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Abstract —Drilling mud circulation is performed by means of
positive piston-type mud pumps which cause nonuniform flow in
the drill column. Fluctuations of circulation rate and mud
pressure result in increasing the dynamics of the drilling tool,
early wear and operating trouble of the drill bit, reservoir
depressurization, unstable running and breakdowns of downhole
drilling motors, operating life reduction of pump components.
Ddivery line is under the influence of high pressure with a
significant value of its fluctuation which causes negative
consequences. The paper is devoted to the developed downhole
hydromechanical compensator of pressure fluctuation of
circulating fluid mounted into the assembly of drilling string
bottom. Moreover, it focuses on the description of the laboratory

narrower at the level of low end speed, which causes frequent
stops of downhole drilling motors under the increased load on
the drill bit and, especially, when drilling elastoplastic rocks
[10].

Il. METHODS AND MATERIALS

The obtained results, mentioned in the paper, are based on
the analysis of literature review, empirical and analytical
methods. While processing the data obtained as a result of
laboratory testing, analysis techniques with using personal
computers and up-to-date software products have been
applied.

bench for testing the compensator and the obtained results.
I1l. METHOD CONTENT AND ASSESSMENT OF ITS EFFICIENCY

In order to reduce the fluctuation of circulation rate and
mud pressure while drilling, a downhole hydromechanical
compensator, which is shown in Figure 1, has been developed
I. INTRODUCTION [11].

It is known that oil recovery ratio from the earth depths is
defined by geological deposit aspects and technologies appligg
for reservoir and production engineering. Among technologie
well spacing which mainly depends on the drilling cost is o
great importance [1-5].

Key words — pressure fluctuation, circulating fluid, downhole
compensator, pressure amplitude decay, mud pump.

The compensator is mounted into the drilling tool
nfiguration by means of crossover subs and tool-joint
reads (16 and 17). The pulsating fluid goes into the
compensator, puts pressure on the pistons (5, 6, 7) and thereby
compresses the spring in the piston underside area connected
Drilling oil-and-gas wells is a complicated processwith the annulus by end-to-end channels (8, 9, 10). Thus, it
accompanied by inevitable occurrence of oscillation procességsults in pressure amplitude decay of circulating fluid in the
of drilling tools and circulating fluid which, in their turn, have cavity of the drilling tool.
a considerable influence on economic performance of drilling

in whole [6]. In order to conduct laboratory testing of the designed

downhole hydromechanical compensator, a laboratory bench
Due to its design features the positive piston-type mudvas developed at the Chair of Oil and Gas Field Machinery
pump is a source of violent fluctuation of circulation rate andand Equipment of the Branch of Ufa State Petroleum
mud pressure [7-8]. In the conditions when the mean level ofechnical University in the City of Oktyabrsky (Fig. 2).
mud pressure reaches 10 MPa and more, nonuniformity of The
circulating fluid motion causes not only pressure fluctuation irl:onsistin
the hydraulic system but also some extra oscillation of th
drilling string with the same frequency [9]. Pressure waves i 3
the drilling mud column cause fluctuations in angular velocity
hydraulic force, torque and power of the downhole drilling
motor shaft, excite longitudinal and torsional oscillations of
the downhole drilling motor and all drilling tools. Large
frequency fluctuation of shaft speed results in the fact that the
safe operating area of downhole drilling motors becomes

laboratory bench is a closed circulation system
g of a tank (1) filled with fluid; a mud pump 9MGr

) providing fluid delivery; a hydromechanical compensator
); a pressure sensor (6); lock units (5 and 9); a data gateway
(7); a computer (8).
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1 - body; 2, 3, 4 — patrtitions; 5, 6, 7 — pistons; 8, 9, 10 — end-to-end chann
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1 - atank; 2 —a mud pump 9 MGr; 3 —a hydromechanical compensator; 4 —
amanometer; 5,9 — lock units; 6 — a pressure sensor; 7 — a data gateway GW-
485.01 (converter RS-232/RS-485); 8 — a computer

Fig. 2. A bench design for hydraulic testing of the hydromechanical
compensator for fluid pressure fluctuation

The bench allows testing the operation of the
hydromechanical compensator. The mud pump (2) delivers
fluid from the tank into the circulation system. The fluid goes
through the hydromechanical compensator where pressure
oscillation damping happens. After that the fluid goes back to
the tank. Fluid pressure fluctuation is measured with the help
of the pressure sensor when it leaves the compensator. By
using the lock unit (5) it is possible to change fluid delivery
which goes through the compensator. By using the lock unit
(9) the required working pressure is adjusted in the hydraulic
system.

Having removed the damping elements from the
compensator body it is possible to measure the pressure

e;Iﬂctuation of circulating fluid in the same way.

with annulus; 11, 12, 13 — bushings; 14 — springs; 15 — crossover sub; 16, 17 —
tool-joint threads; 18, 19 — seals

Fig. 1. A downhole hydromechanical compensator

When developing the test section of the bench the
following statements were kept in mind. When the drilling
tool runs, pressure fluctuations occur but discrete pressure

The aims of the laboratory testing of the hydromechanicaineasurements taken after a long period of time cannot
compensator are:

To measure the pressure amplitude occurring in th
pipeline while the mud pump is running at the momen

of injection;

characterize the process. Consequently, it is necessary to
measure pressure more often during the definite period of time

flz].

In order to record the pressure rate which is measured at

To evaluate the degree of pressure fluctuatiorflifferent times in the hydraulic system of the laboratory bench
damping by the hydromechanical compensator whildt is important for the measuring system of the pressure sensor

the mud pump is running.

to show short-term lag. Otherwise, it will misrepresent the
measuring. Strain-gage sensors which natural frequency is
within 330-1000 Hertz meet the given requirement [13].

The operating principle of strain transducers lies in
changing the electrical resistance of conductors fixed on the
elastic member (membrane) depending on their deformation
caused by the process pressure [14].
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In contrast with analog amplitude-modulated signals, the
digital signals are transmitted for long distances practically
noise free. Besides the possibility to transmit data noise free,
digital signals have other advantages over the analog ones:
memorizing simplicity, ease of use, a possibility to use a
computer to process large amounts of data. It is therefore
appropriate to convert analog signals into digital ones as early
as possible.

In order to record the fluid pressure change during
laboratory testing, sensors of the PDI-01 type produced by
group of companies “Grant” were used. The sensor was
connected to the computer by means of the data gateway GW-
485.01 (converter RS-232/RS-485), where the logger
Manograph was run.

The performance specifications of the applied pressure
transducer are shown in Table 1.

TABLE I. THE PERFORMANCE SPECIFICATIONS OF THE PRESSURE
TRANSDUCERPDI-01
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Fig. 3. A compression curves at medium pressure of 3 MPa: a — without
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As a result of testing, compression curves have been %30
obtained; some of them are represented in Figures 3 and 4. -
Figure 3 shows the results of measuring pressure change in '
the hydraulic system of the laboratory bench at medium 1,0 i i i i
pressure of 3 MPa. Looking at the figure it is seen that peak- ¢ 8RR S M B R R
to-peak amplitude of pressure fluctuation in the system e, sec
without damping stages in the compensator reaches 1.5MP¢ T
and it is a considerable value. With damping stages adjusted in 8,0
the compensator, peak-to-peak amplitude of pressure
fluctuation reaches approximately 0.8 MPa. 7.0
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The similar results were obtained when the pressure in tHél
hydraulic system of the laboratory bench was fixed at 5 MPa

Fig.4).
(Fig.4) ]

Thus, the conducted bench study of the hydromechanical
compensator confirms its working efficiency. In particular,
when fixing medium pressure at 3 and 5 MPa in the hydrauli[%
system, fluid pressure fluctuations occur with peak-to-pea 1
amplitude equal to 1.5 and 2.5 MPa respectively. When
mounting the hydromechanical compensator on the laboratory
bench, at similar medium pressures in the hydraulic systers
peak-to-peak amplitude of pressure fluctuation reduced to 0.8
and 1.5 MPa respectively. Similar results were obtained when
in the hydraulic system the pressure was fixed at other values[.7]

V. CONCLUSION

1. In order to reduce the negative effect of pressure
fluctuation of circulating fluid on the process of borehole[8s]
drilling it was suggested to apply a construction of a multi-
stage downhole hydromechanical compensator which is
patented. (9]

2. Mounting a downhole hydromechanical compensator on
the laboratory bench allows reducing pressure fluctuations
practically in two times. (10

3. The positive results of laboratory testing of the
developed equipment confirm its high operating efficiency.
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