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Abstract

Various refrigerant flow patterns can produce a range of noise types according to their cycle conditions. Conse-
quently, the identification of flow patterns in a tube is crucial to reducing refrigerant-induced noise. Because of the
obstacles involved in identifying them accurately by experiment, in this paper, these flow patterns are estimated from
the flow pattern map. Working from the assumption that the refrigerant-induced noise for an air conditioner in the heat-
ing mode comes from slug flow in the condenser-outlet pipe, the reduction of refrigerant-induced noise by avoiding
slug flow in a tube is examined. To fully understand the conditions under which the refrigerant-induced noise occurs,
cycle simulator equipment for an outdoor unit is developed. With this cycle simulator, noise tests of 4-way cassette
type indoor units are performed under the conditions that the refrigerant-induced noise occurs. Increasing the mass flux
in a tube by reducing the diameter of the condenser-outlet pipe can avoid slug flow, and the refrigerant-induced noise
can therefore be reduced. The results of the cycle simulator can be verified with an outdoor unit SHP system multi air

conditioner and the results are well in line with simulator results.
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1. Introduction

Many of today’s air conditioner makers are cur-
rently trying to reduce their noise levels without a
simultaneous reduction in heat capacity. The noise of
an air conditioner can be classified by characteristics
such as fan noise, motor noise, compressor-
transferred noise and refrigerant-induced noise. In this
study, refrigerant-induced noise from indoor air con-
ditioner units will be discussed. There have been
many previous studies on this refrigerant-induced
noise.

Hirakuni [1] suggested the use of a porous metal in
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front of an expansion device in order to change the
flow pattern from slug to bubbly flow and thereby
reduce refrigerant-induced noise. Hirakuni, Simida
and Yamamoto [2] dealt with the refrigerant-induced
noise for the refrigerator at the capillary tube and
suggested a sub-cooler in front of the capillary tube in
order to attain a greater degree of sub-cooling. Umeda
[3] dealt with the refrigerant-induced noise according
to the inlet and outlet pipe layout of the electric ex-
pansion valve and suggested that the inlet pipe of the
electric expansion valve should be laid horizontally in
order to avoid slug flow. Kannon [4] dealt with the
relationship between the refrigerant noise and the
flow pattern of the slug flow. He verified, by experi-
ment, that the transient pressure wave occurred at the
time when the vapor fraction of the refrigerant in-
creased. Uemeda [5] dealt with the noise related to
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the 2-phase flow for water-air systems and attempted
to determine the relationship between the noise and
pressure variation when 2-phase water-air passed
through the orifice tube.

In this study, the refrigerant-induced noise of the
air conditioner is discussed in relationship to the flow
pattern of the refrigerant in a pipe. The flow patterns
are estimated from the flow pattern map suggested by
Baker [6]. Because time variant refrigerant-induced
noise usually comes from the slug flow, the object of
this research is to find the design factors in which the
slug flow does not occur in any of the cycle condi-
tions. The noise protection method from the refriger-
ant has ordinarily been performed after the problem
occurs. However, this research addresses that it can
be estimated at the first step of design rather than later
when the noise test is done.

In this paper, the mechanisms involved in the pro-
duction of refrigerant-induced noise are initially re-
viewed. Additionally, at the special cycle condition in
which the refrigerant-induced noise occurs, noise tests
are performed by the cycle simulator with different
condenser-outlet pipes in order to avoid slug flow.
After applying the most effective design from the test
of the cycle simulator that can reduce refrigerant-
induced noise, a verification test is performed with a
4way cassette type air conditioner.

2. Mechanism of refrigerant induced noise

Refrigerant-induced noise usually occurs when the
state of refrigerant flowing in a pipe is 2-phase and it
usually occurs at the inlet or outlet pipes of the heat
exchanger. The characteristics of the sound often vary
by the flow patterns of the refrigerant passing through
a tube at the 2-phase condition. Fig. 1 [7] shows the
typical flow patterns in a pipe for the horizontal flow,
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Fig. 1. Typical flow pattern in a horizontal tube.

and the flow pattern transits from the bubbly to the
annular flow when the fraction of the gas is cumu-
lated.

The governing equation of a pressure drop for sepa-
rated 2-phase flow model can be explained as shown

in Eq. (1) [8].
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Here, a is void fraction, 4, is the average cross-
sectional area of the tube occupied by the gas phase,
A is the total cross sectional area of the tube, 7 is wall
stress, d is tube diameter, G is mass flux of fluid, G, is
mass flux of gas, p; is liquid density, p, is gas density
and x is mass quality.

When the time gradient of the pressure drop from
Eq. (1) is considered for intermittent flow such as
slug and churn flow, the pressure drop should be
changed with time because of the time variant void
fraction. It means that the noise from time-variant
pressure drop can be produced when the slug flow
goes through the tube such as bended tube or orifice.
When a bubble in the intermittent flow is collapsed
while it is passing though a tube, its volume should be
varied, which produces the radiated acoustic pressure
as given in Eq. (2) [9].

o, d*V
Pa= 2
47R dt

2

Here p, is radiated acoustic pressure, R is the dis-
tance from the cavity center to the measuring point,
pr is density of liquid, V is time-varying volume of
the cavity.

In addition, cavitation also takes place unstably
when a pressure drop varies. Therefore, it can be es-
timated that the refrigerant-induced noise unstably
occurs when the flow pattern in a tube is an intermit-
tent flow.

When the flow pattern is annular, the void fraction
is not varied as much as time. Therefore, the time
gradient of Eq. (1) should be almost zero. It means
that the noise from time variant pressure drop will not
happen. However, if the mass flow rate is the same,
volumetric flow rate of annular flow is higher than
that of the slug or bubbly flow. When the annular
flow is passing through the inlet or outlet pipe of a
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Fig. 2. P-h diagram of cooling and heating mode.

heat exchanger, then the pressure drop from the ve-
locity should be increased even though the time-
gradient of the pressure drop is not so high. Hence,
when the flow pattern is annular, it can be estimated
that the refrigerant-induced noise mainly occurs by
cavitation but it does not vary as much as time.

The refrigerant-induced noise problem usually oc-
curs at the low refrigerating mode for the indoor side
unit. However, it is less problematic for the outdoor
side unit because the noise level from the refrigerant
is less than that from the fan and the compressor rela-
tively. Therefore, in this study, only the refrigerant-
induced noise of the indoor side unit will be discussed.

Fig. 2 shows the p-h (pressure-enthalpy) diagram of
a general refrigerating cycle of the air conditioner.
When the air conditioner is operating in cooling mode,
the indoor side unit acts as an evaporator as shown in
Fig. 2 (a). The 2-phase flow occurs from the inlet of
the evaporator including the expansion valve outlet.
In the evaporator, the transient pressure drop does not
occur so much because the diameter of the pipe is
constant and the route of flow is simple even though
the phase of the refrigerant is 2-phase. Therefore,
refrigerant-induced noise usually does not occur in
the evaporator. However, the evaporator inlet uses the
pipes with various dimension of diameter and the
route of flow is complex. Thus, a transient pressure
drop occurs in the evaporator inlet pipes and the time
gradient of pressure drop is more than that in the
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Fig. 3. Estimation of flow pattern in the evaporator-inlet pipe
by Baker’s flow pattern map.

evaporator. Therefore, the refrigerant-induced noise
usually occurs at the evaporator inlet at cooling mode.
The flow pattern of the refrigerant at the evapora-
tor-inlet can be estimated from a flow pattern map.
The experimental results at the evaporator-inlet ac-
cording to mass quality are added on the Baker’s flow
pattern map given in Fig. 3. The flow pattern of the
refrigerant at the evaporator-inlet almost becomes an
annular flow at cooling mode since the quality of the
refrigerant is usually about 0.2. Referring to the above,
the refrigerant-induced noise for annular flow should
be proportional to the velocity of the refrigerant. Con-
sequently, the dominant factor related to the refriger-
ant-induced noise at the cooling mode should be the
velocity of the refrigerant. In order to reduce the re-
frigerant-induced noise at this state, the velocity of
refrigerant should therefore be reduced, which means
that the quality of the refrigerant should be reduced.
At heating mode, however, the indoor side unit acts
as a condenser as shown in Fig. 2(b). The refrigerant
transits from the gas to the liquid when passing
through the condenser. It becomes 1-phase super-
heated vapor at the condenser-inlet and sub-cooled
liquid at the condenser-outlet for the normal cycle
conditions. However, the refrigerant flowing out from
the condenser can be 2-phase at a special cyclic con-
dition. At this time, the quality of the refrigerant is
usually not so high. Therefore, the refrigerant is pos-
sibly related to slug flow at the condenser outlet.
When the slug flow passes through the condenser
outlet pipe, time varying abnormal noise can occur.
Hence, it can be expected that the refrigerant-induced
noise at the heating mode should be related to the
flow pattern of the refrigerant especially slug flow.
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Fig. 4 shows the noise spectrum of a 5.2kW 4way
cassette type air conditioner when the state of the
refrigerant at the condenser-outlet is 1-phase and 2-
phase. In Fig. 4, the refrigerant-induced noise in-
creases from 500Hz to 2.5kHz when the state of re-
frigerant is 2-phase at the condenser-outlet. Addition-
ally, the time signal of the sound pressure level is
very unstable when the state of refrigerant is 2-phase,
as shown in Fig. 5.

If the increment of the sound pressure level comes
from the slug bubbles, the frequency characteristics of
the increasing noise should be strongly related to the
resonance frequency of the slug bubbles. Eq. (3)
shows the resonance frequency of a bubble cavity
[10].
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Fig. 4. Noise spectrum of 5.2kW 4way cassette type air con-
ditioner.
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Fig. 5. Time signal of sound pressure for 5.2kW 4way cas-
sette type air conditioner.
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Here, R,is the radius of a bubble, f, is the resonance
frequency of a bubble, p is the hydrostatic pressure of
surrounding liquid, « is the ratio of specific heat with
constant pressure to that with constant volume. Fig. 6
shows the variation of bubble radius according to its
resonance frequency. There must be many bubbles
with different radii in the evaporator-inlet pipe. As-
suming that the radii of slug bubbles are distributed
from 50% to 150% of the radius of pipe (ra-
dii=4.76mm, thickness=0.7mm), it can be seen that
the frequency range at which sound pressure level
increases is from 500Hz to 2.5kHz.

The frequency range at which sound pressure level
increases in Fig. 4 appears similar to that of resonance
of slug bubbles in Fig. 6. Therefore, it can be esti-
mated that the increasing noise level at 2-phase state
is caused from the resonance of slug bubbles in the
evaporator-inlet pipe.

The objective in this paper is, through investigating
these experimental phenomena, to find the condition
that does not produce the abnormal refrigerant-
induced noise, even though the state of refrigerant
flowing out from the condenser is 2-phase at the heat-
ing mode.

3. Estimation of flow pattern

To monitor the state of the refrigerant, a sight glass
is widely used. However, it is difficult to visualize the
flow pattern exactly. In this paper, the flow pattern is
estimated by a flow pattern map. Because the flow
direction in a heat exchanger is horizontal, all of the
flows in this paper assume horizontal flow. Thus, the
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Fig. 6. Resonance frequency of a slug bubble in the evapora-
tor-inlet pipe.
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flow pattern can be estimated by Baker’s flow pattern
map [6], one of the most famous flow pattern maps of
horizontal flow. Because the visualization of flow
pattern is not conducted, the process to predict the
flow pattern in this paper is assumed to be adiabatic,
and it may have some uncertainties of identification
of flow pattern.

Since, considering cavitation, it is so difficult to es-
timate the flow pattern, the effect of cavitation is ne-
glected in this paper. According to Baker’s flow pat-
tern map, it can be found that the flow pattern varied
according to the mass flux of liquid and vapor. The
parameters defining flow pattern are given in Eq. (4-7).

mXx

Gg 27 (4)
m'(1-x

Gl :% (5)
1% 1

a=Le P yh (6)
pair Iowater
o 1

W= water ( H . pwater )A (7)

o :uwater pl

Here, m' is the mass flow rate of the refrigerant, x is
quality, A is the cross sectional area of the tube, G, is
the mass flux of the gas, G;is the mass flux of the
liquid, p.p1.paerare the density of the gas, liquid and
Walter, L, [ [aer are the viscosity of the gas, liquid
and water and o,,,,,,0 are the surface tension of the
water and liquid.

In this paper, the flow pattern by Baker map is
identified under the following conditions.

(1) The range of the pressure of refrigerant is from
0.5 to 0.8Mpa at cooling mode and from 1.2 to
2.0Mpa at heating mode.

(2) The range of mass flow rate in a tube is from
100kg/hr to 120kg/hr.

(3) The range of quality is from 0 to 0.2.

4. Experiments

To clarify the variations in noise for various condi-
tions of outdoor units at the heating mode, the cycle
simulator of an outdoor unit is applied for a 5.2kW
4way cassette type indoor unit using R22 refrigerant.
The cycle simulator is the test equipment, which acts
as an outdoor side unit. It can realize various types of
cycle conditions of outdoor side units. With this simu-
lator, the noise test for an indoor side unit is per-
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Fig. 7. Photographs of the simulator.

formed at the heating mode at which the noise prob-
lem occurs. Fig. 7 shows the schematic diagram and
picture of this simulator.

Samsung Yokohama Research Institute in Osaka
developed this simulator, and all of the tests in this
study were performed at the Samsung Yokohama
Research Institute.

This simulator can control the cycle conditions by
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changing the BLDC compressor frequency, the open-
step of the electric expansion valve, the refrigerant
weight in the receiver tank, the heater power, the wa-
ter temperature in the cooling tower, and the indoor
side air temperature.

In the previous paragraph, it was found that the
flow patterns such as slug and plug flow cause time-
variant refrigerant-induced noise at the heating mode.
Therefore, it is very important to find the conditions
in which slug or plug flow does not occur at any 2-
phase conditions in a tube. In this paragraph, these
conditions will be found experimentally by using the
cycle simulator at special cycle conditions.

4.1 Modification of pipe diameter

When the air conditioner is operating at heating mode,
the indoor unit serves as a condenser. It transfers the
refrigerant from super-heated vapor to sub-cooled
liquid at normal cycle conditions. But, in some spe-
cial conditions, the capacity of the heat exchanger
may not be enough to condense the refrigerant com-
pletely, as discussed in paragraph 2. At this time, the
refrigerant flowing out from the condenser can be 2-
phase fluid and it produces abnormal noise when
passing through the condenser outlet pipe.

Fig. 8 shows the variation of the flow pattern ac-
cording to the different pipe diameter at the con-
denser-outlet. In Fig. 8, it can be seen that the flow
pattern varies according to the pipe diameter even
though it has the same mass flow rate. According to
the flow pattern map, it can be supposed that the flow
pattern of the refrigerant at the current condenser-
outlet pipe (¢=9.52mm) is slug flow if the quality is
0.2-0.4.
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Fig. 8. Variation of flow pattern with pipe diameter(mass
flow rate = 120kg/hr, pressure = 2.7Mpa).

To find the location where the vibration level is se-
rious for a conventional condenser-outlet pipe at the
heating mode, the accelerations were measured on its
various positions as shown in Fig. 9(a). The accelera-
tions were measured with B&K type 4393 acceler-
ometer and Pulse 3560C. When the vibration test was
performed, the vibration level was higher around
positions "B" and "C" rather than around the other
positions, as shown in Fig. 9(b). Here, the root mean
square value of the acceleration at axial, radial and
tangential direction is used as the measure of accel-
eration level when pipe diameter is 9.52mm.

When the flow pattern map in Fig. 8 is considered,
the slug flow at the condenser-outlet pipe should be
avoided by applying a smaller pipe diameter than that
of the current one. When the vibration test results in
Fig. 9 are considered, it can be estimated that the
noise from slug flow occurs seriously at the pipe be-
tween the distributor and the electric expansion valve.
Thus, the pipe diameter from the distributor to the
electric expansion valve is changed from 9.52mm to
6.35mm, as shown in Fig. 10. Additionally, in order
to transfer slug flow to bubbly, a strainer is also in-
stalled between the distributor and the electric expan-
sion valve. Fig. 10 shows the strainer applied in this
paper. For the strainer, porous metal with a pore size
of 60 ppi (pore per inch), is applied.
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Fig. 9. Acceleration measured at condenser-outlet pipe.
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Through the noise test with the cycle simulator,
changing the pipe diameter and adding the additional
strainer can reduce the refrigerant-induced noise, as
shown in Fig. 11. Table 1 shows the cycle data when
performing the noise test. In Table 1 and Fig. 11, Test
1 represents a test with a conventional indoor unit

: Stl'ﬂilltl'-pt.ﬂ‘ﬂlls metal

“--

stamer b1 [l T Distributor

06.35

--e--Test 1

for condenser-outlet pipe, and Test 3 with a modified
indoor unit applying 6.35mm pipe and adding an
applying 9.52mm pipe for condenser-outlet pipe, Test
2 with a modified indoor unit applying 6.35mm pipe
additional strainer for the condenser-outlet pipe. In
Fig. 11, the noise components at a range of the fre-
quency from 1kHz to 4kHz are reduced considerably
when the diameter of the pipe is reduced from 9.52 to
6.35mm and the strainer is applied. Specially, the
time varying abnormal refrigerant noise disappears
when 6.35mm pipe is applied, as shown in Fig. 12.
Through these noise test results, reducing the diame-
ter of the tube at the condenser-outlet is very effective
in reducing refrigerant-induced noise even though the
state of the refrigerant at the condenser outlet is 2-
phase.

Table 1. Cycle conditions for the noise test for different pipe
structure.
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Fig. 12. Time signals of acoustic pressure with different diameter of condenser-outlet pipe.
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4.2 Modification of mass flow rate and quality at the
condenser-outlet

To verify whether the reduction of the noise in the
previous paragraph is effective at various cycle condi-
tions, a noise test was performed with the cycle simu-
lator at different mass flow rates and qualities.

It is possible to change the mass flow rate of the re-
frigerant by changing the frequency of the BLDC
compressor and the open-step of the electric expan-
sion valve for the simulator.

It is also possible to change the quality of the re-
frigerant at the condenser-outlet by changing the re-
frigerant weight in the receiver of the simulator. A
flow meter is used with the simulator in order to
measure the mass flow rate, and the state of the re-
frigerant can be monitored by sight glass. The quality
at the condenser-outlet can be estimated as shown
below.

If the p-h diagram can be moved parallel to the
horizontal direction as shown in Fig. 13, the capacity
of the heat exchanging should be constant at the con-
denser (indoor unit) for the heating mode. The heat
exchanging capacity can be approximately measured
with the temperature difference between the air-inlet
and outlet temperature of the indoor unit from the
following equation.

Ql =m'ref (h2 - hl) (8)
QZ = m'air Cp (T;'nlet - Toutlet) (9)
0=0, (10)

In Egs. (8-10), Q; is the heat exchanging capacity
at the refrigerant side, O,is the heat exchanging ca-

PI[Mpal

2'h[kJ/kg]

Fig. 13. Parallel movement of the p-h diagram to the enthalpy
axis.

pacity at the air side, m s the mass flow rate of the
refrigerant, m ,;.is the mass flow rate of the air, #; is
enthalpy at the condenser-outlet, /4, is enthalpy at
compressor discharge, C, is the specific heat of air at
constant pressure and T, Toue are the air tempera-
ture of inlet and outlet for the indoor unit.

Hence, at first, the average temperature difference
between the air-inlet and outlet of the condenser is
measured by using a thermocouple array when the
state of the refrigerant at the condenser-outlet is 1-
phase. At this time, because the refrigerant at the con-
denser-outlet is either a saturated or a sub-cooled
liquid, the enthalpy can be known. In addition, the
enthalpy at the discharge of the compressor can also
be known with the temperature and pressure at the
discharge pipe.

Therefore, the heat exchanging capacity can be de-
termined from Eq. (4). When /4, is moved to the right
in Fig. 13, which denotes /," and the temperature
difference between the air-inlet and outlet of the con-
denser is the same as that measured at first, the en-
thalpy difference /,-h;" should be the same as 4, - &;
in Fig. 13. Therefore /;" and the quality of the refrig-
erant can be calculated from Egs. (11-13) when the
state of the refrigerant at the condenser-outlet is satu-
rated 2-phase state.

hy —hy = hy'=h' (11)
= -2 (12)
mref
h,'—h
x=—"0 1 (13)
hg _hf

Here, A, is enthalpy of saturated liquid, 4, is en-
thalpy of saturated gas, and x is quality at the con-
denser-outlet.

Table 2 shows the cycle conditions for noise tests at
different mass flow rates and qualities. In Table 2,
tests 4, 5 and 6 denote the tests when the quality at the
condenser-outlet is 0.0, 0.06 and 0.13, respectively,
for 120kg/hr mass flow rate. Tests 7, 8 and 9 denote
the tests when the quality at the condenser-outlet is
0.0, 0.06 and 0.16, respectively, for 100kg/hr mass
flow rate.

Fig. 14 shows the variation of overall sound pres-
sure level with different mass flow rate and quality.
Fig. 15 shows the variation of the 1/3 octave band
spectrum. In Figs. 14 and 15, the sound pressure level
is growing when the quality increases. But the time-
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Table 2. Mass flow rate and quality for the noise test.

Noise test for 2-phase flow

Factor(unit) Test | Test | Test | Test | Test | Test
4 5 6 7 8 9

Target mass flow rate | 120 | 120 | 120 | 100 | 100 | 100

Quality at condenser out | 0.0 { 0.060.13 | 0.0 |0.06 | 0.16

The phase of the refriger-
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3
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Fig. 14. The variation of overall sound pressure level with
different mass flow rate and quality.
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Fig. 15. The variation of sound pressure level spectra with
different mass flow rate and quality.
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Fig. 16. Flow pattern with different mass flow rate and qual-
ity.

varying abnormal noise does not seriously occur in
this test.

Fig. 16 shows the flow pattern estimated from the
flow pattern map at this cycle condition with the
Baker map. From Fig. 16, the slug flow does not oc-
cur. Therefore, according to the Baker map and noise
test, it can be verified that a reduction of the pipe
diameter should be effective in avoiding slug flow
and it can reduce time variant refrigerant-induced
noise.

4.3 Verification of simulator results with outdoor
unit of SHP system multi type air conditioner

To verify the results from the simulator in para-
graphs 4.1 and 4.2, a noise test of a 4-way cassette
type indoor unit was performed with the outdoor unit
of SHP system multi type air conditioner as shown in
Fig. 17.

Two indoor units of the 4-way cassette type were
established in the anechoic chamber, as shown in
Fig. 17. They were applied with a different type of
condenser-outlet pipe, which has a different pipe
diameter as shown in Table 3. Noise tests were per-
formed at different test conditions for cooling and
heating modes. When the air conditioner was oper-
ating at heating conditions, the time varying abnor-
mal noise from the slug flow occurred for the con-
ventional one. But, the same condition (the im-
proved one), which reduced the pipe diameter, did
not produce this kind of noise. Table 4 shows the
sound pressure level at different environmental con-
ditions. In Table 4, the sound pressure level for the
2-phase condition is reduced by 1.3dB at the heat
overload condition.
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Table 3. Specification of evaporator-inlet pipe for test sam-
ples.

Table 5. Cooling and Heating performance for reducing
diameter of condenser-outlet pipe.

Outer diameter of condenser
Type outlet plpe(mgév A;it(ri;tif;al
In Flare-EEV o
Distributor
Conventional 9.52 9.52 X
Improved 6.35 6.35 o

Table 4. Noise test results.

Sound pressure level [dBA], 1.5m

Temperature condition, under the indoor unit

ISO standard
(Indoor / Outdoor)

Conventional Improved

2 phase | 1 phase | 2 phase | 1 phase

20C, 58.4%RH /

7T, 86.7%RH 384 35.6 37.7 36.3
(Heat standard)

27C,25.1%RH/

24°C, 55.3%RH 382 37 36.9 36.6

(Heat overload)
21, 52.8%RH /21T,
52.8%RH (Cooling low)

27°C, 46%RH /

35C, 24.4%RH 39.8 383 40.4 38.8

(Cooling Standard)

39.1 373 40 38.5

Fig. 17. Noise test for verification of simulator results with 4-
way cassette.

Fig. 18 shows the time signal of sound pressure
level when the state of the refrigerant at the con-
denser-outlet is 1-phase and 2-phase at heat overload
conditions. In Fig. 18, the refrigerant-induced noise of
the improved one is not varied so much from that of
the conventional one according to the phase differ-
ence.

But when the air conditioner was operating at cool-
ing conditions, the noise level was increased in direct
opposition to that at the heating condition for the
sample of reduced diameter.

Mode Items Conventional Rf:ducing
diameter
Total Capacity(kW) 13.06 13.11
Total Input(kW) 5.6 5.59
Cooling | copw/kw) 233 237
ey iy | |12
Total Capacity(kW) 15.76 16.16
Total Input(kW) 543 5.66
Heating | copew/kw) 29 2.86
ey tsomep | 0| 4P

Fhave of refrigerant of condenser omlel — 1 phase

Saund Pressane level[Pa)

a5 1 15
Tme[sex|

Thase of refrigerant al condenser oullel — 2 phase

Bound Pressure level[Pa)

0o

I!ﬂ
Tinne|sec]
(a) Conventional indoor unit
0o - .
Phase of refrigerant af condenser enliet — 1 phose

0ons -

Sourd Fressure |evel[Pa]
o

T
us il e

Time[zac]

Phase af refrigeram al condenser amlel = 2 phase

Saund Prassure el Pa]

a5 i3 5
Time[sec]

(b) Improved indoor unit

Fig. 18. Time signal of the sound pressure level for conven-
tional and improved indoor units.

This was because the velocity of the refrigerant in
the cooling mode was increased by reducing the di-
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ameter. Nonetheless, there was no abnormal noise.

Consequently, the reduction of refrigerant-induced
noise by reducing the diameter of the condenser-
outlet pipe can be verified, and it can be determined
that the results of the simulator are very well in line
with those of the air conditioner.

Because reducing the diameter can make the pres-
sure drop increase, performance and reliability can
both be problems. Nevertheless, because the electric
expansion valve controls the cycle condition compen-
sating for the pressure drop caused by reduction of the
diameter, it was no problem when the performance
and reliability tests were conducted. Table 5 shows
the test results for the performance at cooling and
heating mode. As shown in Table 5, EEV open step is
increased about 4 steps for the diameter reduced sam-
ple compared to conventional one at cooling mode.
To verify the reliability at cooling and heating over-
load conditions, a performance test is performed at
the condition that the length of the connection pipe
between indoor and outdoor unit is increased (70m)
and the height between indoor and outdoor unit is
increased also(30m). This test is conducted to check
whether the air-conditioner unit has some problems
for operating at high pressure drop condition.
Through this reliability test, it can be found that there
is no problem for operating even though condenser
outlet pipe is reduced from 9.52 to 6.35mm.

5. Conclusions

The variation of noise for an air-conditioner at the
heating mode was measured and evaluated by chang-
ing the diameter of the condenser-outlet pipe and
adding a strainer in order to avoid slug flow. Through
these tests, the following results were obtained.

(1) Refrigerant-induced noise could be estimated
from the flow pattern map at a given cyclic condition.

(2) Noise test results are well coincident with those
expected by the Baker map.

(3) Increasing of slug flow at the condenser-outlet
could cause the refrigerant-induced noise.

(4) Applying a smaller diameter of pipe could re-
duce the refrigerant-induced noise by reducing the
slug flow at the condenser-outlet.

(5) An additional strainer between the distributor
and expansion valve could transit the flow pattern
from slug to bubbly, which derived the reduction of
the refrigerant-induced noise.
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