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Abstract. This work discusses a number of issues related to selection of the hydrodynamic damper type widely 
spread today for damping turbomachinery rotor oscillations. The analysis of works dedicated to this issue has been 
performed and it has been shown that today there is a large variety of damper designs. Therefore, the method 
allowing to reasonably select the type of dampers and their parameters is required. It contains the methodology of 
designing such dampers consisting of the stages of parameter optimization of the “rotor-damper” system, damper 
structural optimization and selection of optimal parameters of dampers of the type selected. 
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Introduction 

Today it is considered to be proved that most 
oscillation defects can be successfully eliminated 
through proper damping of oscillations of aircraft 
engine parts and mounts. These mounts include rotors, 
pipelines, wheel blades and compressor and turbine 
stators, containments of bodies and equipment [1]. 
Dry friction dampers [1,2] and hydrodynamic dampers 
[3,4] are used today. A large number of works are 
devoted to hydrodynamic dampers the detailed 
analysis of which is performed in a monograph [4]. 
The especially notable monograph is the one by 
Sergeev S. I. [5] in which all the basic formulas for 
hydrodynamic forces have been obtained. It is also 
necessary to mention the work [6] in which the 
possibility of existence of the failure mode in 
operation of a rigid rotor with hydrodynamic dampers 
in supports was first shown. Rip flows in a clearance 
and operation of a damper with various seals have 
been studied in works [7-9]. Efficiency of damper 
operation is provided through optimization of it 
parameters in the “rotor – support” system. Otherwise 
it can worsen the rotor oscillation condition. To 
perform design works it is necessary to have relevant 
means – design methodology, software and database 
with information about dampers of various types. 
Therefore, the problem of selection of the 
hydrodynamic damper type for the rotor depending on 
its operating conditions is described in this article. The 
diagram of a damper with indications is shown in Fig. 
1.  

Hydrodynamic force components - radial - FR 
and tangential - Ft – are directed along the center line 
and along normal to it. The type of these forces 
depends on the damper type and the assumed 
calculation method. The value of forces depends on 
damper geometry – length L, diameter D and 

clearance b, operating mode – precessional frequency 
w and damper process fluid properties - viscosity m .  

 

 
Fig. 1. Hydrodynamic damper diagram: 
 

1 – stator; 2 – oscillator; O1 – stator 
geometric center; 

O2 – oscillator geometric center 
If we consider the linear problem the 

tangential force can be equated to the damping force 
and expressed as follows  

Ft=dV, 
where d - damping coefficient, V=ew – linear 

speed of oscillations, е- precession radius or 
oscillation amplitude. 

 
Methodology for designing hydrodynamic 
dampers. 

The methodology consists in choosing 
necessary methods for damper calculation and 
forming the sequence of actions leading to the main 
result – determining the optimal design with its 
parameters.  

There are three tasks (Fig. 2). The first one is 
determining the damping level in supports. At that, it 
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is necessary to perform the analysis of dynamics of 
the rotor with hydrodynamic dampers in supports. 
This stage can be referred to parameter optimization 
of the “rotor – support” system. The second one is 
selecting the damper type.  

This task refers to the field of structural 
design. And finally, the third task is determining 
parameters of the selected damper type. 

To select the required damping value it is 
necessary to calculate the amplitude-frequency 
characteristic the type of which essentially depends on 
actuating forces. The calculation method used depends 
on the stage of work on engine designing. At early 
stages it is recommended to use the simplified 
calculation method for a rigid rotor described in works 
[4,6,10-12]. 

 
Fig. 2. Methodology for damper designing 

 
As a result, damper characteristics are 

defined – hydrodynamic force components FR and Ft. 
In detailed designing at the detailed design stage and 
finishing it is necessary to use a more precise model of 
the rotor described, for example, in work [3]. To 
estimate actuating forces it is necessary to conduct an 
analysis of the design and power diagram of a rotor. In 
case of a composite rotor it is necessary to conduct an 
analysis of its components. As a result, places of 
disbalances introduction are determined and for 
composite rotors possible combinations of disbalances 
are estimated in order to assess the phase of actuating 
forces. 

To optimize the parameters of the “rotor – 
support” system it is necessary to select the relevant 
criteria. As known [4], damping reduces the 
oscillation amplitude at resonance but after the 
resonance damping increases loads transferred to the 
body that are characterized by the transmission 
coefficient Т which results in growth of loads on 
bearings and reducing their life.  

Transmission coefficient Т is equal to the 
ratio of the force transmitted to the body through the 
damper to forces from rotor unbalance. Therefore, we 
can review several damping optimization criteria.  

The first one is introduction of such damping 
that provides the set oscillation amplitude at resonance 
determined by clearances in labyrinth sealing. The 
second criterion relates to selection of damping with 

minimum transmission coefficient T in the operating 
mode with the oscillation amplitude at resonance not 
exceeding the permitted value. It is also possible to 
select damping that ensures the permissible amplitude 
at resonance and permissible value of the transmission 
coefficient in the operating mode. 

In this case the transmission coefficient for 
the set damping level d is defined using the known 
formula of the linear theory of oscillations [4] 

2
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where G – rotor weight on the support, g – 
gravity acceleration, s – residual rotor unbalance, с – 
damper spring stiffness. 

The force transmission coefficient can be 
calculated for any rotor point and any support. 
However, mounts where large dynamic disturbances 
are most likely to occur are of greatest interest. 
Coefficients of force transmission to the body at 
operating frequencies should be preferably less than 
one. In critical frequencies the transmission 
coefficients can reach the significant value which is 
quite acceptable as transition over the critical 
frequency is performed rather fast. The stage of 
parameter dynamics optimization finishes with 
defining the parameters of damping for the rotor 
system (Fig. 2). The approaches used to select the 
parameters of hydrodynamic devices have been 
successfully applied for face seals [13-15].  
Selection of the damper type and identification of 
parameters 

Selection of the damper type is the stage of 
structural optimization – it is necessary to select the 
device structural diagram. For this purpose it is 
necessary to use the knowledge base that should be 
constantly filled in the process of work which is 
reflected in Fig. 2 with double arrows. This stage is 
currently insufficiently formalized and expert 
estimates can be used when taking a decision. To 
improve the knowledge base it is necessary to develop 
the principles of damper designing. 

The third one, methodology final stage, 
relates to identification of damper parameters – 
geometry, lubricant properties and operating modes 
ensuring the damping level set earlier. Optimization 
criteria at that can be, for example, minimum weight, 
dimensions or lubricant consumption. 

The analysis conducted in work [4] identifies 
the variety of damper types but the question of 
selection of the damper type remains open. We 
consider that solution of this problem should be 
started with the issue of using the spring element as it 
significantly complicates the damper design. Spring 
elements are used for the following factors: 
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  frequency detuning 
  rotor axial force sensing in case of a 

radial-axial  bearing 
  perception of the rotor weight 
To define spring stiffness in the first case it is 

necessary to calculate the rotor natural frequency 
spectrum and select stiffness so that natural 
frequencies are taken from the working range. 

In the second case (when using a radial-axial  
bearing) it is recommended to mandatory use the 
spring element. This allows to stabilize damper 
characteristics in operation. Otherwise due to the axial 
force at damper faces the dry friction force appears 
that depends on the axial force value and can greatly 
change depending on the engine operating condition. 
The stiffness value is also selected from the condition 
of providing frequency grading. 

In the third case it is required to prove the 
need of using the spring element through solution of 
the task of oscillations of a rigid unbalanced rotor at 
dampers taking into account the rotor weight. The 
method for this calculation is described in work [16]. 
Calculations start with zero spring stiffness (Fig.3). If 
after solution it emerges that the rotor weight is too 
large and the movement orbit is unstable, stiffness is 
introduced – the spring element or unloading device 
from the rotor weight. Simultaneous use of the 
unloading device and the spring element can also take 
place.  
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Fig. 3. Algorithm of selection of the hydrodynamic 
damper type  

 
Basic types of hydrodynamic dampers used 

today are short dampers (with or without seals), long 
dampers and dampers with face gaps. For proper 
selection of the damper type it is necessary to assess 
its impact on rotor system dynamics. For this purpose 
it is necessary to calculate the rotor dynamics by the 
simplified method described in works [4,10,11]. Such 
method is used for a rigid rotor. Simplification at this 
stage is justified as it allows to significantly accelerate 
preparation of initial data for calculations. At that the 
set values are rotor weight G on the support, 
disbalance u, stiffness с of the support spring element 

defined at the previous stage, working rotation speed 
wр, oscillator diameter D, lubricant dynamic viscosity 
m. It is necessary to define the type of a damper and 
its geometry – length and clearance. 

First, it is necessary to assess the possibility 
of use of a short damper without seals as it is the one 
with the simplest design. The damper length should be 
maximally admissible for this support design. The 
damper clearance value b should be defined using the 
method of sequential approximations. First, taking the 
clearance b0=0,1mm (minimum clearance that can be 
technically provided) we shall calculate the relative 
oscillation amplitude qsh, where index sh means 
“short”. If after calculations it emerges that the 
damper operates without failures, after optimization 
the length and clearance in the damper are finally 
defined. The algorithm shown in Fig. 3 presents 
optimization by a permissible amplitude at resonance 
(qrez<0,7) and ensuring conditions Тp<1. 

The case is possible when the damper works 
without failure but the transmission coefficient Т>1, i. 
e. the damper does not reduce forces transferred to the 
body. This fact indicates the high level of relative 
disbalance. It can be reduced through damper 
clearance increasing. Therefore, having increased it by 
the value of a clearance step hb it is necessary to 
repeat calculation. If the value Тр<1 is not reached it 
is necessary to change the damper type. The damper 
type should be also changed in case of failure modes, 
i. e. when damping in the system is insufficient. 

The next damper type is the short one with 
seals. It has damping 4 time larger than the damper 
without seals [17]. Therefore, having increased 
damping by 4 times it is necessary to repeat 
calculations based on the method described. 

If use of a short damper with sealing rings 
also does not create a sufficient level of damping it is 
possible to use the damper with face gaps which gives 
10...15 time larger damping than the short one. We 
consider that the short damper with seals is less 
successful in design than the damper with face gaps 
which is simpler in design and has larger damping. It 
is characterized by the non-dimensional parameter Q 
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where bt and Lt – axial clearance and face gap 
length respectively. 

 Retaining the same value of the damper 
clearance as in the short damper but reducing the 
value of the axial clearance bt and the gap length Lt , i. 
e. increasing the parameter Q, it is possible to 
eliminate the failure and then to optimize the damper. 
The parameter Q changes with its step hQ. However, 
it is necessary to consider that in gas turbine engine 
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supports Q<5 [18] . With Q>5 it is necessary to 
proceed to calculation of a long gas turbine engine, i. 
e. to set seals without using a feeding groove. 
Complication is justified in this case as it provides 
significant increasing in damping (100...300 times). 
Optimization stages are not reflected in Fig.3 in 
branches relating to calculation of a damper with a 
face gap and the long hydrodynamic damper, as they 
are similar to calculation stages of a short 
hydrodynamic damper. 

 
Conclusion 

The analysis of hydrodynamic damper 
designs have been conducted and it has been shown 
that today there is a large variety of such devices. 
Therefore, the method of justified selection of a 
damper type is required. 

The methodology for designing such dampers 
has been developed which consists of the stages of 
parameter optimization of the “rotor-damper” system, 
structural damper optimization and selection of 
optimal parameters of dampers of a selected type. 

The selection method for four types of 
dampers has been suggested – a short damper with 
and without seals, a long damper and a damper with 
face gaps. It has been shown that for all the above 
dampers there is a failure operating mode depending 
on the value of disbalance in the system. 
 
Corresponding Author: 
Dr. Falaleev Sergei Viktorinovich  
Samara State Aerospace University 
Moskovskoe Shosse, 34, Samara, 443086, Russia 
 
References 

1. Ponomarev, Y. K., Pronichev, Y. N. and Chegodaev, 
D. E., 1998. Multi-layer dampers of aircraft engines. 
Publishing house of the Samara State Aerospace 
University: 234. 

2. Nikhamkin, M. Sh., Voronov, L. V., Sazhenkov, N. 
A., Balakirev А.А. and Semenova, I. V., 2012. 
Modeling vibrations of the oscillator with dry friction.  
Bulletin of the Perm National Research Polytechnic 
University. Mechanical science, 2: 128-139. 

3. Leontyev, M.K., 2010. Vibration Diagnostics of 
Antifriction bearing damages during installation and 
assembly of heavy rotors. The Journal of Russian 
Society for Non-Destructive Testing and Technical 
Diagnostics: 36-41.  

4. Novikov, D. K., 2000. Designing hydrodynamic rotor 
support dampers of aircraft engines. Publishing house 
of the Samara's science center of Russian Academy of 
Sciences: 165. 

5. Sergeev, S. I., 1959. Damping of mechanical 
vibrations. Fizmatgiz: 408. 

6. Mohan, S., and Hahn, E.J., 1974, Design of Squeeze-
film Damper Supports for Rigid Rotors. ASME 
Journal of Engineering for Industry, 96(3): 976-982. 

7. Novikov, D., Balyakin, V., Zyryanov, A., 1996. 
Development of Calculation Techniques for Squeeze 
Film Dampers, Accounting Rupture and Turbulence 
of Lubricant Layer. Technische Akademie Esslingen 
International Tribology Colloquium Proceedings, 2: 
1287-1293. 

8. Novikov, D. and Balyakin, V., 2000. An Analytical 
Investigation of the Dynamics of a Gas Turbine 
Engine Rotor Supported on a Squeeze Film Damper. 
Technische Akademie Esslingen International 
Tribology Colloquium Proceedings, 2: 1411-1417. 

9. Novikov, D.K., Balyakin, V. and Kanunnikov, P., 
2002. Creating of Squeeze Film Damper Model With 
End Seals. Technische Akademie Esslingen 
International Tribology Colloquium Proceedings, 3: 
2249-2255. 

10.  Chaadaev, K.N. and Novikov, D.K., 2009. Dynamics 
of a rigid rotor in the NK-14ST-10 engine free power 
turbine with sliding bearings. Russian Aeronautics, 52 
(4): 426-431. 

11. Novikov D. K. and Chaadaev K. N., 2012. Dynamics 
of the GTE rotor taking into account nonlinearity of 
support dampers. Drive engineering bulletin [Vestnik 
dvigatelestroyenia] (Ukraine), 2: 191-195. 

12.  Belousov, A.I. and Novikov, D.K., 1986. Selection of 
GTE rotor bearing hydrodynamic damper type. Soviet 
Aeronautics (English translation of Izvestiya VUZ, 
Aviatsionnaya Tekhnika), 29 (3): 6-10.  

13.  Chegodaev, D.E. and Falaleev, S.V., 1985. Dynamic 
characteristics of gas layer of face seal with elastic 
surface. Soviet Journal of Friction and Wear (English 
translation of Trenie i Iznos), 6 (5): 136-139.  

14. Falaleev, S., Vinogradov, A. and Bondarchuk, P., 
2006. Influence research of extreme operate 
conditions on the face gas dynamic seal 
characteristics. Technische Akademie Esslingen 
International Tribology Colloquium Proceedings, 15: 
208.  

15. Belousov, A.I., Falaleev, S.V. and Demura, A.S., 
2009. On application of the theory of face seals with 
microgrooves to high-speed FV engine rotors. Russian 
Aeronautics , 52 (3): 335-339.  

16. Novikov D. K., 2000. Influence of design and 
technological factors on the characteristics of 
hydrodynamic dampers. University news [Izvestiya 
Vuzov]. Aerospace engineering, 3: 72-73. 

17.  Marmol, R.A. and Vance, J.M., 1978. Squeeze Film 
Damper Characteristics for Gas Turbine Engines, 
ASME Jour. Of Mech. Design, 100: 139-146. 

18. Belousov, A.I., Novikov, D.K. and Eskin, I.D., 1981. 
Theory of hydrodynamic dampers with cylindrical and 
end slots. Soviet Aeronautics (English translation of 
Izvestiya VUZ, Aviatsionnaya Tekhnika), 24 (3): 13-
17.   

 
5/18/2014 


