DCSBf109K4Kur f

Flight Manual



Dear User,

Thank you for your purchase of DCS: Bf 109 K-4. DCS: Bf 109 K-4 is a simulation of a legendary
German World War Il fighter, and is the fifth installment in the Digital Combat Simulator (DCS) series
of PC combat simulations.

Like previous DCS titles, DCS:Bf 109 K-4 features a painstakingly reproduced model of the aircraft,

including the external model and cockpit, as well as all of the mechanical systems and aerodynamic

properties. Along the lines of our flagship P-51D Mustang title, DCS: Bf 109 K-4 places you behind

the controls of a powerful, propeller -driven, piston engine combat aircraf t . Designed -l ong before
by-wi redo technology was available to assist the pilot in
visual range missiles were developed to engage targets with precision from afar,the Kur figa s t

personal and exhilarating challenge to master. Powerful and deadly, the aircraft nicknamed the

"Kur f"gpnowdes an exhilarating combat experience to its drivers, and a worthy challenge to all

fans of DCSP-51D Mustang.

As operators of one of the largest collections of restored World War |l aircraft, we at The Fighter
Collection and the development team at Eagle Dynamics were fortunate to be able to take advantage
of our intimate knowledge of WWII aviation to ensure the DCS model is one of the most accurate
virtual reproductions of t his aircraft ever made. Combined with volumes of outside research and
documentation, the field trips to the TFC hangar and countless consultations and tests by TFC pilots
were invaluable in the creation of this simulation.

The contents of this manual are based largely on actual vintage Bf 109 K-4manual s of the aircraf:i
service era.

With homage to the brave pilots of World War Il, we hope you enjoy taking this true Flying Legend
to the skies and into the fight!

Sincerely,

The DCS:Bf 109 K-4 Development Team

DCS www.digitalcombatsimulator.com

Forum: http://forums.eagle.ru

E 2014-2015 The Fighter Collection
E 2014-2015 Eagle Dynamics

All trademarks and registered trademarks are the property of their respective owners
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INTRODUCTION

Figure 1:Bf109 Ein flight

Birth of the Bf 109

One of the most well-known fighters of WWII had humble beginnings. When first imagined in 1933,
just as a new political party rose to power in Germany, few people could have imagined that this
early interceptor research project would result in over 30,000 production examples serving
throughout Europe in roles ranging from ground attack to reconnaissance, and providing a mount to
most of the world's leading fighter aces .

The Luftwaffe (German Air Force) had already been secretly working on military aviation throughout

the 1920s and early 1930s. Bomber and fighter designs were disguised as civilian aircraft. The

earliest plans that eventually resulted in the Bf 109 were shrouded in the same secrecy. Hermann

G° r jfreshly appointed Reichsminister of Aviation, in an October 1933 letterto Theo Cr onai C

man recently appointed to lead the little-known aircraft manufacturer Bayerische Flugzeugwerke

(BFW, Bavarian Aircraft Works) wr ot e of an i mpending dspeedcgunercompeti ti on
pl ane which does not need to be anything more than a sin
a fast civilian single-seater that could be converted into a fighter when needed.

At the same time, the Technisches Amt ("C-Amt"), the technical department of the newly created
Reichsluftfahrtministerium (RLM, Reich Aviation Ministry), concluded a series of research projects into
the future of air combat. The result of the studies w ere four broad outlines for future aircraft:
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R¢stungsf | ugnmltesuggatl medi um bomber; R¢gstungsflugzeug
R¢stungsflugzeugeadt Ififght @ar si amd eR ¢ s tseanhgawyffiphteg zeu g |

The plans for a single-seat fighter were published in the document L.A. 1432/33.

The fighter needed to have a top speed of 400 km/h (250 mph) at 6,000 m (19,690 ft), to be
maintained for 20 minutes, while having a total flight duration of 90 minutes. The critical altitude of
6,000 meters was to be reached in no more than 17 minutes, and t he fighter was to have an
operational ceiling of 10,000 metres. The powerplant was to be the new Junkers Jumo 210, but the
proviso was made that it would be interchangeable with the more powerful, but less developed
Daimler-Benz DB 600 powerplant.

The new fighter was to be armed with either a single 20 mm MG C/30 engine -mounted cannon firing
through the propeller hub as a Motorkanone or, alternatively, either two engine cowl -mounted 7.92
mm (.312 in) MG 17 machine guns, or one lightweight, engine -mounted 20 mm MG FF cannon with
two 7.92 mm MG 17s. It was also specified that the wing loading should be kept below 100 k g / .m]
The performance was to be evaluated based on the fighter's level speed, rate of climb, and
maneuverability, in that order.

Figure 2: Luf twaffe pilots of JG B&n3ronichanearlypBf108H ad3eso r e
in 1939

Two pillars of the German aviation industry, Arado and Heinkel, received the development contract
for the L.A. 1432/33 requirements at the same time in February 1934. Bayerische Flugzeugwerke
(BFW) was also invited to participate in the competition. BFW was considered unlikely to win. It had
just come back from a 1931 bankruptcy caused by several high-profile crashes of the BFW M.20
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transport aircraft in service of the Luft Hansa. The first crash took the life of Hans Hackmack, a close
friend of Erhard Milch, then head of Luft Hansa and the German civil aviation authorities. Milch was
infuriated by what he considered a very callous response to the crash from Willy Messerschmitt, the
M.20's designer. This led to lifelong hatred. Now appointed RLM director, Milch was unlikely to award
RLM's first fighter contract to the man he despised

Willy Messerschmitt was at the time designing aircraft for a Romanian airline. Summoned to Berlin

and asked in no uncertain terms to get with the times and start working for Germany, Messerschmitt

was allowed to look at the new requirements. Taking some time to review the specs, Messerschmitt

eventually returned with a very unfavorable opinion. In his view, if built to requirements, a new

fighter would be immediately obsolete, unable to catch up to a modern bomber. TechnischesAmt

leadership in the face of Generalstabschef Walther Weverwere intelligent enough to see the truth in
Messerschmittés opinion, and the contract given to BFW v
Messerschmitt got a carte blanche to build the best modern fighter he could.

Figure 3:Bf 109 G -10

A fourth company, Focke-Wulf, received a copy of the development contract only in September 1934.
Each company was asked to deliver three prototypes for head-to-head testing in late 1934.

Design work on Messerschmitt Project Number P.1034 began in March 1934, just three weeks after
the development contract was awarded.
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Design Features

As with the earlier Bf 108 transport plane, the new design was based on Messerschmitt's "lightweight
construction" principle, which aimed to minimize the number of separate parts in the aircraft.
Examples of this could be found in the use of two large, complex brackets which were fitted to the
firewall. These brackets incorporated the lower engine mounts and landing gear pivot point into one
unit. A large forging attached to the firewall housed the main spar pick -up points, and carried most of
the wing loads. Contemporary design practice was usually to have these main load-bearing structures
mounted on different parts of the airframe, with the loads bei ng distributed through the structure via
a series of strong-points. By concentrating the loads in the firewall, the structure of the Bf 109 could
be made relatively light and uncomplicated.

Mgy

Figure 4:Bf109 G -2 Landing Gear

An advantage of this design was that the main landing gear, which retracted through an 85 -degree
angle, was attached to the fuselage, making it possible to completely remove the wings for servicing
without additional equipment to support the fuselage. It also a llowed simplification of the wing
structure, since it did not have to bear the loads imposed during takeoff or landing. The one major
drawback of this landing gear arrangement was its narrow wheel track, making the aircraft unstable
while on the ground. To increase stability, the legs were splayed outward somewhat, creating
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another problem in that the loads imposed during takeoff and landing were transferred up through
the legs at an angle.

Figure 5:Bf109 G -2 Tail

The small rudder of the Bf 109 was relatively ineffective at controlling the strong swing created by
the powerful slipstream of the propeller during the early portion of the takeoff roll, and this sideways
drift created disproportionate loads on the wheel opposite to th e swing. If the forces imposed were
large enough, the pivot point broke and the landing gear leg would collapse outward into its bay.
Experienced pilots reported that the swing was easy to control, but some of the less -experienced
pilots lost fighters on t akeoff.

Figure 6:Bf 109 F -4 Landing

Because of the large ground angle caused by the long legs, forward visibility while on the ground was
very poor, a problem exacerbated by the sideways-opening canopy. This meant that pilots had to taxi

INTRODUCTION



in a sinuous fashion which also imposed stresses on the splayed undercarriage legs. Ground
accidents were a problem with rookie pilots, especially during the later stages of the war when pilots
received less training before being sent to operational units. At least 10% of all Bf 109s were lost in
takeoff and landing accidents, 1,500 of which occurred between 1939 and 1941. The problem would
persist for nearly a decade until the installation of a fixed "tall" tailwheel on some of the late G -10s
and 14s and the K-series.

From the inception of the design, priority was given to easy access to the powerplant, fuselage
weapons and other systems while the aircraft was operating from forward airfields. To this end, the
entire engine cowling was made up of large, easily removable panels which were secured by large
toggle latches. A large panel under the wing center section could be removed to gain access to the L-
shaped main fuel tank, which was sited partly under the cockpit floor and partly behind the rear
cockpit bulkhead. Other, smaller panels gave easy access to the cooling system and electrical
equipment. The engine was held in two large, forged, magnesium alloy Y -shaped legs which were
cantilevered from the firewall. Each of the legs was secured by two quick -release screw fittings on
the firewall. All of the main pipe connections were color-coded and grouped in one place, where
possible, and electrical equipment plugged into junction boxes mounted on the firewall. The entire
powerplant could be removed or replaced as a unit in a matter of minutes.
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Another example of the Bf 109's advanced design was the use of a single, I-beam main spar in the
wing, positioned more aft than usual (to give enough room for the retracted wheel), thus forming a
stiff D-shaped torsion box. Most aircraft of the era used two spars, near the front and rear edges of
the wings, but the D -box was much stiffer torsionally, and eliminated the need for the rear spar. The
wing profile was the NACA 2R1 14.2 at the root and NACA 2R1 11.35 at the tip, with a thickness to
chord ratio of 14.2% at the root and 11.35% at the tip.

Another major difference from competing designs was the higher wing loading. While the R-IV
contract called for a wing loading of less than 100 kg/ m |, Messerschmitt felt this was unreasonable.
With low wing loading and the engines available, a fighter would end up being slower than the
bombers it was tasked with catching.

W7 ]

Figure 8: Augsburg, 1941 i assembly line of the Messerschmitt GmbH Regensburg i
Ober traubling

A smaller wing area was optimal for achieving high speed, but low-speed flight would suffer, as the
smaller wing would require more airflow to generate enough lift to maintain flight. To compensate for
this, the Bf 109 included advanced high-lift devices on the wings, including automatically-opening
leading edge slats, and fairly large camber-changing flaps on the trailing edge. The slats increased
the lift of the wing considerably when deployed, greatly improving the horizontal maneuverability of
the aircraft. Messerschmitt also included ailerons that "drooped"” when the flaps were lowered,
thereby increasing the effective flap area. When deployed, these devices effectively increased the
wings' coefficient of lift.

Reflecting Messerschmitt's beliefin low-weight, low -drag, simple monoplanes, the armament was
placed in the fuselage. This kept the wings very thin and light. Two synchronized machine guns were
mounted in the cowling, firing over the top of the engine and through wing loading the propeller arc.
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An alternative arrangement was also designed, consisting of a single cannon firing through a blast
tube between the cylinder banks of the engine, known as a Motorkanone mount in German.

Design Competition

The basic mock-up was completed by May, and a more detailed design mock-up was ready by
January 1935. The RLM designated the design as type "Bf 109," the next available from a block of
numbers assigned to BFW.

The first prototype (Versuchsflugzeug 1 or V1), with civilian registration D -IABI, was completed by
May 1935, but the new engines were not yet ready. In order to get the "R Ill" designs into the air,

the RLM acquired four RollsRoyce Kestrel VI engines by trading RollsRoyce a Heinkel He 70 Blitz for
use as an engine test-bed. Messerschmitt received two of these engines and adapted the engine
mounts of V1 to take the V-12 engine upright. V1 made its maiden flight at the end of May 1935 at
the airfield located in the southernmost Augsburg neighborhood of Haunstetten, piloted by Hans -
Dietrich "Bubi" Knoetzsch. After four months of flight testing, the aircraft was delivered in September
to the Luftwaffe's central test center at the Erprobungsstelle Rechlin to take part in the design
competition.

In the late summer of 1935, the first Jumo engines b ecame available so V2 was completed in
October using the 449 kW (600 HP) Jumo 210A engine. V3 followed, the first to be mounted with
guns, but it did not fly until May 1936 due to a delay in procuring another Jumo 210 engine.

After Luftwaffe acceptance trials were completed at their central Erprobungsstelle military aviation
test and development facility at Rechlin, the prototypes were moved to the Baltic seacoast's E-Stelle
facility at Tr av-®4meadpbréon of the cornpetition hlTbeaaicra ft participating in
the trials were the Arado Ar 80 V3, the Focke-Wulf Fw 159 V3, the Heinkel He 112 V4 and the Bf 109
V2. The He 112 arrived first, in early February 1936, followed by the rest of the prototypes by the

end of the month.

Because most fighter pilots of the Luftwaffe were used to biplanes with open cockpits, low wing

loading, light g-forces and easy handling like the Heinkel He 51, they were very critical of the Bf 109

at first. Ernst Udet, WWI ace and world-famous stunt pilot, invited to the Luftwaffe and slated to

become its Director of Research and Development, initially had a very unfavorable opinion of the 109.

When he first saw the new fighter, he told Messerschmitt to open the cockpit , so the pilot could feel

the speed; and to add another wing on top of the first one with struts and wires. Otherwise, he said,

the Bf 109 #Awoul d nev e r-flighten the 100 radjchlly ehanged hisfopiionn gl e t e :
however.

The 109 soon became one of the frontrunners in the contest, alongside the Heinkel He 112. The

Arado and Focke Wulf entries, which were intended as "back-up" programes to safeguard against

failure of the two favorites, proved to be completely outclassed. The Arado Ar 80, with its gull wing

(replaced with a straight, tapered wi ng on the V3) and fixed, spatted undercarriage was overweight

and underpowered, and the design was abandoned after three prototypes had been built. The

parasol winged Fw 159, potentially inspired by the same firm's earlier Focke-Wulf Fw 56, was always

considered bythe E-St el | e Travem¢gnde facility's staff to be
aerodynamically more efficient, low-wing monoplane. Although it had some advanced features, it

used a novel, complex retractable main undercarriage which proved to be unreliable.
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Figure 9: Bf 109 V2

Initially, the Bf 109 was regarded with disfavor by E -Stelle test pilots because of its steep ground
angle, which resulted in poor forward visibility when taxiing; the sideways -hinged cockpit canopy,
which could not be opened in flight; the high wing loading; and the automatic leading edge slats on
the wings which, it was thought, would inadvertently open during aerobatics, possibly leading to
crashes. This was later proven true in combat situ ations and aerobatic testing by various countries'
test establishments. The leading edge slats and ailerons would flutter rapidly in fast tight turns,
making targeting and control difficult, and eventually putting the aircraft into a stall condition.

The Heinkel He 112, based on a scaleddown Blitz, was the favorite of the Luftwaffe leaders. Positive
aspects of the He 112 included the wide track and robustness of the undercarriage (this opened
outwards from mid wing, as opposed to the 109s which opened fro m the wing root), considerably
better visibility from the cockpit, and a lower wing loading that made for easier landings. Compared
with the Bf 109, it was also cheaper. In addition, the V4 had a single -piece, clear-view, sliding cockpit
canopy and a more powerful Jumo 210Da engine with a modified exhaust system. However, the He
112 was structurally complicated, being some 18% heavier than the Bf 109. It soon became clear
that the thick wing, which spanned 12.6 m (41 ft. 4 in) with an area of 23.2 m] (249.7 f ) dn the
first prototype (V1), was a disadvantage for a light fighter, decreasing the aircraft's rate of roll and
maneuverability. As a result, the He 112 V4 which was used for the trials had new wings, spanning
11.5 m (37 ft. 8.75 in) with an ar ea of 21.6 m| (232.5 f {). However, the improvements had not
been fully tested and the He 112 V4 could not be demonstrated in accordance with the rules laid
down by the Acceptance Commission, placing it at a distinct disadvantage.

Because of its smaller, ighter airframe, the Bf 109 was 30 km/h (20 mph) faster than the He 112 in
level flight, and superior in climbing and diving. The Commission ultimately ruled in favor of the Bf
109 because of the Messerschmitt test pilot's demonstration of the 109's capabilities during a series
of spins, dives, flick rolls and tight turns, throughout which the pilot was in complete control of the
aircraft.
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Figure 10:He 112D

Spin recovery was a very important part of the flight testing. At the ti me, pressurized cockpits did not
exist. Oxygen apparatuses of the era were also far from perfect, so loss of oxygen and the danger of
aeroembolism was very real. At the same time, it was already clear that aerial combat was about to
move to increasingly higher altitudes, so performance at or above 10,000 meters (30,000 ft) was
considered important. In the event of oxygen failure and loss of consciousness, a fighter would need
to be stable enough to spin through multiple revolutions as the pilot regained con sciousness in
denser air, and still allow spin recovery. During acceptance trails, the 109 prototype was taken
through 21 revolutions to the right, and 17 to the left, allowing successful recovery. The 109 made a
favorable impression, while the He 112 appeared to fail in the same regard when its test pilot had to
bail out after being unable to recover from a spin.

Many test pilots were allowed to swap prototypes at will, gaining experience with all competing

designs. According to Dr. Hermann Wurster, a test pilot withthe DVL (Deut sche Ver suchsan
Luftfahrt or German Research Institute for Aviation), the Bf 109 had lighter controls and a superior

roll rate which made it better at aerobatics. The Bf 109 was not as easy to stall due to the leading -

edge sl ats. Wurster also preferred 10986s narrow trac
was more suited to poor landing conditions. The 109 could land on one leg with battle damage or in

an emergency, while the He 112 could not. Finally, the 109 w as easier to produce and maintain than

the He 112. The opinions were steadil y shi fting towards Willy Messersc

In March, the RLM received news that the British Supermarine Spitfire had been ordered into
production. It was felt that a quick de cision was needed in order to get the winning design into
production as soon as possible, so on 12 March the RLM announced the results of the competition in
a document entitled Bf 109 Priority Procurement, which ordered the Bf 109 into production. At the
same time, Heinkel was instructed to radically re-design the He 112. The Messerschmitt 109 made its
public debut during the 1936 Berlin Olympics, when the V1 prototype was flown.
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Designation

Originally the aircraft was designated as Bf 109 by the RLM, since the design was submitted by the
Bayerische Flugzeugwerke ("Bavarian Aircraft Works") during 1935. BRV was renamed Messerschmitt
AG after 11 July 1938 when Erhard Milch finally allowed Willy Messerschmitt to acquire the company.
All Messerschmitt aircraft that originated after that date, such as the Me 210, were to carry the "Me"
designation. Despite regulations by the RLM, wartime documents from Messerschmitt AG, RLM and
Luftwaffe loss and strength reports continued to use both designations, sometimes even on the same

page.
All extant airframes bear the official "Bf 109" designation on their identification plates, including the

final K-4 models, with the notable exception of aircraft either initially built or re -fitted by Erla
Maschinenwerk at Leipzig, which sometimes bear the erroneous Me 109 stamping.

The aircraft was given several nicknames by its operators and opponents, generally derived from the

name of the manufacturer (Messer, Mersu, Messzer etc.), or the external appearance of the aircraft:

the G-6 variant was nicknamed by Luftwaffe personnel as Die Beule ("the bump/bulge") because of

the cowling's characteristic, bulging covers for the breeches of the 13 mm (.51 in) MG 131 machine

guns, with the separate Beule covers eliminated by the time of the G -10 model's introduction of a

subtly reshaped upper cowling, while Soviet aviators nicknamed it Hudoi, or “the skinny one" for its

sleek appearance (compared to the more robust Fw 190). The names "Anton", "Berta", "Caesar",

"Dora", "Emil", "Friedrich", "Gust av" and " Kurf ¢ ¢rst" were derived from the
designation (e.g. Bf 109G i "Gustav"), based on the German spelling alphabet of World War I, a

practice that was also used for other German aircraft designs.

Variants

When the Bf 109 was designed in 1934 by a team led by Willy Messerschmitt and Robert Lusser, its
primary role was that of a high -speed, short range interceptor. It utilized the most advanced
aerodynamics of the time and embodied advanced structural design which was ahead of its
contemporaries. In the years of the Blitzkrieg, the Bf 109 was the only single -engine fighter operated
by the Luftwaffe, until the appearance of the Fw 190.

The 109 remained in production from 1937 through 1945 in many different variants and sub -variants.
The primary engines used were the Daimler-Benz DB 601 and DB 605, though the Junkers Jumo 210
powered most of the pre -war variants. The most-produced Bf 109 model was the 109G series (more
than a third of all 109s built were the G -6 series, some 12,000 units being manufactured from March
1943 until the end of the war).
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Figure 11:Bf109 B

The initial production models of the A, B, C and D series were powered by the relatively low -
powered, 6707 700 PS (660-690 HP) Junkers Jumo 210 series engines. A handful of prototypes of
these early aircraft were converted to use the more powerful DB 600.

Figure 12:Bf 109 D

When it was discovered in 1937 that the RAF was planning eight-gun batteries for its new Hawker
Hurricane and Supermarine Spitfire fighters, it was decided that the Bf 109 should be more heavily
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armed. The problem was that the only place available to mount additional guns was in the wings.
There was only one spot available in each wing, between the wheel well and slats and there was
room for only one gun, either a 7.92 mm MG 17 machine gun, or a 20 mm MG FF or MG FF/M
cannon.

The first version of the 109 to have wing guns was the C -1, which had one MG 17 in each wing. To
avoid redesigning the wing to accommodate large ammunition boxes and access hatches, an unusual
ammunition feed was devised whereby a continuous belt holding 500 rounds was fed along chutes
out to the wing tip, around a roller and then back along the wing, forward and beneath the gun

breech, to the wing root where it coursed around another roller and back to the weapon.

From the 109F-series onwards, guns were no longer carried inside the wings. (A noteworthy
exception was Adolf Galland's field modified Bf 109 F-2, which had a 20 mm MG FF/M installed
internally in each wing.) Only some of the projected 109K -series models, such as the k6, were
designed to carry 30 mm (1.18 in) MK 108 cannons in the wings.

In place of internal wing armament, additional firepower was provided through a pai r of 20 mm MG
151/20 cannons installed in conformal gun pods under the wings. Although the additional armament
increased the fighter's potency as a bomber destroyer, it had an adverse effect on the handling
qualities, reducing its performance in fighter -versus-fighter combat and accentuating the tendency of
the fighter to swing pendulum -fashion in flight. The conformal gun pods, exclusive of ammunition,
weighed 135 kg (298 Ib.); and 135 to 145 rounds were provided per gun.

Figure 13:Bf 109 E -4

The first major redesign came with the E series, including the naval variant, the Bf 109T (T standing

for Tr2ager, or carrier). The T variant never evolved bey
never got close to having an operational aircraft carrier. The Bf 109E, or "Emil", introduced a number

of structural changes in order to accommodate the heavier, but significantly more powerful 1,100 PS

(1,085 HP) Daimler-Benz DB 601 engine, heavier armament and increased fuel capacity. Later

variants of the Es introduced a fuselage bomb rack or provision for a long -range drop-tank, and used

the DB 601N engine of higher power output. The 109E first saw service with the "Condor Legion"

during the last phase of the Spanish Civil War and was the main variant from the beginning of World

War Il until mid -1941 when the 109F replaced it in the pure fighter role. (Eight 109Es were
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assembled in Switzerland in 1946 by the Dornier-Werke, using license built airfframes; a ninth
airframe was assembled using spareparts.)

Figure 14:Bf 109 F -4

The second major redesign during 1939i 40 gave birth to the F series. The "Friedrich" saw a complete
redesign of the wings with rounded tips for better flight handling; the cowling was blended in with a
spinner, reducing drag; radiator housing was greatly improved in its aerodynamics, elevator braces
were removed; fuel tank capacity was increased, armament improved, and armor added. The
Friedrich was powered by the 1,175 PS (1,159 HP) DB 601N (F1, F-2) or the 1,350 PS (1,332 HP) DB
601E (F3, F-4). Considered by many as the high-water mark of Bf 109 development, the F series
abandoned the wing cannon and concentrated all armament in the forward fuselage with a pair of
synchronized machine guns above and a single 15 or 20mm Motorkanone-mount cannon behind the
engine, the latter firing between the cylinder banks and through the propeller hub. This configuration
was used by all subsequent variants. A handful of Bf 109Fs were used late in the Battle of Britain in
1940, but the variant only came into wide use in the first half of 1941.

Fighters with liquid cooled engines were vulnerable to hits in the cooling system. For this reason, on
later Bf 109 F, G and K models the two coolant radiators were equipped with a cut -off system. If one
radiator leaked, it was possible to fly on the second, or to fly for at least five minutes with both
closed.
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Figure 15:Bf109 G -10

The G series, or "Gustav", was introduced in mid-1942. Its initial variants (G -1 through G-4) differed
only in minor details from the Bf 109F, most notably in the more powerful 1475 PS (1,455 HP) DB
605 engine. Odd numbered variants were built as high-altitude fighters with a pressurize d cockpit
and GM-1 boost, while even numbered variants were non-pressurized, air superiority fighters and
fighter-bombers. Long-range photo-reconnaissance variants also existed. The later G series (G5
through G-14) was produced in a multitude of variants, with uprated armament and provision for a

number of kits of pre -packaged, generally factory-i nst al | ed par t sBakunso®wnz ea s( ulsmiragl slty

contracted to Umbau) and adding a "/U" suffix to the aircraft designation when installed. Field kits
known as2Rge wer e al s oseares hutthoaeldid rot dchamge the d&ireraftG
designation. A lot of effort also went into simplifying the manufacturing process. Build time for the
fuselage for the G variant was only 163 hours, compared to already record-breaking 203 for the
earlier variants.

By early 1944 tactical requirements resulted in the addition of MW -50 water injection boost and high -
performance superchargers, boosting engine output to 1,800 2,000 PS (1,775-1,973 HP). From early
1944 a number of G-2s, G-3s, G-4s and G-6s were converted to two seat trainers, known as the G -
12. An instructor's cockpit was added behind the original cockpit and both were covered by an

el ongated, glazed canopy. The R¢ s tBsatutse¥ectafyi el d
conversion kits were part of a system promulgated by the RLM as a whole, throughout the German
military aviation industry, with each airframe type number having its own set of "/R" and/or "/U"
numbered designations for such upgrade packages.

Kfm FpmaT mno

The Bf 109 K was the last of the series to see operational duty and the last in the Bf 109 evolutionary
line. The K series was a response to the bewildering array of series, models, modification kits and
factory conversions for the Bf 109, which made production and maintenance complicated and costly 1
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something Germany could ill-afford late in the war. The RLM ordered Messerschmitt to rationalize
production of the Bf 109, consolidating parts, types, and so on, to produce a uniform, standard model
with better interchangeability of parts and equipment. At the same time, the existing flaws of the
design were to be remedied. Work on the new version began in the spring of 1943, and the
prototype was ready by the autumn of that year. Series production s tarted in August 1944 with the
K-4 model, due to changes in the design and delays with the new DB 605D powerplant. The K-4 was
the only version to be mass-produced.

Figure 16: Bf 109 K -4

Externally the K series could be identified by changes in the locations of the radio equipment hatch,

which was moved forward and to a higher position between frames four and five, and the filler point

for the fuselage fuel tank, which was moved forward to a location between frames two and three. In

addition, the D/F loop was moved aft to sit between frames three and four on the top fuselage spine

and a small circular plate above the footstep on the port side of the fuselage was deleted. The rudder

was fitted as standard with a Flettner tab and two fixed tabs although some rare examples were not

fitted with the fixed tabs. AlK-4 s wer e to be fitted with a long retr

mm/ 14 1 5 in) with two smal/l c | ams h ewhéel wdretracted. c o v e r |

Thewings featured the | arge rectangular fairings for
wheels. Small wheel well doors, originally planned for the G series, were fitted to the outer ends of

the wheel bays, covering the outer wheels when retracted. These doors were often removed by

front-line units. The radio equipment was the FuG 16ZY with an antenna mast fitted under the port

outer wing and FuG 25a IFF as well as the FuG 125 Hermine D/F equipment. Internally, the oxygen

bottles were relocated from the rear fuselage to the right wing. Flettner tabs for the ailerons were

also to be fitted to serial production aircraft to reduce control forces, but were extremely rare, with

the majority of the K -4s using the same aileron system as the G series.

Armament of the K-4 consisted of a 30 mm (1.18 in) MK 108 engine-mounted cannon (Motorkanone)

with 65 rounds, and two 13 mm (.51 in) MG 131s in the nose with 300 RPGalthough some K-4s were
fitted with the MG 151/20 as the Mot oiltksuchasee. Addi |
300 L (80 US gal) drop tank (R IllI), bombs up to the size of 500 kg/1,100 Ib. (R I), underwing 20

mm Mauser MG 151/20 cannon gondola pods (R 1V) or 21 cm (8 in) Wfr.Gr. 21 rockets (as on the

Gustav models) could be carried after minimal preparations; the latter two however were rarely used
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by Bf 109 units at this stage of the war, although 111./JG 26 were almost completely equipped with K -
4s which were fitted with R IV:

...apparently all of the K -4s supplied to 111./JG 26 were also equipped w ith 20 mm-guns in
the hated underwing tubs. Uffz. Georg Genth's regular aircraft was a G-10, but on occasion
he flew a K-4. He preferred the G-10 as a dogfighter, as the K-4's bulky armament sharply
reduced its maneuverability.

In addition there were probl ems with the 30 mm (1.18 in) MK 108 Motorkanone, which often jammed
while the aircraft was maneuvering in battle, leaving the pilot to fight on with the two heavy machine
guns. The standard Revi 16B reflector sight was fitted, which was slated to be replaced later by the
REVI16B Gyro gunsight, although this never happened.

Power was provided in production K-4s by a Daimler-Benz DB 605DB or DC engine (very early K-4s
used the earlier DM). The DB coud use B4 fuel which, with MW 50 Methanol Water injection
equipment, generated an emergency power rating of 1,600 PS at 6,000 m (1,160 PS maximum
continual at 6,600 m), and take -off power of 1,850 PS at 0 m, with a maximum supercharger boost
of 1.8 ATA The DB could also be run on higher octane C3 fuel, but use of MW 50 was forbidden. The
DC, which was reinforced internally, could also run on B4 or C3 fuel and could generate a potential
2,000 PS, but only when using C3 fuel with MW 50 and a boost of 1.98 ata, otherwise the power
rating was similar to that of the DB. A wide -chord, three bladed VDM 9-12159A propeller of 3 m
diameter was used, as on the G-6/AS, G-14/AS and G-10.

Deliveries began in mid-October 1944. 534 examples had been delivered by the Messeschmitt A.G.,
Regensburg by the end of November 1944, and 856 by the end of the year. Regensburg delivered a
total of 1593 by the end of March 1945, after which production figures are missing. With such a high
rate of production, despite continuous heavy fighting, by the end of January 1945 314 K-4si about
every fourth 109 i were listed on hand with the first line Luftwaffe units. Ultimately it was intended
to equip all Bf 109 units with the 109K, which marked the final stage of 109 development before the
jet age.

Using MW 50 and maximum boost the Bf 109 K-4 was the fastest 109 of World War Il, reaching a
maximum speed of 710 km/h (440 mph) at 7,500 m (24,610 ft.) altitude. Without MW 50 and using
1.80 ATAthe K-4 reached 670 km/h (416 mph) at 9,000 m (26, 528 ft). The Initial Rate of climb was
2,775 ft. (850 m)/min, without MW 50, and 3,563 ft. (1,090 m)/min, using MW 50.

The Bf 109 remained comparable to opposing fighters until the end of the war. However, the
deteriorating ability of the thousands of nov ice Luftwaffe pilots by this stage of the war meant the
109's strengths were of little value against the numerous and well -trained Allied fighter pilots.
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AIRCRAFT OVERVIEW

General Description

The Messerschmitt Bf 109 K-4 fighter aircraft is a single -seat, low wing monoplane powered by a 12-
cylinder liquid-cooled supercharged inverted Vee DaimlerBenz DB 605 piston engine. The engine is
equipped with a one-stage centrifugal supercharger with a MW-50 injection into the super charger
intake. The engine spins a three blade constant speed propeller.

The powerplant consists of a Daimler-Benz DB 605DB engine that delivers approximately 1,430
horsepower at 2,800 RPM at sea level. This could be further increased to 1850 horsepower by the
use of MW-50 water-methanol injection. Maximum emergency power in level flight was 1,600
horsepower at 2,800 RPM at6000 meters.

The oval light-metal monocoque Bf 109 fuselage is made of two mirrored halves joined longitudinally
at top and bottom to a double -width longitudinal. Each of the two halves is built around longitudinal
stringers connected to vertical panels. The panels are flush riveted for a smooth outer surface.

Thelow-wi ng cantil ever monoplane wing of the Kurfg¢grst has
all variants of the venerable Messerschmitt fighter. The all-metal single-spar structure is covered with
flush-riveted stressed metal skin.

The all-metal tail unit contains both the tail unit and the vertical stabilizer. It is attached to the rear
fuselage attachment bulkhead.

The armament consists of a 30 mm (1.18 in) MK 108 engine-mounted cannon (Motorkanone) with 65
rounds, and two 13 mm (.51 in) MG 131s in the n ose with 300 rounds per gun.

Specifications for the Bf 109 K-4 are:

Wingspani 9.92 m

Overall length i 9.02 m
Height (tail down) i 2.35 m
Empty weight i 2,800 kg
Loaded weight i 3,362 kg
Wing area’i 16.08 m?2

=4 =8 =8 -4 —a_a
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Figure 17:Bf109 K-4 Drawings
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Fuselage

The oval light-metal monocoque Bf 109 fuselage is made of two mirrored halves joined longitudinally
at top and bottom to a double -width longitudinal. Each of the two halves is built around longitudinal
stringers connected to vertical panels. The panels are flush riveted for a smooth outer surface.

Figure 18:Bf 109 K-4 Fuselage

Originally based on the early 1930s Bf 108 transport plane, the Bf 109 carries Messerschmitt's
"lightweight construction” principle s well into the 1940s. The desire to minimize the number of
separate parts in the aircraft can be found in the use of two large, complex brackets which are fitted
to the firew all. These brackets incorporate the lower engine mounts and landing gear pivot point into
one unit. A large forging attached to the firewall house s the main spar pick-up points, and carries
most of the wing loads. By concentrating the loads in the firewall, the structure of the Bf 109 can be

made relatively light and uncomplicated.

One advantage of this design is the fact that the main landing gear, which retracts through an 85-
degree angle, is attached to the fuselage, making it possible to completely remove the wings for
servicing without additional equipment to support the fuselage. This also simplifies the wing
structure, since it does not have to bear the loads imposed during takeoff or landing.

Other design features carried over from the 10 8 include automatically-opening leading edge slats and
the enclosed canopy.
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The fuselage aft of the engine firewall went through relatively few changes from 1933 to 1945. Early
variants remained similar to the initial V prototypes. Bf 109 D-1 had the structure somewhat
strengthened by increasing the thickness of the stringers and the panels and strengthening the
landing gear legs.

By early 1940 various small changes had accumulated to a significant overall weight increase, which
had a negative effect on performance. The F for Friedrich variant had many small aerodynamic
improvements that streamlined the structure.

The fuselage remained largely unchanged for the G series, with some variants using a wooden tail
section instead of the all-metal one due to strained supply situation in total war conditions.

By September of 1944, first Bf 109 Ks were beginning to roll off the production line. Largely based on
the stopgap Bf 109 G-14, the K-0 had a larger engine cowling. The radio equipment hatch was
moved forward and to a higher position between frames four and five, and the filler point for the
fuselage fuel tank was moved forward to a location between frames two and thr ee.

In addition, the D/F loop was moved aft to sit between frames three and four on the top fuselage
spine and a small circular plate above the footstep on the port side of the fuselage was deleted.
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Canopy

The canopy on the 109 had perhaps gone through more changes and modifications than any other
part of the aircraft, save the engine. While the aircraft has always been committed to the enclosed
canopy idea, the original early 1930s design featured poor rearwards visibility, and the fact that it
opened sideways made landings and taxi a harrowing affair.

Figure 19:Bf109 K-4Er | a or fAGaaopyl ando

Attempts to reduce interference drag also made the canopy sit rather low over the engine cowling,
making the cockpit extremely cramped for taller pilots. At the same time, having very limited head
space meant keeping all variants of the 109 extremely potent in a dive, with reduced drag enabling
the aircraft to escape from virtually any pursuer.

The G series of the 109 was the first to feature pressurized cockpits. This led to another canopy
redesign, featuring a more complex canopy framework.

The K seriesare fitted with the clear Erla canopy, often mislabeled fiGalland hoodd, that feature s a
bulge that increases overall visibility while removing most of the older "greenhouse canopy"
framework.

The 109 features a low-wing cantilever monoplane wing, virt ually unchanged through all variants.
The all-metal single-spar structure is covered with flush-riveted stressed metal skin.
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Another example of the Bf 109's advanced designis its use of a single, I-beam main spar in the wing,
positioned more aft than usual (to give enough room for the retracted wheel), thus forming a stiff D -
shaped torsion box. The wing profile is NACA 2R1 14.2 at the root and NACA 2R1 11.35 at the tip,
with a thickness to chord ratio of 14.2% at the root and 11.35% at the tip.

The wing of the 109 is made with no washout, i.e. with the same angle from wing root to wingtip.
Most Allied fighters of the time were designed with the angle of incidence greater at the wing root

and decreasing across the span, becoming lowest at the wing tip. This gives the 109's wing increased
lift compared to similar Allied fighters, while the tip stalling problem normally solved by washout on
other designs is solved on the 109 with the use of automatic leading-edge slats that normally extend
before the wingtip can stall. The overall result is an excellent high-lift wing that is also difficult to

stall.
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Figure 20: Bf 109 K -4 Wing

Each wing is attached to the fuselage at two points on the single spar and a third at the leading
edge, the latter transmitting torsional loads. The wing features an innovative hinged trailing edge,
with the outer portions functioning as ailerons and the inner portions as flaps.

A large panel under the wing center section can be removed to gain access to the L-shaped main fuel
tank, which is situated partly under the cockpit floor and partly behind the rear cockpit bulkhead.
Other, smaller panels give easy access to the cooling system and electrical equipment.

Another major design feature that separate s the 109 from competitors from the start is its smaller
wing area with higher wing loading. It gives the Messerschmitt fighter the high speed it is famed for
at the cost of decreased low-speed control. A smaller wing requires more airflow to generate enough
lift to maintain flight. To compensate for this, the Bf 109 includes advanced high -lift devices on the
wings, including automatically-opening leading edge slats, and fairly large camber-changing flaps on
the trailing edge. The slats increase the lift of the wing considerably when deployed, greatly
improving horizontal maneuverability. The 109 also includes ailerons that droop when the flaps are
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lowered, thereby increasing effective flap area. When deployed, these devices effectively increase the
wings' coefficient of lift.

Most changes to the wings throughout the 109's history were limited to its aerodynamic weak spot,
the wing radiators. The airflow -disrupting structures were eventually partially recessed into the wing
for the F series. Other attempts to improve aerodynamics included changes to the leading-edge slat
area, and modifying aileron and flap design.

The wings on the K-4 feature the large rectangular fairings for the large 660 x 190 mm main wheels.
Small wheel well doors, originally planned for the G series, are fitted to the outer ends of the wheel
bays, covering the outer wheels when retracted. These doors are often removed by front -line units.
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Tail Section

The Bf 109 K-4 features an all-metal tail unit that conta ins both the tail unit and the vertical
stabilizer. It is attached to the rear fuselage attachment bulkhead.

The main load-bearing section of the vertical stabilizer is a diagonal spar, to which the all -metal
horizontal stabilizer and the tailwheel assembly are attached.

The fabric-covered rudder contains a metal frame with a spar and seven ribs. It has both
aerodynamic horn balancing and mass balancing. There is also a trim tab; due to the aircraft being
generally very stable in flight, the trim tab is o nly adjustable on the ground.

Figure 21: Bf 109 K-4 Tail Section
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Flight Controls

The control unit assembly consists of the horizontal stabilizer and elevators, the vertical stabilizer and
rudder, the ailerons, and the flaps.

The Bf 109 K-4 has a conventional control scheme with surfaces that include a vertical stabilizer,

rudder, horizontal stabilizer, two elevator s, two ailerons, and flaps.

The table below shows all control surfaces with their potential ranges of motion:

Adjustable Horizontal 0-Position 0A
Stabilizer + Position +1A10"
- Position -6 A
Elevator Deflection Hor Stab Trim 0" pull 27A
push 24A
Hor Stab T/ pull 26 A
1o push 25A
Hor Stab Trim -6 A | pull 30A
push 21A
Rudder Deflection 32A
Rudder Flettner 32A
Aileron Deflection up 22A40"
down 11A20"
Camber Flaps 0-Position 0A
extended 40A
Wing Incidence Angle AtRib 1,7 and 13 1A42"

The flight stick can be moved forwards and backwards in conventional fashion to control the elevator.
The stick can be moved 15A 3 @otwards and 15A 3 @dckwards.

As the entire tailplane can be trimmed in flight by using the Horizontal Stabilizer Trim Handwheel,
elevator deflection depends on tailplane position. Please see the table above for details.
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Figure 22:Bf 109 K-4 Elevator Control Cables

The flight stick can also be moved sideways to control the ailerons in conventional fashion.

Flap position is controlledviaa handwheel | oc at.dheflapopoditibnescalpsiateot 6 s | e
drawn on the root part of the flaps and are visible from the cockpit. Flaps can be deflected from 0 to

40A, with the 40A apnodsiintgi,o nanrde s2e0r Ay egde nfeorralll y used fo
the flap handwheel is equal to roughly 5A of flap
the Take-Off position, and eight full turns for Landing.

Tail plane position is controlled via a handwheel [
handwheel. A cockpit indicator is provided near the handwheel, with the round window on the

mechanical indicator displaying the incidence level. Negative incidence is shown with a minus sign,

e.g. -2.5, while positive incidence is shown with no sign, i.e. 1 means +1.

The tailplane can be moved from + 1 A 1td)-6A degrees.

The 109 K series featured Flettner tabs on serial production aircraft to reduce control forc es, but
these were often not fitted to production examples, with many of the K -4s using the same aileron
system as the G series. Some aircraft rolled off the production line with only ground-adjustable
aileron Flettner trim, but no elevator trim, which res ulted in uneven force distribution on the stick,
making control more difficult at higher speeds.
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Figure 23:Bf 109 K -4 Rudder Control Cables

The pilot opinion on 109's controls differs greatly. German pilots generally swore by it, and found the
109 a real pleasure to pilot. Allied test pilots, conversely, found the 109 difficult to control and
reported that at high speeds control forces required to effectively maneuver were just too great. The
difference in opinion probably has to do with what the pilots on each side were used to. Allied pilots
were used to light control forces on aircraft with boosted controls, so to them the 109 was unusually
heavy, and the change was clearly not for the better. Conversely, German pilots were not used to the
luxuries of boosted controls and trained accordingly. To them, the greater control forces were the
norm. Many found the experience invigorating. In either case, the 109 certainly requires quite a bit of
muscle from the pilot to maneuver.

The aircraft is generally easy to pilot when proper control forces are applied. However, the tendency
of the left wing to suddenly drop on take -off and landing is the aircraft's Achilles heel. Precise rudder
input is required to counter the yaw.
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Figure 24:Bf109 K-4 Aileron Control Cables
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Landing Gear

The Bf 109 features retractable narrow-track landing gear. Wheels are raised and lowered
hydraulically. There is also an auxiliary manual system for operating the gear.

'y

Figure 25:Bf 109 K -4 Landing Gear

The tailwheel on the 109 went through many changes. While many earlier variants featured a fixed
tailwheel, the K-4 reintroduces the retractable type that improve s high-speed performance. The
tailwheel also features two small clamshell doors covering the recess when the tail-wheel was
retracted.

The undercarriage is controlled by simple pushbuttons located on the cockpit's left-hand side.

To raise the landing gear, simply depress the corresponding "Ein" (German for "on" or "in") button
and wait for the operation to complete. Once the gear is locked in position, red lights illuminate on
the undercarriage indicator unit.

To lower the landing gear, depress the corresponding "Aus' (German for "off" or "out") button and
wait for the operation to complete. Once the gear is fully extended, green lights illuminate on the
undercarriage indicator unit.

In case of hydraulics failure, the main gear can also be lowered by pulling the emergency gear
extension handle. This unlocks the shock struts which can then extend with the help of gravity.

The tailwheel is retracted simultaneously with the main gear.
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The free-wheeling tailwheel strut can be locked or unlocked viaacontrolrod | ocated by t he
left elbow.
Brake System

The Bf 109 K-4 has hydraulically operated brake shoes on each of the two main wheels. Each has its
own hydraulic booster and brake lines. Each wheel can be braked individually.

The entire system is conventionally operated via rudder pedals.

Figure 26: Bf 109 K -4 Brake System

Most of the Bf 109s were powered by various variants of the Daimler -Benz DB 601 V12 engine or its

derivative, the DB 605. Same is the case for the Bf 109 K-4.

Engine supply situation has often been a weak spot for the German aircraft industry, and it was
especially felt in 1944 and 1945 as the 109K was in production. A variety of DB 605 variants were
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installed on production K-4s. Initial plans to use th e advanced DB 605L with a two-stage

supercharger were foiled with a single lucky Allied bomb that took out a high -altitude test chamber,
delaying 605L deliveries by nearly a year. As it is, production 109Ks shipped with DB 605B, DB 605DC
or DB 605ASC with some very late production K-4s finally receiving the DB 605L.

Figure 27: Daimler -Benz DB 605

Production K-4s were often powered by a Daimler-Benz DB 605DB or DC engine. The DB could use
B4 fuel which, with MW 50 Methanol Water injection equipment, generated an emergency power
rating of 1,600 PS at 6,000 m (1,160 PS maximum continual at 6,600 m), and take -off power of
1,850 PS at 0 m, with a maximum supercharger boost of 1.8 ATA The DB could also be run on
higher octane C3 fuel, but use of MW 50 was forbidden. The DC, which was reinforced internally,
could also run on B4 or C3 fuel and could generate a potential 2,000 PS, but only when using C3 fuel
with MW 50 and a boost of 1.98 ATA otherwise the power rating was similar to that of the DB.

The DCS Bf 109 k4 is modeled with the DB 605 DB engine.

The engine is held in two large, forged, magnesium alloy Y -shaped legs cantilevered from the
firewall. Each of the legs is secured by two quick-release screw fittings on the firewall. All of the main
pipe connections are color-coded and grouped in one place, where possible, and electrical equipment
is plugged into junction boxes mounted on the firewall. The entire powerplant can be removed or
replaced as a unit in a matter of minutes.
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Figure 28: Daimler -Benz DB 605 Controls Diagram

From the inception of the design, priority was given to easy access to the powerplant, fuselage
weapons and other systems while the aircraft was operating from forward airfields. To this end, the
entire engine cowling is made up of large, easily removable panels which are secured by large toggle
latches.

The engine replacement is one of the most incredible design innovations on the 109. It caused an
absolute sensation when first reported to the press. US Marine Corps Major Al Williams, Schneider
Trophy competitor, and a friend to some high -ranking German officials, flew an early pre-war D
variant of the Bf 109 in 1938, some time before the war started. He wrote a glowing report,
published in the US and widely republished across the world. It said, in part:

1 will gi ve it to you point blank and let you estimate its value. The engine of the
Messerschmitt can be removed, replaced with another - ready to go - inside of 12 minutes.

You can imagine the uproar of doubt and incredulity in official circles when | returned to
the States and spread that word around. The reason for the uproar was quite obvious, in
that in very many instances, between 24 and 36 hours were required to remove one
engine and replace it with another in many of our standard types of fighting planes.

Another large advantage of the Daimler-Benz engineis its direct fuel injection. While most Allied
aircraft use complex and expensive turbo superchargers that require high-octane fuel, the DB 601
and its 603 and 605 derivatives could compete with them using low-grade 87-octane fuel due to the
use of direct fuel injection.
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Engine Ratings:

Operating Condition RPM ATA Max Time
WEP (MW -50) 2800 N 50 1.75 N 0. C 10min
Take -Off and WEP - - -

Combat 2600 N 50 1.35 N 0. C 30min
Cruise 2400 N 65 1. 2 90N Continuous
Economy 2000 N 80 1.05 N 0. C Continuous

*) During climb boost pressure may be regulated by a further 0.03 ATA to between 1.31 and 1.39
ATA.

Note: With the MW -50 system installed , normal Take -Off and Emergency Power is no
longer attainab le. Combat mode should be used instead.
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Supercharger

The Daimler Benz DB 605 engine ha a hydraulically driven single-stage supercharger, coupled with a
MW-50 Water-Methanol injection.

Figure 29: Supercharger Pressure Gauge

MW-50 Water-Methanol Injection

MW-50 (MethanolWasser 50) is a 50-50 mixture of methanol and water sprayed into the Bf 109 K-46 s
supercharger, allowing the use of increased boost pressures.

Many Bf 109 variants use some sort of boost. The G-6 was the first variant designed for a new field
modi fication kit or R¢stsatz model that all owed
installed in the field, as well as a number of U mr ¢ s t, srfattanyekits, which could be installed in

the factory. The U2 kit provided for a 11 8-liter tank behind the cockpit used for the GM 1 nitrous

oxide injection system, while the U3 kit used a tank for the MW 50 water -methanol mix.
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Figure 30: MW -50 System Diagram

The primary effect of the mixture spray is its anti-detonant effect, whi ch is how the increase in boost

pressure is achieved.

The secondary effect of the mixture spray is cooling of the engine.

The boost increase provided by MW 50 can be described wi

Turning the system on immediately increases engine power by almost 100 HP due to the fact that a
cooler engine can pull in more air. At the same time, turning on the MW -50 enables much higher
supercharger boost levels. In optimal conditions, both effects combined increase engine power by a
whopping 500 HP.

At sea level, the engine runs at over 1800 hp with MW-50 enabled, compared to 1430 hp with the
MW-50 off.

While the primary boost-increasing effects deteriorate with altitude, the secondary cooling effects are
still noticeable. The MW-50 system can therefore be used to cool down the engine at all altitudes in
an event of an emergency.

The boost provided by the MW-50 begins to decrease in power at altitudes above 6,000 meters.
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Figure 31: Water/Methanol Pressure Gauge

Please note that the MW 50 tank can also be used to store conventional aviation fuel, in essence
providing extra range at the expense of available extra power.

MW-50 Switch (ON)

Figure 32: MW-50 Switch

The MW-B4 Selector on the left-hand side of the cockpit is used to set the MW 50 tank status. Please
note that incorrectly setting this switch can have catastrophic results, by either feeding the water -
methanol mixture into the fuel lines, or spraying aviation fuel into the supercharger.

Propeller

The Daimler-Benz DB 605 engine drives a threebladed V.D.M. (Vereinigte Deutsche Metallwerke, the
manufacturer) constant speed propeller with metal blades. The blade pitch is adjusted automatically
via an electro-mechanical system that also has a manual override.

The automatic pitch control sets the pitch such that the desired engine speed is provided at any
boost pressure. Both boost pressure and RPM are set to current altitude pressure.

The automatic switch is located on the left side of the cockpit underneath the throttle quadrant.
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A convenient thumb switch is also provided on the throttle quadrant allowing manual prop pitch
adjustment. The manual setting can be used in emergencies, or for increased fuel economy.

The position of each propeller blade is shown with the mechanical position indicator FL. 18503/2 on
the main instrument panel.

The indicator looks like a clock with hour and minute hands, but its hands rotate counterclockwise .
One hour indicates six degrees of pitch, ten minutes equal one degree of pitch.

The minimum pitch, 26 degrees, corresponds to 12:30 on the indicator.
The maximum pitch, 89 degrees, corresponds to 6:00 on the indicator .

The table on page 92 shows clock indications and their corresponding prop pitch positions in percent .

Figure 33: Propeller Pitch Position Indicator showing 10:30 or 38 degrees prop pitch
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Fuel System

The Bf 109 K, as most Bf 109 variants, uses a single main 400-liter L-shaped fuel tank located partly
under the cockpit floor and partly behind the rear cockpit bulkhead.

The Bf 109 K-4 can also carry an external drop tank under the fuselage with the capacity of 300
liters.

Figure 34: Main Fuel T ank

The fuel system operates on a simple principle. When more than one fuel tank is used, all tanks are
daisy-chained and fed into one another.
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Two fuel pumps are provided, P1 and P2. P1 draws fuel from the rear section of the tank, while P2
draws fuel from the front of the L -shaped tank. A Fuel Feed Selectorlocated below the throttle
guadrant is used to switch between the fuel pumps, with the options of fiZu dclosed, i.e. both off),
P1 (P1pump), P2 (P2 pump), and P1+P2 (both) .

Figure 35: Fuel Feed Selector

A single Fuel Contents gauge is also provided onthe front dash indicating remaining fuel in hundreds
of liters.

Figure 36: Fuel Contents Gauge and Fuel Warning light
A Fuel Warning Light is also provided for the main tank. The light illuminates when the fuel level in
the main tank reaches approximately 30 liters - enough fuel for approximately 5 minutes of flight .

A Fuel Pressuregauge is provided that monitors the fuel pressure as fed from the main fuel tank to
the engine.
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Figure 37: Fuel Pressure (left side)  Gauge

The engine always draws fuel from the main tank.

Figure 38: Fuel System Overview

When a drop tank is used, it constantly feeds the main tank via a pressurized fuel hose The Fuel
Contents Gauge will continue to display full for as long as the drop tanks continue to feed the main
tank. Once the drop tank is emptied, the fuel quantity in the main tank begins to decrease.
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Figure 39: Fuel System Diagram

Figure 40: Drop Tank Fuel System
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Hydraulic System

The hydraulic system in the Bf 109 is used to operate the landing gear and radiator's flaps.

The landing gear is normally raised and lowered hydraulically. The engine fluid radiators and oil
radiator have hydraulically controlled flaps.

Oil System

The oil system of the DB 605 hasa dry sump with one pressure and two scavenge pumps.

A circular oil tank is located in the nose. As no armor protection is provided for the oil system, the oil
tank and the oil cooler are some of the aircraftds

Figure 41: Oil System Diagram
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Two cockpit gauges are provided, both on the front dash. The Oil Temperature gauge monitors the
system with the normal operating temperature range of 70-85 degrees. The right-hand side of the
Fuel and Qil Pressure gauge monitas the system with the normal pressure of 5 i 10 kg/cm?.

Oil Pressure Qil
Gauge Temperature
Gauge

Figure 42: Oil Pressure (right) and Oil Temperature Gauges
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Coolant System

The Bf 109 K-4 uses two matching radiators partially recessed in the wings for cooling. First
introduced during a radical redesign of the F (for Friedrich) variant, the system used a system of
interconnected flaps to efficiently regulate cooling while providing the least pos sible drag. The flaps
are controlled automatically by a thermostat that work s to provide maximum cooling by moving the
flaps in unison as needed.

Figure 43: Coolant System Diagram

The automatic system can be somewhat sluggish, especially on the ground. Common pilot tactic is to
nudge the throttle slightly on take -off to reach the proper temperature limit, causing the automatic
cooler flaps to open or close as needed.

Manual override for the system is also provided, but should be used only in the case of emergency;
during normal operation it is highly recommended to use the automatic system.
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Electrical System

The electrical system is powered by a 2000-Watt 24-Volt generator. The system also contains one 7.5
Ampere-hour battery.

The electrical system powers the following:

Propeller pitch automation

Cockpit gauges

MW-50 circuit

Fuel pumps

Weapons system

FuG 16ZYand FuG 25aRadio sets
Exterior lights

Window heating

=a =4 =8 -8 —a_a_a_"

The Circuit Breaker Panel on the right-hand side of the cockpit is used to power up the components.

Each circuit breaker has two buttons. The larger black button with a white dot switches the
corresponding circuit on. The red button opens the circuit and thus switches it off .

Each circuit is designed to pop out if overloaded and can be reset by pushing the black button in.

The following buttons are provided:

A100 Stromerzeuger 24V 2000W Generator
Staurohr Pitot Heater
D100 Sichtscheibenheizung Window Heating
Heizhandschuhe Heated Gloves
C100 Kennlichter Exterior Lights
C101 UV-Leuchten Interior Lights
Abwurfwaffe Gondeln Drop Ordnance and Optional
Armament
V101 Bi | dgeufkledrer Gun or Recon Camera
Messgerate Instruments
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KGM1 Anlage
Anl assz¢gndun

Leuchtm-Abschussanlage

MW-50 System
Starter Ignition

Flares

V100 VerstellLuftschraube Prop Pitch Automation
Fahrwerk¢gber wa Landing Gear
Fernkompass Compass

Revibeleuchtung Revi lllumination

A101 Sammler 24V, 7.5 Ah Battery

F135 FuG 16 FuG 16 Radio Transmitter & Receiver

F211 FuG 25a FuG 25a IFFUnit

E101 Tankpumpe Electrical Fuel Pumps
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Figure 44: Electrical Cockpit Controls

The Kill Switch illustrated below and |l ocated on the mai
main electrical power.

Figure 45: Electrical Kill Switch
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Oxygen System

The oxygen system consists of a cockpitmounted flow valve with the attached flow monitor, the
regulator unit with oxygen hose, and high -pressure lines with pressure gauge, and a set of spherical
2-liter bottles located in the right aircraft wing that contain the oxygen. The bottles are split into
three banks of three as an additional safety measure.

Figure 46: Oxygen Flow Indicator and Pressure Gauge

Opening the flow valve starts the flow of oxygen. Oxygen flows to the regulator unit . The provided
Flow Indicator and the Pressure Gauge located on the right-hand side of the front dash
correspondingly indicate system status.

Figure 47: Oxygen System Diagram
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Radio Equipment

The aircraft is equipped with a FuG 16ZYradio, a specially-designed airborne VHF transceiver. The
FuG 16 can be used for in-flight communication as well as for IFF identification and DF homing. The
set operates in the frequency range between 38.4 and 42.4 MHz.

The FuG 16ZYc an al so be set to Leitj?2ger orowfiitgusdaer For mati on
special Y-Verfahren ground tracking and direction homing via the normal headphones.

The AFN-2 component of the radio set allows easy navigation to ground-based homing beacons,
showing both direction and range on one simple dial.

1 00
@)

ol

Figure 48: Radio Equipment Diagram

The FuG 25a Erstling (Debut)c o mponent i s one deftficatioreFriendor Foel(FB) f i r st |

units that allows ground-based radar to identify the aircraft as friendly . The unit receives impulses

from Freya or W¢,rzbWhegnradabl ettadandnproperly set with t
FuG 25areplies with a pre-defined signal that the ground station can process to identify the unit as

h
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friendly. The FuG 25a operates inthe frequency range of 125 +/-1.8 MHz, with an operating range of
up to 100 km.

FuG 16ZY Frequency
Selector

Fine Tuning Knob

0 ©
¥
:
!
!
'——-—-

Headphone Volume
Control

FuG 25a IFF Control
Unit

f Knopf |

Ziehen
A

FuG16Homing Switch

Figure 49: FuG 16ZY Controls
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Armor

The Bf 109 K-4 offers plentiful all-around pilot protection that includes an armored headrest, armored
seat back, as well as an armored cockpit windscreen

Figure 50: Bf 109 K-4 Cockpit Armor
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Armament

The armament of the K-4 consists of a 30 mm (1.18 in) MK 108 engine-mounted cannon
(Motorkanone) with 65 rounds, and two 13 mm (.51 in) MG 131s in the nose with 300 rounds per
gun. Some production K-4s were fitted with the MG 151/20 as the Motorkanone. Additional

R ¢ s t s 6r equigment kits, such as a 300 L (80 US gal) drop tank (R 1), bombs up to the size of
500 kg/1,100 Ib (R 1), underwing 20 mm Mauser MG 151/20 cannon gondola pods (R V) or 21 cm (8
in) Wfr.Gr. 21 rockets, were also provided for.

Figure 51: MK 108 Cannon

An important fact that must be mentioned when discussing the armament is the quality of German
ammunition. Largely ahead of its time and superior to comparable Allied examples, German cannon
shells use centrifugal fusing in shells which contain several times more explosive than Allied shells
due to the use of thinner walls. High-quality explosives used in the shells also provide considerably
more punch than comparable Allied examples.

Figure 52: MK 108 engine -mounted cannon andtw o MG 131s machineguns above engine
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The Bf 109 uses electrically operated guns, as do most other German aircraft of WWII. This makes
weapon selection easier than on Allied aircraft, and also enables a unique system of ammunition
counters that takes all guesswork out of aerial gunnery.

Cockpit equipment for the armament includes the Revi 16B gunsight as well as the SZKK 3
ammunition counters. While provisions were made for the more advanced lead-computing EZ 42
gunsight, late-war production difficulties m eant that production K -4s shipped with the simpler Revi
16B.

The SZKK3 ammunition counter is from the SZKK (Schalt-,  Z @- hrid Eantrollkasten) family of
German indicators used on many Luftwaffe aircraft during WWII. While most pilots from other air
forces had to estimate the amount of ammunition remaining in their weapons, German pilots ha ve
the luxury of seeing the actual amount of ammunition in thei r stores right in their cockpit .

" |

Figure 53: SZKK 3 Ammunition Counter

The SZKK3 shows the ammo stores for each of the two MG 131 The left-hand vertical bank in the
SZKK show the state ofthe left MG 131, and the right-hand indicator the right MG 131.

Please note that no cockpit indication is provided for the MK 108.

The ammo counters are not directly linked to the ammo stores. Instead, they are reset to full (top)
position when the guns are loaded on the ground, and then each mechanical indicator bar is lowered
whenever a weapon is fired.

White bar portion signifies ammunition in the stores; black bar portion signifies expended
ammunition.

The circular Lock Control Indicators on top of each ammunition counter will flicker black and white
whenever a weapon is fired. If the lock control indicator remains black when a trigger is p ressed,
weapon malfunction has occurred.
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Figure 54: Revi 16B Gunsight

The Revi 16Bis a standard reflector sight used on many German aircraft. While attempts to introduce
lead-computing sights began rather early in the war, the RLM continued to prefer simpler Reflex
Sights (Reflexvisier or Revi for short) well into 1944. All reflex sights used by all nations use the sa me
basic principle and project a reticule image onto a sight glass into infinity.

Reflector sights such as the Revi 16B do not compute lead and simply provide a dead aiming point
relative to the aircraft gun line.

When using a reflex sight in combat, the pilot has to make manual adjustments to account for target
lead, G load, distance to target, and other parameters required for accurate aerial gunnery.

Figure 55: Flight Stick

EAGLE DYNAMICS



A conventional flight stick is provided with a conventional trigger that allows the pilot to fire on -board
armament as needed.

Two separate triggers are provided, one for the twin MG 131s, and the other one for the MK 108
cannon.

If equipped with the underwing rockets, the MK 108 Fire Button can also be used to fire the
underwing rockets. The two modes are selected via the MK 108 / Rockets Switch located on the main
dash.

The stick also contains the Bomb Release Button that can be used to drop the bomb.

If equipped with underwing cannon gondolas, the MK 108 can also be used to fire the underwing
guns. The two modes are selected via the Wing Cannon Switch located on the main dash.







COCKPIT

Thepi | ot OisthedBf 109 Kedds a conventional aircraft cockpit that is rather cramped and
disorganized by late-war standards. A long series of improvements and adjustments in the Bf 109
variants meant that the original clean Bf 109 B cockpit continued to receive a large number of
switches and controls for new devices that were often placed haphazardly in areas convenient to the
engineers with little regard for ergonomics .

In stark contrast to its competitor , the Fw 190, the Bf 109 require s the pilot to often take hands off
throttle or stick, sometimes requiring minor feats of strength or contortion to operate various cockpit
systems.

Figure 56: Bf 109 K -4 Cockpit Overview

The cockpit is divided into three main areas: the front dash includes the instrument panel and the
Revi 16B gunsight; the left-hand side that includes engine controls; and the right -hand side that
includes oxygen controls and the electrical system breakers.




Front Dash Legend

The front dash includes the instrument panel and the Revi 16B gunsight.

1 17
2 18
3 19
4 20
5 21
6 22

23
7

24
8

25
9

26
10 27
11 28
12 29
13 30

14 15 16 32 31

Figure 57:Bf 109 K -4 Front Dash and Legend

1. Ammo Indicators

2. Master Weapons Switch

3. Wing mounted MG 151 Indicator (Left)
4

Artificial Horizon / Turn & Bank Indicator
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