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Abstract

Heat transfer analysis on a turbine blade cascade using CFD is reviewed in this paper based upon the literature available. The flow
conditions across turbine blades are complex because of three dimensional configuration of the blade. Axial flow turbine blade
design is hectic because understanding of control flows, prediction and analysis is a tedious task. The flow behaviour in a turbine
blade cascade can be understood to some extent by analyzing pressure, velocity, temperature and streamline plots. The fluid flow
simulation coupled with heat transfer analysis is a common practice in CFD, to study how behaviour influences heat transfer. By
optimizing design variables more efficient systems can be designed. A 3-D Navier-Stokes flow solver was applied to characterize
flow which supports the flow phenomenon.
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I. INTRODUCTION

Turbines have been considered energy workhorses for generations. Regardless of the type of fuel used, turbines are at the heart of
almost all of the world’s electricity generating systems. Their design is critically dependent upon advanced fluid mechanics and the
cascade mode is an essential tool in turbine blade analysis. To achieve these goals, the study of flows is essential. It is well known
that three-dimensional secondary flows in blade rows can dramatically affect performance of gas turbines. Consequently, there is a
strong need for computational models/tools that would allow accurate predictions of the secondary low effects both on the pressure
losses and heat transfer. The basic function of the blades is to turn the air to the required angle. Unlike an isolated airfoil for external
flow application, blades of a turbo machines including compressor and turbine are used in a row and referred to as a “cascade”. The
method of Computational Fluid Dynamics (CFD) is used to study the flow effects.

Measurements were made in a linear cascade facility at the NASA Glenn Research center'?. A turbine blade with 136° of turning,
an axial chord of 127mm and a span of 152.4mm was tested in a highly three-dimensional flow field resulting from thick inlet
boundary layers. Data were obtained by a steady-state technique using a heated, isothermal blade.

Fig. 1: Blade Passage'

Levchenya and E. Smirnov® have presented results of numerical simulation of three-dimensional turbulent flow and end wall heat
transfer in a transonic turbine cascade by employing several turbulence models, an analysis of Computational Fluid Dynamics (CFD)
predictability was done in comparison with measurements in a linear cascade at the NASA Glenn Research Center transonic turbine
blade cascade facility. It has been concluded in particular that rather fine computational grids are needed to get grid-independent data
on the end wall local heat transfer controlled by complex 3D structure of secondary flows. Giel. P. W., Thurman. D. R., Lopez, |.;
Boyle, R. J%.; Van Fossen, G. J? have presented three dimensional flow field measurements for a large scale transonic turbine blade
cascade. Flow field total pressures and pitch and yaw flow angles were measured at an inlet Reynolds number of 1.0 x 10(exp 6) and
at an isentropic exit Mach number of 1.3 in a low turbulence environment. Flow field data was obtained on five pitch wise/span wise
measurement planes, two upstream and three downstream of the cascade, each covering three blade pitches.

The large scale allowed for very detailed measurements of both flow field and surface phenomena’?. Turbine blade end wall heat
transfer measurements are presented for a range of Reynolds and Mach numbers. Data were obtained for Reynolds numbers based on
inlet conditions. Tests were conducted in a linear cascade at the NASA Lewis Transonic Turbine Blade Cascade Facility. The test
article was a turbine rotor with 136° of turning and an axial chord of 12.7 cm.

The flow field in the cascade is highly three dimensional as a result of thick boundary layers at the test section inlet. End wall heat
transfer data were obtained using a steady-state liquid crystal technique”.
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Fig. 2: Comparison of Computed And Measured Static Pressure Distribution Over The Blade Surface For Various Span Positions®

Two versions of the two-equation k—® model and a shear stress transport (SST) model are used in a three-dimensional, multi-
block, Navier—Stokes code to compare the detailed heat transfer measurements on a transonic turbine blade. It is found that the SST
model resolves the passage vortex better on the suction side of the blade, thus yielding a better comparison with the experimental
data than either of the k—m models. Wilcox, D.C’. Straightforward modifications to the k-omega two-equation model of turbulence
are proposed and tested for both wall-bounded and free-shear flows. The modifications eliminate the k-omega model's sensitivity to
the free stream value of omega without destroying its accuracy for boundary layers in adverse pressure gradient, arid for transitional
boundary layers

The revised model is shown to yield satisfactory agreement, with measurements for the far wake, the mixing layer and the plane
jet®. Two new two-equation eddy-viscosity turbulence models will be presented. They combine different elements of existing models
that are considered superior to their alternatives. Preference for the k- model stems from its robustness and absence of the distance
to the wall in its formulation. Which makes it the original k-« model® were the k- model and Menter’s SST model, Menter’s SST
model among these performed the best. Additional details are given by Giel P.W et al % Previously, the experimental data set
obtained in the NASA GRC was used by Garg and Ameri* to examine capabilities of two-equation turbulence models for prediction
of blade heat transfer’ computed blade and end wall heat transfer using the Durbin four-equation v2-f model. Ivanov et al® used
different versions of S-A, k-e and k-w turbulence models with the same grids.

Van Fossen et al*? also found that the turbulence length scale affects the stagnation region heat transfer. Even when the
experimental length scale is known, such as in the present case, the computational value may not be the same. The turbulence length
scale also affects the passage vortex on the suction side of the blade-an essentially three-dimensional phenomenon. It is therefore
essential to use a correct value for the turbulence length scale.

I1. OVERVIEW OF HEAT TRANSFER AND FLUID FLOW SIMULATION

The process of using computers to study fluids that are in motion, and how the fluid flow behavior influences heat transfer in the
systems numerically is called computational fluid dynamics (CFD) analysis
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Fig. 3: Overview Process of The Computational Solution Procedure

A. Governing Equation:

The governing equations used for the above study are the unsteady, three-dimensional Navier-Stokes equations, and in the non-
dimensional, vector form, are given by

xQ + F + %G + oM =0 (1)
ot ox oy oz
Where Q is a vector of dependent or unknown variables, which can be written as
Q = [, pu, pv, pW, E T’ v
The quantities F, G, and H in Eq. are_the flux vectors that can be expressed as
pu
pui+p-r,
F= pW -1, (3)
PUW—T,
(B +p)u—ur, —vr, —wr, —q,
_ v -
pU -7
G= pVi+p-1,, )
PW—T,

(E.+p)v-ur, —vr, —wr,, —q,

and
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Where p is the density, u, v and w are the Cartesian components of velocity, and Ey is the specific total energy. The total energy of
the fluid, is expressed in terms of internal energy and Kinetic energy as

( u2+v2+wzj
E=p e+—2 (6)

The components of shear stress that appear in the expressions for the flux vectors are given by
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The heat flux terms in can be written as
y7, oT
O =-— 3 — (11)
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Using the definition of Mach number, temperature can be calculated as
2
T = M (14)
o
The molecular viscosity is computed using Sutherland’s law, given by
(1+'I_')
pu= T (15)

T+T
Where T is Sutherland’s constant, which is equal to 110 K/Tref.

I1l1. CONCLUSIONS

Computational study of the effect of pressure, velocity, temperature, kinetic energy, turbulence eddy dissipation..etc on flows through
a linear cascade is reviewed. It is observed that the above parameters varies from leading edge to the trailing edge.

It is suggested, the study can be further carried out with secondary flows by deeper understanding of the physics of end wall
boundary layers.
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