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Abstract

Industrial, residential and commercial noise levels are to be maintained for acoustic comfort living
conditions. Sound annoyance is a sensation of discontentment linked with any driving force from
machines or a circumstance. It is certain that, noise can harm human hearing capacity and brain neuron
cells. Novelty of this study was the design of window air conditioner with modified heat exchanger coils
with phase change material and water were used as refrigerants. Noise and vibration assessment of the
constructal designed window air conditioner (CDWAC) and normal window air conditioner (NWAC)
with the conventional vapor compression system was carried out. The noise levels, daily exposure noise
level, noise criteria levels of the developed window air conditioner was found to be satisfactory according
to the British Standard 4142 and noise at work regulations 1789.

The noise criteria for the CDWAC with phase change material and water exhibited a better performance
around 50 dB whereas the NWAC with vapor compression system was around 60 dB.

For normal window AC the RMS value is about 0.62 and constructal window AC is about 0.38.
peak amplitude was observed as 0.346 m/s® in the CDWAC whereas it was about 0.512 m/s* for NWAC
compressor. The amplitude of vibration is very nominal in between 2 to 2.5 s in CDWAC and the peak
variation is same as in 1.5 s. Results reveal that the noise and vibration performance of the construction
designed window air conditioner was better than the NWAC.
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Introduction

Sound is a source of energy which is in the form of wave motion. Noise is an unwanted sound
created in our neighborhood. The term noise is applied to sounds that cause discomfort when hearing.
Noise can be caused from a variety of sources such as domestic noise, noise from transport and industrial
noise. Machines produce noises which are harmful to the human life. Air conditioning apparatus makes
noise during their operation. Compressor and other allied components in vapor compression refrigeration
systems are responsible for the noise generation in air conditioners. Window air conditioners are
considered to be the basic model and noise generation in window air conditioners range from 60 to 80 dB
based on the components used and maintenance of the air conditioning unit[1]. Noise levels of less than
80 dB are considered to be the human comfort level. Any sound source of more than 85 dB will lead to
hearing loss.

Air conditioners during their operations create around 20 % of noise in the neighborhood [2]. The
maximum noise level generated by a split type air conditioner is around 75 dB (A). The external
excitation of noise from a split unit air conditioner is due to fan motor and compressor operation[3].
Absence of annoying noise is essential for every customer or resident who is using air conditioners [4].
Sources of noise in air conditioners are due to the operation of compressors in vapor compression
systems, refrigerant flow, fan motor and blower motor. The asymmetrical, refrigerant-induced noise from
the refrigerator happens in the area of a 2-phase stream in an evaporator inlet pipe, particularly a
perpendicular pipe.An increase of the amplitude can be set up at positive single frequencies of about 280
and 740 Hz as well as in a wide band approximately 2,000 Hz [5]. The vapor compression refrigeration
system needs a phase change of the refrigerant inside the heat exchangers such as condenser and
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evaporator. The condenser outlet outlines responsively the refrigerant state at the capillary tube inlet
through a straight linking of condenser pipe and capillary tube inlet. And this connection leads to the
compression of liquid refrigerant in the capillary tube and sudden expansion of liquid refrigerant inside
evaporator, and leads to noise generation in the system [5].

Noise emissions from the machines operating in residential areas are to be maintained under the
environment protection regulation (1994), and it states that the maximum permissible noise levels from
domestic air conditioners is 45 dB (A) [6]. Many past pieces of research show that noise is considered to
be a disturbance when it exceeds 55 dB and will be serious problems when it will be over 65 dB [7].
Stress induced by noise in buildings will lead to metal illness [8]. There are several noise criterion
systems are used by architects and design engineers[9]. Some of the most commonly used criteria are 1.
Noise Criteria (Hansen, 1994), Balanced Noise Criteria (NCB; Beranek 1989), Room Criteria (RC;
Blazier 1981), Room Criteria Mark II (RC Mark II; Blazier 1997), and A-weighted Equivalent Sound
Pressure Level (Laeq; 1987). A - Weighted sound level was developed and the maximum permissible
noise level is up to 48 dB for residential buildings (Bowden and Wang, 2006). As per the study by Zannin
and Ferraz [1], A -weighted levels to be considered as a criterion for offices and it correlates with the
workers insight and performance [1]. Noise criterion is a popular method used by architects and
consultants and it was developed by Leo Beranek in 1950.Noise criterion method has its limitation that,
the curves used for the evaluation and design does not extend up to low frequencies. For better comfort
conditions, the noise criterion of the air conditioning unit should be kept 5 dB below the noise criterion of
the room noise [10]. Most of the heating ventilation air conditioning systems (HVAC) have substantial
low-frequency noise levels. Domestic air conditioners produce reverberating noise during their operation
in the low-frequency ranges [11]. But a room with a low noise level but with continuous flow or a hissy
range can be considered as bad as noise. In 2008 an updated method of noise criterion was published by
the American National Standard (ANSI), Acoustical Society of America (ASA). This new standard
updated the NC curves down to 16 Hz and relates the noise criterion level to the sound intensity level
(SIL). As per previous study conducted by Wagner et al. [4], the absence of annoying noise is essential
for every customer or resident who are using air conditioners. Han et al. concluded in his study that, the
asymmetrical, refrigerant-induced noise from the fridge happens at the area of 2-phase stream in an
evaporator inlet pipe, particularly a perpendicular pipe [23].

Constructal law of physics states that ‘for a finite-size flow system to persist in time (to live) it must
evolve in such a way that it make available greater and greater access to the flow through it’. This law is
about the evolution of configuration and design architecture [12]. The design evolution should reduce the
imperfections of a system. High energy consumption, noise pollution, harmful to environments are some
of the imperfections in an air conditioning system to be focused for better design with least imperfection
possible.

The aim of this study was to focus on the noise and vibration analysis of window air conditioners.
And the CDWAC performed better in terms of noise and vibration in comparison with NWAC.

To understand the noise as an imperfection in an air conditioning system, the basics of the sound
propagation is to be studied. It can be seen that if a point source of sound is radiating in the unobstructed
atmosphere then the intensity (I) at a distance (r) is such that,

Where W= sound power of the source and

4nr? = surfaceareaofthesphere

. P
written as, Ioo
4mr?

to be inverse square law. Flows abound in nature and engineering systems are in general dissipative and
thus they generate entropy. Inverse-square law of sound states that, the intensity is inversely proportional
to the square of the distance.

or the intensity is inversely proportional to the square of the distance which is termed

I'= P/4-7'[r2- @)

Intensity is the potential of the sound wave and it is influenced by the distance of the point source.
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Considering the Egs. (1) and (3), minimizing the sound intensity from a particular distance and the
point source, corresponds to the minimization of the entropy generation rate. This establishes the link
between the minimization in disorder and constructal law. The progress of design is the physics
phenomenon and it is potted by constructal law. Constructal law captures the idea of design and evolution
in nature and there is no end to evolution [13]. A flow system should evolve in such a way that, disorders
can be distributed within the system.

The flow pattern of the disorder is the consequence of constructal law. Here, in this case, a disorder
in the system is the noise generation and because of the modification in the design of a window air
conditioner. The constructal law of physics is the key to design and technology evolution [14]. Human
beings directly recognize only a small range of low-frequency vibrations. Noise is created by the
oscillation velocity of vibrations in machines [15]. In domestic air conditioners, vibration and noise
increase when the compressor operates at 1,500 RPM[16].

Since the compressor is replaced with a pump in the CDWAC, there is a considerable amount of
reduction of vibration and noise. Abnormal noise is created in the domestic air conditioners due to the
structure-borne vibration of the compressor [16]. Causes for vibration in compressors is because of the
shaft actions and other mechanisms [17].Low-frequency vibration can be a potential problem in any
machine [18].

Materials and methods

Compressor was replaced with a pump and water is circulated through the constructal designed
window air conditioning system. A double pipe evaporator tube was designed, and phase change material
is filled in the outer tube and water is circulated in the outer tube and further gets cooled by the forced air
cooled condenser.

This system has advantages of energy efficiency and low noise generation during operation.
Thermal comfort achieved by the CDWAC was found to be satisfactory [19].Noise measurements were
conducted in the NWAC and CDWAC for a period of 1 month. Noise level analysis was done in both the
systems of NWAC and CDWAC and then a comparative study was carried out. Vibration analysis was
also conducted in the air conditioners with a virtual instruments using lab VIEW. The schematic diagram
of NWAC and CDWAC is shown in the below diagrams 1 and 2. The differences in the design of the
CDWAC with the NWAC is shown in the below mentioned Table 1.

Expansion
device

Figure 1 NWAC.
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Figure 2 CDWAC.

Table 1 Difference between NWAC and CDWAC.

Normal window air conditioner (NWAC) Constructal designed window air conditioner

(CDWACQ)
Compressor Pump
Forced air cooled condenser Forced air cooled condenser with water circulation
CFC/HFC refrigerant Phase change material and water
Evaporator -refrigerant circulating in single Evaporator - double pipe design (Phase change
pipe material inside the inner tube and water circulating in

the outer tube)

The schematic diagram of evaporator design in the CDWAC is shown below in the Figure 3.
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Figure 3 Evaporator design of CDWAC.

Vibration analysis and experimental set up

For conducting vibration analysis, a virtual instrument with lab VIEW was used. Virtual panels in
the VI are programmed by the embedded software. Data acquisition, process, analyses are done in the
panels in the VI. With the help of lab VIEW, the design of VI accomplishes the analysis of vibration
signals.

It can analyze the signals according to the actual requirements.Initial signal-processing methods for
machine monitoring have used the FFT to transform the time domain to the frequency domain, for the
machine vibration signal analysis [20]. Unlike the earlier vibration measuring instruments, VI can be
custom designed according to the need of analysis. VI has advantages like, easy experimental setup,
cheap in cost, and lesser maintenance. The measured signals from the compressor and pump were picked
up by the sensors and were converted to electrical signals. A digital signal processor was used to acquire
data from the sensor.

Sampling anddata analysis
Sampling is the process of transforming an input signal which is in the continuous form to an
independent form. Conversion of analog signals into digital output is the core function of instrumentation.
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The process of data sampling and conversion of the sampled data into digital output is called data
acquisition. Sensors, signal conditioning circuits, and analog-to-digital converters makes the complete set
of data acquisition system. Personal computer based data acquisition systems has lesser power, high
productivity, good display in comparison with the traditional measurement systems. The sampling rate of
the data acquisition device is near to the maximum and is made in the software part of the computer.

Vibration data were obtained at the pump provision casing in upright, parallel and pinnacle positions.
The key details of DAQ are as mentioned below:

1) Frequency of sampling data: 16 kHz.

2) Number of sampled data: 38,400&Time of sampling: 2.4 s.
The process of data acquisition and the experimental setups is shown in the Figures 4 and 5.

Digital Signal Computer

Sensor Processor Display

Figure 4 Block diagram of vibration signals measurement.

Figure 5 Data acquisition set up andcomputer display.

Instrumentation type

LabVIEW-7 application software was developed with fast fourier transform (FFT) analyzer and
vibration signals were received through the input module and data acquisition device (NI-DAQ-National
Instruments NI SCXI-1000 chassis via SCXI-1530-channel 0, SCXI-1530- channel 1 and SCXI-1530-
channel 2). Piezoelectric accelerometers (Model number 600A 12, IMI sensors, with a frequency range up
to 18 kHz) were used to get vibrations signals in 3 different positions like, vertical, horizontal, and axial
positions. Output was displayed with different ranges of frequency and time with the help of lab VIEW
software for additional processing, data was fed to MATLAB software.

Vibration analysis

Spectral analysis or frequency analysis is the traditional way used in vibration analysis since it gives
an in depth knowledge on the vibration of the machinery. The basic process in frequency analysis is to
use FFT to convert signal from time domain to frequency domain. The end use of this conversion is to
understand the energy levels of the signal. Spectral analysis is more useful in analyzing the motionless
signals with an unchanging frequency levels. Acceleration of the NWAC ranges from 0.8 to —0.5 m/s’,
whereas in the CDWAC was 0.6to —0.5 m/s” for a time period of 1 s. The speed of the sound waves in the
case of the NWAC is higher than the CDWAC.

Amplitude is to evaluate of vibration level of the machine and frequency is the measure of amount
of oscillations. Frequency domain or spectrum analysis is used for detailed analysis of vibration. In the
spectral study, peaks in the frequency curve will be the possible reason for vibration.

The spectral analysis curves for the compressor used in the NWAC and the pump used in the
CDWAC are shown in the below Figures 6and 7. It is observed that the severity of the problem in the
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compressor is evident as the amplitude level is 0.2 m/s*, whereas in case of pump the amplitude level is
almost negligible around 0.001 m/s*. The vibration analysis is carried out over the window air conditioner
by placing the sensor at top, horizontal, vertical and side position. The vibration over the window air
conditioner is observed with respect to frequency and time. The amplitude is measured in terms of
acceleration using the sensors.

Top position
The vibration analyses that are observed in top position over the window air conditioner is given in
Figures 6(a) to 6(h).
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Figure 6(a) Frequency vs amplitude over 10 Hz.(b)Frequency vs amplitude over 20 Hz.(c)Frequency vs
amplitude over 30 Hz.(d)Frequency vs amplitude over 40 Hz.(e)Frequency vs amplitude over 50
Hz.(f)Time vs amplitude for 1.5 s- top position.(g)Time vs amplitude for 2 s- top position.(h)Time vs
amplitude for 2.5 s- top position.

The 1% peak over the vibrational amplitude is observed at the frequency of 0.4 Hz with the
amplitude of 0.0023 m/s®. After the 1% peak, there is a sudden decrease in amplitude of vibration till 1 Hz
and then it decreases steadily till 9 Hz. The 2™ peak is observed at 10 Hz with the amplitude of 0.0012
m/s” and again it drops symmetrically as it rises. The next peak is observed at 20 Hz with the amplitude of
0.0008 m/s” which is similar to that of the peak generated in 10 Hz.

After 20 Hz, the peak is only observed at 48 Hz. The maximum peak is observed at the 48 Hz and
the peak amplitude is about 0.0034 m/s”.

Similar to the observation of amplitude over different frequencies, the vibrational amplitude is
observed over different times as in Figures 6f - 6h. The amplitude of the vibration is observed to be in
range between 0.64 to —0.53 m/s” over the time period of 1.5 s.

When the time period is extended to about 2 and 2.5 s it was observed that the number of sharp
peaks is more in between 1.5 to 2 s. However, the amplitude of vibration is very nominal in between 2 to
2.5 s. In complete analysis, the peak variation is same as analysis in 1.5 s.

Horizontal position

The 2™ experimentation on vibrational analysis is carried out by placing the sensor at the horizontal
position and the experimental amplitude values are given based on different frequencies of 50, 100, 200
and 300 Hz as in Figures 7(a) to 7(d). The 1% peak over the vibrational amplitude is observed at the
frequency of 0.1 Hz with the amplitude of 0.0015 m/s>. After the 1* peak, similar to the sensor at top
position there is a sudden decrease in amplitude of vibration till 1 Hz and then it propagates at lower level
till 50 Hz. The 2™ peak is observed at 65 Hz with the amplitude of 0.006 m/s®> which showed sudden
increase and decrease in amplitude. The 3"and 4" peaks are observed at 100 and 200 Hz with the
amplitude of 0.0037 m/s” and peak amplitude of 0.018 m/s? respectively. After the peak at200 Hz, the
next peak is observed at 212 Hz with the amplitude of 0.0082 m/s>. The 5™ and 6™ peak is observed at the
240 and 300 Hz and the amplitude is about 0.004 and 0.006 m/s>.
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Figure 7(a) Frequency vs amplitude over 50 Hz- horizontal position. (b)Frequency vs amplitude over 100
Hz.(c) Frequency vs amplitude over 200 Hz -horizontal position.(d) Frequency vs amplitude over 300 Hz

-horizontal position.

The time domain based vibrational analysis is carried out at different time periods as 0.5, land 2.5 s.
The vibration ranged between 0.196 to —0.198 m/s” for a time period of 0.5 s. The variation in amplitude
along 0.5s to 1s was more than 0.15 m/s* at maximum instances and the lower most amplitude value was
observed to be —0.2 m/s” in the time period of 2.5 to 1.67 s. The time domain based vibrational analysis is

given in Figures 8(a) to 8(c).
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Figure 8 (a) Time vs amplitude for 0.5 s- horizontal position. (b)Time vs amplitude for 1 s- horizontal
position.(c)Time vs amplitude for 2.5 s- horizontal position.

Vertical position

The 3" set of experimentation on vibrational analysis is carried out by placing the sensor at the
vertical position and the experimental amplitude values are given based on different frequencies of

100and 200 Hz (Figures 9a and b).
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The 1% peak over the vibrational amplitude is observed at the frequency of 0.1 Hz with the
amplitude of 0.023 m/s*. After the 1% peak, similar to the sensor at Vertical position there is a sudden
decrease in amplitude of vibration till 2 Hz and then it propagates at lower level till 15 Hz. The 2™ peak is
observed at 65 Hz with the amplitude of 0.012 m/s* which showed sudden increase and decrease in
amplitude. The 3™ and 4" peaks are observed at 100 and 200 Hz with the amplitude of 0.0021 m/s* and
amplitude of 0.0068 m/s” respectively.

The time domain analysis is carried out over 2 time period of 2 and 2.5s. It was observed that the
range of amplitude is about 0.15 to —0.1 m/s” over the time period of 2 s. The deviation in the amplitude
with respect to time decreases towards the time period of 2.5 s. The amplitude pattern obtained for the
time periods of 2 and 2.5 s are given in Figures 10(a) and 10(b).
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Figure 10 (a2) Time vs amplitude for 2s - vertical position. (b) Time vs amplitude for 2.5s - vertical
position.

Side position
The final experimentation on vibrational analysis is carried out by placing the sensor at the side

position and the experimental amplitude values are given based on different frequencies of 50, 100 and
200 Hz as in Figures 11(a) to 11(¢).
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Figure 11 (a) Frequency vs amplitude over 50 Hz.(b) Frequency vs amplitude over 100 Hz. (c)
Frequency vs amplitude over 200 Hz.

The 1% peak over the vibrational amplitude is observed at the frequency of 0.1 Hz with the
amplitude of 0.0018 m/s* and sudden decrease in amplitude is observed till 2 Hz and then it propagates
with small peak at 13 Hz.

The 3™ peak is observed at 65 Hz with the amplitude of 0.004 m/s>. The 4™ peak is observed at
100Hz with amplitude of 0.044 m/s* and at 130 Hz the 5™ peak which is similar to the 2™ peak with
amplitude of 0.0018 m/s>. After 130 Hz,the next peak is observed at 150 Hz with amplitude of 0.0022
m/s”. Anotherpeak occurs at 187 Hz that is similar to the 2™ and 5™ peak. The final peak occurs at 200 Hz
with the amplitude of 0.012 m/s”.

The time domain analysis is performed over the 2 different time periods of 2 and 2.5s respectively
and the corresponding outcomes on vibrational amplitudes are obtained in Figures 12(a) to 12(b). The
range of amplitude is observed to be maximum of 0.15 m/s* and minimum of —0.08 m/s’.
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Figure 12 (a) Time vs amplitude for 2.5 s- side position. (b) Time vs amplitude for 2.5 s - side position.

The peak amplitude is observed to be about 0.346 m/s* for the evaporator in the CDWAC and it is
observed to be about 0.512 m/s* for NWAC compressor. The corresponding figures for both the air
conditioner is given in Figures 13 and 14.
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Wave form analysis
The RMS value of the wave form obtained from the positioning of sensor in the top position is
observed to be 0.4 and it is estimated through the equation:

RMS= (22, (X)?. ®)

Where N is the number of test carried out and i is the specific test number.

Similarly, the RMS value for the waveform obtained at the horizontal, vertical and side position is
about 0.308, 0.224 and 0.239 respectively. Table 2 and Figure 15 shows the comparison among the RMS
Value obtained from the waveforms from the sensor placed at various location.

Table 2 Comparison on RMS value at different location.

Position RMS Value (m/s?)
Top position 0.4
Horizontal position 0.308
Vertical position 0.224
Side position 0.239
RMS Value (m/s?)
0.5
0.4
0.3
0.2
0.1 . .
0
Top position Horizontal position ~ Vertical position Side position

Figure 15 Comparison on RMS value at different locations.

The RMS value of the compressor over the pump in the constructal design and compressor in the
normal design is given in Table 3 and Figure 16. For normal window AC the RMS value is about 0.62
and constructal window AC is about 0.38.

Table 3 Comparison between normal and constructal window AC.
Unit RMS Value (m/s?)
Normal window AC 0.62
Constructal window AC 0.38
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RMS Value (m/s?)
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Normal window AC Constructal window AC

Figure 16 RMS value for normal and constructal AC.

Noise analysis
Measured values of noise levels in the normal and CDWAC are shown in the below Figure 17.

m— NWAC CDWAC
59.0 54.0
e 52.0
57.0

50.0

@ 56.0

 55.0 48.0
54.0
3.0 46.0
52.0 44.0

123456 7 8 910111213141516171819202122232425262728293031
Days

Figure 17 RMS value for normal and constructal AC.

The noise levels of the air conditioners were measured under normal operating conditions for the
day and an average for the day was taken for the calculations. Through Figure 10, it is evident that the
noise levels measured in the NWAC were higher than the CDWAC and it is evident that it operates
noiselessly which is a good sign under noise at work regulations and environmental comfort conditions.

The below mentioned Figure 18 shows the line fit t curve for the noise levels of CDWAC. The data
is distributed linearly. Regression equation is given by the equation + bx. The linear regression equation
for the noise levels and Laeq values are given by the equation 1.384x; +1.0039%,. Sound level varies over
time is assessed by the method of equivalent continuous sound level (Laeq).
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Figure 18 Line fit plot Laeq and noise levels in CDWAC.

The Laeq measurement correlates with the annoyance to the occupants and possible hearing
problems. Noise level of Laeq =55 dB is suggested by the World Health Organization (WHO) as an
annoyance during the day hours. The below mentioned Table 1 shows the regression statistics for Laeq
and sound levels in CDWAC.

Table 4 Regression statistics.

RegressionStatistics
Multiple R 0.983871852
R Square 0.96800382
Adjusted R Square 0.9668611
Standard Error 0.227694658
Observations 30

In regression analysis, R? value indicates the amount of variables explained in the model. In this
particular analysis, the R? value is 0.9, so 96 % of variance is explained in the model. The multiple R
value is near to 1, and so we can conclude that the model has a strong linear relationship between the
variables. That is the Laeq value highly depend on the noise annoyance created by the air conditioner.

Noise rating and noise criterion curve

The noise criteria curve was developed in 1957 in the objective to produce comfortable living
environments in buildings. Noise Criteria is defined as a single number noise rating system generally used
to degree the steady-state noise levels in a room [21]. Noise criteria level is a standard describing the
relative noise of space with a range of frequencies. Noise rating is frequently used in the measurement of
noise from air conditioning systems.
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Figure 19 Noise criteria standard.

Figure 19 shows the change of sound pressure level according to the change in frequency of the
noise generated. The noise rating and noise criteria curves have been devised to analyze the interfering
noise. BS 4142 suggests the following method for the corrected noise level.

1) Locate the noise level in 50 dB (A).

2) Apply the total character adjustment of +5 dB (A) where the noise has a definite continuous.

3) Add 5 dB (A) if the sound is impulsive.

4) Apply a correction to let for the discontinuous character of the sound. This is by finding the
percentage of the time the noise is formed and applying a correction from the chart, depending upon day
or night.

The corrected noise levels calculated for the NWAC and with phase change material, the corrected
noise level is calculated as shown below in Table 5.

Table 5 Noise criteria levels of the air conditioners.

NWAC CDWAC
Measured noise level 56.2 50.3
Total character correction 5 5
Impulsive character Nil Nil
Corrected Noise Level 61.2 55.3

Based on the standard British Standard (BS) 4142, the corrected noise level of the NWAC with
vapor compression systems was found to be high and can be a hazard to the acoustic comfort.

Conclusions

Noise and vibration analysis of CDWAC was studied in comparison with the NWAC.

The design of constructal window air conditioner was an attempt to minimize one of the disorders
or imperfection in the system (noise level created by the air conditioner during its operation). Since the
compressor in the conventional window air conditioner is replaced with a pump to circulate water through
the system, it was observed a significant amount of noise reduction in the system during its operation.
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Noise criteria level of NWA is 61 dB; where as in CDWA is 55 dB. Noise measurement and daily
noise exposure level (Laeq) for the CDWA was measured and it was compared with NWAC.

The comparative results of Laeq expose that, the CDWAC performs better with noise criteria
around 44 dB, whereas the NWAC has 60 dB which is considered to be an annoyance in the occupied
space according to the world heat organization standards. Previous study by Wu and Leishowed around
10 dB reduction in the operation of residential air conditioners, whereas the designed constructal window
air conditioner exhibits a reduction in noise during operation around 14 dB [22]. Vibration analysis of
both the air conditioners was done by the experimental investigation. The source of vibration is because
of the compressor in NWAC and this was replaced with a pump in CDWAC. Time domain analysis and
spectral analysis of both the air conditioners were done and the curves were plotted for better
understanding of the performance of both the air conditioners in connection with vibration during
operation. The peak amplitude of compressor in NWAC is 0.18 m/s*; whereas in the CDWAC where a
pump was used, a pump was used were 0.01 m/s>. Acceleration is the varying rate of velocity with time.
The acceleration observed in NWAC is 0.6 m/s* and in CDWAC is 0.3 m/s%, which is a satisfactory result
which indicates, minimized the abnormal machinery noise and vibration.

Time domain analysis is carried out over 2 time periods of 2 and 2.5 s. It was observed that the
range of amplitude is about 0.15to —0.1 m/s” over the time period of 2 s. The deviation in the amplitude
with respect to time decreases towards the time period of 2.5 s. The amplitude pattern obtained for the
time periods of 2 and 2.5 s. The time domain analysis is performed over the 2 different time periods of 2
and 2.5 s respectively and the range of amplitude is observed to be a maximum of 0.15 m/s’ and
minimum of —0.08 m/s>.

From this study, the attempt made to minimize the imperfections during operation of the window air
conditioner was found to be satisfactory. Noise and vibration of the CDWAC was performing better in
comparison with NWAC.
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