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Particles transport model

Liguid C:as Bubbles Liguid Drropleis or Solid Pacticles
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Particles transport model

Lagrangean Model

The particles movement equations are solved. The trajectory of each particles can be
obtained

The particles concentration equation are solved at each time and each point of the
domain.
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Particles transport model

e Volumetric fraction of the disperse phase

_ i NiVyi
V

Op

® \/olumetric fraction of the continuous phase

af = (1 —ap)

e “Bulk density” of the disperse phase

*Og = OpPp
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Particles transport model

e “Bulk density” of the continuous phase
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Particles transport model

e “Mass loading” (relationship between the mass flow)

Qp Pp Up
1— C’ffp) Pr Uf

T

e Distance between the particle centers (cubic)
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Particles transport model

Flow classification

EHl Vo
Clp =— v

One-Way coupling: in this regime the influence of the 10—6
particle phase on the fluid flow may be neglected. Up <

. ing: i ' ' ' —6 -3
Two_Way coupling: in t_hls regime the mfluenc_e of the 10°° < ap <10
particle phase on the fluid flow needs to be considered.

four-Way coupling: in this regime additional interparticle 3
interactions such as collisions and fluid dynamic 0[P > 10
interactions between particles become important.
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Particles transport model

Flow classification

L Y13 SN, Vp,
. . . . m | ot
Fully coupled flow: in this regime inter-particle spacing =| ! oy ==
particles have influence on the flow and Dy 6ap )
. . . . 100 1EI 1
inteparticle interactions  are of et . —— .
importance.

Dilute Dispersed | Dense Dispersed
Two-Way coupled flow: in this regime Two-Phase Flow Two-Phase Flow

the influence of the particle phase on the
fluid flow needs to be accounted for.

v

\ 4

One-Way coupled flow: in this regime
the influence of the particle phase on the 1
fluid flow may be neglected.

1E-2 1F-7 1F-6 1F-5 1E-4 A1F-3 o001 01

volume fraction [-]

One way coupling will be considered for both models
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Particles transport model
BBO equation

Basset-Boussinesg-Oseen equation: It is a Newton equation for particle velocity. Different volumetric
forces are considered or modeled

dv — du 3P pd(v—u)
R U P TRV e ey

S — l —| l

Inertia force: Drag force: Basset force:

It takes into account the In most fluid-particle system the drag It is an additional force term that
acceleration of the carrier phase. force is dominating the particle motion. represents the effect of the previous
Only relevant if the fluid It represents the viscous friction history of the particle on its actual
acceleration is strong. exerted by the fluid on the particle. dynamics. It is usually neglected.

\ 4 \4

Added mass force:

Bouyancy force:
It is an additional force which
considers the fact that the fluid
surrounding the particle is also
accelerated.

It is the volumetric force associated
to the particle weight and the
correcponding lift due to pressure
action on the particle

p = fluid density pp = particle density u = fluid velocity v = particle velocity
D = particle diameter g = gravity acceleration C, = Drag coefficient.
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Particles transport model

Drag force

3p 3
I:Drag :ZBCD(H_\_/)‘Q _\_/‘ or |:D

C, Is the drag coefficient which is defined in
terms of the particle Reynolds number Re,

» for Re, < 0.5

24 M
CD = RCD l:Drag =18 F(g_\_/)
» for 0.5< Re, < 1000
24 - 71 24
cp=——(1+0.15 Rt | ==t
Cp Cp

» for 1000< Rep, < 250.000

C, ~0.44

www.simytec.com

rag :Z

U
Cp Re, F@ -V)

«

SIM&TEC

Simulacion y Tecnologia

s Measurement

Stokes

------ Standard Correlation

- - = - Newton

11



SIM&TEC

Simulacion y Tecnologia

«

Particles transport model

Drag force

Lagrangean formulation

BBO equation is solved for each particle.

Particle trajectories are determined as

consequence of BBO equation solution.

Drag, Buoyancy and Added mass forces are

considered.

Particle-wall collision are taken into account

Turbulence effect is introduced by means of a

random walk model.

www.simytec.com

Eulerean formulation

BBO equation is solved to determine particle terminal
velocity
Particle distribution is calculated by solving a transport

equation (particle trajectories are not calculated)

Inertial, Drag, Buoyancy and Added mass forces are

considered.

Particle-wall collisions are not considered in the

model

Turbulence effect is introduced by a diffusive in the

transport equation
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Particies transport model

Lagrangean particles transport

Turbulence is included with a discrete random walk model

Uu,=¢ /ﬁ Random particle velocity
- =\ 3

fi — Random number normally distributed between -1 and 1

Particle wall collisions
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The model allows t

LR ] vV

specular reflection

region which cannot be
reached by the particle
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Particles transport model
Lagrangean particles transport

Particle velocity is calculated from the contributions of a term resulting from the solution of the BBO equation and a

second term that takes into account turbulent fluctuations of the flow field.
\_/ = \_/BBO + \_/turb

BBO equation is solved for each particle using a backward Euler scheme

Particle velocity due to turbulent fluctuations is obtained with a discret random walk model. Two particles with same
initial conditions may have different trajectories. When many particles are considered, an effective diffusion results

from turbulence effects.

Taking into account both the mean velocity and the turbulent velocity, particle position is updated accoridng to

t+At t t+At/2 n+1 n
X =X +V At + /Aty (W —W ) -
A 2 BBO t \ L = vp = Cuk2€—1o.;1

where w is random variable with normal gaussian distribution
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Particles transport model

Lagrangean particles transport - particles localization

To know the fluid speed in the new particle position it is

necessary to know in which element the particle is

-1t is looked initially among the closest neighbors

-First, compare the particle position with the max and

min element coordinates (black dashed rectangle)

-Then, obtain the element natural coordinates (r,s) for
the particle position solving a nonlinear system

-If  -1<(r,s)<1 the particle is in the interior of the

element, if not other close elements are analyzed.
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Particles transport model

Lagrangean particles transport - model verification

Iron sphere falls into water

Analytical solution
1+ce™
v(t) =k
® 1-ce™ @ -
E
v.—k =
C= 0 D
v, +k ~
b CoAp
2 25
2 :VP(pP -p) g time [seq]
b o a)analytical ——a)model a b) analytical —— b) model
p= ZkV b Dp =0.01m Dp =0.02m
p(0p +Ca ) a) { p, =7870Kg/m°  b) {p, =7870Kg/m°
Vo=0.0m/s 0=0.5m/s
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Particles transport model

Lagrangean particles transport - model verification
time [seq]
Wooden sphere falls into water S A A A

Depth [cm]

25
30
35
40
B 3) experiment a) model A b) experiment
—b) model @ ) experiment —— c) model
Py <p Dp =0.0107m Dp =0.0269m Dp =0.0488m
V. 20 a){ p,=716Kg/m*  py{p, =711Kg/m*  c){ p, =727Kg/m’
0 Vo=7.74m/s Vo =8.09m/s Vo =8.21m/s
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Particles transport model
Eulerean particles transport - Equations
Mass conservation for particles 90 — ; ;
P 5 + V. (Cv)=0 where C is the mass fraction

Finite element formulation

» Isoparametric finite elements.
» Streamline Upwind Petrov Galerkin.

» Trapezoidal rule for time discretization

BBO equation used for particle terminal velocity
dv du 18 v —1u
Pogr ~ P e P8 T e =

www.simytec.com 18
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Particles transport model

Eulerean particles transport - Equations

» Terminal velocity including turbulent effects

du) 4 VC
yt=u+rp(g— dtuj—’; - T, = D*(p, — p)/18u

» Mass conservation eq. using expression for terminal velocity.

oC du du C, k?
E—FTPOV' (E) + (E+Tp£+’rpa)-VC=V- ( "—VC)

g4 €
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Particles transport model

Eulerean particles transport - Validation

Three cases where considered for a cylinder of height h and radius R. In all cases uniform initial
concentration C,and uniform turbulent viscosity m; were assumed.

» Example 1: Uniform velocity in axial direction (z) u0 with C=0 on z=0 and z=h

Increasing time oy —iL s v oor NN PN
S C = C, i S A LA B2 4+ =)0 )exp (=) sin(k
B ost—f N e k- b Ty LY m Ty P35 )sinlkm )
£ oe
o ¢ 2 -
3 0 = o= (ug+7g)" and = = (up — 7g)
§ 04 ;
2 L =2 (uy—7g) k.= mm/L
O o2l f- - s - R
0.0 FTEE T s . : ; : u
00 10 20 30 40 50 6.0 7.0 0

Dimensionless position
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Particles transport model

Eulerean particles transport - Validation

Three cases where considered for a cylinder of height h and radius R. In all cases uniform initial
concentration C,and uniform turbulent viscosity m; were assumed.

e Example 2: Uniform rotation with angular velocity W. with no flux on r=R.

o

Cn = Cyexp (—21‘&1%)

o o
o

o o ¢
X X

o

Dimensionless concentration
= T = NGO U SR
w

T T T 4
0.0 0.2 0.4 0.6 0.8 1.0

Dimensionless time
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Particles transport model

Eulerean particles transport - Validation

Three cases where considered for a cylinder of height h and radius R. In all cases uniform initial

concentration C,and uniform turbulent viscosity m; were assumed.

e Example 3: Fluid at rest. Pure diffusion with C=0 on r=R.

* - &

22 Zn
CD‘ - ch exp (_ 4] P; t) JO(T__R)

AT A SN Co = 2Co(zndi(za)) 7 f Jol€)ede
' : | 0

0.2 | ---Increasing time

Dimensionless concentration

00 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Dimensionless position

z, are the zeros of the Bessel functions Jg.
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Particles transport model

Axisymmetric homogenous diffusion in quiet liquid.

Lagrangian model

Increasing
ti

0.8 -
Initial condition. 06
04 —-——c————f AN~~~ ———————————
10—
7=0.0 02 -
I R VR & & S e e
0.0 9 — —
0.0 0.5 1.0 1.5 2.0 25 3.0
0.6
r/a
0.4 , Eulerian model
1.
C
0.2 10 dm——— Increasing
TS ti
0.0 e e ,,,rfa‘l,
a 1 7 3 081+ —— e ————Fp-———f -~
0.6 TR, \‘e\,“ Y
Analytical solution. O e S
2 a 2 P _ ,,,,,,,,,,,,,,,,,,
1 —-r -7 rz ° '
C(r,t)= exp j exp| — | I,| — |zdz
0.0 T . Se 2528888
2 Dt 4 Dt 0 4 Dt 2 Dt 0.0 0.5 1.0 1.5 2.0 25 3.0
r/a
www.simytec.com
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Particles transport model

Pulse of paticles injected in a mould

FC

0,01
In.nng 7
L 0.008 w

- 0.007
- 0.006
"L noos

- 0.00399949

0.0029999
Eulerian 0.0013433 Lagrangian

simulation 0.001 simulation
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Particles transport model

Pulse of paticles injected in a mould

1

T

pc
- 0.01

I 0.004
0.008

- n.oo¥

0,006
U nons
- 00029959

000295949
Eulerian 0012339 Lagrangian
simulation 0001

simulation

-
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Particles transport model

Dross movement in cincalume pot

The cincalum process generates a covering of
Zn-Al on a steel strip that circulates through a
melted alloy bath. The cincalum bath
generates unwanted particles named “dross

particles” that produce defects in the coating.

The lagrangean particle transport numerical
modelling is a a powerful and reliable tool for
simulating the movement and deposition of
this particles in order to analyze the influence

of the different operatives variables.
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