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Abstract. The application of a vibration sensor with an in-cylinder pressure sensor extends the
capabilities of internal combustion engines and compressor diagnostics for various types of plants
and installations, such as marine diesel engines, refrigeration piston compressors, aircraft engines.
The fuel injection equipment malfunctions as valve as valve train system malfunctions could be
detected from the experimental indicated diagrams P(V), P(deg) of the engine cylinder operating
process as it is known. The main indicators are the following: the shape of the diagram and the
parameters of working cycle — the maximum combustion pressure Pmax, the compression pressure
Pcomp, mean indicated pressure IMEP, etc. However, it should be considered that different types of
malfunctions could have the same reflection on the indicated diagram.

Keywords: turbocharger diagnostics; marine diesel engine; compressor; gas distribution, monitoring
working process
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Abstract. The issues of thermal calculation of gas turbine unit with ejection over-expansion
of gas in the turbine are considered. The peculiarities of the design and calculation of the parameters
of the air-jet ejector are analyzed. The influence of the main parameters on its efficiency is
determined.

Keywords: gas turbine unit; air-jet ejector; gas over-expansion; design features; thermal
calculation.

The thermal calculation of a gas turbine unit with ejection over-expansion of gas will be
carried out for the two-spool gas turbine unit with a free power turbine. This design has found wide
application as part of marine propulsion systems of various manufacturers [1].

It is assumed that the air intake to the ejection device is carried out from the intermediate
stages of the compressor part of gas turbine unit (more precisely, from the intermediate stages of the
low-pressure compressor). The ring-shaped air jet ejector is located directly behind the power turbine
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of the unit after the rear support strut [2].

The calculation of the studied design is a traditional calculation of the parameters for simple
cycle gas turbine unit (for example, according to the method described in [3]), complicated by the
presence of additional structural elements.

The calculation of the air jet ejector consists in determining all its parameters and the required
air flow. We will calculate the ejector according to the methodology developed by E. Sokolov and
S. Kopiev and described in paper [4].

The main rule in the calculation of any jet apparatus, including the projected ejector, is the
law of conservation of momentum

GejWej + GtSWIS = (Gej + GtS)wmix >

where Gej ta G, — consumption of ejection air and exhaust gas from the power turbine, kg/s; W,

and w,; — speed of these substances at the entrance to the mixing chamber, m/s; w, . — speed of the
mixture in the mixing chamber before entering the diffuser, m/s.

An important parameter is the ejection coefficient, which is the ratio of the amount of exhaust
gas from the power turbine to the amount of air used for ejection:

Let's take for calculation the pressure distribution scheme along the ejection device, which is
shown in fig. 1. The pressure in the mixing chamber is assumed to be constant, although in reality it
increases somewhat. To create the required speed of the ejected exhaust gas at the entrance to the

mixing chamber pressure pj; should be lower than the gas pressure behind the power turbine p,.

This decrease in pressure in the mixing chamber is characterized by a coefficient B, which determines
the speed exhaust gas w,, before mixing:

B:p4_pﬁ-
Ps — D4

That is, coefficient B is the ratio of the pressure difference used to create the input velocity of
the ejected substance to the pressure difference created by the jet device.

Ejection air
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from the power turbine
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Fig. 1. General structure and change of pressure due to the movement of working substances in
an air jet ejector: / — nozzle; 2 — mixing chamber; 3 — diffuser

The compression of the mixture of air and exhaust gas in the ejector is considered to be
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isentropic.
The efficiency of the entire ejector can be defined as the ratio of the energy used to the energy
spent on the ejection, i.e.
N = G;h u
ej ’
G, (H —h) IZ »

where H = p, — p, — pressure difference during ejection air leakage; h = p, — p, — the pressure

difference created by the jet device.

Pressure losses during energy conversion in various parts of the ejection device can be
characterized by the efficiency coefficients of these parts. Approximate values of these coefficients
(based on the experience of designing and operating steam jet ejectors of steam turbine power plants)

are within the range of: nozzle efficiency M, =0.95-0.97; efficiency of the entrance to the mixing

chamber 1, =0.80 - 0.92; efficiency of the mixing process 1, =0.95-0.97; diffuser efficiency

N, =0.70 - 0.85 [3].

The results of studies of steam jet ejectors of steam turbine power plants within # = 0.1 - 3.0 Ta
B=0-1 [3] indicate that the optimal values of the coefficient B depend on the values of the ejection
coefficient u . The less u , the lower it should be B. The graphs of the ejector efficiency values are quite
flat near the maximum, which allows to choose the optimal values for practical calculations B, close to
the absolute maximum, without using mathematical calculations of the ejector efficiency every time.

The developed method of calculating the gas turbine unit with ejection over-expansion of gas
in the turbine can be used for designing and researching the parameters of the gas turbine unit of this

type.
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AHoTanisAg. Po3riasHyTO BIUIMB NEpEepo3LIMPEHHS Ta3y B CHIIOBIM TypOiHI ra3oTypOiHHOTO
arperaty Ha Woro egeKTHBHICTh. JloCHiKEeHHS BHUKOHYBAJOCh Ha MPHUKIAMlI Ta30TypOIHHOTO
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