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DESIGN-THEORETICAL STUDY OF THE MARINE HYBRID TRIGENERATION
MACHINE BASED ON ORGANIC RANKINE CYCLE AND EJECTOR
REFRIGERATION CYCLE

Oleksandr Dimitrov, postgraduate student, The V. S. Martynovsky Institute of Refrigeration,
Cryogenic Technologies and Ecological Power Energy, Odessa, UKRAINE

At the present day, the marine transport does not remains without the attention of the World’s
Energy saving program. New design solutions are searched to increase the efficiency of the
propulsion system via using the trigeneration technology to recover the secondary energy resources
of ship propulsion.

As the ship has relatively small holds, the maximal installation area for the recovery unit is
strictly limited. Therefore, the requirement for mass and overall dimensions takes the first priority
place.

This requirement is primarily concerned with the part of recovery unit, which produces
cooling power, i. e. heat driven refrigeration machine (HDRM). Today the most efficient of
HDRMs is absorption heat driven machine (coefficient of performance is approximately 0.75), but
its size is large and this isn’t a good thing in small area conditions. Furthermore, its operational
complexity and price are very high.

These problems can be solved in case of using simple and reliable ejector chillers and air
conditioners as a heat driven refrigeration machine for different types of ship trigeneration systems.

In ONAFT the new way to further reduction of the trigeneration system’s overall dimensions
is researched. It represents a system operated by the combined ejector refrigeration cycle (ERM)
and organic Rankine cycle (ORC). The new recovery unit is called hybrid ORC-ERM machine. As
both the steam power plant and the ERM have the same apparatuses (generator, condenser and feed
pump), a hybrid trigeneration machine can be designed.

This work is to carry out the design-theoretical investigation of the marine hybrid ORC-ERM
machine operated by low-boiling and ozone-friendly working fluid. The aim is to predict all
possible methods of improving the energy efficiency of hybrid trigeneration system.

The diagram and thermodynamic cycle of hybrid ORC-ERM machine is shown on Figure 1.
There is an ORC turbine installed except the ejector, generator, evaporator, condenser, feed pump
etc, thus the Organic Rankine cycle can be carried out into practice.

lgP
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Figure 1 — Thermodynamic cycle and the diagram of hybrid ORC-ERM trigeneration
machine:

1 — ejector; Il — generator; IIl — evaporator; IV — condenser; V — receiver-subcooler; VI —
cleaning filter; VII — feed pump; VIII — filter-dryer,; IX — TEV; X — injectors; XI — liquid
separators, XII — recuperator; XIII — ship power plant; XIV — heater pump; XV — recovery unit;
XVI — ORC turbine
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Because of intersections absence between two different target functions, the main efficiency
indicators are split into two parts. The first part considers only ERM characteristics. First of all, the
main indicator of ejector’s efficiency is entrainment ratio U:

=5
u=2 (1)

The energy efficiency of ERM cycle is determined by the thermal ratio £, which is usually
calculated without considering the feed pump’s work:
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Energy and operation ERM indicators also depend of the feed pump’s work efficiency.
Specific electricity spends on the feed pump’s operation, related to 1 kWatt of the cooling capacity,
can be found within the equation:

_ ':'pi_'pf}'y.—
Nﬂ'ﬂmum?ﬂ - U-g, (3)

Analysis of the equation (3) has shown that N_, ...,

[p s~ Pe ), U, q, and is decreased when increasing U, q, and decreasing [pg = ’pc).

is mainly influenced by the

To increase the entrainment ratio for 20+25% it is also recommended to use the conical-
cylindrical mixing chamber in the ejector instead the cylindrical one.

The ORC efficiency indicators are represented by the absolute internal coefficient of cycle
performance (77, ), absolute effective coefficient of performance (7, ), absolute electrical coefficient

of performance (77,; ) and electric generator power (N, ), where:

My = Nog "My “)
Ne = Nmech "M )
Mot = Matg "M (6)
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It would be necessary to identify the dependence of ORC coefficient of thermal energy (7,)

from the vapor’s parameters.
Having the same primary vapor’s parameters (pyand T,) the decreasing of condensing

pressure p. will lead to increasing of #,: as the pressure is surely related with temperature in the
two-phase area, decreasing the p, means the decreasing of heat removal temperature T,; thus the
cycle temperature range is extended and the 7, is increased.

However, the 1, is increased too due to increasing the generation pressure p, and T;. But the

generation temperature T, in the ORC has a strict limit of working fluid critical temperature. This

limit must not be exceeded because of working fluid’s chemical destruction.

Further work is directed to find the new methods of increasing the energy efficiency of ORC-
ERM hybrid machine.

At present, we continue further studies with the goal to find the efficient working fluid in
view of energetic efficiency, economical profits and ecological safety, preferably, natural
substances - for the use in marine hybrid trigeneration systems for air conditioning and refrigeration
at moderately low temperatures (up to —5°C). In the large group of natural ozone-safe organic
substances only a few could be alternative for HCFC. Such substances are the following: propane
(R-290), pentafluorpropane (R-245fa), normal butane (R-600), and isobutane (R-600a). However,
R-290 is not efficient for ORC-ERM application because of the low value of its critical temperature.
As stipulated in the decision of the International Refrigeration Institute, flammability of such
hydrocarbons as R-600 and R-600a does not exclude an opportunity of their use in marine
refrigerating engineering under condition of necessary safety measures. The required safety level of
ORC-ERM operating with hydrocarbons can be reliably achieved due to the high tightness of
machines of such type, functional reliability and the opportunity to be installed outside. Our
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calculations show that R-245fa should be the most efficient refrigerant for ORC-ERM applications.
However, further experimental studies are required to achieve high energetic efficiency.

Scientific supervisor: Khmelniuk M, DSc, professor, department of refrigeration machines,
installations and air conditioning, ONAFT
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3BEPII'AHHS IIJIOAIB Y XOJIOWJIbHi1 KAMEPI 3 MI'C
bonoapes O.€., cmyoenm IXKE OHAXT, m. Odeca

EdextuBHicTh 30epiraHHs pOCIMHHHUX MPOAYKTIB 3HAUHO 3aJICKUTH BiJ PIBHS 3aCTOCOBAHUX
TEXHOJIOTI Ta TEXHIYHHX 3aco0iB . s TOBroCTpOKOBOro 30epiraHHs HaWOUIbII epeKTHBHA
TeXHoJoris 30epiraHHs y 3MIHEHOMY Ta30BoMy cepenoBuili — wmoaudikoBanomy (MI'C) um
perynsoBanomy (PI'C) . Ilpu 36epiranni npoaykriB B MI'C peani3yeTbCsi MPUHLIUI JIOKATBHOTO
KOHJMIIIIOBaHHS TOBITPA : B Maci MNPOAYKTY (QOpPMYeThCS CBil MIKpOKIIMAT MiJ BILTUBOM
010(13UYHUX BIACTHBOCTEW MPOAYKTY , @ BIAHOCHA BOJIOTICTH B Macl MPOAYKTY HE 3aJICKUTH Bij
BOJIOTOCTI TOBITpA kamepu . IIpoTe Taka TEXHOJIOTis Ma€ CYTTEBI HEOOJIKH : HEYHOPSIAKOBaHI
MOTOKH TOBITPSl 1 BUNAJAHHSA HA IMOBEPXHI NPOAYKTY “iH(MEKmiHHWUX Kpameiab , CHPUSIIOUYNX
HIBUAKOMY PO3BUTKY MiKpOOi0JIOTTYHUX MPOIIECiB B yMOBaxX MiaBuiieHoro smicty CO; .

[IpoBenenuME paHilie JOCTiHKEHHSIMHA OyJI0 BCTAHOBIJICHO , IO BKa3aHi HEJOJIKH MOXYTh
OyTH YCYHYTI HUIAXOM 3aCTOCYBAaHHS TEXHIYHUX PIIIEHb CTOCOBHO KOHCTPYKTUBHUX OCOOIMBOCTEN
MOKPUTTS , 110 3a0e3neuye 30epiranas B MI'C . [IpuBeneHi pe3yiabratu 30epiranas miIoiB sOIyHi
y kamepi 3 MI'C, mo Oyna BrpoBakeHa Ha JifouoMy XonoamibHuKy. Kamepa emuictio 400 ToHH
BUTOTOBJICHA i3 JIETKUX MeETaJeBUX KOHCTPYKIIA Maljla CTalliOHapHE Ta30CEIEKTUBHE MOKPHUTTS
wiomeo 620 M%, sAKe MATPUMYBaIO MOAM(IKOBAHE Ta3oBe CEPEOBHINE B MAaci IPOAYKTY .
Hemnpsime oxomomkenHst npoaykry B kamepi 3 MI'C 3miiicHIOBaJIOCh 4epe3 MOBEPXHIO MOKPUTTS
HOBITPSAM , IO HAIXOAWTh 13 TOBITPOOXOJIOMKYBayiB (mepeadayeHa TaKoX MOXKINBICTh
BUKOPHUCTAHHS IPUPOIHOTO X001y ). KoHCTpyKIlis mOKpUTTa 3a0e3nedyBaia HanpaBieHUl BiBiA
KOHJIEHCATy B TiApO3aTBOp , KU HE MaB KOHTAKTY 3 MOBITPsIM KamepH . TpuBanicTe 30epiranHs
ckiana 109 mi6 , pe3ynbpratu NpuBEACHI HAa PUCYHKY . Ternora nuxanHs ((y) 0XOJIO0HKEHUX TIIOIIB
Ha MMoYaTKy mpoliecy 30epiranss ckianana 12,6 Br/t . [Ipu po3BanTakxyBaHHI BUSBUIIOCS , 11O : B
JOCTIKEH1I KaMmepl qx = 6,3 BT/T ,y koHTposnbHIl q; = 15,0 B1/T.

HocBia excryaTanii kamepu 3 MI'C Ha npoTs3i JeKIbKOX POKIB MOKa3aB , 10 BTPaTH sIOIyK
y TOpIBHSIHHI 13 3BUYalHUMU KaMepaMmu Oyiu Hik4e y 2,5 — 3 pa3u, a BUTpaTH eJNeKTPOeHEeprii — y
2,5 pasu .
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