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of the merits and feasibility of the Grround Effect Take=Off and Landing

5

cencept.

[ PHASE | (AVROCAR CONCEPT)

During the past year, Avio Aircraft Limited has conducted approximately
30 hours of flight test work on the Avrocar in the ground cushion, together

with static rig development of the arcraft and full scale wind tunnel fests

at the NASA Ames Research Center. This work has brought to light certain

A shortcomings of the aircraft as it now stands. The object of Phase | of the

£
J

A‘F .
program is to investigote some of these problems and to project an improved

' i
aircraft of the same general form as the Avrocar based on development

information now available. The aircraft evolved from this study will not be
a research tool but will represent an circraft with useful economics, and

having the potenticl for meeting the requirements laid down in the Statement

of Work .

if‘*%r tﬁe Avrocar to.‘éjﬁéérgO'%i?s sé%énd series of tests
, . ' , and that the analysis of the réw!fs

ve completed by%he eﬁd of Mcrzrch v:i;%i . This Phase | Mrom of the Can=
adian Géverﬁméé% work is infendedn;o be\;‘recdy af the igéfome_ ﬁmZe fo"germi i
the findings to be used for evai,;mfion of the requifeme;ts of the next stage

- of development of the Avrocar principle.




There are some limitatiors in the program, on obvious one being that the

y ot : e

findings of the second series of tests at Ames Research Center will come

too late to'be fed into this study. It is also possible that the mspeeéf,: endur-

ance and load capability of the aircroft that is specified in the Statement

of Work moy not be me,t{uli%—ibeccug-: of engine availability, os it is not

intended to consider ‘;Sa{serf';éngineﬁbm o?:ly those which will be available

- in the immediate future. The studies on aircraft stability are limited mainly

Q

PHASE 2 (G.E.T.O.L., CONCEPT) : j 7

The purpose of this phase is to examine the merits and feasibility of the Ground
™ . Effect Take-Off and Landing {G .E.TﬁC‘.L.} concept in sufficient detail to
enable a gereral specification to be written for such a vehicle when applied 1o

a specifié freighter type mission. This vehicle (or vehicles) will then be ©

co-mpt;red %with Short Tale-O8f and Landing (5.T7.0.L.) aircraft using conventiongl

e

undeﬁ:cxrridée sd;ﬁport, ?weliccpteré and fixed wing aircraft. The comparison will

manhours avoilable,




as rapidly as possible . It should be noted that it will not be possible to

£ 4 5 i —ﬁ Bl AR i
optimize these contiguratrons and it is felt thot optimization is beyond

the scope of this program.

In a program of this nature where the field of investigation is very broad,
it is inevitable thot certain assumptions will have to be made early in the

program and the results produced can only lead to fairly general conclusions.

Thus in Phase 2 of the program

i mid

., 9 configurations will be reduced to 2 or 3,

-

by o process of elimination, these being considered the better vehicles to
yap g _

petform the specific mission, but not necessarily shown in their best, optimized

form. It is possible that the presented comparisons between thesé configurations

and other types of aircraft, could be improved if an optimization program was

adopted for cne or more of the Avro configurations. It must also be emphasized
- : P ' ; i .

that during this study, certain cf the assumptions made and theorized would

benefit by having a test program to back them up. : “

These comments refer mainly to the complex region of transition from ground

on made to free flight, but also in mind ore certain forms of thrust augmen=
AR B 3 5 e N e R ot RSB SR pRA A Sl

tation that are in the:‘,ealr!y.gi;uges, of development. The application of partial

stabilization by gyroscopic action of large fons will alse be investigated.

Thus in general conclusions to this program, the merits and feasibility of the
G.E.T.O.L. concept will be presented together with ind;cc}ﬁons on how ¢
particular design could be improved and comments on arecs that would bene’it

by test pfqgrums_aﬂd further development.
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PHASE |

Sco pe = o A

The purpose of Phase 1 is fo show the maximum émen;g_i}gl with respect to
performance and general operation that is possible with the Avrocar in its
existing general form. The outcome of this phase of the program wilhl be a
proposcl for a ti p turbine driven fan type circrc—ét of circular planform,

employing an annular jet. Vertical take-off is desirable but not essential

at maximum weight. ‘ , e

The general characteristics of the aircraft will be os follows:
;i B s s e SR R & SR R 5 e gk
{o)  speed capability from hovering to 300 knots ,

}

{b)  endurance to be maximum possible and aimed at four ho?c;s

{c)  load capability of two men and 1000 ibs. of useful load ot 10 ibf/cu.ﬂ.
The program will be concluded by March 1961 at which time the results in the
form of reports will have been despatched by Avro Aircraft Limited fo the

Defence Research Board Project Officer.

Review of Powerplants
A 4 R o A R S e - R R S—— -

work to'examine the installation feasibility of alternative

powerplants will be carried out and their influence on weights, general

design layout and aircraft performance in and out of the ground cushion will
be examined. In the first instance, the gas generator portionof the Generc!
Electric T-58 will be considered; other engines will be included as agreed

with the ?rciecf?@ffivcer (‘D.R_a‘.ﬁ.);,.a



{a}  camber, with particular attention to frimhing in forward flight,

influence on empennage design and compatibility with (b).

{(b) - lower surface contouring, with reference to the critical height
in the ground cushion.

-
-

in geometric aspect ratio or equivalent aerodyn-
. ¥

amic effects obtained by suitable control of the jet efﬁux;{a% the

lateral edges in cruising flight to improve cruising efficiency.

v

Design work to assess the structural and performance implications of the

findings applied to the Avrocar. | :

Stability and Control

be %‘bnducted fo assess %‘?ze eff[e;ts of vu;;yir{g_‘,}hq;centml

'%e p&nphmul jet. ;treng’kh over a wide range, with

«smbm y and confm”abiixty in the ground cushion.

Desmn wc:rif. alsa ‘will be curned out fo shudy the femsb;hfy of the indicated



-

..ceniral jet strength including turning the central jetiin-cruise to-provide -

a thrust component. Studies will be conducied of the feasibility of direct

s

gyro stabilization as a substitute for or adjunct to aerodynamic or jet

stabilization.

Methods of achieving control in and out of the ground cushion will be

reviewed .

nce qﬁd ecéﬁbmi‘ic'si of the modified Avrocar and
compare with other vehicles. The primory comparison shall ‘k;e?_mode.
against the 2-man helicopter. GETOL as well as VTOL operation shall

-

be considered. | : ,

2.1.6  Turberctor and Internal Aerodynamics.,

2.1.6.1 Statement of Requirements. :

Avro will prepare and provide to Orenda Engines Limited,

s Limited study, as detailed in‘para2.1.6.2
,.:,L‘V'i thin one month of date of iniécﬁm of work
on the contract, the statement of requirements shaﬂ be agreed

upon with the D.R.B. Project Officer, then tmnﬁmiﬁed to

Orenda Epgé_nes Limited.

nt shall specify?

S




approx

(c) perfcrmance requirements

SR

(d)  weight limitations
(e) angular momentum required for stabilizing purposes under

different flight conditions

(f)y  requirements associated with the exit nozzle, proportion

of mass flow exhausted at the center and at the pheriéhery

will be included.

Where any item cannot be determined by the duc date, a range

‘be given with an indication of the preferred

Execution of Study

Avro Aircraft Limited shall sub-contract to Orenda Engines

Limited work, based on the requirements of parc 2.1.6.1 above,

as follows:

st

(@)  Thecretical ond experimental study of inlet flow conditions

and the requirement for flow control devices for the fan intake.

Preliminary design of such device, if required.

unﬂer dfffereﬂt ‘ﬂvght condmons wzﬂ* pcw\.r requurements.

s el

e .

and covéxing the range of feasible -;:ressc.@e rc:ﬁos‘andf%soss

i'g‘-%»m

Des:gn af fan and turbine compatible with Avro requ:remem*s

Study of compohn«hty of rotor angular momentum rc:qwrements




R

far enough to provide di

~design performance.

Avro éircmﬁ E‘imited wnH conducf a pammef c design s’tudy ofﬁ E.T.0.L.
(Ground Effect Take-Off and Landmg}subsomc mrcmft to determine the

_merits ef the concept. Configumt%ons:wﬂi be derived and compared with

S.T. O L. (Short Take-Off and Lending), hehcopter ond fixed wing oircraft

of similar load capacity and performance. In-service date of 1765 shail be

s the period for comparison.
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2.2.2 Mission

[he basic mission assumed for these studies shall be:= e
Logistic supply mission, involving the transportation ¢f personnel, supplies ’

ard equipment from airheod ro Divisional area.

Rudius of Action: 1300 nautical ri;ﬂes 1~’§v'ithczu‘t:";’e‘fuaﬂing at outward
end.
Poylocd ‘4 tons outward, 2 tons return. 5
Crurse .:peed | To b;selecfed, pré;ercbly nct less than 200 krets.
S Cruase &%M‘ude ¥\‘ior greater thcm 10 000 f'f | P
Field Length: Distance to clear a 50 obstacle (T.Off and lard-

ing) 1,000 ft. or less, at sea lcvel under standard condé%ién;
Ferry Range: 1600 nautical miles (2500 n.m. preferred) ~any
clmuﬁa. Use may be madel of overload tanks and
. runway take-off if required.

=

Reserves: 10% of cruise fuel plus three minutes ot take-off

power.

s

oiume to be bcsecj on ccrgc densny of 10 Ib/cu . ft.

A :eciﬂnguk:r box cc:rgo space with end loading is

-2 pre fer:ed

%

Sotety: Rate of ciimb available after failure of one engine

in cruise shall be pos??ive. Unﬂm any flight condi-

"3‘0“ it simil be posssble as a mmmum, to retain

lrtwde and. hecdmu after foilure of




Mission

Safety: one engine or of any hot highly stressed component,
' ~and tormoke-a contrelled landing with:minimum

damage to the aircraft.

.3 Parameters.

During the program, the ‘féi!oming porameters will be studied:

B

%

(a) General configuration - essentially the configuration will center
_around two (2) basic shapes:

{a) discus and distorted discus

{b) more convet%tionai &ércr&ﬁ conﬁéuroﬁcns employingfthe ground
effect. Included in the configuration studies will also be com-
parisons of type and size of powerplant; various mecmvof provid-
ing augmentation (fans, ejectors, heat, etc.); various ways of

.

- providing the lifting and forward flight power including the use

of a "straight = through" propulsive jet for cruise; different

{Vertical ﬁzké-@?f-ibnd L:mdmg) at the outward end of the mission.
In addition, the overall Elmpficoﬁcns for each configuration of
G.E.T.O.L. compeared with V.T.O.L. will be studied.

«

(e} * Analytical and simulctor studies will be carried out to demonstrate

- 5

stability and contrel during the ground cushion, trarsition and free




Data Reported

As appropriate to each promising config , reports on the results of the

study will include the following: E
(@) G.A. drawings of configurations - .
{(b)  Weight breakdown for each
(¢) Poyload range choracteristics inc‘;&vding fuel arrangements,
{d) Mission profiles, including ferry;@issicns

Stability and control data

%@pp&ﬂiﬂgé@%& for propulsion ang !if: ng systems considered necessary.

(“ 2
(h)  General performance data ) f .
‘> é\
(i) Londing and Toke-Off performance
. {i)  Summary report of the study -

Where available, experimental data shall be used to justify estimates

i mode :

pb»gig@mphgc cqyer,gge shall be provided:

{a)  Two prints of still photographs of test model, instrumentation instal-

lations, etc. takenas required
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2.4.1

2.4.2

Progress Reports

month thereafter, o monthly progress report shall be prepared-ond five 45}

copies of it shall be despatched to the Disechggzte of Engineering Research,

Cartier Squcre Cttawa, meno, Aﬁenhon Pn;ec? @’ﬁ!ceh D.R.B. Gna

five \3) copies to Advanced C)ffenswe syﬁemsﬁfﬁm, ‘Office of Advcmcéﬁ

System Tecnnology, ARDC, W.P.A.F.B., Dayton, Ohio, U.S.A. Attention

mssc czcc&mpi a&hed, results ca%;?amad and a é}udge?my smm cﬁ’ ﬂ*e proc:mm emd
work status of work called for in clauses 2.1. 2 2.1.3, 2 1.4, 2.1.5,

2.1.6, 2.2.0 and 2.3.0 of the Smi'emem of Work and demheé in the

Planning Report, para 2.4.2.

Planning Repom‘

G Betore ﬁae day of execution of the cantmc‘, a pimnmng repor? s%zai% be

schedules for each item of work called for under mragmphsiﬁ- I »2, 2.‘ 3,

2.1.4, 1.5 2.5.6; 2.2.0,/ 2.3.0,72.411 andZ¥.24



Jerms of Reference and Conditions

e,

2.5 The Project Officer, D.R.B. will monitor progress.

-2.5,2 . The progress reports will cover the progressive steps outlined in the Program

ning Report, to the extent stated under para Z.4.1 above.




of Aufﬁus? !?60, fd:;;the _Avro wind rurmel fest serias detailed in-jhe Simemem‘

of Wark . This Spegf.‘.?‘fic&fién will reflect work done in the ear!y‘sfu'ges of the

program as some theoretical and design work is required before the test specif-

L o'




External Geometry

Examination of the surface pressures recorded on the Avrocar du ing the NASA

" wind tunnel tests, will be used as a basis for the theoretical study of camber,

thickness/chord ratio and small changes in aspect ratio.

34.8 Stability and Control

-

Modzfacchom mcry be pns‘xﬁ:ie to the existing 1/ 20th scale Avrocar model to

ap.t it to give a vcnahig central jei with respect to the peripheral jei.

L ampiomoda; to study this factor, afgm will

fmdmgs from the *shape’ models fed info ﬁm tests. A smail amgum of work

&
: he::s been done on the existing |/20th scale mode! on the effect of contouring -

the undersurface on the 'critical height' in the ground cushion. This critical

height where the jet changes from the 'focussed” flow to the 'curtain' type of

ﬂow, has hmafed the Avrecar flight test height and most of the trouble hcs

he problam of rrﬁiallmg dinto ﬁ:‘e aircraft the required central jet which

_appears best i‘rom he tunml rewks will be mveshgu?ed together with the

problem of deﬁecﬁng the central jet oft for cruise. The effect of locating
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3.1.3

W

: WM DrOTRalars

a5

Siubllity ond Cen@mi (mm‘d)

the elrera® center of gravity %mwd 0? &he wmrﬁ'ied msls of ﬂm rofor ws%l
be studied.,

Simulator studies will be mads o asses: the size and femibillty of o direct
gyro for stability ond will be compored with jet deployment end serodynes
mirface mesns of skebilixaiion,

;?mfommce Bualuation

"A MMWM o§ps§orm w%!i hmmm program c3 the

are hm&mﬂ owever, a siart will be m&% first on
the general comparisons of fitting different engines lnﬁnax&ﬁz@ Aveocor

o5 o bosis of comparison, Iwestigations inte G.E.T.C.O. mkwffelﬁmﬁ-
stistles, cruise performoncs of seo level, and altitude, duration, rongs,

characteristics ond sconomics will be conduched.

m‘gﬂ mfﬂwy B j"".:..:t:«_.;;s:.

Turboretor end Internal Asrodymamics.



3.2.1

A

.

' ﬁ‘;l.'f O.L.) application.

The major stages to be undertaken in the conduct of Phase 2 studies are as
follows:

Choice of Overall Layout

Fig. 2, gives an indication of the number of variables initially considered.
It is intended to start with approximately 9 different layouts and from these
extract 5 for further, more complete study. One or two of these 5 will also

be chosen for assessing the implications of Vertical Take-Off and Landing,

3.2.2  Preliminary Layout Sizing

Preliminary sizing of the major components for the 5 designs seléc?gd'fer full
study will be done on an approximate basis to obtain cqn‘figurdﬁcns on which
to base further.cuiculotions. Such items as wing, fin, horizontal stabilizer,
“aerodynamic control surfaces (where applicable), powerplants, ground manoe-
uvring undercarrioge, carge hold and loading operture, will be sized. Refine-

ment and correction will be incorporated as the study proceeds, bearing in mind

however that optimization of any particular design is not possible in the time .

3.2.3

Powerplant Selection

The types of pow;erpion? considered w'i‘H be.r,moinly from the tubojet and furbo-
prop group, using these gas generators either directly orindirectly when driving
secondary fans or compressors, to provide the primary ground éushion and also
to provide forward flight thrust. Various \w;qys ;f diQerﬁng the ground ?g:ush‘itén

thrust to propulsive thrust will be studied, as for example, direction



3.2.4  Weight and Strength Investigation

iminary weight est mation will

s

3.2.5 Ceneral Performance Analysis
" A general investigation of ground effect take~off and landing techniques will

be made. This will include study of thrust/weight ratio, wing loading and

L o

ransition; study of longitudinal

slogue computer techniques.



On a selected configuration or configurations, the feasibility ond penclties

Off dndk‘-’fLaS}o"ing W.t. o0

of providing for \/erti;ofﬁuk 7 the outward
end of the m:ssion will be investigated. This should give o reasonable

indication of what to expect from other configurations.

S Lokt B o A

$

e ik i

General performance cglculations including range, payload, fuel consumgtion,

economical altitude and speed, L/D ratios, rate of climb, ferry missions, etc.,

will be done in order to provide o basis for comparison with other aircrafi.

s i

In view of the number of variables, use will be made of IBM 704 computing

g

facilities wherever expedient. , ’

#

T i v
The stability and control investigations will be centered around two aporoaches.

#
. &

One, the conventional approach, employing aercdynamic control surfaces and

®

stabilizers. Two, employing partial stabilization by the gyroscopic action of
the large fans or conipressors proposed for the discus and elliptical shapes.
Control by thrust vectoring or reaction will both be considered. It is expected

to make use of the simulator d{;rmg the studies of the configurations employing

is will be conducted while item 3.2.7. is in

progress. It could also the elimination of some configuraiions.
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on esrcbhshed ATAA and SBAC methods, but in compiling the dom on other

aircraft for compcsriscn purposes, ossistance ma_y be required from D.R.B.

. e e

3.2.8 Compcsnson wiithy silaer Confxgurcmons \

Areas of comparison could.be listed approximately as follows:

Economy of operation

_Feasibility of operation

eographicqi sphere of operation
t weather é;;;mﬁgn

(e) Amount of‘usefu‘ness‘, expected life, maintenance aspecés.)
(f) . Adaptability to various missions

(g) Restrictions in use



the month following the month being reported.

of 12 technical reports will be issued to cove

generc! orrcmgement drawmw for all conhguraﬂons achvely cons:deréd Jin

04,

ﬂae study cmd sufﬁctem‘ area drawmgs Yo descnbe any szgm?xccnt deéngn

2

‘points for a particular configuration, will also be made ovailable.
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ESTIMATE #3004/21/1 - d4/6/16/60

AVROCAR ~ CANADIAN GOVERNMENT PROGRAN = Page 1

Work 15%
Order Ttem STATEMENT OF WORK _ Labour Yaterial & Admin.
LT Ho. Hanhours Labour Qvsriead Direct Clsrges sub=Total Cverhead Total
Description
COMPLETE PROGRAYM
506XY Bnginesring 25,527 ¢ Bu,222 92.6473 76,500 253,365 37,999 201,364
507%X Manufecturing 720 1,678 2,181 288 4,147 €z2 b, 769
508XX Publicaticns 567 1,519 1.672 L0 3.231 485 Jetio
S05%X Photography 19 b8 53 30 13 20 153
26,833 ¢ 87,467 96,549 76,858 260,874 IR0 e t0r 000
2. REVIEW OF POWRR PLANTS
50601 Engineering 4,565 15,065 16,570 - 31.635 4,740 36,375
50801 Publicaticns 12 W 37 - 7L a1 82
4,577  § 15,099 16,607 = 31.706 4,751 36,457
3.  EXTERNAL GEOMETRY
50603 Enginesring 530 1,747 1.921 - 3,668 555 4,218
50803 Publications 15 L3 135 - 86 14 100
545 $ 1,788 1,966 3.75% 564 4,318
5. 3PABIIITY & CONTROL |
50604 Enginsering L,795 15,830 17,413 ‘ 1,000 34,243 5,136 39,379
50704 Fanufacturing 720 1.678 2.181 288 4,147 622 b,769
506804 Publications 18 50 55 - 105 16 121
5090k Photography 19 L3 53 30 : ' 131 20 151
5552 & 17,606 19,702 1,318 38,626 5,794 44 420
5. PERFORMANGE SVALUATION
50605 fngineering 1,737 5,700 6,270 1,000 ) 12,970 1,946 14,936
50805 Publications 6 i7 19 - 36 5 L1
1,743 $  5.717 6,289 1,000 13.006 1.951 14.957
6 & 7URBOROTOR & TNTERVAL AERODYMAMICS
N Requirements (6)
50626 Engineering 1,500 6,280 6,909 . 13,189 1,978 15,167
50806 Publications & i7 19 = A 35 5 113
1.906 $ 5,297 6,528 = . 13.225 1,983 15,208
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¢ J-85, in this case two engine

Brochure .

(b) Approximate Fan and Other Dimensional Limitations. : R

nsof 4 ft. 6 ins..to 7 ft. in diameter should be considered with the preferred
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CONFIDENTI/

Data will be supplied by Avio Aircraft Limited of the Avrocar infake in the Ames
Tests as soon as available together with any other information relevant.to the pro- .,

posed Orenda intake - Tests detailed in Appendix 2.

(¢) Performance Requirements.

Under standard conditions the following is the desirable powerplant performance.
{iy, Sec Level Static

Thrust 7000 o 9000 Ib. (Net)

Specific fuéi consumption 0.6 to 0.8 1b/Ib/hr.

‘éh"ﬁiéﬁf Sea Level
Thrust 2500 lb. at M = 0.45 (Net) '
- ~Specific fuel consumption 0.75 Ib/Ib/hr at M = 0,275 and

# p

1200 lb. of thrust.

The design should not be compromised too much in order to get down to the sea level

static specific fuel consumption. Fan pressure recovery and engine inlet recovery

to be estimated by Orenda Engines Limited.

The thrust figures are at the nozzle outlets and take into account duct losses but

not losses due to jet focussing.

() "-‘?We'ig:ht Limitations
The weight of turﬁéro?og, bearings, 2tc. and oil system, should not exceed 500 Ib.

and be aimed at the lightest possib!e.i&

(e}  Anguiar Momentum of the Turborotor,

This information to be supplied ot o later date when more work on this has been
done by Avro Aircraft Limited. However, it is felt that we will increase the figure -

over and above the value that will result from the turborotor design for minimum




Exhausted at the Center and Peripheral Jets.

The change in the effective fan outlet area, from hdtvering to full forward speed,

may vary down to half of the hovering setting.

The mass flow from the respective central and peripheral nozzles is the subject of
wind tunnel tests by Avro on a 1/20th scale médel of the Avrocar, and the tests
will establish this proportion. However, it is felt that no more fhﬁn 80% of the
total output-of the turborotor will be ejected from the central jet in the hovering

ase and no less than 30%. Tﬁe proportions will prebably change with forward

Lo
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APPEN f?i){ 2

OREMDA PROGRAM & COST SUMIMARY

Cuitine and estimaie of wark (o be parformed by Orenda as defined in Pere. 2.1.6.2
of Fhase 1 Statement of Werk i3 deiailed balow:

SUB-PARAGRAPH (o)

Study of inlet flowr condirions and the requirement for flow control devices
Freliminary design of such device i required, The study shell include

cs.? A liferatore su survey end gn examingiion of eny useful Ames funnal data
for the Avioczr, Semo preliminary design of suliable flowr control vanes.

“ .2 Model tests of the Avrocar Inlet In the NRC turma!, first fo cstablish the
inlet flow configuretion, s variciion with angle § aitach, eic. and than
fo check the effectivenass of flew coniral devizes. { OEL will be responsi-

_b&e for the models and securing the tasting facilities, NRC will do the
esting end QFL will anslyse the data os necessery o pormit the desion of
contro! vanes and confim their perforrianzea.  Several trigs fo Cirawe will
be reguirad.}

a then one az:*prc:f,:h, fixed inler vane

.3 Hechanical design fo fnve .,ugm’ more
+ill require design investigaiion, - Design

and variable ge ﬂts'r:y inlet vene

Ll o}

of flow conirel devices.

@.4 4 wriien report with recommen ,; e ionsa

a) $17,452,00

ey
o

£LF»

b A I S [ L300, 1 - 3
totel Coct for Sub-paregraph

®

MN.B., The cost of using NRC eguipment end personnel hos not been consicered
& inthis estimais,

- SUR=PARAGRAPH (b)

Study of compatibitity of roior engular mmm um *c;;.me'?s‘ s vndar different
ilight condirions with power requirements. The study shall Include:

?:vuz : ans which shall be studisd for compaiibiilyy
‘power veguirements,

. " o = c. %

B.2 A study of methed of varying fan angulor momenium wirhoul compromising
performance end an investigetion of rofor construction.

33“;?%?!‘ rg"u{b} $~,uﬂ ‘3&3

@J)

Toral Cosi ™



SUB-PARAGRAPH (c)

Eesign of fan and turbine compatible with Avio requirements end covering the
nge of feasible pressura rafios and muss flows end enticipaied duct losses,
The study sheil include:

18

c.1 A preliminary exemingtion of the fan and JU“!:I”"C‘ reguirements inciuding
aitermpls fo seloch Q#Eﬁm-’; fen flow ond pressure reiio combinsiions for
o range of expected duct loss coefficients.

Design considerations for steeper fun cheracierisiics, and the design of
fans emé iur‘ﬁr«mﬂs for 3 flow end pressure roiio combinations.

i}eszgn af :uztai:%e inrb ine inlel duoi-?ng and scrot!,

ga

€.2 Mechamm! é@s;gn o assist c. 1 and product laveuts ond arrengement of
design epproach frrelation fo the various pressure ravios under consideration.

€.3 A report with recommendstions.
Tetal cost for Sub«p:mgm’:s%{ c} $18,248.00
SUB~PARAGRAPH {4}

tudy of ducting destgn io minimize pressure losses. Model coweriments may be
required in this phase. The experimenial progrem is fo be ogr sed with the

Projeci Officer { DRB). The st ch'shﬂi include:

o

iy

e

d.! An serodynemic sivdy of exhaust for fan and-furbine including advice

on hModel. )

d.2 Design of model, monufaciure of modei, S":‘U’?’!@;’!‘i’(ﬁf@ﬂ csn& f""’q{f:; red parls
for instatictien mch:émg changes for fwo minor var and assembly.

4.3 Set-up of medel, check run, fest pregram Including cost of powar.

Total Cost for Sub~paragragh {d) $18,8625.00

~t ¥ a &

This shall include:

Project co~erdination, liaison, report cm:ﬁ?ei-ien ediring, proof reading, edifing,
colleting etc.  In vhis cennacipien it is to be noted that:

{1} Crende will mointain adequate and continuous tiaison with Avio Alrerafi Limited

v.'

throughout the Progrem.



Curing the course of work, Crendz will provide menthly Progress Repetis
which will ko prepared in such a way «s fo encble the inclusion of the
report gs Appendix 1 in the monihiy report which Avro submits fo the
Cunadian Government es Prime (enitactor. The Progress Report sholl
present a summary of work performed, percentage of task occomplisthed,
results obiained and the Budgetary Stalus and the Work Status of the
Crentls Pregrom.  Fiffeen copies of each menthly report shell bs due in
Avro Airersti Limited on the 25th day of the month, For the month being
voporied, these reporls sholl cover the perfed extending from this day fo
the 25th day of the previous monih except thet the Budgetory Siotus and
Work Staius presentetion shall be based on the Acesunting Month just
provious. The Budgeiary Werk Staius presentations shall show, separately,
the total expenditure for each of the four studies listed In pora. 2.1.6.2
and of para. {e), Appendix 2 of the Plonning Report.

{351} Twenty~Five coples of the final Tochnico! Reports, as noted under Sub~

poragraphs @, b, ¢ end d, in this Appendix, shall be prepered and
submitted to Avro Alreralt Limiiad by the Jist of March 1961,

Tota! Cost for Additional Wem $12,760,00

Total cest of the program outlined above s §71,500.00 excluding Fee.

NoB. The cost of using NRC tunnel and persennel hes not been considered

in this estimate.





