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WUccnegoBaHue rugpoguHaMUuecknx cun, AelicTByloUUX Ha NOABOAHbIE CTOAKM Ha ray6uHe 300 m B Kacnuiickom

mope
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KntoueBble cN0Ba: NOABOAHLI TPy6ONPOBOA, Pai3ep, MMAPOANHaMUUECKas CUN3, BONHOBAA CUNa, CWNa TeUeHWs, code:
TaHue Harpysok.

MoaBoAHble TPYEONPOBOABI UrPatOT BaxHyH0 POAb B 630NaCHON TPAHCMOPTUPOBKeE HehTH, rasa v Apyrux 3Hepretn-

LieCKMX PecypCoB U3 MOPCKOTO AHa A0 Gepera n 0CHOBaHWiA. McC/ieA0BaHNE TMADOAVIHAMUYECKIX CU B NOABOAHBIX TPy
60MPOBOAAX U paii3epax AB/AETCA OCHOBHbBIM (AKTOPOM C TOUKM 3peHua 6ecriepe6oiiHOCTU 1 3GGEKTUBHOCTUA TEXHONO-
F4ECKUX MPOLIECCOB. B CTaTbe BbI10 MCCNIEA0BaHO BO3AEACTBME TMAPOAVHAMMUHECKUX CUA, AeUCTBYIOLWMX Ha NOABOAHbIE
Tpy6onpoBoak! B Kacnuiickom Mope. s BbibpaHHbIX NO CTaHAAPTY ASME B36.10 AuameTpa 1 TONLUHBI CTEHKW TPY6bI:
6bLAM UCCNEAOBaHbI AEACTBYIOWMUE Ha HEE CW/bl BETPA, BONHBI 1 TeUEHWS, a Takxe KOMBUHaUWUN coueTaHWa Harpysok.
Wccregosanme Bb110 NPOM3BEASHO B KOMMbIOTEPHOH nporpamme SACS Ans Tpex C/lyyaes, B pesy/brate 6blna BbiBEAEHa:

CUMYAISILMA U TabAMLA COUETaHMIA HArPY3OK ANSi ONTUMA/IbHBIX A HEXenaTe/bHbIX Cly4aes, BO3HMKAKOWMX OT AeiictBus
MAPOAVHAMWYECKNX CUN U COUETAHMUR Harpy30K. T

of hydrodynamic forces effecting submarine riser in 300 m depth in the Caspian Sea

M.E. Shahlarly
“Qil-Gas Scientific Research Design” Institute
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The subsea pipelines play a significant role in secure transportation of oil, gas and other energetic resources from the.
seabed to the shore and bases. The research of the hydrodynamic forces in the subsea pipelines and risers is a key factor.
from the point of view of regularity and efficiency of technological processes. The paper studies the impact of hydrody-
namic forces affecting the subsea pipelines in the Caspian Sea. For diameter and thickness of pipe wall selected according
to the ASME B36.10 standard, the forces of wind, wave and current, as well as the combination of forces affecting it were:
studied. The research was carried out in SACS computer software for three cases; as a result, the simulation and a table

force combinations for the optimum and unwanted occurrences appearing due to the impact of hydrodynamic forces
load combination were developed. i e

Darin sularda yerlosan neft-qaz va digor ener-
Ji resurslarini o6ziillara va sahila tohliikesiz nagl
etmakdoan 6trii istifada olunan nagliyyat vasitala-
rindan biri boru kemoridir. Tadqiqatlar gostarir
ki, sualti boru kamari vo dik borulara olan tasirlor
xarici vo daxili olmagla iki yera béliniir. Sualti
boru kamorlarinin konstruksiyasinda bas veron
zadalonmd vo dagilmalar miixtalif xarici tasirlor-

don (ankerloma, korroziya, dalga va axn tosiri,
istismar xatalar1 v s.) bag verir. Xarici amillordon
farqli olaraq sualti boru kemorinin donizin dibin-
don 6ziilo qalxan hissesinds asagi tozyigli qazin
harakati zamani, mexaniki bark vo maye hissacik-
lar diba ¢okiir. Naticads dik borunun denizin di-
binda dziile galxan ayrilarinds tixaclar sayesinda
daralmalar bag verir ki, bu da borularda desik vo
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[XETETEIEA sualtt boru kamari, dik boru, hidrodinamik giivvs,

yariglarin amsls galmasina, onlarin dagilmasina
vo siradan ¢ixmasina sabob olur.

Mogqalads dik borulara tasir edan hidrodinamik
qlivvelar tohlil edilir. Gmumiyystlo, dik borular
elastik vo sart olmaqla iki néva ayrilir. Bu boru-
larin konfiqurasiyast iso hibrid dik borular adlanir.
Elastik dik borularin asagidaki novlari var (sokil
1) [1]: Free hanging catenary; Lazy Wave; Steep
Wave; Lazy-S; Steep-S; Pliant Wave.

L Lazy S Sleep S

Sakil 1. Elastik dik borularin konfiqurasiyas

Sualti boru komarlari va dik borular sistemi
coxfazali funksiyalari yerina yetirir vo darin sular-
da enerji istismar tgiin istifads olunur. Dik boru
sisteminin funksiyalar asagidakilardir [1]; istis-
mar/injeksiya, mayelorin ixraci/idxal edilmasi va
ya dovriyyasi, gazma, tamamlama.

Elastik dik borular hamginin gazma dik borula-
ri kimi da istifada oluna bilar [2]. Elastik axin xot-
lori platformalararasi alaga, platformadan sahila
naql ticiin, terminallar, quyudan platformaya nagl
liglin, sualti quyular vo quyuagzi platformalarda
texnoloji istismar zamani istifads olunur (sokil 2).
Umumiyyatla, dorin sularda dik borular asason
gazma vo istismar zamani tatbiq olunur.

Material vo metod

Dik borulara tesir eden hidrodinamik qiivve
harakatds olan silindr tigiin modifikasiya olunmusg
Morison tanliyi (1950) ils hesablana bilar. Hidro-
dinamik qiivva asagidaki kimi ifads edila bilar [3]

D*od(z,t) 1
HT—(ét—)+—7:prD(V(z,r)—d(z,r))x

X[V(z,t)—d(z,t)], Q)]

burada C,, — inersiya amsali; C; — darti amsaly;

P.Cu
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Quyu agzindan platforma
platforma boyunca barkidi

S

7indan beton platformaya
gedan elastik va sart dik boru sistemi

paliE 2 ==

Quyu agzindan manifolda gedon

Dik boru bazalan arasi sistem

Platformadan sahila gedan

Sakil 2. Sualti boru komarlari vo dik borularin axin
konfiqurasiyas: sistemi

p,, = suyun sixhgy; D — dik borunun xarici diamet-
ri; V' (z, ) — axinin siirati; d(z, £) — dalganin siirati;
0d(z, t) — dalganm tacilidir.

Saquli boruda yaranan dalga qivvalari ayagi-
daki kimidir [4]

F=F,+F,, )
burada F, F, - darti vo inersiya giivvalaridir (V).

Hoar hansi bir obyekta tasir edan dalgaya asasan
dart giivvasi asagidaki kimi tapila bilor:

Fy=12pC 4, 3)
burada C, - darti amsal. ¥ — obyektin siirati, m's,
A — layiha olunan sahs, m’, p — suyun sixh@dur,
kq/m’.

Hoar hansi bir obyekta tasir edon dalgaya asasan
inersiya qlivvasi asagidaki kimi tapila bilor:

Fi=mp,C V4, {4)
burada C, - kiitla amsal; a — iifiqi maye hisso-
ciklarinin tacili, m¥/s; D — silindrin diametri, m:
p - suyun sixhigidir, kg/m’.

C, C, — olgiisiiz kamiyyatlardir va Morison
barabarliyinds uygun olaraq 0.7 va 2 qabul edilir.
API standartina asasan hamar sathlar tigiin 0.65 va
1.6 kola-kotiir sathlar iigiin isa uygun olarag 1.05
va 1.2 gotiiriilir.

Har hansi bir obyekt va ya agya tizarinda kiilo-
yin siirati va yiikii arasindak alagali tasir asagida-
ki diisturla hesablamir [4]

F=1/12p(V )CA, (5)
burada F - kiiloyin obyekta tasiri: p, — havanin
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sixlig (1.25 kg/m?): 1, — kiilayin siirati; C,—aero-
dinamik amsaldir.

Tadgiqat obyekti. Tadgigat obyekti Xozar
danizi secilmisdir. Danizin maksimal dorinliyt
1025 m. orta darinliyi isa 500 m-dir.

&
Luad Condition: Wind
Wind »
Direction 90,000 1d |
Voo 40000 ¢ o
1
Wind 4
a
a
!
a
A
|
|
Sakil 3. Kiilak viikiniin vaziyyat profili
Load Condition. D&A 5
Wave: STRE |
P07 ]
& S
(5e¢) : \
3 depth 300.000 (o) |
’ Current |
Dircetion 0000 (deg) &
[ Maxvel 1370 (m sec) l
Profile ‘
Elv 300.0: Vel 1.370 |
7
|
i
Elv 0.0: Vel 0.610
7 1
|

Sokil 4. Dalga va axin yitklorinin profili

Hesabat (gciin asagidaki parametrlor gotiiriil-
musdur: /7= 300 m donizin darinliyi; boru ASME

62

36.10 standartina asason D = 323.8 mm diametrli

For All Active Les 5
Mem Result: Combined UC

1.000+
0900 - 0.999
0850 - 0'899
0.800 - 0.849
] 000-0.799

Codval |

Sakil 5. I-ci hal ii¢iin yiik birlasmalarinin tasir profili

For All Active Les
Mem Result: Combined UC

1.000+
0.900 - 0.999
0.850 - 0.899
0.800 - 0.849
0.00-0.799

oad ation
Dalga vo axin Fore (kN) Moment (kN-m) Dir {m) X I l IY
Fx=46.39 Fx=758.36 X ‘ | ,782310 j
Fy=58.02 Fy=-3632.66 Y | T 507
Kiilok Fore (kN) Moment (kN-m) Dir (m) X Y ‘ zZ
Fx= Fx=-42.02 X l
Fy=4.20 Fy= % 10.000
Fz= Fz= z
Metal Fore (kN) Moment (kN-m) Dir (m) X Y v
Fx= Fx= B
Fy= Fy= Y
Fz=-242.30 Fz= zZ l -135.00
Codvol 2
oad Summation i D 0
Dalga vo axin Fore (kN) Moment (kN-m) Dir (m) X Y /4
Fx=46.39 Fx=758.36 X -78.310
Fy=58.02 Fy =-3632.66 Y -13.070 j
Fz= Fz= z ]
Kiilak Fore (kN) Moment (kN-m) Dir (m) X Y z |
Fx = Fx = -42.02 X 1
Fy=4.20 Fy= Y 10000 |
Fz= Ezi= 4 ‘
Metal Fore (kN) Moment (kN-m) Dir (m) X Y VA l
Fx= Fx= X 4]
Fy= Fy= Y ]
Fz = -260.87 Fz= z 13500 |

Sakil 6. 2-ci hal ii¢iin viik birlasmoalarinin tasir profili

dik boru; borunun divarinin galinligi ASME 36.10
standartina asason uygun olaraq 10.31, 11.13 vo
12.70 mm gabul edilmisdir.
Kiilok yiikiiniin vaziyyat profili (sokil 3); =46 m/s.
Dalga vo axin yikintn tesiri vo axinin profili
(sokil 4). Dalga hindirliiyii= 152 m, T=11.2 s.
SACS programinda aparilan hesabat ii¢ vari-
antda verilmisdir.

’7Fnr All Active LCs
Mem Result: Combined UC

1.000+

0.900 - 0.999
0.850 - 0.899
0.800 - 0.849
0.00 - 0.799

Sakil 7. 3-cii hal iiciin yik birlasmalarinin tasir profili

T TOSORRUFATI

1. Variant 323.8x10.31 mm: ke¢moayan hal -
boru qazaya ugrayir va arzuolunmaz hallar bay ve-
rir; tatbiq olunan yiiklar va yiik birlagmasi: kilak.
dalga-axin, metal kiitla: ylik kombinasiyast = me-
tal kiitlo x 1 + kiilok x 1 + dalga-axin x 1: 1-ci vari-
ant {ictin analizin naticasi asagidaki simulyasiyada
verilmigdir va sekildan da goriindiiyll kimi. dik
borunun yuxari hissasinda qiymat 1-dan boviik-
diir va 323.8x10.31 mm &lgiilii boruda gaza hah
miisahida olunacaqgdir (sakil 3). 1-ci hal tgtin yiik
birlagmalarinin naticalari cadval 1-da verilmisdir.

2. Variart 323.8x11.13 mm: kritik hal — yani
dik boru istismar oluna bilar. lakin gdzlanilmaz
hidrodinamik zarba naticasinda daim dagilma-
ya hazir vaziyyatdadir. Tatbiq olunan viiklar va
yiik birlagmasi:kiilok. dalga-axin, metal kitla:
yilk kombinasiyasi = metal kiitla x 1+ kiilak x
+ dalga-axin x 1: 2-ct hal ficlin verilon vaziyyat
skalanin kritik qiymatlar intervalng daxildir va
hidrodinamik tesirin qiymati 0.93-dir. Yoni ciizl
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Codval 3

pad Summation
Dalga va axm Fore (kN) Moment (kN-m) Dir (m) X Y Z
i | Fx=4639 Fx=758.36 X -78.310
Fy=58.02 Fy=-3632.66 Y -13.070
Fz= Fz= Z
Kiilok Fore (kN) Moment (kN-m) Dir (m) X Y Z
Fx= Fx=-42.02 X
Fy=4.20 Fy= Y 10.000
Fz= Fz= Z
Metal Fore (kN) Moment (kN-m) Dir (m) X Y Z
Fx= Fx= X
Fy= Fy= Y
F7=296.17 Fr= z -135.00
zarbalarin artimi borunun siradan ¢ixmasina v kiitlo x I + kiilok x 1 + dalga-axin x 1; 3-cii hal
fasilasiz istismarin davanmasina sabab ola bilar. tictin toyin edilan analiz qiymotlori skalanim kritik
Bu variant gétiiriila bilar, lakin daimi nazarat la- haddino uygun deyil va istismar lgiin yararhdir.
n Notica olaraq, 300 m darinlikds 323.8x12.70 ol-

zimdir va tam tahliikasiz hesab olunmur (sakil 6).

2-ci hal liciin vitk bil'|9$1119191'i11il] naticalari cad- giilﬁ dik boru hidrodinamik zorbalora davamlhidir.

Gostaricinin maksimum qiymsti 8.851-dir (sokil 7).

val 2-da verilmisdir. ] 4 ' :
3. Variant 323.8x12.70 mm: keg¢an hal — yani, 3-cli hal digiin yiik birlasmalarinin naticolari cadval
dik boru bu él¢tilards Xazar danizinin 300 m do- 3-da verilmisdir. '
rinliyinds tam tahliikasiz istismar oluna bilar; tat- Analizlarin  noticalori  va yitk kombinasi-
yalarmm tosiri sokil vo cadvallards verilmis-

biq olunan yiiklar va yiik birlasmosi: kiilok, dal-

ga-axin. metal kiitla; ylik kombinasiyas: = metal dir.
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