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Cyuacni npo0semMu X0J0IMILHOI TeXHIKU Ta TexHoJiorii / 30ipuuk Te3 momoiaeit XII Beeykpaincpkoi
HAYKOBO-TeXHIuHOI KoH(pepeHtii. — Omeca: OHAXT, 2019. — 229 c.

VY 306ipauky nHaBeneni marepiamu XII Bceykpaincbkoi HaykoBo-TexHiuHOI KoH(pepenuii «CyuacHi
poOJIeMU XOJIOAMIBHOT TEXHIKK Ta TEXHOJIOTI» Ta PO3ISTHYTO Pi3Hi aClIeKTH HayKOBO-TEXHIYHHUX NHUTAHb,
MOB’sI3aHUX 3 MPOCKTYBaHHSM, BHTOTOBICHHSM Ta EKCIUTyaTalli€l0 XOJOAMIBHOTO OONagHaHHS Pi3HOTO
MPU3HAYEHHS, JOCITIKEHHAM POOOUMX TiJI Ta MPOLECIB B €IEMEHTaX XOJIOAMIBHUX Ta KPIOTEHHHUX CHUCTEM,
3aCTOCYBaHHSIM HAHO Ta KOT€HEPALiHWX TEXHOJOTiH, BUKOPUCTAHHSIM XOJIONY B XapyOBUX TEXHOJOTIfX,
3aCTOCYBaHHSIM 1 BIPOBA/DKEHHIM HETPAIUIIIMHUX JPKEpPEI SHeprii.

B cOopuuke npesacraBinensl matepuansl XI|I BceeykpanHckoil HaydHO-TEXHHUYECKOW KOH(EpPEHIUH
«CoBpeMeHHbIE MPOOJIeMbl XOJIOAMIBHON TEXHUKH M TEXHOJIOTHM» M PACCMOTPEHBI PA3JIUYHBIC ACIIEKThI
HAay4YHO-TEXHUYECKHUX BOIIPOCOB, CBSI3aHHBIX C IMPOEKTUPOBAHUEM, H3IOTOBICHUEM U JKCILIyaTalueu
XOJIOJUIIBHOTO 00OPYIOBaHMS Pa3IMYHOTO HA3HAUCHUS, MCCIENOBaHHEM pPabOuMX Tel U IPOLECCOB B
9JIEMEHTaX XOJOAWIBHBIX MU KPHOTEHHBIX CHUCTEM, IPUMEHEHMEM HAHO M KOT€HEPAILMOHHBIX TEXHOJIOTHH,
WCIIOJIBb30BaHUEM XOJIOAA B IHIIEBBIX TEXHOJOTHUSAX, NPUMEHEHHEM H BHEJIPEHHEM HETPATUIUOHHBIX
HMCTOYHUKOB JHEPIUH.

BinmoBiganpHICTE 32 JOCTOBIpHICTH iH(POPMAaIIii Hece aBTOp MyOmiKaIllii.
Marepianu myOIiKyIOTbCsS MOBOIO OpUTiHANa, HAJAHOTO aBTOPOM.
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MODIFICATION OF SHIP'S THERMAL INSULATION STRUCTURES IN
ACCORDANCE WITH REGULATIONS’ REQUIREMENTS FOR THE FROZEN
PRODUCTS TRANSPORTATION IN ORDER TO IMPROVE REFRIGERATION

SYSTEM EFFICIENCY.
M.G. Khmel'nyuk, Doctor of Science (Engineering), Professor, Department of Refrigeration and Air

Conditioning, ONAHT.
Yalama V.V. graduate student ONAHT c.Odesa

The main reason for the increased energy costs of the marine refrigeration system is the failure to
meet the current requirements for the transportation of heat-insulating structures, one of which is the size of
the lids of the cargo areas, the location of the insulation in the premises.

There are 1,100 refrigerated vessels in the world at the beginning of the 2000s. Shipbuilding
companies have been stopped to build these types of vessels (fishing vessel) for about 20 years now due to
the lack of the transportation needs for the large amount of the same cargo type. Fishing vessels are engaged
in the extraction of fish products far from the port water area and it is too costly to send to the port not fully
loaded vessel [1,2]. Therefore, ships which were built for these needs — Reefer Vessel (RV). A RV is a
refrigerated cargo vessel for transportation of commodities in temperature-controlled conditions. This can be
fish, meat, vegetables or dairy products. Reefer vessels store the goods in storage holds under deck, in
insulated holds. The holds are arranged so, it meets the conditions (humidity and temperature) for the
commodity that is transported. Some reefer vessels have freezing holds for transportation of frozen goods.
Reefer vessels can either have a side-loading system, a hatch-system with derricks and cranes or it can be a
refrigerated container ship.

And since the number of the planet’s population is growing [3] the need for the transportation of
quality goods is growing too. After the collapse of the USSR and the beginning of privatization processes,
the fishing industry for East European countries was stagnated. Many of Reefer Vessels left without quality
technical maintenance. RV owners need to employ energy efficiency projects with minimum capital costs
and payback period to get profit from fishing.

It is considered, for example, reefer vessel "Penguin™ with the storage holds under deck frozen
cargo - 4000 tons, energy consumption by compressors (3 pcs. screw) -350 kW, ship length — 100 m, width -
16 m, deadweight — 5000t. Navigation area - Equator and Arctic. Also, the vessel is intended for the
transportation of containers in shafts of holds, as it is shown in Fig. 1.

Fig.1 Reefer Vessel "Pingyin".
The loading time of RV is increased from 3 days to 1 month. Instead of continuous operation,

loading is carried out in small batches restricted by daytime; at the end of each working day, when RV still
need to spend the energy to refrigerate empty storage holds to get ready for loading. In own turn it increases
energy costs and net cost of frozen cargo. Although according to the Regulations for the transportation of
perishable products the refrigeration system able to freeze 4000 tons of fish products to the temperature of
not more than -18°C, accordingly, the heat load on the evaporators of each deck is limited by these
parameters. The amount of cargo transported has faded into the background, giving way to the cost of
transportation (in other words, if it is more profitable to supply with half-loaded fish (2000 tons) cargo
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capacity of the vessel, with reduced time for transportation, owner is ready for it while this process requires
extra costs due to the need to refrigerate empty storage holds. RV expends the motor resources of working
equipment, electricity as well. There are new markets in third world countries. The nearest fish receiving
ports do not correspond to the capacity of unloading bulk cargo terminal of the vessel, thereby any delay
with unloading process results in defrosting fish. Instead of temperature floating from-18°C to -24°C, in the
body of the fish actual temperature reaches -14°C, which is not permissible according to the regulations for
the transportation of perishable products. At the end of each working day when it is required to start a
refrigeration system, the system pick loads in several times higher than the standard operation mode. It not
only enormous necessary energy costs but it adversely affects the quality of the transported frozen fish,
respectively, on its cost.

If we consider the design of cargo spaces Fig.1. you can see that the size of the upper tween deck
cover occupies 80% of its area. There is no heat-insulating overlap between the hold twins. Initially, such a
technical solution was made to save the capital cost of the vessel for shipbuilding companies and to increase
the unloading speed due to the work of several cargo handling machines at the same time. Unloading
process was carried out 24/7 with fully-load of RV.

Today, with half-loaded (2000 tons) RV, it is still necessary to spend the extra energy to refrigerate
empty storage holds, not only during loading and unloading processes, but also for the transportation time
from the fishing place to the portside or to the Floating Seafood Processor. It requires about 50% more
electricity consumption from the standard for the entire period of cargo delivery.

To solve the faced problem, it does not require huge funds or time for project deployment. Not
more than to build thermal insulation between deck ceilings to separate the storage holds under deck into
separate thermal zones. Thermal insulation campaigns offer PPU (polyurethane foam) in cylinders for
spraying on any prepared surface. PPU is sprayed between stiffeners of decks. It is possible to prepare the
surface for spraying with a minimum number of crew members (sailors, boatswain). It is possible to build
this type of thermal insulation in almost any shipyard around the world. Required time for building insulation
layers about 5-7 days to be done for each deck of RV, almost immediately (1 day) after work done, RV can
proceed with the further operations. Having solved the internal thermal insulation issue make it possible to
smoothly increase the load on the refrigeration machine, but also during transportation of frozen goods
especially long-term, to reduce 2-4 times the operating costs. There is still an open question about the size of
the cargo compartment covers. To reduce the area, it is required to cut a smaller hole in existing covers to
install a fastener and restore damaged parts of the thermal insulation after these operations. But such a
solution requires prolonged time, and another budget with qualified personnel to perform required work.
Now, to reduce the influence of external factors on transported frozen goods, the holds are covered with
polyethylene or other similar material through the covers.
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