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AIRCRAFT:

PROGRAMMING FOR PERFORMANCE DATA FROM ARROW 1 AIRCRATT 25203
(PHASE I1) FLIGHT TESTS

SUMMARY s -

This report outlines the Avro computing program to be used
durlng the initial R.C.A.F. Performance Evaluation of Arrow 1
Aircraft 25203 commencing in mid September 1958. Flight test data
will be transformed to punch cards and fed into the I.B.M. 704
Digital Computer giving results requiring no further témputations.
A1l anticipated performance parameters will be calculated, including
total air miles covered in a particular manoeuvre or over a complete
flight. The computer's operations are based on the applicable
formulae shown in the input - output summary of sheets 8 to 1§ ,

_incorporating charts I to VII.

In general I.B.M. 704 computer output will be presented graphically
versus time except when specifically requested to be tabulated or to
be cross plotted. Graphical presentation will be made with 4 outputs
versus time on one graph and therefore the input - output summary
presented herein is grouped such that each successive 4 outputs are
related and will appear on one graph. Coding of output data is presented
in Appendix I to this report.

Programming is arranged such that data from all manoeuvres
including steady levels, are analysed similarly i.e. all input data
must be tabulated versus time; meaning that for steady levels;.all
points are calculated and the stablilized point is determined after
plotting £inal computed results. Partly for convenience and partly by
neceseity all output data will be given at the mean time interval.

Mainly for the case of accelerated and decelerated levels an energy
term, E/W, is output from the computer as well as the final required
answer of drag or thrust minus drag. This energy term combines A.S.I.,
altitude and temperature readings into a single unit which should show
a smooth variation with time. Therefore, if the final required answver
is "scattered", it is hoped to interject a smoothing process into the
energy term such that a relatively smooth answer %ill result.

It should be noted that presently available instruments measure
airspeed in m.p.h. and pressure in "Hg" and the applicable formulae
have been derived for unitg of knots and psi. respectively. It is
therefore required to convert these values to convlstent units before
applying them to the formulae herein.
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A1l parameters will be recorded by an auto - observer operating
at either of two speeds i.e. 1 frame per 4 seconds or at 1 frame per
1or3 geconds; with the followingrexceptions; ambient total temperature,
normal acceleration, elevator angle and airbrake angle. These latter
measurements are recorded on a continuous trace oscillograph, but only
the first three of these are fed into the computer.

REFERENCES ~

I.D.M. — 2863/20/J 1Input Order for Performance Program
71/PERF/2 Iss./

71/FAR/29 Arrow 1, Phase 2 Instrumentation

R.F.T. 5059 Arrow 1, Phase 2 Testing

71/FAR/33 Preparations for Phase 2 Performance Testing
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SIMBOLS

Airspeed indicator reading

Axially projected area of aft divergent section of ejector
Effective by-pass area near exit

Axially projected area af convergent section of ejector

Axially projected area of forward divergent section of ejector
Primary jet nozzle area ‘

Longitudinal a;celeration

Normel acceleration

Sonic Mach number function (depends on position error)

Aircraft 1ift voefficient

Aircraft 1ift coefficient neglecting thrust effect (i.e. based
on weight only)

Aircraft drag coefficient

Gfoss thrust qoefficient

Aircraft drag

Spillage drag

Total aircraft energy

Installed engine gross thrust

Installed engine net thrust
—functions of Mach number

Quantity of fuel consumed

Gravitational acceleration

Altitude
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SYMBOLS (Cont!d)
— Pressure altitude
Fuel density at 0 °C

Decrease in fuel density per degree increase in Ty

Temperature cg‘l_jrection factor to Cg
Aireraft Aerodynamic 1ift

Mach number

By-pass Mach number

Mj at which M = 1.00

Static position error correction to Mji
Total head position error correction to Mip
Inlet mass flow

Actual inlet air weight flow

Nominal or capture a?.r weight flow
Low pressure CompTessor RPM

High pressure compressor, RPM

Total pressure gcapital 1;)

By—pass total pfessure

Inlet throat total pressure

Static pressure (small p)

Ejector manifolded wall static préssure (divergent section aft)

By-pass static pressure near exit
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SYMBOLS (Cont'd)
~ Pressure thrust (convergent section)

- Pressure thrust (divergent section fwd.)

-~ Pressure thrust (divergent section aft.)

o¢ (alpha) Angle of attack
¥ (gamma) Ratio of specific heats
9 (delta) Pressure ratio
n ) eta (M) - ratio of the total head pressure behind to
: that in front of normal shock at Mach number
Mif M> 1, and YZ(M) =1 for M< 1.
6 (theta) Temperature ratio

g (mu) Mass flow ratio
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ARROW I -

_PERFORMANCE FLIGHT TESTS

INPUT = OUTPUT SUMMARY AND APPLICABLE FORMULAE OR CHARTS

INPUT CORRK,
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Determine M from Mipusing Charts 1A & 1B

io8. Mip v AMprcp » My Chart 1A

snd M4 + AMpas = ¥ Chart IB i

I3

Determine Mj using the following fomulae

n () [1+o zuip] {q(ns

where e
' “for M>1
n (M=
and N (M) « 1 for'Ms1l

Hence it must be determined whather M>1

or; Vi >1481 %{Epi +ﬂ T _1 where B ﬂ[fl .
) "Féa o

!‘L(Mb L.) substitutes Vi for M in the above

“T60
equation for Y\(M)
and Y\ 5.1, ) =1 for Vi<660
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ARROW I -

PERFOAMANCE FLIGHT TESTS

INPUT - OUTPUT SUMIARY AND APPLICABLE FORMULAE OR CHARTS FOR 1

H

OUTPUT
INPUT CORR,, All outputs denoted ¥ are to bg saned é"ﬁt
No. AS READ FOR INST. ERROR | |S5t™Sees SeSf°gart e eonputabions s *UP
1(b) Hp =
\\x .
- o
- ‘ *
- 1) Roy %
3) | Ambient Total 7, °C 1(a)| TOK o = x
Temperature Ty °C . o
.'/
2(a) R (N.AM.) %
.
2(v} (R/C)y (fmm)
/ 2o (8/), (fpm)*
' 2(d) R/C
5
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Equations 12 & 13
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Al e frH=L) ) -
- @) akpg(nE= 1) (ps.s)

Hp

) 0.19037 .~ 1. ?5;,
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11+5,AJ+7[ () | bt or p = 3.2831:

R
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B outputs ——
. - r .
b
i j, , = v
- A(«, .".. o
T . / ¢ :
o : ._‘K 5 0 ,
We Wy -~ [GPE ¢ GSE + Gpa + G A] @41-'&2 Tp °C) " (change uhen neceasary,
' " 4 & {depending on hydrometer checks
where Kj = lbs, per gallon @ 0 C, initially assyme w 7.8
K2 = decrease in lbs per gallon pek degree increase in Tf °% "
; ‘ initlally assume = 007" B
an - [("'ni)gl - cos 6] cosd R
+ [lagg)y - sin 6]31‘”( + cos 6 Inputs.- relatlve toqA/C datum 7
- - ' and outputs relative-to flig,ht .
e aL = [(a.Lj_) - 8in 6} cosd

I

» sin (R/ C)l 4 k,__n”;
. 945(MJ Thwzan! ~ 7
I3 ;
0( i is obtained from chart II. know:mg CL‘.J and M
i 1 “f apW
1o, where ch = (—-—-2-) )
,,_0;"75 AP M

-

[(ani M - cos €] sind

W

S = 176,400 square inches

-

Leewos £f3 (M) 4 CLy 'f2 (M) + (a,, - 1) I3 (M)

——— v —— ———— —— -—-—.—-——w—.—-——- — —

~derived, above

path. Subscript IM!" denotss mean
value, for-successive points .,

B <H

5 !‘_ s

tvote' Successive approximations are
-+ required to:dstermine Cp,fane
" i.e, First approximation shoufld
use apy for-” an 1n the equation
for Ci, )

= _-_’-_ — e -t
'Outpu'te(can' be égmpared to cockpi
readings of angle- oi‘ attack vane

position.

.

(R/C) is eqxdvalmt to (R/C)2

oxcepg that it is obtained by the
accelerometer method, It is hoped
to obtain & comparison of methodsl
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Qpg = 60 - Ky - K2 Tf °c AGp.E Note: 1 "Hg = 4912 psi
ATHIN [ ] ' - -

Ky & Ko are defined previously ' oo

QPAs Qsz» Qspa  derived similarly ~
T) = T %K (1 + o2%)ppy
P, obtalned at mean interval

A%
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6 meaned . APPLICABLE FORXULAE, OPEZATION OR CHART REYARKS
iing outputs > - ———
oy X (port or stba) = %a _7Ma ¥
p . 7 ) P gp . ) Nt -
¥ where "
- % [1.258 . 1]cgszAlo x Ky for 27 > 1,852 4 .
. P P P : .

248 ' 4
= 8,06 EFJ) - ]}éKD AlOK.{or EZ £ 1,852 ‘
« I\p ' P

Ajp =509.5 sq.in A/B off (Avérage for port and
BEg 2939.0 sq.in A/B on {stbd. enginés, see 70/PERR/1

APPQIQ Iss, 2 Require A/B on or off
Cg & Ky from Chart III knowing _’? » Tp & By for A/B off (Qpa & Qgp) signals‘to
. Py I differentiate A)o and C,
Cg from Chart IV knowing P ‘for A/B on -~ Kg_&’l(n -l for A/B on and off
.. ;f-}f?_Y :w"‘ ’°2A'x .EZX —-LT‘.z”éM l+%AY_§ '
e &P ~3t2 © P ‘/14'°2 . ¢ : '
.‘ wa ﬁ‘t ‘ ‘ RN B » . .y . . .
where 2 is obtained from P.W.A. Curve No., Irst. 27739 (1.'3.I ;oest rev., 431858}
8 t * " . ! ’
2 . .

N % N 6 5 - N
Knowing %1/ \/gtz = ﬁ} x 6778 '
-, A_?lma

and %A wam2 also cbtained from P.W.A. Curve No. Inst, 27739

- . Sto
: knowing waftz x 6t2 - v, e"'2 X ;gl,%'x 76.2
L to (91;2)1'21‘ 61;2. 1 g
. Lo Qp = Qpg + Qpy derived previously
Q;s =: Qgp + QS;.L‘; derived previously r
o 3 T/28.8 .
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rgggé‘zaa%gucs AT OANEE FO0 Ui, ZRATIC. R SE AT An AAKS
M ‘ H " = o
‘. 588 - Note: 1 "Hg 4912 _psi . .
P =] ° | \ear s
285 J 5 ’
? N ) e
Mag J 5 ﬁ‘) -1 / 7
' . pBS s ] R /l .
Wop = |28 8  Myp Ayp| _PBP pgp) "2 . e h .
BP R BP TBP Ir o A A effective by-pass areg~ -
. LTBPt273 PBp) R BP = %ps = y-pa s
. 286 in plane of nozzle openf-— ,90xl; “A
Wpg = ;-2%—5 Mps Apg PBS f__§) : ; e
“ Bst <73 \p Re9 002_,_d" o
i S v MEAN ' PE0
_____...,_L(._)..._.___..._._;.___.__r__._._'_.___.__._ 8.5.3.2_92_’-__‘__‘______;_.__..
mV Wep M R o -‘ s
BP Bp Mpp |8 R J(’I‘ 273 ' i
= g XU e - - '
: P PMEAN ) .
similar to (m V)gp above . e R L
fp - (f_@_f_’ - 1) App S A
. p pT : :
= " 2 o L8
2{.}.‘5 = (.pﬁ. - ) LABS : ¥
P p.. e »
n — S R i - e ‘ ..'
i > PR W
[ 5_22 - (l - PCP) . Acp ACP ACS = axial projection: . t
P P of covergent section = 645° ,,,'i'-‘.
¥as = (1- 2_0_@) Acs
P . P
. ( N
X3p = (pFP - l) Afp AFP = Apg = } axial project.}on nB
\Ij P of divergent section = 287?
. ’ !)
X35 = (PEs’ ~ 1\ AFs ‘. 1
h o W n ' : : W
& N X 7 7 S
e ! A

.
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* é AAPAAS'% axial pro;ection of o
" leergont section - 287
?
* __
, L '..‘
S
. | 3BT Nofgf"_-i’ “ﬁ .
P ‘ =
N i £ 4/B on or off
SARL L me&an 4
’ Dgpy = and WapV are obtained from
P BP/juean calculations for
> w Output 9;3-)(:
. where Cp see report "70/PERF/1 App, 11._for
derivation of this spillage drag
& coeffic:.ent formula,
.
¥ oo From Chart 7'
Bl /o) O T S
. < Pep From Chart EI__ P &
P _ s
"W aP derived in l5a) output qalca o ' = - '
% - . " oy
'"Similar to Fyp /o above ' .. R :
. . Co . . &
3
’ s L 7
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ig,ignean%d-' - | APPLICABLE FORMULAK, OPERATION OR CHART REVARKS Co
outputs : —
S ;’.1_9.13 = ‘,96, fﬂ’ for, A/B off i
PR P . ' : ' A
! ! ; ’ ' Lot
i 4 Cg % ._IE _C + 0.8 for A/B on See -70/PERF/1 App. II for derivation.
5 0967 p 1.208
Similar to Pypp above
. p -
i | mo w003 o :
" “m (Wap) i p, + 3 ‘ot Constant 3 ~assumed = overbosard’ X
: ’ iP = Y*"nean BP. e ;" |eooler air-flow - *. «
& " “where Wep is derived in 15 a) output cales, ‘f.. ST B
« M Wgp = output 10 ¢)- ' g
I PP :
3 Similar to mip/mo .above : 1
; £y 67382 T upp o N
B W o v ; . . B ; g
47 = . . . »«
o x (Fip , Fag) . eor (£2) f x 1 e A S C
I P AN (65 84 )‘«IEAN . A
' N S A'I‘(Becs )" L }
Op = D/p % L o
R 123,1+80 M° : | TR
i L/p»g ap (73) -(Fwp FNS) sin (X -2.58 °) % |vhere 2.58° 5 angle of thrust axis |
._,_ p P 4 relative to fuselage
: : ' ~datam ‘
o ¥ oL = L/p ' .
Ly .where X 1,. ’
L Is - 73 400 sq inches .
Ag? 2,‘ ‘;, s
PR AE, 65.8 (Ml aL)MEAN xA*I(seca.) +A Hp " |This relative specific energy'.ter&é...
P . W : ‘ ) may be compared to the absolute o
: specific energy term 16 ¢) as far
. . #8 8slope and scatter is concerned F
o " A RETE ) : 4(1 - L 4
' o~ See calculatlons Opposite Anputs 20 & 21 . ‘ .
' P ’f- T \
B , S ' A ! Y
o T oK = TT(1-2M72 ' i \
‘;.'-*. ; . : ’ I \ i
L. st - " 4 t 4 i
we " Mkt T e e e —_ —— U DU VL AP T *




TECHNICAL DEPARTMENT

REPORT No WPERF/Z Iss. %

ALVRO AIRCRHRAFT LIMITFD
MALTON ONTARIO SHEET No ‘7

AIRCRAFT:

ARROW 1

PREPARED BY

DATE

PERFORMANCE FLIGHT TESTS R.Waechter

CHECKED BY

June 1958

DATE

ORM 1h19a

Chart IA (nose probe pilot correction) of

O Mppep versus Mip where Mip + A Mppcp = Mi

will be inserted vhen flight results become available.

Initially A Mprcp is assumed zero, until flight results

prove otherwise.

Chart I A
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A.V. ROE CANADA LIMITED
MALTON, ONTARIO "
TECHNlCAL* DEPT. (AIRFRAME)

AIRCRAFT - . ARROW 1

WEIGHT

C. G. POSITION




The following data is output from Arrow 1 performence flight tests
and subsequent data processing according to report 71/PERF/2 Iss. 4.
Coding of output for "I.B.M. print out® is given in units of not more
than 3 numbers and/or capital letters. The outputs will appear in the
following order, as preferred by the computing depariment, instead of the
order shown in the input - output swmary tables.

QUANTITY CODING . QUANTITY CODING

M M . (137/132)P P7P
HP : (P7/P2) 3
RO1 T7P+273/T1

T Tpgt273/T1

NTP Xwp/p
XNS/ P
NJ_P/ Jeltg
ng/ oz




AVRO AIRCRAFT LIMITED
MALTON — ONTARIO

TECHNICAL DEPARTMENT

REPORT NO.

SHEET NO.

AIRCRAFT:

ARROW 1 A/C 25203

PERFORMANCE
FLIGHT TESTS

71/PERF/2 App.l Iss.A

2

QUTPUT DATA CODING FROM ARROW 1 PERFORMANCE FLIGHT TESTS (Cont'd)










