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Abstract: This study aimed at making an investigation on entropy gaimr in unsteady MHD generalized couette flow with
convective cooling. Specifically the study intended to;edep flow model for a case of nanofluid in a channel, deterntireeffect of
different parameters on velocity, temperature and entggneration and to determine the effect of magnetic field erfldw on an
entropy generation. Also the study aim to come up with disitnely recommendation on dynamics of entropy generatemperature
variation and velocity profiles in unsteady MHD flow with ceative cooling. Findings showed that an increase in naticfes and
Reynolds number leads to increase in the velocity whilequnesgradient, MHD and nanofluid fraction held constants kvidently
that Alumina-water nanofluid tends to raise the velocityfifgdfaster than Copper-water nanofluid. Also the resultsastitat an
increase in Eckert number causes the decrease in tempepaddite. Further, it was noticed that Copper-water nandfiends to raise
the temperature profile faster than Alumina-water nanofMidre interestingly it was observed that the entropy geiw@raises as the
result of increase in Eckert number. Also it is noticed that@py generation rises in lower plate but when it comesetitise upper
plate the entropy generation rate starts to fall as thetreSiricrease in nanoparticles.

Keywords: Magneto hydrodynamic (MHD), Couette flow, nanofluids, epyrgeneration.

1 Introduction

The flow of electricity with nanofluids are now days much aggtile referring to the industrial development in every
part of the world, among of its applications includes of tb#diving; geothermal reservoirs, nuclear reactor coqling
Magneto Hydrodynamic (MHD) marine propulsion, electropackaging, microelectronic device operations, thermal
insulation, and petroleum reservoirs.

According to (Trisaksri, 2007), Suspended nanoparticiegrious base fluids can alter the fluid flow and heat transfer
characteristics of the base fluids. These suspensions af siaad particles in the base fluids are called nanofluids.
Nanofluids are suspensions of nanoparticles in a base figpaatly water. Materials used for nanoparticles and base
fluids: Nanoparticle materials include: Oxide ceramif$,©3, CuO Metal carbides — Sic Nitrides — AIN, SiN Metals —
Al, Cu Non-metals — Graphite, carbon nanotubes Layered —AM@3, Cu + C. The figure below shows the depicted
picture of Nanoparticles and base fluids and the real mixtdraormal particle into nanoparticles: Das, Jana and
Chamkha (2015) investigated the entropy generation inatingt Couette flow with suction/injection and they came up
with the findings that; the entropy generation increasels aiitincrease either rotation parameter or suction paramete
Brinkmann number or Prandtl number or group parameter.tRotas well as suction/injection exert a significant
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Fig. 1: Nanofluid- sciencedirect.com.

influence on the velocity and temperature distributionsictvhransitively affects the entropy generation within the
channel. It is also found that magnitude of entropy genemadiue to fluid friction takes higher value for higher group
parameter. Entropy minimization takes place when botheplatre almost at the same temperature. When this same
temperature value is higher, minimum value of entropy teadake place at higher temperature.

Ali and Makinde (2015) made an investigation on modelling éffect of variable viscosity on unsteady Couette flow of
Nanofluids with convective cooling, the result shows thatild/bther parameter remain unchanged, the velocity profile
increases with the increase éf or variable viscosity parametg®. Temperature decrease with the increaseBof
(increasing3 decrease viscosity) @i with other parameters remain unchanged. Ri&egause temperature profile to
rise while demonstrating little effect on both velocity apdrticle volume distribution profile, variation of Schmidt
numberSc shows significant effect on the nanoparticle volume distidn profile before the system reached steady
state, and demonstrates no effect at all. A combined siitylaumerical solution of MHD boundary layer slip flow of
non-Newtonian power-law nanofluids along a moving radgatiartical flat plate explored by Nur Husna, Jashim Uddin
and Ahmadilzani (2014). It was discovered that the dimesssnvelocity, the temperature and the nanoparticles volum
fraction decrease witlm. The dimensionless velocity decreases while the temperand the nanoparticles volume
fraction increase withtM. The dimensionless velocity decreases while the temperatnd the nanoparticles volume
fraction increase witha. The dimensionless nanoparticles volume fraction deeseadth Le. The dimensionless
temperature increases wikh The friction factor increases with the increasevjfwhilst it is decreased with. The heat
transfer rate increases withand Pr decreases with) Nb, Nt.The nanoparticles volume fraction rate increases Wwih
andn and decreases withh Mkwizu and Makinde (2015) come up with the investigation atbentropy generation in a
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Fig. 2: Newtonian Law of Shear Viscosity to Entropy Density ratepggeringtoolbox.com.
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Fig. 3: MHD Technology- atacorp.com.

variable viscosity channel flow of nanofluids with conveetzooling and the results were as follows; the nanofluids
velocity and temperature profiles increase with increasjn@, Ec, but decreases with increasimj, nanoparticle
concentration increases along the centreline region aededses near the walls, with an increasaq, i, Ec, Nt
However, an increase Bi or Nb causes a decrease in nanoparticle concentration alongnireline region, whereas the
concentration increases near the walls, Also they havereddehat the skin friction increases with@, Ec, Nt and A,

but decreases witkc andNt. The Nusselt number increases wittEc, Bi and 3. According to investigations done by
Alfaryjat et al., (2016) the result shows that, the overallrepy generation rate and entropy generation number are
obtained by integrating the volumetric rate components dlve entire heat sink. The results indicated that entropy

generation decreases with increases of the Reynolds nualberdecreasing the heat flux led to decreasing entropy
generation.

According to the investigations done by Lyimo and Mkwizu 1BDthe result shows that Alumina-water nanofluids have
higher temperature value compare to copper-water nansfldido they have observed that Alumina-water nanofluids
have a tendency to reach steady state in a velocity profilg #en Copper-water nanofluids and at the certain time both
will reach steady state. Furthermore, they came up with theexved fact that an entropy generation is directly
proportional to pressure gradient (A), Eckert number (Eandtl number (Pr). Entropy generation is inversely
proportional to Reynolds number (Re) and nanoparticlesimael fraction(¢), however it was observed that when
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Fig. 4: Entropy randomness- crypto.stackexchange.com.

¢ = 0 entropy generation rate is so faster than wiaot equal to zero value.

Mkwizu, Makinde and Nkansah-Gyekye (2015) have investigdlbat an increase in nanoparticles volume fraction and
Reynolds number causes a decrease in the velocity profilanMeile nanofluid velocity profile increases with an
increase in pressure gradient. Also the temperature prioidleeases with an increase in the nanoparticles volume
fraction, slip parameter and Eckert number. But a decraaseniperature profile is noticed with an increase in Biot
number. They also came up with the results that skin fridi@neases with an increase in nanoparticles volume fractio
slip parameter and Reynolds number. But decrease with aease in pressure gradient. The same results are obtained
for the Nusselt number and the rise in an entropy generasitiis observed with an increase in nanoparticles volume
fraction and slip parameter.

Makinde and Eegunjobi (2013) made investigation in analysi inherent irreversibility in a variable viscosity
magneto-hydrodynamic (MHD) generalized couette flow wighnpeable walls. They found that the optimal design and
the efficient performance of a flow system or a thermally desigsystem can be improved by choosing the appropriate
values of the physical parameters. And this was becausestd# dre effect towards the upper and lower moving plates.
Also they observed that An increase in Ec, Pr, and Bi incieétse velocity profiles, while an increase in Ha aBig
decreases the velocity profile along channel center linemneg

Chinyoka and Makinde (2013) came up with the investigatibrerropy generation in unsteady MHD generalized
Couette flow with variable electrical conductivity. The ults shows that due to the nature of the source terms, the fluid
velocity and temperature will each decrease (resp., isejewith a corresponding increase in the parameters that
decrease/increase the magnitudes of the source terms.hHveyalso demonstrated computationally that parameters
which increase the entropy generation rate will correspagig decrease the Bejan number and vice versa. Also the
observation revealed that, as the flow profiles vary in shepa finear to “parabolic” in response to varying parameter
values, the velocity or temperature gradients correspwtylichange in magnitude leading to noticeable effects é th
entropy generation rates and Bejan numbers.

According to Baskaya, Komurgoz and Ozkol (201&n increase in magnetic field density suppresses the flow field
significantly, and these effects get stronger as the voluaeioén of nanoparticles in nanofluids increases. The Wgloc
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and temperature increases as the inclination of the chaiseslbut this tendency diminishes with larger magnetid fiel
intensity or volume fraction of nanofluids. Also they revashthat the velocity decreases with an increase in volume
fraction of nanoparticles due to the fact that when magrfetid gets stronger, the volume fraction dependence of the
velocity also increases and gets more dependent to tempeudistribution. Further the results shows that, the gytro
size decreases with increasing magnetic field angle forlsmalues of channel inclination under the limitationsttha
for higher values of channel inclination, with an increasenagnetic field angle, the entropy generation first deceease
and then increases. The minimum entropy generation is eéda@round when the magnetic field angle is perpendicular
to the channel.

Kareem et al., (2017) made an investigation on entropy gdioerrate in unsteady buoyancy-driven hydro-magnetic
couple stress fluid flow through a porous channel. They fobatithe entropy generation rate in the fluid model that has
been studied largely depends on the internal forces betthediuid parcels. For example, as the couple stress paramete
increases from zero, the electrically conducting fluid dsiilip more resistance against its flow rate, counted for the
observed increase in the entropy generation rate with cespéhe couple stress parameter. Also the result showsithat
entropy generation trends found their cause to the intgghahomenon in the fluid though may be triggered by other
forces such as the buoyancy and the Lorentz forces. In additiwas observed that the presence of the Lorentz force in
the fluid could be utilize to implement a speed control medrarin the studied fluid system since increasing magnetic
field in the fluid reduces velocity.

2 Mathematical models

Consider unsteady generalised Couette flow of viscous ipcessible nanofluids containing Copg€u) and Alumina
(Al,03)as nanoparticles. It was assumed that the upper wall movasuwiform velocityuat timet > Oand exchange
heat with the ambient surrounding following the Newtonis laf cooling. It was further assumed that a magnetic field of
uniform of strengttBpact to the perpendicular to the plate. Take a Cartesian gwirisystentx,y)wherexlies along the
flow direction,ywas the distance measured in the normal direction as ddpicfegure 5 below:

oT
u=U —knfa:h(r_j;) y=a
—> u( ¥, Z‘) Nanofluids
Cu
My —=—pu I'=T, y=0
fa}

Fig. 5: Schematic diagram of the problem under consideration.
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The Navier-Stokes continuity, nanofluids momentum andgniealance equations in one dimension under the Boussinesq
approximation for the transient channel flow can be written a

Jau
55 =0 (D)

du 1 0P %u o
_:___+M_2_ wiBo )
ot Pnt OX  pnt OY? Pt

2 2
oT 0 T+anf[.lnf <0u> 3)

a = e oy
whereu is the nanofluid velocity in the-direction, T is the temperature of the nanofluleljs the nanofluid pressurejs
the time,ais the channel half widthl,is the ambient temperaturg,tis the dynamic viscosity of the nanofluigsis the
nanofluid thermal conductivityy,tis the density of the nanofluid, arg is the thermal diffusivity of the nanofluid. The
dynamic viscosity of nanofluid will be assumed to be tempeeihdependent

(Abu-Nada 2008; Makinde 2012) as follows:

. Mt
I‘lnf = 4(1_ ¢)2.5 (4)
pnt = (1—9)ps + ¢ps )
Knt
nf = 6
= Toce), ©
_ (pCP)s 7
' (PCo) 4 )
@ . (ks+ 2kf) —2¢ (kf - ks) ®)
ki (ks+2Kp) + ¢ (ki —ks)
(PCo) s = (1= ) (PCo) s + ¢ (PCp) 9)

The quantity of nanoparticles fraction will be representgdp(¢ = 0 correspond to a regular fluidp; and psare the
densities of the base fluid and the nanopatrticle respegtiyedndksare the thermal conductivities of the base fluid and
the nanoparticles respectively wheyec,); is a heat capacitance of the base fluid §odp), is a heat capacitance of a
nanopatrticle .

Table below presents thermo-physical properties of watepper and alumina at a given temperature. The initial
conditions for solving Stoke Navier Equations and Newtdang of cooling will be given as;

Jdu

Mt & (y7 0) =—pBu (ya O) (10)

T(¥,0)=Tw (11)

The boundary conditions for solving Stoke Navier Equatiand Newton’s law of cooling will be given as;

u(at)=U (12)
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Physical Fluid phase Copper Alumina
properties (water) Cu AlLO;
4179 385 765
c, (I’kg K)
p(kg/m3) 997.1 8933 3970
k(W/m K) 0.613 401 40

Table 1: Thermophysical properties of the fluid phase (water) andparticles

T(O,t) =Ty (13)

o 0t) = 0.t 14
uf&(a)*iﬁu(v) ( )
knf‘;—; (a,t) =h(T (at)—Ty) (15)

Introducing the dimensionless variables and parameter&igns(1) up to (16) as follows;

T-T, u §F_tU Hi B Pa
= W7WZU7 =%, vs==—, P=-"%

="+ a» Of= b my
9P X Yy __ HiCpt _u?
A=—Gx X=3 N=3 Pr="5= Ec=¢g g
(o) o () te(ik) oo va (16)
(pcp),’ (ke+2K1 ) —26 (ki —ks) ur
Ha: %gaz

Mt

The dimensionless governing equations with an approprdial and boundary conditions can be written as:

oW A N 1 0°W Ha a7
27 5 — o
x Re(17¢+¢ps/pf) Re(1*¢+¢ps/pf)(1*¢)2'5 an*  Re
2 ! %%, E¢ (a_w>2 (18)
0t mPrRe(1—¢+¢1)9n? Re(1—¢+¢1)(1—¢)>>\ In
The initial and boundary conditions for equatiod8)(and (L9) are:
W(n,0)=6(n,0)=0
W(0,f)=6(0,fi)=0 (19)
W(L1) =1, % (1,1) = —mBig (1,7)

Where Bi is the Biot number, Pr is the Prandtl number,Ec isHtieert number and A is the pressure gradient parameter.
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3 Entropy analysis

In analysis of entropy generation it is essential to diagrtbe second law of thermo-dynamic which gives the base to
analysis of effects of irreversibility caused by the nawfrBow and heat transfer. The flow of nanofluids under convecti
cooling is incapable of being changed duethe exchange afjgrand momentum, within the nanofluid and at flow
boundaries.According to Wodd 975the volumetric rate of entropy generation is given by:

iz knf dT 2 I.lnf au 2
g _tni (90 ot zZ= 20
T4 (W) T oy (20)
The partial differential equation2() has two parts which are entropy generation due to heat fenartkat is
2 2
% (’;—;) and entropy generation due to nanofluid friction repre:ciat:c}e[JT”Tf (g—;’,) .

Using dimensionless the equatidi) can be discretized as follows;

_ a?s” _1(a8)? _ B (ow)?
Ns= akf , Ni=+ (ﬁ) andN, = (17;)2 (W)
From the discretized Partial differential equations weehantropy generation due to heat transfer and entropy giéorera
due to nanofluid friction represented By& N, respectively.

Observing Equationdlj—(20), we can observe that they are inform of partial differdr@guations with given initial and
boundary conditions. Equations8)-(20) will be transformed to ordinary differential equationstbat they can be easily
solved using Runge—Kutta Fehlberg integration technidu@ {979) and implemented on computer using Matlab
software.

4 Numerical procedures

Using a discretization finite difference method the nordinaitial boundary value problem (IBVP) in Equatioris3f—
(20) can be solved numerically. We partition the spatial ini¥< n < 2 into Nequal parts and define the grid size
An = ﬁ and the grid points); = (i—1)An and 1<i < N+ 1.The first and second partial differential equations were
discretized using the central difference method.\Wgt) andé;(t)be the approximation o (n;,t) andé (n;,t) then the
semi-discrete system for the problem becomes

aw _ A n Wi —2W+W_ g ~ Ha 1)
T Re(1-910Py ) Re(1-91 0Py ) (192 (an? Re

de _ 6i1—26+6_1 Ec (W+1—V\41)2 2

df " mPrRe(1— ¢+ ¢7)(An)°  Re(l—¢+¢7)(1-¢)?°\  24n

With initial condition and boundary conditions

W1

W(0)=6(0)=0,1<i<N+1W;=0, 6,=0, Wi;1=1,6,1=(1-mBidn), W= Fan
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5 Results and Discussions

For understanding the dynamics of the designed model assindwe figure 5, the intensively discussion for the problem
has been discussed with great focus on velocity profilegyéeature profiles, effect of variation of parameters inatéht
profiles and entropy generation. The dynamics and the ofsemof the results have been discussed as follows;

5.1 Effects of parameter variation on velocity profiles

From the figure 4 the observation shows that having diffgpanhmeters it has proved that the Alumina-water nanofluid
tends to flow faster than Copper —water nanofluid due to theliact there is the great difference particularly in specific
heat capacity. Also the observation shows that the chargpzice is negligible at the lower plate while experiencinglsm
changes in space with increase in time. The observationsttmt the space for the flow is significant immediately after
t=0.09, while att<0.09 the space for the flow is insignificant even though the timadsdasing. Observing the figure

-4
35 210
——- Alu-Water
3 Cu-Water -
7=0.03,0.04,0.05,009 _ - =~
25
2 -
=
#;
15 e -
& -
o, ”
1} % \
%
b A=1, Re=1, Ec=2, Ha=0.1, Bi=5, ¢=0.3, Pr=6.2,
=0.0001
0.5
O 1 1 1 1 1 1 1 L J
0 01 02 03 04 05 06 07 08 09 1

t %1073

Fig. 6: Nanofluids velocity profile with profiles with increasing #m

6 the results shows that as space increases the velocitynaleases but there is constant velocity frgm= 0, up to

n = 0.9 where the change in space has great significant for the lolats to the upper plate. Also the observation shows
that Alumina-water nanofluid tends to raise the velocityfifgdaster than copper-water due to the fact that copperigés h
density compared to Alumina. In a nutshell the nanopasibking effect at a very small space with a very small change
in time as shown in the figure 7. From the figure 8 it is obserbatl &s the space of the channel increases the velocity
increases but there is no change in velocity at 0 up ton) = 0.093, more interesting immediatelyt= 0.095the motion

of the flow starts to rise. This may be due to the Navier Slipheflower plate. Legibly it is observed that the increase of
nanoparticleg leads to the change of velocity of the channel from the loviateptowards the upper plate. Variation in
nanoparticleg has brought great results wheregt Oshows that there is ho mixture of nanoparticles ratherguiely
water, but the nature of the flow changes soon after the iserenanoparticles from = 0.1 up to the maximunp = 0.3
From the figure 9 the result shows that with constart 0.3andn = 0.03 the velocity increases as time increases. More
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Fig. 7: Nanofluids velocity profile with profiles with increasing sga
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Fig. 8: Nanofluids velocity profile with increasing.

interesting the observation shows that as Reynolds inesahg velocity of the profile increases. It was observedabat
you increase Reynolds number, the velocity increases tsahie upper plate but after= 1 there is constant velocity
as shown in the figure below. Observing the results shownerigure 10 it is evidently that the velocity increases with
increase in time. The increase of nanopartigidends to raise the velocity of the profile. In other words theayvation
reveals that the higher the space the insignificant the itgland the smaller the space the significant the velocitfilero
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Fig. 9: Nanofluids velocity profile with increasirige
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Fig. 10: Nanofluids velocity profile with increasing time (increas).

5.2 Effects of parameter variation on temperature profiles

The result from the figure 11 shows that the temperature prigfilds to increase with increase in time. Also the velocity
increases with increase in space. Copper-water nanofluits teo raise the temperature very faster than Alumina-water
nanofluid; this may be due to their difference in specific hegttacity. The profile behaves with constant temperature
immediately aftear= 1.6. In a nutshell the change of temperature for both Alumiewnanofluid and Copper-water
nanofluid is more significant when the space is very largeiigignificant where the space is very smaller. The figure 12
describes the results of temperature variation profilel wambined nanofluids Alumina-water and Copper-water. The
result shows that the temperature increases with the iselieapace. Point to note is that the temperature profiledesha
with constant temperature from lower plate to the uppeedbat immediately aften = 0.45the temperature profile rises
very faster. Also the observation shows that Copper-weatanfiuid tends to raise the temperature profile very fast than
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Fig. 11: Nanofluids temperature profile with profiles with increadiinge.

Alumina-water nanofluid, this may be due to their differentespecific heat capacity and density. Observing the figure

------ Alu-Water

181 Cu-Water

1.6

A=1, Ec=2, Re=1, Ha=0.1, $=0.3, =0.0001, Bi=5, Pr=6.2
1.2 b

0s =0.01,0.015,0.02,0.025

0.6

0.2

n

Fig. 12: Nanofluids temperature profile with increasing space.

13, the result show that the temperature increases witmtrease in space but the temperature is constant in the lower
plate fromn = 0 up ton = 0.5, but soon after reaching = 0.58 the temperature increases. Also the observation shows
that the increase in Eckert number leads to the decreaseripérature. This increase or decrease in temperature profile
may be caused by viscous dissipation. In nutshell, the sagen shows that as tiec number increases the space also
decreases with constant nanopartigies 0.3 and nanofluid fractiofi=0.0001.From the figure 14 the result shows that
the temperature increases with increase in space. The tatapeprofile in the lower plate the profile behaves with no
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Fig. 13: Nanofluid temperature Profile with increasiig

change in temperature but soon after reachjng 0.6 the temperature rises very fast. With constant ttr®01 and
nanofluid fractiorf=0.0001the increase in nanoparticlgs= 0, 0.1, 0.2, 0.3 lead to the increase in temperature under
the fact that, the Navier slip in the lower plate there is nargie of motion of the flow while when moving closer to
the upper plate the temperature profile changes. The résule figure 15 show that the temperature profile increases

1.4
Cu-Water only

0.8 - A=1, Ec=2, Ha=0.1, Re=1, Bi=5, Pr=6.2, f=0.0001, t=0.01

06
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02r

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
i

Fig. 14: Nanofluid temperature Profile with increasipg

with the increase in time but the point to note is that evemigfithere is an increase in time the temperature is constant
especially when the Eckert number increases. Also the vasen shows that the increase in Eckert number leads to the
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decrease in Temperature. This increase or decrease intaimeprofile may be caused by the nature of the channel flow
and the boundary of the flow (viscous dissipation). Furttiex,observation shows that as the number increases the
space also decreases with constant nanoparticie®.3 and nanofluid fractiofi=0.0001.

0.16 | Ec=2,3,4,5

Cu-Water only

A=1, Re=1, Ha=0.1, $=0.3, Pr=6.2
Bi=5, f=0.0001, n=0.01

f

Fig. 15: Nanofluid temperature Profile with increasiBg

5.3 Effects of parameter on entropy generation

Considering the results shown in the figure 16, it shows thaentropy generation increases with the increase in space.
Also the observation shows that the entropy generationisaignificant when the time is very larger but it is evidently
that when the time is very smaller the entropy generatianisanot significant. In a broader observation, the resulvsho
that as nanopatrticles increases the entropy generatienrréihe space of the interval0 n < 0.958 does not change
and the entropy generation starts to raise immediately gfte 0.96 while when it comes closer to the upper plate the
entropy generation rate tends to diminish. This implies tha effect of entropy growth rate is significant in the upper
plate while in the lower plate the entropy growth rate is ¢ans Observing the figure 17, the results shows that asgntro
generation rate increases with increase in space but thiksehow that there is no change of entropy generation in the
space interval fromm = Oup ton = 0.958but immediately afteg = 0.96the entropy generation rate rises faster and this
may be due to the fact that the rise of entropy generatiorstplace in large space while in smaller space the rate of
increase is negligible. Also it important to notice thatiwitonstant nanoparticles= 0.3. Also the observation shows
that the increase dfc number leads to the increase in entropy generation rateplarly in upper plate and this may be
due to the relationship between the flows’ kinetic energythedoundary layer of the channel.

6 Conclusions

Numerical investigation of entropy generation in unstekyD generalized Couette flow with convective cooling of
nanofluids Copper (Cu) and Alumina ( AD3 ) as nanoparticles is presented. Using a semi-discretizatiethod
together with Runge-Kutta integration method the problsmsolved numerically. The following are the summary of the
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Fig. 16: Entropy generation rate with increasigg

obtained results.

An increase in nanoparticles and Reynolds number leadsctedse in the velocity while pressure gradient, MHD and
nanofluid fraction held constant. It is evidently that Aluraiwater nanofluid tends to raise the velocity profile fatan
Copper-water nanofluid. Also the results show that an irsreéa Eckert number causes the decrease in temperature
profile. Further, it is noticed that Copper-water nanofleidds to raise the temperature profile faster than Alumintewa
nanofluid.

It is evidently that the entropy generation rises as thelre$increase in Eckert number. Also it is noticed that epyro
generation rises in lower plate but when it comes closer fipeuplate the entropy generation rate starts to fall as the
result of increase in nanopatrticles.
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