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INTRODUCTION

A review of the thermodynamic analyses of ejector refrigeration machines (ERMs) that combine
power and cooling Carnot cycles in a wet vapor region shows that in some cases, the ERM cycle is
presented by analogy to the cycle of the heat-driven vapor-compression refrigeration machine
(VCRM) (Al-Khalidy, 1998; Angelino and Invernizzi, 2008; Sokolov and Hershgal, 1990). In
addition, in some cases, the analyzed ideal cycles of ERMs contain liquid feed pumps intended to
return the working substance to the vapor generator. Moreover, according to the descriptions of these
cycles, the power to drive pumps comes from external sources of mechanical energy.

Considering the complex ERM cycle as one that combines both power and cooling cycles can simplify
the study of this cycle. An analysis shows that there is currently no high-grade mechanical analog of
the heat-driven ERM in which the mechanical energy needed for pumping the working substance is
not supplied from the outside, but is made inside the cycle. In addition, the formulation of the
mechanical analog of the ERM must maintain the work balance between the power and cooling cycles
as well as the work balance between its components — the turbine, compressor, supercharger
(compressor or pump), and expander.

The main objective of this research is to determine the correct diagram of the mechanical analog of the
heat-driven ERM and its cycle.

In the paper a thermodynamic analysis of the vapor heat-driven refrigeration machine is carried out. A
thermodynamic study of the mechanical analog of the ejector and heat-driven ERM is presented.

Fig. 1a represents a schematic diagram of a mechanical analog of the ejector as a device comprising a
turbine, a compressor and a transmission device, in which the wet vapor after expansion in the turbine
II is mixed with the saturated vapor from the evaporator VI and then the resulting mixture is
compressed in the compressor VII.

The working substance with a mass flow rate of 71, , produced in vapor generator I, enters turbine II,

and it expands isentropically from pressure Pg to pressure Pg with work production WT (process 1-2).
The vapor exiting from turbine II in state 2 is mixed in an isobaric-isothermal process at pressure Pg
with the vapor coming from the evaporator VI with a mass flow rate 7z, in state 9.

The obtained expansion work WT is used through transmission device VIII without losses to drive

compressor VII, in which the vapor mixture with mass flow rate (n'1P + ms) is compressed in
isentropic process 3-4 to pressure Pc, and then the mixture enters the condenser III.

In this way, the processes and the energy balance are realized in a turbine-compressor unit shown in
Fig. 1a which is the same as those in an ejector.

Schematic diagram of a mechanical analog of the heat-driven ERM, in which the proposed device is
used, is shown in Fig. 1b.
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Figure 1: Schematic diagram of a mechanical analog of the ejector (a)

and heat-driven ejector refrigeration machine (b):

I - vapor generator; II — turbine; III — condenser; IV, VII — compressors; V — expander;
VI — evaporator; VIII — transmission device.

For the detailed analysis of the cycles, theoretical calculations for refrigerants with different types of
saturation curves were performed. Ammonia (R717) was studied as a wet-type substance and butane
(R600) as a dry-type substance. Also, the results for water (R718) as a wet-type substance are
presented. The features for construction of the cycle for dry and wet working substances that maintains
the work balance between the power and cooling cycles are discussed. The cycles were studied for the
evaporator cooling capacity Qg of 1 kW at the generating temperature 7 = 100 °C and the evaporating
temperature Tg = 8 °C in the range of condensing temperatures 7 from 28 to 40 °C.

Analysis shows that for the correct interpretation of the cycle of a mechanical analog of the ERM in
compliance with the work balance between power and cooling cycles, the ratio of primary to the
secondary streams must be changed. The mechanical analog of the ERM has the lowest value of this
ratio compared to the ideal cycles of the heat-driven VCRMs.

The proposed cycle of the mechanical analog of the ERM is equivalent to the ideal cycle of the heat-
driven ERM in which the mechanical energy required for the circulation of the working substance is
not supplied from the outside but is produced and supplied from inside the cycle. This cycle provides
the basis for further thermodynamic analysis of the theoretical and real cycles of the ERM, with an
aim to develop methods for their improvement.
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