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Creation of this GTU took place by modifying the design of the gas turbine unit of the simple 
thermodynamic cycle UGT 25000 (DG80), which is mass-produced by the state enterprise NVKG 
"Zorya" - "Mashproekt" (Mykolaiv, Ukraine) [1]. 

The extraction of air for the ejector is carried out from the intermediate stages of the compressor 
part of the GTU (in the figure – from the intermediate stages of the low pressure compressor). The ring-
shaped air-jet ejector is located directly behind the power turbine of the unit after the rear support. 

It should be noted that structurally such a gas turbine unit somewhat resembles aircraft turbofan 
engines with mixing flows in the jet nozzle [2]. The first stages of the compressor part, which are located 
before the extraction of air, in the turbofan engines are traditionally called "fans" and their structure is 
largely similar to the structure of the same stages of the projected gas turbine unit. The organization of 
the movement of air extraction from the place of intake to the ejector will also be similar to the movement 
of air of the outer circuit in the turbofan engines with mixing flows. 

In comparison with GTU of a simple cycle the gas turbine unit with ejection gas over-expansion [3]: 
– will have more length; 
– his work will be more noisy; 
– fan compressor blades, due to their longer length, will experience large loads from centrifugal 

forces; 
– the surging phenomena in the compressor at partial power modes is not entirely clear; 
– the air moving to the ejector along the annular space will cool the outer casing of the gas turbine 

unit, which will make it possible not to use traditional means of this cooling. 
When calculating, it will be necessary to take into account the significant pressure loss of the 

ejection air on the way from the extraction point to the ejection point. 
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Abstract. The method of the highly loaded gas turbine non-cooled impeller with damping links 

vibration research is described. Using the finite element method, a refined mathematical model was 
developed for the impeller’s section, consisting of a disk sector and a bandaged blade. The developed 
mathematical model takes into consideration the structural heterogeneity of the blade itself and the disk. 
The results of the impeller vibration frequencies calculation, caused by the influence of non-stationary 
gas flow, can be used for the rotor stress-strain state calculation. 
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The development of a set of measures for the gas turbines reliability increase is not feasible without 
a detailed study of vibration processes occurring in such critical details as impellers, influenced by non-
stationary gas-dynamic forces of high temperature. However, as follows from the above analysis of 
recent research on this topic, some important aspects remain insufficiently illuminated, therefore, it is 
necessary to develop a refined mathematical model of the impeller forced vibration. It is also necessary 
to take into consideration the significant constructional heterogeneity of the impellers cooled blades. 
Therefore, the aim of this work is to develop a refined mathematical model of the marine gas turbine 
cooled impeller with damping links, based on the usage of finite elements method. Full description of 
the finite elements that are suitable for the impeller correct modeling is given in the works [1 – 8] 

The task of the gas turbine impeller forced vibration amplitudes and frequencies determining is 
given. It is also assumed that the considered system of solid bodies (impeller) has the properties of cyclic 
symmetry. So it can be interpreted as a set of h subsystems (sections) with the same geometric, inertial 
and stiffness properties [7] 

The finite element model of an impeller blade was built on the basis of superparametric curvilinear 
finite elements. Each of them consisted of 20 nodes with 5 degrees of freedom in every node. The damper 
links, connecting the blades in a unity were modeled using a rod finite element. The disk model included 
230 first-order hexagonal finite elements with 1254 degrees of freedom totally [9]. 

In order to study the practical suitability of the developed mathematical model, calculations of the 
second stage gas turbine impeller forced vibration amplitudes and frequencies are calculated. As it is 
well-known, for the marine gas turbine engines there are two main constructional types of the impellers: 
an impeller with a disk having a central shaft hole and with a solid disk. The heterogeneity of the gas 
flow, which is the main source of the impeller forced vibration, was set by the deviation of the nozzle 
vanes installation angle from its nominal value. Also the unevenness of the twist angle along the blades 
height was taken into consideration. In addition, damping was taken into account at the points of contact 
between the blades, the blades and the disk and the blades and damper links. 
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