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Abstract

:

The fracture field and permeability distribution model of comprehensive working face goaf was integrated upon the theoretical examination to investigate the fracture field distribution law of goaf and gas migration and accumulation characteristics, and this model has been applied to the mathematical model of gas migration and accumulation in goaf. The ANSYS FLUENT numerical simulation software was used to obtain the characteristics of gas migration and accumulation in goaf and its influencing factors and analyze the applicability of solving the features of gas migration and proliferation using the porosity model of layer division in goaf. The results were as follows: the porosity around the caving zone was a little big, whereas the porosity in the middle was a little small. The porosity was almost equal along the inclination and strike in a symmetrical distribution. The porosity occurred at the fracture zone with an “O” shape. As the gob layer height increased, the porosity tended to be small. The maximum value of the porosity of the goaf would shrink to the middle of the goaf with the increase of gob layer height. The gas mass fraction along the goaf inclination showed the growth characteristics of “exponential function”, the gas mass fraction along the goaf strike on the air inlet side showed the growth characteristics of “Boltzmann function”, and the gas mass fraction along the goaf strike on the air outlet roadway side manifested the growth characteristics of “linear function”. The main influencing factors were air leakage speed, negative pressure, and porosity distribution. The distribution model of porosity and permeability of different layers of gob can more accurately simulate the characteristics of gas migration and storage.
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1. Introduction


Gas is always one of the key factors restricting and threatening the safe and efficient production of coal mines [1,2]. There are main concerns. One is to reduce the frequency of gas disasters, and the other lies in how to extract high-concentration gas for utilisation while improving coal production. Both issues catch and hold the mining public’s attention [3,4]. Mining behaviours lead to a large amount of pressure-relief gas flooding into the goaf, composed of mining-induced overburden rock and fractures [5,6]. Therefore, the goaf can be seen as a holistic structure with different pores and fractures, and gas transfuses and migrates from a gas enrichment region [7,8]. The porosity of goaf affects the gas concentration at the upper corner and the airflow, and the gas concentration determines the mining speed of the working face. Accordingly, it is necessary to study the fractures, pores distribution, gas migration, and accumulation characteristics of the goaf [9,10] so as to provide a scientific basis for high-concentration and high-efficiency drainage of pressure-relieved gas [11,12].



In essence, the caving zone and fractured zone of goaf are the main channels for gas migration, but the accumulation modes of rocks in the caving zone and fissure zone are different [13]. The caving zone constantly fractured and caved and then accumulated together, forming a natural accumulation area, a load-affected area, and a re-compaction area. Because of its irregular caving structure, it can be regarded as a porous medium [14]. Therefore, some scholars have suggested relevant theoretical algorithms to calculate the porosity distribution characteristics of the caving zone [15,16]. Vertical broken fractures and transverse interlayer fractures are formed after the rock of the fractured zone is broken [17]. It cannot be regarded as a porous media. Therefore, there is no mature theoretical method to express the porosity distribution characteristics of the fracture zone. According to research, the porosity steadily decreases from the caving zone to the fracture zone [18,19,20]. Therefore, it can be assumed that the porosity decreases as a linear or exponential trend to describe the porosity change in the goaf, but the conclusion drawn is not quite accurate.



When a relatively accurate porosity distribution model is acquired, the permeability distribution model can be calculated [21,22,23], obtaining the characteristics of gas migration and storage. This paper took the porosity distribution of goaf at the side of the cut eye and working face to receive goaf gas migration accumulation characteristics more accurately. It integrated the porosity distribution characteristics of the caving zone and fracture zone. Meanwhile, the porosity distribution model of goaf was received from the predecessors’ research. After the source and quantity of gas emission were determined, ANSYS FLUENT numerical simulation software was employed to simulate the gas migration and storage in goaf. The characteristics of gas migration and storage in goaf were acquired. Its applicability was, in turn, tested, laying a foundation for determining a gas extraction scheme in goaf as well as safe and efficient mining.




2. Mathematical Model of Gas Migration and Storage in Goaf


The caving and fracture zones are the main gas migration channels in the goaf, including air and gas migration. Gas sources are mainly coal walls, adjacent layers, and residual coal [24,25,26]. Therefore, this section contained two parts: distribution characteristics of porosity and permeability in goaf and governing equation of gas flow in goaf.



2.1. Porosity and Permeability of Different Layers of Gob


The caving zone is formed by roof collapse and accumulation of breaking down rocks, which can be directly regarded as a porous medium. Fracture rotation of rock strata in the fracture zone broke and rotated, resulting in vertical broken fractures and transverse interlayer fractures. Because of the different discontinuous modes of rocks in the caving zone and fracture zone, the porosity and permeability of each area should be calculated according to other calculation methods. The coal seam is nearly horizontal, so the caving zone porosity can be calculated by Equation (1) [27]:
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where    φ G  ( x , y , z )   is the porosity of the caving zone, ly is the dipping direction length of working face (m), hd is the primary roof thickness (m), H is mining height (m), Kpb is the residual broken expansion coefficient after stabilisation of immediate broken down roof, and l is the average broken length of the primary roof (m).



After rock strata collapsed, the broken rocks formed to masonry beam structure, the unmatched movement of adjacent rock layers formed a movement curve, and the porosity of the fracture zone can be calculated by Equation (2) [28]. The subsidence amount of two adjacent layers of the fracture zone was different, thus forming a gap. According to the definition of porosity, the difference in subsidence amount of two adjacent layers is shown in Equation (3):
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where    φ   i , i + 1      is the porosity of the fracture zone,   Δ  w  ki     is the difference in subsidence between two adjacent layers (m),   Δ  Σ   h i      is the height difference between adjoining rock layers (m), and li is the broken length of rocks (m).



The permeability and porosity of goaf meet the Blake–Kozeny relation [29,30], as shown in Equation (4):
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where kG is the permeability of the caving zone and fracture zone (m2), and DP is the average grain size of broken rocks in goaf (m).




2.2. Governing Equations of Gas Flow


2.2.1. Continuity Equation of Gas


When the fluid flows in the goaf, the inflow and outflow masses of a differential control volume are the same, and the fluid continuity equation upon on the mass conservation law is shown in Equation (5):


  ∇ ( ρ u ) =  S m   



(5)




where ρ is the density of mixed air (kg/m3), u is the fluid velocity vector in x, y, and z directions (m/s), and Sm is the quality of the source (kg/(m2·s)).




2.2.2. Equation of Momentum Conservation


Assuming that the goaf is a porous medium, the gas flow in the goaf meets the momentum conservation equation. Accordingly, the sum of external forces is the momentum change. The gas flow in the goaf receives resistance from the porous medium, which can be divided into viscous and inertial. Therefore, the momentum conservation equation of gas flow in the goaf is as follows:
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where P is the hydrodynamic pressure (Pa),    τ ¯  ¯   is the viscous stress tensor (Pa),     τ ¯  ¯  = μ ( ∇ u + ∇  u T  )  , and μ is the coefficient of kinetic viscosity (Pa·s). If the gas flow in the goaf is laminar, the inertial resistance term can be ignored, and C2 is 0.





2.3. Re-Normalisation Group (RNG) K-ε Model of Gas Transport


Compared with the standard K-ε gas transport model, the RNG K-ε gas transport model can more accurately describe high-speed gas flow and eddy current flow state. The most important thing is that it considers the low-speed flow in the goaf while calculating the high-speed flow in the goaf [27]. Therefore, the RNG K-ε gas transport model was used to describe the gas flow in the goaf in this paper.
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Equation (7) is the gas turbulence equation [31,32]. k is the turbulence kinetic energy, ui is the fluid velocity vector in x, y, and z directions (m/s),    α k    is the inverse of the effective Prandtl number, ueff is the effective dynamic viscosity (Pa·s), Gk is the turbulent kinetic energy caused by the average velocity gradient, Gb is the turbulent kinetic energy generated by buoyancy, ε is the dissipation rate of turbulent kinetic energy, YM is the contribution of fluctuating expansion to the total dissipation rate in compressible turbulence, and Sk is the source term. Equation (8) is the gas diffusion equation.    α ε    is the inverse of the effective Prandtl number of ε equation, C1ε and C2ε is the experience constant, C3ε is the experience constant when the gas rising and floating conditions have been considered, Rε is an additional term for the state of rapid gas flow, and Sε is the defined source term.




2.4. Mass Conservation Equation of Gas Components


If the chemical reaction between different gases is not considered in the goaf, the inflow gas mass source term should transform into diffusion term, convection term, and gas mass residual term:


    ∂   ρ  c s      ∂ t   + ∇ ⋅   ρ u  c s  −  D s  ∇   ρ  c s      =  S s   
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where cs is the volume fraction of a component gas, ρcs is the mass concentration of the component gas (kg/m3), Ds is the diffusion coefficient of component gas (m2/s), and Ss is the residual gas mass term [33,34].




2.5. Fluid Equation of State


The state equation of the mixed gas in the goaf can be derived according to the state equation of the ideal gas, as shown in Equation (10):


   p   ρ  gas     =   R T    M  gas      



(10)




where p is the gas pressure (Pa), ρgas is the density of methane (kg/m3), and Mgas is the molar mass of methane (g/mol) [35,36].





3. Numerical Simulation of Gas Migration and Reservoir Characteristics in Goaf


3.1. Overview of Test Working Face


3.1.1. Lithologic Parameters of Overlying Strata on the Working Face


From Table 1, the average coal thickness of a working face was 3 m, the design mining length was 2300 m, and the inclination length was 220 m. The U-shaped ventilation mode was adopted. The coal seam was near the horizontal coal seam, and the immediate roof of the coal seam was 6 m.




3.1.2. Gas Emission from the Working Face


According to the separate source prediction in the mine gas emission prediction method, the gas emission quantity of the coal wall in front of the working face was 35.4 m3/min. The gas emission from the adjacent layer was 10.5 m3/min. The mining percentage was about 95%, and the residual coal emission amount was 1.86 m3/min.





3.2. Establishment of Geometric Model


This model includes goaf in Figure 1, working face, air inlet, and air outlet roadway. The goaf was 60 m high, 220 m wide, and 300 m long. It was composed of a caving zone and fracture zone, and the height of the collapse zone was 10 m. The working face size was 220 m × 10 m × 4 m, and the size of the inlet and outlet air roadway was 4 m × 20 m × 4 m.




3.3. Mesh Generation and Test System Setup


The test adopted the sweeping method to divide the grid. The unit size of the working face, air inlet roadway, and air outlet roadway was 1 m, the unit size of the caving zone was 5 m, and the unit size of the fracture zone was 10 m. A total of 15,208 units were divided, and the number of nodes was 22,172.



The test system included a mathematical model, gas composition, unit region, and boundary conditions. The mathematical model of gas migration and storage in goaf was deliberately selected as the mathematical model. The gas components include CH4, O2, and N2. Three gas emission sources were set in the unit area conditions: the working face, the caving zone, and the adjacent layer. The flow state of gas in the fracture zone was set as laminar flow, so the momentum conservation equation that ignored the inertia resistance term was adopted, and the momentum conservation equation considering the inertia resistance term was adopted in the caving zone, working face, air inlet roadway, and air outlet roadway. Furthermore, the boundary conditions of the air inlet and outlet tunnels were set. The air inlet tunnel was set as the velocity type inlet condition, the air outlet tunnel was set as the pressure type outlet condition, and other surfaces of the model were selected as the wall condition.





4. Test Results and Analysis


4.1. Distribution Characteristics of Porosity in Caving Zone and Fracture Zone


According to the lithologic parameters of the overlying strata of the working face and Equations (1)–(3), the distribution characteristics of the porosity in the caving zone are drawn, as shown in Figure 2. The distribution characteristics of the porosity between adjacent strata in the fracture zone are illustrated in Figure 3. As the distribution characteristics of the porosity between other adjacent strata are similar, it would not be repeated.



It can be observed from Figure 2 that the porosity around the caving zone was a little big, and the porosity in the middle was a little small; the reduction rate steadily decreased and finally reached 0. The distance from the working face was positioned to the position where the reduction rate tended to 0 was 50 m; in the actual production process, the side of the working face was within the goaf, followed by a natural accumulation area, a load-affected area, and the re-compaction area, the distance from the working face to the area where the void ratio of the caving zone tended to be flat was 50–60 m, indicating that the calculation model can represent the actual porosity distribution in the field. To facilitate the subsequent description of gas migration characteristics in the goaf, we assumed that the side of cut eye also had the same features. Therefore, the porosity almost equalled along the inclination and strike in a symmetrical distribution.



From Figure 3, it can be seen that the porosity of the fracture zone was small around and increased first and then decreased towards the middle of the goaf. From Figure 3c, it can be seen that the porosity presented an “O” shape, which was the same as the “O” shape distribution characteristic obtained in the literature [37], indicating that this calculation model can be used to represent the porosity characteristics of the fracture zone.



The comparison between Figure 2 and Figure 3 demonstrated the maximum porosity value in the caving zone that appeared in the roof arc triangular block area. The maximum value of the porosity of the goaf would shrink to the middle of the goaf with the increase of gob layer height.




4.2. Characteristics of Gas Migration and Accumulation


According to the mathematical model of gas migration and storage in goaf, the characteristics of gas migration and storage in goaf obtained by using FLUENT numerical simulation software are portrayed in Figure 4.



4.2.1. Characteristics of Gas Migration and Accumulation in the Strike Direction


To probe the distribution characteristics of gas mass fraction in the caving zone and fracture zone in the strike direction, a comparison diagram of the gas mass fraction at the side of the caving zone and the air inlet roadway was drawn according to Figure 4a. A comparison diagram of the gas mass fraction at the side of the fracture zone and the air inlet roadway was drawn according to Figure 4b, as shown in Figure 5a,b.



It can be seen from Figure 5 and Table 2 that with the increase of the depth of the goaf, the gas mass fraction of the fracture zone and the caving zone gradually increased. The gas mass fraction at the side of the air inlet roadway illustrated the growth characteristics of the “Boltzmann function”, and the air outlet roadway demonstrated the growth characteristics of the “linear function”.




4.2.2. Characteristics of Gas Migration and Accumulation in the Inclination Direction


The variation curve of gas mass fraction in the caving zone and fracture zone in the inclination direction was drawn to explore the distribution characteristics of gas mass fraction in the inclination direction of the caving zone and fracture zone, as delineated in Figure 6.



According to Figure 6, the gas mass fraction distribution curve in the inclined direction exhibited the growth characteristics of “exponential function”.




4.2.3. Characteristics of Gas Migration and Storage in Different Layers of Goaf


When delving into the characteristics of gas migration and storage in different layers, the difference between the gas mass fraction of the caving zone and the fracture zone are shown in Figure 7.



As can be seen from Figure 7, the gas mass fraction in the fracture zone was greater than that in the caving zone, which was caused by the rising and floating effect of the gas. The maximum value of the difference appeared at 185 m away from the air inlet roadway, rather than the side of the air outlet roadway, which was precisely caused by the maximum value of porosity of goaf would shrink to the middle of goaf with the increase of gob layer height.





4.3. Influencing Factors of Gas Migration and Reservoir Characteristics


At this time, the influencing factors of gas migration and reservoir characteristics were analyzed by comparing the influence depth of gas mass fraction in the strike direction and the changes of gas mass fraction in the inclination direction.



According to Figure 8, the influence depth of the gas distribution characteristics of the caving zone at the side of the air inlet roadway was 118.8 m. The influence depth of the gas distribution characteristics of the fracture zone at the side of the air inlet roadway was 113.2 m, indicating that with the increase of the layers, the porosity decreased, and the influence of wind speed gradually weakened. The influence depth of the gas distribution characteristics of the caving zone at the side of the outlet air roadway was 45.8 m, and the influence depth of the gas distribution characteristics of the fracture zone at the side of the outlet air roadway was 33.8 m, indicating that, with the increase of the layers, the porosity decreased. The influence of negative pressure revealing weakened.



According to Figure 9, the gas mass fraction of the caving zone at the side of the air inlet roadway was 0.4%, the gas mass fraction of the fracture zone at the side of the air inlet roadway was 2.34%, the gas mass fraction of the caving zone at the side of the air outlet roadway was 30.6%, and the gas mass fraction of the caving zone at the side of the air outlet roadway was 47.1%. It can be seen that whether it was the side of the air inlet roadway or the side of the air outlet roadway, the gas mass fraction of the fracture zone was greater than that of the caving zone, indicating that the higher the layers, the higher the gas mass fraction. This was caused by the rising and floating of gas.



The main influencing factors affecting gas migration and storage characteristics were air leakage speed, negative pressure, and porosity distribution.





5. Results and Discussion


When studying gas migration, plenty of scholars would treat the goaf as a porous medium and render its porosity and permeability to study it to a deeper extent. Most of the selection of porosity was derived from the porosity of the caving zone. Therefore, this paper took the gas migration and reservoir characteristics simulated by the distribution characteristics of layered porosity as the experimental group and the gas migration and storage characteristics manufactured by the distribution characteristics of the porosity of the caving zone as the control group. This study discussed the similarities and differences between the two and analysed whether the distribution characteristics of layered porosity were suitable for simulating the aspects of gas migration and storage. The gas migration and reservoir characteristics simulated by the porosity distribution characteristics of the caving zone in the holistic goaf are shown in Figure 10.



5.1. Comparison of Gas Reservoir Characteristics in Goaf Strike Direction


The change curve of the gas mass fraction at the air inlet and outlet roadway side of the caving zone in the control group is depicted in Figure 11a. Meanwhile, the change curve of the gas mass fraction at the air inlet and outlet roadway side of the fracture zone in the control group is shown in Figure 11b.



According to Figure 11a,b, The change of gas mass fraction in the strike direction of the experimental group and the control group was the same, connoting that it was appropriate and correct to use the distribution characteristics of layered porosity to simulate the gas migration and accumulation characteristics in the strike direction.



The comparison diagram of gas mass fraction influence depth was drawn to compare the difference of gas reservoir characteristics in the strike direction between the experimental group and the control group, as shown in Figure 12. The first group was the comparison results of the influence depth of the gas mass fraction in the caving zone of the air inlet roadway side, and the second group was the comparison results of the influence depth of the gas mass fraction in the fracture zone of the air inlet roadway side. The third group was the comparison results of the influence depth of the gas mass fraction in the caving zone of the air return roadway side, and the fourth group was the comparison results of the influence depth of the gas mass fraction in the fracture zone of the air return roadway side.



It can be seen from Figure 12 that the influence depth of the gas mass fraction in the experimental group was greater than that in the control group, but the porosity of the fracture zone in the experimental group was less than that in the control group. This was due to the fact that although the porosity around the fracture zone was small, when it retracted to the middle of the goaf, the porosity rose promptly, resulting in the influence depth of the gas mass fraction in the experimental group being greater than that in the control group, indicating that the gas was easy to migrate in the area with large porosity.




5.2. Comparison of Gas Reservoir Characteristics in Goaf Inclination Direction


The variation curve of the gas mass fraction in the inclination direction of the caving zone and the fracture zone is demonstrated in Figure 13 to investigate the gas reservoir characteristics in the inclination direction of the goaf in the control group.



According to the comparison between Figure 6 and Figure 13, the change of gas mass fraction in the inclination direction of the experimental group and the control group was basically the same, showing the characteristics of “exponential function” growth, and the fitting degree was generally above 0.99, denoting that it was appropriate and corrected to use the distribution characteristics of layered porosity to mimic the characteristics of gas migration and storage in the inclination direction.



The comparison diagram of the gas mass fraction was drawn to compare the difference in gas reservoir characteristics in the inclined direction between the experimental group and the control group, as delineated in Figure 14. The first group was the comparison results of the gas mass fraction at the side of the air outlet roadway in the fracture zone, and the second group was the comparison results of the gas mass fraction at the side of the air outlet roadway in the caving zone. The third group was the comparison results of the gas mass fraction at the side of the air inlet roadway in the fracture zone, and the fourth group was the comparison results of the gas mass fraction at the side of the air inlet roadway in the caving zone.



It can be seen from Figure 14 that the gas mass fraction of the experimental group was less than that of the control group. The porosity around the fracture zone of the experimental group was less than that of the control group, revealing that the larger the porosity, the more conducive to the gas migration in the fracture zone.




5.3. Comparison of Gas Migration and Reservoir Characteristics in Different Layers of Goaf


The comparison diagram of the gas mass fraction change curve along the inclined direction of the working face in the experimental and control groups’ caving zones is shown in Figure 15a. Meanwhile, the comparison diagram of the gas mass fraction change curve along the inclined direction of the working face in the experimental and control groups’ fracture zones is illustrated in Figure 15b.



It can be observed from Figure 15 that the gas mass fraction of the experimental group was generally smaller than that of the control group, and the porosity of the experimental group was also smaller than that of the control group, indicating that the greater the porosity was, the easier the gas was to migrate in it. There was little difference in the gas mass fraction between the re-compaction area in the caving zone and the compaction stability area in the fracture zone, but there was a large difference in the gas mass fraction between the natural accumulation area in the caving zone and the overburden separation area in the fracture zone, this was precisely due to the porosity distribution characteristics of the caving zone and fracture zone. This difference is consistent with the “Circular overlying zone for gas extraction” expressed in the literature [38]. Therefore, the layered porosity distribution characteristics can more accurately simulate the gas migration and reservoir characteristics.





6. Conclusions


In summary, three conclusions are drawn as follows:



Taking into account the distribution characteristics of the porosity in the goaf at the side of the cut eye and working face, the distribution characteristics of the porosity in the caving zone and the fracture zone were integrated. In the horizontal direction, the porosity distribution characteristics of the cut side were increased. In the vertical direction, different porosity distribution models were used for the caving zone and the fracture zone, and both models were used in the goaf.



The characteristics of gas migration and storage in goaf and its influencing factors were obtained. The gas mass fraction in the inclination direction of the goaf showed the growth characteristics of the “exponential function”, and the change of gas mass fraction in the strike direction of the air inlet roadway side demonstrated the growth characteristics of the “Boltzmann function”. The change of gas mass fraction in the strike direction of the air outlet roadway side illustrated the growth characteristics of the “linear function”. The main influencing factors were air leakage velocity, negative pressure, and porosity distribution.



The applicability of layered porosity in goaf to solve the characteristics of gas migration and a reservoir was analysed. The established model can better describe the characteristics of gas migration and storage in goaf, and the aspects of mining overburden fracture field and gas migration and storage in fracture field in comprehensive working face, which provided some references for the subsequent goaf gas control.
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Figure 1. Model of goaf for the comprehensive working face. 
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Figure 2. Distribution of porosity in the caving zone of (a) global, (b) inclination, (c) plan, and (d) strike. 
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Figure 3. Distribution of porosity in the fracture zone of (a) global, (b) inclination, (c) plan, and (d) strike. 
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Figure 4. Characteristics of layered gas migration and accumulation of (a) caving zone and (b) fracture zone. 






Figure 4. Characteristics of layered gas migration and accumulation of (a) caving zone and (b) fracture zone.



[image: Energies 16 02325 g004]







[image: Energies 16 02325 g005 550] 





Figure 5. Comparison diagram of the gas mass fraction at the side of air outlet roadway and air inlet roadway (a) caving zone and (b) fractured zone. 
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Figure 6. Variation curve of gas mass fraction in the inclination direction (a) caving zone (b) fracture zone. 
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Figure 7. Comparison diagram of gas mass fraction variation curve in caving zone and fracture zone. 
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Figure 8. Comparison of influence depth of gas mass fraction in the caving zone and fracture zone in the strike direction. 
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Figure 9. Comparison of gas mass fraction in the caving zone and fracture zone in the inclination direction. 
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Figure 10. Gas migration and reservoir characteristics simulated by the distribution characteristics of porosity in the control group (a) caving zones and (b) fracture zones. 
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Figure 11. Comparison diagram of gas mass fraction change curve at the side of air inlet roadway and air outlet roadway in the control group (a) caving zone and (b) fracture zone. 
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Figure 12. Comparison of the influence depth of gas mass fraction in the strike direction between the experimental and the control groups. 
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Figure 13. Variation curve of gas mass fraction in the inclination direction of the control group (a) caving zone (b) fracture zone. 
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Figure 14. Comparison diagram of gas mass fraction in the inclined direction between the experimental and control groups. 
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Figure 15. Comparison of gas mass fraction in the inclined direction between the experimental group and the control group for (a) caving zone and (b) fracture zone. 
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Table 1. Characteristic parameters of overlying strata.
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	Number of Overlying Strata
	Height of Strata from Floor (m)
	Thickness of Strata (m)
	Maximum Subsidence of Rock Strata (m)
	Average Length of Broken Rock (MPa)





	1
	10
	4
	2.95
	8



	2
	19
	9
	2.867
	11



	3
	40
	21
	2.52
	12



	4
	63
	23
	1.488
	15
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Table 2. Fitting relationship of gas mass fraction in the experimental group’s caving zone and fracture zone.
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	Group Number
	Fitting Equation
	Coefficient of Determinant (R2)





	1
	   y = 0.25491 + 0.0191 x   
	0.98



	2
	   y = 0.98821 +   0.01848 − 0.98821   1 +  e    x − 53.61951   5.1546         
	0.99



	3
	   y = 0.44408 + 0.01798 x   
	0.99



	4
	   y = 1.0102 +   0.02926 − 1.0102   1 +  e    x − 54.71861   8.39464         
	0.99
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