Study on flow of solid particles In solid-liquid two phase flow
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Introduction

In the case of the granular flow Difference in flow situation
It is important to transport objects smoothly in improving the Ty e -Funnel flow- -Mass flow- -Funnel tflow- || -Mass flow-
efficiency of the production process. The transportation of objects A Ak 4 * ' R |

stagnate in the abrupt contraction point. In order to avoid this problem,
there Is a method to set an obstacle in front of the abrupt contraction
point. However, no such a method has been reported for solid-liquid
two phase flow. We think that there Is “specific obstacle effect” on
solid-liquid two phase flow unlike an obstacle effect on granular flow
with regard to flow situation. The purpose of this research is verifying
the effect of mitigation of the stagnation of particles by an obstacle in
front of the orifice on solid-liquid two phase flow by numerical
simulation and experiment.
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Numerical Simulation (DEM-DNS: SNAP-F4%)

Particl Governing equation
Obstacle article > Fluid field | solvent | > Motion of particle (VP=V + w Xr)
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T<, X t: Time, v: Velocity, p: Density, p: Pressure, u: Viscosity, || m: Mass, V: Translational velocity, F¢: Contact force,
, D: Pressure gradient vector, ®: Volume fraction of solid || F": Hydrodynamic force, I: Moment of inertia, w: Angular
phase, a: Acceleration vector associated with the velocity || velocity, T¢: Contact torque, T": Hydrodynamic torque,
of particles on the grid, vP: Particle velocity || @P: The volume fraction of the particle, whose sum is @
1 Condition 1 Result: The average rejection rate of particle AR [%6] -1 Consideration: Regularity?
Sampling number [-] | 4¢ []
Nomenclature Value AR =—— [ R(t"Vdt* — —— [ R.vr. (") dt* - > @ =5 [vol%o]
Maximum Reynolds number, Remax [-]” |= Af*f (&) At*f abs. (") D =3d 10 18.7 os -
Concentration (Dg [VO|%] 5 10. 15 [Rabs_(t*): The rejection rate of particle at absence of obstacle [%]: D =4d 10 26.5 '\3' _|_/D:()_37§ / D=4d
) C ) ) o i i
Distance of obstacle-orifice, L [m] 1d, 1.5d, 2d, 3d Orifice diameter: D=3d Orifice diameter: D=4d ;"10] \'\:./_/'\
Diameter of orifice, D [m] 3d, 4d 25 — 8 —— o [ LD=033 ! D=3d
* Use maximum velocity when particle and obstacle are absent; v,__ 20l —+— O =15 [vol% 5 —— =15 [vol%] — 20} \
A le of th It: Flow situati d R(t) - ©=10{volbe, | o ©=10 [volh % ' ’
i N eXxample o e result: FIow Situation an I_I:I_5- _ a0 _ i ® = 5 [vol% | ; | | |
(Condition: ® = 10 [vol%], D=3d) V" = Vo N || 2 = 0= 5 [vol¥)] || /= 4 Il 0—=%72 02 06 08 1
= 10} *Intermittent flow | || = , | L/ D[]
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: Distance of obstacle-orifice; L [m] Distance of obstacle-orifice; L [m] E _ D=4
Absence of obstacle Presence of obstacle : . . : ~ -207 .
. 1 Consideration: Why does the rejection rate of particle decrease? . L . .
>Evaluation method 02 04 06 08 1
£\ Nout(t™) 1 Streamline and distribution of pressure 1 Streamline curvature theorem® L/ D]J-
R(t*) =|(1 — ) X100 [%]
Min (") o Stream line > @ = 15 [vol%0o]
R(t*): Rejection rate of particles [%], ni (t"): The number of /'\ 5 30 : :
[inflow particles [-], n..(t*): The number of outflow particles [-] ] ~—X 9p__pv L 6ol . L/ID=0.37 |
o :/ L i
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o —— Absence of obstacle |R_i Safjtlus of ClurvaiUfe o ol Dedg
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| Pressure: Low L/ D [_]
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i : — 0
0 - - - - - Induce pressure gradient When (Ds_lO [VOI /0]
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Experiment —
Condition 1 Result: Flow situation of particles and At [90]
| Experimental equipment ifiow
p q p 150 We use polystyrene particles and Water’ packing of Flow situation of partics of 2 [S] after te Start of the exe.riment
Unit: mm — , 01(Fd) particles is the closest packing. = | ol
A Elow 2 ©©°° Nomenclature Value Particle
o> O — Dl 5 Particle diameter, d [m] 6.0 X103 ,
Z | Density [Kg/m3] 1.8 103 oom
: . : : : | the areafis? .o M ool LD g N
L0 Openingl | ; e i e .
'S  gate ~ | i Nomenclature Value Initial state Absence L=2d L.=3d L=4d L=5d L=6d
| U Number of packed particle [[] |1985 15
Orifice ; | | - = | :
OI AN A Hight of packed particle [m] |4.15x 10 Initial state > Evaluation method 10t } Decrease of 4¢ys10w
N~ : ') ' X |
vy | = | . Nomenclature Value __t—taps. oLl 3 S
Lér)? i e | | o> § Maximum Reynolds number, Re., [-] ~23000 Atoutflow tabs. x100 [/0] g 0 . :
- YOy v A Diameter of obstacle, D, [m] 3d S5
IR i | 9 : - ( \
Y g\P/} ----------------- D @ f\r]I Distance of obstacle-orifice, L [m] 2d, 3d, 4d, 5d, 6d Attion: The reduction rate of outflow time [%] | -10F
_ Diameter of orifice, D [m] Ad t: Outflow tlm(_a of presence of obstacle [s] 15— . . . .
- - t,.. . Outflow t fab f obstacl 2d 3d 4d 5d 6d
Front view Slde VIEW * Use maximum velocity when particle and obstacle are absent; v__. || s OUloW Time of absence of abstacte ] ’ Distance of obstacle-orifice; L
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Conclusion

* In the numerical simulation and experiment, it was verified that an obstacle in front of the orifice had the effect of flow promotion of particles on
solid-liquid two phase flow, unlike the obstacle effect on granular flow.

- Result of numerical simulation and experiment show that there Is the optimum situation of the obstacle effect in solid-liquid two phase flow.

- The numerical simulation shows that the obstacle induces pressure gradient by streamline curvature.

- The numerical simulation result shows that the optimum distance of obstacle is L=0.5D to promote flow of particles in solid-liquid two phase flow

of ®.=10 vol%.
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