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Abstract

Having made experimental studies by modern meagumstruments at the existing pipeline we obtaipegbsure chan
regularities during unsteady hydrodynamic procetsidag into accounpperation technology and characteristics of domesl
pipeline pumping equipment.

There have been studied regularities of the rqieed and pressure ofNoil pumps variations over time at their start
There is revealed the change in transporiegressure over time at the inlet and outlet gfumnping station during pumpi
units startings.

There have been built exponential dependencesofdlue of abrupt reduction and increase of oisguee on the distan
to the place of disturbance occurrence. The intyo$ia low and high oil pressure wave dampinghia pipeline are estimated.

Keywords:a high-pressure wave, abrupt increase in pressure, the attenuation coefficient of the wave, unsteady hydrodynamic
processes, velocity of propagation of a high-pressure wave.

An energy component of oil-trunk pipelines are oil Starting an OPS pumping unit also has an impact
pumping stations (OPS) equipped with centrifugabn the operational mode of an oil-trunk pipeling this
pumping units. There are set four pumping unitggrof issue is not the subject of additional studiesarhdstic
equipped with various rotors, at each OPS. Onénef tand foreign scientists.
energy efficient ways to regulate the volume of oil One of the main parameters that determines the
transportation by a pipeline is the use of différerfunctionality and reliability of the main pipeline
combinations of started pumps at each OPS. Thettys operation is the value of operating pressure afrthat
startings and stops of pumping units accompamgnd output of each OPS and in any point of thealine
exploitation of oil-trunk pipelines. part. Pressure increase over the maximum allowable

Each pumping unit stop or starting at the OPS8alue can cause emergency situation, and unacdeptab
leads to material breach of the established omeratipressure reduction at the inlet of an OPS results i
mode of an oil pipeline and causes unsteady presessdangerous cavitation effects in pumps.
characterized by fleeting changes in the operating The above mentioned determines the relevance and
pressure upon transported liquid flow [1-3]. importance of researches of pressure change régsdar

We have studied regularities of transient processes transients in oil-trunk pipelines, caused bypstof
caused by stops of oil pipeline pumping units ipgra pumping units.

[4-8]. The results of experimental studies of timpact The aim of the work is to establish pressure change
of pumping units stops upon transient processesgularities caused by stops of pumping units in an
regularities in oil-trunk pipelines are presentedviorks active oil-trunk pipeline.

[4, 5, 8]. There were analyzed the results of itriis The following tasks have been solved during the
experiments performed on the operating area of tmesearch:

current pipeline. The manuscripts [5, 6] contaiguits identifying pressure change regularities made by
of theoretical studies of pressure change regigarin  HM oil pumps over time at their starting;

an oil-trunk pipeline during transient processessed establishing regularities of pressure changesén th
by stops of pumping units. transported fluid at the inlet and outlet of an O&S

pumping units startings;

identifying patterns of waves propagation of high-
and low-pressure in the linear part of a pipeline a
pumping units startings.

Research methods include measuring parameters
of oil motion in oil-trunk pipelines, mathematical
processing of results applying computer technokgie
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Figure 1 — Change of pressure created by the NM 36230 pumping unit during its starting

400 km. Four OPS, equipped with modern NM oil for the second phase — in the time range from 30 to
pumps, operate on the pipeline route. There aesds 120 s:

14 checkpoints (CP), equipped with modern means of p=45261Ft° - 1.422110t%+ 0.1646 14.7(2)

pressure fluid control, at the section of pipelifar Formulas (1) and (2) can be used as boundary
measuring transported fluid pressure there areieappl conditions for solving the system of equations oh-

modern pressure sensors Mikrotran F-R Fishers geady fluid flow in the pipeline during theoretica

accuracy 0.075-0.100. . research of the influence of pumping units startimgy
Oil pressure measurement was performed with e operating mode of an oil-trunk pipeline.

frequency of 0.2 s during fast transient processem Processing of a large number of industrial

oil pipeline. A design diagram of operational ac¢ahe experiments results showed that there are observed

pipeline is shown in [4]. o transient changes in pressure at the inlet ancetoaf]
Density of transported oil varied in the range frorqhe respective OPS during pumping unit starting

864 to 875 kg/r?1 during industrial experiments. The namely, the pressure decreases at the OPS inlet a'nd

coefficient of kinematic viscosity of oil rangedfn 16 increasés at its outlet.

to 35 cSt. ) . To illustrate the results of experimental studiés o
Experimental studies of NM 3600-230 pumps,eqqre change regularities in an oil-trunk pigelat

loading with different rotors have shown that the, qjents caused by starting pumping units there i

rotating frequency of a pump shaft reaches a ndm'n(’fhosen one of the operating modes at which one trun
value of 3000 rpm almost instantly, within 10 seaft

their starting, pumping unit operated at OPS1 and OPS3.

C ti f oil in the oil pipeline bef
Figure 1 shows a graphical dependence of press%{onsump lon of oil in the oil pipeline before stagtan

Gditional i it was 1140°#n
made by the NM 3600-230 pumping unit at its startin fional purmping unit was

) ; ) . . A pumping unit was launched at the OPS 2 at
according to the data of industrial experiment.urégl 3.17 p.m. A graphic pattern of pressure reductiothe

shows that the pressure created by the pumping Udbg inlet duri tarti : it is sh ;
rapidly increases from zero to 18.6 bar for 3thentit Figure{nzt.a uring starting & pumping unit IS shown |

increases with less intensity according to nonlinea Figure 2 shows that pressure of transported fluid

relation within the time interval from 30 to 120asd it has abruptly decreased at the OPS inlet from 18té b
is virtually stabilized at the value correspondingthe to a value of 9.0 bars for 30 s after startingphenping

flow of oil in pipeline after 240 s. We have obtihthe unit, then the pressure continued to decline andhed

following mathem.atical . dependence; of Pressurg value of 7.3 bars for 2 min, then the pressureeased
created by a pumping unit (bar) during its startimpgn by nonlinear law to the value corresponding to ribev

time t for the pump, the loading of which is shown insteady mode of the pipeline operation for 20 mithat

Figure 1. . . OPS inlet.
for the first phase — in the time range from 0 10 Tnys, during starting a pumping unit we can divide
30 s tis the following one: the process of pressure change at the OPS intethist

p=6.651110't° - 5.726110t*+ 1.78¢ (1) following three stages: the first one lasts fors3nd the
pressure suddenly decreases; the second one [aits u

6 ISSN 2311—1399. Journal of Hydrocarbon Power Engin  eering. 2016, Vol. 3, Issue 1



Experimental study of the influence of starting pum ping units on the value of oil pressure in oil-trun k pipelines

19

17

15

Pressure of oil, bars
i
w

I
/’—
11
-
l //
9 b
\\//
15:10 15:14 15:18 15:22 15:26 15:30 15:34 15:38

Time, h: min
Figure 2 — Change of oil pressure over time at th®PS 2 inlet in during starting a pumping unit
based on the experiment results (oil flow before atting was 1140 nih)

2 min and the oil pressure slowly decreases, ard thnd stabilized at the value corresponding to the ne

third one lasts up to 20-25 min, being charactdrizg steady state mode of pipeline operation.

pressure increase to the value corresponding todhe Analysis of Figures 3 and 4 shows that there is

steady operation mode of the pipeline. observed fast fading of low pressure wave due to
The dependences of pressure at the OPS inléydraulic energy losses when the distance from the

where the pumping unit was launched, for the opegat place of disturbance increases. In its turn, itseaua

mode being analyzed upon timare the following ones decrease in the amplitude of abrupt pressure deerea

(see Figure 2): and in the overall duration of the pressure stzdiilon.
for the first phase of the transition processha t Amplitude of the jumping decrease of pressure s,
time range from 0 to 30 s: and the duration of the transition process is notem

Ap,, =—4.22310* % + 3.2881 16t~ 0.920¢ 18.(3) Ef;{:ln 12;)15 min at a distance of 46 km from OPS 2
igure 4).
According to the results of industrial experiment
3 ) there is built a graphical dependence of the aoghitof
Ap, = -1.89511C°t% + 6.405) 10t * - @ the jumping drop in oil pressure upon the distaocte
~7.854110%t + 10.82 ; place of disturbance (Figure 5). There has alsm bee
done a mathematical modeling of experimental data
using Microsoft Excel software.
It is established that the dependence of an oil

for the second phase of the transition procedsean t
time range from 30 to 130 s

for the third phase of the transition process i th
time range from 130 to 1300 s

Ap, =2.88310°t° - 1.0691 16t > + (5) Pressure drop on the distance to the OPS, where a
+1.4251.0% + 5.592 pumping unit is launched, can be described by an
' ' ) exponential function of the following form

Reduced pressure wave caused by starting a _ .
pumping unit at OPS 2 flows at the speed of sound a _ Ap = Apn exp( Kaj?()’ _ ()
the pipeline to OPS 1 causing abrupt and relatiselyy ~ Where Ap,, is the value of the jumping oil pressure drop
changes of pressure in each section of the pipeling the OPS inlet, where a pumping unit is launcheég;
Figures 3 and 4 illustrate patterns of pressuré\@e® s the attenuation coefficient of a low-pressura/eyax

over time at a .distance of 31 and 46 km from th% the distance from the OPS, where the pumping uni
occurrence of disturbance based on the resultsnof fas stopped, to an arbitrary point of the oil piel

'”d“StT'a' experiment. located before the disturbance place (along the
Figures 3 and 4 revealed the same tendency {Qovement of oil)

reduction of oil pressure during the transition qass. We have obtained the following dependence of the

When a low pressure wave approaches the checkpaip e of the jumping oil pressure drop (bar) upbe t
there is observed an abrupt decrease in oil presand distance to the pumping unit starting (km) for an

after. this O'l. pressure declined Fe'a“"e'y sloymytms industrial experiment, the results of which arelyzed
section of pipeline for several minutes, then @ré@ased above

Ap =9.16exp¢ 0.01252 )
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Figure 3 — Change of oil pressure over time at theistance of 31 km to OPS 2 where the pumping unit
was launched based on experimental results (oil flobefore starting was 1140 riih)
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Figure 4 — Change of oil pressure over time at theistance of 46 km to OPS 2 where the pumping unit
was launched based on experimental results (oil flobefore starting was 1140 riih)

Similarly, we can study pressure changes at tithe OPS outlet according to a nonlinear law to laeva
OPS 2 outlet when starting a pumping unit basethen corresponding to the new steady operation modéeof t
example of the above-described mode of pipelingipeline.
operation. Figure 6 illustrates a graphic pattefn o Thus, the process of pressure changes at the OPS
pressure increase at the OPS outlet when startingoatlet when starting a pumping unit can be divided
pumping unit. three stages: the first one lasts up to 30 s and

Figure 6 shows that the pressure of a transportedrresponds to the almost sudden increase of pegssu
fluid at the outlet of the corresponding OPS hasiptty the second one lasts up to 2 min, corresponding to
increased from 18.4 to 27.5 bars in 30 s aftetistpa  slower decrease in oil pressure, and the third lasis
pumping unit, then the pressure increased to 2ar2 bfor 20-25 min, corresponding to a slower pressure
with much less intensity over the period of abdd® ¥, increase (compared to the second stage) to the wdlu
then for 20 min it has increased significantly dipat the new steady operation mode of a pipeline.
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Figure 5 —Dependence of the value of a jumping drop in oil @ssure upon the distance to the OPS 2 where
the pumping unit was launched based on the experimeresults (oil flow before starting was 1140 rih)
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Figure 6 — Change of oil pressure over time at OP&outlet when starting a pumping unit
based on experimental results (oil flow before stéing was 1140 nih)
We have obtained the following dependences of P = 2.0091LCPt3 - 6.506 1Tt 2+
pressure at the OPS inlet, where the pumping uag w out 5 9
launched, upon time for the operating mode being +7.747110°t + 25.70 ;
analyzed (Figure 6): for the third phase of the transition process m th
for the first phase of the transition process ia thtime range from 130 to 160 s
time range from 03t0 30s , Pot = 3-727010°t% - 1.3251 16t 2 + 10
Pog =2, 492103 - 2.470 10t %+ 0.8208 18.4(8) (10)

+1.70410%t + 27.19.

A high-pressure wave, caused by starting a
pumping unit at OPS 2, flows at the speed of sairal
pipeline to OPS 3, causing abrupt and relativebwsl

for the second phase of the transition procedsean t
time range from 30 to 130 s:
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Figure 7 — Change of oil pressure over time at theistance of 19 km from OPS 2 when starting a pumpim
unit based on experimental results (oil flow before pump starting was 1140 riith)
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Figure 8 — Change of oil pressure over time at thedistance of 19 km from OPS 2 when starting a pumpi
unit based on experimental results (oil flow beforetarting was 1140 riyh)

increases in pressure in each section of the pipeli If the distance from the disturbance place increase
Figures 7 and 8 illustrate the patterns of pressutkere is observed a gradual attenuation of an aise
changes over time at a distance of 19 and 44 km fropressure wave and decrease of the amplitude of an
the place of the pumping unit starting based on thebrupt pressure increase. The total duration of the

results of an industrial experiment. pressure stabilization does not substantially depzm
Figures 7-8 have revealed the same tendency to tiik distance to the disturbance place.
pressure increase during a transition processgedalg There is built a graphic dependence of the

starting a pumping unit. At the time of a presswee amplitude of the oil pressure increase on the dégtdo
approach to the checkpoint there was an abruptaser the place of disturbance based on the results of an
in oil pressure, and after this oil pressure waswijtg industrial experiment (Figure 9). We have done
relatively slowly for 20-25 min at a given pipelinemathematical modeling of experimental data using
section, and then it stabilized at a value corredpmy  Microsoft Excel software.

to the new steady operation mode of a pipeline.
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Figure 9 —Dependence of the value of a jumping increase inl @ressure upon the distance to the OPS 2 wheee
pumping unit was launched based on experimental redts (oil flow before pump starting was 1140 rih)

It is established that the dependence of a jumping=995 m/s for an industrial experiment being
increase in oil pressure on the distance to the,OP&halyzed.

where a pumping unit is launched, can be desciiyed The Table 1 contains the results of determining the
an exponential function of the following form: actual velocity of pressure waves caused by runaing
Ap = Ap, expK 4 X), (11) pumping unit of an OPS 2, obtained by processirtg da

where Ap,, is the value of a jumping increase in oilfor @n industrial experiment.

ressure at the OPS inlet, where one (or severg| The analysis of experimental studies of the
P . L ' . ( . %Qitterns of transition processes caused by starting
pumping unit is launched;K, is the attenuation

pumping units allowed us to confirm the result thvals
coefficient of an increased pressure wave; is the obtained earlier in the work [4]. The actual spedd
distance from the OPS, where the pumping unit wasropagation of a pressure wave is about 1110 n/s fo
stopped, to an arbitrary point of an oil pipelioedted the studied pipeline, which is 12% higher thanvhkie
after the disturbance place. predicted by the formula (13).

We have obtained the following dependence of the  Experimental research of influence of starting a
value of an oil pressure drop (bar) upon the degdn a  pumping unit on patterns of oil pressure change in
pumping unit starting (km) for the experiment, thepipeline allowed us to draw the following conclusso
results of which are analyzed above 1. During starting NM oil-trunk pipeline pumping

Ap =9.24expf 0.01254 (12) units their loading time is 10 s relative to thdary

Pulses of reduced and increased pressure, form@gduency and up to 2 min relative to the pressoaele
at the inlet and outlet of OPS, where the pumpinigis Py the pump. The process of starting a pumping unit
launched, spread in pipeline at the speed of souricludes three stages, characterized by different
which can be theoretically defined by the followingintensity of its pressure increase.

formula: 2. When you start a pumping unit there is observed
K/p an abrupt decrease in pressure at its inlet and,
c= |—LF (13) respectively, pressure increase at its outlet. ARO®PS
\ 1+ KD/JE inlet and outlet the maximum pressure change iseclo

where p is the density of the transported fluid atto half the pressure, made by a pumping unit at the

pumping conditions; K is an elastic modulus of average flow of oil during the transition process.

transported fluid; D is the inner diameter of a pipeline; 3. When starting a pumping unit we can divide the
& is the thickness of a pipe wallE is an elastic Process of pressure change at the OPS inlet arekt out

modulus of a steel pipe. into three stages: the first one, lasting for 30 s,

The rate of propagation of the pressure wave in¢orresponds to the sudden decrease in pressure; the

pipeline is calculated according to the formula)(135€cond one, lasting for up to 2 min, corresponda to
using conventional reference data, and it equafiower decrease in oil pressure, and the third one,
lasting for 20-25 min, is characterized by pressure
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Table 1 — Experimental data and results of calculatg the actual velocity of waves propagation
caused by starting a pumping unit

Time of Distance from the Time of pressure wave Velocity of the
. pressure wave : .
Location formation place of wave flowing to the chosen section pressure wave
h'mines ' formation, km of the pipeline, s propagation, m/s
OPS 1 15:19:23 102.91 92.0 1119
CKPT 32 15:18:56 71.45 64.4 1109
CKPT 1 15:18:33 45.99 41.6 1106
CKPT 2 15:18:20 31.23 28.4 1100
CKPT 4 15:18:08 18.40 16.6 1108
CKPT 5 15:18:31 43.81 39.2 1118
CKPT 6 15:18:52 66.92 60.4 1108
OPS 3 15:19:17 95.34 85.6 1114
CKPT 7 15:19:33 113.72 102.0 1115
CKPT 8 15:19:55 137.68 123.6 1114
CKPT 9 15:20:22 167.64 150.2 1116
CKPT 10 15:20:38 184.96 166.2 1113
OPS 4 15:20:44 191.74 172.2 1113
CKPT 12 15:21:27 240.15 216.0 1112
CKPT 13 15:21:45 260.18 233.8 1113
CKPT 14 15:22:02 279.21 251.0 1112
Final point 15:22:13 291.51 261.8 1113
Average velocity 1112
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ExcnepuMeHTanbHi gocniaKeHHA BNUBY 3anycKiB HACOCHUX arperarTiB
Ha BeNIMYNHY TUCKY HapTU B MarictpanbHUX HadpTonpoBoaax

M. J]. Cepeowk, C. A. I puzopcokuii

léano-@pankiscvruii HayioHATLHUL MEeXHIYHUL YHIGepcumem Hagmu i 2asy;
eyn. Kapnamcora, 15, m. Isano-@panxiecek, 76019, Vrpaina

[InsaxoM ekcrepuMeHTATBHUX JOCHTiKEHB, IO MPOBEICHI 3 BUKOPUCTAHHSIM CYYaCHHUX 3ac00iB BUMIipIOBaHHS
Ha JiF090MYy Ha(TOMPOBOi, OAepkKAHO 3aKOHOMIPHOCTI 3MiHHM TUCKY 32 HEYCTaJeHHUX TiApOJAUHAMIYHUX MPOIECIB 3
ypaxyBaHHIM cCIEeNU(IiKH TEXHOJOTIi eKCIUTyaTallii Ta XapaKTepUCTHUK HACOCHOTO OOJIATHAHHS BITUM3HSIHHUX
Ha(TOMPOBO/IiB.

JlociimKeHo 3aKOHOMIPHOCTI 3MiHM Yy 4aci 00epTOBOi 4YacTOTH Ta TUCKY HapTOBMX HacociB cepii HM mix yac
ix 3amyckiB. BusBneHo Xxapaktep 3MiHM Yy 4Yaci THCKY TpaHCIIOPTOBaHOi HadTH Ha BXOAI 1 BUXO.l
Ha(TONEepEKaYyBAIBLHOI CTAHIIIT P 3aITyCKy HACOCHHUX arperaris.

[ToOym0BaHO EKCIIOHCHIIANBHI 3aJIKHOCTI BEJIMYMHU CTPUOKOIOIIOHOTO MOHIKEHHS Ta MiABUICHHS THUCKY
Ha(TH BiA BiJCTaHI 10 MICIi BUHUKHCHHS 30ypeHHs. OI[IHEHO IHTCHCUBHICTh 3aTyXaHHS XBHJII NOHW)KEHOTO Ta
Hi/IBUILIEHOTO THCKY HAaTH B HAQTOMPOBO/II.

KitouoBi ciioBa: xoegiyienm samyxanus Xxeuni, Heycmanenuil 2iOpoOuHAMiYHUll npoyec, CmpubKonoodione
RIOGUIYEHHS MUCKY, XEUISL NIOBULYEHO20 MUCKY, WBUOKICIb NOWUPEHHS X6ULL NIOBUUEHO20 THUCKY .
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