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Spatial Properties of Bidisperse Media Flow in Unbounded Domain

CHEN Xuejiao, LI Yuanfei
(School of Data Science » Guangzhou Huashang College » Guangzhou 511300, China)

Abstract: Firstly, by using differential inequality techniques, we gave a prior estimate of the L' norm
and solution of temperature for bidirectional flow media under the Newtonian cooling boundary
conditions. Secondly, by using a prior estimate of the solution and setting an appropriate energy
function, we proved that the solutions decayed algebraically with spatial variable in a semi-infinite
pipe.

Keywords: bidispersive flow; spatial property; energy analysis

0 51 §

XU A B e — 22 FLAR . HA 3 B9 AL, (7R [ M43 28 rp o A7 7 A BB, DT 7™ 2
fLU. FIHT Nield %59 (9 — 238 . Falsaperla 587 5 7 S0 B2 0L # 2 FL A B2 o 1) 34000 00 7 7.
TEAR —JEMER TS LU T+ Franchi 854 X053 (OB AL D A0 B9 BOBE AL ff 16 o A R JE X

bu+Vp+alu—v)—gT =0, V eu=0, (D
b;v+Vqg—alu—v) —gT =0, V ev=0, (2)
T,—AT+cu+v) - VT=0, (3)

Hoi u=Cuy sz sus) Flv=Cvy y0, ,0) BRTMIEE ; T RRIBE; p.qg BonE; a FARMBERE
g= (g1 .82 F/RE ST REL RNR—MEE, B g <1; ¢ FRMKMBIEIKRZEG 0, .0, FRBWMH
R SRR, ZE XU J sl A S iR B R 2, R BN V] BE 2 7R AR B B b s R R e, R
AL, B, A SCHER R 2 8 TR B R SE . 2 LA BT A U I A (1) - () FE i A T 5 v g
Iz, g, shior R L fheE TR - MU HE ARG R RN K AR SRS e e W 3 R A

B HI. 2024-01-25.

FE—EEE N BRTB1984—), 2, P, Wi+, @, WFEMMS T BINUFR, Email: A10314063@163. com. BEEEH
B AmRA982—), B, PUE, Wi, 8, NFmMS RIS, E-mail: liyuanfei@gdhsc. edu. cn.

ESWA . RS & KA 35 N A (S . 2020WCXTD008) . 7 A 1 2 b S i 51 5 (v 5 2 2023 HSDS29) Fl T~ M
AT < Be AHF A0 H (HEHES . 2021HSKToD).



%5 5 BRI, 25 . XU A O A7 T 5 X3 b 4 5 8] 44 T 1053

A I GEHEESE I AL Castro S8 IR T RBIR (1)-(3) 3R fif 1 A7 76 .
M T 7EBL R A S AT A 0 i R b, A Ak fo s Hh B — B R 25, PR B R S R 2% R R A X B Y
il r= A B I AE R L ZE. Franchi WA T = 48F A48 Q Fg a5 fese v, Hodh g e X 88k i i
5t R
T=h(x ,2,,2551)s wen=ven=0, FEIQX{t>0} I,
A A H i R A&

aT
In

XH n %ﬂ%%%ﬂﬂ%ﬁm A B A 1) R S ] S b I F JEE RIREL, « FROR A e AR

B A SO SR B B BB (D) - (3Dl ik — A2 To 95 AEAR I Ay 25 [ PR BT, H AT, O T & RS A
ARG T 0 L TR i 1) 4 )R TR AR O AR B T SRR R R WA B OB R 1) 4 ) o A
G A UL SCHR RS . FE T, AR SO ST WU BN B R AR AR JE A IS B g s B . A R ROR — AN IR IH
BLF 2 ox, AARFIH E A IC5 AR, B

R={x|x; >0, (x1.2,) € D},
Hi D JEAFREIE 202, FEI—AVCHA S X, BB (1) ~ (3) B AE I 2 DL T i R4

+,kT =F(x,t), fE I X {t >0} I,

T=H, u=f, v=h, DX {t>0) I, 4
et =P, w=v—o. fEODX {z, >0} X {10} E, (5)
T(l'l s L2 s X3 so) :09 T:ERJ:, (6)
‘VT‘a‘T‘:O(l)a M,‘,'Ug,‘q‘y‘p‘:()(l”g])s T3 —> OO, (7)

Hr. f=Cfrofosfs)s h=C(hy by sh) R H 2R TFEHCHEE . D £/ D B 7.

55 SCHRCT A b o AR SCAS AN S 2 8 Ak (1) 25 b i L 38 2 2% p 2 ) A8 o, PRI, AR SCOR 28 IR A 9
Peo BT AEREROTE 12 T AR U0 20 1 A R RN A3 AR RS2, R AR SO SR I Sk 21-22 ) p
M B ARAHIREE T B, ASCHS — DR ARl R B S S B R g, R BEE T WL
FoOORFER THER B LY {8, 507 2l A LLT Sobolev A4

2

JR\¢\’1dx<A(L¢,,¢.,dx) . A>o0.

Horp ¢ J&— Dirichlet AT BRE ¢].0 =0, g0 (ay—>00) 1050 IR, %A% AEA SO AR F AT
ASCHYSE ZABIRHLEMES — T TR LML EE el Ahiit.

oA E: D. FBRR fEa, =z BB, B D.={x|2,=2>0, (2,,2,)E€D}; & R. £/xR
78, BR.={x|x,=2=0, (x1,2,)€D}; HESERRKRT; BERCFRHFERN T E3RKM, &

EEMTFHRFRRN T E 2 KM, Fln w,,; = 2 (ﬁul ) 2 oty — 2 (auajz.

311 a.p=1 (’)I,g
| BHTER
REFERL (D - (DA, HHLUUT 5 2.
5138 1Y 3% ¢ & D LAY Dirichlet \l FUpR %k, H Jl)gﬁdA =0, WAETEREL o= (@1 20D s T2

$e =¢» TED I ¢. =0, fEID L.
JFAEAUKE T D R TR EE R, W2

J SDa,ﬂSDa.,@dA </€1J (gﬁﬂ,n)sz.
D D

SIEE 20 sk 4 |.p=0, W

ij=1

AJ.DSZSZ dA < J-D¢ w$ . dA,



1054 O R R GE RO %62 %

Ho A B v, +Av=07E D £ R v=0fE ID L5 K (E.
ﬁﬂ% ¢‘(7D:O Z:Eijv U"JT%'U%UT%IIE
5138 3 iR ¢ & MK D BAE FOLE R WAFTEARIR oD M 5k, >0, W2
| lslan < n (| prais] g.5.04).
514 WHE ¢ &—4 Dirichlet /T FUREL, HY xy—>ooff, g0, HI
(J pldx) < ) (J 8’ dx+JRv¢,,»¢iidx), ks >0,
JEB . A Holder A5, 75
[ tslae (] o) (]9 o) ®

/?\PIEILZDé V‘]E]/‘JHZQ/ P19P’) ﬁQl?QZ IEJD /\”'J I?JE j’ﬁp E/JEQE’/C?*(A(%%I)%DIl C2<¢%§&)
M. T

P P,
¢{(P) :SIS(Pl){ +3Jp ¢2¢,1d1'1 :_3jpu¢2¢,1dl1 +¢(Pz)g [}

Jir LA
P,
¢3(P)<%(\¢(Pg)\3+\¢(P1)\3)+%JP“\gSl,a\gSzdxl. €D
W, A
o
¢3<P><%<\¢<Q2>\3+\¢(Q1>\3>+%JQ“¢Z\¢_Q\dxz. (10)
24,0, A
J ¢°‘dA<(iJ ¢3dz+ij ¢2\¢.u\dAj“. (1
2 Jap 2o,
4 po ngll}n(rn),do max(rr),m']ﬁ
E
poj ¢3dz<J xana¢3d1<2J ¢<‘dA+3d0J $* | 4. |dA
JL)é Jl)é UE Ug
NI MO K
J ¢“dA<[iJ ¢HA+MJ ¢2\¢,a\dA]'. (12)
D, Do D, 2po D,
gha(8),a2), A
. 1J ; 3(1+d0)J , ] J ’ e
< | = or2 %07
JR:¢ dx < [po R:¢ dx + 2 R:¢ (4. | dx meax( Dsqs dA) ) (13)
eyl
J, #an=2] | ppodade<z(] prax) (] suax) (0
DE 3 Dr RE Rg

AL 10 R A (13)FE A Holder K%, 114
R Y N R R R

(JR:¢2dx) a (Jngﬁ%g dx) a <
] ga) gl ra) ()20, )
ﬁ(JI<;¢*dx) . [%J ¢ dx + J é¢>?gdx+

9(1+do)J ‘ 3(1+doj , }
T PRk Vol FEC L B (15)

1/2

(kawvﬁ.adx) 1"’2}X

3/4

o#e) )=



%5 5 3 PR, 55 XU HA BT O (A 7 TC 571X 4l L 114 2 i) 44 o 1055
AR5 P A =2 max - S ) e
2 SEWRA
—&FID}] (171’1‘2 s X3 ’f)IFTIEI‘EJELﬁ

AFI:’):(xl,xgyxgyt):Ov fERX{t>0} L, (16)
ﬁ[/)](11s1'29t):H:][hl(l'lsfzal‘)v EDX{t>O}J:’ an
%ﬁ—/’— +@2p—DxH" =@2p—1DH"?F, 1£IDX {x; >0} X {t >0} I, (18)
ﬁLM(IlaIzaIgaO)zoa T‘T‘Rx{t:o}i (19)

E/‘Jﬁ]qj:a ;H:‘[:F‘ f)}l IEF’_“—‘/I\%%ﬁ. E“/?"\ ULPJ(xvt):HZP71 (l‘] ' X9 at)eiylls ] 71>O. ﬂ’?ﬁ?ﬁa (7/) ;FH FILM%E D J:

7 IR 3 9 46 P 9T A 26 6 ka U AT S dx —0, AT

J HY H Y dx + <2p—1>KJD:J <ﬁf/ﬂ>2d1ds:J ﬁ%?fﬂdxjuz;)—nj j
R 0 D, R

aL 0 I

/c(prl)JmJ af/ﬂﬁ?ﬂdzds—<2p—1>JJ o1 H2 Fdlde <
0 JDE D,

* oo
0 Ja
¢

L AP ax+ L] ovotfax+ Leczp— 0] [ aae+
2 Jr 2 Jr 2 o Jan,

Ligp— 1>JJ HY Fdide + Lr2p — 1>J J ()7 dide,
ZK 0 471)5 2

oo
0 aD,
&

—1

- . 1
Lpl g Lp] [ply2 —1 — ; Dat) s
jRH,, H'"Wdx +x(2p I)J J ):(H YdIdE < by max{l Zp ])/c} my (pt)

0 al

—1
1 } my(p,t) :J GL,{’JJE,’-’de+L(2pf1)J J H'" ?F*didé+
)k R K

1 -
. l,———
ks max{ 2p—1 o Jap,

e(2p — 1)jj ("2 dlde.
0 aD,

[F] 2 th (6" — HY)y AH dx =0, [ %
R
—_ oo [t — . - 1 —1
[p Lp] _ [ply2 < 1 ,— , 1),
JRH.,,H,,, dx +k(2p 1>JOJ’)D§<H_, )2 dide < k; max{l (Zp—l)/c} my (pat)

|

-1
k3! max{l ’;}

' 1 ' -
2p— Dr mZ(p,z)=JRaEﬁja%jdx+;(2p—1)JJ H'Y*F?,dldé+

0 JDE

e (2p — 1>J’OJ ()7 dide,
0 aD,
FAHGIE 3 XX (20),(22), B

[p]y2 -
JR(H )idx < /eamax{l,@p 1)/c}><

(J Ffﬁf’ﬁwdx+x<2p—1>J J <Flfﬂ>2dzds)<ml<p,t>,
R

o
0 ID,
&

~ 1
[rly2 < b, — 1
JR(H,, )idx < ksmax{(zp Dr }><

(j HYHY dx 4+ x(2p — 1>J J
R

<E%¢>Zdzds)<mz<p,z>.
0 aD,
FIHR (24),(25), B[f5 LR 5] 3.

H" H**Fdldé +
D:

(20

2D

(22)

(23)

24

(25)



1056 O R R GE RO %62 %

3|18 5 &J fsdA:J hydA =0, fLhEL (RX {1>01), HEL™(RX (=0}, N
D D
LJ Tzdx+H T,,-T,,.dxdrl—i—;cJthJ T2 didedy < n, (1) s
2 R 0J R 0J 0 :7[)5

J J[ (bruu; +brv0;:) dedy << np (0
rJo

i (OF 0y, (DFRKT 0 HAUKET ¢ B985
WA . M

JJ (T—H™"Y (T, +cCu; +0)T,, — AT) dxdg =0,
0J R

j T dx+J J T.T ,dxdp+rx J JJD T dldédn—
J TH™ dx—J J THmdxdr,—iJ J.ngHZdAdr/+

J J (u, + 00T, Hmdxdﬁf Jj TF dldedy+
0J R ID.

/cj JJ TH[ljdldEdri J[JJ FHEljdldevy JJ T. HElexdnA Eé’ (26)
0J 0 (7]) 0 47I)£:

0

A Holder %30, Young %50, 518 3 f1zl(24), (25) (L p=1), W15
— 1/2
< <(J T?de (Hm)zdx) < ij Trdx 4+ Lm (1.0), 27
R R 4 Jr A

1/2

! 2 ! T2 <
¢, <(URT dxdr;JOJR(H,q ) dxdr;) <

LT ,
k, max{l,;} (,CJJ ngT dlder;—Q—LLT,QT,adxdwy)

1/2 1/2

(J.;Jkﬁf_;ﬁ dxdy) <

t 2 ("t
%( j j J TzdldEdrz+J J T.uT.adxdvy)+2k2|:max{1,%}} J m, (1, dy, (28)
0J 0 aD 0J R 0
¢ < L[ 7.7 dxdyt 2H max (L H by, + brogo) dxdy, (29)
8 0J R /1 bz
g i” J T2d1d5d77+ij'J”J F*dldedy, (30)
4 K Jolo Jap,
6 < JJ J TZdstd77+xJ'J(xf (A" drdedy, (31)
0J 0 ID,.
L <ﬂ J T.T. dxd77+JJ H'WH ™Y dxdys (32)
Hvr H, =  max. (H|. B8RO ~GORARX 26, IFFFEED . 6<<o HA AR 24, (25) (i
p::l)y T’f.
1

2Jr 0

Horp

ms (1) :max{z,%ml(l J)}—}—Zkg(max{l ,%}j

LV g || ToT dedpte| | | T2didedn < mo (o +mi| | i, + byow)dxdn, (33)
0J R 7] aD, 77 0J R 7]

2

my (1s0) + %HJD F*didedy + zj;m2<1,7>d7],

bl bz
FIHA D (2, f

aJ (u; — v (u; —v;)derJ (brusu; + byvv;) dx =
R R,

m, =4H?, rnax{1 1}.



55 MRS, S5 BUATEOA 0TI A AE TG Bt X 3 L 1 25 ) 4 o 1057

JD pusdA —Q—jn qusdA —Q—JR g,-Tu,vdx—Q—JR g, Tv,;dx. (34)
b .51 F A F A

quusdA Ju dA+u I A de— Jf,gdA—J;Juﬁua,adAdE:JngdA

D, dx;
B | FidA=0. 0| wdA=0. HEIH LR, A7 g (g s W

¢}a.a:u3’ EDJ:, g[)a:O, EJDJ:
FIHGIHE 1 M58 2, 15

| vpar< L pogaa<b @oaa=b] uiaa,
D, AJdb, AJb, AJb,

>~

LNIIEE)

| puda=] ppoda=—] pgda=] Db —eT +atu, —o)lpdA<
D, D, D, D,

1/2 1/2

b, (Jl):gba(/xadAJD:ua uqu) + (Jnigz;a(/;adAJD:Tsz) +

1/2

a [JD () (. — 0.)dA] . (J'D;%%dA) <

by vE li uu dAJrim
24 I, VO A

—V“’“[blj u%dAJraJ (un—va)(ua—v&)dA]. (35)
)1/1 D: D:

(J T?dAdy+ bIJ ugdA) +
D, D,

E

b, «/E f 2 2
JdA << A b, sdA T*dA
Juzqu_d v JD v,dA + M()JD;U d +JDZ d )+
Alakl
b2 A
FIH Holder REEFT Young A&, A

J g.Tu,dx < fflj wu;dx + J T?*dx, (37)
R, 201k

[/)ZJ v%dAJraJ (ua—va)(ua—"uﬂ)dA]. (36)
D D,

DO |

N‘»—t

J g;TU;dx lgj V,;V; dx+ J Tzdx. (38)
R, 2050 R,
A B35 ~BOHRAK B, AT

aJ (u; — v (u; *'U,-)dx—Q—%J (byuau; + byvv)dx <
R, R,

[m M \/EJ.[)IJ iu; dA+(“/7+\/71+ MJ.bZJ 'Ui'UI‘dA‘i’
204 bk bk " 208 oA baa D,
L1 ek
—_ L, - N
(m ﬁj JA aJD:(ua v,) (u, — v, )dA +
BRI/ ' 2
(/E+ﬁj R J r dA+(211 Jrz/yszR;T dx. (39)

TERXGOHFH e =0 FFHKX W, &H
1 1

aJ (u,-*v,-)(u,-*'v,v)dx—l—ij (bruu; + byvv)dx < (7—0— )J T?dx +m: (1), (40)
R 2Jr 2b,  2b,

Horp



1058 O R R GE RO %62 %

. /\/k] A/ (lk] «/kl
bi| fif:dA + +
J f / N [Zﬁ VoA b2

[1 + 1) ak, aJ oD h)dA+U{E ﬁjJHdA

J- sz hihidA +
D

g4 3(33) . (40), W13
J (/Jlu,-u,+bzviv,)dx<n16(t)—|—7n7JtJ (hrusu; + by v, dxdy, 41)
R 0 r
Hrp

mp(z‘)—m;(t)Jtm;(t)( +bl) s =m, (i*zéj
X AD M 0 B ¢ B3, "R
H (b + brvo, )dxd77<J explm; (t — ) Ym, (. (42)
A UDRARK 3, 1[5
%J.RTZ dx + J.;J.RT_,T,,-dxdwy + KJJJDT didedy <
mJ;exp{mm— by (pdy+ my (0. (43)
H
n () :m,lj;exp{rm(t — D ime(Pdgtme Dy ny (D) :J;exp{rm(t — iy (7,

T%Erénlb
Sl 6 W HEL (RX{r>0}), FEL” ([0,00)XIDX{t>0}), fLhEL* (RX{t>0}),

J f_gdA:J h,dA =0, N
D D

Sug H T H oo < maX{ H H H L7 (RX{>0)) » H H, H L7 (RX{>0)) » H F H 1;“’<[o.w:>x«7Dx<z>o>>} é T

. ZE RGO PR T2 ' —H ., I RX[0.¢] FRy. al 45

LJ T dyx 4 221 H (TP).,(TP),,dxdrerxJI JJ T didédy =
b 0J R 0Jo Jap,

2pJIr
7] | 7] _ LJIJ ey
JRTH dx j()jRTH,,] dxdy 2p)0 ijH dAdy+

CJIJ (u,v+vi)T,,vﬁ[”]dxd7]+JIJmJ Tz/lleldeqﬁL/cﬁJmJ Tﬁ[/>]d[d5d7]_
0J R 0J o aD 0J 0o JDE

3

t oo — ¢ — 8
J J J FHWdld&'dq—J J T H Y dxdp L D)z, (44)
0Jo Jap, 0J R i—1
FIH Holder A4EXFT Young A4, #(24),(25) L5 5, Alf5
_ 1/2
n < H TdeJ (Hm)zdx] <L o Om pa (45)
R R ﬁ
“t t — 1/2 "t "t
7, < [J J Tzdxdrljj <H§51>zdxd77] <J2J nm,)dqj my (pypdy (46)
0J R 0J R 0 0
- 1 1 t [ t 1/2
T, << HY? max{ﬁ’m} [JOJRT,,T,,-dxquJR(blu,-u,- + bzvv,) dxdy <
H? '"max L JZ? (L)J n, (nd 7
m ’ 7 D
{ﬁ J!T} e P
oo Zp 2p—1 [t (oo
R e e AN 15
0Jo Jap 2 px 0Jo Jap,



5 BREG I 45 2 DUS) A R O A T 8 X B 2 e IR 1059
¢ (oo ) t oo — . 1/2 1
T6<K[JJO JJD‘TZdZdEd,JJO LD}Hmydszdy;] <sz nl(t)J m (papdy.  (49)
1/2 "t
< (J J T.T dxdvj J H[/]Hmdxdn) <Jm<z>J my (pamdy. (50)
0

BARERUSH ~GORARUDIFEED o, 0, <<0, A5

/2p — 2p1 e (oo
s =[(2) (1] ety 2 s
R y2 0Jo Jap

2p

ZpJ nl(t) ml(p,rj)dn +2p nl(t)J.;ml(p,r;)dy}l(Z/).
RGO HFE prco I EHEE R my (p.O)F m, (poo) WIE LR (21),(23)) . B AT 58 ALIE .
3 ZTERBER
B, X —-HE i R AL
D(zot) = %JjRe by, +1;2viv,v>dxd77+aﬁ)he ", — 0,) Cu, — ) dxdn +

;eﬂ <s—z>T2dx+J'J efws—z)(%é‘TWT,fT.fj dxdy+
- 0 R;

KJ' JJ e (6 — ) T* dldedy,
aD,.

0V =

Hr >z, 0>0. X G2)RT, /1
*fz@(z,t)zfﬁj eﬂ“vwlu,u,+bzv,.v,.>dAd77+aH ¢ (u, — v,) (u, — v,) dAdy+
dz: l: 0 l):

0v D

%ef&J T dx+JJ e*f"”(iaTanT,,T,,j dxdr/+/cJ1JmJ T2 dldédy.
0J R, 0J = Jop,

1E(53) P 2 =0 ﬁ*ﬂﬁﬁ%liﬂ 5 F1x(4), Af

*L@(O,t) < ijtj e (b fifs +bgh;h,)dAd7]+
dz 4JoJp,

aJIJ efav(fi—hi)(f[—h;)dAd7]+711(Z)éng(l).
0J D
EEE
J TZdA=2JwJ TT,gdAd$<yJ T‘—’dx+iJ T, dx,
D, <D, R, VIR,
Hy>o0. X917
ALJZ[ e’”(blmu;%—bgvﬂu)dxdq%—ajlj e " (u; —v) (u; — v)dxdy <
R,

2Jo 0J R,

dl[%JIJ efg”(blu,‘u,»erzv,»‘v,-)dAdnJraJIJ efa”(u,‘*‘v,-)(ui*'v,»)dAdq:|+
ol 0J b,

(0, ] e
y [o R:e T.T. dxdyp+ 28 , R:e T dxdy]|,

«/E+vak1+«/lz «/]Z+«/ak1+«/z Vuk1+vak1
A b1 A boA 242 A Os A O A b A A Os A
g, =k R 1+ _ —di+/di +32d35
, = =

y ds = Y=
61/1 bZA 2[7) 4(12

|

d, =2max

A (I)J7no(p Pdy %prfzp]rnaX{V[«/bv}\/zn ) nz(ﬁ)dn*%

D

(52)

(53

D

(55)



1060 oMK A R (B 2R RO %62 %

R (3) . (5), T fE

;efozj (E*Z)Tzdxﬁ_\[lj e*%(é—z)(%é\’rz —|—T,,T,,-) dxd;y—‘—;cjtjwj eiaV(S*Z)TZdldEdriz
. 0J R, 0V = J[)g

%LJJ e*5v<u3+v3>T2dxd7;+J‘J efﬁvTT,gdxdﬁfff e (6— ) TFdldedy 2o
. 0J R, 0J =

W ",
I Ceat) + L (eat) + 1, Cea), (56)

FIA Holder A4 3UR Young R L K5 #E 6, nJ 44
Idzﬁﬁgijjke”wﬂg+medi+4wT‘GJ%%)ﬁLfWT%RM, (57)
L) < W%hS(Z;6J;JR:e5VTded74—JOJR:e&7?3dxd7), (58)
I (z0) < [J;JEDJ”%e’”]“zdldEdVJ;inﬁ”%e*”(E*"z)?FZdldédv]1/2. (59)

HARZERXGD~GORARGE), A

1

5 J (E*Z)Tde—O—JtJ efav(g—z)[%S’IY—Q—T,I-T_,)dxd-/]—i—/cjtjwj efﬁv(g—z)’l‘zd[déd7]<
R 0J R, 0d »

aD A

ol o ] )
d,1(28 , R:e T dxdn+ . R:e T :dxdy |+

L (oo (oo 1/2
UJJ‘ewTﬂwﬁﬁJJ‘eW@*zyﬁﬂﬁw) +
0J =z 171)5 0J =z (7()5
LJIJ e (b ul +bgv§)dxd7], (60)
4Jo0J) R,
E$d1;gT(;+;j+J%.Hﬁ@m%ﬁwmmm#muﬁ@w,ﬁﬁ
[ (oo p 1/2 :
D(z.1) < [JJJ e%@—zﬂwaﬁmfhié@Jﬂ} +ﬁ{—%@@¢ﬂ, 61)
0J = JaD, o o
Horh g, = {m+@¢%
FLWR, & SL—H 0y 58 Bh oR AL
«p<z¢>::J“¢<§,wd§. (62)

XM 2 oo F4 IR A K (62), 15
1/2
wu¢w<m(—$ww¢0 +d{—§wu¢ﬂ,
dz gz

&l
9 1/2 9 1/2
V(z,1) < (— T‘P‘(z,t)j [ds (— TW(Z’Z)j +d6} , (63)
dg az
"t (oo 1/2 2
ﬁ$dr{&JJJ[€%mem@ .mT%ﬁwmw=®u¢Bm,ﬁ%ﬂmﬁwmxmﬁﬁ%
a )E O
t (oo 1/2
— %‘I’(z,t) < 00,0 < dsny (D) + (ng(Z)J J J e’a”ézedldev) L (1), (64)
gz 0J 0 JDE
W(O’t) < 7’1,1([) (dr) 7’11([) +d6) é n;,(t). (65)
TRAGHAEH
1/2
wuﬁwgm(fiwwﬁﬂ , (66)

Hrh d,=d; /n. (0 +ds. %66 M 0 3] = B4 IFFI R (65), A5



%5 5 BRI, 25 . XU A O A7 T 5 X3 b 4 5 8] 44 T 1061

)< L (67)
LZ+L
d% n;(t)
. 1 1 .
A M— 4 1 5
S M mm{d%’ns(t)}’ A= (67) 115
1
) << —————,
Y(z,t) MGID (68)

S —, XFE(52) M 2 oo fl4y, W15
IJ 6757(5*2)(bluiu,-—Q—bgv,vv;)dxdr]#—aj J 675’7(5*2)(%-*v,-)(u,-*'v,)dxdrl—i-
R )

t
0Y R,

qr<z,z>:ﬂ

0

ef’?’J (S—z)szderZJJ efa’i(é—z)z(%c?Tz+T_,T,,)dxdr]+
R‘ z

t
0J R

ZEA T (68) . (69) AR LI T E 1.
FE1 W HEL (RX{t>0), fLbFEL (IDX[0,0) X {t=>0}), h€EL*(RX{t>0}),

J fgdA:j hydA=0,
D D

242 JJ e (E— =) T*didédy, (69)
0 aD,.

%JIJ e BV(S_Z)(]’)IU[H,+/72"U,'U,)dxd7]+aj‘tj‘ e "(E— ) (u; —v) (u; —v)dxdy +
0J R_ 0 R:
0

et orraxref ] ef&v(s—zv[%w+T,,-T.,jdxdr,+
R, R,

[ R . 1
) . 2 2 <
2l | J,mf W& Tdidedy = yre oy

E EH R, Y el IR (D - () AR, g E B = R XA
TEE S5 AT L TR ) S U Y Saint-Venant R ARBF 545 0. 2 5 H AT C g B0 ) 2
K.

2 % x #

[1] FRANCHIF, NIBBI R, STRAUGHAN B. Continuous Dependence on Modelling for Temperature-Dependent
Bidispersive Flow [J]. Proc A, 2017, 473: 20170485-1-20170485-12.

[2] NIELD D A. A Note on Modelling of Local Thermal Non-equilibrium in a Structured Porous Medium [J]. Int ]
Heat Mass Transfer, 2002, 45(21): 4367-4368.

[ 3] NIELD D A. Effects of Local Thermal Nonequilibrium in Steady Convective Processes in Saturated Porous
Medium: Forced Convection in a Channel [J]. J Porous Media, 1998, 1(2). 181-186.

[4] NIELD D A, KUZNETSOV A V. The Onset of Convection in a Bidisperse Porous Medium [J]. Int J Heat Mass
Transfer, 2006, 49(17/18): 3068-3074.

[ 5] FALSAPERLA P, MULONE G, STRAUGHAN B. Bidispersive-Inclined Convection [ J]. Proc A, 2016, 472
20160480-1-20160480-11.

[6] OLUSOLA BK, YU G, AGUILERA R. The Use of Electromagnetic Mixing Rules for Petrophysical Evaluation
of Dual- and Triple-Porosity Reservoirs [J]. SPE Res Eval & Eng, 2013, 16(4): 378-389.

[ 7] ENTERRIA M, SUAREZ-GARCIA F, MARTINEZ-ALONSO A, et al. Preparation of Hierarchical Micro-
mesoporous Aluminosilicate Composites by Simple Y Zeolite/MCM-48 Silica Assembly [J]. J Alloys Comp,
2014, 583: 60-69.

[8] HUANG Y G, SHIOTA Y, WU M Y, et al. Superior Thermoelasticity and Shape-Memory Nanopores in a
Porous Supramolecular Organic Framework [J]. Nat Commun, 2016, 7(1): 11564-1-11564-8.

[9] LY HB, DROUMAGUET B L, MONCHIET V, et al. Facile Fabrication of Doubly Porous Polymeric Materials
with Controlled Nano- and Macro-Porosity [J]. Polymer, 2015, 78: 13-21.



1062 oMK A R (B 2R RO %62 %

[10]

(11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

(21]

[22]

[23]

[24]

[25]

HAWS N W, RAO P S C, SIMUNEK ], et al. Single-Porosity and Dual-Porosity Modeling of Water Flow and
Solute Transport in Subsurface-Drained Fields Using Effective Field-Scale Parameters [J]. J Hydrol, 2005,
313(3/4): 257-273.

JENSEN M B, CEDERKVIST K, BJERAGER P, et al. Dual Porosity Filtration for Treatment of Stormwater
Runoff: First Proof of Concept from Copenhagen Pilot Plant [J]. Water Sci Technol, 2011, 64(7); 1547-1557.
BORJA R L, LIU X Y., WHITE J A. Multiphysics Hillslope Processes Triggering Landslides [J]. Acta Geotech,
2012, 7(4): 261-269.

CASTRO A, CORDOBA D, GANCEDO F, et al. Incompressible Flow in Porous Media with Fractional Diffusion
[J]. Nonlinearity, 2009, 22(8): 1791-1815.

LESEDUARTE M C, QUINTANILLA R. Phragmén-Lindelof Alternative for the Laplace Equation with Dynamic
Boundary Conditions [J]. J Appl Anal Comput, 2017, 7(4): 1323-1335.

PRI, AR K, 2000, Rt FA T i 7 R R i s N vk [T, F MO B G R . 2021,
59(6): 1317-1325. (CHEN X J, LI Y F, LI Z K. Spatial Asymptotic Behavior of Solutions of Heat Equation
under Locally Nonlinear Boundary Conditions [J]. Journal of Jilin University (Science Edition), 2021, 59(6):
1317-1325.)

B, FEF. AAELEDFFANBEPAE S B 8 -8 [T]. BerW s, 2020, 40A05):
1248-1258. (LI Y F, LI Z Q. Phragmén-Lindel6f Type Results for Transient Heat Conduction Equation with
Nonlinear Boundary Conditions [J]. Acta Mathematica Scientia, 2020, 40A(5): 1248-1258.)

2 k. BRI Forchheimer £ fL A BT 4K 19 25 18] Z 884 [T, W K2 M A AR/, 2023,
53(6): 738-746. (L1 Y F. Spatial Selectivity of Forchheimer Porous Media Fluid with Reaction Boundary
Conditions [J]. Journal of Henan University (Natural Science), 2023, 53(6): 738-746.)

I, Aai. R, A R E Oy R A D Y R s A I L) B AR, 2021, 41A):
1042-1052. (LIY F, SHIJ C, ZHU H S, et al. Fast Growth or Decay Estimates of Thermoelastic Equations in
an External Domain [J]. Acta Mathematica Scientia, 2021, 41A(4): 1042-1052.)

LIY F, LIN C H. Continuous Dependence for the Nonhomogeneous Brinkman-Forchheimer Equations in a
Semi-infinite Pipe [J]. Appl Math Comput, 2014, 244 201-208.

LIU Y, LINY W, LI Y F. Convergence Result for the Thermoelasticity of Type [l [J]. Appl Math Lett, 2013,
26(1): 97-102.

AMES K A, STRAUGHAN B. Stability and Newton’s Law of Cooling in Double Diffusive Flow [J]. ] Math
Anal Appl, 1999, 230(1): 57-69.

FRANCHI F, STRAUGHAN B. Structural Stability for the Brinkman Equations of Porous Media [J]. Math
Methods Appl Sci, 1996, 19(16): 1335-1347.

HORGAN C O, WHEELER L T. Spatial Decay Estimates for the Navier-Stokes Equations with Application to
the Problem of Entry Flow [J]. SIAM J Appl Math, 1978, 35(1): 97-116.

PAYNE L E, SONG J C. Spatial Decay Estimates for the Brinkman and Darcy Flows in a Semi-infinite Cylinder
[J]. Contin Mech Thermodyn, 1997, 9(3): 175-190.

CIALET P G. Mathematical Elasticity, Vol. | : Three-Dimensional Elasticity [ M]. Amsterdam: Springer,
1988: 190-195.

(A 4. R L)





