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Abstract

This paper presents the analysis of nanorefrigerant fluids to improve the thermal efficiency of a refrigeration system. Simulations in ANSYS
FLUENT 15.0 were performed with mixtures of refrigerants R113, R123 and R134a, with Al2O3 nanoparticles at 1 vi% and 5 vi% (vi%,
fraction volume concentration), flowing through a horizontal tube with a constant wall temperature. A mixture and the k-e turbulent models
were employed to obtain results of heat transfer coefficient, temperature and pressure drop for each case. Results show an increment in
thermal characteristics by adding 1 vf% and 5 vf% of Al2Os nanoparticles to the three refrigerants selected. However, the size of the
nanoparticle does not affect the thermal properties of nanofluid and the pressure drop does not show a specific pattern of behavior at
different concentrations of nanoparticles. Finally, the mixture of R134a with 30 nm of mean diameter size A2Os at 1 v{% was selected
because of its higher thermal efficiency and its favorable properties as a refrigerant.
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Analisis de nanofluidos para un sistema de refrigeracion

Resumen

Este trabajo presenta el analisis de nanofluidos para mejorar la eficiencia térmica de un sistema de refrigeracion. Se realizaron simulaciones
en ANSYS FLUENT 15.0 de la mezcla de refrigerantes R113, R123 y R134a, con nanoparticulas de AbOs al 1 vf% y 5 vi% de
concentracion, fluyendo a través de un tubo horizontal con temperatura de pared constante. Se empled el modelo de mezcla Mixture, y el
modelo de turbulencia k-e para obtener resultados del coeficiente de transferencia de calor, temperatura y caida de presion para cada uno
de los casos. Los resultados muestran un aumento en las caracteristicas térmicas de los tres refrigerantes utilizados. Sin embargo el tamafio
de las nanoparticulas no afecta las caracteristicas del nanofluido, y no se presenta una tendencia en el comportamiento de la caida de la
presion a diferentes concentraciones de nanoparticulas. Finalmente se selecciono la mezcla de R134a y particulas de 30 nm de diametro de
Al203 al 1vf% debido a su mayor eficiencia térmica y a sus mejores caracteristicas como refrigerante.

Palabras clave: nanofluidos; sistema de refrigeracion; eficiencia térmica; coeficiente de transferencia de calor.

1. Introduction ability to absorb heat at low temperatures and pressures, and
yield to higher temperatures and pressures. They can be
1.1. Refrigeration Systems classified into five groups [1]:

e Halocarbon: CFC-11 or R-11, CFC-12 or R-12, CFC-113
Refrigeration is a thermal process in which heat transfer or R-113, CFC-114 or R-114 and CFC-115 or R-115.
is promoted between a system and a refrigerating fluid to ® Hydrocarbons (HC): Methane (R-50), ethane (R.170),

remove heat and maintain a low temperature. Refrigeration propane (R-290), n-butane (R-600), and isobutane (R-
systems are used for domestic, commercial and industrial 600a).
applications. Additionally, they are used for food e Inorganic compounds: ammonia (R-717), water (H20),
preservation, air conditioners and in the transportation air (R-729), carbon dioxide (R-744) and sulfur dioxide
industry. Refrigerants are those kinds of fluids that have the (SO2).
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e Azeotropic mixtures: R-502 (48.8% R-22 and R-115
51.2%), R-500 (73.8% R-12 and R-152a 26.2%), R-503
(59.95% R-13 and R-23 40.1%), and R-504 (48.2% R-32
and R-115 51.8%).

e Zeotropic Mixtures: R-401A and R-401B.

Several authors have studied and identified the optimal
parameters for optimal performance of the compression
refrigeration cycle [1-5]. No fluid is ideal in all aspects; each
refrigerant can have negative properties such as toxicity,
chemical instability, flammability, high operating pressures
or poor thermodynamic properties. Currently, the most
widely used fluid in refrigeration and air conditioners is
limited to HFCs refrigerants R134a, R32, R125, R143a and
mixtures of these, as well as some hydrocarbons (propane
and isobutane), ammonia and dioxide carbon [2].

Historically inorganic natural refrigerants such as R717,
R744,R764,R11 or R12 have been used as CFCs and HCFCs
such as R22, and R502 mixture [3]. Currently HFCs like R32
and R134a are used as replacement refrigerants, as well as
zeotropic as mixtures of HFCs R404A, R407C, R410A, R507
azeotropic mixtures of HFCs and natural hydrocarbons such
as R600a and R290. The CFC refrigerants R11 and R12 have
been substituted by R123 (HCHC) and R134a (HFC)
refrigerants with a reduction in impact on the deterioration of
the ozone layer [3]. R134a is still a greenhouse gas, so in the
future must be replaced. R152a, CO, and R1234yf have been
considered as possible replacements of this. However, R152a
is a flammable fluid, making it difficult to use and CO,
requires higher working pressure than R134a, which is not
practical for a refrigeration system.

Many studies have been undertaken on the impact of
refrigerants in the deterioration of the ozone layer and global
warming. Efforts have focused on finding an alternative fluid
as an ideal substitute. However, the probability of finding an
ideal refrigerant is practically zero, due to the number of
factors that are involved in the performance of refrigeration
systems [6]. R123 has replaced R11 in centrifugal chillers. It
is a low pressure, high efficiency refrigerant, and miscible
with mineral lubricants. R123 is safer than R11, but a long-
term alternative to replace it (R245fa or R245ca) must be
found. HCHC are less reactive than CFCs, because of their
hydrogen content. R123 has a lifetime in the atmosphere and
a lower ODP (Ozone Depletion Potential) than CFCs.
However, the Montreal Protocol has limited its use since
January 1, 1996 and is expected to gradually decrease its use
until 2030 [7].

HFCs have better environmental characteristics than the
CFCs because they contain no chlorine atoms and zero ODP.
In [7] the authors present the R134a as an attractive option
and a long-term alternative to replace R12 and R22.
According to the information reported in the literature, R123
and R134a refrigerants were selected. Zeotropic and
azeotropic mixtures were not chosen because their properties
and characteristics are more complex for computational
analysis to be undertaken. However, these mixtures are not
discarded for further analysis. Additionally, testing with
refrigerant R113, which has been extensively studied in
experimental and computational evidence, was performed in
order to have a point of comparison and validation of results.

1.2. Nanofluids

Nanofluids are a suspension of particles between 0 and
100 nm in a base fluid. They have thermophysical properties
different to the base fluid due to the addition of metal or metal
oxide particles to increase the coefficients of thermal
conduction and convection [8,9]. The main characteristic of
nanofluids is the ability to enhance heat transfer without
altering the base fluid Newtonian behavior with the addition
of small concentrations of solid particles [10].

Experimental and numeric tests have been performed in
order to better understand the behavior of these fluids and
their characteristics. Studies have focused on thermal
conductivity, convective heat transfer coefficient, viscosity,
evaporation phenomenon, the influence of particle size and
optimal concentration of particles. Some of the advantages to
using nanofluids proposed by Choi in [11] are:

e High specific surface area and therefore greater heat
transfer surface between particles and fluid.

e High stability of the dispersion where the Brownian
motion of particles dominates.

e Reduction of the pumping power in comparison with the
base liquid, to achieve an equivalent heat transfer.

e Reduced clogging particles compared to conventional
suspensions, promoting miniaturization of the system.

e Adjustable properties by varying the concentration of
particles.

In [12], the authors describe the challenges faced in studying
nanofluids and its characteristics such as thermal conductivity,
the Brownian motion of particles, migration of these and the
variation of thermophysical properties with change in
temperature [8]. The long-term stability of the dispersion of
nanoparticles is a technical challenge to prevent the accumulation
and sedimentation of particles. The pressure drop and higher
pumping power should also be considered to determine the
efficiency of nanofluids. Other challenges include an increase in
viscosity with greater concentration of particles, low specific heat
compared to the base fluid, the prediction of thermal
conductivity, high costs and production processes.

1.3. Nanorefrigerants

Recently nanoparticles have been used to enhance the
thermophysical properties of refrigerants in order to achieve
greater efficiency and profitability in refrigeration and air
conditioning. In the literature, studies have reported rheological
and heat transfer mechanisms to different concentrations of CuO
nanoparticles, ALO3, SiO,, diamond, CNT (carbon nanotube),
TiO; as refrigerants R11, R113, R123, R134a and R141b [12].
The effect of the size of the nanoparticles on heat transfer in
mixtures of refrigerant, oil and nanoparticles is investigated
experimentally with R113, VG68 oil and Cu particles with
diameters of 20, 50 and 80 nm [13]. The results show a
maximum increase of 23.8 % in the heat transfer coefficient in a
pool nucleate boiling with reduced diameter from 80 to 20 nm.

One of the main factors in the efficiency of a refrigeration
system with nanorefrigerants is the heat transfer in the phase
change of the heat exchangers (evaporator and condenser).
Heat transfer by flow boiling of a nanorefrigerant was studied
by Peng et al. [14] using a mixture of R113 and CuO
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particles. Experimental tests show a 29.7 % increase in the
heat transfer coefficient due to the addition of CuO
nanoparticles. Peng et al. [14] also proposed a correlation for
heat transfer in nanorefrigerants and obtained a deviation of
+ 20 % with the experimental results.

Peng et al. [14] propose using the impact factor of the
nanoparticle to correct the coefficient of heat transfer of the pure
refrigerant. The impact factor of the F; nanoparticle is shown

ineq. (1).

k (pCP)n

Fur =ex 082 —-39.94—_1

HT Py kr,L (pCp)r‘L
—0.028G 1)

—733.26x(1 —x)

!

where the subscript "n" and "r, L" represent the properties
of nanoparticles and pure refrigerant, respectively. k is the
thermal conductivity, p is the density, Cp is the isobaric
specific heat, ¢ is the volume fraction of the nanoparticles, G
is the mass flux and x is vapor quality. To find the heat
transfer coefficient, Peng, et al. used eq. (2) [14].

hr,n = Fyrhy, ()
where h represents the heat transfer coefficient for both,
refrigerant and the nanoparticle suspension.

Various combinations of nanoparticles have been studied to
analyze the boiling heat transfer by flow boiling of a refrigerant
in a horizontal pipe [15]. The nanorefrigerants they used were
Cu-Al-R141b, A,O3.R141b, and CuO-R141b. They did some
experimental tests where the heat transfer coefficient increased
by varying the mass fraction of nanoparticles. Cu particles have
a better effect on improving the performance of heat transfer of
nanorefrigerants due to their high thermal conductivity. Other
factors influencing the performance of nanorefrigerants are
mass flux and vapor quality.

The research reported in the literature focuses on the
analysis of heat transfer single phase nanofluids, and some
reference pool nucleate boiling. However, the research on
phase change in flow boiling of nanofluids, which are very
common in refrigeration systems, heat exchangers and air
conditioners, is very limited. Boiling characteristics and
nanofluids flow in two phases dependent on properties such
as specific heat, latent heat, density, surface tension, to name
but a few [16]. Further research is needed to enable a better
understanding of the properties of nanofluids and how to
measure them in evaporation and condensation systems for
application in a refrigeration cycle.

Mahbubul et al. [17] conducted a study of the characteristics
of heat transfer and pressure drop to a mixture of A,O3-R141b
for different concentrations and phase change due to flow
boiling. The analysis was performed in a pipe of 6 mm of
diameter and 1000 mm of length. The analysis was undertaken
with an inlet temperature of 298 K, a pressure of 78,535 kPa, a
mass flux of 100 kg/m?.s and an input speed of 5 m/s, resulting
in a turbulent flow through the pipe. The wall was subjected to
a uniform heat flux of 5000 W/m?. They used a correlation

given by [14] to calculate the heat transfer coefficient. They
found that both heat transfer and pressure drop increase with
increasing volume concentration of nanoparticles, which can
improve the performance of cooling systems by increasing
energy efficiency and cooling capacity.

In a subsequent study, Mahbubul et al. [18] investigated the
thermophysical properties, pressure drop and heat transfer of
30 nm Al,O3 nanoparticles suspended in the R-134a refrigerant.
Nanoparticle concentration varied from 1 vf% to 5 vi% [17].
The pipe used for analysis was 8.12 mm of diameter and
1500 mm of length. Entry conditions were 706 kPa, 300 K,
uniform mass flux of 100 kg/m?s, 5 m/s of velocity and a
uniform wall heat flow rate of 5000 W/m? In the research
presented in this paper, these data were taken as a reference for
the analysis of different nanorefrigerants, but using a constant
wall temperature of 330 K and a temperature of 298.15 K at the
inlet of the pipe.

Simulations were carried out in ANSYS FLUENT 15.0
varying the working fluid (R113, R123 and R134a), with 0
vf.%, 1 vf.% and 5 vf.% of Al,O; nanoparticle concentration.
Two cases were studied, at 0.5 m/s and 5 m/s (Reynolds
number for R134a of 24239.40 and 242394.0 respectively)
inlet velocity in a horizontal tube with a constant wall
temperature. Results were compared taking into account the
change in pressure drop, temperature through the tube, heat
transfer coefficient and thermal conductivity between the
base fluid and the nanofluid. The properties of the
nanoparticles and refrigerants are shown in Table 1 and 2
respectively, these are considered constant for the study.

In [19] and [20] the properties of the nanofluid were
obtained before the simulation because it was taken as a
single phase model. For this reason, the Brownian effects
were taken into account in order to calculate the effective
thermal conductivity. In the present study, the nanofluid has
a change of phase from liquid to vapor, and it is considered
to be a multiphase model where particles and fluid were
solved using a mixture model. “The mixture model solves the
continuity equation for the mixture, the momentum equation
for the mixture, the energy equation for the mixture, and the
volume fraction equation for the secondary phases, as well as
algebraic expressions for the relative velocities (if the phases
are moving at different velocities)” [21]. The effective
thermal conductivity is calculated by Fluent as a summatory
of the thermal conductivity of each phase plus the turbulent
thermal conductivity given by the turbulent model used.

2. Mathematical models

Two approaches have been reported in the literature to
model dynamic phenomena and heat transfer of nanofluids
[10]. The first approach treats nanofluids as a single phase
fluid, assuming that the solid particles are in thermal
equilibrium with the fluid phase and the relative velocity
between them is zero. The second approach found in the
literature adopted a two-phase flow, where the moving speed
between the particles and the fluid is not necessarily zero.
Authors argue that simulations that treat the solid phase and
liquid separately have more accurate results when seen as a
single phase. The most appropriate used model to simulate
the flow of the two phases in CFD is the mixture model.
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Figure 1. Model diagram
Source: The authors.
Table 1.
Properties of Al,O; nanoparticles
Properties ALOs
Density, kg/m3 3880
Heat Capacity, kJ/kgK 0,729

Thermal conductivity, W/mK 40
Source: The authors.

Table 2.
Properties of Refrigerants

Properties R134a R123 R113
Chemical Formula CH,FCF; CHCI,CF; CCLFCCIF,
Molecular weight 102,03 152,93 187,35
Boiling Point at 1 atm, K 247,01 301,11 320,85
L1qu13d density at 298.15 K (25°C), 1206 1463 1563.05
kg/m
Dgnmty (Sa;turated vapour) at boiling 525 647 3.467
point, kg/m
Heat Capacity (liquid) at 298.15 K
(25°C) and 1 atm, kJ/kgK 1,44 0,965 0,94
Heat Capacity (saturated vapour) at
298.15K (25°C) and 1 atm, ki/kgk 052 0721 0,939
Thermal conductivity (liquid) at
298.15 K (25°C), W/mK 0,0824 0,081 0,068248
Thermal conductivity (vapour at 1
atm) at 298.15 K (25°C), Wimk 00145 0.0112 000849
Viscosity (liquid) at 298.15 K
(25°C), mPa.s 0,202 0,456 0,653
Viscosity (vapour at 1 atm) at 298.15 0.012 0.011 0.0096

K (25°C), mPa.s
Source: The authors.

Akbari et al. in [22] developed a computational study of
convection with a mixture of water and Al,O3; nanoparticles
in a horizontal pipe. The analysis was carried out with
uniform heat flow to compare the single-phase model, and
the three CFD models for multiphase flow (Volume of Fluid,
Mixture and Eulerian). The authors found very similar results
for the hydrodynamic behavior of nanofluid. However, the
thermodynamic results differ in the different models used;
the two-phase model being more accurate. For successful
results with the single phase model it is necessary to use
complex correlations to effectively characterize the
properties of the nanofluid.

There are two approaches for using the two phase model.
The Lagrangian-Eulerian approach, which is used when the
volume fraction of the secondary phase is less than 10 vf.%
and the Eulerian-Eulerian approach for higher volume
fractions. Generally the amount of nanoparticles used in
nanofluids is very large even for very small volume fractions;
therefore, it is not advisable to use the Lagrangian-Eulerian

approach due to the high computational cost that this implies
[22]. Moraveji et al. in [23] made a comparison between CFD
models of one and two-phases to study heat transfer by flow
boiling Al,Os-water with 100 nm nanoparticles, in a pipe
with constant heat flux on the wall. Heat transfer is enhanced
by increasing the concentration of nanoparticles and the
Reynolds number. Numerical data were obtained using a
correlation for the Nusselt number in a horizontal line based
on the Reynolds (Re) and Prandtl (Pr) numbers and the
volume fraction (¢) [23].

Nu = 0.716Re%314pr0-6403, 3)

The subcooled flow boiling of Al,Os-water with 30 nm
nanoparticles was investigated numerically by Abedini et al.
in [24]. The nanoparticles have a large effect on the
thermophysical properties of the base fluid, such as viscosity,
specific heat and density. In this case it is assumed that a
nanofluid behaves as a homogeneous liquid due to the low
volume fraction of vapor during subcooled boiling, so the
system is solved by a two-phase model, the phase of
nanofluid and the vapor phase [24]. A Mixture Eulerian
model is used for the computational solution because it
represents a simple way to solve the problem by obtaining a
coefficient of heat transfer consistent with experimental data.
The results show that increasing the concentration of
nanoparticles increases the heat transfer. However, low
concentrations of particles (1 — 2 vf.%) are more effective in
heat transfer coefficient.

ANSYS Fluent has the ability to solve problems with
multiphase flows, which are grouped into four categories:
gas-liquid or liquid-liquid flow; gas-solid flow; liquid-solid
flow; and three-phase flows [21].

The Mixture Model treats phases as interpenetrating
continuous phases [25]. It solves the momentum, continuity,
and energy equations for the mixture, and solves the equation
of volume fraction for the secondary phases and prescribes
relative velocities to describe the dispersed phases through
algebraic expressions.

The Mixture Model selects granular phases and calculates
their properties for application in liquid-solid flows. It also
allows the phases move at different velocities using the
concept of sliding velocities. The Mixture and the k-e
turbulent models were employed to obtain results for the heat
transfer coefficient and temperature, and the Coupled
algorithm was chosen for the pressure—velocity coupling,
which solves all equations for phase velocity corrections and
shared pressure correction simultaneously [21].

The continuity equation for the mixture is:

7] - 4
S (P) + V(0 Tm) =0, @

where p,is the density of the mixture and Uy is the
averaged flow velocity:
—_— Yk=1 ‘Pkpkvk
vm - -
Pm
where the subindex k represents the phases of the
mixture.

)

179



Hernandez et al / DYNA 83 (196), pp. 176-183. April, 2016.

The mixture density is defined by:

n
©)
Pm= D PPy

k=1

The momentum equation for the mixture is obtained by
adding momentum equations for each phase

0 (D) + V(o)
—Vp +V [y, (VO + Vi)

(7

n
+pmg +F +V Z @1.PKVarkVark |
k=1

where g is the acceleration of gravity, n is the number of
phases, u,, is the viscosity of the mixture and is defined by:

n
= ) Oyl (8)
k=1

The drift velocity of the second phase ¥4, is defined by:

Vdrke = Uk = Um, )
The energy equation is applied as follows:
a n n
k=1 =

k=1
= V(keffVT) + SE:

where E}, is the energy of each phase, T is the temperature,
Sg includes others volumetric heat sources, and k.sr is the
effective thermal conductivity, expressed as follows:

kepr = )" @y (ki + k)

where kjrepresents the thermal conductivity of each
phase of the mixture and k, is the turbulent thermal
conductivity defined by the turbulent model used.

From the continuity equation for phase p, it can be can
obtained the volume fraction equation of the secondary phase:

(11)

%((pppp) +v ((pppﬁp)

n
= _V(‘Ppppﬁdr,p) + Z Mgy — Mg,
q=1

(12)

where 1, is the velocity of phase p and 711, characterizes
the mass transfer from the py to g phase.
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3 Results and discussion

For the simulations, different meshes were used to
validate the accuracy and consistency of the results, refining
the mesh and comparing the heat transfer coefficient for each
case. After a mesh independence study a mesh of 1°072.768
elements was selected because the results of the heat transfer
coefficient do not change significantly with the mesh.

The results cannot determine the influence of the concentration
of particles in the pressure drop of the pipe since the behavior is
different in each case as shown in Fig. 2 and 3, where the pressure
drop is presented for the three nanorefrigerants analyzed at different
concentrations of nanoparticles with a mean size diameter of 30 nm,
and a different Reynolds number.

The pressure drop for simulations with an initial velocity
of 0.5 m/s does not show a pattern that determines the
influence of the size and concentration of nanoparticles. In
this case, pressure drop for nanorefrigerant R134a and 30nm
AlLOj; at 1vf% is 4022.5 Pa. By increasing the initial velocity
at Sm/s, the pressure drop increases significantly, but is not
affected by the size or by the concentration of particles. For
nanorefrigerant R134a and 30nm A1203 at 1v{% at v=5Sm/s,
the pressure drop is 47071.14 Pa.

4500
.

4000

£ 3500

5 3000

1 2 3 4

Concentration of Al,Q; nanoparticles (%)
Figure 2. Pressure drop at 0.5 m/s velocity for A1203-R113 Re =9718.19
(), A1203-R123 Re = 13025.83 (A) and A1203-R134a Re = 24239.40( +),
with 30 nm mean size diameter particles of AI203.
Source: The authors.

75000
70000 A
g 3
< 65000 @
s ®
£ 60000
g
3 55000
g 50000
o
'S
*
45000 *
40000
0 1 2 3 4 5

Concentration of Al,O; nanoparticles (%)
Figure 3. Pressure drop at 5 m/s velocity for AL,O;-R113 Re = 97181.9 (e),
ALO;-R123 Re = 130258.3 (A) and Al,O;-R134a Re = 242394.0 (#), with
30 nm mean size diameter particles of Al,O;,
Source: The authors.
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An increase in the temperature of the fluid along the pipe is observed by
adding nanoparticles and the improvement is greater by increasing
nanoparticle concentration as shown in Fig.4. At the beginning of the pipe,
the temperature of the three fluids is very similar, until 0.2 m when it starts
to increase. The maximum values are obtained with a 5vf% nanoparticles
concentration.

In Fig. 5a. the temperature contour in the upper half of the
pipe and the velocity contour in the lower half, from the inlet
through 0.2 m of length are shown, in order to compare the
thermal and the hydrodynamic boundary layers. This is possible
because of the symmetry of the problem. It can be observed that
the thermal boundary layer develops more slowly than the
hydrodynamic layer, which is why there is not a significant
change in temperature in the first 0.2 m of length.

The temperature contour in the upper half of the pipe and
the velocity contour in the lower half, from 0.2 m through 0.4
m of the pipe is shown in Fig. 5b., where the temperature
starts to increase while the hydrodynamic boundary layer is
nearly fully developed.

In addition, the influence of particle size on temperature
and pressure drop was evaluated throughout the pipeline. It
was observed that where the mean size of particle is 20 and
50 nm the temperature had the same behavior as in Fig. 4
where the particle size is 30 nm. Therefore, particle size does
not have a significant impact on the temperature of the
nanorefrigerant.

The heat transfer coefficient is presented in Fig.6. where a
comparison of the three different nanorefrigerants is made at a
0.5 m/s velocity inlet with a 30 nm mean size diameter at 1
vf% and 5 vf%. R134a has the greatest heat transfer
coefficient at these conditions. Al,O3-R134a with 1 vf.% show
a24.60 % increase in the heat transfer coefficient in relation to
the pure refrigerant, but only 11.73 % more with a
concentration of 5 vf.% of particles. Al;03-R113 shows an
increase of 54.05 % of the heat transfer coefficient by adding
1 vf.% of nanoparticles to the pure refrigerant, and an increase
of 21.16 % with 5 vf.% of nanoparticles. And Al,O3-R123 has
a more linear behavior with a 9.87 % increase for 1 vf.% of
nanoparticles in relation to the pure refrigerant and an increase
0f31.62 % of the heat transfer coefficient with 5 vf.% of ALO;.

325

320

w
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w

w
=
o

L)
(=]

Temperature (K)
(W]

w
[=]
o

295

500 1000
Pipe length (mm)

Figure 4. Temperature profiles of Al,Os-R134a at 0 vf.% (m), 1 v£.% (A)

and 5 v£.% (e) with 30 nm mean size diameter particles of Al,O; through

pipeline with 1.6 m of length.

Source: The authors.
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Source: The authors.
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Figure 7. Heat transfer coefficient at 5 m/s velocity inlet for AI203-R113
(#), A1203-R123 (A) and AI203-R134a (m),with 30 nm mean size
diameter particles of A1203.
Source: The authors.
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Increasing the velocity inlet up to 5 m/s causes higher values of heat transfer
coefficient, 3000 W/m?K approximately, for base refrigerants. Fig. 7. shows a
similar behavior of the heat transfer coefficient for 1 v£% and 5 vf% of
nanoparticles. Adding 1 vf.% of Al,O;to any of the studied refrigerants increases
the heat transfer coefficient to 41 % approximately, and 17 % more by adding 5 %
of nanoparticles, for a total of 58 % in relation to the pure refrigerant. The heat
transfer coefficient was improved by increasing the nanoparticle concentration.
However, the improvement with 5 vf.% of nanoparticles is not significant enough,
and 1 vf.% of AL,O; is adequate for further calculations.

Thermal conductivity in relation to the concentration of
nanoparticles is presented in Fig. 8 and Fig. 9 at 0.5 m/s and
5 m/s respectively. These graphics show an increase in thermal
conductivity by adding nanoparticles at different concentrations.
AlLO3 nanoparticles has a great impact on R113 thermal
conductivity at 0.5 m/s, while R123 and R134a have a lower
thermal conductivity and a very similar tendency to increase. At
5 m/s the thermal conductivity of nanorefrigerants can have a
very similar increase by adding more particles. In this example,
particle size has no influence on thermal conductivity behavior.
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Figure 8. Thermal conductivity at 0.5 m/s velocity inlet for ALLO;-R113 (o),
ALO;-R123 (A) and ALO;-R134a (m), with 30 nm mean size diameter
particles of ALOs.

Source: The authors.
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Figure 9. Thermal conductivity at 5 m/s velocity inlet for ALOs;-R113 (),
Al,0;-R123 (A) and AL,O;-R134a (m), with 30 nm mean size diameter

particles of AL,Os.
Source: The authors.
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4. Conclusions

Results show that adding nanoparticles to refrigerant
fluids improves the thermal characteristics such as thermal
conductivity and the heat transfer coefficient, which could
mean enhancing the performance of refrigeration systems.
The pressure drop of nanofluids studied does not show a
particular relation with respect to the nano particles
concentration, not allowing to conclude about the effect of
that variable on the pressure drop, that is why further research
efforts should analyze this feature as well as the migration of
particles due to phase change since the mixture model is
unable to predict it correctly.

It was observed that nanoparticle size does not affect the
thermal characteristics of nanofluids. On the other hand, a
concentration of nanoparticles results in an improvement to
those characteristics, 1 vf.% being the best concentration
because it has a significant impact on thermal conductivity
and the heat transfer coefficient with less particles than 5
vf.% concentration.

Results show an improvement in thermal characteristics
by increasing inlet velocity for each of the refrigerants,
however this means a significant increase in pressure drop.
At a higher inlet velocity, the difference in thermal
conductivity and in heat transfer coefficient is not
appreciable between the three studied nanorefrigerants.

R134a with 30 nm Al,Os at 1 vf.% is a excellent option
because it has a lower environmental impact and it has an
exceptional thermal performance which is convenient in
refrigerant systems.
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