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SUMMARY

A considerable weight reduction in the turbine wheel of an aircraft
gas turbine is attained through the use of high-aspect-ratio rotor blad-
ing. An experimental investigation was made to compare the performance
of a turbine of conservative aerodynamic design having shrouded rotor
blades with an aspect ratio of 4.48 with that obtained from both a
shrouded and an unshrouded rotor design with aspect ratio of 2.24. The
use of high-aspect-ratio rotor blades had a negligible effect on the
turbine efficiency.

INTRODUCTION

In the design of aircraft gas turbines, a considerable weight reduc-
tion in the turbine wheel is obtained through the use of high-aspect-
ratio rotor blading. For example, if, for the same blade height, the
chord of a rotor blade is halved while the required number of blades is
doubled in order to retain the design solidity, the cross-sectional area,
and therefore the weight, of each blade is reduced by a factor of 4. 1In
this way the over-all weight of the rotor can be reduced by about half.

In order to minimize the turbine weight, it is desirable to shorten
the blade chord as much as possible. However, mechanical design and
vibration problems limit the extent to which this can be done. The aero-
dynamic flow conditions within the turbine will also be affected by the
use of high-aspect-ratio blading. As the blade chord is shortened, the
streamline curvatures, and therefore pressure gradients, are correspond-
ingly increased, and thus the boundary-layer flow conditions are affected.
The secondary-flow patterns are changed when high-aspect-ratio blading
is used. It will probably be necessary to shroud the rotor blades to
overcome mechanical vibration of the long thin blades, which may also
affect the turbine aerodynamic performance. In a turbine for which there
is a large amount of axial divergence of the annulus, causing relatively
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large radial shifts in flow, the use of high-aspect-ratio blading will
increase the radial accelerations required and thereby might affect tur-
bine performance appreciably.

The purpose of this investigation at the NACA Lewis laboratory was
to determine the effect on performance of using high-~aspect-ratio tur-
bine rotor blading for a turbine having conservative aerodynamic design.
The turbine was designed with straight annulus walls, and therefore the
effects of radial shifts in flow were relatively small. The performance
of a turbine having a rotor blade with an axial chord of 1.25 inches and
a height of 2.80 inches, giving an aspect ratio of 2.24 (herein referred
to as the "reference turbine"), is compared with that of a turbine with
rotor blades having half the chord and therefore double this aspect
ratio. In designing the high-aspect-ratio rotor, the blade height was
held constant while the axial chord and the blade profile coordinates
were reduced by a factor of 2 at each radius. Since it was necessary
to shroud the rotor in order to prevent the long thin blades from vibrat-
ing excessively, the performance of this high-aspect-ratio turbine was
compared with the performance of both the unshrouded and shrouded refer-
ence turbine configurations (ref. 1).

DESCRIPTION OF TURBINE AND EXPERIMENTAL PROCEDURE

The aerodynamic design of the turbines used in this investigation
is given in detail in reference 2. The following specifications are re-
peated herein (symbols defined in the appendix):

Equivalent weight flow, waf(61/87, Ibfsec . . . . . . . . . . ... 16.60
Equivalent design work, Ah'/@l, BAIIE .- . S0 o 3 Bhee s o OB

Over-all stagnation pressure ratio, pi/pé a3t 5] cod etk kel e el Hol omami ] RIS

Equivalent mean blade speed, Um/qfel, ft/sec 500 0o S GGl o O 625
LB RS EUREEID raflus patlo, T /Ty v 2 - 0 - cie 0 2% 0 o w s s 0,80

Turbine outer diameter, R B RS e o 5 il B s e sl e LLEBT

The turbine was designed for assumed free-vortex flow and simple
radial equilibrium at the exit of both stator and rotor blades,

The rotor blade profile design is shown in figure 1 for the refer-
ence rotor having 44 blades and an aspect ratio of 2.24. The high-
aspect-ratio rotor blade profiles were obtained by dividing all the blade
coordinates by a factor of 2 while holding the blade height constant,
giving an aspect ratio of 4.48 with 88 blades., The reference rotor was
run both with and without a shroud band. A diagrammatic comparison of
the three configurations considered is shown in figure 2. The tip clear-
ance was 0.030 inch for all three configurations. Figure 3 is a photo-
graph of the high-aspect-ratio rotor.
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The high-aspect-ratio blades were cast by a lost-wax process of
manganese-bronze material., The measured throat width for these blades
was equal to one-half the measured throat width of the reference rotor
blade within 1 percent.

The experimental procedure given in detail in reference 2 was fol-
lowed in determining the performance of each of the three turbine con-
figurations. Over-all performance data were taken at nominal values of
stagnation pressure ratio pi/pé from 1.30 to the maximum obtainable,

while the wheel speed was varied from 0.60 to 1.00 of equivalent design
speed in 0.05 intervals. Several of the high-aspect-ratio rotor blades
failed when operation at blade speeds above the design value was
attempted.

The brake internal efficiency, which is based on expansion between
the entrance and exit stagnation pressures, was used to express turbine
performance. It is defined as nt = E/(hi - hé)is’ where E 1is the
measured turbine shaft work. The ideal enthalpy drop (hi - hé)is was
computed from the values of entrance and exit stagnation pressure and
entrance stagnation temperature. The exit stagnation pressure was com-
puted by adding to the measured static pressure a dynamic pressure cor-
responding to the axial component of the exit velocity computed from
continuity considerations. An average measured exit temperature was
used in these calculations.

RESULTS AND DISCUSSION

The results obtained from the performance studies of the three
rotor blade configurations are presented in figures 4 to 6. The per-
formance maps for the unshrouded and shrouded reference rotor blade
configurations are given in figures 4(a) and (b), respectively. A dis-
cussion of the comparative performance of these two configurations is
given in reference 1. The performance map for the high-aspect-ratio
rotor blade configuration is given in figure 4(c).

A direct comparison of the performance of the three rotor blade
configurations can be better obtained from figures 5 and 6. The more
significant comparison is between the unshrouded reference and the
shrouded high-aspect-ratio rotor blade configurations. For, while the
shroud was found to be disadvantageous for the reference turbine rotor
blade design investigated (ref. 1), it becomes a practical necessity
for damping vibrations in the long, thin, high-aspect-ratio rotor blades.
The turbine designer would, therefore, make a choice between an un-
shrouded rotor of relatively low aspect ratio and a shrouded high-aspect-
ratio rotor. The maximum efficiency obtained at each pressure ratio is



plotted against the pressure ratio in figure 5. The unshrouded refer-

ence and the high-aspect-ratio rotor blades have very nearly the same 5
maximum efficiency over the whole range of pressure ratios investigated.

The efficiency measured at design blade speed is presented in figure 6.

Again it is evident that the use of high-aspect-ratio rotor blades had a
negligible effect on the turbine efficiency.
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In an experimental investigation comparing the performance of a
turbine of conservative aerodynamic design having shrouded rotor blades
with an aspect ratio of 4.48 with that obtained from both a shrouded and
an unshrouded rotor blade design with aspect ratio of 2.24, it was found
that the use of high-aspect-ratio rotor blades had a negligible effect
on the turbine efficiency. ;

|
|
SUMMARY OF RESULTS ;
|

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, March 18, 1954 i
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APPENDIX - SYMBOLS

The following symbols are used in this report:

|
|
d diameter, ft
E turbine shaft work, Btu/1b l
h specific enthalpy, Btu/lb ’
P absolute pressure, 1b/sq ft
1 radius, ft ‘

|
T temperature, °R
U blade velocity, ft/sec l

|

W weight-flow rate of gas, lb/sec

Nt brake internal efficiency

o) pressure-reduction ratio, p/po
6 temperature-reduction ratio, T/TO |

Subscripts:

des design

h hub

is isentropic

m mean radius

AL male)

0 NACA sea-level air

ik measuring station in surge tank (inlet stagnation condition)
2 measuring station downstream of stator

Superscript:

3 measuring station downstream of rotor
|
' stagnation state
|
|
|
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Figure 1. - Blade-section profiles and coordlnates for turbine rotor blade.
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Figure 2. - Diagrams of shrouded, unshrouded, and high-aspect-ratio rotor blade configurations.
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Figure 4. - Continued. Over-all turbine performance.
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Figure 4. - Concluded. Over-all turbine performance.
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Stagnation pressure ratio, p;/ps

Figure 5. - Effect of high-aspect-ratio rotor blades on maximum

turbine efficiency.
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