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SUMMARY

An investigation was conducted in the 6- by 6-foot test section
of the Langley stability tunnel on a modified Koppers Aeromatic
wind-driven impeller-generator combination. This investigation
consisted of a few fixed pitch tests and a series of variable pitch'
tests.

The fixed pitch tests indicated that the impeller should
operate between the blade-pitch angles of 20 0 and 320 at the speci-
fied output of 11.7 kilowatts in order to remain within the specified
rotational speeds of from 5000 to 8000 rpm for airspeeds of from 130' '
to 175 miles per hour.

The requirement that the impeller maintain rotational speeds of
between 5000 and 8000 rpm as the impeller output varied from 0
to 11.7 kilowatts at airspeeds of from 130 to 175 miles per hour
was not met at any time during the variable pitch tests. The main
difficulty seemed to be the inability of the impeller blades to
change blade-pitch angle smoothly and quickly as load conditions
varied.

There was some indication that the vibration normally occuring
on an airplane might cause the impeller to operate satisfactorily.

The best performance
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of 38 grams, counterweight angle of 340 , high-pitch stop set for 390,
low-pitch stop set for 200, and with short 10.5 0 counterweight arms.

INTRODUCTION

At the request of the Bureau of Aeronautics, Navy Department,
wind-tunnel tests were conducted on a Koppers Aeromatic wind-driven
impeller-generator combination. This impeller is to be installed in
utility-type aircraft and is to be used as a power unit with Navy
type antiaArcrat"t target reels.

The Navy specifies that the impeller maintain a rotational
speed of between 5000 and 8000 rpm when its propelling airspeed
varies between 130 and 175 miles per hour and the output varies
between 0 and 11.7 kilowatts.

Tests, reported in reference 1, of an impeller equipped with
steel blades showed that the impeller failed to meet the Navy
requirements because of excessive rotational speeds under no-load
conditions. The failure of the impeller to meet the Navy specifi-
cations was attributed to the inability of the blades to change
pitch as load conditions varied. It was thought that the high
bearing loads imposed by the centrifugal force of the steel impeller
blades prevented the blades from changing pitch as the load con-
ditions changed.

To reduce centrifugal force, the steel impeller blades were
replaced by wooden blades. The tests reported herein were made
with the wooden blades driving the generator. The tests were made
to determine the characteristics of the modified impeller-generator
combination in its present form and to furnish data to assist in
the further development of the Koppers Aeromatic impeller.

A few fixed pitch tests were made to serve as a basis for
determining the blade-pitch angle range for satisfactory operation
of the impeller. All other tests were made with the impeller in
variable pitch operation.

SYMBOLS

p	 blade-pitch angle, measured in a plane normal to the blade
pivot axis and. defined as the angle between the chord of
the blade section (5 inches from the blade tip) and the
plane of rotation
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9 pivot angle, measured in a plane normal to the pivot axis
and defined as the angle between the projection of the
gravity axis of the blade and the plane of rotation

7	 blade phase angle, measured in a plane normal to the pivot
axis and defined as the angle between the chord of the
blade and the projection of . the gravity axis of the
blade on this plane, positive when the blade is behind
the plane of rotation

E	 counterweight angle,,_.measured in a vertical plane parallel
to the axis of rotation of the blades and defined as the
angle between the center line of the counterweight arm
and the projection of the axis of rotation of the blades
(when the blades are set against low-pitch stops)

flange constriction angle, defined as the acute angle
between the intersection of the pivot axis and the blade
gravity axis, equals 60

Vc	calibrated airspeed, defined as the speed related. to dif-
ferential pressure by the accepted adiabatic formula
used in the calibration of differential-pressure air-
speed indicators and equal to true airspeed for.
standard sea -level conditions

APPARATUS AND ME'T'HODS

The tests of the impeller were conducted in -the 6- by 6-foot
test section of the Langley stability tunnel. A photograph of the
impeller mounted in the tunnel is shown in figure 1. Details of the
hub and blades are shown in figures 2 to 4. The impeller has a
diameter of 26 inches and has laminated maple blades of Clark Y
airfoil section. The operation of the-impeller and the details of
construction are described in.detail.in-reference 1.

A schematic diagram of the electrical set-up is shown in
figure 5. A variable resistance was placed in series with the
generator shunt field. The strength of the field was varied by
changing the variable resistance, and hence the power output of
the generator was controlled. The power produced by the generator
was fed into a group of resistors and was dissipated as heat.
Power output was measured by means of a yirect-current ammeter
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and a direct current voltmeter. (See fig. 6.) Impeller rotational
speed was measured by an electrical (generator type) tachometer
which was coupled to the rotor shaft of the generator.

The generator was cooled by means of an airscoop and duct
which were fastened to the impeller base and which directed a stream
of air into the generator housing.

For fixed-pitch tests, the counterweights were removed and the
blade-pitch angle was set as follows: The flange was turned so
that its axis was in the plane of rotation and the two pitch-stop
screws were secured in this position. The counterweight arm was
then loosened to permit rotation of the blade within the flange.
The blade was set to the desired angle of pitch. The counterweight
arm was clamped on the flange, thus preventing further rotation of
the blade within the flange.

For variable pitch tests the impeller variables were set as
follows: A calibrated counterweight was attached to each counter-
weight arm. The blade-pitch angle was set as for fixed-pitch tests.
The range through which the flanges could turn (and thus change the
blade-pitch angle) was established by selecting the length of stop
screws which would allow the desired blade-pitch angle variation,
and securing them in place. The counterweight arm was tightened
just enough to keep the blades from rotating within the flanges.
Finally, the counterweight angle was set as follows: The blade
was rotated to the low-pitch position. The counterweight arm was
turned until the counterweight clamp center line made the desired
angle with the axis of rotation of the blade assembly. The counter-
weight arm was then clamped securely,

TESTS

The tests consisted of a. few fixed-pitch tests for various
values of blade-pitch angle at calibrated airspeeds from 100
to 200 miles per hour, and a series of variable-pitch tests in which
the phase angle, counterweight angle, counterweight, and pitch-stop
settings were varied.

Some variable-pitch tests were made with narrow shields placed
upstream of the front end of the impeller. One of the shields is
shown in figure 7.
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In both the fixed-pitch and variable-pitch tests the power
output was varied by changing the generator-field resistance while
maintaining the airspeed constant. The airspeed is believed to be
accurate to ±1 mile per hour.

All settings and data recordings were made by a representative
of the Koppers Company. The instruments used were the property of
the Koppers Company and ware not calibrated at the Laboratory. All.
angle settings were made.with a precision -inclinonnter.. The
impeller hub was statically balanced on the shaft end ways shown
in figure 8. (The impeller shown is the i.mpoller of reference 1.)

RESULTS AND DISCUSSION

Fixed-Pitch Tests

The results of the fixed-pitch tests are given in figure 9.
Figure 9(a), which shows the variation of maxiw)m. generator output
with blade-pitch angle for several airspeeds, indicates that if the
impeller is to produce the output of 11.7 kilowatts, as specified
by the Navy, the blade-pitch angle must vary from 20 0 at 130 miles
per hour to not more than 32 0 at 175 miles per hour. Figure 9(b)
shows that if the blade-pitch angles vary as indicated by figure 9(a),
the rotational speed of the impeller will meet the Navy specifications.

Variable-Pitch Tests

The results of the variable-pitch tests of the impeller with no
external shield are given in table I. Various combinations of phase
angle, counterweight angle, and counterweight were tried with the
impeller in Aeromatic operation. Three counterweight arms were
tried. They were the old type used in the tests of reference 1 (arms
referred to in this report as 8.50 arms), a new type (referred to
as 10.50 alms), and the new type with approximately 0.5 inch cut
from the end (short 10.5 0 counterweight arms). No combination was
found. which would meet the power and rotational speed requirements
specified by the Navy. The impeller blades tended to reach. one
blade-pitch angle and remain there regardless of load. Several
combinations were found where the blades would snap suddenly between
high-and low-pitch stops as the load conditions varied. These tests
seemed to indicate that there was excessive friction in the bearing
and gear systems. In a fe,r cases it was found that satisfactory
operation could be obtained by tapping the impeller support. The
vibration was evidently enough to shake the flanges and allow them
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to rotate freely. There is the possibility that in normal instal-
lations (impeller mounted on an airplane) the vibration of the
airplane itself might be sufficient to cause the impeller to
operate satisfactorily.

It was decided to try to find some alternate method. of
obtaining satisfactory operation in case the vibrations of the
airplane installation were ineffective. The only feasible method
seemed to be to reduce some of the forces on one of the blades
at a time. This would leave the forces on the impeller unbalanced
and then the blades would tend to turn. The centrifugal forces
could not be reduced to any large extent. It was possible, however,
to reduce the aerodynamic forces on one blade at a time by mounting
a narrow shield from the tunnel wall in front of the impeller so
that the shield extended almost to the impeller hub. As each blade
came behind the shield it would be out of the high velocity region
of the airstream and thus most of the aerodynamic load of the blades
would be momentarily unbalanced.

The first shield used was a piece of 22-inch angle iron. (See

fig. 7.) It was 17 inches long and was mounted on the tunnel wall
about 3 inches upstream of the front end of the impeller.. The shield
extended to about 3 inches from the impeller hub axis. The impeller
speed variation with load remained within the specified limits, but
too much power was lost because of the shield. The power loss was
reduced by cutting down the length of the shield from 17 to 12 inches,
but impeller rotational speeds were not satisfactory.

The second shield used was a 4-inch iron pipe which was 17 inches

long and was mounted in two locations, (a) 3 inches upstream of the
front end of the impeller and (b) 1 inch upstream of the front end
of the impeller. For both locations the results obtained were the
same as those obtained for the impeller with no shield. Output
power loss was small, but the blades did not change pitch angle so
as to give smooth operation. The trouble again seemed to be caused
by excessive friction.

The preload screws in the flanges were loosened in an attempt
to reduce the bearing friction. The attempt proved to be futile.

The 2c-inch angle iron proved to be the better shield in making

the impeller operate smoothly, therefore, it was decided to use a

smaller angle iron (12 -inch angle iron, 17 inches long) in an
attempt to obtain smooth operation with smc.11 power loss. Good
results were obtained with the angle iron i,l.aced about 1.8 inches
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upstream of the impeller. The best results were obtained with a
phase angle of -10 0 , the low-pitch stop set for a blade-pitch angle
of 200, the high-pitch stop set for a blade-pitch angle of 39 0, a
counterweight arm angle of 34 0, a counterweight of 38 grams, and
with short 10.50 counterweight arms. The results of tests made with
this arrangement are plotted in figure 10 as curves of generator
output against impeller speed for calibrated airspeeds of 100, 130, 150,
and 175 miles per hour. Figure 10 shows that the impeller meets the
power requirements, but operates under the specified lower limit
of 5000 rpm at calibrated. airspeeds of 130 and 150 miles per hour.

The impeller was found to be extremely sensitive to counter-
weight angle. At the settings t3iven above, the impeller blades
oscillated at airspeeds of about 30 to 50 miles per hour. A change
of 10 (from 340 to 330) caused the impeller to oscillate in the
airspeed range of from about 100 to 150 miles per hour.

CONCLUDING REMARKS

The fixed-pitch tests indicate that the output requirement
(11.7 kilowatts for a rotational speed range of from 5000 to 8000 rpm)
can be met if the impeller blade--pitch angle varies± from 200
at 130 mile s per hour to 32 0 at 175 miles per hour.

The re quirements of power output and rotational speed of the
impeller were not met at any time during the variable-pitch tests.
The main difficulty was that the impeller blades did not change
pitch smoothly as load conditions were varied. This is believed to
be caused by excessive friction in the bearing and gear systems.
There was some indication that the vibration normally occuring on
an airplane might cause the-impeller to operate satisfactorily.

The use of a shield to provide unsteady aerodynamic forces on
the impeller gavo good regulation in some cases, but the power
output or impeller rotational speeds did not remain within the
limits specified by the Navy.

The best performance was obtained with a shield made of a

piece of 1 I
^-inch angle iron, 17 inches long, and placed about 1.8 inches

upstream of the front end of the impeller and with the impeller
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variables set as follows: blade-phase angle -10 0, counterweight
of 38 grams, counterweight angle of 34 0, high-pitch stop set
for 39 , low-pitch stop set.for 20 0 , and with short 10.5 0 counter-
weight arms.

Langley Memorial Aeronautical laboratory
National Advisory Committee for Aeronautics

Langley Field, Va.

M nuel J Qu^ ,^o
Aeronautical Engineer

Approved:

Hartley A. Soule
Chief of Stability Research Division
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TAME I (a) . •- SUMMARY OF =,SULTS OF TESTS ON A KOFIT?FS

AE^ROMATIC L%TE, LLER IN VARIABLE PITCH CP Tu- ATION

Blade phase angle 15 0

10.50 counterweight arms
Constiniction angle leads

rotatl.on

' ! Stops Counter-
; Calibrated! Impeller ; Gene ^ator ---

High
--

LOU
Counter- i	 weight

airspeed
(mph )

speed Out-out pitch !pitch We_'Lg rt	 Iangle
(rpm) watts (deg) (deg)

grams 	 (deb')^t
100 4?_00 61o5 I	 41 15 024

I!
I

100 5000 6105 1	 41 15 0	 I	 24
100 6200 4950 1	 41 15 0	 24
100 (	 7200 2200 41 15 0	 24
100 f9OO 20 41 15 0	 24
130 6000 142 41 1-) 0	 24
100 2200 975 I	 41 15 I	 27.5	 24

I	 100 2500 I	 0 1	 41. 15 27.5	 24
130 2800 I	 2200 41 15 I	 2.7.5	 24
130 3200 0 41 15	 I 27.5	

I	
24

150 3300
1

;240 ,	 41 I	 15 27.5	 24
150 3700 i	 0 41 1	 15 27.5	 24
100 I	 2100	 f .185 I	 41 f	 15	 I 13.9	 I	 24
130 1	 28,00 2090	 I 41 15 13.9	 1	 24
130	 I 3200 0	 I 41 l5 13.9	 24
100 4200	 ' 6290	 , 41 15 0	 24
130	 I 2800	 ' 2200 41 15 3.9	 j	 24
130 3200 0 47. 15 3.9	 24
150 3300 3375 41 15	 1 3.9	 i	 24
150 3700 0 41 15 3.9	 24

NATIONAL ADVISORY
COMMITTEE FOR AERONAtUTICS



Calibrate
airspeed
(mph)

100
100
100
100
100
100
100

i	 100
100
100
100
100
100
100
130

130

1	 150
150
100
100
100

i	 100
130

0

0
13.5
13.5
13.5
13'5•5

13.5
13.5
27
27

27

27
27
16
16

20.5 I
20.5
20.5

20
20
20
20
20
2.0

2.0

20
20
20
20
20
20
20
20
20
20
20
20
20
20

NACA RM No. L6K19	 10

TABLE I (b) ' . - SUT%VAP,Y OF RESULTS OT TESTS ON A KOPPERS

AEROMATIC IMPELLFR IN VARIABLE PITCH OPERATION

Blade phase angle 25 0 	Constructi-on angle leads
10.50 counten-Teight arms	 {	 rotation

''	
Stops	 i Counter-

Calibrated ( Impeller i Generator i — — -Loy, ..^ Counter- ; wee ht

	

speef?	 I output	 I pitch pitch weight	 an€31e

	

(rpm)	 watts	 (d.eg) I (deg) I	 grams 1 (deg)

i

	

4lo0	 5940	 47	 15	 0	 20

	

5000 I 5940	 47	 15	 0	 20
5800 5100 1	 47 15
7200 i	 2.090 47 15
P_000 :?.0 47 15
4200 594o 47 1r
4900

I	

594o 47 I	 15
5P00 5270 47 15
7000 I	 2415 47 i	 15
700 45 47 I	 15
4200 6105 33.5 15
7POO 20 33.5( 15
2e00 1995 {	 33 . 5i 15
3400 c 33.5 1F
3600 44Ao 33.5 1
4400 0 33.5. lr
4200 6460 37.5 15
X100 5 33.5 15
4200 61o5 33.5 lr,

, eoo	 + 45 33.5 1
4200 6105 15
750e 20 33.5 1-
3600 4340 33.5 15

aNew flange bearings were irstalleft at the start of these tests.

NATIONAL A.DVISO''LY
COMITTE, FOR AERONAUTICS
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TABLE I(b).- SUMNAPY OF RESULTS OF TESTS ON A KC P-11 	 AEROMATIC

DTELLLR IN VARIABLE PITCH OPERATICY - ConcluO..ed

Blade phase angle 25 0 Construction angle leads
10.50 counterweight arms rotation

Stops ] icounter- 
Calibrated Impeller Generator Counter-	 weightHi h' Low
airspeed speed output pitch !pitch I	 height	 engle

(mph ) (rpm) watts (deg)	 (deg) I	
,rams	 (deg)

130 4500 5 33.5 15	 1	 20.5 20
100 2700 1995 33.5 15	 23 20
100 3400 0 13.5 15	 23 20
100 2700 1995 33.5 15	 21.8 20
130 3600 4340 33.5 15	 21.8 20
130 2400 0 33.5 15	 21.8 20
150 4200 646o 37.51 15	 21.8 20
150 5100 5 ?3.5 15	 21.8 20
100 2700 I	 1995 3 3. 5 15	 20.5 20
130 3500 4200 33.51 15	 3.8 25
130 43oo 0 33.5 15,	`	 3.8 25
100 4000 6105 33.5 15	 0 25
100 7600 0 33.5 15	 0 25
100 4000 6105 33.5 15	 !	 b) 25
100 7200 45 33.5 15	 i	 R) 25
100 4000 5940 33.5 15,	 (c) 25
100 7100 45 33.5 15	 '	 (c) 25
100 2700 1890 33.5 15	 0	 I 28
100 3300 0 33.5 15	 1	 0	 I 28

bValues obtained with 3.8 grams counterweight on blades 1 and 3,
no counterweight on blades 2 and 4.

cTalues obtained with 4.9 grams counterweight on blades 1 and 3,
no counterweight on blades 2 and 4.

NATIONAL ADVISORY
COMITTER. FOR AERONAUTICS
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TABLE I(c).- SUMMARY Or RESULTS OF TESTS OD? A KOPPERS

AEROMATIC IMPFLTYR IN VA L, ,BTE PITCH OPERATION

Blade phase angle 25 0 	Construction angle leads
8.50 counter-veight arms	 rotation

Calibrated ` Impeller Generator
S-

-	 ^ops îCounter- Counter--+.
airspeed speed, outoutputP

, o^
pitch ;pitch tireigrt weigh„

angle
(mph) I	 (.rpm) watts (der)	 (deg) grams (d.eg)

loo	 4000 6lo5 37.51	 15 o 44.5
100	 7900 20 33.5j	 15 0 I	 44.5
loo	 3000 2875 33.51	 15 42 44.5
loo	 ?goo 0 33.51	 15 42 44.5
130	 4000 594o 33.5 	 15 42 44.5
130	 5100 0 33.5 .	 15 42 44.5
130	 5300 11250 33.51	 15 I	 28 44.5
130	 7700 45 33.5	 15 28 44.5
130	 4600 7980 33.5	 15 35 44.5
130	 ;	 6200 20 35 44.5
130	 I	 4000 5760

33.51	 15
33.5	 15 42 41.5

130	 j	 4900 5 33.5;	 15 42 41.5
130	 4600 8580 33.5'	 15 35 41,5(
130	 ,	 63oo 20 33.5!	 l5	 i 35 41.5

TABLE I (0) . - STJ1,2IA1PY OF R!,S-TLTS OF TESTS ON A KOPPERS

AERONIATIC I:`IPEI,LER IN TTPRIABLE PITCH OPERATION

Blade phase angle 15 0 Const,,uctior: angle leads	 1
8.5 0 counterweight arms rotation

Calibrated Impeller Generator
Stops

Counter-
Counter-

we i	 tHi^hl	
_

ILovairspeed
( mph)

speed
(rpm)

output
watts

i pi tch pitchi
wei gi.t angle

o de€')	 (peg) grams (de.?)

130 ,800 13720 37 15 35 41.5
130 8700 60 37 1	 15 35 41.5
1300 	I 64800 9410	 iJ 37 ,5	 I 42 41.5

3 0 20	 I 37 y5 42 41.5

NATIONAL ADVISORY
COMMITTEE FOP AEP,ONAUTICS
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TABIF I (e) . - SM1ARY OF RESULTS OF TESTS ON A KOPPT_,'^S

AEROMATIC IMPELLER IN VARIABLE PITCH OPERATION

Blade phase an,- -,,le h o 	Construction angle leads
10.50 counterweight arms	 rotation

Stop s I Counter--
Calibrated Impeller jGenerator Counter-- we ght!--Hi gh Low
airspeed speed I output! pitch (pitch t;*eight ,enrsle
(=h) (rpm) I	 watts de (deg)

130 (	 4400 7200 37 15 0 30
130	 I 1 1400 5 37 15 J	 0 30

130	 i 4600 8170 37
,	

15 0 25
130 61oo	 f 5 37 15 0 25
1;0 5800	 1 14000 37 15 0 20
130 3100 2875 37	 1 15 l4 20
130 3600	 I ^0 37

1	
15 14 20

130 5800 137,0 37 15 3.8 20
130 4800 9000 37	 1 15 6 20
130 65oo	 I 20 37 15 6 20
130	 i 5900 13750 37 15 6 20

TABLE I(f).- SLWARY OF RESULTS OF TESTS ON A KOPPERS

AERCMATIC IMPELLER IN VARIABLE PITCH OPERATION

Blade phase a_ glo -1.0 0 Construction angle leads
10.50 counterFrelg!it arms rotation

Calibrated Impeller Generator Stops Counter-
Counter-

High	 Lowairspeed speed output weight I	 weight

(mph) I	 (rpm) watts
pitch pitch
(deg)	 (deg)

grams
angle
(deli

1,1 0 5900 1	 14250 34	 I	 15

I
6 20

130 6000 14250 34	 15 8 20
DO 3400 3370 34	 15 41 20
130 Woo	 j 5 34	 15 41 20

NATIONAL ADVISORY
C011UTTEE FCR AERONAUTICS
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TABLE I (g) . - SUMPIAI" OF INSULTS OF TESTS ON A KOPPERS

AE-TROMATIC INTFLLER IN VARIABIF PITCH OPERATION

Blade phase angle -10 0 Construction angle leads
Short 10.50 c°unterweight arms rotation

^
I	 Stops Counter-

Calibrated I Impell-e_c C eneratox• Counter- weightH' — Low
airspeed- {	 speed. (	 output pitch pitch z',-eight angle

(mph) i	 (t^rm) watts
(d-eg) (leg)

grems (deg;)

100 4000 61o5 34 l5 0 35
100 7500 20 34 15 0 35
100 4000 6105 34 15 14 35

100 7500 ?0 34 15 14 35
100 3100 2990 34 15 42 35
100 3800 0 34 15 42 35
100 4000 576o 34 15 28 35

100 62oo 5 34 15 28 35
100 3500 434o 34 15 35 S5
100 4Poo 0 34 15 35 35
130 5000 9870 34 15 35 35
130 6400 20 34 15 35 35
150 5800 12720 34 15 35 35
150 7400 80 34 f	 15 35 35
125 4600 10500 34 15 35 35
125 9200 9675 34 15 'S 35
100 3ooc 2875 34 15 42 30
1100 3800 0 34 I 15 42 30
100 3i-0o 	 f 3500 341 15 42 30
100 3930 0 34 I 15 42 30
130 4000 5940 34 15 42 30
130 5100 5	 I 34 15 42 30
150 4906 8800 ?4 15 42 30
150 5900 20 34 15 42 30
100 4000 5600 34 15 42 30
130 5400 11250 34 15 42 30
130 '800 5 34 15 42 30
130 3800 4800 34 ( 15 42 30
130 460o	 i 5 34 15 42 30

At the settings listed on this page for airspeeds of 100 miles per
hour the impeller blades changed from high to low pitch as the
load varied, however, the charge was not smooth and the impeller
rotational speed was higher than desired.

NATIONAL ADVISORY
COMMITTF,E FOR AEERONAUTICS
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TABIF I(g).- ST4MATRY OF RESULTS OF TESTS ON A KOPPERS AERCMATIC

IMPELLER IN VARIABLF PITCH OPERATION- Continued

Blade phase angle -lo o Construction angle leads
Short 10.50 counterweight arms rotation

Stops Counter-
Calibrated Impeller Generator Counter- weightHigh Low
airspee d speed output pitch

^

pitch we ight angle
(mph) (rpm) watts (deg) (deg) grams (deg)

100 3800 I	 5100 34 15 42 32
100 3300 0 34 15 42 32
130 4500 7200 34 1	 jr, 42 32
130 5 500 20 ?4 15 42 32
100 4000 594o 34 15 -^5 32
100 5500 20 34 15 35 32
100 4000 576o 34 15 38 32
100 3600 0 34 15 38 32
130 5600 12220 34 15 38 32
130 65oo 45 34 15 38 32
130 5600 12588 34 15 35 32
130 7400 0 34 15 35 32
100 4000 5940 34 15 35 32
100 4600 20 34 15 35 32
100 3400 4o5o 34 15 35 ?2
100 3500 4o5o 39 20 35 32
100 2600 0 39 20 35 32
130 5000 9660 39 20 35 32
130 3400 5 39 20 35 32
100 3700 4800 39 20 35 32
100 40oo	 ' 4200 39 20 35 32
100 4200 1615 39 20 35 32
loo 4400 45 39 20 35 32
100 3200 0 39 20 35 32

d̂ 100 3600	 I 4495 39 (	 20 35 32
120 4600 7790 39 20 (	 35 32
120 3600 5 39 20 35 32
130 5000 9450 39 20 35 32
130	 I 5600 20 39 20 35 32
130 4400 11200 39 20 38 33
130 3700 10 39 20 38 33

d  new synchronizer gear was installed.

NATIONAL ADVISORY
COMMIT'T'EE FOR AERCIJAUTICS
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TABLE I(g).- SUMMARY OF RESULTS OF TESTS ON A KOPPERS AEROMATIC

IMPELIER IN VARIABLE PITCH OPERATION -Continued

-- -	 -i

Blade phase angle -loo Construction angle leads
Short 10.50 counterweight arms rotation

Calibrated Impeller Generator
^	 Stops
l- i- Counter-

Counter-
Hi ghI	
i

owL
ow

weigh t
weighairspeed Speed output I p	 h ip weight

(mph)
-------

I
(rpm)

--^-
I	 watts

P(
deg)
—.-^-.

(deg) grams
----

(d.eg)
_—_--

15 0 , 400 ^	 16380 ^	 39 1	 20 Î 	 38 33
150 4200 4o 39 ^	 20 38 33
175 62oo 22500 39 ;	 20 38 33
175 7000 152.00 39 !	 20 38 33

175 49oo 4o 39 I	 20 38 33
175 7300 90 39 20 38 I	 33
130 4400 11200 I	 39 20 38 33
130 5000 8400 I	 39 ff	 120 38 33
130 5300 3600 39 I	 ?0 38 33
130 5100 4o 39 ;	 20 38 33

e loo 3000 4830 39 20 38 33
loo ?800 10 39 20 38 33
130 4300 10850 39 20 38 33
130 3700 10 39 20 38 33
150 5200 16770 I	 39 20 38 33
150 +loo 10 39 20 38 33
175 65oo 2544o 39 20 38 33
175 7300 16o 39 20 38 33
130 4800 8800 39 20 ^8 33
130 5200 10 39 20 38 33
100 3000 4600 J9 20 38 33
loo 3900 3600 39 20 38 33
100 3800 560 39	 f 20 38 33
100 3100 10 39	 J 20 38 33
130 4400 11200 39 20 38 33
130 5300 7830 39 20 38 33
130 5300 2880 39 20 38 33
130 3600 10 39 20 38 33
150 5200 16770 39 20 38 33

eAt this point in the testa the preload screws of the flanges were
loosened and remained loose for the remainder of the variable
pitch tests.
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TP.3LE I (g) . - SUiTMAR5' OF RESULTS OF TESTS ON A ILOPPERS A RCMATIC

IMPELLER IN VARL11=1 PITCH OPERATION - Concluded

Blade phase angle -100
Short 10.50 coi.interweight arms

Calibrated 'Impeller Generator
airspeed	 speed	 output

(mph)	 1 (rpm)	 I watts

Construction angle leads
rotation

Storos ! (Counter-
iY Low Counter- i	 wP i  fait

weight angle
k tleg) (deg) ;gams	 I ( de F,)

150 6200 I	 9900 39 20
i

38
1	 F

33
150 61oo 3230 39 20 38 33
150 62oo 90 39 20 38 33
175 6400 26400 ?9 20 38 33
175 7000 1974o 39 20 38 33
1'75 7400 12580 39 20 38 33	 I
175 7700 250

9800
39 20

20
38 33

130 5000 39 38 33

NATIONAL ADVISORY
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TABLE II(a).- SUMMARY OF RESULTS OF TESTS ON A K02PERS

AEROMATIC MPELUR IN VARIABLE PITCH OPERATION

WITH VARIOUS THIN SHIELDS

1	 Blade phase angle -100
IShort 10.5 0 counterweight armsF
1	 Shield :	 2.,,-inch angle iron,

17 inches long, and 3 inches
upstream of impeller

Construction angle leads
-rotation

Cal i brated Impeller Generator
Stops _

Highj Low I Counter-
Counter-
weight

airspeed speed output pitch I pitch I	 weight
, angle

(mph) (rpm) watts

^.----
(deg) I (d eg)

1	
grams (d eg)

150 I	 3400 4050 39 i	 20
t--- -

'	 0
—, 
32

100 4 ;00 5760 34 15

)

40
loo 7400 20 34 115 0 4o
100 4000 570'0 34 15 I	 14I 4o
100 7400 20 '	 34 15 14 4o
100 4oco 576o 34 15 28 4c
100 5200 0 34	 j 15 28 4n
100 3900 5425 34 15 30.9 4o
loo 45oo 1615 f	 34 15 30.9 4o

j	 100 4700 0 34 15 30.9 4o
130 5400 1196o

I
34 15 30.9 4o

130 5800 6825 34 15 30.9 40
130 6400 45 34 15 30.9 4o

t	 150 63oo 162oo 34 15 30.9	 I 40
150 7400 125 34 15 30.9 4o

1	 100 3900 5425 34 15 30.9 36
100 4600 0 34	 1 15 30.9 36

J	 130	 I 5400 11250 34 15 X0.9 36
130 6300 45	 1 34 15 30.9	 I 36
150 64oc 15370 34 15 30.9 36
150 7200	 I 125 3.4 15 30.9 36
100 3700	 i 4495 34 15 3F 36
loo 4000 0 34 15 35 36
130 49o0 8800 34 15 35 36
130 5500 20 34 15 35 36
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TABIE II(a.),- SUMMARY OF RESULTS OF TESTS ON A KOPPERS

AEPCMATIC INTELLER IN VARIABLE PITCH OPERATION

WITH VARIOUS THIN SHIELDS- Concluded

Blade phase angle -10y
Short 10.50 counterweight arms Construction angle leads
Shield:	 2.5 -inch angle iron, rotation

17 inches long, and 3 inches
upstream of impeller

Stops
Hit

Counter-
Calibrated. Impeller Generator Counter- weight

_
Low

airspeed speed output pitchlpitch weight angle
(mph) (rpm) watts (deg) (deg) grams (deg)

150 5800 12720 34 15 35 36
150 6300 45 34 15 35 36
100 3700 4785 (	 34 15 35 34
loo 4000 0 34 15 35 34
130 4800 9225 34 15 35 34
130 5400 5 34 15 35 34
150 5800 13230 34 15 35 34
150 6200 20 34 15 35 34
170 6600 16800 34 15 35 34
170 7200 80 34 15 35 34
180 6800 17400 34 15 35 34
180 7600 125 34 15 35 34
100 3700 4640 36.5 17.5 35 34
100 3700 0 36.5 17.5 35 34
130 4800 8385 36.5 17.5 35 34
130 4800 5 36.5 17.5 35 34
150 5500 11730 36.5 17.5 35 36
150 5700 20 36.5 17.5 35 36
170 6loo 1482o 36.5 17.5 35 36
170 6400 45 36.5 17.5 35 36

NATIONAL ADVISORY
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TABLE II(b).- SUMMARY OF RESULTS OF TESTS ON A KOPP71S

AEROMATIC IMPELLER IN VARIABLE PITCH OPERATION

WITH VARIOUS THIN SHIELDS

Blade phase angle -100
Short 10.5 0 counterweight arms Construction angle leads
Shield:	 3/4-inch iron pipe, rotation

17 inches long, and 3 inches
upstream of impeller

Calibrated. Impeller Generator
^	 Stops Counter-

Counter-
weightr High

-
mow

airspeed speed output pitch pitch
weight angle

(mph) (rpm) watts (deg) (deg)
grams

35

(deg)

34l00 3800 5100 36.5 17.5
loo 4400 0 36.5 17.5 35 34
100 3200 5250 36.5 17.5 35 34
130 45oo 1254o 36.5 17.5 35 34
130 5600 4o 36.5 17.5 35 34
150 5500 1840o 36.5 17.5 35 34
l5o 6500 120 36.5 17.5 35 34
175 5900 22880 36.5 17.5 35 34
175 7800 250 36.5 17.5 35 34
loo 3300 5280 36.5 17.5 35 34
loo 4400 40 36.5 17.5 35 34
130 4600 11880 36.5 17.5 35 34
130 5700 2550 36.5 17.5 35 34
130 6000 go 36.5 17.5 35 34
150 51CO 15580 36.5 17.5 35 34
150 6goo 160 36.5 17.5 35 34
175 6000 22050 36.5 17.5 35 34
175 7900	 J 250 366.5 17.5 35 34
130 4600 12210 36.5 17.5 35 34
130 5000 118p0 36.5 17.5 35 34
100 3000 4800 39 20 35 34
100 4000 10 39 20 35 34
130 4400 10850 39 20 35 34
130 5600 go 39 20 35 34
150 5200 1596o 39 ?0 35 34
150 65oo 120 39 20 35 34
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TAPTIF II(b).- SUMMARY OF RESULTS OF TESTS ON A KOPPERS

AEROMATIC IMPELLER IN VARIABIE PITCH OPERATION

WITH VARIOUS THIN SHIELDS - Continued

Blade phase angle -100
i	 Short 10.50 counterweight arms

Shield:	 3/4-inch iron pipe,
17 inches long, and 3 inches
upstream of impeller

i	 Construction angle leads
rotation

Calibrated, Impeller Generator
s

--	 iF ,-
Stop Low -- Counter- Counter•

weight
airspeed `	 speed output pitch _pitch

weight
I angle

(mph) (rpm) watts
(deg)	 (deg)

grams
(deg)

1 75 5800 20640 39 20 .35 34
175 7600 250 39 20 35 34
100 3000 4600 39 20 38 34
100 3700 10 39 20 38 34
130 4400 lo85o 39 20 38 34
130 4800 5980 39 20 38 34
130 49oo 4o 39 20 38 3

150 5000 14800 39 20 38 34
1j0 5700 1320 39 20 38 34
150 5800 90 39 20 38 34
175 5600 18P6o 39 20 38 34
175 6600 3o6o 39 20 38 34
175 6111oo 16o 39 20 38 34
100 3000 4600 39 20 38 32
100 2900 0 39 20 38 .32
130 4400 11520 39 20 33 32
130 3800 10 39 20 38 32
150 5300 lyl60 39 20 38 32
150 5400 90 39 20 38 32
175 6300 241=40 39 20 38 32
175 5000 40 39 20 38 32
100 3000 4600 39 20 38 33
100 3000 3230 39 20 38 33
100 3400 0 39 20 38 3J
130 4400 10850 39 20 38 33
130 49oo 8100 39 20 38 33
130 L	 3700 1.0	 , 39 ?0 38 33
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TABLE II(b).- SUMMARY OF RESULTS OF TESTS ON A KOPPFRS

AEROtL4TIC IMPELLER IN VARIABLE PITCH OPERATION

WITH VARIOUS THIN SHD:T-DS _ Concluded

Blade phase angle -100
Short ]_0.5 0 counterweight
Shield:	 3/4-inch

arms
iron pipe,

Construction angle leads
rotation

17 inches long, and 3 inches
upstream of impeller

-- -------' Sto sp ^ Counter-
Calibrated Impeller Generator

_
Flight Low Counter- weight

airspeed speed output Pitch pitch weight angle
(mph) (rpm) watts (deg) (deg) grams (deg)

150 5300 16770 39 20 38 33
l5o 5800 754o 39 20 38 33
150 4200 40 39 20 38 33

175 5900 20210 39 20 38 33
175 6700 14800 39 20 38 33
175 6600 160 39 20 38 33

---loo ^3000 L483o 39 20 38 33
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TABLE II(c).- SU14MAPY OF RESULTS OF TESTS ON A KOPPERS

AEROMI,TIC IMPELLER IN VARIABLE PITCH OP7,11PATION

WITH VARIOUS THIN SHIELDS

Blade phase angle -10
Short 10.50 counterweight Arms
Shield.:	 4-inch iron ConstructionConstruction angle leads

17 inches long, and 1 inch
rotation 

upstream of impeller

Stops Counter-
Calibrated Impeller Generator Counter- weightHigh Low
airspeed speed. output pitch pitch l	 weight angle
(mph) (rpm) watts (deg) (deg) grams (deg)

100 3000 4600 39 20 38 33
loo 3700 10 39 20 38 33
130 4400 1OP50 39 ?0 38 33
130 4800 4o 39 20 38 33
150 49oo 14000 39 20 38 33
150 5600 90 39 20 38 33
175 5600 18860 39 20 38 33
175 6600 160 39 20 38 33

f loo 2900 4600 39 20 38 33
100 3100 0 39 20 38 33
130 4200 1116o 39 20 38 33
130 3800 10 39 20 38 33
150 5000 1Po6o 39 20 38 33
150 X600 40 39 20 38 33
175 6000 22000 39 20 38 33
175 15000 40 39 20 38 33
182 6300	 I 23000 39 20 38

I
33

182 6300 90 39 20 38 33

fThe flange preload screws were loosened at this point and
remained loose for the rest of the var..able pitch tests.
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TABLE II(d).- SM MARY OF RESULTS OF TESTS ON A KOPPERS

AEROMATIC IMPELLER IN VARIABLE PITCH OPERATION

WITH VARIOUS THIN SHIELDS

Blade phase angle -loo I

Short 10.50 counterweight arms I	 Construction angle leads
Shield:	 1.5-inch angle iron, rotation

17 inches long, and 1.8 inches
upstream of impeller

Stops
(Counter-

Counter-
Calibrated Impeller Generator weight-High--- Low
airspeed speed output

pitch pitch
weight

angle
(mph) (1-pm) watts

(deg) (deg)
grams

(deg)

100 3000 4600 39 20 38 33
100 3200 1200 39 20 38 33
100 3200 0 39 20 38 33
130 42oo lop.50 39 20 38 33
130 4400 5980 39 ?0 38 33
130 4200 10 39 20 38 33
150 5100 16770 39 20 38 33
150 5200 9'e 39 20 38 33
150 49oo 4o 39 20 38 33
175 6loo 22500 39 20 38 33
175 5600 8990 39 20 38 33
175 580o 90 39 20 38 33
130 4300 108;0 39 20 38 33
13C 4600 8680 39 20 38 33
130 4200 3600 39 20 38 33
130 4300 40 39 20 38 33
150 5100 1596o 39 20 38 33
150 5100 7280 39 20 8 33
130 4300

15
39 20 38 34

1 42oo 4830 39 20 38 34
130 4100 1680 39 20 38 34
130 4loo 10 39 20 38 34
150
150

5100
5000

17220
8100

39
39

20
20

38
38

34
34

150 5000 3o6o 39 20 38 34
150 4800 4o 39 20 38 34

The impeller oscillated in the airspeed range of from 100
to 150 miles per hour for the settings listed on this page
for a counterweight angle of 330

NATIONAL ADVISORY
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TABLE II((!).- SUMMARY OF RESULTS OF TESTS ON A KOPPERS

AFROMATIC IMI'FLLER IN VARIABLE PITCH OPERATION

WITH VARIOUS THIN SHIEIDS -Concluded

Blade phase angle -100
Short 10.5 0 counterweight arms
Shield:	 1.5-inch angle iron,

17 inches long, and 1.8 inches
upstream of impeller

Construction angle leads
rotation

___Stops Counter-Calibrated
airspeed
(mph)

Impeller
speed
(rpm)

Generator
output
watts

High
pitch

Lov*
pitch

Counter-
v,^eight vre i ght

angle
(deg) (deg)

grams
(deg)

175 6000 22500 39 20 38 34
175 6000 13300 39 20 38 34
175 5800 4400 39 20 38 34
175 5800 90 39 20 38 34
193 6300 90 39 20 38 34
100 3000 4600 39 20 38 34
100 3400 3600 39 20 38 34
100 3000 4600 39 20 35 34
100 3800 3400 39 20 35 34
100 3400 goo 39 20 35 34
100 3400 0 39 20 35 34
100 3000 4600 39 20 38 34
loc 3300 2100 39 20 38 34
100 3200 250 39 20 38 34
i0 o 3200 0 39 2n 38 34
230 4200 10200 39 20 38 34
130 4200 5750 39 20 38 1	 34

30 4200 goo J9 20 38 34
IF, 42()0 5 39 20 38 34
150 500n 15170 39, 20 38 34
15n 5000 8400 39 20 38 34
150 4goo 2400 39 20 38 34
150 49on 4o 3g 20 38 34
175 5800 21120 ?9 20 38 34
175 5800 9600 39 20 38 34
175 5800 4400 39 20 38 34
175 5800 45 39 20 38	 , 34

NATIONAL ADVISORY
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Figure 1. -View of Kopper's Aeromatic impeller-generator
combination.
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Of the Koppers Aeromotic Impeller.
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