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Page 1.
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Page 2.

In the book are presented coumon/generals/total bases and design
concepts of aircraft, is examined the selecticn of diagram, power
plant and basic parameters of aicrcraft. The second edition includes
the new materials: the methocds of optimum design with use of
computers, the method of the gradients of takecff weight for the
evaluation of the designing solutions and conversion of weight
characteristics, special feature/peculiarity of the design of
aircraft with the shortened and vertical lift, passenger and

aerospace aircraft.

Are considerably expanded and reworked the sections, which
relate taking into consideration of the requirements of saving and

for the design of basic agyregate/units.

Application/appendicas to the bock are supplemented by the
characteristics of aircraft eanyines, by standard combined weight and

enumeration of standard electronic equipment,

The book is intended for the students of aviation VUZ [Institute

of Higher Education] can be userul for the engineers of the aircraft

industry.

i £ e i 25 b e, R




VA

ST e 2

Py

3

ot v

PAGE

Tables ~ 30. Illust. - 393. List of lit., - 37 titles.

DOC = 79052101

i N
oy

R

.f,n denp g &
i Lty ?mﬂ 5




IR A el siodaban S i iy
AN S SR

DOC = 79052101 PAGE 4

Page 3.

.

PREFACE.

In the years, vhich passed from the time of the publication of
the textbook of N. A. Fomin "design of aircraft®" (1961,
substantially grew the téﬁhnological level of aviation and. Appeared
supersonic heavy aircraft, including passenger, usual became aircraft

with on the variable in flignt sweepback of wing, are introduced VTOL

aircraft.

Questions of the design of aircraft within this time also
obtained substantial development. Wwidely is agplied the method of

optimum design, system approach, use of computers and so forth.

The authors were aware in the fact that to write stable manual
on the design of aircraft is extremely difficult. Each decade in
aviation now whole epoch ! Therefore in this kook in compariscn with
the analogous previous textbooks, considsrable attention is given to
the fundamental systematic yuestions which are not subjected to so
quick ageing. At the same time the authors attempted to give material
of reference character, necessary for license or pre-sketching design

of aircraft.
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The proposed amanual corresponds to the program of course the

*design of aircraft" for VUZ.

Manual consists of two sections - common/general/total design of

aircraft and design of its parts.

In the first section of a book three parts. In the first part

are presented common/generai/total bases and design concepts of

aircraft. Here is given the method of the operation of low increases
in parameters and characteristics of aircraft, which makes it
tasks.

possible comparatively simple to solve the large circle of

In the second part is examined the selection of diagram, power
plant and basic parameters of aircraft. Primary attention is here
given to the design jets. Separate chapters are dedicated to the
special feature/peculiarities of the common/general/total design of
passenger aircraft, aircraft with shortened and vertical takeoff and

landing, and also to the design of the aerospace aircrafte.

In third part one section is examined layout and position of

center of gravity in 2ircraft.
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In the second section of manual, is given the procedure of

determining dimensions and weigat of wing, fuselage, tail assembly
and chassis/landing gear. Here are examined the common/general/total
bases of the design of the aircraft components and basis of the

design of the system of its control.

Chapters I, III, IV, V, VI, XiV are written by A. A. Badyagin,
introduction, chaptern,vm,xﬂ/xn‘; by V. P. Mishin, chapter XVII,
XIX - by P. 1. Sklyanskiy. Chapters XVI and XVII are writtem by A. A.
Badyagin and V. P. Mishin, chapter X is written by N. A. Fomin and N.

K. Liseytsev, Chapter XV - py N. A. Fomin and by V. Ye. Rotin.

All concrete/specific/actual information on the design of
aircraft and the selection of enygine in the period of the preliminary
development of aircraft is pubiished in the ofen Soviet and foreign
press. The authors with appreciation will accept the observations

about the hook, which should be yuided tc: Mosccw, B-66, 1Ist

Basmannyy per., 3, publishaing house "Mashinostroyeniye'.
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Page 5.

BASIC DESIGNATIONS AND AEBREV1IATIONS

a - speed of sound, expenditure/consumgtions per 1

ton-kilometer;

a - angle of attacx of wing;

B -~ track of landing gear;

b - wing chord,

of chassis/landing gear:;

by - root wing chcrd;

5;__end ving cherd;

C - cost/value;

"ta —- Wing chord

5"thickness

ratio in rcot;

ratio at winy tip:
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‘= aerodynamic coefficient of friction;

¢m — coefficient of tne aerodynamic pitching moment of wing

profile;
¢m, — coefficient c. when cy=0;
¢» — thrust coefficient; '
&
¢ — specific hourly consumption of fuel/propellant of TRD

[turbojet enginel;

¢ —specific hourly coansumption of fuel/propellant of TVD

[turboprop engine};

¢a—drag coefficient;

¢, — drag coefficient when ¢,=0;

%;— the coefficient of induced drag;

¢zs — coefficient of wave drag;

¢z» — coefficient c¢f profile drag;




JURE. S

o .

s i

DoC

= 79052101 PAGE 9

cv—1ift coefficient;
¢j— derivative &' accordiny to angle of attack a;
Dy — diameter of fuselage;
6§ - angle of deflection of any control;
E - modulus of norumal elasticity of material;
F - area of the washed by flow surface;
f ~ coefficient of friction, safety factocr:
G - weight of aircraft;
Gg — starting (takeoff) weight of aircx:laft
G. — structural weight;

Q .
(};=GT"— the over-ail paylocad ratio of censtructionsdesign;
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G, — fuel 1load;

?h-=%i-— the over-all paylocad ratio of fuel/propellant;

g - acceleration c¢f gravity; the weight cf 1 m2 of the surface

of aggregate/unit;

'
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v - specific gravity/weight;
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H ~ flight altitude;
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1,

x —: sWweep angle of wing (on guarter-chord);

¥k — sweep angle (on leadiny wing edge) s

K - lift-drag ratio;

k - coefficient;

L - flying range, leagth;
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| — wingspan;

by
&

J—"a 1 4

%
b

A - wing aspect ratio;
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A — elongation of any aircraft component;

M - Mach number;

m - mass of the flight venicle: bypass ratio of TVRD;

me, my, m;— coefficients of tne aerodynamic moment of aircraft (in

body coordinate systenm);

N - the total power of enygines.

Page 6.

Ng - starting power of enganes (with V=0; H=0) ;

No — starting power of one engine;

ﬁo=No/G° - relative startiny power;

ne, n%, ny, nx, 0y, 0y, ng — load factors;

ny; — number engine;
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fm.c — passengers? gquantity;

Ledhpedl i ol

N

de, Mo

P - gross thrust engine;

Py, - the boost for launching of engines (with V=0; H=0); -3

-3

Py — the boost for launching of one engine;

o et
nd s D o o e el

5;=PO/GO - starting thrust-weight ratic:

P, — specific thrust of power plant;

p - the specific wing load (pp — with takeoff);

Q - the hourly consumption of fuel/propellant;

q - ram pressure, fuel consumption per kilcmeter;

p - mass air density; pg - in the surface of sea;

A=p/po — relative density of air;

N
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R - radius of the Earth, radius of bank/turn and so forth;

oy

S - wing area (with subfuselage part):

57 Lo

i

n

YT n i e il

Si— relative area of any aircraft compcnent (referred to wing

area) s

o

. i:

n— wing taper;

. — propeller efiiciency;

bt oty ‘\' " 1 n
LS 5] ] by 1 e o) ot e 4 oo o

Te K — temperature in degrees Kelving;

'

it
L e

Loty
AT AT P

T - the serviceable life of service; rescurce/lifetime;

L

t - time, temperature in degrees Celsius;

© - flight path angle to the horizon;

" P! Il
et s o g oyl G R bl Y ok

V - flight speed;

1
ey

ety

Vi« — orbital velocity;

v, — the vertical velocity;

i =) = S S .
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a5 8 ket S %

>

- aerodynamic drag;

x; — position the center of gravity of aircraft from leading

edge/nose of MAC

¥ v
i
3
PPTEE JRPUU T NSRIPL VRIS

*

P

xr — position of the focus of aircraft frcm leading edge/nose

of MAC;

¥

.-

P
+
!
"4

Y - -aerodynamic lifz.
Contractions.

VKS - aerospace aircraift;

Vgﬁ - takeoff and landinyg strips;

GTD - gas turbine engine;

DTRD - turbofan engine;

ZhRD - liquid progpellant rccket engine;
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LPS - flight personnel;

PVRD - ramjet engine;

PD - piston engine;

PRD - solid propellant rocket engine;

SA - standard atmospnere;

MAC -~ mean aerodynamic chord;

SP5 - supersonic passenger aircraft:

TVD ~ turboprop engine;

TVRD -~ turbofan engine;

TRD - turbojet engine;

R R et N s R i

N

Ao v

TRDF - turbcjet reheat engine;

EVM - electronic ccmputer;
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UPS - boundary layer coantrol;

SYVP - VTOL aircraft;

3UVP - STOL aircrait.
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Indices.
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v - wave;

oy SR s ot

vzl. - takeoff (G, - takeoff weight);

4
A,
Py s

e

,.
sl b

v.0 ~ vertical tail assenbly;
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p
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g - nacelle, load, throat;

nas

:

vt )
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g.0 - horizontal tail assembly;
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dv - engine;

oy o
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i ~ interferences;

k -~ construction/design.
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Page 7.

kach - rolling;

kom - c¢ommercial;

3

[T T G e

kr - wing;

y
H

kreys - cruising;

krit - critical (value);

m - midsection;

m.f - midsection of fuselage.

0 - initial value of value (or with start);

nev - clinmb;

n.z - navigational reserve;

T T « I T U PR Vol 7 L e DU~ O T PP e v L e TN L R 1T PR T g T I el Y h 1 s
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ob.upr - equipment and control;

omyv - the washed surface;

op - tail assenmbly;

ost - cessation:

otr - breakaway;

pas - passenger;:

oL

I

$e

NCLT PRy,

pl - gliding/planning;

S, o0

T
o}
[ ]
=]

~ payload;

& »
PIRNICE V20 .z«...':x‘a\:

pos - landing;

1

pot ceiling;

prerv - interrupted;

priv - given;
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prob - landing run;
pust - empty:;

rasch - calculation;
reys - voyaging speed;
razb - takeoff/run-up;
ras’% - expended;

r§ - control;

rch - knob/stick;
jgog - the jettisonable load (in flight)g
sk - slip;

sluzh - service;

sn ~ equipment;

Lo
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S.u - power plant;

f ~ fuselage;

o ———— i %

sh - chassis/landing gear;

RV S——

ek -~ crew.
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Page 8.

INTEDDUCT ION.

By design of aircraft, usually is understocd the process
development of the technical materials (documentation), which are
determining its technical flight characteristics, diagram and

~

construction/design of separate agyregate/units.

Designation/purpose, operating conditions and technical flight
characteristics of the design/projected aircraft are determined by

client and take shape in the form of special requirements.

Designing the aircraft encompasses the development of sketch and
worker of projects. The wcik on the refinement cf requirements for
aircraft and possibility of their accomplishing, done prior to the
beginning of the develcgment of preliminary design, is called,

preliminary (pre-sketching) designe.

Sketch design consists ia the development of the fundamental

characteristics of aircraft, its aerodynamic and design concepts

vhich make it possible tc judge tae advisability of further design.
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Into the sketch desiyn of aircraft, enters:

a) the development of general views and layout cut/sections;

b) the abbreviated development of the construction/design of the

most important parts (aggregates/units);

c) the development of schematic diagrams, systems of equipment

and control, and also power plant;

d) the calculation of tne force of gravity (weight) and

centering;

e) aerodynamic design, stability analysis and controllabilitys

f) approximate computation for the strength of the most

important aircraft compchentse.

Simultanaously with the development of preliminary design is
constructed aircraft scale wodel full size. For the examination of
mock-up by customer is assigned the board from different specialists,

aacluding crew.

After the conclusicn of siwmulated board, which examines and

PP e s
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s st SV, SR TMENE YT

o S S AT E SR bt )




DoC = 79052101 PAGE 43

cohfirms preliminary design and aircraft scale modal, is
‘:feaiize/accomplished the final connecting/fitting of
construction/design with the arrangement/positicn of control and
egdiplent, are more precisely rormulated external enclosures. Then
-conduct the more complete crews of aircraft on strength, make and
blast in the wind tunnels of model and according to the results of
testings of model in wind tunnel they more precisely formulate
aerodyn2amic design, stasility analysis, spin and flutter. On the
basis of the results of ktlasting, 1s more precisely formulated the
airplane design, are performed the refined weight calculations, in
this case, are establish/installed weight limits (greatest values of
the weight of the structure of aircraft and its parts, the

permissible from considerdatious designs).

Page 9.

Is working design - this is tane concluding process of
development of technical documentation. Working project gives all
necessary materials about the technical flight data of future
aircraft, about his strength and reliability; it contains equipment
specifications and all necessary ianformation for developing
technology of the production of aircraft. It sust be noted that is
vorking the design of tae experimental aircraft usually is terminated

after the constructed sgecimen/sample of aircraft passed tests.
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Into working design enters:

a) the development of the assembly and detail drawings of the
construction/design of the separate aggregatesunits (parts) of

aircraft:

b) the development of the ¢general view drawings of the

aggregate/units of aircrait;

c) the refinement cf calculations for the strength of all

load-bearing elements;

d) the refinement of the calculations cf the structural weight;

e) conducting the research and experimental works, connected

with the implementation of new construction/designs, materials, etc.

Development of the working project of contemporary aircraft the
extremely labor-consuming and complicated process whose accomplishing
under force only to the large collective of the ;ualified

technical-engineering wcrkers of different specialties.
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With experimental research works deal the laboratories of design

bureaus and scientific research institutes. The final stage of

experimental research works are usually the static and dynamic tests
of construction/design for streangyth, lifetime, reliability of
separate aggregate/units and systeuws, Hydraulic systems and other
systems of equipment, system of control and recovery facilities
aircrew in necessary order undergo bench tests under conditions,

close to operational ones.

Entire immense volume of knowledge, necessary for designing the
contemporary aircraft, was accumulated as a result of the more than

half century work scientist different countries - aerodynamicists,

‘:

X

2 material-strength engineers, metallurgists - and the engineering
s practice of design, construction aund producticn of aircrafte.

)

Accumulation of knowledge and engineering experience contributed
to the perfection of aircraft, which was being accompanied by a
change in the basic parameters and by an imprcvement in its

fundamental flight characteristicse.

R I R

.
kA

By fundamental aircraft periormance, is usually understood

g g il

maximum speed of level flight Vp,, ceiling Hnor, maximum vertical
velocity V,mox and maximue f£lying distance Lmax. The basic parameters

of aircraft include such parameters whose change substantially is
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reflected in the characteristics of aircraft, namely: the takeoff
weight of aircraft G,, wingy area S, the specific wing load py=Gy/S,

¥

horsepovwer loading Gy/N or thrust-weight ratic 30=PO/G°.

Tables 0.1 and 0.2 depict the common/general/total picture of a
change in some of these values over the years for heavy and light

aircraft.

It is characteristic that one of the fundamental aircraft
performance (the maximum speed of level flight) increased

continuously from year to yeare.

A continuous increase in the waximum speed of flight became
possible as a result of decreasing the aerodyramic drag of aircraft
and decrease of the load, which is necessary cn | hp of installed

power.

Page 10.

The decrease of aercdynamic arag can be reached, in the first
place, by the aerodynamic perfection of diagram and forms of
aircraft, in the second place, by decrease to the known limit of

carrying vwing area (in the latter case the specific wing load pg 1is

increased).
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The most effective means of the decrease of load on 1 hp was an
increase in the installed power during the decrease of the value of

its specific gravity/weight, i.e., the ratic c¢f the weight of

installation toward its power G, ,/Npax

With an increase in the installed power usually grow/rose its
veight, and also fuel lcad, necessary for achievement by given one of
distance or duration of flight. At the same time grow/rose the weight
of transportable ones by the aircraft of loads. All these factors,
and increased requirements ror tae structural strength of aircraft,

unavoidably led to an increase in the takeoff weight.

The decrease of the aerodynawic drag of aircraft was achieved to
a considerable degree as a result of the aerodynamic perfection of

wings, in particular wing airfoil/profiles,

The perfection of wings occurred simultaneously with the

development of airplane design, which in 30-35 years undervent

considerable changes.
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“table 0.1. Change in the fundamental characteristics and parameters

of heavy aircraft over the years.

(S ()| (HPEs /6 )
Hanvenosanie FZ) (u) & (,‘_)(x) Z‘Eé {q) }‘5
Ton \ - "= o < 2 =
' casongla e o] o2 | 25l EC| L o2 | oF
i (” é\ C=z [z Sx |~ L 8]0 =2l Z IV | W=
; A
! 1910} «Takwen .-l (Poccnm)(;' 4201 291 14,57 90f 35{12,0 — —_ 1000
i 19153] «l1a a Mypoveys 5600 160 | 35,0 115] 740 7,5 | — —_ 3000
' (Poccir) (/‘2 .
1920} K anipousn (Ilr.lmm{H ) 4500 100 | 45,0{ 180} 600} 7,5] — — | 4000
19301 TH-3 (CCCP) ( 180001 230 | 78,5 240)2000( 9,0 | ~— —_ 4000
1940| Bounr B-17 (CHIA) "D 20 600! 130 {158,5{ 450]14000] 5,2 — — 9000
1950] bownr B-29 (CtIAYUY)(4)47 000! 161 |292.0] 600{8000] 5.9] — | — [10500
; 1950] Crpatouwer B-47 (CILHA){ 84000 140 | 600 9601 — | — |14000] 0,167} 13 000
f 19561 Kousap B-58 (CILIA) l(;) 63500} 140 1450 (2000 — — |36 000] 0,567] —
1965} XB-70 (CIHA) 250 000] 585 |427 |3200| — — | 81 500 0,3261 20000

Key: (1). Year. (2). Designaticn of aircraft. (3). kg. (4). m2. (5).

o

, ‘
PR PRIRYY 7T N SN

kgf/m2, (6). km/he (7). hp. (8). kg/hpe {9) e kge (10). kg/kg. (11).

"Gakkel-III" (Russia)e. (12). "Il'ya Muromets™ (Russia). (13). Caproni

<

(Italy). (14). Boeing. (15). Stratojet. (16). Convair.

- Table 0.2. Change in the fundamental characteristics and parameters

of light aircraft over the years.
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80
g
Fon | Hanvenosanue caMonera KGI‘?: :2 Krcp/‘)_“g ::;‘/.3: IX“‘C"‘ §§ K’ioc R g
W () QU 10 1@y 1 (121 (ol '
1]
1910 | «Takkean-111» (Poccgﬂ)(”ﬂo 29 (14,51 90 35{12,0 | — - 1000
19151 Huionop-21 (Ppanusa)| 495|15 §33,0| 160] 80{ 6,2 | — — | 5000
1920f Ma 'rml)cm“m F-4 (Aur-}1113]34,0§ 32,8 ] 211] 300} 3,7 | — — | 6800
ana) (12
1930 H-53 (CCCP) ({) 1300( 19,04 67,0 | 275] 525| 2,5 - - 8000
1940 Meccepumyrr 109\1%/ |2600( 16,5 159 | 570{1100| 2,3 | — | — |11000
(Tepmaniin) € 14) )
1950 ~ Mur-15 {cccpy(t g(, 4800(20,0| 240 {1050f — | — | 2000 | 0,415} 15000
1956| Jloxxun F-104 (CLIA) |6800)17,0| 400 |2500| — | — | 9000 | 1,32 |21000

Key: (1). year. (2). Designation of aircraft. (3). kg. (#). m2. (9).
kgf/m2. (6). km/he (7). hpe (8)+ kg/hpe (9). kg. (10). "Gakkel®'-III"™
(Russia). (11). Nisuport (France). (12). Martinside (England). (13).

Messerschmidt (14). Germany. (15). MiG (USSB). (16). Lockheedg COSA).
Page 11.

The applied previously extremely widely diagram of biplane
already since 1925 began to pe displaced by the aerodynamically more
advanced diagram of cantilever monoplane with the thick wing profile
(of type of N. Ye. Zhukovskiy's airfoil/profiles), which had

thickness ratio ¢=0.,20-0.24.

Subsequently the development of wings follcwed already by means
of the gradual decrease of the thickness ratic of their

airfoil/profiles (Pig. 0e1). Tendency toward decrease of ¢ of wing
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profile is explained by the fact that with decrease of c decreases

T

profile and wave wing drage. Figures 0.2 show a change in the total

coefficient of profile and wave drag c¢. (when ¢,=0) wing in

.z
|

dependence on ©. Especially sharply change C¢ in the airfoil/profile
affects the value of wave wing dray, which appears with speeds, close

to the speed of sound (curve 4=1).

Transfer/transition from the diagram of wing in the form of
multi-stand biplane cell (Fig. 0.3a) to the cantilever wing of first
thick (Fig. 0.3b), and then fiane/thin airfoil/profile (Fig. 0.3c)
contributed to the aercdynamic perifection of wing and decreased its
overall height h. A change in the overall height substantially
affects by weight of wing. With the decrease cf the overall height of
wing h, increase the fcrces, received with tending by the
cell/elements of longitudinal wing skeleton, and thereiore increases
the weight of its structure. The application/use of fine/thinner
airfoil/profiles must ke it was lead to a consideraktle increase in

the over-all payload ratio of wing constructicn, i.e., relation G,p/Go.

2,
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20
15
17

1930 1940 m% 22,
)

Pig. 0.1. Change in thickness ratio C of the monoplane cantilever

ving over the years.

Key: (V). yre.

Cxp+n 1’ =
0,011
0,009

M« p
6,007}/
0,005
0,001

4 g 12 15 205%
Fig. 0.2. Change in coefficient of profile and wave drag csps» in

dependence on thickness ratioc with M<<?1 and with M=1 (¢,=0)

LTI L fy
. —n
R W
Pig. 0.3. Diagrams of wings: a) multi-stand biplane; b) cantilever

monoplane with thick wing (ratio of overall height toward semispan




L Sih
T

RE12
’.{ﬁ
h/1=0.06) ; c) cantilever monoplane with fines/thin wing (ratio of

POC = 79052101 PAGE 32

overall height toward semispan h/f=0.035).

Page 12.

In actuality, as shows statistics, the over-all payload ratio of
the cantilever wings nct oaly .d1id not increase, but, on the contrary,
. it acquired tendency tcoward certain decrease., This fact is explained

by the following reasons:

1) by the increase 1in the specific wing load pgy, which occurred

in the development of aircratt construction;

2) by a gradual increase in tne specific strength of the

materials, used in the ccnstructiocn of the aircraft;
3) by transfer/transition to the more rational structural
load-bearing diagrams or wihjs, and also by perfection of the methods

of the stress analyses of aircrart.

An increase in the load on wing po sufficiently substantially

affects a reduction/descent in wne over-all payload ratio of wing.

Figures 0.4 show that curved GWJGM=pr,ohtained as a result of
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processing of statistical data on tighters with approximately equal

by the values of elongation A, taickness ratio € and load factor fa.

The mechanical properties of the materials, which were being
applied in aircraft construction, with years improved. The
characteristic (criterion), wnican uefines in the first approximation,
advantages of material in ratio py weight, it can be, as is known,

its specific strength o/71.

FOOTNOTE t. Specific strenyth witse elongation characterizes the
degree of the advantage of thne appiication/vse of material er
aircraft construction. Usdaliy auring the determination of the value
of specific strenrgth, accept uimensionality ¢ in kg/mm2 and 7y in

G/cm3. ENDFOOTNOTE.

The greater the specific strenjtn, the more favorahle material for
applicaticn/use in constructionsdesign. The specific strength of

aviation materials steadiiy 1s increased.

As a result of an increase in the specific wing load, increases
in the specific strength of materials, perfection of the design
concepts of wings, methoas tor calculations and testing for designers
it was possible durinyg a coasideravle reducticn/descent in

aerodynamic wing drag tc preserve 1its over-all payload ratio
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approximately at one and the same ievel.

The decrease of aerodynawic wing drag in the tctal resistance of
aircraft was achieved nct only as a result of transfer/transition to
the diagram of monoplare and decrease of thickness ratio of wing, but
also as a result of the continuous perfection of the form of wing

airfoil/profiles.

Large role in the aecrease of asrodynamic wing drag played
different means of its mechanization/high-1ift devices (flaps, flaps,
etc.), which made it possivle to substantially increase the specific
wing load without a consideraoie increase in the landing speed of
auto/self-ku by wing without a considerable increase in the landing
speed of aircraft. One should ncte also that an increase in the
specific wing load became possicle because of ths perfection cf the
landing equipmant of aircraft (appiication/use c¢f wheel brakes,
diagrams of nose-whael landing gear, etc.), with which was

allow/assumed certain increase in the landing speed.
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:
- e,

4R

o
X/
N\
bitp—r—- \ 5
012 ™
ﬂg\n
0,10
0,68
100 a0 180 pyrre/m?
(1)
Pig. 0.4. Dependence of the over—all pavload ratio of wing

construction G./G, on tne specific wing lcad po of

fight er~monoplanes, obtained as a result of treating the statistical

)u

Fight for the decrease of tne aerodynamic drag of aircraft was
conducted not only acccrding to the line of a reduction/descent in
wing drag, but also along tne line of a reduction/descent in the drag
of other aircraft compcneants (Luselage, =ngins nacelles,
chassis/landing ggar, lamp/canopies, supsrstructures). Especially
great work conducted on tne decrsase of drag of power plants. Won
acceptance the cowlings of air-cooied engines with improved
aerodynamics, the ductad radiators for cooling water and oil,

; arrange/located in fuselage or 1in wing.
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Since 1931 the designers pegan to use extensively retractable

landing gear.

In proportion to the periection of technology of the manufacture

¥

i A o o o 5y m——

of aircraft, became possiple an improvement in the quality of

finishing its external surfaces. For the laminarized enclosures this

n

“

gave considerable effect in a reduction/descent in the friciional

resistance.

Measures described dpove uwade it possible to considerably lower
the drag coefficient of entire aircraft Cx (Fig. 0.5)despite the
fact trat its value witn an increase in the specific wing load pg

must grow/rise!,

FOOTNOTE !, Change po differently affects the resistance of aircraft
and drag coefficient ¢, nawmely increase p, always conducts to
increase . whereas X with increase py at first decreases, and then

at sufficiently large values pgo 1t begins to increase. EwDFOOTNOTE.

From 1915 through 1950, i.e., in 35 yearr, the value of this
coefficient was lowered trom 0.033 to 0.015 (at subsonic flight

speeds) .




DOC = 79052101

In parallel with the periection of aircraft itself occurred tha
perfection of aircraft enyine. For an improvement in the aircraft
performance, it was necessary to iucrease the power of engine, to

decrease its specific gravaty/weiynt, to increase height, i.e., to

retain power up to possible tne nigh altitudes, and to decrease the

specific fuel consumpticn.

An increase in the power or piston engine is connected with a

gain in weight of the power plant of aircraft2,

FOOTNOTE 2, Into the power plant oi aircraft, enter: engines with
attachment and scraw/prcpellers, tarottle circuit, of lubrication

system ard fuel fesd with tanxks, coolers, cowlings. ENDFOOTNOTE.

If the power which they want to ootain, it is very great, then the
weight of power plant so increases that the arplication/use of a

piston engine proves to be 1hexpedient.

In order to avoid this, should be created more light power
plants (SU), than installation witn piston engines (PD). As a result
of investigations and deveropment work, such a SU was created on the

basis of turbine jet engines (rRD).
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The weight advantayges or power plants with TRD in comparison B

vody
i

with installations with PD becowme are especially clear during the

s

’

X . by
A by oA

conparison of the specific ygravity/weight of these installatious,

n

45

4

i.e., weight on 1 kg of the enygyine thrust uvnder conditions for flight

b

;

1 bt I L
B30 e 0y

in the earth/ground at difrerent speeds {Eable 0.3).

Large spacific gravity/wsignt of power plants with PD and
adverse characteristic ¢i tnis type of engine on speed and
height/altituds conditicnsd the practical 1limit of the maximum speed

of "piston" aircraft approximately inte 750 km/h.
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cxo l l
0,03
! tc?gnnom,
npomuy
A\ ﬂe)eueﬁ)
0,02 o \\¥\’
~d
0,01 (»

1920 1930 1940 1930 22
Fig. 0.5. Change in the value crf drag coefficient without induced
drag e (cy=0) over the years.

Page 14.

Considerably smaller specitic gravity/weight of power plants

with TRD (it is at present eyuai to 0.25-0.35) and special

feature/peculiarity of the cnaracteristics of the thrust of these

.
el

engines on speed and heiygnt/altvituue they allcwed aircraft not only

r

(L v~ i

¥
.

to overcome sound barrier, but also to reach high supersonic speeds.
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Table 0.3. Specific gravity/weigynt of SU with TRD and PD under
conditions for flight in the earth/ground at the speeds, which

correspond to different Mach numbers.

Y.ieavnmit sec CY Y neanuntit sec
Kre kre taru(s. Kre,Kre Tars
M ) v ;

Kuju N Kv{u M

32)
_C') ML [ TRI(1946 1) 6)‘ 11 lTP,'l(lQ;g}.;

720 0,59 3
900 3

<
Y
I3 e
Win

0
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<ncn

0
9

(=g =4

0
360 0,3
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Key: (7). km/h. (2). Specific yravity/weight of S50 kg/kg of thrust.

(3. g.
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Page 26.
Chapter 1I.

Basic and relative parawmeters or aircraft, equation of relative
weights., The effect of tne wcst important varameters of aircraft on

its f£light characteristics.

Most important task of tne design of aircraft - determination of
its basic parameters: takeoff weigynt Ggy; wing area S; thrust v, or
power No of the power plant, required for obtaininy the
assigned/prescribed fligynt characieristics. These parameters serve as
initial values for developing entaire project of aircraft, and their
corract selection causes optimum technical indices and

flight-performance data of aircratzt.
Page 27.
In certain cases during desiyn to more conveniently use the

relative parameters: the specairic load on wing area pg=Go/S: ky

thrust-weight ratio §O=P0/Go; py tne thrust, in reference to wing
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area PO/S; by load on pcwar Gg/Nge

§1. Equation of the over-all payload ratios of aircraft.

The complete (takecir) weight of aircraft is composed of several

differing in their special feature/peculiarities parts

GO=GK + Gc_)-+ G‘r + G(‘-Q-I“

RSN E 0

it
Ok

where G, - a weight of tne structure of aircraft; Gey - weight of

power plant; Gr - fuel loaa; Gesr - Wweight of equipment, equipment,

Hamesadina

crew and cargos.

Value é%< depends cn tne rows/series of the parameters of

aircraft and its parts, mainly, rrom the specific wing load po, from

wing aspect ratio X\, frcm the coefticient of calculated overlcad 7i,,

from the weight of aircraft, etc. Value Gey depends on weight per

horsepower, on the thrust level or aircrafi, on the weight of tanks

e ia

and so forth;é%- - from the speciric consumption of fuel, distance

o

of aircraft, from its cruising speed, from the weight of aircraft,
etc. Value Geor it is direct witn with the parameters and the
characteristics of aircraft and wich its weight it is not connected

and is determined dependiny on the aircraft type and its

SRSt LA e

designation/purpose.

o

-

If we divide both jarts or tne given equality to G4, then will

pA A

b
ke
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be the obtained esquation
1 =_éx +-éc-)' ";‘—G-r + a"c-a.rv

called the equation of the over~all payload ratios of aircraft or the
equation of the weight ralance of aircraft. In this case, the

relationship/ratios

G, = G- . G Gy = G = Geoor
K (l 1 c-y = ’ G'r = ; c.r ~
0 Gy Gy Go

are respectively the ovei-ali payload ratios of the
construction/design of aircraft, power plant, reserve of fuel,
equipment, crew and loaus. Rue gguation of over-all payload ratios,

as it will bhe shown belcw, plays considsrable rcle in the

expansion/disclosure of tne dependence between the parametars and the

ALl kb

sl

aircraft performance.

§2. Dependencs of fundamental aircraft performance on the separate

parameters.

A

J
i

ity

41l

o,

Maximum speed.

R

e

The maximum speed of teval jet f£light (when it is not limited to E

heating construction/desigyn, to fiight safety, etc.) at

-t

height/altitude H, can ce ueterwmined according to tha formula

16P xsp P
Vo) 2 Y/ @1
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vhere P - a full thrust of tne powser plant of aircraft at the given

height/altitude H at speed Vp,,;

¢x - the coefficient of tne arag of aircraft at speed Vaax

§=P/G0 - available thrust-weight ratio of aircraft with flight at

height/altitude H with a speed of Viay;

A=p/py - relative density or air at height/altitude H.

Page 28.

The thrust of jet enygiunes (Pkv and PVRD) depends on speed and
flight altitude. During an increase in the velocity of flight V and
of the corresponding to it #ach nuaber (V=a¥, whers a - speed of
sound), the thrust of enyines P at speeds #£0.5 scmewhat decreases,
and then, in dependence oa tae parameters of engine, it grow/rises,
after which on larqge ¥ach numpers sufficiently sharply it falls. In
the initial stage of the desiyn of aircraft, it is convenient a

change in the thrust to juage by tae curvesgraph cf coefficient

E=P/P,, Where P, - the startiny (in work on the spot) thrust (for TRD

- with M=0). The exemplaiy/apprcximate curvesgraph of change & in ¥
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24

for H211 000 m is gives iun Fiy. 2.1. Thus, the thrust of all

engines at any speed with H=0 can be expressed thus:

A change in the thrust of ¥Rv in height/altitude H cccurs in

accordance with the formula

P”=P°A.,

where the exponsnt €& at heiyants d<11 00O m somewhat lesser than

unity (e=0,85—0,9), and at heignts H=11000 m it is equal to unity.

Subsequently presentaticn wiil ve py larger part examinad the tasks,

connected with flight at neight/altitudes H>»11 000. Consequently,

expression for the engine thrust at any speed and at any

height/altitude H>11 00C it is possible to write thus:

P= mEPQA.

it YA snd, 0 bt

where m - the numerical coefricient, determined by the

db il ¢

i

4

change-in-thrust patterns at neignts/altitudes H<11000 M, and E=f (M)

m

”»,L!M_M

it will have identical character Lor engines with the similar

parametars,

i 1 A B

,
i

y

g

I
i

i ?‘.W K]

Wbl
Srasbr iy

After dividing both parts or this equality to G, and after

accepting =085 and m=1.¢, we will obtain

i

b

i)
Az H < 11000 M P=¢a%™P; (2.2)
Ras # > 11000 m  P=1,2%AP, (2.2')

Key: (1). for.

where Py=p,/G,.
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2 //
1 P
0 1 2 JM

Fig. 2.1. Dependence & (ratio of thrust level in flight P toward
thrust in work on the spotr Pgy) fiom speed for TRD (degree of an
incrzase of the pressure in compressor ma.=6 the temperature of the
gases before turbins T3=1200°, height H2 11000 m)¢ 1 - without

taking into account entry loss; 2 - taking into account entry loss.

Page 29.

After substituting intc forwula (2.1) obtained expression (2.2'), let

us be able to write for height/altitudes HZ=11000 M

Vmax=15,7 l/ ’0:?5 kmfy, £) (2.3)
Key: (1). km/h.
or _
Mumax=0,0148 ‘/ -”—‘:’—"5; 2.3
X

for height/altitudes H«ii 000 M
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V=441 BEE s, e
4 Pt "
M.IX':T l/ cp:f:'ls ’ (2.4 )

Key: (1)« xm/h,

wvhera a - speed of sound at heignts H<11000 M.
In this case, Cx=Cxo+Cxi=Cx+Doc?

where
DO — Cxl

Ceiling.

For aircraft with iRD, static ceiling Hpor is determined by the
value of relative density on ceiiing, which can be obtained according

to the formula

1,66V Dyer (2.5)

Agor= - ,
nor ePo

of that escape/ensuing fror opvious equality P==KQ’. Utilizing (2.2%)
max

and setting Kmus(:_’) =0,5/V Dy, we will obtain formula (2.5).
max

2 4

Vertical rate of climb.




IS0 2 O =
w“,g‘fg T DA I Ry

e
R

e S g B T SR

SO Ay

—

DOC = 79052102

- s i e

————

The maximum vertical veloccity approximately can be expressed so

[57:

Voo 2 P/ P
ﬂllllx~-3—-6;— 3ch°s .

—

Set/assuming for H=0 p=1/8; P/GO=E§L; P/S=pgoPgé&,

o —— AL 3 A . ¢

e emma3 mamme

5

. i e 4y e g s o LTI FP I Bav s R e R R L VRN InL. N
C Pt S o I Al i v e e b B s sl bt e

we will obtain

7 B . Vy max=1,53 ‘/P_oim ’ (2.6)
Xo

et

N or for an engine with aiterburniny B, 9;
Vyms =1,53 Po (Pog)d ,

L‘_‘,o

Ao

ry

o sumelint MoL

where Pot - a thrust-weignt ratio with afterburning.

!
w'a

T Maximum range at speed Vipenc .

The work, produced by the enyine thrust in flight of aircraft to
.. distance of L, can be expressed thus:
U=1,53 P_1

cpr

where P, - averags thrust on way of L.

Page 30.

This same work, expressed through mechanical heat equivalent of

>
B g B T, s
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the burned down fuel/prcpsllaut, is determined by the espression

U =427G,H e

where f,.- fucl heatingy vaiue;
G, - walilght of the turmnea down fuel/propellant;
e - overall efficiency or poser plant.

After equating the rigat lots of the ottained expressions, let

us find

[ = MUk (2.7
P

whence, in particular, is visibie the dependence of distance L on
calorific value H, Pormule (z.7), however, cannot s=zrve as basis for
the examination of the eifrect oI different parameters of aircraft on
its distancs and therefcre let us turnh %o the detailed analysis of

following formula [ 13] for aircriatt with jet engines (TRD and PVRD):

Go

L=36( L v 49 (2.8)
J oy Cx G
a
where V - a speed in m/s.
¢p - specific hourly consumption of fuel/propellant in kg per 1

kg of thrust:

i

RO

i

!

Lk

et A e W

3
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Gy - weight of aircraft at the end of the way; if we consider
that in way the weight chdanges cnly due to the fuel consumption, then
G,=G, -G,
During the desiqgn ot aircraft large intsrest is of the maxiwmunm

flying distance, It is cibvious thnat for achievement of maximum range

it is necessary that in the assiygned/prescribed ratio 6,/G4 product

i cy L] ] .
;::;V in formula (2.8) wouia nave maximum value. Lat us explain,
under what conditions expression L %y has a waximum. Let us

Cp Cx

examine for this the factors, wnicn affect the entering it values.

From theory of TRD, 1t 15 Kuown that the specific fuel
consumption depends on rligut speed V, heighty/altitudes H (or A) and
the degree of throttliny/cnokinyg engine (or numkter of revolutions n).
Graphically these 1epenaence. .ie represented in Fig. 2.2. As can be
seen from this curve/gragn, ¢p with increase V increases (see Fig.
2.2a) , with an increase in the heiyhtyaltitude to H;JIOOOM-— it
is gradually decreased, at neiynts H>11000 M Cp it remains the

constant (sees Fig. 2.2b).

During throttling/chokainy of engire, i.e., during gear dcwn n,
¢p noticeably it changes, at rirst decreasing, in this case nininmum
valua ¢ it is reached at the small degree of throttling/choking on
the so-called cruiss settiny ol enyine, and thsn rapidly increasing

(see Fig. 2.2c).
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= H=const
¢p Cp V=const Cp \\\\\\‘,
/'ﬁZE;;t \\\\r-

g " a " H g n
a) b DY

Fig. 2.2. Dependence ¢ on speed V (a), heightraltitude H (b) and

number of revolutions c¢f Tku n (¢) for single-flow engines.

1 Page 31.

R B Kok

Yy
2

The value of relation ¢y e, depends on flight conditions, i.e.,

ST )

from coefficient ¢y on whicn 1s accomplished the flight. The
3 expression, which is determin.nyg ¢, can be obtained from the

relationship/ratios

whence ¢, =%,
P

Replacing in this eqguality ¢ by its exgressiocn through ¢x and

DocZ, we will obtain

whence P
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After substituting expressions for (2.2) and (2.2') intc formula

(2.8'), we will obtain

5 270,85 RS
c”=ﬁ)i“___‘/_£_._.. Zre. (H < 11000 m);

20y 4D} Dy
= 522242
0,6Po¢A \/ 0,36P5¢%A Cy
Cpp s e e — 9 / .
y Do 2 e (H>11000 ™)

These formulas show that ¢, depends on Py, height/altitudes H (or A)

and from the flight speed V, irom which in turn, depend &, ¢Cx, and at

supersonic speeds and Dg.

Figure 2.3 depicts tae curve, which gives the representation of

the character of change ¢y 1n the level flight in height/altitudes

in cruise setting of TRD. It 1s owpvious, ¢, cn ceiling H,,, Will
achieve greatest value Cyor=cCyp, 1tS value when Kmax. With the &

decrease of height/altitude i, coefficient ¢, decreases and

respectively decreases quality ¢y/cx

A i

S

it

A

.
P

N I AN R S
BB SRR

ke

oSy

[Ny
g

e

4

it

gy AT TR et gt G Tonl) - & 2 - T T T T e s o R
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15 pummapaa

10 /

|
|
}
|
|
!
1

leynsicynor= Cyopt

0 97 0% 0F Gy _

1
1
|
|
|
|
!
|
|

Fig. 2.3. Change ¢ in tne level flight with the completely open
throttle/choke of TRD in dependence on heightsaltitude H (H. - the

most advantageous heightsaleizudsz).

2 VI{M/&/ Q)

Fig. 2.4. Character of change 1n wmaximum speed in dependence on

height/altitude H: 1 - transonic aircraft; 2 - supersonic aircraft.

Key: (1). km/h.

Page 32.
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The speed of level flight Vmaxy at yiven heighty/altitude for an
aircraft with TRD, as notad, can be expressed by formulas (2.3) and

(2.4) .

After using values ¢ of aircraft in blasting or approximate
computation and by the curves of the dependence of coefficient & on
speed, it is possible tc¢ Jraphicaily determine the speeds of level

flight at different height/altitudes.

In this case for the row/series of the selected height/altitudes
in the range from H=0 tc H=11000 m, beingy assigned the value of
speeds Vup we determine correspondaing to them values c; and & and,
substituting in formula (2.4), we r£ind values Vien through which we
plot a curve in coordinates Vs and Vyue. Then, utilizing formula
(2.3), let us perform the same operation for heights gF>11000 M.

For each selected heighty/aititude we will oktain curve/graph in
coordinates Vsm and Vuer. After ccaducting on each curve/graph from the
origin of coordinates ray/beam at an angle of 459, we will obtain in
the point of intersection or ray/veam and curve V value of speeds V

at the selected height/alcitudes d.

Figure® 2.4 give typrcai curved changes in the heightyaltitude
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of maximum speed for sursonaic (1) and supersonic (2) aircraft. For
both aircraft types characteristic is an increase in the speed

in the
height/altitudes to 'H=11000M.

On the bhasis of afcresaia nigaer for aircraft with TRD are valid
the following conclusicas:

a) the specific ccunsumptaion orf fuel ¢, with an increase in
altitude to H=11000 ™ decreases and at heights H> (1000 m

becomes the constant (see Fly. <.2);

b) cozfficient ¢, wnicn corresponds tc level flight, with an
increase in height/altituae H increasses to cypt (See Fig. 2.3),
reaching this valu2 on the static ceiling.

Together with ¢, with an

increase in altitude, increases aircraft quality/fineness ratio gyc,,

which on ceiliryg takes the maximum valueg

¢) the speed of the level £liyht V with an increase in altitude
to H=11 000 m increzases.

Taking into account

The yiven conclusicnsderivations, it is
possible to confirm that

—— —

product L Cfry  flying range reach maximum
Cp Cx

.
oiai

value at heights g< 11000 u.

x
gioik

3
&,

2
&

N e v
e il ST R o G e AT TS X 55 AR
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Assuming that the speciric coasumption of fuel ¢p for heights

"H<11 000 » can be expressed tanus:

|
Cp g'-PA cpo,

where Y =1.05+0.1M+0.0542 15 considered approximately the effect of

Mach number of flight in tne rauge from 0.8 tc 3.0 cn specific hourly

consumption;

A - relative density of air;

k=0,12;

Cpo - starting specific expenuituresconsumgtion (4=0; H=0), we can

b i st

for H211 000 m write

Ci,=0,8634’cpog

%
i i.e., at heights H>11 @& vu0 wn, specific expenditure/consumption does

not depend on height/altitude.

Forrula (2.8) now caiu bpe obtained in the following form:

c
SRiar
2

G

y 4.17§ s Vo, (2.9)

Page 33.

o3

e

A

. . . ¢ . ) o
g Keeping in mind that ;!b’ on a cnange in weight G does not depend, g
3 * . ‘é
% let us integrate this exgression, by assuming that G;=Gy—G, V=const: %
g‘;‘ ‘ii;
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L=417- L Ly 1 2.9

Cpo Cx 1—-G;

The maximum value cr distance Ly, %ill cccur at maximum value

eV D

’

Substituting for V expression (2.3), we will otktain

0y =157 L=V pP,
Cx Cx’

whence it follows that, since value poPy for this aircraft can be

. cy . . Sy 405
accepted constant/invariaple (—V) +» it will cccur when 1,5 :
Cx max L7 max

Consequently, for obtaining waxiwum range Lmax aircraft with TRD must

4
fly under the conditions uurinyg which ("{g‘ 0'5) .
cx max

Let us determine ¢, which corresponds tc¢ this conditions/mode.

ols
It is obvious, maximum range will ose obtained when (0,”) . After
¢yt”” [ min

elevating this fraction into ueygree of 2/3 and utilizing an

analytical expression ot tae polarc

Cei=Cryt Dochy (2.10)
we will obtain
15 \¥s 43
Cx . Cxo C”
(cy&“) . o cf,/ael's gl Do (1)

For a subsonic aircraft tne cozfricient & in spe=d varies 1little and

it is possible in the first approximation, to accept &~~1, and

Do=;al—=c0nsi and ¢, depends only on ¢y Let us differentiate
s
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s f

2

@* expression (2.11) on ¢, will make equal to zero and we will obtain

advantageous value cyms ioOr conaitions/mode Lmax:

Coan=1,252 Virgom

Valua Cyopt, which corresponas to maximum quality, as is known, it will

i
St

-
i
———

o i, e A

be equal to

. €y opt=V Mh4Ce,= 1,713V 7 ¢ C,e (2.12)
= A Consequently,
g’ I
-
‘:«{’ . 1 ,2520y opt 3
Ef:{ , i Cyun= 1'773_" =0;7lcy opte
2

Thus, goal flight ¢t subsonic aircraft must be conducted under
the cornditions, by which ¢ym=071 cyopt, but height/altitude Hy is
somewhat less Hpor (See Fi1ye. Z.3) 1n the engine operation in cruise

setting.

Page 34,

Substituting (2.1712) 1into tac theoretical expression of polar

(2.10), we will obtain atter sikple conversions value cxus for the

1o

conditions/mode of maximgum ranye

et Kopebi

) fey N
DA

] B

l'%
e

Crmp= lascxg-

In transonic rate ct speed (H4~~0.8-1.3) the coefficient &

BRI

FR

noticeably changes. Furthermore, 1n this range c¢x and Dy depending
on speed undergo considerable cnanges; therefore for a transcnic

aircraft the determinaticn ot value ¢, of the conditions/mode of

(PR

steupie +21 33wt A b v by iy M T8 S B el AR B s b e BB B4

winean g
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maximum range, i.e., conditions/mode (iﬂ V)"'lax, it can be carried out
in a following simple graphic wanner, Having. a polar of aircraft on
blasting or according tc tne data of approximate computations for
speeds in the rangs M~~U.8-1.3, we plot a curve , (M) for the
row/series of heights H>11000 M | (Pig. 2.5). Then to this same

curve/graph it is applied curve cp=cp(M) for H>11 000 m, calculated by

the formula

com b 19.2pP
P7sg T amy

(2.13)

curve ¢p=cp(M) W#e construct for this value of thrust-weight
ratio P, So that it would intersece curves C==G:(M) in transonic
speed range. Values & we f£ind trom curvesgraph &=& (M), then the
points of intersection ct curves g,=c,(M) and ¢p=cp(M) will correspond
to flight speed M a* differeat neiyht/altitudes H. Now, knowing M, it

is possible for each of tne undertaken height/altitudes to find

values ¢, from the foraula

—_16py

Y A @M)? !

and, therefore, to determine corresponding to them qualities —Z—‘i

r

Further let us calculate tor the row/series of values ¢ of

value £y and lst us ccastruct curve -£y depending on ¢ ((Fig.
Cx Cx

2.6)1,

FOOTNOTE !, Figuree 2.6 as an example give curve for a hypothetical

transonic aircraft. ENDFCOTRUTE.
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Cz» Cp

410

\J
V2

m\\
NS

0
a5 W0 M

N\,
=4

l
T

Fig. 2.5. Determination of depenaence ¢ on M from different
height/altitudes for of an assignea/prescribed engine (auxiliary

construction for obtaininy tne dependence, given in Fig. 2.6).

2000

1000

P U [

rcyopt
0 071 07203050506 cy

. c . . .
Fig. 2.6. Dependence ;L" on ¢ ror determination ¢ corresponding
X

to most advantagzous flight conuitions to maximum range.
Page 35.

With the aid of this curvs let us dstermine ccefficient g, to which
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it corresponds

[con

and in this case let us ascertain that cym=Cyont.

Consequently, in transonic zoane the most advantageous

conditions/mods for fliyht (with n#const) will be the conditicns/mode

of maximum quality, i.e., for acnievement Lp, flight must occur with

: Cy=Cyopt-

iz

If the flight of transonic aircraft occurs at the speed, at

REER

s

which appears sufficiently noticeawule wave drag, then conditicns/mode

S Wl

when ¢yopt Wwith the completely open throttleschoke due to a sharp

LI S

increase in the wave dray pecomes unfavorable and maximum range is

- e e

obtained during certain throttiiliy/choking of engines, greater than

d

in cruise setting.

For supersonic zone Cym 1t is possible to find by graphic

method so, as this is descrioed apove.

The results of determinatlion trom this method Cywe show that

. [4 s 4t
maxisum (;lV) occurs with
X

bkt Tt

Cym= 0’73“‘0 n;h

i.e., it is possible tc approximately consider that the

conditions/mode of maximum rangyeé Lor a superscnic aircrarst is
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analogous to the conditioans/mode of the maximum range of subsonic
aircraft. Allow/assuming certain unessential inaccuracy, it is
possible during determination Lg, Of supersonic aircraft in the
first approximation to accept
Cyus=0,T1cy op1

Thus, let us assume that tne cornditions/mcde of maximum randge is
characterized both for the subsonic ones and for supersonic aircraft
with TRD by coefficients cyns=071 €yopt aNA Cxne=15 Cxo. To these

values ¢,y and Cexme' COTIESPONAS the value (ﬁl):
Cx /un
cy 0,472 -
- = Cy opts
( Cx )n! c-‘a P
or, since ¢ t==l/r0xo’
JoP Dy

(L!L)“=_°ﬁ7£_ ) (2.14)

Cx Ve xoDO

Page 36.

Substituting (2.14) in (<.9*'), we will oktain

1
Limax=4,17 w‘ 1}’.472 kpeic I ———, (2.15)
either TP chDO 1 — Gr.ppenc
D 1
Lmax '-‘.-7'0 V[)opoE l — l" — ,
'z)cl’ocxo VDO 1— Gr.kpeiic
or 1

M I -
Lomax =584 — e I —— , (2.15)
*Cp, Ve, Do 1 —Urueac
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where cruising speed

Vr.x_!enc= 1218 ‘/ﬂ)ﬁ£ KM’"‘]
, ¢

Lo

and the corresponding to it number

M, ;en.=0,012 ‘/ﬂcﬂ- . (216)

Xo

Fcrmulas (2.16) anu {2.1b!) can be obtain=d via substitution in

(2.3) and (2.3') values Cxme=15 Cxo.
Utilizing calculated or <xperimental data for P, cpn, cxt and Dy :
for of assigned/prescricea vaiue Grupeac, it is possible with the aid

of formula (2.15) to oktain aependence Lmax cn Mypeae (Fig. 2.7).

Distance of takecff/run-up Lpgs with takeoff. 1

The distance of taxeofr/run-ufp Lpygs is expressed by follcvwing j

formula [ 13]: ¥

o

v 1
2
Ly == 5 av X (2.17) :
€ F—-f—;f’o- (ex—1e3)

f we accept thrust-weligynt ratio P on the takecff/run-up of the

constant/invariable and eJuad starting thrust-weight ratio P=B,, arnd
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expression ¢,—fc,=0 in view ol 1ts smallness, then integral (z.17)

cau be calculatea analyticaliy in the form

L
- e 0%
Pt Tog Po—f

Since the value of velccity nead with the breakaway

] 2
. ontp . VOTP
q01p= T = T »

and
P 16
Cy= 9 2.”0 [
that T Vew
9 16,
V2,=-182 .
F‘ Cycwp
} and
<
< Lyypg=——2:8200 (2.17")
N ¢y orp (Po— f)
‘
S or with afterburning 0,82p
_i pazo == — .
.‘ €, orp (POQ;"f)
oy
A
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Fig. 2.7. Dependence of relative diastance Lmax On number Mm

Page 37.

i

) o e

Dependence ot light characteristics on the parameters of ajircraft

s e

Cx, ch)-DOI Po' po and El

Examining formulas (2.3), (Z¢3"), (2.4), (2.4%), (2.5, (2.7),
(2.16), (2.16'), (2.17), (2.17'), we can maka the conclusion that the
values of fundamental fligyht characteristics
Vmaxi Vipetes Lmaxi Vyi Huori Lyas depena on of the following parameters and

roefficients ¢, and ¢y Dg; Pges p and £,

Let us examine each ot tne jiven parameters and we will attempt

$ 88 CPHNE o ¥ Byt

to establish/install, on wnat Lactors d2pends their value and how

they afiect fundamental aircrart performance.

brag coefficient ¢ corresponds to total aerodynamic drag of

s AL G ke b 2k e

LA ATVt by et A sk Sy Tt v e
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aircraft X and can be expressed as follows:

X Xp+Xn.Kp+Xon+Xl.on+x¢+Xn.p+xr+xt-r+xl+xll
cx==———= ’

qS qS

whers g - velocity head of tne incident flow;

X, - shape drag and triction o wing;

Xowp - wave wing drag;

PRI

Xon - shape drag and zraction or tail assembly;

Xson - wave drag of tail assemply;

X¢ - shape drag and triction of fuselage;

X - wave drag of fuseraye;

Xr

!

shape drag and friction or the engine nacelles of, those of

the nacelles of chassis/lanainy jJear and so fcrth;

i e A e e e R S

L
€y

ARG L

Xyr— wave pod draqg of enyines, nacelles of chassis/landing gear;

Xi - induced drag, 1.e., tae resistance, which depends on angle

of attack or ¢

-
P

#
4
2,;
%
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Xy — the interference dray, wnich appears as a result of mutual

wing influence, fuselage, tail assembly, engine nacelles during flow.

Using the appropriate aimensionless coefficients, let us write

the coefficient of the totai dray of aircraft in the following form

. . N
c.r=Cxp+ Cx _n-x9+(cx oa+ Cx s.0n) ";i"l‘

+(cx¢+cxl.(t‘)i:g!'l'(cxr“*'an-r)"s"gi‘!"c.rl+ Cens

where

tail assembly

Crod} Crutd Cxrd Cror — the dray coefiicients, in reference to the

appropriate areas of the miasection of fuselage Swe and nacelles
Sur.

Cxomt Cxeoy ~— the dray coveiricients, in referarce to the area of

It is convenient fcr anairysis to present the coefficient of the

total dragqg of aircraft ¢ 1in the torm of the sum of two coefficients

¢xo and cx, from wnich

SOH

Ceo== Cxp "* c;..xp + (Cx ot + Cxu-on) "? +

Su. Su.r
+(Cx¢+ Cx n.¢) -—;?—+(er+ Cr a-r) '_S_' +C.r "

corresponds to the drag cr aitcrart which it has when ¢, =0, and

cxi=Doc,2 corresponds to the additional drag of the wing which is addzad
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when ¢,50. In this case, it i1s ccinsidered that supplementary
resistance, that appears in tail assembly, fuselage, nacelles as a

result of changing the angyle o attack, is negligibly small.

Thus, the drag coefficient of aircraft ¢x can be with
sufficient approach/approximaticn examined by that consisting of two

parts Cx=Czo+Cxi.
Page 38.

From aerodynamics it 1s xncwnh that total frontal asrodynamic
drag of aircraft changes accoraing to Mach number both in its total
quantity and on the relationsulp/ratio between conmpcnents of the
separate means of the resistance: Lorm, friction, wave, interference

and inductive,

On the curve/graph of Fiy. 2.8, is shown the character of a
change of coefficient ¢ in degpeunuence on #ach number in aircraft
with various forms (on cucrve/gyraph to each value ¢ it corresponds
its value c”=j?' Entire speed range of contempcrary aircraft in
dependence on the character of cnange ¢x can be broken into three
zones: the first (from K=0 to M =Myu) - subsonic, the second (from
Mipur  to M~~1.,2) - transcanic, tne third (from M¥=1.2 to M=5) -~

supersonic,
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Let us examine how changes tne relationship/ratic hetween

components ¢€: in each of the above-merntioned zcnes.

In the first, subscnic, to zone the drag, which does not depend
on the angle of attack ci tne wing to which corresponds coefficient
€z0, is encompassed: the snape drayg, friction, interference drag. To
this resistance is added tne resistance inductive, which depends on

the angle of attack (frem c¢y), tc which corresgonds coefficient cu:

P 256p2

2
Car=Duey =Dy ¢ (@MpPam’

From this formula it is evident tnat with assigned magnitudes p, X

and A with decrease of ¥ (- consiuerably it increases (Fig. 2.9).

From resistance, to which corresgonds c¢x, large value in this zone

4»%,,&”‘\% o bl et

resistive of friction. Ineierore ror the low-speed aircraft, which

"

&

i o

possass the maximum speca in tune r£irst zons, for decrease c¢x' should

et

be to apply wings with sufricientiy great lengthening A and accepted

the moderate specific winyg loads. For decreasing the frictional

(s iy Rt it
e

i
txh

resistance for similar aircrait, is expediznt the application/use of E

‘;g#v‘fh b
A

such forms of its parts, witn whicn would be provided the low value
|
of accelerating pressure yradients on the surfaces, streamlined with E
=

e

flow. Last/latter circumstance ccuntributes to the

e

preservation/retention/maintaininy of a laminar boundary layer in the

:
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=
=
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large sections of the surface or tas streamlined bodies and,

therefore, it brings in to tne decrease of frictional resistance.
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Fig. 2.8. Change ¢ of tane aiicrart in dependence on t#ach number: 1
- subsonic aircraft; 2 - superscnic aircraft with the rounded wing
leading edge; 3 - superscnic aircraft with the pointed wing leading

edge.

Key: {1). zons,

0,075

0,05

0,025

Fig. 2.9. Character of changye Ln components of coefficient total dragqg
of aircraft in depasndence ou flaca number for medium altitudes (H¥10
000 m, p=250 kyf/m2, A=3.2): 1 - induced drag, which depends on

spread/scope; 2 - shape dray aha wave drag; 3 - frictional

s Y

i

&

%

=5

%
E
q




QAU Sty e N AN 8 Pt sl S it M 1) AL
R S R R e e 0 R

[RNET Ny

B o ey

[ R D e

DOC = 79052102 PAGE P}

—

resisiance.

Page 39.

i For this, is necessary tne application/use of the laminarized wing
; profiles and laminarized euclosures of fuselages and nacelles.

; However, one should remember that for the laminarized

§

% airfoil/profiles are characteristic lowered/reduced values Cymax
o therefore the gain in frictional resistancs can be considerably
lovwered as a r2sult of tne nsed roir increzses S for the satisfaction
of the requirements, presented to takeoff and landing

characteristics.

oy The secondly, transonic, to zone the resistance, to which
corresponds coefficient «cx, upon recaching of Fach numbzar, called

critical Mipwr @S a result ot emergence and viclent increase in the

0

wave drag sharply increases (see Fig. 2.8). Fcr a subsonic aircraft

I e

with the subsonic forms of winy, ruselage, nacelles and tail

assemblies, this increase can pe ii ten cr more times. An increase in

A,

Y

et

the resistance occurs suftucieitly sharply; therefore the phenomenon

ko

was called characteristically name "scund barrier". Por the aircraft,

E

-,

S A T A T LS

the value of maximum speed ofi wnicn is located in the second zone, is
expedient the applicaticn/use or rorms, which facilitate the decrease

of an increase in the wave aray (Fig. 2.10), i.e., the sweptback

¥
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wings and tail assemblies, wings and tail assemblias of low
elongation (with M>1), especialiy triangular planform, and also
application/use for winys and tail assembly of airfoil/profiles with
small thickness ratio (C=u.0o-0.0vb) and with the low concavity also

of fuselages with great lanytnening.

The application/use oL tTn=Se LOLMS canh ensure a comparatively

small value of increase Acmm, (See Fig. 2.8).

Ir the third, supersonic, to zone the wave drag, called by bow
shocks, comprises consideranle portion in total drag of the aircraft
to which corresponds ci=cw+Ci- Lmparting to aircraft components - to
wing, fuselage, to tail assewoiy and so forth - especially supersonic
forms, which ensur2z the ewsry=nce of oblique tow waves, i.e., the
application/use of fine/tnin waing grofiles and tail assembly
(¢=0.03-0.05) with the pcinced icading edges, the enclosures of
fuselages with the pcinted, sticnyiy elongated nose section and great
lengthening and the 1like (Fiy. <.11) substantially decreases the wave

drag of aircraft.
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Fig. 2.10, Wing planforwm, its airtoil/profile and the form of
fuselage, that are applied cb transonic aircraft (1£1.0): a) the
sweptback wing; D) trapezoiaal iow—-aspect-ratio winy; c) delta
low~aspect-ratio wing; u) fuselaye with great lengthening; e) wing

profile (laminar), thickness ratio €=0.10.

dry

o

@ &y d)2r

Fig. 2.11, Forms of wing proriles (a, b and c¢) and fuselage (4),

advisable for supersoric speeds (¥21.5).

Lt A, ok e
ot adion o iy

Page 40.

However, one should consider tnat the wing prcfiles with acute/sharp

leading edges pcsSsSesSs unsatlsfactory properties in the relaticn to
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the landing data of aircrart and therefore their to apply without the
special high-1ift device or winy (droopsd noses) does not follow. In

supersonic zon2 is relatavely yrsat the frictional resistance to

value of which, as is krown, arifects the smoothness of the fairing of

body and therefore wings ana sugersonic fuselage must have least

possible surface roughness. For supersonic aircraft is esxpedient the

application/use of low-aspect-ratio wings (A<Z.5), since the latter

gt

3

bttt

on supersonic aircraft plays in 1ncrease ¢x insignificant rola. On

the other hand, the wingys or suca type make it possible in supersonic

range to lower wave drag. Taking 1nto account during design effect on

|
L

value ¢ and ©¢x0 of the examinead above factors, designer must

remenber also that value c¢x depends on the specific wing lcad pge.
Let us assume that are desiynca completely similar aircraft of orne
and of the same weight G4, cut with different in the area of wings

(Go=const; S,=var). The areas or wmaximum crcss sections of fuselage

B i

je
Bl

and 2ngine nacelles (Swo and Sur) will be identical, but the ratios

dich:

5

of the areas of tail assewonly ana area of their wings are permanent

Son/S=const.

It is possible alsc to consider that

i R el

%

cx on + Cx n.on =.r =c0nst
Cxp -+ Cxanp

d
an 0,¢+Cx..¢0= cxr+cxn-r'

SR

il

‘,‘
i
el

Furthermore, for similar aircraft 1s correct the egquality

I
3H

ARSI bl
LA A

=5
=
o




s
N

N TR A b SN RN S04 Sy
RS e e I SR AT

2.

GRS SR BRI S s e

b e

«
el e e S e s % B 18 g

——yp

DOC = 79052102 EAGE 7@

i A W

Sup + Sur P P
S S vGolESy Ry ]

where 2Sy - sum of the arcas o1 maximum cross sections of fuselage

and engine nacelles

T g 2 ot R

Go
ISy

k1=

FRPTONY S

Then, set/assuming
Son___
T+y S 9
. and disregarding the ccefiicient G we can write
Po
Cx0=(c.rp+ cx.-r’) k0+(cx ¢+ Cx l-‘b) —k—l- .
For subsonic speeds (g,p,p=0; cxap=0) will be used the followirny

formula:

P
Cx0=kocx;;+cx¢ 'E;o‘ ’ (2.18)

FOOTNOTE !, In the practice oi preliminary (sketch) dssign co it is
determined either by calculatior according to approximation methods,

or from tha blasting of simiiar by airplane design. ENDFOOTNOTE.

and for supersonic speeus can be used the approximation formula

€022 5,0kc? M—_—lz l+ ¢+ Cro '%:' ’ (2.18))

where Cxp=C:¢ +Crnor
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Page 41,

On the basis of formuias (<.1bv) and (2.18') it is possible to

judge the effect on ¢y the specific wing lcad py. Formula (2.18')

o

g gives the representation of consiuerable effect on value ¢y at

=
I

supersonic spesds of thickness ratio of wing &, which snters into

formula in square.

The second coeffz:cient, wnicn characterizes the asrodynamic
properties of aircraft, is coefricient Dy, entering the formula,
sufficiently precise for the fligyut speed range of the aircraft

Cx= Cxo+Doci="xo+Do f: .
Value Dy depends on Jifferent ractors cdepending on that, what zone

includes the speed of the desiyn/projected aircraft. In the first

(i sire RN S AP e et e e e

zone (subsonic) coefficieat by ! is equal *¢
ks
I)o z;l_;; ’
where k,=1.02 for the tapeired wings with elongation A>3; k,=1.6 for

delta wings with elongaticn Ax<Z.

FOOTNOTE 1, Let us recall tnat Do=1/c},. ENDFOCTNOTE.
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Consequently, as was diready noted above, for the aircraft whose
speeds can be related tc tne rirst zone, must be used average/mean
(\=4-7) and large (A=7-12) wing aspect ratios. Is aspecially
important the application/use of large ones A for aircraft with large

flying range.

1n supersonic, the tanira, tc zone coefficient Dy can be
‘ expressed thus:

Dy=0,258,V M2—1.

Coefficient B, is sxpressed py tne following formulas:

Kt SR Hadh

for the direct/straigat tapered wing

1
1

aYMm—1

for a delta wing witn the supersonic leading =dges

Bo=

-o

1

for a delta wing wita tae subsonic edgas

4 A M2 —1
Bo—.::-l—( 4 + VIS )‘
n 7\VM2_1 ’

Thus, Dy at subsonic ane transonic speeds (M<1) is expressed the

dependence of aerodynamic drdy when ¢;=0 on wing planform (X} and
n), and at supersonic specds -~ from wing plauform and speed (¥).
Consequently, designer can attail. decrease Cxn and Dy by the final

ar justment of the aerodynamic snape of wing, fuselage, tail assembly
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of aircraft. In this case, as we savw above, for each speed range,
were characteristic speciat snages of airfoily/profiles, wing in
plan/layout, fuselage, etc. Decrease ¢, and L[, (at the constant
values of other parameters), as it follows frcm the examinpaticn of
formulas (2.3);: (2.3') 5 (2495); {(<ab): (2.15)3 (2.15%); (2.16)

(2.167) , leads to an imgrocveaent iu the aircraft performance
Vmax (Mmax); ng;enc (Mkl;enc); f/nor» Vl/ max, Lmax-

Page U42.

The following paraweter, whicn consideralbly affects all

fundamental flight characteristacs, is the thrust-weilgat ratic

or the in question during uesiyn starting (for TIRD) or initial (PVRD)
thrust-weight ratio
Bo=Lo (2.19)

It is easy to see that expression (2.19) has the definite
meaning only in such a case, when are deternined Py and Gg. During
the design of aircraft, these vaiues must be fovad, moreover task is
csmpszcated by the fact tnat 6y proves to be the value, dependent on
Po, and Py, and its turn, 1t Jdepends on Go. Thus, for the
design/projected aircrart tv determine P, by formula (2.19) 1is

impossible. If we axpress Py, after using formulasg (2.3') and

(2.16'), then

S gtk iy e

SR, + oL saras L
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—— —4650M;‘naxcx . (2.20)
ou — EPO 4
= 6950M§pe,,ccﬁ_ (2.207)
on T epo

they will determine those values of thrust-weight ratio which are
required for obtaining iespectively given onas Mmax and Muperc with
given ones ¢y ¢x; Po and €. I'ne tnrust-weiqht ratio, expressed (2.20)
and (2.20'), 12t us call r=4quiiLed thrust-weight ratio. After
determining thes value ci reguireu thrust-weight ratio Py, of that
ensuring assigned magnitude Mp,x or Mipene, designer it must kncw well
the ways which lead to ejualivy Py, and thrust-weight ratio of "that
arrange/located" Po, i.e., tiae tacust-weight ratio which it is
possible to virtually ensure at tae values of the paramsters of
aircraft and power plant accepteu and during the assiygn/prescribed to
structural strength, The guarantee of equality value p, to value
Py, is one of the basic tasws of tne design of aircraft, which the
designer to final sum rust solve in design. In crder to know, how it
is possible to influence value Popp, it is necessary to explain the
dependence of available tnrust-weiyht ratic Pg on different
parameters, for which we will use the equation cf the over-all
payload ratios of the aircraiz
G+ 0.y 40y + G 1.
We will obtain for tae secona and third members of the left side

of equation Gcy and @, tne expressions, estaklishing their

.
P * 7 B N - B B | .. 5
B U Uy U - 1Y TR U Y. - § 1 R ey IO - P VR W R L. e R
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dependence on different parameters,

For G.y it follows trow the determiration

GeyP e

_G. :___:___Gc.y =____cy 0‘=r0P0’
. €y Gy GoPy
Gey

where ’b==Po - the specifac gyravity/weight cf the power plant of

(2.21)

aircraft (referred to bcost ror launching Pg).

For the over-all payload ratio of fuel/propellant Gr it is

possible to obtain dependence vn tne parameters as follows,

Page 43.

The complete fuel reszrve on the aircraft to which corresponds
over-all payload ratio Gr 1t ccusists: of the fuel/propellant,
expended in cruise Grupenc, 0L tne tuel/propellant, required for
taxiing, takeoff/run-up, takeoff, i1ift and landing G;n, 0f the
fuel/propellant, requirea to acceleration/disgpersal Gq.p and

navigational reserve g Conseyuently, the corplete resemve

Gr= GT-K;)cﬂc + Gr.n+ GT-p + Gr na°

T.H.3.

Transfer/converting to over—ali payload ratios, let us have
a—-r:ﬁ-r-vpenc'*'ar-n'*‘cr-é + -G'r-n 3
For aircraft with TRD and PViD tne over-all payload ratio of the

fuel/propellant, expendcd to tne cruise (with given one Lmax), .we will

Lmax
obtain, solving equation (2.15) reiatively Fpgeme G =1—¢ A

T-Kphc ’

. ———— e e ——— -
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where
1 = 1 584Mypenc
A=T7,0 —V pPpt ——== e,
T dego e, VDo Yo}/ CeDo

or according to the linearized rormula (replacement of logarithmic

curve by two straight lines)
Lmax Vc,xc [)0

TR .

Trspere=Ricyy ==t
where u - the coefficient, depeuaing on values Crapeic; R=0,00145 and %
u=0 when Crapene<<0,3; R=0,00100 aud u=0.09 when O05>Cripm.>0,3. With ;

given one of duration c¢r flignt t!, will be real the formula (for H,

"
A

1

which corresponds 4)  Gr,gen.=14P s, Knowing G, it is possible

r
2
f

to determine further G, G,, anu G,y Grn = 0,0009H o where

H.w. they determine, arter finding

?‘m i '.;"HWE*?W’H'W' i

1,76/ ¢, Dy
by
With large onss tc numbers #2< the over-all payload ratioc of the

Axg;cﬂc=

T

A
Fadn

fuel reserve, required vy acceieration/dispersal G, is determined

from the formula

Ve

61.;,=L',‘Cpbt,.,_joAt’, Wwhere t’=—l- - dV_ ’
& {/‘ Ppactt — Pror

and A corresponds to the ncigntyastitude of accelerations/dispersal.

For the aircraft of subsonic ana transonic ones, {rp very little can

A S s e

be disregarded.

Tha over-all paylcaa ratio oL the navigational fuel reserve is

4

sttt

iy

>,
- Y. LN
e otk i M o i v = ”~ ; : -
> Sl g et , N . R B
n YT i D WS Se Y e i

AL W u et A, £ ST, o, o



" *x« ‘:?7 .f’r« '?”’m S gt ,?n-rﬁ

RS
-t
il
“

= e i s, rae

.

.. DOC = 79052103 ace g3

E

2 3

i‘ , determined from approximaticn formula [ 30]

-Kkpefc

G, ,=0, 10G, (for military aircraft) 5,.u.a='0,15—0,20)57..(”% (for

passenger aircraft).

Thus, for the over-ail payload ratio of fuel/propellant on

aircraft 6, can ba writtan foalowing of formula.

If is assign/prescrioed fiying raage, then

R
P L

— o Zmax
G,=S(1—e A )+u (2.22)
where §=1,1; u=0 0009/-/K;e“c+"cp0,PoAf' (emu Mypenc > 2,0); '
" 8§=1,15—-1,2: u=0 0009/1,(?“,c (ec.rm M, pore < 2,0).

Key: (1). if.

Page 444, 4

If Grypene <0,5, then

G,=SRic po———————"“"‘/c""D" +-u, (2.23)

M xpeﬁc

where  S=1,1; 4=0,0009/, . +'~{CPO.P0AI (eézm q.. pec <0 34 : MKMC> 2,0)
S=1,15— 1,25 £=0,0009, pu5e (eCTH Ty piene <03 B Mypepe < 2,0)
u=0 0009/'/, D°“°+ 1”CP("POAII 4" 089 (ec:m 01 hpenc > 0 3 “ "‘Apeﬂc > 2 0)
= 0,009/, 5eac +0,09 (€K Ty.ppene > 0,3 1 Mypene < 2,0).

€
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Keys: (1). 1if. (2). and.

If is assign/prescribed duration of flight t', then
G,=S¥Pcyt +u, (2.23")

where S=1.1; u=0.0009 Hypete.

w

.

-

For aircraft with TVD, it 1s possible tc apply the formula

5,:0,000578Lmuc,]/ ”;° : (2.23")

T ot
RESTAS AT AT N EAE

where 5=1.15-1.2.

Utilizing formulas (2.<1), (£2.23) and (2.23') and the equation
of over-all payload ratios, we will obtain following cf formula for

available thrust-wesight ratio Pop

A4St VNS Kn i Baaniatd B ARSI AL R sl AL 218 05

if task 1s duration or rlayant t', then

5 _ 1—=G—Geuir (2.24)
Op ro 4 s‘}‘&"pOMl

and if is assign/prescripved flyiny range Lmax, ther

L4 { o .‘G‘K - (—l‘-c.?.r l [ SRM:WLm“ ]/ chDO "l‘ U] . (2.24,)
POP = ro ro MKP
These formulas give the clear representation cf thz dependence of

Foon a0 A s Y 2%

available thrust-weight tatio Py of the row/series of design

parameters.

For determining the gJuautitataive effect c¢f a change in cne or

Ll s Bt s e A L b

the other parameter to availavie tnrust-weight ratioc Pop can be used




DOC = 79052103 EAGE ?5

i AR IR

L

following of the formula:

Sl

Py=Py t=tl . 7, _p, L=ul:

T

1—51( ’ l"‘&r “’:\g

- pY

— e ] — D 3

0=P0“—-5_3_G—'; Py= _Po , E-

1-G, 1+ Ge.y (1a—1) P

'6' ' Ll . :x

where k., ¢ r %
=0 =t g X, “‘L; K

Oy ¢po Linax fo 3

¥

L

b

4

' -/

P, - new valus Py, obtaineu, it we G, increase on AG,

If we increase thrust-weigat ratio P, Ly installation on the

P Y L R

4

aircraft of two sngines instead or one, then when Lmax=c0nst
wnd
G.yr=const 8 Gy=¢,G,;
P 1-*£a_xll+0—-r)
Oys(il‘.'s-l‘
Py

+ roe4

S
i

ggs*fﬂ?‘-:}s"g. o greing

Page 45,

e T

The formulas given above easlly can be oktaina2d from the

equation of over-all payloaa ratios, which we will write in the

-

abstract/removed form G,+u2+u3+5.=1; if we increase 51 on AG,, then

-

Gas 53 and 5. will be cnanjed aba equation will be written as

G R

£ .

§ feilows: 2
{;, b —_ b—i4 — -_ &
E’*‘f G+ 40+ G+ Gs + Gu=1. éaj

Sy
e
L

Y

3

SR 2 et e, Conmitnats ot
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Assuaning that P'=P, we will obtain

Po=Py (1- 22,
1—3G,

or generally

p.(')=750(1-— AE‘ ).
1-G,
Examining formulas (2.<4) anu {(2.24%), it is possible tc make
the conclusion that the ejuality cr the thrust-weight ratio of that

arrange/located Pop and tune tnrust-weight ratio of required Py at

these values of all cther parameters, entering the formulas

A b

indicated, possibly only at cne specific required value of the

v
MR

over-all payload ratio ct tne ccustruction/design of aircraft Gum

expression for which we will obtain from formulas (2.24) and (2.24'):

Gin= 1—GCep.r "'EOp (ro + S‘Pec;ot'),

or
Liax choDO
Myp

— .

G..=1 _Gc‘,_,—ﬁo'pro — SRicy

If an aircraft witn tnesc fparameters and characteristics to

4

Seshaiviisiin ke A e

%

carry out is possible, then will oe satisfied the squality

s

ﬁo'p = -pOn-

According to formulas (<.<U) and (2.20') we can find the value of the
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over-all payload ratio cr construction/design Gum reqguired for
guaranteeing assigned magnitudes Mmax, Mip @and Lmex in
assigned/prescribed parawmeters ¢xo Po, Cpo and other,

— 4650M2 X
Goy=1—0.pr — E;‘“‘ (ot SEEACHE) ; (2.25)

with preset time t' of 1lignt or

— 6950MZ ¢ . L Lmx Ve Do ,
G % r SRy, —x ¥ X o (2.25
G[\n=1—— cgr—-————e—po T SR.JCPD MK‘, ( )

with given one Ly,

Page U46.

The available over-all payiovaa ratio of construction/design Gup

can be eoxpressed approximately by Lormula (2.26) for aircraft with

T

the direct/straight or sweptoack wing of the large or average/mean
elongation Z
G '=(0,027m/z,1 — l/ ) 1-4-3om - 82) + 0,065 (2.26) 'ﬁ
P Po =

L
Ty

,‘\*g.‘ ! __.é;i)

or for delta-wings airplan¢ or tne low 2longaticn

(0 04974G) > ‘/ —4-""5 (1482 +2)+0,065.  (2.26")

G,p=

S

Here g¢=1~ 3::;”(150 ¢zﬁﬂhy) - coefficient of dischazging the wing #

where W% - wing taper;
5

PTEN
ki

Kz

' e1- portion of the fuel/propeliant, arrangeslccated in wing.

.
\\

i

ik
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zy - relative, in the pcrtions of semispan, coordinate of the center
of gravity of fuel/propeliant i1in wing (relative to the axis of the

symmetry of aircraft).
g2 - portion of the weignt of powver plant in winge.

Z, ~ relative coordinate i1n tae poctions of semispan the center of

gravity cf poéwer plant.

It
=14e[=—1 . . . .
p=1+ (a; )~ coefticient of the wa2ight increase of the
construction of ths aircialft as a result of the account of kinetic

heating.

© - the ratio of the weignt of tne load-bearing loaded in flight

elements toward the weignt of an entire structure of aircraft (in the

Yoot

SRR St e

first approximation, can pbe acceptred e=05);

Sy

o - relation of yield points at normal temperature and during
T

kinetic heating,

SRS LA S

na- coefficient of calculated y-iorce.

5

St hetes et laidin

E
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Gy - gross weight of aircraft in t.

B;=0.07-0.09 - for supersonic aircraft,

B,=0.065-0.08 - for heavy subsonic and transonic aircraft.

B;=0.08-0.115 - for transonic transport aircraft.

n=1 - for supsrsonic aircrart.

m=1.2-1.3 - for subsonic ana near-sonic aircraft.

B,=0.27 - for supersonic alrcratt.

B»=0.15 - for subsonic and transonic aircraft.

M - fineness zatio of Luselayge.

For aircraft of the specitic type and with the known discharging

of wing can be used apprcximatici simplified formula (2.26'')

5 a* s
G, =8 —+—+0,065, (2.26")
Po 1 4]

where G, ~ in t.

p=1.6 - for fighters.

P e AT A e B
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=
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P IV, S

B=0.7-0.8 - for passenger aircrart with two TVD with discharging of

wing.

B=0.4-0.5 - for passeny: : arrcrart with four 1IVD with the large

discharging of wingt,

I

! FOOTNOTE !. Large discharjiny - discharging wing by a large quantity
1

cf loads (engines, fuely/propellant). To large discharging corresponds

the low value of the coerficient or discharging ¢. ENDFCOTNOTE.

’

|
~

. Page Uu7.

|

i B=0.55 - for passenger aircratt with two TERD with discharging of wing
Ty

] only by fuel/propellant,.

. B=0.35 - for passengar aircrazit with focur TED with the large

discharging of wing.

p=0.35 - for carrisrs witn rour Twav with the large discharging of

Wing.

It is obvious, desiyner in design, selecting these or cther the

et tanceon s TS A B

s e e S R o R e

Sy

MR TING

i

v
¢

R b

m‘l’-g
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values of the parameters, entering formulas (2.26), (2.26%), it can
attain the equality of tne availablie over-ali payload ratio of
construcrion/desigr Gxp 1O reyguirea value Gem thereby having

successfully solved the Lasic task of design.

Let us examine as 1t arfeccs ah increasa in thrust-weight ratic
Py by fundamental f£light cnaracteristics

Vmax(Mmax); pr(Mxp); Hmn; Lumax; VU'““ and L;836‘

We will use formula (<.2u) for graphing cf dependence Mmax On 50.

Since during increase Fy coeLiicients ¢« ard & as a result of change

it

M will change, then, beiny assigynea by graphic or computed values .
Mmax, for each valus Mmax let us cotain ¢x and €. Sukbstituting these %
values in (2.20), let us find tae appropriate values T, and as a §
result will construct the grapnsaiagram of dependence Mpax OD Pg if

=
according to formula (2.12). #e see that during incresass P, value i
Mmax steadily ygrows. The same can ve obtained, also, for Mpeic %

:

Utilizing formula (2.5), tne aspenaence of relative density of air on

By

O

height/altitude H and taxiny into account that the flight on ceiling

s

di

occurs on maximum quality Kmax, for which

y me

b

Cpy= 26,0,
we can construct the grapn/diayram of decendence Hyor On 50. For this,
after writing formula (<.2u)} for the case of flight at velocity,

which corresponds te Macn aumber on ceiling,

kB R i

T
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—  4650M%-2¢, 9300M%c,
&ro T Epe

9

0=

are assigned by the row/series cf values M, determining for each

value by calculation or according to the curve/graphs

ce,=f (M); &=f(M) and Dy=f (M)

and, after substituting these values into formula (2.5), we will

obtain data for the curves/graph

'Lllw'r=f (ﬁo)»

from which evident that witn an increase P, ceiling Hper of aircraft

increases (Fig. 2.13).

- e e . A T L .. - =z [ N S - = T

et b0l 0 00 B in, om0 O ST 0653 i A
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Mma.x
. /"
: HoomM
2 , ) nom;
R 4 . .
. 20000 4
. /
1 4’<;:mﬂ- ) o
) v
R 10000 |-
0. G5 G5 4% 30 5 0 3510

Fig. 2.12. Change in the maximum speed of flight, which corresponds
to number Mg.,. Of aircraft witn TRD in dependence on the starting

thrust-weight ratio 5°(H=11000 m) .

Fig. 2.13. Dependence oi ceiliny Har On starting thrust-weight ratio

-

Po.

"

o, someliid M x aht

!
W

Page 48,

PR W

Value Ly thrust-weigat ratio‘Eo affects through Mypetic-
Substituting in formula (<.15')of value ALW¢O={(p@ and corresponding
values c¢w, Do and ¥ it is possipnle to obtain curve/graph Lmax=f(Po)
(see Fig. 2.7), from whicn 1t 1s evident that distance Lp,, first
incrzases, and then during tne appearanc2 of wave drag (at transonic
speeds) it begins sharply to decrease, with further increase Eo,

again it begins to grow to sowme limit.
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In a similar manrner it i1s easy to arrive at the conclusiocn that
Vymax with an increase P, yrows, and takeoff run length Lpws during
increase P, decreases. Parameter value designer usually selects in
the beginning of design c¢n the basis of common/general/total
considerations or special calculations. This dimensional-weight
parameter has complicated eftect on fundamental flight
characteristics hoth directly, entering intc formula which is
determining the value cL cnaracterastic, and through other parameters

(§° and ¢xo).

Let us examins, first, wnat erfect exerts directly change py to
the given above aircraft pecrormance without taking into account the

effect of this change tc its otaner parameters (P, cy).

On the basis of the aependences, expressed by formulas (2.18)

and {2.19), it is possible to write

=it ro B+ Dy (-’-;—) (2.27)

After dividing both parts (2.27) on ¢y= ’:’, we will obtain

expression for the required thrust-weight ratio

B L KA Lo 2,28
PO""chxp 7 +¢r0 k_+D0 7' ( )
where Son . . Cxont Cemon
ko——l"l"'f"‘?) V= cxp'*‘cx ]
whence e+ —g—o-( ) Po+ cxp"’O"O

i st e 3R R et P SRS | v e e TSimaid R N O ) = o SRR o A R EE D DM e e g

" [ - I IV i A o
et B T g ot e da A m e ey P cmt B e i )
—

L AL AN

vt B B S by o i b

1

|

e
i
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or

=2 (P — 4 q? = \2 2
Po= 2D, (Po ~Cxd )-1/4_5;. ("N'%"Po) -——Z: CxpRo  (2.29)

Using formula (2.29), 1t is possible to construct the
graph/diagram of dependence g or ¥ on pg under the condition cf
independence 50 on pg (i.e. when @y=const ¥ith change py) (see Fig.
2. 14, 2.15). Curves give the possipility to make the following

conclusions:

1) increase pg conducts o time of ripening M (or q) 1, but to

certain limit , which increases with an increase Pg3
0 o

2) with increase pg the intensity of increase M( i.e. dMydpg) or

q decreases; with an increase Eg dti/dpg, it grows.

FOOTNOTE !, Besides the spscially stipulated cases, everywhere has in

mind increase po during decrease of S anéd cg=const. ENDFOOTNCTE.

Page U9,

3) increase pg to large values, the close py (with given one of

thrust-weight ratio Py), is irracional, since in this case increase H

o oiuy i d e B
PRt etyvorgy. i T h

o P ) B 10

o e 2 B s

bbbl g sl

f
2y

o g 3

Sy

w1
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il shue
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is small, and the exaggerated vaiues pg can lead to the inadmissible

increase in landing speed Vg, and distances cf take-off and landing

run.

Effect p, thrust-weight ratio P, affects as follows. During

. N [
R g

o
i

increase p,, available cver-ail payload ratio Gx [see (2.26),

(2.26*'), (2.26'')] decreases, available thrust-weight ratio Py [ see

(2.24) and (2.24')] it increases, and py is shift/sheared to large

L i Bt i,

values and intensity of increase ¥ (or gq) increases. Over-all payload

)
it

R s

ratio @cor during change g, on —AGx will increase cn

]

Aac-.-r‘_—-—'a-c.a.r AGy .

1 -G,

&
B

1

e

Shnadtani

UM T LI [
R A NS R PRI TN

5,
s

To ceiling Hpr or on relative density Amor, corresponding to
ceiling H,Eo,,specific lcaa py affects through ¢x [see (2.27) ] and
through Py, [see (2.24) and (2.<4')] as a result of effect py on Gu
entering expressions (2.26) and (2.26%'). Having this in form and

analyzing formula (2.5)

1,66 choDc

2 v

Ay —
nor £P,

LA
F e AT LT

Vidareise

it is possible to make the rollicwing conclusicns:

1) increase po leads to increase ¢ since

1

e PO e
LA IR AR TR RN F SO

Cry==keCyp+ Cyo -:—i’- .

Consequently, in subsonic and transonic aircraft ceiling Huper With

1

PR et '
& ikt e T s B
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" ' . )
Byl W o o

increase pg will descend. Since during increase p, the over-all

J

payload ratio of construction/desiyn G, decreases and respectively 3

Lt ¢

increases available thrust-weignt ratio Pop, then the intensity of the

SR

decrease of ceiling during increase pg will be swmall;

b

=
AT

R

2) increase pg for supersonac aircraft leads in certain cases to

23,
RIS aaA

s

an increase in static cealiny Hper. Occurs this cn following reason.

o

[

P . [ . o
Speed on ceiling, i.e., wnen (;L) » 1s =2qual to
X /max

»

AU Bt

Vier=11,1 ‘/’&& v M,;=0,0104 V@i .
Cxo —_~— cxo

A Nt 8L e

|

St gh
EEANEIIN

gt

'

RTRNN
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2

s s b
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i

207 M
g Krefm 4 2o TF=i0 -; —
4000, — - 70— =075
3000, L P=0,15 — 45— ; =
1 2,0
200007 AT~ 1JP=0 o/
1000 r @ 1
2 05, 44
0 400 ~ 800 1200 po Kr c/m 07300 500 1200 p, ke

Fig. 2.14. The effect of velocity nead on value p with different
values of thrust-weight iatio ? under conditicns when wave drag is

absent (A=U4; cxp=0007)

Key: (). kgf/m2,

=
323
=
v
iy
=4

1

P

Fig. 2.15. Effect py on value #i at diffsrent values of thrust-weight

ratio P of aircraft (H=10000 m) .

Key: (). kgf/m2,

Page 50.

Consequently, increase p, witn the constanty/invariable thrust-~weight
ratio P, and at the specas, wnich ccrrespond #>1.5, will lead to an

increase in the speed cn ceiling Vier or My (effect on Vye increases
¢x» &S show calculations, it is iess than the effect of increase pg).

But with an increase in the speea (with #>1.5) will increase to




4

i

A
N

et
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. R o o
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certain limit the coefficient & of the dependence of the engine
thrust in speed. This increase wita M=1.5-2.5 (tut with boosting TRD
and on the largs ones M) will pne so/such perceptibly, which

1,66V ¢, Do
AIIOT = —_—

£Py
during increase pgy and, therefore, increase ., will nevertheless
decrease, ceiling H,,, %will in this case increase. During increase pg,
the available over-all paylocad ratio of construction/design @Gy will,

as we already saw, decrease, available Po %ill increase, anéd Auor

will be they decrease, i.e., Hyr will increass.

#ith increase po, increases Vymax - the maximum vertical velocity

in the earth/ground. This is sasy to see frcam the formula

Vllmax= 1;53 1/&

cxo
p 1
- N 0 . . . . —_— .
Since cn==k¢up+w,¢f@, that 7~ it is possitle to write thus: k xg’
1 L —_

Cxp k
Po 1
from which it 1s ciear tnat during increase p, fraction

pless - increases, i.e., Vymx = increases. V, ., increases and hecause

decreases in this case G,

a

ad, tnerefore, qrcws available

thrust-weight ratic 7%@

Increase py contributes to iacrease Lma. In this case, increase
Limex will occur to certain surficiently large value pg, after which

the distance will b2gin to decredse. For sulkscnic and transonic

¥ 4 . e,
L T I . e o, e s s e - PO R
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VL
A

pbbimdiart st b

aircraft in the formula

1
! In

4’%0"’;0 VE 1 - 6’

Lyax =7,0 V poﬁos

PR S T e e

of value § ¥ and Dy, 1t is possivle to accept being independent of

the speed (change they at transcnic speed little), then, cbvicusiy,

CrIEra et ey U IR

L achieves the greatest value waith similar with which —7Cn
max g Foe Po

Ahwarary

.
will achieve its maximum value, and p— - a ainimum value. After
Cyx Vh
. - . . o_
making first-order derivative ;7:7 ol Lo €qual to zero and
Po

j
i
:
3
=
9
-

utilizing formula (2.18), we wili obtain
cxp _Go (2.30)

Pows="ho—— .

CX‘p YS,.
However, this solution does not consider effect pg on G, and, as a

result, to available thrust-weiynt ratic Py Applying graphic

AV U G Pt o 0 S 1 1 a3 N3

methods, it is possible to find Pus taking into account effect po on

Po. ;

Page 51.

o

O LYY DR P PN T iy

For a supersonic aircrait vaiue pms in flight to maximum range

let us find graphically, after constructing the curve of function %
Lmax: ; f
584M 1 ¥

Lmax = Kpefe In — ‘C '

¥¢po Vc xoDo 1 -G, 4

L kkus

of arqgument pg. In this case, one should consider that entering the

1t o e,

formula values ﬁhmm.CmeT dre runctions pg, and ¥, Cx Dy change in

by R WL st v o L By vl

L

‘\
I
iy
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dependence on #.

After assigning pg, Mupenc and ¢y let us determine, utilizing

formulas {(2.26'') and (Z.2u'), arrange/lccated Gxp

— 6112 ’
GK-;= _O_'-I'_.E- +0’%51 3:.'
2L ¥

o FAL) i

=0a(2
required thrust-weight ratio 'ﬁm=%fﬁ.
Pok

Dy=0,258,V M2— |
5 =ﬁoro.

cy

and

During the satisfactory solution of the task cf design, available

thrust-weight ratio Pop will be egual to required thrust-weight ratio

Pon, the available over-all paylca tio of fuel/propellant will be

01».;)= i— u,— Gc.y - Oc-s-n

- . 584Mypenc 1
where by value G,,, we are assigned. Then Lmax= In——=
Q’CWVC.\'.,DO T E

and py will serve as the coordinates of the first pocint of curve Lma

A AN T PRLY )

on pg. We are further assiyned cy the naw value p'y and, utilizing

R
i n;ﬁﬁé Fﬁ:,";_d 3T

.
T

the taken and calculated apbpove values for 50; G,; G,, 12t us find

—_ — — G' 1.2
G.=0,4-aG,=p{%) " 151 0,065;
Po

(7o)
M@M=amzvfﬂﬁi;
Cxo

'

. Po —_r = | —(
cxo=kocxp+cx¢';r" PO:POI_"&'; g==

Pl

. sl'xQ_l

1—Gy K ;
where @G,=G, l__ .
AG,
|-
1 —Gy
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Nﬁ”n we find graphically, atter constructing curve

Migerc. ner="J (Mxpenc. 312) and ray/beam from the crigin of coordirates at

an angle of 459 to axlesaxes. Ln tnis case, Mypenc. s

by which we are assigned, selectiiny values & and

Cx, 1 and Mxpenc. wer

~ Mach number,

-~ Mach number, which we cbtain according to fcrmula for

. oPot’
Mipene=0,012 \/M .

Cxo

FOOTNOTE !. According tc curves £=£(4) and cz=f(M),

assign/prescribed or calculated. EXDFCOTNOTE.

Knowing My, and after uetermining Do, ¢ and G,

ty

G.=GC (1__GW"G“), let us faind for p'yg
T

’

' 584M
Lmax = Kpehe In !

Yo V‘-‘:“D(.) -G,

Page 52.

Figures 2.16 give the curve, constructed thus. In this case, was

considered increase Gx ch tne iargye Mach numkers,

obtained as a result of kinetic neating.

As can be seen on Fiy. 2.16, aistance with an

Ml Pk 2RAS Bomtaem S i N T LT - L

which are

from

which was being

increasa pg always
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grows up to very large values pg (popt=900 kgf/m2). The decrease of
distance during further increase py is connected with an

incidence/drop in the ccefficisntr &.

. i ‘ "oy . »
DO I TR S R e T R Ty e

Note. In the practice of tne aesign of lcng-range aircraft, such

largs values py (pe=900 kJyf/m2) are not applied on following the

Yoo
A s e e

considerations:

1) maximum Llmax=f(p) 1S very flat, i.2., Lgu JLOwS near Post it

(LT

is weak.

.
T

2) very large values pg make takecff and landing characterisiics

worse of aircraft.

During increase po, tne takecrif run length Lpes increases. gy

et

Y

Examining formula (z.17?) :
0,827,

v Po— o)’

it is possible tc say following. During increase Pos increases that

L;aao =

PRl P LT U,

arrange/located py,, as a result of the decrease of that

arrange/located Gy. Dray coefficient

P Po\? :
C;=kocxp+cx¢'7‘:_+ Do(";') :

i

dohend e w ea

during increase py increases, 3ince Po/ky = increases, and pg=¢y

remains constant/invariacie, since the angle cf attack of aircraft on

O [ R O IS, - Sy P, P
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takeoff/run-up depends only on tne geometric parameters of

chassis/landing gear and remains constant/invariable.

Comparing formulas (2.17'), (2.26) and (2.25'), it is not

difficult to draw the ccnclusion that during increase pgy the
denominator of fraction (Z.17%) Jrows more slcwly than numerator ang,

therefore, Lp,,g increases with incrsase pg.

L s

o

Coefficients £ and ¢, cnaiacterizing the dependence of thrust

..‘b.‘."

and specific consumption or fuel ot engine on the speed of flight are

determined by the selected parameters of engine and virtually, during

¥ A e e 4.

the design of aircraft under the @xisting engine, they are located

out of the effect of the desiyneir cf aircraft.

From formulas (2.3); (2.9) (2.6}: (2.15%) it is evident that an
increase in the coefficient & at cne constant valuas of other
parameters leads to increass Mmax; Mypetic; Huor; Vymax; Lmax. HoOWever, it is
necessary to keep in mind tnat tane rational value & will be such,
which with given ones Mpax 0 Mypenc will be determined from the

formula

,e=4650M?n“c, or = 6050Mitpenct, '

1—50170 poPo
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Linax M

8000

| - N

60 )
a0 500 3001000 Dokro?

Fig. 2.16. Dependence of maximuw range L[,,; ¢h Specific load py taking
into account effect p, cn the over-all paylcad ratio of

construction/design Ox (po=var; Gy=var)

Key: (1). kgf/m2.

Page 53.

In this case, must be cbserved the condition

._p_o _ 0,82p + Lpazecy orp f
Lpascey o1p$p

Pot - .. :
wheree¢=:1§~-coeff1c1ent of afterpurning.
Py

Py~ thrust-weight ratio on taxeorf vith afterburning.
Ly ~ assigned/prescrinea distance of takecff/run-up.

f - coefficient of friction.

After conducting ccnversions in expressicns (2.25) and (2.25').,

- - ATy m e o v xie o i ool
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it is possible to write for or assigned/prescribed duration of flight

t ]
4650M 5 (rp + SACt )=t (1 — G — Gepr) =0 (2.31)

and for of assigned/prescribed distance Lmax .
6950Mxpene0x.,"o— Mxpeﬂcepo ( =Gy~ oc LE Jaa ) +
+ SReyqtolms ¥V ex,Ds cx.Do=o. (231"

Equations (2.31) and (<.31') give the demronstrative
representation of the dependence or the most important aircraft
performance ¥ on different parameters and they make it possible to
determine the value Mp,, Or Mupene. which virtually possibly for an
aircraft in assigned/prescrived parameters Gup, Cear P20 Cx0 Cpos Foy Luas,

and so forth.

Solving first equation (2.31), w2 will obtain for'Mmax With

mission time t?

€po (1 — Gy — Ge.g.r
Mumex= ]/ Tesoes (ot SV (2.32)

Note. For determining valué Mm.: it is possible to use this

graphic procedure. After assiyning several values of M, they

determine the cooresponainyg to then & ¢ and ¥ Last/latter values

substitute in formula (<.3¢) and calculate values Mma. In terms of
the selected values of ¥ and tne corresponding to them values U,
calculated according tc iormula, is plotted a curve in coordinates

Myay aNd My, (Fig. 2.17), intersection with which with the straight

—evp

T e T T

A by ety oo By S e 1R S S St PR At T o bt e oot Tt o & ot bk sl e ety Bt

e Bl B AT
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line, carried out frcm the origyain of coordinates at an angle of 459,
will give unknown value Mmax, Maz  and Meer (@all values must be

undertaken on one scale).

Value Mypenc can be founa also, using by graphical solution
(Fig. 2.18), after taking as runctions for plctting of curves
following:

6950Mipeﬂc0xoro= el;
Mxpencspo (1 - a-'|< _'_G-c-s-r"" lt) -
— SR{tLmaxc oo VCX01)0=02' !

(2.33)

e wrab pon b G [ Sy s e e Y3 G4 s pir su o
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Msu 0,6,
5

4 400 / i

T /4’2
! 45° 4:7 —J.

1 A! n: " ME‘P 0 2
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Fig. 2.17. Example of grapaical soiution of equations (2.29).

Fig. 2.18. Bxample of graphical solution of equations (2.29').

Page 5S4,

The point of intersection o0i these curves on curve/graph in
coordinates ¥ 2nd 6, and 0, wiil determine unkncwn value M;ee At
some values of values, can ce optrained three values Mueicc In this
case, to each of them will correspond its value of thrust-weight

3 - 03
ratio Py, determined or

=2
= 6950ME pelx,
i 2 T

Pot
The presence of several solutions is explained by the ccmplexity of
the functions
E:f(M); ‘?=f(M)a ’/’Xo=f(M)'
Examining equations (<.31) and (2.31'), it is not difficult to

draw the important conclusion that assigned magnitude ¥ can be
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obtained only during the speciiic combinaticns of the parameters,
entering these equations., If the parameters at assigned magnitudes
Mypene and Lmax or t?' satisry equactions (2.31) and (2.31'), then the
real realization of this aircraft 1s possible. But if equations are
not satisfied, then the design/projected aircraft virtually it is not
possible to carry out. Eesides in addition to this, the named
equations reveal/detect uirect etffect on M cf such parameters of
aircraft as G, r,cp etc. All tnis tells abecut the large value of the
equation of the over-all payload ratios of aircraft for setting o°
the regular dependences between the flight charactaristics and the

most important parameters of aircraft.

Subsequently we will calli eguations (2.31) and (2.31') the

fundamental eguations ci the desiyn/projected aircraft.

On the basis of entire of that presented in this chapter, it is

possible to make follewany conclusicns.,
1. Speeds Vinx and Ve {or number Mmexy and Myuy) increase,
if P, in constant/invariaole cther parameters increases. The

available thrust-weight ratio Lncreases with:

a) the decrease of speciiic ygravity/weight of the power plant
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b) the decrecase cf tne over-all payload ratio of the

construction/design of aircraft @, (arrange/locatzd).

c) the decrease of the specific fuel consunpticn by engine Cpo

(substantially for long-range aircraft).

e s SRS G

o Sl
o A b

‘ I3 -
i One should, however, remember that the maximum speed of aircraft

Vmax is sometimes limited to not available thrust-weight ratio I%@ but

permissible for reasons of strenyth by velocity head or temperature

of kinetic heating.

bl

N I U Y

Fis

2. Speeds Vmax and Vipesc can be increased (, other conditions

i d bl dutuintd

being equal,) as a result oL increase in specific wing load pg, but

P

in this case, it is necessary to consider that with an increase pj

intensity of increase in speed V (or Mach number) sufficiently

J .
sharply descends, and at value po , increase V ceases. At the same

T time with very large p, substantially deteriorate takeoff and landing

characteristics of aircraftﬂGM,KmLm¢and Lypos).

3. Speeds Vmax and Vipese can be increased during decrease of
| drag coefficient ¢ The metnods of decrease ¢ change in dependence
i

on rate of speed (subsonic, traasonic, superscnic).

s
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4. Static ceiling of aircraft H,, increases (Apr = it
decreases), if as a result c¢r indicated in p. 1 measures

thrust-weight ratio P, increases.

5. Static ceiling Hy,, o0rf suosonic aircraft decreases, if
specific load pgy increases (in this case ¢, increases). For a
supersonic aircraft witn TRD, lncrease pg in certain cases leads to
increase Hyer. Decrease o at tne constant values of other parameters

leads to certain control Hy,.
Page 55.

6. Vertical velocity V,m ibtensely increases during increase
Py. Decrease cw at the constant values of cther parameters increases

Vu max-

7. Maximum range L,,, With increase in cruising values Mypen, i
subsonic range increases [see rtormula (2.15) and Fige. 2.7]; with
further increase M,py, (With preservation/retention/maintaining of
other conditions) in near-sonic range Lmax it sharply decreases, but
during further increase My, 210 supersonic rangel,, 9Jradually it

grows. An increase in toe specific wing lcad pg, which leads to
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increase Mgpee, decrease Gx and, therefore, to increase @, in

subsonic and supersonic range (#<1 and #>1.5) tc cartain value

Poopt (see Fig. 2.16) leads to increase Lpmgy.

8. Distance of takeGff/run-up Lpes increases with increase py

and decreases with increase Pge.

9. Fundamental equations of aircraft show that between flight

characteristics and most importaunt parameters of aircraft there are

laws, analyzing which it is possible to find raticnal solutions.
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Page 69.
Chapter 1IV.
APPROXIMATE METHODS OF IHE OPTIMIZATION OF THE PARAMETERS OF

ATRCRAFT.

the simultaneous optimization of tae basic prarameters and

characteristics of aircraft, based on use of computers. However,

during design are encountered the cases when there is not
possibilities to utilize computers and it is necessary to select th
basic parameters of aircraft, applying the approximation methods of
optinmization. Most commonly used from these methods are examined in

present chapter.

Page 70,

e

RS Ty

§ 1. Determination of the particular optima of the parameters of

ﬁ;"“l /

b ey
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aircraft.
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To task it is placed as follows. Are known

~ the designation/purpose of aircraft and its diagram;

- type and engine characteristic:

- value of payload and fundamental flight characteristics,

provided for by requirements for aircraft.

N T TR R R S R W T IErn 2

It is required to determine the particular optima of any which
interest designer parameters, ror example the par - »rs of ving,
fuselage or power plant. During f£inding of the particular optimum of
any of the parameters, the remaining parameters are considered known
from statistics or previcus approximate computations and are
considered as constant values. This method, called the method of the
"freezing"” of the parameters, is applied during optimization of one

of then.

If is defined the optimum of any of the parameters at the given

values of payload, distance and flight mach number, then by the

approximate criterion of optimization, as was noted in chaptei I, can

be the value of the takeoff weight of aircraft. In this case the

3

s i i e e i ST 1S SN e o el ke 5 ot FuS eV
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optimum of the parameter will correspond to the minimuu .f takeoff

ve ight .

Rhen known values are payload and takeoff weight :

(assign/prescribed or found in the first apgrcximation,), then the

criterion of optimization can be fiying range and the optimum of the

parameters will correspond in this case to the maximum of distance.

Are possible other more complicated criteria, which comnsider the 3

cost-effectiveness/efficiency of aircraft, for example, the prime

Apmpure e b g

cost of transportation.

S w ab

'

B N T T T

During the determination oi optima, one should ccnsider the
limitations, placed on parameters and characteristics of the aircraft

(see Chapter III).

.

The algorithms, given in caapter III, especially when is
averaged coefficient ¢, (Go), thney can be utilized it goes without
saying and for the optimization of several parameters of aircraft on

the basis of calculations without use of computers.

L I

Is of interest the emeryence of the optima of the separate

Uity B

parameters of aircraft cowmponents.
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As examples let us examine the emergence and approximate
grapho-analytic determination of tne particular optima of the

following parameters of aircrafts
-~ wing aspect ratio a;
-~ Wwing chord ratio T;
- sweep angle of wing x;

- load on 1 m2 of wing with takeoff py;
-~ fineness ratio of fuselage A¢;

- bypass ratio of IVRD m.

Optimum wing aspect ratio. On wing aspect ratio, depend, in

essence, two values - weight of wing and fuel load. With an increase

in elongation (A23) dgrows the weight of wing in other
constant/invariable parameters (including wing area), since increase
the bending and torsionai moments, and also the shearing forces. If
as the criterion of optimization to accept takeoff weight, then

increase \ adversely will arfect this criterion (takeoff weight will

increase).
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On the other hand, with an increase A inductive wing drag [17],
required thrust of engines and weight of required fuel/propellant
will decrease. The weight of power plant it is possible to
approximately consider peiny independent of wing aspect ratio. Thus,
the optimum of wing aspect ratio approximately can be determined by

the minimum of the sum cf tae weigats of wind and fuel/propellant.

Page 71.

Graphical solution of tune task of selaction Aot is given in Pig.

4.1 and does not require special explanation.

The obtained optimum A of wing is, as a rule, moderated in
sharpness, and change in the evaluation criteria to 1o/0 in
comparison with its outer limit yives the possibility to step back

from i,y to 8-100/0.

Besides graphic, and possiple the approximate analytical

solution, determined :rcm the condition of extreamunm with/ﬂff(X)

3Gy = 3G:
5 01'_0' 4.1)

For exanmple, for subsonic noaxaneuverable jets, taking into account

satisfaction of condition (4.1), it is possible to obtain the

oo dnbn b gt ot od

et il i A 1 d a5 e
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following equation:
3ot [14 (0,018 40, 14" )2, ] =

4 o
10 (¢.) 1y (60)" (Po cO8 102 i S ) =E, (492
= 870, 1+ 4 '

9 (preac ~—50) n—-i-—l

where Y™ and 1 - a sweepback of wing along 1/4 chords in radians and

in degrees respectively;

(cp)ep=1(0,92—0,94)(¢p)perc - averaye/mean for £light time specific hourly

consumption of fuel/propellant in xg/kgeh;
¢ - coefficient of discharying wing;
b=1.05-1.20 - coefficient, dapending on aircraft type (with the

decrease of tonnage values b decrease; approximately b=1.05+Goe10" 3,

vhere Gy in t).
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Pig. 4.1. Diagram of the emergence of optimua wing aspect ratio.
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Fig. 4.2. Curve/graph for determining optimum vwing aspect ratio of

ssubsonic nonmaneuverable aircraft.

Page 72.

Curve/graph for determination A, from formula (4.2) is given in

Fig. 4.2,

The analysis of formula (4.2) makes it possible to make the

following conclusions:
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- with an increase in the calculated flying range L,,.; and the %
specific hourly consumption of fuel/propellant ¢, grows optimum wing §
aspect ratio. For subsonic aircraft the marked trend in development %
of TVRD, foreseen reductions/descent ¢, entails decrease Aopt in other é
constant/invariable parameters of aircraft; 2
L

-~ during increase cxmm in the aircraft (or., in the absence of

the twist of wing) optimua aspect ratio of wing increases;

LTI M .
PR Y g P L, JRTD AP
P b i st B4 10 e AL L Tt ot

- with an increase in calculated cruising speed A, descends;

ey

PR b

».
i

- increase when Lp,q =const takeoff weight (G,) as a result of

increasing the payload decreases optimum wing aspect ratio;

i

W [
B o e P

- with an increase in the values of such parameters as p, é,n, and

it

also with the decrease of angle % value Aopt increases. Generally, if

ko

Kl
e
2

a change in any parameter leads to the decrease of the cver-all

as s
Rt bt

payload ratio of wing, then this change increases Aot and vice versa;

M

it

#

pic Iy

- great effect om ), exert load on wing p, and its swveepback 1

As show the results of calculations, the accuracy/precision of
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determination A, from approximation formula (4.2) composes +-100/0.

Optimum wing chord ratio. Lat us examine how affects
average/mean on spread/scops wing chord ratio ¢p the of payload and
flying range. Let us consider that the law of a change in the wing

chord ratios in spread/scope is known 1,

FOOTNOTE 1. The solution of the task of the optimum law of change T

in the wingspan is givem in ¢ 3 of this chapter. ENDFOOTNOTE.

Change ¢p has effect mainly by weight of wing and its
aerodynamic resistance. With increase Ccp the weight of the wings of
contemporary aircraft in its other constant/invariable parameters
decreases as a result of am increase in the overall height h of wing.
In by increase h at the constant value of bending moment My, axial
forces p=M,,/h, applied tc beam flanges (or to the panels of caisson),
decrease and respectively decrease required cross sections and weight

of longitudinal load-bearing elements 2.

FOOTNOTE 2. For some wing constructions, increase , entails an
increase in the weight of ribs. However, this fact does not have
vital importance, since the over-all payload ratio of the
longitudinal structural assewmbly of contemporary wings is

considerably more than the over-all payload ratio of ribs.

[N e cerve. - — "
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ENDFOOTNOTE.

Thus, increase &p leads to the decrease of the takeoff Weight of

aircraft.

On the other hand, with iucrease &, grows profile and wave ¥ing
drag, which increases required thrust and fuel consumption with

assigned/prescribed flight wach number.

Consequently, at some values of parameters and characteristics

of aircraft is possible the existence of optirum value cp (Figs 4.3).

Having dependences G,;p('c-c,,) and G,(P,,;), where Pm;,;=Gf‘;' and ¢,= fleg), it

is possible graphically to fiad (Ceplapts

The solution of this task leads to following results (G -

everyvhere along flow):

for supersonic aircraft
(Ceplopt =(25~3,5)% (olopr=(3—4)%:

for subsonic aircraft with TVRD

(Cepdopt =(9—12)%; (Coopt==10—13%.

by,
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Page 73,

Optimum C of wing is usually not strong. Change in the

evaluation criteria to 10/0 gives the possibility to step back from

(Ccp)opt to 10-120/0.

During the design of subsonic aircraft, determination Copt
somewhat becomes complicated by that fact that the flight speed,
which corresponds usually My, depends on &y or on cgo. In particular,
with increase ¢, in the wing £light speed is necessary to decrease.
Therefore, if flight speed enters into evaluation criteria of
aircraft as, for example, into prime cost t-km, then during

determination (G)opr must be also taken into account dependence Vpemc(icp).

Optimum sweepback of winy. Tne sweepback of wing y of subsonic
aircraft affects, first of all, the weight of wing, fuselage and
power plant. Increase % diu tue constant/invariable remaining
parameters leads to the weight increase of wing due to an increase in -
the structural/design spread/scope (in the direction of 1/4 chords)
and the torsional moment in root cross sections. End wing sections it?;
is also necessary to amplify for torsion in order to avoid the
reversal of ailerons. Furthermore, if the longitudinal structural
assembly of the sweptback wing approaches at angle the former/frames
of fuselage, then the part of the bending mcment from wing is
transferred by fuselage, increasing its weight t, and is greater, the

greater 1.

At wisinet e rdzlas 100te, Zoms .
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FOOTNOTE 1. The weight of fuselage increases also in connection with

an increase in the length of its tail section, the caused increase in

the sweepback of wing. ENDFOOTNOTE.

Finally, with increase X dJdecrease values ¢y and Cyormp Which leads to

an increase in the required starting thrust-weight ratio of aircraft.

However, despite all the enumerated deficiency/lacks increase in

the sweepback of the wing of subsonic aircraft gives the important

advantage: appears the possibility to increase flight speed due to an

increase in number M, and reduction/descent c,, which favorably

affects the cost-effectiveness/zfficiency of aircraft. Appears as if

counterveight to the adverse effect of an increase in the sweepback

of wing by the weight characteristics of aircraft. Therefore possibly

the existence of the optimum sweepback of wing along 1/4 chords, the

corresponding to the minimun prime costs t-km (Fig. 4.4).

If we solve the task of (x),: graphically, taking into account all

contradictory dependences, it is possible to obtain approximately

following of value (%),t £or the subsonic jets:

B AR

the aircraft of the low and average/mean distance (£1500 km) -

et Ve g o W WAL,
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20-259;

I )

the aircraft of average/mean distance (2000-3000 km) - 30-359;
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the aircraft of the large distance (25000 km) - 35-37°.
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Pig. 4.3. Diagram of emergence of optimum average/mean wing chord

ratio.

Fig. 4.4, Diagram of emergence or optimum sweepback of wing:

1 - effect of flight speed; Z - gravity effect of

construction/design and power plant; 3 - total effect on prime cost

of transportation.

Key: (1). a, kopecks/ton-kilometer,

Page 74.

One should consider that the optimum values of sweepback depend

also on other parameters of wing, uwainly, from cy, A\, pPg. With

increase pgy and €, value (Y)omt they yrow, while from an increase X -

e & led b s
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they fall., Respectively are selected values (X)opt in the recommended

linits.

As far as aircraft are concerned supersonic with
low-aspect~ratio wing, effect of sweepback on front/leading stern fux
by weight of wing and fuselagye more complicated than in the subsonic
aircraft (sweepback of the winyg of supersonic aircraft is measured
according to leading edge). Lncrease zu: in the delta wing, for
exanple, always leads to a gain in weight of wing and fuselage, but
beginning with the specific sweeppack it leads even to a
reduction/descent in the weignt of these aggregate/units. Stronger
effect has value xux on lift-drag ratio and fuel load. Approximately
it is possible to consider tnat tne optimum sweepback of wing on

Mpies corresponds to the gaximum of lift-drag ratio and is equal (see

the Table).

M 2,01 2,31 2,5 2,71 3,0

pacu
Clu.ndopt [60[65]69]72 |75
If sweepback on leading edye changes on spread/scope, then the

given data should be accepted as average values.

The optimum of the sweepback of wing is, as a rule, very strong.
Change in the evaluaticn criteria to 10/0 gives the possibility to

step back from Yot in all on 3-49,
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Optimum load on 1 m2 of wing with takeoff. Load on 1 m2 of wing
with takeoff (pe=Gy/S) most strongly affects by weight of wing and
poWer plant, and also by weight of fuel/propellant. Schematically

this effect is shown in Fig. 4.5.

During increase p,, decreases the wing area, which leads in
other constant/invariatle parameters to a reductiony/descent in its
weight. At the same time with increase p,, it is necessary to
increase the starting thrust-weight ratio of aircraft go)in order to
fulfill requirements alony the lenyth of takeoff/run-up or length VPP
(accelerate~stop distance). Increase P, leads to the weight increase

of power plant.

Effect py by weight of fuel/propellant is more complicated, but

A EAry be g b
S e e s Bk i

relatively weak. Occurs optimum py by fuel load, which corresponds to

4

the minimum of its expenditure/consumption (pcint 1 in Fig. 4.5).

Thus, the contradictory effect pp on Gy G.y and G, leads to the

e
Z
Ei
3
e
3
&
jfg
£
2
23

existence of the optimum of ioad ou 1 m2 of wing.

Possibly analytical determination (Po)opr in the first and second

approach/approximations.

In the first apprcxiwation, the rational value of load on 1 m2

R T o N T R I R T Py _ e e e . e e - - I T S _
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can be obtained from the coasiderations of similarity in dependence

on takeoff weight. Really/actually, wing area is proportional to the

square of the linear dimensioas

S=ak,

and takeoff weight in the first approximation, it is possible to

consider proportional tc the cube of the sizesdimensions:

Gy =bP, (4.3)

vhere (a, b)=const.
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Fig. 4.5. The diagram of the emergence of optimum load on the m2 of

the wing:

1 - optimum according to per-xiloumeter expenditure/consumption.

.
Page 75S. Z
%
E
Consequently, 3

Po=G4/S=cl. 4.4)

4

Substituting from (4.3) ﬂ:]faﬁz in (4.4), we will obtain

Po= 20(1713' (4'5)

vhere E&=const.

Por subsonic nonmaneuveraple aircraft coefficient &x10, if G, in

kg, and po in kgf/m2 (Fig. 4.0) .

Prom the curve/graph of Fagy. 4.6, it is evident that the curve

Po=10 G}® very satisfactorily reflect/represants statistics poy (Go).
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A

fowever, it does not exglain the spread of values py with Gy=const.

S it

For example, with G,=43-44 t tThere is range py=315-505 kgf/a2. The

i

1

spread of values py wWith Gg=const can be explained, if to consider

-
ebtr 4
Y

the dependence of load on 1 m?2 of wing on the conditions for takeoff

A

v

b
SR

and landing - assigned/prascricea length of VEP, ¢, with breakaway

| iy

and during landing. With sg=const there are aircraft, designedé on VPP

b g

of different length, different speed with landing approach and

Jp N

different degree of the higyh-liift device of wing (cyorp OT cymoe). B

Dependence po (LPnn, ¢, o,p) OL transport aircraft is described, for

example, by the following equation, obtained from the coincidence of s

the conditions of the interrupted and continued takeoff with given

’e

one by the climb angle (sin6,y) in the case of the failure of one engine

[31: v s f
Po="18P0Cy orp (Lann+ L xns) [-—( +sin e‘,,n)——_—m ' *‘] kre/?,  (4.6) ;
k2 \Kep ky

.
.
8
3
3

v
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W

where ky20.86-0.01 mn;

k,20.83-0.017 m;

RTYS R

m - bypass ratio of TVRD;

o
b A A e s

Korp - lift-drag ratio witih breakaway; 4
. with mm. ‘“}
£=981; po=0,114 n}n f,,,,=+30°C, p,,, =730 sww—pr—er;

Cxns -~ length of clear zcne (250-400 m):
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fran = rOlling friction coefficient of wheels;

M - average/mean air resistance in the section of the final

takeoff, in reference tc taxeoff weight (p~0.03-0.05).

Values sinf,, depend on a number of engines and are given by the

technical requirements (see the Tanle).

Nyn 2 3 4
sin0,,, 0,025} 0,027{ 0,030

1f design conditions is takeoff run length with #MSA, then
formula for determining the loaa on 1 mn2 of wing takes the fora
Po=8PoCy orpLonss (R3Py— frau— 1) KIC/s2, (4.7)
shere k;»0.92-0.95.,

- ' s 3 5 ¢ e e e
L L L . s N .
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Fig. 4.6. Change of the load on the m2 of wing in dependence cn the

takeoff weight of subscnic aircrafr.

Reyz(1). kgf/m2,

Page 76.

From the condition of given speed with landing approach or
landing speed

V2

Kic/M2, (4.5)
4

Po==Cy

Here ¢, and V are taken wita landing approach or during landing: k. -
coefficient, that considers tne uecrease of landing weight in

comparison with takeoff (k.&l).

Formulas (4.6)-(4.8) can be used for determining the optimum

(rational) load on 1 m2 of winyg in the second approachs/approximation.

In third approachsapproxiination (Po)opt it is determined taking

-
e e
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into account effect p, by weignht of wing, power plant and
fuel/propellant (see Fig. 4.5) and differs frecm the calculation of
the second approach/approximation insignificantly (to 3-50/0),
moreover the parameters whose iancrease leads to a gain in weight of
wing (G, 4, A), cause alsc increase (pm)ot and, cn the contrary, the
parameters whose increase leads to the reduction of the weight of

wing (%, 1), they contribute to an aincidonceszdrop in value (Po)opt.

The optimum of load on 1 w2 of wing is, as a rule, strong.
Change in the evaluaticn criteria to 10/0 of cuter limit gives the

possibility to step back froa (p)op in all to U4-60/0.

Optimum fineness ratio of fuselage. Pineness ratio of fuselage
My i.e. the ratio of the lenygyth of fuselage toward diameter on
midsection t, affects, first of all, by weight of fuselage itself,
and also by weight of chassis/landing gear, tail assesbly and
fuel/propellant. The discrepancy of effect Ay by weight of these

components leads to forsation (Ag)ep (Fige Ue7) .

The graphical solution of the task of (Ag)opt iS5 conducted either
at a constant volume of fuselage vy, when, for example, is known the
quantity of fuel/propellant, whicn must be placed in fuselage or in
permanent floor space Sma - 1n the case of transport c¢r commercial

airplanes when are known dimensions and composition of loads or

1
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number of passengers and condition of their arrangement/position
(Level of comfort). In each of these cases, the diameter of fuselage,

entering the weight forsulas, is calculated differently:

from condition vy =const

2 Yg
Dy= —_— (4.9)
01¢

from condition Sy; =const

Dy=1/ _or .
¢ l/ - (4.10)

Here (a, b)=const - coefficients.

Formulas for determining the over-all payload ratio of the
fuselage and other aggregates/units, necessary fer graphic

determination (Ag)op, are given in chapter XVI-XVIII.

In the first apprcxiamation, 1t is possible to utilize also

formulas for G,y) and G,\), given below.




s e i T i A

DOC = 79052104 PAGE m/;g

6i ép* Gu +Gon* Gy

i
&
Gon

(kq;)opt ‘l—q,

Fig. 4.7. Diagram of the formation of optimum fineness ratio of

fuselage in of assigned/prescribed volume or assigned/prescrited

floor space.

Page 77.

The over-all payload ratio of chassis/landing gear is connected
with fineness ratio of fuselaye with the dependence of the

height/altitude of struts on iy (Fig. 4.8)
G, = ¢+ cho— kg, (4.11)

where ¢y, ¢z, c3 - coefficients, which depend on designation/purpose

By ihgféﬁ“';:wrg’%‘f St

and airplane design.

Por example, for ccmmercial airplanes:

¢1=0,024—0,026; c3=0,0018—0,0019; c3=3,5 - 10~5—3,6 - 10-5,

The over-all paylcad ratio of tail assembly is the function of
fineness ratio of fuselage in connection with the fact that the area

of tail assembly is propcrtional to the length of the fuselage

G B 2 (4.12)
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where Qo - weight of 1 m2 of tail assembly in kgf/m2;

Po - load on 1 m2 c¢f wing;

C4=10~-15 - for transport aicrcraft.

The over-all paylcad ratio of fuel/propellant also depends on
fineness ratio of fuselage (see Fige 4.7) as a result of the
dependence of the aerodyunamic drag of fuselage and engine thrust on
Ap. In subsonic zone, fcr 2xaumple, the coefficient of the aerodynamic

drag of fuselage in the rirst approximation, can be calculated from

Cs 0 220,0080y + 22
L
Investigations show that the optimum of fineness ratio of

following the formula:
2 (4.13)

fuselage is not too acute/snarp. IL£ we consider permissible a change
in the evaluation criteria to lo/0 of outer limit, then appears the

possibility to step back irom (Ad)opt to 1-1.5 (to 10-150/0).

Optimum bypass ratio of TVRD. The bypass ratio of turbofan
engines m, equal to the ratio of the air flow rate through the fan
toward the air flow rate tarouyh the gas-prcducing part, affects,

first of all, the specific hourly consumption and fuel load, by

i
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aerodynamic pod drag (as a result - also by weight of

fuel/propellant) and weight of TVRD themselves. Schematically this

effect with M<1 is shown in Fig. 4.9.

In the first approximation, it is possible to consider that for

subsonic aircraft Mopt =4~6, moreover with an increase in the flying

range (or *he over~all payload ratio of fuel/prcpellant) value mqp

grows.
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Fig. 4.8. Dependence of the height/altitude of chassiss/landing gear

on the length (elongaticn) of fuselage (h,>h,).

! r
0 lﬁopg m

Fig. 4.9. Dependence of takeoff weight on bypass ratio of TVRD:

1 - during change in specific hourly consumption of fuel/propellant;

wmteh

2 - during change in pcd dray; 3 - during change in weight of

i

{
e,

engines; 4 - total chanye.

Page 78,

‘(xj

§ 2. Consecutive optimization of several parameters.

AR AR A by

With the aid of computers it 1s possible to carry out a

simultaneous optimizaticn of a larye quantity of parameters.
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Without the application/use of computers, is possible the
consecutive approximate optimization only of several parameters of
aircraft. For this purpose is utilized the particular optimization of

the parameters, examined in the preceding/previocus paragraph.

At first is found the particular optimum of any from the
parameters at other "frczen" parameters, kncwn from statistics or
from approximate computations. Then it is optimized by tlhe second of
the assigned parameters. In this case, is accepted the obtained
earlier optimum value cf the first parameter. The optimization of the
third parameter is conducted at the values of the particular cptiga,
found earlier. Thus are located the optima of the remaining

parameters and characteristics.

This procedurs of comsecutive optimizaticn is undoubtedly
approximated, since after the particular optimization of each of the
subseguent parameters the optima or the preceding/previous parameters
must somewhat be changed (on tune basis of the solution of the
equation of weight balance, which connects all parameters and
characteristics of aircraft). Therefore after the first cycle of

calculations according to the optimization of the parameters, should

iy 2 4

oy

be, generally speaking, calculatea the second approachs/approximation,

during which are accepted the values of the parameters, obtained in

the first approximation, (an the first cycle ¢f calculations). It is

"
e T I

50 o it 2
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usually completely sufficieatly two-three cycles of calculations, the
optima of the parameters were stabilized at the specific level of

values.

§ 3. Variational prcblems. Optimum distribution of wing chord

ratios according to spread/scope.

During the soluticn of series of problems when it is required to
find not the only outer limit of the parametexr, but the optimum law
of its change (i.e. to optimize functional), are applied the methods
of the calculus of variatiosas. As a classical example of the use of
the calculus of variations serves the task cf optimum trajectcry, for
example of the law of a change in the speed of aircraft in
height/altitude during lift or reduction/descent. The optimum law
V(H) corresponds to the extremuw of any functional - the fuel load cr

duration of ascent to base altitude, etc.

As another example of the us¢ of an apparatus of the calculus cf
variations during the desiyn of aircraft serves the determination of
the optimum law of bendang (twist) of median surface of the wing of

supersonic aircraft for obtaining the maximum lift~drag ratio.

In many of these tasks, in final form it is possible to obtain

with the specific assumptions of expression for optimum laws of a

e kT e
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change in the functioms.
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Let us examine as an example of the use ¢f a classical method of
variation problem calculus cf the optimum law of a change in the wing

chord ratios in spread/scope. As the subject of investigation, let us

*

ok b B Sl d i 4 bl b Ll

take subsonic aircraft with trapezoidal (x>0° wing.

Task is placed as follows.

!

With some known parameters or wing and aircraft (Gg, S, Ae W, Dy)
and assigned/prescribed fliynt conditions (v, H, L) to find the
optimum law of a change in the winy chord ratios in spread/scope,

i.e. to find [G(2)ly.
Page 79.
Evaluation criteria of laws ¢(z) with (v, H, L)=const will be

incremental value in the takeoff weight. Optimum law &:(z) corresponds

tc the minimum of increase in tne takeoff weight cr to the minimum of

]

quite takeoff weight under given conditions. The variation character

of the task in question escape/ensues from physical considerations.

WL ORI
L agLE w””’&"{ N e A AL
B i S A A B

K

i

In fact, if, for example, thickness ratio i remains constant on

st

spread/scope (¥ith S, A\, n) =const], then the weight of wing will be
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less than in the case whean § decreases from ¢che root to with
Cg=const. However, the aerodynamic drag of "thick™ wing with &:=&
=const is more than wing dray with decreasing value g on
spread/scope. It is also Known that on the value of aerodynanmic drag

depends the takeoff weight of aircraft, i.e. there is a completely

specific weight equivalent, resistance (see Chapter V), the change in éﬁ
the aerodynamic drag consideraniy more strongly affecting Go than the f§
same in value change in the weight of wing. Prom these considerations é;
it is evident that version ¢(2) =const, apparently, will not be best. {;

On the other hand, if we intepsely attenuate of wing on

o
g i
‘E‘"i\_‘:qa

spread/scope, then aercdynamic resistance decreases, and the weight |
of wing, on the contrary, wiil increase with Cgy=const. It is obvious, 7%
P

must exist the optimum law o cnange &(z), under which the takeoff

weight will be minimum.

Let us compose the functional of task, on the basis of the

calculation of wing to bendinygy and the calculation of its profile e

drag when M<cM,p,,. 3

Air loads we consider proportional to chords. As a result of the j%
smallness of the over-all payload ratios of the spar webs
(conditional beam) and ribs, and aiso due to the smallness of the

effect of dependence ¢:(2) by weignt of walls and ribs during the

y T e s T
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solution of task we will not consider their weight. We consider also
that material, worker tc tne coamon/general/tctal bending of wing,
together with walls forms the caisson, svfficient for the perception

.

of the torsional moments.

Thus, during the compilaction of functional let us consider only
the weight of material, working to common/general/total bending wing,
and also component of aerodysamic drag, which degends om &, i.e.
profile drag (vhen M<M,,,,). Tae calculation grcss weight wing cr
common/general/total aerodynamic resistance (taking into account

inductive) is not necessary.

We will use communication/connection between a change in weight
and aerodynamic wing drag, on omne hand, and change in the takeoff
vweight - with another:

AGOzAGup-uar + AX p-i 0,

PP g = At 8K ry i

anp Har

where AGy - change in the takeoff weight of aircraft;

% - derivative of takecff weiynt in connecticn with a change in the

veight of aircraft components (see Chapter V), - weight of wing
(xg=0G,|9G, == 0G,dG,,):

%x, - the derivative of takeoff weight in connection with a change in

the parasitic aerodynaric drag of aircraft components (see Chapter

s it et i o - - e L . R o - TN St SO il i

— A e gt e AR = — e — — — R

e Nt g s .
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V), - the profile drag of wiag (xx,=0G[0X, . 00)

Apr-nar =Gup.u3r 0 pr.nar i Al‘-’xp.npofp =Xxp.npo¢ 0 —Xxp.npoq: I
Gipworo and Xwpmopo - weight of material, working to bending wing, and

the profile drag of initial wing respectively;

Gupnari and Xipmpop; -~ the same for a wing, the differing from initial by

dependence ¢(z).

Page 80.

In this case

(pr.u:ar 0, J\’up.llpo‘xl o) = const.

Let us designate
2gUkpasr0=N = const; xx,Xyp.upos0==/N,= const.
Then ve have
— AGy=76Gxp.usr i 42X, X spnpop i — Ny — N,. 4.14)

The weight of the flanges of longeron/spars {panels), receiving

the bending of wing, taking into account discharging will be [22]
I—D‘b
19 =,

_l_-:_
§facp § Cz dz, (4.15)

pr.usr =

wvhere ¢, - the greatest profile thickness of wing in cross section z;

A - the specific gravity/weight of material;
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¢ - coefficient of discharginy;

E - coefficient, which cousiders the effective heightsaltitude of

flanges (panels) in comparison with maximum;

f - coefficient, which coasiders the decrease of average/mean

voltage/stress in comparison with mpaximum;

Ocp - average/mean voltage/stress in upper and lower regiment (panel),

determined from the relationship/ratio

1 1 /1 1 -
~+ )

9cp 2 ap Sex

Here op - ultimate tension;

Oy ~ allowable stiass during coumpression.

In formula (4.15) M. - the bending moment in the current cross

section z:
Gonp 1 26‘ + bz

- 2 4.16
M, 3 1 b+ b ¢ ( )

vhere 0y - end wing choizd;

by - wing chord along the axis of aircraft;

b, - current wing chord;

i g e o W iate

P
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%z - coordinate on spread/scope from wing tip.

After placing M, (4.16) into formula (4.15) and simple

conversions froa condition o¢ (2)=const, wWe will obtain

1-D,, 1-0, .
4n,19Go 2 ey
Gypar 1= L 9 \ 2%z S 2hz 4.17
3 acpt (’? +1) o Cabs + 0 by ( )
dere ¢,=2%t;q=%
2 K

Let us manufacture in (4.17) the replacement of variables, after

designating z'=4dz/dz,.

(il :
E

Page 81.

A
e

Then

esb, b e2

L 2222 1 222 -
pr.mr I=N3 S ( +-— —_—"—> dCz, (4.18>
x

where ¢, - wing chord ratio alonyg side fuselage ! without taking into

account overflows:

sl

4ny19Gy

= —————————==Const,
¥ St fopltn+ 1)

FOOTNOTE . Is assumed that to tue side of fuselage from the

axle/axis of aircraft wing chord ratio it dces not vary. ENDFCOTNOTE.
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Here 7y is accepted in K&/m3; Gg - in kg3 o = in kgf/nz;5ﬁ=0.85-0.90;

f=0.80”0. 85.

The variable part of aerodynamic wing drag X,pmoe: ©ntering

equation (4.14), can be found as rfollows:

2,

Ry
320

Xxp.upo(p l-"=0xqu~ (4.19)

it

RN

For determining the coefficient of profile drag of wing when

B

M<Mypmr ve will use kncwn forumula A. A. Dorcdnitsyn - L. G.

2055 G | i

ol

Loytsyanskiy [15]
cxp"—_'- 20/7&’;1, (4.20)

o A gy

vhere ¢ - coefficient of the friction of plate;

n, - empirical coefficient n ;=1.485);

Ne="N¢ (-Ezo ;t);

7, - relative coordinate of the transfer/transition of laminar

SO e s B i ok MR ST

boundary layer into turbulent (an chord from leading edge/nose).

4

!

For values % =0.25-0.3Q:

R b ST

m, =~ 1-+3,3c,.

Value 2¢, we take according to Schlichting [15]:
0,91
(lgRe)2,58

20/--

Substituting the value of coefficients into formula (4.20), vwe

R b iz S S, AT s

N
LR

will obtain for wing cg=coanst

= L35 (1 +3,3¢,)
(lg Re)2,58

Cxp
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If ¢,=¢,(2), then
1,35 [1 + 3,3 (c)cy) ;

C.rp= (1g Re)2,5a ’ (4'2 1)

where average/mean value , is equal
I_D‘t’
— 2 2 —
(Co)ep == 5 gc;dz. (4.92)

Substituting (4.21) and (4.22), in (4.19), after conversions we will

obtain
ka.uporp { ==Sq 8,9 c. 2'de. - ! ,35_'_
(1g Re)*58 (1 Dy 2 : (g Rey2S | (4.23)
cy H
Page 82,

Formula (4.14) taking into account (4.18) and (4.23) will take

the form
< 2222’ 1 222\ -
— 2Gy==1g Vs | (_ 2 )dc;+
J\TCb, & e
‘x
o
g Ny { 6,2de, +ax N— N, — N, (4.24)
-::K
vhere N,= 8,95 == const;
(1~ Dy) (1g Re)*'®
N5=——i5-s-q—-—- == const.
(1g Re)>®®

It is coabined firstly and secondly term in (4.24)

€o - (224 1 207 —_ —
— AGy= lxax\’a ( —z z 4 Z-Z )+"x°N4czz’} de,+
. c;bz b‘ Cz
1y Ns— N~ Ny (4.25)

HerE(xxv Ng, Ny, Np)=const.
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Finally the functicgnal of this task takes the form
2% Na3ztz' . N3 222’ -
F= q’' 3 + ag’’3 2 +1X°N4C;z" (4.26)

c:bz bK ’EZ

The condition of optimum g (z) is the equaticn of Euler [35],

st s st Abe5hm I d s i bt T

which in the expanded/scanned form is record/written as followus:

92F 02F 02F oF
P 2 e e =2 (), .
92y + 02'02 + dz'd¢2 oz (4.27)

After calculating the derivatives, provided for (4.27), we will

20 T NS B B B i Bt N LR s s e e A

e

obtain . N
—2 N —2 *oNs _ 22 . N=0. 4.8
N Ta G 429

s ke At

Since functional {4.26) is linear relative to first-order
derivative 2!, the solution (4..8) is degenerated and it takes the

form of the usual algebraic eyuation where b, - known function fronm

Za

BT VR 3D e T e 2Bt i s b

From {(4.28) we have unknown optimum law ¢, (2)

-y Ny (2 1
(cz)opt“‘z V*-X__o Nq ( bs + b )- (4.29)

It is more convenient, however, to deal not concerning the

0 B e S T Iy A

absolute values of coordinate z, put concerning relative ones

- 2
z“

W b £ NS B T 24 Bl e

=Dy
2

D A s M

Page 83.

CLERET

Let us replace in formulia (4.29) the appropriate. Besides in

R R

P R Ty

p
3
3
N
H
4
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addition to this, let us take by and b, the fecra:
2 8_2 /G, _ 21/ G i 13
+1 1 q+1 P R ml[4%n 2]

and in coefficient of N, let us take air density according to the

K

formula of Vetchinkin V. P.

0 —H
P'm°m+ﬂ

where H in km.

Then solution (4.29) atfter conversions will take the form

G,
(Cz opt—'—“( Ay 1)¢) ‘/N [————— + 1] (4.30)

where l/ 14+ (—1)z
8.10~3 W[ * = —_

Nyo= PPo ( +- )(__0_) _— po) 2,58

6 V2 (20— H) \ *x, Go \ ( 1—Dq 3Go [lgRe]™™. (4.31)
In formulas (4.30) and {4.31) spread/scope =]/ %,
Po

G5 5% 5, SRR R, v e D,y
In the limits of one class of aircraft (1g Re) %3¢ it changes
insignificantly and it is possible to take as its equal to: 180 - for
the aircraft of short discance; 200 - for the aircraft of

average/mean distance; 220 - for the aircraft of large distance.

With %=1 ve have () .

@)z = [c°]°"'_-(l/ MGy 1)¢)1/ N, (—2-+1)

Pron formulas (4.32) and (4.31) it is evident that with increase ¢,

(4.32)

%6, H, A the optimum wing chord ratio in root (along side fuselage)
increases; with increase V, xx,Dy values (), decrease; with increase

fo value (@)opt decrease) with ‘ncrease Go in value (#%)ot they increasa.

o e [ - ” .,
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Thus, if an increase iu the parameter leads to an increase in

the weight of wing, then tnis increase it leads alsc to increase of

(o)opt and vice versa.

St S

e

It must be noted that solution (4.30) does not depend on the

-

sveepback of wing, since area S when (b, 7) =const does not depend on

X» if chords are taken alony flow.

R »
N TP A

The characteristic feature of the obtained solution is the fact

that with z=0 (at wing tip) tne optimum thickness ratio also must be

equal to zero. This is explained py the fact that the bending moment

S R £ S

at wing tip is equal to z2ro. By the way, if we consider not only

4,

bttt

bending strength of winy, but also for torsion, then the indicated

special feature/peculiarity of the solution will not be changed,

since the torsional moment at wing tip is alsc equal to zero.

virtually, however, it cannot be made ¢.-,=0, since will not be

S T IR

reached the necessary rigidity of end cross sections for the torsion
(is feasible the reversal of ailerons and wing flutter). Besides in
addition to this, when ¢ £0.08 the lift effectiveness of
airfoil/profiles sharply fall, hinders the high~1lift device of wing,

appear other structural/desiyn dafficulties. Taking into account the
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satisfaction of these all reguirements is selected value

Page 84.

Thus, formula (4.30) can be virtually used only in root wing
sections, to 30-350/0 of spread/scope, and for the remaining part of

the wing should be accepted either ¢:=¢ =0.08-0.09=const or law,

close to linear !, in this case, ar wing tip, it is necessary to

ensure EK =0.08-0.09.

FOOTNOTE 3}, Since it is necessary to consider the required vclume of
ving for the arrangement/positicn c¢f fuel/propellant. ENDFOOTNOTE.

Examples of theoretical optaimum law ¢&(Z), the constructed

according to formula (4.30), aad practical optimum law where in end

and wing center sections ¢,=¢ =const, they are given in Fig. 4.10.

Besides the examined aoove case, when average/mean design

stresses op =const on tne wingspan, is of also interest the case,

)2 ~const=d on
L.

characteristic for the sweptpack wings when

spread/scope. The solution in this case does not differ in principle

from (#.29)-(4.30) and it takes tae fora

3
_ 222 (2 1 g .
(cx)opt= l/-b—: (T; +"b':) ';:Y':%IT ' (4'33)
vhere g . W9%*%  _const;
BT XA+ )
xy IV ¢=const.
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;
3 (C-':'z)opt ) /}
{ (,)Q L_Ez = Ty=const /: $
St —— 18
i 3| @)opt | ;g @
B
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Fig. 4.10. Diagram of a change in the optimum values of the relative
and greatest absolute thickness of the tapered wing in the

spread/scope:
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---~- theoretical optimum taking anto account the bending strength of

Il

wing; =5
- practical optimum takiang into account the rigidity of wing to ’j%:

torsion and bending.
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Key: (1). Wing tip. (2). Break orf thicknesses. (3). Side of fuselage.
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Thus, the examined variational problem gives the possibility to

base to theoretically asd ootain virtually (with correction for the

i
H
!
ki
.
1

guarantee of rigidity of wing) the optimum law of a change in the

o wing chord ratio in spread/scope.

R

Analogous variational prooleus can be solved and in connection
with supersonic aircraft during the determination of optimum lavs
t:(?) of wing, sectional areas of fuselagye along the length and the
like taking into account a cnanye in the aerodynamic, weight and
rigid characteristics of agygregates/units with scme assigned
magnitudes, for example, witan assiyned/prescribed volume for the

arrangement/position of Zfuei/propeliant,
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Page 97.

Section II.

SELECTION OF SCHEME, POWER PLANT AND BASIC PARAMNETERS OF AIRCRAFT.

Chapter VI.

'i BIRPLANE DESIGN. ANALYSLS AND SELECTION OF DIAGRAM,
o Airplane design is determined by relative position, fora and
ey
£

quantity of basic aggregate/units of aircraft - wing, fuselage, tail

assembly and engines,

By a quantity of aggreyatre/units, are distinguished follcwing of
the diagram: biplane and monovpiane (Fig. 6.1%a, b): with one or two

fuselages (Fig. 6.1c, d),; with cne or two surfaces of horizontal or

E vertical tail assembly (Fige. 6. 1¢); with one cr several engines. Are

B possible airplane designs without wing (the "flying fuselage") 1!,

S without fuselage (" the flying winy"™), and also without horizontal
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tail assembly {("bobtailed aircratct").

FOOTNOTE '. At the speeds, which correspond M2»5, the fuselage little
is inferior to wing acccrding tc lift effectiveness. At low speeds
the 1lift can be created by the thrust of special engines.

ENDFOOTNOCTE.

Page 98,
These diagrams are given in Fiy. 0.1f, g, n, ¢, t.

The form of aggregate/units can change in flight (transformed

diagrams, Fig. 6.1h, I, Jj).

Let us incidentally note that the aircraft, designed by diagranm
"bobtailed aircraft", in the world was for the first time created in

our country {(aircraft BiCh-3, 1926, designer E. I. Cheranovskiy).

The characteristic feature of diagram is created by wing
planform - aircraft wita direct/straight, swept, delta wings, with

the wing of variable on the spread/scope of sweepback (Fig. 6.1k-m).
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The distinctive special feature/peculiarity of the diagram coeites
wing arrangement relative to fuselage on height,saltitude (Fig. 6. 1p,

ge T) - low wing monorlane, wmadwiuy monoplane, high wing monoplane.

Most important differences according tc aerodynamic, weight and
operating characteristics creates wmutuwal wing arrangement and
horizontal tail assembly alony tne length of fuselage - diagram
normal, or classical (Fig. 6.1s), "pbobtailed aircraft" (Fig. 6.1t) 1

and the diagram of "weft% (Fiygy. 6.10).

FOOTNOTE t'. The role of horizoatal tail assemkly here perform elevons

oh rear the lump of winy. ENDFOGTNOTE.

Less important sign/criterion of dlagram is the arrangement of

engines on the aircraft (see y 4).

How to explain this diversity of diagrams? Basic reason - in the
diversity of requirements for airciaft, in the continuous developnent
of the possibilities of their sat.sfaction. Rach of the diagrams
reflects designer's tendency to in the best way satisfy operational

requirements in this state of development of aviation and technology.
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This tendency it leads souetimnes to the solutions, which do not
justify itself in practice. As an example of this solution can serve
the diagram of the unsyszmetric aiccraft BV-141 (firm Blom and Foss),

constructed in Germany into 1938 (Fig. 6.2).

By interesting in this diagram is represented the idea to
radically improve pilot's survey/coverage on single-engine
reconaisance airrcraft.

From entire diversaty of the 4uestions, connected with the
selection of airplane desiyn, let us examine further following most
important and actuwal/urgent onas:

- analysis and selectioun of the diagram of supersonic aircraft;

~ analysis and selection of the diagram cf subsonic aircraft;

- airplane design to oy the wing of the variable in flight

sweepbhack;

- arrangemnent of engines on aircraft.

AL TR
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Fig. 6.2. Unsymmetric aircraft BV-141 of firm Blom and Foss. EBasic
data: Go-'-'-'uuoo kq: anycr"%-,o kg; S=5J-1 m2: Z=17.“6 lll; Vmax—450 k'/h:

Vepeac =30  km/h; motor 8MW-801; Ny=1600- hp.

Page 100.

The formulation of the provlem of the selection of diagram and
parameters of aircraft is examined in § 1 of chapter III. Let us
recall only that during tne assigned/prescribed operational
requirements and other limitations, placed by the stress standards,

rigidity and operation, it is necessary among entire diversity of
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diagrams and parameters of aircraft to select such, which they would
lead to the outer limit cf evaluation criteria of aircraft. As
evaluation criteria, are considered: the

cost-effectiveness/efficiency of operation (ccmmercial airplanes),

combat effectiveness or cost/valuz of accomplishing operation. The

g

approximate criterion is the value of takeoff weight. The best f

E
airplane design of any designation/purpose in the first §
approximation, ‘o.respcnds to the minimum of takeoff weight 1 during %
all assigned/prescribed limications [4, 25]. 2
FOOTNOTE !. During more detailed ccmparison should be considered also ?
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the effect of diagram on manufacturability and the maintainability of

construction/design, ccnvenience in the operation and comfort of the

crew and passengers. ENDFOOTNUTE.

Among many diagrams, at first are take/selected {on the basis of
precomputations and experiment) several most interesting ones, which
compete. Then they are in detail anvestigated quantitatively (on
evaluation criteria) and it is gualitative {(according to the

sign/criteria, which did mot enter the algorithm cf optimization).

§ 1. Analysis and selection of tae diagram of supersonic aircraft.

Let us examine nonmaneuveranle long-range aircraft with the
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fixed /recorded wing 2, and also aircraft of maneuverable class.

By A Loty 8

FOOTNOTE 2. Airplane design witn the variable sweepback of wing is

examined in § 3 of this chapter. ENDFOOTNOTE.

Let us consider that the aircraft nave a usual running take-off and ?

running landing 3,

FOOTNOTE 3. The diagrams of VTOL aircraft and STOL are examined in

chapter X, the diagram air space aircraft - in chapter XI.

ENDFOOTNOTE.

2 o ek gl e T Ak B Bl te s, o

When selecting of the diayram of nonmaneuverable long-~range

aircraft, considerable attention is given to the value of maximum
lift-drag ratio K, in cruise, since from it directly depends either
flying range with known relative all fuel/propellants (G.=const), or

value G: and G, with L=coast.

Maximum lift-drag ratio can pe increased, for example, due to
the decrease of the midsections or the noncarrying parts, decrease of
the washed surface of aircratt, and also by a reduction/descent in
the so-called trim drage. The tirst two methods do not require special
explanations. Let us pauss in mcre detail at the dependence of

lift-drag ratio on trim dray, wnich depends substantially on airplane
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design.

Let us examine the classical (normal) diagram and the diagram of

"yafth,
From the trimmed conditions of aircraft, we will obtain:

- for a classical diagram (Fig. 6.3a)

Yro X —Xr .
— 'Y
Yxp Xp,0 = X¢

- for the diagram ot "weft® (Fig. 6.3Db)

Yro —_— XX
Yo Xr.0 + X¢

Assuming that xp—xr=Ax,

Xpro—Xr=Lro (fOr a classical diagram);

Xro+x:=L,, (for the diagram or "weft"), and relating values Ax and

Leo to beax, we will obtain

Yro ___Ax
Yo Tr-o

Page 101,

At supersonic speeds, as 1s known, the airfoil center of
pressure is considerably woved packs/ago and Ax it increases, and

relation Y;o/Yxp can revch value by 0.15-0.20 (in subsonic
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conditions/mode 0.03~-0.05). Hence it follows that the balance in
supersonic conditions/mcdes leads to an essential increase in the

resistance, connected with horizontal tail 1lift.

The total drag of aircraft taking into account balance is equal
X=X+ X1+ Xean=Xo+ X, p+ Xic 0
After dividing both parts of the eyuation to ¢S [we consider that
Two=0ro and(cy);=(¢}), ], ¥e will optain
€= CuytCy g F Crgy =CxeF Cx (o Oy Seon
or, since for classical diagram cy=cyxp+c.\.r_o'S_,,,,. and for the diagram

of "weft® c¢y=c, —cy S, that respectively

Ce=Cxy Do (Cy,,F-¢y, S0l +Doch Seo: (6.1)
Cx=Cx,+ Dy (cll,‘p'_ cUr_°§r-o)2 + I-)O"ftr_o-gr-u' (6.1)

where Dg==1/cj.

From Fig. 6.3 it fcllows that

—— - - o)
(Cupt Cup oSeo)dx=0cy Lt S0~ A9 KAACCHYECKOI CXeMbl;
&

(Cop=Cup,Sra) Ax =0, L .S, ,— a8 cxemu ,yria®.

-

Key: (1) . for a classical uilayram. (2). for diagram of "weft".
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Fig. 6.3. The longitudinal balance of the aircraft of classical
(normal) diagram (a) and diagraw or "weft" (b): F - focus of

aircraft.

Page 102.

From these expressions we will optain

¢ —
-‘/np Ax

Cpp =T —_ -
™ SroLro T AX)

For a classical diagram in denominator, is taken minus, for the

diagram of "weft" - plus.

Let us substitute value ¢, in (6.1) and (6.1'). After

conversion we will obhtain for the classical diagranm

o2 1\ 22x
o=y, Dyt |14 —2% (1+ ]; 6.2)
o ”“"[ A G ey - UL

N SRS A S R
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for the diagram of "weft"

c,,=cx,,+Docf,Kp[l+_ 84" (1+ l)- 2% J 6.2)

(Lro+ -ATV)2 _S-r.o z-r.o +ax

-

Thus, co=c.,+Dooarrch,  Yhere Dye,=(1+w)D,! mOreover w -
coefficient, which considers tane effect of balance on the resistance

of aircraft. For the classical diagram

fo 024 gt ¢ e S sy kB~ e Popend A Rt € 2 0 o ?® i s O bt R i oerly 02 TR e n e P AR E F oty x
e

Al | —
o= (1 6.3
for the diagram of "weft® :
— . _ %
g o <z...oA: Exy? (1+ 5o )_2 Zr.oA::E ' ©-3)
.é Maximum aerodynamic aircraft guality/fineness ratio, as is §
é known, it is equal %

1 1
. Kmax-— ) ‘/'—‘,;'50—

Taking into account the trim dragyg

- 1 1
Kma!—'—2‘l/ chDOGM ’

or
1 1
Kmax="§" V#C*ODO(1'+ w)“ .

The given above forwulas make it possible to draw a conclusion

b b

o et

T T ALY

about the considerable e€fiect ot value w on aerodynamics of aircraft.

Is than more w, the greater the tram drag and the greater the loss cof

l1ift-drag ratio.
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During the analysis of trim drag, it is convenient to utilize a
concept of the focus of aircraft. As is known, }r—§f=-n§% where
m¥- - derivative of the coefficieut of the pitching moment of

aircraft in ¢y (reserve of longyitudinal static stability);

Xr=xr/bcax; X;=x,|bcax-
Page 103.

The greater the maryin or stability m{, the more and the
balancing losses of lift-drag ratio, since increasss
: 1

;F—Er=(§isr.ol‘ro)ﬁ—§—— (nere in brackets plus sign it corresponds
tOr.o

to normal diagram, and minus - to a diagram of "weft"),

Por the stabilization ot supersonic eircraft in subsonic
conditions/mode value my 1S selected in limits 0.02-0.05, but in
supersonic conditions/modes as a result of the rmovement of focus,
back/ago longitudinal static stability considerably increases (if we
do not take the special measures, indicated below), especially on the
aircraft of normal diagram. AiLcrart "bobtailed aircraft¥ occupies
certain mid-position according to the greatest shift/shear of focus
back/ago upon transfer from ONE 4<1 to M>| (Fig. 6.4). For the

aircraft of this diagram with f£1l:./plane wing (the flat surface of
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wing chords) ,~035 and Z%.~03 with M<1, but with M3 Fp=0,5.
Thus, "bobtailed aircraift" with flat/plane wing has with MM

m:>'= —0a151 if E-;-=0,30.

Effect ™ on relative maximum lift-drag ratio
Rhu==KmuKKhn)m@==0 of the aircraft of two diagrams is shown in
Fig, 6.5. These curve/grapas are constructed at typical values L.
and S.., the aircraft of normal diagram and diagram of "weft". It is
evident that the aircratft of classical diagram (with flat/plane wing)
has the large losses of maximum aerodynamic quality, than the

aircraft of the diagram of ®wefth,

This fact brought recently to thought abcut the advisability of
applying the diagram of "weft" for heavy long-range aircraft (for
example, the aircraftXB-70 "vValkyrie", USA). Then it was explained
that losses K;Q from balance can be substantially decreased or even
eliminated for the diagrams in guestion, if we use the following

constructive solutions:

1) the "floating" or removed with M<1 horizontal tail assembly

in forepart/nose aircrait componant.
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Fig. 6.4. Change in the lonyitudinal stability factor of the aircraft

of normal diagram and diayram of "weft" (wing flat/plane).

Pig. 6.5. Deperdence of relative laft-drag ratio on degree of

longitudinal static stability (wang flat/plane):

R- = K K
max max{(Kmax) m =0
2

Page 104.

At subsonic speed this tail assembly either is removed into fuselage
or as weathervane, is instailied at zero or certain permanent positive
angle of attack and does not aifecz, thus, to the position of the
focus of aircraft. The aircraft of the diagram of “weft", for

example, with this tail assemoly with M<1 and @ o=0° (Yro=0) is,
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actually, "bobtailed aircraft". At supersonic speed the tail assembly

is jammed at the specific angyle cof attack and it displaces the focus

of aircraft forward to value AZr=Srolro (here S, and IL;,-are

e 4 B e w
T RO L e L LT T | TRy

related to tail assembly - destabilizer). In this case m” with M<

S adis iy,

and with M>>1 it can have tae iaentical values of order 0.03-0.05,

that also requires (Fig. 6.06)3

R T eT SR

2) root overflows c¢n wing (Fige. 6.7) before the center of

gravity of aircraft. Witn M>1 the effectiveness of cverflows due to

increase (c;xam) increases. Therefore with an increase in Mach nuumber

SRR Ly 8, e

of flight, the focus of aircrait is moved forward and with the

calculated Mach number the longitudinal stability factor decreases to

acceptable size/dimensicnsg

LT TR L N pmmrehS an s

Nae

3) the strain of medaian surface of wing (surface of chords).

Wing seemingly is adjusted to basic conditions/mode @mlﬁ) of the

BrA S B s LKA e

flight, by vhich the losses to balance are brcught to the minimum

(Fig. 6.8);

AT adan et

e L,

4) the deflect/diverted with M>>1 ends of the swept or delta

P blan

wing; wing tips are converted into supplemertary fins and do not

participate in lift formation.
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Pig. 6.6. Application/use oi the fioating hcrizcntal tail assembly on

the aircraft of the diagram of "weft",

Key: (1) . Floating horizontal tail assembly (destabilizer). (2).

Diagram "bobtailed aircraft". (3). Diagram, "weft".
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Pig. 6.7. Application/use of overflo¥ in roct of wing.

Key: (1). Overflow. {(2). exauple.
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.+ focus of aircraft with this operation is shift/sheared forwvard to

value 5§;=Shtm wvhere Jx-- the relation to the area of the

deflect/diverted part of the wing toward gross wing area;
Z;=Lmﬁ&;:7:f - distance from tne center of gravity of aircraft tc

the center of pressure of the defiect/diverted part of the wing

{along the axis of aircratft).

All examined higher metnods of decreasing the longitudinal
stability factor of aircraft at supersonic speed the basic during
limitatinn displacements of focus with the aid of an additional
increase (creation) in the lift pefore the cruter of gravity of
aircraft or with the aid of its decrease after the center of gravity.
Besides these methods, it is possible to utilize some more, in

principle different from precediang/previous, given in p. 5;

5) the displacement pack/ago of the center of gravity of
aircraf+ (following by the displacement of focus) via the pumping of
fvel/propellant from frcounts/leadany tanks into rear balancing tank.
This solution is utilized usually i1n combination with those
enunerated ahove., Its deficiency/lack lies in the fact that for the
rapid pumping of fuel/rropeilant are required the very powerful /thick

(usnally - several tenm kilowatts) and heavy pumps, and also the fuel

G RN i, i ool

En K gt bt

,pm
TR

DI
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lines of large productivity. Wneun after the pumping of
fuel/propellant it is back/ayo necessary to sgecially decrease the
flight speed prior to M<1, 1t is necessary to apply the emergency
discharge of tne transferrea ruel/propellant to avoid the pitch

instability in subsonic zone (Fig. 6.9).

The presented methods allow to a greater or lesser extent to
solve the problem of lift~-drag ratio taking intc account balance. PFor
the diagrams of "weft" and "pootailed aircraft" it is solved more
successfully, for a normal diagram - it is less successfully in
connection with the large snift/snear of the focus of aircraft

back/ago.

Let us examine now tanree diagrams of nonraneuverable supersonic

aircraft (“weft", "tailless" and normal) from other point of view.

Oon the safety of operation, the aircraft of the diagram of
"weft" is inferior to the a.rcraft of other diagrams, Reasons for

this following.
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Fig. 6.8. The effect of the strain of the wing of the aircraft of i

diagram "bobtailed aircraft" on tne maximum lift-drag ratio of

i supersonic aircraft with ¥=2 (cross sections 1-4 and the "side of ;

{ :

s = fuselage" at the sight assembly are averages/mean lines of the !

K corresponding wing profales). ;

. ! :
nic 2 :
3 . . . . 2

- Key: (1). Side view. (2). Side of Zfuselage. (3). Leading edge/nose. :

. . }
,g (4) » Wing with strain. (5). Section. {(6). Plan view. (7). Flat/plane f

wing. i
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Fig. 6.9. Displacement cf center of gravity of aircraft back/ago. f

;

1




D s Bt Ay e ety
R P

= 79052105 PAGE /77
(1)« instability. (2). stabiiity.

106.

1. From condition  (Msesro==(M,),, for diagram of "weft"™ we have:

"l‘_"> (‘Sl‘.o}-LloO then clll

if o Lo
I~ (Sl.o)"3

o > CI/.

ip”

At typical values §,,<0,15 Z,,<2 ¥e have .,

rox < 0 > cl'ﬂ" if

"
—m'v_ - 0,046, Usually in the diayram of "weft’ when M<<1-—n§”>01M§
Therefore loss of 1ift at hiyh anyles of attack begins, as a rule,
first on tail assembly (40> Cup) In this case Y;<:G (at
equilibrium V,,=G—V,,) and the aircraft of the diagram of "weft"
together with peck (torque/moment },, to dive relative to the center

of gravity of aircraft, see Fig. 6.3) it loses altitude (it sags).

2. Spinning properties of aircraft of diagram of "weft" are

worse than aircraft of cther diagrams.

3. RAircraft of diagram of "weft" pcssesses insufficient dynamic

stability (it is difficult to extinguish short-period vibrations).

It would seem that winyg area on this aircraft it is possible to
select less than on the aircrart of other diagrams, since horizontal

tail assembly creates pcsitive lait. However, of this advantage the

- b e <pAOe i
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aircraft of the diagram of "weft" is deprived. The fact is that the
possibility of the high~lift device of wing is here limited by the
trimmed conditions and flow separation from tail assembly. Moreover,
the 1lift of wing as a result of downwash from tail assembly decreases
by 10-150/0. Therefore acceptable takeoff and landing characteristics
of the aircraft of the diagram of "weft" are achieved by an increase

in the wing area 1!,

FOOTNOTE 1, Is possible also tne "super-mechanization/high-1lift
device" of horizontal tail assembly (UPS). However, in this case,
grow/rises taper after tail asseumply, falls Y. it appears stability

problem of flow at the engaine inlet, etc. ENDFOOINOTE.

In any case of the gain of area and weight of wing in ccmparison with

normal diagram, this diagram does uot give.

Vi
2
b

T

y
RN,

Aircraft "bobtailed aircraft" (and alsc the "flying wing") has

e s
A

S

followirng o the advantage:

R

T

- 1s lesser than the loss c¢f 1ift-drag ratio £rom balance with

R

Z IS

M>1.2 than in the aircratt of normal diagram,

R

o

s

RS R e

8

- the smaller cost/value of construction/design {to 10-150/0)

due to the absence of hcrizontal tail assemtly as independent
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: aggregate/unit.

It should be noted that yeanerally horizontal tail assembly it is

i
} necessary to nonmaneuveraple supersonic aircraft mainly at high

-

angles of attack (takecff, landiny, output/yield from

b 5,

6k . ST,

!

: disruption/separation, etc.). Lo tne cruising f£light of the function

of horizontal tail assembly successfully they can fulfill flaps (in

the diagram *"bobtailed aircraft® - elevons, .

However, during takeorf ana landing, of diagram "bobtailed
aircraft" is inferior tc tne aircraft of normal diagram, since the
wing of tailless aircraft does not allow/assunme

mechanization/high-1ift device 2,

POOTNOTE 2, For the longituainal balance of aircraft elevons it is

necessary to deflect/divert upwara, to the side, opposite to the flap

deflection. ENDFOOTNOTE.,

For an improvement in the taxeof:r and landing characteristics of the
aircraft of diagram "bcktailed aircraft"™  (Lpass Lnpos, Vorp, Vioc) it is

necessary to increase winyg area (due to low values ¢» Fig. 6.10).

Certain positive ertect it is possible tc attain, if on the

aircraft of diagram "bolktailed aircraft" to use advanced in nose

) v 1
. 1 5. pd g " i, o . N e b - e S N Ll i ced Ao Ant
T LN IR TT R TR NS Co R LSt CENN SN L P X G TTC LIS FOLE (LYo 28 b ot s e e AL B st e B B et mitaaetlasteon il A SRl skl B
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section during takeoff and landing small wing (the so-called "pen™",

Fig. 6.13j). Its area usually does not exceed 1.5-20/0 of wing area.
When selecting of the diayram of supersonic nonmaneuverable
aircraft the important value acquires the sum of the weight of wing,

fuselage, tail assembly anu fuel/propellant.

Page 107,

On the aircraft of normal diagram, it is possible to obtain gain in
the weight of wing due to its smaller area (if allow/assumes volume
for the arrangement/position of fuel/propellant), but at the sanme

time it is possible to lose in tne weight of fuselage and

fuel/propellant (decreases lift-drag ratio as a result of losses to

balance), and also in tne weight of tail asserbly. '

On aircraft "bobtailed aircraft", on the contrary, is obtained

the smaller fuel load and fuseiaye (there are nc loads on fuselage

from horizontal tail assemscly), but larger weight of wing.

In each specific case the balance of these weights can be either
on the side of normal diagyram or on the side c¢f diagram "bobtailed
aircraft", Everything depends on tne concrete/specific/actual

limitations: values of aistance ana Mach number of flight, length of
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VPP and the like. To give aay final recommendations regarding this

question is not impossible. It is at present clear only, that the

diagram of "weft" on the aircrait of the class in question did not

justify those hopes which for it were laid.

When selecting of the position of wing relative to fuselage on

‘; g
ik
g
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e |
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3
3

¥
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P
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height/altitude on supersonic nchmaneuverable aircraft one should
consider that the low wing monoplane has a row/series of

structural/design and operational advantages tefore the high wing

monoplane:

- more conveniently to fasten and to retract the landing gear,

- increases coefficient ¢; during takecoff and landing as a

Lot o 2 0 rec s - .
bt Rt e QN F Lt DR P 005, A S -4 3 e

"
I

4

result of more effective grcund erfect (Ac,~0,1)

.
*
seFevv

ks

ety

i,

i

- is provided buoyancy dauring ditching.

54t

N
A

3,

If the conditions for load and unloading (jettisoning)

EHEERIRRLING

purposeful load do not dictate unembiguously high wing arrangement,

ST

then one should approach the diagyram of low wing monroplane or

BRI

semi-low-wing monoplane especially because coefficient ¢, of

2l

»

supersonic aircraft - 1lcw winy wmonoplane virtually does nct differ

P2

from <¢xo high wing monoplane.
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TR

. Maneuverable supersonic aircraft ! must satisfy following basic

requirements,

FOOTNOTE :. Here are examined aircraft with usual takeoff and landing

o

SR

and fixed/recorded geometry of wing. ENDFOOINOTE.

'

e oy

- maximum reserve thrust rLor yuaranteeing of rapid

i

.
W

acceleration/dispersal and necessary vertical velocity,

- the high-1ift device of winy in entire speed range for

f

TS RPN e e A R R P A PR s K e

guaranteeing of a rapid turn ana cnange in altitude,

- the velocity of landing approach with poor visibility must not

require too high a qualification of the pilets.

When selecting of the diagram of maneuverable supersonic

aircraft, should be considerea these requirements.
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Pig. 6,10, Lift coefficient wath takeoff (without taking into account

ground effect).

Key: (1) . Limitation on the heightsaltitude of chassis/landing gear,
on survey/coverage, on the coatact by tail of VPP. (2). Angle of

attack of wing.

Fig. 6.11. Standard diagyrams of maneuverable supersonic aircraft (to

table 6.1).

Page 108.

For a comparison let us take two diagrams - normal and
"bobtailed aircraft" (Fig. 6.11) with the following initial data: the
calculated number M=2.2; the radius of action 550 km; takeoff run

length - not more than 750 m; approach speed not more than 280 km/h;
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crew 1 man/person; purposeful ioad 1500 kg; pcwer plant - one TRD

[turbojet engine].

The results of comgarison ace given 1in Eéble 6.1. Table 6.1
shows the advantage of normal diagyram by takecff weight (in essence,
due to smaller wing area). This advantage is reached as a result of

the fact that the wing c¢f the aigfcraft of norral diagram

. . . ' Lo, N . o I S
ey T D b et e B i LT D St et P e PV o LR b ] S B 5 e ok 1 s ey 28T

allow/assumes powerful/thick wecananization/high-1lift device (for
example, double-slotted extension flaps and deflected leading
edge/nose), whereas the winy of "pobtailed aircraft®" does not

allow/assume mechanization/high-1ift device.

T R R R P TS LN T TATYS

bt rine

Parameter po/cynon, the characteristic radius of turn (here {
Cynou” —~ permissible from the condition of stalling or buffeting lift ;
coefficient), is virtually identical with respect to value for both

diagrams. The characteristic parameter of acceleration/dispersal -

P—X . ) .
g-force n,= G~ ~ is more in normal diagram due to smaller wing

area. Calculations show that the time of climt with simultaneous

i 5 L S LR G

[

acceleration/dispersal to Mpaex (H=15 km; Mpew=22) aircraft "bobtailed

.
SN A e AL LS R

aircraft" has to 250/0 more than the aircraft of norial diagram.

ATl

Pue to comparatively smaill load on the m2 of wing the aircraft
"bobtailed aircraft® is more sensitive to the vertical gusts of air

(it is more g-force /y from qusts, than in the aircraft of normal

@ T G R P s I R 5 T Sl
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diagram), which impedes pilotiny, tires the pilot and decreases the

resource/lifetime of construction/design (especially in flight at low

altitudes).

The advantage of diagram "bobtailed aircraft" - somewhat smaller

takeoff rum length ! - cannot change the advantage of normal diagram.

FOOTNOTE !. Upon this setting of the task where Viu=const ENDFCOTNOTE.

One should emphasize tnat the obtained ccnclusion/derivations
are not the consequence of initial data accepted, faster they reflect
an organic deficiency/lack in the "bobtailed aircraft" - the
unresolved problem of the higu-lift device of wing.
Conclusion/derivations are sufficiently common/general/total for the
formulation of the problem accepted of the comparison of the aircraft

of different diagrams with the i1dentical degree of the safety of

Wl

s abe

operation, determined tc¢ a considerable extent by approach speed.
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Table 6.1. Comparison of two diagrams of maneuverable supersonic

aircraft.
| (’ YMapaserpu
12) NI % o ~ 3
v o X im) N S 2% T IEPN &
Cxema ‘\\Q,E . &2 0 & \; e | :’. §c
o lafe|a g2l 5| B| glSa|SH) &
Oo (%] Q? Qo- |°-° >ﬂ « Q>' u" \)“ Eki ‘gé l@n
) ’
({punm,uan 13 850]23,5| 10300} 585 | 0,745| 280 |1,35{1,2 | 750 | 0,58 | 585 | 0,610
G
L«Becxlsoc'r- 14 4004 50,5 11 500} 285 | 0,800| 280 |0,66]0,66] 610 | 0,48 ; 570 | 0,618
Ka»

Key: (1). Parameters. {(<Z). Diayram. {(3). in kg. {4). in m2, (5). in

kgf/m2, (6). km/h. (7). m. (8). Normal. {(9). Fobtailed aircraft.

§ 2. Analysis and selection of tae schematic cf subsonic aircraft.

For the lifetime of aviation, is known numerous attempts to use
diagrams "bobtailed aircratt® and "weft" for subsonic aircraft [24].
However, these attempt, as a rule, concluded with the experimental

models or the short runs of aircratt.

Page 109.

The normal diagram of subsonic aircraft maintained testing by

time and by practice it is now ciassical.
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The basic reasons tor tne failures of the aircraft of diagrams
"bobtailed aircraft™ and "weft" were connected with insufficient
stability and controllabiliry, witn impossibility or limitedness of
the high~1ift device of wing. Fiight safety on such aircraft was

worse, but drag and weight - are not less (due to an increase in the

B L O e L A P T T R

wing area), than in the aircraft of normal diagram.

. . . , . i

Let us examine following of the variety of the normal diagranms: 1

5

. . . 3

a) the diagrams, created by wing arrangerent on the g
height/altitude of the fuselaye {(see Fig. 6.1, g, )3 g
_';,%

b) diagram with the application/use of a twin-boom fuselage

instead of the usual single-peaw (see Fig. 6.15) !

FOOTNOTE !, The diagrams of the arrangement/pcsition of engines on

subsonic aircraft are examined in g 4. ENDFOOINOTE.

vl . e .
YR PR TIIRERE NPT ot B YO VR SR P IPORC ST W

To the advantagesz of diagram witn nigh wing arrangement they are

e b

related:

%

‘
i
3

- decrease of aerodynamic aray from interference, especially for

a circular fuselage (Fig. 6.12),
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the decrease of distance from fuselage to the earth/ground,

which creates the row/series of operational ccnveniences,

- good survey/coverage of the earth/ground from passenger

compartmentg

- a reduction/descent in the probability of breakdown of the
engines, arrange/located on winygy, as a result of the
incidence/impingement ¢i solid particles with VPP during takeoff and

landing (Fig. 6.13).

For decreasing the harmful wing-root interference effect,
usually are installed the fallsts. And the nevertheless lift-drag
ratio of high wing monoplane with circular fuselage to 4-50,/0 is more
than in low wing nmonoplane (, other conditions being equal,). In the
case of the rectanqular cross section of fuselage and on midwing

monoplane fillets it is possible not to install.

In spite of the aerodynamic advantages of average/mean wing
arrangement, this diagram farely is applied fer contemporary subsonic
aircraft for layout reascns: wing usually is passed to the zone of

pilott's, passenger or cargo compartment,
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Fig. 6.12. Polars of aircraft in different position of wing on the

height/altitude of fuselage.

e b S o4 b

Key: (1) Fillet. (2). without fillet.
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e

Fig. 6.13. Percentage ot beiore the appointed time removed angines

(TRD) depending on their distance to VPP.
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Page 110.

On military transport and cargo aircraft high wing arrangement

is most acceptable from an operational point of view, it gives the

possibility to substantially decrease the distance from the sex/floor

of cargo compartment tc the earth/yround and to facilitate loading
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and unloadinge.

The diagram of wing arrangyement on the height/altitude of
fuselage affects, as can be seen from Fig. 6.13, to the
resource/lifetime of engines, 1f tney are arrange/located on wing.
This effect can be approximately estimated according to the formula

- 100—n
7 an T~ TAB.CTCIL! (——l(r) ] (64)

vhere 7., - average/mean resource/lifetime of the engines,

establish/installed on aircrait, in hours,

Typcren - average/mean rasource/lifetime, establish/installed on

stand, in hours,

n - is taken from curvesgraph (Fige. 6.13) in terms of the
average/mean value of heightsaltitude M for all engines,

establish/installed on aircraft, in percentages.

Calculations according tc formula (6.4) show that the service life cf
engines on high-wing moncplane can be to 10-150/0 more than on low
wing monoplane. Therefore the prime cost of transportation, which
depends on Tz (see Chapter L), on high-wing monoplane descends.
However, in absolute value the cost-effectiveness/2fficiency of the
operation of high-wing monoplane in the majcrity of the cases is

obtained somewhat worse tanan low wing monoplane, due to weight
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losses. These losses are explaimed by the following reasons:
- on high-wing monoplane is necessary to specially amplify the

lower part of the fuselage in the case of crash landing without

chassis/landing gear;:

~ increases the weight of the load-bearing elements

(former/frames) of fuselage, receiving loads from wing and
chassis/landing gear (if basic landing gear struts are connected to

fuselage) ;

- by 30-500/0 increases reyuired fin-and-rudder -area in

connection with a deterioration in the lateral stability of high-wing

monoplane at high angles of attack, when tail assembly falls into

wake from wing (Fig. 6.14).

In sum the weight of the structure of high-wing

B i it

monoplane-aircraft increases by Z.5-30/0 of takeoff weight, if all
landing gear struts are fastsned to fuselage, and tc 0.7-1.00/0, if

basic struts are fastened to winyg.

When in the case of emergency alighting it is required tc¢ ensure

the buoyancy (which the high-wing monoplane in contrast to low wing

2
2
¥
3

monoplane does not possess), then is necessary to install special

S EITIL_ s AT S 1 o e N g e w2 i
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pneumatic floats which also increase the weight of high-wing

monoplane.

During the final solution of a question of wing arrangement
concerning the height/altitude cf fuselage, it is necessary to
consider, thus, the row/series cf the contradictory factors: high
wing monoplane has the pest aerocdynamic and ofperating

characteristics, but it is inferior to low wing monoplane by the

structural weight. Therefore it is necessary to make the detailed
calculation of weight ana cost-effectiveness/efficiency of aircraft
of both diagrams. But if speecha occurs about the design of military
transport or cargo aircrafct, then for layout and operational reasons

should be given preference to high wing arrangement.

- o om o - o —— e = - Ap—
o U S o e s - P - AP




DOC = 79052105 paGe  J43

SBO
SR
20 ke o s q . :
° _+_
]If a8 A. u 0 q L
“ |

R T A

20 . 60 100 e Gyre

Fig. 6.14. The relative fin—-and-rudder area of high-wing monoplane
and aircraft-low wing monoplame: © - aircraft-low wing monoplanes;
& = high-wing monoplanes; © - military transport high-wing

monoplanes.

Page 111,

L St g

During the design cf muitipurpose (for national econoay) and

S ey ey

s el 1

cargo aircraft, appears the need for estimating advantages and

deficiency/lacks in the twin-bocm design of fuselage (with nacelle)

ot

instead of the usual fuselagye (Fiye 6.15).

|
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The advantage of twin-booum design is ccnvenience in load and
unloading of nacelle. However, the realization of such, is at first

glance, tempting diagrawm it is striked into the row/series of the

e A g

L
i

difficulties, connected with a deterioration in aerodynamics and a

it i

il

gain in weight of construction/design.
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Calculations show that tue aerodynamic drag of aircraft with
tuin-boom fuselage to 10-150/0 is more than usual due to the larger
vashed surface and the oblique airflow of beams by flow from

screw/propellers (on aircratt with PD and TVD). If we decrease the

washed surface of beams, after reducing the size/dimensions of their
cross section, then apreats the problem of the rigidity of the
attachment of horizontal tail assesbly and weight of teams

themselves.

From the condition cfi eyual saggings/deflection at the end of the
usual and twin-boom fuselage (i.e. with equal flexural rigidity) it
is possible to obtain in cthe first approximation, the following
relationship/ratios:

Gu=G-hil,
vhere Gi - weight of the tail section (to wing spar) of usual E

fuselage;

Gu~ weight of beans;

h - height/altitude cf the cross section of usual fuselage in

bearing edge (in wing sgar);

LI keight /altitude of structural section in bearing edge of its on
ving,

Moving to the weight o0° the entire Tuselace we have:

N - . I . R
- Tl B~ P Sar - e -
= L ! = SO N S i
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12
(Gp)u=(Gy) [1 +Gi (%— — 1)] (6.5)

it /

Here (Gy) ~ weight of usual fuselage;

(Ge)u - weight of girder fuselage (together with nacelle)

Gi - ratio of the weight of the tail secticn of the usual fuselage

toward its gross weight G, - GG
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Fige 6.15. Usual (a) and twin-boom (b) airplane designs with TVD.
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In aircraft in weight to 6-8 t @;=0925-03- 1If, for example,

i e Q!“ ‘m,“‘ Y
%ﬁommmﬁ’zm

‘
P

yfhu=1,5, then the weigat of twin—-boom fuselage, as it follows frca
formula (6.5), there will be to 31-370/0 greater than usual fuselage

(vith equal flexural rigidity).

G
sd B SR b S

Besides a gain in weight and aerodynamic drag, the aircraft with E

twin-boom fuselage has cther deficiency/lacks:

- cost/value of fuselage 1s more (tc 10-150/0) due to special

equipuwent for manufacture and assembly of beans;
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- beam occupy the part of the spread/scope of the high-1ift
device of wing; therefore wing area is necessary to increase by

5-70/0 for achievement of identical takeoff and landing

characteristics witn usuai aircraft:

- weight of control line grow/rises by 20-250/0.

As a result it is possiblie to drawv a ccnclusion about the

inexpediency of the appiication/use of a twin-boom fuselage, on the

P

basis of weight and aerodynamic characteristics.

§ 3. Airplane desig. - -=h the wing of the variable in flight

svweepbacke.

The variable in flignt sweepback of wing is a special case of

~ the alternating/variable geometry of aircraft. Idea this is not new.
Even at the glow of aviation French designer Clement Ader constructed
the model airplane (1904), in which changed the sweepback of wing and

horizontal tail assembly "for the regulation of speed®.

Aircraft mono- biplans (see Fig. 6.1h) was constructed in us

into 1940 (designers V. V. Niikitini V. V. Shevchenko). In 1931 near
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Paris, tested the aircraft of the construction/design of Makhonin
with the variable wing area by acans of the advancement of arss. The
wingspan varied from 13 tc 21.1 m, wing area increased from 21 p% to

33 m2, The weight of the mechanization/high-1ift device, connected

wvith the telescopic segaration of this wing, was 850 kg (170/0 of

design take-off weight).

Already in forties in many countries started work according to
the creation of aircraft with the wing of variable in flight

sweepback.

At present this idea pecame the same customary as the idea of

retractable landing gear or exteasion flaps.

How do we explain, however, tha%t throuzrhovt the entire historv

of the develonmment of aviation attermts have been made to create

an aircraft geormetry wnich is chanreable in flieht? The cause of

this phenormenon lies in the coniradiction between the ynchanceable

T R

nature of the form of the aire»aft and the chancin~r “13i~ht

conditions ith resnect Lo sneed and sliitude,

IR RN

S e i sl




R e s L et al : TR x 7

T

RS

PAGE /?7

pocC = 79052105

s g e ¥ B vy San on
, L




4

-
-

I

nme. s mea b 8 o

o

.

*

L, a‘,‘*«-»_.. -y

-~
W

I
e e

£

G M LSO iy PPN e R e, g
ci'ﬁ? “ ,)%"} i \\1 o Ry T T A P VR R e nly NI o A
T - > s X M bl

L

e s A—— —

DOC = 79052105 PAGE 300

Fig. 6.16. Dependence c¢vyy uith landing approach on the sweepback of
ving on leading edge (mechanization/high-1lift device: Two-slot flaps

and slats; a=129).,

Fig. 6.17. Character change ¢ of aircraft in depandence on

sweepback wing (M<1).

Page 113.

Diagram of aircraft with the fixed/recorded geometry is designed for
the narrow flight envelcpe, and output/yield frcm this range mekes
aircraft far not optimum. The tendency to adagt the geometry of
aircraft toward the changing flignt conditions led to the creation cf

the diagrams of the variable geometry (the "managed diagrams").

The rapid development of tanis idea is recently explained by the
practical requirements for aircraft with the very large flight

envelope (multimode aircraft).

Aircraft with the winy of the variable in flight sweepback has

following of advantage.

B e = L g L R e etdt]
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1. On supersonic aircraft it is possible to considerably improve
takeoff and landing characteristics due to increase in elongation and
cy, and also effect of high-lift device of wing at minimum sveep
angle (Fig. 6.16). So, when xux=20°, A=6-7, utilized coefficients ¢,
2-2.5 times more than on aircraft with y;x=60°, A=2.3. Increase c,
gives the possibility to decrease V,,, and Vg by 40-600/0 and Lpass and

LUP_OG - 2-2.5 times.

2. More average/mean during flight lift~drag ratio substantially
grow/rises in connection with increase Kmx id subsonic
conditions/modes

L

l .
TS KdL =~Kn<

0

L L
“:‘ +Km»1 "z>‘ . (6.6)

Kc!.\
If, for example, on long-range aircraft with

xnx=var, Kac1 =15, Ky>1=8, Luci/L=02, Lu>1/L=08, then according to formula

(6.6) Kep=9,4.

On aircraft with the fixed/recorded low-aspect-ratio wing when
Km<1 =10, Kyst =8  we have under the same conditions Kep=84, i.e.

per unit it is less.

Increase K¢ (when ux=30—35°) gives the possibility either to
increase flying range with Gg=const or to decrease the takeoff weight

vith L=const due to a reductionsdescent in the fuel load.
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3. G-force from vertical gusts of air with M=0.9-1.2 (near
earth/ground) can be lowered on An,=1,0—i,5 because of decrease c,
with increase in sweepback of winy (with 45-50° on aircraft with

Yk = const to 70-75° and more on aircraft with jmx=var, PFig. 6.17).

1
Let us recall that Any—_—Ec;PVWy%’ wvhere E=const, W, - the

speed of gust.

The decrease of g-foice from gusts, as ncted above, favorably
affects the accuracy/precision of piloting, is decreased pilot's
enervation and it contritutes tc an increase in the resource/lifetime

of construction/design.

4. With increase in sweepback of wing to 75-90°, decreases its
effective thickness ratio along flow, which leads to certain
reduction/descent in coefficient cx,  to decrease of booster duration

of aircraft and weight of corresponding fuel/propellant.

All enumerated advantayes of aircraft with variable sweep wing
it is possible to obtain only at a cost of gains in weight of the
construction/design: due to hinge joint, rotary part of the wing

(less favorable to structure diagram in area of hinge joint), due to

IRV, < « Lo N A Tt 155 o I e L TR R M M T P Ly
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drives and high-1lift device of wing. In sum these weight expenditures

compose 3.5-4,50/0 of takeoff weigat.

When selecting of airplane design with variable sweep wing, is
of interest such diagram when wing in the position of the greatest
sweepback with the aid of special flaps completely "pours" with

horizontal tail assembly, creating with it single steady

ok b aspy o e

airfoil/profile. Aircrafi becomes "bobtailed aircraft", In this

et

diagram it is possible to increase the true altitude of

airfoil/profile dus to the summation of the wing chords and tail

assembly (C=const).

e L
o S e i At A A

Page 114,

As a result descends the structural weight, especially hinge joint,
increases the volume of wing for the arrangement/position of

fuel/propellant, is simplified the resolution of the problem of the

guarantee of the required rigyidity.

In conclusion let us give as an example the results of the

calculations of the supersonic passenger aircraft of four diagrams

i

(fable 6.2), including diagrams with the variable sweepback of wing.

3 %‘ﬂ‘mﬁﬂihr.

it A
I

o
£

Prom table 6.2 it is evideat chat the takeoff weight of aircraft
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with jux=var 1is somewhat more than in the aircraft of normal
diagram. Basic reason for this - gain in weight of the construction

of the aircraft with variable sweep wing.

During the comparison of diagrams, it was assumed that the
approach speed must be not more than 275 km/h. In aircraft from
xm“=vm-V@x;255 kmsh, since wing area more was selected it not
from the condition of approach speed, but from the condition of the

arrangement/position of the necessary fuel reserve.
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I;ble 6.2. Comparison of four diagrams of supersonic passenger

aircraft L, =6600 ki My, =275 Gy =22 +s; Lppy=3250 M

(2 ¢ )Jxe\m | T
Hapa- cZ k_‘:’
Me1pbl -
Go B)L‘%:) 380 362 316 340
Go %@ 112 106,5 102 100
Gugery 538 1€ 162 152 145 137
Ss M'z\‘\ 730 670 925 730
Po B Kreju? 520 540 375 465
Voo B x%}é: 253 955 275 975
. B TPON 20—72 90—72 75 50
Anana = 14

Key: (1). Diagram. (2). Parameters. (3). in t. (#). v. (5). in m2,

(6) « in kgf/m2, {7). in km/h. {(8). in degq.

§ 4., Arrangement of engines on aircraft.

On aircraft of one and the same designation/purpose, are applied
di fferent diagrams of the layout of engines (Fig. 6.18) . This bears
out the fact that each of tne diagrams has advantages, and

deficiency/lacks 1.

FOOTNOTE 1. The diagrarm, which has only deficiency/lacks, is not

competitive. ENDFOOTNOTE.
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Let us examine the advantages and the deficiency/lacks in the

arrandgement on the aircrait of the most widely used turbojet engines.

During the design of maneuverable supersonic aircraft, compete

two diagrams: the combined (sinyle, Fig. 6.18a, b) and separate power

plant (Fig. 6.18c, 4).

The advantages of the combined with fuselage power plant in

comparison with separate followiag:

- is less aerodynamic resistance (in comparison with diagram d)j

- of minimum run ug/turning torque/moment in the case of failure

one of the engines (diagram b),

~ increases the aspect ratio of the high-1ift device of wing,

- is improved the possipility of the suspension of load under

wing (in comparison with diagram d).

Page 115,

Deficiency/lacks in tne combined power plant:
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~ is more extent and weight of air intakes (due to bending of

channels) g
- it is more than tha loss of velocity head;

- the complexity of installation and disassembly of engine and

its aggregate/units]

- increases the probability of multiple failure of two

established/installed rows of enyines,

- the difficulty of the arrangement/positicn of a relatively

larger quantity of fuel/propellant.
Version c of the arrangement/position of engines differ
significantly from versions b and d, representing extreme two given

solutions,

Diagram c combines in itseli the advantages of antipodes b and

- a comparatively short, simple and light air intakey

- small base drag,




pocC

79052105 PAGE 7_;{

separate enginesg

the favorable possibilities of the suspension of load under

wingg

- large volume in middle aircraft component for the

arrangement/position of fuel/propellant.

During the design of wultimode aircraft with the wing of
alternating/variable sweepnack, diagram d virtually is eliminated due
to difficulty to preserve the position of the axle/axis of engines in

the process of the turn of wing.
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Pig. 6.18. Standard diagrams of the layout of the engines: a-d)
maneuverable supersonic aircratft; e-g) the nonmaneuverable supersonic

aircraft of large distance; n-1) subsonic transport airc:-aft.

Page 116.

On nonmaneuverable supersonic long-range aircraft, occur the

same problems of selection ~ single or separate power plant (Fige.
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6.18e, £, g).

Diagrams e and f are approximately equivalent. On aerodynamics
is somewhat better diagram e, pout 1t loses by weight due to long air
intakes (for an improvement i1n tne entry conditions, in particular
for decreasing the boundary layer thickness, air intaks it is
necessary to lengthen). Diagram e differ significantly from f in the
relation to the noise, created by engines on the earth/ground with
takeoff (mutual screening of jets), and also in the relation to
safety in the case of the failure of engine (lesser turning mcment).
However, in diagram f, is better daischarging w#wing from the weight of
the pover plant (is somewhat easier wing). Is important the fact that
the sprays and solid particles with VPP f. - :he wheels of leading
gear can not reach air intakes iu diagram £ (angle of spray from the

axle/axis of aircraft is taken as as the equal to 159).

Diagram g has follcwing of the advantage:

- short and light air intakes,

- failure of one ot the engines does not affect the operation of

the adjacent engine (since engines are not connected with single air

intake as in diagrams € and £)g
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- are simpler maintenance and replacenmen* ~f engines.

R V)

e

Deficiency/lack in diagyram g - smaller increase in the lift

"from the compression", created on the lower wing surface by shock

wave from air intakes (positive interferemnce). In diagrams e and £,

AR v e

the effect of an increase in the 1lift "from compression™ (+4Ac,)

composes ~200/0 while in diagram ¢ approximately half (it is

g

71

N b

proportional to wing are€a, which 1s lccated under the action of shock

PRSI  T

waves). To at the same time arrange engines in diagram g nearer to

leading wing edge (for am increase in the fields cf compression under =
wing) is not impossible due to tne adverse effect of jet on wing '%
construction (thermal and sonic effect of jet causes the decrease of :%
the service life of construction/design). 1%
3

Approximate solution of the task of the optimum selection of the '%
diagram of the arrangement/pasiticn of engines taking into account §
di fferent contradictory factors can be obtained by the method of the %.
gradients of takeoff weignt, presented in chapter V. ,é

it

A final sitting of engiues can be made only after the careful %

e

and detailed studying cf tne diverse variants taking into account the %
model tests, in which is imitated the engine operation. The typical T%
patterns of the arrangesent of enyines on subsonic aircraft are shown %
in Fig. 18.6 h-lu ‘?%
4
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The arrangement/position of engines in rcot of the wing (diagram

h) widely was applied on heavy subsonic jets cf military and

s b o TS ¢ b

civil/civilian designation/purpose (aircraft cf Tu-16, Tu-104,

Tu-124, etc.; English aircraft "Wolcano", "victor", "@omet", etc.).

B s ——

This diagram of installation of engines together with the positive
qualities (failure of one or two engines on the one hand does not
cause the sharp turning and heeliing moments, the high arrangement of
air intakes, small external aerocdynamic resistancej has a number of
essential deficiency/lacks (especially for passenger aircraft). They

include:

a) the proximity of exhaust jet to fuselage covering, strong

noise in passenger compartuenty

b) long air intakes by 5-vo0/0 decrease the engine thrusty

1l

o e
Sl s ki bl ot AL b

c) the fire, which arose on engines, can be extended to

passenger compartment and fuel tanks {is required the intensive

fire-fighting protection)

I
L

Page 117,
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d) in the case of destroying compressor blades or turbine there
is possible the damage/defeat of pussenger compartmeat and fuel tanks

(special armoring is reguired)g

e) the presence of air intakes on the leading wing edge and

r

exhaust ducts on trailing edgye decreases the fpossibilities of the

high-1ift device of wingg

A

B L TR T N TIRNON  Gepyy

f) hinders the creatioan of reversing gears of thrust,

g) hinders approach to enyines,

h) substantially decreases the volume of wing for the

U B .
IS DIy T . SR

arrangement/position of fuel/propellant.

?

[l

The enumerated deficiencys/lacks led to the fact that the engine

installation in root of the wing now is not afgplied.

The arrangement/pcsition of engines on pylcns under wing
(diagram 1) is widely ccmmon on subsonic aircraft. This diagram of

installation of engines has following of the advantage:

- engines unload wingy construction in flighkt, decreasing bending

to turning the torque/mcments from external lcads, which leads to the
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reduction of the weight of wing to 10-150/0;

- engines damp the oscillation/vibrations of wing in flight in

the turbulent atmosphere;

N

-~ engines are anti-flutter palancers,

- convenience in the replacement of one type of engine by others

(with large size/dimensions)

- light access to engine during maintenance.

The arrangement/position of engines on pylons has the

deficiency/lacks:

- in the failure cf enyine, especially external, is created the

large run up/turning horizontal moment,

- so that during tae landing with bank (to 49) outboard engines
clear the earth/ground, is reyuired the creation of the transverse
angle of V wing (2-39), which makes the stability characteristics

worse and aircraft handiing with the sweptback wing,

- during the low arrangsument of engines relative to the surface
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of airfield is possible the incidence/impingement into the air
intakes of sand, dust and small/fine stones, which will fuse to the
resource/lifetime of the engines [see formula (6.4) ] For elimination
this necessary to apply special wmeasures, for example, the cutoff of
the vertical airflow, which heave from the earth/ground to air
intakes, by air jet, take/selected from the ccmpressor of engine,

which is connected with gain in weight and decrease of the engine

thrust,

- pylon engine mount impedes the use of flaps on entire

vingspan, since with takeoff exbaust jets of engines can break thenm

(—Acy 4y, =0,08—0,12).

The arrangement/posation of engines on aft fuselage section was
for the first time used by firm Sud-Aviation (France) on the aircraft
of "Caravelle", This diagram of installation of engines (diagrams j
and k) received wide acceptance ca Soviet and foreign passenger

aircraft (11-62 VC~10, Yak-40, Tu-154, etc.).

The arrangement/position of engines on aft fuselage section is

allowed:

- to ensure aerodynamically pure/clean wing, which increases

aerodynamic aircraft quality/fineness ratio by 6-90/04
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- to maximally utilize wingspan for the arrangement/position of
the means of mechanization/high-1lift device (flaps, slats, etc.),

vhich improves takeoff and landing characteristics of aircraft,

- to determinz of dihedral wing from the conditions of
guaranteeing the optimum characteristics of trausverse and

directional stability and ccatrcllabilityg

- to decrease of rua up/turning torque/mcment with cessation one

of the engines.

Page 118.

Besides in addition to this, diagrams j and k are allowed:

- to improve passengers! comiort due to the decrease of noise,

since engine nacelles are installed behind pressurized cabing

- to raise fire safety, since engines are distant from passenger
compartment and from the fuel tanks (flam: frem the ignited in flight
engine departs back/ago, clearing any load-bearing structural

elements of aircraft),
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- to raise (in comparison with the engine installation radically
of wing) operating characteristics of power plant and entire aircraft
as a vwhole due to sufficiently yood conditions for an approach to

engines,

- to protect engines from tha incidence/impingement in them of
foreign objects because of tne bigh arrangement of air intakes from

the earth/ground (increases the resource/lifetime of engines),

- to create the hest conditions for the crash landing of

aircraft.

Hovwever, the diagram of installation of engines on aft fuselage
section has the essential deficiency/lacks, ccnnected with a gain in

vweight of the construction of the aircraft as a result of:

a) strengthening the construction/design of aft fuselage section
due to supplementary mass and inertia loads of the engines (weight of

fuselage construction increases approximately by 10-150/0),

b) gain in weight c¢f wing (approximately to 10-150/0) due tc the

absence of unloading of winyg oy enginesy
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c) increase in the length of fuselage due to the need for the

attachment of engines.

Furthermore, in this diagram the center cf gravity of the empty

and loaded aircraft substantially do not coincide, in conseguence of

which appear the difficulties of the layout (is required either the

fourth support with parkiny or large and heavy horizontal tail

assembly for a breakaway with takeoff), appears also the need for

laying fuel lines from tanks to enyines near passenger compartment,

which causes the danger of the incidence/impingement of vapors of

kerosene into cabin/ccmpartment and increases the weight of

conduit/manifolds.

It should be noted that with the bypass ratio of engines it is

more than 3.5-4.0, when substantially grow/rises the diameter cf £fan,

installation of four engines by diagram j beccmes extremely

difficult. In this case it is better to apply either diagram k or

compound configuration i. Last/latter diagram combines in itself the

advantages of the underwing and feed engine installation. A

deficiency/lack in two last/latter diagrams is the difficulty of the

modification of the power plant: for an engine with large diameter,

is required the alteration of aft fuselage secticn together with air
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intake.

Table 6.3 gives an example of comparison by takeoff weight and
according to cost-effectivenesssefficiency c¢f the operation of
hypothetical aircraft in 300 passenger places with three versions of
the arrangement of engines. Practical flying range with the greatest
payload was assumed to be the equal to 3000 kr. Comparison was

conducted with (H, V, Lpnn, Vaax)=const.

‘FrOm fable 6.3 it is evident that by takeoff weight and
according to cost-effectivenesssefficiency cf transportation the
aircraft with the engines, arrange/located bty diagram 1, has
advantage in comparison witn diagyrams I and k. Advantage is obtained,
in essence, due to smaller over-all paylcad ratio of power plant ! in
comparison with diagram I and of the smaller structural weight in

comparison with diagram k 2,

FOOTNOTE !. Thrust-weight ratio is less of the condition of failure

of one engine; therefore is less the weight of power plant.

2, In diagram 1, wing is unloaded by weight of engines, but fuselage

experience/tests smaller loads from one engine. ENDPOOTNOTE.

In conclusion one should empnasize that the selection of
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airplane design is the complicated creative process in which more

than is somewhere opened all knowledge, experience and ability of

designer.
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'xhhle 6.3. Comparison of three diagrams of the layout of engines

Lyacy = 3000 kM; V=950 kn/h; Lppp=2600 M; V,,, =240 km/h.
/
{ E.‘(e\lld
@B
IMapasmerput
) .
Go B Tc 140 136 138
Go B %Y 103 100 101,5
as KOII]T-I\'~31L5> 9,07 8,80 8,9
an %) 103 100 101

Key: (1). Diagrams. (2). Parameters. (3). in t. (#). v. (5). in

kopecks/ton-kilometer.
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Page 119.
Chapter VII,
BASIC QUESTIONS OF THE LESIGN OF THE POWER PLANT OF AIRCRAFT.

Into the power plant of aircraft, enter:

1) engines with aggregates/units and systems,

2) air intakes,

3). fuel system 1.

FOOTNOTE !, Detailed list of tne systems, entering the power plant of

aircraft, is shown in appendix i. ENDFOOTNOIE.

Theory and design of the systems of power plant (engines, air
intakes, nozzles, fuel systems, &€tc.) in detail are illuminated in
specialized literature. In this chapter are examined in essence
questions of the design of the power plant, directly connected with

the common/general/total design of aircraft.
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§ 1. Selection of engine for the power plant of aircraft.

For the power plant of contemporary aircraft, are applied jet

engines (VRD), piston engines (PL) and liquid-rocket engines (ZhRD

[Tliquid propeliant rocket engine)]). Jet engines in turn, are

13

[ L N st

divided into gas~turbine (GTD [§as—turbine engine]) and

ramijet/direct-flow (PVRD [ ramjet engine)).

o

Widest use in aviation at present have GID. This class of

. x
TNV L Y

aircraft engines includes:

Fiedr,

Ae s
{
et

~ ~vpf

"

o
.
ORI VT ART

- turbojet engines (TRD),

!

- turbojet engines with afterburner (TRDF [turbojet

engine with afterburner]);

- turbofan engines (IRDD © { turbofan engine]), these

engines are called alsc turbofan (IVRD),

- turbhoprop engines (LVD).
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Piston engines are now placed only on very light aircraft.

The fluid-reactive engines are applied in aviation exclusively

on experimental aircraft,

3 ke 1 ] S i Ut W gt

The selection of engine for pover plant is conducted in the

period of the sketch design of aircraft.

Page 120.

To estimate suitability of one or the other type of engine for the

design/projected aircraft is possible, examining a change of the

fundamental engine characterastics in the assigned/prescribed speed

range and flight altitudes.

Characteristics of aircraft engines.

Fundamental characteristics, on which is realize/acconplished

comparative evaluation when selecting of engine, are: the

altitude-speed characteristics p=f (M4, H) and qﬁ=HhL'ﬂ), the flow rate

per second of air G, weiyht per norsepower vy, and overall

dimensions (length and maximum/coverall diameter) of engine 1,

FOOTNOTE 3. The characteristics of aircraft engines, necessary for

B -x;-?“ﬁ;.:A*w NS - - - e = —
A e e maniTi i B 2
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accomplishing the diploma project, are given in appendix III.

ENDFOOTNOTE.

Pirst TRD (with centrifugal compressor) had boost for launching

(vith V=0 and H=0) less than 2700 kg and the sufficiently large

specific fuel consumpticn. At present aircraft engines are capable of
developing boost for launchang to 30000 kg (GE 4/J5). One ought not, %%
of course, to assume that TRD with small thrust gradually died off. #

Contemporary aircraft engines degending on designation/purpose can

‘H By b gy
s

A
i3t

o
S

have very small thrust, for exauple TRDD AI-25, established/installed

ko1t L
o sttt by atd
! il '
N 3“‘1.‘

on aircraft Yak-u40, it develops tarust 1500 kg, and thrust TRD
Bristol Siddeley BS-347 is equal only 63.6 kg (weight of engine 13.6

kg) .

Al

Contemporary GTD dependiny on designation/purpose can have the

B
o
Tl

boost for launching, equal to Pomax~50 to kg - smallest full

thrust; Py,...~30000 =~ kg - yreatest full thrust.

Simultaneously with an increase in the boost for launching
decreased the starting sgecific consunption of fuel GTD. To 1946
majority TRD with single-stage centrifugal compressor had a
compression ratio, equal to approximately four, and therefore the
specific consumption of fuel of these TRD (in nonafterburning

conditions/mode) exceeded 1.3 kg/kyeh).
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Contemporary GTD have the starting specific fuel consumption,

which is changed in the range

¢p=0,6—0,7 Krc/Krc -4 — Hedopcaxublii pexum;(/)
ep=1,7—2,0 xrc_lxrc *4 — hopcaxHBIl peKuM: ()

by Key: (1). kg/kgeh - nonafterburning conditions/mocde. (2). kg/kgeh

- afterburner conditions/mode.

It is possible to assume that as a result of further perfections

TRDD will be reached the specific fuel consumgtion of less than 0.5

kg/kgeh, and on TRDD with large bypass ratio (m=5-8) the value of the

\ i . i W " Il ' i I, o I
. ela thr Lot ' 1k n T e gt + hodd " oo A I el . N I " 4 [
M4 £ R " e "y ol 1 des il n b L r et T R Y
2 oy e 1 b Gl <t B T, e 3 Fug iy vk, Synr e, L SR L Vidy S R TR T o T
M aoti bl Uik KAttt Hipeeeil tirfedt ot M HERS: Rl e Sl S R L B A DR B o "

starting specific fuel consumption will approach 0.3 kg/kgeh.

a

"

'
h

The important parameter, which characterizes the perfection of

. ‘»‘é w&wu ;s
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engine, is its specific gravity/weight on bcest for launching, i.e.,

-
e ol

L

the ratio of dry weight of power plant tcward maximum boost for

launching yus=Gy/P,.

bl Il .

|
'y
Y

Contemporary GTD can have specific gravity/weight vas=0,15—0,23,

o

A i

fhe b L S TIPS N N
AL ER IR T A RATTIRCY |90 NS

It should be noted that the specific gravity/weight of
contemporary TRD virtually aoes not depend on the value of bocst for

launching, for example, TRD GE 4/35 (P,=28700 kg) has vn.f_bl.lgs; TRD

,;:%
;
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J85=13 (P,=1850 kg) it has yu=0163. Specific gravity/weight TRDD is

proportional to value ~EFy03S, and also it depends on bypass ratio.

sometimes instead of tue weiyght per horsepower, is examined
reciprocal value (i.e. thrust-tc-weight ratio), which is called the

vweight specific thrust cf engine Pm=dh&;'

The basic size dimensions of engine are its length and
maximum/overall diameter (on compressﬁr, on entry, on nozzle, etc.).
The diameter of engine frequently determines the frontal area of
fuselage or nacelle, which in the final analysis is reflected in the
lift-drag ratio of entire aircratft. Therefore, cther conditions being

equal, always is given up prerference to endgine with srmaller diameter.

Page 121,

The dependence of the diameter or engine on bcost for launching can

be written in the form
Py

D,, =~ (1,6240,275m7) l/ ro_

where P, - in kg; m - Lypass ratio.

M, (7.1)

The tasks, fulfilled by coantemporary aviation, require the power
plant of the aircraft of high cost-effectiveness/efficiency over a

wide range of speeds and fiigynt altitudes. However, the greatest
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cost-effectiveness/efficiency of aircraft engine is provided in such
a case, when it is designed for a comparatively small altitude-speed
range. By this is explained the division of engines into subsonic,

supersonic ones and hypersonic cnes.
Engines for subsonic aircraft.

The oldest type of engines for subsonic aircraft it is, as is
known, piston engine. At present are produced only los-power piston
engines (N=100-340 hp) and are installed on very light aircratft
(tourist, sport, etc.). However, also on light aircraft PD it began

to be replaced by other types of engines.

A continuous increase in the launching weight of aircraft
requires the appropriate increase in the installed power. Figures
7.1a give the curve of an increase in the required power in the
cruise setting of flight, begyinnainy with the aircraft of the 40's.
During the examined/considerea geriod the required power increased
approximately 20 times. Weight per horsepower according to thrust
horsepower in cruise settiny coasiderably decreased (Fig. 7.1b),
moreover by jump - with the advent of GTD. Contemporary TRDD develops

thrust horsepower on 1 kg of weight 3-4 times mcre than PD.

As can be seern froa Fig. 7.1c, contemporary GTD (at doubly
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larger cruising flight speed) in the value of the specific

expenditure/consumption of fuel were equaled with best PD.

Figures 7.1d show a change in the initial velocity of engine
plants on 1 hp of thrust horsepower. With implementation GTD, the
cost/value of engine plants snarply was lowered, in spite of an

essential increase in the power of engines.
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Pig. 7.1. Development of subsonic aircraft engines during period

1940-1870.

Key: (1) . kg/hp. (2). year. (3)« kyf/hpeh. (4). rubles/hp.
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Page 122,

At present turboprop engine finds in aviation increasingly
smaller use. In order to compete with contemporary TRDD [ turbofan
engine]}], further perfection ~f TVD must be directed toward an
increase in the specific power and the decrease of the fuel
consumption. However, in this case, appear the difficulties,
connected with propeller: 1t is difficult to create the

screw/propeller, which has sufficiently high efficiency at the

increased power of engine, but 1t is not less difficult to solve the
problem of a decrease in the common/general/total noise level and
vibrations on aircraft during the installation of a similar

screw/propeller,

Now most promising engyine for the power plant of subsonic

aircraft is TRDD (turboian engine).

TRDD makes it possible to have in cruise to 10-150/0 smaller
. . 'fv'r ) Gn( ;"(i’
specific fuel consumpticn, than tae straightA et A(Fig. 7.2) .

Advantage of TRDD is also tne higher ratio of takeoff thrust




toward cruising, therefore, with equal with TRD cruising thrusts

(determined by gross weight and by aerodynamic aircraft
quality/fineness ratio), TRDD provides to aircraft the best takeoff

data.

h resource/lifetime of this type of engines at present is most
high. Service life between sortiag/partitions for TRDD is equal to

8000~ 10000 h.

First TRDD were developed on the basis of existing TRD and they

. L L |
om e AR W a3 Y] T s ey it s S e wan v e sl € oot ln ey sk §

had small bypass ratio m=0.6-1.41,

W e e ) o wa n

FOOTNOTE !. By the deqree (coefiicient) of bypass configuration, as

is known, is understood tne ratio of the {low rate per second of air

in outer duct toward the flow rate per second of air in internal

duct/contour. ENDFOOTNOTE.
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ok v b a0

Contemporary TRDD are cnaracterized by higher bypass ratio
m=3-6. They have a row/series oi fundamentally new constructive

suvlutions (possibility cf independent rpm control of each

R .

cascade/stage of compressorg in the construction/design of engines,

widely are utilized new structural materials (in particular, they are

Tk o ke

used the plastics, reinrorced by the filaments cf graphite, boron,

gh 36 AR

etc.) . These and other innovations make it possible to bring
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compression ratio in compressor to 25 and more, which increases the

cost-effectiveness/efficiency of engine.

Cost-effectivenessyefficiency of TRDD and its fundamental

characteristics depend also on tne bypass ratio of engine.
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before the turbine and the specific consumpticn of fuel by TRD and

TRDD (under conditions for cruise): m - bypass ratio.
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Key: (1). kgf/kgfeh.
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Fig. 7.3. Effect of bypass ratio on value C: of TRDD (C. - relative

expenditures for fuel/propellant).

Page 123.

. oila A
it Wt b

The specific hourly consumption of fuel/propellant in the first

approximation, can be expressed as follows:
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M - flight mach number;

H - flight altitude, xu.

Specific gravity/vweight of TRDD approximately can be written in

the form

Tan = 0,23 —0,03m 4 0,0082m!5. (7.3)

The diameter of engine will be determined according to expression

(7‘1) .

The drag coefficient of engine nacelle of TRDD with an increase

in the bypass ratio decreases, wnich is evident from the expression

~ 016 .
M. V;l- (74)

Cx

Figure# 7.3 shows the effect of bypass ratio on
cost-ecffectiveness/efficiency ot TRDD {(as unity is accepted

cost-effectiveness/efficiency of TRDD with m=1-1.5) .,

At present for heavy subsonic aircraft are applied TRDD with

bypass ratio m=4-8,

The subsonic engines include also special hoisting TRD and TRDD
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for VTOL aircraft. According to the principle of the creation of
vertical and horizontal thrusts, the power plants of VIOL aircraft
are divided into single and compound/composite ones. Single power
plants serve for vertical takeoff and landing and for the level
flight (one and the same enyine creates vertical, and horizontal

thrusts), These engines, as a rule, were intended for installation on

supersonic aircraft.

The compound/composite power plants of VIOL aircraft have
engines for the creation of vertical thrust on takeoff and landing
(hoisting) and engines fcr ontaining the horizontal thrust (march).

As sustainer engines are utilized usual TRD and TRDD.

Lift engines in the parameters of working process and
construction/design considerably differ from sustainer engines. These
engines have specific gravity/weight approximately 3-3.5 times less
than the specific gravity/weignt of usual GTD [ gas-turbine engine]

(wvhich is reached, first of ail, aue to a considerable

reduction/descent in the resource/lifetime of engine).

The advantages of hoistaing TRULD in comparison with hoisting TRD

are)

- smaller exhaust gas velocities (and consequently, the smaller
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destructive action of gas jet on the launching pad);

- best cost-effectiveness/efficiency under conditions of the

vertical 1lift, landing and hoveriny (in hoisting TRDD with
low-pressure fan the specific fuel consumption is almost three times
less than in hoisting TRD). True, this TRDD, possessing the indicated
advantages in comparison with noisting TBD, is inferior to it

according to diameter and by blockaded volunme.

Engines for supersonic aircraft.

Most economical duraing supersonic flight are two types of

engines - TRD and TRDD.

In order to ensure the smallest fuel consumption and highest
efficiency over a wide ranye of Mach numbers (from takeoff to maximum
speed), TRD has, as a rule, afterburner, and TRDD - afterburning in

secondary circuit (Fig. 7.4).

For an endurance fligyut in supersonic conditions/mode, are
examined usually two speed rangyes: speed range, which correspond to
number Mx2 whose advantaye lies ain the fact that the airframe of
aircraft can have construction/design from usual aluminum alloys, and

the speed range, which correspond to number M=23, which although
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creates the specific problems, fpromises the higher

cost-effectiveness/efficiency of flight.

Page 124,

One should consider that for the flight speed, which corresponds

to a number Mm2, it is fpossiple to utilize TRD and TRDD; compression

"
AR ey

ratio in compressor for botn types of engines it must be u=9—I10.

9

18 i el 4 B ks

Absence of essential difference in characteristics of TRD and

TRDD on supersonic speeds to a certain degree is explained by the

fact that during an increase in the coefficient of bypass

configuration from 0 to 0.5-0.7 specific fuel consumption decreases
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insignificantly (approximately by 1o/0). Further increase in the
coefficient of bypass configuration progressively makes the engine
characteristics worse. One should, however, remember that we are

dealing with prolonged supersonic flight.

Some supersonic aircraft (multipurpose fighters, etc.)
frequently accomplish prclongea supsonic flight. In this case all
advantages on side of TRDD. The oypass ratio of such engines (in
order not to make charactsaristic worse with M>1) must be small:

m=0.7-1.2, while compression ratio - m;=12—I16.
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At the flight speed, which corresponds to nﬁmber M=3,
single-circuit and bypass engines also do not have large differences.
Therefore and it is possible to apply engines of both types. However,
the difference in the fact tnat at this speed the engines (both TRD
and TRDD) with low comfpression ratio in compressor(ﬂm=3‘¥ with M273)

they have the smaller specific consumption cf fuel (Pig. 7.5).
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Pig. 7.4. The dependence of thrust horsepower and specific
consumption of fuel of TIRD "Olympus" (England - France) on flight

¥ Mach number (with afterburner, also, without afterburner), H=11 kn.

Key: (1)« hpe (2). kgf/hpeh.
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Engine for hypersonic aircraft.

o

o
Stk

S

-,
LY

[

The application/use of gas turbine engines for aircraft power %
plants is limited, as is known, by a number Mg3.5. Por flight at high %
speeds by the best cost-effectiveness/efficiency will possess PVRD é
[ramjet engine] with suksonic compustion (M<8) and PVRD with ;
supersonic combustion (M28). é

[
, o

ol

Rocket engines, wcrkers on chemical fuel/propsllant (ZhRD

[liquid propellant rocket enyine]), achieved now this level of the

o e ! i e +
i bt Doy 1AL bl e

development when further increase in the specific impulse becomes

du v

ever slower and being expensive. Moreover, the specific impulse of
ZhRD remains insufficient for its installation on hypersonic aircraft

(Fig. 7.6) . :
The cost-2ffectiveness/efrficiency of engine in the first i
approximation, can be estimated in the value cf its specific impulse

I+ (since cp =3600//, kgf/kgfeh).

It must be noted that, in spire of the increase of the specific :

Sl

fuel consumption per supersonic speeds, the overall efficiency of

1 14

engine increases. Overall efriciency, as is known, are considered all :

L e i, 4 e PR e f e s oo .- . s
PR i . i+ inc T G T T TR T AT W e
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losses in the energy conversion of fuel/propellant into useful thrust

work. For hydrocarbon fuel (kerosene) the expression overall

efficiency jet engine can be written in the form
T, =20,00082V [c,. (7.5)

The overall efficiency of the engine of subsonic aircraft
(1=0. 85) composes apprcximately 240/0. At the flight speed, which
corresponds to number M=2, it gyrow/risss already to ~380o/0 (which
exceeds the thermal efficiency of the best contemporary pover
stations), while with M=3 m=~46%'" Increase efficiency is continued

also in flight at hypersonic speeds with PVRD.

Most promising ones for hypersonic aircraft are compound engines
- direct-flow turbine (TIBRD+PVRD). TRD must work to the speed, which
corresponds to number M=3.5, then gas~turbine circuit is closed, and

at hypersonic speeds engine will work as PVBED.

The examined above fundamental characteristics of aircraft
engines (different types) can have the specific differences, caused
by the design features of concrete/specificysactual specimen/samples.

For example, two one-type engines with identical boost for launching

can have the different values of specific gravity/weight, specific
consumption of fuel, diameter of engine, etc. If all characteristics

in one engine are better, a question of the selection of engine is

solved unambiquously. However, in practice this case is encountered

- Rt - it b e o e g pm— ot 3 o o . e ot v o o~ e T s e -
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Pig. 7.6. The dependence of specific impulse (on fuel/propellant)
from flight mach number for different types of engines, workers on
kerosene (1; 2; 3) and hydrogen (1Aa; 2a; 3a): 1; la - GTD; 2; 2a -
PYRD with subsonic combustion; 3; 3a - PVRD with supersonic

combustion.

Key: {1). kgfes/kgf. (2). ZnRD, tnat works on H,+0,.
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There are methods of comparison of engines according to their

fundamental characteristics, for example, is examined the product of
the specific parameters: vyu ¢p Dw/Po or is compared the total weight
of engine plant and fuel/propellant (GnrkaM and so forth. However,

these methods bear the approximate character and they do not make it
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possible to solve the presented question with sufficient

accuracy/precision.

In order to select one or another engine, it is necessary to
make detailed airplane performance computation with each engine,
after determining flight (and others) characteristics of aircraft,
and to estimate the degree of fulfilling the requirements, presented

to this aircraft.

Por contemporary civil/civalian and military aircraft (as a
rule, heavy) is specially desiyn/projected engine based on given
characteristics of aircraft. The designers of aircraft and the
designers of engine carry out yreat joint operation on the solution

of the questions, connected with installaticn of this engine on this

aircraft.

Only after accomplisning of the indicated works a question of

the selection of engine can ne solved finally.

The necessary quantity of engyines for the power plant of
aircraft depends on a whole series of the factors, caused

designation/purpose of airciaft as well as by its basic parameters

and flight characteristics.
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The discrepancy of the effect of a number of engines on safety, f%

=

cost-effectiveness/efficiency and regularity cf flights leads to the %
fact that the selection of a numwer of engines, until now, remains %
the insufficiently developed guestion of the design of aircraft. B
In general terms requirements for all aircraft when selecting of %

E:

a number of engines can be formulated thus: z

R
E

L 93

A
e %

- aircraft must possess tne necessary starting thrust-weight

1

ratio;

- aircraft must possess sufficient reliability and

cost-effectiveness/efficiency.

§2. Air intakes of conteumporary aircraft.

The functions of air intake in the system of power plant of

contemporary aircraft are reduced to following:

Ei
1
K
i
Bt
5
3
E

- to ensure the stapble operation of engine in all flight

conditions;

R
o
F

bR b btk

- to ensure air compression, which enters the air intake,

converting kinetic enerygy or the incident flow into pressure.
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As is known, at the subsonic flight speeds an increase in the
air pressure in engine circuat cccurs in basic in compressor of TRD
(approximately five times more than in diffuser). With an increase in
the speed of the function of couwpressor, gradually they
transfer/convert to air intake; with number M=1.2-1.4, the air intake
and compressor to identical degree compressible flow. At high
supersonic flight speeds (M>3) tne role of compressor becomes already
unessential, and compression ratio in input device reaches order

40: 1.

By the compression ratio of air in turbojet engines it is
accepted to call the ratio of air jpressure at the end compression,

i.e., after compressor, toward the atmospheric pressure

_ Pn __ Pa Px __
A=—ttm o K =g

Py Py pa

wvhere Px~ compressor dischargye pressure (at the burner inlet);
pu- atmospheric fressure;
P« - pressure at the entry into compressor;

Tx - compression ratio in air intake;
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k- compression ratio ia compressor.

Page 127.

A change in values 7 and 7 during an increase in the speed for

air intake and TRD, designed for cruising flight speed with #=3.0,

|
occur/flow/lasts approximately as follows: M| 0 ll 212,202,527 3,0
A ~1 2I 7]10] 15|20 [~30
a, | ~8] 6] 5]4,7 4.4 4.2 ~4

{b the air intake of supersonac aircraft at present is

abstract/removed the rcle or the adjustable ccmpressor.

In diffuser the pressure so grow/rises (for example, with M=2.2
Tx=10) its distribution on internal surface is such, that is

created the thrust, equal to 60-750/0 of entire thrust of power plant

(Fige 7.7).

During braking of flow, always take the place of loss of
pressure, caused by friction, vcrtex formation (flow breakaway in the
nonuniform velocity field), by heat exchange, while during stagnation
of supersonic flow, appear the wave losses, cauvsed by the emergence
of shock waves, As a result of air-intake loss, actually attainable
values Ty prove to be lesser than theoretically possible ones. For
example, with number M=3 it is possible to obtain m:=30 4instead of

xnn~38, which would be in the ideal case (without losses).
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The losses of pressure, which appear during air compression in

input device, it is accepted to estimate by the value of the total

pressure recovery coefficient (in the theory cf engines for

; convenience in the calculations they frequently use not the static,

! but total pressures). The total pressure recovery coefficient is

A equal to .
Sy z= ey Pa

Y
1
{ s\ <7 = e
d
t

Tx.in p;l ’

! vhere pl - pressure of the coupletely stagnant flow at the end of the

air intake (at the entry into ccmpressor);

pu— the free-stream total head of air.

,

ot el s # L

,-

So that the air intake of contemporary aircraft would

¢
d

effectively fulfill its functions, it must provide:

- possible the higher values of the total pressure recovery

coefficient;

- a sufficiently uniform field of inlet velocities into

compressor;

- stable (without separations of flow and pulsations of
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pressure) operation in all conditions/modes of operation;

it

i
jR IS

3

- least possible external resistance.

Subsonic air inlets.,

The accumulated experience of construction and operation of the
subsonic air inlets makes it possible to obtain the very high values

of Lhe total pressure recovery coefficient in similar input devices -
03 =0,97—0,98.
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Fig. 7.7. Distribution of thrust and aerodynamic drag along the

length of engine nacelle with number M=2.2.

Key: (1). Tempe-ature. (z). Compression ratio.

Page 128.

During the design of the subsonic air inlets, their parameters

are selected for basic fligant conditions.

The size/dimensions of the inlet of diffuser are determined by

the air flow rate through tse 1ntake area. According to the law of

conservation of mass, the per-second weight flow rate of air in cross
section H~H and 6X—sx (Pi?g. 7.8) will be identical:

Gn=FﬂVTu=F.xV

BY Tnx '

where V - a rated speed of flight at heightyaltitude H.
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Intake area it is possible to express thus:

G .
Fo=—"Sr_ 7.6
X VarTax ( )

where (G, - the flov rate per secoand of air by engine, for which is

design/projected the air intake (it is assign/prescribed in the

engine characteristics);

Vi~ air speed at the eantry intc air intake;

Tox=Pug - the specific gravity/weight of air at entry.

Value Vu in the first approximation, can be determined in the form
Vax=VV s

vhere ¥,,=0,3—0,7 -~ relative air speed at the entry into air intake.

The smaller values of value V5 are accepted for the long and

bent channels (in order to nave small hydraulic losses), large values

Vsz- for short channels and GTD with high inlet velocities into

COmpPLessor.

An increase in the air density s during braking from Vv to Vi is

determined from special gas-dynamic tables.

In the period of precomputations (and also during diploma

design) the size/dimensions of inlet can be determined through the
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relative diameter of the entry

I ,
[ o sz ° (7.7)
+1

D, =1,

1—Mm?

Here D,x=DB,/l),;

Dw - the diameter of the entry of air intake;

Di- maximunm outside diameter of nacelle, moreover
Drz(1,2_ 113) Dsm

where Dy ~ maximum inner diameter of nacelle.

,

Qe et
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Fig. 7.8. Diagram of the subsoaic air inlet.
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It is possible to accept Dm=~D;; ~ the diameter of engine (on

COMPressor) .

The profiling of entering eaye is realize/accomplished in order

to obtain the even flow cf nacelle and to avoid flow separations at

entry.

The angle of indraft of extsrnal jet boundary to the entry into
the air intake of its relatively axle/axis in the first

approximation, can be deteimined through the relative rate of entry

Bu=22V 1|V 1, (7.8)

wvhere Psx - in degrees.
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< e e

The radius of curvature of air-intake 1lip, which ensures even

T AT

flow, approximately can be accepted

'

L

natded ks SR R

Fuin=(0,04—0,05)V'F,.. (7.9)
The profiling of air duct is provided for for obtzining the

greatest value of value oy and uniform field of inlet velocities into

g

compressor (cross sectican A-A).

VAT R

If the expansion of channel (after entry) too greatly or channel

i

has sharp rotations and bendinys, flow can ke separated from walls,
which will lead to considerable to eddy losses. Another reason for

losses in subsonic diffuser - air friction against the walls of

channel., However, if flcw preakaway it does nct proceed, then losses

fios w

from friction prove to be comparatively small.

o e puma

B
e atate Mok i SERE e Vi

J

1f diffuser is done with rectilinear walls, then the half-angle

of its solution/opening must be

a<<4-5°%

2 sl e

If channel has rotations and bendings, then in last/latter

e

section (before the enagine) the axle/axis of channel must coincide
vith the axle/axis of ccmpressor. The length of this cylindrical part

of the channel must pe nct less (0.5-0.1) Dy,

The prafiling of the external enclosures of air intake must

easure to it minimum drag. Tnerefore the external enclosures of air
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intake are shaped independent of internal ones.,

The relative exterunal length of ertry, advisable from the point

of view of external flcw, it can be expressed as the function of

flight mach number
L=L|D,~15M?, . (7.10)

vhere L - a distance frcm the leading edge/nose of nacelle to

s ey A4
i A Lo ot 3 i v Vi

,
RS e Y

L T A it L

cylindrical part.

i

g5

FUD EERAR T2

It must be noted that the given above dependences, which are

ik

!

GER . A

A 17

determining the basic parameters of air intake, are approximated. It

>

is theoretically very ccmplicated to consider all special

feature/peculiarities of real flow; therefore reccmmendation

4

g s
ki LN
S e e A TR A

regarding profiling, fcr exaumple air duct, thesy are

establish/installed in essence experimentally.

Supersonic airs inlet.
In the supersonic air inlet of the losses, which appear during

air compression, they are coamaposed of wave losses (in the system of

jumps), eddy losses and losses from friction.

Page 130.
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However, basic value compose the wave losses
S (019 - 0195) 3

! CK?
n
! where ou==q%.“c¢=}aa,— a total pressure recovery coefficient in the

system of jumps;

% - total pressure recovery coefficient in one jump.

-

Depending on the fcrm of the cross secticn cf entry, the

B supersonic <:rs inlet can be divided into two types: two-dimensional
(flat/plane) and three-dimensional (circular, semicircular, etc.).
Depending on the position of opnlique shocks, the air intakes are of
the external, internal and uwixed compression (all three types can be

twvo-dimensional, and three-dimensional Fig. 7.9).

The first multishock alir intakes of supersonic aircraft were
external compression. In comparason with the air intakes of internal
compression, they are sufficiently simple in regulation, they do not
require complicated starting system, they possess weight advantages;
however, efficiency in them aie below (air intakes with external
compression have also great aerodynamic resistance) . For example with

M=3, is obtained

- 0,,=0,75- external comgressioun;
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A D AN S

9,,=0,95 - internal compressioni

a,=0,85- mixed compression,

Rk it b

Ahe parameters and the size/dimensions of the supersonic air

inlet are selected for basic flight conditions (as a rule, supersonic

cruise) .

Intake area. The throughput of air intake (diffuser) is

3
Eg’
3
§
®

? estimated by the coefficient of expenditure/ccnsumption ¢, which are
3 the ratio of the real air flow rate toward maximally possible, i.e. %
N Ge -
p= .
Gl. max

’

OISy

The coefficient of expenditure/corsuerption ¢ is numerically

equal to the relaticn tc the area of air jet in the undisturbed flow

!
B

ca A

(A

(cross section H-H) to intake area into air intake (Fig. 7.10)
Fy
Fox

(?=

’

. S

moreover the intake area of the supersonic air inlet is considered

complete sectional area vkh-vkh. The area of directly entrance slit

is defined as
Fy=Fy—F,

where F; - a sectional area of body, which creates the shock

envelope.

Por the creation of the systea of juaps in air intakes, can be
used both the flat/plane bodies (wedge) - for the two~dimensional

a1 %) o e P R Ay B e b b e ralen it 0o e i, oy

wtdn

inlets and circular bodies (cone, semicone, fourth of cone) - for the

three~dimensional air intakes of tne corresponding fora.

T L T R )
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Fig. 7.9. The methods ¢f forming the shock waves: a) air intake with
external compression - all oblique shocks are arrange/located
outside: b) the air intake of the mixed compression - oblique shocks
are arrange/located snaruji, and wathin air intake; c) air intake

with internal compression - all oblique shocks are arrange/located

inside.

Page 131.

However, the geometric parameters of all air intakes are analogous;
therefore longitudinal sectaon, for example semicircular and
two-dimensional inlets, it will pe virtually equally, and the
longitudinal section of circular air intake will be characterized by

only the symmetry of the lower and upper part of the cross section.

In design conditions of the work of air intake, external oblique
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shock waves are focused on the leading edge of cowling, i.e., occurs

the equality

Gy max anV7H ’
whence Fo= Gy (7.11)

Ve,g "

where (@, - the flow rate per second of air;

V - flight speed of aircraft;

P#- air density at flight aititude;

g=9.81 m/s2.

The complete air flow rate throuyia the air intake is equal to

an = GB + Ga.n.c + Ga.nepg

where @,- air flow rate throuyh the engine;

Gunc - air of boundary layer, poured from the surfaces of compression

(wedge, cone, etc.) ;

Gonep - air, passed from diffuser pack in the atmosphere through

bypass (anti-surge) shutter/doors.
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However, with sufficient for sketcn design accuracy/precision it is

possible to accept
G.zzG .

The flow rate of air (physical) through the engine is equal to

G,=Gn.np"&" ‘T_f' ’ (7‘12)
Po Ty

where Gamp - the given air flow rate;

i%

9 . * .
Pa= PH%0 .
Por To — respectively pressure and temperature of surrounding air %
. =
with H=0; V=0. 2
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Fig. 7.10. Diagram of the supersonic air inlet cf the mixed

compression (design conaitions of flow).

Key: (1) . External oblique shocks. (2). Internal oblique shocks. (3).

Normal shock (closing).
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Expressing the pressure and the total stagnation temperature
through the flight mach pumber
Pr=py(14-0,2M2*% T} =T, (140,2M%,

.

where ph.TL - respectively the pressure and the total stagnation

g
2
=
k.
=

temperature incident flcw at flight altitude;

%
b

Nk E L R

st

Pu, '), - respectively pressure (static) and temperature of

surrounding air at fligat altitude,
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T auep,, (1 +0,2M3)8
ve will obtain Gy =G pp—22 (1 ;-33 ) l/ iss . (7.13)
, ’ H

The resultant expression for determining the intake area of the

supersonic air inlet will take tne form

: Gapy (140,247 /358 (7.14)
: Foy==Canp 10,14V, Ty ' .

where F,;- is expressed in w2;

Gump - in kgf/s (values of the given air flow rate are given in

appendix III) ;

pa= in kg/cm 2}'

V - in m/s;

pu- in kges2/m ‘)'

Tu~ in K.

The minimally necessary number of jumps in the air intake of

supersonic aircraft (depending on the rated sreed of flight) must be;

M<1I3 - one normal shock,’
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ML1.5 - system 1 oblique snock +1 normal shocki

M{2.0 - system of 2 oblique shocks +1 normal shock}

M§2.5 ~ system of 3 oblique saocks +1 normal shockj

¥<3.0 system of 4 oblique shocks +1 normal shock;

M<3.5 ~ system of 5 obligue shocks +1 normal shock.

The arrangement of oplique snocks, as it was noted above,
depends on the type of air intake. During the mixed compression
usually of 1-3 oblique shocks, are arrange/located Ovfs;de the

others -~ within air intake.

The angles of steppea wedge (cone) - a,, ap, a3 and so forth
select by such form, in crder tc¢ in design conditions of the work of
air intake the external oonligue shocks (the first it is compulsory)
they were focused on the leading edge of cowling. To focus jumps is
possible, obviously, at aifferent angles a, since the angles of the
slope of jumps P depend on these angles. However, the great value of

coefficient Ok is obtained only at the identical intensity of jumps,
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which is defined as the relation to the speed of the flow before the

jump toward the speed cf f£low after jump.

Therefore angles a,;, a,, a3z and so forth must ensure the

equality ) v ’
—_—l o T2,

V‘ Vz V3=n-o’

where V - speed of the undisturbed flow (flight speed);

Vy - speed of flow after the 1st oplique shock;

Vo, - speed of flow after tne 2nd oblique shock, etc.

Page 133,

The speed of flow after i oolique shock Vi is connected with the

speed of the flow before the abruptlyly following dependence:

V=V _cos B ,
T e = , (7.15

wvhere Vi -~ a speed of tne flow before the i oblique shock. FPor the

Whes

first oblique shock, therefore, iet us have

V=V S0k
! /cos (Br—ay)’ (7.16)

s 4

o
e

13t Ty

where V - flight speed.

L il

Flow mach number aiter zhe 1 oblique shock is determined as

follqu:

QALY

M?-__—_ 5 + M?—-l 5M12_,1 cos2 31
TMI_ysin?g—1 54 M2 sin23

e

|

(7.17)
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where M,, =- flow mach number before the i oblique shock (for the

1st oblique shock - flight mach number).

The relationship/ratio between the angle of rotation of flow (by
wedge angle, cone) and the angyle of the slope of jump is expressed by
the formula

2 28, ,
Ml—l sin B[ 1 . (7. 18)
1+ M7 (1,2~ 8in28))

tga,=cigh

Knowing a quantity of obiigue shocks, frcm the
preceding/previous egqguations it i1s possible tc determine the

necessary values of the angles of stepped wedge (cone), which ensurz

identical intensity in jumps.

Special attention should be paid to the angle of the slope of
the first surface of compression a;, since it actually determines the

carrying out of cone (wedge) - distance from the apex/vertex of wedge

to intake plane,

For contemporary supersonic airs inlet (depending on calculated

flight mach number) the value of angle ay is equal to:
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) Konye ~15 ~ 11

Keys: (1) . Wedge. (2). Cone.

Angle a, is approximately equal to angle a,:

a2=ax i (OO -t 20).
Table 7.1 for some values of angles a gives the appropriate

values of angles B (depeadang on flow mach number before the jump).

The length of the step/stayes of cone (wedge) easily is

determined, if are known angles a and B and size/dimension h.

Distance along the axis from intake plane to the apex of the

cone (wedge) will be egqual

Li=htg B, . (7.19)
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Table 7.1.

a®

. ]
MIJ1,512,0{2,212,35}2,7{3,0 3,5| ° M]|IL,5 2'0|2'2!2'35| 2,71 3,0] 3,5

'O "
DAL '
——— .+ ————_—

5 |47(31|31|20|9%!23]|2 9 (4231|282 |23]2t)19
‘ 1
! ) .
= (O 7 |s0l37{33|31|27] 25| 2> 1 {33207 20|22
i g =
. ol 3
| 9 (5439|3533 20 |o7|2¢([%]| 13 |44|33|50{28]25]23]|2
11 |58;{41|37[35|31|20|2 15 |45 (3431|3027 (25|23

Key: (1). Wedge. (2). Ccne.
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Distance from intake plane to the beginning of the second
step/stage of cone (in Fig. 7.10 - sizes/dimension L) let us firnd,
after conducting from the point orf the focusing of the 2nd juwmp

ray/beam at angle (ay+P,) to the incident flow, etc.

The throat area of air intake F: (in cross section g-g) smust
decrease during an increase in the velocity of flight. Physically
this is completely obvious: with an increase in the flight mach
number grow/rises pressure ratio ot air in the system of jumps, and
consequently, are increased pressure and air dernsity in throat, that

also leads to the need c¢f decreasing its area (otherwise air in
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throat will be expanded and m will be lowered) .

Usually is calculated the pecessary relative throat area

Fo=tr

P =—

The value of value F: depending on flight mach number in the

.

first approximation, can be taken

miisl20 |25 [3.0 |35

F. los}042]03}032}(03

r

The obtasined as a result of sketch design paramaters of the

supersonic air inlet cospulsorily are checked and are corrected in

experimental tests.

o b a1 b B g 8

Regulation of the supersonic airs inlet,

The supersonric airs inlet must provide the high values of the
total pressure recovery coetfficient Osm in considerably larger speed

range, than subsonic air intakes. Therefore they have a control

. N il
adieruot it Lo

gl kg id] 8

system whose task lies in che fact that to provide the matched

operation of air intake and enygine (the capacity cf air intake must

correspond to the capacity of enyine).
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Otherwise can arise the unstable fluctuating work (surging,
"buzzing/itch" of air intake). In this case, strongly descends
coefficient osx. At superscnic speeds the task of air inlet control is
reduced to hold the system of jumps (especially terminal normal shock
after throat) in assigned/prescribed position. This can be made a
change in the throat area and a bygass of excess air into the
surrounding atmogphere. Air onlieeding intoc the atmosphere is
realize/accomplished by discovery/opening the special shutter/doors
establish/installed cn canal surface (after thrcat) of air intake,
These shutter/doors were callied anti-surge or bypass ones. During the
supersonic cruise of the shutter/door of air bleeding, they are
opened slightly and the part of the air bronzes in the atmosphere,

preventing thereby the emeryence of the surging of air intake.

At takeoff and small subsonic flight speeds, required throat
area proves to be more than value Fraax, Of that determined by the
structural/design possibilities (this is explained by relatively low
air density in throat). Therefore in spite of the completely opened
throat, there is not encugh air for normal coperation of the engine.
In oréder not to disturb engine power rating, with takeoff and at low
subsonic flight speeds they are open/disclosed additionally auxiliary
(cakeoff) shutter/doors and ainspgitratory reserve it proceeds to

engine, passing the throat (auxiliary and bypass shutter/doors are
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shown in Fig. 7.16).

Page 135.

Structurally control system is zfulfilled:
a) for changing the throat area:

- by displacement/movemant of cone forward - backs/ago (circular

air intakes)}

- by displacement/sovement of mobile ramgs (the two-dimensional

inlets);

- by change in the diameter or imner body (circular air

intakes);
b) for supplementary sucticn or air bleeding:

- by opening of supplementary holes in channel after throat

{auxiliary and bypass shutter/doors - on all supersonic airs inlet).

- Q%ﬁg\

Air inlet control is realizesaccomplished by an automatic
In

T
&
-
&
k!
kS

o
SRTELN

system. The diagram of a similar system is shcwn in Pig. 7.11.
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R

system there are tvwo main chaans of control of inner body and

shutter/doors of bypass, with the aid of which is

realize/accomplished the regulation of Mach number in throat and the

positions of closing shock wave.

3. Arrangement/position of air iantakes on aircraft.

. B -
e Al o bt B mtn N— ————s g St

On contemporary aircraft the engines frequently are placed in
the special external nacelles where the air intake directly adjoins
the compressor of engine. The layout of engine and air intake is

fulfilled together with the layout of engine racelle.

YA
. ’ d ’
. -1;!\1..—...- P N

During the engine imnstallation within fuselage or wing, the air

1

EAPS R

1

intake is separate/liberated trom engire by air duct and the layout

.' J

.
¥

of air intake is fulfilled separately.

By the main requirement, presented to the layout of air intakes

. on jets, as it was already noted, it is: the guarantee of a uniform

, field of inlet velocities into comiressor and oktainiag of the high

values of the total pressure recovery coefficient Osx

The essential nonuniformity of the field of the speeds of flow

can cause L1he vibratior cf compressor blades and their breakage. Even

the permissible nonunifcormity of tne field of speeds decreases the
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resource/lifetime of compressor and engine as a whole. The basic
source, calling the nonuniformity of the field of the speeds in air
intake, is friction (caused by the ductility/toughness/viscosity of
air). The presence of friction, as is known, is caused the appearance
of the boundary layer cn fairing, the speed in shich sharply falls

from the speed of the undisturped flow to zerc.

During supersonic flow tne boundary layer, interacting with
shock waves, disturbs tneir defanition: appear the local separations
of flow from walls; boundary layer, passing through jumps, even more
greatly increases its thickness; in the places of the
inflation/swelling/bulging of boundary layer, are formed new weak

obligque shocks (A~ jumps), etc.
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Pig. 7.11. The hypothetical control system of the supersonic air
inlet (are shown basic and auxiliary functions): 1 - sensor of Mach
number in throat; 2 - regulator of inner body; 3 - manual of control;
4 - sensor of surging; 5 - inner body; 6 - sensor of
"disruption/separation®; 7 - launch control; 8 - sensor of Mach
number; 9 - position detector of jump; 10 - regulator of bypass
shutter/doors; 11 - byrass shutter/doors; 12 - engine; w—=e—>» - basic

functions; - - - - —» - auxiliary functioms.

Page 136.

T:c deviation from the design diagram of flow, caused by the
ductility/toughness/viscosity of air, in the final analysis leads to
the nonuniformity of the field of speeds and reduction/descent Ou
Therefore all contemporary air intakes have a system of the
branch/removal {drain) of boundary layer. Is driven out both the

boundary layer, which was being formed on the surface of fuselage {(or
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wing) , and the boundary layer, which arose on the surfaces of

compression -~ cone (wedge) and internal surface of cowling (Fig.

7.12) «

Boundary layer thickness 6, as is known, it depends on the speed
of flow, on the coefficient of the ductility/toughness/viscosity of
air and on the length of the contact of flow with the washed surface

b= (V, v x.

During the design cf air intake for the reliable
removal/distance of boundary layer the heightsaltitude of drainage
slots (hy, hp...) they accept

h= 0,011)

where /- - length of surface, at which is formed the boundary layer.

If, for example, air intake will close abut to the surface of
fuselage (i.e. h,=0), then the total pressure recovery coefficient
with M=2.5 decreases by 25-30o/0, which will lead in final analysis
to a reduction/descent in the enyine thrust tc ~450,0 and to an

increase in the specific fuel consumption per ~150/0.

For final equalization of velocity fields after the throat of
the supersonic air inlet, are estaplish/installed the vortex
generators (small plates). pPlace and need for the installation of

vortex generators is determined in the process of the finishing of
air intake (during wind zuanel tests).

The guarantee of a boundary-layer bleed is one of the special

feature/peculiarities of the layout of contemporary air intakes.
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Fig. 7.12, Diagram of the branch/removal of boundary layer.

Key: (1). Boundary-layer bleed.
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Fig. 7.13. Pylon suspension orx TRDD under wing.
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Depending on the place of arrangement/position on aircraft, are
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applied the following biasic types of air intakes:
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1) frontal air intakes (mainly, circular);
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2) the off-axis inlets (circular, semicircular, flat/plane,

etc.);
3) wingtip air intakes (mainly, flat/plane).

Frontal air intakes are placed either in to the nose of fuselage
on light aircraft or in to the nose cof the engine nacelle,
suspend/hung from pylon under the wing of heavy aircraft (Fige 7.13).
The major advantage of frontal air intakes lies in the fact that they
provide the high uniforsity of velocity fields, and during supersonic

flight in design conditions, furthermore, they make it possible to

strictly maintain/withstand the assigned/prescribed position of the

shock envelope,

However, frontal air intakes have a number of deficiency/lacks.
If on heavy nonmaneuverable aircratt during entire cruise angle of
attack is not changed, and coanseguently, the system of jumps at the
entry into air intake retains assiyned/prescribed position, then on
light aircraft during maneuver accomplishment with large g-force,

vhen angle of attack considerably increases, the focusing of jumps is

disturbed, which leads to the ncnupiformity of the field of speeds
and to a reduction/descent in the total pressure recovery

coefficient. Briefly stated, frontal air intakes at high angles of

Lo E o Fa A e R e s oy

attack work insufficiently effectively.
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The second deficiency/lack 1n the frontal air intakes bears
layout character. Placing air intake in to the nose of fuselage, it
is necessary to occupy large internal volumes in fuselage under the
air duct (actually entire fuselage from nose to tail is gashed by air
and engine circuit), which, naturally, complicates the layout of
aircraft. Purthermore, frontal air intake does not make it possible
to place in to the nose of fuselage the antenna of large-diameter

radar (antenna is limited to tae size/dimensicns of intake cone).

The off-axis inlets in form or entry differ in terms of great

variety.
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S

Fig. 7.14, Engine nacelle ol the aircraft of Tu-134.

Fig. 7.15. Air intake of fignter-bomber of(Phantom- 11) (on surface

of fuselage is visible tay for arrangement/position of rocket

"SparTow"., On inside of cowling, is establish/installed PVD of the

control system of air intake).

Page 138. qf
On subsonic aircraft in essence, are applied either the circular air g%
;’?:_}_!

intakes or the air intakes the entry form of which is close tc the

]
e
53

rectangular (deviation from carcle is explained by the tendency to

e,

L3
i

preserve wing profile); these air intakes are called also wing, since

S
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they are actually arranges/located in root of the wing.
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The presence of boundary layer on the surface of fuselage
requires the creations ¢f drainage slots with the laycut of the
off-axis inlets on aircrarft, for which entire engine nacelle is moved

aside and is fastened tc¢ fuselage to pylon (Fig. 7.14).

It must be noted that the pylon makes it possible to only
organize boundary-layer bleed, without providing, however, working
conditions of frontal air intake, since wing downwashes, wake from
the wing and other aircraft components create the local conditions

for flow, different frcm the undisturbed flow.

On supersonic aircraft in essence, are applied flat/plane (Fig.

7.15) and semicircular lateral air intakes (although are encountered

Al e L ol
§ it

other entry forms). The arrangement/position cf air intakes on each E

=
side of fuselage not only considerably reduced the length of air ;g
2
duct, but also it completely freed the nose of fuselage for the %%
installation of radar station. During the clear organization of 3

boundary-layer bleed, the off-axis inlets work very effectively

(howsver during maneuver accomplisament at supersonic speed with

”&L,“&‘ ﬁﬁ‘”E';‘M“&ﬂﬂi‘w" Pt

4k
ksl

large slip angles one of the air intakes can render/show the darkened

b

forward fuselage).
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Pig. 7.16. The general-arrangement diagram of the engine nacelle of
the heavy supersonic aircraft: 1 - slot for a boundary-layer Lleed
from the wing surface; 2 - the fixed plane of wedge; 3 - mobile
ramps; 4 - subsonic air intaxke duct; 5 - supplementary air intake; 6
- primary nozzle; 7 - reverser of thrust; 8 - adjustable secondary
nozzle; 9 - silencer; 10 - injector of afterburner; 11 - wall under
engine; 12 - bypass (anti-surge) shautterydoor; 13 - auxiliary
(takeoff) shutter/door; 14 - cowling; 15 - vertical partition/baffle;
which divides the air intakes of two engines; a) slot for a
boundary-layer bleed frcu tne plane of wedge; c) air c¢f boundary

layer.
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Key: (1) . General arrangement. (Z). In superscnic cruise flight. (3).
With takeoff in afterburning reyime. (4). In the case of engine

shutdown in flight. (5). During thrust reversal landing.

e ] e p
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Page 139.

Wingtip air intakes on tne existing aircraft (XB-70, Tu-144,
“Concorde") have flat/plane entry. Air intake is the forward section

of the engine nacelle, estapnlish/installed under wing. In Fig. 7.16

shown longitudinal section of the engine nacelle of aircraft é
"Concorde", 3

‘
s N

A deficiency/lack in the wingtip air intakes is poor work on
large negative angles cf attack (in this case they are overshaded by

ving) .

§4. The fuel system of aircraft.

The fuel system of contempcrary aircraft encompasses the
following basic cell/elements: fuel tanks, conduit/manifolds, pumps,
valves, tap/cranes, filters and the system of different automatic

machines, sensors, measurinyg meters, etc.
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Designation/purpose of fuel system - to ensure the feed of
fuel/propellant to engines in all possible for this aircraft flight
conditions (on height/altitude, speed, g-forces, etc.) in a necessary
quantity and with the necessary pressure. On supersonic aircraft
(especially intended for a prolcnyed supersonic flight) the fuel

system fulfills another row/series of important functions, providing

cooling the system of ccnditioning, hydraulic system, etc., and also

it can decrease the margin of the stability of aircraft, parrying the

shift/shear of focus upcn transfer from subsonic to the supersonic

flight (see Chapter VI).

As main fuel for jet enyines of contempcrary aircraft, is
applied the hydrocarbon fuel (improved types cf kercsene). For
hypersonic and aerospace aircraft are of interest cryogenic

fuel/propellants (in essence liguid hydrogen).

At the high flight velocities, when the direction of heat flux
in the consiruction of the aircraft changes tc opposite,
fuel/propellant (especially placed in wing tank compartmerts) is
heated. For example, in cruise at velccity, which corresponds te
number M=3, the heat flux, wnich prcceeds fros sheathing/skin,

becomes this essential (sean tengerature of skeathing/skin
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~260°C) that it could heat kerosene to boiling pcint. The
application/use of the thermal insulation (laminax honeycomb sandwich
construction also considerably decreases heat flux) makes it possible
to avoid the excessive heating of fuel/propellant; however, its
temperature at high speeds (M>3) nevertheless so is increased that
hydrocarbon fuel cannot perrorm the role of ccclant for cooling of

construction/design and systems of aircraft.

One of the deficiencys/lacks in the hydrocarbon fuel is its
thermal instability at bigh temperatures (for example, for kerosene
this limit it is equal tc approximately 200°C). If the liait
indicated is reached even to shcrt period, then can be formed certain
number of deposits of sclid particles in heat exchangers, filters,
injectors of engines and so forth with their possible blocking. In
this connection one shculd speak about the superiority of ligquid

hydrogen as fuel/propellants for hypersonic aircraft.

At hypersonic speeds hydrogen before the feed into engine can be
used for cooling the constructicn of the aircraft. And then the
considerable difficulties, connected with the application/use of

hydrogen, will be to some degree compensated.

Page 140,
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The fact is that liquid aydrogen, possessing the irrefutable
advantage before the kerosene: energy content per unit weight
approximately 2.5 times more, specific heat is 7 times higher (liquid
hydrogen =~ distinct coclant), it has a number of essential
deficiency/lacks. A larger deficiemncy/lack in hydrogen - low density
in the liquid state, that coastitutes 0.1 of density of kerosene;
therefore energy content per unit volume in hydrogen is approximately
4 times less. Another deficiencyslack is the low boiling point of
liquid hydrogen, equal to -2539C. Therefore flight vehicles with this
fuel/propellant will have large volumes, morecver fuel/propellant
must be placed in the cryogenic tanks, which additionally increase

weight and volume of apparatuse.

The comparison of the characteristics of kerosene and hydrogen

is given in fable 7.2,

Differences in the physical and thermodynamic properties of
hydrogen and kerosene have great effect cn the possible compromise
solutions, which connect the f£light characteristics and the

construction of the aircraft.

The arrangement/position of fuel/propellant to a considerable
extent determines the overall design of aircraft, since the fuel

reserve on contemporary aircraft can reach 500/c¢ and more froa
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takeoff weight {(on I1-62 value Grmax=0051; on XB-70 = Grmax=057). 1Is

placed fuel/propellant in special fuel tanks which are divided into

RTIICR TR

basic, expenditure ones and balancing ones (depending on

designation/purpose and aircraft type expenditure and balancing tanks

I R T

in fuel system can and not be provided for).

According to structural/design sign/criteria fuel tanks are

|

divided into three types: rigid, soft and tank compartments of the K
construction of the aircraft. The major advantage of soft rubber

tanks lies in the fact that they allow better than rigid tanks, to

utilize a volume, they are more technologically effective and

ot R S SR ey

convenient in production and operation (they it is possible tc

v e

coagulate and to install through handholes). Flexible tanks, {
furthermore, they do nct fear vibrations, dc not give torn edges with

the leakage (small holes even are involve/tightened by a special

Cm el ke

layer of rubber), they fcssess good thermal insulation properties.

PRy

The advantage of rigid tanks 1s smaller weight in comparison ;

with flexible tanks (together with containers). Rigid tanks are

ez e s

autonomous from the construction of the aircraft, they it is possible

to comparatively easily repair.

Hermetically sealed tank ccmpartments (tank-

construction/design) make it possable to most rationally utilize
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internal volumes of aircraft, since there is no fuel tank as such,
and fuel/propellant fills into tae section of wing or fuselage,
covered with from within kerosene resistant (and temperaturechange
resisting) sealing compcund. The applicationsuse of tank compartments
makes it possible to increase the fuel reserve cn board aircraft.
However, tank compartments possess the increased vulnerability, which
reduces the reliability of fuel system, it is difficult to repair
them. Fuel/propellant in tank ccmpartments directly undergoes the
effect of the low temperatures in flight at subsonic speeds and high

temperatures in flight at high supersonic sgeeds.
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of combustion in kcal/kg,

kcal/kgfedeg.
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Table 7.2.

. 1)
ka;(axrepucmxa TONAHBA

B((fgpon

Kepocuu
(”)I‘enno;ra CropaHHs B KKaa[Kre 10290 28 700
5ITensora cropauns B Kkan/a 8700 2100
L)TII0THOCTL B HHAKOM COCTORNHMK B rcfcm? 0,833 0,0735
DY Aenvlias TeNNCEMKOCTb, B KKaA/Kre-rpag 0,46 2,7'-—3.7
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Propellant property.

(6) « Density in the liquid state in & /cm3.

Page 141.
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(2) . Kerosene,

(5) « Heat—

{8). Boiling point (at pressure 1 kg/cm2) in ©°C.

One of the basic requirements for the layout of fuel tanks on
aircraft is the guarantee of a center-of-gravity location of aircraft
during the consumption of fuel/propellant within the permissible
limits. If aircraft is intended ifor a prolonged supersonic flight,
then in the fuel system of this aircraft for decreasing the stability
margin can be provided for the installation of the special balancing
tanks (tanks, arrange/lccated on the largest gossible
removal/distance in front and irom behind from the center of gravity
of aircraft); by the puxping over of fuel/prorellant fronm

front/leading balancing tanks into rear ones it is possible to

of combustion in kcal/l.

(7) « Specific heat, in

(3) « Hydrogen. (4).
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approach the center of gravity focus of the aircraft (stability
rargin can be decreased also by the forced shift/shear of focus
forward) . If aircraft shori-term emerges to supersonic speed, then

the installation of the system of the decrease of the reserve of

4
g

directional stability of the pumping of fuel/fpropellant on this

aircraft, obviously, is unsuitabie.

In Fige. 7.17 shown typical change in the center-of-gravity
location and focus of aircrait in dependence on the speed (or time)

of flight.

The permissible range of centering is held in flight because of
the symmetrical arrangement of fuel tanks relative to the center of
gravity of aircraft and specific sequence of the consumption of
fuel/propellant of them. Can arise the questicn: it is not possible
vhether for decreasing value m’ to ensure this system of the
consumption of fuel/prereirlant so that the center of gravity at
supersonic speed would pass established/installed maximally rear with
M<1 position (Fr) and it did approach the focus of aircraft, for
example due to the ccnsumption of fuel/propellant only from
front/leahing tanks? Hcwever, this it is not possible to make on two
reasons: first, if fuel/propellant from front/leading tanks will be
developed (but not to be pumped over into rear ones), then the center

of gravity will be shift/sheared back/ago very slcwly and effect fron

e T Y I LN e ien Aas o .= g R S S Ry - SO R S



DOC = 79052106 pace 290

the decrease of the stability margan considerably will be lowered; in
the second place, when the center of gravity will be located from
behind position 7 and through any reason it will be necessary to
rapidly lovwer speed and to pass to subsonic flight, then it is
necessary to also rapidly return the center of gravity of aircraft to
the subsonic position (ctherwise aircraft will become unstable), but
to rapidly return the center of gravity to subsonic position it is
possible only by the pusping of fuel/propellant intc front/leading
tanks. Therefore the system of tne shift/shear of the center of
gravity of aircraft with the aid of the pumping over of
fuel/propellant from frcnt/leading balancing tanks into rear cnes
compulsorily must provide the rapid reverseyinverse pumping of
fuel/propellant upon transfer from supersonic flight to subsonic. On
aircraft "Concorde" during acceleration/disgersal in transonic
conditions/mod: after S min i1t is approximately pumped over _ 9200 ¥
of fuel/propellant of fcur front/leading balancing tanks into rear
tank. The reverse/inverse pumping of fuel/propellant upon transfer to

subsonic flight speed is conducted still more rapidly - after 4 min.

The feed/supply of engines by fuel/propellant it is possible to
accomplish from any fuel tanks, out most frequently for this are
utilized the special service tanks, into which in the determined

order is pumped over the fuel/propellant from basic tanks.
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Fig. 7.17. A typical change in the center-of-gravity iocation and

aerodynamic focus of aircrait in the flight: 7, a maximally

front/leading position center of gravity; - a maximally rear
position center of gravity; ar, - permissible range cf position of
center of gravity in aircraft; ar, - shift/shear of aerodynamic focus

upon transfer from subscnic to supersonic flight; =g~ possible

position center of gravity in supersonic cruise (after the pumping of

Ll

A, cmalies A »

fuel/propellant from front/leading balancing tanks into rear ones).

1
-

{
-

Page 142.

Fuel system with service tank has the definite advantages,
especially for the aircraft of the military designation/purpose: it
possesses larger reliability, since during the malfunction of basic
tanks in reserve remains service tank (to 20o/0 of entire
fuel/propellant) whose protection can be provided via aruoring; one
service tank (or several) to more 2zsily equip with special devices

for uninterrupted feed/supply of engine during accomplishing cf the
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acrobatic maneuvers, etce.

i
—— ————

Fuel tanks can be placed both in the fuselage and in the wing of
aircraft. Both that and cther layout has definite advantages and

deficiency/lacks. Therefore,ior some aircraft fuel/propellant is

1]

b [0 : AAR7
3 5

.
pd am G o S ———— 7 A —

placed in essence in wing, for others - in fuselage. Wing fuel tanks
“ have the large area of the beaten surface, which leads to the smaller
) life of fuel system. This is a basic deficiency/lack in this
: arrangement of fuel tanks. However, during the arrangement/position

3 of fuel/propellant in wing, its weight unloads wing in flight, thanks
‘:% to which is obtained the specific gain in the weight of wing

construction. Purthermcre, during the arrangement/position of

: fuel/propellant in wing fuselage virtually completely can be engaged
. under payload which has large value first of all for passenger and

! transport aircraft. Therefore om all passenger, transport and heavy

military aircraft fuel tanks are placed mainly in wing (Fig. 7.18).

The arrangement/pcsition of fuel/propellant in fuselage can
prove to be more advisable for military aircraft (especially
low-flying). Arrange/locating fuel tanks in the fuselage above the
center section, by engine, chassiss/landing gear, etc., which serve
seemingly protective shield from the antiaircraft fire, it is

possible to raise the life of aircraft.
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Page 143.

Chapter VIII.

DETERMINATION OF THE BASIC PARAMETERS OF AIRCRAFT.

In present chapter is given determination of the basic
parameters mainly of military aircraft. The determination of the
parameters of passenger aircraft, vertical-taking off and aercspace

aircraft is given in the special chapters of the book.

As already mentioned, the basic parameters of aircraft they are:

"

o Lt " ok 2l s
vt VARG

- complete (takeoff) weight Goj

- wing area S;

- thrust P, or power Ny of SU, required for obtaining

assigned/prescribed flight-perfcrumance data.

For determining these parameters on the initial stage of the

design of aircraft, find tne relative parameters po, and 30.
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§1. Determination of the value of the specific wing load.

In Chapter II, was shown, that the value of the specific wing
load py substantially affects the aircraft performance amnd its
takeoff weight Gy In particular, the assigned/prescribed takeoff and
landing characteristics can be decisive during deteraination pg. The

takeoff-and-landing characteristics of aircraft include:

the landing speed

Vwoe=A V-—pl’c_. s
€y noc

unstick speed with the takeoif

Vofp=B —L;
C_l/o-,p

v,.,=cl/.m.,
€y 3ax

wvhere A, B and C - the constaat coefficients, which consider air

approach speed

density and ground effect om , aircraft;
Pnoc —~ the specific wing load during landing;

Cymocs Cyorp~ 1ift coefficients which correspond tc the landing angle of

attack and to angle of attack with the breakaway of aircraft;
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Cysx- 1lift coefficient at the angle of attack, which corresponds

S om approach speed.

High speed Vnoc leads to the need for the creation of large
airfields and complicates aircraft handling during landing. High

speed Vorp leads to an increase in the size/dimensions of airfield or

to the need of applying the takeoff accelerators, while high speed
'aninpedes piloting during landing, which decreases the performing

characteristics of the design/projected aircraft.

Permissible value Vy, depends on the designation/purpose of
aircraft and possibility oz applying on it of the landing parachutes

and similar to them braking devices, and also reverse-thrust devices.

In the first apprcximation, on the basis of the statistical

data, published abroad, it is pcssible to accept following of value
4 .
noc

for the military aircraft e.. 180-250 km/h

for the military transport aircraft ... 120-150 km/h
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for the trainer and sports airplanes ... 60-100 km/h.

POOTNOTE &, Maximum value V,,. is limited to permissible for the

camera/chambers of wheels peripberal speed (Vsoc less than 400 km/h).

ENDFOOTNOTE.

Allovwable speed Vax usually is determined from the conditions of
flight safety. Por military aircraft it is rossible to accept
following of the value:

Viax = 200—280 £,

Key: (1)« km/h.
Page 144,

It is usually considered that speed Vu: must exceed the speed of

disruption/separation, which corresponds Cymax, to 20-30o0/0, i.e.

cy max

m = (0’7 -+ 0’6) Cy max.

Cyaax=

In the fizﬁt approximation, value p, should be selected in accordance
valbe o
withyvelocity Vi OF V.

Since the expendable im fligyht load (fuel/propellant,

jettisuviable loads, etc.) composes 25-60c/0 of takeoff weight and,

therefore, aircraft up to the toryue/moment of landing proves to be

considerably facilitated, then is expedient the value of specific
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load Pmo determined by the weight of aircraft at the moment of
landing, to connect with Vi and Vasx Taking intc account this, it is

possible to use for determininy value po the following formulas:

| Cunck i
- — — ’ (8- 1) .
180 (1 — 0,80, — Ger)
cysmV?
or Po= > (8.2)

208 (1 —0,8G~ Ge,r) .

where G, - the over-all payload ratio of fuel/propsllant (51=0,/09);

—

G.. - the over-all paylcad ratio of jettisonable loads @...= e.r/Uo)

In the absence on the initial stage of the design of blowoff

data, it is possible tc use following approximate values Cymoc:

- for the straight wings witn powerful/thick

mechanization/high~1ift device (slat and double-slotted extension

flap) cynoc= 2a2—2:5;

- for sweptback wings (x=25—35°) vith powerful/thick

mechanization/high-1ift device Cmoc=1,8—2,0;

- for sweptback wings (y=40—45° with movable double-slotted flaps

and slats Cymoc=1,5—1,8;
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for delta wings (%ax=55—60°) yith powerful/thick

mechanization/high-1ift device Cymoc=1,0—1,2.

The necessary value of specific load pg in the majority of the

I3

PR L AP 14

cases is determined from landing conditions. At the same time one
should check, how obtained a value py provides other
assigned/prescribed flight characteristics. 1f, for example, is

assign/prescribed a cruising speed or number Mipac at

YN

: height/altitude Hipemic (Axpetic)s then
’ ‘ .. W’ ’
,:é Po= S%OMgpfneAxp.nc ‘/ “4'5'-!7—' KFCIMz, . . (8-3')
G Key: (1). kgf/m2,
K3
{
,‘( wvhere ' ‘
"‘j Po
i n=Crhoteee i o (8.3)

Fyi=1,35; k=" E‘?

Taking into account (8.3') formula (8.3) is reduced to gquadratic
equation relative to pgy. During the solution is taken real root

(+po) »

Page 145,

Are given below the exemplary/approximate statistical values of
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specific loads pgy on the wing:

n
Al

-

.
G

the fighters of the normal diagram ... 400-600 kgf/m2;

o

the fighters of the tailless diagram ... 250-300 kgf/m2;

IR I Lo

v

arks &g 20D 3 PR

bombers average/mean ... 350-550 kgf/m2;

‘o

sl vk 56 el

bombers heavy ... 550-650 kgf/m2;

military transport aircraft with TRD heavy ... 500-650 kgf/m2;

the lungs the transport, sport and trainer aircraft ...

150-180 kg€/m2;

academic, transfer (with TRD) ¢.. 100-150 kgf/m2;

aircraft for © » agriculture ... 80-120 kgf/m2,

§2. Determination of the reguired thrust-weight ratio of aircraft.

During design the required thrust-weight ratio of aircraft

o

Ser i ke

AP

Po=Py/Gy is determined usually from the guarantee of the

'
ZaEN

3

assigned/prescribed conditions:
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speed (Mach number) of flight at rated altitude Hpa,c‘!;
the takeoff run lenyth or accelerate-stop distance;
- acceleration/dispersal for the specific time from the speed,

wvhich corresponds to number M<1 to the speed, which corresponds to

number Mpeee>1, and also from other conditions.

As calculated thrust-weigyht ratio is considered great from these

conditions value P,.

e

)

%
]

At assigned magnitudes Mpacy, />11 km and selected value py the

.

required thrust-weight ratio

I—Jo = 4'650Mg‘°"c‘ .
where tpp (8.4)
Cy= Cx, + Do pg ‘
o 0 N
204.105M%, 42 (8.5)
{

P 2
=P (cM. crp. 28);

Key: (1).. (see Page 28).

A - relative density of air om to base altitude H.
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If is knovwn cruising number Mipsc at height/altitude Hipenc>1l ka,

then the starting required thrust-weight ratic

N 2
By M,

€70 ' g (8.6)
while value H,,,, can be found from Amcmf

lo76 VDO [
Axpepe = ———22 | 8.7
. &Py ( )

For the aircraft, intended for low altitudes, starting

thrust-weight ratio is determined from following the formula:

—  7200M%
Py = =, (8.8)
2 §ro
) P
Cr==Cy, Dy —————
where Cs=Cx L) 525100

A
.

.
£y

(Mach number assign/prescribed).

n

\

B ks B

i

Page 146.
From the condition of guaranteeing the assigned/prescribed 2
takeoff run length, starting thrust-weight ratic is equal to \
Py= fo 1,1fan > 0,033, 9 ‘

0 0,9¢y orpPogLpass + / (8 ) 5

where Cyomp=1,l—12 =~ for the supersonic aircraft of normal diagram d

with the wing of moderate swusepback (35-459) ;

%)

Babe b dou
PRI PIMPN ot

1

¥

¢ onp=0,65—067 - for the aircraft of diagram "bobtailed aircraft" witk
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delta wing;

%yorp=18—2'= for military transport subsonic aircraft, and also light

multipurpose aircraft;

fras = rolling friction coefficient of wheels (with takeoff with

concrete runway f[«.=003; with takeoff from unpaved airfield fuu=0.).

From safety condition takecff (after breakaway) with one failed

engine (7= 2)

5o L5 [fe .
Po—-——l —r [(T,)p +sm_6] : (8.10)
Ny ’

Here 6 - smallest permissible climb angle

(sin 0=0,024 — Mtk n,,=2; sin0=0,027 — i n,,=3;
sin 0==0,03 — £k n,,=4).

Key: (1). for.

For the majority of the types of supersonic aircraft (except
VTOL aircraft and STOL) starting thrust-weight ratio can be

determined by following the formula:

f50= 1,2 [ 1+ V 0,3+ (0,95 — Gr. pacx) (Hxpenc -+ Vﬁmc/ 28) prenccp‘.x;)eﬂc]' @.11)

Kpefc thpencTnar.pacx

N

where Kipene = aerodynamic aircraft quality/fineness ratio at

cruising speed;
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Grpacx=CGrpacx/G,- = the over-all payload ratio of the fuel/propellant,

spent for the time of entire flight}

Hypene = initial cruising heighn?m;

Vipeac= Cruising speed in w/s;

° Coxpeic = gpecific hourly consumption of fuel/propellant in cruise in
1

kgf/kngh;

-

{
Siann oo

Y:s— starting weigkt per horsepower.

Sty omclind A

The values of dimensionless coefficient ¢ and value Kypeuc
depending on the cruising Mach number are taken from of following

table¥:
)

Mypene | 2—3,5 6,0 9,0
¢ 2700 3500 4700
Kipenc 6—9* 5—7 4—6

FOOTNOTE. 'Smaller values Keae are characteristic for the aircraft of

small flying range, large - for the aircraft cf large distance.
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ENDFOOTNOTE.

POOTNOTE !, V. P. Mishin. Selection of engine in the period of the

preliminary development of aircraift. Publ. MAI, 1968. ENDFOOTNOTE.
§3. Determination of full of (takeoff) weight aircraft.

Determination of the takeoff weight of aircraft - one of the
basic tasks during the first stage of design. The degree of accuracy
with which is determined G42, has special importance, since this

value affects basic flight-perfcramance data of aircrafte

FOOTNOTE 2. Here has in mind the approximate determination Gg.

ENDFOOTNOTE.

First of all it is necessary to keep in mind that the wing area
S is determined on the basis of the selected for the design/projected
aircraft value of specific load pgoj therefore examining effect on the

flight characteristics cf gross weight G,, it is necessary to acce)t E

E ;“r“
e ;

M
&

g

always pp=const.

[
“ﬁ"ﬂ‘

i

k

s
]
=5

Page 147, z
The overestimate of the takeoff weight of the desiaua/projected é%
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or constructed aircraft always makes its flight characteristics
worse. Calculation shows, for example, that during a gain in weight
Go by 100/0 number M, it descends at supersonic speeds by
approximately 120/0. The overestimate of weight G, can be obtained
either in the initial stage of design - during the determination of
gross weight, or in design ~ coastruction/design. If the overestimate
of weight was obtained cnly as a result of the weight increase of
construction/design, then with invariability G, Gxwill increase,

Cr, Gey and thrust-weight ratio P, decrease and f£light

characteristics will deteriorate.

As is known, gross weight of aircraft encompasses empty weight
Goyer and weight of full load Gu In turn, empty weic¢.* “nyper includes
in itself the weight of the structure of aircraft Gi tne weight of
power plantGecy the weight of equipment and control Gosymp. The weight
of full load Os consists of the fuel load Gr, of payload weight Gun by
representing by itself the weight of the various kinds of loads,
passengers and weight of ofificial load Geayx (crew and equipment)

(Fig. 8.1). Thus,
Oo"—' Gnycr + Gn = ax + Gc.y + Goﬁ.ynp+ Gr + Gn-n + Gcay)ﬁ'

The determination c¢f gruss weight becomes complicated by the
fact that some of its term/component/addends are the functions of the
weight itself G,, furthermore, determination Gcy and G: directly at

the very beginning of design is impossible, since for this it is

e i o
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necessary to know the value of weight Gg,.

Por determining the weight of the structure of aircraft Gx it is

also necessary to know Gy, since the sufficiently precision

determination of the weight of structure Gx possibly if and only if

are known the basic dimensions c¢f aircraft; sizes/dimensions can be

determined only on the basis of weight Gg,. Therefore in the first

approximation, gross weight is best to determine from the equation of

i the over-all payload ratios:

G 2 =3 Ge.s.
Gx+Gc.y+G‘r+‘ _—G: L — 1,

vhere g ,. =G ymp+GyntCGeryx - the sum, determined sufficiently

accurately on the basis of the lists of equipment, catalogs and data

2 .
Lot A o ra

of statistics, moreover Gnx and Genyx - are assigned; Gey and G- are

determined from formulas. Determination Gy is possible only when in

Qe

the first approximation, ygross weight of aircraft is known.

Calculation is conducted as followse.
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Pig. 8.1. Layout chart gross weight aircraft G4 to components.

Key: (1) . The takeoff weight of aircraft. (2). Empty weight. (3).

Full load. (4). Comstructiom of aircraft. (5). Equipment and control.

(6) « Bquipment and duty load. (7). Useful (purposeful) load. (8).
Povwer plant. (9). Fuel/propellant. (10). Weight of empty equipped

aircraft.

Page 148.

According to formulas (2.21) and (2.23) they determine G.y and &,

then by formula (2.26); (2.26%) or (2.26'*), after assigning the

probable value gross weight aircrarft G,' (utilizing statistics), is

found the value of the over-all pgayload ratio of construction/design

in the first approximatioa, &x. Since weight Gcar is known, they

obtain  Geui/Gy and is found tbe sum

Gy +Gey + Gy + Gegr = 5@,
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which will be more or lesser than unity (or it is equal to unity). If
sum will be equal to unity, then G,' will be the first apprcximation
of the unknown value gross weight aircraft. If sum is not equal to
unity, they are assigned by the second value c¢f gross weight Go'?,
they find 7 and Qsr/0o and they compute sunm §;+5¢_,.—¥-5, 4 GessCo=20".
Further is constructed dGepeundence G,=f(2C) (Pig. 8.2), will be
deposited points with ccordinates Go, 2G', Gy, 26 and is carried out
through these points smccth curve. Intersecticn of curve with
axle/axis Go gives the value gross weight aircraft in the first

approximation, Gol

For determination.Gcy it is necessary to know the required
thrust-weight ratio '50 and speciiic gravity/weight of SU. The
required thrust-weight ratao Fo is defined in the manner that it was
indicated above. Specific gravity/weight of the pover plant r, can be
determined for TRD by the formula

Fo="TasF Atsss (8.12)
vhere A'r,,.=q>-é,[75° (p=0,09 for small aircraft with fuselage tanks; ¢=0.13

for large aircraft with wing tanks) ;

Grand P, are taken according to statistics or given above

calculation,'
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Y- weight per horsepower can be accepted according to static data
(Yxe =0,16—0,20).
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The over-all paylcad ratio of fuel/propellant G: is determined
in accordance with the fact, is assign/prescribed duration of flight
t* or distance Lmx - according to formulas (2.22) or (2.23) and
(2.23') . the entering the formulas coefficients & and ¥ are
determined from the appropriate curve/graphs. Coefficient ¢
depending on speed can be undertaken from the testing of model in
wind tunnel of similar to that design/projected aircraft or is‘
calculated from the approximation formulas. Coefficient ¢ is equal
to c¢,=cCs,+DoPy/g?. Por aircraft with piston and turboprop engines, the
over~all payload ratio of fuel/propellant is determined from formula

(2.23'").

Frequently the engine for tne design/projected aircraft is
assign/prescribed. Then in the beginning of design are accurately
known YamCx to function &=f, (M) and y=f2(M) task is reduced to
check by calculation in the first approximation, will be carried out
requirements for flight characteristics. If during the design of
aircraft is not assign/fprescribed concrete/specificyactual engine,

then it is necessary tc make selection from several

adeguate/approaching. Por the solution in the first approximation, of

a question of the satisfaction cf requirements concerning Mmax  are

constructed the plotted functions %(M) and cr(M).

—
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Pig. 8.2. Graphic method of determining gross weight aircraft Gg

during sketch design.

TR

Page 149,

Thrust coefficient ¢r is determined from the formula

_P HiBs PO

4
p G")q

where Pur- an engine thrust at rated altitude H with

assigned/prescribed flight mach number;

n,~ quantity engine;

G, - gross weight of aircraft in the first approximation,

pee be st iy
T ey MO T T
w:

g - velocity head.

Through the characteristics of the selected engine, is found the
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weight of power plant Gey=Punmro(Pe - the boost for launching of

engine) and fuel 1load

G, ~0j (SR\PC,,O M +u ) ,

Mxpenc

where ¢y - specific fuel consumption per Hyen aANd M e, ¢,, aRd Do =

£for Huer and Mwer (see Chapter I1I).

The value of number M. i5 determined graphically by

construction in coordinatesb Msax and Myr curved Mipee, computed fromn

formula an=0,0121/’—)-‘1'—:ﬂ'-’—’°—e, and ray/beam frcm the origin of
Gnch

coordinates at angle of 45° to the axle/axes (see Fig. 2.17). By the

intersection with curve anu ray/beam will be determined value Mupen

at cruising altitude Hwen» to which it will ccrrespond

1,76Gy Y/ ¢, Do
Pyin ek

Axpenc == Ayy =

wvhere Pu§ - thrust of selected engine on Mpetc the engine
characteristic for H=0 (coefficient & calculates a change in the

thrust on the basis of speed, and also thrust losses of input devices

of SU with M>1).

After refining values Gy, G and Gx, is determined gross weight
in the seconad appgoach/approxilation

Gesr +Gey+ G
Gi'= °”l fay L. (8.13)
- Uk
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Then is found value S=@f'/p,

Knowing S, they begin the layout of aircraft, they select and
more precisely formulate all size/dimensions and parameters of
aircraft components, they develcp/process and more precisely

formulate its general view and is calculated the weight of the

reddanBvhld

\
i

structure of aircraft components, utilizing fer this weight fcrmulas
(for a wing, a fuselage, tail assembly, chassis/landing gear, etc.).
After this is determined yross weight in the third
approach/approximation:

GY'=0csr+Ce.y+30.+ G

they further compose the combined weight (see Appendix I).
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Page 189.
Chapter XI.
SPECI AL FEATURES OF THE DESIGN OF AEROSPACE AIRCRAFT.

The continuous increase in the space flights sharply raises the
question of the cost/value of delivery/procurement in space of the
payload by rocket systems. This leads to the search of the
fundamentally new systems which would make it possible to obtain the
economically feasible ccst/value of fligh£2ﬂ?$uch system is the
aerospace aircraft (VKS). Besides the delivery/procurement of people
and loads from the Earth to orbital stations and back, VKS will be
necessary for servicing of scientific space labcratories, for the
assembly of interplanetary space vehicles or for their discharging

after return to the earth's orbit and so forth [38].

In order to fulfill assigned missions, the aerospace aircraft

nust satisfy the following basic requirements.

1+ VKS must be by repeatedly utilized flight vehicle,
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2. VKS must derive/conclude payload in orbit with a

height/altitude of H=150-500 km.

3. VKS must possess yood maneuverability in the atmosphere for
liquidation of possible parallax of orbit (after start) and for
accomplishing landing on assigned/prescribed airfield (as usual

aircraft).

4., VKS must possess sufficient maneuverability in space in order
to complete orbital rendezvous and accomplish mating with given

object.

The use of an aerodynamic 1lift will make it possible to
substantially lower g-fcrces and to select glide path, suitable with
regard to aerodynamic heating. Calculations show that .even. with
hypersonic aerodynamic aircraft guality/fineness ratio K;=05—1!
deorbit it is possible to carry out with g-force less than 2, in this
case, it will not be reguired the special orientation of crew
relative to the vector of g-force and substantially will be lowered

heat transfer rate in ccmparison with ballistic entry.

The problem of the guarantee of landing of VKS in the assigned

e R
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place of the Earth will ke reduced to the guarantee of the necessary
lateral distance in hypersomic gliding/planning, since the guarantee

of longitudinal distance will ncot apparently cause complications.

§1. Special feature/peculiarities of tue flight of the aerospace

aircraft.

Por the aerospace aircraft there is a specific region of
possible flights in the atmosphere and in sgace. Upper boundary of
flights in the atmosphere for VKS as winged flight vehicle is
determined by the combined acticn of the force cf gravity,
aerodynamic force and centrifugal force, caused by the spherical
surface of the EBarth. Loser boundary of flights is determined by
structural strength and by permissible temperazture of aerodynamic

heating (Fig. 11.1).

The lower boundary cf the reygyion of flights is
common/general/tctal for all winged flight vehicles. Upper boundary
of the region depends cn the special feature/peculiarities of diagranm
(from the value of the specific wing load and the coefficient of

aerodynamic 1ift).

Page 190.
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To determine upper boundary of flights of VKS in the atmosphere
is possible, examining the conditions for level flight
(gliding/planning) at given height/altitude. In level flight, as is
known, the weight of winged fligat vehicle is balanced by two forces
- aerodynamic 1ift and centrifugal force, which appears as a result
of moving the apparatus along curved path relative to the center of
the Earth,

G=VY4P,. = wesht” (11.1)

This equality will determine upper boundary of flights of VKS.

Expression for aerodynamic lift is widely-known
pV?
o

Y=¢,S

’

Expression for centrifugal force in level flight it is possible

to write thus:

P GV iV, 5cos ¢)2
¢ gR+H (11.2)

vhere V,;— a speed of level flight;

Vus— speed of rotaticn of the Earth;

# - angle of the slope of the plane of f£light (orbit) to

equatorial plane (orbit inclination);

H - flight altitude above the surface of the Earth (above sea
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FPig. 11.1. The region of possible flights of VKS (I - region of the
flights of contemporary aircraft; IT - region of the flights cf
hypersonic aircraft): 1 - one oi the possible ballistic trajectories
of output/yield of VKS into space (with start from hypersonic carrier
aircraft) ; 2 - synchroncus orpit (rotating arcund the Earth on this
orbit, flight vehicle will constantly remain above omne point of

equator) (vos— minimum speed at which VKS can accomplish flight in
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space, moving over circular or elliptic orbiti Vik - orbital velocity

{(circular); Vi—- @scape velocity (parabolic) J.

Key: (1)« Inadmissible increase of construction/design temperature.

(2)« kgf/m2, (3). km/s.

Page 191.

For flight altitudes where the aerodynamic force still has
essential value (H<100 km), expression for centrifugal force with a
sufficient degree of accuracy it is possible to write thus:

__ G (Vi + 460 cos )2
Pu= 2. 106 (11.3)

Here V.. ®m/S.

In flight of usual aircraft (V<1 km/s) on centrifugal force it
is possible to disregard (Fig. 11.2). On leaving into space, it is
necessary to consider not oniy ceantrifugal force, but also angle of
orbit ¢. If orbit considerably differs from polar, then to launch
flight vehicle is more favorable toward the diurnal rotation of the
Barth. The possible angle of the orbit inclination to equatorial

plane with start from any pcint of the Earth will be found in the

range
(o]

Puect \<‘P\<90 s

where Pmecr- & local angle of the latitude (northern cr southern) of
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launching point.

Solving equation (11.1) relative to value p, we determine the
value of mass air density, and coansequently, let us find the
necessary height/altitude, on which at given speed is feasible the

level flight
p=-L 62-106 — (V. & 460 cos ¢)?
v 31.10°2 ’

it

(11.4)

where p=G/S - specific load on lifting surface.

Expression (11.4) determines so-called equilibrium height of

flight.

Figures 11.3 show the affect of speed (but for value p/c,= 1000
and angle of orbit inclination) to the upper boundary of the region

of flights of VKS.

In flight in space, the aerospace aircraft becomes artificial
Earth satellite., The mctions of any celestial bodies (including
artificial) are realizesaccomplished, as is krown, according to the
laws of celestial mechanics at basis of which lie/rests the law of
universal gravitation of Newton. Therefore the region of the steady
flights of VKS in space will not have vital differences from a

similar region of flights of contemporary artificial Barth
satellites.
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Fig. 11.2. The deperndence of relation P,jG on the speed of the level

flight: 1 - flight in eguatorial plane toward the diurnal rotation of

the Earth (9=0); 2 - flight in the plane of the poles of the Earth
(#=90°) ; 3 - flight in equatorial plane to opposite frcm the rotation
of the Earth side (¢=0).

Key: (1)« km/s.

Page 192,

Plight trajectories of VKS.
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The motion of the aerospace aircraft is in general described by

the system of six differential equations three of which reflect the

condition of equilibrius of forces in projections on the axlesaxis of

of

inertial coordinate system, and three - moment condition
equilibrium relative tc these axle/axes

m (1‘%"— 4+V,o,— V,,w,)-—-.\’; m(—‘%i’- +V,m,—-Vzwx) =Y;

p - . . dw .
m(ZE VeV ao)=2 T = Lo =M

Wy dw,
jy ddtJ 'i"(-’x"'-]z)wzu’x’:My;z J dt +(Jv—"1x)wwa=Ml'

where X, Y and Z - projection of alil external forces (including

reaction force) to the appropriate coordinate axes;

P S

"
¢

M:y M, and M,— moments of external and reaction forces relative to

on e, sema e

the coordinate axes.

Since the mass and the moments of inertia c¢f VKS in the course

of time change, then during the solution of eguations of motion it is =
necessary to accept =
e

m=m(t)y J,=J:(t) Jy=hy(ty J=J.(8). ig

To solve the system of equations of motion indicated is E

possible, if we present in the exzpanded/scanned form of the

expression of the projections of external forces and torque/moments,

>

entering the right sides of the equations.
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FPig. i'.3. Dependence cf upper boundary of flights of VKS on speed.

Key: (1) . km/s.
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Oon flight vehicle act the following erxtern:z. forces:

- mass external forces, caused by the attraction of the Earth,

sun and moon;

P T R LI T LI IR T I Y .
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aerodynamic forces (in flight in the sufficiently dense layers

of the atmosphere);
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- thrust of engine (in its work).
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buring the detailed analysis of the dynamics of flight of VKS

=
s
K

(for example, during navigational calculaticns) in resolving

di fferential equations cf motion it is necessary to consider all
external forces, which act on flight vehicle. Hcowever, in the period

of preliminary design of VKS (when selecting ci the diagram and basic

'y

S A ahaett
% b s S S 1

parameters) it is possiktle tc introduce the row/series of the

3
43
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o
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assumptions which will make it possible to considerably simplify the

IR L

system of equations of motion. For example, if we do not examine the

interplaiietary flight cf venicle, then it is possible to be

el et 8

restricted to the account only of the mass attracting force of the
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balance and for the comfpensation for the randcm moments of roll and
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yavw in the process of injection into orbit. In this case are
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engine P they in general accept that directed along its axle/axis and
sloped toward the axlesaxis of aircraft (to wing chord) at angle WP

(Pig. 11.4).

At high velocities of fligat (see Pig. 11.2) it is necessary to

also consider centrifugal force A2,

' . o o T
.&3{ ,‘djg:‘l‘f] < s £ it ! S s
2N bnar S ) fe LA )

g

Besides the enumeratad forces, to flight vehicle will act

S
AR

Coriolis's force, caused by the diurnal rotaticn of the Earth. With

%

V~~3 km/s this force is approximately 0.02 G, while when V=V, it

Lkt

reaches ~100/0 of gravitational force. Coriolis's force depends on

.
AL ISR

the place of start and heading amd it must be considered during

;g navigational calculaticns. For the proximate analysis of moticn of ‘§
i VKS by Coriolis's forces, it is possible to disregard. Z
o k-
™~ ’2
"% besign/projecting the rorces, which act cn VKS, on the axle/axis f
|

. of the high-speed/velocity coordinate system and adding to the ’f
3

e

obtained equations of motion kinematic constraints

(communication/connecticn of change in altitude and flying range with
speed and flight path angle), we will obtain the necessary system of
differential equations, which makes it possible to determine the z

basic parameters of the trajectcry:
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dt G

GV2cos 8
Psin(e+ ) 4 ¥V 4 —r——r

KL ERETH) . _coso |22, (116)
dt G i
dH|dt=V sin6; (11.7)
dL|dt=V cos?, (11.8)

vhere a - angle of attack; 8 - fiight path angle to the local

horizon.
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Fig. 11.4. Forces, which act on VKS in flight in vertical plane.

Key: (1) . Axlesaxis of VKS. (2). Flight trajectory. (3). Local

horizon.

Page 194,

This system of equations can be solved by numerical integration
with use the computers (during diploma design it is possible to use

usual slide rule).

Por the definition of the parameters of trajectory of VKS at
return from space entire phase of flight can ke considered as
equilibrium gliding/planning, 1n this case, are valid following of

the assumption:

P=0; sind=~0=0; cosf-=1; G==const.
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Motion of VKS in the section of gliding/planning will be

described by equations (11.1) and (11.5). The latter will take the
fornm

i A—— (11.9)

—, (11.10)

G 5* dv
—X

He 1A

where Viua— a speed at the initial moment of gliding/planning (when

tnn=‘0)-

Solving together equations (11.1) and (11.10), ve will obtain

expression for determining the taime of the gliding/planning

I R + H (Vu.m - Vll) (Vx.lm - le) 1 1. 1 l
Kr 2V1K ln (Vu.ml - VlK) (Vx.lm + le) ’ ( )

L=

vhere K,=c,/c,—* hypersonic lift-draqg ratio of VKS:

Vik— orbital velocity;

Vina— speed at the end of gliding.

In order to pass frcm orbital flight to the conditions/mode of
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equilibrium gliding/planning, it is necessary to apply the retro

impulse, which ensures

/
AV, =30-T70 M/c.( )

Key: (1) m/s.

The speed in the beginning of gliding/planning will be equal to
Vamm=Vy~aAV,.

The conditions/mode of equilibrium gliding/planning begins at
height/altitude H=90-100 ka (see Fig. 11.3). For precomputations,
set/assuming R=6370 ka; V,,=7850 m/s; Vina=0, it is possible to
determine the complete time of gliding/planning by the approximate

dependence, obtained from (11.11),

o

fa=2300-K, c.l (11.12)
Key: (1) . s.

¥

LT 7 S

b

It must be noted that 75-80o/0 of time the gliding/planning

occurs at speed V>S5 km/s (Fig, 11.95).

Glide path always can be oroken in individual sections with
K.=const, then gliding distance can be found from (11.9), having
* preliminarily multiplied left and right side by V and after

expressing G from (11.1):

J_i‘ﬁ=__£[1_._£_], (11.13)

] - e T = 7,.—7_‘ —
. [ el ke i

[ e T O WS
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whence

K e (11.14)

Page 195.

Equations (11.11) and (11.14) make it possible to determine fux
and L;; in any trajectcry phase (i.e. for any values Vuna and Vima)
For precomputations the gliding distance of VKS from the
torque/moment of orbit e€jection to touchdown can be determined from
the formula
Lyna=13800- K, Kku. (11.15)
Let us note that ~90o0/0 of entire time of gliding/planning (on

distance) occurs at speed V>5 km/s (FPig. 11.6).

The distance of lateral maneuver depends on value k!5  In
precomputations the complete distance of lateral maneuver can be
determined by the formula

L, 6o = 1400- K7 xm. (11.15")

-~ : ! spe e ¥ 4
45T G T e e s o T I TN

3

st

Task regarding the flight trajectory of VKS in space coincides

&

with the task of the determination of the orbits of celestial bodies

T

X
.

s,

(Kepler's task). The mction of body is examined in solar coordinate

s
TR

system with pole in the center of the Earth. The equations of motion

of flight vehicle in pclar coordinate system can be obtained,
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design/projecting the external forces, which act on apparatus, to the
direction of radius-vector and tangent to the circumference,

described by radius-vector.
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Pig. 11.5. Dependence of the time of gliding/planning on speed and

hypersonic lift-drag ratio of VKS.
Key: (1). km/s,

Page 196.

In particular, equations or motion of VKS in space (in the absence of
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aerodynamic forces and thrust) uill take the form

Vs, LT (11.16)
dt +v’dt ’

dv, dx R? (]1.17)
dat

—_V = =gy —
Vs Y, o 2

vhere Vs— peripheral component of velocity;

Vi— radial component of speed;

“— angle of rotation of radius-vector (vectorial angle),

calculated off polar axis, certain initial constant/invariable in

space direction of radius-vector;

r - distance from VKS to the center of the Earth

(radius~vector) .

The theory of the motion of body under conditions of space under
the action of the forces of ¢gravitation is called of elliptical
theory. A great use at present elliptical theory finds during the
solution of such basic tasks of cosmonautics as the determination of
the orbits of artificial Eartn satellites, the orbits of

interplanetary flight vehicles, etc.
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Pig. 11.6. Dependence cf gliding distance on speed and hypersonic ,é

lift-drag ratio of VKS.

Key:

{)« kn/s.
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Page 197.

This theory determines the flight trajectories of VKS in space. So,

the equation of orbit in polar coordinates can te obtained, sclving

the system of differential equations (11.16) and (11.17):

_ p__.
=TT o (11.18)

wvhere p ~ a focal orbital parameter;
e - orbital eccentricity;

%— initial value of angle *

During motion in terrestrial gravitational field when the focus
of orbit is arrange/located in the center of the Earth, value of the

focal parameter and eccentricity will be equal to

Vgr",cosﬂo . (11 19)
P=""fm; ’
e : _2V§ro cos2y  Virgcos2by . (11.20)
My M3

Substituting these values in (11.18), we will obtain the final

equation of orbit of VKS (artificial Earth satellite)

:,i.;.:ﬁ
7
=

Sdididuintts i AN S Dbt A s

- = — ——

o AR NG - - - < -
PRI I o e . ~ -
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Viracos28y
M (11.21)

r= !

oV2rocos28, Virdcos20,
1+1/1— o2 + oo 7 cos (x— %)
My M3

where ro=R+H - initial distance from the center of the Earth;

Vo - the initial velocity in orbit (at height/altitude H from

the surface of the Barth);

6, - flight path angle to tiae local horizon at initial pecint;

fM; - constant of the gravitational field of the Earth;

f - gravitational coastant;

Mis— mass of the Earth.

According to the law of universal gravitation, the weight of any

body at height/altitude H from the surface of the Earth is equal to

Msm [y
= f —= 11.22
=71 (R+Hy’ (11:2)

wvhere m - a mass of body.
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The constant of gravitational field, therefore, will bhe equal to
fM3=g‘0R2.

It is known that the fcrm of the curve of the seccnd order is caused
by the value of its eccentricity. With e=0 equation (11.18) is the
equation of circumference, when a<1 - equation of ellipse, when e=1 -

equation of parabola and finally when e>1 - egquation of hypertola.

One of injection condition in orbit of VKS will be equality
85=0; therefore it is pcssibla tc consider that the orbit

eccentricity is determined by the speed and height/altitude in the

*

initial point of the orbit

e=e(Vy M)

Page 198.

Let us find the necessary initial velocity for motion along circular

orbit. This speed is called of circular, or firstly space (V).

For case e=0 from (11.20) ue will obtain

a2
Vo=V = 1/ R”LRH (11.23)

Circular orbit is the special case. For its realization are

necessary specified conditions (Vo=Vix and 0,=0). Purthermore, as a

i Lace eakins s s

B Y S s S
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result of the disturbance/pertucrnations, called mainly by the

distort orbit shape. Therefore strictly circular orbit can be

3

i

‘ fiattening of the form of the Earth, appear the deviations, which

] obtained only in equatorial plane. However, during the determination
3

of the parameters of VKS the form of the Parth can be considered

sphere and orbital velocity determined from fcecraula (11.23).

For <xample, for height/altitude B=100 k» the numerical value of

orbital velocity (at ¢=9(09)

V,..=T7,85 km™/c.

At the values of eccentricity

e
i B,

3 0<e<L

e equation (11.18) is the equation of ellipse. Ellipse, as is known,
besides eccentricity and focal parameter, is characterized still by

i the large (a) and low {k)} semi-axis

=t b=aV1—e
1—e2

Equation (11.19) and (11.20) they make it possible to find the
major axis of the elliptic orpit
% = —— R+ H

VEQR+H)
— Pt
2goR?

(11.24)
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During motion along elliptic orbit, flight altitude will
continuously vary from sinimum H (perigee) to the the maximum H+AH

(apogee) .

Prom expression (11.24) it is evident that when V,=V,x the
transverse will be equal to 2a=2(R+H), i.e., orbit is converted into

circumference.
At the speed, equal parabolic, or secondly space (Vu), the flight
trajectory becomes parabola. Flight vehicle, which developed flight

speed V=V, to the earth does nct return.

BEscape velocity is determined as follows:

Vo /] 28R 11.25
Va=V2Vy =)/ E0. (11.25)
For the height/altitude of 100 knm Va= 111 kn/s.

Figures 11.7 show the possible orbits of space vehicle.

The time of one revclution of VKS around the Earth with circular

orbit at heighty/altitude H is equal

(R+H) ___ 2 (R4 H)s. (11.26)

Lrpyr ==
Kpyr Vi Vg0R2

Page 199.
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For elliptic orbits the orbital period is determined
analogously, but instead of (R+H) into expressicn (11.26) it is
necessary to substitute the value of the large semi-axis of the

ellipse

PR— (11.27)
Vaor?

After output/yield into space, can arise the need in certain
change in the orbital rarameters. To change the parameters of orbit
(i.e. to pass from circular orbit to elliptical and back, or to
change the angle of the orbit inclination) is possible, changing

value and direction of fligyht speed.

If it is required, for example, to increase flight altitude by
value AH, then it is necessary to impart to flight vehicle

supplementary speed AVu, equal to

v,y BEHE _ 11.28
W, =vy()) RELE ). (1.2

Oorbit will be elliptical and flight speed will be changed from
Vmax at height/altitude H (perigee of orbit) to v,, at

height/altitude H+AH (apogee of orbit).

During the motion of body along orbit a change in the kinetic

M e e I e o P T T N T R L LTS s ST L e e e
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energdy in the equal to a change potential energy

d[—"'21’--.mg(le+h)]=o,

where h - height of the point of the orbit, the flight speed in which

is equal to V. Since the mass of £light vehicle remains constant,

s pem o ¥ an s it s

then
V2 &oR? _ const. (11.29)

— —

2 R4k
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Fig. 11.7. The diagram of the removal of flight vehicle in equatorial

s 4
=
g

orbit (#=0) during the maximum use of diurnal rotation of the Earth:

.

2

P - perigee of orbit; A - apogee of orbit; P* - perigee of new orbit

{vhen vi<yy and at sufficientliy large value cf H).

Keys (1). m/s.

ot b e
TR LA SR

Page 200.

),

L

iy

e

This expression, called the integral of energy, shows that the

flight speed will depend only on trajectory height at the particular

point.
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From equation (11.2Y) we will obtain the. apogeal velocity of

orbit (at heightsaltitude H+aH)

2 20H goR? (11.30)
len:u‘/Vmax R+ H) R+H + AH) ’

where V,,,,- the speed in the perigee of orbit.

The speed in the fperigee of orbit (i.e. new speed at

e By Lo b MY AR e, i N D L
0 B Sk S el LI 2
B AT " PR

heights/altitude H), will be, ooviously, is equal to Vmax=Vo+AVa

g d_"" 'ﬁ*({ﬁﬁl"“ i

At height/altitude (H+AH) occurs inequality Vy,<Vi,

therefore, if it is required to increase flight altitude, after

Atk

4

preserving circular orbit, then tlight speed at heights/altitude

*y

5

At

(H+AH) must be increased to value V), at given height/altitude.

Ly
4 oy
Kl

The simplest maneuver with respect to a change in the angle of
orbit inclination to angls A¢, without changing flight altitude, can
be fulfilled by a change in the airection of flight speed in angle

A¢. For a similar maneuver to fliygnt vehicle it is necessary to

e it S n el ot o
A SR R e

E
It

impart supplementary speed AVy, directed at angle (90°+(A¢/2)) to the éi
%
plane of initial orbit (Fig. 11.8). The value cf the supplementary El
E

speed in this case will be equal to

Wirca

FI!

n\,‘,‘}‘r; A ‘fbi‘

AVy=V, _.-"i’l.i_?__ . (11.31)
COS‘—;’

e

S b TSI
L f i b B e i )

puring design of VKS a possible change in the speed for one or
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the other maneuver in space must be considered, since it requires the

supplementary consumpticn of fuel sometimes of very essential.
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Pig. 11.8. A change in the orbital plane with H=const: 1 - initial

orbit; 2 - unew orbit.

Aerodynamic heating.

The distinctive special feature/peculiarity of flight of VKS in
the atmosphere is flight at bhigh temperatures. The external scurces
of heating are: aerodynamic (kinetic) heating, solar radiation,
radiation of the Earth and its atmosphere. Furthermore, are other
sources, heat, placed within flight vehicle. The determining value
{external and internal)

for VKS will have aerodynamicC neating. Other

sources of heating can te disregarded.

Page 201,

The bulk of heat to sheatning/skin of apparatus is fed from
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boundary layer. The temperature of boundary-layer air is close to
temperature of stagnaticn. Considering air as perfect gas (with

T<2000 K) and taking into account heat exchange in boundary layer,

is possible to find temperature on the internal boundary/interface

the bcundary layer:
a) the laminar boundary layer 7, .=T7T,(1+40,17 M?),
b) turbulent boundary layer. 7Tan.=7,(140,18 M?),
Here T, —-the temperature orf air at height/altitude H.

Determination of tne temperature of skin heating. Under the
conditions when heat exchangye is determined by the combined action
convection, thermal conductivity and emissicn, the temperature of
sheathing/skin of flight vehicle can be determined from the equation

of the balance of the heat:

qn.c""‘]u:M:CTb' d::o ! (11.33)

vhere qm;-. heat transfer rate from boundary layer, i.e., the quantity
of heat, which enters the sheathing/skin the unit of area per unit

time in kcal/m?s;

9wn - heat transfer rate, emitted by sheathing/skin into
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surrounding space;

c - specific heat of skin material in kcal/kgfedeg;

the specific gravity/weight of skin material in kgf/m3;

-
[}

thickness of saeathing/skin m;

o
[}

t - time in s;

Tos— the temperature of the external surface of sheathing/skin in

deg K.

Equation (11.33) describes the unsteady ther®al process, by

which the temperature c¢f surface c¢f body changes in the course of

b

X

a6

|
i
T

time. The solution of this ncnlinear differential equation can be

"y ‘» g
P

i

"
S

obtained by the methods of numerical integration.

AR

X
Rk

At P kil i

2

The greatest temperature of sheathing/skin will be when
dTo6/dt=0. In this case cccurs tne steady heat exchange and the

equilibrium temperature of sneathing/skin which is

o

establish/installed during endurance flight under constaant/invariable

b
i

conditions. In this case, guc=Gma-

b gt iy

i
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[T T

| Emitted by sheathing/skin heat transfer rate is determined

according to the law of stefana - Boltzmann
; Guan =eaTgs, (11.34)
!
g where e— radiation coefficient, or emissivity factor of

! sheathing/skin;

0=1.3710711 kcal/m2sedey® - radiation ccefficient of blackbody.

% Coefficient ¢ estimates the radiating capacity of body
b J (sheathing/skin) in comparison with blackbody. It depends on material

of surface and its treatment, and also cn temperature. For the

<
‘i sheathing/skin of VKS, it 1s possible to accept £ 0%

4
!
e

Heat transfer rate, which enters the sheathing/skin from

T ety P
:a.{w'tz-lvi, g

boundary layer, in accordance with Newton's law, is determined as

e

) follows: %;

qn.c=a(Tn.c—Toﬂ)v (“35)

where a« - a local coefficient of convection heat transfer on

¥

boundary/interface air - sheathing/skin in kcal/medeq. f}’%
Considering equalities fws and 9Jnce we will obtain the ’;%
equation, which makes it possible to determine the temperature of ?

>
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sheathing/skin during the steady heat exchange,

esT'os + T og—aT, =0 (11.36)

Page 202,

The coefficient of convection heat transfer a has different
values for a plate and for tae critical roint of spherical body. The

approximation of the coefficient of heat transfer for a plate takes
the form:

a=0,5gpVc,c,Prh, (11.37)

vhere ¢, — heat capacity of the air at a constant pressure in

kcal/kgedeq;

¢, — the coefficient of air friction against the surface of
sheathing/skin, depending on Reynolds number and structure of

boundary layer;:

Pr=pc?g/x - Prandtl number;

u - coefficient of the ductality/toughness/viscosity of air in

kges/m?;

A - coefficient of thermal conductivity c¢f air in kcal/mesedeg.
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The physical constants c¢f the aircr) Me A, which depend on

temperature, must be taken for the so-called determining temperature

To=Tu+0L2(Tsc—Tp). (11.38)

Prandtl number depends on the temperature cf air (table 11.1).
At large temperatures (Tox>1250K) Prandtl number can be considered

constant.

For the approximate @stimate of the temperature of

sheathing/skin the coefficient a can be detersined thus:

the laminar boundary layer

a=31,6gpVc,,(pVx[a)=0:5 Pr—o6% (11.39)

the turbulent boundary layer

a=0,184gpVc,(pV x[n) 2P0, (11.40)

where

x~—:0038 (11.41)

120)
1-+——)9M
( Ty

The given formulas are valid for determining the temperature of

the wing skin, tail assembly and cylindrical cf the part of the
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fuselage (housing).

iy

. R
HANLT

For the coefficient of convaction heat transfer near crit.c.l

.
i
L

P

point with laminar boundary layex, it is possible to accept the

et

follouing expression:
a=0,54 Pr-0sge, V gpuV/[r, (11.42)

vhere r - a radius of the nose section of the body:

=98t Y S S
p=2,82 STy (11.43)

Here p and fc the pressure of the flow before and after the normal

sheck of pressure. Relation p/p, is determined from of known to the

formula gas dynamics

5|
: ;

3

—p~=11,3

(1 +0,9M9>5 [2A30+03Mq_25 Tﬁ
Pe

1,167M2 — 0,167 M2

kg
BT

N

Using equation (11.36) and gyiven ahove formulas, it is possible
to calculate the equilibraiuwm temperature of the sheathing/skin of VKS

{and also any other aircraft) during aerodynamic heating.

- e pmw e S




DOC = 79052107 PAGE ¥

-I;ble 1ta 1o

T,,K | 500 750 | 1000 | 1250

Pr 0,69 | 0,665| 0,655} 0,65

Page 203.

Figures 11.9 give approximate values of equilibrium temperature
for the probable r=3ion of flignts of VKS (for small angles cf

attack).

The intensity of the aesrodynamic heating of surface
substantially decreases during an increase in the distance from
leading wing edge (from the leading edge/nose of fuselage) and during
an increase in the sweep angle orf wing (tail assembly). Figures 11.10
show isotherms on the surface of hypersonic aircraft in cruise at the
height/altitude of 34 ka with M=8. Should be focused attention on the
temperature distribution on lower intake plane (temperature
distribution on plane at perwmanent angle of attack and zero angle of

sWweepback) .
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Fig. 11.9. Equilibrium temperature of flat surface at a distance

x=1.5 m from leading edge (g:¢ ).

Key: (1) . km/s.

Fig. 11.10. Steady temperature in surface of aircraft (in °C) during

endurance flight (V=2400 m/s H=34 km) «
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§2. Selection of the diagram of the aerospace aircraft.
1f we by payload understand the weight of the apparatus, %
. . s . Ex
concluded in orbit (without considering, naturally, the weight of the 2
structure of the lav./latter step/stage of accelerator, which will g
.;33
also reach orbital speed), tnen the most adequate/approaching 4
criterion for analysis and selection of diagram will be paylcad %

fraction

—_—

Gu.n= G:‘x.u/Gov

T S N
25 SRR R, o]

e

T

where Gn,— the weight cf the apraratus, concluded in orbit;

A
&

3

¥

Gp ~ launching weight of system.

s Bl et
"}_“-ﬁ‘ &k g dEh e

T

Although this criterion is not exhausting (more

A

Rt

L it

common/general/total criteraon s the cost/value of systenm),
nevertheless it plays main role, since on §,, depends, other

conditions being equal, the cost/value of the delivery/procurement 1

o
rd

STt e Mo

kg of the payload in orkit.
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At the assigned/prescribed value of paylcad weight evaluation

criteria of diagram of VKS will be, obviously, the value of launching

veight of system.

Possible diagr ms cf tne aerospace aircraft. The most important
aircraft characteristics for the delivery/procurement of load in
orbit is the minimally necessary flight speed in orbit V,s (for
flight altitude H<500 on xm Vops=Vik). N strict guarantee of
assigned/prescribed flight speed not for one flight vehicle has this
important value as for space vehicles. For example, 3if aircraft was
design/projected for the flight speed V=3185 cf km/h (M=3), but in
actuality speed render/showed to 10/0 less, i.e., V=3153 km/h
(M=2.97), then this virtually in any way will not be reflected in the
effectiveness of this aircraft. For an orbital apparatus the error in
speed to 1o/0 (i.e. instead of 7.8 km/s to obtain 7.72 km/s)
indicates starting/launchinyg idle, since apparatus will not ke held
in orbit and it will cosplete landing, having fulfilled nct one turn
around the EBarth. Therefore the most important and necessary flight
condition on orbit is the achievement of corresponding to speed of
flight. This condition will to a considerable degree determine the

diagram and .ne basic parameters of orbital flight vehicles.

To find communication/connection of orbital speed with the basic

parameters of flight venicle is possible, analyzing the process of
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acceleration/dispersal and climb on leaving in orbit.

In the process of acceleration/dispersal and climb, flight

vehicle acquires the speed which in general can be written thus:

V=V,—aV,+V, . (11.44)

where V,~ the ideal velocity of apparatus, i.e., the speed which the
apparatus would obtain ir the absence of force cf gravity and

aerodynamic drag;

i

A, sty
fAcIe

AVz- total speed losses rfrom the action of gravitation and

aerodynamic drags;

4 Mg T ‘,
R IR e g

Ver - the starting speed of apparatus (for single-stage

apparatuses with start from the Earth, obviously V=0).

The ideal velocity of apparatus is determined from known formula

of K. E. Tsiolkovskiy

VH = Wel 1 mlnq/mxcll’

vhere W, the effective exhaust velocity; E

TRy

mgan the initial mass of apparatus;
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3 A
myon - the finite mass of apparatus (after burnout).
Expressing effective discnarye velocity through the specific

impulse (the specific thrust of engine), and the mass of the flight

vehicle through weight, we will obtain

G 9,81/, In ——=, (11.45)

H
Gyon — U

1
Vu=g0‘]r In 1

B e e Fas g vinbeie g

"
o

vhere J;- specific jet firing (on fuel/propellant);

et

¢

¢,=G0,/G,,,— the over-all payload ratio of fuel/propellant.

2
g VR it o e mdn

SR st
N wﬁw:., AT

b

k
A

Page 205.

et S 2 R bt

On value Ay, especially essential effect has the velocity of

ait S

start.

For the concrete/speciiics/actual diagram of flight vehicle on
leaving in orbit according to the specific trajectory value AV, can

be determined, integrating eguations of motion (11.5)-(11.7).

In the period of preliminary design this value can be accepted
approximately; with a sufficient degree of accuracy of its it is
possible to remove/take trom the curve/graph cf Fig. 11.71 which we

P
¥.:
:
%
k)
E
i
get as a result of the trajectory calculation of injection into orbit ~§
%
75
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with a heighty/altitude cof H=120-200 km; in this case vwere examined

different diagrams of flight vehicles with the actually possible

parameters.

Injection into orbit witn H>200 km can be broken into two

stages:

1) output/yield tc H~~150 kn;

2) maneuver on an increase in altitude of orbit by value AH [see

(11.28) 1.

A required quantity of fuel/propellant Gruor for injection into
orbit we will obtain, accepting in (ff.44) V=V, and deciding

together (11.44) and (11.45) relatively G,

In 1 = Vi +:AVn—Vcr
V—Gq or 9,81/¢ '

or

Gr.no1'= 1 — -_VW;— ’ (1146)
.___9_’%.”_1__

where 51.1107 = Gr.nor/Guau;

Guan- the initial weight of apparatus (when V=V.), for single-stage

Pl v b b it

N palio e
oif TN
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apparatuses Ver= and Gyye=G,.

Figures 11,12 depict the graphic interpretation of equation

(11.46) for several values of starting speed.

Possible values &, and Gx for contemporary aircraft and aircraft

of the nearest future are given in Fig.

11.13.
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Fig. 11.11, Effect of the speed of start on total speed losses fronm

the action of gravitaticn and aerodynamic drag (for orbits H=120-200

km) «
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Page 206.

For injection into orbit, flight vehicle with ZhRD when

Jo=250—450 § must have tne over-all payload ratio of

R A P e T B SO LT

A SolaRs ot

fuel/propellant §,:==098--087 when M. =0 (see Fig. 11.12).

If flight vehicle will start from hyperscnic carrier aircraft

(for example, when M,=6—12),then the necessary fuel reserve for

ok

injection into orbit decreases; however, also in this case it will be

iz

equal to Grnor=0,78—064 for J,=450 s (fuel/propellant H,+0,).

Al e sy g
ks s

.

Only start with Mg >18 gives the possibility of injection into

orbit (Grpor=<<0.45).
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Fig. 11.12. Dependence of tane ove
fuel/propellant, required for inj

from specific jet firing.
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Fig. 11.13. Change in over-all payload ratio of fuel/propellant and

construction of aircraft in dependence on operating temperature of

construction/design,

Key: (1) . suspension tanks. c¢2). Awplancs with [ige,p prefestant

rocret elypes.
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? Fig. 11.14. The possible diayrams of flight vehicles for the

SR e A SO R T D B M

f;*' delivery/procurement of the payload in orbit (as fuel for all engines

is utilized liquid hydrogen): 1 - space ship with ballistic entry

2 S bt B e

At e TSy

into the atmosphere; 2 - VKs.

Page 207,

Therefore it is possible to draw a conclusion relative to the

diagram of the apparatus: to suppiy the payload in orbit and to

‘nm[m%

)

complete return and landing to the earth at present (when Jy=4505S) can

i
i

Sy

0

W

only multistage flight venicles. Figures 11.14 show the possible
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diagrams of such flight vehicles.

BT N

Ly

diagram i is space vehicle with ballistic entry into

Dt

Payload in

e

the atmosphere; landing to the e€arth is conducted with the use of

parachutes. The apparatuses orf diagrams II, III and IV have identical
payload - the aerospace aircratt, which acccmrlishes planning/gliding

entry into the atmosphere ana horizontal landing to the earth.

Diagrams I and II are identical and are characterized by only
payload. These diagrams are based cn the principle of the maximum use

of the existing construction/designs of rockets. fhe high cost/value

of carrier rocket leads to the need for the searches of the repeated %
use of step/stages. Is most eapedient the rescue of first stage, %
since in this case from 75 to 80o/0 of weight of an entire structure fg
of carrier rocket it returns conversely. %
The best possibilities in the creation of the repeatedly ;%
utilized space systems gives the hypersonic carrier aircraft }%
g

(booster), piloted by crevw and which independently returns to the %

L
5l

W

VR B it st wiin it

place of start after the starting/launching of space vehicle (diagram
II1 and IV). Upon transfer frow pailistic ones to tne winged
aerospace systems of repeated application/use, the cost/value of the

delivery/procurament of tne payload in <Tbit considerably will be

lowered.
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! Diagram III ic one of the possible versions of the rescue of the

.
5

s

a3 i 40

P first booster stage wita Zh&D.
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Diagram IV is most promising. During use in the process of the

e
e

s

o]

acceleration/dispersal ot hagh specific impulse, VRD can he obtained
very large gain in useful load, conciud=d in orbit, in comparison
with the carriers, equipped with ZhRD. Carrier with VRD will be close

to aircraf* in diagram 2nd accomplishing of operations.,

The effectiveness of carrier with VRD is visible from Figqg.

11.15.

Certain representation of tne weight distribution of the

apparatuses of the examined diayrams gives Fig. 11.16.

It should be noted thatr diagram IV provides not only the
repeated use of the expensive first step/stage, it makes it possible
‘o substantially raise value Gu: For an orbital injection one and the
same of payload the launcning weight of the flight vehicle, designed
by diagram IV, will be two times less in comparison with the best
specimen/samples of the contempcrary carrier rockets:

(Z:nn=.0.19~0,12 Cdd a ?)‘ & > TV);
(l"."= 0;00—-0;06 C(k o J‘ vy A Y I) ,Z[:) B
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Fig. 11.15. The dependence of relative energy, to the communicated
payload on leaving in crkbit, and the relative fuel consumpticn on
speed for diagrams III and IV in Fig. 11.74 (as fuel for all engines
is utilized liquid hydrogen): a) carrier aircraft with VRD:; b) first
stage with ZhRD; c) the second step/stage with ZhBRD; d) the third

step/stage with ZhRD

'E: ~ Ly o6

Gpm GG,

Keys (1) . km/s.

Page 208.

During the use of nuclear rocket engines (YaRD) whose specific

impulse will considerakly exceed specific impulse ZhRD, diagram IV
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| will change toward the decrease ot a quantity of step/stages.

So, when J;=1000 g VKS with YaRD, starting from carrier
aircraft, will leave in orbit without supplementary accelerators. When
J.~2000 s drops off the necessity aiso for carrier aircraft, since VKS
according to equation (11.46) can independently (starting from the

Barth) emerge in orbit,

T,

i o

! puring wide use YaRD with specific impulse ~2000 s the era of

ERae N

rockets as flight vehicles for the conclusionyderivation of payload

in orbit, apparently, it will end, since the key advantage of rocket

,.
Ao

step/stages - a high lcad ratio on fuel/progellant - it will lose its

) b e v bt
St Lot i B0 ki

value, since required fuel loaa tor injecticn into orbit when J,>2000

.
AP PRI

s will be Grnor<04 (see Fig. 11.12).

?
3 -

The diagram of the aserospace aircraft must provide:

- obtaining _he necessary value of lift-drag ratio in hypersonic

and subsonic flight conditious;

U Ao S R A it ookt et At ol e e s B s

- light thermal lcads upon eantry into the atmosphere.

B
o

St rblic oy

PEAFR

Apparatus with K,=0 is exparience/tested upon entry into the

1o by

atmosphere g-force from 8 to 10. An increase in the lifi-drag ratio
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in all to 0.5 makes it fpossible to decrease the g-force in an entire

line of descent to two.

Investigations showed that in the majority of the cases the

Aty £ AR

hypersonic lift-drag ratio VKS can be restricted by value

K,=1-2.
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Fig. 11.16. The diagram of the weight distribution of flight vehicles
for the delivery/procurement oi tne payload in orbit (with start from

the Barth), in diagrams all i1, Il, IV engines work on liquid

hydrogen, in diagrams la, Lla, IVa, all engines work on kerosene.

Key: (1). Diagram. (2). Payload. (3). Payload of construction. (4).

Payload. (5). Useful load. (b). KFuel/propellant. (7). Third
(3. Constyuctee ﬂ/dcl sCqgr

step/stage of apparatus. (8). Second step/stage of apparatus.4]10).

Construction/design. (11). Construction/design. (12). Power plant.

{13). First stage of apparatus.
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| Pigures 11,17 show a changye of the physical characteristics VKS

in dependence on value Kr A gain i1n weight of apparatus during an

increase in the hypersonic Lift-drag ratio is connected with an

increase in the relaticn to surtace area toward working volume, with

an increase in the duration or tlight, which leads to large

common/general/total thermal loause.

Acceptable landing data VKS are provi.d with the value of

subsonic lift-drag ratioc not less than four.

;k\f" ‘ﬁg;‘\ ﬂ"‘*‘;‘{ ,"5,:134

At present are conducted the widespread investigations of the

£ RO gi;g,;‘.g; )

aerodynamic shapes of the mansuvering aerospace apparatuses of

A
repeated application/use, an this case, special attention is given to %%
E
the apparatuses with lifting body. The major advantage of such j§

&

apparatuses (.n comparison with winged ones) is the less comgplicated

) T,

.
S

o

oy
LI

resolution of the problem or the thermal insulation of

s

1
.5

o>

construction/design. For an aimprovement in the subsonic and landing

¥
5

data VKS with lifting body, 1t is proposed to utilize a special wing

RUSE L

with the subsonic airfcil/profiie (with #>1 wing is removed).

DR

A %A.

The evolution of diayram VKS is shown in Fig. 11.18.

S S G

T T T, ¥

%
e

¥

Mwwwmmm» - e e Te« P - — -
Acalen o e 2 W e e b

S S




>

e il s e s 4

DOC = 79052108

-

N G

PAGE 1,4’5 7}

b I
1.¢a499¢ZZﬂﬂ2Zﬂ%zr'

()
e Dxnaxdenue uamyvenue
Lr_i) [ yvesuen |

NAKIEHUE Yno-
| coM maccsr

Jenomozamen,

cmia

€ L
flpu nocadne
mpedywmea|  Botnonnawm nocadxy

ol ytm‘pplz-]‘ camocmonmensro

' 1 1

n 7 2

VKS.

independently.

Al

}

J

Kr.max

Key: (7). Radiation coolingy.

(Z)« Cooling by ablation.

&

Fig. 11.17. Effect of hypersonic lift-drag ratio on characteristics

(3) . During

landing are required auxiliary devices. (#). Is fulfilled landing

Fc} . 11,18, The evolution of diayram VKS: 1 - blunted semicone with

T the aperture angle of 609; ¢ - rlunted semicone with the aperture
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angle of 30°; 3 - semicone with the endplates; 4 - VKS with lifting
body (lower surface oval); 5 - winged VKS; 6 - VKS with lifting body

(lower surface flat/plaans)

; ;

Cxema) M>10 M<1 Cxema] M> 10 I M<t
1 | K =05 | K~038 l 4 |k =13 [ K~d
2 | K =12 [ K~2 5 |k, ~2 Kw~$
8 | K =12 [ K~4 ‘ 6 (K. ~2 |K~8

Keys: (1). Diagran.

Page 210.

§ 3. Determination of the basic parameters of the aerospace flight

vehicle.

’ 4
X
&
i
]

3

%

Y

Let us examine the Lbasic parameters for ranoramic sketches.

-'h"a ;‘-_{‘ -

S5 e 0 o e B i A2 B A e SV 5

b

Let us consider that thne optimum parameters correspond (Gun) max

in acceleration/dispersal to V.

Figures 11.19 show the project VKS, designed for 10-12 people.

Apparatus of multistage circuit.

b N SO A o NS A

The diagram of apparatus they will in general determine: carrier

aircraft {retained step/stage), accelerators (ncnrecoverable
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step/stages) and VKS {retained step/stage) (see Fig. 11.14, diagram

Iv).

Launching weight or apparatus is equal to

Go=Gon+-Gpt - - +Gymt Guics (11.47)
where G., - weight of carrier aircraft;

Gy - weight of the first accelerator;

Gym - weight of the & accelerator;

Gpke — weight VKS; '
m - number of accelerators. _{

For determining the optimum values of the parameters of a %

L . : . . 3
similar £light vehicle, it 1s necessary to answer two questicns: =

1) what payload and to wndt speed (in these parameters) it is

SRR

capable to drive away carrier aircraft; ‘3) vhat part of this %
load it is capable of leaving on near earth orbit. In other words, it %
is necessary, providing the uwaximum of criterion Gunu=Gprc/Gs to find t%
minimum launching weight of system, if is assign/prescribed i%
.
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concrete/specific/actual weiyht VKS or, if has in mind
concrete/specific/actual carrcisr aircraft, to find maximally possible

weight VKS, capable of leaving in orbit with start from this carrier

aircraft.

Let us introduce following of concept and designation:

G, -~ weight of the i step/stage:

Gui - useful load, acceleratesdispersed with the i step/stage to
speed V=V ;+AV; and heigant/altitude H=Her;+AH;(Ver; arel Hep;—
respectively speed and heightsaltitude of the start of the i
step/stage; AV:. and AH, - supplementary speed and heightsaltitude,

acquired by load Gu: due to the tuel/propellant i step/stages);

G;; - fuel load of the i step/stage, required for the

acceleration/dispersal c¢f load witn a weight of Gu; (on value Ay, and

AHL);
I'e] Gy = (]
- 5 G . &
T Gl+(’ﬂl T G;

For carrier aircrait ler us have:

G.. cCHT y1+ e +0ym+GBK0;
G G‘r..c.n — G,_c_" .

LR R =
Geow -t Gy, e Gy '

—_—
— T.C,

Groy=——=Let
C.H
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Fig. 11.19. VKS of firm "Lockneed%", USA (figure).

Page 271,

For the first accelerator:

Gu. 1=Cp+ ...+ G, -+ Goke;

- _ G-r.yl . 5" = Gr..\'l
IRV R e ] Tyl ==
Tyl Gyl + Gy, y1 G.\'l
For w accelerator:
- Gr.}‘ m -t G'r.
G, ym=GBKc; Gr.ym='—"—_‘ H GT._\'m=JI— .
Gy m + Gpye Gy m

The supplementary speed, coumunicated by the i step/stage to the

accelerate/dispersed lcad, will se in general equal tc

AVI=VH = AVn i

where V,¢ - the ideal velocity, which communicates the i grade of

load Gui;

TS Dk B N R T R A S T . . i s e i e e vbrsaBty B it gpeeet o

TN RITRR Y

s B RN G s R S

"

3
3
b
<
5
%
s
&
)1
&=
-
£
%
%
27




DOC = 79052108 PAGE % 7’)

3

AVgi - speed losses from wie action of gravitation and aerodynamic

drag in acceleration phase from Ver; to Veris.

It is easy to show that

— Gi — G[
Gy =—2i =0 ,(1-—-—-, "
TG 4 Gy ' Gy +Gy !’

and consequently, according to eguation (11.46), will occur the

equality

From this equality let us find the weight of apparatus when V .,
at the moment of firing the engianes of the i step/stage (after the

isolation/evolution from i-1 of step/stage),

Since for each preceding/previous step/stage the
accelerate/dispersed lcaa 1s the sum of all subsequent step/stages,
then on the basis of dependence (11.48) launching weight of

nultistage flight vehicle will be equal to

n—1 G .
Go=( [ —————\ Gon (11.49)
=1 U=l av sV,

e PVn
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where n - a number of step/stayes of apparatus;

n—1
sign [] - indicates product {n-1) of terms;
i=1
n—1=m+1 - nuaber of the "wcrking" step/stages of the apparatus

(fuel/propellant of which 1s expend/consumed in the process of

acceleration/dispersal) ;

G,, — payload weight, concluded in orbit.

Page 212.

As was accepted, Gun=0Gpkc, the aerospace aircraft is the
last/latter step/stage of multistage orbital apparatus, moreaver the
fuel/propellant of this step/stage in the process of
acceleration/dispersal 1is not expend/consumed (speed V,, is reached
at the end of the work cf the m accelerator). If VKS in final
trajectory emerges in crbit due to its own fuel/propellant, then the

m accelerator will azcrlerates/disperse VKS to the speed

value AVyic is defined as

jo G R R SN N A R TR P i,
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AV gic=9,81 ke In — AV w.BKc, (11.50)
) 1 —aG, pyc
l iz AGr.BRC N .
wvhere ACnskc=—"—— - the over-all payload ratio of fuel/propellant
) BKC
=l VKS, expendable in process injection into orbit;

I
P

AWViupke=S(V}~ with V>6.5 ka/s &Vaskc=0.

At
LV

L0
o

0

. One should note that in thas diagram (rultistage apparatus) it
is conformable, since this increases the weight of structure VKS and

substantially is decreased its maneuverability in open space.

The solution of task for tae optimization cf the parameters of

flight vehicle in the minimum of value G, with to assigned magnitude

Goy s reduced to solution of system dGo/di,..,»=0 during known
limitations (here ( - parameter). A strict solution of this task is
very bulky, since the majority of variables, determining value Gg,, is
in turn, the functions c¢f unsnown parameters and characteristics of

the separate step/stages of flignt vehicle, fcr exaunple:

Avl‘ll=Avﬂl(Vcriv p[' Kh 0,‘, HI"‘);
JT.c.n=J7.c.u(H7 v, ﬁo' Cps T:,,...) and so forth.

This problem in skeich design it is better to solve by the

approximation method which consiaerably simplifies the solution in it
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D L N ke b

at the same time gives the necessary for sketch design

o et Lol A

a=scuracy/precision,

The essence of methcd consists in the fact that in equation
{11.49) the variables are record/fixed. Matter is facilitated by the
fact that some variables with sutricient accuracy/precision can be

determined on the basis of experiment in the design of identical

P B Gl BT Vb AT b N 2 A T PTER M T L D Bt DALY

flight vehicles, other variaples during deviaticn from optimum exert

L

insignificant error to the solution of task as a whole.

P RWRENH TR

o8 A A

For preliminary design i1t is possible to accept Gry=0,85—0,92

LR E TR Ty

(this value of load ratio on fuel/propellant they have the uprer
stages of modern carrier rockets); Jry=const {(for example, for the

fuel/propellant Ha+Oy Ury=450 5)!

’ VIK;Vc1y|
AVy1= o =AVym=—'—_m"—‘_' ’

T 3 Bl T P AT AL (1 S

wdulatods Hu

Vik—Ver.y, — 8Vake

or AVy=...=AVy = (if the part of the fuel/propellant
m

VKS is spent on acceleration/dispersal),

where ch_y' - a speed of the start of the first accelerator (i.e. the

speed which communicates carrier aircraft to the accelerate/dispersed

o RE S i o LN P
e e AR o e AP T

by it load).

28 SRR
PRCHEmAE TN

Increase AVuy=f(Vcrq) is taken either frem curve/graph in Fig.




DOC = 79052108 PAGE .)z{/,5 8’

11.11 or from the calculation of the optimum trajectory of injection

into orbit.

Page 213. :

A number of all step/stages of flight vehicle let us find, after

determining a number of accelerators, since n=m+2,

value Gnr will be, obviously, is greater, the greater percentage
it will compose paylocad weaight, concluded in corbit, from weight of
load, accelerate/dispersed with carrier aircraft (respectively
smaller percentage will compose the weight cf accelerators). From

this condition should ke determined value mn.

Criterion Gnsy can beé presented as

a-n.x =-‘6;mt( 1 "'-éc.u)'

vhere

Ge.y —_ Ge.u
Gew + Guocon Go

.

6;.u= Or.4/Cn. e (—7-c.n =

Value G,, it is easy to determine from equation (11.49), which

will take the form
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=
GT i T+ ’AV‘-{-AV" {
D.Sl.lﬂ

m
Gra=[]" : . (11.51)

t]

lwt Tl

Prom equation {11.51) it is possible to determine, what part of
the load, accelerates/dispersed with carrier aircraft, is capable of

leaving to near earth orkit.

varying by the speed of the start of the first accelerator and

by Mach number, it is possible to determine the appropriate values of

’
.

nu'

value G

In Fig. 11.20 shown graphical solution of equations (11.57).

Analyzing the obtained dependence, it is possible to draw the
coscluszons for the real values of the parameters of accelerators, an
increase i& . ‘mber m>2 virtually to an increase in criterion Gus does
not lead; :.zu~fore for a multistage orbital apparatus should be
accepted a nuaber of accelerators w=2 and a number of all

step/stages, therefore, n=4.

Equation (11.49), which is determining launching weight cf

multistage apparatus, in that case will take the form

s T

PN ST S Y "y a A -ty e

L e
-

it e
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=

O _— TJCoR
0 1
+aV, ™Y

G oy— 1+
e &V w8y en
9’8”1‘.4:."

a.

7.V

G, -1

— 1
G, — 1+

9,81/r.y,

GT
Y
n X

AVy 8V, .y,
9,875y,

G (11.52)

AV 8V g,

It is obvious, for each value V., there is optimum value Very,

which is determining the optiwum distributicn of the total weight of

accelerators (between the first and second accelerator). However, the

error in the determination of the maximum of criterion Gus, obtained

during the replacement cf optimum value Very, by the recommended value

V"‘Y! = V'-‘T'}'i + AV}’I =

¥i1ll be insignificant (Fige 11.41) .

Page 214.

Thus, solving assigned mission

method, it is possible to find with

optimum value G, and the row/series

A

Vie + Vcr._v,
‘)

by the proposed approximation
sufficient accuracy/precision the

of the iwmportant parameters of

orbital apparatus, withcut resorting to the determination of the

extremum of the function of many variables.

s

PR AP TP

s § NI AT Ay

=
2
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Determining optimum weight of the i step/stage from equation

(11.48)

6.
G,= L —1\Gu, (11.53)

— 1
G — —_——
T b+ AV1+AV"1
e 9,81/, ,;

let us find the weights of the separate step/stages of multistage

flight vehicle.

If is assign/prescribed payioad weight Ggxc ©f concluded in
orbit, and is required tc deterwine the minimum launching weight G,,
then the sequence of determining the weight of separate step/stages
must be similar: the weight of the second accelerator; the weight of

the first accelerator; tha weight of carrier aircraft.

From ¢:juation (11.52) we wilil obtain:

- weight of the second accelerator
Gy .
G, = : l —1 \Gskc; (i1.54)
G,, —1+

T.Ys AVy 44V, y,
9,81y,

- the weight of the first accelerator

G,,
G, = L ; ~1 Y(G,2+4Gskc); (11.55)

il

Gr.yl —1+

AVyl-*-AV

1n.y1
¢ 9'“"!41

W LB e A ey a kTR L £ B g, . armmai g b o g o R e R e R T ei% ohmdm L T A
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-~ weight of carrier aircraft

a‘
Gc.n = T.C.% l
oyl
T.C.H
L«:.'«"‘Avn.c.n

Q'BIJT.C.”

3 T VPt el el N

-1

(Gyi+ G+ Goke). (11.56)
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11.20 effect of a number of accelerators and velocity of start

from carrier aircraft tc value Gun (fuel/progellant H;+0, /.y =450 '

Pig. 11.21. Effect of speed of start of seccnd accelerator on value

Vik + Veryl
2

From equation (11.56) it is possible t¢ determine, what load and

to what speed it is capakle to drive away the carrier aircraft

L P ) G P kY R b8 AL BBt b S L
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e 1
Oren—1+ VetV o

G e 9,81/, o 4

G = Go = = ) (11.57)

T.C.H

In ord.z to solve systew ofi equations (11.52)-(11.57), it is
necessary to knovw value Gr and value Jr for of all working
step/stages. 1f for accelerators value Gry is determined only by the
perfection of construction/design and its possible value is actually
known (this load ratio on the fuel/propellant of upper stages of
contemporary multistage rockets), then for carrier aircraft value

5;¢m=(meKLJ‘ determine in the stagye of sketch design is considerably

more complicated. The necessary fuel load will depend (besides the
perfection of constructions/daesign) from the characteristics of power
plant, from the maximum speed of £light, from the parallax of orbit,

from the conditions of takeoff, etc. Therefcre the final value of

value Grcw can be establish/installed cnly as a resalt of working

design.

It is exactly the same also concerning sgecific impulses on
fuel/propellant. For pcuwer plant with ZhRD value J:=const,and its value
for different fuel/propeliants it is knovn. Fcr the power plant of
carrier aircraft with VEL, value Jrcn in the given equations is not

In this cas<

true specific impulse on fuel/prcpellant for VRD. o Jrecu~- required

conditional momentum/impulse/pulse VRD, i.e., this is the specific
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impulse of conditional ZhRD, whici, fulfillin, the same work, would
consume the same guantity of fuel/propellant (by weight), that also
VRD. The values of the required of true and ccnditional specific
impulses VRD do not coincide due to different value of the optimum
thrust-weight ratio of aircraft with VRD and ZhRD. The true sgecific

impulse VRD, defined as

3600
Jrgpa=—"»
ep

must be considerably mcre than value J;., in crder to compensate

large weight VRD.

In the period of the preliminary design cf value 5;m and Jrcn
it is possible to find, after determining the over-~all payload ratio
of fuel/propellant, required for accelerationy/dispersal and climb,

i.e., value GT.c.u= "r.c.nfGO'

With the sufficient for a preliminary design accuracy/precision

—G- _ (Hcr.,\‘l + Vsr.yl"zll) Cper ﬁOKCT ( 1 158)
T.CuH T 1300Vcr.yl 'f;o/\'“._ 1

where Acryi and Very - height/altitude and speed of the start cf the

first accelerator respectively in m and m/s;

Cpecr - specific fuel ccasumption by the engines of carrier

aircraft at the moment ¢f the start of the first accelerator in

RO 4

R G A R R AN L

e

P
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kg/kgesy
Page 216.

Fy;PdGo ~ starting (takeoff) thrust-weight ratio of flight

vehicle;

Ker - lift-drag ratio of apparatus (aircraft with the
accelerate/dispersed lcad) at the woment of the start of the first

accelerator.

For preliminary (cr Aiploma) design it is possible to use data

of Fig. 11.22.

Value fﬁ&, let us ifind, solving the equation of the weight

balance

Cromms ——Jren (11.59)
Ge.puyer + Gr.cn .

Genanycr .

where G, pyer= G

G;mﬁ& - weight of carrier aircraft without the
accelerate/dispersed lcad and without the fuel/propellant, spent to

acceleration/dispersal to Virg:.

a VR .
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Bl v Yl 4 AR B

L

For the heavy supersonic and hypersonic aircraft

G =0,3—0,4.

Gc.n.nycr

s b Bden s

|
o

The required conditional momentum/impulse/pulse VRD of carrier :

Htsondt ol it e

3§;craft it is easy to determine frcm equation (11.46), knowing value

T.C.8° o i
J-r,c,,|= AVe y+ A";n.c.n . (11.60) . E

9,81 In ————

l _a‘.c.l

After determining thus for all step/stages of the flight vehicle

i v ks et i b

of value,df and I, it is possible to solve equations

e s Wbl 4,

Figures 11.23 and 11.24 show the effect cf the velocity of the

- ———

) - G — " Gaue
start of the first accelerator on value G, cx= 2‘“ and G, —-féﬁl

0 G,

(for the recommended abcve rangye of the characteristics of carrier

aircraft and accelerators).
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Y
Her  Cp.ernrc/nrc-y
8 !— 4
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Kepgcun] N
4 2 / S§\ N\
\
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Coer ﬂ
2 + 7} 8odopad

(3 q

o z 4 6 ] 7 .M

Fig. 11.22. Dependence of values Ker and ¢cr cn Mach nuaber.
Key: (1). kg/kgeh. (2). kerosene. (3). hydrcgen.
Page 217.

Equations (11.52)-(11.57) for the diagram cf flight vehicle in
question make it possiktle to deteruwine the optimsus speed of
acceleration/dispersal witn tmne aiu of carrier aircraft (speed of the

start of the first accelerator):

for cryogenic fuel Mgn=8—I10;

h‘”‘r‘;c.u'i’()h

fer n fuel Mep=4—6.
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Payload weight. The most important factor during the design of
orbital flight vehicle is, obviocusly, the weight of the true payload,

concluded in orbit.

If we under payload VKS understand the weight of the cosmonauts
and transported cargo, then value @g.pkc=Gnunxc/GoBkc can be determined,

using the equation of the weight balance

Go.x Brc=1=(G5KC nyer + G Bic),

where Gpkcnyer=0skcnyer/GoBkc - the over-all payload ratio of empty VKS

{(vithout load and fuel/propellant);

Gr okc=0:xc/Gysxc- the over-all payload ratio of full of reserve

fuel/propellant VKS;

Gosxc = Weight of completely filled/charged VKS.

On M“value {Gumekc essential effect exerts requirement for
maneuverability in orbit (necessary fuel reserve for a maneuver) and
requirement for maneuverability in the atmosphere at the hypersonic
speeds (since on the valua of hypersonic lift-drag ratio K. depends

the weight of structure VKS).
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During design VKS (in the first approximation,) it is possible
to bear in mind followinyg of the value of the weight characteristics

{see Table 11.2).

In Fig. 11.25 is shown value Gumskc depending on the hypersonic

l1ift-drag ratio of apparatus.

Fuel load. Gross weiyht of the fuel/propellant of separate (the

i-th) step/stage will te in general defined as the sunm

Grs =Grp+ Gr.u + Gr.. +01-.n.:n

vhere G;,=G,; - the fuel load, reguired for the

acceleration/dispersal ¢f load G,; (to value AV: and AHY);
G, = fuel load, required for maneuver accomplishment;
Grs = fuel load for a return to base;

Grus - navigational fuel reserve.
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Fig. 11.23. Dependence of the over-all paylcad ratio of the load,
accelerate/dispersed with carrier aircraft with VRD, from the speed
of the acceleration/disgersal: a) engines wcrk on hydrogen; b)

engines work on kerosene.

Pige. 11.24. Dependence cf payload fraction, ccncluded in orbit, from
speed of start of first accelerator: a) engines of all step/stages
vork on hydrogen; b) engines of carrier aircraft work on kerosene,

booster engines - on hydrogen.

Page 218.

Let us examine components fuil of reserve fuel/propellants for

the separate step/stages of muitistage orbital apparatus.
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Knowing launching weights of separate step/stages and value Gr s
let us find fuel load, zequired for the acceleration/dispersal of the

load Gu:

GT""=5; IGI'

Virtually entire fuel/propellant of accelerators will be
expend/consumed on an increase in the energy cf the accelerated load;

therefore for accelaratcrs as one-time stage Gru+ Gro+t Gpyo=0.

The fuel/propellant, required to carrier aircraft with VRD for
maneuver accomplishment after the startings/launching c¢f load and for
a return on airport of departure in the first approximation, it is

equal (fuel/propellant - hydrogen)

—

Gr.u + G‘r.n + Or.u.a = (0’02 - 0’03) G;:.u:

If in the process c¢f injectiom into orbit fuel/propellant VKS is
not expend/consumed, then gross weight of fuel/propellant VKS will be

equal to

s

Gr.okc =01+ s 3+ Cr s

The fuel load, required zior executicn of maneuver in space,
depends substantially oan the means of the maneuver which in turn, is
determined by value AV, = by a change in the velocity vector. The

relationship/ratio between value AV, and required fuel load can be

gy ek o b e - s, - Lo A P, s B Sod o pi,
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oty b e
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obtained from equation (11.45):

. - -

GT.M=GBKC l— ! \. (11.61)

AVM
’ e‘hﬂllr.nkc )

Here @Gpxc - initial weight of apparatus in orbit (before the

maneuver) ;

Jiskc - specific jet firing VKS, with the aid of which is

fulfilled the maneuver.
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Table 11.2. Weight characteristics VKS.

/
OrHocuTeabstit Bec K.=1,0 I K,=23

&)

Koucrpykuust (¢ tenno-] 0,520,371 0,55—0,41
© u3onauned), obopynona-
nie, cHeTemsl

Jlmu'menbuai/ ycra- 0,015--0,93
HOBK 3

Wacen & (5 0,02—0,035

Yupasaenue '™~ (asponn- 0,015~0,02
HAMHIECKOE) l

Ynpasaenne /(raao- 0,01—0,015
cTpyiinoe)

Tonauso (7 0,30—-0,35

Toaeanas narpyaxa(") 0,12—0, 18| 0,09—0,14
(KOCMOHABTHL H T'PY3H)

Key: (1). Over-all paylcad ratio. (2) . Construction/design (with
thermal insulation), equipment, system. (3). Engine plant. {(4) .
Chassis/landing gear. (5). Coatroi (aerodynamic). (6). Control

(gas-jet). (7). Fuel/propellant. (8) . Payload (cosmonauts and loads).

”$g§§§§§§§h\
i
B

b

5
0 05 10 15 20 25 30K
Fig. 11.25. Dependence of payload fraction VKS on hypersonic

lift~drag ratio.
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The representation of the numerical value of value AV, and
corresponding value G.. gives Table 11.3, in shich are shown the
expenditures of fuel/prcpeliant (when J,pxc=450 ) for an increase in

altitude AH or on a change in the angle of the slope A¢ of orbit.

Fuel/propellant for a return will be composed of three parts:

Gr.n= T.CX + Gr.cuﬁ + G-r.noc’

where G;x - a fuel lcad for an orbit ejecticn (for the creation of

retro impulse);

Greras - fuel/prcpellant for stabilization (and control) in

the initial stage of gliding/planning;

Grnoe = fuel/propellant for landing on assigned/prescribed

airfield.

Value G,,, 1is determined oy equation (11.61), it is necessary

to have ‘AV,=AV,=30—70 -n/s (see § 2).

In the period of preliminary design VKS, it is possible to

accept:
G, cras =(0,015 -0,025) Go nic;
G, 10c=(0,015—0,030) Gy sxc;
G, .4..=(0,010—0,015) Gy xc.
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Required thrust-weight ratio of multistage apparatus. The

starting thrust-weight ratio of multistage flight vehicle is defined

as the relation - m—
= Py Py

Py=— =,
0 Gc.n + G“,c_“ GO

vhere P, - total boost for launching of the engines of carrier

aircraft.

The optimum value of value P, must correspond to the maximum of

criterion Gus. Therefore selected the starting thrust-weight ratio of

multistage flight vehicle shouid be in such a way, as, other
conditions being equal, to obtain the maximum value of value:Gu.; and

this can be made, after ensuring for carrier aircraft the minimum of

sum (Great+ Gany).

since Grcn={(P) and’GmyEW(FQLthen expressing the indicated
values through the characteristics of aircraft and solving the

equation PR
G
H. C.H =0’

dp,
we will obtain the functional connection of optimum starting

thrust-weight ratio with the findamental characteristics cf the

carrier aircraft: i o

Vg‘r. 1
1 _{ -'/ (”cr.yl ‘*"_25" Cper

Py=—
1690Vc, )-17 1||KCT

: (11.62)

AR VRN R R N Y TETel T

21 iy
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where Ko and Cper -~ see (11.58) and Fig. 11.223

Y= - the weight per horsepower of the pcwer plant of carrier

aircraft.
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{able 11.3. The initial orpit: H=200 km; }@=Vn=nmim/s.
. AHBKM@‘) 10 | 100 | 300 A 1 7 15
’ AV, =AV,Buc | 10 | 8 | 200| AV, =aV_ 5 uc|140 |950 |2050
Gy WlGpke 0,002/ 0,021 0,05| G, ,/Gpkc 0,03} 0,19}0,38

Key: (1). in kme (2). in m/se

[

aBe g

e . b

Page 220.

The starting thrust-weight ratio of accelerators and VKS will be -

defined as the relation

5 Pu Py
’ G}'l + Gu. yl1 Gu. C.H
P = Py2 by Povc = Pyke
Ve - v - 1 all —
. Gya + Ou. y2 (’u.yl GBI\'C '

where p, - the boost for launching of the first accelerator;

Py» - the boost for launching of the seccnd accelerator;

Ppsc -~ boost for launching VKS.

If on accelerators and VKS are establish/installed ZhRD, then

thrust-veight ratio will not be limited by the weight of engine

plant, since the specific gravity/weight of ccntempcrary ZhRD is

N
h
R L T BT A LN e i o i g L e e gmg o ogde T aiEo L e =i s S NP P Ly e g ) B N, , e = e &3 ""£
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considerably lesser than the specific gravity/weight VRD

Jumken 0,05
" TaBPa ’

Therefore the thrusi-weight ratio of the accelerators (without
fearing overboost of engine plant) should be selected from the
condition of guaranteeing the acceptable g-force upon
acceleration/dispersal and the speed losses tc gravitation and
aerodynamic drag AV,y,, which, other conditions being equal, will
determine value Gun. Figure 11.26 show the effect of the starting

th;nst-weight ratio of the first accelerator cn value G,, (for
Mcr:yz =6).

In the period of preliwminary design, taking into account

possible g-limitations, it is pcssible tc ac. =-

Bkc=1,6—~2,0,

ol |

Pylzp}&z
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Pig. 11.26, Effect of the starting thrust-weight ratio of the first

accelerator on value G (Mcyy=6)
Rerospace aircraft with YaRD [38].

The aerospace aircraft with nuclear rocket engine (YaRD), as it
was shown above, can leave to Barth-circling crktit without the aid of
intermediate sten/stage~accelerators, and when Jrspa>2000 with and
without the aid of carrier aircraift. The over-all payload ratio of
fuel/propellant, required for anjection into crbit cf single-stage

VKS, is determined by equacion (11.46), which will take the form
1

« e G'r 1) S— 1 —— . (1 1'63)
G‘r.uor = - le"‘"vn
0 BKC FAapa

Here Gopkc - launching weight of VKS with YaRD (when (np# Ver=0);

AV,~ see Fig. 11.11 (when V¢=0).
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Effect J,sen on value Grmor i8 shown in Fig. 11.12 (when M. =0).

If we payload weight, concluded in orbit, consider the weight of
repeated flight vehicle when V,, then for single-stage VKS with YaRD
payload will be equal tc

Guw= Gerc=0Cu BKC =~ Qr.;or: ’

and value G,, is equal to

e Gakc 1 g
G, .= = . (11.64) -
"M Gopye VittVy
eg,ﬂllf.ﬂpn

Page 221.

If payload for single-stage VKS is understood just as for a
usual aircraft, then in that case payload will be determined by the
equation of weight balance, solviny which together with (11.63), it
is possible to find the cver-all paylcad ratic cf the true payload,
concluded in orbit; and, conseyuently, the weight of single-stage VKS
vith YaRD
G —=Gnn_ 1 —(aBKc.nyer+51.p!sepl)v (11.65) |

Gone .Zl_*f“_vz'_
eS,Sllf'ﬂpn

vheTe T, uepn=0,— Graor — the over-all paylcad ratio of standby

Q

fuel/propellant.

In the period of preliminary design VKS with YaRD the tentative
value of relative empty weaght (taking into account biological

protection) can be taken in limits Gpkcnyer=0,40—0,65.
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value Grpeses: will ke egual to

Gf uh G' = + Grna =6‘r.u+(—f~r.n’;" Grus
GO BRC

Fuel load for maneuver accouplishment in space is also

Gr.pe:epn =

determined by equation (11.61), and value §,, and 7., in the first
approximation, can be taken @;,+@rn.=0,03-0,06. If single-stage VKS has
combined engine plant (VBRD + YaBRD) and YaRD is included whem Ver#0,

then the over-all paylcad ratio of the true paylcad, concluded in

orbit, analogous ( - 11.659) #ill be determined then:
rz Gn.n __‘_ l_G'r.BPII . 1 P :
ou.u - OBKC = ,‘+AV ~Ver - (C a5 Gr.pe:e;\n)- ( 1 166)

Here Grpen=—2% - over-all payload ratio of fuel/pmpellant VRD,

required fotozxt;:tput/yiela to heigntsaltitude and speed at which it is
included by YaRD. Value {.;prn is determined from equation (11.58), in
vhich the torque/moment of the start of the first accelerator is the

torque/moment of connection/inclusion YaRD;

AVy - corresponds to value Ver (see Fig. 11.11)

E Gm(c nycr -+ Gany.001

where ’é],.,,,,,pn;G,,.,._,,Png'o;,,;m'z13,“_p0,,m[coefficient 1.3 considers the
veight of air intakes, air ducts, etc.]). Starting thrust-weight ratio

Posra=Posra/Gorxc 15 determined by eguation (11.62).

Finally, if VKS has YaRD with J, apn<2000 S and for injection

A
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g into orbit, is required the carrier aircraft, which

accelerate/disperses VKS to necessary value V., then this flight

vehicle can be considered as multistage with m=0, Due to its own

it

s s v e T e s 2 € 3 S e ek s

fueL/grgpqllant VKS, it must increase speed by value
AVpge=Vix — Ver.

Ltem e N5

Page 222.

TR PRI

Gross weight of fuel/propellant of VKS in this case will be equal to

T e G

G;m&==0;w;+0twid}fpoé;m where G,,» - the fuel load, required for

LG o b AL

output/yield VKS in orbit after start from carrier aircraft [see

(11.46) J« All parameters of two-stage flight vehicle are determined

.
Lo b st

TR W)

by the given above dependences.

2
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Special feature/peculiarities of the selection of geometric E
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parameters VKS.

On geometry VKS, is had simultaneous effect of requirements, E
presented to flight characteristics during hypersonic 3
imp¢S¢t/on /404/5? cheracteristies ef crafte The same regur e Ments 10 1he

J
gliding/planning, and the requirements‘ §nel analysss ite

expressed by the value cf the hypersonic and subsonic lift~drag ratio

iy e

(takeoff data have smaller value, since for the takeoff of the

Lty are s

aerospace flight vehicle to more expediently apply special rocket

dOl].Y) .
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Important effect on geowetry VKS will exert aerodynamic reentzy
heating. The solution cf task reyuires comprorises between gecmetry

at hypersonic and subsonic flight speeds. A change in the hypersonic

confiquration affects subsonic characteristics and vice versa. This

i interdependence and inccngrueance oif characteristics for hypersonic

5 and subsonic flight subtstantially complicates aerodynamic development
and requires often the application/use of the variable geometry.
Therefore large value in design VKS obtained the idea of the

"separation of hypersonic and subsonic conditions/modes". The

configuration of the apraratus, designed according to this principle
facilitates the problem of aerodynamic investigations and provides

” the achievement of subsonic fliyht characteristics, close to usual

ol
N

LIXT Y

aircraft ones,

IS

1
i
?“

As the example VKS witn the divided flight conditions can serve

A

o

the project of apparatus VL—-3A (Fig. 11.27).

; The given VKS has the advanced wings for the separation >f

hypersonic and subsonic conditions/modes. The hypersonic lift-drag

ratio of apparatus is equal to K;,=23, at subscnic speed with the

pushed forward wings K=d.
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1,95M

Fig. 11.27. Diagram VKS VL-3A.

Page 223.

After the completicn ot the hypersonic phase of
gliding/planning, the winygs partially are advanced for the attitude
control center of pressure in transonic region. At subsonic speed the
wings are advanced completely. Are advanced and are started two TRD,
vhich ensure aircraft landiny. There is a reserve of fuel (on 10 min
of flight with full thrust) fcr approach guidence, "pulling®™ and
attendance/departure to the seccnd circle. For crash landing and
splashdown, is applied the parachute, Landing sheck with parachute is

absor bed by the tail section of the apparatus which concerns the
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earth/ground of the first.

One of the most important yeometric parameters of flight
vehicles is the specific wing load or on lifting surface (for
apparatuses with lifting body). By lifting surface, is understood the
projected area of apparatus in plan/layout. Fcr VKS during hygersonic
flight, the specific lcad on lifting surface will depend on equation
(11.1), therefore, the value of this parameter, necessary for

equilibrium flight (gliding/planning) at given speed at given

height/altitude, it is fpcssible to determine from egquation (11.4)
1062, 0, \

P R 5= (V, ., % 460 cos g)*

Values ¢,(q) and K (u) are yiven in Fig. 11.28. For calculation of load

(11.67)

on the m2 of surface VKS one shculd accept Cw» appropriate Ky mox.

The task of the selection of the specific wing load, necessary
for obtaining of acceptable subsonic characteristics of VKS (mainly
landing), does not have vital differences from analogous task for a
usual aircraft. Pigure 11.29 givesan example of subsonic aerodynamic

characteristics VKS with lifting body.

On exterior form VKS, essential effect exerts aerodynanmic
heating. Heat transfer rate, which enters the sheathing/skin from
boundary layer, as is koncwn, it is proportional to the local

coefficient of convection heat transfer on boundary/interface an air-

i — e
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s L L

sheathing/skin [see equation (11.35)], which depends substantially on

the sweepback of the body (during an increase in the sweepback the
coefficient of heat transfer sharply decreases, Fig. 11.30).
Therefore all speakers into the flow of part VKS must have the large

sweepback (from these considerations the control surfaces, therefore,

must not be deflect/diverted to large angles). Sweep angle should be

accepted not less than 70-759,

2t . , \ - P R e
o it Py - B apper e B i, . k) m o iatoa s, e S i, 5o A ot Sebe kSt Pk X . L6 i
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Fig. 11.28. Hypersonic aerodynasic characteristics VKS with lifting
body in trim position ceater of gravity (apparatus VL-3A, V=6080 m/s;

H=60.8 km).

Fig. 11.29. Subsonic aerocdynamic characteristics of VKS with lifting

body (apparatus VL-3A;S.= 281 m2; Sp=97m2)3 —-=-= with wing; ---

without wing.

Page 224,

The coefficient of convection heat transfer near critical point
depends on a radius of the nose section of the body. Solving togetherE
the equation, which describes heat transfer by heat radiation, and :
the equation, vhich describes aerodynamic heating in critical point
on sphere, it is possible to obtain the approximate dependence, which
connacts a radius of fcrebody VKS with the parameters of the

hypersonic flight

. 0,00019-g [(V/1000)2 + 0,67 10s/1000]2
€2 (T, 5/ 1000)8

, (11.68)




where r - a radius of nose saction m;
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g - velocity head in the undisturbed flow in kgf/m2;
Vv - flight speed in m/s;
Tuwy - temperature of external surface in ©K;

e~ coefficient of the heat radiation of material of nose

section,

During the design of exterior form VKS, usually are examined two
systems of heat shielding from aerodynamic heating - ablation and
radiation. It considers tnat for apparatuses K;<l,3 advantage in
ratio by weight has the ablation system of heat shielding, whereas
for apparatuses with the higher value of hygersonic lift-drag ratio
is required more complicated radiation system. Deserves considerable
attention the combined heat shieiding, when ablation system is
utilized only for the protection ot lower surface VKS. The detachable
lower heat shield, covered with ablating material, shields well

construction/design VKS from high temperatures on lower surface.

As an example of the coabined system of heat shielding can serve-

the system of heat shielding VKS Vi-3A (Fig. 11.371 and 11.32).
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Fig. 11.30. Dependence of the coefficient of heat transfer in the

zone of leading edge or sweep anygle.
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Fig. 11.31., System of heat shielding apparatus LV-3A (ablatiom
coating ~ purple mixture NASA, density of 650 kg/m3; thermal

insulation - micro-quartz, density of 70 kq/ w3,

Key: (1). Maximum temperature in °C. (2). Thickness of thermal

insulation in cm. (3). Thickness of ablation coating in cm. (4).

Maximum temperatura in °C,
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Page 225.

The given in present chapter recommendations are not, of course,
the comprehensive material accozding to the design of the aerospace
aircraft. Nevertheless they allow in the pericd of the preliminary

design of apparatus to solve many important problenms.

For example, is required to design the multistage flight
vehicle, capable of delivering to the near earth orbit H~~150 km of
10 cosmonauts and 500 kg of load (Gumprc=1500 kg). The last/latter
step/stage of apparatus - VKS must increase orbit altitude to 500 km
and change orbit inclination by angle to 7°. With return, in the
process of hypersonic glidiny/planning, VKS must fly not less than
16500 km and accomplish lateral maneuver, reaching in this case
lateral distance L;e=4000 k@. Maximum equilibrium temperature on the
surface VKS, not shielded by ablation coating, must not exceed
1400°C, and the time of action of temperature t»1000°C must not
exceed 70 min. It ic required to determine the optimum values of the
basic parameters and flight chatacteristics VKS and multistage flight
vehicle as a whole. As fuel in the engines of all step/stages to

accept liquid hydrogen.
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Utilizing the given in this chapter formulas and graphic

dependences, we finds

a) the aerospace a;rcraf.t

Go ke =12 4(3) Gnn BKG—-O 125 Paxc===20 TC;

@)
: Gr. Bre==3520 Kl}C, Go. ke ~0,3; Sprc=>52 h12
" Peyxe=230 xrc/m? K,=2; V,, =7810 M/c
' AV ,=109,4 gc, AVe=954 m/C;

Key: (1). te (2). kg. (3). kgf/m2. (4). m/s.

b) the second accelerator

- (l) ) ‘ o ) .
G,=11,9 1¢; P ,(=4I T?; G, ,.=10,7 TCQ;
Ver.,2=5255 m/c; AV 2-—2555 M/C;

Key: (1. t. (2). m/s.

c) the first accelerator

o O]
G,,=29,2 'rc P 1—90 ¢ Gp,1=24,9 1¢;
Ver1=2700 Mlc, AV, =2555 M/C;

Key: (1). t. {(2). m/s.

d) the hyporsonlc carrisct axrcraft

G =717 'r, c,,-—P(,__76 'rc Gf.Co“—"338 1%
Cr.c=0,244; Gr.en=0411; J, ., =1422 c, Muaz———9,

Rey: (). t. (2). t. (3). s.
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58 so forth.

pozo,

(with m=1; Go=175 t);
1G,==0,0917

Ggy;

4
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e) the multistage flight vehicle
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Fig. 11.32, Construction/design VKS VL-3A.

Key: (1) . Detachable heat snield.
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