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Multiphase Flow

WE CHARACTERIZE FIBER RELATIVE
Labgratory 4

MOTION WITH TWO OBSERVABLES

University of Udine

RELATIVE TRANSLATIONAL MOTION RELATIVE ROTATIONAL MOTION

=> SLIP VELOCITY => SLIP SPIN

Ug,: fluid velocity “seen” ®g,: fluid angular velocity “seen”
u, : fiber velocity Q,: fiber angular velocity
Au=ug - u,: slip velocity Ad=0g,- 2, : slip spin

REFS: ZHAOETAL. (2014) PHYS FLUIDS, VOL 26, 063302
MARCHIOLI ET AL., J FLUID MECH, IN PREPARATION




NTNU

Multiphase Flow,
Laboratory .- 4

MOTIVATION: WHY ARE WE LOOKING
AT SLIP VELOCITY AND SPIN?

SLIP VELOCITY AND SPIN ARE CRUCIAL IN:

1. EULER-LAGRANGE SIMULATIONS:

e ONE-WAY COUPLING:. DETERMINE DRAG
AND TORQUE EXPERIENCED BY FIBERS

e TWO-WAY COUPLING. DETERMINE REACTION
FORCE/TORQUE FROM FIBERS ON FLUID

2. TWO-FLUID MODELING OF PARTICLE-LADEN
FLOWS

* MODELING SGS FIBER DYNAMICS IN LES
FLOW FIELDS Au=ug - u, : slip velocity

e (CROSSING TRAJECTORY EFFECTS ON TIME

Aw=wg,- Q,: slip spin
DECORRELATION TENSOR OF U

=> AIM OF THIS STUDY. STATISTICAL CHARACTERIZATION OF AU AND A® AT
VARYING FIBER INERTIA AND ELONGATION
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Multiphase Flow 8%  PROBLEM: DILUTE SUSPENSION OF

RIGID FIBERS IN TURBULENT CHANNEL
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FIBERS ARE MODELLED AS NON-DEFORMABLE PROLATE ELLIPSOIDS EVOLVING IN 3D
TIME-DEPENDENT FULLY-TURBULENT FLOW (E.G. MARCHIOLI ET AL, 2010)

A

Clockwise
vortex

ASSUME.
* FIBERS SMALLER THAN THE SMALLEST FLOW SCALE
> POINT-WISE
> STOKES REGIME
* DILUTE FLOW
> NO TURBULENCE
MODULATION z=h
> NO COLLISIONS

-sweep

No-slip Walls

z=-h

FLOW SOLVER:

ou;
OX;

TIME-DEPENDENT 3D TURBULENT FLOW
ou; oug 1 *u;p  ap

= —Uj— + ———+ 04

CHANNEL SIZE: L, X L, X L, = 4nh X 2rnh X 2h or 05 Rec oxp 0xi

PSEUDO-SPECTRAL DNS: FOURIER MODES (1D FFT) IN THE HOMOGENEOUS DIRECTIONS,
CHEBYSHEVY COEFFICIENTS IN THE WALL-NORMAL. DIRECTION

TIME INTEGRATION: ADAMS-BASHFORTH (CONVECTIVE TERMS), CRANK-NICOLSON (VISCOUS TERMS)
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MODELLING APPROACH.:

Multiphase Flow,

FIBER TRACKING
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Multiphase Flow PROBLEM: DILUTE SUSPENSION OF

{ RIGID FIBERS IN TURBULENT CHANNEL

SIMULATION PARAMETERS:

* FLUID Re; | Fluid | pp [kg/m?) | v [m*/s] | hlem] | ur [m/s] | uz [m/s]

150 | Air 1.3 1.57-107° | 2.0 | 0.11775 1.77

150 | Water 1000 1.00-107° 0.5 0.03000 0.45

e PARTICLES Set St N S 2b* (um) (kg/m?)
Fl-1 1 1.001 34.72 0.72 96.07 45.14

F1-3 1 3 18.57 2.16 287.93 24.14

F1-10 1 10 11.54 7.20 960.09 15.01

F1-50 1 50 7.54 36.00 4800.01 9.80

F5-1 5 1.001 173.60 0.72 96.07 225.68

F5-3 5 3 92.90 2.16 287.93 120.77

F5-10 5 10 57.70 7.20 960.09 75.01

F5-50 5 50 37.69 36.00 4800.01 49.00

28a2 F30-1 30 1.001 1041.70 0.72 96.07 1354.21

St -~ f(ﬂ‘) F30-3 30 3 557.10 2.16 287.93 724.23

9V F30-10 30 10 346.30 7.20 960.09 450.19

F30-50 30 50 226.15 36.00 4800.01 294.00

[~ 2 F100-1 100 1.001 3472.33 0.72 96.07 4514.03

f(ﬂ/) — }\‘ln(}\‘_i_ )\‘ _1) F100-3 100 3 1857.00 2.16 287.93 2414.10
}\‘2 _1 F100-10 100 10 1154.33 7.20 960.09 1500.63

F100-50 100 50 753.83 36.00 4800.01 979.98
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Multiphase Flow

RESULTS:. NEAR-WALL FIBER
e i PREFERENTIAL DISTRIBUTION

TOP VIEW: FIBERS ACCUMULATE IN FLUID LOW-SPEED STREAKS

Slip velocity at fiber position:

BT [ 7T 7 [ [ TN

-0.20 -0.16 -0.12 -0.07 -0.03 0.01 0.0S 0.09 0.14 0.18

800

600

400

200

Streamwise fluid velocity fluctuations, u’(x,y)

500 1000 1500
X

Sample snapshot for Z'+=30, A=50 fibers
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RESULTS: USING SLIP VELOCITY TO

Multiphase Flow

Y EXAMINE FIBER ACCUMULATION IN LS¢

University of Udine

EFFECT OF FIBER ELONGATION ON CONDITIONED PDF(U.’) — ST=30

0.035 | ' Au,>0 - =50
0.03 | AUX<O |
0.025 r \ Negative slip |
= 002} x Positive slip
: 4
O 0015 |
0.01 ¢
0.005
0

THE INFLUENCE OF A IS NOT DRAMATIC: ONLY A CHANGE IN THE

PEAK VALUES IS OBSERVED (NO PDF SHAPE CHANGE)
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RESULTS: USING SLIP VELOCITY TO

Multiphase Flow

Y EXAMINE FIBER ACCUMULATION IN LS

EFFECT OF FIBER INERTIA ON CONDITIONED PDF(U.")

0.035 . .

Au,>0 St=100

AU <O

0.03

Negative slip i

/ Positive slip

0.025

0.02

0.015

PDF(uy)

0.01

0.005

0

SIGNIFICANT PDF SHAPE CHANGE WITH CURVE “INVERSION”

BETWEEN St=5 AND St=30
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Multiphase Flow s RESULTS. STREAMWISE SLIP

{ VELOCITY - MEAN AND RMS VALUES
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Multiphase Flow 8ty RESULTS. VWALL-NORMAL SLIP

. & \/EL.OCITY - MEAN AND RMS VALUES
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Multiphase Flow RESULTS. SPANWISE SLIP

SPIN - MEAN VALUES

7 University of Udine
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RESULTS. SPANWISE SLIP SPIN -
CORRELATION W WALL-NORMAL. VEL.

100 gy — -

Multiphase Flow

iversity of Udine

A
| bt i1

04

0.2

-0.2

-04

-0.6 -04 -0.2 0 0.2 0.4 0.6 -0.5 0 0.5

Wp Wp
SPANWISE SLIP SPIN A®, VERSUS FIBER WALL-NORMAL VELOCITY W, CONDITIONALLY
SAMPLED AT THE POSITION OF THE ST= 100 FIBERS IN THE REGION 10<z+ <30
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RESULTS. SPANWISE SLIP

SPIN - RMS VALUES
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Multiphase Flow 8%  RESULTS. SPANWISE SLIP SPIN

VS STREAMWISE SLIP VELOCITY
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-2 0 2 -2 0 2
Au, Au

SPANWISE SLIP SPIN Aw, VERSUS STREAMWISE SLIP VELOCITY au, CONDITIONALLY
SAMPLED AT THE POSITION OF THE ST=30 FIBERS IN THE VISCOUS REGION 3<Z+ <7,
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CONCLUDING REMARKS
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SLIP VELOCITY AND SPIN ARE USEFUL MEASURES OF FIBERS-TURBULENCE
INTERACTION IN WALL-BOUNDED FLOWS: THEIR STATISTICS PROVIDE USEFUL
INDICATIONS FOR MODELING TURBULENT FIBER DISPERSION

SLIP VELOCITY STATISTICS DEPEND BOTH ON FIBER ELONGATION
(QUANTITATIVELY) AND FIBER INERTIA (ALSO QUALITATIVELY!)

RMS EXCEEDS THE CORRESPONDING MEAN VALUE BY ROUGHLY 3 TO 5 TIMES:
THE INSTANTANEOUS SLIP VELOCITY MAY THUS FREQUENTLY CHANGE SIGN

SLIP SPIN IS SIGNIFICANTLY | | | |
INFLUENCED BY FIBER ELONGATION . T

(“MORE” THAN THE SLIP VELOCITY) BUT IS S-S S
INERTIA HAS A RELATIVELY WEAK EFFECT » N~ v T
ON IT (“LESS” THAN THE SLIP VELOCITY) ST SRS S S S S S— —
THE TWO QUANTITIES SEEM CORRELATED —' N \
ONLY FOR SMALL INERTIA (BOTH j 3 -
TRANSLATIONAL AND ROTATIONAL) ‘T"" _______ S~
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