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' Progfam progress i, essentially on schedule. The following sections
provide a detgiled commentary on.ﬁhe supporting thgpry_of the method, instru-
mentation, flight test procedure, and data and analyses: .The flight test
vschedulg is not yet comp;ete,,however,‘ggfficient da;axhaye béenvgengrated
to indicate quite geod-potential for the method, :Subséquent fligﬁts will
be to investigate additional drogues of higher drag and-anothergp:opellér to
provide comparative data covering a wider spéctrum_of propeller performance.

A procedure has been developed for deriving the level flight drag and
propulsive efficiency of propeller-driven aircraft. This is a method in
which the overall drag of the aircraft is expressed in terms bf'the.méasured
iﬁcremént of power required to errcbme—a corresﬁonding known inerement of :
&rag. The aireraft is flown in unééeélerated, straight and'levelﬁfiight,
and thus includes the effects of the propeller drag and siipstream{ 'Pré—
pellér'efficiency and éirpiane drag are cemputéd'on'the Basis of data

obtained during flight test and do not rely on the analytical calculations

of inadequate theory.

The propulsive efficiency of a propeiler driven aircraft is defined as

_THP TV T
np " SHP ~ SHP o o “

: 'ﬁhefefhﬁ is ‘the propulsive efficiency, T is the net thrust acting on the

iairpiane; V"i§‘its-£rue velocity, and SHP"is’the'power &eliVered to the

- propeller. -

;In,unaCCelérated, Straight and - level £light, the thrust can be

'ekﬁiesséd iﬁ~tefms-of the drag D and thée thrust inclination angle v (Fig. 1)

such that Tre'DJcos,Y; At normal fligﬁt speeds, the thrust inclination




"angle is small and the approximation is made thet cos y=1. Then T =D
' DV

end SR e np = SHE. ,(2)
When an increment of drag AD is added to the aircraft and a corres-
ponding. amount. of power ASHP is added to maintain the same airspeed and
altitude, the propulsive efficiency equation becames : : ,
(D + AV - | C
L v A OO

where AnpAis the’change in propulsion efficiency caused by the change in
- power.
The drag D can be eliminated from equation (3} by use of equatlon (2).

Making the. substitution gives

v b (SHP + ASHP) w
fp T AsHP ASHP ’
A propulsive efficiency ratio can be defined as _
. Rty Comoen o A
B -,-Iﬁy’f“JE =1+-F - (5)
. ' ' P o P '
- Equation (4) can then be writtem.as
B o - ADY
Np -~ (SHE + 4SHP) B, - SHP (6

Substituting this equation inte equation (2) gives the basic incre-

 mental drag equation. } _ _
D=~ - L : {7

: ASHP " L . : )

| (l'f SHP)E -t o |

If the propulsive eff1c1ency remains a constant then Ep =1 and a

' _spec1al case of the incremental drag equation is obtalned where '

D= AD s ASHP o ;i (8)

This equation is of great 1nterest to the researcher All the para—,_

meters on Lhe rlght siae of the equation can be easily'measured The.drag

-
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of the aircréft can then be obtained without the use of a propeller
Efficiencf chart or uncertain theotetical calculations.  And after finding
the drag, the propéller'efficiency ¢an be ﬁalculaﬁed directly from equation (2).

The pfdpellér'effigiéncy does remain nea¥ly constant for certain opérating
cénditions. A plot (Fig. 2) of propellar effitieney versus chffiCient'of
ﬁéwér with'lines of'cOnstanﬁ édvaﬁcé'ratio~was'prepéred'for a two-bYaded pro-
'_ pellef with an activity factor of ninety.

This is the saﬁe type of prqﬁellér 6n'the test aifcraft...Thg graph shows ~
that for the higher advance ratios_(J z 6}, thé'propeller efficiency is
relé:ively.insenéitivé to Sméli changeé ;n powar.. fﬁﬁs,'a cémbiﬁatidﬁ'bf
high.airspeeds_and/qr Low propeller'rpm will keep the effiei&ncy thgnge small.
The aircraf; veloeity and prbpeller speed ére maintained.eonétant'fof éach N
test point. Thus, the advance ratio J remains a comstant for both'of ;he_:
power cenditions SHP and SHP + ASHP at each tést.point. Oﬁly tﬁe aésoéiétéd.
coefficient of power CP changes. Thus, for_the test conditions dgscribed, the
approximation of ecomstant propelier efficiency is quite good.

Equation:(7) ¢can be used to compute aircraft drag if the assumﬁpipn
of constant propeller efficiency is not admissable. Figuré (2) ean then.Bé
used to caleulate Ep,.the-propulsive efficiency ratio. _Although the
actual values of np on the ehart.are questionable, the relative change
'_shnﬁld be fairly accirate; since the data was obtained from wind tunnel
" tests on a propeller similar'to that on the aircraft,

he derivation of the incremental drag equation hag assumed that the
only change in aireraft drag is due to the drag chute. The addition of the

drag éhhte,“ﬁoﬁéﬁef; could cause a change in the profile and induced drag
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of the aircraft.

When the drag chute is actached to the tail, it generates a nose
down pitching moment about the aircraft center—of-graﬁity. To counter
this, the pilot must add anA"up" elevator movement. The elevator trim tab
will likely be changed.to correct for the adverse stick iaorce. These
two-changes will cause a slight change in thé profile drag coefficient-GD .

Due to the increased down loading on the elevator and horizomtal taigg
‘the wing will have to develop more lift to aaintain Equilibfium céuditiqns;

This change in coefficient of lift C. will change the induced drag and

L

it must be incorporate& in the Incremental drag equatlon.” The change in
induced drag AD for a parabollc drag pclar is

_ﬁ @+ ay? - 12 2L(AL) + (a0)? = 2L AL - (—9)-
i WAReq S TAReq s nARequ

The 1ift increment AL can be expressed as

AL = q _SAC; = q S a Aa = q Sa Ay ' (10)

_The'lift L can be eqﬁated to the weight and drag by use of Figure (1).
=W - T siny W - D tany _ o (1L

Substituting equations (10) and (11) into (9) and letting tanY ' glves
2 aoAy (W - Dy) .
: A91;5~ T wARe . . U (;2)

The ineremental drag'AD now consists bf the drag chute ﬂDD and the

_ ehange-in induced drag ADi. Substituting these expressions for AD in

" equation (7) and neglecting the product of y and Ay yields
2aoAyW + 7mARe AD )

D
ASHP

)E - 1]

hARe{(i +

am

The incremental drag equation has now becoiie muich motre complex. The
values of a, and e are unknown. - They would havé to be computed by theoret-
" ieal or empirical means and would introduce errors in an equation which has

alreédy potential sources of ertror introduced by several simplifying assump=



tions.

The drag chute must be ettached}in_sgeh.a way rhat the chaeges in
induced and profile drag are very emall; The.ehute used in the experi;
.mental program is atteehed to the tailasosthar.it is closely eligned with
the c.g. of the aircraft, and the drag of the chute is kept small (less
‘than 10%Z of the total drag) to minimize pitching moments and the associated

changes in CDi and CD" This infers that the changes in profile and induced
' 0

- drag can be neglected and equations (7) and (8) can be evaluated for the
'aircraft'drag. - |
" The test alrcraft was a Navy Moeel.T=34B (Fig. 3), manufactured by
Beech Alrcraft Corporetien. The T-34B is an all?metal, low‘wing, two-place
tahdem.rrainer. It has a conetentéspeed-propeller,.retrectable'lahdiﬁg
gear, and is powered by a Centinenral Model 0;470-4, a six-eyiinder, hori-
.zintelly eppoeed,.airécooled eﬁgine; 'The aircraft was3ehesen becduse its
size, performance, and flight'eharacteristics are typicei of moderﬁ single
IEngine.generel aviation aircrafe. - |
The aircraft's standard propeller’had been previously removed and

:-replaeed with a Hartzell Model FC8468 R. This is 4 two-bladed full
feathering propeller w1rh.an_act1v1ty factqr of ninety. It had been
installed for use in glidinnglight.reste.and'wes-left oe.rhe.eircreft :
for the 1ncrementa1 drag progect.

| The propealler terque was one of the most 1mportant parameters measured
For this, an alrcraft propeller torquemeter model 1308 manufactured by'Lebow .
Associates, Inc., was mounted between the prepeller and tbe aircraft englne
{Fig. 4)1 The terquemeter eoneisﬁs basically of two parts, a fixed_outex

case and a rotating inuner shaft. The shaft is mounted between the engine
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and the propeller and becomes an extension of the engine propeller shaft.

The outer case of the‘torquemeter is held fixed by retaining straps to
prevent it from turhing. As torqﬁe is applied to the pfopeller through the
torquemeter, strain gauges mounted on the torquemeter shaft measure the
deformation of the shaft due to the transmitted power. This deformation
produces a voltage change in fhe strain gauges proportional to the propeller
torque. The voltage is then transmitted via siip rings to the outer case and
then to a transducer indicator.

Tﬁe ﬁorqneme;er output in this case was measured by a digital transducer
;ndicator.modg; 7510, manufactured by Leboﬁ-AsSociates;_Iné; The instrument

was powered by a 115 VAC, 60 Hz voltage and was calibrated to display the

ousput in.fooé-pounds. Thus, the engine torque was recorded directly by the

observer in the rear seat.
A tachometer is normally used to measure the prbpeiler pm. HOWEvet,

to improve the accuracy of measurement, a counter was used to measure the

- propeller speed directly. 'A'magnetic pickup was mounted on the ﬁirdraft

magneto. As the magneto made one revolution, a pulse signal was generated

and sent to a Hewlitt~Packard'made1 5301 caunter. The instrnment nounted

the pulses over a ten second time‘base and displayed the tesult in digital
form. Since the magnetos méde three révolutibné for every two prépeller
rEVOlutions, the counter disyiayed a value equal to one~fourth the propeller
Tpm to the observer. By directly counting the propeller rpﬁ, as opposed to
using an analog output, an accu:acy of 44 Tpm was achleved

The drag chute was the 51mplest, yet one of the:most important piaces
of equipment on the test aircraft since it generated the incremental drag for

the flight ;est. The drag chute (Fig 5) configuration was similar to that



of a wind sock. Itslleading edge was made of 3/16 inch aluminum rod bent to
form,either an eight or ten inch diameter circle. Light cottonmaterial was then
séwﬁ dvervthe hoop to form a windsock appfoximately 14 inches long. The
trailing end of the chute was reefed with a drawstring to f&rm a 4 inch
dismeter circle at the tail to control the drag of the chute and make it
stable in all flight configurations. The chute was atta@hgd to the aircraft
with a thirty-nine foot long 3/32 inch ny1on;éord. Tﬁe'nylon cord was used
because of its light welght, durability and strength. |

: anéithe'drag chute was &é@ioyed,.the valﬁe of the incremental.drag it
erea;ed héd te be accurately measured. :To.dp this, a Gould, Inc. load cell
Modei;UL.éfSO was usea. To dccurately méaéﬁré the dfag, thé loéd cell had
to be sgcurel§ attached to the aircraft yet free to align i1tself with the
ﬁull of the drag chute. The attéchment de#iee.also.had to have a capability
to allow jettisoning of the drag chute prior to landing, . To accomplish this,
the load cell was configured as shown in Figure 6. The :egﬁlar tail comne
was removed frem Ehe aireraft and a .004 inch bracket made of 4130 steel
was riveted across the opening in the tail. This would ultimately secure
the load cell assembly to the aircraft. A holder was then made fo‘x_- the 1d'a_d
cell which consisted of a 2024 aluminum tube 3 1/4 inches long with an inside
- diameter of 1 1/8 inch. The load cell -fitted inside one end and was held
in place with four retaining bolts. The other end of the tube was closed
and had. a universal joint attached to it. The universal joint was bolted
to the bracket across the tail, ﬁhus‘inSuring tﬁe load cell was éttachéd to
'.ﬁhe3aité¥éft; But é1igned'with-ﬁhé’drag'chﬁfe@- Téfreleaée the drag chute a"
7.1/2 inch long;'B/ié inch diameter steel rod was constructed with a tow

‘release hook on one end, Thenhdok.réiease.was controlled by a cable ruﬁning_



to the pilets' compartment. The other end of the rod was threaded and
scirewed into the load cell. To prevent the load cell assembly from striking
the side of the aircraft during chute release, a cushioning ring was fitted
around the assembly. This consisted of foam rubber 3 1/2 inches in diameter
and 1 inch thiek. The rubber fitted around the load cell assembly and was.
held in place by a 3 1/2 inch_diameter ring made of .0040 thick 4130 steel.
Thersteel ring was then supported and bolted to the tail séction of the
airé:aft.* This entire éssembly allowed the load cell to align with the drag
chute, but prevented it from making lérge and abrupt movements that might
'damége_the load cell. The load cell flexure strain gaugeé were powered by a
five volt BC power supﬁly.

Since the ﬁutput voltage of the load cell was very low (approximately
5 mV. at full écale) the output'ﬁas amplified by a factor of 40 and then
displayed on two Date; digital panel meters., One meter was in the back
seat for uselby the observer. Since the drag chute was directly behind the
aircraft in flight, it was very difficult to observe_during the flight test.
The-meﬁer énabled fhe observer.to teil if the drag chﬁte was attached and
to see if 1t was sfable during the flight. The other nmeter was mounted on
a ﬁhotdpénel whiéh pfovided a time'history of the chute during the flight
test and gave a permanent record for the data reduction procedure.
o Thé parameters measured by the air data system were the indicated air-
_speed, indicated pressure aiti;ude, outside air temperature, and relative
angle of attack. These were used to deéerminé trﬁe airspeed, pressurée
_éltitudei_air-density, and ¢hange in- angle of attack.
The boom and flying hedad (Fig. 7) was used to measure the static pres-

' sure, total pressure, and th- angle of attack. By placing the sensor head
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five feet in front of the leading edge of the wing, i; was possible to
miuiuize errors in.toe static pressure field and the angle of attaok.ﬂ

‘The outside air temperature probe was mounted under the left wing of
the aircrefﬁ. (Fig._S) The seosing element of the pfobe was a Model 35J3
thermistor made by Omega Engineering, Inc. The element was enclosed in a
perforated‘radiatiou shield to minimize sensing error. The thermistor
~measures temperature by incorporating a tempereture-seusitive resister. As
tﬁe temperature changes, tﬁe output voltege of the thermisto; changes. Onuer
calibrated, the thermistor can provide very accurate temperature data.

The angle of attack ra=lative to the boom was measured in a similar
fashion. A potentiometer was installed in the boom and connected to the
flying head so that as the head moved up or down the resistance of the poten-

tiometer was changed. A five-volt input was applied and the output displayed
on a Datel digital panel meter mounted on the observer's panel.

' The photopanel (Fig. 9) mounted in the aircraft fuselage was the primary
data source where‘-chute drag, outside air temperature, airspeed, and alti-
tude were all recorded. The-chute drag and outside air temperature voltages
were put through a two-channel multiplexer and displayed on the Datel digital
meter to alternately display the chute drag and the OAT. A small light was
'mouuted in the upper 1léft hand corner‘to illuminate whenever chute drag was
displayed. This provided a discriminator for the two outputs. The total
end’static pressure tuoes from the left wing probe were connected to the
airspeed indicator and altimeter mounted on the photopanel A clock was
| mounted on the panel to display the testvtimea A binary display light system :
was .mounted on ;he_bottom_of the photopanel which consisted of four lights
counecued.so a digital decade:countervthet ﬁas controlled by the obsefvef.
At each succeeding test p01nt the counter was advanced once, thus changing

the light sequence. By utlllzlng the lights as binary numbers, up to 15 points



in sequence could be differentiated on the photopanel. At any point the
observer could reset the lights and begin & new sequence. The panel was
illuminated by six 12 watt bulbs and photographed with a 16mm movie camera
using Kodak Tril~X Reversal (ASA 160) film at a rate of 1 frame peér second.
The camera was controlled by an on-off switch located in the pilot's com-
partment.

A schematic of the electrically powered instruments and the associated
power system is shown in Figure 10. A1l AC power was provided by an advanced
design inverter powered by the 24'volt aircraft battery. The 115 VAC, 60 Hz
output was wired to a four~plug junction box. This Eecame the central source
for all AC instruments shown and the five volt DC power supply for the angle
of attack probe and the Datel digital panel meters, The photopanel camera,
lights, and OAT probe were powered by réchargeable five volt and ten volt
batteries. These wéie recharged frequently to insure propér operating volt-
age andipower output. | o

The data acquisition system output was thus displayed in two places.
The observer recorded engine torque, rpm, and angle of attack. He could
also observe the drag chute output. Figure 11 is a photo of the observer's
instrumentation. The drag chute output and air data system were recorded
on the photopanel. This insured that steady-state flight conditions had
been achieved and provided a permanent record of the flight.

All instruments except the airspeed indicator and altimeter were cali-
brated while on the aircréft and using the aircraft power system.

The altimeter and airspeed indicator were both calibrated at the MSU

Department of Aerophysics and Aerospace instrument laboratory. The alti-

‘meter Kollsman window was set to 29.92" hg. The static pressure line of the

10



altimeter was connected through a "T" fitting te a vacuum source and a
mercury barometer (Fig. 12). By vafying the vacuum on the altimeter static
line by use of a valve, the indicated altitude was changed from -60 to +16,
400 and back to 50 feet.in inerements of 500-2000 feet. The mercury baro-
meter, corrected for non-standard temperature, gave the pressure on the
altimeter at each test point. This pressure was then converted to a pres-
sure altitude. The difference between the true pressure altitude and the
indicated altitude was the instrument error. This was plotred versus indi-
cated altitude to form an altimeter calibratiom curve (Fig. 13).

A similar procedure was used for the airspeed iﬁdicator. The total
pressure line of the airspeed indicator was connected through a "T" to a
high pressure source. A Betz water manometer was used te measure the
- pressure going to the airspeed indicator. The airspeed was varied from
50 knots to 150 knots and back to 50 by varying the input pressure. The
pressure inAicated at each point by the manometer was then converted to an
equivalent airspeed at sea level; The difference between the equivalent
airspeed and the indicated airspeed was the instrument ervor., This was
plotted versus indicated airspeed to form an aifspeed indieator calibration
curve (Fig. 14).

The position error for the airspeed indicator induced by local vari-
ations in pressure at the airplane static source was found by flying a
surveyed ground course in beth directions at a constant indicated airspeed
and altitude. The indicated airspeed for the course was corrected for
instrument error and converted to a true airspeed. The difference between
the true airspeed and the average ground speed for both runs was the
instrument position error. This 1s plotted Q;rsus the indicated airspeed

corrected for instrument error in Figure 15.
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. The torquemeter and transducer indicator were factory calibrated by the
manufacturer, Lebow, Inc. After the instruments were installed on the
aircraft, the propeller torquemeter was checked for small torque values by
adding weights at the propeller tip to create a torque, This procedure
allowed calibration of the system to torque up to 25 ft-1b which is only
about 8% of the range of interest. Tests of higher torque values was not
possible since there was no way to keep the engine from rotating.

The transducer indicator had a preeision resistor installed on it for
calibration purposes, By depressing the calibration span switch, the 120
KQ resister simulated a torque of 500.5 ft-lbs. The indicator could then be
zeroed and calibrated for that lead,

The drag chute luad cell was calibrated after it was installed on the
aircraft by a dead weight method. Weights we;e connected to the load cell
by a cable and hung over a low friction pulley. The weights were varied from
zero to 40 lbs. and back to zerec in 10 1b. increments. This process was
repeated to check for linearity and hysteresis of the load cell output. This
calibration is shown in Figure 16.

The angle of attack sensor was calibrated by mounting a protractor on
the test boom in such a way that the probe angular position could be measured
relative to the beam, The probe was then varied between ~8° and +18° in
increments of one degree., All angles were measured with respect to the
center line of the boom. The graph ef angle of attack versus voltage out-
put is shown in Figure 17.

In addition, the outside air temperature (OAT) probe was calibrated by
simulating the temperature with a precision potentiometer. Since the resis-

tance of the thermistor is known as a function of temperature, the OAT system
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was calibrated by varying the resiatance of:the potentiometef and cecord;
ing the output voltage. The re51stances vere tben cenverted to temperatures
and a plot of temperature versus eutput voltage was made (Fig. i8).

Since the tachometer counter ie not an analog instrumept,_but a digical
counter, no calibration was necessary for the ﬁropeller tpm,i |

The flight test procedure was designed to generate airc:aft power: .:
required performance curves_fot the clean‘airplane and fot the airplaﬁe plca-
drogue combiaation. All data was :educed to atandard sea.lewel.ccnditions.i
These are arranged so that the pewer required fo: level flight (aith and with-
out the drogue) can be used with the measured drag incxemeet caused by che-_
drogue to compute the airplane drag,

A1l test flights were conducted in early morming calm air to minimize -
~ convective turbulence. ‘The test pressure alritude was selected to be six
thousand feet, but had to be varied sdmewhat to aveid wind -shear turbulence.
It is absolutely essential to have turbulent free air in order to inSuﬁe good
flight pach control.

The flight test procedure is simple and a routine part of aireraft
' development. Hanufacturera typically geﬁefate éower~teﬁuired'curVes.fer'use .
in pilot handbpoks and performance specifications. The use of an incremental
drag device is of cour5e~diffetent and.reqaires oae.additidnal.flight test
“sequence to yield aircraft drag and propeller efficiency vaiues Following
1eve1-off at the selected pressure altltude, the aircraft was stabilized in
straight and 1eve1 flight at an indicated airspeed of approximately 60 knctsr
.and a propeller speed of 2000 rpm Thls_propeller-speed was selected'and !
. held fixed for all_tesc-ppinte in order to maximize propellef advance ratio
andeminimiae the effieiéncf changes asaeciated with chaages:in peﬁer; The.
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photopanel csmera was then turned on to record airspeed altitude, time, 0AT,
and chute drag if installed At the Same'time the engine torque, prupeller
Tpm, angle of attack, and chute drag were recorded by tne observer in the
aircraft.: After the dete.was recorded the'camere was tufned'off and the
airspeed was increased 3 - 10 knots by changing the engine manifold pressure

approximately 0.5 inches. After the aircraft.w-ae stabilized at the new

airspeed the data recording process was then repeated

The airspeeds and power settlngs were continually increased until max-

. imum power and speed were obtained. Ihe.flight test procedure qu then

reversed and the airspeed reduced in increements of 3 - 10 knots by reducins'
the manifold pressure in 0.5 inch increments._ This was continued until the

point of minimum power was reeched. The flight test was then terminated

-and the airecraft returned for landing.

The drag chute, 1f installed, was released just prior to touchdnwn.to
prevent dragging.the chidte on the runway. -After lauding the'photopanel
camera was turned on to record the landing time and the load cell zero;

The torquemeter zero and‘the”angle offattack reeding_at.fuil'seale defleef*‘

tion were also récorded by the observer to check for zero shifts, After

-the aircraft was refueled,dthe.fuel load at lending was computed and recorded

on the data sheet. The computed fuel Consunption was used. to celculete the
Weight'during the flight.'

The film used in the photopanel was then removed from the camera and
?rocessed“for use in theidete.reduction Procedan,' o

The data reductlon process is a systematic method of converting raw

flight test data into a standardized format that can be utlllzed by the

flight test engineer. The raw deta in this case consisted of the indicated alrspeed,
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indicated‘pressure.altitude, the.outside air teuperature, eﬁgisé'toeéﬁé;'i'
'propeller RPM/A the chute. drag, and aircraft fuel weight._'The airspeed,"
altltuder OAT and chute drao (in mV) were found by time averaglng the :
~ values displeyedlon the photo -panel at each testﬁpoint,-.The_torque.and.
'IRPMIA were-obtained from.the engineer‘s data_sheetr .The fuel on board
) was'estimaced at each test'poiut-by calculating the fuel consumption rate
inréallons per uinuteidurdng the flight. 'By'assuming azlinear reductiou in
B fuel and knowing the: takeoff and test point times, the fuel welght ‘at the_
test point could be calculated ‘

' The raw data, along with the passenger weight and the load cell zero,
were then read into a program on the UNIVAC 1106 computer. This-program_
'eaioulated eﬁd:printeduthe vélués'of'generaiiZedIVeioeithViW; generalized.

power PIW the equivalent airspeed V » the dynamic pressure q, and the chute

drag-AD for each-test point. The standard weight used for the generalized f'-ff

power and velocity was 3000 pounds..

A plot of PIW versus VIW for each of the three test configurations was

then,drawn (Fig 19 20, 21) to obtain a power required curve for a standard'

: welght airplane at standard sea level conditlons. Since there was some

- scatter of the test polnts, a curve of the form

PIW A(VIW) + B(VIW)
: was fltted throuoh the p01nts by using a 1east—squares routine to find the
-.value of A and B-for each graph. By u51ng this equation, the power required '
‘with and.with-ut the. drag chute could.be computed dlrectly |

A 51milar prooedure was followed for the_chute drag. A.plot of drag

versus dynamic pressure was made for the small and large chutes-(Fig,nzg),;

..
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A-line of the form
| 8D = -Aq#'ﬂ' L
.was fitted through the points by using a least-squares routine to calculate
~ the values-of’A and.B-for the small‘end-large drag chutes. The chute drag
could then be found at each velocity by calculating the dynamic pressure q.
V Ouce expressions for the power required and chute drag were found it
was possible to.calculate the:aircraft‘drag using the incremental drag equa-_:
Jtions, L e S T LT AT I :
The first equation assumes constant propeller‘efficienoy;:'However..
"the second drag equation requires calculation of Ep,_the propeller efficiency:i‘
ratio. Two different methods were used to find values of E .;_,
| The first involved using a computer program developed by the Hamilton
"fStandard Propeller Company;__The program used a modified Goldstein,theory
Ato caleulate the thrust of a,free propeller for specified flight conditions.
| ‘The program was, delfied to print out- propeller efficiency directly.: Ay o
,putting in the power and velocity with and withOut the drag ‘chute, the
propeller efficiencies could be found and the resulting E calculated

The secOnd method used a- chart (Fig. 23) developed from research

- conducted by NACA durlng World War . II- - By knowing the'advanceﬂratio Lo

J and,coefficient of  power CP’ the value of the coefficient of thrust GT

- _can be found. The propeller efflclency “p is calcu}_ated as
1ﬁBy'finding th& values of CT and’ C with and W1thout the drag chute the val— f'f":
".fues of - np -and Ep could be found. 3-f

“.Aixcraﬁt;dragﬁdeta-;s conrentionall&ﬂpreseutedJin'drag polarffofmgdehich.is ’



a plot of the coefficient of Ic'lrag_. Cy versus the 1if_t: coefficie;it .sq_u;tred*

CLZ-' ~Since most aireraft _e_thi_pit: -a paraho_li—_c_dra_g '-pol,a_l_f of 'thé- fom o '

_ CD =C 00 + KC 7
in the 1ow Mach regime, the. graph of C versus CLZ should give a- straight:
line with a slope of K and a zero intercept equal to c

DO
After the dtag polar was constructed ‘a 1inear regression of CD upon

c 2, -was used to’ find the values of C and K and to fair a line t;hrough the"‘

L

S ‘poi'nt_s. of the:gra_ph. v



The basic incremental drag expression 5
: AD x Pl :

By-P

‘D_

:1ﬁisvtne‘sinplest and most practical of the three eouationslevaluated.

' The prOpeller efficiency for this case,is assumed to be constant for
“1Vthe power range P1 to Pz and thus EP, the propulsive efficiency ratio,;i“'
?is equal to one.. ;; | y _ | ' o o L

Flight test data for the small drag chute is shown‘in Table 1 andv:v
”githe associated drag polar in Figure 24 These test paints were evelu—;

.ated between 90 and 110 knots.v This is within the normal opereting speed

) - of the aircraft and minimlzed the scatter. found in the 1ower portions of o

the PIW - VIW curve. The results in Table 1 show the drag decreasing to
g;a,minimum value at approximately 100 knots and then increasing as the

‘fspeed decreases to near stall. The propulsive efficiency n is fairly

| 7fcyhighsbut:is decreasing-withfincreasang;geiocity;_ ?he_drag.poiarishows a.

”:straight line with ¢ = .0208 and a value of K = 0876, The following
-[ganaly31s and commentary addresses the’ probable validity of these reSults.
The minimum drag velocity can be calculated if the.aircraft has a

*'Tparabolic drag polar This seems to. be very reasonable, since ‘the C vs =

ffcig curve is nearly 1inear. Thus,'the expreSS1on for.minimum drag velocity

-:fliéffﬁf

ﬁffglwhere V is the minimum drag velocity, p is thc air den51ty, W the aircraft

‘:weight, 5 the wing area, the profile drag cocfficient, end K is the

DO

2 curve and is equal to (uAhc) ., U51ng the-value.of.C'

:slope of the C. 7 ,L. 5D0 v

18
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' .and-K_obtained ftoﬁ'the drag polar and the standard air density'and‘air~

R |
‘.}.

craft weight gives

\ /3 = 3000 /20876 _ e
vn' 0033769 x 1776\ o208 ~ 170.8 fr/sec = 101 knots

Thus, the minimum drag velocity obtained from the incremental drag

-equation and the small chute flight test data agrees almost exactly with
| the predicted value. o ' |

The drag polar valuea of c nd K'can be compered with gliding '

D
: flight tests conducted at the MSU Raspet Elight Besearch Laboratory.-
_'Those results showed values of CD = 0 0235 and K = .0604. It is likely

that the value of C D0 measured in level flight will be higher than that
measured in gliding flight due to the increased drag of the propeller and
slipstream effects. However, the augmentor-type cooling system uSed on
‘the test aircraft is an additional complication. The augmentor tubes
.produce a small amount of thrust when the aircraft is in poWered flight.
.ii;} produce ne thrust in~power-off gliding flight. Ihis_added thrust
would show uﬁ as redueed_aircraft dragiin flight and thus 10wet the CDO;

| It is pOssible, though,uto estimatesthe;thrust produced by the aug; _
mentor tubes. Calculations supplied by Mr. Frank Monts, Cessna Aircraft
*:ecompsﬂy, showra.lsﬁchorsepower increase at 90.miles per hour and full
power.on a standard dey at sea level. This eouates to an additional 6.7
‘Ibs, 6f'thrsst. This -amount -of thrust would reduce the measured Cho BY
only 0018, It is likely that the-working-propeller and the additional
 drag due to ‘the slipstream would. be greater ‘than this value. :Thus the =
'”predicted CDo from the incremental drag equation,using ‘the small.chute

Since K -‘(wARe) 3 the differences in K are due to the changes in

the.wing efficiency factor e. It is possible to estimate the value of e

' for a free wing Using a value of the taper ratio l = 0.5 and the

19




aspect ratio AR = 6.06 giﬁes a value of e = 0.98. This will .be chenged,
however, by the effect of t:he Euselage end the propeller slipstream.

It is likely that the value of e = 0.87 in gliding flight is correct.
However, due to the interaction of the fuselage and wing with the pro- ‘
pelier slipstream; it.issimpossible to jodge ﬁhethef'e'hiil ihcreese |

.or decrease w1th the addition of power. _Whethet the compcted'value'of-

.

K is correct" is impossible to say . | o
f A small chute was initially selected to minimize the propeller effi— _
ciency changes so that EP could be set equal to one. However, the ;..
associated .power chenges were so low that . the drag equetion became limited
- by the resolutton_of_the instrumentat;on- Since the denominator of-the. .
,gquation,consists of‘e:smell.ditfetehce pf.ppwer_CA,? to étd HP), s-one:
percent error inm Pl and Pz'cen‘tesult in:a,lz - 17% ertor,ihkeltcfeft .
~drag.’ One solution-to this problem is te go to & larger drag chute to
increase the value of Pz.. Pi o |
- The incremental drag data. using the 1arge drag chute is shown in ;jhn'h
Table 2 and Figure 24, Ihe-veloc;ties are_agein limited,between 90
©and 110 knots. T
iThe total indicated aircraft d-re:g ob'teined {m:h the lerge chute ‘was
less than with.the.sﬁaillchute. The values of C and K however, were”
| much'closerfto"thet 6£ the'gliding flight data. It-is possible again to'h
- ;"calculate and compare the minimum drag velocities. Usingighe,ceiéuietééﬁ'f:

values of the" CDo and K glves

\/ 2 x 3000

0023769 x 177.6

13HoWever, ‘the: aircraFt £11ght test drag d1d not. exhibit a minimum’ point at

| 0528' - | C
T 59k3 " 144 7 ft/sec 85 710

85.7 knots or-atrany other velocity. Extrapoleting<the,incremental drag
‘equation to lower'Veiocities_simply resultedfinqthe-eirctaft.dteg gettihg'

smaller.



P

Extrapolation~of'curres; nowerer, is a‘dangerous‘ousiness.. Thei'
calculations were originally limited berweenléo and llO knotsito exclude"
regions of-unacceptable scatter., Examination'of the PIW - Vlw'curve':v
with the large drag chute installed (Fig. 21) shows a large amnuntrof
scatter-beiow 90 knots wnich is not unuaual fOrﬁthie-flight region;

Thia, however, makee it impossible to draw any conclusions from the

behavior of the drag data outside the range of good curve fit. It is

f;,eposaible to. compare the calculated minimum drag speed with the minimum

drag speed listed in the aireraft operating manual. The manual 118t8

L c90 khots ae best glide or minimum drag speed. This compares very favcrably o

'with the predicted value of 87 knots from the computed C. DO and K.

_ 'The. computed value of CD 0 0243 was slightly higher than that o
:derivedgfrom.the.gliding flightrdata.,'As stated previously, that result

f;wculd’ne‘expectEd._ Computing the value of the wing efficiency factor L

yields a value af e = 995. This is greater than the gliding’ flight

' valne‘of e‘:;G;SJ. Again it is impassible,to predict the: effect of the

fuseiage"and‘wing 1nteraction with-the-slipstream, It is possible, how-

d-ever, that the increaaed velocity of the slipstreamﬂnroduces a rise in

1ift at the wing-body and a corresponding rise in e. More- flight teat

'will be needed to confirm the calculated valnes of =) and K.._“' B

'. Since different values of CDo and K were found with the small and

dlarge drag chutes, an attempt was made to account for the possible change

in propeller efficiency by calculating a value of E PR -

Two different methods of calculating Ep were tried The first method3ﬁﬂ- &

.used the computer nrogram in NASA CR 2066 to calculate the propeller

efficiencies and Ep. The results for both the small and large chutes R

. :;are ShOWn in.Table 3, Table 4 and Figure 25 _ The results were: actuallv ?:r

| worse when trying to correct for Ep.‘ The computed drag polar is clearly

_t;glﬂ:‘nf
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obtain CDo and K.

Since therfirst method failed, a second attempt was made to cerrect
for'Ep by ;Sing the ﬁACA Gray Charts. It oas felt that these: would he_ |
more aceurate since they were based on wind tunnel'tests of real ordpellersr
The results of using the Gray Chart is shown in Tables 5 and. 6 and Fjgure
26.  These also show.. that the Gray Charto were unable.to accurately pro-
vide a proper value-of_Ep. The computed drag nolers of both the small
-and large drag chutes are charecterlaed by scatter and.nonelinearlty.:_No
satisfactory value of Ep.was found.in either-method. T N

The_main problemhin,esing-a correetlon-fOr EP is that the ihcremental_c_

drag equation is ill—cohditioned:with.respect to Ep' That is, a small

'ff-change.iﬁ“Eﬁ'creates'a large. change in drag@: ASSanhexemple,fthe aireraft -

drag at QOIEhots,calculated by using:the.small chute and-Ep = 1 was equel.
" to 262.9 lbs. However, the_‘_'ea'me-. drag (V =90 knots) using ___-_sj;a-i.;olo was
calculated to be 222.4 Ibs. A one percent change in Ep produced a lSQ&Z
'*'ln'dtag; This means that7anv'error infEé”is greatly magnified in the >
~rresulting caiculated'drag. The reoulred‘eccuracy for Ep is not possible
with the NASA computer program or the Gray Chart, _

| The propeller efficiency can be dlrectly computed by osing measuredfc
‘”ishaft horsepower and the corresponding aircraft drag values. These results
are shown in Tables 1 and 2 for the large drag chutes. |

| The computed efficlency using the small chute started at a high
‘;i:value of 897 and decreased with iucreasing velocity. The large chute
:éiresults, however, show the efflciency starting at a low value of 733 |
’;”and increased w1th veloclty Again the problem arlses as to what can
—these values be compared._ | | | .
Both th° computer prograo and the‘Cray Charts predlct a oropeller.:r

'_efficiency for an isolated propeller of 85 - .90 for the rauge of Dower

' ~;r,andgvelocitiesfused: However they also predlct that the eff1c1encv: '



_generally increases with.velocity to around 105 knots and then slowly
decreases.

The small chute efficienaies are eloser to those predicted by the
computer prooram and the wxnd tunnel tests. Howeve:, the predlceed_
values do not take into accountxthe losses in effieieney due to naeelle
;interference and‘increeeed-fuselage drag, This could easily lower the
propeller efficlencies to those values calculaeed by use of the large
: chete,. it 1s likely that the large drag chute efficiencies are closer
tp'the actunl propeller efficlencies.

~The third incremental drag equation was not evaluated due to the
ueeertainties in calculating Ep and the unknown values of a and e.

The incremental drag equation has been evaluated usi;g two different
drag chutes, The first set of calculations assumed a4 constant propeller
efficiency at each test point. The second set of caleulations used two
methdoe of calculating the relative change in propeller efficiency.
Several conclusions can be drawn from the results.

The large chute data-gave a more accurate vaiue of profile and
induced drag coefficients than the sﬁali chute. ‘The incremental drag
equation was able to:measure the aircraft drag in level flight without
assuming a value of propeller efficiency. The small chute daea.wes
not as accurate due to the lack of resolution in the small power changes
.required for the smell drag chute.

It was p0351b1e to calculate the propulsive efficiency directly by
"using the aircraft drag computed from the besic ineremental drag equa-
tion, Thls computed efflCiency was the actual operating efficiency and
included 1osses due to compressibility, interference, a1d slipstream .
effects.

_Tryiﬁg te.cofrect for.ehe sﬁall.changes in pfopelsive efficiency
was_egtremely difficelp due eo the nature of the ineremental.drag equation.
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There is no current method ¢f accurately predicting the-ﬁropulsive effici-
ency or the relative change in propulsive efficiency. It appears that
by using a constan:“épeed propeller the efficiency remained a constant
and Ep = 1.0 as long as the chute is kept small. |
Since these were the first results obtained'ffom incremental drag,
the conclusions must be regarded as tentative.
 Additional flight tests will be conducted to verify the results found
here. These will use variéus sizes of chutes to determine their effect
on the eemputed drag and efficiency. Tﬁe.resblution of the instrumentation
particularly the torquemeter, can be improved by in~-flight zeroing of
the-instrument. . A - | |
After the repeatability of the method is demonstrated, further tests
will be conductéd-fo.detérmine the senéitivity of the method to small
changés in air¢réft drag. This could include flight with flaps
partiaily extended or other drég proﬂucing items aﬁtached.to the airecraft
to check for changes in Cp,- | |
| One other propellef will alsoc be tested to check for efficiency.
This will include testing at high:tip speeds to check for compressibility
and blade interference losses. |
Tﬁe bgsic iﬁcremental drag egu#tion has the petential to provide
préfile and iﬁdﬁced drag coefficients as accurately as those obtained
from gliding flight. It can also be used to caleculate the propeller
efficiency direetly, thus providing a unique_way of measuring this
unknown and very important parameter. Knowing the‘values-of'bbth drag
.and efficiéncy can then prove the design methedoly and performance

prcdictian.methods-of:all_propelleradriven-aireraft{
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Figure 1. Aircraft Forces in Level Flight
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Torque Meter Installation

Figure 4.
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Drogue in Flight
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Figure 6. Load Cell Installation
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Figure 8. Outside Air Temperature Probe
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Ep Calculated from NASA CR2066
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Configuration:

v
(RTS)

90
95
100
105
110

Level Flight Performance

Table 1

Small Chute

P, = 4.8065 X 10 ° v3 +

1

P, = 5.4165 X 10 5 y3

4139.61
v

4164.95
Ty

AD = 0,4425 q + 3.161 = 1,500 X 10" 3 v2 + 3,161

P
(HP)

81.04
84.78
89.46
95.07

101.61

CD =

Py
(ap)

85.76
90.28
95.81
102,37
109,96

AD
(1bs)

15.31
16.70
18.16
19.70

21.31

.0208 + .0876 c%

(1bs)
262.9
257.4
255.8
256.6

259.3

.0535
0474

.0425

.0387 .-

.0356

.378
.305
+248
+204
170

.897
.886
.878
.870

.862

= 1.0
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Table 2

_Level Flighh Pe_x_'f ormance

Configuration: Large Chute Ep « 1.0

P, = 4.8065 x 1075 v3 4 413361

| - 4283.19
P, = 5.5796 x 107> v + =y

AD = .6149, + 2.299 = 2.0844 x 10-3 v2 + 2,299

v P, P, AD D Cp c.2 "
(KTS) . (HPR) (HP) (1bs) (1bs)

90 81.04 88.27 19.18  215.0  .044l  .378  .733
95 84.78  92.92 21.11  219.9  .0405 305 757
100 89.46  98.63 23.14  225.7  .0375  .248  .775
105 95.07° 105.38 25.28  233.1  .0351  .204  .791
110 101.61 113.20 27.52  241.3  .0331  .170  .802

Cp = 0.0243 + .0528 ¢ 2



Configuration:

v
(KTS)

90
95
100
105
110

By
(HP)
81.04
84.78
89.46
95.07

101.61

Table 3

Level Flight Performance

Small Chute

E
P

calculated by NASA CR2066

P, = 4,8065 X 10 5 v3 +

1

P, = 5.4165 X 1075 v3 +

2

AD = 0.4425 q + 3.161 = 1.500 X 10 % v2 +

Py
(HP)
85.76
90,28

1 95.81
102.37

105.96

AD
(1lbs)

15.31
16.70
18.16
19.70

21.31

.858
.881
.902
915

.921

4139.61
v

4164.95
v

.867
.888
904
.912

913

1.010
1.008
1.002
0.997

0.991

3.161

(1bs)
222.4
227.5
248.3
267.8

294,2

.0456
.0419
0413
0404

.0404

378

+ 305

«248

.204

170



(KTS)
90
95

100

105

110

Configuratien:

(HP)

81.04
84.78
89.46
95.07

101.61

P, = 4.8065 x 10~

1

P,

Tahle 4

REPRODUCEIIL
ORIGINAL PAGE

Level Flight Performance

Large Chute

Sy

3, 4139.61

v

= 5.5796 x 10™° vy 4 4283.19

\
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Ep calculated by NASA CR2066

3,2

AD = .6149q + 2.299 = 2.0844 x 10 °V° + 2.299

)

(HP)
88.27
92.9é
98.63

105.38

113.20

(LBS)
19,18
21.11
23.14
25.28

27.52

.858
.881
.902
.915

.921

.870
.890
903
.910

.909

1.014
1.010
1.001
0.995
0.987

(1LBS)
183.6
197.3
223.3
245.7

276.4

.0377

.0363

.0371

.0370

.0379

.378
.305
.248
. 204

.170



Table 35

Level Flight Performance

Configuration: Small Chute Ep caleulated by NACA Gray Chart

P, = 4.8065 x 107°y° + 13361

-5,3 , 4164.95

P, = 5.4165 x 10 v

AD = 0.4405q + 3.161 = 1.500 x 107°V% + 3.161

v P, 2, AD LT TS D S cL2
(KTS) (HP) §:1:] (LBS) (LBS)

90 81.04  85.76 15.31 .866 .858  .911 314.3 .0644  .378
95 84.78  90.28 16.70 .874 .880 1.007 230.9 .0425  .305
100 89.46  95.81 18.16 .870 .874 1.005 237.9  .0395  .248
105 95.07 102.37 19.70 .902 .898  .996 271.8  .0409  .204

110 101.61 109.96 21.31 .896 .877 .979  358.4  .0492 .170



Table 6

Level Flight Performance

Configuration: Large Chute EP calculated by NACA Gray Chart
P, = 4.8065 x 1070y> 4 2133.61
1 v
P, = 5.5796 x 107°v° + 2283.19
v
AD = ,6149q + 2.299 = 2.0844 x 10 V2 + 2.299
v P P AD E D C c ?
1 2 "oy e, P D L
(KTS) (HP) - (HP) (LBS) : (LBS)

90 81.04 88.27 19.18 ,.866  .855 .987  255.5 .0524 .378
95 84.78 92,92 21.11 .874 .875 1.001 217.4 ,0400 .305
100 ) 89.46 98.63 23,14 .870 .888 1.021 184.2 .,0306 .248
105 95.07 105.38 25.28 .902 .892 .989  262.6 .0396 .204

110 101.61 113..0 27.52 .896 .890 .993 259.0 .0356 ,170
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