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EDITORIAL E'CREWORI: 

and avoidance  conducted under the av,Epicec of the  Coxnittee on Aviation 
This report  is the  latest .  in n tur:.es of etudies on s t a l l  rocognition 

Psychology. Interest af the Conunittee i n  t h i s  m a  n1-o e from findings I 

in ays temt io  s tud ies  by D. R. B r i m h a l l  a n d  R, F ~ ~ z Q I I , '  of CAA aociaent 
recorda, which indicated that many f e . t d  accidents i n  Mght pl8RQS fol low 
an inadvertent stall. The high  icciaenoa of such  acoidents  pointed  to 
the imprtance of d e t d n i n g  experimentully  the  problem of stall recog- 
nit ion,  and of an evaluation of ~tdl recovery proceduraa. 
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The t e s t s  were run by two com@.ent t e s t  pi lo ts .  During tho  s ta l l  
recovery part of the inveatfgation, stalls were executec! i n  ?.l maneuvers 

Two major types of stall reooveries sere executed,  via: "On Horizon" re- 
and t h e  e f f e c t  of various  reoovery prcicedures Fn eaoh meuvor studied. 

Omeriea, i n  which the nose of th6 plane waa held approrio~atel.y on the 
horizon  during the recovery, and 'V3elw Horimn" recoveries, i n  wMch 
recovery was i n i t i a t e d  by l e t t i n g  t k a  nose drop about 15O h l o n  the 

covery t o  leve l   f l igh t   could  be  effeotsd. 'Uithin these raajor divisions, 
horizon u n t i l  full control of a l l  control surfaces w a s  eahievorl and re- 

variatims of recovery m t h d s  uti l iz ing  var ious combinations of control  
wee a l s o  were t r i ad .  Ten trials were condusted u t i l i z ing  each  recovery 
method in caoh manewer data being obtahed ( :n  terms of mana a d  
masurea of va r i ab i l i t y j  on aigle-of-attack a t  s ta l l ,   a i rQpeed at a t a l l ,  
number of feet l o s t  in recovery, and tirre requSred f o r  recovery. 

:. --" 
The results of this par t  of the st7ld:,- iadicated that: 

1. With the  exception of stdep tuns, if a stall OCOUTS In a man- 
ewer  in whioh addit ional  power is used or i s  available,  and if it is  

~I q 
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necesaary t o  recover w i t h  a minim loas of a l t i t ude ,  the p i l o t  sho?ild: *' ~ :'. 

a. Add fu l l  pmer (lf f u l l  power is available) and 
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keep the nose of the  plane on or close t o  the 
horizon, and 

.%% ::.p 
.;.p .! ~ 

b. r e t w a ,  E&/o? kmp, the plane l e v e l  through w e  

control. 
of ruddar and elevator,  goirlg e m y  on the aileron 



2. In  steep turns it appears that the   p i lo t  shod6 effect  recoverp % 
7 '. 

through  coordinated m e  of all controls  without attempting to conthus 
t h e  turn. 

gvailahle  (such as with en&ine failure) mCoWI'y O b n  in general be made 
with l e a s t   l o s s  of a l t i t u d e   l e t t i n g  the nose of the p h e  drop b e h ~  
the glide path and uti l izing  coordinated mmo!rents of dl controls  in 
effecting  recovery. 

3. In a t a l l a  from gl iding manewera, where addi t iosal  @mer is not  

a t ion of the  &le-cf-attack  associatsd  with  tha mximm ingb of climb 
Investigation of the  second  question  involved  experimental  determin- 

and the minimum angle of glide,  and the w e  of the a t a n  Warner s igna l  a8 

tbons. The r e e u l t s  d t h i s  prt of the study  indicatad that a a t a l l  Warner 
a fl ight  instrument in indicat ing  the achievement of these f l i g h t  condi- 

mum angle of glide.  O f  the two it w a a  conaidered that lndioation  of nu- 
s e t  t c   h d i c a t e  the maximum angle of climb  did  not elso indicate ths m l n i -  

imum cllmbing  angle waa of t he  greater prac t ica l  lmportanae. In this con- 
neation, It was concluded that: 

f 

4 .  If a a t e l l  Warner is s e t   t o  be act ivated at  the angle-&-attack 
amoch t sd   w i th  d m  gg&& of cllmb it can acme ef fec t ive ly  M a 
f l i g h t  instzuaent. 3y "bracketing"  the "on-off" interval1 t h e   p a c t  can 
be assured that the  maximum angle of cUmb is belng aohleved, T h i s  func- 
t ion  aa a f l i g h t  instrument can be extremely uaeful ln 'e i tuatlons w h e r e  
achievement cf maxLmum angle of climb is  cr+tical ,  eueh aa in s h o r t   f i e l d  
take-off8 over obataolea, cr in Wsowerlng" from a atall w a r n l n g  at lorr 
altitude 

5. With referenod  to the s e t t i n g  of the  stell warnlug idlioator, the 
evidence c lear ly   lnd ica tee  tht muoh I s  to be galad by dtlng the atall 
warner t o  be rctivated,  M t he  stall is approsched, at that -le-of-atbok 
associated  with MXIIUUB angle of o l i d ?  Thi. aetting a l l m a  tb stall 
warner t o   func t ion  affectively in i t e  pimary rolo of glvlng warning of 
an impending a t d l  well hefare tb  point of .tall 0otunll.y ir ronohed, en- 
abling reoovery t o  normal f l ight  t o  ta d o  read*. Mommar, it ala0 
enables the a t a l l  warnor to aaaume a oecoadrry r o b  M a valuable f l l g h t  
instrument under special aircumtames. Emtabllebmant of this dual role 
f o r  e t a l 3  varnlng equipment appeara- t o  rwprewnt a major contribution. 

, 
The reeeeanh  fielded  additional Illatmid of mo5llary interest, s w h  

aa a distribution of anglee-of-attack a t  tbe a t d l l  in various ~ m ~ s .  

~~ 

l T h a t  l e ,  as 8 o w  88 the  stall rwrning signal o w n  on t h e   p i l o t  de- 
creases the angle-of-attack uutil the warnbg a 1 g n e l . p ~ ~  off. He then 

'increases tim angle-of-attaak  until it goea on, p-4  doomaaea it 
until tba w a r u a r  goer off, than l.mmnma thr angle-6f-attaok until it 
comes on agsin, 0%. 





It i s  probably true that  nost   l icangrd p l l c t f i  r l . ~  kxow how t, recover 

during  training i s  conducted a t  a saf'c ul t i tuda ,  u~.~.ai l .y  1,5M t o  2,OCO 
from e. ful l~-st i i l l  ccnd i t i ?n   a t  a ssfE altitude.  InsLw.tio.7 !,n 3ttlll.s 

acceptable manner. Students are t a u g k t  t u  aTprosch t h o  stall.  i n  R :mXe o1' 
- f ee t ,  and the e.nphasis is o r d i n s r i l y  ploc3d on recovering safely and In an 

less s k n d c r d  pracedura, Yequirod t o  recoglliza it a6 it occum, and t o  
recovar t c  s t r a igh t  and l e v e l   f l i g h t  after s t a l l i ng .  Unless the   F i lo t  k t e r  

minimum. 
attempts  an advanced rati . lg,  h i s  pract ice  03 t r t u l l s  probably  remains at, s 

he absolutely must recover without  using up h i s  F r a z l o w  a l t i t u d e  i n   t h e  
If the   p i lo t  stulls at an a l t i t d e  of f+00-500 f e e t  above the terrain, .  

Frocess. A t  low a i t i t uda ,  t i e  p i l o t ' s  problem i n  recovering frm the full 
stall  i s  one which r e q d r e s  an accwatc  answer t o  t he  question "How can  the 
a i r c r a f t  Iw recoverGd f.--on +,:he fui--stall condition wi th  a minium 1 . 0 ~ 8  of 
a l t i tude?"  

E.  Purpose of . t h i s  Investiaat- 

The  general purpos? of the present  study p186 'LC dstermine  the  rel.ativu 
effectiveness of var. io~a  Lethods of rmover ing  from stulls i n  l i g h t  a i r -  
c r a f t .  The general  questior.s  investizakd mere (1) 3o.m c m  the   7 i lo t  of a 
l i z h t  a i rc raf t   bes t   l ecover  frw a prixary stall a t  'ion a l t i tude?  and (2) 
Ffow can t t e   F i l o t   b e s t   u t i l i z e  a s t a l l  wzrner i n  a~'i.ding b prinbry sl;aI.1? 
The answers to   these  general   quest ions  my 5c expzeted t o  vary  considembly 
w i t h  the t y p  of aircraft   iavolved,  with  tke vmioua mn?uvers of f l i g h t ,  
and w i t h  o t h e r  inpor tan t   fac tors   in  t h e  f l ight   s i tw; . ion.  In swking s o h -  
Oions to   these problems f o r  a s ing le   a i rc raf t ,   the   pesent   inves t iga t ion  
was primarily  concerned  with the davelopnent of methods and proosdures 
whereby these  probleas,   as  they  pertail1  to  other  aircraft  and o the r   f l i gh t  
conditions,  can be further  investigated.  

The work of  the  project   consisted of t h r e e  pr incipal  phasesr (1) the 
instrumentation of the   t es t ing  aircraft an3 the   cal ibrat ion of the special  

the primary stall; and (3)  tho  tes t ing of  nethods of rzcovery fran u sts l l  
ins t ruments   ins td lad  in it; (2) t he  t e s t i n g  of methods of recovery fro? 

warning. Ewh of thes; aspects of tha  study  involved  probleas  pertaining 

recovery e.nployed. 
, .  t o   t h e   t e s t s   t o  be devised,  the  measures  obtained, and t h e   c r i t e r i a  of 

The ensuiug  Far5 I1 of t h i s  report  i s  concerned wi th  t h e  problem of' 
instrumenting  the  tcsting  airplane and wit.h the  callbration  of thz i n s t ru -  
ments ins ta l led  i n  it. The basic purpose of fnotrmenting the t e s t ing  
airplane was to   obtain  accurate  and re l iable   data  03 a i r s p e d ,   a l t i t u d e ,  
and angle of a t tack ,  Before any dependable t e s t s  of the behavior of the . 
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. .  
effaotiva eethdr of moverlag f n a  a complete stall, and ,did not conAder 
the protilem f m  the p i n t  of viw of the p l l o t  flying the aircraft. That  

' f l y  it., TWQ t e s t  p i l o t a   w r i e d  out a l l  of th testing  procedures dlmusssd 

L .~ 

, ~. i s ,  thh study was ereentlnlly I teat of the machlm and not of the mn who 

In succeeding mot ions  of t h i s  r e p o r t .  
,. .~ 

~ ., C a ,SEonsorahip 

t, 1 Ths studies reported herein ware conduoted by ttaa Educational Resaamh 

.~ . 
7 ', 

Corporation, Cambridge, Massaohueetts, undor t i i  suspices of the National 
Ressazch Counoil  Camittee on Aviation  Psychology, with fund6 provided by 
the Civ i l  Aeronautics  Adminiatration. The study mas developnental in char- 

~ ~ aobr I n  that ssveral ~ktpptl were involvee, Each of them stages was re- 
viewed and approved by tbs Casmittee on Aviation Psychology.~ 

.J 

the  Projeot Staff, inspected and f lew  the   t es t ing   a i rwqf t ,  m d  reviewed t h o  
48hile t h e  stud;r was i n  opra t , im,  mpr3osnt~tfvon  of  ?:,he C . A . A .  v i t l i ted  

prGCedW6 uasd i n  the stddy, C&..A. personnel vifl it lng the   project   indudad 
Dr. Dean R. Brimhall, Director of Research; Mr. R. D, Freeland, Now York 

bars of hie technical s t a f f ,  Mi-. 3. l?> Cuilmartin, Mr, George Stathers, Mr, 
Regional Office; Mr. William S. Moore, Chief of t h e  A i r m a n  Divisiun and mem- 

William Riohardson, Mr. R .  P u r l 1  Bml.ay, and UT,, G .  Sidney Stanton. 





holds i n  h i s  lap.  Dascriptione of t h i s  and ~imi lar  pall warning devlce 
insta l lat ions  are presented in   previous CAA repaorta.- 

expressed in terns of u i r s p e d ,  attitude, angle of attack, and t'ime, it was 
Since t h e  baeic data on recovery f rom the primary stall warn t o  be 

A sensitlve a i r s w d  indicator, a radio alt imeter,  an a l e - o f - a t t a c k  Indi- 
necesaery t o  provide for the accurate measutwmnt'of eaah of these  vtlriables. 

c t t t c r , ~  znd n stopwateh  supplied thew data. 
r 

1. The Airsrmd  Indicator 

Kollwan airspeed indicator,  model #%&ti, This type of airspeed indicator  

150 miles Fer hour w i t h  scale markings a t  1 mile per hour in te rva ls  on 
18 used on helieoptere and is graduated t o  read A\om 10 ailem per hour t o  

speeds belos 80 ~diles par hot&. Tha intl trment installed in thn testing 
a i r c=f t  was obtained  direotlp frm the Sikorsky plant I n  Bridgeport, Con- 
necticut. 

The standard P i p e r  Cub airspeed indtcator was m p b c e d  by a aentsitive 

The i n s t a l l a t i o n  of t h i s  sens i t ive   a i r sped   ind ica tor   requi red  a 

mas ins t a l l ed  in  t h e  drulane t o  owerate both  thie  i n s t n a w n t  and tfie  esnsi- 
redesign of the   pi tot-atat io ,system. An Aeronca-type pi tot-Ptat ic   6yatm 

line t o  the kre& indicator.  The d e w r a t o r  iia6 intended io> uae.under 

*ith ti-s movement O f  th s t i c k  when mopit&. It was rsplaeed rLth a drain 
the~ins tn tment .  pael. It mas discovered  that tho dehydrator  intarforad 

SO thet nofsturs~which aacmuZated in t h r  p f to t -e ta t ic  oyyetsm could be 
raqoved. The i rd l ca to r t s   pos i t i on  on tbe instrument  panel i s  s h a m  in 
P h t e  I, following. 
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The socond principal  step in the   ius t rmenta t lon  of  the t e s t ing  air- 
c r a f t  was the  cal ibrat ion of t h e  in s t rmen t s .  Them was EO a t t eap t  t o  
ca l ib ra t e  or t es t   (except  by obmer-ation) tire accmacy of the tachaneter, 

ment on ttm t e s t ing  nirplam. Tim ca l ibr t r t ion   ac t iv i t ies  were confimd 
oil pressure gauge, o r  oil te&ruture gauge, which were otundard  equiv- 

exclusivexy t o  those.inatnanent8 which provided data ror elre purposes of 
the present ntudp. Certain problems enoo~mtered in the   ca l ibra t ion  pro- 
cess  were cmaonplace,  Mule  others were quite unique. 

1. blrswed Irrdicotor  Calibratloh 

n. j b t h o d  -- T h e  general procedure used ca l ib ra t e  tiw drnpeed 

dFRtance i n  a known t h e   p r l o d :  For t h i s  pulrpoes, Iw-way No. 29 a t  Sed- 
ind!.cator was t o  f l y  t he  airplane a t  a cons-hnt  altit,ude through a me~surad 

ford Air Force Base, Bedford,  MasoachussttR, m a  used. T h i s  runway is 

t e s t s  ware run. The procedure PUS t o  fly the measured distancs,  both doTFn- 
exactly 5,WO f e a t  long and earned as the  neadured distance  ovm which t k  

r ind  and u p i n d ,  on r e l a t ive ly  calm days,  uLtaapting i n  both m s ' t o  301~- 
t a i n  e constant  indicated airspeed. During the run, -&he p i l c t  contin-Jous.l~y 
cal led o?f the indicated  airspeed r e u d i n g s  and every second or t h i r d  m x d -  
ing wze recorded by the  obsesrPer-?ilqt. The average bf these readings was 
taken t c  be t h e  average  indicated airspeed over the  course for the trial. 
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During each run the p i lo r  mafntt.iiled, jnsoj'ar as po:>sible, Q C O n S t W I t  31- 
t i tude  as indicated by Vne radis altineter.  AIL f l i g h 3  were made a t  
approximately 150 f e e t  a ' m r e ~  tile runw,l>- t o  inareeso reliabili .ty of thling 
the f l ight  through th mm3asur.ed distarxe.  

seconds r g u l r e d  to  f l y  the IptaEmed distance. Uei.1g the formula for the 
calculation of true airspeedL and maklnd pesaure and tempraturo corzec- 

during the  t e a t ,  After repeated trinls nt perfecting the metkod, discrtrd- 
t ions ,  a calibrated airspeed was obtained fo r  each  irdicated sirspeed flom 

ing trials i n  which a n y t h i n g  w e n t  wrong, and r m i n g  f:ve doutlle (both , 

aomnind and u p i d )  tr1al.s f w  each airsped, nine indicated  airspeeds 
were equated w i t h  their -orrespcnding calibrated airspeeds.  

The true airspeed UQS obtained by determixing  the average nunber of 

J / ~  

b. Reeultfl -- Tho following tabulation  presents the fiverage in- 
dicated airspeeds flown and thair corresponding calculate6 cnl~fbre.tea air- 
speeds. 

. .  

. 
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Indicated Calibrated Indicated Cd.ibrated 
Airspeed Airspeed Airspeed Abspeed 

- , 

- -- 
90 70.9 60 51.7 
89 70.3 59 51.1 
88 69.6 58 
IM 69 .O 

50,L 
57 

06 68.4  56 L99.2 
4908 

85 67 .? 55 48.5 
sl 67,2 54 
83 

47.9 
66.1, 53 

82 
47.2 

65 ,d 
81 

52 46.6 
65.2 51  46.0 

80 
79 

64.5 
63.9 

50 45.3 

78 63,2 
69 
48 

44.7 

77 
44.0 

' 76 
62.6  A7 
62 .O 46 W.8 

43.4 

75 
74 

' 6103 A5 a* 1 
60.7 

73 
u 41.5 

72 
604 43 
59*A 

40.8' 

71 
42 

58.8 w 
40.2 

70 
39.6 

58.1 
69 

40 38.9 

68 
57.5 39 
56.8 ' 38 

38.3 
37.6 

67 56.2 37 
66 

37 .O 
55.6 36 

65 54.9 35 35.7 
36.4 

61, 
63 

54.3 34 3 5 e 1  
53.6 33 31. 4 

62 
61 

53 .c 
52.L 

32 
31 

33.8 
33.2 

30 32.5 



i 

2. The FLadic. Altimeter Z a l ' l @ ,  , 

It was noted that the rad io  a l z k e t e r  i n  tts no:clpcll oondition had two 
scales  -- a lm s i d e  and a high 3 c d c  and t h t  the 10s s c d e  read ?rOm 

volved recovery f r u n  p r k y  s t a l l s  t i t  loa d t , i t ude ,  t h e  loia scale  was 
the  only me that could 'k used ,  The i n t e re s t  of' safety dic ta ted  that the  
t e s t ing  be done at, an dc i tude  of f r o n  530 feet. i o  700 f e e t ,  To obtain 
r6diO altimeter  readinga  within t h i s  range, t h e  electronic  CiTcuit  of t h e  
anp l l f i e r  was modified i n  such a . w o r . t h a t  eaeh unit on the  indicator  
scale represented 20 fee,: re ther  than 10 faet. 

G t o  400' and the  high 3 1 : t , h  Prom 9 LpoOO' .  Sine$) the t,%tiI@ work in- 

The radio  altime-ter was oquippd  with two adjus5irg  set-,s:reas. One 
o f  these cret-screws adjusts   the short  end of the low scafo, TXs edjust- 

radio  alt imeter  reads 0 ju s t  before the airoraft touches t l x  grounZ. The 
m n t  is made by lqnding  the.  airplane and turning  the  set-sc~raw so t ha t   t he  

0 adjustrent  canntii. be made w i t h  . t l ~  a i rp lane   s i t t ing  on the @-oimd. Af'ter 
t h i s  i n i t i a l  adjuataent has beun zade, tba radio altimeter  nuat be checked 
carefu l ly  d.a-hg hrdinga ,  If the  needle  approaches 0 imedicltely be o m  
the  airplane  touches  the Gound, the lnstr?lment i a  p r o p r l y  adjunted. 5 

The second sel.-s~re:s a d j u a t ~   t h 3  long end of th ,3  loa cc8l.e on the 
radio altimatsr indicator,  Thio sdjunt;l,en:, was made as i'o1lo;rs: (1) the 

Airporc; (2) the 6iraraf.t was t h m  f h w n  over the  mean a t  an indicated 
sensitive alt imeter V B E . . ~ &  w i t h  sea-Level pressure RS given ot Bedford 

a l t i t ude  of 60c) feet ( the   mdlca ted   a l t i tude  w a a  not  cor-ected for t e w  
perature or passure, as t h e m  o ~ r r 3 ~ t i o n s  mere negllgibla); end (3 )  the 

330 It was necesswy t .o  mske ';his l a t t e r  adjastmen*, crfl a very calm 
set-screw was t l lm  adjus.tsd S C ~  tha t  t h o  radio alt,ire',er r n a d  an Sndicarxd 

day, md  if was x o e 8 s ~ 1 . y  t,o rake it over watsr 80  t ut the surfwe re- 
f l ec t ing  the alt!reter s ignal  di:! a a t  change s i g n i f i ~ m t l y  during the t e s t  

f ly ing  at  a constnnt  eltit.uda m e :  wa-:.er for a suf f iz ien t ly  long  p r i o d  of 
runs, After  the  acnsitive altime-LeT cmd the rudi.0 a l t l rwter  agrsed w h e ~  

ware then escued over t::ne ae?;-ec=em, 
tims, ihe oecond :;et-acr'm watc nsBumeI2 t o  be pr3perll adjuJI;e(i. The cbvers 

3.  Cdibratioxt qfL~n~~l-of-dttqrk Xnd:cctm ' 

Q -  - dethod. T:19 f i r e . ,  ! c t e +  :n t n e  cal:.bration of the m g l e - o f -  

axmued wing ciord (from the leadlr!! e k e  t o  the t r a i l i n g  e d u  of the wing) 
attack in s t a l l a t ion  was 'io aete;-n:ha .,;I,e angular differen06 bacween the 

, 
.. 

. ~ .  
, .  

'.' 

I , .. 



and the  ac>!ml  ring  chord  (the bottara surfecs a_" ths d n g )  ~ The Pirst 
s e t t i n g  of  the vane on the angle-of-attack  indicator ntls brsed on the 
assumption that the ning chord passed through the 1ee.d:ing edge of the 
w i n g  end the t r a i l i n g  and  of the sing. The vane was set to   read  0 rhen 

the wing chord of the J-34 I s  assurnod t o  be t h e   b o t t w  surface of  the 
it was para l le l  t o  t h i s  asrnansd chord. It was leamed,  however, that 

ring.  7 

By a Froaedum d e u c r i h d  in sone de ta i l   i n   Appae ix  8 ,  it was deter- 
mimd that the difference between the  asamed  chord acd the true chord  of 

---. 

the  r i n g  wat lo, 39' .  

i n   f l i g h t ,  a large p r o t r a c t o r   r i t h  a bubble leve l  f ixed  on a movable indi -  
ca to r  was :$ounted on the  left rear window of the tes t ing  aircraft. This 

the l e f t   r i n g  root was level.  
incl immetar  was 80 fixed that it indicated Oo when the both surface of 

To ca l ib ra t e  the '  nngle-of-attTiak in s t a l l a t ion  at v&rioua a t t i t udes  

readings in the nlr. The pilot   f law  the testing aircraft frm the f ron t  
s e a t  and t.he obaerver-recorder aat i n  the back sea t  no thn t  he could  mad 
the inclinometer  accurately, The pilot Relectsd a desired flying a t t i t ude .  
He then  adjusted the t h r o t t l e  until the aircraft was neither gaining nor 
los ing   a l t i tude .  Tds was croas-checked bp a r a t e  of climb indicator  and 

bubble on the blade o f , t h e  protractor  centered a t  all times. When the 
the  radio al t imeter .  The obeamer-recorder, in the meantinm, kept the 

p i l o t  decided t h a t  the ship had s e t t l e d  down to s t ab le   f l i gh t ,  he cal led,  
.NOW," aod read  the  angle-of-attack,  airspeed, and r.p.m. The observer 
stopped adjusting the  bubble, leaving the protractor set, while b reoorded 
the  Instr-ment  readings  ctllled  out by tb n i l o t  a8 wall a8 the  protractor  
reading.  Flight  testing mas necessar i ly   res t r ic ted to t imes when there  1 

was a rninimm amount of turbulence. It was necessary  for t h i s  reason to 
Take many t e s t  -6 before acoaptable data were obtained. 

It was then necessary for t h e  t e s t  p i l o t s  t o  check  angle-of-attack 

h. Reeults. After a number of p r e l l d u a r y  trials were re jec ted  
a -aerie8 of angle-of-attack  indicator nnd i n ~ l i n m e t e r  r e d i n g s  mre ob- 
tained. Wan them readings, flv8 points  representing &the average reodings 1 

7 T b  following  lnfomatlon vas obtained by telephone from tho Piper 
Aircraft Corporation Englnesrs  a t  Lockhaven, Pannsylvanlat 

1. 

2. 

3. 

The d a t m  line of tb. J-34 t o  be uead for longitudinal leveling 
I s  tb longeron which runs from the tail and p a s e a  under the 
windor on the lef t  a i d s  Jf the  ship; 
The m o t  angle of incidence is +2030'. Both wlngs are washed out 
rrhiah dwruaees  tho anp;le of incidence to -W' at the wing r i b  
l w a t e d  at the outboard end of the aileron; 
The w i n g  chord  of t b  J-34 i s  considered to be the  bottm sur- 
face of the ring, whiah 18 nearly flat. The w i n g  used 011 the 
ship i s  a Clurk a l r f o i l  358 modifbd. 
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Eleven r r a c t i c a l  :wnoImers Involving  climbs,  glides,  tarns, and mrt- 

the optirpm urn of cmblnat ions of ths following: Power (P), Ruddor (R), 
at ione in  power se t t i ngs  were l nven t ip tdd .  I7mowrk.s were sffuated by 

' Aile-ms (A) , Elevators (E) ,  Hope on Horizon (OH), and Nose belca Xcrizon 
(BH). The neasurss of the  re la t ive  affsot iveness  of the various a,athods 
of recovery Prom the primary stall uem expressad i n  -terns of  R ~ C O ~ S  

In the f irst  wries of t e s t s  of recovery h.on the full s t a l l ,  tkie a i r c r a f t  
nsceasary for cwple t a  moovary, and alt$tude i n  f e e t  l o s t  durizg ?ecovery* 

was recovered t o   s t r a i g h t  and l e v e l . n i g h t ,  and, i n  a second series of 
tests, to the normal f l igh t   a t t i tude1  for each aaneuver beirg attempted st 
the time the stall occurred. I n  addi t ion t o  the a e a s w e n t  of altiEude 
los t   dur i sq  recovery and the t h e  required for ef fec t ing  it, messurmw~ta 
uem also mnde on a i r s p e d  a d  angle-of-attack. Them data provFde tho 
basis fo r  the evaluation of the recovery ;nethods usad i n  b h i s  study. 

A, The Gnraral P h e  of Testing 

T h e  general plan of test% YES to   f ly   the   ins tnsnented  'itrrlane 'mw- 

a body of water, advance  toward the stall ooadition in a definer, n;mewer, 
stall t he   a i r c ra f t ,  and ,masure i t 6  perfomatace under various #lethods of 
recovimy. Since tho rad io  a l t imeter  was e s p c i a l l y  sensitive to c w e s  

t l v e l y  flat surface. Tt was inpcrtnnt,  a lso ,  t .o .ehdar3ize the various 
i n   d t i t u d e ,  it was important t o  cotduct a l l  of the tests over c. rela- 

methods of  recovery so that they could 'be adequately aescribed Knd repate?  
in ~Ucceaslva trials. The tests were emen t i a l ly  testr: of the performame 

that only two t e a t  pilots were used thmughGut the study.2 bno &st. pilot 
of the aircraft. It has been  noted in preceding  aections of thifl report 

flew  the alrcpaft and made a l i d t a d  nuaber of inotrment.  roadings. ;.iost 

keet   pi lotff   a l ternated the pi lot- .obeener   respcnsibi l i t les  on n ' s y skaa t i c  
of the  inntruwnt  readings, however, were .-de by an observer. The two 

aouallaed i n   t e r n s  of p i l o t  performancu. 
I oasis BO t ha t  tQe resu l t s  f o r  any one maneuver-recooerg cmbirwtlon were 

by a t  l e a s t  t e n  trials Tarfomad under controlled and reprodu,cil~ls con- 
The plm of *sting  specified that each recovery  nethcd bo represented 

d i t lons .  I t  specified further, t h a t  t he   t e s t s  YWIW t o  be run i n  r e l a t ive ly  
ca la  alr  i o  t ha t  t h e  effects  of  turbulence would, insofar a8 p s t i b l e ,  be 

lAs defined i n  t e n s  of angle-of-attack and air s p e d .  

%hew were Phdlip B. Sampon, X.R.C. Chief Test P i l o t ,  acd Lao 3 .  
Kerivbn. 

. , , ..; , .  
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1 ~ ~ ,  It wns necessary for several  reaaons t o   r e s t r i c t  the -mneuvers i m e s t i -  ~- 

~ gated to   n typ ica ln  f l i g h t  nanewers.  Primary ttalls occur in nany co,r,plex -. 
, , ~ ,  ,; ..,a. types of aircraft maneuvers; it 'm.6 not poPsible t o   i nvee t i ea t e  a l l  wlct, 
. ~. maneuvers. It is believed  that  t.he eleven  practical  namuver~ which were 

~. ~. , on stal l  kW>OQ@rY. 

::.., 
I seiectcd for tes t ing  am  suff ic ient ly   Inclusive  to   provide  the &sic d a b  

, 

The 1 1 ~ w w e ~ s  tested were; ' 
~. 1 St-aight4heod - Clinbing Power (Full Thro+.tle); 

2 St.-dEbt-,ihcbd - CruisLng P o w r  (2,100 r.pan0); 

t,,. Left Clinbing Turn .- Climbing Pouer (Full Throt t le) ;  
5 .  hight Climbing T u r n  - Cl i :Qb ing  Power (Full Throt t le ) ;  

7. R i g h t  Gliding  Turo - Reduced Power (1,000 r. .p.a.)~ 
8 ,  Left Steep Turn - (2,100 r.p.m. - 60° Elank); 
9.. Eight Steep Turn - (2,100 r.p.m. - 600 Bank); 

.. . .  3.. St?ai&t-Ahsad - Reduced Power (1,OOO rapom.); . 

, 6 ,  Left  Glidiug Turn - Reduced Power (1,CW r.p.a.);  

.. ~ 10. hilt 31m Turn - Reduced Yorwr (1,500 r.p.a. - 30° Bank); 
'! , 11. Xight Slow Turn - Reduced Power (1,500 r.p.n. - 300 B a n k )  

1 ,  , . .  

.. .. For testing puxposss it was necessary to define these mmuvers  and 

.:: . t o  specify  for  each  the power s s t t i n g  and the degree of -&I&, where turns 
: I nere invclved. In practice,  of course,   the   pi lot  of a l i g h t  aircraft  say 
' I ;  be one who fltes "by the sea t  of his   pants ,"  a d  h i s  aircraft m a y  not  con- 

. -ta!.n t h e  instnrments  ahereby his , f l ight   t t t t i tudes of 'Immuvera can be 

f.. wi th  full. power climbs,  reduced power glides ,  and leve l  t u r n s .  Re a lso  

~, ; 
. .  ^ .  

. .  

d e f i w d  eo specif ical ly .  Nevertheless, the private p i l o t  is concerned 

engages in slow f l i g h t  frequently, wi th  reduced or cruising powem. These 
a n  'PBnCuvers in which the  inadvertent fitall occurs. 

Conditiom in ah icb  stalls w y  occur. S t r l l b  mcur i n  f u l l  power, 
:~ cl iahing naneuvers. I n  climbing  out  of a shor t   f ie ld ,  t h e  p i l o t  m y  
I ,  
i. 

p~ '~ 
, ,' attempt-to  cbtuin the steepest  possible cli-b, p r t i c & r l f i f  then, i s  

danger frm treea,  telephone and telegraph wires, or othar  obstacle6 in 
his path .  If the '  runway faces a mall hill and the day i a  vindy,  the . r  

. I  

., :<, ., pilot ' ,mag have an extraordinar i ly   diff ioul t  task  in clhbinp, over the 
>~ r idge .  Sometimes it is oeceesary in these climbs t o  make turns. t o  avoid 
. ~. objects  such as a t r ee  o r  another a i r c r a f t .  If he t u r n s  either r igh t  or . 
x l e f t  and u t tmpt6   t o   c l lmb  as steeply as possible,  then he i s  bringing 

r~ .~ 
.~ 
._ , , . 
' < .  
t F  

< >  

about a s i t u a t i o n   i n  rbich the a i r c r a f t  can e a s i l y  stall. 
I ,  

.,e , 
' S t a l l s  ay.&%rentlp w c u r  frequently under cruiming power. Tbe p i l o t ' s  

a t tent ioi l  nay be dis t rac ted  by sabethhg outside tha plnna. T h i s  i a  
,; 



frequently  reported as his "gir; friend's. house or his  o w  h e ,  t.ka field 
where ho i s  t ry ing   t o   en t e r  ti+ traffic pattern,  or another alrp1-x i n  the 

i n  a s t d l  ,when the   p i lo t  i s  not paying rxLt4ntion t o  his airplane and pill la 
immediate v ic in i ty .  The 6tralght-ahmd, aruieing pOre? mmamer re , ju l t  

the a t i ck  baak too far. T h i s  caag happen, also, ' L n  t h e   t r a f f i c   p t t o m  %hen , 
the p i l o t  attempts to   rega in  traffio altitude without  applying'pNQL'. 

Tbe gliding maneuvers m y  be e s p ' c i a l l y  dangerous. I n  sape cases  the 
p i lo t   a t tempts   to  s t r e t c h  h i s   g l l h  t o  reach the runway or to &die n good 
approach t o  a mall f i e ld .  The  p i l o t  pulls the   s t ick back, attempting t o  
r e t a in  8s much a l t i t u d e  a6 pasoible. He may ke caught i n  a down d r a f t  i n  1 

h i s  gl de   ' in to   the   f ie ld ,  o r  a eharp  gliding t u r n  may precipitate  tha 
stall. 3 

S t a l l s  i n  steep .twm are l i k e l y   t o  occ~11' nhen tho p i l o t  has overshot 

Thie may occur in turning  onto the d d w i n r l  l eg  o f  the n i r f i e l d  where tm . I 

h i s  c o u r ~ e  and is attempting t o  get Luck on cog& as soon as possible. 

p i l o t  has decided to   tu rn   abrupt ly  on the domwlnd leg,  o r  durlng the   turn 
t o   t h e  base leg where he ha6 %isjudged  tka wind velocity.. Re may f*nd sud-, 
lenly that he i s  d r i f t i n g  too far f rog  the a i rpor t .   In  this case he steep- 
en5 his bank Fn order t o  consemre d is tmce .  The ethI.1 out  of tip steep 
tu rn  mag aiso occur on the   hpor t an t  t u r n  onto  the final, where the   p i lo t  
ha8 overshot tbe wind line. Stalls frcda steep tu rns  may also occur d u r a '  
the perfommce of the proctlce  mneuver, .On pylon-eight's." 

r.p.m. In Tiria this st% ala ate6 the turn the p i l o t  wkes whn he discovers  that  .Lo 
is  about t o  overshoot the f i e l d  on the downwind ieg. b may reduce power 
a@ start a turn  onto  the base, or onto the downwind leg,  o r  onto his fiual 
l eg .  I n  such cams h i s  a t ten t ion  i s  frequently diverted outside nir air- 
plane. The p i l o t  may t h r o t t l e  tack so tht he a m  nake a mall radiuf 
turn. In doing thie he slms up'his   a i rplane to the pint where tk; plane 
can easily atall. 

, levo1 turns  mere perfonned a t  reduced power, 1,kW 

C .  MBthods of Recooerp 

AB in the caw of  mamwers, it war, rieecessary to.dePine ap2LCically 

was believed  that  the  nethcds of' recover. might be described ge.wmlly. 
the  methods of  recovery t o  50 teste?.. %fora this study was undnrthken, it 

Preliminary tes t ing   reveded  t h e  need f o r  m o m  adequate  definition and 
fa i r ly   exac t   spec i f ica t ions  to g u i d y t h   t a r t   p i l o t s  in the testing work, 

.-----__-l-l -I__-- 

3The test p i l o t s  fly'ng the  t e s t i n g   a i r c r a f t  reported that those 
s t e l l s  which remltei!  frml a glide nay bs the moat. dangerop~. of ell. A 
s t d l  resul t ing frm a g l ide ,  whether it be ln the  straight-ahead, right 
or left  turning glldw,  appears to give v e q  l i t t le warning. Both t o s t  
pilotfi  agreed  that  the  straight-ahead  glide  gives the least arardng 01' 
any of' the stalls performed. 



4 3  7lighr. instructors ,  opinions ;?aye obit,ined a s   t o  ~h.a opt,,immn methwh 
Pre1Lqinary intorvieas .  I n  persor .~~  i n t p r v i s w s  ait i l  rrpFruximtau.lg 

of xcove:ing a stulled E . € r @ a n e .  F i w  gewril methds  of m c n e r y  wire 
recir3meadurl by -;he inst ructws  intemiererk.  'Phcee tlEref 

1. Put the nose toward the ground, 
2, ?ut the nose away frq the  .uilot ,  
3 .  Qdd power, 
4 .  Use rudder  only,  aid 
5 .  Use a i le rons .  

For eY.perinenta1 pur~o6e8, these  recomendations for ways i n  w::icti 

three of  t t e  recomendations p r t a i n  t o  t ke  uee of controls,  and two :era 
t o  recoJer f rm t h e   a t a l l  were srPnc:jhut mblguous. It will be noted t ha t  

taLn t o  v k t  i s  dona t o   t h e  airplane; i . e . ,  putt ing  the no98 towards  the 
gr3und and putting the nom away from th6   p i lo t .  It was evident during 
enrly  confmencen  devoted t o  the problem of defining  aetbods of recovery, 
t h a t  even '.,he t?s t  p i lo to  who had inten-iewd.   them  instructors  d i d  nrJt 
wxIarstand exact ly   shat  was meant. As a result of these  conferemes, a 
mora "undwn.enta1 ana1ysj.s of t h e  pomlble  aetbods of  stall recovery mss ' 

devdope$ and tested expe rhea ta l ly .  

a canplete stall may be d e s c r i k d   i n - e i t h e r  of two  ways. In the Pi-st 

t h a t  am used i n  e f fec t ing  recovery:  Secondly, the  recovery may be de- 
place,  the  description may be concerncd only w i t h  the partiaulcr controls  ' 

tude, airsped, or o the r   f l i gh t  variables. The def in i t ion  of the  Qethods 
scribed i o  terms of w h a t  happetied t o , t h e   a i r p l c n e  in reldtioil  +x i ts  a t t i -  

'of pecove~y as used in t h i s  etudy  involve<.  both typs of dcscriptioa.  

14ethcds of describing stall recoverp. Recovery of an airplane from 

--- Definition i n  tams of p m r  plant  aKd control  surface. Methods o f  
s t d l  recwery  wore first defined ? i n  teras of t h e  peer plant  and the 

A- a80 ai l?rons,  sl;d E- use  elevators.  This t p  of defirft ion r e a c l t s  
t.hr:?a con:rol. s - ~ r f ~ ~ c e s  of  the plam;  i . e . ,  P -  add power, R- use  rudder, 

j n   f i f t e e n  possible statements of ,gethods of ncovery  fron stallsr 

P - add power only, 
3 - use rudder orly, 
A -- uue a i le rons  only, 
F: - use  elevators  only, 
PR - add power and use  rudder, 
PA - atd power and use ai lerons,  
PE - add power und use elevatars ,  
RL - use rudder  and ai lerons,  
RE - 1178 rudder w d  elevators ,  
AF - u.:e ai lwons  and.clevntors ,  

IRA - add power, use rudder and ailerons, ' 

PAE - add power, u6e a i le rons  dnd elev'atora, 
?RE - aid power, 1196 rudder and elevatoro, 

IWF, - urn rudder, ailerons, and elevators,  
YRAE - add power, urn rudder, ailerons, und elevators.  



purposes t.h the  wggestlow. nade by %he Jnstructors.  Trm ins;;ruct.orsg 
These daf!.::!t.l.cna  appe:ir.d t o  be ~ O Y L I  frccitflil for experimental 

what nss accomplished by t h e m .  T h l s  latter charucteristic  provided a 
recomendetiona friuolved not' only the u a  c P  cer t r in   controls ,   but  d s 0  

clue for defining two o ther   vur la t ions   in  mt+ods of  recovery. the-  
were the *On Aorizon" recovary  att i tude and the "Beloa Horizonw  recovery 
a t t i tude .  

z 

cer tain  controls  and the pomr p lan t   t o   a f f ec t  a recovery  fro2 the  complete 
Definition i n  terms of vis& reference employed. While a p i l o t  use6 

stal l ,  he must also be provided  with sme visual reference to t he   a t t i t ude  
of  the plane. T h i s  reference under v isua l   f l igh t   condi t ions  i e  usually 
the.  horizon .4 

The usual procedure  of  recovering f r o m  a f u l l  stall 18 " to  push the 
nose l ~ l o p r  the horieon and r o g a i n   a i r s p e d  as soon as pcssfble." T h i s  
procedure i s  probably qui te  sa t i s fac tory  when the loss of a l t i t ude  is not 
the  first q a t t a r  of importance. It i s  obvious, however, that a p i l o t  who 
holds the  airchtntft nose-down trrr~nrd  tho ground for any s lgn i f l cwt   l eng th  
of time may build up excessive u l r  - p e d  or lose excessive  alt i tude or 
both. A t  lor a l t i t u d e  the p i l o t  i s  p r i m r i l y  concerned w i t h  effect ing 
recovery w i t h  the  least   possible  100s of   a l t i tude.  

Horizon" and %low brixon'  recovery  aethodg. I n  e x p r h e n t l n g  
wi th   var ious   demee  of  %:ttim Lhe nose  toward the mound" the b o t  
p i lots   reported-that   the  &st& a i r c r a f t  would reg& s t h i g h t  and l eve l  
f l i g h t  if the nose was arrestod efi it F a r e d  the horizon line, and ~ 3 . 8  
stopped on it. It was reported that s t r a igh t  and level f l i g h t  could be ' 

,.regaining  airspeed more rapidly. .These two possibil i t ies  of  defining  the 
achieved more raDidlg, however, by pst t ing  the nose below the horizon M d  

nethod of recovery wre imorporatad  into the design  of  the  study.5 -- 
&Under instrunent  conditions it m y  bs speoial instrument  readings, 

e.g., tdr speed,  degree oT bank, or otber measureo. This  study was pri- 
m a r i l y  concerned w i t h  l i g h t  aircraft In which Instrumrnts.are  ordlnarlly 
not  available. It was believed  desirdblo  to  experiment w i t h  a t t i t ude  
references that would be readi ly   ava i lab le   to  any p i l o t  under day oontact- 
f l i g h t  rules.  Wen the p i l o t  use8 var ious   cont ro ls   to   e f fec t  a recovery, 

toward8 the ground," ae in a straight-ahead  climbing or gliding e t a l l ,  but 
he may "put the nose Srom birr,," 8s i n  a turn,  or he may 'put  .the nose 

he wade more definite  instructirjns than t h i s .  The l i g h t  aircraft stalls 
i n  a nose-high a t t i t u d e  and, as ha *pushe@ the  now toward the ground or 
away f rm him, he should have a t   l e a s t  sane rePorewe point or line which 
will tell him how far t o  puah it. 

h e  test p i l o t o   f i r s t  experimented gingerly with tb t e s t  of recovery 
t o  "on the horixon." This was done first a t  an a l t i t u d e  of a p p m d m t e l y  
1,000 fee t .  Czm of the t e s t  p i l o t s  was skept ical  that the recovery could 
be e f fec ted   in  t h i n  my and thought it Unneaeseary t o  a t b e t  t h i n  tppe of 

. 
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5. 
I , '  #om a p i f l c a l l y ,   t h e  .&I Eorizon"  recovery method was described 

as the  one in which the no88 of ths a i r c r a f t  was ar res ted  and held on a 
level  with the horizon liae. The t e s t   p i l o t s   h l d   t h e  nose "On HDricon" 
ra ther  than l o t  it fall  blow. On the other hand the "Belour Horizon" 
recovery =E effected by de l ibera te ly  .8tpushing'4 the nose down below the 
horizon. In this l n t t a r  maneuver thera were no r ig id  measurements of the 
exact extent t o  which tbe nose was *pushedtt beJon the horizon, but it was i . .  estimated by tb test  p i l o t s  that i n  the nEelou aorizon" recovery tha nose 

. .  of the aircraft h s  aimed a t  a p o h t  approximately 150 below the horizon L-, 

. .  their j w n t  that the "Below BOrizonC recovery was the norma& recovery 
Line. Both t e p t  p i l o t s  wre also expr ienced   f l igh t   ins t ruc tors .  It was 

usad in inst ruct ion a t  eafe a l t i t u d e s  where loss in a l t i t u d e  was not in 
question,  but where a eafe and ef f ic ien t   recovery   to   s t ra ight  and level 
fl ight w s  the  prlncipal  concern. It was b e l i e v e d   u e c e s s a r y   t o   d e f l n e  
either of  these  cri terion  conditions more specif ical ly .  

F l lgh t   ins t ruc tors  and p i l o t s  can easily  understand  the  difference .. betmon these two t y p o  of recovery and even  though the "Below Horizonn 
recovery may emetimes mean an angle greater than 15O below the horizon, 
the  f indings of t h i s  study would only bs exaggerated by this procedure. 
The p i l o t  who attempts a wry steep .Below Borizon' recovery will regain 
airspeed in a very short time, but he may have d i f f i c u l t y   i n  recovering 
the   a i rp lane   to   s t ra ight  and level '   f l ight   without   precipi ta t ing a seaond- 
'my s t a l l  or a coneequent  spin. 

"Below Horizon"  methods of recovery  were,  the model also for "On Path" 
*On w t h "  and .below p t h a  recovery  methods,, The 'On Liorizon' and 

and "Eelon Path"  methods of recove;y fyan ~ l i Z Y ~ n g  aaneuvers. A s  de- 
scribed later, the testing aircraft was, i n  one series of tests, recov- 
ered  to  the  angle-of-attack and a i r s p o d   c h a r a c t e r i s t i c  of  straight-ahead 
glides and lef t  and r igh t   g l id ing   tu rns .  In effecting  reco-reries  under 

e r a 1  procedures used in  mcovery "On Horizon" m d  "Below Horizon" methods. 
"On Path"  and 4Relow Pathn  conditions,  the  pilot employed the same gcn- 

"On Path"  recovery was effected by "pushing*  the nose downward o r  
away from the p i l o t   u n t i l  the c r i t e r i o n  3f recovery (analogous t o   t he  
horizon  l ine) was achieved and the aircraft mas held  in  that,  pasition 
u n t i l  it gained   suf f ic ien t   a i raped   charac te r i s t ic  of the maneuver i n -  
volved. T h a t  i s ,  rhon the recoveries 'were made from the st& induced 
f r p  n straight-ahead  glide,  they mere e f f e c t e d   r i t h  the no38 below the  

- _. .- 

5(Cont')expsrimentatiorl. Hauever, the second tast p i l o t  had kid a 

nulti-engine aircraft were recovered frm the full a t a l l  by the "&I ,BDri- 
re ln t ed   expr i ence   i n  the Army A i r  Forces in which, as he stated, ce r t a in  

zon" refereme,  rather  than the a2elow Ebrizon. referenoe. It vag ha of 
i n t e r e s t  t o  report here that the first test  p i l o t ,  who doubted the fa s i -  
b i l i t y  of t h i s  method of recovery, was soon convinced of i t 3  application 
and use. * 

~. , .  
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1:crizon and h e l d  on the "On Falh" a t t i t u d e  for that Inanewer. J u s t  as 
i n  the  cam o f  tka "Below Horiecn" recoveries,  the "Below Path" recoveries 
involved  greater u w  of elevators,  w i th  the nose  held below the noma1 

. f l i g h t  p t h  unt i l   r lying  a i rspeed was regaiwd,  and the nom mas then 
brought up t o  the c r i t e r i o n   e t t i t u d e .  

~ caref$ly  defined and executed as pasible.  In  those  recovery  nethods, for 

temptad t o  e f f ec t  chnnges i n  the  elevators only. In  certain turning man- 
euvers, it was not  possible, .of course, t o  avoid the UBB of sme aileron 
i n   a n  RE (Rudder and Elevator)  recovery. Thie vawnesm of def ini t ion was 
of considerable  concern  to the teat p i l o t s  in  the enrly stages of the l n -  
vest igat ion,   but  &fter demonstration and explanation, ths p i lo t s  were able  

e f f e c t .  
t o  perfow an RE recovery with  the  introduct ion of  only a m i n k n u n  ai leron 

f i n i t i o n   o f s o v e r y  ms%hodq. These nethods of  racovery were ae 

1' example, which involved onlp rudder and elevators ,   the   e t ick movewrnt at- 

An RE recoverymny be defined,  generally, as OM which was effected 
by the  optimm USE of the  rudder and E t i n w  uea of the elsvatoz and with 
a m i n i m u m  of a i le ron  contro& no.chulne in power sett ing.   Similarly,  
an AE recovery  involved  the optiinum UBC) of the a i le ron  and elevators  and 
a minimum of  rudder  control, and no change i n  power. In f a c t ,  i n  the AE 
recovery,  the test p i l o t s   c u s t m a r i l y  releused the  rudders i n  s t ra ight -  
ahead aaneuvers and performed the'recovery with their f e e t  off  the rudder 

' to continw  the  turn,   the AE recovery  specified  that  t he  pi lot   lake  opt i -  
pedals. I n  turns,  where s m  rudder was already I n  us8 and was necessary 

mum use of the  a i lerons and elevators  and hove the rudder as l i t t l e  as 
' possible and not a t   a l l ,  i f  feaFible. 

A11 maneuver8 involving power (P) can tm def in i te ly  defined as those  in 
which addi t ional  power was applied. A l l  straight-ahqad n m w e r s  not 

control  pedals. A l l  t u r n s  where R was not  specified  involved a m l n f m m  
involving  rudder were gsnerdly  perfomed wi th  the  feet  off  the  rudder- 

movement of rudder after tho  turn was established. 

Certain of the  recovery methods were tiherefom "purer. thin  others .  

D. 'Criteria of Recover1 

Recovery f r a  a stall implies  recovery t o  same flight attitude. In 

l e v e l   f l i g h t .  When t h e  stall occura under actual f l ight   condi t ions,   the  
instruction  the  student is generally taught t o  recover   to   s t ra ight  and 

p i l o t  may be lass Interested in recovering to  s t r a igh t  and l e v e l   f l i g h t  
than he i s  with f u l l  control  of t h e   a i r c r a f t   i n  the flight a t t i t ude  char- 
actaristic of t he  .manewer he was attemr.ting a t  tho time the stall occurred. 
Thus t he re  are a t  least two usable  criteria  of  recovery: (1) recovery t o  

teristic of the rnauewer being attempted a t  tbe tkw the stall occurs. 
s t r a igh t  and l eve l   f l i gh t ,  and ( 2 )  recovery t o  the f l i g h t  a t t i tude  charac-  

1. Reooverv to   Strrr iuht  and -1 Fliaht 

otudy. It is  described as s t r a igh t  and lemI f l i g h t  and was defFned i n  
Recovery t o  s t r a igh t  and level flight l e  designated as Case I in t h i s  
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terms of  angle-of-attack a t  c ru is ing  airspeed. To determine  the  instru- 
ment readings characteristic of s t r a igh t  and level   f l ight ,   successive 
t e s t s  t8ru nm over water w i t h  the   sans i t ive   a l t imeter  and the  rudio 
altimter i n  full  agreement f o r  an extended period of  time (from 3 t o  5 
a inutes ) ,  and during t h i s  p r i o d  the  observer recordod  constantly  the 

run on several  days and an average of all of the  arqle-of-attack  readings 
angle-of-attack  readings  throughout  the  trial.  Succassive trials were 

taken  under  these  conditions was obtained. T?$s average  angle-of-attack 
reading for s t r a igh t  and level f l i g h t  in temq of  angle-of-attack was 

! 

7.0' indicated, 2.71' cal ibrated.  
\ 

Recovery t o   s t r a i g h t  and level   f l ight ,   then,  was judged t o  be e f -  
fected when, following a s t a l l ,  &e aircraft had re turned   to  70 indicated 
angle-of-attack, wing level, s t r a i g h t   f i i g h t .  

2. Chiracteristic Attitude of F l i g h t  I4amuvers 

a t t i tude  char l tc ter is t ic   of  t h e  maneuver being attenpted a t  the time the 
Ylbn t h e   a i m r a f t  mas recovered f r m   t h e  complete stall t o  the f l i g h t  

fitall occurred, t h i s  was designated as Cnse 11. Investigations of Case If 
recoveries ware 1Faited  to  glides:   straight-aheed  glides and left  and 
r igh t   g l id ing  turns. I n  determining  the  f l ight   a t t i tude chm-actaristic 
of a nand glide,   the aircruft was glided a t  65 m.p.h. indicated air- 
speed in sacceaslve trials s imilar   to ' those conducted in  straight-ahead, 

t h e  glide.  The result of t h i s  t e s t  indicatec!  that  the  angle-of-attack . 
l eve l   f l i gh t ,  and the observer similarly recorded  angles-of-attack  during 

charac te r i s t ic  of t h e  noma1 glide wae approxiaately 13' indicated, 7.21' 
ca l ibwted ,  w i t h  a power se t t i ng  of 1,000 r.p.m. 

In   effeat ing  recoveries  from s t a l l s   i n i t i a t e d  i n  gliding maneuvers, 
t h e  aircraft was recovered to an  indicated  angl6-of-attack  of 13O and an 
' indicated  airspeed of.65 m.p.h., 54.9 a.p.h. cal ibrated.  

E.  General Te st infi  Procedures 

1. The Testing  Schedule, 

Before any final tests wero run, the  entire  testing  echedule was 
'outlined.  This  schedule  provided for the  staggering of t e s t s  of various 
recovery methods i n  different  aaneuvers, no that a par t icu lar  test would 
no t   b ' adve r se ly   a f f ec t ed  by var ia t ions  i n  the  weather, i n  the  condition 
of the aircraft, or similar factors .   Insofar  a8 possible,,  the tests were 
conducted so as t o  equalize the e f fec t  of fac tors   l ike ly   to   a f fec t   the  
p r f o r w c e  of the airplnne. Them  iacluded, among others,   the day on 
which the b e t  was flown, turbulence, a d  t)w pilot   f lying  tho  a i rplane.  

2. Prelimlnary  Rxperimentation an$ Fractice 

During the perfor:nance of t h e   s t a l l  and the  recovery, both  the   p i lo t  
I 

and t h e  observer were busy x i t t   t h e i r   s e v e r a l  t a s k s ,  and each had t o  



per?-i.;I h'is tusks  rrs;%hly -,nd .;:.:l~Akly, hT01-a t t i a  bdt coula Oe 11ucce~33- 

f o r   p r f o m i n g  n:arXrn572~s md recuvuries.  Several flying days were requirad 
ful. The f'iv8t steza of ~.I .~:~ri -1 '3l , tot ior  bvgun v i th   q roanen t   or^. d i - r e c t i m z  

weska was spmt in zonference c:n3 exprimactat ion w i t h  t h 3  various  recovery 
t o  completa t h i s  phcrss o r  trm, s t x d y .  I n  all, a period of a p p r o r b t e l y  tvo 

methods.  Caution m s  exercised also i n  t h e   m t t e r  of approach t o  the s t a l l .  6 

Considtrable  training u6s r,e:e.ssary SO that t h e  observer and the   p i lo t  
r /- could read t h e  i n s t runoa t s  accura.iely and ef f lc ien t ly .  k i t h  the  possible 

ewe- t ion  of the st02 wate-iJ,T a l l  of the  indicators  read i n  col lkct ing  data  
'Rex movin: a t  t h e  t h e  relrdings nere made. Several hours of f l y i n s  :=re 
required  to  'provide  the rlccessay t ra ining.  

3. Teets L;erc. I i u n  ~ l l ~ l ~ ! i n . ~ . ~ i L t i v e l j .  C g h  ,.euthnr. 

The t e s t inc  procedures r equ i r ed  approxtaatuly  five months to   con2lete .  
\ It I.(,& necessary  for r e n s m s  of ,c,>:.-mrahilfty  to  fly  only when the  weather 

was re la t ive ly  calv.  &any of tt.c> tests aere %(.de i n  t h e  ear ly  morning 
hours and in ths  very lata afterwmn  hours,  Tests  conducted Fn turbulent 
air  were re-run under su!tchle rs.ath€r conditions. 

4 .  All Tbsts Were Ccn&.&23mr G Body of Wa+r. I 

Approxbrately  one-third  of  the t e s t s  were conducted  over a re la t ive l ]  

Approxinately  two-thirds 0:' the   teet ing '218s done over lakes or flooded 
c ~ L n  bay, sheltered from t h  o w n  scmn by R beaoh off Boston Harbor. 

Thme  bodier, of water provided n tTat surface and al t i tude  readings were 
lowlands i n  the   v ic in i ty  a? Bed?oord Air Force Base, RedPord, Massachusetts. 

might have b a n  encountered had R pla in  or other   re la t ively  " level  land" 
t h e r e f o r e  not   subject   to  m a n  t h c  modmute va r i a t ions   i n   t e r r a in  t h a t  

surface been used f o r  t e s t l a g  purposes. 

Since a l l  of t h e   t e s t s  were conducted a t  very low al t i t ude  (f'rcm 400 
to 7Kl f e e t )  and there was t h e  us~ml poss ib i l i ty   o f  an engine  failure,  the 
t e s t ing  areas veers fu r the r   r e s t r i c t sd   t o  bodies of  water w i t h  a sui table  
lamling  beach  or, as in 0c.e case, 8. convenient  golf   cour~o nearby. 

5. Instrument$ bere C . h e c L ; . d - ~ .  

As reported  ear l ier ,  the srele-of-attack  indicator uaa reset d a i l y  by 
the  u s e  of a template. T h i s  was necessitated for two reasons. Casual , 

aa  3 igh t  OGC:UF i n  f l i g h t ,  poeser.-ed charac te r i s t ics  qu i te  di f fe ren t  from 
t h e  *accelerated' stall. There is l i t t l e  reaQ(m t o  doubt that the con- 
d i t ion  under rhlch the  s t d l  i s  s.?proached will a f feu t   i t a  recognition on 
the part of   the   p i lo t  and ?ay possibly introduce  psychologLcal  factore 
affecting h i s  method of rccoverj., 

%he test p i l o t s  repcrtsd th '  a s t a l l  which 'IELE approached p a d u a l l y ,  
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v i s i t o r s   t o   t h e  hangar wePo intrigued by -the novel boom i n s t a l ln t i an  and 
"tested"  the vane, desp i te  the wcrming sign which was lef t  on it during 

aeeded, t he   s i t t i ng  of the vane on its shaft'became  displaced t o  sme 
the tiaes when the  plane was not i n  f l i gh t .  Also, as the  tasting  pro- 

extant  so that resetting was necessary. 

6 .  Testina  period@ liere Limited t o  Aurroxhutely One and One-Half - IlOUrS. . 
A t  the end of one and one-half hours, the 'pilots  reported  consider- 

uble  fatigue.  There was no a). for t h e   p i l o t  nnd the  observer  to change 
posit ions in f l i g h t .  The gasoline supply o f  tha testlng a i r c r a f t  was 

of gae lef t  for eafety margin. In view of tbss facts, t h e  tasting periods 
s u f f i a i e n t  for   about  two hours at  cruis ing powar, with only a d l  supply 

were general ly   res t r ic ted t o  appmximately one and one-half  hours. On 
many occaeions, the period during which tests mere being nude was only 
about one hmr per f l i gh t .  It was sanetimes  necessary t o   f l y  Erap taenty 
t o   t h i r t y  minutes to   reach  the test ing area. 

-.. 

7. The P i l o t  Concentrated on Perfominz the Stall and RecoverinF! tb 
Aircraf t .  

The pLlot'a main respons ib i l i ty  was t o  approach  the stall in a par- 
t i ou ln r  riqneuver Fn a spealfied  ray,  t o  stall the  airplane,  and to  recover 

t a n t  res ons ib i l i ty   o f   the   p i lo t  was t o  shout "Now. when the aircraft 
i n  accordance  with a strict def in i t ion  of the recovery method. An impor- 

stalled.q He was required also t o  read  the  airspeed at the ins tan t  t h e  

recovery had been effected.  
s ta l l  occurred, and a t  the  time  the^ observer  shouted "?ow," s*an.tha 

The p i l o t  sat in the   rear   seat ,   but  w i t h  t h e  cooperation of t h e  obser- 
ver, he could easily read  the  airspeed  indicator which was located  near 
the  right-hand  side of the  instrument p e l ,  almost d i r ec t ly  i n  f ront  of 
him. (See Plate I.) 

8. The Ob8erPer Bas Primarily  ResDonsible for Reading and R&cording 
the Test Data. 

imed la t e ly   i n   f ron t   o f  him. As the p i l o t  proceeded  towards the stall, 
$be observer watched the  angle-ofiattack  Fndicator. A t  the   instant  t h e  
p i l o t  shouted "NOW" the observer made a mental  note of the  ang'le-of-attack, 
startad a atop watoh, and then read the r a d i o  a l t imeter .  The observer  then 
re turned   to  h i s  scrutiny of the  angle-of-attaok  indicator and when the 

S i t t l n g  in the.   front  seat ,   the observer had the  instrument pnel 

_- 

h i s  recovery and said 'Now" at a pre-determined  angle-of-attack. 
71n those maneuvers w h e r e  the stall was aprogressive,m t h e  p i l o t  began 



10. Each Test of a Recovary Method by Manewer ,Involved Ten Acceut- 
i i: 
3 

able Trials. 
, .  . I  8 

' . -  .~ ,;e 
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In general, five of t h s s s  t r i a l e  were performed by one of the two 
t e a t   p i l o t s ,  and f ive were performd by the  other. Generally, also, the 
pilot who was flying the plane  performed a test of ow canbination and 
then went on t o  a schedule i n  which a second trial involved a aecond 
nanewer or a second  recovery procedure. 
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11. Only Acceptable  Tria;la Were Included i n  the Data. , , .. 

Even on relat ively  cala   days,  mwwn@ry turbulence will smetknes .p 
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affect  the  behavior  of  the  airplane.  The test p i l o t s  were the  judpea of 
whetk r  each successive trial was: (1) executed pro rly in teras of the  

d i t ione  were proper for t h e   . b a t ;  that is ,  whether turbulence or other 
factors   interfered w i t h  obtaining accurxto data on the tr ia l .  When the 

fonuancs, he requrrsted that the trial be re-run. Bhen the  obaerver was 

, 7 ~  
. ~, 
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def in i t ion  for t h e  mneuver and i t s  recovery, and (2  r ahetker the con- +,., 

' I : >  
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:1: . p i l o t  was not pleased w i t h  hia  approach or recovery a6 a typical  per- 
. .  ,!_, 

~* : 'L 
.~ 
. i  

I 

error. 



uncertain  about the imtnnen t   r ead ings ,  he requested  ths   pi lot   to  r8-rui-1 
the  trial. It night be n o b d  that t h i s  procedun,  represents a potent ia l  
source of error through  introduction  of  observer or p i l o t  bias.  Undoubt- 
edly'both observer and p i lo t ,  as the tasting proceeded,  reached a t  l e a e t  

and %elon Horizona procedures. It might be argued that the  observer and 
t e n h t i v e  conclusions regarding the relative merit6 of the .On Horizong 

ware out of line dth their preconceptions.  This sight huve exaggeratcd 
pilot  could  tend t o  throw out as *not  typical" tricils i n  which the results 

.the  differenues  obtained betveen the two geosral methods of stall recovery. 

On the other hand tbe two p i lo ts   no t  only were given ertensiw t ra in-  
ing,  but had experienae on previoui  projects a d  were cmculcated with  the 

that trials should  not be throvn  out on the.basis of the results of the 
"remearch point of view.' Momover, the   p i lo t  was spec i f ica l lp  i n s t r u c t e d  

f i e l d  of vision, t h e  observer,   rather  than  the  pilot ,  r ~ a d  the radio 
stall execution and mcovery.  Although the   lns tnment  was ih the pi lo t ' s  

a l t b t e r  for the record, and the observer  "threw  out" a trial only if he 
could  not mako t h e  required  instrumant  readings. 

,, 

Furthermore,  inspection of the tables following  indicates  that  the 

mately  the saae wh6n tho Wn IlorFzon" and "Below Horizon" values are com- 
mean angle-of-attaak and man airspeed a t  the point  of s ta l l  wan bpproxi- 

pared for t h e  various  recovery  conditions. There i s  no sarked t r e n d ,  for 
exanple,  suggesting that the ptlots   "eased upn on t h e  "On Horizon' manewers 
and,executed a less clean, or a less violent  break  than  under  the "Below 
Zorizon. conditioils. It w i l l  be notsd, however, t h h t  there  am a nmber of 
s t a t i s t i ca l ly   s ign i f i can t   d i f f e rences   ( i n  teras of  angle-of-attack a t  the  
stall) between vurious  mcoverymethods  in  certain maneuvers. These re- 

nent part of the way through t h e  investigation, and a m  of l i t t l e   p r a c t i -  
sultkd frm a nyystenatic  change I n  t h e  procedures for reading t h i s  ins t ru-  

cal  significance. 

12. A l l  Original Data Were Recorded i n  Terms of Indica ted  Values. 

to   t r ans l a t e   o r ig ina l  d a t a  into  cal ibrated  values .  The angle-of-attack 
readings recorded on t he  data  sheets were as read from t h e  indicator.  The 
alt imeter  readings as i nd ica t ed  were, of course, only half values. The 
original observhtion  sheets,  for example, report  M i n i t i a l   a l t i t u d e  of 
300 feet when the   t rue   a l t i tude  was 600.feet.10 

For obvious reasons, the t e s t   p i l o t  and the observer we= not  required 

was 
t ne 

13. The Obserfer Pas Properly  Eaiippad for Accurate R e c o r w .  

The observer  recorded a l l  data, on a clipboard t o  which a standard 
attached. T h i s  form was f i l l ed   ou t  insofar as pofisible i n  advance 
f l i g h t  80 tha t   the  obxrver's  only  taek i n  recording was t o  %elect 

f o m  
of 

''See discueaion of the cal ibre t ion  of the  radio  a l t imeter ,  page 25< 

. 



14. The Tes t inE Aircraft  Was  Care&& Xaintained D u r i n g  the  Te.sting 
Feriod. 

For reasons of safe ty ,   the   t es t ing   a i rc raf t  NUS very careful ly  na in-  
tained  throughout  the testing period. It ;ms checked before each  morning 
and af ternoon  f l ight  by the h o j e c t  mechanic and by each of t.ha two t e s t  
pi lots ,   Several  days were spent  i n  mintsnunce and re9air  which nere . 
necesmry  not on ly  f o r  purposes of ss fe ty  and  compliance with the C o k e & .  , 

r egu la t ions ,  but a l s o  for  t h e  purpose of kseping the eircraft in near- 
perfect  condition  throughout  the  tasting  procedure. 

!. 

15. The Tests #ere Perfoned  under Careful S u p e r v i s i ~ .  

The Project  Directors and other aembera of th Project  Staff  met with :. 

~ .~ 

the test pilots,   generally on a daily basis. These conferences mere con- 
cerned  prinarily  with  the problems of t e = t i w  ad- part icular ly  w i t h  the 
exmutlon of recoveries i n  accodance wi th  the  def ini t ion o f  the  method.  : 

F, Case 1 Results -- Recovery 7.3 Straight and Level Fli& 

1.  Recovery fro3 a S t a l l  &t of a jtroiEht-Ahead. F u l l  ?mer .Cab. 

Seven methcds of recovery from a stall out  of a straight-shead, f u l l  
power c l l a b  mre tes ted.  These ara  1iPted i n  Table 3 folloxdng. 11 It will 
be noted from t h i s  t ab l e   t ha t  four recovery aethods u t i l i z e d  “2elow Llarizan’ ... 

procedures, whilo three  ut i l ized nCn 3orizon”  procedures.]-2 ,~ I 

llThe abhrevFations us6d in desiCnating recovery methods in Ttrble 3 end 
in succeeding  tnblea  are as follom: 

P I add poner 

A use optimm ai lerona 
i3 5 use o$imum rudder 

E P use optimum eleva.tors 
OH recaver w i t h  nose, heid on horlzJn 
BH = recover w i t h  nose heici below kokizon 



i 

* (Cont*')ematic snd the  Tossib:.lity  of,recovery so rsmots that there 

by uslng a i le rons  only. It cas occasionally possible t o  l-czover t o  s t r a i g h t  
appearsd t o  be no prac t ica l  u t i l i t y  i n  a t t e a p t i n g   t o  recover the a i r c r a f t  

and level i ' l izht w i t h  the use cf  elevators only and by placing  tho nose on 
the  horizon (E-OH). Fio\s:ever, t h i s  recovery method also waa far from depend- 
able and occasionally  the  atroraft  could  not be recovered by t h i s  method. 
As a consequ.ence, t e s h  u.lso Ram n e t  run on t h i a  recaver3- method. 

131t 13111 be membered t ha t  a i rsped,  angle-of-attack, and a l t i t u d e  
rsadings wore first  recorded on the basic data s h e e t s   i n  terns o f  indicated 
V d U 9 8 .  

U A s  bdlca tsd  vbO:.e, '&e c r i t e r i o n  of s t r a igh t  and level f l i g h t  was 
7' indicated angle-of'-at,L;cx, xi l ,gs  lmel. 

". 
i- 

%.he standard error d the m a n  i e  8 statistic which descritms the 

I t  &as calculated and Fmwntod in these tables so that any who slight be 

bstwesn means f o r , d i f f e r e n t  mettols could me it i n  ccllcCtation.  Evaluation 
of certain p e r t w n t   d i f f e r e n c e s  in terns of their standard errora, is  pre- 

1' . . r taat i l i ty  of the wan v s l w .  It mag be used t o  t.est s ta t i s t ica l   d i f fe rence8  

.,. interested in determining tk a ta t la t ica l   s ign i f icance  of the  differences 
1 .  

r 
&X - 
, -  

i! 
1 .  

s~ 
1,: sented  subsequently in t h e  m p r t .  (See page8 1 2 4 .  ff,) 
; .  < 
> _  

/ 
L 



2. RE - OH 

5. AE-m 

6 .  W - m  
I 

7. RAE - U' 

67 -G' 
0.71 

2.61 

2.14 

63 -49 

0.87 

68 -73 

P -57 
68.412 
2.54 
0.6 

75.01 

0.46 
1.38 

1.72 

60.62 
0.36 
0.12 

67.4.1 
1.62 
0.54 

18.46 
0 . W  
0.00 

l a  .lt6 
0.95 

. 0.32 

21.20 

6.54 
1.63 

20.94 
0.59 
0 -20 

21.38 
0.62 
O * % l  

16.61 
0.57 
0.19 

19 .kb 

0.37 
1.11 

lCf3.00 
24 28 
8.09 

26.00 
-19.08 

6.39 

130.00 
16.73 
> .56 

49 .oo 
46.57 
15.52 

164 .oo 
28.71 

9.57 

42.00 
19.89, 
6.63 

p9.00' 
33.69 
11.23 

5.73 
0.52 
0.17 

10.54 

0.59 
1.77 

8.34 
0.s 
0.31 

12.75 
2.58 
0.66 

8.39 

0.4.0 
1.20 

7.89 
0.82 
0.27 

6 .?ti 
0.57 
0.19 

at  28' indicated mgle of attack and YO r6COrding 28' rY, the A/A at dl stalls 
in t h i e  seriea. 

*The zero variat ion RRS occasicmd by ,t,ta pilatne beginning his rocovery 

**The abbreviations used in das!.gnatlng ~MXYKJY~ methods in Table 3 and 
in succeeding table6 are ss follows: 

F = add porer 
E =. w e  optimum rudder 
A = u i e  optimum Eilcrons 
E = use optimum elevstors 
OH = recoyer w i t h  nose held on horizop 
EH = recover \ T i t i 1  nom hold pE?m borizon 



C a l i b r q t e d  

a&alil€wmcf 
35.14 ~64.70 
0.45 1.57 
0.15 C.52 

3 L . U  '63.62 

0.22 0.35 
0 ~ 6 5 .  1.Oh 

35.85 71.67 

0.25, 0.63 

34.37 65.92 
0.79 x.10 
0.26 0.37 

0.74 2.06 

34.68 73,79 

0.39 0..85 
1.17 2.55 

35.73 66.55 
0.18 1.22 
0.16 0.L3 

35.52 73.53 
0.91 2J9 
0.3 0.70 

35.21 70,&6 
0.70 1.55 
E-23 0.52 

35.02 69 8 1  
1.35 1.76 
0.A5 0*5? 

WU& 
& u t L a u  

18.54 
0.78 
0,26 

18.31 
0.56 
0.19 

18.54 
0.62 
0.21 

18.54 
0.22 
0.07 

Calibrated 

23.86 

0,80 
2.41 

22.16 
0 "10 
0.03 

18.16 
0.00 
0.00 

19.14 
0.22 
0.07 

21.84 
0-66 
0.22 

22 13 
0.08 
0.03 

!iu.&J& 
L?dk93 

21.82 
58.00 

7.27 

107.00 
32,% 
10.95 

52.00 
21 82 
7,27 

127.00 
26.08 
8.69 

131 M, 
43 -92 

Loss of 

U m64 

U9 000 

12.24 
36.73 

52.73 
23.39 
7.80 

158.00 
32.49 
10 e 83 

66.00 
32 31 
10 .TI 
64.00 
36.66 12.22 

Time to 
Recove r LlLSQs. 
10 e47 

0.44 
1.31 

6~?6 

0.09 
0.28 

11.12 
1.89 
0.63 

5 045 

0.18 

lL"06 
2.29 
0.76 

10.12 
1.22 
0041 

0 -77 
8.16 

0.26 

0,71 
5.02 

0.24 

13 58 
2.31 
0.77 

17.61 
2 6 7 1  
0.90 

0.54 



Recovem Method 

11. F&E - OH m 
U 

Urn 

12. RAE - BH rn 
U 
am 

13. PFUIE - OH 
urn 

U 

1L. PRBE .. BH m 
U 
am 

Calibrated Calibrated Lose of Time to 
A w l e  of Atteqk Altitude Recover 

At S t a l l  In Feet In Sec. 

, .,, 

31& 

0.2'4 
0.71 

31.53 
0.87 
0.29 

36.25 
0.69 
0.23 

36.05 
0.66 
0.22 

65,72 
2.16 
0,72 

71,46 
2.68 
0.89 

67.65 
0.93 
0031 

72,58 
1,51 
0.50 

19 2 1  

0.22 
0.67 

19.29 
,0.97 
0.32 

19.02 
0.47 
Ch 16 

19.21 
C.17 
0.06 

11.82 

0.86 
2.57 

6.33 
0 .tb 
0022 

2.9L 
10,94 

0.98 

6.1? 
0.77 
0.26 
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T b  remainder of t h i6  table and su&eeding tablss  are read  i n  a eimilar 
manner. 

As shown i n  Table 3, ths W-OH method of recmry resul tad in an 
average losa of only 26 fee t .   S t ra ight  and .level f l i g h t  mas regalnod, on 
the  average, in approxlmately'l0.5  secods. The second  most eat isfactory 
method of mcomry, fran the paint of vier of altitude l o s t  during recovery, 
was method RAE-OA w i t h  em average a l t i t u d e  loss of A2 feet and a recovery 
period of approximately 7.9 seoonda. O f  the seven methods of mcopeQ 
tes ted,  AE-EA resulted in  tb greabst l o s s  of alt i tude,   164-feet.  

It w i l l  be noted frcm t h i n  table  that ths "On Rorisolr" method of mcov- 
ery was in each cam superior to its correaponiiing "%low Horizon' meethod 

l o s t  during r e c m r y  to s t r a igh t  and l e v e l   f l i g h t ,  as contrasted  with  nethod 
of  mcovury. For ommple, i n  the RE-BH r.ecovery an average of 130 feet w u m  

RB-OH in which an average of only 26 feet mas l o s t .  

T&em data indicate   def ini te ly  that the p i l o t  mho e ta l l s  t h i s  airplem 
i n  B straight-ahead, full  porer climb ehoulcl uaa ths s t i c k   t o  hold the nom 
on the horizon and urn tbe rudder to l eve l  tb wlngs.  It m y  require a8 

ba csrta in  that thi8 method of recrhary rill remlt in tb lehe t   l o s s  of 
long ws 13 or U eeconds t o  regain a t ra lght  SPB 1me1 night,  but he can 

altitude. If he use8 the e leva to r   t o  "push" the nom bslm the  hotison and 
attempts  to level the W-8 with ailerons, ha l ~ q p  loss  as much as 150 to 
200 f e e t  of a l t i t ude  (See AE-BE, Table 3) 

2. Rscovem f r o m  a Stall Out of Stte;aeht*h.d.  G r u i 8 i e g  Pomr Flight.  

Fourteen r e c o v e ~ ' m e t W e  were teated in connaotion with r e o m r y  hrr 

of the p s n i b l e  moth whereby the a i m r a f t  can bo recovered f m  a stall 
stalls out of straight-&ad, cdsi l lg  porer f l lgh t .   Thep   cons t i tu te  most 

Out O f  t h i 8 . W e u W ~ r  Yt 
As shorn i n  Table I ,  five methods of moorsry produoad mar equal re- 

sults in bxma of altitude lont  during th kmry frm the atall: E-OH, 

of l o s s  of a l t i t ude  ie applied sxolueively, dl of ttmm mthods  of rsaov- 
in tb least l o w  of a l t i t u d s ,  an 'average of 52 feet. U b n  tlm criterion 

ery n a t l b d  in approrimate4 the aam am- loss of rltitudn. Howmr, 
it w i l l  be noted in Table 4 that RE-OH and RLg-OH mcovories were mom oon- 

theca m c m r j  mthods  as for RIE-OH and H U E - O H .  
 ist tent; that is, the variat ion (standard deviation) w a n  not  as large for 

RE-OH, pR6-08, RILE-08, aad W - O H .  O f  th~, t h e  AE-08 m~0trel)r m d b d  



, , ,  i . 

nethods involved tb "On Horizon. 
It i s  of special  i n t e re s t  t o  

-19- 

note that eachof  these  f ive  recovery ,.: , .  

from a stall following a straight-nbead, full power climb, tite,*On Hori- 
procedure. Qs i n   t h e  case Qf recovery 

zona methods were consis tent ly  auperior t o   t h e i r  corresponding nEelow 
Horizon"  methods. 

gaining  control  of  the aircraft after R stall fram u straight-diead,  cmie- 
ing  pomr maneuver, there  is  l i t t l e  doubt  of the two which are u f  most 
pract ical   s ignif icance.  The p i l o t  i s  genera l ly   sa fer   wi th   fu l l  p e r  than 
he i s  with cruising or reduced power. Thus, 'hj.8 choice of recovery methods 
I s  l imi t ed   t o  two: PFlZ-OH and PRBE-OK, T h a t  is, in recovery from the 
s t a l l   o u t  of t h i s  maneuver the p i l o t  is l i k e l y   t o  Pose ths loast   mount  uf 
a l t i t u d e  if, following  the stall, he iimnediately appliee full power, uaes 
rudder a d  elevator as ef fec t ive ly  a8 possible, d holds  the noae on the 
horizon until full control  is regained and the airoraft r e tu rns   t o   s t r a igh t  
and l eve l   f l i gh t .  T h i s  can be accomplished i n  about 8 t o  8.5 secods ,  on 
the  average. Again, a8 in  tha  case of  straight-ahead climbs, about  the 
worst  thing the pilot   can do .ia t o  apply f u l l  power, t o  put the nose Leln r r  
the  horizon, and attempt t o  rega in  s t ra ight  end l e v e l   f l i g h t  as rnpialp aa 
possible. T h i s  may result in a loss of a l t i t u d e   r a g i n g  frm 1?0 t o  190 
feet ,   but ,  if a l t i tude  permits ,  he will be a b l e ' t o  recover to   s t ra ight ,  an3 
l e v e l   f l i g h t   i n  approximqtely 5 seconds. 

O f  t h e  f ive methods of recovery  allich  appear  to be most prmis ing  i n  

3 .  Rwovery from a Stall  Out of  Straiuhtdhead. Reduced Power Fl ight  
IGl ide) ,  - 

motion  with stalls out of a straight-ahead  glide. Of thesn,  s8wn methoda 
As shown i n  'fable 5,  t en  methods of  recovev  were investigated i n  con- 

of recovery  involved "Belor Horizon4' procedures,.and  only three involved 
"On Horizon" procedures.17 Four of thew involvod no Increase in power. 
T h e s e  w'n, teated for purpoees of wrI fyLig  w h a t  might h a p p n   t o ~ t h s   p i l o t  
who stalls out  of a glide and neglects  to  apply  ni-stever power he has 
available.  As shown in Table 5, ha will undoubtedy  live much longer by 
Spplying power and get t ing amy from t h e  s t a l l  BA SWA as possible. 

covery  interval of approximately 13 seconds r e s u l t e d  i n  leca 1 0 3 E  of alti- 
tude  than any of t h e  other methods list& Fn Table 5. The next most eatis- 
factory procedure  involved the addition ctf a i le ron   cont ro l   to  the PRE pro- 
cedure  (add power, UBB rudders and elevators  as ef fec t ive ly  a e  p s s i b l e )  * 

. A t  the other extreme, recovery metnod B - B B  r ema tad   i n  an average loss of 
319 feet and was f a i r l y   c o n s i s t e n t   i n   t h i s  136s of a i t i t ude .  The standard 
deviation of 22 , l I . fee t   ind ica tes  that ev6n a 'Ilickf" pj.lot will have l i t . t le  
chance of recovering  with less than 250 t o  260 f e e t  loss of a l t i tude .  

Recovery method PRE-OH, with an averago loss of 30 f e e t  and t h e  re- 

power was not edded in  effecting  .the  recovery. 
I7The "&I Ilorizon" recovery  prdcedure wtis nv2 wed in those e . 5 ~ 5 ~  where 



17  e71 
0.00 
0.00 

17-71 
0.00 
0.00 

54.00 ll.04 
10.02 0.56 

89.00 7 -38 

7.67 
0.61 
0.20 

30 -07 1.69 

23.00 



n u p r i o r   t o  any of  the "Belw Horizonn recovery methods. When all controls  
The three methods of recovery ualng .On Horizon" prccdures  were all 

wen wed, t b  W - B E  mcovery, and the  mea of  the aimraft was dlloaed 
to drop below tha horimn approximntdy 150, and racoliery wair effected as 
soon as .posafble, tk averap loss mas 89 f e e t  and m m r y  was effected 
i n  appxWxlnataly 7.5 890ds. However, t h i s  does  not compare very  favor-. 

IIoriaon" Wovery methode. 
. ably with the 38 fee t ,  the 54 fee t ,  and tha 6k feet losses f o r  tb "Cn 

Judging fran thsse data, t h e  o p t h m  method of  recovery fran the stall 

urn of rudder and elevator, and placFng  the nose on tb horizon u n t i l  
out  of a straight-ahead glide  involves the addition  of pantr, the opthum 

do is to-at tempt  his mcomry  without  adding povsr and upihg only rudder 
s t r a igh t  and level f l i g h t  l a  achieved. About the worst  tblng a p i lo t  can 

and  elevators, and also by placing  the nose of tlm alrcrdt below the hori- 

was effected in the relatively ehort time of 7.4 asconds; but t h i a  time 
aon. This method of m o v e r y  resulted in an average loes  of 319 feet. It 

advantage, L f  any, would bs only in the  doubtful value ahioh l e  gained by 
8 r a p i d  dive i n to   t he  ground frcm an altitude of l e s s  than 318 feet. 

1 

! 4. RscoverJr from a Stall Out of R hft Clinbina T w o  

Only e l x  methode of raaovery frm a stall out of l e f t  and r igh t  climb- 
ing turns wm tested.  P [add power) recovery methods were ruled  out by 
the fact that full poaer was involved in the climb. 

As shorn in Table 6 ,  recovery method. RAE-OH resuldd in an average 
1 loss of 69 feet and recovery was effected in an average  of  approximately l.4 

aecoda .  The next most sat iefactory method of recovery waa RBdIi with an 
, average losa of 72 feet and a recovery  interval o f  approzimatal.~ 10 .seconds. 
Of those  recoveries  tested, RE-AH resulted in the greatest loss of a l t i t ude ,  
175 feet. 

! 

consistently and systematiadly s u p r i a r   t o  the *Below HorizonY procedures. 
I n  stalls out  of left climbing turns,  the "On Horieon" procedures were 

! These data indicate that the best advice to p i l o t s  mho s t a l l  io the 
left climbing twn is: (1) make opthum uw of a l l  of the controls  and 

t h e  horizon, and (3) salt. Recovery w i l l  not be effectad immediately. In 
.fact, it will probably require appr0xLnatd.y 11 seconds,  but you can expect 
t o  get away frm a s t a l l  out of th i a  maneuver with an average cf  approxi- 
mately 70 f e e t   l o s e  of a l t i tude .  The aorst advice thfit can be given t o  the 
p i l o t  is  to attempt his recovery  Pithout the u88 of ailerons and t o  allow 
tbe nom of the a i r c r a f t   t o  fall well helm the horizon.  This is a a 
method of  recovery,  b.ut.it  consistently resuits in a loss  of  approximately 
150 t o  160 f e e t  before the aircraft can be regained t o   s t r a i g h t  and l eve l  
f l i g h t  e 

I place the no98 of the  drcrait on tbe horizon, ( 2 )  do not  l e t  it fall belw 
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5. Recovery frm a S t a l l  Out of  a Rlabt Climbina Turq. 

T& results of. tests of methods of  recovering from a stall out 
of a right  cllmbing  turn  follorred  the same general pattern'as in  the  case 
of  the left turn. The resiilts of  tbeae  teats  are ahom in Table 7. 

Recovery method RBE-OH again was superior, with an average loss of 46 
feet and a tim recovery intern1 of approximately 12 mcoDds. T& l e a a t  
sat isfactory method .BE RK-BH, as in the c a w  of the lef t  c l h b i n g  turn. , 

d i s t i n c t l y  and consis tent ly   superior   to  the "Below IIorimnR procedures. 
Tables 6 and 7 both i n d i c a t e  that the *On Horizon. procedures were 

frcar r i g h t  and l e f t  climbing turns is  esmnt t a l ly   t he  E-. In  each caed, 
Them data indicate tha t   advice   to   p i lo t s  on recovery from stalls 

the  pilot  can  conserve the greatest amount of alt,itude & a coordinated 
usn of rudders, ailerons,  and elevators,  and by holding tlm nose on ths 
horiaon until the   a i r c ra f t   mcowrs .  In tha   r ight   turn  this-recovery nay 
b effectad s o m e w h a t  more rapidly than in the left %urn, but  the  principle ! 

I Of FeoWery i 8  eX8Ctu t h e  

I 6. Recovery frm a Stell Out of a teft Glidina Turn. \ 

I 

recovery msthoda mere investi ated i n  both  r ight and l e f t  turns.18 Theee 
With . respect   to  racovery fran a stall  out  of gl iding  turns ,  nine 

am l i s t e d  in Tables 8 and 9. f 9 
i 

Three rsaovery methods  produced near equal resul ta .  Them .ere PRZT-OH 
with an amrage  loa8  of  al t i tude of 79 feet ;  PAE-08 with an average loss  
of 83.L fee t ;  and PRAE-OH r i t h  an average loss of 82 ' feet .  The t h e  for 
effecting  recovery for each  of  theso methods was approximately 12.6 seconds, 

of  these  three methods of recovery, method RE-BH resulted i n  an average 
11.8 seconds, and 11.7 seconds,  respectively. I n  contraat  w i t h  t he   r e su l t e  

loss of 291 feet   with  recovery  effected on the  average of 7.8 esconds. 
\ 

\As r i t h  the  previous  maneuiers i n  which more than one method of r e =  
covery was nearly the m e ,  the three mthods of  recovering from a stall out 

I8It will be noted that the "on  horizon"  mcovary procedure was not 
used in  tho- cases  nhere power was not, &ded in effecting  the  recovery. 

191t would have been muoh mom e f f i c i e n t   t o  have tes ted only those man- 
euvers which involved the addition  of power. However, it wa5 Selieved im- 
portant  to.obtain scme evidence on what i s  l ikely to.happen t o  the p i l o t  if 
he  does not have,power afbr  s t a l l i n g  out of a gl iding turn. A l s o ,  it will 
be remeabered that the scheduling of tas . thg  was such t h a t  OM aaneuver  ~vaa 
not  completed u n t i l  virtually all others were. 

I : ~  
.'i 
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2.  RE - BR m Y 36*74 70.91 19.66 169,OO 6,3f 
a =  Oe69 2.3'7 1.01 33.75 1.U 

am e 0.23 0-79 0 e34 1L25 0,38 

3.  AE - %I m 3 5 d o  67.78 20& 99.00 - 13.01 

um 6 0.22 O,.% 0,38 16-56 Oh7 

A , ,  AS - BH - 35.02 6 9 2 4  ' 21,ol 137-00 7-6c 
u -  1,01 0,90 , 1.17 35023 0.77 

arm - 00% 0030 ' 0.28 n.74 0.26 

u =  0.67 1.W 1*U 49.69 2-02 - 
\ 
I 

6 -  P& - BB m = 37,7j  73,40 18054 109 0 0 0  6..18 
a =  1.40 2.67 0.78  35.05 0.85 

aa - 0*4? 089 0.26 11.68 0,28 
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of the  l e f t  climbing turn a l l  used .On Aorizon" procedures. The corres- 
ponding recovery methods, using tbe .Relor Horizona  procedures  resulted i n  
losaes  from 40 to 40 feet more than the *On Aorizon' procedures. 

Them results indicate that the  best  thing the p i l o t  can do when he 

horizon, and hold i t  them u n t i l  rmofery i s  effected. It doesn't appear 
stalls out 0f .a  left gliding  turn is t o  add power, drop the IIOSB to the  

t o  mah much differcmce whether he uaes only rudder and elevetor  to level 
the winpa. and hold the nom on the  horizon, or whether he u m s  only ailer- . 
ons and elevators,  pr whether be ueea a l l  three. Tim essential  procedures 
are t h a t  &,add power immediately, l e v e l  the .wings, and not allow the nose 
t o  drop blow the horizon. Hs mag expec t   th i s   to  require frcn 12  to^ 17 
~ s c o n d s  before the aircraft returns to s t r a igh t  and level  flight. He i s  
mom likely to get; away with %he least loss of altitude i f  he minimizes 
tbe use of ailerons.  

The'methode of recovery Fnresti&ted  in  connection  with  recovery from 
a stall out  of a r igh t   g l id ing   tu rn  wwe the m e  as tho=  teated in the 
left, gliding  turn. Thaea Ere l i s t e d  in Table 5, which presents  the raeults 

'for each  of ttm recovery methods t e a b i .  

Be may be expected,  the optimum mtkd of recovering from Q stall out  
cf a right. gliding t u r n  i s  abaut the same, as recovering frm a g t a l l  oct  
of the l e f t  glidFng turn. A8 shorn i n  Table 9, methdo of recovery PRE-OH, 
PAE-OH, and PRAE-OH were again  distinctly superior t o  any of tha  other 
methods lnvestigatad. It wili ' b natad i n  comparing Tables 8 and 9,, how- 
ever, that the order of three best recovery methods in ths righk gliding 
tu rn  was not the u a m  as i n  the le.:'* gliding  turn.  As shorn i n  Table 9#  

rill 50 noted also that t h i s  was t:rs mcst consis tent  aethcd of sn horizon 
recovery method ITBE-OH resulted in an average less o f  only 60.00 feet. It 

recovery through.additi'on of power (a ctandard flevietion of lE.97 VB. stan- 
dard deviations of 21.93 aad 39.811, Recovery method RAE-BH was the least 
satisfactory method teated.  This  msthud reSIfit3d in an average  loss of 
272.00 i'aet, but it wa~ effected on 3.u average of approximately 9 seconds. 

A amparison 'of the, "On Vorl~on9 and nF+dour Aorizonv recsvery ,methods 

results os i n  the  case of tho left g1iding.tu-n. Only methods o f  recovery 
f r m  a stall out of the r i g n t  e l l d i n g  t u r n  r evec .1~   e s sen t i a l ly  the gam8 

which involve the  addition of power apseamd to be a t  a l l  feasible when 
a t tempt ing  t o  recover frm n s t a l l  out of a r igh t  gl iding t u r n ,  The excep- 
t i s n  t o  t h i s  would be, of CO~WBB, w!:en one rae primarily in te res ted   in  
effect ing a recovery  withcut respct t o  the nmbm of f e e t  of a l t i -  
t u d e   l o f t  in tbe process. lf t h i e  were the problem, then  recovery methoas 
RE-BH, PRE-BE, .ir HUE-B'I would SJ desirable.  Of theso the addition Of 

held blow the hovizan will rm1J.t in safe airspeed  pbuut as rapidly as- 
power and c o o i d h t e d  use of rui 'dcr ,  ailerons, and elemtom, with  the nose 

my other'method of reco~ery ,  atxi w.iil a t  the Bane the ' o s e  less a l t i t u d a  
on the averasoa 
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serve as much altitude an possible, and he stalle out of a r i g h t  glidipg 
turn, h i s  best prooedure and alw the one l ike ly  to be most consistent is  
the addit ion of posr, the coordinated 1188 of rudcler, ai lerons,  and elera- 
to rs ,  and holding tbs nom on the horizon unt i l  he gains full control of 
the aimraft in s t n i g h t  and h m l  f l i gh t .  This may require as long as 
approXhat.4 12 esoonds, perhaps OM or two eeeonds mom, but he oan 
depnd 6x1 get t ing  k a k  to s t r a igh t  and low1 f l i g h t  this procedure and, 

'at the - , th ,  l o a  the least anouut of a l t i tude .  In t h i s  aaeo 6itm- 

coordlnatad u m  of d d e r ,  aibron, and olevatom, by plralng tbs nom 
t ion,  about tho worst thing bs ou1 do is  t o  attsllpt to mover with the 

much as 300 f e e t  and his  rscovery mthod will not k a particular4 rapid 
below tka horizon, and by not  adding p a r .  Elm may very easily lono as 

orto. Ris best bet all around is to add power .nd ,hold tbe  nom an tJm 
horiaon until .level f l i g h t  is  resmodo 

Bhen the p i l o t  i a  a t  lor a l t i t ude  and is particularly anxioue to aon- 

methoda in tha left ~ n d  r i g h t  glidlng tu rns  were highly comparable, the 
p i l o t  ahould perhaps recognim that be is  apt  to loom mo altitudm in 
d t a l l  out  of a left g l i d i n g  t u rn  than out of a riglrt om. 130 It r i l l  be 
noted frcrm a oompnrison of Tables 8 and 9 t h a t  method PRBEdA r e d t a d  in , 
recovery from a stall out of .%he lePt  glidlng turn rith an average 1 ~ 0 s  
o f  a l t i t u r b  for the b n  trials of 82.00 feet while in the oam of ths 
right gliding turn  tba asme mcwery method aohiomd s t r a igh t  and level 
flight with a losb of mly 60.00 feet. It rill be hot& further'that the 

That Is, the standard &dation of the ten trfals m s  conaidorably lams 
recovery f'rau tb atall out of tb r i g h t  gliding turn wan aore cons idnt .  

than that of the  tsn trials by tbi same method 'of recovery in tb l e f t  
gliding tarn. 

S i m  there is  every maam t o  belie- that the tests of rebwery 

8. Rscmn iram a S t i l l  Out of 3-D T w .  

As reportad earlier, the mtaep tu rn  ran  perfoleed with full powr at  
a 600 bank, nom on borlum. Tka tad pi lo t6  erprbentad with tkm UM 
of rudder and elerators only t o  mcomr fice thir stell. Tbey reportad 
that tb stali italf n s  m rlolmt and eo uupredictable thnt it e.eeaul 
r i s e  only to   expsr inent   with tkm optlnm ,urn of d & r ,  ailerons, and 
elevators, end recover with  the nose belor tb horlaon. Ro 'On €Ioriama 
prooeddmua a m  possible kr recaoaring frm tb a a t r l l  undsrm o u t  of m 

i 

i 
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ateep  turn.21 It aas neoessary particularly i n  testing  recovery frm stalls 
out of tbe   s teep   tu rns   to  cmduct the tests i n   r e l a t i v e l y  calm air. T h e  
s t a l l  itself wao so violent  under turbulent  conditions that it was thought 
des i rab le   to  run %st8 Fn turbuient and a t i l 1 , a i r  and conpare  the results 
for  these  conditions of recovery. Tables 10 and 11 following  present  the 
r e s u l t s  of the tests I n  turbulence and still air f o r   t h e   l e f i   s t e e p   t u r n  
and the  r ight   s teep turn, respectively,  Since only one recovery  aethod was 
tes ted,  it was not possible t o  cmpre the  "On Horizonu vs. the nE!elor Aori- 
zone procedure8, but it a n  be noted frm these tables   tha t ,   in  general, 

not   par t icu lar ly   s ign i f icant  in the case n f  the l e f t  stee? t u r n  but was 
s t a l l a  in  turbulent air resul ted in th3 greatest loss of al t i tude.   This  i s  

marked in the  aaee of the   r igh t  steep  turn.  

of   r ight  and left  gliding turne. A S  before,  recovery from r igh t  steep 
Them tab le s  reveal  the same tendeilcy found i n  tbo case of  stalls out 

turns wns effeoted  with lnss loss of  alt i tude  than in the case of t h e   l e f t  
steep turn. The only advice   to   p i lo t s  these tests reveal i s  t h a t  when one 
p s t a l l s  under" out  of a lef t  or r igh t   s teep   tu rn ,  he can hardly expect t o  
g e t  away with a loss of lass than 90 t o  150 f e e t  of a l t i t ude .  Furthennore, 
as reported by the test p i lo t s ,  he aay dePinitely expect  violent,  .unpre- 
dictable  behavior of the aircraft. I n  effect ing h i s  recdvery he may expect 
t o  achieve  the best results r i t n  the op thun  uee of rudder, ai lerons,  Pad 
elevators,  q d  by holding  the nose below the horizon until   airspeed  permits 
s t r a igh t  and l eve l   f l i gh t .  This  will ?robably take about 7 t o  8 esconds, 
perhaps  longer,  perhaps less, de  nding upon turbulance, the pi lot ' s   coordi-  
nation, and the degreo of bank. 2!? 

AS in the cam of all of the  other eW.ls, the best advice t o   p i l o t s  
w i t h  respect to   the   s tkep  turn is *avoid tim stall.. It is  gcing t o  be 

all cont ro ls   to  effect recovery. 
d i f f i c u l t  t o  recover frcm it. But, i f  the   p i lo t  does s t a l l ,  he should urn 

21With the  nom of the aircraft held on the horizon in   t he  approach t o  
t h e  stall out of t h i s  maneuver, the  turn was gradually  t ightened  unti l  the 

t h i s  maneuver; (1) a arnusk.ingf stall i n  which tbe turn i s  continued  while 
stall  occurred.  There  are a t   l e a s t  t h m e  d i s t i n e t  t p o  of stalls out of 

the aircraft shudders and falters in the turn, (2) a "stall over"in which 
t h e  down wing coma8  up and the aimraft *s l idesn   ou t   in  near wing-level 
f l i g h t  and ( 3 )  a "stall UndeP i n  which the a i r c r a f t  i s  smen ta r i ly  in a 

the most dangerous, and it is most l i k e l y   t o  b ths stall which losss   the 
near-invertad  dive. Of thsse, the last is the most violent  and probay* 

most a l t i tude .  To obtain  consistsntly  the "st-dl underA  out of the stmep 

t i o n  of the  turn and opposite  aileron, 
turns,   the tes t  pilots  "crossed contrcis," u s h g  t b  rfiddsr in tim direc- 

22A 60' bank i s  a vary  steep turn. Most p i i o t s  will characterize a 
4 5 O  bank as a steep turn. It i s  iz l ieved,  however, tht the  findings re- 
ported for t h e  60° bank turn mill, i n  :he mainn, hold for   msteepn  turns  wi th  
less h k ,  say fran;L.50 t o  600. Thara was, i n  t X s  study, however, no at-. 
kNpt  to datemi& whether or not t h i s  6ssunptLon holds. 
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THE EFFECTIVEBIESS OF ORE YETHOD OF mCOVERY TO LL'YEL FLIGHT FRGU A 
RIGHT STEEP TGRH STALL UIiDER TWO CONDITIONS OF TURBlJWE 

Calibrated  Calibrated Loss of Time to  
d AttM4 Altitude Reoovar ww.3 at Anale 

psc0ver.r bcovery A t  StalJ I_n& Ib&,& 

1. RAE - BH a I 39.49 72.79 17.71 
(Turbulent u 1.32 ' 3*U O"75 

95.00 
65.92 

63 20 

Air) 5m Oo& 1-05 0-25 21.97 0.31 
0.9: 

2. RAE - BE m 41.72 66-48 l a m  89.00 8,63 
u = 1.51 1 0 6 9  0369 

air) urn = 0.H) 
2 7 c 7 3  

0-56 
1051 

0,23 9-24 0050 
(still 
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9. Recovery frcq a S t a l l  Out o f  a Left Slow Turn. 

t h i s  maneuver., Them are l i h d   i n  Table 12. As shown there, t h r e e  re- 
Him recovery msthods were tested Ln recovering frwn stalls from 

covery methods involved .On Horizonn procedures 23 end six involved .Below 
Horizon" procedures. 1 

s 
. .  

Ae in the caw of previous maneuvers, t,he "Gn Horizon. procedures 
were dist inct ly   superior  t o  tha *Below Horizon" procedures. Method PT€E-OH, 
w i t h  an average l o s s  of 63 f e e t  and a time recovery  interval of  10.3 Wc- 
onda,  na8  most eatisfactory.  Recovery method PAR-OR, wi th  an average lose 
of 73 feet and  11.2  second recovery  interva2, end method PRBE-OH, with an 

:$ 

,average  altitude loss of 7L f e e t  and a 9.9 second recovery  interval were 
next most sat isfactory.  O f  those  methods b s t e d ,  RE-RH resul ted i n  the 
grea tes t  loas of   a l t i tude ,  199 feet. 

: 

- 

On the basis of  the results shown i n  Tuble 12, tb best advica t o  I 

p i l o t s  is t o  recover from a stall out o f  a l e f t  sloe tu rn  by the  addition 
of power and the o p t h m  UM of rudder and elevators,  and  holding the nom 
O f  t he   a i r c ra f t  on the horieon. A sunerhat less effective  recovery will 
be made if ai lerons are used instead of rudders or if a i le rons  a m  used i n  
addition  to  rudders.  I n  recoveyy from a stall out  of a l e f t  slow turn,  the 
uee  of ailerons  appears  to  handicap rnther than   to  amist the  recovery of  

g 

the aircraft. &bout the worst thing a pi lot   can do i s  to attempt t o  re- 
cover without  adding power, aad.by  using rudder and e leva tor   to  level the 
wings, t o  put  the nose below th horizon, and attempt t o  get flying speed 
very  rapidly. If he follows this prccedure he may l o s e   a s  much aa 200 
feet, possibly more, and, although  his  recoveq may he rapid, h i s  loss of ~ . 7 ;  
a l t i t ude  will almost  certainly be excessive. ..: 

I I .  ; . .  
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10. Hecovery frm a Sta l l  out of 3 Right Slow Turn. 
, .  .~ 

The methods uaed in recovering from R stall o u t  of a r igh t  slow turn 
were the eame as tho-  used in   the   cam of t h e   l e f t  slow turn. 

The r e s u l t s  of tests of recoveries from a stall out of the r i g h t  slow 
t u rn  in general follow the eane pat tern as t h e  lef t  slowiturn. T h e r e  *re 
differances,  howvar,  particule.rly in the  caea of the recwery method 
which proved t o  be most satisfactory.  As shown i n  Table 13, the rpost =tis- 

T h i s  method resulted i n  an average loss o f  30 f e e t  and was quite  cc+st+nt 
factory method cf recovering from t h e  r i g h t  slow turn was method PU-Ofl, 

(standard  deviation of 16.U). T h i s  recovery method ran not  only  bist inctly 

be seen by a comparison  of  stundard  deviations of the tan trials for  each 
s u p r i o r   t o  PRE-OH and PRAE-OH, but it bas also much more re l iab le ,  8'8 will 

of t h e s e  recovery methods. 

.. *%he "Lh 'iorizon" recovery ,crroc*dure woe not, applicable in those :-e- 
coveries where addi t ional  power ( i . e . ,  fu l l  t h o t t l e )  WEB not enp1o:red. 

. .; 
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c o n s i s t e n t l y   s u p r i o r   t o  the .Belor Horlaon' methods. A notable d i f f e r -  
As in the c a w  of t h e  left  slow turn, tb "On Horizon"  methods were 

once, however, pertains t o  ailerons and rudders. . In  the CBBB of the l e f t  

slow turn, the urn of ai leron and elevator  with p w r  added  and nom h l d  
slor~turn; aileron8 mem t o  hinder rother  than help,  whereas in the   r igh t  

on horiaon a p p a r a  t o  be the most EUItiEfaCtOrp  method of recovery. 

Judg- fKlp them readts, the p i l o t  rho stalls out  of a r igh t  slow 
turn  should mamr by applyLngpaer ,  using ailerons and elevators,  and 
holding the nom on tbs  horlmn, If ha employs them  pract ioes  bs may 1 

recovBr, w i t h  a loes  of altitude of a p p r o x h a b l y  only 50 feet; h i s  reooveFy 
map req- as much as 11 or 13 aeconds. If b urns &der instead of 
ailerons t o  l e w l  h i s  r ings  and hold the none on tho horizon, ha may expect 
to  10s f'rm 20 t o  30 foet more altitude, but he w i l l  e f fwt  h i s  reomry 
f r c m !  1 t o  '2 moonds faster. ' If he adds p"r and urns ooordinnted rdder, 
ai lerone and elevators, he may be able to ample to  his recovery am effec- 
t l m l y  as in the case rhsm he ume rudder and elevators  only, Romvar, 
rhea ha urns ooordinatad controls,  h i s  mcowry is  not a t  all likely t o  b 
88 cangistant as rhen he uses on ly  ailerons and elevators.  
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att i tude  defined  the ' 'nolaal glide" as  1,ooO r.p.n., 65 mit.h. Indicated 
airspeed, and an indicated  angle-of-attack of 13 degrees. 

I , ~ v +  .~ 
, ~. 

. ., , ;,~ 
, .  

In tests of m w e r l e s  reported in th i s   s sc t ioh ,  "On hth' procedures 
. ,  

and .Bslow  Path' procedures  replaced  those of "On Horizon. and "Below bri- 
zona procedures. The 'On Path" end "Be&ow Path. were determined by tes t ing .  
The 'fh Path' procedures were defined as 1 3 O  angle-of-attack and "Bdw 
Path' prwedursa involved the use of e guide   l ine   t apd  t q  the r b d s h i s l d .  
This  gul& line was so located tbt 'Below Path"  repreeented a f l igh t   pa th  
appr0xinaM.y 1 5 O  below the normal gliding  path.% 

, , . *  
I.. 

~ r '  

In designing the  recovery methods for r e t u r n   t o  t h e  Cam I1 cr i te r ion ,  
methods of recovery  involving  the  addition of power were not  tested. The 
assunption Wre was t h a t  thew recovery  procedures ware t o  simulate as 
nearly as possible the forced Landing s i tua t ion  w i t h  a dead engine. For ~. 
obvious ~ ~ E O U S  it was not at all feaoible  to  elperlment  with a dead engbm. , I 

1. Rbcover~ fraa a S t a U  Qut of a Straight-Ahbad Glide. : 

Eight methods of recmry from stalls out of a straight-ahead  glide 

. I  

.i 

=re t as ted  in connection r i t h  the Caw I1 cr i te r ion ,  return t o   t h e   n o w 1  
glide  path.  Four gf them recovery  mathcds  involved "On Path" p rocadme  
and four 'Belor Path* procedures. These recovery methods are 1iRted in 
Table U. 

.~~ 
, ?~ 

As ohom in Table l4, the "Below Path" method8 of recovery =re die- 
t i n c t l y  superior t o   t h e  Wri Path'  methods of recovery. Recovery method 
BE-EP resul ted in an average loss of 111, feet and approximately 7.5 MC-' 
onds were required  to  effect   recovery t o  a nomal glide  path. Three other 
aethods, all uaing *BeJow Path" prooed-8, were almost  equally  effective. 
These are HE-BP, 127 fee t ;  E-BP, 130 feetj  and RAEBP , 132 fea t .  

. 

2%he indicated  airspeed res m l e c b d  ns being typ ica l  of good ,lnstruc- ' .  
, 

t i o n  in the normal gl ide .  Since the maueuvera were perfomed a t  low alti- 
tude, it eeemed best   not to t h r o t t l e  back belm~1,oOO r.p.m. To arrive a t  
the 1 3 O  angle-of-attack  (Indicated) the t e s t  pi1ot.n gl ided  the  a i rcraf t  in 
t en  successive trials of two minutea each  under  the  conditions of 1,ooO 
r.p.m.  and 65 m.p.h., indicated  airspeed. TIm results of ties t e s t s  evez- 
aged  approximately 130 indicatod  angle-of-attack. 

? 

%After the normal. gliding pa th  had been determined, the nose was 
then lowered approxhately 1 5 O  below t h i s  path t o  correspond  with  the 15O 
'below horieon"  procedmes reflrtsd earlier. The obwrver then f l m d  t(P 
the  windshield a m a l l  pieae of tap which If placed on the horizon i n n t i m  

gliding maneuver would result in the alrcraft f o l l w i n g  a path approxl- 
mately 1 5 O  below the normal gliding path. I n  this w a y  'Below Path" and 
'On Path" were defined  fa i r ly   object ively,  end  could be repeated in EUC- 
ceesive trials. I 

1: 

,: 
_. 

. L  

.. 

,. 



'E 

, 

. 
I 

i- 

39.95 55.93 
0.57 1.55 
0.19 0.52 

39.05 54.24 
2.40 1.41 
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0000 u.40 
0.00 7.10 

17 .n 280.00 
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0.00 
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0094 
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25.75 
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8.17 
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0030 

39 0 37 
0.65 
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0.78 
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0.50 
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0.41 

57.03 

0.66 
1.97 
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0.81 
7 . u  
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6.20 
2.07 

7e15 
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i n  an amrage altitude loss   of  more than 200 feet ,   with method RE-OP being 
leas t   sa t i s fac tory   wi th  m average l o s s   a i  280 feet q d  an average m o v -  
e~ Fntarval of nearly 26 seconds. 

The method of rocowry   u t i l i z ing  .On Pathn  procedures a l l  r e s u l t e d  

Them results indicate  very  clearly that the p i l o t  who stalls out  of 

best m c m r  t o  a n o d  glide a t t i t ude  by putting the nom of the a i r -  . 
a noraal glide and who cannot apply power for one renson ar another,  can 

crait below the normal glide  path,   leveling his wings w i t h  a i leron and 
elevators  and reaming a normal gl ide  as soon a8 posaible  thereafter. ' If 
he uaes rudder t o  assist in leveling h i s  whgs, he uap expect a somewhat 
grea te r   l o s s  of a l t i t u d e  before he can  establish a normal glide.  , On tb  
otker hand, he m u s t  reoogniza that the aircraft will not  regain wing 
s p e d  by holding  the nom on the normal gl lde path without  excessive  loss 
of a l t i t ude .  If he uses rudder and elevators  vr a i le rons  and elevators 
t o  level tbe wings,  and attempts  to  hold  the nom on the  normal f l i g h t  
path, be may lose  as much as 250 t o  300 f e e t  before he h a  regained normal 
g l id ing   a t t i tude  ,and airspeed. In  shore, when he is attempting a foms.3- 
landing  without power and stalls out  of E. g l i b  i n t p  the   f ie ld ,  his best 
pomible  method of  recovery  involves a t  . l e a s t  regainhg hls airspeed an . 
'quickly a6 possible.  This he may do by putt ing  the nom of the  airplans 
toward the ground, and when he regains flying speed, he can N98un.Y a n o m d  
glide  path. The glide pa th  w i l l  not, of course, be the om hs aould.have 
flm had he not   s ta l led.  The a t a l l  w i l l  result i n   fo rc ing  h h  in to   the  
f i e l d  short of where he might have landed, had the first nod glide been 
maintained. 

2, Rscovery fran a S t a l l  Out of 8 Iaft C l i d W  Turn (1.ooO r .D,m9)  

Six methods of  recovery were t es tad  I n  conmotion  with  recovery from 
l e f t  and right  gliding  turns,  simulating  forced  landings. These ala. 
l i s t e d  in  Table 1 5  which presents  the rasul%s f o r  the l e f t  gliding turn 
and in  Table 16 which presents the results of b a t s  of the   r igh t   g l id ing  
turn.  

Uhen the  glide  involves a turn aud the a U  occura I n  t h e  turn  the 
recovery  cannot be made quite ae  effect ively,  in tenus of loss of a l t b  
tude, ad, in the  strgight-ahead  glide. The results of the 'six tests of 
recovery frcm stalls out of t he   l e f t   g l id ing  t u r n  when the normal glide 
path was t he .o r i t e r ion   a t t i t ude  of recowry  e m  shorn i n  Table i5" O f  

proximately U9 f e e t  and a recovery  interval of  apprcximstely 8 , 5  seconds. 
these methods, RAE-BP was most eatisfactor 'y,  with an average loss of ap- 

The next most eat isfactory method a f  recovery was AE-BP w i t h  an a l t i t ude  
l o s s  of' approximately 160 f ee t  and a mccvery interval of approximabljr 9 
seconds. The moat Costly methad of rsco'.rsry in 1 . 0 s ~  of   a l t i tude  uas methud 
AE-OP, in which an avernge  of 250 f e e t  was l o s t  and the recover'p in te rva l  
was of approximately 1?,5 seconds d u r a t i m ,  

fec t ive ly  by  holding the n o m  of t he   a i r c ra f t  on the normal g l ide  path. 
Recovery frm a stali out  of a gliifng  turn  cannot be made very ef- 
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THE E3FlCTIYENEs.5 OF SIX UETHODS OF RECOVERY TO C R I T E 3 I O N  
AlTITllDE OF MANEwFlR FROM A BIGHT CLIDWC TURN (1,000 RPM) 
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Tc tn3 l e f t  gliding tiXtL th: r:in Pathc procedures were dis:.i.nc'G'iy in fe r io r  
t o  the "Below Path" pro::ed7!~?3~ 

'Thuae tes t s   ind ica te  thst, when the   p i lo t  i s  forced  ,to  glide  without 

k~ coxdinate  t h e  use of rudder,  ailgrnn, anrl elevator,  put  the nom talow 
power availtible t o  him and bW13 o1.1~C of a l e f t  turn, h i s  Seat procedure i s  

p a t h .  The s ta l l  mill c o s t  the   p i lo t  appro%timatoly-150 feet of a l t i t ude  and 
the h o r i s o n   u n t i l   f l y l w   a i r s p e d  ial  regainsd, t b n  ,msune the n o m 1  glide 

will consequently make his landi lg  shrter than had the original glide been 
s a i n t a i w d ,  It appears fm thaso  resul ts   that  $he higher tba nom of the 
a i r c r a f t  is held  in  attampting  recovery t o  the normal glide,  the mom dti- 
tude sill be l o s t  i n  recovery. If the pilot   a t tsmpts   to   recover  by holding 

may lose a8 much as 200 or 309 f e e t  of a l t i tude .  D u r i n g  tbe 17 or 18 sac- 
the nota on the normal glide p a t i  nnd URRS only ai lerons and elevatore,  he 

onde th&t  will,be required  to  pt bsck t o  the normal glide pa th ,  he will be 
AmushFngm toward the  grourd, 

3,. Racowrr frcm a S t a l l  Out of B Rinht  Glidisa Turn (1.000 I r a )  

, :hi. t ? i x  recovery msthooe cqpI.o,,+d in testing recovery from a stall 
out of a l e f t   g l i d i n g  turn wrc repeated  in the case of the   r igh t   g l ld ing  

agree  with  thorn  obtained f o r  the ].eft  gliding turn, 
turn. T h e  r e s u l t s  of the  %este,  as shown in Table 16, do not   ent i re ly  

RAE-BP, which was most sa t i s fac tory  for recmrlng frm a s t a l l  out of the 
le f t   g l id ing   tu rn ,   resu l ted  i n  M average  loss of 138 f e e t ,  It will be 
noted in Table 16, however, t h e t  procedun, AE-OP mas highly vaarlabla, Ths 
etandard deviation of the  tea t r i a l e  w s  91.74 feet, as contrasted  with a 
standard  deviation of &,82 % @ t   f o r  recovery mthod RAE-BP. The latter 
was, therefore, mwh more coneieteat  than the  fomer,  and for  t h i s  mason 
i s  par t icu lar ly  prefemd Sb . i l a r l f ,  method AE-BP, which moul ted   in  an 
average  of  8ppraximatmly 129 feet and standard ,deviation of W b 8 8  mny 
generally be l e s s  dependable and lees   e f fec t ive   than  method RAE-BP, with 
an average loss of 138 feet and a standard deviation of only 24.8 feet. 
A t  t h s ' o t h a r  extreme, there is very l i t t l e  qusstioa as t o  wbich is tbs 
least e f fec t ive  method of  recovery. T h i s  i s  method RAE-OP which resulted 

approximately 17 seconds. 
i n  an average loss of  approximately 220 f ee t  and a recovery i n t e r v a l  of 

Math* BE-OP resulted in an avorage l o s s  of 122 feet, whereas mothod 

Them data indicate thet when a p i l o t  stalls out of a r igh t   g l id ing  
turn  and  must r e t u r n   t o  a nomhl g l ide  p t h ,  hs OBp get thore w i t h  tb 

elevator  and by holdlllg  the nom of the aircraft bslm the normal f l i g h t  
l ea s t   l o s s   o f   a l t i t ude  by t h e  coordinated use of rudder, ai leron,  and 

pnth u n t i l  flying speed has teen  achieved. Ma rill then  bring the nose 
up to the normal gl ide p a t h  and; continue  the  glide. This can be accm- 
plishad i n  approximately 7 or '!'*5 seconds. If the pilot   holds  t h e '  nose 
down below the n o d  glida p&h for a longer pribd of time, he rill, 

a l t i t ude ,  If he attempts t o  hold  the nom on t k r n o m a l  glide puth his 
of courea, build up greater  a iTsped ,  bvt will, conesqwntly, lose sora 
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recovery rlll be erratic and dangerous, Ha may l o w  from 200 to ~250 feet 
and ba rill not  gain  control of tb a i r c r a f t  until a f t e r  15 t o  20 secondd 
have 

E. Summary of Results and Coawirrone 

1. Re @ O  
S m h t  and b V Q 1  FliRht. 

will tm of assistame t o  recapi tulate   the results fo r  eaah of tho t i n t 8  of 

Table 17 presents criterion data for ths opt- methods of recovery' f m n  
r e c m r y  irk atalla out of the eleven maneuvers considered i n  this study. 

the stall out of each of the eleven mLIy)uvers with racmry t o  etraight 
and levul flight an cr i te r ion ,  and cmpares t h c , h s i c  data for tbs *On 
HorizonY prouedures with thoas fo r  amlow IIorieon* prooedurea. In pm- 
paring t h i s   t ab l e   t ho  method of reoovery which moulted in t& l east   loss  
of a l t i t ude  was l i s t a d .  For them methods of moovery tho am.+ l o s s  of 
a l t i t ude  in f ee t  and tho average Lias interval i n  effuct ing recovery 
l i s t e d  in the r igh t   mc t ion  of Table 17, In an effort t o  understand how 
t h e m  optianan w t h o d s  of recDwry compand with thsir c o m r p o t l d b g  %lw 

Table 17. Tbr .O&irmm Controls. colmn i n  this table p w n t s  th controle 
Eorimna move* methods, the latter are l i s t e d  In  the oea t r a l  part of 

yhich . re re  w d  in efftating ths optimum rscopery. It rill to noted in this 
table that mammrs 1, 4 ,  5, 8, an3 9 involm the UM of fu l l  pb.sr and, 
consequently,   ddit ional.porer  could not b addkd. Ths data pramantad in 
Table 17 mrpl~sia, tlm important  findings of t h i o  p b  of the   i nwe t iga t ion .  

In considering  tba  optima  methds of recovery frm L full stall, it 

Them fhlngs may be Arrtbr aumarlsad sr followss 

tho *On Horizonw method gf reum'ry warn dimtinotly  euperlor to ths %low 
Borizon* prcadulw i n  reaovery froa a iull s h l l .  A m  shorn i n  Tabla 17, 
tha awraga loss  of a l t i t ude  for dl optime *On Fbri50n9 prwedures n o  
only 51.6 feet me contreated d t h  an amre@ lorn of 128.1 feat in th@ aam 
of %low Eoricon~ p m u s d w s .  

a. When the  critterIan of mmry rpo atralght and ley01 flight, 

b. Recovery using the *On FIoricon" procadtams aumot tm o f f a ~ t a d  
as rapidly as the .Below Horizonn proa@Prrm, Tba f o m r  mquirad 011 tln 

rhreas,  by tbs .Below Horizon* prweduw,  recmq to s t r a igh t  d l r ~ e l  
averam apprminab4 11.6 mconds to xsturn 9 s t ra lgkt  and 1-1 f l l g h t ,  

f l i g h t  h a  effaQted in on ths average of 7.0 moondo. 

s ta l l  t o  level a g h t  as or i t e r idn  involved ths uno of full power and the 
opthum una of elevators. 

c e  A l l  of the opt- or *beet* methods of rooovary ha tbr 



g o  R h m  t h e . c r i t e r i o n  of recovery mas s t r a igh t  and lepol f l i g h t  
the  s ta l l  out of t he  l e f t  steep +uru, wee the most coat ly  stall of any of 
tha eleven, The r igh t  steep tu rn  Etell n a a ' n e x t  moat oostly.  Tim average 
recovery from stalba out of thew namuvera  lost  frm 90 b 100 feet of 
altitude. On t he  other hnnd, recovery f r m  stnlls out of a st rdght-ahead 
climb waaa affected w i t h  a rosa of f rm 25 t o  30 f e e t  of altitude. Thin 
applied aleo 4-n t b s  0888 of th9 l i g h t  slow turn.' 

had ful l  power t o  apply in the esen~t. he stal led,  Tests were a l s o  conducted 
in g l l d i r g  maneuvers w i t A  a pover s e t t i n g  of 1," r o p a .  t o  simulate land- 

in t h i o  s i tua t ion  are preeented in Table 18, It p i l l  be remmtmmd frm a ' 

ing w i t h  LL dead engine. The r e e u l t u  for the optimum methods of momring 

preceding  aection t h a t  the  b a t  methods  of recovering frcss glides m8 ths 
m B s l o r  Path" pror-edure. In Table 1.8, t h e  optimum methods of X ' B C O ~ ~ ~  to 
t h e  n o m L  glide  path by t.h q e l o u  Path" proceduree are presenbd in tbe 
middle  section of the t n b l ~ , .  The r i g h t  hand aectior. of the tabla  pzawnta 
tast data f o r  correapondhg "On P8.tha procedures. 

The tests smmarlzod in the preccsing section  essuwd that tbe p i l o t  

They make more of them. The traffic pettern is gene ra l ly  toward tln bfi. 
=A8 s ta ted  previously, most pf.lots 81% best practiced on left turns, 

Hnd recovery from the  stdl out of the left turn maultad in b o s  loso of 

ence might have been expldned on the banis of paotlco and coordination 
altitude than recovery from the stall OL* of tb r i g h t  turn,  this diihr- 

of the   p i lo t .  The reverea, however, can hardly be.explaFnsd on this bs l s .  
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Tbs findings pasanted  in Tabla 18 may be s-irsd as folloasr 

t o  tho "On Path'  procedures In recovering t o  a n d  glide  path. The 
"Beloa  Path" procadures  resulted 1n.m average loss of a l t i t ude  of approxi- 
matalp 134 feet, as contrasted w i t h  an average  of  approxlmataly 229 f e e t  
for the "On Path" p r m d u r s s .  

a. The "Below Patha method of recovery was d i s t i n c t l y  superior 

b. The "On Path'  procedures  of  recovary frm a stall out of a 

v a l  necessary  for recovery by mBelw Petha  procedums am approximately 8 
glide  can Le effeotsd lf tiw and a l t i tude   pern i t .  The average time inter- 

seconds, but by '(3n Path* p o c s d m o ,  approximately 2l 8econdso 

e. A l l  of  tho opt- or * b o t '  methods of moovery fram the 
stall  o u t  of a g l ide   t o   t he  normal g l i d e  path as oritarion involved  the 
ooordinatad uea of ailer6ns and elevators. . 

d. In tho s t a l l  following a s t r a i g h t - h a d   g l i d e ,  ailerons and 
elevatore  alone  ,produced the best results. When rudder was umd i n  recov- 
ery frm the e t a l l  out of this manewor, .the l o s s  of d t i t u d o  on the aver- 
age tended to be greater than when it wan not wed. (See Table 14.) 

recovery frcm stalls out  of gliding turns  man t he   op tbuu  method of  recovery, 
e c  T h  coordlnated u m  GP rudder, r.ilerona, and e leva tors   in  

out  of turns l o s t  more altitude than t h e   e t e l l  out of the straight-ahead 

made a i t h   l e e s  loss of a l t i tude  than recoveries frcm stalls out of l e f t  
gl ide.  Furthemore, recoverieo f m  stalls nut of r igh t   g l id ing  turns were 

gliding turns.  

f ,  As in the cam of  recovery t o   s t r a i g h t  and l eve l   f l i gh t ,  stalls 

g. Juiging fraa  the data presented i n  Table 18, the stall out of 
ths l e f t   g l i d i n g   t u r n   i a  the most eost4.v stall out  of  glides, as judged 
by the a l t i t u d e   l o s t .  T h a t  is, when ths p i lo t  whb cannot 'or doe6 not 

c r a f t  as rapidly o r  a s   e f f ec t ive ly   a s  in the  cam of a a t s l l   o u t  of the 
apply p m r ,  stalls Ln the left  turn, he cannat hope t o  recover the air- 

straight-ahead  glide or a r igh t   g l id ing  turn, Thin f i n d h g  has par t icu lar  
i n t e re s t  when v iewd  in t he   l i gh t  of the infarnous R l a s t t u r n  in' to the 
field.  



Nithin very recent y a w 3  a t d l  warning devices have becori available 
comerc ia l ly i  Several t y p s  o f  s t a l l  Aarner have been sold in considerable 
numbers, Private owner8 of light, a i rc raf t  have been urged by both popular 

Research has shorn that t i e  &si-al and psychologiaal olues whereby the  
and techQlcal m l t e r a  t o  purchase end i n a t a l l  some type of stall W a r n e r .  

The findings f r m  rerrosrch on e te l l  rocognition led ta the  recommendation 
st.sll q v  ta detected ora f r o q w n t i y  obecure-ana  diff icul t   to  rsoognlae. 

that  aome m e c h i c a l  ~ t , ~ l l  warning device be ins ta l led  on l i g h t   a i r c r a f t  

Civil  Aeronautics  Administration has considered the poss ib i l i ty  of reoom- 
t o   a s s i s t   p i l o t n   t o  recognize t b  iminence of s t d l  condi t ioms2  he 

mending that such  devices  be ilistclled on t ra in ing  and pivate planes. 

h i s  problem w i l l  general!.jr be that of recovering from "near s t a l l a R  rather 
t k m  full s t a l l s ,  That is, .until the point of at.al1, tha p i l o t  has oon- 
t r o l  of the a i r c r a f t  and can resume normal f l i g h t  by the wual pooedurw 
of control ,  He merely returns  to  the normal attitude for the maneuver he 
i e  attempting.  In this process, t h e  a i r o r a f t  continubs without 100s Oi 
altitude wch   a s  inev'itably r e su l t s  when the full stall  0 0 C u T 6 0  If hs i a  
climbing,  he can continue to climb; I!' he is glidlng, he can return dmoat, 
Immediately t o  a safe  g l i d e .  

When the pj~lot is f lying an airsraft equipped with a e t d l  umuerg 

11n m e w e r e  resul t ing i n  nprogreseiven stalls the reoovery wao begun 
when t h e  angle-of-attaok  indicator read an appropriate  value, 



S t d l  w-8 have taken a variety of forms,  both  with respeat to the 
o e o b i o a l  principle whereby the instrument senses the approaah of e t d l i n g  
oonditione, aod also in the of indioatlng  the  signal. In this f i r a t  
respent, the a t p l l  watlw~ may function M a orude instr-nt for wasuring 
angle-of-attaok, or for   sanslng flow of air. I t a   e s s e n t i a l  element I s  
that when either the  angle-of-attack  approaches  thet  charncteristic of 
the  stall, or when th flow OP air i a  aharac te r l s t ic  of a m e  point near 
the s t a l l  when the pilot   should be "warned," the I n n t r u a n t   I n i t i a t e s  a 
si&al whioh l a  t ransmit ted  to  tb pilot .  This signal may consiet  of a 
light f lash ing  on, 8 busaer or horn sounding, or indeed it may consis t  of 
a *stiok-nhnkern or some other obvious phpsioal'cue. These physioal ouea 

more nearly norad angle-of-attack or airspeed if he is t o  sacape the full 
",warn* the p i l o t  that the s t a l l  l a  approaohing and that he ehould,rosume a 

stall, 
.~ 
"I= . . 
t/ .~> . <  

1 ~, I ~ ,  In vier of these  aonaiderationa, a study of recovery from a s t a l l  
5;:: , ~ v.> . ~ w a r n i n g  muat take a vary di f fe ren t  lFne of inquiry from that employed i n  re- 

.*  ths stall wae. eff'eated to a t ra ight  and level f l i g h t  .and t o   t h e   a t t i t u d e  
i.,. ; charac te r i s t io  d a normal glide,  When tests of  recovery  from a stall warn- 
:q,''>; ing t o  these or i tor ion  oonditiona are run, tho *nerd  nature  of the remilts 
. ~. can be predicted on t@ baais of experlenca. Experimentation would have 

.:,.,,., exaot mount of alt i tude  gained I n  a alimb  rather than l o s t  i n  8 climbing 

a,.: . ' purposes. Data of t h i s  type were obtaltled i n  the' present study and are re- 

.?,r:i~ stall Warner be s e t  so that It w i l l  be of momt assis tanoe  to   the 
,-), , The consideratian of this-problem  involved  testa  of t h e  still warning  de- *;.'- vice i n s t a l l ed  on the   t e s t ing   a i r c ra f t ,  and determining the maximum angle 

:,,. . poses of describing accurately the amount of altitude that may be gained 
~$1 ' rather  than lost by flylng  along  tho  path of dum angle of o l i m d  ra ther  
j r  than  dependlng'upon even t h e  best possible mqana of recovery In t b e  event 

>' . . c .* .. covery from tbe P o l l  stall. In the case of the full  stall, reowery from 
= ~ ~ . .  . 
1 .~ 
*,;, ~ ? .  

. ~~ 

,,.:\~ been unnecessary emept  for the purpocle of  determining, far example, the 

stall. This type of data is   of^ s a w  value for   descr ip t ive  and instruct ional  

'r.:: 
,' 
.: : -*. 
" 5  ~ 

. ~~ , 

zc.-. 

$3.. ported in succeeding  sections. The problem of securing these data nae, 
however, s e a d o r y  t o  the study of a m o r e  general  qwetionr  Where  can  the 

,&~. 
_ . ~ ?  
L . . ,  * 

,? ,. , : 
i 

of,cliab and the m i n i r m m  angle of glide of the t e s t ing  aircraft. In &ti- 
I .  t i on ,   f l i gh t  tests were made of "recoverieaA from a stall warning for p ~ -  

p . ~ .. 
T,:,. ':., of a stall. 
>'_. 

&ti ~ 

,. 

8. Teet.lna tbe Stall r w  I n a t r m n t  

a ta l l a t ion  that was or ig ina l ly  dssignej for t ea t ing  and ina t ruc t iona lpur -  
poses. This instal la t ion  consis ted of f ive  Individual stall wmers mounted 
In  mch  a manner as to t r i p  at various f l igh t   a t t i tudes ,   S imi la r  installa- 
tions ware used in the Rulon atudies of stall reopgnltion and avoidance, 
A t  the  t ime these dtudles were conducted, hmever, the airoraft used w a s  

The testing ,aircraft waa equipped , w i t h  a five-vane s t a l l  warning in- 

angle  ,of  glide, 
%r the ainlPluls alt i tude  lost   by.fly1ng  .along  the  path of the  mir.Ipum 



not quippod  wi;.h R radio al.tiwtsi4 angle-of-rtttauk indioatar, OT a 
a e u i t i v e  airspeed indicator,  The vc~l~eu lse% separated f r o m  eaoh other 
on tbe h a s h  of the "feel" of the a i ro rd t ,  it3 ntt i tude  with v b u d  

full s t a l l   o u t  of various manauwrs. The fourth van0 in the  series rlae 
reference t o  tla horizon in f l i g h t  and i t 3  buhavior with h s p o t   t o  the 

ooulrl be maint&Lned wii;hout actual ly  stalling the a i r c r a f t  by .proper 00- 
a e t  t o  t r i p  a t  8 f l i g h t   a t t i t u d e  which, w a a  very . n e a r  tha staU, but WNch 

ordination of the controls,  The remaining vanes were set a t  fairly uniform 
intervals which represented  distingu5.ahable  differences In f l i g h t   a t t i t u d e  
and graduated  toward normel f l i g h t  from the exaggerated attitude oharactar- 
ized ty f l i g h t  a t   t he  f i f t h  vane 

The f i r s t   s t e p  in the Investigation sf recovery from a s t d l  w a r n i n g  
wna the t e s t ing  of these vane sottinga. 

1. sf  w. 
The  method of t e s t ing  n u  designed t o  determine the angle-of-attaok 

aad aQapeed at which each of tne f lve eta11 wquers cam on, and WM eo- , 

ear l ier .   Test ing was f a c i l i t a t e 3  by tha faot  thpt  the stall ranlng de- 
sentially the .same M tbt emp$Dynd ' i n  the tes t ing  pooedruae described 

warning vane ma8 tripped. The clipboard o d d  k moved about freely In 
vice inaluded a clipboard on w h b h  sbparate lump mere l ighted M eaoh 

the  ooclqiit end ; odd  bo held near  tbe  angle-d-attaok  indlocttor eo that 
the rsading,of   the angle-of-attack indicator oould be taken almost in- 
stantauecusly following the tripping of the m e  and the l ight lng  cb the 
lampa. 

. .  
D u r i n g  tb h a t i n g ,  the pilot  conoentrated on flying the aircraft and 

on reading  the  airspeed M in prwious t e s t a ,  T h e  observer  held the c l i p  
board near the angle-of-attack  indicator. Re read the l a t t e r  M t he  lamp 
oame on. When the lamp cam9 on, he cdlea 'Now." I t  that instant   the  
p i lo t   read  the airspeed.  the indicated 8ngle-Of-attaOk d t he  indicated 
alrspeed were then  recorded by the obasrver. 

Six t e a t  trials were run for  each of the f i v e  Lamps for emh ai n h  
maneuvers. T b a e  manewera oorresponded t o  the ones Investigated in am- 
nectlon wPtb recovery from t he  full stall1 ths elm turns were not run. 

2, Baaultsoftina. 

Dat,a obtained i n  these teeta  are  sulamariaed in Table 19, which pre- 
menta the average calibretad  angle-of-attaak and the average anl ibrated 
airaped a t  the time each of the five hpa WM lighted.4 

a. &wage The following Table 20 listm for eaoh sig- . 
lamp the  range o f m a i r s p e e d n  among mnneuvure listed in Table 19. 
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TABW 13 

TESFIUC OF STALL W A H N I W ;  USTALIATION Ow 
P T E R  J-34 - )IC 41578 

1. 

2. 

3. 

I *  

5. 

Straight Ahead 
C l i m b i n g  Pwer 

Left Cllmbing Turn 
(2,100 r.p.m.1 

1 
2 
3 
4 
5 

1 
2 

4 
3 

5 .  

1 
2 .  
3 
4 
5 

i 
2 

L 
3 

5 

1 
2 
3 
A 
5 

1 
2 
3 
4 
5 
. 
-. . 

2 
3. 
4 
5 

5.21 

10.59 
u.09 
16.15 

7.71 

4 .n  

9.08 
7.16 

13.09 
16.34 

3.a 
6.33 

12.40 
9.08 

17.40 

6,58’ 
30% 

8.65 
11.84 
15.U 

4.52 
7.27 

12.34 
8.W 

16.52 

3.46 
6 .40 
8-96 

12.40 
15q84 

6 D83 
3.46 

9 15 
13 a 52 
15.59 

0.35 

0.38 
0.28 

0.91 
0.14 

0.35 
0.26 
0.43 
0.80 
1.18 

0.38 
0.47 
0.31 
,c .u  
1.3i 

0.35 
0.18 
0.14 
0.28 
0,28 

0.34 
0.63 
0.13 
0 91 
0.40 

0.26 
0.00 

0.63 
0.17 

0.57 

0.00 
0-31 
0.26 
0.40 
0-28 

51.17 
45.65 
Lo.10 

37.72 35.83 

50.53 
45.22 
L1.80 
34.63 
33.15 

53.93 
G3.10 
u.79 
39.45 
37-08 

51 a 48 
47.65 
41.91 
37 83 
38.18 

52033 
-48.83 
w.68 
38 3 0 7  

3 9 . 1  35 

56.n 
50.97 

w.90 
lJ.05 

45.85 

son 
51.80 
46 2 7  
43 “92 
42-45 

2-73 
0,62 
0.86 
0;68 
0026 

0.85 
0,71 
0.30 
0.79 ~ 

0.65 

0-63 
1.83 

1.01 
1.01 
1.13 

0.89 
0.49 

i 

0.61’ 
0.26 

1.17 

0.73 
0,q0 

0997 
0.49 

1.57 

0.85 
0.62 
1,28 

0.87 
1.20 
1.48 
0.52 
0.6,~ 

0.48 

0.45 
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TABLE 19 (Continuedl 

Average of all 1 3.88 0.81 56.09 5.85 
Menewers L 0.81 51.29 6.07 6.6a 

3 
L 12.61 O.% 

L6.01 5074 
W.20 5=62 

5 15 -69 1.a AOC28 6-98 

n 

a,76 0.97 

. .. . 
I 



7 .. 

50,53 t o  66.00 m.p,h. 
45*22 t o  63.97 m,p.h.. 5123 
LOo10 t o  57.13 m.p.h. k6.01 
34.63 t o  52.57 n.p.h. 41.20 
33.35 t o  51.82 m.p.h. 40.28 

par t icu lar ly  meaningful. However, it will be noted in the  above t ab le  

from the  highest   to  the lowest, with the exception of tha   in te rPa t  
tha t  t h e  averages of all mmmverm show a Palrly regular progresrion 

between the  fourth a?d f i f t h  liupa,, I n  t h i s  par t ioular  s ta l l  warning 
ice ta l la t ion ,   the  fifth vene was s e t  t o  oome on jut P8 the   a i rp lane  
s.t,arted "Over the :op" out of a a t a i l  from a lef t  cliablng turn, The 
firat vane was set so t h a t  it vould c o m  011 i n  any Improper deprrturs 
from normal climb o r  glide. .  The o t b r  vanes were separated by approxl- 
mete1.y equal intervals  im teerme of angle and posit ion on t he  leading edge 
or the wing, 

The average ahspeeds a t  whiah each of the  lemps came on are not  

While there were no reversala i n  averagsa for dl mewera, .thre 
sora some i n   t he  tests of the  five vanes i n  individual mewera.  I t  
rill be noted in Table 19 that, L? the  case of the   s t r a igh t  ahead climb, 
etxaight ahead oruisiw, a?d t.he r igh t  alimblng turn IBBIIQwers, the 
average airspeed values obtained by t e s t ing  rer4 leeu Por the f i f t h  vane 
t h a n  for the   fourth vans; These reversals could have been due t o  aampllng 
errors# t h e  tsohniques of the   pi lot  or the obmrver, the weather condl- 
t iona on the  day8 i n  nhjch  these  tes ts  were f l o m ,  br other factors .hioh 
d f e c t e d   t h e  prEorPance of the aimraft and the inatrumentation amployeil. 

b. +vveraae bnale-of-&tteck. The follwing Table 21 l l s t a  for 
each signal lamp the range of angle-of-attaok arerages sllong th. maneuvers 
l i s t e d  i n  Table 19. 

on in t h e   l e f t   a t e e p  t u r n  at the lowent  angle-of-attack. On the other 
hand, the  highaat  angle-of-attack  required t o  turn on eaob rim lamp 00- 
curred in the  straight-ahead, full power climb. 

It could be noted from Table 19 that tim aibds o m l a t e n t l y  o m  

the f i r s t  lsmp t o  the flfth h a p .  In genera, each lllntp w a a   parat tad f'rom 
Them findin@  indicate a fairly regular prograsaion of increase from 

the preoeding one by an angle-of-attack ranging from approximately 2.S0 to 
3 0 50. 



3.m0 
6 .boo 
8.76' 

11.58; t o  i L S J :  A/A 12 .61° 
l4,21 t o  16.15 &!A 15.69' 

These findings pertain only t o  t h e  par t icular   f ivcvane  s ta l l -warning 
Ins t a l l a t ion  on the   t es t ing   a i rc raf t .  They i l l u a t r a t e  w h a t ,  might'hava 
been done to  calibrate  stall-warning installations used in inveetlgatione 
of a ta l l   rezognl t ion and nvoidanze. Ihd, f o r  example, M angle-of-attack 
indicator been available i n  t he   e i r c ra f t  uaed for test ing stall recognition 
and avoldmce, one of the mnsurea o f ' s t a l l  recognI6lon  night have been in 
term of ancle-of-attack, rather than  the number of lamps lighted. Em- 

roughly equivalent  to  the  costly  angle-of-attaok  instrument  available  to 
ever.) the vme eystem employed i n  prevloua studies I s  nor seen t o  be 

the  present inveatigatora. 

C ,  Location af the Stall ViIzpsr 

Theas data  ahow  how troubleaome is the problem of locat ing the stall 
~ warner. Ahere  ohould the  warning be given? It i s  obvioue from t he  ab- 

4 ,  or he m y  se l ec t  any Intermediabe point,. Nhat coast i tutee an acoept- 
data that the owner of a l i g h t   a i r c r a f t  can se lec t   e i ther   pos i t ion  3 OF 

able baeia of srleotlon? 

1. RecorPmend&ioas of St& barner -. 
Conferenoes were held with representatives of co€tpanies mamzfaOtWing 

and installing stall warning'devioes.  In them oonfarenceb the inwst iga-  

mexufacturera recolnmended the  location of their   dsvlce.  
tors  attempted  to  determine  the baais upon rhloh the s t a l l  warning devloe 

The mnufacturerd of the  Creene Safe Flight  S t a l l  W a r n e r  recommended 
that t h e i r  inatrumeqt be loca ted   to  come on a t  a paint from 3 t o  5 d e s  
per hour  above the   s t a l l i ng  apeed. This rsoorPmsndatlon m s  not acemFmied 
by a def in i t ion  of the mmeuver i n  which the n t o l l i n g  aped  uno t o  be Ob- 
tained. It my be assumed, howme?, that the s t ra ightshead ,  c r u i e i n g  
p e r ,  unacce lera td  stall was intended, although t h i n  mas not a p e o i i i c d l y  
stated in the recommendation. 



The Beeoh S t a l l  Warner, which is  presently ins ta l led  on Beechra f t  
Bonanzas and sinilar aircraft, wasp according t o  its representatives,  
general ly   located  to  s igna l  a t  from 6 t o  10 m.p.h. abwe   s t a l l i ng  speed. 
Tim Beechoraft  Corporation  did not make a definite  reoomendafion on 
the   i n s t a l l a t ion  of I t a  stall warning device; it prefers   to   l eave   the  
exact locat ion of the device up t o   t h e  OrmeT of the   a i rc raf t .  

T h e  conferences  with  representatives of these colapanlee revealed 
no b i o  FeBSOn why the  &all Warner should be set 'Go signal a t  from 

the  best   place t o  put   the wtVneroR 
3 t o  10 m.p.h. above the   e ta l l ing  speeds except that " th i s  is probably 

2. I P u r t h e r C o n d d e r a t i o n s .  

ful  in teaching and learning  abaut   s ta l l   condi t ions i n  l i g h t  aircraft. 
It was therefore believed t ha t  a more readi ly   explainable   basis   for  in- 
s t a l l i n g  the stall warning  device  should be sought.' I t  m y  be msumed 
that a p i l o t  w h o  Intent ional ly  brings the ai'mraft close t o  s t a l l i n g  con- 
d i t i o n s   d w s   s o p r i m a r i l y  in the process  of  seeking m a x i m u m  performance 
of the plane. If he stalls au t  of a climb, he does so because he is at- 
tempting t o  achieve a laarimum climb. He may be  attempting  to  get  over 
some obstacle, or avoid another plane,  or  climb  out  of a shor t   f ie ld ,  
S t a l l s   ou t  of a glide may occur  because  the  pilot is atteluptinl! t o  f l a t t e n  
h i s  glide aa much as possible  to  conserve  alt i tude,  In attempting  to 

conditions and may ac tua l ly  stall the  airplane.  As he approaches these 
climb  too  steeply or to   g l ide   too   f la t ly   the   p i lo t   apprwchee   s ta l l ing  

conditions,. he should  be warned a t  some p a i n t  that he b o  reaahed either 

which it is desirable t o  bracket h i s  f l i g h t  so as t o  obt& z maximum per- 
(1) n point beyond which it is not " safe" t o  go, or ( 2 )  a point around 

formance.  Both of these   poss ib i l i t i es  wem considered. 

The p r e s e n t   p n j e c t  eought t o  provide  information  that would be help' 

a. 4 Safatv  Point. It appeared t h a t -  most stall warning installa- 

that the signal comes  on a t  an a t t i tude   c lose  t o  the s ta l l  md indicates  
tions have taken  the first approach. T h a t  is, .th mrner. i a  ins ta l led  so 

omsafe f l lgh t . "  The p i i o t  knows that h i s  object  I s  t o  t u r n  off  tha aignal, 
i i t h  t h i s  pr inciple   operat ing,   the   instal la t ion may have various ef fec ta  

degrees. One p i l o t  r+y prefer   to  have h i s  warning  very  clom t o   t h e  stall,  
on d i f fe ren t  pilots ,  and the i n d a l l s t i o n ,   i t s e l f ,  may vary in considerable 

whereas a second p i l o t  may p r e f e r   t o  have h i s  much closer  t o  normal f l i g h t ,  

tend t o  turn t h e   s t a l l  Warner on. Tn such  cases,  the  pilot may get in the  
If the  Warner is set   too  near  normal f l ight ,   then small awm.ts of turbulence 

habi t  of ignoring the stall warning device and perhaps leaving it onp even 
though he hen, almost  reached the  point of s t a l l i n g l  

If, on the  other hand, the s t d . 1  warnine  +atallation is so near the  
point of s t a l l  ahnn t h e  signal ~ o m m  on -chat the  plane has v i r tua l ly  a t d l e d ,  
then the p i l o t  may delay too  long and not be ab le   t o  recove.- before the 



.%&,# 

a i r c r a f t  stalls. In previous studies of 3tal l   recogni t ion and  performance, j3:.;y 
,~.:;>g$> 

it was spparent thkt &y p i l o t s  approached the stall,   recognized that they -.,,.;& 
were near if, but  did  not  recover  in time t o  avoid it. Thus, if the s t a l l  
warning device is in s t a l l ed  and operated on the principle of psychologioal , 

* 
"nearnessm t o   t h e  stall, the mechanical  devioe  depends f o r  much of i ts  ef- 
fectiveness upon the  psyohological  idoayncrasies  of t h e  p i lo t ,  and a l s o  - 

B 

upon the  re la t ive   loca t ion  of t h e  Warner from the point of stall. ' ~6 
a 

I 2 

, . ~  .j. . _., 
-.w?r.l~ 

.~,,.,.C. ~ 

.I 

.. * 

." ._ 

.:, 

, .. 

b, An Oathum  Point. If, on  The other hand, it were possible 
t o   l o c a t e  a atall Warner at some point of meximum performance, it would 
be poss ib le   to   ins t ruc t   the   p i lo t  t h a t  t h i s  optimum performance  could  not 

-$. 

be exceeded w i t h  any favorable &ts. If such an optimum were su f f i c i en t ly  iz 
..:s 

" 6.6. *',- 
-4. 

a, 
,.'"c- 
,I 

I ~I 

. &, 

short of the  stall t o  permit  the  pilot   to  "bracketn  the optitnun, then the 
p i l o t  would~be equipped, not only with a a t a l l  Warner, but w i t h  a f l i g h t  
instrument mhiah permitted him t o  obt,ain the msrimum resu l t e  from the  
mnneuver tae raa attempting. 

As previously  stated, it i s ' poss ib l e  that there  are two pr incipal  
reaEona for  inadvertent stalls. The p i l o t  LUJ~ be ei ther   a t tempting  to  

minimum angle of glide,  therefore, nay be desirable  optimal  points around 
climb  too  steeply or t o   g l i d e   t o o   f l a t l y .  Usximum angle of climb and 

which to   nbraoketn   f l igh t  in steep  climbs and f l a t  glides.  It would 
appear that these  represent limit,ing f l i g h t   a t t i t u d e s  beyond which tb 
pilot  cannot go without  defeating M a  purposes. The principal  question 
t o  be answered, however, is whether the maximum angle of olimb  or m i n i m u m  
angle of glide is achieved a t  such a se t t i ng  aa t o  permit t he  use of t h i s  
optimum for  bracketing  purposes and a l s o  as a stdU warning.  That is, if 
the m a x i m u m  angle of climb is achievod a t  an angle-of-attack so near the 

t o   s e l e c t  t h i s  f l i g h t   a t t i t u d e  a8 an opthum ltwarningn a t t i t ude .  Also, 
angle-of-attack  characterist ic  of  the  stall ,   then it s igh t  be "dangerous" 

oharac te r i s t ic  of normal f l i g h t ,  t.her. it would s l s o  be "a nuisancell t o  
if t he  m a x i ' m u n  angle of climb'mere  very cloee to  the  angle-of-attaok 

uae t h i s  as M optimum point, 

As a next  atep  the  present  investigatiou  sought to determine  the d e  

mum angle of climb and the  minimum angle of glide,  und t o  relate these t o  
pertinent d a t e  in an e f f o r t   t o  determine  nhather  them optimal f l i g h t  at- 

c raf t  
t i tudea wexe suf f ic ien t ly  safe  fo r   p rac t i ca l  use in operating B l i g h t  air- 



(I! t o  dotermbe the suuimum angle of climb and the minimum angle Or glide 
Them were two specific purpoees of t h i s  p h ~ e . o f  the,lnvestigationx 

for the testing a i r c ra f t ,  and (2) t o  t e s t  varioue met- of~"rsoovoring~ 
frm a atal l .  warning se t  t 9  corns on at the m x l m u a  a l e  of climb. 

power a t  selcoted airspeeds. horn tho data t h  obtakrqd it w a o  p o ~ i b  
$0 o a l c d a t e  a marimla- angle of climb and t o  tranolat. ~ t h l a  i n t o  tho air- 
speed a t  which this mimum anale of climb was aol~Lwod d e r  f u l l  mer. 

The firqt purpose involved the . tes t ing of gain In  a l t l t udo  m r d e  full 

/I: 



until the altlmtor read  approyinately 100 f e e t .  The  nose of the alraraft 
WM ttmn sloily ~~UMI up'd polrer me'  added. Mbn th  a l ~ ~ p e c d  se t t l ed  
d m  t o  th 8irspeed f o r  which tba M3 wan t o  be &e; the p i l o t  os l led  

and tben t W  angle-of-attack  ihdlcitor. The p i l o t  then  attempted to a l b b  
*llm," and th obser+r a t a r t ad  hie. stop-vatuh and fsad tb badlo a l t h t e r  

t he  airplane at sxaotly the dealred girspeed:.' A t  tha end of exwitly bo 
s ~ o n d s  'of dllub the observer: c a l l e d  WYYI,' and read the radio dtimater 
and the angle-af-titt~ck  indicator. A t  t h e  algnal ,  t h e   p i l o t  reed the air- 
speed. Them data y 4  then recorded nnd checked. 

b. m. The t e s t i n g  d r o r a f t  was P l m  low over water 

Six. trd, rem' run at esch of the' six alrspeede. !Be %astlng 
schedule use EO designed that t h e  mix tests at each of 'the desired air- 
sped8 were equalized Insofar 88 pcsslble r r i th   respect   to  t,he ohanging 
might of the aircraft due t o  gas consumption. 

c. paoauti ong. in preliminary t e a t s  1.t was diecotered that wen 
s l i g h t  turbulenca resul ted in eonalderable var ia t ion  i n  the data. In view 
of this faot ,  all tests mere oonduated i n  very calm air. 

It was bliwed t h a t  ttm -change i n  the rei& of t he  a i r c r a f t  due t o  

factor m a  made, but It raa discovered that the  variations in results o b  
gas oonaumptian -might a l s o  affect the results. A ays'canatic study of t h i s  

tab& y i t h  a near-empty tank and near-full ta& of'gas mere such that 
these vei.iationa might have been explained on t h e  basis of 81dfsrences in 
asspling, rhtber 'than'on the b d i s  of a cuhsistent difference in paformanc.e 

t e s t ing  a c h o U b  888 &ranged 80 as ,bo avoid the poss ib i l i t y  3P having a m  
of the t e s t i n g  droraft d e r  t h e e  two conditions, ' Nevsrthe?.ess, tha 

or more of the a l t i t ude  measwa for bhe'seleoted a h s e e d s  being ndvsrsely 
affbcteid by 4 i tWr  n near-full tank of gas or-a n w - s a n t y  one. . 





a. &&&&&Q& 
aults for oach of the six airspeeds flom i n  t h i s  maneuver is  presented 

Climbing A sumrcary of the t e s t  re- 

in Tabla 22. Tho distence  along  the  flight  pnth m a  caloulated in te% 

aalculated d h c t l y  from the radio altimeter readings and t he  s ine  of 
of calibrated  airsp3ed of one. minute duration. The altitude gained w a a  

the  angle of climb w a n  caloulated by dividing  the  distance on uath by tbe 

of the o w e  of best f i t .  
d t l t u d a  pained. These t e s t s  provided the basic  data fo r  the  aalculation 

T A B U  22 

M U M  ANGLE CF CLIMB DATA -- AVERAGE OF S I X  TRIALS 
STRAIGHT-AHEBD CLIMB . .  

Indicated Calibrated Distanne Altitude , Sine of 
Airspeed Airspeed On Path Gained Angle of Climb 

40 3809 3G3.2 436.0 
45 42.1 3704,8 

a 1274 

50 45.3 511.7 a 1 2 8 4  

483.3 
39864 

.IN5 
55 48.5 4268.0 55107 s l 2 9 3  

60 51.7 4549.6 543.3 ,1195 
. 65 54.9 4831.2 525.0 .IO87 

These data were graphed as s h o m  i n  F igure  3 and it raa judged that 
a second-order  curve would be 8 o w e  of best  f i t .  

' Using t h e  usual wthod of o a l o u l a t h g  curve o f . t h e  asoond order 
and wing  the  aoordinatse  of the f ive  p i n t s  shown on Figure 3 ns basic 
data, the  following  equation  of  the  curve waa obtained: 

Sine&. -.0303 .t ,006795 ( U S )  -.o000n57 (IAS)2. 
This  equation W ~ E  dlffersntiate.d to f ind  i t s  anximum, The obtdnsd  msxi- 
mum Was 17-47 m.p.h., indioated. I n  terms of aalibrated  almpeed  thla w a a  
43.7 n.p.h.l 

gl ide a m  presented i n  terms of indicated airspeed, ra ther  than cal ibrated 
airspeda or in brma of angle-of-attmk. T h i s  proowJuro wan used priBlarily 
h c a u s s   p i l o t s  of l i g h t   a i r o r a f t  w i l l  not o r d i n a r f l y  have cal ihrated airspwd 
values with which t o  work. It rill probably be nmeasary d s o  f o r  euoh 
p i l o t s  t o  uae a s l ight ly   dFfferent  method of ob ta lnhg   t he  sine vdus i n  teat-  

distance  along a pa th '  on the  ground, such as a 5,000 f t .  may, or a 3#000 
i ng   t he i r  o m  airoraft. It wae, af cqurse,   pmeible   to  have flom a known 

f t .  r u n w a y .  Hcvever, h a u s e  of the ava i l ab i l i t y  of the rdFo altlwtmr, 

eanler t o  obtain than a known distance on the surfaoe of the t e s t i n g  area. theae tests were run over r a t e r ,  where the  distanca flom "On Path" wan 

lThe data on determining dm angle  of e l l& end minimum -la of 
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on t h  average aohieved. i ts  angle of olimb at  a cal ibrated ab- 
a w d  of approxlmtely 43.7 m.p.h. This w&a approeately 8.7 m.p.h, 
kr rdoanoe of the stall out of the same msnewer. 

Thew result8 indicate   that ,  under fu l l  porer, the  tes t ing  aircraft 

the l e f t  ollmbLng turn. airspeeds of 45, 50. 55. bo, 65. and 70 m.p.h. mere 
b. Left C l b b b s !  %urn. In t e s t s  of maximum angle of  climb in 

flown. The a h a  of the angle of elimb.at  each-of these indicated'alr- 
apeede ere presented in Table 2jG Using the  same method of oaleulating 
tb equation of the o u r ~ e  of beat  f i t ,  the fo l lo r i ag  equation w a a  ob ta ind r  

Sine & Q -.027523 + .00634?6 (US) + .00006729 ( 

This  equation w a n  d i f f e ren t i a t ed   t o   f i nd  the madmum, and the value obtained 
was 47.U m.p.h., indicated airspeed. This was equivalent. t o  a o a l i b s t s d  
airspeed of 43.LS a.p.h. . 

It will be noted that the ma.%- angle of olimb in the l e f t  climbing 
turn was approximately  the  earn aa that  cbtained in the straight-abed 
climb. 

TABU 23 
. .  

MAXI"  ANGLE OF CLUB DATA -- ~LVERAW OF S I X  TRIALS 
LEFT BBID RIGHT CLIMEIXNC TURNS 

45 
50 
55 

65 
60 

70 

51.7 
54.9 

. .. 

58.1 

c . RI& ciimbpbina T U ~ %  
of determining  the mexlhm angle cf &bb in the   r ight  climbing turn. 
Since  these tes ts  were conduated after the l e f t  olimhing turn tests,  1% 
saa believed unnecessary t o  run tests n t  70 mopoh. Teats were run &.five- 
mile per hour in te rva ls  from 45 to 65 n,p.h., inolusive. Ths obtained 
sines of the angle of climb a t  these i u d h a t e d  airspeeda are presented 
in the r ight  hand column of  Table 23., 

& € m i l a '  teats  were FuI for  tts p p o e e  

From theme dnta the equation of a second-order curve of best; f i t  was 
calculated  with tbe following reoult: 

Sine A. n -.Up5 I .Oi.O&65 :US)..- -(ior?lO1J9 
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Byy dirfererltiat,ing t h i s  equ.>.tion 1 ; ~  d32erc8ine the maximum, the value 1 

of 50.22 m,p.h., ind ica ted  airspee2 W C B  , & x d n a d ,  'LhiS waa equha len t  t o  
a cal ibrated airspeed of 45,15 m.p,h,. 

It may be  noted t h e t  the  calibrated airspeed chnrncterietio of the 
m e x i m u m  angle of climb in  the  right.  climbing  turn was approximately 1.9 
m.p.h. above tha t  i n  the l e f t  climbing  turn, and approximately 2.7 &p.h, 
above the  indicated  airspeed  aharactesietic of Lhe maxim angle o f  olirnb , '  

in  a straight-ahead maneuver. This  var ia t ion   in  maximuu angle of  olimb 
among allmbing,manewere is  of lit'ch practical  significanoe. i n  term of 
number of f e e t  climbed per thousand f e e t  of forwerd advance, Furthermore, 
the  difference may be due to  the  instrumentation of the airplane. A i r -  

l e v e l   f l i g h t ,  
#peed cal ibrat ions were neceaaarily  accomplished only f o r   s t r a i g h t  and 

TABLE 2 

MAXI" ANGLE OF CLJHB -- SUMUARY OF RESULTS 
-i 

Planewer Airspeed 
In& Cal. Sine, Angle 

1, StrBighLAhead - 
Climbing Power 
(Ful l  Throttle) 47>5 L3-7 1310 7'32%. 

4 ,  Left Ciimblng Turn 
(Full Power) U J  L3.5 .I220 7001' 

5 0  Right  Climbin3 Turn 
(Ful l  Power) 50,2 45-G . W 8  7028s 

P --- 
Average 4353 u 0 2  "1276 70201 

. y _  --- 
P -- 

of climb are  summarized i n  Table 2La It will be noted from t h i s   t a b l e  t h a t  
tho  indicated  airspeeds  chardctorfstic  of  the dm angle  of  ollmb in 
the  otraight-ahead  climbing rnaneuvw and i n  tbe l e f t  cllmbing turn were 
approximatdy  the aam. The indicated airspeed for the r i g h t  olimbing tu rn  
w a a  approximately 2.7 t o  1,9 m,p..h. higher. 

do S w n a q .  T h e  r e su i t e  of h s t p  t o  determine the  meximum &le 

possible in  the l r f t  climbing turn PBS '?OOl', while in the atrelghLahead 
manewer it w a a  7032O. For ali p i c t i c a l  purposes the maximum angle of 
climb for saoh of these mtlI1euvers is approxfmately the same. It urn ac- 
chiaved in the  straight-ahead and left  cllmbing turn manewera at a s l igh t ly  
lower airspeed t h a n  i n  the r i g h t  climbing maneuvero 

With respect to the  actuR7, f l i g h t  angle,  the maximum angle of climb 
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Teats 8imI.l.u t o   t hose  involved i n  determining  the maximum angle of 
climb were run for   the  purpose of d e b m i n i n g   t h e  mjnimum angle of  glide. 
T h e  maneuvers were tested:  straight-ahead  glide, and the  left and 
r igh t   g l id ing  turns. 

1. Procedure@. 

AS i n  t h e   t e s t s  of m a x i m u m  angle of climb,  seleated  airepeeds were 
chosen for   tes t ing  purposes .  S i x  trials were run a t  each  airspeed, and 
the  average values of these s i x  trials were used in determining the  00- 
ordinates of the  points  used i n  calculating  the  equation of the sine of 
the minimum angle of glide. 

In the   t ea t ing  process, the  aircraft was climbed t o  an a l t i t u d e  of 
approximately 900 feet  over the water. A gl ide  was s e t  up a t  one of the 

' d i t i o n  at that airspeed, t he  obaerver s t a r t ed  h i g  stop watch, read t h e  
selected airspeeds, and as soon aa the  airplane nas  gliding in atable  con- 

radio altimeter, and the  angle-of-attack  indicator  aimultaneously. A t  
the end of 60 seconds, the  observer  called "Now," and again read,  the 
radio  a l t imeter  acd angle-of-attack  indicator, These data  were then re- 
corded and the trial repeated.  Slme the range of the   radio  a l t imeter  
was from 0 t o  800 f e e t  it nas  necessary  to  climb back t o  about 900 f e e t  
before  the next trial could  be run, For this  reason,  the trials were dis- 
t r ibu ted  over a range of  airepeeds so that no one airspeed would be tes ted 
w i t h  a near-full tank of gas and another  airspeed w i t h  a near-empty tank 
'of gas. While the change of weight i n  an hour 's   testing was not more 
than 50 or 60 pounds, it, was, n~ver the less ,   be l ieved   des i rab le   to  equalize 

various  airspeeds, 
insofar aa possible   the  effect  of l a s s  of m i g h t  i n  gasoline among the 

2. hesulta. 

a r  &ai&t-AI-,ead Clid3.  Tests t o  determine  the m i n i m u m  
angle of gl ide  in   s t ra ight-ahead  f l ight  were made at five  airspeeds,  rang- 
ing from 45 t o  65 m.p.h,, at 5 E.p.h. intervale .  The values of the  eine 

25* From these values the  following equation of a cum0 of bes t  f i t  was 
obtained: 

. of the -le of gl ide a3 obtained in thes6 tests are  presented i n  Table 

56.84 was obtained. Thus, t he  s i n i m u m  anglc of gl ide  vas achieved at  an 
indicated  airspeed of approximatsly 56.8 m.p.h. o r  a calibrated  airspeed 
of approximately 49.7 m.p.h, 

Different ia t ing  thie   quest ion  to   determine  i ta  m i n i m u m ,  the  value of 

b. LeftGJidinn '&p. The results OP similar t e s t s  of the minimum 
angle of glide i n  the lef t  gl iding turn are summarized in the  middle colum~ 



MfN11yIUM ANGLE QF GLIDE DATA -- STFUIGHT-AM, 
J W l '  TURN KND BIGHT T W I  

45 
50 

60 
55 

65 
70 

Q.1 

48.5 
45.3 

51.7 
54.9 
58.1 

,1301 
-1129 .12& .x263 
.lo99 .1266 .U95 
.lo92 .1273 .il% 
-1163 .13U .I236 

.1379  ,1345 
: 5 J  - . , .~ 

, : . 1  

c. a1-g 
,~. 

TWQ. As shown in Table 25, the  five airspeeds , $  
chosen f m  tos t ing   t he   l e f t  and r igh t  eliding t u r n  involved airspeeds i 

sines of angle of climb  characterist ic of each of the39 f ive  airapeeds as 
ranged by 5 m.p.h. ie torvqls  .from 50 t o  70 m.p.h., inoluaive. The obtained ~~ 

j;, 

obtained  for  the  right  gliding t l r n  are  presented i n  the extreme r i g h t  hand .a 
column of Table 25, 8- 

From these data, the  equation of the o w e  of best  f i t  nas found t o  . ,., 

~.,: 

~. 

I -  

,. 

.Z'? 
_. 

be 88 follows: , ,.br 

' .  ~ , %  

1% 
. .  

Sine& = .51691 - ,0136879 (US) + .0001175 (US) 
, ,  

.., 

The minimum aa  determined by different ia t ing this equation w a s  55.25 i- 
a.p.h., indicated airspeed, or 50.5 m.p.h., cal ibrated airspeed. -. , , .i / .  

i :  ..;, 
d,  Sutemarg. Tflble 26, fdloning,   present8 a mmmry of the  re- 

sults of t e s t -   t he   a i r c ra f t   t o  dotermine the minirim angle of g l ide  in  I *< 
.< :.r 

, %  
each of three  gliding maneuvers. It will be seen from t h i o  t ab le  that . p  
minimum angle of glide wai aohfevod at  calibrated  airspeeds  ranging from . , 
approximately 49.5.m.p.h. t o  50.5 m.p.h, These reeulta  indicate that t he  -- 

I. :, - 
. , _  

?, 
i,, y., 
2,- 
' !~ 
I4 

<T> 
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? 



I -%" 

Maneuver Qlreaeed Minimum 
Ind. Cal. Sine Angle 

3. StralghGAhead 
Glide (1,ooO r.p.m.1 , 56.6 49.7 .la& 60071 

6. Left  Gliding  Turn 
(lao00 '.p.m., 1 5 O  bank) 56.4 49.4 e1245 7'16' 

7. Right  Gliding Turn 
' (1,OOO r.p.m., 15' bank) ~58'2 50,5 .1182 6 O 1 7 8  

Average 

tes t ing  a i rcraf t   d id   not   vary w i t h  r e s p e c t   t o  m i n i m u m  angle of glide  with 
individual maneuvers t o  qu i t e  the same extent -as in t h e  case of the naxi- 

the 2lfference i n  a i rspeed  a t  which the m a x i m u m  angle of climb was ao- 
mum angle of climb. It will be remembered from a preceding  section that 

chleved i n   t h e  lef t  climbing turn was approldarately 2 m.p.h. l e s s  than 
in the  case of the  right  climbing  turn.  In the 0898 of th3 ,gl iding 
maneuvers this difference was only  approximately 1 m,p.h. 

The f a c t   t h a t  the airspeed  character is t io  of the minimum angle of 
gl ide   d id   no t   d i f fe r   to  any appreciable  extent by maneuver suggests the 
poss ib i l i t y  of a single a t d l  warning uni t  which may be set to corn on 

eerve equally well in other  gliding maneuvers. Had a wide range of air- 
at minislum angle of gl ide i n  one gliding maneuverp and a t   t h e  same time 

speeds  been found within  ths  glidlng maneuvers, then  the  exact  location 

the maneuver In which t h e   s t a l l  was of mB:. i n t e re s t  or importanoe. 
of a stall naming  apparatus would have t o  be determined i n   r e l a t i o n  t o  

D. 1 C S e 

Once the optimum airspeeds of f l i g W  in climbing and gliding maneuvers 

locate  a stall  Warner t o  s ignal  at  a f l i g h t  a t t i t ude  on or very near the 
(with a par t icu lar  porcer se t t ing)  had been obtained, t he  next  step w a s  t o  

optimum a t t i tude .  I n  t h i s   s tudy  the s t a l l  wmer w w  located a t  an opt- 
point  determined bjr the  climbing maneuvers, ' Teste were run OE both cLimb- 
ing Weuvera an3 g l i d h g  mneuvera with the stall wmner located in t h i s  
pasit ion,  



Warner in the Numhr 3 posit ion l l gn i sd  t h e  signal a t  an average of 
A refrmpac.civn of Table 19 ail1 indicate that the  or iginal  s t a  

40-1 t o  16.3 m,p,h., depending up02 the maneuver involved  (and exlud- 

speed as tha t   chwac ta r i s t i c  of the d m w n  angle of cllpb.2 It vas3 
ing shep t u r n s ) .  This  range was ap?roldmately  the same oal lbrated air-' 

Number 3 pos i t ion   to   ascor ta in  whether t h i s  might be wad i n  i t s  or ig ina l  
therefore,  decided  to  run  preliminary tests of the stall  w m e r  In   the^ 

location f o r  tests of f l i g h t  along the   P l igh t   pa th   deecr ibd  by t h e  maxi- 
mum angle of climb and the minimum angle of glide. 

Before them t e s t s  were run, an improved stall  warning vaue was in- 
s t a l l ed  i n  the  Number 3 position. Thla  new-type warner w a a  of the saup 
mmral d e s i m  aa the  oriainal. but t he  vane i t s e l f  w a n  shorter  and more - 
sturdy.  All-tasting was ;one. k i t h  this improved vane-~rather  than tb 
original Number 3 vane. The charac te r i s t ics  of the,ner-type vane appeared 
t o  differ sowwhat from those of the   or iginal 'vane.  This, however, in no 
way a f f e c t s  the results  obtained in determining the ma*imua angle of climb 
or t he  minimum angle of g l ide .  T h e  only difference pertained t o  the  non- 

the   t es t ing  aircraft than t h e  or lginal   type vane, having a shorter intsrval.4 
off"  interval3 and in t h i s  respect  the new-type vane was tetter su i t ed   t o  ,:i ,'. 

;Jr 
- >  
t ,  

1. T e s t h e  hoc-. 
. _; 

,- 3 

t e rva l  over whioh the stall Warner operated. It w a s  known that t h e  Warner ,- 

came on a t  a f a l r l y  consistent  airspeed,  but that it waa not t u r n e d  off 

it was necessary t o  i n i t i a t e  recovury t o   l e v e l   f l i g h t .  

The purpose of t h i s  aeries of tests was t o  determine the airspeed In- , ,  

until after a higher  airspeed was achier&. Before the  lamp iould go off ,  2 

;&. 
, I i,. 

D 

* ._1 ~+, 
_ , i  

- , I  

:, 2.. 

. 2The average aal ibrated airspeed a t  which the Warner in the Number 3 
z 

d m u m  angle of climb in the  straight-ahead  cllmblng maneuver, and an 
posit ion cam cn w a s  41,2, as compared with an alrspead of 13.7 for the 

average of U . 2  m.p.h. for all climbing manewers. 

3As noted follrming, when the ,stall was approached from normal f l i g h t  
\ the stall uarner name on a t  a re lat ively  consis tent  airapeed. However, 

when recwery  was ins t i tu ted ,  the stall w a r n e r  did  not off u n t i l  a 
coneiderably -r airspeed (ad lower angle-of-attack)  achieved tlmn 

.approaohed. The "on-off interval," then, is the differ w e  ( i n  airspeed 
that  rhioh  represented the original onset of the warn M ths stall WFLB 

or angle-of-attack) between (1) the  value at whioh the warn first coma 
when the stall is being  approached from normal f l i g h t ,  and 7 ( 2  the value 
during  recovery  to n o m 1  f l i g h t  at whioh the signal ceanea. In terma of 
a i rspeed ,   the   l a t te r  value l a  greater then the former. In terms of angle- 
of-attack  the latter value i e  - than  the former. 

t i v e  t o  "tnacketlng"  the stsll warner s l m a l .  would have been obtained had 

2 

1It will be noted, however, that approximately  the anme resul ta ,  rela- 

rfll indicate  that bracketing a 
the regdm varm been employed. 

v a l  would a t i l l  keep  the  f l ight  

r_ .; 
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removed from the apparatus so that only lamp Number 3 would l i g h t  i n  a 
stall appmaoh, In t h e   f l i g h t  teats, the   p i lo t   cont inwd  to  read the  

the angle-of-attack  at which t h e  lamp came on. By putting  the clipboard 
airspeed, M in previous tests, and the  observer  read  the  abspeed and 

containing the lamp tetveen  the  angle-of-attack  indicator and the air- 
speed indicator,  the  observer  was also a b l e   t o  check the  readings provided 

A t p t d  of   t en  test trials were run. signal upe I, 2, L and 5 mere 

by t h e   p u o t .  

ahead gl iding IpBnBuvsrs. 
Testa were run for   bo th  full p o w e r ,  straigheahead  climbs  aud.straight 

2. pe8llltp. 

a. -Ahead Climb . Table 27 presents  the  results  obtained 
i n  these tests. Both indicated and cal ibrated airspeeds and angle-&et- 
tack  values are given f o r   t h e  *onn and "offn  character ls t ios  of the new- 

average  indicated  airspeed of 46.6 m.p.h., and an Indicated  angle-of- 
type stall  Warner i n  t h e  Number 3 position. This Warner oBme on at an 

at tack of approxinately 21.0'. In terms of cal lbrated valuee, these sere 
43.2 m.p.h. and 13.2°, respectively,  The  warn- laup was turned  off at 

and an average indicated  angle-of-attack of 19.60 (12.1O cal ibrated) .  
an average  Indicated airspeed sf 49.1 m.p.h. (44.8 m,p.h., calibrated) 

TABLE 27 

RESULTS OF TESTS OF WARIER IN #3 POSITION 
STRAICHT-AHEAD, F U U  POWER C L M B  

Data 
A 6  
A 
ON , m  

' Indicated 46.6 .49*1 21,o 19.6 

Calibrated 43.2 4L.8 1302 12.1 

*Of t en  trials 

hieved w i t h  an indicated alrtipeed of A7*5 m.p,h. (13.7 m.p.h., calibrated) 
As s h m  previously in Table the d n u m  ingle  of climb was ac- 

i n  the f u l l  pcwor, atraigtt-ahead  cllmbing manewer. Thie airspeed lies 
almost  exactly In the middle of the  "on-cffn interval  (indicated  airspeed 
values). The average  indicated  airspeed for all climbing maneuvers, 88 
shown i n  Table 24, Rae 48,3 m,p,h. This  average  airepeed  characteristic 
of the &mum angle of olimb in the three  prinoipal  climbing manewers 

stall Warner i n  the Number 3 position. 
a lso  was well within the 49.1 - 46.6 m,p.h. Interval  "bracketed" by 'the 
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In othsr  vuydsa w h n  t h s  iin'rrvad vane was inscalled in the   th i rd  
vane posit ion i-5 came on and went o f f  over ail e.irspeed range whiah W a s  
almost  equally  distributed on e i ther  side of the optimum airspeed for 
obtaining r n a x i m n  angle of climb at f u l l  p m e r ,  Had the Number 3 vane 
been s e t  t o  ccme  on at 8 lower &sped or a higher  airspeed, it would 
have teen  necessary  to h a w  adjusted i ts  posit ion on the wing, 80 t h a t  
the "onn and "o f f "   a i r speds  %racketed" the optimum airspeed. 

angle-of-attack  characterizing  this  "on-off" interval ranged from aP- 
It  m a y  be of some interest   to  note  from.Table 27 that the  average 

WBS approximately 12.6 and t h i s  l i es  almost, exactly i n  the  middle of 
proximately 1 2 . 1 O  t o  a proqimately 13.2O. The o p t i m  angle-of-attack 

the  "on-off"  interval, The t e s t i n g   a i r c r a f t  a t f i l led f a i r l y  unVormly a t  
a c a l i b r a t e d   q l e - o f - a t t a c k  of a p p r o r h t e l y  19,OO.  The optimum angle- 

the stalling angle-of-attmk, 
of-attack under full power was, therefore,  approximately 6.4' less than 

g 

T h i s  last f a c t  was of  considerable  importance. As discussed earlier, 
had the m a x i m u m  angle of climb  represented an angle-of-attaak'very  close 
t o   t h e  stall,  tha procedure  of  "bracketing" the  w a r n i n g  signal would be 
dangerous. By attempting t o  achieve umximum performanoe t h e   p i l o t  would 
be constantly on the verge  of the stall. I n  this aircraft, however, maxi. 
m u m  angle of climb was achieved a t  an angle-of-attack fa r  s h o r t  of the 

climb  warning was perfect ly  "safe." 
s t a l l ,  and therefore  the  procedure  of  "bracketing"  the maximum angle of 

b. w h t - A h e a d  Glidq . The results of similar tests for the 
straight-ahead,  gliding manewer are preaented in Table 28. I n  the  
s t rdght-ahead  gl ide  the vane i n  the Number 3 posit ion came on a t  an aver- 
age of 52.6  m.p.h,, indicated  airspeed, and was turned  off a t  an average 

range was from 47.0 t o  L7.3 m.p.h. In tarma of angle-of-attack, the N m  
indicated a i r s p d  of 53.1 m.p.h. I n  terms of '   calibrated airspeeds, this 

ber 3 vane came on at 19.9° indicated, 12.4' calibrated,  and was turned 
off a t  an angle-of-attack  of 20.13~ indicated,' 12.5' ~oalibrated. 

I TABU 28 

RESULTS C@ TESTS OF WARNEIL IN 813 POSITION 
STRAIGHT-AHEAD OLIDE (1,ooO  r.p.m.) 

Data A i r S D e e d  
AS ' OB OFF 

Indicated ' 52.6 53*1 19.9 20.0 

Calibrated . 47,O 47,3 ' 12.1, 12.5 

*Of ten trials 



.. 
, , ,  

i 

~. . 

-. \ 

-100 - 

however, -did not "bracketw  the  optbum  gliding  airspeed of any of the  glid- 
lug mmeuvero. As sham in Table 26, ths aiaimum angle of glide ras ac- 
hieved a t  an indicated airspeed , o f  56.8 m,p.h. T h i s  d u e  l i e s   e t s i d e   t h e  
non-offn i n t e m a l  by approximately I m.p.h. indicated and approximably 2.5 
m.p.h., cal ibrated.  In other words, the  s ta l l  warner which w a 6  set dlmost 
exact ly  i n  the middle of t he  "on-off" intervd pertaining  to  the  climbing 
maneuvers-, was s e t  at too   l o r  en d r a p e d  f o r  equally effective  applica- 
t i o n  in "bracketing" the minlmm angle of gl ide ,  

The non-ofF airspeed  of  the Number 3 vane in the  straight-ahead  glide, 

Two other findings are worthy of note. Bs m a y '  bs determined from 

was 1.4 m.p.b. for the  etraight-ahsad  climb, whereas in the straight--ahead 
Tables 27 and 28, the non-ofF interval in terma of cal ibrated airspeed 

glide, tha non-offn interval w a s  only 0.3 m.p.h. A slmllar r e s u l t  w a s  ob- 
tained.with  reawct  to  angle-of-attaok. In the  full porer olimb, the 
"on-df"  inb-al  in t e r n s  of calibrated  angle-of-attack UBB 1.10, a& & 
the c u e  of the   gl idiag maneuver only  0.lo. These resu l t s   ind ica te  that 
the "on-off"  position fo r   t he  stall Warner in the  glide must be s e t  w i t h i n  
a very   res t r ic ted   in te rva l  if t h s ' m h n i r a u s l  angle of. gl ide is t o  be achiwed. 

w h a t  less precise in the   exact  position of the warner, 
On the  other  hand, the 'on-off" interval for olimblng power map be som- 

E. &&@JJoen Orstienun Fl i eb t  Patb 

The f i n a l  s t ep  in t h i s  part of the  investigation was to t e s t   o u t  in 
actual  f l ight  the  general   hypotheses  concerning  f l ight  along an optimum 
Pl ight  path as defined i n  terms of m a x i m u m  angle of climb. F l igh t  b a t s  
were run w i t h  various msthoda of wrecovery  w e d  In eaoh of seven man- 
ewerso I n  these  teats,   the  pilot   recovered from the stall warning signai  

hardly be deacribed as tests of recovery. Yet, in a very real sense, they 
i n  the maneuver in question i n t o  a straight-ahsad climb. These teeta may 

are. A p i l o t  who is advadoing toward :he s t a l l   g e n e r a l l y  does 80 fa5zl.y 
gradually. He pu l l s   t he   s t i ck  back and the &raft gradually asmmes an 
exaggerated  angle-of-attack as airspeed decreases. When the stall w a r n -  

re turns  toward normel f l i g h t .  His behavior is, in another aense,  not re- 
ing comes on, the   p i lo t ,  in one sense, begiqs a recovery, 'That is ,  he 

covery,  ainoe he fLaa not entered into tha fu l l  s t a l l .  However, f o r  pur- 
poses of descr ipt ion,   in  t h i s  section of ttm report   the  term "recovery 
from a stall w a r n i n g "  and " w e  of the stall w ner i n  achleving an optimum 
f l i g h t  path" are in general used epoaymously, 9 

5As noted in the introduotion t o  P a r t  IV of %hie repor t  (See ppge 7 8 )  
the "recovery" frm the stall wmler t o  rn optimum f l i g n t   p a t h  is given 
primary  emphasis  became of the ralat ively greater  practical   implications 
yielded by such data, as comparad w i t h  data  an recovery from the stalp 
Warner t o   s t r a i g h t  culd l e v e l  f l i ght ,  o r  t o  a normal glide. 

... 



were selected or .the basis  of resul.ta  obtaimd  In  tc?sting rfmoveries from 
the full  stall. The particular  recovery  aothods used i n  t h i s  phase of the 
testing are l i s t e d  i n  the tables which present  the results for each maneuver. 

Nithin  emh cf the seven mnouwi-s t i s  methczs of recovery  to be tes ted 

1, &&&gJProcedurag 

In f ly ing  t h e  tests f o r  "recavery" f r o m  a stall w a r n e r ,  ce r t a in  de- 
partures from  previous methods of t e s t ing  were employed. In   the first 
plaue, t h e  p i l o t  was not required to   recognize and recover from,tha full  
stall. He began his "recovery" aa awn as possible after the a t a l l  Warner 
came on. Hie procedure w a g  t o  turn off the stall '1-r, and then urn it 
on again,  turn it off, and t h u s  "braoket"  the stall w a r n i n g  signal.' It 
w s  assumed that by "bracketing"  thie  signal (or by "bracketing"  the "on-= 
off  interval") he w o u l d  advance along t h e  optimum flight  path as far as 
climbs were concerned. 

In these  tes ta   the p i l o t  began R atall approach ind then watcbed the 
stall warning  indicator. When it came on, he signaled by cal l ing  out    NO^.^ 
The observer read three values -- indicated  airspeed,  indicated  angle-of-" 
attack, and a l t i t ude   i n   f ee t  -- and  he also  a tar ted a stop watch a t  t h i s  
signal. A t  tho end of a spacifie?l time  interval,  depending upon the 
maneuver, t h e  observer  called  out *'Nowl" nnd read tbe angle-of-attack in- 
dicator  and the altimeter: At t h i s  point,  the pllot   read tb  airspeed. 
These data were then  recorded by the  observer and, when there raa any doubt 
of t h e  accuracy of t h e  readinga, 'the t e s t  trial wae rem. 

determined  generally by t he  tima bterval   necessaly to e f f e c t  reoovery by 
tha most e f fec t ive  method t o   a t r a i g h t  and lave1 f l i g h t  from a full stall. 
For example, in t h e   t e s t s  of recovary from the stall ,out of the s t r a l g b  
b a d ,  climbing per maneuver the optimum method effeoted moovery in an 
average in te rva l  of 10.54 seconds (ahown in Table 3) .  A flight in te rva l  
of ll seconds w a a  se lec ted   for   t as t ing  t h i s  maneuver in  recovery from a 

of time  taken  for reaovery from a f u l l  a t a l l  a clearer picture of tbe  ef- 
a t a l l  warning. Through select ing th6 time  interne1 in term of the amunt 

fectiveness of this use of t h e   a t a l l  aarner could be obtained. 

III them- tests, the   t ine   in te rva l  flm along  the Optd path was 

2. &&&& 

as strairrht-Ahead Climb. FDUT methods of control l ing the air- 
c r a f t   i n   f l i g h t   a l o n g ' t h s  optimum angle of climb were teated, Them are - 
%he pilot   brackets  the st811 warning signal in t h e  =me sense  that  a 

p l l o t  tlbrp&ets the  A signal" i n  .an approaah to a low frequenay range s t r  

of it," since once tha stal l  Warner i a  activated it remains "on" during 
tion. He doas not,, of coursa,  bracket  the  signal by f ly ing  "on both side8 

any further increase i n  angle-of-a'ctaek un t i l   t he  p k e  stalls and well 
into the recovery, In t h i s  sense hr, brackets the "on-off interval",  88 
dofined on p ~ g e  97 of t h i s  report ,   footnote 3 3  

.I ~ ' 
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listed fn Table 29: ~n evaluating  moovery from a s t a u  warning the 
a l t i t ude  gain& is the   c r i te r ion   ra ther   than  t b  a l t i t u d e   l o s t .  Again, 
however, it is des i rab le   to   cone ider   tbe   var iab i l i ty  or consistsncly of 
each methcd a shorn by the s t d a r d  deviation Of the individual  me-- 
urea. 

warning repdted in the most coneistaut performance. However, two o t b r  
procedures ai lerons and elevatora and rudder, ai lerons and alemators 
gained more, a l t i t d e  but did  not do so -8s conslatently aa the w e  of 
elevators  only, 

Am shown in Table 29, the 'use of elevator0 in "bracketing" the B t a  

It w i l l  be noted i n  Table 29 in the  column listing the   ca l ibrs ted  . 
airspeeds a t  signal and racovery,  that  the airspeed a t  recovery waa cdll- 
eietmntly  higher  than  that at the time of signal. This i s  t o  be expected. 

speed was gradually  decreaping, Under full power conditions  with the at iok 
In  approachlag the s t a l l ,   t h e   t e s t   p i l o t  was us ing   fu l l  power and h i s  air- 

. he ld  a l l  t he  way back, the a i r c r a f t  progresses from a normal angle of climb 
t o  an exaggerated f l igh t   a t t i t ado ,   In   th ie   p rogress ion ,  airepeed is  l o s t  

f r ac t ion  of a ,second  af ter  the signal comes on. For t h i s  reason, th 
and, consequently,  the airspeed at the  tim reaovery began w i l l  be read a 

airspeed a t  signal was generally a l i t t l e  lower than  ,the  ab'apeed at the 
time the warner Came on. On the  other hand, when recovery is e ta r t ed  a d  
the stall warner i s  "bracketed" the airspeed increases, and at the  time 

Had the signel been  "bracketed" for a minute or so, the average airspeed 
of recovery,  then, was conslatently  higher then that at  the time of signal. 

t t e  n lar laum angle of climb, The measures o f '  airspeed over t he  11-second 
over  the course would haye se t t led   dom to approximately  the  airsped of 

in te rva l ,  hom+er, reveal variation8 t h a t  occur in t h a t  time Interval. 

As shown i n  ths colunn n t  t i  extreme r i g h t  of Table 29, the  observer 
was not always  able to   s top   the   a top  watch at  t h e  end of exact ly  11 seconds. 
This var ia t icn  in amount of time, however, was re l a t ive iy  small and may f o r  
all practioal  purpoaes be ignored in comparing the gain in a l t i t u d e  over 
the time In te rva l ,  

bo &&zhtrAhead. Crulebz I'm% 
from a a t d l  warning were teated in comection with the straigh-t-ahsad, 

P, Eight methcds of recovery 

c ru i s ing  power manewer. These are l is ' ted and the  data repoxt.si i n  Table - - 
7The dea lgu t ion  "SW'! refers 'GO resovery mothod from t. a t a l l  w a r n i n g  

signal, E-SW indicnt0s t ha t  I n  straight and level f l i gh t ,  the p i l o t  used 

r en t  off, and t o  r d a e   t h e  n o w  again 80 that the s t d l  warnor :vould u o m  
on ly  elevators  t o  lower the a088 hlow the point w b r e  the  stall w a m e r  

on. T h i s  "bracketing"  procedure  permitbd  the  pilot  t o  app;.o;ximate the 
Optimum climbing ;Istho. 
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TIIE E F R E C T ~ ~ ~ ~  OF EIQHP ~ B D U S  m RFC~PERP AT STALL u m m  SIOHBL 
FRM A STRAIQHI' AHEAD MAHEWER mH CRmSIN[I m b  (2100 m) x 

Calibrated Calibrated Change or Time to 
Airepeed a t  ~ngb of Attack Altitude Reoove~ 

Recovery bthd SiUMl R e C O m r p  at  Siuna$ in Feet 

1. E - 91 , a 9 W.72 45037 13.21 +240 00 11 .oo 
U = 0.95 1.96 I .01 18 A0 0 .oo 
am = 0 2 2  0.65 0 u 3 L  6.00 0 .oo 

2 ,  PE - SH m = 43.15 U e 2 3  12.98 +64.00 u.00 
u = 1,39 1.29 0.75 u . 9 7  0.00 

dm 6 0.46 0.43 0,25 LOW 0.09 

3 <  l& - sll m = 42,69 ,&,bo 12.38 +20,00 u.01 
a = 1.48 1*24 0 "92 19 Q49 0 .IO 
am = 2-49 0.u 0 2 1  6068 0.03 

4 .  BE - SA m = 42.83 Llhl 12 J 8  +45<42 11.08 
a = 2-82 1,.56 1.08 23 ,.29 0.28 

urn * 3.91 0.52 0.36 7.76 0 -09 

5 .  PRE - ~ S S  IB = W.51 45.05 12. .&6 +74,00 11,04,  
a = 1 , 5 ?  1.57 0 .h7 8 1 4 0  0.10 

urn = 0.52 0.52 0.22 27.13 0 "03 

6 ,  PAE - SH m = U S 9 8  45G38 12 .OP +64.00 11 .oo 
a = 1.41 1.30 0.90 26.91 0 .m 

dm = 047 C.43 0 .30  8.97 0 .cKl 
7, RAE - sw m J ~n.9 4.10 12 .'OB t26.00 11.07 

0 = 2.41 1.94 0.84 24.16 0.17 
am = 0.47 . 0.65 0.28 8.05 0.06 

8 .  PFUE - SW m = 4 2 4  A5.06 12-01 +62.00 11 .oa 
u = 1.83 1.62 0.69 29.93 0.00 

urn = 0.61 0.54 0.23 9.98 0 .oo 

AUl'Ez Recovery made by bracketing th s t q U  warning 8lgne.l for 11 seconds. 



3 1 3 , ~  1% will. be noted from'this t sb le   tha t   the  methods of rebmr?r which 
involved the addition of power generally  resulted  in the l'argest altitude 
gains. O f  these, method PRE gained an average of 74 f e e t  in approximately 
11 seconds. The m c a t  consis tent  method of f ly ing  d o n g  t he  Optilmrra fugm 
path again the method using  elevators only (€'E) t o  "braoket" %hO Std .1  
warnor. 

Some of the t e s t a  reported In  Table 30 are apparently -re aFadedo 

p i lo t  am f l y  along  the optimum f l igh t   pa th  w i t h  the UBB of rmly ehva to ra  
iwes t iga t ions .  These results indicate  very  definitely that whab the  

most a l t i tude ,  However, it is so&tirnes neoessary tb apply rudder or 
and a dnlmum of rudder and aileron controls,  he ril l  conaiateptly gain t h e  

aileron in order t o  keep the   a i r c ra f t  from skidding or turning. A ekid 
or a turn  will, of course, impair the recovery and will result in l e sa  
gain in a l t i t ude  In a given time interval, From a praot ioal  poht of 
view, recovery PRAE, with an average gain of a l t i t u d e  of 62 feet rind a 
atandard  deviation of approximately 30 feet,  is probably the beet method 
of "bracketing" the stall waraer', Thle mema mrely that when t he  stall 

f w g  d o n g  the optimum path of climb, If momentarg turbulence h i t o  him, 
Warner comes on tb p i l o t  adds u o m r  and ooordluabs the aontrols  in 

he may f ind  it impossible t o   e f f e c t  B PE reccvery (add M e r  and me elevators 
only) a 9 

C ,  -% The sir reaovary methods tes ted In 
connection  with B stall warning cut of a s t r a igh tahead   g l ide  are llated ' 

in Table 31, nhioh  pre'sents the results for eaah of these methods of fly- 
ing the optimum cllmblng  path. A time in te rva l  of 13 seaondo was. used in 
these teeta .  

In  rwovering from a' stall warning i n  t he  gllde,,the p i l o t  has two 
choloes. He can r e o m e r   t o  an optimum glide  path, or be aan p u l l  up and go 
around again. If he continues his glide  Into  the  f ie ld ,  method m, that 
is, coosdinatad use of rudder, ailerons, and elevakrs aqd f l m . d o n g  t h e '  . 

%he u t i l i t y  of r e c v e r i n g  frm a stal l  warning in s t r a igh t  ond l e v e l  . 

f l i g h t '   i n t o  a' maxlmnm climb  might, a t  first thought, be queetianed. How- 
mer, discussion w i t h  experienced  pi~lots  indioated that If the a t g f l u a r u e r  
sounded during s t r a igh t  and l eve l  flight tha   p i lo t  might well be ,in a tough 
spot,  such ae in t r a f f i c  during an approach, where the  most In t e l l i gen t '  
thing t o  do  would be t o  get  up and  away aa sooc and &B Fapldly~ posoible. 

9The shvators o n u  and pmer methods of flylng 
dong t he  optimum alimbiag path were in general nm M vsry oalm dags. 
When there  was even d e r a t e  turbulence, the me of elevators only in 
f l y i n g   d o n g  any f l i g h t  p a t h  would be nu w i s e   p a c t i c e ,  The pl lo t , tmg 
full w e  of a l l  of h i s  controls  in the optimum cllmb and it is scneible 
t o  use them. 

... 
r 

.I 



31 

THE  EFFECTIVENESS OF SIX bER10DS OF RECOVKRY AT STALL YikRNINC SIGNAL 
FHOY k STRAIGHT AHLAD GLIDE (1,000 RPM) 

.. - Calibrated  Calibrated Change of Time t o  

L= Redwerv Metha a t  S i g n a  in Feet in Sac. 
Airspeed at A w l e  of Attach Altitude Recover 

\ ,  

3 

1. RE - 3 m = 46.73  46.66  12.64 -134.00 13.00 
0.69 37-20 0.00 

urn = 0.39  0.59  0.23 12 .LO 0.00 
u = 1.17 1.78 

. 1  

43.38 
0.99 
0.33 

44.10 

0.55 
1.64 

1,5.83 

0.27 
0.81 

46.28 
1.06 
0.36 

43.27 
2.55 
0.35 

b4.W 

0.54 
1.62 

A6.35 
1.24 
0.41 

12.61 
0.45 
0.15 

12.54 
0.7l 
0.24 

12.21 
0 .A7 
0.22 

12.84 
0.60 
0.20 

-121.00 
37.80 
12.6.0 

+ 81.00 
17 .oo 

5.67 

+ 70.00 
34 0 93 
51 .64 

-118.60 
34087 
11.02 

13.00 
0.00 
0.00 

13.00 
0.00 
0.00 

13.03 
0.14 
0.04 

13.05 
0.10 
0.03 

~~ 

6 ,  PI& - s1R rn = 45.12 L53Et2 12.01 + 84.00 13.02 
a = 1.91 1.73 0.50 16.85 ,c .06 

7 0.64 0.58 0.17 5.61 0.02 

N O T E :  Recovery made by bracketing the stall warning signal f o r  13 seconda. 



i n  magnitude or in  order,  with  thoue  obtained for t b  lef t  ollmblng turn. 
The t a e t   r e a i t a  for ths righ: c1imbiD.g tu rn  do not agree, either 

with a minirnum.aP rudder control,  resulted in an average inmeaue i n  13- 
It rill be noted in  Table 33 that   mordinated use of ailerode md devatcon, 

t i t ude  of 102 f e e t ,  as opposed t o  85 feet when o p t h  rudder rae d, 
and contrasted w i t h  an werage gain of 69 f e e t  when optimum aileron TM 
not  wed. W h e n  the p i l o t  is attempting t o  "hraQketn the Otan W a r n e r  ih 
a right climbing  turn, hie climb m y  bo more affeative"lf ruddar i n  held 
fa i r ly  constant and the   turn is regdated by t he  we of 'Pilerons end 
elerratore. This does  not mean that the oontrolm are actual ly  o r o a o d ;  
they are coordinated,  but the coordination is effectd prixarlly r i t h  tbe 
uee of ailerons rather than with  the movement of rudder, -This be 

from t h e  full paer Betting typiaal of 'the turn. 
poeeible only  i n  the right tu rn  becauae of tim effeot  of torque  resulting 

l?I'his may mean that the  motion of t he  plane r l m d  d m  ths uw 
of allerona, and that   while the - general olimbing path WM followed, 
the ai roraf t   d id   no t  prcgrese aa far Ln fourteen wcmdr a# it d i d  when . 
t he  UBB of a i l b r o n s  w a s  not neoassery. 



ThBLE 32 

THE EFFECTIYEWESS.OF THUE EEMODS OF F W O V E R Y  AT STAU KAANINC SIGNAL 
FROM A UFT C L W I H C  TURN (FULL THROTTLE) 

Calibrated Change of Time  t o  

3. RAE - sw m = 43.97 LA.% 
a = 0.93 1.35 

om = 0.31 0;45 

NOTE: Recovery made by bracketing 

11.34 t81.00 
1.02 

L O O  
35.90 0.00 

0 -34 11.97 0.00 

1.2.09 +78.00 14.00 
0 . q  33.99 
0.20 11.33 

0.00 
0.00 

11.64 
0.53 

+61.00 ' 16.00 

0.18 
21.19 0.00 
7.06 0.00 

the   s ta l l  warning eignal fo r  14 oeconds. 

TABU 33 

THE WPECTIWNESS OF THFWi WTXODS OF RECOVERY +T S T h  WAKWINC SIGNAL 
FHOY A hIGHT CI.IMB'ING TURN '(FULL T h F O l T E )  

Calibrated  Calibrakd Change of Tim. t o  
Airepeeds Ar.ule of ACtack Altitudg Recover 

Recoveiy at S t n Q  Jn Feet, &I Sec. Recoven 

1. riE - SW m = 4L.10 46.65  12.39  +69. Dc 12.00 
~' u = 1.93  3.33 0.40 . 47.32 
um = 0.64 1.11 0.1.3 15.77 0.00 

0.00 

2. AE - SN m = 15.51 Ab.34 12.01 +102.00 12.00 
u = 1.62 1.14 0.a 30.92 0.04 
om = 0.54 0.38 0.28 10.31  0.01 

3.  RAF. - SW m = 44.61 L5.70 1s .2A +85.00 12 .oo 
u = 1.66 0.95 0.N 46.53 0.00 

UKI = 0.55 0.32 0.30 15.51 0.00 

NOTE: Reaovery made by bra:keting the stall &ing signal for 12 eeconds. 



f ~ l&t Gliding T m .  Three methods of f ly lng  along t b  optk " !; 
gliding  psth were tested in both r igh t  and laft turns. T h . 0  Wtbods are Jz 
l i a t e d  in Tables 34 and 35. It w i l l  be noted from t ime tPUee t h a t  th. 
only case considered in these gU.des raa the situation in rh i ah  t im pilot ,$ 

puus up fn order  t o  leave the glide and begln a 6-p 01i.b. As a COP >*.= 

aequanoe, only power-added methods of recovery were tested. A t h  in- $., 

t e r v a l  of 12.5 seconds was used in b o t h  oams9 I^ g 

:2g 

,A, 

.$ 

-5 

.~> 
,. . 

<4, 
..~% 

Results of the methods of recovering from a left g l id ing   t u rn   t o  a 
maximum angle of climb are  shom i n  Table 34.  O f  t ime metbods th ad- 
di t ion  of p e r  and the coordinated use of all oontrob WM SOmWhat lea6 
sa t i s fac tory  than the method whereby rudder w a a  held fa i r ly   cons tan t  Md 
cwdina ted   con t ro l  rag effacted r i t h   a i l e r o n s .  , ~ ,&;; 

,: b,. 
1 

, L ~  

z ,  

:.a 

These r e s u l t s  M i c a t e  that a p i l o t  who wishes t o  pull up out of a 
glide into the f i e l d  may, in t h e  seam time it would take hlm to mover 
from a full stall, actual ly  gain 70 t o  @3 f e e t  of a l t i t ude  by eddlng power 'j"~~ 

.,x 

and 'bracketing"  tho stall Warner. Hia performance i s  not unlike tbst in- ;:t 
volved in a similar recovery from t b  s t ra ight -ahad  glide. As he &dm ~ 7~ 

power and c o n t b u e s   t o  nbraoketn the stall w a r n i n g ,  the airoraft  gwa 
throlagh a t r a n s i t i o n  from a glide i n t o  a maximum climb. Ile oan sahtnln 3 :" 
h i s  bank by coordinated use of ailerons and  rudder6 and w30 elwetors t o  ~.~ _r_ . *  
*bracketm tha flight path desoribed by the stall warnor. Thio rill be . .:i 

the  mrudmum performance his aircraft is capable of a c c o l a p ~ o  
a perfec t ly  qafe method of pulling up, and it w i l l  provide  the  pilot   with ~;. :+ 

.* '. 

. .  
. ,  

.. 
, .;$ .. 

.I 
~ ~2 

g. -. Table 35 presents t h e   r e m l t s  of tb ~-..? 
: &d 
.'~l. 

test6 of recovery frcs a r i g h t  gliding turn t o  a r igh t   c l imb3q turn. ~~ 

A recovery intsrrrd of U05 seoonds mas uti l iaed.  
~" .. -3 

, ,  
i _ ,  - 

Rssulta af the  two tests reported i n  Table 35 confirm what h a  already ,-:,. 

up into a cllmb out of a right gliding turn, he adda power and c o d l ~ t e s  2; 
the use of all of h i s  controls. When he "tracketa"  tba crtp11 h. m y  2 e w c t  a gain of approximately R f e e t  in approrimatsly tb .aor, amormt of & 
time t h a t  would be involved in recovering frcm tlm ata l l  In the  want that ~$ 
it occurred out oi t he  glide. ~k,: 

I .3 

,e. .. 
been shorn generally in previous  tables. When tb pilot   dealdea to pull .,." 

, ,, 

1:,1 

The reaul te  of the tests reported in t h i o  eeatim are af prinarfr in- ,:,%:$ 

t e r ee t  In comparing what lpbo happen t o  tb p i l o t  at  a c r i t l o a l  point  in 
flkht. That is, he may s t d l  or may begin recovery fnw a a t e l l  warn-  -,p 3 

ing. If he stalls, the  inevitable reeul t  is l o s s  of altitude. If ths 
s td l  rrarner aignalo a t  the proper f l i g h t  a t t i t u b ,  then im may begin and . $ 
effect h i s  reowery along an opt+ f l i g h t  p&h. L .  3. 

;. # 

-4. 

'.,,, 
..i- 
,:c' 

1 ;. 'C 

3 4 .  
.f &. 

' .~ -.. 



THE EFFFLTIVENESS OF TFREE METHODS OF RFCOVERY AT STALL 
WARNING SIGNAL FRW A LEFT GLIDING TURN (1,ooO RPM) 

Calibrated Calibrated Change of Time t o  
Airawed a t  &le of Attack , Alti tude Recwer 

Fiecoverp at Si- b Feet i n  Sea. 

1. PRE - SN m - 45.51  U.54 12.54 +70 .OO 12.50 
40.50 

am = 0.32 0.89 
0.00 

0.21 13.50 0.00 

2. PBE - SN m = i5.19 42.69 12.39 
u = 1.16 1.59 0.62 

+76.M, 12.50 
32.55 0.00 

urn = 0.39 0.53 0 . U  10.85 0.00 

3. P W  - S m = 45.94 44.18 11.56 
u = 1.L1 2.22 0.81 

+51.00 12.50 
29*u 

urn = 0.47 0,74 
0000 

0.27 9 -71 0.00 

a = O.% 2.67 0.62 

H a t  Recovery mads by bracketing the stall warning signal f o r  12,5  seaonds. 

THE EFFECTIVJ2HF.S OF l%'O METHODS OF RECOWRY AT STALL ViaRhlING 
SIGNAL FROM A RIGHT GLIDING TURN (1,OOO RPY) 

Calibrated  Calibrated Change of Time t o  

1. PRE - SI; = f,7,09 46.33 12-84 
a = 2.25 1.89 0.69 

+45.00 
23.88 

12-50 

am = 0.75 0,63 
0.00 

0.23 7.% 0.00 

u = 1-06 1.77 
12.50 

0056 
urn = 0.35 0.59 0.19 11.26 0.00 

2. Prim - SH m = 45.37  46.93 11.86 +77.00 
33.78 0.00 

NOTE: Recovery made by bracketing the stall w'mning signal f o r  12.5 seconds. 



TART 71 

COMPARISONS CIF RECOWRY FROM THE F L U  STALL WITH 
OPTIMUU FLIGHT PERFOWKX 

determining  the r e l a t i v e  effectiveness of various methods of recover- 
The t e s t s  conducted i n  t h i s  ettldy had tu0 general purpomesr (1) 

ing from t h e   f u l l  stall, and 12) t e s t ing  nrecoverles" by "bracketing" 
a e t a l l  wtu-ning s e t  t o  come on at or  near the  maxlmm angle of olimb, 
The de ta i led  results are  presented in parts JV and V. The purpose of 
this section is t o  bring together the most per t inent   resu l t s  of eaah 
of these general types of t e a t s   f o r  purposes of oozpwlson. No n e w  

are  assembled and presentad 68 s h p l y  BB poesible. These acqmrisoacl 
data are introduced, but variouo data f r o m  tables'  presented  previously 

warning  instrument i s  properly lacatad and v.sed i n  various flight ma- 
are intended t o  a s s i s t   i n  ShWing what my be accomplished when n e W  

neuversB as compared wi th  t.he best recovery the pilot oan - . to makg 
if he sca l l s .  

A. =Climbing 

1. Situations Conducive t o  the Stal l .  

A p i l o t  may f ind  himself i n  a e:tuation rbere he muat climb out of 

r igh t  or left turns. He m y  appreciate the f a o t  that stalls oat af turn8 
a f i e l d  a3 eteeply as possible, In  t h i s  cfinb, he may be foroed t o  lpake 

but t h i s  f a c t  mag- not be upplrmost,in t he   p i lo t ' s  mind when he is attempt- 
are typ ica l ly  mor6 dangerous than stalls out of straight-ahead flight, 

ing  to  avoid some ObStad3 i n  his fl ight  path.  S b l l s  night  be psecipi- 
tated  out of climbs in the ;and% pocess aa w e l l  aa in taka-offs. If, 

LZT t h e   p i l o t  is  atteopti;le 30 perform a level turn a d  approaobes 

t o  turn the  Warner off ,  and he m y  do t h i s  by deoreming tim rate of . 
a stal l ing  point ,  he nil1 be wemad t h e  Warner. M u  objeot tben is 

turn. That is, he pushes t h e  now of the sircraft away from him. If 
he 6oes ' t h i s  and his  bank remains Palrly  conatant,  he may lose no a l t i tude ,  
no? gain enyo 



near  the end of h i s  npprcach t o  tbe field, the p i lo t  judges t h a t  he oan- 
not W e  a lanbing, he map be f o r o 4   t o  go fron a g l l d e   t a  a steep  climb 
very  rapidly. This transition map result in a stall, 

2. - 0  

with three gen.ral poMIibllitiear (1) h i s  f l lg l s t   a t t i tude  map gradually 
be increased in steepwen until the a l m r a f t  stalls, (2) he may f ly  at  

less thau Opth prformanae of the a i r c r a f t ,  or (3 )  he may have sme 
som angle-of-attaok or along scum flight path which rill achieve for blm 

obtainn the  best r e s u l t s  in tka  c b b .  
device or l n s t r u a e u t  which peraitm him t o   f l y  along a f l i gh t   pa th  which 

The p i l o t  who attempts a very steep  cllmblng maneuver is presented 

O f  thsss three p n e r a l   p o s s i b i l i t i e e   o f f e r e d   t o  the p i l o t ,   t h e   p a e n t  
ntudp collected data on the f i ra t  and third; that is, on w h a t  h p p ~  t o  
t h e   p i l o t  when he &ells and what happens t o   h l a  when he flies along an 
optima flight  path in term of amdmum angle of'  ollmb. Table 36 sumn- 
rime data pertsining to  the olimbing manewern. 

st raight-ahad climb, the  +rig loses  1st vem rapidly-. T h e  test pilots 
a. - . When the  aircraft stalls out of the 

employed i n  thie study were not  able to effect recovery to s t r a igh t  a d  
level f l i gh t   w i th  leas than an aver- l o s s  of a l t i t ude  of 26 f e e t ,  snd 
t h l a  was possible only Uy the  "best"  wthod of racovery. As shom jh 
Table 3 6 #  the opthum  Mthod  of  recovery from a full  s t a l 1 , o u t  of the 
straight-ahead climbing maneuver -26 2 13 f e e t .  

To e f f e c t  t h i s  opthum reoov6ry required on the average approxirsately 
10.5 aeaonds, ae shorn In Column 3. On t he  other hand, when the  test p i l o t  
began his recovery a t  the stall warn- and "bracketed" the stall warning 
si& which w a s  s e t   t o  come on a t  maximum angle of olimb, an average of 
61 feet w a a  in 11 seconds. As shown In Colunm 4 ,  t h i s  performance 
resul ted in an estimated  distance of approximately 84 feet between the 
a l t i t u d e  Jg& by the optimum recoverp from the full stall aud the a l t i t ude  

from "bracketing1'  the maximum -le  of ollmb.2 

As shorn i n  Table 3, the R E O H  reaovsry method was considerably enper- 

loat on 811 average of 130 f e e t  of al t i tude,  Other recovery methods rem 
lor t o  any other method of recovery. Recovery method RE-BH, for example, 

still nore expensive of a l t i tude ,  In other words, the p i lo t  oan hard- 
emape the l o s s  of from 20 t o  30 f e e t  of a l t i t ude  by the  fu l l  stdl, m 

%he obtained difference between averages was 89. However, t h i s  w a a  

recovery method RE-OH required an average of 10.5 seconds. In the &all 
corrected for  the difference in the t h  interval. It rill be notad that 

w a r n i n g  t e a t s  the airoraft was f lom fur 11 seoonds. When the time in- 
t e rva l s  are equalized, th average gain i n   a l t i t u d e   f o r  the stall warning 
proaedure was 58, not 61, 
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matter how good his  recovery. By the  simple proaedure of "baoketing" 
tb  stall warnor be o m  in the same mount of time it takee  him t o  re- 
oovw f r o m  the ful l  a ta l l  better himself by M muah sa 8@ t o  90 feet 
of  a l t f tude .  

f u l l  s t a l l  out  of a left climbing turn, method RAE-OH, r e a u l t d  in, an aver- 
age lams of approximately 69 feet, and required a reoavery i n t e r v a l  of 

tained by t he  RE-- method.  Thus, the  difference between the optimum 
approlbPately U aeooods. Contrasted with this is tb  gain of 81 f e e t  ob- 

ttm stall w . m i a g  signal PM 150 feet difference in favor  of tho s t e l l  
method of recovering from t h e  f u l l  stall and. t h e  optimum method of flying 

w a r n i n g  performance. Table 36 also reveals that the optimum method of 
rooovaring fror the f u l l  stall did  not  apply in ths a ted l  warning m o v e r y ,  
Method RlBE-OB, which conserved the  most a l t i t u d e  following the s t d l  out 
of tbe left olimbing turn, -69 feet, gained only 61 feet in its correspond- 
ing method RBE-SI. But even hem the differenoe between the  opLimua 
method of recovery ficm the fa stall a d  a less than optimum method of flm t h e   a t d l  Kaming signal reeulted in a differenoe  of 130 feet in 
favor of t he  s t a l l  w a r n i n g  Ipocedure. 

b. -. The  optimum stethod of recoverr from a 

C. -. As shom i n  Table 36, the   d i f fe rerne  
between tim 0 p t I . w ~  rmthod of  recovery from the ful l  stell out of the 
r i g h t  o h b i n g  turn and t he  optimum m e t h o d  of flying the stall stunor in 
this s a w  maneuver wan a differerne of U8 feet in favor of the st& 
Darning proOed~r0. Here, as i n   t he   c sae  of the left climbing turn, the 
OPti- n t h o d  of flying t h e  stall warning ai@ was not  the  counterpart  
of. the optimum llethod  of reoovery from the ful l  st&. 

The data presented in Table 36 show conclusively tht in the  climb- 
ing maneuvers the procedure  .of recovery a t  a stall warning  and "braoke+ 
inp" a si& s e t  t o  corn on at  m8xlmum angle of olimb resul ted in dl- 

methods of recovering  from  the etal le  out of these maneuvers. 
t i t udes  from 80 t o  150 feet  more than m a 8  possible under even tje b a t  

B. &&&&-Abaci. CF&&P Power 

1. Condu&ve t o   t h e  S u .  

The p i l o t  sometimee elowa d m  his  airspeed s i thout  change of porer 
set t ing.  This may oocur when the p i l o t  is dis t rac ted  by somthing  outside 
the plane. T h i s  mey be a f r iendla  house, the a i r f i e l d  where he is t r y i n g  
t o  f l y  a good traffic pattern, or another  airplane in the immediate vi- 
cini ty .  lJhn his a t ten t ion  18 dist raated from f ly ing  his om airplane he 

phyaioal,cues which otherwise would w a r n  h i m  af the  impending s'call. A 
may unknowingly exart greater back pressure on t be  stick and ignore tb 

stall .ometimee occur8 in  the  traffic pattern whore the p i l o t  hae attempted 
t o  regain t ra f f io   a l t i tude   wi thout  applying power properly, 

1 



2. LoB&grn of Results. 

The comparative resu l t s   per ta in ing   to  S L d l S  Out of t!m Straight- 
h e a d ,  cruising power m u e w e r  are aur~nariaed i n  Table 37. The 

rwovery is attempted  without the addition of power, and (2) w h e r e  the  
data presented i n  this tab le   per ta in   to  two 8 i t l l 8 t i O U W  (1) W-0 th 

recovery ir:volvos the  addition of pMer t o  e f fec t  it. 

C pmer (2.100 F.DdQHI. ) .  AS &Om in the  U p P e r  hdf  
of Table 37z e r e n c e  between the optimum reomvery from a full 
s t d l  out of straight-ahead,  cruising power and the  moovery method far 

various methods af recovery from the full  s t a l l  r eau l t ed  in an averam 
flying t h e  dm angle of climb  path was 97 feet .  The beet of the 

loas of 52 fee t ,  whereas the best of the methods of "bracketingn the 
stall uarner  resulted i n  an  averaee gain of A5 feet. Recovery prwedure 
RE-OH, which was t he  best method of recovering from the full at&, re- 
quired  approxineteiy ll seconds to e f fec t  a recovery t o  s t r a igh t  and 
l e v e l   f l i g h t .  In this SFIIIIB 11 seconds, had the   p i lo t  not stalled, he 
misht hare P l o r n  the  mximum anel6 of olimb path by mthd  bE-SW and hrwe 
gahed an average of A5 f e e t .  As nhom i n  Table I, there were several 

m e w e r e  which resulted in losees of d t i t u d e  of more than 100 feet. 
other  procedures in rccoveriry from tbs s te l l  out sf cruis ing power 

As compared t o  such  recoveries,   the  otall  Warner reuovery hae 811 advantage 
of a t  least 1% f ee t .  

b. F u l l  Pmer. Teste of methods of recovery lapolving the  ad- 

recovery from the f u l l  a t a l l  and optim~rn methods of f l s i n g  the  maximum 
di t ion  of power revealed eimilar diffarenoea between optbum  mthodn of 

angle of climb  path, A s  sham i n  the lower half of Table 37, method 
PRE-OH in  recovery from the f u l l  stell resul ted in an average loes of 
53 f e e t  in 8,2  seconds,  nhsrem  recovery method PRE-SIY r e d t a d  in a 
gain of 71, f e e t  i n  11 seconde (55 f e e t   i n  8.2 ssoonds). When adjusted 
for time interval the  difference gained by tk atall warnor procedure m a  
estimated st 108 feet . ,   This  is qproximately tha ~ a m e  a8 the 97 fwt o b  
tained in the cruising power recovery, The on4 signif ioant  diff6renae 
between th3ae methods of recovory VES t h a t  t he  full  power reoo~ery lrsa 
effected i;l approximately 8,2 seclonds while the oruising power reomry 
methods required approximately ll seconds f o r  reoovery. 

These data show that the  addition of fu l l  power may do l i t t le t o  
improve upon the   loss  of a l t i t ude  i n  ths straight-ahead  oruieing power 

. maneuvers, but it does effect  recovery more rapidly, 

The  da t a   pwr tdnhg   t o   t he   s t r a igh t - ahead   cds lng  power manewar 
re-enforce  the  data  previously r e F t e d  on comparisons in the  climbing 

vantage of the stall warning  procedure over reowery from the full s t a l l  
m e u v e r a .  With reduced power (2,100 ve. 2,300 or 2,400 rop.m.) t h e  ad- 

the  advantage, however, is i n  no ray Impaired. 
is somewhat less than i n   t h e  full power manowerso The significance of 
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1. Bituatione Conducive t o   t h e  St&&. ,e 
. ?  

There are two general applications O f  the tests COlldUOted  this ei ,~ 

as they pertain t o   g l i d e s ,  The first of  these is a SitUtiOU in 
:. 

~$ 

, , -p. 

which the   p i lo t  is i n  R streight-ahead or a r i g h t  or left  turning  glide, 
for some reaeon must app1.y f u l l  m e r  and climb out of t he   f i e ld ,  

Tim oeoond simulates the dead engine in which the p i l o t  is f o r a d  t o  
g l ide  all of the   ray  Into  the  f ie ld .  These a r e  considered ssparately 
in the  present  section of t h l a  report. 

,, .~ 

,f 
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. k* 

I~.,X 

:, 
.. 

I 

a. p u l l  Power hog-. When the stall wmer is set t o  
signal at the  maximum angle of olimb, and th in  oomes on in a gllde,  the 
p i l o t  who recovers by "bracketin$' the stall waraer under fu l l  m e r  .ill . b -  
find  himaell  climbing i n  a few seconds after f u l l  m e r  has been applied, 7 
in other words, "Lraclceting" the itdl uarner results in a t ransi t ion 
frpm a g l ide   t o  a climbing maneuver. 

.F 
.:y; 

"$ I 

6 
~B 
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If the  pi lot   a td1.s   out  of R glide i n  an at ter ipt   to  begin n climb *-,I 

without  applying power, ha m ~ y  a x p c t   r e a u l t s  similar to thooe presented 
h~ Table~38,  The data  presented in t h i s  table  nre oonadmed only a i tb  5:. 

' ful l  parer reaoverlea. These d a b  show that an average of  approximatelr ,. ~> 
UO f e e t  differenae existed between the e t a l l  warning prwedure md t he  ' ' ' 

recovery from tbe f u l l  stall out of the  straight-ahead glide. In the , . >'$ 6 ,  

cnse of the l e f t   g l i d i n g  t u r n ,  the  differenoe waa 155 feet, a d  i n  the 
, .",< 

case of the right gliding turn,  133 feet. Optimum methods ai reowery 
:>.. 

from s t a l l s   o u t  of the  gl ide resulted i n  losses ranging from 38 feet to 
79 feet i n  t h e  068s of the straight-ahead glide and tb  left @id- turn, :$ 

;-.I;. 

respeotively.,  Contrasted w i t h  these uere average g d n e  of feat and 76 3q 
f ee t   poss ib l e  with the stall ming "bracketing" procedure. $ ,~ . 

While theam specFfic data  apply only t o  the testing airoraft,* it may Z 
.-2 

be assumed that other light a i r c r a f t  would behave in a s l m l l r r  ~ u m e r ~  
T h a t  is, i f  the glido is t o  be sbslidoned in favor of a full par oll rb,  , ~.i3, 
t he   p i lo t  may expect t o   ob ta in  the best results by ~braokstlng" a e&orrl .'$ 
set t o  come on at the m a x i a l u m  m g l ~  of climb. hrbn though be doen not 
stall, he cannot employ any procedure' which will ef fec t  for him a greater '?!; 

gain i n  a l t i t ude  thRn that   repoaented  by t h e  ptaximrrm angle of olimbo , ~ ,  .+ e 

c ,  
.,'~+ 
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3. Gl;ldina Power Recovo.u, It w a e  not deened wise in t h i s  
m .:,2 

:$jC inves t iga t ion   to  attempt t e s t a  of gliding manemern w i t h  a dead cmglne, 
A m e r  ae t t lng  of 1,000 r.p.s. is  not a dead engine eud tim airoraft does 6. 
nut  behave in qui te   the  swne any with t h i s  puer s e t t h g  (UI it does w i t h  e .;2, 
dead engine. Nevertheless, tho  rosu l t s  preeented i n  Table 39 m e  of con- ';.$ 
d d e r a b l e  interest. These data p e r t a i n  t o   t he   e i tua t ion  in which the   p i lo t  ;i 
stalls out of a glide,  and effect8 reooverp without  adding F e r  t o  the 
1 , W  r.p,a. used in oet t iug  up the  glide.  Rithout  adding porer the pilot't~g: 
oholce i n  recovering from a stel; out of a gl ide  a t  1,ooO  r.p.m. Is to re- ' ,.$ 
turn t o  the normal glido  path six3 prweed down It as a f i o i e n t l y  au 
Therefore,  the data i n  Table 39 were assembled Prm the C M ~  I1 tests with ~'~:$ 

j ., 

.. 2 

, "s 
. ,, ~. :. 9.. 
r::, 





the or i t e r ion  of r e tu rn   t o   t ho  normal glide  path, These data have OM 
d e f w t  that should be noted. I t  is ahom in Part V that, when the stall 
Warner waa set t o  come on at t h e  mku- angle af o l b b ,   t h e   o a l l b r a t e d  
airapesd at which the stall wmer o a m  on WM approximately & 5  m.p.h., 
lower than that airspeed ahioh aohieves the minimum angle of glide. In 
other words, the stall Warner which was "bracksted* h tb t e s t a  nported 

angle of glide.  they^ were run by "bracketing" an airspeed for ahioh the 
i n  the laver half of Table 39 were not run by nbracketingn tha miniSU0 

angle of gl ide  R S ~  somewhat greater than  the minlmun~ angle of glide. 

The recovery method which resulted in the  leaat altltudo l o s s  from 
the stall out of a gl iding maneuver t o   t h e   g l i d s  path x a o o v ~  WM AE-BP, 
w i t h  an average loas  of 111, feet. Contrasted  with this mas thn stall 
w a r n i n g  prwedure W-SW, Inmhich  the average loss  of a l t i t u d e  man only  
67 fwt  Ln the e a m  time interval. As shown i n  Table 39, th in  r e ~ u l t e d  
in a dlfference of 17 f e a t  in favor of the s t d l  waning proa&ure. It 
may be aesumd that th is   d i f fe rence  would be even greater hsd the droraft 
h a  quipped  with a Warner which o m  on at t h e  minimum angle of g U e ,  
rather than  the mnxlmm angle of climb. 

D. of C m ~  

The data preaented in t h l e  part of the report reveal the Striking 

performanoe of the a i ro ra f t  whan re.suovery uaa s t a r t ad  at  the stall w a r n e r  
difference between the  boat nwthcd of recovery frol a full s t a l l ,  ard tha, 

a t  m a x i m u m  angle of climb, and, oonnequently, the reaulta for the gliding 
and was effeoted by 'bracketing' t h i s  signal. The Btpll Warner man est 

manewers had special appiicatlon in the oase of the g l l d h g  situations. 

warning procedures resulted i n  altitudes from 50 t o  1% feet better. 
Hmever, in all mneuvers, including the glldea,  the t e s t e  of t he  s t a l l  

Altitude  differences of tliia magnitude $eve l i t t l e  or M signlfioance 
at 1,500 or 2,000 feet, but t h y  are  of cruola l  lmportanoe at the  lor 
al t i tudes.  

I 

Instruction and information p r o p a m  o m  import to t h e   p i l o t  howl- 
ed@ on the  best method of recovery frm a s t a l l  In any meneumr.. However 
ef fec t ive  suoh a program of Instruction and informt ion  m y  b, It o n m o t  
overlook the f a o t  that the stall is expensive ai altitude md la devger- 
oua. When the  pilot   cannot reoo-iae the- Impanding stall, b 0411, M 
ahown by t h e  results af t h i s  part of the  study, turn t o  a flight duvloe 
ahioh will not only prevent him from atallina. but w i l l  &IO w r i t  







3* WJina Swedy. 

from a p p r o x h n h l y  35 m,p,,h. in the  straight-ahead,  cllmbing power man- 
Ths stalling airspeeds  (calibrated) of the t e s t i n g   a i r c r a f t  ranged 

ewer to appproxlm~tely 42.7 m.p.h. in t b  l e f t  steep tm. (2100 r.p.m.,~ 60' bank). The average s t a l l l ug   sped   o f   t h ree  fu l l  power, climbing man- 
euvem (straight-ahead, lef t  and r igh t   tu rns)  m8 approrimate4 35 m.p.h. 
The s t a l l i n g  speed of three gl iding manaware (straight-ahead, lef t  and 
r ight   gl iding  turne)  was approxlmate3.y 40 mn.p.h. 

4 .  Angle-of-Attack. 

The calibrated  angle-of-attack In s t r a igh t  and l e v e l   f l f g h t  of t h l e  
a i r c r a f t  a8 obtained by t e s t i n g  was 2.71°. 

In a % o m d m  g l i d h g   a t t i t u d e  -0 1,000 r . p a . ,  54 m.p.h. cal ibrated 
a i r s p e d  - the average calibrated  angb-of-attack an obtairad by t e s t ing  
was 7.210. 

Tests of  angle-of-attack a t  stall  prodyed  raeulte  ranging f im ap- 
prolimafely 180 t o  approximately 22O, r i t h  811 avurage of all tests of ap- 
proximately 1 9 O .  

5 s  Bnab of C b b ,  

Tests were run t o  determine  the aimraft'm meJdmraa  angle of climb a t  
low altitude. This was found to b p 0 l s  i n  the cam of the left allmb- 
ing  turn,  7%SS in the  r ight  alfmbing turd, and fi2I in the. straight-  
ahead  cllmb. The average of these was found to bs 7%$. 

A t  maximm angle of c lbb ,   t he   ca l ib ra t ed   a i r speed   rmged  fran 43.5 
t o  45.4 m.p.h., with LUL average of 44.2 m,p.h. 

6 ,  Mdmm Annle of Qlide.  

mmmrs.  T h e  r e s u l t s  oQtd.nsd ranged frcm 6'07l In t h e   s t r a i g h t - h a d  
g l i d e   t o  70161 i n  the left gl id ing  turn. The nlgimua angle of glide for 
the   r igh t   g l id ing  turn w e  6OL79, and the average f y  all glidlng manewars 
m e  6 O ~ 3 . 3 ~ .  

Teste were run t o  debwine the mipimum angle of glide- in three gl iding 

ranged f'ra N.4 m.p.h. in the lef t  gl iding turn, 15O'bank, t o  50.5 n.p.h. 
i n   t ha   r i gh t   g l id ing  tuRl, 15' bank. The a i r s p e d  in the straight-ahead 
gl ide a t  mlnlmrrm angle of g l ide  was 49.7 n.p.h., and the average for all 
t h e  mneuvera wae 49.9 m.p.h, 

The calibrated  airspeed a t  1,ooO r.p.m. and t he  minimum MglS of g l ide  

7, S W  slarrrk w a t u a t  

ratw with a lamp aa n i g n d ,  The signal vane was eat to  trigger at  a 
The tasting aircraft mas equipped  with a special e t a l l  w a r n i n g  APP- 



cal ibruted alrspeed of apFroximatcly 4:-2 m.? .h , ,  and to releane a t  a calf-  
b ra t ed   a i r sped  of I&.$ m..p.h, lu the ful l  FOWL- climb. A t  these  aIrSpeds,  
the calibrated  8.ngie~~of-attack *a9 13..20 for tke  at^* and U,J0 for   the  
noff. '   $ith a cdibreted  aoglc-of . -a t t rck 3f approximately 12.6' a t  m a x -  
mum angle  of c l h b ,  t h i s  set:Ling was cousi.F?red. adequats for  teEting p11s-p- 

s q u a l l y  dist r ibuted on e i t h e r  side of the sngle-of-at<tack at m a x i m u m  angle 
poses. The angh-of-attack.range 0v8r  thd  "on-ofF  fntervnl was a h o s t  

of  clknb. These vs lues  were spproxlmatdy 6.5' angle-Gf-attack below the 
aV0mage stall iqg angle, (%e A-h, abova.) 

B. Tests o+ R e c ~ ~ y  from the Full Stall 

Various methods of  recovel-y of the alrcraft from t h e   f u l l  stall w e m  
invest igated  in  11 maeerlvers. The first s e t  of testa  involved the prob- 

f l i g h t ,  2.71' angle-of-attack CYC, i n d i c a b d ) ,  T h i s  waa designated Cum I, 
lea cf  nacwering frm a full  ot.al1 to the  criterion of   s t ra ight  and level 

Case 11 tests were r e s t r i c t ed  Co t h e  gliding maneuvers only, and involved 
recovering from tha f u l l  stall - to tha   cr i ter ion  of  a normal. glide,  13" 
indica'iod  sngle-of-attack, approxinatdy 7.2" calibrated  angle,-of-attack. 
A t o t a l  of 84 recovery methoda epplying t o  11 menewers were tes ted i n  
Case I, and 20 mthode of racovery  perttlhing 'x 'tho three  gliding man. 
e w m s  wre tes ted i n  Cam 11, T ~ I E S ~  results u e  sunnnarized by manewera 
helm, 

The methods o f  recovery  involmd aombim.tlons of t h e  optimm use of 
power, rudder,  afierons, and e h w t o r s  sn,3 a ref lnemnt  In recoqery pro-, 
cedures w i t h  reference to the   a t t i tude  of the aircraft during  the  recovery 

"Belcw Horizonv procedures. The "On Ecrizon' procedure  involved arretlt-. 
prweas. Two at t i tudes  during roco-rsry ware tested: the .On Horizon* and 

ing the nom of tbe   a i r c ra f t  j u s t  above the horizon l i n e  and not   pewl t t ing  
it to go below the horizon. Tile T e l o a  Horlzon" procedure  involved  pushing 
t h e  no88 of the aircraft approximately 15O below the hcrleon  l ine until 
full control of a l l  control  surfacea wad again achieved, and recovery t o  
l eve l  f l i g h t  uaa thaa  effected.  

whi,zh &.ttempta to recover the a k c m f t  wore made by  dropping  the nose e@ 
I n  Case II t h i s  conparison bscarne flOn Path" V ~ F S U B  nBel.oa Path,' in 

recovery,  the corn was droppd  &ppmximately 15O below the normal gl ide 
t h s  noma1  glido  path  in  the "Or Pnthn  recovery. In the "3elow Pntba 

path and held there mtil  flying airnpeed  nae  ragsined. 

two crL+sPia were employed (1) the loss of a l t i t ude  in fee t ,  and (2) the 
cousistency of the  recovery  (stmdard  deviation  of a l t i tude  losses) The 
time required lit effect  reccvery  ras  conaidered secondary t o  these cri- 
teria, Testing was done o n l y  In m l a t i v e l y  calm air; all t e s t a  were con- 

a l l  unacceptabll: 3-id.s were rerun., 3esnlto aere based on 10 acceptable 
ducted  over n a k r  WhsiT radio  eP5imetsr  reading0 =re highly  accurate; and 

trials per recovery lae-khcd. 

I n  evaluating ths effectiveness of the  mriou3  recovery  procedures 



Altitude loss .  best and w o r e s t  methods I n  a l l  wneuvers except ~ t s e p  mo In Figure 4 ,  i e  preaentasd graphicolly i n  amnary form the  informa- . .  
t ionregardine a l t i t u d e  loss i n  recovery t o  b t ra ight  and l a r e1   fo r   t he  be& 
and pooreat *On Horizono and mBelow Horizon" recovery  methods, f o r  a l l  man- 
euvers  except  steep  turns. It i s  evident that for each  of these nine man- 
euvers  the  beet .On AorizonR method wns superior to the  best "Below &orisona 
method; Moreover, the  differences  betmen  the best and poorest  values2 * i 
under each of t h e  two general  pmoedqjee were s t a t i s t i ca l ly   s ign i f i can t  a t  
a very  acceptable level of  confidence for seven ,of t h e . u i m  BLBnBuvers. 
Critical r a t i o s  of less than 2.03 were yielded,  horever, for the lef t  climb- 
ing turn, and tb st ra ight -ahad  cruising manewere. 

~1 

~40remr, and in general, the poorest "On Horizon* recovary method was 
superior t o   t h e  best %low Horiaon* method, the single  exceptgon  to $his 
trend  being in  ths  caw of the atraight-ahead cruising maneuver. Even 
these  differenoes showed 8aue trend t o w a r d  s ta t i s t ica l   s ign i f icance ,  six 

oonalstetmy  of  the  trend i s  considered,  the  possibil i ty that the a u p r i o r i t y  
of the nine y f e l d i n g   c r i t i c a l   r a t i o s  greater than 2.50. Clearly, when the 

trsmely m o t a  as t o  be disregarded. D i r e c t  statistical evaluation  of  the 
of the  *Ch Boriaon* procedures l a  a chance affair can be considered 80 ex- 

probabili ty of these crandlatim dlffarenaes ooourring by  chance IS not 
readily  posaible,  horever. 

s ib le ,  and considering  the  control uoe methods yielding l e a s t  loss of a l t i -  
tude, ths average altituch loss raa 51.6 feet, as con t r a sbd  w i t h  an average 
l o s s  of 128.1 feet f o r  tbs 'hlw b r i z o n '   p m d a r e a .  Pbr some maneuvers 
the  difference in nmber of feet l a e t  by the two prwedures was markedly 
greater. T h e  'Qi b r i m M  procedures r e s i l t i n g  in the least losa  of alti- 
tude WFB affeoted~on  the  average i n  approximately 11.6 aeconds, a con- 
siderably' longer period than   for   the  "Below Briaon* p m d u r e s  the average 
time for whioh was about 7.0 seconds, Homver, the longer t b e  l a  more , 

than cmpenunated for by the   a l t i tude  saved. 

For all maneuvers where tke "On Horizonn recovery  procedure was pos- 

through use o f  the  "On 8orlzon. recovery  prwdures ,  recmry frcmr a stall 
There wama, ttmrefore, eminent juet i f lcat ion  for   the  conclusion  that  

t o  level flight was accompliahsd with markedly, and in general signifi- 
cantly,  l e s s  loss of   a l t i tude   than  when tho 'Below BDrizon. r e c u v e e  p r o - . .  
e e d m s  mere employed. 

Evaluation of various *Ch tiorlzon. pocovdr~ method@. Maving establ-ished 

mcovery, the next question i o  rhloh of tkm oontrol uw methods ei'feots tho 
t h a t  the *h Borison' recovery pnxed-8 best c ~ o o r v o  a l t i t u d e  ir s t a l l  

I > 
-.e., t he   a l t i t ude  l O S M 8  f o r  the best and poorest methods of control 

U s e  e 

, 
3A o r i t i c d   r a t i o   g r e a t e r  than 3,OO being yielded. 





most eat isfactory Horizon"  recovery,  Data p e r t i m n t   t o  t h i s  question 
are summarized graphically :n Figure 5 .  In  this figure tha n m b r  of f e e t  
l o s t  through use of the various  control movement methods, with and without 
uea of addi t ional  power are plotted. The standard deviations for the   var i -  
ous  methods a l s o  are entered  In  the figure.* 

Available experimental  evidence  (although  incmplete)  together  with  logi- 
cal considerations ind ica tes  that t o   e f f e c t  an optimum recovery,  additional 
power, i f  available,  s h w d d  be used. On the  othar hand evidiwe  regarding  the 
spec i f ic   cont ro l  movements yieldlng best msults i s  not  consiateut maneuver t o .  
manewer. However, the differences :H a l t i t ude   l o s s  values f o r  a t  l e a s t  the 
two best methods in each maneuver are  in  general   not  large or signif icant  sta- 
t i s t i c a l l y .  Moreover, it appearn unreal is t ic   to   expect  a p i l o t   t o  remember, 

slow turn, b u t   t o  use rudder and elevator  i f  the stall  i s  from a slow t u r n   t o  
for example, t o  use ai leron and elevator  in  recovery frm a stali i n  a 

the Left. 
In  general ,  it would appar  that .  the pilot ,   in  recovery from a stall by 

the *On Horizon" prwedures, will not go far wrong i f  he remembers t o  5 

The "Aileron-Elevator" (bE) mathod gave best r e su l t s  only in the r igh t  slow 
elovator and rudd07 to control  t he  plane, and t o  EO easy on the ailerons. 

turn,  and t h i s  might  well  represent in a r t e fac t .  

p a r e d  particular4 vicious,,and th only effective  recovery method appeared 
S t e m  turnq .  It w i l l  be recalled that in steep turns the stall Under ap- 

t o  be to   pu t  th nose below the horizon, and to u83 ail controls  t o  an optimum 
degree in   effect ing  mccvery.  Under these  conditions a considerable  loss of 
altitude  appears  unavoidable,  although  the  evidence  indicated that  the loss  
would not be so great under  conditigns  of mmooth air as under conditions  of 
turbulence. The l a c k  of appl icabi l i ty  of the oBelow Horizon"  methods in the 

it &y well carry  the 'nose below the horizon  before  the  pilot  can  begin  hia 
s teep turn seems not of great impozt. If a s t a l l  occurs out of t h i s  manewer 

recovery. 

Case I1 -0 Xecovery t o   t h e  N o d  Qlidlng  Ande 

Altituda loss f o r  best and urnrest methods. Procedures and mthods of 
recovery t o   t h e  normal gl iding WgiQ, without  addition of extra pow& =re 
a r ight   gl iding  turn.  The  two general  procedures were "On Path"  mcoverie8, 
t es ted   fo l lor ing  stalls from a straight-ahead  glide, a l e f t   g l i d i n g  turn, and 

w h e r e  the  now was held on the normal glide pa th  dur ing  th recovery, and 
"Below Path" where the nose was alloved t o  drop below the normal glide  path 
id  the cwuree of the  recovery. 

I n  P&un, 6 i s  presented  graphically ths sumnary information  for  the 
best and pocnjst methods under t h e  Wn Path'  and "Belor Path" prooedws.  

u t i l i z i n g  hill p"er, dots  and dottad  l ines  the  recovery  uti l izing  craising 
power. It should be noted that   the   recoveries ,  for the  climbing maneuvers a m  
denoted  by sol id  lines even  though the i r   l e t t e r   des igna t ions  in Tables 3, 6, and 
7 (RE-OH, AB-OH, and RAE-OH) do not  Include  the  prefix 'P'. It was not  consid- 
ered that them  recoveries  included  pddltion  of full power (P) since fa1 climb- 
ing power wan employed t o  begin wltb- 

*Editor's note8 I n  t h i s  f igure,  circles and so l id  lirres denote  recoveries 

klihs were executed  with 1,000 r.p.m. . ., 



I 



? 

-128- 

It will be noted that f o r  two of the  th-ee manewers the  'Cn Path" recov- 
e ry   r eeu l t ed   i n  greater l o s s  of a l t i t u d e  t h a n  d id  the nItelor Path,' al- 
though f o r  ttm r Q h t   g l i d i n g  turn there is very l i t t l e   d i f f e rence   be twen  
the altitude 100s values for the best S O n  Path"  and the best and poorest 
"Below Path" proceduree. T h e  standard  deviations for these  values are 
r e l a t ive ly  large, indicat ing  considerable   t r ia l  to trial var iat ion for all 
of tim procedures, and i n  general the  differences between a l t i tude   lose  
values cannot. be  oonsidered  highly  significant  stst ist ically,   al though  for 
the  etraight-ahad  .glide tk difference between the best "Belcw Path' and 
the  beat  "(h Pith"  recovery  procedure  yielded a c r i t i c a l   r a t i o  of 2.7L. 

, ,  Although  evidence f o r  the superior i ty  sf the "Below Bath. recovery 
procedure i s  not  unequivocal w i t h  mfemnce   t o  all three gliding mauewbrs, 
ce r t a in ly  it can be stated that the   p i lo t ,  maovering frm a stall in a 
gl iding manewer, w h e r e  addi t ional  power is  not  available, rill in general 
be bet te r   o f f  if he lets the nom drop below the  glide  path  during  recov- 

the   r igh t   tu rn ,   the  standard deviation  for  tho  beat "On h t h "  reoovery i s  
markedly l a rger  than for  an8 of  the  belor p a t h  recoveries ,   indicat i ig  that 
while on the  average the  beat "On Path" recovery  yielded  about the eane 
results as the best '%low .pathg  procedure,  perfomance from t r i a l   t o  tr ial  
was much less consistent,  

-. ery, ra ther  than attampting to  hold the nose on the  glide  path,  Even i n  

Evaluation of varioua %elow R t h "  recowry methods. A swnary of 
the   a l t i tude   loss   da ta  for  the various recovery  methcds  using the 'Below 
Path" procedkes i s  presentad in Figure 7. It should be noted that there  
is no consistent  trend  over a l l  maneuvers; furthermom, nom of th d i f -  
ferences between method8 In any saneuver i5 o t s t i s t i ca l ly   s ign i f i can t .  
It appea r s   un rea l i s t i c   t o   e rpec t , a   p i lo t  to renembr that he should use 
rudder,  aileron and elevator  in a stall recovery frm a lef t  gliding  turn,  
but  only  aileron and elevator i n  recovering frm a stall i n  a r igh t   g l id ing  
turn or in  a straight-ahead  glide. It would *em that the p i l o t  dl1 not 
go too   f a r  wrong, i n   r ecowr ing  from B a t d l  in a glidi-ag maneuver, *hen 
additional power is not  available,  i f  he recover,# by l e t t i n g  the nose drop 
below the giide  path  to   pick up f ly ing   sped ,  g&utilizes  coordinated 
rnovelnrnt of all controln, 1.e ., the  'RAE" recovery method. 

somewhat greater mean loss  of a i t i t u d s   i n  the atrelght-ahead  glide and l n  
t h e  r igh t   g l id ing  turn. However, i n   t h e  lat*&r maneuver while the mean 
a l t i t u d e  loss was s l igh t ly  greater than for the othor  tso methods, the two 
best  methods yielded  markedly more variable performance, inas, yielded . 
maneuvers where no addi t ional  power is avdlable ,   the   Delor  Korizon "RAE' markedly larger standerd  deviations.  Therefore, on the whole, in gl iding 

recovery  appears best. 

True, as i s  evident frm Figure 7, the ''RAPf racosery  resulted in a 

C .  Testo of Fliuht  Along en Orhimran Piight Path 

f l i g h t  along an o p t h m   f l i g h t  p a t h  wem i n v e s t i g ~ t ~ d  i n  '7 maneuvers. The 
Various EethOd8 of  racovkry of ttn a i r c r s f t  Prom a s t a l l   r a r n f n g  to 
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a o p t h m   f l i g h t   p a t h  was defined as that involving the m&um of 
c l h b .  It was found that the nuinber 3 vane of ,the stall wmer insta l -  
l a t i o n  was activated a t  about the angle-of-attack  associated  with th d- 
m m  angle  of  climb, and that tim plaximum angle of c l h b  could be whlevod ' 

through "brncbtkrg" the stall warner signal. O f  the 11 maneuvers testad 
i n  conneation  with  rscovery  fron  the full stall, tbe lef t  and r igh t   dow 
turns and the  lef t  and r ight   s teep  turns  mre not  considered i n  this pham 
of the  study. The procedure ih t h e s e  tests was t o  enter.& cont inw the 

*bracketed* this signal. T h a t  is, as soon as the s t a l l  Warner signal came 
on he reduced the angle-of-attack =til it went off.  Be t hen  iwreaeed the 
angle-of-attaak u n t i l  it came on again,  dscreaeed the angle-of-attack until 
it rent   o f f ,  and so on, thue  *braaketing'  the signal in the  86nm a p i l o t  
"bracbts '  th rA" during an approach t o  a low freqwncy range sthtion. 
(In  another mu88 the  pilot  "brackets"  the  non-off" Interval.) He con- 
tinued the *bracketing. procedun, until the  observer  oalled .No@ ending 

of  time was determined,  the  period  of t t w  f o r  any maneuver bsing timt num- 
ber of seconds  required for recovery from a full staU by the optimum method, 
as dotarmined In a previous part of the  research. 

\ 

! approach to  the stall until stall w a m r  signal came on, The pl lc t   then 

! the kft. The amount of altitude  gained ( o r  lost)   dur ing a s p e c i f i e d   p r i o d  

'g iven in Figurs 8. In %his f igure t h e  nunber of feet of alt i tude  gained 
. A almaary p a a n t a t i o n  of  the r e su l t s   o f  t h i s  par t  of ths study is  

(or lost)  during  recovery  along  the  uptimm  flight  path is presented  for 
the  various  recovery methods ( ioe . ,  control  uses) in the oaven manewers 
under investigation. First, inspection of t h i s  figure indicates  that e- 
mum altitude along tba optimm f l i g h t  path l e  achieved when fu l l  power i s  
used in bracketing  the stall Warner signal, In the straight-ahead  climb 
a t  full  porer, and in the o l h b i n g  turn, execution wcm a t  fu l l  t h ro t t l e .  
I n  the  straight-ahead  cruising power manewer, Rddition of full power re- 
sulted in much greater a l t i t ude  gain than when no power was addsd.5 In the 
straight-ahsad  glide there una a marked loea of altitude i f  power was not 
added, a finding,  of couraeK), altogether I z  l i ne  wi th  axpsctatioa.6 

s u l t s  i s  l e e s  clear cut.  Obvious3.y it i s  unreal is t ic  tti expect a p i l o t  t o  
Ths question of  which combination of conti-ol UEOB yie lds  the best re- 

remember a di f fe ren t  set of control uses f o r  optimum execution i n   d i f f e r -  
e n t  maneuvers. For example, the normal p l l c t  could hardly be expecbd  to  
remembr that he should use ai leron a d  elevator in the r i g h t  climbing  turn, 
but  coordinated  controla  (rudder,  aileron and elevator) i n  the   r ight   gl iding 

movement methods  and utilizing Wl power am  not   very   s ign i f icant   s ta t i s -  
turn.   In  any event, ths di f fe remes  in a l t i t ude  gained r i t h  various control  

t i c a l l y ,   c r i t i c a l   r a t i o s  less than 2,OO in general baing yielded. 

*The dlfferemes for "additional puwer" and "no addi t ional  pwro e m -  
outions  mith  given  control movements approached statistical significance, 
yielding critical r a t i o s  of between 2LI and 3 c 0  f o r  t h i s  maneuver. 

%!he differences were, incidentally,  h i g h l y  slgnlficant s t a t i s t i c a l l y .  
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onds required to effect t h  optimm, o r  best, method of recovery f x m  the 
In tb following tabulation, Colrmm 1 list8 the sv~rag0 tims in ,-- 

full ~ t a l l  out of tbs manemvr involved. C o l m  2 reports ths average 
l oas  i n  feet whlch oocurrad in the recovssy by thle   best   wthod.   Col lan 3 
l i s t 8  tbs avenge nmbr of feet of a l t i t ude  gained by nbracketlng8 a 

for each mamuver the  n m t a r  of f e e t  o f  d t l t u d e  advantage in uabg tbe 
stall rarner e& a t  madnun angle of c lhb .  Finally, C o l m  4 present6 

fuLl -1 teetrd  Ln this inWstigatiOA. 
stall w m m r  system versus recovery by the best reoovery method f'rm tba 

1. Straight-ahead 
climb 

2, Stra ight -ahpd 
cmiw 

3. S t r a i g h t - h a d  
glide 

4 .  Left climbing 
tarn 

5 .  Right  climblng 
turn 

6. L e f t  gliding 
turn . 

7. Right gliding 
turn 

8 53 48 

u 38 10 2 

14 69 81 

12 46 102 

101 

140 

150 

118 



It is asmaned with  reference to them d a h   t h a t  in a glide rhsn tb 

be recovers fKm a stall to a g l i d e ,  aud does no in the best poosibh man- 
stall 8arner COHB on tbe p i l o t  goes fxtm a g l i d e   t o  a climb, If, however, 

mr9 bs may expemt a ninlmum l o s s  of approximately 50 feet of a l t i tude ,  as 
comparad t o  avoiding the a t a l l  by bracketing tbs stall WIUPBP~ 

the marlmm angla of climb, and whioh *ramsn ths p i l o t   t o   b g i n   l a c o w r y  
Them data show that a f l i g h t   i n s t r t m n t  m t  t o  c o m  on at, or near, 

action, indicates for him a path of f l i g h t  that will coneistently be t o  
' his advantage in  terms cf altitude saved, 

Data ware premnted to ahor that the point of warning was suff iolent ly  
: far frm the point of stall t o  permit, adequate aontrol  of the airplane, 
Furthemom, the point of mming wne dficieutly far frola noma1  plight 
as t o  const i tute  a genuine stall warning. 

On the bade of t h e  analgees of data o o l h c t e d  in this investigation, 
aertsin generalinrations re 
for axeoution of anxlmm c a  and for m t t i n g  of the atall wanter in- 

opt- procedures for stall reoovery, 

s t a l l a t i o n  appar ra r rpnted ,  

i n  w M d  f u l l  power i s  ueed o r  is  available, and i f  it i s  necessary to re- 
cover with a m i n i m u m  loss  of a l t i tude ,  the p i l o t  should3 

a, AM MI power (U power is i ~ a i l a ~ e )  a p ~  h p  tb nom 

1. w i t h  t h e   e m p t i o n  of otaep turne, if a stan wcurs in a 'innnowar 

of the plam on or closo to the  harison, and 

b. return, and/or keep, the plane~lerel through m e  of rudder 
and elevator,  going aany on tbe aileron  control.  

The *On Horizon* recovery w i l l  taka longer  than  the mora oomentional 

may taks as long as L$ oaconda.. However, by s i t t i n g   t i g h t  through  the "!h 
Eorison* recovery ths p i l o t  may effeat recovery . d t h  marked 8avings in 
a l t i t ude   l o s s ,  as c q a r e d  with the *Below Ebrizonn lacomry; mvbgs 
nmning up to, and emseding, lo0 feet. In mrtain maneuvers "On Rorizon. 
rocoverlee oan frequently be made with  loss  of altitude not  emeclding 50 
faa t ,  

. p r c a d a m  of .dmpinpl the noen blow tb hor imn 0- in acme a n m t m r B  it 

2. In steep turn8 it appear8 that tho p i l o t  should affwt rwmrg 
~ through  coordinatad u m  of all oontrols  without  attempting t o  cont inw tbs 

turn. 



least l o a s  of a l t i t ude  by l e t t h y  t.h? nose of +,he plans drop &ion the 
glide  path and ut i l iz ing  coordimted aovemen6i c;P a l l   c o n t r o l s  '.E effoct-  
ing recovery. 

. ,~ 
, :  

?. 

1 .  

,4,? If a sta3.l warae~' is net t o  !x actSva%ed et the an&e-L>f-,attuck 
associated wofth naximm =ms& of c l h b  L t  c m  ? e m @  eWective1.y %u a 
flight  instrument.  By "bmcketirg"  the signaltf the 2 l L c t  can 'b: assured 
that the max!anvm angle of  climb is  kin? arhicred,, T h i s  functidn as e 
Eight  instrument  cun bs ertmmely use~fu1 i n  s L t m t i o w  -where achI.ewornent 
of rnaa-ham a?gle  of  cl tab is c r i t i c a l , ,  such RS i n  short  f i o l d  t Z k 9 - O f f 8  
,aver obstacles, or in nmcovering" frm a stall warning a t  10;~ t i l t i tuds.  

.. 
5 0  With r e fe rame   t o  t h e  s e t t i ng  of t h e   s t a l l  warning lndka to r ,  

.~ 

the evidence c lear ly   ind ica tes  that m w h  i s  t o  be gained by set ; ing  the 
stall Warner t o  be act ivated,   as   the stall is approached, at that angle- 
of-attack  associated with aaximum ar?gls of c lhb .9  T h i s  settin;: allows 
the stall aarner t o   f u n c t i o n   e f f e c t i v e l y   i n . i t s  primary rale of giving 
narning of an Impending stall re11 before  the point o f  stall actual ly  is 
reached,  enabling  recovery t o  normal f l i g h t  t o  ix made read-. Moreover, 
it a l s o  enables the stal l  Warner! t o  a,sEUmt) a sccondary ro le  as a valbable 
f l i g h t  inst-nt under special   c i rc tmshces.   Establ i r lnnent  o f  t h i 8  dual 
role for  stall warning a q u i p e n t  appears t o  represent a major contribution..  ' 

. ,. ii 

r 

- -- _I-_I_-_- 

. .  
%at i s , ,  a3 Boon as the s t a n  -axing signal comes the   p i lo t  de- 

creams  the  angle-of-attack  until  the warning e i p a l  g&s off.  He then 
increases the angle-of-attack  until it goes on, prmptly  docmanss it 
u n t i l  the warner gcea off ,  then  increases  the axlgle,-of-e.t+ack wtil it 
comes on again, etc, 

. :, 

. .  

91t i s  noteworthy, i n  t ~ a  regard,   tnat  review of the   spc i f fLca t ions  ' 

I 

of stall w m r  manufacturers  revealed no c lea r  or coosi.stent  practice 
w i t h  res,p€t t o  the setting of s t e l l  rraming indicators.  

\: .. 
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APPENDIX B 



A t  the tima that the angle-of-attack i n a t m n t  and  mounting boam 
mere instal.led on the testing aircraft it waa asamad that tb  ring chord 
ran fram tho  leading edge t 0  . t he   t r a i l i ng  edge'of tb wing. This imagi- 
nary lins would by thin defini t ion pass inaide the m l n g  making it d i f f i -  
cult t o  work with, To avoid t h i s   d i f f i c u l t y ,  B l i n e  WBO constmotad  bel- 
t he  wing on the side of the fuaalage, which wae parallel t o  the sssumd 
ring chord, T h  c o n a t m t i o n  of this liu9 wan aacaraplisbd by first draw-  
ing two lines which were p r p e c d i c u b r   t o  the ae0med ohord down tb side 
of ths funelage; one irom t he   l eadhg  and one fran  the^ t r a i l i n g  edge of 
the ring. T b n  equal  distance8 mre h i d  off along eaoh of t b o a  lines 
t h o  &atermlninp two points uhimh ware equidistant fmu the assmrd ~ l n g  
chord. Uhen- these two points =re connected, t h e ' m s u l t i n g  1- WE 
parallsl to  the  assuaed w i n g  c h o m z  

wind'  and the wing ch0rd.l To be p o p a r l y  oalibrated,  then, the angle- 
of-attack  instrum4nt m u s t  read 2010 when tbs  coppsr vane aligns i twl f  
w i t h  the asamad wing chord. To achieve t h i s  aallbration tba tail of the 
aim- ra iaed  unt i l   the  line on the fusslaga which m a  parallel t o  

t ional bubble leoel, Next, the angle-of-attaok  indiaator was net a t  mro 
the  ossmsd  chord wan level. This  leveling me c h k e d   r i t h  B convun- 

and  thsn  the copper vane was twis ted  so t ha t  it slipped 'on i ts  shsit  un- 

Then with  the asmrmed w i n g  chord and the,vana  both  level and the indica- 
til it una also in a level  poait ion and c k k e d  with the  bubble h l .  

t o r  reading zero, the mt-=sew was tightened and th, vadr, mule e s c w  
t o  its shaf't. T b  instrument ncm rneaaumcl tb angle betwen  the  posit ion 
of tha vune as it streamlined i tw l f  with the airstream and the  ansumd 
ring chord. 

Angle-of-attack 18 defined 8 8  b+ng tb angle between tbs gmlatiw, 

It haa been pointed out  i n  W r p .  I1 of this report that tho -or- 
ing JMpartmnt of the Piper Aimraft Corporation s u p ~ i e d  tlm information 
that tbe True uhord of t& dng i s  the flat bot- SarfaCr Of th. ring. 
This  mennt that the angle-of-attack  indicator mas reading in error by tba 

This  angular diffemnce between the two ehords m a  determined aatlmmti- 
angular differexme betmen the assuned wing chord and the trw ohord. 

c d y  ao that it could be applied t u  ths indicator readings ea a constant 
aalibration  eorrentlon. The method uaed for determining this angulsz 
difference will be ahom in ths  following step, F i r s t ,  tba diahnoe  

mas meaarred. This measurement i a  dsslgnated by the letter "sa0 Isext, 
betnon  the   cen ter  lins of the main gear and the oentar of the tail w b w l  

'Jomd, Bradley, herodvnen ICE for d l o t s .   C i v i l  Aoronauticm 
Bul le t in  Ro. 26, U. S. Depubmnt of Cmerce, Washington, D.C.1 8ept.n- 
k r  19L0, page 30. 



To flnd angle *C" 

slna c .I. . a 5  - 15' 20' 
E 207 

Root Angle of  Incidenoe Angular Dlffemnca betwean 
Assumed chord and T r t m  chord 

13' 11' U0 80' 
l2O 4' 13' W' 
lo 37' lo 39' 

plat4 ran made nnd t h e  read- of the indicator  taken when the  vane ran 
Afbr ths copper vam had been set by t h i s  leveling method, a t e m -  

f i t t a d  on tbe  template, A i l  subsequent  checke  of tbs ca l ibra t ion  of th. 
angle-of-attack  indimtor -re made by placing tha vane on the template 
and chccklng t o  see that tbs indicator  reading was the  same as the origi- 
~l one. I f  they were not the erne, the vane mas adjbeted by sliding It 



on its mountlag 
dloator. Plate 
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