d case the .
net aceeleration ¢ for vertical takeoff at sea level

q= (Fogo/wu) =

(5-19)
490 = (F/wq) — 1 (5-20)
takeoff acceleration in m

? ultiples of the sea level ravita-
s and Fo/w, is the thrust- o

to-weight ratio at takeoff, For
rust-to-initial-weight ratio has
S (air-to-air, air-to-surface, and
T, Sometimes even as high as 50
of a vehicle in vertical ascend
hut off and before the propellant

rd 2.2; for small missile
this ratio s usually large
terminal acceleration ay

e the rocket engine is s

as/go = (F/wy) — 1 (5-21)

ent this equation becomes g /90 = Fy/w. In rockets
flow the final acceleration is usually also the maximum
vehicle mass to be accelerated has its minimum value
haustion, and for ascending rockets the thrust usually

gle-stage rocket for a rescue flare has the following
t path nomenclature is shown in the sketch.

4.01b .
04 1b
120 sec
rizontal)  80°
ust) 1.0 sec
Yp m\

: %
Xp Xz i

: iti Assume no wind.
! ight velocities are low. :
th;::?t? to be equal to the sea level g, and in-

i flight, the maximum
2 C tion of powered 0
al(::cl‘:ll:;?mum height, the range or distance to
 reac) |
J'lflsz‘lion cutoff and at impact.
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CHAPTER 5 FLIGHT PERFORMANCE

UTION. Divide the flight path into three portions: the po
ec, the unpowered ascent after cutoff, and the free-|
btained from Equation 2-5.

P Wereq g
fall descen,. The?;]grhul oy
St
F = Iwft, =120 x 0.4/1 = 48 I
tial accelerations along the x and y directions are
[
- (@0)y, = go[(F sin /w) — 1] = 32.2[(48 sin 80/4) — | 1=348 e
(%)x = go(F/w) cos 0 = 32.2(48/4) cos 80 = 67.1 ft/sec?

acceleration in the flight direction is

g = Jlap): + (ap)? = 3544 ft/sec?

Wo/W,) sin 6 — Jotp = 32.2 x 120 In(4/3.6) 0.984 — 320 — 375 ftfsec

tan="(375/70.7) = 79.3°

S dp = Fgo/w =48 x 32.2/3.6 — 429 ft/sec?. For the short

€ powered ﬁlght the coordinates at propulsion burnout y, "m,d

ate p}&fo;lmately by using an average velocity (50% of maxi-
ered flight.

Vo= 20,0, =4 % 375 % 1.0 187.5 ft

% =30, =1 x 707 x 10= 3731

Of the trajectory has a zero vertical velocity at its zenith

L,
& and Y values for this parabolic trajectory segmef;h
termination (F — (), , — 0,0 X = x,, = g, at thezem

Sl t,) + (v,), sin @

’
3
t
I




9. BASIC RELATIONS OF MOTION 133
gm'um height or zenith can pe determined.
), '1‘,‘; D) tp) = dgo(t, = 1)

Hﬁ 187.§ + 375(1 l.‘.6) = 3322(11.67 = 2370 ¢

tto the zenith point is
B = (v,).(r, — ) +x,
=707 x 11.6 + 353 — 855 ft

the descent js, using y. = 4g.r2,

N2)./g0 = \/2 % 23707323 12 sec
e to the impact

at the zenith (v),
tion ("’p)x-

point is found by knowing that the
is the same as the horizontal velocity

(0p)(tescens) = 70.7 x 12.1 = 855 ft

it and descent is 855 + 855 = 1710. The time to impact
 The vertical component of the impact or final velocity

\ﬁheluded. it would have required an iterative solution
flight path and all velocities and distances would be
A set of flight trajectories for a sounding rocket is

a -5 shows the several ways in
3-13, 3-17, and 5-5 sh
o‘l::lters s;xch as the velocity increment can be affected
cﬁange’s' most of those listed below apply to all
: 80S; :
peculiar for some missions only.

ific i Ci increased by using
{ he specific impulse 1, can be increase .
’ymc 7];llz°u;‘:j‘;or (as was shc:wn in Chapter 3} a higher
2 nd for?hose stages that operate at higher altitude also
a
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