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This report presents graphical solutions of the performance 
equations for the Arrow II aircraft, for the various initial conditions 
and constraints tabulated in the Index. The solutions were not ' 
restricted by any altitude or speed limitations, but turns were con­
fined to 180°. grrors should no• constitute more than a 5% deviation 
with respect to the information used for thrust, drag etc. 
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Thrust Mechanization; 

Maximum thrust for two Iroquois engines with maximum afterburne;s 
was used throughout the program. The values or 2FN were obtained from 
the product 2Ft~ where 2FJ and FN/Fn are functions of Mach number 

FN 
and altitude :eespectively. This product yields values or 2FN which are 
everywhere within 2.5% of the values given by the carpet, and over most of he 
range the error is considerably less than this value. 

The function 2F•~as generated as a smooth curve in the mechanization, 
but the function FN/fJ"was broken down into sixteen straight line seg­
ments. This introduces an error which nowhere exceeds 0.4% and is 
generally much lower than this figure. 

Drag Mechanization; 

Six separate drag functions were mechanized to . cover the entire 
range of altitude and Mach numbers, and these functions were automatically 
switched by means of relays actuated by the parameters of the equations . 
Since variations o~ up to! 5% could be encountered in the values of D/ pa 
at switching, a lag network of transfer function 1/(1 + .ls) was intro­
duced to smooth these diaco·ntinui ties out. 

The drag equation for M= 0.8 to M ~ 2.1, all altitudes is 

Q = A + B2 ( n! x 10-4 _ Q) Z 

Pa Pa B 

where A, B2 and Qare functions of Mach number, generated in straight 
B 

line
2

segments, ae shown in the appendix. Four separate functions of 
A, B and C/B were generated to allow for valuesof nW/pa> 35,000 and 
nW/pa< 35,000 with ailerons deflected and ailerons not deflected. 
Ailerons were deflected at 45,000 ft. for increasing altitude and 
returned to neutral at 42,000 ft. for decreasirlg altitude. 

For speeds below M = 0.8, two further drag equations were mech­
anized, as follows1 

(l) 0 {nW/pa<4l,lOO ti- ---- D/pa = 10001,r? + 2.4xl0-6 (nW/Mp )2 
, a 

(2) nW/pa> 41,100 ,I---- D/pa = -500,i + 3.3x10-6 (nW/Mpa) 2 

These equations are for ailerons in neutral position only. No 
equations were mechanized for ailerons deflected, since Mach numbers 
below 0.8 were not anticipated at altitudes above L.2,000 ft. f\l9 

\lll 



• 

• 

• 

~ Al/RO A IR C R AFT U M ITF/J 
M ALTON O N TARIO 

TECHNICAL DEPARTMENT 
AIRCRAFT-

Arrow II Dynamic Manoeuvers 
R. R. Cule 

This drag mechanization is valid only for ·c.G. position at 
29:5% MAC. 

For manoeuvers with missiles lowered an additional drag increment 
as given by the following should have been included. 

(1) 0 < M ( 1.0 ---- 60/pa = 681 'rl-
(2) 1.ofM~2.1 ---- M/pa = 866 llf 

This additional missile drag was omitted because of lack of com­
puting equipment. 

Mechanization of (nW/p
8

)max.: 

The maximum value of nW/pa w&s generated as a· smooth curve through 
the points listed in the appendix. The values are limited by the buffet 
boundary, for M ( 1.08 and by available trim for M '} 1.08. Hinge moment 
limitations were not considered, and since n was limited to 5.5 'g' 
they were seldom exceeded. Hinge moment limitations may be found in 
P/Contw:,1/105 -- Trim angles and Flig~t envelope limitations, (Elastic 
Aircraft). , 

Fuel-Flow Mechanization: 

Rate of fuel consumption for two Iroquois engines at maximum 
afterburner is obtained from the equation 

2wr = 2w;.~ 
I'/* 

f 

where 2w; and Wf/w; are functions of Mach number and altitude respec- . 
tively. Fuel flow is limited to a maximum rate of 35.5 lb./sec. 

It was at first attempted to take the changing mass of the air­
craft due to fuel consumption into account in the dynamic equations, 
but this was discontinued when it was found that the extra computing 
errors introduced by the equipment were greater than the incre ase in 
accuracy gained. 

The error introduced by neglecting the change in mass does not 
exceed 3% for the manoeuvers performed, and is usually less than this 
value. 

Data for all of the above mechanizations was obtained from Mr. T . 
RobePts of Performance Group. 
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Appendix 

1: List of Symboil: 

.Description 

A 
52 

function of Mach No., used in drag mechanization 

C/B 
D 

2FN 

" It n 
n n n n 

total aircraft drag 

n n 
n • n 

It 

n 

n 
II 

2F1.f .....• 
Yri_F; ..... . 

H •..... 

thrust of two Iroquois engines, max. afterburner 
function of Mach No., used in thrust mechanization 

" 11 a!tit6.de n II n " 

altitude 
L 
M 
T 
V 
w 
Wf 

2Wr •••••• 
2WJ. ..... . 

wr1w;. .... . 

a 

total aircraft lift 
Mach number 
aircraft thrust 
aircraft forward speed 
airer aft weight 
weight of fuel consumed (on curves from computer) 
rate of fuel consumption, both engines 
function of Mach No., used in fuel-flow mechanization 

" " altitude 11 " n n 

speed of sound 
acceleration due to gravity 
unit vector parallel to air craft motion 
aircraft mass 
load factor 
unit vector perpendicular to 1 , in manoeuver plane 
ambient atmospheric pressure 
distance along aircraft trajectory 
time 
Cartesian co-ordinates of aircraft tr ajectory 
in the manoeuver plane 
angle of attack 
angle turned in manoeuver plane 
roll angle 
angle of inclination of manoeuver plane to horizontal 

Set. 

.!lnlli. 

in2 

lb. 
lb. 
lb. 

ft. 
lb. 

lb. 
ft./sec 

lb. 
lb. 

lb./sec 
lb./sec 

ft./sec
2 ft./sec 

slugs 

lb./in 
• rt. 
sec. 

deg. 
deg. ' 
deg. 
deg. 
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2. Drag Function 

Case (1) Ailerons Deflected 

(a) nl'l/p8 ) 3~,000 

JL ..L -1L £ .JL 
Q 

..a.. 

0.8 0 0.8 4.14 0.80 .08 
1.0 2750 0.95 425 0.90 .so 
1.1 4300 1.05 442 1.00 1.25 
1.2 5500 1.15 470 1.05 1.42 
1.3 6600 1.325 526 1.30 2.49 
1.4 7600 1.40 547 1.35 2.78 • 1.8 10500 1.50 479 1.40 2,90 
1.9 11500 1.60 428 1.60 2.58 
2.0 12850 1.75 372 1.75 2,50 
2,1 13750 2.10 256 2.10 2,50 

(b) nW/p 
8 <. 35,000 

.JL ..L .JL ~ .JL j_ 

0.80 0 0.8 342 ,9M - ,61 
1.05 2700 0,8 311 
1.10 3400 1.0 280 
1.15 3950 1.1 250 
1.20 4410 1.2 223.5 
1.40 • 6000 1.3 200 
1.50 6800 1.4 180 
1.60 7700 1.5 166,3 
1.80 9575 1.6 161 
2.10 12,950 1.7 162 

1.8 169 
1.9 182 
2.0 • 195 
2.1 208 

• \\-\f\ D 
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Case (2) Ailerons Neutral 

(a) ntl/p > 35,000 
'1) 

a \~ 
' \ 

_M_ _!__ JI.. ~ _M_ _j_ ,, 
I I 

,, ' 

0.8 700 0.8 415 0.8 I o, 
0.9 1100 0,9 422 1.25 I, 2;15 
1.0 2400 0,95 428 1,275 '\. 2.2,4 
1.15 5300 1.00 436 1.3 ,i 2-~ 
1.2 5900 1.05 450 1.325 2.30 
1.25 6350 1.1 470 1.35 .2.32 
1.35 6950 1.2 512 l.375 ~ ,315 
1.75 8950 1.225 522 1.4 ~-31 
1.85 9800 1.25 528 1.45 2·.255 
2.10 • 13300 1,275 530 1.5 2'.175 

1.3 526 1.55 -;..06 
1.35 509 1.7 / 1.61 \ • 1.5 446 i 1.75 i 1.46 ' 
1.8 304 / 1.775 , 1./394 \·, 
1.825 296 1.8 ' 1,365 
1.85 292 , 1,825 I LJ9 
1,875 293 1.85 1.41 \ 

\ 

1.9 296 1.9 l.t56 
\ 

2.0 323 1.95 1.80 
2.1 358 2.1 2'.73 \ 

,, 

(b) nN/pif-35,000 I~ I . ' 
'' 

~~ 
) / 1/r' /; ..lL _!__ JI.. .JL I ..L 

,I .. ... 

0.80 700 0.80 530 0.8 J; 0.3 
0,90 900 0,95 380 0.9 I 0.39 
0,95 1450 LOO 345 1.0 I o.46 
1.00 2000 1.05 328 1.1 0.50 
1.025 2450 . 1.10 324 1.2 \ 0.51 
1.05 2800 1.70 34!J \ 1.3 '0.63 
1.10 3300 1.75 338 .1,4 ,,.;0,93 
1.4!) 5600 1.85 310 '1.5 \i'.19 
1.70 8400 1.95 258 il..6 / 

1 
1.33 

2.10 12600 2.10 139 l.'7 1.42 

• 1.8 1.46 
1.15. 
1.41. 

2.1 ,1.35 • 
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3. Maximum ~ 

.JL ( if! l max Ultef:A&SJFIED 
.2 4910 
.3 10680 
.4 17660 
.5 24900 
.6 32300 
.7 40300 
.8 49200 
.9 6oooo 
.95 67000 
1.0 73200 
1.05 82000 
1.10 89700 
1.15 86500 
l'.2 86800 

• 1.3 88800 
1.4 916o0 
1.5 956ov 
1.6 100700 
1.8 110100 
2.0 126200 

• U~IFIED 
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