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ESTIMATION OF STICE~FIXED NAEUTRAL POINTS OF AIRPLANES
By Maurice D, White

SUMMARY

A method i1s given for calculating the stlick-fixed
neutral polnt of an airplane with propeller windmilling,
flaps neutral, and landing gear retracted. This method
differs from those formerly used princlpally in the
procedure for estimating the efrfect of the windmllling
propeller. Comparison of the neutral polnts predisted
by this method with neutral points obtained in flight
tests indicates good agreement at low 1lift coefficlents.
The methods presented, In conjunction with the results
given in NACA CB No. LL4HO1 "Effect of Power on the Stick-
Fixed Neutral Points of Several 3ingle-Engine Monoplanes
as Determined in Flight," should be useful in estimating
the stick-flxed neutral voints of new designs for all
flight conditions,

INTRODUCTION

Since the publication of reference 1, in which a
method was presented for predicting the static longltu-
dinal stebility of airplanes, addltional flight data on
the longitudinal stability of airplanes have become
avallable. Attempts to correlate these longitudinal-
stability data with the longitudinel-stability data com-
puted on the basis of reference 1 indicated that the
methods of reference 1 were inadequate when applied to
unconventional designs. A more rational method has
therefore been developed for computing the longitudinal
stability of alrplanes in terms of the stick-fixed neutral
polnt, which ylelds results in good agreement with flight
results. This method differs from the method of refer-
ence 1 chiefly in the procedure for estimating the effects
on longitudinal stabillty of the windmilling propeller
and of the fuselage and nacelles, although the differences
in change in longitudinal stability due to the fuselage
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and nacelles as computed by the two methods is generally
snall for conventional designs, The methods given may
also be adepted readily to the estimation of the effect
on neutral point of changes in configuration of existing

designs.
SYMBOILS

84 two-dimenslonal lift-curve slope, per degres

w width of fuselage or nacelle at selected longitu-
dinal station, feet

c wing chord, feet

T mean aerodynemic chord, feet

D propeller dlameter, feet

q dynamic pressure, pounds per square foot (%‘-FVE)

r factor used in correcting lift-curve slope for
effect of end plates

alr density, slugs per cublc foot

\'4 veloclty, feet per second

3 fFross area, including section through fuselage,
sguare feet

M pltching moment, foot-pounds

b4 distance along lengitudinal axls, feet

X1 dlistance from wing leading edge to middle of

‘ fuselage section, feet

Xq distance from wing leading edge to front of
fuselage section directly ahead of wing leading
edge, feet

Xq neutral-point location, percent ¢

lg lengitudinal distance from center of gravity to

quarter-chord polnt of mean chord of horlzontal

tail, feet  ysnet AGSIFIED
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Lp longltudinel distance from center of gravity to
propeller plane

B angle of inclination of air flow relative to
longlitudinal axis, radians

L engle of attack relative to free stream, radiens

€ engle of downwash, radians

Cy, 11t coefflclent (%g&)

Cm pltehing-moment coefficlent ag%)

Oy normal-force Goefficient (Normaésforce>

A aspect ratio

Tq thrust disk-lcading coefficiégt (pVgD;>

T thrust, pguﬁds '

N number of propellers, nacelles, or fuselages

Subscribts:

w wing

f fuselage

nao nacelle ‘

t horizontal taili

p propeller

Py propeller normal force

Po downwash due to propeller

L.E.. wing leading edge
mid midchord point of lecal chord

T.E. wing trailing edge

T BierassiFien
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COMPUTATION OF NEUTRAL POINT

The neutral point of an airplane ls defined as the
center-of-gravity location at which the slope of the curve
of airplane pitching-moment coefficient agalnst 1ift coef-
ficlent dC,/dC; 1s zero. This airplane pitching-moment

slope is the resultant of the viteching-moment slopes
contributed by the varlous parts of the airplane. In
order to predict the neutral point of an alrplane, the
estimated values of, dCp/d8Cr due to the various parts of
the airplane may bé combined at each of several center-
of-gravity locatfons and the neutral point may then be
established as the center-of-gravity location at which
the resultant value of dCp,/dC; is zero. A procedure
equlvalent to this procedure for determining the neutral
point is illustrated in figure 1, where the values

of dCy/dC;, for the various parts of the airplane

are plotted ageinst center-of-gravity location. The
center-of-gravity location at which the total of the
positive values of &Cp/dC;, 1s equal to the negative of
the total of the negative values of aCn/dCr, - that is,
at which dC,/dC; is equal to zero - is the neutral

point.

Detailed procedures for calculating the values
of dCp/Cy due to the principal parts of the airplane -
wing, fuselage, nacelles, horizontal tail, and propellers
are glven herein. The methods apply best at low lift
coefflcients where the airplane drag coefficlent may be
considered not to very with 1lift coefficlent, the
parameters involved in the calculatlons are most nearly
linear, and the effects of alr-flow separation are at a
minimum. The airplane was assumed to operate with pro-
peller windmilling, flaps neutral, and landing gear
retracted. Negative changes in pitching-moment slope are
stabllizing and positive changes are destabilizing.

The values of aC,/3C;, for the individual parts

computed by the following methods are based on the values
of d¢p/da for the wing alone, 1In order to determine

the actual value of 8C,/dC;, based on the total lift of
the airplane the values of 6Gm/EGL computed by the
present methods should be multiplied by the ratio

[~
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NACA OB No. I5C01 5
dcp/da

(fCN) dB CN\
da day Sy 4 da/t L

This correction does not affect the location of the
neutral point as determined By the present methods because
at that center-of-gravity lccatlon the resultant value

of d&Cp/dCy, of zero would be unaffected by the correction,

The methods described in the present report are
effective for predicting stick-fixed neutral points at
low 1lift coefficients with propeller windmllling, flaps
neutral, and landing gsar retracted. Inasmuch as the
stick-fixed neutral point gensrally remains fixed or
moves back with increasing 1lift coefficient in this con-
ditioh of flight (reference 2), the results obtained from
the present methods will be conservative for the higher
1ift coefficlents.

The effects of power on the neutral-point location
cannot at the present time be predicted by methods com-
parable to those given herelin. Ey the use of data glven
in refercnce 2, however, 1t should be possible to make
reasonavle preliminary estimates of the shift in stick-
fixed neutral point due to power.

A knowledge of the elevator hinge-moment character-
istics is essential for determining the shift in neutral
point due to freeing the elevator.

Pitching-moment slope due to wing.-~ At a given
center-of-gravity location the value of the pitching-
moment slope due to the wing with flaps neutral
(30m/30L)y 1s numerically equal to the distance between

the center of gravity and tie wing aerodynamic center
expressed as a fraction of the mean aserodynamic¢ chord.
For the present purposes 1t has been found satisfactory
to consider that the wing aerodynamlc center 1ls located
at a percentage of the mean aerodynamic chord equal to
the average of the percentagses of the chords at which the
acrodynamlc centers of the root and tip sirfoll sectlons
are located. For center- of-*ravity locations behind the
wing aerodynamic center, (bc 607) is positive,
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Pitching-moment slope Que tc fuselage and to engine
ecelles.~ The value of oCp/dC; due to the fuselasze or

- e

3

|

to tne racelles may be expressed by
l(éﬂ)
écm\ - Q da f, neac
4_5-0—/ - ACr (1)
L/f, nac q o= '
’ weag
The value of l(%ﬂ) is calculated directly by the
AI\*C/p, nac

methods of reference 3. Acccrding to this method the

. 1@M) '
value of ~{=— may be comnuted from
a\&a/r, nac v )

3-(91) = i}—fmz%“-gdx (2)

a\da/r, nac

where the integral is tsken slong the entire length of
the fuselage or nacells.

It 1s convenient in evaluating equation (2) to
divide the fuselage or nacelle into finite sections.

The factor g_wagﬁ;&x is then calculeted for each section
x

with average values of W and dp/da wused for each

gsection end, finally, the values of %WE_@_EAX for all

a
the sechtions are totaled. .,

The factor dR/da represents the variation with
angle of attack of air-flow angle relative to the X-axis
of the fuselage or nacelle; in the calculation of dp/da,
1t is assumed that fuselage - or nacelle - interference
effects may Ye ignored. TWetween the wing leading cdgé
and trailing edge,.where the flow follows the wing surface,
d3/da 1is considered to be zero. Rehind the wines trailing
edse the value of dp/da 1s assumed to vary linearly from
zcro at the wing tralling edge to (1 - %&)t at the tail.
The discrepancy between the assumed linesr varistion and
the actuwal variation of df/da behind the wing will
normally te of little importance because, for conventional

PPy UNQU\‘SS!F\EQ
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fuselage arrangements, this portion of the computed
fuselage moment is only ebout 10 percent of the entire
fuselage moment.

Ahead of the wing, values of dB/da are greater then

1.0 because of the upwash induced by the wing; the variation
of dg/da with distance from the wing leading edge is

given in figure 2, which is taken directly from reference 3.
Pigure 2(b)r1s used for all sectlions except the section
directly shead of the wing leading edge where valuss of
dﬁ/da rise sharply as the leading edge is sgpprosched.,

For thls region an averege Integrated value of dp/da,

. 1
deflined as gg = %%i? %gdx end given by figure 2(a), is
: 1

used., In determining dB/da in figure 2(e) the value
of X; wused in calculating the abscissa is the distance

from the wing leading edge to the front of the.fuselege.
section; in determining dp/da 'in figure 2(b) the value
of X7 wused in calculating the abscissa 1s the distance

from the wing leading edge to the mlddle of the fuselage
section considered. -

The curves in flgure 2 correspond to a wing 1lift-
curve slope of li.5 per radien. In order to correct for
other velues of the lift-curve slope the velues given by
the curves are increased or reduced in direct ratio to
the lift-curve slope. .

An additioneal factor accounting for the eflect of
the fuselage or nacelle on the wing becomes Importent
when the width of the fuselsge or nacelle is not uniform
along the wing chord. According to reference 3 this
factor is computed by

1am _ o o2
qd " NTE)'\/_WL.E. + 2Wg - Bwp, g, )o )

When the olen form of the body shows locel protu-~ .
berances in width dirsctly ehead of the wing leading edge
ths application of equetions (2) and (3) s believed to
result in exsaggerated veluss of ths destabllizing sfiect.
For such cases, reduction of the increment due to the
protuberance ,{obteined by calculating the factors with
end without fhe protuberence) by ons-half appears to
result in more nsarly correct valuss. This correction,

“"I'_ﬂ"";l ., . -
. 'l e - .
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which is based on very scant data, is subject to modifi-
catlon as mcre deta are obtalned.

nmarves for estimating the wing lift-curve
slops ch/Ha as a Tunction of aspect ratio are given in
figqurs 3. These curves were obhLailned from the expresrion

d‘jL 8-0 X 5?-5
da B 1 + .?‘.?....\.‘..._.._..57'}_
' A

end at-low ecspsct ratios were corrected on the bssis of
data [“iven in rererence i, The correection for the efflect
of vertical talls mounted as end plates (fig. L) was also
talken from reference l.,

The vslues of O0n/3Cr, due to the fuselages and
necslles are always porsitive,

»itching-moment slope due to horizontal taill.- The

velue o1 tie pltoning-moment slope due to she horizental
tatl (d0m/3CL)y 1= calculated by the expression

4¢
a
el -—!t-'st Zt(l - g—:)
501.1 - q dc‘t dao t LI_
bc.._, t -7 ._O-‘CIJ ( )
ch Aa

The various terms in equation (l) are cslculated as
follows:

a '

=t A value of 0,9 is used for the condition of

k! windmilling propeller.

an‘t JG}Tt

Sog Curves for the evaluatlon of -EEE' are riven in
firures 3 and L.

de Values of ¢ at the tail may be cstimated from

da the charts of refersnce 5, A ghorter emnirical

methed for determining de/da at the tail,
haszed on these charts, is given in refercence 1.

UNCLASSIFIED
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For conventional tall locations the value of dCy/OCT,
due to the horilzontal tail is negstivs.

Pitchling-moment slope due to normsal force on
windmilling propeller and to downwash increment resulting
from this normal force.- The values of 0Cp/0Cy due to
the propeller are considered to arise from two sources -
the normal force on the inclined propellerjand the
resulfinc increment of downwash at the tail. The wvalue
of &Cp- éCL due to the normal force on the propeller is

given by
dC : :
N) (4. 1pD% v
( ) el N/ (5)
I !

6CL pl ’ Sw\,——% ..-.
The terms in equation (5) sre caleculated as follows:
acCy :
o ; Reference 6 gives methods for estimating the

aCy

— value of (7§f>' that should be used when the
b

geometric and operating characteristics of the
propeller sre known. [In reference 6 ( )
1s designated Cy' o) Unpublished flight data

obtained at the Langley Laboratory on a number
of alrplanes indlcates that with propeller
windmilling and at the airspeeds for which the
present methods are appliceble the propeller
thrust coefflecient T, is on the average
epproximately -0.03. The data also show that
when the propeller nitch setting 1ls set for
high rotational speeds the propeller blades
ars, at these airspeeds, still against the low-~
pltch stops, which correspond on the average
to a propeller-blade angle at 0.75 propeller
radius of about 20°. Tt has been found suffi-
N ciently accurate for the airplanes considered
In the present analysis, to use directly the

values of- (T) -for a propeller blade angle

« © UNCLASSIFIED
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of 20° given in figure 2 of refocrence 6, This
figure presents data for e Hamilton Standard
2155-6 propeller at a valus of T, equal to
zero and & slde~force factor (defined in
reference 6) of 80.7. For ‘convenience tne
values glven in thils figure for a propeller
blade angle of 20° are tabulated as follows:

GOy
Propeller —
da P
Two-blade 0.095
Three~blade «1%5
Four-blsads .}”0
Six-blade (single rotating) 240
Six-blade (dual rotating) 275

Tt should be emphasized, however, that when
the propeller characleristics are known the
proover values of side-Torce factor and blade
engle should be used in reference $ to deter-
(\lul\r
nine the wvalue of —_—

aa D

(%E) Values of (EE) are obteainsd from figure 2(b).
G‘P aaq

A value of x, that corresponds to the plane
of the propeller is used.

For propeller locations ahead of the center of
gravity the value of acm/bcL due to the propeller normal

forze is positive,

The added downwash ovsr the horizontal tail resulting
from the normal force on the propellsr contributes a
furtaer change In pitching-moment slone.that is assumsd
to be gilven by

-
(828
S

('L("p' _é
( <Acm \ da ( (I)
A(‘L 3CT, & It (] - g )

UNCLA‘SSWED
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Equation (6) is derived by calculating the downwash in

the slipstream from momentum considerations and reducing
the value by an emplrical coefficlent to teke into account
the effects of the wing, fuselage, and other factors. In
all cases in which alvalue of 00C,/dCy;, exists because of
this factor - that 1s, when the horilzontal tall may be
considered as being within the downwash field due to the
propeller, as on conventional tractor-propeller arrange-
ments with tall at rear of fuselage - the value willl be
posxtive.

The increased rate of change of downwash over the tail
accounted for by equation (6) should also he considered in
estimations of the absolute angles of attack of the hori-
zontal teill or of absolute elevator trim angles. In order
to include thls effect, the rate of .change of horizontal
tail angle of attack with wing angle.of attack

day 1 de .
dgao ~ - T EE t '
should be reduced by thé'quantity

| (E‘E_) (28)

da .p_ -.0.0‘./p

.l
The change in absolute downwash angle due to this effect
willl of course be zero when the resultant angle of attack
of the propeller axis, including the effect of wing
upwash, is zero.

The effect on the bodies-wiubin the influence of
the propeller wake of the added downwash due to the pro-
peller was lgnored.

—’.

COMPARISON WITE FLIGET DATA

The methods described in the preceding section and
1llustreted in figure 1 have been applied to the estima-
tlon of the stick-~fixed nsutral points of the airplanes
shown in figure 5; dimensions of these airplanes are
given in table I. The estimeted values of dCy/ &1, due
to sach component and the estimabed resultant neutral |
point are given for each airpl ne 1ln .table IT. The stick-
Tixed neutral point for gach airplehe as determined from

esissansaaaie - UNCLASSIFIED
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flight tests for a value of Cp = 0.3 using the method
deseribed in reference 2 1s glso shown in table II.

Flight vslues and estimated vealues of neutrel-point
locatlon ere compared in figure 6. The results generally
egree within £1.5 percent ¢, which represents the accu-
racy with which the fllght neutral points shown sre
believed to have been evaluated. The leck of egreement
between estimated and flight neutral points for eirplens 9
mey be due to the fact, shown by wind-tunnel tests (refer-
ence T), that at normal flight attitudes the horizontal
tail of this airplane is wilithin sn wusually low-energy
wing weke.

CONCLUDING REMARKS

The present report glves a method of estimeting the
stick-fixed neutrsl point of an airplsne with propeller
windmilling, fleps neutrsl, and landing gear rstracted.
The method msey be applied best at low 1lift coefficients.
A study of available flight data indicates thet at higher
1ift coefficients the neutral point generally remsins the
same or moves back; thus, the neutral point predicted by
the present method will be conservsastive throughout the
flight range for thls flight condition.

No relisble msthods for predicting the effects of
power are at the present time evallable. For preliminery
estimates of the shift in stick-fixed neutral point due
to power, however, the date given in NACA CB No. LijHOL
tEffect of Power on the Stick-Flxed Keutral Points of
Several Single-Engine Monoplsnes as Determinsd in Flight"
mey be gpplied.

The shift in neutral point due to freeing the elevator
may be computed if the elevator hinge-moment character-
istics are known.

Langley Memorlisl Asronsutical Laborstory
National Advisory Committse for Asronsutics
Lengley Field, Vs.
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TA;BIE I.- DIMENSIONS OF ATRPLANE TESTED — L
Mean Hori- Tongl- Longi- :
Test- |Wing Wing |Aspect aeyo- zontal |Horl~- | Aspect |tudinal Pro-~ |[tudingl |[Fuse- |Maxipum |Nacelle]Max-

Alr- |point | area, span |ratio dynamic |tall zontal|ratlo |distance | peller|distance |lage fuselage|length {"imum

plane| symbol| Sy (ft) jJof wing,|chord area, |tall |of taill|from wing |dila- |from wing|length{width (ft) |nacelle

(aq £t) . of wing, S¢ span A a.c. to * |meter,|a.c. to (rt) (ft) width
) : 3 (sq £t} (ft) (rE) 1/} mean D propeller (£t)
(ret) . chord of |(ft) |plane
horizontal) (£t)
tall
(£fE)

T o 155 [3h.0] 7.5 k.75 28.0} 9.3 3.1 11.97 6.00| 6.04 22.2 3.5 ———— ——
2 236 {37.3] 5.9 6.80 48.0 f12.8 3.l 16.47 10.00{ 6.71 28.9 | L. . -n-
3 x 236 [37.3] 5.9 6.80 8.0 {12.8 3. 16.48 11.08] 8§.93 31.7 3.2 —— -
I o 213 |3h.0f 5.4 .| 6.72 0.0 |13.0 L.2 15.52 10.38| 9.65 30.6 | 2.8 [
5 o 300 |L40.8] 5.5 7.29 58.3 |16.0 L.b 19.83 12.17] 8.71 35.3 L.5 ——— -—
6 A 236 |37.0 5.8 6.6l Li.y |13.2 L.2 15.34 10.76] 9.10 32.2 2.8 ——— —-
7 v |. 248 |38.3] 5.9 6.88 §5.2 |13.3 3.9 15.14 11.58] 10.8} 32.9 | 2.9 -~ -
8 v 328 |s52.0] 8.3 7.02 54.0 {21.8 8.8 21,46 11.50] 7.72 " | 19.5 3.1 33.8 3.5
9 < 258 |39.3| 6.0 6.9 61.2 [14.8 3.6 15.79 9.00f 7.56 26.9 k.9 ——— -
10 N 334 |42.8] 5.5 8.11 77.8 |18.5 h.4 19.43 13.08} 8.50 33.8 5.1 —ne- —-—
1 4 h22 1h9.7| 5.9 9.11 | 10T.h }19.0 3. 17.90 | 12.00| 11.04 36.7 | L.7 e
12 > L9o |sk.2| 6.0 9.76 | 110.8 |20.8 3.9 22.69 13.00{ 11.56 h1.0] s.0 cmme | -
13 <4 |, 959 |89.5] 8.4 1.7, 203.0 126.7 3.5 32.140 11.50] 11.93 56.0 6.3 15.4 h.3

b)) © 465 |61.3] 8.1 8.36 100.0 |21.2 L.5 2,.02 11.25| 5.81 k7.9 Lh.3 19.2 L.0
15 b 538 |61.3] 7.0 9.68 122.3 |20.2 3.3 25.58 12.08f T7.48 k8.5 3.5 1§.9 Lh.1

16 © sho [70.0{ 9.1 8.13 116.1 [23.1 L.6 27.76 12.50] 9.64 50.5 5.2 23.8 L.8

NATTONAL ADVISORY
GAlGRRE GOMMITTEE FOR AERONAUTICS
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TABLE II.- ESTTMATED VALUES OF §Cp/dC;, AND
FESULTANT NEUTRAL POINT

Estimated values of increment in pitching-

Airplane neutral

QaISSYIONA

¥in
aerodygamic moment slope, §C, /30, point
Airplane| center (fraction-¢)
{fraction E)Ccn? Ccm> C%) Ccnj (P_Eﬁ) G_Ep_) Estimated] Flight
: X X
oCr, w 6CL 7 oCT, hae Cy D, bCL o, bCL & o o]
1 o.2u2 0.110 |0.05 | =—===-- 0.006 | 0.007 {-0.177| 0.36 0.36
2 2l 08 o4 | ~---- .013 .013 | ~-.157 .3 .32
2L6 024 | .031 -———— .019 .012 | -.156 2 .32
z .238 2113 | .029 | -~~-- .022 011 | -.175 .35 .37
5 .238 .103 | .051 | --=--- .023 .019 -.195 .5ﬁ .33
b .2[0 0771 027 | ----- .019 011 | -.134] .32 .33
g .20 087 | 021 | ----- .030 012 | -.150 .33 .32
.291 .170 | 048 0.0L0 .030 .025 | -.313 Qi1 . %
2l 111 | .0%39 | ~~---- .011 012 | -.173 .35 .3
18 .238 .128 .oﬁg ----- .0183 .016 | -.210 .3 .36
11 .238 090 | .039 | ~-==- .017 .012 | -.158 .33 .3l
12 .238 108 { 037 | ----- .013 .01l -.152 .3 .3l
1 246 .113 | .020 .025 .009 .01 -.182 'ﬁ <37
1& .238 -195 oLl .016 .015 02l | -.291 A3 45
15 230 .08 .015 0%3 .016 .019 -.1&3 .32 .33
16 21,0 .1 .050 oL8 .022 .020 | -.28L .38 .39

NATIONAL ADVISORY

COIDTITTEE FOR AERONAUTICS
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