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Mathematical model of non-isothermal flow
of oil through the trunk pipeline

stationary mode of a current are examined. It is spoken in detail the process of calculation 0
of a current for transportation of high-viscosity oil and oil products in the warmed-, e
which the total cost of energy costs of pumping and heating of oil would befmini
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energy expenses, speed of current.
Introduction J

The Kazakhstan oil is considered very viscous, and its
requires big energy expenses. On the other hand, the consi

tion in the warmed-up state on pipes
e pipelines work with plan underload.
cost of pumping will be minimum is very
n-isothermal flow of high-viscosity oil in the
main pipeline and to find such management of proé
pumping and for heating of oil would be minim

under loading [1].
C 'he following problems:

For achieving the purpose it is necess

— to study process of non-isotherm -viscosity oil in the main pipeline;
— to put and solve the problem o - hydraulic flow of liquid in the pipeline;
— to estimate the cost of transportation of high-viscosity oil;

— to calculate the optimum s aflow of oil at which cost would be minimum.

Basic calculations

speed of operation of the underloaded oil pipeline were executed by means of
anguage C+£.

Computation of o
object-oriented progra

Calculation ofptemperature, pressure and energy consumption for operation of the pipeline

alc temperature at an entrance to each site. Calculation of temperature is calculated by means
W 11 rmula
_ o1
T'j—tl = Teny + (Tj - Tenv) € v

T = Tynin = 33°C.

For finding of temperatures on sites, it is necessary for us a difference of sites, which they are provided in
drawing from above under L; value (Fig. 1) [2].

Lj = [x1, 22, 23, 24, 5] = [145000, 177000, 111000, 95000, 213000] k.
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Figure 1. Distribution of temperature along the route of the oil pipeline

Calculation of pressure on an entrance to each site (Fig. 2). Calculation of pressure on andentrance to each
site is calculated by means of the following formula

a;—1

APJ = Pj_ — Pj_ =1 + FE - ’l,l)2_m[Aj_1 — Bj—l . ATenv . UJ(B J“’ (@j—1—zj

Pf = Pin. = 2atm.

Ps* P4*

Figure 2. Distribution of pressure oute of the oil pipeline [2]

Calculation of energy consumption for exploi pipeline. Calculation of cost is calculated by means

of the following formula

\

S: . Pj—l—éwajAT]
=1 j=1

leulation of optimal speed

Calculation of optimal spee alculated by means of the following formula
i1 N Qi
w=20-AT, o e +ae-E-wdT™[(4—m) ~ATem,-w‘Zijj(e T —1)—
j=1
N N .
—J=2
—(3—m) ZyjAj — ATy Zijjaje ]
j=1 j=1
N N .
i
: [aez w0 Hj + 6 ATy, Zyj(e v —1)].
j=1 j=1

means of the found speeds, we find anew temperature, pressure and cost. In which speed, cost will be
minimum — it will be optimum speed [3-5].

Results of thermal-hydraulic calculation for different seasons

Heat hydraulic calculation for spring. For spring temperature surrounding will be T¢,,, = 10 °C.
In Figure 3 provides the view of interface which gives the results of thermal-hydraulic calculation for spring.
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T1=49,1193396825508°C ol Ona ckopoctw[0] =0,5m/c: A
T2-53,9848767355601°C T0-49,1198396825808°C

T3=44,5389482662435°C T1=53,9848767355601°C

T4=42.5728644824365°C T2-44.5380482662438°C

P[1]=632414,6369526 o T3-42,5728644824365°C v

Optimal speed w[1] = 0,617414846274554 m/c
Cost = 62,6501759315065 tenge/s = 225540,633353423 tenge/h

Figure 3. Window of results of thermal-hydraulic calculation for spring

From Figure 4, we can assume that at w = 0,61 speed, we have the minimum cost. Tjh e, spring it
will also be optimum speed.

a0 e

0,5

Figure 4. Dependenceyof working cost of the oil pipeline on speed

Thermal-hydraulic calculatiomfor er. For summer temperature surrounding will be T¢,, = 18°C.
In Figure 5 provides the vi face which gives the results of thermal-hydraulic calculation for summer.

e [ | 4 [145000.177000.11100]
o oss | w [05 1 Havame
b |0.000325 | e [B |
Pmax. ‘MDDDD |
Pmin ‘ZDDDDD |
T1-43,5129359234222°C ol Ons ckopocti wil] = 0,5 mfe: A
T2=46,6857891753653°C T0=43.5129359234222°C
T3=40,5254010432025°C T1=46.6857891753653°C
T4=39.2431724885455°C T2=40,5254010432025°C

T3-39,2431724885455°C

Optimal speed w[1] = 0,594072389784998 m/c
Cost = 43,764418559328 tenge/s = 157551,906813581 tenge/h

Figure 5. Window of results of thermal-hydraulic calculation for summer

From Figure 6, we can assume that at w = 0,59 speed, we have the minimum cost. Therefore, for summer
it will also be optimum speed.
Thermal-hydraulic calculation for winter.For summer temperature surrounding will be T¢,,, =2 °C.
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Figure 6. Dependence of working cost of the oil pipeline on spee

In Figure 7 provides the view of interface which gives the results of therm@al-hydr alculation for winter.
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T1=54.7267404417393°C
T2-61283964295755°C

T3=43,5524954892851°C
T4-459025564763274°C
P[1]-485449,864386659

Optimal speed w[1] = 0,628709583
Cost = 81,592791588232 tenge

Figure 7. Window of zésult mal-hydraulic calculation for winter

From Figure 8, we can assume th. w = 0,62 speed, we have the minimum cost. Therefore, for winter it
will also be optimum speed.
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Figure 8. Dependence of working cost of the oil pipeline on speed
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In Figure 9 provide the change of optimum speed at different seasons, i.e. for spring, summer and winter.
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Figure 9. The change of optimum speeds at different, seasgns

We can assume, in winter that transportation requires more speed thanimo asons. And respectively,
there will be more energy consumption in the winter than in other two [6].

The recetved resu

As a result of the conducted research, we can draw the fo
1. Process of transportation of oil through the pipelingyi

4. Calculation of temperature and pressure for d peeds of a current of oil with estimation of cost is
executed.

5. The technique of obtaining optimum sp @ current of oil at which working costs of the oil pipeline
are minimum is developed.
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MyHaiiIbIH MarucTpaJjaabl KyObIp apKbLJIbl N30TE€PMUSJIBIK, €MeC
KO3FaJIbICBIHBIH MaTEeMAaTUKAJbIK MOJEJi

Makasiazia TYTKBIPJIBIFBI KOFapbl MYHAMIbIH, U30TEPMUSJIBIK €MeC arblHbl CHNATTAJFaH. MarucrpasibIk
MyHait KyObIpbI OOMBIHINA TYTKBHIP CYHBIKTBIKTHIH W30TEPMUSIIBIK €MeC aFbIlHbI, MyHAll MEH MyHail oHi
JiepiH OHIpy aJlaHbIHAH TYTHIHYIIbIFa Jeiiin, 2KDO-uan TyprbIH yiljilep MeH OHIIpiCTIK HblcaHmapra Jeiil
BICTBIK, Cy aFbIMBIH »KOHE Tarbl 0acKa TachIMaJay YIINH ToH. TYTKBIp CYHBIKTHIKTHIH U30TEPMUSLIBIK, €MeC
AFBIHBIHBIH, OIpOJIIITeM/ 1l MATEMATHKAJIBIK, MOJIE/] YKOHE TYPAKThI arblH TOPTIOiHE apHAJFaH OTHI
MIBIFBIHAPBIH €CEeNTEY/IiH Heri3ri hopMyIacsl 3epTTesai. T'yTKBIPIBIFI KOFapbl MyHall MeH
JIepiH KBI3IbIPBUIFAH KYiiiHie KyObIpsap OGOMBIHINIA TaCBIMAJIAY YIIIH MYHAWIbl ailfiayra Ko
KETETiH OTBIH-SHEPIHUsl IMIBIFBIHIAPBIHBIH XKAJIbI KYHBI a3 O0JIATBIHIAN aFbIHHBIH, OHTANIBI Kbl
ecernTey yJepici TOJIBIK CHUIIATTAJIFaH.

Kiam ce3dep: TYTKBIPJIBIFBI >KOFapbl MYHAi, TYTKBID CYHBIKTBIK, U30TEPMHUSLIBIK €Me @ BIHHBIH,
CTaIMOHAPJIBIK TOPTIO1, KYOBIP, S9HEPTEeTUKAJIBIK, IIIBIFBIH, AFBIH YKBLIIaM/IBIFHL.

[".Canranosa, T.Alicuna

MaremaTundeckasi MO/ieJIb HeI/I30TepMHA oro JIBU>KeHns HedTu
10 MarucTpPaJbHOMY T BO/LY

B crarbe onmcano HemsoTepMmuUecKoe TeUeHUE BHICOKOBsBKOM\HeGrr. Henzorepmudeckoe TedeHme BA3KOM
KUIKOCTH IO MaruCTPAJILHOMY TPYOOIPOBOIY Xapa TPAHCIIOPTUPOBKYU HeDTU U HEDTEMTPOILYK-

[ pebiiretio, Juisi TedeHus ropsyei Bogubl ot TOL]
. UlccnenoBans! ofHOMepHAsT MaTeMaTHIECKAsT
MOJEIb HEM30TEPMUYIECKOTO TEIEHUS BI3KO 1 (bopMysIa CTOMMOCTH TOTLTUBHO-IHEPTETUIECKUX
3aTpar Jisl CTAlOHAPHOIO PEXKUMa Tede OIIMCAH IPOIECC BBIUKMCJIEHUS ONTUMAJIBHON CKO-
POCTH TE€YEHUs JIJIsI TPAHCIOPTHUPOBKN HeTH 1 HePTEIPOAYKTOB B IOJOIPETOM COCTOSHUN
0 TpyOOIIPOBOAAM, TPH KOTOPOM OCTb YHEPreTHYECKUX 3aTPAT Ha MEPEKAYKY U IOJIOTPEB
HedTH O6bL1a OB MUHUMAJIBHOM.

Knoueswvie ca06a: BHICOKOBSI3KAS HE , BA3Kad KUIKOCTH, HECU30TCPMUYICCKOE TEYCHUE, CT&HHOHapHLIﬁ
PEXKUM TeYeHUsl, TPYOOIPOBO/I, TeTU4YecKre 3aTpaThbl, CKOPOCTb T€YEHHUS.
References
1 Karymsakéva, rshak, A. & Movsumzade, E. (2003). Razvitie truboprovodnoho transporta nefti
v Respub Kazakhstan [Development of pipeline transport of oil in the Republic of Kazakhstan]. Moscow:
Ch imyRussian].
e kava, L. & Vdovichenko, G. (1995). Matematicheskoe modelirovanie nestatsionarnogo techeniia
e ennom nefteprovode [Mathematical modeling of a non-stationary current in the underloadedoil

ipeline|. Vestnik Kazakhskii universiteta. Seria matematichtskaia — Bulletin of KAZSU. Mathematic
series, 85. Alma-Ata: KazHU [in Russian].

esterenkova, L. (1980). Reshenie zadach v neizotermicheskom dvizhenii nefti v truboprovode [The

solution of tasks in non-isothermal movement of oil in the pipeline]. Matematicheskoe modeliovanie

i optimalnoe upravlenie — Mathematical modeling and optimum control, 200. Alma-Ata: KazHU [in Russian)].

4 Nesterenkova, L. (1988). Teplohidravlicheskii raschet ustanovivshehosia neizotermicheskoho techeniia

nefti v razvetvlennom nefteprovode [Thermal-hydraulic calculation of the established non-isothermal

current of oil in the branched oil pipeline|. Matematicheskoe modelirovanie nestatsionarnykh protsessov —
Mathematical modeling of non-stationary processes, 130. Alma-Ata: KazHU [in Russian].

Cepust «Maremarnkas. Ne 4(88)/2017 61



G.Saltanova, T. Aisina

5 Nesterenkova, L. & Lukyanov, A. (1987). Optimizatsiia neizotermicheskogo v techeniia nedohruzhennom
nefteprovode [Optimization of non-isothermal current underloaded oil pipeline]. Matematicheskoe mode-
lirovanie iavlenii perenosa — Mathematical modeling of the phenomena of transfer, 65. Alma-Ata: KazHU
[in Russian].

6 Saltanova, G. & Aisina, T. (2016). Matematicheskaia model neizotermicheskoho techeniia viazkoi nefti
v truboprovode [Mathematical model of non-isothermal flow of oil in a pipeline]. Vestnik Atyrauskoho
hosudarstvennoho universiteta — Bulletin of the Atyrau State University, 4(43), 188 [in Russian].

O

62 Bectauk KaparanmuHckoro yHuBepcuTeTa





