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HUNTER ROUSE EXPERIMENTS (ICTAM 1938)

[: grid spacing (m)

f: oscillation freq. (Hz)
w’ = [f: vel . fluc. (m/s)

S, = Schmidt number

W, = settling velocity

Fig.1l General view of experimental apparatus,

Nominal Settling | Reynolds
dlameter d Hlse range BiBve meak velocity number
1/4% rm 351 -~ 246 wm| 42 -= 30 | 3.69 cm/s 11,0
1/8 mm 175 -- 128 wm | 80 -- 115] 1.7% ecm/s 2.6
1/16 mm .088 -~ .061 mm| 170 -- 250} 0.675 cm/s 0.5
1/32 wm L053 -« L037 mm ———— 0.131 cm/s 0.06
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HUNTER ROUSE EXPERIMENTS (ICTAM 1938)

Reynolds-averaged Mass balance: —W.c+ w'c’'=0
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OPEN-CHANNEL FLOWS
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Data from open-channel flow experiments collected by Lyn (2008)
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Eulerian-Eulerian two-phase flow equations

Local mass & momentum conservation for a fluid-particle mixture
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Local spatial averaging
Jackson (2000)
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Fluid phase mass and momentum equations

Solid phase mass and momentum equations
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Favre-averaged two-phase flow equations

—F (U -y =5 (puP)

N
 Ensemble averaging: (¢) = lim » ¢, Favre-averaged velocity /" - — -
* k=1 —

e Favre-averaged two-phase flow equations:

o{€) Ry, <€>'L7f — 0 Effective fluid stress
ot | Viscous effects ~ negligible
a € Fl;j-; :} :} - — f —> — N N
p! <6>t | V((e)uf ®uf> =—pr<(€)Auf®Auf)—Vp+V-Tf—(nf)+(€)pfg
\
. Reynolds-like stresses Fluid-particle interaction
NP | v ~P\ _ y o o
Y | <¢> U =0 Mixing length, k- or LES rag + Buoyancy + dispersion
~p
0 P —r  —p — _ S . ~
o | 2 v (<¢> 7 ® up”) —— V(AT @B ) =V + V- Tt () + ()78

!

Granular stresses

1(I) or Kinetic theory of granular flows

($)

S



Experiments with
Glass Beads

Kiger & Pan (2002)

Two-fluid suspended-load simulation
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dp/M - 3.9
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Two-fluid suspended-load simulation
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Two-fluid suspended-load simulation

Glass beads experiments : Kiger & Pan (2002)
» Re, = 10 » Re,=48 » $=231x10"*
» Re_ = 560 » St =3.2
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Mathieu et al. (JFM 2021)



Two-fluid suspended-load simulation

1.0
O  Exp. Glass beads experiments : Kiger & Pan (2002)
m= T F. model + Re, = 10* » Re,=4.8 » ¢ =231x10"*
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Contour of ¢ Q criterion

. Mathieu et al. (JFM 2021)



Two-fluid suspended-load simulation

O  Exp. Glass beads experiments : Kiger & Pan (2002)
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() € Hypothesis
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0.4 suspended-load T o

Mathieu et al. (JFM 2021)



Log(E(K))

Finite-size correction model for two-fluid LES

Finite-size particles

Turbulent
scales seen by
the particles
production dissipation
Bt | — » Log(K)
L dp ?7
L > dp > 7

Mathieu et al. (JFM 2021)



Finite-size correction model for two-fluid LES

Finite-size particles
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Spatial scales forcing the particles dynamics are filtered

= Only turbulent structures larger than particle size do contribute to their advection

Qureshi et al. (2007) ; Mathieu et al. (JFM 2021)



Finite-size correction model for two-fluid LES

Finite-size particles

Log(E(K) A Drag force:
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Not valid anymore

Spatial scales forcing the particles dynamics are filtered

= Only turbulent structures larger than particle size do contribute to their advection

Qureshi et al. (2007) ; Mathieu et al. (JFM 2021)



Finite-size correction model for two-fluid LES

Finite-size particles

Log(E(K)) A Spatial filter:
Viscosity seen
by the particles
Turbulent N
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ductior . E Ji<sipati
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Eddies smaller than dp modify the particle response time by
increasing the viscosity “seen” by the particles

Gorokhovski & Zamansky (2018)
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A =2d,

Kidanemariam et al. (NJP 2013)

Mathieu et al. (JFM 2021)



Finite-size correction model for two-fluid LES

Finite-size particles s

Log(E(K)) A Spatial filter: A = 2d,

Viscosity seen Kidanemariam et al. (NJP 2013)
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Filtered particle relaxation time

Eddies smaller than dp modify the particle response time by
increasing the viscosity “seen” by the particles Py u ~ t
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> Effective turbulent viscosity at the particle scale: v, ~ u; d, ~ &,"d)"”

Gorokhovski & Zamansky (2018) o Mathieu et al. (JEM 2021)



Finite-size correction model for two-fluid LES

1.0
O  Exp.
— = T.F. model
()8 . = T.F. model (FS)
\o
\o
0.6 \
£ | N
~N \
()2 4
(). 2"
(a)
0.0+ — . —
10— 102 10" 10
(@) /Do
RO
C Z?‘ . . . WS
Eqn (5.10): — = (—) with Prandtl mixing length: ¢, = x = z and R, = the Rouse number
C, < K Ux

10 Mathieu et al. (JFM 2021)



Finite-size correction model for two-fluid LES
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Natural sand

Experiments: Muste et al. (2005)
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Mathieu et al. (JFM 2021)
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Finite-size correction model for two-fluid LES

Natural sand
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Fully-resolved DNS

1.0 DNS: Kidanemariam et al. (2013)
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Mathieu et al. (JFM 2021)
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Finite-size correction model for two-fluid LES

Natural sand
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1.0 DNS: Kidanemariam et al. (2013)
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Fully-resolved DNS

Finite-size effects increase suspended load concentration <¢> / ¢O

Mathieu et al. (JFM 2021)
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WHAT COULD EXPLAIN S, < 1 2

[
d
Sediment mass balance: W) + ; f;b) 0
c ay

S.<1=W,|
The turbulent Schmidt number is not smaller than unity

BUT
settling velocity is reduced due to finite-size effects

Other evidence of settling retardation are presented in Chauchat et al. (PRF 2022)



Conclusions

Finite size effects on suspended-load
= They are significant for medium sand particles
= They can be modeled using a sub grid scale viscosity in the drag force

= They might explain why the turbulent Schmidt number has been taken as Sc < 1

Perspectives

m» Extent the approach to larger size ratios: dp/ n> 10

= Apply the two-fluid LES to wave-driven sand transport and ripples formation
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