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Labyrinth seal erosion, roughness, steam path damages, etc are factors that causes steam losses in a steam turbine. 
Any steam losses occurring locally in HPT, IPT and LPT stages of a steam turbine result in more available steam in losses 
sealing stages. Recently steam turbine sealing system upgrade in research works has been important. Optimization 

of steam path design by increased number of sealing strips, use of high pressure aspect ratio and reduced seal root diameter, advanced sealing 
technology for radial and axial fins, diaphragm packing, optimized labyrinth seal design, robust new seal development are of prime importance. 
A performance analysis result indicates that the performance value has exceeded the estimated design value.
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Introduction
Labyrinth seals have been a subject of research from the early begin-
nings of steam turbines. As an inherent need of steam turbines gaps 
must be present between stationary and rotating parts to allow the 
relative movement. Those gaps open bypass ways which reduce the 
amount of mass flow rate within the working section of the turbine. 
Introducing labyrinth seals into these gaps helps to reduce the leak-
age mass flow, thus increasing the efficiency [28].

The labyrinth seal arrangement at the seal strip consists of an steam 
inlet. The size of the labyrinth seal can be relatively large in compari-
son to the seal size and tooth height. This is in order to allow the axial 
displacement of the rotor due to thermal growth or axial thrust var-
iations. Major effort in research was undertaken to reduce the leak-
age mass flow rate due to with the help of improved seal design. This 
study aims at improvising the various characteristic of the labyrinth 
seals to minimize leakages and is presented geometrically.

2. Labyrinth seal design
The labyrinth seal is one of the popular seal designs and is widely 
used in a variety of steam turbines. As for any seal, the purpose of the 
labyrinth seal is to reduce the internal steam leakage by increasing 
the friction to steam flow in the leakage path by dissipating as much 
of the kinetic energy of the leakage flow as possible. For labyrinth 
seals, the energy dissipation is achieved by a series of constrictions 
and cavities. When the steam flows through the constriction (under 
each tooth), a part of the pressure head is converted into kinetic ener-
gy, which is dissipated through small scale turbulence-viscosity inter-
action in the cavity that follows. This increases the resistance to flow 
compared to a smooth seal [28].

There are two basic types of labyrinth seal materials configurations: 
Silicon carbide labyrinth seal and chromium molybdenum labyrinth 
seal. The main purpose of using a chromium molybdenum labyrinth 
seal is to provide additional flow resistance. Major operating param-
eters are the pressure difference (or ratio) between up and down 
streams of a seal and the size of the clearance that is formed between 
the seal teeth of one side and the land of the other side. Based on a 
maximum allowable leakage flow, seal designers decide the seal type, 
running clearance, and the number of teeth, taking into account oth-
er design constraints such as the maximum space for seal installation. 
Thus, seal design is an optimization process that requires a compro-
mise with designs of other components.

In this work, the steam flow path performances of two typical laby-
rinth seal types (Silicon carbide labyrinth seal and chromium molyb-
denum labyrinth seal) were compared. Various thermal analyses were 
used to predict the flow and leakage performance of the seals. Pre-

dicted leakage behaviors according to clearance size and pressure ra-
tio were compared with experimental data, and leakage performanc-
es of the two sealing material types were compared. The effect of the 
number of teeth was also analyzed. Leakage was predicted using a 
typical analytic design tool and results were compared with both the 
experimental data and various thermal analysis results. Essentially, 
this paper presents a systematic performance comparison between 
Silicon carbide labyrinth seal and chromium molybdenum labyrinth 
seal and demonstrates the usefulness of various thermal analyses.

The Labyrinth seal design is used to provide a tortuous passage to 
help prevent leakage by allowing the steam to pass through a long 
and difficult gap. Labyrinth seals on rotating shafts provide non con-
tact sealing action by controlling the passage of the steam through 
a large number of chambers by centrifugal motion as well as by the 
formation of controlled steam vortices. The steam that escapes from 
the main chamber gets entrapped in the cavities of labyrinth where 
it is pressured into a vortex like motion. During the service period of 
steam turbines, labyrinth seals which are mounted on the rotor, as 
there is an increase of wear rate in the labyrinth seal material it in-
creases the clearance between the stator & rotor. If the wear rate & 
clearance is high, it causes the leakage of steam flow through the 
seals which affects the total efficiency of the steam turbine. The main 
objective of this work is to evaluate the leakage flow rate due to the 
clearance caused by the wear of the seal material in labyrinth seals by 
using CFD and adopting a new material (Silicon Carbide) to the laby-
rinth seals, thereby calculating the leakage flow rate and compare it 
with the theoretical calculated leakage flow rate using ANSYS. Apart 
from this the testing of labyrinth seal during thermal condition is also 
essential to check its failure. The labyrinth seals are so designed using 
conventional analytical design [27].

The various dimensions of replaced labyrinth seal are tabulated in 
which help to take data during design of labyrinth seal and fulfill the 
requirement.

Table 1 the various dimension of replaced labyrinth seal 
of 300 MW in SEC steam turbine model 

Labyrinth seal Data
Number of teeth 10
Inner diameter 468
Teeth height 6.5
Tooth width[mm] 1
Pitch of teeth[mm] 5
Step height 2
Outer diameter 489
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Cutting angle 60
Locking groove width 16
Locking groove depth 1.5

The labyrinth seal design based on ASME steam turbine procedure: 
The theoretical design calculations are performing using the input pa-
rameter such as speed of shaft, inlet pressure, inlet temperature etc.

2.1 Basic procedure of labyrinth seal
The design of labyrinth seal is the important step in the completed 
process of gland sealing design. In order to insure the basic require-
ment of seal, calculations are carried out for the dimension of seal. 
This calculation forms an integral part of seal. The basic procedure of 
the design of seal consists of following step:

a. Specification of function
The design of labyrinth seal beginning with the specification of the 
function of the seal. 

b. Determination of pressure
In many cases pressure is constructed to determine the pressure act-
ing on the different parts of the seal. The pressure acting on the seal 
may vary from application to application. The pressure acting on the 
seal is assumed to be concentrated at some point in the seal or dis-
tributed over a particular area.

c. Selection of material
The selections of suitable material for the seal depend upon the fol-
lowing four factors:

a. Pressure acting on the seal area
b. Clearance of the seal
c. Thermal expansions
d.Axial and radial pressure distribution

d. Failure criteria
Before finding out dimension of seal it is necessary to know the types 
of failure by which seal will fail when put in to service. The seal is said 
to have “failed” when it is unable to perform it is functional satisfac-
torily.

e. Determination of Dimensions
The pressure of the seal depends upon factors viz. the operating 
condition and mass flow rate steam with temperatures. For example, 
teeth profile is used for seal because it provides a tortuous passage 
to help prevent leakage by allowing the steam to pass through a long 
and difficult gap.

f. Design Modification
 Revised calculations are carried out for operating condition, margin   
of safety at critical cross section and thermal stresses taking into con-
sideration the effect of thermal expansion. When these values differ 
from desired values, the dimensions of the component are modified 
till desired values are obtained.

g. Working Drawing
The last step in the design of labyrinth seal is to prepare a working 
drawing of the seal showing dimensions.

h.  Analytical Calculations for Labyrinth seal Design
Design data

Figure 1 Labyrinth seal production drawing

3. Labyrinth seal manufacturing methods

Labyrinth seal manufacturing can be done by different techniques 
available for securing seal. These techniques include:

3.1 Forging process 
3.2 Rough machining (Turning) process
3.3 Heat treatment process
3.4 Final machining process
3.5 Sawing process
3.6 Debarring process

3.1 Forging process 
The process started with melting the steel in the basic electric arc 
furnace and continued with a vacuum degassing treatment and the 
pouring of an ingot. Sufficient discard was taken from each ingot to 
prevent segregation and contamination in the forging material. It is 
important to avoid segregation due to inclusion in order to achieve 
uniform mechanical properties of the forging material. The first test 
specimen was taken during this process in order to have the chemical 
composition analysis, heat analysis, and product analysis. The ingot 
was heated to forging temperature according to the forging proce-
dure. The hot-forging process was performed under a press of ample 
power to adequately work the metal throughout the entire section of 
the forging. During hot forging, engineers maintained the axial center 
of the forging in line with the axial center of the ingot. After the forg-
ing process was complete, a heat treatment process was applied to 
prevent cracking and distortion and to accomplish transformation.

Figure 2 Labyrinth seal forging ring 

Phase 1: Normalizing 
During the normalizing, the forging was placed in a horizontal po-
sition and cooled in still air. All exterior surfaces of the forging were 
rough machined before the second phase of the heat treatment.

Phase 2: Quenching
During the quenching, the forging was placed in a vertical position 
and quenched in water.

Phase 3: Tempering
During the tempering, the forging remained in a vertical position and 
cooled in still air.

Phase 4: Stress relief
after the heat treatment the forging was stress relieved.

3.2 Rough machining (Turning) process
Turning is a form of machining, a material removal process, which 
is used to create rotational parts by cutting away unwanted materi-
al. The turning process requires a rough machining or lathe,  forg-
ing ring,  fixture, and cutting tool. The forging ring is a piece of pre-
shaped material that is secured to the fixture, which itself is attached 
to the Rough machining, and allowed to rotate at high speeds. The 
cutter is typically a single-point cutting tool that is also secured in the 
machine, although some operations make use of multi-point tools. 
The cutting tool feeds into the rotating forging ring and cuts away 
material in the form of small chips to create the desired shape.
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Figure 3 rough machining of seal ring on lathe machine
Procedure:-
1. Outer diameter fixture mounted on lathe machine.
2. Turning to be checked and corrected.
3. Gland ring to be fixed or mounted on fixture.
4. Outer cutting tools fixed on tool post after machining started.
5. Facing on outer diameter gland ring.
6. Outer groove cutting started and checked it up to final dimen-

sions. 
7. Gland ring removed and further processed for heat treatment.

Figure 4 rough machining of seal ring completed

3.3 Heat treatment process
After rough machining is completed the gland ring is to be processed 
for heat  treatment for obtaining the desired strength and hardness 
by using induction  heater.  Induction heater procedure- 

1. Gland ring heated in heater with an increase in temperature 150 
c ramp rate per hour up to 750 c.

2. After soaking in 4 hour constant temperature 750 c.
3. Decrease temperature 150 c ramp down rate per hour up to 

room     temperature.
4. After Checking the hardness of gland rings up to 22-25 HRC.

3.4  Final machining process
After completion of heat treatment the gland ring is to be process for 
final machining and the following procedure is carried out. 

Procedure:-
1. Inner diameter fixture mounted on lathe machine.
2. Turning to be checked and corrected.
3. Gland ring to be fixed or mounted on fixture.
4. Inner cutting tools fixed on tool post after machining started.
5. Facing on Inner diameter gland ring.
6. Inner groove cutting started and checked it up to final dimen-

sions.
7. After this process Gland ring is removed and further process for 

sawing.

Figure 5 rough machining of seal ring on lathe machine 
and other side final ring on table.

Sawing process
Sawing is used for cutting the correct sized segment from a large 
gland ring. There are several types of saws:-

1. Band saws- straight blade ends welded together to make a 
loop, moving continuously in one direction.

2. Circular saws- blade in the shape of a circular disk, rotating 
continuously.

3. Abrasive saw- an abrasive saw also known as a cut off saw or 
metal chop saw. It is a power tool which is typically used to cut 
hard materials, such as metal. The abrasive saw generally has a 

built in vise or other clamping device and has the cutting wheel 
and motor mounted on a pivoting arm attached to a fixed base 
plate. Gland ring cuts the five segments, and one segment is 
scrap for accurate the dimensions. Shown below is the fig are 
with a number of segments on tables.

Figure 6 Numbers of Labyrinth seal segments on tables 

3.6 Deburring process
Burrs are sharp edges resulting from cutting and stamping opera-
tions. Although usually small in size, burrs can cause assembly prob-
lems, interfere with steam flow, and are a common cause of worker 
injury. Burrs can also cause increased stresses and subsequent fatigue 
failure of the part. Burr removal, or “deburring,” is a standard practice 
associated with virtually every segment of the manufacturing pro-
cess. The vast majority of deburring is performed using mechanical 
deburring processes, but thermal deburring and electro-chemical de-
burring processes are also used. 

Figure 7 Deburring process

4. Results of performance Analysis
The outcomes of the performance analysis of silicon carbide lab-
yrinth seal and chromium molybdenum labyrinth seal for vari-
ous pressure and mass flow rate, temperature, vibration, turbulence 
kinetic energy on inlet and outlet, viscosity on inlet and outlet are 
described here one by one with the help of illustrating the images 
showing the effect of respective parameters on the labyrinth seal 
tooth.

4.1 Results for silicon carbide and chromium molybde-
num labyrinth  Seal
In this section the Mass flow rate average of pressure on inlet 
of labyrinth seal is calculated using ANSYS CFD. For this purpose the 
modeled labyrinth seal to ANSYS CFD is converted as an IGES file and 
then an automatic mesh is generated. The result of Mass flow rate av-
erage of pressure on inlet of labyrinth seal is illustrated in fig.8 having 
maximum value of chromium molybdenum as 306726 Pa and mini-
mum value of silicon carbide as 160511 Pa. The maximum Mass flow 
rate average of pressure on inlet lies at the right face of labyrinth seal 
tooth. The surface location of Mass flow rate average of pressure on 
inlet can also be seen lying at the face of labyrinth seal tooth in red 
color shown in figure 8.

Figure 8 Mass flow rate average of pressure on inlet
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In this section the Mass flow rate average of pressure on out-
let of labyrinth seal is calculated using ANSYS CFD. For this purpose 
the modeled labyrinth seal to ANSYS CFD is converted as an IGES file 
and then an automatic mesh is generated. The result of Mass flow rate 
average of pressure on Outlet of labyrinth seal is illustrated in fig. 9 
having maximum value of chromium molybdenum as 3091.75 pa 
and minimum value of silicon carbide as 141.086 Pa. The maximum 
Mass flow rate average of pressure on Outlet lies at the right face of 
labyrinth seal tooth. The surface location of Mass flow rate average of 
pressure on Outlet can also be seen lying at the face of labyrinth seal 
tooth in red color shown in figure 9.

Figure 9 Mass flow rate average of pressure on outlet

In this section the Maximum value of pressure on inlet of laby-
rinth seal is calculated using ANSYS CFD. For this purpose the mod-
eled labyrinth seal to ANSYS CFD is converted as an IGES file and then 
an automatic mesh is generated. The result of Maximum value of 
pressure on inlet of labyrinth seal is illustrated in fig. 10 having maxi-
mum value of chromium molybdenum as 310757.0 Pa and minimum 
value of silicon carbide as 162269 Pa. The Maximum value of pressure 
on inlet lies at the right face of labyrinth seal tooth. The surface loca-
tion of Maximum value of pressure on inlet can also be seen lying at 
the face of labyrinth seal tooth in red color shown in figure 10.

Figure 10 Maximum value of pressure on inlet

In this section the Minimum value of pressure on outlet of lab-
yrinth seal is calculated using ANSYS CFD. For this purpose the mod-
eled labyrinth seal to ANSYS CFD is converted as an IGES file and then 
an automatic mesh is generated. The result of Minimum value of pres-
sure on outlet of labyrinth seal is illustrated in fig.11 having maximum 
value of chromium molybdenum as -13542.9 Pa and minimum value 
of silicon carbide as -681.89 Pa. The minimum value of pressure on 
outlet lies at the right face of labyrinth seal tooth. The surface location 
of minimum value of pressure on outlet can also be seen lying at the 
face of labyrinth seal tooth in red color shown in figure 11.

Figure 11 Minimum value of pressure on outlet

In this section the Maximum value of turbulence kinetic ener-
gy on inlet of labyrinth seal is calculated using ANSYS CFD. For this 
purpose the modeled labyrinth seal to ANSYS CFD is converted as an 
IGES file and then an automatic mesh is generated. The result of Maxi-
mum value of turbulence kinetic energy on inlet of labyrinth seal is il-
lustrated in fig. 12 having maximum value of chromium molybdenum 
as 3956.42 J Kg-1 and minimum value of silicon carbide as 2344.56J 
Kg-1. The maximum value of turbulence kinetic energy on inlet lies 
at the right face of labyrinth seal tooth. The surface location of Max-
imum value of turbulence kinetic energy on inlet can also be seen ly-
ing at the face of labyrinth seal tooth in blue color shown in figure 12.

Figure 12 Maximum value of turbulence kinetic energy 
on inlet.

In this section the Maximum value of temperature inlet of lab-
yrinth seal is calculated using ANSYS CFD. For this purpose the mod-
eled labyrinth seal to ANSYS CFD is converted as an IGES file and then 
an automatic mesh is generated. The result of Maximum value of 
temperature inlet of labyrinth seal is illustrated in fig. 13 having max-
imum value of chromium molybdenum as 853.152 K and minimum 
value of silicon carbide as 623.152 K. The Maximum value of tempera-
ture inlet lies at the right face of labyrinth seal tooth. The surface loca-
tion of Maximum value of temperature inlet can also be seen lying at 
the face of labyrinth seal tooth in red color shown in figure 13.

Figure 13 Maximum value of temperature inlet

In this section the Minimum value of velocity on plane of laby-
rinth seal is calculated using ANSYS CFD. For this purpose the mod-
eled labyrinth seal to ANSYS CFD is converted as an IGES file and then 
an automatic mesh is generated. The result of Minimum value of 
velocity on plane of labyrinth seal is illustrated in fig. 14 having max-
imum value of chromium molybdenum as 10.9592 M S-1 and mini-
mum value of silicon carbide as 5.96127 M s-1. The Minimum value 
of velocity on plane lies at the right face of labyrinth seal tooth. The 
surface location of Minimum value of velocity on plane can also be 
seen lying at the face of labyrinth seal tooth in blue color shown in 
figure 14.

Figure 14 Minimum value of velocity on plane
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In this section the Maximum value of velocity on outlet of lab-
yrinth seal is calculated using ANSYS CFD. For this purpose the mod-
eled labyrinth seal to ANSYS CFD is converted as an IGES file and then 
an automatic mesh is generated. The result of Maximum value of ve-
locity on outlet of labyrinth seal is illustrated in fig. 15 having max-
imum value of chromium molybdenum as 420.247 m s-1 and mini-
mum value of silicon carbide as 402.771 m s-1. The Maximum value 
of velocity on outlet lies at the right face of labyrinth seal tooth. The 
surface location of Maximum value of velocity on outlet can also be 
seen lying at the face of labyrinth seal tooth in blue color shown in 
figure 15.

Figure 15 Maximum value of velocity on outlet.

In this section the Maximum value of turbulence eddy dissipa-
tion on plane 1 of labyrinth seal is calculated using ANSYS CFD. For 
this purpose the modeled labyrinth seal to ANSYS CFD is converted 
as an IGES file and then an automatic mesh is generated. The result 
of Maximum value of turbulence eddy dissipation on plane 1 of lab-
yrinth seal is illustrated in fig.16 having maximum value of chromium 
molybdenum as 4.28899 e+009 m2 s-3 and minimum value of silicon 
carbide as 3.49847e+009 m2 s-3. The Maximum value of turbulence 
eddy dissipation on plane 1 lies at the right face of labyrinth seal 
tooth. The surface location of Maximum value of turbulence eddy dis-
sipation on plane 1 can also be seen lying at the face of labyrinth seal 
tooth in blue color shown in figure 16

Figure 16 Maximum value of turbulence eddy dissipation on 
plane 1

In this section the Minimum value of turbulence eddy dissi-
pation on inlet of labyrinth seal is calculated using ANSYS CFD. For 
this purpose the modeled labyrinth seal to ANSYS CFD is converted 
as an IGES file and then an automatic mesh is generated. The result 
of Minimum value of turbulence eddy dissipation on inlet of labyrinth 
seal is illustrated in fig. 17 having maximum value of chromium mo-
lybdenum as 53827.1 m2 s-3 and minimum value of silicon carbide 
as 22969.6 m2 s-3. The Minimum value of turbulence eddy dissipa-
tion on inlet lies at the right face of labyrinth seal tooth. The surface 
location of Minimum value of turbulence eddy dissipation on inlet 
can also be seen lying at the face of labyrinth seal tooth in blue color 
shown in figure 17.

Figure 17 Minimum value of turbulence eddy dissipa-
tion on inlet

In this section the Maximum value of eddy viscosity on inlet 
of labyrinth seal is calculated using ANSYS CFD. For this purpose the 
modeled labyrinth seal to ANSYS CFD is converted as an IGES file and 
then an automatic mesh is generated. The result of Maximum value of 
eddy viscosity on inlet of labyrinth seal is illustrated in fig. 18 having 
maximum value of chromium molybdenum as 0.00481085 pa s and 
minimum value of silicon carbide as 0.000143184 pa s. The Maximum 
value of eddy viscosity on inlet lies at the right face of labyrinth seal 
tooth. The surface location of Maximum value of eddy viscosity on in-
let can also be seen lying at the face of labyrinth seal tooth in blue 
color shown in figure 18

Figure 18 Maximum value of eddy viscosity on inlet.

In this section the Maximum value of eddy viscosity on outlet 
of labyrinth seal is calculated using ANSYS CFD. For this purpose the 
modeled labyrinth seal to ANSYS CFD is converted as an IGES file and 
then an automatic mesh is generated. The result of Maximum value of 
eddy viscosity on outlet of labyrinth seal is illustrated in fig. 19 having 
maximum value of chromium molybdenum as 0.00457105 Pa s and 
minimum value of silicon carbide as 0.000254972 Pa s. The Maximum 
value of eddy viscosity on outlet lies at the right face of labyrinth seal 
tooth. The surface location of Maximum value of eddy viscosity on 
outlet can also be seen lying at the face of labyrinth seal tooth in blue 
color shown in figure 19

Figure 19 Maximum value of eddy viscosity on outlet

In this section the Minimum value of velocity on inlet of laby-
rinth seal is calculated using ANSYS CFD. For this purpose the mod-
eled labyrinth seal to ANSYS CFD is converted as an IGES file and then 
an automatic mesh is generated. The result of Minimum value of ve-
locity on inlet of labyrinth seal is illustrated in fig.20 having maximum 
value of chromium molybdenum as 14.5755 m s-1 and minimum val-
ue of silicon carbide as 11.0445 m s-1. The Minimum value of velocity 
on inlet lies at the right face of labyrinth seal tooth. The surface loca-
tion of Minimum value of velocity on inlet can also be seen lying at 
the face of labyrinth seal tooth in blue color shown in figure 20

Figure 20 Minimum value of velocity on inlet
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In this section the Minimum value of eddy viscosity on plane 1 
of labyrinth seal is calculated using ANSYS CFD. For this purpose the 
modeled labyrinth seal to ANSYS CFD is converted as an IGES file and 
then an automatic mesh is generated. The result of Minimum value 
of eddy viscosity on plane 1 of labyrinth seal is illustrated in fig. 21 
having maximum value of chromium molybdenum as 3.44806 e -005 
Pa and minimum value of silicon carbide as 1.84641 e -005 Pa. The 
Minimum value of eddy viscosity on plane 1 lies at the right face of 
labyrinth seal tooth. The surface location of Minimum value of eddy 
viscosity on plane 1 can also be seen lying at the face of labyrinth seal 
tooth in blue color shown in figure 21

Figure 21 Minimum value of eddy viscosity on plane 1

The following table 4.4 shows the comparison of Ansys result be-
tween Silicon carbide labyrinth seal and chromium molybdenum 
labyrinth seal. From the comparative study of total 14 parameters 
between Silicon carbide labyrinth seal and chromium molybdenum 
labyrinth seal, it is concluded that the data obtained for Silicon car-
bide labyrinth seal is comparative less as compared to the chromium 
molybdenum labyrinth seal.

4.2 Performance analysis results comparison between 
chromium molybdenum labyrinth seal and Silicon car-
bide labyrinth seal.

Sr. No Parameters
Chromium 
molybdenum
labyrinth seal

Silicon carbide 
labyrinth seal

01 Mass flow rate average 
of pressure on inlet 306726.0 160511

02 Mass flow rate average 
of pressure on outlet 3091.75 141.086

03 Maximum value of 
pressure on inlet 310757 162269

04 Minimum value of 
pressure on outlet 13542.9 681.89

05
Maximum value of 
turbulence kinetic 
energy on inlet

3956.42 2344.56

06 Maximum value of 
temperature inlet 853.152 623.152

07 Minimum value of 
velocity on plane 10.9592 5.96127

08 Maximum value of 
velocity on outlet 420.247 402.771

09
Maximum value of 
turbulence eddy 
dissipation on plane 1

4.28899 3.49847

10
Minimum value of 
turbulence eddy 
dissipation on inlet

53827.1 22969.6

11 Maximum value of 
eddy viscosity on inlet 0.00481085 0.000143184

12 Maximum value of 
eddy viscosity on outlet 0.00457105 0.000254972

13 Minimum value of 
velocity on inlet 14.5755 11.0445

14 Minimum value of eddy 
viscosity on plane 1 3.44806 1.8464

The above table illustrates the performance analysis comparison be-
tween silicon carbide labyrinth seal and chromium 
molybdenum labyrinth seal. The table shows the out-

comes of chromium molybdenum labyrinth seal and Silicon carbide 
labyrinth seal. The data obtained from analysis help us to understand 
about the feasibility of Silicon carbide labyrinth seal material in place 
of chromium molybdenum labyrinth seal and it also clearly shows 
that values of various parameters and thermal analysis obtained from 
Ansys CFD for Silicon carbide labyrinth seal are lesser than chromium 
molybdenum labyrinth seal. Finally it is concluded that Silicon carbide 
labyrinth seal material hold goods as substitute material for chromi-
um molybdenum labyrinth seal from performance point of view.

5. Conclusions
In this paper, we have described the application of labyrinth seals to 
steam turbines, covering the benefits in performance and the design 
issues that must be considered. To steam turbines running with a 
combination of interstage packing, end packing, and bucket tip seals. 
Labyrinth seals installed more recently in a utility steam turbine have 
also been inspected and were found to be in excellent condition with 
the exception of one gland tip seal subjected to a particularly abusive 
operating environment. While gland tip seals are still under develop-
ment, steam turbine shaft labyrinth seals are now a robust product 
offering from the OEM with validated leakage reduction and relia-
bility performance. Development efforts continue both to refine the 
current design and to expand the range of possible applications. This 
paper discusses the performance benefits of the labyrinth seal and 
the design considerations important to a robust design in a steam 
turbine. Improved seal performance offers substantial opportunities 
for turbine performance as reduced leakages lead to greater efficien-
cy and power output, and tighter control of turbine flows. There are a 
number of seal locations on a steam turbine that have significant per-
formance. These include the interstage shaft packing, the end pack-
ing, and the bucket tip seals. Performance analysis shows the out-
comes of chromium molybdenum labyrinth seal and Silicon carbide 
labyrinth seal. The data obtained from analysis help us to understand 
about the feasibility of Silicon carbide labyrinth seal material in place 
of chromium molybdenum labyrinth seal and it also clearly shows 
that values of various parameters and thermal analysis obtained from 
Ansys CFD for Silicon carbide labyrinth seal are lesser than chromium 
molybdenum labyrinth seal. Finally it is concluded that Silicon carbide 
labyrinth seal material holds good as substitute material for chromi-
um molybdenum labyrinth seal from performance point of view.
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