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Growing demand, | imited resources and the negat
of energy has emphasized the necessityto utilize our finite resourcés Wisecommon goal is to find out
the most efficient, cost effective and least polluting way of the energy using. Trigeneration has been emerged
as the fast growing techniques to increase efficiency and reduce overall emissions.

Trigeneration or combinecheating, cooling and power (CHCP) production is becoming an
increasingly important eneregaving option, particularly on a smaltale basis. Conventional CHCP system
is the combination of a traditional combined heat and power (CHP) system that cogeeleciteity and
heat, with a refrigeration cycle driven by waste heat.

Marine transport as cargo ships,-tgfbe LNG carriers, bulkers etc. can be a suitable source of
secondary energy resources for driving trigeneration systems. The ship powerg#dtef(modern vessels
are based on highower steam turbine or diesel engines of approximately from 10 to 25 MWatt of power.
This makes their SPPs a source of high quantity of waste heat which is, as a rule, used for heating the water
for technical and thnological needs. Moreover, this waste heat can also be used for supplementary
electricity generation in ORC cycles or cooling generation in heat driven refrigerating systems. Thus, the
energy saving and environment pollution problem could be solved wgjageration technology.
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At the present time, a number of trigeneration systems and their configurations for different purposes
are theoretically and experimentally researched. Most of the studies are related to computational simulation
techniques of lgye and smalscale trigeneration systems-81. The studied trigeneration systems were
based on absorption chillers as cooling generators. In the paper [11] the authors proposed using an ejector
refrigerating machine (ERM)as a cooling generator for sigereration systems and proved its reliability
and feasibility.

The main goal of this paper is to present the probable configuration of test bench, which is specially
designed for ERM based ship trigeneration systems. This type of test benches musttheopimksibility of
carrying out the experiments in wide range of operational parameters, fast setting up, stable keeping and
smooth adjustment of the necessary heat modes, simple and durable evaluation of the main energy
coefficients of trigeneration mhime.

The schematic diagram of proposed test bench is shown at Fig. 1. The primary mover can either be a
diesel engine or a gas turbine engine with an electric generator connected. It can be also a tank with electric
heater inside, which allowssetting updachanging the heating mode flexibly. However, one of the goals of
further investigation is to give possibility to obtain the data aboytéd@ssions changing. The waste heat of
exhaust gases and the heat from engine cooling system are used to make a generator heat load. The engin
and the electric generator can be installed separately or the serially producedetiesaior sets and miero
turbines can be used.

H. C. Jung et al[14] proposed to utilize the exhaust gas from prime mover using a finned tube heat
exchanger that heats the heansfer agent (ethylerglycol).

At the test bench,which is proposed by us, the-traasfer agentsi passed directly to ERM generator
by circulating pump 26. The ethylegdycol mass flow adjustment is made by the pump invertor with
respect to the generating temperature measurements of a PID temperature controllerwithint+0.5°C.

The high pressure workingapor from generator 1 passes through the liquid separator into the nozzle
of ejector 3, expanded there and ejected the cooled vapor from the evaporator 6 through the liquid separator
4 and heat exchanger RHE5. The mixture of working and ejected flowsthen compressed into the ejector
diffuser and passes through the heat exchanger-RHENto the condenser 8. Heat removal from the
condenser is made with the help of specially designed refrigerating machine. This allows us to carry out the
experimentsn a wide range of condensing temperatures independently from the climate conditions.

Liquid refrigerant then passes from the condenser 8 to receiver 10dueftovgiely. The liquid comes
through the cleaning filter 11 due to the suction of the feed p@nafter which it splits into two flows.
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Hot water supply
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Figure 1i Schematic diagram of the proposed test bench
171 generator; 2, 4 liquid separators; B ejector; 5/ RHE-1; 61 evaporator;
717 RHE-2; 81 condenser; 9 compression refrigerating machine; il@eceiver;
117 cleaning filter; 12 feed pump; 13, 18 rotameters; 14 return valve;
15, 201 injectors; 16 by-pass expansion valve; 1filter-dryer; 191 TEV;
21, 26i circulaing pumps; 22, 27 flow meters; 23 accumulator tank; 2# air cooler;

257 by-pass valve; 28 IC engine; 29 safety valve; 30 electric generator (alternator)
14



One flow returns to generator 1 passing through the rotameter 132RHKEhe return vak 14 and
the injector 15. The bpass expansion valve adjusts the working liquid mass flow. The rest of the liquid
returns back to the receiver.

The second flow passes to the evaporator 6 through thediiter 17, therotameter 18, the RHE,
the themo-expansion valve 19 and the injector 20.

The injectors 15 and 20 are used for intaking the saturated working fluid from the liquid separators 2
and 4, mixing it with the main flow and discharging it to the generator 1 and evaporator 6 respectively. The
heat exchange process can be intensified by this method.

The evaporator 6 heat load is supplied by its feeding with the ethglge@ solution from the
accumulator tank 23, with the help of the circulating pump 2, through the rotameter 22. After todling
6°C, the solution passes to the air cooler 24, receives a heat there and returns to the accumulator tank 23,
closing the circuit. The evaporator heat load adjustment and the specification of the boiling temperature
within £0.5°C are made by settitige circulating pump 21 net capacity with the help ephgs valve 25.

This test bench can be constructed due to use of the serially produced heat exchangers, valves,
measuring devices and devices of automatic control and parameters adjustment. VewkoPetral.
[18]recommend to use high efficient brazed plate heat exchangers of KAORI company (Taiwan) as a
generator, condenser, evaporator and RHESs.

The test bench is rigged for the estimating the heat loads and main energy characteristics of the ship
trigeneration system (STS) as cooling capacity @eneration heat Q t her mal e HQgi ci en
entrainment ratio U = g&G,, and electrical load (by special inspection equipment

The working and ejection mass flow rates are measured by the rotametansl 1IIB, calibrated
to+3%. The mass flow rates of ethyleglgcol solutions in the generator 1 and evaporator 6 circuits are
measured by the standard rotameters, calibrated to +5% accuracy.

As a measuring system of the working, ejection and mixed flowsspre and temperature, the
electronic sensors withint5% (pressure) and #0@27°C (temperature) are used. All the parameters are
fixed by a multifunctional recorder and transmitted to PC. The measured places are shown on the Fig. 1. The
average values &fi 5 measurements of established operating mode are passed for processing, herewith the
working vapor temperature changing is assumed not more than 0.5°C and the condensing and evaporating
temperature$ not more that 0.2°C.

The generator, evaporatotrand cold vapor pipelines are good insulated. In order to control visually
the level of liquid refrigerant, the level indicators are installed in the liquid separators 2, 4 and receiver 10.
For the purpose to prevent emergency conditions due to préssigasing in generator, the safety valve 29
has to be installed in the liquid separator 2.

Inthepapers [13, 1&8] theelectrically driven gear pump of KAYABA HYDRAULIC
COMPONENTS (Japan) is recommended as a feed pump 12. These types of pumps aresesluialltha
hydraulic systems of construction, transport and agriculture machinery. The feed pump of KP05 model is
shown at the Figure 2.
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Figure 2i Photograph of hydraulic gear pump recommended as a system feed pump

For the estimating the influence@fe o me t r i c al parameters of the ej et
the experimental ejector with butlp nozzles and mixing chambers has to be constructed. Its primary parameters
depend on the operating conditions and power of STS and are agfitredesign stage.

In order to carry out a complete investigation of STS the next experiment methodology is proposed.
The system studies both in design and-d&f§ign conditions. The purpose of investigation in design
condition is to find the ejectorepmetrical characteristics which provide the maximum entrainment ratio at
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the nominal parameters, PP, P,. During first phase the ejector with cylindrical and conrmdindrical

mixing chamber is studied. In the same time, it is possible to defineaimeejector geometrical parameters

as distance between nozzle output and mixing chamber input, a ratio of the mixing chamber input section
area and the area of its cylindrical part b and t

During off-design conditions the influence of deviation of operating parameters on the STS efficiency
with an optimal (design) ejector. The ERM efficiency is evaluated by entrainment ratio Gz &d
coefficient of tJQgwhmladan be bbtaineding systgm heat lgads@nd mass flow
rates. The refrigerant mass flow rates can be estimated by direct measurements or from the energy balances
of the evaporator, condenser and generator.

In the further investigation phases the influence of generating tatnpeg on the working flow rate
Gwt hrough the ejectords nozzle is evaluated. This
primary energy source. All the experimental errors and inaccuracies have also to be defined and considered
beforethe experimental data processing.

The experimental study of trigeneration systems is necessary to conduct the expanding the existing
experimental data and looking for the new methods of energy efficiency, improvement and optimization of
STS circuit design Moreover, some of existing mathematical and computational models of TS are
incomplete and require wide experimental ground and confirmation.
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