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Transporting heavy crude oil through pipelines is a major challenge due to its high viscosity and the resulting significant
pressure drop. Core-annular flow, in which a thin water layer separates the crude oil from the inner pipe wall, has been
recognized as an effective method for reducing pressure loss. This study numerically investigates the effect of pipe
inclination on the flow pattern of annular two-phase flow of water and non-Newtonian crude oil. The computational
domain includes a pipe with an inner diameter of 40 mm and a length of 1.5 meters, where two phases are analyzed for
inclination angles ranging from +90° (upward) to —90° (downward). Computational Fluid Dynamics (CFD) simulations
were performed using ANSYS Fluent, and the Volume of Fluid (VOF) model was employed to capture the oil-water
interface. The results indicate that core-annular flow can reduce the pressure drop by up to 85.5% compared to single-
phase oil flow. As the pipe approaches a vertical orientation, the flow pattern transitions from semi-annular to fully
annular and symmetric, which significantly reduces the likelihood of crude oil deposition on the pipe wall. In upward
flow, increasing the inclination angle reduces the frictional pressure drop while increasing the gravitational component.
Beyond 75°, the reduction in frictional component outweighs the gravitational increase, and the combined pressure
drop is reduced from 1245 Pa at 75° to 1201 Pa at 90°. In downward flow, increasing inclination leads to higher
frictional losses and lower gravitational contribution. For validation, the numerical results were compared with
experimental data, and a maximum error of 7% was obtained.
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Table 2 Comparison between the experimental results of Dehkordi et
al. [15] and the present numerical study
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Case number pressure drop (Pa)
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pressure drop Relative error

1808 yo0 Ve oylad (YO )9

OhlSen g oS Loyaaxe A

an (_,Jl.i> shls igis ol 5> odlaswl 350 (5090 ﬁlb O]
wogaie (jg e 3 F/F p30 (g 10y3 ccaSle yie 0 S5LS
o ‘o)fglaf Q4aA/Y Lr”-{’ LS')') o uT LJLLMJ sl YV/A
ABlse 48l SISl /ool (595015 s caSo

hSem Jlse g (338 > by, YW

ol esliiwl 390 == by Lol p ‘ASL'> AN ER
ol oslatwl (Pressure-based) asly ;Lid )i.l} Bl )L‘,él‘a)j o2l 5o
Aload (g1ia30y8 Zuye wygods ez yuS (sladilgo g
!x 9 (PRESTO) giwys (g 5l ;Lid dlsles LS)L“’M &lp
o 9 iy cawdYb g, )l Ui&.&wT 9 Pyidege AN EPS
(PISO) i gy 3l weepw—ylid SiulysS counl oads w8
9 107° ‘U.i.u.uyu sleo sly hSKed jlmo cul 48)8 eyg0
[GYSC YN RC FXV: aid)S i 51070 Sl g pyioge (sly
Sl yieS cdlygS sae U oads (puasl duili o/ee¥ ylys (Sile; ﬁlf
332 > 358 (555l J> 03 o1l sl 51 5 siley (3L
S cowlws Jul=s -F-¥

3 aled W S el a8l glojl g45 5 (g S ol 5o
2 Jm eds Gialisl jshie 4 a3 lnled |y oad audgl 4
55 & (530 4 sb ol €65l ooy S5 4ol
ol 2l a5 xS () oty (slg Hlade oS cwl 0l (puasd
230 4 555 515 ) s S35 sk ol 39 m s S
bolid wdl g iy Gl 5 sl Gl el il &S ol il
hme 0uSile e puizan Lgh duslxe (> s
oxialid a5 Lblse o/+0F plp A (Skewness) (udgaSuwl
b 4 bt Sty Grapy sl el o] cuslie cudsS
bl Hlade g oad bl alime slaplodl slaed b aSids Lo
p2 by dlre So e sl dy) 2055 9 3909 e sliS
] 034 duilBo

7 N
0 NN
(SIS
SRS AN
ERSSSSS Zezesantl |
ESSEEEE S
ARSI AT X XK
NS
e 4
N

asly plojlu aSed ¥ S
Fig. 3 Structured O-grid mesh
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Table 3 Comparison of pressure drop between the two flow types

Flow type Pressure drop (Pa)
Single-phase oil flow 2608
Annular water-oil flow 378
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Fig. 5 Contour plot of oil-volume fraction at the pipe outlet cross-section
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Fig. 7 Effect of upward inclination angle on pressure drop

Fig. 8 Contour plot of oil-volume fraction at the pipe outlet cross-section
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