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1.1
[4]
1.1.1
[5]
1.1.2
1)
b= Hx,y,2), k=k(x,y,2, h =h(T)
ko = ko(So, T), kw = kw(Sw,T), kg = kg(Sy, T)
Ar =Ar(T), Ac =A(T
CG=G(T, GC=C(T, G=0G(P,T, G =GC(P,T
Or =0r(Sy,T), Oc =0.(T)
Po =Po(P, T, Pw =Pw(P,T), Pg =Pg(P, T
Mo =Ho(P,T), Hw =Hw(P,T), Hg =Hg(P,T)
o,w,g ; R,c P, T,S
2)
v-J=0 (1)
,J E , P J =0E,E=- VO, (1)
V-Ovd) =0 (2)

¢ =OF (3)



We =I0E2dv, I=J'0E-ds, U:I E-dL (4)
\% S L

lq3 iWe 1| 1U
3)

PoSH S+ V- o) =0, puSiHt+ V- Quwn) =0, VS t+ V-0w) =0 (5

Ww =- (kko/Ho) (VB -Pod , U =- (kkw/Hw) (VR -Pw@ , U =- (kkeg/Hg) ( VR -Pg0) (6)

W, U, U ; g
4)
- Ve + g o= SUSs St (7)
,Ue o ; U
b =-ARVT +Poal +Pwevly +Pgey Uy (8)
& ,6v, & Ue
Ue:¢(8tp0CAT+ S/\prV\AT+ Sgpghg) +(l- @pRCRAT (9)
AT=(T- To),To Pr ,
V-ArRVT) - V- (UPoG T+ uPuwGCvT) - V- (uPghy) +OrFE (10
= [(1- DPrCr + N (SPoCo + SPwCi) ] X/ St + ¢ SPghg)
5)
V- ()\CVT) +GCE2 :%C(:CT)/Q{ (11)
Pe A
6)
S+Sy+5 =1 (12)
1.1.3
1)
(D
0,
PoWn|lib = 0, PwUw|iv =0, PgUgn|iv = 0; Polon]uw = 0, PwUwn|w =0, Pglg| w =0 (13)
,Ib ,ub ,n
@ =g, Pew) TF . Qu D[, @uu +pow) 0F (14)
,D , H 0
(2
Oi
AR%“ Ib:O (15)
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AR% " :)\C% o GR:)% ”Rb :oc%ﬁ - (16)
=0, =| =0 (17)
2)
t=to ,P=P, T=To, S =S%(x,y,2,0),Sv=S(x,y,2z,t), =0, =0
1.2
1)
Sor , S AS=1- Su- S,
S =(S- S)/AS, S =(Sv- Sw)/AS, 5 =S/AS (18)
S, S, S
2)
ko = kol koow, kw = kw/ kwio, Ko = kig/ Kgr (19)
Ko, ke, Ko : Keoow ¢ Kewro
5 kegr
3)
(5) (18) ,
(BS) YPoS) t+ V- Pow) =0 (20)
(A9 “PuS)/It+ V- Puw) + (B9 YPeS)/ “t+ V- Pow) =0 (21)
4)
(6) (19) ,
b = - Mo K(koow ko ( VP - Pog)
Ur = - M K(Kewro kw) ( VP- Pw Q) (22)
W = - Hg' k(korko) ( VP- PoQ)
5)
(10) (18) ,
[(1- DPRCr + ASPoC + SuPuwCi) ] T/t + (B 9) (5poC + SpuwCi) T/t + -
(B S) HEPghy)/ “t+ V- PoC T +PwCu Tuw) + V- Pghyly) -Ar V’T-0rE =0
6)
(12 (18) ,
S5+8,+5 =1 (24)
1.3
(21) (21)
V- Quu) C_ uun) Bk puunt (A9 YOSt peSe
(B S) VuS)t ™ (A9 PuwS)/It ™ ApuSix’ (A9 “PuS)/ ™t pusS.
V- Do) oo u) X Pgugt V- 0guy)  Pglg

(A S) us) ™ (B9 Ypud) ™t~ ASpusx’

V- (OWUN) _pwa
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T = et/ (A SSuL), T2 =PgSy/ PuwSy), Tz =pPgugt/ (B SPuwSiLl), s =Pgly/ Ow i)
(22 (23) (1) (149 (11 (4)
s = Wt/ (A SS,L), Te= Pkko/ (MoWwLl), TU7=Pogkko/ Mow), To=ko, Tz = kKw
T's = Pkkw/ (MwuvL) , TUs =Ppw gkkn/ (Hw i) , Tlw =Pg gkkio/ (Og gkkig) , Tlu = ki
Tu = Pkko/ (MoWwLl), T's=Pow/ Erxk), s =puc/ Pr&), Ta=S, Tx=S5,
Ty =Poe® S/ Prer), Mis=®A PSS hy/ Pr&rT), Tv=Pos Wt/ PrcL), T'x =Ac/Ar
TUx =Pwev Uut/ @rCRL) , T2 =PgUshgt/ PrLT), Tz =Art/ ErcL?), Tz =Act/ @:CL?)
Ty =0rEt Pr&rT), Mx=Sy, Mu=0Et ECT), Ta=TILPow/ Q, Tz =TILPw U/ Qu
Ty =0c/0r, Tx =TILPguUy/ Qug, Tz =We/ OE°L®), Ts=U/(EL), Tx=1/ OEL®)
1.4

n'
36 , , , rrg_T—fl:m

) 31 :
Wt/ (ASL), T =/, Ts=uUl/Ww, T4 = PklMowl), Tis =pPokg/ How)
T =Hw/Ho, Tz =Hg/Ho, Tls =Po/Pw, To =Pg/Pw, T = AS, Tu = ke, T = kw
T =PoC/ PrCR), Tus =PwGi/ PrCR), T =PcC/ PrCR), Tz =Art/ PrCRL?A )
T =5, Two=2S8, Tx=5, Txu=0FEtQECAT), TMxn =AJAr, Txu =0./0r

=
I}

T = LPo/ @, Tas = Qug/ Q, Tz = G/ Cr, Ty = G/ Cr, Ths = We/ ARD TL)
Tz = ke, T = UTR/ ARA T) T = 1?2/ ORARA TL?) , Ty = A SPyhy/ PrCe T)
, 39 , W, Uv,U PoPwPgPrPcHo Huw Mg, G,
Gv,Cr,C,hg ArAc, Pk, g,L,T,t,%S,Su,Sy, ko, kw, kg Or Oc, E,We,U,1,Q, Qug 5
T , 39-5=34 , 3
3
My = CT/ W, T = PO W), Ta = KL
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Theory and Application of the Scaling Lawsfor Physical Modeling on
Oil Recovery from Reservoirs with Hectrical Resisance Heating

WAN G Dian-sheng' , GUAN Ji-teng’ , WANG Yu-dou', YAO Jun’
(1. College of Physical Science and Technology , China Petroleum of University , Dongying 257061, China;
2. College of Petroleum Engineering, China Petroleum of University , Dongying 257061, China)

Abstract :Electrical red stance heating (ERH) is a new thermal stimulation technique for recovering heavy
oil reservoirs. The mathematical model for analyzing ERH patterns was developed on the bass of the
mechani sm of oil recovery from reservoirs with electrical resistance heating. The scaling groupsfor phys-
cal modeling studies on oil recovery with ERH technique are derived with equational analysis and dimen-
sonal analysson this mathematical model , and a set of main scaling parameters wasinferred based on the
engineering judgment. A 3~ dimensnal physical model in low-pressure stuation was built with the set of
main scaling parameters. The effects of the electric power heating reservoirs and the electric conductivity
of oil rock on the oil recovery with ERH technique were studied by using the physical modeling experi-
ments. The experimental results show : the higher the heating electric power is, the higher the value of oil
recovery factor is. Whereas the electric power has little effects on the oil recovery, it is above 50 kW.
When the electric conductivity of reservoir islow , the power supplied to the reservoir is utilized efficiently ,
and the value of oil recovery factor from the reservoirs with electrical heating is a s high.

Key words: scaling laws; physical modeling; electrical heating; oil reservoirs;oil recovery factor ;electric
power ;electric conductivity



