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ELEVATOR HINGE MOMENTS OF 4 SINGLE-ENGINE
PURSUIT~TYPE AIRPLANE

¥y ¥. R. Pass
SUMMARY

4 mock-up of a pursuit airplene has been tested in
the WACA full-scale wind tunnel and the effects of pro-
peller operation and flap deflection on the aerodynamic
characteristics of the wing-fuselage combinaticn and of
the Lorizontal tail have been determined. The results
of these tests have been compared with the results of
previous tests and with available theorics and, 1in general,
satisfactory comparisons heve been obtained. These re-
sults have also been used to develop empirical proce&uresﬂ
for determining the effect of propcller operation on the
1ift and on the plitching moments of a flapped wing and to
evaluatc empirical factors for calculating the downwesh
angles at the tail with the propeller operating. The
general applicadility of these empiricisms has not becn
determined, The elevator hinge-moment characteristics
have also been determined from tests on the mock-up and
indicat: the inadequacy of avoeilabdle date on the hingo-
momont paramcters, The procaaure for zalculating stick
forces from wind-tunncl deta hes boecn outlined.

*INTRODUCTION

Txtensive lonsitudinel-stability and control tests
have besen conducted in the NACA full-scale wind tunnel on
a mock-up of a pursuit airplans. mhe resmnlts have been
analyzed to evaluate the verious factors that effect the
pitching moments of the airplane and the stick forces.

A couparison of these results with the results of previous



work indicates the limitations of available information
for prelimlnary design purposes.

The study is considered in four parts. In part I,
the effect of the fuselage on the wing characteristics is
conzidered. Part II is a study of the effect of the tail
on the pitching mouent and includes an estimate of the
isolated tail characteristics and of the effective down-
wash and velocity acting on the tail. Surveys of air
flow in the region of the tail are also included. The
resvlits of parts I and II are combincd in part III in
which the pitching-moment curves for the complete alrplane
are developed. Part IV deals with the elevator free-
floating and stick-force characteristics of the airplane
and indicates the interdepcndence of the various factors
previously considercd, The effects of flap deflection
and propeller operation are considered in all sections,

SYMBOLS
W gross weight
Cr, lift coefficient
Cop drag cocfficient
Cy normal-force couafficicnt
M pitching moment
Cm pltching-moment cocfficient

hinge momcnt
Ch elevator hinge-moment coefficiecnt ( = )
¢ 45,0
s (P

Cp power coefficient \;;ggg
Cm section pitching-moment cocfficient
cy section 1ift coefficient
P power input io propeller

T axial propeller thrust
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F stick force

D propaller diameter

v alrspeed

B propeller blzde angle

n propeller retational epeed, revolutions per

seccnd; alss, distance from center of gravity
forward to aexcdynamic center of wing-fuselage
combination {measured parallel to thrust line)

n rropulsive efficiency
o alr density
T, thrust coefficlent /-—E~3>
pVaD
_
Cm absolute thrust coefficient (——i——>
- on2p?t
q local dynemis pressure (%pv3>
dn free-stream dynamic pressure

(Q/Qo)eff effective dynamic-pressure factor, ratio of
measured dCp/dse to value corresponding
to free-stream dynamic prescsure st tail

(a/ag) av ratio of average 4ynamic pressure at tail,
as found from alr-flow surveys, to free-
stream dynamic pressure; the averages 1is
welghted according to chord

(q/QO)aa ratio of arithmetical-average dynamic pressure
© at tail, as found from air-flow surveys, to
freg-stream dyanamic pressure

€ local dcwnwash angle
€off effective downwash angle at tail, as found by

compariscn of pitching moments with various
tail settings and without tail
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average downwash engle at tail, as found from
air-flow surveys,; the average is weighted .
according to both chord 2nd local dynamic
prcssure

the arithmetical average of downwash angle
across tail, ze found from alr-flow surveys

velocity-increment factor back of propeller
disgk

'_l
oo
L

t-curv: slope for infinite aspect ratio
sroa
span
chord

ncan geometric cherd

ce from conter of gravity to elevator
hinge line (measured parallel to thrust
e)

distarnce from tralling edge of root chord to
elevator hinge line (measured parallel to
thrust lins)

angle of attack of thrust axis

angle of attack of tail

angle of tail setting relative to thrust axis

conirol-surface defleection

relative elevator effectiviness factor

empirical factor in formula for determining - .
increase in 1ift due to slipstream velocity

theoretical factor uscd in determining dincrease
in tail 1ift due toslipstrocam
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by stick length
,v hinge-moment parametcrs
Aeqyr Dep empirical corrections used to obtain effective

downwash angles at teail from calculated
values

A denotes chanese, usually due to propeller
operation

Subscripts:

o} propeller-removed condition

P prbpellar-bperating condition
P propeller

w wing

f flop

f+ w wing-fusclage combination

fw flapped wing

t horizontal tail

A airpisnb

e elevator, back of hings

i portion immersed in slipstrcam
is isolated

8 slipstream

b balance

tr trim

ff frce floating

a.c. aerodynﬁmic caﬁter

cal caleculated
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The tests were mode in the FACA full-scaele wind
tunnel (refercnce 1). The usual wind-tunncl corrections
to the angle of attack and the drag, obitaincd from refer-
ence 2, and the additionnl correctionrn duc to the "blocking
effect" (refarence 3) have been applied to the experimental
data, The vitching moments have not been corrected for the
wind-tunnel interference on tue downwash at the tail (refer-
ence 4); the interference was, however, considered in the
discussion of the results,

The mock=-up Tra2pTres s
low-midwing airplanc design (fig., 1). All parts of the
coolirg syestem and the carburetor scoop were removed for
thne tests. The elevator was controllable from the cock-
pit during the runs, The wing flap was c¢f the slotted
type and was deflected 40° for all flsp-deflected con-
ditions. A 2b~horscpower electric motor installed in
the mock-up oporated a Curtiss electric controllable-
piteh propellar whose bladec-angle sctting could be con-
trolled and detcrmined during the runs.

ented s single-engine, tractor-type,

The force tests consisted of mecasurements of 1ift,
drag, and pitching moment on the mock-up without the tail
surfaces and with the tail surfeces with various settings
of the stabilizer and the elevator, For the clevator-
effectivensss and hinge~moment tests an operator 1in the
cockplt manipulated the elevater control stick and, using
a conventional WACA control~forces indicator, mrazsured the
stick forees, All tests includ.d the effeocts of flap
deflection and propeller operation, The propeller char-
acteristics (fig. 2) were det:zrmined from propulsive-
efficiency tests of the complete mock-up., The accuracy
of the stabilizor and elevator scttings was estimated to
be within =*0.25°, In the analysis of the data, extensive
cross fairing was poerformcd.

With the horizontal nand vertical tails removed, alir-
flow surveys were made in the region of the tail., The
surveys were made by mcans of o survey rack consisting
¢cf 15 pitch-yaw tudes,

At each angle of att the propeller was operanted
over a range of blade snglcs and advance-diométer ratios
to obtain & range of thrust coefficicents, A large range
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of possible operating conditions was thereby covered;

the greater part of the meesurements, however, were made -
for conditions that approximated full-power operation

of the mock-up as a typical pursuit airplane with 1000
brake horsepower (fig. 3). Propeller charts for a nearly
similar propeller were used for the preliminary calcu~
lations. 1In order to obtain desired values of V/anD,

the tunnel speesd was varied between 30 and 60 miles per
hour.

As previously noted in reference 5, it was found
that the 1ift and the pitching moments were relatively
unaffected by ressonable variations of the propeller
blade angle B if the same thrust coefficient T,
was maintainsd. The results of reference 5 indicate
that, for the cases with fleps retracted, the use of
the 1ift coefficient for the propeller-removed condition
in dctermiring ths propeller-operating conditions is
bercly satisfactory as & Pirst approximation. TFor the
cases with flaps deflected, however, thls procedure is
entirely unsatisfactory and the effect of propeller
operstion on the 1ift must be estimated., The propeller-
operating conditions must then bve recalculated, the
new 1lift cceffilcient belng used,

I, WING-FUSEZLAGE COMBINATIONW

The addition of a fuselage to an isolated wing gen-
erally shifts the amerodynamic center forward (reference 6)
the 1ift and the pitching moments for a conventlonal
combination, however, are practically the same as those
of the isolated wing (the pitching moments being taken
about the corresponding aerodynamic centers). The wing
and the fuselage can therefore be conveniently treated
as a unit, '

Lift-Curve Slope

Lift, drag, and pitching-moment curves for the tall-
less mock~up with flaps both retracted and deflected are
presented in figure 4, TFor the retracted flap the ex-
perimental slope of the 1ift curve is 0,071 per degree.
The slope for the isolated wing as calculated by the
methods of reference 7, estimated section charscteristics
being used, is 0.073 per degree. The rosults of previous
tests of similar wing~fuseloge combinations {(reference 6)



also show practically negligible offect of the fuselage
on the slope of the wing 1ift curve,

The experimental slope of the 1ift curve for the
cose with flaps defiected i1s C.072 per degree. Reference
8 also indicates only a slight change, in general, in the
slope of the 1ift curve due to flap deflection,

Aerodynamic~Center Location

‘ The experimental asrodynaric-center locations have
been detcrmined for the wing-fuselesge combinstion from
figure 4 following the mothods of refsreonce 9,

Ratracted flavns.- With the flaps rotractad the aero-
drnamic center is 0,232 foot in front of and 0.89 foot bao-
low the centsr of yravity. The calculated location for
the wing alone, by reference 7, is 0,10 foot in front of
the ceuter of gravity. The forward shift of the aero-
dynamle center caused by the fuselage is, therefore,

an = 0.,040%c,, which is in approximate agreement witk the
experimental results of reference 6, Tuils value is also
in excellent agroement with the thecretical valuc of
0,043%y for An calculated from the forrulas given in
rafcronce 10, -

he vertical location of the aerodynamic center is
a funetion of the Arsg cheracteriztics of the

Deflected flops,~ The nosition of the aerodynamic
center for the wing-fuselage combination with flaps de-
flceted is 0.60 foot in froat of and 1.55 fect below the
center of graevity. This position is considerably forward
of the locaticn with retracted flaps. The theory of re-
ference 10 indicatas that part of +this additional forward
shift is probably due to an increase in the effect of
the fuselage when the flaps are deflected, The further
downward movement of the aerodynamic center is due to
the increased wing drag.

Effcet of Fropeller Operation

Propcller opuration has two secparate effects on the
x x . 3 X
lift and the pitching moments of the wing-fusclage com-
bination. The first, designatcd the 4

irect effect, arises
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from the forces on the propeller itself ond may be
estimated from the results of tests of isolated pro-~
pellers in yaw. The second, designated the slipstream
effect, results from the increased velocity and the
change 1n the direction of the air flow at that part
of the wing immersed in the silpstream.

Retracted flaps.~- The experinental effect of propel~
ler operation at various angles of attack and thrust con-
ditions on the 1lift and on the pitching moments of tue
wing-fuselage combination with flaps retracted are pre-
sented in figures 5 and 6, respectively. For comparison,
the effects calculated by the methods of reference 5 are
also shown in ths figurss., The agr.ement between the ex~
perimental and the caleculated 1lift values 1s considered
satisfactory. Tha agreement for the valucs of pitching
morert, however, although satisfactory, is not quite so
good as for the 1ift values; the effccts of the slipstrecam
on the wing and the fuselage pitching moments, which have
bz2en neglected in referance 5, may possidbly account for
part of the discre¢pancy.

Defleccted flaps.- The experimental effects ¢f »ro-
peller operation on the 1ift and the pitching moments of
the wing-fuselage corbinaticn with deflected floaps are
presented in figures 7 #nd 8, respecvively. The 1ift in-
crements due to propeller cperation sre umch larger than
those obtained for the corresponding condition with flaps
retroected and the pronounced diving moments indicate the
conziderable effect of the slip:tream on the wing pitching
moments for the flap deflscted. An attempt was made to
apply the metrods of reference 5, heretofore used only for
unflapped vwings, to the present case, in order to indicate,
if possible, the applica®ility of these methods to flapped
wings., It was found that, except for the necessity of
changing one parameter, the effect on the 1ift calculated
by these methods was in reasonably satisfactory agrecment
with the experimental results. These metheds are sum-
marized as follows: '

The calculated 1ift values (fig. 7) were obtalned from

C = ¢ + AC + AT 1
L, = %1, I, * A%, (1)

whers ACLP was determined from the formulas and chsarts

of refercnce 5 and
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b.E
A0y, = (xcl - 0.6a, ac) (2)

w

ls formuls is similar to the corresponding formula
(refcrbnce 5) for the plain wing; it was found, however,
that A should be 1.6 instead of 1.0. According to ref-
erence 11, this value indicates the markced effect of the
slipetream on the flapped-wing vortex system. Ths term
c.t0 is the estimatced local 11ft coefficient, without

slipstream, a2t the center of the flapped wing rathe? than
the average 1i7t coecificicnt of the wing.

The calculated piteching-moment cosfficisnts, presented
in figure 8, have been obtnined by consideration of the
direct effect of the propellar forces and of the slipstream
effcet on the wing pitcuing moment. The slipstream effect
s much iarger than the dirsct effcect of the propeller
forces, as indicated in figure 9, in which the direct effect
has bgen calculated from the formula of reforence &,

ipstream effoct on the wing pitching moment
akan as the sum of two components, The first
componcnt is due to the wing-lift increment, which is
assumad to act at the fuscloge-wing aerodynamic center,
The second, ond largest, component is the incrcase in the
actual pitching moment of the wing center sections about
thelr aerodynamic centers. The scvecond comyponent is a
function of the increage in veloclty of the slipstream
and of the immersad wing arosas, If it is assumcd that the
section pitching-moment coefficionts arc not affectcod by
the slipstrcam, tuis iancrement may be expresscd s follows:

~

)

¢

AMQ C. = C‘m c (Q - q.O) Swl ‘E'-wi (

(&Y

The factor cp_ c' is the pitching-moment coefficient of

the flapped sections and 1s assumed coustant aceross the

flapped porticn SI! of the wing arean, It 1s closely

approximeted, from the data for the propeller removed 2.8

Sy

C .
a. c. AE"J.C. wa

"
=]

m
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Dividing equation (3) by Syu, Sy glves

E' S E : S 2
W W b —'——'w
Acm" = cm —_—_—-l '——“i' (q/QO - 1) = cmﬂ,.Co -1 8 - % Tc
s Co D+Co Cw Sw cw W
(4)

The final expression for the effect of the slipstream on
the wing pitching moment is

EW + Sw. 8
ACp = Cn, —+ —~= 2 .+ 20 (8)
L a0 Cy sw i ¢ Cryr LW

If the effect of the slipstream on the fuselage pltching
moment 1s neglectod, the total caleculated effect of pro-
peller operation is given by .

AC, = AC, + ACp (6)
© P v :

The value of ACmP is, as for the condition with flap

retracted, determined by the charts of reference 5.
II. TAIL CONTRIBUTION

The study of the tail contribution to the pitching
moment of the alrplens involves consideration of the
isolntcd-tall paramcters and of the effective dynamic
pressures and e¢ffective downwash angles at the tail., The
‘characteristics of the isolated tail, although an important
link in the anelysis, were not avnilable, because no tests
were made of the tall alone, TFor purposes of this devel-
opment, these characteristics werce cstimated by analysis
of the data for thc propeller removed; methods that have
received some verification in previous studies (reference
12) were followed. The effective dynamic pressure at the
tail 1s defined by the elevator effectivenass dC,/dd, and
is equal to the average local dynamic pressure at the tail
for the low-angle propeller-reomoved conditions but, for
the propeller-oporating conditions, it is lcse than the
everage local dynamic pressure mainly becnuse of the finlte
extent of the slipstream, The ocffecctive downwash angle is
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2fiped by the toll incidence for which the contridbution
f the tail to0o the pitching moment is zero,

The data on the elevator effectiveness was found to
be in good ngreecment with thoe theory of refercnce 53 the
date on the downwash angles nppeared, in generasl, to be
less satisfactory and exhibited some apparent inconsist-
encies.

As a check on the over-all applicability of the
various assumptions, empirical factors, and formulas,
the total tail contribution %o the pitching moment has
been calculated with thelr aid and compared with the
experimental valucs,

Air-Flow Surveys

Some surveys of air flow in the region of the hori-
zontal tail are presented in figures 10 to 25. With the
propeller removed, the wing wake is consideradbly below
the horizontal tail but approaches it with increasing
angle of attack, The fuselage boundary layer is clearly
evident in all cascs. With the propeller operating, the
1imits of the slipstream and the effects of propeller
rotation are readily determincd. As is apparently char-
acteristic for single-engine airplanes {(roeferences 5 and
12), the slipstream is not circular, The markcd increase
in dynamic pressure, ecspccially evident at the high angles
of attack and the large thrust cocfficients, on the side
of the downward-moving propellar blade has been attributed
to a shifting of the centroid of the thrust, as discussed
in reference 1%, The very strong local downwash fields for
the casc with flaps deflccted should be noted. It should
also be observed that the downwash ~ngles do not apprecie’
ably vary with distance from the elcvator hinge line.

All the surveys were evaluatced to determine the
average dynamic pressure and the downwash of the air flow
at the horizontal tail, The resulits are presented in
table I for the case with flaps retracted and in table II
for the case with fleps deflected. Two different types
of aversge arc shown in the tablcs. The values with the
subscript aa ears straight arithmatic averages, defined
as ' '

i 1 bt/:—’,
(a/a0) s = T3 (1/q0) 4x (7)
) ~bt/e
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] by/a
Cea = —b-.t: € dx (8)
=%t/ 2

The values with the subscript av aras welighted averages,
th: lonal dyunesmie pressure being wcecighted according to
the loz2al chord nand the loz2al downwash angle belng
woightod according to both lcecal dynamic proessurce end
local chord:

b
1 t/2 (%)
(Q/qO)av = E; (q/qo) cdx
\"bt/z
1 APt/ 2 _
Cavy T . e(a/n,) cdx (10)

St (q/qo)av =by/o

Tables I 2nd II indicate that, in most instances, either
method may be used to evaluate surveys., Welghted surveys
have been used exclusively hereiln.

Isolated-Tail Parsneters

The isolated-tail paraseters are the slope of the
normal~force curvs dCN+/dat end the relative elevator-
4

effectivencss factor T, From testes with the propeller
removed and with the horizontal taill at various settings
(fiz. 23) and from the formulsa

- = . (11)

the averase experimental value for dCy,/do wvas found
& p t

J.it
to be 0,051, (Values of (gq/q,),  were btaken from 8survays.)
This value is in exXcellent agrecment with the value of
0.C82 taken from figure 21 of refarence 14. The average
value of T, detormined in this report by the retio
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a5, /dgj,dCT, 1it, is 0.59 and is in excellent agrecment with

the value of 0.58 obtained from figure 26 of reference 14,

It should be mcntioned that previouns comparisons of
" ocxperimental data with figures 21 and 26 of refercnce 14
have not always given such cxcellent agrecments as in-
dicated in the forosgoing paragraph.

T 1

Elevator Effectiveness and Effective Dynamic Pressure

The experimental variation of the elevator effective-
ness with thrust coefficient with the flaps retracted and
with the flaps deflected, is shown in figures 27 and 28,
respectively. With the propeller removed, the elesvator
effectiveness is agproxiratelv proporticnal %to the average
dynamic pressure at the tail; accordingly, for these con-
ditions, the effective dynamic pressure approximately cquals
the average dynamic pressurc; that is,

(20n/856)o = (a0xp/day) T (a/ap)e 2t 12 (12)
Sy Cy

The proportionality no longer existe at the higher thrust
coeffizients; for such conditions the effcctive dynamic
pressure 1s lass than the average found from the surveys
(tables I and I1I).

The difference is due mainly to the finite extent

of the slipstream, which is taker into account in the
following equation (simplified from reference 5):

G2 - [<q/q;>o P }(dc" (1)
. _

d-’)e St d&e
where

dcp _(dep/asg)o
bk R R T (14)
dse/is (Q/qo)o

and by, is the span of the tail immersed in the slip-

stream, At is a function of this immersion and may be

li

-
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cbtained from refzreonce &, angd

o, =14 JTT AT,

The effective dynaxic pressure is thus given by the
factor

1-511

b'b —Et-
, 1 i
(6/a0)err = (a/ao)y + —

Nt Sy (14a)
S

For conmarison witih the experimental results, the
elevator effectivenass was calculated by formula (13) for
a range of conditions, ZExperimental values of (de/dSe)o

and (q/qo)O were used, Tor the conditicn with the flams
retracted, the ﬂurvoys and also the computations made by
the methceds of reference © iandicate practically conplete
immersion of the tail in the slipstream; sccordingly, a
vaiue of 2 for A4, as indicated by the analysis of refer-
ence 15, was uvsed for these cases., For the condition with
- the flaps deflected, the tail immercsion was czlculated to
vary between 8,5 and 9.0 fcecet (also approximately verificd
by the surveys), giving an average velue of 1,64 for Ag

iy

- (?7ig. 41 of referenco 5). Thae values of clevator eoffec~-
tivencss calculated with thess two valuss of Ag are
shown, together with the e¢xperimerntel reosults, in figures

: 27 and 28. Satiszisctory egroemsnt is obscerved in both
. cases,
Downwash

As previously mentioned, the average dowanwash at the
tail «¢€4v has beon evaluated from the alr-flow. surveys.
For these same conditions, the effectlve downwash egfr
has bzen determined from figures 29 and 30, The dis-
agrcement betweesn theso two experimental downwaosh angles
(shown in figs., 31 and 32 and in tedles I and II), cspo-
cially in the lower angles, has been previously observed,
notably in reference 12. The reasons are uncertain. The
discrepancy, Aey = €eff = €avs 15 apparently mainly a
function cf ¢z¢y and is indepeandent of flap deflection
and propeller operation, as showan in figure 33. The curve
r of this figure was usead to cupply a downwash-angle corrsc-
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applicability, however, is
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Propeller removed.- The averange downwash angle of

the alr stream at the tail for all propeller-removed

conditions has beern calculated following the methods of
refereinces 16 and 17. The agreement between the calcu-

}ated and the experimentsl averazge downwash angles, i
irdicated in figures 31 znd 22, is considered satisfactory, =
e:pe01q¢1y for retracted flaeps, The caleculated values

include the effects of wing twist (referencas 16 and 18)
and the wind-tunnel corrections.

Prorpeller ov-rating.- The average downwash at the
tail wisr the propeller operating has been calculated by
tiie procedure given in eforence 5, Briefly,

€lo = ?wn + €p F €591 (15)
oL
whoar ¢p 1s obtained from charts in rasference 5 and
C;, + AC
L L
o) W
€, = "
o W
P o Cs,
e
This rether clamentary proccedure gives fairly satis-
factory checlrs wita the avereg: xf rimental values (tables

I and JI). A compsrison of those results with bthe results
of some rocent British toests indicates that tho methods
used givs valucs of ¢p that, for the flap-deflected con-
ditions, are too large. Inasmuch as ~ven small ilncrements
of downwash may considerably affect the pitching moment
contributed hy the tail, the discrepancy, L€z~ €ayv ™ €cal?
ras computed and plotted as & furnction of ¢pa1 in fig-

ure 34, Differcnt curves were found for the cases with
flaps dxflected and with flaps retracted; propeller
operation, however, had no defiunite effact. Without fur-

ther cxperimental study, the gencrol applicability of the
specific values given in figurc 34 is very ouesiionabdle,
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IIT. COMFARISON OF CALCULATED WITH

EXPERIMENTAL PITCEING MOMENTS

Parts I and II have summoarlzed the availablce methods
for calculating the pitching moments of single-cngine
airplanes and have derived the necessary paramcters. Th
purpose of part IIT is to compare the pitching moments
colculated by these mothods with experimental pitching
moments, in order to show the genural applicability over
the entire rnnge of operating conditions of parameters
diorived ns avirage values from porticuler sets of tests,
The comparison is first given for the contribution of the
fixed tail (tail-setting onzle, 1.2°; clevator angle, 0°)
to the piltching moment; the compr.rison ls then extonded
to the complete mock-un. :

O

Tail Contribution

The experimental taill contribution has been obtalned
as the diiforencoe between pitching moments of the mock-up
with the tail attached and with the tail remsved, Tho
calculated tail contribution is obtained by the following
formula: ,

r e, Ty,

_ S5¢ 1l ti “ti >
Cth= \cht/dc‘{,t)S—w :'C;‘L(q/qo)o+ ‘ St }\t Sg G‘T+it—€eff (16)
In equation (16)

€arf T Cenl T OB€1 T Ben (27)
in which
€cal obtained from theory of reference 5
bde¢y and bde, given by figure=s %3 and 34

dCyy/day = 0,051
(a/a0) 4 valurs obitained from surveys

At 1.64 for flaps extended and 2.0 for
flaps retracted

8
8g =./1 + - T - 1 (zero for propeller removed)
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The e¢xperimental and calculated tail contributions
for the gonditicn with propaller removed are in satisfactory
agreement (ficgs. 35 and 36)., For comparative purposes, the
tail contribution has also been calculated with experimental
values of e,pp and with e ep = €go1 (fizs., 35 =znd 36),

For the propeller-operating condition, the agreement
between the experimental and the calculated values is not
entirely satisfactory (figs. 37 and 38). Calculations of
the tail contribution using experimental values o ‘€qpf

(as obtained from sross plots of tables I and II) are given
in figurecs 39 and 40, These cclcnlations indicate that a
large part of the discrepancy in figures 37 and 38 occurs
because the methods used in the estimation of the downwash
sngles are inadcquate. The digcrepsncics at low thrust
coefficieonts for the hisher angles of attack may be, at
least partly, attridbuted toc the fact that few experimental
data in this range were tecken and to the fact that ot

zero thrust, with the propeller operating, the conditions
are not quite equivalent to the conditlons with the pro-
peller removed. Saleulated values of the tail contributlon
with ¢gff = €cal are also lucluded for comparative pur-

poses in figures 39 and 40,

Pitching~Moment Curves for Complete Mock-Up

The experimental and the calculated pltching-moment
curves for the complete mock-ujp are presented in figure 41
for the case with retracted flaps and in figure 42 for the
case with deflected flsps, The calculated curves were
obtained by the following formulas:

For retracted flans,’

VTIIA =Cm(f + W)O + Cmtp + AcmP : ) (18)

For deflected flars,
Cm. = C + O + ACm_ + A0 ’ 19
mA m(f + W}Q 'ﬂtp II'P 'nw ( )

Experimental values of Cm(f + ) o were taken from fig-

ure 4; the other terms have becn previously evaluated. As



cepected, tha ppraanent ig not entively satlsfactory;
tho disagreement 1s mevsly due to the acscumulation of
errors incurred in estimating the various coaponents.

The effoect of the
moment is precented in

nding gear on the pitching
"ure 53. As the lznding geer
1s loceted omutside the slipstreem, the jucremuent of
pitching moment due to the landing gear is probably
unaffected by propeller operation,

Ty ped
l——‘ He @
Hm;r

C)

IV, ZELEVATOR HINGE-MOMENT CHARACTERISTICS

The stick-foroe date Lave teen analyzed with regard
to the Linga-morsat paraneters of the tail surface, the
elevator frae-floating angles, and the stick forces re-
quired to trim the sirplare

Hinge-Moment Peramoters

"Some typiecal curves of the variation of hinge-moment
coefficicnt with angle of elovetor deflection are shown in
figzure 44, These cecfflicients arc based on frec-stream
dynarmic pressure, Tks increasc in slope et a value of 8¢
of apyproximately =€ occurs for &ll conditions and 1s
probably duc to the ﬂrojaction of the loading edge of the
elevator The followinz analysis epplier only to elevator
angles witkin the lincar range that, although limited, in-
cludeés mest flight conditions. ZExtonding the methods to
tho larger elovator angles that are used In certalin me=
neuvers may serve to show no more then the order of maognl-
tude of the hinge moment,

The basic equation for hinge moment, taken from
reference 19, 1sg

Che = % Cyy * vV 3 (20)

where the coefficients OCp, and Cy, are based on the

local dynamic pressure acting at tae tail. The hinge-
moment parameters u and v should be functions mainly
of the area ratios §,/Sy ani Sy/S..
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The values of u ond v were determined experimen-
tally by vsing tas following relations, based on equation
(20):

N

o
53
jay
[}
T
Ci
Q
=
ﬁ
NS
o

(21)

v

#
7N
Q/
C
i
~
[o¥)
(o]
O
AN
(@
]
(=

The parameter u was obtained as the mcan slope of the
curve obtained by »lotting Che against th for an

clevator angle of 0°%; v was similarly obtained from
T

an interpolated curve of Cn (based on local dynamic

pressure) agailnst &, for Gy, = 0. Specifically, the

factors were obtained as follows:

(Ch > : from curves similor to those ghown in
¢ 5 o=0 figure 44
<CN£\ from the experimental values given in figures
/Se=o Ew S
37 a=d 33 by equation Cy, = -Cp, — -
ot 1, s
2 =t
(f‘Se)(1 from figurcs %7 and 38 and figures 27 and 28
thzo . Cm

by the equction 5§, = ——
dCp/ad8e

<ch > from curves similar to those shown in figure

44 for values corresponding to (58)0
=0

(a/4cdgy = BY cross-fairing the values given in tables
I and I1

The average experimental value of u 1s =-0.022 and
of v 1s -0.,0043., The generaliged charts of reference 20,
which were based on tests of a large number of isolated
tail surfaces, indicate a value of u = -0.067 and v =
-0,0084 for the horizontal tail surface.



I~411

21

The disagreeagpt beitween the values of u and v
determined from these btezts and from the generalized charts
of reference 20 is counsiderable, Refersnces 21 and 22
indicate, however, that detaile of clevator plan form and
trailing-edge profile may consideradly affect u and v;
other *actors, guch &S scale effect and the cut-out,
probabtly affsct the pressure distribution ovar the eleva-
tor. Tor these raasons it is not unlikely that chartis
based on & large aumber of tests with various uncontrolled
factors would be unsstislectory for eny particular tail.

The Rats of Ch%nge of Hinge Moment
with flevator Deflections

The rate of ghangz of hinge moment with elevator
deflection at coustart angle of atteck dCh /d&e hag bnen

datermined by mecasuring the slope at By = O° of curves
similer to those ghown in fisure 44, The experimental
variation of this fsctor with angle of attack and with
thrust coefficient 1s ziven in figure 45(a) fur the case
with retractad flaps end in fipgure 45(b) for the cane
with deflectad flaps. It should be mentioned that the
hinge-moment coefficient che is based on free-stream

dynanic pressure.

The formule for calculating &Cp./d8s may be obtained
by differentiatine equation (20)., If $ne difference between
the effective ~ud the averaze dynamic pressures at the
tail is neglested, the final expression is

wongiae = v (o) v v (&) o

where, if desired, (q/qo)av for the propeller~operating
conditions may be calculated from

’ by, T 7
Q.o/av Q0

For comparisorn, dche/dGe valuss were calculated, experi-

mental values teing used for 21l factors, and are also
presented in figure 45,
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The experimental and the calculatzd valucs are in
excellent agreement for the case with flaps retracted.
The agreement, however, is not entirely satisfactory for
the case with flaps deflected; the discrepancy probably
arises from the very marked variation in dynamic pressure
across the elevator span.

T 1

Elevator PFree-Floating Angle

The elevator free-floating angle is important with
regard to stick-free stabhility characteristics of an
alrplane., The formula for calculating it is derived by
simultaneously solving equation (20), with Che = 0, and

the normal-force cquation., 1If the difference between
the effective end the average dynamic pressure at the
tail is neglcocted, the sclution is

u(écxt/d0t> (am + 1¢ - €eff>
5 = -

A (24)
o i u(dCNt/dat> T+ v

By the substitution into this equation of wvalues
previously derived, the elevator free~floating angles were
computed for a number of conditions. The results are
plotted in figure 46, togsther with experimental values
for the same conditions., There zppears to be an almost
constant difference of about 2° in saff between the two

sets of curves. The discrepancy is possibly due to dis-
symmetry of the tail surface, Measurements showed that
the elevator hinge lins was slightly above the chord line;
it is uncertain, however, whether this error in construc-
tion can account for the entire observed discrepancy.

Stick TForces

The stick forces required to trim the airplane at
any given condition can be determincd from these tests
after the corresponding elevator hinge-moment coefficients
have been evaluated. The usual method of determining these
coefficients 1s to use the basic equation for hinge moment
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/ 7 QN
Cnhn. = (ul + Vv§ ) -——— 25
epp o\ VPN etr qu/av (25)
where .
©ra)sz0
5 _ 8=
Sty d O
df e
and
dCNt\ )
Cl\? = -—:——-—/) I’C,‘(,T + it - Gei‘f + Tsetr>
t doy \ .

Inasmuch as the elesvator free-flcating angles and the
rates of change of hinge-moment coefficiecnt with elcvator
derflection have bedn experimentally detormined (figs. 45
ani 46), the hinge-moment coefficient at trim has becn
obtained moraz simply fronm

/ dCh\~
Cke = be -8 > = (26)
: tr o
tr \ | e p: as,
Values of Ch“t are pregented in figures 47 and 48 for
- T B

the conditions with flaps retracted and with flaps de-
flected, vespectively. ZExperimental values of CmA and
i

dCp/d5,) have been taken from figures 29 and 39 (for
iy = 1.23%) and figures 27 and 28.

rg the effects of friction 1n the control
the stick forees for trim to be calculated

Ftr = —— (27)




Y% T T 54 (28)

or, i the airplane is climbving or diving at a large
angle, L

Weos | tan~?

At high angles of attack and large thrust coefficients
equation (28) gives values of qp that are adout 12 per-
cent greater than those obtained from equation (29).
Sufficliently accurate values of CLAP may be obtained

from figures 5 and 7 end valuas of Cp may be cbtained
from figure 4,

SUMMARY OF TINDINGS

The fecllowing remarxks, zlthough applying directly
to the mock-up tested, probedly possess verying degrees
of general avpiicabllity,.

l, TFor cases with flaps defleccted, the nropeller-
operating coaditions cannot bs directly determined fronm
the rropeller-removed 1ift coefficient,

2+ The slope of the lift cnurve of the tallless
mock=up can be accurately calculated by the use of
raferences 7 and 8.

%, The forward shift of the aerodynamic center of
the plain wing coused by the fusalage can bs estimated
by the use of references 6 aud 10, :
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4, The cffeet of propeller operation on the 1lift /-
and on the pitching momert o7 the taillcss mock-up with
retracted fiaps con be satisfectorily ectimated from the
procedures givean in reference 5.

5, With the flang deflected, the increments of 1lift
due to proneller operation are much larger than those
obtained ror the corresponding condition with the flaps
retracted, The differincs is probably due to the effeoct
of the slipstream on the flapped-wing vortex system,

6. The sliprstream markedly increases the flapped-
wing diving moment.

7. The isolgtsd-taill paramcters, as determined from
these tests, compare satisfactorily with those given by
the charts of reference 14,

8. Tho effoctive dynamic pressure at the +ail for
the propeller-operating corditiors can ba accurately
estimated from reforcnces 5, 11, and 15,

9. Mhe downwash anglcs at the tail determincd from
differcnt teil scttings arc not equal to those determined
from air-Ilow surveys, esvccially at low angles of attack,

16, The average downwssh anglas of the air flow at
the teil, with the propeller removed, can be closely cal=-
culated from references 16, 17, and 18,

1l. The methods of calculating the propeller-
oparating downwash angle at the tail from referencs 5
ere barely satisfectery as first apprexiuations unless
enpirical correction factors are used. It is believed
that most of the dircrepancy, for the flap-deflected
condlition, may be attriduted to th2 methols of calcu—
lating the downwash due %to ths propeller,

» Pitching-moment curves for very rearly similar
‘nes can probably be satisfactorily estimrted by the
foth ropeller-removed pitcaing moment of the tall-
air ¢ and the empirical downwosh correction factors.,

W

4

B

13. The use of the cherts of refzr.onece 20 for
determining w and v, which arc based on the rasults
of a lsrge nunber of tosts of horizontal tails, is un-
satisfactory. ERefcrenccs 21 and 22 indicate that details
of the elevator plan form and trailing-cdge profile are
important considerations,



14, Tho eclimd or the dive angle of an airplane in
poewerad flighkt should bo econegidercvd in calculating the
free-stream ayaanic pressgure.

COUACLUDING REMAPXS

Mcet of the basic, faciors affectiing the pitching
mements and the stick forcées of en airplane can be
satisfactorily esstimated by use of the aviolable theories
snd procedures; furtiuer systematic e¥periments and relatead
theories, however, nre¢ necegsnry btasfore the downwash at the
tall with propoller operating may be reliably predicted.
Experirmental data aad charts of the hings-moment parameters
shounld bve mnged with extiremo care, and duc congideration
shonld ba given to the varicus factors affecting these
Faramcters,

Langley Memorial Asronaubtical Laboratoery,
FNational Advisory Committee for Aeronzautics,
Lanzley Ficld, Ta.
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NACA TABLE I
COMPARISON OF EXPERIMENTAL AND CALCULATED
DOWNWASH ANGLES FOR MOCK-UP WITH FLAPS RETRACTED

ap | T¢ 8 (q/q°)aa (q/qo)av aa €av “ere] “cal
(deg) (deg) (deg)| (deg)| (deg)| (deg)
-0.2 f:g g:g 0,87 0.84 1.2 1.2| 2.5| 0.9

3.1 (‘) (a) .85 .79 206 2.6 4.2 2“

6.9 (a) (a) .84 .81 4.6 4,7 5.6 4,2
10.9 .82 .79 6.6 6.6 6.4 6.3
-2.8 0 41 094 .91 ol .1 loo -c5
-2.5] .02 34 .93 .92 4 .4 1.1 -
-1.510 36 «93 .90 .8 .9 1.7 2
-1.5] .02 41 .99 .96 7 .GJ 1.7 .2
. -02 001 53 087 ‘8§ 1.3 103 2.5 Ig

-.2] .04 50 97 .95 1.Q 1.4 2.5 .9

1.0 .08 29 1.08 1.07 2.8 2.8 3.5 1.9

Tel] O3 30 .93 .91 - 3.1 3.0 4.5 2.6

3.1] .09 37 1.04 1.03 3B 3.3 4,7 2.8

5.0 .16 26 1.29 1.26 5.2 5.3 6.1 4,5

5.1} .01 26 .96 .93 5.2 4.6 5.3 3.8

6.8 .11 30 1.09 1.07 549 6.0 7.1 5.8

6.8] .18 37 l.44 1.46 5.1 5.4 7.1 6.1

8.9 .06 26 1,02 1.00 6,8 7.0 7.8 8.3
10,71 .31 35 1.62 1.63 8.7 9.1 9.9 9.9
14.51 .46 29 2.01 2.01 12.6 | 12.9 | 12,7 14.2
14.71 .12 29 1.17 1.15 10,7 11.1_;11.7 10,9
propsller removed

TABIE 171
COMPARISON OF EXPERIMENTAL AND CALCULATED
DOWNWASH ANGLES FOR MOCK-UP WITH FLAPS DEFLECTED

ap | T <] (q/qo)aa (q/qo)av €ag | €av | feff | €cal
(deg) (deg) (deg) | (deg) [(deg) ![(deg)

7.8 g:g E:% 0.88 0.85 | 10.7| 11.8| 11.2 | 10.5
18,1 .83 .81 13,0, 13.2 13.0 14.6

.8 [0.22 23 1.55 1.61 14.0{ 13.2 | 14.9 12.7

6.1 .07 18 1.28 1,27 13.0} 12.6] 12.3 11.0

7e3 «52 28 1.92 2.03 16.3] 15.6 ] 18.9 16.4

8.6 .54 23 1.67 1.72 16,64 16.74 17.2 16.5

9.6 « 35 32 1.60 1.66 16,6 16,5 17.5 ! 17.6

9.7 .17 18 1.34 1.36 15.2| 15.2 | 15.6 14.9

9.7 «19 18 1.26 1.38 16.3| 16.6 | 15. 15.3 |
12.8 .46 23 1.80 1.89 19.4] 19. 19.3 21.9
13.1 .21 18 1.386 1.35 18,0} 17.4 | 17.1 18.4
14.2 .98 28 2.00 2.01 21.41 20.1 | 20.8 24 .8
18.0 .08 28 1.03 1.03 16.5] 16.7 | 16.4 18.1

aPropeller removed
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NACA Fig 2
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Figure 2—Propeller characteristics as defermined from tests of the

complete mock-up  the NACA full-scale wind tunmel. Three-
blade Curtiss electric propeller | blade 614Ccl5-24,hollow steel .
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NACA Figs. 37,38
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Figs. 39,40
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Figs. 41,42
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Fiqs 43,44
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