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Abstract

This article discusses the technical and economic efficiency of conversion of gas-turbine engines for use in
various industries. Russian aircraft engine production capacity is not able to meet the needs of gas turbine
engines for terrestrial applications. The only solution to this situation is the conversion of aircraft engine exhaust
their flight hours. We propose a criterion for the relative economic efficiency of aircraft engines conversion,
allowing to select the most appropriate type of engine based on its characteristics.
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1. Introduction

In today's challenging economic environment created by the enterprises of aviation engine, urgent problem using
them for the needs of the national economy. Already have experience in the application of gas turbine engines
(GTE) not only in the propulsion of airplanes and helicopters, but also in land-based applications.

Wide practical implementation got pumping units with gas turbine drives of different capacities. The operation
of such plants on natural gas showed high efficiency, reliability and durability of the turbine drive. Gas turbine
engines can be successfully used as a driving electric power plants. Experience in operating power plants with
GTE showed that operating costs 50% less than the cost of the operation of a diesel or turbine installation.

Currently, the Russian engine-building enterprises produced 100 GTE land destination in the year, and the
demand of the Russian economy is much higher. Until 2025 for the refurbishment of existing pumping stations
and the creation of new infrastructure will need a gas complex to 2300 GTE. Approximately the same number of
new facilities required for thermal power plants in different regions of the country.

To one of the most promising ways to solve this problem include the following:
1. Enable capacities aviation companies to develop and manufacture GTE land use.

2. Use with certain modifications GTE, spent flight hours on the aircraft to continue their use in terrestrial plants
to produce disposable technical resource.

Obviously, the second direction from the economic point of view is more promising. However, on the way to
solve this problem is a problem of economic evaluation measures for converting GTE compared to the cost of
creating a new engine for ground use.

The analysis shows that the development of the new engine requires significant capital investment, profitability
of the project is shown only after the start of operation of serial machines. Obtaining the required return is
possible to provide only 5 to 7 years. In comparison with the new development activities for converting GTE pay
off in 32 months from the start of design work, which is more than twice as fast. That is why the task of
converting aircraft gas turbine engines for use in terrestrial conditions is relevant for its implementation requires
the development of special methods and means of economic justification.

2. Theory

After selecting the desired base engine should determine the amount of work required to convert it, the
possibility of its implementation, and estimated costs. Based on a comprehensive analysis of the selected parent
engine, the results of the feasibility study can begin to develop the project and its implementation.
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In this paper formed selection algorithm specifications when converting GTE depending on the characteristics of
the base engine and the anticipated operating conditions, consisting of three stages:

* Phase selection of characteristics that provide resource GTE.
* Phase selection of characteristics to ensure maintainability.

* Phase selection of characteristics that provide environmental characteristics (reduction of noise, emissions)
GTE.

After a preliminary determination of a set of technical nature, it is necessary to stick to assess the feasibility of
improvements in economic terms.

To solve this problem, you can suggest the criterion of the relative cost-effectiveness of interventions for

conversion of gas turbine engines:
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where K,;rp - criterion of the relative cost-effectiveness of interventions for conversion of aircraft engines, rub.;
X; —details of specifications for the characteristics of X, MW, mg/m3 , kg/h, h, etc .;

a; — coefficient reflecting the rise in the cost of measures to ensure the required quantitative measure of the i-th
technical characteristics;

B; — coefficient taking into account the extent to which a quantitative measure of the i-th technical
characteristics of the base engine requirements to its quantitative measure after the intervention by converting,
1/MW, m3/mg, h/kg, 1/h, etc.;

Z; —nominal costs of implementing the i-th characteristic, rub.;
n —number of characteristics.

Coefficients a; and f; appointed as a result of the expert panel's assessment on the events of conversion. Their
numerical value is set on the stage of development of technical specifications. Accordingly, the composition of
the expert committee should include representatives from the customer's representatives and representatives of
the developer of the engine production plant immediately implement measures to conversion.

It should be noted that the introduction in to the consideration ratio [5; necessary to normalize the relevant
technical specifications.

The nominal value of the cost Z; taken equal to the value of the restoration costs a quantitative measure of the
i-th performance at the overhaul base engine.

3. Results

Consider the application of developed criteria on example. Assume that the base engine is assumed to choose
(from several hypothetical models) to convert it, and draw a conclusion about the feasibility of bringing a
quantitative measure of the basic technical characteristics of the engine to the requirements specification. Table 1
shows the values of the basic technical characteristics of the engine and required their value for a convertible
engine.

Table 1. Technical characteristics of engines

Characteristic, X; Base engine Conve.rtible
1 2 engine
Assigned resource, th. H. —* 19 100
Thrust (for the base engine), kN; output (for a convertible engine), MW  190/16  180/16 16
Efficiency, % 32 29 36
Kind of fuel Kerosene Kerosene  Natural gas
The content of harmful substances in emissions mg /m’ (reduced to 15%
02):
NOx 170 173 150
CcO 320 310 300

Note: * - the engine is operated on a technical condition within the assigned resources of main parts.
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In practice accounted for about 20-30 specifications, such as fuel consumption, speed rotor (s), the time the
engine is started and the time of its release to the nominal mode, and others. This example illustrates the
performance of the proposed criterion, we restrict the main of them.

On the basis of the data in Table 1 expert committee assigns the corresponding coefficients «; and f; and fills
out a form in a Table 2.

When completing the Table 2 in this paper was made the following assumption - «@; coefficients were
determined as the ratio of 1/8;, ie more expensive measures to ensure the required quantitative measure of the
i-th technical characteristics inversely the extent to which a quantitative measure of the i-th technical
characteristics of the base engine requirements for its quantitative measure after conversion. As stipulated above,
in practice the coefficients a; appointed expert committee on the basis of experience and statistics on holding
similar events could differ materially from those in the present example.

Table 2. The results of expert evaluation

- a; Bi
Characteristic, X; Engine | Engine 2 Engine 1 Engine 2
Assigned resource, th. 1/H* 4-5,26 5,26 0,19-0,25 0,19
Thrust (for the base engine), kN; output (for a | 1 1 1
convertible engine), I/MW*
Efficiency, 1/%%* 1,13 1,24 0,89 0,81

In Kapry criteria are taken into account only the costs of
Kind of fuel completion of the fuel system to ensure that its work on
gaseous fuels
The content of harmful substances in emissions m*/mg*
(reduced to 15% O,):
NOx 1,15 1,18 0,87 0,85
CO 1,07 1,03 0,93 0,97

Note: * - dimension refers to the coefficient S;

For example, while determining the coefficient K ;7 we will make another assumption - assume that the
nominal costs of providing the i-th technical specifications are the same for any X; and are 350 thousand rubles.
respectively. Then we obtain:

) _ 4350 1350 113-350 . 115:350 107-350 __ .. ..
46TE =0 25.100 ' 1-16 ' 0,89 -36 0,87-150 ' 0,03-300 1> O TUD -5

o _526:350 1:350 124:350 - 118:350 103-350 _ .. . ,
4GTE = 519.100 ' 1-16 @ 0,81-36 0,85-150 ' 0,07-300 oo muton.rus.

Thus, the results of the calculation of the criterion can be seen that it is advisable to choose as the base engine 1.
Further, based on the data in Table 2, the expert commission decides whether to bring all of the features in it to
the desired value and the immediate implementation phase begins the conversion process.

4. Conclusions

Developed and presented in this article, the criterion of the relative cost-effectiveness of interventions for
conversion of aircraft engines allows the initial assessment phase to carry out selection of the base engine of the
plurality of aircraft engines, to convert it, and to determine the feasibility of providing a particular characteristic
in the process of converting a concrete base engine.

Moreover, this test allows you to:
* To evaluate the amount of work to change the basic design of the engine;

* Determine the proportion of the cost of completion of a particular structural element in the overall cost
structure of the outputs;

» disclose the effectiveness of a particular revision.
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Criterion of the relative cost-effectiveness of interventions for aircraft engines conversion can be useful for
MOTORS organizations in determining the scope of work to finalize the design of the base engine in the process
of conversion. Also it can be used in determining the cost of works to ensure specific technical characteristics.

The results of this research can be used: by customers for independent technical and economic evaluation of the
effectiveness of project financing GTE conversion from its own resources in accordance with their own needs;
by investors who are interested in investing long-term programs; performers who are interested in creating a
competitive product for the order of the consumer; by project organizations for the development of technical
solutions for the renewal of production capacities, which are used aircraft engines.
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