
































































































































































































































































































0.250.35

0.45
0.5 0.5

0.55

0.55

0.
550.6

0.6
0.65

0.65

0.7

0.7

0.75

0.75

0.8

0.8

0.85

0.85

0.
85

0.9

0.9

0.
9

0.
95

0.
95

0.95

0.95

0.95

X

Y

-1 -0.8 -0.6 -0.4 -0.2

0

0.2

0.4

0.6

cavity surface predicted by BEM

Figure 5.17: Cavity surface predicted by BEM solver and volume fraction
predicted by Fluent for σ = 0.754

130



x/c

-C
p

0 0.2 0.4 0.6 0.8 1

-1

-0.5

0

0.5

Fluent
BEM-inviscid
BEM/XFOIL-original
BEM/XFOIL with correction I
BEM/XFOIL with correction II
BEM/XFOIL with correction III

Figure 5.18: Summary of pressure distributions predicted by all schemes for
σ = 0.754

131



Chapter 6

Conclusions and recommendations

6.1 Conclusions

This thesis can be divided into two parts.

In the first part of the thesis, the viscous/inviscid interactive approach

and its application to hydrofoils and propellers with non-zero trailing edge

thickness are addressed. The investigation starts from a 2D hydrofoil. Two

kinds of iteration methods are coupled with the VII BEM solver to find a

non-lifting extension behind the finite trailing edge, which is used as an ap-

proximation of the flow separation zone. The flow around a hydrofoil with

non-zero trailing edge thickness is modeled in Fluent and by the current ap-

proach. The correlation of the results show that the current methods provide

acceptable results, with the computational cost reduced significantly. The two

degrees of freedom iteration method and the cavity-like scheme provide more

“accurate” results (relative to those from Fluent) than the one degree of free-

dom iteration method. The one and two degrees of freedom models are then

extended to 3D propeller flows. They are first coupled with the BEM inviscid

solution. The predicted KQ is close to the experimental data but the predicted

KT is lower. The results are no better than those from an approximation where
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the aft part of the thickness of the foil is altered so that it closes at the trailing

edge. Considering that viscous effects are important in flow separation, the

one degree of freedom model with non-lift condition is then coupled with the

VII BEM solver, and results closer to those measured are obtained.

In the second part of the thesis, the application of the inviscid/viscous

interactive approach to partial-cavitating hydrofoils are addressed. A RANS

solver (Fluent) coupled with a mixture model is first used to model the flow

around a hydrofoil with partial-cavitation at given cavitation numbers. The

hydrofoil with the same cavity extent is then modeled using BEM. The cavi-

tating pressure predicted by Fluent agrees well with the BEM inviscid theory.

However, coupling of BEM with XFOIL introduces viscous effects, which in-

crease and “perturb” the cavitation pressure. Three schemes are developed

to include the effects of viscosity in BEM and results comparable to those of

Fluent are obtained. Finally, the predicted pressure distributions by Fluent

and BEM have a relatively larger discrepancy near the cavity closure region,

especially for a long cavity length. This is due to the cavity termination model

used in BEM solver. It should be noted that the BEM/XFOIL with the effects

of the boundary layer fully included would produce a smaller cavity than that

predicted by Fluent. At this point we do not know which prediction is correct.

The main contributions of the research are:

• The present work provides a method to predict the viscous flow around

hydrofoils and propellers with non-zero trailing edge thickness. In recent
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years, there are an increasing number of propellers which are designed

to have a finite trailing edge, including some super-cavitating and fully

submerged propellers. Previously Two approaches were used to deal

with a finite trailing edge. The first one is to force the section to close

at the trailing edge, which is the approximation 1 in present work, and

is found to fail to give reasonable results. The second method assumes

an arbitrary separation zone on which the pressure is equal to the vapor

pressure, which is non-physical and not applied to fully wetted hydrofoils

and propellers. The present method gives better results than the previ-

ous approaches and can be used commonly for the treatment of non-zero

trailing edge thickness.

• The flow around a partial-cavitating hydrofoil is modeled using the VII

BEM solver and a RANS mixture model. A correlation study between

these two methods was performed.

6.2 Recommendations

One improvement and two applications of the current scheme are rec-

ommended for future work.

• Improvement of viscous results for a closed section: There are three defi-

ciencies for the viscous part of CAV2DBL and PROPCAV. (1) For some

cases, the results fail to converge by increasing the number of elements.

However, this feature does not exist in the original version of XFOIL.
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Fixing this problem could help improve the convergence behavior of the

VII BEM solver in 3D. (2) For some non-standard 2D sections, there

are some discrepancies between the results from CAV2DBL and XFOIL.

Looking into these discrepancies might help to improve the performances

of the viscous parts of CAV2DBL and PROPCAV. (3) In 3D application

(PROPCAV), the cross flow is neglected based on an assumption that it

is small enough. This assumption is not always true and it is worthwhile

to find a way to include the effect of cross flow.

• Backing condition: Treatment of backing condition involves two difficul-

ties. (1) The boundary layer theory fails at the sharp leading edge and it

is hard to find the stagnation point even for the inviscid theory. (2) Flow

separates at the rounded trailing edge and the position of detachment

position of the boundary layer is unknown. The problem at the leading

edge might be avoided by rounding the leading edge by a small arc, which

is consistent with the real case. Sharp leading edges are never applied

on propeller because they are easily damaged. For the problem at the

trailing edge, applying the current approach might help to overcome the

difficulty. A separation zone is needed behind the round trailing edge,

as shown in Figure 6.1. However, determining the starting position of

separation remains to be a problem. The shape factor H might help to

solve this problem. [Simpson 1989] suggests that for near-equilibrium

flows satisfying the Coles velocity profile model, intermittent transitory

detachment occurs at H = 2.70.
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extension

Figure 6.1: Separation zone for backing condition

• Super cavitation: Most super-cavitating propellers have finite trailing

edges. In a super-cavitating propeller, there are some strips near the

hub where only partial cavitation happens. The previous treatment is to

use an arbitrary separation zone on which the pressure is set to be vapor

pressure, which is non-physical. The current approach can be applied

to solve this problem and might help to improve the prediction of the

performances of such propellers.
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