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Abstract 
The aim of this study was to ecologically analyze the flow field and fluid pressure on the interlayer in the 
construction of salt-cavern gas storage in terms of terrestrial ecology. With the help of CFD software Fluent, 
the cavity numerical models in different working environments had been built and the influence of water 
injection rate, height of the central tube and inter-medium tube, height and length of interlayer had been 
analyzed. The results show that the existence of interlayer breaks up the continuity of cavity boundary and 
causes many ecological eddies in the storage, and the changes of factors have a great impact on the strength 
and scope of eddy in the small space of environment. The fluid pressure on the upper surface of interlayer is 
significantly less than the fluid pressure on the lower surface in most cases while the pressure equal to each 
other when the inter-medium tube goes down, so that it can be slump the interlayer easily through reducing 
the height of the inter-medium tube. 
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INTRODUCTION 
Rock salt cavity gas storage underground has been 

received much attention in recent years due to its well 
creep, low permeability and porosity, stable mechanical 
properties and good sealing, certain damage features, 
which make it a very ideal form for gas storage (Zhao 
2003 and 2004, Liu 2013). In China, because of the 
complicated geological conditions, the construction of 
gas storage is more complex than other countries (Han 
et al. 2007). Flow field simulation is very useful in 
controlling cavern shape in construction (Reda and 
Russo 1986). 

Many related ecological researches have been done 
in this field, which focused on three aspects: salt rock 
physical and mechanical properties (Shi 2009, Yu 2015), 
cavern stability (Tan et al. 2009) and water soluble 
construction process (Xiong et al. 2015). But very 
limited research achievements are related to flow field 
in bedded salt rock cavern. In the construction period, 
the cavity is in the state of steady expansion, which is the 
most important stage in the process of building cavity in 
environment. At this point, attention should be paid to 

the shape of the cavity in time to simulate the test to 
ensure the ecological stability of the cavity process and 
security. 

This paper presents the basic terrestrial ecology rules 
of internal flow. The distribution of velocity field and 
the stress of the interlayer have been simulated with the 
computational fluid dynamics software Fluent, 
considering the conditions of interlayers length and 
distance, inter-medium tube position and water 
injection rate in the construction period. 

EXPERIMENTAL 

Method 
Fluid flow in salt cavern is a coupling process of 

convective diffusion, which can be expressed with 
Navier-Stocks equations and Fick diffusion law. 
Hydrodynamic-diffusion governing equations are: 
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where ρ is fluid density; Yi is the flow distance in time 
t; V is fluid flow velocity; t is time; Ji is the diffusion flux; 
Si is the rate of additional generation; Di,m is the 
diffusion coefficient; µ is fluid viscocity coefficient; Sct 
is the turbulent Schmidt number; ∇ is the gradient 
operator; p is the pressure of fluid; F is the fluid 
physical. 

Model 
According to the relevant standards and actual 

production activities, the shape of salt rock cavity was 
described quantitatively and concluded to the pear-
shaped (Li and Shi 2012 and 2015, Park et al. 2014). It 
defines the shape of the cavity by assuming that the first 
half of the cavity and the lower part is composed of two 
different sizes of half ellipsoid, the model is just like the 
Fig. 1 shows below. The height of the elliptical cavity is 
40 meters, maximum width is 30 meters, the first half 
of the cavity a =30 meters long, the second half b = 10 
meters long, the largest radius c = 15 meters long, the 
cavity is stable when f >0.5, k >1 by calculating. There 
is interlayer the thickness of which is 2 meters in the 
cavity. Because of the cavity model assumes the axis 
symmetric distribution, it could reduce the amount of 
calculation and also does not affect the results when 
taking half of the model (the right side) to calculate 
(Kim 2011, Wang 2011 and 2014). 

In the boundary condition, the upper and bottom of 
the cavity were deposited as sediment layer because the 
oil cushion method was used, so the oil layer was 
arranged on the top surface and the bottom of the cavity 
was deposited with the slag layer. In order to simulate 
the dissolution of the sidewall salt rock surface without 

influencing the flow field in the cavity, and the fluid 
concentration was the saturation concentration of the 
brine. The influence of insoluble sedimentation on the 
flow was neglected. In the meshing, Fluent and Gambit 
were used to the pre-processing and meshing.  

For the oil pad method and sediment on the bottom 
of the storage, both the surface and the bottom of cavity 
are regarded as insoluble boundary. The small entrance 
speed of saturated water on the side wall v =0.001 m/s. 
The description of various process parameters and the 
geological conditions are as shown in Table 1. 

 
Fig. 1. Calculation geometric model  

Fig. 2. Mesh model of the right half 

Table 1. The different combinations of working 
conditions 

Condition 
No. 

Water 
injection 

rate 
(m/s) 

Height 
of the 

central 
tube(m) 

Height of 
inter-

medium 
tube (m) 

Height of 
Interlayer(m) 

Length of 
interlayer(m) 

1 2.46 5 10 20 10 
2 2.46 5 10 20 7 
3 2.46 5 10 20 4 
4 2.46 10 15 20 8 
5 2.46 10 20 20 8 
6 2.46 10 30 20 8 
7 2.46 5 10 20 7 
8 1.96 5 10 20 7 
9 1.46 5 10 20 7 

10 2.46 5 10 
28 4 
20 7 

11 2.46 5 30 
28 4 
20 7 
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RESULTS AND DISCUSSION 
According to the situations above, with the help of 

computational fluid dynamics software Fluent, the 
distribution of velocity field and the fluid pressure on 
the interlayer surfaces can be simulated, it can come to 
the conclusion about the rule in the procedure of 
solution mining salt caverns. According to the working 
conditions from 1 to 11, different mathematical models 
were set up respectively, with the help of finite element 

software Fluent, the distribution of velocity field can be 
simulated as shown below. 

It can be found from the figures above that the 
existence of interlayer breaks up the continuity of cavity 
side wall and divides the whole cavity into many small 
spaces. There are many eddies in the small spaces and 
the vortex strength of the lower ones is greater than the 
upper ones for the height of inter-medium tube is 
located in the middle of the gas storage. As can be seen 
from the figures, changes in the length of interlayer, the 

 
Fig. 3. Flow field in different working conditions 

 
Fig. 4. Fluid pressure when interlayer is 10 m long 

 
Fig. 5. Fluid pressure when interlayer is 7 m long 
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rate of water injection or the height of inter-medium 
tube would have a greater impact on the strength and 
scope of eddy in the small space. The fluid pressure on 
the interlayer would change with the changing of the 
strength of eddy, and it is necessary to analysis the 
pressure for it has influence on the stability of interlayer, 
which determines the security and stability of gas 
storage. 

It is already known that the existence of interlayer 
has a great influence on the flow field and makes 
it harder to control the cavity shape. Hence, though 
analysis of fluid pressure we can get the basic laws of 
stress and find the way to reduce the influence of 
interlayer. Then, this paper took the pressure analysis of 
interlayer in different working conditions to summarize 
the basic laws in the water soluble building cavity. 

From the figures above we can find that the fluid 
pressure on both the upper and lower surfaces are 
increase in different degrees in the edge position, then 
the pressure of the lower surface tends to be stable while 
the pressure on the upper surface increased gradually. 
The maximum value of fluid pressure is approximately 
4300Pa, 3100Pa and 1750Pa when the length of 
interlayer is 10 meters, 7 meters and 4 meters, 
respectively, which means that the fluid pressure 
decreases gradually while the interlayer length 
decreases. No matter how long the interlayer is, the 
fluid pressure on the lower surface is always greater than 

the pressure on the upper surface because of the 
strength of eddies is large under the interlayer. 

By the figures from Fig. 7 to Fig. 9, it can be seen 
that when the height of the middle tube increases from 
15 meters to 30 meters, the maximum value of fluid 
pressure is approximately 3900Pa, 4550Pa and 530Pa, 
respectively. When the height of inter-medium tube is 
15 meters, the fluid pressure on the upper surface is 
growing faster than the lower surface pressure and over 
it in the 11meters position. When the height of inter-
medium tube is 20 meters, the pressure on the upper 
surface is always greater than the pressure lower. When 
the inter-medium tube rises to 30 meters high, fluid 
pressure on both the upper and lower surfaces is pretty 
small. The fluid pressure reaches its maximum value 
when the height of inter-medium tube reaches the 
interlayer location, and the interlayer is the most 
unstable state. 

It is easy to conclude from Fig. 10 to Fig. 11 that the 
change of water injection rate has a certain influence on 
the fluid pressure and has no influence on the 
distribution of fluid pressure on the interlayer surface. 
When the water injection rate is 2.46m/s, and 1.46m/s, 
the largest pressures, 3100Pa, and 2150Pa respectively, 
are all applied on the lower surface of interlayer. 
Therefore, a conclusion can be concluded that fluid 

 
Fig. 6. Fluid pressure when interlayer is 4 m long 

 
Fig. 7. Fluid pressure (middle tube is 15 m high) 

 
Fig. 8. Fluid pressure (middle tube is 20 m high) 

 

 
Fig. 9. Fluid pressure (middle tube is 30 m high) 
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pressure on the interlayer gradually reduce with the 
decrease of the water injection rate. 

According to Fig. 12 that the largest pressure on the 
surface of interlayer is approximately 2500Pa; as shown 
in Fig. 13 that the largest pressure is approximately 
300Pa. Which shows that when the height of inter-
medium tube changed, the lower surface of the 
interlayer is under a greater pressure in the cavity of two 
or more interlayers than the cavity of just one interlayer, 
the lower the inter-medium tube, the greater the 
pressure on the interlayer located in the lower part of 
the gas storage. 

CONCLUSIONS 
(1) The existence of interlayer breaks up the 

continuity of cavity boundary and causes many 
environmental eddies in the upper and lower 
space of the interlayer. 

(2) Fluid pressure on the interlayer surface decreases 
gradually with the decrease of water injection 
rate. With the decreasing of water injection rate, 
the overall strength of fluid is decline and the 
difference between the disturbances is declining. 

(3) When the number of interlayer more than one, 
similarly with the case of a single interlayer, the 
fluid pressure on the upper surface of interlayer 
is significantly less than the fluid pressure on the 
lower surface in most cases. Meanwhile, the 
lower the position of middle tube, the greater 
fluid pressure acted on the interlayer in the lower 
space of the gas storage. 
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Fig. 10. Fluid pressure (injection rate is 2.46m/s) 

 

 
Fig. 11. Fluid pressure (injection rate is 1.46m/s) 

 
Fig. 12. Fluid pressure (middle tube is 10 m high) 

 

 
Fig. 13. Fluid pressure (middle tube is 30 m high) 
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