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MEMORANDUM REPORT 

for the 

Army Air Forces , Materiel COlTlr.land 

STABILITY AND CONTROL TESTS OF A 3/4- sCALE MODEL OF 

THE xp-69 AIRPLANE IN THE NACA FULL- SCALE TUNNEL 

By Harold H. Sweberg 

INTRODUCTION 

At the request of the Army Air Forces, Materiel Command , 

tests have been made in the NACA full - scale tunnel to deter-

mine the long itudinal - and lateral - stability and control 

characteristics of a 3/4- sc a le model of the xp-69 airplane . 

The xp-69 airplane is a single - engine , low-wing monoplane 

with dual-rotating propellers . Engine cooling is obtained 

by means of a rear - underslung ducting system . Inasmuch as 

stability data on airplanes equipped with dual - rotating pro -

pellers are meager , the effects of propeller operation on 

the stability and control characteristics of this airplane 

are of particular interest . 

The data include measurements of the forces and moments 

on the model at various angles of attack and angles of yaw. 

These measurements were r:1ade v; i th the propellers removed and 

operatin , and with the landing fl ap s retracted and deflec ted. 

The effects of elevator , rudder , and aileron deflection on 

control-surface e~foctiveness and on hinge moments were 

detormim:d . The general nature of the slipstream behind 
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dual-rotating propel l ers was investigated by surveys of the 

v e locity and direc tion of the air' flow in the r eGion of the 

tail plane with the propellers removad end ope r ating . 

where 

SYi'lBO:US 

~ X ~ 
drag coefficient (q;S") 
resultant drag coefficient wi t h propellers operating ~~~ 
lateral - force co eff icient ( Y) 

goS 

lift coefficient ( qZ S) 

roll inc - m0ment coefficient 

p i tching - Doment coefficient ( ' ~11 ,_ \) 
qoSb 

yawing - moment coefficient (_1_) 
\ qoSb 

e l evator hinge - moment coe~fici ent ( He ~ 
\qoSe c e) 

rudde r hinge - moment coef icient ( Hr ) 
qoSrcr 

a ileron hinge - DoMent coefficient ( Ha ) 
\ qosaca 

X force along X axis , positive ~en direc t ed backward 

Y for c e a long Y a:t':.is , posi tJ. v e wi en directed t o right 

Z forc e a l one; Z axis , posi t:~ ve when di r ec t8d upward 

L roll ing momen t about X axis , ~08itive when it t ends to 

de pr es s the right wing 

M pitching moment about Y axis , positi v e when it tends 

to depress the tail 

_~_~J 
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N yawing moment about the Z axis , positive whe n it tends 
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Cp 
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to r e t a rd t h e right wing 

elev .tor hinge moment , positiv e downward 

rudde r hinge Doment , positive toward left 

aile ron hinge moment , positive dovl/Ilward 

fr ee - st eam dynamic pressure (~PVO) 
mass density 01 air 

fr ee - stre8..nl veloci t y 

mean aerodyna~ic chord 

wing s pan 

elevator a r ea aft of hinge 

rudder area aft of hinge 

aileron area af t of hinge 

r oot mean square ele v ator chord 

root mean square rudder chord 

root mean square aileron chord 

effective thrust coefficient ( effective thr ust) 
\ PVo

2D2 

powe r coefficient ( eng i ne ~ower) 
pn?D 

effective t h t ff ·· t ( effective thrust) rus coe lC l en 2 h 
pn D' 

propeller efficiency (~~ v/n:) 
p r ope ller advance - d iame t e r r at i o 

prope ller r o ta tion a l speed 

blade angle of front propeller 
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blade angle of rear propeller 

propeller diameter 

c~ord of lng dlrectl~ behind propeller 

span of that part of wing immersed in the slipstream 

increment of lift coefficient due to propeller c peration 

increment of li~t coef r icient due t o propeller thrust 

fOl'ce 

6 CLN increnent of lift coeff icient due to normal force on 

a pl'opeller inclined to the a r' stream 

6C Ls increment of lift coeff icient due to the passage of the 

slipstream over wing 

6 Cmp increment of pi tchinb - mor.18n t coef fici en t due to 

propeller operation 

6CmT increment of pitching -~oment coefficient due to pro ­

peller thrust f orce 

6 CmN increment of p itchinn - moment coefficient due to normal 

force on a propeller incllned to the air stream 

6 Cms incremen t of pitching- moment coefficient due to passage 

of slipstrerun over the wing 

6 Cmt p i tching- moment coefficient due to the horizontal tail 

surface 

a angle of attack of thrust axis , degrees 

\jf angle of ";TaW , degree~; posi ti ve ,,;hen l eft wing naves 

forward 
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it angle of stabi lizer settinG with respect to the 

thrust axis , degrees; positive with trailing edge 

down 

elevator deflection (with respect t o stabilizer chord ) 

degrees; positive when t railing edge of elevator is 

moved down 

rudder deflection , degrees; positi ve when trailing 

edge of r udde r is mo ved to left 

Oa a il eron deflection , degr ees; positive when trailing 

edge of &ileron is moved down (subscript L denotes 

l eft aileron ) 

Of flap deflection , degrees 

oeT elevator tab def l ection , degrees 

0rT rudder tab deflection , degrees 

OaT aile ron tab def l ection , degrees 

~oa total deflection of both ailerons , degrees 

E lo ca l downwash angle at tai l neasured relative to 

free - stream direction , degrees 

Eav average downwash angle across ele vator hinge line 

as found from air - flow surveys , degrees 

Ep propeller downwash angl e at wing certer of pressure , 

degrees 

q local dynam i c pressur e (~pv2) 
V local veloc it y 
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(q/qo )av average dynamic - pressure rat i o across elevator 

hinge line a3 found from air - flow surveys 

s veloci ty incr%1'?nt factor back of propeller disk 

lift - curve slope for infinite aspect ra t io 

sect~on lift coefficient 

rolling v elocity, radians pe r second P 

f... empirical factor used in ~ormula for increase in 

lift of wing dt.:.8 to slipstr...::ar,l veloei t y 

DESCHIPI'I ON OI .. ' HO DEL 

A slurnnary of per t inent chr:.trac t ,:; ris tic s of the ful l- scal e 

v ersion of the xp -69 airpl~e i3 gi v en below : 

Gross weight, Ib . . . . . . . . . . . ... . 
Engine - Wright Aeronautical Corp .. . ... . 
Normal r at ing - 23 )0 bhp at t~200 rpm , sea l eve l 

to 35 , 000 ft altitude 

18 , 000 
j - 2160 - 3 

Military ratin g - 25 00 bhp at L~oo r pm, soa leve l to 
35 , 000 ft altitude 

Propellers - two three - blade , dual - rotating 
Wing area, sq ft . . . . . 
~ing span , rt ..... . 
Mean aerodynamic ch0rc, ft . 
Airfoil s ec tion : 

Inboard 
Outboard . . . 

Aspect ratio . . . . . 
Angle of incidellce , relative to tbrus t line 
Washout .. . . . . . . . . . . . . . . 
Aileron area , aft of hin~e line , sq ft (t o tal ) 
Horizontal t a il area , sq ft ( total) ... . . 
Stabilizer area , sq ft • . . . ., ... . 
El~vator area (incl~ding balance - 22 percent 

elevator area) , sq ft ... . .. . 
Vertical tall ar~a , sq rt (total ) ..... . 

. 505 

. 52 
10 .34 

NACA 662 - 11L~ 
NACA 662 -213 

· . 5·32 
1 0 43.75 ! 
· 2 0 30 ' 

. . . 35 ·6 
· . . 102 

61.2 

Fin area , sq ft . . . . . .. . . ..... ... . 

Lt.J • 8 
49 ·7 
27 . [~ 

Rudder areh (includ J.ng bal &.n ce - 16 percent 
rudde r area ), sq ~t 

Flap ar0a , sq ft (total ) ......... . 
22 · 3 
66 .6 



--- --- ~--.----------~--~~-------~-----------------~---~---

- 7 -

A three - view dravving showing the important dimensions of 

the 3/1~.- scale model of the xp-69 airp l ane is given in fig -

ure 1 . The outer surf2.ces of the mode l were constructed 

of sheet aluminum which was covered with a plastic filler 

and sanded to a smooth finish before the tests were made . 

Two l O- foo t - diameter dual - rotating propellers of f'ixed -

pitch construction w~re used to simuIRte t he full - scale 

airplane propeller unit . Power was supplied to the p ropel-

leI's by two 25 - hor sepower electric motors installed in the 

fuselage . The front motor was direct ly connected to the 

front prope ller, while the rear motor dro v e the re ar pro -

peller through chains and a counte r shaft . The moto r frames 

were supported in a credle so that they were free to rotate 

about t heir axes and were restrained from rotating by means 

of helical springs connected to the supporting frame . The 

angular deflect5_on of the motor frane served as a me asure of 

the motor torque . 

Balanced, slotted flaps '.'ere used as a high- lift devlce . 

When deflected, the flaps Moved to the re a r a~d down and 

meffils we~e provided for several flap - angle adjustments 

ranging fl'om 50 to L~oo . 

Both the ai l e rons and the elevators were of the sealed 

hinge - type construction . The 

J 
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con trol surfaces were statically bal anced by means of l ead 

weights p l aced forward of the hinge lines. All of the con-

trol surfaces were equipped with balancing tabs which could 

be adjusted to eive various ratios of tab deflection to con ­

trol surface def~ection. 

r:I"El'HODS AIJD TESTS 

Figure 2 shoVJs the 3/l~_- scale nodel of the xp- 69 airp l ane 

mounted in the NACA full - scale tunnel ( reference 1) . The 

methods by hich the data were corrected for jet - boundary 

and blocking effects are discussed in references 2 and 3 . 

Tests with propellers removed were made through a r ange 

of angles of attack and tunnel airspeeds to determine scal e 

effect on the model . In order to determine the stabil i ze r 

angle for trim at the dive lift coefficient , CL = 0.085 , 

t ests were made at two stabilizer settings wit: the prope l ­

l e r s removed . The results of these tests are shown in fig ­

ur e 3 . The s tabilizer setting , 1 .60
, determined from these 

t ests was maintained for most of the followino tests . 

The aerodynamic characteristics of the dual - rotating 

propellers were det6r~ined previousl; in the NACA propeller ­

r esearch tunnel ( r'3ference 4) . The propel l ers as installed 

on the xp - 69 model are shown in figures 2 and 4. A few cal -

cUlations showe d that at a propeller blade angle of about 

28 0 very Ii t~le error vIas introduced by operatin g at constan t 
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blade angle to simul ate th8 ful l - scale constant - speed pro -

peller . In orde r tha t tho rear propeller absorb t he s ame 

amount of powe r at the pe ak efficienc:'l cond t tion as the 

front propeller , the b l ade angl e of tIle r ear propel l e r was 

set a t 27 .70 with a blade - a ngl e setting of 280 
for t he fron t 

propeller . The necessity f or this d:_f f e r e nce in blade 

angle can be explained by tle fsct t hclt the front propeller 

introrluce s a rotational conponent to the slipstream which 

increases the angle of a t tack af t he r ear p ropeller . It 

is then n8cessar:r to reduce t he blade ang l e of the r ear pro ­

p e l18 r to offset t his in_ro ased angl e of a t tac k ( refe rence 4). 
The aerodynamic ct:aracter'is tics of trw dual - r o t a ting pro ­

peller s on the XP...69 model Rt ab')ut zero lif t coefficient a r e 

s hown in figur e 5. Tbe.3e result s and tho resu lts of r ef' -

erenee 4 are in close agreement . 

The chart of Tc against CL for tho power - on t e sts 

was furnished b ;,T tho Heptlblic Aviation Corpora tion and is 

given in figure 6 for 

35 , 000 f ee t altitude . 

ope rat ion at sea l e v e l a~d at 

70r t he idling - power condition , a 

value of Tc:::: o. 01-1-) at CL:::: 1 . 7 was furn ishud and this 

thrust coefficient was used t hroughou t the li~ t range to 

simu l a te the i enine- power condition . 

The values of thrust coefficient used to simulate the 

fli ght atti tuJe of the YR.ll/ed model were chosen to be the 
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s8me r.s t hose of the unyaw d model . Since the lift coeffi -

cient de creas e3 ~ith increasing YbW an~l e , this procedure does 

not r oproduce exactly t h e airplane - propeller co~dition3 at 

l arge angles of yaw . For the yaw angl e rarge tested 

(~ = ±15 ° ), howe ve r , this method probab l y does not int ro duce 

any s e ri~us errors . 

Te s ts we r e r1ade V'.'i th tlle llOr iz on tal tail r emoved and 

attache~ in each c a se wi t h the ~rcpellers r eDoved end operating . 

Each condi tion inc luded t osts w:!.. tb the l an dins flaps r e -

tracted and deflect ed . Th e l and ing gear was r emoved for all 

of the t es ts . Measurements were al so taken of the elevator 

contro l effectivenes ~ und hinge moments at several angles of 

at tac le. The e ri'e ct .::> of e1ovato r tab po s': t ion on the hinge 

moments and on the pi tching mom(:';Et s v.f're dete rmir~e d . The 

e l evator h i nge 1'lOments were measur ed by means of a calibra ted 

torque rod , the defl ec tion o f' v,hich VIas indi ca ted by Sels)'Yl 

motors loc a ted in the fu se l age and in t he t es t hous e . 

All the t ests wIth the model yawed were made ~ith the 

horizontal and th e ve rtical t ail s urfaces attached to t he 

model and with the propellers operating . T[~e r:lodel atti -

t udes for each ang l e of yaw in Jluded hia~ speed , climb ing , 

and l anding . 1'iith t he model in t he :high - sreed and climbing 

attttudes, the we asur6ments we~e made at thrust coefFi cien ts 

approximutc l y simul ' t ing the f u l l - and half - rated power 
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conditions at sea level . With the mode l in the landing 

attItude , the measurements were nade with the landing flaps 

deflected l~Oo at thr 1St coefficients approximately simu -

lating the idling and half - rated power ( approacl attitude) 

conditions at sea level . }or each pODer c6nditlon and 

model attitude , measurements were made of the rudder control 

effectiveness and hinge morn6nts . 

The nethod for measuring the rudder hinge moments was 

similar to that used for ~~ le2 su~'int· the eleva tor hinge 

moments . Some tests were nade to deter~ine t~e effect of 

tab po s i tion 0:1 the rudder binge rr.omcmts and yawing moments . 

The effects of yay! angle on the elevator control effective -

ress and hinge moments have also b een debermin8d . The model 

is shown yawed 15 . 1 0 in the full - scale tunnel in fi..jure 7. 

The tests to determine the c il r;:ron contral effective -

ness and hinge moments were made with only the left aileron 

deflected . All those t est s were made wi th the propellers 

r e moved . The aileron hinge rnoBents were measured by means 

of a cantilever beam equipped VI 5_ th a s t-('ain gage for indi -

cating its deflect ion . The aileron angles were measured 

by recording the change in r es istance of a rheo sta t which 

varied according to the movement of the hileron controls . 

The tests were made with the model in t ... e yawed and unyawed 

conditions at several angles of attack . The effects on 



ail e ron c ontro l effectiveness a nd hinge moments of installing 

cannons (fig . 8 ) and gasol ine tanlcs (fig . 9 ) on the "ving of 

t he modeJ.. have been d e t8rmined . Tests were a l so made to de -

termine the effect of tab position on the aileron hln ge moments 

and rOlling moments . 

Surveys we re made of the velocity and dire ction 01 the 

air fl ow in the r egion of the tail plane . For thes e t es ts, 

the horizont a l and the v e rtical tail surfac es were removed 

fr om the mode l (fig . 1 0 ) . Tle surveys were made with pro -

pellers removed anu operating and for both cases inc l uded t he 

conditions for flapr- r Gt racted and flaps deflec ted 40 0
. A 

compl e t e description of the apparatus u s ed fo r t he surveys 

is g ive n in r e ference 5. 

RESULTS nND DISCUSSION 

The results of the t ests have been analyzed and are 

presented in three parts . The first par t deals with the 

r esults of the t ests to deterY.1in e the longitudinal - stability 

characte ristics of the mode l and i ncludes measurements with 

the t ai l s urface s removed and att a ched and with the pro -

pellers removed and operating . The contr ibutions of · t h e 

horIzonta l tail surface , the wing - fuselage combination, and 

the propellers to l ongitudinal stability are discussed in 

this section . The second part deals with t he l ate ral char -

acteri~tics of the model and includes both the yawing- a nd 
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rolling - stability data . The r esults of the air - flow s ur-

veys are discussed in the third par t . 

The resu l ts of t he tests are presen t ed by means of 

t he standard NACA coefficients of forces and moments . Al l 

of the mo~ents have b e en taken about t he center - of - gravity 

pos ition indi c a t ed in figure 1 . The data are r eferred to 

the stabili t y axes . The X axis is the int e rs e ction of the 

p l ane of syrnmetry of t he airplane with a p l ane perpendicular 

to the plane of syrunetry and parall e l with the r elative wind 

di rect ion ; the Y axis is perpendicular to the plane of s71'111 -

me try; and the Z axis is in t he p l ane of symmetry and per-

pendicular to t he X axis . 

Longitudinal Stability, Cont r ol, and Tr iM 

Tai l - r emoved tests . - The r esult s of the t ests with the ------------
propellers and t he horizontal and vertic &l ta il surfaces 

removed a r e shown in figur e 11 . The slopes of t he curves 

of Cm against CL (fig . 11) indi c ate only a slight degree 

of lo~gitudinal instability for the t ai l-re mo v e d condition . 

Thi s is explaine d by the fact t hat the center of gr avity is 

located fairl y wel l fo r ward on this mo~e l (25 percent M. A. C.) . 

~ith f l aps retracte d , the locrtion of t he neu tral point of 

the model wi t~out the tail was measured to b e about O . 025~ 

a ead nf the center of g r avi ty. A slight dec re a se of 

l ongitudina l instabili ty , r esult ing from the r e arward shif t 

of the cente r of pressure wi t h f l pp def l ection, was obtained 
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when the flaps were deflected 40 0 (fi g . 11) . Th e location 

of the neutral poin t of the model without the t ai l for the 

flaps-deflected condition was about O.003c ahead of the 

center of b r avity . 

'J'he effec ts of propeller operation on the aerodynamic 

characteristics of the model without the tail are shown in 

figures 12 and 13 for the model with flaps retracted and 

with flaps deflected 40 0
, r espectively . For the model with 

flaps retracted (fi o ' 12), propeller opera tion was desta ­

bilizing , although the decrease in stabi l ity waG not a direct 

function of the amount of power applied . The destabilizing 

effect of propeller operation on the model wi thout the tail , 

flaps retracted, may be attributed to t he direct effect of 

the propeller forces ~lich are destabilizing for all positive 

angles of attack . With flHps deflected ~Do , propeller opera -

tion was destabilizing when idling power was appli e d; with 

half-rated power applied , however , propeller operation was 

stabilizing . This condition results from the fact that the 

large negative pitching moment resulting from flap deflection 

is increased with increased slipstreaM velocity ove r the wing . 

Sinc e , for constant power operation , the thrust and there ­

fore the slipstream v e locity increases with l ift coeffici ent , 

the incre ase in negativE:: pi tching moment 1dill be gr eate s t in 

the high - lift rang . 
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The chang e in p itching moment due to propelle r ope ration 
the 

for the model Vi i thout/tail may b e dete rr,lined from considera-

ti ons of the direct e ffe ct of t he p ropel l e r forces And of 

the slipstream efi'e ct on the \lin g pi tching moments . It is 

of int e r est to c ompare the effect s of prope11er operation 

on p itching mo ._en ts as c a lcula t ed from the se cons idera ti·ons 

with the experimental v a lues . The total change of pitching­
the 

moment coeffi.cient of the model wi thout/tail may b e c alcu -

l a t e d f r om the fo l lowing equation : 

The t e rm 6Cmp is th~ total change in pitching- moment coef-

ficient due to propeller operation , 

r e sent the chan ge due to t he direct effe ct of t he propeller 

forces, and 6Cms i s tIe change of wing pitching- moment co -

efficien t due to the slipstr eam . For singl e - engine airplanes 

with flaps r etrac t ed , 6Cms is u sually very small and may 

be neglAc t ed ( re~erence 6) . Using the me thods of refer -

ences 6 and 7, t he tot a l change i n pitching- moment coeffi -

cient due t o pr opel le r opera t i on, 6Cmp ' has been calcu­

l ated for the fl aps - r etracted condition with full - rato d 

power appl ied and for the flaps - def l ec t ed conditi on wi th 

half - r a t ed power appli ed . A comparison is g ive n b e tween 

the expe rimenta l and c a lculated 6Cmp in f igure 14. The 

a g r eement shown is good . 
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Propeller opera ti on increas 0d the s l ope of the lif t 

curve of the model withou t t~e tail , the !ncrease being ap-

proxina tely proport i ona l to the C'lJllount of po"~!er applied . 

r;:'he increase in dCr/da with powpr results from the direc t 
.!J ~ 

effect of the propell e r forces and from the slipstrea.lJ. ef -

f ec t s . Inasmuch as the li f t coeff ic ien ts of the sections 

immersed in the s l ipstrerun are greates t when flaps are de -

flect ec. , the increase in l=- r t due to propel ler operation will 

be greatest for t~e flaps - deflected conditions . Th8 increase 

in lift coeffic=-ent due to propeller operation may be calcu -

culated by means of the ex~ression 

where t,CLp is the total change in lift coefficient due to 

propeller operation , and are the increments due 

to the diI'ect effect of the propellel' forc Gs , and t,CL
s 

is 

the change in wing 11ft coefficient due to the slipstream . 

For the increuent of lift resulting from the passage of the 

slipstrearl1 OV'3r a part of the wing , the semiempirical formula 

of reference 8 has b een found to give satisfactory a gr eement 

with experimental data; thus, 

The factor ~, introduced because of the change in circulation 

over the wing , may be t aken as 1 . 0 for the flaps -retracted 
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condition . Wi th f l aps def l ected , however , owing to the 

marked effect of the slips t ream on the flappe d - wi n g vortex 

s ys tem , the va l ue of A is taken as 1 . 6 accordinG to r8f -

erence 7. The Change in lift due to the direct effect of 

the propeller forces nay bo calculate d by the methods g iven 

in refe rence 6 . The agreement between t h e expe rlmental 

and calculated v a lues ef ~CLp that are giv en in figure 15 

is good . 

Tail - on t est s . - The r es lts of the tests wi t h the 

horizontal and vertical t ail surfaces on and wIth the pro -

pellel's r emoved are shown in fi gure 16 . The location of 

the neutral point for t he tail - on condition with propel l er s 

remov e d was about 0 . 19c behind the c enter of gravity wi th 

flaps retracted a nd about O. 21c behind th e center gravity 

with flaps defle cted 40 0
• 

The effects of prope lle r ope rat ion on the aerodynamic 

characteristics of the complet e model for vari ous flap con-

ditions are shown in figures 17 to 21 . Figure 17 [jives the 

results for the model with f l a p s re t r a cted and with propel -

leI'S ope r a ting at full - and half - rated power . The r esu l ts 

fo r full - and half - rated power fo r the mode l with flaps de ­

fl ec ted 10 . 50 and 20 . 9 0 are shown in figures 18 and 19 , 

respective ly . Figure 20 gives the r e sults of the t es ts 

wi th flaps defle cteJ L~oo and wi. th the propellers op e rating 
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at full - rated , half - rated , and idling power . The effects of 

propeller operation on longitudinal stability, as determined 

by the slopes of tho curves of Cm against CL at fixed 

e l evat or for constRnt powe r operation, were destabilizing 

in all cases . · The destabil iz:i.ng ei' f e ct of po·we r was mos t 

pronounced for the condition wi t h the flaps deflected 40 0
, 

causing instablli t ~T a t high l ift coefflclents WYten ful l - rated 

power was applied (fig . 20 ) . 

By comparing the r e sults of the test s of the mode l wi th 

the ho r izontal tail on and with the propellers removed and 

operatIng, the increments of pitching-moment coefficient at 

the wing and tai l due only t o the effects of propelle r opera ­

tion have b een de terrrlinod and are shown in fi gure 21 . The 

increments o~ tail p itching -moment coefficient due t o pro ­

peller opera tion we re sma ll wi th f laps r e tracted; howeve r, 

with flaps deflected 40 0 the change of tail moment was very 

large when higL powe r was applied , causing the instab il i ty 

shown in figure 2 0 . 

The t otal contribution of the horizontal t al l to l ongi­

tudinal stabili ty is s}-lown in figu:ce 22 for the moclel with 

flaps retracted , and in figure 23 £or the model with flaps 

deflected 40 0
• For both conditions , prope ller operat ion 

provided an increment of positive pitch ing - moment coefficient 

from the tai l. With flaps retracted, the norma l force on 
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the horizont a l ta~l su 'f a ce was pos itIve for l i ft coeffi -

cients above 0 . 3, r egar dle3s of the powe r condItion . With 

flaps deflected L~oo , tl e n ormal for'ce or1 t he horlzontal tai l 

vas negative f o r lift coefficient s below 1 .6 , re~ardlBs s 

of the po~er condition . 

The ef'i' ects Ol~ <:J.pp l yin~ fu Ll - and half - rated power 

at 35 , 000 f eet altitude Oll the aerody:.fJ.amic characteri s tics 

of thp model wi th flr1.!j!~ retracted I!.a v e be8n determiDl'3d and 

are g~ ven in fi 0ure 2}~ . Since the t h rust coefficient for 

any par t icul a r power condItion dec re ases wi th al titude , the 

destabilizin IT eff e c t of pow8r on 10ngj tudinel stob ility and 

the increase in the ~lope of t he lift curv(' with powe r are 

l e s s at altitude th a n a t s~a level. 

and Ch wi t h e l e vator d e flection ( ~le --e 

vator tab l ocke d) for t he prope lle rs-remove d condit ion are 

shown in figure 25 . The eleVAtor off ec t)Vel'BSS , dCm/doe ' 

and t .r..e ra t e of ch8.nf~e of elevf~ tor b ' nge - l'1.0r:1.ent coefficient 

wi th elevato r cefl ection J dehe/doe, decreased s ligh tly 

with angle of attack , {,'or any particul I'll' elevator angle 

S1) ttin6J the e Ie v '\l;or' h.tnge mor:!en ts i n .r ef-! sed negat i ve l y 

with an:;16 of at t ack , 

The elevator 'Has equipped wi th a b alCiI'..cing tab which 

c ould br3 8d j H'~tGd to givp sev01'a l r2.ltio of t a h angle to 
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elevator deflect i on. r:Che variatlons of t a b angle with ele -

va t or deflec tion are gi. V8n in figure 26. Il'lgure 27 shows 

' .e val'i '"tl on o f elevd.tor hir:ge - mo!11ent co efficient with cle ­

· - t or defl ec tion for the condi tions of elevator t ab locked 

j of elevAtor tn.b a d justed to ~~j ve mlnimum and maximum de -

:'l C t ·.ons . Wi t h the t ab locked , the meaS:l.c ements were made 

a t a stabl1izer argle of 1 .90 ; howeve~ , wi th th~ tab operating , 

the measurements were m8 de at a st8.billzer angle , of 3 .1 0
• 

Examinntion of the data reve8.1s t La t tbe c}uiDge of hinge ­

moment coeffic i ent due to a di ff eren ce in stabilizer ang le 

of 1 . 2 0 is small, so tha t a CO li1pHrison can b e mnde of the 

hinge moments for t he various tab conditions . The slope , 

dChe/dBe' for tll e tab-locked conditIon was r 8duce d some ­

what wlth t he elevator tab uc'l.juste. d t o gi v e ma ximum ratio 

deflectionA; littl e change was measured , howe v e r, with the 

tab adjust ed to &~:ive minimwl1 .rat i o deflections . Th'3 effect 

of' th e tab on pi tchin[~ moments is giv e n in figur·e. 28 fo r 

various ang l e s of attack . A Sllml l dec r eusf.:; in the slope 

dCm/dBe wa s measured , the decrease being no~ t pronounced at 

the lowe st and the hi6hest angles of attack . 

The varigtion s of Cm} CL' and Che wi t h e levato r dc ­

flection f or vap].ous powel~ conditj ons und ,lith the mode l in 

the h i el - speed , clir.lb:i.ng , Ilnc1 l anding at t it1)c1es are g:. ven ln 

fi gures 29 £..n d 30 . A curve is presente d ( fig . ~l) showing 

"- --.-- .. _ - --
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the elevator an g les required to trim the airplane throughou t 

the speed r ange fo r t he condit ion o f flaps retracted and full -

rated power applied . The va lues of oe at high values of 

indi c a ted ai rsp 3sd were obtained from the experimental 

values of l'igu e 2S; and t he v a lues o.:t:' <5 e at low v a lues of 

indicated pirspeed were obtained by extrapo l a t ing t he re -

su Its of figure 29 to higher l if t coefficient s . 

T~e effects of the slipstream on dem/doe and dehe/doe 

are il l ustrated in fi gure 32 . With p rope llers removed, 

the values of dem/doe and dehe/dOe decreas ed with a n g le 

of attack; howe ve r , wi th propellers operatin g , the values of 

dem/doe and dehe / dOe incre ased with an~le of attack . 

Since fo r constant powe r operation Tc increases wi t h ang le 

of attack, th e rlynaY.1ic pressure at the tail and t herefor e 

dem/doe and dehe/doe should inc r ease with the ang le of 

attack . The increase arrears to be approximate ly pr'opor -

tional to the 2Jnount of pO'v;er app l ied . 

The effect of t ab posi.tion on t lte elevator h inge moments 

of the moael with propellers operating is shown i n figure 33 . 

Vith t he tab locked , t he v Gluas of d ehe/doe a t Ch e = 0 

were - 0 . 0 10 1 aud - 0 . 0113 r e r de C,ree elevato r defl e ction fo r 

t l1e airplaEe in t he high - speed and cJ.im~ing attitudes , re -

spe ctlvely . i;i t :.1 the t Ll.b adjusted to ,~ive :flax imum ratio 

dei'lec t ions , tl18 corres:')ondin{; va lues of dCh e/dBe were 

- 0 . 0084 and -0 .0089 . 
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In order to de tcrnine the effects of ~Taw on the e1e -

vator effeet iveness , SORe t ests were made wi th the model 

The r esults of the to, ts 'f/i t l} the 

mode l in t he high- spe ed and climbing attitudes a re shown in 

figures 31-1- and 35 , and th e result s f Ol' t ho Ro de l in t he 

landing att itude (flaps deflected 40 0
) a r e slJown in figures 36 

and 37 . A comparis on is gi v e:::l in t ab l e I of the values of 

GdCm~ and (ddCohe~ ~ J for the nodel in the yawed and 
dOe ' em = O e Che =O 

unyawed cond itions . It is seen tha ~ in the hl l~l - speed at -

t itude , the eleva tor effect!vene:s de creases about 10 per cent 

when t he node l is yawed 1 5 . 1 ° . ~e change of e l e vator ef -

fectiveness with y8.VJ i n the climbing and the lan ding a ttitudes 

was less than in t~e high-speed attitude . 

Later a l 8tabil~ t y , Control , and Trim 

Aerodynamic cha!'8.c ter is tic s i~y~. - The c anges 'of the 

aerodyna~nic c'1arac teristics wi th ya'vf angl e have been deter- · 

mined by cross-p lo ttlng the r ssult s of rudder - affe ct ivene~s ' 

tests (s imil .,., to t 'lOse shown in figs . 54 0 57) at several 

angles of yaw . TL1.8 var iat i ons of CL and Cm wi t h -1\1 

for the mode l in t he high- s p eed , cl imbing , and landins atti -

tudes arc sbO'Hn in 1.igures 35 to 1-1-0 . It should b9 noted 

that in the land i ng attittde with flaps doflected t he chrulges. 

in Cm and CL due to yaw we r e l ar;o an( s omewhat i ncon- · 

sistent ior both power condltions . ~he effec t of yaw ansle 
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on Cm and CL ... or tlle model in the high- speed a nd climbing 

atti t udes wns C onside ::. ... ably less than tor the model in the 

landinB attitude . 

The changes of Cn , C L, a1 d Cy wi th lV for the 

mo del in the higl:.. -speed , clir.lbing, and landing atti t udes at 

various power condi tions are '- '1ov.'n in figures 41 to 46 . 

The effects of propeller ope r&tior. on the effect ive dihedral , 

dCL/~I, and on the direct!onal stability , dCn/dlV , were 

mos t pronounc ed fo r the flaps - deflected condition. lith 

the mode l in t he l anding a tti t lHle and idlinG powe r applied , 

the slope of t he curve of yawing -~omDnt coeff icient against 

angle of yaw shows approx!mat e l y neut~al stability at smal l 

poslt:ve aneles of y aw and instability fror,1 _2 0 to _80 angl e 

of yaw ( fig . 45) . I nasli.1Uch a s the v a l ue of dCL/dlV for 

this conjltion is r elat ively high , about 0 . 0018 , a condition 

of lateral oscillutor~ instability will pr bab ly exist . 

The danger of this condition is accentuated because it o c ­

curs at the landing at ti tude ",;here recovsr-y becomes very 

difficult. A large de croase in effectiv e dihedra l was 

measured when helf - r ated power was app l Ied to the mode l in 

the l andinG attitude ; however , the direc t ' onal s tability was 

increased (fig . 46) . Thi.s combination s hould r e sult in a 

condition of s~~ ral ins t abi lity . Spiral instahili t-:T i s not 

a s aVEre condition , bo~evor , inaSMuch as lIttle difficulty 
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is encQunt 0red in f lying ai:"'pl anes which a re spirally unstab l e . 

S:i.nce it has been propo~ed tLat th.e mode l "or.; r eturned to the 

· _·, 11- 8cE;l e tunne · for furt!H~r ens1ne - Goo ling te s"Gfl , some ad -

tiona l t est s to check the stab1.1ity of t he airplane in the 

.1ding atti t ude are ontempla t ed . 

The slope Ool t h., c.urve of Interal - forco coefficient 

against anglo of yaw for the mode l wi th flaps deflected i+o o 

was inc rea s ed from 0 . 005 5 to 0 . 0124 when t he thrust co effi -

cient was incre ased from 0 . 045 to 0 . 490 . 

The effects of propel ler ope !"ation on the directional 

stability, on the effective di hedr al , and on the rate of 

change of lateral - i'orce coefficient wi th yfWof anu1e for the 

mode l in tLe high - s::->eec. anc1 cllm1Jing o. tti t ude 3 a r e illus -

trated in figure 47 . The direc ti onal stab ility decreas ed 

with ~ngl e of attack , bu t at any particul ar anGle of att ack 

the direc tional s t abili ty We; S lliE:;h'3 .C' for tIl ·, i'ul1 - pmier 

condition than fo r the half - power condition . No variat i on 

of dCy/d'l!t with angle of attack or pow-e r v"as measured for 

t he high- spee d or cliTIb conditions . 

The ch&nges in the l ate r a l charac t e r istics due to power 

re sllt from t he di~ect effect of t he propeller forces and 

, 

from t h8 ef f e.cts due to the propeller s l ipstream . Since the 

thrust axi s <1n C the center of grav ity l ie In the p l ane of 

s ymmetry , the tr.r ust fo-::'cos have n o e f fect on the rolling 
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and yawing moments about the stability axe s . The propeller 

n ormal forc e , however , l ies in t he plane of the prope l le r 

and c a uses a yawing moment which is always destabi lizing . 

The effect of the propeller torque, which usually c 'auses 
C\J 

~ a large rolling moment for airplanes with singl e - rotating 
~ 

propellers , is probably very snaIl and may be neglected 

when dua l - rotating p rope llers are used . 

When the ai rpla n e is ya~ 'ed , a greater par t of the 

slipstream is def l ected over the trailing- win g pan e l . The 

result is that t he increased dynamic pressure increases the 

lift of the tra iling - vJing panel and causes a decrease in 

e ff octiv3 dihedra l . The decrease won l d be mo s t pronounced 

with the f l aps def l e cted , since the inboard sections of the 

wing are operat i nG at high section lif t coefficient s . By 

t he s a'l1e reasoning , t he d;.~ag 01. the t railing - wing pane l is 

increased which re sults i n a destabilizing yawing moment. 

The adverse effects of wing- fuse l age interference on 

t he effec tive dihedral and the favorable effec ts on the 

directiona l stability of low- wing monop l ane s are probably 

changed somewh& t by t he passage of the slipstream over the . 
wing - fuselage juncture . The increase in dyanmic p r essure 

over t he vertical tail increases t he contr o l effectivenes s 

and p r obably increases the dire ctional stability dep e n ding 

on the engle of si de ash and the dire ction of the load at 
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the ver tic ct l t ai l . As the anole of yaw is increased , a 

point will be reached where the v e rtical tail passes out of 

the slipstream a.nd, consequently, the control e ff e ctiveness 

will be dec r eased to the p ropellers -removed va lue . The 

si dewash angle at the tail results from the various components 

of the a~r flO\v due to the v"-i..nG , the fuselage , a.nd the slip -

stream and is deterMined as a ve ctor addition of these com-

ponents . Some chancre s in the pitching moments due to yaw 

are caus ed by the cllanges in v e locl ty ancl direction of flow 

at the horizonta l tail surface due to the s lipstr eam . 

Rudder effectivenes s and hinge moments . - The variations 

of Cn ' CY ' and C~ wi t h rudder def l ection for the mode l 
l~r 

wi t h propel l er s r emoved are shown in figure 1+8 . The v a l ues 

of dCn/dOr' dCy/dOr ' 

with angle of attack . 

t he r espective values of 

and 0 . 0022 per degree . 

was - 0 . 0045 per deGree . 

and dChr / dOr changed very little 

For the propellers - r emoved condition , 

dCn/dor and dCy / dor were - 0 . 00 13 

The value of dChr/dOr at or = 0 

The effect of v ari ou s ratios of t ab angle to rudder de -

flection on the r ate of chanR8 of rudder hinge - moment co effi -

ci en t with ruader def l e ction , dChr/dOr ' Is shown in" fig -

ure 49 . Fiuure 50 shows the vari a tion of tab ang le with 

r udder deflection for the different t ab adjustments . A 

l arge decrease in the value of 0r = 0 for no 
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tab was measured v:hen tDe tab was adjusted to g ive either 

t ab - rudder deflection ratio 1 or 2; ho~ever , there was 

li tt l e change of r udde r hinge ~oments measured b e t/eeD t ab -

rudder defle ction rat:Los 1 and 2 . ~w efreet of t ab set -

ting on t he yawing- i.ilOYilen t coef fici ents at s everal ang;le s of 

attacl is shown in figure 51. The tab caused a very small 

de crease in rudder effectiv eness , dCn/dar ' 

The effects of propel l er oneration on the va riations of 

Cn , Cy , and Gb
r 

wit~ or for the model in the high­

spe ed , climbing , and l a_d i ng at t 1tude s are shown in fig -

~res 52 and 53 . In. the high- speed attitude , where the lif t 

c oeff icient and thrust are low , there was little chang e of 

dCn/dar and dCy/ dor due to propelle r operation . A sligt.t 

inc r easG of dCn/dar and no increase of dCy/dar was 

measured wi t h t he Yilodel i n the climbing attitude and fu l l -

r a ted pO\lOr ap:?lied . ~ith t he mode l in the landing atti -

tude , however , t he values of dCn/da r and dCy/dor were 

i n cre a s ed to - O. OOlS and 0 . 0029 , respe ctively , when ha l f -

r a ted powe r was applied . The r a te of change of rudder 

hinee - moment coefficient with -rudder deflection increase d 

with powe r; a v a lue of dChr/dar of - 0 . 0088 was measured 

for the mode l in the l anding a ttitude with half - rated pare r 

applied as compared with a v a l ue of - 0 . 0045 for the mode l 

wit~ prope llers r emoved . 
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Several tests were made to determine the effects of rud-

der deflection on the aeY'odynamic characteristics of the 

model in yaw . The results of some of the tests with the 

model in the high - speed, climb .:_ng , and landing attitudes are 

given in fig..l.res 54 and 55 for \!f = 15 . 10 and in fiGures 56 

and 57 for ~ = - 15 .20 • 

Cn = 0 

The variations of dOn/dOl" at 

Ch = 0 with \!f are given in r 

fi Gure 58 for the model in the high- speed attitude with full -

and half-r2ted power app l ied , in fIgure 59 for the model in 

the clim'oing attitude wi tr~ full - and half - r .ted po'.'ver applied , 

and in fieure 60 for the model in t he lancUng attitude with 

idl ing and half - rated power applied . The effec t of yaw angle 

on dCn/dOr was small for 11 of the t est conditions ; how ­

ever , an appreciable increase in dChrjd5r with yaw was 

measured . 

The rate of change of rudder hinge - moment coefficient a t 

zero rudder deflection wi th yaw anGle for tho v arious model 

attitudes is shown in figure 61 . For the h i Bh- speed and 

climbino attitudes , the values of dChr/d\!f -,{as z ero at 

small angl es of yaw . For th3 modcl in the landing attitude 

with half- rated power appliAd , some variations of Chr(Or=O) 

with ~ was measured , but these were smaJ.l at smal l angles 

of yaw . 
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The rudder angles n e cess a ry to hold a g iven angle of 

yaw for t he mode l in the high - speed and climbing a tti tude s 

are gi ven in ficures 62 and 63 for the fu~~ and half - rated 

power conditions, respectively . In the high - speed at titude , 

a va l ue of dW/ dar (cn=O ) 

val~e of d~/d5r (Cn=O) 

of about 1 . 1 was measured . The 

i'or the mode l in the climbing atti -

tude Vi i th full - rated pO"Ter appli ed ViaS about 1.2 , whic h was 

incre.asGd t o about 1 .3 wI en h o.lf - ra t ed powe r w[ s applied . 

The rudder ar gles to hold a 31ven angle or yaw for the model 

in the lanclin;; a ttitude with ldling and half - rated powe r a p -

pliec, a:""e shown in figur e 64. The instability shown by 

t he curve of figurs 64 at small angles 01' yaw for the idling -

powe r condition corresponds to the same Instability notsd in 
yaw 

t he C U1'V6 of Cn a.sa inst \(t (fig . It-5 ) at small/ant;les . 

The v alue of d\jJ/dOr(Cn=O) for the model in the l anding at -

t itude with half - r a ted power applied was about 1.5. 

Aileron effectiv eness and hin(1e momen ts . - Since the 

a i l erons on t hi s Dode l are wel l out of the r egion cove r e d by 

t l e slipstre~, a 1 of the t ests to detormine the effects of 

aileron deflection were made with the nropellers r emoved . 

Tl'}.e measure"1Emts were m8de for deflect ions of the l ef t 

ai l eron only . Figures 65 J3.nc1 66 show the variations of 

and wi th aileron dei'lo c tion ( tab l ocked ) 

for the r.1ocsl 1)! i th f l al)s re trac t ed and wi t h f l aps def l e c ted 
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40°, r especti v e ly . The results vvith the mode l yawed a t - 10 . 1 0 

. 4 0 and with the flaps retracted and f l aps defl ected 0 are shown 

in figures 67 and 68 , respect~vely . 

Tuft surveys had prev ious ly shown t ha t t he installat i on 

of cannons at tr ... e l eading edge of the wing caused an e arly 

separation of the flow , espec i a lly in the r8g'on of tha 

ail erons . As .a r esu l t , aileroD- effe ct iveness t e sts were 

made vith t hA cannons inetalled on the ning in their maximum 

up position (fig . 8 ) . The results of the tests vith t he 

c 8nnons installed on tho wing are given in figure 69 . 

Inasmuch as lt has been proposed that U:e ,epublic 

Aviation Corporation i ns tall ~asoline tanks on the lower 

s urface of the wines ( fig . 9 ) for ferrying purposes , some 

tests we r e me.de to determine the effee ts of the wing t anks 

on the ai l eron effectiveness . The r esult s of the t ests for 

the unyawed model are shown in figure 70 . F' i gures 71 and 72 

show the r esults of the t ests "i ith t he wine.; tanks on a nd 

\)t = - 10 . 1
0 

fo r the flaps - retracted and f l nps - deflected 

c ondition s , r e s pe ctive ly . 

The v ar i ations of CL , CD' and Cm ~ith a fo r the 

model with the wing tanks on p .• .nd for the model \ovith cannons 

instal l ed i n the~r maximum up position are shown in figur e 1'3 . 

It will be noticed f~oD fi gure 73 that t he cannon installa -

ti on caus ed a rodl.~c t: on of Tilaxinum l ift cocffic ient of about 
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0.3. studies made wi th vprious cannon insta11ations showed 

that the reduction of maximum lii't coefi'icient due to the 

cannons can be mln:llized by (1) lowering the cannons , 

(2) using a longer cannon extension from the leading edge 

of the wing , and (3) using a suitable fairinG at the win€; -

cA.nnon juncture . J:1he Caso line t anks caused no appreciable 

reduction of ma x.imum lift coefficient . 

The variations of Cha with 6a for the tab-locked 

and tab - operating conditions are stown in figure 74 for 

various angles of attack . Figure 75 sho~s the variation of 

tab angle with aileron deflection . With the aileron tab 

installed , s orne decrease in deha/d6a was 1.',easured . Fig-

ure 76 shows the variations of e l , en ' and Cha vith 

aileron deflection for the case of aileron tab installed at 

ratio 1 . The tab had very lit tle effect on either the 

yawing or the rolling moments . 

A few calculations have indicated that the stick forces 

required to obtain naximum aileron deflections with the air -

plane in the high- speed or cruising attitude wil l be exces -

sive . ~his was true for the conditions of tab locked and 

tab operating . 

A table has been pr epar ed (t able II) giving values of 

ai l e ron efre c t).vene s s and he lix anole , pb/2 1J, for all of 

the test conditions . The values of dCl/dOa and pb/2V 
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have been computed fo r a total an-ul ar d ifference b etween up 

and down ai l e rons of 300 with an ail~ron diffe r enti a l r a tio 

of 1 : 1 . The term pb/2V , which expresses tho l aterco. l dis ­

placement of the wlng tip in n g ivon forward trave l of the 

airplane, is a measure of s at!s f a ctory ai l eron contro l (ref ­

erence 9 ) . A valu.8 of pb/ 2V of 0 . 07 repre sents a criterion 

of minimum satisfactory a iloron effe ctiveness . The values 

of pb/2V for a ll t.he conditions t es t ed varied f rom 0 . 082 

to 0 . 117 . 

Tho criteria for satis.::'acto:!:'y aile ron contro l presented 

in r eferenc e 9 should b n used with c a u t i on . Fl i ght measur e -

ments ha,:e indicated t hat tho values of pb/2V obtained in 

wind- tunnel tests are about 0 . 02 higher' than those obtained 

in fli ght a s a result or' wi ng twist and sideslip angl e . 

B'urt J.lermore , a l t 10ugh a va lu of pb/2V of 0 . 07 implies a 

cond i t ion of satisf.ctory aileron - control effe ct iveness , it 

does not imp ly that the roll illg velocities attainable wi l l 

be satisfactory . Thus , a pursuit airplane havIng a l a r ge 

wing span \ilil l require l a rge r v a lue s of pb/2V to a t tain 

rolline v e l oci ti e s equal to t hoo e of a pursuit a i rp l ane having 

a s mal l wi ng spar . On t his b a sis , the rolling v e l ocitie s 

at t ainab l e wi t h t~e present xp - 69 ai l e ron inst a lla tion may 

be inac.equate . 
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Air - Flow Surveys 

The ~esults of the air - f l ow surveys are present ed in 

figul'E)s 77 throug:r~ 80 . The fi gures show contours of q/qo 

and c1ownwa~h anLl s idevJash vee t ors in a vertical p l ane through 

the ele vator hinge line for various ancSles of attack llnd 

thrust coefficients . The results or the propellers-removed 

surveys are gIven i n f igures 77 and 78 for the flaps - retracted 

and i ' ] aps - de f 18c ted c ondi tions , r e sp ec ti vely . The effect s 

of propeller operation on the nir flo q in the region of t he 

tei l plan~ a r e shown in flel r es 79 and 80 . A table (table lIn 

is :pres ~nt ed , givin3 v8.1ues of the dynamic - p r essure r a tios 

and thE'; doymwash ang2-es aV(3raged across each s emispan of the 

horizontal tail surface at t he e levator hinge line . 

The velocity and direc tion of the air flow at the t ai l 

may b e consid0r6d as the r e sultant of the various fi e lds of 

flow from the ~i~G , the ~use l age , the ducting systeM , and 

the propeller slipstr eam . The wing wake (or region of low 

dynamic pressurE; ) and t "!:le combined INakes at the wing , the 

fuselage , and tI le due t i ne; sys t ern ( or r egion chal'ac terized 

by the erratic flow just below the fuse l age ) are cle ar ly 

evident in t he surveys made with t. e prope lle rs removed . 

(See f i gs . 77 and 78 . ) Owing to the r elatively high pas i-

tion of the hOl'izonta l t ai l surfRce iith respect to the 

wing, t he center l i ne of the wine wake passed below the 



- 34 -

horizontal tail surface for all of the conditions tested . 

The center line of the win g wake rose rela.tive to the tail 

with increasing angle of attack (figs . 77(a) to 77(c)) , 

which resulted in a small decrease in the average d namic ­

pressure r atio measured across the horizontal tail surface as 

the angle of a ttac k was increased . The chango in dynamic 

pressure at the t ail due to fla.p deflection was small since 

the flap wake always passed below the horizontal tail surface . 

The downwash angle at the tail , which is directly pro ­

portional to the lif t coefficient , increased with angle of 

attack and flap deflection . The increase of downwash angle 

at the tail due to flap deflection was about 7 0 for the 

propellers - removed condition . 

The effects of propeller operation on the d)"TI3.mic pre -

sure and the downwash anflles at the tail are illustrated in 

table III . The values of (q/qo)av and fav were computed 

separately across euch semispan of the horizontal tail in 

order to ascertain whether the use of dual - rotating propellers 

eliminated the effects due to slipstream rotation . Propel ­

ler operation increased the dyno.rnic pressure at the t ai l . 

The increaSe in dynamic pre s sure at the tai I , hO'Never , was 

not directly proportio~al to the ~lount of power applied s ince 

the loc ation o~ the slipstreml center 11ne wi th respect to 

the horizontal tail varied with angle of attack and thrust 
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c oefficient . POl" all positive ~ngles of attack the downwash 

a t the tai l increas ed wit~ propeller operation ; whereas , at 
C\j 
~ the negative angle of attack , propel l er operat~on resulted 

'0 
{ 

~ in a s mal l decrease in the downwash at the tail . 

When the powe r absorbed by the fl"'ont prope ller vias 

approximately equal to the power absorbed by the r ear pro -

pe ll e r , there was little evidence of slipstream rotation 

i n the surveys . Sinc e the prope ller blade angles were 

adjusted so as to absorb approxinw. tel y equal power at the 

V/nD for peak efficiency (V/nD = 1. 25 ), the powers ab -

sorbed by the tVI'O propellers were not equal a t other values 

of V/nD (fIg . 5). At low thrust coefficien ts , where the 

difference in ~ower absorbed by the front and r ear propellers 

was sIl"!all , the values of (q/q) and E:. av measured across o av 

each semispan of the horizontal tail surface were approxi -

mately e~lual. At the higher thrust coefficient s , howeve r, 

some differenc~ in (q/qo ) av and ~ was meas ured , 'av 

although the difference was considerably less than that 

usually observed behind airp l anes with sinBle - rotatlng 

prope 11ers . 

SUl{',,1AnY 01" RE SULTS 

1 . Propeller operation resulted.in an appreciable 

dec rease in static longitudinal stability. With fl ap s re -

tracted and full - rated power ap91ied , the neutral point was 



shifted about 7 percent of the mean aerod}~aMic chord forward 

of its position for the propellers - remove d condition . With 

flaps deflected 40 0 and full - ratec po ler a9]11ed , the neutral 

point 'las shifted about 20 percent of the me""u aerodynamic 

chord forward of its )os ition for the propelle rs - remo ved con-

di tion . 

2 . The applicati on of power increased the slope of 

the lift curve , the increase being a:Jproximately proportional 

to the amount of po~er app l ied . 

3. The elevator ~rovided satisfactory longitudinal 

control throughou t the lift range . 

4. The elevator effectiveness and the slope of the 

htnge - TYlome nt curve aga inst elevator deflection increased with 

power . 

5. The effect of yaw angle on elevator effectiveness 

was sma ll for the range of yaw angles tested . 

6. A decrease in deh / d5e at zero tab of from 10 to e 

20 percent , dependi~g on the power condition , was me asured 

when the tab was adjus ted to gi ve the mZtxi mlJr.1 t ab anele to 

elevator defle c tion ratio . 

7. The ratio of effective dihedral , d C! / d;jJ , to direc ­

tional s tabili ty , dCn/d \)J , varied from about 1. 0 to 1. 3 for the 

mode l in the high- speed and climbing attitudes with flaps re -

tr a cted and wi th full - and half - rated power applied . 

~J 
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8. A large de cre ::1.se in directi onal stabili ty was 

measured when flaps we r e 6eflected and ~dling p ower ap)lied . 

For the mode l in the l anding a tti t ·,.lde wi th :l.rHing 90we r 

applied , the slol:)e of t he curve of Cn 8.t;ains t \If showed 

a pp roxi ma tel y neutre.l s tabili t y at s:.nall p osi ti. ve angles 

of yaw and instability from _2° to _8° angl e of yaw . 

The effeett ve dihedral , as indicat·ed by dCZ/dV , was high . 

A condition of l ateral oscillato r y ins t abili ty may the re -

fore exist for landi ngs made wi th i d l ing p ower . 

9. A large decrease in effe c t ive d i hedral ·was 

measured w~en half - ra t ed p ower was appli ed to t he model in 

t~'1.e l anding atti t un.e wi th flaps d ef l ected ; t:1.e dlrectional 

stabillty , however , was g reater than t l1at measured for the 

idling-~owe r conditi on . 

10 . The slope of the curve of yaw angle against 

run.d.er n.eflection a t trim dl/!/dOr(Cn=O ) varied from 

a·bout 1. 0 t o 1. 3 for the model i~1. the high- s:;;eed and 

c l:tmbi:1.g atti t udes wi th 1'ull - and half - ra ted );lowe r app lied. 

A l ar ge i ncrease in dW/d6r ( c
n

=o ) was ::neClst'.r ed when flaps 

were de~lected and idling p ower ao)lied . 

11. The rudder effec t i eness and the rate of c hange 

of til nge - Ir.omen t co e fficl ent '.'Vi th rudder deflec t i on incre ase d 

with pover . 

12 . The negative value of dChr/d6r at Chr = 0 was 

reduced about 0 . 0025 by the use of a balancing t ab . 
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13 . The maGnitude of the m~ximUQ rolling veloc i ties at ­

tainabl e with a total aileron deflection of 30 0 may be l ow 

when compared Hit:t that attainAd by some present - day pursuit -

type airplanes . 

l L~ . The stick forces requir ed to obtain maximum. aileron 

deflections with the airplane in the high- speed or cruising 

attitudes wil l be excess ive . 

15 . A small reduction of aileron h inge moments was ob ­

tained by the use of a ba l ancing tab . 

1 6 . The addition of cannons a n d gasoline tanks on the 

wing of the mode l caused very little chanGe of a ileron effec ­

tiveness . 

17 . The test results i ndic a te that l ittle or no appli ­

cation of tho ailerons or rudder will be necessary to f ly in 

an unyawecl attitude with prope l lers operating . 

1 8 . With the cannons installed on the leading edge of 

the IN ing In their r.18.ximW:1 up position , a redac tion in maximum 

11ft coefficient of about 0 .3 was measured . 

19 . The center l ine of the fing wake was below the 

horizontal t a il surface for al l of the conditions tested . 

20 . Propeller 0perat ion increased the dynami c pressure 

at the t ai l . The downo\Tash angles at the tail were increased 

for positive angl es of attack a nd decreased for negative 

a::J.gles of attack when povrer was applied . 
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21. ~~en he power absorbed by the front propeller was 

ap:.)rox.Lmately equal to the power absorbed by the rear pro -

pe l le r, there Vias li ttl e e v idence of rotation in the slip-
C\J 
-'-
~ stream. 

I 
1-·1 

Lang le y Memori 0.1 Aeror:.aut ic 0.1 Laboratory, 
National Ad.visory COl'1rnitte€ for Aeronautics , 

Lan<31e y Fie l d , Va . J" 8.nuary 7 , 1943 . 
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TABLE I 

(dCm), 
Effect on Mlgle of Yaw on (dO and 

\ e C:t:l=O 

(dClle) 

\ 'dOe C, =0 
\ ne 

Elevator Tab Loc ked ; i t, 1 . 60 

Flaps retrac t ed 
h if 

II --y 

).( = 5 '"lC o 
't' - ,.) 11 .. _ \jl = 15.1

0 

(dCm \ (dChe) I a l(dCm\ (dChe\ I 
\dOe)cm=O. \dB; che=ol, (deg) Tc l\dOe)Cm=O \dOe :khe=~ 
- 0 . 0231 - 0 . 0086 -0.2 0.0l~ -0.020? I -o. oo~4 I 
-. 0226 -. OO~~ . 2 -. O~~I -. 020~ -. 0084 I 
-. 0233 -. 00b7 3.9 .0)0 -. 0244 -. 0093 I 

~ r l' ' -. 0266 -. 0090 3·9. 01241 -. 0247 -.0103 

Flaps d eflected 400 

~ ------------------~.r--'------~--------~--------------~----------------~ 

- 0.0086 
-. 0167 

12. 5 \ 0. 055 \-0. 0236 -0.0107 12.6 0.047 - 0.0208 -0.0111 12.6 10 .0471~. 0217 
8. 9 . 530 - . 0297 - . 0166 3. 9 . 510 . 0279 - .0180 8.9 . 510 -. 0286 

I 
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TABLE II 

Aileron Effectiveness and Values of ~~ Calc:11ated for Full Defle ction -

(60 a = 30°) of Both Ai l e r ons . Atleron Differ8ntial Ratio , 1 :1 

II - , 

eL, II I 
Test condition tieg) dC7,/do a pb/ 2V I Test conditi on . Q -

pb/2V I 1 (deg) (C'7,/dO a 

-0. ~ 0.00251 0 . ~~15 . Wing ganGonij installedi - 0. Z I 0. 0029 
~ 

1. Mode l wIth bare wIng; 0 .100 i 
of, 0°; 41, 0°; - 3. . 0032 . 110 I of,O; 'fI, 0 ; i 3 · 0 . 0032 .110 

1 a ile ron tab locked 8 . 1 . 00 32 I .110 ai l e r on t ab loclced I 8 .1 . 0033 .113 
12, 6 . 0029 I . 100 : 12 . 6 . 0:)32 .110 I 

J 
I 

I II 
1 

I 

2. Model with ~are wing; 7.2 . 0034 . 117 16. Wing tanks installed -o. G .0026 . 086 I 
Of, L~o 0; 1.f1, 0 ° ; 11. 6 . 0033 . 113 of , 0 0 : t.p, - 10 . 1° ; 3 · 8 . 002 .096 I 
aileron tab locked 16 . 5 . 0027 .093 I ai l eron t rlb 1 ccked 8 . 2 . 0032 .110 

I ! 12 . 6 I . 003 0 . i 03 , 

I I i 

3· Mode l with bare wing ; -O . ~ . 0027 . 093 
I! I - 0 . 61 . 0028 .096 I: I 7 · Winr; tanks ins taIled 

of , 0° ; V, - 10 . 1° ; - ° 0 .103 '. 
3 · . 0030 . 103 . 003 0 l ' 

! ! of ' 0 ; 41, - 10 . 1 ; I § . 9 I i 
j 2. 2 . 106 . 0034 .117 I aileron tab locked . 003 1 aileron t ab l ocked I · 3 1 

I 12·7 . 0030 .103 I I 12·7 .0029 .100 i 
I I 

L I f I Uode l with bare wing ; 7 · 3 . 0029 .100 2. Viing tar:.~-cs installed 7.~ I . 003 3 .113 
01' , 40° ; tr, -10 .1°; 11. 8 . OO~ . oG6 of ' 40 0; ¥, -10 . 1 ° ; 11. 0 . 0030 .103 ! 
ai l eron tab locked 15·3 . 00 I . 082: aileron tab locked 15 · 3 . 0029 .100 I 

i .. , i 





- TA.3LE I I 

Ave rat5e DY:1arlic-Pres sure Ratios and 
. 

·~CJwnwc ... c:h JIngl es at Tai l 

(\j 

_ .. .. ..;,-.-/ -1-
--'-

( d~-g)1 CL b - I 
') 

I (d 
H 

- 1--~~. ,,----:-----

i ~' ( q/lJ. ) 

f i Tc 
trg }1 s ~ 

I ( a) I oJ. 
! 

r--------------~ 

I (deg) 
0 av av 

Right L ft RiGht Lef t 
mi so ::l.n se:nis")an semispan semispan 
ta:t l of t 11 of tai l of tail 

-0· 7 0. 130 
3·7 · ~O7 
G.l ·723 
7·1 1. 215 4 

11· 5 L 5 5 L 
- ·7 . 102 
-· 7 .125 
3·7 • ~. 35 
3· 7 · ~ 50 

J, l'O 1. 396 .,. 
. 8 1. 532 L. 

11. 3 1. 772 Li: 
}lo 3 1. 1515 1. 

0 . 9~ 0· 97 1.'7 1.9 
· 90 · 97 2 . ~ 2 . ~ 
· 94 , 95 

I 
5· 5· 

· 95 , 95 11. 9 12· 3 
· 93 · 93 13 . ~ 13 · 5 

I 1. 02 1.00 I 1. 1.7 
1 . 2Lf. l . 21 1. 3 1.5 
l. . oo 1. 00 2· 9 3· 3 
1.19 1.19 ;z: 2 3. 6 
1. 07 1. 7. 1 14: 7 1( . 2 
1.17 1. (-3 1~ . 4 14·4 
1. 24 1. 2 1 . '7 17 · 2 

1 11.2 

o I 
g ! 
o I 

00 I 0. 025 
00 I . 250 

• O;~5 
o I . 250 
o f · 300 
o I . 600 
o I . 300 ~ 5 
0--+ __ , _60_0_-,-_1_-.;' 3:;..:3:......-......J-_=-. 1).j. 21. 7 

( a ) 
Hissing val ues indicate pro)e11ers re~oved . 
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Figure 2.- The 3/4-scale model of the XP-69 airplane mounted in the NACA full-scale tunnel. 





Figure 4. - Propeller installation on the 3/4 -scale 
model of the XP-69 airplane. 
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Figure 10. - The XP-69 model with horizontal and vertical tail surfaces removed. 
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