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ABSTRACT

Traditional oil, a depleting resource, accounts for only one-third of the world's oil reserves, so research and cases of utilizing non-traditional
oil as a resource are continuously increasing. However, unconventional oil contains bitumen containing solid particles such as sand,
and because it is exposed to a high temperature and high pressure environment, deformation can frequently occur in oil pipelines.
Therefore, variables such as material, thickness, and angle that can affect the deformation of the oil pipeline were derived and applied
to the oil pipeline, and finite element analysis was performed using the Ansys program. As a result of finite element analysis, deformation
and maximum load capacity were derived. Afterwards, the same analysis was performed by modeling an optimized oil pipeline by
combining the factors with the best deformation resistance and maximum load capacity. As a result of the analysis, the effect of reducing
deformation and increasing the maximum load capacity by about 30 % was confirmed, and factors for suppressing deformation when
analyzing oil pipelines were derived.
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Fig. 1. Accident Cases in Non-conventional Oil Pipelines: (a) Buckling Deformation of Yeoncheon Oil Pipeling, (b) Oil Pipeline Destroyed due

to Buckling, (c) POSCO Factory Fire Accident
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Fig. 2. Modelling of Standard Pipeline from Yeoncheon Qil Plant: (a) Yeoncheon Oil Plant, (b) Standard Pipeline Modelled in Ansys
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Table 1. Classification of Oil Pipelines according to Variables

Variable Case ID Pipe Material Pipe Thickness (mm) Pipe Angle (°)
General case GC Carbon Steel 7.01 90
. MC1 AISI 304 Stainless Steel 7.01 90
Material cases
MC2 Inconel 617 Alloy 7.01 90
SC1 Carbon Steel 5.16 90
Size cases
SC2 Carbon Steel 14.02 90
ACl1 Carbon Steel 7.01 45
Angle cases
AC2 Carbon Steel 7.01 25
Optimized case oC Inconel 617 Alloy 14.02 25

Table 2. Physical and Thermal Properties of Materials

Pipeline Material Carbon Steel AISI 304 Stainless Steel Inconel Alloy 617
Density (g/cm’) 7.85 8.00 8.36
Modulus of elasticity (Gpa) 200 193 173
Poison’s ratio 0.29 0.29 0.3
Tensile ultimate strength (Mpa) 460 586 570
Tensile yield strength (Mpa) 250 207 260
Specific heat (J/(kg-k)) 480 500 419
Isotropic thermal conductivity (w/m-k) 47.6 16.2 13.6
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Fig. 3. Non-traditional Qil Pipeline Finite Element Analysis Process
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Fig. 4. FEM Results of Oil Pipeline: (a) Deformation Result, (b) Maximum Load Capacity Result



oS- -

1.00
0.89
0.78
0.67
0.56
0.44
0.33
0.22
0.11
0.00

(b) MC1

Total deformation

(c) MC2

OpAJ3L Shulo} - 35

aVa Ve

(d) SC1 (f) AC1

(a) GC /ﬁ\ /\ /

() SC2 (g) AC2

Fig. 5. Deformation Contour of Oil Pipeline

|2 o] WlskE dAlsleS ZehH Eq. ()& 33 =&
Ak Eq. (2)¢] MLCE Fuj3lE 8% <73l Load factor=
AnsysE 53| =& sk Algolch Axial load= Sl 24

= e nslal B o] 749 133.54 No| A=k,
=9 Hulels 85 vasiis o Al5e] F82d0] RIS
t} EkA7do] obd Uul wlo]ZR 73Rl AISI 304 Stainless
Steelo] 28 MC19] 3% 3] GCel| B3] d33] 2 21
FRIT 5= Qo vho]zme] 4y} FofFe whe) sk &5k]
Hak S7rhe Zo2 veRgon We] 7Py wo] Ak
SC1& sFa-83F= GCHI} vk g SRI%H 4= 9k meeh S+
FAZE FANRC wEh WEgwke] 2o} FEeR|A] edord SC2
= Hdfsls 85 S 973t des VERISICE BE S
Aol Fol 71 2 82 kN Hjsls Sk vehior Wy
o] 71 ZA] vhEIIEl ACL, AC29} Hlasle 451 Awlrt

EEEA

MLC= Load factor x Axial load 6)
4. HIBS 92 SS90 212 K20}
Fig 62 1A% 09 $he] faaisl 23 7k o]
A WS A 22 HE5F0) 2L WFEVS A 3
\\A_\“_‘“_.I.I —— 610mm —
D-87.02mm [\ | —
4'(1«%““@\\\1 (& -
A Ki“ / \S‘, R = 265mm
\h,_. // L= 1474mm
t=14.02mm

Fig. 6. Modeling of OC

Z3sle] Belgsk OCo]thTable 1 3a1). A]EE Inconel 617
AlloyE AM3FE o™ 72 7 14.02 mm, JZdo|=
Zheer= 25°% Akt o vixks Qo] $FEHE & e
F 5Yslo} 37| witol] GCo} v IAE Z7] 1474 mme]
o R HAYstrk o]F A FA f3ka s
FA3 HA 9] A4S o] OC FfHole I 283}
Ttk

Fig. 72 OCol| tigh fgka 234 AAE GCo} v|aLsle] vief
W ZTefszolo) WEEe | mmE AJEs] Fe Wdo] veRd As
I = glon o]& Zmd| WTE F AC29t TUg e
Hot}: o] T3l Zeh= W] e F71% BIFE =Ye)
ks o] FolEA] & 2 ERIBIGITE FulslEe] 45
884 kNO & 68.4 kN GCEL} 20 kNolu 3Hd 2aE ©53)
Ak 3 T2 W) 24H SC29) 3% S Q2kNOE
ERIAE o] Wl A5, lo|Z 9 % Fo] Wl IR
< o TS e Zs gRIsle] OC] 7224 s ERls)

Aok
—~
1.005 120
I Deformation a
— 1.004J | Maximum Load Capacity 100 E:
E 3
=] =]
<= 1.003 =3
g S
2
da 1.002 "g
E =
5 1.001
S =
2 E
= 1.000- £
£
0.999 - E

GC

oC
Case ID

Fig. 7. FEM Results of Optimized QOil Pipeline
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