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Attached herewith, please find report 71/PffiF/2, Ieeue 2, on 
Programming for Performance Data from Arrow l Flight Tests, 
This issue supereedee the original iseue of report 71/P"§I.F/2 
and includes clarification and refinemente to the list of 
available instrumentation, Sanborn editing records and to the 
applicable formulae for I.B.M. 704 computations. A note on 
aircraft weight and C .G. data (Appendix I) ie added. 

It ie realized that performance testing on Arrow 1 aircraft ie of 
secondary importance but useful results are readily obtainable 
from the exieting pr·ogram using available instrumentation, 
Adequacy of thrust measuring instrU111entation is discueeed under 
report 70/PFEF/ l App, II, 
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D. R, Woolley 

G. Esilman 

Central Files 



EK AVRO AIRCRAFT LIM/TEO 

REPORT NO. 71 /.PIRr,12 I ea . 2 

M..,LT O N • ONTARI O SHEET No 1 

TECHNICAL DEPARTMENT 
PREPARED BY DATE 

AIRCRAFT: 

R. laechter No•/57 
ARROI 1 PERJORMANCJC n.IOBT HSTS CHECKED BY 

PROGRAMMING !'OR P!Rll'CJtl!ANC! rt.TA PROK ARROW 1 n.IGBT Tl!STS IN'JlWDUC'l'ICI':-

This report on programming tor performance data trom Arrow 1 
fiight teats is divided into three main aeotiona, i.e. 1) Available 
inatrUJ11entation. 2) Sanborn trace recorder tor editing and 3) Input -
output swmnary and applicable formulae and charts tor I,B.K. 704 
computations. 

Use is nade of available instrumentation, which can be used tor 
obtaining preliminary performance data during the course or Arrow 1 
flight testing. Imstrumentation accuracy is g1Ten~h dimensional units 
with corr&aponding percent accuracy or tull range varying between O.~ 
tor measured angle or attack to J.O~ tor dive brake angle, but generally 
between 0.5 and 1.oi tor all other 1nstrUJDentat1on. 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 or 5 per: second and a minimWII frequency of e•ery 5 seconds when 
required. Hence before final data processing on the I,B.K. digital 
computer, the data will need to be transformed to the lower frequencies 
either on the computer itself or on an intervalometer. 

A Sanborn trace recorder will be used to edit the flight teat data 
prior to entering on the I.B.M. 704 computer. This trace recorder will 
also show traces or all measurements which require no further computations, 
such as elevator angle, pitch anf le, air brake angle etc. This would 
eliminate the need to enter them on the I.B.M. 704 computer and would 
simplify prograD111ing. It would be desireable to convert ambient (static 
and dynamic) pressure measurements to indicated llich nU111ber and indica•ed 
altitude on the Sanborn recorder to facilitate editing as well as to 
record accelerations and R.P.M. settings to determine the steadiness or 
each manoeuvre. A total or 8 traces per record is available, with paper 
speeds of ,25, ,5, l,O, 2,5, 5,0, 10, 25, 50 & 100 mms/sec and a paper 
length or 200 feet. At the editing stage, time frequencies between 5 
seconds intervala and 5 per second will be decided tor 704 computations. 

Computations will then be 111Bde by the 704 computer from which all 
output will be presented as time plots and tabulated when required, 
except from steady level speed teats where the stabilized portion will 
be previously obtaiped by editing and the computer output tabulated only. 
Crose plots of computer output data will be made only when specifically 
requested. 

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

DATE 



EK AVRO AIRCRAFT LIM/TEO 

REPORT N o _,7_1/PL...;;....=E_:RF::..,'/c_2___:I::..:11_:su---'--e_2 __ _ 
2 

MA LTON ONTARIO SHEET No 

TECHNICAL DEPARTMENT 
PREPARED BY DATE 

AIRCRAFT 

AR,OW l PEitF'Oi&.A:,GE FLIGHT 
TESTS 

R.,'lfaechter 
CHECKED BY 

Nov, 1957 
DATE 

SECT IO!'l I : - AV A.ILABLE INST RTJMEtIT A! IO!l 

l) Tims scale 
2) Record indentification or coding 
3) Ambient static preesure 

4) Ambient differential pressure 

6) Longitudinal acceleration 

'/) Lateral acceleration 

8) Normal acceleration 

9) Angle of attack (J) 

RA!!GE : ACCURACY :m&A.RKS 
' i 
I + 
~ -· 40 min. 01 eec, 

I l +, 

a~ '.). 2160 psf .( -; 
b)I 0-720 psf,I + 

01 sec, Pending 
15 psf •1 i 

) , - 5 psf, ! Require 
2 psf, ! range select c 0-280 psr.

1 
.! 

a)I 0-283'J psf, I,:: 
b) · 0-1440 psf,l .! 
c) 0-720 psf, + 

10 psf. ! Require 
20 pef.1 ' 

5 psf. !range select 

-65 + 350°F + 2°F 

+ lg + ,'.Jlg 

+ lg + ,Olg 

-3 + 8 g + ,05g 

+ ,lo 

Parallel t 
fuselage 
datum, 

Contirilious 
recording(an 
tele111etered), 

0) Angle of pitch (8) complete range ,:: 60° .! 0.5° 

♦ 0,1 ° 

Continilous 
recording(an 
telemetered). 
I C ontiniloua 
recording • 

11en11itive ranges + 100 

. 
l) Rate of tthange of pitch (9) 

2) Elsvator angle (port and stbd,) 

3) Air brake angle(port and stbd,) 

4) L,P,Comp,R,P,M,(N1)(port and stbd,) 

5) H.P.Comp.R.P,M,(N2)(port and etbd,) 

6) 

7) 

Engine fuel flow (port and stbd,) 

A/B fuel f~ow (port and stbd,) 

+ ,30°/sec~ Contin"1ua 
,recording. 

+ ,3° [ Contirdloue 
jrecording. 

♦ 10° 
Oto 60° 

0 - 110% 

0- 110% 

+ ,10 
+ 20 

oo-25,000
1lr + 125 

1t. 
J'.)0-6)00olt .! 650 1,hr. 

i 

. Only port 
ietbd, requir 

Maximum ran e 
ivalue could 
traduced to 
if.O ,ooo lbs, 
\tor better 
~ccuracy. 
i 
i 
I 

f 



EK AVNO A/NCNAFT L/M/TED 
M.at.LTON ONTARIO 

TECHNICAL DEPARTMENT 
AIRCRAFT: 

.lRROI I 

~ 

PERFOR;;;ANCE FLIGHT 
TESTS 

18) Fuel remaining, per tank ( 14 off) 0- JOO gala 
each 

(max.) 

19) Engine intake P2 (port and stbd) 0-J) psia 

2()) Engine intake p
2 (port and stbd) 

21) Engine intake T2 (port and stbd) 
optional 

REPORT No. _ _.!_7.=.l/LP~&::=:~:.:elF,_,.'/...:2::......ir..,11 ... 11-'2,._ __ 

SHEET No. __ __:);__ ______ _ 

PREPARED BY DATE 

Seot. 19'i7. 
CHECKEO BY DATE 

A.CCURACY 

~ 6 gala 
(lll&X.) 

" 

REl,IARKS 

Re pre sentativ e 
probes after ra: e 
calibration. 

May substitute 
tree stream T. 

22) Turbine discharge P7 stbd) 
(port and 0-45 psia ~ .45 psi Manitolded 

rake measure­
ments. 

23) Turbine discharge T
7

(port and 
stbd) 

24) By-pass gills shut ind. lights, 2 
off(port and stbd) (one on side 
gills and one on oil cooler gill) 

0-1400°F 

25) By-pass temp. above and below Jet 
pipe T8 (port) 0-500°F 

_: 14°F 

shut -not 
shut and 
shut and 
fully open 

26) By-pass ~ress. below mid Jet pipe 
PB (port) 0- 35 psia _: . 35 psi 

27) Diff. static in lower eJflctor Just - 3 to O psig + .o~ psi 
upstream of fin&l nozzle, relative 
to lllllbient static 
(port) (pB - pi) 

28) By-pass temp. above and below 
turbine (port) i 

29) By-pass static press. above rear 
comp. (port) * 

... 

0-35 psia 

> 

~ .35 poi 

Static pressur, 
111easure11:ent here 
assumed .. downe!t.ream 
total pz,ess. 

Of incidental 
use only,in 
pertormance 
measurements. 

Jiru:- 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 tar the program as detailed 
herein but ~hould be available it and when needed. 



EK AVN0 A/N C NA F T L I M /TEO 

REPORT No __ 7i..;l=i./'--'P'-'E"'Rl~f....:2:.....:::I~ss:....:..• 2.,;__ __ _ 

M A. L T ON O NT A RI O 

TECHNICAL DEPARTMENT 
AIRCRAFT 

!RRO!f I PERFORMANCE 
FLIGHT TE.STS 

SECT ION II : - S~'IBORN EDIT ING RECORDS 

SHEET N o 4 

PRtPARED BY 

R. Waechter 
CHECKED BY 

Sanborn trace records will consist or a time history or direct 
measurements for editing purposes ar,d recording data which requires 
no further computat ion, 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. Ov~rall accuracy to Sanborntrace output, 
including instrument measuring accuracy, should be within~ Z% of full 
scale reading. In the case of ambient pressure :neasurements the ro ost 
sensitive reading should be selected for recording and if conveniently 
possible th•y should be converted t o traces or indicatsd Mach number 
and indicated altitude using the following f ormulae. 

J.5 
1,894 

... 

Hi • 145,447 [ l _/2-) O.l
9
0J] 

{2116 for pi ~ 472. 7 pit 

Hi ,. 164,~21 - 47,907 l og Pi tor Pi <:. 4.72. 7 pst 

DATE 

DATE 



'M« A VR O A IR C R AFT L IMITE D 

A.IRCRAF'T: 

1RROI l 

MALTON O NTA R IO 

TECHNICAL DEPARTMENT 

PERFORIIANCE 
FLIGHT TESTS 

REPORT No._7'-'l/~P-=ERF==..i .... 2~I=•=llc.,1~2~---
SHEET No. __ ___.:.5 _______ _ 

PREP.O.RED BY D .0. TE 

R. "aechter Oct. 1957 
CHECKED BY 0.0. TE 

Two Sanborn records, consisting of 8 items each, are requireJ i.e. 

l. a) Ambient static pressure Pi } convert to 111 and H1 
it co11nnientl1 

b) Ambient dynamic pressure qc1 • PT1 - Pi possible 

c) H.P.c0111pre11sor R.P.M., port N2p 

d) H.P o ccmpressor R.P.M., stbd,N2s 

11) Atterburner i'uel flow rate, port (Qj/B)p (tor A/B on or o!t 
indication only) 

r) Normal accele~ation 

} g) Longitudinal acceleration a11 measured relative A/C 
datU11111 

h) Lateral acceleration 

2. a) Angle of pitch 

b) Air brake angle 

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

d) Oil cooler gill (port and stbd) shut and i'ully open indications 

11) Elevator angle (ccaplete range, port) 

r) Elevator angle (sensitive range, port) 
I 

g) Elevator angle (complete ~ange, stbd.) 

h) Elevator angle (sensitive range, stbd.) 

The first record will be used for editing and thereaf'ter tor referenc, 
only, while the second record will be used in conjunction with I.B.11. 701t 
computer output data. 

Scme identification signal should be available on the Sanborn records 
where the pilot has noted the start ano/or finish or a test. This signal 
aay be obtained from the pilot's voice recording or from a pilot's coding 
button. When this identification signal 111 made available it may replace 
item 2 h.) on the Sanbom records. 



71/Pl!;RP'/2 Iss.2 

EK REPORT No. 
AVNO A/NCNAFT LIM/TEO 6 MALTON ONTA"IO SHEET No 

TECHNICAL DEPARTMENT 
PREPARED BY DATE 

AIRCRAFT: 

PERFORMANCE R. 'll'qechter ~ov. 1957 
ARROW l FLIGHT TESTS CHECKED BY DATE 

SECTIO!l III:- INPUT -OUTPUT SUMMARY Ai!D APPLICABLE FO.IMULAE OR 
CHARTS FOR ·I,B,M, 704 CO!,lPlITOR 

In general, I,B,M, 704 computer output will ee presented graphically 
versus time except whe n specifically requested to be tabulated or be 
cross plotted, Graphical presentation will be made with 4 outputs versus 
time on one graph and therefore the following input - outpu t sUllllllary is 
erouped such that each successive l outputs are releted and will appear 
on one i;raph. 

Reading accuracy of time scale should be ~ .01 seconds 
Engine S; muols used are such that capital 

small 
capital 
subscript 

" 
" 
" 

P • total pressure 
p • static pressure 
T • Total Temperature 
P = port 
S = stbd. 
N • net thrust 
G • gross thrust 
F • installed engine thri~st 
X = basic or primary 

engine thrust 
subscript O = free stream static 

" 

" 
" 
" 

" 
no subscript 

l ,. 

2 = 
7 = 

10 • 

B 

(or initial conditio~s) 
station 1, free stre1~ 
total 
station 2, engine fa1:e 
station 7, turbine Olltlet 
station 10,final noz le 
(primary) 
station 10, in by-pa s 
free stream conditio1s 

All instrument calibrations, which are in the form o! "Ya a x + b" 
conversion!from electrical signal to the required units, are taken for 
granted in the overall data processing, either prior to entering on the 
704 computer or on the computer itself. 

It is assumed that a) acceleration measurements are converted to"g" 
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 aod in and 
around engine) are converted to°K. 

Hence ensu· •ing formulae are derived using the above units. \There 
outputs such as I/ P , FN/ P , D / p etc are required in units of square 

inches, conversions are made by appropriate constants in the applicable form~lae. 



-------------------------------------------------T--:::-:-::=:-:::--r_::::-:-~---:-;;~~:::::;;i;,,~ ... ~.;-·~,,,~tl:!~: 7 . ~TNO.. ,--.. ·"- ~--=-=· . . . \J 
1aet ,12s1.. _ . .. ,. _ _ - K, erGAn;.a 

o.) 
1 ) 

2) 

AR:ww I PEHFOi'J.!ArJCE !FLIGHT TE.5T~ .... -
I ;lPtrr - OIJ1'PIJ1' StJW.IARY AliD APP!'.ICADLE ? Oru.JULJAJ:,; OR C!i!rltS FOR I, B.~. '/04 CCMPUT OR 

Time (T) 
Differential Pressure (J'ir - P . ) i ]. 

0-2880, 1440 and 720 pef 

A~bient Static Pressure Pi 

0-2lb0, 720 and 233 psf 

... 

.. ) 

la) Id 

l(b Hp· (f1t ) 

Ro 1 

APPLICABLE P'ORY.ULAF: , OPE'.H'.l'IO~l OR CHART 

a) Select reading of greatest sens i tivity 

b) Determine PT. 
• ]./pi 

or -2 
p 

e) Determine p using chart II 

6 p 
- t, rT/PJ --- C 

p i PT 
/p 

p C pi+ 
( 

6 
P/Pi ) 

P. 
l 

f ) ...ie t, c,r .i ne lip 

lip = 1/,5,447 " 
[ 

l -(,., iiprjo. 19a3 ] 

HP = 161, , 221 - 47 , 907 l,_og p 

R01 • (1 + , 2M2) J, S 

Pi t ot correct i on (unique cmrve) 

Static correcti on (uniq ue curve) 

> 1, 894 

p ;. 4'/ 2. 7 psr. 1 
p,,,:. 47 4. 7 p11!. 

Ref: NACA TR 1235 

I.C.A.O. 



ARWW I PE:(FJ;-(ii.!AfiCE FLIGHT TESTS 

."'...--~--­
- §ppt 195% ....... .... R. \Jn;c, tt IC 5 

I ; mrr - Otn'Ptn' SU'..u.i!n.Y A; i D APPLICAHE ? O RMULAE m CHAfil'S, FO:l I. B .~. 704~ • COlr!PlTI'OR 

INP!!r 

_____ ....._ __ - -- -

ourpur APP~I[CABLE FORlWLA..rr: 1 OPERATIO~ GR CHART RE:.'.ARKS 

l ( d To 
0

iC To "'T~ + .2Kr.12) K .. constant, initially • l 

- - - - - - - - - -- - -- --=--=-------=------------- -- -- -- _,.... -- -- --· -- - ---
P1 Pi = Ro1 p V 'fo (l+ .2Jvi2) 2 (a 

2(L) 

2 (c) 

2( o ) 

m 
( i1/C)l fpm = c. Hp (ft) 

i:, T ( sees) 
X 60 

(:y'c)2 fp;n = LOJO 6. (:,i2 To) 
o T (sees) 

C0/c)1 + ( ijC)2 

VTJ233 

Non steady level fli
5

ht only 

Note:- ~~2: 3945'" ai. for ¾_in 
0 'g' units 

-- - -- -- -- -- -- '---- .___ _.,__ -- -- - -- -- "-- -,--. ----- - - - -- -- -- - -- -- ---- ·- -- - -
I.. Angle of pitch Q de _: . 

5. :-iate of pitch q c Q J eg/sec 

6. Angle of attack J. i 

7. iforc1al accel. a1H (,; units) 

3. Long. accel a1i (g units) 

9. Fuel remain. (14 tanks) 

lO(a) Operational weight empty a W0 

lO(b) C.G. position (C.G.) 0 % M.A.C. 

at lo, JI/ c up, water methor. al and 

alcohol tanks full 

3(a) 

3( b ) 

.3(c) 

3(4) 

A gle of attack J.. 

Normal accel ar1 

Lon g accel aL 

C.G. % M.A.C. (3/c up) 

J..= ,/..il + aJ- g (X - X C.G.) 
J/65 l1i ~ 

Q; fus. datum mel. horizontal 

• t:H:i. • corr!! for te :iding 4, upwash 
:(x-x C.G.)"' vane distance from -C..G. 

• 45.8 fHt 
Inputs relative to A/C datum 
Outputs relative to flight path. 
See P/AERO DATA/92 Iss. 2 fo1 
pitch rate correct ions if nagli ~ible 
instruraentation not at C .G. 

r1 e.ndi F2 ·= fuselage. tanks i'uel r -,main,(r.t..) 3 
useable fuel only 

F:p r4V 1
5

, F6, r7, and 1'g ,. wing tanks (txirt + ~tbd) fuel remain (LBa.) . 

O.G. • W<>x(C.G) 0-22.5 F1-o.5 F2 + 2.8 F3•1a4 14+31 2 1'5+42.J F6+52.8 rr♦66.0 Fg 

-ffo~~F 

See Appendix I 



ARWI I PE:tFOrtMA:lCE FLIGHT TESTS 

LlPl!l' - OU'l'PUf SUMl.UB.Y A:rn APPi..ICAhLE ?OHliiULAf: OR CHAfil'S Fm I. B. !A. '/04 COllPtrrOR 
~ HIMl!l:o..--·-._J··-~- _ , - - _ ....,,,_. ..... 71/PERFL 2 ~ • 

Nov- 1957.. _ R Lfeecbter 

1l'!EJ!!'. 

i 

\ 
l 

! 
I 

I .. 

l,1 ~ L.P.rpmportN1p~ -
- -- -

I 

l 
r. 
I 

l 

I 
I 

I 

I 
I 

I 
I 

i 

l? I L.P. rpm stbd. N1 
Si 

% 

; 

lJ. H.P. rpm port N2pi % 

14. H.P. rpm stbd. N2al 

I 
I - -, - -
l . 

.. Port eng. intake P2p (psi) 

I 
I 

3tbd. eng. intake p2 (psi) 
s 

OUfPl!l' 

4(a) ~ 
p 

4(b) CLw 

4(c) c12 
'yJ 

4(d) N3/ je 

- 5(a) - Nlp/71- - - -

5(b) Nls //r1 

5(c) 
N2p/ /Tl 

5 ( d) 
N2s/ /T1 

- -- .... _ - - -

-

-

-

APPLICABLE FO~ULAE 1 OPERATION OR CHART 

-1L 
p 

Nls/fll 

N2p;/f1 

N2s//f1 

= Nisi X 6774 

✓ T 0 (1 ♦ .21,12) 

= N2pi X 3732 

J-r ( 1 ♦ 
r•2 

0 • -l~I ) 

= H25i 8732 X 

V To (1 ♦ 

· ) 

. 2M~ ) 

S • 1225 sq.ft. wing area 
• 176,JOO sq. inches 

See output lJ(a) and (b) fa. 
thrust corrected values 

-,-- --- -

l'.JO~; i'J2 =, 8732 



AR,iOW I PE:lFOri:.!A: ICE FLIGHT TESTS 

... _,. ,._, .-J._Q __ _ 

.,- Sept • . J-9 57 

~M-r ,-,..g_ .J.J , 

,.,.,._. .,. R, We Ee, t\ IC;B. 

LIP!Jl' • OtJI'PtJI' S!WART AHD APPi..ICAfaLE ?OklWi..AE OR CHAfil'S FOR I.E.~:. '/04 CUlaPUT OR 

~ 

17. Port e~1.;- . L1t,ike P2p (psi) 

13. Stbi , eng. in take P25 (pe1) 

19. Port en£;. intake T2:p (°K) 

20. Stb..i, en~. btake T2s (OK) 
... 

~-- --------------- - --1----------------

21. Tur:Ci r,e Disch. (port) P'/p (psi) 7(a) (P7/p2)p 

7( b ) /~) p 
Ro 1 

22, Tur bine Jisch, (stbd) P.15 (psi) 7(c) (P ·1/P2)
5 

l 

I 

APPr.. I~ABLE FORii lJLAII , OPE1ATIO~ DR CHART 

;;E ·1~~2 w - ' I 2 'I [ 1-(pA7] 
•• '2{f!.1if Y-1 P2/ 

Incre~se ~; surild P! by 1% to allow for station 
~ '" (1 2;•2) of measurement 1 1=J..iit) +•u 
P1 = a,01 p 

"'iii4 

RE:.'.ARKS 

Availability pending,can use 
ar.ibi ent T1 for computations 

"'1 .. 1.4 
A2 • eff~ctive engine face are ~ 

initially .97xgeom,are! 
R • 96,02 for T °K 
WE UNITS IN LBS/SEC 

sq, in~ 

- - - - - - - - - -- - - - - - - - ~- - --- ---- ---- -- --

"'1,255 P7 
___:jL_ 

for P7 -L 
p p 

+ ~ s ( )

,2/,3 

( 
Xg =3.06 p;s -7. 06 for~ CgA1o·P 

p 

1.255 P7 _s_ for~ 

p p 

-~ - . 

~ 
L I-

I 

i 

1, 852 " 

1,852 

1,852 

1,852 

> 

derived from consistent 
unit s 



-~ ~·-----· · • 

I ~,~ ...... 11 

.11L10lf I P&RP'OiUIANCI FLIGHT TESrS 

wvr • ouuvr Stl'IIWAg{ Al/D APPLICA,BLI FORMULAE OR CH~S FOR I,B.l.l. 704 C(!PUTOR 
_ __,. - 7l!PBRtL2 IBS.2 • 

~------------rr-------------r-------- -l'--~~:::, ... ::'!. =-=:...=» 
0
=Y~•=

1=9~5:::7:.::;-: 
I 
·-

I 
1 

I 

23 ) 

24 ) 

Turb. Disch. port T7p °K 

0 Tnr b. Disch. st ba . T7
5 

K 

Port eng. fuel fl ow QP.E. 

d(a) XNp 

p 

:3(b) 

:3 (d ) 

---

9(a) 

X 
~ - (mE V) 

p p p 

Similar t o 8 (a) output 

A
10 

= constant for each en.~· i ne initially 503 On 

A/B off 
= 924 11 " A/B on 

C = constant for al l J7 5 e'lgi~es 
g Chart III Cg vs ~ and Hp , .4/B off 

p 

Chart IV Cg vs ~1 , .,VB on 
p 

(mE V) = WE I~ 65 . 3 '0o 
J2 . 2 x P/1.L,.4 

.L 
'x:} 

= [ )

.243 ] 
3.J6 (~ -1 Cg Al'.) 

' 
p 

' ' for P7 < 1.352 

p 

b 7 must be derived from consi stent nr units 

cl.equire A/B on or off s i,,;nal ( or 
Q,,vB s ignal) t::i ..: iffere 'ltiate AlQ 

ano Cg f or .,VB O 'l and off 

\YE in l bs/ sec. ( see output 6c and c ) 

-- - - --- -- -- - -- -- -- -- -- - - - -- -
I nput Q = out. Q 



na@9WICI FLlQHf Tpts 

ID· am erw w RrHCMLi mwgw cm cwwi, w 1,a.1, 194 ,cc;vvroa 
- .. - ______ _ 12:+. 

_. PP, 1;,sz _ 
__ ......... 71/PW/,2 lS!,2 

a, Jfaechtn 

26) 

127) 

.. 
Stbd. eng, fuel !101J Qs,E, 

Port A/B fuel flow ~P.A. 

Stbd.A/B fuel flow Qs.i. 

~ )- -s;;..a, ;G. Ts {parU ';i;c,;; ~ ~;' 
aid jet pip• No, 45 and 46 FAR/105/1 
Part J, Iaa. 9, 

IJl) 

By•pua ilr P,Il (part) below,. mid jet pip, 
llo,ol or l"AR/105/l Part J, Iss, 9. 

By-pa11 air PB - p~ (port) where PB is 
near fioal nozzle No. 63 FAR/105/1 
Part J, Ias. 9. 

Stl!t .tffLIC,IIBtl raatlJL.Uc ffJB!TJC!' Cll CftC P"OPI 

9(b) 

9(c) Input ~: = output Q 

p l = B.01 p -•- 144 
• 

9(d) Qs,A. / ,r:- T1 = 'T'.J (l+,2M2 ) 
• /P1 VT1 

~~- ◄------ - ---- -~ - - -- --- - - -- --►------- -

l0(b FN (port) 
/p 

Average, upper and lower readings 
f convert , TB from 0 -, to °K 

Take mi,.d jet pipe PB ~ PB near final nozzl, 

1 , 07 

?G 
= --p 

= 

+....£!:. 
144 

p 

i,e. mid jet pipe M ~.Jl 

- PB 

p 

(\ft,+WB) M x 65 ,$fio 

32 . 2 y r /144 

Fa 
-- X 

XG 

-- ( A/B on ) 
XG p 

FC. XiG 

-- X -- ( A/B off) 
XiG p 

Asswne identical on stbd side 

AssUllle identical on stbd side 

Pi = i ndicated ampient stai10 

As sume PB i de ntical on stbd, aid 

'"( ,. 1,4 
As sume i dentical ·on stbd side 
AB a effective by-pass area nea.1 
fl nal nozzle, sq, inches for f>B 
in psi. (initially As • ,93x gac Jo areal 
R = %.02 for T°K 
WB units in lbs/sec, 

Use por t engine data for cal­
culating Fif/p port,arx!. stbd 

engine data for calculating F1¾',s bd f 
except WB(port) can be used to 
~ ~t~~m1 ~e (F~/ p) port and stbd. 

Require A/B on or off ( Q) 
signal 



,-·--------------------r----------, 

i 

fK&ORJWICl FLIGBT TiSTS 

IRR% - QP'Uvt Stp.W AFP 4PPLlCA13LI f9Rl't1W OR CJWg'S 1'0R I.B.Y. 704 CCllPUTOR 
... N .. _..,, ___ _ 

~r, 1 :,s.1_ _ --· _. ••· i@.echte; 

10(, ) f (port) 

----------
11(!) r (stbd) 

APPLIO.&Br..J ,aprotil. oPIRATION OR CH.W 

!!Q_ = XiG X ~ 
p XG p 

.1£.:!Q__ from chart V 
XC using PT

7 /p 

from 8a) output calcs. 

FG 
IiG (A/B off) from chart vr 

knowing p a;r-Pl0 

p 

FG (A/B on) from chart VII 
Xi} knowing /l and Pl0 

p 

= 99',.; P7 (A/B off) 

p 
Assumed 

.!.L... 
'= -~~5 ( :·

1 
) -(1~~%) 

+ 0.8 (A/B on) p must be derived from 
consist&n~ uni t s 

(A/B off) 

- - -P----- - - -- - ---

(A/B on) 

Wi_o = WE + ~ (A/B 6n) 
J600 

½a=[ XG 70745 j"' .[ .0009 ~ + 0.8 , • l.U \YE + ~ -,. ___ P ___ _ 

A/B 3600 XG 
on . 00219-p- - .02 

---1 
p 

,Ys assumed = :;l'.) (A/ 3 off) 

i.e. eng. f uel off s8t s airbleed 
and leakaae ------~------

] 
OK Ia ( ' ' ~( a ) s~. ~ ·---~~--. - ' ----

p output C:a.L C S. 

s = 40. 98 s q . f t. 

= 5, 9'J) s· . '.nches 
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1 

AR (G'ff I P& tf8:tJA::cE FLIGHT ·r ESTS 

L iPtrr - OtrrPUT s:r~A.1Y A. :D APP:.ICAHE ?OffiJULA!:: m Sl!AiITS FO:l I.E.:.:. '()4 CCYPtrr OH 
~ :..i,ei_....:i.. ~.. .. ~ ,_ 71/Pi.~(2 
~:.L1957 __ __ ,~,_,.,. •v___,fu_l'~~ech_ttc1:i: __ 

OtrrPUI' A?Pl..ICABLE FORl-.:ULAF.: 1 OPEIUTI0:-1 OR CHART 

' ' 

I 
i 
I 

l u(bl 

I 
?9,,5 ,'1 I. 

j n (c) ( -:et TJ; 
p 

I .._.12(a) v /; ­

Q 

12(b) ...£... 
FN,; Ve 

i 

i 
1 I 12(c) 

! :i.2( d ) 

1 i I 

M '/To 

r.ten , 1:it erv,;l) 

/ 

i 

! 
! 
I 

i 

j 
I 

' 

from ChPrt !JI I 

rrom Chart 1X 

- i n ' g' units l., 

D 'r' = CJ!'Np FN ) + __ s_ 
\. p p 

(R/C) 1 1i.' 
------ :x 

391+5 M1{fo-

( a.1 X "J \ 
•·· - ~- --- I 

D 

.~ 
~ Dj :z: l 

p 123, 600 !i2 

(;: •· ~o Eo ♦ Q~9. \•; . ... Qp • . ,. 

J~T-!.: = F:sp + FNs 

e • To/288 
. .__ 
'-" .. Qp, ~o + Qp. A. 

03 = QsoEo + QS,A 0 

~r: s ( o( - 2.58°) 

~t r.i-::r!n in ta rvol 

.. , . · c .I i TJ~ Jr7e l I 
' 

'" ., 

Spilleg-3 dr113 coef"!'ici ent 
::,e"3 R~port 7l"l/PillF/l App.II 
t'or deriv'lt.i ~n 

For comparison with ( R/ c) 2 

In s tea dy level fli ght 

D/p = (-P'Np + _F_ Ns) 
" r 

cos ( cl.. -2. 5q' ) 

M"!' RUb '>tit -l T,'3('!L ); ~)h:v t (R/C)::, '•'·) 
, n1 ,r,;;- x n_ 
' - ;lG/, 5 M•1T, 

if (F./C )2 ha s l ass scPtter th ·1n 

(3945 e1 M \iT~) . 

In 8te~ dy l evdl fl i g ht c0 do 0 e 

not occur :i.t me , ~1 i "' t er,!l l 

- -- -- --- --

L I ;; --~------·--- -·------------~--~---- ------- ------L----------------------·--·---~------------- ------· ·-- ---1 



L1P:Jl' - OTJrPUT 5 :.,-;,;;.A.rt A. :t, 

L---------------nr-------· 
I 

j 

L-~-----------
I 
I 

I 
l 
I 

I 
I 
1 

I 
I 

I I 
' 

I ... 

I 
I 
I 
I 

lJ(<t ..1:... 
p 

! lJ(b 

i 

OTJrPUl' 

14(b ~ ~ (stbd) 

14(c R (N.A.MJ 

I 
! 

~N (Wo + f.F) 

p/11.4 

where 

Similnir to 4-t) 

15 
~ : ,•./" , • ..--., 'f:",:, ·'<!~ - · · 

~-'C,,....-r ~-..... ·-- --
P. ·"a ,; e>i.tar 

. 1-":itir"- ..... __ __ ._ -

- (;N po,:t + stbdo)sin(c:{ -:2.'i8o) 

~ = 1.4 
8 C: l 7t\ 300 s-q .1 nches 

where 2.58° = anP,le of thrust nxis 
relative tc f uf elas e 
d'l tlll'l 

Note:- PB (na:u: exit.)~mea.sursi 
mid jet pipH PB .x 1,07 

---- -- - - -- -----
Inc re 'lse mcas11red r:2. b y 1% to a llo·.­
for st;i tion of :ne 'lst· r cment 

R : ~ (.38095 M ff;, X 6, THRS) 
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Chart I (nose proue pitot correction) of 

• ( ::i) mau, P~; wharo ~; • • ( ~') = ~ 
will be inserted when flight results become available• 

Initially t:. ( ~i) 1s assumed zero, until flight results 

prot'e otherwise, 

Chsrt I 

Iss.2 

DATE 

Nov 0 1957 
DATE 



AIRCRAFT: 

EK Al/RO AIRCRAFT LIM/TEO 
MA L TON • ONTARIO 

71/PERF/2 .&PP.I REPORT NO_.:___...:__ ______ _ 

SHEET NO 1 
TECHNICAL DEPARTMENT 

A.RRO!f I PERFORMANCE 
FLIGHT TESTS 

PREPARED BY 

R. Waeohter 
CHECKED BY 

Nov. 1957 
DATE 

AIRCRAFI' WEIGHT A.'W C,G.DATA (l"or 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 lb. ballast at sta. e6.60" = 48,718 lb. 
with C.G. at sta. 545.JJ" = JD.2% M.A.C. 

MK I first flight,o.w.E. with 1432 lb. at sta. 39.lb" and 16~ lb. in H~v. 
seat= 49,356 lb. 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 
flight" condition with u/c up and water methonal and alcohol tanks tull, 
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 1.• -.;; 1/C 11oditic-Uons~ 

Correction tor '3/c down and water methonal and alc 01:,,1 tanks empty ■ 
+ 0.8%. Using fuel system proportioners, aft C.G. limit f ·nerefore are 

Jl.% 11.A.C. tor Standard MK I 
JO% M.A.C. for Ml I first flight. 

Effect of u/c position is such that the C.G. is 'shifted aft bb .s~ 
M.A.C. at 43, 50J lb. A.U.W. and .J9% 11.A.C. at 68,561 lb. when the '/c ii 
selected down. 

Draining of the water methonal and alcohol tanks : ,~:,:. ·> ' a mean aft 
C.G. shift of approx. 0.22% 11.A.C~ These tanks should alw&ys be rull or 
ballasted unless specifically mentioned in the flight report after eaoh 
flight. 

For the standard IIK I airplane, with U/c up and water methonal and 
alcohol tanks t'ull, and using fuel systu proportionere t b" ;;.lrcrai't C.G. 
position varies linearly from 29.68% 11.A.C. at 68,561 lb. A.u.w. (full fuel) 
to J0.20% 11.A.C. at 48,718 lb. A.U.W. (no useable tuel). This total 
variation is only 0.52.£ 11.A.C. with a rate of change of+ .026% per 1000 lb. 
decreass:1.A.U.W. Hence C.G.position could readily be estimated "by hand" 
at any stage of flight knowing:• 

l) Initial C.G. position, (C.G.) 0 
2) Total fuel used.in a given flight, l" (lbs) 
J) Flight ti■e to point u.olier consideration tlT and 
4) Total flight time, T 

i.e. C.G. position • (C.G.) 0 + ~ x F x ,026 
T ~ 
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This value can be used to check an •IBM 704 computed" value baaed on 
f'uel re111aining measurements from 14 tuel tanks, Thia latter ■ethod is ■ore 
uµiverisal in determining C,G. position !or an:, poaaible variations 1A 

DATE 

fuel sequencing but depends on the reliabilit1 or 14 fuel tank aeaauruent,. 
The following table gives the useable fuel capacities and horizontal C,G, 
positions or the•14 f'uel tanks. 

Tank Useable Fuel Capaoit1 C,G. Position 
at 7 .8 lba. oer aallon Station SIi . .l c. 

l. (tuse)age) 2161 lbs, 354.35 11 -22.5 
2. (fuselage) 2192 • 433.99• - 0.5 
3. (port + stbd. wing) 2355 " 446.1411 2,8 
4, • • • 1404 " 502.47 11 18,4 
5. • • • 2278 • (collector) 548,87• 31,2 
6. ft • " 2402 ft 589.11• 42,3 
7, • • I 4352 • 627, 57" 52,8 
8, • • • 2622 • 675,52 11 66,0 

19,843 lbs.Total 



'7M«" -- AVNO A/NCNAFT LIM/TEO 
M.a.LTON ONTARIO 
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REPORT No. 7],/Pert/2 App 1 

SHEET No J 

AIRCRAFT: PREPARED BY DATE 

ARROW I PERFORM<\NCE l"LIGl-'T 
TESTS 

R. Waechter Nov, 10"7 

CHECKED BY 

Note i lf.A,C, " // = c.o. sta. -4J5.s2 
362.61" 

X 100 

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

e) Denote fuel remaining in fuselage tanks as 11 & F2 

b) Add port & etbd wing fuel from corresponding tanks and denote 
13, 14, F5, 16, F7 & Fg. 

c) Denote O.W.R. = W0 and initial C.G. C W0 • (C.G,)
0 

tor U/C up and 
water methonal and alcohol tanks full, Then at any time during 
flight with U/C up:- C.G. i M.A.C. s 

DATE 

Wo x (C.G. lo -22,5Fl. -0,5F2 •2.BF, •18,4F1.. -.31.2F,; •42,31'1, •52,81"7 •66.ors 

Wo • t_p 

It the aircraft is weighed prior to flight with full ruel,and C.G. 
determined by relative weights on main & noee wheels, then (C,G.) 0 tor U/C 
up= (C,G. as mesa. U/C down) x (W ea meae.) -28,4 x 19 1 843 -,55 x 48 1 500 

(Was meas.) -19,843 

Where 28,4 = fuel C.G. position (% M.A.C.) tanks full or porportionetely full 
19,843; useable fuel tank fuel when full (lbe) 

,55: A/C C.G. ehitt, ~ M.A.C., when the U/C is selected up OW• 48,500 j 
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PREPARED BY O"TE 
AIRCRAFT: 
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ACCURACY REQUIRED IN C .G. MEt.SUREMJl'.Jll' 

1, At 50,000 feet CM• 1,5 O 1.5g, 1° change in elevator angle changee aircraft 
dreg approximately 4% (ref:- 72/PJ§l.F/4). 

2. At 50,000 feet o M • 0.9 to 2.0 o lg, a ehift of~ MA.C in c.o. poeition will 
change the required elevator angle for 
trimmed flight by 10 (! 0.20) 

3. 1° elevator change per~ 1'\C ehift in C.O. poeition at 50,000 feet at M = 
0.9 to 2.0 O lg is directly proportional 
tog loading and Will approximately double 
ite value at 6o,ooo feet. 

4. Ueing 50,000 feet OM= 1,5 C 1.5g ae deeign criteria, then 1.o•e1evator 
change• l,33~ W.C ehift in C.G. poeition 

• 4.0~ Change in A/C drag. 

Therefore, for 1i error in drag, elevator angle must be meaeured to within 
! ¼ or f 0.25° and e.g. position muet be measured to within! 1,33/4 or 
i 0,33~ K.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, 
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