
Abstract— We consider MHD ferro Casson fluid flow 

across the orthogonal curvilinear surfaces. The 

unchanged magnetic field parallel to axis and 

perpendicular to surfaces, Hall current, heat 

absorption/generation and nonlinear Casson parameter 

also examined in our present paper. Pressure gradients 

and ferro-fluid buoyance forces are dependent on the 

free stream velocity. The set of governing equations in 

curvilinear coordinates is changed to a simultaneous 

dimensionless ordinary differential nonlinear equation 

by considering suitable nondimensional similarity 

functions and variable. The missing initial values 

 have been found from the 

boundary conditions by shooting method and found the 

solutions of the dimensionless similarity equations by 

RK-6 method and construction of numerical program in 

FORTRAN language. Considering the different values of 

one parameter and other parameters are kept constant 

to find the numerical computation. Computational 

results of numerical solutions were exhibited in figures 

of momentum and energy by MATLAB and MS Excel. 

Finally, we have highlighted the comparisons and found 

a great agreement to justify numerical results acceptable 

in our study.  

Keywords: Ferro-fluid flow, Nonlinear Casson fluid, 

Curvilinear surfaces, MHD Flow, Hall current, Heat 

absorption/generation. 

  NOMENCLATURES 

  : Curvilinear axes (L), 

( ) : Free stream velocity components , 

 : Grabriel lame coefficients, 

: Ambient fluid temperature ,    

:Coefficients of thermal expansion for fluid , 

: Viscosity , 

: Pressure ,  

: Thermal conductivity (watt , 

: Non dimensional similarity variable, 

: Shearing stress , 
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: Skin friction (dimensionless), 

: Non dimensional Nusselt number,  

: Non-dimensional Reynold number, 

: Non-dimensional Prandtl number, 

: Suction/injection parameter (dimensionless), 

: fluid buoyancy parameters, 

: exponent constants, 

: dimensionless constant, 

: dimensionless temperature, 

: Velocity components in the boundary 

Layer , 

:  Gravitational acceleration , 

: Temperature inside the boundary layer , 

: Heat generation/absorption ( , 

: Fluid density , 

: Ambient fluid density , 

: Specific heat with constant pressure, 

: Nondimensional similarity functions, 

: Casson parameter (dimensionless), 

: Dimensionless Prandtl number, 

: Dimensionless heat generation/absorption, 

: Magnetic field (Tesla, 

Newton/Ampere*meter) 

 Magnetic interaction parameter (dimensionless). 

 Hall current (dimensionless), 

: both have dimension 

I. INTRODUCTION

HE analysis of boundary layer behavior in fluid

mechanics, especially within curvilinear coordinate 

systems, presents substantial challenges due to the 

complexities of geometric representation and coordinate 

transformation. When viscous fluids flow over heated or 

cooled curvilinear surfaces, distinct velocity and thermal 

boundary layers are formed and Its influenced by variations 

in the uniform velocity components and variation of 

temperature of the surface  and fluid of uniform flow. 

Earlier Hansen [1] studied the classical similarity solution of 

3-D boundary layer equations in curvilinear surfaces for

focusing solely on forced convection. Later, Zakerullah and

Maleque [2], theoretically and numerically investigated

incompressible fluid flows in general curvilinear geometries.

This work was extended by Maleque [3], who analyzed

mixed convective flows over such surfaces. Their analysis
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included the derivation of similarity requirements and the 

reformation of the PDEs into simultaneous ODEs. Also, 

they presented, in tabular form, the possible combinations of 

free-stream velocity components and temperature gradients. 

Also, he displayed the various similarity variables in tabular 

form that change the differential equations of orthogonal 

curvilinear surface into nondimensional ordinary similarity 

differential equations. 

Further studies on curvilinear coordinate-based fluid flows 

were conducted by Cebeci et al. [4], Blumberg and Herring 

[5]. Hung and Brown [6] solved orthogonal Navier Stokes 

equations by employing finite- difference with implicit 

method. Redzic [7] investigated the behavior of the vector 

differential operator ∇ in orthogonal curvilinear coordinates. 

Flow dynamics within curvilinear channels were analyzed 

by Mario and Matiaz [8], while Shafiq et al. [9] applied 

curvilinear coordinates to examine electrically conducting 

fluid flow over curved surfaces. Derivation of velocity and 

temperature equations for water accelerated wave surface in 

curvilinear systems by Kianoosh et al.[10]. 

For space applications, Barakhoyskaia et al. [11] explored 

the stabilization of condensate flow over porous curvilinear 

surfaces. Meneghetti et al. [12] investigated the Navier-

Stokes and Poisson equations within curvilinear coordinates 

using diffeomorphic conformal mapping techniques. More 

recently, Maleque [13] studied numerical solutions of 

incompressible fluid and ferrofluid flows over orthogonal 

curvilinear surfaces, incorporating an effect of heat 

generation and absorption. These thermal effects have 

garnered increased attention in industrial applications 

involving chemical reactions and fluid disintegration 

processes. Maleque and Sattar [14] analyzed transient 

magnetohydrodynamic (MHD) convective fluid flow on an 

infinite rotating disc, including thermal generation and 

absorption, taking finite difference implicit method (FDIM). 

Additionally, the results of thermal energy sources with 

activation energy on unsteady laminar flow over inclined 

surfaces in chemically reactive fluids were addressed in 

studies by Maleque [15-16]. The similarity conditions for 

combined convection boundary layer flows in curvilinear 

systems were further explored by Maleque [17], 

contributing to a more comprehensive understanding of fluid 

transport in complex geometries.  

Maleque [18] presented the results of thermal 

absorption/generation on convective flow in orthogonal 

permeable surfaces. Heat generative  and 

 nanoparticles reaction chemically in one 

dimensional radiative nanofluid flow investigated by 

Ramesh [19]. Jalili [20] presented the MHD  Jefrey fluid, 

and chemical reaction across  thin object. 

          Flows of Casson non-Newtonian fluid study garnered 

considerable to apply one’s mind to the recent decades. 

Several notable contributions in this area include works by 

Das [21], Swati [22] and Nadeem [23]. Kaaria and Patel[24]  

examined Casson MHD fluid flow over the embedded 

moving permeable surface, accounting for both chemical 

reactions and thermal radiation.  

Maleque [25] explored Casson fluid dynamics under both 

heating and cooling conditions, incorporating activation 

energy effects. In another study, Maleque [26] analyzed 

MHD fluid unsteady flow of Casson fluid in the infinite 

rotating disc subjected to uniform electric motion. Further 

extending this line of research, Maleque [27] presented the 

Hall effect, uniform electric field constant magnetic field 

over a permeable rotating disc. Also, variable fluid 

properties and linear thermal radiation are considered in 

their published paper. More recent studies have expanded on 

these foundations. Anwar et al. [28] studied time dependent 

Casson particles flow on  vertical thin plate with ramped 

thermal as well as velocity conditions. Reddy et al. [29] 

analyzed time-dependent 3-D flow of MHD Casson particle 

to linearly thin plate perpendicular to the y-axis, considering 

linear thermal radiation. Lund et al. [30] examined the Joule 

heating effects on nano Casson fluid on moving thin plate, 

while Jalili et al. [31] also considered Nano Casson MHD 

fluid flow over thin plate with linear thermal generation.  

Parallel to advancements in Casson fluid dynamics, 

influence of electric fields and Hall current on the flows has 

received growing attention due to their relevance 

applications of engineering such as electromagnetic 

generators and MHD Hall accelerators. Foundational studies 

by Pop [32], Gupta [33], and Datta et al. [34] focused on 

hydromagnetic flows involving Hall current. Ram [35] 

presented Hall current in free convection concentration flow 

over permeable object with unchanged magnetic field 

oriented at an angle to the transverse plane. Sattar [36] 

analyzed time function MHD natural convective mass 
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transfer flow near permeable sheet, incorporating Hall effect 

as well as variable suction under constant heat flux. 

Hassan and Hazem [37] investigated the Hall effect on 

steady flow for MHD fluid across the disk. In a related 

study, Maleque and Sattar [38] analyzed how tangential 

shear stress at surface of disc induces circumferential as well 

as radial motion in the flow of fluid due to centrifugal 

effects. Maleque [39] addressed depth /temperature- -

dependent viscosity with Hall effect in time dependent flow 

over an infinite rotating disc. 

Additional contributions included by Uddina and Kumarc 

[40], who presented Hall current in micropolar flow past a 

non-conducting wedge. Srinivas Acharya and 

Shafeeurrahman [41] explored combined convective 

nanofluid flow with Hall current between concentric 

cylinders. Prabhakar Reddy [42] analyzed transient MHD 

flow over a three-dimensional porous rotating plate under 

Hall effect. More recently, Veera Krishna [42] investigated 

impacts of radiation, thermo-diffusion and Hall current in 

micropolar flow across oscillating absorbent sheet. Jitendra 

Kumar et al. [43] presented transient MHD nanofluid flow 

with Hall current over the porous channel. Flow study with 

boundary layer problems of fluid mechanics are so difficult. 

A uniform fluid flows entering on a motor car, a pipe and an 

aero foil etc. Our major interest of our problem is to study of 

velocity and thermal boundary layers across the 

aerodynamical surfaces. With these in mind, our present 

paper considered the non-linear Casson parameter and heat 

absorption/generation on combined forced and natural 

convective MHD incompressible Casson non-Newtonian 

fluid flow across vertical curvilinear permeable surfaces. 

We considered a constant magnetic field  , 

orthogonal to surface with Hall current effect. Also, Casson 

parameter  has been considered and 

for nonlinear Casson fluid,   has been taken.  

           We reduced the Prandtl typed governing 

simultaneous governing PDEs in the orthogonal surfaces 

into ODEs introducing nondimensional functions and 

similarity variable. All boundary conditions are changed to 

initial conditions by shooting method and then the 

simultaneous ODEs are numerically solved by RK-6 method 

with numerical program is constructed in FORTRAN 

LANGUAGE. The results obtained are shown in the figures 

as momentum per unit mass and temperature distributions. 

Shearing stress and rate of Thermal flux are displayed in 

tables with considering different values of various 

parameters.
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II. PHYSICAL REPRESENTATION AND GOVERNING 

EQUATIONS 

 

Current density from generalized Ohm’s law [Maleque 2009]: 

       ,    

The applied constant magnetic field  orthogonal 

to the surfaces. Current density components become 

                                               

  and                                       

where, , the Hall parameter, the Hall factor be  

 ; n be unit volume electron concentration;   be 

electric charge. 

For the present investigation we have considered the heated 

orthogonal curvilinear inclined vertical surfaces. The outer 

flow velocity  perpendicular to  shown in 

Figure1.  For free stream velocity vector  

and ambient temperature   depend on . For the 

buoyancy force the   acceleration vector   

along  and increasing owing to heated surfaces 

. The ferrofluid buoyance forces 

are   and  considered along momentum and 

momentum respectively. Assuming the pressure gradients 

and ferrofluid buoyancy forces are dependent on free stream 

velocity .  Let the ambient  flow conditions 

 (= constant),   we 

eliminate the pressure terms  as well as ferrofluid 

buoyance forces    and ,  The Prandtl type 

governing equation as follows (Maleque [3]) in curvilinear 

coordinates: 

 

Conservation of mass: 

,                            (1) 

momentum: 

          

         

                         (2) 

 

 

 

 

momentum: 

         

          

  (3) 

 

Energy: 

.            (4) 

Where, 

     

                                                              (5)    

                                              

         

                                                             (6)                                                                                                            

 .                                                   (7)     

 (= constant) be the solution of equation (7). 

Here, considering   and the original distance  

calculated that is orthogonal to the surfaces, 

 

 The flow field conditions are  

          (8)    

 

For the developing surface at  the suction or injection is 

represented by   for suction velocity  and for 

injection velocity . 

III. SIMILARITY TRANSFORMATIONS 

  For this paper, following similarity variable and similarity 

function as well as ambient velocities and temperature are 

introduced (Maleque [3]) in the Eq1-Eq4: 

 

  

    

    and  

            .  
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Equations (2-4) take the form: 

 + 

 (9) 

   (10) 

.          (11) 

Where, buoyancy forces of the fluid 

    The characteristic length . 

The dimensionless form of boundary and initial condition 

(from equation (8) ), 

 (12) 

Following velocity is the solution of equation (1) 

orthogonal to the surface: 

   (13)

Where , ,      

, , . 

The conservative condition is , for the 

outer stream flow we have n  otherwise  , here 

n  is considered. 

Using RK-6 method with Nachtsheim-Swigert (1965) iteration 

scheme the equations (9)-(11) are numerically solved with 

initial and boundary conditions equation (12). We constructed 

numerical program in FORTRAN language for the solutions 

of simultaneous nonlinear ODEs (9)-(11), the numerical 

results obtained are shown in the figures and in the tables. 

IV. PHYSICAL INTEREST

       Numerical solutions were calculated for different values 

of  buoyancy parameters  and ,   suction parameter , 

absorption of heat, Magnetic field, Hall current  Our required 

physical interest , the numerical results of 

 are shown, therefore, the shear 

stresses ) and heat flux . Stresses of Shearing 

 and the transfer of heat   are found applying the 

following Newtonian and Fourier formulae : 

,        

,    and  .        

First for u-velocity skin friction 

Second skin friction for v-velocity  

and the Nusselt number 

, 

where,  and  both have dimension , 

, is the primary Reynold number and  is 

the secondary Reynold number. Noted that  and 

    both are dimensionless quantities. 

V. THE RESULTS AND DISCUSSIONS

  We present the solutions as  and  velocities  and 

temperature for the effects of various parameters  , , , 

. Numerical results are obtained for one 

parameter and others are taken  as constants. Magnetic 

interaction parameter  and Hall current  do not enter in 

temperature equation.  Effects of both parameters do not find 

directly its come through the momentum equations. Magnetic 

parameter and Hall current effects on temperature profile are 

not shown. 
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Figure 2. Results of  on the velocities and temperature 

distributions for  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure3. Results of   on the velocities and temperature 

profiles for  

A.  Casson Parameter  effects: 

In our present paper we consider the nonlinear Casson 

parameter . Many researchers have 

considered linear Casson parameter, that is  If   or 

 indicates Casson fluid is not found that 

mean Newtonian fluid flow. In this paper we have considered 

 and  that is purely 

nonlinear. The remarkable effects of Casson parameter  are 

found on  momentum and  momentum and the energy 

profiles are presented in Figures 2-5. In presence of large 

primary buoyancy force   it has been found from 

Figure 2 that the primary and secondary both velocities 

profiles decrease   and very small thermal profile increases 

with  increases for  But from the  figure.  it is also 

found that similarity variable   then the first velocity 

increase for increasing . That is primary boundary layer 

separations are found at similarity variable  near to  

Opposite effects are found in Figure 3 for . For large 

secondary buoyancy force   it is found from Figure 

4 that the primary and secondary both velocities profiles 

decrease   and slightly thermal profile increases  with 

increasing  for  But it has been also found from this 

figure that similarity variable   then the secondary 

velocity increases in increasing values of  . That is secondary 

boundary layer separations are found at similarity variable  

near to  Reverse actions are found for  shown in 

Figure 5. 

B.  Effects of Heat generation and absorption : 

    Fig.6 shows thermal generation effect on temperature 

profile. It is found that the dimensionless heat generation 

coefficient  and heat absorption coefficient  

have remarkable effects on temperature, primary velocity and 

secondary velocity. Assuming represents heat 

absorption coefficient, and  represents generation. 

 shows no effect of the absorption and generation on 

velocity and temperature. The absorption coefficient has 

reduced the momentum thickness and temperature thickness 

are found in Fig6. That is both -velocity ( , -velocity (  
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and -temperature  profiles increase with increasing heat 

generation  on the other hand, opposite actions are 

shown in the heat absorption .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Results of  on the velocities and temperature 

profiles for  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure5 Results of  on the velocities and temperature 

profiles for . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Results of  on velocities and temperature. 

 

 

 

 

 

 

 

 

 

 

                                                                                             

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 7. Results of  on velocities and temperature for  
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 Figure 8. Results of  on the velocities and temperature for 

 

                                                                                                                                                                                                                                                                                                                                                                          

 

 

                                                                                                    

 

 

  
 

 

 

 

 

 

           

 

  

 

 

 

 

 

 

                                                 

 

 

 

 

 

The thickness between the surface and ambient temperature 

increases for increasing heat generation coefficient. From 

figure 6, It is also found that heat generation leads to increase 

velocities and temperature. For integrating heat absorption, the 

momentum and temperature have been overshooting, that 

indicates the momentum boundary layer and temperature 

thickness are close to surfaces.  

Table-1 shows that the shearing stress and heat flux are 

significantly changing for thermal generation. Heat absorption 

effect is to contract the momentum and energy layers. As well 

as generation is to expand the momentum and energy 

thickness. Heat flux increases for absorption increases means 

more temperature needed throughout the surfaces to hold the 

isothermal surfaces. 

C.  Suction/injection parameter  effects: 

Figure 7 and Figure 8 show suction and injection parameter  

effects on -velocity, -velocity and temperature. In Figure 7,  

 are considered for fixed values of    and  

. The suction, the injection, the section, and no 

suction/injection are represented by  , and 

respectively.   

     Figure 7 shows that - velocity (primary) and temperature 

decrease for increasing suction parameter   and opposite 

effects are found for  -velocity (secondary) profile. That is, 

the increasing values of   has reduced primary momentum 

and energy layers for large value of primary buoyancy force 

. On the other hand,  are assumed for 

constant values of    and   shown in Figure 8. 

We also found from Fig 8,  the reverse actions have come 

upon in the velocities for large value of   similar 

effects come from energy. Accelerating suction   conducts 

to temperature and - velocity decrease, and - velocity 

(primary) increases. The layer thickness of the secondary 

velocity and the layer of temperature are decreased for the  

increases for high value of  . Influence of suction 

parameter  on the coefficients of shearing stresses and 
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Nusselt number coefficient for 

 are 

shown in table2. This is found that increasing  leads skin 

frictions accelerate, also the heat flux reduces. 

 

 

 

 

 

 

 

 

 

 

 

   
 
 

 

 

 

 

 

                                      

 

                                           

 

 

 

 

 

 

 

 

 

 

 

 

 

   
 

 

 

 

 

 

 

 

                                                 
 

                                                

D.  Magnetic interaction parameter effects:   

  The transverse magnetic field acts parallel to  axis and 

orthogonal to the surfaces. Fig9 and Fig10 respectively show 

the magnetic force effects on  momentum and  

momentum. Figures present that  velocity increases while 

the  velocity decreases for increasing value of 

nondimensional magnetic interaction   Because of that from 

equation14,   represents   that 

means for fixed value of Hall current , it has been 

found  increases for increasing values  shown in Fig.9. 

Again, from equation 14,  represents 

 that means for fixed value of  ,  

decreases for increasing values of  Physical representation 

of the result, the magnetic field interacts with the electric 

current providing rise to Lorentz force along  direction that 

resists the fluid motion that is secondary velocity decreases. 

E.  Hall current  effects: 

Principle of Hall current expresses the charge carrier behavior 

bears when it is expanded to electricity and magnetic field. 

The principle also can be regarded as an extension of Lorentz 

force that is the acting on the charge carriers (Electron and 

Holes) passing through the magnetic field. Effects of Hall 

current on the velocities are shown in Figure 11 and 12 

respectively.  Figures present the momentum(  accelerates 

and momentum  decelerate with Hall current  increases. 

Because of  . Hall current  plays the same role 

of  on momentum and  momentum profiles. 

Although from equation (14), we found that  

 that is for fixed value of ,  

Hall current  leads in increase the primary velocity (  

found in Fig.11. Again  indicates secondary velocity 

 decreases with Hall current  increases found in 

Fig.12. 

                           COMPARISON 

  Assuming                  

 and  in the above equations (9), we have found 

the well-known Falkner-Skan equation (Schlichting [45]). 

Moreover, if , 
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the equation (9) shows great agreement with Sparrow’s [46] 

equation. It is found the justification of our analytic work. 

Table-3 shows the comparison between the numerical results 

of Falkner Skan equation by Vasile et al. [47] and the present 

work for  and all other parameters kept zero.  

   Figure 13. Effect of different step sizes 

Table-3 shows the relative error near to zero. That is clearly 

found that well convergence (agreement) between the present 

and Vasile Marinca et al. [47] results. 

Finally figure 13. Shows the velocity profiles for different 

values of step sizes h=0.01 and h=0.005. It has been observed 

from this figure that the validity of numerical solutions. In this 

case, the step size was assumed be    that satisfied 

with 10-6 convergence criteria. Although, variation of step 

sizes that is  , and   were also considered 

and the obtained results show that it does not depend on the 

step sizes found in Figure 13. 

VI. CONCLUSIONS

In fluid mechanics, the boundary layer over curvilinear surface 

is a complicated problem. In the present paper, effects of the 

non-linear Casson parameter, heat absorption/generation and 

suction on mixed free and forced convection flow over 

orthogonal curvilinear surfaces were studied with Hall current 

and constant magnetic field. It is so complicated to similarity 

transform from curvilinear form of governing equations. 

Considering the similarity functions and variable, 

simultaneous governing equations in curvilinear coordinates is 

transformed to simultaneous nonlinear ODEs. The boundary 

conditions are converted into initial conditions by shooting 

method and solving the simultaneous ordinary differential 

equations numerically by RK-6 integration scheme. As for the 

results of computations, the following 

conclusions/achievements are made: 

i. For nonlinear Casson parameter we have considered

 For several values of Casson parameter  , 

 and  velocities are decelerating with 

accelerating values of  in certain domain for 

after that opposite results are found for 

. That is primary and secondary both 

boundary layer separations are found for large 

domain similarity variable .  

AJSE Volume 24, Issue 1, Page 54 - 66 Page 63



ii. For large value of primary buoyancy force , the 

primary momentum thickness and energy thickness 

were reduced for increasing . 

iii. Momentum and energy thickness are reduced for the

increasing  with large buoyancy force  . 

iv. It is found that increasing suction parameter leads 

both skin frictions (primary and secondary) increase, 

and the heat flux reduces. 

v. The absorption is to make contraction both momentum

and energy layers thickness. Therefore, both velocity 

(  profiles as well as temperature profiles

decrease with heat absorption  decreasing. 

Reverse actions are gotten for generation  . 

Energy layer thickness increases with heat generation 

increases. It is also found the heat generation is to 

augment the momentum and energy profiles. 

vi. Heat generation and absorption are fundamental

concepts in thermal engineering. Heat absorption 

refers to the process where a material takes heat from 

its surroundings, often leading to an increase in 

temperature. Generation of heat can occur through 

various processes such as chemical reactions, 

electrical resistance, or friction. 

vii. Application of a magnetic force is orthogonal with flow

direction, that is, the drug strength like the Lorentz 

strength that tends to oppose flow and thus reduce its 

velocity. Hall current  plays the same role of 

dimensionless magnetic field  on the momentum. 
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Future Work: Following research paper will be made in 

future:  

Comparative investigation on   and 

 Nanofluid Convective Flow Over 

Curvilinear Surfaces with Uniform Magnetic Field, Hall 

Current and Electric field and Slipping conditions. 

Table1. 

Effects of Heat absorption/generation (  on the skin friction 

and Nusselt number for 

-10 3.9047441 2.9379084 -3.5887762

-5 4.3599439 3.1165469 -2.7612213

-1 5.1011857 3.3908455 -1.7759055

0 5.4284229 3.5073781 -1.4191171

1 5.8843798 3.6644079 -0.9634403

5 5.4326820 3.8447402 0.3466725 

10 6.4542249 4.2838730 3.2508244 

Table 2. 

Effects of injection/suction ( on the skin friction and 

Nusselt number for 

-1.50 3.8584707 1.8588956 0.3406179 

-1.00 4.7447543 2.2418203 0.3133610 

-0.50 5.3794662 2.6682845 0.0526940 

0.00 5.6306104 3.1178412 -0.4729935

0.50 5.6336460 3.5797204 -1.2081324

1.00 5.6542947 4.0721959 -2.0607795

1.50 5.8417005 4.6301254 -2.9628525

Table 3. 

 Comparison between the numerical results of Falkner-Skan 

equation by Vasile Marinca [47] and the present work for     

 and all other parameters are considered zero. 

Present work Vasile Marinca 
et al. [47] 

Relative error 

0.8 0.5833040535 0.5833048176 1.30995E-06 

2.4 0.9761011356 0.9760687525 3.3176E-05 

4.0 0.9998096161 0.9998081985 1.41787E-06 

5.6 0.9999998432 0.9999998399 3.3E-09 

7.2 1.0000000000 0.9999999998 5E-10 
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