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A B S T R A C T  
 

 

Centrifugal compressors produce high pressure ratio and rotate at speeds. So, a tiny unbalance can 

produce severe vibration. In this paper, effects of impeller gap on rotor vibration in a high speed 

centrifugal compressor is investigated. For this purpose, a numerical and experimental analysis are 
carried out. The moving reference frame method in FLUENT software is used for modeling of 

geometries. Then, the motion of rotation components is introduced using UDF (User-Difined-

Function) writing in C++ software and Define CG Motion macro. By using cloud points, three-
dimensional geometry model of blades of this compressor is prepared. Finally, two-dimensional 

geometry of diffuser is added to blades and the final geometry is presented. Fluid flow inside the 

centrifugal compressor with and without considering blades vibration is studied. The numerical and 

experimental analysis of power spectrum density to determine the dominant vibration frequency cause 

of horizontal and vertical forces exerted on the compressor is studied. Results show that the dominant 

frequency of vibrations of forces exerted on the compressor is in the range of 9800 Hz, that is in good 
agreements with those reported by earlier researchers. Also, the main reason of centrifugal 

compressors shaft vibration is static and dynamic unbalance in shaft and other components of the 

compressor. In other words, the forces exerted on compressors blades do not affect the centrifugal 
compressor vibration. In the numerical studies, distribution of pressure, temperature, velocity and 

velocity vectors at different times are studied. Horizontal and vertical forces exerted on the compressor 

is represented. The mass flow rate of the compressor output for different cases of A/G ratio is 
presented and does not depend on amplitude of vibrations. 

doi: 10.5829/idosi.ije.2017.30.05b.23 
 

 
1. INTRODUCTION1 
 

Centrifugal compressors have been more widely used in 

comparison with other types of compressors. 

Development of the compressors continued until 1950s. 

In those years, it became clear that in large cars, axial 

compressors will perform better than centrifugal ones. 

But, in the low rates, the efficiency of axial compressors 

can drop sharply. On the other hand, blades in this kind 

of compressor are small and  manufacturing has its own 

limitations. In the 1960s, the need of military 

helicopters for small size turbines, centrifugal 
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compressors were led to the development. Following 

that, the high-speed centrifugal compressors were used 

in the military industries, oil and gas, power plants and 

refineries. It was optimized by using development of a 

computational code to check the performance of 

centrifugal compressors and constraints in designing 

[1]. Teipel and Wiedermann [2] developed the three-

dimensional numerical code to determine the flow field 

in centrifugal compressors using Fortran programming 

language. To ensure the accuracy of numerical methods, 

Leboeufand et al. [3] obtained the results of their work 

by solving the three-dimensional numerical flow using 

RANS equations and compared them with experimental 

results. The results of their work reflected the strength 

of the fluid-flow modeling software to predict fluid flow 
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in the centrifugal compressors. Prasad et al. [4] did the 

numerical study of fluid flow in the centrifugal 

compressor. They studied the operation of compressor 

at different speeds (70%, 80%, 90%, 100% and 110% of 

the nominal round).As expected, the results of their 

work represent a reduction in compressor efficiency in a 

period of less or more than the nominal rounds. Ding 

and et al. [5] carried out a series of experimental 

investigations to study the effects of casing treatment on 

steady and transient performance of the compressor. 

Their results showed the improvement in compressor 

performance and the postponement of surge phenomena 

if holes are used in the frame. Eight low solidity vaned 

diffusers (LSVD1–LSVD8) were designed for a 240 

kW centrifugal compressor [6]. Their experimental 

results proved the superior merits of the LSVDs relative 

to the vaneless and vaned diffuser. The effect of 

pulsating flow investigated by means of a steady gas-

stand that was modified to produce engine-like 

pulsating flow [7]. Also, the effect of pressure pulses’ 

amplitude and frequency on the compressor surge line 

location was checked.  

Pinarbasi [8] presented the three component hot wire 

measurements in the vaneless space and vane region of 

a low speed centrifugal compressor. The purpose of 

their study was to improve the understanding of the 

flow physics in a centrifugal compressor with vaned 

diffuser. Also, the mean 3-d velocities and six Reynolds 

stress components tensor used to determine the 

turbulence production terms which lead to total pressure 

loss [9]. 

A tandem impeller was designed to compensate for 

the volume flow increase for 2,2-Dichloro-1,1,1-

trifluoroethane (HCFC123) [10] that absorbed the 

volume flow increase and also improved efficiency. 

Galindo et al. [11] carried out the experimental work 

that was focused on the measurement of compressor 

behavior within the surge zone by means of a 

specifically designed facility. Their model was based on 

the introduction of a fluid inertia term that accounted for 

the non quasi steady effects and the use of a compressor 

map extended to the surge and negative flows zone 

obtained from experimental tests. Jiang et al. [12] 

presented a dynamic model of a centrifugal compressor 

capable of system simulation in the virtual test bed 

(VTB) computational environment. Their model was 

based on first principles, i.e. the dynamic performance 

including the losses was determined from the 

compressor geometry and not from the experimentally 

determined characteristic performance curves. In their 

study, the compressor losses, such as incidence and 

friction losses, etc., were mathematically modeled for 

developing compressor characteristics. The CAD/CAM 

technologies for manufacturing centrifugal compressor 

impellers and turbine blades was investigated [13].  

 

 

Sun et al. [14] developed the numerical methods for the 

performance analysis and the noise prediction of the 

centrifugal compressor impeller. An experimental study 

was described to explore the dominant sound generation 

mechanisms of the spectral components governing the 

overall noise level of centrifugal compressors [15]. 

Janson and et al. [16] carried out the experimental and 

theoretical analysis of unsteady flow phenomena in 

hydraulic turbines. Liu et al. [17] investigated three 

types of dynamic measurements (pressure, temperature 

and acoustic noise) to judge the surge points of 

compressor. Subramanian [18] examined numerically 

the influence of centrifugal growth on the rotor dynamic 

characteristics of a typical rotating labyrinth gas turbine 

seal. 

In this research, the effect of vibrations of the rotor 

of the high speed centrifugal compressor on the 

distribution of velocity of airflow is investigated. For 

this purpose, a numerical and experimental analysis is 

carried out. The moving reference frame method in 

FLUENT software is used for modeling of geometries. 

Then, the motion of rotation components is introduced 

using UDF writing in C++ software and Define CG 

Motion macro. Finally, by solving unsteady fluid flow, 

network of solution is modified at any time. By using 

cloud points, three-dimensional geometry model of 

blades of this compressor is prepared. For simulation of 

two-dimensional geometry, a plate is passed from 

average height of blades and the image of intersection 

of this plate with the plate of blades is considered as the 

geometry of the blades. Finally, two-dimensional 

geometry of diffuser is added to blades and the final 

geometry is presented.  

Fluid flow inside the centrifugal compressor with 

and without considering vibrations of blades is studied. 

The numerical and experimental analysis of power 

spectrum density to determine the dominant frequency 

of vibrations of horizontal and vertical forces exerted on 

the compressor is studied and is compared with those 

reported by earlier researchers. In the numerical studies 

without considering vibrations of blades, distribution of 

pressure, temperature, velocity and velocity vectors at 

different times are studied. Horizontal and vertical 

forces exerted on the moving blades of compressor is 

presented  . In the numerical studies that consider 

vibrations of blades, when considering the distance 

between the outer radius of the wheel of the compressor 

and the inner radius of the plate of diffuser, three 

different cases is considered for A/G. The mass flow 

rate of the compressor output for different cases of A/G 

ratio is presented. Distribution of pressure, temperature 

and velocity at different times and different cases of 

A/G ratio is presented. The horizontal and vertical 

forces on the compressor for different cases of A/G ratio 

are presented.  
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2. MODELING 
 
The centrifugal compressor in Iran's South Pars Gas 

Complex that is investigated in this paper. This 

compressor has three stages. In the first and second and 

third stage pressure increased to 1.2, 3.7 and 9.1 bars, 

respectively. There are three different methods in 

FLUENT software for numerical modeling of fluid flow 

with rotational coordinates that are: moving reference 

frame, sliding mesh and dynamic mesh. The moving 

reference frame method can be used in modeling of 

geometries with the variable of time. In order to use this 

method, we need to define the geometry of the solution. 

Then, the motion of rotation components is introduced 

using UDF writing in C++ software and Define CG 

Motion macro. Finally, by solving unsteady fluid flow, 

network of solution can be modified at any time. By 

using cloud points, three-dimensional geometry model 

of blades of this compressor is prepared and is shown in 

Figure 1. To simulate the two-dimensional geometry, a 

plate is passed from average height of blinds and the 

image of intersection of this plate with the plate of 

blades is considered as the geometry of the blades 

(Figure 2). On the other hand, in order to investigate 

rotor vibration effect on fluid flow distribution, diffuser 

of this compressor must be modelled. 

The diffuser has 20 blades. Inner and outer 

diameters of this diffuser are 188.5 mm and 278.5 mm, 

respectively, and blades have 3.6 mm thickness and 

60.4 mm length. Finally, two-dimensional geometry of 

diffuser are added to blades and the final geometry is 

shown in Figure 2. The networks used in numerical 

analysis of fluid flow within the compressor are shown 

in Figure 2. 

 

 

3. REEULT AND DISCUSSION 
 
3. 1. Fluid Flow Inside the Centrifugal 
Compressor Without Considering Vibrations of 
Blades  
3. 1. 1. Numerical Studies      Distribution of pressure, 

velocity and velocity vectors at different times are 

shown in Figures 3-5.
 

 

 

 

 

 

 

 
Figure 1. The three-dimensional geometry of the blades 

 
Figure 2. The networks used in numerical analysis of fluid 

flow within the compressor 

 

 

In Figure 3, pressure at the tip of the diffuser blades is 

maximum; the main reason for this phenomenon is 

straight collision of airflow to those areas and shrinkage 

of duct of flow due to location of wheel blades near 

diffuser blades.  

In this figures, high-pressure and low-pressure areas, 

in front of and behind the blades also can be seen 

clearly. Figure 4 shows the distribution of air velocity 

near the blades at different times. 

Also, Figure 5 shows the velocity vectors and 

distribution of velocity around the moving blades until 

the air access the diffuser blades. Horizontal and vertical 

forces exerted on the moving blades of compressor are 

calculated.    

 
3. 1. 2. Convergence and Comparison Studies      
The boundary conditions that is used for modeling fluid 

flow in centrifugal compressor’s third stage is: input 

pressure 475 kpa, output pressure 850 kpa and the 

rotational speed 42500 rpm. 
 

 

 

  
t=0.00546 sec t=0.00544 sec 

  
t=0.00550 sec t=0.00548 sec 

Figure 3. The distribution of pressure in blades at different 

times 
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t=0.00546 sec t=0.00544 sec 

  
t=0.00550 sec t=0.00548 sec 

Figure 4. The distribution of velocity in blades at different 

times 
 
 

  
t=0.00546 sec t=0.00544 sec 

 
 

t=0.00550 sec t=0.00548 sec 

Figure 5. The distribution of velocity vector in blades at 

different times 

 

 
Power spectrum density to determine the dominant 

frequency of vibrations horizontal and vertical forces 

exerted on the moving blades of compressor is shown in 

Figures 6 and 7.
 

Also, the experimental power spectrum density to 

determine the dominant frequency of vibrations forces 

exerted on the moving blades of compressor is shown in 

Figure 8. This Figure shows that frequency of vibrations 

of blades of compressor is 42000 rpm that shows 

rotation velocity of compressor.  

As can be seen from Figures 6-8, the dominant 

frequency of vibrations of forces exerted on the moving 

blades of compressor is in the range of 9800 Hz that is 

in good agreements with those reported by earlier 

researchers. 

By investigating the above-mentioned figures, we 

find that the main reason of vibrations of shaft of 

centrifugal compressor is static and dynamic unbalance 

in shaft and other components of the compressor. In 

other words, the forces exerted on the blades of the 

compressor does not have effects on the vibrations of 

centrifugal compressor. 

 

 

 
Figure 6. The power spectrum density to determine the 

dominant frequency of vibrations horizontal forces exerted on 

the moving blades of compressor 

 

 
Figure 7. The power spectrum density to determine the 

dominant frequency of vibrations vertical forces exerted on 

the moving blades of compressor 

 

 
Figure 8. The experimental power spectrum density to 

determine the dominant frequency of vibrations forces exerted 

on the moving blades of compressor 
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3. 2. Fluid Flow inside the Centrifugal 
Compressor with Considering Vibrations of 
Blades  
3. 2. 1. Convergence and Comparison Studies      
Power spectrum density to determine the dominant 

frequency of vibrations of horizontal and vertical forces 

exerted on the compressor is shown in Figures 9 and 10.
 

By using Labpulse measurement (vibration analyzer 

device) experimental analysis in time and frequency 

domain is done. Figures 9 and 10 sdominant frequency 

of vibrations of forces exerted on the moving blades of 

compressor is in the range of 9800 Hz that is in good 

agreements with those reported by earlier researchers. 

By investigating these figures, we find that the main 

reason of vibrations of shaft of centrifugal compressor is 

static and dynamic unbalance in shaft and other 

components of the compressor. In other words, the 

forces exerted on the compressor’s blades does not 

affect the vibrations of centrifugal compressor. 

 
3. 2. 2. Numerical Studies         In this section, by 

considering the distance between the outer radius of the 

compressor impeller and the inner radius of the plate of 

diffuser (casing), three different cases are considered for 

A/G (A=amplitude and G=Gap). The frequency of 

vibrations of blades of compressor is considered 42000 

rpm (700 HZ). The mass flow rate of the compressor 

output for different cases of A/G ratio is shown in 

Figure 11. 

 

 Figure 9. Power spectrum density to determine the dominant 

frequency of vibrations of horizontal forces exerted on the 

compressor 

 

 Figure 10. Power spectrum density to determine the dominant 

frequency of vibrations of vertical forces exerted on the 

compressor
 

 
Figure 11. The mass flow rate of the compressor output for 

different cases of A/G ratio 
 
 

The horizontal and vertical forces exerted on the 

moving blades of the compressor for different cases of 

A/G ratio are prepared. As can be seen, with increasing 

vertical vibrations amplitude of compressor, vibrations 

amplitude of forces exerted on the compressor in 

addition to its previous vibrations frequency (9800 HZ), 

has other frequency vibrations that is frequency 

vibrations of blades of compressor (700 HZ). 

 

 

5. CONCLUDING REMARKS 
 
In this paper, Effects of impeller gap on rotor vibration 

in a high speed centrifugal compressor is investigated. 

For this purpose, a numerical and experimental analysis 

was carried out. The moving reference frame method in 

FLUENT software was used for modeling of 

geometries. Then, the motion of rotation components 

was introduced using UDF writing in C++ software and 

Define CG Motion macro. Finally, by solving unsteady 

fluid flow, network of solution was modified at any 

time. By using cloud points, three-dimensional 

geometry model of blades of this compressor was 

prepared. For simulation of two-dimensional geometry, 

a plate was passed from average height of blades and 

the image of intersection of this plate with the plate of 

blades was considered as the geometry of the blades. 

Finally, two-dimensional geometry of diffuser was 

added to blades and the final geometry was presented.  

Fluid flow inside the centrifugal compressor with 

and without considering vibrations of blades was 

studied. The numerical and experimental analysis of 

power spectrum density to determine the dominant 

frequency of vibrations of horizontal and vertical forces 

exerted on the compressor was studied.
 

Results have shown that the dominant frequency (the 

frequency that has maximum amplitude) of vibrations of 

forces exerted on the compressor is around 9800 Hz. 

Also, the main reason of shaft vibrations in centrifugal 

compressors is static and dynamic unbalance in shaft 

and other rotational components of the compressor.  

In other words, the forces exerted on compressor’s 

blades had no effects on blade pass frequency (about 

9800 Hz). Blade pass frequency is the number of blades 
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multiplied by the rotor speed frequency. In addition, 

researches in this paper showed that the forces exerted 

on the compressors blades have a few effects on 

vibration amplitude in all frequencies include blade pass 

frequency (9800 Hz). 

In numerical studies without considering vibrations 

of blades, distribution of pressure, temperature, velocity 

and velocity vectors at different times were studied. 

Results showed that pressure in the tip of the blades of 

diffuser was maximum. The main reason for this 

phenomenon was straight collision of airflow to those 

areas and shrinkage of duct of flow due to locating 

blades of impeller near blades of diffuser. High-pressure 

and low-pressure areas, in front of and behind the blades 

also were clearly observed. Results showed decreasing 

velocity after leaving them from the moving blades and 

the changes the output velocity of the moving blades 

interact with blades of diffuser. Horizontal and vertical 

forces exerted on the moving blades of compressor was 

represented.  

In the numerical studies with considering vibrations 

of blades, with considering the distance between the 

outer radius of the wheel of the compressor and the 

inner radius of the plate of diffuser, three different cases 

were considered for A/G. The mass flow rate of the 

compressor output for different cases of A/G ratio was 

presented and mass flow rate of the compressor output 

didn’t depend on amplitude of vibrations.  

The horizontal and vertical forces exerted on the 

compressor for different cases of A/G ratio were 

presented that cause increasing vertical vibrations 

amplitude of compressor, almost vibrations frequency 

around 9800 Hz that it is blade pass frequency of the 

compressor. 
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 هچكيد
 

 

 یزانینام کیوجود  ل،یدل نیدارند، به هم ییباال یو سرعت دوران کرده دیتول ییاز مرکز نسبت فشار باال زیگر یکمپرسورها

 ارتعاشات یبر رو وارهید با پره فاصله زانیم ریمقاله، تاث نیکند. در ا جادیا یدیارتعاشات شد تواندیکوچک، م یجرم

انجام شده  یشگاهیو آزما یعدد زیآنال منظور این بهشده است.  یسرعت باال، بررس مرکز از زیگرکمپرسور  کیروتور در 

استفاده  یهندس یساز مدل یبرا FLUENTدر نرم افزار  MRF (Moving Reference Method)است. روش 

 UDF (User-Defined-Function)  یبا استفاده از تابع تعریف شده مدلمتحرک  یحرکت اجزا ،شده است. سپس

 یمدل سه بعد Cloud Point. با استفاده از کندیم ییرا شناسا CG یلنوشته شده است، حرکت ک  ++C زبانکه در 

. شودیساخته م یینها مدل و شده اضافه هابه مدل پره وزریفید یمدل دوبعد تاًی. نهاشودیکمپرسور ساخته م یپره ها

و  یعدد زینالبا و بدون در نظر گرفتن ارتعاشات روتور مطالعه شده است. آ مرکز از زیگرهوا در کمپرسور  انیجر

وارد بر کمپرسور مطالعه  یو عمود یافق یروهایاز ن یمحاسبه دامنه ارتعاشات ناش یتوان برا فیط یاز چگال یشگاهیآزما

است   Hz 9800 دامنهوارد بر کمپرسور، در  یروهایاز ن یکه فرکانس ارتعاشات غالب ناش دهندینشان م جیشده است. نتا

و  یکیاستات یتعادل یبکمپرسور،  روتورارتعاشات  لیدل نیمهمتر نیدارد. همچن ذشتهگ قاتیبا تحق یکه تطابق خوب

بر ارتعاشات آن  یریوارده بر پره کمپرسور، تاث یروهاین ،گرید انیآن است. به ب دوّار یاجزا ریساو  روتورآن در  یکینامید

وارد  یو عمود یافق یروهایاست. ن همختلف مطالعه شد یهافشار، دما و سرعت در زمان عیتوز ،یندارد. در مطالعات عدد

ارائه شده است که  A/Gمختلف نسبت  ریمقاد یبرا کمپرسور یخروج یدب زانیبر کمپرسور ارائه شده است. نسبت م

 .ستیمقدار دامنه ارتعاشات به آن وابسته ن

doi: 10.5829/idosi.ije.2017.30.05b.23 

 

 

 

 


