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Abstract Hybrid nanofluids is obtained by dispersing more than one
nanoparticle into a base fluid. The work is concerned with a detailed nu-
merical investigation of the thermal efficiency and hydraulic performance of
hybrid nanofluids for circular jet impinges on a round plate. For this paper,
a metal (Ag), a metal oxides (Al2O3) and a metal carbides (SiC) nanoparti-
cle and their water based hybrid nanofluids are considered to analyse numer-
ically with varying significant dimensionless parameters, i.e., the jet-to-plate
spacing ratio, Reynolds number and volume fraction of nanoparticles. The
results demonstrated that the efficiency of heat transfer of all nanofluids is
increased by the addition of nanoparticle to the dispersed in water at con-
stant Reynolds number. Moreover, the results illustrate that heat transfer
efficacy and pumping power penalty both increased as jet-to-plate spacing
ratio reduced. The jet-to-plate spacing ratio equal to 4 is the best as the per-
centage enhance heat transfer is maximum in this situation. Since both the
heat transfer effect and pumping penalty increase using hybrid nanofluids,
thermal performance factor increases or decreases depends on nanoparticles
of nanofluids. It is evident that the analysis of these hybrid nanofluids will
consider both the increase in heat efficiency and the pumping capacity. The
best flow behaviour is achieved for SiC—Al1203 hybrid nanofluids. New merit
number is introduced for additional clarification.
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Nomenclature

Cp —  specific heat

D — diameter of jet

f — friction factor

H — enthalpy, distance between slot and heated plate

h — average convective heat transfer

k —  turbulent kinetic energy

M —  merit number

Nu —  Nusselt number

n — number of phases

PP —  pumping power

R — radius of the round plate

Re —  Reynolds number

T — thermodynamic temperature

Ty — inlet temperature of jet

TH — temperature of heated plate

TPF — thermal performance factor

U — inlet velocity of jet

Vin — mass-averaged velocity

‘71170 —  drift velocity

Greek symbols

€ Q™ T >3

Einstein coefficient
thermal conductivity

dynamic viscosity

density

Prandtl number
concentration of nanoparticles
specific dissipation rate of k

Subscripts and superscripts

bf
hnf
m
nf
p
pl
p2
s

T

base fluid

hybrid nanofluid

mixture

nanofluid

primary phase

Al>O nanoparticle

Ag and SiC nanoparticles
secondary phase
transpose vector
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1 Introduction

Nanofluids jet impingement simulation has a significant role for cooling
applications. The most critical problem concerning the cooling of electronic
data processing, whether an electronic chip can dissipate heat rapidly and
efficiently, became the focus of investigate on heat exchange equipment.
The jet directs perpendicularly to the destination surface and allows high
heat transfer in the region of impinging. The implementation of jet is sort of
high-heat transfer coefficient dissipation process that is commonly used in
many fields. The jet impinging flow gives a greater turbulence and improved
heat exchange and mass exchange efficiency compared to the other laminar
flow. Their coefficient of heat transfers several times of magnitude above
the traditional convective coefficient of heat transfer [1].

A new type of thermal transmission fluids are hybrid nanofluids. This is
also a process used to combine various material properties to resolve a vari-
ety of inconveniences in a single material. Several experimental studies and
theoretical analysis have confirmed the convenient performance of nanoflu-
ids over the past two decades. Now, the heat and mass transfers research
community’s attention grow to hybrid nanofluids due to nanoparticles con-
tain large surface energy with a specific surface region. Hybrid nanofluids
are dispersed in one fluid and that combine the advantages of improved
thermal conductivity of both mono and composite fluid to maintain the
viscosity at lower values [1-10]. Despite the lack of clarification on basic
nanofluid behaviour, research findings on hybrid nanofluids are promising.
Nanoparticles formed and suspended in water were nevertheless thought to
be a better method of most researchers (see, for example, works conducted
by Madhesh and Kalaiselvam [11], Suresh et al. [12], Jana et al. [13], Abbasi
et al. [14], and Nine et al. [15]). It is significant that most research have
recognized that thermal conductivity is increasing [16] and that the heat
transfer efficiency is increasing [17-19).

Many studies have presented the thermal conductivity to a certain degree
to the configuration of new microstructures of various nanoparticles [20-26].
Sarkar et al. [27] outlined in recent years the thermophysical properties,
pressure drop and heat exchange properties of mixed nanofluid and deter-
mined that proper hybridization of nanofluid would improve hybrid trans-
mission efficiency because of the synergistic effect and strong aspect ra-
tio of nano materials. Moghadassi et al. [28] have examined nanofluid ef-
fects on heat exchange in laminar flow using fluid dynamics model. They
showed that hybrid nanofluids have a high convection heat transfer coefhi-
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cient. Moreover, as related with AloOs—water the average Nusselt number of
AlyO3—Cu—water hybrid nanofluid has risen by 13.46% and 4.73%, respec-
tively. Esfe et al. [29] have studied artificial neuronal systems for the study
of thermal conductivity of the hybrid nanofluid SWCNT-MgO-EG (sin-
gle walled carbon nanotube-magnesium oxide-ethylene glycol). The study
showed that hybrid nanofluid thermal conductivity was substantially higher
for SWCNT-EG nanofluid than that of MgO-EG nanofluids. With the in-
crement of volume concentration of nanoparticle, the thermal conductivity
increased.

Aly03—Cu powders were considered by ray diffraction and scanning of
the electron microscopic in Suresh et al. [30]. Their experimental find-
ings revealed that, in contrast with water, the average Nusselt number
of AlyO3—Cu-water hybrid nanofluids increased by 10.94%. Esfe et al.
[31] have examined thermal conductivity of 0.02-1.0% solid-volume ZnO-
multiwall carbon nanoparticles—ethylene glycol-water hybrid nanofluid. Ex-
periments have shown that thermal conductivity is rising linearly at low
concentrations. The effect of the temperature on hybrid nanofluid’s ther-
mal conductivity was highly nonlinear at high concentrations.

In order to build nanofluid in one step process, the Munkhbayar et
al. [32] have dispersed silver nanoparticle into multiwall carbon nanoparti-
cles/water. The microscopic scan-electron revealed the uniform distribution
of silver nanoparticles around the multiwall carbon nanotube wall. The ob-
servation demonstrated an improved distribution and thermal conductiv-
ity of nanofluids by addition of silver nanoparticles, and an improvement
in thermal conductivity of 14.5%. Minea [33] informed about heat transfer
enhancement and pumping power on tube using hybrid nanofluid. She stud-
ied numerically on metal oxides nanofluid and their hybrid. She proposed
a new coefficient to estimate of nanofluids behaviour.

On the basis of the insights garnered from existing research it can be
said that further studies are still required where the beneficial effect of wa-
ter substitution is verified for jet impingement by water-based nanofluids.
As per authors knowledge, thermal performance factor and pumping power
effect scarcely reported using hybrid nanofluid on circular jet impingement.
Therefore, a detailed numerical analysis on turbulent jet impingement flow
was conducted in this paper, outlining impact on the heat transfer effi-
ciency and pumping power of different types of nanoparticle and volume
concentrations. This research is supposed to be useful, as most investiga-
tors speak about the benefits of nanofluids while the discussion of pumping
power drawbacks is significant for jet impingement cooling application of
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fluid mechanics. New merit number is introduced for evaluation of hybrid
nanofluids performance in complicated systems such as electronics cooling.

2 Mathematical modelling

2.1 Geometrical configuration and boundary condition

Figure 1 shows an axisymmetric flow domain which illustrate a circular
jet impinges on hot isothermal round plate using nanofluid, is investigated
numerically for evaluating thermal and fluid dynamic performance. Circular
jet diameter is donated as D and round plate radius is donated as R. Jet
to plate spacing is H. The jet is impinged in the flow domain with a jet
velocity U and temperature, T; = 298 K. The top surface of the domain
is assumed to adiabatic wall whereas isothermal with temperature Ty =
348 K is applied on bottom surface. Right side of boundary is considered
as pressure outlet boundary while left side boundary is symmetric.

Jet inlet U

Adiabatic wall, Ty =298 K

Pressure

1
Symmetry ; outlet

|

\ R
\

- Ll
<

Isothermal round plate, Tr = 348 K

Figure 1: Schematic diagram of impinging jet with boundary conditions.

2.2 Governing equations and turbulence modelling
equations

The analysis is carried out assuming the mixture to be a two-phase fluid
with improved the properties due to the addition of nanoparticles with
varying concentrations. Both phases are believed to be moving at the same
speed. Continuity, energy and momentum equations for the mixture are
resolved in a mixture model approach while for secondary phase volume
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concentration equation is calculated. The volume fraction of the particles
is further determined from each discrete phase’s continuity equation

V- (pmVin) =0, (1)

where V,,, is mass-averaged velocity and p,, the is mixture density.
Momentum equation

oV (pmeVm) — _Vp4 V- [,Um (VVm + V{Zf;fﬂ
+ pmﬁ—i- Y (Z:LZI spsvdr,svdr,s) ’ (2)

where p is the pressure, u,, is the mixture viscosity, Vdr,s is the secondary
phase drift velocity, ps is the secondary phase density and s is the sec-
ondary phase volume fraction, ¢ is the gravitational acceleration, and n is
the number of phases.

Energy equation

AV . [Z ¢s‘7s (PsHs + p) =V (mvT - CP,umE) ) (3)
s=1
\% (¢ppp‘7m) =-V ()\VT - ¢ppp‘7d7“,p) ) (4)

where Hg is the enthalpy of the secondary phase, T is the thermodynamic
temperature, A and A, are the effective thermal conductivity and thermal
conductivity of the mixture, respectively, de is the primary phase drift
velocity, ¢, is the primary phase volume fraction, p, primary phase density,
Cp is the specific heat, C'ppp,vt is turbulent heat flux and vt is turbulent
viscosity.

Compression and viscous dissipation in the conservation of energy Eq. (4)
are considered to be marginal. The relative speed is determinate by the ex-
pressions defined by Manninen et al. [34] for the conservative momentum
Eq. (2), whereas the drag function is computed by the related expressions
provided by Schiller and Naumann [35]. Experimental or approximate mod-
els in the turbulent flows would take the turbulence phenomenon into ac-
count for the implementation of governing equations. It has been suggested
that k-w SST (shear stress transport) turbulence model should be applied
to confined jet impingement according to Sagot et al. [36] and Menter [37].
The k-w SST models of turbulence have two equations:

V- (pmVink) =V K“ + 5;) Vk] Y Gy Ya, (5)
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where k is the turbulent kinetic energy, w is the specific dissipation rate
of k, u, and uy are the dynamic viscodity and turbulent eddy viscosity
respectively, G; stands for turbulent kinetic energy output, mean speed
gradients, and G, stands for generating the specific dissipation rate of w,
Y, and Y, are the dissipation of £ and w to turbulence, D, is a cross-
diffusion term, o; and o, are turbulent Schmid and turbulent Prandtl
number, respectively, for k and w.

2.3 Thermophysical properties of hybrid nanofluid

In this paper, the hybrid nanofluid is a mixture of Ag+Aly,O3 and
SiC+AlpO3 nanoparticles and water (base fluid). The fraction of nanoparti-
cles is applied as 1%, 1.5%, and 2%. The physical properties of all nanopar-
ticles are given in Table 1.

Table 1: Thermophysical properties of nanoparticles and water.

Density Specific Dynamic Thermal
Material (kg/m3) heat viscosity conductivity
(J/kg K) (Pa s) (W/m K)
Water 998.2 4182 998 x 106 0.597
Al203 3880.0 773 - 36.0
Ag 10500 235 - 429
SiC 3160 1340 - 350

The effective density of the hybrid nanofluid, similar to single nanofluid,
can be defined by its mass balance. The density of hybrid nanofluid is
calculated as

Phnf = ¢p1pp1 + ¢p2pp2 + (1 - (b)pbf? (7)
¢ = @bpl + ¢p2 . (8)

Here pyy is the density of base fluid (water and) ¢ is the overall fraction of
two separate nanoparticle dispersed in hybrid nanofluid, pl is denoted for
Aly0O3 nanoparticle and p2 is for Ag and SiC nanoparticles.

The specific heat of the hybrid nanofluid is calculated as follows, by
applying energy balance similar to single nanofluid:

Cpring = ®p1Pp1Cprp1 + 0p20p2CpPp2 + (1 — @) CrpbfPhny - 9)
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The Krieger-Dougherty relation is shown to be an efficient pattern for re-
lating the viscosity of non-accumulating colloidal dispersions or nanofluids
to the particle volume concentration for higher volume concentration [38]:

fhnf = (1 - (;i) o (10)

where n is 2.5, and ¢,,, = 0.65.

Many authors used the Maxwell model to estimate mono nanofluid heat
conductivity [39]. By inserting an average thermal conductivity solid nano-
particle, the thermal conductivity of the hybrid nanofluid can be evaluated
and the updated Maxwell model can therefore be written by

L k
Pp1kp1 ;: 02K | ot 42 (ks + Byokye) — 2k

k k
Opthipt ?; Onhpz | 20k — (Pp1kp1 + Op2kp2) — dky

3 Results and discussion

The average heat transfer and pumping power characteristics of hybrid
nanofluid circular jet impinges on round plate have been assessed. As the
water is a conventional coolant for the electronics cooling, the water has
been taken as the base fluid. The analysis is simulated on hybrid nanofluids
Ag-Al,03 and SiC-Al;O3 by using metal (Ag), metal oxides (Al;O3) and
metal carbides (SiC) nanoparticle. The thermophysical properties of Ag,
SiC, and AlyO3 nanoparticle are calculated from Table 1. Finite volume
method is applied to resolve the boundary conditions with coupled non-
linear differential equations. The pressure-based commercial solver (Ansys
Fluent) [40] is applied for the numerical computations. The energy and mo-
mentum equations are resolved by 2nd order upwind interpolation scheme,
while the normalized residual reduces lesser than 10~ for the energy equa-
tion and under 1079 for all other variables, the solution is assumed to
converge. The jet is entered in the flow field with a velocity U and temper-
ature Ty = 298 K. On left side of the domain symmetry boundary condition
and on right side of the domain pressure outlet condition are applied. The
impingement round plate is kept at a temperature Ty = 348 K.

To obtain results concerning the heat transfer enhancement and pumping
power, the total nanoparticle concentration has been varied as 1%, 1.5%,
and 2%. The study also done on varying the inlet jet velocity based on
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Reynolds number (Re = 10000, 20000, and 30000) and changing the jet
to plate ratio (H/D = 2, 4, and 6). Doing this has led to obtaining results
for changing geometry and nanofluid properties, as well as changing heat
transfer improvement and pumping power.

3.1 Grid sensitivity and validation

A grid implementation of y* = 1 (nondimentionalized wall normal dis-
tance) for k-w SST model on a viscous sublayer is presented with the non-
uniform grid. Four distinct grid distributions are performed on Reynolds
number Re = 30000 and H/D = 6 for grid independent analysis. The dis-
tributions in the grid are conducted on 300 x 100, 280 x 90, 260 x 80, and
240 x 70 (number of grid nodes). As the Nusselt number distribution has
no significant change for grid 300 x 100, the rest of the simulations done on
grid 300 x 100.

Before working on actual problem, an organized code justification and
performance assessment of the SST k-w turbulence models are conducted.
For that, simulation has been carried out with uniform inlet jet velocity cor-
responding to Reynolds number equal to 10000 and H/D ratio of the flow
field is equal to 2. Figure 2 showed that the comparison between the Nusselt
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Figure 2: Present model is validated with experimental data from Sagot [36].
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number profile and experimental Nusselt number profile of Sagot [36]. The
experimental settings consist of 2.4 mm diameter of jet and 2.4 mm radius
of round plate [36]. The value of local Nusselt number in impingement plate
is little high at at low R/D ratio then it decreases with increasing R/D
ratio. There was strong agreement with the experimental outcome on the
Nusselt number distribution profile.

3.2 Average convective heat transfer coefficient

It should be noted that the heat transfer coefficient is selected over the
Nusselt number to compare the effectiveness of the thermal transfer. It
is because the Nusselt number underestimates the thermal conductivity
increasement of the nanofluids. The average convective heat transfer ratio
can be stated by the following equation [41]:

.
= nl 12

where h is the average convective heat transfer ratio and h,, s and hyy are the
average convective heat transfer of nanofluid and base fluid, respectively.
In Fig. 3 percentage of the average convective heat transfer coefficient
enhancement for considered nanofluids (mono and composite component)
compared with water is shown. Figure demonstrated numerical results con-
sidering the overall volume concentration of nanoparticles dispersed in the
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Figure 3: Average convective heat transfer coefficient enhancement percentage at
H/D = 4 and Re = 10000.
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water. The highest percentage of heat transfer for Ag-water-based nanofluid
is obtained, while the AlsOs—water nanofluid has the lowest percentage.
However, both hybrids have a good thermal behaviour: for Al,O3—Ag hy-
brid nanofluid, the heat transfer coefficient is 61% at 2% in volume (pre-
cisely 1.5% Ag+0.5% AlsO3). Therefore, it explained the improvement of
the heat transfer resulting from the loading of nanoparticles and increased
nanoparticles are transmitted mainly by higher thermal conductivity. In
Aly03—Ag hybrid nanofluid it is observed to have a higher concentration
Ag (1.5% Ag + 0.5% AlyO3) in contrast to a higher concentration of AloO3
(0.5% Ag +1.5% Alz03) in the same overall volume. The result is a signif-
icant increase of heat transfer in former.

It is exciting to note that previously discussed adverse effects due to H/D
ratio increased irrespective to the Reynolds number. When the H/D value
increased from 2 to 6, the heat efficacy of nanofluid first increased and then
continued to decline with the same Reynolds number. At H/D = 4, the heat
efficacy reached its highest value as shown in Fig. 4. For a constant value
of Reynolds number, the coefficient of heat transfer decreases significantly
with an increased H/D ratio (Fig. 5). Furthermore, with different Reynolds
number for the same single or hybrid nanofluid, heat transfer coefficient
remains nearly constant.
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Figure 4: Average convective heat transfer coefficient enhancement percentage at Re =
10000 and H/D = 2, 4, and 6.
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Figure 5: Average convective heat transfer coefficient enhancement percentage at H/D =
4 and Re = 10000, 20 000, and 30 000.

3.3 Pumping power

The goal of this research is to obtain a numerical outline for pumping
power for hybrid nanofluids using metal (Ag), metal oxides (AlyO3) and
metal carbides (SiC), as stated in the introduction. Similar to the average
heat transfer coefficient, it is easier to report the effects of the relative pump
power or pumping ratio (PP), which is more common than the pumping
power. The relative pump power is measured as the ratio of the nanofluid
pumping power to the water pumping power. With a value greater than 1,
the nanofluid requires to boost pumping power compared to the base fluid
and thus need to pump an additional energy for jet impingement, which
will affect overall energy efficacy. The pumping power ratio can be stated
by the following equation [41]:

_ PP,y
~ PPy’

PP (13)

where PP,,; and PPy are the pumping power of nanofluid and base fluid,
respectively.

Figure 6 portrays the numerical result for the pumping power of all hy-
brid nanofluid and mono nanofluid. The pumping power ratio is calculated
from the simulated pressure drop. The addition of nanoparticles to a basis
fluid, as predicted, will not only improve heat transfer but also rise pressure
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losses or stress in the wall shear. Pumping power increases as nanoparticles
are suspended, in most instances can easily be seen. The increase of pump-
ing power for Ag—Al;O3 hybrid nanofluid is nearly 7.3 times and AlyOg3
nanofluid also has high pumping penalty. Some instances of SiC-AlyO3 hy-
brid (i.e. high concentration of SiC) and SiC nanofluid have less pumping
power penalty. With regard to the increased pumping power induced by
loading the nanoparticles, it is evident that higher pumping power is due
mainly to increased pressure drops (Fig. 6). In Fig. 7, the Pumping power
increases with the decreased H/D ratio for a constant value of Reynolds
number. Moreover, with different Reynolds number for the same nanofluids
(single or hybrid), the pumping power increased as shown in Fig. 8.
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Figure 6: Pumping power at H/D = 4 and Re = 10000
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Figure 7: Pumping power at H/D = 4 and Re = 10000.
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Figure 8: Pumping power at H/D = 4 and Re= 10000, 20 000, and 30 000.

3.4 Thermal performance factor

The energetic or thermal efficiency of fluid in a particular system can be
defined in several ways. Author have considered the thermal performance
factor (TPF), which increases or decreases depends on nanoparticles of
nanofluid as both the heat efficacy and pumping penalty rise using hybrid
nanofluids. Hence, the thermal performance factor is significant parameter
to the design heat transfer application. The TPF can be determined by the
following equation [42]:

Nuhnf
Nub f

13
Jnnf /
Jof

TRF = (14)

where Nuyy is the base fluid Nusselt number and f;f is friction factor.
Nup, s and fp,p are the hybrid nanofluid Nu number and friction factor,
respectively. If TPF is below 1.0 the thermal power is below the hydraulic
efficiency. Therefore, nanofluid or hybrid nanofluid is not advantageous in
terms of heat transfer. If TPF exceeds 1.0 thermal efficiency exceeds hy-
draulic output. Thus, nanofluid or hybrid nanofluid is feasible for surface
cooling.
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Figure 9 shows that TPF declines by 2.8 times in Ag—AlsO3 hybrid
nanofluid and SiC—AlsO3 hybrid nanofluid has higher thermal performance
factor. The TPF results presents that each individual nanofluid perform
very well both in Nusselt number and in friction factor, while TPF is larger
than 1 for the most hybrid nanofluids. The reasons are complex, includ-
ing the combination of improved thermal conductivity and an increase of
nanofluid viscosity. In the boundary layer the thermal diffusion resistance
of laminar sublayer decreases as thermal conductivity improved. Though,
resistance to heat transmission increased while viscosity surges the sub-
layer’s thickness. Hence, the conclusions from Figs. 3 and 6 are discussed
further. The result of average heat transfer increase from 1% to 62%, de-
pending on the category of nanoparticles and the volume concentrations.
From Fig. 3 it is evident that all mono nanofluid and hybrid nanofluid per-
form better than base fluid, i.e. water. Though pumping power increases
with the concentration of nanoparticles, for SiC-AlsO3 hybrid nanofluids
the least increases are recorded (Fig. 6).
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Figure 9: TPF comparison for hybrid and single nanofluids.

3.5 Nanofluid merit parameter

For further clarification author have studied another parameter to investi-
gate maximum output regarding thermal and hydraulic evaluation. In en-
hanced circumstances of heat transfer the idea of the penalty of pumping
power is also used as a measure of comparison and in some applications, it
is more sensible. In this analysis, the heat transfer is combined with pump-
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ing power to produce a parameter that indicates overall merit of hybrid as
well as single nanofluid, is calculated based on constant flow velocity.

Merit number is the ratio of enhanced heat transfer to pumping power
increment:

Dy
T
PP,y

PPy

M = (15)

where hyp,,p is the heat transfer coefficient of hybrid nanofluid and hy; is
heat transfer coefficient of base fluid, and PPy, and PPy; are the pumping
power of hybrid nanofluid and base fluid, respectively.

A higher merit value means that there is a greater improvement in heat
transfer than the pumping power penalty. Consequently, lower merit value
is while pumping power larger than heat duty. The net effect of these com-
peting phenomena depends on the magnitude of merit number as illustrated
in Fig. 10. After correlating the all data, it may be confirmed the best flow
behaviour is achieved by SiC—AlsOg hybrid nanofluids in replacement of
water. Since it is evident that SiC—AlyOs hybrid nanofluids have higher
heat enhancement compare to its pumping penalty. Precisely, 42.2% in-
crease in average heat transfer coefficient and 17% increase pumping power
is achieved for 1.5% SiC + 0.5% Al;Og3 hybrid nanofluid.
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Figure 10: Merit number comparison for hybrid and single nanofluids.
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4 Conclusions

The present paper numerically investigated of three type of single nanoflu-
ids (AlpOs3, SiC, and Ag suspended in water) and two hybrid nanofluids
(SiC-Aly03 and Ag—Al;O3). The numerical analysis is performed on round
plate which is impinged by circular jet with varying significant dimension-
less parameter such as H/D ratio (2, 4, and 6), Reynolds number (10000,
20000, and 30000) and volume concentration of nanoparticles (1%, 1.5%,
and 2%). Thermal and hydraulic performance assessment are discussed.

Heat transfer capacity of all nanofluids is enhanced by adding nanopar-
ticles which is suspended on water at the constant Reynolds number. If the
jet to plate ration H/D raised from 2 to 6, the heat efficacy first increased
and then declined with the same Reynolds numbers. At H/D = 4, the value
of thermal efficiency is higher. As the pressure drop changes according to
type and volume concentration of nanoparticle pumping power will increase
as the concentration of nanoparticles increases. It can be noted that both
the increasing heat transfer and pumping capacity is taken into account
for these hybrid nanofluids. After correlating the heat duty and pumping
penalty the best flow is achieved by AloO3—SiC hybrid nanofluids. It can be
concluded that an increase of 42.2% in the convective average heat transfer
coefficient, with 17% improvement in pumping power is accomplished by
AlyO3+1.5% SiC of 0.5%. For further clarification on investigate maximum
output regarding thermal and hydraulic evaluation merit number is intro-
duced to calculated heat transfer as well as pumping power efficiency. This
proposed merit number is useful for complicated systems such as electronics
cooling, hot rolling technology to assess nanofluids performance.
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