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ANALYTICAL- EXPERIMENTAL STUDY OF THE TRIANGLE
SHAPE COMPENSATOR UNDER THE INFLUENCE
OF A POSITIVE TEMPERATURE DROP IN THE PIPELINE

BeeneHnve

Mpoknapgka Tpy6onpoBOAOB B CHOXHbIX
NPUPOAHBIX YCIOBUSIX U AOCTAaTOYMHO XEeCcTKue
ycrnoBua KX 3SKchnyatauum obycnaenusalT
OCOBEHHOCTM WX KOHCTPYKTUBHbBIX pPELUEHUN.
CoopyxeHue TpybonpoBOAOB B YCMOBUAX HU3-
KMX TemnepaTyp OKpyXalLllero BO3ayxa, YK-
nafka ux B rpyHTax Cc HU3KOIN HecyLuel cnocob-
HOCTblO, Mepekayka Mnpu BbICOKOM pabouvem
JaBneHunM u TemnepaType nepekayvMBaemoro
NpoAyKTa MpYMBOAAT K BO3HUMKHOBEHWUIO B Tpy-
6onpoBofe 3HaAYUTENbHbLIX MPOAOSIbHBIX CXMU-
Malowmx ycunun. B aTux ycrnoBuax yknapgka
TpybonpoBoAa B rpyHTax C HU3KOW Hecyluen
CrnocobHOCTbIO, Yepe3 BoAHbIE nperpagbl U Ha
06BOAHEHHbIX y4acTKax MOXeT NpuUBecTH K no-
Tepe obuwen ycTtonumMBocTM TpybGonpoeoda B
npoaosnibHoM HanpasneHun. Cesog npasun CI1
36.13330.2012 npepycmaTtpuBaeT MpoBEPKY U
NPUHATUE HEOBXOAMMBIX Mep Mo obecrneyeHunio
YyCTONYMBOCTM TpybonpoBoaa B npoLecce 3Kc-
nnyatauuu.

Background

The laying of pipelines in difficult natural
conditions and fairly harsh conditions for their
operation predetermine the features of their de-
sign solutions. The construction of pipelines in
conditions of low ambient air temperatures, their
laying in soils with low bearing capacity, pump-
ing at high working pressure and temperature of
the pumped product lead to the appearance of
significant longitudinal compressive forces in
the pipeline. Under these conditions, laying the
pipeline in soils with low bearing capacity,
through water obstacles and in watered areas
can lead to loss of the overall stability of the
pipeline in the longitudinal direction. SP
36.13330.2012 provides for checking and taking
the necessary measures to ensure the stability
of the pipeline during operation.
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OpHoM U3 Takux Mep ABNSIETCS YCTaHOB-
Ka KOMMEeHCcaTopoB pa3nuYHbIX KOHCTPYKLUMIA Ha
TpybonpoBoae, obecneumBatonx ero nepe-
MeLLeHe N TEM CaMbIM CHUXEHUE MPOAOSbHO-
ro ycunua OO YpPOBHs, NMpyM KOTOPOM MOTeps
NPOJONIbHOM YCTOMYMBOCTM He npoucxoouT. B
psioe cnyvyaeB Haubonee npueMnemMbIMuU sABMS-
HOTCA KOMMEHCATOpbl TPeYronbHON opMbI, CO-
opyXaemble C WUCMOSNb30BaHWEM MHYTbIX OTBO-
poB. [pu aTOM Ana oueHkn 3PEKTUBHOCTU
UCMONb30BaHNA TakKUX KOMMEHCaTopoB Heo6-
XOAMMO OnpefenuTb KX KOMMEHCUpyloLime
CBOWCTBa W pauuoHalbHble reoMeTpudeckne
XapaKTEePUCTUKN.

Lienn n 3apaum

Monyuntb aHanUTMYeCKMe 3aBUCUMOCTM
Ana onpefeneHus XapakTepucTuK KOMMeHca-
Topa, obecneunBaloLLMX NPOAOSIbHYIO YCTONYU-
BOCTb TpybonpoBsoaa.

PesynbTaThbl

MonyyeHbl aHanNUTUYeCKMe 3aBUCMMOCTU
paunoHanbHbIX FEeOMETPUYECKMX XapaKTepu-
CTMK KOMMNeHcaTopa TpeyronbHoW ¢opMbl OT
9KCMnyaTaLMOHHbIX Harpy3ok, obecneymBaio-
LWMX MPOJOSIBHYIO YCTOMYMBOCTE TPybOMpoBO-
aa.

One of these measures is the installation
of various design compensators on the pipeline,
ensuring its movement and thereby reducing
the longitudinal force to a level at which loss of
longitudinal stability does not occur. In some
cases, the most suitable are the triangular com-
pensators, constructed with the use of bent
branch. In order to evaluate the efficiency of us-
ing such compensators, it is necessary to de-
termine their compensating properties and ra-
tional geometric characteristics.

Aims and Objectives

Obtain analytical dependencies for de-
termining the triangle shape compensator char-
acteristics, ensuring the longitudinal stability of
the pipeline.

Results

Analytical dependences of the rational
geometric characteristics of the triangle shape
compensator on the operational loads providing
the longitudinal stability of the pipeline are ob-
tained.

KrnioueBble cnosa: Tpybonposog, noso-
XUTENbHBIN TeMnepaTypHbI nepenaa, YCTou-
YMBOCTb B NPOAOSIbHOM HanpasneHnu, KOMMNeH-
caTop TpeyrosibHon popmbl, NPOAOSNIBEHOE CXW-
Matollee ycunume, KpuUTMYecKoe MpOoAoSbHOE
ycunue, notepsi YCTOMYMBOCTU, THYTbIN OTBOA,
nporn6 KkomneHcaTopa

Key words: pipeline, positive temperature
difference, stability in the longitudinal direction,
triangular compensator, longitudinal compres-
sive force, critical longitudinal force, stability
loss, bent branch, compensator flexure

CoBpeMeHHble TpybonpoBoaHble cucTe-
Mbl HedpTera3zoBon oTpacnu 3KcnnyaTUpyoTca
B [OCTATOYHO XECTKOM pexume, XapakTepu-
3yHLWEeMCS BO3OENCTBMEM 3HAYMTENBHOrO Mo-
NOXUTENbHOrO TeMmnepaTypHOro nepenaga u
NnoBbIlIEHHbIM paboynm paeneHnem [1-7]. C
Lenbo HagexHon n apdeKTMBHON 3KcnnyaTa-
uun TPybonpoBOAHbLIX CUCTEM B YKa3aHHbIX yC-
noeusix paspabatbiBalOTCs M NPUMEHAIOTCS
crneunanbHble TeXHUYecKme pelleHuns. K Takum
TEXHUYECKUM PELLUEHUSM OTHOCUTCS YCTaHOBKA

Modern pipeline systems of the oil and
gas industry are operated in a sufficiently hard
operation, characterized by the impact of a sig-
nificant positive temperature drop and increased
operating pressure [1-7]. For the purpose of re-
liable and efficient operation of pipeline sys-
tems, special technical solutions are developed
and applied in the specified conditions. Such
technical solutions include the installation of ex-
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Ha TpybonpoBoae koMneHcaTopoB. KomneHca-
TOpbI NO3BOJISIIOT CHU3UTL B TpybonpoBoae Bbl-
COKMEe MpOAOSbHbIE CXMMalOLWNE YCUnus, BO3-
HUKaLWmMe OT AeNCTBUS 3SKCnyaTauUOHHbIX
Harpy3ok, [0 YpoBHA obecneyeHuss obuiei
NpoAONbHON yCTONYMBOCTU TpybGonpoeoda [8-
10]. B [11] npuBeneHbl napameTpbl HEKOTOPbIX
TMNOB KOMMEHCATOpPOB, a KOMMeHcaTopbl Tpe-
YronbHON POPMbI HE PAaCCMOTPEHbI.

B craTtbe npepcrtaBneHo uccneposaHve
pauMoHasbHbIX NapameTpoB KOMMEHCUPYIOLLLEe-
ro yCTpoMCTBa TpeyrosnbHouW (opMbl C MOMO-
b0 pacyeTHO-3KCNepUMEHTalbHbIX METOA0B.
lMpepnaraemoe KoMmneHcupylowee YyCTPONCTBO
C NPMMEHEHNEM THYTbIX OTBOAO0B obnapaet 60-
nee XeCTKOW KOHCTPYKUMEW, 4eM KOMMEHCU-
pytoLLee yCTPOMCTBO B BUAE JIOMaHOro purens.
PacueTHO-3KCnepyMeHTanbHbIM  MEeTOA0M MOo-
nyyeH Ko3dpPULMEHT YTOUHEHNA (POPMbI KOM-
neHcaTopa, KOHCTPYKTMBHO BbINOSIHEHHOIO C
NPUMEHEHUEM THYTbIX OTBOLOB, MCMOMb3YEeMO-
ro AN CHUXEHWs NpOAOSIbHOrO CXUMaloLLero
ycunusa o ypoBHA obecneveHusi oben ycTon-
ynBocTM TpybonpoBoga B MNpPOAONLHOM Ha-
npaBneHun.

PaccmoTpum nnaHnpoBaHue U mMopenu-
poBaHue akcnepumeHTa. Hanbonee npuemne-
MOI ANnA mMarncrpanbHoro TpybonpoBoaa sBNS-
eTca TpeyrofibHas opma KOMMEHCUpPYHOLLEero
YCTPONCTBA, rAe coeduHEeHWe MpAMbIX YacTeun
KOMMeHcaTopa ocyLlecTBNsSeTca 0TBogaMu Xo-
NOQHOrO THYThbA, obecneyMBalOLMMU NPOMNYCK
BHYTPUTPYOHbIX YCTPOWCTB 1 NPUOOPOB.

B cBA3u Cc 9TMM BCTaeT 3ajaya onpege-
neHva paumoHanbHbIX MNapameTpoB npeana-
raeMoro KomrneHcatopa Ans CHUXEHUA npo-
[ONbHOro CXMmMatoLlero ycunua ao 6esonacHo-
ro ypoBHs Mpu 3aAaHHOM MPOAOSbHOM KpUTK-
YEeCKOM yCcunuu, npu KOTOpoM MPOUCXOAMUT Mo-
Teps NPOAOSbHOM YCTON4YMBOCTU
TpybonpoBoaa N,y , BHYTPeHHeM faBneHnn P

u TemnepaTtypHoMm nepenage At.

Bbibop napameTpoB komneHcaTopa U KX
pacyeT noApo6GHO paccMoTpeHbl B paboTax [8,
10].

Ha pucyHke 1 npuBepeHa pacyeTHas
CXeMa KomreHcaTopa TpeyrosisHoi hopMbl.

pansion joints on the pipeline. Compensators
allow to reduce in the pipeline high longitudinal
compressive forces, arising from the operational
loads action, to the level of ensuring the overall
longitudinal stability of the pipeline [8-10]. In
[11], the parameters of some types of compen-
sators are given, and the triangular compensa-
tors are not considered.

The paper presents an investigation of
the rational parameters of a triangular compen-
sating device using computational and experi-
mental methods. The proposed compensating
device with the use of bent branch has a more
hard design than the broken bolt compensating
device. The coefficient of correction of the com-
pensator shape, constructively executed with
the use of bent branch, used to reduce the lon-
gitudinal compressive force to the level of en-
suring the overall stability of the pipeline in the
longitudinal direction, is obtained using the cal-
culation and experimental method.

Let’s consider the planning and simula-
tion of the experiment. The most acceptable for
the main pipeline is the compensating device
triangular shape, where the connection of the
compensator straight parts is carried out by cold
bends, which ensure the passage of in-tube de-
vices.

In this connection, the task arises of de-
termining the rational parameters of the pro-
posed compensator to reduce the longitudinal
compressive force to a safe level for a given
longitudinal critical force, at which the longitudi-

nal stability of the pipeline N the internal

Kp >
pressure P and the temperature difference At.
The choice of compensator parameters
and their calculation are considered in detail in
[8, 10].
The calculation scheme of the triangular
compensator is shown in Figure 1.
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| — anuHa KomneHcaTopa;
f — cTpena nporn6a KomneHcaTopa;

l, — pnvHa nne4va KoMmneHcaTopa

l is the compensator length;
f is the deflection arrow of the compensator;

I, is length of the compensator's arm

PucyHok 1. PacuyeTHas cxema KomneHcaTopa TpeyronbHon hopMbl
Figure 1. The calculation scheme of the triangular compensator

BenununHy skBMBaneHTHOro NpoAosibHOro
OCEBOro yCumnumsa S ¢ y4eToM KOMMeHcaummn npo-
DOJbHbIX MNEepeMELLEHNI, BbI3BAHHbIX U3MEHe-
HUEM TemrepaTypbl CTEHOK Tpy6 1 BHYTPEHHUM
nasneHuem, npumem no [8] B Buge:

__3cos@ ] (aE-At+0,2:0,)

The value of the equivalent longitudinal
axial force S, taking into account the compensa-
tion of the longitudinal displacements caused by
the change in the temperature of the pipe walls
and the internal pressure, is taken in accord-
ance with [8] in the form:

S

f2

roe @ — yron Mexay OcCblo nrneya KoMneHcaTo-
pa 1 NpsiMoOW, COeAVHSALLEN KOHLbI KOMMNEHCa-
Topa, rpag;

J — MOMEHT uHepLUKn NonepeyHoro ceye-
HUs1 TPYOHl, M4;

a — TemnepaTypHbli KO3 PULNEHT Nnu-
HEWHOro paclumpenus Metanna Tpyb6el, 1/°C;

E —wmopynb ynpyroctu metanna Tpy6o-
nposopaa, la;

At — NOMOXWUTENbHLIN TemnepaTypHbIN
nepenag, °C;

0,, ~ KOTbLEBbIE HaNpAXeHus B CTeHke

TpyObl OT pacyeTHOro BHYTPEHHEro AaBfEeHUs,
MNa;
f —cTpena npormnba KoMneHcaTopa, M.

) (1)

where ¢ is the angle between the compensator
arm axis and the straight line connecting the
compensator ends, deg.;

J — moment of inertia of the pipe cross-
section, m*;

a — temperature coefficient of linear ex-
pansion of the pipe metal, 1/°C;

E — modulus of elasticity of the pipeline
metal, Pa;

At — positive temperature difference, °C;

Oy ~ annular stresses in the pipe wall

from the calculated internal pressure, Pa;
f — arrow of the compensator flexure,
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WccnepoBaHus, nanoxeHHoie B [8,10], n
aHanu3 aHanuMTuyeckoro BbipaxeHus (1) noka-
3bIBAlOT, YTO MPU MasblX 3HAYEHMAX CTpesbl
npornba f npoponbHoe ycunue S pgocturaet
3HaAYMTENbHbIX BENNYUH. Takum obpasom, npu
MarnblX 3HadeHuax f KOMMeHcupylowas cro-
CoBHOCTb KOMMeHcaTopa (To ecTb CNOCOBHOCTb
YMEHbLWWUTb NPOAOSIbHOE YCWUNME) He3Ha4u-
TenbHa. YBenuyeHwe f NpuBOAMT K MOHOTOH-
HOMY CHWXEHMIO S U MOBLILEHNIO KOMMEHCU-
pytoLeit cnocobHocTu.

C uenbto obecneyeHunsn obLien npoaosnb-
HOW ycTomumMBoCTU TpybonpoBopa C npuMeHe-
HMeM KoMMeHcaTopa A0MXHo cobnopatbes yc-
nosue [11]

S <

rae m — Ko3pUUMEHT ycnosusa paboTel Tpy6o-
nposoaa.

Wcnonbaysa (1), (2) n ¢ ydeTom TOro, 4to
cosQ = li MOXHO 3anucaTb

’
n

1,1

The studies described in [8,10] and the
analysis of the analytical expression (1) show
that for small values of the deflection boom f
the longitudinal force S reaches significant val-
ues. Thus, for small values of f, the compensat-
ing capacity of the compensator (i.e., the ability
to reduce the longitudinal force) is negligible.
The increase in f leads to a monotonic de-
crease in S and an increase in the compensat-
ing power.

In order to ensure the overall longitudinal
stability of the pipeline with the use of a com-
pensator, the condition [11]

W )

where m is pipeline operation conditions coeffi-
cient.

Using (1), (2) and taking into account the
fact that cosp = i , We can write

Nip

2 .
(b 22 <
f m-ll

Ycnosue (3) Nno3BonsieT NpMHMMaTh reo-
MeTpuyeckne napamMmeTpbl KOMneHcaTopa Wuc-
XOAs U3 3HAYEHUSA KPUTUYECKOro ycunusa N,
TemnepaTypHoro nepenaga At u pabouyero
AaBneHua p.

AHanM3 M3BECTHOM METOOMKM pacyeTa
uccnenyemMomn KOHCTpyKumm no [8] nokasbiBaeT,
4YTO coefiMHeHne Tpyb B BepLUMHE yrna NoBopo-
Ta, roe crpena nporuba f Haubonblias, Bbl-
nonHeHa 6e3 npuMeHeHWs THyTbIX OTBOAOB. A
Ha TrpaHuuax KomneHcatopa TpybonpoBoapl
coefiHeHbl NpsAMoNuHenHo, 6e3 yrna noBopo-
Ta. [peanaraemasa KOHCTPYKUMS KOMMeEHcaTo-
pa Ha BepluHEe yrna noBopoTa U Ha KOHUax
UMeeT coeanHeHne Tpyb C rHyTbiMM OTBOAAMM.
3TN KOHCTPYKTUBHbIE OTJINYMNA BHOCAT HEKOTO-
poe u3MeHeHne B 3Ha4yeHune MpoaosibHOro ycu-
nua S. C uenbio onpefeneHns BenuyuHbl 3TUX
U3MEHEeHUN npoBeaeHbl 3KCrnepumMmeHTarnbHble
uccnenoBaHus.

W E-At+0,2:04,

®)

Condition (3) allows to take the geometric
parameters of the compensator, based on the
value of the critical force N,,, the temperature
difference At and the working pressure p.

An analysis of the known calculation pro-
cedure for the structure under study according
to [8] shows that the connection of pipes at the
top of the angle of rotation, where the deflection
arrow f is greatest, is performed without the use
of bent taps. And at the boundaries of the com-
pensator, the pipelines are connected rectiline-
arly, without the angle of rotation. The proposed
construction of the compensator at the top of
the angle of rotation and at the ends has a con-
nection of pipes with bent outlets. These design
differences introduce some variation in the val-
ue of the longitudinal force S. Experimental
studies have been carried out to determine the
magnitude of these changes.
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calculated values experimental values Linear dependence (experimental values)

PucyHok 3. 'pacduk nameHeHusi NpodosSIbHOTO yCUnust S oT TeMnepaTypHoro nepenaga At
KOMMEHCUPYIOLLEro YCTPOMCTBA CO cTpesioi npornéa f = 0,02 m

Figure 3. The graph of the variation of the longitudinal force S from the temperature difference At
of the compensating device with the deflection arrow f = 0.02 m

calculated values experimental values Linear dependence (experimental values)

PucyHok 4. I'pacduk nameHeHUst NpoosSIbHOrO yCUnus S oT TeMnepaTtypHoro nepenaga At
KOMMEHCUPYIOLLLErO YCTPOMCTBA Co cTpesoi npornba f = 0,04 m

Figure 4. The graph of the variation of the longitudinal force S from the temperature difference At
of the compensating device with the deflection arrow f = 0.04 m
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PucyHok 5. ['pacdhuk nameHeHns npogonbHOro ycunus S oT TemnepaTypHoro nepenaga At
KOMMEHCUPYIOLLLErO YCTPOWUCTBA CO CTpenon npornba f = 0,06 m

Figure 5. The graph of the variation of the longitudinal force S from the temperature difference At
of the compensating device with the deflection arrow f = 0.06 m
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PucyHok 6. 'pacduk nameHeHuss NpofAosIbHOro ycunusi S oT TeMnepaTypHoro nepenapa At
KOMMEHCUPYHOLLLErO YCTPOWCTBA CO CTpeno nporuba f = 0,08 m

Figure 6. The graph of the variation of the longitudinal force S from the temperature difference At
of the compensating device with the deflection arrow f = 0.08 m
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B pesynbtaTte koppesiaunoHHoro aHaim-
38 9KCrNepuMeHTarnbHbIX [AaHHbIX YCTaHOBEHO
cnepywoulee [13-15]:

O KOppensuMoHHOe nosfie nokasano Monoxu-
TENbHYIO KOppenauuio Mexpay 3HayeHuem
TemMrnepaTypHoro nepenaga u nosy4eHHbIM
3KCNepuMeHTanbHO NPOAOSIbHLIM YCUIIUEM,
TO eCTb C BO3pacTaHWeMm OJHON BENUYUHbI
Apyraa B cpefjHeM BO3pacTaer;

o Ana aHanusa 6blna BbibpaHa annpokcumu-
pyloLasa Kpneas B BUAe NMHENHON OyHKLNK;

o BblOOPOYHbI  KO3I((ULMEHT KOppenauumn
BapbupyeTcs 1, = 0,93 — 0,96, 4TO roBoput
O CUIbHOMN CBA3N MeXAy 3Ha4YeHueMm Temne-
paTypHOro nepenaga v nosly4eHHbIM 3Kcne-
pUMeEHTarbHO NPOAOSTbHLIM YCUITUEM.

B pesynbrate perpeccuoHHoro aHann3a
YyCTaHOBMEHO crneayoLlee:

O C MOMOLLbID MeToAda HauMeHbLUMX KBaapa-
TOB MONyYeHbl NapaMeTpbl SIMHENHbIX ypaB-
HEHWI perpeccuu;

O OLEHKa KayecTBa ypaBHEHWUI perpeccum no-
Ka3ana CpefHIol OTHOCUTENbHYH OLINOKY
annpokcumaumu, He NpEeBbILIAIoLLYO
A=1,18%, 4TO CBUAETENbLCTBYET O XOPO-
wem nopbope ypaBHEHUI perpeccun Ans
UCXOOHbIX AaHHbIX.

B pesynwtaTe ripoBepku apexkBaTtHocTH
maremMaTn4eckori mMofesi YCTaHOBMEHO cre-
ayouee:

O MOCKOJSbKY 9KCMepuMeHTanbHbIn KpUtepun
Duwepa 6osbLue TaBANYHOIO 3HaYEeHNA A
BCEX 3KCMEPUMEHTanNbHbIX KPUBLIX, TO KO-
apPuUUMEHT AeTepMuHauUnM CTaTUCTUYECKU
3HauYnM, 1 ypaBHEHME perpeccum agekBaTHo
ONUCLIBAET 3KCMNEPUMEHTarbHble AaHHbIE;

o [MpoBepka 3Ha4YMMOCTM KO3 (PULMEHTOB
ypaBHeHUn perpeccunm no  t-kputepuio
CTblogeHTa nokasbiBaeT, 4YTO cTaTucTuye-
CKas 3Ha4uMOoCTb KO3 PULMEHTOB MOA-
TBepXxaaeTcs.

Ha rpacukax (pucyHku 3-6) npocnexwu-
BaeTCA cucTemMaTMyeckoe OTKIOHEHWE u3me-
PEHHOWN BENWUYMHbLI NPOAOSNBLHOIO YCUNNA Sy
OT PacyYeTHOM Sp,c,. C y4ETOM BCEX MOrpeLLHo-
CTEN 3KCMEpPUMEHTarnbHbIX W3MEpPEHU YycTa-
HOBJIEHO, YTO UCcrnegyemas KOHCTPYKUMS KOM-
NMEHCUPYIOLLLEro YCTPOMCTBA U3MEHSIET BENMUYN-
HY MPOAOJILHOIO YCUNUSA Spyc,, ONPEAensiemMoro
no copmyne (5) ANA KOHCTPYKUMUM NIOMaHOro

As a result of the experimental data cor-
relation analysis, the following is established
[13-15]:

o the correlation field showed a positive cor-
relation between the temperature drop
value and the longitudinal force obtained
experimentally, that is, with an increase in
one value, the other increases on average;

o for the analysis, an approximating curve
was chosen in the form of a linear function;

o selective correlation coefficient varies
Ty = 0,93 — 0,96, which indicates a strong
relationship between the temperature dif-
ference value and the experimentally ob-
tained longitudinal force.

As a result of the regression analysis, the
following is established:

o using the method of least squares, the
linear regression equations parameters are
obtained;

o quality estimate of the regression equa-
tions showed an average relative error of
approximation not exceeding A= 1,18%,
which indicates a good choice of regres-
sion equations for the initial data.

As checking the adequacy of the mathe-
matical model result, the following is estab-
lished:

o since the experimental Fisher test is larger
than the tabulated value for all experi-
mental curves, the determination coeffi-
cient is statistically significant, and the re-
gression equation adequately describes
the experimental data;

o checking the significance of the regression
equations coefficients in the Student's
t-test shows that the coefficients statistical
significance is confirmed.

On the graphs (Figures 3-6), measured
magnitude systematic deviation of the longitudi-
nal force S,,, from the calculated S, . Taking
into account all the errors in the experimental
measurements, it is established that the investi-
gated design of the compensating device
changes the value of the longitudinal force
Scaic., determined by formula (5) for the broken
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purensi, Ha onpefeneHHoe 3HavyeHne, KOTopoe
BapbupyeTcs B npeaenax 0,851-0,902.

Ha ocHoBe Takoro aHanuM3a MOXHO 3a-
nucatb, YTO 3HAYeHMe NPOAOSbHOrO YCWUNusA
ANA  npeanaraeMoil  KOHCTPYKUMM KOMMEHCU-
pytoLLEero yCTponcTaa:

Spacy =k *

roe k — Koa(pULUMEHT YTOYHEHUA, MONyyeH-
HbIN B pe3ynbTaTe 3KCNepuMeEHTanbHbIX U3Me-
peHun.

3T0T hakT 0b6bACHAETCA TeM, YTO npej-
naraemMoe KOMMEHcUpyoliee YCTPONCTBO C
NPMMEHEHNEM THYTbIX OTBOAOB obnapaeT 60-
nee XeCcTKOW KOHCTPYKUMEW, 4eM KOMMEeHcu-
pytoLlee yCTPONCTBO B BUAE JIOMaHOro purens.

O603Ha4MB MNOMYYEHHYI0 BEMWYMHY OT-
KIMOHEHMS KakK KO3(MUUMEHT YTOUYHEHnsA dop-
Mbl KOMMeHcaTopa, NpeanaraeTcs NpuUHATb ero
paBHbiM k = 0,85, yuuTbiBas B pacyeTax Hau-
6onee HebNaronpuATHbIN Criyyan HarpyxeHus.

Takum o6pas3om, pauuoHanbHble napa-
MeTpbl  MpeanaraemMoro  KOMMEHCUPYIOLWEro
ycTpowcTBa And TpybonpoBoAOB C LEMbl MNo-
BblLLEeHMS obLlen YyCTOWYNBOCTM B NPOLOSIbHOM
HanpaBfieHUn HeobxoouMo onpenensitb Mo

3,3:]

KNy

bolt construction, by a certain value, which var-
ies 0,851-0,902.

On the basis of this analysis, it can be
written that the value of the longitudinal force for
the proposed design of the compensating de-
vice:
53/(0/7! (6)
where k is the refinement coefficient obtained
as a result of experimental measurements.

This fact is explained by the fact that the
proposed compensating device with the use of
bent branch has a more rigid design than the
compensating device in the form of a broken
bolt.

Denoting the obtained deviation value as
the coefficient of correction of the form of the
compensator, it is proposed to take it equal to
k = 0,85, taking into account in the calculations
the most unfavorable loading case.

Thus, the rational parameters of the pro-
posed compensating device for pipelines in or-
der to increase the overall stability in the longi-
tudinal direction must be determined by the
formula

¢dopmyne
2
G

Ona ynobcrBa aHanusa BbipaxeHue (7),
npuHas k = 0,85, MOXHO NpuBECTU K BUAOY

mlzl —

€2K-ﬁ,

N >
Nyplpcose
Be3pa3mepHbin napameTp K 3aBUCUT OT
KaTeropum yyactka TpybonpoBoga u B 3aBUCU-
MOCTM OT 3HayeHun KoapduuneHTa ycrnosus
paboTtbl m no [11] uMeeT 3Ha4YeHus:
2,42 - pna kateropun B;
2,17 - pna kateropun [ n ll;
1,98 - ana kateropun Il n V.
MapameTp N comepXuT 3KCryaTaumoH-
Hble Harpysku, BKI4alwLlmMe TemnepaTypHbIin
nepenag u paboyee [aBNeHUe, reomeTpuye-
CKWe xapakTepucTuku TpybornpoBoga M KOM-

WE-At+0,2:0

_ [](a-E-At+0,2-U,(u) 0.5

()

For convenience of analysis, the expres-
sion (7), assuming k = 0,85, can be reduced to
the form

(8)
(©)

The dimensionless parameter K depends
on the category of the pipeline section and, de-
pending on the operating condition factor values
m, according to [11] has the following values:

2.42 for category B;

2.17 for categories | and I,

1,98 for categories Il and IV.

Parameter N contains operational loads,
including temperature drop and working pres-
sure, geometric characteristics of the pipeline
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neHcaTtopa u ux metanna (E, a, 1, cosg). Kpome
Toro, yepes N,, napameTp N BKIlO4aeT CBOVCT-
Ba rpyHTa no [16], kKoHTakTupytowero ¢ Tpybo-
nposonom. [Ona KOHKpeTHoro Tpy6onpoBoaa
u3MeHeHue napameTpa N 3aBUCUT TOSIbKO OT
U3MeEHeHW TemnepaTypHOro nepenaga u pa-
6oyero AaBneHus, ocTanbHble BENUYUHbLI MO-
CTOsHHbI. Kak BuaHO un3 (9), noBsbleHne 3Ha-
YeHul TemnepaTypHOro nepenaga u paboyero
[AaBneHna CBA3aHO C HeoBXOAMMOCTbLIO yBEnu-

YEeHNA BENUYUHDI %,EU‘IH obecneyeHus npoaorb-

HOW ycTonumMBoCcTM TpybonpoBoaa. PacueTsbl no
(8) 1 (9) c ucnonb3oBaHNEM MPUHATOrO Ha OcC-
HOBE 3KCMEepMMEHTanbHbIX UCCneaoBaHui Ko-
apmumeHTa k NO3BONAKT ONpPenenuTb KOH-
KpeTHble 3HaYeHUsi TEOMETPUYECKUX XapaKTe-
pUCTUK KOMMNeHcaTopa TPeyronbHon opMmsbl, C
NMOMOLLbI0 KOTOPOro Aocturaetca obuas npo-
[onbHas yCcTon4MBOCTb Tpybonposoaa.

BbiBOAb!

Ha ocHoBe 3aKkcnepuMeHTasnbHbIX Uccne-
[OBaHWN YCTaAHOBMNEHO 3Ha4yeHne Koadduum-
€HTa YTOYHEeHWs onpegeneHus oTnopa KOoM-
neHcaTopa TpeyronbHOW (PopMbl, KOHCTPYKTUB-
HO BbIMOJSIHEHHOIO C MPUMEHEHWUEM THYTbIX OT-
BOZIOB.

MMonyyeHbl aHanUTU4YecKne 3aBUCMMOCTH
reomMeTpuyecKnx XapakTepuUCcTUK KOMMeHcaTo-
pa TpeyronbHon OpMbl, KOHCTPYKTUBHO Bbl-
NMOMMHEHHOIO C MPUMEHEHUEM THYTbIX OTBOAOB,
obecrneumBaloLLUX NPOAOJSIbHYI0 YCTOWUMBOCTb
TpybonpoBoaa B yCnoBusix AeiCTBUA NPOAOSb-
HbIX CXUMaIOLLMX YCUITUNA.

BbinonHeH aHanu3 BnusHuA pabodyero
AaBneHnsa 1 NoNoXUTENbHOro TemnepaTypHOro
nepenaga Ha reoMeTpuyeckne xapakTepmucTuKm
KoMMeHcaTopa.
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and compensator and their metal (E, a, [, cosg).
In addition, through N,., the parameter N in-
cludes the properties of the soil [16], which is in
contact with the pipeline. For a particular pipe-
line, the change in the parameter N depends
only on changes in the temperature drop and
working pressure, the remaining values are
constant. As can be seen from (9), an increase
in the values of the temperature drop and oper-
ating pressure is associated with the need to

increase the value of § to ensure the pipeline

longitudinal stability. Calculations according to
(8) and (9) using the coefficient k made on the
basis of experimental studies make it possible
to determine specific values of the geometric
characteristics of the triangular compensator, by
means of which the overall pipeline longitudinal
stability is achieved.

Conclusions

On the basis of experimental studies, the
refinement coefficient of the triangular compen-
sator deflection determination, constructively
made using bent branchs, was established.

Analytical dependences of triangular
compensator geometrical characteristics, con-
structively executed with application of bent
branchs, providing pipeline longitudinal stability
in conditions of longitudinal compressive efforts
action are received.

The effect of working pressure and posi-
tive temperature drop on the compensator ge-
ometric characteristics is analyzed.
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