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Introduction

Background — Cavitation

« Cavitation inception occurs when liquid transitions into vapour due

to the local reduction in pressure.

For cavitation inception, the inception pressure is assumed to be

equal to the vapour pressure.

*Incompressible solvers are widely used, however, compressible
solvers that incorporate energy equation and temperature during

computations provide credible results.

«Compressibility effects have advantages in describing the cavity

dynamics.
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Introduction

Background — Propeller Cavitation
«Study of cavitation is important in marine propellers since it has

effects such as reduced propeller thrust, propeller erosion, vibration

and propagated noise.
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Introduction

Objectives
1. 2D Cavitation Validation(modified NACAG66 hydrofoil)

2. 3D Cauvitation Using Incompressible and Compressible Flow
Solvers

3. Comparison of Compressible and Incompressible Flow Solvers
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Computational Method

Governing Equations

V.U =0 Continuity equation corrected with source

term, m is interphase mass transfer

XD 4 V- (pUU) = —Vp+V-T+S |
Momentum Equation

)

a(pe)_l_v (pUe )+ +V-(pUK)=V-q—V-(pU) EnergyEquation

da m Transport equation for fraction of the liquid
ot V-(Ua) =— phase corrected based on Schnerr Sauer
P cavitation model

*Modelling of the interphase mass transfer rate(m) is done by

cavitation models.
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Computational Method

Cavitation Model

« Schnner Sauer Cavitation Model i1s used to model the m which is

the interphase mass transfer

’
PvP1 3 2P — Dsat
Cc 1—a)— |[-———, >
P a( )RB \/3 P P ~ Psat
m = <
PvPI 3 2D — Dsat
— Cy 1 — — , <
a( )RB \/3 3 P < Psat
X
Where
R, — 3\/3(1 + ANy c—a) Constants used were
7 4mnga np = 1.6 x 101
dNuc = 20 X 10_8
_ VNuc _ 7TnOdI?{Iuc
aNuc - 1+ Viyc and VNuc - 6
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Model Description

Test Conditions for 2D Hydrofoil Cavitation
w/ Cavitation

*Fully - Compressible flow solver cavitation Number (o) 1.0/ 0.91/0.84

*Isothermal Compressible Solver apour pressure (7)) 2420

Incompressible flow solver Reynold Number 2 x 10°
No. of Cells 167,271

Incompressible flow solver (interPhaseChangeFoam)/
Solvers Fully-Compressible flow solver (compressiblelnterFoam)

Isothermal-Compressible flow solver (compressiblelnterFoam)

Time Scheme CrankNicolson 0.5/Euler
Gradient Scheme Gauss Linear
Divergence Scheme Gauss vanlLeer
Turbulence Model kOmegaSST
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Results and Discussion

Cavitation on a Hydrof0|l(2D CaV|tat|on)
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«Compared with the experimental data the present result captured
the cavity inception, closure and pressure distribution well.

 The difference in behavior between short and long cavities can be
related to difference in adverse pressure gradient in closure region.
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Results and Discussion

Cavitation on a Hydrofoil — Vapour Fraction

 m— P — C———

c=084 B g B e B gy

Incompressible Isothermal compressible Fully compressible
« Only steady cavity Is observed among incompressible, isothermal-

compressible and fully-compressible flow solvers
« Cavity inception is only on the leading edge and closure at the mid-
chord
 As the cavitation number increased the cavity closure moved towards
the leading edge of the hydrofoil
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Results and Discussion
Cavity Length - ¢ = 0.84 comparison

S

Fully compressible

* Re-entrant jet length predicted by compressible flows approach is longer than by
the incompressible flow approach (0.174C & 0.202C against 0.072C)

* Generally the compressible flow solvers predict re-entrant jet dynamics better
than the incompressible flow solver.
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Results and Discussion

Cavity Length - ¢ = 0.84 comparison
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« All numerical methods over-predicted the cavity length but were relatively close

* Fully compressible solver had longer re-entrant jets than the other solvers for the
three cavitation cases.
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Results and Discussions

Hydrodynamic Forces on Hydrofoll
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« Compared to experimental data both incompressible and compressible
flow solvers predicted the lift correctly, however the drag value was
underestimated in this case
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Model Description

Mesh and Boundary Conditions
INSEAN 779A Propeller Particulars

No. of Blades 4 ' | ? : %
Diameter (M) 0.227 f a i
FH T S B e B i
Pitch ratio (P/D) at r/R=0.7 1.1 S i g i G i
Pitch (P) 0.152
Expanded Area Ratio (Ae/A0) 0.69 X e —————TT
1 1 % ]
ot A - i
i e AT i N
Tunnel | 4+ e
Velocity: Dirichlet T T T 1 A
Pressure: Ncumann\ Outlet BN
Velocity: Neumann I X
- Pressure: Dirichlet I Ttk el
gans R ad
kS a2 111 ) I
Periodic Boundaries SRl
Velocity: Periodic
Pressure: Periodic
e Mesh around Propeller
Velocity: Dirichlet Propeller-Blade
Pressure: Neumann Velocity: No-slip
I~ Pressure: Neumann
vl x Shaft/Hub
Velocity: Dirichlet
Pressure: Neumann
One blade propeller simulation set up
g,
2023.10.20 CFD Simulation of Marine Propeller Cavitation UsingCompressible and Incompressible Flow Solvers ! g P_}a UH%':[H t—’.’ﬂ

=
KOREA MARITIME AND OCEAN UNIVERSITY



Model Description

Test Conditions

w/o Cavitation FaraMELCEs
.- Advanced Ratio (J) 0.71/0.83

.Open water conditions Cavitation Number based on n 1763/ 1.029
w/ Cavitation (on) AR

«Fully - Compressible flow solver Rottion speed (1/5) 36

: Vapour Pressure (B,) 2337
* Isothermal Compressible Solver o, 14 number £ 105
Incompressible flow solver Where,
Vin=J-n-D

Py, =P, +0,-05:-p,-(n-D)>?

No. of Cells 544,612
Incompressible flow solver (interPhaseChangeFoam)/

Solvers Fully-Compressible flow solver (compressiblelnterFoam)

Isothermal-Compressible flow solver (compressiblelnterFoam)

Time Scheme CrankNicolson 0.5/Euler
Gradient Scheme Gauss Linear
Divergence Scheme Gauss vanlLeer
Turbulence Model kOmegaSST
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Results and Discussions
Propeller Cavitation — Comparison Among Solvers

(a) (b) (©) (d)

Case 1 (J=0.71)

Case 2(J=0.83)

(a) (b) (©) (d)

(a) Experiment () Incompressible () Isothermal (d) Fully
Compressible  Compressible

Propeller cavitation behaviors was similar in all
approaches
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Results and Discussions

Propeller Cavitation — Comparison Among Solvers

/ ’//’ = |
(a) (b) |
(a) Incompressible (b) Isothermal (c) Fully

Compressible Compressible

*Propeller Re-entrant jets Case 2 at r/R=0.95. It was noted that all
other diameter points had no reentrant jet observed.
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Results and Discussions

Propeller Cavitation — Hydrodynamic Performance
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* The propeller hydrodynamic performance had small discrepancies
compared to experiment data, however

« Both compressible solvers(fully & isothermal) the pattern showed
underestimation.

 Fully compressible solver had better results than both isothermal
compressible and incompressible flow solver.
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Conclusions

 The cavitation in 2D was conducted and verified using
Incompressible and extended to compressible flow solvers.

* The fully compressible and isothermal compressible solvers were
able to predict cavitation similar to incompressible flow solver for
both 2D (hydrofoil) and 3D (propeller) cavitation.

«Compressible flow solvers showed capability to capture re-entrant
jet better than the incompressible flow solver.

* There was no major differences observed in the predicted lift
generated from hydrofoil cavitation however the drag was
underpredicted with a huge margin.

 Fully compressible flow solvers predicted propeller hydrodynamic
performance in cavitation better than both isothermal
compressible and incompressible flow solver even though showed
little discrepancy compared to experiment results.
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QUESTIONS & COMMENTS

THANK YOU
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