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In many applications, fluid velocities are too large to moaetu- 22y - The Fluid Domain Computeu®” - a finite element solution of the Brinkman equation

rately with Darcy’s equation and pore geometries are toopiexn K=k
to approximate by the Navier-Stokes equations (NSE) ingaiieh
no-slip boundary conditions on the solid obstacles. Thalksnan
equation is a physically viable and numerically efficientdlélow
model for these situations:

(linear, equilibrium) obtained via Taylor-Hood finite elents (P1-
P2) with Dirichlet boundary conditions:

Ulp—0 = y(1 —y), Ulp—2 = y(1 —y), uy—01 =0

Let u be a Stokes velocity obtained via Taylor-Hood mixed finite
elements on a fine meshy,,,, = 0.018760. No-slip boundary condi-
tions are enforced on the solid obstacles in compuiindhe mesh

IS constructed by FreeFem++ based on the Delaunay triaimmula

Problem 1.In domain) c R3, find velocityx® and pressure’
satisfying

Cwprud Yl = f 12V - (0DW0)) — Vp® — v Kl

5 Problem data _
\ V-u'=yg Stokes streamlines
o () - purely fluid domain (no flow obstruction)

ulon =@ e (), - porous domain (some flow obstruction)

e () - purely solid domain (complete flow obstruction)

Advantages Of Brinkm an ﬂOW mOdel: e 1, - extension of boundary data(preservingVv - = g)
Skew-symmeterization of nonlinear term——

e Avoid meshing complicated internal geometries (alteuest NSE)

e Account forviscousand inertial flow characteristics (improve-
ment to Darcy’s equation)

Definition 3. Letw, v, w € H'(Q) satisfy [(V - w)g" = o gq" for
anyq” € Q", then

'

)= 5 (el o) = el w,)) = 5 [ g(v-w)
Pebble bed nuclear reactors u, 0, w) 1= 5 (e(u, v, w) — (i, w,0)) — 5 | gv-w

_ Proposition 4.For u, v, w as above,
e > 350, 000 uranium fuel

pellets per core ', v, w) < OlJull1||Vol||lw]];  (continuous)

16m Flowpath
e Small fuel pellets h 1 9 .
. ’ = —— seudo-skew-symmetric
7T0mm diameter (¥, v,0) 9 /ng (P y )
e Helium gas coolant Vou=g= ch(u, v, W) = / u-Vou-w (consistent)
0

Existence and uniqueness

e 5114 million DOE grant to de- o
velop in Texas Theorem 5.For data satisfying

e Complicated flow obstacles eg=0,o0r
(rotating turbine blades)

e g compact support i, |, g = 0, ¢ small enough, or
e ¢ compact support ifi, g and ¢ is small enough

angle glaucoma there exista:%" ¢ HY(Q), p® € L2() and Convergence data ()

e ~ 85% of Glaucoma cases [Vu || < Cosr™' [, < Cosr ™6 h [u”" —u|| Rate€”) [u" —u||; Rate@')
. 105 ) _ ] _
__ /i | ° E;elat:]erg;%Eﬁ\r/]vgoabbségﬁgfpnggm \év;}ﬁ:;invihz nO (Independent of, 9, i). There is at most one such o= 10 ggiﬁi ??2??2; | 9 égigggg 0.73
work 0.02357 7.0509e-3  0.74  4.9880e-1  0.79
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Two perspectives S ey e, b
Brinkman as a porous media solver 8812%17L ;gégggg 18 ijgéggiﬁ 8:?21

Estimating with Brinkman

¢ Internal domain geometry accounted for by

K (peremability tensor) & (Brinkman viscosity) Consistency, with respect to NSE Convergence data (in solid obstac{es
| o | Theorem 6.Let«? be a solution of the Brinkman problemh Let 5 =5 10 e
e 10 —macroscopigeneralization of the true, pore velocity u: Qp — R be a solution of the equilibrium NSE with no slip i = 10 =10 = 10
(e.g. Darcy velocity vs. NSE velocity) boundary conditions enforced @ . Extending td2 by ulg =0, |u™"|12(0,) =12.0353€-3 2.0983e-08 2.0983e-13
we can show that, under the same constraint for existencelof s Iud’hl Hi(Q,) = | 7-8208e-5 8.0846e-10 8.0846e-15
: : : : tions,
Brinkman as a penalized approximation of NSE ud — ||, < O16)
e For smally > 0, let A similar result holds for the discrete case.
5 =51 =51 - .
Vsolid =0 Kfruia =0 Ksolia =0 Convergence of FEM Conclusions
e Recover NSE velocity as — 0 Theorem 7.Suppose that the small data condition for uniqueness is
satisfied. Then, The Brinkman model for fluid flow is simple to implement and in-
NI : : tegrate into existing computing platforms. The uniformbsity
Finite element apprOXImatlon V(u’ —udM) <0 (u‘l [hs“ +ur i+ \/E)th , of Brinkman velocities ag — 0 suggests that the finite element
o o _ . )3 ) 5 5h 5 Brinkman approximations are dependably accurate repiasams
Definition 2. (Equilibrium case)Fixf € <HO @g)h) X i L5<}?>’ ¢ fl u = u g, = O (” 5) of Stokes and Navier-Stokes flows, but avoids the cumbersmaie
HY2(00)3 such thatf;, g = [5,¢ - 0. Findu®" € X", pth € Q often times infeasible task of enforcing no-slip boundaoydi-
satisfying for integerss, k, smooth enougla5, and characteristic mesh width tions on all interior solid obstacle boundaries.
h > 0.
Vo e X1, o IV udl - o + o kLol 4 Ch(u&hu&hv) Motivated by the ambitious task of accurately modeling thes fbf
_ pré,h(v )= [of v— [o9(V-v) Convergence of FEM to NSE solution fluids in gas-cooled, pebble-bed nuclear reactors, we treested

Theorem 8.Furthermore, ifu is a solution of the equilibrium Navier- . extending the Brinkman model to the case of compressibie fl

Vg e Q" V. 0h) — . . Ids and coupling Brinkman flow with the equations of conwesti
1€ Q% Joul )= Jaga Stokes problem ift extended to in £, then and radiative heat transfer. Our preliminary finite elensamdly-
xXh c HY(Q), X(l)z c HY(Q), Oh ¢ L3(9) are piecewise polynomial u®h —ully <O (u‘l {5 + T T2 \/g>th levi;c:r:ézg steady NS-Brinkman provides encouragemenhésd

spaces.




