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CBJECTIVE OF THIS :ZXPERIMENT

To obtain tne change in the longitudonal moment of a low winged mono-
plane caused by the addition of the propulsive unit operating at various
conditions of power.

To construct possible working charts for use in calculating this change

from power off wind tunnel tests of scale models.
DESCRIPTION OF APPARATUS

The G.A.L.C.I.T. propeller powered model was used for the tests made in
this investigation. The model was complete with fuselage, wings, tail sur-
faces, N.A.C.A. Cowl, three bladed propeller, electric motor.

The motor was a 12 H.P. electric motor rated at 12000 r.p.m. Since the
model was one-sixth full scale the full scale power was 36 x 12 = 432 H.F,

Northro p

This was approximately the full power of the low-winged monoplanepalpha, with
which the model was nearly geometrically similar. The propeller blade sec-
tions were of the same form as the Hamilton Standard lﬁl—O,i?O”Blade with
tips cut to 18%,

The torque, r.p.m. were measured according to the following descrirtion.
The schematic diagram is shown in Figure 4 and the timing circuit in Figure 3.

The torque developed by the propeller is opposed in equal amount by the
resisting moment in twist by the torque bar. A soft iron bar mounted on the
torque bar and operating between the pole faces of coils (1).and (2) moves
with the twist of the torque bar, varying their impedance. The change in
impedance is indicated by balancing the bridge by means of the variable re—
sistance. A calibration curve of a known torques and their corresponding

resistance readings was made before and after each run,and the mean values

(1)
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uged. The resistance readings for balance of the bridee were tien converted
to kilogram-meters by the calibration curve. For calibration, known weights
were placed on vans suspended by knife edges to the ends of a 50 cri, bar
mounted on the stator.

A revolution counter was geared to the rotor and leads from the con-
txactors were introduced into the timing circuit. This rultirle relay
circuit was actuated by 2 pendulum and the number of contacts were counted
by an impulse counter over a period of approximately 10 seconds. The timing
circuit was calibrated against a crystal controlled 50 cycle current several
times during each run to obtain timing intervals. The cuantities angle of
attack, drag, 1ift and moments were measured in the normal ranner by the

G.A.L.C.T.T. six component balance system.

THECRY PERTAIWING TO LOWGITUDONAL STATIC STABILITY

POR UNACCELERATED RECTILINEZAR FLIGHT

The development of the charts in this paper as well as the method of
attack upon the problem was based upon the theoretical treatment of longi-
tudonal static stability by Dr. C. B. Millikan in his course of aerodynamics
at Calif., Ins. of Tech.

The most suitable method of indicating the degree of power for airplanes
in unaccelerated rectilinear flight is the power parameter (8) developed by
iiillikan and{ié equal to the negative of the resultant drag divided by the

1ift. Its development is herewith repeated:

ANALYSIS OF THE EFFECT OF POVER CO¥ LIFT, DRAG,

AYD PERFORVANCE

In order to give a satisfactory discussion of this subject, it is neces-

sary to analyze the problem somewhat more closely than is custemary. With

(2)



this in view, let us consider an airplane in climbing (or gliding) unac-
celerated flight. The forces acting in the direction of the flight path
may be split up into a thrust, T, a drag, D, and a gravity force as shown
in Fig. 4.

The eouilibrium condition is

D4+ Wagagine s 1 (1)

The precise definition of D and T has not yet been given. Howsver, be-
fore discussing this question, let us first transform Eq. (1) to & more
familiar and convenient form. Multiplying by V, expressing T in terms of
brake horsepower P, and a propeller efficiency'?‘, and introducing the drag

coefficient, Cp , we obtaln:
Cp (,U) g ST+ ¥ sin €V = Pple,d) (2)

where the variables upon which Cp and ?' may depend have béen explicitly in-
dicated in parentheses. It will be noted that Eq. (2) is just the usual
performance equation. ‘

We have just stated that the precise significance of D and T in Eq. (1)

had not yet been given. This means that in Eq. (2), C, andf?'have not yet

(3)



bsaen exactly defined. Actually we iiay define either one in a rather arbi-
trary fashion, the otner is tuen deterunined by tne fact tiat the forces
mist be in equilibrium, i.e. Eq. (2) zust be satisfied.

It has been customary in the past to define C, (a,J ) by equating 1t to
S D () which is the drag coefficient of the airplane without prorveller.
Then in order that Eq. (2) may be satisfied, the propeller efficiency "?‘("(,d)
should be replaced by a propulsive efficiency % (o,J ) deterwined from wind
tunnel tests on an airplane or model with propeller running, and for all per-

tinent values of J ande{. Zo. (2) would then take the form

Coo(q)85V+Wsin6V3P’?(q,d) (3)

FPractically all propulsive efficiency investigations in the past have
been restricted to the case of zero inclination of the thrust axis, so that
the dependence of 7 on< is well known, while its dependence on & has been
very little discussed. It was one of the essaential aims of the present series
of testgéto furnish data on this variation of propulsive efficiency with
thrust axis inclination. The data so obtained could be presented in the form
of & series of normal propulsive efiiciency chérts each corresyonding to a
definite value of of or thrust exis inclination. However, the complications
introduced into normal performance calculations, through the necessity of
using such a family of propulsive efficiency charts, would be so overwhelm-
ing that is is very doubtful whether the data would be of any practical service
An entirely different method of presenting the results, based on a rather dif-
ferent point of view'with respect to the performance soustion is here suggested
and gives the data in such a form that the aesigner can use them in perfor-
sance estimation without any essential nodification to the norumal calculation

rocedure. . o :
proce % See Russel L, McCoy, MilliKno paper No.3 Voi3, J oy TAS.

(4)



In introducing this new nethod we return to Eq. (2) and replace‘VlGx, J)
by a vropulsive efficiency % (J) which is determined from weasurements at
zero ineclination of the thrust axis, i.e. 7o is Just the propulsive efficiency
winieh is customarily given in the standard propeller charts. ?hen in order
that Bq. (2) may be satisfied, we must replace Cp by an effective drag coef-

ficient, Cp, so that the performance ecuation now tazes tie forr:
Coe (J,J)SSVfw gin® VY= P 7 (J) (4)

(Note that at zero inclination of the thrust axis, Zos. (2) and (4) are
identical, i.e.,M 27 and Cp, = Cp ). With this equation, perforuznce is
calculated in exactly the normal manner, using the standard prorulsive ef-
ficiency charts, the only modification being that Coe is used instead of CDO .
We shall return later to the discussion of how this modification is accom-
plished and shall see that no considerable additional labor is required. We
mgt firat, however, investigate the manner in which Cpe may be determined

from our wind tunnel tests.
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In Fig. 5 the forces, in the direction of the relative wind, which act
on the nmodel mounted in the wind tunnel are indicated. R is the resultant

force exerted by the model on the drag rigeing, teken as positive in the di-

rection of the drag force. Hence the external force wnichn the drag rigging

(5)




exerts o.a fhe wodel is R, taxen as vositive in the direction of tc torust.

The diagram, which has been drawn with all forces positive, is exactly analo-
gous to the previous free-~flight diagram, Fig. 4, except that tle wind-tunnel
diagram corresponds to a case in which T< D, i.e. to an airplane in gliding
rather than climbing flight. The condition that the forces be in equilib-

rivim leads to the eguation
D=T+R,

or multiplying by V and defining the drag coefficient and propulsive effi~

ciency exactly as in Bq. (4):
Coc(d,d)%SV-RV=P7° (d) (5)

Comparing with Zq. (4), we see that the wind tunnel and free-flight equations

are identical if
R=® - Wsine (8)

This means that the resultant force exerted by the drag balance on the model
plays exactly the same role in the wind tunnel as does the component of the
gravity force along the flignt vath in unaccelerated free flight. If we
determine values of C‘k in the wind tunnel for a series of values of R, the
former are identical with the values of Cakixxfree flight for the corre-
sovonding values of W sin @,

It avpears now that we must determine Coe ag & function of three inde-
pendent parameters o ,J. and R. However, it is easy to see that oaly two
are independent. Dividing Eq. (5) by % S V and introducing the coefficient

of resultant force Cg = R/ S we obtain

(e)



Cp. () = Cp4 FD/gSV

But, at a givenq, Cris a function only of J, 1.e.,J ’-J(?’, C/{’)' Hence,

introducing torgue and revolutions per second,
Cp. (4,08) = Cg v 2w QAP (V) /3 S v

It is convenient to replace the variable o by the 1lift coefficient C, since
the latter is the essential parameter in the free flight case. If we define
the 1ift as the resultant aerodynamic force perpendicular to ¥V (including
any contribution from inclined thrust), then the wind tunnel measurements
give = 4 (C,), (cf. Fig. 8). Hence we obtain the final equation for the

determination of Cae:
Coe (G, Ck) = Cxt 2wQ %, (V) / Dla.g S (7)

GL)C“) Q,q, end J are measured in the wind tumnel, Dia. and S are known,
and 7, (J) is obtained from rropulsive efficiency charts correscvounding to
zero thrust inclination,

It now only remains to express CR in terms of a parameter having a sig-
nificance in free flight. If we follow the definition given above and take
L as the resultant aerodynamic force perpendicular to the relative wind
(flight path), then we see from Fig. 4. that for unaccelerated, rectilinear

flight

L=Wcogo,

Combining with Eq. (6)
R/ L=~ tane,.

or finally
(7)



Cp= = C, taneo. (8)

Hence our wind tunnel observations finally give
Co = Ca (61,0 (®)

o-cConstant

THRUST BXIS FLONG
Flisht Path

Coe
Fig. (A

The results may then be expressed in the form of a family of volars of C De vs ()
C. each polar corresponding to a constant angle of climd (or £lide) 8 . @,
then, is the parameter which represents the power condition of the model.
These polars will have somewhat the character of those in Fig. 6, possess—
ing a common intersection at the C, corresponding to zero thrust axis incli-
nation, which will normally be near the high speed attitude of the airplane.

We return finally to the question of how such data can most easily be
used in performance analyses. Following Oswald (N.A.C.A. Tech. Rep. No. 408)
we may define the airplane efficlency factor e by the equation

2

Coe = S 4 Cop (10)
emr AR

(A.R. = aspect ratio = bz/ S, and Cp,= parasite dreg coefficient)
where e¢ is chosen 80 as to determine as nearly a counstant value of ch as
is possible over the flying range. llow since all of the polars will normally
intersect close to the axis, C, = 0, CDP will be practically the same for sll,

and the effect of variations in © can be taken into account by varying e

(8)



c1iy. This means that we may present all of the wind tunnel dzta vertinent

{6 normel verformance calculatioans by giving
e=ec (6). (11)

Performance calculatioans may then be carried ont in the conventional manner
except that for any particular angle of climb ths appropriate value of e, and
hence of span loading, must be taken.

Before proceeding to a discussion of the exverimental results in the
1ight of tne above considerations, it might be pointed out that angle of
clinb as introduced above appears to be the most satisfactory dimensionless
parametsr which can bve fqund for describing the condition of power output
under which an airplane is overating. Not only the perforrance character-
istics of this section, but also the stability and control results of the

next are presented in terms of this convenient parameter

The following development of the static lonzitudonal moment is presented:

The moment due to the wing and fuselage is equal to

Crawe = Ca, +[Z§"'1%‘€‘2{CL + 4Cm

There AlCh is the additional moment due to the fuselapge and (7q° is the
moment of the wing about its A.C. "o" is positive when the center of gravity
is below the A.L_;. Clockwise moments are positive. [% ~-Ad ;g.] is the ef-

foctive position of the center of gravity horizontally.

(s)
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Where "t" is the mean aerodynamic chord of the wing. S¢ is the area of

horizontal tail surfaces. V. is the velocity of the air over the tail.

./f_éjz is known as the tail-wing volume ratio.
t Sw

CMt:‘V'—t ,/FSC Qt

Vl f,s,w

V. <V . Let Ze= %=,

CM¢ =- & é%y% Cp

(1)

Qt = 2o, = 4o (e, - Downwash angle)

= Qo (Au ~%g = Ee ~Ew)

Where ofd = - ofe (o and 9 measured from zero 1lift)
Ee is downwash due to tail
Euw is downwash due to wing

Assuning elliptical 14ft distribution

£, = e

TARe

Letting £, = twice downwash at wing

é‘ = E C‘w
® T AR

(10)



Then

Qt:ao(qow-c—z—“-’——c_;_‘.‘_'ﬁ — Qe ___‘,(J)

TR, 7R w A

Collecting

CL"&<I —f’f_;—te): C“v(/"‘ 7—%& - a, %d

Qe
TR, Go
Qt- B Qo CL - + Qe ) o(d

Putting (2) in (1)

a.e
€ S !+ TR /+ TR

Qo
Cme =~ 7% S [’__L’_'f:c‘_ - __1207 o(d]

GENERAL EFFECTS OF POWER

The effects of power on the wings are:

(2)

The visual effects of power on the flow over the wings as viewed in the

smoke tunnel of the N.A.C.A. at Langley Field showed,
1) Increase of velocity over the wings.

2) Delaying of the separation to higher angles of attack.

Increasing the velocity increases the parasite drag, induced drag and

the 1lift for the same angle of attack. The delaying of separation increases

the angle of atall,

The probable effects of power on the tail (based on power off formmlae) are:

In the development of the tall moment coefficient two assurptions are

made.

(11)



a) Elliptical lift distribution.
b) Downwash due to the wing st the tail is twice the downwash of
the wing.

The 1ift distribution is generally not elliptical, which is one small
errcr. The downwash at the teil due to the wing with power on or power off
has not been proven to be that assumed.

For an untwisted wing any error in (a) should give a constant error,
wiiile change in downwash may give a varying effect with power. The latter
will give an effective change in the tail efficiency‘72:.

¢) ¢ will absorb changes in velocity over the tail due vower.
Therefore, if power increases the velocity over the tail,?%
should become larger.

Fow if C}hrpower off and power on are compared at same CL then the only
changes in’?g.will be for (c) which is known to increase with power, and ad-

ditional change in downwash angle.
TESTING PROCEDURE

The testing procedure is essentially the same as that used by Russell
and McCoy, and fully described in the Journal of the Institute of Aeronautical
Sciences, January, 1936, issue. A brief outline follows.

The standard wind tunnel testing procedure plus the addition of the
torque and revolution counter apparatus will give all the necessary data for
evaluating C?n, CL)Ck)Tkuq,for various angles of attack and elevator angles,
provided that a typical airplane to which the model conforms is selected and
a traverse of the area between the power available and the power required
curves is made.

The typical airrlane selected was the Northrop Alpha since it was very
nearly geometrically similar to the model. See figure No. 2 for diagram

(12)
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of the mociel, assumed full scale data, aerodynamic and verformance varameters.
The variation of r.p.m. with velocity was taken from W,A,C.A. Renort

No. 408. ¥rom the G.A.L.C.I.T. prommlsive efficiency charts and the sbove

report the value of’? was determined as a function of velocity. Assuming

constant engine torque, r.v.m. and 7 gave thrust horsevower available as a

function of velocity.

The sea-level thrust horsevower reculred was evalnated as a frnctinn of

velocity from the performance parameters.

A propulsive efficiency curve for the blade angle determined was then
obtained experimentally from wind tunnel tests to check the accuracy of the
apparatus.

Figure ] . shows the power curve obtained. These were then transformed
into those shown in Figure @. for a wind tunnel guide during the testing pro-
cedure.

This was carried out for the complete airplane and for the wing-fuselage

combination. The resultant curves are shown in Figures /2 snd /3,
EXPERIMENTAL RESULTS

The plot of Q vs. Q) for power on and power off is present.ed in Figure /O
and shows that Cpe equals CD for level flight. Therefore, "e® power on may
be teken as "e" power off.

Flgure 9 shows the increase in 1ift with power, also the velocfity vs.
angle of attack curves for power on and power off. The latter curves show the
evident decrease in the stalling speed due to increased 1ift.

The plot of CL ve. Yo of the wing-fuselage is presented in Figure 1.
The increment of thrust contributing to l1ift is included in the curves but is
very small, ranging from -.001 at %s= -2.%8 to (.= +.0132 at oA.= 8.97.

(13)
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INVESTIGATIOCL OF EXPERINEITAL RESULTS

The presentation of the change in moment of the wing-fuselage combina-
tion with power did not seem to present any great difficulty.

The presentation of the change in the moment of the tail with power was
more complicated because any normal method of presentation would have t¢ con-
tain Cg as an additional function, and this should be avoided if possible.

The anthor decided that the discussion on Pageilishowed the possible
adaption of the tail efficiency as the most likely method of obtaining re-
gsults that would be independent of C; and whose rvercentage changes would be
applicable to any configuration of a low winged monoplane.

The power effect was divided into three classes.

1) Percentaze change in monments of the wing-fuselage due to power.

G .,
pollidd s 0% 7((9) (vhere Cm 18 (m .8t ({30 )
Mok,
4G|v."
4 - (@ | f(e)
who

Bvaluating B Cmy e '~ Cmug,= me‘,o + AChm,,,

2) Percentage change in moments of the tail due to power.

Cmtz‘?c'qq + B 7
/?St‘ I—' 7.7—1.—}%:.«‘1

€ A5 Qe
w I+ﬂoﬂ‘-

vhere A =

/P,S't, Qe -ﬁqd

B T Sw ' ﬁ%ﬁk ]

i 46
But 7f 7 dc.:y"and can be evaluated from C"‘t"" CL

A may vary with power, but 1f A is considered constant any change may
be included in A%%e.

(14)



C‘,\qtfz ~?¢P”Q +_?E"Bp (Power on)
Cmp = = Re,AC+ 7,8, (pover off)
C/"’tp z Crme, - AC. A7 + epBp - "Cco B
But (m¢ 1is measured in W.T.T,
B may vary with power on.
A is known (any change is included in &%),
A% = 7?‘“°-7?tP ( %¢, is measured in W.T.T.)
Mo Bo 1s value 08 Crre, AT (=0 (From \wirrT)

?90 BP and Qe are needed and can be evaluated

from power model experiments.

3) Increment of moment due to thrust.

EXPERIMENTAL PROCEDURE AND ANALYSIS

WIND TUNNEL TRESTIW

Power off runs

1. e =0;4= 420 complete airplane

2. e =+/¢';o=+2° n "
3. e mt20; " "
4, e m~l0"; & " "
5. e =-20"; " "
6+ " " Less Tail SuRFﬁéeS

Power on runs (as given on Pagel3.)

1. Same as 1 for power off

2, Same as 2 “* . * "
3. Same ag 3 " " "
4, Same as 4 " " "
5., Same as 5 * " "
6. Same as 6 " " "



Use of W.T. data

a) tan @ ,( A, (0 (oo (R were calculated.

b) Cn vs. Q was plotted for all runs -- power on and power off.

¢) Curves of constant tan @ were faired through experimental points
onGh vs. Co

d) For CL values at every .l interval, values of C\q and tan @
were tabulated.

e) Tor same value of {{ the value of 04 (wing-fuselage) was sub-
tracted from Cn (complete airplane) for same condition of power
(tan @ ). This gave value of qu for same power conditions at
various values of “e".

£) qu vs.Q for same "e" and various power conditions was

plotted (mgurelﬂ

g) From ?f? - (,p,s{ ) the values of?t were calcu~
lv i ¢ 5__
lated 74fe’ ! and variation of ?f- «.e. 7?;} Rep
0

was plotted vs. tan © and Ath (Figurel®).

Elimination of thrust from moment

L]

h) Since CR Coe Define
ANG Coe=co T:G-é V!S
Then Mr = Cuy fz—vlﬁ't
CR: CT—.CD and
G A6 Mprz2TxtnaTE
Also tanea_.gcf_ CMT: CTTCE

But ( and Cp are known from W.T.T.

Cr is known.

(16)
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Horizontal €oMmp. of thrust nust equal resultant drag:
. Crcosos Crtlp

CT' = CR"I'CD

or Cosq

-~/ Cqr +Co )_E
C,mthrust“ Cosy <

For model
S
=2 .07

i) In plot of Cm.pvs.CL woment due to thrust was calculated
and subtracted from ACZW: due to power
(Figure|By), giving A CMyxless thrust increment. This new B,
due primarily to increase in velocity was plotted and the change
in slope and intercept plotted in Figure {77
J) Figures 9, /0 1| were plotted for change in €, and (p ,

(complete airplane), ( vs.o (wing-fuselage).
CONCLUSIONS

1) The addition of power is destabilizing (statically).

2) The destabilization is definitely dependent upon the area of wing and
tail exposed to slip stream.

3) Destabilization caused by the tail varies with vertical position of
tail with reference to M.A.C. chord of wing.

(17)



4)

5)

6)

7)

The change in moment due to thrust must be calculated.

Investigation of low-winged monoplane without tail and with various
air-foil sections of same span, chord, etc., to compare AC’/‘I,,',:.with
Clark Y as used in this investigation.

Construction of similar charts for high winged monoplane from data
of G.A.L.C.I.T. Report 148, published in Vol.3, No. 3, J. of 1.4 .S.
is desirable.

Evaluation of/Wu(power on) in dynamic stability from this report and

G.A.L.C.I.T. Report 148 should be attemrted.

8) Flight testing of all planes when time permits; for further checking

of the charts presented in this report. At present there is very

little flight test data available.

(18)



PART TWO

I

The calculation of the effect of power upon Longitudonal Static Stability

has been divided into three general steps.
a) Change in the wing-fuselage moment curve due to increase in
veloecity.
b) Moment due to thrust.
¢) Change in the tail moment curve due to addition of ﬁower.
II

CORRECTION OF WING-FUSELAGE MONENT CURVE

It is to be noted in the plet of 1ift versus angle of attack that the
increment of 1ift increases with angle of attack. Now at angles of attack
below zero the thrust will tend to decrease, rather than increase the lift.
However, the chart shows an increase of the increment of 1ift with angle of
attack. Actual calculations of the contribution of 1ift due to thrust shows
it to be very small compared to increment due to increase in velocity. From
the above considerations it is apparent that the area of the wing exposed to
the slipstream mist enter directly into the increase of moment due to in-
crease of velocity with power.

The suggested correction factor is

Sw f WHERE .
S Primes 1indicgte flirplaye.
,S‘We S. = Fxposed ﬁrmo§w)~7_/:,se/,,.;e

s b

which is to be multiplied by factors on Figure I'T for obtaining change in
-
intercept and slope.
I11

MOMENT DUE TO THRUST

See Page /6 of thesis for procedure.

(19)



IV

CORKECTICH COF TAIL LCWilT CURVIS

The curves Figure /5 show the change in slore and intercert with addition

of rower.

/'_:17'. / G Shows f_j_’f}-_: )?céw‘ ’?tp . U, AC’ML_ bﬁbtd U/LOAI
e <

the courves 1 Sig. 15,
T hea <;hnm?c 1~ ;Nfgruifr\wﬁs So bMﬂuwﬁud

LUFVes WEBRE eATKRapo aHT ED Yrom C’Li /8 e Clzo -

Th‘i“c's*"c fh[s chﬁmy’e m,.;\/ 66 N¢7/ec.fcd.

CHANGE OF SIOFE JITH VERTICAL POSITIC.

(S
Ve o
T.A.C.A. Report 539 showg & variation in downwdsh and =, with vertical

position of tail for wing alone. Placing model in Figure 20 of tuat report

showsg

TAIL
9
qs o = R .50
e
*s

Desig9nizrs
CHORD LINE

C 2
C . constanT (%))

. LDowawash

This variation is also shown in @ W.T.T. rerort, which gives the follow-

ing figure:




G .
This shows that ?faz 5 (_g , Qé; , ?tﬂ)

g:;
ow s eo e (g~ ) and I F
. Cep -
fﬁ Cé? '?t,q
G Ca
e 4+ 2| 8. ATks
C{: 7Cen /77:'5

satisfies this function, 1 T MARY be USEd.

Expanding gives

Ce _ Cg 4 Ca
< €

< Aﬂ?’cq - A?tﬁ
% 12&9 th

Tow N.A.C.A. Report 539 shows that for tail lengths similar to model the
minimum position for the tail is along the designer's chord line. Also, the

WIT report shows that the tail efficlency is a ratio of vertical height of

tail above this minimum position. The model has given a position other than

the minirmum position and therefore any other point along the curve can be

evaluated. The equation becomes

+ L | 87 < A7
Z5 e, T

For RIRPLANE CONSIDEREQD

(21)



CHANGE, CF SLOPS WITH EXPOS:D AREA

i

e o
Most modern airplanes have a -j§g-==J7Oif the propeller diameter is
drawn straight back to the tail. Similarly with the model. For this reason
the entire tail is considered as being in the slipstream and correction

factor similar to wing-fuselage factor becomas 1.

CHANGE OF INTERCEPT

The same correction factors will be used as for change in slope. The
percentage change in intercept is from zero at e=0"to .03? at up 200,
which can in general be neglected, since .0100 is equivalent to a stabilizer

ABovT

angle shift of pone-fourth degree.

It is apparent that the center of gravity must be shifted to the same

position as the model for the wing-fuselage moment curve, power off condition,

in cases where the change in slope with power is other than zero.

SUGGESTEZD PROCEDURE FCR CCRRECTICN COF POWER OFF MOMENT CURVES

DUE TO ADDITICN OF POWER

a) Tabulate

ARy

Ko

S (#tea of w 4&7—ch/eye ~ NHCR)

Se (#ren of hoviontal TRIL SOFFFES)
€' (AVERRGCE CHORD INFRONT OF rmt.)

hieE Line

[ .
C (PEKPEND/( VLAR DISTHNCE FROM DESIGNERS CHOFD LiveE TO TH/L>

t (MAC)

be
h.

e

N AR

4

5""”: (/MEA OF WiNG -FOSELRNGE BEHIND PRaPELLEES)

[2e)



b) Plot C/‘?g vs.C (Complete zirplane-power off)

Plot Cu.. vs.C, (power off)
[~
¢) Calculate C,"% vs. (.. (power off)

X : . . D
&) If Figurs /7 shows change in slope for plot of dfzq;rso T/}N@J
RotaTE C, #x15 TO C.6. =.31 on Phor oF Cpre vs Co

Pick off & CMws  and 4 dGser and miltiply by factor = we

_dCc ==
C™Mers, PI
ac, 257

Correct slope and interceot of Co,-,w:. vs. C.
e) Calculate moment due to thrust and add te resultant of (a).
C Cqr ~C»
LT —— X PR
/‘/]7777‘?05/ Coso¥ )
For tane=o

s =
o r Cos &

f) For arvropriate tan © and d Qv plck off 4 Zr
e

<, _ S ¢
Then[/w/f St f{] 8% :(—\ 7 ) (_percentage correction

Plot (’Mrpvs. (2
g) Add Co,vtfvs. . to Comwﬁpvs. Q to obtain
@vp ve. &L
k) For new (.G.position needed for desired stability coupute new value

of tail length and repeat (f).

(23)



It mist be remembered that the elevator or stabilizer angle will
be in error baceuse the model had a fixed elevator, whereas flight tests
have free elevator, which changes intercept and slovre of the tail moment
curve.

In general, the position of the center of gravity needed for a
given stability agrees within Q.01 of the flight test data aveilable for

entirely different types of airplanes than was used in the investigation.

AGREEMENT WITH FLIGHT TEST DATA

" MBKE TYFE dve | coarm| Y% (c.6) 0+e sy | METHOD
Locsheod |oom s | =10 3 25 o lrucur
. ~.120 .3 256 +.8° CHLCOLRTED
. ~03 32 o FLIGHT
-.03 326 CAhL.
elel — o FLULGHT
.00 — .356 — CAL.
Doz - 09 2 .20 O ___|FLIGHT
L - .09 2 .z04 | +4%° CHL.

(24)



TYFPICAL EXHAMPLE

L]
Swe - 2934 . <3 Ale= 348

Sw 73 /ﬁw =77

_C_:__‘_: 73.5% Cos E°: 735 - . 433 (.w: +2°

! /

N e e € (nac)~ 1923
'%: “$4£;J§%:~ o K- XY t+hrost ARep = F= 198
d . E.- 195 - (37
€7 -80 € 7¢2
0= 439" @ =20 Se= 137 sp 4+

. _ Q4= )
A = t‘ﬁ‘ [-'—-'_’.“‘;&\J- 439« 181 |I-57 72.304,
WL+ 22 =

TFore /923 x93 | 74 3%

399
THRUST LINE €5 below MEC. ; RNO 585 below TARIL

Tal MemenT Coreecction

Fl—oM PLo’r 05 GMOVS. CDL Rﬂd C’M..,;.a vs C‘- P/°f CVE., vS C,‘-
dCre., > - - ~dCqe (. /y30 <

Fri $9. 16 vs{;fb Tane=0 and NCMq =0 Sind C_‘%ﬁ;;‘/ao
4% = 7t—-(,[[§/‘_l_:-_’_-?:/+ :E]x.lao = .C07
A5
’)&-\P = ’?to‘dq?t‘ =597 -207=.3905%
Plet New Cﬂtp vs. CL

wine Fuselage Cotraction
From Fig. 11 ACmuwsr _+.117

; Crtus, (Frvn (.on,-o vs c‘i):‘:as‘oo

CMW/-:, 3
313, -
CrMur, = ~0500 + ( T X 555 () 0500 . 0570

HLSO Figd? shows chenge In slepe =0
Component of lorwen? due To throst

Cup= Crof=fo &

L (o Cos < Cr Crrp= G x.137
c.0. .62 00 Zo 02006 002 %

V2 6220 " 0220 ,6030

.49 0250 - . 0250 0034

. G .0 3850 . 0350 o604 S

Plet Correcctions pad 7hen C’MwFp 7~ fﬂép'—‘eﬂp
For Amy desited d———le 3"7 Fotete C, wxis T propes C6:on CPppr vs. C. .
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