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mABSTRACT : Inthe present work, thefeasibility of utilizing R404aasrefrigerant along with nano
particles (Al,O,, CuO and TiO,) as additives in nano particle eco friendly chilling plant for fish
processing. The performance analysis used three different nano particles each with five
combinations for the assessment for R404a. The best performance of the system was identified
using the comparison of system parameterslike COP, compressor work input, refrigerating effect,
compressor suction and discharge pressure and temperature at all the state points of the system.
COPanalysisof R404awith nano particle of Al,O, CuO and TiO,. Sincethe emphasishasbeenlaid
on COP and evaporating temperature not given primary importance and hence the study concludes
that the mixture of R404a offering the COP of 3.97 with 3% CuO having 29.6 kj/kg-K work input to
the compressor along with highest refrigerating effect of 119.40 kj/kg-K can be used asan alternative
refrigerant for nano particle eco friendly chilling plant for fish processing at the temperature range
of -11°C. The performance characteristics of the system may provideaguidelinefor thecold chain
applicationin fisheriesand its allied applications.
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the Arctic region as 320 DU (Dobson units) and it
was below 150DU during spring time, when
compared to the normal level of 450DU, which was an
unknown phenomenon and was named as ozone hole.
Before the harmful effect on the ozone layer was
identified in 1974 by Frank Sherwood Rowland and his
postdoctoral associate Mario J. Molina in comparison
with nitric oxide produced by soil bacteriathrough the
production of NO,, the CFC’s lead the world of

refrigeration industries for over 6 decades.
In early 1980°s scientists have identified the steady

I n 1956 GM.B Dobson measured the ozone level in

decline of about 4% per decade in the total volume
of ozone in earth’s stratosphere (the ozone layer) which
isknown as ozone depl etion and amuch larger springtime
decrease in stratospheric ozone over earth’s polar regions
named as ozone hole comparing to the ozone layer
measured earlier in Dobson units abbreviated as “DU”.
These components greatly contributed towards global
warming and also quantified it as 8500 times more than
that of CO, over ahundred years. Thesefindingskindled
the interest of HVAC engineers on production and the
usage of HFC and HC refrigerants and also the ban on
CFC’s and HCFC’s as the Montreal protocol agreement
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on 16" September 1987 and came into force on 1%
January 1989. According to the Montreal protocol signed
in 1989 therefrigerantswhich arefriendly to environment
with zero ozone depl etion potential and near zero global
warming potential arerequired to be used inrefrigerators
and HVAC systems to regulate production and trade of
the ozone-depleting substances such as CFC’s and
HCFC’s.

The London, Copenhagen, Montreal and Beijing
amendments came into force on 10" August 1992, 14
June 1994, 10" November 1999 and 25" February 2002
which were responsible for the established of final
expiration of HCFC’s as 2030. So the search continues
on the possible alternatives for the refrigerants which
are acceptable interms of thermophysical,
thermodynamic properties and less harmful for the
environment. Even though the protocol banned the
production and usage of CFC’s, it gave a ten year grace
period to the developing nations for the usage of these
refrigerants with less than 0.3kg per capita and specia
help to minimize the usage.

Michael Uhlmann and Stefan S. Bertsch (2012)
have derived the improved control strategies for heat
pumps usi ng on-off cycling as capacity control through
the evidence of performance losses of 1 - 2% for short
cyclingtimesof air source heat pumps and 5% efficiency
gain in the case of geothermal heat pumps by the
recovery of the ground probe during the off time. Lee et
al. (2002) have suggested the numerical codeto predict
the performance of Condenser and found the acceptable
deviation of calculated and experimental valueswith the
use of R-22 were 10.1% greater than experiment data
and with the use of R-407C the results were 10.7% less
than experiment data and thus they suggested the
numerical code to be used as a design tool to develop
better condenser paths.

Gao et al. (2012) have studied the absorption
refrigeration system with the binary mixture of
trifluoromethane (R23) and N,N-dimethyl formamide as
a promising new working fluid and found the average
relative deviation of 1.8% between experimental and
calculated values of system parameters. Bansal et al.
(2012) have studied the alternative technologies for
refrigeration such as thermo-acoustic refrigeration,
thermoel ectric refrigeration, thermo-tunneling, magnetic
refrigeration, Sterling cycle refrigeration, pulse tube
refrigeration, Malone cycle refrigeration, absorption

refrigeration, adsorption refrigeration, and compressor
driven metal hydride heat pumps. They suggested going
for integrated heat pump system serving both heating
and air conditioning applicationsin domestic applications.

Boissieux et al. (2000) studied with the use of
Mixtures R407C (R32/R125/R134a of quality
0.23:0.25:0.52), R404a (R125/R143a/R134a of quality
0.44:0.52:0.04) and Isceon 59 (R125/R134a/R600 of
quality (0.47:0.50:0.03) and stated that the Dobson and
Chato correlation provided the best prediction for these
refrigerant mixtures and the Shah correlation fitted the
measurements of the local heat transfer co-efficients
well and seemsto cope well with refrigerant mixtures.

Wang et al. (2012) have confirmed the normal
working of residential air conditioners with the use of
the mixture of R410a/MNRO as working fluid. The
cooling/heating energy efficiency ratio of theresidential
air conditioners increased about 6% by replacing the
polyol-easter oil VG 32 lubricant with MNRO (mineral -
based nano-refrigeration ail).

Chen and Yu (2008) have confirmed the new
refrigeration cycle having the evaporator circuit of two
branchesto realize Lorentz cycle with the advantage of
temperature glide (NRC) using the binary non-azeotropic
refrigerant mixture (R32/R134a) resultsin 8to 9% COP
raise and 9.5% increase in volumetric refrigerating
capacity. Park and Jung (2009) have reduced the charge
of the system upto 58% duetoitslow liquid density and
found that the COP of the system using mixture of R170/
R290 of quality 0.06:0.94 was higher than that of R22
and have 16.6-28.20C lower compressor discharge
temperatures, thisin turnincreasesthelife of the system.

Fernando et al. (2004) have performed a study on
traditional refrigeration system under typical Swedish
condition and found that the charge of about 200 grams
is the best choice for the heat pump providing a COP
between 3.5 and 4 using R290 as arefrigerant. Jung et
al. (2000) have examined the performance of R290 /
R600a mixture of quality or mass fraction 0.6 : 0.4 in
domestic refrigerators and suggested the COP increase
of 2.3%. Three to four percentage (3-4%) of higher
energy efficiency at faster cooling rate aswell asshorter
compressor on-time and lower compressor dome
temperatures were confirmed with this mixture
compared to CFC12 — R12.

Cleland et al. (2009) have quantified the system
performances and stated that the system with mixture
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of propane and ethane (Care-50) reduced energy use
by 6-8% under similar system cooling capacity relative
to HCFC-22. With propane (Care-40), energy use
decreased by 5% but cooling capacity was 9% |lower.
Anand and Tyagi (2012) have revealed the fact that the
exergy destruction is least when the system is 25%
charged and also COP of the system is high when the
system is50% charged dueto higher refrigerating effect
and reduced compressor work and exergy efficiency of
the systemis highest when the systemis 100% charged.
So he suggested that the system must run with the
optimum balance between the exergy efficiency and
energy savings.

Andrey Rozhentsev and Vjacheslav Naer (2009)
have studied the stationary modes the operating
parameters of the system using 3-component non-
azeotropic mixtures of hydrocarbons — isobutane
(CH(CH,),CH,) / ethane (CH,CH,) / methane CH,)
as a refrigerant which corresponded to their design /
calculated values varying with the refrigerant working
mixture compositions and ambient temperatures (that is
the heat load) within the following ranges: discharge
pressure — (12.3, ..., 13.4) bar; suction pressure — (0.8,
.., 1.3) bar; compressor input power — (385, ..., 435) W.
The air temperature in the low-temperature chambers
of the 1% and 2™ type for the considered modes was as

low as (-80, ..., -95)°C while the average temperature
along the evaporator was of (-85, ...,-105)°C,
correspondingly.

Lee et al. (2002) have predicted the effect of the
refrigerant change from R22 to R407C on the chiller
performance and measured that the cooling capacity
decreases by 10-20% and the COP by 20-30%
depending on the temperature condition. It isfound that
the main reason for the decrease in the Chiller
performance is the decrease in the heat transfer co-
efficient of R407C compared with that of R22 based on
the three factors which are thermodynamic properties,
compressor efficiency, and heat transfer.

B METHODOLOGY
Experimental set up:

The Fig. A shows the experimental setup consists
of three compressorsfor accommodating three different
nano particlesalongwith individual oil separate (ensuring
no nano particle beyond oil separator along the
refrigerant cycle, air cooled condenser (assisted by fan),
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thermostati c expansion valve and an evaporator section.
The compressor used in this system is Kirloskar
KCN414LAL-B230H. A four row air cooled condenser
of 1TR capacity isused to facilitate the proper condensing
area ensuring the system pressure never increases
beyond alimit. Anindividual oil separator was connected
to separate the oil and nano particle correspond to its
compressor from the compressor discharge and the
separated oil and nano particle was directed to the
compressor doom through the suction line of the
compressor. Charging valves of individual nature were
also provided to facilitate the charging for performance
testing. The experimental setup was placed on aplatform
along with a blast freezer type evaporator unit capable
of handling-20°Cinside.
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Fig. A: Schematic diagram of experimental setup of nano|

particle eco friendly chilling plant for fish processing

This setup was used for conducting COP analysis
of R404a with nano particle of Ag,0, CuO and TiO2.
For the realization of different requirements of each
compressor thisnano particled eco-friendly refrigeration
unit considered the TES2:06823403 with orifice sizes of
“1”, in size to accommodate the variation in cooling load.
Thermometers and pressure gauges are used to measure
the temperatures and pressures of the unit at various
places as well as suction and discharge. Initialy the
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system was flushed with nitrogen gas to eliminate
impurities, moisture and other foreign materials inside
the system, which may affect the accuracy of the
experimental results. Ag,0, CuO and TiO, were mixed
with the compressor oil through suction valve provided
for each comprssure and the R404arefrigerant ischarged
into the setup. Refrigerant is allowed to work and the
COP for the system was analyzed. COP was found to
be more when the nanoparticles were added rather than
the COP of R404ac without nanoparticle. Temperatures
and pressures are recorded at frequent intervals. The
work input to the compressor, refrigerating effect and
COP during tests was measured after attaining the
steady-state condition during every testing trial. The
measured values were used to study the performance
characteristics of the refrigerator. Fig. B shows the
photographic view of nano particle eco friendly chilling
plant for fish processing.

Fig. B : Photographic view of nano particle eco friendly

chilling plant for fish processing

Refrigerant charging :

The system was subjected to | eak test with nitrogen
at 31.74 bar. The system was kept idle for 60 hours and
checked for pressure drop to ensure zero leak. Then the
system was evacuated to the vacuum level. After

completing the evacuation test, the system was ready
for charging therefrigerant mixture. Initialy high boiling
refrigerant was charged through charging valve followed
by medium boiling refrigerant and then by thelow boiling
refrigerant as per the thermodynamically correct mass
fraction. A digital mass balance was used to have
accurate mass of charged quantity.

After charging the mixture with desired mass
fraction, the system was started with uniform ambient
temperature. Before starting the system, pressures at
discharge side and suction side were equalized by the
use of the bypass line and extra volume to ensure less
starting torque of the compressor. After the starting of
compressor the valvewas closed. Different observations
like temperatures at each state point, pressures at each
state point, power consumption of compressor and
evaporator heat |oad wererecorded. All the observations
were made after getting the equilibrium condition of the
system. The equilibrium state was arrived by adjusting
the heater load and evaporator refrigerating effect. The
unchanged temperature of secondary medium ensured
thisequilibrium state.

The nano particle was charged at different
composition for their corresponding compressors and
before initiation they were checked for its correctness
by digital physical balance with accuracy of 1 mg. The
different combinational testing were executed and the
readings were recorded for analysis.

Heat leak test :

The heat leak test was carried out to find heat
infiltration into the evaporator tank from ambient
temperature and different secondary fluid temperatures.
Initially the temperature of secondary fluid in the
evaporator tank was brought down and then the system
was stopped. Then the time taken for every one degree
increment of secondary fluid temperature was recorded.

The non return valve connected at the end of the
evaporator coil ensured no influence of back flow of
refrigerant that would heat the secondary fluid. The heat
infiltration was cal culated using the following Eq. 1.

Calorimeter Heat Gain = (m. Cp. DT) / Dt (l)
where, m is total mass of secondary fluid in the
evaporator tank (kg)

Cp is specific heat of secondary fluid (kJ kg* K*)
AT isdifferenceof initial and final temperature (°C)
At is time taken for AT increase of temperature
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(seconds)

Thecal culated amount of evaporator heat infiltration
for particular secondary fluid temperature was added to
the load indicated in the wattmeter. Hence, the exact
load on evaporator was estimated.

Uncertainty analysis :
Zi = Zi £ 12 )]
Thetheoretical COP of the refrigeration systemis
expressed as

he,o - he,i
COPy, = ™ (3)

c

Hence, the COP of the system is a function of
enthal py and work of compression, enthal py isafunction
of pressure and temperature. The work of compression
was given by

¢ &P oL U
V\/ —(?LT*P *C*: din-l_llgl (4)
en-lg Pse 4

The uncertainty in COP calculation using linear
variablesis expressed as (Holman, 2000),

1
é 2 2 2 2 Uy
@Te,i 2 EE‘TTe,oQ f;xﬂpe,i 2 gﬂpe,o 2 u
LT = * T = * p .= * p I Tu
5COP. = & ei g § €0 g § ei g § €0 g 3
th = 2 y
e @p o e, o ;
&po s Jfo.zg—F> i +o.2g—P N a
& sog € sg e dg a
®)

Thetemperature and pressure val ues of systemare
considered for 32 °C ambient temperature and 4 row
condenser and given as

T =-11+0.1°C T, =4.0+0.1C
-4+1 psig ’

P -4 1+1 psig P=4+1psig

P 175+ 1 psig

The values given above are substituted in the
Equation 4.5.

2 2 2 2 2 207
scop,, = &0 g‘ﬁe JBLE 21 g gie +02BL Y oL Y
% -1lg &-4g &04g &04lp &04g €0.4g e175gu

dCOP, = 0.02047 or 2.047 %

The value of 6COP, shows the uncertainty value
in theoretical calculations varying about 2.047% from
theoriginal value.

Theoretical COP with the uncertainty correction
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= COP, + (2.047/100) * COP,
Modelling and governing equations :

Exergy or availability isathermodynamic property
that represents the maximum work that can be obtained
fromafluid streaminareversible processuntil it reaches
the thermodynamic equilibrium with the surroundings.
Exergy analysiscan be used to evaluate the performance
of thermodynamic system. Unlike energy, exergy is not
conserved but it will be destroyed.

With the experimental dataobtained from thetests,
the exergy analysisis carried out to find exergy loss of
the “three stage ARC system” in order to obtain a
quantitative measurement of the system inefficiency.
Under the assumption that the change of kinetic and
potential energy isnegligibleand theambient temperature
isT,, theexergy isgiven by the equation.

Y =h-Tgs (6)
Y = (h-hg)-T, (s-S) (7)

B RESULTS AND DISCUSSION

The performance analysis of nano particle eco-
friendly chilling plant for fish processing using R404a
was performed. The system was charged at different
composition for their corresponding compressors and
before initiation they were checked for its correctness
by digital physical balance with accuracy of 1 mg. The
different combinational testing was executed and the
observations were recorded and results were plotted as
graphs and plots. The following are the interpretations
and conclusions of theresults of this experimental study.

Fig. 1 shows the variation of co-efficient of
performance and compressor work input for different
percentage of Nano particle (Al,O,). It is observed that
the increase in COP is due to the excess energy stored
inside the compressor reducing the unnecessary work
for compression which reduces the work input to the
compressor and increasing the refrigerating effect and
thus the COP with the increase in percentage of nano
particle during operation. Further the increase in
percentage of nano particle into the system reduces the
co-efficient of performance through utilizing more
amount of work supplied rather in compression into
increasing the output temperature instead of increasing
the discharge pressure.

The maximum and minimum values of COP
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observed were 2.65 and 2.57 for the mixture without
Al,O,and 3.23 and 2.99 for the mixture with Al O,.
Among which the maximum value lies for 3% of nano
particle. The corresponding low values of work done
noted were 42.67 and 43.82 kj/kg-K as well as 34.37
and 37 kj/kg-K. The high value of work input to the
compressor yields low value of COP and vice versa.
Lower the work input to the compressor and higher the
COP being the best operating conditions of any
refrigerating system, the recommended percentage of
nano particle (Al,O,) as 3% when used along with R404a
with 3.23 as COP and 34.37 kj/kg-K work input to the
compressor. Fig. 2 and 3 explain the concepts for the
nano particles CuO (3% with 3.97 as COP and 29.60 kj/
kg-K work input to the compressor) and TiO, (3% with
3.53 as COP and 32.46 kj/kg-K work input to the
COMpressor).
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Fig. 4 shows the variation of co-efficient of
performance and refrigerating effect for different
percentage of nano particle (Al,O,). It is observed that
the increase in COP is due to the excess energy stored
inside the compressor reducing the unnecessary work
for compression and thus saving the work required to
achieve the same refrigerating effect as well as with
high value of refrigerating effect and its corresponding
work input yielding higher COP with the increase in
percentage of nano particle during operation. Further
theincreasein percentage of nano particleinto the system
reducesthe co-efficient of performancethrough utilizing
more amount of work supplied rather in compression
into increasing the output temperature instead of
increasing the discharge pressure.

The maximum and minimum values of COP
observed were 2.65 and 2.57 for the mixture without
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Al,O,and 3.23 and 2.99 for the mixture with Al,O,.
Among which the maximum value lies for 3% of nano
particle. The corresponding values of refrigerating
effectsnoted were 112.90 and 112.62 kj/kg-K aswell as
110.99 and 110.72 kj/kg-K. The lower value of
refrigerating effect yields low value of COP and vice
versa. Lower the work input to the compressor, higher
values of refrigerating effect and higher the COP being
the best operating conditions of any refrigerating system,
the recommended percentage of nano particle (Al,O,)
as 3% when used along with R404a with 3.23 as COP
and 34.37 kj/kg-K work input to the compressor aswell
as 110.99 kj/kg-K refrigerating effect.

Fig. 5 and 6 correspondingly explain the concepts
with respect to the refrigerating effect as explained in
the Fig. 2 (3% of CuO when used along with R404a
with 3.97 as COP and 29.60 kj/kg-K work input to the
compressor aswell as 117.48 kj/kg-K refrigerating effect)
and 5 (3% of TiO,when used along with R404a with
3.53 as COP and 32.46 kj/kg-K work input to the
compressor as well as 114.88 kj/kg-K refrigerating
effect).

Fig. 7 comparesthe effect of nano particleson COP,
refrigerating effect and work input to the compressor
with therefrigerant mixture R404afor without and with
nano particles during operation. The trend of reduced
work input and increased refrigerating effect compared
with the system operation without nano particleand along
with nano particle are shown in Fig 7. The maximum
COP observed was 3.97 which correspond to 3% CuO
which has 29.60 kj/kg-K compressor work input and
119.41 kj/kg-K refrigerating effect aswell asincreased
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COP as compared to the system without nano particle
(Cu0).

Lesser the work input to the compressor, higher
the refrigerating effect and better the COP being the
expectationsfromthe systemit is obviousfromthe Fig.
4 and 5 that 3% of CuO vyields very less work input
(29.60 kj/kg-K) along with highest refrigerating effect
(119.40 kj/kg-K) along with 3.97 as its corresponding
COP and thus recommendations emulate the system
working with R404a asrefrigerant hasto beloaded with
3% CuO nano particlefor optimized performance. Thus
the study recommends that the R404a along with 3%
CuO nano particle can be used for the optimized
operation of nano particle eco friendly chilling plant for
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fish processing.

Conclusion :

Thermodynamic investigations on nano particle eco
friendly chilling plant for fish processing aimsat finding
an alternative refrigerant mixture for CFC and HCFC
refrigerants which fulfils the requirements of error free
working of the system in the range of 264K (-11 °C)
taking care of environmental friendly, exergic and energy
efficiency aspectsduringitslife cycle.

The performance analysiswas done on nano particle
eco friendly chilling plant for fish processing using five
combinations of nano particles for R404a. The best
performance of the system was identified using the
comparison of system parameterslike COP, compressor
work input, refrigerating effect, compressor suction and
discharge pressure and temperature at all the state points
of the system. Mind provoking findings that lead the
recommendationisgiven for thereviewersas an essence
of thisexperimental study.

Since the emphasis has been laid on COP and
evaporating temperature not given primary importance
and hence, the study concludesthat the mixture of R404a
offering the COP of 3.97 with 3% CuO having 29.6 kj/
kg-K work input to the compressor along with highest
refrigerating effect of 119.40 kj/kg-K can be used as an
alternative refrigerant for nano particle eco friendly
chilling plant for fish processing at the temperaturerange
of -11°C.
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