
Cylinders made of a few 
million live cells 

Tubular tissue construct

Lattice-Boltzmann model 
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Perspectives 
 
Ø  Viscoelastic behavior; 
Ø  Cell division and cell death. 

Cell cylinder printing5  vs. LB simulations6 How does  a printing defect evolve?6 
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Differential Adhesion Hypothesis (DAH)1: 
cells seek partners to interact with 
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Lattice Boltzmann model using flux limiters3 

(for two species) 

Tissue fusion is essential in developmental biology and tissue  
engineering 

The time constant of fusion is proportional to the relaxation time and 
should be set in relation with the known values of viscosity  and 
surface tension 4 

Lattice Boltzmann (LB) simulations of droplet fusion4: 
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Lattice Boltzmann simulations of artificial 
morphogenesis in tissue engineering systems  

In vitro, aggregates of Chinese Hamster Ovary (CHO) cells fuse 2 

LB simulation time 
step corresponds to 

about 5.184 seconds 
in experiment. 

the contact area describes 
the rate of fusion 

MCD	  flux	  limiter	  scheme	  

Flux	  limiter	  terms	  

Force	  term	  BGK	  collision	  term	  

Bioprinted tissue constructs simulated by the Lattice Boltzmann method 5

Here cσ =
√

(kBT/χmσ) is the thermal velocity of particles of the species σ, kB is

Boltzmann’s constant, T is the absolute temperature, mσ is the mass of a particle of

species σ, and χ = 1/3 is a characteristic constant of the D2Q9 model (whose acronym

stands for a 2D model with nine velocity vectors).

The equations of evolution of the discretized distribution functions fσ
i = fσ

i (r, t),

i = 0, . . . 8, are given by

∂tf
σ
i +eσi ·∇fσ

i = −
1

τσ
[fσ

i − fσ,eq
i ] +

Fσ(r, t)

mσχ (cσ)2
· [ eσi − u(r, t) ] fσ,eq

i ,(2)

where u is the barycentric velocity, and fσ,eq
i are the equilibrium distribution functions

[32, 33]:
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In equation (3) wi denote the weight coefficients,
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On the right hand side of equation (2), the first term is the collision term, linearized

in the Bhatnagar-Gross-Krook (BGK) approximation [34], written in terms of the
relaxation times τσ of the two particle species (σ = 0, 1), whereas the second term

is the force term.

We use the interaction parameters ωσλ (σ = 0, 1 and λ = 0, 1) to describe the

forces of interaction between particles of species σ and λ. We express them in terms of

a single interaction parameter, ω:

ω00 = ω11 = 0 (5)

ω01 = ω10 = ω. (6)

and write the force Fσ that acts on a particle of species σ as

Fσ = −
∑

λ

ωσλ ∇Xλ + κ∇ (∇2Xλ), (7)

where Xσ(r, t) = nσ /(n0 + n1 ) is the mole fraction of the particle species σ.

The model of ref. [20] included only the first term of eq. (7); the second term

describes surface tension via the model parameter κ. For a flat interface, the link

between the surface tension γ and the parameter κ is given by [35, 36]:

γ = κ

∫ +∞

−∞

(

∂n

∂z

)2

dz. (8)

Mass and momentum conservation equations are recovered from eq. (2) by using the

standard Chapman-Enskog procedure up to second order with respect to the Knudsen

number Kn = cτσ/L , where L denotes the non-dimensionalized system length [37, 38].


