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Abstract. In the paper the identification problem is considered to determine the coefficient
of hydraulic resistance in gas-lift process by the lines method. There exists a small
parameter in the right side of the partial differential equation of hyperbolic type which is
the inverse of the well depth I. Using the lines method the system of partial differential
equations of hyperbolic type is reduced to the system of linear ordinary differential
equations with respect to the volume of gas, gas liquid mixture (GLM) and their pressure.
An asymptotical solution of the given equation is obtained and this solution is calculated at
the point 21 (debit). On a concrete example is shown that the value of the coefficient of
hydraulic resistance obtained by the asymptotical method differs from the real value of the
coefficient of hydraulic resistance to the order 1073,
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1. Introduction.
The system of partial differential equations of hyperbolic type describing the
motions of the gas and gas liquid mixture in the tubes

;=X _ . isdenoted, when a small parameter ¢ is considered as the inverse of
2]
the well (, — 1 )depth I (,_ 1 )[1, 7131521
2L | 2L
P __fQ,
—=-F—¢-2aQ,
ot oz

where P =P(x,t)— is pressure, Q(x,t)- is volume of gas and GLM,
correspondingly, C- is the speed of sound in the gas and GLM, correspondingly;
2a= i+—}b°wC

2D

c

; 0, A.- acceleration of gravity and hydraulic resistance in the
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gas and GLM, correspondingly; @, - averaged over the cross section of the

velocity of the gas and mixture in the annular zone and lift, internal diameters of
lift and annular space, which are constant over the axes, F - cross -sectional area

of tubing constant on axes. If we denote | = Zi we obtain from (1) approximately
n

linear model [8, 20] applying the lines method for n=2
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where Qpl : Ppl are volume flow and pressure of the reservoir at the bottom of the

well.
After some transformations the system (2) is reduced to [11, 19]

X=(A4,(1.)+Ae)x+Beu+Ve, €)

with initial condition
0 0 0 0 (
Xo :[Pl Qr Pz’Qz]'
where x,is the initial position of the well and
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2. Problem statement. Let’s have some statistics that at the given initial
volumes of gas 6; the debit Q; is measured at the output, i.e. 6; and 6; are
known (i =1,N), where N is the number of tests.

It is required to find such values of the coefficient of hydraulic resistance

A, [3, 4,12, 18], which system (3) will describe the motion of GLM in the lift,

closer to practice (adequate mathematical model ). To solve this problem, the
objective function based on the lowest square deviation from the real initial data

Qi is constructed, i.e. it is required to minimize the functional

f(2)=Y -] . @

The analogues problem one can consider for discrete Roesser equation [2].
Thus, the problem of determining the coefficient of hydraulic resistance

A, can be reduced to finding the gradient of functional (4) [5,6, 9,10, 17].

The general solution of equation (3) can be represented as follows
t t

x(t) = e Ay, + SI WA Bd +6‘J- AN G 5
0 0

2 2 2
z(E+A0t+%A:)x0+g((A1t+%AOA1 +%A1A0)x0+ (5)

2 3

+(Et+%AO+%A:)(Bu +V)) = x, +é&x,,
where
t2
X, :(E+Aot+?A§)x0,
t2 t2 t2 t3
X, = (A1t++?A0A1 +?A1A0)x0 +(E'H—?A0 +€A02)(Bu +V).

After the following transformation

Ay =4, + 1.4,
where
0 0 0 0 0 0 0 0 |
0 -2¢, 0 O 000 O
4H=lo0 0o 0 o0} 4=pgoo0 o0 |
o o o2 000 -%
L @, | L 2D |
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the solution 5) is represented as follows

2 , 2
K= (B + (4, + 240045 ( + 24D, + oA+ S (- A e o
t? ' t? t? )
+ EAl(A2 + A, 4;))x, +(Et+ E(A2 + A, 4,) + E(A2 + A, 4,)°)(Bu+V)).
From (6) Q, has the form
Q, =J-x(t), ()
where J = [O, 0,0, 1], E- is the identity matrix of the corresponding dimension.
Then, substituting (6) and (7) in (4) we have
& g i \? . g 2 . g 2
()= Q- f =2 Q-3 =3 Q1 -3 - e, [ ®)
i=1 i=1 i=1
f (4,) from (8) takes the following form throwing the members in which the
degree of & is greater than 1
N 5 N
F(A) = (@ - 3 ) 26 (@)~ 3 v, = £,(2) + £, (2) ©
i=1 i=1

with accuracy O(&?), where

f(4,)= i(ézl - ‘]xl)z =

N[ 2 72
= Z{Q; —J(E + (4, +ﬂ‘,A3)T+T7(A2 + 2, 45)")x! } ,
i=1

N

f,(1.) = _22 (6; - ‘]xl)]XZ =

i=1

- ‘Zi[@ “IE- (A + A AT +;(A2 +ACA3)2)XE)’}J x

(AT + (A + AAIA+ A (A + 2 AR +(TE+ (A + 1) +

3

T
+F(A2+/10A3)2)(Bu +V)). (10)
To solve the initial optimization problem we find the gradient of the functional
f(1,) as

o _(of, o ),
o4, \oa, oA,

and consider the equation
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of (1,)
oA,
for satisfying the last equation we have the following relations
() _, (i)
oA, " o4,
The relation (9) allows one to solve the system of algebraic equations (12)
analytically, if A, sought in the form [14, 16]

=0, (11)

=0. (12)

A=A+ +...,
of, (4,
i.e. calculating the equation 52 °) =0 we have
of,(4,) T ., T?
——=ct =22 -J(E T+AAT —A /1 —/1
o S0 -I(E+ AT+ 2AT + AR T AANE

+T2/1§A32)xg JI(AT -T2AA ~T2A A7)x) =0,

After some transformations in the equation (13) we obtain the following
relation for 4,

%ifgﬁw%ﬂxd+%—@NMJJ”&%+&@waxa—
—JT22ASZJX(‘)(AST—TZAZAS)X(‘))JHI[ZJ(E+A2T +—A2)J’x' 2R~ (14)
AT 4 A AR IKAT ~TPAAN ~GLITHAN |+

+(ZN1:5§J(A3T —TZAZAS)X(‘J, —J(E+AT +T7A§)J5<§)(A3T —TzAzAs)xéljz

o,(4)

Let’s calculate = 5, oA, =0

2
afaf 2 [ OAT T - AV IAT + 3+ AAIA

. 3
+7A1(Az +/1CA3))X6 +(TE +7(Az +/10A3)+?(A2 +2:A5)")(Bu +V)) -

_22£65 _‘](E _(AZ +/10A3)T +T7(A2 +2’0A3)2)X(i)’]‘] X
i=1
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2 2 N 2 3
x((T?A3A1+T7Al%)X6 +(T7A3+%(A2+ACA3)A3)(Bu +V)). (15)

From (15) we may define A, as follows

N N 2 2
—Z((JAST—%JTZAQAS—%JTZA@X&)J((A1T+T7A2A1+%T7A3A1+
PO A AR g AR AN +(TE A A
+«%§A3+L63A§+%%A2As+8&%AzAs+%L;AsA2+%L;A3Az+

T3 T3

+—ﬂ§A§+—gﬂoﬂiA§)(Bu+V))—

_Z(Qz J(E-AT - AAT - 811A3T+*/%A2A3+6/11 AzAsMo A3A2+

+ «%*ASAZ + /11%7‘43? + R AT A + 62112/132)% )J ((7A3A1 +*A1A3)Xé +

2 3
+(T—A3 +T—A2A3+/1 A2+ /11—14 )(Bu+V))=0. (16)
Thus, we formulate the foIIowmg algorithm for finding 4. .
Algorithm.

1. Entering the initial data and parameters from (3);

2. Entering the x,, the statistical data (5[') and observations (5; from the
practice for the same well;

3. Finding x(t) from (6);

4. Forming the functional f(a,(4,)) from (9), ie. finding f,(1.) and
f,(4.) from (10)

5. Finding 4, and A, from (14) , (16) to define the solution of the equation
(11)

of (a, (4, <

0a,(4,)
if it is satisfied, the calculations stop, otherwise go to step 2.

6. For sufficiently small number ¢ we check the condition

Now consider the realization of the proposed algorithm. Let parameters in
(5) have the following form
For 0<x<I1-0:

| =1485m, ¢, = 331m/san, p, =0.717kg/m?, d, =114% —73% .10°m, 4, = 0.01;
for [+0<x<2l:
¢, =850m/san, p, =700kg/m?, d, =0.073m, A, = 0.23.
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0 1122522 0 0
| ~405498-10° -2.9791131 0 0 |
0 1.162454-10° 0 -1.162454.10°
2.818442.10° 0 -2.818442.10°  1.795454.107
0 1.22522-10* 0
o | 4054981.10° 0 |y- ]
0 o | 1.162454.10
0 0 2.8184422.10"

After applying of the proposed algorithm we obtain that A, =0.2373191,
A, =-15.19319, here A, =0.2373198and ZC =0.23 (;fc the hydraulic resistance

value from practice), Note that A, differs from ZC to the order107, and it shows

the efficiency of the proposed algorithm.
The author is grateful to Academician Fikret Aliev for setting the problem
and attention to the work.
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