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Abstract

Heat transferred during fluid flow in conduit is a concern of design engineers. In this article, numerical models
had been explored to investigate heat transferred within Nano-fluid in state of aqueous suspensions of 0.2%
volume of Graphene-Oxide and water (GO/water) at constant heat flux. Numerical model captured geometrical
and physical properties of uniform elastic pipe channel and fluid flow phenomena within the control volume.
Nano-fluid was suspended with a view to enhancing the heat transfer rate and thermal performance.
Constitutive equations of fluid flow with Navier-Stokes equations and energy equation for heat transfer were
explored and solutions obtained numerically. Boundary temperatures were captured such that inlet
temperature of 288 K and thermal boundary conditions were applied during investigation. Fill- ratio of 50%,
60%, 70%, 80%, 90%, 100% were considered at interval of 6 hrs. for 24 hrs. for heat loads of between 5W and
30W at intervals. With 0.20vol. % GO/water, Nano-fluids, maximum coefficient of heat transferred occurs at the
highest heat load at 30W for 50% fill ratio and less heat-transfer coefficient at heating power of 10 W. This article
therefore displays potential of numerical investigation in the analysis of thermal distribution within regular
conduit.
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1. Introduction nitrogen and water coolants in terms of
Ubiquitous nature of heat transferred as a critical microchannel heat exchanger cooling rates.

aspect of industrial processes cannot be Meanwhile, [6] delved into convective heat

overstated. Its significance is multifaceted, ranging
from system design optimization to facilitating the
smooth operation of machinery and equipment. In
essence, heat transfer acts as a crucial
underpinning for the effective functioning of
industrial systems  [1]. The inclusion  of
nanoparticles in a fluid can alter its transport and
thermal properties, thereby modifying its
fundamental characteristics, [2] [3]. For instance,
nanoparticles added to a fluid can increase its
thermal conductivity in an unconventional way by
facilitating heat transfer [4]. Moreover,
nanoparticles can augment the fluid's potential to
exchange energy, a pivotal characteristic in a
multitude of industrial applications. Research by [5]
showed that Nano-fluids outperformed both liquid

transferred performance in organic solvents during
laminar and turbulent flows in tubes, finding that
Nano-fluids exhibit greater heat transfer
performance compared to conventional fluids for
similar Reynolds numbers.

Choi and Eastman [4][7] introduced the concept of
nanoparticle dispersions in base fluids. A variety of
materials have been utilized as nanoparticles,
including some metals (Al, Cu), carbides (SiC), and
Oxides (Al203), while water and methanol are often
base fluids. Studies have demonstrated altering
concentration, size, shape, material of
nanoparticles can impact thermal conductivity in
Nano-fluids [7].Thermal Conductivity in Nano-fluids
is heavily influenced by nature of the nanoparticles,
with shape and material composition playing a
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crucial role [8] [9]. The improved heat transfer
properties of Nano-fluids can translate to energy
savings [7] [10], increased equipment longevity,
and enhanced productivity in various industrial
applications [11]. Micro channels, extended
surfaces, and other methods can further enhance
heat transfer efficiency, and there's a wealth of
research on the physical characteristics of Nano-
fluids and their effects on flow within boundary
layer [12]. It is to be noted that simulation studies
are performed to quantify certain uncertainties
from solutions that are usually iterative in nature
with iteration value carefully chosen [26] [27].
Heat transfer in pipe channels is a crucial aspect of
numerous engineering applications, such as
thermal systems, energy conversion systems, and
fluid transport systems [13][14]. The qualities of a
substance related to its thermal and physical
behavior are referred to as its thermo-physical
properties [15][16][17]. The optimization of the
performance and efficiency of these systems hinges
on understanding the factors that impact heat
transfer characteristics [18][16]. While rigid pipe
channels have been extensively studied, the
evaluation of heat transfer in elastic pipe channels
under varying temperature conditions has been
relatively unexplored. A key feature of elastic pipe
channels is their ability to undergo small
deformations in response to temperature
gradients [19] [20]. These deformations introduce
complexity to the heat transfer process, impacting
temperature distribution, flow patterns, and heat
transfer rates [21] [22].
Researchers have utilized experimental,
computational, and numerical approaches to study
heat transfer in pipe flow, focusing on operational
parameters such as heat flux, tilt angle, working
fluid fill, and nanoparticle concentration. Sarafraz
and Hormozi (2014), examined effects of these
variables on efficiency and performance of
thermosyphon pipe [4]. As reported, increasing the
fill ratio resulted in an 18% boost in entrainment.
Relatedly, thermal performances in pulsating
closed loop was evaluated with ethanol and water
atfill ratios, 28%, 41.3%, 63%, 82.5% and 100% [23].
For water, at low input heat, low filling ratio led to
lower thermal resistance and optimal heat
transferred. For ethanol, low heat input, higher
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filling ratio resulted in better
performance beyond 50%.

In [24], a computational study employing the finite
volume method was performed to analyze free
convective heat-transferred in concentric square
annuli. Influences of various geometrical
parameters, such as aspect ratio, Rayleigh number,
and Prandtl number, on heat transferred were
investigated in this article. The results showed that
increasing the Rayleigh number enhances heat
transferred, while increasing the aspect ratio
reduces it. Additionally, higher Prandtl numbers
correspond to slower heat transfer rates,
significantly impacting heat transfer performance.
The study's main takeaway is that various
geometric factors have a significant impact on heat
transfer through natural convection in a concentric
square annulus. In a separate study numerical
method was explored to investigate heat
transferred due to natural convection in a porous
enclosure filled with Ag-M¢O hybrid/water Nano-
fluid. Local thermal non-equilibrium model was
explored to account for temperature differences
inbetween  solid  and fluid phases.  Several
characteristics that impact heat transfer and fluid
flow were investigated, such as nanoparticle
volume percentage, Rayleigh number, and Darcy
number. The findings revealed that heat transfer is
enhanced in the hybrid Nano-fluid when compared
to pure water. Furthermore, an increase in the
Rayleigh and nanoparticle volume fractions results
in enhanced heat transfer. [25]

This study investigated heat transfer enhancement
of graphene-oxide (GO) NanO-fluid in an elastic pipe
flow with various filled ratios (FR) of 50% t0100%
and at different heat load of 5W to 30W, a variety
of numerical and computational solvers/tools to
gain a deeper understanding of convective heat
transfer flow. These tools include: Computational
Fluid Dynamics Solvers: Ansys Fluent, COMSOL
Multi-Physics, etc. CAD tools: SolidWorks, Autodesk
Inventor, AutoCAD, Corel Draw, etc.

Simulations were conducted for 0.2% volume of
Graphene-Oxide and water (GO/Water) Nano-fluid
with the help of Computational Fluid Dynamics
(CFD) module. Temperature profiles, heat transfer
coefficient and Nusselt number (Nu) were
presented. Simulations involve solving the heat
transfer and fluid flow equations in an elastic pipe
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channel at various heat load and at filling ratio of
50%. The findings will reveal crucial insights into
how GO/water Nano-fluid perform when
transferring heat in elastic pipe channel at different
temperatures. The research will help develop fluid
systems that are reliable efficient and capable of
functioning in high-temperature environment.

2. Methodology

The model is governed by continuity equation and
the Navier-Stokes equations, with undelisted
assumptions: (i) steady-state, laminar natural
convection of nano-fluid; (ii) inlet temperature of
288 K; (iii) gravity neglected; (iv) continuous heat
flux as the thermal boundary condition; and (v) no-
slip condition at walls.

2.1 Formulation of Governing Equations

2.1.1 Continuity Equation

(1) is continuity equation in form of numerical
model

9Ur  10Up , 0Ux

or r 090 dx =0

(1)
U x is non-zero velocity component, r is non-
dimensional radial coordinate, & is non-
dimensional azimuthal coordinate, and x is non-
dimensional axial coordinate, thus
Ur=Ug¢g=0.
U, is non zero velocity component, thus
U-=Uy=0

(2)
(1) becomes;
AUy
=

(3)

Equation 3 confirmed U, not dependent on radial
component of pipe implied thinned wall pipe and
U, = U,(r) is same for all x.

Uy = Uy(r)

(4)
2.1.2 Momentum equation
Radial direction:

U, Uy | UgdUr U, U@z)_
p(6t+UT6r+r6(D+Ux6x+r -

P [azur 1 9%Uy | 9%Ur | 10Uy
PYr or K ar? r2 902 dx2 r or
20Up _Ur

r2 99 r2
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(5)

Azimuthal direction
p(aU@_l_ U BUQ)+ l:'@aU¢ + U BU(D U@Z) —

at T or * ax
ap 92 Ug 1 92 Ug 92 Ug 16U@
P9o o9 tH [ ar2 r2 9p2 dx2 r or +
29U, Uy

r2 99 r2

(6)
Axial direction
QU AUy | UgdUy aux) _
p( +Urar+r6(2) U"ax PYx
02Uy 1aux+azux 19Uy

or? r2 9p2 0x? r or

=tu| (7)

Substitute equation 2 and 3 into equation 5 and 6,
9P _
ar

(8)
aP
%= 0
)
From (8) and (9),
P _
6T 60 =0

(10)
(10) is pressure dependence on axial-direction only.
Substitution of (2) and (3) into (10) and imposing

steady state condition yields;

Uy
at =0

(11)

0= _a_P+ 02Uy | 1 0%Uy | 9%Uy | 18Uy
- pgx ax ‘Ll ar2 r2 902 ox2

(12)

Rearranging

P a%u 1 9%U a%u 19U

= Pgxt S50 T Tr o

ox ar? r2 9p? dx2 r or

r or

(13)
By applying eqn. (2) and neglecting gravitational
effect

g_i = [aazxuzx]
(14)

(3) and (14) are momentum transport equations for
the model.

Energy Equation

Steady flow energy transmission equation is;
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o1 | k 0°T | 0°T , korT
ar? ~ r29¢? © 9x?  ror
aT aT
Uy P + U, P
(15)
Substituting the viscous dissipation, term @; into

oT
+ Q)(i) = ,DCp [Ur ar +

(2) gives:

92T k 92T . 9%T  koT T T
St am ot o= pCy [Un ST Up e+
oT

v, 2] (16)

U, is non-zero velocity component. Dividing (2)

throughout by ‘k’ will lead to:
9T 19T _ ﬂ[ or
ax2  ror  k X ax

(17)

. k
with, ¢ = —
pCp

(18)

X

Itz

Figure 1: (a) Elastic pipe
4.0 Results and discussion
41 Thermal Behaviors
The heat transport was assessed using the equation

below:
-1
Ae(Ty— Tp)

(20)
Where T, iswalltemperature

Ty is bulk temperature of the fluids
(0.125f)(re=1000)Pr

Nu =
2
1.07+12.7\/0.125f(Pr§—1)
(21)
where
f = (1.821ogo(Re) — 1.64)72
(22)

Nusselt number was derived from the heat transfer
coefficient in fully-developed fluid flow region in
term of hydrodynamics and heat transfer.
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Equation (12) reduces to

1 _ e
ax2  a ox
(19)

(19) is energy transport equation for fluid flow
within pipe.

2.2 Computational modeling and simulation

This involves examining parameters such as
temperature profiles, Nusselt number, and
convective heat transfer coefficients. COMSOL
Multi-Physics 6.0 was employed to create a
computational model of the elastic pipe shown in
Figure 1 (a), with Figure 1 (b) representing the
generated mesh domain.

(b): Mesh generated
Mixture of graphene-oxide and water (GO/Water)

exhibit distinctive thermal behaviors, referring to
their response to temperature variations and ability
to transfer heat as shown in figs. 4,5,6, and 7 at
different filling ratio at different time interval.
Figure 3 shows the temperature distribution at time
T = 60 min. for initial temperature of 288k for
different filling ratio. The temperature is gradually
developed and constant all the filling ratio. The
system's performance and heat transfer
characteristics can be impacted by this Nano-fluid
(GO/Water). Figs. 5, 7, and 8 illustrate the rise in
temperature from the pipe flow inlet to the outlet
for the working fluid for different filling ratio. The
temperature increase is caused by the expansion of
the fluid as it flows toward the outlet, with the
pulsing section of the pipe transferring energy to
other fluids, which can cause heat
loss and sweating. Also, there is increase in
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temperature as along stream flow of fluid as fill
ratio increases with time. Across range of fill ratio,
heat transferred coefficient within pipe, increase
with concentration of GO nanoparticles in base
fluid, illustrating boosting effect of Nano-particles
on heat transferred.

Effects of heating power and fill ratio on the heat
transfer coefficient of GO/water Nano-fluids are
illustrated in Fig. 8 which further shows that heat
transferred coefficient within pipe rises with
increasing input heat power, when the

120

Nulsset Number (Nu)
5 8 8 8

N
o
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fill ratio is 50%. Increase in heat transferred
coefficient at higher loads of heat were due to
acceleration of vaporization and bubble formation
in the working fluid. Moreover, higher heat load
lead to higher nucleation sites and high formation
rate bubbles which eventually facilitates faster
vaporization of the GO/water Nano-fluids. For 50%
fill ratio, GO/water Nano-fluids with 0.20vol.%
concentration exhibited maximum heat transfer
coefficient at heat load of 30 W, whereas lower
heat loads result in lower heat transfer coefficients.

0.2 Vol% GO/Water

2500 3000 4200 5000 6200 7000 7500 9000 10000

Reynolds Number (Re)

Fig. 2: Nusselt versus Reynolds number for Graphene Oxide Nano-fluid
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Vol 45 No. 7
July 2024

404



Journal of Harbin Engineering University Vol 45 No. 7

ISSN: 1006-7043 July 2024
Time=720 min, FR=50 % Surface: Temperature (K) o
x10°
1.1
1
0.9
0.8
0.7
0.6
0.5
X 0.4

Y‘\i’.z 0.3

Time=720 min, FR=60 % Surface: Temperature (K) o
x10°
11
1
0.9
0.8
0.7
0.6
0.5
" 0.4

y‘\iz 0.3

Time=720 min, FR=70 % Surface: Temperature (K) C_
x10°
1.1
1
0.9
0.8
0.7
0.8
0.5
X 0.4

405



Journal of Harbin Engineering University
ISSN: 1006-7043

Time=720 min, FR=80 % Surface: Temperature (K)

Time=720 min, FR=90 % Surface: Temperature (K)

Time=720 min, FR=100 % Surface: Temperature (K}

Figs. 5: Thermal distribution at different fill ratios, when T = 720min
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Figs. 8: Heat-transfer coefficient and input heat load at 50% filling ratio (FR)

5. Conclusion

Numerical models were employed to investigate
heat transferred enhancement and performance of
aqueous suspension in 0.2% volume concentration
of Graphene-Oxide and water nanoparticles with

varying fill charge ratios in a pipe channel at
different temperatures. These insights can help
optimize the design and operation of industrial
processes involving fluid heat transfer, leading to
increased reduce

productivity, energy
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consumption, and lower costs. The study revealed
that heat transferred in pipe flow was enhanced
with nanoparticle suspension, because the addition
of GO nanoparticles to the working fluid
significantly increased the performance of the heat
pipe. However, it was discovered that heat
transferred coefficient of heat pipe increased with
increasing heating power and volumetric
concentration of Nano-fluids, with pronounced
effect on working fluid and filling ratio (FR).
However, convective heat increased at high
concentration of GO Nano-particles within base
fluid and GO/water Nano-fluid revealed low
thermal resistance. However, heat transferred
coefficient of heat in pipe increases with increasing
input power of 50% fill ratio at higher heat loads
because of increase in rate of vaporization in

working fluid.

Nomenclatures

Symbol Identity Unit
h Coefficient of Heat J/K
Transferred
k Thermal Conductivity
Nu Nusselt Number
GO Graphene-oxide
m mass kg
p pressure N/m?
q rate of Heat Joules (J)
Transferred
r radius of elastic pipe m
Re Reynolds Number
T Temperature °C
Ur Velocity along radial m/s
direction
Uy Velocity along m/s
azimuthal direction
Ux Velocity along Axial m/s
direction
p Density kg/m?3
n Dynamic Viscosity Pa.s
Cp Specific Heat Capacity  J/kgK
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