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A STATISTICALLY VERIFIED MODEL FOR CORRELATING VOLUME

LOSS DUE TO CAVITATION OR LIQUID IMPINGEMENT

This paper describes a simple relationship , verified statis-
tically, between volume loss to materials due to cavitation and
liquid impingement and the material mechanical properties. Much
of the available pertinent data from various fields will be or have been
used, although the study was motivated by the aircraft rain erosion
application. We have assumed that droplet impingement and cavitation
cause damage through a similar process. Thus our own data, ob-
tained with an ultrasonic vibratory facility on materials whose me-
chanical properties we have measured, were used in this study.
Comparison with tests performed elsewhere allows the construction
of a normalization procedure to incorporate data from other facilities,
both impact and cavitation. An overall correlation between damage
and material properties in a rain erosion or other test is sought.

An exponential relationship has sometimes been assumed to
exist between damage rate and the difference between the normal
components of actual impact velocity and minimum velocity neces-
sary to cause damage. If a further correction for projected area

is made, then:
. i . Ja
MDPR sin 6 ={K(V- V) sin 6| <, (1)

which is a modified version of the form suggested by Baker et.al.
Data obtained with a rocket sled facility at Holloman AFB on rain
erosion materials was analysed to obtain values of K, a, and VO
through a least-squares procedure. The analysis provided a confi-
dence limit ranging from 0.1 to 10 times typical MDPR values.
Dornier Systems Gmsz suggests a modified equation,

-
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MDPR (sin 6)° = [K(V - V) sin 8] @ (2)



wheren =1.0, 1.5, 2.0, or 2.5. However, our curve fit with
equation (2) is approximately as poor as that with equation (1).
These experiences suggested more basic considerations of the
phenomena were ne;:essary in order to obtain a more acceptable
relationship. Equations (1) and (2) were found to be insensitive
to values of Vo; it could therefore be assumed to be zero without
compromising the date. There is a rough correlation between K
and a, leading, conceptually to an approximate single figure of merit
for each material. It is then necessary to relate such a figure of
merit with one obtained from material properties.

In agreement with Hoff et. al. 3 an equation, relating MDPR
to kinetic energy striking the target, efficiency of energy transfer
between drop and target (denoted by " ), and a material parameter

(denoted by &) with dimensions of energy per unit volume, is obtained,

This equation describes the impinging ener.gy necessary to remove

material:

MDPR = - [ _Ap >< Qeff>(v3) (3)

s v Ae 2

Our statistical analyses of a combined data group generated from
various sources,including some of our own vibratory cavitation tests,

indicate that € is a material constant which depends upon ultimate

)

resilience , and also upon strain energy to failure. Presumably

Y} 1is a function of velocity and geometry only.
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NOMENCLATURE

MDPR = Mean depth of penetration rate ( = volume loss rate/
exposed area).

K = Amplitude constant for equation (1).

a = Velocity exponent for equation (2).

A% = impact velocity.

VO = Threshold velocity.

6 = Angle between tangent to surface and direction of impact

M = Efficiency of energy transfer between impacting drop or
jet and surface.

€ = Removal energy (=energy/volume to remove given volum
from surface).

Ap = Projected target area in flight direction.

Ae = Exposed target area.

Peff = Effective liquid density, mass of liquid per unit volume

of gas-liquid mixture.



