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SECTION 1 

Int reduction 

The Ar row a i rcraft, being provided by Avro Aircraft Limited, has 
certain important requirements as far a s ground handling equipment is 
concerned. The m ajor items of equipment fa lling into this category include 
a starte r unit and a servicing unit, which two artic l es form the basis of 
this proposa l. 

The starter unit, the require rnent for which is s et down in Avro 
report 72 / GE Q/ 12 May 1958 , consists of a low pressure air suppl y for 
g round starting and a small a mount of 28 V D . C. electric power o f whic h 
some is i nverted to A. C. The whole of this equipm ent is to b e mounted on 
a 4 - wheeled trailer in such a way as to perm it it being removed and 
m o_unted on the ground for a semi-permanent hangar installa tion. 

The servicing unit is considerabl y more complex than the starter 
unit and really provides the design c riterion for common equipment being 
specified for both the starter and s ervicing units . The requireznents for 
this unit are 5et out in A VRO report 72 / GEQ/ 10 May 1958. It consists of 
a s ource of comp ressed air to gether with an air cycle air -conditioning 
system, while in the same unit is an A. C. electric a l supply sourc e and a 
small amount o f D . C . Th e A. C . source provides energy to test the elect­
r onics o f the a ircraft o n the ground, while the a ir- co nditioning system 
provi des a m eans for keeping the elec t ronic components at constant 
temperature during t h i s t es t period. All this e quipment is to be mou:p.ted 
on a self - prope lled trailer. 

The equipment for the prototype A rro w 1 ai rc raft was designed and 
manufactured by Consolidated Diesel Electric Corporation of Canada Ltd. , 
and is no w i n operation at Malton in conjunction with the Arrow 1 deve lop­
ment fli ght testing. The equipme nt specified for the Arrow 11 is basically 
very s i m ilar to t hat already in existence with the exception tha t the perform­
ance c a lled for on the servicing vehicle is somewhat higher and mo re 
difficult to attain. 

A t the time of the requirement for the Arrow l ground support 
e quipment , it w as decided by Consolidated Diesel Electric Corporatio n 
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to set up a Canadian subsidiary to cater for the needs of Canadian Industry 
without going South of the bo rder and, c onsequently, the Cana dian 
Subsidiary is now putting forward this propo sal for ground e quipment for 
the productio n Arrow 11 aircraft. 

Throughtout a ll the work l eading up t o this proposa l , and in a ll the 
fo llowing pages, the importance of supporting Canadia n Industry and United 
Kingdo m irnpo rts has been uppermost in our m inds, and we believe that we 
are proposing e quipment which has the fo llowing advantages over any com ­
petition fr o m the U. S . A. 

( i) Improved technical perform ance 

(ii ) Greater background o f experience and 
testing o n major components 

(iii} Lo wer cost 

(iv) M ore realistic and better delivery dates 

(v) Greater system s experience to call on 
fro m our o wn prototype Arrow I e quipment 
and from our parent c o mpany's experience 
in the U. S . A . 
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SEC TION 2 

_?Un'mary of Reco inrnendations 

A s impli ed in Section 1 of this p r opo sal, t h e major problems arising 
in a s earch for t..½.e optin1um confi guration for these units were the choice 
o f a suitabl e gas turbine c o mpres s or and a llied col d air units. A s st'l.t e d 
a l r ea dy , the e q i..ipr,ent for the servi cing unit v. as th e desi g n criterion, 
t h e use of the same gas turbine cor ·p ressor fo llowing for the non - critical 
starter unit. 

A tho rough investigation was undertaken i n both the United Kingdo '1. 

and the U. S .A. for a ll sui ta b l e gas turbine co np ressors, and it wa s found 
that the o n ly two units which had any reasonabl e de g ree of backgrou."1.d 
servi ce experience and coul d be considered as devel oped uuits v ere the 
Turhomeca 'Artouste ' bui lt under licence in the U . K . by Bl a ckburn & 
Ge neral Aircraft Limited and the Ai Fe search G 'l" C P 8 5 - 20 Manufactured 
in the U. S . A . A full investi gatio n of a ll the meri ts and demerits of these 
engines was ca rri e d out and it was decided that the Bl ackburn 'Artouete ' 

• app eared the rnore sui tabl e for this p ro ject . 

The reas ons why the AiRe search unit appeared unsatisfacto ry were 
as follo ws :-

(i ) Th e advert ised perform anc e was not as good as 
the 1./\ rtouste ' 

(ii ) Th e GTCP 85 - 20, i. e . the shaft p o wer version 
of the GTC 85 - 20 , appears to have no background 
a ltho ugh th e straight b leed version is qua lified and 
in service . Onl y a few of these shaft power versions 
have been manufactured and there appears to be no 
service pro g ramme in the U . S . A . calling for these 
units. Our parer.t company has had a dev elop··T1ent 
n ,o de l of this versio n at Sta1Lford recently and has 
had c onsiderabl e diffic ulty with it, resulting in a 
f a ilure after a s hort peri od o f running, 

c,; 
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( i ii) Our own experience with Ai Resea rch in developing 
the prototype equipment has been unsatisfactory. 
Initia l delivery p ro n ises were l ong and even these 
were no t m et, resulting in late delivery of e quipm ent 
to Avro Aircraft Limited . I n additi on to this, the 
service provided in Canada b y th e Garrett Corporation 
has not been satisfactory. 

,nhe points in favour of the Bl ackburn 'Art oustc ' are as follows:-

(i) This unit is in production in the U . K. for the 
Victor aircraft. 

(ii ) A considerabl e a m ount o f d evelopm ent running 
and experience exists t o back it up . 

(iii ) T h e performance is better than that of the AiResearch 
G 'J CP 85 - 20. 

(i v) '' his unit has a lready been chosen by the R. C. A . F. 
and Canadair Limited for the C L 44: A . P. U. 

(v) Qualifi ed service exists in Canada fo r this engine 
and an overhaul facility has al rea dy been set up b y 
the Department of Defence Production and, a t the 
r o m ent , technica l liaison is proceedi n g in order 
to get this facility operating . A ful l stoc k of spares 
is a l ready hel d in Canada. 

(vi ) General agreem ent exists t hat this wut is quieter 
in operation than the AiResearc h GT CP 8 5 - 20 . 

(vii) So far on d elive ries to Canada, Bl ack bu rn have 
been abl e to quote re lative ly short delivery dates 
and have in a ll cases kept them . 

(viii) "\v e unde rstand that the experience at Orenda E n gines 
Lim ited on the b l eed air versions used fo r engine 
starting has shown a far greater reliability ,•.rith the 
Bl ackburn engine than with t h e AiResearch GTC 
85 - 20. 
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The n ext ma jo r ite m of e quipm ent t o b e chos e n was th e r e f r ige rat ion 
s yt:t e m to be used i n co n junctio n with the F lackburn ga s turbi ne comp res s o r. 
lt s ee m ed o bvious fro m the start that much coul d be gained by uti li s i n g col d 
ai r units devel op e d and bui lt in the Uni t e d Ki ngdo m , s o that any qualifi c ation 
tes ting of the who l e s ys t c rn c o u l d b e car ri ed out at the engine m anuiacturer ' s 
p l ant . I n spite o f this , however , v. e di d not lim it our inv e sti gations sc l e ly to 
t h e Uni ted Kingdo m but inv e sti gated a ll th e r efri ge r ation s ys t e r1 e ava ilabl e 
in the U . J , • as w ell as the U . K . The r e sult of t h is wa s th at e cam e to 
the c o nch!s i o n tha t th e co l d air unit at prese nt in p r o duction by L e Ha vi lla nd 
P r op e lle r s Li m it ed , i n the Unite d Ki ngdo n , for th e Co m et l V aeropla n e 
wa s of th e right s i z e for our p r oject ; and that v..-i t h a few minor modificatio ns 
wou l d produc e the r e qui red perfo r -iance . h i s unit wa s des i gned and bu i l t 
by L e Havi lland Propelle rs under L icence fro m Hami lto n Standard P ropellers 
in the U . S. A. and, th erefo re , has as a type c onsidera b l e ba ckg round and 
expe ri enc e quite apa rt from t h e fa c t that , as a n individua l unit , it is a lready 
i n produc t ion in th e Unit ed Kingdom . 

F r o m inves tigation s ca r r i ed out in paralle l wi th ours, by Avro Aircraft 
Li m ited, t he f eeli ng se e m s to h ave a r i sen tha t t h e r e is some considerab l e 
vi rtue in utili s i ng a syste m co mp ri sing a G TC and co l d a ir unit m anufactured 
by the s ame o r ganisation, so a s to e nsure t h e matc h i ng of the two units . We 
inv e s ti ga ted t hi s q uit e t h o rou8h ly and c ame to th e conclu s ion that there was 
no o verwhe l m i ng advant a ge to b e gained by such a n ar r ange ment sine e , i n 
prac tically a ll ' ca ses of a irbo r n e c o l d air units , thi s a rrang ement ie no t 
p o ssib l e a nd y et no probl em has arisen r e ga rding the matc h ing of the c o l d 
air uni t t o the gas turbine engine, provide d som e t es t r unning i s ca rrie d o u t 
by the engine and c o l d a i r unit n anufacture r s to e stab lish and confirm 
perfo r n1anc e . 

Havi n g ar rived a t the opti m urn co nfi guration for the s e r v i ci ng unit , we 
exam i n ed th e use of t h e c hosen gas turbine com presso r f o r t h e s t arting unit . 
T echn ical advanta g e11 were ob vious here for the Bl ackburn 'Artouste ' s i nc e 
its h i ghe r delive ry a nd p r e s s u r e of bl eed air ,,voul d r esult in a s horter engine 
starting tim e. 

Sumn1a risi n g the fo r e going , i t i s our intention to put forwa r d servi cing 
and starting units t o th e Avro requirement rep o r t s m entioned ea r lier , wi th the 
excepti on that w e reco m m e n d, instead of the Ai R e s e a rc h GT C and c o l d air 
unit s , Dl a ckburn 'A rtouste ' gas t u rbine c o m pre ss o rs in conjunc tion with 
L e h a vi lla n d 1.) rope lle rs Lim it e d co l d ai r units . 

c.,: 
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A s explained m o re fully l ater in this proposal , under Section 7 , our 
choice of configuration and 1 .ajar componenta, a l though made strictly on a 
technical basi s , has resulted in se l e c tion of units which woul d be entirel y 
Canadia n manufactured, uti li s i ng rr a jor co11ponents imported from the 
United Kingdori. Thi s seem s t o us to present, in addition to the technical 
claims for thi s p roposa l , a desirab l e arra nge·nent, b earing in mind t he 
recently expressed Go vern ncnt intentio n to pro mote Canadia n Industry 
coupl ed with B ritish imports. 

c,: 
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SEC TIO N 3 

DISCUSSION OF OUR PROPOSA L F O R SE RVI CING 
UNI~ A ND ITS COY 0 Ar·rmLI" Y WI'.i'H RE QUIREM E N"'S C.ET 

OUT IN A VRO REPORT 72 / G E Q/ 10 M A Y 1958 . 

We propose in this section to d esc ribe the operation of the 
s ervicing unit and its p erforr ,ance . Having do n e this , we 
vd ll then exa m i ne the A vro requirer--1ent paragraph by 
para g raph and dis cuss these to e Btabli s h whether our pro ­
po sal is in a ll cases in c ompliar.ce \1 ith the require m ent . 
In d escribi ng the system , w e will refer to the fo llowing 
sch e m atic diagrams which wi ll be found tovether v;,ith any 
neces sa ry keys at the bac k of thi s section : -

X 1036 

X 103 7 

X 103 8 

X 1039 

Electrical Schematic, Air Conditioning 
System 

Sche ,natic, E ngine Elect rical System 

System Diagram, Air Conditioning Pack 

G eneral A rrangement of Servicing Unit 

A further a nd m ore detaile d descripti on o f th e proposed 
unit will b e found in App endix 'A' in the accom panying volume . 

Description of System 

If X 10 38 , Sys tem Diagram, i s referred t o, it wi ll be seen 
tha t the two prime "'.novers employed are A rtou ste 510 shaft 
po \\ er gas turbine c o m pressors . 'lhes e engines are capa b le 
of de l ivering b leed air fro rr the comp res s o r s at th e same 
time as a certa in amount of Bhaft power . The fir st of these 
engines i s coupl ed to a 40 K VA 4 00 cycle a l ternator which 
supp lie s elect rica l p o w e r to the airc raft for th e purpose of 
tes ting the elec tronic equip ,.nent on t h e g round . ':'he seco nd 
engine is coupled to a centrifugal fan which forces a i r t h rough 
th e primary h e at exchange r in the air cyc l e system, thus 
a ffording additiona l cooling. 'lhis engine a l so drives a s mall 
D . C . genera tor . 
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The two b leed a ir outl ets are coupl ed t oget!ler through a series 
of va lv es which wi ll be described late r , and th e co rn1no n flo ,.,.• 
the n passes through the prin,ary and seco nda ry h eat exchangers. 
Afte r this, the b l eed air is once again split into tv.o paths, each p at! 
pas s ing th rouijla nd driving the turbine of a simpl e cold air unit . 
1he exhaust fr o1n these turbine s is then o nce aga in co mtin e d into 
a single duct and a fte r p a ssing through a wate r extractor a nd 
sev e ra l fina l sensing e l ements, the cool air is suppli ed to the 
aircraft through two 3 -1 /2' diam eter hoses . 

The co o l ing flow acros s the two h e a t exchang e rs is provided in 
the fo llowing manner. A s d escrib ed earl i e r, tJ1 e engine driven 
fan forces air a cross the pri n ary h eat exchang er , taking ambient 
a ir into its inl et . A i r is drawn through t.ne secondary h eat ex ­
changer by the fans on the co l d air units, thus absorbing power 
and p roviding a load for the co ld ai r unit turbines. 

Provi sion is a l so m a de for wa t e r injection into the seco ndary 
heat excha ng e r, and a wa ter feed back fro m thi s heat excha nger 
and the water extractor in the c old air systern is arran.,.ed to 
conv e y exces s v.., ater to the tank , thus ninirnis ing the wate r 
consu1nption of the system a s a v ho l e . 

lt \ i ll b e seen f r o m t hi s schematic, therefor e, that cooling o f 
the co mpressor b l eed a ir is accornplished in three o r a ll of the 
fo llowing four w ays: -

fa ) P rirna r y Ieat E xchang e r 

(b ) Sec o ndary H eat Exchang er 

(c ) at e r lnjection into the Secondary H eat Exchang er 
if requ ired 

(d) E xpansio n thro ugh th e 'l urbines 

P ro vi s i on is m ade to control the v,ater injection, described 
abo v e, autornatically, so that und e r extre rne s of ambi ent 
conditions, water is autoH atica ll y injected into the heat 
exchanger whe n the nor ;ia l sys tem will no l onge r supply air 
at a lo w enough tempe raturc. 
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Description of Compo n e nts 

W e prop o se now to itcrniz e the m a jo r c omponents, i. e., 
those li sted i n the Key, and describe their functions. 

A. D . V. - A i r D e livery Va l ve 

These val v e s , situated a t e a c h gas turbine co mpre s sor control 
the flow of b l eed air out of ti1e cowpressors . 

P . R . V . - P ressure Regul ati ng Va l v e 

Thes e va l ves pro vide pressure regulation in the b l eed air 
b e tween certain uppe r and low er limits and provide a s a fe ­
gua rd for the equipment whic h fo llows in the eystern. 

F. L. V . - F lo w Li.r,iting Venturis 

These venturis provide similar lim it s on fl ow to those 
rn entione d a bo v e for pres s ure and prov ide an upp er lin1it , 
as called for in th e requi ren1e nt, to the air fl ow into the 
aircraft syste m . 

F . B . E. - Primary Heat Excha nger 

This provi d es an i nitial cooling for the high temperature 
air co rning fro m the c o1npressors , 

S . H . E. - 'eco nda ry Heat Excha nger 

This provides fu r ther coo li ng fo r the b leed a i r and ha s 
provi sion in it for water i njection . 

C . A . U . - C old Ai r Units 

';hese are s ir ,p l e type co l d air units designed t o cool the 
bleed air still further by expansion through the turbines 
,'ilhich are l oaded by their fans dra v✓ing air through the 
s econda ry h eat exchanger . 

• . . E. - Water Extractor 

This is a d e vic e intro duced into the cold air systern after 
fina l c ooling has be en effected, v. hich pro vides a coa l escer 
to co a l esce fre e moisture present and a subsequent extra ctor 
to remove the water for m e d . This ie necessitated by the 
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requi reme n t which specifies dry a i r ent e r i ng th e airc r a ft . 

F . S . - F l ow Senso r 

'l'his inst rument m easures flo •N at the output fro m the serv1c1ng 
v ehicle a nd in addition t o indicating flo w o n the instrument p ane l 
is coupled back t o the e l ectrical system so as to shut dovm the 
A. C. suppl y to t h e a ircra ft in the event of cooling air flows 
b elow a perm i ssibl e rnini rnum . 

Delivery Ducts 

These arc two 3 -1 /2" silicon - dacron b l eed a ir hoses to connect 
the cold a ir flow from the se rvicing vehicle to the c ooling air 
inl e ts into the a i re r a ft . 

:::; , E . - 'Temp e rature Sens:n0 E l ement in Aircraft 

Thi s i s a sensing e l eme:rt in t.he coo ling ducting in th e aircraft 
after the c o o ling a i r has pa s s ed th r ough the rnagnetron heat 
exchanger . ':'his e l e ment call s for a co ns i ste nt temperature 
of 70°F and passes back an error signal to the contro l e q uipment 
associated with the ai rc onditio ning pacl,age. 

·: . C . \ . - Temperature Co nt rol Va lve 

A c ontrol va l ve is provid<.!d, as shown on the schematic , which 
is operated by a proportiona l s o l enoid f r o r .. the contro l e quip -
1·n e nt. In order to maintain constant delivery temperatur e to the 
a i rcraft, the po s i tio n of this val v e is varie d so a s to mix more 
o:i: le ss hot b l e ed ai r with the co l d air to ccpe with varying 
ambient conditions . 

Humidifier 

This i s th e device us e d to inject water into the s econdary heat 
exchanger . 

W. F . C. V . - Nater .Flo w Cont ro l Valve 

/1. valve is provided, al so operated by a propo rtional s ol eno i d , 
whic h under extremel y h i gh a r 1bient co ndi tio ns a llows water to 
fl ow through the humi difier and the s ec ondary heat e..xcha ng e r . 
Operation of this valve is automatic, the amount of water p er ­
m i tted to flow being contro lled so as t o give the re quired output 
temperature. 
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' hi e ta r.Jc nrovide s v ater for i·1jec t'on t 1r,ci[h the secondary 
.iea. t excha "' e r a ,uh ... : it ::; cu tent~ 1,-.rtly a.r t i:: e.i by 
r et rnir.,J ~o i t ·v,a::te • ·at e r fr i . .1. e i.1. eat e_· '-a 

0
er a:1ci 

v.a t e r e >Ctra c te 1 fr o til e co ld ai . . 

P .. E. Fan - Pri• ,ary T- e a t E xc,,a "er Fan 

A" e ocrite d earl er , t 1: : fa n ic er ve,. cff t.1e ::;he.ft o ut ut 
of 01 e of th e A rto i::te e 1p;i.1e::; a!"-d fo . ce s a CJ. ,i.!nt .::.i r thro 1.,h 
t:1e r rir ary h e at ex c har,ger. 

l·! . R , " . - Hon R et irn Va l v e 

TTo non return va l v e::; a r e pos;t 'oz:,e i as chov n in the sche.-1atic 
in the b le e d a 1 r d•~cth.g f rom t he A to u cte e ngine oo as to "':lr event 
air flo , n;v in the .vr0ng di r ec tlon ,t.i l e one en>'ine is Leing 
start e d . 

P . . . - Pre 5 s ur e s ,.,,i tc i1 

A ;: r ess l..re a,-:i ch is -., l a ced in t h e sy at e 1 ju:;t uefore the fina l 
deli e ry outlet !o, the purpos e of shutting do n th e A. C . cupp l y 
to t .. e ail·craft i tne event t'1;,t t h e f,r e::i sc.re fa ll s b e lo a p e r -
, io s H., l c n inil"""um . 

r: . , •. - ,._ e ·n erat, ..... r e S\J·itch 

In a sir0i lar r an.-ier to t ,at : ncli c at e d fo r ,:1e rev·ou; i te . , his 
,rovideo t e f e ··a t ure rotec tio., fer t\e ", D.e 

P , . E. - P. ec s ur e . e n a in E le e-t 

T •i :; e l e ,e nt aens e:i the i:,re cs .1r e in the Co l d A r Unit fan 
~uc tio:1 cy Lt c n1 a.-id, i 1 t !i. e eve;1.t of :1 ulockae,e in the c oolinP.' 
air flc t:iro uN½ the ~econd ..... ry h e ac exc 1ia.1 ,er, 1.ic.'-1 v·oe ld 
t load th e C. A . U. t • ' "le •· , t 1 5 e h, .ent ca uses th e ai r 
d e l iv e r ; va lveo to '·e cbce . ; tn.1 c ·'1.1tt: c.ow t.i e Ue e d a 1r 
fl ovv th ou .b t. .e tJ.r~''1ec . 

1, . I. C . - A'1t i lei . ., C ontro l 

• e r e, t e •. '"l erat ,1r e i :i m e a!lur ed UJ ctrea t of tli.e ,,,ater 
e'Ctrac tor and t ,., e signa l i s fe d t-ac!< i::lt) th e control cox . 
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T'ie sys te r 0 is ,rran6 e d eo t .1at t'ie t e , e ra tu r e h e r e doe i:: no t 
fa ll be low 3S OF , t1t.c preventing •c e for 'ation . 

R . • . - P elief \ a l ve 

'::h ~ rel ef va l v e i::; rov·de1.1 • t 1e o 1t i.:. t ~uc, frv" t e unit 
to l i ~t th e pr ecsure d e livere <... tJ tie '10s e s .u 10 . s. i . ac 
callc.d for in t'ie r e q rer ert. 
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PERFORMANCE SUMMARY 

F or the purposes of this proposal , the three worst c ases out 
of the five conditions specified have been examined. These 
conditions are: -

(a} Sea Level 
(b} 3, 500 feet 
(c} Se a Level 

0 
100 F Dry Bul b 
l00 ° F Dry Bulb 
- 65°F Dry Bulb 

80°F Wet Bulb 
80°F We t B ulb 

The performance summary for these cases is set out below: 

(a) (b} (c} 

Altitude S .L. 3,500 1 S.L. 

A mbient D.B. Temp °F 100°F l00 ° F - 65°F 

Ambient W .B. Temp °F 80°F 80°F 

Air Flow LB /MIN 142 130 17 8 

Pack Exit Temp °F 50 50 85 

Aircraft Inlet Temp °F 55 55 70 

Associated free moisture at 
Pack exit - grains/lb dry air 7.6 8.0 

Free moisture left at 70°F 
grains /lb. dry air 0 0 

Water consumption G .P. H. 14.0 13 .2 

F or the tropical cases, the system is shown delivering air 
at the lower temperature limit and fo r the arctic at the upper 
limit, since these are the most severe cases. The alternative 
temperature limits can be readily obtained in each instance. 

The water c onsumptionsshown assume that a ll the moisture 
c ondensed in the secondary heat exchanger and the water 
extractor is fed back into the humidifier. 
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3 . 3. 5 In o rd e r to give an ov e :·all picture of the functioni ng of the 
a:-rangerr, e nt, co nc!.ition::: at various r, art s of the syste m hav e been 
calculat e d z.nd they \,;ri ll b e se t o ut in tabular for m o n the n ext page. 
Th e vano u:i po ints chosen may b e seen 011 referenc e to the schematic 
diagra m and a re de sc ribed b e lo , for easier r efe r ence: 

Point 

A 

B 

C 

D 

E 

F 

G 

H 

J 

K 

T 
J.., 

N 

F 

R 

w 

D escription 

lntake to Primary H . E. Fan . 

O utput fro m ea ch GTC at air 
del ivery val ve . 

Out le t c ooling air from Prim ary H. E . 

Inle t cooling air to Primary H. E'. 

Ble ed air aft e r P . H . E. 

Water F l ov, into hu.ni difier .(by -pass extra) 

Cooling·a ir into S . H. E. Humidifier . 

Coo ling a ir b etw een Humidifie r and 
S.H .E. 

fe edback water fl o", from S . H .E. to 
tank . 

Bl ee d air after S. H . E. 

,; , }~ . E. co01ing air fl ow into each 
C.A.U. Fan . 

Coo ling air exhaust fro m each C . A. U . 
Fan. 

L l eed air after C.A . U. 'iurbi nes. 

B l eed air as it enter s deli very duct s . 

F eedback water fl ow fro m W. E . t o 
Ta nk. 

Hot air Bypas s. 
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Point Pressure 
P. S .l.A . 

A 

E 

C 

D 

E 

F 

G 

H 

J 

K 

L 

M 

N 

p 

R 

w 

14.7 

52 . 6 

14. 7 

15 . 5 

14 . 7 

41. 5 

14 . 1 

14.7 

21. 9 

20.7 

or CANADA LTD . 

AIR CONDI1 IO. ' L"l'G PERFORMANCE 

CAS E (a) Sea Le ve l l00°F Dry Bul b 80°F Wet Bul b 

Temo 
OF. · 

100 

45 5 

242 

130 

188 

lGO 

84 

92 

94 

124 

Mass F l ow 
L E./ML'l 

340 

71 

340 

340 

290 

145 

28. 5 DAR 
50 .9 WET 
50.0 142 

Water Vapour F r ee M oisture 
G r / Lb Dry Air G r / Lb Dry Air 

123 

74 

218 

36 

36 

38 

7.6 

P R IMA RY H.E.FAN : 12 , 000 R.P.M . 58 S .H. P. 

C. A .U; SP E ED 17,600 R .P .M. 

H. E . EFFECT IVENESS : PR IM ARY O. 82 SECONDARY O. 92 

lVater 
l' l o w 

G . P .M. 

14 

6 

3.7 
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DIESEL ELECTRIC CORPORATION 

0,. CANADA LTD . 

AIR CONDIT IONING PER F ORM A NCE 

C AS E (b ) 3, 500 1 100° F Dry Bul b 80° F We t Bulb 

Point P r e ssure 
P . S .l.A. 

A 

B 

C 

D 

E 

F 

G 

H 

J 

K 

L 

M 

N 

p 

R 

w 

12.96 

46 . 5 

12. 96 

13. 76 

12. . 96 

37 . 8 

12 . 29 

12 . 96 

19 .9 6 

18 . 96 

T e mp . 
OF 

100 

45 5 

2 38 

130 

185 

100 

84 

9 1 

9 4 

127 

M ass F low 
L E / M I '-! 

320 

65 

3 20 

320 

2 58 

129 

26 . 5 DAR 
50 WE T 

50 130 

Wa t er Vapo u r Fre e M ois t u re 
Gr / L b Dry Ai r G r / Lb Dry Ai r 

143 

82 

2 50 

4 2 

4 2 

40 

P RI MARY H.E . F AN : 12 , 000 R .P . M . 53 S . H. P . 

C .A .U : SP E E D: 18, 500 R. P .M . 

H . E . EFF E CTIVENE SS: P R I MARY . 8 3 SECON DARY . 9 3 

Water 
Fl ow 

G.P .M . 

13.2 

6.8 

8 

3. 6 
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AIR CONDITIONING PERFORMANCE 

CASE (c ) Se a Le v e l -65°F Dry B ulb 

Point Pressure T emp Mass Flow 
P.S.I.A. ° F. LD /MI:--J 

A 

B 66 .5 286 89 

C 

D 

E - 47 

F 

G - 65 

H - 65 

J 

K 30. 8 - 61. 5 98.9 

L 

M 

N 24. 9 - 75 . 5 

p 23 85 17 8 

R 

w 286 7 9. 1 

Wate r Vapour 
Gr/Lb Dry Ai r 

Free Moisture 
Gr./ Lb Dry Ai r 

P RIMARY H . E . F AN : 12,000 R.P . M. 59 S. H .P. 

C. A .U: SEEED: 9,000 R.P.M. 

H. E. EFFECTIVENESS: PRIM ARY 0. 95 SECONDARY O. 80 

Water 
F low 

G. P.M 
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3. 4 Engine E lec t rical System 

3. 4. 1 In the following pages, the E ngine Electrical System will be 
described, together with its protection devices and the procedure 
adopted for starting the pair of engines . Reference should be made 
to Schematic , Electrical Sy stem X 1037, which will be found 
t ogether wi th its Key at the end of this section. 

3. 4 . 2 The Sc h ematic on X 1037 shows the full system for one engine on ly, 
although the c ontrol panel end is shown in fu ll . Provision is made t o 
e nsure that the engine carrying the D. C. generator is always started 
first, although the engines may be started separately or automatically 
in a dual sequenced arrangement. 

3.4.3 Push buttons P .B. - 3 and P, B. - 5 are the individual starter buttons, 
while P. B. - 1 is the dua l starter button. Switch S . l is a n o rmally 
open over-ride switch provided s o that engine number 2 can be 
started by itself for maintenance or checking purposes. It is 
protected by a suitabl e guard s o that it will not be closed under normal 
operating conditions. 

3. 4 . 4 I t will be seen that if start button P. E . 5 is pushed first, the re is 
no e l ectrical supply to it and, consequently, the wrong engine 
cannot be started first. 

3 . 4. 5 Let us examine the sequence for starting the engines individually. 
Button P .B. - 3 is closed, energising relay CRl through the 
centrifugal switch for 36,000 and 16,000r .. p.m. Contact CRl-2 
clo ses, commencing the starting sequence, th rough the 6000 rpm 
switch. Contact CRl -1 closes , h olding the relay. Contact CR l -3 
opens but is not in circuit in this individua l operation. When the 
engine reaches 6000 r.p.m., the starter component s are de ­
ener gise dand when 16 , 000 r.p.m. is reached, the circuittoCRl 
is c ompleted through the protective d evic es T .0. Sw. and O.P. Sw. 
At 32,000 r.p.m. the air delivery valve circuit is complet e, 
permitting the air delivery valve t o be opened when required. The 
6000 r.p.m. switch has ea r lie r energise d the control circuit for 
engine number 2 which can now be started in a similar fashion by 
depressing P .B .- 5. 

3. 4. 6 Stopping either engine is acc omplished by ope rating P .B. - 2 or 
P. B .-4 which dr ops out the m ain relay CR! or CR2 , thus closing 
the fue l valve. 

3. 4. 7 In the dual start ease, start button P. B . - l is clo sed energising 
D. S.R . Contact D. S.R.- 1 now h old s the relay in while D.S.R.-2 
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energises C.R. l and commences the start cycle on engine number 1. 
At the same time, D.S.R.-3 changes over and prepares the second 
engine circuit to receive starting current. 

3 . 4. 8 At the completion of the starting cycle at 6000 r.p.m . on engine 
number 1, the centrifuga l switch, while dropping out the starting 
components on engine number l energises the starting circuit on 
engine number 2 by by - passing the normal manual starter switch 
P. B. - 5. The starting sequence on number 2 is now identical to the 
manual case. 

3.4.9 Once C.R.2 has been energised, both contacts C .R.1-3 and 
C.R.2-3 are open and relay D. S .R. drops out under running 
conditions .ind prepares itself for the next dual starting cycle. 
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Air Conditionin3 E l ect rical ~y cte·n 

Refcre::-,c e shoul d be Tade ,o E l ectrica l :::'c he·nati c, Air 
Conditioning Eyste ,, X 103 , • 111c n ·;i ll t e fou1.c! at the 
e nd of ta i G section. 

It ·i ll b e se e n initially t'i.at, if the alternator p ower aw:itch 
is closed tefore tl1 e a.:r c onditioning ay sten is opeyatinl", no 
po\ er i ll b e fed to the output contac t c,r Gi r,ce contac ts K l-1 
and K .;. - 3 are nor,·,ally open . 

In order to comr e n c e th e system operatin~ , s -11itc h AC " 
• is closed v,hi ch e n ei gis e s the ti e d e lay rel ay l '? and K ~. 
K 2 V.'Oul d nor·, a ll y b e e r.ergised through tne duct t enperature 
s ; e h 1..,.,, but in tl:le e v er.t that the a t>i e nt air t empera t· r e 
i;. .. 1...,her than _s°F , K 2 ·"'i ll be ene rdsed through l'1e n0r ,all y 
cloc e d cont::ict on the t • 1e d e lay rel ay. It io expec.ted that t'le 
de lay to oe usea or. t:1· s re l ay ,efor ..! it op erateG , i ll be of th e 
orc!er of 15 seco nds . E n e rr-,sing K 2 op e ns t;ie c ; rcuit to the 
ove r - te,~ perature v-ar"linr, li ht, closes one of :he contac tc 
in the a ltern.:itor ot:tp.1t circuit and opens t'J.e a ir deliv e ry 
va l ves, thus starting the coolin cyst e operatin7 . 

·h hen /- e air ::onditic..ning syste gets up to full speed and 
out~ t , P and MFS close, and at t1 e c.oncl ,rnion of the 15 
s c co.,dz tir e d e lay I ': - 0 cbses, t:iJ:J _:-ierii3ing K 1. A t t'-ie 
sai e ti .e, l ",. - C 01 ens l eavin.., t 1e erer iein-:; of K~ depen·' ­
e r.t o::-, the d\.ct te,.1perature 3\,•itch 

Kl - 1 ro clo ses, enabling tl1e s ll·tc .h AP' t,:> ~ e closed to 
e!'len•isc t1.e ou tpt: t c ontactor for t1c altern-..tLr AOC and at 
the sa 1 e ti -.e the nour •~eter is started and the load li ght 
co e s on. ~ h e ho l e sycte 1 io now o erat'nJ. 

It 111 r eadi l y be s ee n that in t: e event o f duct temp e rature 
ri s1n, , duct 1 res s i..re fa lliri; , or naGS fl o f a ll in,, the 
a l ter .:lto, contactor i!l de - ener,ised by e i..11 e i· Kl - 1 or 
K ? - ,3 O'"'e!i.iI"~ , th 1s pr0vidin<" t'.l e I"e ce s sa ry o~fe ·uartl. Tf 
t.ie 'uct te 1pe rature ris e s above the li it of :>°F, K 2 
dro1 pL out v-i ll clo~c contact K 2 - . , thus i llu ,in.ating the 
over - te perature indic ate li ght . 

Air Co ncitioni "' 1 e perature Co!1.tro l Eqm r ,e nt 

It is not propo11 e d to deG c ribe th s eqi..ipr'l. ent in any detail 
in this r roposal. ~ nis control box vi ll tak e te p e rat·.1re 
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e r ror sig nal s, e va luate t '.,e - , ampl ify t h e m , a .d pro vide po er 
tv the p r opor t 'ona l ,, o l e noidl.l op e.·a t i r,g b e • c ~1p e r a t1 re Cor.trol 
Va l v e a nd t h e at er F lo • Contro l V3. l v e. 

e rropos e t o us e a i a 2:ne t ic a rv p li fi e r ci r c ui t in thi s c o:-itrol 
s o as to a vo id tae n ecee s i t y for vac uu. , t:.oe s . ·, 1e c i. c uits 
e , p lo yed a re ell e ~ta li oue d a nd d evebr: e d a nd th e app licatior• 
h e r e i s pe r fe c tly s tra i h t forward . 

Co p a tibi lity Tith A vro Reqc.ire P ent 7?. / GE Q/ 10 ,viay 1 ;5c 

H e r e it i s pr opo s e d t o exan i n e t'l e A vro re qwir _ ·, e nt rara raph 
by pa r a g raph and co. 1:c. e nt vh e r e nec e s s a ry . u e r e c o p l e e 
c omplianc e ex i s t s a nd no c o. n, e nt is n ece s oa ry , thi s i s indic a ted. 
The para gra p h nun b e rs r efe r to th e A "RO document. 

1 . I n t r o duction 

''hi s pa r agra ph i D c o p lied 1it ':1 c o p l e t ely • ith th e 
fo llow i ng obvioi, s exc e pti on ::; · -

(a ) Ir.ot e ad of A1Re s ea r c h G~ C P f5 un.iti:; "e are 
p ropo s ing Bl a c is.bu r n A R~ o u s ~ E 51 0 e r,ghe s 

(b ) In:i t ead o f AiRe s earc!-1 ' boots t rap ' ... i r c o nditioning 
pac kage v·e are p r opos i ng d e •.a illand re: e l lt. rs 
Ltd. ''si 1 l e " a ir c y cle sy-s te m pac kag e 

( c ) Con solidate d Di e s el \\ i ll b e re spo:i c i b l e f r t ' e syste rr 
inste ;ld of A \ ro a nd ·v- i ll c ar r y 01.t ov e ra ll d es gr. and 
'T' a nufa c ture . 

. 1 to 2 . , 1nc l 11, iv e 

Fully cornplied -i t h. 

~- E q uip ent ~ eq 1i r e e nts 

3 . 1 Air Co YJpre s sor ack Insta llation 

h ere 2 A r t o us te 5 10 unit s ,j i ll b e p rovi ded inst ead of 
A1f1 e s e a rc h CTCr:> E 5. "''h e A r to u s t e e n":1ne a wi ll more 
tha n n, ee t ,.:i e r e quire 1e r.t ::: l ,.1'd dv ,r, in t ~is p a rai: r aph . 

3 . 1 . 1 t o 3 . 2 . 1 Inclu s i;e 

F ully c om:i; lied w t'· . 
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3 . 2 . 2 Refriseration Equi; m er't 

i-1 ere w e • i ll be providing fully d eve loped, production 
de Havi lland 1 ropellers L t d . simpl e co l d air units . All 
the rest of thii:; paragraph is Lill y c omplied vrith , exc epting 
that no e l e ctrically driven cooling fan s wi ll b e u aed , The 
fa nE used wi ll be nec har.ic a ll y driv e n either fro m the output 
shaft of o n e Arto ·rnt e 5 10 or fro ·1 tl1 e C. A . U . turbine s , 

3. 3 Elec trica l System 

We a re proposing to prov ide h ere, as a n alternative to 
the ai r coo l ed A . C . gene rator , an o il c o o l e d Lucas Rotax 
g e n erator identical tc t·1at us e d on the aircraft. 

V,. e unde r stand from A vro Aircraft that the D . C. require ­
nentB are r ath e r vague at t h e .. ,o,iert. ,' e are proposing 

a 4 K vv g e n e r ator out this c an be change d if the D . C . load 
decreas e s substantiall y . 

3. 3. 1 - 1 and 3. 3 . 1 - 2 

O u!' proposed systern complies fully wi th th e quoted D . C . 
regulat'on and ov e r load conditions. 

3.3.1 - 3 Ba tteries 

Although w e ar e prepared to provide batteries of the type 
.me ntione d in the r e quirement, we would lik e to offer h'i c k e l 
Cadrrium battel"ies as an alte rnativ e . If one include s the 
c ost of winte :dsin3 a normal l ead - a cid battery the initial 
cost is a l moat equal a nd tl-iere is no douct that the Nickel 
C ad, 1iu n vari ety 'Ji ll stand up to ope r ation muc h b etter 
than t11e conventior:a l type. 

All the c o r~onents l ' i:; ted v<·i ll b e supplied . 

3 . 3 . l 

' e co,r-pl y fo lly, ith a ll t"le A . C. requirements incluiling 
r e gulatio n a nd frequency variation . All t11e syste m co 11 -

ponents required wi ll b e supplied. 
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3 . 3. 3 to 3 . 3. 5 Inc lusive 

Full c ornplianc e . 

3.4 E nc losure 

A ll this section wi ll be fu lly complied with excepting that 
w e are not proposing to provide a dust fi l ter at the gas 
turbine inl et. If excessive inl et pressure drops are to 
be avoided, an inl et dust filter woul d hav e to be of such 
an enormous area a s to be in1practicabl e . We fee l that 
it woul d be extreme l y difficult to provide a worthwhi le 
dust filter without inc reasing the total size of the equip ­
ment much beyond the desirable limits stat ed. 

Regarding the self - mobility feature, we fee l we should 
point out that w e have had considerable experience in 
th e design a nd production of this type of trai l er. Photo ­
grapl-is of several such units appear at the back of 
Section 8 . Co71siderabl e design and development wo rk 
is nec es sary in order to perfect the manua l contro l for 
such a vehicle if starting from scratch and all this 
inforination is, of course , availab le to us . 
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ACS 

K2-1 DTS 1 ITC 

.L l_ _J 
HM I l I 

AO,S >} r I 
I 

~ " IT 

AIR CONDITIONING SWITCH 

AIR DELIVERY VALVE SOLENOID 

AOC ALTERNATOR OUTPUT CONTACTOR 
APS 
DP S 

D T S 

HM 
I-1 

I-2 
IT 
Kl 
K 2 

MFS 

ALTERNATOR POWER SWITCH 

DUCT PRESSURE SWITCH 
DUCT TEMPERATURE SWITCH 

HOUR METER 
INDICATOR LAMP, POWER ON 
INDICATOR LAMP, OVER TEMPERATURE 

TIME DELAY RELAY (DELAY ON P. U.) 

C ON TACTOR CONTROL RELAY 

AIR CONDITIONING CONTROL RELAY 

MASS FLOW SWITCH 

- 7 

K2·2 f 

I 
r2)-

r 
I 

I. DTS OPEN WHEN DUCT TEMPERATURE IS ABOVE 85°F. 
2 . OPS OPEN WHEN DUCT PRESSURE IS BELOW -4 PS.I.G . 
3 . MFS OPEN WHEN FLOW IS BELOW I30Ib.>. per min. 

ELECTRICAL SCHEMATIC 

AIR CONDITIONING SYSTEM 

XI030 
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SECTION 4 

DIS CUSSION OF OUR PROPOSAL FOR ST AR TIN G UNIT 
A ND IT S COMP ATIBILITY WITH R EQUIREMENTS SET OUT 

IN A VRO REPORT 72/GEQ /12 M AY 1958 

We propose in this section to describe the operation of the 
starting unit and its performance. Having done this we will 
then examine the A vro requirement and c omment on the 
c ompatibility of our propo sal with that requirement. In 
describing this unit, reference should be made t o the General 
A r r angement drawing X 1040 to be found at the end of this 
section . A further and m ore detailed description of the 
proposed unit will be found in Appendix 1B I in the accompanying 
volume. A s this system is s o much simpler and to some extent 
based upon the design of the servicing unit described in Section 
3, s ome reference will be made to this section. 

Description of System 

The system is an extremely simple one. It consists of a 
s ingle A rtouste 510 supplying compressor b l eed air through two 
h o ses t o the engine in the aircraft. The A rtouste also drives a 
D . C . gene rato r o f about 2 - 1/ 4 K W output, a small quantity of 
which is inverted to provide A . C. 

The whole unit, in three sections, engine , fuel and electrics , 
is mounted on a common base carried on a n on - self- pr opelled 
trailer . P rovision is made for the whole assembly to be lifted 
o ff the trailer and operated as a stationary unit. 

P rotection devices for the gas turbine c ompressor unit are 
provided as discussed in Section 3. 

Descr iption of Components 

The major c omponents are as follows: 

A rt ouste 510 Gas Turbine Compresso r Unit 

The intenti on is to keep this identical with that used in the 
servicing unit for logistic reas ons. 
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D. C. Generator 

This will be driven by a pad on the engine and will provide 
about 75 amperes. It will be an air cooled aircraft type. 

Inverter 

This will be an aircraft type and will have an output of 500 va 

Air Delivery Valve 

This will be a similar va l ve to that used on the servicing 
vehicle, and will control the bleed air flow from the compress o r. 

Performance Summary 

Although the requirement only calls for the performance claimed 
by AiResearch for their GTCP 85 series, the Artouste performance 
is in fact s omewhat greater. The figures for the A rtouste 510 
are as follows:-

Sea Level 

Ambient Temp. A ir Flow Air Pressure Air Temp 
Lb. /Min. p.s . i.a. Degrees F . 

- 65°F 166 66.3 305 

59°F 132 55.0 430 

l20°F 118 50.6 490 

3500 Feet 

A mbient Temp. Air Flow Air Pressure Air Temp. 
Lb. /Min. p.s.i.a. Degrees F. 

l00°F 107 45. 7 470 
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SECT I ON 5 

Description of Artouste 510/103 

Manufactured by 

The Engine Division 
Blackburn & General Aircraft Ltd. 

Brough, E. Yorks, 
E NGLAND. 
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SECTION 5 

Description of B lackburn Artouste 510/ 103 

In Sections 3 and 4 the performance specification and method 
of operation of the B lackburn Artouste is discussed in some detail 
as part of the overall systems. In t his section it is considered 
desirable to set out a description of the engine itself with whatever 
background information is relevant in the way of manufacturing 
specifications, inspection procedures etc. 

This section is divided into the following Parts : -

Part 5. 2 
P art 5. 3 

Part 5 .4 

Part 5. 6 

Description 
Applicable specifications, standards, 
drawings and publications. 
Inspection, test procedures and preparation 
for storage and transit. 
E ngine performance curves. 

Part 5. 2 Description 

5. 2- 1 L EADING P A RTICULARS - ARTOUSTE 510/ 103 

5.2.1-1 GENERAL 

Engine type . . . Air bleed/ shaft drive gas turbine. 
Overall dimensions (engine only) 

Length 38. 9 in. ( excludes intake and 

Max. dia. 
Weight 

Compressor . . 

T urbine .. 
Combustion chamber 
D. of R. (seen from intakes) 

Output shafts 

exhaust ducts). 
19. 1 in. 
230 lb. approx.N . D.W.(E.D.M.25) 
Single stage, single sided, 
centrifugal. 
Two stage, axial flow. 
Annular, straight flow. 

Anti-clockwise - large face. 
Clockwise - small face. 
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PERFORMA NCE 

Max. continuous 

FUEL 

Wide cut gasoline 
Aviation turbine fuel 
Aviation kerosine 
Aviation gasoline 

Either 2.4lb.air/sec., at 
3. 57 press. ratio, plus 0 
B . H. P. 
Fuel consumption 320 lb. /hr. 
Or 1.93 lb. air/sec., at 
3.75 press.ratio, plus 
l00B.H.P. 
Fuel consumption 338 lb. / hr . 

B ritish Spee. C ct nadian Spee. 

D.Eng. R.D. 2486 3-GP-22b 
D.Eng. R.D. 2482 3-GP-23a 
D.Eng. R.D. 2488 3- GP- 24 
D.Eng. R.D. 2485 3-GP-25c 

5. 2. 1-4 OIL 

5.2. 1-5 

5.2. 2 

Oil ( synthetic) 
Oil (mineral ) 
Oil tank capacity 
Oil consumption 

SERVICING 

Routine maintenance 
Overhaul life 

E NGINE 

D.Eng. R.D. 2487 
D. E ng. R.D. 2479/0 3-GP-54J 
Maximum 5 pints (oil) 
0. 25 pints/ hr. maximum 

50 hr. inspection 
At the rating specified herein it is 
anticipated that the overhaul life 
will be 1, 000 hours. 

The structural description of the engine commences at the air 
intake casing and continues towards the rear terminating with a 
description of the gearbox. In this way the major part of the 
description can be applied to the Palouste as well as the Artouste. 

5.2.2- 2 The cast aluminum alloy air intake-compressor casing comprises 
the bifurcated air intake and two oil tanks. At the front two 
rectangular apertures provide entries to the twin intakes and between 
the convergent intake passages a cylindrical portion houses the fr ont 
bearing flexible mounting. At the rear the casing bells out to form 
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the c ompress o r housing and a flange provides for attachment of the 
main casing, On the longitudinal centre line a machined face is 
provided at the top and bottom of the belled portion for the torch 
igniter. The alternate position to the one occupied by the torch igniter 
is used as a compressed air tapping point. 

5. 2.2-3 On the upper and lower surfaces of the fr ont section several bosses 
are provided for breather pipes, vent pipes and the oil filler neck 
while at the extreme front machined faces and below the intake entrie s 
provide mountings for the accessories gearboxes. B etween the intake 
entries another machined face provides the mounting for the fuel inlet 
housing, behind which a recess accommodates the drive pinion 
housing. 

5. 2.2-4 The diffuser assembly fits inside the air intake/compressor 
casing at the rear secured by four forward projecting flanged studs 
which are brazed to the front face of the radial diffus ers. Four 
identical studs, but on a different diameter pitch circle t o ensure 
correct assembly, are brazed to the rear face and provide for the 
attachment of the axial diffusers. The axial diffusers and the 
compressor backplate comprise a single aluminum alloy casting at 
the centre of which tapped holes are provided for attachment of the 
compressor labyrinth air seal and labyrinth lip. Betwe en each hole 
radial grooves provide passages for pressurizing air which is 
circulated through the hollow rotor shaft. 

5 . 2. 2- 5 The cylindrical main casing forms the engine backbone in that it 
interconnects the air intake/compressor ea.sing and the turbine 
casings and an internal flange at the rear provides for the attachment 
of the c ombustion equipment. The ca sing is fabricated in stainless 
steel and is double skinned, the inner skin being perforated. Five 
tapped bosses are equally spaced about half of the outer ca sing 
periphery and the flange for the air bleed take-off is situated midway 
between the topmost bosses. The fuel drain dump valve is fitted in 
the bottom boss. 

5. 2. 2-6 Drilled flanges at the front and rear of the casing provide for 
attachment to the air intake casing and second stage turbine casing 

respectively. 

5. 2.2 - 7 In addition to the combustion chamber the main casing houses the 
first stage nozzles which in turn form the first stage turbine shroud. 
The annular combustion chamber comprises two main component s ; 
an inner and an outer member, both of which are shaped, louvred 
and perforated to effect efficient combustion. A four piece strap 
also perforated, and dimpled to ensure correct location, is bolted 

around the outer member. 
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5. 2. 2-8 Five unequally spaced lugs welded to the outer member rear 
support ring corre s pond with five similar lugs on the front of the 
first stage nozzles. Set screws locked with tab washers secure the 
outer member to the nozzles. The inner member is secured with 
set screws to an internal flange on the nozzles and the ir.ner m e mber 
labyrinth is also secured to this flange with the same set screws. 

5 . 2. 2-9 The first stage nozzles are a welded fabrication comprising an 
inner and outer shroud with the hollow nozzle blades interposed .. 
The outer shroud extends rearwards to form the first stage turbine 
shroud terminating in a drilled and tapped outward flange which 
provides for attachment to the main casing internal flange. 

5.2.2-10 The second stage nozzles are of similar construction to the first 
stage but the outer shroud is flanged at the front for attachment to 
the main casing internal flange. The inner shroud is flanged internally 
for attachment of the inter stage labyrinth seal. 

5. 2. 2- 11 The second stage turbine casing is interposed between the main 
casing and the rear bearing housing casing . It is simply a shallow 
cylindrical casing flanged at each end to provide attachment. 

5. 2. 2-12 The rear bearing support casing is a we lded fabrication compri sing 
a cylindrical centre portion and three concentric annuli, the centre 
one is the exhaust gas passage and the other pair provide rear 
bearing cooling air passages. 

5.2.2-13 Within the central cylinder the rear bearing is located within a 
light alloy housing which in turn is located by three hollow support 
arms which are utilized as oil passages. The bearing housing is 
grooved on its outer periphery for piston rings which seal the 
housing within the cylinder. At the rear end the cylinder is sealed 
by a blanking plate. 

5. 2. 2- 14 The rotating assembly, which runs in a ball thrust bearing at the 
front and a roller bearing at the rear, comprises steel rotating 
guide vanes, a li ght alloy impeller (to which the guide vanes are 
dowelled),a hollow main shaft, a two stage turbine unit, an 
interstage spacer and a stubshaft. 

5.2.2-15 The rotor shaft is machined from a forging and throughout its 
length increases in bore and diameter from front to rear . The 
foremost portion of the shaft is threaded to receive the rotor nut 
and behind the threads the shaft is sarrated for transmitting the (/J 
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drive, via a coupling, to the accessories. The shaft is utilized 
to circulate pressurizing air and fuel; they are prevented from 
mixing by retaining the fuel within a central t ube which at the 
rear opens out into a small chamber which is sealed a t the rear. 

The rotating guide vanes, the impeller, and both turbines are 
machined from forgings . The blades on all items being i r.tegral . 
The stubshaft a l so is machined from a forging and has integral 
blades which induce and exhaust the rear bearing cooling air. 

The driv e for the accessories is taken from the serrations at 
the fr ont of the rotor shaft via a hollow shaft which at the front i s 
internally serrated to transmit the drive to the high speed pinion. 
This shaft is supported in a ball bearing which is located at t},e 
rear of the drive pinion housing. From the high speed i,inion the 
drive is transmitted to the upper and lower accessories gearboxes 
through idler gears which are also supported by ball bearings 
located within the drive pinion housi:lg. The drive to tl.e o utput 
gearbox is transmitted from the high speed pinion directly to the 
gearbox pinion which also is located in a ball bearing. 

Each accessory gearbox has three forward and three rearward 
mounting faces a ll of which are of the taper flanze type. On the 
upper gearbo x the fuel filter / pump/ control unit is mounted 
centrally at the rear with its drive bearing housing opposite. 
Adjacent to the fuel unit on the right but not requiring a drive is 
the fuel pressure regula ting va lve and on the left is the overspeed 
switch with its bearing hou&ing opposite. On the lower gearbox 
the oil pump/filter u nit is mounted centrally at the rear with its 
drive bearing opposite. The electric starter is adjacent to the oil 
pump on the right with the roller clutch opposit e and the tachometer 
generator is on the left with its bearing housing oppoi,ite att ached 
t o the rear of which is the ignition unit; also not requiring a 
drive. 

Constant mesh spur gears are used througr out to drive the 
access o ries, the fuel and oil pump units d riv·e bearing housingis 
each carry two gears, one of which is in mesh with an idler 
gear thereby transmitting the drive from the rotating assembly. 

The lightweight tachometer generator is a two pole circular 
r o tor magnet type. A n adapter is interpo sed between the gearbox 
taper flange mounting and the b olted flange mounting of the 
tachometer generator. 

The 24V e l ectric starter moto r is a relatively high speed, 
Sll! ries wound type of commercial iipproved design. The starter 
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i s used in c onjunction with a clutch m echanism of the cam and 
roller type and a l so in corporates a com pound spur gear type 
reduction gear. 

The air delivery va l ve b ody is a li ght a lloy casting o f ci r c u lar 
shape but is formed with two t angentia l sec tions a t right ,:, ni:,les 
t o one another. Two butterfly va l ves opera te withi n the bo d y and 
are interconnected by a control rod so t hat it is possible for o rJ.y 
one valve to b e o pen at any tim e. One valve control s the air 
delivery supply and the othe r the bleed air. The valves are 
actuated by twin opposed piston s inte rconnecte d by a rod which is 
formed with a rack which engage s a pinion for med on the end of 
the delive ry air butterfly. The o per&.tion of the va lve relies on a 
selector mechanism permitting air to one side or the other of 
the pistons thereby causing the m to shutt le which in t urn opens o r 
c loses the de livery butterfly . 

The singl e stage reduction gearbox i s a light a lloy c asing and 
is attach ed to the fr ont of the engine on two shallow angular 
extensions to the air intakes . Upper and lower taper flange 
m ountings a re f ormed on the fr ont of the casing a nd a ll gears 
are c onstant mesh spur gears each supportecl in two bearings. 
On the engine which drives t h e a lternator a further reduction 
stage is interpo sed between the main gearbox and the a lternator . 
This gearbox is complete in itse l f and comprise s a gear and 
pinion with an offset idler; a ll of which are supported by pairs of 
bearing s . On the engine which drive s the fan a supplementary 
gearbox is interposed which can be used as an accessory dri ve 
for a D . C. G enerator if required. 

FU E L SYSTEM 

Since the engines are required t o operate at a singl e r a ted 
speed the fue l system is extremely simpl e . It comprises a tank 
in which a fue l booster pump is fitted , a pres sure regulat ing 
valve, a fuel unit made up o f a filter, a pump , and a contr ol -.init 
fr o m which fuel is supplie d dire ct t o the engine via a shut-of! 
c o ck and t o the T orch i gniter via a second shut -off cock. Al s o 
include d in the system is a pressurizing va lve which is 
interposed between the fuel u n it and the main shut-off c ock. 

T h e spring l oaded diaph ragm operated pr~ssure regula ting 
valve is of p roprietary manufacture and is pre - set to regulate 
the fuel pres sur e at the entrance to the engine system at Z lb. 
sq. in . The v alve is adjustab l e but in th e normal course of 
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events adjustments are unnecessary . 

The fuel unit comprises a gauze discs filter, a gear type pump 
and a control unit which embodies a centrifugal gove rnor. 

A waisted stud screwed into a boss on the fue l pump body 
provides the filter mounting and a perforated tube which fits 
a round the stud carries the filter disc s. The filter element stack 
is retained within the filter dome by a base plate secured by a 
circlip. The filter dome is sealed at each end by a r ubber se,;.ling 
ring and is secured on the stud by a p lain nut locke d with a tab 
washer. 

The fuel pump body is an aluminum alloy casting , the rear 
face of which is machined to mate with the control unit and a 
tapped boss is provided for a fuel drain . The pum p drive extends 
through the body to connect with the fuel control unit governor. 

Fuel supplied to the pump inlet is carried round the pump 
chamber by the gears and delivered under pressure to the control 
unit through an internal passage; a rubber seal is recessed in 
the joint face between the pump and unit. The pump is self 
lubricating; a compound seal preventR fuel leaking into the 
accessories gearboxes and oil leaking into the pump. The space 
between the respective seals is vente d to atmosphere . 

The fuel control unit, through a system of variable orifices, 
controls the fuel flow to the engine under all c onditions. A 
flyweight type governor linked to a piston valve controls and 
maintains engine maximum speed. Acceleration fuel bleed and 
governor by- pass adjusting screws are arranged to pro vide the 
basic adjustments c ontrolling starting, acceleration and 
deceleration. In addition several valves are c ontained within the 
unit. 

A pressurizing valve prevents fuel passing to the main burner 
until sufficient pressure is built up to ensure atomisation. This 
same valve whilst witholding the main delivery ensures that 
sufficient pressure is available at the torch igniter. A relief 
valve, for the safety of the pump , is adj usted to open a return 
line to the pump inlet in the event of an increase in pressure 
upstream of the governor piston valve. This line a l so 
incorporates a non-return valve to e liminate the possibility of 
over-fuelling by the booster pump during starting. 
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An acceleration pre ssurizing valve is fitted downstream of 
the contro l unit and is simply a spring loaded half b a ll valve 
inco rporating a by - pass in addition to the main flow. Durin g the 
early part of acceleration there is insufficient pressure to open 
the main flow , therefore , the fue l must reach the en gine by the 
by-pass until such times as the fuel pressure overcomes the 
spring pressure the r eby opening the main flow. This splitting of 
the acceleration flow and c onsequent s l owing down of acceleration 
time is a desirable feature in that it ensures the exhaust tem­
perature maintains within the specified limits during acceleration. 

Between the pressurizing valve and the main burner the high 
pressure fuel shut-off solenoid operated c oc k is fitted. Thi s 
c o ck is immediately upstream of the main burne r and therefore 
i s used t o stop the engine. 

The main fuel supply connects with the fuel inlet housing 
whence the fuel is transferred to the fuel tube which is housed 
and secured by a nut within the accessories drive shaft. A 
pressurized labyrinth seal prevents fuel leaking into the gearboxes . 
From the fuel tube the fuel passes to the h ollow rot o r shaft. 

The r otary atomizer is a ring of small hole s drilled radially 
in the r ot o r shaft . Fuel at pump pre s sure is boosted 
centrifugally and sprayed, finely atomized, into the com bustion 
chamber and due t o the radial distribution it mixes with the air 
fr om the compressor to form a homogeneous mixture giving eve n 
c o mbustion. 

For starting fuel is supplied, via a solenoid operated shut - off 
c o ck to a torch igniter which receives H . T. current fr om a 
b ooster coil type ignition unit supplied with L. T . current from 

batteries . 

The torch igniter b o dy is a mycalex moulding having three 
bor e s which r e ceive the fuel and electrical connections and the 
h ollow centre electrode. A pas sage from the fuel connection 
b or e aligns with a h ol e in the electro de. A hole from the 
e l ectrical connecti on bore accommodates a screw which secures 
the ele ctro de within t h e t o rch b o dy and a lso provides the 
e lectric al c ontinuity between the H. T. c onnection and the 

e l ectrode. 

Fuel fr om the torch igniter shut - off c ock is delivered to t he 
igniter fuel c onnection where it must pass through a filter 
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disc before entering the e l ectrode. The fuel is sprayed fr om a 
fine hole at the end of the electrode against an anvil set in the 
base of the barrel and the spark across the gap between the 
electrode and the barrel ignites the fuel spray. 

OIL SYSTEM 

The oil system is completely self contained o n the engine and 
is a closed circuit recirculatory system. 

The twin oil tanks are interconnected by a large bore balance 
pipe from which a smaller diameter pipe delivers oil to the inlet 
side of the pressure pump. The tank vents are also interconnected 
and pressure balance pipes fr om each tank connect with the upper 
accessories gearbox. The pressure pump output is supplied 
direct to the oil filter through an internal passage and from the 
filter is fed to a six port junction block .. A pressure relief 
valve is fitted to the filter t o open a return line to the inlet side 
of the pressure pump in the event of an excessive build up of 
pressure. 

From the junction block six branches supply oil to the pressure 
switch, the pressure gauge, the rear main bearing, the front 
main bearing, the roller clutch and the sandwich gearbox. 1 he 
branch pipe to the front main bearing is further divided to supply 
the high speed pinion and the reduction gearbox, oil fr o m the 
rear main bearing is scavenged separately through two bearing 
housing hollow support arms and two pipes which unite before 
entering the pump. The remaining oil fr om the gearboxes at the 
front of the engine is collected in the lower gearbox from where 
it is all returned to the tanks via the scavenge pump. 

The twin oil tanks are cast integral with the air intake casing . 
A n oil filler incorporating a strainer in the extended filler neck 
is fitted to the l eft hand tank; the corresponding position on t he 
right hand tank is fitted with a vent connection and a pipe 
interconnects this connection with the filler neck. 

The pressure pump, the scavenge pump and t h e filter are 
incorporated in one unit. Each pump is of the spur gear type and 
due to the construction each is in effect a d ouble pump; the central 
drive shaft carries a driving gear ;Vh ich is in engagement with a 
pair of diametrically opposed pinions. C/l 
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The oil filter is of similar con struction to the fuel filte r i n 
that the gauze disc eleme nt is hous e d in a u alloy casing. The 
casing with the element secured in it i s attached to the rear of 
the pump b ody by a clip and taper clam ps. The gauze disc s a re 
m ounted on a central perforated pillar wh ich screws on a s tud 
fitted in the base of the casing. 

Restrict ors and remo va ble st r ainers a r e fitted throughout the 
system and the filler neck is fitted with a gauze throu gh which 
the system must always be filled. 

E L E CTRI CAL SY ST E M 

T h e e l ectrical s y stem is designed to meet a d efinite 
operational sequence which enta il s a n a utomatic starting cy cle 
for each engine. B oth engines are automa tically protected a gainst 
over - speeding, over - temperature, a nd low oil and fuel p r es s ure 
and in the e vent o f a close down the engine will shed it e loa d 
automatically. 

The wiring diagram is shown in sections 3 and 4 as c om bined 
w ith the remainder of the e l ect rical system . 

I NSTALLA TION 

E ach engine is mounte d on a shallow cradle com plet e ly 
remote fr om the other with the exception tha t th e air delivery 
t r unking fr om each engine unites before entering the air 
c ondit ioning unit. T ape r flange mountings and c onnections are 
used ex clusive ly on the ducting thereby affording easy removal. 

The engine is m ounted in the cra dle on three rubber / metal 
bonde d bushe s which are b olted to fillet plates welded to the 
cradle. The f orward m ount ing picks up on a bearer attached to 
the single stage r eduction gearbox and the t wo equi - spaced rear 
m ountings pick up on bearers atta ched t o the air intake/ main 
casing j o int flan ge . 

A ll e l ectrica l c onnections effected by unit remova l and 
replacement will be fitted wit h multi - pin plug s and s oc ket s . 
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Part 5. 3 Applica ble Specific ations, Standards, Dra wings 
a nd P ublic ati on5. 

5. 3 -1 Ministry o f Supply Specifications and Pub li cations . 

D . T . D. 80 6 
D . 1 . D . 90 4 
D. T . D. 9 10 

D. T . D. 923 
Eng . R . D . 4 (b ) 2C, 17 
Eng . R . D . 20 24 

Eng. R . D . 2028 

E ng . R. D. 2 100 

Eng . R. D. 2300 

Eng , R . D . 2479 
Eng . R. D . 2482 
E ng . R . D . 2485 

Eng . R. D . 2486 

Eng . R. D . 248 7 
Eng . R . D . '2488 

B . .3 . 1580/1953 

B.. s. 93 
E . L. 1692 

E . D. M. 25 

E. D . M . 35 

A. P . 40 89 / D 480 

Airc raft materia l spec: graphited g rease. 
Process s p ec : cadm ium p latin g. 
Process spec : a nodic oxidation of aluminium 
and a lumi nium a lloys . 
Chro m ate passification of zinc surfaces. 
P ow er p l ants airborne auxi li ary. 
Interchangeability requi re m ent B of engines 
{F istons and T urbines) V . P . props : 
accessorie s nec essary for t h e func tioning 
of the engine and accessory gear boxes . 
Protection of Gas T urbines dur ing storage 
and transit . 
T urbine engines , general type conditions 
and 150 h r. type test sch edul e. 
G ene ral specification for Gas T urbine 
engines for ai re raft. 
Oi l, turbi ne aviation 9 centistokes - viscosity. 
F uel turbine aviatio n. 
Fuel aircraft reciproc ating engines (covering 
fue ls in the follo wing grades : 73 , 80 , 9 1/96 , 
100/130, 1 15/ 145). 
F ue l, m ilitary aircraft turbine engines. 
Wi de c ut gaso line type . 
Oil turbine synthetic type. 
F uel m i li tary aircraft engines, high flash 
p o int . 
B ritish standa rd unified screw threads (with 
m etric equivalents ). 
B ritish Association (B A) screw t hreads. 
Cabl e electric H . T . ignition, high tem p. 
re si stant for aircraft engines . 
Definition and measure m ent of weight and 
determi nation of centre of g r avity of aircraft 
engines and engine change units. 
F uel s ystems and fue l c ont rol aystems for 
gas turbine engines. 
Al. D I AIS Inspection ins truction radiological 
inspection of castings . 
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A. I . 4089/D 48 1 AlL,/ Al '3 lnspection instruction. 
Detection of flaws by e lectro magnetic 
methods. 

Administrative Circulars 

No . 7 1 
No. 233 

No. 234 

Drawings procedure for Turbine Engines. 
Drawing introduction sheet and modification 
procedure. 
M odification classifications systems. 

B lackburn &: General Specifications and lnstructions 

E. D. O .1. 
B . G.A. Specs.619 
Appendix l 

Painting processes for "Cirrus'' engines. 
Instructions for the use o f Ardrox. 
No . 996 for the flaw detection of f{i m onic 90 
turbine whee l s. 

General Design Re quirem ents for Aircraft Equipm ent 

D. E. S. l Chaps: 201 , 202 
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Part 5. 4 R equire rn.ents 

5.4-1 Materia l e u5ecl i:-i the ,uan 1fact11r e of t 1,e 1..nit n1 a ll c onfo1· 1 to 
Aircr~ft Matena l ,·, ec.ficati.:ms a,ir,roved by t:1e :tv'ini•try of 
Su ir l y or to Aircraf t 'ate rial pecificat·ons arr•roved by The 
Bntis!-, Standards I st t tic,n R equ1re mer,tG . 

. 1 - 1 

5. 4 .1- 2 

5. 4 .1 - 3 

5 . 4 - ?. 

5. -1.2 - 2 

M eta l s us e d in th e uni shall be of cor rosion recistar.t ty-oe or 
:,hall be treated against corrosion . '-''her e 1 rarticabl e the use of 
disE;r,i l ar 'Tetal s wit! hir:h e le ctro l y tic potertial differer.cc , in 
contac t , shall b e avoi d e d . 

Work,1 ansr,ip and Finish . "'h e .. -ork ,anshi1 and finish on a ll •·arts 
eh?. ll ~ e 1r accordance v,ith t'i e high grade aircraft manufac turini:' 
p1 ctic c for equipnert of t"io ty- e . 

Standa r d part s shall h e u i;ed v-h ere" e r tl-i e y are suitable for the 
puriJufle . 

Corrosion - R esistfrc ' r eat crts , Coatin9:s and 0 aint F'nishes . 
Corro sio n resi st in~ t-ea . e . to , coat. r,gs a.,d •uint finishes s'.1a ll 
be se l e t e d iro suit;:i b le •. '_. . L )ec1•· ea tions h e re p racti-.. a '.:>le. 

t eel parts ith t 1e e,,ceptio'1 0f t e 1;arts li sted l.el o .,., a ll 
extedo::- steel _:-,a rt s and other otee l ar.s and ~h er rtcel parts 
< L•ject to corrosion, and not in c ontact ith oil c'::a ll be treated 
-..y - a,•plic a fle c o rro, ion red ot·rg proc eos. 

1 . Cu::-ros'o,.-, r es i3tant e.teel 1,a ts . 
2 . ~~ e ,bers or ortio e of ... e r -,e rs that 

a c t a s e,e ar-in_,s or journal s . 

Al u iu,.., parts 
e:<,-,o e d a l '.1 iniu 

i L th e ex c eI- tion of t'i. e pa rte lioted 1--el o a ll 
and a l 1 biu a lloy_ art s ohall be nodis e d 
D . '· , L . '-l 0 C . Ot'l e rparts ·1ayab oce it l 

e::.:ceptec., "he n ap licat on o f a 
considered unr e c es nary . 

treat rn e nt is in racti c a de or 

L 
-, ... . 
3. 

.:-,.irfacec 'ic h are in contac t \•,ith o il. 
Acc eo s ory a d s and port co v e ro . 
Unalloyec. u l u r.ir.i..1 and a l u ·1iniu 1 clad a l >.1r .b,i u,··1 a lloy . 
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5. 4 . 2-3 P ai nt finishes wi th the exception of t h e l arts licted b e l u\" a ll 
exposed m eta l surfaces shall b e painted i n a c cordanc e ith 
13 , & G . A. Sp ecification E. 1., , 0. 1. 130K, Additiona l fart s may 
b e excepted whe n a pplication o f p aint fi r.ishe s on any part t h ereof 
is i, pract icabl e or co nsid e r e d unnec e Gs a ry . 

1. Corrosio n re sistant stee L 
2 . ,Vo rking surface s . 
3 . Th reads. 
4 . O i l ho l e s . 
5. Cad:niu,, p l at e d part s . 
6 . Una lloyed a l u,ri.iniurn and a luminium clad a l uninium a lloy , 

5. ,; -::, ':- hreaded P arts. 

5 . 1 . 3 -1 A ll conv entiona l s t raii;ht screw Lireads sha ll c onfo r n to the 
r equire •n ents of F . J, 158 0 / 19 53 and B .. 9 3. 

5 . 4. 3. 1- 1 ln cta lla tion conne ctions . ,.,.he fo llo\ ·in" inte rna l !l e re, threads 
sha ll b e p rovided on t!-, e units t o c onnect the fo llov.ing . 

Fue l inlet pip e 
Lub o i l pressur e 
Drai n b l oc K 
O i l tar,k drain 
L o v er a cces sori e r; 
r e a rbox drain 
Co .1 hu stion c ha 1ber drain 
Oi l systerr oreather 
R ea r b earing cooling 
air out l et 

lvi . ,_ •. 33 656 / 6 
M . ,. 33 65€:/4 
M .S. 33 65( / 4 
M . ..:: . 33 i.56 / 6 

M . S . 33E Sf / G 
M . 

,.. 33 (5' / ( 

M . 3365t/ lf 
F lange fitthg 1. 5'.!9' bor e 
4 tapped ho l e s 1/ x .:8 J . lJ, '!;' . 

on 2. 25' P, C . ~. in a 2 . 75, · Lia . 

fl ange . 

5. 4. 3 - 2 .:,t>ecia l Sere •,; Thr eads . .. ccia l s c r e w th read forr> e for lo c hng 
d e vi ct.s s ha ll b e a c c ef,tat l e '1 e re load requireLn ents v arra nt 
t .,eir uae . 

5 . 4.3 - 3 C oatinrr ',.'h read e d P arte . h en a l c1miniu,r a. Uo y t:1readed pa rts 
are tr:at e d , at the time of afls e ,1L l y , '· th ar.ti -cei:,e CO'Tlpo"nd, 
tl'. e co pound shall c onfo r to a prov ed specifi. c ations . 
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5 .4 . 3-4 .,ecuring Threade d a rts. Threaded p a rts o ther than p l umbi ng 
connections , sha ll be positivel y locked . Internal parts shall be 
locked by Nimonic 75 locking wire t o Spe cification D . T. D. 703 
or by locking tab washers . External pa rts may be locked by 
approved l ocki ng devices . 

5. 4 . 4 -1 Dra•vings . Drawi ngs s hall be in a cc ordance with the requirem ents 
of Admini s trative Circ u la r No . 7 1. 

5. 4 . 4 - 2 C onstruction . Th e units shall be of compact design and of such 
constructio n as t o withstand the s hock vibration incide nt to normal 
ship 'lent and norma l use i n servic . 

5. 4 . 4 . 2 -1 Interchang eabi li ty . In 9 0 far a s pra cticabl e a ll B . and G.A . parts 
having th e sa m e part nu--nber shall be direc tly and c ompl ete ly 
interchangeable with each other with respect t o installa tion and 
performance. Matc hed parts and se l ective fits wi ll b e per nitted 
wh ere required . Change s in B . & G . A. part numbers shall be 
governed by the drawing requirements of Admini s trative Circular 
No. 71. 

5. 4 , S P erformanc e . Each A rto uste 5 10 for use in the power p lant will 
be fitted with a fl ow !fru iting ve nturi, the choking non- di ·nensiona l 
air mass flow for each venturi being e qua l to 0. 7 ,( N . B . that .is 
M T 

p D 
p 

: 0 .7 

2 

whe r e M : A ir delivery flow in lbs/sec . 
B 

T = 
.0 

E ngine air d eliv e ry t e mp . in ° K . 

p .. T o tal pressure at the v enturi throat in p . s .·i. a . 
2 

'.i.he abo v e choking fl o w correspo nds approximately to an air delive r y 
flow of 1. 6 l b / sec. at 34 , 200 R .P. M . and at an ambi ent temp . of 120°F . 

5. 4. 5 -1 Estimate d P erformance. The estimated performance of each 
e ngine fo r varying ambient conditions at 34,20 0 max . operating 
spe e d at O, 50 and 10 0 (S . H .P. take - off ) is shown on c urves 

E . 'I. D. 577 - 579. 
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1t shoul d be noted that the de l ivery pres s u re ratio quoted 
in these curves refers to the del ivery press u re at the commo n 
d1..ct d own strea n of the flo w li ·niting venturis and non retu rn 
va lves. These va lues a re based on actua l test n1easure,nents 
of the coup l ed b l eed system . 

5 . 4 . 5 - 2 In order that the perform ance m ay b e estimated under a ny 

5 . 4 . 6 

5 . 4.8 

con ditions of a 1nbient ter1p erature, a further set of curves is 
included (E . T . D . 567 , 569 , 571) . These show the availabl e s haft 
pow er/air b l eed re l ationship. 

Non - dimensional curves are inc luded in order that the air 
b l eed performance can b e assessed under any ambient c onditions. 
T h e se curv e s (E. ';.' . r . 55 6 , 557 and 55 ) refer to the engine 
perform ance V'ithout shaft power and show th e re lationship of 
engin e turbine inl et ter perature, fuel flow and engine air delivery 
pressure for various val ues of a i r delivery flo y, (non - di m ensional 
flo w ). 

B l eed air quality. Th e b l eed air shall be suitabl e for cabin air 
co nditioning and shall be free fro m toxic gases as la id dow n in 
C A R.4B . 

P olar rr o m e n t of inertia . ~ he po lar m oment of inertia of each 
compressor turbine syste m s h a ll b e no g reater than 1. 7533 lb. 
ft. 2 . 

F ue l system . 

~ h e perform ance characteri s t i cs of t n e unit shall be 
determ i n ed us in0 fue l to ; . Eng . R. D . 2482, Nate sym bol F - 30, 
Cana dia n syn bo l 3 - G - 23A. The unit s h a ll be capabl e of operating 
th r oughout its op erating rang e with fue l to the fo llowing 
specifications . 

E ng. R . I . C'pec . 

24 8 5 

2486 

2488 

!'ato cymb ol 

91 / 96 g rade F 15 
100 / 130 F 18 
11 5 /145 F 22 

r - 10 

F - 4 2 

Canadia n Sym bol 

3 - GP-25C 

3 - GP-22b 

3 - GP-24 
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Fuel filter . A fue l filter shall b e a component part of the 
unit and shall be of sufficient capacity to p erm it a minim um 
of 50 hrs . c ont i nuous operation at norm a l output wi thout 
r equi ring c l eaning . 'l he unit shall be supplied wi th fue l as 
s pecified herein . 

Fuel drains. A fue l drain shall be provide d i n the com bustion 
cham ber oute r casing for draining any excess fue l fro m the 
charnber after a false start . 1 he drain shall b e pres s ure 
operated to rern ain op e n unti l the cornbust ion chamber pressure 
has r eached 5 to 10 p . s. i. g . 

L ubri c ating system . "1he unit lubricating system shall for m an 
inte g ral part of t h e unit and shall be capab l e of lubricating a ll 
points in the unit req uiring lubrication . 

Lubric ants . The engine shall be supplied with either of the 
fo llo w ing lubricating oil s: -

E ng. R . D . Spee. 

2479/ 0 

2487 

Na to SymboL 

0. 138 

0. 149 

Canadia n Symbol 

3 - GP-54J 

No e quivalent 
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lnspectio n , test procedures and p r eparation for storage 
and transit . 

General. Unit calibrations and tests specified herein shall b e 
conducte d at B l ackb urn and General Ai re raft Lim ited and m ay 
be sub ject t o witnes:sing by authorised representatives of the 
custo1ner. 

T est apparatus. 

Accuracy of data . All instrum ents and equipm ent shall be 
ins pected and calibrated once per ca l endar month, to ensure 
that the a c cu ra cy m aintains within t h e tol erances stipulated 
by the manufacturer. 

T he accuracy of engine speed m ea s urem ent shall be within 
. 10 0% . 

Unit Speed. The unit speed s h a ll be m easured by means of a 
pos iti v e counter indi cating the tim e for 10 ,00 0 R. r- . M . 

Fuel flo w . Fue l flo w m ea s,_.rements shall be m ade by th e 
vo l u m e rnethod . The quantity se l ected for the vo l um e m ethod 
shall b e suc h that eac h reading wi ll cover a n e lapsed t ime of 
at l ease one 1ni nute . 

A di r ect reading flo w m eter s h a ll also b e e m p loyed for 
1neasure1nent of the fue l flov . . 

Fuel flow quantiti es shall be recorded on the weight bas i s. 

Air fl o w . Air flo w m easurem ents shall be m ade by approved 

venturi type air meters . 

T emperature . Gas te m perature shall be measured with 
c h ro m el-a l u ir,e l ther m ocoupl es calibrated to chron1 e l-a lu m e l 
E.M.F. co nstants . Other temperatures shall be measured by 
calibrate d n1ercury ther1no m eters. A ll temperature measure ­

m ents shall be rec o rded in °c. 

Pres s ure . A ll o il and fue l pre ssures shall be r eco r ded in 
pounds / s q. i n. gauge . All air or gas p r essures sha ll be r ecorded 

in inches of m ercury absol ut e . 
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Fuel. Fuel c o nform in~ to D . E ng . R . D. 2482 shall be used for 
a ll testing . 

Oi l. "'he oil used for the preliminary runs and endu r ance testing 
sh.:.. ll conform to D . Eng . P. D . 2479 (a mineral base oil). The oil 
used for the fina l test r un riha ll conform t o D . Eng . R . D. 2487 
( synthetic o i l w ith inhibiting :noperties ). 

1 est conditions . Unless otherwise s pecified herein a ll tests 
shall b e c onducted under p revailing atmospheric con ditions . 

Standard perfo rn1ance va l ues. Perfor n,anc e val ues determined 
fro m. testing t he unit at ambient conditions shall be normali sed 
to pro duce t h e equiva lent va l ues that woul d obtain if th e tests 
had been carried out unde r 1. C. A. N . standard s ea l evel da y 
conditions. 

Typ e appro va l testing . R esult s obtained fro m the 150 hr . type 
approval t e s t may be insp.ected by an authorised representative 
of the custo m er . Addi tio na l qualific atio n testing may be car ried 
out after rnutua l ar r ang e1nents have b e en agr eed between 
Bl ackburn &: General Aircraft Limited and the customer. 

A cc epta nc e test . Units subm itted fo r acceptance under contract 
shall be subjected to the follov.:ing te s ts and shall demonst rate 
co nfo r rnanc e t o the te s t requirements herein . 

P r eliminary r uns . The unit s h a ll be run for a perio d ne c essary 
to determ ine th e c o rr e ct functi oning of the control systems . 

Perform ance a ccepta nce test . On c ompl etio n of a suitabl e run 
in peri od th e units sha ll b e subjected to a perfor,nance accept ­
ance te s t as fo llows: 

5. 5. 5 . 2-1 Endurance a c c epta nce test. 

1. 3 s t art s t o synchron ou s speed o n 
res idual air load 

2 . O n c ompl etio n of the 3rd. start: 
1 hr. 50 rnin s . S . H . P. e quival ent 
to th e specified nax . m ini mum 
c ontinuous l oad 

0 S. H.P. 
~ ake off 

1. 5 lb / sec . 
Bl eed air 
de livery . 
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5 m in. S. H . P. e qui va l ent to the 
specified maximum load 

5 sec s . S . H . P . e quiva l ent t o the 
sp e cified overload co nditions 

l. 5 l b/sec . 
B l eed air 
delivery 

1. 5 l b/ sec. 
Bl eed air 
deli very. 

5. 5. 5 . 2 - 2 Strip exa n i nati on . The units shall b e stripped examined a nd 
re-built in ac co rdance with the pro c edure laid dow'11 in D .Eng . 
R . D. 2 10 0. 

5. 5. 5. 2 - 3 Final a ccepta nce te st . 

1. 

2 . 

2 s tart s to synchronous speed 
o n residual air l oad 

O n c o m.p l etio n of th e 2nd. start 
15 m i ns . S . H .P . e quiva l ent to the 
specified maximum c ontinuous load 
5 m ins . S.H.P. equival ent to the 
specified maxi mum l oad 

3 . Engine to be r un at the ratings 
n ecessary to product the requisite 
p erfo r rnance curves 

0 S . H . P. 
1 ake off 

1.5 l b ./ sec. 
Bl eed air 
de livery 
1.5 l b / sec. 
B l eed air 
deli very. 

5. 5.5 . 2 - 4 l- erfo rmance req uirenents. The units sha ll be considered t o 
have passed the tests outlined under 3 - 5 - 2 - 1, 3 - 5 - 2 - 2 and 
3 - 5 - 2 - 3, provided the p erformanc e do es not fa ll be low accepted 
m ini m u m lim it s imposed by B lackburn &. Genera l Ai r craft Ltd . 

P r eparatio n for storage . The units shall b e prepared for 
storage and shipment in accordance with t h e normal proc edure 
adopted by Blackburn & General Ai rcraft a s follo w s: 

l. After fina l test running the unit shall be internally and 
ext e rnally preserve d against c o rro s i on. 

2, The oil system s hall be drained and re - fi lled with the 
norma l ope rati ng o il to D. Eng . R. D . 2487 . 
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temperature v s en 15 ine speed. 
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Perform ance at 34,200 R . P . JI/ . at 
3 , 500 ft. altitude (static ) a nd 100°:r . 
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and arnbient te mperature s . 
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inlet ternperature over a range of 
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tariation of bl eed -ith pressure ratio 
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t e cnperatures. 
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AMENDr'iENTS TO HANDBOOK 

Registration and Change-of-Address cards are providoo with this hand­
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ately upon receipt of this handbook if he wishes to be supplied with subs . 
quent amendments, which cannot otherwise be forwarded. The Change-of-Addr/ 
card should be retained for use when applicable or in the event of a transr:: 
in the ownership of this handbook, in order that distribution records may be 
kept up to date. 
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GEN"ERAL 

Air f.Lm1 (nominal): 

Direction of rotation 
(viewed fro.,1 fan end): 

L :SADI NG PflRTICTJLARS 

RUG0-01 

SO lb. per minute 

Clockwi se 

V 

Height ( 11i th Duresto s fan housing) : 21 lb. (approx) 

Di,nensions : 

Length (overal l ): 

Diameter (ma.xi urnr,1 ) : 

INSTALLATION 

Type of ,1ounting: 

Duct connections: 

LUBRICATION 

Type: 

Turbine inlet: 

Turbine outlet: 

Fan inlet: 

Fan o,.:tlet: 

Oil specifications: 

14.38 in. 

12 in. 

T·.10 tilounting pads on centre 
casing each ui th S,Pi got 
recess and four 1/4 in. BSF 
threaded holes. 

2. 75 in. dia, SBAC plain pipe 
flange 

4, 2 in. dia, SBAC plain pipe 
flange 

8, 4 in. o/d fl ange - outside 
SBAC range but of same profile 

4, 5 i n . dia . SBAC plain pipe 
flange 

SUt.1p and scroll pUtnps 

D. Eng, R,D. 2487 (OX-38) 
Esso Aviation Turbo Oil 35 
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CHAPTER 1 

GENERAL DESCRIPTION AND PRINCIPLES OF OPERATION 

Principl es of operation 
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General 
Centre casing 
Fan housing 
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Turbine exit duct 
Turbine nozzle ring 
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Bearing assembly 
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A cold-air unit is installed in an aircraft pressurizing and air condi­
tioning system to reduce the temperature of the air supplied to the cabin. 

The cold-air units in the RU80 series are of the turbo-fan type and are 
used in turbine- engined aircraft where the air supply for pressuri zing and air 
condit ioning i s bled from a late stage of the gas turbine compressors, The 
pressure of the charge air from this source is usually sufficient to meet all 
the requirements for pressurizing and cooling. The t emuer ature, however, can 
be ~ell in excess of Joo0 c and, therefo re, a large temperature drop must be 
achieved before the charge air can be used fo r cooling the cabin, 

Normally, the cold-air uni t operates in conjunction with a cross-flow 
heat exchanger which enables the charge air to be pre-cooled before it enters 
the ~t. A flow of cooling air is drawn across the heat exchanger by the 
c?ld-air unit and, therefo r e, the unit can operate effectively while the 
aircraft is on the ground wi th its engines running , 

PRINCIPLES OF OPERATION 

di The cold-air unit consi sts basically of a r otating assembly, comprising 
:th:ectly-coupled radial-flow fan and axial-flow turbine, which is enclosed 
duct~n a body, comprising a fan housing, a centre casing, and a turbine exit 
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IN LET FROM 

ATMOSPHERE 

CROSS-FLOW 
HEAT EXCHA NG ER 

PP rnss 

~L,::c:.. . 
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ENGI N E 

.. , l 
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ATMOSPHERE 

COLD· AIR 
UNI T 

Fig. 1, PRINCIPLES OF OPERATION 

CAB I 

._ CHARGE AIR 

(,:,,,;,;,:,! COOLI NG AIR 

When cold air is selected, th e char ge air from the engine compressor is 
directa:l. throu_;h the heat exch anger (Fig . 1) where it passes around the matrix 
and becomes partially cooled. From th e heat exchanger, the air enters ~ie 

turbine inlet of the cold-air unit. In passing through the fixed nozz,, 
blades and the moving turbine blades, the charge air expands and gives upa 
considerable amount of its r emaining heat in the form of energy to drive tte 
turbine, 

The heat energy extracted from the charge ai r is converted i nto me:hani· 
cal energy by the turbine, and in this form is transferr ed t o the fan whichi: 
mounted on the opposite end of the common shaft, The fan transfers the en1 
mainly as heat t o the cooling air which i t dra1,s i n from at mosphere across • 
heat exchanger and then discharges back to atmosphere, In passing acros; 
the heat_ exchanger , the cooling air pre-cools the char ge air , The amo~t~, 
char?e ru.:' pre-cooling achi eved is dependent on the inlet t emperature 

0 

cooling air and the effectiveness of th e heat exchanger, 

Th . . . ed b the turbiie 
e r eduction in temper atur e of the charge air achi ev Y uri 

is such that the air normally leaves the cold-air unit at temperatures aro 
freezing point, but often much lower temperatures can be obtained, 

,eneral 

The cold-air u 
··::iin shaft (Fig , 2) 
Jcll are enclosed wi 

c,sing, A fan hous 
~d orovide the inlet 
is enclosed by a tur 
~r outlet) which are 
:,ll'ge air enters th 
t, turbine end of th 

Oil is supplied 
~ the centre casing . 
'.eating from the assei 

~,tre casing 

The centre casii 
·•, unit, A centraJ 
'.:ange at each end c 
.::sing and the turbj 

'itegral Y ;ri th the c, 
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The cold-air unit consists of a turbine rotor and a fan mounted on a 
common shaft (Fig, 2). The rotor/fan shaft is supported by two ball bearings 
which are enclosed within a bearing assembly in the central bore of a centre 
casing, A fan housing is attached to the centre casing to enclose the fan 
and provide the inlet and outlet ports for the cooling air, The turbine rotor 
is enclosed by a turbine shroud and a turbine exit duct (forming the charge 
air outlet) which are attached to the opposite end of the centre casing. The 
charge air enters the unit through a turbine inlet volute which is formed at 
the turbine end of the centre casing and encloses a turbine nozzle ring. 

Oil is supplied to the bearings from a self-contained lubrication system 
in the centre casing. Seals at each end of the bearing assembly prevent oil 
leaking from the assembly and contaminating the air flowing through the unit, 

Centre casing 

The centre casing is a light-alloy casting which forms the main body of 
the unit, A central bore accommodates the bearing assembly, and a mounting 
flange at each end of the casing provide the attachment points for the fan 
housing and the turbine shroud and t urbine exit duct. A volute is cast 
integrally with the casing at the turbine end to form the turbine inlet. The 
volute terminates in a circular inlet port with a SBAC standard V-flange to 
which the aircraft duct is attached by a clamp. The turbine nozzle ring is 
fitted over the open turbine-end of the volute. 

Two mounting pads, one on each side of the centre casing, provide for 
the installation of the cold-air unit in the aircraft, Each pad incorporates 
a central spigot-recess and four threaded holes for the attachment of brackets 
or similar aircraft components. 

Oil for bearing lubrication is contained in a sump formed in the lower 
half of the centre casing. The components accommodated in the centre casing 
th~. form part of the bearing lubrication system and the bearing-assembly 
s~ ing are described under the headings 11Lubrication 11 and 11Sealing11 respec­
tively at the end of this chapter. 

Fan housing 

light The fan housing is manufactured from laminated fibre (Durestos) - or 
port alloy ~n early units - and has a large single volute with one outlet 
in ~d one inlet port. The volute is of rectangular section and terminates 
th a :ircular outlet port with a SBAC standard V-flange for the attachment of 
th: ~~craft duct. The central inlet port terminates in a similar manner for 

a achment of the aircraft inlet duct. 

A light-all fl f housin oy ange ring, which is secured to the inner face of the an 
g by counter~unk screws, locates on a spigot formed on the mounting 
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flange of t he centre casing. The fan ho:1si ng is secured to the centre casin 
by six bolts which pas s through the mounting fl an.ge and screw into the fl g 

h 
. ange 

ring on the fan ousing. 

Turbine shroud 

The light-alloy turbine shroud i s attached to the turbine end of th 
centre casing to form a close-fitting ring around the periphery of the turbi/ 
rotor. A spigot machined on the inner f ace of t he shroud f its i nside th: 
mounting flange on the centre casing and l ocates on the periphery of the 
turbine nozzle ring. The shroud i s secured to the mount ing fl ange by two 
countersunk screws and then further secured by the eight turbine exit duct 
securing-bolts which pas s . through the shr~ud an~ screw into the cent re casing, 
The weight of the shroud i s r educed by eight milled recesses around the out­
side betwe en the bolt hol es . 

Turbine exit duct 

The turbine exit duct i s a fabricat ed light-alloy assembl y. In early 
versions of the units the assembly consists of an outer cone within which is 
an inner cone supported by four vanes, the components being secured by , 
brazing. Later versions do not have the inner cone and vanes. 

A mounting flange is bra zed to the larger end of t he outer cone for the 
attachment of the exit duct t o the turbine shroud and centre casing. The 
exit duct locates on a spigo t fo r med on the turbine shroud and is secured by 
eight bolts which pass through t he shroud and screw into the mounting flange 
on the centre casing. Inter posed between the exit duct and the t urbine shroud 
is a Ferrobestos insulating disc which reduces the transfer of heat from the 
unit to the charge air leaving the exit duct. A sealing ring, let into the 
face of the turbine shroud, ensur es an air-tight joint bet ween the shroud and 
the exit duct. 

A SBAC standard V-flange is brazed to the small er end of the outer cone 
to form the turbine outlet port . The aircraft duct is attached to the flange 
by a clamp. 

Turbine nozzle ring 

The turbine nozzle ring in manufactured from light alloy and has 
seventeen blades machined on i t s periphery which are hard ano~ised_ for 
additional protection. The blades are arranged to form passages which direct 
the charge air on to the turbi ne blades to drive the turbine ro tor, The 
nozzle ring is spi got-mounted on the centre casing and secured by six bolts 
whic~ also secure the stationary par t of the bear ing-assembly seal at the 
turbine end. A sealing ring located between the centre casing and tbe 

1 • ' nozz e ring , ensures an air-tight j oint. 

The nozzle blade s are s t epped at their outer edge the lower section of 
th t ' • d the . e s ep locating i nside t he mounting f l ange of the cent r e casing, an 
higher section locating the t urbine shroud. 
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The bearing assembly (Fi g. 3) s~pports. the rotTohr/fan shaft and i s loca­
ted within the cent ral bore o~ th~ ce-? re casi-?g• e as sembl y i s enclosed 
in a st eel support bushing which is inserted i nt o the centre casi ng from th 
fan end. A fl ange on the support bushing locat es bet ween the centre casi~ 
and the stat ionar y par t of t he seal at the f an end , the components bein 
secured to the cent r e casing by si x count er sunk scrGws . A sealing ring •. 5 

let i nto the inner face of t he support-bus~ng flange t o ensure an air-ti~: 
joint bet ween t he flange and t he centre casing. 

The i nner races of the ball bearings , whi ch ar e of the angular-contact 
t ype , are an inter fer ence fit on j ournals on the rot or/fan shaft, and the 
outer r aces are an int erference fit on s t eel bearing carrier s . The bearing 
carri er s are a sliding fi t in the support bushing to enable t he bearings to be 
pre-loaded by a coil spring which bears against bo th carri er s . Axial moveraent 
of the shaft / carrier as sembly i s restricted by a circlip fi t ted around the 
out er end of each carri er . 

The components in the bearing a s sembly that form part of t he bearing 
lubrication syst em or bearing- assembly seal ing ar e described under t he head­
ings 1'Lubrication 11 and 11 Sealing11 r espect ivel y at the end of t hi s chapt er, 

Fan 

The l i ght alloy fan has seven blades , the outer secti ons of which are 
bent t o the requi r ed angle. The boss of the fan has a t apered bore to 
accommodat e the t aper ed bush t hat r etains the fan on t he shaft. 

A Ferr obest os i nsulat ing disc i s positioned on t he outer face of the 
centre casing, i mmedi at ely behind t he f an, t o reduce the transfer of heat 
f rom the heat ed cool i ng- air t o the centre casing , 

Rot or /fan shaft. 

The steel r ot or/fan shaft carri es the fan on one end and t he turbine 
r ot or on the other. Journals machined on the shaft form t he locati on for the 
inner r aces of the bearings and al so f or the oil throwers and spacer s, The 
f an and t he t urbine ro t or are r et ained on the shaft by t aper ed bushes ·which 
ar e secured by self-locking nut s . The fan end of t he shaft is rounded for 
i dentification purposes . 

A r ight-hand scr oll (fan end) and a left-hand scr oll (turbi ne end) are 
machined on the centre s ection of the r ot or/fan shaft t o form the rotating 
parts of t he scr ol l oi l pumps . 

Turbine rot or 

The turbi ne r ot or is manufactured fr om li ght al l oy and has thirtt~even 
blades machined on i t s per iphery which are har d anodised for addi tional 
pr ot ection. The boss of the turbine rotor has a t apered bor e t o accommodate 
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protection, The boss of the tur bine r otor has a tapered bore to accommoda te 
the tapered bush that r etains t he r ot or on the r otor/fan shaft, Four equi-

aced hol es drilled t hrough the r ot or ensure a pr essure balance acros s the 
sp • b ' d l d rotor and prevent excess1 ,e earing en oa s. 

Turbine labyrinth seal 

A labyrinth seal is for med bet ween the turbine r otor and the 
nozzle ring t o prevent leakage of charge air down the face of the 

l!U. BEARING 

turbine 
turbine 

BEARING CARRIER 

Fig, 3, BEARING ASSEMBLY 

rotor· The seal • 
of the turbine 1f fo:111ed by t wo concentri c lands machined on the outer f ac e 
face of the t ~? zz e nng and t wo concentric grooves machined in the inner 
housing , thro:hi~e. ~~tor. Any leakage pas t this seal is vented t o the fan 
and the centre ~1 ed passages on each side of both the turbine nozzle ring 
l'ith the cold hcasing,. to prevent it f r om passing to the exit duct and mixing 

c ar ge air. 

LUBRI CATION 

, The self- cont • d . 
casing, The .

1 
'.11-ne lubncat ion system (Fi g . 4) is enclos ed i n the centre 

01 18 contained in abso rbent mat eri al, which fil ls a sump in 
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the lower half of the centre casing, and is fed to the beari ngs by scroll 
pumps, machined on t he r ot or/ fan shaft , which draw up t he oil t hrough a wick 
suspended i n the sump . 

The sump i s fi lled t hrough a s t ack, pi~e f ~ tted in the under side of the 
centre casing. The lower ~nd . of the s t acK p~pe i s enclosed by a cap which has 
a spring- loaded bayonet fl. t ~ing. The cap i~ attached by a cable to one of 
the turbine exi t duct securing- bolts t o avoid the loss of t he cap iihen it is 
removed while t opping- up t he sump . 

CENTRE CASING -, 

. ,•jcation 'f) f/J 
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ROTOR / FAN SHAFT Oil THR0m IOl'1lt~ 

BALL BEARlhG 

BEARING CARRIER 

SUMP -- FELT WIC< 

CLIP 

Fi g . 4. LUBRICATION 

Two oil transfer plugs are si tuat ed on t he undersi de of the support 
bushing to carry the ends of the f elt wick and provide fo r the transfer of \be 
oil from t he wick t o t he bearing carri ers The transfer olugs pas s througb 
holes in t he sup t b hi t o locat e i' n° hole s i n the be~i ng carriers, the 
1 por us ng . . t ' n the plu:s 
arger holes in the support bushing and a waisted sec ion ° . '., 

al l owing fo r move1:1ent of the bearins carri er s within the ~upp?rt bus:n~ 
The plugs are r et ained by t he forked ends of a common clip which 15 secur f 
t he support bushi ng by t wo screws A metering hole is dr i lled in tbe top 0 

each transfer plug t o control the • flo w of oil from the wick . The oil P~::: 
from the plugs, through dril l ed passages in the b earing carriers, t o th\\ ng 
ends of t he scrolls machi ned on the r oto r / fan shaft. The scrolls, ro al 
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ithin close-fitting sections of the bearing carrier s, then t ake the oil to 
~he bearings l ocated at their outer ends. Surplus oil from the bearings 
passes to t he out er ends of the bearing assembly 1,1here it is thrown out wards 
by the oil ~rowers. . The oil then drains into the sump through holes drilled 
diagonally 1n the bearing carriers and the support bushing. 

A sump vent, 
the cent re casing, 
provide a pr essure 

TLl!&INE NOZZLE RING 

SPACER 

&ACKPLATE 

i.Llf SPRIN 

which consists of a spring-loaded felt pad in the side of 
connects the sump to one of the drilled passages which 
balance across the bearing-assembly face seals (described 

PRESSURE BALANCE PASSAGE 

SUPPORT BUS HING 

---DIA?HRAGM 

TOOQUE DISC ------~~~.,, 

OIL THROWER 

FACE SEAL 

LABYRINTH END PLATE 

BACKPLATE 

Fi g. 5. SEALING 

lat er) , and the oil drains connect the sump t o the bearing assembly, thereby 
ere ti a ng an equal pr essure throughout. 

SEALING 

. A seal assembly enclos es each end of the bearing assembly to prevent 
oi l-cont anu· t· al bl (Fi na i?n of the air passing through the unit. Each se assem Y 
lab g,. 5) comprises a diaphragm unit, incorporating a face seal, and a small 
di yri nt h seal, The diaphragm unit consist s of a circular synthetic-rubber 

~phragm, to t he centre of which is bonded a light-alloy torque disc, The 
ou er edge of the diaphragm is beaded and locates in a groove machined around 
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the inner edge of a light-alloy backplate ; . the edge ?f ~he_ diaphragm is 
pressed into the groove and retained when the diaphragm illllt is in position, 

A face seal is located on the inner face of the torque disc by the heads 
of three steel rivets and seats on the outer face of a steel oil-thrower 
(mounted on the rotor/fan shaft) to form the seal• The material used for the 
face seal has a very low coefficient of friction and is steel backed for 
rigidity. Three leaf springs provide the spring pressure behind the face 
seal; the outer ends of the springs are anchored by screws to the backplate 
and the inner ends are secured to the t orque disc by the rivets used for 
locating the face seal. The springs are positioned to accord with the 
direction of rotation of the rotor/fan shaft thereby counteracting any 
terrlency for the torque disc to rotate. Each diaphragm unit is secured by 
t wo countersunk screws and then further secured by the six common screws or 
bolts which secure the seal assemblies to the centre casing. 

At the fan end, a light-alloy labyrinth end plate encloses the outside 
of the diaphragm unit, forming an air chamber between the t wo components, A 
small labyrinth seal, formed between the centre of the end plate and a steel 
spacer on the rotor/fan shaft, seals the air chamber from the air space behind 
the fan, A similar air chamber and seal is formed at the turbine end, the 
stationary component at that end being the turbine nozzle ring, The 
labyrinth seals at both ends consist of two concentric lands machined on the 
inner face of the rotating spacer and two concentric grooves machined in the 
outer face of the stationary component (labyrinth end plate or nozzle ring), 

The t wo air chambers are connect\',d by three drilled passages in the 
centre casing to enable a pressure balance to be achieved. The oil drains 
connect the bearing assembly to the sump, and the sump vent connects the sump 
to. the air chambers, to ensure an equal pressure throughout the centre casing, 
This pressure balance is essential to avoid either a build-up of pressure on 
the outside of the diaphragms which could cause excessive wear of the face 
seals, or a build-up of press~e inside the bearing assembly, which could lift 
the face seals off their seats, 
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INSTALLATION AND REKOVAL 
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The cold-air unit is provided with t\-10 mounting pads, one on aach side 
of the cent re casing, which incorporate a central spigot-recess and four 
threaded holes for the attachment of brackets or si ,nilar aircraft components. 
The unit s must be mounted upright with the axis of the rotating assembly 
horLzontal . 

It is essential that the greatest care is taken at all times to prevent 
the entry of foreign matter into the unit. Uhenever the unit is not fitted 
in an ai rcraft, or the ducts are disconnected, the ports shoul d be blanked; 
if the appropriate blanking covers are not available, a suitable alternative 
is cardboard cut to shape and secured with adhesive tape. 

Installation details will vary considerable and, therefore, the follow­
ing installation and removal procedures are intended to serve only as a 
general guide. For details of a particular installation, reference should be 
made to the appropriate aircraft manufacturer I s handbook. 

The unit is normally stored standing upon its fan housing inlet flange. 
Before installation, stand the uni t on its turbine exit flange for 30 minutes 
to enable oil in the lubrication system to penetrate into the bearings. 

INSTALLATION 

Before the initial installation of a cold-air unit in a new aircraft, or 
whenever work has been carried out , or a component failure has occurred, 
upstream of the cold-air unit whi eh could have resulted in the contamination 
of the supply ducts, the ducts should be blown through thoroughly with engine 
air to remove any loose particles. Failure to observe this precaution can 
result in damage to the turbine blading, or pick-up b et ween the turbine rotor 
and the stationary casings, thereby seriously i mpairing the efficiency of the 
cold-air unit. 

!he SUl!lp i s filled with oil before despatch but should be topped -up 
after inst al lation t o compensate for any oil lost during transit or storage. 

To install the cold-air unit, proceed as follows: -

(l) Remove the blanking covers from the aircraft ducts and ensure that the 
duct flanges are clean. Check the asbestos seals for serviceability. 

CJl 
n, 
() 
--i 

0 
2 
r, 

'J) 
IT1 n 
-I 
0 
z 

CJ) 
rr, 
n 
-{ 

0 z 

"'· ., 

IA, LTD. \ 

lie 

1 

1r 

-3 
d 

1osa1 
B 

e 

• • 2 



~ 

z 
0 -1-u 
w 
tJ'J 

Cha,iter 2 
Page 2 Publication 50~ ,,;en '/J/fJ 

(2) 

(3) 

(4) 

Re,!love the blanking covers from the inlet and outlet ports of the cold­
air unit and ensur e that the flanges are clean. 

Fit the aircraft components, where applicable, and mount the cold-air 
unit in the aircraft , as described in the aircraft manufacturer's hand­
book . 

Connect the ducts to the turbine and fan inlet and outlet ports, 
ensuring that the clamps are fitted correctly. 

(5) Top-up the sump, as described in Chapter 3. 

(6) If it is necessary to pressure t est the system, reference should be oade 
to the instructions given in the aircraft manufacturer I s handbook, 2 

2 
t 

REi-IOVAL w 

The procedure for removing the cold-air unit fro m an ai rcraft is 
essentially a reverse of that followed for installation. 

(l) 

(2) 

(3) 

Disconnect the ducts from the turbine and fan inlet and outlet ports, 

Remove the cold-ai r unit from the aircraft, as described in the aircraft 
manufacturer 1s handbook. 

Fit blanking covers to all the ports and to the aircraft ducts, 
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CHAPTER 3 

SERVICING 

List of Contents 

Summary of servicing 
Procedure f or servicing 

SUMMJ\RY OF SERVICING 

250 flying hours t op-up the sump 
2500 flying hours, or 3 years from 
the date of receipt, overhaul the 
unit. 

PROCEDURE FOR SERVICING 

Chapter 3 
Page 1 

id out:" Topping-up the sump 

! in tt.c. (1) Release the bayonet cap from the underside of the centre casing. 

; ducts, 
(2) Insert the spout of the polythene oil-charging bottle up the stack pipe 

until the cap on the bottle bears against the stack pipe flange. Inject 
oil into the sump in small squirts until an overflow occurs. 

NOTE: It is essential that the oil-charging bottle is held fully home 
to ensll!'e that the oil reaches the sump over the top of the stack pipe. 

{3) Refit the bayonet cap securely. 

Overhaul 

Overhaul the unit in accordanc~ with the instructions in repair publi­
cation DHP 566. 
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SECTIO N 7 

Discussion of proposed working arrangements 
between C. D. E. C. Ltd., and their U. K. suppliers, 
together with programme for this project. 

IUJA, LTD. 
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June 26 ~8 

Avro Airc raft Limited 

some ~oints which we would like to emphasise, and some 
information whic h has bec ome available sinc e the relevant 
parts of the proposal were prepared, and we propose setting 
these out below . 

In the proposal we indic ate that the Artouste 
engine has been c hosen for the Canadair CL 44. We have 
just lear ned that the same engine has now been spec ified 
for the CL 66 . This obviously inc reases the logi stic 
benefits accruing to the use of this same engine in the 
Ar r ow gro und equipment . 

We have re cently, in the course of qualification 
testing of the prototype servic ing unit for Arrow I , 
carried out flow tests on the AiResearch GTC85 units in 
both vehicles . In ~ot h cases the outlet pressure from the 
compressor ble~d was approximately to spe c ification but the 
flow was s ome 10- i5 below that spec ified and guaranteed 
by AiResearc h . Similar experienc e has been found by our 
parent organisation at Stamford in the past . We believe 
that in the case of both the proposed starting and servic ing 
units for the Arrow I I the AiResearc h c laims for the output 
of the GTC85 series are j ust marginal and, therefore , trouble 
might be experienced in produc ing units to spec ification 
using AiResearch equipment . 

During recent disc ussions with de Havil l and 
Propel l ers Limited , it appears that , instead of using the 
Comet RU Bo Cold Air Units as indicated in the Proposal , it 
might be advantageous frorn a time point of view to utilise 
the RU 75 Unit whic h is in produc tion for the Vi c tor . The 
units are nearly identical and the performance quoted will 
equally apply to the RU 7? • Howeve r, it is easier to carry 
out the modifications requ ired to the turbine and nozzles 
on this unit than it is on the RU 80 , and it is also in 
greater quantity produc tion . This c hange , however, has no 
effec t on pric e and little on instal l ation and can obviously 
be sorted out at a later date if necessary . 

2 

We would like to po i nt out t hat in the pric e quotation 
accompanying this doc ument we have not included the price of 
the air conditioning hose connec tors to the aircraft, which 
we und erstand are already being provided by yourselves, or 
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USAF MA-1 
Self Propelled 

Multi-Purpose 
Ground Support Unit 

SPECIFICATION 

HIGHLIGHTS 

/. Mobile-self contained 

2. V-8 gasoline engine prime mover 

3. 400 Cycle AC - 28-volt DC 

outputs 

4. 3500psipneumatic source (Mod­

els 2001 and 2002) 

5. 4500 pound drawbar pull 

6. 5 Speed transmission ( M odel 
2000 or 2001) or torque con­
verter (Model 2002) 

l. All-weather operation 

8. 4 Wheel drive 

The M odel 2000 series (USAF MA -1) self propelled ground support units were specifically 
devefoped for the mnlti-servicing requirements of today's aircraft and missiles. 2000's can 
service a craft's electrical and pneumatic requirements at one time, tow it into position, 

and then provide starting power prior to take off. 

DETAILS 

A. OUTPUTS 
minute at 3500 psi to a 1000 cubic inch 
receiver (pressure reducer inc!llded 

with rtnit / 
1. M odel 2000 

a. 400 cycle AC, 3 phase - 30 kva 
continnous 
b. 28 volt D C - 700 amperes continu­
ous; 28 volt D C -1500 amperes inter-

mittent 

2. Models 2001, 2002 
a. 400 cycle AC, 3 phase - 30 kva 

continuous 
b. 28 volt DC - 1500 amperes con­
tinuous; 28 volt DC - 2250 amperes 

intermittent 
c. Pneumatic - 13.5 cubic feet per 

3. Voltage Regulation (All Models) -
The voltage variation dtte to load changes 
is kept within the following limits by the 
AC and DC voltage regulators. 

LOW HIGH 

AC II2.5/ 195 117.5/ 203.5 
DC 27.25 28.75 

4. Frequency Regulation ( All Models) -
The frequency regulation is 'maintained at 
± 5 per cent from no load to full load. 

CONSOLIDATED DIESEL ELECTRIC CORPORATION 
OF CANADA LTD. TORONTO , CANADA 

66 RACINE ROAD, REXDALE 
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USAF MA-2 
Self Propelled 

Multi-Purpose 
Ground Support U nit 

SPECIFICATION 

HIGHLIGHTS 

1. Mobile-self contained 

2. AC-DC 

3. 3500 psi high pressure air 

4. 117 ppm 50 psia air 

5. Over 4500 pound drawbar pull 

6. 5 Speed transmission or torque 

converter 

7. All weather operation 

B. Air hose, ducting and electrical 
cable supplied 

9. 4 Wheel drive 

T he M odel 2015 (USAF Model MA-2) self propelled ground support unit was speci­
fically developed to meet the advanced multi-servicing requirements of today's aircraft 
and missiles. This unit is a mobile source of precisely controlled electric power and high 
pressure and high flow pneumatic power. The MA-2 is completely self-contained and 

can be driven off-the-road to reach isolated equipment. 

DETAILS 

A . OUTPUTS 

I. 400 cycle AC, 3 phase, 30kva con­

tinuous 

2. 28 volt DC- 500 amperes continuous, 
28 volt DC-1000 amperes intermit-

t ent 

3. Pneumatic-13.5 cubic feet per minute 
at 3500 psi ( pressure reducer included 

with unit ). 

4. Pneumatic-117 pounds per minute 

at 50 psia, 370 degrees F. 

5. Regulation (no load to full load) 
AC voltage 

Low 112.5/ 195.0 High 117.5/203.5 
AC frequency 

Low 380 High 420 
DC voltage ( servicing) 

Low 27.25 High 28.75 
6. Recovery Times-The output voltage 

of the AC and DC generators and the 
frequency of AC generators during load 
changes between full and no-load re­
covers to and remams within 5% of 
steady state value within 0.2 seconds. 

CONSOLIDATE D DIESEL ELECTRIC CORPORATION 
Of CANADA LTD. TORONTO , CANADA 

66 RACINE ROAD, R E X DALE 
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USAF MD-3 
Self-Propelled 

Aircraft Electrical 

Ground Support Traile r 

SPECIFICATION 

HIGHLIGHTS 

I. Self-propelled, lightweight 

2. 400 Cycle AC - 28 volt DC 

outputs 

3. Aircooled gasoline engine driven 

4. Fully instmmented 

5. Pneumatic tired 

6. Precise AC, voltage and fre­

quency regulation 

l . Low ripple, closely regulated DC 

DETAILS 

The Model 2016 (USAF M odel MD-3) self-propelled aircraft ground support trailer is a 
compact, lightweight source of AC and DC power for starting aircraft and missile propul­
ston systems, and servicing electric power and electronic systems. This unit can supply a 
t otal of _45 KW continuously of 28 volt DC and closely regulated 400 cycle, 3 phase AC. 
The unit may be used to service aircraft and missiles incorporating either single bus or 
split bus electrical DC systems and single and/ or three phase AC systems. 

Through the use of a steerable towbar and pneumatic tires a high degree of mobility 
and m aneuverability are obtained. One man ope,ating controls on the towbar can select 
three forward and one reverse speeds for self-propulsion, with a top speed of 5 MPH for ­
ward. For towing, the high speed DC drive motor can be disengaged by hand. 

Prime power is supplied by an air cooled "Packette" 6 cylinder gasoline engine. For 
stable operation of AC eq11ipment, and precise contro l of engine speed ( and generator fre­
quency) , a hydraulic type , load sensing, isochronous governor is used, thus assuring excellent 

frequency regulation at all loads. 

A. OUTPUTS 
5. Three DC generators are each rated at 
500 amperes, 28 volts continuous. The 
generator is rated for a 5 minute overload 

of 700 amperes at 28 volts. 

1. Th e unit is rated for a combined AC 
and DC total load of 45 kw. 
2. Fi ve minute combined AC and DC 
overload rating is 50 kw. 
3. T he AC generator is rated 60 kva, .7 5 
P.F. , 120 / 208 volts, 3 phase 400 cps or 15 

kw, single phase. 
4. AC generator overload rating is 7 5 kva 

for 5 minutes. 

7. DC ripple is less than 1.5 volts. 

8. AC frequency regulation is ± ¼ of 1 % 
at steady-state load conditions. 

CONSOLIDATED DIESEL ELECTRIC CORPORATION 
Of CANADA LTD. 

TORONTO, CANADA 

66 RACINE ROAD, REXDALE 
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USN NC-SB 
Self-Propel led 

Multi-Purpose 

Ground Support Unit 

SPECIFICATION 

HIGHLIGHTS 

I. Mobile - self-contained 

2. 400 cycle AC - 28 volt DC 
outputs 

3. 4500 pound drawbar pull 

4. 5 speed transmission 

5. 4 wheel drive 

The Model 2035 (U.S. Navy Model NC-5B) self propelled support unit was specifically 
developed to meet the starting and multi-servicing requirements of today's aircraft and 
missiles. This unit is a mobile source of precisely controlled electric power. Model 2035 is 
completely self-contained for one-man operation and can be driven off-the-road to reach 

isolated equipment. 

DETAILS 

A. OUTPUTS 

1. 400 cycle, 3 phase AC - 30 kva 
continuous 

2. 28 volt DC - 700 amperes continuous, 
28 volt DC - 1500 amperes mter­
mittent 

3. Regulation (no load to full load) 
AC voltage Low 112.5/ 195.0 High 117.5/ 203.5 

AC frequency Low 380 High 420 
DC Voltage (Servicing) Low 27.25 High 28.75 

CONSOLIDATED DIESEL ELECTRIC CORPORATION 
OF CANADA LTD, 

TORONTO, CANADA 

66 RACINE ROAD, REXDALE 
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Self Propelled 
Aircraft Support 
Generator Sets 

SPECIFICATION 
HIGHLIGHTS 

1. Ratings of 30 to 125 KVA 
2. Lt. wt., moderate size 
3. Self-propelled 
4. With or without cab 
5. Gasoline or Diesel Engine 
6. AC or DC power or 

combination of both 
7. Removable power pack 
B. Many parts are interchange­

able with other units in the 
CDEC system. 

For airline aircraft electrical systems ConDiesel has developed the "HP" series units with 
a var_iety. of outputs. T he units are flexible, mobile equipment of rugged design for long 

service l:f e. 

DETAILS 

A. ENGINES 

Each unit consists of a heavy duty ( gaso­
line or diesel) engine driven alternator pack 
mounted on a self-propelled chassis. The 
engine and the alternator separately and 
collectively have adequate overload capa­
bilities. T he power pack is equipped with 

complete fuel and air induction systems, 
fuel tanks, engine cooling systems, and gov­
ernors for speed regulation (standard 2%), 
and a heavy duty battery sized to meet 
engine start requirements under various 
environmental conditions. 

Aircraft Equipment Division 
CONSOLIDATED DIESEL ELECTRIC CORPORATION 

STA MFORD, CONN ECTICUT 
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