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By D. \l1/. KNOWLES

Chief Development Engineer
Gos Turbine Engineering Division

A. V. Roe Conodo Lid.

The engine showed a slight instabil-
ity in the region of 70% of full speed,
however, this was not a limitation on
test bed running. Oil consumption
was very high. Tenth-stage stator
blades showed a regrettable tendency
to come off in quantities, and turbine
blades developed cracks at the tip
near the trailing edge.

Oil consumption continued to give
trouble on most succeeding engines,
but their performance in this resoect
was extremely erratic. Before this
probiem could be tackled it was
necessary to get a proper adj ustment
of bearing oil flows, cooling air flows
and air flow to pressurized glands.
When these were corrected to give
satisf actory bearing conditions the
oil consumption still remained high.

Initial attem pts to localize th e oiI
loss were misleading but it was finally
traced to the turbine bearing area.
Several months were taken up in
trying different sump and.scavenge
arrangements, new seal designs and
flinger rings. Finally checks made
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COTIPIEX PROBTEMS SOLVED
IN ORENDA
/-f,HE EARLY development running
t cf the Orenda showed that the

engine lived up to expectations from
the perf ormance standpoint, the pre-
dicted thrust being obtained with
design speed and j et pipe temperature
at an early point. Starting was ex-
cellent, and acceleration reasonable.
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igrrg crock in o I Qth -rtoge rotor
blode. When mode of sleel, lhe blode proved

sotirfoclory.
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LEFT-BIodes hove roised the mosl dif f icult
problems in development of the Orendo iet
engine ol Avro. John Howletl, engine fitler,
is shown scroping ond deburring o slolor blode.

--Nal iorrai F ilm Board Phot o.

u,ith a ver'\r accurately calibrated oil
sl,stenr showed that the scavenge
f low was eqr-ral to that supplied ttr
tire bearing.

The onIS' clue seemed to be that
oil loss was small at lower speeds or
until the engine had been running
for some time. About the same time
an adequate bearing test machine be-
came available. The rear-bearing
assembly operated with negligible
loss on the test rig, A thorough checx
of the detailed design was then made
as the evidence seemed to point to a

temperature effect and this was con-
f irmed f or the only difference be-
tween rig and engine conditions was
the relative temperature of the com-
pon ents.

The trouble was apparent when it
was discovered that a steel sleeve
supporting the bearing, which was an
interf erence f it and of ten permitting
casting, was not seaiing one of the
oil drillings in the casting. Under
operating conditions the casting had

oil to escape. The end of the oil dril-
ling was piugged and after confirm-
atory tests it was announced, with
some embarrassment, that the oil
consumption problem was solved.

During the course of development,
the rest of the oil system behaved
very welI. There were no aeration
diffieulties. Very little effort was re-

FtG.2-"The turbine blode crockr originoted
in the lipr neor lhe troiling edge . . ""
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RED EN POWER
(First of o Se ries)
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A "CAN ADI AN AYI ATION" T,'CATUTE
blode

rx Tlt E

ILYUSHIN IL.I 6
DESCRIPTION: High mid-wing mono-

plone porvered by four Jumo 004 oxiol-
f low turboiets ond developed from Heinkel
He 343"

APPROXIMATE DIMENSIONS: Spon, 65
ft.

ESTIMATED PERFORMANCE: Moximum
speed, 524 mph; Cruising speed, 400
mph; Ronge I,500 miles.

DESIGNATION : unconfi rmed.

TUPOLEV TU.4
DESCRIPTION: Mid-wing monoplone

strotegic bomber, o "piroted" copy of the
Boeing B-29. Powered by four 2,'l 00-hp
ASh-90 rodiol engines (copies of Wright
R-3350).

DIMENSIONS: Spon, 141
Length, 99 tl.; Height, 27 tt. I
oreo, 1,739 sq. ft.

APPROX. PERFORMANCE: Mox.
350 mph; Rohge,4,000 miles.

ARMAMENT: Probobly eight 12.7-mm
mochine guns in four turrets ond one
hond-operoied 23-mm connon in ioil.

CANADIAN AVIATION

quired to get adequate venting ar-
rangements for oil tanks and sumps,
although pressurization of the oil
tanlis produced spectacular results at
times bef ore the problem was cured.

Tire failures of 10-stage stators were
initiall1, traced to f atigue crhcks
which were the result of intercrystal-
line corrosion. Otirer blades in the
engine also were f ound to be sub-
ject to this form of attack. The ma-
terial used in the later stages of the
compressor was changed to a similar
material which was more resistant to
this kind of corrosion.

However, the failures, although not
as frequent, continued to give trouble,
appearing now as ordinar}r fatigue
cracks FIG. 1. A study of the reson-
ance conditions of the blade showed
that it was being excited by the 10th
rotor in the second flexural mode.
Strain gauge tests indicated that the
blade \ /ou1d be strong enough if
made in steel. The change proved to
be a satisfactory solution.

The turbine blade cracks FIG. 2,

originated in the biade tips near the
trailing edge. As originally designed
the blade had a f eather edge which
was provided to prevent serious
damage in case of tip rubs which
might occur due to the small clear-
ances used. A survey of the nodal
patterns of the vibration modes oe-
curring in the running range showed
that the second complex mode FIG. 3

had an area of high bending stress
extending right to the tip.

Cracks started in the thin f eather
edge and were propagated along the
line of high stress. As the behavior
of turbine shroud ring under operat-
ing condjtions was established it was
possi ble to employ satisf actory tip

NOOAL AREAS
DARKE'lED

3 in.;
Wing

s peed,

TUPOLEV TU-7A

DESCRIPTION: Low-wing oll-metol
monoplone tronsport, powered by four
2,100-hp ASh-90 rodiol engines. As o
commerciol tronsport it will corry crew ot
five ond 72 possengers. As o mililory
tronsporl, r-orries crew ol three ond 1 l0
troops.

A'PPROX. DIMENSIONS: Spon, 141 fr.
3 in.; [eng]h, 12A ft.; Height, 30 lt.;
Wing oreo, 1,739 sq. lt.

APPROX. PERFORMANCE: Moximum
speed, 315 mph; Ronge, 2,5AA miles.

FlG. 3--V;brotion pottern of the lurbine
in the second complex mode.
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clearances without the danger of
rubs. Since the need for the feather
edge had disappeared it was deleted
in order to strengthen the blade tip.
This proved to be an effective remedS'.

As more running hours were accu-
mnlated. further difficulties began to
crop up. Almost all engines \vere
inclined to heavy rubbing of the 10th
stage peripheral seal with complete
loss of its effectiveness. This \ ras

thought to happen on running dou'n
from high speeds rn hen the pressure
behind the 10th stage disc deereased
rapidiy but a high pressure could re-
nrain momentarily between the ninth
and 10th discs causing the disc to flex
a nd the stepped sealing ring to foul
its gIand. The interstage cavity u/as
vented through the 10th stage disc,
rnrhich cured the troubie.

Considerable work \,ras involved
in the development of the flexible
thrust ring of the centre-bearing
assembly. This feature was ineorpor-
ated in the design to look af ter
angular misalignment resulting from
f light manoeuvres. A similar design
had been used on the Chinook engine
and proved to be an excellent methocl
of obtaining the required degree of
angular flexibility.

As originally designed, the rings
were of soft rubber with slotted steel
corner braces. They suffered con-
siderabiy from extrusion of the rub-
ber around th e edges of the eorner
braces, through the slots in the corner
braces and from the unbraced cor-
ners FIG.4. The resuiting coilapse
of the ring permitted the compressor
to move f orward and f oul the stator
assembly.

(Continued on page 48)

FlG. 4-Foilure of the cenlre beoring thrusl
ring, os shown here, wos one of the problems

overcome in developmenl of the Orendo.
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DEVETOPME]TT OF THE ORETDA
( Continued from page 24)

This was partially remedied b1'
placing "a strip of tape between the
corner brace and the rubber. A fur-
ther variation consisted of binding
the ring with nylon tape. Ilowever,
it \^ras diff icult to cure the ring to
the required dimensions even under
pressure as the tape binding tended
to make the ring oval after curing.
Under operating conditions the ring
would assume the rectangular shape
intended with reduction of its axial
dimension and compressor fouling
could still occur.

The problem was finally solved b),
using a composite ring with a hard
exterior and soft core u,,ithout bind-
ing u,hich did not alter dimensionally
during operation.

The front-bearing seal went
through several stages of development
to produce a satisf actory design. The
seal in question is introduced behind
the front bearing of the compressor
rotor to prevent lubricant from
escaping into the cavity immediately
in front of the f irst rotor discs. This
space is at a depression of 1.5-2 psi.
as it is connected to the compressor
air passage ahead of the f irst stage
rotors. The bearing area is at atmos-
pheric pressure.

The original seal was a carbon
ring heid in piace against a cast-iron
rubbing surf ace by a singie helicai
spring with a pressurized gland on
the shaf t as a f urther seal. This
arrangement did not work well as the
single helical spring did not bear
evenly on the carbon ring. The re-
sult was uneven heavy wear of the
sealing surf aces.

Subsequently a carbon-ring seal
supported by a multiplicity of small
springs was adopted. At this time it
was decided to delete the giand as an
unnecessary complication. The new
seal worked well on rig tests but was

FlG.s-Fotigue crock in seventh-stoge rotor
blode of Orenda during development. This
problem wos rolved ofter consideroble reseorch.

erratic on the engine. It \^ras thought
that the diff erential thermal expan-
sion of the rotor and stator casing
\ /as causing the trouble by permit-
ting the sealing surf aces to move
apart. This was checked by introcluc-
ing wear plugs near the seal which
sirowed that little diff erential expan-
sion was taking place. When this \^ras
established a large number of seals
\ zere examined and it \Aras discovered
that the spring rate and travel of
seals as supplied was varying con-
siderably from specification. When
these were brought under closer con-
trol the trouble disappeared.

One of the more difficult problerns
did not become apparent until ai-
most a year of testing had been done
and engines had logged about 2,000

FlG. 6-lnlerference diogrom for seventh-
sloge rotor blode.

hours of operation. Then a single
se ven th -stag e rot or f ai ied f ol l o ived
by several more within a short perjod,
some on engines wjth relatively few
hours of running FIG.5. Failures
continued to occur in apparently
random f ashion thereaf ter. Such
failures appear ets fatigue cracks.

This troul-:le will serve to show
the rnany ,.steps which are of'ten
necerisary Lct get a satisfaetory solu-
tion to deveiopmcnt difficultjes in
aircraft engjnes. Thcy are the re-
sult r-rf the high v ibratory stre.sses
induced in the blerdc by the cojncj-
dence of one of the natural f rcquen -
cies csf the bladc with an excitjng
fclrce such as that caused by the pas-
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FlG. 7-Yibrotion poiterns for seyenth-stoge
rotor blode.

sage of the blade through the wakes
of the preceding ro\^r of blades.

The f irst step is a precautionary
one taken in the design stage. The
f undamental flexural and torsional
critical frequencies of all blades are
calculated. A check is then made to
determine that these are not in reson-
ance with known exciting frequencies
within the engine operating range.
As it is very difficult to calculate
the frequencies of higher modes of
vibration which could cause trouble
these are found experimentally when
the f irst blades are manuf actured.
From this information an "interf er-
ence diagram" is piotted for each
biade.

A typical diagram is shown in FIG.
6. The frequency of various exciting
forces is piotted against engine speed
and the critical frequencies of the
blade are also plotted. At the speed
where the lines cross the blade r,r'iIi
be in resonance with the exciting
frequency.

At the time the blade frequencies
are determined the vibrational pat-
tern of each mode is studied and re-
corded to assist in the identification
of any failures. It is usuai to do about
150 tests of this type for an engine
su ch as the Orenda. A set of vibra-
tion patterns is shown in FIG. 7 . The
ljnes and dark areas indicate nodes.

As the failures being cclnsidered
were somewhat sporadie and as
th ere was a great spread between
the le ngths csf running time which
produeed f ai I ures it was suspected
th at the material might be at fault.

i.IOTE: EXOTATIO1 DUE
TO RRST AIS S€COND
HARMO{ICS OF
PRECECXNG STATOR

(Continued on page $2)

d
r.$

B
H
uit[
I
s
I

It

s

g

Pr

b,,

Ft

dr



62
the FAI, BOAC, BEA, and there is a
comprehensive list of the Common-
wealth and Foreign air lines which
operate to the U. K. together with air
eharter corrpanies of the U. K. and
Commonwealth.

There is a full list of all the civil
airports in the U. K. giving length of
runways and conditions of usage, and
a list of Air Transport licence holders
and other holders of cirril licences.
There are lists of institutions, clnbs.
and societies, with flying and gliding
clubs in the U. K. and Commonwealth,
and all arriation periodicals of the
Commonrnrealth countries. T'nro hun-
dred and fifty pages are devoted to the
names and addresses of all firms in or
associated rn'ith the aircraft industry.
This year's }ist is enhanced in value
as it includes the industries of
the Commonu,ealth conntries outside
Great Britain of which Canada is the
iargest, rnrith five aircraft constructors,
and 47 ancillary firms rn ho occup)' be-
tween them five pages Geoffrey
Dorman.

DESTINY OF CANADAIR

TOP IND['STRY RATING
(Continued from page 15)

the war years Mr. I{otman \ ras on
loan to the Dept. of Munitions and
Supply as a consulting specialist and
co-ordir,ator of ordnance.

Robert A. Nea1e, vice-president.
manufacturing, is a production expert
and specialist in business manage-
ment. Mr. I{eale's manuf acturing
experience includes production of a
number of leading United States air-
craft, including the B- i 7 and B -29.
Over 18 years with Boeing Aircraft
Company, he \ .ras director and opera-
tions manager of 11 of the compan),'s
plants on the Pacific Coast from
1943 -47 .

Responsible f or design and research
development at Canadajr is William
K. Ebel, rrice-prcsident. engineering.

A graduate o{'Heidelburg College
and Case Institute of Technolog),, Mr.
Ebel also holds doctorates in engineer-
ing and science. For 25 years he was
with the Glenn L. Martin Company,
becoming their vice-presidcnt o1' engi-
neering in 1941, &Dd was later dircctor
of enginecring for Curtis-'V/right. Mr.
Ebel is rcsponsjble 1'or the de-,sign of
many t.ypcs o1' aircraft, r?rngtng 1r'om
thc i||-Lon Mar,s flving boal, tr., jct air'-
cral'l", and hirs also workcd on the
dcsign oI guidcd m issilcs.

Pcter H. Ilcdpath, vicc-presidcnt
.salcs, comb i nr-,.s Jlractir:a1 {lry)rtg cx-
pcricncc with u s;olid bircl< grcturrd in
irdministraLittri. A vctcran tran:;port

CANADIAN AVIATION
pilot, Mr. Redpath was 13 years with
Trans-World Airways in various fly-
ing and administrative capacities.
Also an expert on narzigation, he has
written several books on the subject.
In 1946 Mr. Redpath became vice-
president of operations for the Swed-
ish Air Line (ABA) and later tice-
pt'esident of the combined Scandina-
vian Air Lines System (SAS).

SOTVE'UIANY PROBTETUIS

DEVETOPING ORENDA
(Continued from page 48)

Consequentl-y, a surve). was made of
the ph1'sical properties of the batches
of material from u'hich the failed
blades had been n-rade and these
lr'ere compared with the properties of
batches which did not produce any
failures. This thren' little light on the
situation.

Since the experimental engines had
been used for a variety of tests a
survey of the running history of a1l
engines was made by plotting the
operating time in each 100 rpm. speed
range. It was not possible to draw
any conclusions from a comparison
of histories of engines which had
failed blades and those which had
not. The study r,l.as narrowed down
to a comparison of histories 10 hours,
five hours and one hour prior to
failure with the idea of establishing
speed ranges which caused failure.
This also proved abortive.

As more failures occurred they
were tentatively identified from the
nodal pattern surveys as being caus-
ed by either second torsional mode
or the first complex rnode both of
rvhich occurred r.r'ithin the running
range. but it was still not possible
to explain hou, some engines could
run several hundred hours without
failure and other.s would fail in less
than 100 hours even r,"'hen the known
scatter of the endurance properties
of the material was taken into ac-
count. Faiied blades u,ere carefully
examined for manufacturing flaws
and inconsistencies such as variations
in thickness and trailing edge radius
without result.

As soon as it was apparent that the
failures were not isolated ones a deci-
sjr-rn was made to study the problem
using strain-gauge techn.iques. This
involvcd the dcveiopment of a slip-
ring unit to transmit the minute
strarn gauge signals frr-rm the rotor at
high spccds wjthout electrical distor-
tion. Scvcr.al nronths of Iabor;rtor/
w()r'k ;rnd r.:nginc tr:.stjng wcrr. requir-
cd [1'lop6 an adcquate slip-r.ing unit,

s
Jet Englme

noar

with the

lndustrial $ound Control

?ontafik
JET TE$T MUTFLER

You con bring the test cell to
the plone with this revolution-
ory portoble iet test muftler.
Jet engines with or without
ofter-burners con be tested
right in the plone... ony-
where!

. Ilampens J{oise Efficiently

- Deflects hot gases safely

- Easily moued anyuuhere

Write us for full informotion
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SOCKET SCREW
PRODUCTS

SEtF,IOCKING

NUTS

HIGH.STRENGTH
CLOSE.TOTERANCE

FASTE N E R5
for fhe

AVIATION
INDUSTRY

Severol decodes'experience in
the monufocture of fosteners tor
the most criticol opplicotions is

your ossuro nce of com plete relio -

bility in every SPS Aircroft Prod uct.

The finest equip*ent, workmqn-
ship ond "know-l',ow" ore lovished
on these vitol oircrqft ports. This
hos resulted in widespreod occept-
once ond opprovol by government
qnd civilion ogencies olike.

For further informotion on ports
shown in this odvertisement pleose
oddress Ceportments listed. ln-
q uiries on other oircroft ports
should be oddressed to Deportment
67 8.

NAS INIERNAL
WRE NCH I NG
tOCK-NUT5

.. superior sofely nuls
. sizes from l/a, lo

1r/2" . Dept. 678.

NAS SHEAR BOLTS
. close toleronce, high

sirengih, flush-heod lype.
Dept.678.

..FLEXLOC'' SELF

LOCKING NUTS
(REGULAR }

. serYe os bolh sloP
ond lock-n uts one-
piece conslruclion
resilient segments lock
positively wilh uniform
forque oircrall op-
provol of sizes trom #l
lo 1" inclusive in sleel,
bross, oluminum
since regulor sieol FLEX-
LOCS orc opproved f or
temperoiures lo 550' F,
you noed slock on ly ono
type locknut for this lem-

peroture ronge.

,.FLEXLOC" THIN NUTS

. less thon regulor
heig hi, yel conforms lo
occepled slondords, since
eYery threod, including
locking threods, corries iis
shore of lood hos oll
"regulor" FLEXLOC feo-
lures soves height
ond weig hi sizes
# la to 1t, Write

Dept. 51.

g?AXDARD PRESSED STEEL CO.

5A
-sPs

JrnrrrNrou/N PENNSYLVAN'A
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proper instrumentation and reliable
\rriring methods \^rere established. It
\vas then possible to determine the
relatirre magnitLldes of the stresses
in the vat'ious resonances and also the
\\'idth t.lf the I'esonance bands.

At tl-re sanre time the p]'oblem \\'as
being attacked using more ad hoc
Il-lethods L-r). l'unning engines to a test
schedule u,irich consisted of equal
operating periods at 35 rpm. speed
increnlents u'ith frequent inspection
of the blades tl-rrough vieu'ing ports
rn the corrlpressor casing in order to
deterrr-rine the speed range in rnrhich
failures occurred and the iength of
tin-re required at speed to produce
f a i lures.

The strain gauge tests and engine
running confirmed that both suspect-
ed resonances \vere contributing to
ti-r e trouble and established a speed
range u,hich should be avoided in
order to prevent f ractures until a

redesigned blade could be manuf ac-
tured and proven. As capacity for
manufacturing new blade designs \\ras
alread5' strained, several interim solu-
tions \ rere tried using the existing
blades. These reduced the incidence
of fariure considerabll,.

The first \ ras a change in the num-
ber of stator blades preceding the
uotors rn urhich failures \ rere occur-
ring. The sixth and seventh stators
originail_v had equal numbers of
blades in each ro\ /. It \vas tho ught
tirat this might be causing trouble as

both tire ieading and traiiing edges
oI the blade u,ould receive in-rpulses
ai the same time thus increasing the
coupling of the exciting force.

The number of blades in the sixth
stator ro\^'\vas increased l0% t,o cor-
rect this condition and to move the
r eson an ce speed a w ay f rom th e
cruislng speed range. The resuits of
th is change \vere beneficial as f ar as
th e seventh rotor blades were con-
cerned. Hou'ever, it had the effect
of causing ejghth-stage rotor failures
atLer lc.,ng operating pertods.

The second interim solution \lras
introdu ced u,hen it \t:as determined
that the relative jndexing of the
sevcnth rcfior row t.rt the preceding
rr.rtor rows had an apprecjable effect
on blade Iife. As csrtginally built the
rcliitjvc p()sjtjrrns of the blades in the
varirru:s rritrtr stagcs w,as quite ran-
dom. During the special engine te.sts
mcntjonerJ aYtrtve one engine ran for
scvc'rai hundrcd hour.s u,ith()ut {'aiiure
while anriher failed blades consist-
cntl.y with ir few hours r-rf runn ing"
Rrtth cn,/,inc.q wcre carefully exam-
jncd Irr c()ryt;lonent variatjons, tlre
rrn l.y appi)rr:n I d iflcrence heing the
inrJcx ing rtl' thr.: rotrlr bJar.lcs. When

STANDARD "SIX.
DIGIT'' ENGINE

BOLTS

.. oll listed diomelers

-hsy 
ond internol

wrenching types
AN specificotion s

lnformoiion on request.
Address Dept.678.

..UNBRAKO'' AND NAS
INTERNAL WRENCHING

AIRCRAFT BOLTS

.lolest NAS specs
. threods fully formed

by rolling ofter heot treol-
menl full ronge of

sizes. Dept. 678.

..FLEXLOC" EXTERNAL
WRENCHING NUTS

. incorporote fomous
FLEXI-OC self - locking
principle ond one-piece,
oll metol construction
lo le sl NA.S s pec s

sizes f rom 1/ail lo 11/tn
NF Th reod Series
ostproved {or lempero-
tures lo 550" f
Send for somples. Dept.

51.



frr Depondable
H aso Cdnnoctions

For over a quarter century, Wittek has
specialized in hose clamps, devoting
craftsmen's skills to producing hose
clamps of uniform accuracy in clamp-
ing action combined with superior
physical strength, for dependable leak-
proof hose connections. This experience
is yours when you place your aircraft
hose clamp requirements with us.

slollstion when hoce

lfeet current AN spe cif icotions
ond hove C.A.A. opprovol,

MANUTACTURING CO.
$Ag Wert 24lh Ploce, Chicogo 23, lllinoir

the method of blade indexing was
reversed on the two engines their
blade breaking abitities did also.

This largely explained the wide
variations in nrnning time to failure.
The f avorable indexing \^ras then
adopted as standard for all engines.
Further studies with controlled in-
dexing variations are no\ r proceeding
using strain gauges to get quantita-
tive information to guide future
u,ork.

The flnal soiution of blade vibra-
tion problems requires that one of
the f ollornring courses sha11 be
adopted:-

( a ) the damping action of the
biade root shall be increased suffi-
ciently to prevent the blade from
being overstressed.

( b ) the blade shall be strengthened
to be able to withstand the vibratory
stresses.

(c) the blade shall be redesigned or
the exciting frequeney altered so that
the natural frequency of the blade
does not coincide with the trouble-
some exciting frequency within the
engine operating range.

The final method was adopted as
the soiution for this particular prob-
]em.

BRISTOT FREIGHTER

ORDERED FOR RCAF
( Continued from page 30 )

ture setting at 10,000 ft. aititude. max.
continuous po\ rer is 1,215 hp.

Fuei consumption using 1.215 hp
and 2,40A rpm is .441 lblbhp /hr. in
lean mixture. Drarn,ing 7ZZ hp and
running at 1,400 rpr, f uel consump-
tion is .471 |b/hp/hr.

Each engine is installed as a com -

pletely-cov,,ied pourer piant rvith its
o\\rn oil tank, oil cooier. gearbox and
engine drive acces.sories. Four pins
form the attachment points to the air-
craft nacelle. The corvling. of the
free-exit type, is fitted u,ith hinged
and detachable panels to permit rapid
accessibility f or servicing purposes.

Engine cr.rr.rling is achieved via the
annuius of the nose cor,vl (assisted b_y

a fan attached trl thc propcller. driving
piate ) and controllcd by special cyl-
indcr-head bafllcs ;rnd division plates
in conjunctir;n wjth two fixcd-cxit
ann uli {'rlrmcd b_v thr: .sper:ial construc-
tion o1'the |'ree-cxit cowl. With this
f rrm o7' c( )()ltng, the a jr strcam is
div jdcd so 1"ha1, a proporLirn o1' air
passcs L<t thrl c.yljrrdcr hcads on)y and
cmcrgcs l"hrctugh o f or.w;rrd ann ul us
bchind thc r:aar r:.ylindcrs. 'Ihc r.(:-
rrrairring air ccrols thc r:.vlirrdcr. trirrr.r:ls

I f r

,:
;WITTEK WU/D
(fongentiol Type)

Made of'rtoinless
cteel ond ovoil-

oble in oll gtond.
' 

ard aircratl sizes.

Also furnished in
diometers up lo' 12" for ducl ond

other rpeciol
opplicotionr.

Permitr eaty in-

(Rodiol Type)

Irlode of stoinlers
steeI ond utilizing.

'- the Wittek Flost-
i;s BridsC.:,fiiiea
ond proved for
dependo ble serv-
ice on oll types of:
oircroft opplico-

occepted qr the
stondord of 'lhe
industry.

'..:

is in place.

UI'IIIE I(

CANADIAN A.VIATION

THF €orfimuNrcATron
ond

LF NAvTGATToN sYsTEtYIs

THE ARC TYPE I I A
Meets your basic navigation and
communication needs. Provides for
VHF transmission, LF range recep-
tion and rotatable loop navigatios.

THE ARC TYPE 17
Adds two-way VHF communication.
System includes tunabie VHF re-
ceiver and a five-channel, crystal
controlled VHF transmitter. As
rnany as four of these transrnitters
$ay be installed providing uP to 20
channels.

THE ARC TYPE 12

Gives you the cor[-
bined advantages of
the type 11A and the
Type 17 systems. You
get two-\*'ay VHF
cornmunication and
LF range reception,
as well as rotatable
Ioop navigation.

Ask about ARC Type 15C Omni-
range equipment and ARC's 10-
channel fyp" Ft t Isolation Ampli-
fier. Write f or all the details.

All vnits of these ryslems ore lype eorti-
ficotcd by the CAA. lnstollations for both
singlc o nd multi-engine
plones arG made only by
authorizad ogencies.

AI{1'IION Y I.'OSI'I.;R & SONTi LTD.
:l$i ( )lr u rr:lr St., T'oronl$, O'anztJa

liolr: (l;rn:trIi;trr I)istributor
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