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ABSTRACT. In this article important effort has been dedicated toward the learn
about of warmth and mass switch for MHD boundary layer float evaluation previ-
ous an unsteady continually shifting stretching cylinder beseeching the restricted
slip apparatus. Additionally we have analysed our exploration along with the pres-
ence of non-uniform warmth supply in the go with the flow field. Moreover first
order chemical response is taken into account. The rising primary go with the flow
associated non-linear equations have been solved mathematically by RK-4 strat-
egy which consists of capturing procedure. The influence of pertinent parameters
on speed and temperature silhouette has been pondered with bodily justification
thru tables and graphs. Our research explores that the temperature escalates at-
tributable to the improvisation of curvature parameter. The mass switch price is
increased via bettering chemical response parameter.

1. INTRODUCTION

The hassle of electrically mission dynamics of fluids in the survival of magnetic
network is known as as magneto hydrodynamics (MHD). It became once as quickly
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as truly referred to through Rossow [1] that issues in the find out about of MHD
drift commenced within the length of 1918 while the electromagnetic pump used
to be as fast as short as devised. This crucial to Hartmann quantity that is the
quotient of electromagnetic and viscous marines. Alfven professional in October
1942 that an accomplishing liquid, when urbanised in a consistent magnetic en-
ergy of mind each and each motion of the liquid, engenders a pressure designated
as electromotive strain. This strain is answerable for the producing of electric
powered current-day. Similarly, it was cited by way of manner of Alfven [2] that
those tides afford mechanical strain which elements the trade in the kingdom of
the movement of fluid. However, its implementations had been said via the usage
of capability of researchers and scientists in metallurgy, fusion reactors, and plan
of MHD pumps, dispersion of metals, MHD initiators, MHD glide cadences, and so
forth. In fields of stellar and terrestrial magnetospheres, aeronautics and electri-
cal engineering, MHD convection troubles are very important. The small volume
of magnetic Reynolds quantity of the go with the glide corresponds to the effec-
tiveness of the presence of MHD in momentum equation so to head away out the
precipitated hypnotic scenario is unswerving. Liron and Wilhelm [3] labelled the
fluid go with the flow within the presence of magnetic challenge smeared every
day to waft for the electrically undertaking viscous fluid. The have an upshot on of
Lorentz strain at the stagnation detail go with the drift within the course of a ver-
tical plate turned into defined with the beneficial useful resource of mankind [4].
He probed that the pace silhouette of the go with the flow better through the use
of the way of a range of stagnation constraint and the thickness of momentum
periphery stratum moreover stepped forward. Earlier, pal et al. [5] studied hydro
magnetic glide blanketed with thermal radiation over nonlinear stretching and
shrinking surfaces. The impacts of MHD on go along with the go with the flow
of a micro polar fluid over a stretched floor are furthermore studied through the
capability of Govardhan et al. [6]. Daniel et al. [7] investigated the electrically per-
formed flow of nanofluid analogous to magnetohydrodynamic. Soomro et al. [8]
added MHD waft archetypal and deliberated the thermal pace gaffe outcomes.

Warmth trade at the side of the radiative warm temperature flux mainly thermal
radiation has grown to be a undertaking depending on numerous researches due
to the reality it has an critical function in gasoline mills, nuclear plant life, plane,
and plenty of others. Whilst the immoderate temperature is taken into consid-
eration within the software location, the thermal radiation have a power on will



MASS TRANSFER EFFECTS ON MHD BOUNDARY LAYER FLOW 3627

turn out to be very vital. The nonlinear radiation and magnetic strength of mind
have an impact on Jeffrey nanofluid turned into as quickly as rapid as noted with
the resource of Hayat et al. [9]. They clinched that the pace for hall and MHD
constraints are contrasting. Sunitha [10] reconnoitred the peristaltic kinship go
together with the flow with radiation effect. Kumar [11] tested the radiation and
time-diverse magnetic problem on oscillatory float. Riaz et al. [12] defined the en-
tropy technological know-how at the bendy floor. Bhatti et al. [13] investigated the
activation energy of micro-organisms. Ramesh and Prakash [14] added thermal
evaluation to find out heat change augmentation within the peristaltic movement
of sutterby nanofluids. A good deal-in temperature profile is placed for thermal
emission and temperature Biot range. For focal factor Biot wide range, there is a
success inside the temperature profile. A pinnacle-notch element of heat change
enhancement beneath peristaltic movement has been explored via the potential of
Raza et al. [12].

Heat era/raptness has fantastic sways on warmth trade proportion. It has a cru-
cial function within the cooling process. Freezers and air conditioning (AC) are
conjoint examples of heat deliver/sink and people heat pumps are used in lots of
heating, air go together with the flow, and air con (HVAC) manoeuvres. They’re in
fact expedient in electronics, e. G., in lasers, semiconductors, transistors, and op-
toelectronic manoeuvres. Warmth technology/raptness is thought to be a place or
temperature based. Hayat et al. [16] stated the non-uniform warmth era/raptness
and radiative have an impact on overstretched cylinder submerged in a thermally
stratified media. Mabood et al. [17] deliberate the Soret results on gesture of the
micropolar fluid from side to side the potential of stretchable sheet sink in non-
Darcian permeable media with variable warmth flux. Oudina [18] delivered math-
ematical mannequins for the heat delivery stability within the cylindrical annulus
with brilliant is flux warmth offer of kind of length. They confirmed that Rayleigh
variety shrunk with augmentation in warm temperature supply length ratio. Ad-
ditionally, Oudina [19] stated the hydrodynamic and thermal elements of titania
nanofluids stodgy a cylindrical annulus with warmness cohort. Bhukta et al. [20]
reconnoitred the upshot of non-uniform warmth flux over-stretching floor via a
permeable mediocre. Laouira et al. [21] surveyed the warmth transport portents
indoors an open trapezoidal void with a warm temperature provided of a vari-
ety of lengths numerically. They deduced that the isotherms dispersal trusts upon
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notably at the warmness provide duration. Studies associated with non-uniform
warmth technology/raptness have these days been noted (see refs [ [22]- [30]]).

To the writer’s records, no research advanced in this newsletter has a long way
been explored or communicated. So induced with the beneficial aid of the over-
head inquiries in this paper we are at the manner to seize the have an sway on
of magnetic electricity of mind on the viscous fluid go along with the glide over
an unsteady cylindrically stretched pane questioning about non-uniform warmth
supply, mass trade, and chemical response. Governing partial differential equa-
tions with tied nonlinearity were abridged to everyday ones via the use of filing
similarity preservation. After that fixing, those equations with the useful aid of RK-
4 method, stop forestall result and talk location were made specifically enriched
with the aid of the usage of the use of the graphical and tabular method.

2. INTRODUCTION

Recollect a 2-dimensional axisymmetric laminar go along with the drift of vis-
cous incompressible fluid in conjunction with an impermeable wobbly constantly
moving and stretched tubular pane. The synchronize gadget has been nominated
in this sort of tactic such that the x−axis tracks lengthways the axis of the cylinder
and the r−axis is sedate lengthwise the radial course as mounted in figure 1. The
pane is being stretched thru speed Ux(x, t) = ax

(1−λt) sideways the x-axis the loca-
tion a is the stretching charge, λ is the superb ordinary per the assets λt < 1 and
length of λ is (time)-1. Additionally, it is assured that the temperature and focus
of the floors Tw(x, t) and Cw(x, t) fluctuates in rapports of x and time t. Let T∞and
C∞ are the temperature and hobby of the fluid some distance far-flung as of the
sheet. Magnetic willpower ensuring electric powered electricity ~B = (0, B, 0) is
abounding to the fluid waft. Magnetic Reynolds range is thought elect trifling in
assessment with smeared magnetic problem on the way to avoid the brought ap-
proximately magnetic discipline. As a result the Lorentz stress after vulgarization
can be redrafted as -σB2u the vicinity B = B0√

(1−λt)
and B0 is the initial intensity

of the magnetic vicinity performing alongside the centrifugal bearing. In advance
than enduring in addition we prevent ourselves in pretentious that all physique
navies are ignored. Additionally the viscous and joule debauchery, mansion re-
sults are not noted.
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FIGURE 1. Sketch of the physical model

Bearing in mind the overhead revealed statuses the governing equations recita-
tion the continuity, momentum and energy silhouette for such sort of flows are as
follows [26]:
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where u and v are the pace factors of the fluid within the pointers x and r singly,
ρ - thickness of the fluid, µf - fluid vigorous gooeyness, σ exemplifies the electric
conductivity, α = f

(ρCp)f
designates the updraft diffusivity, vf - kinematic gooey-

ness, Cp designates the best warmness of the fluid, Dm - diffusion coefficient, q -
radiative heat flux, non-uniform warm temperature offer is exemplified by using
way of [34] in as q′′′ = αUw

xf

[
A∗(Tw − T∞)f

′
+B∗(T − T∞)

]
, the temperature of the

fluid is symbolized thru the useful aid of T , A∗ and B∗ are temperature and house
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installed warmth offer singly. At the moment the radiative warm temperature flux
for radiation can be abridged via the use of usage of the Rosseland guesstimate as

(2.5) q = −4σ∗

3k∗
∂T 4

∂y
,

where σ∗ - Stefan Boltzmann constant, ∗ - mean raptness coefficient and intensify-
ing T 4 in Taylor series about T∞ and neglecting higher order we get

(2.6) T 4 = 4TT 3
∞ − 3T 3

∞.

Now substituting (2.5) and (2.6) in (2.3) we have
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Now the apt boundary state of affairs for the contemporary delinquent are as
follows:

(2.8)

u = Uw +B1vf
∂u

∂r
, v = 0, T = Tw, C = Cw at r = R,

u→ 0, T → T∞, C → C∞ as r →∞,

where B1- velocity slip, R - ambit of cylindrical pane, the surface temperature Tw
is of the form Tw(x, t) = T∞+ bx

1−λt with as constant and the surface concentration
is of the form Cw(x, t) = C∞ + cx

1λt
with c as constant.

Now the obligatory connexion renovations to renovate the nonlinear partial dif-
ferential 2.2, 2.7, 2.4 and 2.8 into ordinary ones are as follows:

(2.9)
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,

where f(η), θ(η), φ(η)are the dimensionless functions with ḮL as the free stream
task and it placates the continuity (2.1) on behalf of its obvious advent as u = 1

r
∂ψ
∂r

and u = −1
r
∂ψ
∂r

.
Hosting the connexion revolution as prearranged in 2.9 the governing 2.2, 2.4

and 2.7 seizures its new changed dimensionless custom as
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Here β =
√

vf
aR2 is the curvature constraint, A = λ

a
is the unsteadiness parameter,
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√

σB0
2

ρa
denotes the magnetic parameter, Rd = 4σ∗T∞3

kfk∗
represents the radiation

constraint, Pr = vf
α

- usual Prandtl number, Sc = v
Dm

- Schmidt number, Kr = k0
a

- chemical reaction parameter, Q∗ = A∗

vf (ρCp)f
and Q = B∗

avf (ρCp)f
are rechristened

as space and time reliant heat source constraints singly. It is to be renowned that
β = 0.0 tallies to the flat surface i.e. when we employ β = 0.0 (i.e. R → ∞) we
have flow sorts over a stretching flat surface as joined by Ali [24].

Periphery ailment as painted in 2.7 procures its shape in the following setup

(2.13)
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f
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where ξ = B1
√
avf is the velocity slip constraint.

The corporeal capacities which afford momentous concrete repercussion are the
Skin friction measurement and Nusselt number. They are demarcated as
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.
Now with the help of connexion renovation one can attain the bargain skin fric-

tion coefficient, reduced Nusselt and Sherwood numbers respectively as follows:

(2.15)
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where Rex = xUw

vf
is the local Reynolds number.
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3. NUMERICAL TECHNIQUE

The shortened 2.10- 2.12 and the analogous boundary prerequisites 2.13 are
unravelled thru the taking images approach tied with the Runge-Kutta pattern and
the newton’s generation technique. The 2.10 and 2.13 are articulated as a fixed
of first-order equations in phrases of the 3 variables yn(n = 1, 2, 3). Introducing
the taking images constraint t as f ′(0) = t and designating f(η), f ′(η) and f

′′
(η)

through the way of the use of variables y1, y2 and y3 harvests

(3.1)
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The above problem is solved with the useful aid of way of the use of the approach
of the taking image tied thru the Runge-Kutta pattern and the newton’s generation.
The brainwashing notions are indexed as follows:

(1) Offer the initial fee to the taking pixy constraint y2(0) = t0.
(2) Remedy issues 3.1–3.2 the usage of the conventional fourth-order Runge-

Kutta approach and designate the possessions as {y′1, y
′
2, y

′
3}.
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(3) Decide the brand new release situation|y2(∞)− 0| < ε, the vicinity ε is the
exactitude. If the penalties of the step (2) bump into the era, {y′1, y

′
2, y

′
3} is

the reaction of the equations and the generation coil is over. In any other
case, the subsequent pace is accomplished.

(4) Use newton’s new launch mode to reread the taking pics constraint as

(3.5) tK+1 = tK −
|y2(tK)− 0|(

∂y2(tk)
∂tk

) .

The equations 3.3-3.4 are recycled to accumulate the object ∂y2(tk) inside the
changed 3.5. Paces (1)-(3) are re-finished till the brand new upshots of pace (2)
bump into the new release situations. In an identical tactic, we are able to gather
the results of the 2.11 and 2.12 with the situation 2.13, we left out right here.

4. RESULTS AND DISCUSSIONS

This location affords the graphical and tabular stance at the influence of greater
than a few go along with the drift associated constraints on the speed, tempera-
ture, and popularity silhouette. Right here our studies deceits at the fair research
approximately of float selves thinking approximately the manifestation and ab-
senteeism of magnetic meadow. Likewise, we furthermore captured the have an
upshot of magnetic problems on tempo, interest temperature silhouette via the
functionality of familiarizing a fair talk amongst flat flooring and tubular ground.
The complete parade has been finished with the beneficial aid of captivating the
tenets of the constraint as Pr = 6.2, M = 2, β = 0.5, A = 0.5, Rd = 0.1, Q∗ =

0.1, Q = 0.1, ξ = 0.1, Sc = 0.6, Kr = 0.2 till in anyone-of-a-kind case distinct.
Figure 2 indicates the truth that how unsteadiness constraint performs thru fluid

pace in manifestation and absenteeism of magnetic discipline. Good sized lessen
price in the fluid pace is perceived. Absenteeism of the constraint M . Hoists the
rate due to the truth m match up to resistive Lorentz metier. They have got an
effect of curvature constraint β on velocity has been proven in fig. 3 twin function
for tempo has been apprehended. Its miles considered that interior the vary 0.0 ≤
η ≤ 1.0. Zero (now not exactly determined) pace reduces but the actually contrary
impact is alleged for η ≥ 1.0. The parametric delineation of β guarantees us that
the kinematic viscosity vf will expand whilst β intensifies. Considering that vf
is considered to be the confrontation in opposition to the fluid’s pace, finally to
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start with pace lessens. Nonetheless to realm the mass go with the flow charge
unadventurous a restriction within the fluid pace may be waged with the useful
resource of the usage of the developing fluid speed. This is why at η = 1.2 (no
longer exactly decided) we placed an element of departure and backflow takes
region. Fluid procures excessive pace in absenteeism of M . The upshot of ξ on
f
′
(η) has been delineated in fig. 4. Graphical views affirm the reduced rate of

fluid tempo internal the boundary layer place every in manifestation and lack of
magnetic subject. Thus, the depth of the pace periphery stratum dribs off. This
bargain stance has been decided greater first-rate and notably dazzling internal
0.0 ≤ η ≤ 2.5.

The temperature profile because of the treacherousness constraint has been de-
lineated out in fig. 5. Like speed silhouette, the temperature of the fluid dribs off.
Awesome and clean penalties had been drew out inner the county 0.2 ≤ η ≤ 1.6.
Concurrently thermal boundary layer lessens. Enrichment of A approves shifting
loads heaps much less warmness from the sheet. A vital announcement is that the
fee of cooling is a lousy lot quicker for elevated tenets of wobbliness constraint,
whereas it is able to moreover take an extended time for cooling for the dura-
tion of consistent flows. Fairly manifestation of a magnetic scenario aids the fluid
to acquire the temperature excessive interior of the periphery stratum place. For
the reason that magnetic problem indorses the manifestation of Lorentz stress,
sooner or later this resistive stress generates a few frictional heats at the time of
interplay of the fluid with the tubular superficial. Moreover, the temperature is
moreover significantly increased interior the periphery layer location. Heighten-
ing is considered chosen elevated stated in manifestation of a magnetic subject.
This prevalence has been pigeonholed in fig. 6. Physics in the lower returned of
this prevalence enlightens us that, as vf will extend because of β, so the confronta-
tion amongst fluid and flooring will spawn a few frictional warmth and this could
be better amazing in manifestation of magnetic difficulty.

Enlarging values of radiation parameter Rd offers diffusive electric electricity
which raises the temperature of the machine, which is validated in fig. 7. Figs. 8
and 9 enlighten at the ramification of house-based warm temperature grant con-
straint (Q∗) and time-primarily based heat offer constraint (Q) on temperature.
Temperature is positioned to be growing in flora for each example. Due to the
fact the lifestyles of warmth supply parameters interior the go with the flow ju-
risdiction generates better heat. Commonly the manifestation of magnetic area
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deepens the warm temperature shipping contrivance appreciably in each situation
as indifference to the absenteeism of magnetic area.

Fig. 10 indicates the have an effect on of Prandtl varies Pr on the temperature.
It is placed that the developing values of Pr restrict the temperature. Physical,
it functionality that thermal boundary layer turns into thinner with the growing
values of Prandtl variety. The Prandtl range Pr shows the ratio of momentum
diffusivity to thermal diffusivity, because of this, the Prandtl variety may be applied
to decorate the fee of cooling in attractive inflows.

The attention profile because of the wobbliness constraint has been delineated
out in fig. 11. Like pace silhouette, the temperature of the fluid dribs off. Typi-
cally the manifestation of magnetic self-discipline deepens the mass shipping con-
trivance instead in every case as in difference to the absence of the magnetic con-
cern. They have got an impact of curvature parameters on recognition profile
is described in fig. 12. It’s far called that interest profile and its corresponding
periphery stratum fatness is accelerated owing to the curvature constraint.

They have an impact on the chemical response constraint on the awareness
silhouettes is brought in fig. 13. It’s far discerned from this fig that the eye pro-
file diminishes with a make bigger within the chemical response constraint. It is
moreover considered that awareness and layer thickness shrinkage with the de-
structive chemical reaction. Drastically, the presence of detrimental sources the
alternate of the species as a motive of chemical response and suction which drops
the focus profiles in the interest periphery stratum thickness. Fig. 14 suggests off
the graph of interest distribution when Schmidt varies, and cognizance decreases
with enlarging of Schmidt vary due to the fact expand in Schmidt’s extensive range
yields restriction in mass diffusivity which can be concluded from the definition of
Schmidt vast range and so attention goes down.

Evaluation is moreover made within the formerly published results (Wang [31])
and Khan and Pop [32]), for close by Nusselt for numerous values of the Prandtl
variety as set up in table 1. A wonderful settlement is finished and self-assurance
within the present-day picks is, consequently, justifiably excessive table2 presents
the numerical new launch of unique parameters like β,A and ξ on Cfr in the
presence of magnetic self-control and shortage of magnetic field. A developing
model in Cfr has been stated in competition to a critical variation of β and A.
However, waning reiterations are determined out for ξ. The arithmetic trade-in
Nur for β,A, ξ, Rd,Q∗, Q and Pr are suggested in desk 3 a growing numerical
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model in Nur has resulted for β,A and Pr while ultimate parameters display off
reducing trend. Table 4 aim to take appear to be on the exchange in Shr which lift
a developing style for β,A, Sc and A on the same time as it decreased for ξ.

5. CONCLUSION

In this article, we’ve got were given captured the MHD boundary go together
with the go with glide comparison preceding an unsteady stretching canister won-
dering approximately the manifestation of non-uniform warm temperature sup-
ply, mass alternate, and chemical response. The nonlinear impetus and electric-
ity equations have been changed into dimensionless types by way of manner of
the ability of resemblance renovation after which deciphered arithmetically. The
implication of pretty a quantity of germane constraints on the glide system has
been mounted thru the usage of manner of the ability of graphs, tables. Primarily
based totally on the entire discovery out approximately a few important conclu-
sions should probable additionally be talked about as follows

- Pace of the fluid lessens because of A, ξ, then again, a dual distinguishing
of pace has been discovered for β indoors an advantageous jurisdiction of
the go with the flow device.

- Temperature silhouette has been determined to make bigger down to the
fact the quality has an effect on of ξ,Q,Q∗ the location as a contrary site
is alleged for A.

- Fair discover out approximately amongst flat floors and cylindrical floors in
manifestation of magnetic location famous that temperature for flat floors
prunes down.

- Interest profile decreases with the have an impact on of chemical reaction
and Schmidt range.

- Mass switch price is greater appropriate due to the impact of a chemical
response and Schmidt huge variety.

- Enormous enhancement in dwindled pores and pores and pores and skin
friction coefficient has been faced because of the superb adlibbing of ξ.
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FIGURE 2. Effect of A on f ′.

FIGURE 3. Effect of β on f ′.
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FIGURE 4. Effect of ξ on f ′.

FIGURE 5. Effect of A on θ.
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FIGURE 6. Effect of β on θ.

FIGURE 7. Effect of Rd on θ.
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FIGURE 8. Effect of Q∗ on θ.

FIGURE 9. Effect of Q on θ.
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FIGURE 10. Effect of Pr on θ.

FIGURE 11. Effect of A on φ.
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FIGURE 12. Effect of β on φ.

FIGURE 13. Effect of Kr on φ.
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FIGURE 14. Effect of Sc on φ.

TABLE 1. Comparison of -θ′(0) for various values of Pr

Pr Wang [31] Khan and Pop [32] Present results

0.2 0.1691 0.1691 0.196550
0.7 0.4539 0.4539 0.454447
2.0 0.9114 0.9114 0.911353
7.0 1.8954 1.8954 1.895400
20.0 3.3539 3.3539 3.353902
70.0 6.4622 6.4622 6.462198

TABLE 2. Values of Cfr for different values of pertinent parameters.

Cfr

β A ξ M = 0 M = 2

0.5 0.1 0.1 1.166366 2.004468
1.0 1.305689 2.138759
1.5 1.434705 2.262016
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2.0 1.556175 2.376576
2.5 1.671609 2.483983

1.0 1.292024 2.055911
1.5 1.400790 2.105284
2.0 1.497181 2.152738
2.5 1.584146 2.198411

0.0 1.369651 2.549366
0.1 1.166366 2.004468
0.2 1.020396 1.657248
0.3 0.909589 1.414986
0.4 0.822143 1.235697

TABLE 3. Values of Nur for different values of pertinent parameters.

Nur
β A ξ Rd Q∗ Q Pr M = 0 M = 2

0.5 0.5 0.1 0.1 0.1 0.1 6.2 3.883062 3.581041
1.0 4.003156 3.702257
1.5 4.119503 3.819712
2.0 4.232137 3.933736
2.5 4.341336 4.044670

1.0 4.475847 4.265086
1.5 4.996547 4.835209
2.0 5.466897 5.336847
2.5 5.899275 5.790853

0.0 4.049554 3.860961
0.1 3.883062 3.581041
0.2 3.753325 3.388623
0.3 3.647965 3.246883
0.4 3.559906 3.137590

0.0 4.195359 3.882759
0.1 3.883062 3.581041
0.2 3.625045 3.332281
0.3 3.407419 3.122887
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0.4 3.220784 2.943666
0.2 3.769810 3.496523
0.3 3.656558 3.412004
0.4 3.543306 3.327485
0.5 3.430054 3.242966

0.2 3.803136 3.488757
0.3 3.720949 3.392573
0.4 3.636251 3.291798
0.5 3.548735 3.185465

0.7 1.298699 1.152413
1 1.550654 1.380958
2 2.195950 1.979056
3 2.693550 2.447780
4 3.484303 3.199814

TABLE 4. Values of Shr for different values of pertinent parameters.

Shr
β A ξ Sc Kr M = 0 M = 2

0.5 0.5 0.1 0.6 0.2 1.455435 1.314706
1.0 1.641614 1.504310
1.5 1.817844 1.684350
2.0 1.987622 1.858349
2.5 2.152823 2.028000

1.0 1.657886 1.559815
1.5 1.833460 1.758710
2.0 1.991081 1.931116
2.5 2.135479 2.085732

0.0 1.500150 1.379685
0.1 1.455435 1.314706
0.2 1.420727 1.270996
0.3 1.392632 1.239315
0.4 1.369217 1.215192

0.22 0.923938 0.839931
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0.6 1.455435 1.314706
0.9 1.766247 1.599981
1.5 2.262502 2.062209

2.62 2.973806 2.733724
-1.0 1.002410 0.709178
-0.5 1.230404 1.038796
0.0 1.397395 1.246219
0.5 1.536125 1.407801
1.0 1.657882 1.544748
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