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Summary 

T~is note contains the results of flight tests con
duct e d by the National Advi s ory ,Commi.ttee for Aeronautics on 
11 low- wing rnonop la~e equi~p ed with le~ding- edge s l ots ex
t e n d ing over the entire wing and flap s extending, only to the 
ail e rons, to find their effect on the lift ~nd drag character
istics of the airplan e . Curves are ' g iven showing the lift 
an d dra g characteristics of the airp lane for the following 
con d i t ions of th e slots and flaps: slots clos e d and flaps 
neutr cJ. l ; sl o ts olle n a n d fl ap s neutral; slots closed ' and 
fl a p s do wn ; a n d slots ope n a nd flaps down. I n addition , the 
hi gh and low s p eeds in level flight and the climbing char
ac te~istics ar e g iven. 

The results show that the slots used alone increase , 
the maximu m lift coefficient 54 per cent; the flaps a l one ' 
incr eas e it 38 por cent ; and the slots and flaps in combi~ 
nati on g iv e a total increase in lift coefficient of 94 p~r 
cen t . Th e slot o and flap s in combinat i on d~ c ~ease the land
ing s p eed from SO to 43 m. p . h .; increase the spe e d range of 
t he a irp lan e 4 0 p er cent; and increase the gl i de angl e at 
lan di n~ spe e d 4 . 2° , 

Introduction 

It is gen e r ally recogniz e d that one of the mo st i mpor 
tant problems now c onfronting aeronautica~ engineers i s to 
improve the airp lane in suc1!- a , manner as to increase the 
safe ty of fli gh t . The National Adviso r y Committee for Aero 
nautics has realized this and is now engaged in a v ery ex
ten s ive p ro g ram of re s earc h , including both wind-tunnel and 
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flight testing, for the express purpose of increasing the saf e 
ty of airplanes. 

From the standp oint of the aerod~namics of the airplane, 
it a~pears that the Dost promising immediate line of attack 
is to find Deans of decreasing t~e landing and take-off spe eds 
and of IJroviding ad_equate c'ontrol and sta-bility at t~e atti
tudes corresp ondi~g to these speeds . Because of their know~ 
ability to increase the maximum lift coefficient, slots a~d 
flaps ~resent one very J~ornising method of accomplis~ing this 
object. . 

As a ~art of its general research on safety, the Committee 
has t~erefore underta~en to investigate the aerodynanic, per
formance, landing, take-off, stability, maneuverability, and 
control c~aracteristics of an airplane equipped with slots and 
flap~ so tiat t.e i~fluence of these devices could be appraised, 
not only ~ith' respect to safety but also with regard to per
formance i~ f ener~l. This investig~tion is now in progress on 
the i: cDo~1C!ell airplane, which was originally designed for entry 
in the Daniel . Guggenheim Safe Aircraft Competition. Some pre
liminar~ informati~n, the presentation of which is the object 
of this re?o rt , has o e e n o~tained to date. 

Th ese prel~Dinary ' data consist of lift and drag character
istics ; siot behavior or operation; and certain performance 
data, L1cl1..-_d i:ag mini:::1ur s?eed, higb s p eed, glic'_e angles, and 
climb charac te ristics. These results were obtained, in general, 
with four combinations of .slot and flap setting; slots op e n 
and closed, with flaps neuti~l; and slots open and closed, with 
flaps de~ressed . Measu~ement~ , were made according to methods 
comsonly in use by the Committ 'ee. 

The Airplan.e 

A three-view drawing and photog~aphs showing the general 
arrangeT1en t of the HcDonnell airplane are given in Figures I to 
4, inclusive. The principal features of the airplane are given 
in the following table: 

Ty~e - Low- wing tractor monoplane . 
Seating arrang~ment - Two-place , tandem, open cockpit. 
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General C~aract§ristics 

- 3- ft . 
chord. (c) 5 ft . 8 in. 

196 . 5 sq . ft . 

over-all 
heig ht 
engine 

l ength - 21 ft . 4 in . 
7 ft . 2 ~- in . 

aT ea'~ '\7 a r n e r II S car a b " 
r ated 110 ho) 

at 1,850 r . p.m . 

as~ect ratio - 6 . 2 w e ig~t (test) 
powe r loading 
wing l oading 

- 1 ,800 lb . 
~in~ scc tio~ - M- G - 1 6.3 Ib . /:t.p 
CL i ~l e cL r a 1 , - 0 

- '± . ;:) 9 . 1 1 b . /sr;. .ft. 

Sl ot and Flap Dimensions 

31 ft . 7~ i n . 
10 . 2 in . ; 1 5% c. 
22 ft . 4-1/8 in . 
17 - 7/ 6 in .; 25 . 6~ c. 

fully depressed** - 40 o 

span of auxiliary airfoil 
c hord of auxiliary airfo i l 
span of flaps 
c~:. 0 r c.... 0 f f 1 a p s 
fla:~ angle wl1.e:1. 

:~cation of Au xiliary A!rfoil TIit~ S l ot Open 
(S ee fig . 5.) 

width 5 . 43 in . ; 8% c. 
de p th 2 . 38 in . ; 3 . 5% c . 
gar> 1.02 in . ; 1. 5% c. 

Th o auxiliary , o r leading- edge, airfoil is divided in
to four sections along the span , two on ea c~ s i de of the 
f\.lG81a ~ :e . :Jo,.'nally, these auxilia r;y ai r fo i ls a r e automat 
ic in a ction, alt~oug~ , in order to allow testing wi th slots 

*~he area was computed to i nclude the p r oje c ted p l an area 
of t~e fuselage bou~ded by the wing roots and t be leading 
a nd trailin0 edges extended . Thus it differs f rom that 
'pub l iS~led else'l'.'bere , viz ., 180 s q . ft . 

*. 
'~Value given is that used i n tests . F l aps des i g~ed for 

50 0 travel but air loads prevent full mo v emen t in f lig~t . 
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opened or closed at all angles of attack, means were pro
vi ded to lock them in either the ful l-op e n or closed po
sition . 

Th e flap s ext end along the . . en t i'r e t ra il ing edge wi t.h 
the .exception of the part oc c upied by the ailerons and are 
manually operat ed from the p ilot' s coc _;:p it . They are inter
con~ected with the stabilizer . Means ar e p rovjded, however, 
for adjusting the stabilizer independently of the flaps . 

T~e · a{rplane, ' as originally designed and constructe d , 
W~G equ~p~ed wit.h wheel fairings, landing- gear strut fair 
in ~; ·s , and. N . A . C . A . cowling . These items ' were not included 
when t~e airplane was delivered to th e Committee , and the 
su~ject tests were made without them, 

Tests and Test Methods 

A complete de~cription of the methods and appar~tus 
us e d in these tests will be ~iven in a later report deal
in'g v/ ith · thB complete investigation . Only a brief descrip
tion of the me thod is given here. 

;ki[i_§:'~l£.:_~!:.§:.g_£h£~-:.§:£i~!:.i~ii£.§. . - The 1 i f tan d d rag 
charact e ristics were measured for Ba ch of the following 
slot and flap arrang eme nts: 

1. Slots closed and flaps neut r al . 
2 . Slots open and flaps neutral . 
3 . Slots closed and . flaps down . 
4 . Slots open and flaps down . 

The char a cteristics were determined by means of glide 
tests, TIhich aTe described in detail in reference 1 . Brief
ly, the g li de- test procedure is as follows : 

The airp lane is flown i~ a steady glide with the p ro
peller operating approximately at V/nD for zero thrust . 
During the glide , simultaneous records are te.ken of tho 
fliGht-?ath angle, the indicat ed air speed, the angle of 
inc liJation of the wing chord, the engine speed , and the 
temperature and pre ssure of the air at the altitude of the 
airplane. The weight of the airplane during the glide is 
kno~n . From the we i ght , and th e f light-path angle, the co s 
pone~ts of force acti~g perpendicular to and parallel to the 
fli ght path are c a lculated . The indicated air speed is 
corrected to true air speed by means of the pressure and 
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te:.1,.,.eratl).;re da 'ta,. ' Pr 'op eller thrust is cal cp, l ated from t:J.le 
r . p . r:l . , the true' air speed" air densit~r , a ,nd propel-le r 
c:'la:i:'2.cteristics . The drag cOr.1p onent, as calculated from 
t~ e ueiGht a~d flight path anGle, is then corrected for the 
cODpo~ent of thrust a c ting along t~e fli ~~t path , and also 
for ' the ~rag of tbe apparatus used to measure flight - path 
a~~le and air speed . Similar corrections to the lift COD
p onent ar.e neglected . 

frorL t:1.6 lift and cor r ected drag components thus 
foun t , t~e cOrresponding coeffioients are calculated ac 
cordi~G to tbe relat i ons, 

CL 
L 

q S 

a;J.0., 

CD 
D 

q S 

in w~ ich t~ e symbols have their standard significance . An
gle of at~ac~: is t a ken as t~ e difference between the angle 
of t~_ c ~J. i g:l t 'O ath anG. the ang le of i ~ clination of the FL1g 
Cll or ,;, . 

§'l2.i_2.:l2.~!:.£iio!l . ' - The a::1g1e of attack at which the slot 
starts to open was dete~mined by flyin g the ai r plane at 
hi g~ s p e e d and then slowl ~' increasing th~ anGle of attack 
until t h e auxiliary airfOils began to mo~e ' out . Records 
of t~e air speed and an g le of attack wBre obtained at th i s 
point with t~e same apparatus used i n the ' glide tests . The 
a nG le of attack was then further increased until the aux
iliary airfo~ls reached the full - 'out position. At this 
~oint, reco. d s ~ere again taken . The slot operation was 
d~t e rmill e d both with the flaps neutral and with the flaps 
d e r resssd . ' 

Performa;J.ce .- The ~erformance characteristics measured 
co DS i ;ted-of-t"b:e mi n imu~ sp e ed in 1 eve I ,f l i£;h t , min i mur.i 
s ?ee d in a glide , h i gh speed, glide angle a t mini mum ,speed , 
m 1:..1 i :-xo.n an g 1 e 0 f g 1 ide, and rat e san dan g 1 e s 0 f c 1 i m b . ' 

For th e me asurecient of th~ minimum speed in level 
fli ~ht a;J.d minimum sp~ed in glide the same apparatus used 
in t~ e ~ lide tests was utilized, the only additional in-



6 N.A~C.A. Technical Note No. 398 

strument requ ir ed b e ing a sensitive indicating altimeter 
to enab l e the ~ ilot to mainta in true level fli ght when 
re ql.li r ecL 

T~e high speed was det~ r min ed f or t wo c ond itions, 
nanely, slots open, and slots clo sed ; tne flaps were n eu- ' 
tr al i n e a ch c ase . This determination was ac c omp lishe d 
by timing the airplane Ov er a measured speed course . Three 
runs we r e made in e ach direction for ea c h cond ition, and 
the results for the six runs averaged. No corrections 
were m~ de to standard atm o spheric c onditions, as the cor
rection to the engine horsep owe r p ractic a ll y co mpensates 
for the correction to the air speed . 

Cli~b characteristics were obtained fo r ea ch slot and 
fl ap conb ination by measuri ng the a ir s peed and flight-
pa th angle i n a series of climbs at dif fe rent spee ds, start 
ing from 10 0 feet a ltitude. 

Einimum angle o f g lide and g lide a n g l e at minimum 
spee d we re obtained as in c idental re sults of the other t ests 

Precision 

T: l e ins truments used in t~lese t ests are c apab l e of 
measuring angles of the flight path and attitude of the air 
plane to within 0.1°, and ai r s p e e d within 1 pe r cent. 

(Refer e nce 2 . ) Su ch errO r s introduce approximately a I 
po r cent e r ro r i n the dra~ , a nd an inapp reciabl e e rror in 
the l~ ft. Howe v e r, although all flights we r e ma de und e r 
the best obtainable a ir cond itions, a small degree of at
nos)heri c turbulence existed at all times . Th is insta
bility in t he atmosphe r e , in addition to a small bu t ap
preciable tendency foy the ai r p l an e to osc i llate, caused 
slightl~.r i rregular recor ds of t he a ngles. me asured, W11ich 
are refle ct ed in the dispersion of p oints in the results . 
The ac~~ r acy of t he results is t he r efo re somewhat re duced . 
It is estimnted that lift and drag coeffi c ients are cOr 
re c t to within ±3 pe r cent, and angle of attack to within 
::0 . 3° . 

The maximum a nd mi ni mum spe eds are corr ec t to within 
±l ~e r c ent . An~ les o f climb are es tima ted to be corr e c t 
to ~7it~l in 2-0 . 2 0 , and the: ra .t(3 o f climb to within ±-3 per cent. 
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by the p resence . of the fuselage in the case o f the airplane 
Wl1ich make s close comparisons invalid. The minimum drag 
c 0 e f f i c i e nt, O . 0.8, i s rat her hi g h, c 0 mp are d wit han a v era g e 
value of 0 . 06 fo r conventional airplanes in the same cla ss . 
I n th i s connection, however, the lacL of landing - gear strut 
fairings , wheel fairings, and engine cowling during the 
tests , should be borne in mind . 

In the fo llowing discussion of the improvements of 
the lift and drag characteristics obtained through the use 

' of slots and flaps all compariso~s are made with the con
dition of slots closed and flaps neutral. It should be 
r ea liz ~d that the results obtai~ed by the use of slots 
an d flaps will be different with different airfoils and 
that the ~ercentages given cannot be taken as represent 
ing the increase t o be expected from the installation of 
slots and flaps on any wing section . 

With slots open and flaps neutral , the stall was d e 
layed 11 0 , and the maximum lift coefficient was increased 
to 1.54, o~ 54 pe~ cent . This increase represents a 19 
per cent r educt io n in landing speed. On · the other hand, 
the min i mun drag coefficient with slots locked open was 
incr eased 1 0 pe r cent. This means that the sacrifice of 
the movable or automatic feature of t~e slots, in favor 
of simp lifi ed construction, with slots of this type, would 
re quire a 10 per cent inc rease in powe r to main tain the 
sp eed range p ossible with the slots automatic . 

l1ith slots closed and flaps down, the maximum lift 
c oefficient was i~crea~ed from t~e bacic value of 1.00 to 
1 . 38 , or 38 re r c~nt . At t he sa ~8 ti me , t~e ~ng 19 of at
tack of maxi~um lift coefficient was 10uere1 ~o fforn the 
orieinal v alue, and tho angle of zero lift ~as l~wered 6° . 
Althoug~ th e minil um drag was gr3st ly incr eas ~ d uith flaps 
do ~n, no si gn ificance is att0ched to this re sult , as there 
is no reason for us ing the flaps at the low angles of at 
tack . 

With slots open and. fl ap s down, the maximum lift co
efficient reached its highest value, 1 . 94 . It i s of in
t e rest to note that the sum of the increase s in C1 . . max 
resulting from the use of slots and flaps separately is 
92 per cent, as compar ed with the total increa$e of 94 pe r 
cent when the slots an d flaps .a r e used together . This re
sult would indicate that the effects of slots and flaps 
are almost independent of one ~nother . 
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Discussio~ of Results 

T~e resu lts of the tests are g iv~n in Fignres 6 to 15 , 
and in T~bles '1 and II . Fi g~res 6 to l3 ~ iv e t h e result s , 
wit~ ex?erimental points, 'of the lift a~d drag measuremepts 
for the variouR slot and fla~ combinations . · Thes~ r~sul t8 
a r e nresented as curves of lift and drag 'coef ~ ici en t and 
LID ~~aillBt an g le of attack, and also in the for m of p Ol ar 
curves . To facilitate co mparison of ·th e reiults with t he 
di i': .' erent slot - flap combinat' ions, tlle curves of CL and CD 
a c ains t Q fo r all cases have be en rep roduc ed , ' without 
th ej ·experirllental po ints, in :Fi bure 14 . For t;le same r eaSO;'l, 
t he y olars ~ave b e e n g rouped i ~ Fi gure 1 5 . The data fro n 
whic~ t~e lift and drag curves were obt a ined are g iven in 
Taol n 1. 

TableI I g ives the results of the perfor~ance and slot 
o?o ration tests. 

~~~_lifi_~~~_~r~g_~h£~£~l~~i~li~~ . - Referring to 5iG
ures 14 and 1 5, it will b e notic e d that in all cases t~ ~ 

li ~ t co effi cient is still increasing when the curves ara 
disco~ti~ued . T~is cir cuDstance could not be avoided, 
b ecause ' Of the instability of the airp la~e at the h i g~er 
a~lgles of att8.c~( , and t : e co nsequ ent inability of t he pi
lo t to naint a in steady conditions long en~ugh to take rec 
or d s at th~ ·se angles of attac!,: . It is p robab le t :la t t -1G 
in otab i lity at high angles of a t tack was caus ed by a par 
tial stall of the wing s (bur ble a t t~e c en t e r portion) so 
t aat w~en instabilit y was encountered the ai =~ lan~ was 
op e. r atill[.: v e_"JT close to its maximl.lD lift . . Cons e quentl y 
t :18 values Gi ven for t:le ~Jaxiul1'.m lift coefficients (hi :;;heJt 
p oin ts on th e l ift curves) ar e believed to e not Do re than 
3 pe r ce~lt lower t ;-: .. an t ll e tr"'J.e :nax i lllum lift c oe fficient. 

d i t ll sl ot s clos e d and :f. laps n eutral , c orresj)O na.Ll g 
to the cond i tion of no slots or flaps, the airp lan e has 
a ::18, x ii"mm 1 i f t c 0 e f f i c i en t 0 :f' J. . 00 and a 111 in i mu m d rag C 0 -

eff ici e nt of n . 08 . Th e max iLmm lift coefficient compares 
f a v or a bly witt th& maxiuum lift c oefficient 'of 1 . 11 3 ob
tained in t ~ e N. A. C. A . p ro pe ller res ea rch tunn e l on a 2-
fo ot b;y" 1 2-foot mod.el of th e E- 6 ai rfoi l , and a t a Reyno1 6.s 
NUQbe r of about t ~ o- t~ir d s t ha t of the p resent tests . 
(R ofe r en ce 3 . ) Th e dif fe r ence between the two values i s 
ex~lained by the disco~~{nuities in the ning surface of 
the airplane, cau$ed by slot and flap installation, and 
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. . '. _, 1"n c· Q p.,s ide r in g'. t.11 e. p o.So,s i b 1- e : ~l s e · 0 f au xi 1 i a r i e s sue h 

as.slo.:t .s an.!i flaps to' decrease .th e · land.ing spe ed , it is 
w ·o, r .~li, wh;iJ:e , to analyze· th e . drab .. a t maximum lift, with re
g~rd.~~ ' its ~£feot on the powe r required to maintain lev el 
fl:1.ght .. ·· SUc~'1 .a :n·analysis has bee.n made for the several 
sl~t~ftap . ri6~b{natiA~i of the subject tests, using the 
f o.imu;t..a ',.. . 

CL . 
0max 3/ ( _______ ) 2 

CLmax 

where, 

. p power required for minimum s peed level flight . 
with auxiliar ies. 

Po - ~ o~er required for minimum speed l evel flight 
without auxiliaries . 

CD drag coefficient at maximum lift with auxiliaries. 

CD drag coefficient at maximum lift without aux-
. 0 iliaries. 

'OL - maximum lift coef f icient with auxiliaries. 

C1 - maximum lift coef f icient without auxiliaries. 
o 

The results o f this analyiis follow. 

With 'slots alone, the increase fron the . basic condi 
tion in 'powe r required to maintain min i num horizontal 
speed is 8 per cent . With flaps alone, there is a de
crease of 12 per cent. With slots and flaps together, the 
decrease is 4 pe r cent. This is an apparently favorable 
result. However, sinc e the min i mum speed is lowered 28 
per cent with slots and flaps, there is a corresponding 
approximate 5 per cent decrease in the ratio V/nD at 
which the propeller operates, with a consequent reduction 
in propeller efficiency. Computations based on average . 
prop e ller data show that the efficiency of the propeller 
is ~ecreased by about 20 per cent, with a 5 pe r cent r e 
duction in V/nD in the low- speed range . T~e power 
available at maximum C1 may therefore not be sufficient 
to maintain level f light wbe~ using s~ot~ a~d flaps, un
less steps arc taken to incr ease the propeller efficiency 
at low speeds . 



10 N.A .C.A. Technical Note-No , - 398 

An inspection of t~e curves of Figures 7, 9, 11 and 13 
sl1.ov.s that the maximum LID is 5 . 8 , a value which compares 
unfavorably with the average value of 8 for conventional 
airplanes . Here again, howev ~ r, the absence of important 
fairings during the tests must be considered. Figures 7 
and S a lso show that the maxi~lm LID with slots open an d 
flaps neutral is the same as with slots clos e d and flaps 
n eut rat . T~us, it does not matter a great deal whether the 
auxiliary airfoil opens below or above the angle of ma~
i~mu LID for the unslotted wing. 

Pe:r..fQ:r..r~§:g~§. .- For the weight an-d dra.g as flown the 
airplane is sornew~at underpowe r ed as evidenced by the low 
r ate of climb , 310 fe e t _pe r minut e . As a result the per 
for~ance as such is not impressive. However, for the pur
pose of tLese tests t~e performance itself is of minor in 
t ere s t, the CJ. i e fin t e re s t 11 e in g in the d_ if f ere nee 0 f per
formance obtained with and without the slots and flap s in 
operation as is ~iscu8sed in the following pa ragraphs . 

It will have been noted t ha t the actual take-off and 
landinc s peeds vere not measure d . T~e reason for this was 
that a direct measurement would have required a calibration 
of t~e ai r-speed head ~ount ed on the airplane , for which 
time was not available in this part o · the investigation . 
With respect to t he take - off s peed , it so happens that the 
angles of attac~ at which the minimum s pe eds in level 
fligll"t were atto.:"'..ned with and " ith ont the slots and flaps 
in operation can be obtain ed with this airplane at take
off . I tis pa s sib 1 e, t :1 ere for e , tau set hem i n i mu m s:p e e d s 
in l eve l fl i gh t for t~ese conditions of slots and flap s as 
indicative of the cor responding take - off speeds, and they 
are used hereafter i n place of the true tak e-off speeds. 
It i3 realized that this pr ocedure does not g ive exact re
sults becalse at take-off th e re must be so me power avail 
able f or climb a nd at r.1inimum speed in level flight there 
is none, and also because of the influences of g round ef
fect . HOlever , it provides a satisfactory basis for the 
com~arison of the effects of slots and flaps on take- off 
speed . With respect to the landing speed the mini mum speed 
in a e lide is the true land ing s peed for a landing which 
is made from a gl ide wit~out leveling off, a type of l and
in~ u~ich is entire l y possible and is practic~d with this 
airplane . The minimum speed in a g lide is used in place of 
l an~ing s peed hereafter . 

Without slots or flaps, the landirtg speed is 60 m.p.h. 
and t'le glide angle at this sp eed is 1 3 0 , Slots and flaps 
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r ed'llCe the landing speed to 43 ,m. I) .lL, and at the same time 
i'ncrea,se the g lide angle to 17,'2°." Thus, the slots and 
fl ~ps ~ave reduced the landing'spae d 17 m.p. h. and increased 
the ang le of approach by 4° without in~r'easing the ver t ical 
v~locity. Without slots and f laps the take-off speed is 
'5 5 m. p .h';' and with slots and flaps it i '5 , 40 m.p.h. 

It is interesting to note that the minimum speed in 
l e vel flight was 40 m.p.h. and occurred at an angle of at 
t a ck of 16.7°, while the minimum speed in a glide was 43 
m.p.h. and occurred at an angle of attack ,of 23 .7°. The 
fact t~at ' a lower speed at a lower ang l e of attack was at
t a in e CL in t "1 e 1 eve 1 ' f 1 i g h t con d i t ion i s due t 0: the s 1 i p 
stream effe cts. The fact that the highest angle of attack 
attain ed in level fl i ght was 1 6 .7°, while the ma ximum lift 
occurred at an angle of attack of 23 .7 0 , shows that the 
airp lane has insufficient power available to take full ad
vantage of the use of slots and flaps to decrease the min
i~um s~ eed inle~el flight. It follo~s that , if the ai~
plane ~ad sufficient power to maintai~ level flight at 
maximuIcl lift and had a hi g hE31: landing gear so as to take 
off at a higher angle of attack it would be possible to 
appreciab ly , d e cre~se the t ake-off speed. 

The high-speed r uns with slots closed and s~ots lock e d 
open, indicate the effe ct of sacrificing the movable or 
automatic feature of the slots in favor of simplified ~on
struction. With slots closed, the high speed was " 91.4 
m. p.h ., and with slots fixed ope n it was 84.8 m.p.h. This 
r educt ion of 6 . 6 m.p.h. in the high speed is p robably suf
ficient jusiificat ion for the ' use of the automat ic or mov
able fe~ture fbr 'this partit~lar desi g n of slot . It should 
be appr e ciated, however, that it is possible to design 
fixed slots which will not , have such an unfavorable ef
f e ct on high speed. (Reference 4.) 

T~e spe e d ran ges g iven in Table II ar e a ll based on 
t he ~igh speed with the slots closed and t~e flaps n eutral . 
The low sp ee ds used ar e those obtained in the gl ides, as 
they are more indicative of the wing i mprov em ent than t he 
low speeds in level fli ght, where the propeller charact er 
istics are a consideration . The u~e of slots and flaps 
increases the speed range 40 per cent, the slots account
ing for a 2 5 per cent and the flaps a 17 per cent increase . 

The results of the climb tests show nothing of par 
ticular interest, other than that the climb is poor . 



12 il.A . C . A . Technical Note"No . 398 

To summarize, the' results s~ow t h at the slots useA 
alone increase the maxii,rtlID lift co e fficient 54 per cen t , 
t~ e fla~ s alohe i~crease it 38 per cent, an~ the slots 
a!l0.. fla r) s in ' comb~nation g ive e, total incr ens,e in maximum 
li ft co~fficientbf 94 per cent'. ~he slots a~d fl~ps i a 
c 0nb i11atiol1 c'\.ecrease the lancling speed f ro L1 60 to 43 m. '2,J . :: ., 
i n crease th e speed range of the airplaae 40 pe r cent, aa d 
i~crease the ~lide angle at landing 4 . 2 0 • 

" . . 

L a :lt~ ley :emori a l Aerona'l'. tical LaDora,tory" , 
~Qt iona l Advisory Co mm ittee for Aeronau~ics, 

Lan~ley Field, Va . , October l ~ , 1931 . 
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I 2 3 4 5 6 7 B 

, 

9 110 II 12 13 14 15 16 17 18r9 r 21 22 
Flighl Affi- G./td- Angle Cos Sine Wf: Lift Ap- Dy- Bora Ali- ~ec. ffue I'ro - Thrust 

"' lK"aqof '0 Lift Drag 
and tude tnq of of or dur- por- nomic mefre. fem- wf.of ~/oc- peller V caef- '!r,. suspen"d ct. e coef- coef.. 
run anqle :mgle atfoclc q//d- glid- inq L en! Ipres. pre.;. pero. air ify sp«d nO fi- ins/rum I 109 fi- fi-

1 
No. A y cL ing inq run, draq, q p tvre,t gp V n cient T d 0 cient cient 

deg. deg. deq. angle angle W, Ib lb. DoJb. it/S9.R: in. fig, <IF Ib/w.ff: fi.,fs«. r.p.s. CT lb. /b lb. eL CD 
1!~f$ ctor,t 1ft'" f>s 'li.'!/' pi' 

27.30 ~'J63j IC'OS ~a on rs .9'J'J ra 
.98Z .191 1776 I7tf.O 339 9.42 75 .a677 94.1 14.3 .82Z I !O J3(J .178 

3 -1.4 .0.4 9.0 .!J84. .180 1764 1740 3/7 /270 /09.4- 15.5 .875 -.001 - 2 13 .JOZ .700 .12.0 
4 - 3.0 10.9 7.9 .98Z .189 17.5"2 J,h!0 331 13.!J0 114.5 16.7 .847 .001 3 14 320 .63Z .117 
5 - 5.8 11. 5 ~7 .980 .19J 1740 11700 347 14.15 130.9 /8.9 .857 .0005 I 15 333 .477 .093 
6 -8.7 /3.0 4.3 .974 .2Z5 / 728 /680 388 2/.2 140.5 20.3 .860 .0 0 15 373 .409 .090 
7 -//.0 /3.8 28 .97/ .238 /7/6 /660 408 25.0 /.53.3 22.1 .860 .0 0 16 392 .339 .080 

2Z-1 2.1 13.6 /6.7 .972 .235 1784 1730 419 8.74 27.30 7.5 .0677 90.7 13.1 .855 .0005 I 10 410 1.010 .?38 
2 2.2 /2.4 14.6 . 97'7 .215 1767 1730 379 9.10 92.5 13.5 .850 .001 2 10 371 .968 .206 
3 2.1 /2.3 14.4 . 977 .213 /750 1171() .372 9.10 92.5 /3.4 .855 .CXJOf I 10 363 .956 .203 
4 1.8 11.4 /a.2 .!J80 . IJ8 1733 1700 342 9.52 94.7 14.? .825 .003 5 10 337 .910 .180 
5 - .9 ,0.4 9.5 . 984 ./80 /7/6 1690 308 II .. !> 104.2 ID.4 .84{I .002 4 12 300 .746 ./32 
6 - 3.0 /0.6 7.6 .983 ·184 1699 1670 312 13.9 1/1-.5 16.8 .842 .0015 4 14 302 .610 .//0 
7 - 5.0 //.1 61 .981 ./92 /682 /650 323 /7.6 128.5 1".2 .820 .0035 12 1.5 320 .470 .093 

32-1 2.6 f&:~ I ff:~' .975 .2ZI 1-797 11750 397 9.10 2Z30 72 .0681 93. 13.2 .87 -.001 - 2 10 385 .98 .Zl5 
2 1.9 .98Z . 189 1788 1750 338 9.41 94 . /3.9 .e4 .aaz 3 10 331 .95 .In 
J .9 10.2 11.1 .984 .177 1779 11750 .3'14 10.03 97. /4.3 .84 .002 4- 1/ 307 .89 .156 
4- - .8 10.2 9.4- .984 ./77 11170 1,740 313 11.34 /04 . 14.9 .85 .001 2 12 303 .n .136 
s -2.4 9.8 7.4 .985 ./70 1761 11130 299 /3.0 1/1. 15.5 ·88 -.002 - 4- 13 282 .68 .I/O 
6 -3.4 10.0 6.6 .,)85 ./74- 1752 1130 305 lB. 8 /14. 16.5 .85 .001 2 13 294- .64 ./09 
7 -:].4 9.9 6 .5 .98, ./7Z 1743 1720 300 14.3 116 . 17.9 .80 .006 17 14 303 .61 ./08 
8 -7.4 1/.4 4.0 .980 ./98 /734 1700 345 18.5 132 . 19.1 .86 .0 0 15 330 .47 .OSI 
9 -10.2 12.6 2.4 .976 . 218 I7ZS 1680 378 21.9 /43 . 20.4 .87 . -.001 - 4 15 359 .. ~9 .083 
10 -12.7 14.4 / .7 . 969 . 249 1716 /660 427 2S.6 155. 220 .87 -.001 - 4 16 407 .33 .081 

34-1 2.6 12.6 15.2 .976 .218 1803 1760 393 9.10 2 1.30 70 .0683 93. Ie. 9 .89 -.003 -4 10 379 .98 .212 
Z 1.9 10.8 12.7 .!J82 .187 I7J6 1760 336 9.'1-1 94. 13.7 .85 .001 2 10 328 .95 .178 
3 /A 10.7 12.1 .983 .185 1789 1760 331 9.94 97. 14.2 .84 .002 4 II 324 .90 ./66 
4 - ·3 10.1 9.8 .984 .I7S 1782 1750 312 11.02 102. 14.5 .87 - .001 - 2 12 298 .81 ./38 
5 - 2.0 10.0 8.0 .984 .174 /775 1750 309 1233 l OB. 1S.4 .875 - .0015 - .3 /3 293 .71 .121 
6 - 2.6 9.9 7·3 .385 .177 1768 1740 313 13.30 112. 16.5 .84 .002 5 13 )05 .67 .116 
7 - 3.0 10.0 7·0 .985 .174 /761 /730 306 13.9 lIS. 17.5 .81 .oDS /4 13 307 .63 .112 
8 - 7.4 11.5 4.1 .980 ./99 1754- 1720 349 18.5 132. 18.7 .87 -.00/ - 3 15 331 47 .091 
9 - 9.6 12.7 3.1 .975 ·220 /747 1700 384- 21.9 143. 20.4 .87 - .001 - 4 15 365 .40 .oes 
10 - //.9 1.3.9 2.0 .971 .240 1740· /6 90 417 25.5 155. 22.0 .87 - .001 - 4 16 397 .34- .079 

SIof5 open and aps 7eulr. / ~Iofs o pel and f~7t isnel. fral 
10- / 9.2 /3.0 22.2 .9744 .2250 /849 1800 416 6.55 2Z3O 77 .067.5' 79.0 124 .790 .006 8 • 8 1.40 .323 

2 5.S /0.3 15.8 .9839 ./788 1834 1810 328 8.27 88.7 13.7 .801 .0055 9 9 328 1.11 ./98 
3 4.0 9.2 13.2 .9871 .1599 . 1819 /795 291 9.72 96.2 15.2 .783 :007 15 // 295 .939 ./54 
4 .7 9.8 10.5 .9848 .1706 1804 /780 307 12.06 107.0 16.4- .809 .005 12 13 306 .7413 .128 
5 - 1.8 10.5 8.7 .9833 .1822 /789 /760 326 /4,6 II7.B 17.B .810 .0045 13 14 325 .6/~ ./13 
6 -5.5 12.1 6.6 .9778 .2096 1:74 /730 372 18.6 /33.0 20.4 .807 .005 19 15 376 .474 .103 
7 -8.0 /2.8 4.8 .9751 .2215 1753 1715 389 21.4 14Z.7 21.7 .813 .004 17 15 391 .407 1.093 
8 -/0.1 14.3 4.2 .9681 .2474 1744- /690 431 25.0 /54.0 23.4 .815 .004 20 16 , 435 .344 .089 

//-/ 7.9 14.1 22.0 .9690 .244 1780 /leO 435 6.34- 27.30 75 .0677 75.7 12.0 .777 .008 10 7 

1

438 1.38 .351 
2 3.7 10.7 /4.4 .9826 .1857 1768 1740 328 7.96 8ZO 13.7 .785 .01:'7 12 9 331 /. /I .212 
3 /.I 9.6 10.7 .9860 ./668 1756 17JO 29J 9.72 ?6.2 15.4 .775 .0('8 17 1/ 299 .906 .156 
4 - 2:4 10.6 8.2 .9829 ./840 /744 1715 321 12.06 107.0 14.7 .900 - .004 - 8 13 300 .723 .127 
5 - 4.1> 10.7 6.1 .:;826 .1857 1732 1700 322 /4.4 / /ZO /Z4 .835 .002 5 /4 313 .602 .1/1 
6 - 7.S 12.1 4 .6 .9778 .2096 1720 1680 361 18S 132.2 19.7 .830 .003 10 IS 356 .463 .098 
7 - 10.3 13.2- 2.S .9736 .2284 /708 1660 39/ 22.0 1444- 21.7 .824 :~5 12 15 388 .384 .090 
8 -/.3.4 15.2 I.a .9641 .262 /696 1635 445 Z5.0 154.0 23.2 .820 10 16 439 .333 .090 

12-/ 7.0 13.7 20.7 .9715 .2368 1788 1736 423 6.40 27.30 74 .0679 78.0 124 _78 .007 10 8 425 1.38 I .333 
2 2.7 10.1 12.8 .9845 ./754 117713 11750 312 8.4Z 89.5 13.4- .83 .003 6 9 309 1.06 .186 
3 1.1 9.6 10.7 .9860 ./668 /768 1742 295 9.72 96.2 15.4- .77 .0OB /7 /I 301 .91 .158 
4 - 2.2 /0.2 8.0 .9842 .1771 17~8 /730 312 ,_'.23 107.8 /6.4 .81 .004 10 13 309 .72 ./29 
5 - 3.9 10.5 6.6 .9833 ./822 /748 1720 319 14.05 /15.4 17.9 .80 .005 14 '11. 319 .62 .116 
6 - 7.7 //.7 4.0 .9792 .20ze 1738 1701 352 18.15 131.0 /9.6 .63 .003 10 If; 347 .413 .097 
7 -10.0 12.8 2.8 .9751 .2215 /7dJ /685 383 21.4 142.8 21.5 .82 .004 17 15 385 .40 .091 
8 -13.6 15.0 1.4 .9659 ·259 1718 /660 445 25.0 154.0 22.9 .83 .003 :; 16 438 .34 .088 

19-1 6.3 15.7 22.0 ·963 .271 /794 17i:S 4-35 6.24 Z7.3O 77 .0674 77.1 12LJ .~ .006 9 7 487 1.41 .389 
2 5.6 13.8 /9.4 .971 .239 178i'. 1730 426 6.J5 78.6 121J .80 .005 8 7 427 /.34 .332 
3 .5.1 12.6 /7.7 .976 .2/8 1770 1730 385 6.86 99.0 /25 .78 .007 10 8 387 1.28 ·e8/ 
4 4.0 12.6 16.6 .976 .218 1758 1715 383 7.ZiJ - 83.3 12.5 .82 .004 5 8 380 /.20 .266 
5 2.8. /1.3 14.1 . . 9tJl .196 1746 /7!0 342 7.96 87.2 12.9 .84- .002 2 9 335 1.09 .214 
6 2.6 11.2 13.8 .981 ./94 /734- 1700 336 7.96 87.2 12.9 .84 .002 2 9 329 1.09 .210 
7 2.5 /0.6 /3./ .983 .184 IlZ2 /695 317 8.06 81.7 13.2 .82 .003 5 9 313 /.07 .(98 
8 2.2 10.5 12.7 .983 .182 1710 1680 31/ 8.42 87.7 13.3 .82 .004 6 9 JOB 1.01 ./86 

J 7-Z. -140 21.2 .970 .242 /698 1650 4 /1 6.08 74.2 10.9 .as .001 I 7 405 /.38 .J39 

II) 9.4 '16.2 25.6 .960 .279 1686 1620 470 5.4r" 72.2 11.2 .80 .006 8 6 472 1.51 .440 

26·1 10.3 -17.3 27.6 .9.f5 .297 179/ 17/0 532 5.67 Z7.30 :53 .0693 72.5 11.3 .80 .006 7 7 532 1.53 .478 
2 10.0 -16.8 26.8 .956 .289 1778 noo 5/3 5.46 7/.9 1/. / .80 .006 7 7 513 1.58 .477 

3 18.2 -14.9 23.1 .966 .257 1765 1700 453 5.98 74.5 /1.6 .80 .006 7 7 453 1.44 .38" 
4 6.6 -13.B 20.4 .971 .239 1752 1700 418 6.34- 76.8 12.2 .78 .007 10 7 421 1.36 .338 
5 4.8 -12.5 17.3 .976 .216 1739 1700 375 7.12 81.4 12.5 .81 .005 8 B 375 /.21 .268 
6 5 .6 -/IS Is.! .978 .199 17Z6 /690 344 7.70 84.0 13. 1 .eo .006 9 9 344 1.12 .Z28 

7 1.5 - /0.3 1/.8 .985 ./79 17/3 1690 307 9.20 93.0 14.1 .82 .004 6 10 30J .93 .168 

8 .7 -10.3 9.6 · .984- .179 1700 /670 304 1/.85 105.0 15.2 .86 .J 0 12 ?92 .74 .13/ 
9 -12.5 .976 .216 1687 1650 365 17.02 126.0 18.5 .84 .002 6 15 356\ .49 ./03 

10 -14.9 .%6 .257 1674 1620 430 24.05 ! 148.0 20.4 .90 -.004 -15 16 399 .34 .084 

27-2 9.2 -15.7 24.9 .963 .271 17e6 1720 483 5.82 27.30 64 .0691 73.5 /112 .81 .005 .5 7 4131 1.50 .416 
3 9.9 -16!2 26./ .%0 . 279 /774 1700 495 5.67 73.5 /I.S .77 .008 !J 7 497 1.53 .449 
4 8.3 -14E 23.1 .967 .2,S 1762 1700 449 5.98 74.5 12.4 .75 .0iO 15 7 457 1.45 .379 
5 7.0 -13.6 20.6 .972 . 235 1750 1700 4// 6.40 no 12.7 .75 .010 16 7 420 /.35 . .334 
6 4.5 - //.J 15.8 .981 .IJ6 1'738 1710 340 7.54 8J.7 14.0 .74 .0/1 21 9 352 /./5 .237 
7 1.9 - 9.9 /I.B .984- ./72 1726 1700 297 9.22 93.0 /S.2 .76 .009 20 10 ::07 .93 ./70 
8 -2.3 -10.5 8.2 .983 .182 /7/4 1680 311 13118 113.6 18.6 .75 .010 34 13 332 .6/ .122 
9 -8.5 -/2.5 4.0 .976 .2/6 1702 1660 368 2ILJO 138.5 22.1 .78 .007 34 /.5 387 .40 .094-

ZS-I 8.1 -14.8 22.9 ·967 .255 1819 1760 463 6.14 ZlJO 65 1)690 76.Z 11.2 .84 .0(,2 I 7 457 1.46 .378 
2 6.8 -0.3 20.1 .973 .2n 18/1 1760 42Z 6.45 78.0 11.5 .84 .002 / 7 416 /.39 .324 
4 2.4 -10.$ 12.9 .!J83 .182 179S /76:J 327 8.74 91.0 1.1.0 .86 .0 0 /0 3/7 /.02 .184-
5 .8 -10.1 10 .9 .985 ./75 /787 1760 313 9.88 96.6 14.0 .86 .0 0 II 302 .91 ./56 
6 -1.9 -10./ 8.2 .985 .17S 1779 1750 311 12.38 

( Ta ble ) 
108.0 15.5 .86 .0 0 13 298 .72 .!2Z 

7 -4.2 -11.2 7.0 .!l81 .194 1771 1740 344 14.57 continued on //7.1 16 .7 .87 -.001 - 2 14 328 .61 .//5 

8 - 7iJ -IZ.5 4 .7 .9iti ·2/6 /76J 1720 381 IB.93 /34. 18.7 .88 -.002 - 6 16 359 .46 .097 
9 -/4.1 -/6.0 :d .9(H . 276 /1.{5 11/ 

48S 27.30 net page 161 . 22 .0 .90 -.ON - 20 :~ 
449 .31 .083 

I 2 -~ .~ I:; q 10 II 12. j' I~ 14- Ie; II:; 17 IR ;>n 21 22 



N.A .C.A. Tech nical Not e No. 398 Continuation of Table I 
Mc DONNELL GLID[ T[STS 

I I 2 1 3 i 4- I 6 7 t;J 9 
Slots OP n on~ flops n ufral 

5101s open/laps neutral 5 10 II 12 13 1"1 15 f.6 17 /8 19 20 2 / 22 
2 9-/ 8.4 -/5.3 23.7\.965 .264 /827 /760 482 5.98 27.3() 69 .0684 74.0 /1.2 .82 .004 5 7 480 1.50 .408 

2 6.3 -13. / /9.4 .974 _227 /8/9 /770 4/3 6.76 78.8 11.7 .83 .003 5 8 4/0 1.33 .308 
3 4 .6 -11.5 16.1 .980 ./99 18/1 1770 360 7.54 83.2 12.9 .80 .006 8 8 360 1./9 .241 
4 3.2 -/0.2 13.4 .984 .177 /803 /775 3/9 811-] 88.0 13.4 .82 .004 6 9 3/6 1.07 ./91 
5 .6 -/0.0 10.6 .985 .174 /795 1770 3/2 10.04 97.0 14.2. .85 .00/ 2 12 302 .90 .153 
6 - 2.5 -/0.6 8.1 .983 ./84 /787 1750 328 /3.00 /09.2 /5.5 .87 -.00/ -3 /3 3/2 .68 .122 
7 - 4.1 -/1.4 7.1 .98/ ./98 /779 1740 352 14.41 1/5.0 /6.9 .85 .001 3 14 341 .6/ ./21 
8 - 7.8 -/2.8 50 .975 .222 1771 1730 3.93 /8.58 /30.5 /8.5 .87 -.00/ -3 15 375 .47 .103 
9 - /2.7 -/53 2.6 .965 .264 1763 1700 465 26.32 /55.5 22.4 .86 .0 a /6 349 .33 .087 

.30-/ 8.9 - /5.4\ 24.3 .964 .266 1786 /720 474 5.8l 27.30 66 .0689 74.0 11.4 .81 .oos 6 7 473 /.50 .4/3 
2 6.9 -13.3 20.2. .973 .230 /780 /730 409 6.29 77.0 12.1 .79 .007 9 7 4/1 1.40 .332 
3 5./ -12.4 17.5 .977 .2/5 /774 1730 38/ 6.9Z 8/.0 /2. / .83 .003 3 7 377 l.l8 .280 
4 3.9 - /0.9 14.8 .982 ./89 1768 /740 334 7.70 85.1 /l.9 .82 .004 6 9 331 1.15 .2/9 
5 2.5 -/0.4 12.9 .984 .181 /762 1730 319 8.53 89.6 13. / .85 .001 2 9 3/2 1.03 .186 
6 .8 - 9.9 /0.7 .985 ·/72 /756 /730 3/1 9.57 95.0 14,/ .83 .003 4 /0 305 .9Z ./58 
7 - 2.6 -/0.2 7.6 .984 ./8/ 1750 /720 3/6 1/2.7 109.5 /5.3 .88 -.002 -5 /3 298 .69 .//9 
8 -4.7 -10.8 6.1 .982 ./87 /744 17/0 326 1/4.6 117.5 /6.9 .86 .0 0 14 3f2 .5J ./09 
9 -8.5 -12.7 4.2 .976 .220 /738 1700 382 /9./ /34.0 f8.9 .88 -.OOl -6 IS 36f .45 .096 

/5-/ 9.3 -/5.0 24.3 .966 .259 1780 /720 460 5.72 27.30 70 .0683 73.6 /2.0 .76 .0/0 f3 7 454 1.53 .404 
3 8.4 - /4./ ZZ.5 . .970 .244 /750 /695 427 5.72 73.6 11.9 .77 .009 /I 7 413 '.5/ .377 
5 /8.8 -/4.6 23.4 . 968 .252 1720 /665 433 5.6Z 72.9 /2.2 .75 .011 /s 7 415 /.5/ .385 

16-3 8.7 -/4.7 23.4 .967 .254 /832 1770 465 5.77 27.30 75 .0676 73.6 /2.0 .76 .0/0 O · 6 458 /.56 .404 
5. 8.8 -14.9 Z3.7 .965 . 257 /808 /745 464 5.62 7/.3 /2.4 .71 .014 /8 6 4S2 /.58 .409 
7 7.6 - 14.1 If.7 .970 .244 f784 /730 435 6.08 73.6 /2.2 .75 .011 1,5 6 

:'~r~ 
.356 

51015 ' closed and f/ops down lots e los j?dar. pwn 
c3-/ - .6 -/2.5" 1/. 9 .976 .2/6 /876 /830 405 6.97 2Z30 70 .0683 81.0 /2.8 .78 .007 II 8 408 /.34 .298 

3 .3 -/2.8 /2.5 .975 .222 /850 1800 411 6.86 80.5 13.0 .77 .0OB IJ 8 4/6 f .33 .J09 
4 -4.7 -/1.5 6.8 .980 .199 /837 /800 366 8.06 87.2 /3. / .82 .004 5 9 362 /.14 .229 
6 -10.3 -/2.3 2.0 .977 .213 /8/1 1770 386 11.85 / 05.7 fS.9 .83 .003 7 12 381 .76 .164 

24-3 .8 -/3.3 /4.1 .973 .230 /780 /730 409 6.40 2 7.30 7 / .0682 78.0 /2.9 .76 0/0 /5 7 417 /.38 .33l 
6 -/0.2 -/2.0 /.8 .977 .208 1750 17/0 364 //.5 /04.5 IS. 5 .83 .(0) 5 12 357 .75 .157 
7 -12.6 -/3.0 .4 .974- .225 /740 1700 392 f3.6 1/3.6 f7.0 .83 .003 8 IJ 387 .64 .f45 
8 - 15.8 -/4.4 - 1.4 .969 .249 !730 /660 430 16.4 125.0 f8.9 .82 .0()4. /i /4- 427 .52 .I3l 
/0 -ZO.6 -/7.4 -3.2 .954 .299 /7/0 1630 5// 24.1 ISf.2 22.7 .83 .(0) 14 /6 509 .34 .107 
/ .s -12.5 13.0 .975 .2/6 /800 /760 389 6.55 78.9 /2.9 76 . Of 0 15 8 396 f.37 .308 
2 .4 -f2.6 f3.0 .976 .2/8 1790 /740 389 6.55 78.9 12.9 .76 . Of 0 /5 8 396 f.3' .306 
4 - 4.0 -fl.2 7.2 .98f .194 1770 1740 343 7.96 87.0 13.1 .81 .OOS 7 9 34/ /.If .2/8 
5 -6.2 -11.4 5.2 .980 ./38 1760 1720 348 12~·69 90.8 14. 1 .80 .006 II /0 349 1.00 .204 

9 - 19·1 -/6. 2 2.9 .960 .282 /720 /650 485 0. 6 140.0 20.5 .85 
\ 

.001 4 IS 374- .41 .//e, 

33-/ - 3 .4 - 11.9 8.5 .978 .;:06 /800 1760 371 7.80 ZlJC 7/ 1J682 86. f2.4 .86 .0 0 9 362 /. /5 .236 
2 - 5.3 -12.1 6.8 .978 .210 /79/ 1750 376 8.42 89. 12.7 .86 .0 ' 0 9 367 1.06 .222 
3 - 6.5 -/2.2 .0.7 .977 .ll/ /782 /740 376 9.10 93. f 3.1 .88 -.002 - 3 /0 363 .97 .203 
4 - 7.4 - IZ.I 4 .7 .978 .210 1773 /740 372 9.42 94. 13.7 .85 .001 2 10 364 .94 .19~ 
5 - 9.0 -12.7 3 .7 .975 .220 /764 1720 388 10.4 99. f4.! .87 - .001 -2 /I 375 .84 .fB 
6 -10.1 -/2.8 2·7 .97.0 .221 /755 /710 388 11.0 f 02. /5.0 .84 .002 4 f2 380 .79 .175 
7 ·12.2 -13.3 1.1 .973 .230 1746 1700 401 12.5 108. IS. 6 .86 .0 0 f3 38IJ .69 .158 

8 -14. 1 -f43 .l .97f .247 /737 /690 429 /3.6 /f3. /6./ .87 -.001 -2 /3 414 .63 :~~ ') -15.8 -f5./ - .7 .966 .261 17ZB 1670 4_"0 /5.2 /20. 17.2 .86 .0 0 14 436 .56 
/0 - /8 .3 -/6.3 - 2.0 .961 .28/ /719 /650 483 /7.3 128. / 9.2 -.82 .004 /3 15 48f .48 ./Lif 

23-5,-7.2,-1f.7 4.5 1.979 .203 /824 / 790 371 9.72 2730 70 .0683 95.7 14.0 .84 .002 3 10 364 .9/1 :~% 7 -/3.1 -/2.9 - .2 .975 .223 1798 1750 402 14.7 /f7.8 17.0 .85 .001 2 14 390 .60 

Siois open and fl'Jl.S down S/o S O ) en aid fl bpsc pwn 
151 zi =:gj 12~:~ :~~ .279 1765 1695 492 4.63 27.30 70 .0683 66.3 10.9 .76 .010 /1 6 497 1.86 .545 

.281 /735 1665 487 4.42 64.8 //.2 .72 .013 /5 5 497 /.9! .572 

16-2 6 .4 -16.2 22.6 .960 .279 1846 1770 5/5 \4.63 27. 30 75 .0676 66.0 /1.6 .70 .015 /8 4 529 1.95" .580 
4 6.4 -16.1 22.5 .96/ .277 /820 1750 504 4.63 66.0 //.7 .70 . DIS 19 4 5/9 /.92 .570 
6 6.4 -/6.2 22.6 .960 .279 1796 17lS 502 4 .63 66.0 /f .7 .70 .01S /9 4 517 1.90 .570 
8 6.5 -16.2 22.7 .960 .279 /772 1700 495 4.47 64.8 1/.6 .69 .016 f9 4 5/0 /.94 .580 

17-/ .8 -13.4 /4.2 .973 .232 1853 1805 430 5.77 27.30 72 .C6B1 73.7 /2.4 .74 .Of2 /7 7 440 1.59 .388 
2 - 4.7 - /1.8 7./ .979 .204 /844 /805 377 7.64 84.8 /4.0 .75 .Olf 20 9 388 f.20 .259 

3 -ll.O - /4.1 2.1 .970 .244 /835 1780 448 11.70 /04.5 15.4 .8) .OOf 2 12 478 .77 .208 
4 - 74 -fl. .3 4.9 .977 .2/3 /826 1790 389 8.89 9/.5 /5.6 .74 .G12 28 10 407 /.02 .2]J 

5 -14.5 -f4.9 .4 .966 .257 1817 /755 467 14.25 f/6.0 17.9 .80 .006 f7 14 470 .63 ./68 
6 - .7 -12.5 1/.8 .976 .2/6 /808 1765 39/ 6.19 76.4 12.4 .76 .010 /3 7 397 1.45 .327 
7 - 4.7 - /2.0 7.3 .,}78 .208 /799 1760 374 7.64 84.8 /3.7 .77 .009 15 9 380 1.17 .2,4 
8 - 7.8 -12.5 4 .7 .976 .216 1790 1750 386 9.f0 9c.6 f4.6 .78 .008 14 10 390 .98 .2/8 
9 - / /.9 -/3.6 1.7 .971. .n5 178f 1730 4/8 11.70 104.5 16.7 .78 .008 20 12 426 .75 .185 

fO -/4.5 -15.2 .7 .965 .2f,2 1772 1710 464- f4110 116.5 18.1 .80 .006 /8 14 468 .60 .165 

18·/ .9 -/2..2 1/.3 .974 .211 /789 /745 378 6.34 1 27.30 73 .0679 77.3 /22 .78 .007 10 6 382 1.40 .306 

2 - !J.O -ff.8 6.8 .979 .205 1780 1740 364 7.70 8U /3.7 .77 .OC8 14 9 368 /./4 .240 

3 - 9.3 -/2.7 3.4 1 .976 .220 1771 1730 389 9B8 \ 
96.4 14.7 .8/ .005 10 fI 388 .89 .201 

4 -12.5 -14.1 1.6 .970 .244 1762 1710 429 fl .SS fD4.2 16.4 .79 .006 /6 12 433 .75 .19f 

S -14.5 -f4.5 .0 , .968 
.250 1753 ,700 441 13.88 /14.5 /7.7 .80 .006 16 14 445 .62 .lSI 

6 - 1.6 -1/.8 10.2 .979 .205 1744 1710 357 6.55 78.5 fl. 5 .78 .007 II 7 361 1.33 .280 

7 - 6.0 -12.3 6.1 .977 .213 1735 /700 370 7.65 84.9 13.2 .80 .006 9 9 370 1.13 .248 

8 - 9.2 -ll.8 3.6 .975 .221 1716 1680 382 9.57 95.0 14.9 .80 .006 1/ /I .382 .89 .285 

9 - /2.4 -/4./ 1.7 . 970 .244 1717 1665 4/8 /1.70 105.5 16.2 .80 .006 12 12 4/8 .72 .182 

10 -!5.4 -f5.4 .0 I .964 .266 1708 /645 455 f4~ 117.0 17.9 .81 .005 /3 /4 4SL/ .58 ./60 

20·/ 

1 

6.3 -/6.6 22.9 .958 .286 1790 /720 5/2 4.63 27.30 78 .0673 66.5 /0.8 +.76 .010 10 5 517 f.89 .568 

2 7.1 -/6.5 23 .6 .959 . 21M 1777 1705 505 4.63 66.5 /0.8 .76 .010 Ie 5 510 1.88 .562 

3 4.0 -14.8 18.8 . 967 .255 1764 1705 449 SJ5 70.0 /0. 7 .8/ .005 5 9 448 1.69 .444 
4 4.3 -15.2 f9.'i .965 .263 /75/ /690 460 5.f5 70.0 /0.7 .81 .005 5 6 459 1.67 .455 

5 2.8 -12.6 f5~ .976 .2/8 1738 1700 380 5.62 73.2 If.! .81 .005 5 7 378 /.54 .343 

6 .0 -fl.O \ 12£) .978 .l08 /725 f690 359 5.9] 75.2 11.2 .82 .004 4 7 356 1.45 .306 

7 2.2 'f3£) /5.2 .974 .225 /712 1670 385 5.46 72.2 If.O .8/ .005 5 6 384 1.55 .358 

8 4 -12.5 12.9 .976 .2/6 /699 1660 366 577 74.2 1/.5 .80 .006 7 7 366 f.4/, .322 

9 7.7 -17.0 24.7 .956 .292 1686 1610 491 4.32 64.2 /1.5 .76 .010 9 S 495 1.91 .583 

31-/ 3.5 -/4.9 18.4 .966 .257 /794 1730 460 5.36 27.30 70 .0683 7f. /0.7 .82 .004 4 6 458 /63 .435 
2 2.5 -/J.5 /,J.O .972 .233 /787 1730 4/5 5.67 73. IIA .80 .006 7 7 4/5 f.5S .372 

3 - /.3 -/2.2 fO.9 .978 .21f /780 1740 376 6.45 83. /f.6 .89 -.003 -4 7 365 1.37 .288 

4 - 2.0 - f/.7 /9.7 .979 .20] 1773 1730 360 6.76 80. 12.0 .Bl .004 5 8 357 1.30 .26f 

5 - 6.8 -f2.2 ~-.4 .977 .211 f766 1730 372 8.48 89. /3.2 .82 .004 6 9 369 f.04 .2f4 
6 - 9.9 -13.1 3.2 .974 .2l7 /759 1710 398 10.25 98. /4.0 .87 -.001 - 2 12 384 .85 .f19 
7 - /1.0 -/3.8 .8 .971 .239

1

/752 1700 418 fl.W /fO. f5.4 .89 -.003 - 7 /3 398 .67 .157 

8 -15.2 -15.1 - ./ .966 .26/ /745 /690 45, /4.77 If8. 16.3 .87 - .001 - / f4 440 .58 ./50 

9 -/9.6 -17.6 - 2.0 .953 .302 /738 /650 52, /9.15 134. /9.0 .B7 -.OOf -3 IS 507 .44 .135 

1 2 3 4- 5 6 i 7 8 9 10 1/ 12 13 14 IS 16 17 18 /9 20 21 22 



TABLE II 

Performance Characteristics of McDonnell Airplane 

II s-lots~losed, I -slotsope;,--i S-lots -closed, \ 
---- -------------------1-'-fl s neutral ~.1aDs neutral I flaps down I 

91.4 m.p .h . 84.8 m.D.h. I High speed 

Slots open, 
flaDs dovm 

Minimum speed in glide 
(Landing speed) 

Angle of attack at landing speed 
Angle of gl ide a t landing speed 
Vertical velocity at landing s~eed 
Minimum speed in level flight 

(Take-off speed) 
Angle of attack at take-off speed 
Minimum angle of glide 
Speed range 

Uaximum r ate of climb 
Maximum angle of climb 

Slots start to open 
Slots fully open 
Slots start to close 
Slots fully closed 

60 m.p.h. 48 m.p.h. , 51 m.p.h . 

16.20 

13.0 0 
27.00 

17.3° 
14.2 0 

13 .5° 

43 m.p.h. 

23.7 0 

17.2° 
19.8 ft./sec. 
55 m.p.h. 

21.0 ft./sec. 
44 m.p.h. 

17.5 ft. / sec. 1 

46 m.p.h. 
18. 6 ft./sec. 
40 m.p.h. 

13.00 

9.80 

1.5 

24.00 

9.8° 
1.9 

11.3 0 

11 .5° 
1.8 

With Slots Automatic and Flaps Neutral 

Slot Operation 

Power on 
flaps neutral 

5.80 angle of attaCk 
10.10 II " II 

9.40 II II II 

5.50 II II II 

4.1 0 

8.70 

8.40 

3.60 

1 6 .70 

12.50 

2.1 

310 ft./min. 
3.40 

Power on 
flaps down 

angle of attack 
II 

II 

II 

II 

II 

II 

II 

II 

II 
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Fig. 2 Front view of the McDonnell airplane 

Fig. 3 Three-quarter rear view of the McDonnell airplane 

Fig. 4 Side view of the McDonnell the slots open and flaps down 
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