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MORRISFLEX Flexible Shaft Equipment comprises 

Overhead Suspension, Bench and Floor type 

machines, REX Rotary Files, Cutters and Tapped 

Cutters, MORREX Industrial Wire Brushes, and 

MORRISFLEX Polishing Mops and Felts and Felt 

Cones. Attachments include Grinders and Sanders. 

Throughout the Aircraft Industry MORRISFLEX 

Equipment is playing a leading part in the rapid and 

accurate production of high­

ly finished components of 

Aluminium, Elektron , Non­

Ferrous Alloys and Ferrous 
metals. 

Complete Lists sent 

on request. 
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"TUFNOL 
is hard wearing " 

The bearings on a spreader are smothered 
in lim e and get little or no lubrication. Prior to 
Tufnol being u . cd , the bea rings were changed 
after every season. Now, Tufnol b arin gs last for 
man y years. 

In practically every industry cnginf'crs have 
found the value of Tufnol - not onl y as a non­
metallic b earing material but fo r thousands of 
other uses . 

Con TUFNOL improve 

your products 
or plant? 

Our Engineers will gladly help y ou 

. . . , 

> .- • •.• 
> ... :., 

TUFNOL LTD· PERRY BARR· BIRMINGHAM · 228 TUFNOL 
21\J 
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ELECTRO HYDRAULICS LTD LIVERPOOL BD 
Phone. WARRINGTON 2244 
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WITHOUT A BREEZE EVEN TfIE EMPEROR CANNOT FLY A KITE 
(Chinese Proverb) 

. and without Aluminium Alloys modern aircraft would be unable to fly so far and so fast. 

In the fonn of cxtrusiori s, tube , sheet and trip, Reynolds Aluminiun1 Alloys are found 

wherever Briti sh Aircraft t~1ke the air. Reyn olds, of 

course, are equally at hon1e on land and sea. In fact , 

there is hardly an incl ustry which cannot find son1e 

good and profitable use for Reynolds materials. 

That holds good wlr1ttver you make, from kites 

to kettles, or fron1 kitbag to kangaroo traps. 

Reynolds 
ALUMINIUM AND 

AL UMINIUM A LLOY S 

EXTRUSIONS, TUBES, SHEET & STRIP TO ALL A.l.D., B.S./S.T.A. AND B.S. SPECIFICATIONS 

REYNOLDS ROLLING MTLLS LTD. © REYNOLDS LlGHT ALLOYS LTD. 

Hay H all Works, Tyseley, Birmingha m. Telepho ne . Acocks Green 3333 
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AYON CORD TYRES 
For the Aircraft of Today and Tolllorrow 

Modern aircraft need exceptional tyres 

to withstand the tremendous strain of 

taking off and landing at high speed. 

Rayon cord tyres, with their greater 

strength, resilience and toughness, have 

proved equal to the task of minimising 

the danger of bursts during take-off, 

and landing. 

Rayon cord tyres are now being used on 

run-ways all over the world, and by their 

performance have won the confidence of 

aviation authorities. 

When discussing rayon cords keep the 

name "Tenasco" in mind. It is Courtaulds' 

name for high tenacity rayon, and therefore 

the best of its kind the world produces. 

THE GREATEST NAME IN RAYON 
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'f ECALEMll' PRECISION PRODUCTS 
FOR ALL THE WORLD'S AIRCRAFT 

. . 
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From each component of an aircraft is demanded an 
exact ing performance - a performance of a necessarily 
high degree in order to achieve a standard of supreme 
reliability in the complete final structure. Tecalemit 
Engineers have util ised the ir wide experience of 
lubrication and hydraulics in the design and construction 
of a range of components in wh ich reliability through­
out arduous service is the keynote. 

MICRO PUMP 
FOR HIGH SPEED ENGINES 

An ingenious mechanism of light-we,gnr construction , cam-shaft driven, 
lending itself to easy installation, for injec ting lubrica ting oil in precision· 
metered quantities as demanded by high -performance engines. These 
Pumps have been adopted for installa tion after exhaus tive tes ts by such 
famous aero engine makers as De Havilland , Bristol and Armstrong·S iddeley 
for the precise lubrica tion of the Mainshaft Bearings on the " Gob lin," 
"Mamba," "Python," "Theseus" and other engines in course of development 

FUEL FILTER FD.2151 
AERO KEROSENE FILTER 

For the requisite degree of reliability demanded of the Gas Turbi.~e Fuel 
System 11 is vital that the fuel be d livered to the Fuel Pump and Burners in 
perfect condition . After exhaJstive lest the Tecalemit Aero Kerosene 
Filter, FD . 2 151, has been adopted by the De Havil land engi neers as 
standard equipment for the Goblin Engined Vampire . 
The design of this uni t fac ilita tes inspection and servicing by the provision 
of a simple and reliable means for quickly detaching the co ntainer from 
the body . The princ i;:ile is similar to th at of a breech block mec ha nism in 
that a partial rota tio n of the container by hand permits ii to be withdra wn 
from the head cover complete with element and sediment for inspe cti on 

FUEL FILTER OF.3161 
FOR HIGH SPEED ENGINES 

Designed in collabora tion wi th Rolls-Royce Engineers the Tecalemit System 
of Fuel Filtration is standard equi pment on the famous "River" class 
Rolls-Royce Tu~bines and o ther engines in course of development. In the 
Filter unit illus trated the degree of filtration is such tha t all foreign bodies 
over 12 microns are retained and with almost complete removal of the smaller 
particles, with a pressure drop not exceeding 1 p.s.i. 
A single bolt through the container permits rapid dismantling for inspec tion 
and servicing at the appropriate intervals . 

LUBRICATING GUN 
HAND OPERATED GB. 2761 

General purpose hand g ns of 16 and 32 oz. capaci ty for oil, so ft grease 
and an ti-freeze compounds . The design and cons truction has been 
approached wholly from th e prac tical angle, resulting in a gun that is 
easy to grasp, straigh forward and positive in operation and quickly 
re-charged. Nozzl es are supplied in a comp! le range lo sui t al l standard 
types of lubrica ting nipples, and a·e coupled to rigid and ball-jo int ed 
flexible delivery tubes-for reaching otherwise inaccessible point s-are 
readi ly attach ed to the hand gun body . 

TECALEMETERS 
FOR MEASUREMENT OF LIQUIDS 

Instruments for the precise measurement of petroleum, fuel and 
lubricating oil, achieving and maintaining a degree of accuracy of 
!0.2s·o under a ll conditions . Units are cl the posi tive disp lacement 
pis to n type with four cylinders arranged to a crucifor m plan, robus tl y 
cons truc ted to a design embodying we ll -es tablished engineeri ng prin 
ciples. Tecalemeters are produced in three sizes-G.4, G.8, G.12 of 

111 , 2 11 and 311 B.S. Pipe and arranged for direct and remote drive 
box or dial counters reading in Imperial Gallons or Litres . 

I 

1 

I 

·I 
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Designed .co increase braking effi ciency , with the min imum 
of ?perat1r g pressure, and with ou t need of adjustme nt 
until the /1 n1ngs are worn ou t , the Hydraulic Self-adjusti ng 
A1rcra f~ Brake has been 

DEVELOPED BY THE MANUFACTURERS OF THE BEST BRAKES IN THE VVORLD 

HYDRAULIC SELF-ADJUSTING 

BRAKE FOR AIRCRAFT with 

DIFFERENTIAL CONTROL 

GIRLING LIMITED · KINGS ROAD, TYSELEY · BIRMINGHAM 11 

October 1948 
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meet our new btiby 

c..n -

* 
YOU won't find a tnore adaptable 'handleable' 

Reduction Unit than our TYPE F. It 's s1nall 
and rigid, and can be bolted in position at any 

an gle you like. But as you can sec fron1 the 
illustrations, there's n1orc to it than that. The 

central casing, carrying the worn1. and shaft can 
be rotated giving eight different relative positions 

between the driving and the driven shafts. 

Asse1nbly proble111s don't exist with Holroyd 
TYPE F UNITS. They arc designed for use with 

fractional or s1nall h.p. n1otors and are n1adc in 
three sizes - I ~" , I 1 ", and 21 '' centres. 

* 
___. -
en -

___. -
,-J -

___. -
00 -

v,~ _J1:!ffe"'4~.: 

__.. -
c.o - H9.lru~yd 

Hall bcarin,(!S t !Jrot1,(!!10 11 t. 
Casc-hardrncd 1/lom1. J-lolfos 
111/1ccl. Ratios /i·o//1 5/ 1 to 
60/ 1 . T¥ritc {c;r di111 c11sio11s 
and po111cr rntill.(S. 

JOH J IIOLROYD & cn:-1 P,\ . '.Y I l"ITrn t11' ·1P,Q'N I /\\J'.:/\"Hlr 

['...) -........ -

GEAR 
REDUCTION UNIT 

r Rr 124 
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c,vflt 7 00 JtI.t,j°blfld cuJtc,mfltJ 

and 700 ,J a l<>t <>'U fJ.,ff l1<>1crl'C3 

In s pitr of the r·os t of pffrctiYc ad rrti -
in i:r. thP ro:-;t of th nn1' . I arlYl'rtis l'm<'nl 
nf I hr , E\Y ,\ LL .I ig Borer js- nil. It 
,·011 s i1- t s of THE OA)-T -DAY RECO~T­
\lE"'D ,\Tl0'\1" OF O\' l•: H 700 l SER . 
Th1' fof'I th a t .· n man, marhinr t-- haYr 
li<'rn sold is am pl e proof that tlw Briti sh­
buill '\E~· \ Lr , Ji g Borrr i , in a ('la1,s h y 
it sl' lf. 

Th,• ma<'hirH' illu . lratrrl i. our :ModPI '\o. ~­
\\ liich h as a t ahl<' <'apaci ty of '1,2in. hy '.Hin. 
I I:,,; op<'n-. ., idrd r·ons l rurl ion. hnwcYPr , Pn­
r1 hl rs i1 I o handlP work of ,·onsidrra bly 
la r gr r rlim r n sion s ,, hPn rrrp1ired . Thi' 
mal'hinP is fi l t Prl wi th hydra11li<' lraYr rs<' 
In t h<' s lidPi-, ~iYinµ qui~h apprna<'h and 
infinitt'ly variahlr f Pf'd s for mdlinp: 
01w ra lion s. 

ln a ddition to it ,- primary u . Pas a Jig l3orcr 
the machine is, in many p lant , prolltably 
rmployp(l a. a prPci . ion product ion ma chin 
for the horing of all a('(· uratP and aeruralely 
. parNl holl' . . oft1~n Pliminaling Pntirely the 
nPrrl for f'xp,' n !'- i-vr jig~ a nd fixtmcs. 

n il111!'-lratPd hrot'hur<' will lw sent o n 
rP'"{ llf' S (. 

Sole Selling Agents for Scotland and Northern Ireland : 
JOHNS. YOUNG & CO. LTD. 257/261 EGLINGTON STREET, GLASGOW, C.5 . 
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Complete Aviation Service 
~----

The ind ustrial, tran sport a nd auto-

1notive uses of SSO have long been kn own in 

many countries. And ESSO Aviation Products 

are to be found along the a irways of th e world. 

The operator of large or small aircraft 

whether commercial carriers or pri va te owners, 

are now look ing to the famous ESSO oval for 

high q u al it y a via t j on p t r o I e u 111 p r u J u h . 

AVIATION PRODUCTS 
FU ELS O LUBRICANTS • DE-ICING FLUIDS · RUST 

PREVENTIVES • SPECIAL PRODUCTS 

ror cunt rncr l emzs a11cl }<Jreign l rare/ faci Iii ies 

pi, us? ,1 ·rite lo A11g/o-A111erica11 Oil Co. Lid., Aviution Dt:pt ., 

A1 Tillery I /owe, 1 vm!ull, S W. I . 

A GLO AMERl(~ A OI L M P A y L MI ED 
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have the opporflmiO, qf 

disC11ssi1~1J . J1011r prob­

/e111 s a11d rcq11ire111m!s? 

'l heir e.Yper/ (/d111ce 1s 

/ ree(y a!'(1i/1d1/e. 
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Castings . 
an Z.5.Z. Elektron Magnesium Alloy, to 44 

different patterns , have been supplied by us for incor poration 

in th e Hermes IV. These in clude some very interesting large 

components, such as t he Nose Cap Fram e an d Wind scree n Frames , 

as we ll as many smaller castings of considerabl e intricacy. 

I SiOINIIE 
& COMPANY LIMITED 
DEPTFORD AND CHARLTON 

FOU NDRIES : 

CHARLTON • LOND ON • S . E.7 
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By changing from Tungsten Lamp 

Lighting to Fluorescent Lighting 
you get ... Improved seeing conditions which help 

to increase production an d make for fewer rejects. Attract ive 

lighting insta llation. Great saving in e lectri city over lamps of 

comparable wattage. 

By specifying Qsrani Fluorescent 

Lamps you are as sured of ... 
High efficiency. Low surface brightness . Long attractive light 

source which reduces glare and hard shadows . Cool burning . 

And there is a wide range of G.E.C. Fl uorescent Lamp Fittings 

for prompt delivery. 

* Expert lighting engineers at every G.E.C. branch ore at your immediate 

service for consultation without obligation. 

FLUORESCENT 

and 

LIGHTING 

Fittings 

THE GENERA L ELECTRIC CO. LTD., MAG N ET HOUSE, KINGSWAY, LONDO N, W .C.2 
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There was a lure a n:i a fa sc ination in the trade of the 
East rn j ies with it s fabulou s wealth in s ilk s a n:i spices, 
s ilve r and gold, precious gems a nd splendid hard woods. 
Co:11panies were formd in Hollan:i , France, Denmark , 
Scotland, Spain, Austria a nd Sweden, but the most 
famous and romantic of these was the "Company of 
Merchant s of London trading into the East rndies" . It 
was granted it s c harter in 1600 with the prime object of 
co;11 pet ing with the Dutch , who were excellent seamen 
and colonists, and were rapidly penetratin ."5 the East a nd 
setting up their trading posts everywhere. Early voyages 
were underta ken separately by individual subsc ribers but 
after 1610 they were conducted on the joint stock system. 
Thi s was then a novel device made possible by the 
increas111; fin a ncial expertness of the City of London . 

Until la te in the 19th century no merchantman was 
able to sai l unarmed. Vessels had to be prepared to 
fight pirates, privateers and the ships of rival ports and 
companies. East rndi amen were thu s equipped to beat 
off their Dutch , French and Portuguese ri va ls as well as 
pirates . They carried great s tores of a rm s a nd many 
fighting men rt was this call upon precious cargo space 

Painting bi' Doris Zi11kl!isen 
. . 

EAST I NDIAMEN 

tha t prompted the Company to es ta blish their own 
dockya rd in Dei)tford in 1609 to build bigger and better 
ships. 

The fa mous East rndiamen built in the Deptford ya rd s 
held un::iuestioned eminence throughout the world. Built 
in 1830 the Buckingha mshire of 1,369 ton s, was the last 
and greatest , being manned by 130 men and carrying 
26 guns. 

By 1611 the first English factories were es tabli shed in 
f ndia a t Masulipa ta m and Pettapoli on the Bay of Benga l, 
and slowly but surely they became unriva lled. Dutch , 
French, Portuguese and other competi tors were forced to 
seek their trade further East. 

The Company developed fndi a anj penetrated up­
country on a semi-military, semi-trading basis. Genen:­
tion after generation of English families gave their lives 
a nd services to the Company . The fortunate returned 
as " nabo bs'' with vast wealth but many more died of 
fever or in fighting for the Company. rt governed fndi a 
until Queen-Empress Victoria assumed control of Briti sh 
fndia and then the East f ndia Company with all it s 
vast reso urce and power became a romantic memory· 

THE UNITED STEEL COMPANIES LIMITED, SHEFFIELD 
STEEL PEECH & TOZ ER, SHEFFIELD · SAMUEL FOX & CO. LTD., SHEFFIELD · APPLEnY-FRODING HAM STEEL COMPANY, SCUNTHORPE, LIN CS. 

W()RKJNr.TON IR O'I ,~- STHL. COMPANY . WORKINGTON . UNITED STRIP & RAR MILLS. SHEFFIELD • UNJTFn (' ()KF & C HFMl<ALS ro. LTD., T R.EETO N 

'RE) US P 64 
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WORLD'S SPEED RECORD. , 605.230 M.P.H . FOR 100 KM. (C lo sed Circu i t ) 

also 

OUTSTANDING 100<~1 SUCCESSFUL ENOURANC! TEST 
E QUIVALENT TO 200 .000 FLYING MIL ES 

COMPLETED AUGUST 27th , 19'48 

D H·. 108 GOBLIN ENGINE 
Illustrat ion by courtesy of 
De Hovi/land Engine Company Ltd. 

-.. .. 

MAJOR ENGINE CASTINGS 
IN "ELEKTRON" MAGNESIUM ALLOYS & ALUMINIUM ALLOYS 

by 

STERLING METALS LTD 
Co·v entry 

A 
TELEPHONE : COVENTRY 89031 (6 LINES) rrn~ TELEGRAMS : STERMET, PHONE, COVENTRY 

ttOO IIAOC w••• 

, 

P. RODUCTS 
- - --
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In the Eyes of the World 

AM ID a ll th e we lter of r reviews, rev iews and post-mo rt ems 
on th e S.B.A .C. Di sp lay we f'e lt tha t if we were to ente r the 
lists with sti ll a no th er do mes tic wri te- up of the exhib its the 

occas io n wou ld tend to savo ur too much of a mere op po rtuni ty for 
mutua l back-sla ppin g by th e Bri tish ircra ft Ind ust ry a nd it s sup­
po rters. We app rehended th at we sho uld be doi ng grea ter service to 
a ll co nce rn ed if we en lis ted the a id of some o utsid e co ntributo r able 
to view the ind ustry and its prod ucts from the unprejud iced vie\\ ­
po int of a fo reign ou tl ook. We th erefo re invi ted II AR RIO to 
wr ite the survey of th e ex hibiti o n which appea rs in thi s iss ue. He has 
the ad va ntage fo r th is purpose no t o nly o f being a we ll -kn ow n ngu re 
in French av ia tion circles , fa milia r with th e indu stry o f tha t co unt ry, 
bu t a lso of having recentl y vis ited ,rn d seen the produ cts of the res t 
o f Wes tern Euro pe as we ll as of the United Sta tes of America. He 
has, co n.-equent ly, bee n ab le to co mpa re wha t he sa\\' at Farn­
boro ugh wi th co ntem porary aero pl a nes a nd a nci ll ar y r roduct. of 
the prin ciral ai rc raft -prod uci ng na ti ons ove rseas. 

Recorded Ta lk s 

Leaving M. C 11 ARRIOU to speak fo r him se lf it ma y not be unin ­
teres ting fo r us to give here th e general effec t of th e o pinio n - tha t we 
picked ur in the co urse o r numero us co nversa tio ns wi th o ther 
visitors from abroad. Here again, vve fee l that thee a rc mo re he lpful 
and info rmative tha n if we were to reco rd merely o ur own im­
press io ns. 

In th e fi rst pl ace we fo un d ve ry general agreement tha t thi s ye,.ir's 
Di play co nstituted a rea l ad va nce on the two previous po t-wa r 
. hows. Fa rnboro ugh, a part fro m its di ta ncc fro m Lo nd on , \\·as 
agreed o n a ll sid es to be mo re suited to such a n event th a n Rad lett: 
pa rti cu la rl y in view of the uni ve rsa ll y-a pp roved dec i.-ion to bring in 
the gc ncr;_ il rub li c, fo r whic h pur pose the aerodrome provides a 
na tura l are na. Severa l visi to rs with wi de ex peri ence we re fi ll ed with 
ad mi ra ti on for the orga ni zat io n of th e ac tua l fl yin g, whic h, they said, 
surpassed a nythin g th ey had hitherto seen in precis io n and smooth­
ness o f ha nd ling. An Ameri ca n co mmenta to r con ·idered the Sa ro 
jct-boat a nd th e Vam pire both fa r in advance 01· a ny jct-propelled 
aerop lanes Ame rica possesses for ma noe uvra bi lity and co ntrol­
ab il ity. The fl ying of these two mach ines, a nd , in a di ffere nt style, of 
the Am bassador, undo ubted ly aro used great ad mira ti o n a nd tha t 
o f th e fo rm er, in par ti cul a r, was obvio usly a co mplete re elation to 
most of the fo reign on looke r ·. 

Th ere were so me comments on the, o bvio usly inev itabl e, d rawback 
of hav in g the sta tic ex hi biti on sp lit up into t\VO hal ls . o wi dely 
d i ·ta nl fro m each other . In th is con nex ion, severa l peo pl e to whom 
we ta lked we re of the opini o n that a n a nn ua l Disr lay gives little 
o ppo rtun ity f'o r the showi ng of much in th e way of novelties in 
ma teri a ls, com ponent and acccs ·ories a nd exp res. ed the view that 
to ho ld the event in futu re every othe r yea r, possib ly to a ltern ate 
wi th the Paris Aero Sho\v, wou ld be sufficient. Co nt inuing to stage 
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it a nnually \\·ould, the felt. ine \ it:1hlv re..,ult in a rrradual falling o fT 
in interest: \vhic h wo~il d be a pity i,; view or the~ \'Cry ckfi nitZ en­
thu siasm that \,\as no tice~1hle thi .., year. f)clrticuLirly in regard to the 
aeroplane demons trated. 

Effi cient Research 

Many or the visi tors from abroad took the orrortunit y of \'i...,itin g 
the vario us flrms and Governmen t c:--.t:1blishrnen ts such as., the .P.L. 
and experimenta l sta ti ons. One irnpr's<.,ion, voiced by the ArneriG1n 
visitor \Y hom we have already qu o ted . i:--. perhaps of particula r 
in te rest. It was his first visit to England and the outstanding poin t 
tha t had struck hi m was the ve ry sma ll percentage or in di\'idua ls 
engaged uron resea rch, either Go\ernmcnta ll y or in th e industry, 
com pared \\'ith the r os ition in this rcsrect in the Un ited States. ln 
sp ite of this , and the ve ry much less elaborate equipment with which 
they \\' ~re pro\'ided, il is his opin ion that the results obta ined fro m 
resea rch here arc o f incompa rabl y gr'ater importance an I va lue than 
th ose gained in America from very much larger resources . Hi s in­
tr ig uin g exp la na tion of this , on wl{ich he was ~10st em r hatic, i:--. tha t 
ii' a sc ientist is given the most modern and lav ish equi pment with 
\Vhich he can be pro\ 'id ed he is ap t to fritter a\\',lY hi s ac tivitie-; on 
de visi ng stil l mo re elaborate 'tools ' : ,vhercas if he kno,\·s tha t he ha -; 
to make do with \\'ha t he is Qiven he ha:--. nothing else to do but 'get 
o n with the job· ,,,ithout distraction and thc1:forc rroduccs., the 
results. He sa id that although he had been told of the very small 
nu mber of research worker. employed in thi s country he had not, 
on account of the vo lume of \·aluable work done, appreciated the 
true facts of the position un til he sa\\' it for himscll' and he was, in 
consequence, sti ll more impressed by the quality of the results 
ob tained here from the wo rk or, hv An,criG111 . tandard s, almos t 
Jud icrou ly small staffs. · 

Lack of pplicat ion 

He had, however, one se riou s critici:--.m, or the lack of use made 
of th e \Vea Ith of info rmation o btained . He recalled the fact that wc 
k 1ve o n more than one o -ca.-ion complained that the puhli shcd 
res ul ts or Br it ish 1-csecirch \\'Ori-; remain al the leve l of the :-.cni or 
mem bers of design staffs and do not reach the junio r employees 
whose duty it should be to inco rporate the ne\\' idea:-. into the detailed 
design of the aeroplanes o n ,,·hich they arc engaged. Our inl'ormant 
s;_1id tha t he had been very much struck ,vith the o b\ ious soundnc~s 
or this criti ci ·m and that he conside red it a very se ri ous blot on the 
o rga nization or the design .- ide of the 13riti<.,h industry. The chief 
de ·igner, he pointed out, should be respo n:-. ible for the ge neral 
des ign or the aerop lane , but it is the junior design stalls who should 
be fami li ar \V ith the most recent knc)\\'lcdge ob tain ed by resea rch 
and ready to int roduce it into the protot ype of a new machine . 
Othe rwise, he commented, rrogress., \\'i ll inc\ itably be less rarid than 
it cou ld be, as the dc:--.igncr him s.,clf cannot possibly busy him'ielf 
\,·ith the incorpora ti on or the nc\\C:--.t res.,ulh or re:-,carch into C\cry 
detail or an aeroplane. 
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L'Exhibition de Farnborough 
Vue par un Fran~ais 
An Appreciation of the Recent Display Organized by the 
Society of British Aircraft Constructors at Farnborough 
During the Week September 7th-12th 

By And re Charriou* 

Introduction 

I HAD the great pleasure of visiting for everal 
days the excellent display organized by the 
S.B . . C. at arnborough. 
I was all the more pleased as in the course of 

the last few year\ I ha, c had the good fortune to 
travel around in Europe and America to examine 
progress in a,·iation achieved since the \\ar by 
the principal nations except .S.S.R. Thu I 
have been ab le to follow step by step the aero­
nautical techniljue and construction develop­
ment of the last three yea rs in Great Britain as 
well as in Conti nental Europe and America. My 
intention therefore in thi s article is to give an 
account of what J think of the British conceptions 
and achie,·cments in the field of aeronautics in 
compari on with what I have seen oversea ·. 

Great Britain 's Wonderful Effort 
My grcate'.'>t ilTlpression frorn rny \'isit to Farn­

borough is astoni\hmcnl al the remarkable effort 
111 aeronautics accomplished in England since the 
end of World War 11. 

It is true that the aeronautical industry of thi s 
country during the year · of the war has been 
greatly de,cloped and that its means of prod uc­
tion ha,e been imJxo,cd to a ,ery high level. lt is 
also true that , during the same years. scientific 
research has been very much encouraged and that 
the results, in most cases, were also available for 
other purposes than war. Howe\'cr, it is always a 
diflkult problem to turn a war industrial economy 
into an industrial economy adapted to peace and 
in this matter ngland has shown great will and 
energy. 

Although she has not yet been through all the 
obstacles. the main one being of international 
character, England has ucceedcd in keeping 
herse lf in the fi,-- t ranks of world a, iation at the 
prc ·ent time of peace.just as she u ed to be during 
the war, and thi s constitute a very successfu l 
ach ie, ement. 

In order to be able to dispose immediately of a 
certain number of particularly u eful types of 
aeroplanes, to ensure the integrity of her Empire 
communication lines, the Briti sh a ircraft industry 
tri ed, immediately after victory, to adapt a\'ai l­
able material , whether of old type or still being 
constructed, with ~ornc modifications and im­
provements. The result s thu s obtained ha\'c not 
always been ·ucce ·sful, and I hm·c been very 
pica cd to sec that ~uch material is no longer in 
ervicc. Experience has shom1 that satisfactory 

results were , cry se ldom obtained with trans­
formed o lder t) pc aeroplanes, and we realize it 
very badly now in France where a great deal of 
money has been spent since 1944 on a pol icy of 
that kind ,, hich ,,as based on political prestige 
rather than on any ·ounder reason. The result of 
this is that after four years of rather arduous 
work,, c ha\'c not )et got any sui table aeroplanes 
for our commercial air lines, a well a for the 
A ir Force. 

Radlctt sho,\ed us what were Great Britain' s 
tendencies and intentions; Farnborough sho,,s 

*D0cteur-c,-St·ic11 cc,, Laureat de !'Academic des Sciences, 
President de I ' union pour la Hcchcrch c Aeronautiquc, Technical 
Director of L'Air. 
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us what she ha s been able to do. which is much 
better, as in\'entions have little va lue if they arc 
not turned into pract ical achie\'ernent. and thi s 
last di sp lay gi,cs us the right picture of the actua l 
production poss ibilities of the Briti sh aircraft 
i nd u. try. 

Jct \'ictory 
At first sight, in compa ri son with la t yea r, it 

doe not seem that jet engines have made a not­
able advance. However, a great step forn ard has 
been made, as only a short time ago jct-propul-
ion was considered with some curiosi ty; now, 

not only has it become classic but it impose. itse lf 
victoriou ly so far as speed is co ncerned, and 
from now on it is possible to say that in the ve ry 
near future a ll military or civil aerop lanes flying 
at speed exceeding 600 km. 1hr. and a ltitudes 
o,·er 6,000 m. will be jet-propelled. 

The turbo-jet engines manufactured by Roll s­
Royce and de Havilland as ert their remarkable 
qua lities and I can state with certa inty that in this 
field, Briti h production is of first-c la s quality. 
Although the general layout remain the ame, 
many detail imprO\ements have been embodied , 
especially concerning the quality of raw material: 
forged light n1etal alloy elements, produced by 
High Duty Alloys Ltd, particularly the a luminium 
alloys, which show a resistance of 40 T sq. in . in 
tress ana ly is tests, while the best a luminium 

alloys usually emp loyed only have a resistance of 
33 T, sq . in. Thi s, together wi th the 'Staybrite' 
high temperature re isting meta ls, gives a long 
operational duration and a great reliability. 

l ha\'e also been greatly impressed by the 
engine installation designs which improve the 
facility of a sembly, thu permitting a very quick 
engine replacement . 

Very interesting al o are the out ide walls 
cooling systems and anti-ice format ion device . 
Hov, ver, it see ms that there is still more to do on 
the ubject of air-in take . When one ju t look 
at one of the jct fighters with its two large latera l 
air-scoops or at those commerc ial jet-prope lled 
machines, one cannot help wondering if there is 
not a way of arranging the air intake syste rTl along 
the leading edge of the wings or in the nose in 
order to reduce frontal areas. I believe that it 
would be advisab le to take suggc tions from one 
of the new transonic American aeroplanes. 

I regret, on ano ther side, that no improvement 
has been made in the energy efficiency of the 
turbo-jet; l know that it is a d ifficult problem, 
but it is of first importance to the future, deserv­
ing of the constructor's great attention. 

Prop-Jct and Reciprocating Engine Rivalr 
In the field of turbo-jet propul sion, the Ameri­

can constructors are working hard in o rder to 
catch up some two or three years lost on the 
British which they ha,·e not yet caught up , 
though they arc now quite advanced. 

On the cont1·ary, so far as turbo-prop engines 
arc concerned, the British constructors arc abso­
lutely the flr· tin the world. I had never seen before 
any aerop lanes equipped with turbo-prop engines 
and I have been really charmed with the 'Viscount' 
and the ·Athena'. 

CURRENT EVENTS 
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Since the flrst appearance of the turbo-prop 
engine r understood that it would have a great 
future, but I believed that the reciprocating 
engines would fight a long battle before giving up 
the struggle. It seems now that I was somewhat 
too co nservati ve in my es timate in view of what 
has a lready been achieved by Napicrs , Armstrong­
Sidde ley, Roll s- Royce, Bri stol , etc.; the piston 
engine has lost even before any attempt at re­
ply. 

This is the triumph of logic, as the piston engine 
is a real heresy. I have been able to appreciate the 
progress of the turbo-prop engine development 
even more than that of the turbo-jet. Worth y of 
note a lso are the improvements brought about in 
fuel inta ke and combustion systems, compres or 
and turbine blade designs. etc. The gear peed 
red ucer sti ll remain a delicate problem, though 
it eems to have been properly handled by 
Armstrong Siddeley on the 'Mamba' and 
· Bri to!' with the coupling of two Proteus wi th 
contra-rotating Braba10n SR, 45 propellers. 

everth eless, I consider that it would be 
foolish to avoid all the complications of a piston 
engine and fal l into the diflkult ie in ol ed in a 
too complicated turbo-speed reducer. 1 foresee 
that all geared speed reducers will be aba ndoned 
in favour of electrical speed-reducing devices 
which, when developed , will banish pi ton engine 
from aero nautica l activity. 

In the expectation of tho e days f ha e noted 
meanwhile the constant progres on the 500 
h.p. 'Leonides' engine in the good arrange­
ment of all it auxiliarie ·, inspection facility and 
easy servicing, as well as the adjustab le cool ing 
system, etc. Thi s firm has also deve loped a special 
engine unit for helicopters. This is the first time 
that an engine ha been specially designed for 
rotating wings; the coo li ng system by overhead 
fan is efficien tl y arranged and the same may be 
said of the exhausts. A 11 the accessories are very 
harmoniously grouped below the engine . 

Military Aeroplane Development 
As far as fighters are concerned , Great Britain 

keeps marking points. The 'Gloster Meteor' is 
now an abso lutely class ical aircraft, but the two 
large power units, one on each wing, would pro­
duce much greater speed if the aeroplane could 
be equipped with more powerful engine ; it can 
therefore be con idcred as a transition type, 
which will be outclassed in a few year ' time. 

The ·vampire' continue to confirm it re­
markable manoeuvrability, and wi th the ·Ghost', 
a more powerful jct-engine, it is capable of 
establishing very nice performances- in altitude 
for instance. This makes the ·vampire' a very 
useful fighter, although I do not believe that its 
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actual design would permit of much increase in 
speed. This means that for flying at a speed o,·er 
I .OOO km. hr. other types of aerorlancs will have 
to be designed. 

I was \'cry much impressed by the speed of the 
new I lawker. This machine has very new design 
features; the fuselage is of ,cry nice shape. For 
the acrodynamical section, perhaps a better posi­
tion for the cockpit might have been found. The 
double air intake permits the fuselage to be quite 
narrow and thus to reduce the drag. I have been 
somewhat surprised with the double exhaust 
nozzle; such an arrangement provides good 
facilities for fuel tank installation in the fuselage, 
but I wonder whether it is the bcs,t ,, ay, as far as 
power etlicicncy and aerodynamics arc con­
cerned'! It is quite possible, howc,cr. that the loss 
is quite negligible, if any~ 

The undercarriage may also be mentioned ,vith 
its main wheels retracting in the fuselage. thus 
rcrmitting a thin wing section. No doubt the 
I lawkcr lighter constitutes a notable progress in 
the speed competition, but it docs not seem to 
be of a sutlicicntly revolutionary type to go 
through the sonic barrier, ,vhicl1 remains the first 
object that the constructors arc stri, ing to reach. 
It is for this reason that I regret not ha\ing seen 
this year in England a tyre of aircraft with 
rc\'crsc dihedral swept-bad. wings, which is the 
solution strongly·followcd by the American con­
structors. 

The de I la\'illand I 08 'I lying Wing' displays a 
daring in conception far superior to other British 
jct aircraft and I am surpris1.:d that British engin­
eers have not vet taken full advantal'.1.: of this 
formula. I hope-they may ha\l: somethi~1g in store 
for us as a surprise in the near future, though I 
hasten to add that this remark docs not diminish 
the merits, to my mind, of the British lighter 
constructor. 

I would not say as much for bombers, which 
seem to be <1 completely neglected subject in the 
United Kingdom. In fact. the ·Lincoln· bomber. 
whether equipped with turbo-prop engines or 
turbo-jct. is only an experimental type and cannot 
be transformed into a modern bomber. Actually 
the U.S.A. arc far ahead and I should say the only 
111asters for that type of aircraft. I lowcvcr, an 
aeroplane s,uch as the 'Tudor V 111. nmv pre­
s,ented as a transport could possibly compete 
,vith the American machines if it were a bomber 
,ersion machine, as, it is likely to be no\\ under 
de, elopment. 

.Jct Propulsion for Transport Aircraft 

The experiment carried out with turbo-jct 
engines on a heavy aeroplane such as the 'Lancas­
trian' represented the first step of its kind. The 
second and much more instructive phase ,vas 
de,clopcd with the Vickers 'Ncnc Viking' whose 
flying from London to Paris in :q minutes was 
quite sensational. The third and still more in­
structi,c phase was the achic,·c111cnt of the ·Tudor 
\' 111', which I have already mentioned. I !ere is the 
lirst jct transport aeroplane and if the A111cricans 
arc 1irst for jct bombers the Britis,h ha, c the 
leadership in jct trans,port. 

The problc111s concerning jct propulsion for 
co111mcrcial planes arc far fro111 being readily 
solved: ]\;either 'Viking' nor ·Tudor' airfra111cs arc 
adapted for that kind of propulsion. Airframes 
with reduced drag ha\e to be designed, this in 
ordc,· to get a better ctlicicncy; that is to say 
require less fuel and carry increased pay load. 
The next step should be to lind more eflicient 
wing sections, adapted to high speeds, impro,·c­
ment of the fuselage nose shape and the use of a 
new kind of tail surface ( V-typc for instance~). 
]\;otwithstanding these remarks, these 1irst 
British achic,·cmcnts show the way tmvard the 
most promising hopes. 

Before linishing with jct aircraft I want to ex­
press my ideas on the subject of the flying wing 
A \V-52, ,vhich I have not seen till now. There is 
no doubt that this machine is a great research 
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achievement in which very interesting and 
original solutions ha\c been developed; such as 
the extreme accuracy in ,,orkmanship in relation 
with aerodynamic effects on perfect section sur­
faces, and the wing tip boundary layer suction 
experiments. It is very instructive that such an 
interesting theoretical formula is experimented 
in practice and, from the scientific point of view, 
Sir W. B. Armstrong Whitworth Aircraft Ltd, 
must be congratulated just as their American 
colleague, Northrop, another flying wing con­
structor. 

In order to get full acrodynamical advantages 
from a flying wing, any ,·ertical surfaces ought to 
be suppressed. The A W-52 has tins at its ,ving 
tips causing drag, probably nearly as high as the 
tail surfaces on a classical aeroplane. In fact the 
problem consists in ensuring a sufllcicnt stability 
without tins. Northrop achieved it on his propel­
ler-driven flying wing. but he had to lit tins on 
its jct-propelled model. It appears therefore that 
this question seems to arouse quite some difll­
culties ! 

Other l'ml'ltics in Transport Aircraft 

Till now Circat Britain has not produced any 
air-liner capable of competing with the four­
engined American transocean commercial types. 
Long experimental ,vork has been required to 
achie,c the 'I lcrmcs IV' which seems no,v to be 
up to the proper level. One ,vould not be sur­
prised at this slow development, as it should be 
kept in mind that the ·constellation· as well as 
the [)( ·-6 have been brought very gradually to 
what they actually arc. 

Nmv I come to a point that raised my curiosity 
to a higher pitch and this is the 'Viscount', the 
lirst turbo-prop transport, with many new de­
\ ices on it: double gap llaps, horizontal tail sur­
face set at a high dihedral angle. the forward 
position of the propellers, the outside ones being 
slightly staggered. 

This is really something new for commercial 
aviation, and I am awaiting impatiently the re­
sults of the first flight as it wili be interesting to 
compare them with those of the 'Ambassador'. 
For the time being I believe that the last men­
tioned, \Vith its two-piston engines. would be more 
economical, but with the expected imrrm cmcnt 
of the turbo-prop engine how long is it going to 
keep its superiority'! 

In any case, while awaiting the full achievement 
of turbo-prop air liners, British aviation can 
market the 'Ambassador'. a very useful medium 
range aircraft. As far as airframe is concerned I 
1ind it superior to its American competitors- -the 
· \fart in 202' and ·corn air 24()'. The fuselage is 
better designed and its high wing facilitates 
taxying on the ground and visibility. The triple 
tin tail surface must provide a good stability even 
with one engine stopped. 

Now the question of using the valveless Bristol 
engines on a regular transport liner has to be 
answered as far as reliability, duration and 
economy arc concerned, as many different 
opinions ha, c been expressed on this subject, 
though the arguments for and against seem to be 
based on little foundation. 

In the category of small transport planes. the 
'Prince· seems to till the same purpose as the 
· Dove·, though it is equipped with more powerful 
engines and therefore has a larger and slightly 
more comfortable passengers' cabin. It also has 
some interesting ideas. such as the fuselage nose 
door, very large ,, indow-pancls, altitude and 
speed indicators placed at each passenger's scat, 
the tricycle undercarriage with double wheels in 
front. The high wings are very advisable for that 
kind of craft, giving easy access to the fuselage, 
but unfortunately such a design makes a more 
difficult problem for the main landing gear re­
traction. These light transports can be ,cry useful 
in lightly populated African, Asiatic and South 
American countries, although American con­
structors do not seem to be attracted by such a 
type of aeroplane. 

f should say much the same of the 'Sealand' 
which fills the gap for countries possessing num­
erous water-alighting spaces. The lowering wheel 
system along the hull is quite ingenious but takes 
up too much space inside the cabin, as is the case 
with most amphibians; the access to the cabin is 
ditlicult and calls for some improvement in 
design. 

Before leaving the subject of commercial aero­
planes, I would like to say how pleased I \Vas to 
sec the growing use made of reversible pitch 
propellers, ,vhich is the most logical solution for 
shortening landing distance. 

I should not like to forget to speak of the 
'Brabazon·, \Vhich naturally could not be brought 
to Farnborough, but which I was able to sec 
some time ago, during a \ isit to Bristol. I was 
able then to appreciate the great effort made for 
the achicverncnt of such a huge rnachinc. The 
most delicate problcrn is the one concerning the 
engines. The solution given in the 'Brabazon No. 
I' is not quite appealing from the mechanical 
point of view, \Vith its t\VO contra-rotating propel­
lers driven by t,vo motors; I apprehend that it 
could become a source of vibration and I would 
recall that for such a reason the contra-rotating 
propellers have been replaced on the flying wing 
Northrop, by single propellers. In fact the 
'Brabazon· should be equipped with 5,000 h.p. 
turbo-prop engines which the British industry 
cannot J1rO\ idc yet. 

From another point of vicv,: I am wondering 
whether the arri, .. ii of jct transport aircraft will 
not diminish in a short time the interest given to 
huge propeller driven aeroplanes. I believe that 
in a period of ten years frorn now the Atlantic 
will be crossed in less than six hours by jct­
propelled transports flying at altitudes around 
35,000 feet and the public will always give prefer­
ence to the fastest means of transportation. This 
is probably the reason why Lockheed, Douglas 
and Consolidated seem to. renounce the con­
struction of huge size commercial machines. 

Helicopter Successes 

In the development of helicopters, the British 
constructors have followed a very prudent and 
clever policy. They have very wisely taken lessons 
from the 'Sikorsky', one of the two most reliable 
Arncrican machines, ,vhich they arc trying to 
1rnpro,c. 

Bristol ha\·c put all their care into mechanical 
details such as transmissions, controls, balance 
of the blades, and motor installation. Fairey did 
still better \Vith the idea of rernoving the anti­
torque propeller from the tail, and using it on 
the fuselage side for forvvard propulsion, thus 
increasing the speed and gi,·ing to the Fairey 
'Gyrodyne' the helicopter speed record. This is 
an excellent idea which should increase the use­
fulness of that type of aircraft, providing per­
formances approaching to those of classical type 
aeroplanes. It can be noted that with the Fairey 
system we partly cornc back to the autogiro 
conception which seemed to be abandoned. 

I liked less the new Cicrva 24-passcngcr heli­
copter, the choice of three rotors seems to create 
too many rncchanical inconveniences On the 
other hand, precise knowledge on the aerody­
narnics or mechanics of rotating wings is still 
small; the processes of expcrirncntation are di1li­
cult and theoretical calculations often remain 
very far from the realms of practicality. In these 
circumstances, I consider that to produce success­
ful helicopters it is necessary to move step by 
step without trying to make a big advance in any 
new direction. 

\Ve have an example of this at the present time 
in France; engineers of remarkable gifts arc 
launching out on the construction of helicopters 
on no\ cl lines on the strength of theoretical cal­
culations without having tirst submitted their 
conceptions for long enough to laboratory tests. 
This method of procedure has already led to 
several serious accidents. It is for this reason that 

291 



T am, on general principles, a little doubtful of 
the possibility of successfully producing a heli­
copter to carry 24 passengers at the present time. 

From the Comcntional to the Rcrnlutionary in 
Light Aeroplanes 

The visitor to Farnborough rather gets the 
impression that the British industry is not greatly 
interested in light aeroplanes. This is easily ex­
plained by the fact that Great Britain has pre­
ferred to concentrate its maximum effort on 
military and commercial aviation, which arc 
indispensable to its security and economy. I 
think, however, that in the Dominions and 
Colonies there should be a number of potential 
buyers of light aeroplanes so long as they are 
offered machines that arc strong, practical, safe 
and economical. If British light aeroplanes arc 
designed to attract and satisfy 'sportsmen' they 
will not, as a rule, possess qualities likely to 
appeal to purchasers looking for an aeroplane 
that is a true vehicle of transport. I would add 
that, from this point of view, the English tech­
nician is lagging behind. Certain light aeroplanes 
of American, French (engines excepted) and 
Dutch origin provide more novelty and original­
ity. The same applies to light engines; although 
the de Havilland 'Gipsy' and the Blackburn 
'Cirrus' arc well enough designed and constructed, 
I prefer the American horizontally-opposed 
cylinder types \vhich are less refined but more 
economical and easier to build. I \vould make an 
exception of the Portsmouth 'Aerocar" which is 
an interesting solution so far as comfort, accessi­
bility and view arc concerned. unfortunately the 
high wing carrying two engines gives the im­
pression, more or less justifiable, of a liability to 
nose over on landing. 

I would mention as quite in a class of its own 
the 'Planet Satellite', \Vhich is truly revolutionary 
in its conception; witness irs fineness of fuselage 
lines, lack of wind-screen, location of the engine 
behind the cabin i.tnd propeller right at the tail, 
Y-shaped tail, simpliticd construction in mag­
nesium, undercarriage, rcrnovability of the engine, 
ctc.~all these ideas are extremely attractive and 
disclose genuine logic in design. On the other 
hand I \Vould criticize the fitting of too low­
powered an engine, although I must defer final 
judgment on this point pending results of trials in 
flight. If it flies satisfactorily it displays truly 
remarkable progress in light aeroplane design, 
but it remains to be seen whether it will do so. In 
any case, several of these novel features have still 
to be proved; some of them might reduce the cost 

of light aeroplanes, which is highly desirable. 
In another direction I regret that British de­

signers, like those of European countries, have 
not turned their attention to simplification of 
control, \vhich is causing so much interest and is 
being actively investigated in the United States. 

~cw Tendencies in Materials and Accessories 

Among the numerous components, materials 
and accessories shown at Farnborough, I wish to 
pick out those which represent new tendencies 
which are most characteristic of aeronautical 
construction. I have already spoken of new mate­
rials so far as engines are concerned; this is most 
important for the improvement of the eflkiency 
of turbo-jet and turbo-prop engines. It is condi­
tioned, to a large extent, by the possibility of 
improving the mechanical strength and resistance 
to heat of the metals used in their construction. 
Extremely interesting results have been obtained 
in this direction for the development of new 
formulas of stainless steels, centrifugally-cast 
steels, aluminium and magnesium alloys, etc. 
I noticed, with satisfaction, throughout the range 
of materials shown the development of moulded 
components, such as those of Tufnol, composed 
of laminations bonded by synthetic resin glues 
which can be associated with a skin or leaves of 
light metal. The use of these materials in the 
structure of light aeroplanes should reduce the 
number of hours occupied in construction and 
thus reduce the price, which, as I have already 
hinted, is much too high for most purchasers. 

I noticed that much \Vork has been done on 
accessories for flight at high altitudes. In fact, if 
engines function satisfactorily and if airframes 
stand up to the stresses of high altitude flying, it 
is not so much the accessories which have been 
the cause of most accidents. Appreciable progress 
has been made in the equipment of pressurized 
cabins and in the manufacture of windows~I 
greatly admired the large oval windows provided 
in the 'Viscount'. Navigation is facilitated by 
numerous instruments such as the Hughes peri­
scopic sextant, the Rotol automatic synchronism 
and, above all, the Smith and Sperry electric 
automatic pilots, much more simple, certain and 
less costly than the old pneumatic servo pilots. 
These automatic pilots are becoming so light that 
they could be installed in light aeroplanes, which 
is an excellent thing and makes it possible to 
hope that every aeroplane may, in the near 
future, be provided with an automatic pilot, to 
the considerable benefit of safety. 

I was greatly impressed by the Goodyear 
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Rotor Blades. G. Horvay 

292 

AERONAUTICAL ENGINEERING REVIEW 
(Aionthly) 

Vol. 7, No. 7. July 1948 
Automatic Aircraft Control. J. L. Anast 
Loss Prevention Programmes in Civil Aviation. J. Lederer 
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Electronic Analog Studies for Turboprop Control Systems. 

G. A. Philbrick, W. T. Stark and W. C. Schaffer 
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cross-wind landing gear, for the possibility of 
landing across wind will give a considerable im­
petus to aviation. The progress of flying is, in 
truth, dependent on the development of landing 
grounds. With cross-wind landing there is no 
longer need for vast aerodromes with multipli­
cated rumvays and free from obstruction in all 
directions; strips of ground free from obstruction 
at their two extremities will suflice. The aero­
dromes could be much more numerous, for a 
strip of ground is manifestly easier to find than 
an immense area; the provision of ground faci­
lities \Vould be much less costly and airports 
could be situated close to tO\vns, even in the centre 
of towns by the adaption of boulevards and river 
banks. The Goodyear landing gear provides a 
displacement of 25 degrees on each side, which is 
suflicient for landing or taking off without danger 
of ground looping in quite a strong side \Vind. 
It seems certain that within a few years devices of 
this kind will be adopted for all aeroplanes with­
out exception and that people will be asking why 
\Ve put up for so long with aeroplanes \vith non­
swivelling undercarriages. 

Rcttexions and Suggestions 

This exhibition at Farnborough did the greatest 
credit to the British Aircraft Industry. Great 
Britain, unlike the United States, does not employ 
immense aircraft factories full of formidable 
equipment. Her methods of research and experi­
ment are more restrained than those of America, 
but she knows well how to utilize her resources 
and draw from them excellent results. If the United 
States is the premier aeronautical nation of the 
world, Great Britain follows very close on its 
heels and in certain respects shows the way­
which is very satisfactory for the Old World. 
None the less, progress in aviation becomes daily 
more difllcult and the problems to be solved 
constantly demand more work and more money. 
In order to maintain her lead in certain fields of 
aeroplane construction Great Britain may well 
be forced to neglect others. It is illogical that in 
several countries at the same time the same 
scientific researches and the same identical ex­
periments should be undertaken. At a time when 
America and Western Europe are united in 
helping each other economically I wonder if it 
would not be equally opportune for the same 
countries to come together over aeronautical 
research and construction. I believe that such co­
operation would not only be extremely favourable 
for the progress of aviation but also would help 
in maintaining peace in the world. 

S.A.E. JOURNAL (Monthly) 
Vol. 56, No. 8, August 1948 
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A Graphical Determination of 
the Flow in Nozzles 
A Study by the Service du Documentation 
et d'lnformation Technique of the French Air Ministry 
By Pierre Richard, Ancien Eleve de l'Ecole Polytechnique, 
lngenieur Civil de l'Aeronautique 
Translated by Lionel Mote, F.I.L. 

1. INTROD UCTION 

1- 1 The Problem 
. I . TH E flow of gases in nozz les has been con­

side red by ma ny aut ho rs. T he results are 
usua ll y shown in the fo rm of curves or 

tables o f figures. Prac tica l use of these diagrams 
or tab les is, howeve r, made difficult by the la rge 
number of va ri ab les concerned a nd the diffic ulty 
of finding convenient sca les . 

J ___ __ . _ __ __ _ _ 

I 
- ·-+· 

I 

The objects of this present wo rk are therefo re: 
the selecti o n o f the va ri ab les most easily 
used; 
the consideration of the method of repre­
senta tio n ; 
the development of a graphical method of 
ca lculation. 

The method to be described w ill a ll ow a ll 
problems conce rning tuned nozz les (for de­
fi nit ion see paragraph 3- 1- 2- 1) to be so lved 
with a minimum of ca lcu la ti o n. It will a lso a ll ow, 
in a particular case, the determination of the 
positi o n a nd the a mplitude of the shock wave. 

Several examp les will be given of the a pplica­
tion of the meth od to nozzles whethe r tuned or 
un-tuned . 

l - 2 H ypotheses 
Let us consider the flow ' by sect io ns' o f a per­

fect nuid (the fluid charac te ri stics being co nsta nt 
in one sec ti o n of the nozz le). 

Apart from shock waves, the now is ass umed 
isent rop ic, or ad iaba tic (wit ho ut heat transfer to 
the exte rn a l med ium or to ne ighbo uring ect io ns) 
a nd reversible. Between the fronts of the shock 
waves the transfor mat ion is o nl y adiaba tic. 

T he cond iti o n of reversibility implies tha t the 
losses a re neg ligible. 

1- 3 Symbols 

1- 3- 1 Co11ditio11s i11 A11y Sect io11 of' the Nozzle 
p -c- pressure 
p specific grav ity 
T - temperature 
a - speed of sound 
v flow ve loc ity 

\I 
M - ------c Mach number 

Cl 

5 - section of nozz le 
D pSv rate of discharge from nozz le 
R gas co nsta nt for perfect gas 

y c:ri ra ti o of spec ific heats . 
( ,. 

Jn particular sectio ns the above no ta tion 1s 
used in conj unct io n with the indices: 

0 = inlet secti o n 
f exit section 
C = critica l sec tio n (where re -Cir o r M c= I ) . 

l f there is a shock wave the conditi o ns down­
stream are indicated by a dash. 

1- 3- 2 Variables 

The variab les re la ting to the conditi o ns in the 
c ritica l sections a re: 

7T plPr 
r p ipe 
T = T/ Tc 
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a - a fac 
JJ = V/ l'e 

a = S /Sc 

0 

P/Po 
-1 i.c--------.- ---------=-== P1 ,' I 

/~--,,~~1 
,/ , ' 

~ / .,",,,.,.,,.. 

I f; r.; 

/ , L / s:, , ' 6 
/ ,' p~ =-·;',, 

/ I o 

rc ~p . ---.. ----""~ -=--- - ~ l_ 
0 

1 C 2 

y ' ~: 
VV.:aa •: 

C • 

Fig. I 

Lo oC 

Courbe, (9) d ( t} 

Fig. 2 

AERODYNAMICS 

2. EXPLANATION OF THE METHOD 

2- 1 Basis of Ca lculation 
The fundamental equat ions a re: 
that of Sa int Yena nt (co nservatio n o f energy) 

" y - 1 " y + l 2 (I) a~ ...1.. -
2 

v- ---= 
2
- ac 

that of Gay-Lussac (perfect gases) 
(2)p:p RT 
that of Poisson (isentropic now) 

p -, 
(3) Pc = (p /pc)' 

the eq uation of continuity 
(4) D =-- pSv 
the Mach number 

I' 
(5) M = a 
By using the variab les: 
Ti - f) /Pc, I' pipe, T T/Te, a = a/o,., a --= S /Sc, 

V 
V=-

llc 

eq uations ( l ) to (5) may be written 

(6) 
·) y - I 9 y I a-+ ? ,·- = - ? -

(7) 7T ry - T i· / ;· - l :.._ a 2 ;• / ;· -1 

(8) /'UJJ = I 

(9) M 
J/ 

a 

2- 2 The Selection of the Method of Representa­
tion 
In a sys tem of loga rithmic co-ord inates equa­

tions (7), (8) a nd (9) a re represented by st ra ight 
lines so that it is na tura l to use thi s system. 

Let the co-ordi na tes be a a nd 11. Once the (y) 
curves of eq ua tion (6) have been plotted, the 
subsequent co nstruction may be m ade with a 
rul er. 

2- 3 Plotting the Curves 
1 n the u sua l system of co-ordinates equa ti o n (6) 

may a lso be wr itten 
., y I "y+ l 

( 10) a-/- . + 1·- / - = J 2 y - 1 
a nd represents a n e llipse er), but by changing the 
co-ordi nates to 

A / y -- 1-
a='V 2 a 

equat io n ( 10) becomes 
( 11) a2 + i72 - t 
This eq uation represents a c ircle (G) in the 

plane a, v 
If now we adop t logarithmic co-ord inates the 

corresponding curve (g) m ay be eas il y constructed 
by putting 

a = sin cp 
J/ = COS cp 

cp being a ny a ngle. 
The (y) c urves may be deduced from the 

curve (g) by cha nging the co-ordina tes 

log a = logVY f I log a, 

log~ = log v;+~ + log v 
that is by a translation defined by the vector 

log V yiJ- log V; ~-

A ll the (y) curves a re equa l. To construct the 
who le fam ily it is therefore only necessary to 
plot (g); the remainder may then be traced . The 
(y) curves obviously pass through the point 
(a = 1, v = I). 

The range (:i :) corresponds to subsonic 

conditions and ( ~i }) to the supersonic condi­

tions. 
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2-4 The Curves M ---= Constant 
From (9) 

O n a (y) curve the po int s P (subsonic range) 
and P1 (supersonic ran ge), \.vhere a ha a given 
va lue, fal l on the straight line having a slope 

2,'y l and the ordinate log l /a at the or igin. 
By varying (y), t he curves a ~ con tant may be 

plotted point by point. 

For the convenience the r1.. scale may be about 
eight times grea ter than the 11 scale. 

log v = log M · log rL. 
The curves M =-constant are there fo re straight 

lines of slope + l , the ord ina te at the or igin being 
log M. F 1G . 3 shows the const ruction at the 
point P (M = 2·2) on the curve (y). 

Usi ng the sa me sca les, plot on t ransparent 
paper, the straight lines (d) passing through the 

' sa me point O an d of slopesy -1 for the usua l 

va lues of (y ), and a straight line of slope + 1. 
Thi s second sheet of paper need not be graduated ; 
i t bein g sufficient to indicate the co-ordinate axes 
(FIG. 6 and PLATE 11 ). 

2- 5 The Curves a = constant 2-6 The Practical Construction of the Diagram 

On a sheet of logari thmic-sca le graph paper, 
plot the (y) curves as described. (Paragraph 2- 3, 
FI G . 5 and PLATE I.) 

From (7) and (8) 

log v = - Jog r - Jog a = -
y 

2 I 
log a '-1 log 

a 
LC';) V 

" 
V 

Z,2 

(t) 
p 

,,s 

p ' 

Fig. 3.-Construction of the point M 2·2 Fig. 4.-Construction of the point a constant Fig. 5.-Family of y curves 
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The constructions described in paragraphs 2-4 
and 2- 5 are then effected simply by superimposing 
the two diagrams, the point O being placed wher­
ever required on the v axis. 

In order to be able to calculate rapidly '"PT as 
a function of a trace on another logarithmic dia­
gram the straight lines 

2}' 

TT = a/1 , r = a 2 

2y 2 
log 1r = y - l log a, log p= y - I log a, 

log r = 2 log a 
(see FIG. 7). 

3. EXAMPLES OF THE USE OF THE 
GRAPHICAL METHOD 

3- 1 The Flow in a Nozzle under Known Conditions 
3-1 - 1 Principle of Construction 
Knowing the initial conditions 

G0 v0 p0 Po S0 and y (FIG. l) 
it is necessary to determine 

G V p p 
at any point in the nozzle, as a function of S. 

The entire flow can be determined by the con­
struction described in paragraphs 2-4 and 2-5 if 
the conditions in a critical section Ge Pc Pc Sc 
are known. 
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Fig. 6.-Transparency 

This determination is simple since the Mach 
number at the intake is known: 

Mo = vo /Go 
(paragraph 2-4 and FIG. 8). 

The values a0 and v0 are read from FIG. 8, from 
which 

Ge = G0/a0 = v0 /v0• 

The curves in FIG. 7 give 
2 2;· 

Pc= Po fao~-, 1 Pc = Po /ao~,- I 
Starting from P0, the construction in paragraph 

Plate 11.-Transparency 

2- 5 allows the determination of 1 /a0 (FIG. 9) from 
which 

3- 1- 2 Tuned Nozzles 
3- 1- 2- 1 Defi11itio11 
A nozzle is said to be tuned to a pressure ratio 

and to a given rate of discharge if there is no 
formation of shock waves, either inside the nozzle 
or at the exit section. 

3- 1- 3 U11tu11ed Nozzles 
3- 1-3-1 Definition 
A nozzle is not tuned if a shock wave is pro­

duced in it or at the cross-section at the exit. 
Thi s shock wave is due to the fact that the down­
stream pressure Pr is incompatible with an isen­
tropic flow in the nozzle. This can only occur in 
supersonic flow. 

F1Gs. I , band c show the curves for the velocity 
a nd pressure in a convergent-divergent nozzle for 
different values of the exit pressure Pi, the inlet 
pressure /Jo being constant. Three different flow 
conditions are possible. 

/JP>_/Jia (curves I, 2 and 3). Flow always sub­
sonic. 
Tuned nozzle 
Pia > Pe>Pib (curves 4, 5 and 6). 

4. •,-10 

J' .. )<s 
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Fig. 8.-Construction of characteristic 
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Fig. 12.-Supersonic nozzle determination 
of Mo 
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17 ~=====i===-=~.:=__:_~+,,L~'.,¥1::::..:.~:::.:::,.:..--t-1=-====t.;.:~=+=t:;=t:~==!=+=l=II+~ =!:+t!::;:tttl wave will be indicated by a dash, a nd the pressure 
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' · 5 l----l--+---'----¥'-hl',L,l~+- t-,,--++---l--++--++-+-----+--,--+~!--4~h-L-.<t:i...l--W-....W Fig. 9.-Construction of CJ p/ - p,, 
The shock wave produces an increase in 

entropy which resu lts in a modification of the 
conditions in the critical section . However. 
according to equation (I) 

1,3 

\ 2 

P~/Pc 
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Fig. 7 
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~ 
-
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Fig. 10.-Ratio of critical pressures before and 
after shock. (Sulzer Review, No. I, 1945) 

After the throa t the ve locity exceeds that of 
sound but there is a recompression shock in the 
divergent sec tion. 

Pp,> · Pr> Pi ,· (curve 7). 
For p,. {)11, a shock wave is produced in the 

exit section. 
p 1t, is determined in the fo ll owing manner: 
We know 1'

1

11, from the Prandtl equation (pa ra-
graphs 3- 1 and 3- 2- 1) 

p11, can then be deduced , us ing the Hugoniot 
equation . 
For p1 t, > fJ ,. > P, .. , p1 is constant and equa l to 

p1r; there is a compression wave in the exit 
section 

Pr=--- P, ~ (curve 7) . 
Supersonic Aow in the divergent section (tuned 

nozzle) 
p,, < p1c (curve 7) . 

There is an expansion wave in the exit section. 

3- 1- 3- 2 Co11stmction of tire Siwek Wal'e 
3- 1- 3-2- 1 Principle 
The transformation between the two front s of 

a shock wa ve being adiabatic but not isentropic, 
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Fig. I I .-Construction of shock wave 

Poisson· s law does not app ly. On the other hand, 
Saint Venanfs law (expressing the conservation 
of energy), G ay-Lussac·s law and the equation of 
continuity are confirmed . 

., y - 1 ., y+ I 2 (l)a- + 
2 

v:. -= 
2

- a,. 

(2) <p = pRT 
(4) D -=- pSv= pcScl'c· 

The position of the shock wave will be entirely 
determined by equations ( I ), (2) and (4) and the 
Prandtl equation (11) which gives the relation of 
the velocities v before the shock wave and v1 after 
it , to the velocity ac in the critical section. 

(11 ) vv1 = a/ . 
Using the variables mentioned in paragraph 
1- 3- 2, the eq ua tions ( I), (2), (4) and ( 11 ) may be 
written 

9 y - 1 ~ y+ I 
(6) a~ + 

2 
v- ::....c 

2 
--

(7) 7T = /'T 

(8) rav = I 
( 12) vv' = I. 
The problem to be solved is then : 
to determine the position of the shock wave and 

to determine the flow after the shock wave. 
1 n what follows, the conditions after the shock 

y -1 I y -· I ' . , I '2 ; , ~ 
2 a,.2 = 02 + 2 v2 = a 2 __ ' 2 v -=- 2 a,-c 

from which ac = a1c 
But 

P1c< Pc, p\--.:- pr, S1c> S r. . 
However, for relatively small values of p 1 /p 

(less than 2·5, see FIG. 10), p1c!Pc is very near a 
va lue of I , which implies that the assumption of 
isentropic flow is very close to reality. 

The course to be followed for the determination 
of the shock wave is then: 
A prelii11inary determination of the shock wave 
(i sentropic flow) a llows the calculation of a first 

I 

va lue of p1 /p, and from it, 1/ ciPc, p cl Pc~""" ( p/ /Pc):·, 
S 1c/Sc, so that , knowing 

(/c Cir T 1c - T r P
1
r P1

c S 1
c 

it is possible to obtain the second approximation. 
With a sufficient number of approximations 

the position of the shock wave wi ll be obtained 
with any accuracy desired. 

In practice the first approximation will be suf­
ficient for shock waves of small amplitude 
pi /p < 2·5). It is ra rely necessa ry to have to use 
the third approximation. 
3- 1- 3- 2- 2 The Method of Co11structio11 

3- 1- 3- 2- 2- 1 First approx imation 
The conditions at the throat being known as 

well as the pressure at the exit p1
1, we may deduce, 

under the assumption of isentropic flow: 
; · I 

a\ ~ (f/ /pc)T 
a nd the point p\ on the (y) curve which will 
determine a l (FIG. 10). 
As S\ is known we may deduce 

S1c=S\ /a/. 
The shock wave w ill be produced at a point 

pp! (P upstream of the shock , P 1 downstream) for 
a sect ion S. 

The values of a (upstream of the shock) and 
of a ( downstream of the shock) are 

a ---= S /Sr. a1=- S /S'c from which a1/a = Sc/S 1c 
a nd log a1- log a = log Sr/S 1c. 

The point PP1 is defined by the condition ( 12) 
vv1 - 1. 

The construction is effected in the following 
manner: 

On the transparent paper previously used a 
stra ight line (d1) is drawn parallel to (d) (FIGS . 6 

( Concluded on p. 314) 
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Aircraft Manufacture 
the Netherlands • 1n 

An Account by the Technical Editor of the Activities 
of the Reconstituted Aircraft Industry, 
with Particular Reference to the Manufacture 
of the Fokker Promotor 

W E have already given particular of the post-war organization of 
the ethcr lands aircraft industry in AIRCRAFT ENC,INEERINc;: 

how the types to be produced are decided upon by a board, the 
Nederlands Insti tuut voor Yliegtuigontwikkeling, and are then developed 
and built by the factorie of the centralized company N.Y. Yerenigde 
Nederlandse Yliegtuigfabrieken ·Fokker'. consisting of the works ?f 
Fokker Aviolanda and de Scheide.* This arrangement was adopted 111 
order t~ avoid duplication and also to allow the State to help toward the 
high co t of the de, elopment of the modern prototype. . _ 

The reorganized Fokker compa ny retains most of the technical st~fl of 
the firm whose products were in world-,vidc use before the war. lt will be 
recalled that , in addition to building their own designs, the company had 
the European licence for the Douglas DC-3 . Now, in the post-war phase, 
much of their initial work has consisted in the overhaul and conversion of 
Dakotas. Skymasters and Beechcraft for civil u e. In addit ion, the firm has 
acquired the European li cence for the orth American Harvard _and part 
of their works is occupied with machines of thi type that are bemg over­
hauled and modified . Other licences are those for our own Hawker Sea 
Fury and the Glo · ter Meteor, which are both being built as part of the 
plan for the unification of equipment in the _ forces of Western Europe. 

Part of the works has also been engaged 111 that trusty stand-by of the 
aircraft industry, the manufacture of bu bodies, and a high ou.lJ?ut of 
very smart buses is still being delivered from the factory. In add1t1on to 
this productive work, which was put in hand as soon as the devastated 
factor ies had been rebuilt in 1946. the company has large overhaul con­
tracts for the Dutch Army and Navy Air Services and the Norwegian, 
Belgian and Swiss Air Forces. Further, a large number of sai lplanes and 
gliders has been built. . . . 

Design work, too , ha not been allowed to laps_e and, 111 addition to the 
eries production of the Promotor, the S.11 tn~rner 1:as been_ completed 

and flown. De i(Tn work i also in hand on a twrn-eng1ned trarner and a 
jet trainer, while° studies hm e been made on sever_al civil projects. . 

Part of the or(Tanization of the ethcrlands a ircraft mdustry provides 
for the repair ottll large aircraft by Fokke.r, w~ilc the sma ller machines 
are serviced by an associated company, Av10 D1epen .Y. of Ypenburg, 
near the Hague. This latter company also handles all smal l engme over­
hau ls and repairs (large engines go to the ~vorkshops of K.L. M .) and acts 
a the se lling agent for the Promotor to private owners. 

In point of fact, the Promotor was built to the requirements of Mr F. 

• cc AIRl RAI 1 [,<,1'11 RI,<,. \'ol. X\'lll. December 1946 , p. 407 . 
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Fi g. 1.-J ig drilli ng 
th e fusel age attach­
m e nt fitting bo lt 
hol es in th e pine and 
birch ply bo x ma in 
spar of the Fokker 

Promoto r 

PRODUCTION 

Diepen, managing director of A vio Diepen and Acro-l~olland,_ who 
wanted it for air-taxi work. During the occupation a 111ach111e of similar 
layou t was built secre tly in a garage by an engineer workin~ for Mr 
Diepen. This aeroplane, the Difoga, was a two-seater pusher with a con­
verted Ford Yee-eight engine and, while it was too underpowered to be 
practicable, it did prove the su itability of!hc tail boom l?w-~ing layout for 
taxi work. One of the features that both Fokker and A v10 D1epen ,vcre de­
termined to achieve was to build a small aeroplane which could be entered 
without the contortions and effort usually required. This result has been 
admirably achie\'ed in the Promotor and we feel that it was an end that was 
well worth the sacriftce of some performance. In addition to easy entry, the 
cabin is exceptionally comfortable, and the view is quite outstanding, both 
for pi lot and passengers. 

With an initial order for the taxi Aeet of Avio Diepcn, the Fokker works 
went ahead with the prototype F.25, which was hown at the 1946 Pari s 
Salon, where it created a very favourable impression.;- After extensive 
flight trials the machine was put into p~oductio.n and o:ily when ~ repre-
entative production machine was available did the firm send 1t on a 

demonstration tour in urope during the past summer. Recently, through 
the courtesy of the Fokker company, we had the privilege of seeing the 
manufacture of the Promotor and also of flying their demonstrator. 

Conditions in Europe arc too unsett led for the marketing of small air­
craft on a large sca le , and a lthough the Pro motor is wanted in. several 
countries, the difficulties of import licences precluded the preparat_1on of a 
large series. E, en so, the production methods employed are of considerable 
interest and the following notes give a fairly complete picture of the work. 

Structu ra l Design 
The Promotor i of composite construction. The one-piece wing is of 

wood and has a 0-. par torsion box, light lattice ribs and plywood covering 
aft with a light rear spar carrying the ailerons and split flaps . The fuselage 
is also of wood, with a stro ng floor cell and lighter upper sections. Th~ 
tail plane and eleva tor, rudder and ailerons arc of wood, wh il~ the fin, t::ul 
booms, Aaps and power unit are 1T1ctal. The general construction of all the 
parts can be seen from the photographs. 

The \ Ying 
The wing struc ture is rcmini cent of the pre~war Fokker wooden wii:igs 

and is based upon a sturdy box_ spar made with booms of 1.0 mm. th1~k 
pine laminations and diagonal birch-ply webs : After ~omplction as a u111t , 
the ply angle gu. set for the ribs arc attached 111 the f mal Jig and, after 1-..ey 

t Sec "The Sc,cn tct'nth Salon', AIRCRAI I L:,<o1,11 RI,<,. Vol. XIX . . Ja11 . 19-17. pp. -1 -5. 

Engi ne ... 

PRINCIPAL CHARACTERISTICS 
Lycoming 0 -435-A 

T y pe 

Max . ou tpu t, sea level .. . 
Prope ll er ... 

Dimensions and W eights 
Span 
Length .. . 
Height .. . 
Wing Area 
Tare Weight 

Fuel and Oil 
Pilot, Passengers and baggage 

Gross weight ... 
Per form an ce 
Max. speed, sea level 
Cruisi ng speed, 1,000 m. (3,300 ft .)­

at 75 per cent power 
at 60 per cent power 

Stalli ng speed 
Range ... ... ... . .. 
Climb to I ,OOO m. (3,300 ft.) 

,. ,. 2, 000 m. (6,550 ft. ) 
,. ., 3,000 (9,800 ft .) 

Service cei ling ... 
Take-off to clear IS m. (50 ft.), no wind 
Landing over IS m. (50 ft .), no wind 

air-cooled, horizontally-opposed, six 
cylinder 

190 b.h.p. at 2,550 r.p.m. 
Aeromatic, automatically variable pitch 

12 0 m. (39 ft . 4 in .) 
8 Sm. (28 ft . 0 in.) 
2·64 m. (8 ft . 8 in. ) 
17 9 sq. in. (193 sq. ft .) 
960 kg. (2,115 lb .) 
125 kg. (278 lb .) 
340 kg. (747 lb. ) 
1,425 kg. (3,140 lb. ) 

227 km .p.h. (141 m.p.h. ) 

209 km.p.h. (130 m.p.h. ) 
185 km.p.h. (115 m.p.h. ) 
85 km.p.h. (53 m.p.h. ) 
790-950 km.p.h. (490-590 miles ) 
6 2 min . 
15 I min. 
30 ·1 min. 
3,400 m. (11,150 ft. ) 
540 m. (1,770 ft .) 
350 m. (1,150 ft .) 
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Fig. 2 (top ).-H enschel standard t ype of jig used for the assembly of the 
leading edge torsion section to the box spar. Note that the tip rib is a 

one-piece part 

Fig . 3 (centre ).-Wi th the leading edge inverted the ribs, spanwise 
stringers an d rear spar are built on to the front spar a nd skinned with 

diagonal ply 

Fig. 4 (bottom ).-The wi ng is turned into flying position for the finishing 
w ork, which includes the completion a nd skinning of the upper surface 

of the cen tre section and the build ing up of the tail boo m roots 

Fig. 6.-The jig for the ca b in suppor ts the parts from the inside. This 
photograph shows the structure clearly, in particular the complicated 

curved laminated w ind o w an d door frames 

Octoher 19..i 

Fig. 5.-The fuselage 
nose is built on a rigid 
metal jig to ensure 
perfect in terchange­
ability ; the structure 
is fairly normal 

wooden practice 

location points ' uch as the fuselage attachment a nd the undercar riage 
brad et holes ha, e been jig drilled ( 11 G. I L the spa r is rut into the leading 
edge a~sembly jig. rl (i. 2. Here the leading edge ribs mainly pine lattice 
ones, but wi th full birch-ply webs at '>trong points arc lined up and glued 
to the pl y-angle gusse ts. The stringer are nex t litted and the preformed 
diagonal plywood kin is strapred do" n for gl uing the Aerolite gluing 
rrocess bei ng used on thi s a - on a ll similar joints . The nose skin is 1 ·2 mm . 
thick. wi th an increa e to 2 ·5 llllll . on the :wept forward por tion at the 
root where the loads are ta ken frolll the wheel o penings aft of the 
~ra r. 

Digress ing for a molllcnt, it will be noticed that the leading edge 
assembly j ig is lllOUnted on a tu bular frame and standard feet or the 
Hemchel type. * Throughout the Fokker works the standardized Henschel 
tubes , feet and c lamps a re in general use for the main fralllework of jigs. 
although the slllal ler details a re lllade up frolll channe ls, angles, etc .. as in 
this co untry. It,, ill be recalled that in France. too. the Henschel ·standards' 
are in fairly genera l use for the basic fralllework of jigs. 

When the leading edge ha s been completed it is inverted a nd placed in 
the ma in assembly jig (F tc;. 3) where the li gh t rear spar and ribs arc built 
on to it. The wheel opening i bu ilt up on thi s jig. but the two heavy rib 
that form a box carrying the undercarriage loads ar' made up first as a 
unit. fter attachment or the la teral stringer ~trips. the diagonal birch-ply 
skin is glued and held down by slats and brads, \\'hich are afterwards re­
moved . General skin thicknes is only O ·8 111111., but a very high standard 
or workma nship has resulted in a very good nat surface. 

For fini shing, the wing is put into the hori1.0ntal fixture shown in 11G . 4. 
where it is sup ported by tre tl es at the tips and is held Jirmly by the fuselage 
attachment points and tail boom locatio ns. The central support or thi s jig 
is al so made from Hen 'Che! unit s a nd it is wort h noting that, because of 
the ri gidity of the large diameter tubes and the adjus tab le feet on the up­
rights. no grouting is nece sa ry even for a j ig o r key importance such as this. 
As can be see n from the photograph . the top ~kin of the central pa rt of the 
,., ing i\ completed here and the t..1i l boom roo ts arc bui lt into place . Ove r 

• Sec ' II C'nschC'I Theories 011 Product ion·. \'o l. \!. Oct. 19J9 , pp. J95-J97 . and 'The .Ji gging ol' 
\lo<IL-rn Airlr:1111e, '. \' ol. X II I. April 19-11. pp. 112- 11-1 . 

Fig. 7.- This photograph shows the prototype fuse lage assembled before 
sk inning ; th e ke e l membe r s in particular should be noted 
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Fig. 8.-The conventional wooden rudder framework is bu i lt on a jig made 
from Henschel units 

the top of the w ing at the fuselage bays i placed a turned stee l and a . bes to. 
firep roof shield. 

The Fuselage 

There arc three jig-drilled units that form the fu selage: noor. nose and 
cab in. The noor has been designed as the main load-car ry ing unit and is 
considered to be stro ng enough to ac t as a skid in the c ra sh- land ing case. 
There are two keel members running the whole length that are built up like 
wing box spars with laminated pine booms and birch-ply webs. In the top 
boom the laminations arc hori;ontal throughout, bu t in the towe r o ne. 
becau se of a doub le cur\'a ture. they cha nge from hori Lo ntal to \Crtical 
half-way, the joint between the two be in g a lon g sca rf. Cross members of 
the noor arc mainly box ribs between the keel. with li ght e r ones outside. 
The noor it se lf is fitted in the assembly jig, b ut the sk inning is not done 
until final assembly of the fuselage. 

The nose of the fuselage is made up in a meta l jig, 1-1c. 5, with a ply­
wood front bulkhead. built-up wooden frames, the lamina ted coaming arch 
and pine s tringe rs. Here it might be mentioned that jigging of wing ribs, 
former s and bulk heads is, like their structure, cornentional enough. The 
laminated curved members, suc h as this coam ing and the door frames, a rc 
clamped to \VOodcn formers by cto ·ely spaced C-clamps while the g lue . ets. 
T he parts arc then hand finished to templates. 

In Fl(i. 6 can be seen the main port ion of fu elage under manufacture. 
Thi s is imilar to the nose, save for being more complicated because of 
t he curved door and w indo\ frame-member . The framework is built up 
piece by piece on to the plywood and tinned steel ftrcwall at the rear. 

orrnal ly the unit. like the nose section, is completed a nd sk inned befo re 
being r-cmO\Cd from the jig. The photograph that makes FI(i. 7 is not of a 
production fu se lage, but is of the prototype; frnal assemb ly of the three 
fuselage units on produ ction takes pl ace when they are fully complete a 

Fig. 11.-The fin structu re is an interesting example of simplification. The 
two spars and two ribs, jig drill ed as details, are assembled before being 
put in to this jig where they are skinned and the leading edge and lower 

portio n (bumper) are added 
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Fig. 9 (top ).-This partially compl eted elevato r in its jig shows that the 
structure is similar to that of the rudder 

Fig. 10 (bottom ).-The lattice ribs of the tail plane are threaded over the 
front spar and are spaced by capping strips . The jig controls the com­
ponent from the spar end fittings and th e control hinge s and bracket 

components, sec I !(i. 18. The main juncture i<; made by bolting togethe r 
by metal fit ting<; attached to the main frame members . After bolting 
toget her the components, the joints arc cove red by broad plywood strips 
sca rfed to the sk in . Finishing work then starts. \v ith the lining of the shell by 
gla . s-wool bl a nk ets and the fitting or control brackets. etc. 

Two interesting details on the fuselage a rc th e use of large diameter 
ho llow bolts on attachment fitting s between the fuselage components and 
the bushing of the wing attachment holes in the fuselage keel with light 
alloy tubing- both simple methods o f increasing bear in g area in the wood. 

Fly ing Controls and Tai l Plane 

The ny in g contro ls and the tail plane are all of wooden construction, 
FIGS. 8, 9 and 10. The tail plane is qu it e conventional. wi th two single 
webbed pine and ply spa rs and one-piece la ttice ribs. Solid web ply ribs are 
used at the ends and in the centre to take the control loads. The tail plane 
is controlled du ring assembly by the end littings, hinges and control 
bracket. After assembly of the r ibs to the spar. the skin of diagonal birch 
ply is g lued in place in sec ti o ns the trailing edge being left proud for the 
forming of the elevator shroud after rerno\al from the j ig. 

The elevator and rudder, which ha ve radiuscd leading edges, are typical 
wooden compo nents, as may be seen from 11 tis. 8 and 9. The simple ply 
and pine spar is threaded with the ribs and capping ~trips arc glued to the 
booms to bring them level w ith the rib boom . The leading edge is\\ rapped 
wit h ply and the who le CO\CreJ. w ith fabric. The tubular jigs for these 

Fig. 12.-Fina l assembly jig for the fins and tail booms; although generally 
symmetrical, the access doors to the controls and the tail plane fittings 

make the parts handed, so that two jigs are require d 
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Fig . 13.-The door is large and of a rather complex shape , so that care ful 
jigg ing is necessary 

components look startlingly mas. ivc in comparison with the slender 
wooden structure. they support. but it must be remembered th at some 
90 per cent of the j ig is ready for re-u se and that its assembly wa merely 
the bolting together of the standards. 

The aileron, of which. unfortunately, we ha\'e no photograph , is more 
unusual in construction. It has a 'slJuarc· leading edge, being hinged to the 
\Ving at the upper surface. and the spar and two sk in<; form a triangular 
box without internal . tructurc. The spar is a ply web with pine booms 
and to it a rc glued the two llat skins, upon the inner su rfaces of wh ich arc 
glued chordwise pine stiffener strips. 

Metal Com ponents 

If the aileron is a wooden counterpart of the modern 'simpli l,cd. struc­
ture·. the fin i-; a good example of it in metal, 1 1(;. 11. The kingrost a nd 
front spar a rc <,implc flanged alclad blanks. and with two end. ribs of sim ilar 
form a nd two '>kim with four L-scction chordwisc . tiffeners they form 
a complete torsion box. The blanks arc routed and hand forrnect on blocks, 
because the production run of Prornotors scarcely warranted the making 
of press tool s. Built into the bottom. of the f1n arc the ground bumper and 
the end of the tail boom structure. In the second view in 1-1c,. 11 the row of 
riveh at the bottom <,ecures one flange of an U-scction longitudina l stiffener 
continued from the boom. 

The tail booms. 11c;. 12. have to be particularly carefully jigged since the 
slightest error \\Ould throv.· the whole tail unit out. Each boom con. ists of 
two half shells with three intermediate half ribs to stabili1e the ski n. The 
half shells arc made from 24 ST Alclad rolled to shape and with the keel 
flanges turned up on a foldi ng r 1-css. Thi-; shell is put into a jig, where it is 
held by rrol!le board-; \\'hilc th e half ribs and longitudinal 0-scction 
stiffener arc sec ured to it by pin and latch c lamps for drilling and ri\cting . 
The keel flanges of the t\\'O ha!\ cs arc joined by riveting and at each end a 
complete oval former is ri\ cted in place. The boom is then p ut up in the 
jig shO\\ n in I l(i. 12 where it is joined to the fin. 

The cabin door (I !(i. 13) i-; anothe r carefully jigged metal component, 
since it has to be an interch angea ble spare. as well as to lit perfectly. The 
channel section-. that form the greater proportion of the rarts are formed 
by hand on bending block'>. being ~1fterwards trimmed to template ·. The 
jig illu strated is for l1nal assembl) . Then se-whee l door, adjus table pilot's 

Fig. 15.-Final checking jig for the airscrew extension s haft su pporting 
structure 
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Fig. 14.-The power pl ant is an exceptionally neat and compact unit. The 
engine is held by four bolts an d the engine mounting is itself attached to 
the a irframe by four bolts. The power unit can be taken complete from 

this final assembly jig and mounted direct on the airfram e 

sea t and passengers· seats arc made in a similar fash ion from hand-formed 
part with careful assembly jiggi ng. 

The power plant is a unit consisting of the welded tubular engine 
mounting. ex tension shaft and its \\C lded supporting framework, hori­
zontal cooling baflle and a se ri es of hinged or removable cowling panels. 
The whole is assembled on a jig. rn.i. 14. before being put into the air­
frame. The welded mounting is co,wentional and carries the flat -si 
Lycoming engine high abo\·e the \\'ing so that there is amrlc space for 
accessor ies :rnd the whole interio r of the power plant is remarkab ly 
accessible. The airscrcw extension shaft necessitated bv the need for 
refining the lines of the rear fuselage is a machined steel· unit consis tin g 
of a short fema le-splined shaft with a four-point spider uni\ersal coupling 
to a furt her male-sp li ned shaft upon which the a irscrcw hub is mounted. 
T he welded support (l'IG. , -) for the rear bearing is attached to the engine 
crankcase bv four bo lts. 

Cooling clir is taken in by the scoop at the top a nd after passing over the 
engine is drawn out by the Jou\ers in the lo\,er rear cowling panel. Both 
rear pane ls are easily 1-cmo\ablc, vvhi lc the three front ones arc hinged at 
their forward end and open easily to give exceptionally easy acce s to the 
whole engine bay. The fa steners on the po,\er plant , and on most other 
panel s on the Promo tor, arc of the D1us t) pc. 

The split ll ap. are of the simples t po ·siblc design. Since they arc para llel 
in chord. the sheet can be cut on a gu ill otine and the spar is a si111ple folded 
Z-section th at is riveted. together\\ ith the piano hinge , to the leading edge. 
The tra iling edge is again folded from strip. this time to a .J -scct ion, and 
the rib arc simp le Z-scction<:.. Assembly of this -.i111ple structure by 
ri\eting is quite traightforward . 

An excellent maintenance feature of the Promotor is its lift-up fuse lage 
nose that lays bare the nose-wheel mec hani sm, electro-hydraulic unit, 
flying control and the rear of the instrument panel. This nose panel is 
made from two light alloy spinnings ( 11(,. 16) ri\'et ed together and stiffened 
by internal angle members. The nose of the fu<;clagc \\ith the cowli ng 

Fig. 16.-Spinning the 
main part of the nose 
cowl ing. The actual 
front plate is shown 

in the foreground 
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Fig. 17.-The front 
bulkhead of the fuse­
lage, showing the 
electro - hydraulic 
pump unit , Dowty 
nose-wheel leg and 
mounting and the 
end of the control 

column 

Fig. 18.-The fuselage assembl y line and part of the final assembly line for 
the Promotor. The power pl a nt , in th is case with the cowli ng panels 

removed, is a bout to be mounted on the machine in the foreground 

bolts at the boom juncture. Nc,t the finished fuselage is bo lted to the wing 
to complete the main structure. 

lifted is shown in f-1c ;. 17. This view shows ho w nea tl y the equipment is 
fitted. Du ring assembly the contro ls and o ther units a rc made up as 
assembli es whcre\'cr possible and arc com plete when instal led. The Dowty 
nose-wheel leg, for instance. is made up complete with it s sand-cast 
magnesium mountin g bracket and the retraction assembly before installa ­
tion. In pass ing. it might be mentioned th at such fittings as the rudder 
pedals and brackets , control hinge brackch, etc .. arc magnesium sa nd 
castings. 

Control surfaces and nying co ntrol cables arc next added; pulley. and 
all brackets. etc., arc inse rted in the sub-as<;embly stage . The Goodyear 
Pl iocc l nexiblc fuel tank, which rcsh in a well-ventilated cell under the 
pa <;scnger's -.;cat. is added and then the interior finishing 01 the fuselage 
rrocccds. The Oowt) undercarriage and the naps arc operated by an 
American electro-hydraulic sys tem designed by the Adel Precision Pro­
duct s Co. The electric mo tor and pump arc mounted on the front fuselage 
bulkhead ( 11 <,. 17); the 12-\'olt motor pro,·ides a working pressu re of 
300 lb. sq. in. The undercarriage is rai sed and lo,,crcd by direct operating 
jads. \\'hilc the naps arc ,,orkcd by a central jack that actuates toggle 
linkages throu gh a push-pu ll tube. Points 01 interest in the undercarriage 
arc the steerable nosc-,"hec l. that is di-,connccted for take-oil' and landing, 
and the pedal operated Coodycar 'iingle-di'>k brakes on the main ,,heels. 

s the machine J')rocecd'i dov,:n the a'>scmhly line it is kept jacked ur in 
nyinu. position high enough to allo\\' retraction tc-,ts. etc. Although there 
a rc a lot of operations on thi'i fina l a'>scmbly line- po,vcr plant assembly 
with it s Gravincr fire extinguisher. electrical installation. hydrau lics. final 
preparation for painting. etc. the machines did no t appear unduly 
cro\\'ded and ,,ork 'iCcmcd to be going ahead smooth ly and at a good pace. 
One·s general impression throughout the Fokker \\'Orb ,,as the industrious 
wa) in which the \\'Ork ,,a <; carried out a nd, in particu lar, we were im ­
pressed b) the artisan quality of the woocl\.,ork. 

Final Assembly 
FIG. 18 is a genera l view of the final assembl y line alo ngside which can 

be seen the assembly line for the fuselage. The wing is first mounted in 
nying position and then the tail boo ms and tail plane arc bolted toge ther 
before the who le is offered up to the ,,·ing and joined to it by the rings or 

In conclusion ,,c <; hould like to express our thanks to the directors and 
staff of .V . Vercnigdc cdcrlandsc Vlicgtuigfabr ickcn F--okker for their 
kindness in granting us facilities for our, isit and for supplying us with the 
photograph s ,, hi ch form the illu'>trations to thi s article. 

J /\MIS II /\Y STrYfNS 

R.Ae.S. LECTURE PROGRAMME 

TH E following programme 01 lectures for the 
Autumn 1948 Session has been arranged by 
the Royal Aeronau ti cal Society. 

Unless otherwise stated. lectures wil l be held at 
6 p.111. in the Lecture Ha ll or the Institution of 
Civil Engineers, Grea t George Stree t. London, 
S.W . l (by permi ssi on of the Council of the 
Institution). Tea will be served at 5.30 p.m. 

Thursday, October 21: old Weather Oper;i tion 
of Aircraft by G. W. Wilson and Sqdn-Ldr 
E. P. Bridgland. 

Thursday, October 28: Aircraft Engineerin g a nd 
Production by a member or the staff of 
Handley Page Ltd. 

Saturday, ovembcr 20: Full day discussion on 
Helicopters . (Jo int Meeting with the Helicopter 
Association.) 

Morning Session 
11 a. m. : The Operational Point or View by 

Wing- omdr R . A. C. Brie 
11 .30 a.m.: The Technical Point of View by 

Capt R . . Liptrot 

12 noon : Di scussion 
p.m.- 2.30 p .m.: 
Luncheon Interval (Members should make 
their own arrangements) 

Afternoon Session 
2.30 p.m.: The Fairey Gyrodyne by Dr J. A. J . 

Bennett 
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3 p.111.: The Br is to l 171 Helicopter 
3.30 p.m. The Cicn a Air Horse by J . S. Shap iro 

4 p.111 .: Di scuss ion 

4.30 p.m.-5 p.m. : Tea l nterrnl 
(Tea wi ll be provided a t the Lec ture Hall) 

£1·eni11g Session 

5- 6.30 p .m : General Di scussion a nd summing­
up by the Lecturers and th e Cha irman. 

Thursday, ovember 25: Development 01 the 
Armstrong Siddclcy Mamba Engine by W. H. 
Lindsey 

Thursday. December 2: Problems in the Dc,·clop­
ment of a ew Aeroplane by G. R . Edwards 

Thursday, December 16: Present Thoughts on 
the Use of Powered Fly in g Con tro ls in Air­
craft by D. J . Lyon s 

S.B.A.C. SCHOLARSHIPS AND GRANTS 
The Society of Briti sh Aircraft Constructors 

announces that the following candidates have 
been successfu l in obtaining the Society's 1948 
University scho larship, and Educational Grants: 
University Scholarships: A. H . c.ldridgc (A. V. 
Roe & Co. Ltd .), J. E. Hart (Boul to n Paul Air­
craft Ltd .). and C. Faulkner (Saunders-Roe Ltd.). 
all to the College of Aeronautics: 0. L. Lofts 
( De Havi ll and Engine Co. Ltd.). to the City and 
Gui ld, College . 

Educational Grants: Miss J . A. Rowland . winner 
01 the Society's 1948 Amy Johnson Scholarship, 
is to be apprenticed to the English Electric Co. 

Ltd.: Miss M. 0. Legg. al read) employed as a 
technical assi'i tant in the Aerodynamics Depa rt ­
ment or Vic kcrs-A rmsl ro ng 's Su perm a ri nc \\'Ork s. 
will conti nu e her training wit h the compa ny: 
D. J. Leahy (Sir igcl orman cho larship) is 
to be apprenticed to Vickcrs-Armstrongs Ltd., 
Weyb ridgc. The Se lection Committee recom ­
mended that K . L. C. Legg and J. Spccchley, who 
were awarded scholarships last yea r. take the 
Second Year Course at the College 01 Aero­
nau ti cs. 

In the selecti on or candidates for the Educa­
tional Gra nts and aclmini:-.tration 01 th e awards. 
the Soc iety is assisted by the Royal Aeronaut ical 

oc ict y. 

The Educational Grants, fir st a,\;_ucled in 1937, 
arc intended to encourage the recruitment 01 
engineer ing apprentices to the aircraft industry. 

ni, ersity Scholarships assist those engineer­
ing or student apprentices in the aircraft industry 
'"' ho, because of their out. tanding ability, are 
se lected to be sent on to a uni\'crsity. So far, 9 1 
awards h;wc been made. Of these. 86 have been 
for men, eight being ni, ers ity Scholarships, and 
fi, c have been for women, including three Amy 
Jo hnso n Scholarsh ips. 

The Amy John son Scholarship was inst ituted 
in 1945 after di<,cussions between the Women's 
engineering Society and the S. B.A.C.. and was 
the first women's scho larshi p to be offered by an 
engineering indu stry. It is awarded annually to 
help the selected woman train as an aeronautica l 
engineer o, er a period of four to five years. With 
all the awards goes a reaso nable li vi ng allowance. 

Aircraft Engineering 



The Library Shelf 
Theory of Limit Design. By John A. van den Brock 

[John Wiley: Chapman & Hall. 30s.) 

Reviewed by \V. S. Hemp 

THE 'Theory of Limit Design' is a theory 
whosr philosophy and methods will be 
familiar to most :1eronautical engineers. 

The term 'Limit Design' may not be familiar and 
so it is probably necessary, before making com­
ments upon the theory, to give a short resume. 

Resume of the Theory 

The 'Theory of Limit Design' is a theory of the 
design of structures under their ultimate loads. 
Like the Theory of Elasticity, it bases itself upon 
considerations of e4uilibrium and continuity of 
displacement, but replaces the simple Hookc's 
Law by a generalization, which allows for un­
limited ductility at a 'yield stress'. The stress­
strain diagram is thus assumed to consist of two 
straight lines - -one with a slope equal to Young's 
\1odulus passing through the origin, while the 
other is a line of constant stress equal to the yield 
stress. 

Application of the basic assumptions is 
usually made 011/v to conditions of ultimate load. 
Thus, .in the case of a bar in tension, eccentrici­
ties, minor defects and initial stresses arc ig­
nored, and when ultimate conditions are reached, 
a uniform distributinn of stress across the section 
is assumed, equal, of course, to the yield stress. 
Similar conditions of uniformity arc assumed in 
way of a bolt hole. Where the Theory of Elasti­
city gives magnification factors, the Theory of 
Limit Design supposes that ductility has re­
moved the iack of uniformity, before the ulti­
mate load is reached. In the same way a line of 
rivets is assumed to share the transmitted load 
equally, whereas Elasticity Theory concentrates 
the load at the ends. 

In the case of a beam, the usual assumption of 
linear variation of direct strain leads ultimately 
to a condition in which the section divides into 
two regions of constant stress, one tensile and 
one compressive and both equal to the yield 
stress. When this condition is elfcctively reached 
at a section, further increase in curvature will 
take place at con1ta111 bending moment. This re­
sult may be applied to redundant systems~for 
example, doubly clamped or continuous beams. 
In the former case, when the loading is uniform 
the conclusion is reached that ultimatelv the 
bending moment at the centre will cqu;I the 
clamping moments, both being equal to the limit­
ing moment for the section. This is again in con­
tradiction to Elasticity Theory. 

Similar argu1nents may be applied to frame­
works, but here, in addition to load limitation 
due to yielding, one has to consider cases of 
buckling as struts. However, experiment shows 
that the load-compression relation for slender 
struts is of the same form as the stress-strain re­
lation assumed in Limit Design Theory. The 
basic theory is therefore still applicable and one 
concludes that. in the case of a redundant frame­
work under increasing load, successive members 
yield or buckle until the whole structure becomes 
determinate and does not fail until a further 
member reaches its ultimate load. In this case. as 
previously, continuity of displacement is ensured 
by the ductility of the material. 

These considerations lead to what is the cen­
tral doctrine of the theory. This states that in the 
design of a redundant structure the magnitudes 
of the redundant loads may be chosen by the 
designer. His choice will be guided only by such 
considerations as weight saving or economy. 
There is no need to perform the, often elaborate, 
calculations demanded by the Theory of Elasti­
city. Knowing his load distribution the designer 
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then chooses the sizes of the members of his 
structure so that they will just carry the required 
loads. The result is a structure which is capable 
of carrying the loads demanded of it and which 
will indeed carry those loads in the manner as­
sumed, just prior to failure. At the ultimate load, 
the distribution of load among the members will 
be determined by their relative strength, rather 
than by their stitf ness. 

Commentary 

(a) Aircraft designers are required to show that 
their structures will meet two stressing corn.li­
tions. They have to demonstrate that no serious 
permanent deformation will result from the ap­
plication of a Proof Load, as well as to show 
that failure will not occur at any load less than 
a certain Ultimate Load. To ensure satisfaction 
of the Proof Requirement the appropriate theo­
retical method would seem to be the Theory of 
Elasticity, combined with certain allowable 
stresses which will be the yield or proof stresses 
for the materials concerned. It is in calculations 
for the Ultimate Requirement that the methods 
of Limit Design are appropriate if at all. How­
ever, if, as it must be confessed is often the case, 
the assumption is made that compliance with the 
Ultimate Condition implies satisfaction of the 
Proof Condition, then Professor van den Broek ·s 
opinion, that the Theory of Elasticity has held 
its dominant position in engineering practice too 
long, would seem to be worthy of serious con­
sideration. 

Although as yet not formally compelled by 
Requirements. aircraft engineers are giving seri­
ous consideration to failure by repeated loads. 
Regions of plastic flow undoubtedly play a 
crucial part in this type of failure, but they may 
well be quite small in extent, so that the govern­
ing stress distribution will be more accurately 
calculated bv Elasticitv methods rather than bv 
I ,imit Desig~. · • 
( h) The method of design which proceeds from 
a chosen load distribution to a structure capable 
of carrying these loads, will be recognized by all 
aircraft stressmen as perhaps the most import­
ant part of their stock in trade. The theorem, that 
a structure is strong enough if there exists a 
statically correct diffusion of load which does 
not fracture any component or joint. is the 
foundation upon which all difficult stressing is 
based. This is 'pure Limit Design'. The aircraft 
engineer may well join the civil engineers, who 
after having a lecture by van den Brock, realized 
that 'thcv had known it all the time'. 
(c) In all-fairness it should be stated that the tech­
nical foundations used in the Theory of Limit 
Design have, of course. appeared before in other 
places under the titles 'Plasticity', 'Stressing Be­
yond the Elastic Limit', etc. The significance of 
van den Brock's work may be described as the 
systematic development of an 'Ultimate Strength 
of :'Vlaterials'. The development of solutions to 
problems involving more than one component of 
stress would, however, fill what is quite a serious 
gap in this theory. 
(d) The Theorv of Limit Design stands or falls 
by its assumption of ductility. This is clearly 
justified for structures made of mild steel. The 
important question for aircraft design is, of 
course. whether it is justified for aluminium and 
magnesium alloys. Professor van den Brock 
gives experimental evidence, consisting of tests 
on beams. to show that his theories are justified 
for these materials. 

There is much discussion these days of the 
possibility of producing alloys with larger values 
of Young's Modulus. If this is to be achieved it 
will probably be at the expense of ductility. An 
important question for the future of Limit De­
sign is the determination of the amount of duc­
tility (elongation) which is necessary for the 

theory to \Vork satisfactorily. This merges with 
the larger question of the significance of duc­
tility in structural design. It has doubtless saved 
many stressmen's skins. but to date it has never 
entered quantitatively into design. 

Professor van den Brock draws attention to 
the need for ductility in the attachment of the 
members of a structure designed by the methods 
of Limit Design. It is doubtful whether this duc­
tility is present in aircraft riveted joints and it is 
undoubtedly absent in spot-welded or reduxed 
joints. The rule that a line of rivets ultimately 
transmits load uniformly is certainly untrue for 
a rcdux joint. 
(c) The theory, that the ultimate strength of a 
structure must of necessity be estimated by such 
methods as Limit Design, is by no means univers­
ally valid in aircraft design. An aircraft struc­
ture may \Veil fail by flexural instability of its 
stringers or general instability of all its reinforc­
ing members at stresses below the elastic limit. 
In this case stress calculations based upon the 
Theory of Elasticity would seem appropriate. 
(/) The application of Limit Design to frame­
works requires a knowledge of the post-buckled 
behaviour of struts. This problem presents no 
difficulty for slender struts, but, as experimental 
results given by van den Brock show, there is an 
appreciable drop in load after buckling for struts 
of medium length. This is a class of problem 
which previous design methods would not have 
brought to the forefront. As van den Brock con­
tinually emphasizes, it is entirely a matter of 
·sense of value·. 

Conclusions 

The following conclusions would seem to be 
adrnissable as to the significance of Limit Design 
for the aircraft engineer: 
(a) The Theory of Limit Design is valid for or­

thodox structures made from mild steel. 
( h) Although the aircraft designer often makes 

use of these methods. they are by no means 
universally valid and may often, when ap­
plied to joints. be positively dangerous. 

(c) It may perhaps be proper for a civil engineer 
to forget much of his Theory of Elasticity, 
but the aircraft engineer must continue his 
studies, since many of his problems fall into 
that field. The consideration of plastic stress 
distributions must continue to occupy the at­
tention of the aircraft engineer, but they can­
not. as Professor van den Brock advocates, 
replace his other techniques. 
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Undercarriages for 
Deck Landing 
Special Design Features with Particular Reference to the 
Vertical Velocity of Descent at Touch-Down 

By J. W. Blinkhorn, B.Sc., A.F.R.Ae.S. 

1. Introduction 

FOR landing on aerodromes, aircraft under­
carriages are now designed to give a certain 
safety factor on strength for specified con­

ditions. These conditions have been determined 
after considerable investigations and represent 
the most seve re landings that aircraft can reason­
ably be subjected to , and are defined in terms of 
the ground reaction app lied to the wheels when 
the aircraft touches down at a specified arbitrary 
vertical velocity of descent in an airborne landing; 
i.e. the aircraft we ight balanced by the aero­
dynamic lift on the wings. In a normal landing, 
of course, the aircraft is seldom 100 per cent 
airborne, but this assumption is a sufficient ly 
accurate approximation. The vertical component 
of this ground reaction may be associated with 
various components of drag a nd side load , to 
cover for example the drag loads due to spinning 
up the wheels on surfaces with various coef­
ficients of friction , ground 'bumps', drift, etc . 

When landing on actual carrier decks, however, 
the main differences so far as the undercarriage 
is concerned , compared with aerodrome landings, 
are as follows : 

(i) The vertica l velocity of descent relative to 
the deck increases . This is apparent even 
from visual observations. 

(ii) The landings may have various degrees of 
'airborneness' from approximately I 00 per 
cent airborne to completely non-airborne, 
i.e. zero wing lift- it is actua lly possible for 
the wing lift to become negative. 

Difference (i) is caused mainly by the restricted 
area available for touch-down , the psychological 
effect on the pilot , the limitations of view on some 
aircraft, the pitching of the deck, and the necess ity 
of avoiding the 'wake' of disturbed air behind the 
round-down. 

Difference (ii), i.e . non-airborne land ings, can 
be caused in two ways: 

(a) the arrester hook may pick up the arrester 
wire before the a ircraft touches down so 
that the forward speed at touch down be­
comes small and hence the wing lift is 
correspondingly reduced and may even be 
slightly negative if the nose pitches down­
wa rds; 

(b) aircraft may bounce after a n initia l air­
borne touch-down and be non-airborne at 
the second touch-down due to the arrester 
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wire reducing the forward speed con­
siderably. 

Determination of the ve rtical velocity at touch 
down , together with the corresponding degree of 
'a irborneness', would therefore give the bas ic 
information for incorporating the necessary 
special undercarri age design features pecu liar to 
deck landings. Rough and accurate methods of 
determining the vertical velocity of the main 
undercarriage at touch-down are de cribed in 
paras. 2 and 4 respectively. Paras. 3 and 5 give 
the results of observations made during deck 
landi ngs on the basis of the methods of paras. 2 
a nd 4, the vertical ve locities , of course, being 
relative to the deck. Tail wheel units and nose 
wheel units may be s imil a rly treated. The corre­
sponding degree of 'airborneness' may be ob­
tained by an extension of the cine-camera method 
or roughly by determining the potential energy 
absorbed by the undercarriage during the landing. 
This potential ene rgy can be estimated from a 
comparison of the measurements made in the 
deck landing wit h those of drop tests made on the 
same undercarriage in the laboratory. 

2. Rough method of determining the vertical 
velocity at touch-down 

This method is based on the comparison of the 
shock absorber travel s which occur during (i) the 
deck landing, and (ii) drop tests on the sa me 
undercarriage in the laboratory. The shock ab­
so rber tra ve ls are measured by means of a sliding 
band of cardboard and adhesive tape wrapped 
fair ly tightly round the piston tube so that, when 
the shock absorbe r closes, thi s ba nd is pu hed 
along the pi ston tube by the fixed outer cy linder 
of the shock ab orber. For undercarriages with 
shock absorbers having large static closures it is 
necessary, particularly in light landings, to check 
that the maximum shock absorber travel recorded 
is that which occurs at touch-down , and not that 
corresponding to the a ircraft at rest after being 
arrested. In the latter case, of course, the outer 
cylinder will sti ll be in contact with the slidin g 
band , whereas in the former case there wil l be a 
gap between the outer cylinder and the s liding 
band. Also if bounce occurs, the maximum shock 
absorber travel may occur on the second touch­
down. In deck landing tria ls the maximum shock 
abso rber travel is measured quickly after each 
landing, and as the aircraft is then usually being 
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Fig. !.- Diagrammatic representation of method of measuring vertical 
velocity by cine-camera, using round-down as datum 
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camera film 

DESIGN 

ma n-handled with engine(s) running for a further 
ta ke-off, thi s meth od is rather dangerous a nd not 
too comfortab le . 

Hav ing obta ined the n1aximum shock absorber 
tra ve ls in the va rious deck la ndings, the ma in 
d ifficu lty in the corre lation with the result of 
drop tests in the labo ra tory is to decide the degree 
of 'airborneness·, when the aircraft touche down 
on to the deck. It has been found that by visua l 
observation of the type of la nding thi s degree can 
be suffici entl y a pproximated to enable the vertica l 
velocity a t to uch-down to be estimated to wi thin 
about l 10 per cent- thi s correction includes 
other poss ible so urces of error such as the dif­
ferences in the shock absorber friction charac­
teri stics between the undercarriage used in deck 
landing and that tested in the laboratory. 

3. S pecimen results obtained by the rough method 
of determining the vertical velocity at touch­
down 
This method was used for a Seafire Mk.47 

and two Mk.lV Fireflies and the fo ll owing result s 
obtained for the main undercarriages. The wind 
speed over the deck va ried from about 30 to 36 
knots a nd the modera te pitching of the deck 
gave an estimated maximum vertica l veloc ity of 
a bout 1-2 ft. /sec . at the area of touc h-down. A ll 
landings were made by experienced pilot in day­
light under good weather conditions. 

(i) Scqfire Mk.47 
Tyre size 26 in . ·' 7 · 75 13 in., pat­

terned tread with pressure ,....,, 90 p.s.i . 
Shock absorber pressure 170 p. s. i., and 

available shock absorber tra ve l -9 in. 
Torsion link s we re fitted to the shock ab­

sorber and a s ting type of arrester hook pro­
jecting behind the rea r fuselage was used . 
E leven la ndings were made on one a irc raft by 
two pilots in turn . a nd a ll the touch-downs 
were made ap proximate ly iil the three point 
attitude, with no bounce. The maximum shock 
absorber tra ve ls va ried from 7·5 in. to 8·75 in. 
on the port unit and 7 in. to 7 · 5 in. on the 
s tarboard unit. The correspondin g touch-down 
ve rtical ve loc ities estimated for a irborne land­
in gs varied from about 10 ft. /sec. to I I ·5 ft. /sec. 
Tyre fai lu res due to bottom ing on to the wheel 
rim occurred twice, the port ty re at the seventh 
landing and the s tarboa rd tyre at the e leventh 
landing. These failures were due, of course, to 
the max imum permiss ible vertica l react ion at 
the whee ls being exceeded. 
(ii) Fire/fr I V 

Tyre s ize 32 in. I 0 - 15 111. , smooth 
tread , with press ure 68 p.s.i. 

Shock absorber pressure :c- 200 p.s.i. and 
maximum avai lab le shock abso rber trave l 

8 ·25 in. 
Tors ion link s we re fitted to the shock ab­

sorber unit s and an A-frame type of arrester 
hook was attached under the centra l part of the 
fu se lage. Sixteen landings were made on sep­
arate a ircraft, twe lve by one pi lot on one air­
craft and fo ur by a seco nd pilot o n the other 
aircraft. The type of la nding was generally 
similar to those of the Sea fire 47. The max imum 
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shock absorber travels varied fro m 5·25 in . 
to 8·25 in . on the port un it a nd fro m 5 in. to 
8 ·25 in. on the starboard uni t. The corre­
sponding to uch-down ve rtica l veloci ties est i­
mated for a irborne landi ngs var ied from about 
7 ft. /sec. to 12 ft. /sec. Tyre fa ilure due to 
bottom ing on to the wheel rim occurred o n the 
port side duri ng the fifth landing o f the a ircraft 
which made the most la ndings . 

4. Cine-camera method of determining the vertical 
velocity of descent at touch-down 
Thi s method involves the use of only one cine­

ca mera opera tin g at 24 frames /sec. directed back­
wards a long the deck to obta in pictures of the 
ro un d-down, the arres ter wi res a nd the a ircraft 
for the few seconds up to to uch-down. From the 
fi lms the var ia ti on with time of the height of the 
undercarr iage wheels above the deck may be 
determi ned a nd hence the vert ica l velocity at a 
touch-down obta ined from the plotted Height­
Time curve. 

The method of a na lys is of the fi lm a t any frame 
may be seen by consi derin g the d iagra mmatic 
rep resentations of the a ircraft wheel approaching 
the deck as shown in FIG. I when using the round­
down as the height da tum. FIG. 2 shows how the 
a ircraft ro und-down appea rs on the projected 
fi lm. From FIG. I we have: 

H - height of wheel above the deck. 
. ·. H = ab - c/ !/ r( I cos 8) 

lh 
cc c/x + - - r ( I - cos 8) 

L 
XT lh 

1.e. H - -cosa -; -L r( I cos8) . . (1) 
! 

where: 
H - act ua l height of the wheel above the deck 
T = ac tua l track of ma in un derca rriage 
X = apparent height of the 1 

wheel above the deck I i.e. as measured 
datum .on the projected 

t = appa ren t track of the I fi lm 
main underca rri age J 

a = angle of inclina tion of the ax is of the 
camera Jens to the normal to the un der­
car riage track when the ai rcraft is landi ng 

/ =--c ac tual hor izonta l d ista nce fro m the deck 
dat um to the lowermost part of the tyre 
seen on the projected film (pos iti ve when 
the a ircraft has passed the deck datum) 

h =- height of ca mera lens above the deck 
L - d istance of ca mera from the deck da tum 
2r -= actual tyre d iameter 

T able I 

DECK LANDINGS 

VERTICAL VELOCITY AT TOUCH-DOWN 

I Vertica l Ve locity (ft . 'sec .) 

Individua l La ndings (in Mini- 1 Ma x i---
Aircraft chronologica l ord e r for mum mum Mea n 

each aircra ft type) 
----- ---- ---- - ---------
Seafi re 47 

Sea Fury 

Barracuda V 

Stur1eon 

Seafanr 

Firefly I 

Avenger 

Attacker 

7 ·6 8 ·4 7 ·4 7 .4 7 ·8 5 ·6 
6 · 2' 7 0 8 · '4 I Cl · 6 ' 7 · 4 ' 
8 -4: 10 8, 7 0, 10 ·0·, 7 . 4: 
13 ·0 8 ·8 9 ·8 8 ·4 8 ·2 
8 · 3, 6 ·7 , 6 0 , 10 ·7 • • 6 ·0 13 0 8 3 
--- -------1----- -

7 ·0 11 ·6 9 ·0 12 ·5 10 ·6 
7 ·6 · 1 9' 8 s 9 .4' 9 ·8· 
10 ·0, I j ·8 , '10 -2,' 8 -8 : 
10 ·0 , 10 · 2, 6 ·2, 10 ·5, 
11 · 4 , 7 ·0 , 8 · I I 6 · 2 12 · 5 9 ·5 

4 · 4 7 · 2 4 · 1 6 · 9 8 · 3 8 ·7 1--.----
6 ·9·9 · 1· 8 ·4·8 ·0·8 ·4 ' 7 ·5 · ' 
7 . 5: 1 . , : 11 -0, 8 ·9, 1-'1 ' 4 · r ~I~ 

1 ·6 7 ·0 
7 · 6' 8 · I 6 · I 8 ·4 10 ·4 
9 . 5: 9 ·6) ·6, 9 ·2, 1'0 .4 • 6 · I 10 · 4 8·6 

I I 
1----

7 · 3, 6 ·8 , 4·8 , 6 · 7, 11 ·6, 
8 ·7 , 9·1 , 9 · 1 I 4 ·8 1 11 -6 8 · 5 

1--l-
l- ,2-. 2- .-9-. -, .-7-. -, .-5-. 6---·,--- - 1--

6 ·7 
11 ·4 , 9 · 3 

12 · 7 , 13 · 3, 12 ·0 , 12 ·7 , - - i-
14 ·0 , 9 ·6 9 ·6 14 ·0 12 · 4 

I Average of all types = l-4-. -, l14-0
1

~ 

October 1948 

() - angle between the line joi ning the camera 
to the apparent lowermos t poi nt of the 
tyre shown on the projec ted fi lm and a 
line pa ra llel to the deck, both lines lyi ng 
in the same ve rt ica l plane. 

T he ang les a and 8, of course, vary as the air­
craft approaches touch-down. Simila rl y, when an 
arrester wire is used as the deck datum , as shown 
in FIG. 2, we get: 

XT I 
H -- - cos + -(h - d) - r( l - cos8) -d . .. . (2) 

t L 
where d - actual height of arres ter wire da tum 
above the deck . 

Equation (2) is identica l to equat ion ( I) except 
that lz has been replaced by ('1 - d) and the 
consta nt d added . The te rm r ( I -- cos 8) is prac­
tica lly neg ligib le- omitting it fro m eq uati ons ( I) 
and (2) will ca use an error of less than O· l per 
cent in the est imated ve rtica l ve locities of the 
magnitude which occur. 

Eq ua ti ons ( I) and (2) may therefore be wri tten : 
XT lh 

H = - cos r1.. +- .. ..... ..... ...... (3) 
t L 

XT I 
a nd H - cos r1.. + - (11 dH d . ....... . . (4) 

t L 
X, T a nd t are known exact ly as a re h and d, but 
a, I, a nd L ca n only be ro ughly estimated. How­
eve r, by mo unt ing the camera as fa r fo rwa rd on 
the deck as practicably possib le- for safety in 
opera ti on it must be sta tioned on one side of the 
cleck- e.g. between the las t a rrester wire and the 
fi rst crash barrier, cos will only va ry fro m about 
I ·O to 0 ·98 d uring the two seconds or so up to 
to uch-down, the va lue dec reas ing within thi s 
ra nge as the a ircraft approac hes touch-down 
accord ing to the pos iti on and yaw of the ai rcraft. 
T he camera was sta ti oned so that the va lue of lz in 
equation (3) and (/1 - d) in eq uat ion (4) was so 

llz . . 3 I (I I . small that L 111 equati on ( ) o r L ·1- c.) 111 equa-

XT 
tio n (4) was negligibly small compared with - ­

t 
As d is consta nt it will , therefore, be seen that 

the ve rti ca l ve loci ty obta ined by assu ming 
XT 

H - ... . . .... . . .. . . . (5) 
{ 

for the last second or so up to to uch-down will 
have a max imum error of only about -I I per cent . 

5. Spec imen results obtained by cine-camera 
method of determining the vertical velocity at 
touch-down 
On the basis of equa ti on (5) , the vert ica l veloc i­

ties occ urr ing on the touch-down of va ri ous a ir­
craft during deck tri a ls have been determined. 

T he preva il ing condi ti ons fo r these deck tri a ls 
were simil ar to those desc ri bed in paragrap h 3; 
i. e. experienced pi lots in day li ght under good 
wea ther cond itions wi th a wind speed over the 
modera tely pitching deck vary ing fro m about 
30 to 36 knots, except fo r the Attacker when thi s 
speed va ri ed from 39 to 43 knots . 

It was fo un d that the va ri a ti on of the height H 
with time was approx imately linea r fo r at least 
the las t two seconds or so up to to uch-down, 
i.e. the read in gs taken at every one-twenty-fo urth 
of a second in te rva l indica ted no fl at ten ing out in 
the approach pat h immed ia tely before touch­
down. Examples of the Height-T ime curve ob­
ta ined for va rious aircraft in airborne landings 
are shown in FIG. 3 and TABLE I gives a de ta iled 
li st of the ve rtica l veloc ities dete rm ined from such 
curves. The landings recorded were a ll made by 
only one or two ai rcraft of each type. It wi ll be 
noted that the Attacker is the only jet-prope lled 
a ircraft recorded and that a ll the a ircraft were 
fit ted wit h ta il wheel type la nding gear. 

6. Discussion of results 
T he ve rt ica l ve loc ities measured by the c ine­

camera method appear to confir m the order of 
the ve locit ies obta ined by measuring shock 

Y'. 
u 

IC(\ 

qo 

10 

u.J so 
0 

10 

10 

1·0 

Fig. 3. Flight path of undt!rcarriage in relation 
to deck 

abso rber travels. T his d iscuss io n dea ls o nl y with 
the cine-ca mera resul ts. 

TABLE I records 96 landi ngs of var io us types of 
aircraft, the ve rtica l ve loc ity va ryi ng fro m 4· l 
ft. /sec . to 14·0 ft. /sec. ·w ith a n average of 8·8 
ft ./sec. ; a ll land ings bei ng a lmost full y a irborne. 
As ca n be expected , the Attacker, i.e. a high speed 
jet type, touches clown a t a grea ter vertica l veloc ity 
than the ot her types. It must be noted , of course. 
tha t only six land ings we re recorded for the 
Attacker- bu t on the ot her ha nd the reco rded 
vertica l ve loc ities have compa ra ti vely less sca tter 
than those of the ot her types . 

For the purpose of des igning the land ing gea r 
then, a compromi se is req uired between (i) the 
minimum des irable ' li fe' of the unde rca rriage 
measured, fo r exa mple, by the number of landings 
per acc ident , serv iceabi li ty , ma intena nce, etc., 
a nd (ii ) the ve rtica l ve loci ties of the order given 
in TABLE I increased to a ll ow fo r actua l service 
cond it ions, e.g. less skilled pi lots, night la ndings, 
bad visibili ty and deck pitching. T he under­
carr iage shoul d be des igned to a ve rti ca l ve loc ity 
which wi ll only occur infreq uently under actual 
serv ice co nditi ons- say once every 500 or I ,OOO 
land ings. beca use only a sma ll strength safety 
fac tor is obta ined o n the loads which occur a t 
thi s specified ve loc ity. T he acceptab le acc ident 
ra te, of co urse, is connec ted with the compromi se 
mentioned prev ious ly. 

T he ve rti ca l ve locities occurring in no n-a ir­
borne la nd ings are beyo nd the scope of this a rti cle 
but in genera l it is true to record tha t these are 
usua ll y less than those achieved d uring a irbo rne 
landi ngs. 

AEROMATIC PROPELLERS 
A lice nce agreeme nt has been reached be­

tween Ho rder n-Richmond Ltd ., of H yclu lignum 
Works, Hadde nh a m, Bucks, a nd the Evere l 
Propell er Corporat ion of Ba lt imore, Ma ryla nd. 
U .S.A. , whereby the wo rld ma nu fac tu r ing a nd 
se ll ing rights (o utside North and So uth 
America) of Aeromati c prope ll ers have been 
acqu ired by the English compa ny. A complete 
propeller assemb ly was shown o n Stand 11 3 at 
the S. B.A.C. Display a t Farnboro ugh. 
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An Analysis of Range for ________ PE-RF_o_RM_A_Nc_E 

Ai re raft Project Design 
A Rapid Method for the Estimation of Still Air Range 
When Operating on Constant Power 

By A. H. Stratford, B.Sc. (Eng.), A.F.R.Ae.S. 

Summary 

TH F ,,.nious !light procedures for medium 
and long range operation of transport air­
craft arc described, and the constant power 

basis is shown to be advantageous for airscrew­
driving power units \\hen comparisons arc 
required in the design study stage. To avoid the 
approximation invohcd in assuming a cruising 
speed which is a mean of the initial and final 
speeds and likely to introduce errors ,vhcn the 
fuel load is an appreciable percentage of all-up 
,veight. a method is rresentcd ,vhich hy means of 
a chart cnahles the true Still Air R:1ngc to he 
evaluated. 

The method employs the conception of speed 
ratios based on the true speed for minimum drag 
at the selected cruising altitude at the instan­
taneous all-up ,vcight of the aircraft. and enables 
a rapid solution to be obtained once the basic 
aircraft characteristics and the design and opera­
tional parameters arc kno,,n or evaluated. 

:\'otation 
A, Effective A'>pect Ratio. 
R Cruising Speed Constant ( Fqn. 16). 
c Specific Fuel Consumption ( lb. per effec-

tive shaft-horsepower per hour). 
C/ln Total aircraft profile drag coetl!cicnt. 
I) Aircraft drag (lb.). 
E Maximum Lift Drag Ratio. 
111 A function of the Speed Ratio 11. (Sec 

IIG. \.) 

\' Number of operating engines;. 
11 Speed Ratio: V/11. 
P, Effecti\'c shaft-horsepo,,er (including Jct 

Thrust Allowance). 
R Still Air Range (miles). 
rr Rate of climb (ft. .min.). 
S Wing Arca (sq. ft.). 
11 True speed for minimum drag (m.p.h.). 
V True cruising speed (m.p.h.). 
IV All-up Weight of aircraft (lb.). 
w Wing Loading ( lh. per sq. ft.). 
Z Thrust index ( 111. W. ). 
-1 Range Factor. 
YJ Ai rscrcw ctlicicncy. 
p Air density (slugs.·cu. ft.) at altitude. 
Po Sea lcwl air density. 
a Air density ratio at altitude. 

Subscript I denotes initial cruising condition at the 
selected altitude after consumption of run-up 
and climb fuel. 

Subscript 2 denotes final cruising condition at 
selected altitude after all cruise fuel is con­
sumed. 

Introduction 
In the early stages of aircraft design, a general­

ized performance analysis of various pO\vcr plant 
and airframe layouts is frequently required. 
Recent in\'estigations into new types of engine 
of ,vidcly different specific consumptions and 
specific weights, installed in aircraft designed for 
medium and long range, have made it necessary 
to find methods that would minimize the work 
involved in design study and increase the results 
available to the project engineer in a gi\'en time. 
The calculation of range, in particular, may prove 
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difficult particularly where constant power oper­
aticrn is considered advantageous for comparative 
purposes. 

For this rcas;on there was evolved the method 
which is introduced below for the calculation of 
Still Air Range with propeller-driving turbine. 
piston or compound engines, when operating on 
constant power. 

The Flight Procedure 
The three basic night procedures for ideal 

operation at constant altitude arc well known 
to he : 

(a) ( ·onstant L f) ratio. 
(hi ( ·onstant Cruising Speed. 
(c) ( 'onstant Effective Power. 
In these three cases respectively the cruising 

speed decreases, remains constant, and increases 
as flight proceeds. 

The wcll-knmvn Breguet formula for range 
deals conclusi\'cly with Hight at constant L,:D, 
assuming a constant airscrcw efficiency and 
specific consumption which may be justifiable 
with constant speed airscrews and when a flight 
engineer is available to supervise power control. 
1 Iowcvcr. flight at constant L 'I) is usually rejected 
on the grounds of dit1iculty in airspeed control. 
and because the effect of the speed and power 
falling as fuel is consumed, is to penalize the gas 
turbine \\ hether driving a propeller or producing 
a jct. 

·The second procedure, constant speed and 
altitude. is also open to serious criticism for com­
parative study purposes. This is chiefly because 
on most projected types of turbine engine high 
forward speed is a major factor in thermal 
cflicicncv. which maintains its best values over 
a narro{vcr range of output than with the older 
power plants. 

Constant speed operation presupposes a re­
duced thrust (or power) as flight proceeds because 
of fuel consumption, and when fuel load becomes 
an appreciable proportion of take-off weight the 
ratio of final initial thrust (or pmvcr), may be 
low enough for an adverse effect to be felt in 
specific consumption. 

Owing to the higher flight speed, medium-long 
range operation may be justified with jet units 
operating at constant true air speed, but at all 
altitudes as fuel is consumed aircraft with pro­
peller-driving turbines will be required to pay a 
premium in increased specific consumption which 
must be offset against their reduced power 
requirements if operated at constant cruising 
speed. 

The method suggested by R. M. Willcock 
( R.A.E. Report No. Eng. 4131) for the calcula­
tion of range at constant mean speed is of con­
siderable value and may be used where these 
conditions of flight are more realistic, e.g. on 
short range. 

The calculation of range at constant true speed 
has also been developed on the assumption of a 
variable altitude so that if height is gradually 
increased to give an air density proportional to 
all-up weight, the power required is directly 
proportional to the instantaneous weight of the 
aircraft, and L/D remains constant. 

If altitude and weight arc alone \ariable then 
power required may he ,vrittcn as: 

wz 
a1·a ! a 2·-- t-a3 ·rc·W .............. (\) 

a 

where rr is rate of climb (f.p.m.) 
(assumed constant and small) 

W is all-up weight of aircraft (lb.) 
a is relative air density 

and the a's arc constant. 

If now we increase altitude at such a rate that 
a oc W (say a-- k. IV) and assume that V and YJ 
remain constant, 

then P,-, a1 ·k· H" l a 2 Wik i a3 ·rr· IV 

P I I V '/) i / .. :/) 1.e. " - a~· V w1erc a 1 --YJ·L' all( _ 
375 

and incidence arc constant throughout. 
Integration leads us back to the Brcguet 

equation for range at constant /. D: 
R d75(Lf)) (r) 1c) log,M'1 W 2 ...... (2) 

where c would require to be a carefully selected 
mean with gas turbine engines. 

This relation lends itself conveniently to inte­
gration but the underlying assumptions are not 
s11fliciently realistic. The range of altitudes for a 
fuel load of 33 ~ per cent of take-off weight could 
he typically 20.000 ft. initially increasing to 
31.500 ft. at the conclusion of the tlight. 

The third ideal procedure, constant power at 
constant altitude, is the one assumed for the 
method described belmv. Constant power analysis 
for medium and long range normally involves 
a tricky integration since flight speed continually 
increases as fuel is consumed: the solution of this 
problem is the object of the present analysis. 

Some assumptions arc implicit in the use of 
constant mean values of airscrcw cflkiency, air­
craft profile drag coeflicient, and specific fuel 
consumption. but these arc considered to be 
justifiable and arc standard practice in prelimin­
ary design work; however, the use of a constant 
mean speed of flight when flying at constant 
power was not held to be sufficicntlv accurate for 
adoption except on short ranges. · 

Range Calculation with Airscrew Propulsion 
In the calculation of Still Air Range with 

propeller-driving engines operating on constant 
power, it is found useful to introduce non­
dimensional parameters. In the present method 
the well-known ratio 11 (true speed of flight, 
V, : · true speed for minimum drag, u, at the 
given altitude) and 111, a function of II are em­
ployed, to give a final non-dimensional range 
function -1. 

111--(11 3 +11 1),i is plotted in FIC,. I for rapidity 
of reference. If we write drag, D, at speed, V, in 
terms of the true speed of minimum drag, 11, 

and optimum L '[) ( £), at constant altitude, 
then D --W/2E[(V.u) 2 +(u,'V) 2 ] .......... (3) 
and E [rr.'4·Ar/Cv()]~ ................ (4) 
,vhere W is the instantaneous weight of the 

aircraft (lb.) 
Ar is the effective aspect ratio (including 
an induced drag correction) 

and Cnn is the total aircraft profile drag co-
efficient. 

C vn is usually calculated for a limited range of 
aircraft size, cruising speed and altitude, and 
mean values may be chosen to make £ sensibly 
constant o,cr selected groups of conditions. 

The power required at speed V, is: 
IV· n- 11. 7 50 E < 11 '2 -r /1 ::! ) •••••••••..•.• ( 5) 

If now 
Pr is the effective cruising shaft-power per 
engme, 
/\/ is the number of operating engines, 
and YJ is the mean airscrew efficiency for 
cruising flight, then 

P,·N·YJ = W·u/750£ (11 3 ---11- 1) ........ (6) 
Utilizing the expression for minimum drag speed 
at height, h, we may re-write this equation as: 
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( 11 3 + 11- 1)~= 13 ·65( E·YJ· Pr·N) 'I. (S· a)~ 
( C D(J° Ar) A / W . . . . . . . . . . . . . . ( 7) 

Substituting 111 and Z / W for the left and right 
hand sides of the above equation we may write 
(7) a gain as 

m =- Z / W . . . .. .. ..... . .. . . . (8) 
F irs t of a ll we require to calculate Z which may 
be rega rded as a thru st index (with dimension s 
of force before the elimination of sea level air 
de nsity, p0) . 

From the previou s equ a tions: 
Z = 13 ·65(E·YJ · P, · N ), (S·a) ~ (Cno· A, ) A 

.. . . . .. .. .. . (9) 
which is co nsta nt for the particula r ope ra tin g 
cond it ion (geometric form , power a nd a ltitude) 
under con sidera tion. a nd we then empl oy two 
pairs of co rresp o nd ing va lues o f W a nd 111 (for 
take-off and la nding ). 

If these a re written W 1 111 1 (take-off condition) 
W 2 m 2 (la nding condition) 

(For full deA nitions of subscript s see Index of 
sym bo ls .) 

then fo r kn own initi a l a nd fin a l all -up weights 
we may ca lcul a te the two va lues o f 111 (Z / W1, 

Z I W2. ) a nd fro m FIG . I read 11 1 a nd 11 2 corre­
spond in g to them . 

W1 will na tu ra ll y be corrected fo r fu e l con ­
sumed du r ing run up, ta ke-off a nd c limb accord­
ing to so me requiremen t such as A . D . M .5 14. 

Defi n ing St ill Air Ra nge, R miles , by the 
equation : 

rw1 
R = I /c ·P,,- N W VdW . . . . . . . . .. ( 10) 

' 2 
where c is the speci fi c fuel con sumptio n in lb . per 
effective sha ft horsepower per hour, a nd the other 
sym bols have their previous s ignifica nce, 

then R= l /c·Pe N J:~u·n-c/W .. . . . . ( 11 ) 

Since we can al so write u and Win terms of 11 

on ly, the a bove equat ion may be tran sformed. 
The solut ion is : 

R = 250 £,YJ / c [ ta n- 1 
11

2 -s in (2tan- 1 n2
) J ;~~ 

. .... . .. . . . . ( 12) 
T hi s equ a ti o n may be sy mbolized in the form : 

R = E ·YJ /c· ..1 . . . . . .. . . . .. . . . . (1 3) 

where ~ = 250[ta n- 1 11
2 - sin (2tan- 1 112) ]~~ 

. . . ... . .. ... . ~ (I 4) 
A plotting of~ on a ca rpet of 11 1 and 11 ? is shown 
in FIG. 2 for va lues of 11 1 between I ·O and I ·9 
a nd 11 2 between I ·O and 2· 2. 

Since Still Air Range is directly proportiona l 
to E-r; /c (L-dimension a l) the fin a l result may be 

BRITISH STANDARD SPECIFICATIONS 
Copies of the following Specifications can be ob­

tained at the prices indicated, from TH E BRITISH 
STAND A RDS f NSTIT UT ION, 28 Victoria S treet, London, 
S .W.I. 
B.S. No . 11 21: 1947. M erhods f or the analysis of sree l. 
Parr 2. Derermina rion of nickel in permanent magnet 
alloy s. 
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Fig. 2. - Variation of 
range factor, M , with 
speed ratios , n I and 02 

TABLE I 

80 

70 

60 

so 

-40 

30 
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10 
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VAL UES OF m = (n' -! 11 ') l 

n 
1 ·0 
1 ·05 
1 · I 
I · 15 
I ·2 
I ·25 
I ·3 
I ·35 
1-4 
1-4 5 
1 ·5 
I ·55 

m 
I ·5 87 
I ·645 
1 ·71 2 
1 ·788 
I ·870 
I ·965 
2 ·064 
2·172 
2 ·287 
2 -408 
2·537 
2 672 

TABLE TI 

n 
I ·6 
1 ·65 
1 ·7 
I ·75 
I ·8 
I ·85 
1 ·9 
1 ·9 ~ 
2·0 
2 ·05 
2·1 
2 ·15 
2 2 

m 
2·8 14 
2·962 
3· 11 7 
3·277 
3·442 
3·6 15 
3·792 
3 976 
4 ·165 
4 ·359 
4 ·560 
4 ·766 
4 ·977 

VA L U ES O F A -- 250 [t a n - 'n' - sin (2 tan - 'n')] 

n A II A 
1 ·0 - 53-650 I ·7 154 ·938 
l · I - 25·508 I ·8 176 ·930 
1 ·2 6 ·705 I ·9 196 ·505 
I ·3 39 ·995 2 ·0 213 ·845 
1·4 72 · 367 2 ·1 229 ·125 
I ·5 102·550 2 ·2 242 ·67 3 
1 ·6 130 · I 65 

ra pidly modified for variation rn the a bove 
product. 

FtGS. I and 2 as shown are not of sufficient 
sca le to be direct ly employed and for tha t reason 
the values from which they were drawn are tabu­
lated below in TABLES I and 11. For a maximum 
accuracy the values of~ should be replotted with 
interpolations on a large-scale chart. 

C learly the calcu lation of range by a method 
a llowing for speed variation with all-up weight is 
justifiable only when the speed ratios (n1 and 11 2) 

are measurably di stinct. Ultra-short range opera­
tion may be taken as tha t defined by 11 2 - 111 < 
a pprox. O· 3 within which domain the simpler 

Thi s spec ifica tion pro vi des for the so lutions required , 
the test procedures a nd the method of ca lcul a tion . 
Pe rma nent magne t a lloys include a lloys of th e a lum­
inium-nickel-coba lt-copper-tita nium type. (An exa m­
ple of this type of ma ter ia l is the pe rma nent magnet 
a ll oy known as Alcomax.) 

B. S . 1121 : 1947. Me rhods fo r the Analy si.'i of S teel. 
Parr 3. Tungsten. Part 4. A luminium in permanent 

- -- - -------

a nd m o re o bviou s 111 ct ho cl of us ing a mea n speed 
of Ai ght is to be prefe rred. 

Standard Method of Range Calculation 
In the most usua l a pp roach to a ra nge in ves ti ­

gation bo th ta ke-o ff a nd la nd in g a ll-u p we ight 
for the a irc raft a re kn own, as well as the mea n 
CDC>, a irsc rew effi c iency, crui sing power, specif1c 
co nsumpti o n a nd the geometric c ha rac teri sti cs 
of the a ircraft. From thi s da ta the Still A ir Ra nge 
is required . 

Jn thi s ca se n rst of a ll ca lcul a te E fro m equ a­
ti o n (4) a nd Z fro m equ a tion (9 ). Thi s ena bles us 
to fin d 111 1 a nd 1112 fro m equ a t io n (8 ), a nd the 
corres po ndin g va lues, 11 1 a nd 11 2 which may be 
rea d from FIG . I . 

Using now FIG . 2 we ca n immed ia tely o bta in .u 
from the intersect io n of the actua l va lues o f n1 

and 11 2 , which gives the Still A ir Ra nge fro m the 
prod uc t, 

R - E- r; /c· ~ -
A preliminary estima te of mean c rui sing speed 

may be necessa ry to obta in the je t thru st contri­
bution to effective sha ft power, a nd for a final 
eva lua tion of specific consumpti o n a nd a irscrew 
efficiency accura te initi a l a nd fi na l c rui sin g speeds 
are obta ined as follow s : 

Since V = wu 

=- n· W t \ ( . 4 y .. ... ... (l 5) 
(p0 ·a·Sr 1r ·CDr>" Ar 

using sym bo ls previo usly identi fie d , 
we may wr ite, 

V1 = 11 1 · 11 •11·8 

V 2 = ll 2' W2!· B . . . . . . .. ... . . . ( 16) 

14 ·86 
where B --= -- --

at [Cnn· A, ]L 

111agne1 al/ors. 

Part 3 spec ifies the meth od fo r th e de termin at io n o r 
tungsten in steels no t conta in ing co lum bium (ni o bium ) 
a nd ta nta lu m , a nd Part 4 specifi es the meth od fo r th e 
determina ti on of a lumin ium in perma nent magne t 
a lloys . The solut io ns required, test procedure a nd 
method o f ca lcu la ti on are spec ified fo r eac h me thod . 

Price 1 s. each , post free . 
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A Russian Notebook 
Some General Observations on the Form and Organization 

of the Aircraft Industry of the U.S.S.R. 

By Charles W. Cain* 

FOR some years the writer of this article has 
carefull y studied the scanty and conflicting in­
formation available on the aircraft of the 

U .S.S.R. and the organization of both military and 
civil aeronautics. It has been our policy to publish , 
whenever possible, articles giving accurate- if of 
neces ity limited- details of Russian developments. 
In this respect we would point out to readers that the 
contents of this present article ma y appear some­
what conservative, because only undoubted facts 
ha ve been presented and, as such, it offers a 
commentary upon the mixture of fanciful propa­
ganda and restricted information available- a fact 
which we have had to mention on each previous 
occasion that we have published a similar article. -

DITOR 

The so-ca lled ' I ron Curtain' is ,1 very real 
rroblem and. unfortuna tely, it i s not enti rely the 
responsibility of Ru ss ia herse lf. Recent ly an out­
raged Central-European Communi st spokesman 
comp lained that 'the I ro n Curtain wa-; in vented 
in the ne\\'Spaper oftkes of Fleet Street'. T he half­
truth of thi5 statement is th at for man y yc,irs b -
fore the Second Wor ld War Rw,sia ,,as lert to her 

wn de,·ices and le\\' seriously-minded people. 
technicians and observers ali ke, ever entered 
Russ ia- so report were scanty. often high ly­
coloured and usually inaccura te. Trac in g thi s 
state of affairs down to Ru ssia's airc raft indu stry 
brings out one striking fact, tha t we of the Engli sh-

• La te ly Edit or of ·The Acrop l;i nc S pot1cr '. 

peaking nation. know only about ten per cent of 
w hat is going on in the Soviet design bureaus, 
technical o ffice<; and workshops. Now the oppor­
tunity for in ves tigation a t first hand no longer 
exi t . Ru ssia is as susr,i cious of the W estern 
Powers as they are of the Sov iet nion. Few 
a iation publicat ions are all owed to leave the 
U .S.S. R ., no Russian av iati on technicians are 
all owed to leave the Union and conver e freel y 
wi th fe llow workers, and even the most sk illed 
and determined wr iter, a student o f Russian 
aeronautics, mu t 5pend many hours cha -
ing up minute facts to fit into the jig-saw 
pu zzle. 

Today there is no comprehensive survey of 
Soviet av iation , no steady break-down of design 

Fig. 1.-The A NT 
35 is a Russian 
design of 1936 
and is shown 
here as an 
example of their 
most advanced 
pre -wa r 
thoughts. It was 
widely used on 
the shorter 
routes, including 
from Moscow­
Len in gr ad -

Stockh o lm 

technique. Yet to eve t yo ne mu st come the reali za­
tion that if Russ ia ca n bu i ld aircrnft which fit into 
every known foreign ca tego ry then there must be 
someth ing we can lea rn f, om ov iet aviation . The 
g,illi ng feature of the prob lem is that while few 
peor, lc e\'er get an opportuni ty to examine Ru s­
sia n a ire, aft. Soviet mi litary attachc. and their 
eno rmous .;; taff· are free to wander abroad, and 
exami ne, photograph, rnea ure and eva luate just 
about every Briti sh-bu ilt aeroplane there is. 

I t is because so much nonsense has been pub­
li shed in recent months, even yea rs, about Ru s-

Fig. 2 (below ).-The Tu-2 , which looks like a radi al-e ngi ned version of the 
Pe-2 is actually its re placem e nt des igned by A. N .Tupol e v. The structure 
is o f metal, w it h a conventional tail -wheel und ercarriage and ASH-82 
FNV engines of 1,850 h.p. Armam e nt consists of two 20 mm. cannon in the 
wing roots, with 200 r.p.g., two upper and one lower 12.7 mm. rear guns 
(each with 250 r.p.g. ) ; w ith a max. bomb load of2 ,370 kg. (5,000 lb .) . General 
data are: span 18.86 m. (62 ft. 0 in. ) ; length 13.8 m . (45 ft. 3 in .) and max. gross 
weight 12 ,800 l<g. (28,224 lb. ) ; max . s peed 560 l<m .p.h . (345 m.p.h. ) at 5,800 
m. (19,000 ft. ) ; ceiling 10,000 m . (33,000 ft. ); range with 1,500 kg. (3,300 lb. ) 
bombs, 2,500 km. (1,550 miles ), with 2,270 kg. (5,000 lb.) bombs, 1,400 km . 

(880 miles ) 

DESIGN TRENDS 

PreYious articles on Russ ian aviation that have 
appeared in ArncRAF r ENGINI-HU Ci . including those 
translated from wartime enemy reports, are as follows : 

Des ign Progress in the U .S .S.R. : A. f. Nckrasov. 
Vol. Y I f, Jan . 1935, pp . 3-6. 

Types of the Red Air Fleet: J. H . Stevens. Vol. X l, 
Nov. 1939, pp. 41 1-4 14. 

Radiator Research in the .S.S. R. Vol. xrr, May 
1940, pp. 133- 136. 

SoYiet Military Aeroplanes : J. H . Stevens . Vol . X IV , 
.June 1942, pp. 152- 159. 

A New Russian Bomber (TB-7) . Vol. X IV, Jul y 1942, 
p. 197. 

The YAK- I in Production (photographs) . Vol. XIV, 
Dec. 1942, pp . 363-364. 

Woods Used in Russ ian Aeroplanes : J . Theincr. Vol. 
XV, Oct. 1943. p . 288. 

T he LAG G-3 Russian Fighter: ils Hu ltc n. Vo l. XV, 
0-1. 1943, pp. 2 9-292. 

The PE-2 Russia n Light Bomber. Vol. XY f, May 1944, 
pp. 124- 127 . 

The Utiliza tion of Ex haust T hrust: N. Ya. Litvinov. 
Ju ly 1944, pp . 188-189. 

A Russian Aero-Engine (A M-34): Li one l Mote . Vol. 
XVI I, .l une 1945, pp. 159- 165. 

sian aviation that I welcome thi opportunity of 
expounding my own poi nt of view as any inde­
pendent observer of the .S.S. R. and her aero­
nautical endeavou rs. But, as one sage one put it , 
' the more yo u know about a ubject the less in­
cl ined arc you to comm it yourself to I aper·, so I 
wou ld like to make it clear th at thi . is no t an 
attempt at a complete sur \'CY of contemporary 
Russian av iation bu t simply a serie of no tes and 
observations made after some years· c lose study 
of the scan ty material to be gleaned from variou s 
sources and recen tl y crystalli1:ed when preparing 
the Ru ssia n . ection of the 1948 ed ition of Jane's 
All the World's Aircrnfi . 

The Air Power of the U.S .S.R . 

With the hundred per cent back ing of Sta li n, 
the Soviet a i rem ft i nd us try has prospered under 
the series of Five- Year Pl an . . The !Irst pos t-war 
Five-Year Plan was started in 1946 and although 
no accura te figures are available Lieut-Genera l 
of Avia ti on Alexander Osipcnko claims. in an 
article appearing in the London-published S01·iet 
Wee/,1_1· for .July 22. 1948. that by 1950 passenger 
cOiweyance will ha\'e increased by fourteen times 
the figure of 1940. Another writer, F. Z ak harov. 
of the Central Ci,·il Air Fleet Admini stration in 
S01·iet News (publi shed by the Pres Department 
of the Soviet Embassy in London) for Jul y 8, 

Fig. 3 (above).-The Tu-70 is a curious development from the Boeing 
B-29s that force landed in Russia in 1945. There is no apparent difference 
in the wing flaps, engine nacelles, undercarriage and t ai l unit . Such small 
points as the retractable tail sl<id, the turbo supercharger mounting and 
the smallest details of the undercarri age are identical. Although the fuse­
lage has been enlarged to give passenger accommodation, the bomb­
aimer's window in the nose is identical with that on the B-29. In view of 
this direct copying as regards appearance, there is little doubt that the 
structure too follows the B-29 closely, while the ASH-90 engines quoted 
will probably be based on the W right Duplex Cyclone. Available data are: 
span 43 m . ( 141 ft .); length 36.27 m . ( 119 ft .); height 8.64 m. (27 ft . 9 in.) 

wing area 170 sq. m . ( 1,720 sq. ft. ) 
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Fig. 4.-These two views of the interior of the Tu -70, seventy-t w o passenger air liner show that it is genuinely fitted out as such. The rather Victorian 
decor, with anti m acassars and mir rors, a nd the severe square seats make a striking contrast with current Western ideas of air line equipment 

1948, c laims that w hereas in 1940 the total air 
route mileage of the Civil Air· Fleet was 85.000 
miles, by 1950 the total wou ld be inc rea sed to 
110,000 miles. Zakharov further c laim <; that the 
presen t air route mileage in the Soviet nion is 
greater than the co ntemporary domestic mileage 
of the United States. I le a lso claims that the 
longes t air route, th a t of 'well over' 4 ,000 n,iles, 
M oscow to Khabarovsk, can be completed in a 
day. Unless thi'i route is being operated by th e 
72-75 passenger Tupolev Tu-70 (a curious copy 
of the Boeing B-29 Supc rfor tress) o r· th e four­
engined 65-66 f)JS<;enger ll yus hin 11 - 18. this c la im 
eems a trinc optimis ti c, si nce the sta ndard 27 

passenger, twin-engi ned I lyushin 11-12 has a 
range of 1.240 miles a t a cruising speed of 2 17 
m.p.h. at 8.500 ft. At least three , if not fo ur 
changes mu st be involved and a tota l llyin g time 
of over 19 hours. But with no Ru ss ia n au thori ty 
with whom to check or co rroborate these sta te­
ments ,\·e ha,·e to read 'bet\,ccn the line '.-,'. 

On the purely military s ide the situation is even 
,vorse, for if it is frowned upon to deliberate o n 
c ivil aeronautical endeavou r, it is a heavi ly r un­
ishable offence to expound on military aviatio n­
and for the Russian the Soviet Secrets Act is bo th 
all -embracing and a ll-powerful. A lexander 0 . i­
penko in hi s So1·iet IVec/..: /.1· artic le (J uly 22) en­
titled ' A\iation Day in the U .S .S .R .', g ives a 
few illuminat ing l1gures on the Soviet Ai r Fleet 
(military) strengt h 71t the end of the war. During 
1943 and 1944, the R u~'.-,ian aircraft factories 
turned out nearly 40.000 front-l ine aircraft (as 
against the reported German to tal of 25,527 air-

cra ft) , and from 1941-1 945, the Ait· Flee t made 
about 3,000,000 so rti es. For instance, durin g the 
Battle of Ber lin. o,·er 8,400 fig hters. bombe rs. 
reconnaissance and assau lt aircra ft took pa rt , 
and over 700 Luftwaffe llg hters were dest royed. 
Even a llowing for optimi sm , these fi g ure~ are im ­
pressive, for it mu s t be reme mbered that durin g 
th e war the Red Air Force (as it was then called) 
ac ted a an o llcns ive and defensive weapon of the 
Red Arm y. Eq ua ll y s igniilcant is the fact that 
no w there is a s tron g mo ve to make the So viet 
Air Fleet an independent ba ttle force , more on 
the lines of the Royal Air Force tha n the war­
tirT1e U nited States A rmy Air Forces . The usuall y 
we ll -i nformed A mer ican Nell'sll'eek, in a u rvey 
article , · .S. A. - U.S. S.R . Ai r Power' ( M ay 17, 
1948 ), estimates that from th e 1944 total output 
of 40,000 aircraft , Sov iet production has fa llen 
to 18,000 annu:1ll y, as agai nst the U nited States 
colossal figure of 96,000 whic h dro pped down to 
1.500 a ircraft in 1947, but is now being ra ised to 
dea l wi th the U.S. Co ngress vote for a 70 gro up 
Air Fo rce (20 ,000 aircra ft). But with all the 
j ugg lin g w ith fi gures, percentages. estima tes (and 
guesses). the rea l test i in design sk ill , suit­
abi li ty for mas produc ti on, quality o f ma teria ls 
an d ha ndling by both a ir a nd gro u nd crews. 

The Des igners and their Teams 
At a discus. ion orga ni nd by the Aircraft 

Recognition Soc iety. London, in April, 1948. Mr 
H . R . Gillman , of th e Briti sh Air Lines Pilots 
Associa t ion (8 .A. L. P.A.), was asked if he 
though t Ru ssia n aircraft design a nd a ppl ica ti on 

was on a par w ith cu rrent British a nd American 
stand ards. Mr Gi llm an, it will be reca ll ed . was 
o ne of the members of a mi ss ion co m prised of 
mem bers and ollkiab of the S. B.A.C. who ,ve re 
in vited to Mosco,v to exa mine the So, iet aircraft 
indu stry. Arter the usua l Russian 'de lay and co n­
fus ion· tactics. the mission was taken to the head­
quarters of Ts.A.G.I. (t he Cen tral Aero- Hydro­
dynamic Institute). Moscow, and sho\\'n so me 
airc raft and in trod uced to a few of the leadi ng 
li ghts. Mr ( 1ill man's own theo ry is that in those 
days, a t any rate , the de~igners were just as sound 
as their Western counterparts and that sc ientifi c 
adva ncements were good but app li cation bad . He 
likened the compar iso n to two pyrami d s. The 
Ru ssian pyramid was equally as tall as th e Western 
Pov.:e r s, but had a smaller base. In other words 
the scient iiic and technical quality did no t 
perco la te throu gh to the men \\ ho used the air­
craft. Tha t may ha\ e been tr ue before the Second 
World War, but,, hat about now, near ly a decade 
la ter'? One mu st remembe r th ;it the Ru ss ian s arc 
a perse,·er ing and hard-\\orkin g race, quite 
adap table to the dra\.ving board or the machine­
sho p. If any nat ion could b uild 40,000 aircraft in a 
year. four years ago, then they are p roba bl y cap­
able o f e\en bigger th ings toda y, using th e co m­
bi ned knowledge of the technic ians of defea ted 
Germany and the priceless info rm a ti o n read il y 
availab le in a ll th e leading Weste rn av ia ti o n 
cen tres. 

ever must it be o,·e rlooked tha t mode rn Ru s­
sia is a new nation an d th a t as such it looks for 
heroes on ,, h ich to build up trad itio n . Pe rhaps 

Fig. 6. -This unconventional ca nard , the MIG Utl<a (Duck ), is reported to 
be in production as a replacement of the old Po-2 biplane. A unique 
feature is t hat when fi tted wi th skis, the w ings can be removed and the 
machine used as a motor sl e dge. Although not certain, the st ru cture is 
probably mainly of wood . A version of the ubiqui tous M-11 five-cylinder 
a ir-cool ed engine giving 110 h.p. is installed. Unconfirmed data are: span 
10 m . (32 ft . 10 in.), length 5 m . (16 ft. 5 in. ); max speed 200 km.p.h . ( 125 

m.p.h .) ; duration 5 hours 

Fig. 5.-The Omega t w in-engined helicopter that was first exhi bited 
at Tushino on August 18, 1946. The engines are 145 h.p. M-11 F, five 
cylinder, air-cooled radials . Accommodation is for two in tandem 
seats. A forward speed of 180 l<m .p .h . ( 112 m.p.h .) and a vertical climb 

of 6 m. , sec. (20 ft .. sec.) are claimed 

October 1948 309 



,, 

thi , is one reason why so many people tend to 
forget that behind the do1.cn or so leading and 
well-publicized (in the Soviet Union, or course) 
designers, there are hundreds or junior designers 
and literally thousands or technicians . These men 
work in conjunction with many or the fine st Ger­
man technicians who have been brought to 
Ru ssia to build up the techni ca l standards to even 
higher level s. All aeronautical projects have the 
personal backing of Stalin and as such have the 
highest priority. Moscow is the fount or know­
ledge and it is at their grea t experimental centre, 
Romanskya, some 24 miles from the centre or 
Moscow, that these technicians work together 
and close by is the aerodrome where the experi­
mental aircraft, mainly jets, are tested. British 
designer would object to having a political leader 
in charge of them , but to the Bol shevik Party 
Russian this comes as a matter of course a nd 
duty. Po litics and aerodynamics mus t go ha nd in 
hand. In thi s case the M .V.D . (po li tica l po lice) 
under Marshal L. P. Beria look after the inte rests 
of the .State for both Ru ssians and Germa ns. 

A key to the present increased industry of the 
Soviet experimenta l centre is t he dictum issued 
by Stalin on the occasion of the annual Soviet 
Aviation Day celebrations on Sunday, August 3, 
194 7, when designers and technicians were ex-

Fig. 7.-New photographs of the standard 11-12 medium range air liner 
and troop transport, which has a crew of 5 and 27 to 32 passengers . The 
engines are ASH-82 fourteen cylinder two-row radials with two-speed 
superchargers giving 1,700 h.p. Span 31.7 m. ( 104 ft. ); length 21.3 m. (70 ft .); 
height 6.25 m. (20 ft. 6 in. ); gross weight 17,250 kg. (38 ,000 lb. ) ; pay load 
3,000 kg. (6,600 lb .) max .; max. speed 407 km .p.h. (253 m.p.h .) at 2,600 m. 
-(8,530 ft .) ; cruising speeds 320 km.p.h. (200 m.p.h. ) at sea level, 350 km .p.h. 
(217 m .p.h. ) at 2,600 m (8,350 ft .): range 1,250 km 4,000 km. (775 miles 
2,480 miles ). A freighter version is said to have been built with a max-

imum load capacity of 4,000 kg. (8,820 lb. ) 

honed to produce the lines t aircraft in the world 
which wou ld in fact, to quote the st irring phrase, 
·Fly Hi gher. Faster a nd Farther'. To assist the 
designers, if not the design teams, practical en­
couragement is given in the form of so many 
thousands of roubles (Stalin prizes) for out­
standing achievements in the scientific a nd ex­
perimental fie ld . Fo r instance, 573 Stalin Prizes 
of varyi ng monetary a moun ts ,vere awarded this 
year, and out of the ten premier awards flve went 
to senior a ircra ft designers, M. I. G u revich. 
S. A. Lavochkin, A. I. Mikoyan, A. N . Tupolev 
and A. S. Yakovlev . Their works range from 
multi -engined long-range tran spo rts to advanced 
single-seater research jet a ircraft. 

The leading aircraft designer and incidently co­
founder of the Soviet aircraft indu stry, is Lieut­
General of the Aviation Engineering Corps 
Andrei Nikolaevitch Tupolev. At 60 years of age 
A. . Tupolev is head of Ts.A.G.l. (and has been 
for the past s ixteen years), and is responsible for 
many of the more success ful designs since he 
started in 1922. Over 25 designs stand to hi s 
credit apart from work on such non-aeronautica l 
project as motor torpedo-boats. To Tupolev 
must go the credit of redesigning the Boeing 8 -29 
Superfortress in 1945, whic h is now ha iled as 
Russia's leading multi-engined civil transport, the 

Tu-70. A t present hi s only known original designs 
are the successful Tu-2 twin-engined attack­
bomber and a tw in-jet development which was 
sho wn for the first time on August J, 19-.l7. al 
Tu hino aerodrome, spiritual home of the Mos­
cow Soviet A viation Day celebrations. 

Little is known about the background or Soviet 
glider and sailplane designers or their recent 
works , and the helicopter designer also falls into 
thi s category. Professor Ivan P. Bratukhin is the 
most easily iden ti fiable rotating-wing engineer. 
having been associa ted with helicopter-pioneer 
Professor Boris N . Yuriev for man y years. The 
most notable post-war design is the two-seal twin­
engined helicop ter, the Omega, which first ap­
peared at the 1946 Soviet Aviat ion Day on 
August 18. He is known to be working on a larger 
design but no evidence of its advancement is 
avai lable at this time. 

Co-des igne rs Artem I. Mikoyan and Mikhail I. 
Gurevich were working together before the start 
of the Ru sso-German War (the Great Patriot ic 
War) in 1941. Their joint efforts (and incidentall y 
joint initials- M JG ) culminated_ in the M IG-1 
single-seater, sing le-engined fighter which was 
availab le at the time of the German invasion in 
June, 1941. Then followed the M IG-3 and a 
radial-engined version of which little is known 

Fig. 8:-The~e two s~etches of th e 11-18 four-engined monoplane are based on the only authentic photographs at present known . The form of 
t.he wing, tail and engine nacelles fo_llows th~t of the 11 - 12. The shape of the fuselage suggests pressur ization. Note t he rubber de-i cing boot on the 
f1~ and other surfaces. A ere~ of six and s ixty-five passe~gers are quoted. The following data for the machine, w ith four ASH-82 engines, has been 
given: span 39.35 m. (131 ft . 0 in .); length 30.5 m. ( 100 ft. 0 in .); max. speed 485 km.p.h. (290 m.p.h. ); economical cruising speed 270 km.p.h . (612 m.p .h.); 

range 2,500 km. (1,500 miles ) 
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Fig. 9.-0ne of the standard 
wooden fighters, the La-5 
(left ). In order to overcome 
the shortage of metal, 
most fighter ai rcraft were 
built largely or wholely of 
wood . Resin-bon ded ply­
wood and a special varnish 
liberally applied internally 
has overcome the exigen­
cies o f th e Russian climate. 
1,540 h.p. AS H-82F or 1,825 
h.p . ASH-82FNV air-cooled 
radial engine installed in a 
cowling similar to that on 
the Fw-190. The familiar 
Hucks starter dog is re-
tained on the propeller 
shaft. A rmament is t wo 20 
mm. cannon, with 170 r .p.g., 
in the top of the fuselage, with bombs or rocl<ets u nd er the w ing . Span 9.8 m. (32 ft. 3 in. ); 
length 8.5 m. (28 ft . S in .); wingareal7.4sq .m.(188sq. ft.);tareweig ht2,7601<g. (7 ,0721b. ); 
gross weight 3,357 kg. (7,385 lb. ); max. spee d 520 l<m.p.h. (324 m .p.h .) at sea le vel , 549 l<m.p.h. 
(341 m .p.h.) at 2,400 m. (7,500 ft. ) ; cruising speed 400 l< m.p.h. (250 m.p.h .) ; range 640 l<m. 
(400 miles ). The La-7 (right ) is similar to the La-5, but refin ements and an improved 

except that it d id go into limited squadron service 
in 1943. After the wur carnc a su1·pri se. This tenm 
entered the li gh t aircraft fie ld and bro ught out the 
novel three-sca t 'canard' hi gh-wing monoplnne, 
the MIG Utka ('duck') which was first shown at 
Tushino aerodrome (Soviet Aviation Day) on 
August 18, 1946, although detai ls of the design 
were quoted by Moscow radio as early as Decem­
ber, 1945. About the same time, 1945 that is, the 
MIG team developed a rocket-ass is ted fighter re­
sea rch monoplane, the aux il iary rocket-booster 
being si tu ated in the fu selage under the large 
area fin and rudder. Main pO\vcr unit is a tractor 
two-row radial engine, possibly an ASl-l-82 F 
air-cooled 14-cylinder power unit. It is possible 
that this team has now parted and tha t Mikoyan 
and Gurevich are working on separate themes . 
They have been credited with at least one twin-jet 
single-seater fighter which is in full squadron 
service. lnter-A via quotes this as the M IG-9 . 

e ngine install at ion give it a top speed of 373 m .p.h. 

Like most leading Russ ian designers of tod ay, 
Sergei Ilyushin started his engineer ing career the 
hard way. He was born in 1894 of peasant s tock 
and went Lo Moscow when he was fifteen to find 
work. Attrac ted by all things mechanica l he a d­
vanced from an aerodrome labourer and 
mechanic's assistant to become chief lli ght 
mechanic in the R ussian Air Force of the Four 
Year's War. After the Revolution he entered the 
Zhukovsky Air Academy at Moscow and eventu­
ally succeeded in gaining emp loyment at T s.A. G .l . 
where he prospered a nd was appoin ted a d irector 
and chief designer of one of Moscow's aircraft 
factories. llyushi n 's first notable co ntribution Lo 
the aeronautical field was the long-distan ce 
record-breaking Ts. K. 8 .-:?.6 twin-engined bomber 
of 1934, which was modelled after the American 
Douglas DC-I and DC-2 ser ies of t ransports. 
This experimenta l bomber was later deve loped 

into the DB-3 and Ll-4 se ries anu gives a c lue 
to the origin of hi s post-war replacement for the 
D C-3, the 11- 12 , which is now in full-scale pro­
duct ion as a 27-32 seater medium-range passe nger 
a nd t roop transport. Ilyushin can claim to be the 
11.rst R ussian designer to build an original post­
wa r four-engined transr,ort, the ll-1 8, which car­
ries 65-66 passengers and is reported by the Tass 
Agency to be in production. Another of I lyu­
shin' s mac hines, a four-jet medium bomber, sur­
prised military observers at Tushino in 1947; but 
perh aps his best-known type was the heavily­
armoured, rocket-firing single-engined 11-2 series. 
t he 'Stormovi k'. The latter became the main 
spearhead of Ru ssian Army attacks and :1d­
vances from 1943 onwards. From a sing le-seater, 
the 11 -2 was developed into a two-seater, and in 
1945 was completely re-designed, with new wing 
shape, rc11ncd undercarriage detail and a more 
powerful liquid-cooled in-line engine. This is the 
11 -10, which is in full squadron service as an 
assault-bomber and in some cases as a g round­
attack advanced trainer . 

Scmyon A. La vochkin , although born in 1900, 
did not make his mark in Russian aviation until 
just before the war, when, in conjunction with 
Gorbunov and Gudkov , he designed the LAGG-
1, a sing le-seater fighter which came into service 
at the time of the 1941 invasion. Then came the 
LAGG-3, an improved vers ion, followed by the 
large-sca le production radial-engined La-5, 
which appears to be his first solo effort. This suc­
cessf u I wooden fighter firs t appeared in the 
spr ing o f 1943 and was further developed into 
the front-line La-7 in 1944. Not until afte r the 
wa r in 1945 did the next version appear, namely 
the La-9, which is believed to be an all-metal 

Fig. 10 (right ).-The Pe-2 has already been fully described and illustrated 
(with three view drawings ) , but this photograph is of interest because it 
shows the latest version, which is in general use with the Soviet and 
satellite air forces. The engine cowling, small power-operated turret and 
Junkers-type dive brakes should be noted. The engines are the VK-IOSR 
(M-105 ) which give 1,100 h.p. at 2,000 m. (6,560 ft. ) or 1.050 h.p. at4,000 m . 

( 13, 120 ft. ) 

Fig. 11 (below ).-The Shche-2 twin-engined monoplane is largely used for 
general communications and ambulance worl<. It is of light wooden con­
struction based on sailplane practice. The machine was used for su pplying 
partisans toward the end of the w ar and is specially designed for operating 
from restricted spaces. The engines are said to be the M-11 F of only 145 
h.p. Span 21.95 m. (75 ft. ); length 15.24 m. (SO ft .); range 640 l<m . (400 miles ) 
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de\'\~loprncnt which has the look of the Cierman 
Focke-Wulf Fw190. The La-9 is in full squadron 
service and during the 'troub le' in Berlin in Jul y 
of this yea r was often to be seen in numbers 0\ er 
the Roya l Air Force aerodrome at CJatow . The 
La-9 has been shown at Tushino (Soviet Av ia­
tion Day) in 1947, \\'ith a jettison.able rocket-un it 
under nch ,, ing. Another v~1riant was a lso di:-. ­
played wi th two Argus-type impulse ducts sim i­
larl y mounted . Str·angely enough the Russians 
seemed to fa, ·our this idea, !'or more than one ex­
ample appeared o,cr the aerodrome. Lavochkin 
a lso produced a La -7 t\\ o-seater, a clean affair 
which, it is rcrortcd from an eye-witness, 
·v ibrates like rnaJ' when the engi ne is being 
warmed up. 

Althou£rh both Vladimir Pctlyakov and Ni kolai 
N. Polika;pov arc now dead , P~.tlyako v in an air 
accident in 1944 and Polikarpov in Jul y of that 
year through natural causes, both will long be 
remembered for their contribution to the Soviet 
science of aircraft des ign . Vladimir Pctlyakov 
was the des igner of the solitary four-engined Ru s­
sian heavy-bomber to appear during the war, the 
Pe-~ (TB-7 ). Until the S)S tem of aircraft designa­
ti on was changed in I LJ40, from design duty to 
designer's initials. the Pe-8 was known as the 
TB-7 (TB standing for heavy-bomber). The 
TB-7 was seen in this country in 1943 , but was 
little used operationally. As a heavy bomber the 
Pe-8 seemed to have little to commend itself and 
is reported to be used as a freight transport. Both 
in-line and radial-engined versions were built. 
Petlyakov·s most important contribution was the 
Pe-2 series o f sma ll , twin-eng ined attack-dive 
bombers . The Pe-2 was bui lt in large numbers 
and from its inceptioo in 1940 was variously 
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Fig. 12 .-Yakovlev's Ut-2 trainer is another example of the Russian predilection for development of a theme. Originally designed as a simple low­
wing monoplane, rather like the first Miles Hawk in layout, it has undergone progressive refinement since 1935. It was obviously intended as a replace­
ment for the Po-2 as a general elementary trainer, both for the Air Force and the clubs. In its original form the cylinders of the engine were uncowl ed, t he 
cockpits open and the underca rriage fixed-then it was 'c leaned up' with enclosed cockpits, more powerful versions of the M- 11 and, e ventuall y, a 
retractable undercarriage. Data for th e Ut-2 are: sp an 10 ·21 m. (33 ft. 8 in .); length 7· 16 m. (23 ft. 6 in .); wi ng area 17 ·2 sq. m. ( 185 sq. ft.); tare weight 
625 kg. ( 1,375 lb. ); gross w eight 940 kg. (2,075 lb. ); max speed 195 km.p.h. (122 m .p.h.); cruising speed 160 l<m.p.h. ( 100 m.p.h. ); max. rate of climb 4 ·2 m. sec. 

(820 ft . min.); service ceiling 4,700 m . (15,400 ft. ); range 750 km. (450 miles ) 

modified to incorporate new gunner·-. po-,ition'>, 
including a rear turret, and I"C\ i!--.ed and more 
pO\verful engine-.. At least one ver:-iion is used by 
the Po li sh Air Force as a gunnery trainer. ha, ing 
the pilot's cockpit faired do\\'n at the rear and re­
placing the normal crampeu turret i-. a large tur­
ret, presumably power-operated the \.\ hole be­
ing reminiscent of the f- airey Battle gu nnery 
trainer of 1942. The Pe-2 -.erie'> is largely re­
placed by the more po,,erful Tu-2 of :-, imilar 
general form, although it docs form the front-line 
bomber strength of such -;mailer air forces as 
Poland and C1echoslovakia. Polikarpov will be 
remembered chiefly for his ubiquitous ·,,ork­
horse'. the Po-2 biplane, which has been and !->till 
is used for every purpose imaginable from ele­
mentary training alnd glider towing to ambu lan ce 
and crop-dusting work. Thou-;and-; ha\e been 
built and at least 14 \Crs ions arc kno,"n to ha,e 
existed since it was ftr-,t cxb,ib1t~d .at the 1928 
Berlin Aero Shm,. PolikarpO\ wa . -al. o respon­
sible for many of the pre-,,ar-;ingle--.eater l'i.gr-iter:-,. 
both biplanes and monoplane-.. ·• .,., • 

little-kno,\n designer is S. 0 . Shchcbakov , 
,,ho concent rated on glider and sailplanc design 
before the ,,ar. I !i s mo'>l notable mili tary con­
tribution ,,a-, the t,vin-engined powered-glider 
freight and troop tran-.port Shche-2. ow the 
Shche-2 is used as a 10-!--.cater ·hort-range feeder­
liner on the Aeroflot interna l route<,. The Shchc-2 
'"as also used for dropping -.upplie-. to the parti­
sans in 1944-45, and for taking out the sick and 
,, ou nded from sm:1 I I, moderately i nacccs-.i ble 
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Fig. 13.-The Yak-12 appears to have been a 
prototype only, probably built to decide whether 
a high or low wing was preferable for a com­
mun icat ion machine-the Yak-1 4 be ing chosen. 
The standard 145 h.p. M-11 Fis fit t ed and the only 
data are, span 10 ·5 m. (35 ft. ); length 7 ·5 m. 

sporting biplane . In rapid succe-.sion he produced 
the AlR-series of sporting and light transports. 
E\ en with regard for the Ru ssian enthusiasm 
for awards and decorations, Yako\'lev is highly 
placed. for during the past eight years he has been 
awa rded the f ollm\ ing: Doctor of Tech nical 
Sciences ( 1940), Member of the Academy or 
Science · of the U.S.S. R. (1944), Lieutenant­
Ceneralship of the A, iation Engineering Corp:-i, 
Hero of Socialist Labour, and, most imrortant or 
all, People's Yicc-Commis-.ar for Aircraft Pr)­
duction. Besides numcrou . Orders, Yako, le\' has 
been awarded four Stalin Pri1cs. 1941-42-·D and 
1947. Despite thi-; success in the semi-political 
field it n1u-.t be admitted that Yako, lcv ha-; more 
different types in service at thi-. present time than 
any other Russian designer. r n 1941. Yako\ le, 
designed the J-26 (Yak-I) which ,, as the p1 c­
cursor of the famou-; serie-., Yak-3. 7. 7B and 9, 
of which 10,000 ,,ere built from 1941 to 1945. 
YakO\ le\ decided that the combination of a 
po,,erful in-line engine, small fire-po\\er, a lightly 
constructed airframe and small wing area would 
bring about a highly nwnoell\ rable 'dog­
lightcr'. What the Yak-3 loses in speed, it gain-; 

(25 ft. 0 in. ) 

air-strirs. Poland use-. a fe\\' of these aircraft as 
eight-seater parachute transpo rt trainers. 

Of all the \\ell-known contemporary de-.igncrs, 
Ale . andcr Scrgciov ich Yakovlcv is the most pro­
lific , \ersatilc and, incidentally, the youngest. 8orn 
in \ilosco,\ on March 19, 
1906. Yako, le, entered 
the Zhuko, sk; Air Aca­
demy in 1924 and gradu­
ating from the aero­
engine di, ision. entered 
thei aircraft field and 
de-.igned a :-iingle-scater 

Fig. 14 (left).-There is, again, some confusion in the identification of the 
Yal<ovlev trainers, but the machine shown here is the Yak-18. It is 
generally very lil<e the later versions of the Ut-2, although it is slightl y 
larger, and one guesses that many of the parts are interchangeable. The 
structure is said to be of metal with fabric covering and it obviously 
departs from the earlier layout in having a centre section. Full night­
fl ying equipment and radio are fitted and from the form of the windscreen 
it would appear to be fitted for gunnery training also. It has a 160 h.p. 
M-11 FR engine and a 6 ft. 6 in . dia. c.p. metal propeller is fitted. Character­
istics given wh en the Yak-16 was exhibited in Poland w ere as follows: 
span 10·6 m. (34 ft. 9 in.); length 8 ·03 m. (26 ft. 4 in.); height 3 · 15 m. ( 10 ft. 
4 in.); wing area 17 sq. m. (183 sq. ft.); tare weight 755 l<g. ( 1,665 lb. ); gross 
weight 1,070 l<g. (2 ,360 lb.); max. speed 257 km.p.h. ( 159 m.p.h. ); cruising 
speed (53 m.p .h.); service ceiling 5,000 m. (1 6,400 ft. ); range 900 km . 

(560 miles ) 

Fig. 15 (below).-Built in 1945, the Yak-14 is a little known communica­
tions monoplane in service both as a land, sea and ski plane. 145 h.p. 
M-11 engine in a helmet cowling. Span 12 m . (39 ft. 6 in.); length 8-45 m. 
(27 ft. 8 in. ) ; wing a rea 22 sq. m . (237 sq . ft.); tare weight 770 kg. (1,700 lb.); 
gross weight 1,200 kg. (2,650 lb.); max. speed 200 km.p.h. ( 124 m.p.h. ) ; 
cruising speed 160 km.p.h. (1 00 m.p.h. ); landing speed 70 km .p.h. (43 
m.p.h.); initial rate of climb 3·3m. sec. (650 ft. min. ); ceiling 4,000 m . 

( 13,700 ft.); range I ,OOO km. (620 miles) 
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PERFORMANCE 
A superior eef is I fie conger, 

T /1 e sa 111e sfw pe but \ 11 te 11,,e / cuH/ stranger, 

He wins every tussle 

By sf1eer mass o/ muscfe-

B J ' . 1 ! I eawse 1is performance asls anger. 
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THE HEENAN PATENT COOLER 

is compact and robust, can be 

installed in- or out-of-doors, and 

quickly pays for itself owing to 

the economies it effects . 

The Cooler illustrated serves an 

Air Compressor . Other applica­
tions are to Diesel and Gas 

Engines, Refrigerating Con­

densers, Welding Machines and 

other Process Work. 
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in great 111 a noeu\ rahi lity and a h igh rate of climb. 
a front-line s tand-by t he Ya k-3 i. in fu 11 

squadron sen ice in Germany today, a long w ith 
the La-7 and La-9 . From the Yak -3 has been 
de,·eloped o ne of the sin g le-jct a ircraft of pure 
R ussian design. Thi s is the tail- \. hee l under­
carriage Yak- 15 (the no ,ne nc la ture is quoted 
from Int er A 1'ia). which is one o f the smallest jet 
fighters yet buil t. It is in full quadron serv ice . 
Something of a myste ry is the Yak-4 wh ic h firs t 
appeared in 1942 as a sing le- o r two-sea ter twin ­
engined fighter . Although it may have been 
proved a uccess it never a ppeared in quantit y. 

During the war Yakovlev fo und time to de vote 
hi s a ttention to the li g ht transport fie ld a nd in 
1943-44. the twin-engined Ya k -6 light bo111ber. 
radio an d navigationa l ·maid-of-al l-wo rk · ap­
peared . Ca r ry in g a cre,v of two and s ix passengers 
the Yak-6 can be de cribcd. a the R ussian An-
on, counterpart of the commer ia l Ya k-8. 

Fitted with a larger fusela ge, the Ya k-8 can 
carry eight pa . senge rs. La test in the line , and a 
break-a\\'ay fro111 the earlier all-wood li ght trans­
port. is the Yak- I 6, a ten- eater, twin-engi ned. 
a ll-metal feeder liner. whi ch is repor ted to be in 
service on Aero no t routes. U ntil the Yak-1 6 was 
d isplayed a t the Po,.nan (Po land) Interna ti ona l 
Fair in April of thi s year. fe w peo ple o ut s ide Ru s­
. ia had ever heard of it . 

Fig. 17.-This example of the Yak-3 was 'exported' as part of the Nor­
mandie-Niemen escadrille of the Armee de l'Air. This is an outstanding 
example of the Russian designers' ability to concentrate on essentials. 
Lacking a high-powered e ngine the machine was made small, light and, 
consequently highly manoeuvrable, with only one 20 mm . cannon and two 
12 ·7 mm. guns. The structure (welded tubular fuselage with wooden 
covering and wooden wing and tail ) is well-finished externally and very 
rough insi de . The obvious idea was to make the machine quickly with 
available labour and both the woodwork and welding are astonishingly 
crude, but that control was maintained is evidenced by inspection stamps 
on all parts . With a Hispano-Suiza type (VK-107 ) engine of 1,310 h.p. a 
max . speed of 552 km.p.h . (343 m.p.h. ) and a climb to 5,000 m. ( 16,400 ft .) 

in 4 mins . is attained. The span is only 9 ·45 m . (31 ft . ) 
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Fig. 16.-Although the Yak-16 all metal feeder 
liner was exhibited this year at the Polish Air 
Show, information about it is still conflicting. 
Inspection of photographs shows it to be of con­
ventional construction and apparently good 
workmanship-but the exteriors of Russian air­
craft are generally better finished than the un­
seen parts. Statements on accommodation vary 
and it is not clear whether a total capacity of 
fourteen is available or that there are ten pas­
senger seats with a crew of two or four. The 
engines are the AS H-21, a nine-cylinder air-cooled 
radial, giving 760 h.p. for take-off and rated at 
630 h.p.; with two-bladed Visch c.p. propellers. 
Data, which we give with reserve, are as follows: 
span 17 m. (56 ft.); length 11 m. (36 ft. ); height 
3 ·6 m. ( 12ft. ); max. speed 310 km.p.h. ( 190 m.p.h. ) ; 
cruising speed at 1,700 m. (5,600 ft. ) 290 km.p.h. 
(177 m .p.h. ) ; landing speed 90 km.p.h. (50 m.p.h. ); 
service ceiling 5,000 m . ( 16,400 ft. ) ; range I ,OOO 

km . (620 miles ) 

1 n the e le menta ry t ra iner field Yal-.o , le, has 
de. igned many successful types: following o n fro111 
the standard l\vo-sca tcr lo \\' -" ·ing e leme ntary 
trainer . the t-2 co 111cs the present Yak-I 8 , a 
large r. intermediate tr::iiner wh ich ha . a smooth 
cowled radial engi ne , enc losed . tan dem cock pits , 
retracta ble undercarr iage. a nd a fabric-covereo 
rear fuselage. T he Yak-1 8 a lso has o ne of the 
typical Ru ssia n all-wea the r ·hel111e ted' engine cow-

Fig. 18.-This sketch of the MIG-9 twin-jet fighter has been made from ci 

photograph that was not clear enough for reproduction and it shows only 
those details not open to contradiction. The engines, two axial-flow units 
of the B.M.W. type, are mounted in the fuselage under the wing and there 
is a 'keel' between them that divides the thrust. Armament, in the nose, 

consists of one 37 mm., or larger, cannon and two 12.7 machine guns 
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lings. Less well-known is the remaining low-wing 
monoplane, the Yak-I 2, which has side-by-side 
sea ting and a retractable ma in undercarriage. 
There is al so the strut-braced hi gh-wing mono­
plane, the four-seater Yak-I O (which can a lso be 
fitted with Aoa ts) and the Yak-14. Little is 
known of the Yak-I 0, except that the Russ ian 
Air Fleet uses it in small numbers. There seems 
every likelihood that when A. N. Tupolev retires , 
or dies, Yakovlev wil l step into the position of 
Director of Ts.A .G .l. 

Some Current Design Trends 
With money no object and labour unlimited, 

the.Soviet aircraft indu stry is indeed in a happy 
position, but, as has been stated previously in thi s 
article, it appears as if the designer has to take his 
ideal s and then work them out to fit in with the 
lowest common denominator. In many ways thi s is 
an exce llent plan to fo llow, but how we ll it works 
in practice only the Russ ians can tell. The Soviet 
Union covers a vas t territory, one-s ixth of the 
tota l land area of the world and, as such , experi­
ences nearly every kr1o wn climatic condition. 
Every important aerop lane has therefore to be 
designed to meet these conditions. An example of 
thi s is the I lyushin Il-12 passenger transport 
which meets temi:eratures of - 62 deg. C. at 
Yakutsk in the North to + 60 deg . C. at Tashkent. 
The Russ ian s claim a constant cabin tempera ture 

FLOW IN NOZZLES 
(Concludcdfi-om 296) 

a nd 11 ) so th at the diffe rence in the ordinates 
between (d) and ((/!) is log S1r/Sr. T he origin O of 
the tran sparent shee t is di splaced on (y); it co in­
cides with P. Then ({P) cuts (y) a t Pl . The shock 
wave is produced a t PP1 if the ordinates of these 
two points a re of opposite sign . T he determina­
tion of PP1 is simple if the precaution is taken of 
tracing the (y) curve sy mmetrica lly about the 
a axis (FIG. 11 ). 

3- 1- 3- 2- 2- 2 The Scrnncl Approx i111atio11 
The first determin a tion of PP1 ma kes it poss ible 

to calculate p and p1. The curve in FIG . I O gives 
a new value of p lr/ Pc, a nd therefo re of p1c fr om 
which a second a nd more accurate construction 
may be made. 

3- 2 Calculation of the Pressure Upstream when 
the Downstream Pressure is known 
The known va lues a re : 

the shape o f the nozz le 

CLOSED CYLINDRICAL VESSELS 
( Concluded from 297) 

k = t /T. Jt wi ll be observed tha t, when the thick­
nesses of the shell a nd hemispherica l end a re 
equal (k - 1 ), the bending moment at the junction 
va ni shes a nd the shearing force Q per unit length 
. - p 
IS - --8111 . 

Exa mple. A circu la r cylinder of mean diameter 
20 in . and wa ll thickness l in. is closed at both 
ends by hemi spherica l shell s 2 in. thick. Ca lcu la te 
the maximum bending moment and shearing 
force se t up by a n internal pressure of J 00 lb . per 
sq. inch (gauge) 

a 
a = -=--- 10 

I 

I 
k = r = 1 

M 
From FJG . 3: ~ = y = 0·583 pt 

Af = 0 ·583 x 100 = 58·3 lb. in. fin. 
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of - 25 deg. C. with an outside temperature of 
- 50 deg. C. To overcome the extreme cold, many 

aircraft are fitted with the familiar fan- shaped 
shutters over the a ir inlets of their radial engine. 
When warming up or on the ground the sli ding 
shutters are kept in the fully closed position,and 
when sufficiently warm they are opened mechani­
ca lly to a llow the a ir to flow over the cylinders. A 
very noticeable fea ture of most Russian aircraft 
is their abi lity to be started almost immediately. 
Once when an R.A.F. a ircrew went to Vnukovo 
(Moscow a irport) soon after the war, in mid­
wi nter, they were amazed at thi s speed of opera­
tion, whereas they lost much time, in comparison, 
in starting the Roll s-Royce Merlins which 
powered their Avro Yorks. 

Going to the opposite extreme it appears that 
American radio insta ll at ions are preferred to the 
Soviet designed sets, as witness the llyushin 
11-1 2. 

AJthough machine-guns and espec ia lly 'heavy ' 
cannon (23 mm . and 37 mm.) are rated high for 
efficiency there seems to have been little attempt 
to deal with the problems of power-operated tur­
rets- probably because the close army co-opera­
tion work required led to the design of few aero­
planes suited to turret armament. Now, with the 
appearance of the Jlyushin 4-jet bomber and the 
Tu-70 version of the Superfortress, it is logical 
to assume that development work is well in 

the downstream pressure p, 
the di scharge D 
the upstream temperature T0 (or the somc 

velocity a0) . 

The problem presents two different aspects 
according to whether the nozzle has a critical 
section or not. 

3- 2- 1 Sonic or Supersonic Condit ions 

The critical section S c is the minimum cross 
section of the nozz le: since S0 is given , we know 

a0 = S 0/S c 
which Axes the position of the point P0 on the (y) 
curve (FIGS . 4 and 12). Construction as in para­
graph 2- 5). 

The Mach number M 0 at P0 is known (FIGS. 

3 and 12. Construction as in paragraph 2-4) from 
wh ich 

Vo = aoMo 
a nd p0 = D/S0v0 . 

The Gay-Lussac law gives: 
Po = PoRTo. 

From FIG . 4 : _ Q = t = 0·745 
pt 

J • .!'_ 
t 

Q = - 0·745 X JOO = - 74 ·5 lb. / in. 

Fig. 3 

hand on the Boeing type of barbette. 
The tricycle undercarriage is becoming more 

popular with Soviet designers, as witness the 
Ilyushin 11-12, 11-18, Tu-70 (a nd its bomber 
counterpart) the MIG Utka, not forgetting, of 
co urse, the numerou s new jet fig hters, bombers 
and reconnaissance aircraft. Thi s concept brings 
its own troubles, not least the quest ion of run­
way length. A curious feature of some Ru ss ian 
airport-type runways is that the concrete is built 
into hexagonal units, presumably to allow for 
severe expansion and contraction. 

On the aero-engine and accessory side it is 
difficult to differentiate between genuine domestic 
design and foreign adaptations. We know, for 
instance, that certain foreign accessories are used 
on modern Soviet a ircraft and we have the classic 
example of Russia building a complete heavy 
bomber (the B-29 Superfortress) with neither 
li cence nor authority from the parent company. 
Although the Ru ss ians cred it their own designers 
with certain power units, it is a fact that basically 
they are the same as their origina l foreign counter­
parts. 

Most interesting of a ll, and of which least is 
known, is Russ ia's progress in the jet field. So little 
ca n be said at the present time that any specific 
appraisal would be superfluou s. Nevertheless, 
when more reliable information has become 
ava ilable an article on thi s subject wi ll appear. 

3- 2- 2 Subsonic Conditions 
T he simple construction of paragraph 3- 2- 1 

cannot be used as the critical section is not known. 
lt is therefore necessary to proceed by approx i­
mation. 

Given an approximate value of p 0 we deduce 
Po = Po /RTo 

and v0 = D/p0S0 • 

The initial conditions bei11<g known we may 
ca lculate p 1 by the construction in paragraph 
3- 1- 1. 

According to whether Pi > Pe or p1 < pe the 
construction is made with a smaller or grea ter 
value ofp0 and the exact value of p 0 is determined 
by interpola tion . 

4. CONCLUSION 

The method described permits a graphical 
solution to be made of a large number of prob­
lems concerning nozzles. ft requires no calcula­
tion and , owing to the use of the transparent 
paper, avoids interpolation, so that very accurate 
readings may be made. 

It wi ll be observed that these values are very 
much smaller than those obtained for a cylinder 
closed by flat plates. 

25 >------ - 1 

.,_ . . 
t 

15 

0 z 3 
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Fig. 4 
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Spun Glass Blankets for 
Press Stretching 
A New Technique Developed at the Glenn Martin 

Factory at Bal t imore to Overcome Difficulties in 

the Hot Form ing of Magnesium Sheets 

S PU gla ·s, woven into thin b lankets, is being 
u ed by the Glenn L. Martin Company, 
Baltimo re, in the stretch forming of mag­

nesium sheet s as a success ful substitute for o ther, 
le s eAlcienl ma te rial s. 

The Problem 
Originally, in the s tretch forming of sheet 

aluminium. adhesion between the surfaces o f the 
heet a nd the stretch b lock ca used an uneven 

flow of the meta l, producin g an un sa ti sfactory, 
i r regu la r, wa , ·y-surfaced fini shed product. 1 n 

some ea cs adhesion a lso ca used ruptures in the 
urfacc of the sheet or damage to the forming die 

if ome eparating medium were not placed 
between the part a nd the form block. 

The practice often used in industry for the 
solution of this problem is to paint the m.a teria l 
to be formed and the stretchi ng block as well with 
a heavy coating of grease. With the presence of 
grease between the stretch block and the material, 
co-extens ive movement becomes possible in the 
sheet metal. That is, the desired extension is 
effected wit hout excess ive friction. 

Photograph showing 
how the Marti n spu n 
gl as s b la nk et is 
stre tched o ve r th e 
forme r. Note the 
heati ng equipment 
a nd t he gloves used 
fo r handl ing th e heat­
e d m agnes ium pane l 

TABLE I : COI\ IPARATIVE T I.\I E A ALYS IS OF GLASS CLOTH vs GRAPHITE AS A FRICTI01 RED UCING AGE TIN 
STRETC H FOll l\ll NG ;\IAGNESI U .\1 

Part rl<'.1criptio11 

M agne ,i u m Ski 11 

0 · 12 5 in . . 4g . - 7:! in . 

I Op<'mtio11 1· R<•qriired 11.1i11g Groplr itc 
/lt ctlrod 

( I J Spray r a n with graphite 

Tim r 
required 

5·00 min . 

Opcra tio11.1 R<'q 11ir<'d /I.l ing 
Glo,~ C lotlr M C' tlrod 

(I) Hea t fo rm bl oc k to 550 F. ini ti a ll y 
(Co nnect te rmina ls and th ro w swi tch)* 

Tim e 
rC'quirC'd 

0 · 20 m in . 

(2) Paint fl' rm bl oc k wi th gra p hi te 0-40 min . (2) Place kin between pre-hea t pl a te ns l ·50 min . 
fo r heating to 650 ' F. 

0) Heat form b lock to 550 F. in it ia ll y 0 ·20 min . 0) Pl ace glas s cl o th bla n ke t o ver fo rm 0 ·20 min . 
(C o nnect te rmina ls and throw s witch) bl ock 

( 4 ) Pla ce kin be tween pre -hea t pla ten<, l ·50 min . (4) Remo , e s kin fro m pre-hea t pla tens 2 ·00 mi n 
f<> r heating t o 650 F . 

(5 ) Rem o ve s kin fro m pre-heat pl a ten s 
.i nd clam p in s t re tch p ress. 

16) Stre tch fo r m !Cl pwpe r co nto ur 

(7) Remove from s lre tch press a nd tack 

( 8 ) Remo ve g ra ph ite lubrica n t by 
sc ru bb ing in chro mi c ac id-ca lci u m 
nitra te ba th a nd s tack t 

T o tal time per ran 

I 2·00 m in . 

-
0 ·50 min . 

0 ·50 m in . 

60·00 min . 

70 ·1 min . 

a nd clamp in s tretch pre s 
--

(5) Stretch fo rm to pro pe r co nto ur 0 ·50 min . 

(6) Rem o ve fr o m s tretc h press an d s tack 0 ·50 min . 

I 

T o tal ti me pe r pa rt 4 ·9 m in . 

* In m a ny cas es hea t ing o f t he fo rm b lock is u n necessa ry beca use o f th e insu la ti ng effec t of t he gla ss clo th wh ic h perm it ret enti o n o f the 
he a t 111 th e part be ing fo rmed . 

t All lu bric_ant m u t be rem oved fro m th e part o r the gra p hi te pa rticle s will fo rm ind ivid ua l ga lvanic cells o n the magnes ium surface a nd 
thereby induce c o r ros lCln . 

October 1948 

MANUFACTURE 

Disadvantages of Grea ·c 

However, though thi s method so lved one prob­
lem, it immediately produced everal new ones . It 
was very unsa ti sfac tory becau se of the messy a nd 
dangerou working condition crea ted by the la rge 
quantity of grease depo ited on the materi al and 
the press as well as the dangerou sly s lippery con­
dition of the floor a nd walkway caused by the 
accumula tion of excess lubrica nt. The ha ndling 
of the formed parts in a grea y condition was 
very h azardou s to the workers a nd provided a n 
opportunity for hand cu t a nd bodily injury 
resulting from slips a nd fall . Another objection 
of great importance wa s the fact tha t grease re­
mova l proved to be a co tly a nd time-consuming 
process ing operat ion . 

The Solution for Aluminium 

The substitu tion of a sheet of rubber for the 
grease effected favourab le result s and continues 
to be a satisfactory so lution for the co ld-forming 
of a luminium heets. However, with the advent 
of magnesium the neces ity for hot-forming this 
material made the use of rubber impracticable 
because it smoked and mudged under the hea t. 
Rever ion to grease, oil, graphite or other Jubi­
cants was equal ly unde. irable in a hot-forming 
operation. Oil, for example. had a na h point of 
42 deg. F. The others brought back the o ld, 
wasteful uneconomical and dangerous condi­
tio ns wh ich the company had sought to avoid 
from the beginning. 

After co nsiderable in ve ti ga tio n by Martin 
manufacturing research engineer. , R . E. Berge r 
and H.P. Hessler, a sp un gla s bla nket , 0.027 in . 
thick, was found to be the perfect olution to a ll 
problems- fa r superior in Li e to a ll lubrica nts as 
well as to rubber. In fact, experiment proved it 
to be unique in this particular app lication . For 
example, in a compariso n of two forming opera­
tions, identical except in the subst itution of the 
glass blanket for graphi te, it wa demonstrated 
that 70. 1 minutes were consumed u ing the old 
method and only 4 .9 minute with the glass 
blanket- a net saving of 65.2 minutes in favour of 
the new fartin development. 

Properties of the Blanket 

Experience with the glass blanket hows that 
its high effectiveness is due to : 

(a) Its heat resistance. 
(b) It s very hi gh tens ile tren gth when drawn 

tight. 
(c) The hard , smooth surface which the fibres 

of the ,glass blanket pre ent to both form block 
and sheet meta l, thu promoting a sliding ac tion 
between them. 

(d) The relati vely low thermal conductivity 
of the blanket (when heated shee t metal and un­
heated form block is u ed) . 

(e) An accompany ing pa. sivity of the glass 
cloth which permits it to elongate partially with 
the sheet metal during the tretching operation; 
this being due to the natural nexibility a nd loo e­
ness of the weave. 

(/) Practica bility of stretch-forming hea ted 
heet meta l over a n unheated form block since 

the glass blanket act s as a heat resistant in ulator, 
reta rding transfer and loss of heat from material 
to form block . 

Use of the glass c loth thus far at the Ma rtin 
Company indicates that it ( 1) facilitates produc­
tion , (2) eliminates operation , (3) produces more 
sati factory p a rts . With further experience in this 
practice more data wi ll become available on the 
life expectancy of the spun glass blankets when 
utilized under these cond ition . 
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Research Reports and Memoranda 
L'ndcr this heading arc published regularly abstracts of all Reports and \1cmoranda of the Aeronautical 
Research Council, Reports and Technical :\otes of the l'nitcd States :\ational Advisorv Committee 
for Aeronautics and publications of other similar Research Bodies as issued · 

U.S.A. 
:"\ATIO:"\AL AD\ ISORY CO:\l\llTTEE FOR 
AEIH>NAlTTICS 

W.\RTl\1E REPORTS 

Secretary, '.',;.A.C.A., wa .. hington, D.C. 

These reports are reprints of papers originally issued hy 
the ~.A.C.A. to prmide rapid di-;tribution of :uhance 
research results to authorized persons during the war 
period. They are here merdy listed as it i-; impossihll't o 
find space for printing summaries. The first number is 
the serial number under \\hich thn are fikd ll\ the 
British \1inistry of Supply. The secimd numlwr ,,~ithin 
brackets) is the :"\.A.C.A. reference numlwr. Am of 
them is arnilahle on loan from the Editor. · 

:"\.A.C.A. T.I.B. 1550 (\1.IL April 19.t4). A 
Laboratory-tested Constant-le,el Oil Sump to Pn.·n·nt 
.\eration of Scawnged Oil from an Aircraft Engine. 
By I. lning Pinkel and 11,mard D. Plumpl~. 

~.A.C.A. 'LI.B. 1551 (\1.1{. :\o. E5A05). The 
Influence of Exhau-;t Pressure on l\nock-limit<.'d Per­
formance. By Haney A. Cook, Louis F. Held, and 
Ernest I. Pritchard. 

:"\.A.C.A. T.I.B. 1552 (\1.IL .Jan. 194JJ. Full­
sea le Tunnl'I Tests of a I· lying \ 1odl'I of t lw Curtiss 
XP-55 Aeroplane. By William .J. Bil'lwl. 

:"\.A.C.A. T.I.B. 155.3 1\l.R. '.'\o. E5E21 l. Rela­
tion between Fut'! E<:onomy and ( ·rank Angle for the 
\ 1ax imum !fate of Pressure I{ ise. lh Hann A. Cook 
and \irginia L. Brightwell. · · 

:"\ .. \.C.A. T.I.B. 155.t (\1.R. ~o. E5CJO). Operat­
ing Stresses in Aircraft-Engine Crankshafts and Con­
necting Rods. I Slip-Ring and Brush comhinations for 
Dynamic-Strain \kasuremenh. By Francis .J. Dutee, 
Franklyn \\. Phillip, and Richard 11. K(·mp. 

~.A.C.A. T.I.B. 1555 (C.\1.R. 'io. I A.119). Ht·­
sumc of '.\.A.C.A. Stahilit, and Control Tests of the 
Bell P-63 Series Aeroplane·. B~ llarold I. .Johnson. 

~.A.C.A. T.I.B. 1556 (\1.R. April 19.t..JJ. Spin­
Tunnel Tests of a I 57th .B-Srnle \1odel of the 
'iorthrop XB-35 At.·roplane. By Rohert \\'. l\amm and 
Philip W. Pepon. 

:"\.A.C.A. T.I.B. 1557!A.C.l{.~o.E.tlll0). Supl'r­
charged-Engine Knock Tests of l\letlnl fl'rt-But,I 
Ether. By Henry C. Barnett and .James \\·,. Slough, .I~. 

'.\.A.C.A. T.I.B. 1558 (A.C.I{. 'io. E4C08). The 
Knock-Limited Performann· of Several \li,cellaneous 
Fuels Blended \\ith a Ba-;e Fuel. lh Donald R. Bellman. 

'.\.A.C.A. T.I.B. 1559 ( \I.R. \o. ES.I I I 1. A lkla­
tion hetween Knock-Lirnill'd or Pre-ignition-I jmited 
Air-Fuel Ratio at Lt.·,rn \1ixtures and l·m·l-,\ir Ratio 
at Rich \fixtures. Bv .John C. Enanl. 

:"\.A.C.A. 'LI.B. ·1560 (\I.R. '.'\o. E5El2al. The 
Effect of Six Aromatic Amines on the Pre-ionition-
1.imited Performance of 28-R .\,iation Fuel in a('.F.I{. 
Engine. Bv Donald W. \tale. 

'.\os. T·.I.B. 1561-1570 han• not heen n·cehed. 
[EDIIOR.] 

'.'\.A.C.A. T.I.B. 1571 !A.CR. :\'.o. E.tllOJ). En­
gine and Inspection Te-.ts of \ktln I tt.·rt-But,1 Etlwr a, 
a Component of A,iation Fuel. Ii, I lenn (. Barnett 
Carl L. \kwr and Anthony \\' .. iones. · • 

:°".A.c.A: T.I.B. 1572 !°A.l{.R. 'io. E51UIJ. The 
Performance of a Single-Stage lmpulw Turhine h:n ing 
an 11.0-inch Pitch-line Diameter Wheel "ith Cast Air­
foil-shaped and Brnt Sheet-l\letal ~,,zzle Blades. lh 
David S. Gahriel and I.. Rolwrt Carman. · 

:"\.A.C.A. T.I.B. 1573 (\I.H. ;-..;o. 1.5DOJJ. A 
\1ethod for Correlating the Cooling Data of I jc111id­
Cooled Engines and its Application to the Alli,on 
\ -.3420-11 Engine. By George F. Kinghorn, .\lhert H. 
Schroeder and \\ illiam K. Hagginhothom, .lr. 

~.A.C.A. T.I.B. 1574 (\1.R .. June 19.t2). Free­
spinning Tunnel Tests of a I 2.3. 75-Scalc \lode I of the 
Douglas DC-J Aeroplan(•. By Oscar Seidman and 
( ;eorge F. \ 1acDougall, .Jr. 

:"\.A.C.A. T.I.B. 1575 (\1.R. ~o. l.5Dl2a). Tests 
of 0.14-Scale \1odels of the Control Surfaces of Arnn 
Project \lX-511 in Attitudes Simulating Spin,. B,· 
H. Page Hoggard •. Jr., and .John R. Hagerman. · 

~.A.C.A. T.I.B. 1576 (\1.R. (kt. 19.t2). Aero­
dynamic Characteri-.tics and Flap Loads of the Brakt.·­
Flap Installation on the OAO-Scale \1odel of the 
F4F-J Left Wing Panel. By Paul E. Purser and 
Robert B. Liddell. 
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~.A.C.A. LI.B. 1577 (\1.1{. ~m. 1942!. Cooling 
line"t igat ion of a B-2..Jl) Engine-:"\acelle Installation in 
the ;\.,\.C.A. Full-Scale Tunnel. B~ Robert I{. Lehr, 
(;eorge F. Kinghorn, and Eugene R. Curyansky. 

'i .. \.C.A. T.I.B. 1578 ( \1.R .. June I 9.t2). Tt.•sts of 
Four \ locleb Representing lntl'rmediate Sections of 
the X B-JJ At.•roplane including Sect ion "ilh Slotkd 
Flap and .\ikrons. By Ira H. Ahbott. 

'.'\ .. \.C.A. T.I.B. 1579 (\I.R .. Ian. 19.t2). Pn·ssure­
lfo,trihution \leasurements of THo \irfoil \lodt.'ls \lith 
hrn ler Flap, Submitted hy Consolidated Aircraft Cor­
poration a-. Alternatin· \\ ing Sections of the XB-.32 
Aeroplane. B~ Ira II. Ahhott. 
~ .. \.C.\. T.I.B. 1580 (\1.R. ~o. L6F21l. Flight 

I mest igat ion of Factor, affecting the Carburettor Ram 
and '.'\aet.·lle Drag of an .\-26B Aeroplane. B~ .I. Ford 
.John,ton, Bernard B. I\ 1.rn ans and Ed\\arcl C. B. 
Danforth, 111. 

~.A.C.A. T.I.B. 1581 (\1.R .. Ian. 19..JJ). Tests of 
T\\o \ lode ls represrnt ing Intermediate I nhoard and 
( )uthoanl \\'ing Section.., of the XB-J6 Aeroplane. 
B~ Seymour \I. Bogdonoff. 

'i.\.C.A. T.I.B. 1582 (\1.R. Dec. 19.tll. Pre­
liminar~· Drag Te,ts in Flight of I .ow-Drag \\ing on the 
Curtiss XP-60 Aeroplane. By Eastman'.' .. Jarnhs. 

'.'\ .. \.C.A. T.I.B. 1583 (A.C.R. Oct. 1939). Effects 
of Propt'llers and of\ ihration on the Extent of I .aminar 
Fl<m on the 'i .:\.C.A. 27-212 Airfoil. lh \lanln .I. 
llood and \I. Ed\\ard Ca~ dos. · · 

'i .. \.C.A. T.I.B. 158.t (\1.IL 'io. E5F20J(\1.R. 
'\o. E51 I 2J. Smoking Charach:ristics of\ arious Fuel-. 
a.., Determined hy Opl·n-Cup and l.ahoratory-Bunwr 
Smoke Tests. lh Earl R. EIKrsole and I lenn C. 
Barnett. · · 

'i .. \.C..\. T.I.B .. 1585 (\1.R. ~o. E.tl 19) .. \nalv­
sis and Correlation of Data ohtained In Six I.abor;t­
tories on Fuel-\ a pour 1.oss from Fuel· Tanks during 
Simulated Flight. By Charles S. Stone, Sol Baker, and 
( ;era Id \\'. Englert. 

)'.;.A.C.A. T.I.B. 1586 (\1.R .. Jui~ 194.3). Selection 
of Oil Coolers to A\Oid Congealing. By Dennis .I. 
\ I art in. 

'\.:\.C.A. T.I.B. 1587 !:\1.R. ~o. E5Dl9l. Charac­
kri-.tic'i of the B.\1.\Y. 8011)2 Automatic Engine Con­
trol as Detl'rmined from Brnch Tests. B, \ 1. E. 
Scharer and A. :'\. Addie. · 

'i .A.C.A. '1.1.B. 1588 ( A.C.R. J',;o. E5C27). Ruh­
hl'r ( 'onductor-. for Aircraft Ignition Cahks. B~ Clyde 
C. Swett, .Jr. and .Jo,(•ph R. Dittrich. 

:\'..A.C.A. T.I.B. 1589 (\I.R. J\o. IAKl8a). \ihra­
tion-Response Tests of a I 5-Scale \lock! of the Grum­
man F6F Aeroplane in the Langley 16-ft. High-Spet.•d 
Tunnel. By Theodore Theodorsen and Arthur A. 
Regier. 

'\'.A.C.A. T.I.B. 1590 L\.R.R. '\o. E5GJI) 
Elimination of Calling of P(•Jl(fulum-\ ihration Dampers 
used in Aircraft Engines. By Andre .I. I\Ieyer, .Jr. 

'\ .. \.C.A. T.I.B. 1591 (\.C.I{ .. Jui~ 19.tOl. Re­
quirenlt.'nts for t · nit Fuel- I n.iect ion Systems. By Ed red 
T. i\lar'ih. 
~ .. \.C. \. T.I.B. 1592 (\I.R. )'.;o. E5F26l. '\itrou, 

Oxide Supercharging of an Aircraft-Engine Cylinder. 
By \ 1ax .I. Tau'ihek, l.t.•ster C. Corrington and \ lerle 
C. Huppert. 

'\.\.C..\. T.I.B. 159.3 L\.R.R. :\o. E5h06). Cal­
nilat ions of the Performance of a Compression- Ignition 
Engine-Compressor Turbine Combination. I. · Per­
formance of a 11 ighly Supercharged Compression­
lgnit ion Engine. By .I. C. Sanders and Alexall(kr 
\knckl-;on. 

'.'\.A.C.A. T.I.B. 1594 (\1.R. Aug. 194.t). Caso­
lirw-\\ater Distribution Coefficients of 27 Aromatic 
Amine,. By Waltl'r T. Olson, ,\delhert 0. Tischler and 
lning A. Goodman. 

'\.A.C.A. T.I.B. 1595 (\1.R .. June 19..JJ). Tank 
Tests of a I 8-Size lh namic \loclel of the PB2Y-J 
Aeroplarw "it h Simuiated .Jet \ lot or-; . '\ .A .C.A. 
\lodels IJli. IJJ.J-1, and IJJ.1-2. B~ .Joe W. Bdl 
and Robert F. 11.nens. 

~.A.C.A. T.I.B. 1596 (\1.R. Dec. 1942). High­
speed \\ ind-Tunnel Test, of a I 6-Scale \lodel of a 
T,, in-Engine Pursuit Aeroplarlt.'. By \ ictor \ I. Ganzer. 
~ .. \.C. .. \. T.I.B. 1597 (\1.R. '-i<n. 19.tl). Test-; of 

a O. I .t75c Aileron "ith a Tah on I.cm-Drag Section 
for Curtiss XP-6.30 Aeroplane in the l.o\\-Turhulence 
Tunnel. B~ A. E. rnn Doenhoff and \\. ,J. Cndernood. 

;-..;.A.CA. 'LI.B. 1598 (\l.R .• June 19.tl ). Wind­
Tunnel lmestigation of an '\.A.C.A. 23012 Airfoil 
"ith a JO per c(·nt Chord \lax\\ell Slat and \\ith 
Trailing-Edge Flaps. By .John (;. Lo\\r~ and .John \\'. 
\kl\ee. 

'.':.A.C..\. T.I.B. 1599 (\1.IL Sept. 19.tll. T(•sts 
of Bell XP-6.3 Lo\\-Drag \\ing \lodel \\ith Split flap. 
By \Y. ,I. l 1Jl(krnood. 

'\.,\.C .. \. 'LI.B. 1600 (\1.IL .Jui, 19..JJJ. Water 
Tolerance of :\\iation < ;a'ioline rnnti1ining Xylidines. 
By .Joseph Re, ilock and Walter T. Olson. 

J\.A.C.A. T.I.B. 1601 ('.\1.1{. Aug. 194.3). Anti­
knock Effectheness of X~ lidines in Small-Scale En­
gine,. By .I. lfobert Branstetter and Carl L. '.\leyer. 

'.':.A.C.A. T.I.B. 1602 (\I.R. Sept. 19..JJ). The 
Effect of Xylidines on the I .oad-carr~ ing ( 'apacity of an 
Airuaft-Engine Oil. II. By \\alter T. Obon and 
Robert.\. S1purr. 

'i.A.C..\. T.I.B. 160.3). The Elfrct of X,licline, on 
the Stahility of an Aircraft-En_gine l.uhril:ating Oil. 
lh \\alter T. Olson and Emanud \Ie,rowitz. 

. 'i .A.C. \. ·1 .I .B. 1604 (\ l.R. .J~I~ 19..JJ). The 
Elkd of Xylidine-; on the Corrosi,em·ss of Aircraft­
Engine Oil. By Emanuel\ le~ nm itzand Walter T. ()Ison. 

'i.,·\.C.A. T.I.B. 1605 ( \1.R. 'io. E51 ll 8l. Oper­
ating Stresses in Aircraft-Engine ( ·rank'ihaft, and ( ·011-

nel'ling Roch. II ln-.trumrntation and Tt.·..,t Rl·sults. 
By hancis .J. Dutl'e, Frankl~n \\'. Phillips and l11mard 
F. Cahert. 

'\ .. \.C.A. T.I.B. 1606 (\I.R. 'io. E.tl.21). Knock-
1.imitl'd Performancl' of Bknds of an-l·-28 Fuel Con­
taining 2 pl'r cent .\romat ic .\mines I\ . By I knry E. 
Alquist annd l.eonard h. Tcmer. 

'\.,\.C..\. T.I.B. 1607 (\I.R. Aug. 19..J.t). l\nock-
1.imited P(·rformance of Blends of an-F-28 Fuel Con­
taining 2 per cu1t Aromatic , \mines 111. B~ Jll'nry E. 
Alqui-.t and l.l'onard K. Ton(·r. 

~.A.C.A. 1.1.B. 1608 !A.R.R. ~o. E511 I OJ. 
Thl· Effect of Inlet Tt.•mperatLirl' and Pressure on the 
Etliciency of a Singf(.'-Stagl' 1 mpuf..,e Turhine h,n ing a 
13.2-inch Pitch-1.,nc Diameter \\'heel. By Ernest R. 
Chancs and L. Rohe rt Carman. 

'.'\ .. \.C.A. T.I.B. 1609 (\I.I{. Sept. 19.t.tl. Eth-et of 
\\ater lniection on Knock-1.imited Performam:t.· of a 
\ -T~ pe 12-C~ Fmkr Liquid-Cooled Engine. By \ lyron 
I.. Harries, R. I.cc ;\;elson and 11,mard E. Berguson. 

1'.,\.C.A. T.I.B. 1610 (\1.R. Oct. 19.t2J. lmesti­
gation of Di, ing \lommts of a Pursuit Aeroplane in the 
.\ml'" 16-ft. High-Spl'ed Wind Tunnel. By Alhert L. 
Erick-.on. 

~.A.C.-\. T.I.B. 1611 ( \I.I{. (kt. 19..JJ). Flying 
()uaEties of a T" in-Engine Patrol Aeroplane as 
Estimated from \\'ind-Tunnel Tt.",ts. By \ il'lor I. 
Stl·,ens •. Jr. and Ccorge B. \kCullough. 

:'\ .. \.C..\. T.1.B. 1625 (\1.R. ;\;o. A5(~2J). Wind­
Tunnel lmt.·stigation of tht' Effel'ls of Spoikr'i on the 
( haracteristics of a I .o\\-1 )rag. \t.·rofoil Ec1uippl'd "ith a 
0.25-Chord Slotted I· lap. By Ralph \\'. lloltzcl:rn. 

'\.A.C.A. T.1.1~. 1626 (\I.R .. lune 19.t.t,. The 
l.on-Tcmpcraturt.• Soluhilit~ of Aniline, tht.• Toluidines, 
and Some of Tlwir ~-Alk~ I lkri,athl·s in .\\iation 
Casoli1w. lh \\alter T. Olson and l{ichard L. l\t.'lh. 

'i.·\.C.A·. T.I.B. 1627 (\1.1{. Aug. 19..JJ) .. The 
Ukd of X~ lidlncs on the 1.oad-( 'arrying ( ·apacity of 
an Aircraft-Engine Oil I. By Rohert A. Spurr and 
\\ alter T. ( )1-;on. 

'i.,\.C.A. T.I.B. 1628 (.\.R.I{. 'io. E51108J. 
\isual Studies of{\ lincll'r 1.ubrication. I The Luhri­
rntion of the Pi'ito~1 Skirt. By '.\lilton C. Sh:rn and 
Theodore '.'u-.sdorfrr. 

'\ .A.C.A. T.1.B. 1629 ( \I.R .. lune 1944). \\'ind­
Tunnd lnH'-;tigation of ( ·arhurettor-Air Scoops for the 
XTB2D- I \l-ropl:ml' "ith Emphasis on \ kans for By­
pa'>s,ng the Boundary La~l'r. B~ \lark R. ::\icl10ls, 
Anid L. Kl'ith, .lr., and lfolwrt \\. Bos\\inkle, .Jr. 

~.\.C.,\. T.I.B. 16.30 (.\.R.R. 'io. E51127). 
Quantitathe \naly..,i-. for Aromatic Amines in .\\iation 
Fut.'I.., hy l It ra ,ioll't Spt.·cl rophot oml'lry. By :\dl'llwrt 
0. Ti,chkr. 

:'\ .. \.CA. T.I.B. 16JI (\I.R. ;\;o. E.tl.28). Flight 
\ariahle Affl'cting Fuel-\ apour loss from a Fuel Tank. 
By ( harles S. Stone, Sol Baker, and Dugald 0. Black. 

:'\.A.CA. T.l.B. 16.32 (A.CR. ~o. E51.18). Oc­
currence of Iron Oxides on Cast-Iron Engine Surfaces 
aftn Opl'ration. By A. S. 'i,mick and I.. 0. Brock\\ay. 

'\. \.C.A. T.I.B. 16JJ (:\.R.R. 'io. E6COI l. Test­
Stand lmestigation of Cooling Characterisics and Fac­
tors affecting Tempt.-rature Distrihution of a Douhle­
Rcm Radial Aircraft Engine. B~ \lichad A. Sipko, 
Rohl'rt 0. I lickel and Rohert ,J .. Jones. 

J\.A.C.A. T.I.B. 16.34 !\.R.R. '.'\o. E51110al. ln-
1.ine Aircraft-Engine Bearing I .oads. I Crankpin­
Bearing Load-.. B~ \lilton C. Sh;rn and E. Freel \lacks. 

'i.A.CA. T.I.B. 16.35 (\I.R .. July 19..JJJ. Wind­
Tunnd Tests of till' I 9-Scale \lode! of the Curtiss 
XP-62 Aeroplane with \arious \ ertical Tail .\rrange­
ml'nt-.. By I. G. Recant and Arthur R. \\allace. 

Aircraft Engineering 



, . .\.C..\. T.I.B. 1636 ( \I.R. ,o. E6E27). :\ero­
dniamic.., of the Carburettor .\ir Srnop and IIH.' Engine 
(cm ling of a Singlc-Enginc Toqwdo-Bomher-Typc 
.-\emplane. B~ .John h.. h.uen1.ig and I lcrman Paltcr. 

,.A.C..\.T.I.B.1637 (\I.I{. ,o. E5C20). The 
Effect of \lodified Baflles and \uxiliary-Cooling Duct., 
on the Cooling of a Douhle-lfo\\ Radial Engine. B~ 
Stanley L. Cendler aml Roh'..'rt \ I. ( ;eismheH1er. 

, ... (C..-\. T.I.B. t<d8 (\I.I<. '\;o. L5h..09). Tht• 
Low-Temperature Soluhility of .. n Aromatic Am:ne, in 
.-hiation (;a.,olinc. Ih Richard I.. lfrlh. 

'\;.:\.C..\. T.I.B. {639 (\I.R. Aug. ·19..tl). lmc,ti­
gation of '.'aphthalenc a, a Po,-.ihle Aircraft Fuel. 
lh Dana \\. I.cc and .\loi, Kr,ck, .Jr. 

. '\;.:\.C.:\. T.I.B. 16..tO (\I.I<. '\;o. E51108). Flight 
and Te,t-Stand I nn·,t igat ion of II igh-Pt•rfor111anc1• 
Fuch in \lodifkd Double-Ron Radial Air-Cooled En­
gines 111 Knock-1.imitcd Pl'fformance of 3J-Raa, 
Compared n ith a Ti-iptane Bll'nd and 28-R in Flight. 
lh Cah in C. Blackman and II . . lark \\hitt·. 

·'\; . .\.C.A. T.I.B. 16..tl (\UL '.\o. E5.112). Cor­
relation of the Characteristics of Siw~lc-() lindcr and 
Flight Engines in Tc-,ts of I ligh-Pt·rformance hll'I-, in 
an Air-Cookd Engine 11 Knock-1.imifl'd ( han~e- \ir 
Flem and Cylinder Temperatures. By kcnneth D. 
Bnrnn, Paul H. Richard and Rolwrt \\. \\ilson. 

,.A.C.A. T.I.B. I 6..t2 ( \I.R. :\o. E5B23). Flight 
and Test-Stand I nn·-.t igat ion of 11 igh-Performance 
Fuels in Doublc-R<rn Radial .\ir-Cooled Engines !II 
Comparison of Cooling ( fo1racleri,tic, of Flight and 
Test Stand Engines. B~ II . . lack \\hite, Cal, in C. 
Blackman and \ la red Dandoi,. 

.'.'.A.C.A. T.I.B. 16..t3 (\1.R. '\;o. E5E08i. Tests 
of Air \"ahes for lntermittent-.kt Ln:..:ines at Speed-; 
of 20 and 25 Cycles per ..,t·co,111. By .Jo,eph I<. Brt''i'ilU:111 
and Rohert .J. \ le( ·read~ . 

TECH.'.'IC.\L REPORTS 
Government Printing Ollice, \\a-.hington, D .C. 

Report .'.'o. 802. '\;.A.C.\. lrnestigation of a .let­
Propul-;ion System :\pplicahlc to 1-"light. B~ \lacon C. 
Ellis, .Jr., and ( 'linton E. Bnmn. ( 15 cents) 

l·ollowing a brief history of the N.A.( ·.A. irnestiga­
tion of jet propulsiorn. a discussion is gi\en of the 
l.!cncral invcstil.!ation and analvses lcadinl.! to the con­
~truction of tl1e jet-propulsio1i ground-t~st mock-up. 
The results of burning e,perimcnts and of test 
measurements designed to allow quantitati\c flight­
performance predictions or the system are presented 
and correlated with calculations. These calculations 
arc then used to determine the perrorrnance or the 
system on the ground and in the air at various speeds 
,trH.I altitudes under various burning conditions. The 
application oft he system to an exrL·rirnental aeroplane 
is described and some performance predictions for 
this aeroplane arc made. 

Report '.\o. 803. \\ind-Ttmncl I me-;t igat ion of the 
Effects of Profik :\lodification and Tah-, on the 
Characteristics of Aileron-; on a 1.m,- Drag Airfoil. 
By Robert ,\1. Crane and Ralph \\. lloltJ:chrn. (JO 
cents) 

An imcstil.!ation has been made to determine the 
effect of control-surface protilc modifications on the 
aerodynamic characteristics of an '.\l.A.C.A. lov,-drag 
aerofoil cquirpcd with a O · 20-chord and a O · 15-chord 
aileron. Tab characteristics have been obtained for 
0·20-ailcron chord tabs on two of the 0·20-chord 
ailerons. 

Thickening the aileron protilc or thid.ening and 
bcvcllinl.! the trailinu: cdu:c of the aileron \Vas found to 
reduce the aileron ctlecti~ cncss, reduce the slope of the 
winl.!-scction lift cunc. and reduce the hingc-1110mcnt 
coctlicicnts. Thinning the protilc had the opposite 
ctkct. The ctkcts of prolile thickness on the aileron 
L·haracteristics decreased with increasing angle of at­
tack. there being practically no ellect at an angle of 
attack of 12 de!.!. l or the thickened and bc\elled trail­
ing edges the ctkcts \\ere 111a,imun1 ror the bc\cl. the 
len!.!th of \\hich was 20 per cent or the aileron chord. 
an(! decreased for both increasing and dCLTCasing 
bc\cl lengths. Thickening the rrotile m thi-:kcning and 
hc\·clling the trailing edge caused a slight in-:rc,hc in 
minimum protilc-drag coctlicient, hut thinning the 
profile had no ctkct. 

TECH'.\IC:\L .\lE\lORA'\;D \ ( TRA:\SI .\TIO'\;SJ 
Secretary :\.A.C.A., \\ashingto11, D.C. 

No. 1179. Determination of thl• Stress Concentra 
tion Factor of a Stepped Shaft Stressed in Torsion hy 
\ kan of Preci,ion Strain ( ;:111gl'S. (' Ermitt lung dcr 
Formziffrr der auf \ erdrclrnng hean,pruchtl'n ahgesetz­
ten \\elle 111it I lilfr rnn Fl'indehnung,111essungen.' 
Zentrale fiir n i-;-.enschaft liches lkrichtsnesen der 
( ,uftfahrtfor..,chung des ( ;enl•ralluft ,.eugmeisters, 
( Z\\B) Berlin :\dslerhof. I .uftfahrt forsdmng Band 
20, Lieferung 7, p. 217-219, \hind1en, .July 20, 19..t3.) 
By :\. Weigand. 

Octvber 1948 

The stress distribution in stepped shafts stressed in 
torsion is determined bv means oft he clc-:tric prc-:ision 
strain 1.!aU!.!C bv l.chr ,ind Granachcr: the stress con­
centrat1on' factor is ascertained from the measure­
ments. It is shown that the test \alucs arc ahvays 
slightly l<.mcr than the \aluc-; resulting from an ap­
pro,imatc formula by Sonntag. 

'.'o. 1181. lml·-.tigation, on Reduction, of Friction 
on \\ ings, in Particular hy \lean'i of Boundary-Layer 
Sud ion. ( 'l. nter-;uchungen ii her Reihungsvermi nckr­
ungcn an Tragfliigeln, insebsondere mit l lilfc rnn 
Cn.•n1.schichtah-;augung.' }\littcilungcn aus dem lnstitut 
fiir Aerodrnamik an ckr Eidgcnii-;sichen Tedmi'ichcn 
I foch-;chul~· in Ziirid1 I krau'igegchen rnn Prof. Dr 
.I . . -\ckerl'I '\;r. U.) By Werner Pfcnninger. 

The drag or an aeroplane consists of the induced 
Lktg. the frictional and form drag of wing. fuselage, 
tail unit, and, L)L·casionally, radiator drag. lmcstiga­
tions ha\C shown the frictional drag to be the main 
portion or the drag. Thus the reduction of surface 
friction has gained considerable importance during 
the last \Cars. 

Sin-:c ·the laminar friction is, in general. consider­
ably lmvcr than the turbulent friction, the frictional 
dr,tg could be reduced by a laminar boundary layer 
as long as possible. The aim of the tests dc-;cribcd here 
was to !seep the boundary layer comrletcly laminar 
up to the trailing edge of the wing. 

'\;o. 1183. Temperatures and Stressc-; on I lollow 
Blade, for Ga-; Turhinl'S. ( 'Temperaturen und Bean­
sprudwugen an I lohl,chaufcln fur Gasturhinen.' 
Zentrale fiir ,\isscnschaftliches Berkhtsnc,en dcr 
I ,uftfahrtforschung des Ceneralluft1.eugmeistcr, ( Z \\ B) 
lkrlin- \dkrshof. Forschungshericht '\; r. 18 79, \ hi11-
che11, .Jui, 3 I, I 9..t3.) lh Erich Pollmann. 

Reports on theoretical imcstigations and test­
stand measurements which were -:arricd out in the 
BMW I lugmotorcn Cimbll in dc\cloping the hollow 
blade for e,haust gas turbines. As an introdu-:tion 
the temperature variation and the stress on a turbine 
blade for a gas temperature of 900 and circumferen­
tial velocities or ~00 metres per second arc discussed. 
The assumptions on the heat transfer cocflicicnts at 
the blade profile arc supported by tests on an elec­
tricallv heated blade model. The temperature dis­
tribut[on in the cross section of a blade is thoroughly 
imestigatcd and the temperature field determined for 
a special case. A method for calculation of the thermal 
stresses in turbine blades for a given tcmrcraturc dis­
tribution is indiL\Itcd. l he ctkct of the heat radiation 
on the blade temperature also is dealt with. Test-stand 
c,pcrirncnts on turbine blades arc evaluated, particu­
larly with respect to temperature distribution in the 
cross section: ma,irnum and minimum temperature 
in the cross section arc ascertained. Finally. the appi­
cation of the hollow bbdc for a stationary gas turbine 
is in\cstigatcd. Starting from a set up for 550 C gas 
tcmpcrat~1rc the imrrO\cmcnt of the thermal ctlicicncy 
and the fuel consumption arc considered as well as the 
incrc,1sc or the useful power by use of high tempera­
tures. The power required for blade cooling is taken 
into account. The possibility of applying high cir­
cumtcrcntial velocities with good ctlicicncy is dis­
cussed. 

'\;o. t 18..t. Development and Construction of an 
Interferometer for Optical \lcasurements of Density 
Field-;. ('Entwicklung und Bau eines lnterfcre111.gerates 
ztir opt i,chcn ;\ lcssung rnn Did1tcfcldern .' Zen trail' 
for \\isstn'ichaftliches B<.·richtsnesen hcl der Deutschen 
\ ersuch..,:111-;ta It fur l.uftfahrt, E. \., lkrlin-:\dlershof, 
For-;chungshericht ;\;o. I 008, .lune JO, 1938.) By Th. 
Zohd. 

A method of interference is described in the present 
report \\hich promi:scs profitable arplication in acro­
nauti-:al research. The physical foundation of the 
method and a simple method of adjustment arc briefly 
discu-..scd. The special technical constru-:tion of the 
instrument is described which guarantees its use also 
in the case of vibrations of the surrounding spa-:c and 
permits the imcstigation of unsteady rhcnomcna. It 
is found that the interference method \\ ill make the 
small differences in Llcnsitv in the How field around the 
bodv even at lmv speeds (40 m sec.) optically measur­
able·. 

'.\.o. 1185. S,stcmatic lmestigations of the Influence 
of the Shape <;f the Profile upon the Po-.ition of the 
Tran..,it ion Point. ( 'S,-;tema tische l 'ntcr-;11chunge11 
uher den Einfh1,s der ·Profilform auf die I ,age des 
l m-;chlagspunktes.' Zentralc for wissenschaftliches 
Berid1t-,nesl'n der Luftfahrtfor-;chung des Gcncral­
luftzeugnwi,ter-; ( Z\\B) Berlin- -\dlershof, Techni-;che 
lkrichte 1111d \ orahdrucke aus .Jahrhuch 19..t3 der 

deutschen Luftfahrtforschung, Band JO ( t 9..i3), Heft 
9, Sept. 15. 19..t3, IA 0111, pp. 1-19.) By K. Bussmann 
and A. l" I rich. 

The rosition or the beginning of the transition 
laminar lltrbulcnt as a function of the thickness and 
the camber of the profile at various Reynolds numbers 
and lift coetli-:icnts was investiu:ated for series of 
Joukmvsky profiles. The calculation of the boundary 
lavcr was carried out according to the Pohlauscn 
m~thod which mav be continued bv a simrliticd 
stability calculati<.,n according to· 11. Schlicht­
ing. A list or tables is given whid1 permits the 
rc:tding off of the po-;ition of the transition point on 
suction and pressure side for ca-:h .loukowsky rrofile. 

'.'o. 1186. Comparison of Drop and Wind-Tunnel 
Experiments on Bomh Drag at High Subsonic Speeds. 
( '\ ergleich zwischrn Alrnurf- und \Vindkanalversuchen 
hinsichtlich des \\'iderstandes rnn Bomben bei l10hc11 
Cnterschallgesclm indigkeiten .' Zentralc for wisscn­
schaftliches lkrkhtswesc11 der J ,uftfahrtforschung des 
Generalluftzeugmeisters ( ZWB) Bcrlin-Adlershof, For­
schungshericht '.\;r. 1570, April 17, 19..t2.) By B. 
Giithl'rt. 

The dral.! -:oc1lkicnts of bombs at high vclo-:itics 
(the highest velocity of fall was 97 rcr cent of the 
speed of sound) arc determined by drop tests anJ 
compared with measurements taken in the DYL 
high-speed closed wind tunnel and the open jct at 
AVA-Gottingcn. 

'.\o. 1187. Equation, for :\diahatic hut Rotational 
Steadv Gas Flow;; \\ ithout Friction. ( 'G lcichungcn fur 
Adiah~tti;;che, aher \\ irhclbd1aftete Stationiire Gas­
striimungen ohne Rcihung.' Lehrstuhl for Technischc 
\ lcchanik an der Tedmischen Hocl1,chule Dresden, 
ArchiL '.",;r . ..t..t I.) By \lanfred Schafer. 

The f1owinl.! gases are assured to ha\c uniform 
energy distrih~1ti:)n. This is correct, for example, for 
gas flows issuing from a region of constant pressure, 
dcnsitv, temperature. and velocity and is not destroyed 
by compression shocks because of the universal 
validity of the energy law. 

The gas bcha\cs adiabaticallv. not during the com­
pressio~ shock itself hu( bot)1 hcfor~ an_d after tl!c 
shock. Ho,\ever. the adtabatlc equation 1s not valid 
for the entire gas flow with the same constant C but 
rather with an appropriate individual constant for each 
portion of the gas. For steady flows,_ this means t_hat 
the constant C of the adiabatic c4Liat1011 1s a function 
of the stream function. Consequently, a gas that has 
been flo,\ing 'iscntropically', that is with the same 
constant C ~f the adiabatic equation throughout (for 
example. in origination from a region of const<~nt 
dcnsitv, temperature. and \eloc1ty) no longer remains 
iscntn)ric after a compression shock if the comp_rcs­
sion shock is not extremely simple (wedge shaped 111 a 
t\vo-dimcnsional flow or cone shaped in a rotationally 
svmmctrical now). 
· The solution of noniscntropi-: flows is therefore an 

urgent necessity. 

'\;o. 1188. The Elasto-Plastic Stability of Plates. 
( ·t · prugo-plastkheskaya l "stokhirnst Plasteen.' Prik­
ladnarn i\ latcmatika i \lekhanika X, 19..t6, pp. 623-
6J8J By A. :\. llyushin. . 

In this article arc developed the results of the 
a ut hor·s work ( T.1\1. No. I I 16) 'The Sta hi Ii ty of Pia tcs 
and Shells bcvond the Flastic Limit.' A significant 
imprmcmcnt ,s found in the derivation of the rela­
tions bet\\·Ccn the stress factors and the strains result­
inl.! from the instabilitv of plates and shells. In a strict 
,111~ilvsis the problem reduces to the solution of two 
simL1ltancous nonlincar partial ditkrential equations 
of the fourth order in the deflection and stress func­
tion. and in the approximate analysis to a single 
linear equation of the Bryan type. Solutions arc gi'.·en 
for the special cases of a rcctangualr plate buckling 
into a -:vlindrical form. and of an arbitrarily shared 
plate under uniform compression. These solutions 
indicate that the a-:-:ura-:y obtained by the approxi­
mate method is satisfactory. 

TECH'\;ICAL '.'OTES 
Secretary, N .A.C.A., Washington, D.C. 

Wear~· informed hy the Ministry of Supply, T .P .A.J 
'LI.B., that the extremely limited number of the 
:\'.:\.C.:\. Tt•chnkal '\;otes received by them from 
-\merica for distrihution in Great Britain docs not permit 
;)f their making them :nailablc on loan. In ,·il•\\ of this, 
there seems n<; ohjed in continuing to list the titles, as 
we ha,e recently been doing, since they arc for ~tit 
practical purposes not arnilahle to our readers, e,·en tor 
con-;ultation. 
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Report .'.'o. 11. September, 1947. Application of 
the Linear Perturbation Theory to Compressible Flow 
about Bodies of Revolution. By A. D. Young and S. 
Kirkby. 

The lincarizcd theory is developed in some detail in 
order to clarify the difference between two-dimen­
sional and axi-symmctric now. In agreement with 
other authors it is concluded that the perturbation 
\elocity on a thin body of revolution in compressible 
flow is 1 /3 2 times the perturbation velocity in incom­
pressible flow on a thinner body at reduced incidence 
obtained by reducing the lateral dimensions of the 
original body in the ratio /3 : 1. 

This result is applied to a rcpresentati\C family of 
streamline bodies of revolution at zero incidence. lt 
is found that, without an undue loss of accuracy, the 
results of the calculations can be presented in a rela­
tively simple form in a diagram showing the variation 
of vclocitv with Mach number for a ranl!;c of values of 
\C\ocity on the surface of a streamline body in incom­
pressible flow. This variation is always less than that 
predicted by the Glaucrt law but approaches it with 
increase in the basic incompressible flow velocity. 

Report No. 12. December, 194 7. The Aerodynamic 
Derhatives with Respect to Sideslip for a Delta Wing 
with Small Dihedral at Supersonic Speeds. By A. 
Robinson and Squadron-Leader .J. H. Hunter-Tod. 

Expressions arc derived for the sidcslip derivatives 
on the assumptions of the lincari,cd theory of flow for 
a delta wing with small dihedral flying at supersonic 
speeds. A discussion is included in the appendix on 
the relation between two methods that have been 
evolved for the treatment of aerodynamic force prob­
lems of the delta wing lying within its apex Mach cone. 

When the leading edges arc within the Mach cone 
from the apex, the pressure distribution and the rolling 
moment arc independent of \/lach number but de­
pendent on aspect ratio. There is a leading edge suc­
tion, which is a function of incidence, aspect ratio and 
Mach number, that contributes as well as the surface 
pressure distribution to the sidcforcc and yawing 
moment. 

When the leading edges arc outside the apex Mach 
cone, the non-dimensional rolling derivative is, in con­
trast to the other case, dependent on ~lach number 
and independent of aspect ratio: the other dcrivati,c~ 
and the pressure, however, arc dependent on both 
vJ.riablcs. There is no leading edge suction forcl'. in 
this case. 

Report No. I 3. December, 1947. Assessment of 
Errors in Approximate Solutions of Differential 
Equations. By \V. J. Duncan. 

The term assessment is applied to any process which 
enables us to set rigid bounds to the error or to 
estimate its value. ft is shown that upper and lower 
bounds can be assigned whenever the Green's func­
tion of the problcm 1s one-signed; this is true in many 
important problems. Another method is applicable to 
step-by-step solutions of ordinary differential equa­
tions, linear or non-linear, and depends on use of the 
'index' of the process of integration. Lastly, the error 
in a linear problem can be estimated when an approx­
imation to the Green's function is known. 

Report No. 14. April, 1948. l\ote on the Limits to 
the Local Mach !\umber on an Aerofoil in Subsonic 
Flow. By A. D. Young. 

It has been noted in some experiments that the local 
\ilach number just ahead of a shock wave on an aero­
foil in subsonic flow is limited; values of thl'. limit of 
the order of 1 ·4 arc usually quoted. This note presents 
two lines of thought indicating how such a limit may 
arise. The first starts with the obscnation that thl'. 
pressure after the shock will not bl'. higher than the 
main stream pressure. The second approach is based 
on the fact that a relation between stream dcllcxion 
and Mach number for the flow in the limited super­
sonic regions on a number of aerofoils has been de­
rived from some experimental data. Further anaylsis 
of experimental data is required before this relation 
can be accepted as general. If it is accepted, however, 
then it indicates that the '.Vlach numbers increase above 
unity for a given dctlcxion is about one-third of that 
given by simple wave theory. An analysis of the pos­
sible dcflexions on aerofoils of various thickncsscs 
then indicates that detlcx.ions corresponding to local 
\ilach numbers of the order of I· 5 or higher arc un­
likely except at incidences of the order of 5 deg. or 
more, and may then be more likely for thick wings 
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than for thin wings. Flow breakaway will make the 
attainment of such high local Mach numbers less 
likely. 

AERONAUTICAL RESEARCH COUNCIL 

H.'.\I. Stationery Office, London 

R. & lVI. No. 2146. The Effect of \Ving Planform, 
Speed and Height on the Design of Large Aircraft. 
November 1945. By P. E. Montagnon and D. M. 
Hallowes ( 3s.) 

Earlier work on large aircraft design was based on a 
very high cruising speed requirement and it was 
shown that a high wing loading was of considerable 
advantage. This report by considering a range of 
speeds and heights brings out the effects of planform 
and wing loading on the payload carried. It also shows 
the penalty of high speed in terms of payload and that 
the variation of percentage payload with all-up weight 
is by comparison a small quantity. 

It is also concluded that aspect ratio is a compara­
tively unimportant variable and that for speeds of 
about 200 m.p.h., above which payload falls off 
considerably, a wing loading of 50 lb.,sq. ft. at take-off 
is suflicicnt. 

An appendix considers the relative merits of a 
flying boat and a landplanc and concludes that the 
flying boat is in general worse than the landplanc but 
impro,cs with increasing weight and decreasing 
speed. At 200 rn.p.h. and a weight of 240,000 lb. there 
is little to choose between them. 

R. & l\1. No. 2195. Empirical Laws for the Effect 
of Compressibility on Quarter-chord Moment Co­
efficient, and for the Choice of an Aerofoil with small 
Compressibility Effects on Centre of Pressure. March 
1943. By W. F. Hilton. (3s.) 

An empirical relation is advanced for the estima­
tion of the effect of compressibility on thl'. quarter­
chord moment coefficient at zero lift at subsonic 
speeds up to the moment critical, which is about 0.1 
Mach number higher than the drag critical. The form­
ula has been derived from a studv of results for seven 
cambered aerofoils tested in the ·High Speed Tunnel, 
and of the theoretical values for one aerofoil as calcu­
lated by von Kannan's formula. Better agreement has 
been obtained in all cases than that given by using 
Glaucrt's relation. 

Although the proposed relation is empirical, it must 
not be thought that a free choice exists from an in­
finite number of equations; on the contrary, the 
boundary and limiting conditions determine the type 
of equation fairly precisely. 

It is felt that although the proposed formula is not 
necessarily final, it docs represent a great improve­
ment on the Glauert relation, and will enable de­
signers to calculate tail loads at high speeds with 
greater accuracy. A comparison of the formula with 
experimental results is given. 

R. & M. No. 2201. Tests of High-speed Flow in 
Diffusers of Rectangular Cross-section. July 1944. 
By A. D. Young and G. L. Green. 

The diffusers tested all diffused in one plane, so that 
they were of constant width, and they all had the same 
exit and cntrv areas, the ratio of these two areas 
being 4 : I. The semi-angles ranged from 4 deg. to 
about 16 deg. The investigation included measure­
ments of the losses inrnlvcd, of the pressure distribu­
tions along the diffusers, of the total-head distribu­
tions at the exits, and observations by means of a 
si..:hlicren installation of the flow and shoi..:k-wave 
patterns in the diffusers. By varying the applied pres­
sure ratio the tests were carried in each case from a 
low entry Mach number to well beyond the point at 
which the diffuser choked; i.e. the point for which 
overall sonic conditions were attained at the beginning 
of the diffuser. The main conclusions arc: 

(a) For entry Mach numbers below choking the 
optimum semi-angle for minimum loss is about 4-5 
deg. 

(b) For entry Mach numbers above choking all 
diffusers become very inctl1cicnt. The fractional total­
head loss then becomes a rapidly increasing function 
of the applied pressure ratio, independent of the diff­
user angle. This function is reasonably close to that pre­
dicted on simple theoretical grounds. 

(c) The losses in a short wide-angled diffuser can 
be very cffccti,ely reduced by means of a dividing 
vane. 

R. & M. No. 2202. Elerntor Control on Firefiy F. 
Mk. I and N.F. '.\,1k. II Aircraft. March, 1947: lh 
Squadron-Ldr. D.R. H. Dickinson. (2s. 6d.) · 

A number of tests have been made bv the A. & 
A.E.F. of various versions of the tailplane :llld elevator 

on Firefly aircraft, which were successive steps in the 
development of a satisfactory elevator control for the 
aircraft. The object or this Memorandum is to collect 
the various sets of results, all of which haw been 
issued as separate A. & A.E.E. reports, explain the 
sequence of the development, and bring out the 
salient points of each ,crsion tested. 

R. & M. l',;o. 2203. Lift Characteristics for Thin 
Clark Y Propeller Sections at Low and '.\iegathe Angles 
of Incidence. August, 1945. By A. R. C. l\lacDougall. 
(ls.) 

This imestigation was made to extend to lower and 
negative angles of incidence the existing data on the 
high-speed lift characteristics of a propeller. It is 
based on tests in the R.A.E. 24-ft. tunnel of the 
standard de Ha, illand Spitlirc I propeller and of a 
thinned version, and provides lift data on Clark Y 
sections from 4 · 5 to 7 per cent thick. 

fn this range the values of the critical \fach number 
for lift fro111 this analvsis arc much lo,,er than would. 
be expected by cxtra1;olating linearly the lift data of 
R. & \1. 2036. This SLu!gl'.sts that care must bl'. taken 
(when dealing with Cl1-rk Y and RAF 6 sectioned 
propellers. bGt not necessarily with high speed sec­
tioned propellers) not to reduce the tip incidence too 
much in the hope of reducing the tip lossl'.s. 

R. & M. No. 2204. A Family of Streamline Bodies 
of Revolution suitable for High-speed or Low-drag 
Requirements. August 1945. By A. D. Young and \,tiss 
E. Young. (3s.) 

A family of basic shapes having a fineness ratio of 
0.2 is calculated by thl'. method of R. & \1. 2071. It 
is shown that these shapes can be simply scaled up or 
down to any required fineness ratio to give streamline 
shapes having smooth unpcaked velocity distributions 
of the kind necessary where high-speed or low-drag 
requirements arc important. The ranges covered of 
the basic parameters, velocity gradients and positions 
of maximum velocity, arc sufficiently wide, it is be­
lieved, to ensure that there is always one or more of 
the family suitable for any particular purpose. The 
ordinates of the basic shapes arc tabulated, and exam­
ples of velocity distributions on these shapes at various 
angles of yaw arc given to illustrate the range of angles 
over which low-drag properties may be expected. 

R. & l\1. ~o. 2206. The Prcs'iure l>istrihut ion on 
some Flat Laminar Aerofoils at Incidence at Super­
sonic Speeds. '.\larch, 1946. By G.:'\. \\ard. (2.1. 6d) 

When a body in a stream mm ing at supcrsoni .... · 
speed is of such a form that it pro\'idcs no funda­
mental length in the field, or in some part of thl'. field. 
the velocities can depend only upon angular or non­
dimensional variables and must be constant alonl!; all 
lines meeting in some lixcd point. Such \Cll;city 
fields have been called cone-fields. 

The propl'.rtics of cone-fields arc in\estigatcd on the 
assumption of small disturbances in the main stream 
velocity. [t is shO\vn hmv certain finite wings of poly­
gonal planform may bl'. treated by superposition of 
such fields. The results arc given in the form of 
pressure distributions o,cr certain semi-infinite wings 
which can be combined to give the pressure dis­
tribution for wings of finite span. 

R. & \1. No. 2207. Design of a Fixed-pitd1 Pusher 
Propeller coupled to a Free-running Turbine. \larch, 
1946. By A. B. Haines. (21. 6:/.) 

The report investigates thl'. design and performari....·e 
of a fixed-pitch pusher propeller directly coupled to a 
frec-runninl!: turbine fitted in the exhaust duct of a 
turbine jct engine. The principal aim is to increase the 
available cruising thrust without adding appreciable 
weight or cornplica tion or raising the fuel consu rnp­
t ion. A cruising speed of 400 m.p.h. at 20,000 ft. was 
considered in the present report and it was found that 
propulsive efficiencies of between 75 and 80 per cent 
were achic,cd in this condition. Such a performance 
enabled the o,crall cruising thrust to be increased and 
hence the specific fuel consumption decreased by as 
much as 38 per cent (over that of the simple jct) at the 
expense of an increase of only 34 per cent in overall 
weight, i.e. the thrust wcil!;ht is slid1tlv increased. 
Eve-n at take-off, gains of o~crall thrGst ()f 29 and 50 
per cent were obtained. The best propeller design will 
be determined by the aircraft application but it ap­
pears that it will be possible to li111it the tip speed to 
avoid excessive noise or loss in performance at speeds 
above the design cruising speed. In short, from an 
acrod1namic point of view, the scheme appears very 
prorn1s1ng. 
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Trade Announcements 
Under this heading are published monthly news of recent professional appointments, 
industrial developments and business changes, etc. 

1'\ew Director of Armstrong Siddeley :\1otors 
Armstrong Siddeley Motors Ltd., of Coventry, 

announce that Mr W. F. Saxton, chief engineer, has 
been appointed a director of the Company. 

College of Aeronautics 
The following awards have been made at the con­

clusion of the two-year course 1946-48 at the College 
of Aeronautics, Cranfield. Specialization is denoted 
in brackets: 
DIPLOMA WITH DISTINCTION: A. Lightbody, 
A. 0. Ormerod, J. J. Spillman (Aerodynamics), J. H. 
Junter-Tod, R. J. Rackham, V. A. B. Rogers, J. 
Seddon, N. H. Wood, L. Wookey (Aircraft Design), 
W. E. Morris (Aircraft Propulsion). 
DIPLOMA: D. C. Bain, P. F. Crawley, F. T. Davies, 
D. H. Earle, E. G. Havard, E. F. Lawlor, G. E. 
Preece, R. J. Ross, P. H. S. Wroe (Aerodynamics), 
H. B. Grant, R. A. Harriss, R. S. Hooper, D. K. R. 
Hopkins, P. G. Mobsby, A. J. Monk, L. S. D. 
Morley, L. W. Richards, M. R. A. Rizvi, P. A. L. 
Watson, A. A. J. Willitt (Aircraft Design), H. Caplan, 
P. J. Cooper, P. K. Hickman, W. S. Knowles, F. R. 
Spurrier, A. Stone (Aircraft Propulsion). 

The Board of Governors of the College have 
appointed Mr J. V. Conno,ly, B.E., A.F.R.Ae.S., 
as Professor of Aircraft Economics and Production. 
Professor Connolly, who was born in Australia, 
is a graduate of Sydney University. Since 1937, 
he has held appointments at the Air Ministry, the 
Air Registration Board, Ministry of Aircraft Produc­
tion and Ministry of Supply; from 1942 he was 
Assistant Director of Planning and later Assistant 
Director of Aircraft Production. 

Controller of Ground Services 
The Ministry of Civil Aviation announces that, as a 

result of certain measures of reorganization recently 
approved, the vacant posts of Controller of Technical 
and Operational Services and Controller of Aero­
dromes have been combined in a new post, the occu­
pant of which will be known as Controller of Ground 
Services. He will have the rank of Deputy Secretary 
(salary £2,500) and will report to the Permanent 
Secretary. 

The object of this change is to bring under one de­
partmental head those functions of the Ministry which 
are executive (as distinct from policy-making or 
regulative), namely, the administration and manage­
ment of aerodromes and the provision of navigational 
services such as telecommunications, air traflic control 
and operations generally. 

The Minister of Civil Aviation has, with the Prime 

TRADE PUBLICATIONS 
Gee Gro1111d Stations. Part I-A Ge11eral Descriptio11 
Cossor 300 Jf'att Transmitter. A Brief Description 

[Cossor Radar Ltd., Highbury Grove, N.5] 
Co11trolled ()'C!e Centreless Grindi11g Machines 

[Arthur Scrivener Ltd., Tyburn Road, Birmingham] 
Cabin Atmosphere Con!rol Eq11ipme11t 
Cabin Atmosphere Control in Military Aircraft 

[Normalair Ltd., Yeovil] 
'Astra', Vol. l, No. I, June 1948 

[Air Service Training Ltd., Hamble. Is.] 
'Potential', Vol. 1, No. 3, July 1948 

[College of Aeronautics, Cranfield, Beds.] 
Precision Sta11dard Tools and Gauges 

[The Plcssey Co Ltd., Ilford, Essex] 
'Bristol Review', Vol. I, No. I, June 1948 

[The Bristol Aeroplane Co., Ltd., Fitton, Bristol) 
Hidumini11111 51 

[High D.uty Alloys Ltd., Slough, Bucks] 
Westool Mujjles 
Westool Coils 
Westool D.C. Solenoids 
Westool A.C. Solenoids 

[Westool Ltd., St Helen's Auckland, Bishop 
Auckland, Durham] 

Aero Research Technical Notes 
B11/leti11 No. 66. A New Adhesfre Jin· !11d11stry 
(' Araldite') 

October 1948 

Minister's approval, appointed Mr A. S. Le \1aitre, 
C.B., M.C., to this new post, with effect from 
July I, 1948. 

Fairchild Corporation and Wellworthy 
Fairchild Engine and Airplane Corporation has 

concluded a licensing agreement with Wellworthy 
Piston Rings Ltd., of Lymington, Hants, covering use 
of Fairchild's Al-Fin process for bonding aluminium 
to iron, steel, and other metals. 

Gerrard & Co. 
Sir Alliott Roe has joined the Board, as Chairman, 

of Gerrard & Co. Ltd., 37 Windermerc Road, Mus­
well Hill, N.10, of which his brother, Mr H. V. Roe, 
is Managing Director. The firm handles 'Roe's 
Laminated Aluminium', the material specially deve­
loped for shims which is widely used in the British 
aircraft industry. 

Hawker Siddeley Group Ltd. 
The name of the Hawker Siddelcy Aircraft Co. Ltd. 

has now been changed to Hawker Siddeley Group 
Ltd., whose address is 18 St James's Square, S. W. l. 
Telephone Whitehall 2064. 

H. l\forris Helicopter Blades 
H. Morris & Co. Ltd., the furniture manufacturers 

of Glasgow, whose London address is 27 Hill Street, 
W. I, have developed a new blade for the Cierva 'Air 
Horse· helicopter, which has three rotors, each with a 
set of three blades. The new blades, which arc a result 
of two years of extensive research and scientific ex­
periments, have skins moulded under pressure and 
heat by a process developed in the Morris factory. 
The skins are entirclv made from Canadian birch and 
arc one-eighth of a11 inch thick. Each blade is 21 ft. 
long but weighs only 125 lb., being without internal 
ribs. 

1'ational Gas Turbine Establishment 
Mr H. Constant, M.A., has been appointed Direc­

tor of the Ministry of Supply's National Gas Turbine 
Establishment, in succession to Dr Roxbee Cox, who 
is to take up an appointment with the Ministry of 
Fuel and Power. 

1'orwegian Air Lines (D.~.L.) 
Major-General Hjalmar Riiser-Larscn has taken 

omcc as President of the Norwegian Air Lincs--­
D. N.L.---onc of the partners in the Scandinavian Air­
lines System (S.A.S.). 

Major-General Riiser-Larscn was horn in 1890 and 
became a pilot in the Royal Norwegian Naval Air 
Force in 1915. In 1921 he trained in Great Britain as 

Bulletin No. 67. 'Aero/ire' Bonding in Modern 
Gliders 
[Aero Research Ltd., Duxford, Cambs.] 

Gas Carburising with Prepared Tow11 Gas 
[Wild-Barfield Electric furnaces Ltd., Watford, 
Herts.] 

Wiggi11 Nickel Alloys 
[Henry Wiggin & Co., Ltd., Wiggin Street, Birming­
ham, 16] 

Current Collection 
[The Morgan Crucible Co., Ltd., Battcrsca Church 
Road, S.W. l l] 

Locf(;e A riation Plugs. Serricing Instructions 
[Lodge Plugs Ltd., Rugby] 

Seldex Control lvfaster 
[Scldex Ltd, Westwood Road, Witton, Birming­
ham, 6] 

'Leader' Typists and Of/ice C/wiJ·s 
[Marsh, Matterson & Co., 6,' 10 Clinton Street East, 
Nottingham] 

Nickel A ll<n· Steels. A S11111111ary o/ Their Properties and 
Applications 

[The Mond Nickel Co. Ltd., Grosvenor House, 
Park Lane, W. l] 

Prolite Tipped Woodworking Tools 
[Protolite Ltd., Central House, Upper Woburn 
Place, W.C.I] 

Hiduminium Technical Data 
[High Duty Alloys Ltd., 89 Buckingham Avenue, 
Slough] 

an airship captain. In the years 1921-1927 he was chief 
secretary for the Aviation Council of the Norwegian 
Ministry of Defence. during which period he made 
several flights to the Polar regions. In 1928 he led the 
expedition which \vent to find Roald Amundsen, who 
disappeared in the Arctic Ocean on his attempt to 
rescue the Italian dirigible Italia. In 1929-30 he led 
expeditions to the Antarctic. In 1933 \1ajor-Gencral 
Riiscr-Larscn was appointed president of the 'old' 
Norwegian air lines, which position he held until the 
outbreak of war. In 1940 he arrived in Great Britain 
and was appointed Commander-in-Chief of the Royal 
Norwegian Air Force. He left this command in 1946 
and returned to civil aviation. From 1947 until re­
centlv he was attached to the Head Office of the Scan­
dina,ian Airlines Svstem in Stockholm with the 
special task of planning the new Scandinavian air 
routes to South Africa and the Far East. 

Plessey and Bendix Agreement 
A wide range of Bendix radio equipment which 

includes mobile. !.!round and aircraft radio com­
munication system\ and navigational aids, is to be 
produced under licence by the Plesscy Company Ltd., 
Ilford, who ha\c recently completed patent arrange­
ments with the Bendix Corporation of America for the 
manufacture and sale of its equipment. 

Static ground equipment to be produced at llford 
includes \1F HF and MF HF VHF transmitters, 
VHF fixed frequency receivers and lightweight VHF 
cathode ray DF sets. while the mobile ground equip­
ment will include mobile VHF communication units 
for all forms of road transport and taxis as well as for 
railways. Fixed stations for use with this mobile equip­
ment will also be produced. 

Automatic radio compasses. Hr: and MF trans­
mitters and communication recei\'ers, HF transmitter 
rccci\ers. marker beacon rccei\ers and intercom. 
amplifiers represent the range of airborne equipment 
to he produced in the first instance. while multi­
channel VHF recci\ers with full na\igational facilities 
and a multi-channel VHF transmitter~ will be available 
later. 

S.B.A.C. Officers 
The following Otlicers and \1anagemcnt Committee 

of the Socictv of British Aircraft Constructors have 
been elected for the vcar 1948-49: 

President: Sir Roy H. Dobson, C.B.E., F.R.Ae.S. 
Vice-President: Mr W. T. Gill, CA. 
Deputy President: Mr W.R. Verdon Smith, M.A., 

B.C.L. 

Management Committee: Mr Robert Blackburn, 
O.B.E., \1r H. Burroughcs. Mr 13. W. A. Dickson, 
Mr H. P. Folland. M.B.E., Sir Arthur Gouge, \1ajor 
Sir Hew R. Kilner. t\1.C.. Mr J. D. North. Sir Fred­
erick Handley Page, C.B.E.. \1r .I. J. Parkes, Mr 
F. F. N. St Barbe. Sir Frank Spencer Spriggs, K.B.E., 
Mr C. C. Vinson. Mr Walter Hackett, Junr. (Group A 
Associate Members), Mr E. J. Earnshaw (Group B 
Associate Members). 

Armstmng 5,'idcfe!ey Apprentice Trnining Scheme 
[Armstrong Siddclcy Motors Ltd., Coventry] 

The Spo11.1on Trihic,n 3 4 Seater 
[Sponson Dewlopmcnts Ltd., 3 Albemarle Street, 
W.1] 

The Tandon News. S11111111cr 1948 
[The Eyre Smelting Co. Ltd., Merton Abbey. 
S.W.19) 

The /)arid Bmwn .\luir :\IT 15 1/ohhing Machine 
[David Brown Machine Tools Ltd., Britannia 
Works, Sherbomc Street, Manchester, 3] 

llymatic All Pwpose .\!obile Unit Type 11.P.S.2 
[The Hymatic Engineering Co. Ltd., Rcdditch] 

The .SjJcrry Rniew, Vol. 2, No. I, Spring 1948 
[The Sperry Gyroscope Co. Ltd., Brentford, Mdx.J 

Lic111id Spring Undcrrnrriage.1· 
[Dowty Equipment Ltd., Cheltenham] 

Utilit_1· llc!icopter ,\.!ocfe! K-190 
[The Kaman Aircraft Corp., Bradley Field, Wind­
sor Lock, Conn .. U.S.A.] 

Aiffra/i Engine Gantn, Carriers, Trucks and Trolll'l·.1· 
[B. F. Collingridge Ltd., Belvedere Works, Fclthar1\. 
Middlesex] 

Saiacf Gas Turhinc Aero Engine 
[D. Napier & Son Ltd., Acton, W.3] 

/.C.A.0. What it is and what ii does 
[The International Ci\ ii t'\\iation Organization, 
Montreal, Canada] 

Facts Ahout I.A. T.A. 
[International Air Transport Association, Central 
Station Building, Montreal, Canada] 
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U.S. Patent Specifications 
These deta ils and drawings of patents granted in the U nited S tates are taken, by perm1ss1011 of the 
D epartment of Commerce , from the 'Official Gazette of the U nited S tates Patent Office'. Printed copies 
of the full spec ifica tion ca n be obta ined , price 10 cents each, from the Commissioner of Patents , 
Washington, D .C. , U .S .A . They a re usua ll y ava ilable for inspection at the British Patent Office, 
S outhampton Buildings , Chancery Lane, London, W.C .2. 

2 ,437 ,287 . Heat Exchange Apparatus . J o h n 
W oods, Brook lin e, M ass . , ass igno r by mes ne assign­
men ts to Standa rd-Thomso n Corpo ra ti on, Bosto n , 
M ass., a co rporation of De la wa re . A pplica ti on 
December 15. 1943 . Seria l No . 514,383 . 2 !aims. 
(Cl. 257- 2.) 

2 ,437 ,385 . Jet Propuls ion P lant. Frank Be rnarJ 
Ha lfo rd, Edgwa re. Eng land, assignor to T he De 
Havilland Aircraft Com pa ny Lim ited , Edgwa re. 
England, a com p;rn y of Grea t Bri ta in . A pplicat io n 
Ju ly 20, 1943. Ser ia l No . 495 , 16. In G reat Britai n 
Novembe r 2 1, 1941. Sec tion I , P ub li c Law 690. 
August 8, 1946. Patent expires No ve mbe r 21, 196 1. 
6 Claims. (Cl. 285- 90.) 

2 ,4 37,467 . Variable-S peed Drive for Propellers . 
Earl R . Herring a nd Cha rles P. Sander. G lendale , 
Calif., assignors, by direct and mesne assignme nts. to 
K inner Motors , Inc .. a co rporation . A pp licati n 
January 3. 1942. cri ,tl No. 425 ,524. 14 C la im . 
(Cl. 74- 290.J 

2 ,437,480 . Va lve. Cyri l A lphonso Pugh a nd 
Doug las Gerhard Booth , Jlford, and Ru do lph 
W illia m R ough, Romfo rd , ng land. ass ignors to T he 
Plessey Compa ny Limi ted, ll ford, England, a Brit is h 
com pa ny. A p p lica t ion Marc h 3 J, I 945. Se rial o . 
585.896. l n Great Brita in December 18 , J 944. 6 
Claims. (Cl. 13 7- 153 .) 
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2 ,437 ,489 . Air F ilter with Hea t Exchange Ar­
rangements. Cec il G o rdon Yokes, Lo ndo n , England, 
assigno r to Yo kes Li mi ted , G uild fo rd, Surrey, ng­
la nd . Ap p lica t ion Ma rc h 15, 1944. Se ria l No. 526,572. 
In Great Br ita in J a nua ry 31, 1943. 2 Clai ms . ( I. 
183 - 32 .) 

{~ 19 

2 ,437 ,5 46 . S upercharged Engine Control. Edward 
B. Me ripo l, Los Angele , Calif .. assigno r to Lock heed 
Ai rcraft Co rpo ra ti o n , Burbank. Calif. Applica tion 
M arc h 18, !943 . Serial No . 479 ,669. 2 Claims. ( I. 
170 135 .6.) 

2 ,438 ,309 . Control Device for Airplanes . Charle 
H . Z im merma n , icho ls. Co nn ., a ss ignor to U ni ted 
Ai rcraft Corpo ration , Ea t Ha rt ford , Conn ., a cor­
pora ti on or De lawa re . A pp lica ti o n Ap r il 11, 1944 . 
Serial No . 530,541. 14 C laims . (Cl . 244- 13.) 

2 ,438 ,426 . Centrifugal Compressor. Frank 
W h ittle . R ugby, EnglanJ , assignor to Power Je ts 

(Re earch and Development) Limited , London, 
ngland . Application ovem ber 24, 1942, Serial o . 

466 04. In G reat Bri tain December 19, 1939 . 
ection I, Pub lic Law 690, August 8, 1946. Pa ten t 

e pi res December 19, 19r9 . 5 !aims . (Cl. 230- 128 .) 

2 ,438 ,542 . Propeller Blad e, Bear ing, and Sea 
Assembly. M a urice E. Cush man , Vero na, .J ., 
assignor to C urti s-W right orpo ration, a corpo ration 
or D !aware. A ppl ica ti o n eptcmber 7, 1944. Serial 

o . 553.089 . 2 !a ims . (Cl . 170- 162.) 
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2 ,438 ,589 . E lectric S train Gage . Elwood C. 
Walker Ca ldwell , .J ., assignor to Curt iss-Wright 
Corporation . a co rpora t ion or De laware . App licatio n 
A ugu t 30, 1946. Seria l o. 693,899 . 8 C laims . (Cl. 
201 - 63.) 

2 ,438 ,867 . Method of Assembling Shrouds on 
Impellers. Albert M. Rockwell , G lastonbury and 

lber t H . Beaufrere, Ma nc he ter, Conn ., ass ignors to 
United Ai rcraft Corpora t io n , Ea t Har tfo rd , onn ., 
a corporation of Delaware . App licatio n J une I , 1945. 
Serial No . 597.130. 2 la irns . ( I. 29- 156.8.) 

J ?Jf ·/ 

!IA 4 

, .. , V 
L;, 

2 ,439 ,048 . Taillcs · Airplane. Wal ter H . Korff, 
Burbank, Calif., as igno r to Lockheed Aircra ft 

orpora tion , Burbank , a lif. A1 plica t ion Octobe r 5, 
1942. Serial o . 460,797 . 4 Clai ms. ( I. 244- 13 .) 

A i rcraf I Engineering 
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TRANSIENT EVENTS ARRESTED 

The first Avimo Oscillograph was a specially built Camera 
designed to provide records of Cathode Ray Traces to a scale 
which permitted accurate measurement, side by side on 
contlnuous film, so that precise relationships could be 
determined. 

Success in this specialized field led to demands for Cameras to 
record other kinds of tran ient events, so that within the Avimo 
range listed below there are, today, Instruments to meet nearly 
any requirement of the Research or Laboratory worker. 

.... _. - The wide experience gained in the course of thi development 

1 at your di spo al and Avimo engineers will be glad to submit uggestions if you will state your problem. 

GROUP 

A . Continuous Reco rd ing 

B. Single Sho t 

c. Combined Continucus and 
Single shot 

D. Drum 

E. Multi-Channel Reorder s 

F. In strum enta tion Cin 

FUNCTION 

For recordin g oscillogroph traces on 35 mm. or 
70 mm. (,Im . 

For use wh ere phenomena ore constant. 

Pro:ides the functions of Groups A or B as desired. 

For high speed drum recording of high-frequenc y 
phenomena on 35 mm . (,Im . 

W ith built-,n Cathode Roy tubes for continuous record­
ing of up w 15 traces. 

Provides a pictorial record of several variants over a 
peric d of tim e. 

Th ere is no reasonable limit to the (,Im 
sp eds wh ich may be provided and 
recorders of Groups A. B. C and D 
may be used in conjunction with any 
standard oscil/ogroph. 

AVIMO LTD · TAUNTO N (SOM) · ENGLAN D 
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The housewives got their hot water ... 

but somebody deserved to get into it I 
At a certain factory the cos t of steam seemed to be I 

I 
Bad or out-of-date habits in factory practice are often 

excessi\T, so the Ministry' s Fuel Engineer was called in. allowed to linger on unsuspected. Even the best of us 

have mental blind spots-Jack D empsey hims~lf once forgot 

to duck ! But there's one sure safeguard that management 

can take, and that i to a k the Ministry' Fuel Engineer along. 

He discovered that the condensate was allowed to run to 

waste through a pipe to an open drai n in the road . 

Th is was a popular practice \\i th the local hou ew1ves 

who were able to collect hot \,·ater by the bucket, but a 

rank bad one from the point of view of industrial economy. 

A pumping trap was recommended and, by this means 

all cond ensate wa returned for boiler feed, and down 

went the cost of the factory 's steam. 

The very fact that he will be on fre h gro'Jnd may 

enable him to spot ome wasteful practice that has per i red 

since great-grandfathe r's day. Whether you follow his 

advice or not is entirely up to you but you can be ure 

that any suggestion he makes will be sound and sensible. 

YOUR 

REGIONAL 

FUEL 

OFFICE 

REG ION 

N orthern 
: orth-Eastern 

N orth -Eastern 
1':orth-Midland 
Eastern 
London 
South-Eastern 
Southern 
Wales 
South- \X ' es tern 
M id land 
North-Western 
Scotland 
Scotland 
Scotl and 

ADDRESS 

Government Buildings, Pontcland Road, Newcastle-on-Tyne, 5 
Century H ome, South Parade, Leeds, r 
M ount Pleasant School, harrow Lane, heffield 
Castle Gate H use Castle Gate, ottingham 
Shaftesbury Road Brooklands Avenue, Cambridge 
Mill House, 87 89 , Shaftesbury Avenue, W . r 
95, High Street , Rochester 
Whiteknights, Earley Reading 
27, Newport Road, Cardiff 
I 2 14, Apslcy Road, Cli fto n, Bristol, 8 
Temporary Office Buildings, Hagley Road W e t, Birmingham, 17 
Burton Road, \X 'es t Didsbury, M anchester, 20 

145, St. Vincent Street, Glasgow, C.2 
5 I, Cockburn Street, Edinburgh, r 
1, Overgate, Dundee 

TELEPHONE 

Newcastle 28131 
Leeds 30611 
Sheffield 52461 
Nottingham 46216 
Cambridge 56268 
Gerrard 9700 
Chatham 2225 
Reading 61491 
Cardiff 9234 
Bristol 38223 
Bearwood 3071 
Didsbury 5180-4 
Glasgow City 7636 
Edinburgh 34881 
Dundee 2179 

ISSUED BY THE MINISTRY OF FUEL AND POWE R 
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Test Report 
f roni Lat. 65 _-v., Long. 25 rr·. 

Out of the icy wastt':-. of the Icelandic fi:.:;hing gT01nHls cou1c 
th(' net:-; ... with a Bri tjsh Ropes Limited observer standing 
fr>'. A 21-clay trawler trip is all in tht' day\ work to our 
_\dvi:-.ory and Technical hranch: for. from thi s infinite rapacity 
for taking pains conH' such outstanding in1prove1nenls as our 
8r}-;-n1iscd ~cale-Type Trawl \, ' arp;.-;. L p till now. it has heen 
cus Lorn ary to rf'nrw the fishing t·1Hl of \\-arp~ after only a frv.· 
trips~ the Bryani~cd ~cale-Typc ~ , arp ha:-3 co1nplc ted 1nore than 
t,vch·c trips without n'newal. 
Al] on'r the workl. our Advisory and TPchnieal hranch is si1nilar­
ly rep0Tti11~ on rop1' pcrfonna1{ce. i1n:es tigati r.g prohle1ns . 
he] ping us to supply not on ly tht' be:,t rope but the n"r)it rope for 
t]H' job. 

BRITISH ROPES LIMITED 
solve your proble1ns arid supply the ropes in WIRE, HEMP OR NYLO V 

Head Office DONCASTER Works CHARLTON, CARDIFF, LIVERPOOL, GATESHEAD-ON-TYNE , RUTHERGLEN, LEITH, SUNDERLAND 

,, 

GASKETS-
Confo rm to Azr M mist1y Speczficarion D . T.D. 378A 

RICHARD KLINGER LTD· KLINGERIT WORKS· SIDCUP · KENT Telephone : Footscray 3 0 2 2 
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ts .filled with 

ENGINE (co KPIT) CONTROLS 

H . M . HOBSON LTD . WOLVERHAMPTON 

S PFCIALI S TS IN THE DESIGN AND 

MANUFACTURE OF MECHANICAL 

AND SERVO ASSISTED ENGINE 

AND FLYING CONTROLS 
,1 
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For the retention of lubricants at high speeds 

and temperatures we recommend our 

Synthetic Rubber Oil Seals. In type and size 

they cover a multitude of applications, and 

special conditions can always be catered for. 

Consult us on all your sealing problems 

concerning oils and other fluids , chemicals 

and gases, and the protection of foodstuffs. 

.··"··· 

CHARLES WESTON & CO. LTD., IRWELL BANK WORKS, 
DOUGLAS GREEN, SALFORD 6. 

PHONE : PENDLETON 2857-8-9. 

BIRMINGHAM, MID. 6952, LONDON, HOL.. 0414 

Smee 's W55 

l , \J 1 1 'l L 1'- I I ~ uctober l ~4~ 

the 
For sixty years we have been Proofers of textile materials to render 

them impermeable to water, air or gases, under pressure, and to 

withstand high and low temperatures. During the war period we pro­

cessed , with both rubber and synthetics, more than twenty million 

square yards, chiefly of two or more plied fabrics, sufficient for 

7,500 Barrage Balloons 

7 ,SOO Convoy Balloons 

18,000 Balloons of other types 

140,000 Fighter Dinghies, single-seater 

100,000 Bomber Dinghies, multi-seater 

16,000 Sets of Flotation Gear for Aircraft 

800 Airborne Lifeboats 

3,000 Collapsible Canoes and Boats 

100,000 "Mae Wests" 

We are proud of our reputation for htgh quality work. That reputa­

tion has been enhanced and strengthened by our war-time research, 

experiments and experiences. Peace finds us today in a position to 

cater for the proofing of all types of fabrics by our world-famous 

"JEMPROOF" process. 

We welcome your inquiries, and shall be happy to collaborate with 

you to the fullest in developing a successful conclusion of all technical 

problems connected with proofed fabrics. 

J. MANDLEBERG & COMPANYLd. 
SEAFORD ROAD WORKS, PENDLETON, SALFORD 6, LANCS 

Telephone : Pendleton 1+41 (10 lines) Teleframs: "Waterproof" Mancheater 
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and othe, 

Standard 
Parts by 

A ircraft and General Engineers 
HOUGHTON ROAD • NORTHAMPTON 

Best 
by every test 

AVIATION PLUGS 
Fitted by 

ALVIS 

ARMSTRONG SIDDELEY 

BRISTOL 

DE HAVILLAND 

ROLLS ROYCE 

~======­
Lodge Plugs Ltd., Rugby, England 
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The ")])~~~®Zi~t ~\PE r I r i ON ii~ IU N c machine 
0 . 

/ 

A new and 
more accurate 

method of 
TUBE, BAR and 

ROD BENDING 

This new hanc.1-uperated machine incorporates revo­
lutionary features whICh mean ,µ-realer accuracy and 
a consic.lt:rablc saving of time an<l costs. 

\ unique c;ystcm of 
accurate control c ,n the 

lcngrh of pipe an<l the angula­
rny of bend reduces waste, and 
obviate-; the necessity for cropping. 

imple and complicat<.:c.l bends can be 
accurately and quickly reproduced 
with semi-:,killc<l labour. 

The number or pipes which can be se1 up 
at one ume is unlimnc<l, cherch\· di-;pens­
ing wnh tooling costs. 

,an be used for manipula1 ion of gas, 
steam and hydraulic p1p<.:s; domestic 
water pipes; brass and copper tube-;; 
ckctrtc conc.luir: bars and rod for re­
inforced concrete and strucwrnl cng1neer­
mg pu rposL:s. 

Capacil_)':- Tunp,11m AIIQJ' Tube up lo l .\" outsidr diametrr. 
An il lustrated folder giving Cull details nf , the 'BR ,\NI) ,\' 
Repetition Bending ~ iaehine will be sent nn request, 

TUNGUM SALES co . LIMITED 
Brandon House , Painswi ck Road , Cheltenham, Glos. 

Cossor U.H.F. Transmitter-Receiver 

CONTROL UNIT 
All operation of the equ ipmen t is 
controlled from chi, unit. J\\ca , uring 
5~ " x4 "x2l ", it can be convcn icnil y 
pmitioncd fo r the ope rato r. 1<1 
manual tuning is requi red the desired 
chan nels being elected by ~im plc 
pu h buttons. 

* Swd for f rtha i11f or111ation to 

AND INTERCOMMUNICATION AMPLIFIER 

for Aircraft 
A lightweight crystal-controlled Transmitter­
Re eiver for aircraft communica tion using 4 
pre et channels which may be pre-selected from 
over a hundred frequencies in the roo- 124 M /Cs 
band. Radio telephony or .i'vlorse communi­
cati n may be employed; and Beam Approa ch 
~ignals can al o be received . The quipment i, 
designed for intercommunication, transmitting 
and receiving for up to three member of an 
aircrew. It may al o be u ed for air-to-ground 
or ground-to-ground \\·ork. Thi very compact 
instrument weighs only 36 lbs. and measures 
13" x 17'' x 8". Powrn s PPLY 24v. D.C. (from 
aircraft supply. 

COMMUNI CATION 
-

EQUIPMEN T 

'SOR Ri\Di\R LTD ., HI ' 11 l RY c;RO\'F, LO DO .5 . 
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COLD AIR UNIT. 

, 

... . 

' --

'• . 
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MARSHALL~~ TYPE 6 SUPERCHARGER 

Th e Ma rshall Cabin Superchargers and Cold Air Units as shown are 
des igned fo r th e med ium sized Air Liner . They ha ve a capac ity of fro m 
5 to 30 lbs . of air pe r min ut e at delivery pressu re ·of 7 lb.;sq. inch above 
intake pressu re at 25,000 fee t . 

For full range of cabin pressur is ing a n d 

air condit i oning equipment write to: 

SIR GEORGE GODFREY ANO PARTNERS LTD 
HAMPTON ROAD · HANWORTH · MIOO L ESEX 

Telephone Feltham 3291 Cables God frepor f. Lon don 
C a t alo g ue and 11/ustra cions sen t on r eque s t . 

ASSOCI ATED CO M PANI ES IN CANA DA AND SO U TH AFRICA 

., 

TYPE 15 SUPERCHARGER 

L2 148 . 

ACREED THEN , 
OENTLEMEN-WE 

JNSTAL 'GlAYINER' W hen the aircraft operator specifies ·Graviner ' he 

does so for t he best reasons in the world- becau se 

•Graviner' is th e pre-emine nt name in air borne fi re-

protection equipment and because it most effectively 

safegua rds a very valuable asset . As pioneers of ae rial 

fire-fight ing t echniq ues and inventors of the syste ms 

chosen for all British war planes and leading airliners in the post­

war pe riod, •Graviner ' brings un rivall ed experience to every new 

project in t hi s specialised fi e ld . 

Fully descriptive literature is available on request to Air 

Line ,.Man agements, Aircraft Man ufacture rs and Designers. 

GRAVINER INSTIL CONFIDENCE -JNSTAL 
AIRCRAFT FIRE-PROTECTION EQUIPMENT 

G RA V I N ER MAN U FACT UR ING CO ., LTD • PO Y L E MILL WORKS · COLN B ROO K · BUCKS · Telephone : COLN BROOK 4 8 4 / 9 
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Designers of modern Aircraft have 

almost without exception taken 

advantage of our knowledge and 

experience in the production of 

Steel Strip, Sheets and Sections 

used by the Aircraft Industry. 

"A hide like a nylon" 
\Vhen it comes t o to ughness ancl aLras ion-res istancc, t here's little t o 

choose between a nylon rope and a rhino's h ic1e . . . except t ltis : 

Nylon is li ght as weil as strong, fl ex jb]c ancl elastic; jt lrnrboun, 

no insect s anll it will not rot. So, for acTona uti cal uses . 

there's a bomn in nylon and a slump in nat ure (wl1ich 1nakcs nothing to 

rival t he nylon group of proprr t ics). Tow ropes. pick-up ropes, parachutes, 

upholstery- these and 1n any other t lrings arc now better nrnc1e jn nylon. 

B.N.S. ancl yo ur textile suppli r r are ready to experi ment and ai1<l to t he list . 

FLYING 
STEEL 

HABERSHON 
ROTHERHAM 

Hi gh strength- light weight 

T oug hnPss- d urali i li ty 

E lasli (' it.v- Jkxi l>ility 

Think round the properties of Ny [ 0 n 
L oll' rno ic< ti1re nh.~o rp tion 

and high \I'd, s treng th 

Quid( dryi11g- (·a.~,v L· leaning 

l{C'c< isUt n(·c to dd e ri o ra tion by 
mildc\1·, petrole um oi ls, a lka li s 

and soi l rot 

I 
the yarn that's a 'natltral' for l11dltStry ~l~~;"~~\'~i~~-fn!~c~Uack by moths 

Flam e proof, i.e . docs not 
Lon) propagate comb usti on 

Brit ish Sylon SpinnNs J, imi ted , Ponlypool, Jlo nmouthshire. All Pnqu iries lo T echnirn l S cn ·ice 8ection, Brili8h Sylon Spinners Ltd ., L ocl.:hursl Lane, Couentro· 
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Why 3 films • • 

No X-ray film is equally suitable for all types 

of inspection . . . all metals . . . all thickness 

ranges. That's why Kodak makes three grades. 

Each has speed, contras t, and grain character­

istics best suited to certain jobs. 

Use 'lndustrex ' Type S 
w ith fluoresce nt or lead scree ns for heavy-meta l 

castings or w elds ; wi thout screens for light-alloy 
cas t in gs w ith w ide th ickn ess ranges if sing le e x posures 
o nl y are w a rran ted . 

·;,. 

• 

AIRCRAFT ENGINEE RING 

and which do I use 
Use 'lndustrex' Type D 

for routine ins pection of light-alloy cas t ings or, wi th lead scree ns , for 
examination of heavy-metal castings ; al so for X-ray diffractio n. 

Use ' Crystallex ' 
for criti cal examination of light-alloy casti ngs or, w ith lead screens , for 

t he cr it ica l ins pectio n of heavy-metal castings ; also for X -ray diffraction . 

'KODAK' INDUSTRIAL X-RAY FILMS 
KODAK LIMITED • KODAK HOUSE • KINGSWAY • L ONDON • W . C . 2 

Before the 
can he 

New 
hi1ilt • 

Planes 
• • 

Designers and Draughtsmen must get busy with theit 

pencils. They will choose VENUS because of their 

unvarying quality of lead made by the special colloidal 

process. Accurately graded for all types of work, see 

that your pencil is a VENUS, and mark the difference. 

For the present there is a choice of seven 

grades in the VENUS "War Drawing," 

also "Utility" blacklead, copy­

ing and coloured pencils . 

ENUS 
Still stands .fo r Quality in PENCILS 

k /1,,,e / ·1 he pre-ivar ran,ze - r 7 shades of black to choose fro m 

~ • ;~ :;. :.. .! ,! .~ ,! 2! : ~ :a ~ ,! l~ .~ .: .: 
THE VE>! US PE:,.; c rL CO .. LTD ., L O W E R C LAPTO :--J ROAD L O NDON, E .5 

XXX JIJ 
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THROUGHOUT THE WORLD ... 

the leading 
aircraft 
specify 

designers 

FASTENERS 

Wherever the most fas tidious mechanical standards are requi red . .. where 

quick access is needed fo r inspection and ad justmen t . . . DZUS Fasteners 

are playing an ever-increas ing part. L eading enginee ring critics have 

recognised their outstanding fea tures ; for DZUS F asteners arc absolutely 

vibration-proof, self- locking, and operate with only a quarter tum-thus 

giving speedy access to vital parts as well as saving time and labour in 

both construction and m aintenance. T hey can be installed by mass 
production methods in all solid or laminated ma terials. Varying lengths 

of stud accommodate all thicknesses of m aterial. H ead styles differ 

according to need . The 

fasteners are permanently 

attached - no parts to 
get lost. They are quick­

fastening, firm - locking, 

quick-opening. The Dzus 

Technical Advisory Ser­

vice is always at your 

service to advise on 

specific requirements. 

FOKKER 
PROMOTOR 
aircraft are fitted with 

Dzus Fasteners 

DZUS FASTENER EUROPE LTD. 
164-168 WESTMINSTER BRIDGE ROAD, LONDON, S.E.I 

Sole Distributors in the U.K. : 

THOS. P. HEADLAND LTD . 
164-168 WESTMINSTER BRIDGE ROAD, LONDON S.E.I 

Representatives in Holland : 

TECHNISCHE HANDELMIJ HOLLINDA N.V. THE HAGUE 

The Mechanical 
Metals and 

Testing 
Alloys 

By P . Field Foster, B.Sc., M .Sc., A.M .I. Mech.E. T his is an 

authori ta tive guide to modern testing equipment, showing 

how it is used and explaining the theory behind it. With 

numerous illustrations. 18/ net 

'An invaluable guide and a useful work of reference.'-

J ournal of the Junior Institution of Engineers. 

Aircraft Electrical 
Engineering 

of 

By F . G . Spreadbury, A.M .Inst.B .E. A comprehensive hand­

book which fu lly meets the needs of advanced technicians in 

aircraft equipment and engineering, and provides an adequate 

basis for design purposes. The new edition includes all recent 

developments. Second Edition . 30/ net 

PITMAN BOOKS 
Parker Stree t K ingsway London 

W E supply the complete service: 
Prototype des ign , D rawin gs fo r s pe cia l req uireme nts, Case 
man ufa ctu r e , Car ton s, Prese r vati o n. W e co ll ect your· go ods , 
scien t ifi cally pack an d des patch them for you. 
W e have been engaged on t hi s work fo r many years, a nd s hall 
be pleased to pl ace our e x pe rience at yo u r dis posa l. W rite fo r 
d e t a il s g iving par ticul a rs of your pac k ing p robl em. 

A. I.D. APPROVED 

WC2 

SPECIALLY EQU IPPED FOR T HE HANDLING AND 
PACKAGING OF MINIST RY EQUIPMENT AND SPARES 

PHIPPS (PACKAGING) LTD 
270 HIGH STREET, HARBORNE, BIRMINGHAM 17 
TELEPHONE: HARBORNE 3281 WORKS : EDGBASTON 1196 

DESIGNERS AN D MANUFACTURERS OF 
SPE C IAL CAS ES AN D CO NTAINERS 

SEND US DETA IL S OF YOUR PROBLEM 
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TRANSPORTABLE ENGINE STARTERS 
Westinghouse Brake & Signal Co., Ltd., 82 York Way, King's Cross, London , N. I 

Tough jobs that are tough on tools are tough on pro­
duction, and on the men wh ose responsi bility it is to 
keep it on top line . That's why so many tough pro­
duction executives have a soft spot for the Macrome 
Treatment-it enables them to get the ir teeth into the 
job and keep it moving. Engineers' Cutting Tool s of 
all types benefit from the ministrations of Dr. Macro me 
and remain yours health ily 'the toughest tools in the 
world!' 

Send your drills, reamers, taps, milling cutters, la the 
tools, s litting saws, screwing dies, etc., to' be Macrome 
Treated . They will then give a considerably higher 
average output . Alternatively, we can supply these 

~ tools already Macrome treated . 

. MA{ROMJMACROM pR. ~"~er 
Keep( "dvefi'tlH L I M I T E D 
uf af" II"' I" f11pp/ier1 of lhe /ouglwfl Tools i,, llte U/orld 

ALDERSLEY, WOLVERHAMPTON 
Telephone: Tettenhall 52001 ·Branches and Agents throughout the World' 

XXXV 
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AUTOMATIC 
VOLTAGE REGULATORS 

Also Mak ers of 
Rotary Tra nsformers and Anode Converters , Wind 
and Eng ine-D ri ven Ai rcraft Gene rators , High 
Frequency Altern ators an d H igh Tension D .C. 
G e nerators 

ELECTRICAL PLANT SPECIALISTS 

NEWTON BRO·THERS (DERBY> LIMITED 
HEAD OFFICE & WORKS: ALFRETON ROAD. DERBY. 
TELEPHONE: DERBY 4216/7 ,T .ELEGRAMS:· DYNAMO. DERBY. 
LONDON OFFICE : IMPERiAL BUILDINGS. S6 KIN,GSWAY W.C. 2. 

Bright Copper Brazing 

by DAS 
- ~ ,-

\ 

Write for leaflet G.35 

The ' Incandescent ' syst em offers 
a new sta nd ard of excellence in bright copper 
brazing . Th e a bsence of distortion a nd the cleanl iness 
of the fini shed parts are unequalled by a ny other 
method . 

The parts to be brazed are passed thro ug h the furnace 
on a matt r ess conveyor, and subsequently to a w ater­
jacketed cooling chamber, the whole process Geing 
effected in a sp ecial protective gas atmosphe re, in ert 
to both steel and copper. This plant is remarkably 
efficient a nd requires a min imum of labour and 
operating skill . It is easily ada pted to suit your 
individu al require ments , so contact . .. 

SMETHWICK· BIRMINGHAM Tel. SMEthw ick 0875 

London Offi ce: 16 GROSVENOR PLACE , SW I 
(8 l ines) 

Telephone: SLOane 7803 and 98 18 

Gl Rl G 0 tober J 948 

'&~fil~[l©~ 
METAL SECTIONS 
The production of special sections for 
the Aircraft Industry in Duralumin, 
Alclad and various light Alloys is a 
WARWICK speciality. 

Every section produced has behind 
it the unparalleled experience of the 
pioneers in the cold rolling process . 

WARWICK RIM & SECTIONING CO LTD 
A 

•11;MiiiMM• 
COMPANY 

Golds Green, West Bromwich , Staffs 
London Office 

Telepho ne WED nesbu ry 0238 

MORLEY HALL, 25-26 ST. GEO RGE STREET, HANOVER 
SQUARE, LONDON , W . I Teleph o ne : MAYFAIR 8783-88 

--------------------------~­Ho /dens 
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FOR ACCURACY 
Send for descrip­
tive list No. 136 

Ether Edgewise Pyrometer Indicators uc 
used where an accurate co nt inuous indi­
cation of temperature is required up to 
1600° C. They operate on the Thermo­
El ectric principle and are accura te , reliab le 
a nd stand up to hardening shop cond itions 

ETHER LTD. 
TYBURN RD, BIRMINGHAM 24 

TELEPHONE: EAST 0276-7 

TECHNICAL 

AERODYNAMICS 

By K. D. Wood . Second Edition, 472 pages , 
7 l · 4J, 432 ii/us . 33s . 
The basic principles of aeroplane flight, 
with a survey of technical data on aero­
plane performance and s tability a nd 
numerous examples illustrating the use 
of such data. Speci a l attention is given 
to recent ad vances, includ ing jet pro­
pulsion and supersonic aerodynamics. 

-
Ho/dens 

AERODYNAMICS 

By A. W. Sherwood. 220 pages, 9 6, 
/67illus . /Bs . 

" The author deserves the largest bou­
quet available for technical writing ... 
A sound general picture." 

Aeroplane, May , 1947 

Please order McGraw-Hill books from your 
usual bookseller . In case of difficulty the 
publ ishers will be pl eased to put you into 
touch w ith one of their principal stockists . 

-Control Mechanism 
(Engineers) LIM ITEp 

&L0;tD0N, 
i./~ •,'., 

y\ ·~~ ,:..;,~ - c,;-~L{ - _,,--'w'• 

® +8 · 59 

PERHAPS YOU KNOW 

H. B. SALE LTD. 
SUMMER LANE, BIRMINGHAM, 19 

Make-

Precision Jigs and Tools 

Dies for Diecastings 

Injection and Compression 
Moulds for Plastics, etc. 

BUT DO YOU KNOW 
They also make-

Numbered Checks and Tallies­

Labels - Nameplates - Brands -

Punches - Stencils - Rubber 

Stamps, etc.? 

8 Pr01npt delivery of Time Checks, Tool Checks 
and Canteen Checks 

Telephone: Central 566) /2/3 Telegrams: ALE, B'HAM 

*DELIVERY 
DATE NOW 
VERY CON­
SIDERABLY 
REDUCED 

The MAVITTA Drafting Machine stamps your 
drawing office as EFFICIENT. Made of steel 
tube with adjustable ball-bearings . The main 
angles are located automatica lly , intermedi ­
ate angles by lock . Scales have inlaid celluloid 
edges and are div ided to order on two edges 

THE MAVITTA DRAFTING MACHINES LTD 
Highlands Road , SHIRLEY, Nr BIRMINGHAM 

England 

Tel : SO LIHULL 2231 /2 Grams : MA VITT A , Birmingham 

MAVITTA 
DRAFTING MACHINES 

------- .. .... · . ..... , .. . " -~-;-;~.,:· ·· ; · ..... ,· 
v.·r. .·,· ~., ,:,~-.·~-; ·!·~' ~".,•·-:· .. ..... ·.,,:·.~ ..;. ·· . ...:. :\~ 

, ..... i ~· · --=- ~-·-.·· ... "~~ · ... ···: .. 
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0 
9
~ LAMINATED s•tl? CO\.L~AS 

ALUMINIUM 
FOA 

to the specific 
requirements of 
our customers 

Makers o f al l 
t ype s of repe­
tition products 
from the bar in 

al l metals 

37 W inder m ere Ro a r! M•C•LAND REPETITION LT~ 
M usw ell H il l , N . 10 POOL LANE • LANGLEY • BIRMINGHAM 

Phone:BROadwell 1115 (41ines ) and BROadwell 1757. 

-B.l(.L. ALLOYS LTD-
Buyers and Actual Users of 
Alu1nini11111 and Ali1n1ininn1 

Alloy Scrap 
Regular Collections A rranged 

MAKERS OF THE FAMOUS 

• TESTAL BRAND • 
INGOTS 

T elephone: KIN. 1162-5 

NITRALLOY LIMITED, 
Kings Norton, Birmingham, 30 

Telephone 
60689 SHEFFIELD 

25 Taptonville Road , Teleiram, ; 
SHEFFIELD, 10 "NITRALLOY, SHEFFIELD" 

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

Classified Advertisements and Special Announcements 
Minimum (12 words or less): 4s. Od. Each additional word: 4d. 

S ITUATJO S VACANT 
[A TIE TIO is called to The Contro l or Engage­
ment Order, 1947. The following vacancies a re re­
stricted to person or employments excepted from 
the provisions of the Order. Among the latter are: 
employment in a managerial, profe -sional, adminis­
trative or executive capac ity.] 
BLA C KBURN A IRCRAFT LTD. !ra l'e rncancies (or 
se11ior srres.1·111e11 . Applicc/1/ts, pre/c'rah/y of 110! less 
tha11 Higher atio11al CerrUicare .1·tc111( /a rd, 11111st /ral'e a 
good e11gi11eeri11g training and experience in s tressing 
Internal Comh11stion Engines or auto111obile gear boxes, 
drires, e re. Applications to Per.101111el Manager, 
Brough, E. Yorks. 
BLACKB U RN A IRCR AFT LTD. !ra l'e 1·arnncil's/or 
designer-clra 11gh ts111en wit /, .101111(1 experience in the 
design of lil{lrt 111eclw11ical co111ponl'11 ts /or l11temal 
Combustion Engines, p11mps, !{ears, t11rhi11es, etc. 
Applications to Personnel Manager, Brough , £. Yorks. 
SENIOR TECHNICAL ASSISTA N T required in 
West L ondon di.lfrict (or researclt in connc•crion ll'ith 
higlt-speed e11gi11e red1icrio11 geari11,:; . App/ica11r.1· should 
possess A.Nl.! .M<'Clt.£. or equirn/C'11! qualification a11d 
havC' had practical experience of design or derelop111en t 
o.f a ircra/; e11gi11e co1111w11e11t.1· or work of similar pre­
cisio11. Experience of lriglt duty !,;ear design or manufac­
ture aclranrngeous. Write, girinf.; age, experience, quali­
fications and salary required to Box No. A.C. 183, 
c lo Central Nell's, 17 Moor[;ate, Lo11do11, £.C.2. 

SE !OR TECH !CA L ASSISTA T required in 
West London district for researclt 011 tire sealing of 
fluids around hig lt speed slw/rs. Applicants should pos­
·sess A.M.I.Meclt.E. or equirn/e11r qual!ficarion and hare 
good genern l experience ()f 111eclra11irn / e11g-i11eeri11g. A 
sound knowledie c~( jiuid dy11amic.1· am/ hydmulics 
theory, together with some experience of tire applica tion 
of ph_1·sics fO engineerinl( es.1ential. Write, [;iri11[; age, 
experience, qua/iffratio11s and salary required, to Box 

o. A .C. I 7, c /o Ce11tral News, 17 Moorgate, L ondon, 
E .C.2. 

THE COLLEGE OF AERONA TIC 
S I--. ."N IO R LECTURER IN POWE R PLA T ACCES­
SO R IES AND PROPELLERS. A rncc111n exi.1ts /r11· a 
Senior Lecturer in the Departl/lent o( Airc'J'(l/t Pmpu/­
sion of The College u/ Aeronautics to deal principally 
ll'ith the design and engineering ofpropeller.1· and power 
plant accessories. Applicants should pre(erah/y ha re 
ser red a11 apprenticeship in l/lec/w11ica/ or aeronautical 
engineering and lral'c an Honours degree in e11gi11eeri11g, 
science or ph1 •.1ics, rogetlter 11•ith so111e e.rperience o( 
reaclting. They should also lun·e some years· practical 
experience of research and del'e/opment 011 aero poll'er 
plants in a Corcmme11r Esrablishl/lent or in a major en­
Kine firm . Experience i11 de1·elopl/lc11t ll'ork i11 /ligh t or 
011 e11gi11e rest heels ll'Ould he an admnrnge. 

Sa/ar.1 · is /i'()/11 £650 to £800 per an11u111 according to 
q11alificotio11.1· 011d experience, 11 ·irlr s11perc111111w rio11 1111-
der rhe Federnted Supera1111uatio11 Syste111 (or U11il'ersi­
ties . A .111101/ ltouse ll'ill he a1 ·ai/ah/e. 

Applications, lO[;e tlt er ll'irh the 11a 111es of three refer­
ees, should he addressed as soon as pcJssih/e to the 
Regisrmr, Tire College of Aero11outic.1, Cranfield, 
Blerchley, Bucks, from 1, ·l,0111 /i ,rrlrer particulars cw1 he 
oh wined. 

THE COLLEGE OF AE RONAUTICS 
AERODYNAM ICS AND FLU rD MECHA~ ICS 

A C EN E RA L COURSE in A erocfr11a111ics and Fluid 
M echanics will he Ire/cl or the College ji-0111 l\'ore111her 
22 to 25, 1948, inclusire. 

Fees .for rite Course are: 
Tuition £5 5 0 
Residence (including full hoard) £3 I I 0 

Copies of tire Syllabus and Forms of Registration 
may he ohtained /i"o 111 the Registrar, College of Aero­
nautics, Cm11fielcl, Blerc!,/ey, Bucks. 
FOR SALE 
S TA INLE S STEEL. S.80. HEXACO A D 
RO UND. A.I.D . Re!eC1.1e. Si::,es arnilah/e, A . F. ·193, 
·248, · 324, A 13, ·820, ·920. Diameter . I in . and I l in. 
A II rite oho re are o/ hriglu .finish and in standard 
lengths. Rich, 419-424 Montrose A renue, Slough . 2138 1. 

PACKING AND HIPPING 
R. & J . PARK LTD., 143 9 Fenchurch Street, E.C.3 . 
Phone: Ma11.1ion House 3083 . Aircraft Packers, Case­
mat. er .1· and Woodworkers . Contractors to the Air 
Ministry and foreign governm ents. 

EXPORTER TO BRAZIL AND PORTUGAL ! 
Portuguese Translations by Aeronautical Technician . 
Now translating for leading aero-engine manufac turers. 
Seeks further commissions. Apply M.19, Woodcote 
Village, Purley, Surrey. Phone: Uplands 7494. 

PATENTS 

KING'S PATENT AGENCY LTD. (B. I. King, 
A.I.Mech.£., R egis tered Parent Agent), 146 Queen 
Victoria Street, London, E.C.4. AD VICE, Handbook, 
and co11s11/rario11s 011 Parents and Trade Marks free . 
Pirone: City 6161. 

THE UN ITED IMPERIAL AND AMERICAN 
PATENT SE R VICE ( Patents, Designs, Trade Marks) . 
M . E. J. Chewy de B ray, A.M.I.E.£., Registered 
Patent Agent (London). Chartered Electrical Engineer 
Fellow of the Physical Society ( 1920). J . J. Wit!al, 
LLB., Patent Attorney and Counsellor at Law (New 
York), 102 Bishopsga te, E.C.2. Telephone: Clerken we!! 
1131, Chancery 8579, London Wall 2121. Booklet free 
on application. Preliminary inten'iew free by appoint­
ment. Telegraphic Address: IMPERATR IX CENT 
LONDON. 

BOOK 

AN INTRODUCTION TO AERODYNAMIC COM­
PRE IBILITY. BY J . BLACK. Price 18s. ( 19s. post 
free). 

This 'Aircraft Engineering' Monograph has been 
wrilten by a teacher of aerodynamics expressly as an 
introduction to the problems, as yet but partially 
understood, of the fluid flow of air at high speeds . 

BUNHILL PUBLICATIONS LTD., 12 BLOOMS~ 
B URY SQUARE, LONDO , W.C.1. 



Ceo. Suit er &_ Co. f_td . , 11,cst /3rom11 ich. \1 \\ • I ::; i 
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