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Lattice Boltzmann method for the 
numerical simulations of the melting 

and floating of ice



Motivations and methods

Notes: 

An ice in an open 
channel flow

• A free surface flow
• A heat transport (transfer)
• Liquid-solid phase transitions
• A moving body 

Thermal – Free surface – immersed boundary – lattice Boltzmann method

Free surface flow modeling
Heat transfer and phase 

change modeling
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2D Numerical model (T-FS-IB-LBM)

Notes: T-FS-IB-LBM  is Thermal – Free surface – Immersed Boundary – LBM
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The discretized LBE for fluid flow: The discretized LBE for scalar field:



2D Numerical model (T-FS-IB-LBM)

Notes: Liquid fraction defines if cell is liquid (water) or solid (ice) phases. 
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Macroscopic variables for fluid flow: Macroscopic variables for heat transport:

ρ= 

i=0

8

fi and ρu= 

i=0

8

cifi +
F∆t

2
θ = 

i=0

8

gi , T=
Tmax−Tmelt
θmax−θmelt

θ−θmelt +Tmelt

lf x =

1 for En>Ens+Lh=Enl
0 for En<Ens=cpθmelt

En−Ens
Enl−Ens

for Ens≤En≤Ens+Lh

gR = g
∆x

∆tf
2
and αR

ice = αice
∆x2

∆th
2

FR = FL =
u0
gL

αwater = ν/Pr

Liquid fraction:

Some relations:



2D Numerical model (T-FS-IB-LBM)

Notes: DF – Distribution Function, BC – Boundary Condition
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Example of free surface transformation and free-surface boundary condition

𝜕𝑚

𝜕𝑡
+ 𝐮 ∙ 𝛻𝑚 = 0 →→ 𝑚 𝐱, 𝑡 + ∆𝑡 = 𝑚 𝐱, 𝑡 + 

𝑖=1

8

∆𝑚𝑖 𝐱, 𝑡 + ∆𝑡

∆𝑚𝑖 𝐱, 𝑡 + ∆𝑡 = (𝑓  𝑖 𝐱 + 𝐜𝑖 , 𝑡 − 𝑓𝑖 𝐱 )
𝜖 𝐱 + ∆𝑡𝐜𝑖 , 𝑡 + 𝜖(𝐱, 𝑡)

2

𝑚 𝐱 + ∆𝑡𝒄𝑖 = 𝑚 𝐱 + ∆𝑡𝐜𝑖 +𝑚
𝑒𝑥
𝜂𝑖
𝜂𝑡𝑜𝑡𝑎𝑙

𝑓  𝑖
′ 𝐱, 𝑡 + ∆𝑡 = 𝑓𝑖

𝑒𝑞
𝜌𝐴, 𝐮 + 𝑓  𝑖

𝑒𝑞
𝜌𝐴, 𝐮 − 𝑓𝑖 𝐱, 𝑡Boundary condition:

Mass evaluation:



2D Numerical model (T-FS-IB-LBM)

Notes: Eq. (20) is the Force and Torque formulas in this slide.
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Time-dependent arbitrary shaped floating body

• A shape is arbitrary
• A shape changes 

over time
• A body has 

physical properties
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2D Numerical code (T-FS-IB-LBM)

Notes: Not so efficient Fortran 77 code.
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Free surface module

Heat transport module



𝑋 𝑡 = 2𝜒 𝛼𝑅
𝑤𝑎𝑡𝑒𝑟𝑡

𝑇 𝑥, 𝑡 = 𝑇𝑚𝑎𝑥 − 𝑇𝑚𝑎𝑥 −𝑇𝑚𝑒𝑙𝑡
𝑒𝑟𝑓  𝑥 2 𝛼𝑅

𝑤𝑎𝑡𝑒𝑟𝑡

𝑒𝑟𝑓 𝜒

𝜒𝑒𝜒
2
𝑒𝑟𝑓 𝜒 =

𝑆𝑡

𝜋

An ice slabThot

1.0    3.0     5.0              9.0

10 cm

Validation for phase change

Notes: The results are not included in the paper.
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1D Stefan problem



Validation for free surface flows

Notes: The results are not included in the paper.
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Dam break problem with wet bed



Validation for free surface flows

Notes: The results are not included in the paper.
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Dam break problem with wet bed

Time evolution of water-front position 
(X*) in experiment and numerical tests at 
dimensionless time T*

Time evolution of water level at control point A 
and B in experimental and numerical tests



Validation for ice melting in FS flows

Notes: The results are not included in the paper. FS – free surface
11/17

Ice cube melting by poured water

Melting 
front 
comparison

Numerically 
defined 
temperature
field Data: 4.5 cm cube ice with -

30°C , 30°C pouring water, 
25°C ambient air,



Melting of motionless ice in FS flow

Notes:
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Melting of motionless ice in FS flow

Notes:
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Initial temperatures
𝑇𝑖𝑐𝑒 = −30℃
𝑇𝑤𝑎𝑡 = 30℃
𝑇𝑎𝑖𝑟 = 20℃

Some facts:
ℎ𝑐 = 648 − 1188
W𝐾−1𝑚−2

𝑀𝑟𝑎𝑡𝑒 ≈ 42 𝑘𝑔/𝑚𝑖𝑛



Melting of motionless ice in FS flow

Notes:
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Nappe flow plays an important 
role in melting of ice bed. 

Therefore heat transfer and 
phase changes are strongly 
induced by flow velocity in 

open channel flow. 

Some 
parameters:
∆x = 2.5e−3 m
∆t = 5.41e−3 s
Pr = 11.59
Ra = 105

Fr = 0.13



Floating of an ice cylinder
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Displacement                      Temperature field and Flow field 

Notes: Ra = 104, D = 3 cm, Tice = -25°C, Twat = 30°C, 
∆𝑥 = 10−3 m,  ∆𝑡 = 4.57 × 10−5 s



Floating of an ice cylinder

Notes: Ra = 104, D = 3 cm, Tice = -25°C, Twat = 30°C, 
∆𝑥 = 10−3 m,  ∆𝑡 = 4.57 × 10−5 s 16/17

Velocity field                       Temperature field



Conclusions and Future works

Notes: In logo, ice, sediment, free surface are depicted.  Contact: ayur_426@yahoo.com
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• Thermal – Free surface – Immersed boundary – lattice Boltzmann method
• Liquid-solid phase transitions
• Time-dependent arbitrary shaped floating or immersed bodies
• LBM is applicable for hydraulics problem (All in 1 LBM concept)

‽ 3D numerical model and parallelization
‽ Multi-body interactions
‽ More validations

My future work is
‽ to find a postdoc position in near future.
(I am persistent but not yet  highly qualified)


