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ABSTRACT: This research presents an experimental and numerical study to investigate the heat transfer
enhancement in a circular finned tube with V-Cut twisted tape having twist ratio (TR=1.85) by using metal
oxide [γ-Al2O3 (20 nm)]/distilled water nanofluid as a coolant. The studied concentrations of nanofluids are (φ
= 0, 3, 5% by volume) under turbulent flow condition. The experimental study including construct a test
section, which consists of Aluminum tube of with external and internal diameter of (32 and 22 mm)
respectively and (1.5 m) long,. The coolant flows through the inner tube under turbulent flow (3390 ≥ Re ≥
10172) regime with constant inlet temperature of (60 oC). And numerical simulation was under condition of
(steady flow, three dimension, turbulent and incompressible flow and working fluid with φ = 0, 3, 5% by
volume. Experimental and numerical results shows a high agreement, and the maximum difference was 2.3 %
occurred with concentration (φ=5%) at Re = 6781.5, and the φ = 5% gave the best enhancement in heat
transfer at Re =10172 where Nusselt number (Nu exp = 110.1 and Nunum =112.47).
KEYWORDS: CFD Modeling, Turbulent Flow, Finned-Tube, Nanofluid, V-Cut twisted tape.
Nomenclature: 𝐶𝑝: Specific heat (kJ kg−1 oC−1), 𝐷: Tube diameter (m), 𝑘: Thermal conductivity (Wm−1 oC−1), 𝐿:
Tube length (m), 𝑚̇ : Mass flow rate (kg s−1), Re: Reynolds number (dimensionless), 𝑇: Temperature (oC), TT:
twisted tape, V: Main, velocity (m2 s−1), 𝑤: Tape width, (mm), W: Tape width, (mm), e d: V-cut Depth, (mm),
ew:V-cut width , (mm), 𝑦: Tape ratio, DR: Depth ratio, WR: Depth ratio, and TR: Twist ratio.
Greek Symbols: Δ𝑃: Pressure drop, Pa, 𝜌: Density (kgm−3), and 𝜑: Nanoparticle volume concentration
(dimensionless).
Subscripts: 𝑝: Particles, 𝑓: Friction factor, and bf: Base fluid.
INTRODUCTION
In recent years, the high cost of energy and material has results an increased effort for producing more efficient
heat exchange equipment. The design procedure of heat exchangers is quite complicated, as it needs exact
analysis of heat transfer rate and pressure drop. The major challenge in designing a heat exchanger is to make
the equipment compact and achieve a high heat transfer rate using minimum pumping power [1]. A new class
of fluids used to enhance the heat transfer is Nanofluids. Enhancement of heat transfer in many applications by
using Nanofluids consider one of the techniques of passive heat transfer. Several researchers, their acquired
conclusions, studied this field and results were deliberated below. Eiamsa-ard et al. [2] investigated the heat
transfer effect by inserted cut twisted tape in a round tube, characteristics of thermal performance and friction
loss. twisted tapes was used with peripherally nine different cut, (0.11, 0.22 and 0.33) ratios of tape width that
was used, (0.11, 0.22 and 0.33) ratios of tape depth with (3.0) constant twist ratio. The result illustrated that by
rising the ratios of width and depth, thermal performance and friction loss rises as well as the Nusselt number.
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Heydar Maddah et al. [3] studied Effect of Twisted-Tape Turbulators and Nanofluid on Heat Transfer in a
Double Pipe Heat Exchanger. They experimentally investigated a double pipe heat exchanger heat transfer; the
heat exchanger was fitted with titanium dioxide nanofluid and twisted-tape elements. Water was used as the
working fluid in the heat exchanger; the outer and inner diameters of the smaller pipe were 16 and 8 mm,
respectively. Aluminum sheet was used to make the twisted tapes with 120 cm length, 5 mm width, 1 mm
thickness. 30 nm diameter Titanium dioxide nanoparticles were prepared with 0.01% volume concentration.
They investigated the counter current flow, the turbulent flow regime, changes of heat transfer, heat transfer
coefficient and its influence by the nanoparticles concentration, mass flow rate, and the effects of temperature.
The heat transfer coefficient increased by 10% to 25 % by using Nanofluid and twisted tape. In addition, the
pressure drop and the friction factor found to be higher when using twisted tape and 0.01% TiO2/water
Naofluid over using only 0.01% TiO2/water Naofluid. The data from the experimental results were validated by
using empirical correlations. Sami et al. [4] presented a mathematical model presentation to simulation a
channel by means of twisted tape inserted with elliptic-cut. They numerically studied the friction factor and the
enhancement of heat transfer using (0.4, 0.8, and 1.4 cm) cut depth, and (2.93, 3.91, and 4.89) twist ratio.
Laminar flow regime was simulated using Fluent 6.3.26 commercial CFD package. They found that friction
factor and heat transfer rate for the channel with classical twisted tape were smaller than the one with ellipticcut twist tape. Mohamad et al. [5] Numerically investigated the enhancement of heat transfer characteristics of
using classical and one side parabolic-cut twist tape inserted in a channel with constant heat flux, CuO/water
nanofluid was used as working fluid with 4% and 2% volume concentration. (w = 0.5, 1, and 1.5 cm) were used
as cut depths for the twisted tapes and (y = 2.93, 3.91, and 4.89) twist ratios. The result illustrated that for the
same conditions the Nusselt number for the parabolic cut twist tape was enhanced by 10% over the classical
twisted tape. Paul et al. [6] numerically studied the influences of using CuO/water nanofluid on the thermal
performance, friction, and heat transfer. twisted tape was inserted in circular channel was used along with the
nanofluid, constant (3) twisted ratio and (0.7% - 0.3%) nanofluid concentration was used. Laminar flow was
used in the experiments. Smith Eiamsa-ard ,and kunlanan kiatkittipong [7] study heat transfer enhancement by
multiple twisted tape inserts and tio2/water nanofluid The tube inserted the multiple twisted tapes showed
superior thermal performance factor when compared with plain tube or the tube inserted a single twisted tape,
due to continuous multiple swirling flow and multi-longitudinal vortices flow along the test tube. The higher
number of twisted tape inserts led to an enhancement of thermal performance that resulted from increasing
contact surface area, residence time, swirl intensity and fluid mixing with multi-longitudinal vortices flow.
Moreover, arrangement of twisted tapes in counter current was superior energy saving devices for the practical
use, particularly at low Reynolds number. This was especially the case for quadruple counter tapes in the cross
directions (CC-QTs) where heat transfer enhancement with relatively low friction loss penalty was deserved.
The use of CC-QTs led to the highest thermal performance factor up to 1.45. Using water with
TiO2 nanoparticle as a working fluid yielded a higher thermal performance than using pure water. The tube
inserted CC-QTs with TiO2/water nanofluid at concentration of 0.21% by volume provided the highest thermal
performance factor 1.59, where heat transfer rate and friction factor increased to 3.52 times and 11.7 times of
those in the plain tube with water as the working fluid. Sivakumar and Rajan [8] experimentally studied the
triangular cut twisted tape inserted in a concentric tube; the characteristics of heat transfer and the friction
factor were investigated. They also calculated Reynolds number, heat transfer coefficient, and Nusselt number.
They found that the heat transfer of the channel was enhanced by adding the triangular cut twisted tape more
than the classic twisted tape, higher heat transfer and friction factor was found by using the triangular cut
twisted tape over the classic twisted tape. Akarsh Kumar1 et al. [9] numerically investigated double pipe heat
exchanger and the characteristics of heat transfer and how to enhance them by using a holed twisted tape. The
twisted tape that was used has holes along its length created equally apart with diameters of 5 mm, 3 mm, and 1
mm. the working fluid in the inner tube assumed to be the hot fluid while the ne flowing in the annulus was
assumed to be the cold fluid, the hot fluid mass flow rate was assumed to varied in the turbulent condition
while the cold fluid mass flow rate was assumed to be constant. they determined the pressure drop, heat transfer
rate, overall heat transfer coefficient, Nusselt number, and outlet temperatures. The results showed that adding
holes to the twisted tape reduce its performance and the reduction increase by increasing the diameter of the
holes. Meanwhile the pressure drop for the classic twisted tape was found higher than the holed twisted tape.
The main objective of this study is is heat transfer enhancement by adding Nano material to the coolant by
develop experimental and numerical investigation tools in order to analyze the flow, the heat transfer
characteristics of nanofluid (Al2O3/water) in a horizontal circular finned tube together fitted with V-Cut twisted
tape under turbulent flow with constant inlet temperature condition.
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TECHNICAL DETAILS
The Experimental Test Rig
To achieve the best experimental investigation, the test rig is designed and manufactured to deal with all
measurements cases especially regarding with nanofluid requirements and care has been taken to build parts of
the test rig. The experimental rig that was used consisted of the measuring and main parts apparatus, the
experimental apparatus schematic diagram are shown in figure (1):
1. Tube section.
3. Hot water pump.
5. Control valves.
7. Safety valve.
9- U-tube manometer.

2. Thermocouples.
4. Nanofluid and water tank.
6. Flow meters.
8. Temperature recorder.
10. By-pass valve.
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Figure 1. the schematic and photography diagram of the test rig.
Physical Demonstration
Figure (2) shows the configuration of the finned tube, the tube was made from Aluminum with (1500 mm)
length and (22 mm) diameter, meanwhile figure (3) shows a coper twisted tape that was fitted in the tube,
(1.85) twist ratio was used with (1500 mm) length, (22 mm) width, and (1 mm) thickness. Twisted tape with Vcut: The dimensions of the V-cut are taken from Murugesan, [10] who found the optimum cut depth ratio and
width ratio as (DR=0.43, WR=0.34), respectively for all twist ratios, as shown in figure (3) where: (DR = ed/W
and WR = ew/W) The V-cut is located in each pitch in opposite direction to the previous one.). The twist ratio “y”
defined as the ratio of the length of one full twist (360o) to the tape width. The working fluid used in this
research was Nanofluid made with Al2O3 nanoparticles (particle diameter equal to 20 nm) and water.
The experimental study also includes preparation of nanofluid (two step method was used in this study to
prepare nanofluid where nanoparticles are firstly produced and then dispersed in basefluid which is:
Nanoparticles and Basefluid, and Ultrasonic Vibration Homogenizer Device) and measurement the rheological
and thermophysical properties of nanofluid, density, viscosity and specific heat. The pressure drop, wall
temperature, flow rate, temperature of nanofluid through a circular finned tube with twisted tape insert were
measured.
Table (1, and 2) shows the fluid and materials thermophysical properties, the parameters used in the simulation
process depends on these properties. Parameters like friction factor (f), Nusselt number (Nu) and Reynolds
number (Re) defined as follows:
ρ nf u D i
μ nf
h(z) D
Nu(z) =
k nf
Re nf =

f=

ΔP
(L/D) (ρ V 2 / 2)

…........................……………………....... (1)
................................................................… (2)

.............................................…...…........ (3)

The Reynolds numbers referred to the inlet values are set at 3390.7, 5086, 6781.5, 8476.8 and 10172.2 in the
computations.

Figure 2. Physical geometry of finned tube.
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Figure 3a. V Cut twisted tape

Figure 3b. Diagram of V Cut twisted tape insert inside a tube.
Table 1. Nanofluid Properties with diverse Al2O3 concentration.
properties

 =0 %

 =3 %

 =5 %

nf /bf

1

1.329

1.672

knf / kbf

1

1.051

1.086

Cp,nf (J/kg K)

4182

3816.16

3603.03

 nf (Kg/m.s)

0.001002

0.001332

0.001676

nf (kg/m )

998.2

1084.65

1142.29

knf (W/m.K)

0.600

0.631

0.652

3

Table 2. Nanosized particle properties at (25 oC).

Particle

Density
(kg/m3)

Mean diameter
(nm)

Thermal conductivity
(W/m.oC)

Specific heat
(J/kg.oC)

Al2O3

3970

20

40

765

Nanofluid Thermophysical Properties
The thermal and physical properties of Nanofluid such as specific heat and density was calculated from the
equations outlined below (eq4 to eq7). Bulk temperatures between outlet and inlet was used to calculate all
properties.

ρ bf Vbf + ρ p Vp
m
ρ nf =   =
= (1 − φ ) ρ bf + φρ p
Vbf + Vp
 V  nf
Cp nf =

(1 − φ) ρ bf Cp bf + φρ p Cp p

………...………...… (4)

…………………...…………... (5)

ρ nf

μ nf = ( 1 + 7.3 φ+ 123 φ2 ) μ bf
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k nf = k bf (1 + 7.74 φ)

[12]

………………………....... (7)

Where µ is the dynamic viscosity and φ is the volume concentration. The index p, bf, and nf refer to particle,
base fluid, and nanofluid properties respectively. In reality, there is no database reliable for Nanofluids thermal
conductivity and viscosity thereby they fluctuate significantly based on the formala used for the calculation.
NUMERICAL PROCEDURE
One turbulent model is examined (standard k-ϵ), and this compared with standard twisted tape correlations.
Computational fluid dynamic (CFD) studies carried out based on finite volume numerical techniques to solve
the governing partial differential equations in three dimensions. In addition, using the ANSYS 17.0 to find the
effects of twisted tape insert and concentration of nanofluid on the heat transfer enhancement, friction loss,
average Nusselt number, velocity profile, thermal performance factor characteristics, and one-way interaction
in a circular tube at turbulent flow.
Geometry Construction and Mesh
Annular-Finned Tube
The geometry was made of circular finned pipe with (1500 mm) length and (22 mm) diameter. Figure (4)
shows the geometry that was created with Ansys Workbench as a 3-D geometry. The geometry was mesh with
Unstructured meshing method. Figure (5) shows the mesh geometry, 207,058 elements and 67,096 nodes was
generated from the meshing process.

Figure 4. Plain tube geometric.

Figure 5. Meshing of plain tube geometry
Fluid Inside A Finned Tube
The whole field was meshed tetrahedral elements, since the geometry is twisted and sophisticated geometries
priority, figure (7). Near wall regions needed fine meshes, mesh size with acceptable results required by the
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problem grid independency.

Figure 7. tetrahedral mesh of the fluid domain
Mathematical Model
The conservation of momentum and mass were described by the momentum and continuity equations of the
fluid flow mathematical model. The energy conservation was described by another set of equations to calculate
the heat transfer of the fluid flow. a small differential volume of the fluid was applied to mass conservation
principle derived by the continuity equation. The following form obtained by three equations in Cartesian
coordinates.
Conservation of Mass (Continuity Equation):

u v w
+ +
=0
x y z

..................................................................... (8)

Momentum Equation
The fluid differential volume was applied to Newton’s second law of motion by that the momentum equations
was derived. According to Newton’s second law, the rate of change of momentum over a differential volume of
fluid is equal to the sum of all external forces acting on this volume of fluid. The general form of the
momentum equations was described as follows in Cartesian coordinates

X-Momentum Equation:



 2
2
2 
p
 u u

u + v + w u  = − +    u +  u +  u  …………………… (9)

x
nf  x y
nf
z 
 x 2 y2 z2 
Y-Momentum Equation:



p
 v v v 
u +v + w  = − + 

y
nf  x y z 
nf

 2v 2v 2v 
 + +  ………………………… (10)
 x2 y2 z 2 



Z-Momentum Equation:

 2
2
2 
p
  u w+v w+ ww  = − +    w+  w+  w  ………………….... (11)
z
nf  x y z 
nf x2 y 2 z 2
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Energy Equation
The Energy equation derived from the first law of thermodynamics, which states that the rate of change of
energy of fluid particle is equal to the rate of heat addition to the fluid particle plus the rate of work done on the
particle. The equation was changed to the following form if we consider that the value of thermal conductivity
remain constant and the flow is incompressible.

( C p )

T
T 
 Tnf
u
+v nf + w nf  = K
nf
nf  x
y
z 

  2Tnf  2Tnf  2Tnf

 x2 + y 2 + z 2


 ……………………. (12)




Boundary Conditions
The profiles of fully developed temperature and velocity specified at the inlet, imposed on the pipe inlet a
(60oC) constant temperature. The condition of the pressure was set at outlet. The CFD model symmetrical walls
was kept from deforming by fixing both ends of the structure. No slip conditions was applied on the V Cut
twisted tape and the pipe surface. The Nanofluids was adopted as single-phase for the numerical investigation.
The mixture was treated as homogeneous mixture by assuming a perfect mix between the nanoparticles and the
base fluid. The mixture of the nanoparticles and the fluid was assumbed to move equal velocity and to be in
equilibrium thermal state. Moreover, the flow was assumed to be in steady state and the flow was turbulent.
Numerical Approach
ANSYS FLUENT 17.0 package was incorporated to find a solution for the governing differential equations (812) using the approach of finite control volume based on technique of SIMPLE. The energy and momentum
was solved using the scheme of the second order upwind. Further Ansys Workbench was used to the
computational domains geometries and generated mesh. To ensure that the adopted grid density was not
responsible on the results obtained, grid independency study was performed. For mesh validation process three
grid sizes was tested with 1.85 tape width ratio and 3390.7 Reynolds number which give 2000000, 2500000
and 3000000 elements. Figure (8) shows the base case average Nusselt number. It was found that after 2000000
elements of mesh there was no further improvement noticeable taking into account the calculation time and
number of grid enhancement. Considering the factors of under-relaxation to be 0.7 and 0.3 for momentum and
pressure, respectively.

TR=1.85, Re=3390.7

Figure 8. the grid independent solution test for typical twisted tape
RESULTS AND DISCUSSIONS
The average Nusselt number and friction factor with Reynolds number, nanofluid concentration and V Cut
twist ratio correlated for the used nanofluid. The comparison between the experimental and numerical results
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shows a high agreement, and the maximum difference was 2.3 % occurred with concentration (φ=5%) at Re =
6781.420.
Experimental Results
The results of Nusselt numbers calculated from the experimental measurements was compared with the Nusselt
numbers from the simulation to confirm the exactness and the reliability of the numerical simulations, figure
(9). Table (3, 4) shows the results of numerical and experimental results as well as the error percentage for five
selected cases of φ (0%, 3%, 5%). Figure (10) illustrated the friction factors results from the simulation and the
experiment work with respect to Reynolds number. The experimental calculations was compared with the
simulation calculated they found to be matching with friction factor percentage of ± 3.4% and average Nusselt
number percentage of ±2.3 as shown in figures (9,10).
Table 3. Experimental and simulated ( Nu ) comparison for turbulent flow (water).

Q (LPH)

EXP.

NUM.

e%

100
150
200
250
300

33.6
38.1
46.7
50.4
55.9

33.92
38.64
47.4
51.3
56.72

0.9
1.3
1.5
1.7
1.4

Table 4. Experimental and simulated ( Nu ) comparison for turbulent flow (φ = 3%).
Q (LPH)

EXP.

NUM.

e%

100

47.1

48

1.8

150

64.3

65.7

2.1

200

78.5

79.98

1.8

250

90

91.94

2.1

300

102.3

104.3

1.91

Table 5. Experimental and simulated ( Nu ) comparison for turbulent flow (φ = 5%).
Q (LPH)

EXP.

NUM.

e%

100

54.3

55.4

1.9

150

70.7

72.3

2.2

200

83.4

85.42

2.3

250

96.9

98.96

2

300

110.1

112.47

2.1

Figure (11) shows the average Nusselt number variation with Reynolds number for the V Cut twisted tape. In
general, the average Nusselt number increases as the Reynolds number increases for all the ranges of Reynolds
number. The Nusselt number rises fro the nanofluid as the concentration rises due to the rises in the nanofluid
effective thermal conductivity caused by the increase in the nanoparticles volume fraction. the liquid of the
liquid - particle interface molecular level layering and the nanoparticles Brownian motion was used for
explanation. In the boundary layer of the laminar sub layer the thermal diffusion resistance was reduced by the
Enhancement in the thermal conductivity.
Hydrodynamic Influence by the Nanofluid and V Cut Twisted Tape
The tube flow characteristics with fitted twisted tape was studied numerically with twist ratio (1.85), the
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friction factor with respect to the Reynolds number are illustrated in figure (12). As noted in the numerical
results that as the Reynolds number rises, the friction factor reduced for the Reynolds number studied range.
Meanwhile as the value of volume concentration of nanoparticles rises, the friction factor rises as well for the
similar values of Reynolds number. The friction factor rises as a result of the high number of nanoparticles
which rises the shear force and increasing by that the working fluid viscosity.
Numerical Results
Contours, velocity vectors, and path line are presented for the characteristics of heat transfer and the flow.
Ansys-Workbench 17.0 commercial CFD package was used for the numerical single-phase model simulations.
Thermal Influence by Nanofluid and V Cut Twisted Tape
The data from the simulated model was used to calculate the local Nusselt number and the local coefficient of
heat transfer along the pipe. The boundary layer effect rises along the tube from the entrance to the exit by that
the Nusselt number increase and decrease simultaneously with the boundary layer effect. The thickness of the
thermal boundary layer was reduced due to the presence of the twisted tape; moreover, the fluid flow
interrupted leading to rise in the Nusselt number values.
Velocity Vectors
The flow three diamentional streamlines for the V Cut twisted tape inserted in a pipe are shown in figure (13).
The force provided from the helical movement disrupted the sub layer near the wall, this is due to the long path
of the fluid caused by the presence of the twisted tape. The velocity vectors are shown in figure (14) for several
locations along the pipe for 3390.7 Reynolds number and φ = 5%. An impact occurred between the twisted tape
with fluid flow at location (Z=0 m) later the rotational movement started by the secondary flow, this lead to a
heat transfer enhancement along the pipe. The velocity vectors are shown in mid plane longitudinal section 3-D
view in figure (15), the Reynolds number was 3390.7, and φ = 3%. Uniform distribution of velocity are noticed
at Z= 0 m, At the middle of the pipe, the Nanofluid velocity rises and then slowly reduced near the walls of the
tape and the pipe, as shown in figure (15).
Temperature and Velocity Contours
The static temperature distribution was shown as a 3-D view from the mid plane section of the model, figure
(16), for 3390.7 Reynolds number and 3% volume concentration of nanofluid. The contours of the static
temperature for outlet and inlet section are shown in figure (17). The twisted tape at the tube end that shows as
two identical cold contours deformed two helical paths. The contours of static temperature are shown in figure
(18) for 3390.7 Reynolds number, 3 % nanofluid volume concentration, and (Z= 0, 0.5, 1.5 m) locations. As the
concentration of the nanofluid and velocity decrease at the exit of the tube, the temperature increases as shown
in the contours of temperature. The nanoparticles number increases by rising the concentration which lead to
augmentation in the diffusion of molecular heat and by that rises the nanofluid effective thermal conductivity.
The velocity contours was highlighted in figure (19), 3390.7 Reynolds number, 5% volume concentration of
nanofluid, and (Z= 0, 0.5, 1.5 m).
Pressure Contours
The distribution of the static pressure drop shown as contours in figures (20, 21), different location of the pipe
fitted with the twisted pipe was shown with several volumetric concentration. The pressure drop of the pipe
was shown to be increase by inserting twisted tape and adding nanoparticles, as the volumetric concentration of
fluid increase the pressure drop also increase.
Concluding Remarks
This work presented twisted tape fitted in finned pipe heat exchanger investigation, numerically study was
performed to study the performance of heat transfer. the Al 2O3/water was used as the working fluid. The
following summary shows the main concluded points:
1- The heat transfer enhanced by adding nanoparticles to the base fluid, the heat transfer rate increase as the
concentration rate of the nanoparticles increase.
2- The heat transfer enhanced further by using both V Cut twisted tape and the nanofluid.
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The numerical result agreed well with the experimental results.
By increasing concentration and flow rate, the flow temperature rises.
As Reynolds numbers increases, heat transfer behavior increases.
Heat dissipation was enhanced by using fins.
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Figure 9. Numerical versus experimental results of ( Nu ) with Re
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171

Study the effect of Nano fluid on Heat Transfer in Finned Pipe with Internal V-Cut Twisted Tape

300

φ=0%

φ 3%

φ 5%

110.1

96.9

250
83.4

NU

200
150

70.7
54.3

102.3
78.5

90

64.3
100

47.1

50

33.6

38.1

3390.7

5086

46.7

50.4

55.9

6781.5

8476.8

10172.2

0
RE

Figure 11. The influence of Reynolds number and volume concentration on ( Nu ) for turbulent flow
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Figure 12. The Reynolds number effect on the friction factor for turbulent flow.
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Velocity inlet

Velocity outlet

(A)

(B)
Figure 13. the flow Path lines for V Cut twisted tape inserted in pipe.
Z=0.5 m

Z=0 m

Z=1.5m
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Figure 14. Velocity vectors in (m/s) at (Re =3390.7) for nanofluid (φ=5%)

Figure 15. Velocity vectors in (m/s) along the test section for nanofluid (φ=3%) and (Re =3390.7)

Figure 16. Temperature distribution along the test section for (φ=3%).
Z=0.5 m

Z=0 m
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Z=1.5 m

Figure 17. Temperature contours for distilled water at (Re=3390.7).

Z=0 m

Z=0.5 m

Z=1.5 m

Figure 18. Temperature contours for nanofluid (φ=3%) and (Re=3390.7).
Z=0 m

Z=0.5 m
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Z=1.5 m

Figures 19. Velocity contours in (m/s) for nanofluid (φ=5%) and (Re = 3390.7).
Z=0.5 m

Z=0 m

Z=1.5 m

Figure 20. Pressure contours for distilled water at (Re=3390.7).
Z=0 m

Z=0.5 m
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Figure 21. Pressure contours for nanofluid (φ=3%) and (Re=3390.7)
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