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NA':L'IOrTA!, ADVISORY COiil.'i I J:' TEE FOR AERO NAUTICS 

TECHNICAL NOT~ NO . 646 

F ELu-TUNlJ EL TES1'S OF A 2 - ENGIlJE AIRPLANE HO DE L 

AS A PRELIMI NARY STUDY OF FL IGHT CONDITIONS 

ARISING ON THE FAILURE OF ONE ENGINE 

By Edwin P . Hart man 

SUM . .1ARY 

~ind- t unnel t e sts of a l5 - foot-sPQn mode l of a 2-
en g ine lon- 1i ng tr a nsport airplan e were made as a p relin
inary study of the eme r g ency arising upon the failure of 
on o engine in fl i gh t. T 0 meth ods of r educ i ng th e ini t i e l 
yaw i n~ mO D8nt resulting from the fa ilur e of one engine were 
in vesti gated and the equilibrium conditions were exp lor ed 
for two bas ic modes of fl i ght on one eng ine , one with zero 
angle of sideslip end the othe r TIith several degre e s of 
sideslip . The added d r a g re sulti ne from the unsymmetrical 
attitudes required fo r fl i ght on one en g in e was dete rmin ed 
for the model airplane . 

Th e effects of th e applicat i on of pouer upon the sta
bility, contro llability, lift , · and drag of th e modol air
ple n e TIcre measur ed . A dynamic-pressure survey of the 
pro p eller slips tr eam was made i n the ne i ghbo r ho od of the 
tail surfaces a t three an g l es o f at t a ck . 

T~8 add e d paras it e drag of t h e mo de l airplane result 
ing from the unfavorable c ond i t io ns of flight on one en
gine was es t i ma ted t o be app ro x i mate ly as follows : 

At ce iling , 3 0 perc e n t . 

Full - throttle climb at se~ level , 40 pe rcent. 

High spe e d, 19 p er c en t . 

From 35 to 50 pe rc ent of this added d r ag wa s due to the 
dr ~g of the dead- eng ine p ropelle r and tbe other 50 to 65 
p e rcent nas due to the ln oymnetrical att itude of the ~ir
p l ~ne . The modo of flight on one eng ine in wh ich the an 
g l e of s id e slip wns ze ro ,uas found to r equire l ess ~owor 
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th ~n the TIode i n D~ i ch the angle of s i des lip wes se v e r a l 
d c~.; r ees . 

I HTRODUCT I ON 

T~e fa i lu r e of an eng i ne i n fl i ght has always pre 
sented a se r ious s i tuat i on , espec i ~ ll y in the case of air 
planes ~av i ng but one eng i ne ; under s u ch c ond i t i ons im me 
di a te descent i s ne c essa r y , r egardless of the terrain be 
lOD e In the case of mu l t i eng i ne a i rp l anes , th i s s itua 
tion may b~ sOMe7ha t r el i eved , for t he g li d i ng angle may 
b e Dade Duch smalle r o r ho riz ontal fl i gh t may even be con
t i n u ed IT i th one eng i ne dead . 

Althou;h Jodern mul ti en c i ne airplanes a r e desi gned to 
fly wi th on e engina dead , occasional crashes caused by en 
g i ne fa ilure do occur . The obv i ous ne c ess i ty of p r ov i d i ng 
enou~h p o~e r in the re~ain i ng eng i nes , afte r one has failed , 
to continue fl i ght i s by no means the on l y quest i on to be 
cons i de r ed . As i de f r o m tho me c han ic a l p r ob l ems of i so l at 
i nG tho fue l nd oi l supp l y sys t ems so t ha t t h e f a ilur e of 
on e enG i ne wil l not d i stu r b the prope r functi oni ng of the 
r om~i n in~ engines , there rema i ns the i mpo rt ant ae ro dynami c 
prob l e~ of cont r ol . Tho d i spos i t i on of en g i nes i n the mod
ern mu l t i eng i ne ai r p l ane i s usually su c h as to Cause a 
l arge unbal ance of TIoments and forces at the t i me of eng i ne 
fai l ure Dhen adequa t e cont r ol mus t be p r o vi ded to br i ng 
the a irp l ane i nto a s t ate o f e quil i b rium c ompati b l e ~ i th 
l inear hor iz onta l f lioht . 

A study of th i s eme r gen c y may ue ll be divided i nt o 
t u o parte : (1 ) a co n s i de r at i on of the t r a n s i t io n pe rio d 
dur i ng ~hich t h e ni r p l ane seeks a nAW att i tude fo r ~qu i
libr i um ; and (2 ) a c ons i de r ation of th e cond i t i o n s of 
fl i g h t ~f t e r o quil i b ri um h as b ee n rea ched , i n v olvi ng the 
v ar i ous Dodes o f fl i ght in n hi c h equ ili br i um i s a t ta in ed , 
tho c ont r o l- su r fa c e deflect i ons necessary to maint a i n 
equ ili br i um a t v a r ious Rpp eds of fl i gh t, and t he added 
draG a ri s i ng f r om the unsymm e tr i cal att i t u de o f th e a ir 
p I nn e i n f li ght and fro~ tho d r ag of the dead- e n g i ne p r o 
p e lle r . 

The p r esent i nvest i gat i on , wh i ch wa s made e arl y i n 
1 936 , is only a te ~ t at iv e app roa c h to a study o f the fac 
t o r ~ i nvo l ved i n the cr i ti ca l s ituation ar i s i ng after 
en~ i ne fa ilure . I t was a l so an expe ri men t to study lab
orBtory net hods and techn i que of handling powe r e d mode l s . 

• 
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Th e results, wh ic h are so~ewhat d is s ociated and lack much 
of bein ~ complete, shou ld be of come int e rest to both de 
sienars and research en g i neers . 

CO} SIDERATIONS OF THE _ROBLEM AND 

DESCRIPTION OF THE TESTS 

The p resent i nvest i ga ti on has a tte mp t ed to provide 
infor mation on seve r a l r ela t ed p roblems . 

.ThQ_.1.L:",nll1..t.io lL!2h.§,.§.§ .- If the a irp l ane i s c a -p able of 
flyin G uith on e eng i ne dead and if it has suff icient alti 
tuc. e to a\roi (l ct<? n g e r du e to auk wa r d transitional att i tude s, 
th e unfavorable effec t of the transition phase may be only 
a teu~or~ry ni l d l y unpleaaant sensat i on . If , however, the 
a irp l~ne is trav e ling close to the g roun d and at an air 
speed cloce to the stall, th e ange r fron this phase Day 
b e qu i te c reat . Mult i en~ine Rirp lanes usually have a 
l arge mo me nt of in e rtia a bout the ve r t ical a~is and , when 
( nt cru ising spee d ) a wi ng eng in e fa ils, the airplane con~ 
tillues alon{; ,'1. stra i gh t co u r se fo r 11 considergble l ength 
of t i ne rrit nou t any .pprec i able deviation . The p ilot rl ill 
usually ~av e sufficient ti me to e ffe ct the ne cessary con
t rol ne a su r e s i f t:o co nt rols a r e ade qua t e . At a ir speeds 
close to the stall , howeve r , t h e re is a possib il i ty that 
th o r u dder will not be suff ici on tlJ p ow e r fu l t o maintain 
equ ili b riun . A precautionar neasu r e \tou ld -b e to rer.lain 
on the g round , in t ake - of f, unt il a sp eed i s reach e d t~at 
is con si d e rably hi g h e r than the stall i ng speed . 

Li~tle vas done on the trans i t ion phase of the sub 
j e ct i n the p res en t t e st s except to det e rnine the effect 
of the fol lowing t wo ~easurcs that have been use d in the 
PAst to ~educ e the i n itial y~wing nonen t after engine fa il
ure . The f irst Measur e t ri ed TIas to toe-in the vertic~l 
contro l 3~rfa c c s (on th e tw i n-rudde r tail) so that , after 
ens i ne f~i lure . tho sl i ps trean o f the a c tive p rop e ll er 
b ea rin g on tj e inclin ed sur faces would p roduce a correc
tive yawing nomo nt . Th e s econ d measure Was t o to e - out the 
engine n~celles so that the sl ip strean of the active en
g i ne be~ i ng on th e vertic~l sides of the fuselage a nd 
co nt rol su r f~ccs TIould uroduc e a corrective yawing Donent . 
Th e ndde d d r ag , in no r m; l fli ~ht , caused by tho inclina~ 
ti on of ti-:.e co n trol su r faces ,,-nd the eng in e nacel l es was 
als o neasured . 

"'"------------ - - - --- - -
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~h~ __ §'.Q.:Q,:h1iJ2K,:!,J:l,m_.Q.QQ (li.tj~,Qlls:LQf_il-.ighl_ Q!LQn~_~ngi!!~ . -
A study of th e equ i li b ri um cond i t i ons of fl i g ht on one en 
g i ne should be d i rected towa r d i mprov in g t h e eff i c i ency of 
f li gh t wi th one eng i ne de~d sO tha t the a irp l ane c a n main 
tain suff ic ient a ltitude 'to cl ear a ll obs tacl es on the 
path to the near es t a irpo rt . It i G the r efo r e ne ce ssar y to 
know so meth i n g of the forces act i ng on t~p a irp lane , the 
att i tudes i t m~y assume , and the co n trol deflect i ons r e 
Qu ir e d to maintain equ i~i brium . 

A fnir l y co mpr ehens i ve anal ys i s of th ese p robl ems i s 
g i v e n i n rof e rence 1 , i n wh i ch a r e te scr i be d three more 
or less ~ ~ G ic att i tudes in wh ich a 2 - e ng i n e a i r p l ane c an 
ma i nta i n oquili br i un wi th one eng i ne dead . On e of the 
bas i c Dodoc involve s cons i de r b l e s i des lip and appe ~rs 
l ess f avo rab l e than the oth e rs f r om d r ag cons i d e r a t i ons . 
Th o othe r two bas i c a tt i tudes may be desc rib ed a s fol lows : 
I f it i s acsu~ed , for examp l e , th a t th e left - hand eng i no 
of ~ convent iona l 2- cng i ne t r nnspo rt a irp l ane has fai l ed , 
equ ili b rium may bo obtained by : (1 ) Ap~ lyin g e nough ri g ht 
r udde r, with z e ro ang l e of bank , no t on ly to bal a nce tho 
ya',7i ng ;:J o :lC nt' o f t ho a ctive ollidne but a lso to c ause sev
o r e. l debree s yaw (sidesl i p ) to ' th o lef t ; (2) App l y i ng 
ri ~ _t ru~de r s u ff ici ent to bal a n c e the yaw i ng momen t . The 
s i de fo rc e s i n t h i s method a r c balanced by th e we i g ht c om
ponen t c~used by a small nng l o of bank r a t her than by the 
s i de u i nd fo rce on t he fuse l aGe i n the f ir st met hod . I n 
this att i tude , t he a irp l ane h~s zer o ang l e of yaw . Th e 
d iag r nm rhoun in f i gur e 1 i l lust r ates these t~o att i tudes , 
o ne of wh i ch is essen ti a ll an att i tude of yau and the 
othe r, an at ti t ude of bank . 

I n conne c t i on wi th the equ i l i" r ium phase of the prob
l eD , the addbd draG du e to the tw o basi c ' modes of fli g ht 
-lith Oile enG i ne dea d '\7as deterL i n e d . Th e tests \lere li ::1-
i ted to one node l a irplan e , uh ich was c ons i dered fa i rly 
repres entat ive of the cOlventional 2- engine lo v - wi ng t r ans 
po rt air~ l a~e . I nfo r ma ti on was alno obtained concern i ng 
the angles , n ODe nts , and fo rc os fo r equ ili b riuD for th i s 
part i cular mode l . 

§.1i:Q,Q.11:~9.,IiL1nn:'yQ;Y _,G!!'sLlrr.Q,1..Q~.n t..9,1_QQI!:Q1:_§.f.fQ.Q.j~,.£ • - In 
a dd i t io n to th e par ts of the te~t p r og r a m des crib ed i n the 
pr eced i nG parag r aphs , c e rt a i n effec ts of pow e r on th e sta
bil i ty ~~ cont r ollab i l i ty of the node l Rirplane \lere i n 
v est i ga t ed . A c lipst r ean-vo lo c it y survey '\7as made at th e 
r e~ r end of the fU 3e l age t o he lp det e r mi ne a su it ab l e 1 0 -
c at ipn for the tai l surfaces . 
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AP?ARATU S 

~Q~~l_gi£Rl~rr~ .- Al l t he t es ts i n the pre sen t study 
were E~de of a 2 - eng i ne low- ry i ng a i rp l ane mo d e l, wh ich had 
been const r ucted fo r use i n a p r e vi ou s r esearc h p r og r am . 
Tho nodel, a l thou gh n o t a d i rec t copy of any a irp l ane , ~as 
r ou~ hly rep r esen t a tive o f a c on ve~tio n a l type of tr nn spo rt 
a i rp l ~ne in usc i n 1 934 . Its gene r a l outl i nes and s t ruc
turQl c)nract er is t ics a r c sh oun i n figu r e 2 . T 7 0 s o t s o f 
do t ach~ble t ~ i l su r fa c e s r ep r o s en tins t he s i ne l e - and 
tw i n - rudde r types we r e avn il ~b l e . The ir sizes and angul a r 
settings ,.'e r e not quit e the o:p timu ra f o r the mo de l ~ ir:pL:'.ne , 
but th i s f~ c t shou ld n ot G r e~ t l y affe c t t h e c o mpari sons 
made i ll t~ i s re:p ort . Ti ne d i d no t pe r mit expe ri me nting 
wi th s i zes and pos i t io ns o t her than the ones p r o vided by 
t lose two av~il abl e t a il surfaces . The mode l had n o a i 
l erons , fl~ps , o r lnnd i ~g ge ~r . 

Tho tuo 2- bl a e propel l e rs wo r o t u r ned by t wo 5 - horso 
:pOTIer e lec tric motors enc l osed i n N .A. C.A . t ype na c e l le s 
l ocated i n the l ead i ng edge o f the wi ng . Pe r f or a t ed disks 
were used to Qi mul a te t ho dr ~~ of the en i ne c y lin de r s , 
anQ th~ na c e ll es we r e mounted GO tha t they cou ld b e mo v ed 
spanw i se and sw i v e l ed l ~to r ally a bout v e rtical supporting 
p i ns . 

gQItQl_'!!!.QlJ,rrt i ll!'; . - The t est s '.7e r El made i n t he I'I . A . C • A. 
20 - foot ~ind tunne l des c r i bed in r efe r ence 2 . A photo 
gr~ph o f the test se t - up is shown i n f i gu r e 3 . Th e model 
was Dounted on Q b~l l - boaring un i ve r s~l jo i n t at t a c hed t o 
t he to:p of a f r ee ly ro t a ti ng ve r t i cal shaf t a l s o mount ed 
on bell ~oari ngs ; th i s ar r a~gomen t gav e the mo do l f r eeio m 
i n p it c~ , yaw , ~n1 ro ll . The movements of the mo de l wore 
r estrai~c~ by f i rie s t eol u i res at t a c hed to t he uppe r sur
faces of the wings an d t h e r oar part of the fuse l aGe and 
c onnccte l _ to bn,l ances upon \'l~l i cb. t he p i tch i ng , the y c:.mi:lf>;, 
aud t~e ro lli~g mo~cn t s ~e r e measured . Lif t, d r a g , and 
l ate r 2 1 f o r ce r er e e a aured wit h t he r egul a r wi nd- t unne l 
balan c es . The p a r t s of ~he mo nt i ng c aus i ng t a r e dr ag and 
t A-re mo nents \7e r e the fL~e r ound p i ano n ires anet t he short 
piece of st r eamline c tr'lt d irect l y benea t h t he mod el , as 
sho~n in the pho t ogr aph . Pr ov i sio n s ne r B Made f o r ch ang i ng 
the ansle s of ya~ and p i tch duri ng a t es t and fo r k 8ep i ~g 
t he mO~GLt uires perpendicul ar to t he wi nd ax i s at the s nne 
t i ~o to prevent n i x i ng th e force c omponen t s . All f o rces 
an d no~ents , except the ro llilg moments , we r e measu red 
relative to tbe n i nd aX0S . The rol l i ng momen t s TIe r e mCBS 
u 0 d r 0 1 :-1, t i vet 0 the X b 0 ely ax is . 
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In s trunen t s fo r nCUDu rin ~ tho p r opelle r r e volutio n 
spoca Qnd tho poue r SUP91i0d to tn e ~otors TIe r o lot~ted 
on the te c t - chBDbcr floor . 

SYEBOLS 

A lint of the symbo l s used in this r epor t fo llo ws : 

= L / CIS I , lift coefficient . 

i"' 
vD ." = 

v 

-': lift, lb . 

S , ui~g ~ r ea , s q . ft . 

dynam ic p re ssu r e , lb . pe r sq . ft . 

Qs ' dyn~m ic p r esRu r e in the ~l ipst r eam . 

p , a ir den:~ity , s lugs po r c u . f t . 

result an t - fo r ce cooffic:ont (along uind axis) . 

H , resultant force along 7i nd ax i s , lb . 
~Jos itiv o . ) 

(Drag is 

Cn + effective d r ~g coefficient . 
-'-- qSJD 

Q, Dum of the torque of all eng i nes ope r~tin g , 
ft . - l b . 

no ' propuls ive effici e ncy taken from p ropeller 
tRH ts ~ad e at zero an;le of attack . 

J = V" , D I J._ • 

v , :, i r sp e ed. , f . P • s . 

il , p r ope l le r r evo l ut i on speed , r . p . s . 

D , prope ller d iame ter , f t . 

y itchi nc- coocn t coef f ici en t . 

, -
, , pi tchi ng Do~en t , ft .- lb . 

-- --~--



Cn := 

ey ::: 

c , 

~\J/qSb , 

N , 

b , 

Y/ qS , 

v 
... , 

'Y 

'.\I, 
r p, 

~ , 

<X, , 

Or ' 

°e' 

e, 

= 0'7', , 
.ve 

7 

mean ae.rodyn!-\m i c chord , f t . ( 2 . 54 ft . on model 
air p l a n e ) . 

yaw i ng-co ment c oeff i cient . 

yau i ng moment, f t .- l b . 

wi ng span , f t . 

late r al - fo r ce coeff ic ient . 

I f\.te r .:1 l fo rc o , l b . 

fl i ght-path \"=l.ngl e , dec; . 

o,ng l e of y~y[ : deg . 

.::nG l e of s i clcslip, deg . 

<1.ng l e o f bar.k , dcg . 

ang l e of atta c k , deg . 

.:eng l e o f rudde r . 

an g lo o f e l e vator . 

a facto r by uh i ch CD. 
1 

is d ivi dod to make 

CD . :.:: con stan t 
1 

total d r ag coefficient . 

i ndu c e d drag c oeff i cient . 

f := parasite drag/ g , equ i val en t p ar a sit e a r ea of 
a irplene in Do r n al 2- e ng i ne fl i ght , sq . ft . 

equ i va lent parasite area of dead p r ope l ler , 
sq . ft . 

6f a , equ i v a lent p arasite a r ea cor r espond i ng to the 
incre a se i n the d rag of the a irp l ane , other 
than 6 f , caused by fl i g!.l t \7 i th a dead en .... p 
Gi ne , s <J. . ft . 
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,:ETHODS 

Sinc e thp power effe t 0 the mode l engines wi ll va r y 
wi th blade anble rjnD, and propelle r r e v o lution speed , 
i t is advanta~eous to de ci de at the beg i nn i ng of the i n 
v est i gation on the des i gn characterist i cs of the airp l ane 
th~t the nodel r epresents and fr om then on to express all 
results i n to r ~s of this a i rn l ane . I t is conven i ent , an d 
i n the p renent case not sAr i ously de tri mental , to neg l e ct 
sc~le effec t . An arb i trary tare ~ r ag , w~ i ch approx i mated 
t he Rctu~l tare dr~g , WaR deducted f r om the total drag in 
ord o r to "r inc tho final drag coefficient to a desired 
v!"'.,l ne . 

Tho follow i ng charact e r ist i cs ere chosen for the ai r
plane t~at thn ~odcl uan to represen t : 

S c ale of model - - - - 5 : 1 

n i nc lo:1.d i ng 

Ii i 0' II sue c d '-' -

Po :o r - - -

75 . 5 ft . 

srO ~q . ft • 

. J.:3 , 6 00 lb . 

_6 1 0 . per sq . f t . 

- 6 . 72 

a o out 1 85 m. p . h . ( sea le v e l ) . 

2 ongines ratod 700 ho r sepo~e r 

at 1 , 800 r . p . m. 

Pro?cl lcrs - - - - - - control l ablo ( t uo sctt i ngs ) 
aia~eto r 10 f t . ; ? blades ; 
lOTI blade angle , 220 ; h i Gh 
blade a ng l e , 25° . 

Equilibrium Cond i tions of F1i ~h t on One Eng i ne 

I n t~e present i nve st i Gat ion the equili b r ium condi
tions of fl i ;h t on one ene i ne rere o btained by measur i ng 
t '1.e fo::'c e s 2.nd mor'lent s on th o · ' odel at seve-ral angle'" of 
atte.ck 2:~C, of s:i.de~l i p uith 78,riou8 rudde r set t ings £.,nd 
tilO'). cr n8s-::)10ttin~ the rO"'llts . As tl1n de t e r mi nat i on of 

L._~._ 
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the co nd i t i ons of complete e quilibrium by means of this 
De tho d_ re c~u ire s an exce s cd VB number o f cro s s p lo t s , the 
~itch i nG ~nd ro l ling mo men ts, TIh ich were s ~all enough to 
have ~n i napp reciabl e effect on the e qu ilibrium attitude, 
were neasured bu t were not brought to z e ro. The only c o r
rection ~ade to co mpens at e fo r tho rolling and p itching 
mo men ts was the add i t ion of i n crements of drag, wh ich wore 
calculated to b e equivalent to the drag produced by th e . 
def l e c t ions of the con trol surfaces ne c e ssary to bring the 
p i tchin~ and the rolli ng monen ts to zero . These incr e 
ments ue~o very small . 

All the te sts we re made u ith the ri gh t propeller op
o r at i nG ~nd the left pro p eller l oc ked v e r t ically, because 
onl y TI i th t h e doad - eng i no p r opeller locked could re p r e 
sentative conditions be obtained . Sufficient data on th e 
drag of loc~e d a nd fre e~hee li ng propel lers are availabl e 
(r ofe r ences 3 , 4 , and 5) to make the nccessary correction s 
for the propel l e r - op e rati ng condition . Both p ropel l ers 
were set ~t 22 0 at 0 .7 5 R in all th e tests reported herein . 

The d~t~ for calculatin g the dr ag characteristics i n 
the ~~nked mo de of f li gh t (zero y aw) vere obtained from 
the tes ts covering the a tt i tude of yaw , a s the ~ngl e of 
z ero sidesl i p (yaw ) uas in the r~n ge of sides lip angles 
t ested . Tho small nngle of ban k of the ai r p l ane in this 
mode of fliGht ( a b out 2°) s hou ld CaUse no additional draG _ 

Sli ~s tre am Survey and Po~er Rel at i ons and Effects 

§_"1lX .Y:~X._Qf. _J2..li12§.t..!:.S). £}m . - A :'I ressure survey of the slip
stream ~as made to deter mine its velocity and it s posi 
tio~ r elat i ve to the tail su r fa ces . I n o rder to obtain the 
su rve ;;- , t~18 tail sur f aces \7ere removed and a -.,erti c al bank 
of st atic- . . nd total - head t -b ec wa s moun t e d in the gen e r~l 
location o f tho t~il su r face s . A phot o g raph of the survcy 
ap~ar~t~8 in p Inc e is sh oun i n f i gure 4 . Th e horizontal 
bar th~t c~pp orted the bank of p r essure t u bes \7as made s o 
that it could be mo v ed $p~nw iso , t hus cove ri ng the entir e 
s li:rstrc~m. . Th e ::9 reGsur e s \7ero rec o rded p hotographic['.lly 
by a multin l e mano me t e r . Surve vs wore made at three v a l
ues of 7/~ D fo r o ach of thr ec· angles of at tack and, dur
i nz the surve y beh ind cach p ro~c ller , t~e othe r UaS locked 
vorticall~ to r ep r ec ont conditions of fl i g ht with on e en 
g i l1e d.e<~c1 . • 
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o f the mode l , data we r e eve i l~b l e fo r c a lcula t i ng the 
c u rves of th r us t ho r se~o~e r ava il able and r equir ed fo r t~ e 

s i ~ulated ~ iru l ane . The 8a~e data ~e r e use d to c onstruct 
a cu r ve of Vln D aga i nst CL , represent i ng fu ll - thrott l e 
c on~ i tionc , ~h i ch as found ~seful i n dete r mi ning tho full 
pouer c o~~it i ons of the tests . T~e on l y other pow r c on 
d i tion invost i c~ted i n those tosts ~as that of level 
flight . The.coeffic i ents represent i ng leve l fl i gh t ue r e 
obtained f r om p l ots of th~ coef icien~at po i nts uhe r e 
eR "a s z e r o • 

. ~~,:.~~~.~~~=~. __ .C.~§. • - The . ~ene r al me thod usc d cl ose l y 

foll oue~ t)at g i v en i n r eferonce 6 . Cons i derabl e v a ria
tion i n certain p l a c es. ao ne c ossar y , houeve r , to ~ake a l 
l owence f 0 r the d i ffe r en t condit i ons i n the present tests . 
Tho effoctive dr. ~ coeff i cient CD ' de v e l oped i n r efo r -

o 
e r on c e 6 ~as used . T~e effe c t i ve d r ag uhen the p r ope l le r s 
a r c oncret i :_~ is ~ore l v the c alculated ~ r ouel l e r t hrust 
( fro~~propclier cu r ves) plus tho drag- b;la;co readi n · . 
I nasmu c~ as tho p r opeller effi c iency use a i n cal cu l at i nQ 
CDc is based on propeller data t aken at z e r o ang l e of at -

t a c k , the CD at h i gher an.;;les of .ttack i nc l udes an i n 
e 

cre~en t equ i vnlent to the loss of efficien y aused by i n 
c l i n i ng the th r ust ax is. The effe c t of thrust - ax i s i n 
c l i nation can thus b e convenlently included , as p r a cti cal 
l y all ~r r pello r tests u~on w~ i ch pe r formance c a lculations 
ar. ~Qsed ~re ~ade ~ i t~ the t~ rust ax is p~r al l e l to the 
:l i nd. axis . 

r.Q.!:!.Q. !, . .::..Q),L:9.QlqKl1 . - The drag co e ff i ci on t CD may bo e 
lsod to de rive powe r -on po l ars r epresent i ng var i ou s pou8 r 
c onf i t i o~s . A l ev11-fl i g~t polar m~y be made by mo r ely 
calculat i nc CT and CD at ~ari ous ang l es of attac k , 

.J.J e 
f o r co ~dit i onn ~he rc CR i s zo r o . The tes t p r o c edure is 

t o take readi ng s of l i ft, drac , pr ~ pollo r r e v o lutio n speed , 
and to r que et v ari ous tjrottl o sett i ngs (val ues o f CR) 
for the comp l ete r ange of ansl c s of attack . These v~luo s 
o f C1 and CDo a r o then p lotted a~a i ns t CR an d ( fo r 

l eve l fl i €ht ) va l uos of C1 and CDo aTe p i cke d off 

".7ho r e CT.) = o . _c 

Values of CR othe r than zero r epresent othe r p07e r 
co~ditions i n e i ther gliCi.~ descent o r cli ~b . I n r efer -
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ence 6, CR i n conveniently expreGsed in terms of the 
tangent of the f li gh t - path a n61e : 

11 

A polar May t h us ~e obtained fo r any an g le of climb or de 
scent -rit-l in th e c apab ili t i es o f the airplane from full 
poue r to nex i mu m negat ive torque . !oruent coefficients 
r epresenting l o ve l f li g ht can be obta i n e d in tho same man
ner as arc the lift and drag coefficients. 

RES ULTS AND DISCUSSION 

Poue r Relations an d Transition Effects 

;EOiIQK_£l1TvQ§. .- The cu rve s of thrus t h ors epo'."Te r avail
a bl e and r e quir c d for t ho s i mull:),t e d o, i r p lan e a, re sho~m in 
figure 5 . The break in t h e curve of thrust ho rsepoue r 
a vailable is c aused by t.8 c hanc e in bl de -ang le s et t i ng . 
I f one enQ i ne fa il ed , th e pilot would p robably set the ac
tive pro~el l e r a t l ow pitch to obtain th e maximum p ouer 
froD th e op erating eng i ne . 

A s the thrust h or sepoTIe r c ~n be ex~r e ssed in terms of 
V/nD c~d V fo r any p~rt iculnr a irp l nne , th e curve of 
thrust h orse2 0wer nvail n b l e at full throttle may , by the 
use of p r ope l le r curves, be conve rt od to u curve of V/nD 
ag<"inst V Qnd , \7i t h a k n oun u ing loadin g , V/nD for 
full pOTI o r ma~ b e p lo tted agains t CL as in f i gur e 6. 

1r aQ..Q.ili _QIL_S2ffQ.Ql..§.i-_ PKg1.ifl!iQQ,Ky_plQ1E. . - An e x amp 1 e 0 i' 
the ty~e of prel imina ry u lot used to obtain the curves , 
TIhich sh ou th e effocts of toeing- in the f ins a nd rudders 
of the mode l equ i pped ~ i th t~e tw i n -rudde r t a il, is giv en 
in figure 7 . Value s o f CL , C

De
, CR , nn d Cn are p lot ... 

ted agai ns t 

CD' 0,11 
e 

V/nD in fi Gur e 7 . Th o co eff ici en ts CL , 
CR r epresent no rma l conditions of flight on 

t uo enginos , Ifheren,s the curve o f Cn rep r esen ts tho yau

in g TIomen t that \7 oul d occu r if one of the onO'inos s'nddenly 
stopped . The va luen Giv e n by the co eff i cient curves at 
their i ~ t c rscc t ionG TI it h th e ve r ti cal lin e pass ing thrO UGh 
OR = 0 rep resent levo l - ~ li Gh t condit i ons ; full - pouo r con-

d i tions o,re repre se~ted ~y t ho int e r ce c t ion of t he coe ffi-
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Ci OI"!. t cu r-r es n i t}1 t~e ot"".8 r v'3rt ic a l li ne , y;h i ch i s locat e d 
by t~e i nte r oe cti on of t~8 J - cu rv e uith the cu r ve f roM 

.u 

fi ClnG 6 o f CL a .;;ainst V/l1D fo r f ull })o17er . T~1e c08f -
f ici en ts ly i ~~ bet170en the tuo ve rtical lines repre~ent 
all t~e pOGs i b l e cli mb i n~ con~itions fo~ the spec ifi ed a~
g l e of atte, c k . 

£'f.fQY..i_Q.Lj~.Q§.1p'£=j:.J: ... ~!:.QK t i..9.~.l_.t..?"j,.l_ §'!Lr.,:,:,g,~Ql!. • - Tho co e f -
f i cient velles reprcsenti ne fulJ - pour r conditions f r om.f i g 
ur e 7 , ~~a f ro m other s i o ilar plo t s , TIere co rr e ct e d fo r 
j at -bo~~dary conditions and nlotted in f i ~u r os Rand 
T~8 ur~o r curves i n both f i [urc s shou t ho increase in d rag 
c oof~icient , i n ~o r ma l 2- eng i ne fliGht , 0f toe i ng-i n the 
fins ~na r~ddc rs as illustr~tod by the sket ch of t ho tail 
i n f i Gur o 8 . Th o cu r ves i n t~ o louor half of eac h _ i ~u r e 
shoTI tho ro~u ction in ini t i a l yG~in oo~en t , afte r the 
f nil~ r o of ona en~ i ne , r enultin ~ froo t~is measu r e . 

I t ',"i ll 'he noticeo. i n f i gures 8 and 9 that the co r 
r e c t i -e effect of to(; i nl; - in. t ~10 f i ns D."1d r ucln.o r s is g ro o, t
e r i f t: 1 e ri g h ten 6 in e f :1 i 1 s t ~l['.n i f t 1:1 e J eft en in e f 0. i 1 s • 
Th i s effect may be exp l a i ned ~y t ha f~ ct that on ly the up
per hQlf of the sl i p stream i ~pinges 0~ the r udde r and t e 
t ~ i 8t of the slipe tr eam fr om t~e ri;ht - hand e~g i ne i n such 
as to ~ash out the c~fect ive t08 -i ~ angle ; ~herco,s the op 
pos it e i::; t rue of t~1 C sl i ~)s tr o:.1n of t.J:e left - i1nnd enb i ne . 
I n bot~l (;[',::;es , ~lC".7e v c r, t~ ,o c orrecti e effec t of toeins-in 
t hn vo r ~i~~ l t a il ::lu r f ~c 0B i s f~i rl y sm~ll . 

~ff.Q.~t ._.Q.~~_.:t!QQ1!!": =-.9_'1d.t._s!'llgl~s!'J;; . - An 0 the r po s s ib 1 e me t h 
od of redu c i ng the in iti a l yaw i ng moment a t the i nstan t of 
en~ine ~n~lure is by toeinp- out the 8ng i nos so that the 
slipstrcnn bearn on s ome v e rtic a l sur face , su c h ns tho 
fuac-nco 0 r th e rudde r . Th i s method will n~tural ly be 
T:'ore efc:ect iv G for :lit~h -wL:1G t',c~n fo r I Oi7 - '7 i ng ['.irp l:"ne s 
boc ~u~ o , in t~c caso o f t~ e h i ~~-win u type , th e slipstroan 
rill l 1e ~ 1O:::0 lil ::: oly to st:..'i ke the fin and rudd e r . 

Tho cu r V03 i n f i cu Ta 10 , \~ ic ~ ITe r e obta i nod by tho 
snme GO ~1 oral me thod as t:loce i1 f i ~uTos 8 c.nd 9 , "' how tho 
effoct of too i lg- oUt t he ollr i nos 50 and 10 0 . The c onte rs 
of tho p r opcl l o. hubs rer e the same d istance apar t at bo th 
anglos . With the en~ i nos sct at 5° , the i n iti al ya17ing 
monont (at CL = 1 . 0 ) i s roduced 1 5 pe rc on t and, at an 
anglo of 10c , i t i r e duc ed 20 }e rc ont . The addo d dr ~g 
d.uo to t.10 r..nguL r sott i n6 of the cn." i ne (-:h ich includes 
an i nc r e:.~()'l t cqun.l to tho loss in p r ope ll e r eff i c iency duo 
tOt}10 "..1: ,: 10 0 f yOX!) i s con s i d 0 l' a b 1 0 • 

~.--------
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A b~ i ef examination of ~h8 results shown in f igures 
8 , g , ~nd 10 ipdicnt es t~at ~n nttempt to reduce the yaw 
i1 g mOl.cnt CLfter eng i no fC, ilure by e ithe r of these meth
ode would be qu it o i mprnct i cal . Tho dosigner would un
doubtedly foo l that tho bonefic ial effoct of theso ~ens
UTOR uou~d cont too mu ch in t e rms of d r ag . I t nppears 
wi~er ~orelyt o i ncroase the size of tho rudder to insuro 
ynning control in cas o of ong ino fa ilure at low air speeds . 

E~uilibrium Condi t ions of Flight on One Engine 

~rQli~inn~Y_~h~~~~ . - Figures 11 to 19 deal entirely 
uith t~ 8 study of the equili brium conditions of . flight af 
ter one e ~ c ine has fa il ed . The dead- enG i ne propeller wan 
locked ':":it~;. t~_e 'p r opel ler v e rtical i1:. all cases . A con-
3iterable nu~be r of p lots and cross plots of data were nec
essary to obta i n the final datB representing equil ibri un 
con~itio~s . A few of the f i nal plots showing i ntereBti~g 
and useful relations betwoen tLe various facto r s involved 
aro givon in th i s report . These figures relate largely 
to tho ' ya~cd condition of fl i Gh t on ono eng i ne , as previ
ously doscribed ; in all cases the left -~and eng i no was 
stoppod . Tho figures r op resent lovel - fl i gh t conditions at 
soa love:" . 

Ficures 11 , 12, and 13 shbw tho variation of yawing 
mODen t cDofficient and l~to r al - fo r c e coo ~ ficient 7 ith si(e 
slip an~lQ for vari ou s rudde r ~ngles and ang l es of attack . 
Th e rud ~cr angles nnd ya1 angl es g iving zero yau i ng moment 
and zero 1~tc ra1 fo rce are shoTIn as fieures 11(c) , 12(c), 
and 13(c) . The i nt~rsection of the cur ves of Cy and Cn 
deterTIi~os the si eal i p and rudder angles f o r equ i l ibr ium 
for each parti cular angle of attack . I t appears from the 
fi:ures that ~hc t~in r udde rs ~ould be insufficient to 
maintain oquilibrium at angles of attac k highe r than 13° . 

Fi~ure 14 shows the variation o f pitch i ng - moment co 
efficient uith sidesl i p ang l e fo r the three angles of 
attack tested . Rolling DODents 1ere a l so measured but 
they were so erratic as t o be useless for shouing trends; 
howover , average values did show tho r oll i ng moment to be 
small in all cases. The dihedral angle of the model air
plane TI a s someuhat less than tha t co mnonly found in current 
des i gn and, for this reason, its moasured r olling ~oment 
u~cn si d esl i pped i G bel ie ved to be less than no r mal . The 
pitch i nG ~omen ts i n f i gur e. 1 4 seem to be qu i te errat ic but 
thny indicate , in gene ral, a red~ction of pitching moment 
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with s i des lip angles above 2- 1 / 2 0 and a cons i derable in
crease i n p itchi ng no ne~t TIith r udde r an e le . 

Fi gures 15(a) and 15(b) s hoTI the v a riation of li f t 
coefficient and effe c t iv e drag coefficient with s i deslip 
angle for vari ou s rudde r ang l e s , th e s~o rt v e rt ic al li nes 
r e presen t i ng e qu ilibriu. s i d e s lip ang l e s . F i gur es 1 5 (c ) 
and 1 5(d) a r e cro ss p lot s taken fron 1 5 ( a ) and 1 5(b ) at 
the equ i l i br ium s i des li p an g l e s . The c oeff ic i e nt v alue s 
at t he i nte r s e ctions of the v e r t ic a l li ne s i n f i gu r es 
1 5( c) a n d 1 5 (d) r epresent e quil i br ium cond i tions of force 
along the X, Y, and Z a x es a n d of yaTI i ng momen t. Th e 
rolI i n~ a nd p itchi ng mo men t s are not qu i te i n balance, but 
c a lcula t e d corrections :- e r e made befo r e the equili b rium 
coeffici e nts TIe r e p lott e d in po l ar fo r m. 

Ei1!g,l_QQlgI.li_gQQ_Q.QI!:§. I.._ .Qu~YS2li . - The po l a r s f o r the 
single - en b i ne and fo r the 2- eng i ne level - f li g ht condition 
are shoTIn in f i gure 1 6 . Th e p o l ar for the banked n ode of 
flight on one eng i ne was obt a i ned f r om the p revions curves , 
f i g ures 11 , 12 , 1 3 , a nd 15 , at the angle of zero n ide s li p . 
The l ate r a l fo rc e due to the def l ected rudder was i n this 
c ase assun e d to be b al anced by the g r av i ty force c aused 
by a snaIl ang l e of b a nk ( about 2 0 ) . The angle of bank 
do e s n o t af f ec t th o d r a g . F i gu r e 16 show s the banked mode 
of f li g h t to be so ne wh a t better t h an t he yawe ~ modo . The 
d i .sadvantage of the yaTIe d nod e r esult s from the add e d a ir 
p l nne d r a c and the loss in rudder e ffe c t i ven e ss c a used by 
the an g le of yaw or sideslip . The yau angle also r esult s 
in a snaIl loss of p r opnlle r eff i ciency . 

J2.£?!,g_gggly:lii.Q. . - A tal i f tc 0 e f f i c i en t 0 f O. 7 25 , cor r e -
spondi ng to a climbin g air speed of 93 miles pe r hour, the 
additional drag c aused by the un favorable c ond i tions 0: 
flight on one engine i s about 15 pe rcent of the no r mal 
drag . A comparison of f i gure 16 with fi gure 17 , wh ich 
s hoTIS ? olar s for v a riou s propeller operat i ng c ond i t io ns , 
indicates t~at about four - t enths (6 pe r cent) of th~ i n 
c re as e i n drag is c a us ed by the dead p r ope ll e r and ab out 
six- tenths (9 percent) by tl e r est of t he a irp l ane . The 
dead p r ope ll e r has a particularly bad effect , for not 
on l y doen it contribute a d r a g of its own but it a lso r e 
sults in a moment equa l to tTIiee i ts drag mu ltipli ed by 
the d i stance of the propeller hub f ro m the axis of sym
metry . Th i s condition i~ caused b y th e ~ ac t that the a c
tive p r opelle r mu s t supn l y add i tio nal th r us t to overcome 
the d rab of th e el e ad pr npo ll o r . Obv i ous l ' , controllable 
p r opellers tho.. t could be f e ath ~ r e d to 90 0 would be a g r eat 
h elp i n e merg en ci es of th i s k in d . 
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T~e p ol~rs g i ven in f i gure 16 TIere c onverted to thrust 
horse~o~cr requ ir ed ( t . h~ ' r) fo r the a irplane r epresented 

by the ~ode l and are p l ot t ed aga i nst a ir speed in figure 
1 8 . T~e th rust horsepoTIor ava il ab le (t .hp ' a) curv e from 

fieure 5 is also included . Th e t~rust ho rsepowe r available 
for fli~_t on one eng ine is , of c ours e , half of that for 
normal 2- engine f li gh t. 

As ~re viously mentioned , the ad d ed drag resultin g from 
th o con~itions of fl i ght on one e n g in e i s 1 5 pe rc e nt, TIh ic h 
i s la r ~cly the re sult of a n i n cr ease in parasite drag . As 
the para ~ ite d r ag at cli mh ing speed i s approximate l y half 
of the total dr ag , assum i ng e = 0 . 8 , the i ncrease i n 
equivalent paras it e a rea 6f/f , will be abo ut 30 percent . 
This value app r ox i ma t es the drag ex isting at c e iling on 
one e~G ine , thongl it i s p r obab ly n li ttle opt i mist i c . In 
full - throt t l e cl i mb at sea level , the value o f 6f/f TI i ll 
be considcr~bly g r ente r than at c e ili ng . 

T~ e rate of c l i mb at s ea l e v e l c annot be found by the 
u~ual ~cthod of d i v iding the ex c ess po~o r ( ab ove that re 
quired for level fli ght) by t he a irplan e we i g ht b e caus o , 
as the ~ ilo t opens the throttle to make the cli mb , the 
poue r r equ ir e d to o v e rc ome the d r ag of the airplane i n 
cr eases, ou i ng to t h e large r ru dde r angle r equired, and 
t he excecs poue r avai l a~ l e for cli mb therefor e be co mes 
less t~~n i ndicat ed . 

Wi th the data avail able i n the present ' case, however, 
it is poss ible to est imate the added drag i n climb ing 
fliGht and t he ini t i a l ra te of climb . At 93 mil es per 
hour , ~~c value of 6f!f was found to be 30 pe rc ent . The 
ratio 6f/ f m~y be broken up into two parts : 6fp /f and 

6f~/f , uhere 6fp is the equivalent paras it e area of the 

dead pr opelle r and 6f a is a pa rasite a r ea equiva l en~ to 

the incroase in drag of the airp lane, exclus i ve of 6fp ' 

cauDed ~y tho conditions of fli g ht on one eng in e . 

I t Lay be assum ed u i th re as onable accuracy tha t for 
fli~ht uith on e (o f two) eng i nes &e ad , 

k i!~~~~~l.9, 
(t . hp . ) b 

where subscrip ts a and b r ep r esen t conditions r esult -



16 N. A . C . A . Technic a l No t e No . 646 

in ~ fr o m ~ i f f e r ent th r ott l e open i ngs of the a ctive eng i ne 
f o r e given a ir speed and whe r e the p r opo r t i ona l i ty f a cto r 
k i s a constant ry i th a va l ue equal to o r s li gh tl y g r eate r 
t han 1 . 

The calcul at i on s fo r th e p r esent a irp l ane a r e as f01 -
1 01.'1 s : 

As "before men ti oned , 6 f p = o d . ~ 6 f and 6 fa = 0 . 6 6 f ; 

t he r efo r e 6 fp = 0 . 4 x 0 . 30 f = 0 . 1 2 f , and 6 f a = 0 . 6 x 
0 . 30 f - 0 . 18 f. 

For l e v el f li gh t 

t he r efore (6fa ) 
at 3 m. p . h . , t . hp . a /t . hP ' r 
= 6 fax k x (480/ ,'340 ) . 

= 480/340 ; 

<- cl i mb 

I f k i s 8,S sumed to be eaual to 1 . 1 , (6 f a ) l ' , c l mo 
0 . 1 8 f x 1 . 1 (480/340 ) = 0 . 28 f . The tota l i n cr ease of 
equ iva l ont ~arQs i te area i n fu l l - th r ottle climb at sea 

= 

l eve l 17 i J.l'e 6 f1) + (6fa ) = 0 . 1 2 f + 0 . 28 f = 0 . 40 f . 
-. cl i o b 

I n normal 2 - eng i ne fl i ght th 0 th r ust horsepoue r r e 
qu i r ed fo r le v e l f li ght at 93 mil o s pe r h ou r i s 294 . About 
h a l f t~e pOile r ( 147 t . hp . ) i s used to ove rc ome pa r as i te 
d r ag an~ the o t ~e r hal f to o v e r come i ndu c ed d r ag . The 
t hrust ~orsepoi7e r r equ i red to o vercome the pa r as it e drag 
of the ~~rplan8 c li mb i ng on one en i ne at sea l e v e l Hil l 
bo 

1 4 7 x 1 . 40 = 206 t . hp . 

Tho tot~l pove r r equir ed v iI I be 

206 + 1 47 = 353 t . hp . 

T~o excoss pOile r lef t fo r cli nb i ng 17 ill bo 

480 - ~5o = 1 27 t . hp . 

and , as tho a irp l ane i7e i ~hs 13 , 600 po u nds , ful l y landed , 
i ts in i t i ~l r a t e of cli mb wi th tha t l oad 17 il l be 

(127 x 3 7 , 000) /1 3 , 600 = 308 f t . por mi n . 

The vn l uo of ( f + 6 f )/ f 
\-lill be c,pprox i ,ate l y equal to 

fo r h i gh speed a t sea l eve l 
the r at i o (t . hp ' l /( t . hP · )a 

--- --- - - - - --

I 

_J 
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';"There (t.hp ' )l is the t h rust ho r sepower required nt high 
speed on one eng in e and (t . h p .)8 is the thrust hor s epoue r 

re qu ir ed in n ormal 2- engine f li g ht at the same air spe ed . 
For the p resent a irp l a ne, 

(f + 6f)/f = 590/496 = 1 . 19 

uhich g ives a value of 0 . 1 9 fo r 6f/f a t high speed on 
one eng i ne . 

I n [, summariZC1tion of t~le c ase for the present 11ir
p l ane , t~~e app r ox i ma t ed valle s of 6 f / f t which r epresent 
~n aver~ge for th e yaued and banked modes of fli g ht on 
on e eng ine, ~re as follous : 

At c ei ling , 0 . 30. 

Full-throttle climb at sea level , 0 . 40. 

High speed , 0 . 19. 

Anp lication .- It should be y oint od out that these 
v~lue~~f--Zf7f- a r e thc r esul t of some fa irly l oose ap 
proxim<1tions and that they n.pp l y s trictly only to the <1 ir
plane r ep r esent e d by th e mode l . The r e a r e R g re at many 
variables in the de si gn of airp l anes that u ill have a 
marked i nf luence on the ratio 6f/f . Among these varia
bles are : p ropeller d i amete r, nu~be r of blades, b lade 
angle , eng ine spacing, and rudder 8es i g n . The values of 
6f /f uill also vary d irectly u it h th e ratio of engine 
pouer to f . Also, most modern 2 - e ngine transport air
planes use 3- b lade p r ope ll e r s in s tead of 2- blade ones , 
suc h as used in the p r esent tes ts . For this reason alone, 
the values o f 6f/f ~for modern airplan e s may possibly be 
25 pe rcent g reat e r than the value s given for the p res ent 
a irplC1no mode l . It i s beyond the s cop e of this report 
to g iv e consideration to the quant i tat iv e effects of a ll 
the fa c to rs that affect th e flight of a irp l a nes u ith dead 
eng i nes . Th e best sou rc e 6f in format i on on thi s subject 
at the present time is found i n r o fer ence 1, which should 
be consulted in all p e r f ormance calculat i ons of this typ e . 

~Q~ili~Ii~~_Qliil~~Q~ .- So me of the equ i l ibrium atti 
tu des and cont r ol ang l es necessary for f li ght on one en
gine c ~n be exam i n e d by th e a id of fi gu r e 19 . I n t his 
figure are ~h o wn the equ ili b rium <1ng l es of sideslip and 
bank and the equilibri um rudde r ang l es fo r the two ba s ic 
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modos of fl i ght o n one eng i ne . I n he banked mode of 
fl i ch t, the sidesl ip angl o is ze r o an d the angle of bank 
i s about 2 0

, inci eas in sl i g~ tly wi th incr ease in ai r 
s peed . The rudde r ang l o i ncreases TI i th a decreas e in ai r 
s peed ~ut is much lo we r tha n the ang l e neces sary for the 
ya~ed mo d e of fl i gh t . I n the yawed mode of flight, the 
ru dde r i s inadequa t e t o maintain equ ilibrium he l ow an ai r 
speed of abou t 7 2 mil e s pe r hou r . In th is mode of flight , 
t he a~glo of b ank i s z e ~o and the ang l o of sides lip i s un
d e r 10 0 , dec r eas i ng r a th e r r ap i d l y TI i t h inc reas ing n ir 
sp e c a .• 

Th o f!:',ct t hat t he rudde r e.ngle for the b a nked mode of 
fli g ht is con s id e r a bly less tha n for t~e yawed mode of 
fli Ght i s v e r y i mpo rt an t, be c a us e th e r e is a l ways a strong 
poss ibilit y that t he r udde r will be i naclequa te and 8.n y 
means o~ in creas i ng i ts ef fectiven e ss will be of value. 
For th i s reason, as we ll as fo r t he purpose of securing a 
lo ve r d r ag , the banked mode of flight i s much su~e ri o r to 
th e yawed mod.e . 

Q~Rig~_iQ~iQK~ .- I n dealing wit h the eme r gency situ
ation ar ising on the f a ilure of one eng i ne of a t win
eng i ne or a mUlti e n g i ne a irplane, the des i gne r should pay 
par ticular at tention t o the rudder des i gn i n add ition , of 
cour s~ , to tho obv i ous ~e ces 3 i ty of mainta ining th e max 
i muD ex c os s of ~owo r a v a il able , wi th on e eng i ne dead , ovor 
t hat r equir ed for leve l f li gh t . The rudde r ( and f i n ) 
shoul d ~e somewhat l a r ge r th~n th e s iz e r equir ed for ordi 
nary fl i ght pu r poses and it shoul d ha v e as g reat an aspe ct 
r at io as is structurall y feas i b le fo r th e p~rpose of ma in
t a inin g h i gh values of LID, for the vertical tail sur 
faces , at l a r ge rudde r ang l e s . 

Th e fu ll - feathering c ont r o llab l e p r opelle r that c a n be 
set to 90° .<lf t e r e ngin e f ailllre is an i mp ort a.n t as :-;e t in 
flight wi th one en g ine ~ead . It is of espe ci a l value in 
in s tallations where the nor mal blade an gle i s low , fo r t he 
draG of a dead p ro pe ll e r increases rapidly with decrease 
in bl ade ang l e . A fu ll- fea th e ri ng prope ll e r wi ll not only 
re duc e the drag of the de ~d pr op elle r to a l a r g e de~ r ee 
but i t u ill also r e li e v e the load , as . e ll as the drag , on 
the a lr eady heavil y l oaded r udde r. 

Slip st r eam Su rvey and I n ci ~enta l P owe r Effe cts 
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v ey a r e shown in figure 20 as contour s of qs/q, the ratio 

of the dynami c pro~sure in t ho s lips tre am to the dynamic 
pressure in the undistur be d nir stream . Th e values of 
V/ nD . for ~he surveys shown i n figure 20 represent a flight 
condition ~b out midway between l e v e l fl i ght and full-po ue r 
climb. Surveys made at t u o other values of V/nD are no t 
shoun hore . The 3urvey behind each propeller TIas made 
with tho otho r propeller l ock e d . The p r Qpe ll e r disks a r e 
shown i n the figure and th e pos i tions of th e tail surfaces 
h~vo been d r awn in their p roper location . The view shoun 
is looki ng forward and parallel to the propeller axis . It 
wi l l bo noted that the sl i pstream pattern ha s bee n greatly 
distorted in passing over the.w i ng and that, as the angle 
of attack is incr eas ed , the entire slipstre am is deflected 
upTI~rd b~ tho f r ee air str eam . Th ese contours may be of 
h e lp to dec i gne rs in locat i n g tail s urface s . 

~ffQ~1_QQ_QiK~lQnQ_QQ1QK-Qf_QKQQQllQK_QQQKQling_~Qn~ 
~iliQn.- The drag of the dead- engine p r opelle r will ha v e a 
considereble influence on the pe r fo rman c e of an airp l ane 
after eng i ne failure . Refer en ces 3, 4 , and 5 r r o7~de data 
for computin{?; this effect , but it has Doen c.onc;il.·l rod de
s ir able to i n clude in this study t e sts to show t~o effe ct 

· of · tho ~ rop olle r o~e rat i ng c ond i ti on on t~e iift - drag po lar 
of the node l 8irplane . Th e results of the tos ts fo r that 
purpose are shown in figure 17 . I t should. be noted that 
the pQwer -o n po l a r fo r l e vel fl i ght is t he same a s the 
po l a r ~ith propelle rs remo v e d in all but the high- lift 
ran ge . Th i s result means t ha t leve l- flight charact~ris
tic s , ex c e pta t l ow s pee d s, can be c a l cu 1 at e d f r o m the 
usual po lar obtaine d with po we r off (no p ro ~ eller s ) . I n 
refer ence 6 it i s shown , ho we v e r, that the y ouer-o ff polar 
CDnnot be used to calcula te ful l - powe r climbing charact e r
is ti cs unles~ a su i table value of the factor e is used . 

o . 
It is obse rvod that a p rop el l e r locked at 22 adds 

c ons i derab l y to the d r aG of the airplane and the drag with 
th~ y r opel l c r idlin g (turnins o v er the e lectric mo to r 
against fr ic tion torque) is someuhat l ess . The effect of 
locked or idling p ropelle rs on t~e max i mu m lift co eff icient 
i s small , though the youe r- on condition for level flight 
seems to prevent the early s t a l l and increase s th e maximum 
lift by a b out 2 1 pe rcent . 

~ff.Q~1 __ Qf_QQILQK_Q1L121g12i1.i1;y_gmQ._QQn.t.J~Qll~:Qi.li..t.y • -
Fi~uro 21 is a comparison of t he p itching moments of the 
mod e 1 air p 1 ,we wit h po \7 e ron an d wit h power 0 f f ( pro p e 1-
lers removed ) . As was p r e vi ous ly men tioned , time d id not 

~------------~--~---------~---- --~----
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p e rm i t exper i men t ing wi th diffe r en t tail a r eas a n d set 
t i n g s and i t was no t known a t the time the t est s we r e ma de 
whether o r not tho tail are a or sett i ngs were c or r ect . 
Th e t~in en g le an d stabi li ty we re not sa ti sfacto r y ; the 
de s t ab il i z i ng effect of add i ng powe r , howe v e r , i s cl early 
shoi7n . 

F i c ure 22 g iver an i nte e st i n g comp a ri son of the 
pitch i ng moments wi th the t wi n - and s i ngle - rudde r t eils 
wi th vhi c ~ the a i rp l ane mode l was alte r n a t e l y equ i pped . 
Al t hough the hor i zonta l Ru r faces of tho tw i n - rud de r tai l 
wero of somowha t small e r Dr ea than those of th e s i n g le 
r u f.de r tai l , t h e tw i n - r udde r ta il i s obs e rve d to be more 
ef~ectivo . Th i s ~u~li ty of the twin - rudde r ta il has b ee n 
known fo r some t i~e and i s usuall y a t t r i but ed to the end
p l O- t e o:::' f ect of the tw i n r u d ders , \;h i ch tend to p r e v ent 
ti p lo ss . Al l th o mo ments i n th i s r epo r t a r e g iven 1 i th 
r espect to tho p ivot po i nt , wh ich was at 32 p e r c en t of the 
mec-.n ae r odyn!1n i c c h ord (s ee f i g . 2 ) ex c e pt in the case of 
f i c ures 21 and 22 TIh e re the moments wer t r ansfe r r e d to a 
point.5 pe r c en t of the mean ae r odynami c c ho r d ahea d and 1 2 
per c en t of the mean aerodynamic c ho r d abo v e t he p ivot 
point . The po i nt about uh i ch the p i t c h i ng momen ts i n f i g 
urea 21 and 22 a r e g i ven i s a t 2 7 pe r c e nt of the mean ae r o 
dyn c.,n ic cho r d . 

F i c ure 2 3 shows t hat th e a d d i t i on of powe r i n c reases 
th e effect i v e ness of th e e levator cont r o l . Al though the 
curv e s appear to be somewhat er r ati c , th e effe c t of poue r 
i s clear ly . shown . The curves i n fi gure 24 fo r l e vel - f li gh t 
po~e r cond i t i on s show the i ncrease i n drag due t o e l e v at or 
def l e c t i on . 

m_ e yaw i ng momen t s p l otted against yaw angle fo r the 
mod el ai r p l ane equ i pp ed wi th the s i ng l e - a n d the t u i n 
rudde r tail s a r e g i ven i n f i gure 25 , wh ich s h ows th e tw i n 
r udQe r tail to be loss effect i ve than the s i n g l e - ru Qde r 
tai l i n r e gard t o yaw i ng moments , thoug h both ha v e t h e s am e 
ver ti c~l t ail a r ea . Fi gures 26 and 27 show the rudde r ef
fect i veness , on this type of a i r plane , to be ve r y li tt l e 
a l te r ed by the app li c ation of p owe r . 

conCLUSIONS 

The f o llow i ng c on c lus i ons refe r, in gene r a l , t o 2-
en gi no ai r p l anes simila r to the modol t e sted . 

I 

J 
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1. Toeing- ou t the eng i nes or toeing- in the twin rud~ 
ders and f ins we r e i mpractical methods of reducing the 
yawing moment after eng in e failu r e on the low- wing 2- eng ine 
airplane that the mode l r epresented . 

2 . The use of powe r in the present t~sts p r oduced a 
destabilizing effect on the pitchine moment of the air
plane model . 

3 . The yawe d mode of flight on on e eng ine after en
g i ne failure increase d the d r ag of the a irplan e somewhat 
more than the banked mode of f light . 

4 . The increase i n the par as it e drag of t he ai r plane 
in th r ee conditions of fli gh t with one engine dead was ~p
proximately as fol l ow~ : c e i l i ng , 30 per c en t; full - throttle 
climb ~t sea level, 40 pe rc ent ; hi g h speed, ' 1 9 pe rc e nt. 

5 . The tests indicate that a powerful and eff i cient 
(hi gh LID) rudde r would be ne c essary fo r eff ici ent flight 
with a dead eng i ne . 

6 . Full- feat h er i ng controllable prop~llers may be 
imp ort ant assots in fl i ght with a dead engin e, espe cially 
where tho nornal b l ade - angle settings of th e p ropell ers 
are low . 

7 . I n the yawed mode of fl i ght on one' eng in e, the 
ya~ angle averaged about 50 and t~e rudde r became i nade 
quate,~t low a ir speeds . 

8 . In the banked mode of f li ght on one eng ine, the 
rudder ang le requir ed to mainta i n equil ibrium uas much 
less than for the yawed node and the r equired angle of 
bank was on l y about 2 0

, 

Langle y Hemor i al Ae r onaut ic a l La boratory , 
N~tional Advi sory Comm i ttee fo r Aeronaut i cs, 

Langley F i eld, Va ., Mar ch 14 , 193 8 . 
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Figure 26.~ Effect of power on rudde r control . Singl e-rudder tail. 
Angl e of attack , 10° . Level - fli ght power conditions. 
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Figure 27.- Eff ect of power on rudder control. Twin-rudder tail. 
Angle of attack, 1 0 0 • Level-flight power conditions. 


