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Problem Statement

e Abrasive WaterJet Cutting Nozzle

 AWIC Nozzle the first target of
abrasive particles

* Erosion difficult to capture through
experimentation
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Previous Work

* DEM+CFD coupling used
to identify erosion zones

* Particle impact velocity and
angle of attack ignored




Challenges and Goals

e Evaluation of erosion in AWIJC
Nozzle by DEM+CFD+FEM
coupling

e Using out of the box resources
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Methodology
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6-way DEM+CFD+FEM coupling
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6-way DEM+CFD+FEM coupling
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6-way DEM+CFD+FEM coupling
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6-way DEM+CFD+FEM coupling

Solves for . Solves for
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e  Add momentum source
with fvOptions orces
Displacemen
preCICE
Momentum source
Displacements
e Compute Drag & Buoyancy
force on particles .
XDEM e Compute source terms “l"l“
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Test-case setup

DEM with
XDEM
CFD with OF
heavy particles
1 m/s (50p/s)
Fluid flowing through a
channel .
10 m/s FEM with CCX
Deformable flap

light particles

1 m/s (50p/s)
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6way coupling OF + CCX +XDEM results:
rhoPimpleFoam
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Nozzle
case setup




Nozzle coupled simulation set-up

Fluid Part




Nozzle coupled simulation set-up

Fluid Part

Water Jet
Inlet = 300 m/s
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Nozzle coupled simulation set-up

Particle inlet Fluid Part

Water Jet
Inlet = 300 m/s




Nozzle coupled simulation set-up
Nozzle Solid part

Particle inlet Fluid Part

Water Jet
Inlet = 300 m/s




Nozzle
CFD results




Nozzle CFD results

Time: 0.000000

Water jet




Nozzle CFD results (waterjet)

Time: 0.000000




Nozzle CFD results (waterjet)

Time: 0.000005




Nozzle 2way
CFD+XDEM results




2way CFD+XDEM Nozzle test case
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i I
(1A
UNIVERSITE DU
LUXEMBOURG

Ji
+3=
||

. — / r X -

| N A
[\ KLY
+—t= ;
|1 ) |

|
J- h [{LY]
T ) G 1%
b ﬂ;\‘.‘f“z, 1]

- —
|
|
|

i
1
|
|

T
‘

—+

-~

T

D G

s
/

1l
T
|

t—— T+
i #IT% g

- | s

. vaTAmUT%vrAAA

Tt 4 4+

Nt ﬁA+

Steel particles




2way CFD+XDEM Nozzle test results
Time: 0.002476
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2way CFD+XDEM particle drop test results

“‘Bubble” particle
p=0.5 kg/m?3

Air
p=1 kg/m?

mmd

Water

3

Styrofoam particle
p=50 kg/m?

Steel particle
p=7850 kg/m?

UUUUUUUUUUUU
UUUUUUUUUU




2way CFD+XDEM
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2way CFD+XDEM particle drop test results

Air
p=1 kg/mj
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2way CFD+XDEM particle drop test results
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Nozzle 2way
XDEM+FEM results




Nozzle XDEM + CCX results

ime: 0.005090

Solid Nozzle
(CCX)
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Nozzle XDEM + CCX results
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Conclusions

* General 6-way coupling achieved

e Strong CFD to DEM coupling

* Weak DEM to CFD coupling

* Particle interaction with Air-Water interface incomplete
« DEM+FEM coupling working as expected
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Next Steps

* Particle effects in Transport and pressure equations
e Particle volume in CFD

* \Validation of CFD+XDEM coupling

* Erosion predictions and calculations inside Nozzle

* Vibrational analysis of Nozzle through FEM
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