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~ 1. ABSTRACT 

> A 

1,1 Introduction 

1,1,1 Authority for Work 

In accordance with R.c.A.F. Specification AIR 7-4 
Issue 3, "Supersonic All -Weathe r Interceptor Air­
craft Type CF-105", special ground handling eq ui p­
ment which is peculi ar to the a i r craft, shall, 
subject t o t he approva l of t he Department of 
Nat ional Defence, be developed by AVRO Aircraft 
Ltd. and delivered as specified by the Department. 

As a part of thi s work, t he Company i s sued early 
in 1955 a preliminary report , LOG/105/8 "CF-105 
General Requirement s for Mobile Ground Power Equi p­
ment". That report outlined the basic r equirements 
for engine starting , electrical power, ho t a ir, cool 
air , and inter - communication between cockpit oc cu­
pants and ground equipment operators. The report 
was circulated to a number of firms speciali zing 
or interested in the design and manufact ure of such 
equi pmen t and the vendor s were asked t o submit 
des i gn proposals for equipment to mee t our require­
ments. An analys is and appraisal of the submitted 
proposals was presented i n AVRO report LOG/105/24 
entitled "CF-105 Evaluation Study of Proposed 
Mobi le Ground Power Equipment ", which was i ssued 
in February 1956, As a res ul t , the R. C.A.F. 
approved the placement of orders by AVRO with the 
Consoli dated Diesel Electric Corporati on of Canada 
for two interim "starting vehicles" and two interim 
"power/air conditioning vehicles"for the suppor t 
of Arrow 1 aircraft stationed at Malton . It was 
agreed that the development of mobile ground power 
equipment for the s upport of Arrow 2 aircraft would 
be deferred until the services required from thi s 
equipment were more firmly established . 

The present report represent s the next step in the 
development of equipment for supporting Arrow 2 
aircraft at Malton and other bases . It is intended 
that evaluation of this equipment under service 
conditions shall form the basis upon which squadron 
equipment wi ll be procured by the R.C.A.F. 
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1.1.2 

I A 

Nature of Equi pment 

Arrow 2 incorporates the Astra 1 electronic 
system which r equires consider abl e more elec-
trical power and approximately 50% more cooling 
air than the originally specified MX-1179 elec­
tronic systems. In addition, the e lectrical power 
for Astra l is derived from the a i rcraft elec trica l 
system, whereas the MX- 1179 system had its own 
generators in the aircraft dr iven by an air turbine. 
Consequently the elec trica l power and cooling 
capaci t y required from the ground s ource has 
increased and hot medium pre ssure air f rom that 
ground source for driving a turbo- gener ator i n the 
a ircraft is now no l onger needed. 

Arrow 2 is powered by Orenda 11 I roquois 11 engi nes 
i nstead of the Prat t and Whi tney J - 75 engine s used 
in Arrow 1. However, in Avro r eport LOG/105/24, 
page 43, evidence was presented that indicated 
that this would not necess itate a change i n t he 
requirements of the hot medi um pres s ure air fo r 
starting the engines from a ground source . Thi s 
has since been proven to be the case and de tails 
of t ests conduc ted by Orenda Engine s Ltd. are 
included in the fol l owing t ext. 

Subsequent t o approving the pl acement of the 
orders for Arrow 1 equipment, the R. C.A.F. made 
known t o the- Company the design concept upon whi ch 
further deve lopment of thi s e qui pment mus t be 
based. De tails of this may be fo und i n t he minutes 
of t he 21s t meeting of the Arrow Maintenance Sub­
commi ttee . 

Summarizing , the mobi l e gr ound power equi pment 
which is the subjec t of thi s report consists of 
two units: 

Unit No. 1 shall be capable of s upp l y i ng the 
following services t o one Arrow 2 aircraft : 

(a) 

(b) 

Hot medium pres s ure a i r f or star t i ng the 
11 Iroquois" engi nes in the a ircraft in 
sequence. 

Electrica l power t o energi ze certai n of the 
a ircraft circuits and the engine e l e c trica l 
circuits. 
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1.1.2 Nature of Equipme nt (Continued ) 

{c) Telephonic inter-communicat ion between 
aircrew and ground cr ew. 

This unit shal l consist of a self-contained pack­
age capable of being fitted on to a standard half 
ton truck, and embodying mouting pads for castor­
ing wheel assemblies for the purpose of conversion 
to a trai ler. The package may be used in any of 
the following configurat ionsg 

Stationary {package onl y) 
Trai l er {Castors fit ted to base pl ate) 
Self- propelled {mounted on a half ton truck) 

Unit No. 2 shall be capable of s upplying the 
fol l owing services to one Arrow 2 a ircraft; 

(a) Electrical power to energize the a ircraft 
electrical and electronlc systems. 

(b) Cool low press ure a ir to ven t ila te and cool 
the aircraft cockpit , armament bay and e lec­
trical and elec t ronic equipment compar tments. 

(c) Telephonic i nter- communication between a i r -
crew and ground crew. 

This unit may consist of a self- prope lled vehicle, 
the propulsive power unit of which may be used t o 
supply any or all of the above services when the 
vehicle is stationary. Packaglng of components 
for purposes of mai ntenance shall be a des ign 
objective. 

1.1.3 Scope of Report 

The Company 1 s previous report on the subjec t, 
LOG/105/24, evaluated the mer i ts of widely diff­
erent types of equipment t o supply the req uired 
services for engi ne starti ng, electrical power 
and cooling air. 

In view of the important changes in the services 
required from the ground equipme nt supp l ying power 
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1 .1.3 Scope of Report (Conti nued) 

and cooling air, all the conc lusions arrived a t 
in that report do not necessar i ly apply any 
longer. 

The purpose of this report is theref ore , to 
present the R.C.A . F. with the r e sul ts of a fur ther 
study ai med at determining the best equipment to 
meet the Arrow 2 requirements f or e l e c trica l power 
and c old air . In carrying out this work, AVR0 has 
received valuable assistance from the f ol lowi ng 
Companiesi 

John Ingli s Company Ltd. 
Godfrey Engi neering Company Ltd . of Canada 
The Hussman Refrig r a t ion Company 
C.G. Hokanson Company Inc. 
The Garrett Corpor ation 
Blackburn and Genera l Aircraft Ltd. 
Stratos Division of Fairchi l d Engine and 

Airpl ane Corp. 

1. 2 Discussion and Summary 

From the investi gations carri ed out during t he design 
of Arrow 1 mobile ground power units and from he present 
studies, it is concluded that a gas turbi ne compressor i s 
the most sati sfac tory type of unit for supplying hot, 
medium- pre s s ure air f or s t ar t i ng t he engines in the 
Arrow 2. Such units are small, l i ght, use the s ame type 
of fuel as the aircraft , and are well s ui t ed t o t hi s duty 
cycle since they can be started qu ck l y and loaded f ully 
without delay under a l l conditions of weather. Severa l 
gas turbine compressors that are now i n production are 
capable of meeting our requi rement s for engi ne s tar t ing 
and should have a s a tisfac tory overhaul l fe . These in­
clude the f ollowing engi nes i 

AiResearch GTC 85- 20 
Blackburn Palouste 500 
Blackbur n Ar touste 510 
Solar Jupiter Mk . l 
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1.2 Discus sion and Summary (Continued) 

In the mobile power/air conditi oning unit, it would be . 
desirable to use identical gas turbine engines to supply 
shaft power for dri ving electrica l generators and to 
supply bleed a ir to an air cycle refrigeration system and 
thereby provide the necessary power and cooling air to 
the aircraft. However, it has been shown that no single 
gas turbine compressor now in production is capable of 
supplying all of the shaf t power and bleed air that is 
r equired. The unit must,therefore, be designed around 
two or more engines. Moreover , it i s shown that with 
the bleed air pressure available from existing gas turbine 
compressors, an air cycle refriger ation system gi ves 
margina l performance under the humi d environmental condi ­
tions specified. Since a ll of the entra ined moisture can­
not be removed from the air, some free moi stur e wil l 
likely be delivered to the a r craft on humid days, unless 
t he delivery air t emper ature is r aised above the 55°F 
t emperature s pecified. 

It was concluded therefore , that the requirements for the· 
power/air condi t ioning unit coul d nl y be met fu lly by 
us ing freon refrigeration. Si nce t me wou l d not per mit 
the development of small, light f reon equipm~nt, the 
major i t ems in the sys tem would have t o be commerc i a l 
units that are now in prod uction. These fac tors result 
in a gasoline powered package that i s 14 8 l ong, 8 1 wi de, 
4 8 -7 11 high, and wei ghs about 9000 b. without f' ue l. 
This is consider ably l arger and heavier than compar ab le 
air c~cle equipment and is, i n fact, t oo heavy to be used 
as a 'package" with castors. For t his reason a specia lly 
designed trailer is r e commended so that the power and air 
condi tioning equipment can be arranged t o gi ve a minimum 
overa ll height. 

Since the R.C.A.F. may consider tha t some relaxa~ion i n 
the performance requirements i s acceptable i n order to 
keep the size and weight of the unit t o a minimum (or 
for other reasons), various schemes have been eval uated 
and the assessment is shown i n Table A. 

For this evaluation a "Figure of Merit " has been devised 
in order to access t he advantages and disavantages of 
ea ch scheme. This "Figure of Meri t " has been ob tai ned 
in the manner out lined belowi 



TABLii A APP!!AISAL OF F'i:A:,J;hl,;, SCHJ:;J£_;, 

Size ,. stimated ... stimated Figure of r.'.erit 
No . System i1eight Cost 

!Length ,ictth neight (lb) Pro totype) Perfor- Logistics •iobili ty ~ost \vuilab- Total Remarks 
mance (25 ( 25) ( 20) 20) Uity (10 ( l CO) 

1 Fre on s y stem; 11 Packette 11 14 I 8 ' 4' -711 9000 .;55 , 000 . 00 23 20 ,10 18 10 81 
engines . 

Ai r Czcle Refrigeration 
Systems 

Insufficient 
2 1 AiResea r ch GTC 85- 20 & 10 ' 4 1-611 5 I 2500 ,;65 , 000 .00 5 20 18 13 10 66 Powe r . 1 GTCP 85- 20 ; "Bootstr ap" 

system . 

2 Ai Research GTC 85 - 20 & 
3 1 GTC P 85 - 20 ; "Bootstrap 11 12 1 - 2 11 7 1_ 911 4 '-3" 3100 ;90, 000 . 00 18 12 15 8 10 64 3 engi nes 

system . . used . 

2 AiResearch GTCP 100- 50 ; 
4 Simple or 11 bootstrap 11 9' 7 '-911 4 '-311 3200 ~110, 000 . 00 25 15 ~o 4 0 64 :ngines not 

system . Available 

5 2 Sol ar Jupite r i·1k . l i s; 
12 ' 7 1_9 11 4 1 - 311 4900 ~110 , uou .oo 25 15 15 ! 4 7 66 

Control prob-
11 Ilootstrap 11 system . I I 

lems not known 
wit.h bl eed air 
outputs par -
alle l ed . 

6 2 ~olar Jupiter 1•,k . 2 1s; 
'' 8ootstrap 11 system . 12 1 7 1- 911 4 1 - Y' 4900 ;110, 000 .co 25 15 15 4 5 64 ir.gine Control 

not devel oped . 

1 So l ar Jupite r l'.k . 2 ..:.nr,i ne cont rol 
7 

(uprated) 
11 ' 7 '-9" 4 1_311 4150 ,95 , ouo .oo 16 10 16 7 5 54 not developed ; 

1 G'J'CP 1'5- 20 ; Simple or lr.sufi icient 
"Lloot strap11 5.), ::;ti.:n . . bleed c ir . 

2 Bl ackburn Pi:i.lous te 

8 
500 1 s ; 

12 1 - 2 11 7 '-911 4 1- 3" 3250 ,,,95 , 000 . c'O 25 10 15 7 7 64 3 .:.ngines 
1 GTCP 85 - 20 ; "Dootstrap 1' L, sed . 
sy s t em . 

9 2 Blackburn Art ous te 
9 ' 7 1_911 

510 1 s ; 11 bootstrap 11 sys t em 4 ' - ')1' 2800 ,,75 , 000 . 00 18 15 2G 11 69 Control pr ob-
5 ler~1s not knowr 

,: i th :Jle ed air 
outputs par -
allel ed . 

I 
I 
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1.2 Disc us sion and Summary (Continued) 

(a} Performance & Growth Potenti a l - 25 Pcints. 

This factor represents the ability of the sys tem to 
meet the performance requirements for electrica l 
power, delivery air f low, delivery air temper ature, 
and delivery air moisture cont ent. It a lso includes 
5 points for the capability of the system t o be 
star t ed quickly and easily , and to be loaded wi thout 
de l ay under a ll environment a l conditions. 

(b) Logistics and Mai ntainabi l i ty - 25 points 

This factor i s an appr aisa l of the servi ceabili ty 
and durability which can be expec ted f r an each system . 
It ref~ects our opinion concerning the fol lowing 

... 

itemsg 

(1) The number, variety , and cost of spare items of 
equipment t o s uppor t operations. The sui tability of 
the engi ne for use a s an engine starter is also 
cons i dered . 

(2 ) Ove rhaul life of major components . 

(3) Mai ntenance t i me and maintenance skills requi red. 
It is expected tha t gas tur bi ne engines will require 
less attent ion i n the f ield t han pis t on engines. 
Moreover, for the lightweight pis t on engi nes that are 
consi dered , i t is expec t ed tha t t he mai nte nance skill 
level required will be as high a s that needed for gas 
t urbine engines. 

(4) Fie l d experience wi th simi lar equi pment. 

Where similar items o~ equipment are being used 
wi dely at the present time, repl a ceme nt items and 
overhaul facilit ie s should be r eadily available, 
thereby simplifying the logistic problems. 

(c) Mobili ty ~ 20 points 

This factor, based on the size and weigh t of the 
power a ir conditioning unit, is a measure of the 
effort that will be expended i n moving the unit 
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1.2 Discus sion and Summary (Conti nued) 

( c) Mobi l i ty - 20 points (Cont i nued) 

from one p l a ce to anot her - par t icula r l y from one 
base t o anot her by a i r . 

(d) Cos t - 20 point s 

Thi s fi gur e r epresents our opi nion of the re l a t i ve 
overa l l cos t of us ing ea ch sy stem. In the case of 
gas tur bine e ngi nes and air cycle refriger a tion pack­
ages, the f i gure is based s olely on i ni t i a l cos t , 
since i t is expe c ted that a ll uni ts woul d have comp ­
arab l e overhaul live s so t ha t opera t ing and overha ul 
cos ts woul d be pr oportiona l t o i ni t i a l cost . The 
freon sy s t em is rated highe r be cause of i t s lower 
i ni tia l cos t , much hi gher efficiency (re sul t ing i n 
lower fuel cons ump tion) , l ower engi ne overha ul cos t , 
and longer overhaul l ife on i tems excludi ng the 
engi nes, 

{e) Availabi lity - 10 poi nts 

This f a c t or repre s ents our opinion concerning t he 
pos sibility of obta ini ng proven equipment f or t he 
sys t em i n t i me f or t he Arrow 2 development programme. 
Thus, engi ne s that a r e s t ill i n t he design or de velop­
ment s t age s ar e considered a poor risk , 

Tot a l= 100 points. 

Pr ogramming 

Under t he cur ren t lis t of gr ound support equipment 
contai ned in AVRO repor t 70/ GEQ/l , i s s ue 1 , t he 
Company is authorized to proc ure one Arrow 2 engine 
s tar t i ng uni t and one Arrow 2 power/air conditioning 
uni t . Thi s i s i nadequate f or t he support of deve l op­
ment a ircraf t beyond a i rc raf t #8 and delivery l ead 
t i me s a r e s uch that AVRQ i s ini t i a l purchase orde r 
must ca t e r f or an adequa t e quantity of t his equipmen t 
so a s not t o embarra s s the development pr ogr amme 
p l anned by t he R,C ,A ,F . The quanti ty of G,S . E. 
neces sary to s upport the 37 aircraft development 
progr amF will be ca l l ed out i n issue 2 of AVRO 
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1.2 Discussion and Summary (Conti nued) 

Programming (Continued) 

report 70/GEQ/l. Early R. C. A.F. agreement on the inltial 
quantity of this equipment t o be purcha sed by AVRO is 
therefore necessary. 

1.3 Recommendations 

Engine Starting Unit 

It is recommended that the Arrow 2 engi ne starting uni t 
use the AiResearch GTC 85-20 gas turbine compressor, 
provided that the engine s tarting t i mes under extreme 
env1ronrnental conditions are considered acceptable by 
the R.C.A.F. The Arrow 2 11 Scramblen time as defined in 
AIR 7 - 4, Issue 3, para. 3.4.1, is calcu'lated to be 1 
minute and 4 seconds at 3500v with 120°F ambient tempera­
ture using this unit. If this t i me is not a ccep table to 
the R.C.A.F., the Blackburn Palouste 500 engine is recom­
mended, which would r educe the above time t o approx. 44 
seconds. 

It is recommended that the e ngi ne starting unit be 
designed as a self-contained package inc orporating the 
following featuresg 

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

(b) Two 3- 1/2" diameter flexib l e hoses 45 a long termina t ­
ing in automatic quick-disconnect couplings . 

(c) An electrica l cable 50° l ong to s upply the fol lowing 
services to the a ircraftg 

(1) 50 amperes at 27 ,5v D.C. 

(2) 500 V.A. at 115V, 400 cps , 1- phase A.C. 

(3) Intercommunication s i gna l s betwe.en cockpi t 
occupants and ground crew. 

(4) 27.5v D.C. signal s to permit the air flow valves 
on the starting unit to be controlled fran within 
the aircraft . 
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1 . 3 Rec ommendations (Continued) 

Engi ne Start i ng Unit ( Cont inued ) 

Power for t hese services is to be obtained from the gas 
t ur bine F.:ngine. 

(d) Batteries for sta r ging the ga s turbine compressor. 

(e) St orage for a ir hoses and electrica l cables. 

Mobile Power/Air Cond itioning Unit 

I t is recommended that the Arrow 2 mobile power/air 
conditioni ng unit be a t r a iler powered by two Continen­
t a l 11 Packe t te " gasoline engines - one dri ving a 60 K. V. A. 
400 cps, 3-phase AoC, gener ator and a 28V D.C. generator; 
t he ot her driving air blowers and a freon refrigeration 
compressor. 

I t i s recommended t hat the mobile power/air conditioning 
uni t i ncor porate the f ollowi ng feat uresi 

( a ) 

(b) 

( C) 

(d) 

( e) 

(f) 

(g) 

Tandem Miehle-Dexter 5516 a ir blowers, or equivalent . 

Self-mobi l ity at approximate l y 1 mph on level gr ound 
for a di s t ance of 100 1 on battery power, or f or an 
indefinite distance provided that the engi ne which 
drives t he generators is running. 

A height not in excess of 5 ft. 6 inches . 

Two 3- 1/2 " diameter a i r delivery hoses 45 1 long and 
t erminat ing in a utoma tic , quick- disconnect couplings. 

An elec trica l cable 50 1 long to supply 400 cps, 3~ 
phase A, C. power t o the aircraft. 

Prot ective circ uits to prevent elec trica l power from 
being s upplied to t he aircraft i f the de live ry air 
t emperature exceeds 55°F or if the deli very air 
pressur e is be low 6 . 3 psig at the out le t of the 
a ir condi t ioning uni t . 

A convenient, centr al panel for all controls and 
instruments. 

-, .. -.. --------------------------------------, 
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1.3 Recommendations {Continued) 

Mobile Power/Air Condit ioning Unit (Continued) 

{h) Convenient storage for air hoses and elec trical 
cables. 

(i) Light alloy construction wherever possi ble in order 
to keep the weight t o a minimum. 

(j) Cooling air flow ve locities up t o 1500 ft/ minute 
i n order to keep a ll heat exchangers as small a s 
poss i ble . 

(k) Provision f or intercommunca ti on between the cockpit 
occupants and the gro und crew. 

Proc urement Authori zation 

It i s recommended that AVRO be authorized t o procure an 
adequate quantity of Arrow 2 engi ne starti ng uni ts and 
mobile power/air condi tioning units so a s not t o embarrass 
the Arrow deve lopment programme planned by the R.C,A,F . 
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~ 2. INTRODUCTION 

2. 1 Author ity f or Work 

In accordance with R.C.A.F Specifi cation AIR 7-4 Issue 
3, "sur.ersonic All-Weather Int erceptor Air cr aft Type 
CF- 1O5 1

, special ground handling equipment whi ch is 
pec ulia r to the a ircraft, shal l , subject to the approva l 
of t he Department of Nationa l Defence , be developed by 
AVRO Ai rcraft Ltd. and de livered a s specified by the 
Depar tment. 

As a part of this work , the Company issued early i n 1955 
a preliminary report, LOG/ 1O5/8 11 CF- l-05 Genera l Requi re ­
ments for Mobile Ground Power Equi pment 11

• That report 
outlined the bas ic requirements for engi ne starti ng, 
e lectrica l power, hot air, cool air , and inter-communica ­
tion between cockpit occupants and ground equi pment opera­
tors. The report was circul ated t o a number of firms 
spe cializing or inter es ted i n the desi gn and manufacture 
of such equi pment and the vendors were a sked t o s ubmit 
design proposa l s for equipment to mee t our requi rements. 
An anal ysis and appr a i s a l of the submi tted proposals was 
presented in AVRO report LOG/ 1O5/24 enti tled "CF-105 
Eval uat i on Study of Proposed Mobil e Ground Power Equi p­
ment", which was issued in February 1956. As a resul t, 
the R. C.A.F. approved the placement of orders by AVRO with 
t he Consolidated Diesel Electric Corporat i on of Canada 
for two i nterim "starting vehicles" and two i nter i m 11 power / 
air condi tioning vehicles 11 for the support of Arrow 1 
a ircraft stationed at Ma l t on . I t was agreed tha t the 
development of mobile ground power equipmen t for the 
support of Arrow 2 aircraf t would be d·efe r red unt i l the 
servi ces required fran this equi pment were mor e f i rm l y 
established. 

The present report represents the next step in the 
development of equipment f or s upporting Arrow 2 air­
craft at Ma l ton and other base s. It i s i ntended that 
evaluat i on of this e qui pment under service condi t ions 
s hall form the basis upon which s quadron equi pment will 
be procured by the R. C. A.F. 

------------------------------------------.'',,/ ... 
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2.2 Nature of Equipment 

Arrow 2 incorporates the Astra 1 electronic system which 
requires considerably more electrical power and approx-· 
imately 50% more cooling air than the original:Jgspecified 
MX-1179 e lectronic 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 a ir turbine. Consequently 
the electrical power and cooling capacity required from 
the ground source has increased and hot medium press ure 
air from that ground source for dri ving a turbo- generator 
in the aircraft 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 i ndicated that this would not necessitate 
a change in the requirements of the hot medium pre s s ure 
air for starting the engi nes from a ground source. This 
has s ince been proven t o be the ca se and details of tests 
conducted by Orenda Engi nes Ltd. are included in the 
following text. 

Subseq uent to approving th pl a cement of the orders f or 
ArrCM l equipment, the R.C.A. F . made known to the Company 
the design concept upon which f urther development of this 
equipment must be based. Details of thi s may be found in 
the minutes of the 21st mee t i ng of t he Arrow Maint enance 
Sub-Committee. 

Swnmarizing, the mobile ground power equi pment which is 
the subject of this report consists of two uni tsi 

Unit No. 1 shall be capable of supp l y i ng the following 
services to one Arrow 2 a ircrafti 

(a) Hot medi um pressure a i r for starting the "Iroquois " 
engines in the aircraft in sequence. 

(b) Electrical power to energize certain of the aircraft 
circuits and the engine e lectrical cir cui t s . 

(c) Telephonic intercommunication between aircrew and 
ground crew. 

----------------------------------------J I A 
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2.2 Nature of Equipment (Continued) 

This unit shall consist of a self- cont ained package 
capable of being fitted on to a standard half- ton truck, 
and embodying mounting pads f or cas t oring wheel assemblies 
for the purpose of conversion t o a t r ai ler . The package 
may be used in any of the fo llowing confi gurations g 

Stationary (package only) 
Trailer (Castors fitted to base p l ate ) 
Self- prope l led (mounted on a ha l f -ton t r uck ) 

Unit No. 2 shal l be capabl e of supplying the f ol l owi ng 
services to one Arrow 2 aircraft. 

(a) Elec tri cal power t o energize the aircr aft elec t rica l 
and e lectronic systems. 

(b) Coo l, low pressure ai r t o venti l ate and cool the 
aircraft cockpit , armament bay and elec t rica l and 
e lec tronic equi pment compar tments , 

(c ) Telephonic i nter-communication between a i rcrew and 
ground c r ew. 

This uni t may consis t of a se l f-propel l ed vehic l e, t he 
pr opul sive power uni t of which may be used t o supp l y any 
or al l of the above s ervi ce s when t he vehi c le i s s t ation­
ary . Packagi ng of components fo r pur poses of maintenance 
shal l be a de s i gn ob jec t ive . 

2.3 Scope of Report 

The Company 1 s previous r epor t on t he s ubj ec~ LOG/ 105/ 24 , 
eva l uated t he merits of wi de l y different t ype s of equip­
ment to suppl y the required service s f or engi ne s tar ting , 
e l ectri cal power and cooli ng ai r . 

In view of the i mpor tant change s i n the servi ces required 
from the ground equipment s uppl y i ng power and cooling air, 
all the conc lus ions arrived at i n that r eport do not 
necessarily apply any l onger , 

The purpose of this report i s the r e f ore, t o pr e sent the 
R.C.A.F. wi th t he resul t s of a f ur ther study a i med a t 
determi ni ng the best equi pment to mee t t he Arrow 2 

_______________________________________ __,,'J 

II A 
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2.3 6c ope of Report (Cont i nued) 

requirements for electrica l power and col d a ir . In 
carrying out this work , AVRO has received valuable 
as sistance from the fol lowing Compani esg 

John Inglis Company Ltd. 
Godfrey Engineering Company Ltd. of Canada 
The Hussman Refrigeration Company 
C. G. Hokanson Company Inc . 
The Garret t Cor poration 
Blackbur n and General Aircra ft Ltd. 
Stratos Di vis ion of Fairchild Engine and Airpl ane 

Cor p. 

The report f irs t e stablishes the design requirements for 
the mobile ground power uni t s in Chapter 3 . This is 
f ollowed in Chapter 4 by a preliminary design investiga tion 
of two basically different refrigerati on systems for the 
cooling air . In Chapter 5 some practical solutions based 
on the se different me thods of approa ch are discussed. The 
selection of equipment for engine starting i s outlined in 
Chapter 6 and i n Chapter 7 we have at tempt ed t o s ummar i ze 
our findings in a comprehens ive manner by f oc ussing 
a t t ention on the major adYantages of defi,ci enc1es . 
Chapter 8 contai ns the Company ' s recommenda tions regarding 
the nex t steps to be t aken i n the development of adequate 
mobile ground power equipment for Arrow 2 a ircraf t. 
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3. DESIGN REQUIREMENTS 

3.1 Aircraft Requirements 

3.1,1 Electrical Power 

The Arrow 2 has two completely independent and 
self-contained electrical systems, one being 
powered from ea ch aircraft engine. Each system 
obtains i ts power from a 40 K.V.A., 200/115V, 
3 phase, 400 c .p.s. gene rator which is driven by 
its aircraft engine through a cons tant-speed drive 
uni t. Under conditions of steady l oad and engine 
speed the frequency is controlled t o 400 cps 
± 1%, and during load transients or vari ation of 
engine speed the frequency deviation does not 
exceed± 5%. The transient recovers to 63% of i ts 
initial value within 0.5 secbnds. The vol tage is 
maintained within! ~.5% from zero t o full load by 
regulators of the magne t ic amplifier type , The 
response is such that the voltage recovers to with­
in t1,5% of its preset va l ue withi n 0 , 2 seconds 
after ful l load is applied or removed. 

Direct current at 27.5v is obtained from two 4 .5 
K.W. t r ansformer- r ec t i fie r units, ea ch energi zed 
from one of the main A,C , systems. The D.C. out­
puts are paralleled to feed a s ingle D. C. system. 
The transformer- rec t ifiers , voltage regulators 
and gener ator contro l panels are packaged as 
complete units and rely on air from the air condi tion­
ing system for cooling whenever the A. C, or D.C. 
systems are energized. 

For ground operation, both mai n A.G. systems can 
be paralleled and supplied wi th power from an 
external source thr ough a receptacle under the 
f uselage behind the armament pack. There is no 
provision for energizi ng the mai n D,C , systems 
directl y from an external D,C, s ource , although 
the emergency and batte ry busses can be energized 
through a receptac le on the nose undercarriage leg 
to permit such functions as canopy a c tuation , 
intercommunication, and engine s tarti ng. Thus, for 
most maintenance functions the D.C. systems must be 
powered from the transformer-rec t i f iers in the air 
craft which, in turn, a re energized from an ext ernal 
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3. 1.1 Elec trica l Power (Continued ) 

A. C. source. The loads f or ground operation of 
the Arrow 2 have been ana lysed and presented in 
Avro report LOG/105/5, I ss ue 4, "CF~l05 MK. 2, 
Estimate of Elec t rica l Power t o be Suppl ied by 
Ground Power Units" . That repor t i ndicates t hat 
the load will probab l y not exceed 31.4 K.V.A. , 
but r ecommends that the ground support equipment 
incorporate a 40 K.V.A. generator t o a llow for 
possible increases i n load a s the aircraf t is 
developed. I t is recommended that t he character­
i stics of the power mee t the requirements of Avro­
can Specif ication E- 500, a lthough the generator 
need not be the s ame as the ones used in the a ir­
craft. 

3,1.2 Cooling Air 

The Arrow 2 a ir conditioning system uses ai r which 
is bled from the compre s sors of the Iroquois engines 
when they are running, This air is cooled by pas s-. 
i ng it through an a ir- t o-air heat exchanger, a wa ter 
evaporator and an expansion turbine. The cold air 
thus ob tained is then mixed wi th hot air t o ob t ain 
t he desired temperature. It is then used t o condi­
t i on the cockpi ts and t o cool the electrica l and 
elec t r onic equi pment throughout the aircraft. 

For gr ound operation, a ir at the desired tempera ture 
can be injected int o the system through two 3-1/2 11 

d i ameter automatic qui ck-disconne c t couplings 
which are mounted under the f uselage just ahead of 
the armament pa ck . From these couplings 3-1/2 " 
di ame ter duct s lead t o the main 6n dis tribution 
duc t downstre am from the cooling turbine. Al though 
a pres s ure of only 1 ps i g is required in the main 
duc t t o ens ure adequate dis tribution of the a i r to 
al l equi pment, a pressure of 4.5 psig is required 
at the a i rcraft couplings to ca ter f or the pressure 
drop i n the couplings and sma l l ducts . 

The t otal flow of air required is 150 lb/minute 
(minimum) and t his is divided into two sub-systems 
i n the aircraft as shown in Fig. 1 . 28 lb/minute 
goes t o the cockpits and from there to the arma ment 
bay where i t i s exhausted around the missiles . The 
remaining 122 lb/minute passes through an oil- to­
air heat exchanger t o cool the hydraulic f l uid from 
the antenna drive system and the liquid from the 
magnetron cooling system . It is then ducted to the 

----------------------------------------'✓ '" .. 
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3.1.2 Cooling Air (Continued) 

electrical and electronic equipment throughout 
the aircraft. R,C, A. engineers have re commended· 
that the temperature of t he air entering th~ir 
electronic equipment should not exceed 70°F . 
Therefore , since t his air is heated approximately 
15°F in the oil-to- air exchanger, it is necessary 
t o supply the a ir t o the aircraft at not higher 
than 55°F. Also, s i nce the heat load from the oil­
t o-a ir heat exchanger will not nece s s arily be 
present whenever cool i ng a ir is supplied t o the 
aircraft , the ground air conditioni ng system mus t 
be capable of s upp l ying this 55°F air with no 
free moisture. 

It is recommended that two 3-1/2 11 diameter hoses, 
45 1 long, be used t o duct the a ir from the ground 
power vehicle to the aircraft, since l arger si ze 
hoses are cumbersome t o handle and more diffic ult 
to store. It is estima ted that these will i ncur 
a pressure drop of 1 .8 ps i , Also, a t emperature 
rise of 50F i n hot weather and a temperature drop 
of 10°F in cold weather may be expected , due to 
heat conduction l osses through the wa l l s of the 
delivery air hoses. Thus the mobile power/ air 
condi tioning unit must be capable of s upp l ying a 
minimum of 150 lb/minute of air at 50°F and a 
pressure of 6.3 psig. The mois ture content of 
this a ir must be such that a dewpoint of 55°F is 
not exceeded . 

3.1.3 Engine Starting 

The Arrow 2 is fi t ted wi th two Ore nda "Iroquoi~ " 
engines which are s tarted by air turbine systems. 
These s tar ters have been se lected because of 
their reliability and low installed weight, but 
requlre a supp l y of hot, medium pressur e air from 
a gro und s ource as detailed belowi 

- ----------------------------------------•./ 18 A 
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3,1.3 Engi ne Star t i ng (Conti nued) 

Ambient Press ure 
Ambient Temperature 
Delivery air pressure 

{minimum) 
Delivery air t empera ­
ture 
Delivery air flow 

(per engi ne) 

Normal Ca se 

14 .7 psi a 
60°F 

50 psia 

325 t o 500°F 

112 lb/ minute 

PAGE NO. 18 

Maximum Case 

14 .7 psia 
- 65°F 

60 psia 

225 t o 500°F 

148 l b/ mi nute 

In the norma l ca se defined above , the 11 I roquois" will 
be ac ce lerated t o i d ling speed (3000 R.P.M.) wi thi n 
20 seconds. This appr oa ches the minimum time fe asibl e 
with 2 - spool engi nes ( approximate l y 15 seconds ), since 
the low- pressure spools ar e not dr i ven from the starting 
motors and therefore , tend to l ag and res t r ic t the flow 
of air through the engi ne i f the high- pressure spoo l is 
a ccele r a ted t oo qui ckly. The s tar t i ng times f or other 
environme nta l conditions will depend on the chara cter­
istics of the a i r s ource . If a gas t urbine compres sor 
is used f or t he supp l y , i t s output decr ea se s a s the air 
densi ty decreases s o that the starti ng time is i ncreased. 
However, since the aerodynami c dr ag (and t orque) of the 
Iroquois engine a lso decreases, star ting times of less 
than 30 seconds are fe asible at 35oo u a l ti tude with an 
ambient t emperature of 120°F, t hereby permi t ting the 
s cramble requirements t o be met. 

Engine starti ng a ir is fed t o the star t ers through two 
automatic quick- di sconnec t couplings and the fl ow is 
controlled elec trica lly by valves on the gr ound. s upply 
unit. These valves may be opened by s e lec t ing "star t " 
or "motor 11 on the engine s tarting switches i n the f ront 
cockpi t of the Arrow 2 and will be closed automati ca lly 
by centrifugal swi tches when t he engine s reach a pr e-
set speed. Two 28v D.C. signa l wires are brought t o an 
automatic quick- ~i s connec t coupl ing on the nose under­
carriage l eg for thi s purpose. Thi s coupling a lso has 
provi sion for supplying the following additiona l s ervices 
t o the a ircraf t. 
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3.1.3 Engine Starti ng (Conti nued) 

(a) Up to 50 amper es at 28v D. C. f or operati ng 
t he canopies , f i re extinguishing cir cuits , 
intercommunication system, and engi ne start­
i ng circui t s . 

(b ) Up to 500 V. A. at 115V, 400 cps, l phase A. C. 
for warming t he amplifiers i n the "Iroquois 11 

fue l f l ow control uni t s. 

( c ) I nt ercommunica tion be t ween a i r c r ew and gr ound 
cr ew. 

(d ) Inte~communicati on be tween aircr ew and an 
Oper ations ' Controller vi a l and t elephone l ine. 

The power for servi ces , a, b, c above mus t be 
supplied by the engi ne s t arti ng uni t when t he a i r­
craft i s oper ated in t he open . 

3.2 Environmental Requirements 

During the design of mobile ground power un t s f or Ar r ow 
l a ircr aft, an ana l ysis of Canadi an a nd worl d- wi de oper a ­
t i ng conditions was made and report ed i n Avro Repor t No. 
LOGJ105/13 , dated J ul y 1955. Thi s report recommended 
that mobi le engine s tart i ng , ground power and a i r condition­
i ng equi pment be desi gned t o gi ve r a t ed performance under 
t he followi ng conditions ~ 

EXTREME CLIMATIC CONDITIONS QUOTED IN REPORT NO. LOG/ 105/13 
Temperatur e Bar ome t ric Pr e s s ure Dew Poi nt 

:ude (OF ) (In. Hg. ) (OF ) 

' Hot Col d Hot Co ld Hot Cold 
Atmospher e Atmospher e Atmosphere Atmosphere At mosphere Atmos phere 

130 - 65 29 .92 29 . 92 75 - 70 
I 124 - 65 28.93 28.57 73 - 70 
) 118 - 65 27.98 27.32 70 - 70 

I 112 - 65 27.04 26.17 67 - 70 
106 - 65 26.14 25 .09 64 - 70 

I 100 - 65 25. 25 24.05 61 - 70 

Provi s i on must a l so be made f or encl osed a i r t emper ature, due to 
solar radi ation , of up to 16o°F . 
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3o2 Environmental Requirements (Continued) 

Although this world-wide environment had been accepted 
by the Ro CoAoFo, further discussions with RoCoAoFo 
personnel and with vendors and manuf ac turers of air 
conditioning equipment indicated that these conditions 
might be unnecessarily severe o A review of current 
specifications and environmental requirements was made 
and reported in an addendum to report noo LOG/105/13 , 
iss ued Juli 19570 This recommended the f ollowi ng "hot 
atmosphere ' ambient conditionsg 

HOT ATMOSPHERE - ADDENDUM TO REPORT LOG/105/ 13 

Altitude Pressure Wet Bulb Specifi c Dry Bul b 
(Ft) (1bs/ rt2 abs) Temp (OF ) Temp (OF) Volume 

(ft3/lb) 

0 2116 130 85 14 086 
1,000 2041 1260 5 85 15.33 
2,000 1968 123 85 15080 
3 , 000 1897 119 05 85 16030 
4 , 000 1828 116 85 16080 
5,000 1761 11205 85 17.32 

Disc ussions wi th certain vendors were based upon these 
conditions. Report No . WG/105/13 and its addendum had 
been submitted t o the R,C,AoF o for approva l in the mean­
wh1le 0 

Subsequently the Ro CoAoF, advised Avro in letter 
S36-38-105-13 (ACE- 1), dated 21s t Augus t , 1957 that , 
notwi thstanding the recommendations of Report No o 
LOG/105/13 and i ts addendum, the RoCoAoFo would require 
the mobile ground power and air condi tioning unit for 
the Arrow 2 to give r ated performance under the follow­
ing ext reme ambient conditionsi 

R,C,A,F, ' REQUIREMENTS - LETTEWS36- 38-105-13 (ACE-1) 

Case Dry Bulb Temp . Wet Bulb Tempo Al titude 
( OF) (OF) (ft) 

liall 120 76 0 - 3,500 
llb!l 100 85 0 - 3,500 
li C II -65 - 0 - 3,500 
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3.2 Envlronmental Requirements (Continued) 

The calcula tions presen ted in this r eport for the 
ground power and a i r condit ioning unit are based on 
these conditions . 

In the case of the engi ne starting uni t , the environ­
menta l conditions have not been specified in detail. 
It is a ssumed, thereforei 

(a) 

(b) 

that the aircraft s cramble requirements mus t be 
met f or ambient t emperatures from - 65°F t o +120°F 
at a l t i tudes from sea leve l t o 3500°. 

that identica l engine s tarti ng unit s wi ll be used 
a s mobile s t arters and i n readiness hangar app lica­
tions. For mobile applicati ons, however , the air­
craft engines will be started in sequence using a 
s i ngle starting unit. 

Under the wor st environment a l condition above, (35oou, 
120°F) , the take-off f or the Arrow 2 requires approx­
i mate ly 19 seconds t o unstick and 29 seconds t o reach a 
height of 50 1 • Using the ground r un time of 19 seconds, 
and a llowing 7 seconds f or engi ne accelera tion f or idl­
i ng s peed t o maximum thrust , then an engine s tar t ing unit 
must be capable of accelerating an engi ne to idling 
speed wi thin 34 secondso 

3.3 Configuration 

The optimum configuration for the mobile ground power 
uni t s is, to a l a r ge extent , go¥erned by the operational 
role for which the equi pment is intended, In this 
regard, R. C.A.F. Specification AIR 7-4, Issue 4 is used 
a s a gui de and the f ollowing extracts are from that 
doc umenti 

Para. 3 Concept of Operations 

3.1 Gener al 

For purposes of detail design of components 
and procedures the oper ational concept of 
the Arrow veapon system shall be a s noted in 
the following sub-par agr aphs. 
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3.3 Configur at i on (Continued) 

Para. 3 Concept of Oper ations (Continued) 

3. 1. 1 Ob
1
ject 

The objec t i n the operat ion of the Arrow 
weapon system in time of war will be t he 
attai nment of the highest possible opera ­
t i ona l potent i a l a t all times. In t ime of 
pe ace the oper ati on of the we apon system 
wi l l be concerned primarily with at t aining 
and mai ntai ning a hi gh degree of proficiency 
i n the a ll weather r ole . 

3.1. 2 Battle State 

The concept is based on one or more squadrons, 
of 12 operational plus 2 training a i r craft 
ea ch , at a pr epared a ll-weather base. With 
50% of the a ircra f t undergoing minor mai nten­
ance ea ch squadr on will be required t o main­
tain 2 aircraf t at the s tate of r eadiness or 
standby at a l l times, and as many of the 
r emai nder a s possible in a state that can be 
changed t o availab le within 3 hours . 

3.1.3 Forwar d Base 

I n exceptiona l circ ums tances, the squadron 
may be required t o operate from a f orward 
base t o which the aircraft will be flown in 
a fully operationa l sta t e . 

1 
They wi ll be 

serviced and brought up to .Availab le11 or 
1°Read1nes& on arrival, but normally will 
return to the mai n ba se when scrambled. · 
Should they be requi red t o l and ba ck at the 
forward base only s ufficient f acili ty t o 
prepare them for return t o the main base i s 
required . This is a de tached opera tion which 
the main base must be capable of s upporting 
up to a maximum of 50% unit es tablishment. 
Indi vi dual a ircraft will not normally remai n 
on the forward base longer than the time 
between primary inspections . The servicing 
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3 o3 Configuration (Continued) 

Par ao 3 Concept of Operations (Continued ) 

3.1. 3 Forward Ba se (Continued) 

equipment required t o prepare aircr aft at 
a forward base for r e t urn t o the main base 
must be air transportable, wi th t ained 
per s onnel , t o carry out the required 
operations, in a C- 19 or s imi l ar t r ans port 
airpl aneo 

3 olo4 Building Facilities 

For e ach squadron , the a irfield shall 
include the fol lowi ng str uc ture sg 

(a } Hangar(s) t o house two air craft at 
readiness or standbyo 

(b } She l ter(s) t o house five air cr aft under-· 
going turn- around or first line main­
t enance 0 

(c) Hangars to house seven aircraft under­
going second or thir d line maintenance. 

3o2 Ti me Limits 

3.2o 2 Ser vi ea ility 

The aircr a f t is t o be capable of being 
mainta i ned at the states of readiness and 
for the t i me periods as fo liowsg 

3o2o4 Uti lization 

Time Period 

I ndefinitely 
Indefinitely 
Random periods of 
not more than 30 mi no 

The airc r aft t ogether wi t h the s upport of 
the ground support equi pment and th 
R.CoAoFo shall be capab le of a utilization 
of not less t han 20 hour s per month when 
operated as described in this section o 

-----------------------------------------,,1 48 A 
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3, 3 Configuration (Continued) 

In the concept quoted above , it is 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 a ss umed that the 
mobile equipment will be used primarily t o support air­
crafti 

{a) . operating from advance baseso 

(b) at the main base if the electri cally-powered equip­
ment or power s upplies should fail . 

( c ) at the main base if the electrica lly-powered equip­
ment should be inadequate , This co ul d occ ur in a 
tactical situation where a ll serviceab le aircraft 
had to be brought to the "Standby" condition 
simultaneously t o cope with a mas s at t ack. 

Based on these fa c tors the utilizat ion of the mobile 
power/ air conditioning equipment is assessed as followsi 

Squadron e stablishment 14 aircraft (includin! two 
t r ainers 

Aircraft at advanced bases 7 aircraf t (includi n' two 
~50%) t rainers 

Aircraft at 'Readinesd' at 2 a i r craft (includin' two 
main base t r ainers 

Operational Aircraft 9 

Since all 9 operational aircraft could require power and 
cooling air at the same time , it i s assumed that each 
squadron will require 9· s erviceable mobile power/air 
conditioning units plus 1 spare unit. Further , it is 
assumed that each operational aircra f t will fly 20 hours 
per month and that the mobile power/air conditi oning unit 
will be run for 3 hours per hour of flying. This fi gure 
allows for servicing .the aircraft and maintaining it at 
readiness at an advan·ced base. Wi th these ass umptions the 
average utilization is; 

9 x 20 x 3 x 12 = 648 hours per year. 
10 
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3.3 Configur at ion (Continued) 

Wi th thi s utilization an overhaul life of 1000 hours 
is cons i dered a cceptable, a l though a longer peri od 
obvio us l y is desir a ble . 

Since the mobile ground power units a re t o be t ransport­
able by a i r in a C-119 aircra f t , size and weigh t are 
cons i dered t o be i mportant f a c t ors i n the design of t he 
equipment. Although t r uck, t r a iler, and pa ckage concepts 
a ll merit consideration, it appears from the concept of 
opera tions that the requirements for air transportabi lity 
s houl d out weigh any considera tions for self-mobili ty 
around air bases . I n this regard the R.C. A. F . indicated 
its preference at the 21st mee ting of t he Arrow Mainten­
ance Sub-Commi ttee on Oc t ober 16, 1956, as followsg 

Para . 3 (a ) "A s t andard r ange of trailerswould not be 
developed for mobile i tems of G.H. E.; 
r a ther a standard range of lockable cas t or­
ing wheel assemb lies would be used on all 
mobile non- self propelled items of G. H. E." 

(b) 11 The f ollowing G.S. E. items are to have the 
configura tion indica ted belowi 

(2) Star t erg a packaged unit embodying 
mount i ng pads for the wheel assemblies no t ed 
i n par a . 3 (a), and capable of fitting on a 
standar d 1/2 ton t ruck. Thus, the package 
could be used in any of the fol l owing con­
f igurations . 

( a ) 
(b ) 

( C) 

Fixed (packa ge only) o 
Mobile {castoring whee l assemblie s 

insta lled) 
Se lf- Propelled (mounted on a standar d 

1/2 t on truck) 

The R. C. A.F. i ndica t ed a preference for a similar approa ch 
f or the mobile power/air condi t ioni ng uni t , but is was 
pointed out by AVRO that the size and weight of the equi p­
ment mi ght make s uch an arrangement impracticalo I t wa s 
thus agreed that the development of an integra ted vehicle 
woul d be cons i de r ed f or t his uni t. However, componen t 
packagi ng fo r maint enance is a firm requirement . 
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3.3 Conf iguration ( Continued ) 

I n t hi s report the various schemes have been compared 
primari ly as sel f -contained packages . Howe ver, studies 
have been made to i nvest i gate integr ati on of the systems 
wi th t ruck and t railer cha ssis , and the pr obab le vari a ­
t ions i n size and weight are not ed in t he r eport . Al s o, 
it i s r e commended that the uni ts be made low enough to 
pass unde r the wi ngtips of the Arrow 2 with the a i l e r ons 
f ul l y deflec t ed. This limi ts the he ight to 66 i nche s 
(maximum) . 
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4 . PRELIMINARY DESIGN OF POWER/ AIR CONDITIONING UNIT 

4,1 General 

4 ,2 

In this chapter of the repor t the performance of possible 
systems is calculated in order t o es tabli sh the total 
requirements for power and the approximate sizes of the 
components in the systems. Typical engineering value s are 
used for the efficiencies of c ompressors, turbines, gener­
ators , heat exchangers, et c . , and are noted on the approp­
riate sket ches , Fig. 2, 3. Two basic schemes for cooling 
the air have been considered g-

(a) a vapour cycle re frigeration sys tem using Freon 12 as 
a refrigerant . 

(b) an air cyc le r efrigeration sys t em . 

"Freon" System 

4.2 . 1 

4 . 2 .2 

Description 

In this t ype of system the charge air is compressed 
to a pressure just high e nou gh to al low fo r pres sure 
losses in the cooling coil s and duct ing . It i s the n 
cooled to t he desired t emperature by being pas s ed 
over cooling coils through whi ch the refrigerant i s 
c irculated . An air-to-air heat exchanger may also 
be added be tween the blower and t he refrigeration 
coil. The Freon circuit consists basically of the 
cooling coil , an expansion valve, a condensing coil 
and a pump . A schema t ic diagram of a cooling air 
supply using a Freon system is shown in Fig. 1 . 

Power Requirements 

Preliminary power requi rements for the system for 
the specified environmental conditions are given 
in Table 1 . These requi rements have been calcu-• 
lated using the values noted below. 

(a) It was recommended in Chap. 3 t hat the power/ 
air conditioning uni t be capable of supplying 
up to 40 K. V. A. of 3 phase, 400 cps. A. C. power 
to the aircra ft at load f actors f rom 0 , 75 to 
1 . 0. Assuming 85% for t he efficiency of the 
generat or, the power required is " 

40 X 1 
. 746 X ,85 

= 63 H.P. 

----------------------------------------' 9 A 
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TABLE I 

ESTIMATED PERFORMANCE - FREON sYSTEJ!: 

E N V I · R O N M E N T A L CONDITION 

Sea Level Sea Level 3500' 3500 I Sea Le;vel 
100°F D,B. lal°F D. B. 100°F D.B. laJ°F D.B. - 65° I 
85°F W.B. 76°F D.B. 85°F "'B. 76° F W.B. 

Ambien\ Pressure 
~
p.s.-i.) 14.7 14. 7 12.93 12. 93 14.7 

Density lb/cu ft.) .0709 .0685 .0624 .0603 .1005 
Moistur_e • Content (grains/lb.) 159 64 187 84 -

-
Electrical Power - Aircraft (H.P.) 63 63 63 63 63 

- Controls, lights (H.P.) . 5 5 5 5 5 

Blower - Volunie Flow (C,F.M.) 2120 2190 2410 2490 1950 
- Power Required (H.P.) 83.S 86 92.5 95.S 77 
- Air Delivery Temperature (°F) 200 223 2u8 231 +'!1.9 

Air-to-Air Heat Exchanger 

- Air-Delivezy Temperature (°F) 110 130 Ill 131 + 19 
- Heat Transfer (B.T.U./Min) 3100 3340 3400 3280 ---- Cooling Air Flow (6oo ' lb/min) (C.F.M.) 8480 ' 8760 . 9640 9960 , ---.- Power Required (H.P.) 9.5 9.8 10.3 10.6 ---

Cooling Coil 

- Air Delivei:, Temperature • (°F) 50 50 50 50 70 
-- Refrigeration Load .(B.T,U,/min) 4400 3000 3000 3500 .. 1836 
- Tons Refrigeration 22 15 25 17.5 --- Power Required (D.C.P. • 4) (H.P.) 26 18 30 a:, ---

Condensing Coil 

- Cooling Air Flow (lb/min) 8480 ' 8760 ' 9640 9960 ---- Power Required (H.P.) 9.S 9,8 10.3 10.6 --

-

"/· 
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(a) ( Cont inued) 

( b) 

( C) 

( d ) 

( e ) 

Addi t iona l electr ica l powe r may also be requ i r ed 
within t he power/air cond i tioni ng uni t fo r. 
operating cont rols, fans , l igh t s, e tc. This 
may vary f rom 5 t o 40 H. P. depending on the 
me t hod of driving the heat exchanger f ans. 

Blower An ad i abatic ef f i c i ency of 0.7 was 
a s sumed fo r the bl ower and a delivery pres sur e 
of 7 ,3 p.s.i , g. was used to cater for a pressure 
dr op of 1 , 0 p . s . i . in the heat exchanger, cooling 
coil and i nternal ducting. A temperat ure r i se 
of 100 to 110°F i s ern.~ount ered when the air is 
compre ssed t o this pressure, 

Ai r - t o-Ai r Hea t Exchanger - Power is r equired 
fo r dr aWing cooling a i r through the air-to-air 
heat exchanger. The fi gures in Table l were 
based on an effectiveness of 0,9, a rat io of 
4 f or cooling a i r f low t o charge air f l ow and 
a pr essure drop of 0,25 p . s.i. to cater f or 
pressure losse s through f i l t ers and the heat· 
exchanger, Thi s power requ i rement can var y 
cons i derably and wi l l depend on the size and 
shape of the heat exchanger ·and cooling flow 
ve loc i ty. A compromise i s required be tween 
the s i ze and wei ght of the heat exchanger and 
the power requ i red by the fan. 

Ref r igerati on - The refrigeration load is based 
on cooling the air f rom approxi mate l y 10°F. 
above the ambient temperature t o 50°F and con­
dens i ng suffi c i ent water vapour to l ower the 
dewpoint t o 55°F . The system needs ~ 25 on 
refrige rat i on sys t em wh i ch, using a coefficient 
of perfor mance of 4, requires 30 H.P. t o drive 
the Freon compressor. 

Freon Condenser - The heat absorbed by the Freon 
in the cool ing coi l mus t be transmi tted to the 
a t mo s phere i n the conde nsing coi l . As a f irst 
a pproximat i on the cooling a i r fl ow was assumed 
t o be the same as that f or the a i r-to-a i r heat 
exchanger. 
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Electr i cal 

Power Requ irements (Cont i nued ) 

(f) Engines - The power r equireme nts from Table 1 
are summarized be low i n order to estimate the 
t otal power needed f or the power/air condition­
ing uni t: 

Sea Level Sea Le vel 3500 1 3500 1 

l00°F D.B. 120°F D.B. 120°F D.B. 120°F D. B. 
850F W.B. 76°F W .B. 8:;,°F W.B. 76°F W.B. 

- Ai rcraf t 63 H.P. 63 H.P. 63 H.P . 63 H.P . 
- Cont r ols 5 5 5 5 

Heat Exchanger Fan 9.5 9.8 10.3 10.6 
Refrigerat do n Compressor 26 18 30 20 
Condensing Fan '9 . 5 90 8 10 . 3 10.t 
Blower 83 .5 86 92. 5 95 . 5 

', 

Total 196.5 H.P . 191.6 H. P. 211.1 H.P. 204. 1 H.P. 

In orde r to develop 211 H.P. on a 100°F day at 
3500 1 a l ti tude, an. engi ne rated at 259 H.P. 
under sea level s tanda rd condi t ions is r equ i r ed. 

The e ffe ct of delet i ng t he a i r -to-air heat 
exchanger has also bee n i nves tiga ted and i s 
summarized below fo r t he 3500 1 , lOOOF case . 

Elec tri cal = Ai r craft 
- Controls 

Blower 
Heat Exchanger Fan 
Refrigeration Compressor 
Conde nser Fan 

Power 

Wi t h Heat 
Exchanger 

63 
5 

92 .5 
10 . 3 
30 
10.3 

211.1 H.P . 

Requ i red 

Wi thout Heat 
Exchange r 

63 
5 

87 

50.5 
20.6 

226 . 1 H.P . 

Sin ce engine power, refrigerat ion pump capac ity , 
and condenser coi l size are al l i ncrease, i t i s 
concluded that an air-to-air heat exchanger 
should be included in t he sys tem. 

-----------------------------------1-' I A 
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4 . 2 . 2 . Power Requ irements (Continued) 

(g) Heater - It is noted i n Table 1 t hat in cold 
wefi.ther the heat of compression is not suffici­
ent to mee t ou t r equirements. Thi s can be ·over­
come by adding a choke heat er and r ecircu lating 
a ccess air t ha t i s available, or by adding a 
heater. The capaci t y required i s approx imat ely 
110 9 000 B. T.U,/hour. 

Ai r Cycle Sys t em 

Descript ion 

In an air cycle cooling sys tem the charge air is 
compressed t o a pressure considerably a bove t ha t 
requ ired at the ou t le t f rom the power/ai r cond i t ion­
ing unit, I t i s t hen cooled t o a t emperat ure sl ight ­
ly above ambient i n an air-to-air heat exchanger a nd 
is then f urther cooled by pas sage through an expan­
sion turbine ~. The power developed by the t urbine 
may be used to drive cooli ng f ans, compressors , 
electri cal generators or other e qu ipment. A schem­
ati c d i agram of an a i r cycle cooling system i s gi ven 
in Fig . 3. A me chani cal water separator i s required 
i n this system s i nce t here are no cold coils on which 
the moi sture can condense , 

System Performa nce 

(a ) Wate r Separator - Thi s unit normal l y consists 
of a cone i n t he air s t ream upon whi ch the 
wat er droplets impinge and col l ec t t o f :orm 
drops large enough t o be separated from the 
a i r by centrifuga l or i nert ial a ct ion, As 
not ed i n Table 1 , the l00°F, 3500 1 case causes 
t he great e st refrigerat i on load, l argely be cause 
of the amount of moi s ture which mu s t be r emoved , 
This is cal culated below fo r t his environmental 
cond i tion : 

Initial moisture conte nt of a i r= 187 grains/lb dr y air 
Required maximum moi sture content= 66 grains/lb dry a i r 

(corresponding t o dewpoin t of 55° F) 

Wa t er to be removed 121 grains/lb dr y air 
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System Perfor ma nce (Contin~ed) 

(a ) Wa t er Separator (Conti nued ) 

(b) 

Since the wat er separat or is not likely t o· 
remove inore than 80% of t he free mois t ure, 
t he free water cont ent at t he tu rbine exi t 
must be a t lea s t 

~ ~ 151 grains/lb. dry a i r . o0 
Thus, the a i r del i vered from the water separator 
will contai n 30 grains of free moisture and 36 
grains of wate r vapour per lbo of dr y a iro Thie 
cor respond s t o a turbine outle t t emperature of 
40°F. A pressure loss of 1. 5 p.soi . may be ex­
pected i n t he wate r s e par ator . 

Refrigerat ion Turbine - The turbine ou t le t 
temper a t ure is dependent upon t he t urbi ne inle t 
temperature, pre ssu r e rat i o, and the moisture 
cont e nt of the a i r, The t urbine inle t pres sure 
t hat is requ i r ed i n order t o obtai n water sepa r ­
at ion ae not ed a bove has been calcu l ated for 
l00°F~ 3500 1 altitude case s wi t h di ffe r e nt 
humid i t y conditions using : 

Turbine adia batic effic i ency 85% 
Tur bine inle t t empe r ature 1200F 
Ent ha lpy change wi th humid air ·= enthalpy change fo r 

dry air, 

The i nle t pre ssures requ i red a r e shown i n Fig , 
4. This curve i nd i cates that a pressure of 68 
p. s . i. a. is r equ i r ed f or the spe c ified ambient 
condi t ion - 3500 1 a l titude, l 00°F dry bu l b 
t empe r a ture, 85° F we t bulb t emperature. Thi s 
pressur e i s cons i derablW high~r.than t hat avail ­
abl e from existing gas t urbine compressors. It 
could, ho~ever , be obtai ned by u s ing a bootstrap 
system whereby t he t urbine ~ r i ves a compressor 
t o boos t t he pres sur e of t he air delivered from 
t he gas t urbine. Lowe r pres sur es might aleo be 
feasible if t he extracted wat er i s used t o help 
cool the air-to-a ir heat exchanger, 
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Sys t em Per formance (Cont inued) 

( C) Com~ressor - As was explained i n Avro report 
LOG 105/24 at some length, gas turbine com­
pressors are cons i dered to ~e the best source 
of compressed a i r for use with an air-cycle 
re f r igeration system be cause of their low 
weight a nd small sizeo The performance 
characteristics and suitability of all known 
ga s turbine compr essors have been considered 
for thi s applicat ion, these are d i scussed in 
Chapter 5o 

I t should also be noted that gas t urbine com­
pressors are re commended as engine starters 
for the Arrow 2o Therefore, for logistic 
reasons, i t would be desirable to use the 
same t ype of engi ne for the power/air condi·g 
t ioning unit should an air cycle re f r igeration 
system be selected, 

5 , DESIGN INVESTIGATION - MOBI LE POWER/ AIR CONDITIONING UNIT 

General 

Using the preliminary analysis noted above as a bas is, 
AVRO co ntacted the manu f acturers of components i n the equip­
ment fields i nvolved i n order t o survey a wide range of 
poss ible designs for a mobile power/a.ir condi t i oni ng unit 
for the Arrow 2, Different manu f acturers were asked t o 
supply information concerning t he size, we ight and perform­
ance of t heir products and , i n add ition, the i r views were 
s ought concerning instal lat ion of the equipment int o a 
mobile package, The scope of the discuss ions wi th equipment 
manufacturer s and the r e sul ts of their inves t i gati ons are 
ou t lined in the paragra phs below, 

Freon Systems 

Inves t igation]?Y John Inglis Co , Lt d o 

In 1956 the John I nglis Co , Ltd, had co-operated 
wi t h AVRO in making proposa ls for fixed ins tal l a­
tions t o supply cooling a i r t o Arrow 2 a ircraf t i n 
readiness and ma i ntenance hangars o At t he t ime 
they also expressed an i nteres t i n designing and 
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5.2 . 1 I nvestigat ion by John I ngli s Co . Ltd. (Cont i nued) 

supplying equipment for mobile use . Be cause of thi s, 
they were approached and asked to submit informat ion 
concerning the sizes and we ight s of commerc i al-type 
equipment for a freon cooling sys t em t o meet our 
r equi reme nts . They were also reques t ed t o advise 
us regarding controls fo r t he system a nd t he instal­
l at ion of t he component s int o a package in orde r t o 
e st imat e the overall s ize and we ight of t he uni t . 
At our suggestion, t he i r proposal centred around a 
Packe t te e ngine and a Miehl e-Dext e r blowe r s i nce, 
t o our knowledge, t hese were the light es t and mos t 
compac t uni t s available, 

The I ngl i s proposa l i s ou t lined i n de tail i n App , l 
of t his report , It r esu l t s i n a packa ge 12 1 x 61 611 

x 61 weighing 7500 # excluding any chass is or run­
ni ng gear. 

Feat ur es of their sys t em i nc l uded a lwat exchanger 
t o cool t he charge air from th~ · blower prior t o i ts 
f low t hrough t he f r eon cooling c oil, Thi s reduced· 
the refirgerat ion load from approx imate ly 42 t ons 
t o 25 t ons , resul t i ng i n a savi ng of 15 horsepower . 
The capac i t y of t he s ystem was based on givin§ rated 
performa nce at ambient temperatures up t o 100 F~ and 
supp lement i ng the perfo r mance by sprayi ng the f reon 
condens i ng coil s wi th water under more severe cond i ­
t ions . The f r eon system was based on 40°F evapora­
t i ng t emperatu re a nd 130°F condens i ng temperature, 
using suction pres sure variat i on as the method of 
cont r ol l i ng t he system, 

Their proposa l a ppeared t o be based on conventi onal 
commerc i al pract i ces regar di ng flow veloc i t ies, 
ma t erials a nd equ ipment wi t h the r e sul t that t he 
packa ge i s iarge a nd heavy . The power r equirements 
for t he cooling flows seem low and t he heat exchange r 
sizes are large . Subs equent dis cus s ions wi t h ot he r 
manuf a cturers indica t ed t hat t he Inglis proposal fo r 
packag~ng t he equipme nt could be improved upon. It 
was t herefor e concluded t hat a sui t abl e uni t u s ing 
commercial equipment and pra c t i ce could be buil t, 
bu t i t would be l arge a nd heavy , In add i t i on, con­
siderable design and development work would be requi r­
ed in packaging the equipment . 
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5 . 2 .2 Investigat ion by Godfrey Engi neeri ng Co . Ltd. 

Godfrey Engineering Co, Ltd. of Canada was known 
to have contacts in bo th the airborne air cyc le 
and airborne freo n refrigerat ion fields through 
its aff il iation wi th Sir George God f r ey and Partners, 
Ltd. England and the Stratos Divis ion of the Fair­
child Engine and Ai rplane Corporation in the Uni t ed 
States , Consequently i t wa s sugge sted t o thi s 
Company tha t they invest igate the feasibil i t y of a 
small, light freon des ign using a i rcraft-type f reon 
compressors, air blowers and heat exchangers , The 
Cont i ne ntal 11 Packe tte 11 engi nes wer e sugges ted as 
prime movers. 

This study i nd i cated that Lysholm (spiral lobe) 
blowers and f r eon compressors a re under developme nt 
bu t will not l ikely be available, i n the sizes whi ch 
we require, in t ime for the Arrow 2 development 
programme. The alternat i ve i s t o use commercial 
equ ipment and the Godfrey Co. t hought that, whil e 
t his would be qu i te feasible , it would not compe t e 
wi t h a i r cycle equipment be cause of its size and • 
weight . I t was estimat ed that a package us ing 
commercial equipment would be about 18 1 long~ 8 1 

wi de and 5 1 high. The cooling equi pment would cost 
a ppr ox imate ly $14 , 000. and the complete package 
a bout $45,000. 

The Godfrey Co, report i nd i cated that one Packe tte 
engine would not have enough power to meet all of 
our requ i rements and therefore a se-t:·ond prime mover 
is needed, Li ke t he Inglis propos~l, it included a 
wate r s pray system t o coo l the condenser coil during 
operation at high ambient t emperatures. In addition, 
i t was r e commended that a 60 cps generator be in­
cluded i n t he equipment so that commerc ial controls 
could be used, since these are readily avai l able and 
also are much cheaper. 

I nvest igation by Hussman Refriger t or Co . 

The Hussman Refr igerator Co. of St . Louis, Missour i, 
and Brantford, Ontario approached AVRO t o discuss 
an electrical l y-d r i ven air cond i tioning unit of 
t heir des ign which they had buil t for Convair . When 
our requirements were discussed they asked for per-
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HA 

I nvestigat ion by Hus sman Refri gerat or Co . ( Cont i nu ed} 

mi ssion t o submi t a preliminary proposal based on 
commerc ial Freon components. 

This proposal i nc l ud ed a s i ngle Packe tte engine 
wi t h t oothed-bel t dri ves t o t andem Miehle-Dext er 
blowers, a generator , refr igerator compressor and 
t he conde nser fans .' No air- t o-air heat exchanger 
was used, so that a ll cool ing was done as t he a i r 
passed through t he refrigerat ion coils . The overall 
package was 15' long and 7 1 8 11 wide and the layou t is 
shown i n Fig . 15 . 

Examinat ion of t heir drawi ng showed t hat t here was 
not sufficient power avail able from a single engi ne 
and tha t a second "Packette" would be required. 

Di scussions wi t h C.H . Hokanson Co . I nc. 

This compa ny had ad vert i sed a mobile air cond i t ion­
i ng uni t capa ble of supplyi ng 125 l b/mi n of a ir at 
a pressure of 8. o p . s . 1 . g . and a temperature of 300F. 
Furthe r i nformat ion was obta i ned by corres pondence 
and the unit a ppeared t o come c l ose t o mee ing our 
requ irement s fo r cooling air. Consequent ly , their 
plant was visi t ed and the des i gn was discussed in 
de t a il . 

The i r Model 707 a i r condit ioni ng unit uses two 
Packe tte engine s - a PE-150 dr i ving two Mi ehl e ­
Dext er blowers in tandem, and a PE-90 driving a 
50 t on refrigerat ion compressor. An air- t o - air 
heat exchanger i s u sed to reduce the load on the 
r efrigerat ion system and a gasol ine heater rated 
at 200,000 B. T.U./hour i s fitted t o heat the a ir 
t o about + l00°F in cold weather. The equ i pment 
is mounted on a s pec i a l trailer chassis, giving 
a n overa ll weight of 16,000 lb. It is 14 1 -2" long, 
7'-3" wide and 7 1 hie;h . The cost was $60,000 pe r 
u ni t (10 uni t s buil t ) , of whi ch $30,000 repre sented 
t he cos t of mat erials a nd bought -out parts. Thi s 
overall cost might be reduced cons iderably on a 
pr oduct ion cont ract . 
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Re commendations Co ncern ing Freon Systems 

Fr om t he i nve st igations ou tlined above i t is 
a ppa rent t hat a suitable power/ai r conditioni ng 
uni t can be developed t o meet our performance 
requ i rements using a freon refrigerat ion system o 
I t is a lso ev i dent, however, that compact light­
weight equipment wil l not be available in t ime 
and that such a uni t will therefore have t o be 
de s igned us i ng some ex i sting commerc~al equ ipment 
and pract i ceso AVRO has, t herefore, analysed the 
i nfor mati on submi tted by the manufacturing firms 
noted above and the following scheme":}S presented 
as the lightest and mos t compact "package" a r range­
ment like l y to be attai ned at thi s t ime, 

The proposed uni t is shown i n Fig o 5, It is powered 
by t wo Cont i nental Packette engines, - a PE-150 
driving a 60 KoVoAo, 400 Co PoSo AoCo generator, and 
a PE-200 dr i ving t he blower and freon compr e ssoro 
The exces s elec t ri cal power i s used to drive the 
cooling a ir fans and for operat i ng the control s in 
the sys t em o As a self-contained packa ge, t he uni t 
wil l be a pprox imately 14' l ong , 8 1 wi de, and 4 1 -

7" high and will weigh about 9000 lbo The e st imat ed 
weights and sizes of t he equipment items are given 
i n Table 2 and t he equipment is descri bed i n more 
de t ail: below~ -

, TABLE 2 

ESTIMATED WEIGHTS AND SIZES AND FREON EQUIPMENT 

I tem Weight Lengt h Width He ight 

Blower 760 lbs 49 i no 20 i no 16 3;8:1no 
Heat Exchanger, Air-to-Air 205 40 13 48 

11 11 Freon Liquid/suct ion 140 24 24 48 
Cooling Coils 525 33 33 48 
Condenser 500 48 24 48 
Freon Compress or 1300 24 24 24 
Generator, engine , and gearbox 1010 66 36 36 
Fans and Mo tors 160 
Expans ion Valve 100 24 12 12 
Blower engi ne ( PE-200) 975 60 36 36 
Gearbox 200 42 12 24 

- - --------------------------------------',i' 
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Pipework 
Dus t i ng 
Freon Tank 

TABLE 2 (Cont i nued ) 

Lengt h Width Height 

IN BASE 
Fuel Tank (70 gal.) 
I ns trument Panel 

Weight 

300 
200 

50 
195 
200 

30 
48 

IN BASE 
OF UNIT 
OF UNIT 

48 12 
EXTERNAL Fi r e Ex t inguisher 

Mounting base and body 1880 

To tal Dr y Weight 
Fuel (2 hours operat ion) 
Fr eon 12 l iqu id 

8730 
500 
150 

Total 9380 

Engines 

The Cont inental Packe tte engines have been selected 
as be i ng the l i ght es t and mos t compact that are 
available o Moreover, t hey are qualified for military 
applications under world - wide operat i ng conditions 
and should t her efore give satis fac t or y pe r formance 
in a power/air condit i oning unit. Di scuss ions with 
UoSoA oF. personnel indica t ed that a l though the over ­
hau l life, ' of t hese engines is lis t ed as 1000 hours, 
s ome s izes are curre ntly being operat ed from 2000 
t o 2500 hours be t wee n overhaulso New engines are 
not requ i sitioned by t he operat ing es tablishments 
until 1500 hours have been ac cumula t ed . The cos t 
of a new PE-15O engine is $4100 . 00 a nd overhaul 
costs are approximately $750 000 0 Al t hough t hese 
figu r es are somewhat h igher than those fo r indus trial 
engine s , the ini t i a l cos t i nc ludes the gearbox, 
governor, ac ces s ories and wint erizat ion ki to I f 
indus trial gas ol ine or die se l engines were used, it 
is e s t imated t hat the weight of t he comple te package 
would be increas ed by 5400 l b o a nd 7600 lb o respect ­
i ve ly 0 

_________ ....,; ______________________________ ,~,, 
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Rec omme ndat ions Concerning Freon Systems {Cont i nued) 

Generator 

A 60 K. V.A. , 400 cps. AC. ge nerat or has been selected 
i n order t o supply electri cal power t o t he aircraft 
and t o drive t he cool i ng air fans i n the r efrigera­
t ion system. A t rans fo rmer- rec t i fie r uni t will also 
be i nstal led t o provi de power at 28V D. C. f or relays 
and contl'ol s o 

Blowe r 

Tandem Miehl e-Dext er 5516 blowers are proposed for 
compress i ng the charge a i r in t he unit. These 
blowers are of the pos i t i ve-displacement t ype and 
are u sed wide ly i n a pp l i cat ions simila r t o t he Arr ow 
2 power/air cond itioning unit . They are of a lumi num 
constru c t ion and are among t he lightes t a nd most 
compact blowers of t hi s t ype tha t a re avai lable 
comme r cially. 

Freon Compressor 

A 25 t on commerc ial compressor i s used s i nce small, 
light weight uni ts will not be available i n t ime fo r 
t he Arrow 2 development progr a mme . Fr eon 12 i s t he 
refrigerant used. 

Ai r - t o- Ai r Heat Exchanger 

This is a t wo - pass cross-count er flow a l uminum unit 
of tubu l ar construction. The charge a i r makes t wo 
pas ses through the tubes while the cooling a i r makes 
a single pass ove r t he tubes. I n order t o mi nimize 
the ~.ize , a flow ve loc i t y of 1500 f t/min. is used 
fo r the cooli ng a ir . This i s considerably higher 
than standard commerc ial prac t ice bu t i s satisfactory 
fo r heat trans fe r . Higher flow ve l oc i t ies would 
require more power for operat ing t he f ans. 

Cooli ng Coi l and Condenser 

The uni t has been based on t he use of copper fi ns 
sweat ed onto copper t ubes in or der t o ensur e sa t is­
f actory heat transfer and long life . Brazed a l umi num 
uni ts might a lso be used, but would be more expensive 

__________________________________________ ,,,, 
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5 . 2.5 Recommendations Concerning Freon Systems (Continued) 

Cooling Coil and Condenser (Continued ) 

as this prac tice is not in common use . However, 
up to 700 lb . weight could be saved on these two 
units by using aluminum alloys . 

Frame and Bod_y 

The mounting f r ame and enclosure have been based 
on the use of aluminum alloys. The freon 12 s torage 
tank and the fuel tanks would be mounted within the 
base and provision would be made for slinging the 
comple t e package. All instruments and controls 
would be in a convenient location adjacent to the 
de livery air connections and hose storage compart­
ments . 

Although this scheme is outlined as a sel f -contained 
package , it is too heavy for use with s tandard 
cas tors. For this r eason a t r aile r concept is 
recommended with provision for self-mobility at 
walking speed. Some r earrangement of components 
is ne cessary in order to keep the height below 66 
inche s a nd the ove r al l we igh t would be 10,800 lb., 
or 1400 lb. heavie r than the package . If the sys tem 
was integrated into a spec ial i zed tru ck with the 
generator driven by the tru ck en~ine through a 
power take-off r ather than by a Packette" engine , 
the unit would weigh in excess of 13,000 l b . A 
special chassis and cab wou l d be r equired in order 
to keep the height under 66 inches and the overal l 
l ength would be approximately 20 ft. 

The estimated cost of a prototype unit as outlined 
a bove i s $55 ,000 .00 and produc tion uni t s would pr o­
babl y cost be tween $45 ,000.00 and $50,000.00, The 
overhaul life should be between 1500 and 2000 hours 
and wou l d be limited by the Packette engines . Al l 
othe r components should have a mu ch longer overhaul 
life . 

Air Cycle Systems 

Compressors 

5,3 .1.1 General 

From the analysis in Chapter 3, it was 
conc luded that a turbine inlet pressure of 



~----- --------------- s_E_c_RE_ T------,-4----~ 
PAGE NOo 0 

49 A 

5o3olo l Ge ne ral (Conti nued) 

68 PoSo io ao would be requi red under our 
wors t environmental condition (3500 1 , • 

l00°F . Dr y Bulb , 85°F Wet Bulb) so that 
e nough water could be removed f r om the air 
to ensure tha t no free moisture would enter 
the aircraft o Thi s represents a compre s ­
sion r atio of 5 o25 ~ 1 for the compr essor 
- cons i derabl y highe r than that a vailable 
di r e c tly from curren t gas turbine compres­
sorso It is, however, fea s i ble to use the 
air bled from exis ting units in con junc t ion 
with a "Boots t rap" cooling sys t em wherein 
the ai r is fu rther compreseed by a compres­
sor dr i ven by the refrigerat i on turbineo 
Su ch a system i s shown schematical l y in 
Fig, 3o Sepa rate medium preseure compres­
sors driven by gas ol i ne or diesel e ngines 
have no t been investigatedo Si nce about 
400 HoP o would be required to drive such 
a c ompreseor, t he units would be so large 
and heavy t hat the ad-,an t ages of an air 
cycl e sys tem would be nullified, 

In considering gas turbine compreseors t he 
followi ng units have been evaluated i 

(a) Ai re search GTC 85-20 

(b ) Ai research GTCP 85-20 

( C) Aire search GTCP 100-50 

( d) Solar Jupiter Mkol 

( e) Solar Jupite r Mko 2 

( f) Solar Ju piter Mk o2 (uprated) 

(g) Blackbu rn Palouste 500 

(h) Bl ackburn Artouste 510 

( i) Blackburn Tu r mo 600 

( j ) Boeing 514 - 4 
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5 . 3 , 1 . 1 General (Conti nued ) 

The performance of each engine with re~pect 
to delivery air flow, pre s sure, and t emper­
ature is shown i n Fig . 6-9 and the applica­
t i on of each engine i s discussed in the 
following par agr aphs. 

5 . 3 , 1 .2 AiResea r ch GTC 85- 20 

Thi s gas t urbine compressor i s i n pr odu ction 
and has had wide use i n t he U, S, A, F, as a 
source of hot, medium- pr e ssure a i r fo r 
starting je t engi nes, dr i ving t urbo-gener­
ators , ai r condi t ioning and airbor ne applic­
a t ions , Fr om the perfo r mance cur ve s i n 
Fig . 6 i t i s apparent t hat t wo e ngi ne s 
would be needed to meet our flow requi r e ­
ments , Such an arrangement would provide 
a 10% re serve agains t pos sible gr owth i n 
the flow requi rements. Since t here i s no 
provi s ion fo r ex t rac t ing shaf t power f r om · 
the engine, a t h i rd prime mover wou l d be 
requi r ed in t he power/ai r condi tioning 
package to drive an elec t rical ge nerator , 
No diffi culty i s fo reseen i n pa alle li ng 
the outputs f r om t wo of t hese engines a nd 
this i s , i n fac t , done by t he U, S, A, F , i n 
some a ppl icat i ons , 

The bleed a i r pressure from this engine is 
t oo low fo r use with a simpl e air cyc l e 
refrige r ati on sys t em and AiRe search has pro·­
pos ed a "Bootstrap" system whi ch consis t s 
ma inly of component s now in production , 
Howe ve r , analys i s ind i ca tes t hat a pproxi ­
mately 0 . 5 l b/ mi nute of f r ee mo i s tu re wou l d 
be deli ve r ed t o the aircraft under ambien t 
conditions of 3500 1 , l00°F , dry bulb tem­
peratur e, 85°F , wet bulb temperature , To 
re-evapor ate t hi s f ree moisture the del ivery 
air temper ature would have to be raised f r om 
55°F to 70°F , 

------------------------------------------,t! 
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5 , 3 , 1,2 AiResearch GTC 85- 20 (Continued) 

Current U, S.A.F. field reports indicate 
that these engines are giving satisfactory 
perfor mance in the squadrons . At present 
the hot end i s overhauled in the fie ld after 
1200 starts and the complete engine is over­
hau l ed after 2000 starts . A deve lopment 
programme i s now under way and it is ex­
pected that the overhaul life will be in­
creased to 3000 starts before the end of 
1957 . Thu s it is anticipated that in our 
appl ication thi s engine would have an over­
hau l life of a t least 1000 hours , since t he 
duty cycle would entail fewer s tarts and 
more running at redu ced power ou t pu t . 

The AiResearch GTC 85- 20 is also a sat i s­
factory gas turbine compreseor fo r starting 
the engines on the Arrow 2 . Although Orenda 
Engine s Limited has indi cated in its report, 
Me ch 9, "Eval uation of Grou nd Power Units~ 11 

tha t the engine s tar ting motor should be 
capable of being uprated by at l east 15% 
ove r present requirements to a llow for 
further growth, this is not applicable to 
the Arrow 2 . It would imply an increa se 
i n air mass flow through the Iroquois engine , 
resulting in a lar ger compreseor a nd bigger 
air intake ducts. 

The i nitial cost of a GTC 85-20 i s approxi­
mately $16 , 000 as a bare engine and $21,000 
with an enclosure and control s. The cost 
of a compl ete ove rhau l is about $5000. On 
this basis the GTC 85 - 20 i s considered 
satisfactory for use on the Arrow 2 power/ 
ai r conditioning unit. 

5.3 . 1 . 3 AiRe search GTCP 85-20 

This gas turbine is basical l y a GTC 85-20 
with the addition of a gearbox so that shaft 
power and bleed air can both be extrac ted at 
the same time . Its per formance wi th O and 
63 S.H. P. ( to drive a 40 K.V.A . generator) 

----------------------------------------,,,: \8 A 
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5.3 .1 .3 AiResearch GTC P 85-20 (Continued ) 

ex t r ac ted is shown i n Fig . 6 , These curves 
indi cate t hat two GTCP 85-20 uni ts or one 
GTCP 85-20 and one GTC 85-20 wi l l not meet 
our present flow requirements, let alone 
cater f or any growth of t he requirements in 
the future The e ngine could, however, be 
used to drive an ai rcraft-type ge nerator 
and thereby f orm a compa c t, light source of 
electrical power fo r both the _aircraft a nd 
the power/ ai r condit ioni ng uni t . This gas 
turbine is a curre nt produc ti on uni t al though 
it has not been used i n se rvi ce as mu ch a s 
the bleed ai r machine, 

5,3.1.4 AiResearch GTCP 100-50 

This engi ne has bee n de s igned to supply 
210 lb/ minu te of bleed air at a p1•es eure 
ratio of 5.24 ~ 1 or 190 shaf t hors epower 
under standard cond i ti ons at sea l e ve l. 
Its perfor mance is shown i n Fig. 7, Although 
the bleed a i r flow i s sl ightly les s than that 
requ i red at 3500 1 and 120 F, the pressure 
ratio is high enough to work with a s imp l e 
air cycl e refrigeration system, and a good 
margin woul d be available wi th a 11 Boots trap" 
syetem, However , i t is understood t h at the 
pro to t ype engine has only just started run­
ning so that a ful l y developed engine i e not 
likely to be available for some time t o 
come . Thi s engine , there fore, can not be 
recomme nd ed at this time. 

5 . 3 . 1.5 Solar Jupi ter Mk.l 

This engine has a 10-stage axi al flow com­
pres sor and i s designed to supply bleed air 
or shaft power, or a combinat i on of both. 
Its performance i s Shown i n Fig. 8 , I t i s 
apparent from t hese curves t hat one engine , 
cannot supply suffi cient air, and ·no tests 
have bee n conducted t o de termine whe ther or 
not two units can be para l leled , parti cu l a rly 
if s ome shaft power i s extrac t ed from one 
engine. The bl eed a i r pressure i s not hi gh 
enough to make a s imple a i r cycle r efriger-
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5 , 3 , 1 . 5 Sol ar Jupiter Mk , l (Continued) 

ation system satisfactor y, but a "Boot ­
s t raptt system could be used. 

To date only a few of t hese e ngines have 
been delivered to the U.S.A,F , so tha t 
there is prac ti cal l y no fiel d experience . 
The engine has, however, passed a quali­
fication test comprising 1000 s t a rts and 
500 hours of operation. Aft e r this t est 
the engi ne was operated fo r a f urther 400 
hours. The initial cost of this engine i s 
approximately $40,000 . and no figures a r e 
available concerni ng opera ting and overhaul 
costs . Because of the high cost of this 
uni t and the small amount of field experi­
ence with it , the Jupiter Mk . l engine i s 
not recommended . 

5 . 3 . 1 .6 Solar Jupiter Mk , 2 

This gas turbine has been developed from 
the Jupiter Mk . l but use s a r edes igned 
compressor t o deliver mor e ai r a t a higher 
pressure. Al s o, i n or der t o i ncrea se its 
overhaul life , t he t urbine i nlet t emperature 
has been redu ced f r om 1520°F . (Jupi t er Mk . 
1 rating) to 1500°F . I ts per for mance i s 
shown in Fig , 8. These curve s indicate 
that two engi nes would be needed t o meet 
our flow requi reme nt s under all e nvi ron­
me ntal conditions, eve n when no s ha f t powe r 
is extrac ted , Ther efor e , f or our purpose 
it has no advantage over the Jupi te r Mk .l. 
In addition, a l though the engine has been 
run with t he new compressor, the control 
system is not ye t de veloped. Thi s may 
require cons iderable t ime and wil l depend 
largely on the support given to t hi s engine 
by the U, S.A,F. a nd U. S. Navy . In this 
regard t he u . s . A. F, has i ndicated that i t 
has no requi r ements fo r thi s engine a t the 
present time . 
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Solar Jupiter Mk,2 ( Uprated) 

This engine is the Solar J upiter Mk , 2. 
operated at a max imum t urbine inl et tem­
pe r ature of 1520°F . I ts performance i s 
shown i n Fig , 8 . These curve s show that 
if no shaft power is extracted this e ngi ne 
can meet our flow requirements at sea level 
with ambient temperature up t o 120°F , and 
at 3500 ' with temperatures up to 104°F. 
At 3500' with 120°F. the flow is reduced 
to 141 lb/mi n. 

The pressure available f rom this engine 
make s a simp l e air cycle refr igeration 
system marginal and calculations i ndicate 
that the delivery a ir t emperature wou l d 
have to be 65°F. to prevent free moisture 
from ent ering the aircraf t under the worst 
environmental condition i3500 ' , 1000F. 
dry bulb temperatu r e, 85 F. wet bulb t em­
perature ). The engine could, however, be· 
used i n conjunction with a "Bootstrap " 
system . Electri cal power for the a i rcraft 
and power/a i r condi t ioni ng uni t would have 
to be obtained from a generator driven by 
a second engine , This could be a second 
Jupiter engine, an AiResearch GTCP 85 - 20 
gas tur bine, a Contine ntal Packet te gaso-
line e ngine or a tru ck eng i ne . If two 
Jupiter engines are cons idered , the Mk , 2 
(Uprated) has no advant age ove r the Mk.l , 
and since the bleed a i flow f rom one Mk,2 
(Uprated } engi ne is marginal , this gas turbine 
compr•es s or i s not recommended. The de ve lop­
me nt status of t hi s engi ne is as no t ed f or 
the Jupi ter Mk . 2. 

5 . 3.1 . 8 Blackburn Pal ous te 500 

This engine supplies bleed air only and its 
perfor mance is shown in Fig . 9, Two units 
wou l d be required in order to mee t our flow 
requirements and the delivery pressure is too 
low to be used with a simple air cyc l e re f ri­
geration system. I t cou ld , however, be used 
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5. 3 . L 8 Blackburn Palouste 500 ( Cont inued1) 

With "Bootstrap" system bu t a t hird pr ime 
mover would be required to dri ve a gen'erator 
to supply electrical power . 

The Palou s te engine has had more than 4300 • 
hours of running time on de velopment a nd in 
the field , two unit s having bee n in servi ce 
with Orenda Engines Limi t ed fo r s tart ing 
Iroquoi s engines . Orenda has a ccumulated 
a to t al of 2700 star t s wi th these uni ts a nd 
their exper ience with ~he Palous t e is out­
lined in thei r r eport Me ch- 9, "Evalua t ion 
of Gr ound Power Units" . I t is conc luded 
that this gas tu r bine is sat isfac to r y f or 
considerat ion fo r the Arrow 2 e ngine s t arte r . 
It would al s o be su i t able fo r us e i n the 
mobile power/ air condi t ioning un i t. The 
cos t of a Pa louste is approx i mately $15,000. 
00 and t he curre nt ove r hau l life is 1000 
hours . I t is expected , however , t ha t t he 
overhaul life ca n be increased to 2000 hours 
if a short warm-u p period can be to l era ted 
after the engi ne is started , 

5.5 .1.9 Blackburn Artouste 51 0 

The Ar t ous t e 510 ga s t urbine can supply a 
combinat ion of bl eed air and shaft power . 
It is i denti cal t o t he Palouste 500 except 
that a gearbox has been add ed t o drive 
mechanical e quipment . I t s performance while 
dri ving a 40 K. V. A. gene r ator i s s hown in 
Fig. 9 . These curve s s how tha t two 
Ar t ouste 510 engi ne s can supply suff i c ient 
shaft power a nd bleed a i r t o meet our 
requirements with a comfortabl e margin 
under all environme nta l cond i tions . The 
bleed air pre s sure i s too low f or use with 
a simple air cycle r e f r i gerati on sys t em 
so that a "Bootstrap" system would be 
required . 

At present t his gas t urbi ne i s be ing devlo p­
ed in conjunct ion wi t h a 12 , 000 R. P. M. 400 
c.p . s . A. C. generator fo r use as an a irborne 
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5.5 , 1 . 9 Blackburn Artouste 510 (Continued) 

power package. I t has had 380 .hours of 
running t o date, but the experience on 
the Pal ouste engine should also be re- · 
cognised , Thus i t is anticipated that 
a n overhaul life of 2000 hours can be 
achieved in our appl ication, since maximum 
power is not required under normal environ­
mental condit io ns. The initial cos t of an 
Artouste 510, complete wi th gearbox, gener­
ator and controls, i s approximately $22,000. 
00, 

To date no tests have been condu cted t o 
de te rmine whether the bleed air from two 
Artouste engines can be para l leled , parti­
cu lar ly when varying amounts of shaft power 
are extracted from either engine. An invest­
igation of thi s problem is under way at t he 
present time . Provided that the re sults of 
these tes ts are satisfactory, t he Artouste 
gas tu rbine would be sui table for the Arrow 
2 mobil e power/air condit ioning uni t, It 
would also be we l l sui ted fo r use as an 
engine start er. 

An a l t ernative scheme has been proposed by 
Blackbur n and Ge ne ral Airc raf t Ltd. , using 
two Artous te engines . This system would 
use one Artouste to drive a 40 K. V. A. gen­
erator and supply bleed ai r, the other to 
dri ve a geared up version of an existing 
high pressure supercharger in add i t ion to 
supplying bleed air. This would deliver 
the ai r at a 5,8 ~ 1 pressure ratio and 
could be used wi t h simple air cyc le refrig­
erat i on system . However, since this scheme 
might invo lve considerabl e de ve lopment work, 
and since two unsupercharged Artouste 510 
engines could be used with a "Bootstrap" 
refrige r ation system, this scheme is not 
re comme nded . 

5 . 1 . 1 . 10 Blackbur n Turmo 600 

This engine is another version of the 
Palous te series and incorporates a free 
turbine to provide shaf t power, Bleed 
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5 , 3 . 1 , 10 Blackburn Turmo 600 (Continued) 

air i s not available from the compre ~sor 
of this uni t, Two s chemes have been 
suggested by Blackburn and General Ai rcraft 
Ltd , us ing this engine , 

Thi s f irst would compri se a redes igned 
gearbox suitable fo r mount i ng a 40 K, V, A, 
generat or and a two stage centrifugal 
compressor. Su ch a unit could provi de 
180 lb/ minute of air at 5 , 8 ~ 1 pressure 
rat io at sea level with an ambient tem­
perature of 130°F . This could be used 
with a simple ai r cycle refrigeration 
sys tem bu t cons iderable design and deve lop­
me nt work wou l d be requ i red on the compres ­
sor and dr i ve system, 

I n the s e cond sys t em, the Turmo 600 would 
be u sed t o drive a Howden-Lysho lm positive 
d i splacement compressor . Thi s would gi ve 
135 lb/ mi nute of a i r at a pressure ratio 
of 5 , 8 ~ 1 at sea l eve l with an ambient 
temperature of 130°F, Th i s system is 
l arger, heavier and less e f fi cient than 
the fi rst scheme and would require further 
deve lopment work , Neither scheme using 
t he Turmo 600 is recommended for use on 
the Arrow 2 mobile power/air condi t ioning 
unit at this t ime . 

5 . 3.1 . 11 Boei ng 515-4 

This engine i s currently under development 
and i s expected to pass a 50 hou~ t ype 
t e st before the middle of 1958. I t is 
a combination shaft power/bleed a i r machine 
designed to deli ver 188 lb/minu t e of air 
at 5 , 5 : 1 pressure ration or 100 shaft 
horsepower under sea level standard condi­
t i ons , Thi s engine is not recommended for 
use wi th the Arrow 2 power/air condition­
i ng unit as it is not likely to reach a 
sat isfactory development state in t ime for 
the Arrow deve lopment programme , 
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Refrigeration Systems 

5.3 . 2 , 1 I nvestigations by the AiResearch Manu factur­
ing Division of the Garrett Corporation , 

Since AiResearch manufactures gas t urbine 
compressors, a ir cycle refrigeration equip­
ment and airborne freon refrigeration equip~ 
me nt, this Company was asked t o a proposal 
for a comple te power a nd air condi t ioni ng 
sys tem to mee t our requirement s. Two 
schemes were submi t ted, bo t h based on thei r 
GTC 85-20 and GTCP 85- 20 gas turbine compres­
sors and a "Bootstrap" a i r cycle refriger­
ation system u sing for the mos t part equip­
ment now i n existance. Thes e proposals are 
included i n Appendix "E" of this r eport. 

The fi st scheme was su bmi tted before our 
environmenta l r equ i rement s were fi nalized . 
It was powered by two GTCP 85-20 gas t ur­
bine compres sors, one of whi ch drove a 
60 K. V,A,, 400 c, p .s . A, C generator in 
addi ti on t o supplying bleed a i r. The excess 
electri cal power was used t o dr i ve the 
fans jn the t wo heat exchangers of the 
r efrigerat ion sys t em . Wi th thi s arrange­
me nt , the del ivery air flow was les s t han 
that required and Ai Re search was as ked t o 
e stimat e the pe r formance us ing one GTC 
85-20 gas turbine compressor and one GTCP 
85- 20 dr i ving a generator and supplying 
bleed a ir . For this i nvestigation t he 
aircraf t e l e ctrical load was reduced t o 
30 KW, and the env.ironmental requirements 
were revis ed in line wi t h t he R,C , A, F , 
requir ements. This sys t em still would no t 
mee t the requi rements fo r a ir flow under 
all environment al conditions and the Ai ­
Research report al so indicated that con­
siderable free moi sture would be de li vered 
to t he aircraft unde r humid ambient cond i­
tions . At .3500 1 , l00°F, dry bulb tempera­
ture, 85°F we t bulb temperature, th i s 
sys t em would deliver 0 . 73 l h/minu t e of 
free water to the aircraft wi t h t he air 
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I nves t i gat ions by t he AiResearch Manuf act­
u r i ng Di vi s ion of the Garre tt Cor porat ion 
(Cont i nued) 

delive ry temperature at 55°F . The delivery 
t emperature would have t o be r ai sed t o 
67° to re -evaporate this free mois t ure . 
The cooling capac i t y cou l d a lso be i ncr eas ­
ed by us ing di ffere nt gas t urbine compres ­
sors havi ng a higher delive r a ir pressure . 

The AiRe sea r ch pr oposa l s we r e based on t he 
use of "Boot strap" r efrigerat i on turbines 
and wat e r separa t or s tha t a re now in pro­
du ct ion . Thus, the only des i gn and deve l - ­
opment work that i s r equ ired i s for t he 
hea t exchanger s and t he package fo r i ns tal ­
l ation of the equ ipment. Al though t his 
proposal shows a ll of the equ ipme nt mount ed 
wi t h i n one large encl~sure , i t would be 
equal ly feas i bl e to pa ckage the a i r condi ­
tioning equipment separately and t o use • 
"podded" engines. The overall s :I,ze of t he 
power/air conditioning unit wou l d be in­
creased s lightly, but maintenance wor k 
woul d be s implified cons i derably . The 
i ni tial cost of a prototype "Boo t s trap" 
refr igerati on package i s estimated t o be 
$20 ,000 . 00 . The overhaul l ife i s est imated 
be l ow~ 

Cool ing turbine 
Fan 
Hea t Exchange r 
Wa t er Separator 

1000 hours 
2000 hours 
5000 hours 

500 hours 

Investigat ion by the Stratos Division of 
t he Fai r child Engi ne and Ai rp l a ne 
Corporat i on 

St rat os ma nufacture s a light, se lf-cont ­
ained air cycle r e f r igerat ion package 
known as t he GEA - 120 . This uni t wa s 
des i gned f or u se wi th a So l a r Ju pi t er 
Mk . 1 gas t ur bine compressor and i nc or ­
porates a simpl e a i r cycle r efr ige rat ion 
sys tem, I t is claimed t hat t he heat 
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Invest:±Sat ionr by the Stratos Division 
of the Fairchi l d Engine and Airplane 
Corporation ( Cont inued ) 

exchanger is 97% effec t i ve and that the 
water separator removes 80% of the free 
mois tu re f rom the air. 

Since the s t andard GEA-1 20 wi ll not pass 
150 lb/ mi no of a i r with t he pressure avail ­
able from exis t ing gas tu rbine compressors , 
Stratos engineer s were a sked if the unit 
could be modified t o handle our rated flow 
wi th t wo Solar Jupi t er Mk , 1 engines, t wo 
Palouste 500 1 s or two AiRes earch GTC 85-20 1 & 
Thei r anal ysis i ndi cated tha t the t empe~­
a ture and flow r equi reme nts cou l d only be 
me t wi th t he Jupi t e r Mk o 1 e ngi nes , Howe ver, 
under humid condi t ions free moi sture wou l d 
be del ivered t o the ai rcraft, 

The performance of t he standard GEA-120 • 
package was a lso e s timated (by AVRO) when 
used with the Sola r Jupiter Mk , 2 engine 
opera ted at a tur bine inlet t emperatu r e 
of 1520°F , At 3500 1 al t i t ude , l00°F dry 
bulb tempe ratur e, 85°F we t bulb tempe rature , 
0 , 57 l b/minute of free moi s t ure Wil l be 
delivered to the a ircraft wi th t he cooling 
air . The delive r y a i r t empera ture would 
have to be r aised to 65°F t o re-evaporate 
this free mo isture , 

The GEA-120 cooling uni t has been pr oduced 
in smal l quant ities for the U, S. A, F, at a 
produ ction cost of $13,000 pe r uni t. Its 
ove rhaul life is not known a t pr esent, bu t 
it has passed a 500 hou r endurance t est in 
accordance With U, S, A, F , exhibi t WCL-876 . 

It should a l so be noted tha t Stratos has 
developed "Bootstrap 11 refr igeration turbines 
and airborne freon r efr ige r ation systems 
which might be cons ide r ed fo r use in t he 
Arrow 2 power/air condi t ioning unit , As 
with the AiResearch sys t em , t he Stratos 
"Boot s trap" system would r equi r e the design 
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I nvestigation by t he Strat os Division 
of the Fairchild Engine and Airplane 
Corporation (Cont inued) 

of heat exchangers and would have to be 
packaged into a self-contained cooling 
unit. This cou l d be done within the time 
that is ava·nable . Their existing airborne 
freon sys t ems are too small for our pur­
pose (4 to 10 t ons capac ity) and larger 
units are not likely to be avai lable in 
time for t he Arrow 2 development programme . 

Re commendations Concerni ng Ai r Cycle Refrigeration 
Systems 

From the investigations outlined a bove , it is con­
cluded that an a i r cycle refrigeration system bas ed 
on .major equipment items that are now in existance 
will give marginal per formance und er the most advers e 
environmental condi t ions that have been specified . 
However, because of the gas tu rbine compressors, 
air cycle systems have certa i n ad vantages, i nc l uding 
the following : 

(a) smal ler s i ze 

(b) lower weight 

(c) qui ck , easy starting in cold weather 

(d ) they use a fuel that is available on t he 
fligh t line 

(e) similar engi ne s will be used as engine 
starting units, 

Since the R,C.A , F , may cons i der that some r elaxat i on 
in the performance requirements is acceptable because 
of these factors, sever al poss ible sys t ems have been 
analysed and are ou t lined below , 

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

This proposal is included as Appendix "E" of t his 
report and is shown in Fig. 19 . I t consi st s of a 
"Bootstrap" refrigeration system supplied by a ir 
from one AiResearch GTC 85-20 gas turbine compres sor 
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Recommendations Concernin Air C cle Refri erat•ion 
ystems 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 1 long, 4 1 - 6" wide, and 
5' high. It would weigh approximately 2500 lb. 
empty and 3850 lb. 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 life of at least 
1000 hours should be feasible for this system. 

The performance capabilities of this system are 
noted below: 

Altitude 
Ambient Air 
Temperature 

Sea Level 

Dry Bu 1 b ( OF) 
Wet Bulb (OF) 
Conditioned Air 
Flow (lb/min) 
Conditioned Air 
Temperature (°F) 
Dry Air Rated (OF) 
Dry Bulb (OF) 

(minimum) 
Conditioned Air 
Moisture Content 
(grains /lb.dry air) 
Moisture Content for 
55°F Saturated Air 
(grains /lb.dry air) 
Conditioned Air Dew-

120 
76 

-22 

+18 

26 

49 

38 
point 

Electrical Power to Air-
e raft ( KW) 30 

Sea Level 

100 
85 

150 

-44 

+41 

49 

63 

30 

3500' 

120 
76 

123 

-20 

30 

3500 1 

100 
85 

134 

-37 

i53 

87 

54 

68 

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, 
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Recommendations Concernin Air C cle Refri eration 
ystems Continued 

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

Scheme "B" 

This a rrangement 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 fo r 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 . Thi s uni t would 
be 12 1 -2" long, 7' -9 " wide, and 4' 3" high. It 
would weigh approximately 3100 lb. empty and 5100 
lb . with fuel for two hours of operation at maximum 
power . Its performance is outlined below ~ 

Altitude Sea Level Sea Level 3500 1 3500 1 

Ambient 
Tempera tu re 
Dry .Bulb ~OF) 120 100 120 100 
Wet .Bulb OF) 76 85 76 85 
Conditioned Air 
Flow ( lb/min . ) 1504- 150t 150J 15011-
Condi ti.oned Air 
Temperature 

-28 -47 - 36 Dry Air Rated (°F) -17 
Dry .Bu 1 b ( OF ) -tl4 -+39 ..-32 -+57.5 
Conditioned Air 
Moisture Cont ent 
(grains/lb . dry air) 
Moisture Content for 

24 71 39 89 

55°F Saturated Air 
(grains/lb.dry air) 49 49 54 54 
Conditioned Air 
Dewpoint 37 66 46 69 
Electrical Power 40 40 40 40 
to A/C (KW) 
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Recomme ndations Concerning Air Cycle Refrigeration 
Systems (Cont inued) 

I t is no t ed that this scheme meets the air flow, . 
air temperature and electrical power requirements, 
bu t 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 1 respectively, 
with ambient temperature of lOOOF. D. B. and 85°F 
W, B,. Conversely, the system could deli ver air at 
55°F with no f r ee moisture for wet bulb temperatures 
up to 80° and 78°F for l00°F ambient tempera ture 
at sea level and 3500 1 respectively . 

A prototype unit of this type would cost approxi­
mately $90,000 . and the overhaul life should be 
at l eas t lOOQ hours. 

Scheme "c" 

This arrangement uses two Blackburn "Artouste" 510 
engines , each driving a 40 K,V.A. 400 cis A, C. 
generator and supplying bleed air to a 'Boo'tstrap" 
refri~eration package . The complete uni t wouil.d be 
9 ' -0' long , 7' -9" wide, and 4 1 -3 " high. It 
would weigh appr oximately 2800 lb. empty and 3500 
lb. with fuel fo r t wo hours of operation at lnaximum 
power This system meets the flow and power require­
ments with an adequate margin under all of t he en­
vironmental conditions spec if i ed, bu t cannot mee t 
the temperature and mois ture content requiremen ts 
under the humidity conditions that are specified , 
Its performance is outlined below and the proposed 
arrangement is shown in Fig . llg 

Altitude Sea Level Sea Leve l 3500 1 

Ambient Air Temp. 
Dry Bu 1 b ~ °F) 120 100 120 
Wet Bulb °F) 76 85 76 
Conditioned Air Flow 
(1.):)/m l n . minimum) 150t- 150+ 150+ 
Conditioned Air Temp. 

-46 -24 Dry Air Rated (OF) -33 
Dry Bulb (OF) -tlO +40 +27 

3500' 

120 
85 

150t 

- 43 
+58 
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Re commend ations Concerning Air Cyc l e Refr igeration 
Systems (Cont inued) 

Altitude Sea Level Sea Le vel 3500 1 3500 ' 

Conditioned Air 
Moisture Content 
(grains/ lb dry air) 24 
Moisture Content of 

65 36 82 

55° saturat ed air 
(grains/lb dry air) 49 49 54 54 
Conditioned Ai r Dew-

point (OF ) 36 63 45 67 
Electri cal Power t o 
Aircraft ( KW) 4o 40 40 40 40 

It is noted from the t able t hat the delivery air 
t emperature would have to be raised f r om 55°F to 63C!F 
6?DF respecti vely t o elimi na t e free mois t .ure with 
ambient conditions of l00°F dry bulb t emperature, 
85°F wet bulb temperatu re at sea level a nd 3500.'. 
Conversely, t he system could meet the de livery air 
requirements for all wet bu lb temperatures up t o· 
8o°F at sea level and 78°F at 3500 1 for lOOOF dry 
bulb t emperatures . 

A prot otype unit of t his t ype wil l cos t approximately 
$75,000 and t he overhaul life should be at -1east 
1000 hours. However , this s cheme cannot be recomm­
ended until i t has been demonstrated that two 
Artous t e engine s can be operat ed and cont r olled 
satisfactorily with the ir bleed a i r ou t puts parallel­
ed and with varying amount s of sha f t power (due t o 
electrical loads) ext r acted from each engine, 

Scheme "D" 

This arrangement involves the u se of two types of 
gas turbines, - a Solar Jupi t er Mk.2 (u pr ated) 
supplying bleed air to a "Boots trap " or "Simple" 
air cycle r efrigerat ion package, a nd a n AiResearch 
GTCP 85-20 driving a generat or t o prov:Iae electri cal 
power. This uni t would be 11 ' long, 7' - 9" wide , 
and 4 1 -3" high . I t would weigh approximately 4150 
lb. empty and 5650 lb . with fuel for two hours of 
operation at maximum power . Its per formance is 
outlined below when used with a Stratos GEA-120 
"Simple" air cycle refrigeration package : 
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Scheme "D" (Cbn t inued) 

Altitude Sea Le ve l Sea Level 3500' 3500 ' 
Ambient Air Temp . 
Dry Bulb ~OF j 120 100 120 l OQ' Wet Bulb OF 76 85 Condi tioned Air Flow 76 85 
( l b/min) 150- 150- 141 150-Conditioned Air Ter1p , 
Dr y Air Rated (°F) -4 -19 -1-4 - 12 Dry Bulb (OF) +-31 +54 +41 +64 Condi t i oned Air 
Moisture Conte nt 
(grains/lbidry air) 26 66 39 89 Co nd i tioned Ai r Dew-
point (°F) 39 63 46 69 Elec tri ca l Power t o 
Ai rcraf t ( KW) 40 4o 40 .40 

It i s no t ed that thi s s cheme does not meet the air 
flow requi rement at 3500 ' a l titude at temperature s 
above 105°F and that f r ee moi sture is de livered to 
t he aircraft under t he humid day condi t ions at sea 
level and a t 3500 1

, The del ivery a i r temperature 
would have t o be raised to 63°F and 69°F r e spe c­
tively, or conver sely, the de l i very air requ i r ements 
could be me t at we t bulb t emperature s up to 8ooF and 
78°F a t sea level and 3500 1 r e s pect ively with l00°F 
dry bulb t empe r a ture . Also , the r efri ~erati on capa­
bilitie s could be ir1proved by u s i ng a Bootstrap" 
sys t em , but i t is not feas i ble to increase the fl ow 
of blee d air from t hi s engine . 

The es t imat ed cost of a prot otype unit of this t ype 
if $95 , 000 . 00 a nd the overhau l li f e shoul d be at 
leas t 1000 hours. 

Other Scheme s 

Other s cheme s a r e feasible i n a package concept, but 
involve t he use of engines that are at a les s ad­
vanced stage of development. If a truck concept i s 

~ -------------------,, 
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Recommendations Concerning Air Cyc le Refrigeration 
Systems 

Other Schemes ( Cont i nued ) 

considered i nstead of a self- conta i ned package, the 
e l ectrical power could be obtai ned from the truck 
eng ine through a power take-off . However, the 
i ncrea sed size and we i ght would t hen part i a l ly of f set 
t he ad vant age s of t he a i r cyc l e system . The minimum 
dime nsions l i kely t o be at t a i ned using a t ruck are 
15' in length, 7 ' - 9" in wid t h, and 7 ' in he ight. 
The weight will be appr oximat e l y 8000 lb . wi t hou t 
fue l . 
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6. 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 
LOG/105/9, "Arrow 2 Readiness Facility" have concluded that 
the engine start ing requirements can be met best by using 
gas turbine compressors to supply the hot , medium- pressure 
air that is needed. Also, it i s considered desirable to use 
identical equipment to meet the "Scramble" and "Readi ne ss" 
requirements as we l l as mobi l e applications, since this would 
simplify logisti c support and crew traini ng. 

To meet the "Scramble" and "Readiness " r equirements i t is 
necessary ; 

(a) t o start both "Iroquois" engines simultane ous l y so that 
they reach idling speed within 34 seconds under the worst 
environmental condition. 

(b) to provide intercommunica tion between the aircrew in the 
cockpi ts and an,-Opera tions I Controlle r vi a l and te l ephone 
line. 

The first r equirement involves the use of two gas tur bine 
compressors , s ince no existing units are capable of starting 
both Iroquois engines simultaneous l y wi th i n the time al lowed. 
For s tar t i ng aircraft on the f light l ine when the "Scramble 11 

r equirement is not appl i cab l e, it is de sirab le to be able t o 
start the engines in sequence us ing a s i ngle gas t ur bi ne 
compres s or. 

To accommodate both func t i ons , the fo l lowi ng arrangements are 
proposedz 

(a) Incorpor ate the f ol lowing featur es in the engi ne start­
i ng packagei 

(1) Capability for starting one I roquoi s engine so 
that it will reach id l ing speed within 34 seconds under 
the worst environmental condition (3500 1 a l titude, 1200F). 

(2) Two 3- 1/2 11 diameter air de livery hoses, each 45 1 l ong 
and terminating in automatic, quick- disconnect coup lings. 
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6. DESIGN INVESTIGATION - ENGINE STARTING UNIT (Con t inued) 

(3 ) An elec t ricall y-controlled a ir fl ow valve for 
· each air delivery hose. 

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

(5) Provision for supplying up to 50 amp. at 27.5v 
D. C. to the a i r craft through a 50 1 cable termi nati ng in 
an automa t ic , quick-disconnec t connector . 

(6) Provision f or supplying up to 500 VA at 115V, 400 
cps , 1- phase A.C. to the a i r craft for warming t he 
ampl ifiers in the fuel flow con t rol units on the Iroquois 
engi ne s . 

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

( 8) Provision of power for items 5, 6, 7 fr om the gas 
turbine engine . 

(9) Batteries for starting the gas turbine compressor . 

(10) Fue l for 1 hour of continuous operation at max­
i mum power . 

(b) Incorporate the following fea tures i n the "Readiness" 
Facility: 

(1) An electrical junction box to a cc ommodate the follow­
ing inputs ; 

electrical cables from two e ngine starting uni ts . 
audio signals from the l andli ne te l ephone system . 

A single cable i s then required from the hangar junc tion box 
t o the receptacle on t he nose under arriage leg on the Arrow 
2 . Such an arrangement is shown on AVRO dr awing 7-4427- 113 
and permi ts two Arrow 2 aircraft t o be scrambled in s uccession 
using two engine starting uni ts. 

The engine star t ing times for the Iroquois engine s have been 
calc ulated for different environmental cond i t i ons using vari o us 
gas turbine compre ssors that could be available in time for 
the Arrow development programme . 
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6, DESIGN INVESTIGATION - ENGINE STARTING UNIT (Continued) 

These times are based on data supplied by the manuf ac turer 
of the a ir turbine starter , and on t orque and drag curves 
for the Iroquois engine as shown in Avrocan Specification 
E-540 , corrected for variations in a ir density. The results 
are shown belowg 

Ensine Startin~ Time 

Altitude Sea Level Sea Level 3500 9 3500 9 

Ambient Temp, 59°F l OOOF lQQOF 120°F 

AiResearch GTC 85-20 18. 1 s ec , 23,8 sec , 32 sec, 38,2 
Blackburn Artouste 510 15,5 * 19 , 2 24,6 27,8 
Blackburn Palouste 500 11.8 * 14.o * 17,6 18,3 
Solar Jupiter Mk, 1 9,7 * 11.4 * 14. 2 15,9 

* It must be noted that these t i me s wi ll not be attained i n 
practice, s i nce the low press ure spool of the Iroquoi s 
engine is not driven by the starter and will, therefore, 

sec , 

tend t o l ag and restrict the flow of air through the engine, • 
Thi s has not been allowed f or in the ca lc ul ations, but 
limits the starti ng t i me to a minimum of approximately 15 
seconds , 

From the times noted above, i t i s seen tha t an? of the se 
gas turbine compressors will enable t he Arrow Scramble " 
req uirement to be met under any environmental condi t ion 
l ikely t o be encountered in Canada, However, at 3500 1 

with 120°F ambi ent temperature, the Ai Research GTC 85-20 
uni t be comes marginal and the ca lcul a ted 11 Scr amble 11 time 
is 1 minute and 4 seconds, If this i s consider ed acceptable 
by the R, C,A,F,, thi s engine is rec ommended because of i ts 
highly deve loped state, i ts wi de applica tion wi thin the 
U,S,A,F,, and i t s low cost . 

If the starting t i mes with the Ai Research GTC 85- 20 uni t 
under the extreme environmental conditions are considered 
unac ceptable, then the Blackburn Palouste 500 engine i s 
recommended, This engine has adequate performance , has 
gi ven good service in star t i ng Iroquois engines on the 
t es t beds at Orenda Engines Ltd., and is comparable i n cost 
with the AiResearch GTC 85-20 engine, The So l ar J upiter 
MK ol engine is not recommended because of i ts complexity 
and high cost , although i ts performance is adequate, 
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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 Iroquois 
engine. The results of their study are presented in Orenda 
Engines Limited report Mech -9, - "Eval uation of Ground Power 
Units". In that report is concluded thati 

(1) 

(2) 

(3) 

"Reliability of Fie ld Aviation (Palouste) and AiResearch 
units appears t o be of the same order, on the basis of 
the very limited experience avail able . 

With the sonic throat i n the Field Avi ation ground power 
unit bl eed port , starter performances using the two 
makes of uni t a~e comparable. 

The Field Avi ation unit has a greater uprating potential 
than the AiResearch unit (i . e ., by opening the sonic 
throat). With the sonic throat opened, i t is possible 
to operate the unit {considering present power require­
ments) below the maximum design speed, which may i ncrease· 
the -01echanical reli ability of the uni t". 
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7. DISCUSSION AND SUMMARY 

From the i nvestigations carried out duri ng the design of 
Arrow 1 mobile ground power uni ts and from the present 
studies, i t is concluded that a gas turbine compressor is 
the mos t s atisfa c t ory type of unit for supp l ying hot, medium 
pressure a ir for s tarti ng the engines in the Arrow 2 . Such 
units are small , light , use the s ame type of fuel as the air­
craft, and are wel l suited t o this du ty cycle since they can 
be started quickly and loaded fully without de lay under all 
conditions of weather. Severa l gas turb ine compressors that 
are now i n production are capable of meeting our req uirements 
f or engine starting and should have a s atisfac t ory overhaul 
life. These i nclude the f ollowi ng engines i 

Ai Research GTC 85-20 
Blackburn Palous t e 500 
Blackburn Ar t ouste 510 
Solar Jupi t er Mk. 1 

In the mobile power/a ir conditioning unit, i t would be 
desirable to use i den t ic a l gas turbine engines to s upp l y 
shaft power for driving elec t rica l generators and to s uppl y 
bieed air to an a i r cycle refr i gerat ion system and thereby 
provide the necessary power and cooling air to the aircraft. 
However, it has been shown that no s i ngle gas t ur bi ne 
compress or now in production is capable of supplying al l of 
the shaft power and bleed air that is r equired. The uni t 
must,• therefore, be designed around t wo or more engines. 
Moreover, i t is shown that with the bleed a ir pressures 
available from exis t ing gas turbine compressors, an a ir 
cycle refrigera tion system gi ves margina l performance under 
the humi d environmenta l conditions specified . Since all of 
the entra i ned mois ture cannot be removed from the air, some 
free mois ture will likely be delivered to the a ircraft on 
humid days unless t he delivery a ir temperature is r aised 
above t he 55°F . t emperature s pecified . 

It was concluded, t herefore, that the requirements for the 
power/a ir condi t i oning unit could only be met fully by 
us i ng freon refrigeration . Si nce t i me woul d not pe r mi t 
the deve l opment of small, light freon equi pment , t he major 
items i n the system would have to be commerc ial units that 
are now in production. These factor s resul t i n a gasoli ne 
powered package that is 14 1 long, 8 1 wide, 4° - 7" high, and 
we ighs about 9000 lb . without fuel. This is cons i derably 
larger and heavier than comparable air cycle equi pment and 
is, i n f act , too heavy to be used as a "package" wi th 
castors. For this reason a specia lly desi gned t r ailer is 
recommended so that t he power and air conditioning equipment 
can be arranged t o give a minimum overall height. 
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7, DISCUSSION AND SUMMARY (Continued) 

Since the R.C.A.F, may consider tha t some relaxation in the 
pe r f ormance requirements is acceptable in order to keep the 
s i ze and weight of the unit to a minimwn (or for other 
r easons), various schemes have been evaluated and the assess­
ment i s shown in Table 3. 

For this evaluation a "Figure of Merit" has been devi sed in 
order to access the advantages and disadvantages of ea ch 
scheme. This 11Figure of Merit" has been obtai ned i n the 
manner outlined below~ 

(a) Performance & Growth Po tent i al - 25 Points 

Thi s f actor represents the ability of the system to 
meet the performance requirements for electrical power , 
de livery air flow, delivery air temperature, and delivery 
air moisture content. It also includes 5 points for the 
capabi lity of the system to be started qui ckly and easily 
and t o be loaded without delay unde r all envi r onmental 
condi tions . 

(b ) Logi stic s and Maintainabi l ity - 25 Points 

Thi s f actor is an appraisal of the serviceability and 
durability which can be expected from each system. It 
r efl e c ts our opinion concer ning the fo l l owi ng items g 

(1 ) The nwnber, variety , and cos t of spare i tems of 
equi pment to support operat ions. The s uitability of the 
engi ne for use as an engine starter i s also cons i dered. 

(2 ) Overhaul life of maj or components. 

(3) Maintenance time and maintenance skills required . 
I t is expected that gas turbine engines wi ll require 
less attention in the field than pi ston engines. More ­
over, for the lightweight piston engine s that are con­
sidered, it is expected that the maintenance skill 
levels required will be as high as that needed for gas 
turbine engines. 

(4) Field experience with similar equipment • 
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7. DI SCUSSION AND SUMMARY ( Continued ) 

(b ) (Continued) 

Where similar items of equipment are being used wide ly 
at t he present time, r epl acemen t items and overhaul 
facili ties should be readily avai l able, thereby simpli fy ­
i ng t he l ogistic problems. 

(c ) Mobi l i ty - 20 Poi nts 

Thi s factor, based on the size and weight of the power 
a i r conditioning unit, i s a measure of thfr e f for t t ha t 
wil l be expended in moving the uni t from one p l a ce t o 
another - particularly from one base t o another by a i r . 

(d ) Cost - 20 Point s 

This figure represents our opi nion of the rela t i ve over­
a l l cost of using each system. In t he case of gas tur ­
bi ne engines and a i r cyc le refr i gerati on packages , the 
f i gure is based solely on init i a l cost , s i nce it i s 
expec t ed tha t a l l units woul d have compar able overhaul 
l ives so t hat oper a t ing and over ha ul cos t s woul d be 
proport i ona l to i ni t i al cos t . The fre on sys t em i s r ated 
hi gher because of its lower i nitia l cost , much hi gher 
effic iency (resulti ng i n l ower f uel cons umpt i on), l ower 
e ngine overhaul cos t, and l onger overhaul life on items 
exc l udi ng t he engi ne s . 

(e) Availability - 10 Poi nt s 

This factor r epresents our - opinion conce r ni ng the 
pos sibi l i ty of obtai ning pr oven equi pment for the system 
i n time f or the Arr ow 2 deve l opme nt progr amme . Thus, 
eng i nes that are sti l l in the desi gn or deve l opment 
s t ages are considered a poor r i sk . 

Total = 100 points . 
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Size Es tj_mat ed Estimated Figure of I·1e ri t 

No , System ength Width Hei gh t Wei ght Cost Remar ks 
(lb) (Prototype) Pe r for- L.ogistics "iobility Cost Availa b-- 'otal 

mance (25) ( 25) (20) (20) ility (10) (100) 

1 Freon system; "Packette 11 

engines. 14 I 8 ' 4 1_711 9000 J55 , 000 .00 23 20 10 18 10 81 

Air Cvcle Hefrigeration 
Systems 

1 AiResearch GTC 85- 20 & 
2 1 G1tP 85 - 20 ; "bootstrap" 10' 4 1 -6 11 5 I 2500 ,i65,(J()O , OO 5 20 18 13 10 66 Insu fficie rJ 

system. Power . 

2 Ai Resea rch GTC 85 - 20 & 
3 1 GTCi: 85 - 20; "Bootstraµ 11 12 1- 2 11 7 1~11 4 '-3" 3100 $90,000 . 00 18 12 1 5 8 10 64 3 engines 

syste:n . used . 

2 Ai hesear ch GTCP 100- 50; 
4 Simple or "8ootstrap 11 9 ' 7 ' -9" 41 _311 3200 ~110,000 . 00 25 15 20 4 0 64 Engines not 

system . Available 

5 2 Sol ar Jupi ter Mk. 1 1 s; 
"bootstrrtp 11 system . 12 ' 7' - 911 4 1 -3 11 4900 ;110, 000 . 00 25 15 15 4 7 66 Control pro-

blems not 
known with 
bleed air 
outputs pa l' 
c,lleled . 

6 1iB~~t~ir~~P.i~~;t~!: 2 1 5
; 

J::ngine Cont,. 
12 1 7 1 -911 4 1- 3 11 4900 , 110 ,000 .00 25 15 15 4 5 64 rols not 

developed . 

1 Solar Jupite r Mk . 2 Eng ine Con t,. 

7 (upr ated) 11' 7 '- 911 4 '-3'' 4150 si95 ,000 . 00 16 10 16 7 5 54 rols not 
1 GTCP 85- 20; Simple or developed; 
11 Bootstrap 11 system. Insufficiert 

bleed ai r. 

2 Blackburn Pal ouste 500 's; 
8 1 G'!tP 85- 20; "Bootstrap" 12 1

- :.:::
11 71 _911 4 1_3 11 3250 ii95 , 000 . 00 <5 10 15 7 7 64 3 Engines 

sys tem. used . 

9 2 Blackbu rn Artouste 510 ' s Coo t rol µ-obl-
11 Boot strap 11 system . 9 ' 7 1_ 911 41 _9 11 ~800 .,75 , 000 . 00 18 15 20 11 5 69 'em s not known 

~!!! '!l.~:t,, 
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7. DISCUSSION AND SUMMARY (Continued) 

Procurement Authorization 

Under the current list of ground support equipment contained 
i n AVRO report 7O/GEQ/l, issue 1, the Company is authorized 
to procure one Arrow 2 engine starting unit and one Arrow 2 
power/air conditioning unit. This is inadequate for the 
support of development aircraft beyond aircraft #8 and 
delivery lead times are such that AVRO ' s initial 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 a i r craft development program will be called out in issue 2 
of AVRO report 7O/GEQ/l. Early R.C. A.F. agreement on the 
initla l quantity of this equipment to be purchased by AVRO 
i s , therefore, necessary. 
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8. RECOMMENDATIONS 

8.1 Engine Starting Unit 

8.1.1 It is recommended that the Arrow 2 engine s tart­
ing unit use the AiResearch GTC 85-20 gas turbi ne 
compressor, provided that the engine starting 
times under extreme environmental condit ions 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 is calculated to be l minute and 4 
seconds at 3500' with 120°F ambient temperature 
using this uni t. If t his time is no t acceptable 
to the R.C.A.F., theBlackburn Palouste 500 engine 
is re commended , which would reduce the above time 
to approximately 44 seconds. 

8.1.2 It is recommended that the engine s t arting unit 
be designed as a self-contained package i ncorpor at ­
ing the following features: 

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

(b) Two 3-1/2 11 diame ter flexible hoses 45 ' long 
terminating in automatic quick-di sconnec t 
couplings. 

(c) An electrical cable 50 1 l ong to supply the 
following services to the a ircraft. 

(1) 

(2) 

(3) 

( 4) 

50 amperes at 27.5v D. C, 

500 V.A, at 115V, 400 cps, 1-phase A. C, 

Intercommunication signals between cock­
pit occupants and ground crew. 

27.5v D,C , signals to permit the air 
flow valves on the s t ar ting unit to be 
controlled f r om within the aircraft. 

Power for t hese se r vices is to be obta ined 
from the gas turbine engine. 

(d) Batteries for starting the gas turbine 
compressor. 

(e) Storage for air hoses and electrical cables. 
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8. 2 Mobile Power/Air Conditioning Uni t 

8 .2.1 I t i s r ecommended that the Arrow 2 mobile power/ 
a ir conditioning unit be a trailer powered by 
t wo 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 I t isrecommended that the mobile power/ air condi­
tioning unit inc orporate the fol lowing featu~es~ 

(a) 

(b) 

(c) 

(d) 

(e ) 

(f) 

(g ) 

(h) 

Tandem Miehle-Dexter 5516 air blowers, or 
equiva lent . 

Self-mobility at approximately 1 mph on l evel 
ground for a distance of 100 1 on battery 
power, or for an i ndefinite distance provided 
tha t the engine which drives the generators 
is running, 

A height not in excess of 5 ft. 6 inches. 

Two 3-1/2 11 di ameter air delivery hoses 45 1 

long and terminating in automa tic , quick­
dis connect couplings . 

An electrical cable 50 1 long to supply 400 
cps 3-phase A. C. power to the aircraft. 

Protective circuits to prevent electr ca l 
power from bei ng s upplied t o the aircraft i f 
the delivery air temper ature exceeds 55°F, 
or if the de livery air pressure is below 
6 . 3 psig at the outlet of the air condi tioning 
unit. 

A convenient, central panel for all controls 
and instruments . 

Convenient storage for a ir hose s and elec­
trical cables. 
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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 
cockpit occupants and the ground crew, 

8.3 It is recommended that AVRO be a~thorized to procure an 
adequate quant ity of Arrow 2 engine starting units and 
mobile/power air conditioning units so as not to 
embarrass the Arrow developed programme planned by the 
R.C.A.F. 
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APPENDIX A 

Information Contributed by John I nglis Co . Ltd. 

As noted in the body of the report, the John I nglis Co. Lt d., 
was contac ted and asked to submit information concerning the 
sizes and arrangement of components for a freon r efrigeration 
unit based primarily on commercial equipment. At the time 
of t he discussions the environmental requirements were not firm 
and their proposal was bas ed on t he us e of air cooling for ambient 
temperatures up to l00°F, supplemented by wa ter cooling a t 
higher tempera t ures. Morever, later analysis based on the current 
environmental r equirement s has shown tha t a single Packette 
engine has not sufficient power for the j ob and that two engines 
would be r equ i red. The overal l size and weight of the package 
would therefore , also be i ncreas ed . The layout of their 
propos ed power/air conditioning package i s shown in Fi g. 12, 
13 and their report appears below~ 

All power would be provid ed 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 obt ained from a 40 KVA 
genera tor direct -coupled to this engine . The genera tor would 
require 50 B.H.P. 

For compression of the supply air, a Miehle-Dexter Rotary Blower 
is inc luded. This unit would deliver at 6 .5 p.s.i.g . when r unn­
ing at 3600 R.P.M. and absorbing 101 H.P. and i t is proposed 
to t ake a gear or chain drive for the blower from an extension 
shaft between the e ngine and generator. 

Partia l cool i ng of the supply air would be achieved by a liquid­
cooled coil placed immedia tely upstream of the direct-expansion 
cooler . Liquid for t he coil would be cooled by passing it 
through an ai r-cool ed coil, mounted on the bas e of the trailer, 
ut i lizing ambient air. The fans for this latter cooler would 
require about 1 H.P. A centrigua l pump, abs orbing about 1/2 H.P. 
would provide circulation in the ,clos ed liquid circuit. A 
V-belt drive for this pump can be t aken from the engine s ha ft 
extension. 
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APPE.ll!DI X A ( Cont' d) 

With the above hea t - exchanger arrangement it is es t imated t hat 
air to the di r ect-expa nsion cool er wou ld be a t a tempera tur e 
of 130°F . The r efr igeration load wou l d t hen be approx. 25 T.R . 
For this duty a Wort hington 4JF4 multi- cylinder comnressor 
iS propos ed, r equiring 38 B.H.P. with a V-be l t drive taken 
from the engine s ha f t extension, wit h j ockey-pull ey tension­
i ng. Pres ently, t he r efrigeration cyc l e i s bas ed on 4o°F 
evapora t i ng and 13O°F condensing t empera tur e . 

A direct-expansion F- 12 a i r-cool er with thermostatic expansion 
va lve wil l provide the dehumidifica t i on and fina l cooling . Pro­
vision is mad e fo r a liquid / suction-gas hea t exchanger. 

To avoid re l i a nce on availability of water, an air-cooled 
condens er i s propos ed f or the Canad ian cli ma te, but 
supplementary wa t er spr ays wi l l be nee s s ary f or d .b . tem­
pera tures higher t ha n lOO°F. On t he accompanying sketches 
t his i s s hown as a combinat ion of two banks of thre-e con­
densing uni t s , each- unit with i ts own 1/3 H.P. f an. Thes e 
ar~ mounted a cros s t he top of the t r ai l er with a shal low 
air i ntake plenum immedia tely benea t h , extending f or t he lengt h 
and breadth of the t r ailer . The air from these units is 
dis char ged vertical l y . 

It may be neces sary to t ake s teps to prevent the higher tem­
pera tur e air , di s char ged from t he bas e of t he unit , (from the 
l i quid/ a ir H, E. and engi ne-cool ing sys tem etc . ) , from being 
recirculated t hr ough the supply a i r sys tem, condensers , engine 
liquid/air H.E. and genera t or ·.- This mi ght be achieved by a 
fl exi ble s kirt around t hree sides of t he trai l er base , de­
f l ecting dis cha r ged a i r t o one end, wher e , if necessary, 
a retrac table flao could be provided to carry thi s air 
away from the t r a i l er. ' 

For cold weather wor ki ng, provision has be n made for a 
gasol ine type air-heat er wi t h a capacity of approx. 200,000 
B.T.U. /hr . 
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WEIGHT ESTIMATE 

GROUND AIR CONDITIONER - ARROW 2 

200 H.P. Packette Engine 

~o KVA Gener a tor: 

Rotary Blower (5511-14) 

ii 20 T .R. Compressor 

* Air-cool d Condenser 

• Cooling Coil H.E. 

Air/Liquid H.E . 

Liquid/Air H .E. 

Liquid 

Pump 

*F- 12 Li quid/Suction H.E. 

Ducting 

*Pipework 

Casing 

Power Pan 1 

Fu 1 Ta nk 

Fuel (5 hours) 

R frigeration Equipment only * 2,935 

If 

970 

950 

705 

1145 

932 

518 

370 

408 

100 

50 . 

140. 

200. 

200. 

100 . 

Excludes Chassis , Running 
Gear . 



-:--------------------S_E_C_RE_T _____ _ 

PAGE NO. 1 

APPENDIX B 

Inf orma t ion Submi tted by Godfrey Engineering Co. Lt d. 

The Godfr y Engineering Co. Ltd. was asked t o submi t informa ion 
concerning the use of light-weight freon .r frigera t ion equin­
ment and aircraft-type blowers for the Ar r ow 2 mobile power/air 
conditioni ng unit. At the time of the di s cussions , the 
environm nt al requirements were not firm , so the per f o ma nce 
was analyzed f or operation at temperatur es up t o 130°F at 
sea l evel and 100°F at 5000' altitude . The r esult s a.re n ed 
bel ow in t hei r r eport and show that two Packette engines are 
neces sary. Since our requirement s wer e not f irm, God f r ey 
Engineering did not a ttempt t o s elect equipment or lay out 
a package . Rough calculations indicated that t he component 
sizes mi ght be as follows: 

Evaporating coil 24" X 2011 
X 5" 

Condensing Coil 34" X 20 11 
X 6" 

Ai r -to- air heat exchanger 36" X 36" X 24" 
Complete package (t railer ) 18 1 X 8 ' X 5 1 , w i gh· from 

12000 t o 14000 

The refr i gerat i on system proposed by Godfrey Engineer i ng i s 
shown schemat ica l ly in Fig. 14 . 

lb . 
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TABLE 1 - AMBIENT CONDITIONS 

TEMP D . P : oC 

- ALT. OF OF ps1a f t . /cu .f t ..c. /o-::. 
SL l00°F 75°F 14 .7 ps1a . 0708 .925 
SL 130 75 14 .7 .0673 .88 

5000 82.4 61 12.2 .0609 -796 

5000 100 61 12 .4 .0597 .781 

SL -65 - 70 14. 7 1. 005 1.31 

5000 -65 - 70 11.8 .0806 1. 05 

TABLE 2 - FLOWz TEMPERATURE 2 HORSEPOWER OF BLOWER 

TEMP FLOW P2IP1 T2 / Tl T2-T1 (100%) T (70%) HP (100%) HP (70% ) 
OF #/m1n OF 26F 

100 174 .5 1.533 1 .132 74 206 72 .9 104 

130 174 .5 1.533 1.132 78 241 72.9 104 

82 ,4 150 1.635 1.153 82 .5 200 70.3 100 .5 

100 147 1 .635 1.153 87 224 70 .3 100 5 

-65 249 1.533 1 . 132 52 10 72.9 104 

-65 200 1 , 635 1. 153 61 22 70. 3 100 .5 
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TABLE 3 - REFRIGERATION LOAD 

, Tl T2 T3 DRY LOAD WET LOAD TOTAL FLOW TH. H. P. C.O . P. 
OF OF Op BTU,IMIN BTU,IMIN BTU,IMIN #;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 4 .62 

82 .4 200 94 1580 687 2267 

100 222 112 223 0 687 2917 

frigerant - Freon 12 

aporator - Temp .. 34°F 
- Pressure = 46.417 psia 
- Latent Enthalpy= 64,886 TSTUjLB. 

Sp . Volume {10% Superheat) • ,880 cu . ft./lb, 

ndenser - Temp - 120°F 
~
145°F with 130° ambient design ) 

- Pressure ~ 172,35 psia 235 psia with 130° ambient design) 

TABLE 4 - HORSEPOWER TABLE 

ENGINE HORSEPOWER 
PACKETTE RATED 75% SL 5000 1 

Blower 104 100°F 82 .4°F 
H,E , Fan 15 PE 90 110 82 .5 76, 2 6~ .6 
Compressor 25 PE 150 175 131 121 10 .5 
Cond . Fan 15 PE 200 220 165 152 .5 131 ,5 

TOTAL 159 
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TABLE 5 - AVAILABLE HEA.TING 

ALT. ~F 
,T2 SS FLOW HEA.T INPUT 

mtN Mp
7
ecire %Mre%ire FT. OF # /MIN mu/MIN MIN . 

SL -65 10 249 4500 150 99 39.7 

5000 -65 22 200 4170 139 61 30.5 

TABLE 6 - MOISTURE REQUIRED FOR EVAPORATIVE COOLING AT 130°F 

ALT. TEMP D. P. MOISTURE REMOVED MOISTURE R~Q ' D *-# /MIN 
FT. OF OF gr/lb Total #/MIN H.E. Cond. Total 
SL 130 75 b4 l.b2 2 52 6.5 9.02 

5000 100 61 32 .686 

*Moisture required to r educe T2 to 100° S/L valve 

= (241-206) x .24 x 150 = 2.52 #/Min (50% Effective) 
500 

Moisture required to condense Freon 

= 61.7 X 52 .59 ::. 6·.5 #/Min 
500 

Net 
7 .20 
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Information Submitted by Hussmann Refrigera tor 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 lb/minute of air at 500F (to 
allow for a t emperature rise of 5°F in the del ivery hoses), 
under the following conditions: 

Sea Level 
5000 1 130°F dry bulb, 75°F wet bulb. 

100°F dry bulb, 610F wet bulb . 

These conditions were misinter~reted; t he figures given them 
were from Avro report Log/105/13 as followsi 

Sea Level 
5000 ' 

13oop dry bulb, 75op dewpoint. 
l00°F dry bulb, 61°F dewpoint. 

This proposal is bas ed 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 hea t exchanger, so that all cooling t akes place 
within the refrigeration coil. 
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Information Obt ained from C.G. Hokanson Co , , 
_ I nc . 

General 

The C.G . Hokanson Co., Inc., was vis i ted in order to discuss 
the design, ar their model 707 ground air condit ioning unit 
for the B-58 . This unit appeared to come closest to meeting 
the Arrow 2 r equirements and, from pictures, appeared t o 
show the bes t ngineering approach using a freon r efriger­ation system. 

The 707 uni t suppl i es 125 lb/air at a tsmper ature of 30 
to 45°F and a pressure up to 8 ris1 gauge und er s t andard 
co~dit i ons. It is a t r ailer 87' wide, 17011 long and 
84 high, weighing 16000 lb. It us es t wo Continent al 
Packette engines - a PE-150 driving two Miehle-Dex~er 5516 
bl owers i n tandem at 2400 RPM and a PE- 90 dri ving a 50 
ton Trane r efriger at ion compr essor . The fuel capacity is 
adequate f or 10 hours of continuous .opera t i o . Pie ures 
of t he 707 unit ar e included as Fig . 16, 17 & 18 of this 
report . 

Des i gn 

The frame consists of an angle iron chassis which is specially 
design d f or mounting the various i tems of equi pment. The 
blower engi ne is mounted l ongitudinall y at one end of t he 
t railer and drives t he M-D 5516 bl owers direct ly t hrough 
fl exi bl couplings. 

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

The cabinet is divid ed i nto t hree sealed zones, two of 
which have i ntake filters along each side. The cha r g 
air for t he blow-er s and the carburett or and cooling air 
for t he blower engine enter the center zone . 

The zone above the PE-150 engine contains a two pass air-to­
air heat xchanger on one sid e and the freon condensing 
coil on t he ot her s i de , with cooling a ir drawn throu_gh 
each and exhausted vertically by a f an d iven from t he 
PE-150 . A by- pass valve is fitted in t he air line o 
by- pass the hea t exchanger when it i s not r equired and 
is us ed progressively t o maintain the temperature out of 

', I 
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the heat exchanger at 130°F. A Janitrol 200 000 BTU/h 
heater is also fitted to warm t he air sufficiently to ~;e­
heat the aircraft during very cold weather. Storage tubes 
for the 8" diameter hoses are also fitted in this zone. 

The cen er zone cont a ins the freon cooling coll and an int ake 
silencer for each blower. The coils are made frQii copper 
fins and tubes sweated together by dipping in tin. Controll­
ing the i nlet temperature to t he cooling coi l at 130°p serves 
two purposes g 

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

(b ) the first couple of rows of the cooling coil are used t o 
dry t he freon 12 vapour. A special heat exchanger has 
also been fitted t o as s ist 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 th cooling coils 
for de-icing the unit , since this machine is required 
t o del iver air a t 30°F. 

The third zone contains the PE-90, r efrigeration compress or 
and insulated delivery ducting. The complete unit is 
enclosed in a li~ht angle iron frame with quick aqcess .ooors. 
The door on top t covering the cool ing fan) is el ectricall y 
operated and must be opened before either ngine can 
be started . 

Controls 

The B-58 us es a multitud e of pneumatic ac t uators operat ing at 
pressures of 15-20 psi. Therefore, a 20 psi air suppl¥ was 
built into the 707 unit (driven from the blower engine) and 
most of the valves in the unit were made pneumatic . Th Y 
have apparently been quite successful . 

Convair required a number of automatic features and settings 
in th 707 (differ ent delivery temperatures and pressures) and 
this has made the control system more complex than ours would 
need t o be. Basically their control system wor ks as be lowg-
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_ Flow is controlled by varying the speed of the blower engine. 
_ Air temperature into the cooling coil is thermosta t ically cont roll ed to 130°F. 
_ Cooling coil refrigerant temperature is regulated by 

controlling the suction pressure to t he compressor. 

Mobili Y 

A 28V DC genera t or is driven by the PE- 15O engine and, along 
with batteries, energizes the electrical sys tem of t he unit 
(lights, . i ns t ruments, engine start ing, drive motor ). The uni t 
is self-propelled at 3 mph by a 28V DC motor and can be moved 
approximat ly 1000' using batteries only, or without limit 
if the PE- 150 1s running. No battery heaters are fit ted. 

~ 

The prot ot ype uni t cost approximately $80,000 including 
engin r ing charges . Production unit s sold f or about , 
$60,000, of which $30,000 was the cost of materials and 
bought out parts . 
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Information Submitted by the Garrett Manufact urin~ 
Corporation of Canada, L d. 

The Garre t .Manufacturing Corporation of Canada Ltd 
asked t o submit a proposal for a complete power/air .~o~~~tion­
ing packag to meet our requirements. At the time of dis­
cussions the environmental requirements had not been finalized 
and the cas es us e in their reports are more severe t han th 
present r equirements. e 

Report AAC-2772- R, dated July 30
1 

1957 

I INTRODUCTION 

The purpose of this r port is to present the configuration 
and stima ted performance of a ground service unit to 
provid ground cooling and 3-phase, 200/115- vo l t, 400- cyc le 
pow r f or the AVRO C-105 Mark II a irplane , 

Th proposed ground service unit consists of two gas 
turbin s which provide the required electrical power 
and compressed a ir along with an air-cycle refrigerati on 
uni t which cools t he gas turbine suppli d air. The two 
gas turbin s differ in that one machine pr ovides 
compressed air only while the other supplies air and 
drives a 60- kva, 3-phase, 200/155=volt , 400-cyc le alternator. 
The ref r 1g r a t i9n uni t is the boots t rap t ype consisting 
of wo a ir-to-air heat exchangers, a cooling turbin , and 
a waters parator with anti-ice control , Cooling air for 
t he heat exchangers . is provided by two electric-motor ­
driv n fa ns which operate from power suppl i ed by the gas 
turbine a lternator . All of t he components in -t he 
proposed unit are production items or modifica t ions _ 
there6f with the exception of the r efrigeration unit 
heat exchangers. 

The configuration of the unit presented should be 
consider d preliminary in nature. Th components 
selections were made on t he basis of a preliminary 
problem statement supplied by AVRO Engineering, the 
des ign conditions of which are summarized below. 
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1 

II 

INTRODUCTION (Cont'd) 

Altitude , feet 
Sea Level 2000 5000 

•Ambient Air Tempera ture 

Dry 0 Bul b , F 
130 112 100 

Dew Point, °F 
75 67 67 

Conditioned Air Flow, . l b per min 150 150 150 
Conditioned Air Delivery Pressure ps ig 6 .5 6 .5 6 .5 
Condit i oned Air Delivery Temperature oF 54 54 54 
El ectrical Power , kva 40 40 40 
DESCRIPTION OF COMPONENTS 

The propos ed s ervice unit component arrang ment is shown in 
Sketch AAC-2772-SKl. Included a lso i s Sketch AAC-2772- SK2 
which shows a schematic arrangement of th components. 

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

This gas turbine i s a dual-purpose type machine, the 
wo func ions of which are t o supply high-press~ e 

ble~d air and shaft power through a gear-driven 
ac e s ory pad . This part i cular gas turbine is 
a current Ai Res earch product i on uni t . It is proposed 
t hat one of t he gas t ur bines sha ll b equipp d with 
a 3-phase, 60-kva, 200/115-volt, 400-cycl e alt rnator 
t o provide ground s ervi ce electrical power and t he 
el ctrical power for t he cooling air supply fans. 
Ai Resear ch outline Dr awing 372440 is a t ach d to t hi s 
report. 

2. Cooling Turbine 205650 (Modified ) 

The cooling turbine is a bootstrap t ype turbine. The 
cooling turbine i s ident ical , with t he except i on of· 
th turbine nozzle , wi th a ,,current product i on cool ­
ing urbine . An outli ne dr awing of Cool ing Turbi ne 
205650 is a ttached to t hi s report. 
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II DESCRIPTION, OF COMPONENTS ( Cont I d ) 
' 3. Wa ter Separator 

The water s eparator consis t s of an a luminum shel l contain­
i ng a condens er cone and swirl sect i on . The cone coal­
es ces the entrained moisture in t he t urbine discharge 
a ir into l arge droplets. The droplets t hus f ormed 
enter a swir l s ect ion and t hen the col l ectors ction 
where t he dr oplets are removed by centri fuga l action. 
The wa t r separ a t or i s equipped f or t he inclus i on of 
t he anti-ice protect ion described in Par agr aph 6 . 

A r - lief valve is i ncorpor at ed in t he wa ter separa tor, 
which opens in the event t ha t t he pressure diff r ent ia l 
acros s t he condens er cone becomes excessive. 

This wa t -r s epara t or is s imilar t o t he unit shown in 
.Outli ne Dr awing 85640, whi ch is attached to t his 
r port . 

4 . Cooling Air Fans (Two R quired ) 

Th f an is a compact , l ight weight u i t cons ist ing ess en­
t i a l l y of a 11 .5- i nch di amet er axial-flow i mpeller and 
a 4- pole squi rrel cage induct ~on t ype mot or mounted 
on a common shaft . The motor opera tes on 200/115 
vol s, 400 cyc l es per second, three-phas e alternating 
curr nt . 

Th proposed unit is similar t o th uni t shown in 
Outlin Dr awi ng 49390 with the shutter ass embly 
d l et d and t he housing shortened. 

5. Primary and Secondary Heat Exchangers 

The pr imar y and s econdary heat exchang rs ar e to be 
n w units. The sa me heat exchanger wil l be used for 
bot h applicat1ons. The heat exchanger is an 
a luminum uni t of t ubular cons truct i on , arranged in 
a t wo- pass cro8"8- count er flo~hconf~g~!tt~~~s T~~il e 
bl ea a i r makes t wo passes r oug b ~ The 
the cooling a ir makes one i as~1ov:;s;~~1! ~ ~n1 t 'with 
hea t excha nger is a mechan ea Y This hea t ex-
r emovab le ma nifolding and retur~ p~; ·Sketch AAC-2772-SK3 . 
changer i s shown, in this r epor ' 
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II DES CRI PTION OF COMPONENTS (Cont ' d) 

6. Ant i - Ice Control 

The anti-ice control considered is of the pressure 
differ ntia l t ype. Equipment incorporating this 
typ of control on water separators, Which would 
be s ui t ab le for this appl ica tion, are currently 
i n pr oduction. The se1 ction of a particular unit 
has not been made at t hi s time. 

III ESTIMATED SYSTEM PERFORMANCE 

The system p rformance was estimated on the basis of . the 
design conditions summarized in the introductions ct~on 
of t his r eport . The es tima ted performance of the propo ed sys tem is as follows: 

Alt i t ud e, fe t 

Amb i~ t Air Temper a ture, 
F (Dry Bulb ) 

Sea Level 2000 5000 

130 
Conditioned Air Deli very Flow, 

l b p min . 
132.5 

Conditioned Air D livery Tempera t ure, 

Dry Air Ra ted, °F 

D "Y Bul b, °F 

Condition d Air Moisture Content, 
gr a ins of moisture per lb. 

Electr i c Power Supplied, kva 

23 

46 

69 

40 

112 llO 

125 117 

15 12 

35 35 

i f l w from the two gas turbines The maxi mum available a r - l o t twill not satisfy the 
wit h t h r equired electrica ou pu e tem eratures of the 
air fl ow r equirements. The discha r gu1redp54op and i t 
air, however, ar e lower- than the r!~ with the ~s imated 
is believed t hat the airiff0 : ! t~~~Y t he airplane cooling dischar ge temperatures w 
r equirem nts. 
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IT ESTIMATED WEIGHT OF SYSTEM COMPONENTS 

1 . Gas Turbine GTCP85-20, 37244
0 

2 . Ga s Turbine GTCP85-20, 372440 (Alterna t or 

Equipped) 
3. Cooling Turbine 205650 

4. Wa t ·r Separator 85040 

5. Primary Heat Exchanger 

6. Secondary Heat Exchanger 

7. Cooling Air Fans (Two Required) 

Estimated Total Weight 

The component cha r act eristics us ed in the preceding report were ~ 

Seal Level 2000 1 -Adiaba tic efficiency, % Turbine 
85.5 84.5 Compressor , 
71. 6 71.5 

Pressure Drop (in. Hg.) 
Prima r y Hea t Exchanger 1.64 1.50 Secondary Heat Exchanger 0. 75 0 .76 Wa ter Separator 1.8 1. 77 

Effeciencies 
Primar y Hea t Exchanger .90 .885 Seconda r y Hea t Exchanger .90 .885 Wa ter Separator . 63 . 63 

Weight-lb 
245 

340 

35.6 

11.5 

205 

205 

66 

1108 .1 lb 

5000 1 

85 .5 
71.8 

1.48 
0 .77 
1.57 

.905 

.905 

.62 

Since the air flow ra t es in this ana lysis were considerably l ess 
than those required under adverse environmental conditions, t he 
Garrett Manufac tur ing 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 t ime , the air­
crart electrical loa d requirement was reduced to 30 KW . Their 
report appears below: 

______________________ ,..,. 

' I 
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Repor t AAC -2772-R, Re'V. 1 

r. INTRODUCTION 

The purpose of t his report is to present the configuration 
and estima t d performance of a ground service unit t o 
provid e ground cooling and 3-phase, 200/115-volt, 400- cycle 
pow r for · the AVRO C- 105 Mark II airplane. 

The proposed ground s er"Vice unit consists of two gas tur­
bines which provide t he required el ectrical power and com­
pr saed air along With an a ir-cycl refrigeration unit 
which cools the gas turbine s upplied air . The two gas 
turbin s dif f r in that one machine provides compressed 
air only while t he oth r supplies air and drives a 
60-kva, 3-phase, 200/115-volt, - 400-cycle al terna tor. The 
refrigera t ion unit is the bootstrap t ype consisting of 
two air- to- air heat exchangers, a cooling turbine, and a 
wa ter s parator With anti - ice control. Cooling air for 
the hea t exchangers is provi ded by two electric-motor­
driv n fans Which opera te from power supplied by the 
gas ·r;-t;.z>bine a lternator All of t he component s in the 
propos d uni t are production items or modifica ions there­
of with t h exception of t he refrigeration unit heat exchangers . 

The configura ion of the unit presen d should be 
consid r ed preliminary in .a·cure . The compon t s l ect ­
ions w r e made on- the basis of a preliminary ~roblem 
st at ement supplied by AVRO engin ering, the design 
condi t i ons of which are summarize.a below. 

Alt i Ud e , fe t Sea Level Sea Level 3500 
Ambient Ai r Tempera ture 

Dr,y Bulb, OF 
120 100 101 

Dew Point, °F 76 85 67 
Condition d Air Flow, lb per min 150 150 150 
Conditioned Air Delivery Pressur e, 

psig 6.5 6. 5 6 .5 
Conditioned Air Delivery Temp. °F 55 55 55 
El ctrical Power, kva 30 30 ' 30 
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II DESCRIPTION OF COMPONENTS 

The pr oposed service unit component arrangement is sh 
in Sketch AAC-2772-SKl. Included also is Sk tch AAC-~TT

2
-SK2 

which shows a schematic arrangement of the components. 

1. Gas Turbine GTCP85-20, 3724 O 

This~gas turbine is a dua l-purpose type ma chine, t he 
two t unctions of Which are to supply hi gh-pressur 
blaed air and shaft . power through a gear- driv 
accessory pad. This particular gas turbine is a 
curr nt AiResearch production unit . It is propos ed 
t ha t this gas turbine will be equipped with a 3-phase 
60-kva , 200/115-volt, 400-cycle alternator to provide' 
ground s ervice e l ectrical power and the electrical 
pow r for the cooling a ir supply f ans. AiResearch 
Outlin Drawing 372440 is attached to this r eport. 

2 . Gas Turbine GTC85-20, 76400 

This gas urbine is a single-purpose machine which 
suppli d high- pressure ble d air. This gas turbin 
is a current Ai Research production unit. AiRes ar ch 
Out line Drawing 76400 is attach d o t his report. 

3. Cooling Turbine 205650 (Modified) 

The coo ling turbine is a bootstrap t ype turbi-e. The 
cooling turbine is i dentical, with the exception of 
the t bine nozzle , with a current production cooling 
turbine. An outline drawing of Cooling Turbine 205p50 
is a ttached to this report. 

4. Water Separator 

Th wa ter separator eonsists of an aluminum shell 
cont aining a condenser cone and swirl s ection .. The 
con coa l sees t he entrained moisture in the turbine 
dischar ge air into large droplets . The droplets thus 
form-d enter a swirl s ection and then t he collector 
s ec ion wher e the dropl ts are r emoved by centrifugal 
ac t ion . The water separator is equipped ~or t he . 
inclusion of t h anti-ice protect ion described in 
Pa ragraph 6 . 
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I I DE3CRIPTION OF COMPONENTS (Cont Id ) 

4. Water Separ a tor (Cont' d ) 

A r eli ef va l ve is i ncorpora t ed i t 
which opens i n t he event that t h~ he water s epara t or, 
acros s t he condenser cone becomes pressure di ffe~ent i a l 

excess ive . ~-
This wa t er s eparator is similar t o the uni t shown . 
in Out l ine Drawing 85640, which i s attached to t hi s repor t. 

5. Co l i ng Air Fans (Two Requi red) 

Th f an i s a compact , lightwei ght uni t cons ist ing 
ssent i al l y of a 11 .5- inch diameter exial- f low im­

pel ler and a 4-pole squirrel ca ge induct ion t ype 
motor mount ed on a common .shaf t . The motor opera t es 
on 200/115 vol t s, 400 cycles per s econd, t hree-phase 
alt erna t i ng curr ent . 

The pr oposed unit is similar t o t he unit shown i n 
Out l in Dr awi ng 49390 wi t h the sh tter assembl y 
deleted a nd t he housing shor t en d . 

6. Primary and Seconda ry Heat Exchangers 

The primar y and s econdary hea t exchangers ar e to be 
w uni t s . The same heat exchang r will be used for 

both appl ica t i ons. The heat exchanger i s a aluminum 
unit of tubular cons t r uction, arr anged in a two-pass 
cr oss-counter flow configuration . The bleed a i r makes 
t wo passes t hrough t he t ubes, whi le the cooling ai r 
ma kes o e pass over t he tub s . The heat excha ng~r 
i s a mechanica l l y assembled unit wi t h removab l e 
manifolding and return pan . This heat xchanger i s 
shown, i n t his r epor t, by Sketch AA0- 2772-SK3 . 

7. Ant i - Ice Control 

The anti-ice control cons id ered is of t he pressure 
differ ent ia l type . Equipment incorporat ing this 
t ype of control on wa t r s epara ors, which would be 
su1 abl for t his application, ar e current ly in 
producti on. The s election of a particul ar unit has 
not been mad e a t this t i me. 
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f III ESTIMATED SYSTEM PERFORMANC~ 

Th e sys tem performance was estimated on t he basis of the 
des i gn condit ions summarized in the int roduc t ion sect ion 
of this r epor t . Wi t h t he except i on of the ambient air 
t emper ature noted below. The estimated perfor mance of the propos ed system is as follows: 

Alt i tude, f eet 

Ambi ent Air Temp. 

Deg . F. Dry bulb - f r om data 
Deg . F. Dr y bulb - us ed in 

analysis 

Condi t ioned Ai r Del i very Flow 

lbs/min 

Condit i oned Air D livery 

Tempera ture a t Turbine 
Di schar ge 

Deg . F . D .A .R. 

Turbine Di s t. Moisture 
Content 

GR./ LB Dry Air 

Mois tur a removed 

GR,/LB Dry Ai r 

Condi tioned Air Temp. 

Sea 
Leyel 

120 

115 

150 

7 

136 

59 .5 

Sea 
Level 
Humid 

100 

100 

160 

- 7 

184 

84 

3500 

101 

90 

150 

-11 

113 

59 .5 
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III ESTIMATED SYSTEM PERFORMANCE (Cont ' d ) 
Sea 

Sea Level 
Level HUinid 3500 

At Wa ter Separator Dischar ge 
45 4 26 Deg . F. D .A .R . 

Entrained Moist ure Content 

GR. / LB Dry Air - Water 
Separ ator Discharge 

25.5 36 25 .5 
Ent rained Moisture Content Cabin 

Inlet Ambient Pressure 
GR ,/LB Dry Air 15 24 .5 17.5 
Fr e Mois t ure Entering Cabin 

LB/MIN 0 .322 0.56 0. 375 

IV ESTI.fv'I.ATED WEIGHT OF SYSTEM COMPONENTS 

W i~h - lb 
l. Gas Turbin GTCP85-20, 372440 

(Alter nator Equipped) 340 
2. Gas Turbine GTC85-20, 76400 225 

3, Cooling Turbine 205650 35.6 

4. Wa t r S par ator 85040 11.5 

5. Primary Heat Exchanger 205 

6. Secondary Heat Exchanger 205 

7, Cooling Air Fans (Two Required ) 66 
Estimated Tot a1· weight 1088 .1 lb 
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Subsequent t o the issue of Revis ion 1 of Report AAc-
2772

_R 
the f ollowing data were provided: , 

"Since is sue of r evision 1 t o Repor t AAC-2772-R AiR 
have compl ted qualification testing of t he proposedesearch 
Wa ter Separato r . This Wa t er Separator is scheduled f 
us e i n th Boei ng 707 aircraft and as such qua lificat~~n 
t esting wa s r equired . As a result of tests carried out 
i t i s now possible to prov~de more factual information 
with resp et t o per f ormance t han is current ly shown on 
Page 4 of t he referenced report. It ha s been determined 
t ha t t he Wa ter Separa t or effeciency wil l be 70 per cent 
for a l l cas es checked. 11 

Additiona l i nformat i on conc erning the cost and over haul 
l ife of eq ipment was provided as rollows: 

"The AiR search model GTC 85-20 Gas Turbine Engine has 
be~n designed f or a minimum of 1000 hour s between overhauls . 
At the moment th United St ates Air Force have established 
an ov rhaul fr quency of t his t ur bine on the basis of 
>1umber of s t arts of t he machine·. A hot end over haul 
being carri d out after 1300 s t arts and a. complete over haul 
after 2600 s t art s. Experienc e is being r api dly accumula t ed 
of a considerab le number of uni t s in service and 'l atest 
units going t hrough overhaul at these figures show 
excell n r su l t s. AiResearch are confident thatan 
overhaul progr am bas ed upon the number of s t arts shown 
or on a 1000 hours -between overhaul basis i s quite 
realistic. 

A progr am is und erway at AiResearch a imed at increas i ng 
t he number of s t arts between overha uls t o 3000 . Presumably 
thi s will als o result i n increasing t he a l lowab l e running 
t i me between overhauls. The volume of units in oper at ion 
should qui ckl y verify the program now laid on . 

Wit h resp et t o over haul life of the refrigeration package 
we can ad vis t he following. 

1 . Cool ing Turbine - 1000 hours 

2. Fa n - 2000 hours 

3 , Hea t Exchangers - 5000 hours 

4. Wa ter Separator - 500 hours 
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IV ESTIMATED WEIGHT OF SYSTEM COMPONENTS ( Cont I d ) 

In or der t o ass ist you in establishing broad budget figures 
we can advis e approximate unit prices as follows : 

1. 

2. 

.Gas Turbine Compress or with Enclosure (GTCE 85-201 
approxi mately $22,000.00 each. 

Refrigeration Package complete approximately 
$ 20,000.00 each. 

The prices shown are based upon smal l quantity r l ease and 
not t o be consider ed firm . " 
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Information Submi tted by the Stratos 
- Division of the 

Fairchild Engine and Airplane Corporation 

'S tratos " manufac tures a simple air c cle 
as described below a nd in Fig . 21. P!r forrefrigeration package 
submitted (at a la ter date) and a typical ·~unce ciurves were al s o 
Fig . 22 . r ve s re produced i n 

DESCRIPTIVE DATA 

tiODEL GEA120- l GROUND AIR CONDITIONER 

1. Introduction 

The Stratos Model GEA120-l is a compact, lightweight Type MB-1 
air cycle ground air conditioner designed to the requirement of 
Air For ce Exhibi t WCL- 876 dated 21 June 1955. It is sui t able 
for installation as a component of Multi-Purpose Servicing Units 
or i ndividually on its own trailer . The required power supply · ' 
is compressed air f r om a Type MA- 2 Gas Turbine Compressor plus 
a max imum of 8 amperes of 28 volt DC power for the air condi ­
t ioner contro ls. The air conditioner will also operate with the 
Type MA - l A Gas Turbine Compressor, at a somewhat l ower output , 

2, Description 

The GEA120- l i s compr ised of a umber of a ircraft quality com­
ponents assembled withi n an aluminum enclosure 4811 x 50" x 30" 
high , plus a separate control box and i nstrument pane l from which 
all functions of the air conditioner may be controll ed, A 15 
foot electrical cable, s upplied wi t h the air conditi oner, is the 
only connection between the air conditioner and t he contr ol box. 
The attached photograph shows the general appearance of the air 
cond1tioner c ontrol box , and conne cting cable. Other connections 
to the air ~ondi tione r itself are a 31." compressed air supply 
conne c tion and an 8" conditioned air {discharge) connection . The 
connector for 28 volt DC electrical power supply is located on 
the side of t he control box . 

Air from the gas turbine compressor entering the air conditioner 
passes through a fast acting shut - off valve and a flow limiting 
venturi~ and t hen through a high effectiveness air - to-air heat 
exchanger i n which the tempera ture is reduced to slightly above 
that of the a mbient ai:-. (Refer to the a t tached Schematic Flow 
and Controls Diagram) . It then enters two expansion turbinesbi 
in which a further reduction in temperature is achieved . Tur ne 
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2: Desc ripti on (cont'd) 

work is ab~orbed by blowers which serve to draw ambient coo l ing 
air through the heat exchanger . The cold air then flows through 
a plenum chamber and from there through two water separators 
where 80% of the l iquid water in the conditioned air is remo;ed 
and thence t hr ough a second plenum to the discharge duct connection. 
The separated water is sprayed i nto the heat exchanger cool ing ai r 
to increase heat excha~ger effectiveness. 

Automatic controls permit selection of flow rate and temperature 
of the conditioned air as desired. Temperature contro l is accom­
pl ished by bypassing hot supply ai r around the heat exchanger and 
expansion turbines, to the first plenum chamber , in proper propor­
ti on to effect the desired temperature a t t he d1scharge connect ion . 
A control on the control pa ne l permits selection of a ny discharge 
t emperature from 35 to 280°F . Flow control is accomplished by 
dumping condi tioned air thr ough a valve connected to the second 
plenum chamber, to reduce flow to the desired value . (The dumped 
air is ducted to the heat exchanger cooling air i nlet , thereby 
affording a regenerat ive cooling effect). When l ess than 50 per­
cent flow is desired,one of the expansion turbines is shut down 
completely to reduce the compres sed air demand on the gas turbine 
compressor. In this condition, the control effects a cha nge in 
the i n ternal geometry of t he fl ow limiting venturi at the packa ge 
inlet, so that i t limits total packa ge flow to one-half of the 
rated va lue. 

When sepa rati on of the en trained water in the conditi oned 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 va l ve. This valve 
is controlled by a switch on the control box. 

Instruments provided include indicators f or temperature and pres ­
sure at the air conditioner di scharge conne ction, and an hourmeter . 

Installation details of the GEA120- l are shown on the attached 
drawing number 23000. 

3. Performance 

Of t he GEA120- l at the three conditions of Estima ted performance 
Rxhibit WCL-876 is as follows : 
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Ambient Conditions 

Temperature - DB 
Temperature - W.B 
Pressure 

~l~ Conditions 

Temperature 
Pressure Avai lable 
Maximum Flow 

Discharge Conditions 

Pressure 
Airflow 
Temperature 

Dry Air Ra ted 
Actua 1 

Moisture Cont ent 

(OF ) 
(ps ig ) 

(lbs /min) 

(psig ) 
( lbs/min ) 

Condition 
1 2 -L - -130 100 -65 76 76 

14. 7 14 , 7 14,7 

600 550 200 
50 53 65 110 125 200 

4 4 4 
*110 *125 ***200 

42 5 
** 49 ** 45 ***200 

50 47 

*With temperature selector set a t full cold. Discharge air­
flow will i ncrease s lightly i f higher tempera ture is selected . 

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

***C ond ition 3 r epresents operation with the temperature control 
valve in the f ull open posit i on. I n this condition, there 
wi 1 be a sma ll amount of a irf l ow thr ough the turbines and, 
consequently, a small amount of cooling airflow through the 
blowers. This flow will be so smal l a s to practically neg­
ligible, howeve r, and t he pa cka ge discharge temperature will 
be very close to supply t emperature. 

This company was asked to calcula te t he performance of its GEA - 120 
unit for the following c ondi tions: 

Environmental Condi t i ons i 

Sea Level 100°F dry bu l b , 85°F wet bulb. 
130°F II " 85°F " II 

-65 °F II II 

5000" 112°F II II 85°F wet bulb. 

Outlet air Reg,ui re ments {at unit ) i 

Pressure 6.3 psi (gauge) 
Temperature 50°F 
Flow 150 to 200 lb ./miq . 

1,:------ --------------r 
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Engine Performance: 

(a) Two So la r T-300 ~-1 engines (one drawing a 4
0 

KVA 
generator i n add ition to suppl ying bleed air). 
Estimated compressor del i very conditions i 

Ambient 

Sea level, 1300F 
Sea level, 100°F 
5000 ' , 112°F 

Pressure 

64 p. s . i .a 
66 P. s . i.a. 
53 P. s. i .a. 

Temperature 

(b) 2 Blackburn Palouste 500 Engines (derived from the sa me 
basic engine as t he Con tinental Model 141). 
Es t imated compressor delivery conditions 

Ambient Pressure Tem,12erature 
Sea level, 130°F 55p. s .1. a. 475°F Sea level, l00°F 57p.s.i.a. 455°F 5000 ' , 112°F 45 p, s. i. a. 460°F 

( C) 2 AiResearch GTC 85- 20 Engines. 

Ambient Pressure Temoerature 
Sea level, 130°F ~8 p.s.i.a . 455°F Sea level ,

0
100°F 50 P. s. i. a. 430°F 5000 1

, 112 F 41 p,s.i.a. 435°F 

In addition, if t he air delivered i n Case "A " is cold enou~h, AVRO 
wou ld appreciate your opin ions concerning the use of a single 
Solar T- 300 J - 1 engine supplying bleed air and driving an 
auxil iary blower t o bring the total flow up to 150 lb/minute under 
adverse ambient condit ions. For this case, the estimated supply 
conditions are i 

Ambient Flow Pressure Temoerature 
Sea level, 130°F Solar 108 lb /min. 59 p.s.1 .a . 515°F 

Blower 44 lb/min. 21 p.s.i a. 240°F 
Sea level, lOOoF Solar 133 l b/min . 62 p.s i.a. 480°F 

Blower 17 lb /min . 21 p.s. i .a . 210°F 

5000 1 , 112°F Solar 100 lb/min. 50 p.s.i.a. 495°F 
Blower 50 lb/min. 18. 5 p.s.1.a 220°F 

The results are contained i n their letter of August 2, 1957 i 
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Engine Performanc e (Cont ' d) 

"We have calcul~ted the p~rformance of our .OEA.120-1 ground air 
conditioner at the cond~.ti_ons• stated :in reference letter··. This 
performa nee is reported on ' the attached taole. ' 

' "Effective temperature"_. is the temperature of dry .air of 
equivalent cooling capa~ity. It is somewhat lower than the 
wet bulb temperature, and reflects the additional cooling 
which is obt a i ned in the airplane due to evapora-tion of the 
small amount · of liquid water pres-ent in the air conditioner 
discharge. "Effective temperature" should be used for T 
supply in the equation Q = WxCp (Tcabin - Tsupply) to de­
termine cooling capacity of the air conditioner . 

We woula l ike to caution you on the use of the performance 
figures in the enclosure. They are accurate if the flow we 
have indicated is compatible with the pressure you have 
gi ven us for supply pressure. As you know~ GTC performance 
at a given ambient te1I1peratures is a curve wherein bleed 
pressure fal l s off as bleed airflow increases. Therefore 
our per fo r ma nce is meaningful if the GTC will flow as much 
ai r as we take at the pressure you have given. · r t it wil l 
not, the press ure will be lower than given and a balance 
point will be reac hed at Some lower pressure and f low 
Convers e l y ; if it will flo~ more than we take, the bl eed 
press ure may be higher than given, and the balance po i nt 
will be at a flow and pressure higher than shown i n the 
enclosure . 

We hope t his 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, -this might be 
practical in some cases, but with a 210 ~ 240 Fair 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 lbs/min.increases the temperature by something l ike 
13°F. II 



Altitude 

0 
Ambient Dry Bulv Temp. F 

Ambient Wet Bulb Temp. °F 

Compressor used 

Turbine Flow ffe/min 

Exit DAR Temp, °F 

Exit Wet Bulb Temp . °F 

Exit Effective Temp. °F 

Free Water lb/lb air 

:,,. 
~ 

ti\ z 
t:::J 
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>< 
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,,,__ 
0 
0 
::s 
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S.L. S.L. 5000 1 0: 
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85 85 8 

Solar Palouste AiResearch Solar Palouste AiResearch Solar Palo_l!~te AiResarch 

153 ,1 132,7 116.8 144 .8 125,0 109,J 121,8106.2 94,6 

- 8.5 2 ,5 14,8 17,8 30.2 44,2 8.7 29.9 32 .4 

53,2 57,6 62.1 51.7 5_6.8 62.0 5_2 .2 56,7 60.5 

40,9 46.6 52,6 44,9 51.5 58,4 43,5 49,5 54,9 

.003 .0026 .0023 
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z 
0 

°' 

• 
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~ 
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Since t he delivered air flow was less than required under 
adverse environmental conditions With the standard package 
''Stratos tt was asked whether the unit could be modified to ' 
pass 150 lb / minute of air With a lower inlet pressure. Their 
analysis indicated that it would not be feasible using the 
AiResearch GTC 85-20 gas turbine am that the performance With 
the other eqgines· would be as indicated below ; 
Altit ude 

Sea Leve1 Sea level 5000 1 
Ambinet Temperature (OF) 

Dry Bulb 100 130 112 Wet Bulb 
85 85 85 Specific Humidity 

159 107.5 157,5 
(grains / lb/ dry air) 

Engine Solar Palouste Solar Palouste Solar 
Flow 187.6 186.8 177.8 176.3 149. 4 

Discharge Temperature 
(OF) 

41 46.7 66.7 37 ,3 
Dry Air Rated 21.7 Wet Bulb 71.5 78.5 68. 7 76 74 .5 Effective 51.5 71 64 .5 74 67 

Paiouste 

149 .3 

57 . 1 
80 .5 
76 
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Informat ion Supplied by Blackburn & General Aircraft 

GENERAL -----
The perfor mance requirements originally specified have recentl be 
revised, however, details are given in this part of th ty en 

id d i 1 t e repor which may be cons ere n re a ion to the original requirements. These 
details refer to the Artouste 510 APU which incorporates an en ine 
basically the same as the Palouste 500 proposed for the air st:rtin 
requirement . The Artouste 510 APU is shortly going into production~ 

a1d no development would be specifically required for AVRO Ca ad 
Th is course of action will allow AVRO , Canada to cons1i:Ier th~ P~~sibl~. 
use of this unit in association with alternative refrigeration syste s 
if it should prove impossible to find a suitable means of meeting th: ' 
revised requireme n ts in association with an air cycle refrigeration 
system. 

PERFORMA NCE 

The atttached -set of performance curves, together with the associated 
covering notes give 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 is impossible w;t th the type of control system which would 
be provided . 

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

~ 

The Artouste i s one of a range of engines which have many components 
in common, notably the Gas Genera tor which is common to all engines 
in the range. The experience on a.11 engines is, therefore, of direc t 
signifi cance in considering the status of the Artouste itself . The 
following running times both on development and in the field which 
have been achieved so far are, therefore, quoted to show the exper­
ience which has been built up on the engine range • 
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STATUS (Cont ' d) 
;;..;--

~rtouste 380 hours . 
"¥ ~-Palas 1,040 hours . 

Pa louste - 4,300 hours . 

Turmo 930 hours. -Total ,§..650 hours. 

It is emphasized t hat the unit proposed in this report is already 
under intensive development prior t o produc t ion for the RAF It 
incorporates an al ternator (running at 12,000 R.P. M.) whi~h·i~ also 
under development prior to production . 

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

ENGINEERING DETAILS 

Engine Description 

The Artouste 510 i s a combination of an ai r bleed and a shaft drive 
engine ; a r eduction gear is driven by a forward extension of the 
rotating as s embly . It is identical t o the Palous te except for the 
modif ica tion required to accommodate the reduction gearbox. 

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

Fuel System 

The fue l control system automatically meters the fuel supply to the 
engine to meet starting, idling, accelera tion, maximum speed and 
decelera tion requirements, at all ambient temperatures . Metered 
fuel pas ses through the hollow rotor shaft from which it is injected 
by a rotary atomiser to the combustion zone. For s tarting , fue l is 
suppl ied via a solenoid valve to a torch igniter . 

Details of the fuel system are given in the manu,al a ttached to the 
first part of this report. · Although this descril-be .s the Palouste fuel 
system,that on the Artouste would be identical except for detail 
changes necessary due to the fitme nt of the gear box on the front 
~ce of the engine . 



~ SECRET 

:P-Y>~---_____ ___, 
PAGE NO . 3 

APPENDIX G (cont ' d) 

Fuel System (cont ' d) 

It is understood that the engine would be required to operate at a 
constant b leed flow and the variation of total engine power output 
wi th variation of electrical load from zero to 40 KVA would t here= 
fore be relatively small. It is therefore possible with the exist ­
ing fuel system to say that the variation 1n engine speed with 
vary ing 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%, limit q~oted. 

Oil System 

The oil syste m i s completely self contained on the engine , the only 
externa l connect ion being one for a pressure gauge. Twin oil tanks 
are situated each side of the air intake passage and supply oil to 
the pump/fil te r unit. A gear type pressure pump supplies oil to the 
f r ont bea ring , rear bearing, accessory dr ives and reduction gearbox 
and a larger capacity scavenge pump returns the oil t o the tanks . . 
The oil system is fully described in the manual a t tached to part 1 
of this re por t , but certain modifications are already under discussion 
for the M. o.s. air starting trolleys and these would automatical l y 
be incorporate d in any engi nes for AVRO. 

Elec trical System 

The ignition sys tem cons ists mainly of two components, an ignition 
uni t, battery supplied, and a high energy torch igniter. 

An electrical starter, dr iving through a roller clutch is utilized 
to start the engine. The sys t em is automa tic i n that a pressure 
swi tch cuts out the starter motor at a pre - determined speed. Hand 
Starting Gear is also provided. 

For an instal lation r equiring , 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. I n 
addi tion to provid1ng power for the self- contained unit t he generator 
would have enough excess power to provide t he 10 amps required for 
relay control on the aircraft. 

The section of the manual attached to part 1 describing the elec trical 
sys tem in the existing t r olley application i s not yet issued , but a 
wiring diagra m is shown on Fig. 2 of part 2, Section 3,Chapter 3 
and from t his the details can be i nferred. 
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Reduct ion Gearbox 

The reduction gearbox is a light alloy casting which is secured to 
the front of the engine on two extensions to the air int ake ducts . 
Two taper flange mounting faces are provided ; the lower large one 
provides t he mounting f .or the alternator and t he s mal l er 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 is 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 

The following fuels are approved by us for use on the Arouste 510 . 

Aviation Turbine Fuel J PI (i .e. DERD.2482 or MIL- F- 5616 ). 

Wide cut Gasoline. JP4 (i . e. DERD,2486 or MIL-F- 5624A) . 

Aviation Kerosene 
(High Flash Point) . JP5 (i . e. DERD.2488 or MIL- F- 5624C). 
Avia tion Gasoline 
(Gr ades 91/96 & 100/130). DERD .2485 or MIL- F- 5572 

Diesel Oil. Specificabion ST 700- lC . 

Qll 
The following oils are approved by us for use on t he Artouste 510. 

DED.2487 
DED.2479 (i.e. Esso Aviation Turbo Oil No. 35 or Allison 

corporation E~IB 35 or Esso Aviation oil EEL 3). 

MIL- L=6082B. Grade 1065 . 
Esso Aviation Oil No. 57 , 

Aeroshell Tur bine Oil No . 9° 
Aeroshell Turbine Oil No. 9B, 
Mobiloil Motr ix 111 (Aero 57). 
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Acc~sories 

The attached ins tallation drawing of the Artouste 600 Engine gives 
details of the type of power and rotation direction,etc., of the 
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 deducedo 

Contamination 

Since there is no physical separation between the combustion a ir and 
the bleed air,certain tests are necessary in order to establ ish t ha t 
the bleed air is free from toxic cont amination. These tests a r e 
under way but are not yet complete, however it is confidently _ 
expec t ed that they will show that no toxic contamination is present 
in the bleed air. 

It is cons i dered possible that certain precautions will have to be . 
taken to avoid bleed air being supplied to the aircraft during the 
star ting operation, but· this can be made a norma l function of the 
starti ng and control system. 

Instr uments 

The only instruments necessary are an Engine Speed Indicator, an 
Exhaust Temperature I ndicator , and an Oil 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 t he installa ­
tion and de tails of tpe installation are , therefore , required before 
the design detail s for these units can be specified . 

Noise 

Since the Artouste 510 is practically identical to the Palouste 500, 
it is of i n tere st to note the noise levels achieved i n a sound 
proofed trolley incorporating this engine. A brochur1 de~cribing 
thl..s troll ey which give details of the measured noise eves s 
attached to part 1 of this report . 
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Refrigeration Unit Inter Cooler Air Flow 

It has been sugge sted 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 
achieving this cannot be suggested,but the provision of an inductor 
working on the exhaust duct or of a small fan driven from an auxiliary 
drive pad are both possibilities , 

Alternators 

The alterna tor fitted on the Art ouste 510 is the Plessey type 
EL,1808 , this ha s a nomina l 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 40 KVA is 80 h.p. 
It should be noted that if greater powers are required t he alternator 
1s under development and the gearbox is capable of taking 100 h.p , 

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

As wentioned under Fuel System heretofore the specified speed control 
of - 1% i n 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, 

Weights 

The weight of the Artouste 510 complete with al ternator, but e348lf~ : 
i ng I ntakes arid Exhausts, and Controls etc. is approximately 

Overhaul Life 

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

d to meet the flow requirements,then they would 
If two engines are use 1 th maximum continuous conditions 
be operating at.substantially be ow ~ 1 life may therefore be 
and a significant increase in the over au ossible unti l more 
expected , although quotation of thids isn~~~gpconditions. 
details a re a vailable of the propose ru 
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overhaul Life (Cont'd) 

It should be noted under this heading that a test is now being run 
on a Turmo Engine at approximately 400 h :p. with the object of 
increasing the overhaul life to 2,000 hours, and it will be appre ­
ciated that the experience gained on thi8 test will to a large 
extent be directly applicable to the Artouste 510. Other tests , 
notab:ly those on the Artouste 510 for airborne applicat ions, a re 
aimed at increasing the overhaul life of this engine , and it is 
confidently anticipated that an overhaul life of 2, 000 hour s at t he 
lower output r atings will be achieved in the near future . 

Delivery 

It i s understood that the first engines r equired to meet the AVRO 
specif icaticn will not be needed before the fall of 1958, and this 
requirement can be met without difficulty. Should ear lier deliveries 
be required it is est imated that a batch of 10 engines could be 
delivered i n the Surrrrner of 1958, and tha t if necessary a prototype 
engine could be produced in the Spring of 1958 . These dates a re 
based on the assumption that the order f9r t he engines is received 
befor e November 1st, 1957. Spares ordered with the engines would 
be delivered at the same time as the engi nes. 

Should it be decided to use two Artouste 510 Units with the a :lrflow 
coupled 1 then delivery of the first uni t could be made within twelve 
months of receipt of the order. 
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Notes on the Performance f A o rtouste 510 for the 

Air Conditioning Air Supply for the Avro Canada Arrow 

The Artouste 510 , comprises a ~as turbine air compressor engine, 
(identica l to the Palouste 500) fi tted with a reduction gearbox

9 Plessey Alternator and cooling fan. 

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 re late to a cons tant turbine inle t temperature 
for the max imum cont i nuous ra t i ng . The constant engine speed of 
33 ,230 R.P.M. corresponds to 12,000 R.P. M. for the 40 KVA - 400 c.p.s. 
alternator. 

The existing r educ tion 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 per f ormanc e f igures given assume an intake and exhaust sys tem 
similar to t hat now incorpor ated on the Blackburn MK. 11 L.P.A.S. 
Ground Starter Trol l ey. Allowance has been made for t he powe r 
abs orbed by the D.C. generator and the Fuel and Oil Pump and a 
further al lowance of 8 H:P. has been made for the possible pro-
vision of an a ir supply for t he refrigera tion gear inter- cooler as 
requested by AVRO. 

It will be seen that under extremely high ambient tempera t res a 
.single engine cannot meet the existing a ir fl ow requ:!rements ., approx­
imately 1.6 lbs/sec. being available. 

If another alterna tor of similar output, but different rota tional 
speed is considered , this would i nvolve a change in the reduction 
gear ratio~ Should this be the case then a different engine speed 
may be se lected. Additional performance curves a re included, 
(E.T .D. 431/9) corre spond ing 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 E.T.D . 
422/9 is included. This shows the performance of the engine without 
taking a ccount of the gearbox limitation. It will be seen t hat for 
relatively low shaft powers, maximum air bleed is achieved a t about 
32 , 000 R .P.M. The performance over the extended speed r ange is pre ~ 
sented for I.S.A . conditions a t sea level. 
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For this application the compresso /t b 
surge i s impossible under all co dr urine matching is such tha t 
system, provided that there is nn ifions with t he proposed control 
tive orifice size of the sys t em~ s ~~~icant change i n the effe c­
air , Should it be considered n ° w c the engine is deliver i ng 
bili ty of a blockage in the air:~:~~ary to provide against t he poss i ­
alternative matching could be provide~r ~~ehrefr i~eration gear,an 
possibl e with shaft power and no bleed ;lo~ . wou make sur ge im-

The effect of t he alterna tive matching would be t o give a small 
teduction in available pr essure for a given fl t t t 
a slight i ncrea s e in fuel consumption The eh~~ raie, ogre her with 
of course dep nd t t • ge n per ormance is e en upon he amount of hor sepower requir ed in the 
absence of air bleed. 

INTRODUCTION 

AIR CONDITIONING AND GROUND POWER UNIT 

Revised Requirements 

A pre l iminary 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 lb . per minute and a maxi mum 
which may rise as high as 200 lb. per minute. 

The above air fl ows when taken in conjunction with t he 40 KVA e l ec ­
trical r equirement represent a need for about 650 h . p . f or the high 
ambient t emper ature cas e of 130°F. This cert ainly cannot be me t 
with any single engine of the Blackburn turbine range . 

Consider ation has been given to the va r ious me thods of meeting this 
requireme nt with a pair of engines. Discussion with cold a ir u i t 
manufac t ur ers, AVRO and the RCAF is needed a t an early s t age, but 
the present preliminary investigation may serve as a bas i s f or t a lks 
on the best method of meeting the above requi r ement . 

GENERAL CONSIDERATION OF SCHEMES 

If a gas turbine engine is cons idered a s the power supply to mee t 
the above r equirement i t is reasonable to assume tha t we i ght and 
compactness are major considerations. If this is the case then a l most 
certainly t he necessary air supply should be produced with an aerody ­
namic t ype of compr essor . The relatively low mass flow and high 
pressure ra t io re s tricts the investigation to either a t wo sta ge 
centrifugal design driven by the gas t urbine prime mover, or air bleed 
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GENERAL CONSIDERATION OF SCHEMES (cont'd) 

from the latter "supercharged" through a centrifugal compressor 
driven by the gas turbine engine. These two schemes have been con­
sidered and brief details of their advantages and the development 
work involved are given in the next section. 

Should weight and size be of less importance, a third scheme has been 
given brief consideration. This consists of a Blackburn Coupled 
Turmo engine driving a positive displacement compressor of the Howden­
Lysholm type. The required pressure ratio of 5.8:l is high for a 
single stage positive displacement compressor, but the manufacturers 
of this unit state that this can be attained , but efficiency is 
rather low. The main reason for this scheme being considered is one 
of availabil i ty 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. Air would be bled from both engines thus distributing 
the thermal load equally between the two identical engines. 

Considering the 130°F ambient temperature case, approximate 
performance figures for continuous opera tion are as follows : 

Bleed FloWoooooo•o••••••"•••••••••••••o•2.5 lb/sec. 
Pressure Ratio ........................•. 5.8 ~1 
Air De 11 very T'empera ture .........••.•••• 64 0°F 
Fuel Consumption ...•.•............•• •••• 570 lb;hr. 

The advantages of this scheme are : 

(a) 

(b) 

(c) 

( d) 

stage of development and ava i lability of the Ar t ouste 510. 

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

Size and compactness . 

Fuel economy. 
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(1) Two Blackburn Artouste 510 Air Bleed Gas Turbine Engines (cont'd) 

Disadvantages are as follows: 

(a) The possibility of contamination of the air bleed with the 
existing method of taking air from the engine. 

Tests are being undertaken to establish the purity of the 
bleed air on existing engine s and i n the event of contamin• 
ation being detected some redesign to the air bleed casing 
may be necessary. 

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

(c) Flow marginal at extremely high ambient temperature. 

(2 ) Blac kburn Coupled Tymo free turbine engine driving a 

two stage centrifugal compressor . 

This scheme would comprise the existing Coupled Turino 600 engine 
with redesigned gearbox suitable for mounting a 40 KVA alternator 
and the two stage centrifugal compressor . 

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

Bleed FlOWoo0900.90000000000000000 300 lb/sec. 

Pressure Ratio .. o • 9 •••• o ••••••••• 0 5 ° 8 : 1 
• 0 

Air Delivery Temperature ..• .•••••• 640 F 

Fuel Consumption ..... . ....• . •••••• 710 lbjhr. 

The advantages of this scheme are : 

(a) 

(b ) 

( C) 

( d) 

( e) 

Stage of deve l opment and availabil ity of the existing 
basic Coupled Turmo 600 . 

Adequate performance for the high ambient temperature case . 

Unc on tamina te d air supply · 

Relatively light and compact. 

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

two stage centrifugal compressor (cont'd) 

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

From mechanical considerations no serious development problems 
are envisaged and aerodynamically the matching of two compressors 
in series should be reasonably straight forward since the overall 
pressure ratio is relatively low . 

(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 a nd t he Howden-Lysholm compressor. 

Appr ox imate performance figures at 130°F for maximum continuous 
rating are as follows : 

Bleed Flow ••••..•................... 2.25 lb/sec. 

Pressure Ratiooooooo•o•o•o•o••••••·•5 °8gl 

0 
Air Delivery Temperature ............ 720 F 

Fuel Consumption .................... 660 lb;hr . 

The main advantage of this scheme is that the two major items, 
have both reached a reason­the prime mover and the ctompre;~~~her advantage is that as with able stage of developmen · 

1 scheme (2) there would be no contamination prob ems. 

The disadvantages of this scheme are : 

(a) 

(b) 

Size and weight. 

It should be mentioned however , 
Performance is inadequ~te. the Howden-Lysholm compressor 
that future developmen °~ be increased . Since the 
may enable the flow rate o is somewhat low and since it 
efficiency of this compres:~~h i ncreasing flow rate, the 
is not likely to increa~e b limited by the power avail ­
maximum flow is likely O e Based on the foregoing the 
able from the Couplef ~r:o~ot seem very great. 
development potentia oe 
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(c) Low ove rall efficiency compared with scheme (1) and (2) . 

(d) High air delivery temperature. 

EFFECT OF AMBIENT TEMPERATURE VARIATION OF THE THREE SCHEMES 

Generally s peakin~, the effect of ambient temperature variation on 
scheme (1) and (2) will be much the same as that shown in part (A) 
of this report for the Palouste 500 . With reducing ambient tempera ­
ture the flow rate, pressure ratio;;and fuel consumption will increase . 
An accura te 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 (3l 

A table is appended which sU!l1Ill8.rises the relevant information for 
the ab ove schemes . 

CONCLUSIONS 

This pre l iminary investigation is not i ntended to confine s election 
of a sui t able scheme to the three outlined above . Ot her schemes a re 
being considered and further details are necessary from t he user and 
air unit manufacturer before a detailed investigation can be under­
taken a nd t he most suitable method decided upon. 

If the performance of the three methods reviewed is considered 
adequa t e, scheme (1) undoubtealy seems the one which r equires leas t 
development, is the most compact and economical. 



BLEED DELIVERY FUEL 
SCHEME FLOW TEMP. FLOW ENGINE 

(LB/SEC .) (F) (LB/HR.) R.P.M. 

Two Artouste 510 

and 2.5 640 570 34,000/ 
Supercharger 33,230 

Cou?led Turmo 600 
and 3.0 640 710 33,500 

2 Stage Centrif. 

Coupled Turmo 600 
and 2.25 720 660 32,900 

Howden- Lysholm 

-
APPROXIMATE DIMENSIONS 

WEIGHT (LB) LENGTH WIDTH 

750 51-611 31- 611 

1,000 61 3'-611 

1 ,900 7 ' 3'-611 

\ 

HEIGHT 

1 1 -6 11 

1 1-6 11 
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