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Abstract: The aspiration of current study is to address the Magneto Hydro Dymaics (MHD) radiative flow of an
incompressible steady flow of Jeffrey nanofluid explored using CNT (single and multi walled carbon nanotubes) over a
stretched /shrinking surface. Heat and mass transfer characteristics are accounted for in the presence of joule heating
and thermo-phoretic effects along with viscous dissipation. The governing non-linear partial differential equations are
reduced to non-linear ordinary differential equations by using some adequate dimensionless variables and then solved
numerically with Runge-Kutta method. The optimal solution expression of velocity, temperature, and concentration are
explored through spatial representations by using several values of physical constraints with contour plot and surface
plots. Further the coefficient of skin friction and local Nusselt number are examined through graphs. Artificial neural
network introduced at this juncture to obtain the predictive values of engineering constraints from physical constraints.
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. INTRODUCTION

The idea of dispersing solids in fluids was first proposed by Maxwell via his theoretical work more than 120 years ago
[1]. It was later used to disperse mm and/or um sized particles in fluids by Ahuja in 1975,Liu et al. in 1988, and
researchers at Argonne National Laboratory (ANL) in 1992 [2-6]. Their work depended on the high thermal
conductivity of metals at room temperature compared to fluids (i.e., order of magnitude higher in thermal conductivity).
One of the problems that arise from using fluids containing um sized particles is the clogging of small passages caused
from the large agglomeration of the solid particles, making it therefore hard to employ in heat transfer equipment fitted
with small passages. The experimental study of copper suspended in water to enhance the heat transfer and reduce
pumping power in a heat exchanger was carried out by Choi and Eastman (1995) [7]. On the other hand, nanofluids are
believed to surpass such obstacle due to containing small enough particle size which can flow smoothly through such
channels. Another advantage of using nanoparticles is that they have an extremely large surface area over which the
heat transfer mechanism between the particle and its surrounding takes place. For such reason, decreasing the size of
particles from mm and pm down to nm would extremely larger the surface area and with it the enhancement in heat
transfer. The thermal conductivity of nanofluids has been calculated theoretically, and the results showed a high thermal
conductivity compared with the base fluid. Metals have higher thermal conductivities than fluids at room temperature,
the thermal conductivity of metallic liquids is much greater than that of non-metallic liquids. Therefore the thermal
conductivities of fluids that contain suspended solid metallic particles could be expected to be significantly higher than
those of conventional heat transfer fluids. Nanomaterials used in nanofluids to date include metals, non-metals and
carbons. These nanomaterials also come in a wide variety of morphologies that include particles, fibers & tubes [8-10].
Carbon is one of the most abundant elements in the Earths biosphere. Nature has used this element, coupled
predominantly with oxygen and hydrogen to form a diverse range of organic compounds. Furthermore, carbon atoms
can bond with themselves in a number of different ways to form a variety of carbon materials or allotropes of carbon.
Each of these allotropes has differences in their respective material properties. Typical carbon allotropes include
amorphous carbon, diamond and graphite. Carbon allotropes can also have a variety of structures and morphologies
such as crystalline (i.e., diamond, three dimensional, 3D), graphite sheets (2D) and carbon nanotubes (1D). Moreover,
the discovery of Buckminster-fullerenes, or Bucky balls by Kroto et al. in the mid-1980s[11], stimulated the search for
new forms of carbonaceous materials. Carbon nanomaterials are of particular interest, since they are black in color,
which makes them ideal for solar absorption applications. In addition, their very high thermal conductivity also makes
them ideal additives for nanofluids [12—-14]. For example, the thermal conductivity of carbon nanotubes (2000 to 6000
Wm—1K~-1) are an order of magnitude higher than metals like Au (315 Wm—1K—-1) and Cu (398 Wm—1K-1), and
metal oxides such as A1203 (40 Wm—1K—1) and CuO (77 Wm—1K—1). New forms of carbon nanomaterials include:
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(1) single and multi-wall carbon nanotubes [15,16]; (2) nanoballs [17]; (3) fullerenes C70, C76 [18], C84 [19], C60 in a
crystalline form, nanocones [20], nanohorns [21], nanofilaments [22], nanocapsules [23]; (4) graphite nanoparticles
[24]; (5) graphene and graphene oxide [25,26]; (6) carbon black [27,28], and (7) carbon nanospheres (CNS) [29,30].
Sen Gupta et al. [31] carried out an experimental study to measure the thermal conductivity in graphene nanofluids
using the transient hot wire method. They also studied carbon nanotube (CNT) and graphene oxide nanofluids. The
magnitude of enhancement was between CNT and metallic/metal oxide nanofluids.

There are two main kinds of nanotubes: single-walled carbon nanotubes (SWCNTSs),individual cylinders of 1-2 nm in
diameter, consisting of a single rolled graphene sheet, andmulti-walled carbon nanotubes (MWCNTSs), a —Russian
dolll structure constituted by several concentric graphene cylinders, where weak Van der Waals forces bind the tubes
together [32].Thus, SWCNTSs are significantly smaller in diameter compared to MWCNTSs and the thermal properties
may differ significantly. Diameter and length are two key parameters to describe CNTs and directly affects thermal
conductivity performance of both CNTs and composites containing CNTs. Cao et al. [33] reported the thermal
conductivity to be theoretically higher for SWCNTs with smaller diameters. Fujii et al. [34] measured the thermal
conductivity of a single MWCNT by using a suspended sample-attached T-type nanosensor. The thermal conductivity
of MWCNT at room temperature increased as its diameter decreased, i.e the thermal conductivity increased as the
number of walls decreased, varying from about 500 W/m-K for an outer diameter of 28 nm to 2069 W/m-K for
diameter 10nm.For length parameters (L) from 5 to 350 nm, the calculated thermal conductivity increased with
increasing tube length and followed a L* law, with a values between 0.54 (100 nm < L < 350 nm) and 0.77 (L < 25 nm).

The study of fluid flow over stretching sheet has gained considerable attention due to its occurrence in many industry
and manufacturing processes, such as polymer sheet or filament extrusion from a dye or long thread between feed roll
or wind-up roll, glass-fibre, paper production, drawing of plastic films, drawing of copper wires, metal extrusion,
plastics manufacturing, wire and blade coating, dying of paper and textile, polymer industries, food processing,
geophysics and chemical and petroleum processes and etc. The most common and simplest model of non-Newtonian
fluids is Jeffrey fluid which has time derivative instead of convected derivative. I. S. Awaludin et al. [35] studied the
Stability analysis of stagnation-point flow over a stretching/shrinking sheet. Maria Imtiaz et al. [36] reported the MHD
Convective Flow of Jeffrey Fluid Due to a Curved Stretching Surface with Homogeneous-Heterogeneous Reactions. N.
Sandeep and C. Sulochana are [37] examined the Momentum and heat transfer behaviour of Jeffrey, Maxwell and
Oldroyd-B nanofluids past a stretching surface with non-uniform heat source/sink. Kartini Ahmad et al. [38] studied
Mixed convection Jeffrey fluid flow over an exponentially stretching sheet with magneto hydrodynamic effect. Tasawar
Hayat et al. [39] discussed the MHD stagnation point flow of Jeffrey fluid by a radially stretching surface with viscous
dissipation and Joule heating. Kalidas Das et al. [40] reported the Radiative flow of MHD Jeffrey fluid past a stretching
sheet with surface slip and melting heat transfer. Hayat T et al. [41] examined Thermal and Concentration
Stratifications Effects in Radiative Flow of Jeffrey Fluid over a Stretching Sheet. Sakiadis [42] was the first to study the
boundary layer flow over stretched surface with a constant velocity and formulated a boundary-layer equation for two-
dimensional and axisymmetric flows, which is later extended by Crane[43], who investigated the problem of a
stretching sheet whose velocity is proportional to the distance from the slit. Since then, lots of studies have been carried
out taking into account the effect of stretching along with various physical effects. Qasim [44] investigated the effects
of heat and mass transfer in Jeffrey fluid over a stretching sheet in the presence of heat source/sink, Cortell [45] studied
the boundary layer flow induced in a quiescent fluid by a continuous sheet stretching, Ahmad and Ishak [46] studied
MHD flow and heat transfer of a Jeffrey fluid towards a stretching vertical surface and to name a few.

1. MATHEMATICAL FORMULATION

Consider the Cartesian coordinate system in such a way that x-axis is along the stretched surface and y axis is
perpendicular to x-axis. Magneto hydrodynamics boundary layer steady flow of a electrically conducting
incompressible Jeffrey nanofluid is considered. A uniform magnetic field By is applied parallel to the y-axis .The
induced magnetic field is neglected for small magnetic reynold number. Heat and mass transfer characteristics are taken
into account in the presence of thermal radiation and thermophoresis effects. The uniform temperature of the surface T,,
is larger than ambient fluid temperature T.,. The species concentration at the surface C,, and ambient concentration C,,
are constants. The following governing equations are introduced

6u+6v_0
ox  dy

ou N du vy [0%u 2 03u  odud’u N ou 0%u N d3u Ouf
Yox TVay T 1+ alayr T M\ Moxazy T axay? T ayaxay " ay?
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Where u and v are the velocity components in x and y directions respectively, x is the distance along the sheet; vy
kinematic nanofluid viscosity,h and A; are the ratio of relaxation and retardation time respectively, p,s density of
nanofluid, o. electrical conductivity of nanofluid, g the gravitational acceleration Pt and Bc thermal expansion
coefficients temperature, c, specific heat ,c the Stefan-Boltzmann constant, k* the mean absorption coefficient ,D the
diffusion coefficient and V the thermophoretic velocity defined as

v aT

Vp = —ky ——
r 1Tref ay

Boundary conditions are
u=u,v=-1,T=T,C=C,aty=0

du
uﬁO,@AO,TeTw,CeCmasyaw

Where u,, is the stretching \ shrinking velocity,v,, is the wall mass transfer velocity with v,,> 0 for mass suction and
v,,< 0 for mass injection, T,, temperature at the wall, C,, is the concentration at the wall.

2
u, =ss, T, =T, + A (%) ,C, = C, + bx, ss = ax(stretchingsheetcase),

ss = —ax(shrinkingsheetcase),
Where a, b are the positive constants.
Nanofluid parameters are defined as
v =t
K pnf

pnr = (1= @)ps + @penr

— Kr
Hnf = (1— )25

(pcp)nf =(1- ga)(pcp)f + QD(PCp)CNT

knf _ (kCNT + Zkf) - 2(p(kf - kCNT)

kf - (kCNT + Zkf) + (kf - kCNT) ’

Onf _ 14 3(UCNT - Uf)<P

O (oenr + ZUf) — (oenr — Gf)(P

Through the following transformations:

d -0
wz\/axf(n)'ﬂ Z\/%Y'HZ%,vza—xlp

u=axf'(m,v=—Jav, f(n)
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The above governing equations are reduced as follows:

w P , ” ” e P ,
f —P—j((f)Z—ff>+ﬁ(<f )2~ ff )+P—j(1+A)Mf +y(1+ (0 +Np) =0

4 P;
<1+§R)9+ POf - 2f’9)+ PE(f)2+ MEP(f)Z—O

B+ S.FO ~ [ $) LS, +arS.(p8"+6) = 0
The boundary conditions are described as follows.
For stretching sheet
f(0)=5,f(0)=1,600)=1,¢(0) = latn =0

f@m =0, =060 =0¢0) =0asn=own
For shrinking sheet

£(0)=S,f(0)=-1,60(00)=1,¢(0) =1atn =0

fm=0,f()=0060=0¢m=0as n=on
where

S = % is wall mass transfer parameter with $>0(v,, > 0) for wall mass suction and 5<0 (i.e. v,,<0) for wall mass

injection,

P, = %((pnanoparticlevolumefraction), P, = [(1 —p)+ (ppf)i ,
’ f

(1-¢

3(acnt —0f)¢ or B¢
= D Py =1 =12\
B = aiA,(Deborahnumber) , P; + Cor S p— > ( agneticparameter) ,
(x3/v2)
Gry uW2 Uy Bc(Cw—Cw)
Y =2 (localbuoyancyparameter), Gr, = gB+(T,, — T,,) —%— (local Grashof number), R, = —f ,N = (T Ty
(pcp)

P,={(1-9)+o—FK"
4 ( (p) [ (Pcp)f

_ _ wr(ep) 2
Py = (kenr +2k;) =26 (kg kCNT), P. = o)y (Prandtinumber) , E, = ——~ _(Eckertnumber),

(kCNT +2kf)+(kf_kCNT) f (C )f(Tw_Too)

R = 4T3 (radiationparameter) , T = k1 Ty ~To) (Thermophoreticparameter),

kSkg T

ref

S, = %(schmidtnumber).
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Engineering parameters like skin-friction coefficient C; and local Nusselt number Nu,, are defined as

= _w —_ Xw - LU . — 9
G = pp Nu, = T , where 7, = pi,r ot is the wall shear-stress and q,, = —k,s ™ is the heat flux at wall.

Using similarity transformation above parameters can be reduced as:

Cr = (R — ) 2°f"(0), Nu, = —(R)"® %9’(0) , Sherwood number

Sh = —(R,)*S¢'®, whereR, = 2,
f
Thermophysical characteristics of base fluids and CNTs Physical characteristics:

Physical Base Nanoparticles
characteristics | fluids

water Kerosene oil | Engine oil | SWCNTs MWCNTSs
P 997.1 783 884 2600 1600
Cp 4179 2090 1910 425 796
k 0.613 0.145 0.144 6600 3000

Numerical Techniques:

Coupled ordinary differential equations with boundary conditions are solved numerically using R language with bvp
and desolver packages. For the purpose of this shooting iteration techniques together with fourth order Runge Kutta
method is considered to determine the velocity, temperature and concentration as the function of coordinate 1. There are
four asymptotic boundary conditions and hence four unknown surface conditions £ '(0),f “(0),8'(0),0'(0).

1. RESULTS AND DISCUSSION

The objective of the present paper is to study the MHD boundary layer flow of Jeffrey fluid over a stretching/shrinking
sheet. The numerical computation is performed for different values of dimensionless parameter involved in the
governing equations such as the physical and engineering concern parameter like Magnetic parameter (M),radiation(R
or r),suction/injection parameter (S),etc. To illustrate the computed results, some figures are plotted and physical
explanations are given.

Stretching sheet case:

The variation in velocity f'(n) for different value of magnetic parameter M with mass suction/injection are shown in
figure 1 and figure 2. We observe that the velocity is decreases with increasing M. Reduction is caused by the Lorentz
force, a mechanical force arising due to the interaction of magnetic and electric fields for the motion of an electrically
conduction fluid. The Lorentz force increases when M increases and consequently boundary layer thickness in
decreases.

The variation in velocity f'(n)for different values ratio of relaxation/retardation time(4) is shown in figure 3. We
observed that the velocity is increases with increasing (1) and consequently the thickness of the boundary layer
increases.

The variation in velocity f'(n)for different values ratio of relaxation/retardation time(4) is shown in figure 4. We
observed that the velocity is decreases with increasing (1) and consequently the thickness of the boundary layer
decreases.

The variation in velocity f'(n) for different value of magnetic parameter § with mass suction/injection are shown in

figure 5 and figure 6. We observe that the velocity is increases with increasing  consequently the thickness of the
boundary layer increases.
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The variation in velocity 6(n)for different values of prandtl number (pr) with mass suction is shown in figure 7. We
observed that the temperature is increases with increasing pr.

The variation in velocity ¢ (n)for different values of schmidtnumber(Sc or S or sc) with mass suction is shown in
figure 8. We observed that the concentration is decreases with increasing sc.

The variation in velocity ¢ (n)for different values of schmidtnumber(Sc or S. or sc) with mass injection is shown in
figure 9. We observed that the concentration is decreases with increasing sc.

The variation in velocity ¢ (n)for different values of thermophoretic parameter (t) with mass suction is shown in figure
10. We observed that the concentration is increases with increasing .

The variation in velocity ¢(n)for different values of thermophoretic parameter (t) with mass injection is shown in
figure 11. We observed that the concentration is increases with increasing .
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Figure 1: Velocity profiles for different values of Magnetic parameter M with suction
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Figure 2: Velocity profiles for different values of Magnetic parameter M with injection
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Figure 3: Velocity profiles for different values of ratio of relaxation/retardation time(A)with suction
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Figure 4: Velocity profiles for different values of ratio of relaxation/retardation time (L) with injection
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Figure 5: Velocity profiles for different values of Deborah number (B) with suction
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Figure 6: Velocity profiles for different values of Deborah number () with injection
B=02  3-04  7=04  ec=05  r=04  sc=07 M=06 N=03  1=03
o |
© &
o
© |
o
G
D
< o
o
ol -l
o
o |
o

T T T T T T T
: | 2 &

Figure 7: Temperature profile for different values of prandtl number (pr) with suction
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Figure 8: Concentration profile for different values of Schmidt number (sc) with suction
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Figure 9: Concentration profile for different values of Schmidt number (sc) with injection
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Figure 10: Concentration profile for different values of thermophoretic parameter (1) with suction
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Figure 11: Concentration profile for different values of thermophoretic parameter (t) with injection
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Shrinking sheet case

The variation in velocity f'(n) for different value of magnetic parameter M with mass suction/injection are shown in
figure 12 and figure 13. We observe that the velocity is decreases with increasing M consequently the thickness of the
boundary layer increases.
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Figure 12: Velocity profiles for different values of Magnetic parameter M with suction
The variation in velocity f'(n)for different values ratio of relaxation/retardation time(1) with mass suction /injection

are shown in figure 14 and figure 15. We observed that the velocity is increases with increasing (1) and consequently
the thickness of the boundary layer decreases.

The variation in velocity f'(n) for different value of magnetic parameter § with mass suction/injection are shown in

figure 16 and figure 17. We observe that the velocity is decreases with increasing B consequently the thickness of the
boundary layer increases.
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Figure 13: Velocity profiles for different values of Magnetic parameter M with injection
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Figure 14: Velocity profiles for different values of ratio of relaxation/retardation time (4, )with suction
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Figure 15: Velocity profiles for different values of ratio of relaxation/retardation time (4, )with injection.
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Figure 16: Velocity profiles for different values of Deborah number () with suction
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Figure 17: Velocity profiles for different values of Deborah number () with injection

Spatial Representation:
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Figure 18: Velocity variations of stretched sheet with wall mass suction using magnetic parameter
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Figure 19: Velocity variations of stretched sheet with wall mass injection using magnetic parameter
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Figure 20: 3D View of Velocity variations of stretched sheet with wall mass suction using magnetic parameter.
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Figure 21: 3D View of Velocity variations of stretched sheet with wall mass injection using magnetic parameter.
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Figure 22: Velocity variations of shrinking sheet with wall mass suction using magnetic parameter.
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Figure 23: Velocity variations of shrinking sheet with wall mass injection using magnetic parameter.
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Figure 24: 3D View of Velocity variations of shrinking sheet with wall mass suction using magnetic parameter.
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Figure 25: 3D View of Velocity variations of shrinking sheet with wall mass injection using magnetic parameter.

Table 1: Impact of some flow modifying quantities on friction factors,
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A10(
0 500

zan

Nusselt and Shearwood number for stretched sheet with suction

-0.5

M by Y Ec(ec) Sc(sc) £'(0) -6'(0) -¢'(0)
05 -1.546449019 0.1657288956 4.194738963
0.6 -1.565777615 0.1657381469 4.193997082
0.7 -1.584578136 0.1657471318 4.193277282
0.8 -1.602876090 0.1657558642 4.192578530
0.5 -1.628637266 0.1657675039 4.191722565
0.6 -1.619719156 0.1657626138 4.192180963
0.7 -1.611274713 0.1657579384 4.192616942
0.8 -1.603276106 0.1657534648 4.193031834
0.5 -1.561810605 0.1657441364 4.194562653
0.6 -1.486533862 0.1657167465 4.197819221
0.7 -1.412180464 0.1656903999 4.201013484
0.8 -1.338705974 0.1656650479 4.204148624
0.5 -1.638059154 0.1657726227 4.191240307
0.6 -1.638061764 0.1658003308 4.191238508
0.7 -1.638064374 0.1658280391 4.191236710
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0.8 -1.638066985 | 0.1658557474 | 4.191234911
0.5 -1.635217502 | 0.1657722184 | 3.066314607
0.6 -1.636893567 | 0.1657724699 | 3.630176607
0.7 -1.638059154 | 0.1657726227 | 4.191240307
0.8 -1.638905800 | 0.1657727213 | 4.750235412
p Pr N R() T £ -6'(0) -¢'(0)
(pr)
0.5 -1.1685395322 | 0.1656908897 | 4.207652364
0.6 -1.0907339298 | 0.1656738519 | 4.210654392
0.7 -1.0287976710 | 0.1656592996 | 4.213106507
0.8 -0.9779173695 | 0.1656466130 | 4.215163237
0.5 -1.638286235 | 0.1662194512 | 4.191202865
0.6 -1.638240822 | 0.1661300545 | 4.191210355
0.7 -1.638195408 | 0.1660406734 | 4.191217844
0.8 -1.638149992 | 0.1659513076 | 4.191225333
05 -1.634871525 | 0.1657723699 | 4.191315231
0.6 -1.633277846 | 0.1657722436 | 4.191352687
0.7 -1.631684257 0.1657721174 4.191390138
0.8 -1.630090760 | 0.1657719912 | 4.191427585
05 -1.638059169 | 0.1657726528 | 4.191240304
0.6 -1.638059185 | 0.1657726830 | 4.191240302
0.7 -1.638059200 | 0.1657727131 | 4.191240299
0.8 -1.638059215 | 0.1657727433 | 4.191240297
05 -1.638047867 | 0.1657726213 | 4.184724933
0.6 -1.638042209 | 0.1657726206 | 4.181467662
0.7 -1.638036541 | 0.1657726199 | 4.178210668
0.8 -1.638030863 | 0.1657726192 | 4.174953952
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Table 2: Impact of some flow modifying quantities on friction factors,
Nusselt and Shearwood number for shrinking sheet with suction

M by Y Ec(ec) | Sc(sc) £(0) -6'(0) -¢'(0)
05 2.217851270 0.1657288956 3.737104048
0.6 2.217083814 0.1663397027 3.736849911
0.7 2.216828351 0.1663437118 3.736627683
0.8 2.217044017 0.1663476408 3.736434965
0.5 2.246423258 0.1663516231 3.737625548
0.6 2.273188673 0.1663481773 3.739062447
0.7 2.299097107 0.1663449210 3.740444123
0.8 2.324202629 0.1663418402 3.741774254
05 2.313329227 0.1663395079 3.741709199
0.6 2.406228909 0.1663249866 3.747126102
0.7 2.497550707 0.1663116322 3.752391776
0.8 2.587393084 0.1662993747 3.757516617
0.5 2.218741421 0.1663552745 3.736129362
0.6 2.218737695 0.1663948595 3.736126624
0.7 2.218733968 0.1664344443 3.736123886
0.8 2.218730242 0.1664740289 3.736121148
05 2.222813864 0.1663551092 2.672517467
0.6 2.220404137 0.1663552164 3.202705220
0.7 2.218741421 0.1663552745 3.736129362
0.8 2.217545112 0.1663553080 4.272053569
p Pr N R(r) T £1(0) -6'(0) -¢'(0)
(pr)
0.5 1.522408507 0.1664176133 3.700710787
0.6 1.407269005 0.1664365154 3.693838854
0.7 1.315738624 0.1664540518 3.688122339
0.8 1.240676249 0.1664703105 3.683254257
0.5 2.218526528 0.1665108071 3.736105431
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0.6 2.218569506 0.1664796745 3.736110219
0.7 2.218612485 0.1664485548 3.736115006
0.8 2.218655463 0.1664174483 3.736119792
0.5 2.222987259 0.1663552106 3.736272255

0.6 2.225109778 0.1663551788 3.736343674

0.7 2.227232031 0.1663551472 3.736415075

0.8 2.229354018 0.1663551157 3.736486458

0.5 2.218741406 0.1663552850 3.736129361

0.6 2.218741392 0.1663552955 3.736129359

0.7 2.218741377 0.1663553059 3.736129358

0.8 2.218741363 0.1663553164 3.736129356

0.5 2.218759811 0.1663552739 3.729129082

0.6 2.218769036 0.1663552736 3.725629083

0.7 2.218778280 0.1663552733 3.722129178

0.8 2.218787544 0.1663552730 3.718629369

Magnetic parameter
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Figure 26: Artificial Neuralnet
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Table 3: Impact of magnetic parameter on local friction factors, local Nusselt and local shear wood number for
stretched sheet with respect to Runge-Kutta method and Artificial Neural Network.

M £(0) (0 -0'(0) -0'(0) -¢'(0) -¢'(0)
R-K Method | Neuralnet R-K Method | Neuralnet R-K Method Neuralnet
0.5 | -1.546449 -1.528794605 | 0.1657289 0.1423241725 | 4.194739 4.214508762
0.6 | -1.565778 -1.560333307 | 0.1657381 0.1560706860 | 4.193997 4.204330328
0.7 -1.584578 -1.592609471 | 0.1657471 0.1705108718 | 4.193277 4.189613151
0.8 | -1.602876 -1.625574673 | 0.1657559 0.1855354238 | 4.192579 4.170506146
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