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Abstract: The non-Fourier heat conduction theory, as an important modified theory in the field of heat trans-
fer, breaks through the parabolic equation limitation of the traditional Fourier law through introduction of the
thermal relaxation time parameter, to reveal the wave characteristics of heat transfer. Aimed at the magneto-

hydrodynamic thermal convection system in a vertical channel, the non-Fourier effect mechanism on the ther-
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mal convection instability was studied. Each physical quantity was decomposed into the form of a steady-state

solution with a small perturbation, and the generalized eigenvalue problem of the perturbation equation was de-

show that, the Chandrasekhar number has a significant inhibitory effect on the instability of thermal convection.
response.

rived. Based on the linear stability theory, a coupled control equation set with the non-Fourier effect and the
For a smaller Grashof number, the magnetic field effect on the thermal convection instability is more obvious.

external magnetic field was established. The Chebyshev collocation method was used to solve the variation

curves of the time growth rate with the wave numbers and the neutral stability curves, and the conditions and
modal characteristics of flow instability under different parameters were systematically analyzed. The results

5l

.

Both the Cattaneo number and the Prandtl number have a promoting effect on the thermal convection instabili-
channel; linear stability analysis

ty. Particularly, increasing the Cattaneo number will cause the neutral stability curve to give a significant wave
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Fig. 1  Schematic of the physical configuration
{38 1) Boussinesq I BOIRFARMIEE p SIRE T° BT R .
p=pll -, (T -T))1, (1)



5510 M M4, 25 . AE Fourier RN X0 EAE TE AR AL AR ST I AN R 1 1 5 i) 1289

Hrbp, BRIESHUE T, = (T + 1)) /2 THRBSHEE o, B RRTBMZIK 80 MR AT ol LAt
JtE AR Sy IE  RE SR T R R X R AT, P T R AT AR

Vieu® =0, (2)

po(u. +u"V'u')=—=V'p* —pge. +uViu +J" xB", (3)

poc, (T +u”-V'T")==V'q". (4)
FEREAVE S AR 7R R

J =c(u” xB"), (5)

B" =p H", (6)

Hotu® = (u* ) FORHEEE 1 FORM p° FORIES u SRR B o, ¥ TE Ry HAgs T
R g AR R B R o S, BRI IR(3) ()
M(6) AT RS Ny

polw)s +u”-V'u)==V'p" ~ (pg +ou,Hu")e +uv>u". (7)
BETH AL ) i 5558
M =— h/2 B,
u* =0,T" =T (8)
My = h/2 0,
u* =0, T =T,. (9)
Xt TR Fourier 2505200 A3 3 ) A1, FA7 f A4 s il 5 R R )
rqi‘f* vg = kVITT, (10)

Ho /81" £/ Oldroyds PR R, b Fom N BRI R 7 om0 AR st I 8], 3434 1 i 2 3 40 3)
J B e A2 BB AR S T B IR ) S BN SBINE] 7 = 0 I, D7 2 (10) AL TR D9 £ 8L Fourier fEHEEIX L,
FATTR AT Christov™ " 41 H AR 4N AR 1) 0 R AL .
d¢° oq”
St ot
T T ATl A ) B S AR S B R R WA F o= Vet DROTRE (1D ARATTRR(10) H, X
Hpimit i is 5, MHEX V- (a-Vb) = Va : Vb + a-V(Vh) TATATUARRIET F* AR I

+tut Vg -q Vu+q Viu. (11)

aF* * * * * *2 v
Ta*+u-VF =—F' —-kVT". (12)
t
XA JTRE(4) FTLAEFTCE h
poc, (TS +u” -V T )=—F". (13)
FIAGT B o 49 RUEE
x* Z* u*
X =7, z = , u = 2 N
h h pogo (Ty = T )R /u
P tpe8 t”
= , L= . 14
P poge(Ty = T)h poh’/u (o
g = E 1  F = ~.
Ty =T, k(Ty = T.)/h k(Ty = T.)/h
T FE T L5 T 45
Veu =0, (15)
u, + Gru-Vu=-Vp +Vu + (6 - Qu)e,_, (16)

1
0, + Gru-V =— —F, (17)
Pr



1290 A I G SR | M = 2026 4 47 &

CPrF, + CPrGru-VF + F =- V0. (18)
FHRHL, D F 25 = + 172 B,
1
=0,0=x—. 19
u=uv, =25 (19)

LRt T LUT B NS4
:gozT(TR —TL)h" Pr=1, C:T(]K’ :U,umHoh
) K L2 w
Hrp ok = k/(poc,) BRI HTRE, v =u/p, BIBENFHE, Gr j& Grashof £, Pr & Prandil %, C J& Cattaneo
45, Grashof £ H T & F AAXT il R b i 77 5 M 0 WA G /N TG e ANE, 8 DL T P LB 22 B0
ZEn B IZ 2 Prandtl U H TR S &Y HEE J1 5 Bie AR X /N T i N SR AL A
H AR Fourier 20 HH Cattaneo 4§ C R3RIR % B UE A TN TR [A] 5 S BN Rl Z 1, 24 € = 0 B, KR #A
1 T3 FEEAE Fourier EfE.Q J& Chandrasekhar 4L, #i i 537 1 5 i R 3) 1 2 [a) FEXT 58 B 19 To = 9 280, 7
T AR 7 2 v T LA f 1 3 0 S L AR A2 B i o fig
PR N
BORAE AR N iz shE s o L ey Rl 1 FE 20, O B 5 2 AR AR JC R IE X MG O R, B2
il LR
u=ia(x)=0, w=w(x), p=p(x), 0=0(x), F=F(x), (21)
X EAREA RN BRSO R (2D ARA T R (15) —(18) WA B A 3 3 o0y B AT BV e, OF 48
Al B (19) AT LIAS H BEAS ARl
sinh/Q x 1

—+fx,é=x,l_7=0. (22)
20Qsinh(/Q/2) ¢

3 ZMERRE T
IAERE /MR IEDE 3h B N B EEAZS b SRS P58 R G RS E PR A FH TSR /NI 3 2 7 6 42 K TR i) BEAR I
BERl b n] DO Rl i 5 i e X
w=u+u,w=w+w,p=p+p,0=0+0", F=F+F, (23)
FERXHL EAAR " BN X LE R M MR R D5 FE (23) ARA TR (15) —(18) 5 B DL B/ 22,
FIE— s O nI AR RIS T AL N

) (20)

r

u=0, w=-

a ! a !
L% oo, (24)
ox 0z
ou’ ou' o’ 82 ’ 82 ’
u+eru=_P+[ v, l;) (25)
0z 0x ox 0z
ow'’ dw _ow' ap’ O w'  otw'
+Grl—u' + =— =+ +0' - Qu' 26
ot r(dx “ " sz 0z [axz 9z° Q' (26)
06’ do 26’
Pr +Prcr(u,+w ]z_F” (27)
ot dx 0z
aF, aF; 82 ’ 82 !
cer s cprern s pr =2 0000 (28)
at 0z 9x> 02>
PONAINE Y RAIBUR TS L oy]

AN AU RO
u(iz)—o,w(_zj—O,G(_zj 0. (29)

Xf T RS LA BRI o (v ,2) , (A0 R ST R (24) AT 3%



510 PINHEAE, 45 2 AR Fourier RN X0 T EUAE TE Fh 4 R AR HAO0 AN TR 2 P Y 5200 1291

0
w =W W (30)
9z’ ox

B TR (30) AR (24)—(28) P, AT AR B L F 3o e .

0 0 ap' o’ EX
LA A . 2‘” + "f , (31)
010z 622 ox ox“0z  dz
9’ dw 9 3 ap’ (0 B
¢_%w¢_ ¢}P AR PPN ) (32)
Jtox dx 0z 0x0z 0z ax’ axa ox
Pra(9 PrGr(deaw )=—F’, (33)
ot dx 0z 0z
' ’ Y Y
CPraF + CPrGrw oF =—F' —60 _6 0 . (34)
at 0z ' 97
iz 5P sh s vl LLR/R A
— 11, x e(uH—laz , x ,Z,t — H x ewH—iaz ,
{df (%) p ({ ) (%) ) (35)
0/(.% t) - @( ) wl+1az F/(x t) —_ 1"'( ) wl+iaz

Hrtrahyz ﬁmﬁﬁ%/ﬁﬁ HHUT 0 2—MEEL, El]w o tio, Ho, <08, ZELIEREN; Ko,
> 0, REUHBTHATEE ; Yo, =00, RGEA T PR RS IR (35) AT (31) —(34) K
KM (x) M T (x), RVATRGAR N B RAE AR )

d'w I’y Y o de
o = (2a° + w + iaGriv + Q) el [a4 +d’w +id’Griw + iaGr da;)j v+ W (36)
e e
= iaPrGrQ)— W + (wPrQ) + iaPrGrdiv + a*) O, (37)
dx dx
Hrb Q= CPro +iaCPrGriv + LAKHIA IR ZEM N x = 1721,
v
v="Y20,0=0 (38)
0x

4 ZER5THE

FET R X BAEE Fourier 8500 1Y T BURE I8 HH G I A A6 it AN B2 1k 547 23 B A S (ELASE 400 FRATT 4 ]
Chebyshev B & 5K AR 3 BRI MEALIE X on B Chebyshev 230 20T DIFR/R M INTTF B,
mj

& (x) =cos(ncos 'x) , X; :COSN, j=0,1,-,N, (39)
Hort w; J& Chebyshev ffi{EAA, N LB IEBEL A 1787 ] Chebyshev ZIA SRR N
Y(x) = Z V&, (x), O(x) = Z@,,f () . (40)

ﬂz(%)—(zgmﬁﬁ Chebyshev ziﬁuc HAT B AL fE T A2

ZE];I/ (2d° + o +iaGriv + Q) 23},}1/

d*w
(a +d'w +ia er+1aGrdxj‘I’+ ZA,k@A, j=12,-N-1, (41)
= . do : _ .
;Bjk@k = 1aPrGrQ$‘I’j + (wPrQ + iaPrGridiv + a*) ©,,  j=1,2,- N -1, (42)
;=0
y
v, =¥,=0,0,=0,=0, >4,¥% =0, j=0,N, (43)
k=0

-



1292 A I G SR | M = 2026 4 47 &

d- (_ 1)k+j
! ., jFEk,
di(x; = x,)
X
ﬁ, 1 g‘] = k = N - 1,
Ay = o2 ? (44)
+
’ J= k = 05
6
2N? + 1
- s j=k=N,
6
Bjk :Ajm'Amk’ Ejk = Bjm'Bmks (45)
2,  j=0,N,
d. = ) (46)
! 1, lsj=sN-1.
JrR(41) ((42) AT MBS R an FIE ) SCRFAEE ) 5
AX + wA X + 0’A,X =0, (47)

Hrh o M X 350 0 SR EE IR R A, A A, FTA, BFON 2(N + 1) EHERE S BBz, ]
MATLAB HPi 50 SCERAE(E Y PR AR polyeig AT HUE 5. A 7 e B AT BUS M L A BF 5T, AR SCREER T 42 5l
FElfY Cattaneo %% Grashof %% . Chandrasekhar 28 fl Prandtl %, 24570 M7 T R i PR 76 30 ELRE I8 H A9 PO AN R
EVEH A Cattaneo 1 € F TRAEIE Fourier 00 , HBUEIEH N 107 ~1072"; Grashof 3% Gr 2t T Hy iR &
LIRS B IR AT AR, BUE TG 9 3 000~ 16 000" ; Chandrasekhar 5% Q ik T #5375 i i4iz gl il il 4
L BRAEAE A 1~ 10" Pranddl $ Pr e T PR S AR B SRS R 1~ 122,
£1 24 6r=10000, Pr=1,C=0.001, Q=5 KRl TFHo,
Table 1 The values of @, for different a values, Gr = 10 000, Pr = 1, C = 0.001, Q = 5

,(Gr = 10000,a = 1) ®,(Gr = 10000,a = 2) w.(Gr = 10000,a = 3)
N =120 -22.918 371 34 -6.826 026 61 -0.191 428 25
N =25 -22.918 384 45 -6.825 883 89 -0.190 815 42
N =30 -22.918 384 16 -6.825 883 31 -0.190 812 63
N =35 -22.918 384 51 -6.825 883 05 -0.190 812 20
N = 40 -22.918 382 58 -6.825 882 71 -0.190 811 00

# 1l BUE Chebyshev Z2 31 B O BT A RIS #EAT 1 0B AR bl LG X A [R] 3%
A5t (20 ~40) FEATITN | o, MBS I —FhESE IR , HO/NIEAKSE T Chebyshev Z2 0B &L V.
THASE R BRE BE AT Y P, RS I B/ INBURUE 5 AL R8O X FE /e 120 e i ks B Ay
TR PR, A SR e Z5 /A2 BT N = 30 THEAS RN R, 3XRE AT DLIRUELE R A4 B2 1 [R] I, o 355
AR AT SRR,

X}FAE Fourier PRI R (OREFIA, I 2 45 T4 Pr = 12,Gr = 10 000 i}, R[] 1Y Chandrasekhar %7 Q
T, B R B R B P A AR R Y B R R w0, > 0 B A A AEAARE RN E T LI 2S5
/NI Chandrasekhar £ Q X 2R S8R ARG E P T L-F- AT 5200 Bl 5 IR R8I0 14 K WG 8000 %) 2 GE AN R e PR Y
SN B WER, IF BB Q AYBE IR, I TA]4E KA A e R AB AR B TN, > R G i il B R R . 24 Q
= 10 [, I AR E R T LU | 3 A i s AR Ao MRS X BeER UL 1 W 372800 HA 3 ] A A
FeE MER/E X —4518 5 Narayana 5570 25 H I 25 50H — S0 N BRI A G 0t T RES 3 Lorentz /)
XFAAIE st B VR T, A SE RIS RE T RGE TR THAE T 22 gt , DRI X Jad ) i 26 e A, 2R 80 e 1) 8 o A
SEAAE LR, 5355 T AR S — R e P45 B, T 981 A v B9 X AT 4

24 Pr = 12, Cattaneo %% C A3 5124 0.001 F10.002 B 7F a-Gr 1 278 T A [A] Chandrasekhar %X Q HF
AR E PR 2, an i 3 Bz 3 BLTE TR DI D AR DX 7 B X el oh S e X s, A e LA
TEHAMSELE E GO T B Chandrasekhar 2% Q B3GR, ik ge e tEth s ik ) ER30, il 5 6 1A
AR K X M E A FREPE X 22 Chandrasekhar % Q A3 KM 8/ X — IS A B 0 P B X,



55 10 39 NS, %5 2 A Fourier 2800 T FUME I HH G R A EA XA AN R A 32 ) 1293

PR Jg R AE R 70 B Y T o A0 250 Q (BB, BERA SR 378, o 7 A2 Y Lorentz J3 X A4 32 2y (4 400 i 2
P L, T e ARG AR AN A TR B R AR, B GE 5 2 S5 (9 1 7 3K 5l , o e 7 20
R Gr B X —45 2R 518 2 BERA— 205 — 5, PorEAeE th 4 U A0 SCIE S e Bl Ze i AR
SEEAAA ARG AR ST WA A2 3 32 252 77 3 IR 1 g 00 P 2 o, A BE 1 S 1 &
SOV e P B A A S A AR X N BB Y Gr BUX B, 2 R G e R RIS Z — R st
D) Bt D S S SO 1 e s AT O iR AR R B e 1) Gr X I 3%

40—

40
20 20
w, 0 . 0
=201 -20
-40 =40 -
1 2 3 4 5
a
(a) C = 0.01 (b) € =0.02

B2 Y4pr= 12,6Gr = 10 000 ﬂﬂ“,EKlﬂE‘J Chandrasekhar %% Q T ,ﬂﬂ'lﬂ{%ﬁ%ﬁ(b’a’;ﬁﬂ/‘)mﬂk@
Fig. 2 The temporal growth rates with the wave number at different values of Chandrasekhar Q for Pr = 12, Gr = 10 000
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