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ARTICLE INFO ABSTRACT
Keywords: A vortex tube that can be employed to lower the temperature of the inlet air of a 7.5 kW piston air
Compressed air production process compressor was designed and tested. The vortex tube reduces the air temperature by acting as a

Energy efficiency

Air compressor inlet
Reciprocating air compressor
Energy savings

cold air generator that exchanges the temperature within the evaporator. The first step of the
research method started with the design of nozzles of three sizes to be used for the vortex tubes in
order to identify the most effective nozzle size, followed by the conducting of experiments to
determine the energy saving procedures that can be applied to and affect the compressed air. The
results of the experiments showed that the most effective design of the nozzle was able to decrease
the temperature of the inlet air of the compressor by 8.3 °C. The calculation of the highest energy
saving settings was 2.3% with 6.0 bar for the vortex tube and 0.0 bar for the low-pressure air tank.
This savings was a result of a decrease in the pressure in the vortex tube or an increase in the low-
pressure air tank’s pressure level. Therefore, it was found that the energy efficiency can be
improved by increasing the pressure to the vortex tube.

1. Introduction

Compressed air is widely used as a fluid energy for manufacturing processes in industrial plants. Compressed air systems are easy to
control, quick to use, have no risk of explosion and are inexpensive, and thus facilitate car service centers, car care and many more
tasks. The amount of electricity consumed by compressed air systems is 10% in Europe, the USA and Malaysia, 9.4% in China, and 9%
in South Africa. In these systems, a motor in the form of an air compressor is used to produce compressed air by using the power from
the electric motor to generate the fluid power. Throughout an air compressor’s lifetime, the cost is 16% for the air compressor unit, 6%
for the maintenance expenses and 78% for the energy to power the air compressor [1].

Compared to other forms of energy, compressed air is inefficient, due to only 19% of its energy being usable [2]. There are many
losses in the system, for example the waste heat from the air compressor, leakage of air in the system, inaccurate pressure levels, an
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Nomenclature

AT, temperature difference between the inlet and the cold outlet
ATy temperature difference between the inlet and the hot outlet
V4 specific heat ratio

p density (kg/m>)

Nac efficiency of air compressor (%)

A cross-sectional area (mz)

C.0.P.  coefficient of performance

Gy specific heat at constant pressure (kJ/kg K)

m mass flow rate (kg/s)

me mass flow rate for cold stream (kg/s)

my mass flow rate for hot stream (kg/s)

m; inlet mass flow rate (kg/s)

n polytropic index

P air pressure (bar)

Py ambient pressure (bar)

P; outlet pressure of air compressor (°C)

p, pressure in low pressure tank (bar)
P3 inlet pressure to vortex tube (bar)
P, cold outlet pressure (bar)

P; inlet pressure (bar)

Q. thermal cooling load (kW)

Qn thermal heating load (kW)

R gas constant (kJ/kg K)

T air temperature (°C)

To ambient temperature (°C)

T, inlet air temperature to air compressor (°C)
T, outlet air temperature of air compressor (°C)
Ts inlet air temperature to vortex tube (°C)

Ty outlet air temperature of vortex tube (°C)
Ts outlet air temperature of evaporator (°C)
T. cold outlet temperature (°C)

T hot outlet temperature (°C)

T; inlet temperature (°C)

He cold mass fraction

v air velocity (m/s)

1% volume flow rate (m®/s)

Waer energy input of air compressor (kJ/kg)
Waer energy input of air compressor (kW)

Wac.O energy output of air compressor (kW)

Ww; work input rate (kW)

excessively large air compressor, inappropriate pressure throughout the system or control of the air compressor, etc. [3,4]. Thus, it is
necessary to implement energy conservation in compressed air systems for industrial purposes because the energy consumption
represents a significant cost in the production process. Based on the abovementioned factors causing the loss of energy in compressed
air systems, there is a possibility of achieving a reduction in the loss of energy loss from the air compressor by lowering the air
temperature at the inlet of the air compressor through the use of a vortex tube and thereby, increasing its efficiency. Therefore, the
design and testing of vortex tubes for use in reducing the temperature at the compressor’s air inlet was the objective of this research.
Because Thailand is a tropical country, the air temperature in the housing of the air compressors is high. as a consequence of the heat
from the sunlight entering the building where the air compressors are installed via the roof [5-7] and walls [8,9]. Moreover, the
machine’s operation transfers the generated heat to the housing of the compressors [10-12].

In previous research, several interesting methods of cooling the inlet air entering air compressors have been investigated. As
mentioned by Refs. [13,14], the inlet fogging system using two-fluid nozzles was tested in order to determine the important parameters
including the air supply pressure, temperature and water flow rate. Other methods, for example direct evaporative pad cooling, were
also implemented in poultry houses [15] as well as a thermo-electric module for cooling a dual processor computer and air cooler fan
[16,17].
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1.1. Vortex tubes

A vortex tube is a device involving the phenomenon of separation of air currents with different temperatures that was discovered
accidentally by Georges Ranque, a French physicist, while conducting an experiment. As a result, vortex tubes can produce currents of
cool and hot air simultaneously through the compressed air flow in the pipe. The compressed air enters a T-shaped cylindrical pipe
having a nozzle in the center close to the inlet pipe, in which hot currents are produced and flow out of one exit of the pipe and a cold
stream of air escapes from the other exit, a process that Ranque, who patented it in the United States in 1934, described in his published
research [18]. In 1947, Rudolf Hilsch, a German researcher, conducted a study and published his findings that provided information
about improving the composition, structure and size of the pipes and described the working conditions that have an impact on the
performance of vortex pipes. Moreover, the potential for utilizing this device for the purpose of spot cooling was suggested [19-22].
Over time, there has been increasing interest in vortex tubes from researchers conducting theoretical studies that explain the phe-
nomena of temperature separation and operation as well as those who are investigating the effective applications of vortex pipes [23].

Asseen in Fig. 1, the operation of a vortex tube begins with the flow of the high-pressure compressed air in a tangential line through
the nozzle into the tube, which involves strong circular movement at high rpm as well as centrifugal force. Consequently, the is an
expansion of the fluid within the pipe, which causes a decrease in the pressure. This results in a difference in the fluid’s velocity in the
center of the pipe, and the outer edge close to the pipe wall receives a kinetic energy transfer from the flow of fluid in the center of the
pipe to the fluid along the pipe wall. The temperature is then lowered by the air flow in the central axis, whereas the air current along
the pipe wall increases in temperature and causes the separation of the layer of thermal energy to occur inside the pipe. Furthermore,
the structure of the pipe includes a central orifice opening and a cone-shape valve located at the outlet of the pipe where the release of
the hot air occurs, causing lower temperature air currents in the core of the pipe that move back and forth to the central orifice and
exits the vortex tube at the end opposite to that of the hot air current [24,25].

The temperatures of the hot air and the reduced temperature cold air are calculated using Equations (1) and (2) [26].

AT, =T, — T, 1)
AT, =T, - T; 2)

where AT, indicates the temperature of the cold air that is decreased from the temperature of the compressed air inlet (°C), AT}, is the
increase of temperature of the hot air from the compressed air inlet’s temperature (°C), T; is the temperature at the compressed air inlet
(°C), T. is the cold air temperature (°C), and T, is the hot air temperature (°C).

The calculations of the thermal cooling load (Q.) and thermal heating load (Qy) were performed in accordance with the following
equations [27]:

Qh = mh Cp(Th - Tx) (4)
The most commonly used variables in the evaluation of the efficiency of vortex tubes are the cold mass fraction () and the exiting

cold mass flow rate (m, ), which is compared with the air inlet mass flow rate (m; ) [28].

e
He=—
c m’

G))

The Coefficient of Performance (C.O.P.) of a vortex tube is defined as the ratio of the cooling rate per energy used in the cooling
based on the same principles of the isentropic expansion for ideal gas as in Equation (6) [29,30]:

Air inlet

0 & 4

/ ] ] ] ) ) ) ) ) ) Hot air

Cold air +—— AVAVAVAVAVAVAVAVAVAVAVAVAVAN:

Ny
]
‘

Orifice Cone-shape valve

Fig. 1. Working principle of a vortex tube.
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C.O.P:%: e C,(Ti = T.) .

1.2. Air compressors

A reciprocating stroke compressor is a type of air compressor that compresses the air in a cylinder by transferring it upward at the
top dead center (TDC) and the suction of the external air when moving it downward at the bottom dead center (BDC) of the cylinder, as
illustrated in Fig. 2(a).

The explanation of the operation of an air compressor is provided by the diagram showing the relationship between the pressure
and the volume (P-v diagram) of the air inside the cylinder, as seen in Fig. 2(b). The cycle of this process includes [31] (1-2) the
compressed air that is processed from pressure P; to pressure P; as a polytropic process (Pv" = C), (2-3) the process of removing the air
from the cylinder at constant pressure (P, = P3), (3-4) the process of expanding the compressed air in the piston head gap as a pol-
ytropic process (Pv" = C), and (4-1) the process of pulling the air into the cylinder at constant pressure (P4 = Py).

The rate of the air flow entering the air compressor (V) is calculated [32] using Equation (7), where A represents the cross-sectional
part of the air tube and v indicates the speed of the air,

V=Av )

The mass flow rate of the air into the compressor (m) is another parameter, which is calculated by Equation (8), in which p is the air
density that is determined with Equation (9),

m :pV (8)
P
P=rr ©

The energy consumption of the theoretical air compressor is calculated based on Equation (10), where T; is the temperature of the
inlet air, P; is the absolute air pressure entering the compressor, P is the absolute air pressure exiting the compressor, n represents the
polytropic index, R indicates the air constant, and W, is the energy consumption per unit mass of the air compressor [33],

n=1

Wies =——R.T, <—> -1 (10)
n—1

The energy is used by the compressed air in units of kW (W), in which, if they were calculated with a mass flow rate of air into the
air compressor (m), it was found that

Wac,[ = qucJ (1 1)

The calculation of the hydraulic power is as follows [32]:

Weaeo = VP In <5> (12)
Py

The calculation of the efficiency of the compressed air () is performed with Equation (13) [33]:

Air in P“
Jl II P, 3 2
P, . ]
Air out‘ < > Vi val V) v
TDC

(b)

Fig. 2. Principle of a reciprocating air compressor.
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2. Experimental set up

Fig. 3 illustrates the design of the vortex tube studied in this work. As can be seen, the length of the hot air section is Ly = 4D, the
length of cold air section is L. = 0.5D, and the diameter D was set at 24 mm. The investigation included three types of nozzles, in which
the cold section diameter, d./D, and z, which represents the groove depth for the different nozzle sizes, were varied.

The design of the vortex tube is aimed at the reduction of the temperature at the compressor’s air inlet by operating in combination
with the evaporator, as seen in Fig. 4, in which the exchange of the temperature of the air in the compressor with the cold air being
released by the Vortex tube occurs. The evaporator was constructed with 36 runs of 8-mm diameter coiled aluminum tubes having 128
fins. As a result, this research includes three sections: optimization of the cold-mass fraction for the various nozzle sizes, identification
of the temperature changes caused by the vortex tube, and calculation of the system’s energy-based gains.

2.1. Control of the hot air volume of the vortex tube to determine the most effective cold mass fraction for each nozzle size

The process, as seen in Fig. 5, starts with the intake of air into the evaporator from the atmosphere at an ambient temperature (Ty),
which is used to exchange the temperature with the cooling air (T4) released from the vortex tube. Then, the cooled air is transferred to
the air compressor, which compresses it into the high-pressure air tank in a range of 6.0-8.0 bar. Meanwhile, the air in the storage tank
is sent to the vortex tube for removal of moisture via the air dryer. Furthermore, the pressure is maintained at 6.0 bar by using a
pressure regulator, and the measurement of the flow of compressed air is carried out using a flow meter before it enters the vortex tube.
There are two parts to the compressed air of the vortex tube, the first of which is when the cooling air flows through the air flow meter
and enters the evaporator system for the exchange of temperature with the compressor’s air inlet and exits into the atmosphere via the
low-pressure tank. The second part involves the thermal air also flowing from the vortex tube through the thermal air intake valve,
followed by being released into the atmosphere via the low-pressure tank.

The set-up of the experiment was conducted by connecting the six temperature sensors, which are as follows: Tg, Ty, To, T3, T4 and
Ts, and connecting the flow meter sensor and pressure sensor as P; to the data logger. Nozzle size 1 was then fitted to the vortex tube,
and clockwise adjustment of the cone-shape valve was done until reaching the maximum point. The pressure regulator was set at 6.0
bar, then the shut-off valve was opened and the compressed air released into the vortex tube. After counter-clockwise adjusting of the
cone-shape valve, for the recording of the Qi and Qc values, the cold mass fraction was determined by Equation (5), which gave y, =
0.9. When the temperature T4 was stable, the recording could begin. Following the air compressor’s completion of one On/Off cycle,
the recording was stopped. Further adjustment of the cone-shape valve was conducted in order to be in line with the cold mass fractions
of . 0.8 to 0.1. Nozzles 2 and 3 were also tested using these steps.

The most effective setting of the cone-shape valve was considered to be the one that produced the highest Q. and C.O.P. values,
which were identified using the temperature readouts with the previously mentioned equations. These settings were applied in the

Compressed air entry

Cone-shape valve
Hot air exit

Cold air ——v

exit idh=D/ i 4
D)

s L.=4D

Nozzle sizel Nozzle size2 Nozzle size3
dc/D = 5.5/24 de/D =6.2/24 de/D=17/24
Z=13 72=20 Z=25

Fig. 3. Vortex tube model.
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Fig. 4. Evaporator size for the experiment.
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Fig. 5. Schematic showing the vortex tube and intake air flow of the air compressor.

subsequent sections.
2.2. Temperature differences achieved by vortex tube at 6.0 bar with low-pressure air tank at 0.0-3.0 bar

The previously performed experiment identified the appropriate cone-shape valve setting, and the most suitable nozzle size for the
evaporator in this research was also shown by the results. The first step involved the simulation of the situation in which the low-
pressure air employed in the production process is within the pressure range of 0.0-3.0 bar.

As seen in in Fig. 5, the experiment was conducted using a similar method to the experiment in section 2.1. However, there was a
different process concerned with the thermal air and the cooling air exiting the vortex tube, which were stored for use in the low
pressure coolant tanks at an operating pressure range at 0.5-3.0 bar instead of being discharged into the atmosphere.

The setting up of the experiment included connecting the temperature sensors at Tg, T1, T2, T3, T4 and Ts, the two flow meters, and
the three pressure sensors at P1, P, and P3 in combination with the data logger, the nozzle size 1 being placed in the vortex tube, and the
adjustment of the cone-shape valve to the most appropriate position and the pressure regulator at 6.0 bar. In order to let the com-
pressed air enter the vortex tube, shut-off valve V1 was opened, and to measure the pressure in the low-pressure air tank at 0.5 bar,
shut-off valve V2 was opened. When the temperature at T4 stabilized, the recording was started, and after running one cycle of the
compressor, it was stopped. For the purpose of pressurizing the low-pressure tank from 0.5 to 3.0 bar in 0.5 bar steps, the shut-off valve
V2 was opened, and each step was recorded. Upon completion, the procedure was repeated using nozzle sizes 2 and 3.

Analysis of the recorded data was performed in order to discover the differences in temperature between the temperature of the
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environment (Tp) and the temperature of the air flow into the compressor, which was exchanged with the evaporator and (T;), in order
to determine the nozzle size that is the most suitable for the evaporator’s temperature exchanger to be used in the final section of this
study.

2.3. Energy saving value of an air compressor with vortex tube at 4.0 to 6.0 bar and a low-pressure air tank at 0.5 to 3.0 bar

In part 2.2, the previous section, the size of the nozzle that was most appropriate for the investigation to examine the air com-
pressor’s energy saving value was identified. In the next step, the operations in the polytropic compression process, as determined by
Equations (10) and (11), were calculated. The volume of flow and the mass flow rate of air into the air compressor are required, as seen
in Equations (7) and (8), respectively. The energy saving effect that occurs can be calculated from the experiment on the air tem-
perature of the reduced compressed air in comparison to the air temperature in the air compressor at 30 °C. The air intake temperature
of the reduced compressed air can be calculated under various conditions of the compressed air pressure settings applied to the vortex
tube from 4.0 to 6.0 bar. Incremental adjustments of 0.5 bar and the low-pressure air tank pressure settings in order to induce the low-
pressure operations at 0.5 to 3.0 bar were performed, respectively.

2.4. Uncertainty analysis

It is essential to conduct an assessment of the uncertainty when the experimental results are evaluated. In this research, the un-
certainty was evaluated based on the method that has been proposed [34]. Each variable x;, x2, X3 ... X, has a specific function that
provides the result m. If the uncertainty of each variable is wj, wy, ws ... w, and all are identified by the same odds, the uncertainty of
this potential wy, result can occur, which can be represented by Equation (14):

om 2 om 2 om 22
Wiy = {(0_x1w1> + (a—xzwz> +"-+<a—x,lwn> } 14

In this research, the calculated volume flow rate, mass flow rates and energy consumption per unit mass of the air compressor using
appropriate tools were previously described. Error assessment to evaluate the maximum uncertainty in the experimental results was
performed using Equation (14), which found that the uncertainty occurs in up to 3.2% of all of the variables mentioned.

—a—Nozzle sizel —e—Nozzlesize2 —e=Nozzle size3
30.0
25.0
200
15.0
10.0
5.0
0.0
0 0.1 0.2 03 04 0.5 0.6 0.7 0.8 0.9 1
Cold mass fraction
(a) T3-Ts
—e—Nozzle size2 —e—Nozzle size3 —e—Nozzle Sizel —e—=Nozzle Size2 —@—Nozzle Size3
).0 9.0
8.0 8.0
”0 7.0
6.0 6.0
5 5.0 Y50
4.0 40
- 0 ) 0 —
20 20
1.0 1.0
0.0 0.0
0 0.1 0.2 03 04 0.5 0.6 0.7 08 09 1 0.00 0.50 1.00 1.50 2.00 2.50 3.00
Cold mass fraction Low Pressure tank (Bar)
(b) To-T: (¢) (To-T1) in low-pressure tank at 0.5 — 3.0 bar

Fig. 6. Effects of the temperature differences.
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3. Results and discussion

3.1. Calculations of the results regarding the thermal air were conducted in order to identify the cone-shape valve settings for control of the
cold mass fractions of the vortex tube

Calculating that position provides the highest difference of temperature between the temperature of the compressed air intake and
the outlet of the cooling air (Ts-T4). As shown in Fig. 6(a), the highest value for nozzle size 1 was 24.1 °C, at the position of y, = 0.5,
while those of nozzles size 2 and size 3 were 19.0 °C and 12.7 °C, at the positions of s, = 0.6 and 0.7, respectively. Table 1 displays the
energy values of the cooling air and the C.O.P. of all of the nozzle sizes.

The results confirmed the possibility of exchanging the temperature with the air inlet of the compressor through the evaporator by
using the cool air from the vortex tube. It was found that there are differences in the air compressor inlet’s temperature and the
environmental temperature (Ty-T;) as a result of the three sizes of nozzles. These differences are shown in Fig. 6(b), in which it can be
seen that the value of nozzle size 1 for To-T; was the highest at 8.3 °C, at the position y, = 0.6, while the highest values of nozzles size 2
and size 3 were at 7.6 °C and 5.8 °C, at the position y, = 0.7, respectively. In contrast, with regard to the different temperatures at To-T;
and T3-Ty, it was revealed that the highest nozzle size 1 and 2 values occurred at a different position of y,, where nozzle size 1 showed
the highest Q. for the cold mass fraction at 0.6 and nozzle size 2 for Q. at the cold mass fraction at 0.7.

3.2. Results for the air temperature in the compressed air under the vortex tube compressed air condition of 6.0 bar and the pressure in the
low-pressure air tank at 0.0-3.0 bar

Comparison of the three nozzle sizes was conducted by producing the cooling air in the evaporator and exchanging the temperature
with the ambient air (Ty-T1). In the first step, the hot and cooling air flowed out of the vortex tube and entered the air-cooling tank.
Following this, the low pressure was applied by implementing the low-pressure compressed air for a variety of processes. Then, the
compressed air at a low-pressure in the range of 0.0 to 3.0 bar, which was adjusted in the constant low-pressure air tank starting at 0.0
and continuing to 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 bar, was required. The differences between the air compressor entrance temperature
and the environmental temperature were compared, and the results are shown in Table 2 and Fig. 6(c).

The results as seen in Fig. 6(c) demonstrate that in the case of each nozzle size, there are differences between the temperature of the
air compressor inlet and the environmental temperature (To-T7). This reduction is linear when the pressure in the low-pressure air tank
is 0.5 bar or higher. Based on the results regarding the size of the nozzles, nozzle size 3 was found to have the lowest temperature
difference between the air compressor inlet and the ambient temperature when applying the highest compressed air flow rate, whereas
there are larger differences in temperature with nozzle sizes 1 and 2, but the trend is similar. With regard to the ratio between the
temperature differences of the air compressor inlet and the environmental temperature, a good C.O.P. could be achieved. For use with
the evaporator in this study, nozzle 1 was identified as the most appropriate.

3.3. Identifying the energy saving value of the air compressor, which was set for the compressed air conditions with the vortex tube at
4.0-6.0 bar and the pressure in the low-pressure air tank at 0.5-3.0 bar

This experiment was conducted in order to examine the relationship regarding the differences in temperature between the air
compressor inlet and the ambient temperature as (Ty-T;), which includes the pressure of the compressed air in the vortex tube and the
low-pressure air tank’s pressure level by setting the compressed air in the vortex tube at pressures of 4.0, 4.5, 5.0, 5.5 and 6.0 bar and
the low-pressure air tank’s level of pressure at 0.0, 05, 1.0, 1.5, 2.0, 2.5 and 3.0 bar. Fig. 7 displays the results of the experiment.

Regarding the data in Fig. 7(a), the temperature differences between the air compressor inlet and the ambient temperature (To-T1)
were recorded, and it can be seen that there was a tendency for them to increase linearly as a result of the increased pressure in the
compressed vortex tube. However, regarding the low-pressure air tank, a higher pressure was found; thus, the differences in tem-
perature between the air compressor inlet and the environmental temperature (To-T;) shows a tendency to decrease. In summary, if the
pressure of the compressed air in the vortex tube is high and the low-pressure air tank’s pressure is low, the high temperature difference
between the air compressor inlet and the environmental temperature (To-T;) is produced. Conversely, if the compressed air pressure in

Table 1
Results of tests of all nozzle sizes.

He Nozzle size 1 Nozzle size 2 Nozzle size 3

To-T1 (°C) T3-T4 (°C) Q. (W) C.O.P. To-T1 (°C) T3-T4 (°C) Q. (W) C.O.P. To-T1 (°C) T3-T4 (°C) QW) C.O.P.

0.1 0.0 8.0 39.4 0.004 0.0 1.5 9.2 0.001 0.0 0.0 0.0 0.000
0.2 0.3 10.0 99.2 0.009 0.2 2.3 28.2 0.002 0.1 0.7 9.5 0.001
0.3 5.2 15.0 226.9 0.021 0.5 6.0 111.8 0.008 0.2 2.0 40.9 0.003
0.4 7.1 21.0 432.6 0.039 3.4 14.0 358.4 0.026 0.3 4.2 115.2 0.007
0.5 8.1 24.1 627.1 0.057 5.9 17.6 569.9 0.042 1.7 6.8 235.3 0.015
0.6 8.3 22.8 708.9 0.065 7.3 19.0 742.6 0.054 4.6 10.5 441.4 0.029
0.7 7.4 19.6 704.2 0.064 7.6 18.3 829.6 0.061 5.8 12.7 625.1 0.041
0.8 5.7 14.6 587.5 0.054 6.8 15.3 787.6 0.057 5.2 11.1 623.5 0.041
0.9 3.1 7.7 339.0 0.031 4.8 10.2 580.3 0.042 3.7 7.1 442.9 0.029
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Table 2
Decrease in the temperature of the air entering the compressor at the pressure in the low-pressure air tank at 0.0-3.0 bar.
Low pressure air tank (bar) To-T; (°C)
Nozzle size 1 Nozzle size 2 Nozzle size 3
0.00 8.3 7.6 5.8
0.50 5.3 5.5 3.4
1.00 4.9 5.1 3.3
1.50 4.7 4.4 2.9
2.00 4.1 4.1 2.5
2.50 3.6 3.5 2.4
3.00 3.1 3.3 2.1
—&—Pressure into vortex tube 4.0 BAR ——Pressure into vortex tube 4.5 BAR —a—Pressure into vortex tube 4.0 BAR —e—Pressure into vortex tube 4.5 BAR
Pressure into vortex tube 5.0 BAR Pressure into vortex tube 5.5 BAR Pressure into vortex tube 5.0 BAR Pressure into vortex tube 5.5 BAR
—e—Pressure into vortex tube 6.0 BAR —e—Pressure into vortex tube 6.0 BAR

)

save (%

Air compressor energy

0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 15 20 25 3.0

Low pressure tank (bar) Low pressure tank (bar)

(a) air inlet temperature decreases  (b) percentage of energy saved

Fig. 7. Air inlet temperature decreases and percentage of energy saved.

the vortex tube is low and the pressure in the low-pressure air tank is high, it will lead to a low temperature difference between the air
compressor inlet and the ambient temperature (To-T1).

The result of these values was a reduction in the temperature of the air that entered the compressor, a comparison of which is made
to the compressor in operation at an ambient temperature of 30 °C. Following this, the calculation of the energy savings effect on the
air compressor can be conducted to provide a percentage of the energy saved, as shown in Fig. 7(b). It was found that the highest level
of savings was 2.3% when the pressure of the compressed air in the vortex tube was 6.0 bar, and the low-pressure air tank’s level was
0.0 bar. This dropped to 0.2% as the pressure in the low-pressure tank was increased to 3.0 bar. There was also a decrease in this effect
when the pressure in the vortex tube dropped to 4.0 bar, with 1.6% and 0.1% being recorded in the set-up of the low-pressure tank at
0.0 bar and 4.0 bar, respectively. The resulting energy savings are linear, similar to the (Ty-T;) values.

4. Conclusions

The experiments involving the design of a vortex tube for the reduction of the temperature at the compressor’s air inlet using a heat
exchanger evaporator were completed. It was found that, in this study, nozzle size 1 is the most appropriate for the evaporator because,
with the method of adjustment of the cone-shape valve to obtain the cold mass fraction, the results showed that the best value was 0.6.
By applying this setup, the temperature of the compressor’s air inlet was reduced by up to 8.3 °C, and the value of the C.O.P. was 0.065,
which indicates that the energy savings for the air compressor reached 2.3%. This was accomplished with the settings of 6.0 bar for the
compressed air pressure to the vortex tube and 0.0 bar for the working pressure of the low-pressure air tank. Thus, the working pressure
at the low-pressure air tank at 0.0 bar can help to reduce the compressor’s energy consumption to the minimum when a compressed air
pressure of 4.0 bar is applied to the vortex tube. Moreover, the pressure of 3.0 bar in the low-pressure air tank resulted in an 0.1%
savings effect. In conclusion, if a high level of pressure is utilized in the vortex tube and the low-pressure air tank’s pressure is
maintained at a low level, the goal of maximum savings can be achieved and, in contrast, the opposite of this is also true.
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