MiHicTepCcTBO OCBITH i HayKM YKpaiHu
OpecbKa HauioHa/IbHA aKkaAeMisi XapuoBUX TEXHOJIONIN
HaBuyasibHO-HAayYKOBUM iIHCTUTYT XO0J10lY, KPiOTEXHOJIOT N
Ta ekoeHepreTukum iMm. B.C. MapTuHoBcbkoro OHAXT

3BIPHUK HAYKOBUX ITPAIIb

3A MATEPIAJIAMU
BCEYKPAIHCBKOI HAYKOBO-TEXHIYHOI
OHJIAH-KOH®EPEHILIT

MOJIOAUX BYEHUX, ACITIPAHTIB TA CTYJAEHTIB

«CTAH, TOCSATHEHHS I IEPCHEKTVBH XOJOAUJTbHOI TEXHIKH
I TEXHOJIOI'II»

14 -15 TpaBHa 2021 poky

Omneca - 2021



YK 621.56/59(03)
BBK 31.3
K-14

30ipHMK HAYKOBMX Npanb MNiATOTOBJEHHUH il peaKUicio
JOKTOPA TeXHIYHUX HAYK, npodecopa XmeabHwoka M.I'
HaykoBuii cekperap - k.T.H.g01. ZKuxapesa H.B.

3a oocmogipuicmy ingpopmauii eionosioac asmop nyonikayii

36ipHuk 3a marepianamu BeeykpaiHChKoT HAYKOBOTEXHIYHOT OHJIAWH-KOH(DEpEeHIii Mo-
JIOJMX yYCHUX Ta CTyIeHTIB «CTaH, JOCATHEHHS i epcneKTHBH X0J0ANIbHOI TeXHi-
KM i TexHouiorii» 14-15 tpaBus 2021poky. — Oneca : TEC, 2021 - 116 c.

Jlo 30ipHUKa BKIIIOUEH] MaTepiaiy CydacHUX HayKOBUX JOCII)KEHb CTYJEHTIB, Ma-
TICTPIB Ta aCMHIPaHTIB PI3HUX YHIBEPCUTETIB 1 akaJeMiil YKpaiHH.

PosrnsinyTo HACTYIIHI HAIPSIMKHU JAOCHTIKEHb: XOJIOAMIbHI YCTAHOBKU; KOHJHUIIIO-
BAHHS MOBITPS, X0JIOIMIIbHI MAIIMHK, TEIMIOOOMIHHI anapaT 1 MpoLecH TeIo MacoooMi-
HY; po00Yl peYOBHHH XOJOWIBHUX MAIllMH; KOMIIPECOPH Ta THEBMOArperaT; €HEpreTHd-
HI Ta €KOJIOTTYH1 TPOOIEMH XOJIOIUIBLHOT TEXHIKK; XOJOANIbHA TEXHOJIOT1; KpiOTe€HHA TeX-
HiKa; 1HOpMAaITiHI TEXHOJOTIi B XOJIOIUIbHINA TEXHUIT

©OpnechKa HaliOHAIbHA aKa/IeMisl XapuOBUX TEXHOJIOT1H
© HaB4anbHO-HayKOBHH iHCTHTYT XOJIOY, KPIOTEXHOJIOT1H
Ta exoeHepreTuky iM. B. C. MapTHHOBCBKOTO



HAYKOBUM KOMITET
I'osioBa - €ropos B.B. - pextop Onecbkoi HalllOHABHOI akajeMii XapuoBUX TeX-
HOJIOT1H, 3acTyXEHUH 14 HAYKH 1 TeXHIKH YKpainu, Jlaypeat JlepxkaBHoi mpemii
VYkpainu B raigysi HayKu 1 TEXHIKH, I-p TEXH. HayK, podecop.

IoBapoBa H.M. - K.T.H., IOLEHT, IPOPEKTOp 3 HAYKOBOi poboTH OnechKoi
HaIllOHAJIBHOI aKajieMii XapuoBUX TEXHOJIOT1H;

Kocoii b.B. — 1.1.1H., npodecop, AUPEKTOpP HaBYATBLHO-HAYKOBOTO [HCTUTYTY
XO0JI0/ly, KpPIOTEXHOJIOT1i Ta ekoeHepreTuku OJ1echbKO1 HalllOHATBHOT aKajeMil xa-
PYOBHUX TEXHOJIOTI;

XMmeabHIOK M.I. - 3aB. kKageaporo X0JIOAMIbHUX YCTAHOBOK 1 KOH/IUIIFOBAHHS
noBiTps OHAXT, akamemix MixHapoaHOl akamemii XOJIOAy, A-P TEXH. HAYK,
npodecop;

MinoBanoB B.I. - 3aB. kadenporo komnpecopiB Ta nHermoarperatie OHAXT,
3aCITy>KEHH J11s14 HAyKU 1 TEXHIKA YKpaiHH, J-p TEXH. HAYK, [Ipodecop;

Mopo3siok JLI. - 1-p TexH. HayK, ipodecop;

HoranoB B.O. - XapkiBCbKHl Iep>KaBHUN YHIBEPCUTET XapuyBaHHS 1 TOPIiB-
i, A.T.H., ipodecop;

Paguenko M.I. - 3aB. kadenporo konuiiroBanus 1 pedprokeparnii HYK, aka-
neMik MDKHapoHOT akaaeMii XoJody, I-p TeXH. HayK, npodecop;

Cumonenko FO.M. - 3aB. kadenporo kpiorennoi Texniku OHAXT, n-p texH.
HayK, podecop

OpradizamiiHui KOMITeT:

TI'osoBa - mpod. XmenpHiok M.T;

HaykoBuii cekperap - x.1.H. JKuxapesa H.B.

Ynenn oprromirery - k.17.H 3imin O.B., x.1.H. KoryT B.O., k.1.H. fAxoBnesa O.1O.,
k.T.H. XKeniba }0.0., k.1.H. Tpanmadinos B.B., k.T.1H. Ocranenko O.B., x.1.H. [Tox-
masko O.C., acuct. Tomaux O.M.

TemaTu4Hi HANPAMMU:

XOJIOAWIBHI MAIIIMHU 1 YCTAHOBKHU

TEIJI00OMIHHI anapaTy 1 IpoLEecH TEMIOMacoOOMIHY
po0oUl PEYOBUHU XOJIOUIBHUX MAIIUH

CUCTEMU KOHAMIIIIOBAHHS MOBITPS

KOMITPECOPHU Ta THEBMOArperaTu

CHEPreTUYH1 Ta €KOJIOT14HI MPOOJIEMHU XOJIOAUIBbHOT TEXHIKU
XOJIOIMIIbHA TEXHOJIOT 1S

KpIOT€HHA TeXHIKa

1H(OopMaIIiitHI TEXHOJIOTIT B XOJIOIUJIbHIN TEXHIIII



JIO/I0AreHTIB, & TAKOXK Oe3MeYHe X BUKOPUCTAHHS — HEMaJIOBaKH1 MUTaHHA. [IpoBeneHHs onTumi-
3alii TEeIJIOHACOCHOI CHCTEMH Ta il elIeMEHTIB s XojomoareHTiB 3 Hu3bkuM [II'TI Ta anami3
BILTUBY JlilleH31iHuX yMoB Ta HOpM (Licence conditions and codes of practice) Ha MOTOYHY KOHC-
TPYKIIIO Ta ONTHUMI30BaHy KOHCTPYKIIiIO 3 XoJooarentamu 3 Hu3bkuM I1I'TI MOXXyTh 3ampornony-
BaTH HOB1 MOXKJIMBOCTI 3 BUPILICHHS 3aBAaHb 3 CHEPTOCPEKTHUBHOCTI Ta €KOJIOTT4HOI Oe3MeKu 1mo-
PSJT 3aCTOCYBaHHS CIICHAPIIO CTAIIOTO PO3BUTKY.

Cnucoxk Jireparypu

1. IEA HPP, Heat pumps can cut global CO2 emissions by nearly 8%. Retrieved April 13,
2015 from www.heatpumpcentre.org. IEA Heat Pump Programme, Heat Pump Centre, Or-
der No. HPC-BR6Carsten Wemhoener, Roman Schwarz, Lukas Rominger. Heat Pump In-
tegration and Design for nZEB. 12th IEA Heat Pump Conference 2017.

2. MIHICTEPCTBO EHEPTETHUKU YKPAIHU http://mpe kmu.gov.ua/minugol/#

3. IPEEC Building Energy Efficiency Taskgroup. Zero Energy Building Definitions and Pol-
icy Activity — An Intenational Review (2018)

4. UNEDP, 2010 Report of the Refrigeration, Air Conditioning and Heat Pumps Technical Op-
tions Committee. Retrieved March 19, 2015, from
http://ozone.unep.org/Assessment Panels /TEAP/ Reports/RTOC/RTOC-Assessment-
report-2010.pdf.

5. Carsten Wemhoener, Roman Schwarz, Lukas Rominger. Heat Pump Integration and De-
sign for nZEB. 12th IEA Heat Pump Conference 2017.

Hayxosuu xepienur: Xmenvniox M.I, npogh. 0.m.n., IXKEOHAXT

L bl
Ty -

UDC 621.56/.59:623.8.01/.08

DEFROSTING SYSTEM MODIFICATION FOR THE MARINE VESSELS COOL-
ING EQUIPMENT

Yalama V.V.?, PhD. student
Khmelnuk M.G.b, Doct. Tech. Sc., professor

Abstract
The generally accepted criterion for the quality of design solutions for the energy systems of

modern marine vessels is their energy efficiency. From the scientific and educational literature
specialists get extensive information which is provided on various aspects of design problems. It
pays great attention to the mathematical model’s development. However, none of the sources pro-
vide recommendations for practitioners taking into account real cases which occurred and intend-
ed for application on marine vessels.

In this work the efficiency of using the heat recovery from operating equipment is investi-
gated. Defrosting system are modified for the marine vessels cooling equipment by irrigation with
warm water. Today, an important question face both marine vessels owner and crew is the marine
environmental protection, reducing marine refrigeration systems environmental impact is the key
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problem. The global community is undertaking action to prevent ocean pollution as well as to re-
duce harmful emissions from engineering systems performance.

The efficiency analysis for the defrosting system performance at the maximum thermal load
on the cooling system in comparison with the common application system is carried out.

Proposed defrosting system is designed to improve the energy efficiency and to reduce envi-
ronmental impact from the marine refrigeration unit, which can contribute to the sustainable de-
velopment scenario.

Keywords: Defrosting System, Energy Saving, Energy Efficiency, Thermal Energy Recu-
peration.

Since humankind met with the problem of global warming caused by industrial activities,
the problem of energy consumption reduction is going hand in hand with the problem of
CO, emission decreasing. Nowadays, this problem is the most vital and fundamental technical
problem almost in all branches of engineering and technology withing industry. One of the few
machinery systems which need to run continuously on marine vessels is its refrigeration system.
As a lifeline for all perishable food items and temperature-sensitive cargo, refrigeration system is
one of the most important systems on marine vessel which requires extreme attention of engineers
at all times.

The object of study is one-stage vapor compression marine refrigeration system with hot va-
pors defrosting of air coolers has been studied. An automated hot steam defrosting system which
is marine vessel is equipped has several disadvantages. Consider the example of loading Tuna on
board. The temperature in the fish pulp (-8°C). It is required for the process of fishery transporta-
tion to the port of unloading to cool it up to (-18°C). The performance of the refrigerating machine
allows to reduce the temperature of the cargo by an average temperature (-0.8°C) per day. During
this process the volume of moisture released accumulates very quickly on the batteries, preventing
air circulation and heat exchange.

Stopping refrigeration machine (60 minutes) from defrosting the batteries up to returning to
the required storage temperature level and moisture. Warming of the cargo is observed. According
to the temperature sensors installed in the fish pulp of each room. In fish pulp temperature read-
ings taken by an average of (+0.2°C) per thawing cycle.

It is possible to increase the coefficient of performance by reducing the natural loss of cold
when the refrigeration machine is stopped during defrosting of the evaporators. Reducing the time
to stop cooling process in the room can be achieved by recuperating the heat released from the
operating system elements (N;) into the environment. The condenser heat load is the sum of the
evaporator heat load (Qo) and the work expended (N; ):

Qu=0Qs+N;,=Qy+ ;E kW. (Eq.1)

o
I

These losses (N; ) can be (15 ~ 20 %) of the refrigeration capacity (Qo) from system perfor-
mance.

Pilot plant of the modified defrosting system for the marine vessels cooling equipment by ir-
rigation with warm water was designed and assembled.

Operating principle. Outboard water pumps into the condensers, where heat is taken away,
heated water sent to defrost the evaporators. The red line indicates the hot water supply pipeline
for defrosting the batteries. The pipeline is installed on the main deck and is connected through the

70



maintenance rooms to the sprinklers above the air coolers. The blue lines indicate the drainage
system, through which the condensate flows by gravity into the ballast tanks. (See Fig. 1, 2.).

The study was carried out within one month from the moment of loading up to the complete
unloading of the cargo compartment at temperature levels: seawater (from + 19°C to + 24°C); air
(from + 14°C to + 28°C).

M.O. PED.M.

Water sprinkler ‘ | i Heated water

Weter pump

Chilled water

Evopararor

Figure 2. Schematic diagram of defrosting system by irrigation of water.

Results and Discussion
The data in the graphs Fig.3 were taken from the logbooks (with similar environmental and
cargo parameters) for comparison with the results obtained.
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Figure 3. Cargo temperature reduction schedule.

The data in (Fig. 3) was recorded from one cold storage room. There were no critic differ-
ences in temperatures between rooms for fisheries cold storage during transportation in the marine
vessel.

The cost of cold for cooling the cargo is determined by the following:

0 = @& py. E4:2)

(G.) weight of cargo, kg; (c.) - heat capacity of cargo, kJ/(kg*K); (t, — t..) — initial and fi-
nal cargo temperature; T — cooling time, h.

Conclusions.

Proposed modification for defrosting system makes it possible to recover heat energy from
the operating equipment. According to numerical analysis, for the selected case it can be possible
to get savings achieved more than 25%.

Improving environmental safety by reducing the refrigerant leaks impact on hot vapor lines
which can lead to low corrosion resistance. Reducing the refrigerant capacity load in the refrigera-
tion system by 200 kg was obtained. The accumulation of thermal energy by the load is improved
by reducing the time spent on the defrosting process, zero energy consumption for freezing cargo
that has been defrosted during the thawing period. The disadvantage of the system is that efficien-
cy decreases with fewer battery defrosts.
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