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Abstract. In the work the problem of control of the gaslift process is considered. In differ from existing works
here is assumed that the flow rate of the pump-compressor tubes at the bottom of the well is determined by the
flow in the annular space around of the pipe with a certain delay. The considered problem is reduced to the delay
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1 Introduction

It is known that when oil well is put into operation, oil is pumped to the surface by fountain
method. But as time goes on, the fountain stops as the pressure of the well drops. In this
case, it is necessary to switch to mechanical methods to extract oil from the layer. One of such
methods is the exploitation of oil wells by the gaslift method. The essence of this method is that
by injecting additional gas into the well, the bottom of the well produces a liquid-gas mixture
with more light specific weight, which allows the oil to flow out of the well.

Different works have been devoted to the modeling of the gaslift method (Barashkin &
Samarin, 2006; Sakharov & Mokhov, 2004; Sakharov et al., 1985; Charny, 1951). One of the
models that adequately describes this process is the mathematical model proposed in Aliev et al.
(2010a). In Aliev & Mutallimov (2009), the optimal control problem for the gaslift method is
set based on this model. In this model, the flow and pressure at the bottom of the well are
assumed to be constant.

This problem is reduced to the linear-quadratic optimal control problem and its solution
method is developed. As a result, the program trajectory and control was found. In Aliev et al.
(2010b), the problem of construction of the optimal stabilizer around the program trajectory
and controller i.e. optimal stabilization problem is solved. This allows one to keep the desired
debit stable for some period. Here in differ from Barashkin & Samarin (2006) we assume that
the flow rate of the pump-compressor tubes at the bottom of the well is determined by the flow
in the annular space around of the pipe with a certain delay and the problem is reduced to the
delay argument optimal control problem.
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2 Formulation of the problem

It is known that (Aliev et al., 2010a), the mathematical model of the operation of the gaslift
well is approximately described by the by the following system of the linear partial differential
equations

op
ot

ﬁj\‘ nm
o5}
SIS

oQ i OP W
here t > 0, z € [0,2L].

In Barashkin & Samarin (2006) system (1) is reduced to the system of ordinary differential
equations by dividing L by N equal parts [ = L/N . For the case N = 2 in the annular domain

we get the following system of the ordinary differential equations
Pt = < i
1(1) = =77 Q1(t) + 77Qo(?),
Qi(t) = —LLP(t) + L1 Py(t) — 2a1Q1 (¢),

Po(t) = —2hQa(t) + £5Qu (1),

Qg(t) = —%Pg(t) + %Pl(t) — 2(11Q2(t).

Here the functions Qq (t), Py (t) are the volume of the injected gas to the annular domain
and its use correspondingly, and gaslift process is controlled by these functions. As is noted in
Barashkin & Samarin (2006) Q2 (t) andP; (t) are the values of these functions correspondingly,
in the bottom of the well. It is clear that the pressure and use formed that in the bottom of the
lifting pipe of the well depends on their values in the annular at the argument ¢ with the delay
T ie.

Q2(t) = aQa(t — 1), (3)
Py(t) = P (t — 1),
Considering this for the lifting pipe we get the following equations

Py(t) = — 5 Qa(t) + £,0Qa(t — 1),
Qs(t) = =2 P3(t) + L2 BPa(t — 7) — 2a2Qs5(1),

Py(t) = — £2Qu(t) + 2,Qs(0),

Qa(t) = —L2Py(t) + L2 Py(t) — 2a2Qu(t).
Thus we have the system of the first order differential equations (2), (4). The corresponding
initial conditions have the form

Py (to) = P, Qr(to) = Q) k=14 (5)

Let us denote
w(t) = [Pi(t), Qa (1), Pa(t), Qa(t), P (1), Qa(t), Pa(t), Qa(1)]
0 =[PP, QY P9, Q% P9, Q% PP, QY] .
u(t) = [Qo(t), Po(t)]
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Then from expressions (2), (4) and (5) we have
&(t) = Az(t) + Bx(t — 1) + Gu(t), (6)
z(0) = 2°. (7)
Here u(t) is considered as a control parameter.
The problem is: to minimize the functional
1 ~12 1 r / /
J=35[Qu(M)=QI"+3 | {#(ORx(t) + ' ()Cu(t)} dt (8)
0

Subject to (6), (7).

This is a linear-quadratic optimal control problem with R’ = R > 0, C' = C > 0.

As we see problem (6)-(8) is an optimal control problem with delay argument. First we
should identify the parameter 7 and coefficients «, 8 . For this purpose suppose that in the
gaslift process the values Q2(t) and Px(t) of the functions Qo(t) and Py(t) at the point ¢ = ¢;
are known. We find the parameter 7 using these values. Thus the problem is reduced to the
identification problems that may be solved by some known method.

As is noted in Barashkin & Samarin (2006) denoting
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functional (8) may be written in the form
1 -\ - 1 (7 / /
J=5 @@ =2) N@(@) -2)+; | {/(ORe(t) +/())Cu(t)} di (10)
0
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3 Euler-Lagrange equations

Now we solve optimal control problem (6), (7), (10). First we construct the extended functional
in the form

T
J=3[z(T)—z) N [x(T) — 2]+ [ {5 [2/(t) Rx(t) + «/(t)Cu(t)] +

2 0 (11)
+XN(t) [A(z(t) + B(t — 7) + Gu(t) — &(t)] } .
Using the transformation
T T
—/)\'(t) B(t)dt = — / N(B)d(t) = N (t)x(t)|T + /)\ — _N(T)2(T) + N (0)2(0)+
0 0
(12)

We can write functional (11) as follows
J=3[2(T) — 2] N [x(T) — 2] — M(T)x(t) + M(0)z(0)+

Tr1
+/ {2 [2/(t)Ra(t) + w(t)Cu(t)] + +M(t) [Az(t) + Ba(t — 1) + Gu(t) + M(t)z(t)] } dt.
0
(13)
If to use the equality

T T—1
/ N(8)Ba(t — 7)dt / Nt + 7)Ba(t)dt (14)
0

then the functional J takes the form

A~

J=3[2(T) — 2| N [x(T) — 2] — M(T)z(t) + M(0)z(0)+
L Ra(t t)C M) [Az(t) + Gu(t)] + M)z (¢) ¢ dt
+ [ o) s wCa] + 4300 140 + Gulo)] + Mo fare g

+ / U N+ 1Bt

—T
Equaling the first variation of this functional to zero from the equalities
oJ —0, aJ ~0. oJ _ 0
0z (t) ou(t) 0x(T)
we get the following expressions

2 )R+ NA+ N(t)+ XN(t+7)B =0,
u'(t)C + /\’( )G =0,
[2(T) =& N = N(T) =0,

From the last we get

N(t) = —Ra(t) — AN(t) — BNt + 1) (16)

AT) = N'[2(T) - 2] (17)
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u(t) = —cLGIA() (18)

Equation (16), (17) together with relations (6), (7) lead us to the following Euler-Lagrange
equation

2’ (t) = Az(t) + Bx(t — 7) — GCTIG'A(1), (19)
N(t) = —Rx(t) — A\(t) — BA(t +7), (20)
z(0) = 2Y, (21)

ANT) = N’ [2(T) — 1. (22)

4 Conclusion

Apparently, the considered optimal control problem for the gaslift process is reduced to the
linear-quadratic optimal control with a delayed argument, which can be solved and the program
trajectory and controller can be found.

Acknowlengement. The author would like to thank Professor M. Mutallimov for his
support in the preparation of the paper.

References

Aliev, F.A., Ilyasov, M.Kh., Nuriev, N.B. (2010). Problems of modeling the optimal stabilization
of the gas-lift process. Applied Mechanics, 46(6), 113-122.

Aliev, F.A., Mutallimov, M.M. (2009). An algorithm for solving the problem of constructing
programmed trajectories and control during oil production using the gas-lift method. Reports
of the National Academy of Sciences of Azerbaijan, LXV (5), 9-18.

Aliev, F.A., Mutallimov, M.M., Askerov, I.M., Raguimov, 1.S. (2010). Asymptotic method of so-
lution for a problem of construction of optimal gas-lift process modes. Mathematical Problems
in Engineering, 10 p.

Barashkin, R.L., Samarin, I.V. (2006). Modeling gas lift wells. News of Tomsk Polytechnic
University, 309(6), 42-46.

Charny, I.A. (1951). Unsteady Movement of Real Fluid in Pipes. Moscow, Gostekhizdat, 224 p.

Sakharov, V.A., Mokhov, M.A. (2004). Hydrodynamics of Gas-Liquid Mixtures in Vertical Pipes
and Field Lifting. Moscow, Neft and Gas, 391 p.

Sakharov, V.A., Mishchenko, I.T., Bogomolny, G.I., Mokhov, M.A. (1985). Periodic Operation
of Oil Wells. Moscow, MING, 70 p.

259



