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• Introduction;

• Hydrate particle packing pattern to estimate the mechanical properties

of hydrate deposit;

• Study of sloughing mechanism using finite element methods;

• Conclusions.

Outlines



3/27/2017 Zhijian Liu 3

Introduction

Figure 1. Common gas hydrate structures
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molecules

What is gas Hydrate:
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Figure 2.  Hydrate deposit on the wall of gas pipeline (Murray Fraser, 2013)

• Interrupt normal production schedules;

• Cause economic loss due to expensive downtime; 

• Generate a safety risk if not properly handled. 

Hydrate plug can 

Introduction
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Figure 3.  A conceptual model for hydrate plug evolution processes in gas-dominated system

The hypothesized plug evolution processes for gas-dominated system:

Introduction
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(1)simple cubic packing;

(2)rhombohedral packing; 

(3)tetrahedral packing;

(4)Orthorhombic packing. 

Hydrate particle packing patterns: 

Hydrate Deposit Properties

Figure 4. Front view of simple cubic packing

Figure 5. Front view of rhombohedral packing
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Figure 6.  Different packing arrangement of spherical hydrate particles, Yideti, Tatek Fekadu, 2014

Hydrate Deposit Properties
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Packing 

Pattern

Simple cubic 

packing

Orthorhombic

packing

Tetrahedral 

packing

Rhombohedral 

packing

Porosity 47.64% 39.54% 45.88% 26.72%

Numbers of 

contact Points 
6 8 10 12

Table 1. Porosities for different packing patterns

∅ = 1 −
𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 ℎ𝑦𝑑𝑟𝑎𝑡  𝑒 𝑖 𝑐𝑒 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑢𝑛𝑖𝑡 𝑐𝑒𝑙𝑙

The total volume of solids in a unit cell is:

𝑉ℎ𝑦𝑑𝑟𝑎𝑡𝑒/𝑖𝑐𝑒 = 4 ×
90

360
×

4𝜋

3
𝑟3 =

4

3
𝜋𝑟3

The volume of the unit cell is: 

𝑉𝑢𝑛𝑖𝑡 𝑐𝑒𝑙𝑙 = 2𝑟 3 = 8𝑟3

Therefore, the porosity is:

∅ =
𝑉𝑢𝑛𝑖𝑡 𝑐𝑒𝑙𝑙 − 𝑉ℎ𝑦𝑑𝑟𝑎𝑡𝑒/𝑖𝑐𝑒

𝑉𝑢𝑛𝑖𝑡 𝑐𝑒𝑙𝑙
= 47.64%

Hydrate Deposit Properties
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𝑅0: Initial Hydrate Radius

𝑅: hydrate radius after growth

𝑑: Hydrate Bridge Diameter 

Aman, Z.M., et al., 2011. Physical Chemistry 
Chemical Physics, 13(44):19796-19806.

Figure 7.  Conceptual of hydrate growth model

Hydrate Deposit Properties



3/27/2017 Zhijian Liu 10

Therefore, we can obtain the correlation between porosity ф vs 𝑑′

ф =
1 −

𝜋
6

𝑑3 − 𝜋
𝑑2 + 𝑑′2

2
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𝑑
2
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2
−

𝑑
2

2
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Figure 9. Cyclopentane hydrate-hydrate cohesive force
as a function of contact time

(Zachary M. Aman et. al., 2011)

Figure 8. Radius of the contact bridge 
as a function of contact time

(Zachary M. Aman et. al., 2011)

𝑑′: Diameter of hydrate bridge at the narrowest point

𝑑: Diameter of hydrate particle,𝜇𝑚

Hydrate Deposit Properties
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𝜎𝑓 = 𝑛 × 𝑑𝜎 =
4 × 106𝜎

𝜋𝑑

𝑛 =
1 𝑚2

𝜋𝑑2

4 𝜇𝑚2

=
4 × 1012

𝜋𝑑2

Figure 10. Sintering of THF hydrate particles (Tsutomu Uchida, 2010)

Figure 11. Cyclopentane hydrate-hydrate cohesive 
force vs hydrate bridge models

Hydrate tensile strength

The tensile & shear strength of ice are equivalent (Michel, Bernard, 1978)

Hydrate Deposit Properties
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Deposit Thickness: 0.1 m

Deposit Length: 1 m

Poisson's Ratio

Young’s Modulus

Number of columns elements in x-direction: 50

Number of columns elements in y-direction: 5

Number of property types: 5
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Figure 12.  Global node and element numbering for 

mesh of 8 node quadrilaterals (partial) 
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Study of Sloughing Mechanism using FEM
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Figure 13  Local node numbering  for rectangle element

Study of Sloughing Mechanism using FEM

(-1,-1)

(-1,1) (1,1)

(1,-1)

1

2

8

3 4 5

6

7

The constitutive equation:

The equilibrium equation: 

The strain displacement equation: 
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Study of Sloughing Mechanism using FEM

Figure14. Element mesh for the hydrate deposit with 5 layers of different properties

Figure 15. Displacement of Element Mesh for the hydrate deposit under stress



3/27/2017 Zhijian Liu 15

Study of Sloughing Mechanism using FEM

Figure 17. Shear stress distribution inside hydrate deposit

Figure 16. Normal stress distribution inside hydrate deposit
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Study of Sloughing Mechanism using FEM

Figure18. Element mesh for the hydrate deposit with 5 layers of different properties and length

Figure 19. Displacement of Element Mesh for the hydrate deposit under stress
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Conclusions

• Hydrate mechanical properties can be inferred from the particle packing pattern. 

Rhombohedral packing pattern result in hydrate deposit with least porosity and 

strongest tensile strength.

• Numerical simulations allow studying how hydrate deposits deform under stress, and 

when failure of the deposit occurs (i.e. sloughing). Hydrate deposit generally fail in 

shear instead of falling downward due to gravity. 

• This work represents an original contribution to the understanding of how hydrate of 

how hydrate plugs will from in gas-dominated pipelines from the sloughing  of pipe 

wall hydrate deposits.
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Thanks!

Any question or suggestion?


