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ABSTRACT

Sanga Reddy Peerreddy, MSME, Purdue University, May, 2002. Modehng Particle-
Laden Viscous Flows using an Eulerian-Lagrangian Approach. = Major Professor
Prof. Carl R. Wassgren, School of Mechanical Engineering.

This thes1s descnbes ‘the methodology and results from computer s1mulatrons of o

two—d1mensrona1 laminar, partmle laden viscous ﬂow in Couette and lid-driven cav—

ity geometrles The computer s1mulatlons ut1l1ze the Eulerlan-Lagranglan modehng_,_

'approach where particle states. are. modeled using the d1screte element method (a-’-

Lagrangian: techmque) and the fluid state is determined by solving the Navrer—Stokes'
equations using a control volume approach {an Eulerran techmque) Couplmg between' _
the solid and fluid components occurs through momentum exchange and volume frac-
tion effects. o |

. Measurements of the wall shear stresses and velocity .and--solid fraction profiles
are made for a range of flow parameters in the Couette flow slmulations. ‘The wall |
shea.r stress trends observed in the simulations are sirilar to the expenmental results
reported by Bagnold (1954) The s1mu1atlons mdlcate that the- trans1t1on from the
Inacro—wscous to the graan -inertia regime occurs prrmanly a result of an increase in -
the partlcle wall stresses and not due to the partlcle mﬂuence on the: ﬂu1d phase Ve-' )

loc1ty grad1ents in both the ﬂuld and sohd phases at the channel center mcrease and ‘_

partlcles are more umformly d1str1buted thh decreasmg Bagnold numher Contra.ry

to Bagnold’s observatlons the srmulatmns showed that at a g1ven Bagnold number, _
the dlmensronless wall- shear stress is dependent on the channel wall veloc1ty, cha.n—
nel gap w1dth the solid: volume fract1on and the partlcle—partmle and part1cle—wall-l
fr1ct1on coefﬁcmnts N | ' |

The part1cle veloc1t1es m the l1d-dr1ven cav1ty 51rnulat1ons are compared to exper-

imental measurements performed at the same operatmg cond1t1ons The mmulated_ |




velocity field agreed well with the experimental results in dilute regions of thé flow
and when the lid velocity is small. The largest discrepancies beﬁween the experi-
mental and simulated solid velocities occurred near the cavity walls. The particles
in the simulations closely followed the fluid streamlines everywhere except near the
downstream and far walls. |

In general, the Eulerian—LagrangiaIi computational approach implemented here
appears to successfully model particle motion in dilute, low velocity gradient regions.
Possible improvements to the model include improvements- to. the particle contact

force models a.nd empirical fluid drég models.




