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Fig. 1 Schematic diagram of flow model in a parallel

plate channel filled with porous media

HTF Nakayama 257 # 1 A Darcy-Brinkman-
Forchheimer Jit 25 7 (5 & 2% 18 1 i1 BE FhPE RN
R RO (2D HAB IE s E 7 N
du

pan d du ™ duy_ g dp

¢ sl ‘dy dy | TR T g =0
(@)

St Ky Z ALK P o + s g TR

VAR I A RR B L Pa -
Pa « s; 0 HZALNR
K A IEMZ LN
Forchheimer it &% . m
kgem % «s %

EN-ZH T EN R Y =
y/H;EZF(J*%?EE oM = g/ pes B8 PG AR AE
M u, = (K" dp/(uda)) V" s FeF o R FRAE
FER N —HE U = w/u. s 3T 0 SRR E 3
BIEMLGEATMHESEEF = K™ (w)™ " /3 B IER)
BV Da = (K™ /)" "V /H".

S50 A R U AR G
LBR; n w4
MR B E R .m0 A

Ysdp/da IR TIRERE

e bR B — SR AR (D B F R — 5
iﬁ*f:
dU |~ dUy_ U+ FU* —1
@”dy dy]_w 2

ARWFFE R AT AR BE o = 0 TRL M
= 1. XN A 6 N — i 5 A

Y - Oy U — O (33)
Y=1,dU/dY =0 (3b)
i 1B J TR APl L BE i AT AR N
J J
drargﬁL\Q*,{X,u(fT (4)
du |™

Q + /ucff

K dy (%) +du®  (5)
K. T ﬂ‘]‘iﬁﬁifﬁg,K,/emjﬂ%@ﬁﬁiﬂ/‘]ﬁ&i%
AW m '« K 'se, HREARMAENLE K
LT e kg ! o K150 b % U A Y B RE HE
W, Wem . QFAXCE 3T 1T Darcy

T, AR Ay PR BRGRE T, SR /N I ke T 3 2l T R
B/ %5 2 Tk Al-Hadhrami 30, 3 5 Jy 371 BE
JEE A5 AR BT, HL R/ IN G T 55 0 0 A8 A R
%5 3 Tk Forchheimer T, 8 FR o JE 2k M 4 48 )
3l I, 4T TR , Forchheimer T 2 75 % 25 14 #&
BBV A BT R IE A Ik BRI B LA SCHE fE &
J5 2 (5) 4 Forchheimer T i) 5% Wi 2% F& ik 2.

e AT oy R R M E i R 5T, B
W Ay 1o S AT IS 0 B o R A EE RT T Ak R —
AHEL

IT/dx = IT,/dx = IT,/dx = const
K. T, R5 2 AL o fl i B v 3 L K AR R

FARIE T, = | uTdy/Hu, K. BREP

U = J.Hudy/H,m sl
A 077 1 3 00 O
PR R YR 22 o — E RS

dY‘m qw+JOQ

dx - oc,Hu,, (6)

P 2 g O BE TG AN A0 2 AL, W e m 2L X T

S B CR AR #O , #OR A 1 ; B Hd 2 (R
NG RS | DI 2.y 1 = =5 ¥ = W
J
qw :7}\’0{{% . D)

HEXEN —-SHNT. 20— EE I =
ket (T — T, /q. H; 5T RBP4 3 B 1) o 40 —
MU = w/w, s 5 T RFV 35 3 05 E 25 &
MUESHE =K " ()" " /p=FQu/u)" " 51
P —FI Ry = ks /kosk: RARARR FHER
W e m ' o K SRAEFEPEFE B0 BE 0 f 40— A1
M Z2E Br = ' H/q K™ 3 18 1E B RAE R
FE OO B 1 i 49— A Ak 2 8 Br” = BrDa "'V
= i/ ¢'q H".

G L (6) (7 AN (4) , I 3 3 1K 1
PRI A5 B i 40— 1 B 1 7 72
%0
aY?

"1
—U [1 + BrJ U1 dy +
0

1
4 P
MBr Jo dy

AU’ \?
( dyj day +
1
BrF’J (U’)3dY] — Br(U )" —
MBr’

AL B A

dU/ e dU/ 27 4 7N3
5% (dY) BrE (U )" (8)

2 — R A




55 2 40 HXEE. FUHEHNREREE Z I A% A8 2 121

Y=0,0=0 (9a)

Y=1,dd/dY =0 (9b)

M b3 ek AT LUA YL 3 1 FE OO 5 A

T2 EL Br GKVEEL Da LR IESEF RO

FEH n WYIHIE. Br = 0,3 LR HEFE BN 19

W Br £ 0 WSO F.Da = 0 KR Al

Hadhrami 3 A7 75 (JC 371 BE B $52 BFE HELRL ) o T

F =08 F' = 0) /R Forchheimer 3 AN 1E4E (N
2 JECBT I RN AN ) O AR RO
FE T TH 8 Y o 40— 8% ZE IR AL
_ 2Hgq., 2Hgq,,

R (T, — T, k(T — Ty

2 B R R T

B 7 R (2) R R o 7 2 (8) iy Rk AT LA
AL EERE O AR W R A% R RAAAE Z LAY
J A AR IR P R I B0 4 PO A A AR R ) AE PR ARL
JOE o ST LA XE A5 2] gt AT i o 200085 B A k. ik, i
SEH T R (2) F(8) 43 il ALK — B s o3 R 4L
(D). BRI JE T8 0 7 B4 S [n) . 8%
S BE WA GG E B K R CE KR 0.0,
iz {2 MU By Runge-Kutta 3% 0\ 0 3] 1 /)7 3k
1178 8 22 B B B AR, B & 3k Bk RO oK
(107°) Ko i /& i A4 FR A (12) R 223K

Y= ()",
vy, = ((y)D)"+F(y)?—1)/Da ™% /M,

/
Y3 = Vi

yi i (y]>71+1,
y/S = (y1)39
y; — <y2>(n+1)/71’
/7 ’ 4 4 ’ ’
V7= ¥s = Yo = Yo = Yu =y1z = 0,
y/m = Yo
— &[1+Br&+MBr’y£+F’Br&] —
7 Vs Vs Yo
ntl (1) /n
Br 0y
Vs Vs
3
Fpr 0 (1D
Yo

v
J_:tqj:yl - U(Y)ayz = (dU/dY)"’yg :J UdYa
0

Y Y Y
y, = JU”*]dY,ys = JU"dY,ys = J (du/
0 0 0
A" dY sy = Uy = U)oy = W7

"1 "1 "1
VMo — J []”+l dY,yll - J (]3 dY’ylz - J (dU/
0 0 0

dY)"™ dY .15 = 0(Y) .y, = db/dY.
— By R AL (11) A2 JE 3 B2 A
y1(0) = vy, (1) = y,(0) = v,(0) = y;(0) =
v6(0) = y3(0) = y, (1) =0
v (0) = y; (1)
y5(0) = (ys (1) 12
v (0) = (y,(1))°
v10(0) = y, (1)
y11(0) = y; (1)
v12 (0) = y, (1)
A5 T 53 A1 FIR B 3 A SR 1 22 05 il 7 /2
(10) %515 3 %5 ZE /R B R ik

"1
Nu :72Rﬁy7/J ylylSdY (13)
0

N TG UE B R Y I OE B, 5 SCER[6] 1
SEEAET R B M = R, = 1, % F ARk
(n=1),Da = 0.001 B , BIIT5E Nu = 5. 92, 4F
B IRV EAR /N (RIS ZE 300 1915 AL Nu #aiE T
6 45183 Da = 1 000 B, BRI HE Nu = 4. 121,
WA A2 35 V8 B K CRISE A7 A i 3D A 1
MF Nu #aiET 70/17 = 4. 118 (458,

3 iFsEEVMt S b

RIDIE ¢ LR i g s Z SRS S

3.1.1 #&Wm¥ Da 90 KBl 2 kR T HERF
B 0 W T LR G RIES I EF = 0 B, 54
— Bl ) 3 BE 3 A B AR VS AL Da S AR OL. T
AL Da /NI S G AR SR 1) 728 Ak B R 2 7E 3T BE
AT AL A4 72 P9 s Da 358 R B 38 4 S8 0 2 3 3 R
U7 ) S5 W K. BRIk 2 4, Da 1975 4k 5 B85 U] 78
AR (n = 1.5) K52 M Lb B U128 6 3 1K (n =
0.5) K. FiZ Da BYWL /1N, 55 U) A8 B8 0K 7 BE

16
14}
12f
S 10F
08F /.
06F / -
041/ 4 :ggfo’fl{gw
0.2 11 M
0 01020304050607080910

Y
W2 kW ERN—E A
Fig. 2 The effect of the Darcy number on the

dimensionless velocity distribution
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Fig. 3 The effect of the integrated inertial parameter on

the dimensionless velocity distribution
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Fig. 6 Effects of integrated inertial parameter on the

dimensionless convection heat transfer characteristics
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Influence of viscous dissipation on convection heat transfer

of a power-law fluid in porous medium
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( 1. School of Energy and Power Engineering, Dalian University of Technology. Dalian 116024, China;
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Abstract: Based on Darcy-Brinkman-Forchheimer flow model, the influences of different viscous
dissipation on fully developed forced convection heat transfer of a power-law non-Newtonian fluid in a
saturated porous medium channel were compared. The dimensionless calculation expressions of the
axial velocity distribution, temperature distribution and convection heat transfer characteristics were
deduced, and the viscous dissipation effects under different cases were solved numerically by
employing the classical Runge-Kutta fourth-order scheme subjected to uniform heat flux. The
numerical simulation results indicate that the convection heat transfer characteristics are closely
related to velocity distribution, and are significantly affected by different viscous dissipation terms,
namely the Darcy term, the Al-Hadhrami term and the Forchheimer term, and also are influenced by
the relative magnitude of the Brinkman number Br, the Darcy number Da, the integrated inertial

parameter F and the power-law index n.
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