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We simulated both flat and scalloped ice—water interfaces using 3D structured /f---f-”""‘Hun_""'“*-w o
meshes (54k-640k cells). The scalloped geometry reproduces laboratory \_  simuation / Formation of recirculating dipole vortices inside troughs. Strong
experiments with asymmetric crests and troughs. The Navier-Stokes equations T near-wall shear and secondary circulation zones enhancing mixing.
with heat transfer were solved using the finite volume method in OpenFOAM. Results Vorticity generation and its spatial expansion above scalloped

Turbulence was modeled with LES to resolve vortical structures near the : - .
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interface. Boundary Conditions: Inlet: fixed velocity & temperature, Outlet & top: Temperature contours reveal stronger thermal gradients above y 2

atmospheric pressure, Bottom & walls: no-slip condition, Mesh sensitivity tests Scalloped surfaces. Velocity magnitude plots show higher near- turbulence melt coupling.

confirmed convergence and physical accuracy. Algorithm: The PIMPLE/SIMPLE Wall shear and reverse flow zones absent in flat cases. 30 —
algorithm ensured stable velocity—pressure coupling with adaptive time-stepping. 73 60001 30 73 60001 \
Simulation Goals: Compare flat vs. scalloped melt rates, Identify vortex |7 o |2 ~ 20 \ 20 0.
formation mechanisms, Quantify phase lag between, turbulence production and 17 £ 1~ E \ \mw (w/s)
. . ] . 271 ~ 10 271 ~— 0 0.025(S ")
melting peaks The flowchart and mesh diagrams below summarize the numerical . - N 19 N
setup and solution workflow. ’!’69.60{}01 %0 20 30 4050 60 269.60001 ‘ ﬁ
Ot Outlet — 2?3;0001 2?3.?0001 ]
Inlet Outlet| | 8.1 D Inlet Outlet| 1 | |
1.78 D 1" -
I o I 271 271
D B D § 270 j 270
l 16.2 D —— 10 269.60001 O 0 10 20 30 40 50 6o 269.60001
SHHH i :ii i_ s il‘ | X (mm)
» e Lg i U Magaitude U Magaitude
= L i 2 :
y/z 0.5 : i y/z 0.54 %% i . .
i R i = 0.2 0.2
£
= I0.1 Iﬂ-l
0+ . 0
0 1 2 0 1 2 I I
X/7 X/7 0 0
X (mm)
e T I
. | - : - Acknowledgement
..... : |
X 01 I°-1 This research was supported by the National Science Foundation
zi-x !, 0 10 20 3 4 50 e 0 under Grant No. 2322222. The authors gratefully acknowledge the
’ 0 10 20 30 40 50 60 X (mm)
. X (mm)

Scalloped Flat NSF's support in enabling this work.



	Slide 1

