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Summary.

Theoretical assessments of the influence of trailing-edge thickness on turbine blade loss coefficients
are reviewed and compared with the results of a cascade tunnel investigation. Tests on a single-stage
turbine indicate that efficiency is much more sensitive to stator blade trailing-edge thickness than
simple estimates would indicate, but rotor blade thickness effects on efficiency are in line with simple
prediction.
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1. Imtroduction.

In the design of turbine blade sections, one feature which inevitably demands some compromise
between the rival claims of aerodynamic performance and mechanical integrity is the trailing-edge
thickness. While it is unarguable that the lowest loss and hence highest efficiency would be provided by
blades with knife-like trailing edges, it is also evident that thin edged blades are ill-suited to withstand
the thermal shocks and thermal stresses which are imposed on the blades by the high temperature
conditions which are typical of current aircraft gas turbines. A further penalty associated with thin-
trailing-edge blades is that they are not amenable to internal cooling due to the impossibility of locating
cooling passages within the trailing-edge regions. (This difficulty can however be alleviated by resorting
to a film cooling technique for the thin part of the blades).

It is evident that the optimum engineering solution is to select the minimum thickness which the
particular operating conditions will permit. However, this is generally somewhat ill-defined, and so it
is desirable that the sensitivity of turbine performance to changes in blade trailing-edge thickness should
be clearly appreciated.

Needless to say, this question has already received some attention and References 1 and 2 provide
theoretical assessments of the influence of trailing-edge thickness on blade loss. However, such assess-
ments are based on certain simplifying assumptions, and for the estimated changes in blade loss to be
interpreted as changes in stage efficiency, further assumptions are required.

In view of this it was decided that an experimental evaluation of the influence of trailing-edge thickness
on turbine stage efficiéncy should be made.

Accordingly, a series of stator and rotor blade sections were designed to give progressive variation
in trailing-edge thickness. Representative blade cascades were tested to provide a measure of the
sensitivity of blade loss to trailing-edge thickness for comparison with estimates based on the analysis
of References 1 and 2. Tests were then run on a single-stage turbine to measure the separate influences
of stator and rotor blade trailing-edge thicknesses upon turbine stage efficiency.

This report presents a description of the cascade and turbine tests and illustrates the differences
between real effects and the predictions of simple theory.

2. Theoretical Background.

The effect of trailing-edge thickness upon two-dimensional blade loss has been analysed previously
in References 1 and 2 and a summary of this work is indicated in Figure 1.

The method of analysis requires the representation of the blade boundary layer at the trailing-edge
plane by a simple power law velocity distribution, the trailing-edge thickness forming a separation
distance between the pressure and suction surface boundary layers. It is assumed that uniform flow
conditions are achieved at a plane downstream of the trailing edge and the pressure loss from blade
inlet to this downstream plane is then evaluated by applying conservation of momentum and continuity
of flow between the trailing-edge position and the downstream plane.

The first figure in Figure 1 shows the effect of trailing-edge thickness on blade loss for a range of basic
blade loss coefficients, and, as might be expected, the increase in loss with increase in trailing-edge
thickness is greatest for the blade having the lowest basic loss.



The second figure illusirates the effect of blade outlet angle. It may be noted that the expansion area
ratio between the trailing-edge plane and a downstream station can be represented approximately as

i, ... . . . . .
, and at a constant value.of E"’ this expression increases rapidly at the higher values of a. This

e
5.coso
accounts in part for the increase in sensitivity of loss to thickness as outlet angle increases from 60 deg.
to 75 deg. ‘

The method of Reference 1 assumed incompressible flow, but in Reference 2, at the expense of con-
.siderable additional complexity, the analysis was extended to include compressible flow. The bottom
graph in Figure 1 shows that for a prescribed outlet angle and basic loss coefficient, the sensitivity of
loss to trailing-edge thickness is substantially independent of Mach number.

3. Blade Sections.

The stator and rotor blade sections which were constructed for this investigation are shown in Figures
2 and 3. The profile shapes were developed using circular arcs, with the final portion of each suction
surface formed by a straight line. Four stator blade shapes were defined, to provide a range of f,/s from
"0-0184 to 0-0715. It will be observed that in an attempt to minimise changes in blade row geometry the
variations in trailing-edge thickness were obtained by alterations to the suction surface downstream of
the passage throat. Thus it was possible to provide considerable variation in trailing-edge thickness
while preserving a constant passage shape up to, and beyond, the throat plane.

Three rotor blade sections were constructed and, as shown in Figure 3, tests were made at two values
of pitch/chord ratio. As in the case of the stator blades, the changes in trailing-edge thickness were
accommodated by alteration to the suction surface downstream of the passage throat.

The blade spacings illustrated in Figures 2 and 3 correspond to the mean diameter (11-25 in.) station
within the turbine. For simplicity of manufacture, both the stator and rotor blades were of constant
section and untwisted. It was considered from the evidence of previous work® that untwisted blades
would provide a representative level of performance for the stage loading and diameter ratio of the
blade design in question.

Care was taken to ensure that the three rotor blade assemblies were all tipped to give a nominal radial
tip clearance of 0-040 inches.

All turbine testing was done with an axial gap of 3 in. between stator trailing edge and rotor leading
edge.

4. Experimental Facilities.

4.1 Cascade.

The high speed cascade tunnel which was used for the cascade part of the investigation is a standard
installation, a description of which may be found in Reference 4. For the tests on the stator blades it
was not possible to adapt the turbine stators and so extra blades, identical in section to those for the
turbine, but increased to 2 in. in length, were manufactured and assembled into eight-bladed cascades.
For the rotor blade tests, a slotted cascade sidewall was used which could accept the blade platforms
and pin root fixings of the actual turbine blades. Due to the smaller blade height of the turbine it was
necessary to provide a tapered insert on each cascade wall to reduce the standard span of 2 in. down to
1-75 inches. The stator blade chord was 1-3 in. and the rotor blade chord 1 in., so that the cascade aspect
ratios were 1-53 and 1-75 respectively. Although these are below the ‘standard’ value of 2:0, there is
some recent evidence to suggest that the mid-span performance at this level of aspect ratio is still
representative of two-dimensional flow. '

4.2, Turbine.

The test rig used for the turbine performance evaluation incorporated a modified version of the model
turbine described in Reference 3. The turbine comprised a large inlet volute which led into a parallel



annulus of 13 in. O.D. and 9-5 in. L.D. containing the stator blades. The rotor blades were ufiflared and
were mounted by pin roots to an overhung disc carried by a shaft running in ball and roller bearings.
Following the rotor was a further length of parallel annulus (three to four blade heights) which carried the
outlet instrumentation and which led to the exhaust cone and the outlet ducting.

In contrast to the earlier work on this turbine®, when an air brake was used to absorb power, the

turbine was connected to a high speed water brake which was swung in oil-floating trunnion bearings.
The latter provided an excellent mounting with negligible friction and the torque measurement was

accomplished by a combination of tare weights and a sensitive spring balance.

Air was supplied to the rig at a temperature of about 80°C by a plant compressor which delivered -

air via a variable aftercooler.

5. Cascade Tests.

5.1. Instrumentation.

The provisions for measurement of cascade loss and outlet angle followed conventional practice.
Inlet total pressure P, and temperature T, were measured by fixed instruments near one side of the
inlet section (following check traverses which proved the uniformity of the inlet flow conditions). Outlet
total pressure and flow angle were measured by a claw-type pitot yawmeter carried in a remotely con-
trolled traverse gear, details of which are given in Reference 5.

During each traverse the probe was moved in steps of 0-050 in. in a plane parallel to, and approximately
0-15 in. behind, the blade trailing edges. The three blades in the middle of each cascade were traversed,
and, to improve accuracy, the peak lossin each blade wake was found by a step-by-step traverse in the
wake region. Outside the wake regions, the indicated loss in total pressure was zero.

To limit the extent of the test work, consideration was restricted to zero incidence conditions, and for
each cascade, measurements of loss and angle were made at three exit Mach numbers, 0-3, 05 and 0-7.

5.2. Cascade Test Results. ’
5.2.1. Stator blades. The test results for the four stator cascades are shown in Figure 4. There is

a progressive increase in loss with thickness, but for the thickest blades the loss increases abruptly and-

the outlet angle reduces. It was suspected that this change in performance might be due to a critical
boundary-layer condition, as, in a low turbulence tunnel it is necessary always to guard against a
misleading result caused by a laminar boundary-layer separation. For this reason a trip wire of 0-001 in.
diameter was attached to-the suction surface of each blade at a position about 4 chord back from the
‘leading edge. A repeated test of the cascade then yielded the modified values for loss and outlet angle
which are shown in Figure 4. It is of interest to note that the chordwise Reynolds number equivalent to
the test Mach number of 0-5 at an air temperature of 20 deg. C is 3-5 x 10°. Therefore the measured
change in blade loss with the addition of the trip wire confirms a level of critical Reynolds number for
the thick trailing edge stator blade which is considerably greater than the notional figure of 05 to
1-0 x 10° frequently quoted in the literature.
The blade loss relative to that for a z,/s of 0-02 is plotted against £,/s in the third graph of Figure 4 and
‘the measured variation of loss is shown to agree very closely with the theoretical estimate derived from
Figure 1 for a comparable blade loss and outlet angle.
The gas outlet anglés measured for the various cascades showed a somewhat random variation with
. thickness, but this was due in part to small variations in opening and pitch between the various cascade
assemblies. To correct for these, estimates of gas outlet angle were made following the method of
Reference 6 which relates gas angle to opening/pitch. The deviations between these estimated angles
‘and the measured values are shown in the last graph of Figure 4 which indicates that the increases in
trailing-edge thickness induce progressive reductions in gas outlet angle. However in the thickness
range of practical interest, (¢,/s<0-05), the effect of trailing-edge thickness on outlet angle is less than
- 05 deg.



5.2.2. Rotor blades. Test results for the rotor blade cascades are shown in Figure 5 for two pitch/
chord ratios, 0-72 and 0-60, corresponding to fifty- and sixty-bladed rotors respectively. The first two
figures show the losses and outlet angles for the thin and thick trailing-edge profiles set at a pitch/chord
ratio of 0-72. It was suspected that the increase in loss at 0-3 Mach number might be a low Reynolds
number effect, as, for the test conditions this Mach number corresponds to a Reynolds number of only
1-6 x 10°. Accordingly a repeat traverse was made of the thick trailing edge blades with boundary-layer
trip wires on the suction surface. As shown in Figure 5, this resulted in a considerable reduction in blade
loss at low Mach number, but there was an increase in loss at high Mach number. This is due to the
trip wire, in this case 0-005 in. diameter, being too thick and causing a significant wire drag at high
Reynolds number.

Tests of the intermediate thickness rotor blade showed it to be particularly susceptible to Reynolds
number effects at all Mach numbers. Experiments demonstrated that laminar separation could be
suppressed either by a boundary-layer trip wire or by an increase in upstream turbulence using a wire
gauze. The unseparated losses were of the same order as those shown in Figure 5, but in view of the need
to induce transition at all Mach numbers the results for the intermediate thickness blades are not
included in the present analysis.

The cascade performance of the same rotor blades set at the lower pitch/chord ratios of 0-60 are shown
in the lower curves of Figure 5. It is of interest to note that while the thin edged blades still show a sen-
sitivity to Mach number, and hence Reynolds number, the loss of the thick blades is virtually constant
for the three test conditions.

The comparison between the test performance and theoretical estimates is presented in Figure 6.
The test figures are based on measured losses for a Mach number of 0-5 which was the relative velocity
most comparable with the conditions of the turbine tests. For both the wide and close pitch blades the
measured sensitivity of loss to thickness is less than the calculated value. It will be noted from the
comparison of outlet angles that there is a considerable deviation between the measured and estimated
values, It seems possible that the apparent insensitivity of blade loss to trailing-edge thickness may be
accountable to a degree of separated flow on the suction surface of the thinnest blade which, to some
extent, could mask the effect of an increase in blade thickness.

In comparison with the experimental evidence for the stator blades, the data for the rotor blades is
somewhat scanty and difficult to interpret. However, the following broad conclusions may be drawn
from the cascade test results.

(i) The influence of trailing-edge thickness upon the two-dimensional loss of the family of stator
blades agrees closely with theoretical predictions.

(ii) The rotor blade is less sensitive to thickness, the rate of increase in loss being less than the predicted
value.

6. Turbine Tests.
6.1. Instrumentation. -
A diagrammatic sketch of the turbine annulus showing the basic instrumentation is given in Figure 7.
The main items were as follows:

6.1.1. Turbine inlet total pressure was measured by four pitot tubes set at mean diameter. The
local measured value was modified by a calibration constant derived from inlet traverses to give a true
mean inlet pressure.

6.1.2. Turbine inlet static pressure was measured by four tappings in the outer wall of the annulus.

6.1.3. Turbine outlet total pressure was measured by four five-point pitot rakes which were
coupled together and set to the correct angle by balancing a yawmeter at the mean diameter of each
rake.

6.1.4. Turbine outlet static pressure was measured by four outer wall and four inner wall static
tappings set in the parallel annulus downstream of the rotor blades.



6.1.5. A small traverse gear carrying a pitot yawmeter was used to provide radial distributions
of total pressure and flow angle at turbine exit. In the second series of turbine tests this traverse data
was used to provide the flow angles necessary for the calculation of outlet total pressure from measured
values of static pressure and mass flow.

6.1.6. Stagnation-shielded thermocouples were used to measure temperature in the inlet volute
and downstream of a honeycomb straightener in the exhaust duct.

6.1.7. Air mass flow was measured using a standard BS orifice meter. (The accuracy of this meter
has recently been confirmed by flow tests using a calibrating nozzle).

6.1.8. As mentioned in Section 4.2, power was absorbed by a high speed water brake and torque
was measured by means of accurate tare weights and a sensitive spring balance.

6.2. Turbine Test Results.

6.2.1. Fifty-bladed rotor. For the initial performance calibration the turbine was assembled with
the thinnest trailing-edge stator and rotor blades, and calibrations were made at three pressure ratios,
test measurements being recorded at a number of speed conditions in the range 8,000 to 12,000 rev/min.
The stage efficiencies measured with this initial blade assembly are shown in Figure 8a. Keeping the
same stator assembly the rotor was then fitted with the thickest trailing edge blades, but no mesurable
change in efficiency was detected.

The thin trailing edge rotor blades were reinserted, and the turbine was tested with the two thickest
sets of stator blades. The measured efficiencies are compared with the results from the initial build in
Figures 8b and 8c.

For each test configuration some additional measurements of flow and pressure ratio were made at
a speed (N /\/ T) of 450. The resulting flow characteristics for the various tests are shown in Figure 9a.
It will be seen that the change in rotor trailing-edge thickness has no effect on flow, but the thicker
nozzles give an increase in flow of 4 to 5 per cent. Inspection figures for the thick trailing edge stator
blade rows indicated a throat area approximately 1 per cent greater than for the thin blades and this
accounts for about 1 per cent of the observed increase in flow. Reference to the cascade test results
(Figure 4) shows that the thicker blades cause a reduction in gas outlet angle of about 1 deg. A simple
analysis of stage vectors shows that a reduction of 1 deg. in stator outlet angle from 63-5 deg. to 625 deg.
is equivalent to an increase in flow of approximately 3 per cent. Thus the change in flow characteristic
is accountable to an increase in throat area coupled with a reduction in gas outlet angle.

Traverses of pressure and flow angle were made at turbine exit for each test, and radial distributions
of relative flow angle («,) and V, were obtained. These were similar for all the tests and typical distributions
are shown in Figure 9b. The momentum mean of the angle distribution is shown to be about 5 deg.
lower than the value estimated by the method of Reference 6 on the basis of mean diameter blade shape
and allowing for a tip clearance effect. This suggests that the flow separation from the suction surface
which was suspected from the cascade results may be even greater in extent within the turbine. This
would explain the complete insensitivity of stage performance to the change in rotor blade trailing-
edge thickness. V

Accordingly the rotor blade root platforms were modified to permit closer pitching and a further
series of tests was undertaken.

6.2.2. Sixty-bladed rotor. As it was intended to restrict detailed analysis of the effects of trailing-
edge thickness to the zero incidence condition a new test technique was used for tests with the sixty-
bladed rotor. For each test condition, speed and pressure ratio were adjusted to give the design stage
2kpAT
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The first test in this series featured the thinnest stator and rotor blades and the measured efficiency is
shown in Figure 10a. In addition to measuring the outlet total pressure directly, as in the previous tests,
continuity values of total pressure were calculated on the basis of measured flow, static pressure; total

loading of = 3-0 for stage pressure ratios between 0-79 and 0-6.



temperature and outlet swirl angle. Test efficiencies derived by each method are shown separately in
Figure 10a and it will be observed that the agreement between the two methods of performance assess-
ment is very satisfactory. For all subsequent tests the efficiency was computed by both methods and the
plotted characteristics are the best mean lines through all the points. With the thin rotor retained, tests
were made using the thicker stator blades, profiles numbers 2 and 3, and test efficiency is compared
with that of the thinnest blades in Figures 10b and 10c.

The thin turbine stator blades were then returned to the turbine and tests of the thicker rotor blades,
profiles nuinbers 2 and 3, were carried out. The resultant efficiency characteristics at constant stage
loading are shown in Figures 11a and 11b.

Finally to check the additive effect of increasing both the stator and rotor trailing-edge thickness
the second stator blades with t,/s = 0-037 were assembled with the intermediate rotor blades t,/s =
0-0502. The results of this test are shown in Figure 11c. Unfortunately these results exhibited a con-
siderable separation between the efficiencies based on measured and continuity total pressure, the
‘measured’ efficiency being about 1-5 per cent higher over most of the test range. For this reason it was
necessary to depict the test efficiency by a scatter band 1-5 points in width.

The flow characteristics for the various sixty-bladed rotor tests are shown in Figure 12a. Once again
although thicker rotors cause no change in flow, there is a marked increase in flow associated with the
thicker stator blades.

The radial distribution of blade relative exit angle for the thin rotor is shown in Figure 12b where
comparison is made with the distribution for the fifty-bladed rotor. It may be observed that the increase
in blade number has increased the relative outlet angle by 5 deg. to 6 deg. to a mean value which is
identical with the estimated angle based on opening/pitch. The mean outlet angle for the sixty-bladed

thick trailing edge rotor is also shown in Figure 12b and is approximately 2 deg. less than the mean
value for the thin blades.

7. Discussion.
The results of the tests described in the preceding section are compared in Figure 13. Figure 13a shows

. 2kpAT . . s . .
stage efficiencies at Z +— = 3:0 for the tests in which stator trailing-edge thickness was varied (the-

rotor thickness being a minimum throughout). The efficiency for each test is indicated by a scatter band
which covers results measured in the pressure ratio range 0-765 to 0-625. It is evident that, for the thinnest
blades, the reduction in rotor pitch/chord ratio is accompanied by a significant improvement in effigiency.

Figure 13b illustrates the change in stage efficiency with rotor blade trailing-edge thickness at minimum
stator trailing-edge thickness. As mentioned in Section 6.2.1, the increase in rotor t,/s from 00195 to
0-0978 for the fifty-bladed rotor has no significant effect on efficiency, but as the thickness increases
from t,/s of 0-0234 to 0-1170 for the sixty-bladed rotor there is a reduction in stage efficiency of approxi-
mately 4 per cent. The insensitivity to thickness at the wider blade pitch suggests that the change in
trailing-edge shape must be masked by a region of separated flow. Although the mean diameter rotor
blade pitch/chord ratio of the wider pitch build is only 0-72, the Zweifel load coeficient is greater than
1-2, in comparison with typical current design values in the range 0-8 to 1-0, and with such a high aero-
dynamic loading some degree of flow separation on the suction surface of the blades is not surprising.

In an attempt to generalise the results of the turbine tests, the changes of efficiency due to changes
in trailing edge thickness were analysed in terms of blade loss coefficients following the method described
in Appendix IT and the results of this analysis are shown in Figure 14.

The variations in effective stator loss coefficient with trailing-edge thickness are plotted in Figure
14a and it can be seen that an increase in stator t/s from 0-02 to 0-07 causes the effective stator’ total
loss coefficient to rise by a factor of 2-5. This may be compared with a factor of 1-4 derived from the
calculated (and measured) variation of loss derived from Figure 4 by the rather dubious assumption of
applying a multiplication factor based on two-dimensional flow tests (or calculations) to an overall
(three-dimensional) mean loss coefficient. It is clear that this method of assessment seriously under-
estimates the penalty in effective loss coefficient due to an increase in stator trailing-edge thickness.



Presumably the physical explanation of the sensitivity to trailing-edge thickness must lie in a stator/
rotor interaction, such that an increase in stator blade wake induces an additional loss within the rotor
blades. In this regard it is of interest to note that the change in rotor pitch/chord ratio does not have
a very marked influence on the effective loss coefficient of Figure 14a.

The calculated relative rotor loss coefficients are shown in Figure 14b and for the sixty-bladed assembly
there is very good agreement between the variation in loss deduced from turbine results and the calculated
variation given in Figure 6. In this case, of course, there is no following blade row to suffer any inter-
action effects. Although in a multi-stage turbine, the rotor blades would be followed by a row of stator
blades, it seems less likely that an interaction as severe as for the stator/rotor situation would occur
owing to the normally much wider incidence range of conventional stator blade rows. However, this
last comment is purely speculative.

It will be recalled that in the stator blade cascade experiments a very significant increase in loss
coefficient was measured in one test; this being attributed to an unexpected laminar separation, and -
which was subsequently suppressed by means of a boundary-layer trip wire. There was in consequence
some speculation as to whether the relatively high apparent stator loss in the turbine tests (revealed by
the analysis of Figure 14a) might also have been due to an unexpected laminar separation in the turbine

. nozzle blades. To check against this, a repeat test of the 0-057 t./s stator assembly was carried out with
a boundary layer trip wire of 0-001 in. diameter fixed on the suction surface of each of the 36 stator blades.
An increase in turbine efficiency of 0-5 per cent was measured which is of the same order as the general
accuracy of measurement. This does at least confirm that the marked loss in turbine efficiency with

* increase in stator blade trailing-edge thickness is not accountable to low-turbulence flow separations from

the stator blades.
The final turbine experiment, the result of which is shown in Figure 1lc, incorporated a modest

increase in trailing-edge thickness for both stator and rotor blades. Relative to the datum blades (z,/s =
0-0184 and 0-0234) it was deduced from the turbine-based loss data of Figure 14 that the efficiency
penalty for blades of t./s 0-037 and 0-0502 would be 2-5 per cent. Unfortunately, due to the test result
scatter, it is impossible to make an accurate comparison between this estimate and the turbine test
result. It is, however, clear that the actual penalty in turbine efficiency is not greater than the effect which
can be estimated from turbine-based loss data.

8. Conclusions.

(1) The influence of trailing-edge thickness upon turbine blade performance has been examined in
cascade experiments and in turbine tests.

(2) For unstalled blades, the increases in measured two-dimensional cascade loss coefficient with
thickness are similar to the changes which may be calculated by simple theory.

(3) In a single-stage turbine the effective rotor loss coefficient increases with trailing edge thickness
at the same rate as the calculated rate of increase in relative two-dimensional loss coefficient.

(4) The effective stator loss coefficient increases with trailing-edge thickness at a rate which is 1-8
times greater than the calculated rate of increase in relative two-dimensional loss coefficient.

(5) The physical explanation of the sensitivity of stage efficiency to stator trailing-edge thickness is
not fully understood. It may however be related to an incidence effect upon the rotor blades and if this
is the case it is possible that a turbine stage of higher reaction may be less sensitive to stator trailing-edge
thickness.
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APPENDIX
Performance Analysis

Consider the fifty-bladed rotor build with thinnest stator and rotor blades.

For the general test pressure ratio level a value for 4 = Va,/Va, = 1-07 may be assumed.
Take stator outlet angle o, = 63 deg.

Take rotor outlet angle a, = 42 deg. (from Figure 9b)

Let Va,/u= 075 0-80 0-85 090
wVa, = 133 1-25 1-176 111
tana;, = 063 071 0784 0-85
o, = 32:2° 354° 38-1° 40-4°
i= —38° —0-6° +2-1° +4-4°
tan oy +Atan o, = 1-59 1-67 1-74 1-81
2kpATIW: = 2:39 2-67 2-96 325
Mean 5 from Figure 8a = 888 883 87-5 865
’-11——1 = 0126 0133 0-143 0-156
Nowl—l _ (@) 2Ly sec? oo+ A Ly sec? a,
n u 2kpAT

u2

where Ly and Ly are the total energy loss coefficients for the stator and rotor blade rows respectively.
Previous experimental work’ indicates that a representative total pressure loss coefficient ¥y for
the thin trailing edge stator blades is 0-06, and at the mean outlet Mach number of the present tests
(0-6) the equivalent energy loss coefficient Ly is 0-05.
Solution of the above equation yields values of Ly and corresponding values of Y; (assuming a rotor
exit Ma¢h number of 0-5).

Ly= 0126 0-161 0-177 0-198
o= 0145 0-185 0-205 0-230

Yy is shown against rotor incidence in Figure 15a.
Turning now to the turbine test results for the thickest trailing-edge stator blades shown in Figure 8c,
‘the modified stator loss coefficient may be assessed as follows:
Take o, as 62 deg. to allow for reduction in angle indicated by Figure 4.

o, remains at 42 deg.

Let Va,/u = 075 0-80 0-85 0-90
u/Va, = 133 1-25 1176 1-11
taneg, = 055 0-63 0704 0-77
w, = 29:9° 32:2° 35.2° 37-6°
= —71° —3-8° —0-8° +1-6°
tano;+Atana, = 151 1-59 1-664 173
2kpATIu? = 227 2-54 2:83 311
Mean # from Figure 8c = 82 816 810

12
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n

(from Figure 15a) Yz =
Ly =
Hence Ly =

Ideally, as incidence to the stator blades is constant, and if there were no stator/rotor interactions,
the above values of Ly should be constant.
Adopting a mean value of 0-121, the equivalent pressure loss coefficient for a Mach number of 0-6 is

Y, = 0-145.

Therefore the increase in stator t,/s from 0-0184 to 0-0715 has caused an increase in effective stator

loss from 006 to 0-145, a factor of 2-4. This may be compared with the factor of = 1-46 for the

increase in profile loss coefficient shown in Figure 4.

The above method makes allowance for change in stator angle and the consequent variation in the
incidence/stage loading relationship indicated in Figure 15b. It is however possible to use a simpler

0-22

0-145
0-128
0-129

0-226

0-182
0164
0-119

0-235

0-203
0-180
0-115

14
096

approach which neglects second order effects, but appears adequate for present purposes.
Consider the thin trailing edge assembly for which o, = 63 deg. and u, = 42 deg.

2kpAT
For a stage loading 52 of 2:96, the initial analysis shows that,

1
L~ 1= 024 (4-85 Ly +0-342)

Now at the same stage loading, the thick stator blades yield an efficiency of 81-3 per cent. -
From the above equation, Ly = 0-125 compared with the mean value of 0-121 deduced previously.

13
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