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ABSTRACT

This paper investigates the computational analggisnsteady flow of blood and heat transfer throagstenosed
artery in a third grade fluid model with slip comidns. Incorporated into the model is an externalfyplied magnetic
field. The solutions of the unsteady non-linear afigionless momentum and energy equations are ebtailsing
Galerkin’s weighted residual and Fourth order Ru#gtta methods. Effects of slip velocity, magndigdd, shear
thinning, shear thickening and other parameterstloa flow and heat transfer characteristics are emed graphically

and discussed.
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INTRODUCITON

The study of blood flow in the cardiovascular systeas generated a lot of interest, hence, the hogrunt of literatures
are studied on the subjects. Sanjeev and Chandrassfik] considered mathematical model of power faud with an

application of blood flow through an artery witlesbsis. Their results showed that, increases irsittee of the stenosis
lead to increase in the pressure drop and fluxdbatease the resistance to flow and wall sheassstidey concluded that
the non-Newtonian behavior of blood is helpful e ftunctioning of diseased arterial circulationeTresults concerning
the velocity and temperature field of Newtoniandadlow in the presence of applied magnetic fieldswpresented by
Kumar and Diwakar [2]. They found out that the ratédeat transfer indicates the presence of magfietd appreciably

influenced by the application of the magnetic fidltharmendra [3] presented a theoretical investigab examine some
of the significant characteristics of three layeosttillatory blood flow through stenosed arteri€beir results revealed

that the size of intermediate and peripheral layedsices in the expanded region with the increasgisgpsity of fluid in
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12 Jimoh A, Okedayo G.T & Ikpakyegh L.N

peripheral layer, whereas, the opposite effecbiseoved for the viscosity of fluid in the intermai layer. The pulsatile
flow of the blood as two fluid models with the saspion of the erythrocyte in the core peripheralplaisma as a
Newtonian fluid was investigated by Devajyoti anday [4]. From their finding, increased slip velgdéad to increase in
the flow velocity and flow rate but decreased tffifective viscosity. Effect of slip velocity on bldoflow through a
catheterized artery was investigated by Narendral ¢5]. They assumed that, the flowing blood ipresented by a
Newtonian fluid. From their analysis, they conclddbat the slip velocity reduces the effective wisty and wall shear

stress.

Furthermore, Singtet al [6] theoretically investigated the influence ofternally imposed periodic body
acceleration of the flow of blood through a timegéedent stenosed arterial segment by taking intowt of the slip
velocity at the wall of the artery. The effect dipsvelocity on blood flow through an arterial tule the presence of
multiple stenosis was studied by Arun [7]. He cdeséd the effects of length of stenosis and shapanmeter on
resistance to flow and shear stress. He obserwed fhe graphs that, the parameters have smallticerifor different

values of stenosis shape parameter.

Several other researchers Bhatnagar and Strivaj@vamit and Shrivastaat al[11], Raja and Varshney [12] to
mention but a few have in one way or the other nemtland studied the flow of blood through a coostd artery under
the influence of magnetic field and slip conditioN®ne of these researchers considered the unsidaaly flow and heat
transfer models in their studies.

However, studies on unsteady blood flow and unstdasht transfer have received very scanty attention
unsteady fluid flow or heat transfer, the condiiat any point of the flow or heat transfer areetidependent. Thus, the
governing equations describing the fluid flow oah&ansfer become cumbersome to handle as thdi@uaaow have
time derivative. Some of the researchers invegtjainsteady blood flow model without considering tieat flow
includes Geeta and Siddique [13], Mandal [14],ns[d5], Srikanth et al [16] and Ikbetlal [17].

Therefore, in this study, we analyzed the unstddoyd flow and heat transfer through a stenosehaim a third
fluid model with slip velocity at the constrictedery. The presence of externally applied magrfetld is also taking into
consideration in this study.

Mathematical Models

The momentum equation describing the unsteady floid and unsteady heat transfer as obtained byavtohed [18] are

respectively given as

ow _ p(62w+£6_w) %(a_w)zazw Z_tfs(a_w>2 @ dw o Pw P o 2.1)

at ; arz  ror p \oar/) or? pr \or E()rat p 0r2dt poz p
2 2 4 2
a_T:L(a_Wj + a, 0w a_W+2'B3 (a_wj +L o°T +16_T (2.2)
ot pc, \ or pc, \arat Jar  pc, \ or pc,\ar? ror

From the right hand side of equation (2.1), thet fierm can be written as

W(y 100y w0 (o)
p(arz +‘r6‘r ~ pror ra‘r (2.3)

while that of equation (2.2) from the right handesithe third term can be written as
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K (62T 16T)_ K 9 (ra_T) (2.4)

pCp \0r? ror _‘rpCpE or

When we substituted (2.3) into (2.1) and (2.4) &2), we respectively obtained

ow _ u o (raw>+%(a_w>zazw %(a_w)z+a1 O’w  ay 0%w _ 0P _off (2.5)

ot ; ar\ ar p \or/) or? pr \or p_r arot p 0r2dt poz p

a_T = L(Z_sz + a, [aZWJ ow + 2'33 (G_WJ4 +Li(r aTJ (2.6)
r

ot pc, pc, | orot ar pc, \ or pc, or ar

Since we employed slip velocity in the constrictetery as shown in Figure 1, the correspondinglipditions

to equations (2.5) and (2.6) are respectively ga®n

w = w; at r=R(z)

M_0 at =0 (2.7)
5, =0a r= .
and

T=T, at r=R(2)

oT (2.8)
—=0 at r=0

or

To non-dimensionalize equations (2.5), (2.6), (2and (2.8), we introduce the following parametersl a

variables.

W= y=r1/Ry

t=r, Voy = =5 (2.9)
= T—Ty,

o= Tm—Tw

When equation (2.9) is substituted into (2.5) éhd), after simplifying we obtained respectively

as the dimensionless momentum equation.

where
R2 t2 op d
REl = 0 ’Gl __O_p N BS 2
Vvt dp 0z topRy
tooBé
Q=== M =% 2.11
1 Rgp 1 p ( )

W - VOl at y - R_O = Rb

ow

5 =0 at y=0 (2.12)
editor@aset.us



14 Jimoh A, Okedayo G.T & Ikpakyegh L.N

And

R () 40 () G D)+ 1250 e

as the dimensionless energy equation.

where
_ Va2 _ 2p3d*
ni to (Tm_Tw)Rg Cp ' tg (Tm_Tw)RgPCp
a,d? Kt
¢1 = 252 1 and Al = 2 0 (2.14)
t5RGPCp(Tim—Tw) R3pCp

with the corresponding dimensionless slip condgisimplified as
6=0 at y =R,

26

R(z)

J o~

Figure 1: Geometry of the Stenosis.

and has been described by Young [19] and Biswds [20

@ _ g _ & [1 + C"m], for  |z|<L
Ro 2Ry L
R,, for |z|>L .

Methods of Solution

We have used Galerkin weighted residual methodyétting the required solutions of the problems.tBig method, to
obtain the velocity profile of the unsteady fluldw, we assume a solution of the form

w,t) = ap(t) + &, (O)y + ax()y* 3.1

Subjecting (3.1) to the slip conditions (2.12) afigr simplifying yields

_ 177 2 2 2 2
w0 =224 q,(0) (1-25) + a4, (0) 25 (1-2) (3.2)
Now,
F=2
Let ¥ = 3 (3.3)
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Putting (3.4) into (3.2) to obtain

w(T,t) = Vo172 + ag () (1 — 72) + a,(t)72(1 — 72) (3.4)
For convenience sake, we drop the bar and writg &

w(r, t) =Vor? + ag(®)(1 —72) + a,(O)r?(1 — 1?) (3.5)
The residual for equation (2.10) can be written as

ow 11 8 ow aw\2 2w = 2 fow\3 102w 3w
RR, (7, a0 (1), a,(1)) =;—01—E;';(r;)—”(6 (5) 55+:(3) )—Ql (G + o) + Maw

substituting (3.5) into (3.6) and simplifying wetalm

RRy(r,a0(t), a(t)) = —G — %(4%1 + 4a,(t) — 4ay(t) — 16a,()r?) + ao(t)(1 —12) + a,(O)r?(1 —1%) +
40, (4o () — ay(t) + 412a,(t)) — (48VEHT? — 144VE ag (D)% + 144VE a, (D% — 480VE a, (O)r* + 144V, a2 ()r? —
40V01a0ta2tr2+960V01a0ta2trd+144V01a22tr2- 144V 01a22tr44V01a22tr6+144a02a2tr2- 480a02taltr4—
144a0ta22tr2+960a0tal2trd4— 1344a0ta22tr6— 480a23tr4+1344a23tr6— 48a03tr2+48a23tr2- 1152a23tr8- 1
28a23tr8+192V01a22tr6- 192a0ta22tr6+192a23tr6—- 96V012a2tr4+192V01a0taltrd— 192V01a22tr4— 96202
taZtrd+192a0tal2trd— 96a23tr4+16V013r2- 48V012a0tr2+48V01a02tr2- 96V 01a0taltr2+48V01a22tr2- 16
a03t+48a02taltr2— 48a0tal2tr2+16a23tr2— M1V01r2+a0t— aOtr2+altr2— altr4

(3.7)

By differentiating (3.5) with respect tg,(t) anda,(t) we obtain the weight functions respectively as

Uyr)=_01-r% (3.8)
and

U,(r) =7r2(1—1?%) (3.9)

We obtained the following systems by taking thénegbnality of the residuBR; (a,(t), a,(t), r) with respect to
the weight function®/; (r)andU, (r)

J, (1 = %) RRy (ao(t), ay(t), r)dr = o (3.10)
J, 72(1 = 12) RR (ao(£), a5 (t),r)dr = 0 (3.11)

When equation (3.7) is substituted into (3.10) é&hd1) respectively, after evaluating and simptifyiin full we

obtain the following systems

+
3 3 15

2G, 4 ( 2Vo1

2aq(t) _ 2a2(t)) + 8ag(t) . 8ay(t) + 491 (zao(t) _ z'az(t)) _ 160 (_ % _ 32v& ao(t) _
3 REI

+
15 105 3 15

16V012a2t35- 8V01a02t5- 362V01a22t105— 278V 01a0talt105+16a02talt35+56a0tal2t105+1475a23t3465
+8a03t15+M1- 2V0115- 8a0t15- 8a2¢105=0
(3.12)

and
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16 Jimoh A, Okedayo G.T & Ikpakyegh L.N

_ﬂ+i(_%+2a0(t) 2d2(t))+8d0(t) Sdz(t)+4-(21 (2’a0(t)+2d2(t)) 160 (_%+54V§a2(t)

+ +
15 REI 15 21 35 35

+
15 15 21 105 315

16V02a2¢35—24V0a2t35— 1107V 0a2t1155- 58V 0a0talt35— 334a02talt35- 896a20tal2t385+33836a23t5005+
8a03t35- M1- 2V035- 8a0t105- 3a2t315=0.
(3.13)

Where denotes differentiation with respect to t.
Equations (3.12) and (3.13) can be re-written rethpely as

(1848 + 92400,) a0 () + (264 — 18480,)d, (t) + 295680243 (t) + 236000243 (t) — 887040V, a2(t) —
19113602V, a2(t) + 295680a,(t)aZ(t) + 253440a,(t)a2(t) — 1467840V, a,(t)a’(t) —

9240V01

(1848M, + 3548160V — ) ag(t) — (264M; — 253440V — 227 a,(t) = 23106, + + 221760V +

462M,Vy, (3.14)
and

(3432 + 240240,)dy(t) + (1144 + 171600, (t) + 1647360a3(t) + 4872384043 (t) —
4942080V, a2(t) — 69076802V, a2 (t) — 6877728Ra2(t)a,(t) — 1677312Ra2(t)a,(t) —

24024

11943360V, as(t)a,(t) — (34321\/11 — 11119680V + 20

)ao(t) - (4291\/11 — 3294720V +

17160
) ax®) =
24024

60066, + —— + 1235520VE + 2574M,V,, (3.15)
By substituting the appropriate values of the paransG,, Vo1, REI, 2, 2,, M;and t into (3.14) and (3.15), after
simplifying we obtain

—85.33333333a3(t) — 14.77633478a3 (t) + 64.000000a2(¢t) + 17.0666666a2(t) —
21.33333333a2(t)a,(t) — 85.33333333a2(t)a,(t) + 36.57142858(t)a, (t) — 19.14962963a,(t) —
4.005502645a,(t) — 2.666666667d,(t) + 0.5333333333d,(t) = —3.062407407 (3.16)

and

—36.57142857a3(t) — 15.00366300a3 (t) + 27.42857142a2(t) + 13.57575758a2(t) —
73.14285714a2(t)a, (t) — 54.30303030a2(t)a,(t) + 36.57142858a,(t)a, (t) — 7.476402115a,(t) —
5.003597883a,(t) — 0.5333333333d,(t) + 0.38095238694d, (t) = —0.9145767196 (3.17)

Solving the system of non-linear first order ordindifferential equations (3.16) and (3.17) witlitied conditions
ay,(0) =0, a,(0) = 0 and time t = 0.5 using fourth order Runge—Kuttdhod we obtain the values fgy(t) anda,(t)
and when submitted into (3.5) we obtain the vejopitofile for the unsteady fluid flow of blood akawn in Tablel for

the various values of the parameters.

Similarly, to obtain the temperature profile foethnsteady heat transfer using the Gerlakin’s niktive assume

a solution of the form

0(y, ) = ap(t) + as(t)y + as(t)y? (3.18)

Subjecting (3.18) to the slip conditions (2.15) aftegr simplifying we obtain

Impact Factor (JCC): 4.9784 NAAS Rating 3.45
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— y2 y2 y2

60,0 = 050 (1-%) + a0 %(1-%) (3.19)
Ry Rp Rp

By using the transformation (3.3) and dropping leguation (3.19) can be written as

0(r,t) = az(t)(1 —1%) + a,(O)r2(1 —r?) (3.20)

The residual for the unsteady heat transfer canrliten as

2 4 2
R (050, 040) = 2 - 5 (2) -0 (2)' - 00 (22) () - 1 22.(+2) @21
By substituting (3.5) and (3.20) into (3.21), afenplifying we obtain

RR,(1,a5(6), ay(t)) = as(O)(1 = 12) + a,(O)13(1 — 1) — Eny (4VET? — 8ao()Vo17? + 8ay () Vo 7% —
16V01a2tr2+4a02tr2- 8altalir2+16a0talird+4a22tr2— 16a22trd+16a22tr6— $p64V013a2tr2- 64V 013a0tr4
—64V013a2tr4— 128V 013a2tr6+96V012a22tr4+96V012a02tr4— 384V 012a22tr6+384V012a22¢r8 512V01a23
tr10- 384V01a23tr6— 64V01a03trd+768V01a23tr8+64V01a23trd4— 64a03taltrd4+128a03taltr6+96a02ta22t
74— 384a02tal2tr6+384a02ta22tr8+512a0ta23tr10+384a0ta23tr6— 768a0tal3tr8- 64a0tal3tr4+16a23trd
= 128a23r6+16a04r4— 512a24r10+384a24r8+16V014r4+256a24r12+192V01a02a2r4— 384V 01a02a2r6- 192
V01a0a22r4+768V01a0a22r6- 768V 01a0a22r8- 192V012a0alr4— p1- 4V01ralt+4V01ralt- 8r4V01a2t+4r2
a0ta0t- 4r2a0talt+8riaOtalt— 4r2alta0t+4r2altalt- 8ridaltali+8rialtalt- 8rd4altalt+16r6altalt— A14a
3t~ 4adt+16a4tr2 (3.22)

By replacingRR, (ay(t), a,(t),r) with RR,(as(t), a,(t),r) in (3.10) and (3.11), after evaluating and sinyiif

in full we obtained the following system of equatso

8as(t) , 8ds(D) 2V | 4Vo1ao(t) | 60Vo1ap(t)  —2a3(t) | 4ap(ax(t)  6a3(0)

3
+2040 1 4p,, (204 )+ 16¢ (- 020y
15 105 15 15 105 15 105 189 315

8V013a0t35- 228V012a22t3465- 12V012a02¢35+504V01a23t45045+8V01a23t35- 8a2ta03t315- 56a0ta23ts
005- 228a02ta22t3465- 2a04¢35- 309022416756 75+8v0a2ta02¢105+152V01a0ta22t1155+24V0124a0ta2t35
+441V01a0t4- 51V01a2t140- 6a2ta2t189+2a0ta2t105- 68a2ta0t105+44- 2a3t3+2a4t15=0

(3.23)

and

8d3(t) |, 8dyl(t) ) (_ 64V az(t)
105 315 +16¢ 603 T

8V013a0t63- 372V012a22t9009- 12V012a02t63+1992V01a23¢135135+8V01a23t63- 8a2tal3t231- 1992a0ta
23t135135- 124a02ta22t3003- 2a04t63- 7074a24¢297295+22v0a2ta02t6935+ 744V 01a0ta22t9009+24V 012
4a0ta2t63+441V01a0t12- 222V01a2t1512- 86a2ta2t1155+2a0tat315- 24atal0t315+44- 2a3t15- 10a4t10
5=0 (3.24)

+ 4E (_ A + H01a0(®) | 4V01a,() _ 2a§(1) | 4a0(t)az(t)  38a3(1)
ni 35 35 315 315 315 3465

Equations (3.23) and (3.24) can be re-written rethpaly as

858006, a,(t)d,(t) + 617760¢at(t) — 2087835750 ak(t) + 24710404V, ad () + 120960V, a3 (¢) —

www.iaset.us editor @ aset.us



18 Jimoh A, Okedayo G.T & Ikpakyegh L.N

120960¢a,(t)ad(t) — 274560¢ a, (t)ad (t) + 14227204 Vy, a,(t)a2(t) + 823680¢V,,a,(t)a2(t) —

711360 aZ(t)aZ(t) — (360360E,; + 3706560V )a’(t) — (85800E,,; + 711360¢VE)aZ(t) + (720720E,, Vo +
2471040pvVE ) ay(t) + (1544400E,,,Vy, — 10810800pVE ) a, (t) + (1544400E,, + 74131209 VE )a,(t)a, (t) +
(360360 — 18018004)d5(t) + (51480 + 3603604)d, (t) = 360360E,,VZ (3.25)

and

765765V, do(t) — 1349205¢,a, (t) — 58344¢,a,(t)d,(t) + 3734016¢, a, (t)dy(t) —
684216¢,a,(t)d,(t) — 1166880¢aj(t) — 113184¢ai(t) + 4667520¢pvV,, a3 (t) + 541824¢pVy, a3 (t) —
541824¢ay(t)ad(t) — 1272960¢a,(t)ad(t) + 1166880¢V,,a,(t)ad(t) + 3035520V, aq(t)as(t) —
1517760¢a3(t)a(t) — (525096E,, + 7001280V )as(t) — (100776E,, + 1517760V ) a3 (t) +
(1050192E,,,Vy; + 46675209V ) ay(t) + (116688E,,Vy, — 3394560pV3)a,(t) —
(116688E,,; + 14002560¢VE ) ay(t)a,(t) + (175032 — 1225224A)a5(t) + (58344 — 875160A)a,(t) =
525096E,,VE (3.26)

Substituting the appropriate values of the paramseie¢,, V,,, E,; and4; into (3.25) and (3.26) respectively,

we obtain

0.1066666667d,(t) — 0.01523809524d,(t) + 0.53333333d;(t) + 0.07619047694,(t) +
0.076190476d,(t)a,(t) + 0.076190476d,(t)ay(t) + 0.53333333d,(t)a,(t) — 0.126984127d,(t)a,(t) —
54.857142857ag(t) — 4.3902763903a;3(t) + 43.88571429a3(t) + 2.1148251748a3(t) +
24.38097381ad(t)a,(t) — 10.741258741a,(t)a3(t) — 13.96571429a3(t) + 14.62857143a3(t)as(t) +
25.26753247ay(t)a2(t) — 2.697142857a,(t)a,(t) + 4.9333333a,(t) — 0.98666666a,(t) = 0.1197714286 (3.27)

and

0.04571428571d,(t) + 0.005079365099d,(t) + 0.076190476d5(t) + 0.0253968254d,(t) —
0.0253968254d,(t)a,(t) — 0.0253968254d, (t)a,(t) — 0.2285714286d, (t)a,(t) — 0.0438672439d, (t)a,(t) —
30.476190476ag(t) — 2.9561027208a% (t) + 24.38095238a3 (t) + 2.830236430a3 (t) —
33.246753247a3(t)a,(t) — 14.151182151a,(t)a3(t) — 7.657142857a3(t) — 1.651415252a3(¢) +
19.94805195a3(t)a, (t) + 15.856143864a,(t)a2(t) — 39.64035964a3(t)a3(t) + 1.112380952a,(t) +
0.2812121212a,(t) — 4.065800866a,(t)a, (t) + 0.98666666a;(t) + 0.7047619048a,(t)

= 0.06247619048 (3.28)

Using fourth order Runge—kutta method, we solvestfstem of non-linear ordinary differential equatq3.16),
(3.17), (3.27) and (3.28) with initial condition,(0) = 0,a,(0) = 0,a3(0) = 0,a,(0)=0 and timet = 0. When
substituting the values @f;(t) anda,(t) into (3.20) after simplifying we obtain the tematemre profile for the unsteady

heat transfer as shown in Table 2 for various \sbfe¢he parameters.
Volume Flow Rate

The volume flow rate denoted by Q is given by

Q=2n [ rwr)dr (3.29)

Impact Factor (JCC): 4.9784 NAAS Rating 3.45
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Putting (4.7) into (3.44) and evaluate to obtain

Q = 12[3V(R@)" + ao(t) (6(R(@))" = 3(R()") + a2 (®) (3(R@)" - 2(R(2))°)] (3.30)
Shear Stress

The shear stress denoteddis given as

Ts = #Z_‘:j r=R(z) + 265 (%)3 | r=R(z) (3:31)
Simplified (3.46) to obtain
75 = 2uR(2) (Vo — ao(8) + ax(8) = 2R((2)) a2(0) ) + 16R(Z)Bs (Vo — ao (1) + ax (1) = 2(R(2))%az)  (3.32)

Resistance to Flow

The resistance to flow can be denoted ahd is given by

_oP

— 9z
¥ 2R a0 (6(R @) -3(R() ) rar O (3(R@) —2 (R @)°)] (3.33)
Table 1: Values of the Parameters used in the Numieal Results and the Corresponding Velocity
Profile for the Unsteady Blood Flow Model
Figures G, Vo1 REI Q Q4 M; t w(r, t)
1.5 | 025 | 09 | 10 0.35 | 0.5 | -0.1437f + 0.3437 +0.0335¢1-r)
2 20 | 025 | 09 | 10 0.35 | 0.5 | -0.1858f+ 0.3858 +0.0296¢1-r)
25| 025 | 09 | 10 0.35 | 0.5 | -0.2290f + 0.4290 +0.0263¢1-r")
15| 025 | 09 | 10 0.35 | 0.5 | -0.2261F + 0.4261 +0.0266¢1-r)
3 1.5 | 025 | 09 | 10 0.65 | 0.5 | -0.2174f + 0.4174 +0.0248¢1-r)
1.5 | 025 | 09 | 10 0.95 | 0.5 | -0.2090f + 0.4090 +0.0237¢1-r)
1.5 | 025 | 09 | 10 0.35 | 0.5 | -0.0572f + 0.2572 +0.0008¢1-r)
4 1.5 | 035 | 09 | 10 0.35 | 0.5 | -0.1538f+ 0.3538 +0.0018¢1-r)
1.5 | 045 | 09 | 10 0.35 | 0.5 | -0.2510f + 0.4510 +0.0036¢1-r")
15| 025 | 09 | 10 0.35 | 0.5 | -0.1246F + 0.3246 +0.0168(1-r)
5 1.5 | 025 | 09 | 10 0.35 | 0.5 | -0.2016f + 0.4016 +0.0073¢1-r")
1.5 | 025 | 0.9 | 10 0.35 | 0.5 | -0.2542f+ 0.4542 +0.000%¢1-r)
15| 025 | 09 | 10 0.35 | 0.5 | -0.3246f + 0.5246 +0.0498¢1-r°)
6 1.5 | 025 | 09 | 20 0.35 | 0.5 | -0.3108f + 0.5108 +0.0538(1-r")
1.5 | 025 | 0.9 | 30 0.35 | 0.5 | -0.2848F + 0.4848 +0.0554¢1-r)
15 | 025 | 03 | 10 0.35 | 0.5 | -0.0053f + 0.2053 +0.000f(1-r)
7 1.5 | 025 | 0.6 | 10 0.35 | 0.5 | -0.0094f + 0.2094 +0.000%¢1-r*)
1.5 | 025 | 0.9 | 10 0.35 | 0.5 | -0.0091f + 0.2091 +0.0005¢1-r)

RPRRPRRPRPRRPROURRPRRERRRRRRER

Table 2: Values of the Parameters used in the Numieal Results and the
Corresponding Temperature Profile for the UnsteadyHeat Transfer Model

Figures (1) En Ay Vo1 | ®; o(r, t)
1.25| 15| 1.35| 0.25 | 2.0 0.007 — 0.007r+ 0.001F(1-r)
8 150 | 1.5 | 1.35| 0.25 | 2.0 0.008 — 0.008r+ 0.013F(1-r)
1.75| 1.5 | 1.35| 0.25 | 2.0 0.009 — 0.009r+ 0.015¢(1-)
1.25] 15| 1.35| 0.25 | 2.0 0.006 — 0.006r+ 0.008f(1-r)
9 1.25| 1.8 | 1.35| 0.25 | 2.0 0.007 — 0.007r+ 0.009F(1-P)
1.25| 21| 1.35| 0.25 | 2.0 0.008 — 0.008r+ 0.010f(1-r)
1.25] 15| 1.35| 0.25 | 2.0 0.007 — 0.007r+ 0.008F(1-r)
10 1.25| 15| 1.65| 0.25 | 2.0 0.006— 0.0067+ 0.006f(1-)
1.25| 15| 1.95| 0.25 | 2.0 0.005 — 0.005r+ 0.005f(1-r)
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Table 2 Contd.,
1.25] 15| 135 025 | 1.0 0.006 — 0.006r+ 0.008f(1-r)
11 125 | 15| 1.35| 0.25 | 2.0 0.010- 0.01Gr+ 0.001f(1-P)
1.25| 15| 1.35 | 0.25 | 3.0 0.013 — 0.013r+ 0.012¢(1-)
1.25| 15| 1.35| 0.25 | 2.0 | 0.005 — 0.005r+ 0.006f(1- r) 0.006 —
12 1.25| 15| 1.35| 035 | 2.0 0.006f + 0.007F(1-r)
1.25| 15| 1.35 | 0.45 | 2.0 0.007 — 0.007r+ 0.008F(1-r)
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Figure 2: Variation of Velocity Profile of the Unsteady Blood Flow Model
with Increasing Values of the Pressure Gradient ithe Radial Direction.
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Figure 3: Variation of Velocity Profile of the Unsteady Blood Flow Model with
Increasing Values of the Magnetic Field Parametemi the Radial Direction.
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Figure 4: Variation of Velocity Profile of the Unsteady Blood Flow Model
with Increasing Values of the Slip Velocity in theRadial Direction.
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Figure 6: Variation of Velocity Profile of the Unsteady Blood Flow Model
with Increasing Values of the Shear Thinning in theRadial Direction.
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Figure 8: Variation of Temperature Profile of the Unsteady Heat Transfer
with Increasing Values of the Shear Thinning in theRadial Direction.
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Figure 10: Variation of Temperature Profile of the Unsteady Heat Transfer
with Increasing Values of the Third Grade Parameterin the Radial Direction.
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Figure 12: Variation of Temperature Profile of the Unsteady Heat Transfer with
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Figure 13: Variation of Temperature Profile of the Unsteady Heat Transfer with
Increasing Values of the Magnetic Field Parametemi the Radial Direction.
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Figure 14: Variation of Velocity Profile of Unstead/ Blood Flow
Model with Increasing Values of Time along the Radil Direction.
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Figure 16: Variation of Volume Flow Rate of Unsteagt Blood Flow
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Model with Increasing Values of the Slip Velocitym the Entire
Stenotic Region along the Axial Direction.

wWww.iaset.us editor@aset.us



28 Jimoh A, Okedayo G.T & Ikpakyegh L.N

0.494 1

0.493 1

=

i

=

[S]
1

Resistance to flowy)
e
=]

0.490 1

0.489
0 2 A 3 10
anial distance(z)
e VM:D'DDI —_- I»’D1=[]'.DEI'2 - = Vm:[l'.ﬂﬂﬂl

Figure 18: Variation of Wall Shear Stress of Unstedy Blood Flow
Model with Increasing Values of the Slip Velocitym the Entire
Stenotic Region along the Axial Direction.
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Figure 19: Variation of Volume Flow Rate of Unsteag Blood Flow
Model with Increasing Values of the Magnetic FieldParameter in the
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Figure 20: Variation of Wall Shear Stress of Unstedy Blood Flow Model
with Increasing Values of the Magnetic Field Parameer in the entire
Stenotic Region along the Axial Direction.
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Figure 21: Variation of Resistance to Unsteady BlabFlow Model
with Increasing Values of the Magnetic Field Parameer in the
Entire Stenotic Region along the Axial Direction.

wWww.iaset.us editor@aset.us



30 Jimoh A, Okedayo G.T & Ikpakyegh L.N

0.4604

=

.

n

=]
1

0458

volwnetric flow rate(Q)
=]
-
Lh
-
1

0456

04554 . : . : . : . : . .
0 2 4 6 8 10
axial distance(Z)
— =20 0=20 =~ Q=210

Figure 22: Variation of Volumetric Flow Rate of Undeady Blood Flow
Model with Increasing Values of the Shear Thinningn the Entire
Stenotic Region along the Axial Direction.
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Figure 24: Variation of Resistance to Unsteady BlabFlow
Model with Increasing Values of the Shear Thinningn the
Entire Stenotic Region along the Axial Direction.
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Figure 25: Variation of Volumetric Flow Rate of Undeady Blood Flow
Model with Increasing Values of the Shear Thickenig in the Entire
Stenotic Region along the Axial direction.
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Figure 26: Variation of Wall Shear Stress of Unstedy Blood
Flow Model with Increasing Values of the Shear Thikening in
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Figure 27: Variation of Resistance to Unsteady BlabFlow
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DISCUSSIONS OF RESULTS

In this work, we have studied the effects of valpcmagnetic field and other parameters on the fiowl heat transfer
characteristics by considering the blood as a thiedle fluid, and the results based on the matheaha@nalysis indicate

that an increase in slip velocity significantly desato an increase in flow velocity, flow rate atdar stress as shown in
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Figures 4, 16, 17 respectively. In the same vedat transfer and resistance to flow decreasesadithvelocity increases,
these are depicting in figures 12 and 18 respdgtidacrease in magnetic field parameter leads ¢oedse in flow
velocity, temperature profile, flow rate, sheaest but increase the resistances to fluid flowmdiated in Figures 3, 13,
19, 20 and 21, respectively. Pressure gradienRayholds number increase with the flow velocityshewn in Figures 2
and 7, respectively. Eckert number increase withtémperature profile as indicated in figure 9 whiicrease in third

grade parameter leads to decrease in temperatfile @s shown in figure 10.

Other important properties of blood are shear thigrand shear thickening. Increase in shear thqnféads to
increase in the flow velocity, temperature profflew rate and shear stress but reduces the fl@stemce as shown in
figures 6, 8, 22, 23, and 24, respectively. Floloery, flow rate and shear stress decrease ag #hiekening increases
and these are shown in figures 5, 25, and 26, ctsply/ while, temperature profile and resistanadlow increase with
shear thickening as shown in figures 11 and 2edsely. Finally, velocity and temperature pregilincrease with time

as indicated in figures 14 and 15, respectively.
CONCLUSIONS

The computational analysis of unsteady flow of blemd heat transfer through an artery with sterarsisslip conditions
have been studied through this paper. The mathemhgioblems are solved analytically and the sigaift findings are

summarized below:

* Velocity profile, volumetric flow rate, and shedress increase while the temperatures profile asitance to
flow decreases with increasing values of the shilpeity.

» Velocity profile, temperature profile, volumetritoWv rate, and shear stress decrease while resgstanfiow
increase as magnetic field parameter increases.

* Velocity profile, temperature profile, flow ratendishear stress increase while resistance to flacredses with
increasing values of the shear thinning.

* Velocity profile, flow rate, and shear stress daseewhile temperature profile and resistance to flcrease as
the values of the shear thickening increases.

« Finally, increase in time positively influence balie flow and heat transfer rate.

The research analysis incorporating externally iagpmagnetic field is useful for the reduction dédad flow
during surgery and magnetic resonance imaging (MRBo, the incorporating slip velocity in the ctmsted artery can
help to reduce the blood viscosity which in effadtuences the flow of blood. It is clear that threagnetic field and slip
velocity are the strong parameters influencing ftber. Atherosclerosis leads to hypertension becdbsedeposition of
cholesterol or micro molecules at the arterial waill not only reduce the regular blood supply aiso cause the
hardening or thickening of the blood vessel in g waat the blood vessel cannot contract easilyiénv of these, the

present study can also be useful to control thedftow in disease state.
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NOMENCLATURES
w-Fluid velocity
w-Dimensionless fluid velocity
t-Time component
t-Dimensionless time component
r-Radial distance
y-Dimensionless radial distance
z-Axial distance
w,-Slip velocity
Vy1-Dimensionless Slip velocity for the unsteady bldiogy
T-Temperature profile
T, -Pipe temperature
#-Dimensionless temperature profile
T,,-Fluid temperature
R,-Radius of the normal artery
Bo-Magnetic Field Strength
R(z)-Radius of the artery in a stenotic region
o-Electrical Conductivity
1-Resistance to flow
K-Thermal conductivity
Q-Volumetric flow rate

T,-Wall Shear Stress
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&-Maximum height of the stenosis
L-Length of the stenosis

W-Fluid velocity

G,-Pressure gradient for the unsteady flow

M;-Magnetic field parameter for the unsteady fl@Shear thinning for the unsteady flaw;-Shear thickening for the

unsteady flow
E,,-Eckert number for the unsteady heat transfer
¢-Shear thinning for the unsteady heat transfer

¢,-Shear thickening for the unsteady heat transfer

A;-Third grade parameter for the unsteady heat teansf
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