


ÀVfiO A/nCPAFr If M/TED 

AIRCRAFT: 

FILE NO: 

TITLE: 

MALTON - ONTARIO 

TECHNICAL DEPARTMENT (Aircraft) 

ARROW 1 A/C 25203 REPORT NO: 71/PEKF/2 ISS»A 

NO. OF SHEETS 2.2 

PBQGBAMMING FOR PERFORMANCE DATA FROM AKRO¥ 1 
AIRCRAFT 25203 (PHASE II) FLIGHT TESTS ' 

N F? C - C 1 • J I 

AERO I M.E. 
LIBRARY 

89- 05- 1 Z 

BIBLIOTHÈQUE 
AÉRO I G.M. 

r-MRC — I C I S T 

APPROVED 

FOR RELEASE 
DATE S'? ��

APPROVED 

DATE Sept. 1958 

DATE Sept. 1958 

^DATE 

PREPARED BY 

RECOMMENDED 
FOR APPROVAL 

I. Wilkinson 



AVRO AIRCRAFT LIMITED 
MAL TON - ONTARIO 

REPORT NO. 71/PEPJ/2 ISS.4 

SHEET NO.  i  

TECHNICAL 

AIRCRAFT: 

ARROW 1 A/C 25203 

DEPARTMENT 

PERFORMANCE 
FLIGHT TESTS 

PREPARED BY 

I. Wilkinson 

CHECKED BY 

R. Waechter 

3ept. 1958 

Sept. IQ58 

PROGRAMMING FOR PERFORMANCE DATA FROM ARROW 1 AIRCRAFT 25203 
(PHASE II) FLIGHT TESTS 

SUMMARY : - 

��

This report outlines the Avro computing program to be used 
during 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 -computations. 
All 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 Ig. , 
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 leveis, 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 .final computed results. Partly for convenience and partly by 
necessity 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 answer 
is "scattered", it is hoped to interject a smoothing process into the 
energy term such that a relatively smooth answer �Sill 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 units of knots and psi. respectively. It is 
therefore required to convert these values to consistent units before 
applying them to the formulae herein. 
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All 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 
1 or 2 seconds; with the following^exceptions; 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 

71/FAR/29 
R.F.T. 5059 
71/FAR/33 

Input Order for Performance Program 
71/PERF/2 Iss„4 
Arrow 1, Phase 2 Instrumentation 
Arrow 1, Phase 2 Testing 
Preparations for Phase 2 Perfoimance Testing 
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SYMBOLS 

ASIE 

AA 

aB 

Ac 

Ajr 

A10 

aL 

an 

B 

CL 

CLW 

CD 

Cg 

D 

DS 

E 

FG 

FN 

fl,2 

G 

g 

H 

- Airspeed indicator reading 

- Axially projected area of aft divergent section of ejector 

- Effective by-pass area near exit 

- Axially projected area a£ convergent section of ejector 

- Axially projected area of forward divergent section of ejector 

- Primary jet nozzle area 

- Longitudinal acceleration 

- Normal acceleration 

- Sonic Mach number function (depends on position error) 

- Aircraft lift Coefficient 

- Aircraft lift coefficient neglecting thrust effect (i.e. based 
on weight only) 

- Aircraft drag coefficient 

- Gross thrust coefficient 

- Aircraft drag 

- Spillage drag 

- Total aircraft energy 

- Installed engine gross thrust 

- Installed engine net thrust 

3 - Functions of Mach number 

- Quantity of fuel consumed 

- Gravitational acceleration 

- Altitude 
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SYMBOLS (Cont'd) 

Hp - Pressure altitude 

Kp - Fuel density at 0 °C 

K2 - Decrease in fuel density per degree increase in Tjr 

K-t - Temperature correction factor to Cg 

L - Aircraft Aerodynamic lift 

M - Mach number 

- By-pass Mach number 

Mi - Mi at which M = loOO 

ZMpEC - Static position error correction to Mi 

AMpECP- Total head position error correction to Mip 

m - Inlet mass flow 

mi - Actual inlet air weight flow 

mo 

Ni 

N2 

P 

pth 

P 

PA 

% 

Nominal or capture air weight flow 

Low pressure compressor RPM 

High pressure compressor.EPM 

Total pressure (capital P) 

By-pass total pressure 

Inlet throat total pressure 

Static pressure (small p) 

Ejector manifolded wall static pressure (divergent section aft) 

By-pass static pressure near exit 
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SYMBOLS (Cpnt'd) 

X2 - Pressure thrust (convergent section) 

X3 - Pressure thrust (divergent section fwd.) 

X4 - Pressure thrust (divergent section aft.) 

cxf (alpha) - Angle of attack 

y (gamma) - Ratio of specific heats 

5 (delta) - Pressure ratio 

l'I (M) - eta (M) - ratio of the total head pressure behind to 
that in front of normal shock at Mach number 

. M if M P- 1, and (M) = 1 for M-< 1. 

6 (theta) - Temperature ratio 

p. (mu) - Mass flow ratio 

I 

i 



ARROW I -  PERFORMANCE FLIGHT TE^. 

INPUT ^ OUTPUT SUI-3-1ARY AND APPLICABLE FORi'.ULAE OR CHARTS 

OUTPUT’ 

No 

i 
ii 
iii 

INPUT 
Æ READ 

Run No „ (t F'rprve No Flight NOo'j 
Initial Time, hrejminjsec 
Time Interval Per Frame 

1) 

2) 

A0S0IURU (MOPCHO) 

HR 

CORK» 
FOR ll^iST» ERROR 

Vi (knots) 

Hi 

o ba raear 

j i | Flight No» Run No» & Frame Ni 
ii , Time Base (* =0001 Min») 

or * o01 secs» * 
-j  

1 ») 

•j ; 

t f 

M * 



w 

iais 

ARTS FOR 704 COMPUTER 
SHrrr HO % 

DAT*-. June 1958 
H«cf-o*rr No. 71/P£RF/2 I So ,,U 
"HE., BY P„oi*A£CHT£R 

Cleaned ru.ng output» 
(XS n , 

me No0 ^ 
) 
:So * 
— 

APPLICABLE FORMULAE. OPTION QK CHART 

Time Baae » Frame No 0 - Initial Frame No0 
x Time Interval Per Frame 

i Determine M from Mousing Charts 1A & IB 

it,eo Kip ��û MpECP >' % Chart 1A 

and Ki *��A MpgC •» M Chart IB * 

Determine Ki using the following formulae 

�Note; 1MPK » rS68fy Knots 

Total head position error correc- 
tion 
Static position error correction 

where 

-1} 

for M > 1 

This equation contains two unknowns' 
when Mwl, i.e0 M 4 For small ��

| supersonic AMpjjc it can be assumed 
M s Mjp, For large supersonic£»Mpgc.! 

successive approximations are 
required, but the second should 

; suffice » Normally, supersonic 
AMpsc ��0 o 

and FV. (M) e 1 for M£ 1 
Hence it must be determined whether M»1 

or • Vi 0-1461 , ^ Pi ��1 
i PS=Lo 

2/7 -l where B =j(l a Ç^a)3°5-l]â M o l( see Chart IB) 

(MB.LO) substitutes Vi for M in the above 

equation for \\ (M) 
and (Mg0LD) ® 1 f°

r Vi<£660 

_Ei . (1 - OoOOOOOéS? Ki) 5«2603 

PS.Lo 
for Hi$ 36,089 

0.253W* -<>.»wei(Hi-5«.os9)for Hi>36>08^ 

r 



AftSOW I Po-vF-'j.-ClA CK FLIGHT TESTS 

I^Pin' - OUTPUT SWàktXi A.D APPLIGAi?LE FOi^ULAF OR CHA.ffS FOft I 

No, 
lAPLT 

AS RcSJ) 

Ambient Total 
Temperature TJJ °C 

COKRp 

TOK INSTo KftROR 

Ti °G 

/ 

"OUTPUT 
All outputs denoted # are to be moaned 
between successive runs u Remaining output 
are m eared . during computations „  

Kb) 

Kc) 

Kd) 

2(a) 

2(b$ 

2(c) 

2(d) 

Hp 

^ * 

T ° K 

R (N.A.Mo) # 

(R/C)1 (fpm) 

(R/C)2 (fpm) 

R/C 
ïê' 



TESTS 

IHAiffS fpa I.B.B. 704 CCMFUTCa 
s*rmr 71/PZhF/2 ISS04 

~n**. m- R^AECHTEH 

e moaned 
ining outputs 
onso ^ 

APPLICABLE FORMULAS, OPERATION OR CHART REMARKS 

p « 1 •». 0o2M
2 

(PoSolo) 104MAMpjg + 1 A 0o2M2 

(7M2 -DM ...,x \ 

7(2M2-1)AMPEC^M(7M
2%1) (PS.L) 

D=7 

x Do7 

1 r 

„p = U5,u7 [X »•»«]- 

= 60,820 - 47,907 log 10 p ��

P 3 = 5 
R0i B ( 1 + 0o2ir) 

273 
(l+0o2KMD 

for 1 J derived from English 
Electric Coc 

�Aero TN= AE 67 * 
Equations 12 Sc 13 

for M > 1 

for p a* 3 = 2831 

for 3,2831 

KB constant, initially assume =o 

R ijÔoôJOdjf)^ ATjjjfjgj 

T^KHSAM �) 
AT (mins) I 288,16-,00198HP 

. . , «MEAN*1 

67,2A(M2T) 
AT (mins) 

(R/Ox » (R/C)2 

(fee) 11EAN 





ST; 

mimrr Ka ÙS. 
DAffc_jJyne 1955; 

^oKr^JV.P^ 13^4 

«»i»«i». w J§j»WAECHT£S 

meaned 
outputs APPLIGJWLE FORMULA!';, OPKdAl'ICN OR ART R&ARKS 

W » W0 - [Gp£ ��GSE > 0pA + GSA] [Ki-Ks Tp ° C] 

where Kj_ m lbs, per gallon @ 0° C, initially assume » 7»8 

("change when necœeary, 
(aepending on hydrometer checks 

K2 « decrease in lbs per gallon pet degree 
ini 

an " [(&ni)M - 008 008^ 
+ C(*U.)M ~ s^n 63sin^ + cos ® 

e 

&L = CaLi)K ~ s^n 0] cosot 
- [(ani^M " cos ®] sin ^ 

1 f (R/C)! sin 
3945 (M/T)^ 

o(. is obtained from chart II knowing CLW and M 

1 / anw\ 
ï iruz-J 

MEAN 

increase in Tp C 
tially assume = ,007 

Inputs relative to A/C datum 
and outputs relative to flight 
path0 Subscript 'M* denotes mean 
value for successive points 

where C Lw 0,75 [p 

» S « 176,400 square inches 

ioSoOCa fl (M) + CLw f2 (M) + (an - l) f^ (M) 

derived above 

(R/C)3 fpm = 3945 aL (M/T)iffiAN 

bote: Successive approximations are 
required to determine CLy&ajj,, 
i.e o First approximationshould 
use ani for an in the equation 

  for CL^  

Outputo( can be compared to cockpit 
readings of angle of attack vane 
positiono 

(R/P3 is equivalent to (R/C)2 
except that it Is obtained by the 
accelerometer method. It is hoped 
to obtain a comparison of methods 





1 
hr 

‘EST: 

!A.g3 F( T: I.T.,,. ',0^ Gi^riTi'Sii . 
SMUPT KO ^ U 

Jun« 1958 
is?.. 4 

iUWAECHIiift 

iç meaned 
ij^ng outputs A?rTIG;Vi;LE FQK^UTV':, TE.^Al'IC.. a Gj-ACT fin A,TES 

«PE 
60 

A THIN 
[KX - K2 TF 0 C] AGP.E Note: 1 "Hg >.4912 psi 

Ki & K2 are defined previously 

Ç?A» QsE> ^SA derived similarly 

Ti - T °K (l + ^M2)^ 
P2 obtained at mean interval 

^2 " ^2i x 8731 for P-5 engines 

6 - T°K 
288 

n2 “ N2p �*• N2S 
2 

V-38O95(M/T)m> S= p/i407, Q = Qpg * Qgg 4 Qp^ *� QSA 

Pi « R0]L p (psi) 





rESTS 

lAxiTS Foa I.B.i.:. 'iQl C;,tdPUTO;i 
�us 
June 

WWOWT Mo. 
••«*»>. Wf. 

71/PÆF/2 ISSo4 
RIWAECHTER 

Iç mcaned 
i3,n^ outputs APFLIOADIE FOKilULAS. CPS.'.ATION OR CHART REi AitKS 

* 

* 

(port or stbd) 31 % - ^ 
P P g P 

where 

XQ = [i-258 £2 - i]cg K^Aio X Kt for £Z ^ 10852 
L p J p 

s 80O6 f^J248 { 
:g% A10^or -2 xi 10852 

A^Q =509.. 5 sqsin A/B off Average for port and 
= 939o0 sq.in A/B on stbd» engines see yO/PEijiyi 

APPoIl Iss» 2 , ( . .    
^g ^ ^t ^roni Chart III knowing _Z > Ty & Py for A/B off ^ (^PA ^ ^SA^ signals to 

£2 Cg from Chart IV knowing p for A/B on Kt&KQ-l 

V , £sx 
g p st2 p v/l+o2ir 

where ,£g.i^2 is obtained from P0WoA0 Curve No» Inist» 27739 (la test rev» V18-58> 

Knowing ^l/ /g- = ^ N1 x 677g 

‘2 

2 also obtained from P»W„Ao Curve No. and £ A 
^t2 

knowing x 6t2 

6t2 (ê^p.24 ét2 

Qp = Qp2 + QpA derived previously 

^5 = ^SE + %A derived previously 

6 B T/288 

Require A/B on or off 

differentiate A-^Q and C 
for A/B on and off 

wa/©t2 Y P2 
x ï?-2h 

Inst» 27739 

x 76 »2 
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, U : ;„r!'Y: 
svieer KO 13 
DA-r»_^LY 1958 ^RCP. 

71/PMF/2 ISS0 k 
HoWASCHTKE 

FOd. X.\\, 

= 286 

‘W 

^3 
Wgp a 

-1i> A.t.<3 

Jots: 1 "Hg H c.4912 psi 

,286 

MBP ABP PBP PBP^ or i 
JTBP+273 \pBPJ 

i WBS * Mes ABSL PBS J h If 

= 286 

-'MEAN 
=286 -, 

\ 

^3+ 293 \pBS/ J MEAN 

"(m V) BP WBP hBP JÜ 
PMEAN ^ g 

sind^ar to (m V)Bp above 

X J (TBP+273) 

ABP a Ag^ ” effective by-pass are|r 
' g 

in plane of nozzle openprf „90x468»421 

H B 96o02 

. £ js_ 3.-2 g 2            

MEAN 

-i) 
aBP 

^PBS - ij ABS 

L2P 

J^s 

ACP 

~ PCS^ ACS 

^PPP “ Xj aFP 

^PFS' ~~ lj AF3 

ACP = ACS �' axifil projection 
n I 

of convergent section s 645°  

App B Apg s h axial projection 
H 

of divergent section = 287°  





��î'EST: 

:;;'A.iT3 F. i.: .... ',04 g . 
SH«teT KO J* 

JULY 1958 
Ko 71/PihF/2 ISS0 4 

^ AoWAfîCHX£R 

,bt cleaned 
ining outputs xuitat_ ^ 

AT':'MCA! ba FO.C ^bi'., TlTAATir;:. . A GH ART 

X4P 

P 

FNP 

P 

(f-1) AAP 

Hc. A.'cKS 

AApaAAs=^ axial projection of 
»t 

divergent section » 28?° 

(f - ^ 
Fçp _ mpV _ Dsp/ 

where Fçp « / Xpp\ 

P l P / 
+ I^WP ��X1P f X3P 

P P p A/B off 
mean 

/^Pj + (mV^p ^1P ^2P 
^ P 'A/B ofa P P P 

mean 

x 1 
+ 

+ m 
PI 

for A/B off 

+ X^p for A/B on 
P 

, mpV and 1 WaPV\ 
g P / 

mean 

y. [IM 
Pmeanv 

Notes 

and foaPV) 
\ gP^mean 

A/B on or off 
mean 

are obtained from 
calculations for 
output 9 aK 

see report 70/PBBF/l App, II„ for 
derivation of this spillage drag 
coefficient formula,. 

) CDS 

SÜVmo) Fr°mChart^ 

From Chart VI 
P1 “ 

Wap derived in 15a) output «ale? , 

Similar to FNp/ above 
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1 V, n 

EST: 

iAfflg. /QH i.E.u. 704 cof^pirroa 
   JULY 1958 

»«T NO. 
71/PERE/2 1SS,4 

oner, m RoWASCHTER 

< mesned .. 
ing outputs APFllCADLE FOPui'UL.VK, CPSaATION OR CHART REVARKS 

û££ „96. £2? for A/B off 
P p 

C- R 
. x M 
O967 p 

Similar to P]_QP above 

P 

lo208 
+ 0C8 for A/B on See 70/PERF/l App0 II for derivatior 

IHQ « 1003 pM 

miP ��(waP)^an + WBP + 3 

vdiere is derived in 15 a) output calcs0 
Wgp a output 10 c) 

Constant 3 assumed m overboard 
cooler air flow 

Similar to im liP/®o 
•above >' -V 

I » 67»3 M* T + Hp 

D/p « /FNP + FNS\ COS (^-»2058° )_ £ x _1 

P MEAN ^5O8M ^ ^ 
^T(secso) ) 1 

CD 3 D/p x _1  
123,480 

V D » a P » an (|) - /"£NP 4. £NS\ sin (0(-2„58O) 
V p P / 

CL ��where = 1„A 
ÏM2S S « 176,400 sq.inches 
2 

where 2058 & angle of thrust axis 
relative to fuselage 
datum , 

A Ü « 65O8 (Mj^~aL)M^AN x A T(sec&) + A H 
W 

See calculations opposite inputs 20 & 21 

Tx OK s î ( 1 - ,2 M 2) 

This relative specific energy terfi: 
may be compared to the absolute 
specific energy" term 16 c) as far 
•is slope and scatter is concerned 

I 
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Chart IÂ (nose probe pilot correction) of 

A %>gcP versus Mjp where Mjj? + A %>ECP = 

will be inserted when flight results become available. 

Initially A MpECP is assumed zero, until flight results 

prove otherwise. 
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TECHNICAL DEPT. (AIRFRAME) 

AIRCRAFT - - ARROW 1 

WEIGHT 

C. G. POSITION 



The following data is output from Arrow 1 performance flight tests 
and subsequent data processing according to report 71/PEKF/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 department, instead of the 
order shown in the input - output summary tables. 
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