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Analysis of Flow and Heat Transfer in Swirl Chamber

for Cooling in Hot Section

K Y. Lee, H M. Kim, Y M. Han, S. Y. Lee

Most of modern aerospace gas turbines must be operated at a gas temperature which is

several hundreds of degrees higher than the melting temperatures of the materials used in their

construction. Complicated cooling schemes need to be employed in the combustor walls and in

the high pressure turbine stages. Internal passages are cast or machined into the hot sections of

aero—gas turbine engines and air from the compressor is used for cooling. In many cases, the
cooling system is engineered to utilize jets of high velocity air, which impinge on the internal
surfaces of the components. They are categorized as 'Impinging Cooling Method’ and ’'Vortex

Cooling Method’. Specially,

research of new cooling system(Vortex Cooling Method) that

overcomes inefficiency of film cooling and limitation of space. The focus of new cooling system

that improves greatly cooling efficiency using less amount of cooling air on surface heat transfer
elevation. Therefore, in this study, a numerical analysis has been performed for characteristics of
flow and heat transfer in the swirl chamber and compared with the flow measurements by LDV.

Especially, for understanding high heat transfer efficiency in the vicinity of wall, we considered
flow structure, vortex mechanism and heat transfer characteristics with variation of the

Reynolds number.
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Table. 1 Discretization scheme

Variable Scheme
Pressure Standard
Momentum Second Order Upwind

Pressure-Velocity coupling SIMPLE Algorism

Turbulent Kinetic Energy ~ Second Order Upwind

Turbulent Dissipation Rate Second Order Upwind

Energy First Order Upwind
23 dA=A
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(1) Inlet 1 : Velocity inlet
(2) Inlet 2 : Velocity inlet
(3) Outlet : Pressure outlet
(4) Wall : Steel (600 K)
(5) Fluid @ Air (300 K)

Table. 2 Calculation condition

Inlet Wall
Reynolds Velocity Temp. Temp.

number [m/s] K] [K]
Case 1 20,000 21.3 600 300
Case I 15,000 28.1 600 300

Case I 10,000 36.6 600 300

Inlet t out let

o

Fig. 1 Cylindrical grid of swirl chamber
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(a) Velocity vector of 90° plane

b) Axial velocity contour of 90° plane
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Fig. 6 Velocity magnitude at 90° plane
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