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Present study is focused on numerical investigation of heat transfer and fluid flow from a heated
surface by using nanofluids and impinging jets. Effects of Reynolds number, different particle
diameter and different types of nanofluids (TiO2-water, CuO-water, NiO-water) on heat transfer
and fluid flow were studied numerically. TiO2-water nanofluid was used as a base coolant. Three
impinging jets were used to cool the surface. It is obtained that increasing jet velocities from
Ren/Re1=1-1.33-1.67 to Ren/Re1=1-1.20-1.40 causes an increase of 49.9% on average Nusselt
number (ANN) but increasing jet velocities from Ren/Re1=1-1.20-1.40 to Ren/Re1=1-1.17-1.33
causes a decrease of 4.6% on ANN. Particle diameter from Dp=80nm to 10nm causes an
increase of 2.9% on ANN. Using NiO-Water nanofluid causes an increase of 1% on ANN with
respect to CuO and 2.8% with respect to TiO2-water. Low Re k-g turbulent model of PHOENICS
CFD code was used for numerical analysis. Numerical results show a good approximation to

experimental results.

© 2018, Advanced Researches and Engineering Journal (IAREJ) and the Author(s).

1. Introduction

The jet cooling technique provides an important
enhancement in heat transfer. Impinging jet technique can
be used to boost up heating, cooling or drying processes
on a selected surface. Impinging jets technic enhance heat
transfer by increasing local heat transfer coefficient
between the impinged fluid and a selected surface.

Suspension of solid particles which have 1-100 nm size
in a base fluid called as nanofluid. Nanoparticles
suspended in base fluid can expand thermal capacity of
the fluid and also interactions and collisions between
nanoparticles cause to increase in turbulence and
turbulence intensity of the transition surface.
Nanoparticles have 20% of their atoms on the particle
surface, making them ready to heat transfer with high
heat transfer coefficient. Nanoparticles provide another
advantage which called as the particle mobility to
nanofluids. Particle mobility causes micro-convection in
the liquid due to its nano size and therefore increases heat
transfer. Hence, they have a wide range of application in
industry as microelectronics medicine and space research.
Combination of the liquid jet impingement and the
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nanofluid technologies provides advantages of both and
consequently improves the heat transfer significantly.
This improvement means compact size and low weight
which reduces the cooling system capital cost.

Many studies on nanofluid or impinging jet, can be found
in the literature. Cakir M.T. [1] experimentally examined
the thermal performance of the thermosiphon-type heat
pipe which is using nanofluid as a working fluid. The
nanofluid contained 2% by volume Al,Os. As a result,
significant reduce on thermal resistance is obtained but a
complete stabilization at thermal efficiency could not be
provided. Sun et al. [2] searched the effect of a single jet
using CuO nanofluid for heat transfer. It has been
determined that when the nanofluid is used, a significant
increase in heat transfer can be achieved compare with
water. When a circular nozzle is used, a higher heat
transfer coefficient is obtained compared to a square
shaped nozzle, and the highest heat transfer is obtained
when the jet angle is 90°. Teamah et al. [3] examined the
heat transfer and flow structure for a flat plate by
numerically and experimentally with different Reynolds
numbers (Re = 3000-32000) and nanofluid volume ratios
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(p= 0-10%) by using Al,O3 nanofluid. It has been
observed that as volume fraction of nanoparticles in the
fluid are increased, the heat transfer from the surface
increases. Heat transfer coefficient can be increased by
62% when compared with the water. Qu et al. [4] Used
Al203-water as working nanofluid in their experiment to
investigate the thermal performance of a closed-loop
vibrating heat pipe. As a result, they observed that the
thermal resistance of the system decreased by 32.5%
compared to pure water. Chien et al. [5] experimentally
observed the application of nanofluid in the flat plate heat
pipe. It was acquired that the use of nanofluid achieve
40% reduction in thermal resistance compared to pure
water utilization. Kang et al. [6] determined that, when
nanofluid which include 10 nm and 35 nm sized Ag
nanoparticles is used, thermal resistance diminished by
50% and 80% compared to pure water respectively. Xuan
and Li [7]. Prepared nanofluid that include Cu and they
investigated heat transfer effect of nanoparticle volume
fraction, heat transfer effect of particle diameter and heat
transfer effect of particle geometry. As a result; it has
been found that an increase of from 2.5% to 7.5% in the
volumetric range causes an increase in the coefficient of
thermal conductivity of nanofluid from 1.24 to 1.78.
Shang et al. [8] studied the heat transfer characteristics of
a closed-loop vibrating heat pipe with Cu-water
nanofluid. They obtained that compared with pure water,
the heat transfer capacity of the system increased by 83%
when nanofluid was used. Manay et al. [9] have compiled
recent studies which focusing on using of nanofluids in
microchannel. As a result, nanofluids using in
microchannel increases heat transfer, but the presence of
nanoparticles causes an increase in pressure loss. Naphon
et al. [10] investigated the heat transfer between the
nanofluids that they built using titanium-ethanol and the
closed two-phase thermosiphon. An increase of 10.6% on
heat transfer was obtained by using nanoparticles,
compared to ethanol using. Kilic et al. [11] examined the
cooling of a flat plate by using impinging fluid air jet. It
was observed that the mean Nusselt number increases by
49.5% when Reynold numbers is between 4000 and
10000. There are also some studies about alternative
energy resources of [14-16]. As seen from literature there
are some studies about impinging jets and nanofluids
separately but researches of enhancing heat transfer by
using nanofluids and impinging jets are required.

2. Numerical Model

Low Re k-¢ turbulence model of PHOENICS CFD code

was used for this numerical analysis. CFD simulation
domain is shown in Figurel. Mesh structure is shown in
Figure2.
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Figure. 2. Mesh structure
The continuity, Reynolds averaged momentum and time
averaged energy equations governing 3-dimensional
steady, flow of air with constant properties used for
turbulent solutions can be written in the Cartesian
coordinate system as follows:

Continuity equation:

oU;
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8xi (1)

Momentum equation:
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Energy equation:

o _ofor e :
Pohox,  ox | ox P @)

All the boundary conditions used in the study are
summarized in Table 1.

Table 1. Boundary Conditions
U (mfs) v (m/s) W (m/s) T{c) k £
Wit iner u=0 V=0 W= W inlet T=Tioiet (1w, )2 34 k32
(W3, W2, Ws) e (€uca) T
Cu Plate u=0 v=0 W=0 Q" =G k=0 9 _
az
v ="
Qutlet Woo| ¥eoo W o o %o %o
dx dx Ix dx dx
Front and u=0 V=0 W=0 ar =0
Back wall ay
Top wall U=0 V=0 W=0 B_U B
dz

It was used 96x15x34 (48960 elements) mashes for this
application. Mesh structure was prepared according to
flow conditions. In order to get more precise numerical
results, we intensified mesh numbers in some region as
jet inlet, surface of copper plate. Sweep number was
studied between 400 and 2500 and cell number was also
studied between 24 and 44. It is observed that numerical
geometry was independent from sweep number and cell
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number when sweep number was 600 and cell number
was 96x15x34. Verification of this modal with
experimental results of Kilic [12] was shown in Figure3.
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Figure 3. Verification of modal with experimental result

3. Date Reduction

The heat transfer from the surface will take place by
convection, conduction and radiation.

Qconvection = Qtotal - Qconduction - Qradiation (4)

The total amount of heat to be given to the plate is;

R% ®)
thal - E

Where V is the voltage value of the power unit and R is
the resistance of the heater. Here, the heat generated by
the heater placed under the copper plate will be
transmitted to the upper surface of the plate through the
copper plate thickness by conduction, and as a result, the
plate surface will be cooled by using nanofluid with
impinging jet. Heat transfer by conduction along the plate

_ ~Ke-A-(Toottom — Tupper) (6)
Qconduction - L

C

here, kc is the heat transfer coefficient of the copper
plate, Ac is the copper plate surface area, and Lc is the
copper plate thickness.

Thermal loses due to radiation;

Qradiaton = 6‘.O'.A.F.(TS4 _Tbulk4) Q)

Where ¢ is the copper plate emissivity, ¢ is the Stefan
Boltzmann constant, A is the radiation surface area, Ts is
the surface temperature, and Tpux is the mean fluid
temperature.

TIH +TUU (6)
Tbulk = 2 :

It is assumed that heat transfer with radiation is negligible
in this study because surface temperature is under
573.15K.

Heat transfer from surface with convection;

=h.AAT O]

Qconvection

Where h is the heat transfer coefficient, A is the
convection surface area, AT (AT = TsTphuk) is the
difference between the measured surface temperature and
the fluid mean temperature.

Nusselt number (Nu) is a dimensionless parameter
indicating the ratio of heat transfer with conduction to h
eat transfer with convection.

Nu = (Quaniecion:Dn) ®
(Ts _Tjet)'knf

Where T is the measured surface temperature, Dy is the
hydraulic diameter, and kys is the coefficient of thermal
conductivity of the nanofluid. Reynolds number (Re) is
used to determine for forced convection whether the flow
is laminar or turbulent. Reynolds number based on
turbulent flow;

_ (O 'Vjet'Dh) ©)
(lunf )

Re

Where pns is the nanofluid density, Vije is the jet velocity,
and pyf is the nanofluid dynamic viscosity. The density of
nanofluids is;

Pot == 9).py + 0.0, (10)

Where por is the base fluid (water) density, ¢ is the
volumetric ratio of the nanofluid, and py is the density of
the solid particles in the nanofluid. The volumetric ratio
of nanoparticles is;

1 (1)

T Waorle,-py)

Where o is the density difference between the fluid and
the main fluid (water). The nanofluid specific heat is
calculated from;

_9(pCy), +1-9).(pCy), (12)
(pnf)

C

Pot

Where Cpy is specific heat of particle, Cpg is specific
heat of base fluid. The effective thermal conductivity of
nanofluid is calculated according to Corcione [13];

k 10 k 0.03
St _gyqapeoipres LIS | g (13)
kf fr kf
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Where Re is the nanoparticle Reynolds number, Pr is the
Prandtl number of the base liquid. kp is the nanoparticle
thermal conductivity, ¢ is the volume fraction of the
suspended nanoparticles, T is the nanofluid temperature
(K), T is the freezing point of the base liquid.

Nanoparticle Reynolds number is defined as;

Re = 22807 (14)
TUrdy

Kb is the Boltzmann’s constant. The effective dynamic
viscosity of nanofluid;

My =My (1+250+ 4,698 ¢7) (15)

4. Results and Discussions
In this section, numerical results were prepared for three
parameters.
1) Effects of different Reynolds number rate for
Rn/R1=1-1.33-1.67 to 1-1.17-1.33
2) Effects of TiOp-water nanofluid with 25 nm sized
particles for different particle diameter on heat
transfer (D,=10, Dp=25, D,=40, D,=80).
3) Effects of different nanofluids on heat transfer
(TiOz-water, Cu-Water, NiO-water).

Effects of variant Reynolds number

Numerical analysis was conducted for different water
flow regime for Rn/R1=1-1.33-1.67 to 1-1.17-1.33 when
particle diameter was 25um and inlet temperature
Tinlet: 20 °C.

Table 2. Reynolds Numbers

W,(m/sn)| Wo(m/sn){W;(m/sn)[Re (jet-1)|Re,(jet-2)[Res(jet-3)| Rei/Re; [ Rey/Re; | Res/Rey
Lphase | 6 8 10 |21440,42] 28587,23[ 3573803 1 133 | 167
2phase | 8 10 10 |28587,23[ 35734,03[ 4288088 1 1,25 15
3.phase 10 12 14 35734,03 | 42880,84 | 50027,65 1 12 14
4.phase 12 14 16 42880,84 | 50027,65 | 57174,46 1 1,17 1,33

Velocity vectors and Temperature contours for different
Reynolds numbers are shown in Figure4 and Figure5.
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Figure 4. Velocity vectors for different Reynolds number
(@) Rn/R1=1-1.2-1.4 (b) Rn/R1=1-1.17-1.33
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Figure 5. Temperature contours for (a) Rn/R1=1-1.33-1.67 (b)
Ri/R1=1-1.2-1.4

It can be seen that increasing jet velocities from the first
phase to the third phase local surface temperature
decreases and local Nusselt number increases. But
increasing jet velocities to the fourth phase causes an
increase on surface temperature. The reason of this is that
vortexes, which occurs at the bottom of the close side,
enlarge while velocity on the first jet is increasing. And
these vortexes reduce impinging effects and causes an
increase on surface temperature and decrease on local
Nusselt number. These effects continue at impinging
region of second jet but effects of channel flow increases
at this region. At the impinging region of the third jet
there is not a significant difference between third and
fourth phase because channel flow effects reduces
impinging effects at this region by increasing velocities
from third to fourth phase. So increasing jet velocities
from the first phase to the third phase causes an increase
of 49.9% on average Nusselt number but increasing jet
velocities from the third phase to the fourth phase causes
a decrease of 4.6% on ANN because of the effects of
vortexes and the best velocity profile is the third phase.
Local Nusselt number for different jet velocities are
shown in Figure6
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400 —————— Re/Re,=1-12-14
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80 v T
0,06 0,08 0.10
X (m)

Figure 6. Local Nusselt number for different jet velocities
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Effects of different nanoparticle diameters

Effect of different particle diameter (Dp=10, 25, 40, 80
nm) was analyzed numerically. It was observed that
decreasing particle diameter from 80nm to 10nm causes a
decrease on a surface temperature. Decreasing particle
diameter from D,=80nm to 10nm causes an increases of
2.9% between on ANN. These increase occurs 2.1%
between Dp=40nm to 10nm. So increasing particle
diameter from D,=80nm to 40nm causes a slight decrease
on ANN. So decreasing particle diameter causes an
increase on ANN. Temperature contours on heated
surface for different particle diameter are shown in
Figure7.

I J
Figure 7. Temperature contours on surface for (a)Dp=10nm and
(b)Dp=80nm

Variation of local Nusselt number for different particle
diameter is shown in Figure8.
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Figure 8. Local Nusselt number for different particle diameters.

Effects of different type of nanofluids

Numerical analysis is conducted for different type of
nanofluids (CuO-water, TiO,-water and NiO-water) with
25 nm particle size and volume fraction 2%. Calculated
properties of nanofluids are shown in Table 2. Local
Nusselt numbers on surface of heated place is shown in
Figure9. For TiO,-water, CuO-water and NiO-water. It
was obtained that using NiO-Water nanofluid causes an
increase of 1% on ANN with respect to CuO-Water and
2.8% with respect to TiOp-water.

Table 3. Thermophysical properties of nanofluids at 293K

Densi Specific Kinematic Thermal elh;?izln
Nanofluid (K /m?)/ heat viscosity conductivity cosfficient
9 (IIkgK) (m2ls) (W/mK) )
TiO-Water | 1063.2 | 39025 0.000000982 0.6378 0.0001537
CuO-Water ] 1108.3 | 37543 0.000000943 0.6382 0.0001534
NiO-Water 11145 | 37446 0.000000937 0.6394 0.0001532
240
220 -
200
5
180 o
160
140 - —@&— TiO-Water
O CuO-Water
—-w— NiO-Water
120 T T T T
0,00 0,02 0,04 0,06 0,08 0,10

X (m)
Figure 9. Local Nusselt number for different nanofluid

5. Conclusions

Present study is focused on numerical investigation of heat
enhancement and fluid flow from a heated surface by using
nanofluids and impinging jets. Effects of different Reynolds
numbers, particle diameter and different types of nanofluids
(TiOz-water, CuO-water, NiO-water) on heat transfer and
fluid flow were studied numerically. According to our
constraints it is obtained that increasing jet velocities from
the first phase to the third phase causes an increase of
49.9% on ANN but increasing jet velocities from the third
phase to the fourth phase causes a decrease of 4.6% on
ANN. Decreasing particle diameter from Dy=80nm to
10nm causes an increases of 2.9% between on ANN. These
increase occurs 2.1% between Dy=40nm to 10nm. Using
NiO-Water nanofluid causes an increase of 1% on ANN
with respect to CuO and 2.8% with respect to TiO»-water.
Velocity of the third phase, D,=10 nm and using NiO-water
nanofluid shows better heat transfer performance. Research
areas for future investigations can be investigation of effect
of hybrid nanofluids with different base fluids on heat
transfer with impinging jet geometry.
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Nomenclature

CcP : Specific Heat (J/kgK)

p : Density(kg/m3)

() : Nanoparticle volume fraction
1) : Dynamic viscosity(Pa.s)

Pr : Prandtl Number

Re :Reynolds Number

Nux : Local Nusselt number

Kef :Effective Thermal Conductivity
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