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Reactive Fluid Finite Element Analysis in the Navier-Stokes-Forchheimer Equations
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In this paper, orthogonal basis bubble function element stabilization method is proposed for reactive fluid
with Brinkman-Forchheimer model. An implicit finite element method is used in time discretization. 3D
reactive fluid analysis in a cylindrical, centrally porous reactor is shown.

Key Words : Reactive Fluid, Orthogonal Basis Bubble Function Element, Navier-Stokes-Forchheimer
Equations, Darcy-Brinkman Equations, Compressible Viscous Flow, Implicit Finite Ele-

ment Method

1. IFLC®»IC

1H A2 56 i &7 B BB B & 8 AL 7k %2 B\ 72 Navier-
Stokes-Forchheimer HRER B IF 2{LEKIE 2 ZE L 72
A REREFEIZOWTHIT 5. AiFETIE, HE
TEAR D A YLz £ ALEEH A B B KIS EEA D 3 IRTT e
TR 2 7R T

2. EmARER

fEEZXIE%ER L, ZABEERNOFRIIZ Brinkman-
Forchheimer € 7 )V % f\ 7z FEME M RE ME FR AR O L6 572
NiE, REKKOEE p, il u, T p, WET, 1t
FREOEENKY, (i=1---N)ZRABL LTUTDO &
SizREND (1,2

e SRR

op 1 3

E+;V-(pu)—0 (1
HE A

lou 1 N u CFp
-——+—=u-V V-P= Yif)-—u———=
p(E o + ezu u)+ pi;( 1) - \/flulu

(2)
T F—HER

oT 1 al al
0C, (E +ou VT) —V-QVT) = T; (Riw;) — ;hiwi

N N
T RV @YV} = Y XV (Cu¥T) = 2P (Va)

i=1 i=1

AbZEFE R4y 0D Jidgt Fi R X

p(%+lu-vn)+V-<pY,~vi)=wi 5)
ot €
zZT
P=|p+=|Zu—«|(V-w)I-E{(Vu)+ (Vu)'}
e\3 €

N
cp=ZYic,,l~, o, =c,—R
i=1

T
h; =h?+f cpi dT
To

wi = mAZM:(vf’ -V )B T exp (—ﬂ)ﬁ(p—yl)vjk

i lk:1 ik ik ) Pk RoT . m;
THd. dfe RN, HEARERD U, « € K, cr, f;
&, BESKROERIERE, RRRERE, 22,
&4 E K FREL, Forchheimer #7551, (bL#fE i IT/EFHT 5

3) MIRZILVTHDB. cp =0D5E, X (2) iF Darcy-
HAR &SGR DR HR R Brinkman € 7V D HEA L 5. TRLF—HERA,
HARASKEOREBLRER, LAME D O iR
p =pTR 4 DA, ¢, RlF, BEKKEOEHEEZER, EEKMED
- F-12-05 -



© —R#HEEABFFHETIES

F-12-05

AREMILE, HESAEERTH 5. D B ER
;&%'ZT\'[J, m;, Cp,', h,’, h?, D,' li, %’ﬂﬁi@@:j’a‘”’%
DTR, EELE, TURILVE—, EHEERT Y X)L
Y—, BB THS. M, NIE, FEXHEREO(L
ZRISROE (RSIEDOMRED) , LD (LIS
NCHN B FFEOMBE) THS. w; (3MbFH i DIE
ﬂ*@%%ﬁiﬁkﬁfﬁ%%b, V;k’ V:;{, Bk, Qs Ek ‘i, %’
LSOOG BT 2 SO HT O BERERE, sk O &
R, EGREL, TREERE, WEMAET AL —TH 5.
if:, M /l, D,'j, Cp,' Li, )'C@iB] L:f;EOVC§+%:%’??5

3. EEAREFEATROBRBIL

ZE[E 5 DRI X, AREREZRAL, KM
& (o, u, p, T, V) ORFEBEEIL, B-1127R9 57U
BB [4] 205, X (D) 25 (5) DEHEDLEL

N s

(b) =Xt
-1 BB ESR

(a) —¥kot

(ZDOWTIE, ER R R BRIk [5] 2 Hw
5. WA OEEELIZIE, MBI 2
RE s MLz #ETT 5.

4. RIGZRADENTH

X-2 DHEFEARO Iz L AEE (Fohs) %
BT HEAEETIVIEIT B KN 2475, X-2
DOENPSHEBRIZ—EREE 5 X, {LFEIIADPS5D
DD (N=4) 5720, FROZAEHIZEWTLF
A (Y) MEZERGEEBIU, {L¥EB (V,), L%
C (V3), {bZFED (vy) PWEKINLMETHS. 4]
ISR, RATEI 2R T V=1.0, Y,=Y3=Y4=0.0 & L
TW5., X3, M-4Z5HREMERE2RT. X3, M4t
R KE Ml HFORMNSBEZRLTVWS. -3
ERDE, WHEARZ MLVIZF RO % AE AT TR
MBS RD, EIREBIZE{LL TWE Z e HERT
5. M4x2R5E, FROSAEHRIZENTLFE
AWERREBZ U, (LB, (L2 C, {LF/D
DERINTNWEZ Ehbnb.

-2 EHEETI

BBEE BT HHEES

(b) [EH
-3 FENY ML EENDEERER

(a) {5 FE A

(b) fLZ2FE B

(o) fb5FE C

(d) {5 D
-4 B{LFEOFERR

5. BbYWIC

AT, (MEXIEEEZEEL, ZABERNOTRN
IZ Brinkman-Forchheimer & 5 )V % i\ 7z [Efa M RG M R
NI ERZEL 2. MERRO RSz LA B2 H 5
FORERAN D 3 IRIE ISR IR 2 17 > 7=, ZFLBK
NORT XA 2, RERBORLZ HDO%AE
KEBTHRNDBEMRE ODHBIZBIT RV F v —
7 MR D R 1 G R 2 R T

SE

[1] Nield, D.A. and Bejan, A.: Convection in porous me-
dia, Springer, 2017.

[2] Daly, E. et al.: Exact solutions of the Navier-Stokes
equations generalized for flow in porous media, Eur.
Phys. J. Plus, Vol.133: 173, 2018.

[3] /NbRE fREZ B R BUERA D ENVY R Ty 7,
Hi, 2003.

[4] Fortin, M. and Fortin, A.: Newer and newer elements
for incompressible flow, Finite Elements in Fluids,
Vol.6, John Wiley & Sons Ltd, pp.171-187, 1985.

[5] Matsumoto, J.: A relationship between stabilized FEM
and bubble function element stabilization method with
orthogonal basis for incompressible flows, Journal of
Applied Mechanics, JSCE, Vol.8, pp.233-242, 2005.

- F-12-05 -



