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A technique for washing liquid preparation has been designed. The advantages of the hydrodynamic super-cavitation
technique to be used for preparation of washing liquids in the course of drilling have been described. The theoretical
research has enabled setting parameters and designing a cavitation disperser. The results of theoretical research have
been confirmed in practice and laid foundation for creating a technique for preparing washing liquid. The cavitation disperser

has been tested in production environment.
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Washing fluid is an integral part of any technol-
ogy of drilling wells for various purposes, with
technical and economic parameters of the drilling
process depending on its quality and suitability for
geological and technical conditions. The evolution
of well drilling techniques is inextricably linked
with the improvement of drilling/washing fluids
that are complex heterogeneous poly-disperse sys-
tems. They not only wash over the destroyed rock
from the bottom of the well to the surface, but also
perform other important functions.. The share of
cost of washing fluids ranges from 5 to 14% in the
cost of well boring. The washing liquid should
meet the requirements with respect to geological,
technological, and organizational factors. In its
turn, this entails specific requirements for the ma-
chines used for preparing washing liquids, their
operational principles and performance, which
should be modernized and improved.

The variety and, sometimes, contradictory cha-
racter of requirements for washing fluid, as well as
rapidly changing geological and technical condi-
tions of well drilling cause the need for applying
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“customized” drilling fluids having certain proper-
ties that determine their functionality. The tech-
nological properties of drilling fluids are substan-
tially determined by their stability, i.e. constant
main parameters of disperse sys-tem: fineness (spe-
cific surface) and uniform distribution of the dis-
persed phase in the dispersion medium.

The major part (80%) of drilling fluids used for
well drilling contains solid dispersed phase, with
60% of them having clay as main component of
the dispersed phase. This is due to the fact that
these drilling fluids meet most of the functional
requirements.

There are the kinetic stability and the aggregate
stability of disperse systems. The latter refers to the
ability of the dispersed phase to resist to conglom-
eration and to keep the dispersed state. The main
factors effect-ing the aggregate stability have been
studied; they are interrelated and include the elec-
tric barrier and the adsorption-solvation barrier.
The aggregate stability is controlled by adding spe-
cial chemical reagents to washing liquid. These rea-
gents generate an adsorption-hydration shell on the
surface of solid particles, which prevents adhesion of
the particles during the collision. The selection of
chemical adsorption and the character of hydration
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Fig. 1. Effect of solid particles in the drilling mud on the tech-
nical and economic parameters of drilling: 7 — consumption
of drill bits; 2 — time of drilling; 3 — headway per drill bit

shell formation depend on the chemical and mineral
composition of both the disper-sion medium and the
dispersed phase. Such control of aggregate stability
of drilling fluids is quite effec-tive, but, at the same
time, it has several disadvantages: high cost of chem-
icals, environmentally hazardous reagents, etc.

The kinetic stability refers to the ability of dis-
persed particles to keep suspended under the in-
fluence of Brownian motion, i.e., stability with
respect to mass gravitational forces. In addition
to the Brownian mo-tion, the kinetic stability
factors are variance (the most important factor,
the higher the variance, the more stability), vis-
cosity, density difference between the dispersion
medium and the dispersed phase.

Thus, the most promising direction related to
washing fluids is to obtain high-quality stable
systems.

While preparing the washing fluids using ex-
isting methods, it is impossible to reach full dis-
persion of dis-persed phase. Therefore, further
dispersion of the dispersed phase of washing flu-
ids using different disper-sants is an important

problem to be studied. Dispersing enables reduc-
ing the amount of solid phase in the washing lig-
uid preserving specified structural and mechani-
cal properties. The lower is the quality of the clay,
the greater is the dispersion effect.

Fig. 1 shows the dependence of the main indi-
cators of drilling on the content of solid phase in
the mud. The existing dispersants have a lot of
drawbacks: additional power to drive, significant
hydraulic losses in the jet dispersers, etc. Advan-
ced methods for treating stable drilling fluids use
cavitation generators based on the phenomenon
of cavitation.

The analysis has showed that super-cavitation is
the most promising technique for treatment of wash-
ing fluids. Super-cavitation occurs when axisym-
metric bodies are flowed around by liquid. The oper-
ating prin-ciple of SC-mechanisms is that flow slip-
ping around the cavitator results in the formation of
super-cavities that close directly in the flow, far away
from the working surface of the machine. The un-
steady tail section of the cavity generates fields of
cavitation micro-bubbles that, when collapsing, in-
tensify the dispersion process, with the apparatus
working surfaces not being affected by cavitation
erosion and the service life not depending on the
modes of cavitation treatment. The decisive factors
are the number and size of cavita-tion bubbles.

THEORETICAL RESEARCH

For calculating basic parameters of cavitation
disperser, the Bernoulli equation and the continu-
ity equation for sections 0—0 and 1—1 (see Fig. 2)
have been solved.

2 2
H:PO+pV° =P1+pv1 +Ahy
2 2

(D

where H is pump pressure, p is density of washing
fluid, and 44, , is losses in confusor;

Q0=Q1=Qi,VOFO =V1|:1 =ViFi7 (2)

where F, F, F, are respective cross sections, F, =
=F —F (F, — crosssection of the guide rod);

_E::,(pv12 (3)
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where & is coefficient of hydraulic losses in con-
fusor.

When transiting from the wide section of confu-
sor to the narrow one, pressure decreases. In order
to reduce the pressure drop, the confusor shall
have a sinusoidal shape and a length equal to the
pipe diameter at cross section 0—0 (see Fig. 3).

The angle of diffusor slope is defined assuming
that there is no cavitation on the walls of genera-
tor; in ac-cordance with recommendations, the
diffusor slope angle is y < 25°, the diffusor section
lengthis L > 2d.

The hydiaulic losses on the cavitator are calcu-
lated according to the formula:

2
A, =8, D, (4)
2
where V_ is velocity at the place of cone flow by
fluid in the diffusor.

The total losses on cavitation disperser are:

pv’f pvxfm

5 +(8a) 5 ()
where & is coefficient of hydraulic losses on the
cavitator.

Minimum hydraulic losses should correspond
to a cone angle of 15—20° and are equal to § =
=0,15—0,16.

The intensity of cavitation treatment should
depend on geometric characteristics of super-
cavity, number and size of cavitation micro-bub-
bles behind super-cavity. Since super-cavity size
(intensity of cavitation treatment) is controlled
by axial shift of cone in the diffusor, in order to
describe the intensity of hydrody-namic cavita-
tion, flow chocking coefficient £ _is introduced:

F D?

<> (©)
i

where F, F are cross sections of the cone and the

diffusor, respectively; D , D are base diameters of

the cone and the diffusor, respectively.

Taking into consideration the continuity equa-

tion and the flow chocking coefficient, the cone

flow rate is equal:
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Fig. 2. Diagram of cavitation disperser
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where d, is the cone’s diameter; Q is consumption
rate of washing fluid.

The graphical presentation of formula (7) is
given in Fig. 3.

Fig. 3 shows that the flow chocking coefficient
varies within the range K = 0,6—0,8, insofar as
therein the intensity of rate fluctuation is maxi-
mum, which enables controlling the intensity of
cavitation effect within a wide range.

The nature of cavitation oscillations occurring
during the cone flow is similar to that of phenom-
ena known in hydrodynamics as Strouhal fre-
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quencies. For these oscillations, a linear depend-
ence of frequency on rate of approach flow and an
inverse dependence on specific dimension (hy-
draulic diameter) are typical:

f— S?’V (8)

where Sris Strouhal number (dimensionless quanti-
ty, one of non-steady flow similarity criteria).
The Strouhal number is a function of the Rey-
nolds number; within the range 200 < Re < 200 000
the empirical law of Strouhal number constancy:
Sr~0,2—0,3. The final formula for calculating the
frequency of cavitation oscillations is:
/= SrQ

0,785d}(1/ k,~1)(1 / Jb, 1)’

The results of calculations of frequency f at
d = 0,025, Sr~ 025k =0,6-08 Q= 0,001—
—O 003 m3/c are given in Table 1.

Table 1 shows that in terms of flow chocking
coefficient, the cavitation disperser operates effi-
ciently within 0.6—0.8; as the cone diameter de-
creases the pressure losses on cavitation disperser
increase, with the most intensive growth report-
ed for the cone diameter less than 0.015 m.

When the jet colliding with solid particles of
dispersed phase the pressure should exceed not
only local strength of the particles, but also its in-
ertial forces. Under the cumulative action, the
solid particle material can behave like a liquid.

Hz. (9)

Table 1
Design Frequencies of Cavitation Oscillations

) X Flow chocking coefficient
Diameter of the
cone, d , m
: 0.6 0.7 0.8
0.025 Q=10.001m3/c
84 | 195 | 553
Q=0.002m3/c
168 | 390 | 1105
Q=10.003m3/c
252 | 585 | 1658

According to the experiment data, the dynamic
yield limit is P =18s; taking into consideration
the inertial forces, it increases up to P = 4,5s,,
where s_is yield limit of dispersed phase material.

Fig. 4 shows the diagram of cavitation bubble
collapse.

When the jet penetrated into the particle the
pressure on interface in the case of rigid collision is

P:%pK(VKC—U)z, (10)

where U is velocity of interface, p_is density of
liquid in cumulative jet, and V__is velocity of cu-
mulative jet.

Taking into account the fact that having collided
with the jet, the particle material starts to yield,
from the Bernoulli equation for the particle ma-
terial one can obtain:

p:%chup (11)

where p_is density of suspension material and P,
is dynamic yield limit.
Hence,

—p V.-U) = pU2+P (12)

Having transformed the equation (10), one
can get

\/ka +p.0.Ve —p.P) =V,.P, ]
Pr—P.

For the stationary process, within a sufficiently
small time interval dx, the interface covers a dis-
tance dl = Udr. The cumulative jet can be repre-
sented as fluid wedge. For the time interval dz the
jet size as a result of contact with the particle sur-
faceincreasesbydl =V _dr. While passing through
the bubble, the cumulative jet reshapes from 2R
to 2r (the minimum radius). Thus, time dz is cal-
culated from the identity

dv=dl, /U=dl /V,
The depth of jet penetration is defined as

(13)

(14)

ViPisir  (15)

/= j(\/ka 4+ p.p Ve —p.P -
Vie(Pi=p,)
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Velocities V, and U are functions of radius of
the collapsed bubble Having integrated the ex-
pression, one can obtain the depth of penetration
[, of jet into the particle in the case of rigid colli-
sion, when the particle contacts the bubble, with
collision spreading along the whole jet length
that is equal to initial diameter of the bubble:

[ =2R. (16)

For the full collapse of the bubble, the mini-
mum radius 7 is the jet radius. The particle will
collapse after one collision with the jet if the
depth of penetration / is deeper or equal to the
average size of suspension particle /. Therefore,
for realizing the condition of at-once collapse of
the particle of known size /, it is necessary to get
cavitation bubbles of radius R at which the depth
of penetration is larger than the particle size:

Le=1.

2R —

(17)

Having calculated the integral (15), one can
get a formula for the depth of penetration of cu-
mulative jet in-to the particle:

ARtV —p P Vb,
I/kc(pk _pc)
x (2 2R). (18)

Taking into account the condition for at-once
collapse of the particle, one can obtain

[=2R.

(19)

Having equated the expressions (18) and (19),
the jet velocity required for collapse of dispersed
phase par-ticle is defined as:

\/(4pk(R2 R7)+Pkr _pcR )P, (R-7) (20)
4py(R* =Rr)+pyr’ —p R

‘/kc_

Having the velocity of cumulative jet penetra-
tion into the particle and size as known values,
one can de-termine time required for one collapse
of the particle with initial specific size /:

(21)
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Fig. 4. Diagram of cavitation bubble collapse: 7 — cavitation
bubble; 2 — cumulative jet; 3 — surface of dispersed phase
particle

The initial number of particles within given
volume of dispersed phase Vis:

V
n=—
VO
where Vis volume of dispersed phase, V is initial
volume of one particle of dispersed phase.

Time required for dispersing all particles of

dispersed phase is defined as
LV
VieVo
However, for calculating time of dispersing the
whole volume of dispersed phase it is necessary to
take into account the number of particles dis-
persed at the same time, which is equal to fre-
quency of cavitation oscil-lations. Therefore, time

required for dispersing all particles of dispersed
phase is equal to

(22)

I'=tn= (23)

A4
ViVo/
where fis frequency of cavitation oscillations.

(24)
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Fig. 6. Dependence of dispersing time on frequency of cavi-
tation oscillations for single treatment cycle

Assuming that after each collapse, the initial vol-
ume of dispersed phase particles V, decreases, at
least, twice, the dependence of time of dispersing T’
on the number of treatment cycle at f = const:

Zﬂzikv,c (25)
Viof
The total time of dispersing given volume of dis-

persed phase with initial size /, and volume V of
particles up to size of . and volume V, when the fre-

quency of cavitation oscillations of fluid pressure in
the flux increases 7 times each cycle is equal to:

LV {1_(3{1;}

T = ,c.  (26)
Z ‘/k(:‘/()f (1 _ 1)
n
The dependences (25) and (26) are showed in

Figs. 5 and 6.

The calculations have been made for the fol-
lowing initial conditions: radius of collapsing
micro-bubble de-creases 10 times; initial size of
dispersed phase particle is /, = 0,0001 m; dynamic
strength of dispersed phase particles is P, = 100
MIIa; the number of full treatment cycles is i = 10.

Analysis of dependences given in Figs. 5 and 6
shows that:

+ Time of dispersing is inversely proportional to
the number of cavitation bubbles in the flux
(fre-quency of cavitation oscillations) formed
per unit of time;

+ The number of dispersed phase particles in the
flux increases with each collapse; consequently,
to keep the intensity of dispersing at a fixed
level it is necessary to vary the number of cavi-
tation bubbles in the flux (frequency of cavita-
tion oscillations).

EXPERIMENTAL RESEARCH

During the experiment, performance of cavitation
disperser has been tested and geometrical parame-
ters of cavity depending on flow chocking factor has
been defined using the photographic method.

The test installation consisted of a cavitation
disperser (technical parameters are given in
Table 2); turbu-lence pump 2V-1.6; depositing
tank; pipelines. In Fig. 7, there are pictures of
cone flow by flux in different operation modes.

Technical Parameters of the Disperser

Casing diameter,mm .................... 50
Conediameter, mm...................... 25
Diffusor angle, degree.................... 15
Length (max), mm....................... 300
Weight,kg. ... maximum 2.0

ISSN 2409-9066. Sci. innov. 2015, 11(5)
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Fig. 7. Cone flow: a — without cavitation Q=1,21/s,k = 0,95,
1,=0mm; b — with cavitationat Q= 1,61/s,k =0,7,/, = 150 mm

The tests have showed that as flow chocking co-
efficient increases the length of super-cavity /, de-
creases with the same pace for different pumping
rate (Fig. 8). The maximum pressure difference on
cavitation disperser does not exceed 0.2 MPa.

The actual operational parameters of cavita-
tion disperser (magnitude and frequency of cavi-
tation pressure oscillations) have been measured
by recording the process in different operation
modes (varying pumping rate and flow chocking
coefficient inn cavitation disperser). The installa-
tion included a cavitation disperser, a pump, a de-
positing tank, a suction pipeline, a pressure pipe-
line, and gauges.

Fig. 9 shows the results of tests of frequency
dependence of cavitation disperser at a pumping
rate of Q = 0,001 m?®/s. The difference between
the experimental and the theoretical data ranges
between 15—20 %. Similar results have been ob-
tained for pumping rates of Q = 0,002 m?®/s and
Q = 0,003 m?/s.

The results of bench tests of effect of cavitation
disperser on the properties of washing fluids have
showed that its use enables improving the properties
as compared with the use of Venturi tube (Fig. 10).

PERFORMANCE TESTS

The purpose of performance tests is to determine
technical and economic parameters of cavitation
disperser. As a result, the following has been found:
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Fig. 9. Dependence of frequency of cavitation oscillations
on flow chocking coefficient at Q = 0,001 m?/s

+ Effect of cavitation treatment of washing fluid
on the consumption of primary components
when preparing the washing fluid and in in the
course of drilling;

+ Effect of cavitation disperser on the parameters
of washing fluids.

The tests were performed in expedition no.46
by Kirovgeologia enterprise. The average data by
geological structure are given in Table 3.

The technological parameters of washing fluid
used for drilling wells under geological condi-
tions typi-cal for this expedition were adopted as
basis for comparison. The cavitation disperser
was included into additional pressure line and
used for further dispersing of primary compo-
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Fig. 10. Effect of treatment time on: @ — funnel viscosity of drilling mug; b — filtration of drilling mug; 7 — treatment with
the use of Venturi tube; 2 — treatment by cavitation disperser

nents of washing fluid both at the stage of prepa- primary components used for preparing the

ration stage and in the course of drilling. washing fluid and maintaining its technologi-
As a result, the performance tests have sho- cal properties in the course of drilling;

wed that: + The cost of preparing 1 m3 washing liquid with

+ The application of cavitation disperser reduces the use of pilot sample of cavitation disperser
by 20—30% the consumption of reagents and decreases by 30%;

Table 2
Average Data by Geological Structure
Rock Depth, m Drilling category | Possible complications Type of w.f.
Clay loam 5 111 Drilling mud
Limestone 20 I\Y
Clays 10 1A%
Malmstone 10 v
Lime stones 40 I\Y Karst, absorption
of washing fluid
Sandstone 5 VI
Siltstone, argillite 45 VIII
Sandstone with siltstone layers 50 IX Thin clay
Gravel stone 5 IX drilling IEUd
Gneiss, 30 IX . treate
) ) with emul-sol
crystalline schist,
migmatite
Granite, pegmatoid granite 30 IX Fracture
Total 250 X porosity
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+ The cavitation disperser enables the effective
dispersion of washing liquid components and
can be recommended for the serial use in the
drilling practice with various disperse systems
used as washing fluid.

CONCLUSIONS

As a result of theoretical and experimental re-
search, a technology for preparing stable finely
dispersed washing fluids has been developed us-
ing hydrodynamic effect of super-cavitation.

+ The hydrodynamic super-cavitation that oc-
curs when the fluid flows around axisymmetric
bodies has been justified to be the most prom-
ising technology in terms of energy efficiency
for the preparation of washing fluids;

The minimum pressure drop at cavitation dis-
perser has been found to be ensured by small
angle cones as bluff body;

A new design of cavitation disperser has been
developed; its novelty has been certified by
patent of Ukraine;

The flow chocking coefficient k3 is the key
controllable parameter influencing the inten-
sity of cavita-tion treatment;

The theoretical studies have showed that the
time of dispersing the dispersed phase for a sin-
gle treat-ment cycle is inversely proportional
to the frequency of cavitation oscillations;

The theoretical and experimental studies have
allowed the researchers to develop guidelines
for the use of cavitation disperser for treating
the washing fluids in the course of drilling;
The recommendations have been put into
practice and enabled reducing the cost of
materials for the treatment of washing fluids
in the course of drilling by 20—30% in aver-
age. The Guidelines have been adopted and
approved by the State Geological Service of
the Ministry of Environment and Natural
Re-sources of Ukraine;

ISSN 2409-9066. Sci. innov. 2015, 11(5)
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+ The cavitation disperser enables the effective
dispersion of washing liquid components and
can be commercialized in the drilling practice.

O.M. Jlasudenxo, O.D. Kamuwaupkuii, A.K. Cydaxos

Jlep:xaBHUIT BUNIINIT HABYAJIBHUI 3aKJIa]1
«HarrionanbHuii ripuuunii yHiBepcuTeT»,
JlHinporieTpoBebK

THHOBAIIIMTHA TEXHOJIOTTA
[MPUTOTYBAHHA ITPOMUBAJIbHUX PI/ITVTH
TP BYPIHHI CBEPAJIOB1H

Po3po6iieHO TEXHOJIOTIO MPUTOTYBAHHSI IPOMUBATIBHUX Pi-
JuH. OGrpyHTOBAHA TIEPCIEKTUBHICTh BUKOPUCTAHHST T1/POJIH-
HaMIiYHOI CyTepKaBiTallii /711 MPUTOTYBAHHS TTPOMUBATBHUX
piauH ripu GypiHHi cBepIoBKH. TeopeTnyHi 10CTiIKEHHST [10-
3BOJIMJIN OOTPYHTYBATH MAPAMETPH 1 PO3POOUTH KOHCTPYKIIIIO
KaBiTaiiifnoro aqucnepraropa. Pesyibrat TeopeTuuHUX /10-
CJTJPKEHD 3HAKUIILIN MiZITBEP/PKEHHS B X0/ TPAKTUYHUX /10~
CJTJKEHD 1 cTasm 6a3oio /Uit CTBOPEHHSI METO/IMKHI TIPUTOTY-
BAaHHS TIPOMWBATBHOI PITUHU 1 KOHCTPYKIII] KaBiTaIiitHOTO
JIUCIIEPTraTOPa, BUIIPOOYBAHUX Y BUPOOHUYKMX YMOBAX.

Kmouosi cnosa: GypiHHS CBEpAIOBUH, CBEP/JIOBUHA, IIPO-
MUBAJIbHA PIZINHA, TiIPOAMHAMIYHA CyTIepKaBiTallisl, KaBiTa-
HiftHuit gucnepraTop.

A.H. Jlasudenxo, A.@. Kamvuuwavxuii, A.K. Cyoaxos

TocymapcTBeHHOe BbICiIee yueOHOe 3aBejieHne
«Hannonasnpubtii ropHblil ynusepcureTs, JlnenponerpoBek

NMHHOBAIIMOHHAA TEXHOJIOTUA
[MPUTOTOBJIEHMA ITIPOMBIBOYHBIX
JKUJIKOCTEW ITPU BYPEHUU CKBAKITH

PaspaboTana TeXHOJOTUSA TPUTOTOBIECHUST IIPOMBIBOYHBIX
sxuakocreil. O60cHOBaHA MEPCIEKTUBHOCTD MCIIOIb30BAHMS
TUIPOINHAMUYECKON CYTIEPKABUTAIIMU [IJIsI TTPUTOTOBJICHMS
TTPOMBIBOYHBIX JKHUAKOCTEH MTpH OYpeHnn cKkBaxkuH. TeopeTu-
YecKHe MCCIEOBAHNUS TTO3BOMIN 060CHOBATD TTAPAMETPHI 1
paspaboTaTh KOHCTPYKIIUIO KABUTAIIMOHHOTO AMCIIEPraTopa.
PegyssraTel  TeopeTHuecKuX HCCJE0BAHWI HAILIN TIO-
TBEPJKJIeHNE B XOJIe MPAKTUYECKUX UCCJIEIOBAHUI U CTAJIN
6a30ii 11T CO3aHMsT METOAUKK TIPUTOTOBJIEHHS TIPOMBIBOY-
HOM KUIKOCTH 1 KOHCTPYKIINU KaBUTAITMOHHOTO JIMCTIepTa-
TOPA, ONIPOOOBAHHBIX B IIPOU3BOACTBEHHBIX YCIOBHSIX.

Kuiouesvie crosa: Gyperne CKBaKUH, CKBasKIHA, TIPOMBI-
BOYHas JKUAKOCTD, TMAPOAMHAMUYECCKAS CYIIEPKaBUTAIIN,
KaBUTAIMOHHBIN JIUCIIEPTaToOp.
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