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ABSTRACT

While the technologies used in the manufacturing sector, as well as equipment and special
technical means, are characterized by modernity, reliability and high productivity, they have
undergone certain improvements and innovations from time to time. Meanwhile, the work
done on the grinding process in SAG Mill mills installed at the AGL plant in the Kadabay
contact area is of great importance.

The article presents the results of the integration of the automatic ball adjusting device into the
system of SAG mills used in the grinding process.

Keywords: mining industry, grinding process, balls, wear, automatic loading, loading device.

The actuality of the subject. Azerbaijan International Mining Company Limited (AIMCL) has
been one of the leading companies in the non-oil sector of the country's economy since 2009
and is engaged in the exploitation of mineral resources. On the basis of the existing 30-year
contract, AIMCL is located in Nakhchivan AR (Ordubad field), Tovuz (Qosha field),
Gadabay (Gadabay, Ugur, Garadagh, Zafar, Kharkhar and Gadir fields), Aghdara (Gizilbulag
and Demirli fields) and Zangilan fields (Vejnali) conducts mining operations.

Although the technologies used in the production areas, as well as equipment and special
technical means, are distinguished by their modernity, reliability and high productivity, they
have undergone certain improvements and innovations from time to time. Meanwhile, the
work done on the grinding process in the SAG Mills installed at the AGL plant in the
Gadabay contact area is of great importance.

As a result of our research, it was determined that in order to maintain a stable processing
regime in the operation of these mills, the rate of grinding balls is increased by 1 ton every 24
hours. This led to a deterioration in the overall grinding performance of the mill after 96-120
hours of operation, resulting in a decrease in the volume of the ball due to abrasion. At the
same time, the effect of variability of ore productivity on the intensity of abrasion of balls in
the mill depending on the hardness of the ore supplied to the mill was determined. For these
reasons, the change in the results of the grinding process of the SAG Mill had a serious impact
on the quality of the output at the BALL Mill, where the next grinding process was carried
out, resulting in a decline in the technical and economic performance of the final product.

The purpose of the work. Investigation of the dependence of quality indicators on the
intermittent yield of balls in the grinding process in the mill type SAG Mill and the
development and application of the relevant device.
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Methodological base of the research. In accordance with the purpose of the study, the
following parameters were comprehensively monitored and observed: SAG mill productivity,
(60-110) tons / hour; balls consumption, (0.4-0.7) kg / ton; mill speed, (43.1-48.3) Hz, and %
index of particles larger than 500 pm, (20-45%).

Experimental experiments were carried out at the test facilities of Gadabay plant and
Hacettepe University (see Figure 1).

a) b)
Figure 1. Gadabay plant (a) test device; Hacettepe University (b) testing device.

The hardness of the ores accepted for testing varies. The hardness of the ore from the Ugur
field was 3 according to the Mohs table, the hardness of the ore from the Gadabay field was 5
and the hardness of the ore from the underground Qadir field was 6-7 according to the Mohs.
Results obtained and their discussion. Figure 2 shows the dynamics of change of the studied
parameters over six months.

As can be seen from the analysis of figure 2, the analysis of the grinding performance of the
SAG Mill during the 160-day study revealed that when the percentage of particles larger than
500 pum (graphs 4) is more than 35%, 1 ton of ball is added to the SAG mill each time (graphs
2) was added. As a result, it temporarily increased the grinding performance.

These changes did not go unnoticed in subsequent processes. At the same time, it was found
that when grinding high-strength ores in the mill, along with a decrease in productivity, there
is an increase in ball consumption. Graphs 1 and 2 in figure 2 show this relationship.

The effect of ore hardness on ball consumption was carried out on a laboratory stand at the
Gadabay plant and partly on the Losangels mill installed in the laboratory of Hacettepe
University in Turkey. Based on the results of the experiments, it was determined that the
dimensional diameters of the balls, depending on the hardness class of the ore masses
extracted from different deposits from the integration into production, correspond to the graph
below (see Figure 3).
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Figure 2. Mill productivity (1); ball consumption (2); mill speed (3), and the dynamics of
change in the percentage of particles larger than 500 pum during operation (4).
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Figure 3. Taken from Ugur (1), Gadabay (2) and Gadir (3) fields dynamics of erosion of ores
in the process of ore processing.

As can be seen from the analysis of figure 3, the changes in the diameters of the balls (as a
result of abrasion) differ in the ores taken from different deposits. A comparative analysis of
the results of laboratory and under real operating conditions tests showed that the change in
the hardness of the ore between the Mohs table (3-7) is the consumption of the balls (0.48-0.6)
kg/ton, respectively.

Thus, it can be concluded that the variability of the hardness of the processed ore has a
significant impact on the consumption of balls in the mill. For this reason, it is very important
to carry out this work continuously in order to transfer the ball inside the mill and keep the
mass volume constant there. Thus, the failure to keep the volume of the ball inside the mill
stable creates a serious basis for the optimization of quality and productivity processes in the
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next grinding stage BALL Mill. Since the grinding process at the BALL Mill is closed, the
solution to the problem requires the SAG Mill.

Taking into account the above, the issue of establishing and applying a system for automatic
regulation of ball yield to keep the volume of the ball constant, regardless of the hardness of
the ore mined at the SAG Mill, was set and resolved. The function of the proposed automatic
system was to periodically ball into the mill at appropriate intervals.

Auto Ball Loading Equation (ABLE) was developed by ATLAS CRUSHER of the Islamic
Republic of Iran based on the initial conditions and constructive design set by us (see figure 4).

p— 3 —

Figure 4. Scheme of automatic ball adjustment equipment (a) and its location in the AIMCL
(b).

The equipment was adapted to the process in July-August 2021, and was commissioned in the
second half of August. After commissioning, the mill periodically measured the ball volume
change every 168 hours and compared the grinding parameters before installing the automatic
ball adjustment equipment.

Figure 5 shows the results of the comparison. As can be seen from the graphs, after the
automatic ball adjustment device was put into operation, the volume of the ball inside the
SAG mill was stabilized and as a result, the grinding parameters were stabilized.

Thus, the final results of the research can be formulated as follows.

- The quality of the product obtained at the SAG Mills used in the grinding of ores in the
mining industry is strongly dependent on the loss of mass due to the consumption of balls
used there.

- In order to maintain the stability of the balls consumption within the SAG mills, the loading
mode once a day cannot be considered satisfactory.

- It is expedient to transfer the supply of balls to the mills without interruption.

- The use of automatic ball adjustment equipment is an important factor in stabilizing the ball
volume and increasing the grinding performance inside the SAG Mill.

- Also, supplying balls to the SAG Mill without interruption with Auto Ball Loading
Equipment contributes greatly to minimizing the human factor and risks during the
performance of work.
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Figure 5. Comparison of grinding results.
REFERENCES

1. Hamidov F.M., Habibov I.A. Optimization of the working process of drum mills. News of
Azerbaijan Higher Technical Schools, Volume 20, Ne2 (112), 2018, P.7-12.

2. Hamidov F.M., Habibov I.A. Establishment Of The Relationship Between Productivity
And Technological Parameters Of The Process Of Grinding Ore In Ball Mills International
Journal of Innovative Technology and Exploring Engineering (IJITEE), VOLUME-9 ISSUE-
1, NOVEMBER 2019.




AVADANLIQLAR. TEXNOLOGIYALAR. MATERIALLAR

CILD 09 BURAXILIS 01 2022

YCTPOUCTBA JIJISI ABTOMATHYECKAHOM MMOJAYHN MEJIIOIIUX IIIAPOB B
MEJIBHULY KOMIIAHUU “AZERBAIJAN INTERNATIONAL MINING
COMPANY LIMITED”

"Noparum I'adudos, *Gavuian Namugos

Mpodeccop, kadenpa «IIpoMbINIIeHHBIE MAIIUHBIY, A3zepbaiijkaHCKMil [ ocyqapCTBEHHEI YHHBEPCHTET
Hedtu u I[Npomeiuiennocty, 1.T.H, AsepOaiimkan. E-mail: h.ibo@mail.ru. https://orcid.org/0000-0003-3393-
78123

Menemxep, Azepbaiimkanckas MexayHapognas [opHast [Ipompimmernocts, Omnepannonnas Kommanmus,
Asepb6aitmkan. E-mail: famil-433@mail.ru

PE3IOME

XOTsl TEXHOJIOTHH, MPUMEHSEMbIE B MPOU3BOJCTBEHHOW cdepe, a Takke 00OpyIOBaHUE U
CIIELIUAJIbHBIE TEXHUYECKHUE CPEICTBA XapaKTEPU3YIOTCS COBPEMEHHOCTBIO, HAJEKHOCTBIO U
BBICOKOW IPOU3BOAUTEIBHOCTBIO, BPEMS OT BPEMEHHM OHH IOABEPrajuCh OMPEACICHHBIM
YCOBEpIICHCTBOBAHUSAM M HOBIIECTBaM. Mexay TeM paboTa, HpojelaHHas MO Mpoleccy
usMenbueHus B MmenpHHIAax SAG Mill, ycranosnennsix Ha 3aBoge AGL B I'emaGekckom
KOHTaKTHOM pailoHe, UMeeT 0OJIbIIoe 3HaYCHHE.

B cratbe mpeacTtaBiieHbl pe3yJibTaThl MHTErpalMd YCTPOMCTBA aBTOMATHYECKOW 3arpy3Ku
MEJTIOIIKX IapoB B cucteMy MeibHUIL SAG Mill, ncnonb3yeMbix B poIecce U3MebueHHS.
KiioueBble c¢Jji0Ba: ropHOAO0OBIBAIONIAS MPOMBIIIIIEHHOCTh, MPOLECC U3MEIbUYCHUS, IIaphI,
M3HOC, aBTOMAaTHUYECKasl 3arpy3Ka, 3arpy304HO€ YCTPOKCTBO.
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XULASO

Istehsal sahororindo totbiq olunan texnologiyalar, eloco do avadanliglar vo xdsusi texniki
vasitolor miasirliyi, etibarligi vo yiksok moahsuldarliglar: ilo segilsalordo vaxtasiri miioyyon
toklillasdirlmalar va innovasion xarakterli mikommoalasmoloro mariiz qalmisdirlar. Bu sirada
Godaboy kontakt sahasindoki AGL zavodunda qurasdiriimis SAG Mill tipli doyirmanlardaki
uyltmo prosesi ilo bagli gértilmiis islor boyiik aktualliq kosb edir.

Mogalada Uyutma prosesinds tatbig olunan SAG doyirmanlarinda avtomatik kiira tonzimloma
qurgusunun sistema inteqrasiyasinin naticalori oks olunmusdur.

Acar sozlar: dag-modoan sonayesi, UylUtmo prosesi, kuralar, yeyilmo, avtomatik yiklonma,
yukloma qurgusu.
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ABSTRACT

This scientific article is about the research stability of mast rope-pin drive of downhole
sucker-rod pump. The design of downhole sucker-rod pump drive in the form of a mast,
which is mounted directly on the column of the wellhead has been proposed. Calculations of
the frequency of natural vibrations of the system from the rotation of the cranks during the
breakage of the rods are performed, which completely eliminates the possibility of resonant
phenomena that destroy the mast. This proves that the mast drive has a high stability margin.
Key words: downhole sucker-rod pump drive, mast, long stroke drive.

Topicality of the research: In view of the fact that in conditions of periodically flooded or
hard-to-reach areas it is often not possible to build a reliable foundation for equipment, was
proposed design of the drive downhole sucker-rod pump (DSRP) as a mast, which is installed
directly on the column of the wellhead. The model of this construction was exhibited at All-
Union Exhibition of National Economy (AUENE) in Moscow.

Methods: This design lacks such metal-intensive units as a balancer with a head, a frame, a
mast, and application of a high mast, excludes flooding of the electric motor during floods,
and also provides the maximum stroke length of the rod hanger point (BSP), i.e. Smax = 2r,
where r - is a radius of rotation of the rod-rope connection point with cranks (figure 1) [1].
However, due to the limitation of the possibility of increasing the total length of the crank, it
is undesirable to increase the radius of the crank more than 1.5 m, i.e. the maximum stroke
length must not exceed 3 m.

In order to increase the stroke length of RHP, the design shown in figure 2 was proposed, in
which the traverse is replaced by a central pulley mounted on the bottom flange of the mast on
the same axis as the side pulleys. A rope is attached to this pulley, which in turn is connected
to a rope hanger with a polished rod connected to a column of pump rods through a polished
rod. This design can already be used for a long stroke DSRP drive, because here the diameter
of the central pulley is selected in comparison with the diameters of the lateral pulleys as large
as necessary to increase the stroke length of RHP. The fact that, according to the standard for
downhole sucker-rod pumps, the maximum stroke length of the plunger reaches 6 m, there is
also a possibility of creating a long stroke drive with the stroke length of RHP up to 6 m.
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Figure 1. Schematic diagram of mast-type construction (AS 802608): 1 - mast; 2 - electric
motor; 3 - VV-belt drive; 4 - gearbox; 5 - wellhead string; 6 - cranks; 7 - connecting
rope; 8 - counterweights; 9 - traverse; 10 - polished rod; 11 - axle; 12 — pulleys.
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Figure 2. Schematic diagram of the long stroke drive of the mast-type DSRP: 1 - electric
motor; 2 - V-belt transmission; 3 - gearbox; 4 - cranks; 5 - rope-crank; 6 - side pulleys; 7 -
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counterweights; 8 - axle; 9 - central pulley; 10 - rope; 11 - rope suspension; 12 - mast;
13 - polished rod.

To make strength calculations of a mast drive, it is necessary to have a picture of the drive
force loading during the cycle of its operation. The force factors, in turn, are largely
determined by the kinematic characteristics of the actuator. During the development of DSRP
drives, as a rule, a number of standard sizes of equipment is created, similar in geometrical
parameters and differing in the load acting on RHP and other parameters. Therefore, when
deriving formulas for determining the geometrical characteristics of the drive, the ratio of the
pole distance length h to the crank radius value r (figure 3) is taken as a dimensionless
constant, which serves as a criterion of geometrical similarity for this drive design:

h
M= 1)
To determine the kinematic parameters, the similarity criteria are:
S \Y W

P | 2

S, ®S, S, @)
Here, So — is the value of the maximum stroke of the boom hanger point, So=2r; ® — angular
velocity of the crank rotation; S, V, W — are the current values of the stroke, velocity and
acceleration of the boom hanger point.
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Figure 3. Kinematic diagram of a mast-type DSRP drive.

Using the kinematic diagram of the mast drive DSRP, write down the following
dependencies:
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Isinf = rsing @)
rcosp+Ilcosp=h
Here | —is the current length of the flexible connecting rod of variable length; B —angle
between the flexible connecting rod and the vertical; ¢ — angle of crank rotation.
From this we define expressions for the current length of the flexible connecting rod of
variable length and the angle between it and the vertical:
sin
l=r>2 (4)
sinf
——CO0So
h—rcos —COoS
cosp = I 1 I b I P (5)
B = arccos? — 93¢ (6)

Considering that the minimum length of the flexible connecting rod is equal to Imin = h —r and
expressing the value of the crank radius through the maximum stroke using the criterion of
geometric similarity, we obtain an expression for determining the movement of the boom
suspension point depending on the crank rotation angle:

S:l-lmin=S°S_ﬂ_h+s_°=m_s_o(u_l)=s_o Sl_ﬂ_u+1 (7)
2sinf 2 2sinf 2 2 { sinf
The resulting expression allows us to write the first kinematic similarity criterion in the
following form:
S 1fsin
— == .—(p_HJFl (8)
S, 2{sin

When the crank rotates uniformly, the velocity and acceleration of the boom hanger point can
be expressed as derivatives of the crank angle, i.e:

V:(x)d—S and W:mzd—v

de de

By differentiating the expression for the first kinematic criterion by the angle, we obtain an
expression for the second (velocity) kinematic criterion:

©)

dp
cosQ—— (1 —C0sQ) ~
vV o_ de where 3B _ MSOS(P L (10)
oS, 2sin@ do 1+pu°—2ucose
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For the third kinematic similarity criterion related to the acceleration of the boom point,
differentiating the second kinematic similarity criterion by the angle of rotation of the crank,
we obtain:

9B ) cinors (- c0s01 %P + [ o5t cose 98198
W (1+d jSIn(p+(u COScp)d(pZ{COS(p (u cosw)d(p}d ctgp

_ ® P
- 2sinf (1)

2
oS,

where the second derivative of the angle {3 at ¢:

dZB: u(l—uz)sin(p
do* (},tz—Z},tCOS(pl)z

(12)

A program for calculating kinematic criteria at different values of geometric criterion was
made and calculations were performed, the results of which were plotted in graphs (figure 4).
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Figure 4. Diagram of variations of stroke length, speed and acceleration of the BSP of DSRP
drive of mast type: 1-r/h=0,1;2-r/h=0,5;3-r/h=1.

To calculate the forces of the DSRP mast drive nodes, a calculation dynamogram is built
using the method generally accepted for DSRP drives. The dynamogram determines the
traction force P, acting on the rope-crank in any position of the mechanism and allows you to
set the value of counterweights Pc weight. Then the torque on the reducer shaft will be equal:

Mm=T r—PncR =Po r sin(e + ) — R - Pcsing (13)

where Pnc — is the horizontal component of the force from the weight of the counterweights;
— is the radius of rotation of the center of mass of the counterweights.

The tractive force P, and cyclic characteristics of the system make it possible to determine the

necessary rope and sheave diameters, perform strength calculations of sheave axles and
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bearings, cranks, gearbox shafts, metal construction, fasteners, etc. All these calculations are
performed as part of general engineering design work.

At the same time, in comparison with other mechanical drives, the mast drive has a significant
difference in the calculation plan, caused by the presence of large rotating masses, taken out
on a comparatively large height.

During normal operation of the mast drive, the effect of these masses on stability is
compensated by the traction force. However, in an emergency case, namely when the rope
breaks, the horizontal component Fnc of the centrifugal force Fc from unbalanced rotating
masses of counterweights leads to lateral swaying of the mast with the gearbox, electric
motor, pulleys and other massive elements located on the top of the mast. Therefore, it is
necessary to calculate the danger of resonance phenomena in the system, as well as the
possibility of large deflections of the top of the mast from the vertical.

The horizontal component of centrifugal forces from unbalanced masses of rotating
counterweights is equal:

Fhc = Mow?Rsing (14)
where mo — is the total mass of the counterweights.
Then the differential equation of motion of the heavy mast top is written in the form:

d*x o
mF+Cx:mow Rsing (15)
Here x — is the deviation of the heavy mast top from the vertical; m — is the mass of the heavy
mast top; C is the bending stiffness of the mast.

-

where E — is the modulus of elasticity of the mast material; L — is the mast height; Jx —is the
moment of inertia of the mast cross-section.

If the mast consists of 4 legs that are identical in cross-section, then its moment of inertia,
reduced to the mast's median axis, is equal:

Jx=4(Ix + azF) (7)

Here Jx1 — is the moment of inertia of the cross section of the mast leg relative to its own axis;
a — is the distance between the axes of the legs and the mast; F— is the cross-sectional area of
the mast leg.

Resonance in the system comes in the case of equilibrium of frequencies of natural and forced
vibrations.

(16)

Conclusions: As an example we considered a mast drive DSRP with the following
parameters: L =9 m, R =1,23 m, a=0,5m. Bearing legs of the mast are provided from
equal-sided angular rolled steel Ne14. The mast drive design corresponds to the parameters of
a rocking-type machine SKD8-3-4000, the maximum stroke length of the point of suspension
rods 3 meters, the mass of the mechanisms that make up the weighted top of the mast,
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approximately equal to 15970 kg, and the mass of counterweights is determined by eight
weights of 650 kg each. The maximum crank speed is equal to 12 revolutions per minute.
According to the given formulas our calculations showed that the frequency of natural
vibrations of the system is 11.7 s, which differs greatly from the frequency of forced
vibrations and it excludes the possibility of the resonance events which are destroying the
mast. The maximum deflection of the weighted top of the mast does not exceed 1 sm, i.e. mast
drive DSRP has a high margin of stability.

The only disadvantage of mast-type DSRP drive, installed directly at the wellhead, is the
difficulty of clearing the wellhead and the space above the wellhead required for the current
well repair. However, when using the hoisting unit UPT-32, mounted on a caterpillar tractor
and having a tower height of 18 m, it is quite possible, after disconnecting the drive from the
wellhead, to install it away from the wellhead, as the total height of the mast-type drive at a
maximum stroke length of 6 m, does not exceed 12 m. | suggest for reliable stability of the
drive when it is installed on the ground to provide an additional frame at the base of the mast,
increasing the area of contact with the ground surface.
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AHHOTAINUA

JlanHast HayuHas cTaThsi 00 MCCIEIOBAaHHWU YCTOMYMBOCTH MayTOBOI'O KAaHATHO-IIKMBHOIO
IIPUBOJA CKBa)KMHHOTO LITAHTOBOTO Hacoca. belia npeaiokeHa KOHCTPYKIUS IPUBO/IAa CKBa-
’KUHHOT'O IITAHIOBOT'O HAacoca B BUJE MauThl, KOTOpasl yCTaHABIMBAETCS HEMOCPEACTBEHHO Ha
KOJIOHHE YCThSI CKBR)XUHBI. BBINOIHEHBI pacyeThl YaCTOThI COOCTBEHHBIX KOJIEOaHUN CHCTEMBI
OT BpallleHUs KPUBOILIUIIOB MPH OOpBIBE LITAHT, KOTOPbIE MOJHOCTHIO MCKIIIOUAET BO3MOXK-
HOCTb BO3HMKHOBEHMSI PE30HAHCHBIX SIBJICHMM, pa3pylIalolMX MadTy. JTO J10Ka3bIBAET, YTO
MayYTOBBII NPUBOJ 00J1a1a€T BEICOKUM 3aI1acOM YCTONUHNBOCTH.

KiroueBble cioBa: MpHUBOJ CKBaXXMHHOIO IITAHITOBOI'O HAacoca, MauTa, UIMHHOXOAOBOM
MIPUBO/I.
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XULASO

Bu elmi mogalo dor soklindo olan quyu stanqli nasosunun dayanighiginin todgigati
haqqindadir. Birbasa quyu agzinin siitununda qurasdirtlmig dor sokilli quyu stangli nasosun
intigali Gglin konstruksiya toklif edilmisdir. Nasos stanglarin qirillmasi zamani ¢arxqollarin
firlanmasindan sistemin tobii vibrasiya tezliyinin hesablamalar1 aparilir ki, bu da doru moshv
edon rezonans hadisalorinin ehtimalini tamamils aradan qaldirir. Bu, dor tipli intigalin yiksok
dayanigligina malik oldugunu siibut edir.

Acar sozlar: quyu stangli nasosunun intigali, dor, uzungedisli intigal.
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ABSTRACT

The article discusses the process of gripping the working surface of the spiral, the parts of the
rod catcher by the outer surface of the body of fiberglass rods. A diagram of this capture is
shown. The diagram shows the forces acting on the gripping surface, between the fiberglass
rods and the inner surface of the helix. The greater roughness of the outer surface of the
fiberglass rods contributes to their more efficient grip. The drawbacks are indicated in the
capture and release of fiberglass rods, which, when designing these rods, are taken into
account in the preparation of technical specifications.

Keywords: fiberglass rods, deep pumps, tool, work piece.

Introduction: In order to save metal, in recent years, fiberglass rods have been used instead
of steel rods in field deep-well sucker-rod pumping units. These rods are recommended for
serial production.

Under difficult conditions, the robots of the rods of deep-well pumping units in oil production
wells, the probability of accidents with fiberglass rods is assumed. For this purpose, it is
necessary to take into account the reliability of the grip of the rod catcher for the outer surface
of the fiberglass rods, when eliminating accidents with these rods. As a result, it is necessary
to consider the loads and stresses that arise in the process of gripping between the inner
working surface of the part (spiral, collet) of the rod catcher and the outer surface of the
fiberglass rod body.

Purpose of the study. Reliability of gripping with a rod catcher, provided for catching
fiberglass rods during the elimination of an accident with deep well pumping units.

In the operation of oil fields, downhole pumps, in addition to conventional metal steel rods,
are also used fiberglass rods. In terms of physical and mechanical properties, fiberglass rods
are sharply different from metal ones. Operation of deep pumps with fiberglass rods in
production wells for a certain period of time leads to their aging and mechanical wear. When
the fiberglass rods wear out, the possibility of their breakage is possible, as a result of which
an accident occurs associated with the abandonment of the deep pump in the well.

Mechanical wear occurs due to loads and stresses arising from the movement of the rods back
and forth in a vertical position. The reciprocating movement of the rods leads to the
occurrence of tensile and compressive loads and stresses, as a result of which fatigue stresses
in the body of the rods. When the rods move up, tensile forces and stresses act. Downward
movement of the bar exposes it to compressive forces and stresses.
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It is also necessary to take into account when operating fiberglass rods, their mechanical
characteristics. Fiberglass rods, submersible pumps, for operation in the conditions of oil
wells, are accordingly calculated and selected according to their characteristics. The brand of
fiberglass material of the rods is also selected.

During the operation of rods made of fiberglass material of the corresponding brand, they
must have durability, which depends on the strength of the material of this brand.

The action of tensile and compressive loads on the fiberglass rods, respectively, occurs
parallel to the fiber material of the rod body.

| T
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Figure 1. Fiberglass rod: a) action of tensile load Pp; b) the action of the compressive load Pc.

Figure 1 shows a part of the body of a fiberglass rod, which is deformed under the action of
tensile loads Pp (a) and compressive loads Pc (b). Normal tensile and compressive stresses op,
oc will also act.

Let us consider the scheme of interaction of the working part of the gripping mechanism of
the rod catcher, the spiral i.e. its internal grooved toothed image surface of the body of the
fiberglass rod, shown in figure 2.

Figure 2. Scheme of the capture of the working surface of the part of the spiral, for the outer
surface of the body of the fiberglass tissue.

As can be seen in figure 2, the grip of the fiberglass rod by the body occurs with the help of
teeth (notches) on the inner surface of the spiral. In the process of gripping, the teeth of the
spiral, overcoming the elastic deformation of the smooth surface of the fiberglass rod, by the
adhesion force Pcsep., As shown in figure 2. As a result, friction force Ptr acts between the
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spiral teeth and the surface of the fiberglass rod, figure 2. The gripping efficiency depends on
the specific roughness of the fiberglass rod, which is determined by the rod material itself and
its operating conditions. That is, the more rough the surface of the fiberglass rods, the more
reliable the grip on the rod body. It is also necessary to take into account, when designing a
rod catcher, that is, its gripping part of the spiral, its inner surface diameter, which is
calculated according to the outer diameter of the fiberglass rod body, with a corresponding
interference fit. Corrosion resistance of fiberglass rods also contributes to better liquidation of
an accident with deep pumps in the well.

After gripping the body of the fiberglass rods with a rod catcher, lift these rods and release
their rod catcher. The release takes place according to the mechanism of this catching tool.
Unlike metal rods, the process of freeing the fiberglass rods from the grip is easier due to the
fiberglass material itself and the relatively smooth gripping surface of the rod.

The disadvantage when gripping and releasing fiberglass rods is their low strength, as well as
their smoother surface, less amenable to effective gripping. Therefore, in the design and
manufacture of fiberglass rods, it is necessary to draw up technical conditions that take into
account these shortcomings and carry out quality control and testing of fiberglass rods.

Conclusion: The use in deep-well sucker rod borehole installations, instead of metal steel
rods, fiberglass rods, has certain advantages, such as metal savings, anti-corrosion of
fiberglass rods, their low weight, etc. The disadvantage of fiberglass rods is their relative low
strength compared to steel rods. This leads to accidents with deep pumping units in oil
production wells. When eliminating an accident with the help of a rod catcher tool,
specifically for the reliability of gripping by the rod body, the inner working surface of the
gripping element, i.e. spirals or collets, it is necessary to take into account the forces and
stresses acting at the site of the cantact of the inner working surface of the gripping element of
the head catcher, with the outer surface of the body of fiberglass rods.
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AHHOTALIUA

B cratbe paccmaTpuBaeTcs Ipolecc 3axBaTa paOoudell MOBEPXHOCTbIO CIHMPAIN JAETalH
LITAHTOJIOBUTENS 32 BHEIIHIOK MOBEPXHOCTH TEJIa CTEKJIOBOJIOKHUCTBIX wITaHT. IIpuBenena
cxeMa 3Toro 3axBata. Ha cxeme ykasaHbl CHIIBI, JEHCTBYIOLIME HAa IIOBEPXHOCTH 3axBaTa
MEXJly CTEKJIOBOJOKHUCTBIMU IITAHIAMHM M BHYTPEHHEH NMOBEPXHOCTBIO cMpanu. bosbmas
[IEpPOXOBATOCTh BHEIIHEW MOBEPXHOCTH CTEKJIOBOJOKHUCTBIX IUTAHI, CIIOCOOCTBYET Oojee
3pPEeKTUBHOMY MX 3aXBaTy. YKa3blBalOTCS HEJOCTATKU IIPU 3aXBaTe€ U OCBOOOXKICHUU
CTCKIJIOBOJIOKHHUCTBIX IITAHT, KOTOPBLIC IPHW KOHCTPYHUPOBAHUH I3THUX IOTAHI' YYUTBLIBAKOTCA B
COCTaBJICHUU TEXHUYECKUX yCIOBUI.
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XULASO

Moqgalads siiso lifli stanglarin gévdasinin xarici sathi lglin stanqtutucu hissasinin spiralinin
is¢i sothinin tutulmasi prosesi miizakiro olunur. Bu tutulmanin sxemi verilmisdir. Sxemdo
tutma sothindo, siiso lifli stanqlar1 vo spiralin daxili sathi arasinda harokot edon quvvalori
gostorir. Siiso lifli stanqlarin xarici sathinin boyuk kalo-kotirlyl olmasi onlarin daha somarali
tutmasina komok edir. Siiso lifli stanqlarin tutulmasi vo buraxilmasinda olan ¢atismamazliglar
gOstorilir, bu stanglarin tortib edorkon, texniki sortlords hazirlanmasinda nozaro alinir.

Acar sozlar: siiso lifli, stanglar, dorinlik nasoslari, alat, is¢i detal.
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ABSTRACT

There is an urgent need worldwide for efficient fluid control equipment. Some of the existing
equipment has certain limitations for efficient fluid control under high pressure conditions.
Thus, design modifications are required to solve this problem. This article presented a analytical
method for designing and performing stress analysis for a high pressure valve used on a typical
oil and gas wellhead with operating pressures up to 100 MPa. The most important components
of a valve are the body and the valve (disc). The conversion design uses analytical method
calculations to determine the stress and strain distribution in the critical components of a high
pressure valve. Results from both analytical computational design and finite element analysis
indicate reasonable agreement by measuring percent performance variance. Thus, the results of
this research work confirm the reliability of the designed valves in accordance with engineering
design estimates and, in turn, can be optimally improved in the manufacture of high pressure
valves.

Keywords: gate valve, analytical method, validation, design and high pressure.

Introduction: Valves are static mechanical equipment that controls the flow and pressure
within a system or process. They are essential components of a piping system that conveys
liquids, gases, vapors, slurries etc. [1]. Heavy duty gate valves are normally used in oil wellhead
configuration and installation. Because of its capability to control and withstand crude oil high
flow rate and high pressure that is constantly experienced on the oil wellhead. Typical wellhead
operating parameters includes: high pressure, flow rate, specific gravity, etc. This research work
utilized computer aided design method to design and carryout critical stress analysis of a gate
valve used on a typical oil and gas wellhead of working pressure up to 100 MPa. A Gate valve
can be described as a type of valve that opens by raising a round or rectangular gate/wedge out
of the path of the fluid and is operated by means of a threaded stem which connects the actuator
(hand-wheel or motor) to the gate [1]. These valves are used for regulating flow, but many are
not suited for this purpose, having been designed to be fully opened or closed [1]. Thus, when
fully open, the typical gate valve has no obstruction in the flow path, resulting in a very low
frictional loss [1] but the opposite become the case when it is fully closed. Hence, high
frictional losses occur on the gate (the closing element of the valve) as a result of many
obstructions in the fluid flow path. It is important to avoid or minimize the frictional losses at
the design stage of the gate valve; therefore, the critical stress analysis of key elements of the
gate valve is essentially identified in advance, before manufacturing of the gate valve. Hence,
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this study is bridging the gap between indigenous technology/engineering and acceptable
international design methodology.

Although, it is a serious task for designers to design and estimate accurate stress distributions of
any mechanical component; some limitations are encountered in the design. However, to
overcome these limitations, computer aided design (CAD) methodology is an alternative. This
method enables optimization of the design at the design stage, provides significant results
prediction of stress distribution, and minimizes design time and cost, as well as providing
efficient product.

Valves are designed with global codes and standards, for example the American Petroleum
Institute Standards (API), American society of mechanical engineers (ASME), British standard
(BS), America society of testing and materials (ASTM) and American National Standards
Institute (ANSI) Deutsches Institut fir Normung (DIN) etc. Thus, in order to achieve cost
effective design, less design time and to produce accurate design performance outcome, CAD
tools such as finite element analysis (FEA) is utilized extensively to analyze stress behaviors of
the critical valve elements such as the gate, stem, valve body and bonnet. It helps in identifying
any possible failures that may occur during operational life of the valve.

Proficient use of CAD tools will help increase the accuracy of the proposed locally design gate
valve in geometry and analysis as well as design time reduction. Though, different size and
pressure range of gate valves are found in the market. But constraints such as cost of
importation to the local end users, failures in existing design due to old methodologies in design
processes such as assumptions made in analytical calculations, manual drafting usually leads to
design errors. For that reason, this research work aimed to address aforementioned constraints
by proposing an effective, efficient and low-cost design for indigenous manufacturers and end
users.

The materials used in this study consist of two components i.e. hardware and software
components.

The hardware component involves a high speed performance computer while the software
component involves a solid-work CAD tool. Analytical method was used to perform hand
calculations for the design in term of sizes, dimensions and critical stresses that would act on
the gate valve body, stem, gate (disc), bonnet and flanges. Computer simulation was also
conducted to check for convergence of results between the hand design calculations and FEA
simulation for the purpose of validating the gate valve optimal design credibility.

In a typical gate valve, the critical parts that experiences pressure of the fluid directly are the
body, gate, stem and bonnet. These parts are described briefly with their design principles.

The body, sometimes called the shell, is the primary pressure boundary of a valve. It serves as
the the body, sometimes called the shell, is the primary pressure boundary of a valve. It serves
as the Narrowing of the fluid passage (Venturi effect) is also a common method for reducing the
overall size and cost of a valve. In other instances, large ends are added to the valve for
connection into a larger line [5]. When a cylindrical shell of a pressure vessel, hydraulic
cylinder, valve and pipe is subjected to a very high internal fluid pressure Pi, then the walls of
the cylinder must be made extremely heavy or thick [5]. In the design of thick cylindrical shell,
lame’s equation is mostly considered; especially when ductile material with close or open ends
is to be considered in accordance with the maximum normal stress theory of failures, the
stresses ot IS given as:
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The above equation shows the maximum principal stress at the inner surface. The minimum
principal stress at the outer surface is given as;
2p (rp)®

2[(rgd® = (r)*] (2)

Maximum shear stress 1 is given as;

. - 1
I;,nﬁ_r — _Tmax - Tmin (3)

According to Lame’s equation, the thickness of the pressure retaining vessel such as valve, is
given as

t= 1 L;E ~1] @)

G — P

But when taking into consideration theories of failures, maximum energy strain failure criteria,
the safe thickness is calculation from the expression;

2% [A*"E;.i};[l-i}] (5)

Where K = :— from equation above, we can see that if the B = et or F; = at,

Then no thickness of the shell will prevent failure.
Since valve is a high pressure retaining vessel, the bonnet which serves as the end flange of the
valve sometimes experience high pressure liquid when the gate is open or close in some cases.
The bonnet of the valve is commonly bolted to the body. In the design of bonnet, the required
thickness is gotten from Grasch of and Bach equation [5] given below:

—

B

ty = w||; (6)

Graschof and Bach ot = allowable design stress, K1 depends on the material and the holding
methods, for cast iron, steel as shown in the table below:

Table 1. Bach constant

Material of the cover plate Type of connection Circular plate
Ki
Cast iron Freely supported 0.54
Fixed 0.44
Mild Steel Freely supported 0.42
Fixed 0.35

It is one of the mostly found part at valve ends, it aids connections to the engaging pipe. A
flanged joint may be made with flanges cast integral with the pipes or loose flanges welded or
screwed. The figure below shows two cast iron pipes with integral flanges at their ends. The
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flanges are connected by means of bolts. The design calculations are adopted from a
recommended manual [7].

Flange
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Figure 1. Flange dimension.

The following are the Dimensional consideration of the flange design:
Nominal diameter of bolts, d = 0.75t + 10 mm
Number of bolts, n =0.0275D + 1.6
Thickness of flange, tr=1.5t+ 3 mm
Width of flange, B =2.3d
Outside diameter of flange, Do=D + 2t + 2B
Pitch circle diameter of bolts, Dp =D + 2t + 2d + 12mm
Valves are constructed from a number of different materials based on the availability and cost
of the material, ease of fabrication, resistance to corrosion and pressure, design metal
temperature (DMT), and compatibility with the fluid controlled [6] (Luis and Julio, 2002).
Materials used in the construction of valves shall conform to the specifications listed in API
600. According to the different types and requirements, the main performances of valves are
sealing, strength [5-6]. When designing and selecting a valve, engineers must consider the
basic parameters and the performances, the performance of the fluid including the fluid phase
state (gas, liquid or contains solid particle), corrosiveness, viscosity, toxicity, flammable
explosion hazard and radioactivity [4-6]
ASTM A216 Grade WCC is the most popular steel material used for valve bodies in moderate
services such as air, saturated or superheated steam, noncorrosive liquids and gases. WCC is
not used above 800F (427C) as the carbon rich phase might be converted to graphite. It can be
welded without heat treatment unless nominal thickness exceeds 1-1/4 inches (32 mm).
Design alternatives and required objectives
Design consideration is based on numbers of selected alternatives; optimal selection is drawn
from the lists of alternatives with special consideration to the objective functions as outlined
below:

e Availability of material

e Environmental consideration
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e Conformation to codes and standards
e Strength of materials

Table 2. Body and Bonnet materials

Material Alloy Steel

Density 7850 kg/m3

Young Modulus 200 GPa

Yield Strength 6.20422e+008N/m"2
Tensile Strength 7.23826e+008 N/m”2

Table 3. Gate Material

Material Alloy Steel 1.7014 (17CrS3)
Density 7850 kg/m3

Young Modulus 200 GPa

Yield Strength 4.50590e+008N/m"2
Tensile Strength 5e+008 N/m”2

The above data were used analytically by hand calculations and numerically by finite element
analysis to complete the design of the high pressure gate valve. The result s obtain from the
finite element analysis was validated by the analytical method outcomes in order to justify the
credibility of the HPGV design.

The analytical method constitutes the traditional design hand calculations. Established formula
was used to determine stress and deformation values for the design of the HPGV.

The variation of tensile stress and radial stress in relationship of wall thickness of the pressure
retaining boundary of valve’s body using lame’s equation shown in fiqurel the wall thickness
was subdivided into five equal parts.

p(r]) 0
. — =11 +—
T —1}‘[ x*

Where ot - tensile stress, ri -internal radius, ro-external radius, p = pi- internal pressure, pi =
103.44 MPa.

Using above equation, for wall thickness from 0-40 mm, the tangential stress tabulated below:
The tensile stress acting on a material is maximum at the inner surface of the pressure retaining
body, while radial stress is maximum at the outer radius. However, increasing the thickness will
help to prevent bursting failure in HPGV.

Conferring to this theory, the failure or yielding occurs at a point in a member when the
distortion strain energy (also called shear strain energy) per unit volume in a bi-axial stress
system reaches the limiting distortion energy (i.e. distortion energy at yield point) per unit
volume as determined from a simple tension test. Therefore, equation below is used to test for
yield strength of the Gate valve body i.e. maximum distortion energy.

(6.4)* +(0,2)* — 20,y X 0,5 = (%): (7)
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Where oyt= yield strength, o1, o2 = principal stresses
301620.6 +198737.6 — 489666.7 =10691.5
10691.5 < 1716100

Results: From the above failure analysis in line with the von misses failure theory; the body
under analysis will not fail when subjected to the design maximum pressure of 103,44 Mpa.
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AHHOTANUA

Bo Bcem Mmmupe cymiectByeT ocTpas HOTPeOHOCTh B A(PQPEKTUBHOM O0O0OpYIOBaHHUU IS
KOHTpOJIs xKuAKocTH. HekoTophle 3 cymiecTByomero o00pyA0BaHNs UMEIOT OIpeielIeHHbIE
OrpaHUYeHUst A APPEKTUBHOTO KOHTPOJS KUAKOCTH B YCJIOBHUSX BBICOKOTO JIaBJICHMUS.
Takum oOpazom, AJis pelieHus: 3Toi npoOaemMbl TpeOyIOTCS H3MEHEHNEe KOHCTPYKIMU. B 310l
CTaTbe TMPEJCTaBJIEH aHAIUTHYECKUH METOJ MPOCKTUPOBAHMA M MPOBEACHUS aHAIN3a
HaNpsDKEHUH U 3a[BMDKEK BBICOKOTO JIaBIEHMS, MCIOJIb3yEMBIX HAa THUIIMYHOM YCThE
HEPTSIHON M Ta30BOM CKBaXHHBI ¢ pabounm nasieHueMm 10 100 MIla. CambIMu Ba)KHBIMHU
KOMIIOHEHTaMU MPSIMOTOYHOM 3aJBMKKHU SIBIIIIOTCS KOpITyc M mubep (auck). B koHCTpykimu
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Hep6060py,Z[OBaHI/I$I HUCIOJIB3YIKOTCAd PACUCTbl AHAJIUTUYCCKOIO METOHAa IUIA OIIPEACICHUA
pacipeaciicHusd HaHpﬂ)KeHHfI u }Ie(i)OpMaHI/II\/II B KPHUTHYCCKHUX KOMIIOHCHTAaX 3aJBUIKKHU
BBICOKOT'O OaBJICHUAI. P €3yJIbTAaThl AHAJIUTHYCCKOI'O pACYCTHOI'O MPOCKTUPOBAHUA U aHAJIM3a
MCTOAOM KOHCYHBIX JOJICMCHTOB IIOKA3bIBAIOT Pa3yMHOC COTJIaCUC IIYTEM HN3MCPCHUSA
MNPOUCHTHOI'O0 OTKJIIOHCHUSA IIPOU3BOAUTCIIBHOCTH. Taxkum 06pa30M, PE3YyJbTaTbl 3TOI'0
HUCCIICAOBAHMA IMOATBCPKAAOT HAACKHOCTDH pa3pa60TaHHHx IMpsAMOTOYHBIX 3aJIBUIKCK,
KOTOPBIC COOTBCTCTBYIOT MHKCHCPHO-KOHCTPYKTOPCKUM OLICHKAM U, B CBOKO O4YCPEAb, MOT'YT
OBITH  ONTHMAJIBHO YCOBCPIICHCTBOBAHBI IIPU HNPOU3BOJACTBC IMPAMOTOYHBIX 3aJIBUKCK
BBICOKOT'O JaBJICHUA.

KiarueBble cjaoBa: MMPAMOTOYHBIC 3aJIBUKKH, aHATUTHYCCKUU MECTOJ, OICHKA, KOHCTPYKIHA
" BBICOKOC HaBJICHHUC.
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XULASO

Butlin diinyada effektiv maye noazarat avadanligina tacili ehtiyac var. Mévcud avadanliglarin
bozilori ylksok tozyiq soraitinds mayenin effektiv idaro edilmosi Ucin muoayyan
mohdudiyyatlora malikdir. Beloliklo, bu problemi hall etmak {igiin dizayn modifikasiyasina
ehtiyac var. Bu mogalads is tozyigi 100 MPa-a godor olan tipik neft vo gaz quyusunun
agzinda istifado olunan ylksok tozyiqli qapaq klapanmin dizayni vo gorginlik analizinin
aparilmasi {igiin analitik dizayn metodu toqdim edilmisdir. Diizaxinli siyirtmoalorin Kritik
komponentlori govdo vo siberdir (disk). ©nonavi dizayn analitik metoddan hesablamalari
gobul edir, lakin bu isdo Yylksok tozyigli siyirtmonin kritik komponentlori (zarindo
gorginliklorin vo deformasiyalarin paylanmasini miioyyon etmok lazimdir. Analitik dizayn
hesablamalarindan slds edilon naticalor onlarin aglabatan razilagmalar1 gostarir. Buna gors do,
bu todqigat isinin naticalori mihandis dizayn giymotlondirmolorino cavab veran dizayn
edilmis diizaxinli siyirtmalorin etibarliligini tosdigloyir vo 0z ndvbosindo ylksok tozyigli
diizaxinli siyirtmolorin istehsalinda optimal sakilds inkisaf etdirils bilor.

Acar s0zlar: diizaxinli siyirtmalor, analitik sul, giymotlondirma, dizayn va yuksak tozyig.
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ABSTRACT

In process industries, the heating gap in heat exchanger networks (HENS) is normally
compensated by the steam generated from a utility system, thus these two mutually
influencing systems should be designed as a whole through establishing structural
interrelationships. In this work, an improved stage-wise superstructure of HENSs is proposed to
integrate with a Rankine cycle-based utility system. Inner- and inter-stage heaters are
considered in the new structure. Furthermore, the selection of steam in different levels is also
investigated, extending the possibilities of steam utilization in HENs and generation in utility
systems. The presented methodology is able to realize the optimal design of HENs by
considering the supply and utilization of steam. Heaters’ allocations, matches of streams,
steam distribution and utilization are optimized accompanying with the trade-off amongst
equipment investment, fuel consumption and power generation in objective, which is highly
related to the final structure of the system. The optimization problem is formulated into a
mixed-integer non-linear programming (MINLP) model and solved towards the lowest total
annual cost (TAC) of the entire system. Finally, a case study with two scenarios is studied.
The detailed results are given and analyzed to demonstrate the benefit from structural
improvement.

Keywords: improved superstructure; HENS; utility system; steam heater; MINLP.

Introduction. With the continuous increase of energy consumption in industrial processes,
the energy crisis has further intensified on account of the limited fossil energy reserves.
Energy prices are also on the rise at the same time, which drives the pursuit of energy-saving
technologies and methods. Heat exchanger networks (HENSs) are an inevitable part in
processing enterprises for heat recovery. Hot process streams that need to be cooled down and
cold process streams that need to be heated up widely exist in process enterprises. Synthesis
of HENSs is able to obtain HEN structures with reasonable matches between these hot and cold
process streams and recover waste heat to the greatest extent. Thus the additional utility
consumption will be greatly reduced. On the other hand, utility systems based on steam power
cycles are one of the major sources which can export multi-level steam and power to
industrial enterprises from a single primary energy source. Energy consumption in utility
systems accounts for a large proportion of total industrial energy consumption, which makes it
meaningful to improve energy efficiency of utility system. These two parts, the HEN and the
utility system, are involved the whole process of energy supply, energy consumption and
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energy saving. While in implementation, the utility system is usually designed independently
with its connections with the processes ignored, so the simultaneous synthesis and
optimization of HENSs and utility systems should be improved.

Determining the use of utilities is always one important content in HEN synthesis, either
within a sequential synthesis method or a simultaneous synthesis method. In pinch technology
[1] and the trans-shipment model-based method [2], the consumption of cold and hot utilities
is targeted by monitoring of pinch point locations, before designing the network structure in
terms of paring hot and cold streams; in the superstructure-based simultaneous method [3],
utility consumption is optimized by the trade-off with the capital costs of heat exchangers.
Although the study of HEN synthesis has been developed for decades, there are still
deficiencies. For example, most previous works on HEN synthesis only used one type of
utility at the stream end and assumed that the temperatures of these utilities are able to satisfy
all the hot and cold demands, while the fact is that the utility can be in many forms, such as
flue gas, steam with different temperatures and hot water. Thus, studies have been launched to
investigate the reasonable use of these utilities in HEN synthesis. Costa and Queiroz [4]
introduced an extension of the problem table algorithm to optimize and analyze multiple
utilities selection and utilization instead of using a grand composite curve. Although the
advantages of multi-level utility selection are not analyzed, it is an effective way to optimize
multi-level utility utilization with a table algorithm. Salama [5] developed a simple and direct
numerical geometry-based technique to target optimal assignment of multiple utilities, but
only the heat load was optimized without considering the equipment investment. Shenoy et al.
[6] presented a cost-optimal targeting methodology considering the trade-off between energy
consumption and equipment investment simultaneously. Optimal selections and loads for
multiple utilities were determined based on pinch analysis and the cheapest utility principle.
In essence it was still a sequential method, which makes it impossible to achieve a real trade-
off between energy and equipment costs. Isafiade and Fraser [7] studied an interval-based
MINLP superstructure where the intervals were defined according to the supply and target
temperatures of hot or cold process streams. The superstructure model was then applied to
HEN synthesis with multi-level available utilities, trading off operating and capital costs for
each type of utility. Many nonlinear terms were ignored by mixing split streams at equal
temperature, which made the obtained results improvable. Ponce-Ortega et al. [8] developed a
stage-wise superstructure that allowed existence of intermediate placement of multiple
utilities within each stage. Load and placement of multiple utilities were treated as
optimization variables by employing disjunctive programming formulation, rather than
regarding utilities as process streams and setting their capacity flowrates as optimization
variables. Na et al. [9] proposed a modified superstructure that contained utility sub-stages
between adjacent stages. Series utility locations were fixed to facilitate convergence. These
studies greatly expanded the design space of the HEN structure and utilization of multiple
utilities, but the selection of multiple utilities was mainly based on their price, and the
interactions with other systems was not investigated in depth. Zhang et al. [10] explored a new
HEN superstructure presentation named the stage-wise chessboard model for management of
feasible research regions. A random walk algorithm was employed to lower the calculation
load. The problem can be solved faster, but many possible matches are not included in the
proposed superstructure because it was equivalent to a stage-wise superstructure with only
one stage. Pavdo et al. [11] considered the solving difficulty of complex mathematical models
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resulting from an enhanced stage-wise superstructure which includes the use of multiple
utilities at single stream branches. An enhanced meta-heuristic solution method was presented
to handle the complex mathematical model, and the superstructure had no difference from the
superstructure in Ponce et al. [8] mentioned above. Ma et al. [12] launched multi-objective
optimization of interplant HENs operated for multi-periods, which used steam as the heat
transfer medium. This research analyzed the conflict between environmental impacts and
exchanger investment according to the trade-off between utility consumption and exchanger
areas in a case study, but the influence of multi-level steam distribution on the environmental
and economic objectives was ignored. Besides, power generation in the utility system was not
included in the objective function either, thus the HEN and utility system were not globally
integrated.

HENSs have been further integrated with utility systems based on their close interactions.
Klemes et al. [13] studied the simultaneous synthesis of a production process and a utility
system based on pinch analysis methodology in a total site integration, but the optimization
was carried out after integration within a single plant was completed in advance. Thus the heat
recovery and utility system were not optimized simultaneously. Liew et al. [14] optimized the
design and operation of a centralized utility system to adapt to shutdowns or process upsets,
making a trade-off between operational adaptability and operating costs. Detailed synthesis of
the HEN was not included either. Chen and Lin [15] proposed a MINLP model to design a
steam network and heat recovery network simultaneously. Hot and cold utilities were only
placed at the stream ends, while steam can be generated within an inner-stage to promote
energy synergy among plants. Different from previous total site integrations, the heat demand
of the HEN is unknown before the design stage, but this research did not consider the
utilization of multiple types of utilities within the inner-stage. Hipdlito-Valencia et al. [16]
combined an organic Rankine cycle with HEN and converted waste heat into mechanical
energy, which provided more inspiration for the combination of HEN and other processes.
Goh et al. [17] synthesized a HEN and utility system simultaneously, but the minimum
operating cost, hot and cold utility demands were determined in advance through multiple
cascade automated targeting, without realizing the overall optimization. Luo et al. [18]
integrated a HEN with a utility system, using the sensible heat of steam condensate to heat
cold process streams. Besides, waste heat of the hot process streams was recovered to preheat
boiler feedwater, but the combination was allocated at stream ends, which limited the
optimization space compared with the superstructure considering inner-stage utility
utilization. Martelli et al. [19] developed a two-stage sequential synthesis algorithm to solve
the nonconvex MINLP problem derived from the simultaneous synthesis of HEN and utility
systems. An isothermal mixing assumption was made and the utility systems were set as
process streams, which will increase the problem-solving complexity. Elsido et al. [20] have
worked on the simultaneous synthesis of utility systems, Rankine cycles and heat exchanger
networks. However, their mathematical model was established based on a p-h superstructure
but not a stage-wise superstructure. The main purpose was proposing an ad hoc bilevel
decomposition method to improve solution efficiency but not optimizing the utility utilization
through improving the superstructure. The simultaneous optimization of multi-plant heat
integration using steam as intermediate fluid described in Chang et al. [21] reflected the
utilization of energy within the inner-stage, but the steam used within the inner-stage was
generated from process streams, and the utility system was not considered completely here.
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Huang et al. [22] extended their research to the simultaneous optimization of a heat exchanger
network, steam Rankine cycle and organic Rankine cycle, but the steam utilization and ORC
evaporator were placed at stream ends, and inner- and inter-stage improvements were not
considered in the superstructure.

Research about HEN synthesis and utility system is summarized here. On one hand,
improvements have been made to provide more matching possibilities in HENs and obtain
HEN configurations closer to an optimal solution. On the other hand, utility systems and
HENSs were considered simultaneously to strengthen the heat integration. In total site heat
integration using the sequential method, the utility system was usually designed after the
determination of heating demand, making it unable to obtain the optimal trade-off between
equipment investment and operating cost. As for the mathematical programming method
which can perform the design of HENs while optimizing the operation of the utility system,
either the heaters were placed at stream ends, or the operating parameters and power
generation of utility system were not included, even though the utilization of utilities was
considered within the inner-stage. Thus, in order to achieve a better network management, an
improved superstructure considering multiple utilities utilization within the inner- and inter-
stage is presented and integrated with the utility system based on a Rankine cycle. Multiple
utilities (steam in different pressure levels) are produced in cascade in the utility system with
concurrently power generation. The structure of the HEN and the operation of the utility
system are simultaneously influenced by the placement and distribution of multiple utilities,
leading to a trade-off among capital costs, fuel costs and power generation profits. It should be
noted that steam is not regarded as process stream but rather as an additional heating source in
this study, so the established mathematical model corresponding to the special HEN
superstructure including inner- and inter-stage heaters is different from previous formulations,
by which the steam in any alternative level can be selected as long as the temperature
difference demand is met. Finally, cases are illustrated to show the goals of this paper,
demonstrating that multi-level steam selection and utilization within the inner- and inter-stage
will provide a larger optimization space for steam distribution, power generation and fuel
consumption of the utility system, achieving better economic performance of the whole
system.

Problem statement: A synthesis of HEN involving the optimization of steam supply and
utilization is desired in this study, and the entire problem can be described as follows: a set of
hot and cold process streams which must be cooled and heated are given with their heat
capacity flowrates, supply temperatures, target temperatures and heat transfer coefficients. To
compensate the heating gap, a utility system is optimized to produce appropriate steam, in
terms of multiple paralleled mains/levels with different pressures and as well temperatures.
These steam branches are usually classified as high pressure steam, medium pressure steam,
and low pressure steam (HPS, MPS, LPS), etc. In this study, a set of steam alternatives with
certain pressures and temperatures are given for selection. The utility system follows the basic
process of a Rankine cycle, but the properties and quantity of generated steam must be
optimized towards the best benefit of the whole system. Additionally, all the cost-related
parameters are also given in order to assess cold utility cost, fuel cost, equipment investment
(for heat exchangers, boilers and turbines) and the profit from selling power. The integration




AVADANLIQLAR. TEXNOLOGIYALAR. MATERIALLAR

CILD 09 BURAXILIS 01 2022

problem aims at achieving the most cost-efficient configuration of steam supply HEN, by
making trade-offs amongst the contribution of the mentioned economic sectors in the total
annualized cost. For this purpose, the interaction between the two sub-systems must be
comprehensively explored and the network details, such as fuel consumption, steam
generation and allocation, generated power, stream matches, heat loads, operating
temperatures, and area of heat exchangers must be optimized. In order to alleviate the solving
difficulties caused by a complicated mathematical presentation, it is assumed that: (1) the heat
capacity and heat transfer coefficient are constant throughout the whole process; (2) the heat
exchange task is completed in a countercurrent heat exchanger; (3) all operations are
adiabatic, ignoring the heat loss and mass loss; (4) transportation problems are not taken into
account; (5) only the primary units in the utility system are considered, ignoring the auxiliary
devices.

Method overview: To solve the mentioned synthesis problem, an optimization-based method
is developed and presented in this study. Since a synthesis solution is characterized by two
aspects: the network structure (referring mainly to where to exchange heat and whether
generate the steam) and the network parameters (which should be quantified, such as flowrate,
temperature, heat exchange areas), a superstructure embedding all potential network
configurations is introduced as the first step of the method, to offer decision options for the
network structure, then a mathematical model is formulated to perform the optimization,
making an automatic determination for both network structure and network parameters.
Although this method is developed from the general concepts of HEN and utility systems, the
major contribution of this work is still worth mentioning, that is, the utilization of steam in the
HEN is extended by considering various locations along streams, being in series or/and
parallel with stream-stream heat exchange, and meanwhile not only with the given utility
steam but having the generation and allocation of steam integrated, such that the interaction
between HEN and utility system can be explored with more space. It is believed that better
design solutions will be obtained by using this method.

Superstructure: Figure 1 presents the superstructure of the proposed integration problem. All
potential configuration alternatives of the HEN are displayed by considering the utilization of
steam. For the HEN side, two hot process streams and two cold streams are used to exhibit the
features of the stage-wise superstructure. Since the heaters involving steam could be before,
after and in parallel with stream-stream heat exchangers, new stages are introduced in the
superstructure to fully explore the utilization of steam. It should be noticed that the stages are
divided into two types—the inner-stage and the inter-stage—which are alternately arranged.
Within each inner-stage, a cold process stream can be split into multiple branches to perform
the heat exchange with hot process streams and steam simultaneously. After that, the branches
are mixed non-isothermally into a main stream and go into the inter-stage, where only steam
is allowed to heat the cold streams. Inter-stage heaters are allowed at both the start and end of
cold streams, so the inter-stage number is one more than that of inner-stages. This
arrangement could provide much more matching options between cold process streams and
steam with limited stages, enriching the configurations of the superstructure. Hot streams are
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operated in the traditional manner, cooled down by cold process streams within inner-stages
and cooling water at stream ends.
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Figure 1. Superstructure for combined HEN and utility system.

The operation of utility system is in typical Rankine cycle: the highest pressure superheated
steam is generated in a boiler through combusting fuel, and then sent into a turbine to generate
multi-level superheated steam with turbine condensed steam extracted and condensed at the
end, producing power at the same time. The superheated steam needs to be desuperheated by
mixing with water from the deaerator before being sent to the HEN as saturated steam. After
heating the process streams, the condensed water returns to the deaerator, and splits into two
parts after the operation, part is sent to the boiler and evaporated into superheated steam, and
the residue is mixed with multi-level superheated steam to obtain saturated steam, finishing a
cycle. Although the flowsheet of the utility system is quite certain, the possibilities of steam
generation and utilization in the HEN need to be determined within the design.

Based on the presented superstructure, a mathematical model can be formulated to determine
the optimal network structures and network parameters. In this work, considering the
deaerator is an energy-consuming unit, another system without deaerator is also investigated,
e.g., using a chemical deaeration technique. The resultant variation in structure is that part of
the condensed water is mixed with the corresponding superheated steam, while the rest flows
back to the boiler directly.

Conclusions: An improved superstructure for HENs synthesis which contains the utilization
of multiple utilities within inner- and inter-stages has been presented to integrate with the
utility system. The coupling relationship between HENs and Rankine cycle-based utility
systems is investigated and extended by considering various locations of steam heaters. The
HEN structure has an impact on steam distribution and accordingly determines the operation
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of the utility system, thus in the study, the stream matches and heat transfer area of HEN, as
well as the multi-level steam distribution, fuel consumption and power generation in utility
system are all optimized to minimize the TAC of the whole system. Results are discussed and
analyzed with case studies. The obtained economic benefits, 20.4% and 3.7% cost cuts for the
cases separately, have demonstrated the method very well. It is concluded that the thermal
property and quantity of steam have great effect on fuel consumption, power generation and
heat transfer area, leading to an economic trade-off; relieving the location limit on steam
heaters could create better solution, in terms of using more lower pressure steam not only at
stream ends. Future research will be launched to develop this method to deal with the
simultaneous synthesis problem of industrial park HEN and utility system with considering
the selection of primary energy sources, e.g., fuel, solar, nuclear, wind, etc.
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AHHOTANUA

B o0pabarsiBalonux MPOU3BOJICTBAX TEILUIOBOHM 3a30p B ceTsx TeroooMeHHHKOB (HENS) o0branO
KOMIIEHCHPYETCSl TIapOM, BbIpa0aThIBA€MBbIM M3 KOMMYHAJIBHON CHCTEMBI, TI03TOMY 3TH JBE B3aUMHO
BIMSAIOLUINE CUCTEMBI [JOJDKHBI IPOCKTHPOBAThCSA KaKk €AWHOE LEeJoe IyTeM YCTaHOBJICHHS
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CTPYKTYpPHBIX B3auMoOCBsi3ell. B 3Toli paboTe mnpemsmaraercs yCOBEPIICHCTBOBAHHAS IO3TaIHAsI
Haactpoiika HENS s wHTErpammm ¢ cucteMoil IMOJIE3HOCTH, OCHOBAaHHOW Ha Iukie Penkuna. B
HOBOM KOHCTPYKITUU MIPEIYCMOTPEHBI BHYTPUCTYIICHUATBIC U MEXKCTYIICHUaThIe HarpeBarenu. Kpome
TOTO, TaK)KE HUCCIEAYETCS BBIOOp Tapa Ha Pa3HBIX YPOBHSX, PACIIUPSS] BO3MOXXHOCTH HCIOJIb30BAHUS
napa y HENS u BeipaboTku B KOMMyHaJbHBIX cucteMax. [IpencraBneHHas MeTOIOIOTHs clocoOHa
peanu3oBaTh ONTHUMaNIbHYI0 KOHCTpyKIMio HENS ¢ ydeTroM momaum w WCHOIB30BaHHS Tapa.
Pacnipenenenue HarpeBaTenel, COBIMAJACHHWE IIOTOKOB, pAacCIpelelieHHe W HCIOJb30BaHHE Mapa
ONTHMHU3HUPOBAHBI C YYETOM KOMIIPOMHCCA MEXKAY WHBECTHIHSMH B O0OOPYIOBaHHWE, MOTPEOICHHEM
TOIIMBA ¥ BBIPAOOTKON DJIEKTPOIHEPTUH B OOBEKTHBE, YTO B 3HAUMTENHHON CTENEHHM CBA3aHO C
OKOHYATEILHOM CTPYKTYypOH CUCTEMBI. 3a/1ada ONTHMH3AINN (HOPMYITHUPYETCS B MOJIEIA HETUHEHHOTO
MPOTPaMMHUPOBAHUS CO CMeIIaHHbIM nensiM uncioM (MINLP) u pemraercs ¢ 1enapio TOCTHXXKECHHS
HauMeHbIel oomelt ronoBoii croumoctu (TAC) Beelt cucrembl. HakoHell, n3ydaeTcss TEMaTHUECKOE
WCCIIeZIOBaHNE C ABYMs creHapusMmu. lloapoOHbIe pe3ynbTaThl MpHUBENEHBI M MPOAHAIM3HPOBAHEI,
YTOOBI MPOIEMOHCTPUPOBATH IPEUMYIIIECTBA CTPYKTYPHOIO YIIYUIICHHUS.

KnawueBbie cioBa: ycoBepuieHcTBOBaHHas HajcTpoiika, HENS; wHxeHepHas cucrema; mapoBoid
HarpeBarens; MINLP.
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XULASO

Istilikdoyisdiricilor sobokalords (HENS) istilik boslugu emal sonayesinds adoton buxar
sistemin istehsal ilo kompensasiya edilir, belo ki, bu iki qarsiligh tasir sistemlori struktur
qarsiligh slagolor yaradilmas ilo bir butév dizayn kimi edilmslidir. Bu isdo renkin dévrins
asaslanan kommunal sistemls integrasiya tglin HENS-in tokmillogdirilmis marhalali alavasi
toklif olunur. Yeni dizaynda intraven 6z vo morhololorarasi qizdiricilar nazords tutulmusdur.
Bundan olavo, HENS-do buxarin istifadasi vo kommunal sistemlorda istehsal imkanlarini
genislondirorok, miuxtolif soviyyolordo citlorin secimi do arasdirilir. Togdim olunan
metodologiya buxarin verilmasi vo istifadosi nozoro alinmagla optimal HENS dizaynini
hoyata keciro bilor. Qizdiricilarin paylanmasi, axinlarin ist-Usto diismosi, paylanma vo
buxarin istifadesi avadanliglara, yanacaq istehlakina vo sistemin yekun strukturu ilo
ohomiyyatli dorocods olagoali olan obyektivdo elektrik enerjisinin istehsalina qoyulan
investisiyalar arasinda kompromis nazaro alinmaqla optimallagdirilmigdir. Optimallagdirma
mosalosi qarisiq bir tam (MINLP) ilo qgeyri-xotti programlasdirma modelindo hazirlanir vo
batin sistemin on az Umumi illik doyarina (TAC) nail olmag tgln hall edilir. Nohayat, iki
ssenari Uzro tematik todqiqat aparilir. Otrafli naticalor struktur tokmillosdirilmasi faydalari
niimayis etdirmak tgun verilir va tohlil edilir.

Acar sozlar: tokmillasdirilmis olave; HENS; miihondislik sistemi; buxarlandirici; MINLP.
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ABSTRACT

Currently, various methods and methods are used to diagnose the technical condition of wells,
which make it possible to determine the most complete and reliable picture of its condition.
This paper presents the results of assessing the technical condition of oil wells using the
electromagnetic flaw detection method.

Keywords: oil and gas wells, diagnostics of technical condition, electromagnetic flaw
detection, corrosion of the wall of the pipe column.

During the operation of oil and gas wells, the load-bearing elements and equipment
components used in the process are exposed to excessive pressures, corrosion and mechanical
wear. This in turn helps to reduce their resources and increase the probability of failures. In
these conditions, the importance of diagnostic maintenance of the structural integrity and
tightness of wells, accommodation of repair and restoration work, as well as increasing the
service life of equipment and technical means increases.

Currently, various methods are used in the oil sector of Azerbaijan to diagnose the technical
condition (DTC) of all categories of oil and gas wells, the essence of which is to determine the
places of leak-tightness of the production column, pumping and compressor pipes (tubing),
bottom and others [1]. Despite the fundamental difference in the DTC technology, they are
united by one goal - to collect the most detailed information about the condition of the well,
thanks to which the processes occurring during the operation of the well are predicted. The
information base collected on the basis of the well's DTC is usually based on the results
obtained by a combination of several technologies that allow us to determine the most
complete and reliable picture of the well's condition. Thanks to this, a decision is formed on
its further operation or repair, as well as complete liquidation.

Currently, the SOCAR oil company has more than six thousand oil and gas wells on its
balance sheet, which are periodically plunged by DTC. About 15.2% of them have been
liquidated, 3.91% are in conservation, and the rest are being exploited [2, 3].

Since 2005, the Department of Geophysics and Geology has been created in the structure of
the SOCAR oil company to replace the software "Geophysics and Engineering Geology".
This department carries out both on land and in the Azerbaijani water area of the Caspian Sea,
carries out exploration and field-geophysical, as well as complex engineering and geological
work.

The purpose of the study. Assessment of the technical condition of oil wells using the method
of electromagnetic flaw detection.
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Existing methods of DTC wells. There are several ways to diagnose a well, used both during
drilling and during operation. Among such methods of assessing the condition of a well, the
most widely used are geophysical technology (logging) and tele-inspection (T1).

Logging of wells is carried out using a geophysical probe, which allows you to fully examine
the well, determine the degree of pipe wear, thanks to its own sensors, it measures the wall
density, temperature, pressure and other parameters. Among the types of logging, the
following are distinguished: electric (EC), electromagnetic (EMC), gamma-ray logging (GC),
radioactive (RC), acoustic (AK), as well as such methods as thermal logging (TC) and
inclinometry (NM) [4].

Since geophysical methods are characterized by high costs and to some extent limited
information about the condition of the well, special interest is increasing in the tele-inspection
(T1) method. This method differs not only in efficiency, but also allows you to visually
observe the process, identify the integrity of pipes, the condition of seams, coupling
connections and filters, the level of deposits, etc.

Modern systems for the tele-inspection (TI) assessment of the condition of wells are equipped
with high-resolution color video cameras, which are able to detect the smallest defects of
casing pipes, as well as to assess the amount and nature of deposits.

In this work, wells of the Bulla-More deposits were selected to assess the technical condition,
as well as the sufficiency of the technical means used. Monitoring of the well condition was
carried out by an electromagnetic flaw detector of the EMD-43 type.

The results of the study and their discussion. Initial tests were carried out in the Bulla-More
field in the BD-126 well, covering a depth of 1998.9 -2381.5 meters. The aim was to
determine the location of defects and damages in the technical column with diameters Do X Di
=127.0 x 108.6 mm, Do X Di= 339.7 x 313.6 mm and Do X di=473.1 X 446.1 mm.

It was found that at the maximum value, corrosion in a pipe with an outer diameter of 127.0
mm occurs at a site of 2188.2 mm and is 4.3%. Similar studies carried out in technical
columns with diameters of 339.7 and 471.1 mm found that the maximum values of corrosion
were observed in sections of 2366.8 and 2363.9 meters and were, respectively, 36.1% and
16.4%. There were no gaps in the coupling connections. Pic.1 shows the results of
determining the state of the well at a depth of 2300.0-2381.5 m, using an electromagnetic flaw
detector of the EMD-43 type.

As can be seen from the analysis of the results of experiments on assessing the diagnostic
condition of wells shown in Pic.1, the estimated value of the maximum penetration of
electromagnetic waves into a pipe with a diameter of 127 mm is the smallest (4.3%) and at the
same time the wall thickness of the pipe has decreased from only 9.19 mm to 8.79 mm (i.e.
9.19-8.79=0.40 mm).

The results of the research also revealed that the loss of metals in a technical column with a
diameter of 339.7 mm compared to a pipe column of 473.1 mm, despite the same operating
conditions, differs in different degrees of penetration of electromagnetic waves. With the
penetration of electromagnetic waves (36.1%) for a column with a diameter of 339.7 mm, the
decrease in wall thickness is 13.06 -8.04 = 5.02 at a depth of 2366.8 m and is characterized by
the intensity of corrosion. In pipes with a diameter of 473.1 mm and at a suspension depth of
2363.9 m, the pipe wall thickness changed less than 2.2 and amounted to 13.49-11.28=2.21
mm.
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Figure 1. Results of the assessment of the diagnostic condition of the well at a depth of
2300.0-2381.5 m.

| interpret the results of studies on the penetration of electromagnetic waves, they are grouped
into categories A, B, C, D and E (see Table 1).

Table 1. The results of the assessment of the corrosion condition in the well.

Penetration category The amount of measurement of damage areas in pipes
Pipe diameter (do x di ), mm
127,0 x 108,6 339,7x 313,6 473,1 x 446,1
light (A) 40 10 26
Few (B) - 27 10
Secondary (C) - - 3
High (D) - - 1
Intensive (E) - 3 -

As can be seen from the data in Table 1, out of forty cases of measuring the corrosion
condition of pipes, the best results are a pipe with a diameter of 127.0 mm and it is
recommended for further operation. The conditions of the inner surfaces of pipes with
diameters of 339.7 and 473.1 mm differ from the original. It was also found that the loss of
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metal along the cross-section of the pipes occurs unevenly (see figure 2) and increases as the
well deepens.

minimum residual
thickness

rrrrrrrr
thickness

Figure 2. Pipe cross-section and the nature of metal loss along its perimeter.

Table 2 shows comparative data on the technical condition of the well provided by one of the
foreign companies (Schlumberger). The analysis of these data showed their high proximity.

Table 2. Comparative results of gamma logage and gamma inclinometry.

Pipe Measurement results
diameter Measurements conducted by SOCAR Measurements carried out by a foreign
company

Penetration of Pipe wall thickness Penetration of Pipe wall thickness
magnetic waves change, mm magnetic waves change, mm

127,0 43 0,40 4,28 0,395

339,7 36,1 5,20 35,12 5,123

473,1 16,4 2,21 16,53 2,23

Thus, based on the conducted research, the following main conclusions can be drawn.

- the method of electromagnetic flaw detection is an effective method and can be successfully
applied to assess the technical condition of oil and gas wells.

- the corrosion condition of pipes with a diameter of 127.0 mm showed the best results, and it
is recommended for further operation.

- the conditions of the inner surfaces of pipes with diameters of 339.7 and 473.1 mm differ
significantly from the original.

- the loss of metal along the cross-section of the pipes occurs unevenly and increases as the
well deepens.
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AHHOTANUA

B Hacrosiee Bpemsi A1 AMATHOCTUKU TEXHUYECKOTO COCTOSIHUSL CKBAYKUH MPUMEHSIOTCSI pa3InyHbIe
METOJIBI M CIIOCOOBI, KOTOPBIE MO3BOJIAIOT ONPEAETUTH Hanboee MOIHYI0 U JIOCTOBEPHYIO KapTHHY O
ee cocrosHuH. B paboTe mpuBeneHBI pe3yabTaThl OLEHKH TEXHHUUYECKOTO COCTOSIHUS HE(TSHBIX
CKBa)XMH C IPUMEHEHHUEM METO/1a 3JIEKTPOMArHUTHOH Je()eKTOCKOIIHH.
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XULASO

Hazirda quyularin texniki voziyyatinin diagnostikasi ti¢iin miixtalif metod vo Usullar tatbiq
edilir ki, bu da onun vaziyyati haqqinda on dolgun vo diizgiin monzarani muayyan etmoya
imkan verir. Mogalods elektromagnit defektoskopiya metodundan istifado etmoklo neft
quyularinin texniki vaziyyatinin giymotlondirilmasinin naticalori verilmisdir.

Acar sozlar: neft vo qaz quyulari, texniki voziyystin diagnostikasi, elektromaqnit defekto-
skopiya, boru sutununun divarmin korroziyasi.
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ABSTRACT

Despite numerous studies in the field of creating rubber products, to date, the choice of
material for the manufacture of packer sealing elements has not found its solution. This issue
becomes especially important drilling deep and ultra deep wells.

The article is devoted to the choice of a composite material based on a polymer with highly
elastic fillers.

Keywords: Polymer matrix, nanoparticles, composite material, sealing element, packer.

The relevance of the topic: Drilling oil and gas wells, as well as when performing various
repair and restoration works, the situation when it is necessary to conduct independent studies
of individual sections of the well for the inflow of oil, gas or water, as well as to carry out
separate development of several horizons arises. Special devices packers are used for this
purpose. They serve to seal the inter-tube space, holes in boreholes, long pipes, etc. According
to the functional purpose, the main property of the packer is the ability to withstand
significant pressure drops, thereby ensuring not only the reliability of specific equipment, but
also the industrial safety of the entire process both during drilling and during operation.
Currently packers of various designs with a diameter from 88 to 245 mm are used in the oil
and gas fields of the republic, for casing pipes [1 114 273 mm, which provide a pressure drop
of 14, 21, 35, 50 and 70 MPa. An important step in choosing the type and design of the packer
is the correct determination of the material grade of the sealing elements (UE). The rational
choice of elastomeric materials to ensure high tightness is an important task, especially to
ensure the long and reliable service of oil and gas field equipment (NGPO) used in the
extraction, processing and transportation of high-pressure natural gas and oil with a high
content of dissolved gases.

By analyzing the research results, the operating conditions of packers and the main causes of
failures showed that about 50-60% of failures are directly or indirectly related to sealing
elements, 20-25% to the anchorage node, 20-25% to the rest. As can be seen from the variety
of the above-mentioned findings, various types of destruction are dominant due to changes in
the physical and mechanical properties of their rubber elements. Failures of rubber products
lead not only to a decrease in the profitability of oil production and transportation, but also to
an increase in the frequency of accidents, direct losses from which are ten times higher than
the cost of the packers themselves.
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Based on this, very strict requirements are imposed on the sealing elements of packers in
terms of hardness, accumulation of residual compression deformation, resistance to the
working environment, etc.

The purpose of the work is to select the material for the sealing elements of the packer,
ensuring reliability during their operation.

The choice of the formulation of the composite material and the methodological basis for
conducting experimental research: Currently, rubbers based on nitrile butadiene rubbers
(BNCs) are used for the manufacture of sealing elements of packers. More than twenty BNC
brands with a wide range of regulated properties are known in the industry [4, 5]. However,
sealing elements made of the specified material do not always meet the requirements imposed
on them.

There are known technologies for producing a new generation of BNCs based on them and
various rubber mixtures, characterized by high properties of exposure to aggressive media and
physics-mechanical characteristics [6, 7]. The new generations of BNCs are also characterized
by high ecological purity, since sulfonate emulsifiers have been replaced with biodegradable
paraffinate and tallate emulsifiers in the technology of their production [7, 8].

Based on this goal, the following components were selected for the structure of the composite
material: a mixture of synthetic butadiene-nitrile and hydrogenated butadiene-nitrile rubber
(BNC+GBNA), vulcanizer, stabilizer, technological additives and copper and iron
nanoparticles. The content of nitrilacrylic acid (NAC) in nitrile butadiene rubber was 17-19%.
Table 1 shows the characteristics of the components included in the composition of the
composite material for the manufacture of UE packers.

Table 2. Physical and mechanical properties of the studied composite materials.

Name of indicators Composition of prototypes, %
K-1 K-2 K-3
Matrix (BNC+BNC) 30/34 32/32 34/30
The mass fraction of the antioxidant 1,0 1,0 1,0
Am isooctan-toluene vulcanizer 30 30 30
Carbon black 15 1,5 1,5
Stabilizer (Novantox) 1,0 1,0 1,0
Technological additive (Softener PC-1) 15 15 1,5
Nanoparticle 1,0 1,0 1,0

The viscosity was determined on a laboratory viscometer, in accordance with the requirements
of GOST 10722-84, the physical and mechanical properties of composite materials were
carried out: Shore A hardness according to GOST 263-75, resistance to aggressive
environment according to GOST 9.030-74, wear resistance, elasticity and aging resistance
were also determined.
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The results of the study and their discussion: It is known from field practice that in order to
seal the annular space, the sealing cuffs of the packer expand radially under the influence of
axial load and seal the annular space. Usually, the outer diameter of the sealing cuffs in the
transport (uncompressed) position is 10-30 mm smaller than the inner diameter of the casing
pipe in which the packer is installed. At the same time, it is very important, along with the
high strength characteristics of the UE, to ensure good deformability.

Figure 1 shows the results of a study to assess the ability of elastic deformation of prototypes.
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Figure 1. Results of the study to assess the ability of elastic deformation of prototypes:
1 - composite material K-1, 2 - composite material K-2, 3 - composite material K-3, 4 -
without nanofill K-4.

As can be seen from the graphs presented in figure 1, the deformability of the sample from the
K-1 composition is characterized by a high value, while the deformability of the sample
without nanodubments is quite low.
Table 2 shows the results of studies on the properties of composite materials, as well as
without the use of nanofillers (K-4).

Table 2. Physical and mechanical properties of the studied composite materials.

Composition of prototypes

Property name Unit of measurement | Symbols K1 K2 K3 | Ka

Muny viscosity at 100°C Conventional unit MB, 100°C 76 68 65 55

Elongation at 250 210 | 180 | 150

0,

break & Ep

Hardness Conditional unit by |,/ 78 |73 |70 |65
Shore

Rebound elasticity % S 18 16 14 12

In addition, it has been established that composite materials filled with nanoparticles have
comparatively (without filled BNC) high physicomechanical and elastic properties.

Thus, based on the results of the conducted research, the following conclusions can be
formed:
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- composite material with a formulation corresponding to K-1 is characterized by high
physical, mechanical and elastic properties, as well as increased resistance of rubbers to
aggressive media, which allows its use as a material for the manufacture of sealing elements
for packers;

- the nanoparticle factor in the composition of the composite material contributes to the
formation of a stable structure with increased characteristics.
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AHHOTANUA

HecMoTpst Ha MHOTOYHCIIEHHBIEC HCCIICIOBAHUS B 00JIACTH CO3/IaHUS PE3MHOTEXHUIESCKUX H3ICIUN, 10
HACTOSIIIETO BpeMs BBIOOp MaTepuajna ISl W3TOTOBIICHHS YIUIOTHUTEIHHBIX DJIEMEHTOB Iakepa HE
HaIien cBoero penieHus. [lpu OypeHun rmy0oKUX U CBEpXIITyOOKHUX CKBAXKMH 3TOT BOIIPOC CTAHOBUTCS
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XULASO

Rezintexniki momulatin yaradilmasi sahasinds Goxsayli tadqigatlara baxmayaraq, pakerin
Kiplasdirici elementlorinin istehsali {iglin material se¢imi bu giino godor 6z hollini tapmayib.
Doarin vo ¢ox dorin quyularin gazilmasinda bu mosalo Xlsusilo vacib masalaya cevrilir.
Mogalo yiksok elastikli doldurucularla polimer osasinda kompozisiya materiallarinin
secimina hasr olunmusdur.

Acar soOzlar: polimer matris, nanohissaciklor, kompozisiya materiali, kiplondirici element,
paker.
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ABSTRACT

The article presents the results and analysis of the application of water injection metods to
enhance oil recovery/ It is noted that recently, instead of increasing oil recovery, the injected
waters lead to watering of the reservoirs.

The ways of reducing the water cut of the reservoirs are shown. The need to improve water
flooding metods is noted.

Keywords: oil fields, water supply, oil recovery.

The actuality of the subject: The development of residual oil reserves concentrated in long-
term oil fields is one of the most pressing problems of energy supply now and in the next
decade. With the application of the second method of injection, the final oil recovery factor in
the range of 0.25-0.45 does not ensure the extraction of oil resources. Reserves that are
difficult to extract using this method from industrial inspections account for about 55-75% of
the initial geological reserves. The high coverage of reservoirs in the oil-saturated state of
reservoirs requires the study of many additional issues, the causes and nature of the formation
and formation of wells, the solution of the optimal application in the field development system
to increase the efficiency of water flow regulation and oil yield.

As most of Azerbaijan's oil fields have been in development for a long time, wells are starting
to run out of oil as a result of declining oil production and rising irrigation rates. Today, the
number of such oil and gas wells is in the thousands. In this context, the intensification and
increase of oil production is of great importance.Today, the volume of water pumped to
stabilize the formation pressure continues to increase.

The purpose of the work. Development of an effective method to prevent irrigation in oil
wells.

Level of study of existing research on the problem. In order to prevent irrigation, such an
impact method should be applied to solve the following problems as a result of this work:

- prolongation of well development period;

- object of operation as a result of selective isolation of wet layers regulation of development
of oil non-homogeneous reservoirs;

- reduction of external water production by saving energy consumption;

- protection of natural resources and subsoil.

Experience in the development of fields by irrigation and research scientists working in this
field - Abacov MT [1], Boxerman A.A. [2], Gorbachev A.T. and Kovalyov A.Q. [3],



http://compose/?To=elsan67@mail.ru

AVADANLIQLAR. TEXNOLOGIYALAR. MATERIALLAR

CILD 09 BURAXILIS 01 2022

Kisilenko B.E. [4], Marxasin I.L. [5], Sayfullin Z.Q. [6], Surguchev M.L. [7] and b. show that
the reason for the low efficiency of irrigation is the sharp difference in the viscosities of the
compressible and compressed fluids, the improper movement of the water-oil contact, and
thus the formation of non-developed zones.

The formation of the viscosity ratio leads to the formation of aquifers from the first day of
field development, and thus a sharp decrease in the coverage of the formation. This occurs at
all compression rates applied to the fields as the difference between the viscosities of the oil
and water increases. It is noted that during the development of high-viscosity oil fields by
irrigation, there is a low annual rate of resource development, rapid irrigation of production
wells, large volumes of oil water and, consequently, a decrease in oil recovery.

The characteristic of high-viscosity oils is that they have non-Newtonian properties and
adversely affect the development of the field [8]. If the viscosity of Newtonian oils remains
constant at constant pressure and temperature, the structural viscosity of non-Newtonian oils
varies with time, depending on the nature of the movement.

The physical nature of the rheological anomaly of non-Newtonian fluids is explained as
follows: the liquid forms an internal molecular surface structure that can disintegrate as a
result of deformation and change its properties during flow. This case - non-Newtonian
filtration of viscous-anomalous fluids in porous media - Mirzajanzade A.Kh. [9,10],
Qorbunov A.T. [11], Kovalyov A.Q. [12], Devlikamov V.V. [13] has been researched by.
Non-Newtonian oil fields in Azerbaijan include Binagadi, Balakhani-Sabunchu-Ramana,
Kurovdag, Gum Adasi, Mud Pilpilasi and other fields containing 10% asphaltene, 15%
paraffin and more than 60% resin. The active components mentioned in the oil reduce the
filtration rate, which is characterized by poor mobility, affecting its filtration properties,
especially when squeezed through cold water. Studies show that the active components in the
oil affect the filtration rate and the displacement of oil and water in the porous medium. For
example, the paraffin, asphaltene, and resin components in the oil increase the initial
movement gradient on the rock surface and the thickness of the high-viscosity adsorption-
solvate layer. This causes the oil droplet to adhere to the rock surface, making it difficult for
the anomalous layer to disperse through the injected water.

It is known that regular injection of cold water to restore pressure causes such a layer to cool
at long distances from the injection well. As a result, the initial pressure gradient is formed as
a result of the colmotion of paraffin crystals, which in the low-permeability multilayer areas -
zones of cooled, immobile, non-Newtonian oil.

Barisov Y.P.[14] show that the different filtration properties of the productive strata lead to an
uneven distribution of the injected water across the cross-section, resulting in the development
of high-permeability layers. The water injected into these reservoirs attacks the bottom of
production wells, which causes premature watering of the well product. On the other hand, the
inflow of cold water cools the formation and creates stagnant zones.

Marxasin I.L. [5] shows that filtration failure occurs when the filtered oil contains asphaltene.
In this case, the permeability of oil is 26 times less than the permeability of air.

Mirzajanzade A.X.[9] note that at all values of the pressure drop applied during the filtration
of viscous oils, the movement of oil is weak in the parts of the formation with small pores.
The increase in pores with such oil movement removes them from active filtration, thereby
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reducing the oil permeability of the formation. The volume of pores with poor mobility at a
constant pressure gradient increases with increasing structural and mechanical properties.
Some authors [15,16] explain the poor development of fields during irrigation with micro-
macroheterogeneity of the layer. Tahirov N.C. [17], Jeltov Y.V. and Kovalyov A.Q. [18],
Fazliyev R.T [19] show that complete displacement of oil from the micro-macro-non-porous
environment is possible under the influence of capillary forces. Water injected into a micro-
porous medium enters the small pores under the influence of capillary forces without entering
the high pores of the oil in the form of separated droplets.

In macroporous porous medium, Ban A., Bogomolova A.F. [20] and b. capillary flow occurs
between layers. However, the rapid attack of water on high-permeability areas of the porous
environment prevents low-permeability areas from being affected. In this regard, the ratio of
capillary and hydrodynamic forces determines the coverage of the micro-macro-non-porous
environment with irrigation, which characterizes the form of water-oil contact.

Thus, the formation of oil slime and the reason for their inactivity are capillary forces or, in
general, the surface contact of the rock with the formation fluid.

It is shown [21] that the distribution of residual oil in the reservoir also depends on the wetting
of the rock. In high hydrophilic reservoirs, most of the residual oil is stored in the narrowing
of large pores. In hydrophobic reservoirs, the oil is distributed in a thin layer on the rock
surface. Most of the strata are in a state of moderate irrigation, during which the oil drips on
the surface of the rock.

Ametov I.M. [22]. It is noted that at zero value of wetting, it is very strong, regardless of the
thickness of the oil layer absorbed on the rock. At any other value of Islam, the oil layer can
change its thickness depending on the following expression.

Obe/su — Oben = Osuin cose

Here Ope/su, Obein » Os/n - solid body-water, solid body-oil and water, respectively -

surface tension at the oil boundary, @ - wetting angle.

The change is due to the fact that the differentiation of the oil layer into droplets occurs
rapidly, depending on the surface tension on the one hand, and the viscosity on the other, the
shape of the droplets is determined by the above formula, and the adhesion force is
determined by the following formula.

A=o,, (1+cosd )

This process is observed regardless of whether any of the squeezed or squeezed liquids wet
the rock surface.

Analyzing the above, it can be concluded that the irrigation method needs to be improved to
apply to fields with difficult-to-extract oil reserves, taking into account the geological and
physical parameters - the rheological properties of the oil, the characteristics of the reservoirs
and the heterogeneity of the formation.

Recently, due to the insufficient oil-bearing capacity of the injected water, great importance
has been attached to increasing the efficiency of the methods used abroad and in our country
and increasing the oil recovery factor by developing new ones. In this regard, the extraction of
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oil from developing fields with the help of progressive methods is one of the important issues
of the national economy.
Some progress has been made in this area, and many physicochemical methods based on
SAM (surfactants), acids, alkalis and solvents have been developed. However, due to the fact
that the impact coverage of the reservoirs remains small, the oil recovery factor of the
reservoirs does not reach the required level. Coverage of the formation volume depends
mainly on the geological structure of the field, the non-uniform nature of the formation rocks,
the physical and chemical properties of the fluids in the formation and the efficiency of oil
field development. The most influential factor is heterogeneity in conductivity. In order to
increase the current and final oil yield, productive formation impact methods use various
modifications of injection - along the field, behind the pipeline, inside the contour, etc. relies
on artificial irrigation of collectors by applying systems. The increase in the impact coverage
of the strata is due to the use of selective, nest (hearth) and periodic irrigation systems that
ensure the efficient use of injected water energy, high pressure in the injected water line and
the selection of the optimal well network.
Extraction of oil from lithological homogeneous strata with significant non-recoverable
reserves and located in water-oil zones is even more difficult.
The main way to increase the oil yield of a field that is in the last period of development with
areas that have been extensively washed away by water is to regulate the flow of water. In
oilfield practice, the prevention of water infiltration into production wells should begin from
the time the field is developed. However, the lack of the required chemical reagents reduces
the efficiency of this work, allowing the work to be carried out only in the wellbore area.

It is known that due to the high degree of heterogeneity of productive strata and the nature of
the liquids that saturate them, the bulk of oil reserves are obtained during the operation of
production wells by irrigation. When the water content in the extracted liquid reaches 96-98%,
the operation of wells is not economically viable, they are either stopped working or water
isolation is carried out. Therefore, using all methods to increase the oil recovery factor, the
maximum yield should be obtained before watering the wells. It should be noted that 50-70%
of the balance reserve occurs as a result of the attack of water or injected working agent on
low-permeability sludges and narrowed areas of high-permeability zones. Full coverage of the
strata is not possible with the use of the most modern methods of irrigation - cyclic irrigation,
diversion, rapid liquid production, as well as the use of physicochemical methods using
various reagents.

Irrigation of reservoirs and reduction of water in production from production wells are the
main problems facing researchers. At present, in order to increase the efficiency of water
injection oil field development, there are a number of technologies to increase the coverage of
the formation and to regulate the infiltration flow.

An analysis of the results of a large number of studies conducted to prevent water flow in
wells did not reveal that any of them had a complex effect.
The main feature of water-oil displacement is characterized by a "resistance factor" [16]:

R, =4,14,

where Isu and In are the coefficients of mobility of water and oil.
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The mobility coefficient is characterized by the ratio of the permeability of the rock to the
viscosity of the flowing fluid:

A=K/l u

The ratio of the coefficients of mobility of the combined flows of different fluids is
determined by the volume velocity of their individual flows. The compression state of the oil
can be considered pistonless if the compression agent does not flow to the production wells, in
other words, the resistance factor will take the following value in each layer:

Rf>1

At present, there is no doubt that in order to absorb the residual oil from the reservoir, any
pressure applied must repel the capillary forces that create the pressure gradient. Only then
does the residual oil move within the formation.
At present, there is no doubt that in order to absorb the residual oil from the reservoir, any
pressure applied must repel the capillary forces that create the pressure gradient. Only then
does the residual oil move within the formation.

N, =y, $/mo

In order to assess this situation, it can be assumed that the capillary number (NK) is a
parameter that characterizes the ratio of viscosity and capillary:

Here, the viscosity of the compressed fluid, Pa - s, u - linear filtration rate of liquid, m /s,
surface tension at the boundary of the oil compressor, N / m, m - porosity coefficient, Nk =
10-6 is assumed for normal starting conditions.

It is noted that the flow of water within the formation passes along the main flow line, without
entering the oil-saturated areas. As a result, water attacks the production wells, which causes a
decrease in the pressure gradient in the area of contour tension. If the pressure gradient
decreases

leads to an increase in the structural and mechanical properties of the oil and a weakening of
the oil flow. These factors lead to the formation of stagnant zones in the stratum.

It is known that not all formation fluids move during the filtration process. The main factor
influencing the filtration of a liquid, as mentioned above, is its viscosity. Under the same
conditions, the higher the viscosity of the liquid, the smaller the moving volume of the liquid.
The structural and mechanical properties of oils also affect their moving volumes at different
pressure gradients.

The effect of structural and mechanical properties of oil on the formation of stagnant zones in
the formation during the development of non-Newtonian oil fields was studied. In the study of
irrigation of anomalous oil fields, the method of mathematical modeling was applied using the
generalized Darcy law for each phase and the system of equations for two-phase filtration of
immiscible liquids.

Kreyq F.F. [23] shows that as a result of cold water injected during the irrigation of a
multilayer field, the movement of oil in low-permeability layers will be weakened due to the
uneven displacement of oil from the layers of different permeability. In this regard, as the
impact of the structural and mechanical properties of oil in such strata increases, it will lead to
an increase in additional oil loss in stagnant zones.
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Most oil fields are heterogeneous in conductivity. Inhomogeneity can vary both linearly and
across the field. Therefore, although the pressure gradient remains constant, the leakage
resistance will vary in different areas of the field. Depending on the shape of the heterogeneity
and their location, the filtration rate will also vary. In this regard, the degree of development
(oil yield) will be sharply selected in different areas, depending on the heterogeneity.

These factors, together with the structural and mechanical properties of the oil, will affect the
size of the highly stagnant zones (not covered by the process).

The effect of formation heterogeneity on the development of oil fields has been developed by
many researchers. For the first time in this field Borisov Y.P. [14] systematization of the
concept of heterogeneity, the effect of various parameters of heterogeneity of collectors on the
development of the field.

Employees of the All-Union Scientific Research Institute of Petroleum [24] developed a
methodology for the study of productive strata based on the analysis of large amounts of
mining data from the Romashkin field. According to them, heterogeneity refers to the
permeability, porosity, effective thickness, oil saturation, etc. of the formation along the field
and cross section. should be understood.

The break in the formation has a great impact on the development of the field. If a large part
of the formation is composed of isolated lenses, this will not only affect the final oil recovery
coefficient by reducing the coverage ratio, but will also affect the current oil production by
reducing the impact on the reservoir.

It is known that the limit value of pressure at constant temperature depends on the
composition of the oil, gas saturation and permeability. Asphaltene and resin, which have the
greatest impact on the structural and mechanical properties of oil, the amount of which can be
approximated by the luminosity coefficient in different areas of the formation. Therefore, to
determine the limit value of the pressure gradient, a map of the distribution of the
transmittance coefficient is used to map the distribution of the luminance coefficient in the
field. These maps allow you to map the distribution of the boundary value of the calculated
pressure gradient.

During the irrigation of the formation, as a result of the fact that the productive layer has
different filtration properties, the injected water is improperly absorbed by the cross section.
As a result, first of all, high-permeability layers are quickly involved in development. In these
layers, water moves to the bottom areas of production wells, as a result of which the product
of the well is subject to irrigation. On the other hand, the injected cold water increases the
viscosity of the formation oil, creating conditions for the formation of stagnant zones. The
size of these zones depends on the amount of heavy components in the oil and the
permeability of the rocks.

n order to increase the effectiveness of the methods used to increase the oil yield of reservoirs
with heterogeneous reservoirs, their application in the intended direction should be adjusted.
This requires the identification of areas of active compression, as well as areas of poor
development and stagnation.

It is known that even collectors perceived as homogeneous are in fact heterogeneous. They
can consist of several layers with different conductivities.

In real stratum inhomogeneous strata, the efficiency of oil compression through water does
not depend on the degree of heterogeneity of the stratum and the viscosity of the oil, provided
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that there is a hydrodynamic connection between the strata. In this case, the mechanism of oil
compression is complicated by capillary and hydrodynamic flow. Many theoretical and
experimental works have been devoted to this problem.

The result: Thus, based on the analysis of the given review, it can be concluded that

A new technology must be developed to reduce the intensive movement of the injected agent
into the washed areas of the formation, and to ensure that the oil, which has hitherto been
unaffected, enters the remaining areas in the form of stagnant zones.
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ABSTRACT

Industrial plants are huge consumers of energy, these plants are installing heat exchangers in an
effort to reduce energy consumption, and so improve operating efficiencies. Limited numbers of
experimental and numerical investigations have dealt with the parameters affecting the heat
transfer aspects in single phase direct contact heat exchangers which may be selected for their
high thermal efficiency and minimum capital investment. In oil refineries energy from hot
temperature oil streams can be recovered by transfer directly to a cheap coolant liquid in liquid-
liquid direct contact heat exchangers. The heat recovered from these heat exchangers has
different applications including preheating boiler feed water and preheating wash water. Heat
recovery from hot temperature refinery products using direct contact heat exchanger throughout
a theoretical phenomenological study is central to the theme of this paper. Kerosene-water
system has been chosen. The effect of the heating fluid inlet temperature (65-97.50)°C, and
mass flow rate (25 to 45) kg/s on direct contact heat exchanger design parameters and heat
transfer characteristics were investigated theoretically throughout nine cases. Correlations of
heat recovered from the system as well as design and operating characteristics of the heat
exchanger were estimated. Increasing kerosene flow rate found to associate directly with
increasing the contact surface area, number of plates, number of channels per pass and pressure
drop, while when the heat exchanger is designed to operates at high kerosene inlet temperature,
big heat exchangers with large areas, high number of plates and channels per pass are needed
for efficient heat exchanger performance. Optimization and modeling the effect of kerosene
operating variables on heat recovered was conducted using Response Surface Methodology.
The results showed that an optimum heat recovery value of 6.8782 megawatt could be achieved
for kerosene optimum inlet temperature (91.82°C), and mass flow rate (50.11 kg/s).

Keywords: direct contact heat exchanger; kerosene and water system, kerosene mass flow rate
and inlet temperature.

Introduction: In direct contact heat exchangers, the two fluid streams come into direct contact,
the heat exchange process takes place, and the heat exchange is separated after completion. If
we compare recuperators and regenerators with direct contact heat exchangers, we can see that
very high heat transfer rates can be achieved in single-contact heat exchangers, the construction
of the exchanger is relatively inexpensive, and there is no contamination problem due to lack of
heat transfer between the two fluids. [3]
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Mixer-type heat exchangers have some advantages and disadvantages.

Advantages:

1. Low corrosion, pollution

2. Heat transfer is higher

3. Low pressure drop

Disadvantage:

1. The pressures of the fluids supplied to the nozzle must be the same

2. The heat exchange that results from the mixing of two liquids, and the separation of liquids
after heat exchange, is a problem.

3. In this type, the mixing of two liquids is short-lived in some places. In some places, the
mixing of two liquids is long-lasting. As a result, more heat is exchanged when the two fluids in
contact.

Immiscible Fluid Exchangers: In this type, two immiscible fluid streams are brought into
direct contact. These fluids may be single-phase fluids, or they may involve condensation or
vaporization. Condensation of organic vapors and oil vapors with water or air are typical
examples.

Gas-Liquid Exchangers: In this type, one fluid is a gas (more commonly, air) and the other a
low-pressure liquid (more commonly, water) and are readily separable after the energy
exchange. In either cooling of liquid (water) or humidification of gas (air) applications, liquid
partially evaporates and the vapor is carried away with the gas. In these exchangers, more than
90% of the energy transfer is by virtue of mass transfer (due to the evaporation of the liquid),
and convective heat transfer is a minor mechanism. A ‘‘wet’’ (water) cooling tower with forced-
or natural-draft airflow is the most common application. Other applications are the air-
conditioning spray chamber, spray drier, spray tower, and spray pond. [9]

Liquid—Vapor Exchangers: In this type, typically steam is partially or fully condensed using
cooling water, or water is heated with waste steam through direct contact in the exchanger.
Noncondensables and residual steam and hot water are the outlet streams. Common examples
are desuperheaters and open feedwater heaters (also known as deaeraters) in power plants. [6]

Effect of Kerosene Mass Flow Rate: The estimated correlations for the effect of mass flow
rate of kerosene at constant kerosene inlet temperature (70°C) are shown in Figures (4-9). An
increase in mass flow rate of kerosene resulted in an increase in heat exchanger performance
(heat recovered) as shown in Figure 8. The reason behind that is attributed to that high mass
flow rate of kerosene will promote turbulence and good thermal contact/transfer. However, with
higher values of flow rate, adequate importance should be given to heat exchanger design
characteristics to achieving optimum performance. As seen, increasing kerosene flow rate is
associated directly with increasing the contact surface area (Figure 6). Moreover, increasing
kerosene mass flow rate resulted in increasing the pressure drop (Figure 9). It is well noticed
that as a fluid flows through a heat exchanger there will normally be a pressure drop in the
direction of the flow. The pressure drop is usually affected by type of flow (laminar or
turbulent) and the passage geometry. The reason behind increasing the pressure drop with
increasing kerosene mass flow rate may be due to the ununiformed flow rate distribution at high
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flow rate values. High pressure drop will lead to high velocity at the exit of the heat exchanger
that resulted in erosion problems and increase the pumping costs. It is worthy to mention that
the effectiveness of heat transfer is gauged by how well getting returns for what spending.
Hence, the increased pressure gradient is usually outweighed by a decrease in required passage
length so the overall pressure drop remains acceptable (Bassiouny and Martin, 1984). [1]
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Figure 9. Variation of kerosene mass flow rate with the pressure drop.

Effect of Kerosene Average Temperature: The estimated correlations for the effect of
kerosene inlet temperature at constant kerosene mass flow rate (25) kg/s are shown in Figures
(10-12). At constant mass flow rate of kerosene the heat recovered increases when kerosene
temperature increases as shown in figure 7. Generally, any alterations in the stream temperature
will create a variation in the exchanger duty and log mean temperature difference (Dahran,
2017). When the heat exchanger is designed to operates at high kerosene inlet temperature, big
heat exchangers with large areas (Figure 10), kerosene velocity (Figure 11) and water velocity
(Figure 12) are needed for efficient heat exchanger performance. On another hand as kerosene
inlet temperature increases pressure drop decreases owing to decreasing the viscosity of
kerosene with increasing kerosene inlet temperature. However, when the operating variables
limits are exceeded, the design characteristics will show dramatic changes (Babu, 2004).

200 area 400
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Response Surface Analysis Results: Response Surface Methodology was applied in order to
model and optimize the effect of kerosene operating variables including inlet temperature, outlet
temperatures and mass flow rate on the heat could be recovered from the heat transfer process.
An experimental design was adopted with 16 experiments to study the effect of kerosene inlet
temperature ranged (58.18-91.8)°C, kerosene outlet temperature ranged (26.59-43.4)°C, and
kerosene mass flow rate ranged (24.88-50.1) kg/s on rate of heat transfer (heat recovered). The
heat recovered corresponding to each experiment was calculated theoretically and applied to the
software for analysis. Table 1 listed the levels of independent variables and the response for the
10 runs. The results of the heat recovered for all the runs were performed and reported in
second-order polynomial multiple linear regression models. The response surface analysis is
shown in figure 12 which illustrates the standardized Pareto chart, the main effect plot (general
trends), and the estimated response surface. The vertical line on Pareto chart determines the
effects that are statistically significant. The standardized effect is the estimated effect divided by
its standard error. Hence a low standardized effect can mean either a low effect of the parameter
or a large actual error. Pareto chart of standardized effects was calculated in order to show
significant effects of all variables (linear, quadratic and interactions between variables). The
vertical line represents the limit between the significant and insignificant effectregarding the
response. The length of each parameter characterizes the absolute importance of the estimated
effects. Moreover, the colour of the squares indicates whether the effect is positive or negative.
The Pareto chart in figure 13A showed very strong significant effect of the three variables on
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the heat recovered. However, the inlet temperature of kerosene seemed of top most significant
followed by mass flow rate and outlet temperature.

Table 1. Levels of indepent variables and responses

Experiment nlet Outlat Specific
P, Temp Ternp Flow rate lat Heat Bstovered
X L kR's I/ g K \mMEEawatt)
1 a5 0 45 2051.53 3.23
Ha 30 El1] SA0L.4F 14/
3 75 15 24,88 2093.40 108
"2 75 35 315 2093.34 114
6| 5818 35 1.5 2072.47 1A0
T5 15 L0011 203,40 4.0
B 91.82 15 7.5 213527 4.55
g 75 2654 37.5 20809.21 .79
10 A5 a0 o 2135.37 188

The main effects plot (Figure 13B) shows that the amount of heat recovered increases with
increasing kerosene inlet temperature and flow rate and decreases with the increasing the out let
temperature. Figure 13C shows the estimated response surface at constant kerosene flow rate
(37.5) kgfs.

The polynomial empirical model, regression coefficients R2 (adjusted to d.f.), and the optimized
values of the heat recovered were estimated from response surface analysis (RSA). The
mathematical model correlates the heat recovered with kerosene operating variables is
expressed in equation

2. Heat Recovered (megawatt) = 0.559097 - 0.01395-IT - 0.00536-OT - 0.0074-F +
0.000098- IT* + 0.0-1T-OT + 0.0022:IT-F + 0.0000398- OT* - 0.00193-OT-F - 0.000045- F~ (2)

Where, IT is the kerosene inlet temperature, OT is the outlet kerosene temperature and F is the
kerosene mass flow rate. Very high regression coefficient was estimated (R-squared = 99.98)
which confirms that the model is of high accuracy and capable to perfectly generalize between
input and output parameters with reasonable good predictions. An optimum value of heat
(6.8782 megawatt) could be estimated from the model for an optimum operating parameters of
the heat exchanger at kerosene inlet temperature 91.8°C, kerosene outlet temperature 26.81°C,
and kerosene mass flow rate 50.1 kg/s as estimated from RSA. The optimized parameters for
kerosene are listed in table 2.
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Table 2. Optimum parameters for heat recovery from RSA

CUptimum heat recovery = 6.87T823 (megawaii)

= hETE230 Joule'sec

Kernsene operating vanables Crptimumm valwe
Inlet Temperature G182 C)
Uatlet Temperature MEL(C)
Mass Flow Rate 00011 (kg's)

Conclusions: Studies related to the applications of recoverable heat to produce additional power
using direct contact heat exchangers are very important from economic and environmental point
of view. In oil industry, direct contact heat exchangers are important heat source for providing
additional power. Waste heat recovery could take place through a thermal approach that uses the
hot temperature oil streams to heat up water and partially fulfill heating or hot water needs of
the industrial site. To recover heat from these heat exchangers efficiently, the heat exchangers
are needed to be designed in such a way that it can handle the heat load with reasonable size,
weight and pressure drop. Upon investigating how physical, design and heat transfer
characteristics of single phase kerosene-water direct contact heat exchange system influenced
the heat exchangers effectiveness, the design parameters were of significant impact. Also,
Statgraphics plus software seemed very applicable to optimize and model the amount of heat
recovered as well as kerosene operating variables. With an optimum design of the heat
exchanger an optimum heat value (6.88 megawatt) could be recovered when kerosene enters the
heat at 91.18°C and flow rate of 50.1 kg/s.
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3®PEKTUBHBI MACCOBOM PACXO/I U CPEJHSS TEMIIEPATYPA
KEPOCHHA B TEIINIOOBMEHHUKAX CMEIIEHUSA

Taceim Mamenos, 2Dabakan Baiipamisl
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2PeMOHTHHUK, OTBITHO-TIPOM3BOICTBEHHOE MPEINPUATHE MO PEMOHTY M apeHzie OypOBBIX ycranoBok 110
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AHHOTALNUA

[TpoMblIIICHHBIE TMPEINPUATHS SBISIOTCS OTPOMHBIMU TOTPEOUTENSIMU SHEPTUH, Ha ITHX
MPEINPUATHIX YCTAaHABINBAIOTCS TETJIOOOMEHHUKH, YTOObI CHU3UThH MOTPEOIEHNE SHEPTHH 1
TEM CaMbIM MOBBICUTDH 3(PPEKTUBHOCTH paboThl. OrpaHUUYEHHOE YHUCIIO SKCIIEPUMEHTAIBHBIX U
YUCJIEHHBIX MCCIEA0BAaHNUN Kacaloch MapaMeTpOB, BIMSIOIMIMX HA aCHEKThl TEIUIONEpeIadu B
0J1HO(a3HBIX TEIIOOOMEHHUKAX C MPSIMBIM KOHTAKTOM, KOTOPbIE MOT'YT ObITh BHIOpaHBI N3-32
UX BBICOKOH TeruioBOi 3((EKTUBHOCTH M MUHUMAJbHBIX KalWUTAIbHBIX BIOXKeHWH. Ha
HedTenepepabaThIBAIOLINX 3aBOJIaX SHEPIHsl U3 MOTOKOB Macia C BBICOKOH TeMIepaTypoi
MO’KET ObITh BOCCTAHOBJIEHA IIyTEM Mepeaaur HEMOCPEICTBEHHO B JICHIEBYIO OXJIaXKIAIOLIYIO
’KHMJIKOCTb B TEIUIOOOMEHHUKAX MPSAMOro KOHTAKTa KUAKOCTh-)KUAKOCTh. Terto, nomydaemoe
OT 3THUX TEIUIOOOMEHHUKOB, HaXOAUT Pa3JINYHbIE PUMEHEHMsI, BKIIIOYasl MPpeIBaAPUTEIbHBIN
HarpeB IHUTATENIbHOM BOJABI KOTIAKEPOCHMH-BOJA. BimsHue Temmneparypbl HarpeBaTEIbHON
KuakocTd Ha Bxone (65-97,50)°C u maccoBoro pacxona (oT 25 m0 45) Kr/c Ha KOHCTPYK-
TUBHBIE NTapaMeTpPhbl TEINIOOOMEHHHUKA MPSIMOIO KOHTAKTa U XapaKTEPUCTUKHU TEIUIONepe1adn
OBUIO TEOPETUYECKH HCCIIEI0OBAHO B JEBATH CIyyasX. BbUIM OIEHEHBI COOTHOIIECHMS TEIIa,
OTBOJUMOTO U3 CUCTEMBI, @ TAKXKE KOHCTPYKTHUBHBIE M JKCILTyaTallHOHHBIE XAPAKTEPUCTHKHU
TEII0O0OMEHHUKA. Y CTaHOBJIEHO, YTO YBEJIMYEHHE pacxojia KEpOCHHA HANpsSMYIO CBSI3aHO C
YBEIMUEHUEM IUIOIIAJU KOHTAKTHOM IIOBEPXHOCTH, KOJMYECTBA IUIACTHH, KOJIMYECTBA
KaHAJIOB 3a MPOXOJI M Nepenaia NaBjiIeHus, B TO BpeMs Kak, KOTJa TEINIOOOMEHHUK TPEIHA3-
HaueH JUis paOoThl IpU BBICOKOM TeMIeparype KepocuHa Ha BXoje, Wi 3((eKTuBHOU
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paboThl TEMI00OMEHHHKA HEOOXOIUMBI OOJIBIINE TETNIOOOMEHHUKU ¢ OONBIION MIIOMIAbIO,
OOJBIIMM KOJIMYECTBOM IUIACTHH M KaHAIOB 3a Mpoxoa. OnruMusamus ¥ MOJSITHPOBAHUE
BIUSHUS pabouMx MapamMeTpoB KEPOCHHA HA YTHIIM3AIHMIO TEIUIa MPOBOJIUIINCH C UCHOIB30-
BaHHWEM METOJIOJIOTUN MOBEPXHOCTH OTKJIMKA. Pe3ynbTaThl OKa3aIM, YTO JUISI ONTUMAIBHOMN
TeMIeparypsl Ha Bxoae kepocuna (91,82°C) u maccoBoro pacxoaa (50,11 kr/c) MoxeT ObITh
JIOCTUTHYTO ONTUMAaJIbHOE 3HaYEHHE PEKyIepaliu Teria B pazmepe 6,8782 Meraparr.
KiroueBble cjioBa: TEIIOOOMEHHUK CMEIIEHHUS, CHCTEMa KEpPOCHMHA W BOJbI, MacCOBBII
pacxo/ KepOCHHA U TeMIIepaTypa Ha BXOJIe.

BiR BASA KONTAKLI ISTLIKDOYiSDIRCILORDO KEROSININ EFFEKTIV
KUTLO SORFi VO ORTALAMA TEMPERATURU

!Qasim Mammoadov, Elcan Bayramh
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XULASO

Boyuk enerji istenlak edon miassalordsa sorf olunan enerji dizgun istifado olunmasina goéra
istilikdayisdirici aparatlardan istifads edilir. Sabab olaraq bunu demok olarki daha az enerjidon
istifado edilocok maksimum effektivlil aldo olunsun. Tok fazali olan istilikdiyisdiricilordos
minimal kapital qoyulusu ilo maksimum termal effektivlik alinsin. Tok fazali dedikdo maye ilo
maye arasinda olur. Umumiyyatlo istilik miibadilosi qizmar maye aximn torofindan istilik verilir,
soyuq axin tarafindon homin istilik udulur va naticads qizmar axin soyuq voziyyatdo stuserdon
¢IXIr, soyuq axin isd qizmar vaziyystdo stuserdon xarici olunur. Bu mogalo kerosin vo su
sistemi  secilmigdir. Osas mosalo bir basa kontakli istilikdoyisdirici aparatlarda kerosinin
effektiv kitlo sorfi vo ortalama temperaturu secilmosidir. Bunun {igiin Kerosinin giris
temperaturunu (65-97.50)°C, kitlo sorfini iso (25-45) kg/s goétirilocok bir basa kontakt
istilikdoyisdircinin parametrlorini va istilik mibadilasinin xarakterlorinin tapilmasi. Kerosinin
kitlo sorfi, vo giris temperaturunu doyismasi naticasinds bu zaman suyun kitlo sorfi, stratinin
Vo suyun ortalama temperaturunu va tozyiq itkisinin, kerosinin sirati, istilik doyisdiricinin en
kosiyinin sahosinin ashglariin {izorindo arasdirilmas: aparilmisdir. Optimalisdirilma  vo
moderzasiya aparilmasi {igiin Saho metodologiyasindan istifado olunaraq tapilir. Bu metod
sahasinda optimal istilik migdar1 6.8782 megawatt seg¢ilir, kerosinin optimal giris temperaturu(
91,82°C) , optimal kutlo sarfi iso( 50.11 kg/s) tapilmisdir.

Acar sozlar: bir basa kontakli istilik doyisdiricisi, kerosin va su sistemi, kerosinin kitlo sarfi vo
giri temperaturu.
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ABSTRACT

This research present a case steady namely design of centrifugal air compressor impeller for
power station. This compressor is a dynamic compress which depends on a rotating impeller to
compress the air. Impeller is the most important part of the centrifugal compressor components.
Detail design calculation of centrifugal compressor impeller is described in this research. This
study contains a complete set of detail drawing for blade profile of impeller. It can be used at
sites which flow rate is 0.1275 m3 /s and 45561 rpm. The required data are collected from
Ywama Power Station which is located in Yangon. For the given capacity, the inlet and outlet
diameter are 0.054 m and 0.17 m and the number of blade is 19.

Keywords: centrifugal compressor, impeller, velocity, diameter, width.

Introduction: A compressor is a piece of machinery that compresses a fluid, a liquid of a gas
that flows in the compressor into greater pressure. During the past 30 years, the centrifugal
compressor because of its simplicity and larger capacity/size ratio, compares to the
reciprocating machines, became much more popular for use in process plants that were growing
in size. Centrifugal compressor is one of the oldest turbo machinery, widely used in various
industries like, aviation, oil and gas, refrigeration, etc. Centrifugal compressor is a radial turbo
machine, which compresses air or gas with the action of centrifugal force. During the Second
World War, the centrifugal compressors were used by British and American fighter aircrafts, as
a part of early development of gas turbine engines. Later, during the 1950s, a large number of
turboprop, turbofan, turbo-shafts and auxiliary power units started using the centrifugal
compressors for air compression due to their high pressure raising capability in a single stage
and their robustness in case of foreign object damage.
Centrifugal compressors are a key piece of equipment for modern production. Among the
components of the centrifugal compressor, the impeller is a pivotal part as it is used to
transform kinetic energy into pressure energy. Impeller is an active part that adds energy to
the fluid, its geometry plays a major role in the centrifugal compressors performance. An
impeller is a wheel or rotor which is provided with a series of backward curved blades or
vanes. Itis mounted on a shaft which is couple to on external source of energy which imparts
the required energy to the impeller there by making it to the rotate. The impellers may be
classified as;

« Shrouded or closed impeller,

« Semi-open impeller and

« Open impeller.
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Specification data:

Inlet pressure, P1 = 1030.765 kPa
Inlet temperature, T1 =380 K
Rated speed, N = 45561 rpm

Outlet pressure, P2 = 1799.6 kPa
Outlet temperature, T2 = 448 K
Capacity, Q =0.1275m3 /s

Air mass flow rate, m = 1.5907 kg/s

Figure 1. Impeller of centrifugal compressor.

Centrifugal compressor with these specifications has been installed on Ywama Power Station
at Insein Township, Yangon, Myanmar.

Methodology: The thermodynamics law fundamental to an understanding of compressor
operation is the ideal gas law, which is expressed in equation from the follows;

Pv = ZRT (1)
The general form of the thermodynamic head equation for a polytropic process is
N ==
H, = ZRT,— [[rp) no— 1] (2)
This equation drives from integrating the steady-state, steady flow work equation given by:
Hp = [vdp 3)

The polytropic process is of form:
Pv™ = constant (4)

A. Impeller Inlet Dimension: Before the impeller dimensions can be fixed, the shaft must
first be approximated. The shaft diameter based upon torque alone is given by the equation:

—
D, ="|= (5)
Y ™=

The eye diameter Do may be found from the continuity equation:
Q

Do? iD= (6)
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Dy |2+ Dy’ (7)

The mean diameter of the vane inlet is made slightly greater than the impeller eye diameter.
Speed of sound of gas, a:

a=\kxgxRxT, 8)

The impeller inlet hub Mach number is 0.2 to 1 for compressible fluid. The value of Mach
number is 0.3(assumed).
The impeller absolute velocity equation is:

I =Mxa (9)

The air enters the impeller eye to tip in the axial direction and prewhirl angle is zero, so that
V1=Vf1 and is made slightly greater than Vo.
Impeller Outlet diameter, D2:

D — 60%,[Hy, g

= TxnxEvH

(10)

Enthalpy and Efficiency:
The greater the number of vanes, the smaller the slip, i.e. the more nearly Vo2 approaches
U2. It is necessary in design to assume a value for the slip factor o;

[r

g == (11)

U,
The analytical design of impeller inlet result data areexpressed by graphs.

65

60

55

50

Inlet angle degree

0.2 0.25 03 0.35 04 0.45 0.5
Mach Number.M

Figure 2. Mach number and Blade inlet angle.

The relation between the blade inlet angle and Mach number are illustrated in figure 2. This
graph shows the larger the blade inlet angle, the higher the Mach number.
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Figure 3. Mach number and Inlet diameter.

The relation between the inlet diameter and Mach number are illustrated in figure 3. This
graph shows the smaller the inlet diameter, the higher the Mach number.
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Figure 4. Mach number and Inlet width.

The relation between the inlet diameter and Mach number are illustrated in figure 4. This
graph shows the greater the inlet diameter, the higher the Mach number. Based on these
conditions Mach number, M is 0.3, at that point of data is nearly equal to the actual of the
centrifugal compressor impeller inlet. Therefore, the design is satisfied for at that point of
data.

Figure 5 shows inlet and outlet velocity triangle ofcentrifugal compressor impeller.

’ U,=346.22 m/sec

| V,>=314.068 m/sec ‘

235/wzes6 61T ="A="A

U, =103.2828 m/sec

Figure 5. Inlet and outlet velocity triangle of impeller.
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Inlet blade angle, B 1
— -1 ¥
B, = tan 0. (12)

Outlet blade angle, f3 o
The compressor industry commonly uses a backward leading blade with angle, 32 of between
about 55-75 deg. The blade outlet angle of 75 deg is maximum power position. Therefore,
the maximum design condition the outlet blade angle, B2 =75 deg.
Theoretical and numerical results:

A. Theoretical Results

Table 1
Calculated data of impeller
no ng;%?er Symbol | Values Units
1 |Polytropic head Hp 67.411 kNm/kg
2 [Torque T 32.906 N-m
3 [Speed of sound a 390.221  |m/s
4 |Mach number M 0.3 -
5 [Inlet velocity U; 103.283  |m/s
6 |Absolute velocity at inlet Vi 119.993  |m/s
7 [Relative velocity at inlet Vi 158.322  |m/s
8 [Inlet blade angle B1 49.5 deg
9 [Outlet velocity U, 346.22 m/s
10 |Absolute velocity at outlet | V> 336.209 |m/s
11 |Relative velocity at outlet Vi 124.226  |m/s
12 |Outlet blade angle B, 75 deg
13 |Outlet Mach no; M; 0.8 -
14 |efficiency n 94 %

B. Numerical Results
Pressure Distribution

1861902,36
1762721.68
1673641.00
1584360,32

- 149517964
140599896
1316818.28
1227637 60
1138456.92
1049276.24
Pressure [Pa)

Surface Plot 1: ool
Flow Trajectories il

Figure 6. Pressure distribution of centrifugal compressor impeller (flow trajectories).
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Surface Plot 1: contours

Figure 7. Pressure distribution of centrifugal compressor impeller (surface plots).

Figure 6 and 7 show the pressure distribution of centrifugal compressor impeller by using
Solid Works software. To run these flow simulations the input data are mass flow rate. The
existing value of impeller inlet and outlet pressure is nearly equal with numerical research
value.

Conclusions: Centrifugal compressors are compressible flow machine. Centrifugal
compressor from “Ywama Power Station’ is designed in this paper. This paper is attempted
to design a single stage centrifugal compressor from “Ywama Power Station’. The design of
impeller in this paper is inlet and outlet diameter and number of blades and blade width. This
paper describes the inlet and outlet velocity triangle. And this research shows the pressure
distribution by using SolidWorks software. Types of compressor are used in many services
and power generation. Centrifugal compressors compress air to raise pressure at high speed.
This compressor use also main component in aircraft gas turbine. In this paper, the
centrifugal compressor is designed with data from ‘Ywama Power Station’. The centrifugal
compressor is used an auxiliary component.
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KOHCTPYKIMUSA KPBIVIBYHATKH HEHTPOBEXXHOI'O KOMIIPECCOPA J1JIAA
ONTUMAJIbHON D®PEKTUBHOCTHA
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AHHOTALIUA

LleHTpOOEKHBI KOMIpPECCOp MpPeJCTaBIsAeT COOOH BBICOKOCKOPOCTHYIO —BpPALIAIOLIYHOCS
KpBUTBUATKy. WX  TPUBOABI  OCYMIECTBISIOTCS  DJIEKTPUYECKHUMH,  TAPOBBIMH WM
ra3oTypOMHHBIMU JBUTATENAMU. D(PPEKTUBHOCTD LEHTPOOEKHOIO KOMIIpECCOopa 3aBUCUT OT
pa3mepa KpbUIbYaTKH, CKOPOCTH €€ BpallleHusl 1 Macchl. Ha OCHOBaHWMYM HayYHBIX TEOPHH ObLTH
paccuMTaHbl pasMepbl BXOJHOW M BBIXOJHOM yacTel KpBbUIbYATKH, a TaKXKe yroJl HakKJIoHa
JonacTeld KpbUIbYATKH W BBIOpaH HamOoJjiee ONTHMANIbHBIA BapWaHT. 3aTeM, HCXOIs W3
o0ycnoBineHHbIX AaHHBIX, B SolidWorks Oblma co3mana TpexmepHas (opMa KpbUIbYATKH,
KOTOpast ¥ ObLJIa MPOTECTUPOBAHA HA TIPOU3BOTUTEITHLHOCTD.

KiaueBble cjI0Ba: IEHTPOOESKHBIA  KOMIIpECCOpP, KpPbUIbYATKA, MPOJYKTHUBHOCTb,
MOIITHOCTb, THAMETP KPBUIHUATKH, MAacCa KPbLUTbYATKH.
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XULASO

Moarkazdangagma kompressoru yuksak surstlo firlanan is¢i carxa malik intigqalli qurgudur.
Onlarin intiqallar1 elektrikli, buxar turbinli vo ya qaz turbinli muharriklor torofindon idaroa
olunur. Moarkozdongagma kompressorun mohsuldarligi isgi ¢arxin Olgiisiindon vo firlanma
siratindan homginin is¢i ¢arxin kiitlosindon yiiksok doracods asilidir. Buna gorads is¢i ¢arxin
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optimal formada layihalondirilmasi on asas mosalalardan biridir. Bunun {igiin is¢i garxin giris vo
¢ixis hissalarinin 6l¢lsl vo homginin is¢i garx tizorinds yerlagon parlorin yerlosma bucagi elmi
nozariyyslor asasinda hesablanaraq on optimal versiya segilmisdir. Daha sonra tayin olunan
giymotlor osasinda is¢i c¢arxin 3 Olgiili formast SolidWorks proqraminda yaradilaraq
mohsuldarliq sinaqdan kegirilmisdir.

Acar sozlar: morkozdangagma kompressoru, isci ¢arx, mohsuldarliq, is¢i ¢arxin kiitlosi, is¢i
carxin diametri.
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INCREASING THE EFFICIENCY OF RESTORATION OF
CYLINDRICAL PARTS ON THE BASIS OF COMPLEX PROCESSING

METHOD
DOI:

'Hokuma Rzayeva, ?Saida Aliyeva, 3Svetlana Hajiyeva, “Togrul Hadiyev

'Head of the laboratory, Department of “Materials science and processing technologies”, Azerbaijan State oil
and industry university, Azerbaijan.

23Assistant, Department of “Materials science and processing technologies”, Azerbaijan State Oil and Industry
University, Azerbaijan.

“Master, “Materials science and processing technologies”, Azerbaijan State Oil and Industry University.

ABSTRACT

The main reason for the failure of oilfield equipment is corrosion. The price of the processing
share for mechanical processing of the shaft of the axial-piston pump has been determined.
The processing of the worn cylindrical shaft of the pump went through four stages. The most
important task of modern repair production is the creation, development and application of
new high- efficiency technology, as well as increasing labor productivity, quality of work,
reducing material and energy consumption of operations for the restoration of obsolete parts.
Keywords: Axial-piston pump, shaft mechanical processing share, repair work, wear,
cylindrical shaft, mechanical processing processes.

Relevance of the issue: Modern repair production forms the most powerful sphere of the
economy in terms of its strength, functions and carries out the production of recycling
machinery. In connection with the practical significance and prospects for the restoration of
worn-out machine parts on the basis of a complex method of processing, restoration
technologies and the insufficient development of their equipment tools, the issue posed is very
relevant. Taking into account the modern trend of the widespread use of durable, wear-
resistant and hard-to-process materials in renewable production, as well as efforts to reduce
the costs of energy and material resources, the importance of solving these problems becomes
even more urgent.

Modern repair production combines the operation of special technical areas within a large
number of independent repair plants and factories. The main work of repair companies is to
ensure economic efficiency of machines and longevity, quality of parts. It should be noted that
in operation, often the operating time of the repaired details is different from the normative
operating time of the detail. According to scientific research works and experience of heavy
equipment repair, the manufacturer requires better quality and longevity of the machines and
spare parts produced at the plant. Thus, the most important task of modern repair production is
the creation, development and application of a new highly efficient technology to production,
as well as to take into account the increase in labor productivity, the quality of work
performed, the reduction of material and energy consumption of operations for the restoration
of worn parts.[1]
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The main reason for the failure of oil equipment is eating. Below is the analysis of the
recovered part of the axial piston pump — cylindrical shaft.[2]

0354

B35 4

20 40 T

Figure 1. Scheme of the cylindrical shaft of the axial piston pump.

Based on the structure and operating conditions of the detail under consideration, the
dimensions were performed in two mutually perpendicular planes in longitudinal parallel to
the axis of the valve according to the scheme shown in Figure 2.

123 4 56 78
) I

| -

s

Figure 2. The breakdown scheme of the shaft to determine the magnitude of the meal.

It is necessary to determine the price of the processing share for mechanical processing of the
shaft of the axial-piston pump.The cost of processing shares depends on many factors,
including the size of the surface eaten, its shape (cylinder instead of cone, oval instead of
Circle, etc.).[al-Bukhari, Ahmad, at-tirmithi, at-Tabarani and Abu Nu'aym]s.[3] therefore, the
high precision and roughness class required for mechanical processing is indicated on the
part.For mechanical processing of external and internal rotation surfaces, the reporting
formula of processing Stakes is adopted

22, = Z(Rzi + T+ Pl el ) 1)

here Rzi - surface roughness, Rz=50 mkm ; Til — defective thickness, Til= 50 mkm; pi-1 —
there are spatial errors, mkm; it is defined as follows:

pi—l = \/pszm +pk20r (2)

where psir — drift of the index or axis, mm; psir = 0,025; pkor -error in bending of the axis of the
surface during heating.
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A = 0,1 mkm — curvature of the axis, falling to a length of 1 mm.

Common spatial error
L= \J25% + 22,5 =33 mkm

[ 2 2 2
& =14/&, +8b2+8t2’

(3)

where €i— is the error arising from the placement of the paste; ebz- error due to the base of the
paste, enz = 50 mkm; &z — microns; &tz - error caused by the design or other devices, &tz = 0.

Thus, the error caused by the installation

where & — pastah deployment error; ez — pastah optimization error, bz = 50 mkm,; etz-design

or other devices error, etz = 0.
Thus, the error caused by the installation

& =~/50° =50 mkm
The smallest share of processing will be as follows

Z,.. =950+50++ 33%* +50% =160 = 0,16 mm
The largest processing share

2z, =22, t0, ,+0;,

n —
ci-1 — the size of the surface, ¢i-1=0,032 mm.
ci — the default setting of the initial operation, ci=0,01 mm.

z .. =032+0,032+0,01=0,362 mm

Processing process of eaten shaft of axial-piston pump consists of 4 stages:
1-rough polishing (before gas-flame eruption);

2 - gas - flame spraying;3-rough polishing;4-clean polishing.

Rough polishing operation

For the polishing operation, we select the polishing machine brand 3m151.
Main technical characteristics of machine tools:

The largest dimensions of the pedestal placed in the bench (mm ):
diameter-200 mm; length-700 mm

rotation speed of pardach stone-1590 rpm.

the largest dimensions of the Diamond Stone ( mm ) outer diameter-600; height-80;

rotation speed of the part — 50 = 500 rpm.
adjustment of rotation of the part —without batteries.

(4)
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Taking into account the technical characteristics of the masonry, we select the parameters of
the masonry: diameter of the masonry Dp = 250mm, height B = 50mm and speed of the
masonry masonry np = 1590 rpm. The speed of the pardax stone on it:
nDn  _ 3,14-250-1590
1000-60  1000-60
We accept the rotation speed of the part Vh =20 m/min and determine the number of
rotational periods of the part from the following expression:
_ lpoo-v _ 1000-20.8
 mD 314250

= 20,8m/s )

= 26,4 per/min (6)

The share of mechanical processing for primary processing of the working surface of the
plunger: a =0,9 mm.

Determine the depth of cutting in the initial processing editik. Based on the selected bench

Sr=0,05 mm?/ on the go.
Longitudinal stores S = (0,5-0,8) B = (0,5-0,8)50 =25-40 mm/period
We accept: S = 30 mm/period
Calculation of the time norm
Machine time during polishing of external cylindrical surfaces

L a

TS S (min %
here L - movement length of the instrument, mm;
L = Ln—(0,2-0,4) 50 = 40 - (10-20) = 30 mm

a - one-way total processing share, mm; a =0,9 mm
S - longitudinal penetration of the poldach stone, S = 30 mm / period

5, - radial yield of cut stone (cutting depth); 5,.= 0.05 mm / period
nh - number of cycles of the part, rev/ min; nh=26,44 rev / min
K- measurement coefficient; for initial processing. K=1,4

For initial polishing operation

. 30-0,9
~ 30-26,4-0,05

1,4 =096 min

Gas-flame coating process

Time spent on the process of gas — flame coating:
T = e min ®

D, =40 mm;

| =40 mm;

h=1,2mm;

7=6,7 g/sm?;

G = 5,0 kg/saat - equipment productivity;
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k=18;
Ky = 0,7
Time spent on the process of gas — flame coating:
T = 40-3,14-120-40-1,8-6.8-1,1 — 2’32 min
10 -5- 0,7

Rough polishing operation
L = Ln—(0,2-0,3) B =40 - (10-15) = 30 mm
a - one-way total processing share, mm; a =0,3 mm
S - longitudinal penetration of the poldach stone, S = 30 mm/period
S, - radial yield of cut stone (cutting depth); 5, = 0.05 mm/ mileage
nh - number of periods of part, dov/daq; nh=26,54 dévr/dag
K- measurement coefficient; for initial processing. K=1,4
Time norm for rough polishing operation
30-0,3
T~ 30262001
Clean polishing operation
L = Ln—(0,2-0,3) B =40 - (10-15) = 30 mm
a - one-way total processing share, mm; a =0,1 mm
S - longitudinal shopping of the gilded stone, S = 30 mm/period
5,. - radial flow of cut stone (cutting depth);

5,.=0.005 mm/ departure
nh - number of periods of part, dév/daq; nh=26,4 period [ min

K- measurement coefficient; for initial processing. K=1,6
Clean polishing operation

1,4 = 1,59 min

30-01

'=——— 1,6 = 3,03 min
30-26,4-0,002

Number time norm

T =T, +T +T, +T, =T, +7%T_. 9)
Here Ta -main technological time.

Tk -auxiliary time; Tk =20% Ta

Top - operative time. Top = Ta+ Tk

Tqv - Maintenance time.

Tt — time of personal demand.

Main technological time:

Ta=0,96+1,59+3,03 = 5,58 min
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Auxiliary time:
Tk =20% Ta =1,16 min

Operative time:

Top=5,58 +1,16 = 6,74 min
Maintenance and personal demand times:

Tigv+ T=0,2:6,74 = 1,35 min
Number of time norm related to shaft mechanical processing
Toa =5,58 +1,16 +1,35 = 8,09 min

Total number of time norm taking into account the amount of time spent on spraying of the
regenerated surface of Shaft:

Tod =8,09+2,32 = 10,41 min

Conclusion: Recovery method for restoration of cylindrical shaft on the basis of complex
processing method of axial piston pump has been substantiated and selected, restoration
technology has been developed that takes into account the processes of pre-and post-
restoration mechanical processing of Shaft.Calculating the shares of mechanical processing,
the smallest processing share was obtained at prices of 0,16 mm, and the largest processing
share 0,362 mm.The error received from the installation was found by calculating 50 mcm.
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AHHOTAIIUA

OcCHOBHOM NPUYMHON BBIXOJA M3 CTPOsI HE(TEMPOMBICIOBOTO OOOPYIOBAHMS SIBISETCS
koppo3us. OmpeneneHa IeHa [O0JM OOpabOTKM Ha MEXaHMYECKyr o00paboTKy Baja
aKCHAIbHO-TIOPIIHEBOTO Hacoca. OOpaboTKa M3HOIIEHHOTO IMJIMHIPUYECKOTO Baja Hacoca
MpOoIUIa YeThIpe 3Tana. BaxkHelmed 3amadeil COBPEMEHHOIO0 PEMOHTHOTO MPOU3BOJCTBA
SBIIICTCSL CO3/IaHUE, OCBOCHHE U HOBOU BBICOKOA((DEKTHUBHON TEXHUKH, a TAK)KE TMOBBIIICHHE
MMPONU3BOAUTCIIBHOCTH, Ka4YC€CTBaA pa60T, CHMXXCHHUEC MATCpHaIo- U SHCPIrOCMKOCTHU onepaum‘/'l
10 BOCCTAaHOBJICHUIO MOPAIbHO YCTAPEBIINX JETalCH.

KitoueBble ciioBa: akCHaJbHO-TIOPUIHEBOM HAcCOC, J0JSI MEXaHHMYeCKOM o00paboTKH Bana,
PEMOHTHBIE PabOThI, U3HOC, IWIHHIPHUECKUIA BaJl, MPOLIECCH MEXaHNYEeCKOH 00pabOTKU.
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XULASO

Neft-modon avadanliglarinin siradan ¢ixmasmin osas Sobobi yeyilmodir.Aksial porsenli
nasosun borpa edilon hissasi — silindrik vali ti¢iin aparilan tohlillor verilmisdir. Aksial-porsenli
nasosun valinin mexaniki emali {iglin emal paymin giymoti toyin edilib. Nasosun yeyilmis
silindrik valunin emal prosesi dord morholodon kegmisdir. Miasir tomir istehsalatinin on
muhum vozifosi yeni yiksok somorali texnologiyanin yaradilmasi, inkisafi vo istehsalata
totbiqidir, hamginin amok mohsuldarliginin artimini, goriilon islorin keyfiyyatini, kbhnolmis
hissalorin barpasi ti¢lin amaliyyatlarin material vo enerji Sarfiyyatinin azaldilmasin1 nazara
almaq lazimdir.

Acar sozlar: aksial-porsenli nasos, valin mexaniki emal payi, tomir miassisalorinin isi,
yeyilmo, silindrik val, mexaniki emal proseslori.
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ABSTRACT

Currently, the extraction of hydrocarbons is carried out from deep layers, and this in turn
requires an increase in the bearing capacity of both drilling and operational equipment. The
group of these equipment includes oilfield pumps, the hydraulic part of which has low
operating time. The article presents the results of studies of the main causes of failures of parts
and assemblies of oilfield pumps.

Keywords: oilfield pumps, failure, failure distribution, wear, breakdown.

Relevance of the topic: Currently, more than 80 oil and gas fields have been explored and in
large part are being exploited on land and in the Azerbaijani sector of the Caspian Sea [1]. Oil
and gas fields located on land, especially on the Absheron Peninsula, are at a late stage of
exploitation [2]. The main share of oil and gas production in the republic is carried out at
offshore fields, where a large number of different equipment are used, including oilfield and
mud pumps. It has been established [3] that many parts and assemblies of these pumps during
operation are subjected to intense wear, frequent breakdowns, various nature of corrosion
effects, which leads to their failure.

To increase the service life and performance characteristics of oil and gas field equipment
(OGFE) both their structural improvement and to increase the characteristics of the materials
used are required. An example is a comparison of the U8-4 drill pump with the U8-6m pump,
where the latter improved the design of the parts, which increased the service life. However,
there is still a drawback in the form of a low service life of the valves.

There are other disadvantages in such pumps, in the form of mutual influence of one part on
another such as: rod-seals, piston-cylinder bushing.

The purpose of the work: Investigation of the performance of oilfield pumps and the
establishment of the main causes of their failures and the development of recommendations
for their elimination.

Methods of conducting investigation. Increasing the operational depth of oil wells requires an
increase in the bearing capacity of the equipment. The groups of these equipment include
oilfield pumps, the main indicators of which are the provision of high pressures, pressure and
supply.

Despite the current breakthrough in the field of production and processing of materials, the
hydraulic part of oilfield pumps has low operating times for failure. The main reasons for
these failures arise as a result of the wear of the abrasive layer, waterjet, hydroerosion-
abrasive, shock -abrasive wear of their working surfaces
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Oilfield pumps operate at high pressures, which creates a large load on the structural parts.
With heavy loads, there are also large forces of interaction between the parts of the same unit,
which leads to wear. With the time of operation of the equipment under heavy loads, wear and
tear also increases. When the sealing part of the structure is destroyed, the liquid penetrates
into the rest of the pump and acts on them under high pressure, which leads to the immediate
failure of all equipment.

To date, the three-plunger pump H5-160 is used in the oil fields of Azerbaijan, the principle of
operation of which is based on the conversion of mechanical energy into the energy of the
fluid flow by cyclically changing the volume of the working chamber. This pump is used
when pumping process water into a well, washing sand plugs, as well as during major repairs
of wells, is used for pumping cementing fluid.

The main problems of this type of pumps are: a low reliability reserve of the elements of the
hydraulic part, the ability of the structure to resist the emerging loads and resistance to
pumped liquids. To reduce the load on the parts of the unit and prevent leaks, various types of
seals are used. In this pump there are cuff seals that help reduce the friction force between the
plunger and the cylinder, but there is also a lack of these seals, in the form of tightening
abrasive particles under the cuffs, leading to an increase in the intensity of plunger wear.

Discussion of research results: Table 1 shows the results of statistical processing of
information on the operating time of pump parts of the H5-160 brand.

When testing the investigated pump H5-160, it was found that under pressure 20 ... 25 MPa,
the average operating mean time to failure of the discharge valves is 130.5 h., and the suction
valve is 172 h., which is a small resource. The mean time between failures of other parts of
the hydraulic part of the pump also became known.

Data on the remaining parts: the mean time between failures of the plunger is - 257.3 h., the
plunger seals according to the Weibull distribution law - 45.5 h., the valve plate according to
the law of logarithmic-normal distribution is 305 h. In general, the hydraulic part has a mean
time between failures of 13.9 h., according to Weibull's law of distribution.

Table 1. Resource requirements by component

Statistical distribution parameter
Detail Law of distribution Operating time to Coefficient of variation
failure, h. h.
Piston Exponential 98 0,83
Cylinder bushings Weibull 204 0,52
Stocks Logarithmic-normal 106 0,48
Valves Exponential 73 0,77

Results of statistical processing of information on the operating time of the H5-160 pump
parts.
Thus, the results of the conducted research, as well as a broad review of the literature, allowed
us to establish that the piston and valve assemblies of pumps are very vulnerable and have a
small operating time for failure. Increasing their service life is relevant and requires careful
study.
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AHHOTAIIUA

B Hacrosmiee BpeMs 100bIYa YIiIeBOJIOPOOB OCYIIECTBIAETCA U3 INTyOOKHX IUIACTOB, a 3TO B
CBOIO OdYepeab TpeOyeT TIOBBIMIEHHE HECYIIUX CHOCOOHOCTEH Kak OypoBOro, Tak U
HKCIUTyaTallMOHHOTO 000pyAoBaHus. B rpynmy 3Tux o0opynoBaHMi BXOAAT He(TEpPOMBIC-
JIOBBIC HACOCBI, TUAPABIUYCCKAA YaCTb KOTOPBIX HMCIOT HH3KHC Hapa60TKI/I. B cratnse
NPUBOJAATCS PE3yJIbTaThl HCCIEOBAaHUI OCHOBHBIX IpPUYMH OTKAa30B JeTaled U y3J0B
He(TEPOMBICTIOBBIX HACOCOB.

KiroueBbie ci10Ba: He(TENPOMBICIOBBIE HACOCHI, OTKa3, 3aKOHbI paclpeieseHns OTKa30B,
U3HOC, TIOJIOMKH.
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Hazirda karbohidrogen hasilati dorin laylardan hoyata kegirilir vo bu da 6z ndvbasinds ham
gazma, ham do istismar avadanliglarinin is gabiliyyatinin yiiksildilmasini talob edir. Hidravlik
hissasi asag1 resurslara malik olan neft-madon nasoslar1 bu avadanliglar qrupuna daxildir.
Mogalads neft-madan nasoslarinin hissalorinin va birlosmoalarinin nasazhiginin asas sabablori
ilo bagli todgiqatlarin naticalori tagdim olunur.

Acar sozlor: Neft yatagi nasoslari, nasazliq, nasazligin paylanmasi qanunlari, asinma,
nasazliqlar.
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ABSTRACT

The article describes the completion of drilling a well, lowering and cementing the production
line, as well as after digging the cement plug in the casing (the height of the rise of the cement
behind the belt if it is determined that there is a cement plug in the casing when determining
with an electric thermometer)used to hang safety belts during wellhead equipment information
on casing heads, their types and the study of the sealing element.

Keywords: casing head, casing hanger, hermetic knots, casing spool, rubber sealant, metal
sealant.

Introduction: Different operations are used in the drilling and operation of wells. After the
wells are drilled to the projected depth, protective casings of various sizes are installed on the
wellbore. After all the casings have been lowered into the well, the belt heads are gradually
installed at the wellhead and the space between the casings is sealed. During drilling, a
preventive device with anti-spill equipment is installed on the casing heads, and during
operation, a pipe head and fountain fittings are installed.

Relevance of the case: The casing head must also provide complete tightness at the expected
pressure, as it is part of the discharge equipment to prevent formation energy in the wells.
Due to the complex operating conditions of the well heads, they are exposed to temperature,
pressure, abrasive corrosion and corrosive environment when used in different environments.
These forces affect the performance of the sealing nodes of the belt head. One of the most
pressing issues is the study of the failure of the sealing nodes of the well heads and their
inability to perform their function.

The purpose of the work: During the operation of seals made of durable material under
actual operating conditions to ensure the effective operation of the sealing nodes of various
shapes and types of well heads, produced domestically and abroad, operated during the
drilling and production of oil and gas wells and one of the main components of anti-spill
equipment is to ensure reliability.

The casing head installed during drilling and production in wells is one of the components of
anti-spill equipment. Designed to perform many operations in terms of construction. One of
the main functions of the well heads is to seal and seal the annular space between the guide,
intermediate and service casing. Well heads perform a variety of technological operations,
including sealing the space behind the casing, keeping the casing hanging at the wellhead,
controlling and interfering with the space behind the casing if necessary, installing the
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fountain armature on the flange and installing it on the anti-spill equipment. One of the main
components of the well heads is the casing hanger, which hangs the belts lowered into the
wellbore and seals the wellhead to the space to ensure reliable isolation from the environment.
There are two types of pipe heads designed for hanging and sealing technical pipelines. The
first type of OKM (pipeline suspension with clutch suspension); the second is the well heads
with OKK (with suspension of the pipelines).

Casings of this design allow to apply a specially prepared paste or self-hardening plastic mass
in order to restore the tightness in the space between the casing hanging at the wellhead, if the
tightness is violated. The well head (OKM) for the clutch hanger is designed for a pressure of
14 MPa. The main parts of this type of construction consist of a body, a clutch hanger, fixing
(strop) screws, a tap and a manometer [1].

The well head (OKK) for wedge suspension is designed for pressures of 21, 35 and 70 MPa.
This type of construction itself consists of casings of different sizes.

In all types of casing heads, the parts include a casing suspension (wedge or coupling), a
sealing knot and a manifold of the casing spool (figure 1).

Figure 1. Casing hanger: 1-body; 2-casing sealant; 3-manometr; 4- casing hanger maniphold,
5-casing hanger; 6-sealant mechanism; 7-tightening strops; 8- shut-off tap.

A sealant rubber is installed in the casing spool to ensure tightness in the space between the
production casings and the protective casings (figure 2). Sealants are made of two types of
material (rubber and metal). In order to prevent the flow of products from the well, a gap of
120" is provided inside. The equipment manufactured by “CAMERON”, the largest
manufacturer of casing heads in the world, is provided with the following method:

Initially installed seals, metal rings are placed separately; then the load received by the
suspension while hanging from the wedge suspension acts on the rubber cap. In this case, the
necessary stickiness is obtained.

Unlike the well heads produced by the US company CAMERON, the casing spool produced
by AZINMASH (Institute of Petroleum Engineering) are sealed by flange joints.
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Metal seals are used in such hermetic joints, which distinguishes it from other well heads.
Sealing rings made of metal materials are placed on the casing together with the appropriate
rubber sealants.

The shape and size of such sealants are very small compared to each other, due to the fact that
there may be very few differences in the geometric dimensions of the casings to be operated.
These rubber seals are installed on both sides of the rings made of metal material in
accordance with the dimensions of the specified casings. The reason for the use of such metal
sealants is that they are resistant to high temperatures in the case of any accident or fire at the
wellhead._ When installing hermetic knots, they are placed in opposite directions and on top of
each other with a metal ring inside the casing spool. During production, the protrusion on the
sealant was taken into account for placement inside and outside. The protrusion inside the
sealant is used to seal the technical belts. The protrusion placed on the outside is placed on the
inside of the casing spool. The purpose of this process is to create compression due to the
weight of the casing spool when installing the well head on the sealant and to achieve
tightness between the casings. [2].

Modern methods have been designed to seal the space between the casings in the well heads
and are currently being implemented in production.

Examples include:
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Figure 2. Sealing knot. Many well heads are fitted with rubber caps to seal the space between
the casings.
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Such designed structures are mainly used to seal the space between the casings in the last row
of wells of 2, 3 and 4 rows with the protrusion at the wellhead. It is possible to weld the
technical belts to the pipe head to seal the space between the inner belts. However, this
method of sealing is not preferred due to safety and other reasons.

The following are examples of these obstacles.

- Initially, welding materials with different properties depending on the well drilling process
can cause many technological difficulties. However, the seams of the weld may be of poor
quality.

- Another reason is the difficulty of installing the well head, which is an integral part of the
welded pipe head of the technical pipelines.

- Another reason is that changing the high temperature regime of the wells is likely to cause
the technical casings to move in the vertical direction. This causes the weld joint to lose
quality. For this reason, the tightness of the space behind the relevant casing may be
compromised. In this case, during the process of repairing the equipment inside the well, there
may be leaks in the welding joint during the injection of the washing solution into the well
under high pressure, which can be attributed to its unreliability.

In addition to casing heads, the “Sattarkhan” plant produces rubber seals made of corrosion-
resistant and highresistance rubber, which are resistant to corrosion and temperatures up to
150 ° C.

The sealing operation between the casings is performed in the following order [3].

Casings of 168, 219 and 299 mm, suspended from the casing spool by means of a casing
hanger, are sealed with rubber sealants along their diameters. (Picture 4). Sealing with these
sealants prevents the effects of pressure from the top and bottom on the casing hanger. To

improve the longevity and reliability of the well head and improve the sealing process, a
special self-tightening paste is applied to the seals of the last protective 168 and 219 mm
casings. The 377 mm casing is sealed only at the top, which means that the product is less
likely to flow behind the initial casing during the expected pressure [4].

2 1
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Figure 4. Sealing mechanism of the technical casing in the casing spool.

In well heads of this design, the sealing in the space between the casings without the use of
welded joints is achieved by applying self-tightening pastes and sealing rubber caps. This
method is used when using ANG type rubber seals sealing of technical casings suspended
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from the casing hanger at the wellhead. Initially, sealants must be installed. In the next stage,
the hardening of the rubber seals must be ensured.
The tensile force (g) expected to perform the sealing function of the ANG type rubber cap,
calculated by the leaf opening angle a / 2, is calculated by the following formula:
Dinn — Dout
e=(———7——=0-—-C1
2
In this formula: C - the cross-sectional area of the rubber cap in the free state, mm;
C1-_the cross-sectional area of the rubber seal in the installed position, mm;
Dinn - diameter inside the casing hanger, mm;
Dout -_diameter outside the casing hanger, mm.
It has been determined from the experiments and results that, expected tensile stiffness () of
the used rubber seals for technical casings suspended from the well head is determined based
on actual dimensions. The main function of rubber sealants, which provide sealing, should be
carried out in the range of 0,5-1,5 mm.
The degree of expansion of the petals loses their size before tightening during installation in
place of the sealing rubber. (a1>a). As a result, the petals of the rubber sealant point upwards
and cause the rubber to deform.
In order to ensure that the sealing elements are in a complete condition, the sequence of
installation of the casing hanger inside the casing spool must be taken into account.
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Figure 5. Sealing scheme of sealing elements.

As a result of research, it was determined that, the force required to install sealing sleeves
with a diameter of 372 mm is 2-3 kN. The tension of the rubbers decreases slightly as their
diameter decreases. As a result, the opening angle o of the petals changes slightly and this
results in less power being used to install the cuffs. Dozens of kilograms of force are required
to install sealing sleeves with a diameter of 168 mm and less [5].

Hanging mechanism for holding pipes in some structural casing heads and the sealing knot for
sealing is produced in a combined design. In this type of casing heads, it is possible to
perform both functions (suspension and sealing) at a single junction. Such a design provides
both ease of use and is considered to be more constructive (figure 6).
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As it is known, the operating conditions of seat belts are very complicated. They can be
subjected to various influences while maintaining the tightness of the wellhead during
operation. The most important example of these effects is temperature. Excessive temperature
rise for any reason violates the tightness of the parts that ensure tightness in the casing head.
For example, the temperature generated during operation affects the metal body, pins, cuffs
and other details, which can lead to a number of conditions, such as violation of the tightness
and compression of the flange.

There are also cases of elongation deformations and tensile forces in the details as a result of
high temperatures. This is usually due to the fact that the protective pipeline is not cemented
(in cases where the diameter of the pipe is 219-168 mm). For this reason, it is recommended
to take the strength reserve factor in the range of 2.5-3 in the reports made during the
construction of the casing spool [6].

Figure 6. Combined suspension - sealing mechanism.

Result: 1. The material from which the casing head seal is made has been investigated.

2. The operation of the casing spool and wellhead, which is one of the main components of
the drilled and operated well, depends on the operating pressure, well regime parameters and
the type of pipes used, and the appropriate option is selected according to the existing
conditions.

3. The study found that the use of metal rings with a new design seal reduces the load on the
coupling groove._This prevents the clutch suspension from malfunctioning quickly, as well as
its suitability for operation at high pressures and high temperatures._On the other hand, the
advantage of using metal rings as a sealant is that they are durable because they are metal in
the case of a fire.

4. The most effective of the various types of systems designed to seal between the pipes in the
protective casing spools is selected and applied.
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AHHOTANUA

Cratps naet HHPOPMALIMIO O JEHCTBUAX MOCTE 3aBepIIeHne OypUIIbHBIX paOdoT He(Tera3oBhIx
CKBO)XMHAX U [IEMEHTHPOBAHMS MEXKOJIOHHOTO IMPOCTPAHCTBA TOCIIE OMYCKaHHE B CKBAKHHY
TEXHUYECKOH KOJIOHHBI, @ TAKXKE TOC)Ie OypeHUs: OypOBBIM JI0JIOTOM HEMEHTHOTO HAKOTICHHS
BHYTPH KOJIOHHBI (€CJIM I[EMEHTHOE HAKOIUICHHE IMPOM3OIIO, JIEKTPOTEPMOMETPOM YTOU-
HSIETCS BBICOTA LIEMEHTHOTO MPOOKH B MEKKOJIOHHOM NPOCTPAHCTBE) BO BPEMsI MOHTa)ka Ha
YCThE CKBa)KHHBI TPOTHBOBBIOPOCOBOTO 00YpPOIOBaHMUS, yIEPKUBAIOIINE M 00ECTIEYHBAIOIINE
MOJIBECKY TEXHUYECKHUX KOJIOHH Ha YCThE CKBAKMHBI THIIBI KOJOHHBIX T'OJOBOK, KOJOHHBIX
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Mogalo neft-qaz quyularinda qazma amaliyyatin1 bitirdikdon va texniki kemoarlori quyuya
endirib kamar arxasi fazan1 sementlodikdon sonra, hamginin kemar daxilinds y1gilmis sement
gqapanmasini qazma baltas1 ilo qazidiqdan sonra (komorlor arasi fozada sement tixacinin
hindurluyu elektro-termometr vasitasilo muayino etdikdo kemar daxilinds sement qapanmasi
bas verdiyi toyin olunarsa) quyu agzinda atqiya qarsi avadanliglart qurasdirilarken texniki
komorlorin quyu agzinda saxlayan vo asilmasini tomin edon komor basliglari, novlari, kamor
asqist va Kiplandirici diylnlarinin tadqiqati haqqinda malumat verilir.

Acar sozlar: komor basligi, komor asqisi, hermetiklosdirici diiytinlor, Komor sargisi, rezin
Kiplasdirici, metal kiplosdirici.
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ABSTRACT

In the presented work, the differential equation of motion of the elements of the screen is
compiled with generalized coordinates. Since the device has two degrees of freedom during
vibration, two nonlinear differential equations have been written. Since it depends on the
specific frequency, as well as the mass of drilling fluid and the angular velocity of the
vibrating frame, it can be concluded that a vibrating screen can work more effectively at a
certain value of the amplitude of the oscillation.

Keywords: Drilling fluid, vibrating screens, kinetic energy, generalized coordinates,

Lagrange equation, angular velocity, amplitude.

It is known that various types of surface equipment are widely used in the oil and gas industry
to clean drilling mud from drilled rocks. The use of vibrating screens is one of the mechanical
methods used to clean drilling mud in Azerbaijan and other oil-producing countries. As an
example SWECO MM4 and high-performance MM4 vibrating screens having elleptical
oscillation (Figure 1.1 and Figure 1.2) can be shown as an example for such screens. It should
be noted that the main parts of the main parts of the equipment operating mechanically and
used to clean drilling fluid from various types of solid rocks are grids and springs.

The main purpose of this work is to build a mathematical model for the movement of the main
elements of the vibrating screens of a complex oscillating nature used in the oil and gas
industry. To solve this problem in the presented work, the differential equation of motion of
the elements of the device is constructed with generalized coordinates. Since the device has
two degrees of freedom during vibration, two nonlinear differential equations are written.
Since this coordinate, in turn, depends on the specific frequency of the oscillation, as well as
the mass of the drilling mud and the angular velocity of the vibrating frame, it can be
concluded that at a certain value of the amplitude of the oscillation, the vibrating screen can
work more effectively. Drilling mud performs various and at the same time complex tasks in
drilling wells. These are called technological tasks because the solution used in the drilling
process carries out various operations in the drilling wells technology. Each technological task
of the drilling mud has a specific purpose in drilling wells. Lifting of rock particles excavated
from the well bottom, protection of the well wall from collapsing, destruction of rocks in the
well bottom, delivery of kinetic energy to the wellbore engine, etc. are the technological tasks
of the drilling mud. In order to perform various technological tasks, the drilling mud must
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have a certain quality. To obtain the required quality, the drilling mud must be chemically
treated and, if necessary, aggravated. The drilling mud must ensure the drilling of the well at
high speed and safely, removing the high formation product from the well.

Rock particles entering the drilling mud cause deterioration of the technological quality of the
solution, deterioration of the technical and economic performance of the drilling and many
complications. For this reason, it is very important to clean the drilling mud from harmful
impurities.

Various complex devices are used to clean the drilling mud from the sludge. These devices
include shaking screens, hydrocyclone sludge separators (sand and clay separators),
centrifuges.

Selected equipment other than the centrifuge must ensure that the maximum amount of
solution required during drilling is removed. In the drilling mud cycle, the cleaning equipment
is installed in the following sequence: gas separator - shaking sieves - degasser (gas cleaner) -
hydrocyclone sludge separator - separator centrifuge.

As it is known, the size of clay particles in the drilling mud varies from one micrometer to
tens, the size of powdered barite is 0.5-0.75 microns and the size of the cuttings is from 10 to
25 microns. Only solid particles larger than 150 um in the drilling mud can be removed very
efficiently by means of vibrating screens (BC-1, BC-2). These vibrating screens are
manufactured by Savako and Baroid. When using these sieves, the cleaning rate of the drilling
mud is 50%.

The current state of drilling requires that more attention should be paid to the cleaning of
drilling mud from waste. Poor cleaning of drilling fluids can lead to serious accidents.
Currently, two types of equipment are widely used in equipment for cleaning drilling mud [1-
5]:

- mechanical cleaning;

- hard rock fragmentation equipment.

Mechanical cleaning is carried out with the help of separation devices (screens). The
separation device used to clean the excavated rock from solid particles of clay solutions is one
of the main parts of the drilling equipment. The cleaning process is closely related to the
rational operation of the separation unit, technological parameters, strength and energy
intensity. To manage these parameters, it is necessary to create a mathematical model of the
separation device. At least the approximate equation of the separation device has not been
found in the references / 6-10 /.

It is known that during the purification of clay solutions, the process occurs during the
rotation of the unbalanced inertial element. The operation of a separation device describes the
complex movement of a force around a horizontal line from the rotation of an unbalanced
element.

From this, it can be concluded that the movement of the separation device belongs to two
degrees of freedom. As a general independent coordinate, let us consider the unbalanced
element rotating around the horizontal axis to the angle ¢ and the motion of the vertical z
vibrator with all the elements of the separation device.

Let’s consider the scheme of movement of the separation device (Figure 1.1). The separation
device (screen-1) has a modern design, it cleans the solution even in 0.16 mm clays. The
vibrating frame is provided with two sequentially installed grids. To make our work easier,




EQUIPMENT. TECHNOLOGIES. MATERIALS

xv VOLUME 09 ISSUE 01 2022

ETM

let's assume that the grids are connected horizontally. The degree to which the separation unit
purifies the solution depends on the operation of its individual elements.

Figure 1.2. High performance “MM4” vibrating screen.

The aim of the work is to create a mathematical model that describes the movement of the
main elements of the separation device and allows to regulate the rational vibration.

It is known that vibration is carried out with the help of energy of reducers mounted on the
vibrator.

Let's compile the second type of Lagrange's equation:

LIy _Z_g () -Z =,

dt \dg e @ dt \dz dz (1.1)
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Here ¢ is are the angle of rotation of the unbalanced element, z - the vertical motion of the

vibro frame, T - the kinetic energy of the vibrating grid, ¢ and z - generalized velocities,
Q,and @ - generalized forces.
The kinetic energy of the vibration is as follows:

T = A¢” + BZ* — m rzgsing (1.2)

Performing various mathematical operations, equations (1.1) and (1.2) can be written as
follows:

2A¢* — myrigsing = Qs
2BZ — m,z(psing + ¢ cos @) = Q. , (1.3)
here,

Ltmy et m,+m,

A= , B =

, Q. =cz, (1.4)

m, Is the weight of the unbalanced element, m. is the weight of the solution with the vibrator,
r is the eccentricity of the imbalance, /, is the moment of inertia with respect to the axis of
rotation of the rotor of the electric motor.

(1.3) and (1.4) are the equations of the mathematical model of a vibrating screen device. In
these equations, the angular velocity is a variable, which complicates its integration. Analysis
of the operation of the separation device showed that the angular velocity of the imbalance
can be considered as a constant quantity. In this case, if the coefficients of resistance acting on
the device are not considered, the dependence of the movement along the horizontal z axis on
the vertical harmonic oscillations from the m-angular velocity can be written as follows:

(m, + m,)% + cz = m,w coswt, (1.5)

Here m, @ is the amplitude of the excitation force.

Taking into account the initial initial conditions, the solution of equation (1.5) can be written
as follows:

2 (coswt — cosnt) (1.6)

nT =T

z:

where D = — , N is the specific oscillation frequency of the vibrating screen device.

Considering the effect of an excitatory force on the vertical movement of a vibrating frame,
we get.

z:

L — coswt (1-7)

mT— ™
For this purpose, calculations have been made with different loads and different clay solutions
according to formula (1.7). The calculation is mainly reviewed for the cases encountered in
practice. Three of them are given in the form (1.3). Visual observations of the separation unit
operation have shown that when the amplitude of the oscillation is 10 mm, the cleaning of
drilling mud from waste is more effective. And this happens when

D=898m n= 635“1, w = 5457t
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Figure 1.3.

Results: The dynamics of vibrating screens of complex oscillating nature used in the oil and
gas industry has been considered.

1. Differential equations with generalized coordinates of the motion vibrating screens
elements of complex oscillating nature used in the oil and gas industry have been compiled.

2. During the oscillation of vibrating screens with a degree of freedom equal to two, the
amplitude of the oscillation has been determined and it was shown that at this value of the
amplitude, the vibrating sieve can work more rationally.
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AHHOTANUA

B mpencraBinenHoit pabore cocraBusieTcs auddepeHIanibHOe ypaBHEHHE ABWXKCHUS — C
0000IIEHHBIMU KOOpAWHATaMHU. [10CKOJIbKY YCTPOMCTBO MMEET JIBE CTEICHU CBOOOJBI NpHU
BUOpAIMU, TO 3aMKCHIBAIOTCS J[BA HEIMHEWHBIX MU depeHINaTbHBIX ypaBHEeHUs. Tak Kak,
OHO 3aBUCHT OT KOHKPETHOH YacTOTHI, a TaKKe MO Macce OypoBOrO pacTBOpa M YIJIOBOM
CKOPOCTH BHOPAIIMOHHOW paMbl MOKHO CJENIaTh BBIBOJ, YTO BHOPOCHUTO MOKET paboTaTh
6omee 3¢(HEKTUBHO TIPH ONPEACIICHHOM 3HAYCHUH aMIUIUTY bl KOJICOaHUH.

KuaroueBbie ciaoBa: BypoBoii pacTBop, BHOpOCHTa, KUHETHYECKAs SHEPrusi, 0OOOIICHHBIE
KOOPJMHATHI, ypaBHeHHe JlarpaHxka, yriioBasi CKOPOCTb, aMILTUTY/IA.
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XULASO

Togdim olunan isdo aloayin elementlorinin harakstinin diferensial tonliyi Umumilogmis
koordinatlarla tortib edilir. Titroma zamani qurgu iki sarbastlik daracasine malik oldugundan
iki geyri xotti diferensial tonlik yazilir vo analitik Gsulla hamin tonliklor, Xatti tonliklor
sistemina gatirilorak titroayisli ¢arcivonin ufligi horakotinin koordinati tayin edilir.Bu koordinat
0z ndvbasinds rogsin xususi tezliyindon, eyni zamanda qgazima mohlullarinin kiitlasindon vo
vibrogarcgivonin bucaq sirstindon asili oldugundan belo naticoya golmok olur Ki, ragsin
amplitudasinin miiayyan giymatinda titroyisli alok daha effektli sokilda islays bilar.

Acar sozlar: Qazima mohlulu, titroyisli aloklor, kinetik enerji, Umumilogmis koordinatlar,
Lagranj tonliyi, bucaq surati, amplituda.
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ABSTRACT

Electrical conductivity, strength of nano compositions based on low density polyethylene and
filler nanotube limestone rocks, etc. the effect of properties was applied.
Keywords: thermoplastic, polymers, composites, materials.

Introduction: The addition of low-density polyethylene (LDPE) and its chemically based
nano-limestone limestone contributes to the electrical conductivity, strength, etc. of
nanocomposites, properties. The effect of an electrically conductive filler is explained by the
formation of a conductive structure of its particles in the polymer.

The purpose of the study: To increase the conductivity, strength, etc. when using nanotubes
based on low-density polyethylene (LDPE) and inorganic fillers in the polymer composite
material improvement of properties is shown. For this reason, the study of the impact of the
factors considered appropriate.

The main part: One of the main directions of increasing the role of polymer compositions in
the development of technical progress is the use of new sources of raw materials in the
creation of these compositions.

The use of inorganic fillers such as chalky limestone as a filler and activator in compositions
based on elastomers is widespread.

It is possible to obtain a multi-component system with durable properties, high physical and
mechanical properties, and the ability to maintain these properties under static and dynamic
load for a long time.

The properties of such systems depend on the substances introduced into the system from the
polymers and the processing processes of the system.

It is known that polyolefins are formed from the polymerization of olefins and olifins on
hydrocarbons containing double bonds, and one of the most common types of polyolefins is
polyethylene.

Because ethylene is difficult to polymerize, polymerization takes place in a solid form.
Low-density polyethylene (LDPE) is mainly a product of Sumgayit PU, is the most widely
used dielectric among synthetic polymers, and its feature is that these compositions are
obtained on the basis of polymers with very convenient, large-volume production.
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Due to its low moisture and moisture permeability, LDPE does not change its plasticity even
after long-term storage in water. The polymerization process is carried out under a pressure of
150-300 MPa.

Carried out at a temperature of 240-280 ° C.

The process of modification and high temperature (125-160 ° C) processing of LDPE is
carried out in the composition.

In the composition of LDPE (Garadagh and Dashsalakhli) a mineral filler with nano-
limestone limestone was taken. (Table 1)

The density of nano-shaped limestone was 2.5/ 2.0% in kg / m3 2008/2680 porosity, 1000 m?2
/ kg in specific surface area. ASPE has the following parameters.

GOST-16337 type brand 15803-020, density (P) kg / m3-919.0 ..; crystallization 40%, alloy
flow rate (ALL) gr / 10 min.-2.1; drying stress (G gr), MPa-12.0: relative elongation at break
(Eqr) 660%, melting temperature (Ta), 103- 105 ° C. Specific volume electrical resistance (P)
Ohm - m - 1 - 10 The tangent of the angle of dielectric loss (tg, IMHs) - 2.25 is shown.

It is known that electrical resistance is divided into groups

1. High conductivity p <100 Om - m

2. Moderate in conductivity p = 102-10’ Om - m

3. Low conductivity p> 10® Om - m

Products made of nanocomposite materials are exposed to many external factors (temperature,
deformation, electric field, mechanical load, etc.) during operation. Therefore, the study of
nanocomposites against the influence of external factors when applying electrical properties is
important both practically and scientifically.

When polymer nanocomposites are used for technical purposes, low hole voltage values are
obtained because the uniformity of the electric field is not ensured.

Table 1. Electrical resistance of mineral fillers.

Minerals Specific gravity gr / cm3 Electrical resistance Om-m
Limestone 2,30-2,70 3,0-10°
Chalk 2,56-2,70 2,63-2,73

Fillers consisting of LDPE and nano-limestone limestones are loaded into the mixer. After
mixing the polymer at 150 ° C for 5-10 minutes, fillers are added and the mixing can continue
for 10 minutes.

After the mixing process, the compositions are cooled to room temperature.

Preparation of compositions from the extruder is possible at 180-220 ° C. The mixture
processed in the extruder for 5-7 minutes can be used after heating at 105-110 ° C for 10
minutes.

For the study of physical and mechanical properties, it is possible to prepare samples by direct
pressing at a pressure of 12-15 MPa at 180-220 ° C and casting under pressure at 160-220 ° C
(Table 2).

The composition of aggregates, the main physical and chemical properties of which are
determined by known methods in the central laboratories of Sumgayit Polymer Building
Materials Plant and Ganja Clay-Soil Plant (Table 3).
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Table 2. Physical and mechanical properties of mineral fillers

Indicators
Ne Names of indicators
Chalk-shaped lime
1 Density, kg / m? 2008+2680
2 Porosity,% 2,5+2,0
3 Special surface,m2/kq 1000
4 Durability in water-saturated state,MPa _
Table 3. Chemical composition of mineral fillers
. Quantity,% by weight
N Ingredients Chalk-shaped lime
1 SiO; 0,02+0,65
2 Al.O; 0,05+0,25
3 Fe,0s 0,24+0,16
4 CaO 53,2+55,28
5 MgO 0,15+31,4
6 S0s 0,8
7 K0, MgO, TiO2 ,FeO,Mn0O, P.0Os -

Results: 1. Nanocomposites based on low density polyethylene (ASPE) and filler were
obtained.

2. The high elasticity of the composition based on (ASPE) allows the widespread use of
natural fillers with large deposits in our country.

3. Processed compositions are cheaper because they are processed at lower pressure
temperatures.

4. The results are intended to show clearly that they are multi-component in the production of
electrically conductive compositions.
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ABSTRACT

During hydraulic fracturing operations of low-permeability reservoirs, packers are the key
component to ensure the success of multistage fracturing. Packers enable sections of the
wellbore to be sealed of and separately fractured by hydraulic pressure, one at a time, while
the remainder of the wellbore is not afected. However, reliable sealing properties of the packer
rubber are required to meet the high-pressure and high-temperature (HPHT) conditions of
reservoirs (such as 70 MPa and 170 °C). In this study, the structures of the packer rubber with
two diferent materials are optimized numerically by ABAQUS and validated by experiments.
The optimization process starts from the packer rubber with a conventional structure, and
then, the weakest spots are identifed by ABAQUS and improved by slightly varying its
structure. This process is iterative, and the fnal optimized structure of a single rubber barrel
with expanding back-up rings is achieved. For the structure of three rubber barrels with
metallic protective covers, both HNBR and AFLAS fail under HPHT conditions. For the fnal
optimized structure, the packer rubber made of AFLAS can work better under HPHT than that
made of HNBR which ruptures after setting. The results show that the optimized structure of a
single rubber barrel with expanding back-up rings and the material AFLAS are a good
combination for the packer rubber playing an excellent sealing performance in multistage
fracturing in horizontal wells.

Keywords: packer rubber, sealing property, structure optimization, hydrogenated nitrile—
butadiene rubber (HNBR), AFLAS rubber.

Introduction: At present, many oil felds in World have come into the middle and late stages
of production. In order to guarantee the stability of the oil and gas production, unconventional
oil and gas reservoirs and low-permeability reservoirs are the major goals of exploration and
development. However, because of their low permeability and poor production, it is necessary
to fracture the oil and gas wells. Staged fracturing completion technology in horizontal wells
is an advanced and efective measure of enhancing oil and gas production and recovery ratios
during the exploration of low-permeability reservoirs, and packers are key equipment to
complete multistage fracturing successfully. However, high demands on the materials and the
structure of the packer rubber are required to meet the high-pressure and high-temperature
(HPHT) conditions of reservaoirs.

At present, most scholars have investigated the material properties of packer rubber by the use
of dumbbellshaped specimens and simple cylindrical specimens, and their conclusions
indicated that many rubber materials such as HNBR and AFLAS have better pressure
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resistance and high-temperature resistance. However, the infuence of the actual structures and
shapes on sealing performance of packer rubber is seriously considered. The packer rubber
made of high-performance material may have poor sealing performance under conditions of
high pressure and high temperature in low-permeability reservoirs because of an unreasonable
structure. In this paper, the study begins with packer rubber with a conventional structure and
optimizes the materials and the structure of the packer rubber by ABAQUS software
simulation and experimental research. In the experiments, rubber sleeves are installed on a
packer and a function test scheme of the packer is designed which can simulate the packer
setting and its working conditions.

Theory basis: Selection of the rubber materials. The selection of rubber materials is a key
factor in the packer design, because the maximum operating diferential pressure and the
maximum operating temperature of the packer are primarily limited by the material of the
rubber barrel. The main rubber materials of the compression packer are fuorine rubber, nitrile
rubber, hydrogenated nitrile rubber and AFLAS rubber (a new fuorine rubber based on
tetrafuoroethylene and propylene copolymer), the advantages and disadvantages of these
rubber materials are given in Table 1, and hydrogenated nitrile—butadiene rubber (HNBR) and
AFLAS fuoro rubber are considered in the following sections

Order Hardness H, Elastic modulus  Material coeffi-
number [EHD Ey MPa cients of rubber
Ci Con
| [i14] 4.42 [1.449] 0.204
2 a5 554 Gl6 0.307
k] 70 6496 0.774 0.387
4 75 8.75 0.972 (.486
5 80 10.98 1.221 0.610
f 85 13.80 1.533 0.767
7 a0 17.33 1.926 0.963
-] a5 21.77 2.420 1.410
= rTr -v—I‘ - = — | — —
s ! |
= A\
& !
: |
|
i i
R. : |
- | | _:(
= Ry A — : [
L i - J LJ _Lh_- I —l J
Before packer selting After packer setting

Figure 1. Force analysis diagram of the packer rubber before and after setting.
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Calculation of the packer setting force: The calculation model of the packer setting force is
shown in figure 1. In the packer setting, a compressive force (that is packer setting force) acts
on the head face of the annulus packer rubber and compresses the packer rubber, which leads
to the packer rubber expanding radially and contacting with the inne wall of the casing. In
order to achieve a good sealing efect, the setting force should further compress the packer
rubber to make sure that the friction force between the packer rubber and the casing due to the
contact pressure is greater than the operating diferential pressure. The packer setting force
includes two parts: the compressive force required to make the sealing element contact with
the inner wall of the casing and the compressive force to make the sealing element expand
from contacting with the inner wall of the casing to meet the required sealing efect

Conventional structure: As the key component of the packer, the structure of the rubber
directly infuences the sealing properties of the packer. As shown in figure 2, the structure of
the regular packer seal unit is a combination of three rubber barrels, which are separated by
metal calking rings.

k. mm AP MPa Ah, mm P, MPa P MPa

T6.20 70 41.15 2273 24

77.40 70 56.25 27.00 4.0

78.55 70 69.25 31.50 57

T9.85 70 32.50 36.75 7.8
k. mm E, Ah, mm FL kN Fop kN F kN P, MPa
T6.20 0.165 41.15 0302 799462 £9.264 22.73
T7.40 0.225 5625 15.649 a2 511 106, 164 27.00
T78.55 0.277 69 25 17.936 105789 123725 3150
To.85 0.330 82.50 22927 122,374 144.253 36.75

4
Packer rubber

Top Middle Bottom
L

Center pipe Calking ring

Figure 1. Structure of three regular rubber barrels.

In order to study the sealing properties and structure optimization of the packer rubber at high
pressures and high temperatures, the process of the packer rubber setting is simulated using
the fnite element software ABAQUS to provide a theoretical basis for structure optimization
before experiments. In the simulation, some assumptions are made as follows without afecting
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the function of the packer: The packer is always located in the center of the casing and is
symmetric around the centerline of the casing; the efect of the packer’s self-weight to
simulation results is neglected; only the packer rubber is analyzed, and the bottom calking
ring, the center pipe and the casing are stationary in the simulation.

Structure optimization plan: Single rubber barrel with expanding back-up rings:
Although the composite construction of three rubber barrels with metallic protective covers
can prevent the shoulder protrusion, the contact pressures of three rubber barrels are very
diferent. Therefore, the new structure of a single rubber barrel with expanding back-up rings
(shown in figure 15) is selected in place of the construction of three rubber barrels, because
the middle rubber barrel plays a major sealing role. In the new structure, the material of the
single rubber barrel is still AFLAS rubber and there are two metal conical rings at both ends
of the rubber barrel instead of the top and bottom rubber barrels in the construction of three
rubber barrels to bear the thrust for setting. There are two sets of expanding back-up rings
among the conical rings and the rubber barrel for preventing the shoulder protrusion. One set
of expanding back-up rings is made of an outer ring and an inner ring. The two rings are
embedded in each other to ensure good contacts, and there is a small gap on each ring which
is convenient for expanding. A dovetail groove is cut in the inner wall of the rubber barrel.

40 7

351 , | : ,
Pratective Top . Middle | Boltom | Protective

a0 4 ovear I I COver

Contact pressure, MPa

0 50 100 150 200 250
Distance along path, mm

Figure 3. Contact pressure distribution of the new structure with metallic protective cove.

The hardness of the rubber barrel is 80 IRHD. The materials of the conical rings and the
center pipe are 35CrMo, whose elastic modulus is 2.16x105 MPa and Poisson’s ratio is 0.286.
The material of the casing is 45 steel, and the materials of back-up rings are 20 steel. The
elastic moduli of the casing and the back-up rings are 2.06x105 MPa, and their Poisson’s
ratios are 0.3. The possible contact among each part before and after deformation is set. The
friction coefcient among metal parts is 0.1, and that between the packer rubber and the metal
parts is set as 0.3. The bottom conical ring, the center pipe and the casing are stationary. A
pressure of 68.8 MPa is applied to the end face of the top conical ring to compress the packer
rubber. The results simulated by ABAQUS are shown in figure 17. As shown in figure 18, the
contact pressure between the casing and the packer rubber with expanding back-up rings (the
average value is 9.75 MPa, and the maximum value is 16.43 MPa) is larger than those of the
conventional structure and the new structure with protective covers, and no apparent peak
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value is shown in the distribution curve of the contact pressure, which illustrates that the
shoulder protrusion of the packer rubber does not occur and the sealing properties are much

better.
High-pressure pump Manometer
Thermometer
Globe valve I-E
Qil cylindar
3 4 5
1 2
—_ S
High temparature oi-bath Hester_

Rubber Packer Casing Flug

Figure 4. Schematic diagram of the performance test.

Figure 5. Experimental equipment.

Conclusions: Based on ABAQUS software simulation and experimental studies of the packer
setting, we performed the material selection and the structure optimization of the packer
rubber for working well under high temperature and high pressure, and the following
conclusions can be drawn: (1) Two structure optimization schemes of the packer rubber are
proposed. In each structure, both materials HNBR and AFLAS are tested. The results show
that AFLAS rubber has greater resistance to high pressure (70 MPa) and high temperature
(170 °C) than HNBR. In the structure of three rubber barrels with metallic protective covers,
both HNBR and AFLAS are subjected to varying degrees of damage which cause poor sealing
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performances under high pressure and high temperature although the performance of AFLAS
is better than that of HNBR. In the structure of a single rubber barrel with expanding back-up
rings, the packer rubber made of HNBR is also ruptured but the packer rubber made of
AFLAS works well under high temperature and high pressure after setting.

Pa ; r rubber #1 Pafer rubber #2

Test 1

Test 2

Figure 6. Packer rubber made of AFLAS after tests.

Figure 7.
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AHHOTANUA

IIpu npoBeneHnM onepanuii MO THIPOPA3PHIBY HU3KOIPOHUIAEMBIX KOJUIEKTOPOB MaKepPbl SIBISIFOTCS
KJIIOUYEBBIM KOMIIOHEHTOM, obOecneunBaromiuM ycnex MHorocraauiiHoro I'PIL. Ilakepsl mo3BossitoT
TepMETH3UPOBATh YUACTKH CTBOJIA CKBAXXHHBI M MTPOBOANTH THAPOPA3PHIB IJIACTa 1O OTAEIBHOCTH, IO
ouepeu, Py 3TOM OCTaJIbHAs 4acTh CTBOJIA CKBAKUHBI HE 3aTparuBaeTcs. OIHAKO A COOTBETCTBUS
YCIIOBHSIM BBICOKOTO JaBieHus U Bbicokoi Temmepatypsl (HPHT) B mmacrax (manpumep, 70 MIla u
170°C) TpeOyroTcs HaieXHBIE TePMETU3UPYIONINE CBOWCTBA TaKepHOH pe3uHb. B  maHHOM
WCCIIEZIOBAHUN CTPYKTYPBl HMaKepHON pe3WHBI W3 JBYX DPA3JINYHBIX MaTEPUaATIOB ONTHMHU3UPOBAHBI
gyucneHHo ¢ nomouiplo ABAQUS u moxarsepkaeHsl skcnepuMeHTamu. llponecc onTumuzanuu
HAYMHAETCS C PE3HMHBI Makepa ¢ 00BIYHOHN cTpyKTypoii, 3aTeM ABAQUS BrIsiBiIsIeT Hanbomee ciadbie
MecCTa 1 yJIydIIaeT uX, clierka H3MEHSS CTPYKTYpy. DTOT MPOIECC ABISETCS NTEPANOHHBIM, U B UTOTE
ONTHMHU3HUPYETCS CTPYKTYpa OJHOTO PE3MHOBOTO CTBOJIA C PACIIUPSIOMIMMHUCS OIMOPHBIMU KOJIBLIAMHU.
Jist cTpyKTYpBl M3 TPEX PE3HHOBBIX CTBOJIOB C METAUIMYECKHMMH 3AIIUTHBIMH OOOJOYKAaMH, Kak
HNBR, Takx m AFLAS paspymatorcs B ycmousix HPHT. Jlns okoHUaTenbHON ONTHMHU3MPOBAHHOM
CTPYKTYypHI nakepHas pe3una u3 AFLAS mosxer nyumie padorats B ycnoBusix HPHT, uem pesuna u3
HNBR, koTopas pa3psiBaeTcs ocie cxBaTbiBaHMsl. Pe3ynbpTaThl MOKa3bIBalOT, YTO ONTUMHU3UPOBAHHAS
CTPYKTypa OJHOTO PE3WHOBOTO CTBOJIA C PACIIUPSIOMIUMUCS OMOPHBIMU KOJBIIAMH M MaTepualn
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AFLAS saBnsroTcs xopomeidl komMOWHamMed sl MaKkepHOW pPe3WHBI, 00eCTEUMBAIOMICH OTIMYHYIO
TEPMETHYHOCTb ITPpH MHOTocTaAuiHOM ['PII B ropn30oHTanbHBIX CKBa)KHHAX

KiroueBble ci0Ba: makepHas pe3uHa, TEPMETH3UPYIONIME CBONCTBA, ONTHMH3ALMs CTPYKTYpBI,
TUAPOTeHU3UPOBAHHBIH HUTPUI-OyTaaneHoBblit kayayk (HPHT), AFLAS.
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XULASO

Mogalo mozmununda neft-qaz quyular1 qazilan zaman,sementloms prosesinds,0 cumladon
quyularin istismar zamani istifado olunan pakerlor vo onlarin asas elementlori olan kiplondirici
elementlorin aragdirmasi haqqinda molumatlar oks olunmusdur. Bununla birlikdos, laylardak:
yuksok tozyiq va ylksok temperatur (HPHT) sortlorina cavab vermak Gctin (masalan, 70 MPa
Vo 170 ° C), paket kaugukunun etibarli sizdirmazliq xtisusiyyatlori talob olunur. Bu isds, iki
forqli materialdan hazirlanmis bir qablasdirici kaugukun qurulusu ABAQUS istifado edarok
ododi olaraq optimallasdirilir vo tocribalorlo tosdiglonir. Optimizasiya prosesi adi bir
quruluslu bir paket kauguk ilo baslayir, sonra ABAQUS an zaif ndgtalori miayyanlagdirir vo
onlar1 yaxsilasdirir, qurulusu biraz doyisdirir. Bu proses tokrarlanir vo noticods genislonan
istinad halqalart ila bir rezin magistralin qurulusu optimallagdirilir. HPHT altinda hom HNBR,
hom do AFLAS metal qoruyucu gabiglari olan ii¢ kauguk liilali bir qurulus ti¢iin mohv edilir.
Son optimallagdirilmis qurulus {igiin AFLAS gablasdirma kauguk, HNBR kaug¢ukundan daha
yaxst HPHT altinda isloys bilor vo bu da tutuldugdan sonra zods alir. Naticalor gostarir ki,
genislonan rezin halqalart vo AFLAS materiali ilo bir rezin ¢ongolin optimallagdiriimig
qurulusu, tfiiqi quyularda ¢ox moarholali hidravlik qirilma zamani sla sizdirmazliq tamin edan
bir gablasdirict kauguk {igiin yaxs1 bir birlogsmadir.

Acar soOzlar: paker rezini, Kiplondirici xUsusiyyati, strukturun optimallasdirilmasi,
hidrogenlosdirilmis nitril-butadien rezin (HNBR), AFLAS rezini.
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ABSTRACT

The article presents information about the study of pumps used in drilling wells, cementing
protective belts, pumping clay into wells while drilling, developing productive horizons, as
well as their operation, their sealing units. During piston pump operation, the seal assemblies
are subjected to fluid pressure from both sides of the piston. Liquid and slurry handling
equipment operates under high loads such as erosion, corrosion, cavitation and abrasion. Such
cases have a significant impact on the degradation of pump performance, corrosion of the
pump sliding surfaces, leading to a decrease in FIE, an increase in power consumption, and an
increase in the overall service life for calculations. Failure to address these issues will
jeopardize the integrity of the pumping equipment and result in equipment failure.

Keywords: piston pump, valve pair, valve seat, valve plate, valve seal, plunger.

The workability of the hydraulic part of the pump is determined by the longevity of its seals.
Violation of the tightness of the seal leads to the failure of the whole part - the sealant and the
metal details associated with it. Therefore, the future considerations should be done to
increase the longevity of the seals in order to improve pump's workability.

Equipment for transporting liquids and suspensions operates under high loads such as erosion,
corrosion, cavitation and abrasion. Such cases have a significant impact on the deterioration of
the pumps operating characteristics, corrosion of pump's working surfaces, leading to a
decrease in efficiency factor, and an increase in power consumption, as well as an increase in
total service life during the calculations. Dereliction to address these issues could jeopardize
the integrity of the pumping equipment and result in its failure . The solution can be achieved
by replacing the equipment, but it always comes at a high cost and requires a long preparation
time [1].

Failure of piston pumps operation until the time of abandonment results by the termination of
workability of the hydraulic parts and the detailed nodes. The reliability of the referenced part
depends on the wear resistance of the cylinder-piston group's details and the cylindrical
carvings of the nodes as well as valve pairs, piston, rod, valve seal, hydraulic box, and also
cylindrical carving seal. The details of the valve pairs of drilling pumps break down faster
than the details of the cylinder-piston group. The high wear intensity in the hydraulic part of
piston pump is due to the presence of abrasive particles in injected drilling fluid. The effect of
high contact stresses on the working surfaces of the main part and nodes, as well as associated
joints, moving and stationary surfaces - piston seals, valve plates and sealing surfaces which
lead to decrease the intensity to wear at the end [2].

Sealing is the prevention of liquid flow or gas from one sealing chamber to another or to the
external environment. The purpose of sealing is to maximize the sealing of the fluid leak, as
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leakage is harmful economically and due to safety requirements, as well as the transport of
abrasive fluids at high pressures leads to failure (refusal) of the entire sealing node as a result
of hydroabrasive corrosion.

The operating conditions for the degree of movement of the seal and the change in pressure
are given in Table 1.

Table 1. Working conditions of sealing nodes of the hydraulic part

. The degree of movement of the The nature of the change
Sealing nodes

seal in pressure
carved pistons Moving,
P ving . Does not change
stocks, plungers variable moving

Moving, periodic

valves - .
variable moving

Does not change

Covers of the suction valves
Sealing element of the valves It varies from suction
Placing the piston in the stock pressure to working
Cylindrical carvings (sleeve seals) pressure

Cylindrical covers/ caps
Caps of the discharge valves Does not change
Flanged joints of the fixed parts
Flanged joints of the receiving part
Diaphragms of pneumocompensators,
pistons

Fixed, frequently dismantled

Fixed assemblies Suction pressure

Moving separators Working pressure

The piston-cylinder carving of the pump is being placed in very difficult condition. The
piston moves back and forth inside the groove according to the variable speed limit. In the
latter position, the piston stops and changes direction (figure 1).

Figure 1. Piston pump.

The piston of the pump (figure 2) consists of a vulcanized steel core (1) with a sealing rubber
sleeve (2) on both sides. Typically, the removable sleeves (figure 2, ¢) are mounted on 1
smooth sprayed core of the piston and, in turn, are fastened with metal washers 3 held in place
by spring rings 2 in the annular slits of the core to prevent discharge.
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However, experience to use the pistons in drilling pumps show that the presence of such
technological holes in the core has a negative impact on the performance of pistons.
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Figure 2. Drawing of pump piston: 1-steel core, 2- rubber sleeve; 3- washers; 4-spring ring;
5- plastic ring.
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The design of the piston shown in figure 2 has a washer 3 and a removable sleeve 2 which is
fastened with spring rings. There is a ring-shaped additives on the 1 support belt of the core.

In the classic construction of non-removable pistons, plastic ring joints (figure 2, e) were
being used. Prior to pouring the rubber into the metal core, plastic rings 2 are installed to form
the sealing sleeves 1.

Automatic valves are used on both sides of the opening device which is opened due to
pressure difference, in piston pumps The valve, under the influence of its own weight and
closed by the force of the spring, prevents the leakage of fluid injected in the reverse direction
of the piston or plunger.

The suction and discharge valves of the pumps (figure 3, a) are usually interchangeable. The
valve sealing element is pressed against the pump of the valve box, and its hole is covered by
the plate when the valve is closed. The inner surface of the sealing element hole is the
transverse guide of the plate.

The valve node of the cementing pump unit (figure 3, b, ¢) consists of a plate sealant. The
plate is pressed into the sealing element by means of a spring. The four stamped protrusions of
the plate are the lower guides. The body of the hydraulic box is sealed with a rubber ring with
a circular cross-section. The inclination angle of the sealing element's seat surface and the
plate is 30 degree [3].

The removable sealing ring of the valve is mounted on a special protrusion of the sealing
element, then it is held by a steel ring.

As a result of the research, a new valve design of KCK type (figure 3, e) was developed,
which differs from the series valves issued according to the current standards by having a
plate support not only on the conical seat, but also on the horizontal plane of the rib partition.
Due to the fact that the sleeves of the valve are made of IRP-1396-2 rubber, the bulky sealing
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part is in the form of a drop, it is impossible to squeeze it at a pressure up to 13 MPa. The
valve plate and sealing element are made of 40HNMA steel with a hardness of HB = 48-53,
reinforced by one of the coating methods, which increases their strength and allows them to
have a large depth of support surface.

Figure 3. Valves of reciprocating pumps.a. V 8-4 drilling pump valve; b. valve of 9T
cementing pump unit;c, ¢. drilling pump valve's sealing element; d. 4P-700 brand pump valve;
e. KSK type valve for U8-6M brand pump.

Various designed seals are used to separate both slits of the pump cylinder and to seal the gap
between the valve box body and cylindrical groove in reciprocating pumps. The main feature
of these seals is the work of the sealant during periodically varying pressure forces in the
direction of absorption and injection of fluid on one side or the other [4].

Due to the lack of cylindrical engraving seals with rubber rings compressed by the edge of the
engraving, it was necessary to use the construction (figure 3, ¢) in which the engraving was
compressed with two separate crowns. Similar sealing and such fastening of cylindrical
engraving was used by Uralmash plant in the construction of U8-7M high pressure drilling
pump (figure 4, a, b).

The free space presence allows to compensate for inaccurate details and preparation of details.
Considering the rubber rings do not touch the edges of the sealed crack, they lead to prevent
the seal from collapsing, as the rubber of the ring cannot flow through the sealed crack.

The main requirement for correct operation of such a seal is to limit the size of H during
installation of the seal until it deforms the sealing ring. The incompressive condition of rubber
determines the stability of sealing rings volume at any deformational degree. It follows that
the cross section of sealing rings does not change during deformation. If sealing rings total
cross-section before deformation is as follows:

ﬂd 2
= n'
4 1)

S
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and the total area of the cross section of the sealing ring, which completely fills the initial free
space during deformation is:

S=bH, )
then we calculate the smallest value of H by the following formula:

2
ﬂd n=bH_.
4

©)
Where d is the cross-sectional diameter of the sealing rings; n - number of rings in the seal; b

is the largest possible radial size of the deformed ring.
If we assume that b slightly differs from d, then we obtain

Hmin >0,785dn (4)
Large cross-section circular rings were used in cylindrical engraving seals on 12Gr and BrN-1
drilling pumps of Volgograd Barricade plant [5].

Three types of covers are avaliable in reciprocating pumps; cylindrical, discharge and suction
valve covers are available. A common feature of these covers is that they are immobile and
often dismantled. Frequent disassembly places special requirements on the wear resistance of
the sealing parts when replacing pumps' worn parts.

The sealing node of the plunger and the seal of the cylindrical cover work under the same
conditions, the difference is that the installation does not place any requirements against
wearing. Hydraulic box of the pump and the body of the seal is rarely dismantled, instead, in
some designs of pumps, the complexity of its dismantling places high demands on the quality
of sealing. As in the case of cylindrical cap seals, the difficulty of eliminating air intake

without sealing is due to the impossibility of compressing the sealing sleeve.
b)

"y

G
pd, LA !

Figure 4. Sealing of cylindrical carving. standard drilling pump carving sealing (sealant); b)
Sealing of U8-6M pump's carving; c) fastening node and sealing of U8-7M pump carving;
¢) 9T pump carving sealing node.
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Results: During the operation of the pump, sealing is subject to the pressure of the fluid on
both sides of the piston. In the absence of required tension, the resistance decreases under the
influence of various variable forces, and the tightness of the joining surfaces in the parts is
violated.
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NCCIEJOBAHUE PABOTHI YIINIOTHUTEJIBHBIX Y3J10B IIOPITHEBBIX
HACOCOB
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AHHOTALNUA

B cratbe mpencraBieHbl CBeACHHS OO0 HCCIEIOBAaHMM HACOCOB U HMX TE€PMETU3UPYIOMIMX
y3j1ax, IPpUMCHACMBIX ITPU 6ypeHI/II/I CKBaXMH, ICMCHTUPOBAHUU O6C&}1HI)IX KOJIOHH, 3aKa4iKe
TJIMHUCTOTO PAacTBOPa B CKBAXHHBI MPU OypEeHUHU, OCBOCHUU MPOJYKTUBHBIX TOPU30HTOB, a
TaK)Ke HWCIOJB3YEeMBIX TPH JKCIUTyaTaiud. Bo Bpemsi paOOThI MOPIIHEBOTO HAcoca y3JIblI
VIUIOTHEHHsI TIOABEPralOTCS JaBICHUIO TMOTOKA JKUAKOCTH C OOEUX CTOPOH MOPIIHS.
OOGopyioBaHue I TPAHCTIOPTHPOBKU JKUIAKOCTEH W CYCIIEH3MH padOTaeT MpPH BBICOKUX
Harpy3Kax, TAaKUX KakK dpO3Hsl, KOPPO3Hsl, KaBUTAIUS U UCTHpaHue. Takue ciiydan OKa3bIBarOT
CYIIECTBEHHOE BIMSHHEC Ha YyXyANICHHE pPabodMx XapaKTePUCTHK HACOCOB, KOPPO3HIO
pabourx MoBepXHOCTEH Hacoca, mpuBoAsILyto K cHmkenuto KIIJI, yBenumuenuto motpeodss-
€MOl MOIIIHOCTH, YBEIHWYEHHUIO OOIIEro Cpoka ciykObl mpu pacderax. HecmocoOHOCTH
PEeLIUTh 3TH MPOOJIEMBI MOCTABUT IOJA yTPO3y IEIOCTHOCTH HACOCHOTO O0OPYAOBaHHS U
NPUBEJIET K €r0 BBIXOAY M3 CTPOSI.
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KaroueBnble cioBa: HOpIJ.IHSBOﬁ HaCoC, IUIYHIKECD, KJlallaHHAaig I1apa, CCIJIO KJlallaHa, YIIJIOT-
HCHHUC KJIallaHa, TapCJIKa KJIallaHa.
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XULASO

Mogalads quyularin gazilmasinda, qoruyucu komoarlorin sementlonmasinds, gazma zamani
quyulara gili mohlulun vurulmasinda, mohsuldar horizontlarin monimsanilmasinda, homginin
istismarinda istifado edilon nasoslar, onlarin kiplondirici diyunlarinin isinin tadqiqi barads
molumat verilir. Pistonlu nasosun igi zamani kiplondirici diytnlor pistonun hor iki torafinds
maye axininin tozyigine maruz qalir. Maye va suspenziyalari nogl edon avadanliglar erroziya,
korroziya, kavitasiya vo siyrilma kimi yiiksok yUklonmalor soraitinds isloyirlor. Bu kimi
hallar nasoslarin ig¢i xarakteristikalarinin pislogmasinag, nasosun is¢i sothlorinin yeyilmasino
ohomiyyatli tasir géstararak, FiD-nin asag1 diismasing, elektrik enerjisi sarfinin yiiksalmasing,
hesablamalar zamani {imumi xidmot middatinde com istismar middatinin artmasina gatirib
cixarir. Bu problemlarin hall olunmamasi nasos avadanligmin tamligini tohliks qarsisinda
goyaraq naticods onun sinmasina gatirir.

Acar sozlar: pistonlu nasos, plunjer, klapan ciitii, klapanin yshari, klapanin kiplandirilmasi,
klapan bosqabi.
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ABSTRACT

A new methodology is proposed to use comprehensive up-to-date commercial software tools
for Heat Exchanger Network (HEN) reliability modelling and optimisation. The idea behind
this proposal is that to apply the combination of specific HEN optimisation and reliability
software packages has several advantages over the commonly used approach. There is a
variety of features that need to be taken into account to choose the right software tool. The
HEN design has a significant impact on reliability issues and this should be considered. There
are many related issues and features - the robustness, the type of welding, the increment of
maximum mechanical resistance, the impact on manufacturing costs, reduction of lost
opportunity costs caused by exchanger outages, troubleshooting of heating exchanger
problems by operators etc. Fouling should be analysed as it has a significant impact on
maintenance issues. Up to 30 % decrease of maintenance costs can be achieved annually by
applying advanced reliability results and determining heat exchanger failure causes. These
analyses include the investigation of failure causes, prediction of future probabilities of
failures, cleaning planning and scheduling and the calculation of reliability and
maintainability.

Keywords: heat exchangers, modelling and optimisation, design of network, oil refinery, heat
recovery systems.

Introduction: A heat exchanger network is an important part of many processing and power
generating plants. In most cases the HEN synthesis and design are assuming steady- state and
non-variable operating conditions. In practice they can change and disturbances may occur.
Operational maintenance, availability and cost are some of the most important factors of
HENSs. All heat exchangers must be able to provide a specified heat transfer while maintaining
a pressure drop across the exchanger. The propensity for fouling must be evaluated to assess
the requirements for periodic cleaning. Fouling affects nearly every plant relying on heat
exchangers for its operation. It is the accumulation of undesired solid material at the fluid or
solid interface. Fouling introduces various costs,e.g. increased capital expenditure, and
increased maintenance, loss of production, quality control problems, cleaning costs, additional
hardware, and energy losses [1].Fouling of individual heat exchangers has been the subject of
intensive research in recent decades. However, HEN fouling has even more issues.
Maintenance considerations in the scheduling of continuous and batch plants have recently
received increasing attention. Muller-Steinhagen [2] proposed an integrated approach for
developing alternative fouling mitigation strategies based on both experimental and modelling
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work. Georgiadis et al. considered the short term cleaning scheduling in special classes of
HENSs [3]. A wide variety of approaches are not limited to mathematical models and practical
methodologies. The lifetime of heat exchangers varies with the application. A common
practice to fouling mitigation is the implementation of Cleaning-In-Place (CIP) operations.
Special heat exchangers exists which eliminate cleaning scheduling and maintenance activities
by a self-cleaning mechanism. There are advanced materials, such as the hyper-duplex
stainless steel, that designed and developed to increase operating performance and to extend
service life in severely corrosive heat exchanger applications. Reliability estimation is a useful
tool to improve HEN design subject to uncertainties in the operating conditions. The
efficiency of the technique has been proved by Tellez et al. [4]. The analysis of the design
constraints has been performed for different possible variations in the operating conditions.
Failure analysis contains Fault Tree Analysis (FTA). An FTA of a coolant supply to Heat
Exchanger has been described as an example by Lazor in the reliability handbook of Ireson et
al. [5] Although several approaches and methodologies have been studied in the field of heat
exchanger and HEN fouling, Reliability, Availability and Maintenance (RAM) issues of
HENs should be further studied, especially for optimisation purposes. Scheduled and
unexpected shutdowns should be differentiated. Maintenance times should be optimised. The
characteristics of units should be considered. Another important issue is the mean time
between maintenance and the reduction of efficiency to certain levels. Present paper focuses
on the possibilities of advanced software tools that support this field. The paper introduces a
methodology for effective modelling and optimisation of HEN maintenance and reliability.

Problem statement: Market pressures drive management to achieve higher and higher levels
of availability and reliability. However, the motivation to improve reliability is more complex
than simply to reduce maintenance costs. There is a need to control reliability for best
economic performance. In fact, least cost maintenance is not recommended when a plant
strives to achieve high reliability. Maintenance costs are relatively low when compared with
loss opportunity costs. HEN reliability issues can be effectively handled with RAMS
software. The reliability issues of HENs deserve much more attention. Most designers mainly
focus on HEN capital and operation cost optimisation only. The reliability issues of HENs
should be properly analysed and improved by relevant software tools. All relevant features
affecting availability, reliability and maintenance should be considered while modelling and
optimising HENSs. One of these factors is the interaction between heat exchangers in the HEN.
The main task of optimisation is the appropriate scheduling of cleaning interventions of the
individual exchangers in the HEN. It can be based on a priori knowledge of the time
behaviour of the thermal resistance of fouling [6]. Further tasks to be optimised are the
operating costs of the HEN. The estimation of current and future failure probabilities are
required to make the decision for equipment replacements performed at the right time to
eliminate unnecessary shutdowns cased by unexpected faults. The simple cases, including
series and parallel HENs, and the complex arrangements (block HENSs) should be
differentiated as their fouling factors are different. The detrimental effect of fouling can be
reduced by adopting appropriate measures in HEN design [7]. Important is the choice of local
parameters and the HEN structure [8]. Enhancing heat exchanger reliability has many
advantages. Cost effectiveness can be increased; plant assets management can be improved.
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Component lifetime can be extended, and leakages can be detected prior to shutdown.
Improved reliability results in reduced maintenance costs and a better economic performance.

RAM of Heat Exchanger Networks: Reliability is the probability that the HEN will perform
satisfactorily for at least a given period of time when used under certain conditions [5]. The
availability of a Heat Exchanger Network represents the capability to manage heat and power
streams continuously in a usual and regular way. The cause of failures varies, including
mechanical failures, corrosion, fouling, and sealing problems. Maintenance has an important
role in plant design. Optimum maintenance planning is a key factor in modern HENS.
Maintenance covers the activities undertaken to keep the HEN operational (or restore it to
operational condition when a failure occurs). A measure of ease and speed a system can be
restored to operational status after a failure occurs can be expressed as a percentage. It is
called maintainability, i.e. the probability of performing a successful repair action within a
given time.Analysing failures is an important way to determine availability and reliability
issues of a system, including component failures, service failures, mechanical failures, control
system failures (or malfunction), the failures to detect faults, changeover failures, lack of
manpower, operator errors, and instrument failures.The most important failure characteristics
can be expressed by mean times. The widely used is the Mean Time Between Failures
(MTBF), i.e. the reciprocal of failure rate. Further types of mean times are the Mean Time
Before Maintenance Actions, the Mean Time Between Repairs, and the Mean Time To
Failure. Two types of fouling-induced effects should be identified in HENs [7]:

(i)Changes in outlet temperature of process streams caused by the thermal resistance of
fouling in an exchanger; (ii) Changes in inlet temperature of process streams caused by the
thermal resistance of fouling in other exchangers (“antecedent exchangers” serving the same
process streams). Some problems to be handled are the interaction between heat exchangers
within the HEN and the optimisation of online cleaning.

Heat Exchanger Network system analyses: HEN analysis can be approached from various
angles.

HEN design analysis: HEN design depends significantly on the types of the heat exchangers
used. Several factors should be considered when selecting the heat exchanger type [9].
Determining the list of system components is one of the first steps in availability and
reliability analysis. The calculations require different kind of data of each component that
build up the system. The component table could be useful to describe these data, because the
majority of parts have different characteristics. The next step is to build up a system tree
(either as a drawn tree structure or as a table).

Failure analysis: Failure Analysis (FA) or Root Cause Analysis (RCA) is a detailed
examination of failed items to determine the root cause of failure and to improve product
reliability. It helps with developing tests focused on problematic failure modes and with
selecting better materials and/or designs and processes, and with implementing appropriate
design changes to make products or processes more robust [10]. FA is strongly supported by
reliability software tools.
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RAM analysis: Availability analysis identifies the items that can affect system operation. It
can be extended by considering the combination of maintainability and reliability data.
System Reliability Analysis with Reliability Block Diagrams (RBDs) can be used for testing
systems via component reliability and overall system reliability. Weak points can be
identified. Different designs can be compared. Maintainability analysis provides data for the
optimisation of maintenance and repair actions. These analyses can be performed in all major
RAMS software packages.

Comprehensive software for modelling: The significance of the latest approaches of
modelling the behaviour of the heat transfer surface by using the fouling resistance factor
increased recently. As a result of intensive research, some of the classical theories are either
being validated or modified to suit current design and optimisation techniques. Various types
of modern software packages are used for modelling the different issues of HENs. Fouling
mitigation strategies can be effectively modelled by Fuzzy- Logic Expert Systems (FLES) and
Computational Fluid Dynamics (CFD) software. General MILP solvers can be used for
optimisation of processes. However, another kind of software can be used for modelling and
optimising the reliability related issues of HENSs: Reliability, Availability, Maintainability and
Safety (RAMS) software. The proper choice of RAMS software depends on many factors
(e.g. the place of application, the amount of provided data, calculation precision). Availability
can be treated together with reliability and life cycle cost modelling as they are influenced by
each other.Some examples of RAMS packages are BlockSim and Weibull++ (ReliaSoft [11]),
Reliability Studio (Relex Software Corp. [12]), Item ToolKit (ITEM Software [13]).Most of
them can be tested as a trial version for free. A more detailed description was introduced by
Sikos and Klemes [14]. There are specific CAD approaches as well, e.g. process design
software tools applied for capacity increase and advance of distillation units, performing
predictions of fouling layer structure or improving design [15]. Prototype software
‘FiltraDynaSim’ for the analysis of the fouling layer properties in microfiltration was
introduced by Tung et al. [16] It can be used both to design a membrane filtration system and
to predict or monitor its performance during plant operation. Nordman and Berntsson
presented a graphical method to determine heaters and coolers for retrofit in HENs [17]. They
used advanced composite curves to describe the potential amount of heat that could be saved.
They can serve as a monitoring tool to identify heat recovery targets and show the order of
units to be targeted for rearrangement. Bertolini et al. determined an algorithm that allows a
methodical, automatic approach for management of failure data in oil refineries [18]. It seems
to be a significant potential to make substantial improvements in task organisation and
decision-making processes. The aim of the Risk-Based Inspection and Maintenance (RBI1&M)
method proposed is to solve two important problems of reliability of refineries: (i) The
personnel available for the analysis of critical items and events is limited and it is not able to
assess in detail all the events occurred; (ii) Once defined the critical level of an item or event,
reliability department has to decide the best maintenance actions and work orders to carry out.
Kim et al. introduced a systematic methodology for designing wastewater and heat exchange
networks [19]. Based on cost estimation, networks for water and heat exchange were
optimised simultaneously. Their proposal is a useful guideline for wastewater and heat
exchanger network design with greater cost efficiency and environmental performance. The
method employed a specific strategy to address mixed integer non-linear programming
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(MINLP) formulations. The mathematical formulation was based on water-pinch analysis and
an expanded transhipment model. Bulasara et al. [20] addressed a revamp study of the crude
distillation unit (CDU) heat exchanger network (HEN) of a typical refinery with and without
the consideration of the free hot streams available in the delayed coking unit (DCU). Two
sub-cases of revamp study have been considered: (a) Installation of new heat exchangers for
the entire network; (b) Reutilisation of existing heat exchangers. They demonstrated the
relevance of the consideration of DCU free hot streams in CDU revamp and retrofit design
choices.

A suggested methodology: The proposed methodology suggests a combination of specific
HEN optimisation tools with reliability software packages to improve the effectiveness of
reliability optimisation in heat exchanger networks. A structure to conduct reliability,
availability and maintainability analyses is presented as well. The reliability analysis of HENs
can be performed manually or using reliability software packages. The main advantages of
using RAMS software in HEN reliability modelling and optimisation are:(i.) Prediction of
replacement times can eliminate costs via failure analysis. Performing Weibull analysis on the
failure data yields an estimation of MTBF and provides parameters that can be used to
estimate future probability of failure.Based on Weibull parameters, it can be determined if
exchangers in the HEN will probably survive until the next scheduled outage. If not, what is
more cost effective: to replace now or to wait for the next scheduled outage? The answer if it
is worth to wait until the next outage is delivered.

(ii.) Estimation of current probability failure with failure probability calculator.

(iii.) Realization of the establishment of new reliability culture at the plant.

(iv.) Improvement of system reliability.

(v.) Reduction and optimisation of maintenance costs.

(vi.) Reduction of loss opportunity costs.

(vii.) Optimisation of the balance between maintenance costs and loss opportunity costs

via cost benefit analysis.

(viii.) Control over equipment reliability.

(ix.) Cohesive modelling modules. System tree, FMEA table, fault tree table,
subdiagrams/mirrored blocks/multiblocks, LCC, Weibull tree, throughtput analysis, downtime
distributions, parts table, prediction data, FMEA worksheet, maintainability data, maintenance
policies, RBD, fault tree diagram, event tree diagram, Weibull graph.

(x.) Simultaneous analyses. This feature can be used to handle Availability, Reliability and
Maintenance together.

(xi.) Combining series and parallel subsystems. HENs can be analysed by calculating the
reliabilities of individual series and parallel sections and combining them in the appropriate
manner.

(xii.) A wide variety of distributions. The standard definition of maintainability M(t) = 1 - e-ut
can be easily expanded to different distributions. In case of the Weibull distribution, for
example, MTTR should be modified from 1/u to

MTTRweibull n.r& + 1)
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with the scale (1) and shape (B) Weibull parameters. RAMS software packages allow total
system approaches in analyses of individual system components. This contributes to the
optimisation of design targets for plants to improve equipment selection, replacement,
maintenance, as well as to increase system reliability.

The reliability program: When making the decision which tube bundles to replace,
reliability groups should look at the reliability engineering principles and applying their
results. The heat exchanger reliability could be supported by specification of the scope of the
reliability analysis, which should contain:

*The total number of failures

*MTBF

*Fluid velocity

*Years of service

*The current age of heat exchangers.

From them further requirements are recommended to investigate operation classes, date of
installation, date of last replacement, tube age factor table, remaining life factor table,
production criticality factor, service conditions, bundle replacement costs, and other
considerations (e.g. corrosion mechanism).

Data requirement: Numerous data required to perform reliability and maintainability
calculations. They can be classified in three groups. First, general characteristics needed,
including the general description of the plant, HEN usage, the period of continuous HEN
operation, system structure, HEN arrangement. Data collection time interval need to be settled
for further experiments. Features to be considered include but not limited to the list of
equipments, units, flow streams of the HEN, the heat duty, the heat transfer area, heat transfer
coefficients, shell and tube passes, the number of tubes, and design AT. The main groups of
candidate variables are: operational (tube/shell inlet temperatures, flowrates, and integral
flows), maintenance (peak efficiency), scheduling (crude/condensate in blend), and predicates
(shell/tube side outlet temperatures). Availability and reliability calculations are in the second
group. They require failure history, durations of failures and shutdowns. Three classes of heat
exchanger operation modes should be differentiated both for forced (unplanned) shutdowns
(e.g. tube leakage) and scheduled maintenance actions. Equipments of Class A require total
unit shutdown. In Class B, production cutback is required by a certain percentage. Class C
equipments have no impact on system output (run-to-fail). The optimisation of maintenance
actions need variables depending on the system to be analysed. In a crude oil plant, for
example, the ones that affect HE fouling required, including operational variables (inlet and
outlet variables, flow rates of the crude, fluid temperatures, wall temperature of tubes, tube
side and shell side flow rates), maintenance variables (e.g., peak efficiency), scheduling
variables (crude/condensate in blend), as well as crude property variables.Analyses can be
more easily understood if a figure of the HEN is provided.Process data are required as well,
including inlet and outlet, mass flowrate (both for shell side and tube side), the exchanged
heat, and the heat transfer surface.
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System reliability analysis with RAMS software: System reliability analysis can be divided
into parts. Firstly, the required reliability approach should be decided. The steps for
conducting reliability analysis of HENSs are:

(i)Data collection: gather specific bundle failure history.

(i)Conduct Weibull analyses on the failure data.

(iii)Failure probability calculations to estimate current probability of failure. During this step,
the various operation classes of heat exchangers should be differentiated.

Both the maintenance activities that ensue after a failure and the failure mechanisms at work
affect the way of conducting the Weibull analyses of heat exchangers. For tube failures caused
by process corrosion, failures are expected to reveal a wearout pattern, represented by > 1. If
the Weibull analysis results in f < 1, the heat exchanger is failing due to lack of quality or
some other process that occurred during manufacturing. To control heat exchanger reliability,
the probability of failure should be accurately predicted. Estimating tube bundle reliability
should account for the age of each individual tube that failed. Each tube lifetime is estimated
from the installation date of the bundle to the failure date, at which time the failed tube is

plugged.

Conclusions: The proposed software modelling and optimisation methodology provides a
way to reduce future losses in HENs and reach these aims through optimum maintenance.
Several new approaches have been reviewed. The proposed methodology focuses on HEN
maintenance through the influence of availability and reliability rather than the optimisation
of cleaning schedules only. It has been shown that the failure analysis is capable to predict
heat exchanger bundle replacement times, leading to significant savings. All major failure
types are taken into account, including heat exchanger breakdowns, fouling, and leakages.
Units of HENs are classified through operating classes and the most specific maintenance
characteristics of fouling. This can reduce or even eliminate the need for total unit shutdowns
required for cleaning. Reliability culture of plants or subsystems can be developed via total
system approach, considering antecedent exchangers, HEN structure, local parameters, spares,
and cost. The case study demonstrated that the RAMS software approach is capable to find
the weak points in HEN maintenance, and emphasize the small corrections that could improve
these issues towards optimality.
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IIpennaraercss HOBasg  METOJOJOTUS  MCIIOJB30BAHMS  KOMIUIEKCHBIX  COBPEMEHHBIX
KOMMEPYECKHX IPOrPAMMHBIX CPEACTB I MOJEIMPOBAHUSA U ONTHMM3ALNN HAJEKHOCTH
cetu teriooOMeHHUKOB (CTO). Unes, nexamast B OCHOBE 3TOTO MPEUIOKEHUS, 3aKIIH04a-
€Tcsl B TOM, YTO NPUMEHEHHE KOMOWHAIMU CIEUUATbHBIX MPOrPaMMHBIX MAaKETOB MJIs
ontumMuzanuu u odecrnedenus Hage:xxkHocTd CTO umeeT psig NpeuMyIIeCcTB 110 CPABHEHUIO €
HIMPOKO HCHOJb3yeMbIM MmoaxoaoM. CyliecTByeT MHOXKECTBO (yHKUUM, KOTOpbIE
HEOOXOMMO YYMTBHIBaTh, 4YTOObI BBIOpAaTh MPABUJIBHBIA HPOrPAMMHBIM HMHCTPYMEHT.
Konctpykuus CTO oka3plBaeT 3HAYUTENIBHOE BIIMSHUE Ha MPOOJIEMbl HAIEKHOCTH, U ITO
cienyeT yuyuTbiBaTh. CyLIeCTBYeT MHOXKECTBO CBSI3aHHBIX C 3TUM IIPOOJIEM U 0COOEHHOCTEH
- HaJeXKHOCTh, THUI CBAPKH, YBEINYECHHE MAKCUMAJIbHOTO MEXAaHWYECKOI'O CONPOTUBIIEHUS,
BIMSHUE Ha IIPOU3BOJCTBEHHBIE 3aTpaThl, COKpAIICHHWE YIYLIEHHBIX BO3MOXXHOCTEH,
BbI3BAHHBIX OTKIIOYEHUSIMH TEIJIOOOMEHHUKA, YCTPAHEHHE HEMOJIAJ0K C TeINI000MEHHUKOM
orneparopamMyd M T.A. 3arps3HEHHE [OJDKHO ObITh IPOAHAIM3MPOBAHO, IIOCKOJIBKY OHO
OKa3bIBAET 3HAUMTEIbHOE BIMSHUE HAa NPOOJIEMBI TEXHUUECKOTO 00CIyKuBaHus. ExxeronHoe
CHIDKEHHE 3aTpaT Ha TexHU4Yeckoe oOciyxuBanue 10 30 % MoXkeT ObITh JOCTUTHYTO 32 CUET
IIPUMEHEHHUsI IIEPENOBbIX PE3yJbTaTOB [0 HAACKHOCTH U OIPEACIICHMs IPUYMH OTKas3a
TEIUIOOOMEHHUKA. OTH aHajdu3bl BKIIOYAOT B ce0s HcCieloBaHWE MPUYMH CcOOEB,
IPOTHO3UPOBaHUE OYAYIIMX BEpPOATHOCTEH cOOEB, IUIAHUPOBAaHME U TUIAHHUPOBAHUE
OUYHNCTKH, a TAK)KE pacueT HaleXKHOCTU U PEMOHTOIIPUTOHOCTH.

KawueBble cjioBa: TeI000MEHHUKH, MOACTUPOBAHNE M ONITUMH3AIIHS, IPOSKTUPO "BaHUE
ceTH, HerenepepadaThIBAOIIMN 3aBOJI, CHCTEMBI pEKyIepalty TerIa.
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XULASO

Istilik miibadilosi sobokalorinin (IMS) etibarliliginin modellosdirilmosi vo optimallasdiriimasi
ucun kompleksli mduasir kommersiya program vasitalorindon istifado edilmosinin yeni
metodologiyasi1 toklif olunur. Bu toklifin osasim toskil edon ideya ondan ibarotdir ki, IMS
etibarliliginin  optimallasdirilmast vo tomin edilmosi (glin xususi program paketlorinin
kombinasiyasinin totbiqi genis istifado olunan yanasma ilo miqgayisado bir sira iistiinliiklora
malikdir. Dogru proqram alatini segmok i¢lin nozars alinmasi lazim olan bir ¢ox xiisusiyyatlor
var. IMS-in dizayni etibarliliq problemlarina shomiyyatli tasir gostarir vo bu nozore alinmalidir.
Etibarlilig, gaynaq ndvii, maksimum mexaniki miigavimatin artirtlmasi, istehsal masraflorino
tosir gostorilmosi, istilik mibadilocisinin kasilmalori naticasinds oldon ¢ixmis imkanlarin
azaldilmas, istilik miibadilo operatorlart ilo bagli nasazliqlarin aradan qaldirilmast vo s.kimi
cirklonms tohlil olunmalidir, ¢iinki bu, texniki xidmot problemlarina shomiyyatli doaracados tosir
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gostarir. 30% - o godor texniki xidmot xorclorinin illik azalmasi etibarliliga dair gabaqcil
naticalorin totbigi vo istilik mibadilogisinin ugursuzlugunun sabablorini misyyanlosdirmaklo
oldo edilo bilor. Bu analizlor ugursuzluglarin ssbablorinin arasdirilmasi, golocok Qoza
ehtimallarinin prognozlasdirilmasi, tomizlomonin planlagdirilmasi vo planlagdirilmasi, eloco do
etibarliliq vo tomir islorinin hesablanmasi daxildir.

Acar sozlar: istilik mubadilosi aparatlari, modellosdirma Vo optimallagdirma, sabakanin
layihalondirilmasi, neft emall, istilik rekuperasiyasi sistemlari.
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