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ABSTRACT

This paper deals with heat and mass transfer in the MHD of a visco-elastic
fluid in a rotating porous channel with radiative heat and chemical reaction. The
problem has been formulated with the physical conditions involved, subjected to the
adequate boundary conditions. Walters’ B’ fluid model has been used to develop the
equation of motion and the constitute equations of motion, energy and concentration
have been solved with the help of complex function. Expressions for velocity,
temperature and concentration are arrived at. Flow characteristics are known through
graphs and tables drawn by numerical computation varying the values of fluid
parameters. It is observed that the increase in radiation parameter decreases the
secondary flow velocity and similar result is obtained in case of external magnetic field
strength.

Keywords : Heat and Mass transfer, MHD, rotating porous channel, radiative heat,
chemical reaction, non-Newtonian fluid.

1. INTRODUCTION

The Magnetohydrodynamic (MHD) free convection with heat transfer in a
rotating system has been studied due to its importance in the design of
magnetohydrodynamic (MHD) generators and accelerators in geophysics, in design of

underground water energy storage system, soil sciences, astrophysics, nuclear power
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reactors, MHD boundary layer control of re-entry vehicles and so on. The interest in
these new problems generates from their importance in liquid metals, electrolytes and
ionized gases. On account of their varied importance, these flows have been studied by
several authors. By taking constant suction and injection at the two porous plates of the
channel, Attia and Kotb* analysed the MHD flow between two parallel porous plates.
Nanda and Mohanty? studied the MHD flow between two infinite horizontal parallel
plates in a rotating system.

The role of thermal radiation on the flow and heat transfer process is of
importance in the design of many advanced energy conversion systems operating at
higher temperatures. Thermal radiation within these systems is usually the result of
emission of hot walls and the working fluid, Radiative convective flows are
encountered in countless industrial and environment processes e.g., heating and
cooling chambers, fossil fuel combustion energy processes, evaporation from large
open water reservoirs, astrophysical flow, solar power technology and space vehicle
re-entry. In view of these important applications of radiative heat, recently
Abdelkhalek® analysed the radiative and dissipation effect on unsteady MHD mixed
convection laminar boundary layer flow of an electrically conducting viscous
micropolar fluid past an infinite vertical plate. By taking variable temperature and
uniform mass diffusion, Muthucumarswamy and Kulandaivel* studied the effect of
thermal radiation on moving infinite vertical plate. However, the problem of fluid
flows in rotating channel have received relatively less attention. Very recently Singh
and Mathew® obtained an exact solution of a hydromagnetic oscillatory flow in a
horizontal porous channel in a rotating system. Hussain and Mohammad® have studied
the effect of Hall current on hydromagnetic free convection flow near an accelerated
porous plate. Magnetic field effects on the free convection and mass transfer flow
through porous medium with constant suction and constant heat flux has been analysed
by Acharya et al’. Effect of Hall current on hydromagnetic free convection flow near
an exponentially accelerated porous plate with mass transfer has been studied by Dash
and Rath. However, the problem on non-parallel vertex instability of natural
convection flow over a non-isothermal inclined flat plate with simultaneous thermal
and mass diffusion has been analysed by Singh et al’. The three dimensional free
convection flow in a vertical channel filled with a porous medium has been obtained

by Guria et al*®. Dash et al.*! discussed the free convection MHD flow through porous
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media of a rotating Oldroyd fluid past an infinite vertical porous plate with heat and
mass transfer. Singh and Garg™ have obtained the exact solution of an oscillatory free
convective MHD flow in a rotating porous channel with radiative heat. Biswal and
Pattnaik'® have analysed MHD Couette flow in Oldroyd liquid.

Other works of studying the effect of Hall current on MHD flow include that of

1.} and Biswal and Sahoo®. However, MHD flow through a porous

Biswal et a
medium past a stretched vertical permeable surface in the presence of heat source/sink
and a chemical reaction studied by Dash et al.'®. Kumari and Nath’ discussed the

transient MHD mixed convection from a vertical surface moved impulsively from rest.

Our aim in this paper is to study heat and mass transfer in the MHD flow of a
visco-elastic fluid in rotating porous channel with radiative heat and chemical reaction.

2. FORMULATION OF THE PROBLEM

Consider an oscillatory free convective flow of a visco-elastic incompressible
fluid bounded between two infinite vertical porous plates distance d apart. A constant
injection velocity W, is applied at the stationary plate z =0 and the same constant
suction velocity, W, is applied at the plate z'=d, which is oscillating in its own plane
with a velocity U” (t") about a non-zero constant mean velocity Uo. The origin is
assumed to be at the plate z'=0 and the channel is oriented vertically upward along the
X -axis. The channel rotates as a rigid body with uniform angular velocity Q" about the
z*-axis in the presence of a constant magnetic field By normal to the planes of the
plates. The temperatures of the stationary and the moving plates are high enough to
induce radiative heat transfer. It is also assumed that the radiation heat flux in the x -
direction is negligible as compared to that in the z'-direction. Since the plates are
infinite in extent, all the physical quantities except the pressure, depend only on z'and
t". The equation of continuity

VV =0 (2.1)
gives on integration W" = W, where

V= (u*,v*,w*) (2.2)
The fluid considered here is a gray, absorbing-emitting radiation but a non-scattering
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medium. Then by usual Boussinesq approximations, the flow of radiative fluid is

governed by the following equations:

*

* * * * 3
aL*+W08L* = —lal*+v 8u*2 +ﬁ+a*—l2J +2Q°V +gp(T=Td")
ot 0z L OX 0z p 0ot
s(~x )\ OBIUT wu”
+ C-C,)-—2——-— 2.3
gp’(Cc"-Ci) A (2.3)
* * * 2 * 3 * 2 *
A VRCLANE X VLA . S o U LI AVE (2.4)
ot 0z yoXo) 0z p 00t Yo, k
* * 2 * *
ar’ W, oar___k [0 1;2 _log (2.5)
ot 0z pC,| oz k 0z
. . g
8C* +W, G‘C* = Da C*:Z + 1 (2.6)
ot 0z 0z
The boundary conditions of the problem are
U=v=0,T=To+¢&(To-Td)coswt,
C'=Co+&(Co—C'g)cos wt,atz =0, > (2.7)
u=U"(t)=U, (l+ecos wt),V =0,
T*:T*d, C*:C*d, at Z*:d. J

Where V is the kinematic viscosity, t” is the time, p is the density and P” is the
modified pressure, Bo (=peHo) the electromagnetic induction, pe the magnetic
permeability, Ho the intensity of magnetic field, o the conductivity of the fluid, T™ is
the temperature, C, is the specific heat at constant pressure, k the thermal
conductivity, g is the acceleration due to gravity, b the coefficient of volume

expansion and g is the radiative heat.

Since the medium is optically thin with relatively low density, the radiative

heat flux for the case becomes

*

aq

— oo (T4 -T7) (2.8a)

*

Where o is the mean radiative absorption coefficient and o is the Stifan-

Boltzmann constant.
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We assume that the temperature differences with the flow are sufficiently small
such that T™ may be expressed as a linear function of the temperature. This is
accomplished by expanding T™ in a Taylor series about Td" and neglecting higher

order terms, thus
i) T*=47d® T -31d™ (2.8b)

By using equation (2.8a) and (2.8b), equation (2.5) reduces to

* *

oT oT k o°T” _16aTd el

i —+W, = -
: Yot pCp a2t pC,

. (r-Td") (2.9)

*

The reaction term in equn. (2.6) takes the form
A =—K (C-Cq)

Introducing the following non-dimensional quantities

n=% t—ot,u=Lv=Y
d U, U,
* 2 2 *
0<% oo y-Y
v v U,
5 = Wod T -Td”
v Ty -TdY
c_C-C _vgp(T; -T,)
Co_Cd UOZWO
o _VoB'(C-C;)  _KC,
‘ uaw, " k
* 42 *3
R - kOZ’ R:16OL*Gd T*dd M =B,d g
pd T, —Td Ul
2 * *
Sc:l' kpzuozk ’k:VKz ’
D v U,

Where p” is the modified pressure that includes centrifugal force, v is the
kinematic viscosity, o is the frequency parameter, Q is the rotation parameter, A is the
suction parameter, G; is the thermal Grashof number, P, is the Prandtl number, R is the

radiative heat flux and M is the Hartmann number, p is the coefficient of viscosity, R¢
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is the non-Newtonian parameter, G is the mass diffusion Grashof number, S; is the
Schmidt number, k, is the permeability parameter, 6 is the non-dimensional
temperature, C is the non-dimensional concentration, into equation (3), (4), (6) and (9),
we get.

2
m:a—u+ka—u:ma—u+a—u2+2§2v+k2G,6—MZ(U—U)
ot on ot on

3
vor,2Y Lec- -ty (2.12)
on‘ot Ko
2 2
m=9h4f3=9%_29@—u}-M2+J;v+wilgi (2.12)
ot on 0n b on‘ot

2
m:@+7u@:i8?—R9 (2.13)
ot on P on

w=—t+x—+Kc=— (2.14)

Introducing the complex velocity F = u+iv we find that equations (2.11) and (2.12)
can be combined into a single equation of the form

oF . oF oU  0°F
=—+Ah—=0—+

®= >+ A*G,0
ot on ot on

+ﬂ?GCC—2K2(F—U)——F%—F (2.15)

P

The transformed boundary conditions become

\
F=0ﬁ=1+§@“+yﬂ,

C :1+§(e“ +e™)atn=0

F :U(t)=1+§(e“+e‘“), (2.16)

C=0,0=0atn=1 )
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3. SOLUTIONS OF THE EQUATIONS

- 1261 -

In order to solve the equation (2.15), (2.13) and (2.14), we assume the solution

of the form

F(n,t)=Fo(n)+ §{F1 (m) €'+ F2 (n) e}
0 (n, 1) =00 (1) + g{el (m) " + 0, () €}

C(MH=Co(n)+ g{cl (m) €'+ Cz (n) &}

(3.1)

(3.2)

(3.3)

Substituting (3.1), (3.2) and (3.3) in the equations (2.15), (2.13) and (4.2.14)

respectively and then comparing the harmonic and non-harmonic terms, we obtain

Fo —n.Fy —m,Fy ==, =36, -, Gy
F'—nF -nsF =5 — 36, -G
F—mF, —neF, = -6 =136, -n,C,
05 —N,0; —mg6, =0
0] —m,0; —My0, =0
07 —m;0; —nypb, =0
C;—n,C; =0
C/-n,Cq —ny,C, =0
c,-n,C;, +n,C, =0
The corresponding transformed boundary conditions are
Fo=F1=F;,=0,0,00=01=6,=1,
Co=Ci=Cy=1,atn=0
Fo=F1=F,=1,00=0;=0,=0,
Co=Ci1=Cy=2,atn=1
Solving equations (3.4) — (3.12) under the boundary condition (3.13), we get
Fo= Age™ +A7e™ +Aj;3— Ay e™-As ™ — Ajge™"
Fi= Az e™" +Age™" + Ay e™"

+ A3O emm _A31 emun _A32 emlzn
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Fo=  Aszg e™" +Agge™" + Ags ™"
+ Ags ™" —Ay7 €™ — Ayg ™" (3.16)
0= z1e™ +z, ™ (3.17)
01=  zze™" +2z4 ™" (3.18)
0= zse™" +z5 ™" (3.19)
Co= Apt+A; e (3.20)
Ci= A, e™ + Ay e (3.21)
Co= Ay e™+ A g™" (3.22)

Skin-frictions:
Skin-friction for the steady part of the flow of the lower plate of the channel is

given by
o°U,
C 61']2

au,
Ty = E

(3.23)

1’]20 n:O

0= Asmz+Azmg - Ay m —-Aism;
m’ + AmZ — A,m?
—Ass N1 + Re (Aﬁ g +A; 1 Ai;‘ 1} (3.24)
= Am; — Agniy
Skin-friction at the upper plate of the channel for the velocity component vy is given
by

2
=M R (3.25)
an n=1 an n=1
1=  Agmy e™ + As mg eMd — A m e™ —A15 My g™ —A16 ni1 ghu
2,.m 2,m 2,.m
+ R, [A‘B”‘?e FAMGES - Adm;e ] (3.26)
— Asmye™ — Agnye™

Rates of heat transfer:
For the steady part of the flow, the rate of heat transfer at the lower plate of the
channel is given by

06,

Nu, = —2
0 511

(3.27)

n=0

=—(z1my + zomy)
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For the steady part of the flow, the rate of heat transfer at the upper plate of the
channel is given by

0,

Nu, = —=
1 61]

(3.28)

n=1
=—(zimy e™+2z,mye™)
Concentration gradients:
For the steady part of the flow, the concentration gradient at the lower plate is

oc,

CGo = - =— (A1 nu) (3.29)

n=0
For the steady part of the flow, the concentration gradient at the upper plate is

CG = — oC,

= — (A1 ni1 e”“) (330)

n=1

The constants involved in the above equations are not given here in order to save

space.

4, RESULTS AND DISCUSSION

Heat and mass transfer in the MHD flow of visco-elastic fluid in a rotating
porous channel with radiative heat have been studied through graphs and tables. The
effects of various fluid parameters like non-Newtonian parameter (R.), rotation
parameter (Q), Hartmann number (M), Grashof number (G,), modified Grashof
number (G¢), suction parameter (1), permeability parameter (K,), Prandtl number
(P:), radiative heat flux (R), frequency parameter (o) and the Schmidt number (S¢) on
the non-Newtonian flow under investigation have been found. The steady part of the
flow is presented by f, and the unsteady part of the flow has two components f; and
f,. Here, we have discussed the each part of the flow separately.

Velocity of flow:

Figure 1 explains the effects of G,, G¢, R, A and M on the steady part of the
flow (f,) keeping the other parameters fixed. Taking a particular visco-elastic fluid for
which R.=0.01, the profiles have been plotted. It is observed that the steady
component of the flow velocity rises with the Grashof number G, and the same effect
is marked for G, But the radiation parameter reduces the flow velocity reversing the

profile shape (curve V). Suction parameter A with the high transverse magnetic field
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strength further decreases the flow velocity attending negative values below the
channel length n=0.5.

Figure 2 exhibits the effects of various fluid parameters on the secondary
velocity component f; keeping P, t, S¢c and o fixed. It is observed that the Grashof
number G, increases the f; (curves I, 11, 111) while the modified Grashof number G,
decreases the velocity component f;. This is quite natural that the rise in the value of
G, means the rise in the value of fluid temperature that causes the fluid molecules
more energetic. So, the speeds of the molecules becomes more causing the fluid
velocity f; to rise. But increase in the value of G, means the rise in the species
concentration. More mass diffusion absorbs more heat energy and hence the fluid
molecules becomes cooled causing their speed slower. As a result, the unsteady part
of the fluid velocity f; is reduced. Again, the rise in the radiation parameter R reduces
the fluid velocity f; further. This is due to the fact that if more heat energy is radiated,
the fluid molecules becomes less energetic and their motion becomes slower causing
f1 to decrease. Raising the external magnetic field strength, the fluid velocity f; rises
for the rotation parameter Q=50. The fluid velocity f; decreases with the rise in the
value of non-Newtonian parameter R. (curves VIl and VI1I).

Effects of non-Newtonian parameter R, thermal Grashof number G,
modified Grashof number G, radiation parameter R, suction parameter A, magnetic
parameter M, rotation parameter Q and the frequency parameter  on the secondary
velocity part f, of the micro-elastic flow have been presented by the profiles of Fig.3.
It is observed that the increase in G, decelerates the flow and rise in G, further
reduces the flow velocity. However, the increase in radiation parameter accelerates
the flow. The rise in the external magnetic field strength reduces the flow velocity f,
(curve V1), beyond the channel length n slightly greater than 0.2, but below that the
flow velocity f; is increased. Increase in rotation parameter increases the flow velocity
f, slowly. Similar effect is marked in case of frequency parameter » and the non-
Newtonian parameter Rc.

Figure 4 shows the effects of suction parameter A and Prandtl number P, on
the steady temperature 6. It is observed that 6, falls with the rise of both A and P,.

The effects of suction parameter A and Schmidt number S, on the mean
concentration Co have been illustrated in the Fig.5. It is observed that C, decreases

with the increase of A as well as S, attaining always negative values. Generally Cy
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rises as the channel length n increases.

Skin-friction:

The values of the skin-friction to and t; of the steady part of the flow are
entered in the Table 1 for various values of the fluid parameter G,, G¢, A, M, R and Q.
The increase in Grashof number (G,) increases the skin-friction to for both
Newtonian (R.=0.0) and non-Newtonian (R.#0) flow, but the opposite effect is
marked in case of t1. Increase in Grashof number decreases to and t; for both
Newtonian and non-Newtonian flow. Increase in suction parameter A decreases to
rapidly but increases t; swiftly. Increase in the Hartmann number M increases to but

decreases 1.

Table 1
Values of the skin-frictions to & t1 of the steady part of the flow for R = 1, Q=25

To T1

Rc Re
G G A M 0.00 0.01 0.05 0.00 0.01 0.05
5 2 2 2 1.4605 1.4099 1.2073 2.1047 2.2069 2.6154
10 2 2 2 2.7646 2.6605 2.2442 1.7068 1.8373 2.3594
15 2 2 2 4.0687 3.9112 3.2810 1.3088 1.4678 2.1034
15 4 2 2 4.0139 3.8550 3.2192 -0.8857 -0.8143  -0.5289
15 4 3 2 -317.6913 -303.2010 -245.2397 414.3880 432.6485 505.6903
15 4 3 4 -0.7183 -0.6854 -0.5540 7.5892 8.3089 11.1879

Rate of heat transfer:

Table 2 shows the effects of P, A, R and » on the mean rate of heat transfer
and the rate of heat transfer for the steady parts of the flow. It is observed that the
increase in the suction parameter (1) increases Nug but reduces Nu;. Similar effect is
marked with the rise of Prandtl number (P,). Increase in radiation parameter does
show any effect on the mean rate of heat transfer as well as on the rate of heat transfer

and same is the case with the frequency parameter (w).
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Table 2
Value of the rate of heat transfer Nug & Nu; for the steady part of the flow
A Py R ® Nuo Nu
2 9 1 5} 2.42495 0.87195
3 9 1 5 3.26639 0.43995
3 12 1 5 4.00003 0.23810
3 12 2 5 4.00003 0.23810
3 12 2 10 4.00003 0.23810

Concentration gradient:

Table. 3 contains the values of mean concentration gradient and the

concentration gradient for the steady part of the flow pertaining to various values of A,

o and S¢. It is observed that the rise in the value of suction parameter (A) reduces CGq

but increases CG1. However, the frequency parameter (@) does not produce any effect

on both these concentration gradient. The increase in the value of Schmidt number

(Sc) decreases the mean concentration gradient CGy) very rapidly and which attains

zero value for S.=6.0, but CG; rises with S..

Table 3

Value of the concentration gradient CG, and CG; for the steady part of the flow
A ® Sc CGo CG;

2 5 2 0.07194 3.92806
3 5 2 0.01484 5.98516
3 10 2 0.01484 5.98516
3 10 4 0.00007 11.99993
3 10 6 0.00000 18.00000
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CONCLUSION:

Above investigations on the heat and mass transfer in the MHD flow of a
Walters’ B’ fluid in a rotating porous channel reveal the following significant
findings.

i)  The steady component of the flow velocity rises with the thermal Grashof

number G, and mass concentration Grashof number (G.)

i)  The steady part of the flow velocity reduces with the suction parameter (1),

radiation parameter (R) and the magnetic parameter (M).

iii)  The secondary flow velocity (f;) increases with G, but decreases with G..
iv) Increase in radiation parameter decreases the secondary flow velocity (f;).
v)  The secondary flow velocity (f;) reduces with the rise in the value of non-

Newtonian parameter (Rc).

vi) The rise in the external magnetic field strength reduces the secondary flow
velocity component f5.
vii) Steady temperature (6o) falls with the rise of both the suction parameter | and

Prandtl number (P;).

viii) Mean concentration (C,) decreases with the increase of both the suction

parameter (1) and the Schmidt number (S.).

IJSER © 2014
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research, Volume 5, Issue 1, January-2014 - 1268 -
ISSN 2229-5518

REFERENCES

1.

10.

Attia HA & Kotb NA. MHD flow between two parallel plates with heat
transfer. Acta Mech 1996; 117:215-220.

Nanda RS & Mohanty HK. Hydromagnetic rotating channel flows. Appl Sci
Res 1970; 24:65-75.

Abdelkhaiek MM. Radiation and dissipation effect on unsteady MHD micro-
polar flow past an infinite vertical plate in porous medium with time
dependent suction. Indian J Phys 2008; 82: 415-434.

Muthucumaraswamy R & Kulandaivel T. Radiation effects on moving vertical
plate with variable temperature and uniform mass diffusion. Journal of
Energy, Heat and Mass Transfer 2008; 30: 79-80.

Singh KD & Mathew A. Injection/suction effect on an oscillatory
hydromagnetic flow in a rotating horizontal porous channel. Indian J Phys
2008; 82: 435-445.

Hossain MA & Mohammad K. Effect of Hall current on hydromagnetic free
convection flow near an accelerated porous plate. Japanese Journal of Applied
Physics 1988; 27: 1531-1535.

Acharya M, Dash GC & Singh LP. Magnetic field effects on the free
convection and mass transfer flow through porous medium with constant
suction and constant heat flux, Indian J Pure Appl Math 2000; 31:1-18.

Das GC & Rath PK. Effect of Hall current on hydromagnetic free convection
flow near an exponentially accelerated porous plate with mass transfer. AMSE
Modelling Measurement and Control 2002; 71: 45-60,

Acharya M, Singh LP & Dash GC. Non-parallel vortex instability of natural
convection flow over a non-isothermal inclined flat plate with simultaneous
thermal and mass diffusion. Indian J Physics 2006; 80:989-1004.

Guria M, Jana RN, Ghosh SK & Pop I. Three dimensional free convection
flow in a vertical channel filled with a porous medium. Journal of porous
media 2009; 12: 985-995.

IJSER © 2014
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research, Volume 5, Issue 1, January-2014 - 1269 -
ISSN 2229-5518

11.

12.

13.

14.

15.

16.

17.

Dash GC, Rath PK & Kar M. Free convection MHD flow through porous
media of a rotating Oldroyd fluid past an infinite vertical porous plate with
heat and mass transfer. Proc Nat Acad Sc India 2011; 81A : 223 -230.

Singh KD & Garg BP. Exact solution of an oscillatory free convective MHD
flow in a rotating porous channel with radiative heat. Proc Nat Acad Sc India
2011; 80A: 81 -90.

Biswal S & Pattnaik BK. MHD coquette flow in Oldroyd liquid: A case study.
Proc Nat Acad Sc India 1999; 69A: 77-87.

Biswal S, Ray GS & Mishra AP. Mass transfer effects on oscillatory
hydromagnetic free convective flow past an infinite vertical porous flat plate
with Hall current. Proc Nat Acad Sc India 1999; 69A: 369-375.

Biswal S & Shaoo PK. Hall effect on hydromagnetic free convection flow
with mass transfer in a porous vertical channel. Proc Nat Acad Sc India 1999;
69A: 45-57.

Dash S, Dash GC & Mishra DP. MHD flow through a porous medium past a
stretched vertical permeable surface in the presence of heat source / sink and a
chemical reaction. Proc Nat Acad Sc India 2008; 78A: 49-55.

Kumari M & Nath G. Transient MHD mixed convection from a vertical
surface moved impulsively from rest. Proc Nat Acad Sc India 2008; 78A: 67-
74.

IJSER © 2014
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research, Volume 5, Issue 1, January-2014 -1270 -
ISSN 2229-5518

20 - fuLve koo, G ¥ A, -

I 6.9 5 i F 2
18- I1 2.0 1c¢ e u z Fd

= 0.21 15 P z 2

v 0.%1 1% & 1 F £

¥ .81 15 £ F z
18 4 VI D.21 13 £ 2 1 4

Me
14 4
IH

i3, n

Vi
0.0 - - T T
M LE-] 06 Q.7 0.8 08 1.0

02 -

Fig.1: Effect of different parameters on f, profile for P,=9.0, t=30, S.=2.0,
0=2.5, =5
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Fig. 2: Effect of different parameters on f; profile for P,=9.0, t=30, S.=2.0,

Q=2.5, =5
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Fig. 3 : Effect of different parameters on f, profile for P,=9.0, t=30, S:=2.0.
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Fig. 4 : Temperature profile (6o) for R = 0.01, G,=5, G.=2, M=2, t=1, S;=2.0,
0=2.5, R=1, ®=5
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Fig.5: Concentration profile (Cy) for P, =9, G,=5, G.=2, R=1, t=1, Q=2.5, R=1,

=5
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