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SUMMARY

The present investigation includes the design and tests of a
transonic inlet rotor in which emphasis was placed on increasing the
design specific weight flow (SWF) while maintaining reasonably high
pressure ratio and efficiency. The design air SWF was 37.5 1b/sec/sq ft
frontal area. The rotor has a 12-inch tip diameter and an inlet hub-tip
ratio of 0.35 and was designed for no inlet guide vanes. The mass-
weighted design pressure ratio is 1.293; the design tip speed 1is
972 ft/sec; and the design inlet axial Mach number is 0.628. This paper
presents the overall performance as obtained from detailed surveys taken
downstream of the rotor which was tested in Freon.

At design speed a peak efficiency of 0.92 was obtained at an SWF of
53500, lb/sec/sq ft and a mass-weighted pressure ratio of 1.28. At design
SWF (37.5 1b/sec/sq ft) the efficiency was about 0.87 and the pressure
ratio was 1.23 compared with 1.263, which is approximately the Freon
pressure ratio corresponding to the air design value of 1.293. Peak
efficiency gradually decreased from 0.92 at design speed to 0.85 at
121 percent design where SWF was 38.0 1b/sec/sq ft and the mass-weighted
pressure ratio was 1.425. The maximum SWF obtained at 121 percent of
design speed was 40.0 1b/sec/sq ft which corresponds to an inlet axial
Mach number of slightly over 0.70 and about 92 percent of the theoretical
maximum flow capacity at a hub-tip ratio of 0.35.
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INTRODUCTION

For high-speed flight, it is desirable to keep the turbojet-engine
frontal area to a minimum. Since engine thrust is proportional to the
weight flow passing through the engine, high-thrust engines will require
that the maximum flow possible be crammed through an engine of given
diameter. The flow-handling capacity of the compressor has been one of
the limiting factors in the development of high-thrust engines. Then
too, since it is desirable to maintain a high engine thrust-weight ratio,
multistage axial-flow compressors should be designed for the highest
practical values of stage pressure ratio and weight flow per square foot
of frontal area (specific weight flow, SWF) because these parameters
directly affect compressor size and weight. Specific weight flow can be
increased by either decreasing the hub-tip ratio or increasing the inlet
axial velocity, or both. It has already been shown that efficient
performance is possible for high-pressure-ratio stages in which the blade
sections are operating at transonic relative inlet Mach numbers. (See
refs. 1, 2, and 3.) It has also been shown that efficient transonic
rotors at hub~tip ratios as low as 0.4 with a specific weight flow of
34.9 1b/sec/sq £t frontal area can be designed (ref. 3).

The present investigation includes the design and tests of a tran-
sonic inlet rotor in which emphasis was placed on increasing the level
of design specific weight flow while maintaining a reasonably high
pressure ratio and efficiency. The design air SWF without correction
for boundary-layer blockage in the inlet was 37.5 1lb/sec/sq ft frontal
area. All design parameters were selected with the intention that the
rotor should be capable of passing higher than design specific flows
with reasonable efficiency. The rotor has a 12-inch tip diameter and
an inlet hub-tip ratio of 0.35 and was designed for no inlet guide vanes.
The mass-weighted design pressure ratio is 1.293%; the design tip speed
is 972 ft/sec; and the design inlet axial Mach number is 0.628. All
blade-section selections were made by utilizing the low-speed cascade
data of references 4t and 5. The blade mean-line type was varied from
hub to tip.

The speed of sound in Freon-12 is about 45 percent of that in air.
Therefore, the duplication of the air Mach numbers in the Freon tests
requires less than half the rotational speed needed in air tests. The
blade stress levels are thus reduced sufficiently to permit quick fabri-
cation of blades from fiber glass and a polyester resin. A description
of the rotor and blade fabrication is presented in the appendix. The
rotor was tested in Freon-12 in a supersonic compressor test stand at
the Iangley Aeronautical Iaboratory.
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SYMBOLS

frontal area, sq ft

camber, expressed as design 1ift coefficient of
isolated airfoil

bilede chord, It
specific heat at constant pressure obtained by using

average of upstream and downstream temperatures at
each radial station

V. AV
diffusion factor, D=1 - 2R 4 I
VIR = R20ViR

Mach number

rotor speed, rpm

static pressure, 1b/sq ft
total pressure, 1b/sq ft
dynamic pressure, 1lb/sq ft
radius, ft

leading-edge radius, percent chord

trailing-edge radius, percent chord

specific weight flow, KKE, 1b/sec/sq £t frontal area

DA
blade maximum thickness, ft
total temperature, °R
total temperature rise, °R
blade speed, ft/sec
velocity, ft/sec

weight flow, 1b/sec
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a angle between flow direction and blade chord, deg k
B angle between flow direction and axial direction, deg
o} ratio of inlet total pressure to NACA standard sea-level i
pressure
Mm efficiency based on momentum
) ratio of inlet total temperature to NACA standard
sea-level temperature
95 flow turning angle, deg
o mass density, slugs/ft3
o solidity
3 blade-setting angle, angle between blade chord and
rotor axis, deg
Subscripts: y
A air ’
a axial
d design
F Freon
h hub
R relative to rotor blade
i tip
T tangential
) venturi
1 upstream of rotor

2 downstream of rotor
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ROTOR DESIGN

General

The rotor design generally consists of two phases, that is, the
calculation of velocity diagrams from prescribed design flow and
pressure-ratio conditions and the selection of blading to fit the
velocity-diagram conditions. Actually, the blading performance must
be considered in the selection of velocity diagrams to ensure good
performance. It is consideration of blade performance which dictates
the levels of Mach number, pressure ratio, and inlet angle that can be
used in the computation of the velocity diagrams.

Figure 1 shows the variation of tip inlet Mach number relative to
the rotor with specific weight flow for various hub inlet angles at
rp/ry = 0.35 \ for no-guide-vane conditions (axial inlet flow). The
combination of low hub inlet angles as shown in figure 1 and the thick-
ness of the hub sections required for structural reasons presents a
blade-passage choking problem, at least on a two-dimensional basis.
Choking in the blade passage may be relieved by using higher inlet
angles (higher rotational speed) but, as can be seen in figure 1, higher
hub inlet angles are associated with higher tip inlet Mach numbers.
Hence, a compromise between high inlet Mach number conditions at the
tip and choke conditions and the resulting high blade surface Mach
numbers at the hub section must be reached. A relative tip Mach number
of 1.1 was selected for this design. This value should not be construed
to be a limiting value for efficient performance. It appeared to be a
value which should ensure good performance on the basis of references 1,
2, 3, and 6. At the design specific weight flow of 37.5 1b/sec/sq ft
of frontal area, the resulting hub inlet angle was 26.7° at a relative
inlet Mach number of 0.70. Some unpublished high-speed cascade tests
at similar conditions have indicated that, on a two-dimensional basis,
inlet relative Mach numbers as high as 0.80 should be possible. Hence,
even on a two-dimensional basis the hub should be capable of an increase

over the design specific weight flow of some 7 to 8 percent. The sections

outboard of the hub section present a more open blade passage and, con-

sequently, the choking problem is much less severe and, in fact, generally

does not exist. Therefore, when the hub section is two dimensionally
choked the streamlines can be displaced around the hub region. Since
the amount of this three-dimensional movement is quite small, it is
likely that somewhat higher flows than occur when the hub section is
choked two dimensionally can be obtained without seriously affecting
the rotor discharge angles and flow distribution.
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Velocity Diagrams v

The design total-pressure ratio varied from 1.25 at the hub to 1.35
at the tip. Moderate rather than high pressure ratios were designed for
since the main emphasis in the design of this rotor was high specific
weight flow. The radial variation in design pressure ratio was selected
so as to keep the Mach number and flow angle leaving the rotor hub in
stator coordinates to lower values than would be possible for a constant
pressure ratio of 1.293%, which is the mass-weighted design pressure ratio.
Again, it must be emphasized that these pressure ratios are not absolute
design limits but were selected because they appeared to be in the high
efficiency range. The use of higher design pressure ratios would reduce
the loading margin available for overspeed tests as well as raise the
stator inlet Mach numbers, which is less significant.

The velocity diagrams were computed by satisfying the conditions of

1dp _ VT2
- =

simple radial equilibrium = — The computations were made at

p dr
radii bounding four stream tubes of equal weight flows. This required

some iterative calculation but it was found that dividing both upstream

and downstream annuli into equal-area sections was fairly close as a

first approximation in the iterative procedure. The inner-casing radius ®
was increased to Th/ft = 0.45 at the rotor discharge. No boundary-layer

allowance was added and a rotor polytropic efficiency of 0.90 was assumed
for the calculation. Figure 2 presents the design velocity-diagram data. .

Blade Selection

The transonic compressor results to date have indicated that effi-
cient blade section performance at high relative inlet Mach numbers may
be obtained by keeping the level of blade surface Mach numbers as low as
possible. This was done in reference 1 by using blades made up of the
NACA 65-series thickness distribution and the NACA AgIgb mean line which

moved the loading toward the rearward portion of the blade where the
average velocities are less. It was also done in references 2 and 3 by
reducing the thickness in the forward portion of the blade while at the
same time reducing the blade maximum thickness. Both of these methods of
holding blade surface Mach numbers down appeared to be desirable. It was
felt that more nearly optimum transonic blade sections could be designed
by combining the desirable features of each.

Thickness distribution.~- It is believed that transonic sections ¥
should be thin in the forward portion with very little surface curvature.
As a result, surface Mach numbers would be reduced and, for inlet Mach
numbers high enough for a supersonic region to exist on the suction A
surface, the strength of the shock emanating from the suction surface
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would be reduced and the likelihood of flow separation would thus be
reduced. Hence, the 65-percent-chord point was selected as the point
of maximum thickness as compared with the 40O-percent~chord point for
the NACA 65-series thickness distribution commonly used in subsonic
compressor blading. In developing a 1lO-percent-thick section, the
Y-ordinate at 5-percent chord was arbitrarily fixed at 1.53 percent.
The first 5 percent of the blade is the 7.l-percent-thick NACA 65-series
thickness distribution which matches the fixed 5-percent-chord ordinate
value of 1.53. From 5 percent to 65 percent of the chord, a faired
curve was drawn to provide a smooth transition from the derived 5 per-
cent of nose region to the 65-percent point while at the same time
attempting to keep surface curvature low. The rearward portion of the
thickness distribution was obtained by fairing between the 65-percent
point and a l-percent-chord trailing-edge radius, again trying to
maintain low surface curvature. The coordinates for this thickness
distribution, herein referred to as the Tl thickness distribution, are
presented for 1lO-~-percent maximum thickness in table I and a comparison
with the 65-series thickness distribution is presented in figure 3(a).
The vertical scale has been expanded to emphasize the difference between
the two thickness distributions. Since thin sections will have lower
surface Mach numbers, the rotor-blade-section maximum thickness was
reduced as much as structural considerations would allow. As a result,
blade maximum thickness varied from 8 percent to 4 percent of the chord
from hub to tip. The variation of leading-edge and trailing-edge radii
with maximum thickness is indicated in figure 3(b).

Mean-line shape.- Since the tip section has the highest inlet Mach
numbers, the tip mean line selected was that having the greatest rearward
shift in loading, that is, the NACA ApIgp mean line. (Mean-1line designa-
tions are explained in ref. T7.) Because of the combination of low inlet
angle and high solidity at the hub section and the need for sufficient
hub thickness from structural considerations, the hub problem is one of
avoiding a choked passage, at least on a two-dimensional basis. For low-
inlet-angle high-solidity conditions the NACA Ajp mean line presents a
considerably more open passage than the NACA ApoI8p mean line when
65-series thickness distributions are used. (For example, see ref. L.)
When the Tl thickness distribution is used with these mean lines, the
blade with the NACA Ajp mean line still presents a considersably more

open passage than the NACA A,Igy. However, the AgIyy, and the Ay blades

had identical minimum passage areas at design angle of attack. Hence,
the question of which of the two blades would be the better for a tran-
sonic rotor-hub condition cannot be answered on a minimum-passage-area
basis alone. Some unpublished high-speed cascade test results for the
Tl(18A6Ihb)08 blade at conditions similar to the hub conditions in this

rotor indicated a fairly severe second velocity peak in the rearward
portion of the blade where the thickened boundary layer will reduce the
amount of diffusion that may be tolerated without flow separation.
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Therefore, to reduce this peak it was decided to utilize the NACA Ay,

mean line, which has less curvature in the rearward portion, for the
rotor hub section. The blade sections for the intermediate three radial
stations had a gradual change in mean-line loading from the Ajp to the

ApI8p. The middle station of the blade had an Agl)y mean line and each

of the other two had mean-line shapes midway between those of the two
adjacent radial stations. This selection of mean-line shape at each
radial station should not be construed to mean that these are the optimum
blades for that particular station. For example, it is not obvious that
the AgI)y, mean line selected for the middle radial station is any more

effective than the A218b mean line. It was reasoned that the A6Ihb could

be used since the operating inlet Mach number level of that station was
considerably below that of the tip, where the A5Ig, blade was used. A

linear progression of mean-line types from hub to tip was used to promote
the likelihood of smoothly faired blades.

Blade camber, solidity, and setting-angle selection.- All velocity
diagrams were converted to equivalent constant axial-velocity conditions
by maintaining all tangential components and averaging upstream and down-
stream axial velocities at each streamline. The resulting diagrams were
used both for selection of blade camber and blade-setting angle. The
selection of blade solidities requires a compromise between aerodynamic
requirements at the hub and tip and blade stress limitations. As design
solidity is decreased, camber must be increased for the same turning
angle. At transonic inlet relative Mach numbers of the order of 1.1,
definite limits regarding the blade surface curvature and blade surface
Mach numbers have not been established. Hence, all that can be stated
is that it is desirable to keep blade surface curvature low and, hence,
solidity as high as possible in the tip region.

For low hub-tip ratios (rh/rt of the order of 0.35) the selection
of high tip solidity and constant-chord blades will result in high hub
solidities. For example, a value of oy = 0.75 at rh/rt = 0.35 wili
result in oy = 2.14. Since the minimum passage area between blades is

decreased with increasing solidity, high hub solidity can result in a
two-dimensionally choked passage. However, if hub solidity is decreased,
then camber will increase and, although no choked passage occurs, surface
Mach numbers become excessive because of large blade surface curvature.
Definite limits have not been established regarding either how nearly
choked, on a two-dimensional basis, the hub section can be or how high
the hub camber can be before surface Mach numbers become excessive and
poor performance results. Aside from aerodynamic requirements on blade-
chord variations, any severe increase in chord with radius would result
in high blade stresses. Therefore, the selection of blade solidities
resolves itself into a compromise of stress and aerodynamic considera-
tions with the limits on both not well defined.
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The increase in chord from hub to tip was arbitrarily chosen to be
approximately 20 percent to provide a reasonably strong blade. Once the
variation in chord from hub to tip is fixed, the selection of solidity
at any radial station defines the solidity all along the blade. The hub
solidity was chosen as 1.5 and as a result the tip solidity was 0.75.
This selection was an attempt to arrive at an effective compromise
between the aerodynamic requirements of the hub and tip and provided a
margin of 7 to 8 percent between minimum passage area and choke flow
area at the hub. The resulting tip camber was 0.70.

The blade camber and blade-setting angles were determined from the
low-speed cascade data presented in references 4 and 5. In reference k4
it was shown that at the design angle of attack all the Clo = 1.2 mean

lines investigated produce approximately the same turning angle and that
the design angle of attack varies almost linearly with variation in
mean-line loading distribution. Hence, the more extensive cascade data
of reference 5 could be used to obtain the appropriate cambers for
conditions at which the other mean lines were not tested. Suitable
adjustment of angle of attack was necessary to account for the change

in design angle of attack with variation in loading distribution. ILinear
interpolations were used to obtain all intermediate mean-line conditions.

The results obtained in reference 1 indicated that in the transonic
speed range the angle of attack associated with peak efficiency was some
4O gbove the low-speed design angle of attack. In order to produce a
given turning angle when operating above low-speed design angle of attack,
it is necessary to use a lower camber than would be prescribed by the
low-speed design charts. Therefore, both design and off-design low-speed
cascade data were used to determine the cambers and angles of attack which
result for blade sections operating from 2. 4% gt 4¥e Hub "to 3.2° et
the tip above their design angles of attack as indicated from low-speed
cascade tests.

Details of the design blading used are presented in figure b, Xk
should be noted that blade sections and angles were all determined in
the planes indicated by the capital letters. 1In computing the solidity
the mean radii between corresponding inlet and outlet radii were used.
A photograph of the rotor is shown as figure 5.

COMPRESSOR INSTALIATION AND TEST PROCEDURE

Test Rig
The compressor installation used in these tests is a closed-circuit

rig equipped to use either Freon or air as a testing medium. A schematic
diagram of the layout is shown in figure 6(a). This installation is
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essentially the same as the one described in reference 8 except that
the 1,000-hp compressor drive motor has been replaced by a 3,000-hp
induction motor which, with a gear ratio of 2.015 to 1, makes possible
a top rotor speed of 13,300 rpm. Since it is difficult to increase the
flow area at the inlet to the radial diffuser, low-hub-tip-ratio high-
flow rotors could only be tested by reducing the rotor tip diameter to
eliminate the problem of a choked diffuser inlet. Hence, the tip diam-
eter of the test section was reduced from 16 inches to 12 inches. This
reduction in rotor size and actual volume flow would also reduce the
pressure loss in the system, which is important because there is no
auxiliary boost. To reduce further the pressure loss of the system,
one of the 60 mesh screens upstream of the venturi meter was removed.

A schematic of the test section is indicated in figure 6(b).

Test Procedure

The rotor tests were made over a range of corrected tip speeds from
81 to 121 percent of the design speed. At each speed the weight flow
was varied from the maximum possible to the surge point by continuously
increasing the back pressure. The settling-chamber pressure was held
constant at approximately 20 inches of mercury absolute.

The tests were conducted by using Freon-12 as a testing medium. At
the design inlet axial Mach number of 0.628 the Freon equivalent corrected
tip speed corresponding to the design air value of 972 ft/sec was
hW37 ft/sec. This equivalent condition is the rotor speed in Freon at
which both inlet axial Mach number and mean radius inlet angle are the
same as the design air values. (See ref. 9.) The Freon equivalent
pressure ratio corresponding to the air design value of 1.293 is 1522695

Instrumentation and Data Reduction

Flow conditions upstream of the rotor were obtained by measuring
stagnation pressure and temperature in the settling chamber and using
four inner- and outer-wall static taps circumferentially located at 90°
intervals approximately 1.5 inches upstream of the rotor. The following
measurements were made approximately 1.5 inches downstream of the rotor:

(1) Total temperatures were obtained by using two rakes of four
shielded chromel-alumel thermocouples spaced radially to cover the entire
passage and located circumferentially approximately 180° apart. Fig-
ure 7(a) shows one of these rakes. These rakes were connected to a four-
bell rake upstream to read the temperature differential across the rotor
at various radial stations.
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(2) Radial surveys at 13 points of total and static pressure and
flow angle were made by using a prism probe of the type described in
reference 10 and shown in figure 7(v) .

(3) Wall static pressures were obtained from four inner- and outer-

wall static taps located at 90° intervals.

The survey data in conjunction with the wall-tap and the upstream

instrumentation readings were used to compute mass-weighted efficiency
based on the power input obtained from momentum considerations:

2

rg
2
JChz cpy ATisen P2Vap dr

Mm = 5
b i
it
vV, dre
JC 2 U2VT202 a2
h

where

Po
ATy gen = EZ

This equation presumes that there is no inlet swirl; however, some
unpublished results of a preliminary detailed survey upstream of the
rotor indicate that there is a small amount of swirl (of the order of
30) in the direction of rotation in the extreme tip region. Because
of the direction of the swirl, the efficiencies herein reported are
slightly lower than would occur if the swirl were taken into account.
Only momentum efficiencies are presented since the small temperature
rises associated with testing in Freon at these pressure ratios make
it difficult to obtain accurate temperature-measured efficiencies.

Z=t
)7 - 1Ty

Mass-weighted overall pressure ratio was obtained using the
following equation:

1.2
f t Pp ¥ %S
= Po 32
Py rt2
f o PeVap d4r°
17
h

Weight flow was obtained by utilizing the previously mentioned
upstream measurements. No blockage factor was included in the area
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term of the continuity equation since the inlet contraction ratio and
Reynolds number were in the range in which, within the weight-flow-measuring
accuracy, the flow coefficient may be considered to be unity. A prelim-
inary examination of the inlet total-pressure distribution obtained from
single line traverses made upstream of the rotor further corroborated

this assumption. There was some radial variation in static pressure at

the inlet and an average of the inner- and outer-wall tap readings was

used. Weight flow was also computed by using the downstream survey data.
Figure 8(a) indicates the magnitude of the difference between the upstream
and downstream measured weight flows. Generally, the agreement between

W and Wp was within 25
figure 6 was also used to compute weight flow. The variation between the
venturi weight flow and the upstream weight flow is shown in figure 8(b).
The venturi weight flow was generally some 2 percent greater than W;.

The weight flow used to present the overall performance is the weight
flow obtained from upstream flow measurements Wy.

percent. A calibrated venturi indicated in

DISCUSSION OF OVERALL PERFORMANCE RESULTS

The mass-weighted overall performance of the transonic compressor
rotor is presented in figure 9 where adiabatic momentum efficiency n,

and total-pressure ratio Pg/Pl are plotted against corrected Freon

Wey 6
weight flow if—- for each of the rotor speeds tested. The air equiv-

alent corrected specific weight flows which correspond to the inlet

axial Mach numbers obtained in Freon are also indicated. At design

speed a peak efficiency of 0.92 was obtained at 35.5 1b/sec/sq ft

frontal area and a pressure ratio of 1.28. At design SWF (37.5 1b/sec/sq ft
frontal area) the efficiency was about 0.87 and the pressure ratio was
1.23 compared with 1.263, which is approximately the Freon pressure ratio
corresponding to an air design value of 1.293. This lower than design
pressure ratio results because (1) lower than design efficiency was
obtained and (2) a preliminary examination of the survey data indicates
lower than design turning angles over an extensive portion of the hub
region and to a lesser extent at the tip region.

At and below the design speed the complete high efficiency ranges
could not be obtained because the high-flow region is limited by the
losses in the test loop as compared with the compressor pressure ratio
since the test compressor supplied all the pumping action. The 2-percent
drop in peak efficiency which occurred between design speed and 81 percent
of design speed might be caused by a Reynolds number effect.
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Peak efficiency gradually decreased from 0.92 at design speed to
0.84 at 121 percent design where SWF was about 38.0 1b/sec/sq ft frontal
area and the pressure ratio was 1.425. The maximum SWF obtained at
121 percent of design speed was 40.0 lb/sec/sq ft frontal area which
corresponds to an inlet axial Mach number of slightly over 0.7 and about
92 percent of the theoretical maximum flow capacity at a hub-tip ratio
ofR 055

SUMMARY OF RESULTS

The following overall performance results were obtained from an
experimental investigation of a high-performance transonic axial-flow
compressor rotor:

1. At design speed a peak efficiency of 0.92 was obtained at
505 lb/sec/sq ft frontal area and a mass-weighted pressure ratio of
1.28. At design specific weight flow (37.5 1b/sec/sq ft frontal area)
the efficiency was about 0.87 and the pressure ratio was 1.23.

2. Peak efficiency gradually decreased from 0.92 at design speed
to 0.84 at 121 percent design where the specific weight flow was
38.0 1b/sec/sq ft frontal area and the mass-weighted pressure ratio
was 1.425.

3. The maximum flow obtained at 121 percent of design speed was
40.0 1b/sec/sq ft frontal area which corresponds to an inlet axial Mach
number of slightly over 0.70 and about 92 percent of the theoretical
maximum flow capacity at a hub-tip ratio of 0.35.

ILangley Aeronautical Iaboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., December 29, 195k.
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APPENDIX
DESCRIPTION OF ROFOR FABRTCATTON

The materials and type of construction used in the fabrication of
this rotor were wmsual encugh to warrent description. The rotor is of
integral construction, that is, the blades and hub were built as & unit.
The materizls used were fiber glass, polyester resin, and balsa.

Construction of the blades was begun by building & mester blade from
siich 2 mold was cest im two balwves. Two types of fiber glass, roving
and woven, were used im the blades, along with the polyester resin. The
mﬁmgﬁlhergﬂmmﬂaﬂdﬁmmﬂmﬁmmbmwm@wmmm
strength whemess the woven fiber glass was placed near the surface of
the blade ‘o supply torsionel stiffress. Tt was found thet 100 strends
of roving fiber glass (approximstely 1/16 inch in diameter) would provide
the desired ratio of fiber glass to resin which is T to 3. Eight groups
of 100 strands of roving fiber glass approximetely 8 inches long were
#hen assenbled. On one end of each of these groups a blade was cast in
the following mamner. A sheet of 0.00k-inch woven fiber glass was placed
im each half of the mold which had been previously treated with 2 pearting
agent. MNext, & sheet of 0.009-inch unidirectional woven fiber glass was
placed an each half-mold such that the greater number of strands ran in
the chor@wise direction. The more finely woven 0.004 cloth was placed
mesmer the surface of the blade than the 0.009 cloth because this arrange-
ment gives @ smoother cast surface. Then one end of each of the groups
mﬂ‘mmﬁmgfﬂ&m'gﬂmmmmt@ﬂﬁmawa&@fzwimafwm@hm
saturated group was placed in the mold under some tension and the mold
closed.. After the excess mesin had drained from the blade area of the
mwmymmmmwmmmmm'mmm,
e Tlade was allowed o cure im the mold &t room temperature for several

A halse hub was turned slightly undersize to allow for a surface
Ieyer of woven Tiber glass. A lange center hole was drilled through the
Tmib and slobs through tthe outer surface into the center hole were pro-
widkell for each of the eight blades. This hub was then wrapped with
wonen Tiber glass saturated with resin and turned to the finished dimen-
shons. The eight blafes were Titted into the hub with the roving from
2l other pairs. The center of the hub was then filled with resin and
@ Fiber-glass Tiller. Ifter the completed rotor had been alloved to
«cure Tor = considersble length of time, the rotor blades were tipped to
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The weight of each of the blades with the protruding roving fiber
glass was 0.16 pound. The weight of the hub before any of the blades
were inserted was 0.66 pound. The total weight of the finished rotor
was 2.81 pounds.
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TABLE T

COORDINATES FOR T1 THICKNESS DISTRIBUTION

HAVING 10-PERCENT MAXIMUM THICKNESS

[?tations and ordinates in percent choré]

NACA RM I55A05

y
X
Upper surface Lower surface

0 0 0
.500 -555 -.555
.750 0T -.67T1
1.250 .839 -.8%9
2.500 3l s = kg
5.000 1.5%0 ~1.550
7.500 1.830 -1.830
10.000 2.080 -2.080
15.000 2.500 -2.500
20.000 2.880 -2.880
25.000 3,230 -3.230
30.000 3.530 =3.550
35.000 3.810 -3.810
%40.000 4.050 -4.050
45.000 4.280 =l 280
50.000 4.510 Sl 1)
55.000 4. 730 -4. 730
60.000 L.oko -k.9ko
65.000 5.000 -5.000
70.000 4.870 <l 870
75.000 4.570 -4 .5T70
80.000 k.120 -4.120
85.000 3.470 -%.L70
90.000 2.710 -24710
95.000 1.830 -1.830

100. 000 0 0

leading-edge radius = 0.343

Trailing-edge radius = 1.000
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Figure 1.- Effect of air specific weight flow on rotor inlet tip Mach num-
ber for various rotor-hub inlet angles with an inlet hub-tip ratio of
0.35 and no guide vanes.
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Velocity-Diagram Data
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Figure 2.- Velocity-diagram design data.
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(a) Comparison of T1 and 65-series thickness distributions.

Figure 3.- Thickness-distribution details.
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(b) Variation of leading- and trailing-edge radii with blade section
thickness for T1 thickness distribution.

Figure 3.- Concluded.
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Blade-Section Selection Data

25

- FR T2 | Birs |9 | C t |la A, | E
Streamline = Tt el P lo (o] c dég deé deé
AA 0.350 | 0.450 | 27.7 | 35.4] 1.55 | 1.500 | 8.0 | 21.0 B ST
BB 585 6h6 | 41,5 20.53) 1.1% | 1.065 | 6.0 14.6 | 2.6 26T
Bl .T50F 1871 48.11 16.0) 89| .900]| 5.0| 11.5 2.8| 36.6
DD 883 | g0l 52.5|12.9] .TT| 809|431 9.9}3.0 ho.4
EE 1000 F1.000 ] 55.531 11.3% 70| 750 k0] 6.9} 3.2 W64
(A1l angles are based on equiva-

Figure 4.- Blade-section selection data.
lent velocity diagrams.)
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Figure 5.~ Photograph of rotor.
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Figure 6.- Schematic diagram of compressor test installation.
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L-87500

(a) Four bell thermocouple rake. (b) Prism-type survey probe.

Figure T.- Instrumentation.
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Figure 8.~ Comparison of measured weight flows.
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Figure 9.- Concluded.
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