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Abstract— The study of secondary air flow in the region in and around the turbine disks is very important due to the high 
operating temperatures of the turbine. During the operation Overheated turbine disks results in catastrophic failures. Cooling 
of a turbine rotor blade is typically carried out by the compressor exit air. This air bypasses the combustion chamber and is 
passed to the root of the rotor blade. The pre swirler nozzles are used to inject the cool air into root of the blade channels of 
the turbine disc. Also there are radial and axial clearances between the turbine rotor and the adjacent stator walls. To prevent 
hot gas from the main stream leaking into the internal cavities damagingthe components in the cavities, secondary air at 
higher pressure than gas pressure is passed through the rotor stator gaps into the gas path. This is to prevent hot gas 
ingestion, and is called purge air. The air tapped from the compressor exit is used for bothblade cooling and to prevent hot 
gas ingestion(purge air).In a typical gas turbine engine analyzed here, air tapped from the compressor exit reaches the 
turbine region and branches into two streams, one for blade cooling and another for purging purpose. The relative 
proportions of cooling air and purge air is very critical. Too little cooling air results in blade failure. On the other hand too 
little purge air results in hot gas ingestion into cavities, and all associated components will fail or get damaged. Thus, it is 
very important to design and estimate the correct flow split. Also, flows in this region are very complex, the domain bounded 
by rotor on one side, stator on the other side presence of labyrinth seal and heat transfer. To understand the flow physics, the 
heat transfer and correct flow split, a conjugate CFD analysis with heat transfer is carried out. In This paper the 3D sectorial 
numerical simulations are carried out by using the FLUENT 14.5. All the physics of a rotating system and conjugate heat 
transfer are captured. Flow patterns, pressure distributions, temperature distributions in both the fluid and metal components 
are obtained. 
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I. INTRODUCTION 
 
Advanced gas turbine engine operates at high 
temperatures (1200-15000C) to improve thermal 
efficiency and power output. As the turbine inlet 
temperature increases, the heat transferred to the 
blade also increases. The level and variation in the 
temperature within the blade material, which cause 
thermal stress, must be limited to achieve reasonable 
durability goal. The operating temperatures are far 
above the permissible metal temperature. Therefore, 
there is a critical need to cool the blades for 
safeoperation. A highly 3D re-circulation zone 
formed within the bucket groove, which is driven by 
the highly swirling flows from the pre-swirlers, 
completely varies the flow pattern through the 
buckets. Heat transfer coefficients are obtained to 
estimate the influence of the flow on the heat transfer 
within the disk. 
 
II. LITERATURE SURVEY 
 
Jeffery .A. Dixon et.al[1]: has made an analysis on 
the heat transfer taking place in the turbine hub 
cavities adjacent to the main gas path. They have 
used CFD techniques to understand the behavior of 
stator wall cavity. The y+ was maintained less than 5. 
The analysis results were compared for both 2-D and 
3-D model. Y.Okita[2]: has done experimental and 
numerical study on cooling flow and main stream gas 

in high pressure turbine in which cooling 
effectiveness, velocity, turbulence and temperature 
has been measured. Alexander O. Schwientek [3]: 
studied the flow field and the pressure distribution 
inside of the rotor-stator cavity permitting a good 
prediction of the minimum purge flow needed to 
avoid ingestion.J. Michael Owen[4]:Conducted a 3D 
unsteady CFD analysis of the flow and heat transfer 
in a rotating cavity with an axial through flow of 
cooling air using a commercial CFD code (Fluent) 
incorporating an RNG k-ε turbulence model. 
 
III. PROBLEM DESCRIPTION 
 
The aim of present study is tocarry out the Conjugate 
heat transfer analysis for the Turbine rim region 
especially for the cooling flow path.The schematic 
Turbine rim region is shown in Fig.1. Commercially 
available ANSYS Fluent ver.14.5 CFD software is 
used as a solver tool to analyze cooling configuration 
for turbine rim region. 

 
Fig.1 Typical Turbine rim cavity region 
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The analysis is for turbulent, compressible flow with 
buoyancy and consider the effects of disc windage 
and heat transfer between the discs, mainstream and 
secondary air. The Flow patterns, pressure 
distributions, temperature distributions in both the 
fluid and metal components, temperature plots at the 
required fluid solid interfaces are studied. 
 
IV. COMPUTATIONAL DOMAIN 
 
The computational domain of the Turbine rim region 
has been modeled using UNIGRAPHICS and is 
shown in the Fig.2. 3D sector of the disc rim region 
consists of three pre-swirl nozzles ,fluid part ,rim part 
and blade part. The entire domain contains 3 inlets 
and 5outlets as shown. 
 

 
Fig.2 Computational Domain 

 
V. GRID GENERATION: 
 
Accuracy of CFD solutions is strongly dependent on 
grid size. The grid is generated for the computational 
domain using Hexahedral and tetrahedral mesh.The 
hexahedral mesh and tetrahedral meshis generated as 
shown in Fig.3. In the regions where the variations of 
flow parameters are expected to be high, fine grids 
are used for accurate simulation maintaining y+ value 
(To account for standard wall treatment). The region 
near the interface between solid and fluid is finely 
meshed to accurately visualize the boundary layer 
turbulence characteristics. A growth rate of 0.01 is 
used for grid generation near the wall.  
 

 
Fig.3 Computational Grid 

Table-1 Grid size 

 
 
VI. FORMULATION AND NUMERICAL 
METHOD OF SOLUTION 
 

 In the present study, the flow in the computational 
domain is assumed to be steady, non-reacting, 
turbulent andcompressible flow. The steady state 
pressure based solver is employed to solve the 
computational domain.  The discretization of the flow 
and the turbulence equations are second order upwind 
scheme and are solved through the segregated 
implicit method. Convergence is considered to be 
achieved when all the residual values are less than 
1x10-6. The Realizable k-ε turbulence model with 
standard wall treatment functions is used for 
predicting the temperature distribution in the discs 
and the secondary air region. 
 
VII.     BOUNDARY CONDITIONS: 
 
Boundary conditions specify the flow and thermal 
variables on the boundaries of the physical model. 
They are a critical component of the simulation and it 
is important that they are specified appropriately. 
For the analysis, there were two types of boundary 
conditions 
 Flow boundary conditions on inlets and 

outlets. 
 Convective heat transfer boundary conditions 

on walls. 
The boundary conditions are shown below. For the 
walls with no slip condition,Pressure inlets and 
pressure outlets are used to define flow boundary 
condition at all inlets and outlets respectively. 
Periodic boundary conditions are used when the 
physical geometry of interest and the expected pattern 
of the flow/thermal solution have a periodically 
repeating nature. For a conjugate heat transfer 
problem, wall zone is a “two-sided wall” i.e. wall and 
its shadow is created. A subset of these thermal 
conditions are available, and two sides of the wall can 
be coupled. While extracting the fluid side heat 
transfer coefficients, care must be taken that the wall 
chosen must have a fluid domain as the adjacent cell 
zone. The sign convention is that heat entering fluid 
domain is positive and heat leaving the fluid domain 
is negative. 
 
The Pressures And Temperatures Are Non 
Dimensionalized 
 
 Inlet 1 Total Pressure (P0)= 5.5 
 Total Temperature (T0) = 0.975 
 Inlet 2  P0 = 3.9  
   T0 = 0.88 
 Inlet 3  P0 = 1.7 
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   T0 = 1 
 Outlet 1  Ps = 2 
 Outlet 2  Ps = 3.9 
 Outlet 3  Ps = 4.1 
 Outlet 4  Ps = 4 
 Outlet 5  Ps = 1 
 Convective BC h  = 1891 W/m2-K 
   T  = 1000  K 
 Rotational Speed = 8.703 m/s 
 Material Properties  
  Fluid -Air 
  Solid -     Rim (INCO 718) 
   Blade (MARM 247) 
 
VIII. RESULTS AND DISCUSSIONS 
 
Contours depicting the total and static temperatures 
and pressures, and the axial, radial, tangential and 
resultant velocities are presented. The vector plots at 
the specified sections are also presented.The mass 
flow rates at specified stations are also listed. A radial 
plane is created passing through midsection of 
cooling channels disc cavities on the left and right 
side. All the results discussed are on this plane. 
 
8.1 Contours of Static Temperatures 

 

 
Fig.4 Static temperature contour in plane  

 
The lower temperatures are found at the exit of the 
pre-swirler. Higher static temperatures are found in 
the bucket from the pre-swirler. Due to the 
convective boundary conditions on the rim over the 
buckets and at the base of the disk, a considerable 
pattern of temperature variation is seen. 

 
8.2 Contours of total temperatures 
The region above the pre-swirler and the region 
beyond the buckets, are less influenced by the 
convective boundary conditions. Hence relatively 
lower temperatures are found in this region.  

 

 
Fig.5 Total temperature contours in plane 

 
8.3 Contours of static pressure 
The bucket from the pre-swirler has higher-pressure 
distribution seen in the plane. Higher static pressures 
are found in the region above the pre-swirler,. Also 
the flow entering the channel forms a complex flow 
pattern that results in higher velocity regions in the 
bucket. Hence there is a considerable pressure drop in 
this region.  
 

 

 
Fig.6 Static pressure contours in plane 

 
8.4 Contours of total pressure 

 

 
Fig.7 Total pressure contours in plane 

 
The highest value is found at the exit of the pre-
swirler. The distribution varies in the buckets. 
 
8.5 Contours of velocity magnitude 
Contour plots depicting the velocity magnitude 
(resultant velocity), and axial, radial and tangential 
velocities are presented in the plane shown in Fig. 
8shows the velocity magnitude in plane, it can be 
seen that the velocities are higher at the end of the 
pre-swirler, which can be attributed to the nozzle 
effect. The accelerating flow entering the buckets also 
displays significant variations.  
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Fig.8Velocity magnitude contours in plane 

 
8.6 Contours of axial velocity component 
The axial component of the flow is clearly much 
higher at the exit of the pre-swirler primarily caused 
by the acceleration of the flow. Due to the diversion 
of the gases into the channel leading to the buckets, 
the axial component of the flow is relatively much 
higher in the channel. Negative axial velocity 
indicates presence of a vortex. 
 

 

 
Fig.9Axial velocity contours in plane  

 
8.7 Contours of radial velocity component 
The highest value of the radial component of the flow 
is found in the third channel, where the gas gushes 
out. Also, in the bucket where the flow accelerates 
over the separation zone, the radial velocity is 
relatively higher. The region at the exit of the pre-
swirler shows the presence of strong re-circulation 
zone, which has negative radial velocity indicating 
presence of a vortex. 
 

 

 
Fig.10 Radial velocity contours in plane  

 
8.8 Contours of tangential velocity component 
The negative values at the entry to the buckets clearly 
indicate the presence of strong circulation in the 
region. The higher values found at the exit of the pre-
swirler, shows that the flow is accelerating in the 
direction of the rotation. Further, the region between 
the seals provides sufficient space for the flow to 
accelerate in the tangential direction. This can be 

clearly visualized in the plane. The re-circulation of 
the flow within the passage at the exit of the pre-
swirler, forces the flow in the opposite direction, 
andnegative tangential velocity indicates presence of 
a vortex. 

 

 

 
Fig.11 Tangential velocity contours in plane  

 
8.9 Contour plots across the disk 
The sectional view across the disk gives a clear image 
of the flow through the pre-swirler and the channel 
leading to the buckets. The velocity contour presented 
in Fig.12, shows the flow from the pre-swirler to the 
channel. It can be seen here that, due to the rotation 
of the disk, the flow from the pre-swirler is directed 
towards the channel, which is adjacent to it. This may 
also be the reason for the highly turbulent flow within 
the channel, which causes the variations in the flow 
parameters like the pressure, velocity and 
temperatures within the  buckets. A complex flow 
pattern appears within the channel; the flow entering 
the channel forms a re-circulation zone, as seen in 
Fig.13. 
 

 

 
Fig.12Velocity contours across the disk  

 
Due to the occurrence of highly three-dimensional re-
circulation of flow, there is a significant influence on 
the flow variables. Considerable drop in temperatures 
within the channel can be seen in Fig.14. The vector 
plots across plane are presented in Fig.15. The plots 
indicate the highly three-dimensional nature of the 
flow within the channel. The flow gushing out of the 
last bucket clearly indicates that the temperature field 
within the turbulent core is not influenced by the 
convective boundary conditions imposed on the rims. 
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Fig.13 Velocity Vector plot across the disk 

 

 

 
Fig.14  Static temperature contours across the disk  

 

 

 
Fig.15 Velocity Vector plot in aplane   

 
IX. SURFACE HEAT TRANSFER 
COEFFICIENTS 
 
The surface heat transfer coefficients are extracted for 
the walls along the channel. These walls are indicated 
in Fig.16. Table.2 lists the calculated and the values 
obtained from simulation for the area averaged 
surface heat transfer coefficient. Contour plots of the 
surface heat transfer coefficient are presented in the 
Fig.16. 
Considering turbulent flow and assuming flow 
through a pipe DittusBoelterequation is selected. 
 
By using DittusBoelterequation, the surface heat 
transfer coefficient is found using the relation 
 

 

Table.2 Area averaged surface heat transfer 
coefficients 

 
 

 

 
Fig.16Contours of area averaged surface heat transfer 

coefficients along the walls of the channel 
 

X. MASS FLOW RATES AT DIFFERENT 
STATIONS 
 
The following table lists the mass flow rates obtained 
at different stations. The mass flow rate at the inlets 
and outletsare shown below. The sign convention is 
that the positive mass flow is entering the domain and 
the negative mass flow is exiting the domain. 
 

Inlet 1 - 0.0949(kg/s) 
Inlet 2 - 0.0128(kg/s) 
Inlet 3 - 0.0221(kg/s) 
Outlet 1 - -0.0617(kg/s) 
Outlet 2 - -0.0400(kg/s) 
Outlet 3 - -0.0062(kg/s) 
Outlet 4 - -0.0012(kg/s) 
Outlet 5 - -0.0221(kg/s) 
 

CONCLUSION 
 
The numerical simulations of 3D Conjugate 
Computational fluid dynamics (CFD) heat transfer 
analysis for the given Turbine rim cavity were carried 
out using the CFD code FLUENT 14.5. All the 
physics of a rotating system and conjugate heat 
transfer are captured and are presented as contours 
and vectors.The required mass flow rate at the exit of 
the turbine rim cavity is achieved for the current 
model. The curved nature of the outlet region of 
turbine rim cavity suppresses the formation of 
vertices at the corner region of the outlet. 
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NOMENCLATURE 
 
Nu - Nusselt number 
Re - Reynolds number. 
Pr -Prandtl number. 
h -heat transfer coefficient 
푣	- velocity 
µ-   dynamicviscosity 
ρ   -   density 
d   -  diameter 
k   -  Thermal conductivity 
Cp -  Specific heat 
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