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• Buried pipeline 

• Unsteady, compressible, non isothermal pipe flow 

• Conventional model 
• Flow is modelled in 1D 

• Heat exchange between the gas inside the pipeline and 

ambience is modelled through a  fixed heat transfer 

coefficient U 

• Commercial codes have 1D unsteady, in some cases 2D 

representation of the ambience (soil model) 

• Requirements on calculation time for large pipeline 

networks neccesitate simple ambient models (i.e fixed U 

is commonly used, at most an 1D radial representation) 
 

 

Problem description 



Problem description 

• Context: Gassco Project ‘Improved flow modelling’  

• Gassco online model of the gas transport network is using fixed        

U values 

• These models are very accurate in steady flow scenarios, but show 

still som variation when the gas flow into the pipeline inlet is highly 

transient  

• Earlier work in the project, and a few recent literature publications 

show that the ground heat storage term plays a role. These previous 

studies consider the buried pipeline as a one dimensional spatial 

problem 

• In this work we study in more detail how the ambient heat exchange 

model influences the pipeflow response to a pipeline inlet transient. 

• Question: ‘how good is a 1D radial representation; what role does the 

2D nature of the heat transfer play?  
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Conceptual pipeline model and  
flow transients 



Ambient thermal models 

• Adiabatic model 

• No heat exchange with the ambient, U=0 

• Steady state, U value 

• U value based on conduction shape factor 

• Unsteady 

•   1D radial, soil donut model 

•   2D, soil slices model  

Pipeflow energy equation (JF Helgaker 2013): 
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Ref: Helgaker:  Modelling Transient Flow in Long Distance Offshore Pipeline. PhD thesis- 2013. NTNU, Norway. 



1D radial unsteady model 

solving the 1D radial form of the unsteady heat equation 
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Ref: Chaczykowski Sensitivity of pipeline gas flow model to the selection of the equation of state. [Journal] // Chemical 

Engineering Research and Design. - 2009. - pp. 1596-1603. 

 



 2D unsteady model 



Burial configurations 

H 

H = 0.556 m, 1 m, 2m 

R = 0.555 m 

R 

R 
H 

H = ½ R 

R = 0.555 m 



Results 

Transient A: adiabatic response 

Transient B: adiabatic response 



Model response transient A 



Model response transient B 



Shallow burial and exposed 





Transient A 



Transient B 



Case Ri (m) Ro (m) Fo pipe =2H/D soil le soil (m) Fo soil 

2 m burial 

depth 

0.508  0.552 0.4 3.58 1.95 1.9*10-5 

1 m burial 

depth 

0.508 0.552 0.4 1.79 1.18 5.2*10-5 

1 cm burial 

depth 

0.508 0.552 0.4 1.02 0.2 1.8*10-3 

Table 1: Fourier numbers of selected pipeline burial cases. 

 

𝐹𝑜 =
𝛼𝜏

𝐿𝑒
2  

The time needed to achieve steady state over the distance le 

after a thermal pulse at the boundary of the system is 

approximately equivalent to le
2/. 



Real case Europipe 2 
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Conclusions 

• The response to an inlet gas mass rate transient is significantly 

different to that of an inlet gas temperature transient. 

• Including the soil heat storage has a large influence on the response 

of the pipe hydraulic flow to an inlet transient.  

• The use of a 1D radial model versus 2D has a much smaller impact.   

• The 1D radial model shows a similar response to the transients as the 

2D model when the pipeline is fully buried to one or more pipe radii. 

•  For the shallow burial case, the initial response to the transients is still 

rather similar, but some of the accuracy is lost as the 1D model 

approaches quicker the new steady state after the transients. 

• For partially buried pipelines, heat storage still plays a role and to 

obtain the correct response has to be accounted for.  
 



• Significant improvements in calculation accuracy of transient pipe 

flow can be achieved by implementing a 1D radial unsteady heat 

transfer model of the soil in case of buried pipelines instead of the 

currently preferred steady state model. 

• The experimental verification clearly demonstrates the 

improvement potential the 1D radial unsteady model has 

compared to the steady state model. The remaining temperature 

deviations with the 1D radial model are over-predictions occurring 

at the peaks of the modulating gas temperature inside the pipe at 

the measurement location. Further study is needed to identify the 

cause(s) of this. 



Acknowledgements 

This work is funded by the Norwegian gas transmission operator Gassco as 

part of a project to improve flow modeling in offshore natural gas pipelines. 

Ackowledged are the contributions of Willy Postvoll (Gassco) , Leif Idar 

Langelandsvik (Gassco) and Stein Tore Johansen (NTNU/SINTEF). 

 



References 
Abbaspour and Chapman Nonisothermal Transient Flow in Natural Gas Pipeliness [Journal] // J. Appl. Mech.. - 2008. - Vol. 75 (3). 

Archer R.E., O Sullivan, M.J. Models For Heat Transfer From a Buried Pipe [Journal] // SPE Journal. - 1997. - Vol. 2. - pp. 186-193. 

Barletta and al. et Numerical study of heat transfer from an offshore buried pipeline [Journal] // Applied Thermal Engineering. - 2008. - Vol. 28. - pp. 1168-1176. 

Barletta and al. et Transient Heat Transfer from an Offshore Buried Pipeline during Start-up Working Conditions [Journal] // Heat Transfer Engineering. - 2008. - 11 : Vol. 29. - pp. 

942-949. 

C.C.Ngo F.C. Lai Heat Transfer analysis of Soil Heating Systems [Journal] // Int. Journ. Heat Mass Transfer. - 2009. - Vol. 52. - pp. 6021-6027. 

Chaczykowski Sensitivity of pipeline gas flow model to the selection of the equation of state. [Journal] // Chemical Engineering Research and Design. - 2009. - pp. 1596-1603. 

Chaczykowsky Sensitivity of pipeline gas flow model to the selection [Journal] // Chemical Engineering Research and Design. - 2009. - pp. 1596-1603. 

Dewitt Incropera and Fundamentals of Heat and Mass Transfer [Book]. - New York : Wiley, 2000. 

Documentation Olga Olga Heat Transfer Review Modelling of Buried Pipelines with Standard Olga Model [Online] // http://www.scribd.com/doc/96815655/Burial-of-Pipes-in-OLGA. 

F.Gu et al A Numerical Calculation of Soil Moisture and Heat Couple Tempertaure Field around Pipelines in The Process of ALternate Transportation of Cool-Hot Crude Oil 

[Conference] // ICPTT. - 2009. - pp. 362-372. 

G.Atefi et al Analytical Solution of Temperature Field in Hollow Cylinder under Time Dependnent Boundary Condition using Fourier Series [Journal] // Am. J. of Eng. Applied 

Sciences. - 2008. - 2 : Vol. 1. - pp. 141-148. 

H.H.Bau Heat Losses from a Fluid Flowing in a Buried Pipe [Journal] // Int. J. Heat Mass Transfer. - 1981. - 11 : Vol. 25. - pp. 1621-1629. 

Helgaker Modelling Transient Flow in Long distance Offshore Natural Gas Pipelines // Doctoral Theses at NTNU. - Trondheim : Norwegian University of Science and Technology, 

November 2013. 

Helgaker, Oosterkamp and Ytrehus Transmission of Natural Gas through Offshore Pipelines - Effect of Unsteady Heat Transfer Model [Conference] // MEKIT '13. - Trondheim : 

Tapir, 2013. 

J.C.Morud A.Simonsen Heat transfer from partially buried pipes [Conference] // 16th Australasian Fluid Mechanics Conference. - Gold Coast Australia : [s.n.], 2007. - pp. 1182-1186. 

J.E.Sunderland K.R. Johnson Shape Factors for Heat Conduction Through Bodies with Isothermal or Convective Boundary Conditions [Journal] // Trans. ASHRAE. - 1964. - Vol. 10. 

- pp. 237-241. 

Langelandsvik Modeling of natural gas transport and friction // PhD Thesis. - Trondheim : NTNU, 2008. 

Langelandsvik Modeling of natural gas transport and friction factors for large scale pipelines // NTNU PhD Theses. - Trondheim : Norwegian University of Science and Technology, 

2008. 

Lu X et al An efficient analytical solution to transient heat conduction in a one-dimensional hollow composite [Journal] // J. Phys. A: Math. Gen.. - 2005. - Vol. 38. - pp. 10145-10155. 

M.Chung et al. Semi-analytical Solution for Heat Transfer from a Buried Pipe with Convection on the Exposed Surface [Journal] // Int. Journ, of Heat Mass Transfer. - 1999. - Vol. 42. 

- pp. 3771-3786. 

M.Talaee G.Atefi Non-Fourier Heat Conduction in a Finite Hollow Cylinder with Periodic Heat Flux [Journal] // Arch. Appl. Mech.. - 2011. - pp. 1793-1806. 

Nicholas E. The impact of the pipe and ground on pipeline temperature transients [Conference] // PSIG 2011. - [s.l.] : One Petro, 2011. 

Osiadacz Chaczykowski and Comparison of isothermal and non-isothermal pipeline gas flow [Journal] // Chemical Engineering Journal. - 2001. - Vol. 81. - pp. 41-51. 

Ovuworie Steady-state Heat Transfer Models for Fully and Partially Buried Pipelines [Conference] // CPS/SPE International Oil & Gas Conference and Exhibition. - Beijing : SPE, 

2010. 

P.Holmuller Analytical Characterisation of Amplitude Damping and Phase Shifting in Air/Soil Heat Exchangers [Journal] // Int. J of Heat and Mass Transfer. - 2003. - Vol. 46. - pp. 

4303-4317. 

Ramsen J, et al. Important Aspects of Gas Temperature Modeling in Long Subsea Pipelines [Conference] // Proceedings Pipeline Simulation Interest Group. - Galveston : PSIG, 

2009. 

Singh S. et al. Analytical solution to transient heat conduction in polar coordinates with multiple layers in radial direction [Journal] // International Journal of Thermal Sciences. - 2008. 

- Vol. 47. - pp. 261-273. 

Starling Fluid Thermodynamic Properties for Light Petroleum Systems. - [s.l.] : Gulf Publishing Company, 1973. 

Zukauskas A and Ziugzda C Heat transfer of a cylinder in cross flow [Book]. - New York : Hemispher Pub., 1985. 

 



WWW.POLYTEC.NO 


