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Dear customer,

Thank you for purchasing the DCS: Spitfire IX module. This module, the fourth part of a seri es of
aircraft simulators Digital Combat Simulator (DCS) for personal computers, allows you to experience
flying legendary British aircraft during the Second World War.

As the owners of one of the biggest parks of restored aircraft from the Second World War, the staff of
the Fighter Collection and the developers of Eagle Dynamicswere fortunate enough to use their own

Spitfire IX and study the experience of its pilots to create the w o r |ntb$t accurate virtual model of
the aircraft. Using data from scientific research and volumes of documentation, together with visits to

the Fighter Collection hangar, as well as numerous consultations and tests conducted by pilots of the
Fighter Collection all made an invaluable contribution to the creation of the fli ght simulator.

When creating this guide, please refer to this manual regarding on the flight and technical operation
of the Spitfire IX.

With respect to the brave pilots of the Second World War, we hope that you will enjoy taking to the
skies and riding boldly into battle in this true English legend!

Yours sincerely,
The development team DCS: Spitfire IX

DCSWebsite: www.digitalcombatsimulator.com

DCSForums: http:// forums.eagle.ru

E 2016 The Fighter Collection
E 2016 Eagle Dynamics
All trademarks and registered trademarks are the property of their respective owners.
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INNRODUCTION
Thérth of &nhglidegend

The Spitfireds story had its beginnings 1|long
Pemberton Billing Ltd at Woolston, near Southampton, England. Although the company's main line of
work was aircraft repair for the Admiralty, it did build a few of its own designs which were noted more
for their originality than the length of their production runs. Shortly before the First World War ended,
the company was renamed as the Supermarine Aviation Works. In 1919, the post of Chief Designer
was assumed by the talented engineer Reginald Joseph Mitchell at the young age of 24. Mitchell moved
to his new job in 1916, when he was 21, and afterwards he managed to advance rapidly in the
company.

In the years that follo wed, Supermarine concentrated on the design and production of seaplanes, and
first achieved prominence in 1922 when its Sea Lion biplane flying boat won the Schneider Prize by
completing the circuit at an average speed of 145mph. In 1925, the company saw i ts first design to
gain a substantial production order: the twin -engine Southampton reconnaissance flying boat.
Eventually, 79 units were built for the Royal Air Force and foreign governments. Supermarine's small
racing seaplanes continued their run of successes, and during the period from 1927 to 1931 they won
a number of racing events. These successes brought considerable fame to the Supermarine company,
but few orders. In the nature of things, the market for high speed racing seaplanes was extremely
limited.

— e n

Figure 1: The Supermarine S.6B Racing Seaplane

In the autumn of 1931 the Air Ministry issued specification F7/30 for a fighter aircraft to replace the
ageing Bristol Bulldog in the Royal Air Force squadrons. The new fighter was to have:
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Highest possible rate of climb
Highest possible speed above 15,000 feet
Fighting view

Maneuverability

A

Capability of easy and rapid production in quantity
6. Ease of maintenance.

It was to be armed with four machine guns and be able to carry fo ur 20 pound bombs. Any approved
engine of British manufacture could be used to power the new fighter.

Supermarine's entry to the competition, the Type 224, was a low -winged monoplane of all-metal
construction - a considerable novelty at that time. The Type 224 was to be powered by the 660
horsepower RollsRoyce Goshawk engine which was the most powerful engine available for this
purpose. The Goshawk was designed to work with the newly developed evaporative cooling system,
which promised a much cleaner aerodynamic design than was possible with the older system of external
radiators to dissipate the heat from the engine coolant.

With evaporative cooling the water coolant was pumped through the water jacket around the engine
under pressure, so that although the coolant temperature was higher than the normal boiling point of
water, steam did not form. As the water emerged from the e ngine it was depressurized and steam
immediately formed. This steam was then piped through to a condenser fitted in the leading edge of
the wing, where it condensed back into water and ran to a collector tank before being pumped back
to the engine. The Supermarine design was the only monoplane to use the evaporative cooled
Goshawk. In its case the steam condenser ran along almost the entire leading edge of the wing; and
when the steam condensed the water trickled down into collector tanks fitted at the top of the fairings
of the fixed undercarriage. To increase the rate of heat dissipation, the outer skinning of the leading
edge of the wing was corrugated. Compared with what was to follow, the Type 224 was not a very
refined design, neither structurally nor aerodynamically.

Figure 2: The Type 224

The aircraft made its first flight in February 1934 and soon revealed a fundamental problem in using
evaporative cooling in a low-winged monoplane design: engine overheating. The Type 224's Goshawk
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was prone to overheating during rapid climbs to altitude - an important function for an interceptor
fighter. The fighter had a top speed of only 238 mph and took eight minutes to climb to 15,000 feet.
Such shortcomings might have been acceptableif the Type 224 had had a performance greatly superior
to that of its competitors, but it did not. The winner of the competition was the far more robust and
nimble Gloster 8837, a radial-engined biplane of conventional design, which was to go into service with
the RAF as the Gladiator. The SS 37 had a maximum speed of 242 mph- with its rate -of-climb the
Gloster fighter was able to clearly demonstrate its superiority: reaching 15,000 feet in six and a half
minutes, one and a half minutes earlier than the T ype 224. After the service trials at Martlesham Heath
the sole prototype went to Farnborough; it ended its days in mid -1937 as a ground firing target on the
range at Orfordness. In the meantime, however, the Supermarine design team was to show that it
could produce something far better.

In the summer of 1934, even as the Type 224 was undergoing its trials at Martlesham, Supermarine
had opened discussions with the Air Ministry regarding an improved design with a better performance.
The new aircraft, designated the Type 300, was to be based on the Type 224. But by cleaning up the
design a little, fitting a retractable undercarriage, getting rid of the draggy corrugated wing leading
edge and lopping more than 6 feet off the wing span, it was estimated that the fighter's speed could
be increased by 30 mph to 265 mph using the same Goshawk engine.

Towards the end of July 1934 this proposal was submitted to the Air Ministry as the Supermarine
Specification 425a. The Air Ministry was lukewarm towards the new proposal, which offered only a
marginal increase in performance over the other fighter. Mitchell was not put off by this rejection,
however, and he and his team continued work on further refinement of the Type 300 design. By the
early autumn this was being offer ed as a fighter smaller still with a wing span of 37 ft 1 in, a somewhat
thinner wing, a faired cockpit and stressed skin construction. The engine was still to be an evaporatively
cooled Goshawk, but the top speed would be around the 280 mph mark. With a b etter engine the
maximum speed would be higher and there was a suggestion that the fighter should be fitted with a
Napier Dagger (then in development with specifications at 700 horsepower, with more than 800
planned for newer models.) During a meeting of t he board of Vickers (Aviation) Ltd on 6 November
1934 this idea was turned down in favour of an even better engine now in the offing: the Rolls -Royce
PV XIl, later to be named the Merlin. At this time the PV XII was suffering its share of teething troubles
and was not yet ready for production. The target output for the new 27 -liter engine was 1,000
horsepower. During November 1934 Mitchell received permission to proceed with the design of a PV
XlI-powered Type 300 fighter.

The decision to combine the revised Type 300 airframe with the PV XII engine drew immediate interest

from the Air Ministry. On 1 December 1934, contract AM 3
the construction of a prototype fighter rctabwapiot chel | ' s 06
be ready in October 1935. Several previous accounts have suggested that the new fighter was all

throughout a private venture, although documentary evidence from that time suggests that this is not

the case. In actuality, the Type 300 with the PV XlI engine was a private venture for less than a month,

ending with the issue of the Air Ministry contract on 1 December. The contract for the new Supermarine

Type 300 fighter was formalized on 3 January 1935 and a new Air Ministry specification, F.37/34, was

written around Mitchell's improved design. The specification was in fact a short addendum to F.7/30.

The larger PV Xl engine weighed about one-third more than the Goshawk, so to compensate for the

forward shift of the center of gravity, the sweep -back of the leading edge of the wing was reduced.

From there it was a short step to embody the elliptical wing which would be the most distinctive and

recognizable feature of the new fighter.

The elliptical wing was aerodynamically the best option for the required purposes because induced
drag was lowest when this shape was used while producing lift. The ellipse was the ideal, theoretically
perfect shape. As straight-tapered wing starts to reduce in chord from the moment it leaves the root;
an elliptical one, on the other hand, tapers only very slowly at first then progressively more rapidly
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towards the tip. The ellipse was simply the shape that allowed using the thinnest possible wing with
sufficient room inside to carry the necessary internal structure and everything else that was to be
crammed in.

Specification F.37/34 had called for a fighter armed with four machine guns, but it was becoming clear
that this was insufficient firepower to destroy the faster all -metal bombers then going into service in
several air forces. Squadron Leader Ralph Sorley was in charge of the Operational Requirements section
at the Air Ministry at the time the F.37/34 was taking shape. He insisted that new fighters be armed
with the new Browning gun being tested in Britain, wh ich offered a higher rate of fire. According to
Sorl eyds calculations, the airspeed of these moder:
only one chance of attack, so it must be destroyed in that vital two -second burst. Sorley's arguments
convinced the Deputy Chief of the Air Staff, Air Vice Marshal Edgar Ludlow-Hewit, and as a result the
main 1934 fighter specification, F.5/34, called for an aircraft armed with eight machine guns. However,
the new specification had not linked to the aircraft M itchell was working on. The specification that did
affect the new Supermarine fighter was F.10/35, which asked for a fighter with at least six guns though
eight were desirable. Towards the end of April 1935 Sorley paid a visit to Supermarine Works to discuss
with Mitchell both his new fighter and the latest Air Ministry specification.

So it was that the new Supermarine fighter was brought into line with F.10/35, the armament to be '8
Vickers Mark V or Browning guns wit heré&ifed contaat nds o
permitted 'the reduction of fuel to 75 gallons, though the actual tankage need not be reduced unless

it is necessary to do so to provide space for the
shed 1-6 cubic feet of volume from the engine area and he grasped at it; the prototype of the new

fighter was fitted with tanks for only 75 gallons of fuel.

In June 1935 a 1/24th scale model of the F.37/34 fighter (it was never referred to as the F. 10/35,
even after it had been altered to conform with this specification) underwent wind tunnel tests at
Farnborough to determine its spinning characteristics. In the middle of 1935, the design of the F.37/34
fighter was still unsound in one important aspect: its PV Xll engine was still to ha ve evaporative cooling
and this, as it was seen, could not be made to work properly on a low winged monoplane. Mitchell was
reluctant to resort to the more conventional forms of external radiators, which would have considerably
increased the drag of the new fighter. In retrospect, the problem of engine cooling might seem only a
trivial part of the story, but as things stood, it could have led to the downfall of the fighter. When the
Merlin (as the PV XIl was now named) was running at full power it produced about 12,500 centigrade
heat units of excess heat each minute, the equivalent of 400 one -kilowatt electric fires running
simultaneously. About 90 percent of this heat had to be removed by the liquid cooling system, the
remainder by the oil cooler.

Fortunately, at this time Fred Meredith at Farnborough had been conducting some experiments, which
showed that a new type of ducted radiator could solve the problem. In Meredith's radiator, the air
entered from the front through a duct whose cross -sectional areawas progressively widened, to reduce
its velocity and therefore increase pressure. The slightly compressed air then passed through the matrix
of the radiator where it was heated and so expanded; then it was passed through a divergent duct at
the rear which caused an increase in the velocity of the airflow. Thus, the ducted radiator acted rather
like a ramjet: the ram air was compressed, heated, and then expelled from the rear with increased
velocity to produce thrust. The amount of thrust produced by the du cted radiator was small and only
under optimum conditions would it exceed the drag, although, compared to alternative cooling systems,
Meredith's design was greatly superior. The efficiency of the cooling system was further improved by
the use of ethylene glycol, which had a boiling point considerably higher than that of water, as the
coolant. This meant that the radiator could be run much hotter, and consequently, necessary heat
dissipation could be accomplished with a smaller and lighter radiator holding less coolant. It was also
found that an ethylene glycol system could be built for between a third and a half the weight of an
equivalent water cooling system.
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Reginald Mitchell knew good ideas when he saw them, and enthusiastically incorporated the new
cooling system into his fighter. By August 1935 the design saw alterations in several key aspects from
the F.37/34 submission at the beginning of the year, though the external appearance of the aircraft

had changed relatively little. The revised design now carried eight guns instead of four, no bombs,
tankage for 75 gallons of fuel instead of 94, it had a slightly longer fuselage and a raised tailplane, a

wing of increased dihedral and ducted radiator in place of evaporative cooling. Work had begun to cut
the metal that would transform the nice -looking design into what was hoped would be a successful
aircraft.

Service Trials

On February 18", the F.37/34 had been completed and was undergoing engine runs on the
hardstanding on the River ltchen side of the works at Woolston. Once these were done, the wings were
removed and the aircraft was loaded on to a lorry, which took it to the works airfield at Eastleigh for
reassembly prior to the maiden flight. After reassembly at Eastleigh the prototype F.37/34 underwent
further engine runs.

During the first week of March 1936, the prototype of the F.37/34, K 5054, was in the Supermarine
hangar at Eastleigh undergoing final preparations for the first flight. The aircraft was fitted with a fine
pitch wooden two-bladed propeller, to give optimum performance for takeoff and at the low speed end
of the performance envelope. At that time retractable undercarriages were still considered a new
feature, so for the initial flights the main undercarriage legs were locked down and the fairing doors
were not fitted.

On 5 March 1936, K 5054 made its maiden flight. That day the weather was good: clear skies, visibility
moderate to good and a light wind coming mainly from the southwest. Vickers Company's Chief Test
Pilot, Captain J. 'Mutt' Summers climbed into the cockpit and strapped in, then started the engine.
When he was satisfied that all was as it should be he waved away the chocks, then with a burst of
power the little fighter surged forward over the grass. The first flight took abou t 20 minutes. During
the three days following the maiden flight the fine pitch propeller was replaced by one of coarse pitch

designed to take the fighter to its maximum speed; undercarriage doors were fitted, the legs unlocked

and the mechanism tested. Summers made the second flight on the 1th, during which he retracted the

undercarriage in the air. On the following day, he made the third flight.
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Figure 3: The Spitfire Prototype K 5054

In the course of the initial flight testing t he only real fault found on the new fighter was that the rudder
horn balance was too large and as a result the control was unacceptably light; at high speed the aircraft
became directionally unstable. Otherwise there was little to complain about, except th at K 5054's
maximum speed was well below the 350 mph that had been predicted. It was hoped that this would
be increased with the incorporation of certain planned minor modifications, and after testing with a
selection of different propellers. Early in April the initial test program was complete and K 5054 had to
undergo ground resonance tests. During the tests it was found that wing flutter was liable to occur at
speeds somewhat lower than expected. As a result, the never-to-be-exceeded maximum airspeed for
the prototype was set at 380 mph indicated. Then the prototype was undergone initial modifications
at Eastleigh, the main ones were that the size of the rudder horn balance was reduced and the top of
the fin squared off, the carburetor air intake was lowe red slightly to increase the ram air pressure and
the engine cowling was strengthened-there had been some problems with it rattling in flight. To raise
the maximum limiting speed of the aircraft would require a major structural redesign of the wing; K
5054 was to continue with the wing it had.

Also at about this time the Vickers parent company suggested and the Air Ministry accepted a name
for the new fighter: Spitfire. By all accounts, Mitchell himself was not pleased with the choice and was
heardtosay'l ts the sort of bloody silly name they would

After the modifications were completed, K 5054 was flown again by the test pilot Jeffrey Quill on the
13th, then on the 14th he conducted high speed dives to take it to the maximum permissible speed.
During the first he reached 360 mph indicated and found that the aircraft handled perfectly and there
were no problems. Quill pulled out, then climbed back to 20,000 feet for the second dive. Again, the
speed built up rapidly and as it reached 380 mph, the maximum allowed and equivalent to a true
airspeed of 465 mph, there was a loud bang. Gently the pilot eased the aircraft out of the dive and
took it back to Eastleigh. After landing it was found that the lower fairing on the port undercarriage leg
had broken away and struck and damaged the underside of the fuselage. The damage was not serious,
however, and by the following day it had been repaired and the prototype was able to resume trials.

At this time there was considerable pressure to get the new fighter to the Royal Air Force trials
establishment at Martlesham Heath as soon as possible. The Hawker fighter, which later became the
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Hurricane, was already there and if the Spitfire did not beg in service trials soon it might fail to get an
order by default. But at this stage the Spitfire was still not yet fit to be delivered.

Finally on 26 May everything was ready and Mutt Summers delivered the Spitfire to Martlesham. Even
at this early stage the new fighter received special treatment. It was usually about 10 days before a
new aircraft came out for its first flight, but there were orders came from the Air Ministry that the
prototype was to fly same day. The first flight in K 5054 at Martlesham wa s made by Flight Lieutenant
(later Air Marshal Sir) Humphrey Edwardes-Jones. The trial flights of the prototype Spitfire continued
a few days and on the 6th and the 8th speed trials were flown. During these trials, the maximum speed
of the prototype was me asured at 349 mph at 16,800 feet, 1 mph more than Jeffrey Quill had recorded
three weeks earlier. The trials at Martlesham ended on 16 June, when Jeffrey Quill arrived to collect K
5054 and take it back to Eastleigh for the press day planned for two days | ater.

Figure 4: The K 5054 in Test Flight

In a week, K 5054 was ready for the first public demonstration. Hugh Edwardes -Jones went to Eastleigh
to pick it up and fly to Hendon, and on the 27th he showed the Spitfire off in front of a large crowd at
the Royal Air Force Pageant there. Two days later Mutt Summers demonstrated the Spitfire at the SBAC
show at Hatfield. Public interest in the new fighter was immediate and the Flight magazine waxed
lyrical about the show Summers had given at Hatfield:

fi | t laimed - and the claim seems indisputable i that the Spitfire is the fastest military aeroplane in
the worl d. o

By 1 July the prototype was back at Martlesham and being prepared to resume the service trials. On
11 July, Edwardes-Jones took the prototype Spitfire up to its highest altitude yet, 34,700 feet, which

took him 37 minutes to reach. Towards the end of this series of trials K 5054 was fitted with a Fairey -
Reed three-bladed metal airscrew and on 29 July Jeffrey Quill journeyed to Martlesham to test it . He
found that with the three -bladed the take-off was similar to that with the wooden two -bladed airscrew,
but climbing performance and top speed were slightly worse. The two -bladed airscrew was refitted and
on 1 August Quill returned K 5054 to Eastleigh. The initial service trials were now complete, and the
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prototype was now to be fitted with the 8 -gun armament and receive several minor modifications. Then
was followed by spinning trials, trials with different propellers and experiments with aircraft rive ting.

On the 23rd the Spitfire was flown back to Martlesham. The main feature of the new series of trials
was to be the firing of the Spitfire's guns (there were no facilities for this at Eastleigh). On 26 February
the four port guns were tested on the but ts and fired perfectly; on 1 March the four starboard guns
were similarly tested. On 6 March the fighter was taken up to 4,000 feet with a full load of ammunition

and the guns fired again; all functioned perfectly.

On 22 March, K 5054 suffered its first major accident. Flying Officer Sam McKenna was testing the
Spitfire with revised gearing between the stick and the elevators, following complaints of elevator
buffeting when pulling out of loops and tight turns. McKenna made a series of loops, pulling steadi ly
increasing accelerations up to 4 G. Then he dived the aircraft to 350 mph indicated and made tight
turns at up to 4 G. When the trial was complete however, and he throttled back to 1 .600 rpm to return
to Martlesham, the oil pressure suddenly fell to zero and the engine began to run roughly and noisily.
This condition got steadily worse so McKenna switched off the engine and decided to make a forced
landing. He selected a strip of heath-land near Sutton beside the Woodbridge-Bawdsey road, and glided
the Spitfire in with flaps lowered and undercarriage up; fortunately, the propeller had come to rest in
the horizontal position. The tail wheel touched first and ran along the ground for about 100 yards, then
the fuselage dropped and the aircraft slithered acr oss the ground for a further 50 yards before it came
to rest just ten yards short of a hole eight feet deep.

Unfortunately, Mitchell would not live long enough to witness his fighter enter service in the RAF. At
the time, Reginald Mitchell's health had been deteriorating steadily and since the beginning of 1937 he
was able to spend less and less time at Supermarine. An operation to arrest the cancer proved
unsuccessful and his condition was found to be incurable. Reginald Mitchell died on 11 June at the age
of 42, a great loss to all who knew him. Then, shortly after Mitchell's death, Joe Smith was promoted
from Chief Draughtsman to Chief Designer at Supermarine.

On 19 September the Spitfire was flown for the first time with an ejector exhaust system. The sy stem
could provide about 70 pounds of additional thrust - the equivalent of 70 horsepower at 300 mph -
almost for nothing. It was a useful addition, which would increase the speed of the prototype to about
360 mph. Early 1938 saw a series of night flights that resulted in a landing accident on 15 March,
though the damage incurred was relatively minor and was quickly repaired with the aircraft ready for
flight by 19 March, just three days after the incident.

In the meantime, however, the importance of the pr ototype had been eclipsed by the maiden flight of
the first production Spitfire, K 9787, on 15 May. The main task of the prototype was now to prove the

effectiveness of modifications considered for production aircraft, the most important of which were the

modifications intended to solve the nagging problem of providing sufficient gun heating at high altitude.

With the successful completion of the gun heating tests, K 5054 ends its role in the development of
the Spitfire.

The flying career of K 5054 came to an end on 4 September 1939, the day after England entered the
Second World War. The aircraft suffered serious damage while landing, the pilot succumbed to his
injuries two days later, and K 5054 was never repaired afterward.

Serial Production

In 3 June 1936, before the service trials of the prototype Spitfire had really begun at Martlesham, the
Air Ministry had placed an order for 310 examples of the new fighter. Eight weeks later, at the end of
July, the Air Ministry issued Specification F.16/36, which set out the respects in which production
Spitfires were to differ from the prototype. The most important details concerned the revision of the
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wing structure to make it stiffer and raise the maximum limiting speed to 450 mph (indicated), 70 mph
higher than t hat of the prototype. Other important changes to the airframe were that the fuel tankage
was to be increased from 75 gallons on the prototype to 84 gallons on production Spitfires, and the
flap travel was increased from 57 degrees to 85 degrees. Apart from the changes demanded by the Air
Ministry, there were those incorporated by the company to ease the complex task of mass production.
In the production of the aircraft, several parts were to be forged or cast rather than built up from
separate pieces, and much more extensive use was to be made of pressings and extruded sections.

S

Figure 5: Spitfire Mk | Cockpit

In February 1936, shortly before the prototype made its first flight, Sir Robert McLean (the Chairman
of Vickers Aviation Ltd.) had said his firm would be able to begin production of the new fighter 15
months after the placing of the order, at a rate of fi ve aircraft per week. Soon it became clear that the
firm did not have enough productive capacity to provide the required production rate. The Supermarine
company employed about 500 people and was engaged in fulfilling orders for 48 amphibious vehicles
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and 17 flying boats for the RAF. The simple fact was that the small company did not have resources to
be able to fulfill the large order it had landed. Fortunately, a solution was found relatively quickly:
subcontract part of the work; thus in November 1936 Ge neral Aircraft Ltd at Feltham received an order
to build Spitfire tails. The production program was revised and it was now planned to build four Spitfires
in December 1937, 6 each in January and February 1938, eight in March and ten each in April and May.

Not until 15 May was the first production Spitfire, K 9787, ready to fly. Jeffrey Quill took it up on that
day and found it was all that had been expected, and with the extra 28 degrees of flap travel it came
in steeper than the prototype and was easier to land. Subsequent flutter tests at Farnborough revealed
that the aircraft could be taken up to 470 mph indicated airspeed, 20 mph more than the Air Ministry
had demanded. Now the Spitfire could dive faster than ever before, Jeffrey Quill discovered a new
problem: at speeds above 400 mph indicated, the aircraft's ailerons became almost impossible to move.

On 19 July the RAF receive its first production Spitfire, K 9788 the second in the batch, which was
delivered to Martlesham for trials. It was followed by the first production aircraft K 9787, on the 27th.
On 4 August No 19 Squadron at Duxford, which was to be the first unit to receive the new fighter,
received its first Spitfire K 9789; K 9790 arrived on the 11th and K 9792 on the 16th.

Only two Spitfires were delivered to the RAF in September 1938, but in October there were 13 and
production continued at this rate until the end of the year. By the beginning of 1939 a total of 49
Spitfires had been delivered to the RAF. Although the new fighter was now coming off the production
lines in useful numbers, the aircraft was still deficient in one important respect: the early production
Spitfires lacked gun heating, which meant their guns could not be relied upon to fire at high altitude.
Gun heating was built into production aircraft in early 1939, when 60 of the new fighters had been
already delivered.

With the war clouds gathering over Europe it was clear that far more Spitfires were going to be needed
than could be built at the Supermarine plants around Southampton. Work on building the new plant
began in July 1938; it would play an important part in the Spitfire story, but later.

In Service

On 19 July 1938 the first Spitfire to be delivered to the RAF, serial K 9788, arrived at Martlesham Heath
for trials. Eight days later it was followed by the first production aircraft, K 9787. No 19 Squadron at
Duxford was chosen to introduce the new fighter into service and its first aircraft, K 9789, arrived on 4
August. Two further Spitfires were delivered in August and No 19 Squadron and No 66, a sister
sguadron at Duxford earmarked to receive the new fighter, were ordered to undertake intensive flying
trials with a couple of Spitfires. The purpose of these trials was to discover any bugs that had not been
ironed out of the aircraft.
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Figure 6: Spitfire Mk V in Flight

The test-pilots at Duxford were greatly impressed with the Spitfire and considered it a major

improvement over the Gauntlet biplanes they had flown before. But there was room for improvement,

as according to the memoirs of one of the test -pilots, there were a number of critical issues: the engines

of these first Spitfires were difficult to start, because the low -geared electric starter rotated the propeller

blades so slowly that when a cylinder fired there was usually insufficient push to flick the engine round

to fire the next. The early Merlin engines leaked oil terribly; it would run from the engine, down the

fuselage and finally get blown away somewhere near the tail wheel. Another problem was what the

pilot s called ' Spitfire Knuckle': when pumping up the und:ée
knuckles on the side of the cockpit. There was also another problem for the taller pilots, who were

always hitting their heads on the inside of the low cockpi t canopy.

All of these problems had been pointed out by the Supermarine test pilots, and modifications were in

hand to address them. A higher speed starter motor solved the engine starting problem. A new bulged

canopy provided the necessary extra headroom for the taller pilots. An engine driven hydraulic system

to raise and lower the undercarriage did away with the need to hand pump, and thus the resultant

6Spitfire Knuckle' was no longer a concern. These improv
line early on. The improved oil seals for the Merlin took longer to bring in, and indeed leaking oil was

to remain a problem throughout the engine's long career.

New Spitfires arrived at Duxford from the makers one at a time at irregular intervals. And it w as
December 1938 before No 19 Squadron had its full complement of sixteen Spitfires. During the early
months of 1939 the rate at which Spitfires left the assembly hangar at Eastleigh increased steadily; in

May there were 41. The first 77 production Spitfir es were delivered with the two -bladed wooden
airscrew. From the 78th aircraft the de Havilland three -bladed metal airscrew was fitted as standard.
By then all new aircraft had the bulged cockpit canopv; and production Spitfires were being delivered

with th e hot air ducting in the wings to keep the guns warm at high altitude.

By the late 19305, bombers were beginning to appear carrying armor protection for the crew and vital

parts of their structure. Something heavier than the .303 -in Browning gun would be necessary to
penetrate steel armor of any thickness. The weapon selected by the Royal Air Force for its fighters was
the French Hispano 20 mm cannon, which had the best armor penetration capability of any weapon of
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that caliber then available. In July 1939 a Spitfire, L 1007, was tested at Martlesham fitted with two 20

mm Hispano guns each with 60 rounds, in place of the eight Brownings. The early service career of
the Hispano gun in the Spitfire, however, was a sad tale of frequent stoppages and failures, a s the
cannon tended to shake itself and the feed system apart during firing; nevertheless, further experiences

in combat would eventually prove that the Hispano was a very effective weapon when it works.

When war came, in September 1939, a total of 306 Spitfires had been delivered to the RAF. A further
71 Spitfires were held by maintenance units, either for fitting of operational equipment or awaiting
delivery to operational squadrons to replace losses; 11 of these fighters were being employed for trials
work and one was being flown at the Central Flying School. The remaining 36 Spitfires delivered before
the war had all been written off in accidents.

The Spitfire first saw action against the Luftwaffe on the afternoon of 16 October 1939, when two 3 -
aircraft sections from No 602 and 603 Squadrons engaged nine Junkers 88 bombers of
Kampfgeschwader 30 trying to attack Royal Navy warships in the Firth of Forth. The Spitfires broke up

the attack, claimed at the time to have been made by 'Heinkel 111s'. Squadron Leader Ernest Stevens,
commanding No 603 Squadron, shot down one of the bombers into the sea off Port Seton and the

section from No 602 Squadron got another off Crail. At least one other Junkers 88 was damaged,

without loss to the Spitfires.
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Figure 7: Pair of Spitfire Mk IX aircraft

For the rest of 1939 and the early part of 1940 Spitfires saw infrequent action during the rare occasions
when German bombers and reconnaissance aircraft came within range of their bases in England.

In May and early June 1940, in the period leading up to and during the Dunkirk evacuation, the Spitfire
first encountered its German equivalent, the Messerschmitt 109E, over northern France, Belgium and
Holland. Still no Spitfire fighter squadrons had been based outside Britain and the fighters had to
operate near to the limit of their radius of action from airfields in southern England. Nevertheless, the
fighter proved itself well and its appearance came as a nasty surprise for some of the Luftwaffe units
operating in the area.
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Spfire Mark IX

Early 1942 saw the introduction of the superb German Focke-Wulf 190 A on the Channel front, which
took the RAF by surprise. The next planned Spitfire generalpurpose fighter, the Mk VI, incorporated

several refinements developed in the previously developed Mk Il prototype, and extensive re -tooling
was necessary to get production underway. The main improvement of the Mk VIII, however, laid in

the introduction of the new two -stage two-speed-supercharged Merlin engines, but this aircraft
involved a significant redesign of the basic Spitfire, and it would take time to produce in the numbers

required. The most expedient solution to make these available to the RAF was to adapt the readily
available Mk V airframe to this engine.

The Mk IX came into being as an impromptu countermeasure against the Fw 190 A. The first Mk IX

was basically a slightly strengthened Mark Vc airframe coupled to a heavier and more powerful Merlin

61 engine (fitted with a two -stage supercharger and intercooler). A four-bladed propeller was installed

to harness the increased horsepower. Apart from the | on
feature was a revised system of underwing radiators (which featured two symmetrical, oblong section

radiator housings, one under each wing). Early-production Mk IXs retained the rounded fin and rudder

tip of the Mark V. However, the torque produced on take -off by the new, powerful engine was so great

that it was necessary to introduce the broad -chord, pointed-tipped rudder. Early Mk 1Xs, fitted with the

6C6 type wing, were armed with t wo-inZrachinengunsiiMangano cannon
late-mo d e | Mar k | Xs, fitted with the O6E6 type wing (which
ineffective 0.303s for two 0.50 -in Browning machine guns (one per wing), mounted inboard of the 20

mm cannons.

Figure 8: Mk IX on the airfield at RAF Northolt

A few late Mk IXs had the cut-down rear fuselage and teardrop hood seen on other late-mark Spitfires.
The Mk IX lost nothing of the Spitfire 6 s f amed maneuverability, whilst it off
climb and speed than Mark V. At altitudes above 20,000 feet the Mk IX was outstandingly better than
its predecessor. A comparative trial revealed that Mark IX and Fw 190 were closely matched in terms
of performance. So great was the Mk | X6s success that t&h
solution, eventually became the second-most produced Spitfire variant. Throughout its service life the
Mk IX was extensively modified, both inte rnally and externally. The three main sub-variants were: F
Mk IX (powered by 1,565 hp Merlin 61 or 1,650 hp Merlin 63 engines), LF Mk IX (1,580 hp Merlin 66)
and HF Mk IX (1,475 hp Merlin 70). The LF (Low-Altitude Fighter) variant, which entered service in
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early 1943, frequently featured the so-called clipped wings (reduced wingspan for enhanced
maneuverability).

Initially (and unofficially) the standard F variani
I Xbéd. The LF de s isgnevehatmisleandingdos this variant attaired it maximum speed

at 22,000 ft (the standard F variant at 28,000 ft). Series production of the standard Mk IX went

underway in June 1942. No 34 Sgn RAF at Horn church was selected as the first for conversion, taking

deliveries the same month. No 611 Sqn RAF followed the suit in July, Nos 401 and 402 (Canadian)
Squadrons in August, and No 133 (US Eagle) Squadron in September. In the Mediterranean Theatre of
Operations the premier unit to re -equip with Mk IXs was No 81 Sgn (in January 1943), at that time

stationed in Algeria, followed shortly by No 72 in Tunisia. In Spring of 1943, the 31st and 52nd Fighter

Groups of the USAAF- the two American Spitfire outfits operating in the theatre i received shipments

of Mk IXs (and operated them well into 1944, before converting to P -51 Mustangs).

o e

Figure 9: Spitfire Mk IXs in Formation

Summary

From spring of 1935, when the prototype assembly began, until February 1948, when the last Mk.24
was built, about 20,400 Spitfire s were produced. (No consensus exists as to the exact number). This
number does not include the Seafire variant, which remained in production until March 1949.

The story of the Spitfire might have turned out differently, had its creator, Reginald Mitchell, still been
alive. Mitchell's character was that of an innovator, not a continuer. Most likely, he, much like Sidney
Camm of Hawker, would have created a number of new and different aircraft instead of squeezing all
the juice from the Spitfire. In any case , the Spitfire saw action from the beginning of the war until its
very end, and the Spitfire Mk.24 was regarded as one of the world's best piston engine fighters.

Compared with its prototype, the Mk.24 was a third faster, had twice the rate of climb, andi ts weapons'
burst mass was five times more. In addition, the Mk.24's takeoff weight, in comparison with the
prototype's, increased by 3080 kg, which, according to airline rules was equal to the mass of30
passengers (assuming 20 kg of luggage per passenger) These figures give an idea of how far the
development of the aircraft has gone.

The history of the Spitfire is closely linked to the development history of the Merlin and Griffon engines.
The power of the 27 -liter Merlin increased from 1000 to 1600 HP, while engine weight increased by
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only 15%. After some slight modifications, the aircraft received an upgrade: the 37 -liter Griffon engine
with a power of 2230 HP. At the same time, its updated engine's mass was only 30% more than the
weight of the first Mer lin.

Such is the technical history of the Spitfire. But this aircraft was not only a machine of war. For the
British and other Commonwealth citizens, the Spitfire was a symbol of the defense of Britain in the
difficult days of 1940, and by war's end had be come a symbol of victory.
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Spitfire Development Diagram
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[Spitfire 1X
AIRCRAMERVIEW

Basic Informations

The Spitfire models IX, XI and XVI had specific letter prefixes which indicated the operational altitude
and role.

Fi Fighter

PRi Photo Reconnaissance

LT Low

Hi High

The addition of the letter (e) indicated a change in the ar mament. Instead of being equipped with four
7,69 mm guns, these versions had two 12,7 mm MGs. Besides, all versions had the same structural
shape.

Variant Key features

FIX Engine AIMERLIND 61, 63 or 63A; two cannons caliber 20 mm .4 machine guns 7,69
mm.

LF IX Engine AMERLING666; two cannons caliber 20 mm .4 machine guns 7,69 mm.

LFIX (e) Engine IMERLING 6; dwo cannons caliber 20 mm., 2 machine guns 12,7 mm.

HF IX Engine AMERLIN7 O; dwo cannons caliber 20 mm., 4 machine guns 7,69 mm.

HF IX (e) Engine AMERLIN7 O; dwo cannons caliber 20 mm., 2 machine guns 12,7 mm.

PR XI Engine AMERLIND 61, 63 or 63A or 70, photo-reconnaissanceequipment.

F XVI Engine AIMERLIN2660; two cannons caliber 20 mm., 2 2 machine guns 12,7 mm.

The 61 and 63 (A) versions of the MERLIN engine were equipped with the S.U. carburetor. The 66, 70
and 266 variants wer e e3JTuR (pMBEHR<Setaburétdre A BENDI X

All variants were equipped with a 4-blade ROTOL propeller.
The late Mk IX and XVI modifications had special teardrop-shaped fairing and cab lights.

Construction

The Spitfire is a cantilever monoplane of an all-metal construction with a lower wing position. The wing
consists of three parts: the center section, integrated into the fuselage, and two detachable consoles.
The shape of the wing is elliptical with a suff iciently thin profile (thickness ratio of 12.6% at the root
and 9.57% in the middle). There are two spars, but the frontal spar is significantly stronger than the
rear spar and assumes almost the entirety of the load. The thick lining attached to the front spar
contributes to an increase in torsional rigidity. The rear spar also works towards torsion and serves for
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fixing the ailerons in place. The ailerons are Frise type and are of an all-metal construction. Located
under the wing are the pneumatically -driven Shrenk type flaps, divided into inner and outer sections.

Truss ribs are present in the aircraft. The metal wing sheathing is load -carrying, smooth, and
countersunk riveted. Wing tips are available in three types: standard (rounded), short (almost
rectangular), and elongated/tapered. Aircraft fitted with shorter wingtips often had a spare set of

standard wingtips included.

The fuselage is semimonocoque, which means it has a skeleton comprised of frames, spars and
stringers enclosed in a metal shell which receives part of the load. The cross-section of the fuselage is
of an elliptical shape. In the nose section of the fuselage, the sheathing is mounted in place by
countersunk rivets, while in the tail section this function is performed by rivets with le ntiform heads.
The cowl panels are removable.

The layout of the fuselage was a classic for single-engine fighters of its time. Located in the front was

the powerplant comprised of the engine and propeller, and behind it, two gas tanks separated by a

fireproof bulkhead. Just behind the second bulkhead was the cockpit, which is closed off by a Plexiglass
glazed windshield that had a rail-mounted section that slid back. The main feature of the Spitfire canopy
was its convexity: the bulges went 80 mm in each di rection, providing the pilot improved vision of the

back and sides. The pilot could look back and through the rear-view mirror mounted on top of the

visor. The visor itself had flat surfaces on the front and sides that provided a clear image free of

distortion. The central section of the visor was made of bulletproof glass. Entry to the cockpit is by

means of a downwards-opening door on the left side of the aircraft. The sliding section of the canopy

can be locked in place in any intermediate position. In e mergency situations the canopy can be
jettisoned instead of slid open - for which the pilot would simply pull the handles and then push the

canopy slightly upwards. Then he would pick up the incoming air flow. Oftentimes however the handle

would be torn wh en the pilot pulled on it, with the canopy remaining in place. For these situations, a

crowbar is located in a niche to the left of the cabin door would be used to shatter the canopy.

The pilot sat in a chair made of plastic (Bakelite), well above the floo r of the deep cockpit. The chair
was composed of four stamped parts held together by duralumin plates. An Irvin parachute was fitted
into the seat pan. The seat height could be adjusted by means of the handle located to the right of the
pilot. Seat belts were equipped with a spring-retraction system. The pilot could loosen the straps to
move forward and then pull back. The rear areas of the pilot seat (the back of the headrest and spinal
section) were covered in armor sheets with a thickness of only 5 mm (c apable of being penetrated
even by German 7.9mm armor-piercing bullets). The pilot flew the plane by a so -called "Spadetype"
control stick (with a gimballed upper section) and rudder pedals. English pedals were "two -stage."
Typically, the pilot's feet would be resting on the lower part, but during combat, when energetic
maneuvers required great effort from the pilot, the pilot would begin to use the upper sections. The
seventh frame, located behind the pilot's seat, is reinforced in order to perform the fu nctions of the
crash pylon.

The dashboard has two sections. The main panel is made of 6 mm thick fabric-based laminate. On it
are the devices for motor startup and miscellaneous backup controls. The navigation devices are on
the aluminum panels, mounted on spring shock absorbers in the center of the main board. The compass
is located separately on the bracket under the dashboard.

There were no heating systems onboard the spitfire. There were provisions only for the electric heating
of the pilot's clothes and gloves, for which the pilot must use special wired gloves and insoles in his
flying boots. This system was ultimately unreliable and seldom used. Cabin ventilation was carried out
through the hatch on the right side in front of the wind shield. By turnin g the knob of the adjusting
screw, the pilot could regulate airflow.
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Behind the cockpit was an additional fuel tank (installed separately), as well as various electrical and
radio equipment. These were accessed through a hatch on the left side. AImost the entirety of the tail
section of the fuselage was empty. To compensate for the increased weight of the engine compartment
in the frontal section, the aircraft battery and oxygen tanks were moved to the tail section.

The 19th frame is double, this place is actually the juncture of the fuselage and the detachable tail
section (integrated into the tailfin.) The 20th frame goes up to the top of the tailfin, turning in its spar.
The tail has a frame made of aluminum alloy and the same casing. The cantilevered stabilizer with an
elliptic planform is comprised of two halves connected together inside the rear fuselage. It is set parallel
to the axis of the aircraft. The tailplane frame and sheathing are all composed of an aluminum alloy.
The aerodynamic profile of the keel and stabilizer are also symmetrical.

The rudder and trimmers also have a metal frame, but are covered with a cloth soaked in lacquer.
Handlebars are horn-balanced. In the earlier models of the aircraft, the rudder had rounded top. Later
models introduced a wider rudder with a pointed end to compensate for the increased torque produced
by the propeller. Late Spitfire IXs also had elevated horn-balances for their elevators.

Installed on the Spitfire IXs are various modifications of the Merlin 60 Series engines - 61, 63, 66 and
70, all with differing nominal altitudes. The Merlin engine itself was a 12 -cylinder liquid-cooling V-
engine with a working volume of 27 liters. The motor was mounted on a frame of tubular construction,
combining welded, riveted and bolted connections. On the 61 and 63 models were the older float -type
carburetors, while types 66 and 70 had the American floatless/membrane Bendix-Stromberg
carburetors with automatic control of mixture quality (height adaptation). All of these engines had
gear-driven two-stage centrifugal-type superchargers. The first speed worked regularly, while the
second speed would automatically activate at predetermined altitudes.

The motor is cooled with a mixture of glycol. It would circulate in the intermediat e heat sinks that
cooled the air between the supercharger steps, as well as the fuel mixture right before it entered the
cylinders. The system's expansion tank was mounted on the engine gearbox. The radiators of the
engine cooling systems, supercharger, intermediate radiator and oil system are housed in two
symmetrical boxes located under the wings. Under the right wing was one section of the engine radiator
and the oil cooler. Under the left wing was the supercharger radiator and the second section of the
motor cooling system radiator. The radiators themselves were of a tunnel type. Adjustment of the
radiator scoops was automatic, performed by the thermostat. Interestingly, the system blocked the

activation of the second stage compressor at temperatures close to the maximum -1 1 5 A . (Ss.

& L Voll Sect 8 para 42.) The switch is mounted on the front section of the intercooler and is connected
to the supercharger actuation. The supercharger would be forced back to first speed (M.S.) in case
temperatures reached maximum allowable values.

The air for the carburetor is sucked out of the socket from under the wing center section. During dusty
takeoff conditions it is covered by an air-gate, and air intake is carried out from the engine
compartment. Aircraft later series were equipped with an additional filter, and because of this the air
intake was moved forward.

The engine was a system of individual (one per cylinder) jet exhaust pipes, the thrust of which slightly
increased flight speed.

Aircraft equipped with Merlin 66 engines used R12/4F5/4 propellers with wooden blades. The propeller
has four blades, with automatic pitch variation.

60 Series motors were fed high-quality 100-octane gasoline. In the Soviet Union, imported fuel was
used, or in its absence, 88 octave leaded petrol 4B-70. While the English engine didn't explode from
the use of this fuel, it was nevertheless incapable of reaching its maximum power.
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Fuel was stored in three fuselage tanks. Two of them are located in front of the cockpit in a
compartment between two fireproof bulkheads. Lying on the ribs, the bottom self -sealing fuel tank
with a capacity of 168 liters was considered the main fuel tank, as the engine drew fuel from it. From
the upper non-self sealing tank with a capacity of 218 liters, fuel dripped into the lower tank by means
of gas pressure. THe upper tanks are covered by a steel armor plate with a thickness of 4 mm. The
third tank (not mounted on all series) was installed behind the seat of the pilot. It had a capacity of
132 liters and was used only in conjunction with a large external tank as its filling greatly disturbed the
aircraft's balance.

The fighter could carry four types of external fuel tanks. Tanks with a capacity of 135 liters, 205 liters

and 410 liters had the form of a trough and lied close to the lower wing centersection. In this case, the

suction pipe in the tank was allowed passage. In jettisonning these tanks, they would first slide

backwards along rails, after which they would swing downwards. The fourth typ e of tank in the form
of a cigar had a capacity of 227 L and was suspended on the bomb racks under the fuselage. Switching
on fuel feed from the external tanks could only be done at an altitude above 600m.

The Spitfire undercarriage looked pretty unconventional. The main landing gears do not fold inwards
in the direction of the fuselage, instead folding outwards to the ends of the wing. This allowed for a
thinner wing, but limited track length to 5 feet 8.5 inches, making the airplane fairly unstable onun even
floors. The undercarriage was deployed and retracted by means of a hydraulic system, the pump of
which is mounted on the motor. In case of pump failure, the undercarriage was deployed by means of
compressed carbon dioxide stored in a tank in the cockpit. The landing gears are equipped with Vickers
hydropneumatic shock absorbers. Wheels with a size of 600x170mm in the extended position stood
with a small collapse which was almost imperceptible to the eye. They are equipped with Dunlop air
brakes. In the retracted position, the wheels fit into a niche of the main panel spars. The gear leg and
about half of the wheel was closed off by a flap mounted at the gear leg. The tail wheel is free -moving,
capable of 360A rotation. drda-meuinaigshocksabsarbes imtheepiyi pped wi t h
series of Spitfire 1Xs, the tail wheel did not retract, while in latter models the rear gear leg folded
upwards and fit into the fuselage, closed off by hinged doors on each side of the hatch.

The pneumatic system, fueled by a Heywood SH-6/2 onboard compressor, controlled the landing lights,
wheel brakes, flaps, radiator scoops, weaponry, and the activation/deactivation of the supercharger
second-stage. The compressed air is stored in two cylinders located on the left side of the cockpit.

The fighter's electrical power source is a 750-watt generator on the engine and a 40 amp -hour battery
located in the fuselage rear. Energy consumers are the landing lights (retractable, placed under the
cockpit floor), the navigati on lights, radio equipment, cabin lighting and gunsight lighting, as well as
the various signaling devices. The electric starter for motor startup was powered only by airfield
batteries, transported on a special trolley. The socket for use of an external p ower supply was at the
eighth frame under the wing fairings. During emergency takeoff from an unprepared airfield, a Coffman

combustion starter was used to start the engine. Network voltage is equal to 12W.

The Spitfire IX had a de-icing system that used a mixture of distilled water and ethylene glycol to wash
the canopy visor. The sprayer was mounted in the bottom edge of the visor. The system was driven
by a manual pump placed on the starboard side of the cabin.

At high altitudes, pilots used oxygen masks. The oxygen was stored in a 6 liter cylinder at the tail of
the aircraft. The English gas system dispensed oxygen not constantly, but periodically, depending on
pilot needs.

The fighter was equipped with a VHF radio, types TR-1133, TR-1133A or TR-1143. TR-1143, the latest
model at the time, was matched with an A.1271 radio navigation device, which itself is a primitive blind
landing system. The radio station was mounted on a retractable platform which greatly facilitated its
maintenance. In England, the machine essentially had an A.R.I. 5025 IFF transponder, with a R-3067
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transmitter. Its unit was mounted on brackets on the left side next to the tail. These transponders were
considered confidential and were supplied with an explosive charge rigged to self-destruct. Pilots forced
to land in enemy territory were ordered to destroy the device. The main radio used an antenna
stretched which extended upwards behind the cockpit canopy and ran towards the tip of the keel. The
mast was based on the crossbar of duralumin profiles under the fairing. The transponder antennae
went from the fuselage sides to the ends of the stabilizer.

The Spitfire IX's armor protection was rather lackluster. Generally, it consisted of 5.4 mm thick steel
plates that protected the pilot's back, knees, and back of the head, as well as the upper fuel tank. A
visor of bulletproof glass with a thickness of 38 mm was mounted on the canopy windshield. The
bottom and sides of the fuel tanks and ammunition compartments are closed off by duralumin p lates
of 3-4mm thickness.

The aircraft weapons were of two types - C and E, depending on the wingset installed on the fighter.
In the first case, the aircraft panels usually housed two British Hispano 20 -mm cannon with a reserve
of 120 rounds on the barrel and four Browning 7.69 calibre machine guns with a supply of 350 rounds
per gun. The guns were mounted close to the fuselage, just behind the niches of the chassis. The
barrels extended behind the leading edge and were closed off by a fairing. The cartrid ge feed
mechanisms could not fit within the profile of the wing; designers were forced create small teardrop -
shaped protrusions for this reason.

Machine guns were mounted farther away from the axis of the aircraft - between the reinforced ribs.
For the convenience of placing their ammunition boxes the guns were moved longitudinally by 152
mm. Access to the guns is through hatches with hinged lids located on the underside of the wing. To
improve gun cooling, pipes were mounted on the gun barrels - the front edges of these pipes were
shaped in the form of the wing. For protection against dirt and dust before flight, as well for the
improvement of the aircraft's aerodynamic characteristics, the holes in the front edge of the wing were
sealed up with percale and covered with red lacquer. The first shots fired would then break through
them. The machine guns were fed from boxes by sectionalized metal belts. These used-up belts and
cartridge cases were ejected from the aircraft through gaps under the wing.

But in some rare models, instead of machine guns, two more cannons were mounted on the aircraft.
In this case, the ammunition counts were 145 rounds for the inner guns and 135 for the outer guns.
The Spitfire IXC could also mount a bomb weighing up to 227 kg on the underside of the fuselage.

The reinforced wing type "E" allowed for more powerful weapons. One cannon with a reserve of 120

rounds and one 12.7 mm machine gun with 250 rounds could be mounted on each wing. The Spitfire

IX also saw the implementation of underwing bomb racks; thus total bomb load could be raised to 454
kg. Usual loadouts saw a bomb weighing 227 kg mounted under the fuselage and an additional two
weighing 113 kg mounted under the wings. Munitions used were of the following types: high -explosive,
fragmentation, incendiary, armor -piercing high-explosive and smoke - of both English and American
production. Spitfire IXe also saw the use of rocket weaponry - a pair of unguided 76 mm rockets.
Depending on the weight of the warhead, these rockets c ould weigh 11.3 kg or 27.2 kg. In either case,

the IX could have a combat load of two rockets and one 227 -kg bomb.

The weapons compartments were warmed in-flight with warm air, which first passed through the
radiator. Aircraft with wing type "C" also used air for heating the machine guns, first heated in the
exhaust system of the engine.

The Spitfire had an electropneumatic weapons control system. In earlier series of the aircraft, aiming
was done through a GM 2 collimating optical sight, and in later series through a Mk.IID gyroscopic
sight. This sight made it possible to preset the range of opening fire and target characteristics (i.e.
target size already known to the pilot.) Result monitoring was provided by the G -45 or G-42B camera
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gun mounted at the roo t of the left wing. The camera gun could be activated simultaneously with the
cannons and machine guns, or separately from them.

The on-board equipment includes the Plessy sixbarreled signal rocket launcher system, with differing
rocket colors for varying code messages. They were fired up by means of electrical signals. A supply
of water, emergency rations in a sealed tin, and an inflatable raft with a tank of carbon dioxide (in the
event of an emergency landing) were also included on board.

Figure 10 : SPITFIRE Mk. IX with standard wingtip

Specifications
Specifications for the SPITFIREIX are:

1 Wingspan

- standard wings 36 ft 7 in

- clipped wings 32 ft 7 in

Length 31.5 ft

Height:

- To top of propeller 11 ft 8 in

- To center of propeller spinner: 6 ft 31 in
- To wingtips: 5 ft 4 in (approx)

Propeller clearance: 11 in

=4 =4 =8 —a_a_a

Fuselage
1  Width (max): 3 ft 6in
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1 Length (overall) 20 ft 10 in
1 Height (max): 6 ft 9in

Wings:

Wing profile: N.A.C.A. 2200

Average chord: 7 ft 1 in

Incidence: 2 A a®. 5Aoat wingtip
Dihedral: - 6 A

Wing areaincludinga i | er
Ailerons, total: 18.9 f
Flaps total: 15. 6 f t ]

ons and flaps: 242 ft]
t]

=4 =4 =8 A _a_a_n

Tail:

Span (over elevators): 10 ft. 6 in

Chord (max): 4 ft

Incidence: 0 A

Lateral angle: O0OA

Area including elevators: 31.46 ft]
Elevators, two, with timmingtabsl: 13. 26 f t |

Trimming tabs,each: 0. 38 f t |

=a =4 =8 -8 -a_a_A

Fin and rudder:

T Fin area: 4.61 ft]
1 Rudder area with timmingtab : 10 . 7 f
t

t
T Tri mming tab: 0.7 ft]

Gear.
T Track 5ft8.5in
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AIRCRAESBIGN
Main elements

41|40/ 39 3837 36
1. Wingtip

2. Aileron

3. Rightwing

4. Header tank (cooling tank)
5. Engineit ME R1616 1%

6. Exhaust manifolds

7. Generator

8. Upper fuel tank

9. Lower fuel tank

10. Engine struts

11. Flameproof bulkhead

12. Windscreen

13. Jettisonable hood

14. Instrument panel

15. Pilots access door

3534333231

17

18 119 20 | 21 || 22

23

24

25

29 || 28

Figure 1 1: Aircraft structure

16.
17.
18.
19.
20.
21.
22.
23.
. Tail portion main plane fillet
25.
26.
27.
28.
29.
30.

24

Access door radio compartment
Tail

Elevator

Tail unit

Rudder

Rudder trimming tab

Elevator trimming tab

Tail wheel unit

Main plane attach fitting, rear
Browning guns bays
Magazine door

Main wheel

Main wheel leg strut fairing
Hispano gun fairing
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31. Hispano gun 37. Engine mounting
32. Main wheel strut 38. Suppressor

33. Hispano gun adjusting ring 39. Oiltank

34. Top boom main spar 40. Rotol propeller
35. Jettisonable fuel tank 41. Spinner

36. Root attach main plane front spar

Fuselage

The fuselage is of an all-metal semi-monocoque construction, designed with a load-carrying skin and
detachable tail section. The fuselage may be divided into three parts: front, main and rear. The frontal
section houses the fuel tanks, and just behind the tanks is the pilot's cockpit which is closed by a
jettisonable sliding canopy made of transparent material. Transparent glazing is also present behind
the cockpit and in the upper part of the fuselage for better rear visibility. The canopy windshield is
reinforced with armored glass in the central part. To enter the cockpit, a hinged door is on the left side
of the fuselage, attached to the main fuselage spar. Behind the visor in the cockpit are rails for the
gunsight light filter which is used by the pilot to minimize glare in very bright conditions. In normal
conditions, the gunsight filter is kept in the retracted position mounted on the rails under the canopy
windshield.

Hatches for maintenance of the components of the aircraft are found on the skin of t he fuselage.
Mounts for equipment and controls are present inside in different places of the aircraft structure. Armor
plates are also installed behind the fireproof bulkheads as well as behind the pilot seating.

The fuselage consists of five spars: two lower spars, two main spars, and one upper spar, and and 15
frames, numbered from 5 to 19. The frames on the frontal part of the fuselage until the 11th are open

and U-shaped, followed by closed frames. The lower spar is box-shaped, formed by two angle bars
from the 5th to the 10th frame. After the 10th frame, the lower spar has a V -shaped profile. The main
spars are located at the centerline of the fuselage and have a U-shaped profile. Both spars are
reinforced by steel sections with a thickness of 1.016 mm. The right side spar is reinforced from the 5 -
th to 7-th frame, while the left side rail is reinforced from the 5 -th to 6 inches from the 8 -th frame.
From the 14 th to 19 -th frame, the main spars are of a Z -shaped profile. The upper spar is V-shaped.
The main spars have leveling points on the sides of the cockpit for spirit leveling. The covering is of a
duralumin alloy, covered with aluminium, riveted to the frames and supported by Z -shaped stringers.

The tail part of the fuselage is detachable and consists of the tail and and stabilizers. The tail section
is bolted to the fuselage on the 19 -th frame.

For convenience of description, the fuselage can be divided into three parts: front, main and rear.
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Figure 12: Fuselage scheme

Frorart

Begins with the 5th frame, which is also the firewall until the 11th frame. In the front part are the fuel
tanks and the cockpit. The 8th frame forms a closed loop, and in the middle of the top of the frame
are mounted two strut supports, which are connect ed to the nodes connecting the motor and the main
spars on the 5th frame. Installed after mounting the bottom of the fuel tank.

The fireproof bulkhead is attached to the 5th frame. Four bars which form the hinge of the front wing
spar are mounted at the bottom of the 5th frame. The mount for the of the auxiliary wing spar is
installed in the bottom of the 10th frame. The spar mounts are located behind the fuselage skin.

The fireproof bulkhead consists of a sheet of asbestos located between the two metal sheets and
reinforced by vertical and horizontal load-bearing elements. The armor plates are bolted to the back of
the upper part of the bulkhead.

The top mounts of the engine mount are bolted to the main spars and struts. The bottom nodes are
attached to the lower longerons and to the beam forming the fuselage portion of the main wing spar.

The bottom of the 6th and 7th frames are covered with a layer of cork and are the supports for the
bottom of the tank. Frame #9 is supported in the lower part by one tr ansverse and two diagonal
elements that go up to the 8th frame and support th q pedal nodes. The cabin mount is installed
between frames 8 and 11. A load-bearing element (which is also the support for dashboard) of an
arcuate shape supports the cabin mount on frame 8. The pilot access door attached by the lower part
to the main spar is installed on the left side of the fuselage between frames 9 and 10. The top of the
door has two two -position locks that hold the door in the closed and half -open position. The lock lever
is located closer to the frontal lock. Turning the handle forward and down opens the locks. The canopy
sliding rails are installed on the top of the doors. The half-open position of the canopy sliding door is
designed such that it will not sudd enly close and hurt the pilot even during an emergency landing.

Frame 11 is of a closed ovalshape and has transverse and diagonal stiffeners to which the pilot
seating is attached. Armor plates are mounted to the top of the frame on four studs and curled nuts.

Maipart

The main part is formed from frames 11 -19. The frames are of a closed oval-shape, having identical
structures, characterized by a decrease in size further down the aircraft body (towards the tail section).
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Between frames 11 and 12 the upper part of the fuselage skin is made of a transparent material to

improve rear visibility. Mounted under the transparent part of the fuselage sides are the canopy's sliding

rails. On the starboard side of the cockpit, the rails mounted on the edging. Reinf orcing elements are
mounted between frames 12 and 13, the crossing of which supports the radio antenna mast. Load
balancing elements are found between frames 17 and 18 to compensate for the increased weight of
the engine.

Taipart

Integrates with the tai | fin and is detachable. The tail section is attached to the 19th frame using 52
bolts placed on the frames and four pins on the lower side longerons. The 19th frame is made of an
angle bar, while the remaining frames are flat. The tailplane spar is bolted to a the reinforced 20th
frame, which is the front fin spar. The auxiliary spar of the stabilizer is attached to the auxiliary tailfin

spar to which the rudder is attached. The tailfin spars are connected to each other by ribs. The tailfin
sheath is riveted on the left side while the right side is attached by screws to the wooden elements
bolted to the ribs. The stabilizer sheathing is attached in the same way.

Canopy frame

The canopy frame is made of steel, fastened by bolts to the cabin edge. The central section of the

wi ndshield, bolted to the frame, is a bulletproof wvisor
between the glass and the frame ensures that the visor is sealed in place. The rear frame is shaped to

ensure a tight fit of the sliding canopy in the closed position.

The sliding section of the hood seals the cockpit from the windshield until frame 11, and is moved on
rails mounted on the cabin edge. On the front of the hood is a locking that holds the hood in the open
position - latching onto frame 11; as well as in th e closed position - latching onto the visor frame. The
lock is opened by turning the levers connected by a rope (for pilot convenience). Turning the levers
forward opens the lock, and the cover slides forward. Turning the levers back opens the lock and th e
hood slides back. When the aircraft is parked with a closed hood, the lock is opened by a small spring-
loaded button on the top of the visor. On the transparent part on the left side of the hood is a pane
for use in case of a dirtied windshield. The sliding part of the canopy has an emergency jettison system.
Next to the lock is a rubber ball suspended on a rope, which, when pulled, removes the brass pins from
the canopy hood.

The pilot seating is cast of a phenol-formaldehyde resin (Bakelite), with an u nderside compartment for
the emergency parachute. Mounted on the frame with an elevation adjustment mechanism (found on
the right side) on the 11th frame. The mechanism quadrant mechanism has 6 notches, with elevation
intervals of 4 inches. Armor plates are attached at the back of the seat. Seatbelts with locking system
via cable runs and spring stopper are also present on the pilot seat. A keylock is mounted on the
starboard side. When moving the lock latch forward or backward, the seatbelts withdraw from the
stopper and allow the pilot to lean without spring resistance. When returning the handle lock to the
rear position, the spring is fixed to the stopper and the seatbelts' movement is blocked.

To the top of frame 11, a cylindrical shape headrest is mount ed on the seat.
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Wing

Wing modification "C" consists of two detachable parts. Mounted on the sides of the fuselage, the wing
and the lower surface of the fuselage are coplanar. Metal Frise type ailerons are attached to the rear
of the wing closer to the t ips. Two-piece Shrenktype flaps are hung along the span of the aileron to
the fuselage. The flaps are divided into two parts at the point of fracture of the wing and are driven
pneumatically. The wingtips are removable and have space for the installation of navigation lights.

The detachable part of the wing has a spar structure: it has a main and auxiliary spar plus 21 ribs. The
sheathing is made of a duralumin alloy.

The wing mounts are found at the bottom of the two fireproof bulkheads, the lug mounts f or the
mooring are lead out to the contour of the fuselage on both sides.
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Figure 1 3: Wing structure

Maispar

The front edge of the main wing spar and formed as a single unit, which is attached to the main part
of the wing. The main spar is composed of square shelves and walls in between.The spar cap (pictured)
is formed of a steel profile of square section of reducing size, inserted telescopically. This facilitated
production and simplified the change of the spar cap sizes in scale. The wall is attached to the rear
side of the spar caps. The form of the caps vary from the square section to a tee, and ends in a corner
as it approaches the wingtip. The root of the win g spar has two clamps for connecting to the hinge
fittings on the 5th frame.
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The rib caps are made of an angular profile with diagonal reinforcing of a channel section. The ribs are
bolted to the spar, and at the wing root the rib spacing is reduced, a re inforcing elements are in place
for holding the hinge fitting of the main column.

The leading edge sheathing consists of an upper and lower part. Both parts are riveted to the ribs and
spar. Riveted to the sheathing between the ribs are Z-shaped stringers. On the bottom of the sheathing
and in the flange of the spar are hatches for access to the internal cavity.

Maiparoftheving

Consists of an auxiliary spar and ribs. The rib caps are made of a section and reinforced by diagonal
struts. The ribs of the root of the removable part of the wing are also reinforced. The auxiliary spar

consists of rib caps with an angle bar and web. The spar is divided into three sections by two ribs
extending beyond the spar for aileron linkage. A panel on the flaps is supported by load-bearing
elements of the angle bar. A mount fitting for the auxiliary spar is installed on the 10th frame.

The upper part and a large part of the lower sheathing is riveted to the flanges of the ribs and
longerons; part of the lower sheathin g by the wingtips of the detachable wing section is fastened with
screws to the wooden elements, which are attached to the ribs and spars.

Below the detachable wing section is a compartment for accommodating the undercarriage and wheels
in the retracted po sition. The compartment is sealed from the rest of the detachable section. There is
also a compartment near the roots for the radiators, which are closed off by cowlings, forming a tunnel.
Automatically controlled grates are installed at the rear of the co wling. Warm air is taken from the back
of each tunnel for use in heating the machine gun and cannon compartments to prevent weapons
malfunction due to the lubricant freezing in the firing mechanisms.

The gap between the wing and fuselage skin is closed off by cuffs.
Wingtip

One unique feature of the air craft was the presence of wingtip replacements, which could be replaced
during operation of the aircraft. In total there are three types of wingtips: standard, extended, and
shortened. Standard and extended wingtips are attached to the nodes to the wing spa rs directly behind
the aileron, while the shortened variant is fixed with screws and captive nuts to the skin. When installing
a shortened wingtip, the navigation light sockets were installed inside a rib. Extended wingtips were
rarely used on Spitfire IXs, and were seen mostly on F.IX. modification models. The shortened endings
were installed on some of the L.F. Mk. IX models. Some aircraft with shorter wingtips have an extra
fuel tank installed behind the pilot seating, however on these aircraft replacing the shortened tips with
standard ones was prohibited. However, tests in the Boscombe Down center showed that shortened
wingtips did not provide the aircraft with any boosts in its performance.
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Figure 1 4: Standard wingtips

Armaorotection

The following armor plates are installed on the aircraft :

1. Front of fuel tank, 4mm
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Fuel tank cowling, 10SWG/3.251mm

Bottom of windscreen, 4mm

Bulletproof windsreen, 1.5in

Behind pilot seating, 4mm

Behind pilot headrest, 6mm

Under pilot seating, 4.064mm

Deflector plates, 6mm.

. Ammunition boxes, top and bottom skin, 10 SW.G./3.251mm
10. Front of ammunition boxes, 6mm.

11. Additional 6mm head protection armor (in later variants)
12. Additional pilot protection from behind, 7 mm

CoNour~wD

The armor plates on the front of ammunition boxes were removed on later models of the aircraft, and
were replaced with additional armor plates of behind the pilot seating and headrest, with a thickness
of 7mm and 6mm respectively.

Figure 1 5: Aircraft armor  plate locations
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Powerplant

The Spitfire IX powerplant consists of a Rolls-Royce 60-series Merlin aircraft motor, and a Rotol
R12/4F5/4 hydraulic variable-pitch aircraft propeller with wooden blades.

The Spitfire IX also has a Merlin 66 (RM 10 SM model) liquid-cooled, 12-cylinder V-twin four -stroke
internal-combustion engine with a capacity of 27 litres, equipped with a Ben dix-Stromberg pressure
carburetor capable of operating under negative G-loads, and a two-stage, two-speed drive centrifugal
compressor with an intermediate cooler.

The engine is driven by a four-blade variable-pitch propeller. Propeller pitch is changed using the
constant-speed regulator installed at the front of the engine under the propeller gearbox.

The Rotol R12/4F5/4 in-flight-variable pitch propeller features wooden blades, manufactured through
the Jablo or Hydulignum methods of propeller production, wi t h a #Afine pitcho angle of
propeller diameter of 10690.

The engine is mounted on a tubular steel frame motor attached to the fire -retardant frame. The pipes
and electronic wires to the engine mount by clamps.

The gear and drive ratiosoft he Mer |l in 66 engineds centrifugal superchal
as to ensure maximum power at low altitudes.

The oil tank is mounted under the engine crankcase; oil radiator in the tunnel under the left plane. The

expansion tank of the liquid cooling system is installed in the front part of the engine under the propeller

drive, and the the 2 radiators of the cooling system are located in the tunnels under each plane. The
radiator for the cooling systems of both the two -stage centrifugal supercharger and the intercooler is
located respectively under the right plane.

Exhaust pipes are of the fishtail type, with one for each cylinder.

Engine management is handled by the throttle quadrant installed on the right side of the cabin. The
throttle quadrant features levers controlling throttle, propeller pitch, and engine shutdown.

Engine
History

In 1932, Sir Henry Royce wished to develop an engine that had the reliability of his Kestrel design,

combined with the power of the 1931 Schneider Trophy-wi nni ng @A RO engine in the Supe
racing seaplanes. The result was called the P.V.12, a 27 lire, V-12, liquid cooled, single-stage

supercharged engine (P.V. standing for Private Venture).

Royce died on 22nd April 1933 without ever seeing this engine run and without knowing it would
eventually become his most produced design. Just six months after his death, the first P.V.12 engine
run was conducted on 15th October 1933.

The prototypes of two other private ventures, the Hurricane and Spitfire fighter aircraft, were designed
around the 890 hp (663 kW) Merl i n néke@dded mpravemergr | y engi ne
but was sufficient to demonstrate the potential of these new low -wing monoplane fighters. Rolls
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Royceeven contributed A7,500 towards the total cost o
of the Spitfire prototype, K5054, wh ich first flew on 5th March 1936.

By 1937, after significant alterations to the cylinder head design, the Merlin Il was capable of 1,030 hp
(768 kW). All Spitfires and Hurricanes in RAF service at the outbreak of war in September 1939 were
fitted with the Merlin 11, with the Merlin Ill being fitted in ever larger numbers by the Battle of Britain

in 1940.

Merlin development never ceased and more and more power was extracted from the engine using
improved superchargers and fuels. In 1942 the Spitfire Mk IX was equipped with the two -speed, two-
stage supercharger, 1, 280 hp (954 kW) Merl in 61.
speed and ceiling and immediately outstripped the opposition to gain outright air superiority. This
improved Merlin was also used in other aircraft, the most famous application being the North American

P-51 Mustang which became one of the most successful fighter aircraft of WW2.

Engine Specifications

Manufacturer: Rolls-Royce Limited
Years of production: 1933 - 1950
Type: four-stroke V-shaped twelve-cylinder liquid-cooled

Technical Characteristics

Capacity: 27 L

Power: 1 290 h.p. (962 kW) at 3000 rev/min during takeoff mode

Power density: 35.6 kW/L (47.8 h.p./L)

Stroke cycle: 152.4 mm

Number of cylinders: 12

Cylinder diametere: 137.16 mm

Valves: 2 inlet and 2 intake valves per cylinder

Compressor: two-stage two-speed, with intermediate cooling between the second stage of the
compressor and the motor

Fuel type: Gasolinewith 100 octane rating

Lubrication system: Dry sump with one oil pump

Cooling System: Liquid pressure coolant - a mixture of 70% water and 30% ethylene glycol.
(Supercharger cooling system is independent of the engine cooling system)

Fuel consumption: 177 L/h - 400 L/h

Specific power by weight: 1.58 kW / kg (2.12 hp / kg) at maximum power

Aircraft Dimensions

Length: 2253 mm

Width: 781 mm

Height: 1016 mm

Dry weight: 744 kg (source: Wikipedia)

EAGLE DYNAMICS



Engine Type V-type, liquid-cooled, geared, equipped with two -stage two-speed
supercharger with liquid cooling and intercooler

Number of Cylinders 12

Cylinder Arrangement 2 blocks of 6 cylinders with a

Pistoni diameter and throw | 5.4 * 6 inches

Working Capacity 1648 in%, 27 liters

Compression Ratio 6

Supercharger 2-stage, 2-speed

Gear ratio First speed - 1:5,79; Second speed- 1:7,06

Design Description

Merlin 66 (RM 10 SM model) liquid-cooled, 12-cylinder V-twin four -stroke internal-combustion engine
with a capacity of 27 litres, equipped with a Bendix -Stromberg 8D-44-1 pressure carburetor capable of
operating under negative G-loads, and a two-stage, two-speed drive centrifugal compressor with an
intercooler for cooling the air-fuelmix t ur e supplied to the cylinderse

-

Figure 16: A Rolls -Royce Merlin 66 Engine

2 blocks with 6 cylinders, each of which are located on the beveled upper surfaces of the crankcase.
One block is comprised of the cylinder heads, cylinder skirts made from a light alloy, and steel cylinder
liners. The motor cylinder is a steel liner, fixed by its upper section to the b lock. The lower section of
the liner, part of the unit with a loose fit, is sealed with a rubber ring tightened by a nut. Each cylinder
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has two exhaust and two suction valves. The exhaust valves are hollow and cooled by sodium; the
suction valves are solid and do not have sodium cooling. The adjacent surfaces of the valves are
covered by Brightray, a nickel-chromium alloy. The valves are actuated by means of a roller camshaft
installed in the center of the cylinder head through the spreader bar. In order to cool the cylinder block
cavities are in place for the circulation of coolant material.

In front of the motor is a reduction gear, comprised of a pair of cylindrical gears, one of which is
mounted on the flange of the crankshaft, and the other on the flan ge of the gearbox shaft. On the
tailshaft are slots for the installation of the in -flight-variable pitch rotorhead.

The rear of the motor houses the gearbox which transmits torque from the crankshaft to the
consumers: the upper and lower vertical transmission, the two magnetos installed on both sides of the
motor, and the pump of the main cooling system. The intermediate gear drives the rotation of the oil
pumps, the hydraulic pump, the fuel pump and the electric generator. The drives for manual scrolling
and the electric starter are also fitted in the box.

Two-speed two-stage supercharger is mounted on the rear of the drive, while a dual -chamber
carburettor with automatic height adaptation and boost regulator is mounted by the entrance of the
supercharger. On the right side of the motor housing is the centrifugal pump for both the supercharger
cooling system and the intercooler.

2 PP

N 10
4 édé_

11
5
3
1
L J
6 7 9 8 6
Figure 17: Motor assembly. View from starboard side
1. Scavenge return-oil to tank 2. Fuel priming inlet
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3. Wheelcase breather connection 8. Oil thermometer connection

4. Magneto booster coil connection 9. Main oil supply to pressure pump

5. Magneto earthing connection 10. Crankcase breather connection

6. Engine feet 11. Connector from surge tank to main engine cooling
7. Oil pressure gauge connection system.

Supercharger

The gear-driven centrifugal-type supercharger mounted on the Merlin engine has a two-stage
compressor that raises air pressure at the entrance to the engine cylinders in order to increase both
the coefficient of admission and engine power, as well as to maintain a constant air pressure at the
entrance to the cylinders during increases in altitude.

It consists of two centrifugal type impellers | ocated on the same shaft. The shaft is rotated through
three gear centrifugal clutches. Couplings absorb inertial loads caused by high acceleration during
startup, while axial loads are absorbed by the spring-loaded drive shaft. Torque is transmitted to th e
supercharger by means of a crown gear with a coupling during operation at the first speed, while the
other two gears switch on upon setting the supercharger to operate at the second speed. Clutch control,
which determines through which gear torque is tra nsmitted, is actualized by means of the claw arm
system, which in turn are driven by a hydraulic cylinder via an intermediate roller. The hydraulic cylinder
is driven by oil pressure from the pump line. The piston valve of the hydraulic cylinder is control led via
a lever that moves by the pneumatic actuator of the supercharger speed control.

Shifting between the first AM. S0 (medium supercharger)
may be performed automatically, or manually through a 2 -stage switch in the cabin. For automatic
operation, the toggle switch on the right side of the da
case, the signal on the solenoid actuator will be coming from the altitude switch, which at a certain

altitude will energize the solenoid drive with a supply of compressed air. The actuator is connected via

a lever to the slide valve of the speed clutch control hydrocylinder. The aneroid of the altitude switch

is set to trigger at an altitude of 14,000 feet (switching from firs t to second speed) on a climb, and

12,500 feet (switching from the second to the first speed) on a descent. For manual operation, the

toggle switch has a second position - "M.S." - which cuts off the circuit to the altitude switch and sets

the supercharger to the first speed. On the dashboard is a lamp -switch which lights up upon a shift in

supercharger speed. The required pressure in the pneumatic system for operation of the pneumatic

actuator is 150 Ib/in 2,

Intercooler

Tubular-type intercooler with liquid cooling, designed for reducing the temperature of the combustible
mixture supplied to the cylinders, installed between the supercharger outlet and the primary inlet

manifold. An expansion tank for both the supercharger cooling system and the intercooler i s mounted
on the fireproof bulkhead.




3
1
4
2
5

Figure 18: Intercooler exterior

Coolant material outlet stack (leading to the expansion tank)
Inlet stack for coolant material from the supercharger

Boost gauge pressure tap

Entry for the combustible material from the supercharger

Exit into the main inlet pipe for the cooled combustible material

agrwdpPE

Carburetor

The combustible mixture is formed by means of the dual -chamber air intake of the Bendix Stromberg
injection-type carburetor (which is a ready-built assembly) mounted to the front of the supercharger.
The required amount of fuel is determined by the weight of the air passing through the carburetor air

intake. Gasoline is sprayed by the entry to the supercharger. The carburetor works in conjunction with
the automatic height correction and constant (boost) pressure regulator.

The constant pressure regulator is a device for keeping the supercharger pressure within certain limits.

Air flows into the carburetor through the air inlet located at the bottom of the motor. The air intake

has a damper covering the passageway, thus in this case the air enters the duct through the air filter

of the engine compartment. The air intake damper is controlled from the cabin using a handle on the

|l eft side of t h €ARB.0AIRK FILTER AOBTROL 6 e@d ndi having two

1 ANORMAL INTAKE 01 where the damper is open.
1 fFILTER IN OPERATION 0i where the damper is shut and air comes from the engine
compartment.
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In the extreme positions, the valve is held by a stopper. The air inlet must be closed during engine
operation on the ground; i.e taxiing, takeoff and landing, as well as in flight in conditions of heavy dust
or sand pollution in the air.

Movement of the handle must be smooth and it is recommended to move the handle at a flight speeds
of about 200 mph indicated.

OiBystem

Friction generated in the mechanism of the operating motor causes a loss of power, as well as heating
and wear of its parts. To reduce friction, the rubbing surfaces of the parts are lubricated by pressurized
oil which, by filling the gaps, form an oil cushion and separate the friction surfaces of each other
thereby reducing friction, heat and wear. In addition, the oil circulating in th e gaps between the parts
washes away particles of waste material. With this, the oil system provides a cooling effect for the
motor.

The engine oil system is realized through the dry sump setup. A block of gear-type oil pump is mounted
in the rear of the o il trough (the bottom of the crankcase) below. It consists of a single pressurizing
stage and two oil suction stages. In addition to the main task to ensure lubrication of the engine, the
oil system ensures both the operation of the variable pitch propelle r by means of a high-pressure line,
as well as the operation of the hydraulic cylinder in switching the supercharger speed by means of a
low-pressure line. Pressure relief valve reduces oil pressure for the the low-pressure line. Lubrication
of the propeller gearbox, cam rollers, traverse valves and auxiliary drives is provided by the low-
pressure line.

The oil tank is located under the engine and is completely covered by the lower hood. The filler well is
located on the left side of the oil tank, and its location provides the required amount of oil refueling on
aircraft parking. The volume of the oil tank is 7.5 gallons (*liters), whereas the volume of airspace is
1.6 gallons.

Qil flows from the tank through the filter to the engine, then the oil enters th e radiator, positioned
under the left plane, through a conduit. A thermostatic valve is mounted on the radiator, which releases

cold oil passing through the radiator, accelerating engine warmup. With further increase in
temperature, oil is then passed through the radiator. The cooled oil flows back into the oil tank. The

air separated from the foamed oil is then discharged from the oil tank along the vent pipes into the

crankcase. Thus, the foam formed in the case of tank overfill is not vented to the a tmosphere, and
instead goes directly into the crankcase. Simultaneously, such a drain system protects the oil system
from dust and air moisture, which reduce foaming of the oil. A dual -action valve is integrated into the
drain line, maintaining a pressure of 2.5 Ib/in 2 in the oil tank gauge. The valve maintains a pressure of
no higher than 1 Ib/in 2 in the engine crankcase. An oil thermometer on the outlet of the engine and a
gauge indicating the pressure in the oil gallery are in place to monitor the perfor mance of the system.

The readings on thermometer and pressure gauge completely characterize the operation of the aircraft
oil system.

A system for thinning oil with gasoline is in place to facilitate engine startup in low -temperature
conditions. Before engine stoppage, the valve supplying gasoline to the intake pipe of the engine will
open depending on outside temperature. Gasoline thins the oil upon mixture, reducing viscosity. The
hose from the fuel system brings fuel to the feed pipe after oil filtratio n, thus providing the engine
parts with oil of lesser viscosity.

Amount of time the valve remains open for oil filtration and thinning:
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1. Fortemperatures, higher than -1 0 A- 1 minute.
2. Fortemperatures, lower than -1 0 JA- 2 minutes.

Connection tot he oil

dillution
Connector
To the engine
Valve Filter
Engine
Viscosity valve
Oil tank

Oil radiator

Figure 19: Oil system parts and locations.

Cooligystem

Motor Cooling System

The cooling system uses a mixture of 70% water and 30% ethylene glycol and has a volume of 13.5
gallons. An expansion tank in the shape of a horseshoe is mounted above the propeller gearbox. The
centrifugal pump has two output lines of feed lines for each cylinder block and one output for the pu mp
line. The pump delivers the coolant to the cylinder block, where the fluid, flowing through the cavity in
the cylinder jackets and cylinder heads, is heated, thereby cooling the engine parts. The warmed fluid
is then directed to the expansion tank, in t he form of a horseshoe and mounted above the propeller
gearbox. A dual steam-valve, installed in the expansion tank, maintains the necessary pressure in the
system - 2.5 Ib/in2. The valve performs four different tasks: releasing air from the system during
war mup; preventing the cool ant from boiling up to
balance of pressure and temperature in the cooling system; working as a safety valve in case of
overpressure; and finally, operating as a check valve allowing air into the surge tank in case of a
reduction in system temperature. The filler neck of the expansion tank determines the system fill level.
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Inlet pipes in the expansion tank directly feed fluid into the outflow pipes, which ensures the
preservation of the kinetic energy of the fluid and improves its circulation within the system. The output
lines supply the liquid to the thermostats at the front edge of the wing and into the radiators placed
under each half-plane in the tunnels formed by the cowling. A drain valve to release air pockets
occurring in the system during filling is installed in the fluid supply lines to the radiators.

When the coolant temperature is below 80AC, thermostats
bypassing the radiators. The radiator tunnels are equipped with automatic valves that regulate the

coolant temperature and oil. Tunnel dampers open when the thermostat detects a coolant temperature

of 115AC. The thermostat is installed betvevan¢thea t he expan
left side of the engine. Installed on the dashboard is the coolant temperature indicator for controlling

the operation of the system, while a switch is in place on the left side of the cabin for checking the

operational status of the radiator sh utters control system. Shutters open when the switch is pressed.

The technician located by the plane must be the one to control the opening of the radiator tunnel

valves.

IR
2 il G 7
3 4
4 5
5 I 6
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4 -~ 6

Figure 2 0: lllustration of the motor cooling system

Expansion tank.

Thermal (radiator valves control system).
Thermometer.

Thermostatic valve.
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Drain valve.

Section of the main cooling system radiator.
Cooling system pump.

Cylinder blocks.

9. Double-steam-valve.

Intercooler and Supercharger Cooling System

ONoO

A separate cooling system is in place for reducing the temperature of the fuel -air mixture after its exit
from the supercharger. This system consists of a tubular-plate intercooler, centrifugal pump, expansion
tank and radiator for cooling the fluid circul ating in the supercharger and intercooler.

The intercooler is mounted between the supercharger and the intake manifold.

The coolant from the surge tank is fed by a separate centrifugal pump into to the radiator located in

the tunnel under the right half -plane. Next, the cooled liquid washes the body of the supercharger and
is supplied to the intermediate cooler. After passing through the radiator, the coolant fluid enters the

surge tank. The differential pressure is provided by the radiator relief valve bu ilt into the drainage line.
The system is autonomous and does not require pilot input to function. The volume of the surge tank
is at 5.75 pints - 5 pints for the coolant, and 0.75 for air.

On earlier models of the aircraft, a thermal switch was installed in the intake manifold, which set the
supercharger to the first transmission in case of a temperature rise in the fuel mixture.

A thermal switch mounted on the supercharger housing forcibly switched the supercharger to first
speed if the coolant temperatur e rose excessively.

A switch to first gear is indicated by a reset of the spring -loaded switch, mounted on the dashboard.
Re-enabling the second gear of the supercharger is possible after a decrease in the temperature of the
gas mixture (and/or coolant) by pressing the switch. However, if the temperature fails to decrease, for
example, in case of cooling system failure, the switch will reset, and the supercharger will have to be
kept at first speed.
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— — Cooler
Expansion tank
Pump :rL_=
Radiator e — 2-Speed supercharger

Figure 2 1: Supercharger cooling system

Propeller

On the output shaft of the motor gear unit is the ROTOL R12/4F5/4 four -blade variable-pitch propeller.
The blades are made of pressed wood which have been further processed mechanically.

The propeller is automatic, capable of maintaining in-flight a consistent RPM, as set by the pilot. The
bl ades be automatically set within a range of
depending on the operation mode of the motor. This allows the pilot to take full power of the motor
under all conditions of flight, as well as to establish the most economical mode of operation of the
motor.

Automatic maintenance of the contant RPM is performed by a constant speed regulator installed on
the left side of the propeller gearbox.

Depending on the speed of the motor, the regulator switches the flow of oil from the high pressure
pipeline to the rod end or the rodless cavity of the propeller head.

On high pitch, the rotation o f the propeller blades is caused by the force of oil pressure on the cylinder
piston; on low pitch, propeller rotation is caused by the centrifugal moment of the blades themselves.

The propeller pitch system consists of a lever installed on the inside of the engine throttle, and a
Teleflex cable that leads to the constant speed regulator. Moving the lever changes the engine speed
within a range of 3000 to 1800 rpm.

Engine mount

Tubular construction with a transverse U-shaped frame. The engine is mounted on four supports: two
on the front pipe, and two on the frame. The attachment points of the motor: the top two meet at the
5-fuselage frame bracket with the main longitudinal members and diagonal struts, while the two lower
nodes meet on the bracket along with the lower longerons of the fuselage on the beam, forming the
fuselage portion of the main wing spar.
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Figure 22: Engine mount

Engine cowling

The engine is encased by an easily removable engine cowl, with cuts or hatches in the areas with
access pointsfor the engine refueling system. The order for dismantling the panels is as follows: top,
side, then bottom of the hood. The hood is held in place by quarter -turn locks to the supporting
elements, forming the shape of the bow. For checking lock positions, marks coinciding with the direction
of the lock slot in the closed position can be found on the casing. During installation, you must first fix
the rear edge of the panel, which is then moved towards the nose of the aircraft.

1. Upper hood
1 2. Side hood
3. Lower hood
4.  Front hood
4 5. Auxiliary
elements
5
3

Figure 2 3: Engine cowling
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Engine management

The engine is managed with the throttle quadrant assembly.

1. Throttle lever
1 5 2. Lever brake
3. Stopper
4. Horn switch
2 3 | 5. Throttle lever
6. Propeller control lever
6 | 7. Friction lever
3
4
7

Figure 2 4: Throttle quadrant
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[Spitfire 1X
AIRCRAFT SYSTEMS

Aircraft controlsyste

Control of the aircraft is performed by means of two separate command posts. For longitudinal, lateral
and directional control on the plane, there are two independent systems - hand and foot/pedal control.
The pilot's hands manipulate the elevator and ailerons, while foot pedals control the rudder. The
ailerons, elevator and rudder are of metal construction. Both the rudder and elevators are cloth
covered, while the cover of the ailerons and trimmer plates are made of an aluminum alloy.

The aircraft's elevators are horn balanced, while the rudders are weight balanced.

Depth of the cockpit and the pilot's elevated position led to designers rejecting the installation of a
"pistol" type control stick. The aircraft is equipped handle, hinged top of "a steeri ng" type. The handle
is tilted at an angle of 11A from the vertical
41A.

The longitudinally-moving pedals have two platforms for the pilot's feet. The upper platform is used
during intense maneuvering in combat.

. 3-Stage trigger

. MG-trigger

. Fire all weapons trigger

. Guns trigger

. Gun safety switch

. Brake lever

. Joint to the upper stick part

. Pneumatic connection to the guns

[«2)
O~NO U WNBE

Figure 25: Control grip
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Figure 26: Aircraft flight control systems

The transmission from the control systems is carried out by means of cables, rods and crossbeams
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Figure 27: Aileron control system

Figure 28: Tail -plane

Ailerons

FRISE type ailerons of all -metal construction with 100% weight balancing. They are
attached to the rear auxiliary spar. Balancing adjustment is performed by means of lead

shim in the aileron sock tube. Adjustment of the lateral balancing of the aircraft is carried
outonthe ground by bendingt he trailing edge of the aileron

Deflection angles
1 Upi 26A
1 Downi 18A.
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Figure 29: Ailerons

Rudder

Fastened to the tail fin at two hinges. It has a metal frame and fabric covering impregnated with
varnish. Equipped with weight balancing. Early series saw rudders with a rounded top; later models

were equipped with a wider rudder with a pointed top.

Deflection angles:

1 Round rudder - 2 8 Aneasured by rib 6.
1  Pointed rudder i 28.5 Aneasured by rib 7.
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Figure 3 0: Rudder and tail  unit

Elevator

Fastened to the stabilizer, comprised of a single part. Has a metal frame and fabric covering
impregnated with varnish. Equipped with horn balancing. Later series saw the installation of elevators
with enlarged horn balancing.

Deflection angles:

1 Up-28.A
1 Down-23A.
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Figure 3 1: Elevator

Trimmers
To minimize pilot exertion on the stick and pedals, the aircraft's elevator and rudder are equipped with
trimmers made of aluminum alloys.

The elevator trimmer is controlled by a large handwheel (30) on the left side of the cabin. On the left
side of the dashboard is an indicator (24) showing the position of the trimmer relative to the elevator.
The neutral position of elevator trim on the indicator is marked by 2 bars from the middle position
towards "NOSE UP". Two full revolutions of the wheel are required to move the trimmer from the
arrow's middle position to the extreme end.

The rudder trimmer is controlled by a small wheel (27) and has no position indicator. The aircraft ha s
a tendency to yaw right upon clockwise rotation of the wheel. The rudder trimmer is of a flettner
trimmer design, kinematically deflecting against the rotation of the rudder and has at the same time
the option of manual control.

The direction of wheel rotation is indicated directly on the wheels, or close by on the plates.
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1. Elevator trimmer

2 . . -
2. Elevator trimmer information plate
3. Rudder trimmer

1

3

Figure 32: Trim controls

Rudder trimmer deflection angles (for both rudder types):

1 Left-18 A
1 Right-5A.

Elevator trimmer deflection angles:
1 Up-20A

1 Down-7A.

Flaps

Four "SHRENK" type sectional flaps found in two portions on each plane a main portion and a shorter
inboard portion. Separation of the flaps is caused by a kink in the lower surface of the wing, by the
rear edge at the plane of the wing's butt attachment to the fuselage. The flaps are attached to the

auxiliary spar of the wing. Placed from the inner edge of the aileron to the wing root .

The flaps are controlled by a pneumatic system with a lever
located at the top left of the dashboard. To deploy the flaps,
the lever must be pulled down. In -flight retraction of the flaps
is done by impact air pressure upon moving the lever to the
upper position and by the force of the spring mechanism. On
the ground, the flaps are retracted only by the force of the

WARNING
spring mechanism, mounted next to the release cylinder. FLAPS MUST NOT BE
DOWN OR LOWERED
AT SPEEDS ABOVE

160 MPH

Figure 33: Flaps switch
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The flaps have 2 positions - AUPO (retracted), and
ADOWN oi fully deployed.

Fl apso6 defl &@8#Aon angl es:

Figure 34: Flaps wing indicator
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DI |Spitfire IX

Gear

|W

Main landing gear

Type Retractable, cantilever

Track 5foot 8 linches (1,74 meter)
 pampers | |

Shockabsorber struts Vickers OitPneumatic®@9 1244/ ®91986

Air pressure (strut free) 465 Ib/sq. In. (32,7 kg/d B)

Wheels "Dunlop" AH.2061

Covers 13.13 or 13.17

Tubes 13.8 or 1J.9

Tyre pressure 57 Ib/sq. In (4 kg/d B)
|

or Shockabsorber struts Oil-air "Vickers' ®9 12 4 4

Air pressure (strut free) 380 Ib/sq. In. (26,7 eg/d B)

Wheels "Dunlop" AH.10019

Covers 13.13 or 13.17

Tubes 13.8 or 1J.9

Tyre pressure 54 Ib/sq. In (3,8 kg/d B)

Note: Strut No. 91244 is a spline type, and is only fitted when link type struts are not available.

Brake

Pneumatic, "Dunlop"

| Tailwheelunt |
Type Non retractable
Shock-absorber strut Oil-pneumatic "Vickers' ®9 0 3 5 6
Air pressure (strut free) 242 Ib/sq. In (17 kg/d B)
Wheel "Dunlop" AH.2184/1X
Cover TA12 or TA14
Tube TA2 or TA3
Tyre pressure 47 Ib/sq. In (3,3 kg/d B)

A three-wheel undercarriage system with oil-air cushioning is installed on the aircraft. The system
consists of two main cantilever-type struts and one non-retractable, moving tail wheel. The two main
gears mounted in the wing panels are attached to the main wing spar. The tail wheel is mounted at
the rear of the fuselage.

The undercarriage retracts along the wing span of the aircraft to the ends of the a xis of the cantilevers.
Retracted landing gears are covered by metal skirts, but not fully. The undercarriage in its retracted
and deployed positions is fixed in place by a mechanical lock. There are mechanical, light, and (in
earlier series) sound indicators of the landing gears' position.

The wheels are equipped with pneumatic brakes. The brake control lever is mounted on the "steering
wheel" control stick of the aircraft while the differential brake system is connected to the foot pedals.
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The narrow width of the track is at 5 feet 8.5 inches (0.153 wingspan) did not exclude the possibility
of transverse swinging the aircraft during takeoff and landing. Due to the low height of the
undercarriage, there was a possibility of the wingtip fairings breaking off, especially when landing the
aircraft in field airstrips. The low rise of the main landing gears made th e Spitfire prone to nosing over.

Landing gear mechanism

The landing gear retraction system is hydraulically-powered. A pump mounted on the motor g enerates
a fluid pressure that is passed onto the respective pistons in order to deploy or retract the landing
gears.

The emergency landing gear deployment mechanism is pneumatic, driven by an onboard balloon filled
with carbon dioxide.

Control of the gear deployment system is by the landing gear control lever (52) installed on the
starboard side of the cabin.

1. Undercarriage deployment valve
2 2. Retracted position locking stop
3. Valve spool position indicator
3 4. Deployed position locking stop
5. Undercarriage valve handle

Figure 35: Gear controls
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Strut locks

The struts are fixed by mechanical lock in both positions, for different clamps. The retracted position's
clamp is installed in the shock absorber strut; The clamp for the deployed position attaches in the strut
mounting rod of the gear deployment hydraulic lift mechanism. The locks are controlled by a lever with
the help of ropes, turning into Gall chains by the lever and locks. The chains are draped over the
sprockets, which ensure the rotation of the locking pin of lo ck from one position to another .

Landing gear system operation

The landing gear lever (52) is located on the right side of the cabin.

Below is the procedure for retracting the landing gears:
1. Pull the lever back out of the gate and pause for a second or two at the extreme end of the slot.

2. Push the leader steadily and without pause forward to the up position. This rotates t he down lock
to the up position by means of chains and cables and directs the fluid to the up ends of the jacks.

CAUTION : Movement of the handle in step 2 must be performed without any delays, otherwise the
system may jam.

3. When the undercarriage is locked up, the lever will spring into the forward gate under the action of
a cut-out plunger in the control unit.

To deploy the undercarriage, the procedure for raising is reversed.

CAUTION : 7 Do not attempt to place the handle into the slots on your own, as this may lead to a cut -
off of the hydraulic fluid system.

Undercarriage indicators
Indicator on the control unit

A mechanical indicator installed on the control unit displays the position of the lever in a small window
wi t h t heDOWNr, dRFi, fi a nd. UpdnDéplByinent of the gears, the window must display
ADOWNO, and upgdriPretraction

IDLE status is displayed when the system detects the handle being located in either slot. In the case
of an inactive engine, the indicator may display DOWN while after engine startup the indicator must
change status to IDLE; if the indicator continues to display DOWN, this indicates a potential
maulfunction of the hydraulic pump.

Electrical visual indicator

An indicator panel installed on the left side of the dashboard has two translucent stencils with the
words UP and down in red and green backgrounds respectively.

One of these two lights will be illuminated according to the position of the undercarriage 1 - displays
when the undercarriage is fully retracted and locked in position, BISNMN when the gears are deployed
and locked.

Each indicator is composed of two lights connected in parallel. There are shutters in place that cover
the front part of the panel and dim the lights when flying at night.
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The signalling system has three limit switches installed in the circuit. The first switch is activated when
the undercarriage is in the retracted position (circuit "UP"), the second switch is triggered when the

undercarriage is deployed (circuit "DOWN") and the third limit switch located in the loc k housing and
common to the two circuits is triggered when the locking pin is located in the clamp aperture.

The switch for the DOWN circuit is installed on the throttle quadrant and is activated by means of a
striker on the throttle lever by pressing it f orward. The switch must always be manually returned to
the off position prior to parking the aircraft in

Mechanprzditiamdicator

Installed on earlier models of the aircraft were mechanical indicators of the undercarriage position i
essentially a rod, fitted to each u ndercarriage unit, that extends through the top surface of the aircraft
wings. The rod (painted bright red) protrudes through the aircraft wings when the undercarriage is
deployed, and are removed from view when the undercarriage is retracted .

Warning horns

An auditory warning system was installed in the earlier mode s of the aircraft, and activates when upon
detecting throttle is pulled all the way back while the undercarriage is in the retracted position. To
deactivate the alarm, the pilot must push the throttle forward so that the striker on the throttle lever
will depress the horn switch. Alternatively, the pilot may simply deploy the undercarriage.

EmergeGe@xtenssgystem

In the event of hydraulic system failure, undercarriage deployment is performed by means of directing

pressure from sealed high-pressure carbon dioxide cylinder into the undercarriage operating jacks. The

cylinder is mounted on theright-hand si de of the cockpit near the pi
(containing 90g of carbon dioxide) is hermetically sealed, and has a red-painted lever (labeled
AEMERGENCY ONLYO®) for emergency depl oyoadvedpistonwikhhe | ev
a needle for puncturing the seal and delivering the gas into the undercarriage system. The lever is

fitted with a thin copper wire seal as an a dditional safeguard against inadvertent use.
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] L2Tank

Emergency lowering
control

Shuttle valves

——|

Undercarriage jacks

Figure 36: Emergency gear deployment system

The pipeline from the cylinder is divided by a tee and is connected to the hydraulic lines through the
shuttle valve to the piston cavity of the hydra ulic ram.

A shuttle valve is in place for disconnecting the hydraulic system should the pilot engage the emergency

gear system. It is installed on the rear part of the hydraul ic jack and has three openings: one leads to

the hydraulic jack, the second for connection with the hydraulic line, and the third for connecting to

the emergency systemds gas cyl i nder -loadednshutilecovera | operatin
the valve leading to the carbon dioxide cylinder, allowing the hydraulic fluids to course freely along the

pipeline. When the emergency system is activated, the pressure caused by the influx of carbon dioxide

into the system forces the spring-loaded shuttle to its end, cutting off the hydraulic system from the
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hydraulic jacks. Carbon dioxide is fed into the cavity of the piston lifts and forces the undercarriage
into the deployed position.

Operation of the emergency system

In case of hydraulic system failure and prior to engaging the emergency system the pilot must first
ensure that the undercarriage selector level is in the DOWN position. Afterwards, the pilot must push
the emergency lowering level forward and downward. The angular travel of the emergency lever i s
about 100A for puncturing the seal of the cylinder. After this first step, a return spring and the gas
pressure return the piston to its initial position, and the gas is fed into the hydraulic mechanism.

If the pilot fails to set the undercarriage select or level to the DOWN position, then upon activation of
the emergency system, the undercarriage will fail to deploy. In this case, the pipeline feeding carbon
dioxide to the undercarriage lifts must be depressurized by means of a crowbar.

After engaging the system no attempt must be made to return the lever to its original position until the
cylinder is being replaced.
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HYDRAWYCTEM

The hydraulic system is designed to power the undercarriage deployment system.

Reservoir

Vent pipe

7 I

Y

((

( )

Figure 37: Hydraulic system
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The source of pressure is a hydraulic pump mounted on the right side of the engine. Hydraulic fluid is
supplied from a tank to the pump via an A.G.S. filter. The system uses the English Standard Oil D.T.D.
585,orami x of 50% glycerol and 50% et ha nThévoluneioftthe
hydraulic system is at 1.06 gallons (4.82 liters). After the pump, the hydraulic fluid is supplied through
the safety valve to the undercarriage lever mounted on the right side of the cockpit. From the lever
are pipelines connected to both cavities of the undercarriage lift mechanism. The undercarriage lever
directs hydraulic fluid to the required cavity of the undercarriage mechanism depending on the desired
operation: deployment or retraction. The drain line from the undercarriage crane delivers hydraulic
fluid through a Vokes filter, the entrance to which is connected through a duct to a safety valve.
Hydraulic fluid further flows back into the tank. The drain pipe from the tank passes on the right side
of the frame and out the bottom along the plating.

Hydraulic Tank

The tank of the hydraulic system is secured with two clips to the fireproof bulkhead , on the top right.
The filler neck of the tank is equipped with a gauze and dipstick filter. The level of hydraulic fluid in
the reservoir is controlled by the dipstick.

Hydraulic Pump
The H Mk. IV hydraulic pump is located on the right cylinder block and is driven by the engine
distributor camshatft.

Safety Valve
Placed on the front of the fireproof bulkhead - in the supply line from the pump to the undercarriage
l ever . In case of pressure increase in the su

the valve is activated and the liquid from the pump is disc harged into the hydraulic tank, bypassing the
undercarriage lever.

Undercarrygrahit

The control unit consists of a quadrant housing the control lever and mechanism, and a body with
three cylinders i one containing a piston, the other a centrali zing spring, and the last, a cut-out plunger.
The cylinder containing the piston contains angular grooves that communicate with four -pipe
connections: the pressure inlet, the exhaust, and the retract/deploy lines to the undercarriage jacks.

The piston valve has a bore that directs hydraulic fluid from the pressure inlet into the drain line for
deployment or retraction depending on the position of the piston in the cylinder. The piston valve is
moved by the rod attached to an actuating lever (5) pivoted on a spindle in the quadrant. This lever
(5) is driven by a crecent ring (7) which engages with the lever near the end of the movement of the
control lever (9), to which it is attached.

Also attached by the lever (5) is the spring-loaded centralizing rod (6) which ensures that the piston
(3) is in the idle position when fluid is flowing from the inlet to the exhaust . A spring-loaded pawl (18)
is used in order to keep the piston in the UP or DOWN position against the action of the spring. The
pawl engages into one of two notches in a ratchet (16) on the lever spindle when the control lever is
pushed into the UP or DOWN position The pawl is disengaged by a cam (17) mounted on the crecent
ring (7) upon moving the control lever.

The pawl is also disengaged at the end of the undercarriage operation by fluid pressure building up in
the unit and loading the cut -out plunger (19) which is forced along its cylinder to push the pawl out of
engagement with the ratchet and allow the cent ralizing spring to return the piston to the idling position .
The required hydraulic fluid pressure for operating the cut -off plungerisat 1 1 5 0 N 50 (B08)5
3,52 kgf/cm?).
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Attached to the lever (5) is an indicator plate (10) which pivots on the same spindle and shows, through
an opening in the quadrant, DOWN, IDLE, or UP, according to the position of the piston in the cylinder.

The control lever (9) is pivoted laterally on the crecent ring and loaded by a spring (14) which pushes
the lever into the gate at each end of the slot when it is moved past the stops .

Also mounted on the spindle and operated by the control lever is a sprocket (15) carrying a chain to
which are connected the cables operating the undercarriage locking pins, which engage in the strut. A
backlashof 9 Zxists between the lever and the sprocket, so that the movement of the lever in and out

of the gate does not affect the locking pins.

Mounted on the crecent ring (7) is a cam (8) which engages the electrical contacts (20) when the
control lever is near the end of its travel in each direction; these contacts serve as a change -over switch
for the RED and GREEN undercarriage indicators

Figure 38: Undercarriage control unit

OPERATION OF TRIBLAINNT

When the hand lever is in the gate either at the UP or DOWN end of the quadrant, fluid from the
engine-driven pump enters the control at the pressure inlet and passes straight through to the exhaust
outlet back to the reservoir. In this condition, the systemis idling (A).
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