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Key words: One of the actual challenges in fluid (oil, water and gas) transportation from wells to oil treatment installation is
oil emulsion, thermal conductivity, determination of a law of temperature distribution along the length of a pipeline at low ambient temperature. That
heat transfer, friction, viscosity, temperature leads to increase in viscosity and deposition of wax on inner surface of a pipe. To overcome that challenge
heat balance, temperature, density, it is needed to consider several defining characteristics of formation fluid (FF) flow. Complexity of a solution is caused

oil pipeline, flow, environment,
water concentration, hydraulic
resistance, volume rate, gas.

by two factors. From the one hand, in most cases (especially on a late stage of field development) FF is an oil emulsion
(OE) that contains gas bubbles. From the other hand, temperature gradient between fluid flow and the environment has
significant value (especially in the winter period of the year). At the same time, the higher content of emulsified water
droplets (EWD) in OE and lower flow temperature, the higher FF viscosity, and consequently productivity (efficiency)
of oil pumping system is reduced. Performed research and analysis of field experimental data showed that a function of
oil viscosity versus temperature has a hyperbolic law; a function of OE viscosity versus concentration of EWD has a
parabolic one. A heat balance for a certain section of a pipeline in steady state of fluid motion using a method of
separation of variables was established taking into account above mentioned factors, Fourier's empirical laws on heat
conductivity and Newton's law on heat transfer. As a result, unlike existing works, an exponential law of distribution of
temperature along the length of a pipeline is obtained. A law takes into account nonlinear nature of change in viscosity
of OE from change in temperature of flow and concentration of water in an emulsion.
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OpnHO#T U3 aKTyaJbHBIX MPOOJIEM MpHU IepeKauke m1acToBoro ¢uionaa (HedTH, BOABI U ra3a) OT CKBaXHH JI0 YCTAHOBKH
MOATOTOBKH HE()TH SIBISETCS ONPEACICHHE 3aKOHA PacIIpe/Ie/ICHUs TEMIePaTypsl [0 JUIHHE He()TEIPOBOAa IPH HU3KOH
TeMIIepaType OKpyKarolieil cpeibl, IPUBOJIIICH K MOBBILICHHIO BI3KOCTH U OTJIOKEHUIO HAa BHYTPEHHEH MOBEPXHOCTU
TpyOBl acdanbTeHOCMOJIONapa@UHUCTBIX BellecTB. PernreHue maHHON mnpoOieMbl TpebyeT yueTa HEKOTOPBIX
OTNPEACIAIONIMX XapaKTEePHCTHK MOTOKA MmacToBoro duonna (IIP). CroKHOCTD penIeHHs STON 3aaql 3aKJII0YaeTCs B
TOM, YTO, C OJJHOH CTOPOHBI, B GONBIIHHCTBE CiIyyasX (0OCOOCHHO Ha IMO3/HEl cTajuu pa3paboTku MecTopoxaeHus) [P
SIBIISICTCSL HE(TSIHOM dMYJIbCHEH, COepIKalleil Ta30Bble My3bIPbKH, C IPYTOi CTOPOHBI, TPAJIUCHT TEMIIEPATYPhl MEKIY
MTOTOKOM XXHJKOCTH ¥ OKpY’Xalollel cpeloil MMeeT CyIecTBeHHOE 3HaYeHUe (0COOCHHO B 3UMHHIT nepuox roxa). Ilpu
9TOM C MOBBIIICHUEM COAEPIKAHUS IMYJIbIUPOBAHHBIX BOASHBIX Kanesb (OBK) B He(TAHOI SMysIbcHH U C TOHHKEHHEM
TeMIeparypsl 1OTOKa BsiskocTh IIDK  moBbImiaercs, U, CJeJOBaTEeIbHO, CHIDKACTCS  IPOU3BOJIUTEIBHOCTH
(3 dexrtuBHOCTD) HedTenepekaynBaromeil cucreMbl. I[IpoBeJCHHBIE HMCCICJOBAHUS M aQHAIN3  IIPOMBICIOBBIX
9KCNIEPHUMEHTAIBHBIX JAHHBIX IOKAa3ald, YTO U3MEHEHHE BSI3KOCTH HE(TH OT 3HAYEHMS TEMIIEPaTypbl OMHCHIBACTCS
TUIEpOOINISCKAM 3aKOHOM, a BSI3KOCTh HeTsAHOM sMynbcun oT KoHueHTpauun DBK — mapadomuueckum. C yueTom
9THX (HAKTOPOB M IMIUPHUYECKUX 3aKOHOB Dypbe 0 TeruonpoBogHocTH, Hpl0TOHA 0 Teronepeaade cocTaBieH GaaaHc
Temaa A8 ONPEEeICHHOTO YydYacTKa HedTenpoBoja MPH YCTAHOBUBLIEMCS PEKHME [BHKCHHS IKMAKOCTH C
HCIIOJIb30BaHUEM METOJa pa3/ielieHHs NMEepEeMEeHHBIX. B pesyibraTe, B OTIMYHE OT CYLISCTBYIOIIMX paboT, MONydeH
9KCIMOHCHIMAIBHBIA 3aKOH PACIpEeAeNCHNs] TEMIIepaTypsl IO JUIMHE HEe(TErpoBOJa, yYHTHIBAIOIINNA HEIHHEHHBII
XapakTep HW3MEHEHHs BS3KOCTH HE(TSIHOH OMyIbCHM B 3aBHCHMOCTH OT H3MEHEHHS TEMIepaTypbl IOTOKAa H
KOHI[CHTPALIMH BOJBI B OMYJIbCUH.
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Introduction

Low environmental temperature that surround
a pipeline from oil production wells to an oil
treatment unit leads to increase in viscosity,
presipitation of wax on inner walls of a pipeline
and as a result to friction head loss. Determination
of temperature distribution along a pipeline is one
of the important challenges in upstream.

In order to determine friction head loss 5,

along a pipeline of round section the Darcy—
Weisbach equation is used [1-3]:
2
h, =)»L8—=i-l, (1)
: D 2p
where A is for coefficient of hydraulic resistance
that depends on the Reynolds number and relative
roughness of the inner surface of a pipeline; / and
D are for length and diameter of a pipeline, m; p is
for liquid density, kg/m®; 9 is for average speed of
liquid flow, m/s.
As a result of friction on elementary section of
a pipeline dz some work are lost. That work is
represented by the equation

G 17}
GT — OEpOEgl Z, (2)
E
where G, ,p,, are for volumetric rate, m’/h, and

density, kg/m”®, of oil emulsion respectively; g is for
gravity, m?/s; z is for distance from oil production
wells, m; E is for mechanical equivalent of heat (1
kcal =427 kgs'm =427-9,81 N-m).

There are formula (2) is used in [1, 4] to
determine a degree of liquid distribution along the
pipeline. However, this formula does not reflect
direct effect of oil viscosity on a temperature value.

If we write heat balance for an elementary
section of a pipeline dz under steady-state fluid
motion and solve a composite differential equation
using the method of separation of variables, then we
get an exponential function of change of current
temperature value versus length of a pipeline,
temperature at the beginning of a pipeline and
temperature of surrounding environment [1, 4].
However, as it is shown in [1], one of determining

factors of fluid flow (oil, water, gas) such as oil
viscosity in a pipeline is not considered. The value
of this factor is also reinforced by the fact that in
real conditions it is not oil, which was the subject of
research by the authors of the works [1, 3, 5-13], but
a much more complex oil emulsion with a gas
mixture flows inside a pipeline from oil production
wells to an oil treatment unit. At the same time,
flow of mixture and gas in comparison with oil flow
leads to additional increase in A value and »,

consequently.

In order to take into account viscosity solution
of a differential equation was done using a
simplified method (linear dependence) of change
in viscosity from change in a value of current
temperature [3].

Challenge statement

Based on the analysis of existing works it
follows that establishment of a law for distribution
of temperature along a pipeline, taking into
account nonlinear character of change in viscosity
of an oil emulsion from change in temperature of
flow of formation fluid (water, oil and gas) and
concentration of water in an oil emulsion as well as
initial temperature of flow and temperature of the
surrounding environment is an urgent task.

Challenge solution

Our studies and analysis of field experimental data
have shown that change in oil viscosity as a function
of temperature is described by hyperbolic law

_ al
b+ct’

Lo

and viscosity of an oil emulsion is determined by
the following equation:

HOEZHO'B=“0[1+SW+(XW2:|=
_ap _ a )

“b4ct b+ct

where ,,H,; are for viscosities of oil and oil
emulsion respectively, g/(cm's) (Poise) or
1.019-10* (kg'sym*> (Pa); w is for the
concentration of emulsified water droplets in an oil
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emulsion; a, b, ¢, s, a are for coefficients
determined experimentally; ¢ is for temperature of
an oil emulsion, °C.

The amount of heat released from friction of an
oil emulsion over a corresponding section of a pipe
length dz over the time drt is determined by the
following equation

128G}
= %dz -dt. 4)
nD"E
The amount of heat lost by flow of an oil
emulsion flowing during time dt through the area
of interest is expressed by the equation [14—16]

dt
G, =GpeporCor Edz -dr, (5)

where p,, :wpw+(1—w)po, Cor :wCW+(1—W)C0,

P> Pos Por are for the density of water, oil and an oil
C,.C,,C,

w2

emulsion respectively, kg/m’; are for

specific heat of water, oil and an oil emulsion,
kcal/(kg-°C).

Then, using Newton's cooling law [14-16], it is
possible to determine amount of heat lost by a
pipeline wall in a cooling medium with a
temperature ¢, along dz in time dt [16-18]:

Gy, =nDK, (t—1,)dz-dr, (6)
t -1
K =\, M (7)
( lzq wall )6
(;\'lhO + 7\‘2hwal/ + ;\'Shgr )

= ; (8)

av 6
where K, 1s for heat transfer -coefficient,

kcal/(m*-°C-h); Aep 18 for average heat conductivity
of an adhesive oil layer (or wax), wall of oil
pipeline and layer of soil covering the pipeline,
kecal/(m*-°C-h); ¢ t,and ¢, are for temperature

of a wall of pipeline, the environment and liquid in
the pipe respectively, °C; § is for the total thickness
of a near-wall oil layer, a wall of pipe and ground,

wall >

d=hy+h,,+h,; by, h,, and b, are for thickness
of an oil layer, walls of an oil pipeline and soil, m;
M, AN, A3 are for corresponding thermal

conductivities of mentioned layers.

In order to determine average flow speed of a
liquid in a round circle tube the parabolic Stokes
law is used [19-20], i.e.

9= ! (D—z—rz)—(—a—p], )
4p,: 4 0z

where 7 is for a parameter expressing change in
thickness of a liquid from the center of the flow to
the wall.

In this case, fluid flow rate G is determined as
follows:

D/2 4
G= jznrdr 9=- (ap] T (0
0z )128u,,

Taking into account (9) and (10), we obtain
D

2 2
G, = J.anuﬂ(@j dzdtdr =
0 E \ or

— 7[D4 1282G(2)EM0E d d‘C
128, E (nD“)
:128GéE|~l0E dz - dr,
nD'E

where p, 9 are pressure, Pa, and average speed of
an oil emulsion flow, m/h; t is for time, h.

On the basis of the above mentiond, we
compose heat balance for an elementary section of
a pipe dz under steady-state flow conditions of an
oil emulsion:

2
AG =G, G, ~G,, = 22G0etor _
~GoePorCor — d —nDK, (t—1,)=0.

To determine distribution (change) of temperature
of an oil emulsion flow along the length of a
pipeline from oil production wells to an oil
treatment unit, integrating the differential equation
(11), taking into account formula (1), we obtain

JI b+ct _
e\’ +J (b—ct))t—(bJ 1, +J a) (12)

=-z+¢,
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128G,
aD'E "’
t, ty are for current temperature and temperature

surrounding oil pipeline, °C; ¢, is for integration

where J, =nDK,, J, = J5 = Gop -Por * Cor

constant; z is for distanve from oil production
wells, m.

Taking the notation c/,=r; J (b—ct)=d;
bJ\T, +J,a = e, we transform the integral (12) into
the following type:

J3J. b+ct

—rt2+dt_edt=—z+cl. (13)

After some transformations the integral (13)
looks as follows

b+ct

J, o
Tj—(Hn)(Hm)dt_ z+e,. (14)

Solution for the integral equation (14) is
K -In[c,(t+n)? -(t+m) |==z+¢. (15)

Values of ¢, are estimated for initial conditions

z=0, t=1,
¢ =K, ln[cz(t0 +n)” (1, +m)q],

where n, m, p, q are for variable coefficients that

are determined depending on technological
parameters, i.e.
1 ) 12
n z—[d—(d +4re) },
2r
m= i[d + (d2 + 4re)1/2},
r
p=cn—>b,
qg=b—cm,
e
r(n—m)’

where d =J,(b—ct,)),e=bJt,+J,a,,r =cJ,.

As a result, we obtain desired equation for
dependence of change in temperature of an oil
emulsion flow on initial temperature (z)) and
distance along an oil pipeline from oil production
wells to the current point (z):

(t+n)’-(t+m)" =

z
=(t, +n)"-(t, + m)’ exp| — .
(t, +n)" (¢, +m) p( J3Kl]

Thus, calculated values of temperature
distribution of an oil emulsion flow along an oil
pipeline from oil production wells to an oil
treatment unit were determined depending on
distance (table).

Calculated values of temperature distribution
along an pipeline

Z,m

. 10| 12 | 14 | 16
0 | 2000 | 4000 | 6000 | 8000 | o | 000 | 000 | 000

0.1]30(28.439|26.957|25.595|24.342(23.191|22.132|21.169|20.264

0.2]30(18.499(13.628|11.566(10.692{10.322|10.165|10.099(10.071

Taking into account calculated values indicated
in the table, a graph of change in temperature
distribution along a pipeline is built (Fig.)

Fig. Change in distribution of temperature
along the length of a pipeline

The figure shows that the bigger the length the
exponentially smaller the temperature of oil
emulsion flow. Herewith, temperature of oil
emulsion flow at z = o is equal to temperature of
the surrounding oil pipeline environment.

Conclusion

System analysis of modern state of the
challenge to determine distribution of temperature
of oil flow, oil emulsion and three-phase system
oil-water-gas along the length of oil pipeline is
performed.
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It is shown that existing works on mathematical
modelling of change of flow temperature along the
length of a pipeline do not consider influence of viscosity
of an oil emulsion on distribution of temperature.

Therefore, the authors of the paper propose a
hyperbolic law of change of oil viscosity from
temperature and parabolic law of change of oil
emulsion viscosity depending on concentration of
emulsified water droplets in oil.

The mathematical model of distribution of oil
flow temperature along the length of an oil
pipeline depending on viscosity of an oil
emulsion has been developed. That wuses
empirical law of Fourier on thermal
conductivity, Newton's heat transfer law and
viscous friction of oil emulsion flow. Calculated
results of temperature distribution along a
pipeline are presented.

References

1. Lutoshkin G.S. Sbor i podgotovka nefti, gaza i vody
k transportu [Collection and preparation of oil, gas and
water for transport]. Moscow, Nedra, 1972, 324 p.

2. Kelbaliev G.I., Rasulov S.R., Rzaev A.G.
Neftianaia gidrodinamika [Petroleum hydrodynamics].
Moscow, Maska, 2015, 360 p.

3. Kelbaliev G.., Rasulov S.R. Gidrodinamika i
massoperenos v dispersnykh sredakh [Hydrodynamics and
mass transfer in disperse media]. Saint Petersburg,
Khimizdat, 2014, 568 p.

4. Leibenzon L.S. Neftepromyslovaia mekhanika.
Sobranie trudov [Oilfield mechanics. Collection of works].
Moscow, Izdatel'stvo Akademii nauk SSSR, 1955, vol. III,
pp-29-30, 252-273.

5. Gong J., Zhan Y. et al. Wax deposition in the oil
gas two-phase flow for a horizontal pipe. Energy Fuels,
2011, 25, 4, pp.1624-1632. DOI: 10.1021/ef101682u

6. Moshfeghian M., Johannes A.H., Maddox R.N.
Thermodynamic properties are important in predicting pipeline
operations accurately, Oil Gas J, 2002, 100, 11, pp.56-62.

7. Zhang H., Tan Y.Q., Yang D.M. et al. Numerical
investigation of the location of maximum erosive wear
damage in elbows effect of slurry velocity, bend
orientation and angle of elbow. Powded Technology, 2012,
vol.217, pp. 467-476. DOI: 10.1016/j.powtec.2011.11.003

8. Tan Y.Q., Zhang H. et al. Numerical simulation of
concrete pumping process and investigation of wear
mechanism of the piping wall. Tribology International, 2012,
vol. 4, pp. 137-144. DOI: 10.1016/j.triboint.2011.06.005

9. Illes B., Bobok E., Zsuga J., Toth A. Pressure and
temperature drop in gas transporting pipelines. Advanced
Logistic Systems, 2012, vol.6, no.1, pp.159-166.

10. Duan JM., Wang W. et al. Energy equation
derivation of the oil-gas-flow in Pipelines. Oil and Gas
Science and Technology-Rev. IEP Energies nouvelles, 2013,
vol. 68, no.2, pp.341-353. DOI: 10.2516/0gst/2012020

11. Enbin Liu, Liuting Yang et al. Simulation on the
temperature drop rule of hot oil pipeline. The Open Fuels

and Energy Science Journal, 2013, 6, pp.55-60.
DOI: 10.2174/1876973X01306010055.
12. Hongjun Zhu, Guang Feng, Qijun Wang.

Numerical investigation of temperature distribution in

an eroded bend pipe and prediction of erosion
reduced thickness. Hundawi Publishing Corparation.
The Scientific World Journal, 2014, Article ID 435679,
10 p. DOI: 10.1155/2014/435679

13. Bobok E. Fluid mechanics for
engineers. Amsterdam, Elsever, 1993, 236 p.

14. Rzayev A., Guluyev G. et al. Determining oil well
debit using outlet temperature information processing.
Proceeding of the sixth International Conference on
Management Science and FEngineering Management.
London, Springer-Verlog, 2013, vol.1, chap. 4, pp.55-64.
DOI: 10.1007/978-1-4471-4600-1_4

15.Rzaev Ab.G., Rasulov S.R., Abasova LA,
Ragimova S.N. Razrabotka sistemy upravleniia protsessom
dinamicheskogo otstoia neftianoi emul'sii [Development of a
control system for the process of dynamic sludge of oil
emulsion]. Oborudovanie i tekhnologii dlia neftianogo
kompleksa, 2014, no.5, pp.40-43.

16. Aliev T., Rzayev A., Guluyev G. et al. Indirect
method measuring oil well debit./V International Conference
“Proplems of Cybernetics and Informatic”, Baku, 2012, vol.
M1, pp.16-18. DOI: 10.1109/ICPCI.2012.6486364

17. Kasatkin A.G. Osnovnye protsessy 1 apparaty
khimicheskoi tekhnologii [Basic processes and apparatuses of
chemical technology]. Moscow, Khimicheskaia literatura,
1960, 829 p.

18. Guluev G.A., Rzaev Ab.G., Rasulov S.R. et al.
Matematicheskoe modelirovanie protsessa teploperedachi
v stvole neftianykh skvazhin [Mathematical modeling of
the process of heat transfer in the trunk of oil wells].
Avtomatizatsiia, telemekhanizatsiia i sviaz' v neftianoi
promyshlennosti, 2015, no.1, pp.44-47.

19. Kelbaliev G.I., Rasulov S.R., Rzaev Ab.G,,
Suleymanov G.Z., Tagiyev D.B. Rheological model for
flow of nonnewtonan petroleum. Reports of National
academy of sciences of Azerbaijan, 2015, no.1, pp.56-59.

20. Rasulov S.R., Rzaev A.G., Abasova [.A., Ragimova
S.N. Modelirovanie reologicheskikh svoistv nen'iutonovskoi
nefti [Modeling the rheological properties of non-
Newtonian oil]. Nen'iutonovskie sistemy v neftegazovoi
otrasli. Materialy mezhdunarodnoi nauchnoi konferentsii
Baku, 2013, pp.210-212.

petroleum

ISSN 2224-9923. Bectaux ITHUITY. I'eonorus. Hedrerazosoe u roproe gexo. 2017. T.16, Ne2. C.158-163



ISSN 2224-9923. Perm Journal of Petroleum and Mining Engineering. 2017. Vol.16, no.2. P.158-163 163

Bubaunorpaguyeckuii cnucox

1. JIyromwkun I'.C. COop u noaroroBka HedTH, ra3za u
BOJEI K TpaHcnopTy. — M.: Henpa, 1972. — 324 c.

2. Kenbanues I'.U., Pacynos C.P., P3aeB A.I'. Hedrsinas
TUIpOAMHAMUKA: MOHOTpP. — M.: Macka, 2015. — 360 c.

3. Ken6amues I'.1., PacynoB C.P. 'mpponunamuka u
MaccomepeHoc B JUCHEPCHBIX cpemax: MoHorp. — CIIO6.:
Xumusznar, 2014. — 568 c.

4. Jlenibenzon JI.C. HedrenpombicioBasi MexaHHKa:
cobp. Tp. — M.: U3p-Bo Axax. mayk CCCP, 1955. —
Towm III. — C. 29-30, 252-273.

5. Wax deposition in the oil gas two-phase flow for a
horizontal pipe / J. Gong, Y. Zhan [et al.] / Energy Fuels. —
2011.—-25,4.—P. 1624-1632. DOI: 10.1021/ef101682u

6. Moshfeghian M., Johannes A.H., Maddox R.N.
Thermodynamic properties are important in predicting
pipeline operations accurately // Oil Gas J. — 2002. — 100,
11.-P. 56-62

7. Numerical investigation of the location of maximum
erosive wear damage in elbows effect of slurry velocity, bend
orientation and angle of elbow / H. Zhang, Y.Q. Tan,
D.M. Yang [et al.] / Powded Technology. — 2012. —
Vol. 217. — P. 467-476. DOI: 10.1016/j.powtec.2011.11.003

8. Numerical simulation of concrete pumping process and
investigation of wear mechanism of the piping wall / Y.Q. Tan,
H. Zhang [et al.] // Tribology International. — 2012. — Vol. 4. —
P. 137-144. DOI: 10.1016/j.triboint.2011.06.005

9. Pressure and temperature drop in gas transporting
pipelines / B. Illes, E. Bobok, J. Zsuga, A. Toth / Advanced
Logistic Systems. —2012.—Vol. 6, Ne 1. — P. 159-166.

10. Energy equation derivation of the oil-gas-flow in
Pipelines / J.M. Duan, W. Wang [et al.] // Oil and Gas Science
and Technology — Rev. IEP Energies nouvelles. — 2013. —
Vol. 68, Ne 2. — P. 341-353. DOI: 10.2516/0gst/2012020

11. Simulation on the temperature drop rule of hot oil
Pipeline / Enbin Liu, Liuting Yang [et al.] / The Open
Fuels and Energy Science Journal. — 2013. — 6. — P. 55-60.
DOI: 10.2174/1876973X01306010055

12. Hongjun Zhu, Guang Feng, Qijun Wang.
Numerical investigation of temperature distribution in an

Please cite this article in English as:

eroded bend pipe and prediction of erosion reduced
thickness // The Scientific World Journal / Hundawi
Publishing Corparation. — 2014. — Article ID 435679. —
P. 10. DOI: DOI: 10.1155/2014/435679

13. Bobok E. Fluid mechanics for petroleum
engineers. — Amsterdam: Elsevier, 1993. — 236 p.

14. Determining oil well debit using outlet
temperature information processing / A. Rzayev,
G. Guluyev [et al.] / Proceeding of the sixth International
Conference on Management Science and Engineering
Management. — London: Springer-Verlog, 2013. — Vol. 1,
Chap. 4. — P. 55-64. DOI: 10.1007/978-1-4471-4600-1 4

15. Pa3paGoTka CHCTEMBI YIPaBICHUS IPOLECCOM
JIMHAMHAYECKOTO OTCTOSI HeTsHOM amynbcun / A0.I. P3aes,
CP. PacymoB, WH.A. AbacoBa, C.H. ParmmoBa //
ObopynoBaHHe M TEXHOIOTHH ISl HE(YTSIHOTO KOMILIEKca. —
2014.—Ne 5. —C. 40-43.

16. Indirect method measuring oil well debit / T. Aliev,
A. Rzayev, G. Guluyev [et al.] / IV International Conference
“Proplems of Cybernetics and Informatic”. — Baku, 2012. —
Vol. III. - P. 16-18. DOI: 10.1109/ICPCIL.2012.6486364

17. Kacatkua A.I'. OcHOBHEIE TIPOIIECCH U aIllapaThl
XUMUYECKOHN TeXHOJOruu. — M.: XuMuueckas JurepaTypa,
1960. — 829 c.

18. Maremaruyeckoe MOJEIUPOBAHME Ipoliecca
TeIUIonepelayl B CTBOJC HEQTAHBIX CKBOKHMH /
I''A. T'ynyeB, AG6.I'. P3aes, C.P. PacymoB [u np.] //
ABTOMaTH3aLMS, TeIEMEXaHH3alMsi U CBS3b B He(TIHOM
npombinuieHHOCTH. — 2015. — Ne 1. — C. 44-47.

19. Rheological model for flow of nonnewtonan
petroleum / G.I. Kelbaliev, S.R. Rasulov, Ab.G. Rzaev,
G.Z. Suleymanov, D.B. Tagiyev / Reports of National
academy of sciences of Azerbaijan. —2015. — Ne 1. — P. 56-59.

20. MozaenupoBaHue PeOIOTMYECKUX CBOMCTB HEHBIOTO-
HoBckoit Hedru / C.P. Pacynos, A.I'. P3aes, .A. Abacoga,
CH. ParmmoBa // HeHbIOTOHOBCKHE CHCTEMBI B HedTe-
ra3oBOM OTPACIU: MaTEpPUAIbl MEKIYHApPOIHOM Hay4dHOU
KOH(EPEHIINY,  TIOCBSILIEHHOH  85-1eTHeMy — roOumiiero
A.X. Mup3amkanzane. — baky, 2013. — C. 210-212.

Rzaev A.G., Rasulov S.R., Pashaev F.G., Salii M.A. Features of distribution of temperature along the length of oil pipeline. Perm
Journal of Petroleum and Mining Engineering, 2017, vol.16, no.2, pp.158-163. DOI: 10.15593/2224-9923/2017.2.6

ITpocsba ccpIaThCs Ha 3Ty CTaThIO B PYCCKOS3BIYHBIX HCTOUYHHUKAX CIEAYIONIM 00pa3oM:

XapakTepHble OCOOCHHOCTH paclpeieieHust Temreparypsl mo jaiuHe Hedrenposona / A.I. Pzaes, C.P. Pacynos, ®.I'. Ilamaes,
M.A. Canuii // Becrauk ITepMCKOro HalMOHAJIBHOTO HCCIIEAIOBATEIBCKOTO MOMMTEXHUYECKOro yHuBepcutera. ['eomormsi. HedrerasoBoe u
ropHoe geno. —2017. — T.16, Ne2. — C.158-163. DOI: 10.15593/2224-9923/2017.2.6

ISSN 2224-9923. Bectaux ITHUITY. I'eonorus. Hedrerazosoe u roproe gexo. 2017. T.16, Ne2. C.158-163



