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ABSTRACT

The phenomenon of the cementing annulus micro atear gas channeling directly influences cement job
quality and oilfield production, so accurately d#sing the flow rule of cementing annulus microasience
gas channeling is the core and "bottleneck" probdéémontrolling gas channeling effectively. Froneth
perspective of the micro particle motion and basedhe lattice Boltzmann method, the flow model of
cementing annulus micro clearance gas particletabished. Select a block of Daging Oilfield tdccéate

and simulate the distribution rule of flow velocit§ micro clearance gas particle under differemudns
pressure difference. The calculation results retrealessence of the cementing gas channeling gtsiga
flowing in micro ring clearance, and new ideasfarend out for the study of the problem about subset|
cementing gas channeling.
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Inspired by the theory of mechanical seal in the
MESM, Boltzmann method is used to study the

flow characteristics of the clearance gas. Lattice-

In the process of gas well cementing the MICT% Hltzmann method is developed from the most
annulus and micro-fracture exist between the casir
ple cellular automaton and have been

and cement sheath due to the pressureout WOC, ueccessfully applied to study field of complex flow

E;\jattern at present [4-8], but there is not repart o
and other reasons [1]. Through calculation, the si jhe Iattlce—BoItzmann_ method useq to the flow
of micro-annulus is from a few microns to, tens o tudy of the cementing annulus micro clearance.

Jherefore, combined with the Lattice-Boltzmann

T o e st he authr sty he gas chamelng o i
P 9 y th cementing annulus micro clearance and from

gas into the annulus. For many years, the mo . : : .
. ) ; . e microscopic view analyze the essential
studies on gas channeling flow in the micro . . : ;
. connotation of gas channeling, which provides the
clearance base on macroscopic scales, and a Iarg'e S .
i . r€liable scientific basis for the subsequent
number of studies are carried out on the annular 98 . . .

. . . . ~cementing design and parameter design.
channeling mechanism after cementing, prediction
methods and preventing gas channeling and so on at
home and abroad, but the problem of ga<
channeling of the cementing is failed to be solve : ;
fundamentally[3]. However, there is a greCement :
difference between the flow of gas in the micsheath
clearance and macroscopic channel, and there s
big deviation between the results of Fomation
macroscopic description and the actual engineein: N\
Therefore, to implement the study on the
mechanism of gas flow in the microscopic channe
of casing annulus has important significance in the o .
design, the cementing parameter optimization Flow In The Micro Clearance

design and so on.

1. INTRODUCTION

initial setting of mud, as well as the interfadiaind

Gas
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888



Journal of Theoretical and Applied Information Technology
20" February 2013. Vol. 48 No.2 B

© 2005 - 2013 JATIT & LLS. All rights reserved-

SATIT

ISSN: 1992-8645 www.jatit.org E-ISSN17-3195

2. MATHEMATICAL MODEL As shown in figure 2 shows the rule of the gas
flow in a two-dimensional annular smooth micro-

As is known to all, the Navier - Stokes equatio%%igrrf;'nnl%éwzqﬁgggg i Spased on the Lattice-

is used to describe macroscopic fluid motion 1
mostly. In order to establish the relationship f,(r +eodt t+dt) - f,(r,t)z—{f, (r,t)—f,eq(rx)} (5)
between macro variable and micro variable, assume d
that any time ag¢ , the function of the particle ) i
density distribution in any positionof the annular ~ AMong them, fi(r,t) is the function of the
micro clearance agr,t).According to the principle particle density distribution im position and int

of conservation of mass and momentum, the machgoment at the speed ; 7 is dimensionless
density, momentum and pressure of the gas flow arglaxation time; f,*®(r,t) is the function of a partial

expressed as: equilibrium distribution corresponding time and
9 position. The corresponding local equilibrium
p(r,t)=;fi(r,t) (@) distribution function is:
W, (g@?* _JuP
0 £ty =1+ 30 + - 6
P =Y 1 (1)@ ) Y =aa 2 2 2 ©)
i=1
p=c0p(r,1) (3) Among them, w is the weighting coefficient;

As shown in Figure 2 the model of the squareo and u are respectively macroscopical density and

grid two-dimensional nine velocity (a2-dimensionalispeed, ¢, is the speed of sound in a grid. In
space, nine discrete speed), the entire gas fleld fi addition, ¢ is the migration rate of the gas particles,
is _divided into square grid, in which _each nod&ind =g x/3t, whereing . 5t are respectively the
With e own, there are nine moving directons gver {liS Siep and time step. The migration ratefm

' gas particlex and the lattice sound velocity meet

particle totally. k ) )
relational expression, =c/~/3 . For the weight

25 g1 gz
coefficienta , there is:
1,
=(=12,34)
) B f 7
g:-\ @=130=5678) )
4.
Zi=9
9(l )
ér ey
o
Figure 2: The Model Of The Two-Dimensional For microscale gas flow, the characteristic

Nine Velocity (Q2DS) quantity is Knudsen numbeki), and how to give

All the velocity vectors of nine directions the relaxation time according tn correctly is the
key of the Lattice-Boltzmann gas flow simulation.

constitute a collection as gas equagorwhich can ; k
In this paper, the formula of the relaxation

be expressed as:

time is:
01 0-1 0 1-1-1 1],i=1--9
““loo1o0-11 1—1—J r=24 [Pnkn (8)
L 2 Vs
ccost T il =D i Z 1534 Among them,N = L/ indicates a character-

istic length grid numberg is the constant related

e= «/Eo(cos(2i _49)” sint2 _49)” ) i= 56,7, “) to the model, and in the D2Q9 moddl= 3.

(0,0) i=9 3. BOUNDARY CONDITION

According to the experiment of the Knudsen
molecular level, when the gas particle reach the

R
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micro clearance of the outer surface of casing and

the inner surface of cement sheath at a certaifAaLeEl: The Annulus Differential Pressure And Size Of
incident speed, particle slip mainly reflect fonet The Micro Clearance Between The Casing And Cement
particles’ backward rebound and forward rebound Sheath

shown as Figure 3. Assume that the ratio of the

number of particles’ forward rebound &, and the E?;;Q:ﬁ;‘l’s

ratio of the number of particles’ backward rebound pressyre 10 3.0 5.0 10.0 20

is 1-a . According to the model in Figure 3 (wpa)

rebound rules can be expressed as:

¥ The si;e of
) “ i ‘ é?:a’r‘;'rféz 204 688 115 22.9 45.7
(4m)
—_—

incident ad \

Y '," “\‘
bounced ottom top 1 —— Ap=1. 0MPa
o8 L Ap=3. 0MPa
Figure 3: The Rebound Rules Of The Irregular Solid A;%qg;;

Wall 0.6 —*=Ap=20 0MPa

u/U

Lo t+&)=1,0 1)

Upper boundary

o f,(rt+ad)=@0-a)f,(rt)+afs(rt)
conditions

fo(r,t+at)=@1-a)f(rt)+af,(rt) 0 0.2 0.4 0.6 0.8 1

y/H
f(rt+d) =1, t) Figure 4: The Velocity Distributio Under The Diféart
Differential Pressure

Lower boundary

- fo(rit+at)=@1-a)f,(rt)+af,(t)
conditions

fo(r,t+at)=@1-a)fy(rt)+af,(rt)

4. CASE CALCULATION

In this paper, combined with the gas channeling
of the cementing annular clearance in a block of
Daqging gas field and based on the Lattice-
Boltzmann method, the rule of gas flow in the

process of the gas channeling is simulated. Assume o 09 04 06 o8 .

that the heat flux in the wall of the annular v/

clearance is uniform and the temperature igrigure 5: The Annulus Pressure Distribution UndéeT
constant. The parameters of annulus micro Different Differential Pressure

clearance are shown as in Table 1. And in the
process of the gas flow, the mesh of the flow field
is divided into 50%50, the time step is 10-5s, the
driving speed of gas entrance is 0.01 m/s, the
Reynolds number of the flow field is 10.0, the gas
velocity at the exit is constant, the gas particles
distribute uniformly, the initial temperature ofeth
entire flow field is 300K, the boundary of the
annular clearance is the diffuse reflection boupdar
the calculation results is shown as in Figure 4-9.

e
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Figure 6: The Velocity Distribution Under The S@é&
Micro Clearance Is 45.Zm

Figure 7: The Velocity Distribution Under The S@é&
Micro Clearance Is 22.9%m

Figure 8: The Velocity Distribution Under The S@é
Micro Clearance Is 11.5m

Figure 9: The Velocity Distribution Under The S@é
Micro Clearance Is 6.88%m

5. CONCLUSION

(1) In this paper, the Lattice-Boltzmann method
is firstly used to simulate the flow rule of thesga
channeling in the cementing annular clearance of
the oil field cementing, and analyze the rule of ga
flow velocity and flow pressure distribution under
the different sizes of annular micro clearance.

(2) The calculation results show that: with the
increase of the annular micro clearance and gas
flow velocity, when the annulus micro clearance
increases, the Knudsen number improves and the
phenomenon of gas slip disappears. Gas develops
from the slip zone to the transition zone and thg g
flow velocity increases, which is consistent witie t
explication of the macroscopic flow.
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