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NOTES TO USERS

THis publication is divided into five parts:
Descriptive, Handling, Operating  Data,
Emergencies, and Illustrations. Part I gives
a brief description of the controls with which
the pilot should be acquainted.

These Notes are complementary to A.P. 2095
Pilot’s Notes General and assume a thorough
knowledge of its contents. All pilots should

be in possession of a copy of A.P. 2095

(see A.M.O. A93/43).

Words in capital letters indicate the actual
markings on the controls concerned.
Additional copies may be obtained from
A.P.F.S., Fulham Road, S.W.3, by application
on R.A.F. Form 2944, in duplicate, quoting
the number of this publication ‘in full—
A.P. 1565]—P.N.

Comments and suggestions should be for-

warded through the usual channels to the Air
Ministry (D.T.F.).
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SPITFIRE P.R.XI

INTRODUCTION

I.

The Spitfire P.R. Mk. XI is basically a Mark IX aircraft,
fitted with a Merlin 61, 63 or 70 engine, and differs from
it only in the fuel and oil systems and the special photo-
graphic ‘equipment that is carried. This supplement
describes the fuel system and its management.

FUEL SYSTEM

2.

3-

Fuel tanks.—In addition to the two main tanks, a tank
of 66 gallons capacity is fitted in the leading edge of each
wing, increasing the total fuel capacity to 217 gallons.

Fuel cocks.—The wing tank cocks are each controlled
by a corresponding lever on the’ left-hand side of the
cockpit. :

Contents gauges.—A contents gauge is provided for each
wing tank on the corresponding side of the instrument
panel. There is also a gauge for the top main tank, next
to the lower main tank gauge.

Booster pumps.—On later aircraft there is an electric
booster pump in each wing tank and in the lower main
tank, each operated by a separate switch on the right-hand
side of the cockpit. These three switches are being re-
placed by a single selector switch which ensures that only
one pump is switched on at a time.

OIL SYSTEM

6. Oil tank.—The oil tank has a capacity of 14°5 gallons.

The system is otherwise similar.
4A




SPITFIRE P.R.XI—continued

MANAGEMENT OF FUEL SYSTEM

7,
(@)

The following drill is recommended

Start, warm up and take-off on the main tanks.

(ii) At a safe height change over to one of the wing tanks.

(iii)

(iv)

Fly on each wing tank alternately for twenty minutes
until the fuel in both has been consumed. This will be
indicated by the fuel pressure warning light. Change back
to the main tanks.

The following procedure must be adopted at each change
of tanks: "

First switch OFF the booster pump of the tank in use
and then turn ON the cock of the next tank in sequence.
Then switch ON the appropriate booster pump and turn
OFF the cock of the tank just used.

Note.—It is important, where separate switches are
. fitted, that not more than one booster pump
should be running at a time, as the load on the
generator is excessive and an electrical failure may
occur. By operating the wing tank cocks every
twenty minutes the possibility of freezing up

at altitude is lessened.
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PART I
DESCRIPTIVE

Note.—The numbers quoted in brackets after items in the

text refer to key numbers of the illustrations in Part V.

INTRODUCTION

:

The Spitfire F. Mk. IX is fitted with a Merlin 61 or 63
engine, with two-speed two-stage supercharging. The
Spitfire LF. Mk. IX is fitted with a Merlin 66 engine,
which gives better performance at low altitudes. The
Spitfire HF. Mk. IX has a Merlin 70 engine, giving
improved performance at high altitudes. Merlin 61 and 63
engines have S.U. carburettors, and Merlin 66 and 70
engines have Bendix-Stromberg carburettors. All are
fitted with Rotol 35° four-bladed propellers. The air-
craft controls, including the undercarriage, flaps and
brakes, are identical with those on earlier Marks.

FUEL, OIL AND COOLANT SYSTEMS

2. Fuel tanks (see Fig. 4).—Fuel is carried in two tanks

mounted one above the other (the lower one is self-
sealing) forward of the cockpit. The top tank feeds into
the bottom tank and fuel is delivered to the carburettor,
through a filter, by an engine-driven pump. On Merlin
61 and 63 engine installations there is a fuel cooler and
on Bendix-Stromberg .carburettor installations, a de-
aerator in the carburettor, for separating accumulated
air from the fuel, is vented to the top tank.

The main tank capacities are as follows:

Top tank 48 gallons
Bottom tank 37 gallons
85 gallons

An auxiliary drop tank of 30, go or 170 gallons capacity
can be fitted under the fuselage and on some aircraft a
second auxiliary tank of 26 gallons capacity is fitted in
the rear fuselage for use with the 170-gallon tank on

5



PART I-DESCRIPTIVE

reinforcing flights. To meet the possibility of engine
cutting due to fuel boiling in warm ‘weather at high
altitudes, the main tanks can' be pressurised (operative
above 20,000 feet).. Pressurising, however, impairs the

self-sealing of tanks and should, therefore, be used only

when the fuel pressure warning light comes on.

. Fuel cocks.—The cock control for the main tanks is a
lever (47) fitted below the engine starting push-buttons
and the pressurising control (50) is below the right-hand
side of the instrument panel. The cock control (58) and
Jettison lever (59) for the auxiliary drop tank are mounted
together on the right-hand side of the cockpit, below the
undercarriage control unit. The jettison lever is pulled
up to jettison the drop tank, but cannot be operated until
the cock control is moved forward to the OFF position.
The cock for the rear fuselage tank (when fitted) is to the
left of the seat.

. Fuel pumps.—On Stromberg carburettor installations an
electric booster pump, operated by a switch on the left-
hand side of the cockpit, is fitted in the lower main tank
for facilitating engine starting and engine recovery during
combat, and should, therefore, be left on in flight. On early
aircraft this pump is not fitted, but a hand wobble pump
is provided instead, just forward of the remote contactor.

. Fuel contents gauge and pressure warning light.—The
contents gauge (19) on the instrument panel indicates
the contents of the lower main tank when the adjacent
pushbutton is pushed. The fuel pressure warning light
(18), operated by the small switch (34) on the throttle
quadrant, comes on when the pressure drops to 6 1b./sq.in.
(10 Ib./sq.in. on Stromberg carburettor installations).

Oil system.—Oil is supplied by a tank of 7-5 gallons oil
capacity under the engine mounting, which is pressurised
to 2 Ib./sq.in., and passes through a filter before entering
the engine. An oil cooler is fitted in the under-side of

the port wing and oil pressure (20) and temperature-

(17) gauges are fitted on the instrument panel. When
carrying an auxiliary fuel tank of 170 gallons capacity a
larger oil tank of either 8:5 or 145 gallons capacity
must be fitted.

6
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7. Engine coolant system.—The system is thermostatically

controlled, the under-wing radiators being by-passed
until the coolant reaches a certain temperature. The
header tank is mounted above the reduction gear casing
and is fitted with a relief valve. The radiator flaps are fully
automatic and are designed to open at a coolant tem-
perature of 115° C. A pushbutton is fitted on the electrical
panel for ground testing and there is a coolant temperature

~ gauge (16) on the instrument panel.

. Intercooler system.—The high temperatures resulting

from two-stage supercharging necessitate the introduction
of an intercooler between the supercharger delivery
and the induction manifolds, particularly when S ratio

. is used. An auxiliary pump passes the coolant from a

separate header tank to a radiator under the starboard
wing, and thence through the supercharger casing to
the intercooler, where the charge is cogled by loss of
heat passing to the coolant. On early aircraft a thermo-
statically operated switch in the induction pipe is con-
nected to the supercharger operating ram and causes it to
change the supercharger to M ratio in the event of the
charge temperature becoming excessive. This change of
gear ratio is indicated to the pilot by a pushbutton, which
springs out on the instrument panel. The supercharger

-will change back toS gear after the temperature of the

charge has returned to normaland the pushbutton has been
pushed in. If, however, the excessive temperature is of a
permanent nature, due to failure of the intercooler system,
the pushbutton will continue to spring out and the flight
should be continued in M gear.

MAIN SERVICES

9. Hydraulic system.—Oil is carried in a reservoir on the

fireproof bulkhead and passes through a filter to an
engine-driven pump for operation of the undercarriage.

10. Electrical system.—A 12-volt generator supplies an

accumulator which in turn supplies the whole of the
electrical installation. A voltmeter (10) across the
accumulator is fitted at the top of the instrument panel

i
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and a red light (40), on the electrical panel, marked Power

Failure, is illuminated when the generator is not delivering

current to the accumulator.

Note.—If the electrical system fails or is damaged, the
supercharger will be fixed in M ratio and the
radiator flaps will remain closed.

Pneumatic system.—An engine-driven air compressor
feeds two storage cylinders for operation of the flaps,
radiator flaps, supercharger ram, brakes and guns. The
cylinders each hold air at 300 1b./sq.in. pressure.
Note.—If the pneumatic system fails, the supercharger
: will be fixed in M ratio, but the position of the
radiator flaps will depend on the nature of the
failure. :

AIRCRAFT,CONTROLS
12. Trimming tabs.—The elevator trimming tabs are con-

13.

trolled by a handwheel (30) on the left-hand side of the
cockpit, the indicator (24) being on the instrument panel.
The rudder trimming tab is controlled by a small hand-
wheel (27) and is not provided with an indicator. The
aircraft tends.to turn to starboard when the handwheel
is rotated clockwise.

Undercarriage control.—The undercarriage selector lever
(52) moves in a gated quadrant on the right-hand side
of the cockpit. An automatic cut-out in the control moves
the selector lever into the gate when it has been pushed
or pulled to the full extent of the quadrant and when
the operation of the undercarriage is complete. A
hydraulic valve indicator in the quadrant shows DOWN,
or IDLE or UP, depending upon ‘the position of the
hydraulic valve. UP or DOWN should normally show
only when the selector lever is operated to raise or lower
the undercarriage and IDLE when the lever has auto-
matically sprung back into the gate after raising or
lowering the undercarriage. If, with the engine not
running, the indicator shows DOWN, it should return to
IDLE when the engine is started.

8
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To raise the undercarriage the lever is pushed forward,
but it must first be pulled back and then across to dis-
engage it from the gate. When the undercarriage is raised
and locked, the lever will spring into the forward gate.

To lower the undercarriage the lever is pulled back, but
it must first be pushed forward and then across to dis- .,
engage it from the gate. When the undercarriage is
lowered and locked the lever will spring into the rear gate.

Undercarriage indicators:

" (@) Electrical visual indicator.—The electrically operated

visual indicator (2) has two semi-transparent windows
on which the words UP on a red background and
-.DOWN on a green background are lettered; the
words are illuminated according to- the position of
the undercarrlage The switch (34) for the DOWN
circuit is moved to the on position by a striker on the
throttle lever as the throttle is opened.

(b) Mechanical position indicators.—A rod that extends
through the top surface of the main plane is fitted to
each undercarriage unit. When the wheels are down
the rods protrude through the top of the main planes
and when they are up, the top of the rods, which are
painted red, are flush with the main plane surfaces.

Undercarriage warning horn.—The horn sounds when the
throttle lever is nearly closed and the undercarriage is not
lowered, and cannot be silenced until the throttle is
opened again or the undercarriage is lowered.

Flap control.—The split flaps have two positions only,
up and fully down. They are controlled by a finger lever
(5) on the instrument panel.

Wheel brakes.—The brake lever is fitted on the control
column spade grip and a catch for retaining itin the on
position for parking is fitted below the lever pivot. A
triple pressure gauge (25), showing the air pressures in
the pneumatic system cylinders and at each brake, is
mounted on the instrument panel.

Flying control locking struts.—1T'wo struts are stowed
on the right-hand side of the cockpit aft of the seat. The
longer strut and the arm attached to it lock the control

5
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column to the seat and to the starboard datum longeron,
and the shorter strut, attached to the other strut by a
cable, locks the rudder pedals. The controls should
be locked with the seat in its highest position.

. ENGINE CONTROLS
19.

Throttle—The throttle lever (33) is gated at the take-off
position. There is a friction adjuster (31) on the side of the
quadrant. The mixture control is automatic and there is
no pilot’s control lever.

Propeller control.—The speed control lever (35) on the
throttle quadrant varies the governed r.p.m. from 3,000
down to 1,800. The friction adjuster (46) is on the side
of the quadrant. : ‘

Supercharger controls.—The two-speed two-stage super-
charger automatically changes to S ratio at about 21,000

feet (14,000 feet on Merlin 66 installations) on the climb,

and back to M ratio at about 19,000 feet (12,500 feet on
Merlin 66 installations) on the descent. An over-ride
switch is fitted on the instrument panel by means of
which M ratio may be selected at any height. There is a
pushbutton (42) on the electrical panel for testing the
gear change on the ground, and a red light (13) on the
instrument panel comes on when S ratio is engaged, on
the ground or in flight.

Intercooler protector.—The pushbutton (15) on the
instrument panel, on early aircraft, springs out when
the charge temperature becomes excessive and the
supercharger automatically changes to M ratio. It
may be re-set by being pushed in and will remain in
and allow the supercharger to return to S ratio when the
temperature of the charge returns to normal.

Radiator flap control.—The pushbutton (41) for testing
the radiator flaps is on the electrical panel.

Slow-running cut-out (Merlin 61 and 63 installations
only).—The control on the carburettor is operated by
pulling the ring (37) below the left-hand side of the

instrument panel.
10

25.

26.

27

28.

PART I—DESCRIPTIVE

Idle cut-off control (Merlin 66 and 70 installations
only).—The idle cut-off valve on Stromberg carburettors
is operated by moving the short lever on the throttle
quadrant through the gate to the fully aft position. On
early Stromberg carburettor installations this lever is not
fitted, but the cut-off valve is operated by the ring (37)
which on other aircraft operates the slow-running cut-out.

Cylinder priming pump.—A hand-operated pump (48)
for priming the engine is fitted below the right-hand
side of the instrument panel. :

Ignition switches and starter buttons.—The ignition
switches (1) are on the left-hand side of the instrument
panel and the booster-coil (22) and the engine starter (21)
pushbuttons immediately below it. Each bushbutton is
covered by a safety shield.

Ground battery starting.—The socket for starting from
an external supply is mounted on the starboard engine
bearer.

OTHER CONTROLS

s \og,

30.

Cockpit door.—The cockpit door is provided with a
two-position catch which allows it to be partly opened
and so prevent the hood from sliding shut when taking-
off and landing, and in the event of a forced landing.
It will be found that the catch operates more easily when
the aircraft is airborne than when on the ground.

Signal discharger.—The recognition device fires one of
six cartridges out of the top of the rear fuselage when.the
handle (39) to the left of the pilot’s seat is pulled upwards.
On some aircraft a pre-selector control (38) is mounted
above the operating handle.

11
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HANDLING  fages b

31. Management of fuel system.—with auxiliary tanks.

(1) Flying restrictions:

(a) When fitted with a go-gallon drop tank the aircraft
is restricted to “straight flying” (see A.P. 2095, 1.A.3)
until the tank is jettisoned. :

Norte.—This restriction does not apply when fitted
with a 3o0-gallon drop tank.

(b) On re-inforcing flights, when fitted (a) with a 170-
gallon drop tank or () with a 170-gallon drop tank
and a 26-gallon rear fuselage tank, the aircraft is
restricted to straight flying until the r70-gallon tank
is jettisoned and the 26-gallon tank is empty.

(¢) Drop tanks should be jettisone:i only in straight and-

level flight, and then only if absolutely necessary.

(ii) Management of tanks:

(d) Start, warm up and take off on the main tanks and
change over to the .drop tank at a safe height (say
2,000 feet). Turn OFF the main tanks.

(¢) When the engine cuts, turn OFF the drop tank,
turn ON the rear fuselage tank (if fitted) or main
tanks, and if maximum range is required, or in other
special circumstances, jettison the tank. -

(f) At no time should the drop tank cock and the rear
fuselage tank cock be ON together, or fuel in the
rear fuselage tank will be lost, as the rear fuselage tank
connection joins the drop tank connection below the
non-return valve. This applies whether or not the tank
has been jettisoned.

12
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(¢) If a tank has to be jettisoned before it is empty, first
turn ON the main tanks and then turn OFF the drop
tank. Then change over to the rear fuselage tank (if
fitted) when convenient.

Note.—It is necessary to ensure that the drop tank
cock is in the fully OFF position when the tank
is empty or jettisoned; otherwise, air may be
sucked into the main fuel system and, if a rear
fuselage tank is fitted, fuel will be lost from it.

Preliminaries

(i) Check contents of fuel tanks. If fitted with auxiliary

- tank(s) check that corresponding cock(s) are OFF.

(i1) Check that the undercarriage selector lever is down;

switch on indicator and see that DOWN shows green.

(iii) Test operation of flying controls.

(iv)

33.

(i)
(i)

© (i)

(iv)

In order to avoid damage to the propeller the ground
immediately below it should be cleared of any small
stones or rubble before starting the engine.

Starting the engine and warming up—F. Mk. IX.
(Merlin 61 and 63 engines)
Set fuel cock ON.

Set the controls as follows:
Throttle e v ... % inch open

Propeller control Fully forward

If an external priming connection is fitted, high volatility
fuel (Stores ref. 34A/111) should be used for priming
at temperatures below freezing. Work the Ki-gass priming
pump until the fuel reaches the priming nozzles; this
may be judged by a sudden increase in resistance.

Switch ON the ignition and press the starter and booster-
coil buttons. Turning periods must not exceed 20 seconds;
with a 30 seconds wait between each. Work the priming
pump as rapidly and vigorously as possible while the
engine is being turned; it should start after the following
number of strokes if cold:

E3
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(vi)
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Air temperature °C.  +30 420 +I10 0 —10 —20
Normal fuel : 3 4 g -
High volatility fuel Areoghs 18

At temperatures below freezing it will probably ‘be
necessary to continue priming after the engine has fired
and until it picks up on the carburettor.

Release the starter button as soon as the engine starts,
and as soon as the engine is running satisfactorily release
the booster-coil button and screw downthe priming pump.

(vii) Open up slowly to 1,000 r.p.m., then warm up at this speed:

34. Starting the engine and warming up—LF and HF. Mk IX.

)
(i)

(iii)

(Merlin 66 and 70 engines)
Set fuel cock ON.

Set the controls as follows:
Throttle
Propeller control

% inch open
Fully forward

If an external priming extension is fitted, high volatility
fuel (Stores ref. 34A/111) should be used for priming at
temperatures below freezing. Work the Ki-gass priming
pump until the fuel reaches the priming nozzles (this
may be judged by a sudden increase in resistance) and
then give the following number of strokes if cold:

. Air temperature °C. +30 +20 10 © —10 -—20

(iv)

Normal fuel LS 4 s AT
High volatility = .. : 4 8 18
Move the idle cut-off control to the fully aft (closed)

position and switch on the booster pump. (or operate the '

wobble pump until the pressure warning light goes out).

Note.—When the idle cut-off valve is operated by pulling
the ring, the latter must be held out until the
engine starts. Neither the booster pump nor
the wobble pump must be operated unless the
cut-off valve is closed or the engine is running.
The wobble pump may be operated again, if
necessary, after the engine has started and the idle
cut-off control has been moved forward (or the
ring released).

14
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(vii)

35-

(i)

(i)

(ii1)

(@iv)

(v)

(vi)

PART II—HANDLING

Switch ON the ignition and press the starter and booster-
coil pushbuttons.

As soon as the engine fires, release the starter button and
move the idle cut-off control forward (or release the ring
if used) Release the booster-coil button and screw down
the priming pump as soon as the engine is running
satisfactorily.

Note.—If the engine is over-primed and fails to start,
operate the idle cut-off control and switch off the
booster pump or stop working the wobble pump
while the engine is cleared by turning it through
two or three revolutions.

Open up slowly to 1,000 r.p.m., then warm up at this
speed. :

Testing engine and installations
While warming up:
Check temperatures and pressures. .

Press the radiator test pushbutton and have .ground crew
check that shutters open.

After warming up, with three men on the tail and one on
the starboard wing-tip:

Open up to -4 lb./sq.in. boost; exercise and check
operation of the two-speed supercharger by operating
the test pushbutton. R.p.m. should fall when S ratio is
engaged and the red light should come on.

At 44 Ib./sq.in. boost exercise and check operation of
the constant-speed propeller. R.p.m. should fall to 1,800
with the control fully back.

With the propeller control fully forward, open the throttle
to the gate and check take-off boost and static r.p.m.,
which should be 3,000 at take-off boost.

“Throttle back to -+ g 1b./sq:in. boost and test each magneto
in turn. The drop should not exceed 150 r.p.m.

(vii) Before taxying, check brake pressure (8o lb./sq.in.) and

pneumatic supply pressure (220 lb./sq.in.).
L4

































