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Abstract. Because of the characteristics of high pour point and high viscosity of waxy crude, 

pipeline temperature must be calculated accurately in order to guarantee the safety of the pipeline 

operation. Therefore it is a crucial technical problem to simulate the temperature field precisely. In 

this paper, unsteady-state heat transfer model of normal operation, restrict time of shut down of 

waxy crude pipeline and restart process was proposed. And the two-dimensional temperature field 

of the pipeline is calculated by a numerical method based on unstructured grids. Then the 

temperature field distribution and contour map at 2  and 5  oil temperatu℃ ℃ re are obtained, which 

plays a significant role for the safe transportation of pipeline. 

Introduction 

More than 80% of crude oil produced in China is waxy crude oil with a high percentage of wax, 
high pour point and high viscosity [1]. If the fluid temperature is low, the waxy crude pipeline would 
be possiblely forced to shut down because of the non-Newton behavior of the high waxy crude. 
Heating the pipeline is a common measure used in waxy crude transportation. Due to the minimum 
flow-rate and restrict time of shut down of waxy crude pipeline changes a lot with the temperature 
field of pipeline required changing [2], it is crucial to obtain an accurate temperature field around the 
waxy crude pipeline. 

The temperature field around the waxy crude pipeline is usually regarded as two-dimensional 
temperature field in calculation. Considering the physical property change of soil, the soil 
temperature field should be discretized by unstructured grids. Although the process of generating 
unstructured grid is complicated, the method has flexible data structure and is especially suitable for 
the boundary which is geometrical unstructure;. Therefore, the numerical method based on 
unstructured grid is used to obtain a temperature field [3]. 

The paper is organized as follows: the mathematical model of high waxy pipeline is given in the 
next section, including the governing equation of temperature of high waxy pipeline, restrict time of 
shut down of waxy crude pipeline and restart process. The discretization method to solve the model 
in numerical calculation is proposed thereafter. Then the numerical results are given by numerical 
simulation to mo-da line. Finally the conclusion remarks are addressed. 

Mathematical model of high waxy pipeline 

Mathematical models of the governing equation of high waxy pipeline, restrict time of shut down 
of waxy crude pipeline and restart process are proposed as follows: 

Governing equation model of normal operation 
For pipelines buried within the soil, there are three different parts of heat transfer, namely, the 

heat between the wax and tube, the heat between tube and coating, then the heat transfers from 
coating to soil and finally to atmosphere. The factors, which influence the heat dissipation of hot oil 
pipelines, can be divided into two types: internal factors and external factors. The internal factors 
include thermophysical properties of oil, etc. The external factors included physical properties of 

4th National Conference on Electrical, Electronics and Computer Engineering (NCEECE 2015) 

© 2016. The authors - Published by Atlantis Press 7



 

soil around
The physic

And the
Flow eq

Continu

Momen

Where v
in the pape

Energy 

By mea
equation of

d the pipeli
cal model is

e governing 
quation: 

uity equation

ntum equatio

v|v| is inste
er. 

equation:



ans of the c
f oil is estab

ine, thickne
s shown in F

equation m

n:  A






on:
u

V


 


 

ad of v2 as 

 A U

 
 


continuity e
blished: 

ess of cover
Fig. 1 and F

Fig. 1 Pro

Fig. 2 Fig
models of no

 uA
z





sin
u

g
z




 


far as veloc

2

2

u
U gs


  


equation, m

 

ring soil, at
Fig. 2 separa

ofile of burie

gure of burie
ormal opera

0        

1 p

z





 



city directio

 uA
z


 
  

momentum 

tmospheric 
ately. 

ed pipeline 

ed pipeline 
ation are sho

          

2

2

f u

D
     

on of oil is 


2

2

u
A h g


 


equation an

temperatur

own as follo

           

           

concerned b

gs D

 


nd energy e

re and wind

 

ows: 

          

          

but it is not

Dq

         
equation, h

d speed etc.

 

       (1) 

       (2) 

t concerned

       

(3) 

eat transfer

. 

d 

r 

8



  

3
d d 4

d d 2
p

T T p fu q
C

D D


   
                                                             (4) 

2

1 1
( ) ( )k k k

k k k k

T T T
C r

r r r r
  

  
   

 
    

                                             (5) 

Where 1, 2,3k   represents wax deposition, tube wall and coating separately. 
Soil thermal conductivity: 
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Connection condition:  
Heat-transfer process of oil in the pipeline, wax deposition, tube wall, coating and soil is the 

interdependence, it satisfies: 
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Boundary conditions: 
Due to symmetry of computational domain, it only researches the right half part of the pipeline. 

The boundary conditions are: 

当 0x  ， 0 30 y H R  
时， 0sT
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Variables of the equations are illustrated as follows: ρ is oil density, kg/m3; A is sectional area of 
pipeline flow, m2; τ is time, s; u is average velocity of pipeline flow, m/s; z is axial position of 
tubing, m; g is acceleration of gravity, m/s2; α is angle between axial and horizontal direction of 
tubing; p is average pressure of sectional area of pipeline flow, Pa; f is darcy friction factor；Cp is 
heat capacity at constant pressure of crude oil, J/(kg· )℃ ; U is specific internal energy of crude oil, 
J/kg; s is specific entropy of crude oil, J/(kg· K)；h is specific enthalpy of crude oil, J/kg; D is inner 
diameter of pipeline, m; q is heat dissipating capacity of crude oil in tube wall unit area per unit 
time, w/m2; π is circumference ratio; T is temperature of crude oil, ℃; α is expansion coefficient 
of crude oil, ℃-1; ρi is density of the i layer(wax deposition, tube wall and anticorrosion coating), 
kg/m3; Ci is heat capacity of the i layer(wax deposition, tube wall and anticorrosion coating), 
J/(kg·℃); Ti is temperature of the i layer(wax deposition, tube wall and anticorrosion coating), ℃; 
λi is thermal conductivity of the i layer(wax deposition, tube wall and anticorrosion coating), 
W/(m· )℃ ; r is radial position, m; β is radian of the ring; α0 is heat transfer coefficient between oil 
and internal tube wall, W/(m2· )℃ ; T0 is temperature of internal tube wall, ℃. ρs is density of soil, 
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