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Flow pattern analysis around a solid cylinder with both porous and
water rings in porous media

ZHU Lin, LEI Haiyan, MA Fei, DAI Chuanshan
(Key Laboratory of Efficient Utilization of Low and Medium Grade Energy, MOE, School of Mechanical
Engineering, Tianjin University, Tianjin 300350, China)

Abstract: The flow field around a solid cylinder with both porous and water rings embedded vertically in an
infinite large porous media is analytically simulated. The Brinkman model are applied for both the internal porous
ring and external infinite large porous media. The Stokes model is used for the open water ring. By coupling the
mass and momentum conservations at the interfaces between different regions, a general set of stream function
equations can be derived. The program code is firstly validated by comparing the results of a typical two layer case
with those of the previous literature. Then, the flow patterns for this complicated multilayer coaxial structure is
analytically simulated by giving different geometric parameters and different coefficients of permeability of the
inner and outer porous media. The influences of the width of the water ring gap and the coefficients of
permeability of the internal and external porous media on the flow patterns and the velocity distribution of vertical
and horizontal profiles are also emphatically studied. The results show that the flow pattern in the external porous
zone is mainly controlled by its permeability. The width of the water ring has a great influence on the peak value
of the velocity profile in the vertical cross section. With the increasing coefficient of permeability of the internal
porous zone to a critical value, the velocity profile in the cross section will change from a step-shaped pattern to a

parabolic one, which is viewed as a penetration phenomenon. It is believed that these obtained results are helpful
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in guiding a design such as borehole heat exchanger, groundwater pollutant absorption device, groundwater

velocity measurement device, etc., with similar geometrical configuration.

Keywords: porous media; water ring; flow around; analytical solution; flow pattern
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Schematic diagram of the physical model.
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Fig. 2 Dimensionless velocity distribution map of the longitudinal center profile ( Y=0) and the

lateral center profile ( X=0) under the changes of y.

o34 UL 20 (HASF B RS, T NALRRIE K B R fL
TR e = Aroo B x HIXE N (B8 REZ /N, £L
) P A AR SR AR B, v I T v O T L A o AR K B
5, B XN BEREMNK), Ma. -1, AXGERE
Raja 25" BF R 48 AT B AR 9 18

3 ZEREMHTEER

877 W B R A S 6l b, X 1E 1 BT 7R 1 22 )2 45 R A
RUBEATBAESR A . th T RSB 2, (U A [F]
. LA N ANE i3 R BRI BT B I L 45 R SR A
TR T AR 1o EREERE, 9 T 3 Wb ER R
SRS [ E (R Ay /Ao RE (D I DL, PR AT RS
B 28 A X T U B0 W, e AR 2 A o — 41 DA

ro = rop A AR ME R B E (R B EL R 5 AL Ly

XA K)o [FHL, BA G ) Prid, 5

X

T op (0 TR B ot AT B B0 6 B ARk (x = 2

40
?=rl o N TG R [ BB B, 1
s L o I o 2 v B T A el 0 T A 8

Phro, 48 M U ;(: Fioz =0, ;z Vloz =0,
3.0 AR BIAT AR RN X T 2L 45 4 1 52

P 3(a) (b) AT LAFE Y, A A2 g 18 22 A0 7K B A
1 2 AL IX LT B o HBE A ro K, K BRI i 2
AR AR v, X B TR & B 2 L2 Y [ R 45
TS B B 3 AR R (BT 4) o Ak, rgZB K, [ AR B A AE
Z LAY T2 PO AR 1 5 e AR B O, BT B SR B
#, K 5(a) (b) o HkE—2D b, KNI Z L IX 1w
o TR 18 - 44 O A /0N, ) 0 T b R AR R aX
J2 DAL R 2 DX P A BHL g 78 O, i A R T e ke i 2
{EEZRTR ) | A R T < S B AN €0 P N £

®1 AEALRMIHESH
Table 1 Summary of calculation conditions under
different parameters.

ro Ay A Xi Xe
TH1 ro1 = ro2/50 100 120 0.6 15
T2 ro2 2 2.4 30 750
T3 ro3 = 1.8r02 1.1 1.32 54 1350
T4 02 2.3 2.4 30 750
THs o2 1.1 2.4 30 750
T.6 702 2 4.0 30 750
TH7 T2 2 2.1 30 750
T8 02 2 2.4 100 750
T.H9 ro2 2 2.4 3 750
TAL10 ro2 2 24 30 30
TH11 r02 2 2.4 30 10

LT (T 3), ZHLZ2 N 20s T REE] 0, X &
TR 2 L2 XA KK, & 6(a) .

LT 2 R b T80, 43 R S50 A A xis
X AR AL A SR R . BBAh, TSR, WA
7K B PR i) 3500 T A 9 o AR Tk T Sk B A, DR e K ER
PN 2R A A 2 A T ) T (R AT
3.2 AR AR I A 5 R Y R R

B 3(c) (d) R AR 114 s 351 T G 2 40 %
M. AR AEE X KA Z L IX CF SC Frah £ 1L
KO JLTEA R B2, B AR/, 7K BRI o 0
A S 78 W 5 AR A, X g T g B AR K, F T ) T
FEA A R SR K. B AKIA N ZFLIX CF SR FRIN
ZALIX) M AARAS /D i 7K ER PN AL f 48 0 9 AR K,
ERAEILFEAEF N Z X (TR S), WE 6(b), H
I P B R e AR K, K ER P R 4 T A TR AR R R
LU (B R T PR . S, R TAERAE R, W2
FL DX BH T3 AT A IR BH A8 R, 2 X380 2 AR I 3 1 AR
AN, ML R T ke R, AR08/ 2



2021 4 A K, A ST RO RN 22 7L S AR B AL T K I R B O3 A

(a)zo_ --= T, ry, (b)16_ ---I:(Rl,rm
’ r — L2, ry - I(RZ, To2
‘ T3, 7y T3, 7y o
L L hi
15 A=2, 2:=2.4, 430, =750 121 522,024, =30, fi
S 1 - 3 x=750 ‘
1.0 ‘ ] 8t i
05f | at
¥ i 1
'II.I g L L 1 0 1 _I__‘_!—‘—\-_ IL_“_;IH_ =
0 4 8 12 16 6 -5 -4 3 2 -1 0
X Y
© - - T4, 2,=23 @ Fo- w423 |
200 — IB2,4=2.0 12— TH2,7,=2.0 |'|
TS, A=1.1 TS5, A=1.1 | |
LSy =t 224, 1730, 2,=750 OF 1=y, 124,130, ||
S - 3 x=750 |
1.0+ . 6 l l
sl | | ‘L (k.
i | |
i I\____'_ql
\ ; ' A 0 P S v [ (
0 6 9 12 15 18 % -5 -4 3 -2 -1 0
X Y
© , S The =40 | O [T e =40 |
201 4 — Li2,1.=24 12f— T2, =24 ||
TH7,2,=2.1 THT, =20 | |
o A2, 730, 7750 o roro 1m0, 40, ||
. . 2750 ||
e = 6 .
3t i
o e
9 12 15 18 -6 -5 -4 -3 0
X Y
(g)2 o} --- L8, 1=100 (h)16 L - - T8, x=100 |
: ] — T2, %=30 — L2, =30 1
[ IYR9, Xi=3 IRQ, Xi=3 ,'I,.‘,
i | i
L5 ¢ =Ty, =2, =24, 1=750 21 e 222, 2724, q"
< r S s 2=750 I
1.0 ! e 81 1 |
..
05t || 4t d
?-: i A . L 0 ey | ;L_’l
0 36 9 12 15 18 % -5 -4 -3 =2 -1 0
X Y
: .
D0l — a0 YL g1
' —- - T.BL10, 2=30 121 .- T#H10, =30
THIL, =10 THLLL, x=10 r.\
15} N \
=rp, A=2, 1,=2.4, =30 9} =t =2, Ay=2.4, ‘4
= 3 x=30
10} 6l
05+ N
- 4 1 4 L L 0 1 1
0 36 9 12 15 18 -6 -5 4 0

X
3 YEEEHOF L EREE S HE

Fig. 3 Dimensionless velocity distribution map of the longitudinal center profile and the lateral center profile
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