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AND BENT SHEET-METAL NOZZLE BLADES

By David S. OGebrisl end L. Robert Carman

SUMMARY

Efficlency tests have been made on a single-stage gas turblne
having an 11.0-1nch plitch-line diemeter wheel end a nozzle dlephragm
wlth cast alrfoll-shaped nozzle blades using atmospheric alr as the
driving fluld. A comparison of these tests with previocus tests made
on the seme turbine but with a nozzle diaphragm having fabricated bent
sheet-metel blades is given. .

The results show an Increase 1n efficisncy 1n changing from
the fabricated to the cast nozzle dlaphragm of 0.095 at a pressure
ratio of 1.5 and 0.02 at a pressure raetio of 5.2 for & blade-to-Jet
speed ratio of 0.4. A comparison of the air flow wlth the two nozzle
dlaphragms indicates an increase in mass-flow coefficient for the
. cast nozzle diaphragm over that for the fabricated nogzzle diaphragm.

INTRODUCTION

The results of efficlency tests of a single-stage gas turbine
having an 11.0-inch pitch-line diemeter wheel with a nozzle dliaphragm
having febricated bent sheet-metal blades using cold air as the driv-
ing £luld were presented in reference l. The efficlency tests reported
herein have been made on the same turbine wheel as in the reference
tests but with a nozzle dlaphragm using cast alrfoll-shaped nozzle
blades. Cold air was also used in_these tests as the driving fluid.

The cast nozzle dlaphragm differs from the fabricated .nozzle
dlaphragm principally in the shape of the nozzle blades. The blades
of the cast diaphragm have a more rounded entrance and the flow
passages turn 1n a contracting section. In addltion, the entrance
to the nozzles of the cast dlaphragm is more neerly a.x.ia.l than that
for the faebricated dilsphragm.
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The purpose of the reported tests, which were conducted at
the NACA Cleveland laboratory, was to determine the differences in
the turbine performance caused by the change from fabricated to
cast nozzle diaphragms.

APPARATUS AND METHCD

' The apperatus for these tests was the seme as that of refer-
ence 1 with the exception of the use of a nozzle box with & cast
nozzle diephragm. In each case, a wheel with inserted buckets was
used and bucket-to-nozzle clearance was set at 0.11 to 0.12 inch.

Diagrams of the fabricated and the cast nozzle dlaphragms are
shown in figure 1. The principal changes from the fabricated to
the cast nozzle dlaphragm are as followse:

(a) Blade angle decreased from 22° to an angle between 22°
and 209 varying from nozzle to nozzle

(b) Cone angls, defined as the angle between a line parallel
to the axis of the turbine and the center line of the
nozzle flow passage, changed from 0° to 15°

(c) Blade shape chenged from sheet to airfoil form with the
resulting change in entrance shape

(4) Number of nozzle openings increased from 38 to 46

(e) Nozzle-box discharge area decreased from 10.9 to
10.3 square inches

Efficiency tests were made over the followlng range of condi-
tions: The ratlio of the nozzle-box inlet pressure to the discharge
Pressure was varled from approximetely 1.36 to 6.07; at each pres-
sure ratio, the turbine speed was varied from approximately 3000 to
21,000 rpm. The test method and the method of calculation are
campletely glven in reference 1.

SYMBOLS

A. nozzle-box discharge aree, (sq ft)

g acceleration dus to gravity, 32.2 (ft)/(eec)? or dimensional
constant, 32.2 (1b)/(slug)

k mags-flow coefficlient defined as ratio of actual mass flow to
1deal mass flow
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M, mass flow of air, (slugs)/(sec)
N turbine speed, (rpm)

Py static pressure of turbine dimcharge at plenum chamber,
(in. Hg ebsolute)

P; ‘total pressure at nozzle-box inlet, (in. Hg absolute)
R gas constant for air, 53.35 (£t-1b)/(1b)(°F) '
T, total temperature at nozzle-box inlet, (°F absolute)
u blade pitch-line speed, (fps)

v theoretical Jet speed, (fps)

RESULTS AND DISCUSSICN

Efficlency curves for the turblne with the cast nozzle diaphragm

are shown Iin figure 2 for a& range of pressure ratios Pi/Pd from
1.36 to 6.07, an inlet pressure p; of about 25 inches of mercury
absolute, and an inlet temperature T3y of about 532° F absolute.
The maximum turbine efficlency m occurred at a blade-to-Jet speed
ratlo u/v of aprroximately 0.43. The solld curves of figure 3 are
a croed plot of figure 2. It is apparent from figures 2 and 3 that
the efficiency of the turbine with a cast nozzle dlaphragm increases
up to a pressure ratio of about 3 and then decreases.

The occurrence of the dip in the curves for the cast nozzle
diaphragm at & pressure ratio of about 1.7 has been confirmed by
several check tests. Plotted on figure 3 as dashed curves are the
effiolencles of the turbine with the fabricated nozzle dlaphragm, the
data for which were taken from reference 1 for an inlet-gas tempere-
ture of 5370 F abaolute and an inlet pressure of about 25.4 Inches of
mercury absolute. The difference in efficlency between the two
turbines with different diaphragms above a pressure ratio of ebout
2 Increases as the blede-to-Jet speed ratio increases and decreases
as the pressure ratio increases. For a blade-to-Jet spesd ratio of
0.4 the efficliency of the turblne with the cast nozzle. dlaphragm is
approximately 0.0S5 higher than the efficlency wilth the fabricated
nozzle dlaphragm at a pressure ratio of 1.5 and 0.02 higher at a
pressure .ratio of 5.2. The comparison at a constant blade-to-Jet
speed ratio, however, does not completely describe the differences
in performance because the maximum efficlency for the turbine with
the cast nozzle diaphragm occurred at a blade-to-Jet speed ratlo of
approximately 0.43 as against 0.40 (see reference 1) for the turbine
with the fabricated nozzle dlaphragm.
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A separation of the effects of veloclty coefficient, velocity
distribution, cone angle, and blade angle on the turbin efficiency
is not possible with the present data.. If the essumption 1s arbi-
trarily mede that the veloclty dlagrams of the turbines with cast
and fabricated nozzle diaphragms are similar with regard to all
angles, the optimum blade-to-Jet speed ratio must change in the
same proportlon as the nozzle Jet velocity coefficient. Inasmuch
as the turbine efficiency varies as the square of the nozzle jet
veloclty coefficlent, an iIncrease iIn turbine efficiency of about
15 percent should be accompanied by an increase‘in optimur u/v of

about 7% percent: The actual increase in optimm u/v was from

1
0.40 to 0.43 ar 77 percent. At higher pressure ratios, where the

expansion in the clearance spaces becames appreciable, the Increased
nozzle Jet veloclty coefficlent has proportionally less effect on
the over-all veloclty coefficlent of the nozzle and clearance-spece
expansion, as well as on the turbine efficlency.

Unpublished XACA tests have shown a considerable effect of
inlet-pipe design on turbine efficiency. The design used throughout
the reported tests 1s -that of reference l. Any pessible difference
in the effect of the inlet duct on the turbine erriciency wilth
different nozzle diaphragms has not beea established. It is con-
celvable that the entrance-section effect would not be the same for
different nozzle dlephragms.

Plots of the air-flow factor & 8 R Ty agalnst the svoed
Py i

JR—
factor WY519/T, for various pressure ratios are shown in figure &

for the cast nozzle diaphragm. Flgure S(a) 1s a cross plot of the
data in figure 4. The data for figure 5(b), ‘taken from reference 1,
is for the Fabricated dlaphragm. For preasure ratlos above 2.3, the
alr-flow factor 18 consteant for all values of speed factor. The
elr-flow factor was generally higher for the turblne with the cast
nozzle dlaphragm. The greatest increase in the air-flow factor was
et low pressure ratios with only a slight increase of about 1 percent
at pressure ratlos above 2.3.

The ratio of the mass-flow coefficients may be calculated for
any given pressure ratio and speed from the followlng equation:
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vhere the subscripts ¢ and f designate the cast nozzle diaphragm
and the fabricated nozzle dilaphragm, respectively. The dischargd
area of the cast nozzle diaphragm is 10.3 square inches and the dis-
charge area of the fabricated nozzle dlaphragm is 10.9 square inches.
The mass~flow coefficient for the cast nozzle dlaphragm 1s approxi-
mately 7 percent higher above a pressure ratio of 2.3 and 15 percent
higher at a pressure ratio of 1.5 than that for the fabricated nozzle

diaphregn. :

SUMMARY (F RRSULTS

From a comparison of performance tests of a single-stage gas
turbine having an 11.0-inch piltch-line dlameter wheel using a
nozzle diaphragm with cast airfoil-shaped nozzle blades with tests
of the same turbine wheel ueing a nogzzle dlaphragm with fabricated
bent gheet-metal blades, the following results were obtained:

l. THe blade-to-Jet speed ratio for maximm efficiency was
approximetely 0.43 for the turbine with a cast nozzle dlaphragm and
0.40 for the fabricated nozzle diaphragm. This increase is probebly
caused principally by the increased veloclty coefficient of the cast

nozzle dlaphragm.

2. Efficiency of the turbine with the cast nozzle dlaphragm was
higher than the efficlency with a fabricated nozzle diaphragm. At a
blade-to-Jet speed ratio of 0.4 the increase in efficiency was 0.095
at a pressure ratio of 1.5 and 0.02 at a pressure ratio of 5.2.

3. The mass-flow coefficient for the cast nozzle diaphragm was
approximetely 7 percent higher above a pressure ratio of 2.3 and
approximetely 15 percent higher at a pressure ratio of 1.5 than that
for the fabricated nozzle diaphragm.

Aircraft Engine Research Iaboratory,
National Advisory Committee for Aesromautics,
Cleveland, Chio.
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Figure |. - Diagrams of the cast and fabricated nozzle dia-
phragms. All dimensions are in inches.
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Figure 3, = Comparison of the turbine efficiency with a cast nozzle diaphragm with the

turbine efficlency with a fabritated nozzle diaphragm.
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(b) Fabricated nozzle diaphragr.

Figure 5. = Comparison of alr-flow factors for the cust and the fabricated nozzle diaphragms.
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