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ABSTRACT 
Effective methods of vibration diagnostics of a 

turbomachine’s flow duct are necessary for efficient 

condition based maintenance. Modern equipments provide 

extended opportunities for vibration measurements. 

However, there are few adequate models of high frequency 

vibration. A majority of the existing diagnostic techniques 

are limited within the low frequency range. This paper 

suggests the variable forces model intended for high 

frequency vibration diagnostics. 

For modeling of variable forces acting on the vane the 

test series are performed using a two-stage air test turbine. 

High frequency signals of total pressure and casing 

vibration are measured in order to investigate the airflow 

and vibration structure generated by the blades. Parameters 

of the blade wake are investigated and the wake’s dual 

nature is determined. Harmonic and random components 

of blade wakes are related to specific blade aerodynamic 

features as well as upstream airflow characteristics. Air 

duct failures are simulated with upstream static and 

rotating disturbances. The model of flow velocity 

oscillation, which acconts for both harmonic and random 

features of blade wakes is presented. Dynamic forces 

acting on a single vane are also modeled based on the 

model of blade wakes.   

INTRODUCTION 
New methods of vibration diagnostics may supply efficient 

solutions for condition based maintenance of operating 

turbomachines, even for such ones which have no 

embedded accelerometers. Vibration measurement can be 

provided by transducers located on the outer perimeter of 

the stator disc accessible for vibration measurement in 

operation. The diagnostic technique used here is based on 

advanced model of casing vibration related to the 

condition of operating turbomachine. The theory of the 

frequency model used herein is based on findings by 

Sidorenko (1983) and Mironov (1986) and described by 

Mironovs (2006). The main sources of turbine’s status 

information are the guide vanes which are affected by the 

irregular flow generated from the surrounding blade rows. 

In this paper a model of aerodynamic variable forces 

acting on the single vane is proposed. Basic assumptions 

of this model are verified by data obtained from joint 

experimental works that are performed on an axial two-

stage air test turbine. 

NOMENCLATURE 
Ca coefficient of lift force 

 a parameter, reflecting geometrical features 

of specific vane 

kb  a parameter of blade row geometrical 

features that can vary in time 

N  number of blades 

S  vane effective area  

t  time variable 

Vm  modeled value of the air velocity 

downstream of the blade trailing edge 

Vmax   maximum velocity averaged for all blade 

passages 

Vup  air velocity upstream of blades 

Vv  air velocity at the inlet of guide vanes 

Vw blade wake amplitude 

fw function describing relation of Vw to Vmax and 

kb 

gv  an angle of attack 

m  mounting angle of vane 

v  an angle of airflow vector at the inlet of 

guide vane 

)( 1,  ii  pulse shape function of pulse boundary 

phases i-1, i (±0.5 pitch) 

 phase specified for each calculated value Vm 

(within ±0.5 pitch around the wake) 

   intensity of random component of flow 
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parameter (velocity or pressure) 

 angle coordinate 

Vs wake series model 

Pv aerodynamic force on a single vane 
  flow density 

THE TEST TURBINE FACILITY 
A 980 kWel compressor with a maximum pressure of 4 

bar(a) and a maximum mass flow of 4.7 kg/s, drives the 

cold flow (25-90°C) air test turbine in an open loop. A set 

of inlet and outlet valves together with an exhaust fan is 

employed in order to reach desired internal flow 

parameters at an operating point where the turbine 

pressure ratio is held constant and the shaft power is 

controlled by a water brake. The turbine is of subsonic 

impulse design and has endwall contouring at the stator 

casing. The rotor has two lacing wires rolled into the 

blades’ shroud. There is a detailed description of the test 

turbine and supply system in Fridh (2008). Table 1 shows 

some key parameters for the turbine and Figure 1 shows a 

cross-section of the turbine where the fast response total 

pressure probe (single sensor, miniature KuliteTM) and 

accelerometer locations are depicted. The total pressure 

probe is subject of static calibration; however, no dynamic 

calibration is applied here. The commercial pressure 

transducer XCQ-062 (with screen) is mounted recessed 

0.35 mm in a chamfered tap at the probe tip, facing the 

flow. The design is in line with Dénos (2002) and is here 

believed to satisfactorily capture the total pressure for 

frequencies up to 50 kHz and have an angle insensitivity 

of ±20° according to calibrations at relevant Mach 

numbers.  

  Stage 1  Stage 2  

  Stator Rotor Stator Rotor 

No. of blades - 42 58 42 58 

Hub diameter Dh (mm) 355 355 355 355 

Tip-to-hub 

diameter ratio 
(Dt/Dh)TE 1.13 1.17 1.15 1.19 

Pitch-to-chord 

ratio 
S/C 0.82 0.81 0.83 0.82 

Aspect ratio HTE/C 0.67 1.18 0.77 1.32 

Static pressure 

ratio 
 1.22 1.23 

Mean velocity 

ratio 
tot-stat 0.47 0.47 

Flow 

coefficient 
 

(cax/U)TE 
0.35 0.36 

Reynolds 

number 
Re,*105 4.3 2.0 3.9 1.8 

Mean reaction Rm  0.16 0.17 

Shaft speed n (rpm) - 4450 - 4450 

Flow turning  (°) 76 133 95 134 

Rel. Mach 

number at TE 
Maw 0.48 0.30 0.49 0.32 

Table 1: Characteristics, design point @ midspan 
 

In order to introduce a static dissimilarity in the flow a 

flow restrictor, perforated plate, is positioned at the leading 

edges of the upstream stator vanes. The plate is covering 

seven out of 42 stator passages and has 28 evenly 

distributed holes ø8 mm (see Fig. 1). There is also a 

rotating dissimilarity introduced in form of partial 

blockage of 1+1 or 5+5 rotor channels in the first stage (in 

pairs diametrically opposed). Thus, three main 

configurations were tested; reference status, static 

restrictor plate and rotating blockages. All the turbine 

operating points are at design conditions. 

 

 
 

 

 

 

Figure 1: Cross section of the test turbine 
 

The sampling frequency of pressure is 99.935 kHz 

and for vibrations (separate system) 65.536 kHz per 

channel. There are once-per-revolution and once-per-blade 

pulses to relate to the geometrical locations. Because of the 

different recording systems for pressure and vibration, 

synchronization between the computers clocks’ is 

performed at the start of the measurements. Frequencies up 

to 25.6 kHz are accounted for in the post processing. 

ANALYSES OF TURBINE BLADES’ WAKES 
The main goals of the experiments are to investigate 

the structures of airflow irregularities generated by blades 

and to determine influences of the main design and 

operational parameters for variable forces acting on the 

vane.  

The wake downstream of a blade is influenced by the 

difference in air velocity vectors between the two flows 

rounding the blade from suction and pressure surfaces and 

shape of trailing edge among other things, Samoilovich 

(1975). Wakes of turbine blades passing the probe generate 

oscillations in the total pressure that are measured with a 

high frequency response total pressure transducer at mid-

span. The shape of the pressure oscillation depends on 

blades geometry and flow velocity upstream of blades. 

Static disturb. Rotating disturb. 
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Hence, an introduced dissimilarity in the flow has an 

influence on the blades’ wake features.  

Figure 2a shows the oscillation structure of the total 

pressure wakes from the test turbine’s rotor blades (stage 

1) that occur during one revolution of rotor. 58 rotor blade 

wakes can be detected in the plot where essential variation 

of individual wakes should be noted. 

Figure 2a clearly shows that wake shape and 

amplitude vary from blade to blade within one revolution 

but even the same blade’s wake in the next cycle differs 

from the previous one (Figures 2b and 2c illustrates wakes 

of two subsequent revolutions). Therefore, wakes of 

blades have definitely dual nature: from one side there is 

periodical component of wakes series, from other side 

random factors affect on wakes in time domain. 
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Figure 2: Total pressure oscillation during one revolution of rotor 
 

In order to study the structure of blades’ wakes the 

signal enhancement technique or ensemble averaging is 

used here. It allows detecting even poor signals, which are 

disguised by interference and “noise”. Figure 3a shows a 

diagram of enhanced total pressure for the reference flow 

status and Figure 3b shows the status after the upstream 

static flow restrictor is mounted (the probe is in the 

pressure wake of the restrictor). Ensemble averaging, 

shown here for 650 rotations, clearly displays the 

periodical component of wakes series. 
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c) – wakes of 8 first blades (reference status) 
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d) - wakes of 8 first blades (restrictor) 

Figure 3: Total pressure oscillation (enhanced) 
 

Influence factors on wakes 
There are 58 definite wakes in Figures 3a, 3b which 

shapes are illustrated in large scale by Figures 3c, 3d 

accordingly. The shape of averaged wakes is similar but its 

amplitudes may vary essentially from blade to blade. 

Signal enhancement supresses the influence of flow 

instability so any noticable variation of wakes can only be 

caused by geometry differences between blades. The 

effectiveness of signal enhancement to study the blades’ 

dissimilarity and its sensitivity is discussed below.  

Four blades (number 2, 17, 31 & 46) have a gauge 

mounted on the shroud surface in the tangential direction, 

which is exposed to the flow. The length of gauge being 

pasted along the shroud surface is 2mm, diameter – 

0,2mm. The gauges plus its wiring creates disturbances in 

the flow, which are maxima of total pressure losses. For 

comparison of blades’ amplitude, the average wake 

amplitude is calculated. Difference between average 

amplitude and amplitude of 2nd blade’s wake (the first 

pressure loss) is 28%. On the other hand, deviation of 

wake amplitudes of other (not developed) blades from the 

average amplitude does not exceed ±14%. Therefore it can 

be concluded that enhanced pressure distribution 

considered as wakes may reflect very small flow path 

dissimilarities, in the order of tenths of millimeters. 

There is an essential influence of the upstream airflow 

irregularity to wake amplitudes as well. Average amplitude 

of the wakes in shadowed zone (downstream of the 

restrictor plate) dropped to 22% compared to the reference 

status averaged amplitude (see Figures 3a & 3b). Local 

reduction of air velocity in the shadowed zone also causes 

deviation of wake’s amplitudes from its average value. The 

deviation of amplitudes in shadowed zone exceeds 55% 

(Figure 3b) or four times more than deviation of reference 

status (14%). 

Test dissimilarity of 1st rotor cascade was studied by 

mounting rotating blockages in pairs on diametrically 

opposed blades, see Figure 4.  
 

Figure 4: rotating blockages mounted 
 

Figure 5 illustrates the total pressure oscillation for 

two variants of partial blade blockages: by two oppositely 

located sets of one (Figure 5a) and five (Figure 5b) 

passages partially blocked (~65% of the rotor passage inlet 

area). 

 

 

1  2  3  4  5

blades

1 58 57 56 55

6  7  8  9  10

26 27 28 29 30

blades
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As expected the flow structure downstream of blades 

is definitely related with dissimilarity created by the 

blockages.  
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a) – one pair of passages partially blocked 
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b) – five pairs of passages partially blocked 

Figure 5: Total pressure oscillation (enhanced) 
 

Looks clearly that high frequency oscillation 

generated by blade wakes is the basic irregularity of actual 

flow upstream of guide vanes. For a regular blade row, this 

oscillation is presented as quasi-periodical disturbance of 

the vane (Figure 3a). Any blade row dissimilarity, for 

instance small deviation of blades features, or blockage of 

blade passage corrupts above-mentioned quasi-periodical 

disturbance. 

 

Modeling of single wake  
The series of enhanced wakes (Fig.3c, d) is similar to 

a sine signal with varying amplitude; however it is not 

expedient to use harmonic function for the wakes to model 

the entire blade cascade.  

First of all, wakes are related not only to airflow 

parameters but also to each blade’s features. Each blade 

features are individual because of design and random 

factors, which are independent of flow structure. So, each 

blade features must be accounted individually unlike 

airflow profile upstream that could be described by a sum 

of harmonic functions.  

Secondly, the phase of wake may vary in time because 

of blades oscillation and/or hinge suspension at the root. 

Therefore, the wake phase is subject of blade’s natural 

frequencies, rotating speed variation, flow velocity, rotor 

orbit and other factors.  

Thirdly, variation of wake’s shape may be caused by 

fluctuation in the airflow, which passes the blade passages.  

Taking into account all the above items, most evident 

is to describe each blade’s wake by a separate pulse. The 

total pressure oscillation is related to the air velocity 

oscillation, i.e. series of wakes can be described by series 

of pulses reflecting reduction of velocity downstream of 

each blade. Based on experiment data we can assume that 

all wakes of one cascade may be modeled as some 

approximation by pulses of typical shape but different 

amplitudes and phases. The aforementioned is applied on 

two sequential wakes that is illustrated in Figure 6. 
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Figure 6: Flow speed oscillation (expectation) and 

pulse model 
 

The shape of the pulse can be chosen based on the real 

wake shape. For instance, average pulse shape of the total 

pressure is close to symmetrical thus the cosine shape may 

be used as typical. In this context, the typical pulse 

describes variation of flow parameters, for instance flow 

velocity in the specified wake, in relation to the maximum 

velocity value, and can be modeled according to Eq. (1). 
 

]1)[cos(*5,0)(
0

max  


iw

n

i

m VVV   (1) 

 

According to above model the amplitude of blade 

wake Vw=fw(Vmax, kb ) is a function of upstream flow 

parameters Vmax and blade features kb. Phase i has 

boundary values 0, n at ±0.5 pitch around the axe of a 

wake.    

Modeling even a single wake it must be accounted for 

that total pressure (or velocity fluctuation) is a product of 

dual influence: deterministic and random processes. It is 

illustrated by a spectrum of total pressure (Figure 7) where 

two main components dominate: 1st harmonic on “blade 

passing” frequency and wideband noise. Some other 

components are caused by auxiliary equipment. 
 

 
Figure 7: Spectrum total pressure. 

 

Although intensity of noise component is only about 

10…30% of 1st harmonic amplitude, the summary 

contribution of noise may be substantial.  

As discussed earlier, the deterministic component can 

be detected by averaging of the dynamic pressure signal. 

To study the structure of the random component the 
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enhanced signal is derived from the actual oscillation 

signal during one revolution. Figure 8 shows calculated 

random component of total pressure during one rotor 

revolution. 
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Figure 8: Random component of total pressure 

oscillation (variable component) 
 

Frequency structure of random component practically 

has no harmonics, which is illustrated by Figure 9a.  

Gradual decrease of the spectral density of pressure 

oscillation is close to exponential. The probability mass 

function of the “noise” component of pressure oscillation 

shows similarity to a normal distribution (Figure 9b). For 

scaling, the average wake size is indicated in Fig. 9b. 
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Figure 9: Frequency and statistic features of 
random component of total pressure oscillation  

 

Accounting for the dual nature of the velocity (or 

pressure) oscillation, the model of single pulse, Eq. (1), 

must be completed by a function t), reflecting the 

random influence. Although this function is random, its 

intensity is also related to velocity and blades parameters. 

For instance, flow turbulence as well as worsening of 

blade’s surface condition may affect the intensity of the 

“noise” component. Thus, intensity of the random 

component t)= f (Vmax, kb ) is a function of both air 

velocity and geometrical features of the blades. Taking 

above into consideration the model of a single wake is 

modified into equation (2). 
 

),(*),(

),(*),()(

0max

0maxmax

nb

nbwm

kVf

kVfVV





 


 (2) 

 

In this equation each component describes different 

factors that affect the wake structure: 

 Maximum flow velocity Vmax reflects general 

conditions for all blades in case of regular  flow 

(uniform and stable),  

 Amplitude of blade’s wake fw(Vmax, kb) depends on a 

set of blade’s aerodynamic features and flow velocity;  

 Phase function ),( 0 n determines the shape of the 

pulse and its location in pulse series; pulse shifting is 

possible in case of blade displacement; 

 Intensity of random component described by the 

function f (Vmax, kb ) is also related to the  flow 

velocity and blade’s features. 

 

Modeling of wakes series 
In order to model wakes of the whole blade cascade a 

set of N pulses must be used, where N is the number of 

blades, Kiselev (1980). Features of the ith
 blade determine 

the amplitude Vwi and phase boundary values 0i, ni of ith 

pulse. The actual air flow is unstable in time and varies in 

circumferential direction, so velocity Vmax must be 

presented as a function of air velocity upstream of blade 

cascade Vup, which relates to time t and angle coordinate 

; ),(max  tVV
iupi

. 

Phase boundary conditions of neighboring blades 

must be co-ordinated, that is to say; 0i of one blade must 

be equal to ni-1 of previous blade. Therefore, the function, 

describing pulse shape looks like: )( 1,  ii  

Thus, the model for flow velocity oscillation of the 

blade cascade (from any stator point of view) can be 

described as in Eq. (3). 
 

)(*)](),,([(

)(*)](),,(([),(

1,

1

1,

11

















iibiupi

N

i

iibiupiw

N

i

N

i

upis

tktVF

tktVFtVV







 

(3) 

There are three parts to be outlined: 

 First summand relates to power rating of the turbine, 

which determines averaged value of flow velocity 

upstream of blades. In general, flow velocity can vary 

in time and in circumferential direction (for each 

blade). In case of regular flow (uniform and stable) it 

simplifies to average velocity 
av

Vmax
;  
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 Second summand describes N pulses of the same 

shape; however the amplitude and the phase of each 

pulse are determined by related blade features and 

flow velocity upstream; 

 Third summand is a random function, which intensity 

and other parameters also depends of blade’s 

geometrical features and flow velocity upstream. 

 

Both second and third summands are conjugates of a 

high frequency pulse function and an influencing function, 

therefore the resulting products could be considered as 

modulation of pulse series.  

Equation (3) describes the airflow downstream of the 

blades as pulse series, which could be modulated by 

circumferential dissimilarity of blades disposition, its 

geometric features and by irregular flow upstream of the 

blades. 

 

Dynamic forces acting on vanes 
The aerodynamic force acting on a vane can be 

calculated as follows: 
 

SVCP vav

2
5,0   (4) 

 

The lift coefficient for one of vanes Ca = f(gv, Kis a 

function of time and this vane number. The angle of attack 

(gv) this vane is calculated as the difference between 

angle of airflow v and mounting angle m. The first one 

varies in time according to flow oscillation; the second one 

fluctuates from one vane to another. There is also a 

difference in the vane geometrical features described by 

the variable Ki.  

Aerodynamic force periodically falls following air 

velocity reduction when the wake of upstream blade is 

crossing the vane. Thus, blade wakes generate variable 

aerodynamic forces on vanes. In general, variable 

aerodynamic force can be presented as a function of 

airflow velocity, density, vane area, vane geometry, angle 

of flow vector and vane mounting angle.  
 

),,,,,( SKVRP mvv   (5) 

 

The variables can be divided into two groups. Air 

velocity, density and angle of flow depend on blade wakes 

but are not related to the vane features. Opposite, 

mounting angle and vane’s features are not related to 

wakes but are determined by the aerodynamic and 

geometrical features of the vanes. In general form an 

equation for variable vane forces may be presented also as 

a product of two functions Rb & Rv: 
 

),,(*),,( SKRVRP mvvbv   (6) 

 

Rb is a nonlinear function relating the aerodynamic 

force to the flow parameters. Rv function reflects influence 

of own vane’s features and its fluctuation in regards to 

nominal value. Small scale of guide vane dissimilarity (in 

relation to blades) allows considering the Rv-function as 

linear. Taking into consideration the model of wakes (3), 

the pulse discrete model of variable force acting on jth vane 

can be expressed as: 
 

)](*)](),,([{
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(7) 

In equation (7) there are three similar parts as in 

equation (3), however there are distinct differences. 

Firstly, the factor ),,( jjmjv SKR   appears to account 

for geometry variation of the vane. It means that the same 

wake could generate different forces on downstream vanes 

in depend of its own fatures. In case if the model is used to 

study the upsream flow irregularity or blades dissimilarity, 

Rv-function may be replaced by a generalised parameter 

accounting statistical characteristics of the vane cascade.  

Secondly, parameters of force pulses differ from wake 

pulses because of the Rb-function nonlinearity. For 

instance, vane lift force gradient depends on absolute 

value of angle of attack that varies essentially (up to ±40°) 

when wake passes the vane. 

 

ANALYSIS OF CASING VIBRATION 
The analysis of casing vibration measured by the outer 

accelerometer (depicted in Figure 1) showed essential 

difference from the airflow structure. Ensemble average of 

vibration signal for the reference status displays a 

dominant low-frequency component caused by the rotor 

(Figure 10a). Its unbalance from one side and bearings 

anisotropy from other side provides inertial forces varying 

in time. High-frequency vibration appears to be very small 

in the rotor vibration background. High-pass frequency 

filtering of vibration signal displays more clearly the blade 

wakes in the vibration structure (Figure 10b). There are 58 

“pulses” detected in the period of one rotation added with 

high-frequency components mixture.   
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Figure 10: averaged vibration signal – reference 
case, outer accelerometer, axial component 
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There are no detectable traces of small blade 

dissimilarities, like the gauges disposition that was evident 

in the pressure blade wakes. Hence, vibration oscillation 

induced by blade wakes differs from total pressure profile 

because of rotor vibration and high-frequency 

components.  

An increase of blade dissimilarity by three pairs of 

blockages affects the structure of vibration pulses 

differently than pressure wakes. Instead of a local 

reduction of “pulses”, which blade numbers correspond to 

blocked blade passages, the modulation come into effect 

with some pulses growing whilst others falling (Figure 

11a). Thus, circumferential dissimilarity affects vibration 

and pressure structures in different ways. A more 

pronounced dissimilarity in case of five pairs of blockages 

increases the modulation depth of the averaged vibration 

profile that in time domain is expressed in higher scatter of 

pulse amplitudes (Figure 11b). 
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b) – five pairs 

Figure 11: averaged vibration signal – rotating 
blockages, outer accelerometer, axial component 
 

Typically the frequency domain is more appropriate to 

study the modulation process, i.e. spectrum analysis is 

more applicable here. Figure 12 illustrates the appearance 

of the modulation effect in the vibration spectra together 

with variation of ratio between amplitudes of the “blade” 

component and surrounding ones. For the reference status 

where amplitude variation of blade wakes is limited 

(Figure 3a) the “blade” component of vibration spectrum 

is dominant (Figure 12a). Other spectral components reach 

less than half amplitude of the “blade” harmonic. Such 

spectrum type is typical for so called amplitude 

modulation. The scaled airflow defect changes the 

situation completely and the “blade” component becomes 

significantly less compared to the surrounding components 

in the spectrum (Figure 12b). Such ratio of spectral 

components may conform to more complicated types of 

modulation processes, like over-modulation or pulse-code 

modulation.  
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Figure 12: spectrum of averaged vibration signal, 
outer accelerometer, axial component 

 

Thus, the structure of casing vibration differs from 

airflow oscillation by: 

 low-frequency components caused by the rotor 

vibrations, and 

 intense high-frequency components that reflect 

complicated generation mechanisms of the casing 

vibration. 

 

The profile of vibration oscillation, like in Figure 12b, 

gives a possibility to model it by some typical pulse series 

as it was noted above for the pressure oscillation. 

 

Basics for casing vibration modeling 
Mutual analysis of total pressure oscillation and 

casing vibration revealed the following: 

 both pressure oscillation and vibration can be 

described by typical shape pulses; 

 as opposed to pressure oscillation the casing vibration 

does not relate directly to the blade structure; 

 experiments clearly displays modulation nature of  

the way by which airflow dissimilarity affects the 

casing vibration; 

 modulation effects produce a more complicated 

structure of casing vibration influenced by high-

frequency components;  

    

The separate pulse of casing vibration is the response 

of impact from the single vane. Deformation waves, 

propagating to the transducer via the stator elements 

transmit vane excitations. However, as opposed to airflow 

oscillation, where each pulse relates to specific blade (if 

synchronized), pulses of averaged vibration do not relate 

directly to specific blades. Earlier Mironov (2006) outlined 

two main specialties of casing vibration generation: 

 an actual order of blades/vanes interaction is not 

sequential, like order by which airflow wakes passing 

the pressure probe; 

 vibration path from each vane to the transducer 

differs from one vane to another; 
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Mironov (2009) wrote that in order to reflect an actual 

structure of the casing vibration its model has to take into 

account the sequence of interaction between blades and 

vanes, and a peripheral location of the transducer in 

relation to spatially allocated vanes. 

CONCLUDING REMARKS AND FUTURE WORKS 
Experimental research provided information about the 

structure of airflow oscillation downstream of the blades in 

a cold flow turbine, and its response to simulation of 

stationary and rotating faults. The dual nature in the 

oscillation of the blade wakes was determined and main 

parameters for its description were investigated. The pulse 

model of blades wakes was applied on experimental data. 

The pulse model of aerodynamic forces on a single vane 

was developed based on the model of blade wakes. 

Variable forces generated by guide vanes are the main 

source of high frequency vibration on a turbomachine 

casing. The presented pulse model of variable forces is 

applicable in the development of vibration diagnostic 

methods, for detection of rotating or stationary 

dissimilarities in the flow generated by either the rotor or 

the stator of a turbine or compressor. However, presented 

model of variable aerodynamic forces cannot be used 

directly for casing vibration because it does not account 

order of blades/vanes interaction and peripheral location of 

a transducer. 

Further experimental and research works consider 

following steps: 

 detailed research of obtained experimental data, 

includins pressure oscillation and vibration; 

 experimental research of flow structure in 

compressor or turbine of actual gas and steam 

turbines,  

 theoretical research of relation between 

aerodynamica forces on a vane and vibration 

measured on the casing of turbomachine, 

 development of new techniques for vibration 

diagnoctics of turbomachines.   
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