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THEORY OF TWO-PHASE FLOW OF FLUID
WITH RIGID ELLIPSOIDAL PARTICLES

NGUYEN VAN DIEP, NGUYEN HONG PHAN
Institute of Mechanics, NCNST of Vicinam

SUMMARY. In the paper [1] the general continuum theory has been developed for two-
phase of fluid with deformable particles of arbitrary form, where the microdeformation of
_ the particles and the relative motion between phases are taken into account. The extended
theory of irrotational flow of fiuid caused by a moving deformable body has been used to
obtain the general expressions for the generalized induced mass fensors. - )

The simplest case, when the particles have a spherical form during the micro-deforma-
tion, has been considered in the paper [2].

This paper is devoted to the theory of two-phase flow of fluid with rigid ellipsoidal
particles. The obtained equation system can be used to determine the characteristic mean
velocity, the particle rotation, the generalized diffusion fux of particles, the mass densities,
the volume concentration of particles, the inertia tensor and generalized induced mass {ensors
of particle.

1. DETERMINATION OF THE GENERALIZED INDUCED MASS TENSORS
AND INERTTA TENSOR OF RIGID ELLIPSOIDAL PARTICLES

‘We consider the motion of incompressible fluid with rigid ellipsoidal particles. In this case
there is no particle micro-deformation and the particles can only rotate with rolation velocity @
and translate. : :

Then it can be shown {1] that the generalized induced mass tensors can be determined by
following expressions.
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The inertia tensor of particles has a form
I=p / &€ dv; (1.2)
dvy
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It is easy to show that M, N, T are polar tensors of 2nd order, L - axial tensor of 2nd order.

In the expressions (1.1} and {1.2) ds} and dv} are the surface and volume elements of particle,
ds, and dv; - surface and volume of particle {i}, # - a unit vector normal to a paticle surface, p;
and pg - mass densities of particles and fluid, the operator {x} - vector product. The potential
vectors @, and @, satisfy the Laplace equations inside the fluid micro-volume element and the
following conditions on the particle surface

e (1.3)

In other words, the potential of finuid motion caused by transtating and rotating motion of
pariicle has a form

@ (T —) B +7 8 (1.4)

where Uy and Ty are tranalating velocity of particles and fluid.
In the coordinate system connected with the principal axes of ellipsoidal particle the particle
surface is determined by an equation

Xz v: Z
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where a, b and ¢ are principal radii of ellipsoid. _
It can be shown that in this coordinate system vectors 3" and 3" can be determined [3] and
they have following components
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In {1.6) 4, B and C have the form
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In the integrals (1.7) value X is positive solutions of the equation
' x> v 7
=1
a2+,\+b2+/\+c2-§f) (L8}

with values X, Y, Z satified equation (1.5)

The values Ay, By, Cp are values of A, B, C at A = 0.

Taking into account (1.6) - (1.8), from (1.1} it can be proved that in the coordinate system
X, Y, Z the generalized induced mass tenzors have following components
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It is obvious that the values M, ..., N, in {1.9) will be determined only when the integrals
(1.7} can be calculated. In the paper the explicit expressions of the integrals (1.7) are obtained in
following cases '

a. Casea=b>¢
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In (1.11) the symbols B;, Ba, Bz are
2e 2¢3
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It is easy to determine the inertia tensor of rigid elhpsoadal particle in the coordinate system
XY Z. Its components have following forms

4
—~7m2cp1 (a? + %);

I.'.I:I = Iyy = 15

. ‘ - (1.12)
L.= Ewa‘icﬁ’l; Ly=lz=Lo=l.=1,=0L,=0
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In conclusions it has to emphasize that the expressions (1.10) - (1.12) determine explicitly the
components of generalized induced mass tensors and inertia moment tensor of ellipsoidal particle
in the coordinate sytem connected with principal axes of particle.

2. BASIC EQUATIONS SYSTEM

Suppose that the considered fluid is incompressible (g, = const), particles are absolutely rigid
{p1 = const} and have a ellipsoidal form. ‘

In this case it can be shown that the components of tensors I, M, I, IV in the fixed corrdinate
system with satisfy the following change equations
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If at the initial moment of time the particle principal axes coincide with the fixed coordinate
system, then the expressions {1.9) - (1.12) can be considered as the initial conditions for solwing
the equations systern (2.1). Here we can see that L = 0.

The general equations system describing the motion of finid with rigid eilipsoidal particles has
the following form.

The equation of mass conservation for the mixture

o = o257
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The equation for determining the generalized diffusion flux of particles
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The equation for determining the particles rofation
AT = plﬂ—i- P4V -V x X+ ﬁ-Xz;. (2.8)
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In the equations system {2.1) - {2.7) we use following symbols: p - the mean mass density of the
two-phase medium U, - characteriztic mean velocity, J * . generalized duffusion flux of particles;
F - density of the external body forces acting on an anit mass of mixture ; p - thermodynamical
pressure; 7 and 72 - antisymmetric and symmetric parts of stress tensor; RS, B, and B, trace,
antisymmetric and symmetric parts of diffusion stress; £ - density of the external body moments,
Xo, A1 and A, - trace, antisymmetric and symmetric parts of moment stress tensor, n - number of
particles 1n an unit volnme of the flow.

The obtained equation system {2.1) - (2.7) will be sufficient to determine all unknowns if the

comstitutive equations will be constructed. For this purpose one can use the results [1].

CONCLUSION

It has been constructed a full equations system, sufficient to determine all parameters of the

flow of incompressible fluid with rigid ellipsoidai particles.
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LY THUYET DONG CHAY HAI PHA CHAT LONG
MANG CAC HAT CUNG DANG ELLIPSOID

Trong ¢dng trinh niy, chuyén ddng cia chit 1dng mang cic hat cimg dang ellipscid di dwoe
khio sét. P3 xéc dinh dwoc cée ten xo khdi lwomg nwée kém mé réng vé cdc phwong trinh bién
&3i cha ching. HE phwong trinh thu nhin dwoe dd d8 xdc dinh cdc tham s8 cin thidt cda chuyén
ddng ciéia chit ¥ng mang cic hat cdng dang ellipsoit. '

v& #0I NGHI KY THUAT BIEN VA
PIA cUC QUOC TE LAN THY I

{On the Third International Offshore and Polar Engineering Conference)

Hbi nghi qudc t& vE k¥ thuit bifn v dia cwe Hn thi [ (ICOPE-93) di dwoc t8 chive tai
Singapor tir ngiy 06 d€n 11 thing 6 nim 1993. So v&i cdc {in trwde {LEn thd I: Edinburgh - 1991
va In thi IL: San Fransisco - 1992} Héi nghi {an ndy 45 tip hop dwoe réng rii hon 451 ngil cdn bd
khoa hoc v cOng nghé cda thd gidi {35 nuéc), dic bidt 12 & khu vie chiu A - Thii binh dwong.

3in 450 bdo cdo khoa hoc vi cong nghd dwoc trinh ba.y v3 trao d& tai Hai nghi Ciéc bido céo
khoa hoc va céng nghé dwee céng b8 trong bd tuyén tip gin 3000 trang bao gém 04 tip véi c,ac
n8i dung nhw saw

Vol. I - Global Offshore E Energy Developments; Offshore Heavy Lift Operations; TLP, Fixed
and Jack-up Structures, Geotechnical ¥ngineering, Reliability, Subsea System and Cost-efective-
ness, Floating Production and Marginal Fields, Wave Energy and Power, Special Topics, Recources
and Environment;

Vol. II - Computer Technnlogy, ROV and Control, Risers, Moﬂimg and Cables, Pipelines,
International Polar Research, ice, Struciures and Scour;

Vol. IIT - Waves, Ccean Measurements, Hydrodynamic Forces, Vortex and Uscillations, Mo-
tions and Nonlinear Dynamics, Higher - order Effects;

" Vol. IV - Structural Mechanics and Analysis, Impact and Explosion, Materials, Welding, NDT
and Fitness for Purpose, Fracture, Fatigue and Tubular Joints.

H3i nghi B th IV sé dwoc 48 chive tai Osaka {Nh3t) t¥ ngay 10 d€n 15 thing 4 n¥m 1994 .

Cé thé tham khdo t3i idu cda cic Hai nghi I- 111 va thé thie tham dw H6i nghi tal Vién Co
hoc, 224 D&1 Can, Ha Nai.




