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Introduction

The performance of the mass transfer cavitation model of Sauer is investigated using a varying nuclei concentration.

The Sauer model assumes a uniform nuclei distribution despite measurement of the non-homogeneous nucleus population. Here the nuclei density is studied
and a non-homogeneous nuclel distribution in a modi ed Sauer model is implemented. We study how the increased cavitation nuclei density in regions of low
pressure affects the inception and development of cavitation.

The simulations are performed on a hydrofoil NACAOO15 at angle of attack of 8 with the open source C++ library OpenFOAM.

Nuclei distribution

The nuclel in the liquid phase are modeled by particles injected in front of
the hydrofoil and tracked with a Lagrangian Particle Tracking method.
A random walk model is used to include the effect of turbulent dispersion.

- Sensitivity to particle size.

Figure 2 shows the average nuclei density for
the smallest nuclei size.

The averaged density Is highest at the
stagnation point (colored in red) because the
nuclei rebound against the wall and reside a
longer time In this region of low velocity.
Nuclel are not present on average in a layer
B N close to the hydrofoll (colored in dark blue).
Figure 2. Averaged nuclei distribution near the IN Figure 3, the nuclei density for different
leading edge for D=1 m. nuclei sizes are sampled on the sample line. It
shows that the dark blue layer without nuclel

The LPT computations yield to a non uniform nuclei distribution.

The unsteady distribution is time averaged over 50 f ow-through periods
In order to obtain convergence in mean.

The average nuclei density is sampled on the vertical line (colored In
white on Figure 2) that crosses the cell with the lowest pressure value
(the contour of pressure are colored in black on Figure 2).

3e+09

- Sensitivity to turbulent dispersion 36409 -

Figure 1 shows the particle density | LPT wihout Random Wal | | BD;‘é EE ,,,,,,,,,,, | corresponds to a nuclel content lower than the
on the sample line, from | ozoum | far feld density (which is 2.1e8). This layer is
computations with and without 2o | i artieddensty | thicker (0. 5 mm instead of 0.1 mm) for nuclel
random walk model. When turbulent —— — | larger than 10 m .

For large nuclel, the distribution is very dense
on the surface, exactly in the low pressure cells.
56408 [ | 1 For small nuclel, the high density Is located

dispersion is accounted for, the nuclel
distribution Is very dense on the
surface of the hydrofoil while there is
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average of the number of particles
average of the number of particles

no nuclei on the frst 0.2 mm near the o [T v&fﬁhﬁ—ﬁ_”ﬁ“ [T from 0.1 to 0.3 mm away from the surface, and
surface without turbulent dispersion. 0 1 2 3 4 5 0 02 04 06 08 t the peak is much lower.
distance from the hydrofoil [mm] distance from the hydrofoil [mm]

from the surface are damPEd' the sample line for D=50 m, with and the sample line for different nuclei sizes.
without turbulent dispersion.

Sauer model with non uniform nuclei distribution

5v—05 on—1 ov—2 on—a  The Sauer model assumes a homogeneous nuclei distribution, and a Case uniform Case 7 Case 3
N=10? casel case2 case3 case4 value of 1e8 is generally used. Here we take advantage of the previous
NZ10 cases> case© case7 B rgsults and assume that the nuclei concentration N is high (N=1e8) in a — e ———
e layer attached to the surface and low (N=1e2 or N=1e4) everywhere else. 002
oooce | . = The thickness of the layer ~ varies from 0.5 to 4 mm.
R Ry - With the thinnest layer, the nuclei content is too low to enable the cavity to
: ' grow suff ciently. The production of vapor is lower during cavitation
olf mce_ptl_on compare tp the _unlform case (Flgure_ 4). In all other cases, the e — —— e
° s em em oo om o1 o we  Cavitation inception is entirely similar to the uniform case.
time [s]
Figure 4. Total volume of vapor for However the development of the cavity Is always sensitive to the nuclel e S e
cavitating flow with different nuclel distribution. Figure 5 shows the cavitation process for different cases.
distributions. The re-entrant jet is thinner (as thick as n) and faster, it beaks the
attached cavity at a position closer to the leading edge. Thus the remaining attached cavity Is shorter and the = —= = U

cloud is more stretched. The attached cavity is linked to the cloud by a thin layer of vapor which generates a
second smaller and fuzzier cloud for the cases 2 and 3.
This Is the reason why the total volume of vapor increases at t=0.06 for these cases in Figure 4.

Conclusions

We studied the nuclei distribution over a NACAO0O015 hydrofoil. It was shown that turbulent dispersion and
the particle size infuenced the nuclel distribution. The distribution of larger nuclel is very dense on the
surface at the lowest pressure point, while smaller particle have a more homogeneous distribution and are
not present on the surface. Sk - ——— .

t=0.07 s

The Sauer model was modif ed to take into account this non uniform nuclei density. Only for ~=0.5 mm, the
Inception of cavitation was affected. For all cases, the attached cavity was shorter, the re-entrant jet was
faster and thinner, and the cloud was stretched. A thin layer of vapor linked the attached cavity and the cloud Figure 5. Instantaneous plot of the vapor volume fraction for
of vapor. These features emphasize the importance of the nuclei distribution when modeling cavitation different nuclei distributions.

Inception and developement.
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