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showed some limitation in ways of dispersing nanoparticles into refrigerant. Hence, a
Available online 14 November 2020

new idea of adding nanoparticles into refrigerant has been presented. A mixing
chamber has been designed to mix nanoparticles into high pressure refrigerant. The
mixing chamber design is drawn with five different wall thickness which are 2 mm, 4
mm, 6 mm, 8 mm and 10 mm to investigate the sturdiest design that can withstand
high pressure. Static structural analysis is performed to all designs with different wall
thickness on SolidWorks Simulation. The maximum values of von Misses stress and
displacement has been presented in this paper. Validation of the results are made by
comparing the maximum values of von Mises stress with yield strength of the material.
Mixing chamber with wall thickness of 10 mm showed the best results.
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1. Introduction

Refrigerant is a material used during heat cycle to transfer heat from one region and remove it
to another. Refrigerants play an essential position in refrigeration and air conditioning systems which
regularly consumes a significant proportion of energy generated, particularly in the more advanced
countries for industries, commercial buildings and automotive.

Nanoparticles are a broad group of materials that include particulate substances, which have one
dimension less than 100nm at least [1-6]. Metal, metal oxide or carbon are some popular examples
of nanoparticles. Nanorefrigerant is formed when refrigerant is mixed with small amount of
nanoparticles, usually less than 4% of total volume of the mixture. Results from previous researches
have shown that nanorefrigerant would achieve more than 10% better thermal conductivity
compared to pure refrigerant [7-15]. The three main benefits of using refrigerants with nanoparticles
are [15]: 1) Solubility between refrigerant and the lubricant can be enhanced. 2) Thermal conductivity
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and heat transfer characteristics of the refrigerant can be improved. 3) The friction coefficient and
wear rate reduces when nanoparticles are dispersed into the refrigerant. From the advantages of
using nanorefrigerants, better refrigeration systems are attainable. A number of researches have
been conducted to investigate the performance of nanorefrigerant.

In experimental works, the nanorefrigerant research community is divided into two groups. The
first group of researchers add nanoparticles into lubricant first before disperse it into the
refrigeration system. Subramani and Prakash [16] added nanoparticles into mineral oil which act as
lubricant before being released in R134a refrigeration system. Bartelt et al [17] added nanoparticles
into polyester lubricant (RL68H) before being released in R134a refrigeration system. The heat
transfer coefficient is then measured when nanorefrigerant flowing through a horizontal tube.
Henderson et al [18] added nanoparticles into polyester oil which act as lubricant before being
released in R134a refrigeration system. Bi et a/ [19] added nanoparticles into mineral oil which act as
lubricant before being released in R134a refrigeration system. The performance is then investigated
by using energy consumption test and freeze capacity test. Mahbubul et a/ [20] added nanoparticles
into POE oil which act as lubricant before being released in R134a refrigeration system.

The second group of researchers disperse nanoparticles directly into refrigerant. Park and Jung
[21] added nanoparticles into long plain tube with nucleate boiling heat transfer of R134a and R132.
Sun and Yang [22] performed experimental work to investigate the heat transfer and flow
characteristic of nanorefrigerant. Nanoparticles was added directly into refrigerant R141b by using
two-step method. The researchers chose to mix nanoparticles directly with refrigerant since R141b
is a low pressure refrigerant. Jiang et al [23] also dispersed nanoparticles directly into refrigerant
R113. This method is chosen since refrigerant R113 is in the liquid state at room temperature and
atmospheric pressure.

From the above brief review, most researchers mix nanoparticle into lubricant first before being
released and tested with refrigerant in refrigeration system. This is mostly because most refrigerant
is high pressure and a gas at room temperature. Hence, it is difficult to add nanoparticles directly into
refrigerant. The adding nanoparticles into lubricant is resulting in difficulties to investigate the
properties of nanorefrigerant. This is because refrigerant, lubricant and nanoparticles are mixed
together in the system. So, usually researchers will observe or measure the overall performance of
the system to see the effectiveness of the nanoparticles. Previous studies also mostly did not
investigate the sedimentation of nanorefrigerant mixture. According to some researchers, the
aggregation and sedimentation of nanoparticles in the nanorefrigerant may reduce the stability of
nanorefrigerant and limit the application of nanorefrigerant [24]. Therefore, it is important to check
if sedimentation occurs. So for this research, a new idea of mixing nanorefrigerant is designed to
overcome these limitations.

2. Design of Mixing Chamber

A mixing chamber was designed after background research was made. This design consists of one
inlet valve and one outlet valve. The function of this mixing chamber is to mix nanoparticles with
refrigerant, measure thermal conductivity of the nanorefrigerant and to observe if any sedimentation
occurs. Overall size of this design is approximately 180 mm width, 180 mm length and 178 mm height.
Itis designed to be small-scale to ease the experiment process of new nanorefrigerant since it requires
less proportion of materials. This design consists of seven different parts which are the cylinder body,
upper cap, lower cap, small cap, stick of thermal conductivity, long screw and short screw. Each part
has its own function. Figure below shows the 3D design of the mixing chamber.
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Fig. 1. Exploded view of the mixing chamber
2.1 Static Analysis

The mixing chamber was modelled in SolidWorks. SolidWorks Simulation is a finite element
analysis (FEA) tool that enable users to make structural analysis on a structure such as displacement,
stress, buckling, fatigue life and many more. Structural analysis is essential because it offers the basis
for structural design and also assesses whether a particular structural design can withstand external
and internal stresses and forces. Thickness of the cylindrical wall was set varies from 2 mm to 10 mm.
The boundary conditions for the structure are shown in Figure 2. The loading due to nanorefrigerant
was modelled by pressure with the maximal value 5 MPa. A structural analysis is done to identify the
most optimum wall thickness of mixing chamber body. Material chosen for the cylinder body of the
chamber is acrylic. Meanwhile, aluminium is chosen as material of the upper and lower cap. The
material properties of the cylinder body are: mass density p = 1200 kg/m?3 and yield point Re = 75 MPa.
The material properties of the upper and lower cap are: mass density p = 2710 kg/m? and yield point
Re =276 MPa

Fig. 2. Boundary conditions applied on model
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The mesh finite elements were generated as shown in figure 4. Standard mesh was chosen. The
element size of 10.48 mm and the element size tolerance of 0.52 mm are established automatically
based on the geometric features of the SolidWorks structure.

Fig. 3. Finite element mesh

3. Results and Discussion

The results of static analysis are given in the following figures. The results that are observed from
the structural analysis are the maximum values of von Misses stress and the maximum values of
displacement. Richard Elder von Misses designed an equation that uses each normal and shear stress
values and make it into single value that can be used to compare with the yield strength of material
[25]. The value is called “von Misses stress”. By following his criteria, the part is failing if the von
Misses value is greater than the yield strength. If the value is smaller, then the part is not failing since
it is within the yield criteria. Material chosen for the caps is aluminium with average yield strength of
276 MPa. Acrylic was chosen as material for the cylinder and the average yield strength is 73 MPa.

Stress plot for 2 mm wall thickness are shown in Figure 4. The maximum von Misses stress is
109.3 MPa and it is located at the cylinder. This value is greater than yield strength of the acrylic and
hence failure will occur.

von Mises (N/mmA2 (MPa))
1.093¢+002
l 1.002¢+002
L 9.109+001
8,18¢+001
- 1.287es01
. 6.376e+001
5.466e+001
45552+ 001
“ 3.644e+001

2733¢4c01

1.522e+001
9,105+ 000
20646004

Fig. 4. Stress plot for 2 mm
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The maximum value of von Misses stress for mixing chamber with 4 mm wall thickness is 75.96
MPa. It is located at the upper cap so that value was compared with yield strength of aluminium
which is 276 MPa. The von Misses stress value is smaller than the yield point hence this mixing
chamber will not experience failure. Stress plot for 4 mm wall thickness are shown in Figure 5. The
maximum von Misses stress for mixing chamber with wall thickness of 6 mm, 8 mm and 10 mm are
75.71 MPa, 76. 98 MPa and 78.18 MPa respectively. All of the stresses are located at the upper cap
and the values are smaller than the yield strength. The value of maximum von Misses stress at mixing
chamber with 10 mm wall is slightly higher than that value of 8 mm wall. However, both of these
values still did not exceed the yield point hence no failure will occur.
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7.596e+001 Max; 7.57124+ 001

l 6.963e+001

. 6:330e+001

7.571e+001

l 69306+ 001
" 63094001
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I 3.785¢+001
315504001

2.524e+001

- A431e+001

3.7%e+001

! 3.165¢+001
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. 1893e4001

1.262¢+001
6309+ 000
5.154e-004

. 1.899e+001

1.266e+001
6.330e+000
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Fig. 5. Stress plot for 4 mm Fig. 6. Stress plot for 6 mm

The maximum von Misses stress values acting on the mixing chamber with five different wall
thickness are shown in table below. Only mixing chamber with 2 mm wall has maximum stress greater
than yield strength of the material where the maximum stress occurs. Mixing chamber with 4 mm, 6
mm, 8 mm and 10 mm all have values of maximum stress smaller than yield strength of the material.
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Fig. 7. Stress plot for 8 mm Fig. 8. Stress plot for 10 mm
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Table 1

Computed maximal values of von Misses stress

Thickness of cylindrical wall (mm)

2

4

6

8

10

Maximum von Misses stress (MPa)

109.30

75.96

75.71

76.90

78.1

Displacement plots are also observed. The results show resultant displacement of the model. The
maximum displacement value is not compared and validated with any value, unlike the von Misses
stress. However, the smallest value of maximum displacement is the most favourable. Design with 2
mm wall thickness shows the biggest maximum displacement which is 1.445 mm and it is located at
the cylinder. Design with wall thickness of 4 mm, 6 mm and 8 mm also show maximum displacement
at the cylinder which are 0.715 mm, 0.493 mm and 0.387 mm respectively. The smallest value of
maximum displacement is observed on the design with 10 mm of wall thickness. Displacement plot
for all five different wall thickness are shown in the figures below.
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Fig. 9. Displacement plot for 2 mm
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Fig. 11. Displacement plot for 6 mm
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Fig. 10. Displacement plot for 4 mm
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Fig. 12. Displacement plot for 8 mm
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Fig. 13. Displacement plot for 10 mm

All maximum displacement for five different thickness of mixing chamber wall is shown in table.

From the static analysis, it can be seen that the thicker the wall thickness, the smaller the maximum
displacement.

Table 2
Computed maximal values of displacement
Thickness of Cylindrical Wall (mm) 2 4 6 8 10
Maximum Displacement (mm) 1.445 0.715 0.493 0.387 0.327

4. Conclusion

Static structural analysis of the mixing chamber was performed. The mixing chamber was

modelled from acrylic and aluminium as 3D body. The finite analysis was performed by SolidWorks
Simulation. Five different thickness (2 mm, 4 mm, 6 mm, 8 mm, and 10 mm) were taken into account.
The von Misses stress plots and the displacement plots served for comparison of results. The
maximum von Misses stress values were compared with the material yield strength to identify design
failure. Mixing chamber design with wall thickness of 10 mm showed the lowest maximum
displacement and the maximum von Misses stress does not exceed yield strength of the material.
The maximum values of displacement and von Misses stress for mixing chamber with 10 mm wall
thickness are 0.327 mm and 78.1 MPa respectively.
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