to be important in the tip 
region. Next the boundary layer growth calculations were made using the 
Thwaites method, and the separation bubble, if existing, was decided to be 
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either short or long based on the results of Gaster (1967), also used by 
Huang and Peterson (1976). One set of computed results on the suction side 
at an angle of attack of a-qo= 5.5° is shown in Fig. 5. A laminar separa
tion bubble is predicted as indicated. Since on an elliptic planform the 
local Reynolds number towards the tip decreases sharply, a long separation 
bubble is predicted near this region. The point of changeover from short 
to long separation bubble shifts towards the tip as Reynolds number is 
ingreased, indicated by a small arrow mark. Only at a Reynolds number of 
10 , a short separation bubble is predicted to exist almost all the way to 
the tip. Approximate stability estimates were also made to predict the 
transition location within the attached boundary layer. Flat plate results 
were used, since the pressure distribution showed a flat region almost from 
5 percent of chord to 60 percent of chord, the location of minimum pressure 
point. Separation is predicted just downstream of this at about 63 percent 
chord. Using the maximum spatial amplification factor for the flat plate, 
it was predic~ed that laminar separation would prevail up to a Reynolds 
number of 2x10 • 

On this foil, separation is also predicted on the pressure side at the 
angles of attack of present interest. In addition, the location of separa
tion and pressure coefficient at separation were not found to be a strong 
function of angle of attack as indicated below for the suction side. 

TABLE 1. Suction Side Separation 
Properties 

a-q 4.2° 5.5° 7.5° 
0 

(x/c)s 0.628 0.634 0.634 

- Cp 0.66 0.70 0.74 
s 

On the pressure side, at an angle of attack of a-a = 5.5°, the (x/c)s 
o and -CPs values are 0.623 and 0.11, respectively. We may pOint out here 

that the §ross viscous flow features predicted have been confirmed at a Re 
of 5.3x10 through flow visualization studies as described in Higuchi et 
a1. (1986a, 1986b). The important result from the above computations is 
the magnitude of -CPs, which will be required to predict the critical 0 

for nuclei supply as indicated below. 

On the suction side, the critical condition for nuclei supply was 
taken to be 
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Here, Ps is the static pressure in the suction side separated region and 
Peat is the saturation pressure corresponding to the dissolved gas con
tent. In terms of -CPs and 0 the above can be written as 

~'Y ;:: [0 + Cp J 12 pi + Pv 
cr1 s 

0cr1 here designates the 0 value when the above condition is satisfied. 
To a good approximation we can neglect Pv to give 

or introducing the gas content parameter, Cg = ~'Y/1/2 p~, 

o = Cg - Cp 
crl s 

or using the average value for -CPs from Table 1, we get 

o Cg + 0.7 • 
cr1 

The above value of 0 is critical in the sense that if 0 < ocr , locally 
in the suction side separated region, the liquid is supersaturate~ and if 0 

> ocr1 ' it is undersaturated. Similar arguments for the pressure side 
give 

o = Cg + 0.11. 
cr2 

We are deviating from our earlier convention in designating these as 
ocr or ocr and not as Ob(50) etc. since we have no method at present of 
estimating the nuclei size for the prevailing super- or undersaturation. 
The magnitude of ocr1 and ocr2 as a function of Re (or velocity) are shown 
in Figs. 2, 3, and 4 at the coresponding 'Y values. 

3.2. Free Stream Nuclei 

The lowest pressures in a tunnel circuit are in the test section. 
Thus, a critical a for the supply of free stream nuclei would be asso
ciated with the condition, 
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and again ignoring Pv, we interpret that this critical 0 is in fact the 
value of Cg and hence is not too different from 0cr2. Next, one should 
ask whether the test section is able to generate nucleI. even if p < Q 

00 ..,y, 
since the velocities are maximum there, and hence low residence times. 
Therefore, a more viable critical 0 for the free stream nuclei could be 
associated with separated regions in the turning vane regions of the bend 
·after the diffuser. Such separations are predicted in the theoretical work 
of Song et a1. (1986). Similarly, the stagnation region upstream of the 
contraction could also be a viable candidate for free stream nuclei supply 
due to long residence times there. These possibilities were examined in 
detail, and it was found that the critical 0 , designated by ocr3 for 
either the turning vanes or the stagnation region, is given to the same 
approximations as before, by 

0cr3 = Cg - 1 

The magnitude of ocr3 was found to be of interest only for the case of y 
= 12.5 ppm and is shown in Fig. 2. For other y values, ocr3 is found to 
be mostly much lower than the 0i values and hence are not shown. We might 
note that if ° < 0cr3 ' liquid in the entire upper leg of the tunnel cir
cuit is supersaturatea. 

4. ANALYSIS OF INCEPTION DATA 

4.1. General Trends 

Close examination of the inception data in Figs. 2, 3, and 4 shows 
certain interesting general trends when compared with the behavior of cri
tical o's for nuclei supply. One of the clear trends from all the three 
figures is that if 0 >0 cr , then 0 i is a strong function of Re with 0i 
increasing with an increase 1n Re. The second trend which is also apparent 
is that in the Reynolds number range for which ocr3 < 0i < 0cr2 ' 0i is 
almost independent of Re and finally from Fig. 2, we note that if 
o i < 0 cr3' then 0 i is again dependent on Re but with 0 i increasing with 
decrease in Re. It is not obvious here that this'trend is due to gaseous 
cavitation normally observed since we do not know the precise magnitude of 
-CPmino It is of interest to speculate on the possible source of nuclei 
when 0i > ocr in which case obviously no region either on the body or in 
the facility tas liquid which is supersaturated. However, it ;l.s likely 
that certain sized nuclei are still sustained and available due to the 
existence of strong pressure fluctuations in the reattachment zone of the 
separated region. 

4.2. Estimation of Dominant Nuclei Size 

Now consider the specific case of inception data for a - a o = 8550 and 
y = 4 ppm in Fig. 4. We note that, at a Re of the order of 5.25~10 0i is 
significantly lower than the 0i for example at a Re of 1.15xlO. ~f the 
latter ;l.s a measure of -CPmin' then at inception with Re of 5.25xlO , the 
liquid in the minimum pressure region must have been under significant ten
sion. This aspect is used to predict the dominant nuclei size at incep
tion. The existence of tensions was supported from video observations 
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which indicated that under these conditions inception was sudden and when 
it appeared was developed with a twisted rope type of tip vortex cavity. 
Whereas, at higher Reynolds numbers with the same conditions, inception was 
still sudden but the cavity which appeared was much less developed. 

For dominant nuclei size estimation a good estimate for -CPmin is 
required and this was obtained as follows. It would be expected that the 
observed tensions or the difference between 0i and -CPmin would be reduced 
if the inception tests were started with initial pressures lower and lower. 
The results of such a study for r ~ 12.5 ppm, Re ~ 5.36xl0 and a-ao ~ g.5° 
are shown in Fig. 6. The corresponding values of ocrl and ag are also 
shown. It is clear that thet"e seems to be a cut-off condition which is 
given by 0init ~ 6. It is tempting to associate this with ocrl ' but one 
thing is apparent that if 0 i< ocr , then the nuclei growing to larger 
sizes than when 0 > ocrl is a possitsility, thus reducing the required ten
sion. From Fig. 6, we can estimate the -CPmin for a-ao ~ 8.5 0 as equal to 
three. Now the dominant nuclei size at inception was estimated for a-ao ~ 
8.5 0 and r = 4 ppm by making the following assumptions. 

(i) -CPmin ~ 3 and does not change with Re 

(i1) the dominant nuclei size Ro is associated with the 
conditions at the crossing point of 0i and 0crl' 

Thus, from Fig. 7 and the expression 

we get 

4T 1 
60 = 3R 1 if 

o '2 p 

R 
o 

4 x 0.004935 x 2 -6 
~ ------'------ = 6.3xlO ft 

3x(3- 1.5)x1.98x(26.33)2 

= (l.911m). 

Similar estimates with a-ao := 8.5 0 give Ro values of 6.0xlO-6 ft (1.83 llm) 
and 7.22xlO-6 ft (2.2 llm) for r values of 8 ppm and 1Zppm, respectively. 
The dominant nuclei size in the regions 0i > ocrl are surprisingly small 
and uniform in size. A lower value is predicted for r = 8 ppm than 4 ppm 
probably because of data scatter. 

4.3. Predicted Behavior of ai 

Now assuming the dominant nuclei size remains the same over the 
Reynolds number range, we can predict the behavior of 0i from 
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4T 1 
;:: -CPmin - 3R 1 _2 

o - pU 2 

With the use of appropriate -CPmin and Ro values. This has been done for 
the case of a-ao ;:: $.5 0 and ~ ;:: 4 ppm with the results shown in Fig. 7. In 
this casE' Ro = 6.3xlO-6 (1.9 vm) and -CPmin ;:: 3 values were used. For Re 
> 6.4dO , the observed 0i dependence with Re can be explained solely on 
the basis of tension effects. For this Reynolds number range also, there 
is no obvious source of nuclei based on static pressure considerations, and 
hence the assumption that Ro remains constant may be a valid one. 

s For Re < 6.4 x 10 , observed 0i follows a different trend from the 
predicted one. In this region, at inception, the extent of supersaturation 
being proportional to 0cr1 - 0i increases with decrease in Re or velocity. 
Thus we may not expect RO to remain con~tant here but to increase roughly 
in proportion to (ocr - 0i) ,...., 1/1/2 pif. In the same Reynolds number 
range /J,o required for \nception increase like 1/2prf- and the two effects 
may cancel giving a constant 0i value. This is roughly in agreement with 
the observations. 

The predictions of 0i for y of 8 ppm and 12.5 ppm along the same 
lines as for the case of 4 ppm are shown in Fig. 8. The general trends 
observed are similar to the ones discussed for the case of ~ "" 4 ppm. 
Based on the analysis presented, we can reach the following broad conclu
sions. 

5. SUMMARY 

There is definite- evidence that the observed complex behavior of 0i 
for tip vortex cavitation inception with Reynolds number (actually velocity 
since body size was not varied), angle of attack and dissolved gas content 
are related to the critical conditions for nuclei supply. It is necessary 
to examine the latter for both the free stream and separated regions that 
may exist on the foil. In the regions of Reynolds numbers (velocities) 
where there is no obvious source for nuclei supply, the ° i value is a 
strong function of Reynolds number and is almost independent of the 
dissolved gas content value. From the measured 0i values, it was possible 
to estimate the dominant nuclei size responsible for inception and these 
are found to be surprisingly small being of the order of 2 pm. Thus, some 
of the Reynolds number dependence on ° i can be ascribed to the tension 
effects. It appears that in dealing with inception characteristics of 
flows with high -CPmin values, it is necessary to carefully examine the 
nuclei supply conditions. For flows with lower -CPmin values like axisym
metric bodies, the nuclei supply conditions may not be as critical. The 
above conclusions are valid for inception conditions. 
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PART lh ANALYSIS OF TRAVELLING »UBBLE 

CAVITATION INCEPTION DATA 

ABSTRACT 

Travelling bubble cavitation inception data obtained under wide 
ranging free stream parameters on various test bodies using different 
facilities has been used to obtain information about the size of the 
weakest nuclei associated with the observed inception process. The radius 
of this nuclei in terms of Weber number is correlated with a 
non-dimensional gas content parameter. With the exception of one set of 
results, there appears to be a reasonable good correlation between the two 
for facilities not equipped with a resorber. 

NOMENCLATURE 

See nomenclature for Part A. Additional new variable are defined as 
they appear in the text. 
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1. IN'l'RODUCTION 

Among the various types of cavitation observed at inception, 
travelling bubble cavitation (TBe) inception is most closely associated 
with the characteristics of the free stream nuclei population. This fact 
prompted many researchers, notably the group from the St. Anthony Falls 
Hydraulics Laboratory (SAFHL), to suggest a method of arriving at the nuclei 
population information from the observed inception characteristic of a 
standard headform, now commonly known as "Schiebe body" (see Silberman et 
a1. [1973], for a summary of these efforts). Due to some difficulties 
associated with the facility, Silberman et al. [1973] were unable to test 
their ideas. However, more recently, a considerable amount of TBe incep
tion data on various test bodies, including Schiebe body, have become 
available. In addition, in some of the facilities used, direct nuclei 
measurements using holographic techniques have been made. Therefore, it 
was felt that it would be worthwhile to correlate the TBe inception data in 
some fashion, if possible at all. 

2. ANALYSIS OF INCEPTION DATA 

The TBe inception data presently used is from Holl and Carroll [1979], 
Arakeri and Stanmuganathan [1986], Gates and Billet [1980], Gates et a1-
[1983]), Van der Meulen [1976], Billet and Holl [1980], Schiebe [1969], and 
Brockett [1972]. In many cases, there is a considerable scatter in the 
observed inception data at fixed free stream parameters. In such cases, 
the average value was used. The complete set of data used for the analysis 
is provided in Table 1 of Appendix 1. We might note that some of the data 
in Table 1 was used by Holl and Carroll [1979] to infer the critical 
radius, Rc, of the weakest nuclei associated with the inception process. 
Their analysis showed that surprisingly small values are involved. This 
was also the finding in Part A of this report. Since we are interested in 
a relationship between the inception process and free stream nuclei, it is 
convenient to work with the critical radius of the nuclei as it would exist 
under free stream conditions. This radius will be designated as Rc and o 
there is a well known relationship between Rc and the critical conditions o 
at inception as follows, 

4s =-......;:..--
3/3" R c 

o 
E+ (1) 

Here, Pmin is the minimum static pressure on the body and ~i is the free 
stream pressure at inception. The above can be written in a 
non-dimensional form as, 

16 



I ~ 

(-Cp - 0 ] 
min i 

c 

8 1 
:= ... ,- We 

.:>Y 3 0 
t o. We J-1/2 
1 + i 0 

4 
(2) 

2 
Rere, Weo is the Weber number defined as (pRcoU IS). Since observed 
inception represents a critical condition, one can use Equation (2) to 
solve for the value Weo for given -CPmin and 0i' Thus, this Weber number 
will be associated with the size of the weakest free strean nuclei involved 
in the observed inception process. For each condition in Table 1, a 
corresponding value for Weo was calculated. The next question to be 
addressed was, with what other parameter should Weo be correlated with. 
There is evidence from previous studies that the free stream nuclei 
population would be dependent on relative saturation in the facility. As a 
measure of this, the parameter chosen was the ratio Cg/-CPmin and is 
designated as Pm. The gas content parameter Cg has been defined in Part A. 
The correlation between Weo and Pm for the inception data of Table 1, 
Appendix I, is shown in Figure 9. 

As expected, there is a considerable scatter in the data. However, 
with the exception of the results for 203 mm body is the ARL 122 cm 
facility and one data point from the IISC facility which is equipped with a 
resorber, there appears to be some systematic dependence of Weo with Fm. A 
fit to the data (for Pm > 0.3) shown by the dotted live is given by 

We = 6{Fm + e(Fm-1) 
o (3) 

In the absence of any other means, the above in conjunction with expression 
(2) can be used to predict 0i for TBC inception for a given body with the 
known -CPmin value. It may be pointed out that the above does not take 
into account a systematic dependence on size, which is observed in Fig. 9. 

3. DISCUSSION OF RESULTS 

The results in Fig. 9 indicate that the free stream nuclei size 
associated with the inception process decreases with increased relative 
undersaturation. We also note that the scatter in the data is 
significantly larger for Pm > 1 than for Pm < 1. In the case of the 
Schiebe body results, with the exceptions noted earlier, the magnitude of 
Weo vary in a surprisingly small range of 4.0 to 5.5 over a wide range of 
Pm values. This point is specifically mentioned here, since this body has 
been mentioned as a possible "standard cavitator." The present obser
vations suggest that this proposal needs further study. It is also of 
interest to point out that, for example, at a velocity of 18.3 mIs, the 
nuclei size associated with Weo of 4.0 to 5.5 is 0.86 llm to 1.18 llm in 
radius. This size, which is associated with the observed inception pro
cess, is beyond the capabilities of most widely used measurement tech
niques. In addition, actual measurements, for example as reported by 
Billet [1984] indicate that a sufficient number of much larger nuclei with 
radius exceeding 10 pm are available near inception conditions but do not 
participate. This raises interesting questions about the utility of direct 
nuclei measurement. 
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In Fig. 9, the TBC inception data shows a cert~in trend about the 
dependence of Weo on Fro. It is of interest to compare similar results for 
other types of inception. Using Rogers [1986] data (see Part A), tip 
vortex cavitation inception (TVC) observations were also analyzed in the 
same fashion as indicated here. The results are also shown in Figure 9. 
The trend is now totally different, which suggests that the nuclei 
associated with TVC inception in these experiments may not be directly 
coming from the free stream. As suggested in Part A of this report, the 
free stream nuclei may undergo a change in the size while residing in the 
separated zones on the foil before being associated with the inception 
process. On the other hand, the different trend may be associated with the 
test procedure used in the TVC inception observations. In these 
experiments, before lowering of the test section pressure, it was held at a 
relatively large value for about 10 minutes. It would be interesting to 
conduct inception observations, for example on a Schiebe body, using this 
procedure and to see if similar trends as those for the TVC inception are 
observed. 
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Figure 9. Correlation of Weber number with gas content parameter. 
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PART C: SUGGES'l'IONS FOR FURTHER WORK 

Based on the results of analysis in Part A and Part B, the following 
suggestions are made for further work. 

(1) Studies on identifying nuclei sources in tip vortex cavitation 
inception. 

(2) Studies on understanding the discrepancy between expected 
cavitation events rates based on nuclei measurements and those 
actually observed. 

(3) Devising methods to experimentally determine -CPmin magnitude in 
complex flow situations like tip vortex flows. Selective nuclei 
seeding with large enough bubbles should be pursued. 

(4) Studies on understanding the mechanism for nuclei generation and 
stabilization in both laboratory and prototype environment. 
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APPENDIX I 

TABLE I. Average Inception Data used for Analyzing Travelling 
Bubble Cavitation (TBC). Note: The -CPmin values 
indicated include blockage correction. 

Facility: ARL 30.5 cm Tunnel (Ref. Holl and Carroll [1979 ]) 
'Body size: 51 rom 

Body HEM NOSE SCHIEBE DTNSRDC 
(-CPmin=0.78) (-CPmin=0.81) (-CPmin=0.88) 

U(m/s) (1i y(ppm) U(m/s) °i y(ppm) U(m/s) 

9.21 0.78 11 9.11 0.60 9 7.48 
12.34 0.71 11 12.17 0.62 9 9.04 
15.30 0.65 11 15.30 0.61 9 12.17 

6.08 0.75 7.8 18.26 0.48 9 15.30 
9.22 0.68 7.8 21.39 0.49 9 18.12 

12.34 0.64 7.8 9.04 0.49 3 21.39 
12.17 0.54 3 7.48 
15.30 0.46 3 9.04 

12.17 

Facility: IISC Tunnel (Ref. Arakeri and Shanmuganathan [1986]) 
Body: Schiebe; 'Body Size: 50 IDm; -CPmin = 0.75 

U(m/s) y(ppm) 

11.92 0.38 9 

Facility: ARL 30.5 em Tunnel (Ref. Gates and Billet [1980] 
Body: Schiebe 

(1i y(ppm) 

0.75 8 
0.75 8 
0.74 8 
0.71 8 
0.61 8 
0.61 8 
0.66 3 
0.69 3 
0.63 3 

Body Size D = 50.8 rom(-CPmin=0.81) D = 25.4 rom (-CPmin=0.75) 

U(m/s) 

10.6 
12.52 
14.23 
16.10 
18.77 

0.61 
0.60 
0.61 
0.58 
0.53 

y(ppm) 

7 
7 
7 
7 
7 
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U(m/s) y(ppm) 

10.4 0.51 7 



Table 1. (Cont.) 

Facility; ARL 122 cm Tunnel (Ref. Gates et al. [1983]) 
Body: Schiebe 

. Body Size D '" 50.8 mm(~GPmin=0.75) D = 203 mm (-CPmin"'0.75) 

U(m/s) O'i y(ppm) U(m/s) O'i 

9.84 0.54 7 9.85 0.72 
12.99 0.50 7 13.30 0.76 
16.31 0.48 7 16.20 0.70 
19.61 0.48 7 19.70 0.70 

Facility; NSMB High Speed Tunnel (Ref. Vander Meu1en [1976J) 
Body: Schiebe; Body Size: D = 10 mm; -CPmin = 0.80 

U(m/s) O'i y(ppm) U(m/s) 

10.0 0.45 3.6 18.0 
11.6 0.44 3.6 ·19.5 
13.8 0.43 3.6 21.1 
15.8 0.43 3.6 23.8 

Facility: ARL 122 em Tunnel (Ref. Billet and Holl [1980]) 
Body: Schiebe 

O'i 

0.42 
0.43 
0.44 
0.47 

y(ppm) 

7 
7 
7 
7 

y(ppm) 

3.6 
3.6 
3.6 
3.6 

Body D = 25.4 mm D = 50.8 rom D = 203.2 rom 
Size (-CPmin=0.75) (-CPmin=0.75) (-CPmin=0.78 

U(m/s) O'i y(ppm) U(m/s) O'i y (ppm) U(m/s) O'i y(ppm) 
10.0 0.45 7.1 10. 0.55 7.1 9.37 0.73 7.1 
13.33 0.48 7.1 13.33 0.62 7.1 12.91 0.63 7.1 
16.66 0.42 7.1 16.35 0.52 7.1 16.65 0.66 7.1 

19.40 0.42 7.1 19.78 0.66 7.1 
9.37 0.65 3.2 

12.91 0.51 3.2 
16.65 0.53 3.2 
19.78 0.54 3.2 
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Table 1. (Cont.) 

Facility: SAFHL 15.25 cm Tunnel (Ref. Schiebe [1969]) 
Body: ITTC; Body Size: 15.87 rom; -CPmin = 0.60 

U(m/s) °i 'Y(ppm) U(m/s) °i 'Y(ppm) U(m/s) °i 

6.09 0.60 8.8 6.09 0.56 7.4 6.09 0.51 
7.62 0.60 8.8 7.62 0.54 7.4 7.62 0.46 
9.14 0.62 8.8 9.14 0.56 7.4 9.14 0.49 

10.67 0.56 8.8 10.67 0.49 7.4 10.67 0.39 
12.19 0.52 8.8 12.19 0.46 7.4 12.19 0.39 
13.72 0.47 8.8 13.72 0.40 7.4 

Facility: DTNSRDC 30.5 cm Open Jet Tunnel (Ref. Brockett [1972]) 
Body: DTNSRDC; Body Size: 51 cm; -CPmin = 0.81 

U(m/s) °i "(ppm) 

7.32 0.62 0.23 
7.32 0.65 2.48 
7.32 0.70 3.92 
7.32 0.72 5.88 
7.32 0.74 7.23 
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5.9 
5.9 
5.9 
5.9 
5.9 


