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ABSTRACT 

Decreasing compressor weight is one of the 
important purposes of aero-engine high speed 
compressor design. A common way to achieve this is 
to increase the pressure producing capability of the 
individual stages. The usual method is to use of a 
high aspect ratio blade. These long and thin blades 
are exposed to severe vibrations in the high speed 
fluid flow because of the aeroelastic instability.  In 
order to decrease these destructive vibrations, 
mechanical designers link adjacent blades by part 
span dampers. These dampers cause flow blockage 
and a loss in turbomachine’s performance. In this 
study, the effect of dampers on turbomachine 
aerodynamic operation is investigated. Nature of 
Flow is steady state until near stall, thus, simulations 
performed assume steady state conditions. In the 
previous studies, little attention has been given to the 
effect of dampers on blade shocks and trailing edge 
vortices. On the other hand, the damper effect on the 
formation and behavior of shock induced separation 
has been investigated in both cases. The results show 
that the presence of dampers cause a decrease in 
isentropic efficiency. Efficiency drops with reduction 
in the distance between damper’s leading edge and 
blade’s leading edge, increasing damper’s leading 
edge radius, and increasing damper thickness. 

INTRODUCTION 

Modern aircraft engines use high pressure 
ratios to increase the efficiency and to reduce losses. 

 

 
 
 
 

In order to achieve the higher ratio, the number 
of compressor stages is increased leading to an 
increase in the weight of the compressor and engine. 
To minimize this weight impact, the pressure 
producing capability of the individual stages is 
increased and short chord (high aspect ratio) blades 
are used. The latter method leads to blade rotation at 
very high rates. The lower natural frequencies 
associated with these blades lead to resonated 
vibrations in the vicinity of these frequencies. It is 
necessary to control these frequencies and their mode 
shapes without significantly affecting the overall 
weight of the blades. This can be done by either 
changing the blade material or introducing part span 
dampers on the blades. The former can be very costly. 
On the other hand, devices like dampers introduce 
additional weight. Despite the benefit of the dampers 
to reduce or eliminate destructive vibrations, they 
dampers can have negative impacts on the 
aerodynamic performance of the turbomachines and 
engines. 

Benser et al. (1975) has examined the 
aerodynamic impact of dampers by using a laser 
hologram in the vicinity of the damper. Her results 
indicate that in addition to the passage shock wave 
created by the blade leading-edge, there are two other 
shock waves created by the presence of the dampers.  
The first starts from the damper leading edge of the 
blade suction surface and the second arises from the 
junction of adjacent dampers with both propagating 
radially toward the tip.  

Reid and Urasek (1973) showed that the 
strength of the shock related to the rotor blades 
depends on the relative thickness of the leading edge 
for any given Mach number while the strength of the 
second damper related shock depends on the 
mismatch of the bearing surfaces for various running 
speeds and as such would be very difficult to assess. 

Esgar and Sandercock (1973) demonstrated that 
the performance of the rotor can be predicted if the 
total pressure loss distribution in the region of the 
damper is known. They took measured values of 
energy addition and loss from transonic compressors 
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with dampers and used these data to calculate the 
variations in outlet air velocity and pressure over the 
blade span. This data is then correlated with certain 
aerodynamic and geometric parameters to give an 
approach of predicting the localized damper influence 
during the design phase. Roberts (1979) obtained a 
correlation between part span damper losses and 
blade geometric data. In this study, 21 transonic axial 
flow rotors had been used that varied greatly in tip 
speed and loading.   

Wu et al. (2011) used an optimization method 
to minimize the drag force caused by the part span 
dampers, while maximizing the structural life of the 
blade. The performance of the low pressure steam 
turbine with different mid-span dampers was 
examined by Liu et al. (2011) in Ansys CFX with the 
results showing that a cylindrical mid span damper 
reduces the efficiency by 0.32 percent. The presence 
of PSC causes the cross flow from pressure side to 
suction side of bucket to roll up in the form of vortex. 
This leads to aerodynamic losses and deficit in work 
extraction. PSC is obstruction to flow and it has 
adverse effect on the aerodynamic performance.     

Denton (1993) has studied the losses when 
entropy increases. Entropy’s growth can be obtained 
using the simple summation of increases in entropy 
throughout the machine. Wadia and Szucs (2008) 
have reported numerical results for differences in 
aerodynamic performance caused by the presence of 
part span dampers in the fan blades.  

Hafele et al. (2014) have studied effect of part 
span dampers on aero-thermodynamics in wet steam 
flow. This has considered the blockage of steam flow 
due to the part span damper within the blade channel. 
Detailed flow field analyses and a comparison of 
blade loading between configurations with and 
without part-span shrouds are presented in this paper. 
The results show significant interaction of the cross 
flow vortex along the part-span shroud with the blade 
passage flow causing aerodynamic losses (Hafele et 
al. 2015).  

Mistry et al. (2011) studied on steam turbine 
blades with part span dampers. The result of this 
investigation showed a drop in efficiency of about 
0.32 percentage points. Maier et al. (1985) worked on 
cylindrical damping in a steam turbine. Efficiency 
drop was measured almost two percentage points. 
Markus Hafele et al. (2015) have numerically 
optimized aerodynamic of part span dampers in last 
stage of a low-pressure industrial steam turbine. They 
focused on last stage rotor because these blades are 
strongly twisted and tapered. The results of this study 
show that the loss depends on the blockage area. The 
value of these losses are between 2.5% and 5%. They 
have realized that a change of shape from circular to 
elliptical reduces additional loss. 

Acceptable aerodynamic and aeroelastic 
behaviors of turbomachine blades with part span 
dampers, depend on the optimum design of geometry 

and location of part span dampers.  
In this paper, identification and comparison of 

flow behaviors on the blade are simulated and 
compared with and without dampers.  The effect of 
geometric parameters on aerodynamic operation for 
turbomachine near stall is also investigated. Because 
of the transonic regime in the assumed engine, shock 
and boundary layer interaction occurs. The novelty is 
the parametric study and also considering effect of 
each parameter on near stall. Therefore, prior to an 
investigation of damper effect on the rotor operation, 
shock behavior and its effects on entropy and drag 
are studied. Then, the impacts of dampers on 
aerodynamic are investigated and the reason of each 
phenomenon is explained. In the next section, the 
effect of damper geometry on flow behavior is 
investigated using numerous simulations. In this 
study, a wide range is assumed for each geometric 
parameter to cover all possible flow behaviors for 
optimization purposes. The effect of geometric 
parameters on damper losses is also investigated and 
the reason of each phenomenon is explained.  

Part span dampers, have been used for many 
years, and are still actively used due to their benefit 
in reduction of blade vibrations. This work presents 
precise knowledge about flow around the dampers 
and blades and provides designers with a valuable 
tool to forecast impact on aerodynamics with each 
geometric change.   

 
METHODOLOGY 

 
Case configuration  

In the present study, the simulations have been 
performed on the General Electric J85-GE-21 engine, 
with a transonic axial-flow compressor rotor. It has 
25 blades, a designed rotary speed of 1741 Rad/Sec, 
mass flow rate of 24.1 kg/sec, and nominal efficiency 
of 85%. Figure 1 shows the geometry of its blade. 

  

 
 

 Fig.1. Blade geometry; with and without damper 
 

Khaleghi 2015 suggests that the axial extension 
of the domain upstream of the rotor is four times 
larger than the tip axial chord and the downstream 
boundary is eight times larger than the tip axial chord 
downstream. At the inlet boundary, the standard 
conditions for the total pressure and temperature are 
specified. The turbulence intensity at the inlet 
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boundary is five percent. At the outlet boundary, the 
static pressure is specified. In order to reduce total 
mesh and computational time, one blade channel is 
considered by using periodic conditions for the lateral 
surface of the domain. Surfaces of the hub, shroud, 
and blade are treated as the walls with no slip 
condition. 

 
Numerical Method 

The three-dimensional, steady state, and fully 
turbulent numerical studies are carried out on the first 
stage of a high pressure compressor with and without 
part-span dampers to examine their impact on 
aerodynamic. ANSYS CFX 16.2 has been employed 
to calculate the flow field. The three-dimensional 
Navier–Stokes equations are solved in a rotating 
reference frame, using a finite volume approach. 
Steady state flow is assumed as long as no periodic 
oscillations are observed in computational residual. 
These oscillations are observed in the near stall 
condition, therefore, the steady state assumption is 
considered for all simulations in this study. The 
equations for conservation of mass, momentum, 
energy and state, are mentioned in Fluent User’s 
Guide. 

For flows within turbomachines, the Reynolds 
number generally is high and the flow is turbulent 
with an extremely small time Scale. Therefore, in this 
study, pseudo time scale is set as 0.0001 and 

 turbulence model is used. Detail 
formulations of this turbulence model are explained 
in the references Menter 1994. 
 
Validation 

The transonic compressor Rotor 37 is used as a 
test case to validate the 3-D CFD solver and the 
solution process. This rotor was designed and tested 
by Reid and Moore 2001. As a validation of the CFD 
solver for a 3-D compressor, the steady state solution 
of Rotor 37 is calculated. The representative values 
for this rotor are shown in the paper of Houghton and 
Day 2011. The boundary condition is similar to the 
present work as stated earlier. A grid with 1.8 million 
elements is enough and satisfies the mesh 
independency criterion.  

With this grid, the chocking mass flow rate is 
obtained by increasing the outlet static pressure. 
Numerical chocking mass flow for rotor NASA 37 is 
21kg/s and 20.98 kg/s for the experimental and the 
present work respectively. The computed and 
experimental mass flow rates have been normalized 
by using their respective choking mass flow. As 
shown in Figure 2, numerical efficiency 
underestimates experimental efficiency. 

 

 
 
 

Fig.2 Variations of efficiency versus non-dimensional 
mass flow rate for NASA 37 Rotor. 
 

Figures 3, 4 and 5 show the Mach contour of 
the 70 percent span section and it can be seen that the 
bow shock and the shock/boundary layer interaction 
around leading edge is appeared. Figure 5 is regard to 
current study. Comparison this Figure with 
experimental and numerical works (Figures 3 and 4) 
is evidence for validation of this work.    

 

 
 

Fig.3. Mach contour at experimental investigation for 
NASA37 (Ameri 2011). 
 
 

 
 

Fig.4. Mach contour at numerical investigation for 
NASA37 (Suder 1998). 
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Fig.5. Mach contour at numerical investigation for 
NASA37 (current study). 
 
Mesh study 

Grid generation with structured mesh on 
complex damper geometries is a challenging and time 
consuming task during the design phase. In order to 
generate a reliable mesh on the blade especially in the 
damper region, ANSYS ICEM 16.2 has been chosen.  

A multiblock grid system for single blade 
passage computation is generated as follows: 18 
blocks are placed around the blade, and 6 blocks are 
generated in the tip clearance region. Blocks around 
the blade consist of 60×103×20 nodes, whereas 
blocks in the tip region consist of 60×17×20 nodes 
and blocks around each damper feature 18×10×50 
nodes. A rigorous grid study was carried out to 
identify the correct grid resolution to get an accurate 
CFD model for the rotor. The computed rotor 
efficiency for coarse and fine mesh near the nominal 
conditions is shown in Figure 6. It reveals that 
increasing the number of elements beyond 1.4 million, 
does not change the efficiency significantly. Mesh 
density is also important and will be discussed in the 
next section. 

 
 

 
 

Fig.6 Variation of Isentropic efficiency versus 
number of elements for current study rotor 
 
 
Boundary layer mesh 

Assessment of y+ or the dimensionless wall 
distance is the best method to specify the refinement 
of the grid in the boundary layers. In the present 
study, y+ values are between 10 and 20 near the 

blade walls and approach the value of 20 near the 
damper walls. This range satisfies appropriate values 
in  turbulence modeling (Camara 2015). 
The y+ values at the tip shroud and around the 
dampers are shown in Figures 7-a, and 7-b 
respectively. 

 
 

 
 
 

Fig.7.  value in the vicinity of the blade and 
damper 
 
 

EFFECT OF DATUM DAMPER 
CONFIGURATION 

 
Performance comparison 

As the outlet static pressure decreases, mass 
flow and therefore axial velocity increase. This trend 
continues until mass flow reaches a critical value in 
which further increase in mass flow through the blade 
passage is not possible. At this point, the flow in the 
rotor starts to choke and a sharp decrease in pressure 
ratio and an increase in losses occur. The mass flow 
rate for outlet static pressure for blade with and 
without dampers is plotted in Figure 8. As shown, in 
a rotor without blade dampers, mass flow is 22.925 
kg/sec at an outlet static pressure of 80000 Pa. In a 
rotor with blade damper, mass flow rate is 23 kg/sec 
at 85000 Pa of outlet pressure. 
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Fig. 8. Variation of mass flow rate versus outflow 
pressure 
 
 

Since the current compressor is transonic, 
increasing in flow density is possible. As seen in 
Figure 9, model with part span shroud (PSS) has 
higher density than the without PSS one, on the other 
hand, the section area is decreased by damper and 
moreover, velocity chart shows velocity increases for 
model with PSS. These changes preserve to end of 
blade. Therefore, mass flow that is produced of 
density, area, and velocity increases for model with 
PSS. 

 
 

 

 
 
 

Fig.9. Variations of density and velocity at the blade 
trailing edge for blades with and without damper. 

 
Figures 10 and 11 demonstrates that reduction 

of non-dimensional mass flow or increase static 
pressure causes increasing relative total pressure and 
efficiency until is approached to near 
stall.

 
 
Fig.10. Variations of efficiency versus 

non-dimensional mass flow rate (Present Study) 
 

 
 
Fig. 11 Variations of total pressure ratio versus 
non-dimensional mass flow rate (Present Study) 
 

Figure 12 showed outlet total pressure for 
blades with and without dampers. The results showed 
that the pressure abruptly decreases near the damper. 
Total pressure reduction is another factor that leads to 
decreasing efficiency.    

 
 
Fig.12 Variations of outlet total pressure in stn frame 
at blade trailing edge for blades with and without 
damper. 
 

FLOW FIELD COMPARISON 
 
Blade shock pattern  

Transonic fan and compressor rotor blade rows 
operate in the supersonic regime over a large part of 
the blade span. Blockage of flow by blade and 
velocity diffusion combined with supersonic inlet 
relative velocities lead to strong shockwaves in the 
blade tip regions (Figure 13a). After the first shock, 
the velocity is decreased, but due to decreasing 
section area, the velocity and Mach number are 
increased. The second blade shock appears in the 
middle of the blade (throat) approximately. Figure 
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13b shows that the second shock on the blade surface 
extends from hub to tip. The first shock starts from 
mid-span (x≈17cm) and the second shock exists from 
near hub to near tip shroud. 

 

 
 

Fig.13 Investigation shocks on the surface  
 
Benser [1] observed a shock that appears in the 

leading edge and two shocks due to the dampers 
(Figure 14). These works have specified that two 
shocks appear for blade in leading edge and middle 
chord of the blade and there is a shock due to damper.  

 
 

Fig.14. Shocks of the blade with damper (Benser et al. 
1975) 
 

Shock wave/boundary layer interaction (SBLI) 
appears usually in transonic or supersonic flows, and 
involves almost all types of fluid dynamic 
phenomena. Of the many aspects of SBLI phenomena, 
Shock Induced Separation (SIS) is the most important 

as it has a deterministic influence on the overall flow 
characteristics. When the shock wave interacts with 
the boundary layer flow, many diverse types of flow 
phenomena occur: flow separation, unsteadiness, 
vortical flow, pressure waves, complicated mixing, 
turbulence, etc. It has four patterns: weak, moderate, 
strong, and very strong (Setoguchi 2007). Figure 15 
shows SBLI and increasing in entropy caused by this 
interaction. Vorticity at the blade trailing edge that is 
formed due to the interaction. 

 

 
 

Fig. 15 increasing entropy due to SBLI 
 
Effect of damper on shocks 

The flow field for the rotor operation at design 
speed is presented in terms of Mach number and 
shock contours in Figure 16. This Figure is regarded 
to blade with damper which install at 75% span. 
Figure 16a and 16b feature flow field at 80% and 
85% of the span respectively. In comparing Mach 
numbers in Figures 16a and 13a specific that damper 
doesn’t have effect on the second shock strength of 
the blade. In both of Figures is observed that Mach 
number is dropped from 1.3 to 1.1. Figure 16b shows 
that, second blade shock doesn’t appear on top of the 
damper. In this region just damper shock is created.    

 
 

Fig. 16 Contour Shock and Mach for blade with part 
span damper  
 
Effect of Losses on entropy 

According to Wilson and Korakianitis 1998, a 
real compressor can be thought of as an ideal 
machine taking in a gas at Pin, hin and outputting it at 
P’

out, h’
out (ideal state) and at Pout , hout with losses 
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considered, which make the actual delivery 
conditions. An isentropic enthalpy rise is followed by 
a pure entropy increase, which shows the entropy 
generated is because of the internal losses. Isentropic 
efficiency is defined by equation 1 (Wilson, Gordon 
2002). This simplifies to equation 2 assuming ideal 
gases. 

 
1 

 
2 

 

And also, isentropic efficiency and entropy are 
equivalent with each other: 

 
3 

With addition of losses, entropy increases and, 
therefore, efficiency decreases. Efficiency has been 
predicted by comparison of entropy contours for 
different dampers. 

As Figure 17 shows, entropy rises past the 
damper trailing edge. Entropy on the suction surface 
depends on shock at this surface, whereas, entropy on 
pressure surface above the damper is high due to the 
effect of the damper. According to Esgar and 
Sandercock (1973) and Roberts 1979, the effect of 
part span dampers is mostly confined to ±5% and 
±15% of span from its location respectively. It is 
similarly evident in this study that the entropy rise 
due to the damper’s presence decreases with 
increasing distance from the damper region. 

 

 
 

Fig.17 Entropy distribution  
 

PARAMETRIC STUDY 
 
In this section, values of geometric parameters 

are varied independently one at a time with the 
remaining parameters remaining constant and their 
effect on aerodynamic operation is investigated. 
During the modeling, outlet total pressure is assumed 
to be constant and its amount is 102000 Pa. 
 
Chord-Wise position (distance between damper 
and blade) 
 

Figure 18 shows variation in damper location 
along blade. 

 
 

Fig.18 Variation of distances between blade leading 
edge and damper leading edge 
 

As Figure 19 depicts, increasing the distance 
between blade leading edge and damper leading edge, 
leads to reduction in entropy and therefore increase in 
efficiency. 

Figure 20 also confirms this prediction. Esgar 
and Sandercock (1973) have shown that damper 
losses decrease as the damper is moved further away 
from the blade leading edge.  

 

 

 
 

Fig.19. decreasing entropy with increasing z 
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parameter  

 
 

Fig.20 Efficiency versus z parameters 
 
According to Figure 21a, if the damper is 

placed near the blade’s leading edge, shock appears 
in two regions: one extends from the hub to near the 
damper with its associated shock being due to the 
blade and the second damper related shock extends 
from above damper outwards. Total shock on the 
blade decreases and hence this decrease of shock 
wave indicates wave drag and, therefore, total drag of 
the rotor is decreased (Figure 22). With the damper 
located away from the blade’s leading edge, the 
second shock of the blade propagates to the tip region 
giving a rise to the drag force. Yuan- Ting Wu 2011 
has shown this phenomenon via the optimization 
approach. Figure 21b shows the elongated 
propagation of the shock with a ‘z’ value of 2.5cm.  

Figure 24 shows the velocity vector on the 
damper surface and shock contour above it. As seen, 
for a z value of 0.5cm a small amount of vorticity 
forms, but it is small and with a small SBLI also, the 
total drag force is relatively low. On the other hand, 
with a z value of 2cm, both SBLI and vorticity are 
large and consequently the total drag is relatively 
high. For z=2.5cm, SBLI and wave drag don’t occur, 
but the big vorticity formed at the damper trailing 
edge results in high pressure drag. 

   

 
 

Fig.21. Shock radial propagation for z=0.5 Cm 
 

 
 

Fig. 22. Variation of total drag for different z values 
 

 

 

 
 

Fig. 23 Velocity vector on the damper surface and 
shock contour above it 
 
Leading edge radius 

Fig. 24 shows variations in damper leading 
edge radius. The initial radius is 0.015 cm and other 
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radii are multiples of that.  
 

 
 

Fig.24. variation of damper leading edge radius 
 
Figure 25 shows the velocity vectors on the 

damper along with the shock contours. Wadia and 
Szucs (2008) concluded that the shock-boundary 
layer interaction seems to be improved when dampers 
are present. In this study, this claim is investigated. 
Distance between damper’s suction surface and shock 
tip is rises as the leading edge radius increases. For 
this discussion, R represents the initial damper’s 
leading edge radius. Shock appears near the surface 
of the damper, resulting in high wave drag. Velocity 
vector in Fig. 25 shows that when damper’s leading 
edge radius is increased, area with adverse velocity 
gradient increases but separation doesn’t occur. 
Consequently, pressure drag doesn’t exist. In order to 
decrease wave drag, damper’s leading edge radius 
shouldn’t be very high. If the damper’s leading edge 
radius is 10R, flow separates and vorticity forms 
generating pressure drag. As seen in Figure 27, 
increasing damper’s leading edge radius causes a 
reduction in drag, but at the radius 10R the drag has 
increased.  

 

 

 

 
 

Fig.25. Velocity vector on the damper surface and 
shock above it 
 

 
 

Fig.27 Total drag for different radii  
 

It was already mentioned that with rising 
damper’s leading edge radius, more regions have 
been influenced by the adverse velocity profile. For 
example, in radius 10R separation occurs. As a 
consequence, increasing damper’s leading edge 
radius causes increasing entropy and loss and then 
reducing the efficiency. Fig. 27 shows a diagram of 
isentropic efficiency for radii R- 10R and related 
entropy contours.  
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Fig.27 Variation entropy and efficiency by increasing 
radius 
 
Maximum thickness 

In this study, the damper maximum thickness is 
assumed to be a function of damper’s leading edge 
radius. Thus, the initial value of thickness is equal to 
damper leading edge diameter (t=D). Figure 28 
shows the variation process for damper thickness. 

 
 

Fig.28 change in damper maximum thickness 
 
Velocity vector on damper with thickness t=D 

shows that adverse velocity profile starts from near 
the damper’s leading edge and separation occurs after 
that followed by formation of vorticity (Figure 29). 
Increasing damper thickness causes the adverse 
velocity profile to appear later and, therefore, 
separation delays reducing the total drag. At t=18D 
great vorticity forms after damper’s trailing edge that 
causes a rise in total drag (Figure 30). 
For t=D, separated flow recovers on the blade surface 
again. Also, because of the small thickness, the 
region of influence just involves the region above the 
damper. As seen in Figure 31, with increasing 
thickness, this effect extends to below the damper. 
Because of this, at t=D, entropy is similar to the blade 
without damper and, therefore, the efficiencies of 
these blades are equivalent approximately (Figure 32). 
Esgar and Sandercock’s work indicates that, 
qualitatively, the magnitude of damper loss decreases 
with a reduction in damper maximum thickness. 
 

 

 

 

 
 

Fig.29 Velocity vector and shock for damper 
different thicknesses 
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Fig.30 Variation drags with increasing thickness 
 

 

 
 

Fig.31 Entropy contour for below regions of damper 
 

 
 

Fig.32 Process of variation efficiency with increasing 
thickness 
 

ANSYS CFX is used to calculate drag of the 
rotor. As seen in charts, reduction in leading edge 
radius and thickness causes efficiency to increase and 
this happen because of the damper become thin. On 
the other hand, drag of the thin damper is higher than 
others. Therefore, optimization of the damper 
thickness and radius is necessary for the appropriate 
value.  
Chord length 

Figure 33 shows two dampers that have similar 

geometry parameters with different chord lengths. 
With decreasing damper chord length, larger vorticity 
is generated causing an increase in drag. Comparison 
of entropy contours in Figure 34 indicates that the 
increasing chord length causes a little increase in 
efficiency. 

 
 

Fig.33 Effect of damper length on drag force 
 

 
 

Fig.34 Effect of damper length on efficiency 
 
Strength of shock  

Plots in Figure 35 shows that variation of the 
geometric parameters doesn’t have effect on damper 
shock strength. For all models, Mach number is 
dropped from 1.3 to 1.1 through the shock.  
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Fig.35 compression strength of shock for variable 
parameters  
 
Near stall inception 

Figure 36 demonstrates that how near stall 
condition is affected by the variation of the 
parameters. For rotor with damper, stall occurs at 
outlet total pressure 103000 Pa while for the blade 
without damper it is 107500 Pa. As seen, stall 
happens in lower outlet total pressure when thickness 
of the damper is more than 14 D. This happens when 
damper locates at place 2.5cm from blade leading 
edge. Rotor with damper which its chord length is 
1cm, stall occurs at 107000 Pa pressure. 
 

 

 

 
 
Fig.36 Comparison stall for different models  
 

Conclusion 
The most common method for increasing the 

pressure producing capability of the individual stage 
is the use of blades with high aspect ratios. In order to 
reduce destructive vibrations in blades; designers 
have connected adjacent blades with damper. In this 
study the effect of presence of dampers and their 
geometry on the aerodynamic operation of 
turbomachine has been studied. The results are 
summarized below: 

1. In this compressor, shock wave/ boundary 
layer interaction may occur which can in 
turn cause a rise in entropy and formation of 
vorticity. This interaction may, therefore, 
establish unsteadiness and accelerate stall 
initiation. The entropy at the trailing edge of 
the damper is greatly increased by the 
damper. Entropy on top of the damper 
decrease. Entropy at the blade pressure 
surface is increased caused by damper which 
is near leading edge of the blade. 

2. If the damper is located at the middle of the 
blade, damper shock appears above the 
damper and causes SBLI. If the damper is 
situated the near blade’s trailing edge, there 
isn’t a shock above the damper. An increase 
in damper’s leading edge radius results in an 
increase in the distance between the shock 
above the damper and the damper surface. 

3. Damper away from the leading edge blade 
cause efficiency increase. Increasing in the 
entropy and losses and decreasing in the 
efficiency is caused by increasing in the 
leading edge radius of damper.  Decreasing 
the damper thickness reduces the area 
affected by damper, and then reduce the 
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efficiency. 
4. Decrease in drag caused by increase in

leading edge damper radius and thickness.
But there is a limit for this growth of
parameters. Reduction of damper’s chord
length increases drag.

5. With regard to charts, that is, efficiency,
drag, and stall, can choose 6D as the best
option for thickness.
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