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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 limitetions, but turns were con-
fined to 180°. Errors should no* constitute more than a 5% deviation
with respect to the information used for thrust, drag etc.
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Thrust Mechanizations

Maximum thrust for two Irogquois engines with maximum afterburners
was used throughout the program. The values of 2Fy were obtained from
the product gpﬁ FN where 2F§ and FN/Fﬁ are functions of Mach number

e

F
and sltitude eespegtively. This product yields values of 2Fy which are
everywhere within 2.5% of the values given by the carpet, and over most of the
range the error is considerably less than this value.

The function 2F.F was generated as a smooth curve in the mechanization,}
but the function FN/y l
ments. This introduces an error which nowhere exceeds 0.4% and is

generally much lower than this figure.

ﬁ'was broken down into sixteen straight line seg-

Drag Mechanizations

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 actusted by the parameters of the equations.
Since variations of up to + 5% could be enoountered in the values of D/pa
at switching, a lag network of transfer function 1/(1 + .1s) was intro-
duced to smooth these diacontinuities out.

The drag equation for M= 0.8 to M = 2.1, all altitudes is
2 .

D =4+ B%( i x 10-% _ ¢)

Pg Pq B

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

line,_segments, as shown in the appendix. Four separate functions of

k, B and C/B were generated to allow for valuesof nW/p,> 35,000 and

nW/pa< 35,000 with ailerons deflected and ailerons not deflected.

4ilerons were deflected at 45,000 ft. for increasing altitude and

returned to neutral at 42,000 ft. for decreasimg altitude.

For speeds below M = 0.8, two further drag equations were mech-
anized, as follows: % " 2
(1) 0 ¢nW/pg<41,100 M2 —meu D/p, = 10004 + 2.4x107° (nii/Mp )

(2) nk/p,> 41,100 ¥ ---- D/p_ = -500M + 3.3x107° (aW/tip,)?
These equations are for ailerons in neutrel position only. No

equations were mechanized for ailerons deflected, since lMach numbers
below 0.8 were not anticipated at altitudes above 42,000 ft.
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. 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<H (1.0 ---- OD/p, = 681 W
(2) 1.04M¢2.1 ---- AD/p, = 866 M2
¥

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

Mechanization of (nW/p, )max.:

The maximum value of nW/pa wes generated as a smooth curve through
the points listed in the appendix. The values are limited by the buffet
boundary, for ¥{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
F/Contgel/105 -- Trim angles and Flight envelope limitations, (Elastic
Aireraft). .

-

Fuel-Flow Mechanization:

Rate of fuel éonsumption for two Iroquois engines st maximum
afterburner is obtained from the equation

ZWf = ZWI‘:,z

where ZW; and W /W; sre functions of Mach number and altitude respec- .
tively. "Fuel fiow is limited to a maximum rate of 35.5 1b./ssc.

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 increase in
accuracy gained.

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

Data for all of the above mechanizations was obtained from Mr. T.

mmssﬁ\m
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Appendix 3 1 3

1: Iist of Symbols:

Degeription

function of Mach No., used in drag mechanization
n " " n fn " " "

n " " n L, o L ] "

total aircraft drag flibis
thrust of two Iroquois engines, max. afterburner 1b.
function of Mach No., used in thrust mechanization dibe
f " altitiide n n " ] .

altitude .
total aircraft 1ift 1b.
Mach number

aireraft thrust - Je
aircraft forward speed ft./sec
aircraft weight 1b.
weight of fuel consumed (on curves from computer) 1b.
rate of fuel consumption, both engines 1b./sec
function of Mach No., used in fuel-flow mechanization 1b./sec

n " 31 ti tude n n n n

|

speed of sound £t./sac
acceleration due to gravity £t./sec?
unit vector parallel to air craft motion

aircraft mass slugs
load factor 3

unit vector perpendiculsr to ! , in manoeuver plane i
ambient atmospheric pressure 1b./ind
distance along sircraft trajectory EER
time sac.
Cartesian co-ordinates of aircraft trajectory

in the manoceuver plane

angle of attack deg.
angle turned in manoeuver plane deg.
roll angle deg.
angle of inclination of manoeuver plane to horizontal deg.
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2. Drag Function

Case (1) Atlerons Deflected

(a) n#/p,y 35,000
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Case (2) Ailerons Neutral
(a) YIW/PE> 35,000
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2Fn = 2F& (M) % (H)
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