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W REPORT No T1/PERFA2 Iss. 2
AVRO A/RCRAFT LIMITFD
MALTON - ONTARIO SHEET No. 1
TECHNICAL DEPARTMENT
i PREPARED BY DATE
R. Waechter Nov/57
ARROW 1 PERFTORMANCE FLIGHT TESTS| CHECKED BY DATE

PROGRAMMING FOR PERFORMANCE DATA FROM ARROW 1 FLIGHT TESTS INTRODUCTION:-

This report on programming for performance data from Arrow 1
flight tests is divided into three main sections, i.e. 1) Available
instrumentation. 2) Senborn trace recorder for editing and 3) Input -
output summary and applicable formulae and charts for I.B.M. 704
computations.

Use is made of available instrumentation, which can be used for
obtaining preliminary performance data during the course of Arrow 1
flight testing. Imstrumentation accuracy is given 4h dimensional units
with corresponding percent accuracy of full range varying between 0.2%
for measured angle of attack to 3.0% for dive brake angle, but generally
between 0.5 and 1.0% for all other instrumentation. Standard recording
frequency is 20 per second except were noted as continuous. However,
overall data processing at 2 per second will suffice with a maximum freq-
uency of 5 per: second and & minimum frequency of every 5 seconds when
required. Hence before final data processing on the I.B.M. digital
computor, the data will need to be transformed to the lower frequencies
either on the computor itself or on an intervalometer.

A Sanborn trace recorder will be used to edit the flight test data
prior to entering on the I.B.M. 704 computor. This trace recorder will
also show traces of all measurements which require no further computations,
such as elevator angle, pitch an.le, air brake angle etc. This would
eliminate the need to enter them on the I.B.M. 704 computor and would
simplify programming. It would be desireable to convert ambient (static
and dynamic) pressure measurements to indicated Mach number and indicaged
altitude on the Sanborn recorder to facilitate editing as well as to
record accelerations and R.P.M. settings to determine the steadiness of
each manoeuvre. A total of 8 traces per record is available, with paper
speeds of .25, .5, 1.9, 2.5, 5.0, 10, 25, 50 & 100 mms/sec and a paper
length of 200 feet. At the editing stage, time frequencies between 5
seconds intervald and 5 per second will be decided for 704 computations.

Computations will then be made by the 704 computor from which all
output will be presented as time plots and tabulated when required,
except from steady level speed tests where the stabilized portion will
be previously obtaiPed by editing and the computor output tabulated only.

Cross plots of compator output data will be made only when specifically
requested.

All records should be identified by aircraft number, flight number
and run number.




REPORT No YI/PERF/2 Issue 2

W AVRO A/IRCRAFT L[IMITED 2
MALTON - ONTARIO SHEET No
TECHNICAL DEPARTMENT
RIECR AT PREPARED BY DATE
AROW 1 PERFORMANCE FLIGHT R.Waechter Nov, 1957
CHECKED "BY DATE
SECTION I :- AVAILABELE INSTROUMENTAT ION
ITEM RANGE = ACCURACY | REMARKS
3 i
i |

1) Time scale 40 min, X, Ol sec, |

2) Record indentification or coding = t*, 01 sec, | Pending

3) Ambient static pressure a) 0-2160 psf. + 15 paf.)!

b)] 0-720 psf.i* 5 psf.l' Require

c) 0-288 psf.j+ 2 psf,)\ range selector.
4) Ambient differential pressure a)| 0-2830 psf.j*+ 20 psf.)

b). 0-1440 psf.]+ 10 psf.}| Require

c)] 0-720 psf.l+ 5 psf,)/range selector.

5) 0.A.Ty -65 + 350°F {* 2°F

6) Longitudinal acceleration * g +  Olg Parallel to
fuselage
datum,

1) Lateral acceleration Sy S0l Continiious
recording(and|
telemetered),

8) Normal acceleration -3 4+8¢ N 05% Continilous
recording(and
telemetered),

9) Angle of attack (d) =10 4+ 40° |+ .1° Continious
recording,

10) Angle of pitch (8) complete range + 60° +0.5°

sensitive range % +10° 9014

11) Rate of vhange of pitch (8) * 30%sec. |* .30%seci Continfous
recording.

12) Elevator angle (port and stbd.) -3 + 20° |+ 3° Continilous

s 1H0 4. g recording.

13) Air brake angle(port and stbd.) D to60° [+ 2° ! Only port £
istbd, requir b 3

14) L.P.Comp.R.P.M.(Nj)(port and stbd.) 0 - 110% + 5% ;

i

15) H.P.Comp.R.P.M,(N3)(port and stbd.) 0- 110% TR 5% i
i

16) Engine fuel flow (port and stbd,) p00-25,00012 1t 125 er :

r .
17) A/B fuel flow (port and stbd,) 5790-6500@21 + 650 l}’ « Maximum range
* walue could
reduced to
40,000 1bs,
for better
accuracy,
\
§
1
O
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REPORT No.
W AVRO AIRCRAFT LIMITED 3
MALTON - ONTARIO SHEET NoO.
TECHNICAL DEPARTMENT L R - W —
AIRCRAFT:
Sept. 1
ARROW T PERFOR.ANCE FLIGHT ~ |—BaFaechtar . 1931
TESTS CHECKED BY
3 | RANGE ACCURACY REMARKS
18) Fuel remaining, per tank (14 off){0-300 gals * 6 gals
each (max., )
(max, )

19) Engine intake P, (port and stbd) j0-30 psia Y .3 psi Representative
protes after rake
calibration,

20) Engine intake P, (port and stbd) " n

21) Engine intake T, (port and stbd) [-75+350°F * 4°F May substitute

optional free stream T,

22) Turbine discharge 1='7 (port and 0-45 psia | * .45 psi Manifolded

stbd) rake measure-
5 ments,
23) Turbine discharge T, (port and 0-1400°F | * 14°F
stbd) 7
24) By-pass gills shut ind. lights, 2 shut -not
off(port and stbd) (one on side shut and
gills and one on oil cooler gill) shut and
fully open
25) By-pass temp. above and below jet &
pips Tj (port) 0-500 F « 50
26) By-pass press. below mid jet pipe
Py (port 0-35 psia |* .35 psi Static pressure
nmeasurement her|
assumed = downstream
total press,

27) Diff. static in lower ejactor just|-3 to O psig|® .0¢ pst

upstream of final nozzle, relative

to ambient static

(port) (p, - py)

28) By-pass temp., above and below

turbine (port) g 0-500°F + 5% Of incidental
use only,in
performance
measursments,

29) By-pass static press. above rear

comp, (port) % 0-35 psia r: .35 psi
NOTE:- Items 25,26 and 27 are available on port side only and will be
assumed identical on starboard side,
Item denoted thus %, are not required for the program as detailed
s herein but should be available if and when needed,
ol
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SECTION II :- SANVBORN EDITING RECORDS

Sanborn trace records will consist of a time history of direct
measurements for editing purposes and recording data which requires
no further computation. These traces should be recorded versus time
to within * .01 sec. such that accurate correlation with succeeding

I.B.M. 704 records can be made., Overall accuracy to Sanbomtrace output,

including instrument wmeasuring accuracy, should be within * 2% of full
scale reading. In the case of ambient pressure neasurements the most
sensitive reading should be selected for recording and if conveniently
possible they should be converted to traces of indicated Mach number
and indicated altitude using the following formulae.

= (1+2u") for(_T = 1.394
p i p i
Py B 9 2.5
e 2 a5 1
p i = (1+.244 ) X 2 1.4 S
Hi +5 7 Hi -1
2
6 Mi 6
=
=
P
for -

e > .89

Py 0.1903
Hy = 145,447 | 1-
2116 for p, 2 472.7 pst

.H1 = 164,221 - 47,907 log p; for p; <  472.7 psf
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Two Sanborn records, consisting of 8 items each, are required i,e.

1, a) Ambient static pressure pj convert to My and Hy
if conveniently
b) Ambient dynamic pressure qcy = Pry - pi possible

¢) H,P.compressor R.P.M,, port sz

d) H.P.compressor R.P.M., stbd.Nz,

e) Afterburner fuel flow rate, port (QA/B)p (for A/B on or off

indication only)
f) Normal accelspation
g) Longitudinal acceleration as measured relative A/C
datums

h) Lateral acceleration
2, a) Angle of pitch

b) Air brake angle

c) By-pass gill position (port and stbd) shut-not shut indications

d) 0il cooler gill (port and stbd) shut and fully open indications

e) Elevator angle (complete range, port)

f) Elevator angle (sensitive range, port)

g) Elevator angle (complets hangs, stbd.)

h) Elevator angle (sensitive rangs, stbd.)

The first record will be used for editing and thereafter for referencs
only, while the second record will be used in conjunction with I.B.M. 70%
computor output data,
Some identification signal should be available on the Sanbarn records

where the pilot has noted the start and/or finish of a test, This signal
may be obtained from the pilot's voice recording or from a pilet's coding

button, When this identification signal is made available it may replace
item 2 h,) on the Sanbom records,
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m AVRO A/RCRAFT LIMITED 6
MALTON - ONTARIO SHEET No.
TECHNICAL DEPARTMENT
AIRCRAET: PREPARED BY DATE
PERFORMANCE R, W,echter Nov, 1957
ARROW 1 FLIGHT TESTS T e
SECTION III:- INPUT -OUTPUT SUMMARY AHD APPLICABLE FO.MULAE OR
CHARTS FOR I,B,M, 704 COMPUTOR
In general, I.B.M. 704 computor output will be presented graphically
versus time except when specifically requested to be tabulated or be
cross plotted. Graphical presentation will be made with 4 outputs versus
time on one zraph and therefore the following input - output summary is
grouped such that each successive 4 outputs are releted and will appear
on one graph,
Reading accuracy of time scale should be * .0l seconds
Engine Ssmbols used are such that capital P =  total pressure
small p = static pressure
capital T = Total Temperature
subscript P = port
n S = Stbd.
" N = net thrust
n G = gross thrust
F = installed engine thrust
X =  Dbasic or primary
engine thrust
subscript 0 = free stream static
(or initial conditiohs)
] 1 = station 1, free stre
total Im
2 station 2, engine face

station 7, turbine oltlet

n 19 station 10,final nozzle
(primary)
" B = station 10, in by-pass
no subscript = free stream conditioms
All instrument calibrations, which are in the form of "Y = a x + b"
conversions from electrical signal to the required units, are taken for
granted in the overall data processing, either prior to entering on the
7194 computor or on the computor itself,
It is assumed that a) acceleration measurementsare converted tofg"
units
b) ambient pressure measurements are converted to
psf
c) engine inlet, turbine outlet and bypass pressure
measurements are converted to psi
d) all temperature measurements (ambient and in and
around engine) are converted to°K,
Hence ensuing formulae are derived using the above units. ¥here
outputs such as L/p ’ FN/ s D/ etc are required in units of square
P P
inches, conversions are made by appropriate constants in the applicable forleae.




I4PUT - OUTPUT SURMMARY AND APPLICALLE FORKMULJAE OR CHARES FOR I,B.k, 704 COUMPUTOR

ARRCH I

- PERFORMA!CE IPLIGHT TESTS

INPUT QUTPUT APPLICABLE FOR¥ULAE, OPERATION OR CHART REVWARKS
0.) | Time (T) Select reading of greatest sensitivity
1) | Differential Pressure (PTi - py;) a) Sele g of gr
0-2380, 1440 and 720 paf b) Determine PTi/pi
2) Anbient Static Pressure p; ¢) Determine PT/ Chart I 4(Pqp vs R, Pitot correctiom (unique curve)
i i
0-2160, 720 and 233 psf P /D5 /pi
Chart II & [Pq vs &y Static correctian (unigue curve)
/Pi /Pi
la) M d) Determine ¥ from Py = (L+.2%)3+5 Py, & 1394
p p
1 gfies
1.4 2
P 3.5 | (125 142}
T < 2
or S (14.20%) » 2 Py
P 6H 6 /p > 1.994
e) Determine p using chart II
A p -— A PT/ )
p . PT
1 /p
p = p o+ foop p.
Py 3
1(b Hp (fit) f) deter.ine lip
Hp o Lassustr [ 2- 01903 p 3 42.7 psf.
211 J2GLASOL
Hy = 164,221 - 47,907 Log p P& L12.7 pef.
1(f) Ro, Rpp = (L & J2u2) 247
Ref: NACA TR 1235




ARROW I

PEXFOXMAICE FLIGHT TESTS

IAPUT ~ OUTPUT SUMARY AiD APPLICALLE FORMULAS OR CHARTS FOR I.B.M. 704, ' COMPUTOR

orawr no 3.

MRS ORE o 4

mRE, DV.RM—-

INPUT QUTPUT APPLIICABLE FORiULAT, OPERATION OR CHART REWARKS
3. [Aab, air temp T;-9K 1 (d To °K To = TX}'W(]_ -, ,2}(;.12) K = constant, initially = 1
2 (a P}_“Tl le = Boy pv X o (L .2NI2)
2(b) (8/c)y (fpa) (7/0)) fpn = alip (f8) . ¢
2y secs
Non steady level fli:ht only
2(c) (/C)y (fpm) (3/C), fpm = 4030 & (M2 To) : = . ;
%) o Note:= (R/C)» = ay, for a in
T (secs) ﬂ'vylz 3945 x
° 2 ‘g' units
2(a) :fC
e _ (3/c)1 + (i/C)p
ViR
P D e e e I I e e T — s cmmmnn  emuptey e
Le JAngle of pitch @ der. @ 2 fus. datum mel. horizontal
3
5. |Xate of pitch q = & Jeg/sec
6, |Angle of attack Ji 3(a) Agle of attack ol. cL = a(ii_ . A‘- X - X C.G, n . ¢
3765 i Adc corr= for tending & upwash
& {X-X C.G.): vane distance from -C.G.
= 45.8 feet
7. [|idormal accel. ay; (& units) 3(b) Normal accel ay ag = [al‘ni - cos @ Jyx cod Inputs relative to APC datum
L +|[ey, -ein8], sind Outputs relative to flight pathe
] See P/AERO DATA/92 Iss. 2 for
pitch rate corrections if naglipible
instrumentation not at C,G.
3. ]Long. accel ay; (g units) 3(c) Long accel al, 3y, = [!al'i - sin 8] « cos o,
- [Eaﬂi - cos 8 ]y sind
9. Fuel remain. (14 tanks) 7 endi F2 = fuselage. tanks ruel remain, (Lis.)
; useable i‘url only
10(a)] Operational weight empty = W, Fyy Fyps rs, Fg» Fq and Fg = wing tanks (tprt < ptbd) fuel remain (LBs.)
10(b)| C€.G. position (C.G.)o % M.A.C. 3(a) C.G. % M.4.C. (Y/c up)
0.G. = Wy (C.G)5-22.5 F1-0.5 Fy + 2.8 F3el84 F4e3112 F5442.3 F452.8 Ppab6.0 Fy
at Wo, ¥/ up, water methoral and . » ’
Yo ‘nf_ F
alcohol tanks full
See Appendix I




ARGOW I

PEFORMAICE FLIGHT TEST3

I4PUT -~ OUTPUT SUM4ARY AD APPLICAGLE FORMULAX OR CHARTS FOR I.B.M, 704 COMPUTOR

SR s o). | . mmeorer na_L3/PERF/2 138, 2
oAt lQV0 1957 . mes wv__B_Fgachter . _

'

INPUT OUTPYT APPLICABLE FORMULAE, OPERATION OR CHART REXARKS
o L ap.£D)
| P P p/ 144
i 4(b) c
: : ( L B sl (wo* £ F) S = 12?5 sq.ft, wing area
§ 2o c.2 Wi e = 176,300 sq. inches
_ Ly T b ¥ s See output 13(a) and (b) fo.
! thrust corrected values
{ 4(a) Nof /B
: 74 Nz/__ D Ry
Vo = i, g3
| — e - 2 T_Q‘ZZSB
117 Top.rpm port I i o 5(a) M =R T et g o R R =3 T = oo N S e e e ey [
| pa port Ny - ( L/ VT = T Ny x ern 1008 N, = 6774
AT il 4_.2342 )
12 | L.P. rpm stbd, Ny_ % 5(b) K. /[ /11 :
8% S = »
! le/ﬁl = Misex 6114
13. | H.P. rpm port szi % 5(c) NZ?// v/pﬂ ) V/jfo (L « .ZME)
T1
Nap /f1 = Npp. x 3732 1005 &, = 873
14. | H.P, rpm stbd, Ny % 5(d) N i 74 = d
2g 2 1 2
{ 8 | VI, (1 + 2%
N2S//F1 = Mg, . 8732
£
s (R 2N

i
Port eng. intake poy, (psi)

5tbd, eng. intake P2g (psi)

e —— — —.—




ARiOR I

PEAFOMAICE FLIGHT TESTS

I4PUT - OUTPUT SWMLJARY AND APPLICAGLE FORKULAY CR_CHARTS FOR I.B.4%. 104

TR

CUMPUTOR

m....m. -J-957

prmpe— ~o._44¢zaai¥4L-i§§.?
rram .\’-M—

INPUT

OUTPUT

APPLICABLE FORMULAE, CPERATION OR CHART

REYARKS

IS

145

19.

20.

Port enz. iatake PZp

(psi)

Stba, eng, intake Pgs (psi)

Port eng. intake TZ‘y (°g)

Stbd, eng. intake TZS (OK)

Turbine Disch, (stbd) P,o (psi)

6(a)

6(b)

6(c)

6(d)

7(a)

7(b)

7(e)

7(a)

p?'P/PJ_

P25/ P

#E7)

surdd pp by 1% to allow for station
of measurement

Py
Incremse he

??E * DrA W
1;%& -l
il —pg) 5

P P

Availability pendingscan use
anbient T; for computations

7 = l'A

Ay = effgctive engine face area
initially .97xgeom,areafsq.ing

R =96.02 for T °K

Wy UNITS IN LBS/SEC

Tl = Tim (l + .2:'52)
Pl = R‘Ol p
L 044
e T e i B R e et e o o —— —— — —— o — e — o
o248
_Xa_ +1) =8,06(%p - 7.06 for I7
(Cg:\mp P P s PEe RS £ 1.352
P
= 1.255 P for P
72 Tp :> 1.852 P, must be
P P ’ P
" ) 5 243
S + =3,06 7 = ! P derived from consistent
(Cg/llnp )s (.f) 7.06 fori A 1.852 units
b
255 r for P -
Ts ds. B Lss2




AROW I

PERFORMANCE FLIGHT TESTS

B

: il 1/PE 2 I8S.2
= R HROPE 138 v - . Y J
lm 4 =
LICABLE FORMULAE OR CHARTS FOR I,B.4, 704 COMPUTOR e Nev 88T o e R Waeahibas
INpUT QUTPUT APPLICABLE FORXULAE, CIEZATION CR HART ! RRUARES
- 3(a)| Xy X Xg 243
) AP e D b BN Cp A
p P W o n‘a— —_ = 3.06 (....].) -1| 78 710
e i P p
1 for P7 < 1.352
XG =I:l.255 P_- -1 Cg AI_O for F] 51.352 T
P p B P7 must be derived from consistent
' uaits
3(b) XNS Similar to 8 (a) output
p
A, = constant for each enrine initially 508 B dequire A/B on or off signal (or
A/B off QA/B signal) to uifferentiate Ajg
=924,9n A/B on
ana Cg for 4/B on and off
C_ = constant for all J75 eagines
€  Chart III Cg vs Py and Hpy, 4/B off
P
Chart IV Cg vs Py , A/B on
P
(mg V) = Wg i 65,3 \‘ T Wg in lbs/sec. (see output 6c and d)
PR x p/m
. . O : 70
23) § Turb. Disch. port T7P K 3(e) T7P/Tl '1‘7P . T7P {
Ty Ty (14+.26%)
, : o 0
24) 1 Turb, Disch,stba, T7S K 3(d) T73/T1 T7s T7s K
g T, (L+.202
L R e |0 8 RO L SRR Y oW e i ok -
25) } Port eng. fuel flow QP.E. 9(a) Rp.E/le— Tnput @ = oubel
B =l D
T IR T




[ S -
o 06T, 1957 = mmam wv_._R. Waechter

_ ey resLW/EERE/2133.2]

L)

—

Stbd. eng. fuel flow Qg E,
Port A/B fuel flow Qp. A,
Stbd.A/B fuel flow Qg.i.

By-pess air Tp (port) above =ad Lelow
mid jet pipe No, 45 and 46 FAR/105/1
Part 3, Iss. 9.

By-pses air (port) below.mid jet pipd
No.grof FAR/105/1 Part 3, Iss, 9.
By-pass air pg - p; (port) where pp is
near final nozsle Xo. 63 FAR/105/1
Part 3, Iss. 9.

9(v)

9(c)

9(d)

i e vt i o o—— —— — — .ﬁ..

10{a)

10(b

10(e

QS.E./le

Qp. A. Plﬁ
Ss.A.
S{A/4H-U;:

L (port)

FN/ (port)
P

Fg/
P

(stbd)

Input S = output Q

PL = R\‘l P o 1—44
*

o= Ty (1e.2w?)

Trerage: upper and lower readings
§ convert, Ty from °F to K

Take mid jet pipe pp = Py near final nozale

1,07
( ) i.e. mid jet pipe M &,3l
Pg= Ip;) +pL = P
& B

" = P Ay [g b pEI%

Gy

o Y- ¥y-1 ‘P )
VR, ( g 71 .

Py
Fy = F"G av Ds
e
P P
mV = (We+w) Mx 65.8\J To
P SRR F/lAA
F F XG
G N ( 4/B on )
D XG P
= FG XiG
XiG D

b ——— —

e
Assume identical on stbd side

Assume identic¢al on stbd side

Pi = indicated ambient static
Assume pp identical on stbd. sidﬂ
Y =14

Assume identical on stbd side
AfB = effective by-pass area near
in

al nozzle, sq. inches for Py

in psi. (initially A = .93x area)
R = 96.02 for T9%K

Wy units in lbs/sec,

Use port engine data for cal-

culating FLJ/ port'and stbd
P

engine data for calculating Fy s bbd;

except Wg(port) can be used to
Aatarmine (F‘/P) port and stbd.

Require A/B on or off (Q)
signal




‘ LA {} X . 7}[1’1335(2 Iss, 2

et QST 1957 wnae wv__id. Haechter

APPLICABLE FORMULAE, OPERATION OR CHART REM(PZ3

_XiG  from chartI
XC using Pp
/p

G from 8a) output calcs,

20 (4/B off) from chart VT
knowing p and P10

P

G (A/B on) from chart VII

iy knowing pb and P10
p
P10 = 9% pg (4/B off) Assumed
P p ”
| e must be cerived from
. _8&5- P'I ) (ig%é + 0.8 (4/B on) P consistant units
.70 S il
P
10(4) p (port) F =B ,‘\' TR (A/B off) W& assumed = 7y, (4D off
L Ty : :
1.8. eng, fuel offscts airbleed
———— T = - —— | endleskage
11(4) p (stbd) o= ¥ _\[_IB (A/B on)
W10 T19
Mo = W+ QB (4/B @n)
3600
\[—” Y X6 o
T]O = XG .745 '0009 p_- it 0'8 K XG ( so fnptazt faan _‘( \
: e + Q4B [x ek Ly i i
A/B 3600 %3 P output =alecs,
on .00219—5— T .02
Dy - 43 o M2 S = 40,98 sq. ft.

P 5,990 s-,inches




AR(CW I = PE(FOlAICE FLIGHT TESTS Iss. 2

1/ 71/P:RF/2
e .. J b A SR = REWCAT NS e
v m e et e : -
LPUT - OUTPUT SUMMARY A'D APPLICALLE FORWMULAY OR CHARTS FOR I.E.x. 04 COMPUTOR o 009 3991 enes ev___Ro Waschter
INPUT OUTPUT APPLICARLE FORMULAR, CPERATICN OR CHART REs ARKS
3
CDS » ‘bCDS Wg + W e a .308‘1+.2N2t Py Spillege drag coefricient

T Ses Raport 70/PiRF/1 App,I1I

for derivatinn

3 (l_%) 6.97 '\]‘%{' M
2 €y

= from Chert VIII

)

S from Chart IX
e
|
11(b)] 23945 az; M YT, f e insfgt units For comparison with (R/c)2
11{c)| D/ (=t mesn interval) DP = (’FNP N cos (ol = 2,58°) In stesdy level flight
> { . s D/ = (Fup Fy
P it at mson intarvel P = * -T—S- cos( ol ~2.52]
. T
nct 2t msen intsrvale
% . - (R/C)l o
— X TTERD I B ey e o it / ;
: 3945 M“!TO = Ay substitarn 5_(\3.}‘ % _;;_)h)((R/C)? | x
| 2t \3045 M[T
| ! ~ ar 3 ot = 1y -3 . r:
L e (&L e i etz interTal if (R/C), has less scetter than
‘ 2945 ap, M VT,) .
11(d)! Cp (2t mear Zn%terval) { f- « Dy x y 2y ( LEY 0)
‘ e
P 123,600 ¥ In stesdy leval flight Cp does
not ocecur at mean interval
i2(a) —%—5 = 09 M \To (kndts)# §= 1.”/;*1&% T Steady lavei flim ¢ only
€= Qp.m, * O5.m, * 9p i,
120)] _g §
N7 Vo T'.T-F = FN? + FNS
, & = To/ogg
4
12(e)| _%p T = .z, * QP.A.
Xnp V8
9g = 03,3 + 3
i2(d)| Qs s Solle Q5.6
Fag(e

~—
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PREPARED BY DATE
R. Waechtar Nov, 1957
CHECKED BY DATE

TESTS

FORM 1318 A

Chart I (nose probe pitot correction) of

A (PTj.) versus Pli_ where Ti 44 ( PT1>

i i

Py Pi Pi Pi
will be inserted when flight results become available .
Initially & (iT_i_) is assumed zero, until flight results

Bi
prove otherwiss,

Chart I




71/PERF/2 APP.I

AVRO AIRCRAFT LIMITED

MALTON . ONTAR!O SHEET No 1

TECHNICAL DEPARTMENT

PREPARED BY DATE
AIRCRAFT-
R. Waeohter Nov, 1957
ARROW I PERFORMANCE CHECKED BY DATE
FLIGHT TESTS

FORM (3194

AIRCRAFT WEIGHT AND C,.G.DATA (For referenoe only, see
also report No,7-0400-44~
10)

First aircraft,. operational weight empty O.W.E., no ballast = 47,759 lb
with C.G. at sta, 554.51" = 32.7% M.A.C.

Standard MK I, O.W.E, with 959 1lb, ballast at sta. 26.60" = 48,718 lb,
with C.G. at Bta. 545030' = 30.2% M.A.Cc

MK I first flight,0.W.E. with 1432 lb, at sta. 39.16" and 165 1b. in Ns

seat = 49,356 1b, with C.G. at sta. 541.8" = 29,2% M.A.C,

The above C.G, positions and A/C weights are given for the normal "in
f1light® condition with Y/c up and water methonal and alcohol tanks full,
and with cylindrical ejector. On later flights a divergent ejector will be
fitted, increasing the A/C weight by 204 lbs., including 79 lbs.ballast to
maintain C.G. at the same position . All C,G. and A/C wei ht values, should
be checkea by actual weighings before flight and after «-+ A/C modificetions

Correction for W/c down and water methonal and alcrnl tanks empty =
+ 0.8%, Using fuel system proportioners, aft C.G, limits 'nerefore are
31% M,A.C, for Standard MK I
30% M,A.C. for MK I first flight.

Effect of u/c position i8 such that the C.G, is‘'shifted aft bg «55%
M,A.C. at 42,500 1b, A.U.W. and ,39% M.,A.C. at 68,561 lb, when the %/c is
selected down,

Draining of the water methonal and aleohol tanks :#i.uv: a mean aft
C.G. shift of approx, 0,22% M.A.C. These tanks should always be full or
ballasted unless specifically mentioned in the flight report after each
flight.

For the standard MK I airplane, with “/c up and water methonal and
alcohol tanks full, and using fuel system proportioners tk: =zircraft C,G,
position varles lineatly from 29,68% M.A.C. at 68,561 lb, A.U.W. (full fuel)
to 30.20% M.A,C. at 48,7138 lb. A,U.W. (no useable fuel). This total
variation is only 0.52% M.A.C., with a rate of change of s .026§¢ per 1000 1b,
decreasedA, U, W, Hence C,G.position ocould readily be estimated "by hand"
at any stage of flight knowing:~

1) 1Initial C.G. position, (C.G.)o

2) Total fuel usedin a given flight, F (lbs)

3) Flight time to point under consideration AT and
4) Total flight time, T

i.e. C.G. position = {C.G.) o + _AT x_ F x 026
(T 1000

AV e




W AVRO AIRCRAFT LIMITED

REPORT No '“‘/Pm/z APP, 1

TBESTS

MALTON - ONTARIO SHEET NoO 2
TECHNICAL DEPARTMENT
PREPARED BY DATE
AIRCRAFT:
‘ R, Waechter Nov, 1957
ARROW I PERFORMANCE FLIGHT e o=

positions of the*l) fuel tanks,

This value can be used to check an "IBM 704 computed" value based on
fuel remaining measurements from 14 fuel tanks., This latter method is more
upiverisal in determining C.G. position for any poesible variations in
fuel sequencing but depends on the reliadility of 14 fuel tank measurement$,
The following table gives the useable fusl capacities and horizontal C.G.

19,843 lbs.Total

Tank Useable Fuel Capacity C.G. Position
at 7,8 lbs, per gallon Station $M,A.C,
1. (fuselage) 2161 1bs, 354, 35% -22.5
2. (fuselage) 2192 433.99"° - 0.5
3. (port + stbd, wing) 2355 446,14 2.8
be ) X 2 1404 " 502, 47" 18.4
5. " " ] 2278 " (collector)| 548.87" 3L.2
6. f N " 2402 589,11% 42.3
Te " " ) 4352 " 627.57" 52.8
8. o " " 26 ol 675.52" 66.0

FORM 13194




REPORT No. Zl,éEaII,ZZ—AP;L-—I———
W AVRO AIRCRAFT LIMITED

MALTON - ONTARIO SHEET NO. 3
TECHNICAL DEPARTMENT
i PREPARED BY DATE
ARROW I PERFORMANCE FLIGHT R, Waechter Nov. 1997
TESTS CHECKED BY DATE

Note % M.A.C. = C.G. sta’ -435.82"

362. 61" g o

Hence for I.B.M. 704 computations, the aircraft C.G. position is
determined as follows:-

a) Denote fuel remaining in fueelage tanks as F} & Fp

b) Add port & etbd wing fuel from corresponding tanks and denote
F3, F,, Fs5, Fg, Fp & Fg.

c) Denote 0.W.E. = W, and initial C.G. @ W, = (C.G.)0 for U/C up and
water methonal and alcohol tanks full. Then at any time during
flight with U/C up:- C.G. % M.A.C. =
Wo x (C.G.)o =22.5F1 -0.5F; 42.8Fq 418.4F, +31.2F5 #42.3F; +52.8Fn +66.0Fg

Wo4£F

If the airoraft is weighed prior to flight with full fuel,and C.G.
determined by relative weights on main & nose wheele, then (C.G.), for U/C
up = (C.G. as meas., U/C down) x (W as meme.) -28.4 x 19,843 -.55 x 48,500

(W as meas.) -19,843

Where 28.4 = fuel C.G. position (% M.A.C.) tenks full or porportionately full
19,843 = useable fusel tank fuel when full (1lbe)
.55 = A/C C.G. ehift, % M.A.C., when the U/C is selected up @ W = 48,500 #

| FORM 13194

|



W REPORT No. 71 /PERF/2 App. T
AVRO AIRCRAFT LIMITED

MALTON - ONTARIO SHEET No. 4

TECHNICAL DEPARTMENT
AIRCRAFT: PREPARED BY DATE
ARROW I PERFORMANCE FLIGHT |« Waechter Aoy, 1957
Tms CHECKED BY DATE

ORM 13194

ACCURACY REQUIRED IN C.G. MEASUREMENT

1. At 50,000 feet ¢ M = 1,5 @ 1.5g, 1° change in elevator angle changee aircraft
dreg epproximately 4% (ref:- 72/PERF/,).

2. At 50,000 feet @ M = 0.9 to 2.0 @ 1g, a ehift of 2% MAC in C.G. poeition will
change the required elevator angle for
trimmed flight by 1° (2 0.20)

3. 1° elevator chenge per 2% MAC ehift in C.G. poeition at 50,000 feet at M =
0.9 to 2.0 @ 1g is directly proportional
to g loading and will epproximately double
ite value at 60,000 feet.

4. Ueing 50,000 feet @ M = 1.5 & 1.5g ae deeign criteria, then l.o.elevator
change ™ 1.33% MAC ehift in C.G. poeition
=g 4.0% Change in A/C drag.

Therefore, for 1% error in drag, elevator angle must be meaeured to within

2 % or #0.25° and c.g. position muet be measured to within * 1.33/4 or

4 0.33% M.A.C. Since the total C.G. travel is only .52% M.A.C. (using fuel
system proportioners) e complete flight from full fuel to no fuel need only be
broken into 2 stages of constant mean C.G. position.




02047 17D, - HALIEY

reraeyTes Y AARD ALlE

1

N

N 07157

3
ST AT

W

s

1
j

LS B
ST EE )

|
'

T >
ONL

24

meily QU BB LDt
15

L\L Fb\&ﬁﬂk

1

AR e

DS

'
) !

>
== 2 -
e

N REF. D

| (rox
e
ﬁtr/

-

S

i

\
-

420

)

ﬂ

Bell 2i0F SR




Z

.....

pe

2

/=

ic TiEEG,

pOs
{s

-

= [LHRVE| Noi EN AT,

-

74

=

3

TliTan.

e

peSSs

yms

CEEEENBaNE

T
HHEE
pont

yus
gongasmnssemse:




iy S,

W&

HRCRARY! |

4

4

a8y =R
DURNER. AT

G

1

N

o

S G2 S e S
CNET NOZZL g5

Xio
T IN¥ET

.2

TCanFibE

PRATT &[WHIT

i

: /:(’;
|
!
|
é‘[ 7GR
AND
|
T
|
|
%
440
|
l

B i

/
(=2
B
—l
2.4




an s 1Sy

\ &
RZE-

T

T

1957

QarT.

—

[Eh=—as!

T T

T T

I

43




4 pad g o e g I
e .vujlr 81 o MA..««FW.A By
2H1 t 83 enons bekas
T 198 SBURS T
T Tt
HH Pt
B S S
28 ggans yeanapupe oo 4
Bl i Sl
S 1
g Rged o5 1]
N — ' il 1
lnww..ar..rl v depsnsiadl m.., s
- AT s ® oni :
sabg Fi bt T o8 i il
a8 } SHHEE
! % i3 30ad sk s g
4
i St I3 =T
- {4 7 % B 1 R 0 28
& I e ity SEaERERE sasan
[ iy it BoTnbt
R . apgae seznsanne songs
: : B s ey s
A T = srar
H £ e 8 gan
i 7 TR i
sEgess Eyed il tagis b b :mvdi Sl
I .» at T M dRBsEBSHS jEans
Eatss HEH TR £333apandi as 3 358 aeis RA0TS RERS:
o Hit e 81 i e Pans
1 i ;- w' x“r, It 3 & I LA.‘LW
et it - = PET oI T T 1
Sisggeastagagaze B L el Hrp i L =
Y i 55! HE 231800 1 o o
i i TH — L ; plss
i ees d88Esuagnnss sekoe da e ‘ 2 5
: 1
. HTHT b A Lt 1 I o s
141 HHHE T rw = = B 4 e i
B “ Lo 1 T
8! Saspess: 3 T
HH HA nw C o3 8 - F
HH I 84 1] 383s ig:
8 sRgEsnspppEsRpEE s : ot i T
Ssegube g 8! H T + o e 5
Y o8as ] 5 naddsd & e:M Mw 383 H Lt d 1
44 H + 1 + ¥ 5 - jgpes a5 - e
= ? sgisgdazchany 1 S e goags bpgas d§egaiais m E SRR
e H aasd H 1 S8caasassadussRssas AbnuesaEas o8 T
H 1 135 aanues 8 T 1 S 8.2 EERRESES 1 2R ]
& I it i =4+ H fseed Hll =
[a8 + | + 3
TRIE .L . T - wegBESCE
shas GBS RES@E 0 S i T H :
T Siens 1 E bs e
sgs B 88 sEspae! s sappn jats spnag TH = +
8 SaddupnsRuas. & 8 qunﬁ o 2 Hift 11 s t
H ass 1 hE: i th endh 3
a 11 = o T 2 H
gises g5 b L SEazsssaiy s=3es Hit
HiH g sams basssumaes Bgds 5g8e H S
§ H 25 gahat ﬂ..rw T MT i
! 810 Bz T SRSE BOY Be
H dh B2t jaseassasl
T aasss sapat T jusss sanas
as 3 S Saasdianst SEam: e T
+ A Safuaisasigs T H Ragel
Hith 3 faoadhpadasiidsasltasa = fgeds jE232 534k 5558
tH N m s H e i e d EoE ol sgagss
-4 2 - T
gaasas 5 dsa oy ' By .wu T Hat Bt apliaEhags iy ids 7
Tt 1 - ' Iaes i tpelatiaas 8
8 |8 2 i M J:with L84} ﬂHNLTwﬂ. t
S 4 b e - PR s S o
HH ay il d sy I Pt e i satns,
I I e josansis SR D s am o sanied oons
T 38 T ® = 1 15 2 8 I , Ba sy
T a4 688 i T 1294 T
I ! ! ! ighs afand jais, ! -y a: t
i TR e e M
HHHHT T 28383 525ss BaRst !
1y e 1 PN
inosssenas ns SEedasenassbute
SEiassssasss ik pgnan
I SSphs RRBE S uBRbe
HHHHT joe Hit
jasaassaas sas: 298 anes: st i
) HHpRERR R aE L
afuasazaidan: iiatesasanbedss saathantls §220228283
asasstansibagsl IEes3stsslisnas spastesaly sadatagasy
23a! ot 1 fsasiRages sl 1H galigaks
4 M _M_ “ MM NIAWA 11 3¢ u* o
IR HHTH R ﬁ.aﬁ Nﬁ% 18 44sEs FEod:
e SRR tHa 4 1523
SREE BN s 11 B s mng 64 Hfh palih:
1 131E I i pe bt
TR gatst sasalns 41 Egz3 LRE faee:
114 31T b 1 xS
FERPH T HiF } 5 if3agant]dtect i
B 2 babda suoan 888
mamasass §85 = 3
i HHH S
T T ‘ﬂ
1 t14+-4 v.nl +4 . “I 1H nL.
H L : tm HE R HE t7
T 2eaasfegadi auEaAREsS0 el pan sEth]
}w Hh- ek im.m "
HHE N - T e
8 1 {1 e Bals hangonpuss o :*n
8 H T SR T
H :
B 5 g
ial
]
88
H H gy
:
L] H
!
T
HHH A
usasepgse 2e 9w
Suges
tH
Sasaw
a8
FH
HH H HER THH HHH Seibgbesbyasasy 5
HH sghaaniialibe an T i :
HH s w Sanll saBEEE LR £
T e e i
ssagess ag92saensssus: r P3 nmEp Aol + =
T HET H siatiazssatssplineh H =h
H T E HEHH T pHER R : e 23
88 TR age T 4_~ 323 ; ] 3288
s : asdade ssasagas S0 pairaqdauad nnaandepaalydis s el o
HH HHT AU EE T i s I 14 i85
H : ; *H
§8ss ZM 1rm s8%h *q st 1dd w. el
i FH P H R B i i




T % & STesatussscoesany: R bas S3sgesan T s3581
; 8 e e
g 2 5 T g L H,ﬂ 2
be bame v g a3 e
o et i T< i L
1t g
Re T
Bas £ 1
. VMJ 1
A 1 t
1
18 1
v { 188 pows % ! t
- 1 Sana 1
37 YRR 88y - SoTat nEnas sap s puany tuw
+ - i e
i faaesd 11 M e T
N\ H Spsnsseis
B H 1 e A 1
G 3 { e ! misndd egugy s 1
4 3 1 s ! sussssgan: T
+ 1 3aagds s, : o
s 2 -
S T mam a wuss T .
@ o § i 4
4 S5zRa8 a. +} 83
{4 I . i
» i H i 1 ssigl g
HE ".Prr . nas18ns @ u
it ¢ .
et H rHs e 1 358s
' rm; 1 uRa a 164 ngesd
B47T1: gads Sa3fdnsana: ' 387 etass T
- 1 288 8 88 4 13 ESmas
suad HH OH S «p
sRas 242 283 HH
m . ¥ HH T : o w.
HH HH Hrl 3 s
3 a8 e ind
) 18y ¢ H1 T t4 $3P sRmuns: m sup e
Bh3c Siagsfieisiiiy T
0 T 3% 3 1 T T
» $ 44 b4 111 1 )
L ;
%o dien soh
pov gt - BB ALAS
- £ h“h
- THH
geg s 1 RRSESoR Snn!
rt sespiyid oy
1 ] :
HH e : 1
H i gt
Seps o nwm;u..w PR ges )
A " po 14 1+
ides saesges
Sl 51 T
T8 H - . b2 Iy
S HE F o
p s xamn e e 233
R M rllr.l d~
2 Re oo =5
bl b4 sacas {1
ag 8 5w 8¢ TS
G
A REat
S S Gt
4 e &8 2
TTE 4 s
i i
o
H
1+ :
g i
it
&2 pEgs
1 s
T
& H
f—. ~H i 520
th 2183882 1
dase 1082 3207
jenialdce:
RS
E;\v =5
B o4
L 1
HATTHT
SSARBIRS
aBywsdpi: <x: H
o bl §
HH T H
b 48 H
L
ot
85
ada
@
H H
1
ILL
'
¢
HEEHIY
i sassssasae
T 29 gu
§ PEEFEN
b
gas T
14 Sasas
sgge s
sgsan sggesgages san T
xLx HH T o
agansinad tH
sgennages 1 1
84 228 j3a
dsgggddass riH tr
=g 88 124
R L
HHHHH { =
113 13T 1 1
8 88q agadenans 5 &t
88 T EESH m o 21
i A!,M 3! i
H it ] o i i
8 T It i | :
E3p8s sds: gease H i | i : e
iigics 881504 e | : : :
ason na oameu W 1 ! L {
83982848 sao8seasas tauss i i | [ i !
! HH M H : i _ ! £ = 2 |
b 4 = AWM! w. b i |
aseaalssdif sases i | | L o L aeed i g R S L
m %%~Mj,:1%h A o a b ol




REPORT

WageHTER

iH

T
1

e
sl

. BY.

qT

RE

e

5ag anBasgs

b % S

IDagE saag agt
B R RE )

sppesa

TTTTEL

IBEge

SHESe oy
H

PERaS oahas B¢

[ Deas

33

A% eY R BRRsET 25

14

Fe=tfoe

e

38558 pe

111

SEE

S

T

T

T
[ R eat fanah aas s e ies

1ga8as:

T

[RERS SoRea pRUSE Soe




2 Iss 2

/Pex

i
i
i
H
i
{

jam

HH
s

T
50

1ap

S aBE

HH

2088

28

o

ot

ra o
yu
T

-

11

)8 8




38.2

Y
Pec. 1957

DA

“ ‘ ot v A o H .
i i iR e Cagl : e
PE: il ol Lo B o el ELE B e S S -
i m | i IS IRR: phreE o LRSS e i
i b X - . - H i . “d
! i i ! o s .. i . i
| } 3 ! aEag ¥ i ; i i z
: ! : | ; o el g : ! i 3
*SFiREpes s e «Txnr.‘ 2 TTATR ..1..1**[. (= Expiau S oc T prumin't ..M&m : =
m Ry i i i 3 et i nv i S :
' ! ! o . ; : =
H ' H { l { i § eat : _
1 T 4 t 25 = e -|L|-,|.m
i il i !
it f { i i e

bl B B

A
{
|

i
il
1
!

=

| A

i

i
: i
i i
! !
i i
5 H






