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NATICNAL RESEARCH COUNCIL

2101 Constitution Avenue, hahington, b, C.
Division of Anthropology and Psychology

Committes on Aviation Peychology
June 13, 1950

Dr. Dean R, Brimhall
Civil Aeronautics Administration, W-2B
Departsent of Commerce

Washington 25, D, C.
Dear Dr. Brimhall:

The attached report, entitled Stall R AN 1 Es megte~ Vi

, by P. J, Rulon and Ko Vauahn, Te submitted by the .45

Comaittee aon Aviation Peychology with the recommendation that it be included - ..°
in the series of Technical Reporta of tha Diviaion of Research, Civil uromutm g;,,
Administration, T
‘g

The present study was dirscted toward an evaluation of various stall re= . 7
oovery proceuures and the supplementery use of siall warning equimment as a ;s
“flight instrument.® It wae conducted, under the ausploes of the Cammilttes, by ' =
the Educational Research Corporation, anﬂ 1s the latest in a series devoted to - ~;F{
problems of stall recognition and avoidance, The results of this study indlﬂl‘h&“fnt
that *On Forigon" methods of stall recovery, in which the noss was held app:‘uﬂ.g
mately on the horigzon throughout, conaervod nore altitude than d4id the more
orthodox "Below Horizon" methods, in which the noss is “dumped® below the hori-.
son to regein flying speed. In addition, tests indicated that a stall warning
instrument, sst to be activated at that angle-of-attack assoclated with maximux.
angle of climb functionad effectively in its primary role of giving notice o.f
an impending atall, and also enabled the pilet, by "bracketing® the signal, to .::,1 bk
maintain an optimm angle of ¢limb in emsrgenclss, such as short field tab--'*::-""g”
offs, - Estabiichment of this dual role for the stall warner appears ao im
contribution,

L
P
;L‘l.
E‘;-}.—;E 3 5

T
The report is submitted with tho suggestion that the findings of this, and: gﬁﬁ
previous investigations in the series, be widely disseminated with a view of !
more adequately indootrinating eivilian pilots with respect to the problem of ".-".-:@.z;’-
stall recognition and avoidance, It also sesms appropriate to suggest that thn ;'
findings which warrant generaliszation should be considered in the revision of -
CAA manuals, mcltﬂing such special publications as "Facts of Flight." The

films incorporating the research findings, might well also be considered.

Cordially yowrs,

T

MSVieag Morris S, Viteles, Chalrman
Camnittee on Aviation Psychology
National Ressarch Council

1
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EDITORIAL FCREWORR

This report is the lateet in a series of studies on stall rocognition =

and avoidance conducted under the mvepices of the Comnittee on Aviation R
Psychology. Interest of the Committee in this eres sroge from findings &
in systemstic studles by D. R. Brimhall and R, Franzen,* of CAA accident . H
records, which indicated that meny fetal accldents in light planes follow SN
an inadvertent stell, The high incidence of such aceoidents polinted to By
the importance of determining experimentully the problems of stall recog- hE
nition, and of an eveluation of elall recovery procedures. o ;?3

The first two of these studies®»> ‘ndicated chat typleal studeni i%
pilota, private pilots, and even flight inatrvetore falled generslly in o
recognizing the Medge™ of 3tall when atiempts consciously wers made ic do g
80; that pllots exhibiting relatively good stall recognition im certain At
maneuvers de not ccnsistently show good recognition in cother maneuvers; T
and that the typioal pllot frequently duparts inzdvertently from normel 1 féi&
flight in the direction of the stall whan he has nc business doing so. s
The third study, directed toward delermining the stall cues uvsed by experts, §§'
revealed the effectiveness of certain cues not usuaslly stressed during flight fff
instruction or in current mapuple., However, the results of the second and i‘g

third study supported the recommendation, made by the Committee on the
baeis of the earlier study, that "regulations be formulated requiring the

installation of approved stall warning devices in sl) private airpianeas, Y
providing that field testa demcnatrate thel available instruments can be RS
adequately maintained and function proparly over a period of time," ‘ s;j:
In the present study, various meihods of stgll recovery were evaluated, ‘;,i‘*

and the supplementary use of atall werner equipment as a "flight instrument™ H,
investigated. In genernl, it was found that ir %ae light plane employed im ' @il
this atudy; recovery methods employing Tull power, and in whieh the nose fziﬁ:
of the plane wam held approximately on_iho horizen during the razovery, %’%
conserved much more eltitude than did tie mors crthodox recovery methods Im  — %*
which the nose of the plane was dropped below the horizon., MNoreover it was ' .
lFranzen, Eaymond, and Brimhgll; Dsan R, A_atudy of gericus _and fatal i,
seeident vecords during 1939 apd 1940, Washington, D.G.: CAA Divisicn oy
of Research, Report Ko, 77, May 1948, 3]
“Rulon, P. 7. A giudv of the eccucecy of reccenition of the inu'piemt <&
giall in Jemiliar and unfapilisr zivplageg. Wushington, D.C.: CAA Division = . 3¢
of Reséarch, Raporti No. 74, November 1247, ‘ #'ii
JRulon, F.J. The inconsistescy of pilot erformepce in epurceching the - .
alationghip to flleht gonditions. exporience and ase, Washington, - ﬁ

D.C,t CAA Diviaion of Reseerch, Hegort Mo, 79, September 1948, Um":”i;é;
n"';;i:::‘il;]:‘

nﬂ@



"E?;m ;att.ack agsociated with the maximm angle of climb, not only served sffectively
W as & atall varner, but also as a flight instrument which may be extremoly

useful in siding the pilot %o achieve the maximum climbing angle &uring

o smergencies such as short field take-offs,
5‘ In considering ths results of this study, howaver, two poseibles quall-
... fications should be noted, particularly with reference to the conclusions
%"5*? bearing on methods of stall recovery., First, the teste were made utilizing
% - a Plper J-3 plane only., While the investigators felt that the Piper J-3 was
'E_j_‘: representative of many light planes the results of this lnvestigation should
~%. be checked in other types of light planes bsfore gensral recommendetlons are
Second, as the investigators emphasize, this study represented tests
The flight test trisls were run by

} made . ’
w¢:~ of a plane rethsr then tosts of pilots.
= . : two experienced pllots., It seems pecessary to determins the effectivensse
"% . wilth which the ®"On Horiszon" recovery procedures can be emplcyed by %
' tg in order to egtablish the applicability of the results to the
.gensral population, It is of interest in this comnactlion, that representa-

" tives of the Civil Aeronautice Adminiptration visited the project and flight
L - tmsted tire "On Horizon* recoveyry procedures, Ths investigators reported that

__favorable comments on the efficacy of these procedures were mads,

% This investigation was conducted by the Educational Research Corporation
"% under the direction of Dr, P, J. Rulon and Dr, K. W. Vaughn,
FEAly Morris S. Viteles, Chairmsn
June 13, 1950 Committas on Aviation Psychology
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SUMMARY

This 1nvestigation was directed taward two questions; first: Whai
Lhe pi en the 16 a]1]18? and second: Can g stall

Teats were conducted in & Piper J-3 airplane, The plane wes equipped
with specisl instruments, including a stall warning device, an augle of
attack indicator, and a radic sltimeter. During the tests on stall re-~
covery procedures the atall warner was, of courge, Indperative.

The tests were run by two competent test pllots. During the stall
recovery part of the investigation, stalls were executed in 21 maneuvers
and the effect of varlous recovery procedures in each meneuver siudied,
Two major types of stall recoveries were executed, vis: "On Horizon" re-
coveries, in which the nose of the plane was held approximately on the
horizon during the reccvery, and "Belos Horizom" recoveriles, in which
recovery was initliated by letting the ncse drop about 15° telow ihe
horizon until full control of il control surfaces was achieved and re~
covery to level flight could be effected. Within these mejor divisions,
varlations of recovery methods utillzing various combinations of contrel
uses also were tried. Ten trials were conducted utilizing each recovery
method in each maneuver, data being obtaired (in terms of meana ard
measures of variabilitys on angle-of-attack at stall, airapeed g% atall,
number of feet lost in recovery, and time required for recovery,

The results of this part of the study indicated that:

1. With the exception of steep turns, if a stall ocours in a man~
euver in which edditional power 1s used or is available, and if it is
necegsary to recover with a minimum loss of altitude, the pllot shoulds

a, Add full power (if full power is available) and
keep the nose of the piane on or clese to the
horizon, and

b. return, end/o~ keep, the plane level through use
of rudder and elevatcr, geing easy on the allercn
contirol.

The "On Horizon" recovery %ill tsko longer than the more conventional
procedure of "Gumping"™ the nose helew tne horizon -- in some mansuvers it
mey take as long as 14 secoads. However, by sititing tight through the "On
. Horizon" recovery the pllot may sffect 1ecovery with marked ssavings in
altitude loss, as compared with the "Below Horizom" recovery; savings
running up to, snd exceeding, 100 feet. In certain maneuvers "(m Horizon"

recoveries can frequently be made with loss of altitude not exceeding 50
feet,
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2. 1In steep turns it appeara that the pilot should effect recovery
through coordinated uas of all controls without attempting to oontinua
the turn.

3, 1In stalls from gliding maneuvers, where additional power is not
available (such as with engine fallure) recovery can in general be made
with least loss of altitude by letting the nose of the plane drop below
the glide path and utilizing coordinated muvanents of all controls in
effacting recovery.

Inveatigation of the second queation involved experimentel determin-
ation of the angle-of-attack associated with the meximms angle of climb
and the minimum angle of glide, snd the use of the stall warner signal as

%EJ& a flight instrument in indicating the achievement of these flight condi-
%ﬁ tions. The results of this part of the study indicated that a stail warner
'éf sol to indicate the maximm angle of climb did not also indicate the mini-
A mum angle of glide. Of the two it was considered that indication of max-
L imum climbing angle was of the greater practical lmportance, In this con- |
s nection, it was conclvded that: |
?f'::- v
2 L. If a atall warner is set to be activated at the angle-of-attack 1
& agsociated with maximum gngle of climb it can serve affectively as a
£ f1ight instrument. B3y "bracketing" the Mon-off" intervaell the pilot can :
e be assured that the maximum angle of climb is being achleved, This func-
AL tion es & flight instrument can be extremely useful in situations where
& achlevement of maximum angle of climb is oritical, such as in short field
take-offs over obstacles, or in "recovering" from a stall warning at low
e altitude,
£ 5. With reference to the setting of the stall warning indicator, the
S5 eévidence clearly indicatee that much is to be gained by setting the stall
& warner to be motivated, as the stall 1s approached, at that angle-of-attack
% ) assoclated with maximum angle of climb, This setting ellowe the stall
5 i warner to funotion effectively in its primary role of giving warning of
%L ; an impending stmll well hefore the point of stall aotually is reached, en-
g, u abling recovery to normal flight to be made readily, Moreover, it also
g enables the stall warner to assume a secondary role as a valuable flight
o7~ instrument under special clrcumstances. Establishment of this dual role
gk for stell warning equipment appeara- to represent a major contribution.

The research ylielded additional material of ancillary interest, such
as a dlstribution of angles-of-attack at the stall in various maneuvers,

% srii
!

gl
1
'** 1That 43, as socon as the stall warning signal comes on the pilot de-
““% - creasas the angle-of-attack until the warning signal goes off, He then
W ‘increages the angle-of-attack until it goes on, promptly deoreases it
Bl until the warner goes off, then increases the angle-of-attack until it
ok =i comes on again, ete.




piiovts, and atudent pilctn, Two eud tlonsl abtudies, one conceruad with CAA
inspactors eni thw sthar ith shoed groups of Naval aviatore, hare ales bsen
coniucted, The rupIvia oh thesr LiNesiigeticds ars in process of rraparsblen
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I
A, The Problam - F
The ipadvertent stell in ligkt aircraft ass rscently bseme the object ¢
of inteneive study and rssearch. In 1548, Franzen and Brimball eported on NS
the basls of axterslve surveys and gtudiea thot maay accidenta in light aire @
planes follow an inadvertent stall.l 'This revort revealsd pariievlariy the B
need for sysieametic stuilea of ptall recogniilon, The z‘oault waa a zeries k
of lnvestigations aimed at various ecpacte of this problem.© Tim firsih ) .
gquastion Loveoetlgeted wes “How conpelent ares varlous groupe of pllotas in o
reeognlaliag and avoldlug the etell?¥ Another utudy allempted to znsrsr tle 3
gusetion “ijow do compaient pilots meccgoize tao lmalnenca of the ptaili?d %
Tols avsedy wee genarally souaerped with the saunilic sansory cusa employed 3
by sxporisnead pllets 1o yecoyniziug the spproech o the atall. i
Tim loglcel saqual Le poinda va’cod in this Larestigatlon 2 "What
pshould tba pilot ds wiwen “ha sirulens stallsl™
Tho surciculn of ¥Yight Zasiruetion universal.y iaclude soma consideves S
tien of tihe etslld, 1ts recognition; end practica ln vezovery from a steiled o F
conditlon, Tole ie taught in ericection with the Tull-stall landing aund o
necaslonally aleo to equip the zivdent with a kaowladgs o the wsaneory cura i
eraamen, Tsrmond, erd Hrle exi, Peen R. 5__;_1:«1&; of seviu3 and Jatal ' *
recident cecords durlng 1633 =0 3340, Weshington, D.J.s (42 Dlvieica of e
Regearch, Report Ha, 77, May 1948 3
2Hulan P. Jo A_study of the svcursey of resognition ot uley irlf-iki_ ant ";
stall in_ fa:nllLipz~ and w*i‘amil 1 plates. Weshington, +.C.1 OfL Liclpica 1
of Hesaaruh Report No, 7n, dovmiter 1047. =
“owom o= e Ihe dmegastsienes of pllob performsnces in e1arduiheng -
the gtally reileticassip Ao fiical eonditions, axpaclense , and nze. Proehiag-

ton, L.C.: OA4 Divielon of Heseureh, Fepcrt No., 79, Saptomber 13(8
Phe stodlan caported oy Bdon.as e e ucesned with Jilght lxelraceors, pi*ivatw ‘
3
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that charsetesrlize tae approack of rtall conditions 30 that ze ma; eviid
Inadvertent stalls in [light. I\ wovld veem, thers™ie, ilat al. lizenseu
pllots kn-w 'how to recover when e stzl) ceouri,

It is probably true that most lleensed pilctrs do know how to recover
from e full-stull cenditlon at a sate altitude. Insuiuction in 3tulls
during training is conducted at a safc altituda, wsually 1,500 to 2,000
feet, and the emphasis is ordinarily plac=d on recovering safely and 'n zn
acceptable manner, Students are taught to approach the stell in a nmcre or
less stancurd procedurs, required to recogunlzs It as it occurs, and to
recover tc straight and level flight after stulling. Unless the pilot later
attenpts an advanced ratiag, hls practice on stulls probably remains at a
minimum,

If the pllet stulls at an altitule of 400=-500 feet above the terrain,
he absolutely must recover without uslng up his praciouvs altltudez in the
process, At low altituda, tne pitot's croblem in rascovering froa the full
stall is one which requ’res an accurate enswer to the guestion "How can ihe
alrcraft bt~ recovered fiom the full~-stall condltion with & minimum loss of
altitude?®

E. Purpose of this Investligation

The general purposa of the present study was tc dotermine the relative
effectiveness of varlous rethods of rocovering from stells in 1ight elr-
craft. The general questiors investizated were (1) How can the nilot of a
1izht aircraft best recover from a prisary stall at low altltude? and (2)
How can tke pllot best utilize a stall warner in avoiding & prinary stall?
The answers %o these general questilons mey be expected to vary considerably
with the type of aireraft iavolved, with the varions mancuvers of flight,
and witnh other important factors in the flight situavion. In sacking solu-
tions to these problems for a single alrerauft, the present investigation
was primarlly concerned with the dovelopment of methods and proczdures
whereby these problems, as they pertain to other alrcruft and otlier flight
conditions, can be further investigated.

The work of the project consisted of three principal phases: {1) the
ingtrumentution of the testing alrcraft and the calibratlon of the specisl
instruments instulled in it; (2) the testing of methods of recovery f'rom
the primary stall; and {3) the testing of methods of rzcovery from a stali
warning. FEach of these aspects of thz study involved problens pertaining
to the tests to be devised, the measures obtained and the criteria of
recovery eaployed,

The ensuing Part IT of this report is concerned with the gproblems of
instrumenting the testing airplene and with the callbretion of the lastru-
mente instullsd in it. The baslc ypurpese of instrumenting the testing
airplane was to obtaln accurate and rellable data on airspeed, altitude,
and angle of attack. Before any dependable tests of the behavior of the



1

. inptrumented to yrovide higily accvrate sltitude and airspeed data. Few

airpiarm eznld Lo yenduessd, 1% wee n2oespary to instell sensitlve fnatrus
ments which weld pruvide reliubie date. Thoe ordinary light plane 1p ngt

alrcraft of any type are oguigped with accurate angle-of-attack indicators.
The first principsl problam of the present study, therefore, was to instru- CoL
ment a light aivcraft so that thepe date would te avallable for use in the TUE

testing procedures. {

'The oscond principal problem was to devise and carry out lesting pro- - #
cedures for purpoass of deteminlning the raletive etffectiveness of wvarious - 3y
methods of recovery fram the primary siall in the principel types of flight 0
maneuvers, A&s rercortad in Part IIT, this luvolved devising test provedures, e
identifying the mensuvers to be tested, defining the various methods of o
recovery froa the primary stall, sstting up measures for a basie of compari- Fo
son, and ¢atmblishing eriteria of reczovery. These steps were of course only A
prepavatory we gulbering ithe data. The data were cbtained in e searies of ¥
teets conductsd under well-controlled conditlons for the purpose of reveal- = 1%
ing vhatever dlfferances exlst emong the various methods of recovering from &
the primary etall cordition, B

Part IV of thila report ccnsiders the problem of recovery from a stall #

warning, Meny light aireralt are prosently equipped with onme of several = = %
commérclaily availeble typea of atell warnmers, Specifi¢ probleme psrtaine ;
ing to how puch warners may best be ussd were investigated. The recomman- Ca
daticns of menufecturers of these fdevices were considered, and thes problem I
of the optimwr stall warning Iinstellation was studled, , gt
5

This phare of the investigation was also concerned with determining ‘. ;

the maximm angle of climb and the minimum angle of glide of the testing ks
alrcraft and their application tc recommended stall warning installation, L
This 1s reported in Part V.

Aty

The present study wes Limitod In scope in that only one testing air-~
craft was uped. The problems investigated and the methods devised for
tosting and evaluation of varicus methods of recovery from the primary
stall sre, however, basic to almilar studleu of other types of airoraft.
The present study was further limited by the fact that variation in pllot
performance was not coneidsrad., HRecovery from a full-ptall conditionm
depende not only upon the particular aircraft, the maneuver which was being
attenpted, and the physical conditions of the flight situatlon, but also
upon the performance of the pilct who is making the recovery.

Wl e
S e e el slie
A Men g e

The present study did not attempt to test varlatlion in pilot per-
formance, In the planning stage «f the present study, it was proposed
that & repreeentative group of pilots be tested under uniform conditions
in the same aircrafi, each pilot recovering froam the primary stall in
each of several mansuvers. Such e study may prove to be deairable. It
was believed, however, that the initial tests should be focused on the
performance of ths aireraft sc that the varistlion in performance of the
sircraft with respect to various methods of its comtrol oould be campared
and svaluated. The present study, therefore, sought to determine the most
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~ effentive methods of recovering from a complete stall, and did not coniider
the problem fram the point of view of the pilot flying the aircraft. That
~is, this study was essentially e test of the machine and not of the men who

fly 1t. Two test pilota carried out all of the testing procedures discussed
in succeeding meotiona of this report.

C. 3Spousorship

The studles reported herein were condusted by the Educationsl Research
Corporation, Cambridge, Massachusetts, under the suspices of the National
Research Councll Committee on Aviaticn FPsychology, with funds provided by
the Civil Aercnautics Adeinistraticn. The study was develommental in char-
acter in that several stages were involved, Each of these stages was re-
viewed and approved by the Committee on Aviation Psychology.4

4Ihile the atudy wae in opsraticn, reprasantetivem of the C.A.A. vlslted
the Project Staff, inspected and flew the testing aircraft, snd reviewed ths -
proceduree used in the study. C.A.A. personnel vigiting the project ineluded
Dr. Dean R, Brimhall, Director of Research; Mr, R. D, Freeland, New York
Reglional Office; Mr. Willlem S. Moore, Chief of the Airman Divisiuvn and mem-
bers of his technical staff, Mr. J. I, Guilmartin, Mr. George Stathers, Mr.
¥1lliam Richardson, Mr. W, Puril Barcley, and Mr. G. Sidney Stanton,
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THE TESTING AITCRQW ~

The wirersf. used In 1ty iavesvigailon was ¢ Ploey Cuk, Jotel Je7.
C.ALL. degignetion NC4L578. This nliceralt sas Joenzd 19 whe Rducstional
Regearch Corporation by thz ¥ationnl Reszay 22 Conrcil (ommintea o Lvi-
ation Psycholazy to whinh 1V had ™ar assigned for raucerch purposes, o
The testing eirerelt was bused atBed rd Alr Forcs Baze, Bedford, .n*sachh-w_ﬁm

The FPlper Cub waz chager for war In thies svudy w2onuse L reprorented ™
& cocaponly-used, tandem, two-place {iaiver Thip {323 »oF trainer La to ha;d
found on most airflelds, it i3 commonly uscd in lustraction; sad Lb 18 ‘
frequently privetely cwned for paveonul] vse. As o popalar lxgai ir
plane, it may be fairly representative of otaer light trainers of i%
approxinute weight and horsepower,

At the time the study wxes undertaken, thls alveraft was 2juippel o
meet the ninlmus regaiirements for cay cortect light acs p*chribcd ir
Part 43 of the Civil Air Repulationas. T3 cend tained wil groine tachouwetzr,
an engine <il procsure gauga, an eng re oLl Lemwrature gauge, an alr-
rreed indl"&t"r, an altiueizr, and a nagnetic coupdrs. In argditlon to
these baslic instvumuents, a five-varne stzil warning device wacs installeld wp
the left wing. Thir sball aarmirg devilce hed been mounied g The Ohio
State University in eccord with procecurss previovsly ovtlinea by Rulen
ir. eomnectlon with o pravicuz study of ztall recopnition.” '

The tachoteter, il pre,su“‘ pavge, and engine oil femperaburs sauge
ge instulled un ecelpt of the a'rer: ™ nare vhe stsandard facfozﬁ'gnugaia
On the busls of insoectisn and u3s 1hese iquuruueu.u were found to Le
satrgfactory Tn r 4ha purposag of s study,  The alrsrexd indiczior ras tha
urraelly low- anatit? inslrunent gurerslly inn.ajiﬁu in 1iLaL ﬁirtLah*od
Trz scole narkings oa Lhig Lestrucent were ab Tive~aile pur-hoar innz 1%&15,
with the Teowern eading rt AD willes jer YNroy THis Jﬂutrﬁﬂdﬂu wee 0zplacgd, -
The nitimeter wac the steniard Tactory aitiretor, sith each seale divisior
represepting 00 feel, apd ihere wes no prwwision {or making ep slbtlueber
setting. This insbruaect sa7 racsidered wisatisfwctory for “esling pue-
rcses and wag rapleced, The nmagnetl: goaccas L3 ihe bteshing elirera®™ was
setisfaetory for local Myleg purposws. Since nons 3F the testing procaduras

L
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involved coarasas- measuréienta; the original inectallation was therafore
‘satisfactory for the purposes of the study,

The five-vane stall recognitlon device was alsc retained although

- “modified sonewhat from the insiullation employed in The Ohlo Stete investi- !
.gation. The equipnent comsists essentiaully of five stall warner vanes
~arranged on the leading edge of th2 wing In such a way that they are suc-
% pesalvely triggered as the plane approaches & stall, The five-stall warmers
« are wired into five lampa installed on .a c¢lipboard which the check pllot
.holds in his lap. Deeeriptions of thls and asimilar gtall warning device
"installatlons are prasented in previoua CAA reports.-

B. Specigl Instrumentation -

Since the basic data on recovery from the primary stall were to be ™
expressed in terns of alrspeed, altitude, angle of attack, and time, it was
necessery to provlde for the accurate measurement of each of these variables.

- A sensgltive airspeed indlcater, a radio altimetsr, an sngle-of-attack indi-
~eatcr, znd o stop-watch supplied these data.

r

1. The d icator .

S The stundard Piper GCub airapeed indicator was replaced by & seneitive
dfﬁ‘ "Kollenun alrspeed indicator, model #5868K. This typs of airgpsed Indicator
~%Zt-  1g used on helieopters and is graduated to read from 10 miles per hour to

"y 7 150 miles per hour with scale markings at 1 mile per hour intervals on

5§ : spoeds below 80 miles per hour. Thas instrument installed in the testing
LE.-  alreraft was obtained directly from the Sikorsky plant in Bridgeport, Con-
£ - pectlieut. .
3%} - . , ‘

e The installstiomr of this sensitive alrepesed indicator required a

A@I; radesign of the pitot-statlc aystem. An Aercnca-type pitot-static system
-was installed in the airplans to operate both this instrument and the sensi-
i v‘tiva altimeter. The pitot-static heed was mcunted on the left front wing
kééi{ :strut, and extended below it approximately eight inchas. In designing the
T pitot-static system a dehydrator consisting of a gascolator bowl, filled
iy " with sllica gel orystals was Instulled at the low point in the pressure
< lipe to the airspsed indicetor. The dehydrator wae intended for use. under
-‘the instrument penel, It was discovered thst the dehydrator interfaved
with the movement of the stick when moynted. It was replaced with a drain
a0 that moisture which accumulated in the pitot-static system could be
:, removed., The indicatorts pasition on the inetrument panel is shown i1
Plate I, following. '

Xk 3ibid., See aleo, Ruloa, P. J., 9p, glt. footnote 1 and Rulon, P. J.
S me_%mm. Weshington, D. C.: CaA Division of
-, Research, Report No. 86, May 1949, pp. 1-5. : - &




RADIO ALTimETER §

MASTER SWITCH

PLATE I

INSTRUMENT PANEL IN TEST PLANE
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2. Sensitivz Lltimeter

The Piper Cub altimeter was repluced Ly u spacisl fensiiive sltineter,
Cn this iastrwient tie smallest sesle nerkinzs are &t 10 fout uilervels,
and altimster seiting is provided. 7The incic-tor wee moauntia iz the siastie
line with the airsps2d indizator. The Indicavor's posii’on ci the inwtru-
ment pans. wes bt the right of canter as slomn in Flate I.

The zensitlve altimeter was ussl primarily for purposes wi chiehkug
tle ecalibraticon of th® radio altime®er. T4 was 2% used in atual teoting
at low eltitude because of the lag thich ir charazierisile ol yrapouis -
operated instrumeuts.

3. Radlo Alitineter

4 standard military-type APN-1 radlo altimets: was insteliled in the
testing aireraft, This consisted of a signal traacmitter and recelves, an
instrument dial, cynamotor, and two dipole anlenna:. The signal transuitter
snd recelver were moiated on top of +he bapgage conpartmeant tehind the rear
seat on a piece of plrwood securzd o the clr frame. Th2 dynandtc; wie
meunted uder the rear right coraer of the frout s=et on thz floocy, The
detaila ol these amouatings are shwum ‘n Deewinge #1 through 74, presented
in Apperdix 4 of this rorort.

The. dis0le antannae esch mountad in vhe center of a 2% : 2F saction
ct’ polirhed siuminoma skent, weve gpaved excelly 7 feet oparh cpd were at-
teched .0 taz belly »f the testlng averafli. The pellished sliuninum sure
frees proved o be adequuate reflacting swrfaces for proper ogevatica of
the instrvmant, The antonnae sxtanded below the belly off the ohip, wos
shomm in Flate 11.

As orlzinally obtalaed, the wdio sltimeter reed triae ::wtii~ vu A
low and high scoele; the low scales ranged from 0 to 40K fest zad “he blgh
ecale fron O to 4,000 fest, Sincs all of the testing was lc¢ L= dore at
low altitude, wheie altimetsr resdiugs cowd he expectel o te hog!ly
sccurate, and since 1L was desirabla to perform the stall trevs stk a
reasonabls margin of safety, it was cecessery to extend the lcw sounle of
this altimeter tn read mors than 407 feet rue altitude. Tais mas doed by
modifylrg the elmctrical circuit and the iistrimsnt in such o mianer taat
esch unit of the whole sacl: respresented 20 feet rather thsu "0 fert und,
thus, the low scue range becamws 9 %o BOO feet. Thia proceivs pe.mitted
felrly scenraie readings ef trie sltituvde throughout a rangs suffizient
fur low altitude testing. It will b noted in Plate I that the scule
merkings on the radis altizeter {(dial on the extrese rignt) were so cpacad
tiat helf-scale divisicn readlegs (10-foot intervals) conld ta wade with
grod accuracy nloouriout the seale,

The madio &’ .im:ter elemeuts requirec 24 volbe «nd approslactely 6
aupTeE o operate, A succzeding secilon explains biriefly how the elsetri-
cal systen was inctilled to acccvaodzie *his instruncnt.

i
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4o Eaplenel-gituck Todiosuon
To obteln anple=of-cituek divc. & Yollasan engin-o’~usitacy inshyu-
ment vas instelled in the teetdpny ~rcrafi. This ilostdllsation inelwics
& vane whi:h lg introduead iwnto thne alfvstrezs ol which acvivaless o ganll
Selqyn nester which, in turn, trenomite = slgnal to o 5Selsyn slave wounted
ot the ipeirimeant “anel "Tha physical displacement of the vanc s tlua
tranemitted to an indicatur needls. Ona of the protvlens of lnrtalling
an instrumant of this type is thel of localbing the vane ahead of the wing
and ontsida the eirstream ¢f the propeller. In the testing alreraft it
was necezsary to mount a poom under the wing and extending some distance
in front of it, so that the vane would not be affecisd by zlr Tlowing over
and tnder the wire.

After extsnsive experimelfatiun, the boom was installed parallel to
the undsr surface of the lo®™ wing st the polnt wheme the wing strut and
the wing are Jolned. The lesding «’:e cf the wune sxtended approxi~ately

45 1/2" bayond the leading odqe of she lefi wiag, Tre detells of this
inetzlletion are shown in Drawleg lo. 2, preseated in A pendix A, end ihe
generzl nature of the hoor and positles of the varne >n I% sre shown ia
Plates IIT and IV folloalng.

It will be noted from Plate I that the angle~of-attack needle aswings
through & scale ranzing from & -5 angle of snttack to a +35° eugle of cta
tack, end that the dlal indicgtor rovers the full 3¢0% surface. The par-
ticular angle-of«sitack indicator used in this study had an amplifying
factor of 9, i.e., itlLe movement of the vene was empiified ¢ times in the
novement of the needle. It was necessury, therefore, to meke certeln that
relntively small dleplacement of the vane did not result in sizeable errors
1n angle-~of=nttack readings.

Buring the testing and cslibrazion of *his instrument, it was ‘dis-
covared that the copper vape which activated the lmpulse to the Indicator
was slipping on the small shafi to which it was secvrad by friction. This
shaft is nttached to the generator znd the slipping of the vane on this
sheft nccessitated resetting and edjustment. The vrocedurs of resetting
the vane to 'ts. propsr porition on the shaft was exvedited by the prepa-
ration of a template, This templats wes used regulerly to check the vane
position on the shaft. I%s methed of use is 1llustrated in Flate V fol-
lowing. Duoring the testing procedures it wos discovered that the vane
poeition elipped in violent stallings nancuvara, Tt was therefore neceg=
sar;r to land and Treset tho vene after narticularly violent stalla, To
avoid this time-consuming. operation, the vene installetion was removed
end overhanled. A sot-screw with n small bromze precsurs plate under 1t
wae Iinetalled for the purpose of securlay *he vene on the shaft ln e con-
stant positfon, The Lronre pressure plate ctopped the screw from doing
any damage to the shaft and frequea’ resettlngs were unneceasary, Howe
ever, as an additional check, the ctemplete was regularly applied to the
vens for the purvose of arcertaining whether the vane hed retained the
samc position on the shaft,,
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5. Ilectricyl System

In order to zrovlde for the operation of these zdditloral instru-
meate, an electrinsl system Cor the tasting airerafl was desisned. &
baitery and wiad=driven gerarator wers installed as a szcurce 5T power
and wirlng enc ruse iastallaiiors wers made., The datails of these in-
stullations era presented briefly in tne followlng paregraphs.

a. Battery. A willard spill-proo: battery, Serlal No, FAF 1962~
174, was mounted betweea the ruddera on the floor forward of the Irort
stick, This was a l2-volt, 17 empere~iour batiery et the 5-hiur rate.
Appendix A, Drawing 1 shows the cdetalls of location, and Drawing €, the
detalls of mountiag.

b. Generstor., A Chsmplon wiudedriven gencrstor, fodel 121", wes:
inatalled. This generator wes o 12-voll, l5-amp2re senerator, which devel-
oped rated powsr at aboubl 3,000 r.p.ui. To conform with G.i.4. regulation,
the generator wus mouanied on top o the laading geer es shown in Flale ITI
end in Druwing 5, precented in Appendix A, This model generator is equip-
ped with & Deleo Remy regwlating unit, consisting of a voltwugs regulator,

g cwrent liniter, end a reverse current cut-out. The generclor vae equip-
red with a hend brake whiek would be operated from the coskpit to stop it
in the event of orer-charging or labalence, The generstor, ez daiivered,
utllized a stendad two-blade propeller. With this equipment the gereva-
tor dild mrot develop sufficient power. The hub was re-desipned, and a four-
»lude propeller w.s febricated and instnlled. It wos then found thet in
slow flight the garer tor did devalop safficient power to orevzte all of
the electrical squipment in the airplane., The four-blade ipstslletion was
approved by the C.A a4,

c. Wirlog System. Tar electrical systen wus wired us shcwn in
Drawing 2, Appsndix A. This diegram asnces the relationship of the inver-
tor and dynamotor to ihe source of powsr in the operution of the engle-
of-attack inetrunents and the radio altlmeter. In 3esigning this system,
the grade of wire and rating of fuses were solected no the bsais of C.A.A.
requirements., 71ha maater switeh, the radio altimeter switeh, and tne
angle~of-atteck iadicetor awiteh, aere stundard equipment with these in-
strmaznts,

It may be s<an fron Dra.ing 2, Appendix 4, thut while thoe source of
power was a le-valt battery and & ld=volt generabor, the electiricul system
used esupplied the necessary voltzge (24 volte) to orerate the radio alti-
meter and the auvsle-ol-abtick traunsanltter and indlecutor,

During ths jazstellaiion end testliiz of tke gencrater, an ammcter wes
p-aced in series with thz Daitiery vo indlcate the génerator output. The
amneter was tuped to the cabsre strol as shown In Plate I. Upon the com-
pleotion end testing »f the penerusor insthallaticn, the ammeter wut: remeved
s8s it no longsv scrvad a wselul funclion,
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6. Ihe Inctruncnt Fanel
whan the ftestinz alrcraft was rec:lved,; the orip.nul inctrurent vanel
wes torn and patched in several places, (r thic gane! the inciruments
were loceted in positicns which were uwisatisfactory for testing purposes,
und also, there was insufficlent spece for “he additional indlcetore ra-
cuired. 4 blank Instrument panecl was obisined snd holes were nads at —
points judged to be the casiest to read For t:siing purposes. An atleant -
was firet made to put the three most importent insiruents, i.e., the air- i
speed indica*tor, the angle-of-=attack indlue*cr, unid the altineter on ths
corners of an equilateral trlangle so that ihe observer could leck from
any one ingtrument to gnother in approximately the sama length of time.
However, this proved to be imposcible when 1% wa: discoverad that the
instruments would not fit in the desirad positloas.

In designing the instrument panel, 1t wa2s nocersury .o mount the
radio altimeter at the extreme right of the panel. This was nscersllated
by the fact that the locstion of the gas tank interfersd with the instal-
lation of tre Incicator wechanism.

The principal datails of the instraaert p2n2l are shown in Pleste 1.
In addi*ion to the instruments deseritwd abave, the testing ailreraft

was equlpped with o free-air temperature geiuge mounted Jn the fixed pary
of the left side window at the front of the ccckpit,

C. Calibration of the Tesbini Instrments

The second principal step in the instruzentation of the testing eir-
craft was the calibration of the instruments, There was no attempt to
ecalibrate or test (except by observation) the accuracy of the tachomeier,
oll pressure gauge, or oll tempernture gauge, wnich were otundard eguin-
ment on the testing airplane. Tue callbraticn activities were confinad
exclusively to those: instruments which provided data lor the purposes of
the present studs. Certain problems encountered in the calibration pro-
cesg were commonplace, while others were aulte unique.

1. Alrspeed Indicstor Calibratich

g8, HMethod -~ The general procedurs used un calibrate the mirspeed
indicetor was to fly the airplane at a constant sltitude through a meesured
distance in a known tlme period.” For this purpose, runway No. 29 at Fed-
ford Air Force Base, Bedford, Masocechugetts, was used. This runway is
exactly 5,000 feat long and served as the measured dlstance over whieh the
tests ware run. The procedure wus to fly the measured distence, both down-
vind and upwind, on relatively calm days, atteapting in both runs te =air-
tain & constant indicated airspeed. During the run, uhe pillct continuously
called off the indicated alrspeed reudin.s and every second or third reud-
ing war recorded by the observer-niloct. The average o these readings was
taken te be the average indicated ailrspeed over the course for the irial.
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During each run the pilos maintecined, insoi'ar as povsidle; a constant al-
“itude as indicated by the racio altimeter. 41l {lighls were made atl
approximately 150 feet above tie runwiy to insreese reliability of timing
the flight through the mapsured distanse.

The true airspeed was obtaimed by determiring the average number of
seconds reculred to fly the peacured dlstance. Using the foramula for the
caiculation of true alrspeed4 and maklng piesamxre and temperaturs correc-

tions, & ualibrated airspeed was obtained for each indicated sirspeed flown

during the test. After repeatec trinls at perfecting the metlod, discard-
ing trialse ip whizh anything went wrong, and running five dovtle (both
domnwind and upwind) trlals for each alrspsed, nine indicated mirspeeds
were equated with their corresponding calibrated airspeeds., :

b. Results -- The following tgbulatlon presents the sverage in-
dicated aelrspseds Tlown aud their corresponding caleulated calibreted air-
speeds,

Indicated Calibrated
Point Airspeed , Alrspeed
A 12.9 L0.6
3 50,0 LB 4
C 5C.8 46,6
D R6,2 A8.5
E 59,7 51.2
r 59.6 57,79
G 79,6 64,2
H 39,8 69.4
I R 2.9 '

These data wers then grapbed and ‘rspscted. (See Figure 1.} It was
Judged that the relationabip beiween ‘n'icated and calibraeted alrepeed
was, in goreral, Jiasear in charscisr, Ihe equetion of the cwrve es deter-
mined by oelculation was

C.A.S = 0,54 14,5, + 134,32

From this equation a teble listing the calibraied eirspeeds for sash in-
dicated airspeed ranging from 3( bto 90 m,p.h., was prepsrad. Theso are
presented in Tabl= 1.

IS PYREII -

e L

4T, A, S, = 2 xd = M.P.Nesy in which d 8 expressed
In feet and T is sxpreseed in sesonds,




TABLE 1

ATRSPEED CALIBRATIQN FOR AIRSFRED INDICATOR
INSTALLATZON ON AIRCRAFT NC 41578
C-Aas. = 0;64 I.A:S: + 13532

i Indicated Calibrated Indicated Calibrated
%7h Airspeed Airspeed Airspesd Airspeed
- 90 70.9 60 51,7
K 89 70.3 59 51,1
88 £9.6 58 50,4
2 87 £9.0 57 9.8
i 86 68.4 56 £9.2
F% 85 67.7 55 48,5
J 8‘{’ ~ 67‘31 54 L?ng
e ' 83 - 66,4 53 47,2
PR 82 65.8 52 46,6
AT 81 ‘ 65.2 51 46.0
i, . 80 64-:5 . 50 45.3
5 79 63,9 49 44,57
SO 78 63,2 L8 4440
e o 62.6 47 43.4
76 62.0 L6 42.8
-I'_’ foy 75 t 6103 ﬂﬁ s 4201
R T 74 60.7 FAA 41.5
: . h 73 6000 43 AOqS
72 59.4 42 40.2
71 £8.8 41 39.6
70 58,1 40 38,9
€9 57.5 39 38,3
63 56.8 38 37.6
‘ 67 56,2 37 37.0
66 55.6 36 36,4
S . 65 54.9 35 35.7
P 64 54,2 34 35.1
- 63 53,6 33 4.4
- ' 61 52,4 31 33.2
S0 30 32.5
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2. The Radic Altimeter Calibragtion

It was noted that the radio aliiketer in its normsl sondition had two
acales ~- a low s'cle and a high acale -~ and thut the low scale reed rom
0 to 400' and the high acele from 2 “c 4,000', Simcy ithe tasting work in-
volved recovery from prinary stells at low sltitude, the low rcale was
the only one thet could be used. The interest of egafety dictated thet the
testing be done at an elcitude of from 500 feet Lo 700 feet. To obtain
radio altimetor readings within this range, the elecirounic circuit of the
anplifier was modifled in such a manner that essh unit on the indioatcr
pcale represented <0 feet rather “han 10 feel,

The radio altimeter was equlpped with two adjusting set-s:rews. OCne
of these set-screws adjusts the short end of the low scale. Tals sdjust~
ment 1s mede by lending the. airplane and turning the set-screw so that the
radic altimeter reads 0 just before ihe alrgraft touches ths grounc. The
0 adjustment canncl bs mede with the airplsue sitting on the ground, After
this initial adjustment has been sade, the radlo altimeter must be checked
carefully during ilandings. If the needle approaches 0 immediutely begore
the airplene touches the ground, the instrument 1s properly adjusted,

The mecont sei-szrew adjuste tha long end of tha low ecale on the
radio altimster indicetor, This adjustuen: was meds as follows: (1) the
sengltive elt.imeter vec- 3oh with sea-.evel pressurs as given av Bedford
Airporv; (2) the giroraft was than flown over the ocean at an indieated
gltitude of 600 feet (the indiested aititude wes not currected for ten=
perature or pressure, a3 these corrsciions were negligibis); and (3} the
get-gcrew was then adjustsd sc that the radio altimeler reac an Iindicated
300 feet.” It wae necessary tc m2ke this latter asdjustment ¢n a very ualm
day, and it was necegsary to make It cver weter to tmt the surfuve re-
flecling the altimetsr signal did wot change aignifi:artly during the test
rung, After the mensitlve altimeter ard the rudio altimeter agreed when
flying at a conatrnt sltitude over waler for m suffi:lently lopg period of
time, ihe second set-serow was assumeu to be properly adjuabeo The covers
were then secured ovver %tas sel-strews,

3. Cglibrgtuoen of Anple-of-Attack Indicgbor

a. dethod, Toe fira-. stev in tne callbretion of the angle-of-
- attack installation was o deierm’na wle sngular difference bacwsen the
assumed wing caord {from the leading edge to the trailing edgs of the wing)

o

5Whe:a the ground contuct is made, the needle indlicates = reeding of
50 feet. This pheromenon is explained in technical manuals deseribing
the operation of Lhe radic altimeter,

028 noted gheve, an irdicated altitude of 300 Teet was an actuel
aitliude of 600 foet, lnasmacu g8 tae Indicator units which originally
representad 10 fawl, wers made to represent 20 feet by alteration of the
electronlo circulr,
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and the aciual wing chord {the bottom surface of the wing). The first

., setting of the wvane on the anygle~of-attack indicator mns bused on the

assumption that the wing chord passed through the leeding edge of the
wing end the tralling end of the wing. The vane was sel to read O when
it was parallel to this aeswmed chord., It was learred, however, that
the wing chord of the J«3~C is assumed to be the bottom surface of the

wing.7

By a rrocedure described in scne detail in Appencix B, it wae deter-
mined that the difference betwean the asswmed chord ard the trus chord of
the wing wae 12, 394,

To calibrate the angle-of-attnek installaticn at varlous attitudes
in flight, a large protractor with a bubble level fixed on a movable indi-

_cetor was 'rounted on the left rear window of the testing alrcraft. Thie

inclinometar was so fixed that it indicated O° when the bottom surface of
the left wing root was level.

It wae then necessary for the test pllots to check angle-of-attack
readings in the alr. The pllot flaw the testing alrcraft from the front
seat and the observerrecorder sat in the bsck seat so that he could read
the inclinometer accurately. The pllot selected a desired flying attitude.
He then adjusted thas throttle untll the alreraft was neither galning nor
losing alfitude, This was croms-checked by a rate of climb indicator and
the radio altimeter, The obeerver=-recorder, in the meantime, kept the
bubble on the blude of the protractor centered at sll times, When the
pllot decided thut the ship had settled down to stable flighi, he called,
®NOW,"™ arl read the angle-of-attack, alrppeed, and r.p.m. The obgerver
stopped sdjusting the bubble, leaving the protractor set, while he reccrded
the instrument readings culled out by the nilot as well as the protractor
reading, Flight testing was nascessarily restricted to times when there
wat & minimum amount of turbulence. It was necessary for this reason to
make many test runs before acoeptable data were obtainad. .

b, Results. After a nmumber of preliminary trials were rejected
a series of angle-of-attack indicator and inzlinometer readings wers ob-
tained. rom these readings, five polats representing the average readinge

.

7Tha followlng 1nformation was obtained by telephore from the Piper
Aircraft Corporatior Engineers et Lockhaven, Pennsylvanias

1. The datum 1ine of the J-3-C to be umed for longitudinal leveling
is the longeron which runs from the tail. and passes under the
window on the left side o>f the ship;

2, The root angle of ineidence 1a +2930', Both wings are washed out
which decreeames the angle of incidence to -41' at the wing rib

) located at the outboard end of the aileron;

3. The wing chord of the J-3-C 1s considered to be the bottom sur-
face of the wing, which is nearly flat. The wing used on the
ship is a Clurk airfoil 35B modifiad, :
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nt selectes points on the srgle=oi-allicl swale wero cbbu.nsc, 2Iv:E ung
sach were attempted a* Indicated angle-ol-attack readings of approxiz.tely
3°, 1,%, 20°%, and 25°, Tae following “abulation presents the swerage engle-
nf-gttucl indi=-ted at each of these Jilve peliats and the correspondir; call-
brated angle~ef=nitack values.

snple~of-Atback Reanlnss

Point Indicated
A 8,25 4.03
B 15,50 9.00
c 21,12 1343
?) 25,18 16,17
) 2750 18.05

From grapeed data, as indlcated in Tigere 2, it rus judged that Lhe
relaticnship tetween the indiceted angle-of-sattack and calibrnted engle-<
sf=stieck vae linear in cheracter, 2wl coulc D2 expressed by thne Jollizuing
acuaticn; ' ‘

C.&/A = 0,75 T.v/a -~ 2.54
On tha basis of this equaticn, the calibiiated angle of attuek “or eack

noint on the FKollsrmsa indicator sesls was determined, There valuss are
prosentad in Table 2, folluwlng.
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Every effort was mace to Insure the sceurucy and reliabllity of the
testin;; instruments in order that the da:z obtiined might be accurcie and
dependable. Severa. montha of working time vere required to complete this
phase of the Project, The des’gp urd the size of the testing aireruflt
complicated tle probhlems ol lestrumeniation Jor testing purpoces, Honever,
all of tne necessary instruuents were iuctalled and properly ecalibraiad,
After thie process wus completed, the tesilaz alreraft was 1lnsoectal
the C.a.A., and was apprevad for flight vnder the ususl Ciwil ir Reguies
tiocas for auch alrcraft. Tie weight anld belance requiremants werz rat, B3
were ail oitber regulatiors, It was not, thervelcrs, necassary (o replsier
tha testiny eireraft as en experimsrial one. n thic sonse, ai lans®, the
plans did et depart sigrieantly from the general zherceteriatizg of
other Piper Cuts as they are used ip flisht treinipg and by privats piiots.
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TARLE 2

ANGIE C€F ATT4CK CALIBRATION FOR YOLLSNAN
ANGIE-(F -ATTACK (hOXZATOR INSTALLATION
ON ATECRAIT N 41578
C.A/A » 0,75 1.A/A - 2,54
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Jdrdicated Calibrated Indicated Calibrated
Angle Angle Angle Angle
of of . of of
Attack Attazk Attack Attack
L =1, 19 11.71
2 =1.04 ) 20 12,46
3 ~0.29 21 13.21
4 0.46 22 13,96
5 1,21 23 14.72
6 1,96 24 15.46
7 2,71 V-] : 16,21
g 3.46 26 ' - 16,%
Q 421 27 17,7
10 4,96 28 18.46
11 5.71 29 19,21
12 6,46 30 19.96
13 7.21 31 20,71
AVA 7.96 32 R1.46
15 8,71 33 22,21
16 9.46 34 22,96
17 10.21 35 . 23,71
18 10,96




PART III
RECOVERY FROM THE STALL . | ‘ !

Eleven yractical uesneuvers involving climbs, glidea, turms, ‘and vari-

ationg in power settings were investigated., Recoveries were effucted by o
the optimum ume of combinations of the following: Power (P), Rudder (R}, i
Allerons (A), Elevators (E), Nore on Horizon (OH}, end Nouse belca HYorizon e
(BH). The mneasures of the relative affsotivensse of the various Dathods Y
of recovery from the primary stell were expressed in teras of sezonds 3
necessary for couplete recovery, and altitude in feet lost durirg recovary. P!

In the firet series of tests of recovery from the full stall, the alrcraft 5
was recovered to straight and level. fllght and, in a second serles of 4
tests, to the normal flight attitudel for each sanouver belrg attempted at -
the time the stall occurred, In addition to the neasurement of altitude T
lost during recovery and the time required for effecting it, measurcnets R
were also made on airspeed and engle-ofeasttack., These deta provide the R e
basie for the evaluation of the recovery methode used in this study. - j

A, The Gereral Plan of Testing oz

The general plan of testlng was to fly the instrumented alrrlane over
a body of water, advance toward the stall condition in a defined naneuver,
stall the sircraft, wnd neasure ite performance under varioue iethods of
recovery., Sinece the rudio altimeter was especlally seasitive %o changaes
in altitude, it wes important to corduct ell of the tests over ¢ rela-
tively flat surface, Tt wags inportant, also, to standardize tae varlous o
methods of recovery so that they could be adequately described and repeated Y
in successive trisls, The tests were essentially tesis of the performance
of the aireraft. It has been noted in preceding eections of this report
that only two test pilots were used throughcut the study Une test pllot
flew the alrcraft and made a limited nucber of instrumeni readings. Host
of the inmtrument reasdings, however, were made by an observer. The two
teet pilots elternated the piloi-observer respcnsibilities on a ‘eystematic
oasis go that the resulis for any cne maneuver-recovery combinatlion were
soualized in terms of pilet performance,
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The plan of testing specified that each recovery method be represented _
by at least ten trials rerforned under controlled and reproducitle con- C
ditions, It specifled further, ihat the tes%s vere to be rum in re latively
calm air so that the effects of turbulence would, insofar as poscible, be

lps defined in terms of angle-of-attuck and air speed. -,

*These were Fhilipy B. Samgson, 5.R.2. Chief Test Pilot, and Lou J.
Kerlvun,
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squalized from triel to *ris. within the seme tert, and between various
types of recovery in each maneuver tested. The general purposes of Lhese
specificetions were to cbtaln date under coamparable conditlons.

B. The Manecuvers Testac

It wes necessary for several reasons to restrict the naneuvers investi-
gated to "typical" flight manpuvers. Primary stalls occeur in aany couaplex
types of aircraft maneuvers; it wae not porsible to lnvaptigate all suek
maneuvers., It ls believed that the eleven practical mansuvers which were
gelected for testing are sufficiently Inclueive to provide the busic date
on stail recovery.

The nanewvera tested weres

1 Straight~Ahead - Clinbing Power (Full Thro‘tle);

2 Stralght-ihead - Cruising Power (2,100 Tepet.);

3. Straigkt-Ahead - Reduced Power (1,000 r.p.m.); ° »

4. ILeft Clinbing Turn ~ Climbing Power (Full Tarottle);

5. hight Clinbing Turn - Cliabing Powsr (Full Throttle);

5, Left Gliding Tura - Reduced Power (1,000 r.p.m.);

7. Right Gliding Tura ~ Reduced Power (1,000 ToPel. )}

8. ieft Steep Turn - (2,100 r.p.m. - 609 Bank);

9. Eight Steep Turn -~ (2,100 r.p.m. - 60° Bunk);
10. left 5low Turn -~ Reduced Fower (1,500 r.p.m. - 30° Bank);
11. Right Slow Turn - Reduced Power {1,500 r.p.m. = 30° Bank).

" For testing purposeg it was necessary to define these manauveré and

. to spacify for each the power setting and the degree of vank, where turnms

were inveclved, In practice, of course, the pllot of a light alrcruft may
be one who flies "by the seat of his pants,® ard his aireraft may not con-
“aln the instruments whereby his flight uttitudes or nameuvers cun be
defined go speclifically, Nevertheless, the private pilot is concerned
with full power elimks, reduced power glides, and level turne, He also -
engages in slow flight frequently, with reduced or crutsing power. Thete
are maneuvers in which the inadvertent stall occurs.

Conditions in whickh stﬁlls tay occur, Stulls occur in full power,
climbing naneuvers. In climblng out of s short fleld, the pllot may

. attempt to obtuin the steepest possible cliwb, particularly if there is

danger from trees, telephones and telegraph wires, or other cbstacles in
his path, If the runway fuces a snall hill and the duy is windy, the
pllot may have an extraordinarily diffieult tmsk in climbing over the
ridge. Sometimes it 1s necessary 1n thesze climbs to make turns. to avoid
objects such as a tree or another aircraft. If he turne elther right or
left and cttenple to clinb as stseply as posslible, then he 1s bringing
about a situation in whieh the alrcraft can easily stall.

‘Stalls appurently occur frequently under crulsing power., The pilot!s
attention nay be distracted by sonething outside the plune. This 1m

Sk
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frequently reported as his "giri friemd's® house or his omp home, tia field

where he 18 trying to enter the traffic puttern, or another airplane ia the
immedlate vicinity. The etraight-azhead, cruising power manauver may ra;ult
in a atall) when the pilot i1s not paying attention to his airplane and pulls

the stick back too far. This uay bappen, slso, in the trafflc pattern when

the pilot attempts to regain traffic altitude without applylng powev.

The gliding maneuvers may be especlully dangerous. In some casss the
pllot attempts to stretch his glide to reuch the runway or to make a good
approach %o a =mmall field, The pllot pulls the stick back, attempting %o
retain as much altitude ae possible, He mey be caught in a down draft in
his gl%de ‘into the field, or a sharp gliding turn may precipitate tha
stall, : ‘

Stalls in steep turre are likely to occwr when the pilot has overshot
his course and is attempting to get back on course as soon as possible,
This may occur in turning onto the downwind leg of the sirfield where tae.
pilot has decided to turn abruptly on the downwind leg, or during the turn

to the base leg where he hac misjudged the wind velocity. He moy fand sude-

Jenly thut he is drifting too far from the airporti, In this case ho steep-
ens his bank in order to conserve distance. The stell out of the steep
turn may also occur on the Important turn onto the final, whera the pilot
has overshot the wind line., Stalls from steep turns may also occur durlng
the performunce of the practlce naneuver, "Oun pylon-eight's."”

In thies study, level turns ware performed at reduced power, 1,200
r.p.m. This simulates the turn the pilot mekes whon he discovers trat 1
is about to overshoot the field on the downwind ieg. He may reduce power
and start a turn onto the base, or onto the downwind leg, or onto his flual
leg. In such cases his sttenticn is frequently diverted outside hir gir-
plane, The pllot may throttle buck s¢ thut he can make a small radius
turn. In doing this he slowe up hls airplane to the point where the plane
cun eapily stall.

C. Methods of Recovery

Ar in the case of maneuvers :Lt was necessary to define apsciflically
the methods of recovery tc bs teﬂtad. Before ithis atudy wap underteken, it
was believed that the methods of recovery mighu be described geaerally.
Preliminary testing revesnled the veed for more adequate definition snd
falrly exact specifications to guide the ta2st pllots in the testing work,

3The teat pllots fly'ng the iesting aircraft reported that those

gstalle which resulted from a glide may be the most dangerous of =11, A
stell resulting from a glide, whether it be in the straight-ahead, right
or left turning glidu, appears to give very little warning. Both testi
pilots agreed that the st?'aight-.;.nead glide pives the least warning or
any of the stalls pérformed.
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Preliminary interviews., In personal iatervigws with approxinately
43 Tlight instructers, opinicns were cobadned as to the oplimum methols
of recovering a stulled cirglane. Five rensral methods of recovery vire
reconmended by whe inqtructars interviewea, These xeras

i. Put the nose toward the ground,
2. Put the nose away from the pilet,
3. Add power,

4. Use rudder only, and

5. Use allerons. '

For experinental purposes, these recomaendatlons for ways in w.ich
to recover from the stall wera somcuhut ambiguous, It will be noted that
three of the recommendations vertain to the use of controls, and two ser-
tain to vhet is dona to the airplane; i.e., putting the nose towards the
pround and putting the nose away from the pllot, It was evident during
early conferencens devoted to the problem of defining methods of recovery,
that even ‘he t2st pllots who had interviewed these instructors did not
wndargtand exactly what was meant. As a result of these conferences, a
more “undanental analysis of the possible methods of stall recovery was
devalopec and tested experimentally.

Methcds of describing stall recovery. Recovery of an airplane from
a complete =tall may be described in eitber of two ways. In the first
place, the description may be concerned only with the particulur controls
thet are used in effecting recovery. Seccndly, the recovery may be de-
scribed in terms of what happeried to the airplene in reldtionh %o its atti-
tude, siraspeed, or other flight veriables. The defirition of the methods

‘of tecovery as used in this study involvec both types of deseripties.

Definitlon in terms of power plant ard control surface, Methods of
stull recovery were first defined in terme of the power plant and the
thr2e conirel surfuces of the plans; i.s., P- add power, R~ use rudder,
A- use all~rons, and E~ use elevators. This type of defin’tion resuits
in fifteen poesible statenents of nethods ¢f recovery fron stalls:

P - add power only,
R - use rudder orly,
A - use allerons only,
E - use elevators only,
PR - add power and use rudder,
PA - acd power and use ailerons,
PE - add power and use elevators,
Rt - use rudder and ailerons,
RE - use rudder und elevetors,
AF - use atlerons and -¢levators,
PRA -« add power, use rudder and allerons,
PRF. - aid power, use rudder and elevators,
PAE - add power, use ailerons &énd elevators,
RAF. - use rudder, ailerons, and elevators,
PRAE, - add power, uss rudder, ailarons, and elevators.
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These dafivtiticne appeursd Lo be more fruliful for experimental
purpeses then the suggestions made by the Jnstructors., Tue inairuetors?
recounendations involved not only the use ¢f certuin controls, but also
what was accomplishad by them, Thls latter charucterlietlic provided a
clue for defining two other variantions in zethods of recovery. Thesa
were the "On Horizon® recovery attitude and the "Belou Horizon® recovery
uttitude,

Definition in termp of visual refersnce emplayed. While a pliet uses

certaln controls and the power plant to effect a recovery from the complete
staell, he must also be provided with some visual reference to the attitude
of the plane, This reference under visual flight conditiens 1a ususlly

the - horizon,4

The usual procedure of recovering from a full stall is "to push the
nose below the herizon and regain air:zpeed as soon as possible.” This
procedure is probebly quite satisfactory when the loss of altitude 1s not
the first matter of importance. It 18 obvious, however, that s pilot who
holds the aircruft nose-down taward the ground for sny significunt length
of time may bulld up excessive ulr speed or lose excesslve altitude or
both, At low mltitude the pllot is primarily concerned with effecting
recovery with the least possible loss of altitude,

"0n_Horizon" and *Below HJorizon” recovery methedg. In experimenting
with various degreaee of ®*putting tne nose toward the ground”" the test
pllots reported that the testing eilreraft wouwld regaln stralght and level
fiight if the nose was arrcstead es 1t neared the horlizon lirne, and was
stopped on it. It was reported that stralghf{ and level flight could be -
achieved more rapidly, however, by putting the nose below the horizon und

_rvegaining airspeed more rapidly. K These two possibilities of defining the
method of recovery were ircorporated into the design of the atudy.5

4Under instrument conditions it may be special instrument readings,
e.g., air speed, degree of bank, or other measures, This study was pri-
marily concerned with light aircreft in which instruwents. are ordinarily
not available, It was believed deslruble to experiment with attitude
referancea that would be readily evallable to any pillet under day contact-
flight rules. When the pilot uses varioua controls tc effect a recovery,
he may "put the nose away {rom him,® as in a turn, or he may "put .the nose
towards the ground," as in a straight-ahead climbing or gliding stall, but
he nesds more definite instructicns than this. The light alrcraft stalls
in a nose-high attitude and, as he ®pushes® the nore toward the ground or
away fron him, he should have at least some raference point or line which
wlll tell him how far to push 1t,

‘ 5the test pilots first experimented gingerly with the test of recovery
to "on the horizon.® This was done first at an altitude of approximately

1,000 feet. One of the test pllots was skeptical that the recovery could

be effected in this way and thought 1t unnecessary to attempt this type of
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More specifically, the "On Horizon* recovery method was descrlbed
as the one in which the nose of the alrcraft was arrested and held on a
loevel with the horizon line, The tast pilots held the nose "On Horlzon"
rather than let 1t fall below. On the othsr hand the "Below Horigon"
racovery was effected by deliberately “pushing® the nose down bealow the
horizon. In this latter maneuver there were no rigid measwrements of the
exact extent to which the nose was "pushed” below the horizon, but it was
estimated by the test pilots that in the "Relow Horizon" recovery the nose
of the alrcraft was aimed at a point approximately 15° below the horizon
line. Both tert pilots were also expsrienced flight instructors. It was
thelr judgment that the "Belaow Horlzon* recovsry was the pormal recovery
used in instruction at safe altitudas where loss in altitude was not in
question, but where a safe and efficient recovery to straight and level
flight was the principal concern. It was believed unnecessary to define
either of these criterion conditions more specifically.

Flight inetructors and pilots can easily understand the difference
between these two types of recovery and even though the "Below Horlzon”®
recovery may eometimes mean an angle greater than 15° below the horixon,
the findings of this study would only be exaggerated by this procedure.
The pilot who attempts a very steep *Below Horizon® recovery will regain
airspeed 1ln a very short time, but he may have difTiculty in recovering
the airplane to straight and level flight without precipitating 8 second-
nry stell or a consequent apin.

*On path" and “below path? recovery methods, , The #On Yorizon* and
*Below Horizon™ methods of recovery were. the model also for "On Path"
end "Below Path" methods of recovery from gllding maneuvers. As de-
scribed later, the testing alrcraft was, in one serles of tests, recov-
ered to the angle-of-attack and airspeed characterlistie of stralght-ahesad

- glides and left and right gliding turna. In effectlng recoveries under

“0On Path"™ and "Below Path® conditlons, the pilot employed the same gen-
eral procedures used in recovery "On Horlzon" and "Below Horizon" methods,

"On Path" recovery was effected by "pushing® the nose downward or
eway from the pilot until the criterion of recovery (analogous to the
horizon line) was achieved and the alrcraft was held in that position
until it gained sufficient airspeed characteristic of the maneuver in-
volved. That 1=, when the recoverjes were made from the stall induced
from & straight-ahead glide, they were effected with the nose below the

5(c°nt')exper1mentation. Hovever, the second test pilot had hid a
related experience in the Army Alr Forces in which, ae he stated, certain
multi-engine aireraft were recovered from the full stall by the *n Hori-
zon" reference, rether than the *Celow Horizon® reference. It may be of
interest to report here that the first test pilot who doubted the fgasi-
bility of this method of recovery, was soon convinced of its application
and use.

/

—



Lerizon and held en the POn Falb atiitude for that manseuver. Just as

in the cass of the "Below Horizcn" recoveries, the "Relow lMath" recoveries
Involved greater use of elevators, with the nose held below the norual
flight path untll flying airepead was regained, and the noepe was then
brought up to the criterion ettitude,
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. Definition of recovery methods. These methode of recovery were ae
carefully defined and execuied as possible, In thosse recovery methods, for
example, which involved oply rudder and elevatore, the stick movement at-
tempted to effect changes in the elevators only, In certain turning man-
euvers, 1t was not possible, .of course, tc avoid the upe of scme alleron
in an RE (Rudder and Elevator) recovery. This vaguenese of definition was
of considerable concern to the test pillots in the eurly stages of the in-
vestigation, but ufter demonstrution and explanation, the pilots were able
to perform an RE recovery with the introduction of only a minimum aileron ;
effect, . '

A
e

S e RE

e atks o

E

An RE recovery may be defined, generally, as ore which was effected
by the optimm use of the rudder and optinum use of the elevator and with
&8 ninimum of aileron conirol and no .change in power setting. Similarly,
an AE recovery involved the optimum ness of the alleron and elevstors and
a minimum of rudder control, and no chenge in power. In fact, in the AE
recovery, the test pilots customarily released the rudders in straight- i
ahead maneuvers and performed the recovery with their feet off the rudder -
pedals, In turns, vwhere some rudder was already in use and was necegsary
to continue the turn, the AE recovery specifled that the pilot make opti-
murmt uge of the ailerons snd elevators and move the rudder as little as i
possible and not at all, if fearible,

e
Bt St R

BTl

Certain of the recovery methods were therefore "purer® than others. i
A1l maneuvers involving power (P) can be definitely defined as those in
which additional power wae applied. All streight-ahead maneuvers not i
involving rudder were generally performed with the feet off the rudder- CeE
control pedals. All turns where R wus not specified involved a minimum .o
movement of rudder after the turn was astablished. '

DP. 'Criterla of Recovery

Recovery from a stall implies recovery to scme flight attitude. Im g
inetruction the student 1s generally taught to recover to siralght and B
level flight. #When the stall ccecurs under actual flight conditions, the o
pilot may be less interested in recovering to straight and level flight =
than he 1s with full control of the aircraft 1n the flight attitude char-
acteristic of the maneuver he was attemyting at the time the stall occurred.
Thus there are at least two usable criteria of recovery: (1) recovery to
straight and level flight, and (2) recovery to the flight attitude charac-
teristic of the mansuver being attempted at the time the stall occurs.

1. Regovery to Strulght and Level Flight o

Recovery to straight and level flight 1s designuted as Case I in this ‘;g
study. It 1as described as straight and level light and was defined in :
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terms of angle~-of-attack at cruising airspeed. To determine the ilmnstru-
ment readings characteristic of straight and level flight, successive
tests were run over water with the sensitive altimeter and the rudio
altimeter in full agreement for an extended period of time (from 3 to 5
minutes), and during this period the observer recorded constantly the
angle-of-attack readings throughout the trial. Successive trials were
run on several deys and an average of all of the angle-of-attack readings
taken under thess conditions was obtained. T:;ic sverage angle-of-attack
reading for atraight and level flight in terms of angle-of-attack was
7.0° indicated, 2.71° caiibrated.

Recovery to straight and levql flight; then, was Judged to be ef-
fected when, following a stall, the airceraft had returned to 7° indicated
angle-of-attack, wing level, straight flight.

2. Characteristic attitude of Flight Maneuvers

hen the alrcraft was recovered from the complete stall to the flight
attitude charucteristlec of the maneuver belng attempted at the time the
stall occurred, this was designated as Caee II, Investigations of Case II
recoveriag were limited to glides: straight-ahead glides and left and
right gliding turne. In determining the flight attitude characteristic
of 2 normal glide, the aircraft was glided at 65 m.p.h. indicated air-
speed in successive irials similar to those conducted in straight-ahead,
level flight, and the observer similarly recorded angles-of-attack during
the glide. The result of this test indicated that the anple-of-attack
characteristic of the normal glide wap approximutely 13° indicated 7.21°
calibrated, with a power setting of 1,000 r.p.m.

In effecting recoverles from stalls initlated in gliding maneuvers,

the aircraft was recovered to an indicated angle-of-attack of 13° and an
indicated airspeed of 65 m.p.h., 54.2 mn.p.h, calibrated,

E. General Testing Procedures

1. The Testing Schedule,

Before any final tests were run, the entire testing schedule was

‘outlined. This schedule provided for the staggering of testas of varlous

recovery methods in different aaneuvers, so that a particular test would
not be adversely affected by variations in the weather, In the condition
of the alrcraft, or similar factors. Insofar as possible, the tests were
conducted 80 as to equalize the effect of factors likely to affect the
perfornunce of the ailrplane. These iacluded, among others, the day on
which the test was flown, turbulence, and the pilot flying the alrplans,

2, rrelimipsry Fxperimentation and Fractice

During the perfornance of the stall and the recovery, both the pilot
and the observer were busy witk their several tascks, and each had to
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persuim his tasks seooeihly -nd siowavely balores tha tast ooula we succens-
ful. The firast stzge of exerirsutatior began with amreenent or. directiong
for performing mancuvers and recuveries. Several flying days were requirsd
to complete this phesa of tus study. In ell, & period of approximately tun
weeks was spent in sonfersnce end experimertation with th2 varlous recovery

methods. Caution wes exercised also in the matter of approach to the stall.

Consideruble tralning was necessery so that the observer and the pilot
could read the inatruments accuraiely and effleclently. &ith the possible
exce~tion of the stop» watsh, a1l of the indicators read in collecting data
were movin: at the tlmwe reudings were made. Several hours of [lying were
required to provide the necessary training,

3. Teets nerc Run Only_in Relutively Calm weuther.

The testing procedures required epproximately five months to conpleta.
It was necessary for reascns of ca:narability to fly only when the weather
was relatively caln., Many of tho tests were mude in the early morning
hours and in the very late afterv,on hours. Tests conducted in turbulent
air were re-run under sultuhle wsather conditlous.

4. All Tests Were Coniuwcted Cver n Body of liater.

Approximately one-third of the tests were conducted ovsr a relatively
celm bay, sheltered from ti» opsn ocran by a beach off Boston Harbor,
Approximately two-thirde of the iceting was done over lakes or f{loodad
lowlands in the vieinity of BedTord Air Force Base, Redford, Massachusetts.
These bodies of water provided a flat surface end altitude readings were
therefore not subject to ovon the medorute variations in terrain that
might have beaen encountered hed a plain or other relatively "level land®
surfaoce been used for testing prrposes,

Since all of the tests were conducted at very low altitude (from 400
to 700 feet) end there wes the uvenal possibility of an engine fallure, the
testing areas were further resbrictsd to bodies of water with a suitable
landing beach or, as in one cass, o convenient golf course nearby.

5. Instruments Were Lheckcd Deily,

As reported earlier, the angle-of-attack indicator was reset daily by
the use of a template. This was necessituted for two reasone, Casual

6The test pllots repcrted that a stall which was approached gradually,
az nlght cccur in flight, possecced characteristics quite different from
the "accelerated® stall, There 1s little reasom tc doubt that the con-
dition under whlch the stull is sprroached will affect its recognition on
the part of the pilot and may rossibly introduce psychological factors
affecting his method of rccovery.
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| vipitors to the hangar were intrigued by the novel boom installation and

*tested” the wvane, desplte the warning sign which waa left on it during
the times whon the plane wae not in flight. Also, as the testing pro-
ceeded, the setting of the vane on its shaft ‘becmme displaced to some
axtent so that resetting was neceasary.

6. Testing pPeriods liere Limited to Approximutely One and One-Half
liours, )

At the end of one and one-half hours, the pllots reported consider-
able fatigue. There was no way for the pilot und the observer to change
positions in flight, The gasoline supply of the testing aircraft was
sufficient for about two hours at crulsing power, with only a small supply
of gas left for safety margin. In view of these facts, the testing periods
were generally restricted to aprroximuately one and one-half hours. On
many occasions, the period during which testsz were being nude was only
about one hour per flight. It was sonetimes necessary to fly from twenty
to thirty minutes to reach the testling ares.

7. The Pilot Concentrated on Performing the Stal ; and ggcovering tgg
Aircraft.

The pllot's maln responsibility was to approach the stell ia a par-
ticular maneuver in a specified way, to stall the alrplane, and to recover
in accordance with a striet definition of the recovery method. An impor-
tant reagonaibility of the pilot was to shout "Now" when the alrecraft
stalled.’ He was required also to read the airspeed at the instant the
stall occurred, and at the time the- observer shouted "¥ow," when the
recovery had heen effacted,

The pilot sat in the rear seat, but with the cooperation of the obser-
ver, he could easlly read the airspeed indicator which was located near
the right-hand side of the instrument panel, almost directly in front of
him, (See Plate I.)

8. The Observer Wap Primarily Resgonsible for Reading and Recarding
the Test Data.

Sitting in the front seat, the observer had the instrument pansl
immediately in front of him., A4s the pilot procesded towards the stall,
the observer watched the angle~of-attack indicator. At the instant the
pilot shouted "Now" the observer made a mental note of the angle-of-attuck,
started a etop watch; and tlien read the radio altimeter. The observer then
returned to his scrutiny of the angle-of-attack ilndicator and wiien the

ey —p-

7In those mameuvers where the stall wus "progressive," the pillot began
his recovery and said "Now" at a pre-determined angle-of-attack,



nsedle reached the crlterlon E.nglemfk-utte.ck,a he shouted "Now," stopped
the watch, read the zngle of attack and then reed the altimeter. The
cbserver recorded the initial snd final angles-of-attack and the. initial-
and final eltituds readinus, e he had read and noted them on the indica-
tors. He then secured the initial and final alrapead readings from the
pilot and recorded these data.? .

-9, The Pilot end the QObgerver Alteraated Responaibility.

This was done for several reasonss (1} after approxinatsly one and
one-balf hours of performing etalls the pilot beéime quite tired, (2) it
was desirable to teat out directions to the pilot to discover whether a
gsecond pilot could repeat the recovery methods, (3) it wes important to
~ prevent the possibility of testing one pilet's flying *tricks® which

might particularly affect the results of one of the several recovery
methods, and (4) valuable eriticlism and suzgestions obtained during the
testing period came from both pilot and obssrver, and each of the two
men mede good suggestions for improvements in procedurss.

10. Each Test of a Recovery Method by Manauver Involved Ten Accept-
able Trials.

In general, five of thase irlals were performed by one of the two
test pilots, end five were performed by the other. Generally, also, the
pilot who was flying the plane performed a test of one combination and
then went on to a schedule in which a second triel involved a second
maneuver or a second recovery procedure,

11. Only Acceptable Trials Were Included in the Data.

Even on reletively calm days, momentary turbulence will sometimes
affect the behavior of the airplane. The test pllots were the Judges of

whether each successive trial was: (1) executed properly in terms of the

definition for the mancuver and its recovery, and (2} whether the con-
ditiona were proper for the test; that is, whether turbulence or other
factors interfered with obtaining accurate data on the trial. When the
"pilot was not pleased with his approech or recovery as a typlcal per-
formance, he requosted thet the trial be re-run. When the observer was

o

Si.e., the mngie=of-attuck representing the recovery from the stall
under the partlcular experimental conditlone prevaliling.

here was no method by which the accuracy of the cbserver's inatru-
ment readings readily could be checked, or for determining the degree to
which the piloti's performance met the stated conditions of the respeatlve
muneuvers performed. However, both pllot and obssrver underwent a perlod
of intensive training and it appears reasonuble %o assume that the cbser-
ver and the pilot representad negligible, or certainly minor, sources of
error.
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uncertain about the instrument readings, he requested the pilot to re-run
the trial. It might be noted that thie procedure represents a potential
source of error through introduction of observer or pilot blas. Undoubt-
edly both observer and pilot, as the testing proceeded, reached at least
tentutive conclusions regarding the relative merits of the “On Horizon*
and "PBelow Horizon® proceduree. It might be argued that the observer and
pilot could tend to throw out as "not typical® trisls in which the results
were out of line with thelr preconceptions., This night huve exaggerated

‘the differences obtalned between the two general methods of stall recovery,

e

On the other hand the two pilots not only were given extensive traln-
ing, but had experience on previous projecte and were unculcated with the
"rerearch point of view.® Moreover, the pilot was specifically instructed
that trials should not be thrown out on the bgsis of the rasulta of the
stall exscutlon and recovery. Although the lnsirument was in the pilotts
fiseld of vision, the obegerver, rather than the pilot, read the radio
altimeter for the record, and the observer "threw out® a trial only if he
could not make the required instrument readings,

Furthermore, inspection of the tables following indicates that the
mean angle-of-atteck and mean airspeed at the point of stall was approxi-
mately the same whén the "8n Horizon* and "Below Horizon" values are com-
pared for the various recovery conditions, There is no marked trend, for
exanple, suggesting that the pilots "eased up" on the "On Horlzon" maneuvers
and executed a less clean, or a less violent break than under the "Below
HorizonY conditions. It will be notad, however, that there are a number of
statistically significant differences {in terms of angle-of-attack at the
stall) between vurious recovery methods in certain maneuvers, These re-
sultéd from a systematlic change in the procedures for reading this instru-
ment part of the way through the investigation, and are of little practi-
cal significance,

12. All Original Data Were Recorded in Terms of Indicated Values.

For obvious reasons, the test pllot and the observer were not required
to translate original date into calibrated values., The angle-of-attack
readings recorded on the date sheets wesre as read from the indicator. The
altimeter readings as indicuted were, of course, only half values., The
original observatlon sheets, for example, report an initiel altitude of
300 feet when the true altitude was 600 feet,l0

13, The Obgerver Was Properly Equipped for Accurate Recordinge.

The observer recorded all dats on & clipboard to which a standard form
vas attached., This form was filled out inscfar as poscible in advance of
the flight so that the observer's only task in recording wam to select

1050e discursion of the calibretion of the radio altimeter, page 25.



the proper column and record the information he had rezad, in addition to
that read by the pilot. A copy of the record form used in these flight
tests 1s presented in Appendlx C.

14. The Testing Alrcraft Was Cerefully Maintained During the Testing
Feriod.

For reasons of safety, the testing uircraft wus very carefully nain-
tained throughout the testlng period. It wes checked before esch morning
and afterncon flight by the Project mechanic and by each of the two test
pilots. Several days were spent in meintenunce and revair which were
necessary not only for purposes of szfety and compliance with the C.h.4.
regulations, but also for the purpose of keeping the aircraft in near-
perfect condition throughout the tssting procedure.

15. The Tesls dere Performed under Careful Supervision.

The Project Dirsctors and other aembers of the Froject Steff met with
the test pilots, generully on a daily basls. These conferences were con-
cerned primarily with the probleme of terting und particularly with the
exacution of recoveriaes in accordance with the deflnition of the method.

F, Case [ Regults -=- Recovery 1o Streight and level Flignt

1. Recovery from a Stall Qut of a Straight-Ahead, Full Power Glimb.

Seven methcds of recovery from a stall out of a straight-shesad, full
power clinb were tested. These are llsted in Tablse 3 following.ll It will
be noted from this table that four recovery methods utilized *Felow iorizon®
procedures, while three utilized "OJn ZJorizon® procedures.12

llThe abbreviations used in designating rdrovery methods 1n Table 3 and
in succeeding tablez are as followa:

P « add power

R = use opiimum rudder

A = use optlmum alleruna

E < use optimum slevators
OH = recover with nose helid on horizon
BH = recover with nose held balow horizon.

121n recovery froa the stall cocurrlng as the result of a full TOWET,
straight-ashead cliab, only seven z2ilsds aprearad te be wcrthy of invertiga-
tion., In the first place, all recovery meihods Involving change in power
were autometically cencelled, Climhing power le full poser and, consaguently,
there is no poszibility of adding pover. Thus, tha "F" reccvery methocs did
not apply to this maneuver., It should alsc be notad here that the test pilots
attempted to recover the aireraft witk ailerons only (A) with the nose btelow
horizor (A-BH) and oa horizon (a<0OH), The behavior of the mirplane wuc g0

NECUVR
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Tnip teble presenta the sveruga Aate values of tea trials par recovsry
wzthod, Tte data include tue folluwing: everage slispesa at the time of
25all end &t the tims of re~cvery, the awveraze angle-of=atiack at the
tboe of stell, the aversge lvcs of altitude in feet lepulting from Lhe
gtall, and the average time in seconds requlired to recover the alreraft
t¢ gtreight and level fiight. lé

Table 3 may be reud as follows: with respect to the E-BH method of
racovary, the average truc alrspeed at the tlme the stell occurred was
35.87 m.p.h.} st recovery, the everage airspeed for the ten trisls by
thia methed was 67,07 m.p.h.; 1t the 4ime of stall the true angle=-ofe«
attack was 18.460, The average number of feet loat in the E-BH racovery
method wee 108.00 feet and the time required to effeci recovery was, on
tha avearage, 5.73 securds. Tkese values are shown in the table in the
row opporite the small @ 'ezen). The second row for each racovery method

. presents the standard deviation (&} of the calibrated valuss. For ex-

awpie, ia rethod E=BH the sisidard deyiation of true alrspeed at the stall
vas 0,57 m.p.h., and the stardard deviation of the measures of aititude

1lost in {hls maneuver was 24.<8 feet, The third row under each recovery
nathod presents the standard error of the mean veluss listed in the =ame
coluan. Thet is, in the column listing the callbrated sirspeed at the

wtall, method E-BH, the value 0:1G is the standard error of the mean 35.87,15

12 (Contolerrgtic and the 20851bl1ity of recovery so remote that there
appeared to be no practical utility in attempting te recover the aircraft
by uslng eilerons only. It va3 occasionally possible to recover to straight
and level I'light with the use ¢f elevators only and by placlng the nose om
the horizon (E-OH). However, this recovery method alsc was far frorm depend-
able and occasionally the airerafi could not be recovered by this method.

A3 a consequence, tesis s#lso ware nct rum on thle recovery method.

1314 vill be remembered that alrspeed, angle-of-pttack, and aliitude
roadings were first recorded on the basle data sheets in terms of lndlcated
vaiues.

Liags indicated s#bove, the eritarion of atralght and level flight was
7° 1ndicated angle-of=att~cz, wings livel, :

15The standard error of the mean 15 & statistic which describes the
<tabllity of the mear value. It may be used te test statistical differences.
It was calewlated and presented in these tables so that any who might be
interested in determining the astatistical significance of the differences
between means for different methods could use 1t 1n calculation. Evaluation
of certaln pertinent differences in terms of their standard errors, is pre-
sented subsecuently in the report. (See pages 124 f7.)

(33



TARLE 3

THE E¥FECTIVERESS OF SEVEN METHODS OF RECOVERY 0 LEVEL FLIGHT
FROM A STRAIGHT-AHEAD, CLIMPING-POWER STALL

Calibrated Calibrated Loss of Tims to
: Alrepsed at Angle of Attack Altitude Rscover

Recovory Mathod** Stall Recovery At Stall In Feet In Sec.
1. B-~-H n= 3.8 67.07 18.46 108.00 5.73
g = 0.57 2.1% 0.00" 24 .28 0.52

on = 0.19 0.71 0.00 8.09 0.17

2. RE - 0H n=  3%.90  63.49 18.46 26.00 10.54
g = 0.57 2.61 0.9 219,08 1.77

gm = ~ 0.19 0.87 0.32 6.39 0.59

3. RE - BH m = 33.8. 68.73 21.20 130.00 B8.34
(RE-RUN) g = 0.22 1.72 1.63 16.73 0.9%

cL = 0.07 0.57 0.5h 5 .58 c.31

4. AE - CH = 3%.95 6B.42 20.9% 49.00 12.75
¢ = 1.13 2.54 0.59 46,57 2.58

cR = 0.38 0.8 0.20 15 .52 0.86

5. AE - HH w - M58 75.01 21.38 164 .00 8.3¢9
¥ = 1.26 1.38 0.62 23.7L 1.20

gm = 0.h2 0.46 0.21 9.57 0.40

6. RAE - OH = 395.261 €0.62 18.61 82.00 7.69
p o = 0.70 0.36 0.57 19.99 0.8z

om = 0.23 0.12 0.19 6.63 0.27

7. RAE - B’ m : 38.95  67.47 19.44 98.00" 6.56
o 0.57 1.62 1.1 33.59 .57

gn - 0.1% 0.54 0.37 11.23 0.19

*The zero varlation wes occasicned by the pilst's beginning his recovery
at 28° indicated angle of attack and so recording 28° as the A/A at all stalls
in this serlss,

**The abbreviations used in designating recovary methods 1n Tabls 3 and
in succeeding tables are as follows:

F = add power

E = use optivum rudder

4 = use optimum silerons

F = use optimum elevators
OH = recover with nose held on_horizon
BH = recover with noge held belew horizon
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THE EFFECTIVENESS OF FOURTRYL METBODS OF REGOVERY TO LEVEL
FLIGHT FROM A STRAIGHT-ANEAD, CRUISING-POWER STALL

Calibrated Calibrated Loas of Time to
Alrspeed gt Angle of Attgok Altitude Regover

Recgvery Method sJtall Becovery At_Stall In Feet Iy Sec.
1, E«0H m= 35,14 64,70 18.54 58,00 10.47
g = 0.45  1.57 0.78 21.82 1.31

on = 0.15 C.52 0,26 7,27 Q.44

2. E-Bl nme 3444 09.17 18,31 107.00 6,06
g = 6.80 1.62 0.56 _ 32,86 0.28

gm = 0.27 0,54 0.19 10.95 . 0,09

3, RE ~ OH m = 34,02 63,62 18.54 52,00  11.12
. U = 0@65 - 1-0/4 0-62 21082 1989
om = 0.22  0.35 0,21 7,27 0,63

L, RE - BH m = 35.86 71.67 18,55 127,00 5.45
g = 0.7 2,06 0.22 ' 26,08 Q.54

gm = Ouzs‘ 0069 . 0.07 8-:69 0018

5, AE -~ OH m = 34,37 65,92 23.86 131.00 14,04
(RE-RUN) ¢ = 0.79 1.10 2.4} 43.92 2.29

gm = 0.26  0.37 0,80 14,64, 0.76

6. AE - BH m & 34,68 73,79 22,16 1.9.00 10,12
g = 1,17 2.55 0.10 3%.73 1.22

om = 0.39 0.85 0,03 12,24 0.41

7. PRE - OH m = 35,73 66,55 18,46 52,73 8,16
’ g = 011}8 1@22 0.00 23.39 On'?l?

Um = 0.16 O.AB Onm 79% 0926

8. PRE - BH m = 35.52  73.53 19.14 158,00 5,02
g = 0.91 2,29 0,22 32,49 a7

O‘III = 0.3’0 O.?é 0007 10083 0.2&

3. VAE ~ OH m = 35,21 70,46 21.84, 66.00  13.58
g = 0.70  1.55 0.66 32,1 2,31

om = C.23 0.52 0,22 10.77 0.77

10, PAF - BH @ = 35,02  69.81 22,13 64,00  17.61
o= 1.35 1076 0,08 36066 aeﬂ

Oom = 0.45 Onsg 0.03 12022 Dn%

[
s
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TiaBlk 4 (Coutinued)

Calibrated Calibrated Loga of Time to
ggzgp%ed st Angle of Attagk  Altitude Recover

Reggvery Method Stall Recovery At Stall . in Feet In Sec.
11, RAE - OH m = 34.64 ©5.,72 19,21 58.00 11.82
0 = 0.71 2,16 0.67 39.19 2,57

am = 0.24 0.72 0,22 13.06 0.86

12, RAE - BH m = 34,53  T1.4B 19,29 138.00 6.33
g = 0.87 2,68 0,97 29.93 0.66

on = 0.29 0.89 0.32 ¢.98 0.22

13, PRAE - OH m = 36.25 67.65 19,02 56.00 10,94
g = 0.69 0.93 C.47 25.77 2,94

gm = 0,23 0,31 C.16 8,59 0.98

14, FRAE - BH m = 36.05 72.%8 19.21 128,00 6.19
g = 0.66 1.51 C.17 24,82 0,77

gm = 0.22 0,50 0.06 8,27 0.26



The remainder of this fable and succeeding tables are reatl in a similar
MENNeTr,

As shomn in Table 3, the RE-OH method of recovery resulted in an
average loss of only 26 feet, Straight and level flight was regalned, on
the average, in spproximately 10.5 seconda, The sscond most satisfactory
method of recowvery, from the point of view of altitude lost during recovery,
was method RAE<OH with an average altitude loss of .2 feet and a recovery
period of approximately 7.9 seconds. Of ths seven methods of recovery
tested, AE-BH resulted in the greatest loss of altitude, 164 feet.

It will be noted from this table that the "On Horison™ method of Tecov-
ery was in each case superlor to its correaponding "Below Horixzon* method
of recovery. For example, in the RE~-BH recovery an average of 130 feet was
loat during recovery to straight and level flight, as contrasted with mthod
RE-OH 1n which an average of only 26 feet was lost,

These data indicate definitely that the pilot who stalls this airplane
in & straipght-ahead, full power climb should use the stick to hold the nose
on the horizon and use the rudder to level the wings. It may require as
long as 13 or 14 seconde to regain stralght and level flight, but he can
ba certain that this method of recdvery will result in the least loms of
altitude, If he uses the elevator to "push" the nose below the horison and
attempts to level the wings with allerons, he may lose as much as 150 to
200 feet of altitude (See AE-BE, Table 3).

2. Hhecove om & Dut of St Cruis Powsr Flight,

Fourteen recovery methods were tested in connsction with recovery from
stalls out of stralght-mhead, cruising power flight. Thees constitute most
of the possible mthofg whereby the aireraft can be recovered from a stall
out of this mansuver,

As shown in Table 4, flve methods of recovery produced nsar equal re-
sults in terms of altitude lost during the recovery from the stall: E-0H,
RE-OH, PRE~OH, RAE~OH, and PRAE-OH, Of these, the RE=-OH recovery resulted
in ths least loss of altitude, an average of 52 fest. When ths criterion
of lose of altitude is applied exclusively, all of these methods of recov-
ery resulted in approximately the samp average loss of altituds. However,
it will be noted in Table 4 that RE~OH and PRE-0OH recoveries were more con-
pistent; that ie, the variation {stendard deviation) was not as large for
these recovery mathods as for RAE-~OH and PRAE-OH.

16Tha PE-OH and FE-BH recovery methods were flown experimentally, but
were not tested. In a stall resulting from a straight-eheed, crulsing man-
suver, the left wing frequently dropped first, When power and only eleva-
tors were used for controls, recovery to straight and level flight was not
possible, The umse of only power and elevators in recovering from a stall in
this maneuver was considersd impractlioabls for the reasen that it could not
poseibly be reccemended as an optimum way of recovering,
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It i8 of special interest to note that each of these five recovery
rethods involved the ®"On Horlzon® procedure. 4s in the case of recovery
from a stall following a straight~auhead, full power climb, tne *On Hori-
zon® methods were consistently superior to their corresponding “Below
Horizon" methods,

Of the five methods of recovery which appear to be most promising in
galning control of the mireraft after a stall from a straight-ahesad, cruis-
ing power maneuver, there is little doubt of the two which are of mest
practical significance, The pllot is generslly safer with full power than
he 1s with cruising or reduced power., Thus, his choice of recovery methods
18 limited to two: PRE-OH and PRAE-OF. That is, in recovery from the
stall out of this maneuver the pilot is likely to lose the least amount of
altitude if, following the stall, he immediately applies full power, uses
Tudder and elevator as affectively as possible, and holds the nose cn the
borlzon until full control is regained and the aireraft returns teo straight
and level flight, This can be accomplished in about 8 to 8,5 secoués, on
the average., Again, as in the case of straight-shead climbs, about the
worst thing the pilot can do is to apply full power, to put the nose below
the horizon, and attempt to regain straight end level flight ms rapidly as
possible, This may result in a loss of altitude renging from 120 teo 190
feat, but, if altitude permits, he will be able to recover to straight ani
level flight in approximately 5 seconds.

3. ?ecove;y from a Stall Out of Straight-Ahead, Reduced Power Flight -
Glide

As shown in Table 5, ten methods of recovery were inveatigated in con-
rection with stalls out of a stralght-ahead glide. Of thesn, seven methods
of recovery involved "Below Horlzon* procedures, and only three involved
"On Horlzon" procedures.l7 Four of these lnvelved no increase in power.
These were tested for purposes of verifying what might heppan tc the pilot
who stalls out of a glide and neglects to apply whatever power he hsas
evailable. As shown in Table 5, he will undoubtecly ilve much longer by
epplying power and getting away from the stall as scon as possible.

Recovery method FRE-OH, with an average loss of 30 feet and time re-
covery interval of approximately 13 seconds resulted in lees loze of elti-
tude than any of the other methods listed in Table 5. The next most satls-
factory procedure involved the addition «f alleron control to the PRE pro-
cadure (add power, use rudders and elevators as offectively as pcssible),
At the other extreme, recovery method RE-BE resultad in an averapge loss of
319 feet and was fairly consisteat ir this loss of altltude, The standard
deviation of 22,11 feet indicates that even a *lucky" pllot will heve little
chance of recovering with less than 250 to 260 feet loss of altitude.

17, s ‘
The "k Borlizon" recovery procedure wus no'. used ln thoge capen whore

power was not sdded in effecting the recovery.
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The three methods of recovery using ®On Horizon" prccedures were all
suparior to any of the “Below Horizon®" recovery methods. When all controls
were used, the FRAE-BH recovery, and the noss of the aireraft was allowed
to drop below the horizon approximately 159, and recovery wap effected as
soon a8 possible, the average loss was 89 feet and recovery was effected
in approximately 7.5 seconds, Howsver, this does not compare very favor-.
ably with the 38 feet, the 54 feet and tha 64 feet losses for the "On
Horizon® recovery mathoda.

Judging from these datse, the optimum method of recovery from the stall
out of a straight-ahead glide involves the addition of power, the optimum
upe of rudder and elevator, and placing the nose on the horizon until
straight and level flight is achiaved. 4About the worst thing a pilot can
do is to.attempt his recovery without adding power and using only rudder
and elsvators, and also by placing the nose of the aircraft below the hori-
zon. Thie method of recovery resulted in an average loes of 319 feet, It
was effected in the relatively short time of 7.4 seconda; but this time
advantage, 1f any, would be only in the doubtful valus which 1s gained by
a rapld dive into the ground from an altitude of lasas than 318 feet,

4. Recovery from a Stall Oul of a Left Clinbing Turn.

Only six methods of recovery from a stall out of left and right climb-
ing turns were tested. P {add power) reccvery methods were ruled out by
the fact that full power was Iinvolved in the climb,

As shown in Table 6, recovery method RAE-OH resulted in an average
loss of 69 feet and recovery was effected in an aeverage of approximately 14
seconds, The next most satiefactory method of recovery was RE-OH with an
,average loss of 72 feet and a recovery interval of approximately 10 seconds.
Og those recoverles tested, RF-BH resulted in the greatest loss of altitude,
175 feet.,

In stalle out of left climbing turns, the “On Horizon" procedures were
consistently and systematicully superior to the "Below Horizon' procedures,

These data indicate that the bast advice to pilots who stall in the
laft climbing turn is: (1) make optimum use of all of the controls and
place: the nose of the aircraft on the aorizon, (2) do not let it fall below
the horizon, and (3) wait, Recovery will not be effected lmmediately. In
.fact, 1t will probebly require approxinately l4 seconds, but you can expect
to get away from a stall out of this maneuver with an sverage cf approxi-~
mately 70 feet loss of altltude. The worst advice that can he given to the
pllot is to attempt his recovery without the use of ailerons and to allow
the nose of the aircraft to fall well below the horizon. This is a rapid
method of recovery, but it consistently resuits in a loss of approximately
150 to 160 feet before the aircraft can bs regained to straight and level
flighta
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TABLE 6

THE EFFECTIVENESS (# SIX MFTHODS OF RECOVERY TO LEVEL PLIGEI’
FROM 4 LEFT CLIMBING TURN STALL

IR T S ,
PR "T_,'.;E\;,;{,f,.w,\.-

% ' ' calm-.t.od . Calibrated or Time to
- . Regoyey
T Begovery Method M Eesovary *“‘ﬂﬁ&“ n_Seg.
7 1. RE-0H m= 33.8 20.799 72,00 10,26
sz ' g = 0&51 1 53 1048 39-70 ‘ 1078
L oms 027 0.5 - 049 13.23 0.59
;- R 2y RE - BR - W 3‘.-)38 72 % 20::71 1750@ 6084
:; o= 0.78 2-‘2 1042 uom 1-14
£ on = 0.26 .81 . 0.47 5,00 0.38
- 3, AB-0H me 3495 68.43 20,56 99.00 13,27
g= 0.8 1,01 146 22,11 1,49
{A.— om = 0\:23 0 315 00‘9 7 37 0050
T 4, AE=BE me 3hodd 69,9 19,74 104.00 7,15
g = 0,71  1.04 0.95 31.69 0.86
om 0.26 0.35 0,32 10,56 0.29
5, RAE «~ OB m~ 2468 66,63 18,46 £9..00 13.91
gw 053 1,38 0.75 29.82 2.87
] R = 0.18 0,46 0.28 9.94 0.96
6. RAE~BE mw  34.48 72,65 19,29 122,00 6.83
o L 0™ 3.27 0.78 ' 24,41 .22
f gR = 0026 om i 0.26 8.14 Dow
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5. Becovery from a Stall Out of a Right Clinbing Turn. '

. The results of the tests of methods of recovering from a stall out
of a right climbing turn followed the same general pattern as in the case
of the left turn. The results of these tests are shown in Table 7.

Recovery method RAE-OH again was superior, with an average lass of 46
feet and a time recovery interval of approximately 12 seconds. The least
satisfactory method was RE~BH, as in the case cof the lefi olimbing turn.

Tables 6 and 7 both indicate that the "On Horlzon® procedures were
distinctly and consistently superior to the "Below Horison" procedures,

These data indicates that advice to pllots on recovery from stalls
from right and left climbing turns 1s essentially the same. In each case,
the pilot can conserve the greatest amount of altitude by a coordinated
use of ruddera, ailercns, and elevators, and by holding the nose on the
horigon until the sircraft recovera. In the right turn this recovery zay
be effected somewhat more rapidly than in the left %urn, but the principle
of recovery lis exactly the same.

6. Recovery from a Stell Out of a [eft Gliding Turn.

With respect to recovery from a stall out of gliding turns, nine
recovery msthods were investigated in both right and left turns.l® These
are listed in Tables 8 and 9.19

Thres recovery methods produced near equal results. These were PRE-OH
with an average loss of gltitude of 79 fest; PAE~OH with an average loss
of 83.4 feet; and FRAE-OH with an average loss of 82 feet, The time for
effecting recovery for each of these methods was approximately 12.6 seconds,
11.8 seconds, and 11.7 seconds, respectively. Ip contrast with the resulte
of these three methods of recovery, method RE-BH resuited in an average
loss of 291 feet with recovery effected on the average of 7.8 saconds.

A8 with the previous maneuvers in which more then one method of re-
covery was nearly the same, the three methods of recovering from a stall out

1814 %ill be noted that the "on horizon" recovery procedure was not
used in those cases vwhere power was not added in effecting the recovary.

191t would have been much more efficlent to have teated only those man-
euvers which involved the addition of power. However, it was believed im-
portant to obtaln some evidence on what is likely to happen to the pilot 1f
he does not have powar aftsr stalling out of a gliding turn. d4lso, it will
be remembered that the scheduling of tasting was such that one maneuver was
not completed until virtually all others were.
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THE EFFECTIVERESS OF 81X HETHODS (F RECOVERY TO LeVEL FLIGHT !

Hecoyery Method

1.

‘:‘k 2.

RE -~ 0d

AE - OH

AZ ~ BH

RAE -~ OH

FAE - BH

Pl 7

FRON A RIGHT CLIMMING TURN STALL

Calitrated

Alrsgpeed =%

Stall Recoyery
= 35,72 65.73
= 0.91 0.37
o 0,30 0.12
@ 26,74 70.91
= 0¢69 2:37
e 0.23 0.79
= a5 40 67,78
- Ou67 11:09
- 0,22 0.36
w 35902 69-124
- 1.01 0.90
- 0@3& 0030
e 36980 68046
* 1,17 1,43
= 0,39 Q.48
= 37 075 73040
bl 1.40 2,67
- Oatl? 0089

Calibrated

Angle of Attack
A% Stgll

21,39
0.78
0.26

19,66
.01
0.34

20.64,
1.14
0,38

LR S P 1~
S -

Loss of Time to

in Sec,

70,00
26,83
8.94

163.00
33.75
11,25

99.00
49.69
16,56

137,00
35,23
11.74

46,00
18.00
6,00

109.00
35.05
11.68

10,32
1.04
0.36

6.31
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TABLE 8

H -
TR, B

JRERRRETE

THE EFFECTIVENESS OF NINF MRTHODS COF RECOVERY TO LkVEL FLIGHT
FRO¥ A LEFT GLIDING TURN STALL

Callbrated
. Alrspeed gt
Ruggvery Method Stall Recovery

RE - BH m= 39.7) 69.94
g = .29 1.57
an « 0.13 0.52
AE - BH m= 39,31 70.58
o = 2,10 1.52
om = 0,70 0.51
PRE - OH m = 39-69 69'61
g = 0.57 1.1

on = 0.19 Q.37
FEE « BE m = 39,37 3 21
g = .75 1.53
gm = 0,25 0.5}
PAE - OH B = 39c30 67\11‘[
U = 1023 0'092
gn = 0.41 G,31
PAE - BH m = 40,00 69,05
g = 0.69 1.35
gn = 0.23 G.uh
RAE - PH  m«  39.25  74.55
G = 1.30 2,29
gm = 0.43 L.76
PRAE -~ OB m = '30.%9 68,1
qg = 0.57 e 30
om = .19 Ca'ﬂB
PRAE -~ BH m - 39,61 7,00
g = a.,91 1.48
om = 0&30 g, Lq

C?librated

ingle of Attack
At Stall

v.mM
0.00
0,00

7.7
- 0,00
0.00

17.7%
0.00
0.00

bt

] L3

[ .
©03 S03 oo
888 888

[y A
Q0O ~2
OO

~

| td
© o=
0 Q-
Qb

17.%1
0.00
0,00

17.71
0..00
0.00C

Loge of

Altitude
In Feet

291.00
45.70
15.23

267.00
58 .60
19.55

79.00
25,87
8.62

129.00
48,47
16,15

83,40
30,73
10,24

127.00
27.59
- 9.20

264,00
32.92
10,97

82.00
35.97
11.59
125,00

32.n3
10,48

Time to

Lecovar

In Sec,

7.81
1.38
C.46

8.00
1.02
0.34

12.63
1,28
0.43

6.71
.94
03

11.85
1.56
0.52
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TARLE 3

THE, EFFEGTIVENESS OF KINE METHOD3 OF KECOVERY TO LEVEL FLICHT
FROM A RIGMP QLIDING TURN STALL

Calibrated Calibwated Lose of Time to

' Alrspged ot Angle of Attaok  Altitude  Regoyer
Recovery MNethod Stall Regovery A% Stell In Feot . ln Seg-
1. RE = BH m= 40,33 71.%5 7.1 264,,00 7.03

g = 1!)26 0-:91 0qm 33&82 0-185
om = 0&42 0930 qu 11027 0|28
2. AE - BE - me 39.82 68,98 17.71 255.00  8.13
g = 0199 2:29 0nm &nav 1026
o] = 0.,33 04?6 Or,w 204:12 04.42
3 m - Oﬂ- ] AOD% 69655 17¢71 67om i 120?3
U = 1':0& 1:)?5 0-00 21.93 105‘
om = 0,35 0,58 0.00 7.31 0.51
4. PRE ~ BH m= 41.60 74,81 17,71 162,00 7,05
gw 1.17 2,33 0. 00 58,00 0,70 .
gmn = 0.3 0.78 0,00 19,33 0.23
5, FPAE = OH m= A40.25 6&7.84 17.71 65,00 12,56
g = 0u83 1501 0;00 39981 1-&
o = 0‘.28 ‘Doaﬂ 0.00 13.27 0061
6. FAE - BE m = 40,09 69,82 17.71 141,40 8,14
gm 0,86 1.10 0.00 32.71 1.21
om w 0.29 Q,97 0.00 10,90 0.40
7n R-AE g BH | B ‘;1-:68 ?A056 ’ 17071 272;@ . 8997
g= 0,65 1.14 . 0.00 53,25 1.12
gR o 0:2 0038 OQM 17n75 0937
8, PRAE « O m = 41.34 690.11 17.71 60,00 11.85
g= 0.49 0.93 0,00 18097 1,40
0'. = 0016 0&31 OAW 032 Ol"?
9, PRAE ~ BEH m= 41,16 973,15 17,71 134,00 7.52
g= 0,73 2.17 0,00 16,85% 0.76
om = 0.24 0,72 0.00 5.62 0.25%
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of the left climbing turn all used "On Horlzon" procedures. The corres-
ponding recovery methods, using the ®*Below Horizon® procedures resulted in
losses from 40 to £0 feet more than the "On Horlzon" procedures.

These results indicate that the best thing the pilot can do when he
stalls out of a left gliding twrn is to add power, drop the nose to the
horizon, and hold it there until recovery 1s effected, It doesn't appear
to make much difference whather he uses only rudder and elevator to level

the wings and hold the nose on the horigzon, or whether he uses only ailer- -

ons and elevators, or whether he uses all three., The essential procedures
are that he add power immediately, level the wings, and not sllow the noss
to drop balow the horizon. He may expect this tc require frem 12 to 13
seconds before the alrcraft returns to straight and level flight, He 1s
more likely to get away with “he least loss of eltitude if he minimizes
the use of allerons,

7. Recovery from a Stall Qut of s Right Gliding Turn.

The methods of recovery investigated in connection with recovery from
e stall out of @ right gliding turn were the same as those tested in the
,1eft gliding turn. “These ere listed in Table 9, which presents the resulis
for each of the recovery methods testad,

As may be expected, the optimum method of recovering from a stall out
of a right gliding turn 1e about the same as recovering from a stall out
of the laft gliding turn. 48 shown in Teble 9, methods of recovery PRE~OH,
PAE-OH, and FRAE~DH were again distinctly superior itc any of tha other
methods investigated. It will be noted in comparing Tubles 8 and 9, how-
ever, that the order of three bsst recovery methods im the right gliding
turn was not the same as in the le.!% gliding turn. As shown in Table 9,
racovery method PRAE-OH resulted in an average loss of only 60,00 feet. It
will be noted alsa that this was tiv» mcst consistent methecd of on horizon
recovary through addition of power (a ctandard devietion of 18.37 ve. stan-
dard deviations of 21,93 end 39.811, Recovery method RAE~BH was the least
satisfactory method tested. This method resrltad in an average loss of
272.00 feet, but it was effected on au avarage of approximately 3 seconds.

A comparison of the "On Horlzon® and "Below Horlzon" recovery asthods
frot a stall out of the right gliding turn reveels essentially the same
results as in the case of the left gliding-turn. Only methods of recovery
which Involve the additlon of power apreared io be et all feasible when
attempting to recover from a stall ovt of a right gliding turn. The excep~
tion to this would be, of couree, when one was primarily interested in
effecting a rapid recovery withcut resreet to tke mumber of feet of alti-
tude lost in the process. I this were the problem, then recovery methods
RE-BH, FRE-B/, or FIAE-BY would bz desirable. Of these the addition of
power and coordineted use of rudder, ailerons, and elevators, with the nose
held below the hordzon will rasult in safe airspeed pbout g3 rapidly as
"any other'metliod of rscovery, and will at the same time lcse less altitudo
on the averagu.
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Then the pllot is at low altitude and is particularly anxlous to con-
serve as much altitude am posaible, and he stalls out of a right gliding
turn, his best procedure and also the one likely to be most consistent is
the addition of power, the coordinsted use of rudder, allerons, and eleva=-
tors, and holding the nose on the horizon until he gaina full control of
the slrceraft in strailght and level flight., This may require as long as
approximately 12 seconds, perhaps one or two seconds more, but he can
depend on getting back to stralght and level flight by this procedure and,

‘at the sawe time, lose the least amount of altitude., In this aame situas-

tion, about the worst thing he can do is to attempt to recover with the
coordinated use of rudder, alleron, and elevators, by placing the nose
below the horizon, and by not adding powsr., He may very sasily lose as
much as 300 fest and his recovery method will not be a particularly rapid
one. His baest bet all around ls to add power and hold the nose ontho
horigon until level flight is resumed,

Since there is every reason to believe that the tests of recovery
methods in the left and right glidipg turns were highly comparables, the
pilet should perhaps recognize thut he is apt to lose noraoaltitudc in e
gtall out of a left gliding turn than out of a right one, It will be
noted from a comparison of Tables & and 9 that method FRAE-OH resultsd in
recovery from a stall out of the left gliding turn with an average loss
of altitude for the ten trials of 82.00 fest whils in the case of tbe
right gliding turn the same recovery methoed achieved straight and level
flight with a loss of only 60.00 feet, It will be noted further that the
recovery from the stall out of the right gliding turn was more consistent.
That 1=, the standard deviation of the ten trials was conaiderably less
than that of the ten trimle by the same method of recovery ln tha left
gliding turn, .

8. I as t of Stes ’

As reported earlier, the steep turn was psrformed with full power at
a 609 bank, nose on horison. Ths test pilots experimented with the use
of rudder and slevatora only to recover from this stall. They reported
that the stall itself was so violent and so wumpredictabls that it seemed
wise only to experiment with the optimum uss of rudder, ailerons, and
elevators, and recover with the nose below the horison. No *On Horiszom®
procedures are poasible in recovering from the “atall under® out of s

ANy general, pilots make more left turns than right ones., The test
pllots used in this investigation did wnot, however, report any difficulty
with performing the right turn, so i1 may bes assuned that the left and
right turns were flown with equal ease and cosrdination of controls, If
this 1s true the recovery fror a stall out of a right gliding turn nay
be accomplished with lese lose of altitude than that likely to re!ult from
a stull out of a laft gliding tura.

—_—
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steep turn,?l It was necessary particularly in testing recovery fromn stulls
out of the steep turns to conduct the tests in relatively calm alr. The
stall itself was so violent under turbulent conditione that 1t was thought
desirable to run tests in turbulent and still eir and compare the results
for these conditions of recovery. Tables 1C and 11 following present the
results of the tests in turbulecce and still air for the left stesp turn
and the right steep turn, respectively. OSince only cne recovery method was
tested, it was not possible to compare the *On Horizon" vs. the "Below Hori-
zon® procedures, but it can be noted from these tebles that, in general,
stelle in turbulent air resulted in the greatest loss of altitude. This is
not particularly significant in the case of thse left steep turn but was
marked 1n the case of the right steep turn,

Thesa tables reveal the same tendsncy found In the case of stells out
of right and left gliding turna. as before, recovery from right steep
turns was effected with leps loss of altitude than in the case of the left
steep turn. The only advice to pllots these tests reveel ig that when one
*stalls under" out of a left or right steep turn, he can hardly expect to
get amay with a loss of less than 90 to 150 feet of altitude. Furthermore,
as reported by the test pilots, he may definitely expect violent, .unpre-
dietable behavior of the aircraft. In effecting his reccvery he may expect

.to achieve the best results witn the optimum use of rudder, allerons, and
elevators, and by holding the nose below the horizon until airspeed permits
straight and level flight, This wlll probably take about 7 to 8 seconds,
perhaps longer, perhaps less, degending upon turbulence, the pilot's ecoordl-
nation, and the degree of bank.2 .

As in the case of all of the other atalls, the best advice to pilots
with respect to the stéep turn is “avcld the stall,* It is gelng to be
difficult to recover from it. But, if the piloi doss stall, he should use
sll controls to effect recovery.

2lgith the nose of the aircraft held on the horizon in the approach to
the atsll out of this maneuver, the turn was gradually tightened until the
atall occurred. There are at least three distinet types of stalls ocut of
this mansuver: (1) a "mushklng" s=tall in whlch the turn is continued while
the aireraft shudders and falters in the turm, (2) a "stall over" in which
the down wing comes up and the alrcraft "slides" out in near wing-level
flight and (3) a "stall under® in which the aircraft is aomentarily in a
near-inverted dive. Of these, the lzst is the most violent and probabliy
the most dangerous, and it is most likely to be the stall which loses the
most altitude. To obltain conelstently the "stall under® out of the sieep
turns, the test pilots "crossed contrcis," using the rudder in the direc-
tion of the turn and opposite aileron.

22, 600 bank is a very sieep turn. Most pliots will cheracterize e
459 bank as a steep turn. It is belleved, however, that the findings re-
ported for the 60° bank turn will, in the main, hold for *steep® turns with
less bank, say from: 459 to 60°. There was, in thls study, however, no at-
tempt to deternine whether or not this assunptlon holds.

futre bl
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ThE EFFECTIVENESS OF Oi8 METHCD OF HECOVERY TO LEVEL FoIGHT FEOM A

LEFT STEEP TURH STALL UNLCER THO CONDITIONS OF TURBULFNCE
. Calibrated Callbrated Loas of Time to
| ' Airopeed at sngle of Attack  Altitude  Recover
L Recovery Meihod Stall Repovery At Stell in Fee} 4n Seg.
‘ 13 R-AE = B«H m = 43045 74.0& 21039 150nm 1}088
e {Turbulent ¢ = 3.58 3,97 1,32 33.7% 0.85
3 Air) am = 1.19 1,32 Q.44 11,25 0.28
- 20 HAE - BB. m = 410% 69:89 23.19 102000 7172
L (sti11 g= 1,68 4,05 1.99 48,95 2.67
:? Air) gn « 0@56 1-35 0066 16:132 0089
- - : TAIE 11
THE EFFECTIVENESS OF ORE METHOT OF KECOVERY TO LEVEL FLIGHT FROM A

, RIGHT STEEP TURN STALL UNDER TWO CONDITIORS QF TURBULENCE
L ‘ Calibrated Calibrated Loss of Time to
s Alrppeed gt Apgle of Attasck Altitude Recover
Recovery Method Stall Recovery At Stall ip Feqt In Sec.
& 1. RAE - BE m = 39.49 72,79 17.71 95.00 6,20
o (Turbulent ¢ =  1.32 ~ 3.34 0.75 65.92 0494
;' Air) om = Oo“ 1-’105 0.,25 21"\9‘? 0931
P 2, RAE -BE m = 4172 68,48 18.09 89.00 8.63

: (st111 g = 1.51 1.69 0.69 27.73 1.51

Alr) om = 0,50 0

«56 0023 9.24 0,50
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9. Recovery from e Stall Out of a left Slow Turn.

Nire recovery methods were tested Zn recovering from stalls from
this maneuver, These are lirted in Table 12. As shown there, three re-
covery methods involved *On Horizen® procedures <3 and six involved "Below
Horigon" procedures. ‘

Ae in the case of previous maneuvers, the "On Horizon® procedures
were distinctly superior to the *Below Horizon" procedures. Method PRE-0H,
with an average loss of 63 feet and a time recovery interval of 10.3 sac-
onda, was most eatisfactory. Recovery method PAE-OH, with an aversge losa
of 73 feet and 11.2 second recovery interval, and method FRAE-OH, with an
average altitude loss of 74 feet and a 9.7 second recovery interval were
next most satisfactory. Of those methods tasted RE-BH resulted in the
greatest loas of altitude, 199 feet,

On the basls of the results shown in Tuble 12, the best advice to
rilots is to recover from a strll out of a left slow turn by the addition
of power and the optimum use of rudder and elevators, end holding the ncae
of the asircraft on the horigon. A scmewxhat lass effectlve recovery will
be made if allerons are used instead of rudders or if allerons are used 1in
addition to rudders. In recovery from a stall out of a left slow turm, the
use of ailerons appears to handicap rather than to assist the recovery of
the aircraft. about the worst thing a pilot can do is to attempt to re-
cover without adding power, and by using rudder and elevator to lewel the
wings, to put the nose below the horizon, and sttempt to get flying speed
very rapidly. If he follows thie procedure he may lose as much as 200
feet, possibly more, and, although his recovery may be rapld, hie loss of
altitude will almost certainly be excessive,

10, Recovery from a Stall Out of 3 Right Slow Turn.

The methods used in recovering from a stall out of a right slow turn
wore the same as thope used in the case of the left slow turn.

The results of teats of recoveriss from a stell out of the right slow
turn in gencral follow the same pattern as the left slow turn. There were
differences, howaver, particularly in the case of the recovery method

which proved to be most satlsfactory. As shown In Table 13, the most satis-

factory method cf recovering from the right slow turn was method PAE-O0H,

This method resulted in an average loss of 30 feet and was quite censisteat .
(standard deviation of 18.44). This recovery method was not only distinctly

superior to PRE~OH and FRAE-OH, but 1t was alsc much more reliable, as will
be seen by & comparison of stundard deviationas of the ten trlals for each
of these recovery methoda,

T e,

S T IO
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23The *Cn Torlizon" recovery procedure wae not applicable in those re-
coveries where additional powsr (i.e., full throttle) was not employed.
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THE WIFECTIVENESS OF NINE MEIHODS OF RECOVERY ©0 LEVE', FLIGHT
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0.42 0.85
:?"‘89 €!?;£i0
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TARIE 13

THE EFFECTIVENESS OF NINE METHODLS OF HECOVERY TO LEVEL FLIGHT
FROM A RIGHT SLOF TURN STALL

Calibrated Calibrated Loss of Time %o

Alrgpeed at ~ Angle of Attgek Adtitude Recovery

Recovery Method Stall Recovery At _Stall In Fesh  1In Sec.
1, RE - BH mw= 40,45 71.92 17.71 183,00 6.74
- o= 0.82 2.1 0.00 24,52 0.81
gm = 0.27 o7 0,00 8.17 0,27
2, AE « BH k= 40,47 67,99 20,64 212,00 .86
o= 1.62 0.76 l.28 45,78 1.62
om = 0,54 0,25 0.43 15.26 0.54
3. PRE - OH =m = 40,66 6&7.72 17,71 56.00 9.28
g = 0,87 2.27 .00 , 24,98 1,07
gm = 0,29 0.76 0.00 8.33 0,36
L. PRE - BH K o= 40.39 73,72 17.71 152,00 842
g = 1025 1361{& 0000 38:94 1129
gn = 0.42 0.5% 0000 12098 0.43
5, PAE - OB m = 39.63 67,35 21,54 36,00 11.04
, ¢= 02 0,72 0.5% 18,44 1.60
om = .24 GL24 0,18 6,15 0.53
6. PAE - BH m = 39.26 68,87 20,49 108,00 T.R2L
g = 0.59 1.30 1.16 3z.65 0.89
_ agm = 0.20 0.43 0.39 10,88 0.30
7. RAF. -~ BH m= 41,28 72.96 18.46 146,00 7.10
g = 0.32 1.56 0.00 33.53 1.4
o = 0,1 » 0.52 C.,00 11.18 4.38
8. PRAE - OH m= 39,23 6b5.49 12,96 55,00 1041
g = 1.34 1,36 1,16 29.81 1.27
on = O.i5  0.45 0.39 13.27 0,42
9, PRAE - BH m = 38.97 71,04 19.36 123,00 6,96
o= 1506 1._,82 0:45 5£l‘l 0055
gm = G.55 0.6) 0.15 18,34 0,18
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A3 in the cass of the lefit slow turn, the "On Horizon® methods were
consistently superior to the *Below Horizon" methods, 4 notable differ-
ence, however, pertains to allerons and rudders. -In the cese of the left
slow turn, allerons seem to hinder rather than halp, whereas in the right
slow turn, the use of mlleron and elevator with power added and nose held
oen horizon eppears to be the most satisfactory method of recovery.

Judging from these reaults, the pllot who stalls out of a right slow
turn should recover by applylng power, using allerons and elevators, and
holding the noss on the horizon., If he employe these practices hs may !
recover with a loss of altitude of approximately only 50 feetl; his recovery
mey require as much as 11 or 13 seconds, If he uses rudder instead of
alilerons to level his wings and hold the nose on the horlron, he may expect
to lose from 20 to 30 feet more altitude, but he will effect his recovery

- from 1 to 2 seconds faster. If he adds power and uses coordinated rudder,

allerong and elevators, he mey be eble to complste his recovery as effec-
tively as in the case where he uses rudder and elevators only. However,
when he uses coordinated controls, his recovery ias not at all likely to be
a8 conglotent as when he uses only allerous and elevators,

About the worst thing a pilot cen do when he stalls out of a right or
left slow turn is to drop the noes below the horizon and attempt to level
bis wings with the allercns, This may cost him from 175 to 250 feet of
altitude, ' ‘

' G. Case II Results -- Recovery to Normal Glide Path

Case II recoveries were defined as those which returned, not %o straight
and level flight as in Case I, but to the attltude of flight characteristic
of the mapeuver being attempted at the time the stall occurs. This phase
of the ptudy involved tests of recovery from stalls out of the straight-
ahead glide and right and left gliding turns only.<4 Tests of the gliding

Rty may be poseible ia climbing meneuvers to recover from the stall
by arresting the noee, not on the horiszon, but on the angie-of-attack char-
actaristic of the maneuver bveing attempted. Thls method of recovery was

not tested in the present atudy, nor was it tried experimentally. Judging

from the results of the previous section, it would be possible to test thie
hypothesie by choosing the optimum method of recovery from the etall out of
sach maneuver and testing whether or not the airplane can be recoversd by
arresting the downwerd sweep of the nose on the "normal™ attitude for the

maneuver in question. If 1% is posaible to recover the alrcraft under these

conditions, then it can at least be expected that the recovery interval will
be much longer than that required for "On Horizon" procedures, It is pos-
sible, also, that if the aircraft can be recovered at all, thls procedure
would sometimes be erratlic, depending upon turbulente and other conditiome,
inecluding the completensss of the atall,

e
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attitude defined tho *normal glide® ae 1,000 r.p.m., 65 m.g .h. indicated
alrspeed, and an indicated angle-of-attack of 13 degrees.<

In tests of recoveries reported in this sectlon, "On Path® procedures
and *Below Path" procedures replaced those of “On Horizon® and "Below Hori-
zon" procedures. The "On Path" and "Below Path® were determlined by testing.
The ®On Path® procedures were defined as 13° angle-of-attack and "Below
Path" procedures involved the use of 2 guide line taped tq the windshield.
This guide line was so located that *Below Path" represented a flight path
approximately 15° below the normal gliding path.

In designing the recovery methods for return to the Case II criterionm,
methods of recovery involving the addition of power were not tested. The
assunption here was that these recovery procedures were to simulate as
nearly as possible the forced landing situstion with a dead engine. For

obvious reasons it was not at all feasible to experiment with a deac engilne.

1. Recovery from s Stall Qut of a Straight-Ahead Gllde.

Eight methods of recovery from stalls out of a straight-ahsaed glide
were tested in connection with the Case II eritsrion, return to the normal
glide path, Four of thess recovery methods involved "On Path" procedures
and four *Below Path" procedures. These recovery methods are listed in
Table 14.

As shown in Table 14, the "Below Path" methods of recovery were dia-
tinetly superior to the "On Path® methods of recovery. Recovery method
AE-BF resulted in an average loss of 114 feet and approximately 7.5 sec=-
onds were requirsd to effect recovery to a normal glide path. Three other
methods, all using "Below Path® procedures, were almost equally effective.,
These are RE-BP, 127 feet; E-BP, 130 feet; and RAE~BP, 132 feet.

25The indicated airepeed was sslected as being typical of good instruc-
tion in the normal glide. Since the maneuvers were performed at low alti=-
tude, it seemed best not to throttle back below 1,000 r.p.m, To arrive at
the 13° angle«of-attack (indicated) the test pilois gllided the aireraft in
ten successive trials of two minutas each under the conditioms of 1,000

r.p.m, and 65 m.p.h., indicated airspeed, The results of these tests aver-

aged approximately 13° indiceted angle-cf-attack.

265 fter the normal gliding path had been determined, the nose was
then lowered approximately 15° below this path to correspond with the 15°
*below horiron" procedures reported sarilier. The observer then fixed te
the windshield a small plece of tape which if placed on the horizon in-the
gliding maneuver would result in the aircraft following a path approxi-
mately 15° below the normal gliding path. In this way ¥Below Path® and
"On Path" were defined fairly cbjectively, and could be rspeated in suc=
copssive trials,

P
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TABLE 14

THE EFFECTIVENESS OF EIGHT METHODS OF RECOVERY TO CRITERION
ATTITUDE OF MANKUVER FROM A STRAIGHT AHEAD GLIDE (1,000 RPM)

’ Calibrated Calibrated Loss of Time to

‘ Alrppeed at Apgle of Attack Altitude Recover
Reoovery Methed Skall Recovery At Stall In Feet In Seq.

1. E-0OF ma= 40,02  54.20 17,71 254,00 20,88
. g = 0.28 1.29 0.00" 109.% 9979

O'ﬁ = 0.09 0.43 0.00 36.52 3026

"2, E=-BP ma= 39.95 55,93 17,71 130,00 7.37
g = 0.57 1-55 Dom 21940 0094

om w 0.19 0.52 0,00 7.10 0.31

3, RE-0QP o= 39.05 54,24 17,71 280,00 25.75
g = 2,40 1,41 0,00 117.39 11.46

gE = Oum 0.47 0000 39.13 3#82

Lo RE ~BP m= 39.83  57.41 17,7 127,00 8.17
g = 1.09 1.54 0.00 44,.28 1,18

oR = 0n36 0.51 0.00 un% 0039

5. AE - OP m = 3919 55.50 17,70 275.00 23,75
g = 0059 0.72 OQW 114008 12917

om = 0,20 0o 0,00 38,03 4,06

6, AE ~BP m = 40,39 87,34 17.71 114.00 T.bh
o= 0.90 1-51 O.W 34olll 0581

R = 0.30 .50 0.00 11,47 0.27

79 R-AE - O? m = 394:37 549 2 17.71 212.«,&) 17965
g = 0-65 1' D.m 93.95 6.20

gm = 0.22 0'41 0.00 31931 2.07

8. RAE - BP ms= 395% 57.03 17071 1320& 7015
g = 0.78 1.97 0.0Q 34.87 1,32

om e 0.26 0,00 11.62 0.44

0.66

*The zero variation was occasioned by ths pllot's beginning his
recovery at 27° indicated angle of attack and mo recording 27° ss the
4/A at all stalls in this series, .
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The method of recovery utilizing "On Path" procedures all resulted
in an average altitude lose of more than 200 feet, with method RE-OP being
least satisfactory with an average loss of 280 feet and an average recov-
ory intarVal of nearly 26 seconds.

Thepe results indicete very clearly that the pllot who stalls out of
a normal glide and who cannot apply power for one reason o1 another, can
best recover to a normal glide atiitude by putting the nose of the air-
craft below the normal glide path, leveling his wings with alleron and
elevators and resuming a normal glide as soon as poselble thereafter. If
he uses rudder to gmselst in leveling his wings, he way expect a somewhat
greater logs of altitude before he can estabiish a normal glide., On the
other hand, he must recognize that the aircraft will not regain flying
speed by holding the nose on the normel glide path without excessive loss
of altitude. If he uses rudder and elevators ovr allercns end elevators
to level the wings, and attempts to hold the nose on the normal flight
path, he may lose ae much as 250 toc 300 feet before he has regelned normal
gliding attitude and airspeed., In short, when he is attempting a forced’
landing without power and stalls out of e glide intp the field, his best
possible method of recovery involves at.least regalning his alirspeed as .
‘quickly as possible., This he may do by putting the nose of the sirplans
toward the ground, and when he regaine flying speed, he can resum¢ a normal
glide path, The glide path will not, of course, be the one he could heve
flom had he not stelled, The stall will result in forcing him into the
field short of where he mlght have landed, hed the first normal glide been
malntalned.

2, Recovery fram a Stall OQut of a Left Gliding Turn (1,000 r.p.m.)

Six methods of recovery were tested in connection with recovery from
left and right gliding turns, simuleting foreced landings, These are-
listed in Table 15 which presents the rasults for the laft gliding turn
and in Table 16 which presents the results of tests of the right ¢liding
turn.

Hhen the glide involves a turn aund the stall cccurs in the turn the
recovery cannot be made quite as affectively, in terms of loss of altl-
tude, as in the stralght-ahead glide. The results of the eix tests of
recovery from stalls out of the lefi{ gliding turn when the normal glide
path was the coriterion attltude of recovery are shown in Table 15, Of
these methods, RAE-BP was most satisfactory, with an average loss of ap-
proximately 149 feet mnd a recovery interval of appreximately 8.5 seconds,
The next most satlsfactory metihod of recovery was AB-BF with an altitude
loss of spproximately 160 feet and a reccvery interval of approximately %
seconds, The mogt costly method of racovery in loes of altituds was method
AE-OP, in which an averuge of 250 feet was lost end the recovery interval
was of approximately 17.5 seconds durstlon.

Recovery from a stall out of a gliling turn cannot be made very ef-
fectively by holding the nosa of the aircraft on the normal gllde path.

-
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, TABLE 15
THE EFFECTIVENESS OF SIX METHODS OF RECOVERY TO GRITERION
ATTITUDE OF MANEUVER FROM A LEFT GLIDING TURN {1,000 RPM)

Calibrated Calitrated Loss of Time to

_ ‘ élrgpeed gt Apgle of Attack Altitude Recover
Racovery Method Stall Eﬂm:: AL Stall in Fegt In Sec.
19 RE - OP m = 40.25 53082 17.71 212.00 18.75
o= 0.65 1,5 0,00 73.59 B.94

oD = 0.22 0,52 0.00 24,53 2,98

2. RE~DBP n = 40.51 58.21 17.7 178.40 11.30
g = 0.64  2.65 0.00 39,18 2,73

om = 0.21 0.88 0.00 13.06 . 0,91

3- AE = OF o o L0o65 5&-52 17171 ' 25‘Bom 17051
g = |_1049 1.08 Oow 95-% 5.03
an = 0050 0-3‘6 : oom 31069 1068 )

4. AE - BP ma &D.% 59.38 17.'?1 1600% 9011
g = 0-71 2.22 0.00 25030 1.43

on = 0424 Q.74 0.00 8.43 0.48

5, RAE - OP m = 39.56 54,60 17.7 192.00 21,03
g = 0030 1-54 Oom 105.91 11907

Ol = 0u27 0.51 Oom 3503‘0 3069

6. HAE - BP n = 40020 58.8'? 17.71 148.6’0 8;65
: U - 0026 2.48 0000 45.10 1074

OoRn = 0.09 0483 0,00 QOSB
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TABLE 16

THE EFFECTIVENESS OF SIX METHODS OF RECOVERY TO CRITERION
ATTITUDE OF MANEUVER FROM A RIGHT GLIDING TURN (1,000 RPM)

Calibrated Calibrated Loss of Time to

Alirgpeed gt Angle of Attpck Altitude Hecover

Recovery Method Stall Recovery At Stoll in Feet In_Sec.
. RE-0P g = 40.95 55.43 17,71 173.00 15,45
g = 1013 lazt'? 0500 56;58 4;68

gm = 0.38 0.49 c,00 18,86 1,5

2, RE - BF m= 40,59 57.98 17.71 128,00 8,27
g = 0.92 1.51 0,00 XA, 1,65

Ul'll = 0.31 0950 0000 ].4:82 OQSS

3. AE - OP m = 41.40 55&61 17071 122@00 11918
G = 0,67 C.78 ¢.00 91,74 4,18

gm = 0.22 0026 0,00 30a58 1¢39

Le AE = BP m = 40.89 58,11 17.71 128,60 5.99
g = Q.77 1.32 C,00 43,88 G.95

gn = 0020 Ooi{-!{ 0000 M963 0032

5. RAE « OP iy = 41.29 55,75 17.71 221,00 17.14
g = 0.99 1.40 0.00 81,05 7.18

gm = 0.33 0,47 ¢.00 27,02 2.39

6., RAE -« BP n = 41.72 58,69 Tl 138,00 T 47
g = 1.82 1.30 0,00 24,32 G.9<

om = 0.61 0,43 0.00 8.27 0.3
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Tr thoe left piiding turn th: “tn Path®* procedures were distinciiy 1nferior
10 the "Below Path® prozedmea.

These tests indicate thet when the pllot 1a forced to glide without
power avallable to him and stalls out of a left turm, hle best procedure ia
%0 coordinate the use of ruddar, ailersn, and elevator, put the nose below
the horigon until flying alrspeed 1s' regained, then resume the normal glide
path. The stall will cost the pilot approximately 150 feet of altitude and
wlll coneequently make his landing shorter than had the orlginal glide been
malntained. It appears from these reoaults that the higher the nose of the
aireraft is held in attempting recovery to the normal glide, the more alti-
tude will be lost 1n recovery. If the pilot attempts to recover by holding
the noes on the normal glide psth and uses only ailerona and elevators, he
may lose ap much as 200 or 300 feet of altltude. During the 17 or 18 sec-
onds thut will be required to get back to the normal glide path, he will be
"mushing® toward the grourd.

3. Recovery from a Stall Out of a Right Giid;gg Turn !l,OOQ T.Pum,)

“hy pin recovery methoua cmploy:d in testing recovery from a stall
aut of a Jeft gliding twn ware repeated in the case of the right gliding
turn, The results of the %=ste, as shown in Table 16, do not entirely
agree with those obtained for the left gliding turn.

Method AR-OP resulted in an average loss of 122 feet, whereas method
RAE~-BP, which wae most satisfactory for recovering fram a stall out of the
left gliding turn, resulted in an average loss of 138 feet. It will be
noted in Table 16, howsver, thet procedure AE-OP wes highly variable. The
standard deviation of the tea irials was 91.74 feet, as contrasted with a
standard deviation of 24.82 fsc¢t for recovery method RAE«BP. The latter
wag, therefore, much more consistent than the former, and for this reason
is particularly preferred Similarly, method AE-BP, which resulted in an
average of approximately 129 feet and standard deviation of 43.88 may
generally be less dependable and less effective than method RAE-BP, with
an average loss of 138 fset and a standard deviation of only 24.8 feet,
At the other extreme, there 1a very little question as to which is the
leant effective method of recovery. This is methed RAE-GP which resulted
in an average loss of spproximately 220 fest and a recovery interval of
approximately 17 seconds.

Theses data indicate th:t when a pillot stalls out of e right gliding
turn and must return to a normaal glide path, he can get there with the
least lose of altltude by tne coordinated use of rudder, aileron, and
elevator and by holding the nose of the sircraft below the nomal flight
path until flying spmed has been achieved. He will then bring the nose
up to the normal glide path and continus the giids. Thie can be accom-
plishad in approximately 7 or .5 seconds. If the pilot holda the nome
down below the normal glids path for a longer perlod of time, he will,
of course, bulld up greater airspsed, but will, consequently, lose more
altitude. If he attempts to held the ncse on the normal glide puth his
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recovery will be erratic and dangerous, He may lese from 200 to 250 feet

- and he will not gain eontrol of the alreraft until after 15 to 20 seconds
have elapeed. 27

B, Summary of Results gnd Comparisong

1. Results for Optimum Methods of Recovery from ths Full Stqll 1o
Straight and level Flight.

In considering the optimum methods of recovery from s full stall, it
will be of assistance to recapitulate the results for each of the toata of
recovery from stalls out of the sleven mansuvers coansidered in this study.
Table 17 presente criterion data for thes opltimum methods of recovery from
the stall out of each of the eleven maneuvers with recovery to straight
end level flight as criterion, and compares the basic data for the *0On
Horizon* proceduress with those for "Below Horlzon" procedures. In pre-
paring this table the method of recovery which resulted in the least loes
of altitude was listed. For thess methods of recovery the average loss of
altitude in feet and the average Lime interval in effecting recovery are
lipted in the right section of Table 17. In an effort to understand how
thess optiemum methods of recovery compared with their correspounding "Below
Horizon" recovery methods, the latter are listed in the central part of
Table 17. Ths ®*Optimum Controls® column in this table presents the controls
which were used in effecting the optimum recovery. It will be unoted in this
table that maneuvers 1, 4, 5, 8, and 9 involve the use of full power and,
consequently, additional power could not be added. The data presented in
Table 17 sumsarige the important findings of this phase of the investigation.

Those riudinga aay be further sumparized as followss

a, When the 2rilsricn of recovery was straight and level flight,
the *"On Horlizon” method of recovery was distinctly superior to the “Below
fordzon* procedurs in recovery from a full stall, As shown in Table 17,
the averags loss of altitude for all optimum *On Horizon® procsdures was
only 51,6 feet aa contrasted with en average loss of 128,1 feet in the case
of "Below Horiron" procedures. ) ‘

b. Recovery ueing the "Or Horirzon" procedurss cannot be effected
as rapidly as the *Below Horizon!" procedures. The former required on the
average approximately 11.6 seconds to return to straight and level flight,
whereas by the "Below Horizon" procsdure, recovery to straight and ltnl
flight uB offected 1n on the average of 7.0 seconds.

c. All of the optimtm or *best" methods of recovery f{ram the
stall to level flight as crit.erian involved the use of full power and the
optimun ues of elevatore, i

2TPossible caupes explaining the different results found for right and
left turns, respectively, are discussed on page 73 following.
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full powsr and thoe cccordineted uie »f ruider and slevatore produced the
best ra2sulis. Tho noe of ailevoos in recovery from & straight-ahead

Cgtall resulted in o grester loce of altituds than neceasary.

e, Coordinated unse of ruddar, aileron, and elevators in turns
was gererally ths optimue mathzd of recovery. This did nov hold in the
case of left turns to quite the same extent it did with right turns. It
wil) be noted in Table 17 that glleror control was involved in both right
and left climblng tures, in right gliding turns. and in right slow turns.
Tt appeared necessary, alsoc, te use ailerone to control the alreraft in
vary stesp turns, manecuvere 8 and 3, Tha uss of allerons in the left
gliding turn and the left slow turn appeared to be detrimental.

f. A&nother striking fact =howm in Table 17 was the superiority
of recovering out of right turns over left turns. Recovery ocut of stulls
from left turns systemeiically involved greater lousa of altitude than re-
covery from stalls out of right turns.28 It is possible that the effect
of torqua wunder full power assist: the pllot In bringing the wings level
out of the right turn, whereas it wa; handlcap him slightly in the left
turn, '

g. When the criterion of recovery was stralght and level flight
the stall out of the leoft steep turn was the most costly stall of any of
the eleven, The right steep turn stell was rext most costly. The average
recovery from stzlls cuf of' these maneuvers loat fram 90 to 100 feet of
altitude. On the other hand, recovery froa stalls out of a straight-ahead
elimb was =ffected with a lose of from 25 to 30 feet of altitude., This
applied ale¢ in the case of the :ight clow turp.

2. Results for Optimum Msithode of Recovery from a Full Stall to the
Normel Glide Path (1,000 r.p m.)-

The tests surmarized iv the preceding section assumed that the pilot
hed full power %o apply in the event he stslled. Tests were aleso conducted
in gilidirg maneuvers witi a power setting of 1,000 r.p.m. to simulate land-
ing with a dead engine. The results for the optimum metheds of recovering
in this siltuation are pressnted in Table 18. It will be remembered from a
preceding section that the best methods of recovering from glides wus the
"Below Path®? procedure, In Taeble 18, the optimum methods of recovery to
the norma) glide path by the “Below Path®™ procedures are presented in the
middle section of the table. The righ% hand sectior of the table presents
test date for corrasponding ¥On Path® procedurss. ;
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ESAB stated previously, most pilots ere best practiced on left turns.
They make more of them, The traffic pattern 1s generally toward the left.
Had recovery from tha stall out of the lef% turn resulted in less loss of
altituds than recovery from the stall out of the right turn, this differ-
ence might have been explained on the bamis of practice and coordination
of the pilot. Ths reverse, however, c¢an hardly be explained on this basis.
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Thes findings presented in Table 18 may be sumnarized as followe:

a. The "Below Path® method of recovery was distinctly superior
to the "On Path" procedures in recovering to a normal glide path, The
"Helow Path" procedures resulted in an average losa of altitude of approxi-
mataly 134 feet, as contrasted with an average of approximately 229 feet
for the "On Path" procodures.

b, The "On Path" procedures of racovery from a stall out of a

'glide can be effected if time and altitude permit. The average time inter-

val necessary for recovery by "Bslow Fath* procsdures was approximately 8
seconds, but by "On Path" procedures, approximately 21 seconda.

¢. All of the optimum or "best" methode of recovery from the
stall out of a glide to the normal glide path as criterion involved the
coordinated use of ailercns and alsvators.

d. In the stall followlng a straight-shead glide, ailerons and
elevators alone produced the best results, ¥hen rudder was used in recov-
ery from the stall out of this maneuver, the loss of altitude on the aver-
age tended to be greater than when it was not used. (See Table 14.)

e. The coordinated uss of rudder, eilerons, and elevators in

recovery from stalle out of glidirg turns was the optimum method of recovery.

f. As in the case of recovery to stralght and level flight, stalls
out of turns lost more altitude than the stell cut of the stralght-ahead
glide. Furthermore, recoveries from stalis ocut of right gllding turns were
mede with less loss of altitude than recoverles from stalls out of left

- gliding turns,

g. Judging from the date presented in Tsble 18, the stall out of
the left gliding turn is the most costly stall out of glides, as judged
by the altitude loet. That is, when the pilct who cannot or does not
apply power, stella in the left turn, ke cannot hope t¢ racover the alr-
craft as rapidly or as effectively aa in the case of a atall out of the
strajght-ghead glide or s right gliding turn. This finding has particular
interest when viewed in the light of the infeamcus "last turn in" to the
fleld. .
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RECOVERY FRO# A STALL WARNING

A. Genergl Copplderationg

The asperimentation reported in preceding sections of thia report wes
concerned with the recovery of a lipght alrcraft from a full stall.” The
results apply to the cape in which the alrcersaft actually stalle and the
pilot is faced with making a recovery, either to straight and level flight
or to normal glide. The data which have been presented reveal clearly
that tha stall must be avoided; if et mll possible, particularly at low
altitudes where the reguliing louss of amltltude may precipitate an acoldent.

Within very retent years stull warning devices have become available
commercially. CSeveral types of stmll warner have been sold 1n conalderable -
numbers. Private orners of light asircraft have been urged by both popular
and technlcal writers to purchase end install some type of stall warner,
Regearch hes showsn that the physical and psychological clues whereby the
stall may bte dotected sro frogquently obscure-and difficuvlt to recognize,
The findings frow research on stell racognition led to the recommendation
that some mechanicel ctell warning devics be installed on light alrcraft
to assist pilots to recognize the imminence of stall conditions.? The
Civil Aeronputics Administration hss considered the possibility of recom-
mending that such devices be instclled on training and private planes.

When the pllot is flying ar aircraft equipped with a stall warper,
his problem will generally be that of recovering from "near stalla® rather
than full stalle, That is, until the point of stall, the pllot has con-
trol of the alrcreft and cen resums normal flight by the usual procedures
of contrcl., He merely returns to the normal sttitude for the mgneuver he
1 attempting. In this process, the airoraft continués without loss of
altitude svch as inevitably resulte when the full stall ccours, If he is
climbing, he can continve 1o climb; it he 1s gliding, he cen return almost
lmmediately to a safe glide,

1In maneuvers resulting in "progreseive" stalls the recovery was begum
when the angle~of~attack indicator read sn eppropriate velue,

RRulon, P. J.

atall ip familigr epd unfawiliar eirpianes. Naahinaton, D G-: CMDivision
of Research; Report No. 74, November 1947,

On the basis of the findings of thle study the Committee on Aviation
Psychology recommended that rogulstions ba formulated requiring the Iinstal-

lation of approved atall warning devices in all private airplanes, providing . . :.f

that field tests demonstrate the avallable lnstruments cen be adequately
naintained and function properly over an extended perilcd,
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Stall warners have taken a variety of forms, both with respect to the
mechenical principle whereby the instrument senses the approach of stalling
conditions, and also in the manpner of indicgting the signal. In this first
respect, the stall warper may function as a orude instrument for measuring
angle-of-attack, or for sensing flow of air. Its essential element is
that when either the angle-of-attack approaches that cheracteristic of
the stall, or when the flow of air is characteristic of some point near
the atall whers the pllot should be "warned," the inastrument initiates a
signal which is transmitted to the pllot, This signal may conaist of a
light flashing on, a buzzer or horn sounding, or lndeed it may conaist of
a "stick-shaker" or some other obvious physical cue, These physical cues
"warn" the pilot that the stall 18 approsching and that he ghould rosume a
moTe nearly normal angle-of-atteck or airspeed if he is to escape the full
stall,

In view of these conslderations, a study of recovery from a etall
warning must take a very different line of inquiry from that employed in re-
covery from the full stall, In the case of the full atall, reocovery from
the stall waa effected to straight and level flight and to the attitude

characteristic of a nermal glide. When tests of recovery from a stall warn-

ing to these oriterion conditions are run, the general nature of the reasults
can be predicted on the basis of experience, Experimentation would have
been unnecessary except for the purpcse of determining, for example, the
exact amount of altitude gained in & olimb rather than lost in a climbing
stall, This type of data is of some value for descriptive snd instructional
purposea. Data of this type were obtained in the present study and are re-
ported in succeeding sections, The problem of securing these dsta was,
however, secondary to the study of a more general question: "Where can the
stall warner be set so that it will be of most aseistance toc the pilot?"
The consideration of this problem involved tests of the stall warning de~
vice installed on the testing mireraft, and deteramining the maximum angle

of climb and the minimum angle of glide of the testing sireraft. In sddi-
tion, flight teste were made of "racoveriea®™ from a stall warning for pur-
poses of deserlbing accurately the amount of altitude that may be gained
rather than lost by flylng along the path of maximum angle of olimb3 rather
than depending upon even the best posalble means of recovery in the event

of a stall,

The testing aircraft was equipped with a five-vane stall warning in-
atallation that was originally deeigned for testimg and instruciional pur~
posea, This inmtsllation consisted of five individuel stall warners mounted
in such a manner as toc trip at various flight attitudes, Similar installa-
tions were uged in the Rulon studies of atall recognition and aveidance.

At the time these atudles were conducted, however, the alreraft used was

30r the minimum gltitude lost by flying aleng the path of the minimum
angle ‘of glidae, .
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not equipped wi:h s radiv altimeter; an angle-cof-nttack indicator, or a
sensitive mirspeed indicator. The vanes were separated from each other

on the basis of the "feel" of the alrcreft, its attltude with visual
reference to the horizon in flight and its behevior with respect to the
full ptall out of various maneuvers. The fourth vane in the seriea Va3
get to trip at s flight attitude which wae very nsar the stall, but which.
oould be maintained without actuelly snalling the aircraft by proper oco-
ordination of the controis., The remaining vanes were set at fairly uniform
intervals which represented distinguishable differences in flight attitude
and graduated toward normel flight from the exaggerated atiltude character-
ized by £light at the fifth vane.

The first step in the investigation of recovery from a stall warning
was the testing of these vene settings,

1. Method of Testlug.

The method of testing wes designed to determine the angle-of-attack
aard airspeed at which each of the five etall warners came on, and was ee-
sentially the same as that amployed in the testing procedurss described
earlier, Testing was facilitated %y the fact that the stall warning de-
vice included a clipboard on which ssparate lamps were lighted as each
warning vane was tripped, Ths clipboard could be moved about freely in
the cockpit and conld ba held near the angle-of-attack indicator so that
the reading,of the angle-of-attack indicetor could be taken almost in-
stantanecusly following the tripping of the vane and the lighting of the

lanpa.

During the testing, the pllot concentrated on flying the giroraft and
on resding the airspeed ap in previcaus tests., The cbserver held the clip-
board near the angle-of-attack indicator. He resd the latter as the lamp
came on. When the lemp cams on; he called "Now," At that instant the
pilot read the alrspeed. The indicated angle-of-attack and the indicated

airspeed waere then recorded by the obssrver,

5ix test triels were run for each of the five lamps for easch of nine
maneuvers. These maneuvers oorresponded to the ones investigated in con-
nection with recovery from the full stall; the alow turna were not rm,

2. Besults of Testing.

Data obtained in these tests are summarized in Table 19, which pre~
msents the sverage calibrated angle-of-attack and the :voraga oalibrated
airspesd at the time each of the five lamps was lighted.%

a. Aversage Ajrspesd. The following Table 20 liste for each sig-
nal lamp the range of average airspeeds among maneuvers listed in Table 19.

“Calibration procedures were reported in an sarlier section of this
report,
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TABLE 19

T e s

PIFER J=3=C - NC 41578

TESTING OF STALL WARNIBG INSTALLATION ON

Calibrated

—Airspeed
. m_ - G

Calibrated
® )
o 2

A
B

Lamp
Rp,

R385

& o
NOOOO

51.17
45.65

40,10

35.83

37.72

0.35
0.28
0,38

0.91
. 0,

»
e

ey - 27aY

Straight Ahead
Climbing Power

1.

FR&EESA
479Bm

S S e 3

Crulsing Power
{2,100 r.p.m,)

Straight Ahead

2,

M) Fele]

4 & o -

N N

Bus
L
.ﬂP.Do..
Ao ™
hmnwm
w33
BEA
v o
o

PN

fr N O WY

)

(2,100 r.p.m.

Left Climbing Turn

hs

ARRRSG

4 & & o
OO0 OO0

NHI5A
RS

5. Right Climbing Turn
(2,100 r.p.n.?

0.4

0.85
0.62
1.28

1.5

45.85

4190

50.97

41,05

P H ATt g

Left Gliding Turn

(1,000 r.p.m.)

6q

Right Gliding Turn

PV H N BTN

p._qu

4000 r.

(1

7.



TABLE 19 (Continued:!

~81 -

Calibrated Calibrated

Lamp Angle of Atiack Adrgpeed
—— Mapeyver No, 0 g m o
8. Left Steep Turn 1 2,71 0,00 65,30 0.54
(2,100 r.p.m.) 2 5.09 0.28 59,40 0.35
(60° bank 3 7.2? 0914 5-&-6’0 0398
FA 11,58 0.4 46 .60 0.83
5 14,21 0.28 41.€8 0.89
9. Right Steep Turn 1l 3.02 G.34 66,00 0,80
(2,100 T,.p.m.) 2 6,02 0.34 63.97 0.58
(60° bank 3 7.33 0,17 57,13 1.74
A 12,21 0.28 52.57 3.81
) 13.9¢ 0.48 51.82 2,39
Averege of all 1 3.88 0.81 5%.09  5.85
Hane'l.W'BI‘B Py 6o60 0.81 51029 6.07
3 8.76 0.97 45,01 £.Th
4 12,61 0.9 41,20 5.62
5 15,69 1.24 40.28 4.98

e e

e e L S
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TABLE 20)

SUEMARY OF RESULTS FOR AIRSPEED

Range of Averages Average

LaIIIP #1 50a53 to 66.00 m.pah- 561109

Lamp #2 45.22 to 63.97 n.p.h, . 51,29

Lanp #3 40,10 to 57.13 m.p.h. 46,01

me #4 34-63 to 52957 ll.P.h- Aluzo

Lamp #5 33,15 to 51,82 m.p.h. 40,28
A i hal——

The average alrspeads a* which each of the lampe came on are not
particularly meaningful. However, it will be noted in the above table
that the aversges of all maneuvers show a fairly regular progression
from the highest to the lowest, with the exception of the interval:
between the fourth and fifth lawps, In this particular stall warning
irstallation, the fifth vene was sct Lo come on just as the airplare
sharted "over the top? out of a atall from a left climbing turn, The
first vane vag get so that it would come on in any improper depariure
from normal climb or giide. The other vanes were separated by spmroxi-
mately equal intervels in ‘berms of angle and position on the leading edge
af the wing.,

While there wers no reversals in averages for all maneuvers, there
wore some in the tests of the five vanes in individual meneuvera. It
will be noted in Table 19 that, in the case of the straight ahead climb,
atraight ahead crulsing, and the right olimbing turn manguvers, the
average airspeed values obtained by testing were less for the fifth vane
than for the fourth vane. These revereals could have been due to sampling
errors, the techniques of the pllot or the observer, the weather condi-
tions on the days in whioh these tests were flown, or other factors whioh
affected the performance of Lthe airoraft and the instrumentetion esmployed.

b, Av Q -of-Attack. The folloming Table 21 lista for
each aignal lamp the range of angle-of-atiack averages among the mansuvers
1listed in Table 19,

It could be noted from Table 19 that the aignale consistently came
on in the left ateep turn at the loweat angle-of-attack. On the other
hand, the highest angle-of-attack required to turn on each signal lamp oc-
curred in the straight-shead; full power climb,

These findings indicate a fairly regular progresaion of increase from

the first lamp to the fifth lamp. In general, each lamp was separated from

the preceding one by an angle-of-attack ranging from approximately 2,5° to
3,59,

- wk
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TARLE 2%

SUMMARY OF HESULTS FOR ANGLL -OF--ATTAGK

Rgpge of Averages Average
Lamp #1 2,719 Lo 5,219 /A 3,88°
Lamp #2 5.09° to 7,71% A/A 6,60
Lamp #3 7,27° to 10,590 A/a 8,76°
Lamp #4 11.58% to 14,09 A/A 12.61°
Lamp #5 14.21° t0 16.15° A/a 15.69°

e T e ——

These findings pertaln only to the particular five-vane stall-warning
installation on the %testing aircraft. They illustrate what might have
been done to calibrate stall-warning installations used in investigatlions
of atall recognition and avoldance., MHad, for example, an angle-of-attack

indicator been avallable in the asirsraft used for testing stall recognition |

and avoidance; one of the measures of 'atall recognition might have been in
terms of angle-of-attack, rather than the number of lamps lighted. How-
ever, the vene system employed in previous studies le now seen to be
roughly equivalent to the costly mngle~cf~attack instrument available to
the present inveetigaiora,

C. locgt f t W

Theae data show how troublesome 1s the problem of locating the stell
warner, Where ghould ths warning be given? It is obvious from the above
data that the owner of a light aircraft can gelect either position 3 or
4L, or he may select any intermediate point, Whet conatitutes an accept-
able basis of selection? ‘

1. ERecommendatiops of Stall Terper Eapufacturers.

Conferences were held with representativea of companies manufacturing
and installing stall warning devices, In these conferences the investiga-
tors attempted to determine the basis upon which the atall warning device
manufacturers recommended the location of thelr device,

The manufacturers of the Greene Safe Flight Stall Warner recommended
that thelr instrument be located to come on at a point from 3 to 5 miles
per hour above the stalling speed. This rscommendation was not accompanled
by a definition of the msnsuver in which the stalling apeed was to be ob-
tained. I may be assumed, however, that the straight-shead, crulsing
power, unaccelerated stall was intended, although this was not specifically

stated in the recommendation,
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The Beech Stall Warner, which is presently instelled on Beechcraft
Bonanzss and similar aireraft, was, sccording to 1ts repressntatives,
generally located to signal at from 6 to 10 m.p.h. above stelling apeed.
The Beecheraft Corporation did not make a definite rescommendation on
the installation of its stall warning device; 1t prefera to lesave the
exact location of the device up to the omner of the aircraft,

The conferencea with representatives of these companies revealed
no basic reason why the stall warner should be set to signal at from
3 to 10 m.p.h. above the atalling spead, except that "thls is probably
the best place to put the warner."

2. C d ionsg.

The present project sought to provide informetion that would be help~
ful in teaching and learning about stall conditions in light aircraft.
It was therefore believed that a more readily explainable basis for in-
stalling the stall warning device should be sought. It may be assumed
that a pilot who inteutionally trings the aircraft close to stalliing con-
ditions does so primarlly in the process of seeking maximum performance
of the plane. 1f he stalls out of a climb, he does so becsuze he is at-
tempting to achleve a maximum climb, He may be attempting teo get over
gome obsatacle, or avoid another plane, or climb out of a short fleld,
Stalls out of a glide may occur because the pilot is asttempting to flatten
his glide as much as possible to conaerve altitude, In attempting to
climb too steeply or to glide touv flatly the pilot approasches stalling
conditions and may actually stall the airplane. As he approaches these
conditions, he shculd be warned at some polnt that he has reached eithsr
(1) a point beyond which it is not "safe" to go, or (2} a point around
which 1t is desirable to bracket his flight #0 as to obtair ¢ maximum per-
formance, Both of these possibilitles were considered.

a. A Ssfety Polnt. It appeared that most stall warning installa-
tions have taken the firat approach, That is, the warner is installed so
that the signel comes on at an attitude close to the stell and indicates
"unsafe flight." The pilot knows that his object is to turn off the aignal.
With this principle operating, the instsllation may have various effecta
on different pilots, and the installation, itself, may vary in considersble
degrees. One pllot may prefer to heve his warning very clcose to the stall,
whereas a second pilot may prefer to have hils much closer tn normal flight,
If the warner is set too near normal flight, then amall amou:ts of turbulence
tend to turn the stall warnmer on. Tn such casesg, the pilot may get in the
habit of ignoring the atall warning device and perhaps leavirg it on, even
though he hes alinost reached the point of stalling,

If, on the other hand, the stall warning installztion is so neer the
point of stall when the sgignal comes on that the plans has virtually stalled,
then the pllot may delay too long and not be able to recover before the
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aircraft stalls. 1In previéun studies of stall recognition and performance, 5
it was apparent thet many pilots approached the stall, recognized that they --.

were near it, but did not recover in time to avold it, Thus, if the stell =
warning device is installed and operated on the prinelple of paychologicel x
"nearness” to the stall, the mechanicel device depends for much of its ef- -
fectiveness upon the psychological idosyncrasies of the pilot, and slso - P
upon the relative location of the warner from the point of stall, LR
b, Ap Optimum Polnt. If, on the cther hand, 1t were possible Lo
to locate a stall warner at some voint of maximum performance, it would %
be poasible to instruct the pilct that thls optimum performence could not i
be exceeded with any favorable results, If such an optimum were Bufficiently‘¥m§
short of the stall to permit the pllot to "bracket" the optimum, then the e
pllot would be equipped, not only with a stall warner, but with a flight -t
instrument which permitted him to obtain the maximum resulte from the i
maneuver he was attempiing, 'ii
As previously stated, 1t is possible that there are two principal ’ﬁ
rearons for inadvertent stalls. The pliot may be either attempting to ,
c¢limb too ateeply or te glide tco flatly. Maximum sngle of climb and g
minimum angle of glide, therefore, may be desirable optlmal points around E
which to "bracket® flight in steep climbe and flat glides. It would A
appear that these represent limiting flight attltudes beyond which the -
pllot cannot go without defeating his purposes, The principal questlon ;i
to be anewered, however, is whether the maximum angle of c¢limb or minimum e
angle of glide is achieved at such a setting as to permit the use of thils iF
optimum for bracketing purposes end also as & stgll warning, That is, if i
the maximum angle of climb is achieved at an angle-of-attack so near the ¥
angle-of-attack characteristic of the stall, then 1t aight be "dangerous" ]
to select this flight attitude as an optimum "warning" attitude. Also, s
if the maximum angle of climb were very close to the angle-of-atiack A
characteristic of normel flight, ther it would slso be "a nulsance" to "
use this as an optimum point. Eé
Ap a next step the present linvestigatioun sought to determine the maxi~ -. 3‘;
mam angle of climb and the minimum angle of glide, and to relate these to &
pertinent date in an effor’: to determine whather these optimsnl flight at- i
titudes were sufficlently safe for practical use in operating s 1 ght air- it
craft, ‘jg
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RECOVERY TO GPTIMUM CLIMBING AND GLIDING ANGLES

41 - I
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In the precading sections of this report it wes hypothesized that
the stall warner should be located to "warn" at the point of maximum
performance in the climb, In climbing maneuvers this is a flight path
lying along the maxidum angle of cliwb. In terms of glliding maneuvers,
ths optimum flight path 1e alang the minimum angle of glide. In leas Sy
genaral teris, the maximum angle of olimb is that engle of flight which T
will reasult in the most altitude gained per foot of forward progress T
along the grourd., Similarly, the minimum angle of glide 1s that flight -
path which will result in the lsast loss of altitude per foot of for-
ward advance over the ground.

e T :
TR B e w e R e
-}V'ZE‘.';[‘:‘;P“ ¢ ““‘: H E0

- Most pilots knom that there 1s a difference between the airspeed
whish produces the gieepept olimb {maximom gngle of climb) end the air-
spead which achieves the fggtest cliwb (maximum “of olimb)}., In
fact, the raximum rgte of climb is frequently spealfied in manuals ob-
tained from airoraft manufacturers. However, most pilots do not kmow
the airspsed (or angle-of-attack) that represents the maximum ?gh of
climb for their aircraft, Informstion on this type of ailrcraft par-
formance ia not presented in manufacturers' manuale. Yet the pilot way
need thia type of information, particularly when he is seeking maximmmm
performance in climbing over some obatacla or in attempting to streteh
hia glide in the sage of e forced landing or in other situations in which
he does not have power to apply.

There were two specific purposes of this phase of the investigatiom:
(1) to determine the maximum angle of climb and the minimum angle of glide
for the testing aircraft, and (2) to test various methods of "recovering"”
from & etall warning set tp coms on at the maximum argle of climb,

The first purpose involved the testing of gain in altitude under full _
power at selected alrapeeda., From the data thus obtained it was possible R

¢

Ta
4T -
5k
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-

to calculate e maximum angle of climb and to traenslate this into the air- =
speed at which this maximum angle of oclimb wes achieved under full power. e
Tests were also run to determine the minimum angle of glide, This in- %
volved the gliding of the testing aireraft under conditlons of constant L2
1,000 r.p.m., and varying airspeeds. The second purposs of this phase . el
of the investigation involved the teating of methods of controlling the v
airoraft in attempting to fly along the flight path prescribed by mechanical U
signals which came on and went off near the maximum angle of climb of the 0
teating airocraft. These taata were intended to provide information on YR
the amount of gltitude that can be conserved by using a stall warner to e
provide a elgnal, which when "btrackeied” obtains the saximum performance T
of the aircraft in the olimb, i~
| i
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B. The Meximus Angle of <limb
1. hﬂm.wm

The general nature of these teating procedures included the selection
of six genaral alrapseds to be flown under full power oondltiona, and de~

 signing and flying the flight tests necessary to obtain the basic date

whereby the maximum angle of climb could be calculnted

‘ 8ix Airsbeods. The aixairepeodaaoleotad for weating purpoaes
were 40, LS, 50, 55, 60, and 65 m.p.h. The test design specified that the
aircraft was to be rloun at each of thasa airapeada under full power for
at least ohe minute, .

" b. Procedures. The teating aircraft was flown low over water
until the altimeter read approximately 100 feet. The nose of the alreraft
was then slowly pulled up and power was added, When the alrepeed settled
down to the airspeed for which the run was to be made, the pilot called
*Now," and the observer started his stop watoh and read the radio altimeter
and then thé angle-of-attack imdicator. The pilot thon attempted to olimb
the airplane at sxactly the desired alrspeed. At the end of exactly 60
seconds of climb the obaerver called "Now," and read the radic sltimater
and the angle-of-attack indicator, At the aignal, the pilot reed the air-
speed ., Thsic data were then recorded and checkﬂd

8ix trials wers run at sach of the six girspeede., The teeting
schedule was so designed that the six tests at each of the desired air-
speeds were squalized insofar as possible with raspect to the changing
wolght of the aircraft due to gas consumption,

LY

c¢. Precgutions. In prellminary tests it was discovared that even
glight turbulence resulted in considarable variation in the data, In view
of thie fact; all tesats were conducted in very calm air,

It was believed that the change in the weight of the aircraft due to
gas consumption might also affect the reaults. 4 systematlc study of this
factor was made, but it waa discovered that the varlations in results ob-
talned with a near-empty tank and near~full tenk of gas wers such that
these variatione might have been explained on the basis of differences in
sampling, rather ‘than on the basls of a consistent difference in performance
of the testing alroraft under these iwo conditions,  Nevertheless, the
tasting echedule was arranged soc as 4o svoid the pousslbllity of having oae
or mors of the altitude mensures for the'selected aireoweds being adversely
affectéd by either a near-full tank of gas or a near-emty cne.

2. Bepults. =~ = |
The maximum angle of oclimb was determined for ilmwea ol mbing RANOUVErS -—= t
straight-ahead climb, right and left climbing turna :

Woaget Lt . s ‘,“u‘
. . . ) " '{7|' 1, ‘.'
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- a. Stralght-Abead, Giimbing Power. A summary of the tegt re-
sults for each of the six airspeeds flown in this maneuver 1s presented
in Table 22, The distance along the flight path was caloulated in terms
of calibrated eirspzed of one minute duration. The altitude galned was
c¢alculated dirsctly from the radic altimeter readinge and the sine of
the angle of climb was calculated by dividing the digtance on path by the _
gltitude gained. These tests provided the baalc data for the calculation S
of the curve of best fit. )

+

TABLE 22 )

MAXIMOM ANGLE OF CLIMB DATA -~ AVERAGE OF SIX TRIALS Qg
STRAIGHT=-AHEAD C-LIHB J

Indicated Calibrated Distence Altitude . Sine of he
Airspeed Airspeed On Path Galned Angle of Climb ¢

f

40 38:79 3:};2392 43‘600 a12‘74 “_‘7*{;

45 42,1 37048 483.3 .1305 B

50 4503 39860‘l 5110'? . 012814 C:-

55 48,5 4268,0 551.7 +1293 T

60 51 07 4-549 06 51}3 . 3 ' vll95 ' 'Z{E;‘

. 65 " 54.9 483142 525»0 . 1087 "y

R e e e I P repniny iy T R I_i“ié"

Theae data were graphed as shown in Figure 3 and it was judgad that A

a gecond-crder curve would be a curve of beat fit, 4
Using the usual method of calculating & curve of -the second order g

and using the coordinastes of the five points shown on Figure 3 as basiloc )
data, the following equation of the curve was obtained: R
sine o< . = -,0303 + 006795 (IAS) -,00007157 (I48)2 o

This equation wes differentiated to find ive maximum, The obtalned maxi- “2?
mun was 47.47 wm.p.h., indicated. In terms of calibrated airspeed this was ‘}g

43. 7 m.peh, 1 . ‘
‘ . 3
1The data on determining maximus angle of climb end minimum angle of 3

glide are presented In terms of indicated alrspeed, rather than calibtrated ;
airspeeds or in terms of angle~of-attack. This procedure was used primarily #
bocause pllots of light alrcraft will not ordinarily have calibrated airspeed -
values with which to work, It will probably be necessary aleso for such
pilois to use a slightly different method of obtaining the sine value in teate- &
ing their own airoraft, It was, of course, possible to have flown a known
distance along a path on the ground, such as a 5,000 ft. runway, or a 3,000
ft. runwaey., However, because of the availability of the radio altimeter, ey
these tests were run over water, whore the distance flown "On Path" was
easier to obtain than a lmown distance on the surface of the testing area.
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These results indicate that, under full power; the testing aircraft
on the average schleved its meximum angle of climb at a callibrated alr-
apeed of approximately 43.7 w.p.h. This was approximately 8,7 m.p.h.
in advance of the stall out of the same maneuver.

b. Left Climbipg Purn. In tests of maximum angle of climb in
the left climbing turn, airspeeda of 45, 50, 55, 60, 65, and 70 m.p.h, were
flown, The aines of the angle of climb at each of these indlcated air-
speeds are presented in Teble 23. Using the same method of calculating
the equatlon of the curve of best fit, the following equation waa obtained:

Stne A = -.027523 + 0063436 (IAS) + ,00006729 (IAS)2

This equation was differentiated to find the maximum, end the value obtalned
was 47.14 m.p.h., indicated airspeed. This was equivalent to a calibratad
alrepeed of 43.48 m.p.h, )

It will be noted that the maximum angle of olimb in the left climbing
turn wes approximetely the same as that cbtained Iin the straight-shead
Uliﬂbo

TABLE 23

MAXTMUM ANGLE OF CLIKB DATA -- AVERAGE OF SIX TRIALS
‘ LEFT AND RIGHT CLIMBING TURNS '

Indicated Calibrated Sine of e of Clim

Airspeed Airspeed Left tura Right turn
45 42.1 .1217 - 1260
50 54.3 1214 , 1298
55 48.5 L1178 L1265
60 51,7 L1108 .1189
65 54,9 .1005 .1081
70 58.1 .0832 -

¢. Right Climbing Turn., Bimilar tests were rur for the purpose

of determining the maxitum angle cf olimb in the right <limbing turn,
Since these tests were conducted after the left elimbing turn tests, 1t
was believed unneceassary to run tests at 70 m.p.h. Tests were run at-five-
mile per hour intervals from 45 to 65 n.p.h., inclusive, The obtained
sinea of the angle of olimb at these indicated aeirspeeda are presented
in the right hand column of Table 23,

From thege data tne equation of a sscond-order cwrve of best fit was
calculated with the followlng resudt:

Sine . u =.13395 + ,0W0465 (I2S).~ 00010419 | I4S)?
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By differentiating thls equstion to dviernine the meximum, the value
of 50.22 m,p.h. Indicaled alrspeed wreg obteinzd. This waatequivalent to
a calibrated sirspeed of 45.45 m,p.h.

I+ may be noted thet the celibrated elrspeed characteristie of the
maximum angle of ¢limd in the right elimbing turn was approximately 1.9
m.p.h., above that in the left climbing turn, and approximately 2.7 m.p.h.
above the indicated alrspeed characteriztic of the maximum angle of olimb
in a straightwghead maneuver, This variation in maximum engle of olimb
amcng slimbing maneuvers is of 1ittle practical significance in terms of
number of feet climbed per thousand feet of forwerd advance. Furthermore,
the difference may be due to the instrumentation of the alrplane, Alr-
speed calibrations were netessarily accomplished cnly for straight and
level flight.

. TABLE 24 /
MAXIMUM ANGLE OF CLIMP -- SUMMARY OF RESULTS
Waneuver Alrgpeed Moxdmpun
: Ind. Cal, Sine  Angle
1., Straight.Ahead -
Climbing Power 0
(Full Throttle) 47.5 437 1310 7732%
4, Left Cilmbing Turn
(Full Power) £7.1 43,5 »1220 7901
5. Right Climbing Turn )
(Full Power) 50.2  45.4 .1298  7°28
Averggs 43.3  dhoo ,1276  7°%20°
d. Summsry. The results of tests to determine the maximum aﬁgle

of climb are pummarized in Tsble 24. It will be noted from this table that

the indiceted airspeeds charscteristic of the maximum angle of olimb in
the straight-ahead climbing meneuver and In the left climbing turn were

approximately the same., The indicated alrapead for the right olimbing turn

was approximately 2.7 to 1.9 wm.p.h. higher.

With respect to the zctual flight angle, the maximum angle of climb
posaible in the laft climbing tiwrnm was 7°01', while in the streight-ghead
mensuver it was 7°32°. For mli practical purposes the maximum angle of
¢limb for each of théme muneuvers is approximately the same. It was ac-

chieved in the straight-ahead and left ¢limbing twrn maneuvers at a slightly

lower airspeed than in the right climbing maneuver,
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Tests similar to those involved in determining the maximum angle of
climb were run for the purpose of determining the minimum angle of glide.
Three maneuvers were tested: straight-~aheoad glide, and the left and
right gliding turns.

1. Iegting Procedureg. -

Az In the tests of maximum angle of olimb, selected airspeeds were
chogen for testing purpomes, Six trilals were run at each airspeed, and
the average values of these slx trials were used in determining the co-
ordinates of the points used in calculating the equation of the sine of
the minimum angle of glide.,

In the testing process, the alrcraft was climbed to an altitude of
approximately 900 feel over the water. A glide was set up at one of the
selected airspeeds, and as soon as the airplane wes gliding in stable con-

"dition at that eirspeed, the observer started his stop watch; read the
radio altimeter, and the angle-of-attack indicator aimultaneouslyD At

the end of 60 peconds, the observer called "Now," and again read the
radio altimeter and angle-of-attack indicator, These data were then re-
corded and the trlal repeated. Since the range of the radlo sltimster
was from 0 to 800 feet 1t was necessary to climb beck to about 900 faet
before the next trial could be run, For thls reason, the trials were dis-
tributed over a range of airspeeds so that no one airaspeed would be tested
with a near-full tank of gas and another alrspeed with a near-~empty tank
‘of gas. While the change of weight in an hour's testing was not more

than 50 or 60 pounds, it was, nevertheless, believed desirable to equalize
insofar as poseible the effect of less of weight in gasoline among the
varicus alrspaeds,

2, kesults.

a. Stralght-fhead Glids, Tests to determine the minimum
aengle of glide in straight-shead flight were made at five airspeeds, rang-

ing from 45 to 65 m.p.h., at 5 ©.p.h. intervals, The velues of the sine
of the asngle of glide as obtained in these tests are presented in Table
25. From these values the following equation of a curve of best fit was
obtained:

Sine 57<~= 66846 ~.019779 (I4S) + .000174 {IAS)?

Differentiating this queation to determine its minimum, the value of
56,84 was obtained, Thus, the minimum angle of glide was achleved at an
indicated airspeed of approximstely 56,8 m.p.h. or a celibreted airspeed
of approximately 49,7 m.p.h.

b. Left Gliding Turn. The results of splmilar tests of the minimum
angle of glide in the left gliding turn are summerized in the middle column



of Table 25. Tihr equatlon baged on these (ive points wag found tc be
Sine 4 = .32116 -, 0069103 {14S) + .00006132 (1a8)?

The minimum as obtsined by differentiating this equation was 56.35
m.p.h. In terms of calibreted mirspeed, this was 49.4 m.p.h., or almoat

exactly the same as the airspeed characteristic of the winimum angle of L
glide in the straight-ahsed gliding maneuver, . . I
TABLE 25 \ H
MINIMUM ANGLE OF GLIDE DATA -- STRAIGHT—AHEAD, Y
1EFT TURN AND RIGHT TURN 5
Indicated ~ True (Cal.) Sine of Angle of Glide o
Alrspeed Alrspeed Straight- Left Right g
Ahead Turn Turn ;ﬁ;
45 42,1 ,1301 -
50 45.3 1129 ,1289 1263 ‘ . il
55 £8.5 L1099 1266 .1195 b
60 51,7 : 1092 1273 ,1186 oo
65 54.9 1163 ,1311 L1236 -
70 5801 01379 .1345 N
. E— E
c. HRight Glidige Turn. As shown in Table 25, the five ajrspeeda A

chosen for testing the left and right gliding turns involved airspeeds . S
ranged by 5 m.p.h. intervals from 50 to 70 m,p.h., inclusive, The obtained -3
#inea of angle of climb characteristic of each of these flve alrapeeds as g
obtelned for the right gliding turn are presented in the extreme right hand 7

column of Table 25,

From these data, the equation of the vurve of best fit was found to
be as followa:

stnec—- = ,51691 -.0136879 (1AS) + .0001175 (I1as)2

The minimum as determined by differentiating thiarequation was 55,25
m.p.h., indicated airspeed, or 50,5 m.p.h.; calibrated airspeed,

d. Summary. Table 26, following, presents a summary of the re-
sults of testing the sircraft to determine the minlmum angle of glide in ¥
each of three gliding maneuvers. It will be seen from this table that ke
minimum angle of glide was mchieved at calibrated airspesds ranging from ' .'£

approximately 49,5 m.p.h. to 50.5 m.p.h, These results indicate that the
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TABLE 26
MINIMUM ANGLE OF GLIDE -- SUMMARY OF RESULTS
B e

Mgneuver Alrepged Minim
Ind, Cal, Sine Angle

3, Straight-Ahead
Glide (1,000 r.p.m.) . 56,8 49.7 L1064 6907

6. Left Gliding Turn :
(1,000 r.p.m., 15° bank) 56.4 49.4 1265 7°1§'

7. Right Gliding Turn
+ {1,000 r.p.m., 15° bank) 58.2 50.5 1182 947"

Average 57.1 49.9 JA170 69430

testing aircraft dild not vary with respect to minimum angle of glide with
individusl maneuvers to guite the same extent .as in the case of the maxi-
mum angle of climb., It will be remembered from a preceding section that
the difference in alrepeed at which the maxzimum angle of climb was ac-
chieved in the left climbing turn was spproximately 2 m.p.h. lesa than

in the cese of the right climbing turn. In the case of tl® gliding
maneuvers this difference was only approximately 1 m,p.h.

The fact that the airspeed characteristic of the minimum angle of
glide did not differ to any appreclable extent by maneuver suggeste the
possibility of a single stall warning unit which may be set to come on
at minimum angle of glide in one gliding maneuver, and at the same time
serve equally well in other gliding maneuvers, Had a wide range of air-
speeds been fourd within the gliding meneuvers, then the exact location
of a stall warning appsratus would have to be detsrmined in relation to
the maneuver in which the stall was of most interest or importance,

, Once the optimum airspeeds of flight in ¢limbing and gliding maneuvers
(with & particular power setting) hed been cbtained, the next step was to
locate a stall warner to slignal at a flight attitude on or very near the
cptimum attitude, In this study the stall warner was located at an optimum
point determined by the c¢limbing maneuvera., Teate wers run on both climb-
ing maneuvers and gllding maneuvers with the stall warner located in this
position, .



A reinapection of Table 19 %111 indicate that the original stell
warner in the Num“er 3 position lighied the signal at an average of
40.1 to 46.3 m.p.h., depending upoz the maneuver involved (and exlud-
ing steep turns). This range was approximately the same callbrated air-
speed as that characteristic of the maximum angle of climb,? It was,
therefore, decided to run preliminary tests of the stall warner in the-
Number 3 poaition to ascertein whether this might be used in its original
location for tests of flight along the £light path deseribed by the maxi-
mun angle of climb and the minimm angle of glide.

Before these tests were run, an improved stall warning vane was in-
stalled in the RKumber 3 position., Thils new-type warner was of the same
general design as the origina), but the vane itself wae shorter and more
- sturdy., All testing was done with this improved vane rather than the
original Number 3 vane. The characteristics of the new-type vane appeared
to differ somewhat from those of the originasl vane. This, however, in no
way affects the results cbtained in determining the maximm angle of olimb
or the minimum engle of glide. The only difference pertained to the "on-
off" interval? and in this respect the new=type vane was better suited to

the testing eireraft than the original type vane, having a shorter interval 4

1. Testing Procedures.

The purpoa: of this serles of testes was to determine the airspeed in-
terval over which the stell warner operated. It was known that the warner
came on at a falrly consistent mirspsed, but that it wae not turned off
unti) after a higher airspeed was achieved. Before the lamp would go off,
it was necessary to initlate recovery to level flight.

2The average calibrated alrspeed at which the warner in the Number 3
position came cn was 41.2, as compared with an airapeed of 43.7 for the
maximum angle of climb in the straight-ahead climbing maneuver, and an
average of A44.2 m,p.h. for all climbing maneuvers,

348 noted following, when the stall was approsched from normal flight
the stall warner came on at s relatively consistent airspeed. However,
when recovery was Instituted, the stall warner did not turp off untll a
coneiderably higher airspesed (and lower angle-of-attack) was achieved than
that which reprasented the originai onset of the warn as the stall wae
approached. The "on-off interval," them, 1s the difference {in airspeed
or angle-of-attack) between (1) the value at which the warn first comes
when the atzall is being approached from normal flight, and (2) the value
"during recovery to normal flight at whioh the signal ceases, In terms of
airspeed, the latter value is greater than the former, In terms of angle-
of -attack the latter value is legs than the former,

41t will be noted, however, that approximately the seme results, rela-
tive to "hbracketing" the stall warner slgnal, would have been obtained had
the regular vane been employed. 4n examination of the ocwrve in Figure 3
will indicate that bracketing a vané with a slightly wider "on~off® inter-
val would still keep the flight path near the maximum angle of olimb,
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A total of ten test triala were run, Signal lamps 1, 2, 4 and 5 were
removed from the apparatus so that only lamp Number 3 would light in a
stall approach, In the flight teats, the pilot continued to read the
alrspeed, as in previous teats, and the observer read the airapeed and
the angle-of-attack at which the lamp came on. By putting the clipboard
containing the lamp between the angle-of-attack indicator and the alr-
epeed indicator, the observer was also able to check the readings provided
by the pilot.

Tests were run for both full power, straight—ahead climbs and. atraight
ahead gliding maneuvera,

2. Regults.

a. Straight-Ahead Climb. Table 27 presents the results obtained
in these tests. Both indicated and calibrated alrspeeds and angle-of=at-
tack valuep are given for the "on"™ and "off" characteristlos of the new-
type etall warner in the Number 3 position. This warner came on at an
average indicated airspeed of 46,6 m.p.h., and en indicated angle-of-
attack of approximately 21.,0°. In terme of calibrated values, these were
43.2 m.p.h, snd 13.2°, respectively, The warning lamp was turned off at
an average indicated airapeed of 49.1 m.p.h. (44.8 m.p.h., calibrated)

 and an average indicated angle-of-attack of 19,69 (12,1° calibrated),

TABLE 27

RESULTS OF TESTS OF WARNER IN #3 POSITION
STRAIGHT-AHEAD, FULL POWER CLIMB

Pt e ———]

Data Alrgpead Apgle-of -Attacks
As ON T ON OFF

. Moan® Mear* Hean* Moan*
Indicated 46,6 49.1 21.0 19.6
Calibrated 43.2 - 44,.8 13.2 12,1

——
S —

#0f ten trials

As shown previously in Table 24, the maximum angle of climb was ac-
hieved with an indicated mlrspeed of 47.5 m.p.h. (43.7 m.p.b., calibrated)
in the full power, straight-ahead climbing maneuver. This airspeed lies
almost exactly in the middle of the "on-off" interval (indicated airspeed
values). The aversge lndicated airspeed for all climbing maneuvers, ss
shown in Table 24, was 48.3 m.p.h, This everage mirspeed characteristic
of the maximum angle of climb in the three principal cllmbing mansuvers
also was well within the 49,1 - 46.6 m.,p.h. interval "hracketed" by 'the
stall werner in the Number 3 peosition,

t



in other words, wren ths imoroved vene was instelled in the third
vana position it came on and went off over an eirspeed range whish wasg
almost equally distributed on either side of the optimum sirspeed for
obtaining maximun angle of climb &t full power, Had the Number 3 vans
been set to come on at s lower sirspeed or a higher alraspeed, it would
have been necessary to have adjusted its position on the wing, so that
the "on" and "off" airspeeds "brecketed" the optimum airspeed.

1t mey be of some interest to note from.Table 27 that the average
angle-of-attack characterizing this "on-off" interval ranged from ap-
proximately 12.1° to agproximately 13.2°, The optimum angle-of-attack
was approximately 12.6° and this lies almost exactly in the middle of
the Yon-off" interval. The testing aircraft stalled fairly unifarmly at
a calibrated angle-of-attack of approximstely 19.0°. The optimun angle-
of-attack under full power was, therefore, approximately 6.4% less than
the gtalling angle-of-attack, ,

This last fact was of considerable importance. As discussed earlier,
hed the maximum angle of climb represented an angle-of-attack very close
to the stall, the procedure of "tracketing" the warning signal would be
dangerous, By attempting to achieve maximum performence the pilot would
be constantly on the verge of the stall, In this eircraft, however, maxi-
mum angle of climb was achleved at an angle-of-gttack far short of the
stall, and therefore the procedure of "bracketlng" the naximum angls of
olimb warning was perfectly "safe."

b. Straight-Abesd Glide. The results of similar tests for ihe
straight-ahead, gliding maneuver are presented in Table 28, 1In the
streight=ahead glide the vane in the Number 3 position came on at an aver-
age of 52.6 m.p.h., indicated airspeed and was turned off at an average
indicated airspeed of 53.1 m.p.h. In terms of calibrated airspeeds, this
range was from 47.0 to 47,3 m.p.h. In terms of angle-of-attack, the Rum-
ber 3 vane came on at 19.9° indicated, 12.4° calibrated, and was turned
off at an angle-of-attack of 20,0° indicated,' 12,50 calibrated,

. TABLE 28

RESULTS OF TESTS OF WARNER IN #3 POSITION
STRAIGHT-AHEAD GLIDE (1,000 r.p.m.)

Data _ _Alrgpeed Angle of Attaock

An . Ol OFF ON oFF

Mean®* Meam* Mean* Moan*

Indicated ) 52,6 53.1 - 19,9 20.0

Calibrated 47,0 47,3 12.4 12,5
L L S e e S A Y

*0f ten trials
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The "on-of f" mirspeed of the Number 3 vane in the stralght-sphead glide,
however, -did not "tracket” the optimm gliding airspeed of any of the glid-
ing maneuvers. As shown in Table 26, the minlmum angle of glide was ac-
hieved at an indicated airspeed of 56.8 m.p.h. This velue lies outeide the
"on-off" interval by approximately 4 n.p.h. indlcated and approximately 2.5
m.p.h., calibrated. In other words, the stall warner which was set almost
exactly in the middle of the "om-off" interval pertaining to the climbing
maneuvers, was Bet at too low an airapeed for equally effective applica-
tion in "bracketing” the minimum angle of glide,

Two other findings are worthy of note. As may be determined from
Tables 27 and 28, the "on-off" interval in terms of calibrated airspeed
was 1.4 m,p.h. for the etraight-shead climb, wherees in the straight-aheed
glide, the "on-off" interval was only 0.3 m.p.h. 4 similar result was ob-
teined with respect to angle-of-attack., In the full power olimb, the
"on-of £ interval in terms of calibrated angle-of-attack was 1.19, and in
the case of the gliding maneuver only 0,1°., These results indicate that
the "on-off" position for the stall warmer in the glide must be set within
a very restricted interval if the minimum angle of glide is to be achieved.
On the other hand, the "on-off" interval for climbing power may be some-
what less precise in the exmct position of the warner.,

E. ZTemsis Alopg Optimum Fiight Path

The final step in this part of the investigation was to test out in
actual flight the general hypotheses ccncerning flight along an optimum
flight path as defined in terms of maximum angle of olimb. Flight tests
were run with various methods of "recovery" used in each of seven man-
euvars, In these tests, the pllot recoverad from the stall warning signal
in the maneuver in question into a straighteghead climb, These tests may
hardly be described as tests of recovery. Yet, in a very real sense, they

- are, & pllot who is advancing toward Lhe stall generally does so fairly

gradually, He pulls the stick back and the alrcraft graduslly assumes an
exaggerated angle-cf-aitack as airspeed decreases. W¥When the atall warn~
ing comes on, the pilot, in one asnse, begins a recovery., That is; he
returns toward normel £light., His behavior is, in ancther sense, not re-
covery, sinoe he has not entered into the full stall. However, for pur-
poses of description, in this sectlion of the report the terms "revcvery
from g stall warning” and M"usgse of the stall wagner in achlieving an optimum
flight path" are in general used synonymously. v

SAs noted in the introduotion to Part IV of this roport (See page 78}
the "recovery" from the stall warner to an optimum flight path is given
primary emphasis because of the relatively greater practical implications
vielded by such dets, &8 comparad with data on rescovery fram the stall
warner to straight and level flight, or to & normal glide_
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Pithin esch of the soven manecvers the metheds of recovery to be tested

were gelectad or the basia of results obtained In itesting reccveries from
the full stall., The particular recovery msthods used In this phase of the

testing are listed in the tables which pressnt the results for each maneuver.

1. Tegtlng Procedurses.

In flying the tests for "recovery" from a stall warner, ocertain de-
partures from previous methods of testlng were employed. In the first
place, the pilot was not required to recognize end recover from.the full
stall. He began his "recovery" as soon as possible after the stell warner
came on., His procedure wam to turn off the stall warner, and then turn it
on again, turn it off, and thus "bracket" the stall warning signal.” It
was assumed that by “bracketing“ thls signal {or by "bracketing” the "one
off interval®) he would advence along the optimum flight path as far as
climbs were concerned,

In these tests the pilot began a stall approech znd then watched the

gtall warning indicator, When it came on, he signaled by calling out "Kow,™

The obgerver read thres values -~ indicated airspeed, indicated angle-of-'
attack, and altitude in fest -- and he also started a stop watch at this
signal. At the end of a spscified time interval, depending upon the
maneuver, the observer called out "Now," and read the angle-of-attack in-
dicator and the altimeter. At this point; the pllot read the airspeed.

Thege data were then recorded by the observer and, when there wWas any doubt

of the accuracy of the readings, the test trial was rerun,

In thess. tests, the time interval flownm along-the optimum path weas
determined generally by the time Interval necessary to effect recovery by
the most effective method to etraight and lavel flight from a full astell.
For example, in the tests of recovery from the stall out of the atraight~
ahead, climbing power meneuver the optimum method effected recovery in an
average interval of 10,54 seconds {shown in Table 3)., A4 flight interval
of 11 seconds was selected for testing this maneuver in recovery from a
stall warning., Through selecting the time interval in terms of the amount
of time taken for reaovery from a full stell a clearer plocture of the ef-
fectiveness of this use of the stall werner could be cobteined,

2. Regults.

&, Streight-Ahead Climb. Four methods of controlling the air-
eraft in flight along ths optimum angle of elimb were tested, These are

6The rilot trackets the stell warning signal in the same sense that g
pilot "brackets the A signal® in an approsch to a low frequency range sta-
tion. He doos not, of course; bracket the slignal by flylug "on both sides
of 1t," since once the stall warner is activated it remains "or" during
any further increase in angle-of-avtack until the plare stalls and well
into the recovery, In this senss he trackets the "on-off interval”,
defined on page 97 cf this report, footnote 3.
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listed in Table 2907 In evaluating recovery from a atall warning the
altitude gained is the criterion rather than the altitude lost. Again,
however, it is desirable to consider the variability or consistensy of
each method as shown by the standerd deviation of the individusl meas-
ures. )

As shown in Table 29, the 'use of elevatora in "bracketing® the stall
warning reaulted in the most consistent performance, However, two other
procedures using allerons and elevators and rudder, allerons and elevatore
galned more altitude but did not do sc am consistently as the use of
elevators only. .

It will be noted in Table 29 in the column listing the calibrated
airspeeds at signal and recovery, that the airspeed at recovery wag con-
sistently higher than that at the time of signal. Thls 1s to be expected.
In appreoaching the stall, the test pilot wae using full power and his air-
speed was graduslly decreasing., Under full power conditions with the stick

_held sll the way back, the aircraft progresses from a normal sngle of ¢limb

to an exaggerated flight attitude. In thie progression, airspeed is lost
and, consequently, the alrspeed at the time recovery began will be read a
fraction of a second after the signal comes on. For this reason, the
airspeed at signal was generally a little lower than the airapaed at the
time the warner came on. On the cther hand, when recovery ie atarted and
the stail warner is "bracketed™ the airspeed increases, and at the time
of recovery, then, was consistently higher than that at the time of slgnal,
Had the signal been "bracketed" for a minute or so, the average airspeed
over the course would haye settled down to approximately the airspeed of
tLe maximum angle of ¢limb., The measures of airspeed over the ll-second
interval, however, reveal varletiocne that occur in that time 1nterval,

As shown 1n the column at the extreme right of Table 29, the observer
wep not always amble to stop the atop watch gt the end of exactly 11 seconds.
This variation in amount of time, however, was relatively small and may for
ell practical purpoases be ignored in comparing the gain in altitude over
the time interval,

b. Straight-Ahe Crui r. Elght methcds of recovery
from a atell warning were tested in counection with the straight-~ahead,
crulsing power mensuver, These are listed end the data reported in Table

7The designetion "SW" refers to resovery method from & stall warning
signgl. E-SH indicates that in straight &nd level flight, the pilot used
only elevators to lower the noes below the point where the stall warner
went off, and to relee the nose again so that the stall warner would come
on. This "bracketing" procedure permitted the pilot tc approximste the
optimum ¢limbing pathe



TABLE 29

THE EFFECTIVENESS OF FOUR METHODS OF RECOVERY AT STALL WARNING
8IGNAL FROM A STRAIGHT AHEAD FULL POWER MANEUVER

Calibrated Calibrated Change of Time %o
_Alrspeed gt = Augle of Attack Altitude  Reoover
Regovery Method  Signal Recgvery At Sigual in Feet in Sec.

1. E= S0 m» 4303  45.44 - 12,61 +63.00 11,00
o= 0.71 1.45 0.94 14.18 0.00
om = 0.24 0.48 0.31 4.73 0.00
2, EKE - SW m o &2.31 45-@ 12.38 1'61.40 11001&
g = 1.66 1.86 0.71 18.47 0.06
om s  0.55 0.62 0.24 6.16 0.02
3. AE ~ SW Ao 43014 &5-45 12-23 '?70.40 11009
g = 1.28 1.50 0.58 55.55 0.50
gl v 0-#3 0.50 0019 18-52 0-1?
L: RAE - SN nm = LO.W 45005 12;31 +68.00 10-%
g = 1:“ 1.00 0.93 42-33 0.%
gl % 0-!4-8 0-33 0-31 14013 0.09
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NOTE: Recovery made by btracketing the atall warning signal for 11 aeconds,
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TABLE 3G

THE EFFSCTIVENESS OF EIGHT METHODS OF RECCOVERY AT STALL WARNING SIGNAL
FROM A STRAJGHT AHEAD MAREUVER WITH CRUISING POWER (2100 RPM) v

Calibrated Calibrated Change cr Time to
Alrspeed at Angle of Attack  Altitude Recover

Recovery Mathod Signal Recgovery at Signal in Feet in Seao.
1., E-SF m= 41,72 4537 - 13.21 +24,,00 11.00
o= 0,95 1.96 . 1.0% ji8.0o 0.00

cm= 0,32 0.65 0.34 6.00 0.00

2. PE - SN m= 43.15 4y .23 12,98 +66,00 11.00
= 1.39 1.29 0.75 14.97 ¢.00

cm = 0.46 0.43 0,25 4.99 0.00

3, RE-SK m= 42.690 46,60 12,38 +20,00 11.01
g = 1148 1n24 0.92 19949 0.10

om = (.49 0.41 0.31 6.48 0.03

L. AE - SR m = 42.83 44.61 12.38 C 4540 11.08
o = 2. 82 1.56 1.08 23.29 0.28

gm = 2,94 0.52 c.36 7.7 0.09
5. PRE - SW m = L3.51 45,05 12.46 +74,Q0 11.04 .
o = 1.57 1.57 0.67 Bl.40 0.10

. om = 0.52 D.52 Q.22 27.13 0.03

6, PFAE - S5W m = 43.98 45.38 12,01 +64,,00 11.00
g = 1.41 1.30 0.90 26,91 0,00

gm = Q.47 C.43 0.30 £.97 0.00

7. RAE - SK m = 41.99 44.10 12,08 +26,00 11.07
T = 1.41 1.94 0.8 24,56 0.17

om = 0.47 . 0.65 0.28 8,05 .06

8., PRAE = 5Wm = A2.44 45.06 12,01 +62,00 11.00
g = 1.83 1.62 0.69 29.93 0.00

om = 0,61 0.54 0,23 9.98 0.00

NOTE: Recovery made by bracketing the etgll warning slgnel for 11 seconds.



30;8 Tt will be noted from this tsble that the methods of recovery which
‘involved the addition of power generally resulied in the largest altitude
gains, Of these; method PRE gelned an sverage of 74 feet in approximately
11 seconds. The most consistent method of flying along the optimunm flight
path was again the method using elevators only {F¥E)} to "bracket® the atall

warner.

Some of the teste reported in Table 30 are apparently mere scadenic

investigatlons. These results indicate very definitely that when the

pllot can fly along the optimum flight path with the use of only elevators
and a minimm of rudder and ailleron controls, he will conasistently galn the
most altitude, Howsver, it is sometimes necessery to apply rudder or
aileron in order to keep the aireraft from skidding or turning. 4 sekid

or & turn will, of course, impalr the recovery and will result in less

galn in altitude in a given time interval. From a practical polint of

view, recovery PRAE, with an average gein of altitude of 62 fest and a
standard deviation of approximateliy 30 feei, 1z probably the hest method
of "bracketing® the stall warner. Thls means merely that when the stall
warner comes oh the pllot asdds power and coordinates the coatrols im
- flylng along the optimum path of <limb., If momentary turbulence hits him,
he m§y find 1t impossible to effect a PE recovery (add power and use elevators
only

¢, Straight-Abead Glideg., The six recovery methods tested in
connection with a stall warning out of a straighteahesd glide are liated
in Table 31, which presents the results for easch of these methods of fly-
ing the optimum climbing path. A time interval of 13 ssconds wag used in -
these tests,

In recovering from s stall warning in the gllde, tha pllot has two
choices, He can recover to an optimum glide path, or he can pull up end go
arcound again., If he continues his glide into the fleld, method RAE, that
is; coordingted use of rudder, ailercns, and elevators and flylng along the

8The utility of rescvering from a stell warning in straight and level
flight into a maximum climb might, at first thought, be questioned. How-
ever, discusaion with experienced pilots indicated that if the stzll warner
sounded during streight and level flight the pilot might well be .in a tough
spot, such as in traffic during an approach, where the most intelligent’
thing to do would be to get up and away as soor and as Yapidly as possible,

he glevators only and power and elevators only methods of flying
along the optimum climbing peth were in general run on very calm days.
When there was even moderate turbulence, the use of elevators only in
flying along any flight path would be nn urWise practice. The pilot hap
full use of all of his controls in the optimum olimb and it is eensible
to use them,
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TaBLE 31

THFE EFFECTIVENESS OF SIX METHODS OF RECOVERY AT STALL WARNING SIGNAL
FROM 4 STRAIGHT AHRAD GLIDE (1,000 RPM)

Calibrated Callbrated Change of Time to
Alrgpeed at Apgle of Attack Altitude Recover

Redovery Meihed Sigpsl Recovery at Signal in Feet  in Sec,
1, RE « S8 m = 46,73 46.66 12.84 =134.C0 13,00
g = 1,17 1.78 _ 0.69 37.20 0.00

qm = 0-39 0059 0.23 12.&0 OIDO

2. AE =« SW m = 46.34 4i6.28 12.61 =121.00 13,00
g= 1.55 1.08 0.45 37.80 0.00

om= 0,52 0.36 G.15 12.60 0.00

3. PRE = 83h m = 432,38  43.27 12.54 + 81,00 13.00
g = 0,99 2.55 0.71 T .00 0.00

gm = 0,33 0.35 0.24 5.67 0.00

Le PAE - SW m .= 44.10 LS9 12.24 + 70.00 13.03
g = 1,64 1.62 0,57 34.93 0.14

gm = 0,55 0.54 0.22 %}.64 0.04

5, FAE - & m = 45.83 46.35 12,8 +=118,00 13.05
g = 0.8 1.24 0.60 34.87 0.10

gm = 0,27 0.41 0.20 11,62 0.03

6, PRAE = SW m = 45,12 45,82 12,01 + B4.00 13,02
g = l1.91 1.73 0.50 16.85 0.06

om = 0.64 0,58 0.17 5,61 0,02

NOTE: Recovery made by bracketing the atall warning signal for 13 seconds,
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optimum glide path;, is nis bes’ cholce, provided it does not ovarahoot or
undershuot the fleld. .If he wants to pull ap and go around again, hils

best choice is thre addition of power and the ccordinated-use of controls
and "bracketing" the stall warner. As he adde power, 1t will be necessary
to pull the nose up in order io keep the light "bracketed" and s&s power
begine its effect, the aircraft will enter into a climb., Under full power
and coordinated use of controls and "bracketing" the stall warner, he will

climb out of the field et a maximum angle of climb, and thus get away safely

for a return to the traffic pattern, if this is his intention,

As shom in Table 31, he will lose the least altitude in the glide
by the coordinated use of all controls and he will galn the most altitude
in the climb by the sddition of power and coordinated use of controls.

d. Left Climbing Turp. Tbree methods of recovery from a stall
warning to flight elong the optimum path of climb wers teated. These are
listed in Teble 32, which presents the results of these tests. 4 tlme
intorval of 1/ seconds was used in these tests.

Ag shown in this table, the wethod of recovery uxilizing rudder and
elevators was generally the most effective in the left climbing turn.
It i8 not, of course, always possible to use ogly these contrels, When
alleron contrel wae necesaary, its vse appeared to inhibit the amount of
altitude gained in & given amount of time.10

8. Right ©limbing Tyrn. The recovery methods used in testing
recovery at the stall warning out of the left climbing turn were re-
peated 1n the right climbing tvrn. However, in these tests the oriterion
time interval was 12 seconds rather than 14 sevonds,

The test results for the right elimbing turn do not agree, either
in megnitude or in order, with those obtained for the left climbing turn,

It will be noted ip Table 33 that noordinated use of allerons and elevetors,

#ith a minimum of rudder control, resulted ln an average increase in al-
titude of 102 feet, as opposed to B5 feet when optimum rudder was used,
and contrasted with an averege galn of 69 feet when optimum alleron wes
not used. When the pilot is atitempting to "hracket™ the stall warmer in
a right climbing turn, hie climb may be more effeotive if rudder i1s held

. fairly constant and the turn is regulated by the use of allerons and

elevators. This does not mean that the controls are actually crossed;
they are coordinated; but the coordination Is effected primarily with the
use of alilerons rather than with the movement of rudder. This may be
poasible only in the right turn because of the effect of torque rasulting
from the full power metting typlcal of ‘the turn.

% [P - - -
%J (s AT

10This may mean that the motion of the plane slowed down by the use
of ailerons, and that while the same general olimbing path was followed,
the airoraft did not progress as far in fourteen seconds as 1t did when .
the use of allerons was not necassary.




TABLE 32
e THE EFFECTIVENESS OF THREE METHODS OF RECOVERY AT STALL RARNING SIGNAL
L FROM A LLFT CLIMBING TURN (FULL THROTTLE)
f,_ l Calibrated Calibreted Change of Time to
Airapeed at Angle of pttack Altitude Recoyer
; Recovery Method Sigmal Hecovery at Sigral in Feet  in Sec.
i 1. RE ~ S0 m= 43.14 45.51 11,34 +81,00 14,00
:*;" g = 1048 1995 1002 35‘90 0.00
‘t.-_‘. om = 0049 0065 0-311 11-97 0.00
5 2. AE = W moa L4461l 45,58 12.09 78,00 14,00
i,“ . g = 1.37 1.01 00610 33.99 0.00
AR om= 0,46 0.34 0.20 11,33 0,00
i ,
3 3. RAE = 5N m = 43,97 44.86 11.64 +61.00 ° 14.00
S g = 0.93 1.35 0.53 21,19 0,00
L om = 0.31 0.45 0.18 7,06 0.00
5

LIRS

NOTE: Recovery made by bracketing the stall warning signal for 14 seconds.
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f, oy TaBLE 33 )

%ﬁ?i THE EFFECTIVENESS OF THREE METHODS OF RECOVERY AT STALL WARNING SIGNAL
e FROM A RIGHT CLIMBING TURN (FULL THROTTLE)

f Calibrated Calibrated Change cof Time to
E Aiggmed _at Argle of Attack  Altitude Recover
o Recovery Methad Signal Recovery at Signel ip Feet  1ip Sec.
.

et 1. RE ~SH m= 44.10 46,65 12.39 +69,00 12,00
;‘14 o = 1-93 3-33 0.40 . 4?-32 0.00
S = 0.64 1.1 0.13 15,77 0.00
5 = 45.50 46,34 12.01 +102.00 12,00
£ = 1.2 1.14 0.84 20.92 0.04
EX om = 0.5, 0,38 0.28 10.31 .01
g 3. RAE - SH mo= 44.61 45,70 12.24 485,00 12.00
R - g = 1.66 0.95 0.39 46.53 0.00
< gn = 0.55  0.32 0.30 15.51 0.00
_\.ﬂ:‘;

NOTE: Recovery made by bratketing the atali wdrning algnal for 12 seconde,

S
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f. Left Gliding Tyrn., Three methods of flying along the optimum
gliding path were tested in both right and left turns, These methods are
listed in Tables 34 and 35, It will be noted from these tables that the
only case considered in these glides was the situation in which the pilot
pulls up in order to leave the glide and begin a steep olimb., As a con-
sequence, only power-added methods of recovery were tested, A time in-
terval of 12,5 seconds was used in both cases.,

Resulta of the methods of recovering from a left gliding turnm to a
maximum engle of climb ere shown in Teble 34, Of thease methods the ad-
dition of power and the coordinated use of all controls was somewhat less
satisfactory than the method whereby rudder wag held fairly constant and
coordinated control was effected with sllerons,

These resuits indicate that a pilot who wishes to pull up out of a
glide into the field may, in the same time it would take him to recover
from a full atall, actuslly gain 70 to 80 feet of altitude by adding power
and "bracketing” the stall warner, His performance ie not unlike that in-
volved in a similar recovery from the straight-abead glide, As he adds
power and continues to "bracket" the stall warning, the aircraft goes
through a transiticn from s glide into a maximum climb. He can maintain
his bank by cocrdinsted use of allerons and rudders and use elevators to
"hracket" the flight path described by the stall warner, This will be
a perfectly gafe method of pulling up, and it will provide the pilot with
the maximum performance hie aircraft i1s capable of accomplishing.

' g. Right 0liding Turp. Table 35 presents the results of the
toats of recovery from a right gliding turn to a right climbing turm,
A recovery interval of 12,5 seconds was utilized,

Results of the two tests reported in Table 35 confirm what has already -

been shown gensrally In previous tables. When the pllot decldes to pull
up into a ¢limb out of & right gliding turn, he addes power and coordinates

the use of all of his controls., When he "brackets" the stall warner he may

expect a guin of approximastely 77 feet in approximately the same amount of
time that would be involved in recovering from the stall in the event that
it cccurred out of the glide,

The results of the tests reported in this section are of primary in-
terest in comparing what may happen to the pllot at a eritical point in
flight, That is, he may stall or he may begin recovery from a stall warn-
ing. If he stalls, the inevitable result is loss of altitude. If the
stall warner signals at the proper flight attitude, then he may begin and
effect his recovery along an optimum flight path,
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i*_ ‘ : TABLE 3/

ety THE EFFECTIVENESS OF THREE METHODS OF RECOVERY AT STALL

S WARNING SIGNAL FROM A LEFT GLIDING TURN (1,000 RPM)

S, E’—

B Calitrated Calibrated Chenge of Time to
- Airspeed at  Anple of pttack  Altitude Recover
Recovery Method  Sizmal Kecovery gt Signal In Feet  in Sec.
Py 1. PRE - SN m = £5.51 4h.54 12,54 470,00 12.50

A ‘ o= 0.9 2.67 0,62 40.50 0,00

"":‘_.‘;:}1.# gn = 0-32 0089 0.21 13.50 0900
-3 2, PAE - SN m = 45.19 42.69 12,39 +76.,00 12,50
"o o= 116 1.59 0.62 32.55 0,00
kA om = 0.39 0.53 0,21 10.85 0.00
&

g 3, PRAE - SN m = 45.94 44.48 11.56 +51.00 12,50
s o= 1.41 2,22 0.81 29,14 0,00
"'Lt'.f‘w 0'!1 = 091}7 0.74 0.27 9.71 0000
T

5
S

*%%a F“'t-";\: L“'gﬁ:}'r{m
EER T . Fep s

NOTE: Recovery made by bracketing the stall warning signal for 12.5 seconds.

N

TABLE 35
THE EFFECTIVENESS OF TWO METHODS OF RECOVERY AT STALL WARNING

Y SIGNAL FROM A RIGHT GLIDING TURN (1,000 RPM)

e : ‘ - :
N Calibrated Calibrated Change of Time to
ey Alrspeed at  Angle of Attack  Altitude Recover
N Recovery Method  Signgl Recovery gt Signal in Fest  in Sec.
B 1, PRE = S m = 47,09 46.33 12.84 +45.00 12,50
L g = 2,25 1.89 0.69 23,88 0,00

ey gm = 0,75 0,63 0.23 7.9 0.00

ey 2, PRAE = SK m = 45,37 46.93 11.86 +77.,00 12.50
= P o= 1.06 1,77 " 0.56 33.78 0,00
‘l‘i%f Um = 0035 095‘9 . 0;19 11026 0.00

Ay,
a

NOTE: Recovery made by bracketing the stall wﬁrning slgnal for 12,5 seconda.
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“da
COMPARISONS OF RECOVFRY FROM THE FULL STALL WITH S
OPTIMUM FLIGHT PERFORMANCE , ¥
3B
The tests conducted In this study had two general purposes: (1) ES
determining the relative effectiveness of various methods of recover- o
ing from the full stall, and {(2) testing "recoveries" by "bracketing" e
a atall warning set to come on at or near the maximum angle of elimb, : wn
The detalled results are presented in parts IV and V, Ths purpose of A
this section is to bring together the most pertinent results of each ‘JEE
of these general types of tests for purposes of comparlson. No new e
data are introduced; but various deta from tables presented previously e
are assembled end presented ss simply as poesible. These compariacna iﬁg
are intended to assist in showing what may be sccomplished when s stall g
warning ilnetrument is properly located and vsed in various flight ma- s
neuvers, as compared With the best recovery the pilot caen hope to make -y
if he szalls, i
L
Comparative duote are avallable for seven of the eleven maneuvers o
investigated in connection with recovery from the full stall, The ;E?
slow turns and the steep turns_were not tested in connection with re~ s
covery from the stall werning. 1 P
In the comparisons considered in thip ‘part of the report, the A
¢limbing maneuvers are coneiderad together end the gliding maneuvers N0
are conaidered together, Strajight-ahesd, cruising power is conaidered ol
separately, - B ¢
A. The Glimbing Mageuvers i,
o ohEEa
1. BSituatioms Condueive to the Stall. ' %p
i o
A pilet may find himeelf in a situation where he must olimb out of g
a field as steoply as possible. In this climb, he may be forced to meke =
right or left turns. He may approciate the faot that stalls out of turne T
are typically moré dangerous then stalls out of straight- ehead f£light, =il
but this fact may not be uppermost in the pilot's mind when he is attempt- ¥
ing to avoid scme obstacls in his £light path, Stalls might be precipi- o
tated out of climbs in the landing process as well as in take-offs. If, o
‘ég
11f the pilot is attempting %o perform a level turn and approaches P
e stalling point, he will be warued by the warner. His objeot them is =
to turn the werner off; and he muy do this by decreasing the rate of aF
turn, That is, he pushes the nore of the eircrafi eway from him, If el
he doss this and hies bank remains fairly conatant, he may lose no altitude, iu
nor galn eny. L
. o
—S‘vfj‘
B
Fﬁf-;lc . . ‘.:'..

L
R
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,;é“;i"_ near the end of his approach to the field, the pllot Judges that he oan-
‘g not make a landing, he may be forced to go from a glide to a steep climb
i very rapidly, This transition may result in = stall,
f‘?} 2, ®
“ The pilot who attempts a very steep climbing maneuver ia presented
T, with three general possibilities: (1) his flight attitvde may gradually
& be inoreased in steepness until the aircraft etalls, (2) he may fly at
Efh some angle-of~attack or along some flight peth which will acbleve for him
':s lese than optlmm performsnce of the aircraft, or (3) he may have some
e device or instrument which permits him to fly along a flight path which
2

obtaina the best rasults in the climb.

;
B
- -

0f these three general possibllities offered to the pilot, the preasent
study collected data on the first and third; that is, on what happens to
the pilot when he stalle and what heppens to him when he fllea along an
optimum flight peth in terms of maxipum angle of climb. Table 36 summe-

LS

[
- é"

3,

%_' rizes data pertaining to the climbing maneuvers.
‘tr“

B a. Stralghi-Abead Cligb. When the aircraft stalls out of the

i straight-ahead olimb, the wing loses 1ift very rapidly. The test pilots

A employed in this study were not eble to effect recovery to straight and
g level flight with lesa than an average loss of altitude of 26 feet, and

2 this was possible only by the "best" method of recovery. As shown in
B Table 36, the optimum method of recovery from a full stell out of the
& straight-ahead climbing maneuver was =26 * 13 feet.

;c To effect this optimum recovery required on the average approximately
S 10,5 seconds, as shown 1in Column 3. On the other hand, when the test pilot
sk began his recovery at the stall warning and "bracketed” the stall werming

N signal which was set to come on at maximum angle of olimb, an average of
% 61 feet was gained in 11 seconds. As shown in Column 4, this performance
& resulted in an estimated distance of approximately 8, feet betwaen the
ﬁ, altitude lost by the optimum recovery from the full gtall and the altitude
W gaiped from "tracketing" the maximm engle of climb,?
el -

: As shown in Table 3, the RE-OH recovery method was conslderably super~
@l lor to any other method of recovery. Recovery method RE-BH, for example,
e lost on sn average of 130 feet of altitude, Other recovery methods wers

£ still more expensive of altitude, In other words, the pilot can hardly

wer sacape the loss of from 20 to 30 feet of altitude by the full stall, no
B

o 27he obtained difference betWeen averages was 89, However, this was

e corrected for the difference in the time intervael, It will be noted that

fjf“ reaovery method RE-OH required an average of 10.5 seconds. In the stall

S warning teats the alroraft was flown for 11 seconds. When the time ine

{:" tervals are equallized, the averasge gain in altitude for the stall werning

=, procedure was 58, not 61,

&

&

hu~

&
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matter how good his recovery. By the slmple proocedure of "bracketing"
the stall warner he can in the same amoumt of time it takes him to re-
cover from the full stall better himself by as much as 80 to 90 fest
of altitude.

b, left Climbing Turp. The optimum method of recovery from a-
full atall out of a left olimbing turn, method RAE-OH, resulted in an aver-
age loss of approximately €9 feet, and required a recovery interval of
approximately 14 seconds., Contrasted with this is the galn of 8l feat ob-
tained by the RE~-SW method., Thus, the difference between the optimum
method of recovering from the full stall and the optimum method of flying
the stall warning eignal waes 150 feet difference in favor of the atall
warning performance, Table 36 also reveals that the optimum method of
recovering from the full stell did not apply in the stall warning recovery.
Method RAE-0H, which conserved the most altitude following the stall out
of the left climbing turn, -69 feet, galned only 61 feet in ite correspond-
ing method RAE-SR, But even here the difference between the optimum
method of recovery from the full stell and a less than optimum method of
flying the etall warning aignal resulted in a difference of 130 feet in
favor of the stall warning procedure,

Right Clixbing Twxp. As ehown in Table 36, the difference
between tha optimm method of recovery from the full stall out of the
right olimbing turn and the optimm method of flying the stall warner in
this seme meneuver was a difference of 148 feet in favor of the stall
warning procedure. Here, as in the cese of the left olimbing turn, tha
optimum method of flylng the stall warning signal was not the counterpert
of the optimum method of recovery from the full stall,

The data presented in Table 36 show conclusively that in the olimb-
ing maneuvers the procedure of recovery at a atall warning and "bracket-
ing® a signal set to come on at maximum angle of climb resulted in al-
titudes from 80 to 150 feet more than was possible under even the beat
methods of recovering from the atalls out of these maneuvers,

1. Situations Gondycive Yo the Stall.

The pilot sometimes elows down his airspeed without change of power
setting. This may occur when the pllot is distracted by scmething outside
the plane, This may be au friendis house, the alrfield where he is trying
to fly a good traffic pattern, or another airplane in the immediate vl- _
cinity. When his attention is distracted from flying his own airplane he
may unknowingly exert greater back pressure on the stlck and ignore the
phyaical cues which otherwise would warn him of the impending stall., A
stall sometimes occura in the traffic pattern where the pilot haa attempted
to regain traffic altitude without applying power properly.
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2. GCompgrison of Reawtis.

The comparative results perteining to stalls out of the straight-
ahead, cruising power maneuver are sumparized in Table 37. The summary
data presented in this table pertalin to two altuations: (1) where the
recovery is attempted without the addition of power, and (2) where the
recovery involves the addition of power tc effect it.

a, Crulgipg power (2,100 r.p.m.). As shown in the upper half
of Table 37, the difference between the optimum recovery from a full
stall out of straight-ahead, cruising power and the recovery method for
flying the maximum angle of oliub path was 97 feet. The best of the
various methods of recovery from the full stall resulted in an average
loss of 52 feet, whersas the best of the methods of "bracketing® the
atall warner resulted in an average gain of 45 feet. Recovery procedure
RE~OH, which was the best method of recovering from the full stall, re~
quired approximestely 11 seconds to effect a recovery to streight and
level flight. In thisz same 11 seconds, had the pllot not stalled, he
might bave flown the waximum angle of ¢limb path by method AE-SW and have
geined an average of /5 feet, As ghomn in Table 4, there were several
other procedures in rocovering from the stall out of eruising power
meneuvera which resulted in losses of altitude of more than 100 feet,

Ag compared to such recoveriss, the stall warner recovery has an advantage
of at least 150 feet,

b. Full Power. Tests of methods of recovery imvolving the ad-
dition of power revealed similar differerces between optimum methods of
recovery from the full stall and optimum methods of flying the maximum
angle of ciimb path, As gshown in the lower half of Table 37, method
PRE-OH in recovery from the full stell resulted in an average loss of
53 feet ir 8,2 seconds, whereas recovery method PRE-SN resulted in a
gain of 74 feet in 11 seconde {55 feet in 8.2 seconds). When adjusted
for time interval the difference galned by the stall warner procedure was
estimated at 108 feet., This is approximately the same as the 97 feet ob~
tained in the cruising power recovery, The only significant difference
between tha2se methods of recovery wes that the full power recovery was
effected in approximately 8.2 segonds while tha orulasing power recovery
methods required approxlmetely 11 seconds for recovery,

These data show thet the addition of full power may do little to
improve upen the loas of altitude in the straight-ahead orulsing power
maneuvers, but it doez effect recovery more repldly.

The datez pertalning to the straight-ahead crulsing power meneuver
re=enforce the data previously reported on couwparisons in the c¢limbing
maneuvers, With reduced power (2,100 vs. 2,300 or 2,400 r,p.m,) the ad~
vantage of the stall warning procedurs over recovery from the full stall
1s somewhat less than in the full power manouvers. The significance of
the advantage, however, is in no way lmpaired.
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C. The Gliding Maneuvere
1. iops C [\ o

There are two general applications of the teste conducted in this
study as they pertain to glides. The first of these is a situation in
which the pilot is in a streight-ahead or a right or left turning glide,
and for some reason must apply full power and climb out of the field.
The second simulates the dead engine in which the pilot is forced to
glide all of the way into the [ield. These are considered separately
in the present section of this report.

a., Full Power Regovery. When the atall warner is set to
signal at the maximum angle of olimb, and thia comes on in a glide, the
pilet who recovers by "tracketing" the stall warner under full power will
find himgelf climbing in a few seconds after full power has been applied.
in other words, "braclteting" the stall warner results in a transition
from a glide to a climbing maneuver. '

If the pilot stulls out of a glide in an attefipt to begin a climb
without applying power, he mey expect results simllar to those presented
in Table 38. The data prusentsd in this table are conoerned only with
full power recoveries. These daia show that an &verage of approximately
140 feet difference exlsted betwesn the stall warning procedure and the
recovery from the full stall out of the stralght-ahead glide. In the
cage of the left gliding turn, the difference was 155 feet, and in the
case of the right gliding turn, 133 feet. Optimum wethods of recovery
from stells out of the glide resulted in losses ranging from 38 feet to
79 feet in the case of the straight-ahead glide and the left gliding turn,
rezpectively, Contrasted with these were average gains of 8, fest and ?6
feet poseible with the stall warning "bracketing" procedure.

While these apeciflic deta epply only to the testing airoraft, it wvay
be assumed that other light aircraft would behave in a similar mauner,
That 1a, If the glide is to be abaudoned 1n favor of a full power climb,
the pllot may expect to obtain the best results by "tracketing® a signal
set to come on at the maximum angle of climb, Evén though he does not
stall, he cannot employ any procedure which will effect for him a greater
gain in altituds than that represented by the maximum angle of olimb,

b, Gliding Power Recovecy. It was not deemed wlse in this
investigation to attempt teste of gliding maneuvers with a dead engine.
A power setting of 1,000 r.p.m. is not a dead engine and the airoraft does
not behave in quite the sume way with this power setting as 1t does with e
dead engine. Nevertheless, tho rosults presented in Table 39 are of con-

siderable interest. These data pertain to the aituation in which the pllot

atalls out of & glide, and effecis recovery without adding power to the
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1,000 r.p.m. used in estting up the glide, Without adding power the pilot'a*ﬁ

cnojce in recovering from a stsll out of a glide at 1,000 r.p.m, is to re-

turn to the normal glide path and proceed down it as affioiently as poasi'”
Therefore, the data in Teble 39 ware assembled from the Case II tests with T
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the oriterion of return to the normal glide path. These data have one
defect that should be noted, It is shown in Part V that, when the atall
warner was set to come on at the maximum angle of olimb, the calibrated
airapeed at which the stall warner came on wae approximately 2.5 m.p.h.,
lower than that airspeed which achleves the minimum angle of glide. In
other words, the stall warner which was "bracketed" in the testa reported
in the lower half of Table 39 were not run by "bracketing” the minimm
angle of glide. They were run by "tracketing® an airspeed for whioh the
angle of glide wes somewhat greater than the minimum angle of glide.

The recovery method which resulted in the least altitude loss from
the stall out of a gliding maneuver to the gllide path recovery was AE-BP,
with an average loss of 114 feet. Contrasted with thia was the stall
warning procedure RAE-SW, in .which the average loas of eltitude was only
67 feet in the pame time intervel. As shown in Table 39, this resulted
in e difference of 47 feet in favor of the stall warning procedure. It
may be assumed that this difference would be even greater had the aircraft
besn equipped with a warner which ceme on at the minimum angle of glid-,
rather than the maximum angle of climb,

O DIMPH

The data presented in thie part of the report reveal the etriking
difference between the best muthod of recovery fram a full stall, and the.
performance of the aircraft when recovery was atarted at the stall warner
and was effected by "tracketing" this signal, The stall warner was set
at maximum angle of climb, and, consequently, the results for the gliding
maneuvers had special spplilcetion in the case of the gliding situationms,
However, in all maneuvers, including the glidea, the teste of the stall
warning procedures resulted in gltitudes from 50 %o 150 feet bhetter,
Altitude differences of thia magnitude have little or no significance
at 1,500 or 2,000 feet, but they are of crucial importance at the low
altitudes.

Instruction snd information programs can impart to the pilot lnowl-
edge on the best method of recovery from a stall in any mansuver. However
effective such a program of instruction and information may be, it camnot
overlook the fact that the stall ls expenaive of altitude and is danger-
ous, When the pilot cannot recognize the impending stall, he can, ag
shown by the results of this part of the study, turn to a flighkt device
which will not only prevent him from stalling, but will also permit him
to echieve the maximum performance that the aireraft oan produce,
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The resulta of thle study may be summarized under three geanerel 1wad-
inges (1) the ohsracteristice of tls teshiing alrcraft, {2) the resuiis of -
testa of methode of recovery frem the full stall, and (3) results of tosts T
of flight along an optimum flighl oetk delined an the maximua angle of :
climb, The testing aircraft wus equipped with ipstrumente to obtain azcu-
rate data on airspeed, altitude, sad angle~cf-attack. The flight teata
pertaining to recovery from the full stall involved 1ts recognition by the

1 .“
SeE "

pllot and an observer.l fthe sscopd set of Flight tests involved the use 5
of a stall warning device by means uf which the pllot regulated his rescov- .
ery by "brackeiing® = eignal set to coue on at maximum angle of climb, L
&. Characterletice of the Testing Airerait P

1. The Alceraft. ) ?‘

- <y

- The testing alrcraft was a Piper i<, NJ 41578, Its welght and bulance e
characteristicx confcrmed to (.A.4. standards, and Lt was properly llesnsed o
ard approved by the C.A.A. . f%

2. Instruzentation.

e

This elrcraft wae eguipped with a fectory-grade engine tachcmeter,
oill pressure guuge, oil temperaturse gauge, and magnetic compass. These %
instruments wers chescked, but were rot celibrated. For testing purposes, -

a soensitive Kollsman ailrspeed indicetor, Mcdei Ne, 5868 K, of the typs used gk
on helicopters, was inmtelled and celibrated. A spsclal sensitive eltim- g
eter repleced the factory-grade zitimetar. A standard mliltary-type APN-1 L
radio altimeter wne installed and culibrated, The testing aircraft was 3“{:
aleo equipped with a Kollsman angla-of -attack instrument which was instel- R
led and calibrsted. A speclaily designed electrical aystem irvolved the 'y
uee of a Willard spille-proof 12-velt battary (17 ampere hour at S-hour I
rate}, & Champion winddriven generator, Model 1215 (mounted on the under- 3
carriage), and an inverter and dynzmotor. The inverter and dynamotor were s
neceseary to operate the angle~of'~attack instruments and the radio eltim- 0y
eter. The indlecators for thesa lnustrumente were convenlently locatsd on o
an inetrument panel, specially deelgned focr purposes of testing. ' .

All of thoso installatiore of :peclcl tasting instrunents were iz- e
spected by the C.4.A. reprasentatives and approved by then, Each of the i
testing instrumsiats was insvecisd irequantly and maintained continuously. _}j;
o T - ) \:-::E;‘

e

"

1Wit.h the exveption of ziidiag neneuvers in which e eriterion angle-
of=attack waa used.an point of stall, :



-1t

3. Stalling Sﬁge@g,

The stalling eirspeeds (calibratsd} of the testing alrcraft ranged
from approximataly 35 m.p.h. in the straight-ahsad, climbing power man-
euver to approximstely 42.7 m.p.b. in the left ateep turn (2200 r.p.m.,
60° bank), The average stalling speed of three full power, climbing man~
euvers (straight-ahead, left and right turns) was approximately 35 m.p.h.
The stalling speed of three gliding mansuvers (straight-ahead, left and
right gliding turne) was approximately 40 m.p.h.

4. Angle-of-Attack.

The calibrated angle-of-attack in straight and level flight of this
aireraft as obtained by testing was 2,719,

In & "normal® gliding attitude -~ 1,000 r.p.m., 54 m.p.h. calibrated
airupeedose- the average callbrated angls-of-sttack as obtalned by tesating
wae 7.21°9,

Tests of angle~-of-attack at stall produced resulte renging from ap-
proximately 18° to approxinately 22°, with an average of all tests of ap-
proximately 19°,

5. Maximum Augle of Climb,

Tests were run to determine the aircraft!s maximum angle of climb at
low altitude, This was found to be 7°01' in the case of the left climb-
ing turm, 7°28° in the right olimbing turn, and 7°32' in the straight-
ahead climb. The sverage of these was found to be 7°20°.

At maximum angle of climb, the calibrated airspead ranged from 43.5
te 45.4 m.p.h., with an average of 44.2 m.p.h.

6, Minimm Angle of Glide.

Tests were run to determine the mipimum a.ngle of glide in three gliding
maneuvers, The results obtainsd rsnged from 6907 in the straight-ahead
glide to 7°16' in the left gliding turn, The minimum angle of gllde for
the zgght gliding turn was 6°47', and the average for gll gliding meneuvers
was 69,34,

The calibrated airspeed at 1,000 r.p.m. and the minimum angle of glide
ranged from 4(9.4 m.p.h. in the 1eft. gliding turn, 15° bank, to 50.5 m.p.h.
in the right gliding turn, 15° bank. The airspesd in the atraight-a.haad
glide at minimum angle of glide was 49.7 m.p.h., and the average for all
three meneuvers wae 49.9 m,p.h,

7. Stall Waruying Appargtus.

The testing alrcraft was equipped with a special stall warning apps-
ratus with a lamp as signal. The signal vane was set to trigger at a
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calibruted airspeed of approximately 43.2 m.p.h., end to releape at a cali-
brated asirspeed of 44.8 m.p.h, in tue full power c¢limb, At these sirspeeds,
the calibrated engie-~of-uttack was 13.2° for the %op® and 12.1° for the
noff." ®ith a calibrated apgle-of-atteck >f approximately 12.6° at maxi-
munt angle of climb, this setting wee consldered alequate for testlng pur-
poses. The angle~of-sttack rsznge over the ¥Yon-off? interval was almost
aqually distributed on either side cf the angle~of-attack at maximum angle
of climb. These values were approximately 6.5° angle-cf-attack below the
average stalling angle. {See A-/4, sbove,) :

B. Tests of Recowery from the Full Stall

Varlous methods of recovery of the aireraft from the full stall were
investigated in il mareuvers. The Ifirst set of teste involved the prob-
ler of recovering from a full stall %o the criterion of stralght and level
flight, 2.71° angle-of-attack {7°, indiceted)., This wae designated Cese I.
vase II tests were restricted o the gliding mapeuvers only, and lnvolved
recovering from the full stall to the criterion of a normal glide, 13°
indicated engle-of-attack, approximately 7.2° callbrated angle-of-attack.
A totel of 84 recovery methode applying to 11 mensuvers were tested 1u
Gase T, and 20 methods of racovery pertaining ic the three gliding man-
euvors sere tested in Case II. Thess results are summsrized by maneuvers
below.

The methods cof recovery invoived combinations of ths optimum use of
power, rudder, ailerons, and elevziore and a reflnement in recovery pro-
cedurey with reference %o the attitude of the alrcraft diring the recovary
proceas. Two attitudes during recorery were tested: the *On Horizon® and
"Below Horizon" procedurss, The "On Horlzon" procedurs involved arrest.
ing the ncee of the alrcrafi just above tha horizon line &and not permitting
it to go below the horizon. Tie “Below Horizon" procedure invclved pushing
the noss of the alrcraft approximately 15° below the horizen line until
fuil control of all control surfaces was again achieved, and recovery to
level flight was than effected,

In Case II this comparison bscame "On Fath" versus "Below Path,® in
which attempts o recover the aircrsft were made by dropping the nose £o
the normal glide path in tha "Or Path™ recovery. In the "Below Path®
recovery, the nose was dropped approvimately 15° below the normal glide
peth and held taere until flying alrspeed was regsined.

In evaluating the effectivensss of the verlous recovery procedures
trmo criteria were employed {1} the lossz of altitude in feet, and (2} the
consistency of the recovery {stundard deviation of eltitude losses). The
time required to effect reccvary was considered secondary to these cri-
teria, Tescting was dore only in relatively calm alr; all tests were con-
ducted over water where radio eltimstar readings were highly accurate; and
all unacceptabl:: irials were rerun. SHesults were based on 10 acceptable
trials per recovery mesilwd,
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Cage I «~ Recovery %o Stralchkt and Lgiel Flight

Altitude loss, best and poorest methnde in all maneuvers except pteep
turng. In Figure 4, 1s presented graphically in summary form the informa-

tlon regarding altitude loss in recovery to straight and lavel for the best
aend poorest *On Horigon" and "Below Horizon" recovery methods, for all men-
euvers except steep turns. It is evident that for each of these niune man-
euvers the best *On lorizon" method was superior to the best "Below Horizon*
method, Moreover, the differences between the best and poorest values?
under sach of the two general procedugea were statistlically slgnificant at
a very acceptable level of confidence”’ for ssven of the.nine maneuvers.
Critical ratios of less than 2,00 were ylelded, however, for the left climb-
Ing turn, and the straight-ahead crulsing maneuvers.

Moreover, and in general, the poorest *Cn Horizon® recovery method was

[
T

%  superlor to the beat "Below Horizon" method, the singls exception to thie
=, trend belng in the cese of the atralght-ahead erulsing maneuver. Even

%5 these differences showed scme trend toward statistical significance, six

¥ . of the nine yielding critical ratios greater than 2,50. GClearly, when the
4 conslstency of the trend is considered, the possibllity that the superiority
S of the *On Horison® procedures i1s a chance affalr can be conaidered po ex-
g& . tremely remote as to be disregarded, Direct statistical evaluation of the
.- probablility of these cumulative differences ocourring by chance is not

4. readlly possible, howaver.
o

Eﬁ' For all maneuvers where the "On Horlzon" recovery procedure was pos-
i sible, and considering the control use methods ylelding least loss of alti-
& tude, ths average altitude loss was 51.6 feet, as contrasied with an average
5 loes of 128,1 feet for the “Below Horizon® procedures. For some maneuvers
"r  the difference in nmumber of feet lost by the two procedures was merkedly

4  greatsr. The "On Horigzon* procedures resuiting in the least ioss of alti-
s tude were effected on the average in approximately 11.6 seconds, a con-
. slderably longer period then for the "Below Horizon® procedures the average
~2  time for which waes about 7.0 seconds, However, the longer time is more

& ‘than compensated for by the altitude aaved.

W There seemsa, therefore, eminent justification for the conclusion that
%:  through use of the "On Horigon* recovery procedures, recovery fram a stall
% to level flight was accomplished with markedly, and in general signifi-

%’  cantly, less loss of altitude than when the *Below Horizon® recovery pro- -

s cedures wers employed,

- tion of various "On Horizon® rocove thodg. aning established
% thet the "On Horizon® recovery procedures hest conserve altltude in stall
“%. recovery, the next question is which of the control use methods effects the
e .

ég} Ei.a., the altitude losses for the best and poorest methods of control
0 use.

% — ’

A 3a oritical ratio greater than 3,00 being ylelded.
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most eatisfactory “On Horizon" racovery. Data pertinent to thls questien
are gsummarized graphically in Flgure 5, In tihls flgure the number of feet
lost through use of the various conirol movement methode, with and without
use of additional powsr are plotted. The standard deviations for the vari-
ous methods slso are entered In the figure.*

Available experimental evidence {although incomplete) together with logi-
cal considerations indicates that to effect an optimum recovery, additionel
power, if availeble, shouald be used., On the other hand evidence regarding the
specific control movemente ylelding best resulis 1s not consistent mansuver to.
maneuver. However, the differerces in altituds loss values for at least the
two best methods in each maneuver are in general not large or significant sta-
tistically. Moreover, it appears unrealistle to expect a pllot to remember,
for example, to use alleron and elevator in recovery from a stall in a right
slow turn, but to use rudder and elevator if the stall is from a slow turn to

the left.

In general, it would appear thut the pilot, in recovery from a stall by
the *On Horizon" procedures, will not go far wrong if he remembers to use
elevator and rudder to control the plane, and to go easy on the ailerons.
The "Aileron-Elevator® (AE) method gave best results only in the right slow
turn, and this might well represent an artefact,

Steep turng. Tt wil) be recelled that in steep turns the stall under ap-
peared particularly vicious, and the only effective recovery method eppeared
to be to put the nose below the horizon, and *o use all controls to an optimum
degree in effecting reccvery. Under these conditions a conslderable loes of
altitude appears unavoldable, although the evidence indicated that the loss
would not be so great under conditicns of smooth air as under conditlione of
turbulence. The lack of aepplicability of ihe "Below Horlzon" methods 1n the
steep turn seems not of great import. If a stall occurs out of thia maneuver

it may well carry the nose below ihs horizon bafore the pilot can begin his
recovery.

Case IT =~ Hecovery to the Normel Gliding Angle

Altitude Joss for best and poorest methods. Procedures and methods of
recovery %o the normal gliding angis, without sddition of extra powerd ware
tested following stalls from a straight-ahead glide, a left gliding turn, and
a right gliding turn. The two general procedures were "On Path" recoveries,
where the nose was held on the normal glide path during the recovery, and
"Below Path" where the nose was allowed to drop below the normal glide path
i1n the course of the recovery.

In Figure 6 ig presented graphically the summery information for the
best and poorest methods under the ®*On Path* and "Below Path" procedures,

sEditor's note: In this figure, circles and solid lines denote recoveries
utilizing full power, dots and dotted lines the recovery utilizing cruleing
power. It should be noted that the recoverles for the ¢limbing maneuvers are
denoted by s0lid lines even though their letter deeignations in Tables 3, 6, and
7 {RE-0H, AE~OH, and RAE-OH)} do not include the prefix "P®*. It was not conaid-
ered that theee recoveries ineluded gddition of full power {F) since full climb-
ing power was employed to begin with.

4{G11des were sxecuted with 1,000 r.p.m.
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It will be noted that for two of the three maneuvers the "On Path" recov-
ery resulted in greater loss of altitude than did the "Below Path,® al-
though for the right gliding turn there is very 1little difference between
the altitude lows values for the best "On Path" and the best and poorest
"Below Fath" procedures. The standard deviatlons for these values are
relatively large, indlcating considerable trial to trial variation for all
of the procedures, and in general the differences between altitude loss
values cennot be considered highly significant statistiecally, although for
the straight-ahead gllide the difference between the best "Belcw Fath® and
the best "On Path" recovery procedure ylelded a critical ratio of 2,74.

Although evidence for the superiority of the “Below Fath® recovery
procedure is not unequivocal with reference to all three gliding maneuvers,
certalnly 1t can be stated that the pllot, recovering from a stall in s
gllding maneuver, where additional powsr 12 not available, will in general
be better off if he lets the nose drop below the glide path during recov-
ery, rather than attempting to hold the nose on the glide path., Even in
the right turn, the standard deviation for the best "On Path"™ recovery is
markedly larger than for any of the belowx path recoveries, indicating that
while on the average the best "On Path" reccovery ylelded about the same
results as the best "Below Peth" procedure, performence from trial to triasl
was much less conelstent.

Evaluation of various "Below Fath" recovery methods, 4 summary of
the altitude loss data for the various recovery methcds using the “"Below

Path" procedures is presented in Figure 7. It should be noted that there
1s no consistent irend over all maneuvers; furthermore, none of the dif-
ferencee between methods in any mancuver ie statistically significant.

It appears unrealistic to expect s pllot to remember that he should use
rudder, aileron and elevator in a stsll recovery from a left gliding turn,
but only elleron and elevator in recovering from a stall in a right gliding
turn or in a straight-shead gliide. It would seem that the pilot wlll not o
go too far wrong, in recovering from a ateil in a glidlng mansuver, when
additional power is nolt evailable, 1f he reccovers by letting the nose drop
below the glide path to pick up flying speed, and utllizes coordinated
movement of all controls, i.e., the "RAE®? recovery method,

- True, as is evident from Figure 7, the "RAE® recovery resultsd in e

somewhat greater mean loss of ailtltude in the streight-ahead glide and in
the right gliding turn. However, in the latier maneuver while the mean
altitude loss waz elightly greater than for the other two methods, the two
beet methods ylelded markedly more variable performance, i.e., ylelded .
markedly larger standard devietions. Therefore, on the whole, in gliding
maneuvers where no additional power is aveilable, the Below Horlzon "RAE®
recovery appears best. .

C. Tests of Flight Along an Optimum Fijight Path

Various methods of remcovery of the alrcraft from a stall warnming to
fiight along an optlmum fiight path wers investigzted in 7 mansuvers. The



P L A R R
v B e TR e e

-

SEATEFIRE o gu.ﬁ

AR TR
g -

. sl
" A

e T L s :i: S E AT L LS. P

AP W R ot e, nEier

BJeansuwy Juip(Th U Jemog
TEICTITIPY ANOULTN BOTJI2A02

=8y TI8S U3Bd moTeg, puB

#U38d UDy 482300d puz 56y .
Ul 1807 3084 JO Ioqung d8-34
: do-av

9 WHADId

= }o -
o™ AT -
w
= ) @
. iy Tmu (2]
TUTRCST eabui | TRES R5U8F, CERIONT e .n m & g W
oks@moobm h.nmboowm wl{1Bd MOT8H, 188F ~--3 o ] w L)
3 11.._3.0‘,:..“!..‘ ,114 ..u. i, um?.hm.?ﬁ. ° -J. —Tl—.- m s.u—f
s.qzm.m.)onm Axeao008y y3ed up, 3seq o e e Z
I = @
™ 3

[

R

AC=H¥Y

aTamy,
wWoxg

00€
06z
08z
0Lz
0oz
042
oz
0tz
oz2
0Te
oG
06T
ot
VA
091
04T
07T
0£T
748
01t
001



“-
[T

30~

-1

4

Ja e e

[y - 4
o o ~
2 & o
L e .,.._W. - W m. M
eNTe; UOTIVIAS( mm.m  r— & = m o e b
plBpuUwlS aA(qroods ey e 20 K o5
queseddey sTRISEMY W.m .m . m ﬂ m.r %..
= 1=

] O X3

6T

o1 4%

EpOY}OH 98] TOJU0) SNOTJIBA JO0J (JI8sod
JO UOTATPDPY ou y3iM) 8epilD Jupang
439AG00Y Y38 MOTag, Ul 3SOT 4884 JO

xaqumy Jjo nmﬂmpcoam.aem sydean

4 Funord

-

Wo.15

PIqe ]

00z
G61
061
481
ogr
TA
VA
291
09T
55T
061
gt
oy
A
0ET
G2T
0zl
61T
0Tt

40T
00T



RIW':J“&? ﬁgﬁ*"&’mﬁ{‘s‘?}?&’ JCT e et ﬁ‘f*g{ .

131 B

: +  optimr flight path wae defined as that involving the meximum sngle of b

. climb, It wes found that the nuzber 3 vane of the stall warner instal- k=Y

! lation wae activated at about the angle=of-attuck associated with the maxi- = "

: wum angle of olimb, and that the maximum sngle of climb could be achieved -~ %%
through "bracketing® the stall warner signal. Of the 11 maneuvera tested P
in connection with recovery from the full stall, the left and right slow '@éﬁ
turns and the left and right steep turns were not considersd in this phase u#;
of the study. The procedure in these tests was to enter and continue the o

; approach to the stall until stall warner signal came on. The pllot then 12%

; *bracketed" this signal. That 18, az soon as the stall warner signal came i

. on he reduced the sngle-of-attack uctil it went off, He then increased the f%

, angle-of-attack until it came on again, decreased the angle~of-attack until e

’ it went off, and #o0 on, thus *bracketing® the aignal in the sense a pllot e

: *brackets® the "A* during an approach to a low frequency range station. 3
(In another sense the pilot "brackets® the "on~off" interval.) He con- ok

: tinued the "bracketing® procedure until the observer called "Now" ending g

] the tert, The amount of altitude gained (or lost) during a specifled period i

' of time was determined, the pericd of time for any maneuver being that num- B
ber of seconds required for recovery from a full s by the optimuam method, -
as detsrmined in a previous part of the research. Eﬁ

T

A sumnary presentation of the results of this part of the study is £

'given in Figure 8. In %his figure the number of feset of altitude gained e
{or loat) during reccvery aleng the optimum flight path is presented for ot
the various recovery methods (1i.e., control uses) in the seven meneuvers ﬁ%
under investigation. First, inspection of this figure indicates that maxi- e
mum altitude along the optimum flight path la achieved when full power ls A
used in bracketing the stell warner signal. In the stralght-ahead climb g
at full power, and in the olimbing turn, exscution wae at full throttle. ey
In the straight-shead cruising power mansuver, addition of full power re- 5y

’ sulted in much greater altitude galn than when no power was added.’ In the i
straight-ahead glide there was a marked losas of altitude if power was not =
added, a finding, of courss, altogether in line with expsctatior.® LR

The question of which combinaticn of control usea yields the best re- g

. sulta 1le lese clear cut. Obvicualy it 1s unrealistic tg expect a pllot to 3

' remember a different set of control uses for optimum execution in differ- W&y
ent maneuvers, For exsmple, the normal pilot could hardly be expected to 3
remenber that he should use alleron ard elevator in the right climbing turn, "2
but coordinated controla ‘rudder, aileron and elevator) im the right gliding (E%%
turn, In any event, ths differences in altituds gained with various control e
movement methods and utiiizing full power are not very significant statie~ i
tlcally, criticel ratics less than 2.00 1n general being yielded. U

A

‘A, ;:;,1‘.

The differenses for "additional power” and "no additional power” exe- ggé

cutions with given control movements approached statlstical significance, fggg

yielding oritical ratios of between 2.0 and 3.0 for this maneuver. N

6Tha differences were, incidentally, highly significant statistically. .-%gﬂ

e

o

e ' 17
;’ E’m!’rﬁ v \ el a;ﬁf i



%

. grancd TBLOTYTPPR U3 TR. J0J
.. Fxiye sayomep § ¥ Y SUEMTO) UIx

wmg,
oInl, ,
SutpTTh 1JeT e

uamyg,
ARupqurTo W3TY €€

uImg,
Butquyin 1I9T ZE

SutpTin WEE G

AreaQpal i
- U@STE LGMOG
FUIBTTE I0 <-=ws
Suistnan ©

Jamod 1Ing
pERUY-1yd 8IS 62

Mé o wm—
._.r_ﬂH 1 Lo

Hm.l

peeqy-qudTeIis Of

~ —r——

L1am0 ] BUTETRID

AIBAGT RS
w7 pesn
TV B W)

o pesn AT0I3U05

T

; el Joussy 11915 82 €
4OTTHANIBLGy UF EPOYIOH

DR TATAUOS BROTIT[
u Y3Ta (1801 I0) DPRTIRD
1984 JOo 4equmy 39

S wopauansaday oTydesd

8 TWHVIA

o148l
Wox,*

L

[P - " -l B L - . '
N - - NI . ro

. = A -
Lo - ook r T - A B - ST X .
BT'E _mnm.r?‘r., o .:E.Ewm.sa, %_-Lw.lw, u_.(_ﬁw.hetwn m”u.,.nw\»a.._ﬁ«w:k?_,?\‘? EXETr) T, Jumﬁ_&“w.&..,t_ G

' v o7
T .

g

i &

EENN R R

(%14

LT



F.
2 ST Cogrsd 355 gl

a8 a . gﬁq‘ﬁt,ﬁ 1_35:;.,:_.#@:. f“ﬂ%w“f?m S T @ e’y

G Lt W B | Th A SR A E PRt 3 R W S e R T L

L TR T g g AP il T R i R o

il M E ¢ Tie e T Y . TR T . . X > k] .
T ARG S CRR T
el - . B T

e

Referonce to Flgure 8 suggests that the pilot will probably achieve
& reasonable approach to the optimum flight path if he utilises coordinated ™
novemsnt of all controls (the RAE method) along with full power in *"bracket- .
ing® the stall warner signal since all the controls are effective at the 2
airspeed resulting from bracketing the atall warner. In this part of the L
inveptigation, 1t will be remembered, attention was centered on achieving %
maxinm ppgle of climb, rather than msximun rate of elimb,

D. Advantage of the Stall Warner .

In the following tabulation, Column 1 liste the average time in sec-

.'_;‘ ot
Pk
'

_ onds required to effect the optimum, or best, method of recovery from the "
full stall out of the meneuver involved., Column 2 reports the average S
loss in feet which occurred in the recovery by this best method. Colummn 3 %
1ists the average numbsr of feet of altitude gained by "bracketing® a B
gtall warner set at maximum angle of climb, Finally, Column 4 presents i
for each maneuver the number of feet of altitude advantage in using the G
stall warner system versus recovery by the best recovery method from the %
full atall tested in this investigation. %

'L}?ﬁ‘?‘

Recovery Loss from Gein from by

Maneuver Time Point of Point bf Advantage T

In Sec, Stall Warning In Feet C

In Feet In Feet “

i

1. Stralght-ahesd ‘;{JTE
climb 10.5 26 60 84 ‘?l

2,

2. Straight-ahsed A
crulpe 8 53 48 101 . Ly

: 3. Straight-ahead )
glide 13 38 102 140

4. Left climbing '

turn 14 69 81 150 =

5. Right climbing :f

turn 12 46 102 148

. - * ?

6., Left gliding R

turn 12.5 79 7% 155 Co

7. Right gliding | &

turn . 60 73 133 e

g
H5 i
e oo g
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= It 1s assumed with reference to these data that in a glide when the
tﬁfﬁ stall warner comes on the pllot goes from a glide to a climb, If, however,
a;,jf‘ " he recovers from a stall to a glide, and does so in the best possible man-
& ner, he may expect a ainimum loss of approximately 50 feet of altitude, as
»:h compared to avoiding the stall by bracketing the stall warner.
el
e These date show that a flight instrument set to come on at, or near,
¥, the maximm angle of climb, and which “warna® the pilot toc begin recovery
é action, indicates for him a path of flight that will consistently be to
.4  * his advantage in terms of altitude eaved.
=R ' .
s Data were presented to show that the point of warning was suffiociently
fi . far from the point of stall to psrmit adequate control of the alrplane,
- Furtbermore, the point of warning was sufficiently far from normal flight
o &8s to constitute a genulne stall warning.
He
f On the bagis of the analypes of data collected in this investigation
egl certain gererslizations rognrdinq optimum procedures for atall recovery,
“5"“ for execution of maeximua clinmbs,’ and for setting of the stall warner in-
e stalletion appear warranted.
ﬁi 1. With the exception of mteep turms, if a stall occurs in a maneuver
% in which full power ia used or is availabls, and if it is necessery to re-
R cover with a minimum loss of altitude, ths pilot shoulds
Mi a, Add full power (if full power ia a-va.ilable) and keep ths nose
LB of the plans on or closes to the horigon, and
ﬂ%rf b. return, and/or keep, the plane level through use of rudder
);‘Lf“ and elevator, going easy on the alleron control.
A The "On Horigon™ recovery will take longer than the more conventional
“3; - procedure of "dumplng® the nose below the horison -- in some mansuvers it
e may take as long as 1/, seconde, However, by sitting tight through the "On
‘,-%‘;f"“ Horizon® recovery the pilot may effect recovery with marked savings in
T altitude loss, as compared with the “Below Horizon" recovery; savings
R running up to, and exceeding, Y00 fest. In certaln mensuvers “On Forlzon®
yg_f recoverles can frequently be made with loss of altitude not excesding 50
e feet.
i%r
¥ 2, In steep turna it appears that the pllot should effect recovery
g,{ , through coordinated use of all controls without attempting to continue the
e turn.
1;;%
vn 3; In stalls from gliding mansuvers, where additional power is not
e avallable (such as with engine failure)} recovery can in general be made with

%

-

T
R o
ek

g 7in terme of maximum angle of climb, rather than maximum rate of climb.

e
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least loss of altitude by letting the nost of “he plans drop below the
glide path and utilizing coovdinated movements ¢f all e¢ontrols *“n effect-
ing recovery. ’ :

4, If a stall waraer is set to b: activated at the angle-of-attack
associated with maximm angle of climb Lt cau -erve eifectlvely ac a
' flight instrument. By "brecketirg" the signal3 the 523ct can b: sssured
that the maxinvm angle of c¢limb is heinz achieved. Thie funcildn as &
fiight instrument can be extremely useful in sitastions where achievement
of maximm angle of cliab is eritlcal, such a3 in short field icke-offs
over obsgtacles, or in "recovering® from a2 stall warnlng at low nltituds,

5, With referance to the setting of the stall warning indlcator,
the evideance clearly indicates that much is to be gained by set.ing the
stall warner to bhe actlvated, as the stall is approached, at that sngle-~
of-attack associated with maximum argle of climb,9 This settiaz ellows
the stall warner to function effectively in-its primary role of glving
verning of an impending stall well before the point of stall actually 1s
reached, enabling recovery to normal flight to be made reedily. Morsover,
1t alsc enables the stall warner to assume a secondary role as a valuabls
flight instrument under speclal circimstances, Establirhment of this dual

role for stell warning 2:quipment appears to represent a major contribution. .

8That i1s, a3 soon as the etall warning signal comes on tae pilot de-~
creases the angle~of-attack until the warniang eignal goés off. He then
lncreasss the angle-of-attack uutil 1t goes on, proaptly decreases it
untll the warner gces off, then incregses the angle-of=stiack uatil it
comes on again, aetc,

%1t 1s noteworthy, in this regard, tnal review of the specificetione
of stall warmer manufacturers revealed no clear or consistent practice
with respe€t tc the setting of stell waerning indicetors,

L R IY I
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APFENDIX A

, DIAGRAMS OF EQUIPMENT IRSTALLATIONS™

*Original hlhaprinﬁs are »n the files of the Commlttes o Aviation
Faychology and cen be iaspscted upon reguest,
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4 PPEFDIX B

DETERMINATIOR OF THE ANGULAR LIFFERERIES BETWEEN
THE ®ASSTMED® CRORU AND TS TRUE CHORD

At the time that the angle-of-attack Instrurent and mounting boom
were inetalled on the testing aircraft it was assumed that the wing chord
ran from the leading edge Vo the tralling edge of the wing., This imagi-
nary iine would by thia definiition pess inslde the wing naking 1t diffi-
oult to work with, To aveid this difficulty, a line was constructed below
the wing on the side of the fuselage, which was parallel to the assumed
wing chord. The construction of this line was accomplished by first draw-
ing two lines which were perpendicular to the assumed chord down the side
of the fupelage; cne from the leading and one from the trailing edge of
the wing., Then equal distances wers lald off along eash of these lines
thus determianing two points which were equidistant from the assumed wing
chord. When thege two points ware connected, the resulting lins was
paralls]l to the assumed wing chora. '

Angle-ofeattack 1s defined 2s being the angle between the "relative
wind* and the wing chord.l To be propsrly calibrated, then, the angle-
of-attack instrument must read zerc when the copper vane aligns itself
with the assumed wing chord. To achieve this oalibration the taill of the
pireraft wes raised until the line on the fueslage which was parallel to
the assumed chord was level. Thie leveling was checked with a conven-
tlional bubble level, Next, the angle-of-attack lndlcator was set at meroc
and then the copper vane was twlsted so that it slipped on its shaft une
t1l it was alec in a level position and checked with the bubble level.
Then with the aessumed wing chord and the.vane both level and the indica-
tor reading zerc, the sei-ecrew was tightened and the vane made secure
to its shaft. The instrument now measured the angle between the position
of the vane as it streamlined itself with the airstream and the assumed
wing chord.

It has been pointed out in Part II of thls report that the Enginger-
ing Depertment of the Piper Aircraft Corporation suppiied the information
that the True chord of the wing is the flat bottom surface of the wing.
This meant that the angle~of-attack indicator was reading in error by the
angular difference between the assumed wing chord and the true chord.
Thie angular differance between the two chorde waep determined mathamati-
cally so that it could be applied tc the indicator readings as a constant
calibration correction. The method used for determining this angular
difference will be shown in the following steps. First, the distance
between the center line of the maln gear and the center of the tail wheel
was measured., This measursment is designated by the letter "g", Next,
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‘the %all was ralsed in three sucoessive stages, and the vertical distance
batween ths tail wheel and the ground was measured, The firat measure~
mept *y" was made after the Jongitudinal axis of the aircraft had been
leveled, The oext measurement "w" was mads when the bottom of the wing
or true chord had been leveled. The last measurement "x* was made when
the tall was raleed so that the assumed wing chord was level. By the
use of trignmetric tables the angles "A®", "B*, and “C" were determined,
The difference between angle "B*" and "A" gives tbhe wing root angle of
incidenoe. The difference between angle *C" and "B* giwves the angular
difference betwesen the trus chord and the assumed chord.
Datas |
x 54.75 inches
w 49,0 inches
) 4 43,25 inches
. 207.0 inches
Caleulatio
To find angle "A"
Sine A = I . 42:23 . 2089 « 1
2 207 12° 4
To find angle *B*
Sine B = ¥ = 49 . ,2367 = 13° 41
™ TR = 23 F A
To find angle "“C*
Sine C u!-w- .261..5 -150 20'
2 207
Root Angle of Iacidence Angular Difference betwean
Aesumed chord and True chord
13° 41* 14° 80¢
12° 4t 13° 41t
1° a1 ' 1° 391
After the copper vans had been set by this leveling method, a tem-
piate was mede and the reading of the indicator taken when the vane waes
fitted on the template., ALl subsequent checke of the calibration of the
angle-cf=attack indicator were made by placing the vene on the template
and checking to =ee that the indicator resding was the ssme am the origi-
nal one. If they were not the same, the vane was adjurted by sliding it
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on ite mounting shaft until the correct reading was obtained on the in-
dicator., Plata No. 5 shows the manner ir which the wans was adjusted
ueing the template- :
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APPRENDIX G
FORM USED BY OUBSTHVER IN RECORDING
DATA DURING FLIGHT TESIS
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APPENDIX 3
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Educational Research Corporation
40 Quiney Street
Cambridge, Massachusettis

FROJECT NO, 9

Bffectiveseps of Kecommended Methads of Stell Hecuvery
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