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ABSTRACT 

This article presents a part of the results of a research to clarify the regularity of changes in the parameters of a 

compressor with damaged blades. When performing the research, the method of numerical modeling was used 

based on the NUMECA Fine / Turbo CFD code and the analysis of data on the three-dimensional flow of air 

flow in the damaged compressor. 
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INTRODUCTION 

Damage to the compressor blade by foreign objects from the runway or by birds under operating conditions 

leads to a change in the configuration of their profile and a decrease in structural strength [1, 2]. The decrease in 

structural strength is taken into account by standardizing the nicks. Decrease in efficiency of the damaged 

compressor has not been reported earlier. The experience of operating a gas turbine engine shows the need to 

have data on the character of changes in the stable operation of the engine and the decrease in the efficiency of 

the compressor in the case of its damage. Under the influence of operating factors, nicks with different 

geometries, damage levels (sizes) and locations appear on the leading edge of the impeller blades of the first 

stage of a low-pressure compressor (LPC). This circumstance leads to a change in the character of the flow 

around the rotor blades and blades of the guide vane and to a decrease in the margin of gas-dynamic stability of 

the engine. In order to study the effect of various types of compressor’s operational damage on the quality of 

engine operation, a technique based on numerical simulation data is used [3]. A method for the numerical 

simulation of operational damage to the LPC of a turbojet engine was developed using the NUMECA Fine / 

Turbo software product. The technique makes it possible to clarify the influence of LPC damage on the 

characteristics of a damaged compressor as a blade machine, the reliability of a turbojet engine, as well as to 

assess the degree of reduction of the gas-dynamic stability margin of a damaged LPC during its operation in the 

engine system.  

 

The main types of damage to compressor blades during engine operation are shown in figure 1. 

mailto:sonapirantmai@yandex.ru


Research on Clarification and Identification of New Regularities of Change in the Functioning Quality of the Compressor of the Engine 

Type Rd-33 From the Damaging Effect of Operating Factors Based on Numerical Simulation Data 

124 

 

Figure 1. The main types of damage to the compressor blades of engines 

1- damage to the leading edge at the root of the blade; 2- damage to the leading edge of the blade; 3- damage to 

the leading edge at the periphery of the blade; 4- damage to the end of the blade; 5 - damage to the trailing edge 

at the periphery of the blade; 6- damage to the trailing edge of the blade. 

BUILDING A MODEL OF A DAMAGED BLADE OF THE LPC  

As the initial damaged blade of the first stage impeller of the LPC of the RD-33 engine [4], a blade with an 

elastic triangular nick with height h/2 (where h is the height of the blade) is used. The model of the damaged 

blade in the form of a triangular nick with height h/2 is shown in figure 2. The three-dimensional geometry of 

the blade is built along the cross-sections, including the damaged and undamaged sections, so that the shape of 

the blade is similar to the real one when it is damaged.  

 

Figure 2. Model of damaged blade in the form of a triangular nick 

In this research, calculations are made for the values of the chord length reduction of the first stage impeller 

blades: b = 0; 0.5; 1; 1.5 mm in case of damage in the form of a triangular nick with height h/2. We assume 

that between two intact blades there is one damaged blade with the value of a chord length reduction. The 

location of the damaged blades is shown in figure 3. 
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Figure 3. Location of damaged blades of the first stage 

MESHING INCLUDING DAMAGE TO THE BLADES OF THE LPC  

The computational grid in solving the problem of determining the characteristics of the LPC was built using the 

AutoGrid5 module of the commercial software product NUMECA Fine / Turbo, this module made it possible to 

automatically generate the computational grid according to a typical template for any geometry of the blade row. 

Figure 4. a, b, c shows the computational grids for the impeller of the first stage, first stage and LPC in the 

AutoGrid5 module. It also shows the sum of the number of mesh cells of the impeller of the first stage, first 

stage and LPC - 1356960, 1952895, 5530063. 

 

a)                                         b)                                                            c) 

Figure 4. Computational grids for research the influence of the damage level on the characteristics: a - the first 

stage impeller; b - the first stage; c- LPC. 

RESULTS OF THE RESEARCH TO CLARIFY AND IDENTIFY NEW REGULARITIES OF CHANGE IN 

THE FUNCTIONING QUALITY OF THE COMPRESSOR OF THE ENGINE TYPE RD-33 FROM THE 

DAMAGING EFFECT OF OPERATING FACTORS 

The calculations were carried out using the Spalart-Allmaras one-parameter turbulence model. The results of 

calculating the characteristics of the impeller of the first stage, first stage and LPC for the values of the 

reduction in the length of the chord of the blades b = 0; 0.5; 1; 1.5 mm are shown in figures 5-10. 
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Figure 5. Influence of the damage level of the blades on the position of the pressure curves of the first stage 

impeller. 

 

Figure 6. Influence of the damage level of the blades on the efficiency of the first stage impeller. 
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Figure 7. Influence of the damage level of the blades on the position of the pressure curves of the first stage. 

 

Figure 8. Influence of the damage level of the blades on the efficiency of the first stage. 
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Figure 9. Influence of the damage level of the blades on the position of the pressure curves of the LPC. 

 

Figure 10. Influence of the damage level of the blades on the efficiency of the LPC. 

It can be seen that damage in the form of a triangular nick with the height h/2 of the first stage wheel blades 

when a foreign object or a bird gets into the engine leads to a decrease in the values of pressure ratio, efficiency, 

mass flow of the first stage impeller, first stage and LPC in all modes. 

To assess the impact of damage on the characteristics of compressor of the gas turbine engine, the ratio of the 

gas-dynamic stability margin Ky  is used. The gas-dynamic stability margin of the LPC is defined as [5-7]: 

( )1 100%Ky Ky = − , 
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*  - total pressure ratio, and G - mass flow rate. The indices “b” and “om” correspond 

to the values of the parameters at the stability boundary and on the line of operating modes for the same pressure 

branch of the LPC characteristic, that is, for a certain curve with rotor speed n=const. 
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Figure 11. Influence of damage to the first stage impeller blades in the form of a triangular nick on the gas-

dynamic stability margin of the LPC. 

Violation of the character of the flow around damaged blades of the LPC, in the form of nicks with a depth of > 

6.0 mm at the leading edge, leads to a change in the mass flow rate in the interscapular channels and to a 

significant deterioration in characteristics of the LPC. 

 

Figure 12. The character of the flow around damaged blades of the LPC. Damage in the form of a nick with a 

depth of 6.0 mm in the root section 
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Figure 13. The character of the flow around damaged blades of the LPC. Damage in the form of a nick with a 

depth of 6.0 mm in the middle section 

 

Figure 14. The character of the flow around damaged blades of the LPC. Damage in the form of a nick with a 

depth of 6.0 mm in the peripheral section 

CONCLUSIONS 

Violation of the character of the flow around damaged blades of LPC in the form of nicks on the leading edge 

leads to a decrease in the chord by an amount b , to a change in the mass flow rate in the interscapular 

channels and to a significant deterioration of characteristics of the LPC in certain modes. Due to a change in the 

angle of attack and the height of the interscapular channel, with an increase in the level of damage, the intensity 

of turbolization of the boundary layer increases, which leads to a decrease in the margin of gas-dynamic stability 

in all operating modes of the LPC [8, 9]. It has been proven that only significant operational damage of a certain 

type of blades, have an impact on the characteristics of the damaged LPC and the quality of engine operation. 

The influence is recorded only in a certain range of compressor rotor speeds. For a turbojet engine of the RD-33 

type - in the modes n = 80%, and n = 85% (figure 11). Analysis of the character of the flow around damaged 

blades of LPC (figures 12-14) gives a recommendation for justifying changes in the design of the compressor of 
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the turbojet engine to ensure its resistance to the damaging effects of operating factors. With an increase in the 

relative thickness of the profile of the supersonic blade, the decrease in the absolute value of the flow rate 

component increases. During the design process, it is necessary to optimize the factors of kinetic strength and 

gas dynamic stability margin to obtain the best blade quality. 
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