Applied Mechanics. — Temperature differences occurring in gaslift.
By J. VERsLUYS.

(Communicated at the meeting of October 27, 1928).

Recently a theoretical analysis was given of the phenomena occurring
in gaslift. (I). As gaslift is to be considered a vertical tube in which a
mixture of gas and liquid rises. The pressure of the gas at the bottom
of the gaslift is the main source of energy. In the above mentioned
analysis it was stated that the temperature in the gaslift is not invariable,
for the temperature must drop as the mixture rises. The formulae, how-
ever, were deduced as if the process were isothermal. As appears from
what follows, the differences in temperature are so small, that they may
be disregarded, such in view of the inevitable inaccuracies in the deter-
mination of the coefficients.

In this paper a deduction of the theory of the gaslift is given, whereby
the temperature is taken as variable. It will be shown that the decrease
in temperature during the rise of the gas and liquid mixture is so small
that the decrease of the work exerted by the expansion of the gas in
consequence of this drop in temperature may be disregarded.

The following notation will be used:
volume of liquid flowing through per unit of time .

q
absolute temperature T
absolute pressure p
: . . RT
volume of gas flowing through per unit of time 3
specific gravity of the liquid V1
specific gravity of the gas at pressure p and temperature T L"TB
total volume of liquid and gas passing through the section
per unit of time v
weight of gas and liquid passing through the section per
unit of time G
ditto for gas alone . , G,
ditto for oil alone ; s s i % G
average rate of flow of the mixture in a cross section u
a coefficient of the dimension of rate of flow b
specific gravity of the mixture . ; s
height above horizontal level of origin . y
radius of the cross section of the tube . r

amounts of energy per unit of time . . . . . . . . W, W, etc
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mechanical heat equivalent , . . . . . . . . . . A
specific heat of the liquid . . . . . . . . . . . «
specific heat of the gas . . . . . . . . . . . . ¢
absorption coefficient . . . . . . . . . . . . . a
coefficient of absorption heat . . . . . . . . . . B

One may write:

G=gqn+Ry, . . . . . . . . ()
and
— o+ RT_qp+RT 2
v—=q+ B B V)|
From which follows:
G qri + Ry,
=———=p-t 7% .. . . . . (3
=% “PTgp ¥RT G
and
T
u:nirz:—q%i—;g— B T
1%

If as elementary cylinder is to be understood that part of the contents
of the gaslift lying between the horizontal levels at the heights y and
y+dy, then the work of the pressure on the bottom end of this cylinder
per unit of time is:

W,=pv=pq+RT . . . . . . . (5
from which follows:

dW,=qdp+RdT . . . . . . . (6)

and this is the work done in the unit of time by the pressure upon the
elementary cylinder.

The work performed by the force of gravity in the elementary cylin-
der per unit of time is:

dW,=—Gdy=—(qn +Ry)dy . . . . . (7)

The mixture entering the elementary cylinder per unit of time through
the bottom end would, provided the rate of flow is the same at every
point in the cross section and the liquid and the gas flow at the same
rate, have a kinetic energy of:

G 2. i +R79 (QP+RT)2 oL (8)

Tt T 2g ne’p
Assuming that the wvariation of this energy, caused by the speed of
flow not being the same at all points of the cross section and the two
substances (oil and gas) not having the same speed is expressed by a
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constant coefficient v, then the energy applied in this manner to the
elementary cylinder per unit of time is:

AW, — —y R qp+RT<R dT Rpo) _
g 7?r'p p P ©)
1 dp\ (
=y (Q?’Injr;gRVg) (QP J;zR ) (R dT — RTFP)

The work of the turbulence resistance may be expressed as follows,
assuming that the mixture behaves as a single liquid or a single gas:

dW,=—ne fudy=—=c2 fP LR g, _fﬂj;ﬂﬁdy . (10)

nr’p

in which f (compare I p. 67) is a function:

f:«p::s:% (qp+RT>p<qw+Rh>, C (1)

@ being a constant so that:

2
dqu—%(clp——;ﬂ) (QYI'*‘RVg)dy L (12)

The work per unit of time performed by the expansion of the gas
in the elementary cylinder is:

dW5:pdv:p<RdT—Ed) RdT—Ed . (13)

Finally, the energy per unit of time in the elementary cylinder
converted into heat due to the difference in speed (see I page 67) may
be expressed as the product of the weight of the liquid in the cylinder
and a coeflicient b, which, if the volume of the liquid is much greater
than that of the gas, is about as great as the difference in the rate of
flow, thus:

dWs = — by, nr? (14)

pq
== d
pq+ RT
An equation of equilibrium can be written as follows:
dW, +dW, +dW; 4+ dW,+dWs; +dWe=0 . . (15)

The external energy applied per unit of time to the elementary
cylinder is the sum of dW,, dW, and dW5. Since the temperature of
the substance flowing out of the cylinder is different from that of the
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inflowing substance, a certain amount of heat is applied per unit of
time. This is equivalent to the external energy, thus:

(@7 ¢ +Ryyc)dT — A (AW, +dW, +dW3)=0 . . (16)

For the present no consideration is given to the value of the coeffi-
cient of the specific heat of the gas in connection with the change in
pressure and volume. Later it will appear, that the terms in which this
coefficient occur, may be disregarded for the present purpose.

Substituting in (15) and (16) the expressions of dWj,...dWjy then
two simultaneous differential equations are obtained, including p, dp, T, dT
and dy.

The equations are considerably simplified if, as has been found
admissible in many practical cases, one takes:

dW,=RdT . . . . . . . . (17

and:

dW,=0 . . . . . . . . . (18

Then (16) is written:

(g1 c +§7'g ) dT RdT + (qyi + Ry))dy=0, . . (19

from which follows:

—C — (@i + Ry, A
r=¢ (@i +Ryyc)—ARY = = = (20)

in which C is the integration constant.
For (15) may now be written:

RAT — a7+ Ry dy — %o LR Yign + Ry + )
RT 1)
—i—RdT—?dp by, n r? _J{_RTdy“OS

From this dy can be eliminated by substituting for the first two terms

the form deduced from (19) and for the third term:

(qr: ct + Ryg ) dT
A ;

(@ + Ry)dy=RdT — (22)

which relation follows from (19). We then get the following equation :

(qr: @ +§yg c,) dT_% (qp 5 RT)2 gR—ﬂLC[ + Ryycq) dT +
r p A §

_RT, . pq_ {R-AlriatRycl g
RIS dp=bn o (g TRT) (ane + Ry

- (23)
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This differential equation in p and T could be solved, so that with
the aid of (20) an expression can be found of p and y. The solution
will not be sought because in the equation there are still two coefficients
which presumably depend upon p, viz. ¢ and b. Only after experi-
mentation an opinion can be formed in this respect. In the case where
the volume of the gas exceeds by far that of the liquid the equation
could be further simplified by taking:

gp+RT=RT . . . . . . . . (29
Then the equation (23) would be:
(r e+ Ryg ) dT_ ¢ (RT\p_ qrici + Rygcq ]
. r5( : ) R feeelaT + (

(25)

RT pq {R—A(gra—+Rysc)l S
T——dp— nr? dT =0
+Rd o dP by, nr pq+RT qr; + Ry,

but this applies only in exceptional cases.

The main equation here is (20), from which is to be deduced the
relation between the difference in temperature T, — T, and that of
the levels y, — y;:

o (g +Ry)A .
B di= (@i et + Rygce) — R b1 —v2)

Both in the numerator and in the denominator the second term is as
a rule much smaller than the first, whilst also in the form between
brackets in the denominator the second term is much smaller than the
first. Thus the expression of the difference in temperature is approxi-
mately:

(26)

A
T2 = Tl — (y] == yz) . . . . . . . (27)

o
If the liquid is water then ¢, is approximately 1, hence:

1
TZ - Tl :4—27 (yl - yz) e e e e e e (28)

the temperature being expressed in degrees centigrade and the height
in metres.
If the liquid is oil, for which, e.g. ¢; =, then is
1
Tz—T1—213._5(y1—92)- e T v )

In the same manner there may be deduced from (19):

. 1

‘Supposing the length of a gaslift to be 650 meters, so that the tem-
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perature drops 3° Celsius, while the pressure from the bottom to the
top drops from 40 to 1 atmosphere, then with isothermal expansion the
gas would exert an energy per unit of volume of:

p—40

%0 40
— pdv:fpg%:Jd—p:log‘lO:j:& ... (3
: prJp
p=1 1 1

If the temperature afterwards drops 3° at about T =300, then the

decrease of volume is —l%)a at a pressure 1. The work then performed is

1_(1)6' Thus with isothermal expansion the work per unit of volume would

be 6, of which about %°/o would be lost through a difference in tem-

perature of 0.01.

If, as also occurs, the pressure in the top of the gaslift is 4 atmo-
spheres then the worth of isothermal expansion is log 10 = 2.3, from
which would be deduced the product of the pressure prevailing, the
volume and the decrease of volume 0.01 or 0.4 9.

In case of a gaslift where water is raised say 60 metres, while the
pressure at the bottom is 4 atmospheres, then the temperature decrease

will be 60 X 4—;—7:0.14. The energy exerted per unit of volume of gas

at isothermal expansion would be log 4—=1.39, whilst through decrease
of temperature this would be reduced by %g: 0.0005, or about 0.039/,,.

In the treatise (I) referred to in the beginning, the problem of the action
of the gaslift was dealt with, the solubility of the gas being taken into
consideration. In order to understand the heat phenomena in the deduction
account would have to be taken of the absorption heat of the gas in
the liquid. In the case of water and air there is little absorption. With
petroleum and the co-existing gases the absorption coefficient a in units
of volume may be!/,, which is to say that with a pressure of 1 atmo-
sphere half a litre of gas, measured at that pressure, would dissolve in
1 litre of oil. If the pressure at the bottom of the gaslift is p; and at
the top p, then the volume of gas set free during the rise, measured
at 1 atmosphere is a(p; —p,), and the weight of this volume of gas

would be 72% (;—'——— P2

Assuming that the absorption heat S corresponds to the heat of
evaporation, then this would presumably lie between 50 and 150. Then
the absorbed heat per unit of volume of oil is:

Brs @ (py — p))
T
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and the resultant temperature decrease

Prg @ (pr — p2)
[o4] T '
for which may be taken as average about
100 X %1
1000 2( - )_L( — )
1_ D1 D2) — 10 P1 D2)-
2

The heat absorption capacity of the gas is disregarded. In very deep
wells it might be possible that (p;—p,) = 100, in which case the difference
in temperature might be 10° Celsius. In less deep wells p,—p, might
36, and then the difference in temperature is 3.6° C.

In the latter case, where the difference of temperature is 3.6° C. the
isothermal energy per unit of volume of gas would be 2.3, as already

known, while the decrease of temperature would mean a loss of

3.6

30—0:0.012. This would be about !/,°,. In the former case, where the

difference in temperature is 10° C., with isothermal expansion the energy
per unit of volume of gas would be 6.9 and the loss through difference

10
in temperature 5&):0'033' which is also about !/, %/,.
So in the theory of gaslift there is no reason for taking into account

the differences in temperature.
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