030310




NRC -cisTI
J.H. PARKIN
_BRANCH

ANNEXE

J.H. PARKIN
CNRC-ICIST
G IS IS




;EERET

SECURITY WARNING

This document is classified "SECRET" and is intended solely
for the use of the recipient d such persons as have been
delegated to use it in the course of their duty and may
only be used in connection with work performed for or on
behalf of Her MajJesty's Canadian Government.

The unauthorised retention or destruction of thils document or
disclnsure of 1ts contents to any unauthorized person is
forbidden.

Failure to comply with any of the above instructions is an
infraction of the O0fficial Secrets Act.

Any unauthorized person obtaining possession of this document,
by finding or otherwise, must forward it, together with his
name and address, in a registered envelope, to the Engineering
Division, AVRO Aircraft Ltd., Malton, Ontario, Canada.

\assification cancelled | Changed 1o

By authority of .. A‘/E’ <

_ZoSetTE
ot NG




SECRET

ARROW 2

DESIGN STUDY

ON

MOBILE GROUND POWER UNITS

Report No. 72/GEQ/1.

November 1957.

Prepared: 99 A M\/

D. A. Ridler
Staff Engineer, Ground Operations

Approved: iz ///@/4 ?gz Z_g%’
A. R, Littleboy

% Chief!, Ground Equipment
Approved:

ooth
of Equipment Design

ﬂ%

Gﬁake
Project Designer, Arrow

Authorized:

ENGINEERING DIVISION

AVRO AIRCRAFT LIMITED, MALTON, ONTARIO




SECRET

p7Vl (i
’ . PAGE NO. 1
0 TABLE OF CONTENTS
Chapter Para Subject Fage
i ABSTRACT 1
1.1 Introduction 1
1.2 Discussion & Summary 4
183 Recommendations 8
2 INTRODUCTION 10
2 ol Authority for Work 10
2.2 Nature of Equipment Ll
\ 2.3 Scope of Report 12
4 3 DESTGN REQUIREMENTS 14
3.1 Aircraft Requirements 14
3.2 Environmental Require- 18
ments
3.3 Configuration 20
4 PRELIMINARY DESIGN OF 25
POWER/AIR CONDITION-
ING UNIT
4.1 General 25
y .2 Freon Systems 25
.2 Air Cycle System 28
5 DESIGN INVESTIGATION 30
D MOBILE POWER/AIR
CONDITIONING UNIT
5l General 30
5.2 Freon Systems 30

5 Air Cycle Systems 37

9 A




SECRET

PAGE NoO, ii
TABLE OF CONTENTS (Cont'd)
Chapter Para Subject Page
6 DESIGN INVESTIGATION SiTf
ENGINE STARTING UNIT
T DISCUSSION AND SUMMARY 61
RECOMMENDATIONS 65
9 REFERENCES 68

Appendix "A" Information Contributed by John Inglis Co. Ltd.
Appendix "B" Informstion Submitted by Godfrey Engineering Co. Ltd.

} Appendix "C" Information Submitted by Hussman Refrigeration
Co. Ltd.

Appendix "D" Information @btained from C.G. Hokanson Co. Inc.

Appendix "E" Information Submitted by the Garrett Manufacturing
Corporation of Canada, Ltd.

Appendix "F" Information Submitted by the Stratos Division
of the Fairchild Engine and Airplane Corporation

Appendix "G" Information Supplied by Blackburn & General Aircraft.




e

Fig.,

Fig.

Fig.

Fig.

Flg.

Fig,

Fig .

Flg.

Fig,

Bl o,

Edg.,

HFlg.

Fig,

Fig.

SECRET

PAGE NO, 1ii

LIST OF ILLUSTRATIONS

Schematic Diagram - Cooling Air Flow within
Arrow 2,

Schematic Diagram - Ground Ailr Conditioning
System using Freon.

Sehematic Diagrams - "Simple" and "Bootstrap" Alr
Cycle Refrigeration Systems.

Required Turbine Inlet Pressure to Permit Molisture
Removal vs. Ambient Air Moisture Content.

Recommended Layout for Power/Air Conditioning
Package using a Freon Refrigeration System,

Performance Curves - AlResearch GTC 85-20 and
GTCP 85-20 Gas Turbine Compressor

Performance Curves - AlResearch GTCP 100-50 Gas
Turbine Compressor

Performance Curves - Solar T-300J "Jupiter" Mk. 1
and Mk. 2 Gas Turbine Compressors.

Performance Curves - Blackburn Palouste 500 and
Artouste 510 Gas Turbine Compressors.

Layout for Power/Air Conditioning Package using two
AiResearch GTC 85-20 compressors, one GTCP 85-20
engine and a "Bootstrap" Air Cycle Refrigeration
System,

Layout of Power/Alr Conditioning Unit Using two
Artouste 510 Gas Turbine Engines and a "Booctstrap"
Air Cycle Refrigeration System.

Sketches of "Freon" Power/Air Conditioning Unit as
Proposed by John Inglis Co. Ltd.

Schematic Diagram of Godfrey Proposal for "Freon"
Power/Air Conditioning Unit,

Plan View of "Freon" Power/Air Conditioning Unit
Proposed by Hussmann Refrigeration Co. Ltd.

A




Fig.

Fip,

Fig,

Fig,

Fig.

SECRET

PAGE NO, div

LIST OF ILLUSTRATIONS (Cont'd)

16,17,18 Pictures of Hokanson Model 707 "Freon" Alr

19

Condi tioning Unit.

Layout of Power/Air Conditioning Unit Proposed by
AlResearch Manufacturing Division of the Garrett
Corporation.

Schematic Diagram of Proposed AiResearch Powen/Air
Conditioning Unit,

Schematic Diagram - Stratos GEA-120 "Simple" Air
Cycle Refrigeration Unit.

Performance Curves - Stratos GEA-120 "Simple"
Alr Cycle Refrigeratlion Unit.,

A




o)

"r\‘l‘:.

SECRET

7B U
> AIRCRAFT

1, ABSTRACT

PAGE NO, 1

1.1 Introductlon

1.1.1

Authority for Work

In accordance with R.,C.A.F., Specification AIR 7-4
Issue 3, "Supersonic All-Weather Interceptor Air-
craft Type CF-105", special ground handling equip-
ment which 1s peculiar to the aircraft, shall,
subject to the approval of the Department of
National Defence, be developed by AVRO Aircraft
Ltd. and dellvered as specified by the Department,

As a part of thils work, the Company issued early

in 1955 a preliminary report, LOG/105/8 "CF-105
General Requirements for Mobile Ground Power Equip-
ment". That report outlined the basic requirements
for engline starting, electrical power, hot air, cool
alr, and inter-communication between cockpit occu-
pants and ground equipment operators. The report
was clrculated to a number of firms specializing

or interested in the design and manufacture of such
equipment and the vendors were asked to submit
design proposals for equlpment to meet our require-
ments. An analysis and appraisal of the submitted
proposals was presented in AVRO report LOG/105/24
entitled "CF-105 Evaluation Study of Proposed
Mobile Ground Power Equipment”, which was issued

in Fébruary 1956. As a result, the R.C.A.F.
approved the placement of orders by AVRO with the
Consolldated Diesel Electric Corporation of Canada
for two interim "starting vehicles" and two interim
"power/air conditioning vehicles'for the support

of Arrow 1 alrcraft stationed at Malton, It was
agreed that the development of moblle ground power
equipment for the support of Arrow 2 aircraft would
be deferred until the services required from this
equipment were more firmly established.,

The present report represents the next step in the
development of equipment for supporting Arrow 2
aircraft at Malton and other bases, It 1s intended
that evaluation of this equipment under service
condltlons shall form the basis upon which squadTOn
equipment will be procured by the R.C.,A.F,
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Nature of Equipment

Arrow 2 incorporates the Astra 1 electronic

system which requires considerable more elec-
trical power and approximately 50% more cooling

alr than the originally specified MX-1179 eleé-
tronic systems. In addition, the electrical power
for Astra 1 is derived from the aircraft electrical
system, whereas the MX-1179 system had its own
generators in the aircraft driven by an air turbine,
Consequently the electrical power and cooling
capaclty required from the ground source has
increased and hot medium pressure air from that
ground source for driving a turbo-generator in the
ailrcraft 1s now no longer needed.

Arrow 2 is powered by Orenda "Iroquois" engines
instead of the Pratt and Whitney J-75 engines used
in Arrow 1, However, in Avro report LOG/105/24,
page 43, evidence was presented that indicated
that thls would not necessitate a change in the
requirements of the hot medium pressure alr for
starting the engines from a ground source. This
has since been proven to be the case and detaills
of tests conducted by Orenda Engines Ltd. are
included in the following text.

Subsequent to approving the placement of the

orders for Arrow 1 equipment, the R.C.A.F. made
known to the-Company the design concept upon which
further development of this equipment must be
based. Detalls of this may be found in the minutes
of the 21st meeting of the Arrow Maintenance Sub-
Committee.

Summarizing, the mobile ground power equipment
which is the subject of thls report consists of
two units:

Unit No. 1 shall be capable of supplying the
following services to one Arrow 2 alrcrafts

(2) Hot medium pressure air for starting the
"Irogquois" engines in the aircraft in
sequence.,

(b) Electrical power to energize certain of the
alrcraft circuits and the engine electrical
edrcults.

A
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1.1.2 Nature of Equipment (Continued)

(¢) Telephonic inter-communication between
alrcrew and ground crew,

This unit shall consist of a self-contained pack-
age capable of belng fitted on to a standard half
ton truck, and embodying mouting pads for castor-
ing wheel assemblles for the purpose of conversion
to a trailer. The package may be used in any of
the following conflgurations:

- Stationary (package only)
- Trailer (Castors fltted to base plate)
- Self-propelled (mounted on a half ton truck)

Unit No. 2 shall be capable of supplying the
following services to one Arrow 2 aircraft:

(a) Electrical power to energize the aircraft
electrical and electronic systems.,

(b) Cool low pressure alr to ventilate and cool
the aireraft cockplt, armament bay and elec-
trical and electronlic equipment compartments.

{c) Telephonic inter-communication between air-
crew and ground crew,

This unit may consist of a self-propelled vehicle,
the propulsive pcecwer unit of which may be used to
supply any or all of the above services when the
vehicle 1is stationary. Packaging of components
for purposes of maintenance shall be a design
objective,

Scope of Report

The Company's previous report on the subject,
LOG/105/24, evaluated the merits of widely diff-
erent types of equipment te supply the required
services for engine starting, electrical power
and cooling air,

In view of the important changes in the services
required from the ground equipment supplylng power
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1.1.3 Scope of Report (Continued)

and cooling air, all the conclusions arrived at
in that report do not necessarily apply any
longer.

The purpose of this report is therefore;, to
present the R,C.A.F. with the results of a further
study aimed at determining the best equipment to
meet the Arrow 2 requirements for electrical power
and cold air., In carryling out this work, AVRO has
recelved valuable assistance from the following
Companies:

John Inglis Company Ltd.

Godfrey Engineering Company Ltd. of Canada

The Hussman Refrigeration Company

C.G. Hokanson Company Inc,

The Garrett Corporation

Blackburn and General Aircraft Ltd,

Stratos Division of Fairchild Engine and
Alrplane Corp.

Discussion and Summary

From the investigations carried out during the design

of Arrow 1 moblle ground power units and from the present
studies, it is concluded that a gas fturbine compressor is
the most satisfactory type of unit for supplying hot,
medium-pressure alr for starting the engines in the
Arrow 2, Such units are small, 1light, use . the same type
of fuel as the aircraft, and are well suited to this duty
cycle since they can be started quickly and lcaded fully
without delay under all conditions of weather. Several
gas turbine compressors that are now in production are
capable of meeting our requirements for engine starting
and should have a satisfactory overhaul life., These in-
clude the following enginess

AiResearch GTC 85-20
Blackburn Palouste 500
Blackburn Artouste 510
Solar Jupiter Mk, 1
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Discussion and Summary (Continued)

In the mobile power/air conditioning unit, it would be
desirable to use 1dentical gas turbine engines to supply
shaft power for driving electrical generators and to
supply bleed air to an alr cycle refrigeration system and
thereby provide the necessary power and cooling air to

the ailrcraft. However, it has been shown that no single
gas turbine compressor now in production is capable of
supplying all of the shaft power and bleed air that is
required. The unlt must, therefore, be designed around

two or more engines, Moreover, it is shown that with

the bleed ailr pressure available from existing gas turbine
compressors, an air cycle refrigeration system gives
marginal performance under the humid environmental condi-
tlons specified. Since all of the entrained molsture can-
not be removed from the air, some free moisture will
likely be delivered to the aircraft on humid days, unless
the delivery air temperature is raised above the 55°F
temperature specifiled.

It was concluded therefore, that the requirements for the -
power/air conditioning unit could only be met fully by
using freon refrigeration. Since time would not permit
the development of small, light freon equipment, the

major ltems in the system would have to be commercial
units that are now 1ln productlion. These factors result

in a gasoline powered package that is 14°' lcng, 8! wide,
4s-7" high, and weighs about 9000 1b. without fuel.

This is considerably larger and heavier than comparable
air cycle equipment and 1s, in fact, too heavy to be used
as a 'package" wilth castors. For this reason a specially
designed trailer 1s recommended so that the power and air
conditioning equipment can be arranged to give a minimum
overall height.

Since the R.C.,A.F. may consider that some relaxation in
the performance requirements is acceptable 1n order to
keep the size and weight of the unit to a minimum (or
for other reasons), various schemes have been evaluated
and the assessment is shown in Table A,

For this evaluation a "Figure of Merit" has been devised
in order to access the advantages and disavantages of
each scheme., This "Figure of Merit" has been obtained
in the manner outlined belows
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]
] i -I _l




SECRET

PAGE NO, ©

’ 1.2 Discussion and Summary (Continued)

(a)

(o)

’ (c)

Performance & Growth Potential - 25 Pe¢ints.

This factor represents the ability of the system to
meet the performance requlrements for electrical
power, delivery alr flow, dellvery alir temperature,
and delivery air molisture content. It also includes
5 points for the capability of the system to be
started quickly and easily, &nd to be loaded without
delay under all environmental conditions.

Logistics and Maintainability - 25 peoints

This factor 1s an appraisal of the serviceability

and durablility which can be expected from each system,
It reflects our opinion concerning the following
items:

(1) The number, variety, and cost of spare items of
equlpment to support operations. The sultabllity of
the engine for use as an engine starter 1s also
considered.

(2) Overhaul 1life of major compcnents.

(3) Maintenance time and maintenance skills required.
It is expected that gas turbine engines will require
less attention in the fileld than piston engines,
Moreover, for the lightweight piston engines that are
considered, it is expected that the maintenance skill
level required will be as high as that needed for gas
turbine engines.,

(4) Pield experience with similar equipment.
Where similar items of eguipment are beilng used
widely at the present time, replacement items and
overhaul facilities should be readily availlable,
thereby simplifying the léogistic problems.

Mobility = 20 points

This factor, based on the size and weight of the
power air conditioning unit, is a measure of the
effort that will be expended in moving the unit
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1.2 Discussion and Summary (Continued)

(c)

(a)

(e)

Mobility - 20 points {Continued)

from one place to another - particularly from one
base to another by air.

Cost - 20 points

This figure represents our opinion of the relative
overall cost of using each system. In the case of
gas turbine engines and air cycle refrigeration pack-
ages, the figure 1s based solely on initial cost,
since 1t 1s expected that all units would have comp-
arable overhaul lives so that operating and overhaul
costs would be proportiocnal to initial cost. The
freon system is rated higher because of 1ts lower
initial cost, much higher efficiency {resulting in
lower fuel consumption), lower engine overhaul cost,
and longer overhaul life on items excluding the
engines.

Availability - 10 points

This factor represents our opinion concerning the
possibility of obtaining proven equipment for the
system in time for the Arrow 2 development programme.
Thus, engines that are still in the design or develop-
ment stages are considered a poor risk,

Total = 100 points.

Programming

Under the current list of ground support equipment
contained in AVRO report 70/GEQ/1l, issue 1, the
Company is authorized to procure one Arrow 2 engine
starting unit and one Arrow 2 power/air conditioning
unit. This 1s inadequate for the support of develop-
ment alrcraft beyond aircraft #8 and delivery lead
times are such that AVRO's initial purchase order
must cater for an adequate quantity of this equipment
S0 as not to embarrass the development programme
planned by the R.C.A.F. The gquantlty of G.S.E.
necessary to support the 37 aircraft development
program¢ will be called out in lssue 2 of AVRO
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Discussion and Summary (Continued)

Programming (Continued) _
report TO/GEQ/1. Early R.C.A.F., agreement on the initial
quantity of this equipment to be purchased by AVRO 1s
therefore necessary.

Recommendations

Engine Starting Unit

It 1s recommended that the Arrow 2 engine starting unit
use the AiResearch GTC 85-20 gas turbine compressor,
provided that the engine starting times under extreme
environmental conditlons are considered acceptable by

the R.C,A.F, The Arrow 2 "Scramble"” time as defined in
AIR T7-4, Issue 3, para. 3.4.1, is calculated to be 1
minute and 4 seconds at 3500° with 120°F ambient tempera-
ture using this unit., If this time 1s not acceptable to
the R.C,A.F,, the Blackburn Palouste 500 engine 1is recom-
mended, which would reduce the above time to approx. 44
seconds.

It is recommended that the engine starting unit be
designed as a self-contained package incorporating the
following features:

(a) Fuel for 1 hour of continuous running at maximum
power,

(b) Two 3-1/2" diameter flexible hoses 45' long terminat
ing in automatic quick-disconnect couplings.

(¢) An electrical cable 50°' long to supply the following
services to the alrcraft:

(1) 50 amperes at 27.5V D.C.
(2) 500 V.A. at 115V, 400 cps, 1l-phase A.C.

(3) Intercommunication signals between cockpit
occupants and ground crew,

(4) 27,5V D.C. signals to permit the air flow valves
on the starting unit to be controlled from within
the aircraft.

A




i

SECRET

PAGE NO. 9

Recommendations (Continued)

Engine Starting Unit (Continued)

Power for these services 1s to be obtalned from the gas
turbine engine.

{(d) Batteries for starging the gas turbilne compressor.
(e) Storage for air hoses and electrical cables.

Mobile Power/Air Conditiocning Unit

It is recommended that the Arrow 2 mobile power/air
conditioning unit be a trailer powered by two Continen-
tal "Packette" gasoline engines - one driving a 60 K.V.A.
400 cps, 3-phase A.C. generator and a 28V D.C. generator;
the other driving air blowers and a freon refrigeration
compressor.

It is recommended that the mobile power/air conditioning
unlt incorporate the following features:

(a) Tandem Miehle-Dexter 5516 air blowers, or equivalent,

(v) Self-mobility at approximately 1 mph on level ground
for a distance of 100' on battery power, or for an
indefinite dilstance prcvided that the engine which
drives the generators is running.

(c) A height not in excess of 5 ft. 6 inches,

(¢) Two 3-1/2" diameter air delivery hoses 45' long and
terminating in automatic, quick-disconnect couplings.

(e) An electrical cable 50! long to supply 400 cps, 3-
?
phase A.C. power to the aircraft.

(f) Protective circuits to prevent electrical power from
being supplied to the aircraft if the delivery air
temperature exceeds 559F or if the delivery air
pressure 1is below 6.3 psig at the outlet of the
air conditioning unit.

(g) A convenient, central panel for all controls and
instruments.
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Recommendations (Continued)

Mobile Power/Air Conditioning Unit (Continued)

(n) Convenient storage for air hoses and electrical
cables.

{1) Light alloy construction wherever possible in order
to keep the weight to a minimum,

{3) Cooling air flow velpcities up to 1500 ft/minute
in order to keep all heat exchangers as small as
possible,

(k) Provision for intercommuncation between the cockpit
occupants and the ground crew,

Procurement Authorization

It 1s recommended that AVRO be authorized to procure an
adequate quantity of Arrow 2 engine starting units and
mobile power/air conditioning units so as not to embarrass
the Arrow development programme planned by the R.C.A.F.

A
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' - 2, INTRODUCTION

2.1 Authority for Work

In accordance with R,C,A.F Specification AIR 7-4 Issue
3, "Supersonic All-Weather Interceptor Aircraft Type
CF-105", special ground handling equipment which is
peculiar to the aircraft, shall, subject to the approval
of the Department of National Defence, be developed by
AVRO Adircraft Ltd. and delivered as specified by the
Department.

As a part of thils work, the Company issued early in 1955
a preliminary report, L0G/105/8 "CF-105 General Require-
ments for Mobile Ground Power Equipment". That report
outlined the basic requirements for engine starting,
electrical power, hot air, cool air, and inter-communica-
tion between cockpit occupants and ground equipment opera
tors. The report was circulated to a number of firms
specializing or interested in the design and manufacture
of such equipment and the vendors were asked to submit
design proposals for equipment to meet our requirements.
An analysis and appraisal of the submlitted proposals was
presented in AVRO report LOG/105/24 entitled "CF-105
Evaluation Study of Proposed Mcobile Ground Power Equip-
ment™, which was issued in February 1956. As a result,
the R,C.A.FF. approved the placement of orders by AVRO with
the Consolidated Diesel Electric Corporation of Canada
for two interim "starting vehicles" and two interim “power/
air conditioning vehicles" for the support of Arrow 1
alrcraft stationed at Malton. It was agreed that the
development of moblle ground power equipment for the
support of Arrow 2 alrcraft weculd be deferred until the
services required fram this equipment were more firmly
established.

The present report représents the next step in the

development of equipment feor supporting Arrow 2 air-

craft at Malton and other bases. It is intended that

evaluation of this equipment under service conditions

shall form the basils upon which squadron equipment will
| be procured by the R.C.,A.F,
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’ 2.2 Nature of Eguipment

Arrow 2 incorporates the Astra 1 electronic system which
requires considerably more electrical power and approx-
imately 50% more cooling air than the originally specified
MX-1179 electronic systems, In addition, the electrical
power for Astra 1 is derived from the aircraft electrical
system, whereas the MX-1179 system had its own generators
in the aircraft driven by an alr turbine. Consequently
the electrical power and cooling capacity required from
the ground source has increased and hot medium pressure
alr from that ground source for driving a turbo-generator
in the alrcraft is now no longer needed.

Arrow 2 is powered by Orenda "Iroquois" engines instead
of Pratt and Whitney J-75 engines used in Arrow 1., How-
ever, in Avro report LOG/105/24 page 42, evidence was
presented that indicated that this would not necessitate
a change 1in the requirements of the hot medium pressure
alr for starting the engines from a ground source. This
has since been proven to be the case and detalls of tests
conducted by Orenda Engines Ltd. are lncluded in the
followling text.

Subsequent to approving the placement of the orders for
Arrowl equipment, the R.C.A.F. made known to the Company
the deslgn concept upon which further development of this
equipment must be based. Detalils of this may be found in
the minutes of the 218t meeting of the Arrow Maintenance
Sub-Committee,

Summarizing, the mobile ground power equipment which is
the subject of this report consists of two units:

Unit No. 1 shall be capable of supplying the following
services to one Arrow 2 alrcrafts

(a) Hot medium pressure air for starting the "Iroquois®
engines in the aircraft in sequence.

(b) Electrical power to energlze certain of the aircraft
circuits and the engine electrical circuits.

(c) Telephonic intercommunication between aircrew and
' ground crew,
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Nature of Egquipment (Continued)

This unit shall consist of a self-contained package
capable of being fitted on to a standard half-ton truck,
and embodying mounting pads for castoring wheel assembliles
for the purpose of conversion to a trailer. The package
may be used in any of the following configurationss

- Stationary (package only)
- Trailer (Castors fitted to base plate)
- Self-propelled (mounted on a half-ton truck)

Unit No, 2 shall be capable of supplying the following
services to one Arrow 2 alrcraft.

(a) Electrical power to energlze the ailrcraft electrical
and electronic systems,

(b) Cool, low pressure alr to ventilate and cool the
aircraft cockpit, armament bay and electrical and
electronic equipment compartments,

{¢) Telephonic inter-communication between aircrew and
ground crew,

This unit may conslst of a self-propelled vehlcle, the
propulsive power unit of which may be used to supply any
or all of the above services when the vehicle is station-
ary. Packaging of components for purposes of maintenance
shall be a design obJjective,

Scope of Report

The Company's previous report on the subject, LOG/105/24,
evaluated the merits of widely different types of equip-
ment to supply the required services for engine starting
electrical power and cooling air,

In view of the important changes in the services required
from the ground equipment supplying power and cooling air,
all the conclusions arrived at in that report do not
necessarily apply any longer,

The purpose of this report is therefore, to present the
R.C.A.F, with the results of a further study aimed at
determining the best equipment to meet the Arrow 2
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Bcope of Report {Continued)

requirements for electrical power and cold air., In
carrying out this work, AVRO has received valuable
assistance from the following Companless

John Inglis Company Ltd.

Godfrey Engineering Company Ltd. of Canada

The Hussman Refrigeration Company

C.G. Hokanson Company Inc.

The Garrett Corporation

Blackburn and General Aircraft Ltd.

Stratos Division of Falrchild Engine and Airplane
Corp.

The report first establishes the design requirements for
the moblle ground power units in Chapter 3. This is
followed in Chapter 4 by a preliminary design investigation
of two basically different refrigeratiocn systems feor the
cooling air. In Chapter 5 some practical solutions based
on these different methods of approach are discussed. The
selection of equipment for engine starting is outlined in
Chapter 6 and in Chapter 7 we have attempted to summarize
our findings in a comprehensive manner by focussing
attention on the major advantages of deficlenciles,

Chapter 8 contains the Company's recommendations regarding
the next steps to be taken in the development of adequate
mobile ground power equipment for Arrow 2 alrcraft.

Y Y
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3. DESIGN REQUIREMENTS

3.1 Aircraft Requirements

el d

Electrical Power

The Arrow 2 has two completely independent and
self-contained electrical systems, one being
powered from each aircraft engline. Each system
obtains its power from a 40 K.V.A., 200/115V,

3 phase, 400 ¢.p.s. generator which is driven by
its alrcraft englne through a constant-speed drive
unit, Under conditions of steady load and engine
speed the frequency is controlled to 400 cps

t 1%, and during load transients or variation of
engine speed the frequency deviation does not
exceed ¥ 5%, The transient recovers to 63% of its
initial value within 0.5 secinds., The voltage is
maintained within * 1.5% from zero to full load by
regulators of the magnetic amplifier type. The
response 1s such that the voltage recovers to with-
in *1.5% of its preset value within 0.2 seconds
after full load is applied or removed,

Direct current at 27.5V is obtained from two 4.5

K.W, transformer-rectifier units, each energized

from one of the main A.C., systems., The D,C. out-

puts are paralleled to feed a single D.C. system,

The transformer-rectifiers, voltage regulators

and generator control panels are packaged as

complete units and rely on air from the air condition-
ing system for cooling whenever the A.C. or D.C,
systems are energized,

For ground operation, both main A.C. systems can

be paralleled and supplied with power from an
external source through a receptacle under the
fuselage behind the armament pack, There is no
provision for energizing the malin D.C. systems
directly from an external D.C. source, although

the emergency and battery busses can be energized
through a receptacle on the nose undercarriage leg
to permit such functions as canopy actuation,
intercommunication, and engine starting., Thus, for
most maintenance functions the D.C, systems must be
powered from the transformer-rectiflers in the air
eraft which, in turn, are energized from an external

A
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3.1.1 Electrical Power (Continued)

3.2

A.C. source., The loads for ground operation of
the Arrow 2 have been analysed and presented in
Avro report LOG/105/5, Issue 4, "CF=105 MK.2,
Estimate of Electrical Power to be Supplied by
Ground Power Units". That report indicates that
the load will probably not exceed 31.4 K.V.A.,
but recommends that the ground support equipment
incorporate a 40 K.V.A, generator to allow for
possible increases in load as the aircraft is
developed., It is recommended that the character-
istics of the power meet the requirements of Avro-
can Specification E-500, although the generator
need not be the same as the ones used in the air-
eraft.,

Cooling Air

The Arrow 2 ailr conditioning system uses air which
is bled from the compressors of the Iroquols engines
when they are running, This alr is cooled by pass-
ing it through an air-to-air heat exchanger, a water
evaporator and an expansion turbine, The cold air
thus obtained is then mixed with hot air to obtain
the desired temperature, It 1s then used to condl-
tion the cockpits and to cool the electrical and
electronic equipment throughout the alrcraft.

For ground operation, air at the desired temperature
can be injected into the system through two 3-1/2"
diameter automatlic quick-disconnect couplings
which are mounted under the fuselage Jjust ahgad of
the armament pack. From these couplings 3m1f?
diameter ducts lead to the main 6" distribution

duct downstream from the cooling turbine., Although
a pressure of only 1 psig 1s required in the main
duct to ensure adequate distribution of the alir to
all equipment, a pressure of 4.5 psig is required
at the aircraft couplings to cater for the pressure
drop in the coupllngs and small ducts.

The total flow of alr required is 150 1lb/minute
(minimum) and this is divided into two sub-systems
in the aircraft as shown in Fig. 1.28 1b/minute
goes to the cockpits and from there to the armsment
bay where it 1s exhausted around the misslles. The
remailning 122 1lb/minute passes through an oil-to-
air heat exchanger to cool the hydrauliec fluid from
the antenna drive system and the liquid from the
magnetron cooling system. It is then ducted to the

19
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Cooling Air (Continued)

electrical and electronic equipment throcughout
the alrcraft, R.C.A. engineers have recommended
that the temperature of the air entering theilr
electronic equipment should not exceed TO°F.
Therefore, since this alr is heated approximately
159F in the oill-to-air exchanger, it 1s necessary
to supply the alr to the alrcraft at not higher
than 55°F, Also, since the heat load from the oil-
to-alr heat exchanger will not necessarily be
present whenever cooling air is supplied to the
alrecraft, the ground alir condltioning system must
be capable of supplying this 55°F air with no
free moisture,

It 1s recommended that two 3-1/2" diameter hoses,
45% long, be used to duct the air from the ground
power vehicle to the aircraft, slince larger size
hoses are cumbersome to handle and more difficult
to store. It 1s estimated that these will incur
a pressure drop of 1.8 psi., Also, a temperature
rise of 5°F in hot weather and a temperature drop
of 10°F in cold weather may be expected, due to
heat conduction losses through the walls of the
delivery air hoses., Thus the mobile power/air
conditioning unit must be capable of supplying a
minimum of 150 lb/minute of air at 50°F and a
pressure of 6.3 psig. The moisture content of
this air must be such that a dewpoint of 55°F is
not exceeded.

Engine Starting

The Arrow 2 is fitted with two Orenda "Irocquois"”
engines which are started by air turbine systems,
These starters have been selected because of
their reliability and low installed weight, but
require a supply of hot, medium pressure air from
a ground source as detailed below:
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Engine Starting (Continued)

Normal Case Maximum Case

Ambient Pressure 14,7 psia 14,7 psia
Ambient Temperature 60°F - 659F
Delivery air pressure

(minimum) 50 psia 60 psia
Delivery alr tempera- o
ture 325 to 500°F 225 to 500°F
Delivery air flow ,

{per engine) 112 1b/minute 148 1b/minute

In the normal case defined above, the "Iroquois" will

be accelerated to idling speed (3000 R.P.M,) within

20 seconds. This approaches the minimum time feasible
with 2-spool engines (approximately 15 seconds), since
the low-pressure spools are not driven from the starting
motors and therefore, tend to lag and restrict the flow
of air through the engine if the high-pressure spool 1s
accelerated too quickly. The starting times for other
environmental conditions will depend on the character-
istics of the alr source., If a gas turbine compressor
1s used for the supply, its output decreases as the air
density decreases so that the starting time is increased.
However, since the aerodynamic drag (and torque) of the
Iroquois engine also decreases, starting times of less
than 30 seconds are feasible at 3500' altitude with an
ambient temperature of 120°F; thereby permitting the
scramble requirements to be met.

Engine starting air 1ls fed to the starters through two
automatic gquilck-disconnect couplings and the flow is
controlled electrically by valves on the ground supply
unit, These valves may be opened by selecting "start"
or "motor" on the engilne starting switches in the front
cockpit of the Arrow 2 and will be closed automatically
by centrifugal switches when the engines reach a pre
set speed. Two 28V D.C. signal wires are brought to an
automatic quick-disconnect coupling on the nose under-
carriage leg for this purpose. This coupling also has
provision for supplylng the following additional services
to the aircraft,

A
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3.1.3 Engine Starting (Continued)

(a)

The power for services, a, b, ¢
supplied by the engine starting

craft

Up to 50 amperes at 28V D,C. for operating
the canoples, fire extinguishing circuits,
intercommunication system, and engine start-
ing circuits.

Up to 500 V.A. at 115V, 400 cps, phase A.C.
for warming the amplifiers in the "Iroquois”
fuel flow control units.

Intercommunication between
crew,

alrcrew and ground

aircrew and an
land telephone line,

Intercommunication between
Operations® Controller via

above must be
unit when the air-
is operated in the open.

3.2 Environmental Requirements

During the design of mobile ground power units for Arrow
1 aircraft, an analysis of Canadian and world-wide opera-
ting conditions was made and reported in Avro Report No,

L0G/105/13, dated July 1955,

This report recommended

that moblle engine starting. ground power and air condition-
ing equipment be designed to give rated performance under
the following conditionss

EXTREME CLIMATIC CONDITIONS QUOTED IN REPORT NO, L0G/105/13

Temperature Barometric Pressure Djy Point
ude (°F) (Inf Hg°), =5 P ~A,:i;§l e
! Hot Cold Hot Cold Hot Cold
Atmosphere | Atmosphere |Atmosphere | Atmosphere Atmi§pha%p Atmosphere
130 ~65 29.92 29.92 5 =70
) 124 -65 28.93 2857 73 -70
) 118 -65 27.98 27.32 70 -70
32 -65 27.04 26417 67 =70
106 -65 26,14 25,09 64 =70
) 100 -65 25.25 24,05 61 =70

Provision must also be made for enclosed air temperature, due to
solar radiation, of up to 160°F,
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‘ 3.2 Environmental Requirements (Continued)
f

Although this world-wide envircnment had heen accepted
by the R.C,A.F,, further discussions with R.C.A.F,
personnel and with vendors and manufacturers of air
conditioning equlpment indicated that these conditions
might be unnecessarily severe, A review of current
specifications and environmental reguirements was made
and reported in an addendum to report no. LOQ/105/13,
issued July 1957. This recommended the following "hot
atmosphere" ambient conditionss

HOT ATMOSPHERE - ADDENDUM TO REPORT LOG/105/13
Altitude Pressyre Dry Bulb | Wet Bulb ngziﬁiﬁ
[~ =) =3 841 (o T o ey
(Ft) (1bs/ft= abs) |Temp (°F) | Temp (°F) (££3/10)
e} 2116 130 85 14,86
1,000 2041 126.5 85 15,33
2,000 1968 123 85 15,80
3,000 1897 119.5 85 16.30
4,000 1828 116 85 16.80
5,000 1761 J1205 85 17.32

Discussions with certaln vendors were based upon these

conditions. Report No. L£G/105/13 and its addendum had
been submitted to the R.C.,A.F. for approval in the mean
while,

Subsequently the R.C.A.F. advised Avro in letter
$36-38-105-13 (ACE-1), dated 21st August, 1957 that,
notwithstanding the recommendations of Report No.
10G/105/13 and its addendum, the R.C.A,F, would require
the moblle ground power and air conditioning unit for
the Arrow 2 to give rated performance under the follow-
ing extreme amblent condltions:

R.C.A.F, REQUIREMENTS - LETTER 536-38-105-13 (ACE-1)

- Dry Bulb Temp, | Wet Bulb Temp. | Altitude
| o (°F) (°F) (rt)
ol 120 76 0 - 3,500
“p 100 85 0 - 3,500
%, 1 -65 - 0 - 3,500
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Environmental Requirements (Continued)

The calculations presented in this report for the
ground power and air condltioning unit are based on
these conditions.

In the case of the engine starting unit, the environ-
mental conditicns have not been specified in detall.
It is assumed, thereforej;

(a) that the aircraft scramble %nquiweme“ts must be
met for amblent temperatures from -65°F to +120°F
at altitudes from sea level to 35007,

(b) that identical engine starting units will be used
a3 mobile starters and in readiness hangar applica-
tions. For mebile applications, however, the air-
craft engines will be started in sequence using a
single starting unit.

Under the worst environmental condition above, (35007,
120°F), the take~off  for the Arrow 2 requires approx-
imately 19 seconds to unstick and 29 seconds to reach a
height of 50!. Using the ground run time of 19 seconds,
and allowing 7 seconds for engine acceleration for 1dl-
ing speed to maximum thrust, then an engine starting unit
must be capable of accelerating an engine to 1dling

speed within 34 seconds.

Configuration

The optimum configuration for the moblle ground power
units is, to a large extent, governed by the operational
role for which the equ*pment is 1ntnrded, In this
regard, R.C.A,F. Specification AIR 7-4, Issue 4 is used
as a guide and the following extrac ts are from that
documents

Para, 3 Concept of Operations

3.1 General

For purposes of detail design of components
and procedures the operaticnal concept of
the Arrowwapon system shall be as noted in
the following sub-paragraphs,
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3.3 Configuration (Continued)

Para. 3 Concept of Operations {Continued)

Eical ol

S.1.2

5.l.3

Ob ject

The object in the operation of the Arrow
weapon system in time of war will be the
attainment of the highest possible opera-
tional potential at all times. In time of
peace the operation of the weapon system
will ke concerned primarily with attaining
and maintaining a high degree of proficiency
in the all weather role,

Battle State

The concept 1s based on one or more squadrons,
of 12 operational plus 2 training aircraft
each, at a prepared all-weather base. With
50% of the aircraft undergoing minor mainten-
ance each squadron will be required to main-
tain 2 alrcraft at the state of readiness or
standby at all times, and as many of the
remainder as possible in a state that can be
changed to available within 3 hours,

Forward Base

In exceptional circumstances, the squadron
may be required to operate from a forward
base to which the aircraft will be flown in
a fully operational state. , They will be
serviced and brought up to Available' or
YPeadines® on arrival, but normally wil
return to the maln base when scrambled,
Should they be required to land back at the
forward base only sufficient facility to
prepare them for return to the main base is
required, This is a detached operation which
the main base must be capable of supporting
up to a maximum of 50% unit establishment.
Individual aircraft will not normally remain
on the forward base longer than the time
between primary inspections. The servicing

49
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3.3 Configuration (Continued)

Para., 3 Concept of Operations (Continued)

313

3.1.4

Forward Base (Continued)

equipment required to prepare aircraft at

a forward base for return tc the main base
must be air transportable, with tralned
personnel, to carry out the required
operations, in a C-119 or similar transport
airplane,

Bullding Facilities

For each squadron, the airfield shall
include the following structures:

(a) Hangar(s) to house two aircraft at
readiness or standby.

(p) Shelter(s) to house five airecraft under-
going turn-around or first line main-
tenance.

(¢) Hangars to house seven aircraft under-
going second or third line maintenance,

3.2 Time Limits

2.2

3.2.4

Serviceability

The ailrcraft ls to be capable of being
maintained at the states of readiness and
for the time periods as follows:

State Time Period
Available (15 min) Indefinitely
Avallable ( 5 min Indefinitely
Standby 2 min) Random periods of

not more than 30 min,
Utilization

The aircraft together with the support of
the ground support equipment and the

R.C.A.F, shall be capable of a utllization
of not less than 20 hours per month when
operated as described in this section.

49
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Configuration (Continued)

In the concept quoted above, it 1s noted that most main-
tenance work at the main Arrow base will be carried out
in hangars when electrically-powered equipment normally
will be used., On this basis it is asgumed that the
mobile equipment will be used primarily to support air-
crafts

(a) . operating from advance bases.

(b) at the main base if the electrically-powered equip-
ment or power supplies should fail.

(¢) at the main base if the electrically-powered equip-
ment should be lnadequate, This could occur 1n a
tactical situation where all serviceable alrcraft
had to be brought to the "Standby" condition
simultaneously to cope with a mass attack.

Based on these factors the utilization of the mobile
power/air conditioning equipment is assessed as follows:

Squadron establishment 14 aircraft (including two
traihers%

Aircraft at advanced bases 7 aircraft (ineluding two
SBO%) trainﬂrs%

Aircraft at"Readinesd' at 2 aircraft (including two
main base tvainprs%

Operational Aircraft 9

Since all 9 operational aircraft could require power and
cooling air at the same time, i1t 1s assumed that each
squadron will require 9 serviceable moblle power/air
conditioning units plus 1 spare unit. Further, it 1is
assumed that each operational alrcraft will fly 20 hours
per month and that the mobile power/air conditioning unit
will be run for 3 hours per hour of flying. This flgure
allows for servicing the aircraft and maintalning 1t at
readiness at an advanced base. With these assumptions the
average utilization 1is;

9 x20x 3x 12 = g48 hours per year,
10

19 A
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Configuration (Continued)

With this utilization an overhaul 1life of 1000 hours
is considered acceptable, although a longer period
obviously 1s desirable.

Since the mobile ground power unlts are to be transport-
able by alr in a C-119 aircraft, size and weight are
considered to be important factors in the design of the
equipment. Although truck, trailer, and package concepts
all merit consideration, 1t appears from the concept of
operations that the requirements for air transportability
should outweigh any considerations for self-mobility
around air bases., In this regard the R.C.,A.F. indicated
its preference at the 21st meeting of the Arrow Mainten-
ance Sub-Committee on Octcber 16, 1956, as follows:

Para. 3 (a) "A standard range of trailerswould not be
developed for mobile items of G.H.E.;
rather a standard range of lockable castor-
ing wheel assembllies would be used on all
mobile non-self propelled ltems of G.H.E,"

(b) "The following G.S.E. items are to have the
configuration indicated belows

(2) Starters a packaged unit embodying

mounting pads for the wheel assemblies noted
in para. 3 {a), and capable of fitting on a
standard 1/2 ton truck. Thus, the package
could be used in any of the fecllowing con-
figurations.,

(a) PFixed (package only).
(v) Mobile (castoring wheel assemblies
installed)
(¢c) 8Self-Propelled (mounted on a standard
1/2 ton truck)

The R.C.,A.F. 1lndicated a preference for a similar approach
for the mobile power/air conditioning unit, but is was
pointed out by AVRO that the size and welght of the equip-
ment might make such an arrangement impractical. It was
thus agreed that the development of an integrated vehicle
would be considered for this unit. However, component
packaging for maintenance 1is a firm requirement,

49 A
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Configuration (Continued)

In this report the various schemes have been compared
primarily as self-contained packages. However, studies
have been made to investigate integration of the systems
with truck and traller chassis, and the probable varia-
tions in size and weight are noted in the report. Also,
it i1s recommended that the units be made low enough to
pass under the wingtips of the Arrow 2 with the allerons
fully deflected. This 1imits the height to 66 inches
(maximum).
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4, PRELIMINARY DESIGN OF POWER/AIR CONDITIONING UNIT

4.1

General

In this chapter of the report the performance of possible
Ssystems 18 calculated in order to establish the total
requirements for power and the approximate sizes of the
components in the systems., Typical engineering values are
used for the efficiencies of compressors, turbines,; gener-
ators, heat exchangers, etc., and are noted on the approp-
riate sketches; Fig. 2, 3. Two basic schemes for cooling
the air have been considered:-

(2) a vapour cycle refrigeration system using Freon 12 as
a refrigerant.

(b) an air cycle refrigeration system.

"Freon" System

4,2.1 Description

In this type of system the charge air is compressed
to a pressure Jjust high enough to allow for pressure
losses 1in the cooling coils and ducting. It is then
cooled to the desired temperature by being passed
over cooling colls through which the refrigerant is
circulated. An air-to-air heat exchanger may also
be added between the blower and the refrigeration
coil. The Freon circuit consists basically of the
cooling coll, an expansion valve, a condensing coil
and a pump. A schematic diagram of a cooling air
supply using & Freon system is shown in Fig., 1.

L4,2,2 Power Requirements

Preliminary power requirements for the system for
the specified environmental conditions are given

in Table 1. These requirements have been calcu-
lated using the values noted below.

(a) It was recommended in Chap. 3 that the power/
air conditioning unit be capable of supplying
up to 40 K.V.A, of 3 phase, 400 cps. A.C, power
to the aircraft at load factors from 0.75 to
1,0, Assuming 85% for the efficiency of the
generator, the power required is

4o x 1 =
Mo %8s O3 H.F.




TABLE I

ESTIMATED PERFORMANCE - FREON SYSTEM

ENVIRONMENTAL CONDITTION
Sea Level Sea Level 3500 3500 Sea level
100°F D,B, 120°F D, B, 100°F D, B, 12°F D.B, -650H
85°F W.B. 76°F D, B, 85°F W B, 76° F W.B,
Ambient Pressure Ep.s.i.) 1.7 1L, 7 12.93 12,93 1h.7
Density 1b/cu ft.) .0709 .0685 .062) .0603 .1005
Moisture Content (grains/ib,) 159 6l 187 8l =
Electrical Power - Aircraft (H.P.) 63 63 63 63 63
S - . -~ Controls, lights (H.?.) 5 5 5 5 5
Blower - Volume Flow (C.F.M,) 2120 2190 2410 2490 1950
- Power Required (H.P.) 83.5 86 92.5 9565 77
- Air Delivery Temperature (°F) 200 223 208 231 +19
Air-to-Air Heat Exchanger
- Air Delivery Temperature (°F) 110 130 1ok 131 + 19
- Heat Transfer (B.T.U./Min) 3100 3340 3400 3280 eV
- Cooling Air Flow (600 1b/min) (C.F.M.) 8L80 8760 9640 9960 —
- Power Required (H,P,) 9.5 9.8 10.3 10,6 s
Cooling Coil
- Air Delivew Temperature (°F) 50 50 50 50 70
-- Refrigeration Load.(B.T,U,/min) LL00 3000 3000 3500° 1836
- Tons Refrigeration 22 15 25 17. ane
- Power Required (D.C.P, = L) (H.P.) 26 18 30 Po) —
Condensing Coil
- Cooling Air Flow (1b/min) 8480 8760 96L0 9960 -
- Power Required (H,P.) 9.5 9.8 10.3 10.6 —
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(Continued)

Additional electrical power may also be required
within the power/air conditioning umit for
operating controls, fans, lights, etc. This

may vary from 5 to 40 H.P. depending on the
method of driving the heat exchanger fans,

Blower An adiabatic efficlency of 0.7 was
assumed for the blower and a delivery pressure

of 7.3 p.s.1.g. was used to cater for a pressure
drop of 1.0 p.s.i. in the heat exchanger, cooling
coil and internal ducting. A temperature rise

of 100 to 110°F is emtountered when the air is
compressed to this pressure,

Air-to-Air Heat Exchanger - Power is required
for drawing cooling air through the air-to-air
heat exchanger. The figures in Table 1 were
based on an effectiveness of 0.9, a ratio of
L4 for cooling air flow to charge air flow and
a pressure drop of 0.25 p.s.i. to cater for
pressure losses through filters and the heat '
exchanger. This power requirement can vary
considerably and will depend on the size and
shape of the heat exchanger and cooling flow
veloclity, A compromise is required between
the size and weight of the heat exchanger and
the power required by the fan.

Refrigeration - The refrigeration load is base
on cooling the air from approximately 10°F,
above the ambient temperature to S50°F and con-
densing sufficient water vapour to lower the
dewpoint to 55°F., The system needs & 25 ton
refrigeration system which, using a coefficient
of performance of 4, requires 30 H.P. to drive
the Freon compressor.

Freon Condenser - The heat absorbed by the Freon

in the cooling coil must be transmitted to the
atmosphere in the condensing coil. As a first
approximation the cooling air flow was assumed
to be the same as that for the air-to-air heat
exchanger,
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4.2.2 Power Requirements (Continued)

(r)

Electrical - Aircraft

Heat Exchanger Fan

Condensing Fan

Blower

Engines - The power requirements from Table 1
are summarized below in order to estimate the
total power needed for the power/air condition-
ing unit:

Sea Level Sea Level 35007 3500°
100CE "D B8 J209FND, B, 200N DB, S120°FEDIE,
850F W,B. T60F W,B, 859F W,B. 760F W,B,

63 H.P, 6§ HoB. 63 H.P 630 HLP.

- Controls 5 5 & 5
955 9.8 10.3 10,6
Refrigeratdon Compressor 26 18 30 20
8.5 9.8 16,3 10.6
83.5 86 92.5 g5 5
Total 196.5 H.P. 191.6 H.P, 211,1 H.P., 204,1 H.P,
In order to develop 211 H.P, on & 100°F day at
3500' altitude, an engine rated at 259 H,P,
under sea level standard conditions is required,
The effect of deleting the air-to-air heat
exchanger has 2lso been investigated and is
summarized below for the 3500', 1000F case,
Power Required
With Heat Without Heat
Exchanger Exchanger
Electrical = Aircraft 63 63
- Controls 5 5
Blower 92.5 87
Heat Exchanger Fan 1053 -
Refrigeration Compressor 30 50:5
Condenser Fan 10,3 20.6
2 LI HE S 226,1 H.P.

Since engine power, refrigeration pump capacity,
and condenser coll size are all increase, it is
concluded that an air-to-air heat exchanger
should be included in the system,
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Power Requirements (Continued)

(g) Heater - It is noted in Table 1 that in cold
welither the heat of compression is not suffici-
ent to meet out requirements. This can be over-
come by addinR a choke heater and recirculating
access air that 1s available, or by adding a
heater., The capaclty required is approximately
110,000 B.T.U./hour.

4,3 Alr Cycle System

LRl

4,3.2

Description

In an air cycle cooling system the charge air is
compressed to a pressure considerably above that
required at the outlet from the power/air condition-
ing unit. It is then cooled to a temperature slight-
ly above ambient 1n an air-to-air heat exchanger and
is then further cooled by passage through an expan-
Ssion turbine. , The power developed by the turbine

may be used to drive cooling fans, compressors,
electrical generators or other equipment. A schem-
atic dlagram of an air cycle cooling system 1s given
in Fig. 3. A mechanical water separator is required
in this system since there are no cold colls on which
the moisture can condense,

System Performance

(a) Water Separator - This unit normally consists
of a cone 1n the alr stream upon which the
water droplets Impinge &and collect to form
drops large enough to be separated fr
air by centrifugal or inertial action. As
noted in Table 1, the 100°F, 3500' case causes
the greatest refrigeration load, largely because
of the amount of moisture which must be removed
This 1s calculated below for this environmental
condition:

Initial moisture content of air - 187 grains/lb dry air
Required maximum moisture content = 66 grains/lb dry air
| (corresponding to dewpolnt of 550F)

Water to be removed 121 grains/1b dry air

!
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4,3.,2 System Performance (Continyed)

(a) Water Separator (Continued

Since the water separator is not 1likely to-
remove imore than 80% of the free moisture,
the free water content at the turbine exit
must be at least

121 G T /1 h
8 = 1 1 grains/ib,; dry air

Thus, the air delivered from the water separator
will contain 30 grains of free moisture and 36
grains of water vapour per 1lb, of dry air., This
corresponds to a turbine outlet temperature of
4OOF, A pressure loss of 1.5 p.s.i, may be ex-
pected in the water separator.

(b) Refrigeration Turbine - The turbine outlet
temperature 13 dependent upon the turbine inlet
temperature, pressure ratio, and the moisture
content of the air, The turbine inlet pressure
that is required in order to obtain water separ-
ation as noted above has been calculated for
100°F, 3500° alt cases with different

Turbine adiabatic efficiency 85%
Turbine inlet temperature 1200F
Enthalpy change with humid alr = enthe

ﬁwy a

py change for
r

The inlet pressures required are shown in Fig.
4., This curve indicates that a pressure of 68
p.8.i.a. i1s required for the specified ambien
condition - 3500' altitude, 100°F dry bulb
temperature; 850F wet bulb temperature. This
pressure is considerably higher than that avail-
able from existing gas turbine compressors. It
could, however, be obtained by using a bootstrap
system whereby the turbine ‘drives a compressor
to boost the pressure of the air delivered from
the gas turbine., Lower pressures might also be
feasible if the extracted water is used to help
cool the air-to-air heat exchanger.

9 A
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4.,3.2 System Performance (Continued)

(c) Compressor -~ As was explained in Avro report
10GA105/24 at some length, gas turbine com-
pressors are considered to be the best source
of compressed ailr for use with an air-cycle
refrigeration system because of their low
weight and small size. The performance
characteristics and suitability of all known
gas turbine compressors have been considered
for this application; these are discussed in
d.(»pvgr G

se

It should als COon-
pressors are r
for the A‘@cw
reasons, 1t w d >
same ftype o‘ ﬂrg Ae f [ 1 1di-

g cycle refrigeration
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system be selec

5. DESIGN INVESTIGATION - MOBILE POWER/AIR CONDITIONING UNIT

Sl

General

Using the preliminary @analysis noted above as a basis,

AVRO contacted the manufa r8 of components in the equip-
ment fields involved in order to survey a wide range of
possible designs for a mobile power/air conditioning unit
for the Arrow 2, Different manufacturers were asked to
supply information concerning the size, weight and perform-
ance of their products and, in addition, thelr views were
sought concerning installation of the eguipment into a
mobile package. The scope of the discussions with equipmen
manufacturers and the results of their investigations are
outlined in the paragraphs below,

Freon Systems

Sl Investigation by John Inglis Co. Ltd.

In 1956 the John Inglis Co. Ltd. had co-operated
with AVRO in making proposals for fixed installa-
tions to supply cooling air to Arrow 2 aircraft in
readiness and maintenance hangars., At the time
they also expressed an interest in designing and
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Investigation by John Inglis Co, Ltd, (Continued)

supplying equipment for mobile use., Because of this,
they were approached and asked to submit information
concerning the sizes and weights of commercial-type
gquipment for a freon cooling system to meeft our
requirements. They were also requested to advise

us regarding controls for the system and the instal-
lation of the components into a package in order to
estimate the overall size and welght of the unit.

At our suggestion, their proposal centred around a
Packette engine and a Miehle-Dexter blower since,

to our knowledge, these were the lightest and most
compact units available,

The Inglis proposal is outlined in detail in App.l
of this report. It results in a package 12! x 6'6"
x 6' weighing 7500 # excluding any chass

ning gear.,

Features of their system included a heat
to cool the charge air from the blower pr
low through the freon cooling coil., This
the refirgeration load from approximately
to 25 tons; resulting in a saving of 15 horsepower,
The capacity of the system w b d
performance at ambient temperatu
supplementing the performance by spraying the freon
condensing coils with water under more severe condi-
tions. The freon system was based on 40°F evapora
ting temperature and 130°F condensing temperature,
using suction pressure variation as the method of
controlling the system.

Their proposal appeared to be based on conventional
commercial practices regarding flow veloclties;
materials and equipment with the result that the
package is large and heavy. The power requirements
for the cooling flows seem low and the heat exchanger
sizes are large. Subsequent discussions with other
manufacturers indicated that the Inglis proposal for
packaging the equipment could be improved upon, It
was therefore concluded that a suitable unit using
commercial equipment and practice could be built,

but it would be large and heavy., In addition, con-
siderable design and development work would be requir-
ed in packaging the equipment,

49
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Investigation by Godfrey Engineering Co., Ltd.

Godfrey Engineering Co. Ltd. of Canada was known

to have contacts in both the airborne air cycle

and airborne freon refrigeration fields through

its affiliation with Sir George Godfrey and Partners,
Ltd. England and the Stratos Division of the Feair-
¢hild Engine and Airplane Corporation in the United
States, Consequently it was suggested to this
Company that they investigate the feasibility of a
small, light freon design using aircraft-type freon
compressors, air blowerq and heat exchangers., The
Continental "Packette” engines were suggested as
prime movers.

This study indicated that Lysholm {(spiral lobe)
blowers and freon compressors are under development
but will not likely be available, in the sizes which
we require, in time for the Arrow 2 development
programme., The alternative 1s to use commercial
equipment and the Godfrey Co. thought that, while
this would be quite feasible, it would not compete
with air cycle equipneri beramm@ of its size and
weight. It was estimated that a package using
commercial equipment would be about 18' long, 8!
wide and 5' high, The cooling egquipment wohld cost
approximately $14,000, and the compliete package
about $45,000,

The Godfrey Co., report i tha e Packette
engine would not have enou D to meet all of
our requirements and therefore a segcnd prime mover
is needed. Like the Inglis prx it included a
water spray system to cool %I oil during
operation at high ambient tempe € In additi
it was recommended that a 60 cps generator be in-
cluded in the equipment so ths controls
ould be used, since these °?‘le available and
also are much cheaper,

Investigation by Hussmen Refrigerator Co.

The Hussman Refrigerator Co. of St. Louils, Missouri,
and Brantford, Ontario ﬁppfﬁ°4h°ﬁ AVRO to discuss

an electrically-driven air conditioning unit of
their design which they had built for Convair When
our requirements were discussed they asked for per-
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Investigation by Hussman Refrigerator Co., (Continued)

mission to submit & preliminary proposal based on
commercial Freon components,

This proposal included & single Packette engine
with toothed-belt drives to tandem Miehle-Dexter
blowers, a generator, refrigerator compressor and
the condenser fans, No alr-to-air heat exchanger
was used, so that all cooling was done &s the air
passed through the refrigeration coils The overall
package was 15' long and 7'8" wide and the layout is
shown in Fig. 15.

Examination of thelr drawing showed that there was
not sufficient power available from a single engine
and that & second "Packette" would be required.

Discussions with C.H., Hokanson Co. Inc.

This company had advertised a mobile air condition-
ing unit capable of supplying 125 1b/min of air at
a pressure of 8.0 p.s.i.g. and a temperature of 300F.
Further information was obtained by correspondence
and the unit appeared to come close to meeting our
requirements for cooling air Consequently, their
plant was visited and the design was discussed in
detail.

Their Model 707 air conditioning unit uses two
Packette engines - a PE-150 driving two Miehle-
Dexter blowers in tandem, and a PE-90 driving a

50 ton refrigeration compressor. An air-to-air
heat exchanger 1s used to reduce the load on the
refrigeration system and a gasoline heater rated

at 200,000 B,T.U./hour is fitted to heat the air
to about + 100°F in cold weather. The equlpment

is mounted on & special trailer chassis, giving

an overall weight of 16,000 1b., It is 14" -2" long
7'-3" wide and 7' high. The cost was $60,000 per
unit (10 upits built), of which $30,000 represented
the cost of materials and bought-out parts This
overall cost might be reduced considerably on a
production contract.

A
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Recommendations Concerning Freon Systems

From the investigations outlined above it is
apparent that a suitable power/air conditioning
unit can be developed to meet our performance
requirements using a freon refrigeration system.
It is also evident, however, that compact light-
welght equipment will not be available in time
and that such a unit will therefore have to be
designed using some existing commercial equipment
and practices. AVRO has, therefore, analysed the
information submitted by the manufacturing firms
noted above and the following scheme* I's presented
as the lightest and most compact "package" arrange-
ment likely to be attained at this time.

The proposed unit 1s shown in Fig. 5. It is powered
by two Continental Packette engines, - a PE-150
driving a 60 K.V.A,, 400 c¢c.p.s. A.C. generator, and
a PE-200 driving the blower and freon compressor,
The excess electrical power 1s used to drive the
cooling air fans and for operating the controls in
the system. As a self-contained package, the unit
will be approximately 14' long, 8' wide, and 4' -

7" high and will weigh about 9000 1b, The estimated
welights and sizes of the equipment items are given
in Table 2 and the equipment is described in more
detail: below: -

TABLE 2

ESTIMATED WEIGHTS AND SIZES AND FREON EQUIPMENT

Item Welght  Length Width  Height
Blower 760 1bs 49 in. 20 in, 16 3/8in.
Heat Exchanger, Air-to-Air 205 40 13 48

. " “Freon Liquid/suction 140 24 24 48
Cooling Coils B25 33 33 48
Condenser 500 48 24 48
Freon Compressor 1300 24 24 24
Generator, engine, and gearbox 1010 66 36 36
Fans and Motors 160 - = =
Expansion Valve 100 24 12 12
Blower engine (PE-200) 975 60 36 36
Gearbox 200 42 12 24

{
ld

48
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TABLE 2 (Continued)

Item Weight Length Width Height
Pipework 300 - - -
Dusting 200 = = -
Freon Tank 50 IN BASE OF UNIT
Fuel Tank (70 gal.) 195 IN BASE OF UNIT
Instrument Panel 200 48 12 8
Fire Extinguisher 30 EXTERNAL
Mounting base and body 1880
Total Dry Weight 8730
Fuel (2 hours operation) 500
Freon 12 liguid 150

Total 9380

Engines

The Continental Packette engines have been selected
as belng the lightest and most compact that are
available, Moreover, they are qualified for military
applications under world-wide operating conditions
and should therefore give satisfactory performance
in a power/air conditioning unit. Discussions with
U.S.A.F, personnel indicated that although the over-
haul lifei of these engines 1s listed as 1000 hours,
some sizes are currently being operated from 2000

to 2500 hours between overhauls. New engines are
not requisitioned by the operating establishments
until 1500 hours have been accumulated The cost

of & new PE-150 engine is $4100.00 and overhaul
costs are approximately $750.00. Although these
figures are somewhat higher than those for industrial
engines, the initial cost includes the gearbox,
governor, accesgories and winterization kit., If
industrial gasoline or diesel engines were used, it
is estimated that the weight of the complete package
would be increased by 5400 1b. and 7600 1b. respect-
ively.

'49 A




SECRET

B0 o)

PAGE NO. 38

Recommendations Concerning Freon Systems (Continued)

Generator

A 60 K.V.A,, 400 cps., AC. generator has been selected
in order to supply electrical power to the aircraft
and to drive the cooling air fans in the refrigera-
tion system. A transformer-rectifier unit will also
be installed to provide power at 28V D.C. for relays
and controls,

Blower

Tandem Miehle-Dexter 5516 blowers are proposed for
compressing the charge air in the unit. These
blowers are of the positive-displacement type and
are used widely in applications similar to the Arrow
2 power/air conditioning unit. They are of aluminum
construction and are among the lightest and mest
compact blowers of this type that are available
commercially.

Freon Compressor

A 25 ton commercial compressor is used since small,
lightweight units will not be available in time for
the Arrow 2 development programme, Freon 12 is the
refrigerant used,

Air-to-Air Heat Exchanger

This 1s a two-pass cross-counterflow aluminum unit

of tubular construction. The charge air makes two
passes through the tubes while the cooling air makes
a single pass over the tubes. In order to minimize
the size, a flow velocity of 1500 ft/min. is used

for the cooling air. This is considerably higher
than standard commercial practice but is satisfactory
for heat transfer. Higher flow velocities would
require more power for operating the fans,

Cooling Coil and Condenser

The unit has been based on the use of copper fins
sweated onto copper tubes in order to ensure satis-
factory heat transfer and long life., Brazed aluminum
units might also be used, but would be more expensive

i
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’ 5ela Recommendations Concerning Freon Systems (Continued)

Cooling Coil and Condenser (Continued)

as this practice 1s not in common use. However,
up to 700 1b. weight could be saved on these two
units by using aluminum alloys,

Frame and Body

The mounting frame and enclosure have been based

on the use of aluminum alleys. The freon 12 storage
tank and the fuel tanks would be mounted within the
bagse and provision would be made for slinging the
complete package., All instruments and controls
would be in a convenient location adjacent to the
delivery air connections and hose storage compart-
ments

Although this scheme 1is outlined as a self-contained
package, it is too heavy for use with standard
castors, For this reason a trailer concept is
recommended with provision for self-mobility at
walking speed. Some rearrangement of components

is necessary in order to keep the height below 66
inches and the overall weight would be 10,800 1b.,
or 1400 1b, heavier than the package. If the system
was integrated into a specialized truck with the
generator driven by the truck engine through a

power take-off rather than by a "Packette" engine,
the unit would weigh in excess of 13,000 1b, A
special chassis and cab would be required in order
to keep the height under 66 inches and the overall
length would be approximately 20 f¢t,.

The estimated cost of a prototype unit as outlined
above is $55,000.00 and production units would pro-
bably cost between $45,000.00 and $50,000,00, The
overhaul l1life should be between 1500 and 2000 hours
and would be limited by the Packette engines. All
other components should have a much longer overhaul
1ife.

’ 5.3 Air Cycle Systems
5.3.1 Compressors
5a3.1.1 Gereral

rom the analysis in Chapter 3, it was
concluded that a turbine inlet pressure of

3
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General (Continued)

68 p.s.i.a, would be required under our
worst environmental condition (3500°',

100°F. Dry Bulb, 85°F Wet Bulb) so that
enough water could be removed from the air
to ensure that no free moisture would enter
the aireraft. This represents a compres-
sion ratio of 5.25 : 1 for the compressor

- consliderably higher than that available
directly from current gas turbine compres-
sore. It is, however, feasible to use the
air bled from ﬂxisting units in conjunction
with a "Bootstrap" cooling system wherein
the air is further compressed by a compres-
sor driven by the refrigeration turbine.
Such a system is shown schematically in
Fig. 3. Separate medium pressure compres-
sors driven by gasoline or diesel engines
have not been investigated. Since about
400 H.P. would be required to drive such

a compressor, the units would be so large
and heavy that the advantages of an air
cycle system would be nullified.

In considering gas turbine compressors the
following units have been evaluated:

(a) Airesearch GTC 85-20

(b) Airesearch GTCP 85-20

{c) Airesearch GTCP 100-50

(d) Solar Jupiter Mk.1l

(e) Solar Jupiter Mk.2

(f) Solar Jupiter Mk.2 (uprated)
(g) Blackburn Palouste 500

(h) Blackburn Artouste 510

(i) Blackburn Turmo 600

(3) Boeing 514-4

49 a
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General (Continued)

The performance of each engine with respect
to delivery air flow, pressure, and temper-
ature is shown in Fig. 6-9 and the applica-
tion of each engine is discussed in the
following paragraphs.

AiResearch GTC 85-20

This gas turbine compressor is in production
and has had wide use in the U,S,A.F, as a
source of hot, medium-pressure air for
starting jet engines, driving turbo-gener-
ators, air conditioning and airborne applic-
ations. From the performance curves in

Fig. 6 it is apparent that two engines

would be needed to meet our flow require-
ments, Such an arrangement would provide

a 10% reserve against possible growth in

the flow requirements. Since there is no
provision for extracting shaft power from
the engine, a third prime mover would be
required in the power/air conditioning
package to drive an electrical generator.

No difficulty is foreseen in paralleling

the outputs from two of these engines and
this 1s, in fact, done by the U.S.A.F. in
some applications

The bleed air pressure from this engine is
too low for use with a simple air cycle
refrigeration system and AiResearch has pro-
posed a "Bootstrap"” system which consists
mainly of components now in production.
However, analysis indicates that approxi-
mately 0.5 1b/minute of free moisture would
be delivered to the aircraft under ambient
conditions of 3500', 100°F, dry bulb tem-
perature, 85°F. wet bulb temperature. To
re-evaporate this free moisture the delivery
air temperature would have to be raised from
559F to TOSF.
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AiResearch GTC 85-20 (Continued)

Current U.S.A.F. field reports indicate

that these engines are giving satisfactory
performance in the squadrons. At present
the hot end 18 overhauled in the field after
1200 starts and the complete engine is over-
hauled after 2000 starts. A development
programme is now under way and it is ex-
pected that the overhaul 1life will be in-
creased to 3000 starts before the end of
1957. Thus it is anticipated that in our
application this engine would have an over-
haul 1life of at least 1000 hours, since the
duty cycle would entail fewer starts and
more running at reduced power output,

The AiResearch GTC 85-20 is also a satis-
factory gas turbine compressor for starting
the engines on the Arrow 2, Although Orenda
Engines Limited has indicated in its report,
Mech 9, "Evaluation of Ground Power Units,"
that the engine starting motor should be
capable of being uprated by at least 15%
over present requirements to allow for
further growth, this is not applicable to
the Arrow 2. It would imply an increase

in air mass flow through the Iroquois engine
resulting in a larger compressor and bigger
air intake ducts,

The initial cost of a GTC 85-20 is approxi-
mately $16,000 as a bare engine and $21,000
with an enclosure and controls, The cost
of a complete overhaul is about $5000. On
this basis the GTC 85-20 is considered
satisfactory for use on the Arrow 2 power/
air conditioning unit.

AiResearch GTCP 85-20

This gas turbine is basically a GTC 85-20
with the addition of a gearbox so that shaft
power and bleed air can both be extracted at
the same time. 1Its performance with O and
63 S.H.P. (to drive a 40 K.V.A., generator)

3
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AiResearch GTCP 85-20 (Continued)

extracted is shown in Fig., 6, These curves
indicate that two GTCP 85-20 units or one
GICP 85-20 and one GTC 85-20 will not meet
our present flow requirements, let alone
cater for any growth of the requirements in
the future The engine could, however, be
used to drive an aircraft-type generator
and thereby form a compact, light source of
electrical power for both the aircraft and
the power/air conditioning unit. This gas
turbine is a current production unit although
it has not been used in service as much as
the bleed air machine.

AiResearch GTCP 100-50

This engine has been designed %o supply

210 1b/minute of bleed air at a pressure
ratio of 5.24 : 1 or 190 shaft horsepower
under standard conditions at sea level,

Its performance is shown in Fig, 7. Although
the bleed air flow is slightly less than that
required at 3500' and 120°F, the pressure
ratio is high enough to work with a simple
air cycle refrigeration system, and a good
margin would be available with a "Bootstrap"
system. However, it is understood that the
prototype engine has only just started run-
ning so that a fully developed engine is not
likely to be available for some time to

come. This engine, therefore, can not be
recommended at this time.

Solar Jupiter Mk.1

This engine has a 10-stage axial flow com-
pressor and is designed to supply bleed air
or shaft power,; or a combination of both.
Its performance is shown in Fig, 8, It is
apparent from these curves that one engine
cannot supply sufficient air, and ‘'no tests
have been conducted to determine whether or
not two units can be paralleled, particularly
if some shaft power is extracted from one
engine, The bleed air pressure is not high
enough to make a simple air cycle refriger-

P
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Solar Jupiter Mk.l (Continued)

ation system satisfactory, but a "Boot-
strap" system could be used.

To date only a few of these engines have
been delivered to the U.S,A.F, so that
there 1s practically no field experience.
The engine has, however, passed a quali-
fication test comprising 1000 starts and
500 hours of operation. After this test
the engine was operated for a further 400
hours. The initial cost of this engine is
approximately $40,000. and no figures are
avallable concerning operating and overhaul
costs. Because of the high cost of this
unit and the small amount of field experi-
ence with it, the Jupiter Mk.1l engine is
not recommended.

Solar Jupiter Mk,2

This gas turbine has been developed from
the Jupiter Mk.1l but uses a redesigned
compressor to deliver more air at a higher
pressure, Also, in order to increase its
overhaul 1life, the turbine inlet temperature
has been reduced from 1520°F, (Jupiter Mk,
1 rating) to 1500°F. 1Its performance is
shown in Fig. 8. These curves indicate
that two engines would be needed to meet
our flow requirements under all environ-
mental conditions, even when no shaft power
1s extracted. Therefore, for our purpose
it has no advantage over the Jupiter Mk.1.
In addition; although the engine has been
run with the new compressor, the control
system 1s not yet developed., This may
require considerable time and will depend
largely on the support given to this engine
by the U.S.A.F. and U.S, Navy. In this
regard the U.S.A.F. has indicated that it
has no requirements for this engine at the
present time,

S
|
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Solar Jupiter Mk.2 (Uprated)

This engine is the Solar Jupiter Mk, 2
operated at a maximum turbine inlet tem-~
perature of 15200F, 1Its performance is
shown in Fig. 8. These curves show that

1f no shaft power is extracted this engine
can meet our flow requirements at sea level
with ambient temperature up to 120°F, and
at 3500' with temperatures up to 104OF,

At 3500' with 1200F, the flow is reduced

to 141 1b/min,

The pressure available from this engine
makes & simple air cycle refrigeration
system marginal and calculations indicate
that the delivery air temperature would
have to be 65°F, to prevent free moisture
from entering the aircraft under the worst
environmental condition (3500', 100CF,
dry bulb temperature, 85°F, wet bulb tem-
perature), The engine could, however, be-
used in conjunction with a "Bootstrap”
system. Electrical power for the aircraft
and power/air conditioning unit would have
to be obtalned from a generator driven by
a second engine, This could be a second
Jupiter engine, an AiResearch GTCP 85-20
gas turbine, a Continental Packette gaso-
line engine or a truck engine If two
Jupiter engines are considered, the Mk.2
(Uprated) has no advan age over the Mk.1,
and since the bleed air flow from one Mk,?2
(Uprated) engine is marginal, this gas tur
compressor is not recommended. The develop
ment status of this engine is as noted for
the Jupiter Mk. 2.

bine

Blackburn Palouste 500

This engine supplies bleed air only and its
performance is shown in Fig. 9. Two units
would be required in order to meet our flow
requirements and the delivery pressure is too
low to be used with a simple air cycle refri-
geration system. It could, however, be used
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Blackburn Palouste 500 (Continued/)

with "Bootstrap" system but a third prime
mover Would be required to drive a generator
to supply electrical power.,

The Palouste engine has had more than 4300
hours of running time on development and in
the field, two units having been in service
with Orenda Engines Limited for starting
Iroquois engines. Orenda has accumulated

a total of 2700 starts with these units and
their experience with the Palouste is out-
lined in their report Mech-9, "Evaluation

of Ground Power Units"., It is concluded
that this gas turbine is satisfactory for
consideration for the Arrow 2 engine starter.
It would also be suitable for use in the
mobile power/air conditioning unit. The
cost of a Palouste 1s approximately $15,000.
00 and the current overhaul 1life is 1000
hours, It 1s expected, however, that the
overhaul life can be increased to 2000 hours
if a short warm-up period can be tolerated
after the engine is started

Blackburn Artouste 510

The Artouste 510 gas turbine can supply a
combination of bleed air and shaft power
It is ldentical to the Palouste 500 except
that a gearbox has been added to drive
mechanical equipment Its performance while
driving a 40 K.V.A., generator is shown in
Bip. 9. These curves show that two
Artouste 510 engines can supply sufficient
shaft power and bleed air to meet our
requirements with a comfortable margin
under all environmental conditions. The
bleed air pressure is toolow for use with
2 simple air cycle refrigeration system

so that a "Bootstrap" system would be
requlred.

At present this gas turbine is being devlop-
ed in conjunction with a 12,000 R.P,M. 400
c.p.S. A.C. generator for use as an airborne
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Blackburn Artouste 510 (Continued)

power package. It has had 380 hours of
running to date, but the experience on

the Palouste engine should also be re-'
cognised. Thus 1t is anticipated that

an overhaul 1life of 2000 hours can be
achleved in our application, since maximum
power is not required under normal environ-
mental conditions. The initial cost of an
Artouste 510, complete with gearbox, gener-
ator and controls, is approximately $22,000.
00,

To date no tests have been conducted to
determine whether the bleed air from two
Artouste engines can be paralleled, parti-
cularly when varying amounts of shaft power
are extracted from either engine. An invest-
lgatlon of this problem 1is under way at the
present time. Provided thst the results of
these tests are satisfactory, the Artouste
gas turbine would be suitable for the Arrow
2 mobile power/air conditioning unit. It
would also be well suited for use as an
engine starter.

An alternative scheme has been proposed by
Blackburn and General Aircraft Ltd., using
two Artouste engines. This system would
use one Artouste to drive a 40 K.V.A., gen-
erator and supply bleed air, the other to
drive a geared up version of an existing
high pressure supercharger in addition to
supplying bleed air. This would deliver
the air at a 5.8 : 1 pressure ratio and
could be used with simple air cycle refrig-
eration system. However, since this scheme
might involve considerable development worik,
and since two unsupercharged Artouste 510
engines could be used with a "Bootstrap”
refrigeration system, this scheme is not
recommended.

Blackburn Turmo 600

This engine i1s another version of the
Palouste series and incorporates a free
turbine to provide shaft power, Bleed
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Blackburn Turmo 600 (Continued)

air is not available from the compressor

of this unit. Two schemes have been
suggested by Blackburn and General Aircraft
Ltd. using this engine

This first would comprise a redesigned
gearbox suitable for mounting a 40 K.V.A,
generator and a two stage centrifugal
compressor. Such a unit could provide

180 1b/minute of air at 5.8 : 1 pressure
ratio at sea level with an ambient tem-
perature of 130°F. This could be used

with a simple air cycle refrigeration
system but considerable design and develop-
ment work would be required on the compres-
sor and drive system.

In the second system, the Turmo 600 would
be used to drive a Howden-Lysholm positive
displacement compressor This would give
135 lb/miru‘e of air at a pressure ratio
of 5.8 : 1 at sea level with an ambient
temperature of 130°F. This system is
larger, heavier and less efficient than
the first scheme and would require further
development work Neither scheme using
the Turmo 600 is recommended for use on
the Arrow 2 mobile power/air conditioning
unit at this time

Boeing 515-4

This engine is currently under development
and is expected to pass a 50 hou: ype
test before the middle of 1958. It is

a combination shaft power/bleed air machine
designed to deliver 188 1b/minute of air
at 5.5 ¢ 1 pressure ration or 100 shaft
horsepower under sea level standard condi-
tions. This engine is not recommended for
use with the Arrow 2 power/air condition-
ing unit as 1t is not likely to reach a
satisfactory development state in time for
the Arrow development programme
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5e3.2 Refrigeration Systems

5.3.2.1

Investigations by the AiResearch Manufactur-
ing Division of the Garrett Corporation.

Since AlResearch manufactures gas turbine
compressors, alr cycle refrigeration equip-
ment and airborne freon refrigeration equip-
ment, this Company was asked to a proposal
for a complete power and air conditioning
system to meet our requirements. Two
schemes were submitted, both based on their
GTC 85-20 and GTCP 85-20 gas turbine compres-
sors and a “"Bootstrap" air cycle refriger-
ation system using for the most part equip-
ment now in existance, These proposals are
included in Appendix "E" of this report.

The fist scheme was submitted before our
environmental requirements were filnalized.
It was powered by two GTCP 85-20 gas tur-
bine compressors;,; one of which drove a

60 K.V.A,, 400 ¢.p.s. A.C generator in
addition to supplying bleed air The excess
electrical power was used to drive the
fans In the two heat exchangers of the
refrigeration system. With this arrange-
ment, the delivery air flow was less than
that required and AiResearch was asked to
estimate the performance using one GTC
85-20 gas turbine compressor and one GTCP
85-20 driving a generator and supplying
bleed air. For this investigation the
aircraft electrical load was reduced to

30 KW, and the environmental requirements
were revised in line with the R.C.A.F,
requirements. This system still would not
meet the requirements for air flow under
all environmental conditions and the Ai-
Research report also indicated that con-
siderable free moisture would be delivered
to the aircraft under humid ambient condi-
tions, At 3500', 100°F, dry bulb tempera-
ture, 85°F wet bulb temperature, this
system would deliver 0.73 lb/minute of
free water to the aircraft with the air

a
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Investigations by the AiResearch Manufact-

uring Division of the Garrett Corporation
(Continued}

delivery temperature at 55°F, The delivery
temperature would have to be raised to

67° to re-evaporate this free moisture.

The cooling capacity could also be increas-
ed by using different gas turbine compres-

sors having a higher dellver air pressure.

The AiResearch proposals were based on the
use of "Bootstrap" refrigeration turbines
and water separators that are now in pro-
duction. Thus, the only design and devel--
opment work that is required is for the
heat exchangers and the package for instal-
lation of the equipment. Although this
proposal shows all of the equipment mounted
within one large enclosure, it would be
equally feasible to package the ailr condi-
tioning equipment separately and to use
"podded" engines, The overall size of the
power/air conditioning unit would be in-
creased slightly, but maintenance work
would be simplified considerably. The
initial cost of a prototype "“Bootstrap"
refrigeration package 1s estimated to be
$20,000.00. The overhaul life is estimated
belows:

Cooling turbine -~ 1000 hours
Fan - 2000 hours
Heat Exchanger ~ 5000 hours
Water Separator - 500 hours

Investigation by the Stratos Division of
the Fairchild Engine and Airplane

Corporation

Stratos manufactures a light, self-cont-
ained air cycle refrigeration package
known as the GEA-120. This unit was
designed for use with a Solar Jupiter
Mk. 1 gas turbine compressor and incor-
porates a simple air cycle refrigeration
system. It is claimed that the heat
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Investigation by the Stratos Division
of the Fairchild Engine and Airplane

Corporation {Continued)
exchanger is 97% effective and that the

water separator removes 80% of the free
moisture from the air.

Since the standard GEA-120 will not pass

150 1b/min. of air with the pressure avall-
able from existing gas turbine compressors,
Stratos engineers were asked if the unit
could be modified to handle our rated flow
with two Solar Jupiter Mk. 1 engines, two
Palouste 500's or two AiResearch GTC 85-20's.
Their analysis indicated that the temper-
ature and flow requirements could only be
met with the Jupiter Mk. 1 engines. However,
under humid conditions free moisture would
be delivered to the aircraft,

The performance of the standard GEA-120
package was also estimated (by AVRO) when
used with the Solar Jupiter Mk. 2 engine
operated at a turbine inlet temperature

of 1520°F. At 3500' altitude, 100°F dry
bulb temperature, 85°F wet bulb temperature,
0.57 1lb/minute of free moisture will be
delivered to the aircraft with the cooling
alr. The delivery air temperature would
have to be raised to 650F to re-evaporate
this free moisture.

The GEA-120 cooling unit has been produced
in small quantities for the U.S.A.F, at a
production cost of $13,000 per unit., Its
overhaul life 18 not known at present, but
it has passed a 500 hour endurance test in
accordance with U,S.A.F, exhibit WCL-876.

It should also be noted that Stratos has
developed "Bootstrap" refrigeration turbines
and airborne freon refrigeration systems
which might be considered for use in the
Arrow 2 power/air conditioning unit. As
with the AiResearch system, the Stratos
"Bootstrap" system would require the design
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53202 Investigation by the Stratos Division
of the Fairchild Engine and Airplane

Corporation (Continued)

of heat exchangers and would have to be
packaged into a self-contained cooling
unit. This could be done within the time
that is available. Thelr existing airborne
freon systems are too small for our pur-
pose (4 to 10 tons capacity) and larger
units are not likely to be availlable in
time for the Arrow 2 development programme.

Recommendations Concerning Air Cycle Refrigeration

Systems

From the investigations outlined above, it 1s con-
cluded that an air cycle refrigeration system based
on major equipment items that are now 1n existance
will give marginal performance under the most adverse
environmental conditions that have been specified
However, because of the gas turbline compressors,

alr cycle systems have certain advantages, including
the following:

(2) smaller size
(b) 1lower weight
(c) aquick, easy starting in cold weather

(d) they use a fuel that is available on the
flight 1line

(e) similar engines will be used as engine
starting units.

Since the R.C.A.F., may conslider that some relaxation
in the performance requirements 1s acceptable because
of these factors, several possible systems have been
analysed and are outlined below.

Scheme "A" (AiResearch Report AAC-2772-R, Rev.1)

This proposal i1s included as Appendix "E" of this
report and is shown 1in Fig., 19. It consists of a
"Bootstrap" refrigeration system supplied by air
from one AiResearch GTC 85-20 gas turbine compressor
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Recommendations Concerning Air Cycle Refrigeration
Systems {Continued)

and one GTCP 85-20 which also drives a 60 K.V.A,,
400 ¢c.p.s. A.C, generator. This unit is the small-
est, lightest, and cheapest of the air cycle systems
and results in a package 10' long, 4' - 6" wide, and
5' high. It would weigh approximately 2500 1b.
empty and 3850 1lb. with fuel for two hours of con-
tinuous running at maximum power. The estimated
cost of this package is $65,000.00 for a prototype
and $55,000,00 for a prototype and $55,000.00 for
production units. An overhaul 1ife of at least

1000 hours should be feasible for this system.

The performance capabilities of this system are
noted below:

Altitude Sea Level Sea Level 3500' 3500°
Ambient Air

Temperature

Dry Bulb éOF) 120 100 120 100
Wet Bulb (OF) 76 85 76 85
Conditioned Air

Flow (1b/min) 145 150 123 134

Conditioned Air
Temperature (OF)

Dry Air Rated (OF) -22 -44 -20 2
Dry Bulb (°F)

(minimum) +18 +41 +30 153
Conditioned Air
Moisture Content 26 65 38 87

(grains /1b.dry air)
Molsture Content for

550F Saturated Air Lg 4g 54 54

(grains /1b.dry air)

Conditioned Air Dew- 38 63 45 68
point

Electrical Power to Air-

craft (KW) 30 30 30 30

Even with the electrical load reduced from 40 KW to
30 KW this system does not meet the air flow require-
ments at the high ambient temperatures specified.

In addition, although it meets the delivery air
temperature requirements under all conditions,




SECRET

RCRAFT

Al

PAGE NO. 54

Siosic s Recommendations Concerning Air Cycle Refrigeration
Systems (Continued)

considerable free moisture would be delivered to
the aircraft on humid days. This system 1s, there-
fore, considered to be too small.

Scheme "B"

This arrangement comprises four packaged units as
shown in Fig. 10. One AiResearch GTCP 85-20 gas
turbine driving a 60 K.V.A., 400 cps A,C. generator
is used as a lightweight power supply for both the
aircraft and the power/air conditioning unit. Two
GTC 85-20 gas turbine compressor packs are used to
supply bleed air to a "Bootstrap" refrigeration
system which forms the fourth pack. This unit would
be 12' -2" 1long, 7' -9" wide, and 4'3" high. It
would weigh approximately 3100 1b. empty and 5100
1b. with fuel for two hours of operation at maximum
power. Its performance 1s outlined below:

Altitude Sea Level Sea Level 3500' 3500

Ambient

Temperature

Dry Bulb (©°F) 120 100 120 100
Wet Bulb (°F) 76 85 76 85
Conditioned Air

Flow (1b/min.) 1504 1504 150+ 1504
Conditioned Air

Temperature

Dry Air Rated (°F) -28 =47 ~17 -36
Dry Bulb (©F) +14 439 32 457.5

Conditioned Air

Moisture Content

(grains/lb.dry air) 24 71 39 89
Moisture Content for

550F Saturated Air

(grains/1b.dry air) 49 49 54 54
Conditioned Air

Dewpoint 37 66 46 69
Electrical Power 4o 4o 40 Lo

to A/C (KW)
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Recommendations Concerning Air Cycle Refrigeration
Systems (Continued)

It is noted that this scheme meets the air flow,.
air temperature and electrical power requirements,
but would deliver free moisture to the aircraft
under the humid conditions specified. This could
be overcome by raising the deliver temperature to
66°F and 69°F at sea level and 3500' respectively,
with ambient temperature of 1000F. D.B. and 85CF
W.B.. Conversely, the system could deliver air at
550F with no free moisture for.wet bulb temperatures
up to 80° and 78°F for 100CF ambient temperature
at sea level and 3500' respectively.

A prototype unit of this type would cost approxi-
mately $90,000. and the overhaul 1life should be
at least 1000 hours.

Scheme "C"

This arrangement uses two Blackburn "Artouste"” 510
engines, each driving a 40 K.V.A. 400 cps A.C. '
generator and supplying bleed air to a "Bootstrap”
refri%eration package. The complete unit woudd be
9' -0" long, 7' -9" wide, and 4' -3" high. Tt
would weigh approximately 2800 1b. empty and 3500
1b. with fuel for two hours of operation at maximum
power This system meets the flow and power require-
ments with an adequate margin under all of the en-
vironmental conditions specified, but cannot meet
the temperature and moisture content requirements
under the humidity conditions that are specified.
Its performance is outlined below and the proposed
arrangement is shown in Fig. 11l:

Altitude Sea Level Sea Level 3500' 3500°
Ambient Air Temp.

Dry Bulb §0F) 120 100 120 120
Wet Bulb (OF) 76 85 76 85
Conditioned Air Flow

(1b/min. minimum) 150+ 150+ 150+  150%
Conditioned Air Temp.

Dry Air Rated (°F) -33 -6 2l -43

Dry Bulb (OF) +10 +40 +27 +58

49 a
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Recommendations Concerning Air Cycle Refrigeration
Systems (Continued])

Altitude Sea Level Sea Level 3500' 3500°

Conditioned Air

Moisture Content

(grains/1b dry air) 24 65 36 82
Moisture Content of

550 saturated air

(grains/ib dry air) 4o 4o 54 54
Conditioned Air Dew-

point (OF) 36 63 45 67
Electrical Power %o
Aircraft (KW) 40 Lo 4o Lo 40

It is noted from the table that the delivery air
temperature would have to be raised from 559F to 63°F
6T7°F respectively to eliminate free moisture with
amblent conditions of 100°F dry bulb temperature,
85C0F wet bulb temperature at sea level and 3500,
Conversely, the system could meet the delivery air
requirements for all wet bulb temperatures up to
80OF at sea level and 780F at 3500' for 10Q0F dry
bulb temperatures.

A prototype unit of this type will cost approximately
$75,000 and the overhaul 1ife should be ‘at least

1000 hours. However, this scheme cannot be recomm-
ended until it has been demonstrated that two
Artouste engines can be operated and controlled
satisfactorily with their bleed air outputs parallel-
ed and with varying amounts of shaft power (due to
electrical loads) extracted from each engine.

Scheme "D"

This arrangement involves the use of two types of
gas turbines, - a Solar Jupiter Mk.2 (uprated)
supplying bleed air to a "Bootstrap" or "Simple"
air cycle refrigeration package, and an AiResearch
GTCP 85-20 driving a generator to provide electrical
power. This unit would be 11' long, 7' -9" wide,
and 4' -3" high, It would weigh approximately 4150
1b. empty and 5650 1b. with fuel for two hours of
operation at maximum power. Its performance is
outlined below when used with a Stratos GEA-120
"Simple" air cycle refrigeration package:

9 a
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Systems

Recommendations Concerning Air Cycle Refrigeration

Scheme "D" (Continued)

Altitude Sea Level Sea Level 3500!' 3500°"
Ambient Air Temp,

Dry Bulb gOF; 120 100 120 100

Wet Bulb (op 76 85 76 85
Conditioned Air Flow ’

(1b/min) 150- 150- 141 150~
Conditioned Air Temp. :

Dry Air Rated (OF) 1 ~1lg +4 =12

Dry Bulb (OF) +31 +54 +41 +64

Conditioned Air

Moisture Content

(grains/lb.dry air) 26 66 39 89

Conditioned Air Dew-

point (°F) 39 63 46 69

Electrical Power to

Aircraft (Kw) 4o 4o 40 bo

It is noted that this scheme does not meet the ai:
flow requirement at 3500' altitude at temperatures
above 105°F and that free moisture is delivered to
the aircraft under the humid day conditions at sea
level and at 3500', The delivery air temperature
would have to be raised to 63°F and 69°F respec-
tively, or conversely, the delivery air requirements
could be met at wet bulb temperatures up to 800F and
78%F at sea level and 3500! respectively with 1000F
dry bulb temperature, Also, the refrigeration capg-
bilities could be improved by using a "Bootstrap"
system;, but it is not feasible to increase the flow
of bleed air from this engine,

The estimated cost of a prototype unit of this type
if $95,000,00 and the overhaul life should be at
least 1000 hours,

Other Schemes

Other schemes are feasible in a package concept, but
involve the use of engines that are at a less ad-
vanced stage of development. If a truck concept is
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Recommendations Concerning Air Cycle Refrigeration
Systems

Other Schemes (Continued)

considered instead of a self-contained package, the
electrical power could be obtained from the truck
engine through a power take-off. However, the
increased size and weight would then partially offset
the advantages of the air cycle system. The minimum
dimensions likely to be attained using a truck are
15' in length, 7' -9" in width, and 7' in height.

The welght will be approximately 8000 1b. without
fuel.,

1749 a
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DESIGN INVESTIGATION - ENGINE STARTING UNIT

The general requirements for the engine starting unit have
been outlined in para. 3.1.3 of this report. Design
investigations outlined in AVRO reports LOG/105/24, "CF-105
Evaluation Study of Proposed Mobile Ground Power Units", and
10G/105/9, "Arrow 2 Readiness Facility" have concluded that
the engine starting requirements can be met best by using
gas turbine compressors to supply the hot, medium-pressure
alr that is needed. Also, it 18 conslidered deslirable to use
identical equipment to meet the “Scramble" and "Readiness"
requirements as well as mobile applications, since this would
simplify logistic support and crew training.

To meet the "Scramble" and "Readiness" requirements it 1s
necessary;

(a) to start both "Iroguois" englnes simultaneously so that
they reach idllng speed within 34 seconds under the worst
environmental condition.

(b) to provide intercommunication between the aircrew in the
cockpilts and an Operations' Controller via land telephone
line,

The first requirement involves the use of two gas turbine
compressors, since no existing unlts are capable of starting
both Iroquols engines simultaneously within the time allowed.
For starting aircraft on the flight line when the "Scramble”
requirement is not applicable, it is desirable to be able to
start the engines in sequence using a single gas turbine
compressor,

To accommodate both functions, the following arrangements are
proposed:

(a) Incorporate the following features in the engine start-
ing packages:s

(1) Capability for starting one Iroquois engine so
that it will reach idling speed within 34 seconds under
the worst environmental conditicn (3500! altitude, 1200F).

(2) Two 3-1/2" diameter air delivery hoses, each 45' long
and terminating in automatic, quick-disconnect couplings.

749 A
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DESIGN INVESTIGATION - ENGINE STARTING UNIT (Continued)

(3) An electrically-controlled air flow valve for
- each air delivery hose,

(4) Provision for controlling these valves either
remotely from the alrcraft, or locally by switches on
the control panel.

(5) Provision for supplying up to 50 amp. at 27.5V
D.C. to the aircraft through a 50! cable terminating in
an automatic, quick-disconnect connector,

(6) Provision for supplying up to 500 VA at 115V, 400
c¢ps, l-phase A.C. to the aircraft for warming the
amplifiers in the fuel flcw control units on the Iroquois
engines.

(7) Provision for intercommunication between the cock-
pit occupants and the ground crew.

(8) Provision of power for items 5, 6, 7 from the gas
turbine engilne,

(9) Batteries for starting the gas turbine compressor,

(10) Fuel for 1 hour of continucus operation at max-
imum power,

(b) Incorporate the following features in the "Readiness"
Facility:

(1) An electrical junction box to accommodate the follow-
ing inputss

- electrical cables from two engine starting units.
audio signals from the landline telephone system,

A single cable is then required from the hangar junction box
to the receptacle on the nose undercarriage leg on the Arrow
2. Such an arrangement is shown on AVRO drawing 7-4427-113
and permits two Arrow 2 alrcraft to be scrambled in succession
using two engilne starting units.

The engine starting times for the Iroquois engines have been
calculated for different environmental conditions using various
gas turbine compressors that could be avallable 1n time for
the Arrow development programme,

49 a
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' 6. DESIGN INVESTIGATION - ENGINE STARTING UNIT (Continued)

These times are based on data supplied by the manufacturer
of the alr turbine starter, and on torque and drag curves
for the Iroquoils engine as shown in Avrocan Specification
E-540, corrected for variations in air density. The results
are shown belows

Engine Starting Time

Altitude Sea level Sea lLevel 3500° 35007
Ambient Temp, 59°F 100CF 100OF 120°F
AiResearch GTC 85-20 18.1 sec. 23.8 sec, 32 sec. 38.2 sec.
Blackburn Artouste 510 15,5 * 19.2 24,6 e ate
Blackburn Palouste 500 11.8 * 14,0 * 175 18.3
Sclar Jupiter Mk. 1 9,7 * 11.4 = 14,2 15.9

* It must be noted that these times will not be attained in
practice;, since the low pressure spool of the Iroquois
engine 1s not driven by the starter and will, therefore,

b tend to lag and restrict the flow of air through the engine..
This has not been allowed for in the calculations, but
limits the starting time to a minimum of approximately 15
seconds,

From the times noted above, it is seen that any of these

gas turbine compressors will enable the Arrow “Scramble"
requirement to be met under any environmental condition
likely to be encountered in Canada. However, at 3500°

with 120°F ambient temperature, the AiResearch GTC 85-20
unit becomes marginal and the calculated "Scramble®” time

is 1 minute and seconds, If this is considered acceptable
by the R.C.A.,F,, this englne is recommended because of its
highly developed state, its wide application within the
U,S.A.F., and 1ts low cost.

If the starting times with the AiResearch GTC 85-20 unit
under the extreme environmental conditions are considered
unacceptable, then the Blackburn Palouste 500 engine 1s
recommended. This engine has adequate performance, has
given good service in starting Iroquois engines on the

i test beds at Orenda Engines Ltd., and is comparable in cost
with the AiResearch GTC 85-20 engine, The Solar Jupiter
MK.1l engine is not recommended because of its complexity
and high cost, although 1its performance is adequate,

1748 A
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' 6. DESIGN INVESTIGATION - ENGINE STARTING UNIT (Continued)

The AiResearch GTC 85-20 and Palouste 500 gas turbine
compressors have both been used and evaluated by Orenda
Engines Ltd. during their development tests on the Iroguoils
engine, The results of their study are presented in Orenda
Engines Limited report Mech -9,. "Evaluation of Ground Power
Units". In that report is concluded thats

(1) "Reliability of Field Aviation (Palouste) and AiResearch
units appears to be of the same order, on the basis of
the very limited experience available,

(2) With the sonic throat in the Fileld Aviation ground power
unit bleed port, starter performances using the two
makes of unit are comparable.

(3) The Field Aviation unit has a greater uprating potential
than the AiResearch unit (i.e., by opening the sonic
throat). With the sonic throat opened, it 1s possible
to operate the unit (considering present power require-

} ments) below the maximum design speed, which may increase-
the mechanical reliability of the unit".

T4 a
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DISCUSSION AND SUMMARY

From the investlgations carried out during the design of
Arrow 1 mobile ground power units and from the present
studies, 1t is concluded that a gas turbine compressor is

the most satisfactory type of unit for supplying hot, medium
pressure air for starting the engines in the Arrow 2. Such
units are small, light, use the same type of fuel as the alr-
craft, and are well sulted to thls duty cycle since they can
be started quickly and loaded fully without delay under all
conditions of weather. Several gas turbine compressors that
are now in production are capable of meetling our requirements
for engine starting and should have a satisfactory overhaul
life. These include the following engines:

AiResearch GTC 85-20
Blackburn Palouste 500
Blackburn Artouste 510
Solar Jupiter Mk, 1

In the mobile power/air conditioning unit, it would be
desirable to use identical gas turbine engines to supply
shaft power for driving electrical generators and to supply
bleed alr te an alr cycle refrigeration system and thereby
provide the necessary power and cooling alr to the aircraft.
However, it has been shown that no slngle gas turbine
compressor now in production is capable of supplying all of
the shaft power and bleed air that is required. The unit
must,. therefore, be designed around two or more engines.,
Moreover, it is shown that with the bleed alr pressures
available from exlisting gas turbine compressors, an air
cycle refrigeration system gives marginal performance under
the humid environmental conditions specified. Since all of
the entrained moisture cannot be removed from the air, some
free molsture will likely be delivered to the aircraft on
humid days unless the delivery alr temperature is raised
above the 55°F, temperature specified.

It was concluded, therefore, that the requirements for the
power/air conditioning unit could only be met fully by
using freon refrigeration., Since time would not permit
the development of small, light freon equlpment, the major
items in the system would have to be commercial units that
are now in production. These factors result in"a gasoline
powered package that is 14' long, 8' wide, 4oo7" high, and
weighs about 9000 1lb. without fuel. This 1is congilderably
larger and heavier than comparable air ﬁycle equpment and
is, in fact, too heavy to be used as a package” with
castors, For this reason a speclally designed traller is
recommended so that the power and air conditioning equipment
can be arranged to give a minimum overall height.

749 a
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Since the R.C.A.F. may consider that some relaxation in the
performance requirements 1s acceptable in order to keep the
gize and weight of the unit to a minimum (or for other
reasons), various schemes have been evaluated and the assess-
ment is shown in Table 3.

For this evaluation a "Figure of Merit" has been devised in
order to access the advantages and disadvantages of each
scheme. This "Figure of Merit" has been obtained in the
manner outlined belows:

{(a) Performance & Growth Potential - 25 Points

This factor represents the abllity of the system to
meet the performance requirements for electrical power,
delivery air flow, delivery air temperature, and dellvery
air molsture content. It also 1includes 5 points for the
capability of the system to be started quickly and easily
and to be loaded without delay under all environmental

) conditions.

(b) Logistics and Maintainability - 25 Points

This factor is an appraisal of the serviceability and
durability which can be expected from each system. It
reflects our opinion concerning the following itemss

(1) The number, variety, and cost of spare items of
equipment to support operations. The sultabllity of the
engine for use as an englne starter is also considered.

(2) Overhaul 1life of major components,

(3) Maintenance time and maintenance skilis required.

It is expected that gas turbine engines will requlre

less attention in the fileld than piston engines, More-

over, for the lightweight plston engines that are con

sidered, it is expected that the malntenance skill

levels required will be as high as that needed for gas
’ turbine engines.

(4) Field experience with similar equipment.

49 a
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DISCUSSION AND SUMMARY (Continued)

(b)

(Continued)

Where similar items of equipment are being used widely

at the present time, replacement items and overhaul
facilities should be readlly avallable, thereby simplify-
ing the loglstic problems.

Mobility - 20 Points

This factor, based on the size and weight of the power
alr conditioning unit, is a measure of the effort that
wlll be expended in moving the unit from one place to

another - particularly from one base to another by air,

Cogt - 20 Points

This flgure represents our opinion of the relative over-
all cost of using each system., In the case of gas tur-
bine engines and air cycle refrigeration packages, the
figure 1is based solely on initial cost, since 1t is
expected that all unlts would have comparable overhaul
lives so that operating and overhaul costs would be
proportional to 1nitial cost. The freon system is rated
higher because of 1ts lower initial cost, much higher
efficiency (resulting in lower fuel consumption), lower
engine overhaul cost, and longer overhaul life on ltems
excluding the engines,

Availability - 10 Points

This factor represents our cpinion concerning the
possibility of obtaining proven equipment for the system
in time for the Arrow 2 development programme, Thus,
engines that are still in the design or development
stages are considered a poor risk.

Total = 100 points,

49 a




TABLE - 3 APPRAISAL OF FEASIBLL SCHEMES
Size Estimated Estimated Figure of Merit
No. System ILength |Width | Height| Weight Cost Remarks
(1b) (Prototype) |Perfor- ogistics [Mobility [Cost |Availab- [otal
mance (25)] (25) (20) [(20) Hlity (10)| (100)
1 |Freon system; "Packette!
engines. 1! 8! Lr-7m S000 +55,000.00 23 20 10 18 10 8l
Air Cycle Hefrigeration
Systems

1 AiResearch GIC 85-20 &

2 |1 GICP 85-20; "bootstrap" | 10' L'-6" 5! 2500 #65,000,00 5 20 18 13 10 66 Insufficient
system. Power.

2 Aikesearch GIC 85-20 &

3 |1 GICP 85-20; "Bootstrap" | 12'-2"| 7'-9% 4'-3" 3100 $50,000.00 18 12 15 8 10 6l 3 engines
system. used.

2 AiResearch GICP 100-50;

L Simple or "Bootstrap" N Tr-9" L1-30 3200 $110,000.00 25 15 20 L 0 6l Engines not
system. Available
5 2 Solar Jupiter Mk. 1l's;

"Bootstrap" system. 12! 7'-9M Lr-30 4900 $110,000.00 25 15 15 L 7 66 Control pro-
blems not
known with
bleed air
outputs par-
alleled.

6 |2 Solar Jupiter ik. 2's; ) tngine Cont~

"Bootstrap" system. 1zt T'-9" L'=-3" 4900 $110,000.00 25 15 1153 L 5 6l rols not
developed.

1 Solar Jupiter Mk. 2 Engine Conts

7 (uprated) 1! grogn| L _3w 4150 595 ,000.00 16 10 16 L rols not

1 GTCP 85-20; Simple or A = 4 #ied i ? > developed;

"Bootstrap" system. Insufficiert
bleed air.

2 Blackburn Palouste 500's|;

8 |1 GICP 85-20; "Bootstrap" | 1zt-zuf 71-gW ) 1_3u 3250 #95,000.00 <5 10 15 7 7 6L 3 Zngines
system. used.
9 |2 Blackburn Artouste 510's] Qwauol prohl-

"Bootstrap" system. gt Tr=9m I t=o8 <800 »75,000.,00 18 15 20 il 5 169 g%i&z;gﬁf?“

o) " e = fio2 9¢) pare
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DISCUSSION AND SUMMARY (Continued)

Procurement Authorilzation

Under the current 1list of ground support equipment contained
in AVRO report 70/GEQ/1, issue 1, the Company is authorized
to procure one Arrow 2 engine starting unit and one Arrow 2
powen/air conditioning unit. This is inadequate for the
support of development alrcraft beyond alrcraft #8 and
delivery lead times are such that AVRO's initlai purchase
order must cater for an adequate quantity of this equipment
so as not to embarrass the development programme planned by
the R.C.A.F., The quantity of G.S.E. necessary to support the
37 alrcraft development program will be called out in 1lssue 2
of AVRO report 7TO/GEQ/l. Early R.C.A.F. agreement on the
initial quantity of this equipment to be purchased by AVRO
1s, therefore, necessary.

149 a
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8. RECOMMENDATIONS

8.1 Engine Starting Unit

B.ds1

It is recommended that the Arrow 2 engine start-
ing unit use the AiResearch GTC 85-20 gas turbine
compressor, provided that the engine starting
times under extreme environmental conditions are
considered acceptable by the R.C.A.F. The Arrow
2 "Scramble Time" as defined in AIR 7-4, Issue 3
para. 3.4.1 1s calculated to be 1 minute and 4
seconds at 3500' with 1209F ambient temperature
using this unit. If this time is not acceptable
to the R.C.A.F., the Blackburn Palouste 500 engine
1s recommended, which would reduce the above time
to approximately 44 seconds.

It is recommended that the engine starting unit
be designed as a self-contained package incorporat-
Ing the following featuress

(a) Fuel for 1 hour of continuous running at
maximum power,

(b) Two 3-1/2" dlameter flexible hoses 45! long
terminating in automatic gquick-disconnect
couplings.

(c) An electrical cable 50° long to supply the
following services to the aircraft,

(1) 50 amperes at 27.5V D.C.
(2) 500 V.A. at 115V, 400 cps, l-phase A.C.

(3) Intercommunication signals between cock
pit occupants and ground crew.

(4) 27.5V D.C. signals to permit the air
flow valves on the starting unit to be
controlled from within the ailrcraft.

Power for these services is to be obtained
from the gas turbine engine.

(d) Batteries for starting the gas turbine
compressor.

(e) Storage for air hoses and electrical cables,

749 a




SECRET

PAGE No, 68

' 8.2 _Moblle Power/Air Conditioning Unit

8.2.1 It is recommended that the Arrow 2 mobile power/
air conditioning unit be a trailer powered by
two Continental "Packette™ gasoline engines -
one driving a 60 K,V.A., 400 cps, 3-phase A.C,
generator and a 28V D.C., generator, the other
driving air blowers and a freon refrigeration
compressor,

8.2.2 It 1srecommended that the mobile power/air condi-
tioning unit incorporate the following features:

(a) Tandem Miehle-Dexter 5516 air blowers, or
equivalent,

(b) Self-mobility at approximately 1 mph on level
ground for a distance of 100' on battery
power, or for an indefinite distance provided
that the engine which drives the generators
is running.

(c) A height not in excess of 5 ft. 6 inches.

(d) Two 3-1/2" diameter alr delivery hoses 45
long and terminating in automatic, quick-
dlsconnect couplings.

(e) An electrical cable 50' long to supply 400
cps 3-phase A.C. power to the aircraft,

(f) Protective circuits to prevent electrical
power from being supplied to the aircraft if
the delivery air temperature exceeds 55°F,
or 1f the delivery air pressure is below
6.3 psig at the outlet of the air conditioning
unit.

(g) A convenient, central panel for all controls
and instruments.

; (h) Convenient storage for air hoses and elec-
trical cables.

749 a




_ IR

SECRET

8.3

PAGE NO, 69

8.2.2 (Continued)

(1) Light alloy construction wherever possible
in order to keep the weight to a minimum,

(J) Cooling air flow velocities up to 1500 ft/
minute in order to keep all heat exchangers
as small as possible.

(k) Provision for intercommunication between the
cockplit occupants and the ground crew,

It is recommended that AVRO be authorized to procure an
adequate quantity of Arrow 2 englne starting units and
mobile/power alr conditioning units so as not to
enbarrass the Arrow developed programme planned by the
R.C.A.F.

49 a
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APPENDIX A
Information Contributed by John Inglis Co. Ltd.

As noted in the body of the report, the John Inglis Co. Ltd.,

was contacted and asked to submit information concerning the

sizes and arrangement of components for a freon refrigeration

unit based primarily on commercial equipment. At the time

of the discussions the environmental requirements were not firm
and their proposal was based on the use of air cooling for ambient
temperatures up to 100°F, supplemented by water ccoling at

higher temperatures. Morever, later analysis based on the current
environmental requirements has shown that a single Packette

engine has not sufficient power for the job and that two engines
would be required. The overall size and weight of the package
would therefore, also be increased. The layout of their

proposed power/air conditioning package is shewn in Fig. 12,

13 and their report appears below:

All power would be provided by a 220 B.H.P. Continental Packette
Air-Cooled Gasoline Engine running at 2400 R.P.M. A 400 cycle,
115/200 volt, 3 phase supply would be obtained from a 40 KVA
generator direct-coupled to this engine. The generator would
require 50 B.H.P.

For compression of the supply air, a Miehle-Dexter Rotary Blower
1s included. This unit would deliver at 6.5 p.s.i.g. when runn-
ing at 3600 R.P.M. and absorbing 101 H.P. and it is propossd

to take a gear or chain drive for the blower from an extension
shaft between the engine and generator.

Partial cooling of the supply air would be achieved by a liquid-
cooled coil placed immediately upstream of the direct-expansion
cooler. Liquid for the coll would be cooled by passing it
through an alr-cooled coll, mounted on the base of the trailer,
utilizing ambient air. The fans for this latter cooler would
require about 1 H.P, A centrigual pump, absorbing about 1/2 H.P.
would provide circulation in the closed 1liquid circuit. A
V-belt drive for this pump can be taken from the engine shaft
extension.
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With the above heat-exchanger arrangement it is estimated that
air toqthe direct-expansion cooler would be at a temperature

of 130°F. The refrigeration load weuld then be approx. 25 T.R.
For this duty a Worthington YJF4 multi-cylinder compressor

1s proposed, requiring 38 B.H.P. with a V-belt drive taken

from the engine shaft extension, with Jockey-pulley tension-
ing. Presently, the refrigeration cycle is based on LO°F
evaporating and 130°F condensing temperature.

A direc+—§xpansion P-12 air-cooler with thermostatic expansion
valve wlll provide the dehumidification and final cooling. Pro-
vision 1s made for a liquid/suction-gas heat exchanger.

To avold reliance on availability of water, an air-ccoled
condenser 1s proposed for the Canadian climate, but
supplementary water sprays will be necessary for d.b. tem-
peratures higher than 100°F. On the accompanying sketches

this is shown as a combination of two banks of three con-
densing units, each-unit with its own 1/3 H.P. fan. These

are mounted across the top of the trailer with a shallow

alr Intake plenum immediately beneath, extending for the length
and breadth of the trailer. The air from these units is
discharged vertically.

It may be necessary to take steps to prevent the higher tem-
perature air, discharged from the base of the unit, (from the
liquid/air H.E. and englne-cooling system etc.), from being
recirculated through the supply alr system, condensers, engine
liquid/air H.E. and generator. This might be achieved by a
flexible skirt around three sldes of the trailler base, de-
flecting discharged alr to one end, where, if necessary,

a retractable flap could be provided to carry this air

away from the trailer.

For cold weather working, provision has been made for a
gasolins type air-heater with a capacity of approx. 200,000
B.7.,4./hr.




o~

SECRET

PAGE NO. 3

APPENDIX A (Cont'd)
WEIGHT ESTIMATE
GROUND AIR CONDITIONER - ARROW 2
#

200 H.P. Packette Engine 970
4o KVA Genarator 950
Rotary Blewer (5511-1%) 705
* 20 T.R. Compressor 1145
*¥ Alr-coocled Condenser 932
¥ Cooling Coll H.E. 518
Alr/Liquid H.E. 370
Liquid/Air H.E, 408
Liquid 100
Pump 50.
*P-12 Liquid/Suction H.E. 140
Ducting 200.
¥Pipework 200.
Casing
Power Panel
Fuel Tank 100.
Fuel (5 hours) 7?%%?_

Excludes Chassis, Running

Gear.
Refrigeration Equipment only * 2,935
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APPENDIX B

Information Submitted by Godfrey Engineering Co. Ltd.

The Godfrey Engineering Co. Ltd. was asked to submit information
concerning the use of light-weight fraon refrigeration equip-
ment and alrcraft-type blowers for the Arrow 2 mobile power/air
conditloning unit. At the time of the discussions, the
environmental requirements were not firm, so the performance
was analyzed for operation at temperatures up to 130°F at

sea level and 100°F at 5000' altitude. The results are noted
below In thelr report and show that two Packette engines are
recessary. Since our requirements were not firm, Godfrey
Engineering did not attempt to select equipment or lay out

a package. Rough calculations indicated that the component
sizas might be as follows:

Evaporating coil 24" x 20" x 5"

Condensing Coil 34" x 20" x 6"

Air-to-air heat exchanger 36" x 36" x 24"

Complete package (trailer) 187 x 8' x 5', weight from

12000 to 14000 1b.

e refrigeration system proposed by Godfrey Engineering is
wn schematically in Fig. 14.
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TABLE 1 - AMBIENT CONDITIONS
TEMP D.P. = =
_ALT.| OF OF psia  [ft./cu.ft “fe,
ST 100°F TSOF | 14.7 psia .0708 .925
SL 130 T5 14 .7 L0673 .88
5000 | 82.4 61 12.2 .0609 .T796
5000 | 100 61 W L .0597 .781
Sk -65 -70 14.7 1.005 1:31
5000 | -65 -70 11.8 .0806 1.05

TABLE 2 - FLOW, TEMPERATURE, HORSEPOWER OF BLOWER

WP | FLOW | p,/p) |Tp/Ty [T~y  (1008)[ T, (70%)| HP (100%) HP (70%)
OF | #/min 3 F OF e ey
10 |174.5 1;533 1.132 T4 206 72.9 [ 104

Po | 174.5] 1.533 [1.132 78 241 72.9 | 1ok

2.4 | 150 1.635 | 1.153 82.5 200 70.3 100.5

10 | 147 1.635 | 13153 87 224 T0:3 | 100 5

65 | 249 | 1.533 |1.132 52 10 ye.g | 104

65 | 200 | 1.635(1.153 61 22 183 l_ LA
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‘ TABLE 3 - REFRIGERATION LOAD
1, | T2 | T3 | DRY LOAD| WET LOAD | TOTAL |FLow | 7a. H.P.| C.0.P,
% |°F | °F | BTUMIN | BIUMIN | BTy MIN # MIN HP (Theor)
100 | 206 ] 111 2200 1800 4000 | 61.7 17.5 5.4
130 | 241 ] 141 3280 1800 5080 78 .4 25.9 b 62
82,4200 Ok 1580 687 2267
100 | 222| 112 2230 687 2917
frigerant - Freon 12
aorator = Temp = 34OF
- Pressure = 46.417 psia
- Latent Enthalpy = 64.886 TSTU/LB.
= Sp. Volume (10% Superheat) = .880 cu. ft./1b.
hienser - Temp - 120°F 145°F with 130° ambient design)
- Pressure = 172.35 psia 235 psia with 130° ambient design)

TABLE 4 - HORSEPOWER TABLE

HE ENGINE HORSEPOWER
PACKETTE | RATED| 75% &h 5000°
Blower 104 100°F 82.4 F
H.E. Fan 15 PE 90 | 110 82.5 | 76.2 122(2
i el ,
Compressor 25 PE 150 175 1]
.5 131,
Cond. Fan 15 PE 200 | 220 165 |152.5 131.5 .
TOTAL 159
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TABLE 5 - AVAILABLE HEATING
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wr. |1, [T, [MASS FLOW | HEAT INPUT |1 M
T, 011* ‘Og #/MIN BT /MIN %EN #%&ﬁe ! %Mfﬂe%ir‘e
— = |
SL | -65 |10 249 4500 150 99 |  39.7
5000 | -65 |22 200 1170 139 61 1 30.5
TABLE 6 - MOISTURE REQUIRED FOR EVAPORATIVE COOLING AT 130°F
ALT.| TEMP |D.P. | MOISTURE REMOVED | MOISTURE REQ'D *-#/MIN
Fr. | OoF |[OF gr/1b [Total #/MIN |H.E.[ Cond. | Total |Net
SL 130 |75 8% T 2 52| 6.5 9.02 |7.20
5000/ 100 |61 32 .686

(2h1-206) x .24 x 150 =

500

=61l.7 x 59,59

500

= 6.5 #/Min

*Moisture required to reduce T, to 100° S/L valve

Moisture required to condense Freon

2.52 #/Min (50% Effective)
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Information Submitted by Hussmann Refrigerator Co.

Ltd.

This company submitted an equipment layout for a freon
refrigeration system as shown in Fig. 15. It was done
before the environmental requirements were established and
was based on supplying 150 1b/minute of alr at 500F (to
allow for a temperature rise of 50F 1p the delivery hoses)
under the following conditions: ’

Sea Level 130°F dry bulb, 75°F wet bulb.

5000 100°F dry bulb, 610F wet bulb.

These conditions were misinter reted; the figures given them
were from Avro report Log/105/13 as followss

Sea Level 1300F dry bulb, 750F dewpoint.
5000 100°F dry bulb, 61°F dewpoint.

This proposal is based on a single Packette engine driving
all of the equipment through a series of toothed rubber
belts. Examination of their drawing showed that there

was insufficient power available and that a second engine
would be necessary. Their system does not include an air-

to-air heat exchanger, so that all cooling takes place
within the refrigeration coil.

PAGE NoO, 1
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Information Obtained from C.G. Hokanson Co., Inc
L Co., Inc.

General

The C.G. Hokanson Co., Inc., was visited in order

the design of their model 707 ground air conditgoiigg Siiguss
for the B-58. This unit appeared to come closest to meeting
the Arrow 2 requirements and, from pictures, appeared to
show the best engineering approach using a freon refriger-
ation system. &

The 707 unit supplies 125 1b/air at a temperature of 30

to 459F and a pressure up to 8 psl gauge under standard
conditions. It is a trailer 87" wide, 170" long and

84" high, weighing 16000 1b. It uses two Continental
Packette engines - a PE-150 driving two Miehle-Dexter 5516
blowers in tandem at 2400 RPM and a PE-90 driving a 50

ton Trane refrigeration compressor. The fuel capacity is
adequate for 10 hours of continuous operation. Pictures

of the 707 unit are included as Fig. 16, 17 & 18 of this
report.

Design

The frame consists of an angle iron chassis which is Specially
designed for mounting the various items of equipment The
blower engins 1is mounted longitudinally at one end of the
traller and drives the M-D 5516 blowers directly through
flexible couplings.

The PE-90 and the freon compressor are mounted laterally across
the opposite end of the chassis.

The cabinet is divided into three sealed zones, two of

which have intake filters along each side. The charge

alr for the blowers and the carburettor and cooling air
for the blower engine enter the center zone.

The zone above the PE-150 engine contains a two pass air-to-
air heat exchanger on one side and the freon condensing

coll on the other side, with cooling air drawn thrcgg?

€ach and exhausted vertically by a fan driven from zhz
PE-150. A by-pass valve is fitted in the air line to
by-pass the heat exchanger when it is not required gnd

1s used progressively to maintain the temperature out of
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the heat exchanger at 130°F. A Janitrol 200 000 BTU/h
peater is also fitted to warm the air suff’iciently té ;f*e-
neat the z'a'ir‘craft during very cold weather. Storage tubes
for the 8" dlameter hoses are also fitted in this zone.

The center zone contains the freon cooling cofl and an intake
silencer for each blower. The coils are made from copper

fins and tubes sweated together by dipping in tin. Controll-
ing the inlet temperature to the cooling coil at 130°F serves
two purposes s

(a) it maintains a uniform load om the refrigeration unit to
the point where its controls are practically an "off-on"
switch, and,

(b) the first couple of rows of the cooling coll are used to
dry the freon 12 vapour. A special heat exchanger has
also been fitted to assist in drying the freon 12 vapour
and a four-way valve is fitted in the charge air lines
to reverse the flow of air through the tooling coils
for de-icing the unit, since this machine is required
to deliver air at 30°F.

The third zone contains the PE-90, refrigeration compressor
and insulated delivery ducting. The complete unit is
enclosed in a 1i%ht angle iron frame with quick access doors.
The door on top (covering the cooling fan) 1s electrically
operated and must be opened before either engine can

be started.

Controls

The B-58 uses a multitude of pneumatic actuators operating at
pressures of 15-20 psi. Therefore, a 20 psl air supply was
bullt into the 707 unit (driven from the blower engine and
most of the valves in the unit were made pneumatic. They
have apparently been quite successful.

ic features and settings
ratures and pressures) and
omplex than ours would
orks as below:-

Convair required a number of automat
in the 707 (different delivery tempe
this has made the control system more ¢
need to be. Basically their control system W
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- Flow is controlled by varying the speed of the blower
engine.

- Alr temperature into th

- Cooling coll refrigerant tem

Sure to the compressor,

Mobilit

A 28V DC. generator is driven by the PE-150 engine and, a
with batteries, energizes the electrical System of the uni
(1ights, instruments, engine starting, drive motor). The
is self-propelled at 3 mph by a 28V DC motor and can be mo
approximately 1000' using batteries only, or without 11mit
if the PE-150 18 running. No battery heaters are fitteqd.

Cost

7 rototype unit cost approximately $80,000 including
gﬁigaarjng charges. Production units sold for about

$60,000, of which $30,000 was the cost of materials and
bought out parts.

5 € cooling coil is thermostatically
controlled to 130°F,

perature is regulateg by
controlling the suction pres

long
1t
unit
ved
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Information Submitteq by the Garrett Manufacturing

Corporation of Canada, Itqd.

The Garrett Manufacturing Corporation of Ca .

asked to submit a proposal for a complete pgigi/’§§g°éoggitior-
ing package to meet our requirements. At the time of dis- ;
cussions the environmental requirements had not been finalized
and the cases used in their reports are more severe *han the
present requirements.

Report AAC-2772-R, dated July 30, 1957
I INTRODUCTION

The purpose of this report 1s to present the configuration
and estimated performance of a ground Service unit to
provide ground cooling and 3-phase, 200/115-volt, 400-cycle
power for the AVRO C-105 Mark II airplane.

The proposed ground service unit consists of two gas
turbines which provide the required electrical power

and compressed air along with an air-cycle refrigeration
unit which cools the gas turbine supplied air. The two
gas turbines differ in that one machine provides
compressed alr only while the other supplies air and
drives a 60-kva, 3-phase, 200/155-volt, 400-cycle alternator.
The refrigeration unit is the bootstrap type consisting
of two air-to-air heat exchangers, a cooling turbine, and
a water separator with anti-ice control Cobling air for
the heat exchangers is provided by two electric-motor
driven fans which operate from power supplied by the gas
turbine alternator. All of the components in the
Proposed unit are production items or modification;»
theretf with the exception of the refrigeration unit

heat exchangers.

The configuration of the unit presented should be
considered preliminary in nature. The components
Selections were made on the basis of a preliminary
problem statement supplied by AVRO Engineerigg, the
design conditlons of which are summarized below.
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INTRODUCTION (Cont'd)

Altitude, feet Sea Level 2000 5000

Ambient Alr Temperature

Dry Bulb, °F 130 112 100
Dew Point, OF 75 67 67
Conditioned Air Flow,.1b per min 150 150 150
Conditioned Air Delivery Pressure psig 6.5 6.5 6.5
Conditioned Air Delivery Temperature OF 54 54 54
Electrical Power, kva ko 4o 4o

DESCRIPTION OF COMPONENTS

The proposed service unit component arrangement is shown in
Sketch AAC-2772-SK1. TIncluded also 1is Sketch AAC-2772-SK2
which shows a sehematic arrangement of the components.

1. Gas Turbine (Two Required) GTCP85-20, 372440

This gas turbine is a dual-purpose type machine, the
two functions of which are to supply high-pressure
legd air and shaft power through a gear-driven
accessory pad. This particular gas turbine is
a current AlResearch production unit. It is broposed
that cne of the gas turbines shall be equipped with
a 3-phase, 60-kva, 200/115-volt, %00-cycle alternator
to provide ground service electrical power and the
electrical power for the cooling air supply fans.
AiResearch Outline Drawing 372440 is attached to this
report.

2. Cooling Turbine 205650 (Modified)

y turbine. The
The cooling turbine is a bootstrap type i
cooling turbine is 1dentical, with the exception if
the turbine nozzle, with a current production coo .
ing turbine. An outline drawing of Cooling Turbine

205650 is attached to this report.
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II DESCRIPTION. OF COMPONENTS (Cont'q)

3.

Water Separator

The water separator consists of an aluminum shell contain-
ing a condenser cone and swirl section. The cone coal-
esces the entrained moisture in the turbine discharge

air into large droplets. The droplets thus formed

enter a swirl section ang then the collector sectien
where the droplets are removed by centrifugal action.

The wa§=r Separator is equipped for the inclusion of

the anti-ice protection described in Paragraph 6.

A relief valve is incorporated in the water separator,
which opens in the event that the pressure differential
across the condenser cone becomes excessive.

This water separator is similar to the unit shown in
Outline Drawing 85640, which is attached to this
report .

Cooling Air Fans (Two Required)

The fan is a compact, lightwelght unit consisting essen-
tially of a 11.5-inch diameter axial-flow impeller and

a 4-pole squirrel cage inductdon type motor mounted

on a commen shaft. The motor operates on 200/115
volts, 400 cycles per second, three-phase alternating

current .

The propcsed unit is similar to the unit shown in
Outline Drawing 49390 with the shutter assembly
deleted and the housing shortened.

Primary and Secondary Heat Exchangers

he prim and secondary heat exchangers are to be
sz iﬂi?g#y Tﬁe same heat exchanger wlll be used for
both applications. The heat exchanger is an 0
aluminum unit of tubular construction, arrangeh’ n
a two-pass cross-counterflow configurationi T sile
bleed air makes two passes through the tubgsé wnTh;
the cooling air makes one pass over the f; e it e
heat exchanger is a mechanically asgewb%§i~uﬁpat o
removable manifolding and return pan. tA; AAC;?77?-SK3.
changer is shown, in this report, by Sketc :
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II DESCRIPTION OF COMPONENTS (Contq)
SRCe———— _-‘*—‘R‘-N, i

6. Anti-Tce Control

The anti-ice contro] considered is of tpe ressure
differsntial type. Equipment {n i
type of contr . tourPorating thig

er separators, which woulg

Pplication, are ,
in production. fThe Selection of et

of a par
has not been made at this time SeEsioRlar s

III ESTIMATED SYSTEM PERFORMANCE

The system performance was estimated on the pasis of  the
design conditions Summarized in the introduction section
of this report. fThe estimated performance of the Droposed
System is as follows:

Altitude, fest Sea Level 2000 5000
Ambient Air Temperature,
F (Dry Bulb)

130 1Lt 110
Conditioned Air Delivery Flow,
1b per min. 132.5 125 1k
Conditioned Air Delivery Temperature,
Dry Air Rated, °F 23 15 12
Dry Bulb, °F 46 35 35
Conditioned Air Moisture Content, \ :
grains of moisture per 1b. 69 53 5
Elsctric Power Supplied, kva 4o Yo %o

The maximum avallable air-flow from the two gas turbines
with the required electrical output will not §atisfypth¢
alr flow requirements. The discharge tempepgtures of the
alr, however, are lower than the required 54CF, and it
1s believed that the air flows shown with the estimated

discharge temperatures will satisfy the airplane cooling

requirements.
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IV ESTIMATED WEIGHT OF Sysrmy COMPONENTS
=== 1BV _COMPONENTS

1. Cas Turbine GTCP85-~20, 372440 wg%sht-lb

2. Gas Turbine GTCPB5-20, 372440 (Alternatop
Equippeqd) 340
H 3. Cooling Turbine 205650 35.6
' h. Water Separator 85040 11.8
5. Primary Heat Exchanger 205
6F Secondary Heat Exchanger 205
7. Cooling Air Fans (Two Required) 66

e

Estimateqd Total Weight 1108.1 1b

The component characteristics used in the Preceding
report werse:

Seal Level 2000° 5000°

Adiabatic efficiency, %
| Turbine 6.
| Compressor: =3

fressure Drop (in. Hg.)

Primary Heat Exchanger 1.64 1.50 1.48

Secondary Heat Exchanger 0.75 0.76 0. 7T

Weter Separator 1.8 1.77 1.57
Effeciencies

Primary Heat Exchanger .90 .885 .905

Secondary Heat Exchanger .90 .885 -905

Water Separator .63 .63 .62

Since the air flow rates in this analysis were considerably less
than these required under adverse environmental conditions, the
tarrett Manufacturing Corp., was asked to examine the perform-
ance using one GTC 85-20 gas turbine compressor and one GTCP
85-20 shaft power/bleed air machine. At the same time, the air-
traft electrical load requirement was reduced to 30 KW. Their
TPort appears below:
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Report AAC-2772-R, Rev. ]

I. INTRODUCTION

and estimated performance of a grou g
v i Cound se >
provide ground coolin 1i50e

€ a8nd 3-phase, 200/11%. .
powsr for-the AVRO C-105 Mark Ir airplan/efs vole, H00-cyele

The proposed ground Service unit consists of + a .
bines which provide the required electrica%fpgxgrg:idtgé;~
pressed air along with an alr-cycle refrigeration unit
which cools the gas turbine Supplied airp. = &
turbines differ in that one machine provides compressed
alr only while the other suppiies air and drives
60-kva, 3-phase, 200/115-volt, 400-cycie alternator. The
refrigeration unit is the boctstrap type consisting of
two air-to-air heat exchangers, a cooling turbine, and a
water separator with

] anti-ice control. Cooling air for
the heat exchangers is Provided by two electric-motor-

driven fans which operate from power Supplied by the
gas “urbine alternator All of - the components in the
prorosed unit are production ltems or modifications there-

of with the excepticn of the refrigeration unit heat
exchangers .

The configuration of the unit presented should be
considered preliminary in nature. The component select-

ions were made on- the basis of a preliminary problem
eéring, the design

statement Supplied by AVRO engin
conditions of which are Summarized below.

Altitude, feet

Ambient Aip Temperature

Sea Level Sea Level 3500

Dry Bulb, °F 120 100 101
Dew Point, OF 76 85 67
Conditionsd Air Flow, 1b per min 150 150 150
Conditioned Air Delivery ;:g;sure ’ 6.5 6.5 6.5
Corditioned Air Delivery Temp. °F 55 55 55
Electrical Power, kva 30 30 30

N~—
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! II DESCRIFTION OF COMPONENTS

The proposed service uﬁit component arrange
in Sketch AAC-2772-SK1. Includeq aise . ecment 18 shown

80 is Sket -2772-
which shows a schematic arrangement of the gomggniﬁESEYTE g

1. Gas Turbine GTCP85-20, 372440

This gas turbine is gz dual-purpose ¢ e ma ne, t
two functions of which are to supplyygigﬁ-;?igsﬁrzhe
bleed air and shaft bower through a gear-driven
accessory pad. This barticular gas turbine is g
current AiResSearch preduction unit. It is Propesed
that this gas turbine will be equipped with a 3-phase
60-kva, 200/115-volt, 400-cycle alternatoy &. provide’
ground service electrical power and the electrical
power for the cooling air Supply fans. AiResearch

» Outline Drawing 3724%0 1s attached to this report.

2. Gas Turbine GTC85-20, 76400

This gas turbine is a Single~purpose machine which
Supplied high-pressure bleed air. This gas turbine
1s a current AiResearch production unit. AjResearch
Outline Drawing 76400 is attached to this report .

{ 3. Cooling Turbine 205650 (Modified)

The cooling turbine is a bootstrap type turbine The
cooling turbine is identical, with the exception of
the turbine nozzle, with a current production cooling
turbine. An outline drawing of Cooling Turbins 205650
1s attached to this report.

4. Water Separator

The water separator eonsists of an aluminum shell
containdng a condenser cone and swirl section.. The
cone coalesces the entrained moisture in the turbine
discharge air into large droplets. The droplets thus
formed enter a swirl section and then’the collﬁcgor
Section where the droplets are removed by»cenfri_ugal
action. The water separator is equipped for the
inclusion of the anti-ice protection described in

Paragraph 6.
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! Il DESCRIPTION OF COMPONENTS (Cont'q)

k. Water Separator (Cont'q)

A relief valve is Incorporateq i

:d in
which opens in the event that the
across the condenser cone becomeé

the water Separator,
pressure diffepent ial
excessive.

This water separator is Similar to th

| wat n :ne unit shown
in Outline Drawing 85640, which is attacheg t:no?llzis
report. | )

5. Cocling Air Fans (Two Required)

The fan 1is a compact, lightweight unit consist
essentially of a 11.5-inch diaie‘cer exialA.ijL"o;igrgne
peller and a 4-pole squirrel cage induction type
motor mounted on a common shaft . The motor operates
on 200/115 volts, 400 cyecles per second, three-phase

J alternating current.
g The proposed unit is similar to the unit shown in
Outline Drawing 49390 with the Shutter assembly

deleted and the housing shortened.
6. Primary and Secondary Heat Exchangers

The primary and Secondary heat exchangers are to be
NewW units. The same heat exchanger will be used for
both applications. The heat exchanger is a aluminum
unit of tubular construction, arranged in a two-pass
cross-counterflow configuration. The bleed air makes
two passes through the tubes, while the cooling air
makes one pass over the tubes. The heat exchanger
1s a mechanically assembled unit with removable
manifolding and return pan. This heat P.xck}ar_}.ger is
shown, in thils report, by Sketch AAC-2772-8SK3.

7. Anti-Ice Control

fferential e. Equipment incorporating this
?Sifp“ :l.:i 'zii‘érz?{pon wa%eru separators, whichlwou‘ld be
Suitable for this application, are cur'yem-ly in
production. The selection of a particular unit has
not been made at this time.

‘ The anti-ice control considered is of the pressure




APPENDIX E (Cont'q)

‘ III ESTIMATED SYSTEM PERFORMANCE
W——-N)\

The system berformance Was estimateg on
design conditions Summarized in thb the La
of this report. With the €Xception
temperature noteq below. The estimateq perfo
the proposed System is gs

follows: il
Sea
Altitude, feet Liizl el o
Ambient Air Temp.
Deg. F. Dry bulp - from data 120 100 101
Deg. F. Dry bulp - used in
analysis 115 100 90
Conditioned Aip Delivery Flow
4 1bs /min 150 160 150
( Conditioned Air Delivery
Temperature at Turbine
Discharge
Deg. F. D.A.R, T =8 -11
Turbine Dist . Moisture
Content
GR./LB Dry Aip 136 18% 13
Moistured removed
GR,/LB Dry Air 59.5 84 S35

Conditsioned Air Temp.
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[1I ESTIMATED SYSTEM PERFORMANCE (Cont'q)

Sea
Level
At Water Separator Discharge 45
Deg. F. DA R,
Entrained Moisture Content
GR./LB Dry Air - Water
Separator Discharge 25.5
Entrained Moisture Content Cabin
Inlet Ambient Pressure
GR./LB Dry Air 15
Frae Molsture Entering Cabin
LB/MIN 0.322

ESTIMATED WEIGHT OF SYSTEM COMPONENTS

Gas Turbine GTCP85-20, 372440
(Alternator Equipped)

2. Gas Turbine GTC85-20, 76400
3. Cooling Turbine 205650
k. Water Separator 85040
Primary Heat Exchanger

Secondary Heat Exchanger

~N O !

Cooling Air Fans (Two Required)
Estimated Total Welght

SECRET
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Sea
Level
Humid 3500

Ly 26

36 25.5

2k.5 17.5

0.56 0.375

Weight-1b

205

1088.1 1b




SECRET

APPENDIX E (Cont'q)

Subsequent to the issue of Revision ;

the following data were providedzo R Eepars ARC=2TT2-R,
"Since issue of revision 1 to Repert AAC-277o-

have completed qualification testing of t S e hesmazch
Water Separator. This Water Separator is scheduled f
use in the Boelng 707 aircraft and as such qualj.ficai(ijgn
testing was required. As gz result of tests carried out

Page 4 of the referenced report. It has been determined
that the Water Separator effeciency will be 70 per cent
for all cases checked." €

Addlticnal information concerning the cost and overhaul
life of equipment was provided as follows:

'The AiResearch model GTC 85-20 Gas Turbine Engine has

bezn designed for a minimum of 1000 hours betwesn overhauls.
At the moment the United States Air Force have established
an overhaul frequency of this turbine on the basis of
number of starts of the machine. A hot end overhaul

being carried out after 1300 starts and a complete overhaul
after 2600 starts. Experience 1s being rapidly accumulated
of a considerable number of units in service and latest
units going through overhaul at these figures show

excellent results. AiResearch are confident thatan
overhaul program based upon the number of starts shown

or on a 1000 hours between overhaul basis is quite
realistic. '

A program is underway at AlResearch aimed at increasing

the number of starts between overhauls to 3000. Presumably
this will also result in increasing the allowable running
time between overhauls. The volume of units in operation
should quickly verify the program now laid on.

With respect to overhaul 1ife of the refrigeration package
We can advise the following.

1. Cooling Turbine - 1000 hours
2. Fan - 2000 hours
3. Heat Exchangers - 5000 hours

500 hours

4. Water Separator
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‘w

ESTIMATED WEIGHT OF SYSTEM COMPONENTS (Cont‘d)

In order to assist you in establishing broad budget figurés
we can advise approximate unit prices as follows:

1. Gas Turbine Compressor with Enclosure (GTCE 85“2Ql
approximately $22,000.00 each.

N

Refrigeration Package complete approximately
$20,000.00 each.

The prices shown are baseg upon small quantity release ang
not to be considered firm."
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‘ Information Submitted by the Stratos Division of the

Fairchild Engine and Airplane Corporation

stratos” manufactures a simple air cyele refrigeratio
. 3 n pac e
35 descm_bed below and in Hig o2l Performancegcurves wgrek:%;o
ainitted (at a later date) and a typical curve is reproduced in

fig. 22.
JSCRIPTIVE DATA

J0DEL_GEA120-1 GROUND ATIR CONDITIONER

Introduction

The Stratos Model GEA120-1 1s a compact, lightweight Type MB-1
air cycle ground air conditioner designed to the requirement of
Mr Force Exhibit WCL-876 dated 21 June 1955. It is suitable
for installation as a component of Multi-Purpose Servicing Units,
J or individually on its own trailer. The required power supply
1s compressed air from a Type MA-2 Gas Turbine Compressor plus
‘ a maximum of 8 amperes of 28 volt DC power for the air condi-
tioner controls. The air conditioner will also operate with the
Type MA-1A Gas Turbine Compressor, at a somewhat lower output .

2, Description

The GEA120-1 is comprised of a number of aircraft quality com-
ponents assembled within an aluminum enclosure 48" x 50" x 30"
high, plus a separate control box and instrument panel from which
all functions of the air conditioner may be controlled. A 15

foot electrical cable, supplied with the air conditioner, is the
only connectlion between the air conditioner and the con’cr‘ol b\?xo
The attached photograph shows the general appearance of the air
conditioner, control box, and connecting cable. Other connections
to the air conditioner itself are a 33" compressed air supply
connection and an 8" conditioned air (discharge) connection.
comector for 28 volt DC electrical power supply is located on
the side of the control box.

The

entering the air conditioner

Air fp ressor
‘ R the gab IR f£f valve and a flow limiting

Passes through a fast acting shut-o =
venturi, arzdgt‘hen through a high effectiveness airzto;i%r :gige
exchanger in which the temperature is reduced to slightly

that of the ambient air. (Refer to the attached ?cheréﬁ;%;:nz;ow
and Controls Diagram). It then enters two expans.ion »
i ture is achieved. Turbine

In which a further reduction in tempera

N —
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2. Description (cont'q)

work is abporbved by blowers

which serve %
air through the heat © dra

exchanger., T
from th

> heat exchanger cooling air
to increase heat exchanger effectiveness, - .

Automatic controls permit flow rate and tempera ture
of the conditioned air as Tempera ture control is accom-
plished by bypassing hot s around the heat exchanger and
expansion turbines, to the first plenum chamber, in Proper propor-
tion to effect the desired temperature at the discharge connection
A control on the control banel permits selection of any discharge
temperature from 35 to 280°F. Flow control is accomplished by
dumping conditioned air through a valvye connected to the second
plenum chamber, to reduce flow ¢

O the desired value. (The dumped
agir is ducted to the heat exchanger cooling air inlet, thereby
affording a regenerative cooling effect). When less than 50 per-

cent flow is desired, one of the expansion turbines is shut down
completely to reduce the compressed air demand on the gas turbine
compressor. In this condition, the control effects a change in
the internal geometry of the flow limiting venturi at the package

inlet, so that it 1imits total package flow to one-half of the
rated value.

Selection of
desired.

When separation of the entrained water in the conditioned air is
not required cooling capacity of the air conditioner can be in-
creased (through re-evaporation of the water content in the dis-
charge ) by opening a water separator bypass valve. This valve
1s controlled by a switch on the control box.

Instruments provided include indicators for temperature and p;esrv
Sure at the air conditioner discharge connection, and an hourmeter

Installation details of the GEA120-1 are shown on the attached
drawing number 23000,

Performance

Estimated performance of the GEA120-1 at the three conditions of
Exhibit WCL-876 is as follows:
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*With temperature Selector set at full coild.
flow will increase Slightly if higher tempera

**Corresponds to WB temperature at 4 psig back pressure.

valve in the full open position. In this condition
Will be a small amount of airflow
consequently, a small amoun

be

very close to supply temperature.

This company
unit for the following conditions:

Env}ggrmqpiqinggditjonﬁ”

5000"

Qutlegra}rgﬁgggiremen§§i(§f unit):

Pressure 602 psi (gauge)
Temperature 50-F »
51558r ’ 150 to 200 1lb./min.

3

Ambient Conditions . ondition
i = _—_ 2 3
Temperature - DB (op 13 . -
Temperature - WB (OF) %g lgg “??
Pressure (psia) .7 1,7 1y 7
Supply Conditions
Tempera ture (°F) 600 550 200
Pressure Available (psig) 50 B2 65
Maximum Flow (1bs /inin) 110 125 200
Discharge Conditions
Pressure (psig) k4 4 4
Airflow (lbs/min) AL *125 **%200
Tempera ture
Dry Air Rated Of 4o 5 -
Actual Op ** 4o xx 45 xxx000
Moisture Content (gr/ibs) 50 b7

Discharge air
ture is selected

***Condition 3 represents Ooperation with the temperature control
there
through the turbines and

t of cooling airfiow through the
blowers. This flow will be so small as to practically neg

ligible, however, and the package discharge temperature will

was asked to calculate the performance of its GEA-120

- o 85°F wet bulb.
Sea Level }ggog dry bulb, 820F N wol
“FSOF 1 " ’

112°% * T 85°F wet bulb.
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Engine Performance:

(a) Two Solar T-300 J-1 engines (one drawing a 4
: S O KVA
generator in addition to Supplying blee% air),
Estlmated compressor delivery conditionss

Amblent

Amk Pressure lemperature
Sea level, 1300F 64 p.s.1.a 20°F
Sea level, 100°F 66 p.s.1i.a. EagoF
5000', 112°F 53.p.8,1.8, 5000F

(b) 2 Blackburn Palouste 200 Engines (derived from the same
basic engine as the Continental Model 141),
Estimated compressor delivery conditions

Amblient

Ambient Pressure Temperature
Sea level, 130°F 55 p.s.i.a, 4750R
Sea level, 100°F 57 p.s.i.a. 4550Rk
5000', 112°F 45 p.s.1.a. 4600F

(c) 2 AiResearch GTC 85-20 Engines.

~Ambient FPressure Temperature
Sea level, 130°F 48 p.s.1.a. 45505
Sea level, 100°F 50 po8.1.a. 4300F
5000', 112 F 41 p.s.1 .a, 4350F

In addition, if the airp delivered in Case "A" is cold enou h, AVRO
Would appreciate your opinions concerning the use of a single
Solar T-300 J-1 engine supplying bleed air and driving an

duxiliary blower to bring the total flow up to 150 1b/minute under
adverse ambient conditions. For this case, the estimated supply
conditions are:
Ambient Flow Pressure Temperature
1 { i »V1[-0b|
Sea level, 130°F Solar 108 1b/min. 59 p.s.i.a. 5150F
K i Blower 44 1b/min. 21 p.s.i a. 24 OOF
' i ) i 480°F
Sea level, 1000F Solar 133 1lb/min. 62 p.s 1.a.
- Blower 17 1lb/min. 21 p.s.i.a 2100F
' Tiia Y 495°R
000", 1129 Solar 100 1lb/min. 50 p.s : 950F
’ H Blower 50 lb/min. 18.5 p.s.i.a 220°F

The resuits are contained in their letter of August 2, 1957
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Engine Performance (Cont'q)

conditioner at the cop

iditions stateq
performance is reporte

d ‘on ‘the attached tapie.
Hoon

Effective temperature" is tpe temperatupe. of dry air of
equivalent cooling eapatity. r4 1s somewhat lower thap the
wet bulb temperaturer ang reflects the additional cooling

; 7 resent in the air conditioner
discharge . Effective temperature" should be used fop T

supply in the equation Q = WxCy, (Teabin - supply) to de-
termine coollng capacity of the aip conditioner.

We would like to caution you on the use

figures in the enclosure. They are accurate if the flow we
have indicated is compatible with the bressure you have
glven us for supply pressure.- As you know, GTC performance
at a given ambient Temperatures is a8 curve wherein bleed
pressure falls off as bleed airflow Increases. Thererore
our performance is meaningful if the GTC will flow as much
air as we take at the pressure you have given. -It it will
not, the pressure will pe lower than given and a balance
point will be reached at Some lower pressure and flow
Conversely; if it will flow more than we take, the bleed
préssure may be higher than given, and the balance point

will be at a flow and pressure higher than shown in the
enclosure.

of the performance

We hope this information will be of interest and will be
glad to furnish additional details if required.

With regard to the idea of using an auxiliary blower to
Supplement the cooling air discharge flow, thgs might be
practical in some cases, but with a 210 - 240°F air tem-
perature it does not take much auxiliary flow to result
in a“very appreciable change in the temperature of the
discharge air. For example, increasing the flow from 140

to 150 1bs/min.increases the temperature by something like
130F "




Altitude

Ambient Dry Bulv Temp.
Ambient Wet Bulb Temp.
Compressor used
Turbine Flow #/min
Exit DAR Temp. °F

Exit Wet Bulb Temp. °F

Exit Effective Temp. °F

Free Water 1lb/lb air

(o]
¥

OF

(P,3u00) J XIANEILY

85 . 85 g5

Solar Palouste AiResearch Solar Palouste AiResearch Solar Palouste AiResarch

15351 81327 116.8 1.8 125.0 109.3 121.8 106.2 9l .6

=RELORZ 5 14.8 17.8 30.2 L .2 8.1 2959 32.4

5302 ETE 62.1 Blte T Blas 62.0 52.2 5610 60.5

40.9 L46.6 526 L4h.9 51.5 58.4 43.5 49.5 5h.9
003  .0026 .0023

9 °ON @ovd




adverse environmenta]
"Stratos" was asked whe
pass 150 1b/minute of g
analysis indicated t
AlResearch GTC 85-20 g

md that the erf t
the other engines' would pe a8 indicateq belowlx) i
Altitude Sea Level Sea level 5000°
Ambinet Temperature (°F)
Dry Bulb 100 130 112
Wet Bulb 85 85 85
Speciflc Humidity
(grains /1b/dry air) 159 107.5 157.5
Engine Solar Palouste Solar Palouste
Flow 187.6 186.8 177.8 176.3 149.% 149.3
Discharge Temperature
(°F)
Dry Air Rated 21.7 4y b6.7 66.7 37.3
Wet Bulb 71.5 78.5 68.7 76 74.5
Effective Gl 71 64 .5

Solar Palouste
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‘ Information Supplied by Blackburn & General Aircrart

The performance requirements originally Specified
revised, however, details are given in this
nay be considered in relation to

requirement . The Artouste 510 APy is shortl
and no development would be specifiec
This course of action will allow A

Y going into production,
ally required for AVRO Canada.
VRO, Canada to consider the

a sultable means of meeting the
th an air cycle refrigeration

gystem.
PERFORMANCE

Te atttached set of performance curves,
covering notes glve the details of the performance of the Artouste 510,
these curves are drawn for the engine which is matched in such a way

that surge 18 impossible with the type of control system which would
be provided.

together with the associated

If it proves impossible to reduce the air conditioning air flow re-
quirement then the use of two Artouste 510 APU's (the second without
m alternator) may be considered. The coupling of the air output of
two engines presents certain technical difficulties, but the design
of & control system to overcome these is not expected to require the
use of any heavy complicated or expensive equipment.

STATUS

The Artouste is one of a range of engines which have many components
In common, notably the Gas Generator which is common to all engines
in the range. The experience on all engines is, therefore, of direct
significance in considering the status of the Artouste itself. The
following running times both on development and in the field which
tave been achieved so far are, therefore, quoted to show the exper-
lence which has been built up on the engine range.




SECRET

PAGE NO, 2

APPENDIX G (Cont'd)
APPENDIX G

“ STATUS (Cont'd)
STATUS

Artouste - 380 hours.

e = 3‘:@@:
Palas - 1,040 hours,
Palouste - 4,300 hours,
Turmo - 930 hours.

Total §;650 hours .

It is emphasized that the unit proposed in this report is already
under Intensive development prior to production for the R.A.F., It

incorporates an alternator (running at 12,000 R.P.M,) which is also
under development prior to production.

In the event of a decision being made to use two units only the
additional control gear necessary when coupling the output of two
engines would require design and development.

ENGINEERING DETAILS
Engine Description

The Artouste 510 is a combination of an air bleed and a shaft drive
engine; a reduction gear is driven by a forward extension of the
rotating assembly. It 1s identical to the Palouste except for the
modification required to accommodate the reduction gearbox.

The reduction gearbox is a single stage unit comprising a high speed
pinion which drives an upper and lower gear. All gears are helical.

Fuel System

The fuel control system automatically meters the fuel supply to the
engine to meet starting, idling, acceleration, maximum speed and
deceleration requirements, at all ambient temperatures. Metered
fuel passes through the hollow rotor shaft from which it is injected
by a rotary atomiser to the combustion zone. For starting, fuel is
supplied via a solenoid valve to a torch igniter.

Details of the fuel system are given in the manual attached to the
first part of this regort, Although this describes the Paloustelfuel

| System, that on the Artouste would be identical except for degai .
changes necessary due to the fitment of the gear box on the fron
face of the engine.

—
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Fuel System (cont'd)

It is understood that the engine would be re
. quired to operate at a
constant bleed flow and the variation of total engine pEWer output

with variation of electrical load from zero to 40 KVA would t €=
fore be relatively small, It is therefore possible with thehgiist—
ing fuel system to say that the variation in engine speed with
varying alternator load would always be within 1%. For very rapid
variation in alternator load, say less than 1/4 second,the transi-
tory speed change would be well within the 5% 1imit quoted.

0il System

The oll system is completely self contained on the engine, the only
external connection being one for a pressure gauge., Twin oil tanks
are 8ituated each side of the air intake passage and supply oil to

the pump/filter unit. A gear type pressure pump supplies oil to the
front bearing, rear bearing, accessory drives and reduction gearbox
and a larger capacity scavenge pump returns the oil to the tanks.

The oil system is fully described in the manual attached to part 1

of this report, but certain modifications are already under discussion
for the M.0.S. air starting trolleys and these would automatically

be incorporated in any engines for AVRO.

Electrical System

The ignition system consists mainly of two ecomponents, an ignition
unit, battery supplied, and a high energy torch igniter.

An electrical starter, driving through a roller clutch is utilized
to start the engine. The system is automatic in that a pressure
switch cuts out the starter motor at a pre-determined speed. Hand
Starting Gear is also provided.

For an installation requiring,k a self contained electrical system a
Generator, a 50 AH, 24 Volt battery and a voltage regulator and
cut-out and the associated wiring and panel can be provided. In
addition to providing power for the self-contained unit the generator
would have enough excess power to provide the 10 amps required for
relay control on the aircraft.

¢ bing the electrical
The section of the manual attached to part 1 descri _
system in the existing trolley application is not yet issued,wbut a
wiring diagram is shown on Fig. 2 of part 2, Section 3,Chapter 3
and from this the details can be inferred.
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Reduction Gearbox

The reduction gearbox is a 1light alloy casting which is secured to
the front of the engine on two extensions to the air intake ducts.
Two taper flange mounting faces are provided: the lower large one

provides the mounting for the alternator and the smaller upper one

a cooling fan. A duct from the fan to the end of the alternator
provides blast cooling.

The gear ratio gives an alternator speed of 12,000 R.,P.M. at the
engine running speed of 33,230 R.P.M.

Air Delivery Valve

The two position air delivery valve 1s situated on the main casing
and is electro-pneumatically operated. To prevent malfunctioning
the two butterfly valves are interconnected and operated by a single
pneumatic ram.

Fuel

P SehdaSt

The following fuels are approved by us for use on the Arouste 510.
Aviation Turbine Fuel JPT (i.e. DERD.2482 or MIL-F-5616).
Wide cut Gasoline. JP¥ (i.e. DERD.2486 or MIL-F-5624A).

Aviation Keroséne -
(High Flash Point). JP5 (i.e. DERD.2488 or MIL-F-5624C).

Aviation Gasoline
(Grades 91/96 & 100/130). DERD.2485 or MIL-F-5572

Diesel 0il., Specification ST 700-1C.

o1l

The following oils are approved by us for use on the Artouste 510,
DED . 248 .
DFDOE47g (i.e. Esso Aviation Turbo 0il No. 35 or Allison

Corporation EMS 35 or Esso Aviation oil EEL 3).

MIL-L-6082B. Grade 1065,
Esso Aviation 0il No. 57.
Aeroshell Turbine 0il No. 9.
Aeroshell Turbine 0il No. 9B.

Mobiloil Motrix 111 (Aero 57).
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Accessories
e O m s

The attached installation drawing of the Artouste 6

details of the type of power and rotation direcggonogtg?gigi %ﬁzes
accessory drive pads normally available. In the case of,the Artouste
510 certain drive pads are blanked, and others are already in use.

From the installation drawing and the schedule of accessories attached,
details of the faces and drive power available for additional access-
ories can be deduced.

Contamination

Since thgre is no physical separation between the combustion air and
the bleed air,certain tests are necessary in order to establish that
the bleed air is free from toxic contamination. These tests are
under way but are not yet complete, however it is corfidently .
expected that they will show that no toxic contamination is present
in the bleed air.

1t is considered possible that certain precautions will have to be.
taken to avoid bleed air being supplied to the aircraft during the
starting operation, but this can be made a normal function of the
starting and control system.

Instruments

The only instruments necessary are an Engine Speed Indicator, an
Exhaust Temperature Indicator, and an 011 Pressure Gauge. Fuel and
Air delivery pressure gauges may also be needed, but are not essen-
tial,

Intakes and Exhausts

The design of the intake and exhaust system depends on the installa
tion and details of the installation are, therefore; required before
the design details for these units can be specified.

Noise

Since the Artouste 510 is practically jdentical to the Palouste 500,

d
1t 1s of interest to note the noise levels achieved in a soun
proofed trolley incorporating this engine. A brochure describing
this trolley which give details of the measured noise levels is

attached to part 1 of this report.
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Refrigeration Unit Inter Cooler Air Flow

It has been suggested that power to provide an air flow through the
air cycle refrigeration unit inter cooler should be allowed for

and this has been done; see paragraph dealing with performance -

Since no details of the flow required are available the method of
aChi§Vin§rtEiz Zig;o:ﬁbg s%ggested,but the provision of an inductor
working 1 ‘hau uct or of a s 1 ; ]
e e e mall fan driven from an auxiliary

A1ternators

The alternator fitted on the Artouste 510 is the Plessey type
EL.1808, this has a nominal continuous output of 43 KVA, and the
present maximum overload output on a 5 minute rating is 50 KVA. The
efficiency of the alternator is at present approximately 67% so that
the horse power required at the specified output of %0 KVA is 80 h.p.
It should be noted that if greater powers are required the alternator
is under development and the gearbox is capable of taking 100 h.p.

The alternator operates at 400 cycles per sec., and has three phases
at 208/120 volts. Full details are being obtained from the Plessey
Co., and will be transmitted to AVRO's direct by them.

As gentioned under Fuel System heretofore the specified speed control
£ I 1% in the steady state can be achieved and 5% control under
transient conditions is also possible.

The controls for the Generator are completely automatic,and over and
under frequency control, and all the other necessary forms of pro-
tection would be provided.

Welghts

The weight of the Artouste 510 complete with alternat?r, but ézclud~
ing Intakes and Exhausts, and Controls etc. is approximately 348 1b.

Overhaul Life

At the maximum continuous rating shown on the performance curves
the present overhaul life is 1,000 hours.

to meet the flow requirements, then thethould
jally below the maximum continuous conditions
and a significant increase in the overhaul life may thigifore be
expected, although quotation of this is not possé?%i ?g more
details are available of the proposed running con ons.

If two engines are used
be operating at.substant
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overhaul Life (Cont'd)

It should be noted under this headin that a

on a Turmo Engine at approximately 4%0 hop. wgiittiz rol‘gv;;egiigg o
increasipg the overhaul 1life to 2,000 hours, and it will be appre =
ciated that the experience gained on this test will to a large
extent be directly applicable to the Artouste 510. Other tests
notably those on the Artouste 510 for airborne applications aré
aimed at increasing the overhaul 1life of this engine, and i% is
confidently anticipated that an overhaul 1life of 2,000 hours at the
lower output ratings will be achieved in the near future.

Delivery

It is understood that the first engines required to meet the AVRO
specificatlicn will not be needed before the fall of 1958, and this
requirement can be met without difficulty. Should earlier deliveries
be required it is estimated that a batch of 10 engines could be
delivered in the Summer of 1958, and that if necessary a prototype
engine could be produced in the Spring of 1958. These dates are
based on the assumption that the order for the engines is received
before November 1lst, 1957. Spares ordered with the engines would

be delivered at the same time as the engines.

Should it be decided to use two Artouste 510 Units with the airflow
coupled, then delivery of the first unit could be made within twelve
months of receipt of the order.
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Notes on the Performance of Artouste 510 for the

Air Conditioning Air Supply for the Avro Camdlx Aprow

The Artouste 510, comprises a %as turbine air compressor engine,

(identical to the Palouste 500) fitted with d n gearb
Plessey Alternator and cooling fan. FARRERCEAEN. BEARRAY,

The performance curve E.T.D. 430/9 shows the horsepower and air bleed
relationship for this engine under conditions of varying ambient temp-
erature at sea level, and for various altitudes under I.S.A., condi-
tions. The figures relate to a constant turbine inlet temperature

for the maximum continuous rating. The constant engine speed of

33,230 ROPOMo corresponds to 12,000 R.P.M. for the 40 KVA = 400 c.p.S.
alternator.

The exist:ng reduction gearbox has a power limitation of 100 horsepower
but the performance curves have only been extended up to a power
sufficient to meet the alternator and cooling fan requirements.

The performance figures given assume an intake and exhaust system
similar to that now incorporated on the Blackburn MK. 11 L.P.A.S.
Ground Starter Trolley. Allowance has been made for the power
absorbed by the D.C., generator and the Fuel and Oil Pump and a
further allowance of H:P. has been made for the possible pro-
vision of an air supply for the refrigeration gear inter-cocler as
requested by AVRO.

1t will be seen that under extremely high ambient temperatures a
single engine cannot meet the existing air flow requirements; approx-
imately 1.6 1bs/sec. being available.

If another alternator, of similar output, but different rciatloral
speed is considered, this would involve a change in the reduction
gear ratio Should this be the case then a different engine speed
may be selected. Additional performance curves are ircludeq,
(E.T.D. 431/9) corresponding to E.T.D. 430/9, but for rotational
speed of 35,000 R.P.M.

In order to show the flexibility of the engine the curve L,Topo ,
422 /9 is included. This shows the performance of the engine without
taking account of the gearbox limitation. It will be seer that for

relatively low shaft powers, maximum air bleed 1& achlev;d at %rout

32,000 R,P.M, The performance over the extended speed range is pre-=
sented for I.S.A. conditions at sea level.
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zgiggh%: iﬁgi%g?;%gn tge coTpressor/%urbine matching is such that

poss i under all conditions with the proposed c G
system, provided that there is no significant G ke
Hive orifice size of the system to whléh the enging 1s delivering
air. Should it be considered necessary to provide against the possi-
pility of a blockage in the aircraft or the refrigeration gear,an
alternative matching could be provided which would make surge 3m;
pOSSible with shaft power and no bleed flow. (=3

The effect of the alternative matching would be to give a small
peduction in avallable pressure for a given flow rate, together with
a slight increase in fuel consumption. The change in performance 1s

of course dependent upon the amount of horsepower required in the
absence of air bleed.

ATIR CONDITIONING AND GROUND POWER UNIT

Revised Requirements

INTRODUCTION

A preliminary investigation shows that the revised AVRO requirements
for conditioning air require an input to the cold air unit of 80 to
85 p.s.i.a. with a minimum flow of 150 1b. per minute and a maximum
which may rise as high as 200 1lb. per minute.

The above air flows when taken in conjunction with the 40 KVA elec-
trical requirement represent a need for about 650 h.p. for the high
ambient temperature case of 130°F, This certainly cannot be me t
with any single engine of the Blackburn turbine range

Consideration has been given to the varlous methods of meeting this
requirement with a pair of engines. Discussion with cold air unit
manufacturers, AVRO and the RCAF is needed at an early stage, but
the present preliminary investigation may serve as a basis for talks
on the best method of meeting the above requirement.

GENERAL CONSIDERATION OF SCHEMES

If a gas turbine engine 18 considered as the power supply to meet
the above requirement it 1is reasonable to assume that weight and
compactness are major considerations. If this is the case then almos?t
certainly the necessary air supply should be produced with a“,aETOdy
namic type of compressor. The relatively low mass flow and high

pressure ratio restricts the investigation to e}ther a two stage

centrifugal design driven by the gas turbine prime mover, or air bleed

g

e
»
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GENERAL CONSIDERATION OF SCHEMES (cont'd)

from the latter "supercharged" throu
gh a centrifugal
driven by the gas turbine engine. These two schgies gg?Ergzzgrcon—

sidered and brilef detalls of their advanta
work involved are given in the next Secgiogfs and the development

Should weight and size be of less importance, a

given brief consideration., This consists of a ngiiguighggﬁpgzg i
Turmo engine driving a positive displacement compressor of the Howden-
Lysholm type. The required pressure ratio of 5.8:1 is high for a
single stage positive displacement compressor, but the manufacturers
of this unlt state that this can be attained, but efficiency is

rather low. The main reason for this scheme being considered is one
of avallability rather than suitability to meet the requirement.

TECHNICAL APPRAISAL OF SCHEMES CONSIDERED

(1) Two Blackburn Artouste 510 Air Bleed Gas Turbine Engines

One of these engines would drive a 40 KVA alternator and the
other a geared up version of the existing high pressure super-
charger. Alr would be bled from both engines thus distributing
the thermal load equally between the two identical engines.

Considering the 13OOF ambient temperature case, approximate
performance figures for continuous operation are as follows:

Bleed FlOW.oossosesssssscsasssssscssosss2sd 1b/SEC,
Pressure Ratio..cececssessscoccscsasssss5821
Air Delivery TeMPErature . ceoeessosossss OF0F
Fuel ConsumptioN...ooececccscossscscsssocssd(O 1b/hr,
The advantages of thils scheme are:
(a) Stage of development and availability of the Artouste 510.

(b) Utilization of existing Plessey alternator and reduction
gear box if required.

(¢) Size and compactness.

(d) Fuel economy.




SECRET

PAGE NO., 11

APPENDIX G (Cont'd)

(1)

(2)

Two Blackburn Artouste 510 Air Bleed Gas Turb

bine Engines (cont'd)

Disadvantages are as follows:

(a)

(c)

The possibility of contamination of t
he air bleed
existing method of taking air from the engineoe with the

Tests are being undertaken to establish
the purity of the
bleed alr on existing engines and in the event of contamin-

atlion being detected some redesign to the air bleed casing
may be necessary.

Although tests are planned, no experience has so far been
gained on two air bleed engines discharging air into a
common manifold. This may lead to control problems, but
the difficulties envisaged are not likely to be serious

Flow marginal at extremely high ambient temperature.

Blackburn Coupled Turmo free turbine engine driving a

two

stage centrifugal compressor.

This scheme would comprise the existing Coupled Turmo 600 engine
with redesigned gearbox suiltable for mounting a 40 KVA alternator

and

the two stage centrifugal compressor.

Approximate performance figures for the 130°F ambient tempera-
ture case at maximum continuous rating are as follows:

Bleed FlOWooossseccsscssssssssesss3s0 1b/SEC,
Pressure Ratlo....coesoosessscsossde82l

Air Delivery Temperature ... ..o« 640°F

Fuel ConsumptloN.cesecossoocsscscsll0 1b/hr.

advantages of this scheme are:

Stage of development and availability of the existing
basic Coupled Turmo 600.

Adequate performance for the high ambient temperature case.
Uncontaminated alr supply.
Relatively light and compact.

Reasonable fuel econony.
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(2) Blackburn Coupled Turmo free turbine engine driving a

two stage centrifugal compressor (conttd)

Providing weight and size are not prohibitive this scheme has
no direct technical disadvantage except that a fair amount of
design work is involved, barticularly with respect to the two
stage centrifugal compressor., Cost may be deciding factor.

(3) Blackburn Coupled Turmo, driving a Howden-Lysholm positive
compressor.

As with scheme (2) the existing Coupled Turmo 600 would be used

with redesigned gearbox suitable for mounting a 40 KVA alter-
nator and the Howden-Lysholm compressor. :

Approximate performance figures at 13OOF for maximum continuous
rating are as follows:

Bleed FloWeeoeeossoooanescsacsconsss2.25 1b/s€C,
Pressure Ra 6ol ittt et ol e alel el 5% O el

Air Delivery Temperatureooocoooauoo.YEOOF

Fuel Consumpitlon ieticrtrorior ot criatatets s GOONL b /hirs

The main advantage of this scheme 1s that the two major items,

the prime mover and the compressor have both reached a reason-

able stage of development. A further advantage is that as with
scheme (2) there would be no contamination problems.

The disadvantages of this scheme are:

(a) Size and weight.

: ice is inadequate. It should be mentloned however,

& Sgggogﬁigiz developmgnt on the @owden=Lysholm compressor

may enable the flow rate to be increased. Sincedthi »

efficiency of this compressor 1s somewhap low an ts ngg

is not 1ikely to increase with increasing flow ra e’ailé

maximum flow is likely to be limited by the poweriav thé

able from the Coupled Turmo. Based on the fozego ng

development potential does not seem very great.
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(¢c) Low overall efficiency compared with scheme (1) and (2)

(d) High air delivery temperature.

EFFECT OF AMBIENT TEMPERATURE VARIATION OF THE THREE SCHEMES

generally speaking, the effect of ambient tem
scheme (1) and (2§ will be much the same as tggfc‘a;gginvi:i;:xn(gr)l
of this report for the Palouste 500. With reducing ambient tempera-
ture the flow rate, pressure ratiojand fuel consumption will increase
in accurate assessment cannot be made without a knowledge of the dis-
charge system and the individual component characteristics.

For the positive displacement compressor, running at constant speed,
the flow rate will vary inversely as the absolute ambient temperature.
The effect on pressure ratio will be dependent upon the method of
control of the discharge.

SUMMARY OF SCHEME (1), (2) AND (3)

A table is appended which summarises the relevant information for
the above schemes.

CONCLUSIONS

This preliminary investigation is not intended to confine selection
of a suitable scheme to the three outlined above. Other schemes are
being considered and further details are necessary from the user and
air unit manufacturer before a detailed investigation can be under-
taken and the most suitable method decided upon.

If the performance of the three methods reviewed is considered
adequate, sScheme (1) undoubtedly seems the one which requires least
development, is the most compact and economical.
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BLEED [ DELIVERY)  FUEL APPRCXIMATE DIMENSIONS
SCHEME FLOW TEMP, FLOW ENGINE

(LB/SEC. ) (F) (LB/HR. ) R.P.M. WEIGHT (LB) | LENGTH thTH‘ HEIGHT

-

(7ddf

D XIa!

Two Artouste 510

and
Supercharger

34,000/
33,230

(P 13u0))

Coupled Turmo 600
and
2 Stage Centrif,

Coupled Turmo 600
and
Howden-Lysholm

T °ON dDvd







