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This leaf issued with A.L. No. 17, April, 1952 A.P.412IB & C, Volume | -

NOTE TO READERS

The subject matter of this publication may be affected by Admiralty
Fleet Orders, Air Ministry Orders, or by ‘‘ General Orders and Modifi-
cations " leaflets in this A.P.,-in the associated publications listed below,
or even in some others. If possible, Amendment Lists are issued to
correct this publication accordingly, but it is not always practicable to
do so. When an Order or leaflet contradicts any portion of this
publication the Order or leaflet is to be taken as the overriding authority.

Each leaf bears the date of issue and, when applicable, the number of
the Amendment List with which it was.issued. New or amended technical
information on new leaves which are inserted when this publication is
amended will be indicated by a vertical line in the margin. This line
merely denotes a change and is not a mark of emphasis. When a Section
or Chapter is issued in a completely revised form, the line will not appear.

* * *
LIST OF ASSOCIATED PUBLICATIONS AND AIR DIAGRAMS

A.P.
AAero-engine ignition equipment l374PSeries
Aircraft hydraulic equipment—Lockheed ... 1803B
Aircraft pneumatic equipment—Hymatic ... 4303C
Electrical equipment manual—general (airborne) . 1095A

Fuel system components (general) for gas turbine aero-engines 4282

Fuel system components (Lucas) for gas turbine aero-engines 4282A
Instrument manual—general instruments e 1275A
R.A.F. engineering and relevant Aircraft Publications and
Pilot’s Notes 1464 Series
. AD.
Goblin Mk. 2 aero-engine ... 4614
Goblin Mk. 2 Servicing information ... 4481 g
R.N.D. -
Goblin Mk. 2 Combustion chamber and burner ON 682
Goblin Mk. 2 Fuel system (Sheet A) ... .. .. .. ON 680A
Goblin Mk. 2 Fuel system (Sheet B)" ... ON 6808

Goblin Mk. 2 Rotor shaft assembly ... ON 675
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This leaf issued- with AL, No. 12, March.\ 1950

* AP.4121B, Volume I

t
*

INTRODUCTION

General :

1. The Goblin jet propulsion engine uses air
as the working medium and kerosine as the
fuel. . The air supply is drawn in through
twin air-intakes at the front of the engine
and after passing through the system, where
it is heated and expanded, it is expelled at

very high velocity through the jet pipe at

the rear. By comparison with a reciprocating
engine and-propeller, the jet propulsion engine

throws back.a much smaller mass of air at a-

reldtively higher velocity. The reaction of the
jet in static pounds thrust constitutes the
power rating of the engine,

Goblin Mk. 2 aero-engine
2. The engine consists of a compressor, a

" combustion system, a turbine, and.an exhaust

assembly. Air is drawn through two large

. intake ducts at the front of the engine by the

rotating impeller of a single-stage centrifugal
compressor, and discharged radially at in-
creased velocity into sixteen specially shaped
diffuser passages which are connected directly
with sixteen combustion chambers placed
equidistantly around the axis .of the engine.
Kerosine fuel, under pressure, is delivered
to fixed orifice burners located in the flame
tube of each combustion chamber. -As the

air flows through these chambers it is heated
and expanded by the burning fuel; conse-

quently, the air velocity is greatly increased
and, passing‘from-the combustion chambers,
the mixture of burnt fuel and air is used to
drive a single-stage axial flow turbine. The
turbine wheel is mounted on the same shaft
as the impeller, this assembly being the only
major component of the engine which rotates.

3. The gas, after leaving the- comi:ustion
chambers, is passed through a stationary
ring of guide vanes set at an angle to the

engine axis, and these deflect the gas so that-

it impinges on the blades of the turbine wheel.
An angular velocity is imparted to the turbine
wheel with the minimum loss of speed to the

gas which then leaves the turbine in an axial .

<

direction and passes down the exhaust .cone
assembly to the propelling nozzle where it
emerges.

4. The mass of gas discharged from the
propelling nozzle is dependent upon the mass
of air entering the air-intakes and, therefore,
on the impeller r.p.m.- The speed of the
compressor depends on the power of the
turbine and this is governed by the rate at
which fuel is burnt in the combustion chamabers.
A variation in. the flow .of fuel to the barners
causes either an increase or decredse in ‘the
rate of air eéxpansion .and this produces a
sympathetic response in r.p.m. Regulation of
the fuel flow controls r.p.m. and is, in fact,
the throttle of the engine.

5. Fuel is delivered to an engine control box
by a high-pressure pump, a barostat being
interposed in the line to regulate the pressure
according to altitude. From the control box
the fuel passes through' a starting valve to
the burners ; an overspeed governor is fitted
in the line to prevent-the engine r.p.m. from
exceeding the stipulated maximum, and-there
is also a connection to a fuel accumulator,

1
Lubrication system >
6. The lubrication system is self-contained :

~ oil is supplied from a sump in the front of the
engine and delivered by a pressure pump to-

the two ‘bearings on thé rotor shaft, and to
such of the accessories as require an oil supply.

Starting system )
7. The engine is started by an electric motor
which rotates the turbine impeller shaft until

such time as the turbine develops sufficient .

power to dispense with the starter' motor.
As conditions for successful starting are
critical, the starting cycle is automatic; the

engine will normally run up to its idling:
speed within approximately 60 seconds<*of .

pressing the starting button.
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Accessories .

8. The engine and aircraft accessories are

mounted on the top and bottom accessory
boxes on the front of the engine, and are driven

through suitable gear trains from shafts driven

off the front of the impeller shaft.

Instruments and controls

9. To enable the pilot to keep within
Operating Limitations, an r.p.m. indicator, a
jet pipe temperature gauge, and oil temperature
and pressure gauges are provided in the
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cockpit. With the exception of the starting
switches and L.P. fuel cock, there are two
engine controls only, the lever controlling the

throttle and the lever controlling the H.PI. ~

fuel cock.

'
A

Engine ilandllng
10.  Throughout' this Air Publication the
port side refers to the left-hand side of the
engine facing the 'direction of flight, and the
starboard side to the right-hand side. )
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A.P412IB & C, Yotume | (AL 28)

LEADING PARTICULARS
GOBLIN Mk. 2

GENERAL

Type of engine .
Length (to rear of exhaust cone) ....

Arrangement of engine ... Single-stage centrifugal compressor with
flow combustion and single-stage axial-flow

Turbo-jet
100+5 in.
straight-

turbine,

Rotation ... . Clockwise, viewed from the rear

Weight (net dry) with exhaust cone assembly,
fireguard, fuel pumps and propelling nozzle,
but excluding the electric starter and aircraft
accessories

1,577 Ib. 4 2% per cent.

Compressor-.... - Single entry with bifurcated gir-intake, single-stage
centrifugal with single-sided impeller,

Combustion system Straight flow

No. of chambers ... S w. 16

Arrangement .... ... ... Conical chambers arranged round, and with their axes
inclined to, the engine axis.

Numbering ... - No. I at the top, 5 deg. to the left of the centre, and
numbered clockwise viewed from the- front: :

Turbine e« Single stage, axial flow

-~ No. of nozzle blades . 77

No. of turbine blades 83

Exhaust cone :

Length, Including propelling nozzle s 52+75 In, (cold)

Diameter of propelling nozzle (internal) ....

Note:—No change is permitted in the size of the propelling nozzle fitted to any
particular engine. The correct size to control the J.P.T, is determined by. test

bench calibration.
FUEL SYSTEM

16 in. (cold)
p (Mod. No. 936) 16-125 in, (cold)

Fuel ... - Aviation turbine fuel 100, AVTUR (Stores Ref. 34A/179) Spec. D.Eng.

R.D.2482,

Aviation turbine gasoline, AVTAG (Stores Ref. 34A/251) Spec. D.Eng. -

R.D. 2486, Vol. 2, leaflet A.P.1464C[4 refers.
Fuel pump ....

Speed of rotation

Dowty A.260Y Mk. 5
Dowty Eng. 300.Mk. I (Mod. No. 724)
Dowty Eng. 300 Mk, 2 (Mod. No. 904)
’ 1/3 x engine speed

Max. pump pressure 1,000 Ib. per sq. in,

Governor D.H. Mk. 4
Governing speed ... w  Maximum r.p.m.
Speed of rotation ... . . 1[3 % engine speed
Barostat .. . .. . = «..” Lucas ACU/MI8 and ACUI9/IA

(Mod. No. 939) Lucas ACUI 9/1A
Control box D.H. Mk. 16
Accumulator Lucas—A2/[1A

Pressure limiting valve ... .. . Hobson, Mk, 8

Burner, atomiser ...

we  Lucas F.A20/21/22/23

Element - Fixed orifice with 83 deg. spray angle (four different

calibrations for burners)

RESTRICTED
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LUBRICATION SYSTEM /\\
Type e v s e Self-contained.  Oil carried in sump.  Pressure ol
to main bearings and governor via metering pumps
Ol e e e e OM-71 (Stores Ref. 34A[187). Key letter B

OEP-71 (Stores Ref. 34A[206). Key letter Y
Consumption max. ... we. 2 pints per hour

Pressures and temperature ... see Operating Limitations

IGNITION SYSTEM

Type ... . Two KL.G. 994/9 or Lodge LHIO0 igniter plugs
energized by two B.T.H. C2TS booster coils. —~
High energy ignition system (Mod. No. 894).  Two . \
K.L.G. 164 or Lodge 324-1 igniter plugs energised . {

by two B.T.H. CI0TS/2 condenser units.

Igniter plug gap ... .. K.L.G. 994/9 0-060 + 0-002 in.
Lodge L.H.100 0040 to 0-045 in.

.+

STARTING SYSTEM

Starter v Rotax C.3804/1, 24v.
Type ... Electric turning gear with Bendix engaging mechanism

ACCESSORIES

The following accessories are approved for this engine. - The specific accessories
for any particular installation will be found in the relevant aircraft Air Publication.

Speed of accessory Direction of rotation
Accessory ' relative to impeller looking on driving ”
shaft spindle of accessory
Starter motor (Rotax C.3804/1) ... . 0-984 * Clockwise

) (Internal Gears 3-305:1)

Tachometer generator Mk. 7A (Stores Ref. :
0-25 Counter-clockwise

6A/1560) .. .
Vacuum pump (B3X Mk. 2) ... 0-311 Clockwise .
Hydraulic pump (Lockheed Mk. 6, or Mk. 7) 0-149 ' Clockwise )
Generator (Newton HX.2, 20V., 50A) ... 0-618 Counter-clockwise
(Type KX., 29V., 60A)
(B.T.H. 0.2, 29V., 1004)
Cabin supercharger (Marshall Mk. 22) ... 0-618 Clockwise
Compressor (Hymatic SH6/24) ... 0-143 X Clockwise
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" LEADING PARTICULARS '
" GOBLIN Mk 3

_ GENERAL
Type of engine . Turbo-jet
" Length (to rear of exhaust cone) ... .. .. e e w1005 in.
l'lrr'an'geha'e‘nt Single-stage  centrifugal compressor, straight
e * flow combustion and single-stage axial-flow turbine.
_Rotation ... we e e e Clockwise, viewed from the rear

Weight §net dry) with exhaust cone assembly,

fireguard, fuel pumps and propelling nozzle, but ©
excluding the electric starter and aircraft accessories.... 1,620 Ib. (dual pump
wee 1,580 Ib. (single pump,
Compressor.... ... Single entry, single-stage centrifugal, with bifurcated

air-intake . .
Combustion . system ww . Straight flow
No. of chambers ... w16
Arrangement ... Conical chambers, arranged round the engine axis
' Numbering ... ... No. I at the top, 5 deg. to the left of the centre, and
' numbered clockwise viewed from the front

Turbine ... Sing]e stage, axial flow
No. of nozzle blades e 17
. Yo we 83

AP 4121B & C V1 S1 & S2 Goblin 2 & 3 Operation & Description 19620517 OCR.pdf

No. of turbine blades

Exhaust cone :
Length, including propelling nozzle 52+75 in. (cold)

Diameter of propelling nozzle (internal) .... Pre-mod. 820, 16-5 in. (cold)
Mod. No. 820, 16-375 in. or 16+5 in. (cold)

Note:—No change is permitted in the size of the propelling nozzle fitted to any-
particular engine. The correct size to control the J.P.T. is determined by test
bench calibration.

- FUEL SYSTEM

Fuel ... ... Aviation turbine fuel 100, AVTUR (Stores Ref. 34A/179) D. Eng.
R.D.2482

Aviation turbine gasoline, AVTA(;‘ (Stores Ref. 34A[251) Spec. )

D.Eng. R.D. 2486. Vol. 2, leaflet A.P.1464C/[4 refers.

Fuel pump (dual pump system) Lucas; Port G.C. 16/9] or G.C. 236/10)-

Lucas, Starb. G.C. 15/24] or G.C. 237/11)

(single pump system) Lucas G.C. 221[I9N (Mod. No. 700)

N 221 [19AH (Mod. No. 941)

Speed of rotation ... 1/3 x engine speed
Governor ... ....Incorporated in fuel bumps
Governing speed ... .. .. v e we  Maximum rp.m.

Barometric pressuré control Lucas B.P.C. 3[7G
‘ Lucas B.P.C. 11/7G (Mod. No. 898)

Control box D.H. Mk. 13
Accumulator Lucas A2/2A
Pressure limiting valve .... . Hobson, Mk. 9
Burner, atomiser ... .. .. . .. .. Lucas F.A. 52/53/54/55/57 |58
Element e Fixed orifice with 83 deg. spray angle (six different

calibrations for burners)

. (AL. 28, Feb, 55)
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LUBRICATION SYSTEM

Type ... Self-contained. Oil carried in sump. Pressure oll
~ to main bearings via metering pumps
ol .. . e  w. OM7I (Stores Ref. 34A[I87). Key letter B

OEP-7I (Stores Ref. 34A[206). Key letter V
OM-31 (Stores Ref. 34A/200). Key letter Q
0X-38 (Stores Ref. 34A[266 Key letter S

. Note~— Embodiment of modifications No. 867 and 95 is essential standard for

the use of oil 0X-38

Consumption max. ... 2 pints per hour

. Pressures and. temperature see Operating Limitations

IGNITION SYSTEM

Type .... s Two K.L.G. 994/9 or Lodge LHIOO igniter plugs
_ energized by two B.T.H. G2TS booster coils.
High energy ignition system (Mod. No. 830), Two
K.L.G. 164 or Lodge 324-1 igniter plugs energized
by two B.T.H. CI0TS/2 condenser units.

Igniter plug gap ... K.L.G. 994/9 0-060 4 0-002 in.
' Lodge L.H./100 0-040 to 0-045 in.

STARTING SYSTEM

Starter Rotax C.3804/[1, 24 v.

© Type .. Electric turning gear with Bendix engaging mechanism.

ACCESSORIES

The following accessories are approved for this engine. The specificaccessories for
any particular installation will be found in the relevant aircraft Air Publication.

N

<
R
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Speed of accessory Direction of rotation »
Accessory relative to impeller looking on driving .
. -shaft spindle of accessory
Starter motor'(Rétax-C.3804/1) ... . 0-984 Clockwise :
‘(Internal Geéars 3-305:1) .
Tachometer generator Mk. 7A (Stores Ref.
6A/1560) 025 Counter-clockwise
Vacuum pump (B3X Mark 2) ... .. 0-311 ‘Clockwise
Hydraulic pump (Lockheed Mk. 6 or Mk. 7) , 0-149 Clockwise
Generator (B.T.H. 0. 2, 3 kw.) 0-618 Counter-clockwise
Alternator (Newton.-U.2) 0-618 ‘Clockwise
Compressor (Hymatic SH6/24) ... ... © 0143 . Clockwise
N
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AP412IB & C, Vol. | (A.L.29)

OPERATING LIMITATIONS

GOBLIN Mk. 2

The following operating limitations must on no account be exceeded.

When an order or leaflet is found to contradict these operating limitations, the order or
leaflet is to be taken as the overriding authority.

Condition Bt et piped;:f"?:emure‘ Limitations
Take-off and operational necessity 10,200 745 30 min.
Maximum continous 9,700 620 —
Approach idling ... 5,500 — —
Ground idling ... 73,000 4+ 200 600 —
Any running at ... 7,800 to 8,200 — Minimum possible
Any running at ... 8,800 to 9,200 — Minimum possible

*Note . . .

These values apply only to Foster type single-point chromel-alumel thermocouples, SK.20762/1
(Assembly SK.20764/2) fitted in top position on the vertical centre line, 2 in. Sforward of the
propelling nozzle flange. ,

Qil pressures

Normal (at 9,700 r.p.m.) ... ... 40 to 45 1b. per sq. in.
Minimum (at 9,700 r.p.m. and above) ... 25 lb. per sq. in.

Oil temperatures
Maximum ... e ... - 80 deg. C.
Minimum ... . — 10 deg. C.

Rear bearing temp.

Maximum ... ... 130 deg. C. It will normally be necessary
to connect a thermocouple
instrument to indicate this
temperature

(AL.29, Sep. 55)
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\ A.P.412IB &

OPERATING LIMITATIONS

GOBLIN Mk. 3

The following operating limitations must on no account be exceeded.

When an order or leaflet is found to contradict these operating limitations, the
leaflet is to be taken as the overriding authority.

Condition = et PP resrature
Take-off and operational necessity 10,6001 710
Maximum continuous 10,250 650
Approach idling 5,500 (min.) ——
Ground idling .. 3,000 + 200 600
Any running at ... 7,800 to 8,200 -
Any running at ... 8,800 to 9,200 —

*Note . . .

(Assembly SK.20764/2) fitted in top position on the vertical centre line, 2 in. forwa
propelling nozzle flange.

Qil pressures

Normal (at 10,250 r.p.m.) ... ... 35 to 45 1b. per sq. in.
Minimum (at 10,250 r.p.m. and above) ... 25 lb. per sq. in.
Oil temperatures
Maximum ... ..+ 80 deg. C.
Minimum ... ... — 10 deg. C. (using oil OEP-71)

— 20 deg. C. (using oil OM-31)
— 40 deg. C. (using oil 0X-38)

Rear bearing temp.
Maximum .. ... ... 130 deg. C. It will normally be %

to connect a thergi

instrument to indidg

temperature.

+To be reduced to 10,500 r.p.m. above 25.000 ft.

2537 266755 5/58 2250 C.B.&S.Ltd. Gp. 999. RESTRICTED
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AP.412IB & C, Vol. | (AL,27),.:

Section 1

This Section supersedes that issued with A.L. No. 26

OPERATION

Note.—This Section applies to Goblin Mk. 2 and 3 aero-engines

LIST OF CONTENTS

Para. Para
General e e e e e e . Take-off and climb ... .. .. .. 3l
Precautions .... ... e e e e 3 Operational necessity .. ... .. .. 34
Controls .. e wee e e e 5 Diving ... .. e e e e 35
Instruments vV | Cruising .. v e 36
Starting ... e 12 Gliding, Ianding, and stOPsz - w37
Low temperature lubncat;on e e e 21 Fuel system failure in flight (Mk. 3 only) . 40
Acceleration and deceleration ... v 23 Fire or other emergency - e 4l
Taxying ... . L e v 28 Relighting in flight ... . 42
General flying ... . 30 Cold weather operation ... . 48
LIST OF ILLUSTRATIONS
Fig. , Fig.
Diagram of the electric starting equipment ... | , Diagram of starting cycle 2
General precautions may result in injuries’ to

1. This section is intended to provide a
description of the principles obtaining in
the operation and control of the engine on
the ground and in flight. Where applicable
to enable an undelstandmg of the sequence
of events reference is made to certain
fuel system components, but it will be
necessary to refer to Section 2, Chapter 2,
for more detailed information of the
function performed by- these components.
Precise instructions for starting, ground

running and stopping the engine are con-’

tained in Vol. 2, Part 3, Sect. 2, Chap. 2, of
this Air Publication, and reference must be
made to the relevant Pilot’s Notes for
specific details of flight operation.

2. The Operé.ting Limitations specified are
those for which the engine has been ap-

proved for Service use, and infringement of .

these limitations may lead to defects
which 'will render the engine unserviceable
before the normal period between recon-
ditioning has been completed.

Precautions

3. The precautions detailed in Vol. 2,
Part 3, Sect. 2, Chap. 2 should be
observed during any period of ground
running. Carelessness in respect of these

APBSAIB & CV1.91&S2 Goblin 2 & 3 Operat&g §e;lc'rﬁi!nq9?2§59 OCR.pdf

personnel and damage to aircraft.

I3

4. Dust covers must be kept on the air-
intakes and propelling nozzle whenever' the
engine is not‘running, and they should not
be removed until immediately before start<
ing. If a take-off is not contemplated, the
air-intake covers should be replaced by
wire-mesh debris guards.

-
R

Controls !
5. The pilot controls engine speed ‘and
thus the thrust developed, by a throttle
lever in the cockpit which is connected, to**

the control valve plunger in the controlx <

box on the engine. The control" valve

plunger is a graduated needle calibrated, 10"

provide a variable orifice through which the”
fuel delivered by the engine-driven fuel
pump is metered proportional to thrust for
equal increments of travel.

6. A high pressure fuel cut-off 'valve
which is operated by a second lever in the -

cockpit enables the pilot to stop the engine // |

both when stopping normally and in an
emergency, by shutting off the high pres-
sure fuel supply to the burners. This cut-
off, valve is also 1ncorpora.ted in the control
box. - On Mk. 2 engines .a. dump valve

(A.L. 27, Nov. 54)
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which is attached to the side of the control
box automatically opens when the H.p. fuel
cut-off valve is closed and allows any
unburnt residue of fuel in the burner ring
to drain to waste. To safeguard against
failure of the barometric pressure control,
the servo connecting pipes, or of either fuel
pump in the case of a dual pump system,
a fuel pump isolating switch in the cockpit
operates a servo isolating valve fitted to
the fuel pump on Mk. 3 engines.

7. In addition to these controls, which
are engine components, the following con- -

trols which are airframe items, are necessary
for operating the engine.

8. The low pressure fuel cock is the main
fuel cock between the fuel tanks and the
engine-driven fuel pump; a low pressure
fuel filter is fitted between this cock and
the engine-driven fuel pump. A master
(ground /flight) switch, a starter (linked
master) switch, a starter push button and
an auxiliary starting switch form part of

- the electric starting circuit.:

9. Prior to the introduction of high energy
ignition. equipment, Goblin engines pre-
mod. 830 (Mk. 3) or 984 (Mk. 2), Vampire
aircraft (pre-mod. 963, 995, or 3194) accord-
ing to the Mark of aircraft, were fitted
fwith a booster coil test push switch to
enable the booster coils and igniter plugs to
be tested independently of the automatic
starting cycle. When high energy ignition
equipment is fitted (Goblin Mod. No. 830
(Mk. 3) or 984 (Mk. 2), and Vampire Mod.
No. 963, 995, or 3194 according to the mark

" of aircraft), a Venner time switch is provided.

The dial of this switch is marked 1GNITION-

. OFF-ON, and turning this switch in a clock-

wise direction, from OFF to ON, winds a

* clockwork mechanism in the switch and -

supplies current to the high energy ignition
units which are mounted on the engine.
Immediately this switch is released, the
clockwork mechanism commences to return
the dial pointer from the fully oN position to
the oFF position and, after a period of about
20 seconds, ctits off the supply of current to
the high energy ignition equipment. This

> time switch is used for testing the ignition
~ equipment on the ground and for relighting

in flight., In Vampire aircraft fitted with an
ejector seat (Vampire Mod. No. 3167), the
ignition control takes the form of a push-

" button mounted on the H.P. cock le\{er :

AP 4121B & C V1 S1 & S2 GobIR I8 TRl @ ADE:EDtion 19620517 OCR pdf
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this facilitates relighting in flight as the u.p.
cock lever and the ignition control can be
operated simultaneously, using one hand
only. In these aircraft, the push-button on
the H.P. cock lever is also used for testing the
ignition equipment on the ground.

10. To reduce risk of damage to the
engine by incorrect operation of the con-
trols, mechanisms are provided which auto-

matically control the starting cycle once

the pilot has initiated a start. In flight
the fuel supply to the burners is auto-
matically adjusted to compensate for
changes in altitude and ram pressure in the
engine air-intake. The starting cycle is
controlled by an electrically wound, clock-
work time switch through magnetic switches
(relays) and speed limiting resistances. Once
the engine is running, the fuel pressure is
conitrolled by the barostat in the case of
the Mk. 2 or the barometric pressure control

/in the case of the Mk. 3. A pressure limiting

valve provides a safeguard against flame ex-
tinction at very low burner pressures, and

" overspeeding of the engine is prevented by

an overspeed governor in the case of a Mk.
2 or by a governor mechanism integral with
the single or dual fuel pumps in the case of
a Mk. 3.

Instruments

11. To inform the pilot of the functioning
of the engine and so ensure that the Operat-
ing Limitations are not exceeded, a tacho-
meter, jet pipe temperature gauge, and oil
temperature gauge (M#k. 2 only) are provided
in the cockpit. A thermocouple is provided
from the rear bearing so that, if required, a
temperature gauge can be connected to
check the rear bearing temperature during
ground tests. ) .

Starting

12. . The engine is started by an electric
motor, which rotates the engine to a.self-
sustaining speed in three stages. The first

stage is a slow-engagement.- period, during -

which the starter motor rotates sufficiently
slowly to permit the starter dog jaws to

engage without .shock and to prevent -

damage to the drives within the engine.
The second stage is then introduced by the
time switch and rotates the engine up to
‘“light-up ”’ speed, after which the third
stage assists the engine to attain a self-
sustaining speed from which it can accelerate
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under its own power to idling r.p.m. The
starter motor is controlled by an automatic
time switch and rotates the engine to the
required speed in inctements of time. In
the case of the Mk. 2 the automatic time
switch operates in conjunction with a
manually operated auxiliary starting switch
(Vampire Mod. No. 489). In the case of the
Mk. 3, the automatic time switch cycle is
. used and the auxiliary starting switch is
wire-locked in the ON position.

13. The current consumption of the starter
motor during the starting cycle is very
heavy, and to ensure that starter motor
assistance is available to the engine, the
ground batteries must always be main-
tained in a serviceable and fully charged
condition.  Starting troubles have fre-
quently been due to the use of very long
leads from the ground battery to the
aircraft, resulting in an excessive voltage
drop ; it is therefore essential to keep the
lead length to a minimum in order to
utilize the maximum efficiency of the
ground battery. The combined resistance
of battery and leads should be such as to
give one volt drop for 70 amperes flowing.
The aircraft batteries must also be main-
tained fully charged as ‘the ignition equip-
ment, and the second and third stage relays
gre operated from this source as shown ‘in
g. 1.

14. The function performed by the starting
valve and the fuel accumulator as part of
the starting cycle is explained in more
detail in the description of the fuel system
contained in Section 2, Chapter 2, these
components being fully described in A.P.
4282, Vol. 1, Sect. 3 and A.P.4282A,
Vol. 1, Sect. 5. The starting valve enables
the fuel accumulator to fill with fuel during
the engine starting cycle, and then to
discharge this stored fuel under pressure
into the burner ring to obtain an atomised
spray of fuel at each burner; the burner
ring having previously filled with fuel
during the few seconds immediately after
the fuel accumulator becomes fully charged.
The starting valve must therefore be adjus-
ted to discharge the fuel accumulator into
the burner ring at the precise moment that
the burner ring becomes fully primed. The
time taken for the fuel to charge the burner
ring after the spring in the fuel accumu-
lator has been fully compressed is approxi-
mately five to seven seconds, therefore,
there will be this period of delay before the

ﬁn‘fgfl/‘h%B & CV1S1&S2Goblin2&3 OpeRtiE]S QERHIJ@TQEZEW OCR.pdf

[

%

AP4I2IB & C, Vol. I, Sect. | (AL. 27)

starting valve opens fully and the accumu-
lator discharges as shown by the line of
burner pressure in fig, 2.

15. It is important that the starting valve
is not set to open at a higher pressure
than 24 Ib. per sq. in. .as any increased
delay between the fuel accumulator being
fully charged and the starting valve open-

ing, reduces the overall time during which -

the third stage of the starter motor can
assist the engine to attain its self-sustaining
speed of approximately 1,600-1,700 r.p.m.
This increased delay would be evident by
the engine ‘“labouring ” at a speed below
the self-sustaining speed without the ability
to accelerate; this condition would be
accompanied by over-fuelling resulting in
a visible long flame and high jet pipe tem-
perature. If, conversely, the starting valve
is set to open at too low a pressure, the
fuel accumulator will discharge at a re-
duced pressure and only part of its capacity.
This may result in a “'wet”’ start due to
insufficient boosting pressure in the burner
ring to produce an ignitable spray at the
burners and can lead to an excess of wet
fuel in the combustion chambers. The
method of adjusting the starting valve
and checking the fuel accumulator is
described in Vol. 2, Part 3, Sect. 3, Chap. 1.

l[}’

16. Where high energy ignition equipment

is fitted, direct current at 16 to 29 voits and .

approximately 2 to 2} amp. is supplied,
through a relay, from the aircraft battery
to the two high energy condenser units,
which are mounted on the engine. The
high energy condenser units discharge
through two surface discharge igniter plugs
situated in No. 2 and 14 combustion cham-
bers respectively. The discharge at the
igniter plugs ignites the fuel issuing from the
burners in No. 2 and 14 combustion cham-
bers, and the flame spreads to the remaining
fourteen combustion chambers through the
interconnector passages.” The igniter plugs
are in operation throughout the starting
cycle. Failure to start can be attributed to
electrical trouble as, although operation of
the ignition switch may indicate the ignition
equipment to be serviceable, it will be
appreciated that only a simulated start will
prove whether or not the equipment is
functioning during a starting cycle, since the
ignition switch by-passes the ignition relay.
In the case of high energy ignition, operation
of the surface discharge igniter plugs will be
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Fig. 1. Diagram of the electric starting equipment
(pre-mod. 830, Mk. 3, or pre-mod. 984, Mk. 2)
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‘ audible, particularly during the initial stage
. of the starting cycle. On systems which are

pre-mod. 830 (Mk. 3) or 984 (Mk. 2), the
booster coils, which were airframe compon-
ents, provided a high tension spark at each
H.T. igniter plug. To ignite the atomised
spray of fuel from the burners with this type
of ignition equipment, it is essential that
the centre electrodes of the plugs are
incandescent at the moment of discharge of
the fuel accumulator. A spark omly is in-
sufficient to cause ignition and failure to
start can arise from the igniter plug being
too cold due to excessive air flow through
the engine as a result of the engine r.p.m.
being in excess of that required for “light-
up ”’. The starting equipment shown in fig.
1 represents the system pre-mod. 830
(Mk. 8), or pre-mod. 984 (Mk. 2). When
Mod. No. 830 or 984 is embodied, the
booster coil test switch, booster coils
and H.T. igniter plugs are superseded by a
Venner time switch (or by a push-button
on the H.P. cock lever), high energy conden-
ser units, and surface discharge igniter
plugs; basically the electric circuit is other-
wise unchanged.

17. Before a start can be initiated by
pressing the starter push-button, the con-
trols must be set correctly and connection
made to a 230 ampere-hour 24 volt ground
starter battery in accordance with the
starting drill specified in Vol. 2, Part 3,
Sect. 2, Chap. 2. 'When the starter button
is pressed two things occur, the automatic
(clockwork) time switch is electrically
wound, and the slow-engagement relay is
energised ; pressure must be maintained on
the starter button for about two seconds
to ensure that the time switch is wound
fully. Energising the slow-engagement re-
lay causes the contacts therein to close so
that current flows to the starter motor
through the slow-engagement and speed
limiting resistances and to the ignition equip-
ment relay. Thus the starter motor com-
mences to rotate sufficiently slowly to permit
the starter dog jaws to engage without shock
and so prevent damage to the drives
within the engine, and the ignition equip-
ment commences to operate.

18. After releasing the starter button,
current is supplied to the starter motor
through speed-limiting resistances in three
stages as shown diagrammatically in fig. 2.
First stage, with both resistances in circuit,
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for 4—7 seconds, second stage with omne
resistance in circuit, for 5—7 seconds when
the full current third stage is introduced
making a total operating period of 32—42
seconds. The suitable “ light-up’ speed
is approximately 700-900 r.p.m. This
varies slightly according to the operating
conditions, i.e., it will take longer and more
current will be required from the starter
battery to attain the requisite engine r.p.m.
under very cold conditions than when warm.

19. Under warm conditions the Mk. 2 will
attain a high engine r.p.m. more quickly,
which assisted by the third stage of the cycle,
could give an air flow which might be
sufficient to extinguish the flame before
a satisfactory ‘‘ light-sound ”’ occurs. This
indicates the desirability of controlling
more closely the introduction of the third
stage than is provided by the fixed interval
of an automatic time switch. TFor this
purpose the auxiliary starting switch
(Vampire Mod. 489) was introduced, per-
mitting the third stage of the starting
cycle to be brought into use by the pilot
either when the jet pipe temperature
gauge indicates that “light-up” had
occurred or when the familiar sound of
“light-up ” is evident. The too early use
of the auxiliary starting switch will
probably result in a poor or even a ““ wet
start as explained above ; if the switch is
not switched oN during the starting cycle,
the engine will not receive its full-current
assistance from the starter motor, i.e., the
starter motor will be on the second stage
for the remainder of the cycle. This latter
condition will result in “labouring ”’ of the
engine with long flame in the exhaust,
high temperature, and failure to accelerate.

20. The starting procedure detailed in
Vol. 2, Part 3, Sect. 2, Chap. 2 of this Air

Publication should be closely followed. It*

is most important that no attempt is made
to re-start the engine until it has ceased
rotating, otherwise shock engagement of the
starter dogs will occur and serious internal
damage may result.

Low temperature lubrication

21. Thelowest oil temperature for starting
or opening up Mk. 2 and Mk. 3 engines is
minus 10 deg.C. when using OM-71 or OEP-
71. Oil OM-31 (Stores Ref. 34A/200) is
approved for Mk. 3 engines only, and in this

case, operation can be at temperatures down
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Fig. 2. Diagram of starting cycle

to minus 20 deg.C. To ensure a satisfactory
rate of oil circulation on starting, the oil
temperature should be at least to these
values,

22. The viscosity of the oil below the
minimum temperature specified is such that
the oil spray lubrication in the accessory
boxes may be affected. Increased back
pressure on the metering pumps may also
cause sluggish lubrication of the main
bearings.  Therefore .protection of the

engine or pre-heating of the oil under-

severe conditions is necessary; oil tem-
peratures in flight will be satisfactory owing
to the warmth generated by the operation
of the engine.

Acceleration and deceleration

23. The thrust of a turbo-jet engine is
almost directly proportional to the total
quantity of fuel consumed. Excess power
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for acceleration is provided by over-fuelling
which temporarily increases the tempera-
ture and energy of the gases entering the
turbine. Up to a point, some rise of
temperature is inevitable during accelera-
tion and this is reflected in the reading of
the jet pipe temperature gauge. Violent
accelerations, however, may involve tem-
peratures that are definitely destructive.

24, It will be appreciated that if the
throttle is suddenly opened at some inter-
mediate speed, the temperature throughout
the combustion system will rise rapidly
before the maximum governed speed is

teached and the fuel flow automatically

regulated to its proper value. A turbo-
jet engine will accelerate more readily
in the upper speed range than in the
lower range and it is particularly im-
portant to handle the throttle gently when
accelerating from idling r.p.m. Conversely
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excessive temperatures will not normally
be experienced in accelerating fairly quickly
from say cruising speed to operational
necessity r.p.m. This is apparent from
the Operating Limitations which quote two
minimum speeds, ‘‘ Idling ” (ground level),
and “‘ Idling” (approach minimum). Ac-
celeration from the approach minimumr.p.m.
to take-off, or operational necessity (maxi-
mum) r.p.m. should take at least five
seconds but acceleration from ‘ Idling”
(ground level) to maximum r.p.m. should
be more leisurely and take at least ten
seconds, .

25. Apart from the obvious dangers of
high turbine temperatures, there are other
objections to a too rapid movement of the
throttle. Every combustion chamber has
both “weak’ and “rich” * blow-out”
limits beyond which the flame is unstable
and may become extinguished. Since the
airflow through an engine cannot change
instantaneously, sudden throttle move-
ments may so effect the air [fuel ratio that
“blow-out ” or roughness occurs. This
applies particularly at altitude where the
reduced air density narrows the limits of
combustion stability.

26. Moreover, sudden changes of tem-
perature in any mechanism may involve
distortion and stresses which would not
occur if the variations were more gradually
applied. This consideration applies par-
ticularly to such parts as the flame tubes,
junction pipe and nozzle blade assembly.
Improved service can be obtained from these
parts when.temperature changes are reason-
ably regulated., The quenching process on
shutting down from high duty to idling
speed is, in this sense, just as important as
the heating process during acceleration.

27. These limitations must be observed
except in the event of extreme operational
necessity. Movement of the throttle should
be smooth and progressive both -when
opening up and shutting down the engine.
‘Under steady operating conditions, the
temperature appropriate to the particular
flying conditions given in the Operating
Limitations should not be exceeded, but if
as the result of a sudden change of altitude
or too rapid opening of the throttle, the
temperature is taken too high, it should
return to normal as soon as conditions are
again stable. The jet temperature must be
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frequently observed therefore, and too
vigorous use of the throttle avoided, par-
ticularly at altitude where the response is
even greater than at sea level. Except when
accelerating, a sudden rise in temperature
is 'a definite indication of trouble and the
engine should be throttled back at once.

Taxying

28, It is advisable to run the engine with
the aircraft headed into wind whenever
the aircraft is stationary. When taxying,
care must be taken to open the throttle
gently and evenly, otherwise the jet tem-
perature may rise above the maximum
permissible.

29. If the jet temperature has risen to
any great extent above the normal idling
temperature, the aircraft should be headed
into wind and the engine throttled back and

-allowed to cool before take-off is attempted.

Every effort should be made to prevent the

- engine being run with the aircraft headed

out of wind, otherwise a.mixture of hot

exhaust gas and air may be drawn into the.

air-intakes and cause high jet temperatures
and overheating.

General flying

30. Approved flight operating instructions
are given in the relevant aircraft Pilot’s
Notes and the information which follows
is intended for ground personnel only as an
indication of the conditions to which the
engine is subjected in flight. The Operating
Limitations specified must be strictly ob-
served and a frequent check should be made
of the jet pipe temperature and r.p.m.

'so that if necessary remedial action can be

taken as quickly as possible. From re-
ference to the. information contained in
para. 23 to 28, it will be understood that
coarse movement of the throttle which will
produce excessive temperatures in the
engine during acceleration must be avoided.

Take-off and climb

31. The aircraft should be headed in the
direction of take-off and with the brakes
applied, the throttle opened smoothly until
the take-off r.p.m. has been reached. Mk. 3
only.—Move the fuel pump isolating switch
to the oN position ; there will be a slight

-r.p.m. variation when the isolating valve is

operated when the engine is running on the
governor. Make a quick check to ensure

(A.L. 27, Nov. 54)
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that the r.p.m. is correct and that the jet
temperature is normal. If everything is sat-
isfactory, the aircraft brakes can be released.

Note . . .

The correct functioning of the fuel pump
isolating valve will have been checked auring
the normal ground running but if it is desired
to recheck this proceed as described in Vol.
9, Part 3, Sect. 2, Chap. 2.

32. As the efficiency of this method of
propulsion improves with forward speed,
and the maximum rate of climb is only
obtainable at high air speeds, no attempt
should be made to climb more steeply than
at the recommended indicated air speed
for the aircraft. If for any reason maximum
power cannot be used without exceeding
the jet pipe temperature limit, the r.p.m.
should be reduced or the forward speed
increased, or both adjusted accordingly.
This is particularly important if a climb
is continued above 25,000 -feet altitude.
Except when accelerating, a sudden rise
in temperature is a definite indication of
trouble and the engine should be throttled
back at once. Mk. 3 only. As soon as the
aircraft has attained its correct climbing
speed and a safe height, and before attempt-
ing to throttle back, the fuel pump isolating
switch should be returned to the OFF
position. Immediately the switch has been
operated, the throttle should be set to give
the desired r.p.m.

Note... B

In the event of the swiich being left inaa-
vertently in the ON position and the throtile
returned to a position below full throtile,
the throttle should be moved slowly fo the
full-open position and the switch moved to
the OFF position. To avoid overheating
which may occur particularly at high alti-
tude, the throttle should be returned fo ils
original position as soon as possidle after
the movement of the switch.

33, Where Goblin Mod. 404 which re-
positions the jet pipe thermocouple is not
embodied, it is recommended that a climb
at maximum r.p.m. (take-off and operational
necessity) should not be carried out above
925,000 feet. If it is desired to climb beyond
this altitude, then the engine should be
throttled back to a speed of 10,000 r.p.m.
Mk. 2 or 10,500 r.p.m. Mk. 3. This limitation
is recommended because, although the jet
pipe temperature recording when the ther-
mocouple is fitted in the pre-mod. 404
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(three o’clock) position may be within the
Operating Limitations, the uneven tempera-
ture spread may result in the temperature
limitation being exceeded in another region
of the jet pipe.

Operational necessity

34, It is important that the duration,
r.p.m. and temperatures specified in the
Operating Limitations are not exceeded
during periods of operational necessity.

Diving

35. High-speed diving increases the airflow
through the engine and if performed with
the throttle shut, may result in extinguish-
ing combustion.

Cruising

36. To reduce the stresses on the engine
as much as possible when cruising, the
r.p.m. and jet temperature must be kept
within the limits quoted in the Operating
Limitations for the maximum continuous
condition.

Gliding, landing, and stopping

37. When gliding with the throttle closed,
the jet pipe temperature should be kept
under observation, and the throttle opened
slightly to increase the temperature if it
falls lower than usual.

38. To minimise the risk of damage ‘to
the engine if it is necessary to accelerate
rapidly in the event of a baulked landing,

the engine should not be throttled back to,.

[

a speed less than the * approach idling”
specified in the Operating Limitations.
Mk. 3 only.
landing, or as soon as it is apparent that a
second circuit is necessary, move the fuel
pump isolating switch to the oN_position
as a safeguard against the possibility of
fuel system failure at a critical moment.
When a safe height is reached, return the
fuel pump isolating switch to the OFF
position. If an attempt is made to land
with the fuel pump isolating switch in the
ON position, the resultant higher idling
speed which, even with the throttle hard
back in the slow-running position, may be
as high as 5,000 r.p.m., will involve a
longer landing run, and it might be neces-
sary to move the cut-off valve to the OFF
position at touch-down and so stop the
engine.

39. The correct procedure for stopping
the engine is detailed in Vol. 2, Part 3,
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Sect. 2, Chap. 2. After taxying in and
turning into wind, throttle down to idling
r.p.m. and allow the engine to run for about
30 seconds to stabilise temperature con-
ditions before stopping the engine. Do not
move the L.p. fuel cock lever to the orF
position or switch OFF the tank booster
pump until the engine has stopped, as the
engine-driven fuel pump relies on the
circulation of fuel through the pump for
its lubrication. Finally move the master
switch to GROUND and replace the air-intake
and propelling nozzle covers.

Fuel system failure in flight (Mk. 3 only)

40. TFailure of a fuel system component in
flight will normally be indicated by an
unexpected and progressive decrease in
r.p.m. This may be the result of failure
of either fuel pump (dual pump systems),
the B.p.C. or the servo pipes. The imme-

diate action should be to close the throttle |

and then move the fuel pump isolating
switch to the oN position. The throttla
should then be opened to the required
r.p.m. and the switch kept oN until the
aircraft has landed. Also ensure that
neither the mH.P. cut-off valve nor the
L.P. fuel cock levers have been inadvertently

moved to the OFF position, and that there i

is still fuel in the tanks. At altitude, it
the throttle is not closed before moving
the fuel pump isolating switch to the own
position, the engine may suffer a rich
extinction.

* Fire or other emergency

41. In the event of fire in the engine bay
or an emergency such as a forced landing
or failure during take-off, the following
action should be taken.

(1) Close the L.P. fuel cock.
(2) Close the m.p. fuel cut-off valve.

(8) Switch oFF the booster pump and
close the throttle fully.

(4)- Reduce air speed as far as practicable
" before operating the fire extinguisher.

"Note . . .
These operations should be carried out

as rapidly as possible.

Relighting in flight
42. Relighting in flight is permitted with-
out, restriction, provided that high energy
ignition equipment (Mk. 3 Mod. No. 830,
Mk«
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A
(improved fuel drainage system), together
with the associated aircraft modifications,
are embodied. Where the drainage modi-
fications are not embodied, relighting should
be restricted to one attempt only. ’

4. (Mk. 2 and Mk. 3). When a rich
extinction occurs in flight due to a. too rapid
opening of the throttle, the fuel should be
cut off immediately by closing the throttle
and H.P. fuel cut-off valve, to prevent an
accumulation of fuel in the engine.

44. (Mk. 3 omly). In the event of a
combustion failure in flight resulting from a
fuel .system defect (fuel pump, B.P.C., OF
servo pipes), the fuel should be cut off
immediately by closing the throttle and.
H.P. fuel cut-off valve, and the fuel pump
isolating switch should be moved to the ox
position, where it should be left for the
remainder of the flight ; during the sub-
sequent landing, the. higher idling speed
resulting from the fuel pump isolating switch
being oN, must be borne in mind (see also
para. 38).

45. An immediate . relight may be
attempted, but if required the engine speed
may be permitted to fall until a windmilling
speed is reached. In the event of a com.
bustion failure at altitudes above 30,000
ft. it is preferable to glide down to 30,000
ft. before attempting to relight. Re-
lighting is more positive below this height
and prevents excessive flooding of the
engine with fuel. The indicated air speed
should be maintained at or ahove 150
knots, otherwise the engine tends to over-
heat during the process of relighting,
particularly at high altitudes.  Where
sufficient altitude permits, the aircraft
should be dived to assist the engine to
accelerate in the event of excessive jet
pipe temperature being observed.

46. The relight is made with the throttle
closed, by operating the ignition switch and,
as nearly simultaneously as possible, opening
the H.p. fuel cut-off valve. A light-up
should occur within the time setting of the
switch (aircraft not fitted with push-button
on the H.P. cock lever), but if the engine fails
to light within this time, the 1.P. fuel cut-off
valve should be closed and a further
attempt made after a delay of not less than
30 seconds ; whenever possible 60 seconds

(A.L. 27, Nov. 54)
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should be allowed. This will enable the
engine to dry out before a second attempt is
made. In the event of a number of un-
successful attempts, the throttle may be
fully opened and the starting drill repeated,
returning the throttle to the slow-running
stop when combustion has taken place.
While attempting to relight, to give every
assurance of-a satisfactory current supply to
the high energy condenser units, all non-
essential electrical loading such as R.T. etc.,
should be switched OFF, but the fuel tank
booster pump should remain switched ON.

47. The most likely cause of failure to
relight in flight is insufficient voltage at the
high ‘energy condenser units as a result of
partially discharged aircraft batteries. Itis
to reduce this likelihood that the switching
OFF of all non-essential electrical loading has
been recommended ; if discharged batteries
are thought to be the cause of failure to
relight in flight, all auxiliary electrical loads
should be turned oFF before attempting a
further relight.

Cold weather operation

48. Reports of loss of r.p.m. under cold
weather conditions have in some instances
resulted in accessories such as the barostat,
overspeed governor, tachometer, etc., being
changed unnecessarily. '

49. In a turbo-jet engine the power of
the turbine is entirely absorbed in driving
the compressor. The residual energy of
the gases after passing the turbine is used
.o propel the aircraft. As atmospheric

)
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temperature falls in cold™ climates, the _
density of the air inhaled at the air-intake
increases and the power-irequired - to drive
the compressor at a .given r.p.m. Tises
proportionately. Similarly, as the speed
of flight increases there’ is: an increase in
density at the air-intakes due to “ram”’
and an increased rate of air flow through
the engine. This effect also increases the
power required to drive the compressor at
a given speed of rotation.

50. Thus, low air temperature and in-
creased speed of flight both require increased
turbine power to maintain COMPressor
revolutions. This extra power can only be
obtained by an increase in the rate of fuel
flow. Obviously, there comes a time when,
due to low ambient tempestures or high
aircraft performance, theduel flow available
is limited by the pump capacity or by the
setting of the automatic control mechanism.
When this limiting condition is reached,
there is a fall of r.p.m. from the maximum
obtained under normal conditions. This loss
of r.p.m., provided it is neither excessive nor
accompanied by high jet temperatures, does
not indicate any imperfection’in the opera-
tion of the engine; in fact, thrust, being
roughly proportionate to fuel flow, will be
more than normal on a standard day.
True air speed will be practically unaflected.
From the foregoing, it will be appreciated
that loss of r.p.m. is most likely to occur
when the demands on fuel flow are 2
maximum,. i.e., under _conditions of full
throttle at low altitude, high speed flight,
and cold atmospheric temperatures.

A
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Chapter 1
ENGINE

Note.—This chapter applies to Goblin Mk. 2 and 3 aero-engines
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Rear bearing e 14
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Diffuser casing and rear cover ... e e 20
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Materials and finishes of principal components ... |
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Simplified diagram of gas flow and coolmg air £
system .. e |
Main shaft assembly . 2
Pivot, impeller and accessory dnve shaft.... 3
Centre shaft 4
Extension shaft e 5
Hub shaft ... vy 6
Turbine disc and blades . N
Front bearing assembly 8
Rear bearing assembled . 9
Simplified sections through rear bearing ... .. 10
Compressor casing .... N
Front view of front casing .... e 12
Rear view of front casing .... e 13
Deflector assembly .... .. 14
Rear view of segment of diffuser casmg v |5
Rear view of segment of rear cover e 16
Front view of segment of rear cover v N7
Front view of sealing plate.... . 18
General

1. The Goblin is a turbo-jet engine, in-
corporating a single-stage single-sided centri-
fugal compressor, sixteen straight flow
combustion chambers, and a single-stage
axial-flow turbine with direct exhaust
ejection. Air enters the engine at the front,

F.S./1
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Para.
Sealing plate e 22
Centre casing e 23
Nozzle ring .. . e 24
Centre housmg and accessory boxes ¥ §
Accessory boxes and drives e 32
Top accessory box ... v 33
Bottom accessory box e 37
Combustion chambers ... R 1|
Exhaust cone .. 50
Fireguard ... e 56
Table
Fig.
Labyrinth seal e 19
Centre casing cone.. . v 20
Front view of nozzle rlng assembly v 21
. Rear view of nozzle ring assembly e 22
" Arrangement of turbine ... e 23
Nozzle blades and rings ... e 24
Accessory drives and gears v 25
Centre housing ... e 26
Top accessory box ... v 27
Bottom accessory box e 28
Cabin supercharger clutch.... e 29
Combustion chamber rear casing .... .. 30
Combustion chamber front casing.... 3l

Arrangement of combustion chamber companents 32
Flame tube assembly fitted to Goblin 3 (Mod. 820) 33
Flame tube assembly fitted to Goblin Mk. 2 and Mk.

3 pre-mod. 820 34
Exhaust cones, propellmg nozzle and ﬂreguard !
assemblies ... . . .. 35

and after passing through the compressor,
combustion chambers, turbine, and exhaust
system, is expelled at high veloc1ty through
the propelling nozzle to form the propulsive
jet. The resultant reaction, expressed in
pounds static thrust, is the power rating of
the engine.

(A.L.30, Apr. 56)
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2. The volume of gas expelled through the
propelling nozzle depends upon the quantity
of air entering the engine, and therefore on
the speed at which the impeller rotates.
The rotational speed of the impeller depends,
in turn, upon the power developed in the
turbine which drives it, and this is governed
by the amount of fuel burnt in the com-
bustion chambers. Any change in the rate
of fuel flow to the burners causes an increase
or decrease in the rate of air expansion,
with a corresponding change in the rotational
speed of the impeller. Therefore, by
regulating the fuel flow, the thrust produced
by the engine can be controlled. The
component parts, and operation, of the
fuel system are described in Chap. 2.

3. The two current variants of the Goblin
are the Mk. 2 and the Mk. 3. The Mk. 2
is a direct development of the original
Mk. 1 and may be recognised by the single
Dowty pump fuel system and other minor
external differences. The Mk. 3 is more
powerful than the Mk. 2, and has a Lucas
pump fuel system ; the differences between
the fuel systems is shown clearly in the
diagrams in Sect. 2, Chap. 2. One of the
design changes which contribute to the
increased power output is the introduction of
deflector assemblies to smooth the air flow
between the compressor and the combustion
chambers. Mk. 3 engines in which mod.
820 has been embodied are fitted with an
improved type of combustion chamber.
Although this chapter describes the current
Mk. 3 the description is also largely applic-
able to the Mk. 2, differences between the
engines being mentioned where necessary.

COMPONENT DESCRIPTION

4. The engine sub-divisions used
ih Vol. 3 have, as far as possible,
been followed throughout this
Volume, and with the exception
of the lubrication, fuel and
ignition systems, which are dealt
with individually in Chap. 2, 3
and 4, the following component
description is sub-divided simil-
arly. To avoid confusing the
main text, the materials and
finishes of the principal com-
ponents are tabulated at the end
of this chapter. It is not practic-
able to list every detail part,
and for a complete list of detail
parts reference must be made

F.S./2
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to the Vol. 3 of this Air Publication. The
illustrations at the beginning of this Volume
show the general arrangement of the engine
components. Reference to these illustrat-
ions will enable identification of the majority
of parts referred to in the following pages.

Main shaft assembly (fig. 2)

5. The main shaft assembly is the principal
rotating component in the engine. Con-
sisting of the impeller, centre shaft, extension
and hub shafts, and the bladed turbine
disc, it forms a simple robust rotor which
is supported in ball bearings. The front
bearing locates the assembly, the rear
bearing assembly permitting sufficient axial
movement to accommodate the effects of
thermal expansion. In fig. 2 the rear
bearing assembly is shown in position on
the extension shaft, as it is when the main
shaft is withdrawn from the engine. This
is a departure from the engine sub-division
used in the Vol. 3. A few similar cases
will be found in the illustrations throughout
this chapter.

Impeller and pivot

6. The impeller is machined from a one-
piece forging and is of single-entry design.
The seventeen gently curved vanes are truly
radial and formed without bending. A short
pivot is mounted on the front face of the
impeller, as shown in fig. 3. The rear spigot
of this pivot is an interference fit in the
impeller, and the pivot is further secured
by eight studs which pass through a flange
on the pivot, and nuts. The inner race of .
the ball bearing which supports the main
shaft assembly at the forward end is
mounted on this pivot.

Fig. 2. Main shaft sssembly

(A.L.30, Apr. 56)
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7. The impeller and pivot are
secured to the forward end of
the centre shaft by twelve studs
and nuts. Tubular dowels, fitted
over each of these studs, transmit
the torque loads between the
centre shaft and impeller.

Centre shaft (fig. 4)

8. The centre shaft is a large-
diameter hollow shaft having a
flange at each end for attachment
to the impeller and extension
shaft. The three radial slots
( fig. 4) in the front flange com-
municate with holes through the
flange, and thus serve to vent
the interior of the main shaft
assembly.

Extension shaft and hub shaft (fig.

Fig. 3. Pivot, impeller and accessory drive shaft 5and 6)
The flats on pivot flange are where metal has been removed for 9. The extension shaft is secured
balancing purposes to the rear flange of the centre

shaft by twelve bolts and nuts;
this extension shaft carries the
inner race of the ball bearing
which supports the main shaft
assembly at the rear end. The
hub shaft is secured to the
turbine disc by ten bolts and
passes through the inside of the
extension shaft, torque loads
being transmitted by serrations.
The hub shaft is secured in the
extension shaft by a special nut

at its forward end. Thus, these .
Fig. 4. Centre shaft two shafts form the attachment

between the centre shaft and the turbine

disc.

Turbine disc

REAR BEARING 10. The turbine disc, as shown in fig. 7
OIL-RETURN THREA

has serrated slots broached in its periphery,
and eighty-three turbine blades, having
corresponding ‘ fir tree ’ serrations formed
on their roots, are fitted. Each blade root
is retained in its slot by peening the front
and rear faces of the root. With the object -
of obtaining the smallest possible turbine
unit, consistent with providing a sub-
stantially axial discharge from the moving
blades, the turbine blades are designed as
impulse blades at the root, blending into
impulse-reaction blades at the tip. Two
eccentric nuts provide a means by which
the combined extractor and lifting fixture
is able to be used to release the turbine
e R e disc from the hub shaft and to lift the
Fig. 5. Extension shaft disc. .

TRANSFER PORTS
FOR REAR BEARING

RESTRICTED
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Fig. 6. Hub shaft

Front bearing (fig. 8)

11. The front bearing is immediately in
front of the impeller, in the front casing.
The outer race of this bearing is surrounded
by a steel housing located in the front casing.
The bearing is retained in its housing by a
retaining plate, and both the steel housing
and the retaining plate are secured in the
front casing by the same six studs and nuts.
The rear portion of the bearing housing is
lined with white metal to form an emergency
bearing capable of supporting the
rotating assembly for a sufficient
time for the engine to be stopped
in the event of the ball bearing
failing, thus minimising the con-
sequential damage. Under nor-
mal running conditions there is a
radial clearance between the two
surfaces and no wear occurs be- IMPELLER
tween the white metal and the "
rotating assembly. /
12. The inner race of this ball
bearing is mounted on the pivot
which projects from the front of
the impeller. The assembly con-
sists of a distance piece, the ball
bearing, and a spacer which arc
clamped in position against a
shoulder formed on the pivot.
During assembly the relationship
of the impeller to the diffuser
casing can be adjusted by vary-
ing the width of the distant piece.
An oil-return thread to the rear
of the ball bearing prevents the
leakage of oil into the com-
pressor.

13. To ensure adequate lubri-
cation at all times, a metering

F.S./3
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Fig. 7. Turbine disc and blades

pump supplies oil to the bearing independ-
ently of the engine main lubrication system.
The lubricating oil is piped from the meter-
ing pump to a union in the retaining plate

FRONT CASING

‘
I

~
N

OIL SUPPLY TO
ACCESSORY_DRIVES

TERED OIL FEED

Fig. 8. Front bearing assembly
(A.L.30, Apr. 56)
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and escapes into the front

casing after lubricating the INNER RACE OF BALL BEARING CASTELLATED DISTANCE PIECE
bearing. —
HUB SHAFT

Rear bearing (fig. 9 and 10)

14. The rear bearing is im-
mediately in front of the S j
turbine disc, at the rear of [

the main shaft. The inner EXTENSQY SHAFT
race of the ball bearing is held
between distance pieces on the
extension shaft, and is pre-

vented from moving axially DISTANCE PIECE BALLS AND CAGE
on the shaft by a shoulder on

the extension shaft and the

flange of the hub shaft—the PARTS WHICH ROTATE WITH THE MAIN SHAFT ASSEMBLY

whole being secured by the
hub shaft nut. These parts
form the rotating portion of
the rear bearing assembly.

15. The outer race of the
ball bearing is secured in a
sliding housing by a threaded
locking ring. Thesliding
housing is enclosed within a
bearing housing, which 1is
closed at its forward end by
a sealing housing. The sliding
housing has sufficient free axial
movement within the bearing
housing to accommodate the
effects of thermal expansion
in the length of the engine
casing, but is prevented from

OUTER RACE OF BALL BEARING

SLIDING HOUSING AND LOCKING RING
WHICH ARE FREE TO MOVE AXIALLY
BUT WHICH CANNOT ROTATE

revolving by a square peg NON-ROTATING PARTS WHICH PERMIT AXIAL
formed in its front edge, which MOVEMENT TO ACCOMMODATE THE EFFECTS
engages with a slot in the OF THERMAL EXPANSION

sealing housing. The bearing
housing and the sealing
housing are both flanged at
their front ends and secured
within a casing by studs and
nuts. The casing is flanged
at both ends for attachment )
by bolts to the engine centre 1
casing and, at the rear, to N
the diaphragm and the sup-
port ring. -

SEALING HOUSING BEARING HOUSING
]

16. Lubricating oil is piped
from a metering pump to a
union in the bottom of the
casing, and flows through a viz.
hole in the bearing housing
into a groove encircling the

CASING FOR BEARING HOUSING

sliding housing, and rearward  PARTS WHICH ARE POSITIVELY ATTACHED

through the slots in the sliding TO THE PRIMARY STRUCTURE

housing. Returning forward

through the ball bearing, the Fig. 10. Simplified sections through rear bearing -
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COOLING AIR PIPE

%) THERMOCOUPLE

B

_ CASING
@ Lanns @

TURBINE DIS

BB Meverep oi

COOLING AIR

DoiL FeeD OIL DRAIN

Fig.9 Rear bearing assembled
F.5/3A
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SEALING PLATE

REAR COVER
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=t Ay
Ay
’..

S - ,{ ‘ :

AIR SUPPLY FOR COOLING T
TURBINE DISC REAR FACE &——

DIFFUSER CASING

casiNG  ®

.
. ‘ FRONT

F.S./4 (A.L.30, Apr. 56)
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Compressor casing

Fig. 11.



oil drains through a hole in the bearing
housing and is piped to the common drain
box. The position of the drain hole in the
bearing housing ensures that a quantity of
lubricating oil is retained in the bearing
housing. An oil-return thread on the exten-
sion shaft prevents the leakage of oil into
the engine centre casing.

17. An emergency bearing surface, similar
to that for the front bearing, is provided in
the rear of the bearing housing and in the
sealing housing.

AIR PIPE TO §
COOLING RING

18. Air from the cooling ring spaces
(described in para. 19) in the engine front
casing is filtered and piped to two ports in
the rear bearing casing, through which it
is admitted to a channel which encircles the
bearing housing. Some of this air flows
rearward through slots in the housing and
an annular space between housing and
casing, and is exhausted through the open
rear end of the casing. The rest of the air
flows inward through holes in the bearing
housing and sealing housing, and tangential
transfer ports in the rotating extension

-

COOLING AIR SUPPLY
W TO REAR BEARING [

COOLING RING

LOCATING BOLT [ . INSERT

'DIFFUSER BOLT
HOLES

COOLING RING

AIR-INTAKE .

" 6 . o

Fig. 12. Front view of front casing

LOCATION FOR
- HCENTRE HOUSING
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shaft, and travels rearward through an
N annular space and slots between the exten-
sion shaft and hub shaft, finally discharging
through slots in the end of the rear distance
piece. The bearing, in its housing, is thus
surrounded by an insulating layer of cool
air. The cooling air, having left the bearing,
flows outward over the front face of the
turbine disc and is drawn into the main
¢ exhaust system through a clearance between
¥ the rear edge of the inner support ring and
J the turbine disc.

Front casing (fig. /12 and 13)
19. The compressor casing ( fig. 11) forms

A.P.412IB & C, Vol. I, Sect. 2, Chap. | (A.L.30)

part of the main stationary structure and
is in four parts: the front casing, diffuser
casing, rear cover, and sealing plate. The
front casing is attached to the diffuser
casing by thirty-two studs and nuts, as
well as by the sixteen diffuser bolts which pass
through the diffuser casing and vanes, rear
cover, and centre casing front flange. The
front of the component forms the bifurcated
air-intake, and a housing is provided for
the front bearing, which carries the front
end of the main shaft assembly. The centre
housing, and part of the gear trains through
which the engine-driven accessories are
driven, are also contained in the front casing.

COOLING RING INSERT

ONE OF THE THIRTY-TWO
COLLECTOR PORTS FOR
REAR bEAR!NG COOLING

[taatet e

Fig. 13. Rear view of front casing

~ F.S./5
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The front bearing is housed in a large boss
which extends rearwards from between the
air-intakes. The centre housing is im-
mediately forward of the front bearing,
between the air-intakes, and vertical shafts
which transmit the drive to accessory boxes
mounted top and bottom, are housed above
and below the centre housing. Thirty-two
holes near the periphery of the front casing
admit a small quantity of air from the
delivery side of the impeller to an air
annulus which is formed by a groove in the
face of the front casing which mates with
the diffuser casing. This air is piped at
two diametrically opposite points to two
separate passages which encircle the rear of
the air-intake. These passages, or annular
spaces, are formed during manufacture by
inserting a ring, having circumferential
channels machined in its outer face, into the
front casing, forward of the impeller. The
ring is an interference fit in the casing
and the surfaces inside the casing are
afterwards carefully blended to give
smooth, even contours: thus the ring
becomes an integral part of the front casing.
The air, while flowing through the passages
around the rear of the air-intake, is cooled
by the main air-flow to the compressor, and
is used for keeping the rear bearing cool.
On Mk. 3 engines each air-intake has two
anti-resonance holes; these are indicated
in fig. 12 by the two large arrows.

Diffuser casing and rear cover fig. I1)
20. The diffuser casing, together with its
rear cover, contains sixteen discharge

passages (fig. 15 and 17); these passages

Fig. 14. Deflector assembly

AP 4121B & C V1 81 & S2 Goblin 2 &
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Fig.:15. Rear view of segment of diffuser casing @
are cast in the casing, and form volutes in
which the velocity energy of the air,
delivered tangentially from the impeller, is
converted into pressure energy and turned
through 90 degrees to flow rearwards into
the combustion chambers. Sixteen deflector
assemblies are fitted at the points where the
airstream is turned through 90 degrees ; this
does not apply to Mk. 2 engines. ~ Each
deflector assembly ( fig. 14) consists of a
casing containing two aerofoil section vanes
which ensure a smooth air-flowr while the
flow changes direction. The sixteen diffuser
bolts, mentioned in the previous paragraph,
which carry the main structural load from
the rear of the engine, pass through the
diffuser vanes and, as their diameter is
greater than the thickness of the vanes, have
two flats machined on them to reduce their
diameter to the vane thickness. As a
result of this, these diffuser bolts are not
fully interchangeable. The head of each
bolt is dowelled to prevent it from turning.
Four of the bolts incorporate eye-ends for

_ Fig. 16.

Rear view of segment of rear cover
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Fig. 17. Front view of segment of rear cover

mounting the engine in the airframe.
Alternative mountings, which are used for
mounting the engine in assembly and
transport stands, and test benches, are
provided by bolting suitable trunnions to
faces on the circumference of the diffuser
casing and rear cover.

21.  The diffuser casing rear cover (fig. 16
and 17) is fastened to the diffuser casing by
forty-eight studs and nuts, and sixteen
special bolts and nuts, in addition to the
sixteen diffuser bolts. Air under pressure,
bled from ten points around the rear cover,
is collected by a pipe (fig. 32) and is used
for pressurising or ventilating the cockpit,
and for other airframe services.

Fig. 18. Front view of sealing plate
F.S./6
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Sealing plate (fig. /8)

22. The sealing plate is fastened to the
rear cover by thirty-two studs and nuts.
Twelve grooves on the front face of the
sealing plate match up with grooves on-t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>