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Abstract 

 

This article researches the nature and reasons for occurrence of dynamic loads from 

the flow side on equipment walls, as well as considers existing flow stabilizers used 

to eliminate these loads. New designs of flow stabilizers are proposed based on 

analysis of disadvantages of these devices, and their efficiency is estimated in 

comparison with counterparts. According to the estimation results, the developed  
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devices provide a comparable level of dynamic load reduction; however they have 

a considerably lower hydraulic resistance. 

 

Keywords: power-generating equipment, steam distribution system of steam 

turbine, non-uniformity of velocity profile, dynamic loads, flow stabilizer 

 

 

1 Introduction 
 

Analysis of emergency situations at power plants and technologically connected 

sites show that the most widespread reason for failures of equipment, including 

thermal and mechanical units, valves and pipelines, is dynamic loads on equipment 

parts from the working fluid flow side. Those parts of equipment where a sharp 

change of the working fluid flow direction occurs are exposed to the highest loads. 

This is explained by effect of centrifugal forces which cause occurrence of a lateral 

pressure gradient by throwing fluid particles to the external (concave) walls of a 

bent channel [3, 19].  

As a result, additional backgrounds for occurrence of separated flows are 

determined, that finally leads to formation of the non-uniform flow velocity profile. 

In turn, non-uniformity and transiency of a velocity field mean not the least rate of 

uneven pressure distribution in the flow. Therefore, in order to increase reliability 

of power-generating equipment it is necessary to thoroughly consider the nature of 

dynamic loads, as well as a structure of the flow leading to their occurrence, as well 

as to develop the efficient method of their elimination. 

 

2 Nature of dynamic loads from flow side in bent channel 
 

Time-varying pressure forces cause vibrations of the wide frequency range by 

effecting on the channel walls. According to results of an experimental research of 

pressure pulsation in steam-supply system of a turbine unit with initial nominal 

parameters of 24 MPa; 540°C under different conditions for low-frequency 

vibration amplitude testing (3.3; 7.5; 10.5 Hz) resulted on average about 2.5 MPa, 

in some cases reaching 4÷5 MPa. Pressure oscillation amplitudes in the spectral 

range of 400÷450 Hz reach 2.3÷2.5 MPa, and at higher frequencies (for instance, 

up to 1150 Hz) do not exceed 1.0÷1.2 MPa, however in this case the vibration 

energy may be significantly higher due to the high frequency [8, 11, 13, 14].  

Such pressure oscillations have an apparently negative effect on reliability of 

equipment. In order to develop an efficient method of their elimination first of all 

it is necessary to consider a pattern of the flow causing such significant dynamic 

loads. Computational fluid dynamics (CFD) simulation is the most rational method 

of solution for this task. 

The results of flow simulation in the bent channel representing a part of the 

steam distribution system of the turbine unit (Figure 1) show that large separated 

vortices are formed in places of the channel bending and cause disturbances at 

rather long pipeline sections [2, 7, 16]. When calculating, it was accepted that flows  
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were isothermal, the pipeline walls (D = 100 mm) were adiabatic, output pressure 

was equal to atmospheric pressure, the flow rate was selected in such a way that the 

average flow velocity was 60 m/s, that is typical for power-generating equipment.  

The flow velocity profile taken immediately following its turn show presence 

of separated flows and significant non-uniformity of the pressure field, as well. For 

comparison, the velocity profile is also given for the even flow existing in a straight 

pipeline at the same mass flow rate [12, 13]. 

It is known that the pressure pulsation frequency is directly related with the 

vortex sizes: the more the vortex size is, the lower the pulsation frequency and the 

higher the energy potential of pulsation movement. Large vortex flow areas cause 

the described above high-amplitude vibrations in the turbine steam supply system. 

As the vortex size is reduced their velocity in the flow approaches to the main flow 

velocity; the frequency of pulsations generated by them increases, and the total 

vortex energy sharply decreases. Therefore, the main way to reduce dynamic loads 

on the channel walls is to split large vortex cores into smaller formations and to 

evenly distribute them along the channel section [4, 5]. 

 

 
Fig.1: Flow in bent channel of steam supply system of steam turbine 

 

3 Available flow stabilizers  
 

The described above method of pressure pulsation elimination is implemented 

with so called flow stabilizers (aerodynamic filters, vortex breakers), which today 

are typically represented by perforated disks of different design installed in the 

pipeline. Table 1 gives the designs of the most common stabilizers and the results 

of their impact on the flow with the considered above curved element of the steam 

supply system of the steam turbine. On the average, they can reduce the pulsation 

amplitude by almost three times, and vibration displacement – by 2.2 times [19]. 

However, the installed flow stabilizer causes significant increase in hydraulic 

resistance of the system, since the flow area is lower in this case. Indices of 

hydraulic resistance of disk stabilizers are 9 and more, that despite all the benefits 

may make its use impractical [9, 10]. Thus, at the moment the actual problem is to  
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develop flow stabilizers which not only efficiently reduce dynamic loads on 

equipment parts but also have low hydraulic resistance. 

 

Table 1 – Common types of flow stabilizers 

Stabilizer design Velocity profile 

1. Perforated disk stabilizer 

 

 

f = s = 0.35 

 
 

2. Double slotted stabilizer 

 

 

f = s = 0.42 

 
 

4 New flow stabilizers concept 
 

In order to achieve the designated task it is necessary, first of all, to expand the 

flow area of the device. In this case the most efficient solution would be to reduce 

the stabilizer surface area disposed transverse to the flow direction, since vortices 

may be separated by means of the fluid interaction with thin surfaces situated in 

short intervals along the flow direction. Perforated stabilizer surfaces would also 

help to reduce hydraulic resistance, considering that, first, this would let the fluid 

flow freely under the effect of the lateral pressure gradient at flow deflection, and, 

second, this would reduce the differential pressure effecting parts of the device 

crosswise, therefore increasing its reliability. 

Taking this into consideration, Moscow Power Engineering Institute supposed 

several design options for new flow stabilizers (Table 2).  
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Table 2 – Developed flow stabilizers 

 

Stabilizer design Velocity profile 

1. Cylindrical line-type stabilizer 

 

 

f = 0.57; s = 0.78 

 

2. Plate-type stabilizer 

 

f = 0.35; s = 0.77 
 

 

 

 

The basic parameters of stabilizers include the following: 

- the surface perforation index, equal to ratio between the area of holes to the 

area of the same surface without perforation: 

 

𝑓 =
𝐹ℎ𝑜𝑙𝑒

𝐹Σ
,                                                    (1) 

 

- the clear area index, equal to ratio between the flow areas before and after 

installation of the stabilizer: 

 

𝑠 =
𝑆𝑠𝑡𝑎𝑏

𝑆𝑖𝑛𝑖𝑡
                                                   (2) 

 

This index is introduced to describe the developed stabilizers with the main 

surface positioned along the flow, wherefore the perforation index cannot give any  
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information on the flow area. In the considered case, calculation was carried out for 

a pipeline with the 100 mm inside diameter, however following the specified 

parameters, it' is possible to develop the similar stabilizer for any pipe size. 

 

5 Flow stabilizers efficiency evaluation 
 

Well-proven and widely applied CFD approach is used for research of different 

stabilizer design cases. A degree of velocity profile irregularity allow to estimate 

the intensity of dynamic loads on equipment walls in CFD simulation. Therefore, 

in order to evaluate the efficiency of flow stabilizers, it should be given a 

quantitative assessment. 

An index of non-uniformity is very convenient to be used for this purpose, 

which is determined as follows [1, 17, 18]: 

- index of non-uniformity for i-point of the velocity profile: 

 

𝜔𝑖 =
|𝑢𝑖−�̅�|

𝑢
,                                                    (3) 

 

where ui – velocity value in i-point of the profile, i = 1…n; 

�̅� – average profile velocity range. 

- index of non-uniformity for the velocity profile: 

 

𝜔𝑖 =
Σ𝜔𝑖

𝑛
,                                                    (4) 

 

CFD simulation results show that installation of flow stabilizers of all 

considered designs allows to significantly reduce the non-uniformity index, which 

is well shown in Figure 2: in case of installation of the flow stabilizer the velocity 

profile non-uniformity, and therefore the dynamic loads, decreases at least by 40 

%. 

 

 
Fig. 2: Comparison of flow stabilizers by non-uniformity index 
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Fig.3: Comparison of flow stabilizers by hydraulic-resistance index 

 

 

6 Conclusion 
 

By comparing the data represented by Figure 1 and Figure 2, it is possible to 

conclude that the applied approach to designing of flow stabilizers allow to achieve 

quantitative leveling of flow rates and, therefore, reduction of dynamic loads on 

equipment walls effecting from the flow side. Moreover, the hydraulic resistance 

of the most successful design is by 3÷7 lower compared to the available 

counterparts. The only significant disadvantage of new flow stabilizers is their 

manufacturing complexity. 
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