, 28 6 Applied Mathematics and Mechanics
2007 6 15 Vol. 28, No. 6, Jun. 15, 2007

: 1006-0887(2007) 06-0735-06 c , ISSN' 1006-0887

Boussinesqg Barenblatt

®EE 2 O DHER

(1. , 210098;
2. s 210098;
3. , Qld 4072, H
4. , 210097)
(FT AR 74 %)
Barenblatt (
Boussinesq R
, Barenbl ait ( 1952) s 3 )
2 * ) ?
0175.2;0175.8;0357.3 DA
Dupuit , , Boussinesq
Boussinesq
, Boussinesq
oh O|,0dh
0s ot Ksax hax , x> 0,t> 0, (1)
0s ,Ks , h ( ).t
i’ ( 1)
* 1 2006-16-30; 1 200%03-05
(50425926)
(1964—), . . , . (

.Tel: + 86-25-83787349; Fax: + 86-25-83701905; E-mail: zhiyaosong @ vip. sohu. com) .
735



736 D
, (x =
ke h(0,t) = ho(t)= o,
ho(t) a
wikkse > 0
~ 0 .o
TKEE
KA EE N
h(x ~ oo, 1) = 0,
1 )
h(x,0)= 0, x> 0.
a> 0f )s
(
) a< 0 a
’ (1
Boussinesq (1) (2
) (8 :
b oy ge . [RLOLL
(1 H()
&H? & di _
e + 5 dE~ M= 0,
A= o/(1+ a), ~1/2 1
H(0) = 1,
H(E™ o) = 0.
Boussinesq
& (8)
H(&) = 0.
(7) (9 Boussinesq (6)
blait'*?!
[ 1,4-6]
1
(7) (9 (6)
(1- &%)
sl é n
H(E) = Zola[l— go] :
(7 (9

0)
t> 0, (2)

- 1/3< a< oo O

a=

t> 0.

(4)
a=- 1/3
x=0
-1/3

(H

(9)

Baren-

, 1952

, Barenblatt!>

(10)



Boussinesq Barenblatt 737

oo

an= 1, (11)
n=0
ao= 0. (12)
(10) (6) s a(n= 0,12, ..), :
2
%kzo:akamm— [n-; 1] Qns 1+ [%— %anz 0. (13)
n=10 , (12
4av G- a1= 0. (14)
(14) , ar= 0 ,
ar= §/4. (15)
\ (13) an(n> 1),
n-1
ap = — %gakam -kt %Lan—l- (16)
s a? ag :

ar= (2M 1)&y/16, (17)
az=- (4N - 1)5/288, (18)
as= (42 1)(4X-1)8§/2304, (19)
as=— (352N - 162\+ 11)(4 - 1)&/345 600, (20)
a6= (269X - 178X+ 250 A+ 9)(4X - 1) /4 147 200, (21)
a7=— (533024XN'— 461424X + 101276 X+ 2 676 A—

1573) (4X - 1)&¥ 1219 276 800, (2)
as= (41 609 792X — 44 482 144 X'+ 101 276X — 114 100X — 432 712 A+

34 139) (4N - 1)&/136 559 001 600, (23)

ao=— (24116469 888 X~ 30710 277 696 X + 12 156 118 464 X' -
6 890 904 264 X' — 534 362 892 X'+ 92 021 622 A—

2 533 923) (4X - 1)8/110 612 791 2% 000. (24)
, & :
< %« ] = 1/2

o= [ 2u]" (25)

an = a/ 8. (20)
2

an(n>2) -12<A<1 (27)

(10)

I an | & 1002 (27)

. n=3 ., (18 (20 .

|l as 1= 14XN< 11/288< 1/96< 1/90.

, (27) n= m-1 , (27) n= m



738 D

- (16)

) =2 . . _ D) _ _ _ .
) - 2 nr-: 1 Zakan+l—k+ (1 ZA)(n + A 4) 4(” 2)(ln—1. (28)
k=3

an = 2
4n

2 1 m2
[ am | < E:l aij I am+17k|+
m =3

1= 2M (m*+ m—4) - 4m=2) =« <

A L ami1 |l S
mt 15 1 , mit3m=8 1 <
50m Sk m+ 1- k)? 2m? 10(m- 1)°
mt 15 L_'_ 1 ] 1 +
50m ALK (m+ 1= k)Y (mr 1- k)24 K

m’+ 3m— 8 1
2(m - 1)* ( 10m

2

16m(m-_4) m’+ 3m- § | _1
[25(2m— 3(m+ ) 2m- 1) ] {10,”2]- (2)
(m) 2 2 .
(m+ 1- k)*+ k* 20.5(m+ 1)% (30)
m-2 m-2 m- 2
1 1 ~ | R N
0 <,§(k+ 0.5) (k- 0.5 " ;ik_ 0.5 k+ 0.5] -
2 _2
57 dm- 3 (31)
m-2
1
(3D “S(m+ 1- k)F
(29) . om 28
lan | <05 (R)
3< m< 8 am (32) . ., n>2
(27) , (10) - I/2< MK
3
3.1
s A= *1/2 , Barenblatt 1231
H(§ = 1- &2, 0 <§ <2 A= I/2 (33)
H(E = 1- &8  0<E<K2/2, A=- 1/2. (34)
, A= T1/2 (10) (33) (34).
3.2
(10) . (15 (17) (25) &,

& ~ 4/ J2A+ 3. (35)



Boussinesq Barenblatt 739

5 p(2A— 1 2
Hy(E) = %{1- é}r %{1— % . (36)
(35) A= G- 1.5 (36) Lockington [V
3.3
(10) 3, & HJ(Y
& ~ 1202/ [55+ 36— 4 X, (37)
g( g goa uf, g2 guar-yf, g°
Ho(S) = 4[1" &J* 6 "% 7 ms 7§ (3)
[6] )
5.
3.4
3
~ 1440./2
J 1036800+ 25920027 1) + (2606 X— 6 012X+ 9 394\~ 16323)(4X- 1)
(39)
: , . (16) ,
(25) &.
) 9 ,
( ) ; Runge-Kutta-Fehlberg
r6l
: , (10) (6) . :
4
, Boussinesq Barenblatt ,
A. R. Kacimov
2004 4
(50425926)

[ ]

[1 Lockington D A, Parlange J Y, Parlange M B, et al . Similarity solution of the Boussinesq equation
[J].Advances in Water Resource, 2000, 23(7): 725-729.

[2] Barenblatt G I. On some unsteady fluid and gas motions in a porous medium[ J] . J Appl Math Mech,
1952, 16( 1): 6778.

[3] Barenblatt G I, EntovV M, Ryzhik V. M. Theory of Fluid Flows Through Natural Rocks [M]. Doe-



740

[4]

drecht: Kluwer Academic Publishers, 1990.

Chen Z H, Bodvarssan G S, Witherspoon P A, et al. An integral equation formulation for the uncon-
fined flow of groundwater with variable inlet conditions[ J] . Trans Porous Media, 1995, 18(1): 15-36.
Tolikas P K, Sidiropoulos E G, Tzimopolous C D. A simple analytical solution for the Boussinesq one
—dimensional groundwater flow equation[J] . Water Resources Res, 1984, 20( 1): 24-28.

Telyakovskiy A S, Braga G A, Furtado F. Approximate similarity solution to the Boussinesq equation

[J]. Advan ces in Water Resource, 2002, 25(2): 19+-194.

Note on the Barenblatt Power Series Solution to the
Boussinesq Equation

SONG Zhiyao">*, 1I Ling>’, David Lockington’

(1. State Key Laboratory of Hydrology—Water Resources and Hydraulic Engineering,
Ocean College, Hohai University, Nanjing 210098, P.R. China ;
2. Center for Eco-Environmental Modelling, Hohai University,
Nanjing 210098, P.R . China ;
3. Schodl of Engineering, The University of Queensland, QId 4072, Australia ;
4.Key Laboratory of Virtual Geographic Environment (Ministry of Education ),
Nanjing Normal University, Nanjing 210097, P.R . China)

Abstract: A self-similar analytical solution of the Boussinesq equation of groundwater flow in a semi
-infinite porous medium when the hydraulic head at the boundary behaves like a power of time was
presente d( Barenblatt( 1952) obtained a power series solution, but he listed only the first three coeffi-
cients and did not give the recurrent formula among the coefficients. A formal proof of convergence of
the series did not appear). The recurrent formula for the coefficients was obtained using the method of
power series expansion, and the convergence of the series was proven. The results can be easily un-
derstood and used by engineers in catchment hydrology and baseflow studies as well as agricultura
drainage problems.
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