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Numerical modelling of air entrainment

m Develop a sub-grid model for air entrainment based on interFoam

(a) Stepped Spillway' (b) Hydraulic Jump?
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Numerical modelling of air entrainment

m Develop a sub-grid model for air entrainment based on interFoam

m Testing airInterFoam!!l

¢ @

(a) Stepped Spillway? (b) Hydraulic Jump*
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Air entrainment
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Air entrainment
[ ]

Defining the concept

Air entrainment in free surface flow

k> k.
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Air entrainment
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State of the art

State of the art

m Euler-Euler two fluid model

twoPhaseEulerFoam
> Numerical diffusion at the interface for stratified flow

m Interface capturing methods
interFoam
> Challenging to capture the processes at the surface

m Hybrid models
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Air entrainment

oeo

State of the art

Subgrid models based on VoF

m Existing subgrid models based

on VoF
. Due to lack of grid
H irt (2003) [3] = _ resolution, the amount
of entrained air will be
[4] underestimated by the
Lopes (2017)* = VoF method
airInterFoam

https://openfoamwiki.net/index.php/Contrib/airInterFoam
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Air entrainment
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State of the art

interFoam
m Solves a single set of mass- and momentum equations

VU =0

opU
SC V- (pUU) = ~Vp' +g:xVp+ Vo7 + £

m interFoam uses a VOF method with a compression term to
capture the interface

Jda
5 TV (@) + V- [Ura(l —a)] =0

where U, = U, — U, is the relative velocity
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Air entrainment
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airInterFoam

airInterFoam

day

BT + V- (ugoy) —b-V-(1Vay) =S,
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Air entrainment
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airInterFoam

airInterFoam

(%zg

5 T V- (ugay) —b-V-(1nVa,) =S,

5= (e
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Air entrainment
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Air entrainment

[e]e]e] le]ele)

airInterFoam

airInterFoam

680;9 + V- (uy) —b-V-(nVay) =5,

5= (g

k> ke.,u> u,.

u, = u; +u,
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Air entrainment
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airInterFoam

airInterFoam

m o is calculated

m o is calculated independent of ¢,

ar=1—qa;—ay
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Air entrainment
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airInterFoam

airInterFoam

m Interacts with the aj-equation by reducing the
compression

fve::flux

(

—-fvc::flux(-phir, alpha2, alpharScheme),
alphal,

alpharScheme

)
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Air entrainment
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airInterFoam

Test cases

> Stepped spillway
> Hydraulic jump

(a) Stepped Spillway® (b) Hydraulic Jump®
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Air entrainment Stepped Spillway raulic Jump Conclusion References
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Stepped Spillway

growing turbulent ”Of;ae
boundary layer O, fareo,

inception point of
self-aeration

NN

Sketch taken from [6]
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Air entrainment Stepped Spillway ilic Jump Conclusion References

Stepped Spillway

Photos taken from [6]
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Stepped Spillway
ooe

Stepped Spillway

- 28 steps . . .
—_— Slope: 26.6 Inception point
—

H= —-—_.__ found
1.68m = experimentally
”/ - at 5th step edge

///
///
4

airInterFoam and the Flow3D-model has
been verified for this stepped spillway
* Inception point
* Surface elevation curve
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Stepped Spillway
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Inception point and surface elevation

growing turbulent ,70’7‘7@
boundary layer Oy, , "atso.
9.%,7

Inception point and surface elevation

6.
PN

inception point of
self-aeration

airInterFoam, k., = 0.2

?Sketch taken from [6]
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Stepped Spillway
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Inception point and surface elevation

Inception point and surface elevation

growing turbulent oy,
boundary layer

inception point of
self-aeration
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Stepped Spillway
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Inception point and surface elevation

Inception point and surface elevation
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boundary layer
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self-aeration
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Stepped Spillway
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Dependence on inputvariables

Dependent on inputvariables

NN

) ke = 0.2, Az = 0.005 ) ke = 0.2, Az = 0.0025
) ke =0, Az = 0.005 ) Az = 0.005, ug = u; + ur
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Stepped Spillway

Dependence on inputvariables

Inception point and surface elevation
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Stepped Spillway

ooe

Dependence on inputvariables

Inception point and surface elevation
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Stepped Spillway

Void fraction

Void fraction

Photos taken from [6]
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Hydraulic Jump
€000

Features

Hydraulic Jump

m Froude number, F'r = %

Sluice gate y

Upstream jet —»

Figure: Hydraulic jump

Sketch taken from (7]
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Hydraulic Jump
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Features

Hydraulic Jump

m Void fraction profiles
m Velocity profiles

m Free surface contour
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Hydraulic Jump
00®0

Features
Hydraulic Jump
m Void fraction profiles

m Velocity profiles
m Free surface contour

Figure: Hydraulic jump

Sketch taken from (7]
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Hydraulic Jump
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Features

Test Case

m Froude number 4.8
m Physical experiments by Murzyn® | reproduced by
Wittl’] using interFoam

Figure: Hydraulic jump

Sketch taken from [7]
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Hydraulic Jump
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RESTS

interFoam — reproduction

20
(X = Xtoe)td

(a) Current work , realizableKE

= o>

0
=5 (1] 5 10 15 20 25 30 35 40

(b) Witt (2015)[.71

Figure: Mean flow field for ;..
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Hydraulic Jump
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RESTS

interFoam — realizableKE vs k-¢

Toe placement = 20.0

x/d

realizableKE

Toe placement = 25.2

40
x1d

k-€
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Air entrainment pillway Hydraulic Jump Conc 1 Reference

RESTS

interFoam — k-¢

Toe placement = 25.2

40
x/d

Az =0.005

Toe placement = 25.2

40
x1d

Az = 0.0025
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Air entrainment oillway Hydraulic Jump Conclusion

RESTS
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Silje Kreken Almeland Numerical modelling of air entrainment 2019-11-20 32/35



Hydraulic Jump
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RESTS

Dependence on parameters

20 30 40 50 60

Ug = U + ur, ke =0.2
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Conclusion
°

Conclusion

m Using a local reduction in interface compression gave
some air entrained into the flow
m Gave results close to the experimental for prediction of

m Inception point

m Surface elevation curve

m Void fraction (at lower parts of the spillway)
m Sensitive to

m Grid refinement
® Input parameters

m Behavior of hydraulic jump sensitive to choice of
turbulence model
m too little air transported in lower parts and towards the end of the jump
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