33 8 ( ) Vol 33 No 8

2005 8 Jour of Northwest Sci-TechUniv of Agri and For (Nat Sci Ed ) Aug 2005
)
( , 710064)
[ ] ,
, Boltanann ,
[ ] ; ; ;
[ ] 0357 3 [ ] A [ ] 1671-9387(2005) 08-0157-04
1
: [1 3]
, l Q ]
, 1
, (r> ro)
(0< r< ro), T
y e 1
’ [4 6]
' (3]

ek L i Nonliear flow
Q 28 i Liear folw

I e S ey S
f% 7K |2 Water insulation Layer H |
T T
] " !
KST | abs :
! ¥ !
| " | M
T R
| Il |
! 0 !
T T T T e
» ' rﬂ
AL < Ste—"
Li < 7€ v bl 025
iear flow area ) £ 1 R I I E20 B/ AR )

Nonliear flow area Liear flow area

1

Fig 1 Sketchmgp show ing the linear and themonliear clomina

[ ] 2004-12-21
[ ] (0305-1001)
[ ] (1964- ), , ) , .



158 ( ) 33
21
3= _i.vd' (1) 0<r<re N :
O<rr na,
d K Ve n<r<r, n; ra<
r<rs , ns;
’ Forchhemer o< 1< re n;,  r>re
] y lS Ni S 2,
J = avi + b, (2 ni= ni+1,i= 1, 2, 3, ,N
,a, b L Vi Forchheimer (2)
At
r o PR GO R Y TC T
,f ys(r,t)
At[Q (r,t) - Q(r+ Ar,t)]= Boltznann ,
2rrArp [s(r, t+ At) - s(r, t) ], (3) n= L (8)
,Q (r,1),Q (r+ Ar, t) t r 2t2
r+ Ar ,Ar< <1y s(r, 1), 6), (7
S (r, t+ At) r t t+ At dvi (M | 1 _u-Nds (M
. an o=yt O
’ 1 M Gl o 2dfav M+ b (M]  (10)
At—>0,AI’—>0 , (3)
w @, s
Q1) _ - 0s(r,t) d .
5= - emut S (4) %—'—ﬂ"dn + By D+
[} r ) *
ZIE’A‘LV?(') =0 (11)
Q(r,) = 2mM v (r, 1), (5) Bernoulli , ,
M cv(r,t) ot
(5 (4 z=vi"(N, (12)
) 11
B UL vl Tl O ) * *
_l_d.Z+ (_l.+ ZaJJ_rDZ:_ Zb.u_n (13)
(6) 1- ndl n M M
(6) z n
2 7= r‘r-l.ea“—uM' 'I"[Cl_'_ZDU_IE./ID'_l)_
n * (.
J’o#‘ze' v, (14)
. ' c (12) (14)
J= avi+ bvi a, b n r
) a, b

Vfl»n(rb: n-l.ea“—uM' T?[Cl_'_ ZbL(_D'_l)_
n * (.
[ o < an

p r-1< r< rp(p= 1, 2,3, N)



8 159
P n au’ (n- 1)
* 5, (- 1 e v AR ()
. au (n rf 2b 1 —1 g
() = Mo *e [+ M .
n 1 au (np ) 2 1 a.u_:_z
’L ) n,p dn], (15) pr(r,t) - 2t2er M [(4 Q _‘L)- (nq- 1)] +
™ t2
e (p=1,23, ,N) ;1= o 1
o U R
e WS e o S e e 7
t2
(rp-1< 1< 1p) (22)
Ci1, C2, C3, , N,
, F(r, t) = [(—Q—t%)'“l+ (—Q—4TM t2)
I'rrgZTM rvi (r,t) = Q (16) o n o b
r— au (n- 1
, S - 1), pme v TR, (22)
Vfl(rl) = sz(rl),
vi, (r2) = vi,(r2), vi (1, 1) = E?/I_r cF(r,t)*e @t (23
st(ra) = vf4(r3), (23)
Vi . 1(I’N- 1) = Vi (I’N- 1) (17) 22
(16) (17) (r>r), (7)
o= Gme (18) 2
val(r,t) = - kjé(L_t)', (24)
ni- 1 r
=&t M .d csa(r, t)
n an” oy 1) Boltzmann , (24) (6)
IO ﬁfje M r?dr',
- ds: (1) 1
RS v SR 2t v (), (25)
1, au (ny- 1) dld_(ﬂ_ a1 =IL*,_rl.d_$.L(ﬂ_
nlﬁgje' v Tdn an * e =yt wt Tan (29
ds; (1)
(25) (26) an
2b ng. .- 1 *
= G-1+ M J,:,-d—v(“j‘(,%&+ 2%+ #)vd(’b= 0, (27)
au” (n 1 —
J- _1_2 —’Sl—rildn (19) ,T=KM , i (27)
oo Mot ,
p=2,3,4, N;N= % Ve = aear e 7 (28)
2t2
Cp C1 , N+ 1
2| * P
= + S1- 1
@= ot Sy, (s D ve, (1) = va (1o, (29)
J} rloe 5 an (20) @) ( p=N) (2
2 2 *
oo =, (—Q—- o 2oy
(20) (15) s e W e G 0w
. au_’E[( ) (nl N N * 1 au*’f/ln- l)d . _ff_l 30
= 4TMgt M MU j’n.l’T‘ 2€ M a3 (30)



160 ( ) 33

F 0= [(C3g) s B (Ao (8
41 t2 4TM t2 3
N 1 au” (n- 1)
> (- 1j’ L e (31)
(30)
qeiz e em W aE (L (32) - , ’
4TM t2 ,
(32) (28) | ak= 1,b= 0,
va(r, 1) = 2—%7 F(rot)* e 7 (33)
[ |

[1] Sen Z Non-darcian flow in fractured rocksw ith linear flow pattern[J]. Hydro, 1987, 92: 43- 57
[2] Sen Z Type curve for wo-regimewell flow [J]. Hydro Engrg, 1988, 114(12): 1461- 1484
[3] Sen Z Non-linear flow towardwells[J]. Hydro Engrg, 1989, 115(2): 193- 209

[4] , , . [l , 2000, 6(6): 49- 53

[5] , : \ 5] ,2004, (3): 213- 216

[6] , , . Gl ( ), 2005, 33(3): 113-
115

Research on unsteady well flow of the gecific
discharge of the nonlinear regime

L IUY uan-hui,CHANG An-ding
(M ath and Phy. Institute  Chang'anU niversity, X i'an, Shaanxi 710064, China)

Abstract: Nonegutlibrium analytical olutions are presented for full penetrating w ell by incorporating
the concept of the existence of a non-Darcy flow regime around the pumpingwell and aDarcy flow regime
avay from thewell Inorder to research the two-regmew ell flow problen smore accurately, the nonlinear
exponent has been discussed in details according to the separations of nonlinear domain and the analytical
lutions to the problen have been derived in the literature
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