


NATI  OTGAL ADVS SORY COB!I 'TTEE FOR AERONAU TI C S . 

TECFINICAL MEXGFtANDUltl NO. 261 - 

LIGHT AIRPMEJES 

--hich Par t ic ipa ted  in Contest a t  Lympne, England, October, 1923.'" 

The purpose of t h i s  lnernorandum is t o  presen-t i n  a concise 

form a descr ipt ion,  K i t h  d.ravings, of the  most p r a c t i c a l  l i g h t  

airplanes participating i n  t h e  meet a t  Lympne, England, i n  

October, 2923. 

Features, vhicfi a r e  p a r t i c u l a r l y  s u i t a b l e  f o r  t h i s  type of 

a i r c r a f t ,  a r e  described and a spec ia l  reference 5s made t o  

achievements tihich indicate  progress and p o s s i b i l i t i e s  both from 

a coimnercial and a mi l i t a ry  poi& of view. 

t a t i o n  %-as been arnmged according t o  e f f ic iency  i n  mileage at- 

tained- on a- gallon of gasoline and also i n  the order of o t h e r  

attainments by  a i m l a n e s  not  entered f o r  the  economy t e s t +  

T'ne osder of presen- 

A ta?mln-tion i s  given i n  the inciiv-ldua'i drawings and inserts 

are I ad-d-ed shoving the  rank in ve loc i ty  and a l t i t u d e  f l i g h t s .  

The 6-iagratx ( F i w r e  - 12) gives the r e l a t i v e  s i z e s  i n  plan ou t l ine .  

Appendix I of t h i s  memorandum refers  to  another l i g h t  air- 

plane mhich dtd not  p a r t i c i p a t e  i n  t h e  f l i g h t s  at Lppne.  

Appendix I1 contains a. s e t  o f  dra,vrings of four d i f f  er ent 

propell-ers suitable f o r  l i g % t  a i rp lanes .  

* Taken from llF1i-ght,f' September 20, 27, October 4, 11, 18, 3.923, 
and "The Aeroplane," Apr i l  4, September 19, October 17, 1923. 

Compiled by the National Advisory Committee f o r  Aeronautics. 



“ A .  E. E. C .rl Monoplane. 

The “A. N. E. C. I t  l i g h t  a i rp lane  (monoplane), entered by the 

Mdlestone Aeronautical Association and H.  Blundell, and manu- 

factured by the A i r  Navigation and Engineering Company, a t t a ined  

the  grea tes t  mileape (87.5 miles) on a gal lon of gaso3.ine and 

also the  g rea t e s t  a l t i t u d e  (14,400 f e e t )  and stil.1 fu r the r ,  Pin- 

ished second i n  the  speed t e s t ,  having made 74 lf..P.H. 

Tlie wing contains but one spar which, i n  cross  section, i s  
, 

d. box-like t r i angu la r  s t ruc tu re  w i t h  plywood s ides .  This spar 

has ’been found t o  b e  remarkably e f f i c i e n t  i n  r e s i s t i n g  tors iona l  

and bending s t r e s s e s .  

A fo rmrd  port ion of t h e  wing has a :?iywood covering. 

Ailother unusual feature is i n  t he  shape of t he  plp~00d-  

covered fuselage.  

the  p i l o t  an angular view ahead on both sid-es, and :vi+h the tri- 

angular shape of t he  spar, ke i s  ab le  t o  see upward and also 

ahead at a reasonable angle. 

The s ides  a r e  curved i n  a t  the  wings, giving 

I n  the landing gear t h e  ax le  i s  hinged at  the center ,  leav- 

ing  t h e  wheel end-s f r ee  t o  move up o r  dom i n  the e l a e t i c  cords 

a t tached at  the fuselage s ides .  

The aheels  a r e  made of wood mith three-ply s ides  and w i t h  a 

laminated. ash r i m  covered with l ea the r .  

The cont ro ls  consiet  of t h e  usual s t i c k  and f o o t  bar and 

were found very sa t i s f ac to ry ,  except f o r  an undue sensi t iveness  

caused by a too highly-geared elevator .  
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A soo!ed plug of the engine was responsible f o r  the forced 

land-ing o f  t h i s  airplane. 

airplanes and 1z:hether o r  n o t  ?;'he trouble ?;.as due t o  the inverted 

pos i t i on  of t h e  engine i s  d i f f i c u l t  t o  determine a t  this time. 

Figure 1 cclntains ou t l ine  drawings an& a, t-b c,, u l a t i o n  of dimen- 

s ions,  areas ,  e tc .  

T h i s  engine performed well In other  

'IXr en" Monoplane 

The "Jren" I3ght airplane (monoplane), entered and b u i l t  by  

t he  English E l e c t r i c  Coapany, tmo i n  number, competed i n  the 

flileage per ga l lon  of gasoline contest ,  one tBina with the A * N . E . C .  

inaking 87.5 miles, and t h e  o ther  f i n i s h i n g  secoizd with 82.5 miles. 

These airplanes did n o t  take part  i n  the conpetition for alt i tude 

ox s p e d - .  

A11 parts were design& t o  meet the standard sa fe ty  f a c t o r s  

o f  t'ne A i r  Ministry.  

The fuselage i s  of t he  orthodox construction reinforced a t  

-0oirLts where c?%tachrnent f o r  wings, landing gear, e t c . ,  a r e  made. 

The main spars, of  subs t an t i a l  Sox section, are  of spruce 

735th a specie1 form o f  internal bracing vhich gives grea t  t o r -  

siovlal s t i f f n e s s .  The upper surface o f  the leading edge of  the 

wings is covered ~ i t h  three-ply while the e n t i r e  covering is of a, 

sDecial light fa%;-ic doped rrith Tltanine glider dape and. finished 

i n  aluniixim. 

The t a i l p l a n e ,  e levator  f i n  and rudd-er are of subs t an t i a l  

build-, following st andlard.. construcllone.l methods. The controls ,  



which aze very e f f i c i en t ,  a l s o  follow the approved standard prac- 

t i c e  

The porfer i s  quite ad-equate f o r  cross-country flying, except 

in very strong opposing winds, and is s u f f i c i e n t  f o r  a quick 

t a k e o f f  from a reasonably l eve l  f ie ld .  

t h e  n h e l s  no t  o n l y  reduces head res i s tance  but enables a landing 

On rough o r  ployired f i e l d $  d t h o u t  risk of turning over which 

muld be almost  inevita,3le l x i t h  the  uou.r;l type of  landiiig gear- 

The inward posi t ion of 

The forward portioz of  the fuselage botGoa is protected by a 

three-ply covering. This feature also serves a~ a braking SUF- 

face and prece8.ed by a low land speed- of  25 M4P.H. bril;gs the 

airplane to  a stand-still within a few yards. 

The c o n t r o l l a b i l i t y  is perfec t  even a t  speeds probably near 

20  1LP.H. as shom i n  the salend-id pcrforlrnance exhibited i n  the 

so-called “crazy-flying. I: This airplane vas not entered as a 

racer, the  hLgb q e e d  being probzbly n o t  over 50 M.?.€L The en- 

gine is opereted at a compatrativelg low speed t h s  iasuring r e l i a -  

bility. and- durabili ty.  

F i e r e  2 contains t h e  ou t l ine  drawings and tabulations. 

The i:8andasyde1t (momplane) entered by F. E?. Raynham and 

ma-nufactwed by the  A i r  Xavigation and Enginsesing Company, Ltd. ,  

raiike6 th i rd  i r z  37i.leage (65. -7 miles) per gaXl_on o f  gasoline 

I t  did-  m t  take part ii? the speed contes t  an& did not a t ta in  a 
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notenorthy height  i n  the  alti-bu.de corflpetition. 

The large spar is a plywood-covered box which gives  goo& 

r i g i d i t y  and espec ia l ly  e f f i c i e n t  r e s i s t ance  to  t o r s ion .  

The fusalage is covered e n t i r e l y  with plywood and the wing 

and tail u.ni t w i  t k  fabr ic .  

A very s a t i s f a c t o r y  gravity Teed is provided i n  t h e  r e l a t i v e  

loca t ion  of t he  gasoline tank t o  the carburetor.  

Con-Lrols, o f  t h e  usua l  type, are employed. 

Figure 3 gives tzbu-lations and the ou t l ine  d-rawings- 

llAvroll BlonodE?ae . 

The " A ~ i . 0 ' ~  type 560 (monoplane) i s  i?, prodluct of A. V. Roe & 

Company. 

of  gasoline ;-,laking 63.3 miles.  

f o r  t h e  grea tes t  t o t a , l  mileage coT.Tered during the meeting, having 

flowm 80 laps of t he  course reaching a t o t a l  d i s tance  of 1000 

a i l e s .  It also made a non-stop flight of I25  mi'tee. 

This a i rp lane  fi i l ished fourth i n  mileage per gallon 

It also won the  p r i z e  of fe red  

The fuselage construct ion i s  similar t o  that employed i n  the 

usual biplane, t he  covering being of f a b r i c .  In form it i s  very  

well. streamlined . 
The nings a r e  biconvex i n  sec t ion  sorneT1ia-t similar t o  the 

N.A.C.A. Nos. 7 3  and. 81 with a special l i g h t  l i n e n  f a b r i c  cover- 

ing doped with Titanine glid-er dope. 

Tyro spars a r e  used. an& a r e  of  'oJilt-up box-section with 

f langes  of  sc l id  spruce and walls of double d-iagonal spruce skins .  

This ,  i t  w a s  fouad, provided ELII extremely rigid! s t ruc ture .  
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I n  t h e  rib construction the  T-sec-t;ion spruce f langes are 

secured together by means of  corxcuga.ted cfuyalumin stmts and 

stays. 

the  f o m  of a Varren girder .  

ployed i n  the  operatior, o f  t he  elevators. Rudder opera t ion  i s  

accomplished- by  meixts of  pedals  j.nstea,di o f  the usual foot-bar. 

The drag bracing i s  constructed o f  spruce arranged i n  

Long push-and--pull rods are  em- 

An in t e re s t ing  fea ture  i n  t h i s  a i rplane i s  i n  the  pos i t ion  of  

the airspeed- ind ica tor  which is mounted a t  the junctior? of the 

l e f t  wing t o  t he  fuselage, remaining there  witllout being dis- 

turbed i n  any vay inhen the a i rp lane  i& disassernbled. 

t i o n  and drawings i n  out l ine  of this airplane a r e  given in 

F i g u r 9  4. 

A ta,bu-la- 

"DK-53" B'onoplane. 

A i rc ra f t  Company, L td . ,  is t h e  first light aiPplane, On record, 

t o  ha,ve cospleted- a loop. 1% a~ .so  performed a se r i e s  of In-mel- 

m a l m  tu.ms and some 9Seneral s tunt  flying, receiving generous 

applause from the  spectators upon landing. 

gallon of gasol ine corfipeti t i o n  it ranked fifkh, ha?Jing a t t a ined  

59.3 miles. 

mi. 1 es  per hour 

In t he  mileage per 

In the  speed contest it f inished s i x t h  vi th  5745 

From t % e  rrietrpoint of du rab t l i t y  and. maneuver&ili ty th i s  

a i rp l ane  denonstrzted that e, light a i rp l ane  can be a very depend-- 

ab le  and! s a t i s f a c t o r y  t rz ining airplane * 

In t h e  construct ion o f  the fuselage a three-ply covering i s  
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used vhich i s  secvred i n  such a way that t h e  usv.al wire bracing 

i s  not required.  

Buckling due t o  moisture, resulting from rain during the 

meet, was scarcely percept ib le  i n  t h i s  structure. 

S t e e l  tubing is  used ins tead  of the spruce c ros s  struts where 

the wicg bracing st-mts a r e  a,ttached t o  t h e  fuselage. 

The two wing spars a r e  box-shape with spruce flanges and 

three-ply walls. The RIA.F. 15  a i r f o i l  sect ion i s  used approxi- 

mately a t  the junct ion of  the  s t r a i g h t  leading edge to  the curved 

t i p ,  the  ord ina tes  then being increased as the olring becomes 

th icker .  

The ribs a r e  of  the usual des i@ and are made o f  spruce, 

vlhile the compressioil struts are I shape i n  c ross  section. 

A d i f f e r e n t i a l  control i s  used f o r  the a i lerons,  giving the 

upward t rave l  a greater angle than the  downwarda A very  effect-  

i ve  s l leac ing  of the  engine i s  accorqlishcd in the use of a 

Y 

back under t'ne fuselage. F igure  5 contains ou t l ine  drawings and 

tabcnlations. 

shape exhaust with a long curved c o l l e c t o r  pipe extending wejl 

l'Hurricanell Nonoplane. 

The IfEurricane" (monoplane), a product of the  RIAeEd  Aero 

Cluh, did not participate i n  t h e  mileage per  gallon OP the  

a l t i t w l e  contest .  

I t  igas apparently entered- f o r  speed only and f i n i s h e d  third 

i n  t h a t  event, making 58.5 miles  per hour. A broken rocker arm 
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of the engine aas responsible f o r  the  fc rced  landing of this 

ajrplene 

The land-ing gear consis ts  simply o f  a s t e e l  leaf spr ing 

placed across the bottom of the fuselage v i t h  t h e  wheels aktsched 

t o  its ends. 

The co-ntrol stick construct ion i s  qui te  u.msv.al in t h i s  air- 

plane, due no doubt to the very unusual shape of the €uselage. 

Tabulations an5 outline drawings izre given i n  F i g w e  6. 

The 'Ti,getil (biplane)  designed. by t he  chief engineer of 

Vickers Lirnited and bu i l t  by them, =as characterized ads an ex- 

ceptionally f ine  piece of rirork. 

Th i s  light ... airplane,  a per fec t  orth.od-ox biplan3, f i i i ishec 

fourth i n  the  speed contest, making 58.1 miles. per hour. 

' I t  was the f i r s t  afrplane t o  taka the air a t  t5-zc meet and 

i t  cliinbed 7$7ith rem8rk~bl.e speed. 

The fuselage i s  fzbr ic  covered and the  fraLoeToTk cons is t s  o f  

mire-braced . .  girders ni t h  spruce longerons ax?- s t r u t s .  The l o n -  

gerons are? of s m i z l l  square sectioli  avhile t h e  s-kmts itre routed 

out t o  2. cruciform sect ion.  

Specialf i t t ings of du.ral.umln sBraddlz the longerons, avoid- 

irig the  usual dr i l l - ings f o r  b o l t s ,  and are  held- i n  place ' b g i  

small mood screxs.  

d fireproof bclk'nead is i n s t a l l e d  immediately back of t h e  
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eng-ine llouaiilg. The engine ie supported by longerons of s t e e l  

tub ing  and i s  mounted s u f f i c i e n t l y  low t o  give a g rav i ty  feed 

from the  gasoline tank mounted i n  t h e  deck f a i r i n g  behind the  

bulkhead. 

The controls  a r e  o€ t h e  usual type f o r  biplanes.  The con- 

t r o l  s t i c k  i s  of d-uralumin tubing.  

A complete s e t  of  instruments i s  ca r r i ed .  

The propel le r  i s  chain driven with a Z$ t o  1 reduction. 

B a l l  thrust bearings are used. 

Constructionally the wings a r e  of the standard design, wood 

an6 f a b r i c ,  with the  R.A.F. 1 5  a i r f o i l  sect ion.  The only unusual 

f e a t u r e  i s  i n  the  wing-length a i l e rons  and t h e i r  hinging, the  

upper a i l e rons  being hinged a t  the  top corner afld t h e  l o a e r  a i l -  

erons a t  the  bottom corner o f  t h e i r  respect ive spars .  

Provision i s  made f o r  adjustment of  t h e  t a i l p l a n e  xvhile t h e  

a i m l a n e  i s  on the ground. 

The s t r u t s  o f  the  landing gear a r e  made of  streaniline steel. 

Figure 7 m i l l  g ive the usua l  o u t l i n e  drawings and tabu- tubing- 

l a , t  ions .  

"ilvro 558" Biplane. 

The ''Avro type 558'' (light biplane)  entered and b u i l t  by 

A.  VI Roe & Com?any, i s  of spec ia l  i n t e r e s t  in t h a t  t h i s  firm i s  

not new i n  the design and construct ion of lorn-powerecl a i rp lanes .  

This  b ip lsne  f in i shed  second i n  t h e  a l t i t u d e  contest ,  having 

reached 13,850 f e e t .  



The main feature2 a r e  perhaps i n  the high aspect r a t i o ,  the 

pronounced. stagger and -the construction o f  the 1 s t r u t s .  The 

struts are of s o l i d  spruce n i t h  s l o t t e d  ends irito xhicb a r e  in- 

s s r t ed  and riveted the V shape duralumin p l a t e s ,  

The i n t e r n a l  construction of the wings i s  of  the standard 

type, the  spars being box-shaped of spruce, an8 the  ribs of spruce 

n i th  -t;hree-ply mebs. The leading and trailing edges are formed by 

s t e e l  tubing o f  small diameter. 

The fuselzge i s  of a somewhat unusual conskmction iri t h a t  it. 

cons i s t s  af four longerons braced :zith diagonal. struts forming a 

Barren girder ,  t h e  struts being attached t o  the longerons b y  three- 

p ly  plates.  The top l.onge:cons form a s t r a i g h t  horizontal  l i ne ,  

and t h e  main s t r u c t u r e  of t h e  fxselage i s  fairly shal1.ov. i a e  re- 

quired depth $01. t h e  fuselage i s  obtained i n  t h e  use o f  an ad-df- 

t ional  f a l se  top o s  deck of spruce s-tringcrs sxpported on three- 

ply formers. Fabric is used e n t i r e l y  a.s t h e  covering. 

m* 

The prope'i-ler s h a f t ,  qhich i s  &bove the cra,nkcase and magneto, 

revolves i n  ball bearings &riven by chain a t  a reduction of 2$ t o  1. 

-Fuel a&- o i l  a r e  carr ied i n  a twin tar,k aowted  on -sop of the 

longerons, irrjned-ia t e l y  bebind- t h e  engine, Lffording Puff ic ient  hear?, 

for a gravi-ly feed. 

Rudd-er operat ion is accomplished by  meaxs o f  pedals instead of  

a f o o t  bar. 

In f l i g h t  i t  was shorn tlizt t h e  imerent st$ai. i i ty o f  this air- 

?kine m s  e s p e c i a l l y  good, The out l ine  dravinpp and tabulation a re  

given in Fig. 8. 



"Gannet t" Biplane. 

The "Gannetfi (light a i rp l ane )  manufactured and entered by t h e  

Cloucestershire Aircraf t  Company, L t d . ,  fzilee. t o  take part  i n  t!le 

contest  a t  a l l ,  on account of a r e f r ac to ry  engine. 

descr ip t ion  of t h i s  airpla,ne i s  ava i lab le  and i s  given wit11 t h i s  

memorandum, be l iev ing  i t  m i l l  be of value t o  d-esigners Tho may be 

i n t e re s t ed  i n  t h i s  twe of a i r c r e f t .  

A very complete 

The general design, i t  will be seen, fo l lows  that of the  or- 

thodox Biplane. 

I n  order t o  meet the s t i p x l a t i o n s  of the meeting the wings 

are  made t o  f o l d  ba.ck along %be fuselage, t he  t r a i l i n g  port ion o f  

the cen t r a l  sect ion having f i r s t  been fo lded  toward the  leading 

The fusel2,ge has f l a t  s ides  ancl i s  covered. wi th  three-ply wood. 

The deck, which i s  f a i r l y  deep, i g  made of spruce s t r i n g e r s  mount- 

ed on l i g h t  formers w i t h  a f a b r i c  covering. 

used under the  bottom of t h e  fuselage. 

A shalloxer f a i r i n g  i s  

A r e l a t i v e l y  deep p o f i 3 . e  i s  used and the  wing s t ruc tu re  con- 

forms t o  stardard design. The spars are of spruce v i t h  an I 

shape cross  section. The ribs have spruce flanges and the com- 

pression struts have three--ply cut out 7;:ebs. Streamlfne s t e e l  

tilbing i s  used a s  struts bet.,:resn the  upper and lover vfngs mith 

bracing of  streamline v i r e s  Tun i n  the vlsuaY- direction. 
0 

Access t o  t h e  cockpit i s  had by  %be r a i s i n g  o f  t h e  t r a i l i n g  

?o r t ion  of t h e  central section, which i s  afterrnard lowered t o  its 
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, o r i g i n a l  pos i t ion  and locked. 

A f i reproof  bulkhead i s  provided betveen t h e  engine and cock- 

The engine i s  not operated a t  extremely high speeds vaking p i t .  

the use of a r e d m t i o n  dr ive  unnecessary. 

cylinder v e r t i c a l  two-stroke type. A s  seen from t h e  clravings, the 

covfling over the  nose i s  well. formed and should hold the  r e s u l t i n g  

dr3.g t o  a i:?inimm. 

The engine i s  a two- 

The pos i t ion  of  the gasoline tank i n  the  upper c e n t m l  sec- 

t i o n  a f fords  a goo6 head- f o r  the  g rav i ty  feed.  

the  o u t l i n e  drawings and tabula t ions .  

F i m r e  - 9 c0n"tainS 

The "Peyret" (monoplane) constructed by L. Peyret ~ ~ r o v e d -  t o  be 

an exce l len t  c l inber  having reached 9400 f e e t ,  t h i r d  i n  the  alti- 

tude competition. S t r u c t u m l l g ,  however, i t  met w i t h  serious ais- 

for tune when returning from a second f l i g h t  - an e f f o r t  t o  surpass 

o the r  records. 

completely, causing the  s t r u c t u r e  t o  fall rapidly t o  t h e  ground, 

k i l l i n g  - MY- Eaaeyrol, the  p i l o t ,  i n s t a n t l y .  

A t  a height of  but 100 f e e t  the vings collapsed 

The designer who witnessed t h e  accident  was of tke  opinion 

that  a donn l o a d  on the  f ron t  spar had created an extraord-inary 

compression load- on t h e  brace s tmts ,  Tvhich had- been designed pr in-  

c i p a l l y  t o  work i n  temsion, causing the s t r u c t u r e  t o  fail. 

Drawings i n  o u t l i n e  and tabula t ions  a r e  given i n  Figure 10, 
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I Ssvers-Handley Page Monoplane. 

The Sayers-Randley Page (monoplane) entered by Major Srzdsharr 

an6 bui l t  by  the  Handley Page L t d . ,  a l s o  experienced engiae trou- 

b l e  and 7,7as compelled, as a r e s u l t ,  t o  ITithdraw from the contest  

f o r  d-istance - determined. by the -number of l a p s  around the  course. 

Tne covJlir_g over t h e  cockpit, containing but two look-out open- 

ings, vas not. received favora,bly, according to .zccounts, as it 

i n t e r f e red  ser ious ly  Tr~th the  p i l o t ’ s  view. 

This a i q l a n e  made some very successful f l i g h t s  a f t e r  t.he 

meeting and an e f f o r t  has been made to  ob ta in  information regard- 

ing i t s  construct ion,  as ide  from the p1a.n and elevation drawings 

with tabulat ions i n  Figure 11, but without success- It a?pears, 

however, t o  be f a s t e r  than scme of t he  more successfd.  a i rplanes.  

It lands  a t  about t h e  same speed and has probably a t  l e a s t  as 

mxh reserve power. 

The rud-der control  i s  no t  q u i t e  as good- as might be wished 

but t h e  elevator  and- a i l e rons  are extremely e f f e c t i v s -  

P i x i e  11. 

The Pix ie  11, a Geo. Parnall. & Ccnipany F r o d w t ,  a t ta ined  the  

g rea t e s t  speed- during t h e  meeting, having made 76.1 i??iles per 

hour. I t  i s  r eg re t t ab le  t h a t  t h e r e  i s  verv I.it-tl-e information 
t 

forthcoming e i t h e r  i n  descr ip t ive  matter,  drawings, or tabulat ions,  

regarding t h i s  remarkable l i g h t  a i rplane.  
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n LBO vieri;s, hoivever, taken from h31ftone cuts ,  a r e  given below. 

The resemblcrnce to  t h e  DE-53 l i g h t  a i rp l ane  is ?,t once a7par- 

en t .  The s p n ,  i t  vi11 be seen, i s  s h o r t e r ,  and the  diagonal 

struts a r e  p a r a l l e l  instead o f  converging. 

The landing gear  a x l e  is a l s o  1onp:r and 17ith the shor te r  

span of t h e  wings the skids for the l a t t e r  a r e  n o t  necessary.  

The rear spar is 73u.il-t r i t h  a beid at; t b e  elev3Lttor irorn -7hich 

point  it exbends t o  and jo ins  t h e  f ron t  spar at the --!ins t i p .  

The ai lerons have i? differential actio-n. 

A very  neat aCjustrnmt i s  provide5 et the  strut ends adjoin- 

i ng  the fuselage” The t a i l p l ane  i G  adjustable on the grou-nd. 



- 15 - 

E e l  gian r?or,c e l  e t "  Mono plane 

The Belgian IiPonceletf' l i g h t  a i rp lane  (monoplane) "Castar" 

and "Vivetteit  were entered by J. B. Rickard and G. A. de Ro, f o r  

the  a l t i t u d e  contest .  The "Castaarfl made an  excel lent  start but 

there  i s  no record as t o  t h e  r e s u l t  of t h e  a l t i t u d e  flight- IC 

the  matter of speed, however, i t  was found t o  have made 58 M - P - H - ,  

ranking f i f t h  i n  t h i s  respect.  

The "VivetZ;ell was l e s s  for tunate .  When i t  began t o  r i s e  the  

p i l o t  banked s l i g h t l y  t o  t h e  l e f t ,  at vhich time a gust of vIind 

l i f t e d  t h e  r igh t  ving, 

causing the  a i rp lane  t o  drop v io l en t ly  upon and buckling the left 

l7heelw 

on i t s  back. 

This produced a very sud-den sid-e-slip 

Another gust of wind lifted the  t a i l ,  landing the ai 'rplane 

The T i l o t  iiappily escaped without in jury-  

An unusual f ea tu re  i n  these  a i rp lanes  i s  the  pos i t ion  Of t h e  

gasoline tank, which i s  located d i r e c t l y  back of  t h e  p i l o t ' s  head, 

forming the usual f a i r i n g  at 'chat point .  

tank f a i r i n g  provided t'ne des i red  p o t e c t i o n  f o r  t h e  p i l o t ' s  head, 

but had the gasoline leaked ou t  and become igni ted  the  p i l o t  

wou1d have been i n  a very precar ious posi t ion.  

I n  t'ne accident  t h i s  

The usual  o u t l i n e  draviilgs a r e  not  obtainable  but t h e  pr inci-  

pal dimensions a r e :  Length ove ra l l  21  f t .  6 i n . ;  span 36 f t .  6 i n * ;  

wing area 215 s q - f t .  





Fig.1. 

Weight loaded, 
470 lb. 

Loading, 
3.25 lb./sq.ft. 

Wing area 
145 sq-ft. 
Span, 32 ft. 
Length, 
15 2t. 7 in, 

I 

i 

-- 
Fig. 1, "A .N.E .C. if light airplane .. 

700 cin3 
(42.7 cu.in.) 
Blackburne 

engine - 



\?-eight einpty , 
232 lb. 

t-ieight loaded, 
420 1b. 

Loading, 
2 . 7 5  lS./sy.ft. 

I LJ. 

Fig. 2 The %ren" Iiglit a i rplane.  



I I 

Areas 
uings 135.5 sq.ft.  

Rudder 7 . 7 5  ‘1 ‘f 

Ailerons 16..7tj . t t  TI 
Elevator  15.00 II 11 

-7 

750 em-’ 
(45. cu.  i n .  ) 

Douglas 
engine 

F ig .  3 Ths llBandasydell l i g h t  a i rp l ane .  



1 
Fig. 4 

Wight enipty, 
285 Ib. 

Eieight loaded, 

Loading, 
485 lb. 

3.4 Ib./sq.ft  

700 0 3  
(42.7 cu . in . )  
Bleckburne 

engine 



F'Ig . 5 .  

3 750 cni 

Douglas 
enginc. 

(45.8 cu.ii1.) 

Max. s p e d ,  

Fig. 5 .. The t1DH?-5311 l i g h t  a i rp l ane .  



Fig. 6 

.-. 1 tuing axes, 

Span, 23 ft. 0 in, 
Length, 16 ft. 0 in. 
Nax- chord, 4 ft. 10 in. 

80 sq.f'c. 

Fig. E The lrHurricanell light airplzne.  



750 cm3 
(45.8-  c u . i n . )  

Douglas 
engine. 

Fig. 7 The Vige t  I t  light a i rp lane ,  . 



I 
Fig. 8 

Tieight empty, 

%eight loaded, 

Loading, 

294 Ib. 

480 lb. 

2.89 1b.fsq.ft. 

N 

a 

.I4 

500 cm3 
( 3 0 . 5  cu.in.) 
Douglas 

engine 

I .  

Fig. 8 The l r A ~ - r ~  type i5811 light airplane. 



Areas : - 
Wings 103.05 sq.ft 
Ailerons 20.05 
Stabilizer 8.75 I' 

!I 

Elevators 5 . 7 5 ~  II 

Rudder 3.40 11 

Fin 3- 00 I' 

---- 4 ' 3" --- 1 T4 +- 

750 cm3 
(45.8 cu, ir,. } 

TYO s t r o k e  
low speed, 

Carden 
engine. 

Fig. 9 .  The Wannet I* light a i rp lane .  



I- .--- 

... . ! 

I 

I 

I 

Wing area 164 sq.ft! 

1 
i 

I 

.. - . r .. 

I 

/-- 

16 HP Sergant 
engine. 

E 
- t.9 

-N 

- ri 

- 0  

F$g. 1-0 The '"Peyret light airplane.  



Span, 
36 ft.6 in. 

Length, 
21 ft.0 in. 

Niiaximurn 
chord, 

5 ft.0 in. 

King area 
161 sq.ft. 

a 

I ; C  
I 
1 I 

I 

400 cm3 

A.B.C .  
engine. 

( 2 4 . 4  cu,in.) 

.-  
*.* 

Fig.11. The Saysrs - Handley Page light airplane. 



Fig.12. 

< - i i  //. 

Plan out l ine of Eight airplafirlas participating in contest 
at Lympne. T'ne Dewoitine did not take part and 1s 
included as a lilatter OS comparison. 
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Amendix f .- 

The “Dewoi tine” l i g h t  a i rp l ane  (rrrrnoplane) constructed by 

Dewoitine, has a t t r a c t e d  a great deal o f  a t t en t ion  both i n  Europe 

and t h e  United S ta tes ,  and i s  considered an exceptional l i g h t  

a i rp l ane .  

t o  shpv, upon comparison,’ -that excel lent  r e s u l t s  were a t ta ined  

a t  Lympne. 

A descr ip t ion  v f i t h  drawings i s  given in this appeEdix 

It i s  ra ted  a s  having a maximum speed of 68.35 miles per 

hour and a landing speed of 18.6 miles pe r  hour, 

c e i l i n g  of approximately 10,000 f e e t  i s  claimed. 

weight per  HP i s  55 lh. A continuous box spar is used i n  t h e  

:j7Jings, the  leading edge of which i s  strengthened with plyvood- 

Plywood i s  also used i n  the  construction of t h e  fuselage-  

A t heo re t i ca l  

The approximate 

The landing gear i s  made of duralumin= 

The cockpit i s  immediately behind the  wing spar, which passes 

through the fuselage.  

This a i rp l ane  i s  balanced a t  33% of the wing chord. 

Three d i f f e r e n t  types of engines a re  used: the  Vaslin 4- 

cyl inder ,  hor izonta l ly  opposed-, air-cooled; t he  Salrflsor, 3-cylinder 

Y,  air-cooled; and the  Clerget 2-cylinder, hor izonta l ly  oppose&, 

a i  r- coo 1 ed . 
The r e s u l t s  given i n  t h i s  appendix a r e  those obtained with 

the Clerget engine making the  basis of comparison, with the  afore- 

described- a i rp lanes ,  very nea r ly  the  same. 

Figure 13 contai.ils t he  t abu la t ion  and- out l ine  drawings. 
* Taken from “Li Aerdnautique, l*  July,  1923. 



I 
F i g .  13 

Xeight empty, 

%eight loaded ~ 

353 lb. 

550 lb. 
Loading, 

3 - 0 7  " 

lb./sq. f t .  

I 
Areas : - 

irrlngs, 
161.5 sq.ft. 

Eleva to r s ,  
22.6 sq.ft. 

Fin, 3.44 a q . f t .  
Rudder, 

5.17 s q . f t .  
Span 41 ft.4.0 
Length - 
18 ft. 4 . 5  in. 1 

Hei@t G ft. 10.6 i n .  

---. 

750 cni3 
(45.8 cu,in.) 

ClergsS, 
engine 

Fig. 13 The ilT)e::roit ine  light z.irpl2nc 
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Appendix 11. 

LIGHT AIRPLANE PROPELLERS 

Based on Optimrn Efficiency a t  60 X . P . H * *  

This sec t ion  of the  Technical Memorandum regarding l i gh t  

a i rp l anes  contains four diagrammatic drawings of  examples Of 

Propel le rs  f o r  this type of  a i r c r a f t .  

the several a i r f o i l  sect ions occurring a t  the  d i f f e r e n t  radii 

are inclutled immediately following the individual drawings. 

Tables of  ordinates  fo r  

In 

the manufacture of these propel lers ,  the dravrings should f i rs t  

be rfla,de f u l l  size, adhering c lose ly  to dimensions and contour 

l i n e s  as given on the accompanying diagrams. 

as vi11 be seen, is approximately 1/12 o f  the  propel ler  diameter. 

The mater ia l  could. be of  walnut o r  mahogany o r ,  if a htw . 

The hub diameter, 

% p + L  is used, spruce vould answer the purpose f a i r l y  Well* 

A l l  . laminations should be of uniform thickness except the  outer  

layers which may be as t h i n  as necessary t o  conform t o  the con- 

tour  i n  the  e leva t ion .  A s  t h e  laminations approach the  t i p  

p e a t  care  must be  exercised t o  avoid the  use of  shor t  lengths 

o r  narrower strips. 

necessary i n  t h i s  port ion i n  order  to  make possible the  carving 

A uniformity of thickness  i s  e spec ia l ly  

O f  a perfeelily smooth and continuous surface.  

* Designed by Bureau of Aeronautics, Navy Department, Washington, 
D. c. 





/ 

Radius 

Blade 
ividt h 

Carnber 

k x  . 
ordinate 

-I__...- 

h d . L . E .  

1.2.5 

- 5  

10 

20 

30 

40 

50 

60 

70 

80 

90 

%d.T .E*  

Max. 
thi c h e s s  - 
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Dimensions f o r  Propel le r  No- 1. 

6 

u 

*975 , 
I 

098 

.40C 

,575 

770 

* 926 

-973 

.965 

926 

.848 

722 

.546 

.341 

075 

L 

- * 675 

068 

- -277 

- - 398 

- I533 

-. 641 
- 674 

- 668 

- 4  641 

-. 587 

- 500 

- 4 378 

- ,236 

.052 

1 650" 

9 I' 

4.78'' 

U 
- 

-984 

098 

.403 

581 

,777 

L935 

.982 

,974 

.935 

.856 

- 728 

.551 

344 

.076 

L 

-.325 

.033 

-a  133 

- e  192 

- 257 

- *  309 

-e324 

-. L 322 

- - 309 

- - 283 

- - 241 

-+I82 

-.114 

,025 

1 309" 
.. 

5 - 04" 

U 

-973 

.097 

399 

.574 

-769 

.924 

,971 

.963 

.924 

-- 

* 847 

6 720 

545 

.341 

. .075 

L 

- - 112 
-. 

-011 

- 046 

.066 

- -089 

- - 106 
- .112 
-. 111 
- 1.06 
-. 097 

-e083 

- -063 

-a 039 

.009 

1.085" 

A l l  ordinates are in inches.  



Radius 

Blade 
width 

2.5  

5 

10 

20 

3c 

40 

60 

70 

80 

90 

Rad. T. E. 
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Dimensions for Propel le r  Bot 1 (Cont . 
! I 

1.5" i 10" I \ 21" ! 

5.05" 

.364 

886 

.879 

.844 

,773 

,651 

.497 

.311 

.068 

.888" .?21 

,565 

.057 

.232 

.333 

.446 

.537 

9 559 

.537 

.4$2 

.618 

-316 

.198 

.565" 

3.7'7" 
- 

U 

.423 

.042 

,173 

*25@ 

.334 

.402 

* 422 

I 419 

.GO2 

.369 

,313 

.237 

+ 148 

.423!' 

27'' 

029 

4 119 

171 

- 229 

.276 

.289 

.287 

.276 

.252 

.215 

162 

. lo2 

.C%2 

A l l  ordiinates are i n  inches.  
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Dimensions f o r  Propel ler  No, 2 

I 

width 

I 

Radius I 

Cambe2 

lVia.x. 
o rd ina te  

Rad. L. E. 

2 .5  

5 

10 

20 

30 

40 

50 

EO 

70  

80 

90 

Rad,T* E* 
- 
Max. 
t h i  c kn e s s 

4.97" 

'is 

1.348 

.lo5 

.430 

.618 

.828 

.99E 

1.046 

1.038 

*99E 

+ 912 

.776  

.I587 

I367 

,081 
- 

L 
-- 

-. 795 

to80 

-. 326 

- .469 

- 528 
-.?55 

- 793 

- b 787 

-. 755 

- ,692 
- 588 
- * 445 
- ,278 

-061 

1.843" 

9 

5.12" 
_11_- 

U 

1.060 

.lo6 

.435 

625 

.83? 

1.007 

1 058 

1.049 

1 007 

.922 

784 

.594 

.371 

.082 

L 

-. 420 

,042 

-. 172 

-, 248 

- 332 
-- 399 
- - $19 
- - 416 
- 399 

- 4 365 

d.311 

- *235 

-. 147 

= 032 
- 

1 .48 0" 

12 I' 

5.40" 

u 

3.. 056 

,106 

* 433 

,623 

834 

1 003 

1- 054 

1 045 

Z.OC3 

s 919 

.?E1 

+ 591  

.370 

.081 

1 

-. 3-70 

017 

- *  070 

- .loo 
- 134 
- 162 
.*. -170 

- e168 
- - 162 
- 148 
- 4 I26 
- ,095 

- 060 

. iQl3 

1.226" 

A l l  o rd ina tes  are i n  inches. 
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Radius 

Blade 
width 

--- 

Camber 

11a.x. 
o rdirie t e  

e_-I_ 

_.. - 
h d . L . E *  

2.5  

5 

10 

20 

30 

40 

50 

60 

70 

80 

90 

Rad. T. E. 

Max. 
tlii c h e  s s 

5.50" 

101 

.414 

* 596 

.798 

.960 

1 O(38 

1.OC3 

.96C 

--a79 

.747 

-566 

,354 

.om 
- 

L 
--- 

-. 035 

.004 

-. 014 
-. 021 
- * 028 
-. 033 

-. 035 

-. 055 

- .933 

- 1331 
- * 925 

- 020 

9 0 012 

.om 

18" 

5.37" 

u 

.858 

.Of36 

,252 

.506 

.678 

-- 

815 

.856 

.849 

.815 

I747 

" 535 

I 481 

.300 

.066 

- 8 58" 

5 s 04" 

U 

. 7 m  

.072 

.287 

413 

-553 

665 

.699 

I 693 

.665 

.. 518 
392 

245 

* 054 
-- 

.7QP 

27 

3 81" 

13 

.4os 
* 041. 

.166 

,229 

,320 

.385 

.404 

* 401 

.385 

- 352 

.300 

.227 

-._-I- 

,142 

r 0 3 1  
--- 

405:' 

30" 

2 ' 82" 
I_ 

U 

.275 

. .028 

- 113 
+ 162 

.2i7 

.261 

.275 

* 272 

.261 

.259 

-204 

.154 

096 

021 

.27 5" 

A l l  ordinates are  in inches. 



Elevation 
l ook icg  at 
f l a t  si&. 

Plan  
looking  a t  
f l a t  s i d e .  

Ordinates of  
s e c t i o n  on 
next yage. 

Propeller No. 3 Direct  dr iven  R.H. 
Dia .=3' 5'' Pit ch=P .84' aspect  ratio=6 
Sp~ed?=60 N.P+H. M=3000 R , P  ,lid. HP .=15 

Approx. E f f  .=61$ 
f . i . R . C . A  



Radius 

Blade 
width 

Camber 

-_ --- -- 

Max . 
ocdi na t e 

Rad. L. E. 

2 . 5  

5 

10 

20 

30 

40 

50 

60 

70 

80 

90 

%d.T*E= 

%ax. 
t h i  c kne ss 

- 23 

Ciniensions for Propell.ler 1'50. 3 .  

1.055 

,106 

- 433 

. E23 

- 834 

1.1302 

1 053 

i.044 

I. GG2 

.91.8 

781 

5%- 

.369 

.081 

* 100 

-. 41'3 
- 590 

-. 790 

- a950 

998 

-. 990 
-a950 

-.870 

-. m 74.0 

- 560 

-0350 

007 

--- 
E " 

108 

.444 

.638 

.855 

1.028 

1.080 

I. 071 

1 928 

(. 941 

.801 

-606 

.3?9 

083 
__ - 

335 

- + 145 

- 9 208 

- -2% 
- 335 

-a352 

- - 350 

- - 335 

-. 317 
- 261 

-. 198 
-*124 

* 027 

1 - 435" 
--- - 

A l l  o rd ina te s  are  .in iac'hes. 
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A l l  ordinates in inches.  



Elevation 
looking at 
f l a t  side. 

P3an 
looking at 
f l a t  s ide.  

Ordinates of 
sections given 
on next page, 

'p; E $I 

Propeller 140.4 Direct drive K.H. 
Dia.= 3 ' 8 "  Pitch = 1.84 f t .  Aspect r a t i o  = 6 

Approx. E f f .  = 60% 
Speed- = 60 X.P.H. SI = 3000 R.P.M. m- = 26 
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Radius 

Blade 
w j  dth 

Camber 
--- 

Max. 
o r d i na t e 

2 . 5  

5 

10 

23 

30 

40 

59 

60 

70 

80 

90 

Dirnensicms f o r  P rope l l e r  No. 4. - 
.I 

3 " 6 'I  

3 a 30" 

'j 

1.125 

I 1 1 3  

.4G1 

,664 

-889 

1.069 

1,123 

1.114 

1.069 

,979 

833 

i ' 6 3 0  

i .394 
i 

.087 I Rad-.ToE. j 

Max. 
t hi c kn e s s 

L 

-1.125 

,113 

- ,462 

-. 664 

- -889 

-1,069 

-1 123 

-1 114 

-1.069 

-. 979 

- d 833 

- a  630 

-. 394 
,087 

2.25" 

3 41" 

iJ 

1 -. 160 

. I16 

.476 

.584 

.916 

1.102 

1.158 
* 

i . u a  
1.102 

1.008 

,858 

,650 

.406 

-089 

L 

- a 4 7 5  

548 

-.195 

- ,280 

-.375 

--a 451 

- 474 

- 470 

-. 451 
- 0  413 

-9352 

- 266 

-*166 

= 037 

r .  t 1.635" 
I 

A l l  ord-inates are in inches.  



- 26 - 
Dimnsions  f o r  Propeller lfo. 4 (coa t . )  

1 2  " 15" 18" 9" Radtius 

BLad e 
width 

Camber 

Max. 
ordinate  

- 

._ 

3.65" 3.21" 3.58" 2 - 55" 1,48" 
I___.___ 

L U u U U 

.940 

e 094 
-_- - 450 -255 ,683 

+ 068 

,280 

.403 

9 540 

.649 

.682 

,676 

649 

.594 

505 

,382 

.239 

053 

-_I-.--- 

* 045 * 024 

.096 

Rad. L. E. 

2 .5  .479 

689 

- .04f 8 385. 

,555 

* 743 

*185 

5 - 059 

- - 079 

.266 

,356 

.428 

139 

10 I922 .186 

I 223 

e235 

1 109 

1.165 

1.155 

-. 095 .893 

,938 

0 931 

30 - .099 

-. 099 
449 

40 446 

,428 

.233 

,223 

*205 

50 -. 095 ,893 

60 1.015 

,864 

,654 

-. 087 

- 075 

- 056 

818 

,696 

.392 

70 * 333 

.252 

.174 

132 

.082 

80 .526 

I 329 

.072 

90 409 

* 090 

-. 035 

w 008 

,158 

,035 %d.T*E* 

Ida x . 
. thickness 

.018 

,450" ,683" 940'' 
-- 

.235" 

811 ordinates a r e  i n  inches- 



Appendix 111. 

LIGHT AI-WLANE PRO?ELLERS 

Based on Optimm Eff ic iency a t  60 M.P.H.* 

Since i ssu ing  the  Technical. Memorandum No, 261 >,?ith 

appendices I and I f ,  regard ing ' l igh t  a i rp lanes ,  two l i g h t e r  

ard more e f f i c i cn?  pro2el le rs  of srr.sl.7, diarxeter have been 

de si  gned. 

These p rope l l e r s ,  Nos, 3 A  and 4 A ,  ar2 described i n  

this appendis, Their -:;eight i s  tne minircun f o r  t h e  required 

s t rength ,  and t h e i r  e f f i c i e n c y  i s  v a r y  s i x i l a r  -to that of 

propel le rs  Nos. 1 and 2. 

The usual diagramatiz drawings and taSles  o f  ordinates  

a re  giuerr, fcllomed b y  curves inhich shoa the  r e l a t i v e  

approxirfiate e f f i c i ency  of the s i x  propel le rs .  

"Designed b3T Eurezu of Aeronautics, Navy De-pa-rtmnt, 
Ivashington, D. C., July 1924. 
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Propeller Noa3A. Direct dr iven.  2.E. 
Pi.t;cli=Z. 19' Aspect ratio=6 

P.E. N=3000 R . P .M . hT.=lS 
fipprox. Eff  - =70$ 



Dimensions a f  P rope l l e r  No, 3 A  

Radius 

Blade 
Eidth 

Cambe x 

Max, 
ordinate 

Rad. L.E. 

10 :*I 

1: J' 

( J  20 f-l 
C 
,Cl 

9.4 

30 c) 

40 o 
4' 

50 g 
0 

60 i-r 
0 
:\ 

90 

Rad. T.E.  
--- 
XELX 
th ickness  

6 l* 

z .  51" 

U 

.??4 

,977 

- 317 

* 457 

.611 

735 

.772 

,766 

I735 

.673 

,573 

,453 

,271 

.060 
-- 

L 

.30& 

,031 
-_  125 

-. 181 
-. 242 
-.28i 

-. 305 

-. 303 

-. 291 

-. 266 

- .  226 

-. 171 
- -  107 

-024 

1.08" 

9 I' 

3.71" 

U 

?"-n  . ( 3 0  

-074 

,302 

4.34 

I 581 
,699 

.735 

.729 

.699 

t64C 

.545 

.412 

.. 258 

-057 
-_- - 

L 

. c73, 

.GO7 

-. 030 

-*043 

-. 058 

-. 069 

-. 073 

- *  C72 

069 

-,064 

-*c54 

-. 041 
-. 026 

. C06 

.809" 
- 

12" 

3-68'' 

U 

,599 

c 060 

.246 

353 

-473 

569 

* 598 

593 

4.569 

521 

. 443 

.335 

I 2 1 0  

f . W E ;  

,599" 

15 '' 
;5,33" 

u 

.442 

f044 

181 

t 261 

- 349 

42c 

.441 

.438 

. ai: 

.385 

.327 

-248 

.155 

~ 034 

.042" 

18 '' 
2.68" 
-- 

U 

297 

.030 

.122 

.175 

.235 

.2a2 

.. 296 

1294 

282 

(. 258 

.220 

.166 

.104 

* 0 2 3  
--- 

-297"  

_II 

21_" 

1.75" 

U 

-168 

.017 

069 

-099 

* 123 

* 160 

-168 

.166 

,160 

.146 

.124 

.094 

.059 

* (313 

a 168" 

All ordinates i n  inches 

U = upper caaber. L = loiter camber 

There is no l o w e r  caur,bsr at 12",  15'l, 18" and 21" radi i .  



N.A.C.A. Technical Memorandum No. 261 

Elevation Plan Ordinates of 
looking at looking at . section on 
f l a t  side f l a t  s i d e  next page 

j 

Propel le r  Elo14A. Direct driven. .R.H. 
D i s .  =4' 0" Pit~h=2-25~ Aspect ratio=6 
S pe ed=63 Id P - 1-3 N= 3000 ReP.I$. HP;= .20 

Approx, Eff .= 68 -5% 



Dimensions of  Propeller Po- 4A 

Radius 

Blad5 
width 

Camber 

Max. 
ordinate 

Rad. L.E.  

5 '9 

90 ;iJ 

I 
20 73 

k 

0 

0 

c: a 

F-l 

30 2 
40 q-4 

50 * 
60 

Rad. T.E. 

Max. 
t hi ckness 

6 If 

3.71" 

.082 

-336 

- 483 

. ?78 

I 817 

-811 

-77% 

.?13 

. E06 

-459 

- 287 

.063 

L 

.375 

,038 

-. 154 
-. 221 
--. 296 
-. 356 

- _  374 

-. 3'71 
- *  355 

- .  326 

-. 278 

- &2l.!l 

- *  131 

.025 

9 " 

3.91" 

U 

.BO4 

080 

.330 

.474 

.635 

.764 

.832 

.796 

76% 

.699 

- 595 

. $50 

.231 

. (362 

L 

T 104 

-010 
-I_- 

-. 043 

-. 061 
-. 082 

- ,099 

- "  104 

-. 103 
-.  099 

-. 090 

- ,077  

-. 058 

-.036 

,008 

12" 

3.98" 

U 

,674 

.067 

.276 

,398 

.532 

E40 

,673 

+ 667 

.64C 

.586 

.499 

.377 

.236 

.052 

.E74" 

- 
15" 

3.69" 

U 

.521 

.052 

- 214 
.307 

.412 

.495 

.520 

-516 

.495 

.453 

.386 

.292 

.182 

.040 

.521" 
-I_- 

+ 
3-17" 2.34" 

u 

* 375 

-038  

.154 

.221 

.296 

-356 

* 374 

.371 

* 356 

.326 

278 

c 210 

.171 

-029 

.375" 

.-_I 

A l l  ordinates in inches 

upper can'ber. L = lovter canber TbT =I. 

There is no l o . ~ e r  smber  at 15", 1811: and 21" radii. 

U 

-240 

,024 

098 

* 142 

.190 

.228 

.2%0 

338 

,228 

e 209 

.1?8 

' 134 

,084 

,018 

--- 

,240" 
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