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PRELIMINARY RRSCLTS OF AN ALTITUDE-WIND-TUNNEL INVESTIGATIOB OF 

ATG-1OCA GAS TURBINE-PROPENGINE 

II - WINDMILLING CmICS 

By E. W. Conrad and J. D. Durham 

An investigation has been conducted in the Cleveland altitude 
wind tunnel to determine the operational and performance character- 
istics of the TG-lO=OA gas turb%ne-proTeller engine. As a art of the 
investigation, w5ndmiLLing characteristics were determined for a 
range of altitudes from 5300 to 35,000 feet, true alrspeeds from 
100 to 273 mfles per hour, and PoReller-blade angles from 46 to 46O. 

The deskrabilfty of feathering the propeller of an tioperatlve 
engine was indjcated bg'the high windmiXing speeds and h-h drag 
values othemse obtained. Extrapolation of the data showed that 
excessive win&tilling sD&ds 'quid be reached for pro?ellgr-blade 
angles from So to 410 at a true airspeed of 500 miles per hour. 
At an altitude of 35,000 feet, a true airspeed of 273 miles per . 
hour, and a propeller-blade angle-of 38O, the.drag horsepower of the ' 
test installation was -585. When the propeller-blade angle was 
&creased to 60, with a true airspeed in the tunnel of 255 miles per 
hour, the drag horsepower of the installation increased to 2647. 
For all conditions, maximum engine wendmilling speed was obtained 
at DroFller-blade angles between 100 and X0. The application of 
generalizing factors to en@ne wUdmilling steed, air flow, and 
combustion-chamber pressure drop gave good results. 

INTRODUCTION 

At the request of,the Air Materiel Command, Army Air Forces, 
an investigation has been conducted in the Cleveland altitude wind 
tunnel to determine the operational and -performance characteristics 
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of the TG-l@OA gas turbine-proTeller engine. The performance character- 
istics are presented in reference.1. 

As a p3rt of the investigation, t5e windm-tllUg characteristics 
were obtained for a range of altitudes from 5000 to 35,000 feet, true 
airspeeds from 190 to 273 miles pe.r hour, and propeller-blade angles 
from 4o to 46O. The windmi'l1ing speed; the air flow, and the drag are 
presented for the range.of sdmuleted.f.light conditions investigated. 
Over-all pressure distributions through the. engine and pressure surveys 
at each of the measuring stations are ahawn for the maximum Wind- 
milling speed at eack simulated flight condit$on. A coqlete tab- 
ulation of the data is presented. No correction has been made for the 
tunnel blocking effects of the propeller. 

Components of the TG-1OOA gas turbine-pro?cllor engine include 
a 14-stage axial-flow compreeeor, nine cyl;indrical counterflow 
combustion 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- 
hydromatic propeller '(hub design.4260) 12 feet, 7 inches in diameter 
was used. Automatic and manualproge~ler controls and a blade-angle 
indicator were provided for this investigation. The blade-fom curves 
for this propeller ars shown in figure 1. 

The engins WBE mounted in a s2eciall.y designed wing nacelle 
Installed in the 20"foot-diameter 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, as shown in figure 3. 
Teqerature s&d _nressure measurements wqro pb$&r&, at ef.ght stations 
along the path of air flow through the instailation, A more complete 
descriptjon of the engine and test installation ia given in reference 1. 

Each. series of conditions was obtained by varfiLng tbe proyeller- 
blade angle and mainta&ning constant altftude and true airspeed. The 
investigation was conducted at approximately NACA standard altitude 
conditions. 

A 

The following symbols are used in the calculations: h 
cross-sectional area, square feet 
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wlndmilling drcag coefficient, 
total dra@s of installation - Stkt3ill?Jliti drag* square feet 

free-stream h~ic presmre 

Dt total drag of installation, pounds 

Q acceleration due to gravity, feet per second per second S 
H enthalp;g, Btu per pound 

J mechanical equivalent of heat, foot-pounds per Btu 
N en&m speed, r-pm - 

I? total pressure, pounds per square foot absolute 

P static pres8ure, pounds per square foot: absolute 

so free-stream dynamic pressure, pounds per square foot 
R gas constant 

8h-P shaft horsepower (excluding friction horsepower and 
gear losses) .- 

Ti indfcated temperature, OR. : 
t . statk temperature, OR '. - 

VO tunnel airspeed, feet per second 

Wa air flow, pounds p& se&&~ 
P propeI&ey-blade angle at.‘Winch, radius, degrees 

Y ratio of specific heats for,aSr. 

6 ratio of tunnel-test-section static pressure to pressure 
of NACA standard atmosphoge at sea level 

e ratio of tunnel-test-section absolute. static temperature 
to absolute tern-perature ol_ RACA standard atmqsphere ' 
at sea level 

Subscripts: 

0 tunnel.tost section free air stream 

1 wing-duct inlet 



compressor inlet 

compressor outlet' 

compressor-outlet elbow 

turbine inlet 

turbine 'outlet 

NACA RM No. E'7G25 

exhaust-cone outlet 

tail-pipe-nozzle outlet 

The following parameters are generalized to NACA standard sea- -_. _ level canditions: 

cr 

. 

N/ ,6- correct&i Mine speed, rpm 

twa 4@lb corrected -air flow, pounds'per second c 

corrected total-pressure drop across combustion chambers, 
pounds per, equare foot 

-* 

The shaft horsepower delivered to the engine under windmillirig 
conditions, excluding friction horsepower and gear'losses, is approxi- 
mated by the change in energy of the air flowing through the engine 

'J shp = w 
550 

where Wa 2 was obtained.from > 

Wa,z.(% - =2) 

the equation 

0) 
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. The static temperature is given by the equation 

t2 = Ti,z 

. I 
The constant of 0.85 in,equation (3) is the thermocouple impact 
recovery factor, which was experimentally determined. Air flows 
measured at the comprestior inlet were used in the calculations 
because they were more consistent than measurements at the wing- 

. . 'duct inlets.or the tail-pi2e survey rake. Values of enthalpy used 
in equation (1) were obtained from reference 2. 

RGSULTS ANID DISCUSSION 
1 

. 

A complete tabulation of the windmilling data ia presented in 
table I. Windmilling nerformance charactsristics 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 
blocking effects. These effects are believed to be negligible,& 
high propeller-blade angles, but data obtained at low blade angles 
may be affected. 

Windmilling perforqance characteri+tios.- - Engins windmilling 
qeeds obtained at several airspeeds and altitudes are shown in ' 
figure 4 a8 a function of propelle+blade angle. A maximum wind- 
milling speed of 13,100 rpm was obtained at an altitude of 35,000 feet, 
a true airspeed of 269 miles per hour, and a'propeller-blade angle of l# 
(fig. 4 (a)). F or all simulated flight conditions, the lnaximum wind- 
milling speeds were obtained at prepeller-blade anglee'from LO0 to lSo. 
The data in figure 4 were cross-plbtted and extrapolated to determine 
the true airspeed at which the rat$d engine speed of 13,000 r$m' 
would be obtained for any propeller-blade angle in the operating 
mnge of 4o to 46O (fig. 5). At ajtrue airspeed of 500 miles per 
hour, the rated engine speed would:be exceeded Sor all ,blade angles 
from about 50 to 41°. The desirab$lity of feathering is evident, - . 

Windmilling ah&t horsepowersj as determined from the enthalpy 
rise of the air between the compre'sor inlet and the tail-pipe-nozzle 

-B outlet, are shown in figures 6 and :7 as functions of engine wind- 
milling speed and propeller-blade angle, respectively. Gear losses, 
which vary from 20 horsepower at 4400 rpm to 100 horsepower at 



6 NACA RM No. E7G25 

13,000 rp, are not Included In the shaft horse-powere given. The 
different valuee-of windmilling shaft horsepower at a given engFne 
speed in figure 6 are the result of reduoed,engine air flow caused 
by high preesure losses across the propeller-disk at low blade angles. 

Maximum windmilling shaft horsepower6 occurred In a range of 
propeller-blade angles from loo to 16O. A value of 612 ahaft horse- 
power was obtained at an altitude of 15,000 feet, a true airspeed of 
209 miles per hour, and a propeller-blade angle of 12O (fig. 7(b)). 

Air flow through the engine is givenas a function of engine 
windmilling speed in figure 8. A plot of the same data in generalized 
form in figure 9 shows that the use of g@e+lI.zing factors gives good 
results. Air flows obtained at windmilling conditions and at operating 
conditions are very nearly the same. 

The corrected total-peesure drop across the combustion chambers 
as a function of corrected engine speed is shown in figure 10. These 
data also generalized very well. 

Tbe variation of windmilling-drag coefficient .tith propeller;blade 
angle is shown in figures 11 and 12 for various altitudes and airspeeds, 
respectively. V&axImum values occurred'at a,blade angle of about 8O. 
For blade angles lee's than 120, the windmilling-drag coefficients . 
decreased with increasing altitude (fig. 11). The effect of change 
in aIrspeed was relatively small (f2g. 12). At an altitude of 
35,000 feet, a true airspeed. of 273 miles per hour, and aapropeller- 
blade angle of 38O, the win&nfllSng-drag horsepower of the Installation 
"tvo was 585. - 
550 

Wh.en the blade angle wae decreased to 60 .wltb a true 

aIrspeed in the tunnel of only 255 mile8 per hour,'the drag horsepower, 
incresmd 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 ehown'for a propeller-blade 
angle of 12O, at whioh engine speeds near the @aXimu.tn occurred,for all 
flight conditians,..The pressure d$stribution may be somewhat'affected 
by variations in blade angle owing to duferences in the blocking 
effect of the propeller. Er.Qine windmilling speeds varied from 4100 
to 13,000 rpm. Uqifer all conditions, prosaure drop occurred acrose 
the last few &ages of the coqreesor. The number of' compressor 
stages through which the. Rreesure dropped decreased with fncroasing 
engine speed. Inqroasea .wtotal pyessure~;lndicated bet?&@ etatio.ns 6 
and 7 are attributed to miaal$nment of the airflow with respect to 
the instrumentation at the turbine outlet. 
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Detailed surveys at the measuring stationa, are shown in 
figures 14 to 19 for altitude8 from 5000 to 35,000 feet and true 
airspeeda from 102 to 269 miLes.per hour.1 Data obtaLned at 5600 feet 
are presented for a'propelLe&-blade wie df 100 and the data at other 
altitudes for a propeller-blade angle of 120.. These data represent 
engine windmilling speeds varflng f-m 4l$C to.~J,OOO r-pm. 

, Separation of the air flow on the inner side of the left-duct upper 
lip in figure 14 is indicated by the low total pressures at the to? 
of rakes I to 4. Under power-on oonditfons this separation 
occurred at the right duct inlet. Sepatition fn.both'cases was the 
result of mfsalinementofthe duct upper lip titb respect to the 
asroachIng streamlInes. This misalinement ?ves-apparently %&used by 
the rotational coqonentef velocity fmparted to the airstream in 
passing tbpmgh ths propeller disk. Sepal&ion occurred under wind- 
milling conditions for propller-blade angles between 40 and 20°. 
Large circumferential velocity gradients existed at the compressor 
outlet, with variations in imjct pressure apund the oompressor 
outlet amounting to approximately 150 pounds per square foot. 
lhaamuch aa the pressures measured at-the turbine outlet in the 
windmilling Investigation were unreliable, preesure surveys are not 
shown for that station. The averwe values, however, are included 
in table I. 

A total-pressure distribution In the vertical plane at the 
tail-piae-nozzle outlet w&a very uniform at low windmilling speeds, 
but at high speeds variations of 3 percent in the absolute values were 
found (fig. 19). At high engdne speeds, somewhat- higher total.preesures 
were measured across the lower portion of the t&l pipe. 

An inveatigatfon of tbe windmilling characteristica of the 
TC-lOOA gae turbine-propeller en@ne was conducted in the Cleveland 
altitude wind tunnel for a range of altftudes from So00 to 35,000 feet, 
true airspeeds from 1CCto 273 miles per hour, and propeller-blade 
angles from 4o to 460. The following results were obtained: 

1. A windmillIng apeed of 13,000 rpm was obtafned at an altitude 
of.35,OCO feet, a true afrspeedof .26'j' mfles per. hour, and a propeller- 
blade angle of 16O. Excessive en@;$ne speeds %oulb be obtaFned under 
windmilling conaftions for propeller-blade angles from about So to 41° 
at a true airspeed of 500 miles per hour. 

2. The very high drag values obtained under windmilling conditions 
made the feathering of the propeller of an inomrative engine desirable. 
At an altitude of 35,000 feet, a true airspeed of 273 miles per hour, 
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and a pr~peller~blade angle of 380, the drag horsepower of the teat 
installation was 565. When the propelTer-blade angle was decreased 
to SO, with a true airspeed in the.tunnel of 255 miles per hour, the 
drag horsepower of the installation fncreased to 2645. 

h 
-- 

. 

3. For all conditions, maximum engine windmi111ng speed was 
obtained at proReIt&ey-blade anglee between lOo.a$ 16O. 

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

5. The maximum windmilling ehaft horeepower obtained (not including 
gear losesa) was 612. This po'wer was absorbed at an altitude of . 
15,000 feet, a true.airspeed of 209 miles per hour, and a proy,eller- 
blade angle of 12O. 

Flight Propul&n Research Laboratory, 
National Advisory Committee for Aeronautics, 

Cleveland, Chio. 

Approved: 

, ~.G.‘~ - &LL4m# 
3. D. Durham, 

Mechanical Engineer. 

Aeronautical Engineer. 
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Mgurel. - Blade-form curves for Hamilton-Standard 4260 four-blade 
propeller. b, section chord; D, propoller diaktor; h, section 
thicbss; R, radius to tip; r,. section radius. c- 

Figure 2. - Installation of 'IX--1OCA gas turbine-propeller engine In 
altitude wind tunnel. 

Figure 3. - Installation of TGlOoA gas turbine-propeller engine 
showing wing duct Inlets. 

Fkguro 4. - Variation of engine windmilling spood with propellcr- 
blade angle and approximate true airepeed. 
(a) Altitude, 5000 feet. ,I 
(b) Altitude, 15,000 feet. 
(c) Altitude, 25,000 feet. 
(d) Altitude, 35,000 feet. 

Figure 5. - Relation between truo airspeed and propeller-blade angle 
at engine speed of 13,000 rpm. (Data croes-plotted and extropolatod 
from fig. 4). 

Pigure 6. - Variation of windmilling shaft horsepower with ongino 
epoed for various propeller-blade angles. 

Figure 7. - Variation of windmilling shaft horsepower Kith. propollor- 
blade angle. 
(a) Altitude, 5000 feet. 
(b) Altitude, 15,000 fcot. 
(c) Altitude, 25,000 feet. 
(d) Altitude, 35,000 feet. 

Figure 8. - Variatfon of engine air flow with ongino windmilling 
spQed . 

Figure 9. - Variation of oorroctod engino air flow with correotod 
engino windmilling speed. 

Figure 10. - Variation of corrected prossuro drop acroes combustion 
chambers with corrected engine tindmilling szeod. 

Figure 11.. - Variat.ion of windmilling-drag coefficient with propeller- 
blade angle for soveral altitudes. Tk%a%rspoed, 153 miles per hour. P. 



NACA RM No. E7G25 11 

Figure 12. - Variation of windmflling-drag coefficient with ~ropoller- 
blade angle for various true airspeeds. 
Altitude, 15,000 feet. 

Figure 13. - Variation of average total and static pressures through 
engine. Propeller-blade au@, 12'. 
(a) Altitude, 5000 feet. 
(b) Altitude, L5,OOCI feet. 
(c) Altitude, 25,000 feet. ._ 
(d) Altitude, 35,000 feet. 

Figure 14. - Distrfbution of total and static Dreseuro at wing-duct 
2IiLQ-t. 
(a) Altitude, '5000 feot; propoller-blade angle,.lOO. 
(b) Altitude, 15,000 feet; propoIler-blade angle, 12O. 
(c) Altitude, 25,000 feet; -m~Ilor-blade angle, 12O. 
(d) Altitude, 35,000 feot; propeller-blade angle, 12O. . 

Ffgmo 15. - Distribution of total and static ~ossures at compressor 
inlet. 
(a) Altitude, 5000 feet: propoller-blsdo angle, 100. 
(b) Altitude, 15,000 feet; propeller-blade amgle, 12O. 
(c) Altitude, 25,000 feet; propller-blade angle, 12O. 
(d) Altitude, 35,000 feet; proseller-blade angle, 12'. 

Figure 16. - Distribution of total and static pressure st compressor 
outlet. 
(a) Altitude, 5000 feet. 
(b) Altitude, 15,000 feet. 
(c) Altitude, 25,000 feet. 
(d) Altitude, 35,000 feet. 

II 
Figure 17. - Distribution of total and static pressure8 at turbine- 

nozzle inlet. 
(a) Altitude, 5000 feet. 
(b) Altitude, 15,000 feet. 
(c) Altitude, 25,000 feet. 
(d) Altitude, 35,Ooc) feet. 

Figure 18. - Distribution of total and static yossures behind 
exhaust-cone outlet. 
(a) Altitude, 5000 feet. 
(b) tititudo, 15,000 feet. - 

. (c) Altitude, 25,000 foot. 
(d) Altitude, 35,000 feet. 
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Figure 19. - Distribution of total and static pressures at tail-pip+ 
nozzle outlet. 
(a) Altitude, 5000 foot. 
(b) Altitude, 15,000 feot. 
(c) Altitude, 25,000 feet. 
(d) Altftude, 35,000 foot. 
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35 15,000 llao 464 250 40 
38 15,000 llsb 464 227 39 
57 15,ooO 1190 465 227 59 
38 15,000 1197 465 227 40 
39 15,ooO 1197 468 234 42 
40 15,000 lle0 465 231 40 
41 15,OW 1197 468 279 60 
42 15,O’X 1190 465 279 59 
4s 15,ooO 1190 466 284 62 
44 15,000 1190 467 SO3 69 
46 15,ooO lle0 467 SO7 72 
46 15,000 1190 448 279 60 
47 16.000 1197 466 290 65 
48 15,OW 1190 467 297 68 
40 15,000 1190 468 302 70 
50 15,cmo 1197 468 so2 n 
51 15,ooO --- 468 - - 
52 25.000 7.31 IS2 163 18 
5s 211,ocu 781 434 184 18 
64 25.000 788 435 172 16 
55 25.000 78l 452 187 12 
56 25.00’3 7RI 434 179 17 
57 25,oQO 788 434 179 17 
58 25,000 --- 434 - - 
59 25.000 ---- 434 - - 
60 26,ow 781 434 179 17 
61 25.040 -- 458 -- - 
62 25,OCG - 436 - - 
63 25.000 768 442 181 17 
64 25.ooO 781 435 24l, 31 

2.15 40.4 1771 
3.74 Ea.9 1767 
5.10 57.5 1765 
5.95 48.7 1767 
6.95 38.7 1772 
5.13 28.3 1776 
5.16 20.7 1779 
4.69 14.9 1780 
3.74 10.8 1781 
3.76 8.09 1781 
5.64 5.81 1209 
6.41 11.0 1408 
7.30 15.2 1808 
8.16 21.6 1803 
6.89 29.4 1798 
- 40.4 1786 
9.01 48.6 1774 
7.78 59.6 1769 
5.56 57.7 1775 
4.14 45.9 1785 
3.00 45.7 lies 
5.70 55.9 1196 
5.47 55.7 1202 
S.67 49.0 1196 
5.88 40.6 1205 
5.08 29.6 1203 
5.11 12.8 1205 
4.10 15.0 1206 
3.70 10.7 1206 
3.50 a.2 1207 
5.61 7.9 1226 
7.29 10.9 1226 
7.56 16.0 1225 
8.58 22.5 1222 
9.88 SO.0 .1217 
.0.45 40.7 izoa 
.0.42 49.5 1204 
8.86 56.2 1208 
6.87 53.5 l212 
4.14 41.9 1210 
5.16 41.1 1230 
a.ca 51.5 1216 
.2.11 52.1 1211 
.5.07 44.5 1218 
.6.07 37.8 1227 
3.31 30.1 1233 
.S.ll 21.8 I252 
A.76 16.0 1250 
-11.5 l266 
.0.59 11.4 1283 
--- - - 

489 1776 
4go 1775 
490 1772 
490 1775 
481 1776 
491 1778 
491 1760 
492 1781 
492 1781 
492 1782 
496 l810 
496 1809 
500 lea 
so1 1804 
605 MO1 
509 1794 
611 1786 
512 1760 
51s 1725 
512 1762 
472 1202 
482 1200 
475 1207 
4Bt3 1201 
468 I210 
469 1205 
465 1206 
466 1207 
466 1207 
486 1208 
469 1227 
469 1227 
462 1228 
468 1224 
467 1221 
467 1216 
466 1213 
468 1219 
470 l221 
470 1218 

z E 
472 12d4 
472 1230 
468 12s6 
468 1256 
470 1251 
471 1250 
473 1257 

tz les3 --- 
439 762 
4S9 792 
438 797 
459 791 
440 792 
441 801 
- I- 
- I- 
440 797 
443 --- 
-- 
44a 804 
442 801 

9 
561.5 
?78.5 
134.5 
86.1 
31.9 
33.4 
67.0 
SS.7 
93.1 
98.6 

i-2;: 
S8:a 
26.7 

2: 
L2S:e 
L75.2 
D4.5 
176.2 
Z79.6 
z21.4 
L22.9 
57.4 
50.6 

t42.5 

$J$-; . 
il3.5 
163.5 
k32.6 

7.57 
6.63 
4.65 
3.48 
1.79 
2.17 
3.27 
3.51 
5.53 
3.03 
3.05 
2.45 
2.21 
1.81 
3.35 
4.36 
4.61 
5.11 
5.89 
6.24 
6.22 
5.38 
4.12 
2.47 
3.10 
4.83 
7.24 

f*zY 
7:es 
7.88 
7.02 

t- 

272.3 6.36 
AD 

1.51 
1.66 

.86 
2.94 

:::; 

--- 

-- 

1.87 

3.72 41.2 789 
4.64 48.4 788 
2.11 55.1 793 
7.41 46.3 787 
7.7s 40.6 789 
6.78 31.6 798 

---- 
5.04t 441 

44S 
- 
449 
44S - 

-- 
1.24 
1.6E - 

5,263 
4,624 

802 
794 E 

, * 
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1773 1772 
1769 1763 
1764 17bS 
1766 1752 
1769 1765 
1774 1761 1776 1766 
1777 1769 1778 1773 
1779 1774 

Ef :1:; ;;s& ;$‘77 
1785 1766 
1776 - 
1768 1735 

E% 1’z 
17.97 1778 
12c-J 11sa 
1197 1193 
1202 1194 
1195 1195 
1204 1194 
1199 1192 
1202 1186 
1203 llrn 
1204 1200 
1205 1202 
1223 1214 
l223 1209 
1218 1202 
1115 1193 
12Ca 1181 
1201 1171 
1197 1167 
1206 lla3 
1214 1201 
1212 1207 

K Et 
1204 1162 
1199 1132 
1201 u.25 
1212 1162 
1252 1184 

:xz = 
12.51 1221 

791 '",E 
790 786 
793 792 
786 T76 
707 776 
796 787 -- -- -- 
794 760 -- I-- 

sol . 
$2 
JgL 
:u 5 SL 
480 
490 
490 
491 
492 
493 

tz 
494 
494 
496 
498 

El 
602 
SOS 
510 
612 

E 
478 
486 

tit 
472 
472 
469 
46Q 
470 
469 
470 
470 
470 
469 
460 
469 
469 
470 
473 
472 
474 
474 
47s 
475 
474 

fZ 
472 
473 

:;“( 
445 

fE 
461 445 

1826 1817 604 L923 le20 
1926 1894 519 1922 1912 
2066 1011 537 2053 2C35 
2ll2 2056 544 2098 2084 
2107 2043 642 2481 2063 
2042 1997 637 2029 2017 
ma3 1969 530 1983 1975 
1950 1923 526 1943 1933 
1914 1882 520 1908 1901 %Y ziz 
2133 2069 2266 2176 
2360 2201 
2545 ZU4 
2651 2505 
W6 2414 2: Zf 
1958 1824 
1264 1288 
131s 1296 
1413 1373 :fz ;t;:: 2% Et: E’13 E’8i Et; Ez ~~ El 
1696 1609 la22 1717 1889 1774 it= t6:: 
1498 1446 
1320 129a 
1369 1340 
1603 1533 

zz f53: 
2796 2690 ZE z 
2064 1935 
1863 1760 
;07; Es& 

834 a20 
880 867 
966 928 

1019 976 

i”S z”7t 

515 
537 
551 
669 
585 
w-2 
620 
616 
660 
568 
550 
503 
S16 
526 
S29 
529 
524 
610 
502 

z 
614 
62 
4d 
656 
672 

z-i 

z: 
607 
511 
549 
606 

ti;: 
626 

E 
580 
678 
560 
473 
40 
494 
628 
614 
510 

1882 lea0 
PO44 2oJs 
2117 2102 
2237 2222 
2357 2350 
2503 2475 
2607 2574 
24Q7 2475 
2338~23C2 
BOB1 2C49 
194s 1843 
1264 1264 
1316 1310 
1405 1398 
1449 1436 
1444 144C 
1412 1405 
1371 1363 
13381331 
I.310 wa7 
1283 1269 
I408 1401 
1476 1461 
1567 154Q 
1673 1665 
1792 1767 
ls54 -LB31 
1667 1231 
1713 1694 
1466 1472 
1517 1310 
1366 1369 
15EQ 1567 
2040 2011 
2565 2524 
2775 2679 
2294 2264 
2204 2169 
2023 1903 
1833 lead 
la43 1017 
1694 1673 

857 037 
870 873 
SW Q47 

loll loo3 
10251020 
loo3 992 

SC5 
515 
537 
543 
542 
535 

2: 
519 
515 
537 

zi: 
5.85 
6C4 
622 
617 
559 
567 

E 
614 
524 
527 
526 
521 
509 
601 
470 
4Q4 
514 
524 
540 
557 
674 
686 
sa6 
569 
536 

:: 
551 
610 
663 
675 

El 

E 
580 

z 
479 
494 
528 
614 
110 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

1217 leoa 1740 1760 
me5 1894 1707 175a 
2017 2006 1676 1762 
2059 2C43 1672 1765 
2042 2029 1676 1766 
1999 1968 1687 1765 
1957 1960 1699 1763 
lQ27 1914 1709 1763 
1893 1666 1719 1763 
1666 1862 1727 1762 
2007 1999 mai 1770 
2077 2062 -- 1773 
2182 2164 --- 1777 
2092 2070 - 1722 
2428 2397 --- 1790 
2519 2491 --- - 
2423 2395 -- 1787 
2256 2238 1689 1772 
2023 2013 1675 1761 
m?a 1919 1704 1759 
1257 1253 1169 1199 
1295 l29Q 1151 116Q 
I377 1372 1140 l200 
I4l2 1405 ll25 ll99 
1421 1409 1135 1204 
1324 1376 1136 1187 
1348 1345 1143 1lQS 
1317 1314 llS2 1194 
1296 1228 1160 1194 
1275 1274 1166 1192 
1381 1373 1140 1199 
1437 1428 ll25 1201 
lS24 1514 1112 1206 
1619 1602 1097 1211 
1726 1707 1086 I216 
176.7 1763 1080 1220 
1788 1761 1078 12lJ 
1661 1639 1094 1214 
1463 1440 1124 1200 
1302 1296 1154 1190 
1342 1338 1150 1197 
1542 lS25 1098 119Q 
lQS4 1926 ll3S 1232 
2453 2415 1130 1291 
2604 2559 11M) 1310 
2197 216.2 1159 1262 
2110 2078 1163 1260 
1940 1916 1123 1236 
1767 1743 - - 
1775 1732 1094 1230 
1638 162011131221 

eS0 827 765 780 
a59 a58 753 781 
930 923 749 729 
981 974 729 786 
QQ2 988 728 729 
m-7 967 740 795 

----- 
----- 

su 
630 
550 

z: 
561 
544 
539 
552 

ET 
566 
582 
603 
617 
633 
631 
618 
684 
666 
620 
630 

542 
541 

x2 
615 
510 
530 
b4c 
651 

6568: 
590 
682 
680 
552 
627 
529 
561 
609 
641 
647 
622 
617 
599 
681 
586 

z: 
496 
510 

kit 
524 - - 

1760 1760 
1760 1760 
1764 1760 
1764 1760 
1764 1760 
1764 1760 
1762 1763 
1764 1763 
1762 1763 
1762 1760 
1765 1763 
1768 1763 
1771 1763 
1771 1763 
1790 1790 
1792 l&W 

z2 zx:: 
1768 1757 
'I;"$ ;;z 

1190 1100 
1197 1197 
1192 1190 
1199 1197 
1194 ll90 
1194 1190 
1194 1194 
1196 1194 
1194 1194 
1195 1194 
1195 1194 
1167 1194 
12c6 1201 
1202 llpa 
1202 llQ0 
1204 1127 
l202 1194 
llQ7 1194 
1190 1187 
1197 1197 
1192 1187 
1204 1167 
1220 1187 
I236 1197 
l21a 1194 
l225 1197 
1216 1201 

E-z: EEl -- 
781 721 
721 781 
788 788 

2 2: 
790 768 

-- 
-- 

520 
632 
652 
660 
561 

z: 
542 
54c 
536 
556 
570 
539 
606 
622 
642 
649 

EJt 
585 
530 
630 

E 
549 
565 
530 
626 

i-z 
630 
540 

5% 

1760 1759 
1760 1757 
1763 1758 
1765 1759 
1765 1760 
1765 1761 
1765 1762 
1766 1762 
1765 1762 
1764 1763 
17701766 
1772 1766 
1774 1765 
1774 1764 
1774 1762 
-- 1759 
1771 1757 
1765 1755 
1761 1755 
1761 1757 
lLQ0 1lsR 
1199 1188 
1198 llJ5 
y; p& 

lLS5 1191 
1194 1191 
lLD4 1192 
1193 1192 
1193 1192 
1197 1196 
1188 1194 
1200 1193 
1201 1193 
1202 1191 
1201 lL2.9 
llS8 lla7 
1202 1193 
1197 1193 
llU0 lma 
llP2 1195 
llae 1185 
1200 llA4 
1212 1286 
1222 llea 
1210 1192 
rela 1201 
1210 11J6 
- 1196 
1215 120S 
1213 - 

781 760 
780 779 
789 7~6 
723 720 
724 781 
791 789 

- -m- 
-- - 

6? 
590 
ma- 
6ti 
644 
648 

EE 
680 
621 
530 
540 
ssc 
550 
660 
627 
52c 
till. 
615 
529 

xs 
570 
sm 
600 
602 
690 
660 
530 

XE 
615 

8E 

Eiz 
6113 
601 
699 
583 
490 
491 

FE 
524 

--- 754 704 601 785 781 608 784 785 5oc 
---- 491 -- 497 --- 480 
- -- -_- --- -- - -- - ---- -I - 

a30 a37 n6 789 400 790 782 480 790 790 475 
a59 asa 7S6 722 520 701 781 539 720 780 536 
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13 I 14 I 15 
,ert duct inlet 

16 1 17 1 18 
Lnht dwt inlet 

6,OSO 6,679 76.7 
7,600 a.368 140.9 
8,300 9,055 170.4 
8,400 9.173 203.2 
8.100 8,829 176.2 
7.550 - --- 
6,700 --- - 
6.200 6,651 85.6 
5.400 -- I-- 
4,500 - -- 
4.cm 4.404 37.3 
4,600 5.06Q 36.9 
7,303 8,023 105.7 
9,050 9.955 ---- 
0,400 11.450 276.5 
0.500 Il.,540 396.0 
0.400 11.440 401.5 
0,200 --- -- 
9,550 - ---- 
B.6w 0.477 334.4 
7.000----- .- 
5,750 - --- 
4.400 4.575 ---- 
1.700 1,801 -- 
3,000 3,s50---- 
3.000 - -- 
3.600 -- --I 
4,100 4.6OC 35.2 
4.400 4.940 34.6 
4,250 4,770 19.3 
4,ooo - --- 
3,650 4.100 21.2 
3,300----- 
2,poo 2.470 12.5 
3,050 5,410 -- 
4,100 4,570 18.2 
6,500 - --- 
7,m----- 
7,500 a.sso 86.1 
7,600 8,420 101.7 
7,000 7,280 145.5 
6,350 - _ 
5.1m -- - 
5,100 3&O 16.3 
4.700 6,198 35.6 
7.500 8,288 as.9 
6,750 10,774 184.0 

LO.700 11,824 273.4 
.1,200 12.376 317.2 
11,200 12,410 342.5 
10,soo - --- 
9,700 10.767 222.5 
7,900------. 
4,200 6,342 53.7 
6,600 6.233 74.7 
a.600 9,477 140.4 

10,700 11,770 258.0 
L2.300 13,542 411.3 
13,000 14,300 489.0 
L3,lW 14,410 525.3 
12.4CQ 13.640 451.2 
L1.550 - -- 
8,425 10.452 236.7 
8.000 8,880 140.2 

Sd . 
jr” 
5; 
;:g 
%  
440 
440 
446 
443 
448 
445 
-- 
445 
-- 

. 
z :: 
s 2 g 

787 
781 
784 
705 
791 
- 
-- 
810 

2.77 6.80 33.4 
3.95 9.72 52.9 
4.40 10.93 46.b 
4.56 11.31 30.7 
4.21 10.46 32.5 
_-w --- -- -- - 

-- 
237 30 
-- - 

241 31 
306 
304 z 
304 50 

0 
$7 5": 
304 50 -- 
-- - 
296 48 
-- - 

302 50 
160 9 
152 a 
-- - 

1.; a 
141 7 
131 8 

151 ii 
--- -- 
151 - 
228 I.8 
22s Ia 
-- 
-- 
219 17 
234 19 
227 l0 
-- - 

227 ii 
332 39 
335 39 
333 38 
351 38 
331 38 
334 3s 
--- - 
334 38 

4 
23 i: 
375 48 
363 46 
372 
392 E  
402 SE 
595 64 

593 SC 
402 57 

_-- ---- - 
2.69 6.61 11.2 
___- ---- 
---- 
1.93 4.75 4.26 
2.07 5.14 38.1 
3.76 9.27 49.3 
2.75 6.77 52.7 
4.82 12.11 45.2 
6.66 16.62 38.5 
6.70 16.50 34.6 w---w 
m-- -- -- 
6.56 16.13 15.6 
-w-s- 

* __-- -- -- 
- -- 3.2 
_- -- -- 
__- ---- - 
-_-- 
__-- --- _-- 

.-- 
L38 
k47 
k44 

:z 
M S  
I45 
- 
-- 
k40 
- 

is 
L23 
122 
.- 

ua 

:it 
-- 
(17 
--- 
u5 

:z 

74~25:OOO~ --I433 
810 
a03 
804 
799 

s 
a09 
- 

825 
306 
496 
- 
- 
496 
503 
497 
- 
488 

309 
10s 
305 
7QB 
792 
789 
798 -- 
-- 
313 

458 

tz 
445 
444 
446 
446 
- 
- 
440 

97 35.ooo 

823 - 
827 
505 
499 -- 
-- 
rae 
505 
498 - 
409 

z;; 
418 
420 
- 

zi 
416 
415 

;;; 
-' 
412 
42s 
423 

a29 
506 
487 -- 
ro7 
604 
498 

iii 

1.33 5.09 --- 
1.33 5.10 -- 

.70 2.98 - 
---- --- - 
1.08 4.13 --- 
__-- ---- - 

.a0 3.05 -- 
-- - 35.2 

.60 3.07 38.6 
--B-B 

. 

500 
EO4 
S W  

mu 
505 
505 

500 
504 
S W  

se 35;wo 493 415 
92 35,000 423 420 
.w 35,ooO 493 k20 
.Ol S5,~O - 420 
.ck? 35,000 - UQ 
.03 35,fmY 495 419 
.04 35.c-m 493 416 
:g gm~ 42 4;: 

.07 35:ooo - 417 

I--I---I-- 
501 
50s 
506 

497 

6’E 
420 
reo 
k20 
-- 

lzo 
435 
434 

21 
433 
434 
-- 
431 
- 
429 
440 
443 
441 
442 
444 
446 
445 -- 
442 
44a - 

504 
507 
508 

501 
502 
504 

421 
420 
420 - _- --- - 

---e 
.81 3.10 5.1: 

1.58 6.05 -- 
2.36 10.22 C-. 
3.83 15.09 - 
4.61 17.91 - 
4.90 19.03 -- 
6.10 19.76 -- 
-e-- I--- - 

610 
2% 
498 

ix Em - 
526 

aes 
327 
511 

s 
519 

:z 

- 
608 

it% 
483 
480 
493 
491 
- 
5l.z 

ses 
s2c 
801 
4s 

ii: 

z 

510 
523 
316 

560186 
618 
322 
- 
527 

spe 
525 
523 
520 

xfis 
534 
637 
-- 

El - 

510 
519 
511 
488 

E  
607 

420 
435 
434 
434 
434 
434 
434 -- 
431 

iz 
437 
443 
44s 
444 
445 
446 
445 - 

12lSS:OtXII 4931434 

-- 
517 

;;; 
519 
513 
606 

E  
513 
617 
- 

.17 35,000 - 429 

.1a 35,OcFJ 483 428 

.lS 35,000 493 434 
120 35,ooo 493 439 
121 35,mC 493 440 
.2235.wo IS3440 

:25 SS:OOO 493 442 
~26lis:hml ---I439 

E - 
442 
ua - 
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. 
z 
:: 
:: 

& 
781 
778 
781 

2 - 
- 
79S - 
m-v 
781 
774 
770 
778 
761 
781 
76.1 - 
i 
784 

36 
zr 

M  
2 
P .- . .; 
!s 
k &m :z ;,P  .I 
781 704 
787 
789 
789 - -- 
793 - - 
785 
774 
762 
787 - 
797 504 -- - eo2 -- -- -- -- 
492 - - 
Ei 
494 - 
494 - 
494 

37 z 
. . 2 : : 
j , : 
g 
778 
779 

T% -- -- 
791 -- 
- 
786 
773 z-z 
z 
781 - - 785 - - 
707 :2 - -- 
iE 
494 - 
494 --- 
494 
492 
49s -J- - 
499 

tg’: - -_ 
49t 
4oc z tti 
49: I- 
49! -_ 
494 
40t 4w 
48( 

ii 
49: 
491 -- 
604 
49’ - 

1 
: 
:a2 a 
:r" 

I; 

1:" 

550 
553 
670 
580 
678 
570 -. _ 
540 
-- 
- 
4w 
499 

z; 
612 
621 
620 
-. 
- 
690 

f 
so 1 $11 s2 

COlWI 
F 

794 
789 
709 
789 
754 - 
-- 
811 - 

- 
812 -_- 
- 
627 
505 
496 
-- 
- 
400 
504 
450 
-- 
499 

so0 
504 
50s 
- - 
I_ 
49d 
500 
503 
- 

sac 
522 
510 
494 
496 
496 
500 - 
515 -- 
526 
526 

"2 
454 

2% 
508 - 
541 
535 

.A , - 
!$ 
i:: 
‘0 
:: 
:z .- 
Iso 
:iz 
709 
712 - 
_-- 
?44 - 
-- 
761 
756 
714 
z-4 
767 
752 
756 -- 
- 
750 

:lst 

‘, 
.:.. 

. . . . 

. 
I c 
/ 
1 
I ; 

: t 

i 1 

tc&! * ICL 
765 
771 
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