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GAS~SIDE HEAT TRANSFER WITH ROTATION
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The primary basis for heat transfer amalysis of turbine blades is experimental
data obtained in linear cascades. These data have been very valuable in identifying
the major heat transfer and fluid flow features of a turbine airfoil. The question
of major interest is how well all of these data translate to the rotating turbine
blade. It is known from the work of Lokay and Trushin (ref. 1) that average heat
transfer coefficients on the rotor may be as much as 40 percent above the values
measured on the same blades non-rotating. Recent work by Dunn and Holt (ref. 2) sup-
ports the Russian conclusion. What is lacking is a set of data from a rotating
system which is of sufficient detail as to make careful local comparisons between
static cascade and rotor blade heat transfer. In addition, data is needed in a ro-
tating system in which there is sufficient documentation of the flow field to support
the computer analyses being developed today. A second major question is the influ-
ence, if any, of the first stator row on the heat transfer of the second stator row
after the flow has passed through the rotor.

The first objective of the present program, is to obtain a detailed set of heat
transfer coefficients along the midspan of a blade in a rotating turbine. The tur-
bine stage to be examined is that of Dring et al. (ref. 3), as shown in figure 1.
Aerodynamic testing of this stage has already been conducted to document, among other
things, the impact of rotor-stator interaction on the airfoil unsteady pressure dis-—
tributions. - The time averaged and unsteady pressure envelopes are shown in figure 2.
The rotor heat transfer data are to be such that they can be compared directly with
-data taken in the static cascade experiment of Graziani et al. (ref. 4), as illus-
trated in figure 3. The data are also to be compared to some standard analysis of
blade boundary layer heat transfer which is in use today. In addition to providing
this all-important comparison between rotating and stationary data, this experiment
should provide important insight to the more elaborate full three-dimensional pro-
grams being proposed for future research. A second program objective is to obtain
a detailed set of heat transfer coefficients along the midspan of a stator vane loca-
ted in the wake of a full upstream turbine stage. Particular focus here is on the
relative circumferential location of the first and second stators. The final program
objective is to improve the analytical capability to predict the experimental data.

The program is divided into two phases. The first phase is designed to provide
a high density of high accuracy heat flux measurements on both the pressure and
suction surfaces of a rotating turbine blade, figure 1. The program will include two
rotor—-stator spacings to assess the influence of rotor-stator interaction as in the
experiment of Dring et al. (ref. 3). It will also include both positive and negative
incidence as well as the design incidence. Finally, the first phase program will
include comparison of the data with static cascade data, figure 3, and with a common
boundary layer heat transfer analysis. The second phase will be designed to provide
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a high density of high accuracy heat flux measurements on both the pressure and suc-
tion surfaces of a second stator row turbine vane. The program will be run at one of
the rotor-stator spacings used in the first phase. It will include, at minimum, four
different circumferential positionings of the first stator row relative to the second
stator row. In addition, the second phase will include an analysis to describe the
experimental phenomena of both phases, which will improve the current ability to pre-
dict turbine midspan airfoil heat transfer.
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OBJECTIVES

® Turbine rotor heat transfer data
@ Rotor-stator interaction (AX)

® Comparison with cascade data

e Second stator heat transfer data
® Stator-stator interaction {(ACirc)

@ Quasi-steady and/or unsteady
boundary layer analysis
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FIGURE 1.
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TURBINE STAGE AT 157 GAP (Ref. 3)
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MEASURED AND PREDICTED MIDSPAN HEAT
TRANSFER DISTRIBUTIONS (Ref. 4)

109





