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3. BASIC CONCEPTS OF HYPERSONIC LIFTING VEHICLES

A hypersonic glide vehicle achieves range by exchanging its
kinetic energy, plus a small amount of potential energy, for dis-
tance., The kinetic energy is used to overcome the aerodynamic-
drag forces en¢ountered during the course of the flight. Thus
the aeroballistic glide concept differs from the conventional
notion of gliding flight in that, for the latter case, the main
source of energy is the potential energy, and altitude is ex-
changed for distance rather than velocity,

The derivation of the equation for the aercballistic glide
range is based on the fundamental principle that the work done
is equal to the change in energy. For a vehicle having some
initial velocity and moving through a resisting me&ium, the work
accomplished is-equal to the resisting force times the distance
covered, Hence, if the resisting force is known and the initial
and final energy levels are specified, the distance maylbe deter-
mined, In the case of a glide vehicle the resisting force is_ the

drag, and the initial and final energy is determined from the in-

itial and final glide velocities. This neglects a confribution

of potential energy which is small with respect to the kinetic
energy. The differential equation expressing this energy re-
lationship is ‘ | '

Dds = ~dB @
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;distance along the flight-path, 8, maqr be asa\med to be equa.l to the

" range, R, BO that equation (1) becomes | | :
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1" yhere the limits o.f integration, Ei and Ef, are the initial and final
"‘ . yalues of kinetic energy of the missile, respective.'w.
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Also the dra.g, n, :Ln eqmmon (2) may be expresaed as
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where L/D is the lift-d.rag ratio of the vehicle in g:d.de. Now in -

§ equili‘brium fngm; over a apher:tcal ea.rth, the aerodymm.tc lift, (I.),
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where D is the serodynamic drag, s is the distance along the flight pa.t.h,f
| and E 1s the kinetic energy. Since the flight-path engle is small, the - .
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) ~ where L 48 the 1ift

g' 1ocen. acceleration of gravity
W the weight _ | |
' . To the radius of the earth = 20‘9::.106 feet .. ' : ‘
o | h the altitude of the missile sbove the earth . \ : |

,- ' Substituti.ng equat.tma (3), (h), a.nd (5) 1.nt.o eqmt:l.on (2), the range .. .
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A first-order approximation to the glide range is thus obtained
‘ by neglecting all terms in the serles except the first term which
gives

R = '(%‘g&)- (Viz - sz) (8)

This simplification amounts to omifting the effects of the earth's
curvature, i.,e., the effects of centrifugal 1ift, For the longer
ranges, this results in some appreciable conservatism. Now by
assuming the glide is maintaineg to near zero velocity, i.e., Vo = O
R =1/2 (1/D) % (9)
This shows clearly the sensitivity of glide range to the initial
o velooity and 1ift-drag ratio.

The flight altitude for glide vehicles is shown in figure (1)
as a function of velocity and the parameter W/SCL. These results
are obtained from the relation established by equating tﬁe asrody=-

" namjc lift on the missile to the fraction of the weight not sus-
tained by centrifugal forces
L=W(1-¥—:— -_-cLe__\afs : (10)

S
where Vg 1s orbital velocity, and from whence the density becomes

' w [ 1 1 | o
=2 - (11)
¢ SCy, ;;z]

The fraction of the weight supported by 1ift 1s shown as a function

of velocity in figure (2).

Declassified and Approved For Release 2013/11/21 : CIA-RDP71 800265R00020013001'15-9



PAGE,
REPORT.,
MODEL

Cotporation -

Jeiu..tr.»fbtruwnﬂaﬁ
EN LT SYCH RI9E LN

i}

.. ..l.. . ..n ...

Y P N L e

Sthprty 1 .

et T I e T -
1 IRt

L

\TMOSPHE RE"

4
4
wre
1uc

SIS cheiiyilt,
PO EREARE > £ LEAC-2002 UL S

)

"ok

R

cr

R B
4 ,m....w. .

LT

+

AR DC MODEL
]F {6

h

et

SR US AR (6

Fr6.1

o

@
To)
-—
o)
o
@
-—
o)
S
o x
S ]
To 2
T3] i}
[Ze]
R
o8 %
< 0
=N 3
N
al k
o2
1
<3
03
-
1'
o
S—
-
ha
——
]
-
o
o~
iy
wn
©
<o
[}
o
| .
)
(1
3

o]
3 u
s B
o
Cq e
<0
-
C
o
-
Q@
=
N
@,
©
o4
(]

GLIDE ALTITUDE FOR LIFTING RE-ENTRY VERICLES

REVISED

: CIA-RDP71B00265R000200130015-9

VELOCITY, 1000 FEET/SECOND

MAC 108¢ A {17 JUL i7)

Declassified and Approved For Release 2013/11/21



- CIA-RDP71B00265R000200130015-9

rAGE
REPORT.

BT. LOUIS 3, MISSOURI

LS Lo =
REVISED

Declassified and Approved For Release 2013/11/21

MODEL

REVISED

WEIGHT RATIO. ...

Y

HYPERSONIC GLIDE LIFT-TO

I

e

.
S

il el S «u”-. .
iy st Todt oy i g
TR

B LR i g

e

Tary
i

addiater o=

4
¥
3

4

i

% bt
N
24

X

W5 bel

it

T
T

i

111

e
H
.

41
20

TEH R

Y

R+

H1H

it )

H
H

THARHHHE

Gu Rl A N

L

H

i
H s
SANRERE

i puNnyA g

g
Hi
H
x8

4§ et
H & H-H

yuiysen

]
I
o

H
itk

PR i g g

-t

PRGN

LR B ETEITIETYR e
eI i Tt el LEYSES e babiinh

= pie g it

St 53 ey g

ML Y

—riy 1053

I

@

Ol1¥Y IH9IIM-0L-Ld]

+

1 a3Nn0I

'VELOCITY, 1000™ FEET/SECOND

FlG, 2

-

: CIA-RDP71B00265R000200130015-9

MAQC 1984 A (17 JUL $T)

Declassifiled and Approved For Release 2013/11/21



N
DecIaSS|f|ed and Approved For Release 2013/1 1/21 CIA-RDP71 800265R000200130015 9

o L NVURMIRY STV T L
_ () ey
W)~ { ) V20
HIGH SPEED DESCENTS 3

o

. General calculations are complex but a few simplifying assumptions
can yield results that can be used for approximate checking., First by
assuming the gravity gradient, the planet rotation rate, and airplane
bank angle to be zero, the oequations of motion are:

== @739 S ¢

-]

- Y= %[%'(.’“é\!—é}.Cos L/]

»

/

] -
n = YV S53Y
At very high speeds the flight path angle,?j/ is very low, and its
rate of change is small, then, . 2
= O , Cosy=!0 -L—‘-=l—'-\{*
- = V d—"/ = - _Q. l‘: - ._9_1:; . ‘ :

vdV::—-l-_D- .l{,_—\,_g ds - g dh

Now, we must somehow relate dV and dh, A variety of assumptions are
@ ameniable to calculation and it makes little difference which we choose.

Say,
Y q = CONSTANT
= K, V% ebh (aprRroOX)

2 dv
thus . dh= - 2
T b V e
between . [OOK ¢ 200K . ~ | = 23000
v dy = - ZD— —/1/‘3 9ds - g (46 ooo)‘—’f—"f
and then - (Ro = EARTH RADIUS)
2yvdy %
/(-’ ( 5,_@0_“)_ :f_-(oOOO d@g }’/z L D Js
€ (I-s&2)  wrp(-X2) ™ L
Integrating,(we ge’?t‘?for) small %(fga:fa 1o£, 3 R")
, ~ =2 V 46000 - TS D
- K | - 2 ) o eSS X Qe - = "D L
. j RO v|
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l

Substituting the proper constants gives

@ o . } - Ve.a\m ' . ‘l/' 2
- = RANGE = 772/ /|- 9Re - 3. (END )
& 7 & - Viiner 78 In V s7arrT,
gRo

where gRo = (26,000)2
the second term is comparatively small so for many purposes

l’ - ( END )

- -[:_ 26000 2/

. 2 OOO
A detailed calculation for specific case with Vstart = 21,824, VEND = 7550
and (L/D)max varying between 2.95 and 3.6 gives a range of 6630. Using
(L/D)avg., = 3.28 the formula at the top glves 6460 while the lower, simpler
one gives 6430,

Detailed performance calculatioﬁs utilize IEM machine programs that
do not include these simplifications to provide a more mission analysis,

O
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BOOST PHASE SIMPLIFIED PERFORMANCE

The velocity increase due to rocket operation in a gravity free

Vero~Verner = =9 Lap In Weun
END VSTART 3 g START

Several approximate methods may be used to include the effects of

vacuum is

gravity and atmosphere like

AV= [}?ISP In WEND]-X EFF[CIENCY

W atarT

where efficiencies of 85-90% are common or we can say

| 1 Weus
AV‘(‘S}ISP Ny T)"Avwss

WE:TAE

The loss or the efficiency is very dependent upon the flight
path and for that matter on the desired end condition. A number of
calculated trajectories using optimization techniques indicate that
&Y loss =z 3000 for the type of boost here considered indications are

C‘ that as long as the end speed does not vary greater than 12000 fps

or end altitude by "_:20,000, for this particular mission

VEND = Vamrr - 9 Lop In Norprer

AVL_OSS I z
—_— SN S
Deae - GoF o Jt
' t, Y
Lewp o .
Gmu'w = j@bmd’ﬁ
Lo »
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| WORK SHEET- '

DATE

REQUESTOR.__

IDENTIFICATION

4 518 17 24 35 +4 53 42 I'?i
HUOV ML) (z) E7¢. Cp (2} Y] EECH l
1 . 6.5 7. 13. 22. .11a5 2139 | -L256
- .098¢ ‘
17 ]
25
33
XNV My Iz 7c. <ou (1) z) £7e.
41, 12. NGy 7.5 - A Z2#. A5 Zé.
49 18. 19. 20. 21. 22.3 .0143 .0233 o121
57| .o0105 . 007¢ . 0073 . 0071 . 0091 . 007% . 0093 . 0103
&5 0114
73 "
Moy M1} (z) &7¢. Lc1) [ &7,
81 6. 8. 9. 13. 16, 22.3 / &35
89 1.7 1.9 2.085 2.25 2.4
97
105 .
PEYYIVN Fi() cz) - ErC. Fre () e2) &7,
113 0. 22. £5. #5.
124
129
13
HNVA V(1) () Z7<., A(z) cz) €7,
145
153
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_ " WORK SHEET= DATE. PAGE or &
o FORTRAN DATA ’

DECK NO, THLE IDENTIFICATION

1 518 17 26 35 7 LX) ¢z i
1c1

- 19

YWVEL, Ho . flo Yo Mo AV Vauo Gw

177 21824, 205760. 106, 335. 10. 500, 750, 25450.
. ERY TEST B CONFIG Vs

1 i85 1075, 0, 24406. 3 21500,
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HIGH SPEED DESCENDING TURN

ALT. MACH VEL. MU LAMBDA RANGE TIME PSI PHI

FT. NO. FPS  DEG. DEG. NAM SEC. DEG. DEG.,

205700, 21,47 21824, 105.98 9.99 0.0 0.0 334,93 45,00
203672, 21,03 21500, 104,58 13,15 206.5 57.9 336.39 L5,00
200776, 20.37 21000, 102,73 17,79 505.3 143,3 338.67 45,00
197975, 19,73 20500. 101,17 22,15 781.7 224,3 341,04 45,00
95242, 19,11 20000, 99.87 26,25 1038.7 301.4 343,53 45,00
192557, 18,50 19500, 98,82 30,13 1278,2 375.1 346,17 45,00
189914, 17,90 19000. 98.00 33,79 1502,2 L45,.8 348.94 45,00
187276, 17,31 18500, 97.43 37.24 1711,8 513,7 351,92 45,00
184632, 16,72 18000, 97.09 Lo .49 1907.9 £579.0 355,19 L5,00

| 181997. 16,15 17500. 97.02 L3,55 2091.9 642.0 358,72 45,00
| 179346, 15,59 17000, 97.21 L6 L2 2264,.6 702.8 2.56 45,00
| 176668, 15,03 16500. 97.68 49,12 2426.6 761.6 6.72 45,00
Coot 173954, 14 L7 16000.. 98,45 51,64 2578.5 818.4 11.24 45,00
| 171488 14,02 15500, 99.53 53.99 2721.0 873.3 16,14 45,00
| 169051, 13,56 15000, 100.93 56.17 285L,5 926.,5 21,46 L5,00
| 166593, 13,11 14500, 102.66 58,16 2979.8 978.1 27.22 45,00
‘ 163925, 12,66 14pooo. 104.72 59,96 3097.6 1028.3 33,45 45,00
161161, 12,21 13500, 107.11 61,57 3208.4 1077.3 40.17 45,00

() 158354, 11.76 13000, 109.80 62.97 3312.8 1125.2 47.40 45,00
=~ 155499, 11.30 12500, 112,76 64,16 3410.9 1171.9° 55.10 45,00
152651 10.88 12000. 115,91 65,13 3503.1 1217.7 63.24 45.00
149943, 10,47 11500. 119,16 65.87 3589.6 1262.4 71.75 45 00
147189, 10,06 11000, 122.43 66.39 3670.7 1306.2 80.58 45.00
144384, 9.65 10500, 125.59 66.70 3746.8 13492 89.65 45.00
141517, 9.23 10000, 128,55 66.82 38181 1391,5 98,88 45,00
138546, 8.82 9500. 131.22 66.75 3884.7 1L33.0 108.23 L45.00
135449 8.40 9000, 133.54 66.53 39L46,7 1473,7 117,63 45,00
132260. 7.97 8500, 135.46 66,19 LOOL,2 1513.7 127.08 45,00
128967. 7.55 8000, 136.97 65.75 4057.5 1552.9 136.60 45.00
125900. 7.16 7550, 137,99 65.28 L4101.8 1587.5 145,25 45,00

CONFIG = 2460,3

X

ff/637572 C;\ THAN

©
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