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ABSTRACT

In the swabbing process of pumping unit, submergence depth is the one of principal elements that affects filling
degree of sucker pump. Based on the one-dimension equation of fluid into the pump, gas state equation, fill factor
equation, the solving model of filling degree of pump unit is established. Writing program with Visual Basic 6.0, the
calculate simulation of performance to oil-well pump is explored. The results shows. submergence depth is
increased, the filling degree and pressure in the pump also are increased and transient fluid-loss is decreased.
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INTRODUCTION

When pump in the swabbing process, the free ghgj@ngas and condensate gas exist in the pummlocbg these
gases occupied a part of pump chamber volume wtechreduce fullness degree of the pump, thus taftec
pump fullness degree[1]. In the whole upstroke dodn-stroke process only intracavity gases are rekipg and

compressing without liquid lifting when it's ser@uhen the "gas locking” [2]of pump can be appgared can't be
able to work. Submergence depth is the energy mvitie reservoir fluid send to the pump barrelriectly affects

the working condition of the pump[3,4]. Althougtetbump admission coefficient is large when subrmergelepth

is higher, pump efficiency can be lesser increas®tl has the potential to reduce because of thedsitrg elastic
expansion of sucker rod. When submergence depimadl, the pump efficiency can be also affecteguasp inlet

are more gas separation and pump admission ceeffis lesser[5,6].

In this paper, mathematical models of fluid inte thump are established on the basis of fluid iheogump one
dimensional equation, gas state equation and admissoefficient equation, we can through the VB
programming[7,8] to complete the simulation caltiola of pump performance, research the influencgas on
pump efficiency under different submergence. Whiah provide theoretical basis for structure optatian design
of the well pump and have great significance foprioving the pumping unit well system efficiencyyisg energy
and reducing consumption, improving the efficientyhe oil field comprehensive development .

EXPERIMENTAL SECTION

SIMULATION SECTION

Fluid into the pump is a dynamic process, any patars affect of fluid into the pump will influendbe full
extent of the pump. When the oil viscosity changenger speed is larger, the speed of fluid inte pump
obviously lags behind that of plunger move up wappear. Calculation method of the degree of filimpump does
not reflect this kind of phenomenon past, needaloulate the degree of filling in pump need frdra perspective
of the motion law of the polyphonic flow regimearthe pump.

141



Dong Kang-Xing et al J. Chem. Pharm. Res,, 2013, 5(10):141-146

N

_

Lo

Ls

mom

L

Figl Pump with gasand liquid

Onedimensional unstable flow equation of fluid into the pump

Choose the open area as shown in figure 1. endlfdces located in the bottom of the pump linerd éace 2-2 is
located in the liquid in the pump. Application bEtactual flow instability energy equation betwéemend face 1-1
and 2-2.
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Full of coefficient equation
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L=1f(v.,X)

B=LIx (4)

Equation of gas pressurein the pump
At the time of t, the piston moved to x positiondahe flow is L, according to the real gas stafeation:

_ZTp,A- 1) oy Lth *L
=S R RIS (5)
p=f(p.L.x) (6)

LI

Leakage produced by wear and tear, sand, wax amdption is difficult to calculate, according toettindicator
diagram to analyze the severity of the leakage kdga of the new pump to work properly, generally ¢
calculated according to the measured loss wherptinep testing, also can calculate and analyze tlagiameship
between the leakage and the swabbing parameteysdémg to the following formula.

pump leakage between the piston and liner:

static conditions

_ D€’y AH

v "

1
q2 = E ]TDeVp (8)

When the piston upward movement
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Fluid into the pump motion equations

(10)

B=LIx

L=1f(v.,x)

p=f(p,L,x) (11)
dv,
—=f(p,v, ,XL
™ CATRAS)
Calculation method

Assume that Inside and outside differential pressan overcome the valve ball's weight, affirm fired valve
open and the suction process begins

(ph - pB)A( 2G (12)
G
Ps = Py _K (13)

Before the fixed valve opening, the volume undangard condition of the gas release from the liqo&ide the
pump clearance volume is:
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The theoretical formula of pump displacement ceéfit in this article can calculate the movemerrabteristics
of pump well[9],and it has a high precision, suléalfior calculate the Pump performance. The seminécap
formula of Pump displacement coefficient also hasigh precision, and the computing speed is fatan the
former. Its limitations is suitable for specifid biock Only, and some of the parameters need &elglisition.

RESULTSAND DISCUSSION

In this paper, using advanced programming langudB6.0 to develop the software, through input reeerv
parameters and pumping unit parameters, to caécplamnp displacement coefficient and other dynararameters.
Design flow chart is as follows:

Parameters of pump performance in calculating miutation: well depth is 1000m, stroke length is 3Jramping
speed is 9min-1, water-output is 46m3/d, oil-outisul6.88 m3/d and gas -output is 762.98 m3/d. Jaeliquid
ratio is about 12 and is a fixed value. The othgrsical parameters of reservoir could referencertfiemation of
database. Observe the effect to parameters of jpynohange the submergence depth.

Influence of submergence depth to the coefficient of fullness
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Fig2 curveof fill factor and displacement

The coefficient of fullness as the displacemerghiswn in Figure 2. As the whole variant trend afrfourves in
Figure 2, we can know the coefficient of fullnespidly increase as the plunger-up and then extemtces
smoothly.

Through the contrast of four curves, the coeffitiehfullness as increases the submergence deptbasing. It is
that inlet pressure of pump increase along withcihefficient of fullness’ increasing. Relative teetinlet pressure
of the lower submergence depth, the standing vapen earlier. Also the higher submergence deptidamauce
spillover of undisclosed gas, avoid the affectibthe gas to the coefficient of fullness, increttse liquid pass into
pump and add the coefficient of fullness.

Influence of Sinking degreeto theliquid level speed inside the pump

The relation curve of velocity and displacementhef liquid surface in the pump is shown in figurlt 8an be seen
from the whole change trend of the four curve i fiigure 3 that the liquid surface showed a trehflugtuations
with the change of the plunger displacement. Thisdcause the multiphase fluid flow into the pumpn unstable
process, the first half of the upstroke, the ligsigface speed in the pump increases volatilityshowed a trend
of gradual decline in the second half of the upsras the influence of the bounces of the fixede/alall.
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It can be seen from the curve contrast, the sulenesgdepth, the faster of the liquid level to kefitst peak in an
instant of the pump valve open, This is becausdrtiease of submergence make pump inlet preseareaises,
which makes the pump liquid reaching the peak duidkhen the liquid level speed reach the peals guddenly
reduce and formed the first peak wave. This is beeahe pump pressure began to rise and thenlttedal to
changes in the velocity of the liquid surface.

Influence of Sinking degreeto pressureinside the pump
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Fig4 curve of pressureinside pump and displacement

The curve of the pressure inside pump and theatisphent is shown as Figure 4, from the overaldti@ithe four
curves in Figure 4 can be seen that in the firtdteoke of up-stroke, the pump pressure hasradtcé# fluctuations
and in the second half of up-stroke, the pump pressends to be gradually smooth. This is becautee first half
stroke of up-stroke, under the influence of thetineof the liquid, the pump pressure changes &aitly, thereby
have a fluctuating tendency and in the second dfaifp-stroke, the standing valve is fully opened &maveling
valve is completely closed, the pressure changddamsump is smaller, and shows a steady trend.

From the comparison of the four curves in Figuré dan be seen that the average pressures insiag pue
different when submergence depths are differerd, with the increase of submergence depth, the poregsure
increases accordingly, and can be found that vehitenergence depth increases, pump pressure tiebésat more
stable state in the second half of up-stroke. Thegethe liquid impact damage to the pump and evalf/the gas
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and liquid is reduced by choosing a relatively ¢éaagnd the reasonable submergence depth.
CONCLUSION

(1)The pump admission coefficient increases withghbmergence depth increases, while the submergiepth is
above 200m, and then increases the submergende, degrease rate of admission coefficient tendbdsmaller
and smaller.

(2) Liquid level velocity inside pump showed a dlesf fluctuations, along with the change of plundeplacement.
the greater the submergence depth is, the fastdigihid level speed gets to be the first pealhatvalve opening
moments.

(3) In the first half stroke of up-stroke, the pummessure has a trend of fluctuations and in tlerse half of
up-stroke, the pump pressure trends to be gradsallyoth. With the increase of submergence depthptmp
pressure increases accordingly.
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