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HoBbIe 3aMeHbl COX , T.e. Ha KOHIIEHTpPAT, pad0Ty M YTHIU3AIIHIO;

® yIrpo3a 3/I0pPOBbI0 pAOOTHHUKOB OT JIUTHMOHEIJI, MUKOOAKTepUil, KaHIIEPOTEHHOW MJIECEeHH, UX
TOKCHHOB.

JdxoHomMuueckas d3ppexruBHocts CII-B-10-0

3amena panee npumensBiuxcs COTC u ucnonszoBanue C [1-B-10-0 mpusena k:

® CHUKEHHIO Opaka 1Mo KOpPpO3UH, MOBBIIMICHUIO MPOU3BOAUTEIHLHOCTH 000PYIOBaHUS U TEX-
HOJIOTHYECKOH 3 (HEKTUBHOCTH;

® CHIKEHMIO 3aTPaT Ha MOKYIIKY 3MYJIbCOJIA U BCIIOMOTraTeIbHbIX BELIECTB,

® yBeJM4YEeHUIO cpoka ciryx0s1 COX;

® CHIKEHMIO 3aTpaT Ha TPAHCIIOPT, XpaHEHUE, IPUTOTOBJIEHUE, IKCIUTYaTallUI0, PEr€HEPALIUIO
U YTUIH3AIHIO.
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Abstract

Supermarket owners are looking for commercial refrigeration equipment in order to reduce
electricity costs. With advancement in technologies, companies are moving towards introducing smart
refrigeration system equipped with sensors. These sensors help in controlling the temperature and also
provides temperature monitoring of refrigeration units. Low-power wireless solutions are also being
developed, eliminating the cost of inaccurate and manual monitoring of refrigerator units. Persistence
Market Research anticipates the global commercial refrigeration equipment to experience a steady
growth throughout the forecast period from 2017 to 2026. The global commercial refrigeration
equipment market is also projected to be valued at the US$ 45,913.5 million revenues towards the end
of the forecast period. This study is based on field measurements which were carried out in "JUKA-
Invest”’LTD laboratory. A number of experiments are carried out over pilot units and the detected
temperatures were validated. The research site is developed by specifications, guidelines or
characteristics that can be used consistently to ensure that materials, products, processes and services are
fit for their purpose in accordance with ISO 23953-2: 2015 (E). Pilot Units are equipped with a modern
data monitoring system. All equipment has been certified and complies with international standards.
This part of the study investigates the performance of the freezer compartment M400S+. Using the field
measurements, low temperature level cooling demands and COPs are calculated for peak loads, filtered
and averaged to monthly values. The temperature fields are determined taking into account the features
of the unit design, revealing the disadvantages and advantages for tested pilot unit. The obtained study
results make it possible to determine the thermal fields for commercial refrigeration equipment, to deter-
mine the places of excessive thermal load and the ability to collect the input data to start the creation of a
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single model for calculating the commercial refrigeration equipment for low temperature units.

AHHOTaNUA

Brnanenbipl cynepMapKkeToB MOJOMPAIOT KOMMEUKECKOE XOJOIMIbHOE 000PYI0BaHUE TaKUM
o0pa3oM, 4TOObl CHU3UTh pacxoibl Ha 31eKkTpodHepruto. C pa3BUTHEM TEXHOJIOTUN KOMIIAHUU Iie-
PEXOAAT HAa UHTEIUIEKTYaIbHbIE CHUCTEMBI OXJIAXACHUS, OCHAILIEHHbIE aTYMKaMU. JTU JaT4YKU 1103~
BOJISIFOT MOJIEPKUBATh TEMIIEPATypy M OOECIEeUnBalOT MOHUTOPHUT TEMIEPATypPhl B XOJIOAMILHBIX
ycTaHoBKax. beumn pazpaboTanbl OecripOBOIHBIC PEIICHHS, MCKITIOYAIONINE 3aTPAaThl HA HETOUHBIN
PY4YHOI MOHHUTOPUHT COCTOSIHHSI XOJOMWIbHBIX YycTaHOBOK. Kommanus «Persistance Market
Research» oxxumaer, 4To MHPOBOI PBIHOK KOMMEPYECKOTO XOJOAMIBLHOTO 00OpyqOBaHUS OyaeT
CTaOWIJIBHO pacTH B TedeHUe mporuo3upyemoro mnepuoaa ¢ 2017 mo 2026 rox. ITo mporao3am kK KOoH-
Iy YKa3aHHOT'O MEepUoJia pa3Mep MHUPOBOTO PhIHKA KOMMEPYECKOT'O XOJIOAMIBHOTO 000PYI0BaHUS
Oynet Ha ypoBHe 45 913,5 muH. nomnapos CIIA. /lanHoe uccienoBaHre OCHOBAaHO Ha pe3ysbTaTax
MOJIEBBIX M3MEPEHUH, KOTOpbie MpoBoArIuCh B mabopatopun "JUKA-Invest”. Psn skcriepuMeHTOB
MIPOBOAMIICS Ha MUJIOTHBIX YCTAaHOBKAX, HAa MOTOPBIX OBUIM MOATBEPKICHBI MOJIYyYeHHbIE TeMIepa-
Typbl. MeToanka uccieoBaHuil pa3padoTaHa B COOTBETCTBUM CO ClIEUU(DUKALMSIMU, PYKOBOSIIN-
MU TPUHLUNAMU WIA XapaKTePUCTHKAMU, KOTOPbIE MOTYT MOCIIEI0BATEIbHO UCHIOIB30BATHCS IS
o0ecrie4eHrs COOTBETCTBHSI MAaTEPHAIIOB, TIPOIYKTOB, MPOLIECCOB M YCIYT UX Ha3HAUYCHHUIO COTJIAC-
Ho ISO 23953-2: 2015 (E). IlunoTHble yCTaHOBKHM OCHAIIEHBI COBPEMEHHOW CHCTEMON MOHHUTO-
punra. Bce o0opynoBanue cepTHPHUIMPOBAHO M COOTBETCTBYET MEXKIYHApOJHBIM CTaHAapTaM. B
YaCTH UCCIIEIOBAHUS PaCCMATPUBAETCS MPOU3BOJAUTEIBHOCTE MOPO3WIbHOrO otaenenus M400S+.
Ha ocHOBe pe3ynpTaTOB MOJEBBIX M3MEPEHUN OBUIM pacUUTaHbl TEIUIOBash Harpyska u
koaddunment COP npu Hu3KO# TemnepaType 1 Hanboee TSKENbIX YCIOBUSX, lajee IPOU3BeeHa
GUIbTpanus JaHHBIX U yCPEITHEHHE 10 MECSAYHBIX 3HAUCHHA. TemrepaTypHbIe OISl OTPEICICHBI C
y4eTOM OCOOEHHOCTEW KOHCTPYKLHUU XOJOIWIbHOW YTCAaHOBKHU, BBISIBJICHBI HEAOCTAaTKU U TIpe-
MMYILECTBA JJI TECTUPYEMOW NMUIIOTHOM ycTaHOBKU. [TosyueHHbIe pe3ynbTaThl HCCIE10BaHUN 103~
BOJISIFOT OMNpPENEIUTh TEIUIOBBIE IMOJS ISl TOPrOBOTO XOJOAMUIBHOTO 000pYAOBaHUA, ONPEAETUTh
MecCTa TOCTYIUIEHUS 4YpEe3MEpHON TEIUIOBOM Harpys3ku, M JAlOT BO3MOXXHOCTh cOOpa BXOJHBIX
JAHHBIX, YTOOBI IPUCTYIUTh K CO3JaHHUIO €JMHON MOJENH JUIsl pacueTa TOProBOrO XOJOJHILHOTO
000pyIoBaHUs AJIs1 HU3KOTEMIIEPATYPHBIX XOJIOMIbHBIX YCTAHOK.

1. Introduction

The commercial refrigeration sector is moving forward with particular variability, quickly,
due to government environmental regulations (Ukraine is trying to change current position and to
meet global requirements according environmental standard deployment, protocols and
commitment fulfillment) and the pushing on the market low-GWP refrigerants. One more issue is
leading to change commercial refrigeration sector may come down to demographics. Global
statistics demonstrate that young people are all the time more moving to tightly populated cities
where they may not need any personal transport to get all over the place. So they will not have
arranged right to use the suburban megastores, that is way supermarket holders will be expected
start opening smaller stores in urban areas in order to provide service to this type of customer. And,
again, self-contained refrigeration cases may be a good solution, particularly if a supermarket is
taking over an existing building that offers less flexibility with the layout.

Manufacturers are responding by rolling out a wide array of new equipment that utilizes all
types of refrigerants, providing end users with a number of new options to consider. Below are
some of the products that manufacturers have recently introduced. Commercial refrigeration
equipment is used to store and display chilled or frozen goods for customer purchase at food retail
and service establishments (supermarkets, convenience stores, commissaries, hospitals, restaurants,
cafeterias etc.) [1]. Equipment which is common used can be classified into three main system types:
stand-alone or self-contained refrigeration systems, remote condensing unit systems, and multiplex rack
systems (i.e., supermarket systems). HFC emissions from commercial refrigeration equipment will
account for approximately 26% of global HFC emissions in 2020 [2,3]. HFC refrigerant emissions from
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commercial refrigeration are released to the atmosphere throughout the lifecycle of equipment—i.e.,
during equipment manufacture, installation, operation, and at end-of-life.

Supermarket owners put system requirements to ordered equipment as flexibility to meet most
any retailer’s refrigeration needs. Equipment must serve many purposes, from grocery stores with
small displays to larger stores that want to mimic one continuous unit. Retailers can mix and match
refrigerated and freezer cases. This flexibility is what makes low and medium temperature units
more cost effective and flexible than the installation of remote condenser systems. The unit’s
mobility gives it an edge in the marketplace and makes it valuable to retailers. Refrigeration units
which is designed for use with low-temperature zero zone display cases preferably water cooled and
use environmentally friendly R-448A refrigerant. Such equipment contains a low refrigerant charge.

This basically cause development of pilot plant and execution a set of experiments by
commercial refrigeration manufacture. When creating commercial refrigeration equipment, a lot of
attention is paid to numerous experimental tests execution in various climate classes. This is due to
the location and design of the main heat exchangers, small dimensions, a variety type of
condensation and other aspects will significantly delay the calculation process. Pilot plant design
and calculation method used for a wide range of products is a significant and priority task when
developing refrigerated equipment. Professionaly develpped calculations methods for numerical
experiments will meaningfully reduce the time for experiments and facilitate the selection of
equipment for next stage. Attention should be paid to experimental determination of the heat input
and thermal (temperature) fields of the equipment at real time.

2. Material and methods

In a laboratory for scientific research "JUKA-Invest” LTD [4] are conducted a set of
experimental case studies and scientifically valid results are provided.

The research area with pilot plant is constructed on the base requirements of concerned
standards in accordance with I1ISO 23953-2: 2015 (E) [5] and is equipped with modern data
monitoring and automatic controls system. Equipment used has been certified, and consistent with
international standards [6]. Temperature and humidity sensors have refresh rate twice a second. The
two-channel ventilation system which includes a humidifier, electric shadows and refrigeration
systems supports the climate class in the laboratory. To control all equipment and data processing,
the GECO system is used (Fig. 1)
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Figure 1 — The control system of heat-humidity regimes.

On the screen you can see the following components:

1. The temperature set by the user that the controller stabilizes.

2. A picture indicating that the heater is on

3. The measured current temperature in the chamber

4. A picture indicating that the compressor has been attached.

5. The humidity value set by the user that the regulator is stabilized.

6. The measured humidity in the chamber at real time.

7. Pressure value measurement. Pressure is given in units in which pressure sensors are most
often scaled in strips

8. The value of the second moisture measured from the second humidity sensor

9. The number of remaining days for camera permission.
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10. Figures indicating that the humidifier and dryer were attached.

11. Information about the time remaining until the end of the test case and the test number
that is being performed. If there is no test has been added at this time, the field is empty.

12. Measurement of power.

This system includes a thermosensitive element for measuring ambient temperature, 12
thermosensitive elements for temperature monitoring in the course of experiments, a humidity
sensor for measuring humidity. All sensors have a refresh rate of 0.5 seconds, and a measurement
error of 0.2°C.

Also, this system includes an additional software "TEST" to output the results to the PC monitor.

To determine the airspeed of air, a thermoanemometer «testo 405i» with two sensitive elements
(airspeed and temperature) is used with the additional software for data output «Smart probes».

Measurement diapason

0..15m/c

(Indication 0 ... 30 M/ ¢)

-20...+50°C

Error

+ (0,1 m/c + 5% from changing. The data are presented in diapason: 0 ... 2 m/c)

+ (0,3 m/c + 5% from changing. The data are presented in diapason: 0 ... 2 m/c)

+ (0,3 m/c + 5% from changing. The data are presented in diapason: 2 ... 15 m/c)

For the data collection low-temperature unit is used, M400S+ model. Taking into account
commercial refrigeration systems purpose, it should be noted that there is no any difference with
other M400 models which can have impact on system performance and will be under consideration.

Low-temperature unit under investigation work on R404A refrigerant, have compressor with a
capacity of 240W, steel condenser tube 22 m. length and 4.7 mm in diameter, aluminum tube of
evaporator 28.8 m. length and 8 mm diameter, a capillary tube of 3.3m. length and an internal diameter
of 0.9 mm, a heat exchanger for removing overheating from a galvanized tube with a 4.7mm diameter
and 4.36 m. length, and a recuperative heat exchanger a pipe-in-pipe type. This model is intended to
work within third climatic class, at an ambient temperature of 25°C with 60% related humidity.

2.1 Study conditions

Since this class of refrigeration equipment is not stationary, and may be placed in different
temperature-humidity conditions, there are nine predetermined climatic classes (environmental
parameters). The most widespread climatic classes used in the territory of Ukraine and Europe are
Classes N0.3 t-25°C; 60% RH, and No. 7 t-35°C; 75% RH.

The temperature in the refrigeration unit corresponds to the product storage temperature. Most
form refrigerated display cases are intended for storing a frozen product (ice cream, frozen vegetables
and fruits, semi-finished products, etc.) and corresponds to the temperature level -18°C. ... -24°C.

Table 1 — Climatic Classes

Climate Conditions
Class Temperature of dry-bulb Related Dew-noint Mass of water
thermometer humidity p vapor in dry air
Ne n/n °C % °C ok
0 20 50 93 73
> 16 80 12,6 91
: 22 65 15,2 108
3 25 60 16,7 12
. 30 55 20 148
° 27 70 21,1 15.8
> 40 40 23,9 18,8
: 3 75 30 27,3
8 23,9 55 14,3 10,2
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3. Results and Discussion

3.1 Temperature data on glass doors of refrigerated display case.

When considering the design of the refrigerated display case and the placement of the
container, it was defined that the air volume between the glass and the loading line is “dead”
volume (the air volume which is in between loading line to the crown) behave itself as a heat
insulating layer, therefore the heat flux will be accepted as heat transfer from the “dead” air volume
into the air of the “useful” volume (the volume used for loading products and is determined by the
height of the cage from the bottom to the loading line).

Due to the fact that the display case has radial glass doors arranged at an angle, it was decided
to determine the temperature change as a function of the height of the glass and determine the
average temperature, place 12 temperature sensors on the area of the doors.

Taking in to account above features, for conducted research in laboratory the following
temperatures in the refrigerated display case is defined (Figure 2 and Figure 3):

Neg (17,9°C) Ne2(17.8°t/
~ [ =3
ﬁ ~ || & 5
® 8ol e — N
;: NOT (18, 5°C) ~ "‘\; Net(17.9°C) ]
2 1 ) e}
= = = 02
N1 (14 °C) NeT1(13,5°C) || N°5 (118°C) Ne4 [12,9°C)

UPPER GLASS LOWER GLASS

Figure 2 — The placement of thermometers and temperature indicators on glass doors
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Figure 3 — Schedule of time indications on glass sections
Wamb. — related humidity; Wyiven — given related humidity; Tamb. — ambient temperature; Tgiven
— given ambient temperature; 1;2;3;4;5;6;7;8;9;10;11;12 - the numbering of the graphs according to
the placement on the glass doors

The results of the analysis are shown a maximum temperature drop up to 6.7°C. This
indicates the temperature dependence on the height of the sensitive element location on the glass
with the natural air movement in the pilot plant.

3.2 Temperatures in the shell in the condenser zone and in the compressor compartment

When considering the heat inflow, you must note the specifics of the particular unit design.
Since the condenser is located in the interior of the machine, the wall temperature in the condenser
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zone is equal to the condensing temperature; part of the outer shell will heat the condenser, and
therefore, in these zones, the temperature will be close to the arithmetic mean between the ambient
temperature and the condensing temperature, and the temperature from the side the compressor
compartment will be 2-5 °S higher than the temperatures on other walls due to the temperature of
the compressor and pre-condenser (Fig. 4., Fig.5).

And since the compressor compartment contains an electric motor with a damper to remove
heat from the pre-condenser and cooling the compressor, the temperature in this volume will be
significantly higher.

Taking into consideration the design of the refrigerated display case and the site of the
winding condenser coil, the logical conclusion is that in the zone of condenser placement on the
shell, temperature will be significantly higher than the ambient temperature, and assumed the
thermophysical properties of the material, the temperature will spread over the shell.

In zones distant from the condenser, due to a significant difference between the temperature at
the interior of the examined object and temperature in the cooled volume, taking into account the
insulation thickness, the temperature may fall below the ambient temperature.

Considering the location of the refrigerating system elements in the compressor compartment,
it can be concluded that due to the heat inflow from the heat exchanger to remove the overheating
of the compressor, in the volume of the compressor compartment the temperature will be
significantly higher, and due to the dynamic air movement the temperature is equal to all areas.

During the investigation, temperature sensors were installed in height ribs fixed with
aluminum tape HPX ALU / PET50100 at a distance of 100 mm and was insulated from external
heat inflow by the insulating tape Insul 50*3mm.

Figure 4 — Temperature reading in the shell of the refrigerated display case.

AR i 5

amb. wgiven Wov'ven Wams.

312,314,318

Given T,
Tg"ven g given 'cmb.

Figure 5 — Graph of temperature reading versus time in the shell of the low-temperature
refrigerated case and in the compressor compartment: Wampr — related humidity; WgivenrH — given
related humldlty, Tamb. — ambient temperature; Tgiven — given ambient temperature; Tcompressor com. —
temperature at te compressor compatiment. Tcompressor c. =35.2°C
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Since the compressor compartment contains a motor with propeller for heat removing from a pre-
condenser and cooling the compressor, the temperature in this volume will be significantly higher.

In this regard, it is decided to investigate to determine the air speed for the following calcula-
tion of heat inflow and heat exchanger for the overheating removal.

testo 4051 testo 4051 w

25,1 ¢

Figure 6 — Air speed measuring at the compressor compartment

The experiment was conducted using the thermoanemometer "testo 405i" (Fig. 6).

The target of this experiment is to confirm the additional heat load on the cooling volume
from the condenser and the compressor compartment, and the heat removal through the insulation
of the shell.

3.3 Heat inflow through the bottom

Taking into account the design of the compressor compartment and the intense movement of
air, the temperature of the outer part of the bottom will be irregular and will decrease in length of
the pilot plant (Fig. 7).

When reviewing the design of the investigated object, it should be noted that whetsets or
support legs are installed on the each from these type units. Given this feature, and the possibility of
air circulation between the compressor compartment and the volume of air under the investigated
object, it is possible to predict the temperature of the outer part of the bottom will be irregular and
will decrease by the length of the refrigerated display case. The investigation is done in the same
way as measuring the thermal load on the shell.

Figure 7 — Graphs of temperature dependence on time at the bottom of the pilot plant:
Wamb. — related humidity; Wgiven— given related humidity; Tamb. — ambient temperature; Tgiven —
given ambient temperature

For the demonstrative part of the thermal load, at the bottom of the cooled volume, the
sensors are located in parallel.
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3.4 Temperature investigation for evaporator

Taking into account the specification of the evaporator (leaf tube), a decision was made to do
temperature measurements in the area of the given heat exchanger and graphically depicts the
temperature difference along the height of the evaporator (Fig. 8)
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Figure 9 — Graphs of temperature dependence on time
Wamb, — related humidity; Wgiven— given related humidity; Tamb, — ambient temperature; Tgiven—

given ambient temperature
3.5 Temperatures in the refrigerated volumes
Temperatures in the refrigerated volume are read and depend on thermocouple elements place-
ment according to the height of loaded product stored of the investigated object is shown in Figure 10.

t=25C
RH=65%

Tamb Tgiven
amn/ given W wamb

// / given

Figure 10 — Temperature reading and graph of temperature dependence on time in the
refrigerated volume: Wamb, — related humidity; Wgiven— given related humidity; Tamp. — ambient
temperature; Tgiven— given ambient temperature
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The lower temperature is the temperature read from the lower part, and this issues is validated
by natural environment (gravity) air movement in the middle of the chamber. The higher
temperature is defined in the location product stored is validated by additional heat leakage from the
"baskets". The highest temperature reading under the "crown" confirms that "dead volume™ behaves
as a heat-insulating layer.

The obtained results of experiments done confirm heat load distribution irregularity across all
refrigerated unit areas due to the design features of the unit and allow calculating the heat load on
the evaporator by the zonal method. *

The temperatures correspond to the height in the refrigerated volume and allow graphically to
display the filling of the refrigerated volume with cold air.

The graphic representation of the temperatures in height from the outside and the inside of the
insulated walls reflects zones of increased heat loads. The major result of experiments enables to
develop and calculate the total heat transfer to the refrigerated volume of the pilot plant.

Conclusions

Growing demand for frozen food, and other bakery products stored under low temperature is
driving the demand for commercial refrigeration equipment. In a straggle to reduce carbon
footprints, the manufacturers develop commercial refrigeration equipment with less or limited
energy consumption. In global scale Department of Energy and Environmental Protection Agency
are bring together new regulations as well as standards for commercial refrigeration. They have
emphasis on energy efficiency improving and as much as possible minimizing environmental
impact. To fulfill with the new regulations and strict requirements, companies are capitalizing
development costs to new refrigeration system with innovative technology or to redesigning in
order to meet standards. Supermarkets are one from the most energy-intensive retail businesses.

To hold one’s finger on the market dynamic pulse is tedious and strenuous work both for research
institutes and for manufactory laboratories. "JUKA-Invest” LTD together with Refrigeration and Air-
Conditioning Department, ONAFT are conducted experiments give an idea of the temperature fields of
the pilot plant as a low-temperature unit compartment M400S+ taking into account the features of the its
design, close-fitting the disadvantages and advantages of investigated unit.

The obtained results of experiments make it possible to determine the thermal fields of
commercial refrigeration equipment, to determine the places of excessive heat load and the ability
to collect the input data to begin the development of a single model for calculating the commercial
refrigeration equipment of this class.
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Ways of reducing the polluting emissions to the environment and fuel saving in autorefrigirated trucks
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