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SUMMARY

Flying qualities of a twin-engine pab%rol airplane have
been estimated from wind-tunnel teat results for the purpose
of comparison with flight observetions, and as a possible
guide in determining changeg which would be necessary to
improve thece qualities. '

The resulte indicate the airplane meets the
specificatione given in the revort “"Requirements for
Satisfactory Flying Qualities of Airplanes," by R. R. Gilruth,
except for the following:

(a) Lack of adequate longitudinal stability
in climb and approach conditions

(b) Inability of elevator to meintain the
alrplane in a three-point attitude .
near the ground :

(c) High stick forces in landing and maneuvering
flight -

(d) High wheel forces.to obtain maximum rate
of roll at high speed

{e) Severe rudder—pedal—fdrce reversals at
moderate angleg of sideslip



(f) High rudder-nedal forces accomoeﬂylng failure
“of one enzs 1 e darlnv uak°—off

INTRODUCTION

In the hody of this renort, the flying qualities of an
existing twin-engine patrol -airplane, as predicted from wind-
tunnel uests are nresented and cowmpared witih the requirements
for saf_hiavtory flying qgualities prescribed in reference 1.
The required wind-tunnel data are presented in the appendix
and were obtained {rom fteste made at the request of the
Bureau of Aeronautics, Nevy Department , of a 1/9-sacale
poirered model of the airplane. - The tedgts were made in the
Ames 7- by 10-foot wind tunnel No. 1, Moffett Field, Calif.

The flying- qualiuv predi ctlous have been made for the
purpose of enabling a comparison To bs made with the
characteristics observed from flight tests with a view toward
ascertval ninﬁ the validity of the methods of computation used
in roxlng the- predictione. " The immediate value of such a

- comparison lies in the _act that 1t constitutes a basis for

estimating the validity of the predicted flying qualities of
a similar prop sed patrol alirplane wnich were derived by the
same meu“od Albo, the es tﬁmated nying qualiti 8 should e

.....

airplane which3would 1mprovv thee e Cha”aCtGPWSthQ. .

»DESCRIPTEON CF THE AIRPLANE

A three-view drawing of. the airpnlane 1is presented in
figure 1. The mechanical advantage and cockpit-control travel
are given in Tigures 2 and 3. The ratio of pedal force to
hinge moment used in the computation of rudder-pedal force
wags 1.275. General sneccificaticns of the airplane are given

'in tables I, II, and III.

RES UL”S AKD DISCUSSION

In tThe f0110"110 diecussion the fljﬂnv qualities of the
airplane are evaluated in terme of the recommended requirements

of reference 1. The requirement numbers of reference 1 have
boen retained to facilitate cross reference. It will be noted
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all requirements coincerning oscillatory motion have
omitted since the necegsary data are not availabie
the wind-tunnel itests.

. The longitudinal characteristics have been determined
for normal and light (nose-heavy) losding condition; whereas

t

the

lateral characterict

normal loading only,
little affected by loading.

The results presented are based on the following

(1) no deformation of surfaces, either
(2) no deformation of
control syeten;
Since
5 vas

assumptions:
or movable;
friction in
ness balanced.

the tab eflfectivenes
in reference 2.

presented

Longitudinal Stability

icg have been aeternlneﬂ for the

since these latter charscteristics are

control ey
~and (4) a1l movaole surfaces

ratem;

fixed

n
il

the model was not equipped with tabg,

estimated from %

he regults

and Conitrol

.The longitudinal characteristics in steady flight are

presented ag the variation of elevator anzle and sulcﬁ force
with indicated ail rspebd for the following conditions:
e . Flaps and 1Stalling spesed, mph .
Condition Fower  anding gear | Wormal Toad | Tight Toad 7| | 16wre
. Propellers:
Glide windmilling Retracted. .116‘ 104 4
—_—
Climb Rated - Retracted 102 92 4
o Preopellers
Landing windmilliﬂg Ixtended 98 g8 5
P,
Lénding Lavel K :
= 3
aporoach flight thenued 84 [E 5
lstalling speed as determined from wind-tunnel tests.




~free stability is exhibited at spe

Feruirenent I-2: . Characteristics of e elevaetor contrel in
stoedy Tlight.- I —‘ T

Stetic longitudinal stability, ss indicnted by the
Fal =~ ", 4. :f‘om

o

» conditions listed a% all speeds ebove the stall,
in the clinmb condition wheore stability_;s“?eﬂui“eu\OﬂLv
120 percent Vmin- In the zlide and landing condition,
ic stabllity exista at all specds above *bv sua¢l S
er, in the approach condition the veriation of elevator
with speed indlicales static stability onlJ at sp»eeds

1. :

intion of elevator anglz vith specd, ehoulid be. pregent
o

DY

t

i

\

e

e 115 milee per hour. (140 percent Vmin) for normal losding
o

i

T

)

o0
f
i}

DO O
ot =

T

bove b miles poer hour (135 percant Vgin) for Light
ading. izure % shows tbﬁt in a ratec-power climb, stebllity
P esent onlx avove 170 miles per hour (167 percent Vpin)

1

e D D 0N Dot
OWO IO QX DD

r normel loading and avove 125 miles per hour (1U5 percent
min) for light looding, and thot even above these specds the
stnrility is slight. ' - :
2. gtick-free stability qnou“a be evident for all of ‘
the conditions spec;Pioﬂ in item 1. The stick-force variation
with epeed .indicates otnoLllty at all speeds for the landing
and glide condition,. except helow 150 miles per hour in the
normel-loed glide. Lﬂ the landing-approach condition, stick-

e

1
5
<
¢
de above 90 miles per hour
ove 12C miles per hour vwith
0

n

with light 10ﬁ01ﬂ~ and n% gpceds ab

nornal lomdlng tick-free stebillity is least in the climb
condition where ~tlc&-lorce'vafiati~n shows. Stability only
above 135 miles per hour (145 percent Vpin) for light los G.ing
and above 200 mi 103 per hour (195 percent Vpin) for normal

loading.

Z. The elevator stick—"orce aradlient 1ls sufficient
(0.05 1b per mph) to return the control to trim position
_out the required apeed range'ﬂnlv in the 1la ﬂCLﬂ?
ition for DPoth normal and light _Oﬂu¢rg and in the glide

ondition for light loading. Owing to the stick-free
1wbu9%1¢ itiss neted in item 2, the other conditions fail %o
meet this requirement.

4, The elevator is 1ff101entiv poverful to maintain
vec

steandy flight ot any s ‘ required of the airplane (figs. U4
and K).

peouirerﬂﬁnt I-C: Cha rﬁct risztics of elevetor control
in acce aved fiilght.- '




The elevator deflection required to pull up to maximum
1ift and the resulting normal acceleration have been
',conputea for the propellers—m1adm111*ng condition (fig. 6)
Since the longitudinal stability 1is greater with propellers’
windmilling than with power, -this is the critical condition
for elevator power in pull-ups.

The stick forces and elevator angles TeOhl”cG to produce
given accelerations in steady turning flight have been ‘
computed for 0.6 and 0.& Vpax at sea level in theé ‘glide and
climb. uonaﬂulons (fig. 7). : _—

'_J.

1. Res

_ 1ts in figure 6 indicate that with the propeller
windmilling, the elevator i's Quf;lc1eqt1v powerful to devolop
either the narximum 1ift coe fficient or the allowable load

factor. -The maximum 1ift coefficients ubed were those.
obtained in the wind tunnel; therefore, the computed.elevator
angles. are probably unconservatvive. A gufficient margin of
aVﬂilable elevator exists, qo"ever, to qatlsTs the reguirement
for full- scaWe coniltiOﬂ . : :

2. '”ne varla ion of elesvator angle with normel - .
acceleration .in steady turning flight pwoduces a smooth curve
nav1n” a stable gslope as a981red. . :

- 3. The requirement in “efereﬂce 1 for a nighly
maneuverable airplane doeg not directly apply to ‘this ai
although a delinite utlck movement Ls stlll desirable. A
mlninuﬂ stick frav=1 of approximatel y 1 2 inches is recquired
at 0.8 Vpax to reach a load factor of .5 with normel loading,
and a travel of 2. 2 inches 1s fequlreq-to reach a load Tactor

of 3.3 with lngt loading. : .

‘”S

pPlane,

b

Y, 'mhe reduilrement, that sticlk force varies 11
with normal acceleration in steady turning flight, 1
for a"’,03n01+1ons except clinb at 0.5 Vpax with norrw
loading. For this condition the results ghow & glignh
decrease. of stici force with acceleration near the allo"abie
load factor. Thig. is caused by a ten@enoy for the elevator
to float intoc uqe wind aq_+he Vlaq stall is erowoocne6.<

5. For alrplanes of thie cless, the adil
control force as measured in steady turninz fli

e
1e
o

t oY elevator
t sh '

n
gh houwld be



legs than 50 pounub per g, and a qtead" pull force of not
lesgs then 30 pounds should be required %o obtain -the allowable

'load_ﬁactor. ¥ith hormel loading at O. 8 Vinax, bthe stick Torces

are within the above limits for rated pover and only slighily
above the upper limit for windmilling power. As a result of
the nﬂvc ive gradient at high acceleration, pointed out in
item -4 above, less than the minimum 30 Dounds is recuired
develop the meximum load factor with normal 1oeq1ng and T
pover at 0.5 Vpax. The stick-force gradients are above t

50 pounds per g limlt for all Ouner conq1ulons computed.

The condition for which there is greatest stability gives the
steepest gradient; that is, oropellers windmilling 5% 0.6
with 1light loadingz. Eere the stick force gradient is 90
pounds pver g C ‘
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: Requiremant
in landing.-
AR« ]

-~
1

S

Ground ef*ects were compuied by the method and data
references 3 and 4 and =23ded to uunnel regults, tecruse no
and~uvnne¢ tegts were made with o ground plans. The final-
results in terlb of elevabtor defl ectlo and stick force needed

for valous contect speeds are presented in figure &. Due to

a. very large Crouné effect on this airplane, the elevetor 1
not adecuate to hold the airplane off the ground until the

three-noint attitude ‘is reached. -A“ﬁ“Ole vtely ;o TnoTe

e

up-elevator ic necaea. With the trim tsb set to trin ot 122
miles per hour in normal flight, the stick Torces are sbove

C

i

the recommnended mO~Doun6 1imit for all normal contact speeds,
o maximum pull force of 118 OO,! is being reguired if contact
is made at 105 miles per hour

<ot

Requirement I-F: Limits of Trim change due to power and

It ie desirnble to be oble to meinteln any
when flep end pover setting are changed in any m
without. reauiring o stlchm;orcc channge of -more t
For this airplene, any veriation of power writh T
retracted or extended produces stick-force increx
the KO- pound limit (fig. 9). TUp to a speed of i
hour, any combined change of power rnd Ilap getting res
in stick-~force changes within the limits.. Since 120 m
per hour is well above the normal overating speed Tigh
down, the airplene should be antisfactory in this regpe



1rem,nt I-G: Cheracteristics of the longitudinal

The elevator tebs on the airplare are large, and.
according to estimatved teb effectiveness, they should easily
reduce stict Torces to zero at any speed above 120 wercent -
of Viin in the cruilse and landing oonditions.

Lateral Stavility &an ﬂ optr0¢

. ‘Aileron cheracterisiica were calculated for a “101—Qpeed
conxltlon (250 mpn indicated alrepeed), and a low-speed
condition (110 mpn indicated aquyeeq) Fivu”e 10 shows the
variation of The wing-Tin hellx angle pb/2V  with control-
wheel position, and Tigure 1&, the conitrol-wheel force
required to produce a given pb/2v. (Previous calculationsg
for similar airplenes indicste that the pb/2V produced
withirudder locked is about §.9 that produced for zero
gideslip at 250 miles per hour, and about O.g at 110 miles
perihoure)'“He helir enzle was comoputed. s Db/EV ci1/cy
vhere Cj was Taken from the tunnel aa,a nd - Cip, tase™
damping ouef-hc ent due to rolling, as 0. 6 from reference 5.

»

It is emph~81;eﬁ that aileron hinge noments were. no%
cbtained Tor the model, - Ingtead, hinge moments wereé calculated
from the aata‘o reference 6,;uvltﬁb’v adjusted for aileron
plan form and the effect of rolling velocity onn angle of
attack.- 'The e deta are given Tor a plain flap, vheress th
airplane 1is edq"=3no with pilsno-hiinge ¢11e“onon Howvever, 4
is believed that the dsta gilve reasonably acc curste values of -
oonuvol—ﬂqeol Tforce. ' : : '

O

Penuirement IT 5: Alleron control. ch cteristics (rudder
locke@).— = T AP , T :

1. The meximum rolling velccity at 250 miles per hour
and llO miles per hour indicated alrspeed varies smoothly
with and ig approximately proportional to the 2ilersn
deflection.

. 2. ©Wec calculations of tae Sine requlred to attain
maximum rolling velocity irere made. o

3.  The maximum pb/2V at 250 miles per hour is 0.075
t 1

and. 110 mi les per hour, it is 0.065 which is suf 101euﬁly



close to the required --pb/2V of 0.07 to give rcatisfactory
aileron control. L

: L, The veriation of aileron coutrol force with aileron
défiection -(figg. 10 and 11) is smooth and is great enough to
return the c¢ontrol to the trim position.

5. The reaquirement of s maximum control-vheel force of
less than &0 ndéunds at all speeds below 0.8 Vpax is met at

110 miles per hour, btut-at 250 mileg per hour o
'(aDDrox._O Vmex) the Vontrol—wn el force reguired to ob% a.in

po/2V .of 0.07 is 24C pounds. A% tue climb speed. (145 mph
1ndJcauvd airspeed), it is ectlxatoa that a ©pb/ov of- 0.07
can be obtained with an SO—pould wheel force. - SR

'Requi rement - II-C:  Yow due to_g}lerons.;i

Calcllatlon; of the vaw due to rolling velocity indicate
that the sidesglip develoaed as o req“lt of full aileron
deflection does not exceed the £0° maximum sideslip specified

by the requirements.

, Requirement II-D: Linits of rolling moment due to -
sideslip (dihedrel effect). - ‘

- Calculations of la y and control

te stebilis : ,
characteristics of the a2irplane in steady eideslips 'ere nmade
for the conditi ong of flight 1listed in the following tavie:

Condition i Flgzzfand } Fover ' ?i;i c)l " Figure
Glide - |Retracted | Windmilling | 145 | 12
Climb  IRetracted | Rated - 45 | 12
Landing ‘ Exterded 380 | Windmilling : o ‘1(‘)56 - R
Approach Bxtended 38° | 507 rated 105 4 13
Wave-cff - |Brtended 380 | 100% tate—»ff  © 105 ¢ 13

. 3 | - i . '




1. The variatione of aileron defléction with- angle of’
gideslip are smooth, aileron deflection increasing
progregsively with s;deb¢Lp so thiat the aileron is always
required to depress vhe 1eﬂdiﬁg wing. Thus, the roli -due
to rudder will ﬁLJajﬁ be in the correct d;rcctﬂon, ‘

2+ ‘Aileron stick forces in yair are not bfeseqbed benause
of lack of alleron hinge-momen®t data in yat.
. 3. The roiling moment due to sideslip is never so great
that a reversal of rolling velocity occurs &s a result of yaw
due to ailerons. However, with asymmeurlc povwer at take-off
and with rudder unde?f iected the rolii ng moment due to
gidesilp is greater than the max: Imum ro‘llrg monent Drov1ded
by thb allerons.. Congequently, in the event of failure of

he left-hand engine on take-orf, right sideslip must be

mited to not more than 18° by use of the rudder 1f steady
d slip :is to be malintained.

14

1

|.J- l._

Requi?e iens II-E: Rudéer control characteristics.—

1. The rudder'control is everywhere sufficiently
powerful to overcome the adverse yawing moment of the ailerons.

2.  No calculations were made of the rudder control
during teke-off end landing, because tests to simulate
ground effect were no®t made in the wind tunnel.

3, Rudder control characteristics with asymmetric
power are shown in figure 1k, Galculatﬁons were made for the
critical condition ""fp flaps in the take-off position, gear
down, Left-hand engine VlnlelLluf, “nc right-hand e”flPP
developing take-off pover at 118 miles per hour (110- percunt
min. take-off spced). Resulis indicete the rudder control is
nmore than sufficlent to procduce zcro gideslip.

4. Control cheracteristics to provide spin recovery
are not congidered, ‘ :

5. Right rudder forces are required to hold right
”udqe“ reflections wné left rudder fTorces are required to
nold left rudder de*lcctionﬂ for moderate angles of sideslip.
However, there cxists a severe rudder—force reversal for both
the glide and climb conditions at angles of sideslin greater
than approximately i15°, and Tor the approach condition for
the angles of right sideslip, g reater then 17°. For the



10

wave-ofT oon&¢t;o with trim tab zero, right pedal forces are
reguired for all rudder deflections.

(6. ¥ith trim teb neutral, the limit of 1€0 pounds
maximum pedal force is not exceeded up to the point of
pedal-force reversel with the flaps retracted, but it 1is.
exceeded'at larze angles of sidesliy for all conditions with
flaps extended 580. In the event of failure of the left-hand
encine at takXe-—off, the minimum pedal force required to-
maintain steady fiight is 320 pounds at &° of rlgnu sidesglip.

2

o (‘

Requirement II~F: Yewing moment due to sideslip
(directional stability).- :

L

1. This requirement is the soame as tha%t discussed under

2. The yaving moment due to sideslip 1s such that the
rudder alivays moves in the correct direcilon (rz;nu rudder
produces left sideslip and 1left “uﬂter produces right sideslip),
and the angle of sileglip produced ig substantlally
DTOﬁOthOJLl to the rudder dellect$on for angles of sidesli
between | iTC :

jo’

%, The rudder-free characteristics of the airplane, a
indicated by the rudder-pecdal-force veriations of figure 12
and 13, indicate that the airplane ig not directionally ste
throughout the sideslip-angle range for all conditions.
Stability characteristics, rudder free, are summarized in the
following takle: '

Condition Rudder—free stabilily Figure
clide Unstable bheyond °0)”OY118U€1J 12
+ £159 gidesliy , -
Climb Unstable beyond approximately 19
- +£10° gsideslin -
""L'"zh k B 7 -, O £ “j‘
 Landing U§?bb:}e pevond 12° of left 13
= clLoesilp —
: PN \ %7 3 20 o . .
Approach §, LpsbaP}e beyond 12% of right 1%
L 81dqgi1p - .
Wave—off ‘i Unstatle beyond GO of right 13
! sideslip -




L. fThe results of exireme asymmetric power with flaps
deflected 24°%, gear dovm, présented in figure 14, show thai
straight fiight cannot be maintained by sid esliop+ng with th
rudder free when trimned for straigat f'l?d on symmetric
vower., This 1ig the result of a Fin stell which causes 2 hinge
moment tending to produce greater ”ui&er deflections &%t

!

&)
moderate aﬂples of Slu@SllDe The same 1s also true with flaps
and gear retracted with rated pover on the right-hand engine,
left-hend engine windmilling, as is revealed Py inspection of

the wind-tunnel data.

Requirement TI-G: (Cross-wind-force cheracteristics.-—

As 1s shown iIn Tigures 12 and 13, the variation of angle
of bank with angle of gideslip is- suon thaf an increase 1in
right bank s ‘cc0ﬂpehies right sideslin and vice versa for all
conditions. The effect of power is %o cause rignt bank to
accomnany zero gidesiip, This effect *s,@reatvsu for the
vave—ol'T condition where 2° of right vank is necessary to
2014 zero sideslip. Aleo, the effect of power is to increace
the cross force as-is shown by indreased variation of angle of
penk with sideslip angle as power increases.

-

Requirement II-H: Pitching moment due to sideslip.-
. The vari tlo of elevator deflection for lon 1+um*nal
rim with I’ﬂws corn in steady‘sifeqlﬂns 1D shown in figures
2 and 13. For all condition
movement is vedg%rea to maintain brlq vihen the rudder ig
moved_5o right or left from its 9081tioh for qtrd:ant fliaznt.

Requirement ITI-I: Fover of rudder 'and aileron :r;mmlng
deviceg.~ :

1. Caleculs

tlons show thet the rudder trim %tab when
Tully deflected (25°) ig capable of trizming the eirnlane
sithin 5° of sideslil »rith naximum asyn ueu“y of power,
flaps 2?0, and gear ovn at 11% mlles per hour. For all
other ondlulOﬂs, ‘the \b should be canable of trimming to
zero rudder force at zero sideslip. _ -

The case of extreme asyumetry of power is alsgo a
critical conditlon for aileron trim tabs. The estimated tab
effectiveness indicates that at speeds sbout 140 percent Vpin,

the tabs should be able to reduce whesl forces to zero at
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Zero sidesli ith, ertreme agymmetry of power.

; | T  CONCLUSIONS

-

‘From the preceding discussion, the following may be - .
concluded.: A .

I Chﬁracte“*stics'of elevator control indicate tha%-in
stcady flight the elevator possesses adequate power, but both’
static and stick-free gtability are low, particularly in the
epproach and ciimb conditlons in which stick~force veriations
indicate-approrimate neutwsl stability tProuvu a large portion
of the speed range.. , . -

... In accelerated 1°'_Lig>;1’1t, the elevator exhibits
i sctory charactveristics except for large stick forces = .-
wh*ch, in the cytveme case, procduce a stlck— Torce gradient of
S0 poundb per g . in steady turpiﬁg flight. .

-, 8¢ In 18101ﬂg, the elevator lacks sufficient power %o

ep the airplene off the ground until the three-point - o
itude is reached, and stick forces are high for all contact
ed : o : S -

| L.  Trim changes due to pover and Tlaps are rensonable
| and should not be uncomfortebWB to control.

‘ ‘h. .The elr ator trim t D i suffic 1¢ntly'powerful,to
‘ trin the stick forces to zero for any normail flight condition.
| . 6. .The aileron povwer is merginal and th e vnecl fOf“CS

1
are very high.  Yew due -to-ailerons is easily within
prescribed limits.

7.7 1odev po"er is sa tlsL ctowy although there-is a. -
sevore wumo r~ﬁed?¢—Lor0° reverssl bncountered between . .
10° ﬂnQyQOA.QI‘SlQe lip for all conditlons- connuted exoep*
landing. R L . - ' S .

%. Rudder-pedal forces are high at large angles of
sideslip with flops extended and become extreme for. the -ease
of failu?e of one engine at take-off. o s T

9. Rudder— ch j1rectional ‘stobility. appesrs to be
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otlsfacto“y but, with rudder. free, stability is lacking
Hodérﬁte 1g1bs of yﬁv as o rcsult of fin stell.

m
cr

..10. Grogs—wind forces arc in the proper direction and’
are of such agnitude thot the angle of bank produced should.
give the pilot inélbﬂu«on of sideslip. ’ Sl

11. Pitching moment due to sideslip'is modcrate.

12. The power of the rudder trim tab is marginal for
.the .failure of one engine on-take-off, but is vg@'lsf“ctowy
CLSCTQLPC Aileron trim tob should be satisfactory.

Ames Acronnutical Laboratory,
‘Notional Advisory uomm¢ttcn for Ae%onavtico,
Ioffott Field, Celif.

nﬁlx contoing the result of wind-tunnel tests
from wi -flying quelities Dresenuod in the body of the:
report wvere tim1uea. All these datn have Dbeen transmitted
Droviously in greliminary form.

Tlls ay
1icn

ot o
vjq.,—.c
UJ ("‘ ®

A threec-view drawing of the airplone is given in
figure 1. The key to the configuration. symbols used is _
given in table IV. hotographs of the model mounted in the
wind tunnel r~re given in flgure 15. - The inportant model v
dimensions are given in table V. Power was supblied by two
e“cct“ﬂc mo*ows driving two 3-blade right-nand rotntion,
1/9-gcnle propellers. Hingc. momontq wore measured by means
of wire—resista.ce—typo.strq_n gages, and measuremente for
cach of the rudders were taken independently. Hinge-noment
-.coefficients arc based on the dimensiong of one rudder. .

All of the tests (except thosc with propellers
windmilling) were made at constant thrust. Data from’cach



4 g
been divided into %thHree parts: (1
y

14

geries of constont-thrust tests were pIOuted ﬂgﬂlnst th”USu
coofficient ~TC. Wbuq it is possible %o obtain .
chﬂr“ct’r¢stlcs CO”TCSPOHdLﬂ” to anv pover condition vlthln.
the T¢ range covercd. The .relation of Te¢ to Cp, required to
match full-gcnle 6peration (fig. 16) was furnished by the
manufacturer of the airplene.  The pfopeller—bléde‘angle
(30° at the 0.75 radius scction) was selected ~s o good
compromise: between take-off and cruise blade angle ond: wesg
not changed throughout the tests. The T, va V/nD -
relations h;p (f¢m. 17) was d2termincd experimentally in the
wind tunnel. Model power conditions were scLected by -use of
the curves described. . - :

A1l date are given in NACA standard coefficient form
referred to the stability axes and are corrected for strut.
interfercnce and tare-drag, flow inciination, and tunnel- ,
woll effect. The dimensions on which cocfficients are based
ond the corrections applied are given in teble V. Pitching-
moment coe¢fficients are referred to the center of grﬁv1t
for normal gross weight (26,500 1b) cear up, which is 29.80
percent of the mean serodynamic chord aft of the leading edge
of the mean serodynamic chord (meecsured parallel to the

‘fuselage reference line), ond 2.03 percent M.A.C. below the

fuselace reference ‘line.

For the purpose of pfeséntln esults, the tests have
) tests in pitch with

a7 with rudders deflected;
nh

the left-hand aileron

elevator deflected; (2) tests in
and (3) tests in pltop and yaw witl
deflected. :

Tests with elevator deflected.- Tests in pitch with the
elevqtor dbflebed Were ma@c Wluﬁ pwouello“s ”*nqr1¢11nc and

flﬂos defTectca_38 The 19nd1u~.g°ﬂr wab eXuonded for all‘
tests mede with flapq deflected. ‘Results nre presented in
the following figurcs : : :
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S » Flaps . ' ‘
TFigure (dZS (Gdgo) ' Power condition Tail
18 o 520; '%g’ =+ | Propellers windmilling | «0n
. - s v
19(a), (b) 0 -15, -10 T, =T, 0.1, 0.2 . On
\ e T, = WM, 0.1, 0.3,
20(a), (b) 0 5 0%, 0.7 On
: T, =T, 0.1, 0.2,
21(a), (b)-- o -0 0.3, 0.4, 0.5, 0.6, On
' 0.7, 0.8
. o T, = V@, 0.1, 0.3 _
122 : [¢] , ’ ’ :
22(a), (b) 0 5 %5, 0.7 On
‘ T, =¥, 0.1, 0.3
K c ) ) D) )
23(a), (b) 0 . 10 %5, 0.7 ‘ On
onl | ; T = T, 0.1, 0.3, o
2?(?)’_(b) . 0 N _ 0.5, 0.7 Cff.
: ; . ’ -3 =25, =15 : A R
© 25 . 38 _5’ 25, -18, Propellers windmilling Cn
. =0y O, & :
d : - _ Te = TM, 0.2, 0.5, ~
{26(a), (b) | 38 =5 0.7, 0.9, 1.1. ° | On
‘ To = M, 0.2, 0.4, 0,5,
27(a), (b) 38 0 0.5, 0.7, 0.8, 0.9, On
1.0, 1.1, 1.2, 1.5
PN Te = Vi, 0e2, 0.5
. 70 C 2 s 2
28(a), (b) ° 5 0.7, 0.9, 1.1 On
' L T, = Wi, 0.2, 0.5, _
29(a), (v) 58 | 0.7, 0.9, 1.1 ott

Characteristics corresponding to rated power with flaps
retracted and to take-off power with flaps extended, obtained
from the sbove curves, are nresented in the following figures:

G



Tigure | Flaps - le Power condition . | Tail
(deg) . (Qeg) . . N
X I S | Rated power, - - | On -
507 0 -5, 0, 5, 10 | gross welght and
B A AR e ~Zb~5004noundsuw_..“.offw
T T s : Take-of poweL, o OnL
31 38 - -5, 0, 5 2ross ve(gk - and
L ‘ ' 26,500 pounds off

For the pUroove'o? dete:miﬁlﬁn the effects of change. of
tail incidence, Tests in pitch were made with e tail A
incidence of 3.9° mesgured *rith recpect to. the fuﬂelage"
reference line. The regults of %hese tests, together with
resvits of identical tents with tail normal (0°) -are given. in
the figures L¢steq telovw.

T o i+ i . s
Flgure L8PS o . Pover. condition
(dez) (deg) N _ .
32 0 0, 3.9 - Propellers windmilling
T N - o i ‘ over, £ross
27 0 0, 3.© Rated po ver, g
- ’ SRR R -~ weight, 25,500 pounds.:
3k 38 0, 3.9 i Pﬂopcl;er3~windnillihg.
’ ) oo .
'%r '28 . . 'O , 3. ..Lal\e QI % DOI’GT’, Lf’OSS
R - i 59 velghu, 26, 500 poxndb
Teste with rudders deflected.- stg i yav vere mdde

with The rudders deflected from 300 to ~30° with propellers

windmilling’ and for several normal power conditions. With
flaps “euractea tegsts were made at the climp attitude

(01, = 0.85, ay = 69), and with flaps deflected 38° at the ,
sttitude corresponding to a Cr, of about 1.6 (ay = 6°).
Results are presented in the following figures:



17

Figure |- 5-8p8 Or - re dition "
-1g%;§ !deg). (aez) Power conaltion Te
2g 57 0 .0, £10, 15, Propellers wind- .
o +20, +£25, +30 milling -
T 'Rated pover at '
0, +10, %15 Hated I
38, 29 G £20 4oE 130 4 gross veight 0.23
£e0, £25, £30 1 55 500 pounas
Lo .l 38 0, 10, %15, Propellers wind- _
’ £20, £25, £30 | milling
, ' _ : : 2 -— -
- ‘ . 0. 4+10. +£1¢ hu% rated pover
R T RSy e 26,500 pounds’
LTl , . o 0 ilO +15 . Take—off po"ure,r'. -
Al ys 1 38 £90. £25 130 | -at gross wéight .58
I ST 26,500 pounds
- : : Take-off potrer
L& 38 féét%fégb%géo ~at . grogs weight LU
; S TED 21,3%0 pounds

In addition, tests were meade to simulate conditions
corresponding to single-engine operation after the failure of

one engine.
climb attitude

CL =1.30
take—-Off o‘

Tests with flaps retracted were made at the

‘Tests with the flaps
deflected 24° were mede at an attitude corresponding to

a

(ay = 69) to simulate single-engine failure on
Results are presented in the following figures:

- Flaps | 8 s
F > H P wrer ! (0281 T
Figure (deg) (deg) ower condition Tc
Lefs, windmilling -
b7 0 c, =10, right, rated power at 0.23
' -15, -20 grozs weight 26,500 1b.
: 0, =10, Left, windmilling -
ug ok =15, =20, | right, take-off power at | .46
-25 gross weight 20,500 1b.
0, -10, Left, windmilling -
Ug ol ~-15, =20, | right, take-off power at | .59
-25 gross weight 21,380 1b.




Tésts with ailerons deflected.--Tests to determine the

ezfectlwc"eos:of»tne a*;erono vere niade with propellers
removed, pecauce it was believed the aileron characteris+®
would not be affected by the ap ”lTbaulon of power. The
lefb-nand 8li€POﬁ only .was deflected:from 107 to -250. 4
pitch”tQSE”ana,dmyaT ueot were made. for eacnh aileron -
deflection. "The yav tests with f*npu retracted were made
at the.climb ettitude (Cp, = G.85, ay = 6°), and with
flaps ﬂefleouea, ‘at an attitude corresponding to a Cp, of
about’ 1.6 " (ay = 6%)  The res ultﬁ_qrc presented in the

fOllOVlnL fl”uve::

e

‘ies

?i&ﬁ§? §m?YP§xf ‘f?égg?.win. . ftggg) (approx.)'
50 Piteh o 10, B, 0,-5,-10, -15,- 20,-25
5 y?ﬁ_ o 10,5, 0,75,-10,-15,-20,-25
B2, Pitch 38 10, 5, 0,-5,-10,-15,-20,-25
53 -Yawu 38 1¢, 5, 0,-5,-10,-15,-20,-25
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TARE I.- GENERAL CHARACTERISTICS

Type = = - === =--=c---- Patrol airplane
Engines (two) - = = = = = = = = « = - = Pratt and Whitney, R-2800 series

Ratings (each)

Take=0ff = = = = = = = = = = @ = = = = 2000 horsepower at 2700 rpm
) at sea leve;
Military = = = = = = = = = = = = = = = 2000 horsepower at 2700 rpm
: at sea level to 1500 feet;
j 1600 horsepower at 2700 rpm

at 13,500 feet

Normal =~ = = = = = = = = ¢ = = = = = . 1600 horsepower at 2,00 rpm
at 5700 feet;
1450 horsepower at 24,00 rpm
at 13,000 feet

Gear ratio = = = = = = = = = = - - - - 16:9
Propeller - - = « = - = -~ - - — - Hamilton Standard, constant
speed
Diemeter = = = = « = = = = - o - - oo 10.50 feet
Blades - -. -------------- three: No. &,77A-12

Normal loading condition

Gross weight = = = « = = = « .- - - 26,500 pounds. .

Center~of-gravity position (percent
M.A.Co af't of leading edge of M.A.C,
parallel to the fuselage reference

line) = = = = = = ¢ ¢ a =m0 0 2 - - - 29.8%

(Percent M.A.C. below fuselage

reference line) - - = = = = « = = = = 2,0%

Wing loading = = = = = = = = = o =~ = « L6 pounds per square foot

Minimum loading condition

Gross weight = = = = = = = = = 2« « & 21,380 pounds

Center-of~zravity position (percent
M.A.C. aft of leading edge of M.A.C,
parallel to the fuselage reference

1ine) = = = = = & & el e o d o w - 23.9%
\
(Percent M.,A.C. below fuselage
reference 1ine) « - = = = = =« = = - & L.5%
Wing loeding = = = = = = = = = = - = « 37.1 pounds per square foot

Tail lengths

Elevator hinge line to center of
gravity (29.8% MiAuC.) = = = = = - = - 31,2 feet

Rudder hinge line to center of . ; .
gravity (29,8% M,AuC,) = = = =~ = = = = 31.3 feet NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS




TABLE II.- WING AND TAIL PLANE DIMENSIONS

_ Horizontal Vertical
- Wing tail ~ tall
Area (sq ft) ‘576 133.96 6L.11
~ Span (ft) 165.5 25.86 7.90
Aspect ratio T.45 5.0 1.95
Taper ratio 23.42:1 -- -
Dihedral . 6.25° ‘ none none
Incidence (with ' -
respect to fuse- 20 0° _—
lage reference
line) ' ‘
NACA 23018
modified by : v -
Root section trailing- NACA 0013 | approxi-
- : edge exten- T mately NACA
-8sion ooo7
Tip section NACA 23009- NACA 0009 | == -
Twist (geometric)} none ﬁone i nonei
M.A.C. (ft) 110.27¢
'Root chord (ft) %13.78 6.67 5.20 -

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Y Tncludes trailing-edge extension.
Exclusive of trailing-edge extension.



TABLE III.- MOVABLE SURFACE DIMENSIONS

1 *Elevator 2 ‘Flaps
Ailerons : Rudder
%up Down (Fowler)
Area aft of hinge line _
(sq ft) : 17.L45 Lo.1 35.1 15.8 52.3
| 20.21 at 17,90 at
Span (ft) 11.25 - hinge line . hinge ‘line 7.89 15,72
*Porcent span 2],.35 78.2 69.% 100 18
Average chord (ft) . 2.4 1.98 1.96 2.00 3.33%
paddle balance
Balance, type - boost tab boost tadb and boost tab --
Balance area, (sq ft) 0 5.3 5.3 1.6 -
Percentage bélance 0 13,2 15.1 10.2 -
Control travel (deg) 25 up, 8 down 32 25 +30 38
Trim-tab area (sq ft) 0.6, 2.015 2.015 1.905 -
Tab span (ft) 1,90 L.25 1.25 3.10 --
: 26 up :
Tab travel (deg) 2l4-1/2 down 26 2L.5 %25 -
Boost ratio St)/S - -0.35 -0.35 -0.17 -

1 Dimensions given for one surface only.

3Elevator angle measured with respect to stabilizer chord neglecting 3° droop.

3A tail flap between sections of elevator operates for up elsvator only.
Percent span defined as ratio of control span to total span of surface affected.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



TABLE IV.- CONFIGURATION7KEY<

Standard configuration, airplane in
normal flying condition except for .
propellers (that is, wing, nacelles,
fuselage, turret, horizontal and verti-
cal tall, rlaps and landing gear re-
tracted) _

l"ropellertsfj

_ Landingvgear extended

Flaps deflected (amount denoted by -
superecript) ‘

.

 Horizontal tail’

Vertical tail’

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



TABLE V,- SYMBOLS AND COEFFICIENTS

Wing

M.A.C. (including trailing-edge extension)

All coefficients are given in NACA standard form based on the following

dimensions:

area (including trailing-edge extension) 7.11  square feet

1.141 feet

Span = 7.28 feet

Elevator area aft of hinge line, Se = 0.L4335 square feet
Elevator cherd aft of ﬁinge line, av., cg = 0.2163 feet

Rudder area aft of hinge line Sr .= 0.195 square feet/rudder
Rudder chord af't of hinge line, av.; ' o, = 0.223 feet

Oy angle of attack of quglage reference line

angle of attack of fuselage reference line corrected for flow

a:s
. inclination and jet-boundary effect
Ch - elevator hinge moment
i qS_ ¢ * positive when moment tends to depress trailing
e "o
edge of elevator
Cp ~ rudder hinge moment
r q S, cp - ?  positive when moment tends to move trailing
edge of rudder to the left )
it’ angle of incidence of horizontal tail with respect to fuselage reference
line _
8er elevator deflection, positive when trailing edge of elevator is down
§p» rudder deflébtion, positive when trailing edge of rudder is to the .
left
84» aileron deflection (left aileron only) positive when trailing edge
' of aileron is depressed -
The following tunnel-wall corrections were applied and are all
addi tive:
3
ACD =51§_ CL
T c u
S .
bag =8 §¢ x 57.3
ac
AC,, =6,8 C, x 57.3 x ‘m
c u diy
where
’ 81 = 0.115.
c = 70 square feet’

CL -= uncorrected lift coeffioient

mo= 0,041

£ : NATIONAL ADVI SORY
COMMITTEE FOR AERONAUTICS
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FIGURE 3= AILERON LINKAGE CHARACTERISTICS.
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(a) Front view, flaps

(b) Rear view, flaps down.

Figure 15.- Photographs of the test model mounted in the
7- by 10-foot wind tunnel.
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FIGURE 38.— VARIATION OF YAWING MOMENT AND RUDDER HINGE-MOMENTS WITH ANGLE
' OF YAW FOR THE TEST MODEL. FLAPS AND GEAR RETRACTED,
RATED POWER , GEOSS WE/GHT Ré,500 LBS. -
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FIGURE 40.~ VARIATION OF YAWING MOMENT AND RUDDER HINGE-MOMENTS W/TH
ANGLE OF YAW FOR THE TEST MOODEL. FLAPS 38°, GEAR ELXTENDED,

PROPELLERS WINDMILLING.
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FICURE 42~ VARIATION OF YAWING MOMENT AND RUDDER HINGE-MOMENTS WITH
ANGLE OF VAW FOR THE TEST MODEL . FLAPS 38° GEAR EXTENDED,

507 RATED POWER, GROSS WEIGHT 26,500 LBS.
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FIGURE 44.— VARIATION OF YAWING MOMENT AND RUDDER HINGE-MOMENTS WITH
ANGLE OF YAW FOR THE TEST MODEL. FLAPS 38° GEAR EXTENDEOD,

TAKE- OFF POWER , GROSS WEIGHT 26,500 LBS.
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FIGURE 46— VARIATION OF YAWING MOMENT AND RUDDER HINGE MOMENT  W/ITH
ANGLE OF YAW FOR THE TEST MODEL ., FLAPS 3@3 GEAR EXTENDED,
TAKE=-OFF POWER, GROSS WEIGHT £/ 380 LBS.
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FIGURE 47.= VARIATION OF YAWING MOMENT AND RUDDER HINGE-MOMENTS W/TH

ANGLE OF YAW FOR THE TEST MODEL., FLAPS AND GEAR RETRACTED,
LEFT-HAND MOTOR WINOMILLING, RIGHT-HAND MOTOR RATELED
POWER , GROSS WE/GHT 26,500 LBS: ’
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FI16URE HB.— VARIATION OF YAWING MOMENT AND RUDDER HINGE= MOMENTS
WITH ANGLE OF YAW FOR THE TEST MODEL, FLAPS DEFLECTED 24
GEAR EXTENDEL | LEFT-HAND MOTOR WINDMILLING, RIGHT-HAND
MOTOR TAKE-OFF POWER  GROSS WE/IGHT 26,500 LBS.
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FIGURE 4G.— VARIATION OF YAWING MOMENT AND RUDDER HINGE =MOMENTS
WITH ANGLE OF YAW FOR THE TEST MODEL. FLAP.S DEFLECTED 243»
GEAR EXTENDED, LEFT-HAND MOTOR WINOMILLING, RIGHT=HAND
MOTOR TAKE~OFF POWER, GROSS WEIGHT <&£/,380 LBS.
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FIGURE S~ CHARACTERISTICS IN YAW FOR THE TEST MODEL WITH THE
LEFT=HAND A/LERON - DEFLECTED. FLARPS AND GEAR LLTFRPACTED

LPROPELLERS REMOVED.,
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FIGURE 3~ CHARACTERISTICS IN YAW FOR T HE TEST MODEL WITH T HE

LEFT=-HAND AI1L ERON DEFLECTED.
PROPELLERS REMOVED .
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