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

In this article are described a non-isothermal current of high-viscosity oil. A non-isothermal current of
viscous liquid on the trunk pipeline it is characteristic of transportation of oil and oil products with
preliminary heating from places of production to a customer, of a current of hot water from combined
heat and power plant to inhabited arrays and production locations, etc. The one-dimensional mathematical
model of a non-isothermal current of viscous liquid and a formula of cost fuel — power expenses for the
stationary mode of a current are examined. It is spoken in detail the process of calculation of optimum speed
of a current for transportation of high-viscosity oil and oil products in the warmed-up state on pipelines at
which the total cost of energy costs of pumping and heating of oil would be minimum.

Keywords: high-viscosity oil, viscous liquid, non-isothermal current, stationary mode of a current, pipeline,
energy expenses, speed of current.

Introduction

The Kazakhstan oil is considered very viscous, and its transportation in the warmed-up state on pipes
requires big energy expenses. On the other hand, the considerable time pipelines work with plan underload.
Therefore, the choice of the modes of a current in case of which the cost of pumping will be minimum is very
demanded. The purpose of work — to investigate process of non-isothermal flow of high-viscosity oil in the
main pipeline and to find such management of process of a flow at which the total cost for power expences of
pumping and for heating of oil would be minimum when transporting by the pipelines working with planned
under loading [1].

For achieving the purpose it is necessary to solve the following problems:

— to study process of non-isothermal flow of high-viscosity oil in the main pipeline;

— to put and solve the problem of a thermo - hydraulic flow of liquid in the pipeline;

— to estimate the cost of transportation of high-viscosity oil;

— to calculate the optimum speed of a flow of oil at which cost would be minimum.

Basic calculations

Computation of optimum speed of operation of the underloaded oil pipeline were executed by means of
object-oriented programming language C#£.

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

Calculation of temperature at an entrance to each site. Calculation of temperature is calculated by means
of the following formula

a1

Tjtl = Tenv + (Tj_ - Tenv) e v

T = Tonin = 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].

L; = [x1, 2, 23, 24, 73] = [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 an entrance to each
site is calculated by means of the following formula

;-1
APJ = PJT'_ - Pj_ =H;_1+ - wz_m[A]'—l - Bj—l . ATenv : w(e{#(zj_l_mj) - 1)];

P; = Pin = 2atm.
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Figure 2. Distribution of pressure along the route of the oil pipeline [2]

Calculation of energy consumption for exploitation of the pipeline. Calculation of cost is calculated by means
of the following formula

N
S=ae-w Z(,DJAPJ‘ +6-w ZyjATJ
j=1 j=1

Calculation of optimal speed

Calculation of optimal speed is calculated by means of the following formula
N

wzé-ATemZyjaj~eJTl +ae-E-wP "4 —m) AT, 'U"Zijj(@ - —1)-
j=1 j=1
N N e
—(3 - m) ZyjAj - ATenv ZijjajeT] :
j=1 j=1

N N
: [anngHj +4- ATenUZyj(e T = 1))
j=1

Jj=1

By 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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Fo 240 c 000 li [145000,177000.11100]

k D5 D 065 w 0.5 Hauams

a 01175 b 0.000925 i 0

Tmax 85 Pmax 55000000

Tmin 3 Pmin 200000

T1=49,1193396825508°C ol Ona ckopoctw[0] =0,5m/c: A

T2-53,9848767355601°C
T3-44,5389482662438°C
T4=42.5728644824365°C

T0-49,1198396825808°C
T1=53,9848767355601°C
T2-44.5380482662438°C

P[1]=632414,6369526

T3-42,5728644824365°C

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. Therefore, for spring it
will also be optimum speed.
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67 68
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w, m/s
Figure 4. Dependence of working cost of the oil pipeline on speed

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

Ro 840 L 2000 L [145000.177000.11100]

k 05 D 065 w 05 i

a 01175 b 0.000925 Top 18

Tmax 65 Pmax 55000000

Tmin e Prmin | 200000

T1-43,5129359234222°C ol Ons ckopocti wil] = 0,5 mfe: A

T2=46,6857891753653°C
T3=40.5254010432025°C
T4=39.2431724885455°C

T0=435129389234222°C
T1=46,6857891753653°C
T2=40,5254010432025°C

P[1]=779379,40951854

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 speed

In Figure 7 provides the view of interface which gives the results of thermal-hydraulic calculation for winter.

Ro 240 c 2000 L [145000.177000.11100
k 0.5 D 0.65 w |05 Havats
a 0.1175 b 0.000525 Tk [2
Tmax 65 Pmax  |35000000

3 Py (200000

Tmin

T1=54.7267404417393°C
T2-61.283964295755°C

T3=48.5524954892851°C
T4=45,9025564763274°C

P[1]=485449 864386659

v

Nns ckopoctuw{0] =05 m/c
T0=54.7267404417393°C
T1=61.283964295755°C
T2-48,5524954892851°C
T3=459025564763274°C

Optimal speed w[1] = 0,628709583285629 m/c
Cost = 81,592791588232 tenge/s = 293734,049717635 tenge/h

Figure 7. Window of results of thermal-hydraulic calculation for winter

From Figure 8, we can assume that at 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 seasons

We can assume, in winter that transportation requires more speed than in other two seasons. And respectively,

there will be more energy consumption in the winter than in other two [6].

The received results

As a result of the conducted research, we can draw the following conclusions:

1. Process of transportation of oil through the pipeline is investigated.

2. Not isothermal current of high-viscosity oil is explored.

3. The one-dimensional mathematical model of not isothermal current of viscous liquid is investigated.

4. Calculation of temperature and pressure for different speeds of a current of oil with estimation of cost is

executed.

5. The technique of obtaining optimum speed of a current of oil at which working costs of the oil pipeline

are minimum is developed.
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['.Canranosa, T.Aiicuna

MyHaiiAbIH MarucTpaJaabl KYObIp apKblJIbl M30TEPMUSJIBIK, €MeC
KO3FaJIBICBIHBIH, MaTeMaTUKaJbIK MOJeJi

MakaJstajia TYTKBIPJIBIFBI XKOFapbl MYHAUJIBIH M30TEPMUSIJIBIK €MeC arblHbl cHmaTTajraH. MarucrpaJsibk
MyHait KyObIpbI OOMBIHITIA TYTKBHIP CYHBIKTBIKTBIH M30TEPMUSIIBIK €MeC aFbIHbI, MyHall MEeH MyHail eHiM-
JepiH eHIIpy aJlaHbIHAH TYTBIHYIIbIFa Aeiiin, 2KDO-nan TyprbiH yiljlep MeH OHIIpICTIiK HbICAHIapFa Jeiin
BICTBIK, Cy aFbIMBIH YKOHE Tafbl 6aCKa TachIMaJiay YIIH ToH. TYTKBIP CYWBIKTHIKTBIH U30TEPMUSLIIBIK, €MeC
AFBIHBIHBIH, OIpOJIIIIeM/ 1l MATEMATUKAJIBIK, MOJIE/T] YKOHE TYPAKTHI aFbIH TOPTIOiHE apHAJFAH OTBHIH-IHEPTHUST
MIBIFBIHIAPBIH ecenTeyAiH Heri3ri popMyaachl 3epTresigi. TYTKBIPJILIFEI KOFapbl MyHail MEeH MyHail ©HiM-
JIepiH KbI3ABIPBLUIFAH KYHiH/e KyObIpsiap GOMBIHINA TackIMaJIay YIIH MYHARIBI aiiiayFa *KoHe KbBIIBITYFa
KETETIH OTBIH-9HEPIHUsI IIBIFBIHIAPBIHBIH XKAJIIbI KYHBI a3 O0JIATBIHIAN aFbIHHBIH, OHTANIBI YKbLIIaMIBIFBIH
ecenTey Y/Iepici TOJIBIK, CUIIATTAJIFAH.

Kiam ce3dep: TYTKBIPJBIFBI *KOFapbl MYHAal, TYTKBIP CYNBIKTBIK, U30TEPMUSIIIBIK €MEC aFbIH, AFbIHHBIH,
CTAIMOHAPJIBIK TOPTIO, KYOBIP, S9HEPTEeTUKAJIBIK, IIIBIFBIH, AFBIH YKBLIIaM/IBIFDL.

['.Canranosa, T.Aiicuna

MaremaTtudeckass MO/1eJib HEM30TEPMUYIECKOTO JIBUKEHUSA HedTn
0 MarucTpajibHOMYy TPYyOOIIpOBOIY

B craTbe onmcano HemzoTepMUUeCcKoe TedeHMe BBICOKOBsi3KOW HedTn. Hemzorepmuueckoe TeveHne BI3KOM
KHUIKOCTH IO MaruCTPAIbHOMY TPYOOIPOBOY XapaKTEPHO JIJIsi TPAHCIOPTUPOBKU HEMDTH U HEDTEMPOTYK-
TOB C IIPE/IBAPUTEIBHBIM MOJOIPEBOM OT MECT JO0OBIYU K IIOTPEOUTEIIO, [IJIs TeUeHus ropsyei Boubl or TOL]
JIO YKUJIBIX MaCCUBOB U IMIPOU3BOJCTBEHHBIX MTOMEIEHUH u T.11. VlcciemoBaHbl OJHOMEPHAST MATEMATUIECKAST
MOJIETb HEM30TEPMUIECKOTO TEUEHHS BSI3KON KUIKOCTH U (POPMyJia CTOUMOCTH TOILTUBHO-9HEPTETUIECKUAX
3arTpar Jis CTAIMOHAPHOIO peKuMa TedeHus. [1oapobHO OmmcaH MpOINece BLIUKMCJIEHUS ONTUMAJIBHON CKO-
pOCTH TedeHUsI JJIs TPAHCIIOPTUPOBKU BBICOKOBSI3KOM He(TH M HEPTENPOIYKTOB B MOJOIPETOM COCTOSTHUU
o TPyOOIpPOBOZAM, IPU KOTOPOM ODIIasi CTOMMOCTb YHEPreTUIEeCKUX 3aTPAT Ha IEePEKAYKYy U MOJOTDEB
HedTH O6bIIa OB MUHUMAJILHOIA.

Karouesvie €r06a: BBICOKOBsI3Kasi HePTh, BI3Kasl YKUJIKOCTb, HEM30TEPMUIECKOE TEUYEHUE, CTAIMOHAPHBII
PEXKUM TeUYeHUsI, TPYOOIPOBOJI, SHEPIrETUIECKHE 3ATPATHI, CKOPOCTh TEUEHUSI.
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