EPFL - ME-462: Cavitation & Interface Phenomena E P F I

M. Farhat, A. Sache, T. Berger Fall Semester 2024

Solution — Serie 2

Equilibrium of a nucleus

1. Write the equilibrium condition for a spherical nucleus of radius R, containing gas and
vapor, within a liquid at rest at the pressure p.,.

Static equilibrium of a spherical nucleus:

28

poo:pv-l_pg_? (1)

2. Assuming an isothermal transformation and a constant mass of gas, find the equation
of the curve p, (R) as a function of the parameters p, and Ry.

Isothermal process:

ngVO = ng

4
Pgo *§7TR3 = Pg * TR

3
Ro\?
Pg = Pgo (F)
substituting in 1 Rg 28
P :pgoﬁ_?-l'pv

3.  Findtheradius R. at which the curve p,, (R) is minimum. Compute the corresponding
pressure at this minimum. This pressure is the critical pressure p. (or Blake threshold
pressure).

Critical Radius:

RS 28 to find the critical value of R dpoo

To 22 =0
R3S R TP dR

Po = ng

—3pgoRIR™* +2SR™2 =0
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3p ORS 3p oRg
Rz =922 = R. = |2
2S5 ¢ 2S5
Critical pressure:
5 1 28
Pec = poo(R = Rc) = ngRO R_E_R_c-i_ Py
And we have:
3pg0R(?)) R3 - §R2
C 25 gO 0 3 c
Therefore:
28 1 28 N 45
.- 2 — —
pC 3 RC RC p'l] pv 3RC

4. Letus consider 3 bubbles of radius Ry =1mm, 1um and 1nm, in equilibrium at py,o =
1 bar. Compute the corresponding pressure of the gas pg inside each bubble (we
assume a temperature of 20°C - p,, = 2300 Pa, S = 0.072 N/m).

Static equilibrium:

28 28

poo:pv+pg_?:>pg02pooo_pv+R_
0

R, [m] 103 106 109
pgo [kPa] |97.844 [241.7 144097.7

Notice how the non-condensable gas pressure increases significantly as the bubble
radius decreases towards nanoscale. This is due to the surface tension term, which
also increases significantly.

5.  Find the critical radius and the critical pressure corresponding to each bubble. Are the
bubbles in a stable equilibrium?

Critical radius and critical pressure for 3 bubbles:

’3p oR3 48
RC: gSO , pc:pv_gR
c
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Ry [m] R [m] pc [kPa]
1073 0.045 2.298
10-° 224%107% | -40.48
107° 1.73%107° | -55405

All these bubbles are in stable equilibrium because they all satisfy the condition
Ry < R..

6. The difference p, — p. represents the static delay to cavitation of a nucleus. Compute
this quantity for each bubble. Sketch the general form of the curve representing the
static delay to cavitation as a function of the critical radius.

Static delay to cavitation:  (p, — p.) = g
[

R, [m] 103 106 10~°

(py — pe) [kPa] | 0.0021 42.78 55406.8

=
o

Pv — Pe [bar]
o
=

0 002 004 006 008 0.1
R |m]

7. Using Matlab or Excel, plot the curve p., (R) corresponding to each bubble.
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The p, (R) curves:

Ry =1 mm Ry=1 um
15 0 | | 15 ‘ 0 H |
e (Ry,Psc0) e (Ro,Po0)
e (R.,p.) e (R, p.)
- pv 1 r == pv
_ 1 | _
z =
2=} 205
2 2
0.5 S
0OF -
0 k ‘ —— - 0.5
0 0.02 0.04 0.06 0.08 0.1 0 . . ; .
R [m] R [m] x107°
Ry =1 nm
0] TP S
=K
§—200 -
&
@ (ROap()OO)
-400) o Repd) |]
== Dv
-600 :
0 0.5 1
R [m] x1078

EPFL — SCI-STI-MF 4



