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DETERMINATION FROM FLIGHT TESTS OF‘THRUST CCEFFICIENTS

FOR 10 FULL-SCALE ATRPLANES IN THE GLIDING
CONDITION WITH ENGINE IDLING

By Donald B, Talmage
SUMMARY

Typical thrust and torque coefficients and incre-
ments, due to the propeller, in the ratio of the
dynamic pressure at the tail to the free-stream dynamic
pressure A(%E are pregsented for 10 full-scale

°/prop :
airplanes. These quantities were calculated from flight
measurements of engine speed and airspeed with the aid
of propeller charts to provide thrust data to serve sas
a basis for the simulation of gliding-flight conditions
of full=-scale airplanes on powered wind-tunnel models.
The thrust coefficient T, ranged from values of
about 0 to ~0.1 with an average value of -0.035 at a

q
1ift coefficient of 0.5, Values of A(-E esti-

1o/ prop
mated from the propeller thrust coefficlent ranged from O
to about -0.20 with the average at about -0.09 at low
1ift coefficients. The thrust and torque coefficlients
consistently became slightly more negative as the speed
decreased. Calculations indicate that an error of about
2 percent mean aerodynamic chord appears possible in
determining the neutral point from wind-tunnel tests of
a model in the gliding condltion if the propeller is
operated at zero thrust rather than at the values of
thrust coefficient indicated by the flight tests.

INTRODUCTION

An idling propeller generally has an important
effect on the longitudinal stabllity of an airplane
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because of the moments contrituted by the thrust and
the vertical forceg acting »n the propeller anc boem
5f tho c¢ffecte on downwash and dynamic pres=sure ati the
tail. For conventional sirplane arrangerents, the net
effect is usuelly destabillzing. In order to predict
correctly the stability of an airplane in the gliding
conditisn from wind-tunnel tests, the thrust coeffi-

cients at each 1ift coeflficient should be equal to the
actual thrust coefficient on the full-scale airplane.

In testirg powered models in wind tunnels, the
esent genersl procedure in simulsating the gliding
sndition (engine idling) is to operate at a thrusct
efficient equal to O or to let the propellers wind-
m111l. In the past, data on the values of thrust and
torque coefficients of full-scale alrplanes in the
£liding condition have not been availatlie. The purpose
of this report is to present typical thrust and torque
coefficients for full-scale alrplanes in order that an
attempt to reproduce them on powered mocdels can bc made.
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SYMBCLS
Cy 11t coefficient (I/4,9)
Cr thrust coefficient (T/pn2D4)
Cp nower coeffliclent (P/pn5D5)
m C.
Te thrust coefiicient [ —_ or T
| pveDE R
o C P
e torque coefficient e OT -
pv~L~ 2nge
J advance-diameter ratio (V/nD)
A EE increment in ratio of dynamic pressure at
95 /prop tail to free—s%¥eam dynamic pressure due
<
to preopeller _FQ
L lift
4, free-stream dynamlic prescsure (lpvg)
2




W

qy \dynamic pressure at tail
S wing area

T effective thrust

P engine power

9 torque

o mass density of air

n propeller speed

D propeller diameter

R propeller radius

\Y true airspeed

TEST AND RESULTS

Flight tests were made of 10 full-scale airplanes
with constant-speed propellers. The airplanes were
flown with flaps up, landing gear up, and engines
1dling; the airspeed, the engine speed, and the altitude
were recorcded from the speed at which the propeller
was governed to the stalling speed. The pertinent
details of the engine-propeller combination for each
airplane are given in table I.

The airspeed was measured with an airspeed indicator
in the cockpit connected to the service airspeed instal-
lation, except for airplane 5 and airplane 7, in which
the airspeed indicator was connected to the NACA alrspeed
installation. Calibrations for the airspeed indicators
were avallable for only five airplanes but in these cases
the errors introduced by using the uncorrected indicator
reading were found to be small. The altitude was measured
by an indicating altimeter and the engine speed by an
indicating tachometer. Only readings taken with the air-
plane in steady conditions were used in order to avoid
errors in the engine speed. The blade angles of the
propellers in the low-pitch position were measured to an
accuracy of +0.2° by means of a propeller protractor.
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Although the propellers were of the constant-specd type,
the blades were arainst tre low-pitch stop In the speed
range tested and the propellers therefore behaved like
propellers with fixed pitch.

From the measured values cof advance-diameter ratio
and blade angle, the thrust coefficient O and the
vower coefficient Cp were obtailned from propellsr
cnarts., The charbts used included only positive values
of thrust and power and crall extrapolations were neces-
sary to obtain the negative valuen that were usually

ncountered in the gllding condition. For the Hamilton
Standard propeller-blade desipn 6101A-12 used on alr-
plane 1 and airplane 2, the thrust co L*Lc*eut Cp and
the power cocfficiernt Cp were obtained from the pro-
peller chartz for bhlade cesiecn €101 in refererce 1. Tne
coefficients C anrd C for the Famlilton Standard
propeller-blade design €443A4-21, which has a Clark Y
sectisn &t the ront and an NACA 1l8-serieg airfoil sectlon
at the tip, were obtained from uapnbliched charts for a
propeller with this type of blade repared at the Lungley
propeller-regearch tunnel., All othier niopeliers had
Clark V sections throughout ad the ceosificients were
obtained from unputlished charts for a propelier wlth
this tvpe of klade. In reference 1 the propplWer was
teated with a radial engine nacelie; all other propellers

7

were tested with a srall streamline nzc (11c.

0 corr».t ne for body interierence were applied
in obtaining the coefficilents for the full-scale alrplanes;
corrections were aprlied, hvlsxer, for the differences

in the activity factor by multiplying the thrust and

torque coeftl,lenuu obtained Trom the charts by the ratio
of the activity factor of tne rraneller tested to that
used in the crart. The coeffiicients Cm and Cp were

L

transformed to the thrust coefficient T, and the torque
coefficient 3., recpectively, sand the increnent in the
ratio of the dynamic pressure &t the tall to the free-

H-"S L

stream dynamic due to the propeller A —%/ was
prop
determined by the equation:

a3}

/ L
A(EE -
\%o/prop i
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In order to get the botal qy/q, the effect of the

fuselage and wing wake, which was not measured, must

be incipdid. The variation of the quantities T., 2w,
q

and Ak@E’) with Cr, 1is given for each airplane

©/prop

in figures 1 to 10.

DISCUSSION

The thrust coefficlient T, was generally negative
at low 1lift coefficients and became more negative at
higher 1ift coefficients. For the airplanes tested,
the range of thrust coefficients was approximately O
to -0.1; the average value at & 1iit coefficient of 0.5
was about -0.035. The variation of the torgue coef-
ficient Q, was similar to the variation of the thrust
coefficient T,, in that both becane more negative at
higher 1ift coefficients.

The increment of the ratio of the dynamic pressure

at the tall to the free-stream dynamic pressure due to
/

e s (qt\

the 1dling propeller Al-— }

ranged from 0.01
N O/prop

to -0.22; the average value Tor all airplanes at a low

1ift coefficient wae about -0.09., These increments for
airplanes 2, 4, and 7 were greater than -0.12 throughout
the range of 1ift coefficient. These unusually large
increments may be shown to result in an appreciable
reduction in longitudinal stability. The effect on the
longitudinal stability of the variation of dynamic preg-
sure at the tall with 1ift coefficient 1s usually small for
the gliding conditlon with flaps retracted and may be
neglected for preliminary estimates.

Calculations were made to determine the difference
in stability that would be expected to result if a wind-
tunnel mocel were tested in the gliding condition with
the measured values of thrust cocefficient instead of
with zero thrust coefficient. The thrust coefficlents
measured on airplane 6 (fig. 6) were taken as typical
of the results obtained. The change in neutral point
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hetween the conditions of zero thrust and the measured
thrust coefficient was estirmated from the effects of the
cranges in thrust force, propeller vertical force, and
downwash and dynamic pressure at the tail.

The thrust forces affect the neutral point if the
thrust coefficlent varies with 1ift coefficient. The
effect is proportional to the dicstance between the center
of gravity erd the thrust axis. For alrplane 6, the
effect of the variation of thrust coefficient with 1ift
coefficient was negligible because the center of gravity
of the airplane vias very close tc the thrust axis; on
an airplane of which the center of gravity was 0.1 chord
length below the thrust axis, this effect would cause a
forward shift in neutral point of about 1 percent mean
aerodynamic chord (M.A.C.).

The propeller vertical force and downwash in the =«lip=-
stream were estimated from the curves given in reference =.
4 rearwsrd shift in the neutral point of 0.1 percent WM.A.C.
due to the vertical force on the propcller was found to
be caused by a chznze in thrust coefficient from 0 to the
measured value of -=0.,042. VWith the same change in thrust
coefficient, the chift in reutral point due to the down-
wash behind the propeller and the dynamic pressure at the
tail was about 1 percent M.A.C. forward. An error of
shout 2 percent M.A.C. in the determination of the neutral
point in the gliding condition therefore appears possible
if the propeller-operating conditions are not simalated
correctly.

CONCLUSIONS

Results of flight tests made to determine the thrust
coefficients of 10 airplanes in the gliding condition
with engines idling indicated the following conclusions:

1. The average thrust coefficient measured was -0.0358
at a 1ift coefficlent of 0.5.

9. The thrust and torque coefficlents became slightly
nore negative as the speed decreacsed.

5, At a 1ift coefficient of 0,5, the average increment
of the ratio of dynamic pressure at the tail to free-stream:
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dynamic pressure due to the idling propeller was aho
-0.09, which resulted in a loss in longitudinal stali

4, Calculations indicated that operating at zero
thrust instead of correctly simulating the propeller-
operating condition in wind-tunnel tests to determine
longitudinal stability in the gliding condition may
caucge a possible error in the calculated neutral point
of about 2 percent mean aerodynamic chord.

Langley Memorial Aeronautical Laboratory
Hational Advisory Committee for Aeronautics
Langley IMield, Va.
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