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STABILITY AND —CONTR Cihahc EEIBT IR

By Noel K. Delany and William M, Kauffman

SUMMARY

The longitudinal-stebility and —control characteristics
of a twin—engine patrol airplane as predicted from the
results of wind-tunnel tests of a powered model and as
measurod'in flight are compared in this report. The accuracy

' of the wind=-tunnel predlctlons'adl the reasons for dis-

crepa nc¢es are analyzed and discussecd.

The predictions from wind-tunnel-test data were in good
agreement with flight-test results. The results show that
such predicted flying-gualities characteristics are suffi-
ciently accurate to indicate the unsatisfactory ‘longitudinal—~

_stability and -control characteristics of airplanes in the
Ppreliminary de81gn stage. The wind-tunnel data may be used

to deduce the chief reasons for thesec unsatisfactory charac-—
terlstlos ard to an¢C“uC possible methods of improvement.

"The aerodynamic longitudina 1 1~atabil 1Ty derivatives as

estimated from flight-test data and as aSU“bd in the wind
ssunnel were, 1in gener.l, in good girbOHCnt. The differences

which occurred could be attributed partially to small
physicel dlSSlmllaPluleq between the model and the airplane
and to indccuracies involved in es timating the flight thrust
coefficients for ufe in maECFlﬂg pO”“P oonuvtlon "
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INTRODUCTION

During the past several years the flying qualities of
various airplanes have been estimated from the results of
wind—tunnel tects made while the airplane was in the design
stage. These predicted flying qualities have been used to
determine compliance with the critical stability and control
requirements. Basic changes to the airplane, necessary for
correction of unsatisfactory characteristics, have been
determined from these data. No comprchensive study of the
accuracy of such methods of predictions has been made in the
past, and it was conslidered desirable to compare in a detailed
manner the predicted flying qualities with those measured 1in
flight. Such a comparison should lead to a better under-
standing of the accuracy of the predictions and control
characteristics, as well as to improvements in tcsts and
methods which will result in more accurate estimates in the
future.

As a part of this correlation program, flight tests were
made to determine the flying ocualities of a twin-engine alir-
plane for the purpose of comparison with the results of tests
of a 1/9-scale powered model in the Ames 7- by 10-foot wind
tunnel (reference 1). Comparison of the test airplane with
the wind—-tunnel model indicated that the airfoil section of
the model horizontal tail surface diffecred considerzbly from
that on the actual airplane. Hence, the wind-tunnel-test
results presented in reference 1 were not considered suitable
for comparison with the flight-test results, and repeat tests
were made with the model altered to correspond to the airplane.
The predictions presented herein werc computed from the results
of these latter tests.

The longitudinal-stability and —control characteristics
which are usually opredicted from the wind-tunnel-stability
and —control test data are static longitudinal stability,
clevator control in maneuvering flight, and clevator control
in landing. The results presented are confined to these
characteristics, as they are critical in design work and are
the longitudinal characteristics most suitable for comparison
with flight-test data. The correlation of the lateral- and
directional-stability and —control characteristics will be

presented in a future report.

The stablility and control charaétoristics as determined
in flight and as predicted from the results of wind-tunnel
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zed in varisus ways,  in Ghls report The
the wind—tunnel tests are Tirst compared

ved from
ight-test results in the form norna 111y used in f£light

(airspceds, control Loroes, and clevator angles)e

anis AT this type indicate the degree to which The

characteristics can bde prcd;cued, but do not readily

reasons for diser epanCica' Eence, data in cocf-
ficlen® form are derived from *h" static-longitudinal-
gtabllily ight tests and ooy d in this forn with the besl
"ila—buﬂ.u 1 data. By this mo’snfm the reasons for any ﬁd.saﬂ':oc——
ment in the resulte can be determinecd in terms of basic aerd—

. _

115 &
dynamic coefficlents cnd derivative

DESCRIPTION OF THE AIRPLANE

A (et SR B 1 o .

s a twin-cingine, low-wing, mediun—-slze
equipped with rctractable conxca ional—

T le alrpiohe -l
:onoplane, IT is )
tvpe landing gear, twin vertical tall surfaces, and Fowler
type wing fleps. Figurcs 1(a) and 1(b) are phot h _0“
the airplane as instrumcatced for the rlight tests,
figurc. 2 is o threc-vicw erViﬂr The Qp”oiwl specificatinns
and dimcnsisns are prescentcd in tables I, II, and III.

ng rivauts sn the leading
races were removed before

The de-icecr boots and @

cdges »f the wing and 1xca

tht fiXzhrt Te stv in order to simulate colﬂ¢u1010 of the wind-
tunncl tesbts. Tic quG for the rivauts were scaled with -~
geotch tape, and the airfoil leading cdge was sanded smn92th
(figs. 3 chd ).

The rolation between control-column position and clevator
ancle as neasurcd nn the ground with no load on the contmol_
girfooce 1s given in fisurc 5. The elevagar uﬂbln ig defincd
as the angle betwecn the elovator and stabilizcr chord linos.
The cenbor scction of the elevator consigied Gf an upper-
surflcce tall flap which opeorated only when the elevator was
at. an wp deflcetion (f igs., 6 and 7)s lotion of this tail flap
was resisted by o light bungec.

s

evator: systen,

gr )nnd uurlﬂj slow
en in figure 'S

Iil and 00@st GabS e
ht tests was

mhe force choaractoristics »f tho

Was mogswunbalanced, as mecsurcd M L
mvenents »f the coantroal column, are gi
01~V tor was equipped with comid
mhe baagst-tab ratin used during the flig
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aporoximately thet recommended in reference 2. The relations
kcu,ccn tab angle, tab cockpit—-indicator setting, and elevator
engle are shown in figure 9.

DESCRIPTION OF THE MODEL .

The 1/9-scale model of the eirplane (fig. 10) was the
game mpdel as used in reference 1 with the exception of the
horizontal tail. The ordinates of the airfoll sections of the
stabilizer and elevator were determined on the airplane at
four stations. The contour of the model tail was then modified
to correspond to the full-scale horizontal tail. The major
differences between the model and the full-scale alrplane were
the lack of tabs on the model control surfaces and the method
of fastening the elevator flap to the tail, On the airplane
the elevator flap had a planoc hinge; on the model it was
attached to the elevators for up deflections, and to the tail
cone for down deflections., There was a small gap between the
stabilizer and elevator flap for up deflection of the elevators
to eliminate friction effects in the measuremeunit of the
elevator hinge moments., The hinge moments were measured by
means of resistance-type strain gages on the elevators.

Power was supplied by two electric motors which drove two
threce—blade right-hand-rotation 1/9~scalc propellers. The
propeller-blade angle (30° at the 0.75 radius section) was
scleccted as a good compromise between the high-and low-specd
pcwer—-on flight conditions,

SYMBOLS

Definitions of abbreviations and symbols used in this
report are s follows;

MqA Q. wing mean aerodynamic chord, fect

Vi correct indicated airspeed, miles per hour

Se elevator angle, degroes (measured between elevator
and stabilizer chord lines)

ki total elevator-tab angle, degrecs (sum of trim

and boost angles)
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8+ elevator trim-tab sctiing, degreces (docs not include
boost angle)

w airplane weight, pouvnds

Ao the algebraic sum of the components along the air-
plane Z-axis, of the airplane accel crebion and

the acceleration due to grav1ty, in t“rns of the
standard gravitational unit (32,2 ft/sec”®),
Positive when dirccted upward.

q frec—stream dynamic pressure, pounds per square foot

wing area, square feet

" 0y, airplane 1ift coefficient (VAz/qS)
Fe elevator control 10“00, pounds
Te propeller thrust cocefficient (T/pV=D?)
ip angle of incidence »f the horizontal tail as measured
from the fusclage reference line, degrecs
X distance from leading cdge of mean acrodynamic chord
to test CthCr~OL~"T”Vlty location, feet per Il.A.C.
in feetb
Cn pitching-moment cocfficient about the center of
gravity
Ciy pitching-moment cocfficicnt about 0,298 7.A.C.
L0 Ro8
il [uL(‘{—-O 298)]
Cm8 rate. of change 01 ﬂlucu¢ng~n0nent cocfficient with
elevator ang %un /08¢ (%tab zero, 1lift coef-
ficient conutart

rate of change of pitching-moment coeff icient with

Cn
1 ittt eocfficient ch/éCL (tab zero, clcvator
“angle constant)
Cns rate of change »f pitching-moment cocfficicent with
" tail angle of incidence oCm/oiT (tab zero, 1ift

coofficient end clevator anglc constant)

Cn elevator hinge-momcnt coefficient
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Ch& rate of change 7f elevator hinge-moment coefficient
with elevator sngle oCh/d8e (tab zero, 1ift
coefficient eonstant)

ChCL rate nf change of elevator hinge-moment coefficient
with 11ft coefficient oCup/0C; (tab zers, elevator
angle constant) *
ChST rate of change af elevator hinge~-moment coefficient
with total tab angle oCL/087 (elevator angle and
1ift coefficient constan®)

TESTS
As mentinned in the introduction, the resultc presented
and discussed in this report are couline Tl 89

A e 2
to TGhe static

tudinal stability and control, elevator comtrol
g1l

flight, and elevator contrael-in landing., Tie following ls a
brief description of the tests and methnds of compuiatioan,
Flight Tests
A description of the basic configuratisns for which flight
tests were conducted is as follows:
‘ Position ; Power | Approximate i
| | ' i ' i | indicated !
i : i Engine |Brake i |
| : f : ifold ! & . stalling |
Condition| . Cowl :Manllo % . speed | horse- | i ;1if !
| Flap | Gear! | pressure e T i ,t airspeed |
1 . flap 4l e gsetting | power per! (k)
1 | | \WReRES 4 (epm){engine’ | i |
) L o
| ' ! : i | Propellor { 3
{ ~ ! i - ‘ abet o ¥ I |
| Glide | Up ! Up !Closed ‘Throttled! - il i 104
FY M | . | high : ; |
g | i § { pitch 1 i { |
Climb | Up | Up |Closed | 36 . 2k00 w0 8h |
i i i (|
S | | : |
Landing |down |Down|Closed |Throttled | 2400 § —-— 1 ox Sl
| (339) i ; § s
: : 1 : ‘ : |
Full | : f 1 , 3
Approach tdown ;DowniClosed % 20 i 2ho0 530 85 %
| (38°)] i a i s,

1From engine—performsnce chart for low—blower gear retio et 6,000 feset.
Placard limit indicated airspeed — 350 miles per hour with flaps and
goar up, 140 miles per hour with flaps and goar down.
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Althotgh there were small variations in weight due to
ballagt and to fuel consumption, the average alrplane grass
weight for all the tests was »f the srder of 25,500 pounds
(the normal airplane gross we¢0|t), This value has been used
ag standard for computations.,. hree different center—of- '
gravity locations were used GULlﬂg the tests (approx., 0,240,
0,275, and 0.325 H.,A.C., flaps and gear up). Average test
values are noted on the figures., The average pressure alti-
tude for the ouwu1L~391yltudvqwl~suhN171tv and t"rnllﬁ—llight
tests was 6000 feet.

Static-longitudinal—~stability characteristics.— The
variation of elevator angle and control force with elevator-
Tab setting was neasured in steady straight unycred flight
at various constant indicated airspeeds in the glice, cllmb,

b i |

cate i
landing, and approach conditions. At each airspeed the
pilot varied the tab setti: t2 give apout five different
values of contrnl force over a sizable

were performed while the center °f gra
different deeations.  Cross plots o
control force as functions #f indic
derived Tfor various constant elevat

The pitching-moment characteristics of the alrplane
were derived for “the Cvae, ¢ 1inby 1<m€iu~ and approach
conditions in the form of pitching-momernt coefficicrt

C fielent Cj, Tor ¥avious

Ulohaaass 8l B Tunebisniaf Jlit G eoed
cmstant elevator angles 86; In the determination of the
Tlight-test valucs, the ation of elevator angle

(corrected to total tab anélu nT zero) with-1ift “enefficient
for each center—of—-gravity location and flight conditinn
was obtalned from replots of the curves of elevator angle
platted agalﬁct airspeed. The nitching-moment char CtC“lntiCS
Tor cach comd itinn were determincd from cross pleots (clevator
hnglo constant) of these curves, Lift ocnd wltchingnmwment
efficients were compubted from tlhie f»1llowing formulas:

'J

WA~
Cr, = =
e as
L T L L 2%
Cmo-zes R g 0.298)
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The elevator hinge-moment characteristics were derived
for the glide, climb, landing, and approach conditions in the
form of curves of olevator Lvngc~n01oat cocfficient Cn as
a: funection of 1irft coefficient CL for constant elevator
anvlos 8o (total clevator tab angle of zero). It was not

possible, despite the cxtensiveness of the test data, to usc a
dl ect analytical mcthod to determine these elevator hinge-—
monent cocrficients for flight, Small errors in the measurc-
nent of absnlute values of clevator-tab setting were present
from Ilight Tto fli”bt, although the ncasured changes in
elevator—-tab sctting for a given flight arc considercd cocuratc

. to i0.2°. Due to the largce ta hllcctlvcncss, these small
crrors resultcd in inconsistent date whon an attompt was made
tn cetablish hinge-moment characteristics by a dircct system
of cross-plotting, In order %o avold tals diffieulty, & cute~
and-try systcem was omploycd, The hinge-nmoment curves were
cstinated and adjusted| to give characteristics which, wien
used in computations, rosu“tcd in the best agrcoment with the
flight variations of control force with wnﬂlvot d airspeceds.

tf)t&l

il

Flight valucs of tab cffectivencse Cpg  (where 87
tab ﬁn”lo) were deternined from tﬂa slope, over the range
of anploxlnatc linearity, of curves of clevator contro ol force
plotted against clevator trim-tab Dotti &a

2

Tlevator contral in turning flight.—~ Steady turns of
different constont acccleration factors werce performcd at
varisus airspceds in the climb conditions for threc cecnter-
of-gravity locations. The varliations of clcova Eor-angle and
| control~force zradicnts A8g/Aby ond Fo/0Az with eirspeed
were derived from these data,

| Flovator control in landing.— Landings werc made ab

| diffcrent contoct ﬁ“SpOCdS aover o .gafe ané feasible range
for the Torward and rcarward test contcr-of—gravity Locatinns,

‘ These tests were pcrforrod in the flaps—full-down, poucr-off

| condition; that is, the landing c0u61t101 used in thc stabllity
tosts. The elevator-tab sotting uesed during the landing tests
woe that normelly uscd by the pilot in landings for the gilven
test center—of-gravity location.

ind-Tunnel Tests X
Lo sdme &as

The procedurc for the wind-tunncl T
sented herein

C
that outlined in refercnce 1, but the data

b /
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were obtained from repeat tests which have not been rcpnorted
previously. ‘

Basic data.— The data were »btained from constant-
thrust-cnefficicent polar testas as described in refcrence 1,
Chnditiong for the repeat Tests arec shown in the following

tablec:

] i, ! = . i M O
lindel | Tlevator angle | | rail Thrust- ‘
configuration | (cee) incidence | coefficient
! @ o (deg) range
Flaps and gear up M | 0 <00 e
1 046
. i | ,
! ot o o) L ol i
Flaps and gear up 15, %g’ a4 Al 0 R el e
I : i
Flaps and gear up : 0 3.75 0
O O
Flaps 38°, gecar down 0, &7 } 0 O°f‘9°°
| i s
| 1 2
Flaps 38°, gear down ~15, =20 0 e
! 003
in) J‘
!Flnps 30", gear down ! 0 3515 o

Estimated flight T, — C;, relationships for the various pover
éonditions (glide, climb, lending, and approach) were used in
the derivations of cross plots for the various flight condi-
tions, TFrom these cross plots the wind-tunnel data of pltching-
moment coefficient € and clevator hinge-moment coefficicnt

On werc »btaincd as a functisn of 1ift coefficlent Cp. All
data werc conrreccted for wind-tunnel-wall cffcets and support-
strut interference. : i

llethods for Precdicting STability
and Control Characteristics

The variation of elevator ongle and control force with
indicated airspced for stcady stralght unyawed flight and the

ations of AFg/8Ayz ond ASo/AAy in turning flight with
icated airspecd were computed by the methods outlined in
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ance 3, The elevator-tab effectiveness used in The com-

:L S1¢
;Ut&tlons was estimated from reference 4, as the model was nnt
equipoed with tabs Tn all of the computations The airplanc
eross welght (26, BOO 1b), center—of-zravity locations (noted
on figs, ), elevatﬁc maas unbalance, mechanical advantage of

uhe control gystem, and boost-tab ratio as neasured on the alr-—

ane were used.

The variation of elevator angle and control force with
contact airspeed in Lnﬂcinﬂs was ¢ésmputed by the methods of
reference 3. The ground effects uqed in the computation of
the elevator angle “and conuvol force in 11n01ngs were deter—
nined by two methnds.  Tests were made with a ground board in
the tunriel, and the effects of the ground on ‘the upwash angle
at the wing and dovnwash at the tail were also compubed fron
reference b

RESULIS AND DISC"SS o]
Static-Longitudinal-Stability Characteristics

The results for the various flight conditions are dis-
cussed first as to the degree of qurelutWQH (as .¢ndlcmtod by
curves of the flight type) between flight t—~test and Vlnd—tunnel
prediction. The rcasncns for the afrooncnt or disagreecment arc
tnbn cxplained by refercnce to the data in cocfficlent form.
For this analysis, examinatinn of the static-longitudinal-
stability equations indicates that the differences -between the
flight-tcet and prcdicted variatinong: of elevator angle with
indicated airspecd can be ascribed 2 txo following factors:

1. AC diffecrences in unq

mep, 0y -
2, ACpg differences In G:Sf

The sbick—frec stability churactc ristics in steady flight
can be shown br curves of Cn plotted agoinst C1,e The
follnwing cquation can be written from tncuo curves:

dcy /a0y, = Cth + Cng (dgc/acL)

The stick—frec stability, as mcasured by the variation of
clevator stick force with indicated airspeecd, is a functinn
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of dcg/ch, and hence differences between the flight-teet
and predicted variation of elevator control force with
indicaued airspeed can be ascribed to the following factors:

1. £(@8,/aC;) differences in stick-fixed stability, as
neasured by d8o/40-
ad

=) ACl—.8 differences in Chge The effect is, largest wlen
5 is large (forward C.g. IOCﬂuloq)

3¢ AChg =~ differences in ' Cp

: L

a7

The values of Ckf should include the balancing effect of

the #ab, - However, for this allu_@ﬂp the wind-tunnel values
of Ch&’ either fo1 tabdb neutim* or with boost tab included,
are in all cases greater than %those negsured in fliehts [ For
convenience the tab-neutral valueg of Clﬂ are used in the
discussion, since the qualitative ﬁﬂdlbLDH ls the same for
elther condition., The value »f tab effectiveness C16_ is

P nted in figtre 11, It should be noted that the contreol

resen
orce per unit Sf hinge-moment coefficilent is a direct function
f dynamic pressure, and hence a given change in hinge-moment
coefficient can %ave a negligible effect on control force at
alrspeeds but a large effect at high airspeeds,

Gllde condition
flight—test and predi
indicated airspecd (fi
the speed range for al

t—
e

gs 121 13 and 1) ,~ . Both the
g 2n of elevator angle with
S

U
Q |—~
3 ot
@ |
0O

riatci
how stick-fixed stability -ver
censer—of—gravity locatinns,
Compared to the flight-t stability, the predicted stability
is slightly low in the low-—spced range and slightly high in.
the high-speed range, ' Figure 13 indicetes goodgagreenent of
values of ' Cpgy @and analysis siows that the small differences
in stability (as measured by d8e/dC1) .arc duc primarily to
the corresponding differcnces i : '

[
(]

n Cngpe
The stick-free stability (fig, 12) is positive in all
8scs. In uhe lov—socec range with the center nf gravity at

cas
0,240 and 0,274 1I.A.C., the predicted curves show greater
2 S

t

=

L]

tability (as neasured by &Fg/dVi) tThan flight, The predice

isns g'": less stability than flight in the 10w~00ﬂod range
wilth'the center of gravity at 0,327 1i.4.C,, and in the high-
speced rango for all test center—of—gravity loca .tionsg, Fl@JWO 14
indicates that the wind-tunnel valucs of Chg &rc more
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negative than for flight, GQDeoially ot up~elevator angles.
A% the larger l¢ft gasflicients, ths values of . Chay  are in
goad agreenent, but at low 1ift coefficlents the V1ﬁd—tunﬂe‘
valuss are nore negative., Tae greater stick-~free stability
giown in figure 12 for the predicted curves in the low~alrsoeeu
range with the center »f gravlity at 0o240 and. 0,274 il.A.C. is
due primarlily to the AChrs effect, which is greater than the
destabilizing effect due To A(d&e aCpr)s Vith the center of
eravity at o.;w 1I.A.C,, this destab zlizmb effect A(d8e/dACT,)
becomes predominant ané causes lower predicted stability. In
the high-speed range (above trin) the predicted curves (fig.l2)
are less stable for .all ce“tew—of—’ﬂ°quv locations tested,
Here the destabilizing effects of Alhgq and A(dse/dcL) are
predoninant, with the staol¢1z¢ng :fCCUu of JACH beconing
smaller as the center of gravity moves rearward (O 38H 1280 ) s

Climbscondition (figa, 15, 16, and 17).~. The predicted
clevatar—angle curves (fig. 15) show stick-Tixed stability,
except with the center of gravity at 0.324% 1I,A,C. Although
the agrecment is go2d in uk high-speed range, the flight
curves indicate instablility in thc lav—speed range for all

test conter—of—gravity 1ooetisns. Tvamination of figurc 16
gshows that, since flight and wind-tunncl valucs of Gm are
ahbout the samo, the uiﬁuer OdelCtbL gtability at large 11ft
chefficients 1is dAue V’N&T‘lj to the morc negative valucs of
CUCL for the wind~uun“ol Geste.

The flight contrnl-~force curvés prescnted in figure 15
For trim speeds »f 145 miles per hour (approx. specd of oost
climb) and 225 nmiles per hour (apprai. level-flight speed i)
indicate instability or unstable tendeiicics at low speeds. in
all cascg. The predicted curves show instability »nly for :
Os 324 12.A4.C, coq*C“~of~grqvity tapafion, and, In general, show
grcater stabil®ty ot low spe ccs. At spnccds above trim the only
inegtability nccurs, both in flight and in predicted curves, 7T
tho 0,324 11,A,C. location with lma niles por hour trim specd.
in general, the predicted force curves indlcatc loss stability

than Lwlpbt fnr specds above the trim spced. PFigurc 17 shows
that the wind-tunnel valucs »f “g- & htly more nege-—
tive at high and low valucs of 11f% CQCLfiCiOht, and that’ the
vind~tunnel valucs of arc noro ncgative than the flight’

ol
vadues thraughout the 71f%~000f¢’010ub ranggs. For Jeronmla trim

b

corditisns t;o samc offects predominate in most cascs, Bolowr
the trim spceds, AChy cffccts ore alnast wﬁ;71"1u1ﬁ bccqwro

ago/ac; 1is small, and the cffcet of AChg, 18 negligible
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However,. the A(d8¢/dCy
dictions to be more stables
and .A{ddo/dCr) effects are
Cestabilizing effect,

effect causes the wind-tunnel pre-—

Above the trim speeds the AGqE
negligible, but AChy. has a
L

for w10GHE (figs 25)s The ¢

tendoney 2f these offcots o

landing condition (figs, 18, 19, and 20),~ The variatinon
of elevatonr cingle with airspeed (fig. 18) indicates large
stick—fixed stability in all céases. The predicted stability
egrees well with flight in the upper end of the test—speed
range (about 140 mph), but is less than in flight in the low—
speed range., Figure 19 shows that both Cpg and Cng-
are nore positive for the wind-tunnel tests at the lower
LTft coefficients, These two effeots tend to cancel, and
thus the agreement with fligiut is good., At the higher 11f%
cne“ficients,_ Cmg; 1s much nore negative far fllght; while
Cng values are abdut the same, and hence the predicted
! stability is too great.
| The control-farce curves »f figure 18 show stick-free
| stability in all cases. The slopes are of the same order
| 4 above trim speed, vut at low speeds thie pull forces for
\ flight are much grea tef with the center of gravity at 0.229
A 0,265 17R, v. shows & more positive Chgp Tor
| the wind-tunnel nore necgative Chg for up-
| elevator angles. C fectsy, combined with that due T
| QSC/QVL,, teond and give fair agreement of the
\ rcuu tant force % cascses At low speccds with
| bae bentoy i pr O oA O endl 8,265 TR Tus
\ however, Tthe la r anglecs and large down-tab
anglecs. result in ~f tab effecectiveness in flight,
| and hence tho £1i, ~cos erc much greator. SOmC
| idea »f thc sctting: ch tho tab cffectivencss Chagm
( begins to cdecrcasc r<)+¢lj cafi beo gained Tron flgura. &by
| in which thouvltab scttings arc plotted as a functisn of
clovator anglc, Thesc data werc obtained from Tthe plats Of
| control forece end clevator eanzlc against tab sctting.
‘ Approach condition (figs, 22, 23, and PlL) g~ Stick~fixod
| stability is indicated by all the clevator-angle curves nf
figurc 22, and the agreemcnt belween wind-tunnel and flight
| tests 1s :”ﬁd. Although there arc irrcgularitics at large
| 14ft coefficionts, in genoral the valucs of bath Cmgy,
\ . and COpg ncas ured in the wind tuvnnel arc nore 9051u1vo than
i
|
|
|




1 IR No. ASDOU

balance cach other leads to good agrecment in the resultant
values of d8g/dACT,
The control-force curves of figu‘n 22 show stick-free
tability in all casecs except at low spceds with the center
qf £r1v1uy at 0,314 11.A.C., and the a“roeront between pre-
dicted and flight data is very gond, This agrecment is due to
the fact that, although there are¢ diffcrcnces in ChCL’ Chgo

and da8,/dCy, (figs. 2% and 22), the differcnces are small and
Tthe effeccts tend to cancel,

Differences in longitudinal-steblillity derivatives.-
During the Ttests and preparatinn nf the data presented, 1T
beecame apparent that numerous factors would make correlation
difficult for this airplane. Undesirable characteristics of

the airplane, such as the gencrally large elevator and rudder

controal forececs, and control frictlon, made it hard to obtaln
accuratc and consistent data in flight, Physical differences
between the airplene and the model, nccessary because »f the

smell mouol scale, included the snission of tabs from the
cohtrol surfaces and slight differences in the elevator flﬁp.
Thkﬂo faccows, conbined v1th the possible errors due to control
friction, large mass unbclance, ané changes in tab cffecetlive-
nese, made accuratec predictions of ClCVcUQT control forccs
pcc¢ullv diffienlt, Tho'flight - Tg = 01, rolationshlips. for
tac varinous powcr osnditions could only be approximated from
manifold pressurcs uﬂﬂ engine speed as the airplanc was not
equipped with thrustneters or torqueneters, and, due to the
large effect of power on the stability characteristics of The
alrplanc, this led to discrepanclcs between predicted and
flight-test recsulls,

:3

For all conditions, the diffcrences in stick-fixed
stability as moasured by d8¢/dC; arc duc chiefly to
differences 1in CmCL at large 1ift cocfficients, For the
clinb condition (fig. 16), the more ncgative Cng, for the
wind tunnel is probably due to:a local stall over the mndel
wing root, This causcs & oocro ge in drwmwash over the tail

and & resultant. increasc in qtaollitj. It is possible that
for the glide, landing, and approach conditions the thrust
crefficicents usecd in the pre dicti-ns arc higher than thosec
actually prescnt in flight. Thesc diffcrences, which arc due
primarily to the errors in calculations of fllﬁuu thrust cocf~—
ficients at low manifold pressurcs and. 1w uirspecds, nay
rosult in morc positive predicted valueg of VmCL at large

3
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1ift coefficients as measured in the wind tunnel. The effect
i1s especlally evident for the landing condition (fig. 19),
for which calculations based on model-oropeller data and
flight-propeller speed indicated negative flight thrust coef-
ficients (approx, To = —0,04), The differences in stick-—
free stability, as iIndicated by the variation of control
force with airspeed, do not appear to be controlled by any
one factor. The summation of the effects of A(d8/dCy),
AChCL, and Achg depends on the condition, airspeed range,
and center—of-gravilty location, and in general the effects
tend to cancel. The only situation in which Adsg/dC; has

a large effect i1s-at low speeds in the climb condition, where,
as explained previously, the more stable d&e/dCL for the
predictions 1s due to more negative Cp,, values. The
dirfferences in GhCT as measured.in the  wind tunnel and as
estimated from flight are not consistent for all conditions,
and are probably within the accuracies which can be obtained
with the test and calculation methoads which were used. The
previously mentioned inability to match perfectly the power
conditlions no doukt leads Lo some error in he ag, .§nr
example, in the landing condition (fig. 20). The values of
Ch6 measgured in the wind tunnel werc greater in all cases
than thoge estimatcd from the flight data, although for down-
elevator angles the discrepancies arc small, Little change
in either Cmg or Chg 1s shown between up- and down-elevetor
anglcs for the flight tests, while thc wind-tunnel tests show
much more negative values of CHS and Ch& in all cases,
The major portinn of this change ig believed to be due t2 the
difference between thce model and the airplanc clevator flaps.
Air flow through the model elevator—flap gap probably caused
gome 2f the incrcase in the clevator cffectivencss and changed
the pressurc distribution so that the hinge moments were
incrcased.,

Blevator Contrsl In Turning Flight

The elevator—-anglec gradients in figurc 25 show gond
agreenent between flight and predictinns., The control-force
gradients, which in all cases are ecxcesslve, arc in fair
agrecment cxcept for the forward (0,240 11.A.C.) center-of-
gravity location,

. It is not possiblc, duc tn thc grcater number of
variablcs involved, to analyzc this turning-flight data from
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a coefficient standpsint in the detailed manner used for the
static-longitudinal-stability discussion., Satisfactory
correlation in elevator—angle gradients would be expected,

as the Cp - O, relationships indicate good agreement in the
glide condition (fig, 13) and in the climb condition at the
lower 1ift coefficients (fig. 16), It appears that the allow-
ances made for the curvaturc of the flight path, changes 1in
the Te —"C1 relationships, and Cmjn wWere sufficiently
accurate to pernit satisfactory predictions. The many factors
and stability derivatives which affect the control-Torce
gradicnts are such that fair agrecement results from the pre-
dictions. I1ost of the incrcase over the flight valucs of the
predicted control-~force gradient with center of gravity at
0,240 11,A.C, may be attributed to the large negative Cng for
the wind-tunnel tests with up-elevator angles.

Elevator Control in Landing

Although the agrcement in absolutc values of elevator
angle is ervatic, the data presentied in figure 26 for both the
flight and wind-tunnel tests indicate that sufficicnt elevator
control is available for low-speed landings over the centcr-of-
gravity range, but that the corrcsponding elevator control
forces are excesslve.

llost of the flight-test landing approaches were made with
power on and the throttles were cut back nrior to ground
contact,. IZxamination of the instrument records showed that in
the test landings with thc center of gravity at L7186 14,0,
(fige. 26(b)) the cngincs werc throttled comparatively carly in
the approach so that thc power conditinons at contact were very
similar to thosc uscd in thc landing—condition stability test
at altitude. In many of the landings with the center of gravity
at 0,224 11.A.C, (fig. 26(a)), howevcr, thec engincs werc throttled
anly scveral scconds beforc contact, and the power conditions
at contact werc thus somcwhat variable,

The predicted valucs of clevator angle prcsented 1in
figurc 26 arc greator than for flight, Both methods (model
tosted in the prescnce of a ground board and computcd ground
cffcet) used in the predictions gave ginmilar values. The
flight curvecs show little change for the forward contcr-of-
cravity locatinon between the valucs nbtained at 6,000 fcct
Trig. 18(a)) ond those sbtaincd during landing (fig. 26(a)).
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The reasons for the small ground effects in flight .are nnt
apparent. The dynamic factors in the flight tests were
snnall and inconsistent. It 1s nnt believed -that tm y would
account for the smaller ground effect experienced in flight
as conpared with that obtained in the wind tunnel.
Difficulby was encountered in naking the lgndings due to
nigh control forces, and cons e4lenulj the landing techilique
varied somewhat from' flight to fiight., Stalling of The tab
at the large down-tadb and up—-elevator angles may result in
some reduction in the up-elevator angle required.,

The correlation between predicted and Inglt values
of elevator control force for landings (fig. 26) 1s very good
with respect both to the slopes »f the Urves and to the
absolute values of force. For the purpose »f comparison,
the tab setting used in the predictions wac that which gave
zero control force at the same contact speed as for the
flighL tests. As was the general case for fthe control folrces

in the stability tests, the differcnces in the various ’a"tors

(_anlurlr.b ground CLfCCu) whiich influence the contirol for
tended to balance each other and this resulted in satis-—
factory correlation., The larger pull forces indicated in
figure 18 for the stability flight tests at altitude with the
forvard center—-of-gravity locatinon apparently werc compen—
sated by the greater predicted up-elevator angles redquired
in landing.

@51

CONCLUS IO

Basecd on the data presented in this rcport, the follow-
ing conclusions can be drawn with regerd to the correlation
of tho longitudinal-stability and —control characteristics of
a twin-cngine patrol airplane as mcasurcd in fllaht and as

predicted fronm wind-tunncl Tcstse

1. The wind-tunnel predictions indicated critical
unsatisfactory longitudinal-stability and -cnntrol character-
istics, the most serious of which were the large clcevator
control forces in mancuvering flight and in lcralﬁbuo

2. The chicf rcasong for the unsatlisfa ct”ry character—
istics and possiblc methods »f improvenent can be dcduccd
from the wind-tunncl data,
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’ 3, Careful simulation of the actual airplane, with 4
regard both to the model (especially the control surfaces)
‘ and to the control-syctem characteristics (mess unbalance,
| boost—tab ratin, mechanical advantage, etc.) used in the ‘
’ computations, is necessary for gsatisfactory predictions, |
L, Accurate information nn the fiight conditions end j
sperating techniques must be available for the predictions.
The power conditions were especially critical on this air-
J plane, due to the large effects of power on longitudinal
j
|
|

stablilitye.

5o The aerodynamic longitudinal—stabllity derivatives
as estimated from flight-test data and as measurecd in the
wind tunnel were, in general, in gond agreement. The differ—
ences were partially due to physical dissimilarities between {
the mndel and airplane and to imperfect matching »f power ; }
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TABIE I.— GENFERAL CHARACTERISTICS

Normal gross weight « « « ¢ o ¢ &+ &
Center-of-gravity locations

L&

B em UD ) 0 v v e ek
Loanel (fear dowmi)e o' ¢ & o & « »
Most forward allowable (gear down)

llost rearward allowable (gear up)

(for normal gross welght) . « . &

e bty SRS RSP S .

Propeller—gear ratio. « « « o o o

Diovmetor s - . - . - . . . . » . .
Mumbey of blodeBe o » s o s & o @
LO‘:\T--pi tCh bla—dc St P’p . . . . 3 . -

High~-pitch blade stop o o o ¢ &

llaximum allowable maneuvering load factor

o R T AP T -1 ¢

Propecllers
1 IC‘.].’.G . . . . . . . 0 . . . . . -Ié'«l;l i S
sD

. s 26,500 1b

98 1:[.-"“-.6 .
287 11.A.Ch
own Lo

.331 ‘..L”‘...:L-Co

hitney R—-2800-31

el 01680




4

¥
I3 bl «
- 52N : i =
Bl b5 A o84
P "

Dl




IR No. A5DOL

TABILT II,— WING AND HORIZOITAL-
IIMENSIONS OF THE AIR?P

AN
NP
LANE

TAT

L I~PLANE

— 2 T oy EaRIL - IR e .
: Itemn ; Ving | Horizontal uﬂli*]
= —
Area (sq £t) 1576 133.96 {
Span ! 65.5 25,86
1 - 2 | - '® )
Aspeet ratio | fwld | 500

Taper ratio

Dihedral

| Incidence (with respect to

0%

- | Y

Reot seetion WACA

no

:?.AC.:\; O ©) 13

NI

W W
®)
©

O

JACA

 Tip section

WACA 0C09

Twist (geometric) 1Ione

iTone

S0 M ST B

i

f 29 } 2 oy S
! Root chord | 1578

I Tncludes trailing-edge cxtension.
® Fxclusive of trailing-cdge extcnsion,

|

|

\

|

\

|

|

|

(

l

!

[

|

f

. . fuselage refercnce line)
|

\

|

?

|

| 31leagurcd on top of main bean.
*
\
\
|
|
|
|
|
|
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TABLE III.~ ELEVATOR Al'D FLAP SURFACE
DII[ENSIONS OF THE L:RDLALE
Z e IR
F'Gen 3 *
Tt 1Up | Down (Fowler)
Area aft of hinge ‘ ‘
line (sq ft) Ho.1, % 3501 5243
Average chord aft %
average nora at ‘} 8
of hinge line (ft) 197 [ 1.97 3433
i
- - \t hinge linc | At hinge line o
Span (f% A - ge 1572
3 ) 50,21 ! 17.90 e
-
Balance, type Boost tab | Boost tab | ———————m
Balance area (sq £%) B3 i Be3 | memem— o
Percent balance 13 L 15 e Al
72" wp | 322 up | 2 ras
ntr | down
Control travel (ﬂ_OE‘j) 280 drim ? 2 ’:")Un ! 30 L
Trin~tab arca (sq ft) 2,015 5 2,015 . | Sheai e
) a
Tab span (ft) L.25 hees | —mee— ——
. 7 3 o i 7 g o B L
Boost ratin A87/AS ~0,30 2pprox. | =0,30 approx. | ——

A tail flap betwecen scctions »f clevator operatecs for up-

clevator onl
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(a) Front view, flaps retracted.

Figure 1, = The airplane as instrumented for flight tests.
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(b) Rear view, flaps deflected.

Figure 1., = Concluded.

The airplane as instrumented for flight testse
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(a) View looking outboard.

(b) Front viewe.

Figure 3.~ Outer wing panel with de-icer boots removede
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Figure 4.- Details of wing tip with de-icer boots removeds
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Figure 6.- Details of tail flape.
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(a) Front view, flaps retracted.

(b) Rear view, flaps down.

Figure 10.- The 1/9-scale model of the airplane mounted in the
7= by 10-foot wind tunnel,
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