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SUMMARY 

An investigation lias been conducted in the Cleveland altitude 
wind tunnel to determine the operational and performance oharaoter- 
latloa of the TO-100A gao turbine-propeller engine. As a pert of the 
investigation, windailling characteriatlcs were determined for a 
range of altitudes from 5000 to 35,000 feet, true airspeeds fron 
100 to 273 miles per hour, and propeller-blade angles from 4° to 46°. 

The desirability of feathering the propeller of an inoperative 
engine was indicated by tne high windmi'..ling speeds and high drag 
values otherwise obtained. Extrapolation of the data snowed that 
excessive windailling speeds would be reached'for propeller-blade 
angles from 5° to 41° at a true airspeed of 500 miles per hour. 
At an altitude of 35,000 feet, a true airspeed of 273 alles per 
hour, and a propeller-blade angle of 36°, the drag horsepower of the 
test Installation was 585. When the propeller-blade angle was 
decreased to 6°,  with a true airspeed in the tunnel of 255 miles per 
hour, the drag horsepower of the installation increased to 2647. 
Tor all conditions, maximum engine windailling speed was obtained 
at propeller-blade angles between 10° and 16°. The application of 
generalising faotora to engine windailling speed, air flow, and 
oonbustlon-ohamber pressure drop gave good results. 

INTRODUCTION 

At the request of the Air Materiel Command, Army Air Forces, 
an investigation has been oonduoted in the Cleveland altitude wind 
tunnel to determine the operational and performance characteristics 
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of tli* TO-100A gas turbine-propeller engine, 
istios ere presented In reference 1. 
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The perfonanoe oharaoter- 

Ae a part of the investigation, the windullllng characteristics 
vere obtained for a range of altitudes from 5000 to 35,000 feet, true 
airspeeds from 100 to 273 miles per hour, and propeller-blade angles 
from 4° to 46°. The wlndnllllng speed, the air flow, and the drag are 
presented for the range of simulated flight conditions investigated. 
Over-all pressure distributions through the engine and pressure surveys 
at each of the measuring stations are shown for the maximum wind- 
Billing speed at each simulated flight condition. A oomplete tab- 
ulation of the data is presented. Ho correction has been made for the 
tunnel blooklng effecte of the propeller. 

INSTALLATION ARS TEST PROCEDURE 

Components of the TO-100A gas turblne-propoller engine include 
a 14-etage axial-flow compressor, nine cylindrical oounterflow 
oombustlon chambers, and a single-stage turbine. Power is trans- 
mitted to the propeller by two stages of planetary gears having an 
over-all reduction ratio of 11.3513 to 1. A four-blade super- 
hydromatlo propeller (hub design 4260) 12 feet, 7 Inches In diameter 
was used. Automatic and manual propeller oontrole and a blade-angle 
indicator were provided for this Investigation. The blade-form curves 
for this propeller are shown in figure 1. 

The engine was mounted in a specially designed wing nacelle 
Installed in the 20-foot-diaueter test section of the altitude wind 
tunnel (fig. 2.) Air was supplied to the engine by two ducts having 
openings in the leading edge of the wing, aa shown in figure 3. 
Temperature and pressure measurements wero obtained at eight stations 
along the path of air flow through the installation. A more complete 
description of the engine and test installation la given in reference li 

lach series of conditions was obtained by varying the propeller- 
blade angle and maintaining constant altitude and true airspeed. The 
investigation was conducted at approximately NACA standard altitude 
conditions. 

SYMBOLS 

The following symbols are used in the calculations: 

cross-sectional area, square feet 
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»/«0 

B 
B 

J 
I 

P 

P 

«0 
B 

•lip 

t 

Va 

9 

7 

8 

windmilling drag ooefflolent, 
total drag of installation - »tramline drag aquare feet 

free-stream dynamic pressure 

total drag of Installation, pounda 

aoooleration due to gravity, foot per aeoond per eeoond 

enthalpy, Btu por pound 

neotaanloal equivalent of heat, foot-pounda per Btu 

engine speed, rpm 

total pressure, pounda per square foot absolute 

atatlo pressure, pounds per square foot absolute 

free-stream dynamic pressure, pounds por square foot 

gas constant 

shaft horsepower (excluding friction horsepower and 
gear losses) 

indicated temperature, °B . 
static temperature, °B 

tunnel airspeed, feet per second 

air flow, pounds por second 

propeller-blade angle at. 72-lnoh radius, degreee 

ratio of specific heats for air 

ratio of tunnel-test-seotlon static pressure to pressure 
Of NACA standard atmosphere at sea level 

ratio of tunnel-tost-section absolute static temperature 
to absolute temperature of RACA standard atmosphere 
at sea level 

! 

Subscripts: 

0 

1 

tunnel tost section free air stream 

wing-duct inlet 

w 



z 
s 

4 

S 

6 

7 
8 

eonproaeor inlet 

eonpreaaor outlet 

oompreaeor-outlet elbow 

turbine Inlet 

turbine outlet 

exhaust-cone outlet 

tall-plpe-nostlo outlet 

I 
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IRie following parameters are generalised to NACA atandard eea- 
level oonlitions: 

H/ye corrected engine apeed, rpn 

(Wa >fi)fb     corrected air flow, pounda per aeoond 

(&P)/o    corrected total-pressure drop aoroaa combustion ehambera, 
pounda per square foot 

CALC0LATI0H8 

the abaft horaepover delivered to the engine under wlndallllng 
conditions, excluding friction horsepower and gear loaeea, ia approxi- 
aated by the obange in energy of the air flowing through the engine 

Bbp " 3S5 W»»2 (HB " Bz) 

where Va 2 *•• obtained fron the equation 

wa,8 " ^ 
(7-1) a 

(1) 

(2) 
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The static temperature Is given by the equation 

»1,2 

0.85 
^ w 

r-i 

- l + l 

The constant of 0.85 In equation (3) is the thermocouple Impact 
reoovery factor, «blob «as experimentally determined. Air flows 
measured at the compressor inlet were used la the calculations 
beoauss they were more consistent than measurements at the wing- 
duot Inlets or the tail-pipe surrey rake. Values of enthalpy used 
In equation (1) were obtained from reference 2. 

RESULTS AMP DISCUSSION 

A oomplete tabulation of the windmllllng data is presented in 
table X. Windmllllng performance charaoterlstloa are presented in 
figures 4 to 12 and pressure, surveys throughout the Installation 
are shown In figures 13 to 19. No correction has been made for tunnel 
blooklng effects. These effects are believed to be negligible at 
high propeller-blade angles, but data obtained at low blade angles 
may be affected. 

Windmllllng performance characteriseloa. - Snglne windmllllng 
speeds obtained at several airspeeds and altitudes are shown in 
figure 4 as a function of propeller-blade angle. A maximum wind- 
milling speed of 15,100 rpm was obtained at an altitude of 35,000 feet, 
a true airspeed of 269 miles per hour, and a propeller-blade angle of 16* 
(fig. 4 (d)). For all simulated flight conditions; the maximum wind- 
milling speeds were obtained at propeller-blade angles from 10° to 16°. 
The data In figure 4 were oross-plotted and extrapolated to determine 
the true airspeed at which the rated engine speed of 13,000 rpm 
would be obtained for any propeller-blade angle in the operating 
range of 4° to 46° (fig. 5). At a true airspeed of 500 miles per 
hour, the rated engine speed would b» exceeded for all blade angles 
from about 5° to 41°. The desirability of feathering is evident. 

Windmllllng abaft horsepowers, as determined from the enthalpy 
rise of the air between the compressor inlet and the tall-pipe-nozzle 
outlet, are shown in figures 6 and 7 as functions of engine wind- 
milling speed and propeller-blade angle, respectively. Clear losses, 
which vary from 20 horsepower at 4000 rpm to 100 horsepower at 

I 
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13,000 rpta, are not Included In the abaft boraepowers given. The 
different values of wlndmllllng abaft boraepover at a given engine 
apeed In figure 6 are the result of reduced engine air flow eauaed 
by high pressure losses aoroaa the propeller disk at lov blade angles. 

Maximum wlndmllllng shaft horsepowers occurred In a range of 
propeller-blade angles from 10° to 16°. A value of 612 shaft horse- 
power was obtained at an altitude of 15,000 feet, a true airspeed of 
208 miles per hour, and a propeller-blade angle of 12° (fig. 7(b)). 

Air flow through the engine is given as a function of engine 
wlndallling speed In figure 8. A plot of the same data In generalised 
form In figure 9 shows that the use of generalizing factors glveB good 
results. Air flows obtained at wlndmllllng conditions and at operating 
conditions are very nearly the same. 

The oorreoted total-pressure drop across the combustion chambers 
aa a function of corrected engine speed la shown in figure 10. These 
data alao generalised very well. 

The variation of wlndmllllng-drag coefficient with propeller-blade 
angle Is shown in figures 11 and 12 for various altitudes and airspeeds, 
respectively. Maximum values occurred at a blade angle of about 8°. 
For blade angles less than 12°, the wlndmllllng-drag coefficients 
decreased with increasing altitude (fig. 11). The effect of change 
In airspeed was relatively small (fig. 12). At an altitude of 
35,000 feet, a true airspeed of 273 miles per hour, and a propeller- 
blade angle of 38°, the windmllling-drag horsepower of the installation 

DtVp was 585. When the blade angle was decreased to 6° with a true 
550 
airspeed in the tunnel of only 255 miles per hour, the drag horsepower 
increased to 2647« 

Pressure distribution. - Average total and static pressures 
throughout the engine are"shown in figure 13 for a range of altitudes 
from 5000 to 35,000 feet. The data are shown for a propeller-blade 
angle of 12°, at which engine speeds near the maximum occurred for all 
flight conditions. The pressure distribution may be somewhat affected 
by variations in blade angle owing to differences in the blooking 
affect of the propeller. Engine wlndmllllng speeds varied from 4100 
to 13,000 rpm. Under all conditions, pressure drop ooourred aoross 
the last few stages of the compressor. The number of compressor - 
stages through which the pressure dropped decreased with increasing 
engine speed. Increases in total pressure indicated between stations 6 
and 7 are attributed to mlsallnment of the air flow with respect to 
the instrumentation at the turbine outlet. 

I 
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Detailed surveys at the neaaurlng stations are etaown In 
figures 14 to 19 for altitudes fron 5000 to 35,000 feet and true 
airspeeds fro« 103 to 869 Biles per bour. Data obtained at 5000 feet 
are presented for a propeller-blade angle of 10° and the data at other 
altitudes for a propeller-blade angle of 12°. These data represent 
engine wlndmilling speeds varying from 4100 to 13,000 rpm. 
Separation of the air flow on tlie inner Bide of the left-duct upper 
lip In figure 14 is indicated by the lov total pressures at the top 
of rakes 1 to 4. Under power-on oondltlons this separation 
ooourred at the right duot Inlet. Separation in both eases was the 
result of mlsalinementof the duct upper lip with respect to whe •" 
approaching streamlines. This mlsalinement was apparently «avsed by 
the rotational component of velocity Imparted to the alrstream In 
passing through the propeller disk. Separation occurred under wind- 
milling conditions for propeller-blade angles between 4° and 20°. 
Large olroumferential velocity gradients existed at the compressor 
outlet, with variations in impact pressure around the compressor 
outlet amounting to approximately 150 pounds per square foot. 
Inasmuch as the pressures measured at the turbine outlet in the 
wlndmilling investigation were unreliable, pressure surveys are not 
Shown for that station. The average values, however, are included 
In table I. 

A total-pressure distribution in the vertical plane at the 
tall-pipe-nozzle outlet was very uniform at low wlndmilling speeds, 
but at high speeds variations of 3 peroent In the absolute values were 
found (fig. 19). At high engine speeds, somewhat higher total pressures 
ware measured across the lower portion of the tail pipe. 

SOtMASY OF RESULTS 

An investigation of the wlndmilling characteristics of the 
TO-100A gas turbine-propeller engine was oonducted In the Cleveland 
altitude wind tunnel for a range of altitudes from 5000 to 35,000 feet, 
true airspeeds from 100 to 2?5 miles per hour, and propeller-blade 
angles from 4° to 46°. The following results were obtained: 

1. A wlndmilling speed of 13,000 rpn was obtained at an altitude 
of 35,000 feet, a true airspeed of 267 miles per bour, and a propeller- 
blade angle of 16°. Excessive engine speeds would be obtained under 
wlndmilling conditions for propeller-blade angles from about 5° to 41° 
at a true airspeed of 500 miles per hour. 

2. The very high drag values obtained under wlndmilling conditions 
made the feathering of the propeller of an inoperative engine desirable. 
At an altitude of 35,000 feet, a true airspeed of 273 alles per hour, 

I 
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and a propeller-blade angle of 58°, the drag horsepower of the test 
Installation vaa 585. When the propeller-blade angle was deoreaaed 
to 6°, with a true airspeed In the tunnel of 255 miles per hour, the 
drag horsepower of the installation increased to 2645. 

5. For all conditions, maximum engine wlndmllllng speed «as 
obtained at propeller-blade angles between 10° and 16°. 

4. Application of generalizing factors to engine wlndmllllng 
speed, air flow, and oombustion-chamber total-pressure drop gave good 
results. 

5. The maximum wlndmllllng shaft horsepower obtained (not lnoludlng 
gear losses) was 612. This power was absorbed at an altitude of 
15,000 feet, a true airspeed of 209 miles per hour, and a propeller- 
blade angle of 12°. 

Flight Propulsion Research laboratory, 
Rational Advisory Committee for Aeronautics, 

Cleveland, Ohio. 

   d,  -"*-% S. V. Conrad, 
Mechanical Engineer. 

Approved. 
Alfred V. Young, 

Mechanical Engineer. 

7 £. J\ Jv «*v* 

J. S. Durham, 
Mechanical Engineer. 

nj 

Abe Sllversteln, 
Aeronautical Engineer. 
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IlfBEC OP FIGURES 

Figure 1. - Blade-form ourres for Hamilton-Standard 4260 four-blade 
propeller, b, section chord; D, propeller diameter; h, aeotion 
thickness; B, radius to tip; r, aeotion radiua. 

Figure 2. - Installation of TG-100A gas turbine-propollor engine In 
altitude wind tunnel. 

Figure 3. - Installation of TG-100A gas turbine-propeller engine 
shoving wing duot Inlets. 

Figure 4. - Variation of engine vindmilling apood with propellor- 
blado angle and approximate true airspeed. 
(a) Altitude, 5000 feet. 
(b) Altitude, 15,000 feet, 
(o) Altitude, 25,000 feet. 
(d) Altitudo, 35,000 feet. 

Figure 5. - Eolation between truo airspeed and propeller-blade anglo 
at online spoed of 13,000 rpm. (Data cross-plotted and oxtropolatod 
from fig. 4). 

Figure 6. - Variation of vindmilling shaft horsepower with onglne 
spoed for various propollor-blado angles. 

Flguro 7. - Variation of vindmilling shaft horsepower with propeller- 
blade angle. 
(a) Altitude, 5000 feet. 
fbj Altitudo, 15,000 foot. 
(o) Altitude, 25,000 foot. 
(d) Altitude, 35,OOp feet. 

Figure 6. - Variation'of* onglne air flow with onglne wlndmilling 
apoed. 

Figure 9. - Variation of corrootod onglno air flow with corrected 
engine wlndmilling spoed. 

Figure 10. - Variation of corrected pressure drop across combustion 
chambers with corrected engine vindmilling apood. 

Figure 11. - Variation of vlndmilllng-drag ooeffiolont with propeller- 
blade angle for several altitudos. True airspood, 153 miloa per hour. 

3. 
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Distribution of total and static preseuro at wiag-duot 

"S^^SS* KRESSE« 0OOfTlcleat • *«*•"- 
Altitude, 15,000 feet. 

"S3-Ü- iSSSii'SK $al ^ Btatl° s""ur88 tbrouöh 
(a) Altitude, 5000 foot. 
(b) Altitude, 15,000 feot. 
(c) Altitude, 25,000 feot. 
(d) Altitude, 35,000 foot. 

Figure 14. 
Inlet. 
fSl ««J"?' f000 f00tj »«»Pollor-blado anglo, 10°. 
ill ««?"!•' ü'220 f00t;  I^Pol^-Madelnelo,  1*>. 
J21 «!^U?°' 2t,'00° f00t; ^»PoUor-blado anglo, 12°. 
(dj Altitude, 35,000 feot; propoller-blado anglej  12°. 

"SSt"' " DlBtrlbutlon «* t0*al «»d static jroesures at coapreeaor 

fc\ ntH"?' ?°°° foet; P^PoUer-blado anglo,  10°. 
f«    ««i"^' 2f'2°° *••*'  P«>Pollor-l,lade tnele,  12°. 
M   ^<M°' 5!'000 foets spoiler-blade an£le    12° 
(d) Altitude, 35,000 feotj projellor-blado angle, 12°. 

Figure 16 
outlet. 
U) Altitudo, 5000 feet. 
(bl Altitudo,  15,000 foot. 
(ol Altitude, 25,000 feot. 
(d) Altitudo, 35,000 feot. 

F1Ä7me?StrlbUtl0n * t0tal M4 atatlc >""«• «t turbine- 
(a) Altitude, 5000 foet. 
(bl Altitudo,  15,000 feot. 
(cl Altitudo, 25,000 feot. 
(d) Altitudo, 35,000 foot. 

'iuJSf00 *total "* "taMo *•—-*•** 
(a) Altitude, 5000 foet. 
(bl Altitudo, 15,000 feot. 
(ol Altitudo, 25,000 foot, 
(d) Altitudo, 35,000 foet. 

Distribution of total and static pressure at ooaprsaaor. 
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Figure 19. - Distribution of total and atstio pressures at tail-plpe- 
nosBle outlet. 

Altitude, 5000 foot. 
Altitude, 15,000 feet. 
Altitude, 25,000 feet. 
Altitude, 35,000 feet. 
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