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UNSTEADY FLOW OF A DUSTY FLUID THROUGH AN
INCLINED OPEN RECTANGULAR CHANNEL

T.NIRMALA, B.J.GIREESHA, C.S.BAGEWADI AND C.S.VISHALAKSHI

ABSTRACT. An analytical study is made on unsteady flow of a dusty fluid
through an inclined open rectangular channel. The flow is due to the influence
of time dependent pressure gradients i.e., impulsive, transition and motion
for a finite time is considered along with the effect of the movement of the
plates and the effect of uniform magnetic field. Flow analysis is carried out in
Frenet frame field system and exact solutions of the problem are obtained by
solving the partial differential equations using Variable Separable and Laplace
transform methods. Further graphs drawn for different values of inclined angle
and on basis of these the conclusions are given. Finally, the expressions for
skin-friction at the boundaries are obtained.
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1. INTRODUCTION

The study of fluid flow and dust particles through porous media and through
permeable bed has been made by many mathematicians. Using the equations
given by P.G.Saffman [17], several authors have developed special problems
under various assumptions. This study has proved to be useful in the move-
ment of dust, laden air and the use of dust in the cooling of dust particles on
viscous flows, Besides, it has a great importance in petroleum industry and in
the purification of crude oil. Other important application of such flows is the
dust entrainment in a cloud during nuclear explosion.

Some researchers like Liu [14], Michael and Miller [15], Ghosh [19], Chamkha
8], Amos [1], Datta [9], Agrawal and Varshney [2], Saxena and Sharma have
studied various problems under different initial and boundary conditions. Shri
Ram, B.K.Gupta and N.P.Singh [18] have studied unsteady flow of a dusty
viscous stratified fluid through an inclined open rectangular channel.
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To investigate the kinematical properties of fluid flows in the field of fluid
mechanics some researchers like Kanwal [13], Truesdell [20], Indrasena [12],
Purushotham [16], Bagewadi and Gireesha [3]|[4] have applied differential ge-
ometry techniques. Further, recently the authors [10][11] have studied the flow
of unsteady dusty fluid under varying different pressure gradients like constant,
periodic and exponential.

In the present paper, laminar flow of an unsteady, electrically conducting,
incompressible fluid with embedded non-conducting identical spherical parti-
cles through a long open rectangular channel under the influence of magnetic
field and a time varying pressure gradient. Further by considering the fluid
and dust particles to be at rest initially, the exact solutions are obtained for
velocities of fluid and dust particles and also the skin friction at the boundary
is calculated. The effect of inclined angle on the velocities of fluid and dust
are shown graphically.

2.EQUATIONS OF MOTION

The equations of motion of unsteady viscous incompressible fluid with uniform
distribution of dust particles are given by [17]:

For fluid phase

V-w = 0, (Continuity) (1)

ow 1
8—1: bWV =~ VoW 2)

N B?
+ k—(? — W)+ gsiny — 7o (Linear Momentum)
p
For dust phase

V-7 = 0, (Continuity) (3)
ot + (V)7 =—(w —7) (Linear Momentum) (4)

m

We have following nomenclature:

W —velocity of the fluid phase, ¥ —velocity of dust phase, p—density of the
gas, p—pressure of the fluid, N —number density of dust particles, v—kinematic
viscosity, k = 6mapu—Stoke’s resistance (drag coefficient), a—spherical radius
of dust particle, m—mass of the dust particle, u—the co-efficient of viscosity of
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fluid particles, t—time, g— the acceleration due to gravity, c— is the electrical
conductivity, B— is variable electromagnetic induction, y— is inclined angle.
Let 5,7, D be triply orthogonal unit vectors tangent, principal normal,
binormal respectively to the spatial curves of congruences formed by fluid phase
velocity and dusty phase velocity lines respectively as shown in the figure-1.
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Figure-1: Frenet Frame Field System

Geometrical relations are given by Frenet formulae [6]
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b

i) %Z e %n Y 882 e
oY o R L
ii1) 2 = ks, 5 = —0)%, 5 ol — kD
V) V.F = O+ Oy VT = Oy — ky; V. D =0, (5)

where 0/0s, 0/0n and 0/0b are the intrinsic differential operators along fluid
phase velocity (or dust phase velocity ) lines, principal normal and binormal.
The functions (ks, &, k) and (75, 0}, 03 ) are the curvatures and torsions of the

above curves and #,, and 6, are normal deformations of these spatial curves
along their principal normal and binormal respectively.

3.FORMULATION AND SOLUTION OF THE PROBLEM

Let us consider an unsteady laminar flow of an incompressible, Newtonian,
electrically conducting dusty fluid. The fluid is flowing down in an open in-
clined channel, the walls of the channel being normal to the surface of the
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bottom. The bottom is assumed to be inclined at an angle v (0 < v < 7/2)
to the horizontal. Tt is assumed that the binormal direction b is along the
central line in the direction of flow of fluid at the free surface, and 7 along
the depth and 7§ is along the width of the channel as shown in the figure-2.
The flow is due to the influence of pressure gradient varying with time. Both
the fluid and the dust particle clouds are supposed to be static at the beginning.
The dust particles are assumed to be spherical in shape and uniform in size.
The number density of the dust particles is taken as a constant throughout the
flow. The velocity components of both fluid and dust particles are respectively

given by:
us =0; u, =0;
{vS:O; vy = 0; } (6)

where (ug, Uy, up) and (v, vy, vp) are velocity components of fluid and dust
particles respectively.

sy b'-
Figure 2: Schematic diagram of dusty fluid flow in a rectangular channel.

By virtue of system of equations (5) the intrinsic decomposition of equa-
tions (2) and (4) using equation (6) give the following forms:

10p , Oy
_= _— — — 2 _
0 s +v (Tskzsub o, 8n> (7)
1 8p ! 1./ n__n au
0 = ~on +v (Jnk’nub + kyoyup, — 27’88::) (8)
ou,  10p Puy 0%y EN
o _p8b+yl852 + a2 — Cruy | + P (vp — up)
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BQ
+gmw—i)w (9)
a"Ub k
_ P 1
T m(ub Up) (10)
vkl = 0 (11)

where C, = (72 + 0/ + k""%) is called curvature number [5].

From equation (11) we see that v?k; = 0 which implies either v, = 0 or
ky = 0. The choice v, = 0 is impossible, since if it happens then u, = 0, which
shows that the flow doesn’t exist. Hence k' = 0, it suggests that the curvature
of the streamline along binormal direction is zero. Thus no radial flow exists.

The flow in the porous media is governed by the Darcy’s equation,

_ Ko op :
Q—ll<é%+pgww> (12)

where () is the velocity in the porous media and K is the variable permeability
of the medium.

The condition at the interface of the free low region and porous medium,
following Beavers and Joseph [7] is given by

(%;;)M )
(?%) - -

From equations (9) and (12),we have

kN B?
_ Crub] + 7(1}[, — ub) — Upub (13)

%: Qu ey 82ub+82ub
ot pKy 0s?  0On?

By defining the depth of the channel h as the characteristic length and the
mean flow velocity Uy as the characteristic velocity. We introduce the following
non-dimensional quantities.

s b ey My o pMEQ
S - h, n _h7 _ha ub_ U() ) b — Uo ) Q - UO
g koot pMPRw L pMPRPug T

0 h2? 0 pp2 ! vy @ ° U ph?
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The equations (10) and (13)transformed to( after dropping the asterisks over
them)

) o o !

% = P+v [ asu; + 377;; - Crub] + ;(Ub —up) — M?u, (14)

(%b 1

E = ;(Ub — Ub) (15>
where M? = %%2, P = M;f {—% —|—pgsin’y} 1= % and w = 4.

CASE-1. Impulsive Motion:
Consider the case of impulsive motion, in which the boundary conditions
are

P(t) = P, 5(t)

u, = 0 at s ==d
u, = ug 0(t) at n=nh
8ub

o, = W o(t) at n=0

where 6(t) is the Dirac delta function and py, vy and u; are constants. After
non dimensionalizing,

P(t) = Py 8(t)

u, = 0 at s = *+r
u, = uy 0(t) at n=1
ou d
a—nb = wu; 6(t) at n=0 where r= 7
Let U, and V}, are given by
U, = /e’xt up dt and Vj, = /e’xt vy dt (16)
0 0

denote the Laplace transforms of u;, and v, respectively.
Then (14) and (15) becomes,

0*U, 02U l
tU, = P(x)+v < asgb + 8n2b - CrUb> + ;(Vb —U,) = M*U, (17)
Us
- -5 1
Vs (1+ 2w) (s)
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and boundary conditions are,

P(z) = Bz
U = 0 at s==£r (19)
Uy, = uy at n=1

oU,

= u at n=0

On
From equations (17) and (18) we obtain, the following equation

U, N 9*U, B
0s2 on? 1

Uy +R=0 (20)

where

l I M?h?
¢ = C’T+M2+£+x7 , R=— and I= (po + pgsin~y)
v v(l+aw) v Ug

To solve equation (17) we assume the solution in the following form
Up(s,n) = wi(s,n) + wa(s) (21)
Substitution of Uy(s,n) in equation (20) yields

6211)1 8211}2 8211}1

0s? + 052 + on?

—q2(w1+w2)+R:O

so that if wy satisfies

62?1)2

9s2 —¢wa + R=0
then 52 52
wq wq
o+ o =0 2

In similar manner if Uy (s, n) is inserted in no slip boundary conditions, one
can obtain

{ Up(r,n) = wy(r,n) +ws(r) =0, Uy(—r,n) = wi(—r,n) + we(—r) =0, }
Up(s,1) = wi(s,1) + wa(s) = ug, Z2(s,0) = 22(s,0) =1y

on
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By solving the problem
0*w
0s?
we obtain the solution in the form

wa(s)— B ( cosh(qr) — cos(qs)> 23)

2\ cos(an)

2 _ q2w2 +R=0, we(r)=0, we(—1)=0

Using variable separable method, the solution of the problem (22) with the
conditions

0
wi(r,n) =0, wi(—r,n)=0, w(s,1)=uy—wss), 5:; (s,0) =uy
is obtained in the form
>0 . Tlﬂ- An —An
wi(s,n) = > sin (s) (crle + D, e ) (24)
r1=0 r

where A = 4/ w
Now by substituting (23) and (24) in (21) we have

Up(s,n) = B (Cosh(qr) — cosh(gs) ) Z <in (7“171‘ )

q? cosh(qr) —~
> {<_1)r16]2 T } cosh( An
A2 A2r2 cosh(qr) 7’17r cosh(A
2ug X [1—(=1)"] . /rm \ cosh(An)
E3 mz::o [5"1)] S ( r S) cosh(A)
2up < [1—(=1)"] <in (7“17T ) sinh[(n — 1)A4]
T =0 1 Acosh(A)

Using U, in equation (20) one can see that

Vis.n) — R <cosh(q7°) - cosh(qs)) N 2R i “in (7“1:8)

(1 + zw) cosh(qr) (1 + 2w) =
y (=1)"¢*  mr(l+aw) 1 | cosh(An)
A2rim | A2r2cosh(qr)  rm [ cosh(A)
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2 i": [1—(=1)"] sin (ms) cosh(An)

(14 aw) =, o) r cosh(A)
2y > [1—=(=1)"] . /rim \ sinh[(n —1)A]
T 7-(-(1 -+ gjw) r12::0 1 St (7“8) ACOSh(A)

By taking inverse Laplace transformation to U, and V}, we obtain u, and
vy as follows:

I J |cosh(X7) — cosh(X5s) )™
up(s,n,t) = v { [ X? cosh(Xr) 1 mz:o 27‘2 + 1)
y [(27“2 + )7 ] l e (1 + z30)?) e (1 4 zyw)? ] }
cos o s 3l + (1 4+ z3w)?] x4l + (1 + z4w)?]
o & ) T cosh(Yn) 4dv & (=1)™
¢S () i - E S

o [(2702 + 1)7%] l et (1 + zyw)? N ewst(l + r3w)? ”

2 zr[l + (1 + z7w)?]  ag[l + (1 + zsw)?]

N 27l i - sin (T’ﬂ's> cosh(Yn)
vr? = ! X?Y?2cosh(Y) cosh(Xr)

4v (—=1)"  cosh(fBn) [ " (1 + z3w)?
=0 (2rp +1) B2 cosh(ﬁ) xg[l + (1 4 z3w)?]
x4t(1 + {L‘4W) r2 (27‘2 + 1)7T
wall + (1 + z4w)?] ] > 2r2+1> [ 2 nl
"™ (1 + a:7w) e (1 + zgw)? 1 }
[l + (1 + z7w)?]  ag[l + (1 + 2sw)?]

B 21 i lsin (7“1:8) { cosh(Yn) . i (_(j)m (s 1 1)

ro=0

x ajcos(aqr) l

Z e X?cosh(Y) = o
(2ry + D)7 " (1 + zqw)? e™ (1 + zgw)?
X cos n
2 prll + (L4 zw)?] sl + (1 + zsw)?]
< [1— (=1)" >
+ 2upv Z M sin (ms) Z (=1)2(2ry + 1)
r1=0 1 r ro=0

<o ] [ e
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vp(s,n,t)

oy (L (1)) (727) S (1)

m r1=0 rl r2=0

e

I | [cosh(X7) — cosh(Xs) )2
v { [ X2 cosh(XT) 1 7«22:0 27“2 —|— 1)
[(27’2 + 1) ] [ e™3t (1 + z3w)) e (1 4 z4w) ] }
T U mllr (raaw)?d]  mll + (1 2aw)?
20 & v (T cosh(Yn) 4dv & (=1)™
Z ( r 3) {Y2 cosh(Y) 7 2= (2rs + 1)

N O

2l i , ( ) cosh(Yn)
—3 r1sin 5\ x2y2 cosh(Y") cosh(Xr)

r1=0
)2 cosh(fn) e (1 + r3w)
v 7 (s 5

ro= U
z4t(1 + 1’4(.0 A Z T2 (2?"2 + 1)7'('”
[l + (1 + z4w)?] 2r2+1 2
ea:7t(1 + 1'7(4)) emgt(l —+ l’gé«))
wrll + (1 +z7w)?]  all + (14 zsw)?]

7’10

ro=0

o cos(aqr) [

21 &1, /mm cosh(Yn) < (—1)
U0 Y X2 cosh(Y) 2ry + 1
vr TIE:O T1 sm( S) {XQCOSh(Y) +V7TT2§::O 2 (2ry +1)
(27’2 + 1>7T ex7t(l + {L‘7w) ex3t<l + l’g(x))
cos n
2 377[[ + (1 + SL’7(,<))2] 3;8[l + (1 i xgw)Q]

2ugv Z 1==07 sin (rl:s) i (=1)"(2ry + 1)

ro=0

w%@i*>1ni€:gﬁ]ufﬁiﬁﬁﬁ

duyy & 1 — (=1 3
my g L= 0 (WS) S (—1)
T =0 ™1 r ro=0
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s 2ry+Dm, e (1 + z7w) e"st (1 + rgw)
[ ] |

2 [+ (1+z7w)?] [l + (14 z5w)?]

Shearing Stress (Skin Friction):

The Shear stress at the boundaries s =r, s = —randn =0, n =1 are
given by
D Tpsinh(Xr)  2Ip i e™t (1 + z3w)? e™t (1 4 zyw)?
" weosh(Xr)  r A xg[l + (1 +x3w)?]  wyll + (14 24w)?]
_ 2Ip ) sinh(Yn) 4 Z )2 (27’2 + 1)7Tn
v | Ycosh(Y) o) 27’2 —|— 1) 2
e" (1 + xqw)? e™! (1 + xgw)? C2lpum* &,
1)
x [m[l + (1 +z7w)?] 2l + (1 4 z5w)?] = lezjo ri(=1)
" cos h(Yn) CAr & (=1 cosh(fBn)
X2Y2cosh(Y)cosh(Xr) 7w 2= (2ra+ 1) 32 cosh(ﬁ)
e e ) e G
w3l + (1 4+ z3w)?] a4l + (1 + z4w)?] = ( 27“2 + (2ry+1)
y oS [7(2”2“)”71] " (1 + zyw)? et (1 + z5w)?
afcos(agr) |zr[l+ (1 + z7w)?]  as[l + (1 + z5w)?]
2Ip & cos h(Yn) 2 (=1)m
e D DL LS. 2y + 1
L m:o( ) {X2 cosh(Y) WTT;O af (2r2+1)

(2ry + D)7 e (1 + z7w)? e (1 + zgw)?
- l 2 ”1 M F o) "l (0 xswm”

o 2UOHT SN (1] (1) (2 + 1) cos [(% u 1)%1

y [ e”t(1 +_:C7w)2 e”t(l_—l— Tyw)? ] Auvp
4+ (1+z7w)?] [+ (14 z3w)? r
x f:o[(—mﬁ 1 io(—nm sin [(27"2 > DLy 1)]

[ e (1 + zyw)? et (1 + zgw)? ]
4+ (1+z7w)?] [+ (14 z5w)?
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D_p

DsO

—D,,
T sin h(Xs) 2][1, (2ro + 1)m
v cos h(Xr r TQE:O lQrsl
[ e®3t(1 + w3w)? et (1 + zqw)? ] 8Ip & S (-

3l + (1 + 23w)?] 2yl + (1 + 240)?] =0
cos {7“171'8} i (_1)T2 l €z7t(1 + $7w) Z‘gt(l + ZL‘gCL))Q ]

ro 12 @re+ 1) Ll + (U4 2rw)?] - all 4 (14 2sw)?]

2Imn &, T 1 4v

r3v le::() oS [ ] {X2Y2 cosh(Y)cosh(Xr) m

> (=1)™ 1 e™t (1 + z3w)? e™t (1 4+ zyw)?
TZZ::O (2r + 1) 3% cosh(p) L’s[l + (L +z3w)?] - wfl+ (14 56400)2]]
v & (-1 1 (1 + zqw)?
Es = (2ry + 1) af cos(ayr) [m[l + (1 + x7w)?]

xge[;8:_(1(1++x;c;132)2]1} 2lp & 3 cos [rm ] {choih(y)

r1=0

6x7t<1 _|_$7w)2 eacgt(l +x8w)2
. rzZ:o 27"2 T [:c?[l + (1 + z7w)?] * xg[l + (1 + a:gw)2]] }
QUO:W Z_O [1—(=1)"]cos [ms} iﬂ(—l)”@m +1)

S [ ()

r1=0

[ 63:715(1 +ZL’7CU)2 emgt(l +$8w)2
4+ (14 z7w)?] [+ (14 z5w)?
2 } [ S T
[l + (1 +zw)?  [I4 (1 + zsw)?
20 & (- . [ sin h(Y) e" (1 + z7w)?
Z r1 i {7’8} {Ycos h(Y) 2 [w[l + (1 + z7w)?]
et (1 + zsw)? 2lpm & . (mT
ol + (1t xgw)Q]] } + 2, z::() 71 8in <r5>

T1

{ sin A(Y") 4dv Z (( 1)™  sinh(3)

X2Y cosh(Y) cosh(Xr) 7 = (2ry + 1) Bcosh(3)
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€™ (1 + z3w)? e (1 + z4w)? Loy Z
3l + (1 4+ z3w)?] a2yl + (1 + z4w)? —, af cos alr)
y e (1 + z7w)? e (1 + zgw)? 2Iu
7l + (1 4+ 27w)?]  xg[l + (1 + zsw)?
=1 Y sinh(Y i 2 1)
X Zsin(ms){ sin h(Y') + 5 S (-1 M

=om X2Y cos h(Y) = a?
x7t 2 xgt 2
< sin [(27‘24-1)71’] [ e[ (1+ x7w) L (1+ xsw) ]}
X7

9 I+ (1 +2w)?] gl + (14 z5w)?]

—  UgUVT Z 1)“] sin <WS> f: (2ry + 1)2 l[ (1t zr)

r1=0 r2=0 (1 + $7w)2]
ez’st(l +x8w)2 i [1 — (—1>T1] . mnmw

n Tt $8w)2]] + 2uy v le::() S sin <r5>
0o . 6x7t<1 + ZL‘7C¢))2 e:ﬁst(l + l’gw)Q

x 2 (1@ + 1) [[l + (1 +aw)?] [+ 1+ “/’8“)2]]

ro=0
Iy sinh(Xs) 21 2 1
+7psm(s pz . (r2+)7r8
vX cosh(Xr) () 2r
o[t ) e (1+ xyw)? | 2uf fj (—1)"
z3[l + (1 4 z3w)?]  xy[l + (1 4 z4w)?] vr =,

(r))m | sinh(Y)  2I7%u &, T
% COS[ r Yeosh(Y)  riu ZT1008<TS>

r1=0

" cos h(Y) v Z (== 1
X2%YZ2cosh(Y)cosh(Xr) 7w = 27“2 —i— 1) 52
G (E27% N (E 8 Y 7
l‘g[l + (1 + 513'3(.4))2] .1'4[[ + (1 + 1'4(.4))2]

CASE-2. Transition Motion:
Consider the case of transition motion, in which

P(t) = Py H(t) e

u, = 0 at s==+d
u, = ug H(t) e™ at n=nh
8ub

oy = W H(t)e™ at n=0
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where H (t) is the Heaviside unit step function and pg, 1o and wu; are constants.
By applying the same procedure as in case-1, we obtain the expressions for
up and v, as

J . cosh(Xr) — cosh(X's) gt
up(s,n,t) = — \Pgsiny 2 cosh(Xr) + poe
y COSh(Oé;T) — cosh(ays) Z )2 (27“2 + 1)7r8
a3 cosh(aar) =0 27"2 —i— 1) 2r

y lex?’t(l + x3w)? [poz3 + pg sin 7($3 +9)]
z3(zs + @)l + (1 + z3w)?]

e (1 4 x4w)? [poxs + pgsiny (x4 + ¢)] H > i k
z4(zs + A+ (1 + 14w)?

v (rlw) . cosh(Yn) F— cosh(asn
sin [ —s siny————~ e
r PISIT Y cosh(Y) Po a3 cosh(az)
v & —1)" 2 1
- (=1) cos (2rs + )Wn
™ ra=0 (27’2 + 1) 2

[em(l + 27w)? [pox7 + pgsiny(zr + ¢)]

7“10

% vr(r + Q)1+ (1 + 27w)7]
N e (1 + wgw)? [pors + pg siny(xg + ¢)]] } . 2nJ
xg(zs + @)l + (1 + zsw)?] vr?
. cosh(Y'n)
% rlzjo risin (S> {pg ) [XQY2 cosh(Y) cosh(Xr)}
gt cosh(asn )2
T o [a%a% cosh(ag) cosh(apr) ] rQZo 27‘2 —|— 1)
y Ccos [W”] le”t(l + 27w)? [por7 + pgsiny(zy + ¢)]
a? cos(aqr) r7(w7 + ) + (1 + 27w)?]
N ™M1 + a23w)? [poxs + pgsin y(xs + cb)]] v i (=1)™
xg(xs + @)l + (1 + zsw)?] T = (2 + 1)
y cosh(fn) le“t(l + z3w)? [poxs + pgsiny(zz + ¢)]
(32 cosh(3) z3(zs + @)l + (1 + z3w)?]
N e“ (1 + z4w)? [poxs + pgsiny(zy + gb)]] } 27 &L
x4(zy + D)l + (1 + z4w)?] Z e
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o 3 B () Lo |
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et e )
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Shearing Stress (Skin Friction):
The Shear stress at the boundaries s =r, s = —randn =0, n =1 are
given by
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CASE-3. Motion for a finite time:
In this case, consider the boundary conditions are

P(t) = P[H(t) - H(t—T)

u, = 0 at s ==+d
u = ug[H({t)—H{t—T) at n=nh
8ub

— = w|H{t)—H@t-T) at n=0

=y [H ()~ H(t - T)

where H(t) is the Heaviside unit step function and pg,ue and u; are constants.
The expressions for the fluid phase velocity u;, and dust phase velocity vy,

are given by
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Shearing Stress (Skin Friction):
The Shear stress at the boundaries s =r, s = —randn =0, n =1 are
given by
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4.CONCLUSION

One can observed, the paraboloid nature of both fluid and dust phase
velocities which are drawn as in figures 3 to 8. From these graphs, it is evident
that the flow of fluid particles is parallel to that of dust. Also, one can see
that if the dust is very fine i.e., mass of the dust particles is negligibly small
then the relaxation time of dust particle decreases and ultimately as 7 — 0
the velocities of fluid and dust particles will be the same. Further, we can see
the effect of inclined angle v on the velocity fields of both fluid and dust phase
i.e., as inclined angle increases the velocities of both fluid and dust particles
increases. As a particular case if the angle v = 0 then the results coincides
with the previous result [5].
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Figure-3: Variation of fluid velocity with s and n (for v = 10 & 40, Case-1)
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Figure-6: Variation of dust velocity with s and n (for v = 10 & 40, Case-2)
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Figure-7: Variation of fluid velocity with s and n (for v = 10 & 40, Case-3)

0 0 0 0

Figure-8: Variation of dust velocity with s and n (for v = 10 & 40, Case-3)
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