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to the Chaage in Estimmated Performance of
the ANROW 2 -~ from Report No. 10, December,
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COMPARISON OF ARROV PERFORMANCE REPORTS 10 & 12

We have recently completed a re-estimate of the ARROW 2
performance and this has been detailed in our Periodic
Performance Report No. 12 (Ref, 1). This is the first
major re-estimate that has been completed in the present
calendar year and incorporates revised data on engine
performance and engine installation details, and, of
course, the current weight situation. Prior to this the
last complete performance report was our Periodic Per-
formance Report No. 10 (Ref. 2) which was published in

December of iast year,

During 1957 two letters (Ref. 2a) and Ret.(@g) were

transmitted to the RCA¥. Both letters assured the RCAF
that performance deterioration to be expected was "not
significant.”

The revised estimate shows degraded performmnce on
practically all aspects when compared with Report Ko. 10,
Most significantly the radii of action on full internal
fuel and the ferry mission range has deteriorsated very
considerably., A brief summary of the situation is as

follows:




2.

Report #10 Report #12
Dec, 1958 Nov. 1987 Specification

Supersonic Mission 302 n.m. 249 n.m. 200 n.m.
Radius of Action
{(Fuli Iat. Fuel)

Subsonic Mission 450 a.m. 358 n.m. 300 n.m.
Radius of Action
{Full Int. Fuel)

Perry Mission 1480 n.m. iﬁg&mg. 1800 n.m,
Wl g re b audin Ol

Combat Factor at
¥ = 1,5, 50,000 f¢t. 1.63 5:,/56 2.00

Combat Factor at
B = 2,0, 50,000 £¢. 1.98 1,60 Ko reguirenent

Cediling 63,300 £t. 60,500 ft. 60,000 ft,
Combat Weight 51,500 1b, 52,798 1b, e

The chart appended shows oa & chronological basis the major
inputs to which the performance changes are ssovibed. The
chart siso shows weight variations through the period and an
indication of the warisation of conbat performance and ferry
range a8 & resuit of the different inpuis. It must be
emphasized that these performance variatioas are the result
of very preiimivary csliculstions and the actual values of
the increnents should pot be copsidered as accurate. How-
ever, the variations are of the right order and when taken
together do, of course, correspond to the valuesm of report
Mo, 12. Furthermore, the performance varistions are shown

assuming & capability for 1n:ua£;ém calculation of per-
N
formance data. Although in many cases & rough approximation

could have been obthined as & result of 8 relatively saall

* The maximum g which can be obtained is 1.70 at M.N. 1.80.




output of effort, accurate calculation would have taken up
to as long as three sonths. 8Since many of the changes are
saalli the uewd for accurate calculation is apparent,
Throughout the period in question the Chief of Technical
Design monitored ARROW performsnce by mesns of 8 yunning
check on the combat g At 1.5 M.N. and 50,000 £%.- This
periornance point has, throughout the history of the project, .
been that over which there bas been the wost coateantion. Ko
corresponding check was made oo radius of action or on

ferry range.

it will be seen from the curve that no sigunificant change

e,
>

in combat g occurred except as the resnit of weight change

prior to the firming wp of the noaxle configuration. Even

at this time combat performance is not directly affected by

nozzle performance but rather the aircraft wwigﬁt at combat
is incregssed as a result of the additional fuel for crulse
which must be omarried. Since the firming up of the noszle
configuration, the changs in combat performance has again
been as & result of weight growth, ezcept for the dip caused
by the use of the revised Iroguols 2 data, which was almost _
imsediately cancelled by the decision to operate with super-
eritical flow in the inlet. As has salready been stated, no
running check was maintsined on either combtat radius of
action with full iunteraal fyel or ferry range. The recent

issue of Performance Report No. 12 revealed considerable




reduction in the values predicted for these missions. As

may be seen from the chart the majox,;gggggu!q355~fg:plfed

in this degradation were all known by May of this yg&f. The
guestion is, how did it come about that the effect of these
inputs on these particular missions was not assessed and,

in consequence, how did the Company come to imnform the RCAF
that the performance changes expected were not significant’
The only explanation that can be given is that these missions
qggq~qqt«?oqqidored significant by the Technical Design ‘
Dept. The combat missions with full internal fuel are not
specification requirements and, certainly in the eyes of the
Technical Design, the additional tankage which permits these
|iarger radius missions to be performed is there as insurance
:against degradation of airplane performance resuliting in
inability to meet the specified combat missions (Ref. 3).

This opinion was known to the RCAF and was, in fact, contested
in the interests of minimum weight (Bef. 4).

Technical Design appear to have considered the ferry mission

to be unimportant., In consequence they have focused all °

attention on the gombat performance at the design ppintignd.

it is apparent that design decisions taken within the Depart-
ment have always supported this combat performance, in many
cases At the expense of other aspects of performance.

As 8 result of this preoccupation with combat performance

no attention was paid to the "long range” performance and

thus when asked for an opinion of the state of the performance




at any given time, Technical Design were convinced that no
significant change was imminent. This is borne ocut by the
plot of conbat periormance, which shows that, at least prior

to the weight increase of September, this aspect of perform-

L&

ance bas been held remarkably well.

Company Hanagement has, of course, been well aware of
interest in the long range performance of the ARROW, and in

many cases has taken steps to engender interest in this

aspect of the performance, particularly with USAFP, However,

the long range application of the ARROV has in practically

all cases been with a specialized version of the aircraft,

There is no reason to believe that the recent change in the
performance estimates for the ARROW 2 makes impossible the
development of a specialized long range version of the

aircraft, and ve are in fact doing preliminary work om such

8 version which shows a8 good capability in this direction (Ref.3).
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The following Sectione of this document deal with each

specific input in turn and present informption on the

time schale, effects and reasons in conseection with each

iaput:

Section

Section

Sgetion
segtion

section

Air Bleed Error.

Fubcritical &ad Supercritical
Air Iantake Conditions,

Internal Tankage Change.
Nozzle.

Irvoquoies 2 Revisced Data.,

List of Reforences.







AIR BLEED ERROR

High pressure air is bled from the compressors of the
Irogquois engines in the ARROY to provide air for the air
conditioning system and other services. The effect of this
air bleed on engine performance is to reduce thrust without
changing fuel consumption with & consequent mpparent increase
in engine specific fuel consumption., Ia the ARROW, with

its large air conditioning load, the effects of air bleed

on eangine performance are sigenificant.

In Performance Report Mo, 8 dated May, 1958, (Ref, 6) the

corrections for air bleed were made with some slight degree

of approximation by applying dimensional engine performance

data with respoct to the effect of air bised to the basic
installed engine performance calculations which themselves
had been based on non-dimensional duta, In preparing
Reports O (Ref. 7) and 10 it was decided to incorporate the
correction for air bleed iato the basic eagine non-
dimensional pevformance so that the effects of the bleed
would be accurately reflected in the calculations of
installed engine performence. It became apparest just
prior to the issue of Reports Ko, © sad 10 that a portion
of the correction for bleed invelving jet pipe pressure
ratio bad been incorrectly applied and that, therefore,
the mission performance figures in Reporte § snd 10 were

to some extent incorrect. The Performance Group uade 8




ot g
rapid check of the effect of this error on the ferry mission
range, this mission being the one wost sensitive to the
effect of the error. It was determined that & correction
amounting to a reduction o!tgpagugi_o;_§§§!“gg§!o had to be
eppiied and thig correction was incorporated in Reports
2 and i0,

In view o2 the opinion within Technical Design that combat
missions with full intersal fuel wers not mignificant, no
attenpt was aade to correct these missions, Within the
last day & rough estimnate has been made of the correctioans
that should bave been spplied. The supersonic mission with
full internmal fucl, estimmted in Reports U and 10 to be of
302 K.d. vadius, should bave been 207 N.N. radius when the
proper correction for air bleed was made, The subsonic
combat mission with full internaml fuel, estimated ia Reports
9 and 10 nt 450 K. M. sadius, is reduced to 438 N.M, radius
when the air bLleod corraction is made.

In preparing the installed engine data for Report No. 18
use has beea made of Iroguolis 1 air bleed corrections, as
the information om Iroguois 2 air bleed corrections (Ref. 8)
was not veceived until November 4th of this year, too late

for incoxporation in the calculations. A comparison of

the air Lleed carrections for the two engines indicates

that the method used is sufficieatly accurate.







%

CULHO.

SUBCRITICAL AND SUPSRCRITICAL AIR INTAKE CONDITIONS

Tovards the end of 1956 Technical Design had been undertaking
dotail auniysis of the results of tvo series of intake
testas. The first of these with & 6/10th scale intake model
powered by two Oronda engianes had bwen uadortaken at Avro
in conjwaction with Orenda (Ref. 9). The zmecond wazs under-
takeon with o 1/0th scaie modei of the lalake at the RACA
Lewis Laboratory (Ref. 10). In particular the soalysis
cunsldered the test amta from the viewpoint of distortion
of flow velocity at the engine face. Under certain flight
couditicas it was known that the iuntake throat would choke
and the resuiting supercritical fiow would prodace iverogsed
distortion &t the engine face., It was cousiderod desirsable
to maintain suberiticni flow, i.e. beivw the choking Llow,
with & guasequent favourablie distoriion pattera,

During Janukyy, 19067, Technical Design discussed with Orecuads
the poxzlié syem schedule for the lrogquois 3 and this re-
inforced the opision that, s matters then stood, it vas
necGBsaAry to cut back the maxisum r.p.w. asd/or aozzle

arca of the engine to achieve suberitical flow for the

cruise condition at Mach .92 asd 40,000 6. It vas obvious

that aa unsophisticated approach to this reduction would
give unncoeptable engine performance. Sinece, at that tiame,
Orenda was showing remarkably little interest in the
Iroquois 2 (Ref. 11), Avro undertook the study of the coatrol




problens and made & number of proposals to Oreada for the
types of conitrol which would mpintain suberiticai flow at
the iniet and, ot the same time, mininizme the pesrformance
pensity. Assuvance had been received from Orenda on
Japusry 24th (Ref. 12) that they would provide an engine
coatrol which would in fact meet this requircaent.

Iz Jupe ZE8th Avro received from Crenda the Iroquois BK. 2

control functions (Ref. 13). This data did mot include /

the coatrol necessary to achlove the subcritical flow,
Hovover, durisg this month Crenda earricd out 8 re-assess-
ment of the whoele problea and soon after assursnce was given
verbally by Haxzry Keast that, as 2 result of the review of
the test dats, and ausiysis of compressoy testis aade At
Hobol with distorted fiows, it was Orenda's opinion that
operation of the Ivoquois st Tull throttle with the intake
supereriticai wvould not produce & harardous situation and

it vas, therefore, decided to permit the intake {0 operate
supereritical vhea required.
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INTLARAL TAMRAGE CRANGE

Daering the detwiled engineering ol the AQNCH © an attempt
was pavle to clenr up many of the R0AF eriticisas of ARBOW 1
fentures. One feature vhich caae ia for ro-deuign at this
time was the routing of the ducte which Reed hot wir from

the eangines to the air conditioning systew and other
services,

In the ARROW 1 these ducts are locmted in the ceutre fuselage
siructure in 6 space between the fusclage fucl tauks and the
Rip iuntake ducts. Unce buiil iato the sircrait they are to
81l intents and purposes inaccessible, This Jeature was
criticized at the ARKOW 1 Rock-Up Confercace in Februsry,
1856, sad it vas requested (Hef. 14) that over-leupaersture
senaing devices be provided adjacent to these ducts. This
matter was yeferred to the Haintengance Jub-Lommities and

thizs committeo raised s vequivement (Hef. 15) for re-location
31 the ducts should satisfaciory heet seusing not be

poseible. This reguiresent vas coufirned at 3 meeting of the

Co-Ordinating Committee (Hef, 16).

The Project Uffice decided that the difficulity of providing
gatisiactory heat sensing wes sufficient to justify re-
lceatioa of the ducts. The only fesasible ve-iccation was
in the dorsal fairing in the section which, in the ARBOW 1,
forms the upper lube of the fusclisge fuel tauks. The
desirability of such & change was discussed with Technical




Design and an agreemeant was reached, as it was considered
that this small volume of tankage (some 50 Imp. Gals.) was
not essential for adequate performance againat spesification

requirementa. In view of the position at that time on

forry mission range, it ie difficult to understand why /

thias decizion vag mide in this way,

The proposed re-location of the ducts was descrided in &
letter to the T.5.D. (Ref, 17) and & drawing of the instale /;’
lation accompanied the letter. The change of location was
approved by the Co-Ordinating Committee (Ref. 18).

Although this matter wae the subject of so such discussion
between the Company and the Air ¥orce, it appears that at no
time did we write to the Aly Forcee to bring their atteation
specifieally to the reduction in tankage in the ARROW 2

or to the reduction in long range performance implied by

this change. The officers taking part in the discussions

vere familiar with the detail of the ARROVW 1 design in the
area in guestion and there can be no doubt that they were
awvare of the fact that re-location of the ducts would reduce
the fuel tank capacity. The estimate of the revised fuel
tankage was made during FPebruary (Ref., 19) and was specifically
noted in the March edition of the ARROW 2 Weight Report

(Rof. 20). Additionally, the ARROW 2 Model Specificatiocn

(Ref. 21) describes the tankage of the aireraft. This was
transaitted to the RCAF in draft form in August, 1957 (Ref, 22).
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NOZELE

The re-znalysis of ARROY perforusace made during late 1056
and incorporating the wvesulls of freec flight zad JACA test-
ing bad shown sigulficant deterioraticu, particulsrly in
terms of ¢combat g. I{ was decided at 2 wecting of Cowpany
Hanagement that this positioa could e atl logst pariially
retrieved by the iatroduction of a variablic arse nozmzle in
place of the fixed moderate divergent gjector in use st that
time. Alshough this feature would not improve poriormance
at the specified desigu point ol Mach 1.0 &t 50,000 £t.,

it would, whea combiaed with woderaie cagine over-speeding
permit vastly improved perfovaance at Mach 2.0 ang, ia fact,
& prediction made ai that ¢iwe on the basis of preliminary
data (iater included iu Perforadace Reporti Ko. 10) indicated

that 1¢ was ailmost possibie to meel the gpecificatica

requiresent of 2 g at 50,000 it. but at Kach 2,0 ianstead of

Mach i.3. Accordingly it was decided to propose that the
aircrait and eagine be modified im this mapaner and the
performance of this configuration was presecated to the

Chief of the Aixr Staif at & Ericfing st AFHQ on December Gth (7).




The decimion to change the aircraft and cngine configurations
was coafirmed to AMTS ip a letter from Mr. Flovd in PDecember,
1856 (Ref. 24). Enclosed with this letter were copies of
Performance Report Ho, 9 and 10, Report Xo. 10 contaiaing
the iatorwation on the version of the airoraft with the
variable area nozsle., it must be emphasized that Report

Ho. 10 was based on 8 very brief analysie of the performance
and, ln fact, the perforaance in that report below H.W., 1.5
is identical to perfaormaance guoted in Report No, D 23 it was
inteaded that the nozzle in clossd position should have the
stane configuration as the fixed nozzle uveed iv Report Ro. 9
(nef, 7).

Detail design studies of the nozmzle proceeded through imte
1888 and the early part of 1957 and & goneralized report op
nozzle performance (Ref 2J) was prepared in FPehruary.

Alnost at the start of these studies it wes apparent that

the complieations yresulting from the adopiion »f the varisble

arca nouszle imntroduced weight penalties which would ycn&liza?%

the design point performance at Kach 1.5 and 50,000 f£t,




However, it appearcd possiblie that the use of a fixed

divergent ejector would give the performance improvements

desired above Mach 1.5 with no deterioration at Mach 1.5
and with no siguificant detevioration subsonically (Ref. 25),

and that the change in boat tail shape resulting from the
adoption of such 8 nomzle could result in very significant
supersonic drag reduction (Ref. 228),

Although the yeport (Ref. 25) concluded that there was no
gignificant pensaity to be paid in using a fixed nozzle
subsonically, it became apparent as & result of analysis
of Performance Report No. 12 that a lsrge proportion of the
reduction in subsonic cruise econoay had to ve charged to
nozzle periormance.

A recheck of the data contained in the report (Ref. 25)
shows that a deterioration in this performance paramecter
was in facl prediciable at that time. It can ounly be
aspumed that Technical Demign, with thely cbesession with
supersonic combat performance,did not give full weight to
the significance of this data,

It was found difficult to obtain agreczeant with Orenda op
the detail of the divergeat nozzlg. Although Technical Design
had firmed up their reguirement in Pebruary, Orends Engines
had been siow to finalize details of the Iroguois 2 and the
compatability of engine and nozzle was in doubt. It appears
that nozzle areas given hy Orenda in Jaasuwary (Ref. 12) were

theoretical areas and that some increase was necessary to




ensure adequate, practical design. This matter was discussed

at a meeting between Avro and Crenda in February (Ref. 27)

and deadlines were set for Orenda to provide the missing
information. It was not until 2ist of March that an agreed
configuration was reached (Ref. 28). This configuration
was the subject of further negotiation in the following two
months, and £inaily on May 24th Technical Design were able

to freeze the present coniiguration.
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1BOQUOIS 2 REVISED DATA &iﬂ)ﬂ-éss'ﬂ“ éyD

Perforntnce Report No. 10 was espentitlly a repeat of heport
Ho. ? with samended performance in the M¥ach 1.8 toc Mach 2,0
specd raange, with the amendnont being bascd on & scaling of
Iroguoie 1 engine dnta as agresd between Orenda and Avro.

A menorandum summarizing this engine performance data was
received from Orends on January 24th (Ref. 12). This mseno-
randum confirsed the eugine data used for Report No. 10,
stated that the control would be such a2 to permit the
inlet to rup subcritical (see Section on Suberitical aad
Supereritionl Air Intake Conditions) and, sdditionslly, gave
ianformation on more advanceod versions of the eagine.
Subsecquent to the receipt of the Orenda nemorsndus, aticaptis
were made to obtain more specific and more detailed engine
performance for the Iroguois 2. Thie matter vas discussed at
8 mecting botween Orenda and Avro on February 27tk (Ref. 27)
and in this it was fgreed that the Iroqueois 2 Model Opecifi-
cation would be provided to Avro not later than April JS0th.
Ve have no record of receipt of & Ko&ol Specifications on the
Irogquoins 2 from Crenda. However, cngioe iaformatica was
transmitted to Avro in accordance with the following:

May ©th - None~dimensional Performance Curves (Ref. 29).
June 8th - Engine Yerformance Ourves (Ref. 30).

June l4th~ Afterburnor Combustion Efficierncies, Coatrol
Schedules, Yol Plows, (Ref. 31),




June 27th -~ Funetion of Iroquois HEK. 2 Control System
from Performance Standpoint (itef. 13).

Nov, lst - Air Bleed Coxrection Data (Rei. 8).

Since the calculation of installed engine performance is one
of the most imvolved and laborous sspects of performance
calculation (Ref. 32), involving as it does intake and duct
rerformance, bypass performance and ejector performance,
cooling losses, ete., in addition to the basic eungine per-
formance, and since these traditionelly secondary effeects
are, in an aircraft of the type of the ARROW, assuming & very
real significance, it vas decided that the ealculation of
installed eagine performance should be undertaken in great
detail making use of Avro's newly acquired 704 computer.

The reguirement for computing time orn this problem was made
known to the Computing Dept. oan May 6th, 1957 (Ref. 32).
Performance caleculations, identified as Problem A-21 appear
in all Computing Dept. progress reports from that date to
the present day., Complete data became available on a
progressive basis as showa in the attached schedule (Ref. 33)

and sufficient data was in the hands of the Performance Group

by November 8th to peramit thea to complete the preparation
of Performance Report No. 12. In comsidering the apparently
long flow




time for this problem through Computing, it must be
recognized that this vas the first time that we had under~
taken the prograsuing of this enginc performsnce probles

The problem is complex (Ref. 32) and iz the edrly days

was particularly complicated by the difficuities being
experienced with regard to engine control ae 2 result of
the belief that subcritical opersation »as essential. Ve
beiieve that now that this problem has been suceessfully
programmed, variations in engine perforsance can be

assensed in a8 most expeditious mnaner,
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