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::AT:C:-AL ADVISORY COIUIITTEE FOR AEROHAUTICS 

!E:oRAirpu:i REPORT 

for the 

Bureau of Aeronautics, Kavy Department 

CORRELATICK OF '.JlitD-TUiTÜSL PREDICTION WITH FLIGHT 

TEST3 OF A TWEl-EKGIKE PATROL AIRPIA1IE.  II - IATERAL- Ai!D 

DIRECTIOIIAL-STAEILITY A1H) -CONTROL CHARACTERISTICS 

Fy i-Toel X.  Delany and tfllllan •:.  Xauffman 

SUiniARY 

The lateral- and directional-stability and -control 
characteristics of a twin-engine patrol airplane as predicted 
frou the rerults of wind-tunnel tests of a powered model and 
as measured In flight are compared In this report. The 
predictions fror. wlnd-tunnel-tcGt data were In good agreement 
with the fllf;ht~tcst results. The results show that euch 
predicted flylng-qualltlcs c'la-.-actci'lstlcs are sufficiently 
accurate to indicate the unsatisfactory lateral- and 
dlrcctl-vial-stablllty and -control characteristics of air- 
planes In the preliminary de3l ji stago. The wind-tunnel 
data nay be used to deduce the chief reasons for these 
unsatisfactory characteristics and to indicate possible 
Methods of luijrovcijer.t. 

I:TROD-JCTIOI: 

During the past several years, the flying qualities of 
various airplanes have been estimated fron the results of 
wlnd-tunnol* tests made while tho airplane was in the design 
stage. Those predicted flying qualities have been used to 
determine compliance '.:1th the critical stability and control 
requirements,' Basic changes to the airplane, necessary for 
correction of unsatlcfrctory characteristics, have been 
determined frou thesu data, "o  comprehensive study of tho 
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accuracy of 3uch not hods of predictions }ias beer» made in tho 
past, or.d lt V.T.3 considered dcrlrti'olo to compare In a detailed 
r.Tv.noi" -lie predicted flying o-.alitios with thoao measured in 
flight, ouo'.i a cor-.pi.ri son "should lea" to a better under- 
standing of tho accuracy of the predictions, an well as to 
Improvements in testa and methods HhiOh '.rill result in more 
accurate estimates in the future. 

As a part of this correlation program, flight tost3 wcro 
r.-.ado to determine the flying qualities of a lov-wlng, twln- 
onglrc patrol alrolr.no for tho purpose of eonparlson with tho 
results of tests of a l/9-scalc powered nodol* In tho Amos 7- 
by 10-foot wind tunnel. (See reference 1.) The airplane config- 
urations and flicht conditions for some of the flight tests 
wore dlffor-nt from those used lr. tho original wind-tunnel 
teats reported in reference 1; hcr.ee, additional wind-tunnel 
tostr were rcadc and the rosults used In computing the prcdlotcd 
flying qualities presented herein. 

Tor this alrplar.o, lateral- and dlrcotlonal-atability and 
-control characteristics of Importance in design work and 
moot aultablo for correlation were those in steady sideslips, 
arymnctric-powor flight, aileron rolls, and rudder rulls; 
hence, tho results presented herein arc oonflnod to these 
characteristics. Tho correlation of tho longitudinal-stability 
and -control characteristics have been presented In reference 2, 

DE3CRIFTI0:: OF ?X2 AIEPLAIE 

The tost airplane is a tvln-cn-flnc, low-wing, medium-size 
monoplane. It is" ocjulpped with retractable convcr.tio:ial-typc 
landing gear, twir.-vcrt leal-tall surfaces, and tvalllng-cdgc 
Fovlcr-type wing flaps. Figures 1(a) and 1(b) arc photographs 
of the alrplar.o as instrumented .Tor the flight tertc and 
flguro 2 is a thrcc-vl?w drawing. Figure 3 Shows dotall» of 
the vortical tall snrfaccs end figure k of the wing J'.r.d 
aileron. Further information on the vortio-.l toll, wing, and 
aileron  are given In tables I and 11,    The general spcolfico- 
tlor.o and dimensions of the airplane have been preacntca In 
reference 2. 

mo relationship of the ru'dcr-pcdal travel .-ad the 
ruldcr angle as m-acurod on the ground with no load on the 
surface is rriven in figure 5. Eaoh control-surface on£le la 
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defined as tho angle between the chord lino ofthc novablo 
surface and the chord lino of the surface to which it 1B 
attached. The r..oc". ar.lcr.l advar.tago of tho 3ystea varied over 
a our.ll range and the data of figuro 5 represent avcrago 
values. The kinematics of the rudder-tab system, which was 
a combination trim and boost typo, aro represented in figuro 6. 
The boost action -.BIB adjusted aocordlng to tho recommendations 
of reference 3. 

Tho kinematics of the aileron control system, as measured 
on the ground with no load on tho control surfrees« ar: pre- 
sented in figure 7» Tho tern "total alloron angle" refers to 
the algebraic difference bctwc.n tho angles of the two 
ailerons, and is referred to as "left" when the loft aileron 
is up. The aileron-tab characteristics are shown in figure 8. 
Tho right aileron tab acted as a boost tab only and tho loft 
aileron tab as a combination boost and trim tab. 

Tho friction in tho rudder and aileron control system, 
as measured on the ground during slow control movements 
through neutral, was ±25 and ±6.? pounds, respectively. 

DE:ORI?TIO:: CF THE I:ODSL 

The l/9-floalo powered model of the airplane (fig. 9) 
has boon described in roforonoo 1* J::ccpt for tho omission 
of control—curfaoc tabs, the model viae aorodynaaioally 
similar to the airplane. The contour and basic dimensions 
of the model control surfaces, oxoopt for the center section 
of the elevator, natohod the lUll-scr.lc airplane closely. 

Kuddcr hinge moments were measured by means of 
rc3l3tanco-typc strain gages. The model had only ono aileron 
(loft-hand side) which, due to the piano hinge and small 
scale, could not bo equipped with strain gages for measuring 
hlngo moments. 

Power was supplied by two electric motors which drove 
tl.rci-l-lr.de, right-hand-rotation, l/9-ccalo propellers. The 
propcllcr-biadc angle (33° at the 0,75-raälus station) was 
selected as a good compromise botween the hlgh-3pccd and low- 
speed povcr-on flight c-ndltlono. In no case did the u3c of 
r* fixed blade anglo lead to serious errors in torque coef- 
ficient. 

: 
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SY::EOLS 

"he definitions of symbols used In this report are as 
follows: 

5r      rudder angle {measured betvean rudder and vertical- 
fin chord lines), decrees 

8a      totrtl aileron angle (algeM-alc difference of angles 
of the t--o ailerons), de;Tees 

Fr      net rudder control force, pounds 

Fa      aileron control force (a-oilled tangentlally on a 
14—lnch-dlaneter wheel), pounds 

dig-     rats of change of rudder hln:;e-mtient coefficient 
:;lth rudder angle (dC;-_/o5r)  (tab zei'O, sideslip 
angle constant) 

Ch«     rate of change of rudder hinge-nonent coefficient M       with sideslip angle  (öChr/öp)  (tab zero, rudder 
an^'le constant) 

ß sideslip angle, degrees 

0 angle of bank, de;vreeu 

a air density ratio 

To thrust coefficient 

p rolling velocity, radian per second 

wing span, feet 

V true airspeed, feet per nceond 

ii.A.C. wing aeon aerodynamic c".;or;T, feet 

FLir-HT T33?: 

A description of the basic co.-.fl-ruratlons for which flight 
testa were conducted is as follors: 

I - 
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cw 
The average aliT5lr.no prosa weight,  corrected fir fuel 

nsunption, waa approximately 25,500 pounds fir all thcoc 
teste,  and the ocnter-of-gravlty loop.tlon w.a 0,275 II.A.O. 
(flaoc am*, rrcar up),    Tho average toat orccaurc altitude was 
rbT.it   ??00 foot. 

Rudder Holla 

Abrupt aileron-fixed rudder rolls l/crc perforncd at 
17-0 and 2Ö0 Eilen per hour In the cllub condition.    7hc rolle 
rc-rc started iron steady straight flight, wlr.ss level; whllo 
the ".Herons were  held.fixed,   r.n abrupt rudder deflection 
was appllod and held an steady aa possible until HCUCIRUB 
rolllnr velocity was att-.incd. 

i 
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Steady Sideslips 

Short records were taker. In steady straight flight at 
various ancles of cldesllp, left and right, up to the na::lnura 
as United by high rudder forces or tall stilling. Tests were 
performed at vailous constant airspeeds In the cl.imb and glide 
conditions, and at one low airspeed In the landing, approach, 
and wave-off conditions« 

Asyr-'aetrlc-Power Flight 

The effectiveness of the rudder and aileron (tabs set at 
neutral) In controlling the airplane under asymmetric-power 
conditions, flaps and gear up, was Investigated by performing 
steady sldesllpo at various airspeeds whlla one encine was 
developing maximum available power and the other engine was 
throttled. The tests were oerforned for the right- and 
left-er.glne-throtlied conditions at about 10-ullee-rcer-hour 
increments fron 170 to V'.-O miles per hour (the minimum deemed 
feasible). 

Aileron Rolls 

Abrupt rudder-fixed aileron rolls were perforned at various 
airspeeds'In the cllnb and landing condltlor.3. '.rhlle In steady 
ctrnlrht fllrht at each airspeed, various amounts of left and 
right aileron deflection up to the niuclnum i.btainar.i-3 were 
applied and held until maximum rolling velocity was attained. 

TOrD-TOHNEL T-JSTS 

*"he nroccdure for the vlnd-tunncl tests was the sane as 
that outlined In reference 1, tut moot of the data presented 
herein were obtained fron repeat tests which have not been 
reported previously. 

3aslc Data 

The data -./ere obtained fron constant-thrust-coofflclent 
«aw tests as described In reforenco 2. The estimated flight 
* - CT relatlonshlos for the various power conditions were 
used to determine the operating conditions for the wind-tunnel 

• 
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tcate. The flieht thrust and lift coefficients were matched 
as accurately as possible In all capes, Throttled engine 
opeiatlon i:lth the propeller aot feathered (glide, landing, 
and asynmetrlc-powor conditions) was circulated by operating 
at r. thrust coefficient of -0.04. Asyanetrlc-pov.'er tests 
were made to simulate both left- or rlrht-englne failures. 
Alloron-offcotlvciess data wore obtained fron orevlous tests 
on the model (referer.ee 1), and the aileron hinge tnaents 
wors estimated fron the data of references k and 5, corrected 
by the method of reference 6 for phyaloal differences such as 
plan form and balance area. 

Methods for Predicting Stability and 

Control Characteristics 

The airplane gross weight (26,500 lb), cer.tcr-of-gravlty 
location (0,£75 i.'.A.C, flaps and gear up), kinematics of the 
control systecs, fl.nd boost-tab ratios as Measured on the air- 
plane T-erc used In all the commutations. The tab effective- 
ness for the rudder ar.d ailerons was estimated from refer- 
ence 7. 

The rolling and yawing velocities and the sideslip angle 
In aileron rolls and rudder rolls v:crc computed by t!ie uothoda 
outlined in reference 6, Tho dousing coefficients in yaw and 
roll were estimated fron references 9» 1°> and 11. ITo 
corrections for wing twist were nadc in the conputatlon of tho 
naxlnun rolling velocity. Tho rudder forccB in abrupt rudder 
rolls were conputcd on the assumption that the muxlnum rudder 
force was developed at the Instant the nancuvor was started. 
Ailer-m fo.'ccs in rolls '..ere corrected for the change In 
angle of attack due to the rolling velocity. 

The characteristics in steady sic'csllpa for both the 
s:T.3?.ctrlc- ar.d asymr.etrie-povor conditions were conputcd by 
the Methods of reference IS. 

RZ3UU3 A::2 D:SCV3SICN 

Characteristics i:i Rudder Rolls 

Data obtained In abrupt allcron-flxcd rudder rolls arc 
U3cful In catinatlng values of Cngr and in assessing the 

I 
- 
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dli-.edral effect. Reunite are presented In figure 10 In the 
for.-, of curvec of rudder control force and uaslv.x;n yatiing and 
rolling velocities at see level plotted, a.-r.lr.st change In 
rudder angle« 

"he valv.es of ru'der angle are not corrected for stretol'. 
In the control system between the surfaoe and the position 
recorder, except where noted, However, on oocpariaon of the 
flight and wlnd-tunr.el results, It »3 found that In some 
c'ses this correction was of lnportanoe. For Instance, addi- 
tional rudder-force curves oorreoted for the effect of stretch 
(aps-o::, O.OO50 per 11) are shown in fi.-v.re 10, It is Been 
that, although the original flight data indicate lovrer 
control forces (hence, C!-_5r) than for tl-.c wind tunnel, the 
corrected curves show higher forces, Vr.luea of Chgj, for the 
conditions of figure 10 are aD,:.ro:-.lmatcly -0,0055 for the 
corrected flight data and -0.0000 for the wind-tunnel tests. 
The maximum angular velocities are in f.-.lr a;;reer..e;it, and 
corrections for stretch would tone1, to improve the correlation 
at the higher speed of 350 nllee per hour. 

Steady Sideollps 

The characteristics in steady si^calips are shown in 
fi -vres I?, to If ae p. function of Bidealip r.nc^e for each, test 
condition and airspeed. Both tha flicht är.d the wind-tunnel 
results indicate t.iat the oharaoterlntioa ar? eatlsfactory 
except for generally hi^h rudder ci.-.trol forces, a tendency 
toward rudder-force reversal at larrje angles of .^lrrht sideslip 
in lOTf-speed pover-or. conditions, and nnrgtnal oor.trol-free 
dihedral" effeot at lo'.' speed3, flap an.", \:CüT  down, 

The rv.dder-flxed directional stability; ae measured by 
th" variation of rudder angle tilth oi:.eollp (d$r/dp), la 
poßltlve In all cr.ses, and wind-tunnel and flight values of 
d8r/dr aotipared closely« h~at of the difference at hl-h 
cveed (fl . I"1) in seen to >e ."•-.a to the e-'i'oct of stretch, 

1" e rudder-free directional otaVlli ;•, a- measured by 
.. . variation of rudder control force wlthrldesllp angle 
-'";•/".' ,  indicated '.;• the fl'.i ht and :.-in'.-tunnel rceults is 
appro\inaiely the same at low airspeeds« "'e f ">:-ce-r :vcr.T.l 

over on (flis. 12(a) :nd l'l) ocaurG at ;.  smaller 
;•.:-. -lc of ri ht sideslip for the "ir.d-tur.nel /radio Slor.s than 
.'-•-. *.:.e fli -ht tests, due probahl; to t'.:: earlier partial-flow 

, 
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breakdown iver the vertical tall associated with the lower 
r.odel Reynold! nutter. In the landlr.f condition (fig. 13) 
the wlnd-üunr.el data obtained at the Mgh te.it lift coef- 
ficient  (CL = 1.70, near the BMUCiouB for the model) and low 
thrunt coefficient were erratic. Hocosputed control-force 
values baaed on data obtained fror, tests at t:io sane thrust 
coefficient Hit at a lover lift coefficient (0j; = 1.10) 
,-lve bettor agreecent with the flight results. At the higher 
airspeeds (figs* 11 and 1.?), the larger rudder control forces 
for the flight tests arise in part from the greater values of 
Ch5r noted in the rudder-roll discussion. The remainder of 
the differsice can be attributed chiefly to differences In 
values of Oji» , ecjual to P.".out -0.00'^ for fllf-ht testa and 
-Q.OC'iO  for wind-tunnel tests. 

The alleron-flxevl lateral stability (dihedral effect), 
as measured by the variation of total aileron angle with 
sideslip anple in positive In all casjs and the agreeuent 
between f 11 .lit anC. wind-tunnel data is good« The higher 
value of d5a/aß for the flight data at higher speeds 
(fig. 1?') may be due to winf>twiat effect. 

Positive aileron-free laterr.l stability, as neasured by 
the variation of aileron control force "1th sideslip an^'lc, 
Is shown for flap- and gear-up conditions by both the fll~ht 
and wind-tunnel results, and *hc values of dFa/djä arc In 
-ood ai/rcenent. Tor the flao- rmü.  -rear-down conditions 
(figs* 13, 1», and 15), oarglnal stability 13 indicated by 
all tho data. 

The cross-wind force characteristics, as shown by the 
variation -.f an^le of banh with sideslip angle, are catis- 
fectory In all cases, and tho agreeuent between flight mid 
predicted values of d2/dj3 Is very pood. 

Asynuctrlo-Power Charaeterlstioe 

T':.e data for the st.ady flldeslips under anyr..:ctrlc-power 
conditions are plotted in figures 1' and 17 as a function of 
sideslip an.,:lc. Cross plots for the condition of 10° sideslip 
toward the live engine are given In figure 10. 

"ith regard to the control characteristics under 
a. ;.v.--.c trie-power conditions, tho caisc general conclusion a can 

•••*" 
l 



10 1JR Mo. A?K30 

be drawn fron both the wind-tunnel and flight data. For each 
eaoc, figures 16 r.nd 17 indicate that the rudder and aileron 
arc sufficiently powerful for zero-yaw flight at lot: speeds, 
although zero—yaw runs were not aade In flight due to excessive 
rudder control forces, neither the predicted nor flight values 
of aileron control force arc too large, "cut the rudder control 
forces (especially the flight values) arc excessive. 

For the lcft-cngine-throttlcd condition (fig. 16), tho 
flight and wind-tunnel values of rudder tingle are in very good 
agreement. For the riKht-enginc-tlirottlcv.". tests (fig. 17), 
however, f*rcatcr (more left) rudder deflections were needed 
In flight than were predicted. Comparison of the wind-tunnel 
data for the left- and rlght-cnrinc-throttlcd conditions 
shows that, as is usually the case, considerably larger rudder 
deflections arc required for the lcft-cnglne-throttled condi- 
tion (rig1.it-hand propeller rotation). The flight data of 
fl<mrc l3 show only slightly .greater deflections with left 
engine throttled, and extrapolation of the data of figures 16 
and 17 Indicates that tho magnitude of rudder tingle required 
for zero s idoslip would bo about the name for cither engine 
throttled. 

7hc correlation between flight and wlr.d-tunncl values of 
rudder control force is similar to that for the_ruddcr angles. 
For the lcft-englnc-throttlcd condition (fig. lb) the agroo- 
nont Is good. Rudder control forces for zero sideslip would 

• f •».->. :-..'lv , •u^.cr-fj-f.c rilv.t ay.tr.rr, lmi-our-Ul", ami the 
speed for night at 10° sideslip with a right control force of 
1Ö0 pounds is 15^ miles per hour. For the rlght-cnglnc- 
throttlcd condition (fig. 17), the wind-tunnel data show tnat, 
with a rudder control force of ICO pounds, steady flight could 
be maintained at nearly zero sideslip at the test speeds; 
whereas in fllrht the forces were too large to permit zero 
sideslip flight and a loft sideslip of about 10° accompanied 
a IGO-nound control force at 142 miles per hour, host of tno 
difference In rudder control-force values between the flight 
and wind-tunnel tests can be ascribed to the corresponding 
differences in rudder deflection. 

The correlation In the values of aileron angle and angle 
of bank is considered good, especially for tho rlght-cnglnc- 
throttlod condition. The computed aileron control forces, 
baGcd on ostlnatcd hinge moments, arc larger than those for 
flight, '.-ut Indicate the same general characteristics. 
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Alleron Rolls 

?he variation of the naxlnuu rolling velocity at sea 
level and change in aileron control force with total aileron 
angle In rudder-fixed aileron rolls for the climb and 
landing conditions are presented In figures 19 and 20, In 
rll cases it is seen that the agreement between flight ant" 
wind-tunnel results Is excellent. The change in sideslip 
angle bet'/een the start of the maneuver and the time of 
•axlBUa roilln.j velocity in shown in figure 1? for one air- 
speed, and for the example 3hown the change is In a favor- 
able direction. The agreement between flight and wind- 
tunnel results is indicative of satisfactory prediction of 
the yawing characteristics, which are Important in estimating 
the rolling velocities. The usual method of predicting 
naximua rolling velocities includes c. reduction factor to 
account for the usually unfavorable yaw due to aileron 
deflection r.nd would not have given as accurate predictions 
as the r.:ethod of reference ß in which the yawing character- 
istics are estlmatsd in r.:ore detail, 

A sumuary cross plot derived from the data of figure 19 
is given in figure 21 in which the change in total aileron 
r.n,~le and naximua pb/2V corresponding to an 80-pound control 
force are plotted as a function of airspeed. Boi;h the flight 
and wind-tunnel data indicate that, although the aileron 
effectiveness is satisfactory, pb/2V at high speed is 
seriously limited by the high control forces. 

COrOLUSIOITS 

Based on the data presented in this report, the follow- 
ing conclusions can be drawn with regard to the correlation 
of the lateral- and directional-stability ind -control 
ciiaracterlstlcs of a low-wing, twin-engine petrol airplane 
as predicted fron vlnd-tunnel tests and as measured in flight: 

1. Wind-tunnel predictions indicated the critical 
unsatisfactory directional and lateral characteristics. Tho 
r.Tst serious of these were the generally high rudder control 
forces, which resulted in unsatisfactory asymmetric-power 
control, and high aileron control forces, which seriously 
limited the rolling ability at normal and high speeds. 

I 
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2. The vlnd-tunnel data vere, In general, sufficiently 
accurate to indicate the chief reasons for the unsatisfactory 
characteristics and possible Methods of improvement. 

Aae3 Aeronautical lAfcoratory, 
National Advisory Committee for Aeronautics, 

iioffett Fleia, Calif. 

X, 
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TABIZ I.- WEIO AKD 731TXCAI/-TAXL 
DUffiKSioua or ras AIRPLANE 

aInclu<?.ec traillng-cdsc extonslon 
Exclusive of traillng-txtenslon 
°i;cnsurccl on too of M.ln bean 

Iten              '..'Ins Vertical tall 
(total) 

Area, sq ft a576 6H.11 
Span, ft .65.S 7.39 
Asoect ratio 

of,o3, 
1.95 

Taper ratio 
Dlhc&rr.l of wing, dog   
Incidence with respect ! 

to fuselage rofcronoo 
line, dog 2o  _ 

f.oot section ::ACA 2301c Appro;:. 
mdlflod by trail- NACA 0007 
lii£-cd;;c extenolon 

Tip section KACA 23009   
Tvl3t (coo:.ictrlc) "one Tone 
i.'.A.C, ft »10.27 

1.'.7" 
 — 

Root chor\, ft 5.20    j 

I It 

•  1«» 
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TABU: II.- Dr:;:Tsio::s OF KCVAIIC 
SURF.;c.t3,   OF 7HZ ATZPIAIVZ 

It «a Aileron Rudder Flap 
(each) (cac"..) (oaoh) 

Area aft of :.ir.£,c line, oc; ft 17.45 
a16.S 52.3 

Span, ft 11.25 7.S9 15.72 
Pcrcont span 3^35 100 k& 
Falance typo Boost Paddle   

ta"o balance 
and boost 

tab 
Balance ai'cti, GO ft 0 1.6 
Porcent br.ünr.co   . 
Control travel, fie? 

0 10.2   
25.2 up 23.S left 3Ü 

0,06 down 29.5 right 
Trlr. tab area, an ft o.SU 1.905 
Tab cpan, ft l.?36 

34.4- up 
2-19i>   

Tab travel, deg 2G.7 left 1 — 
32."* dO'.T. 26.0 rl^ht . 

Average boor.t ratio (cl8t/dS) 0.57 0.22 
1 •• — 

f"ot Including trln tat 
'value 0 used luring tccta 

/f 
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P/ano hinge on inboard' Jtak 

I 1 Li o       r      *' 
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Combination  trim ana/ 
boost- fab 

««Tioaftl   MOW« 
'Hinge Une 

z 
r^urv 3-   - Sketch  of wrtica/ t&f vurfxe   of 

r*9    airp/ane. 
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Cbmbtnatton turn ana/ 
boast- tab 

Kgun- ¥• - Jfcefrch   of right *ing   of   rA*    o/ry>Ji*** 
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L <?ft nJcJder-pedbt Tram/. , 

/-/<jursS- -   Varkttitvi rf rtxjder ana/He tvith rucJkfcr-/oeab/ 
pta'hon   <j2/ibrated on the ground *ifh   no had on 
tne contra/   surtbec-3 
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Rudder anglf  deg 
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(a)    Front view,  flaps retracted. 

(b)     Rear view,   flaps  down. 

""?£.••" "* */*—»'« ••••1 «f the alrplaae aou 10-fcot  «iat  tUBMl. In the T- by IS" i 
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