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ABSTRACT

Some applications of the relative weights of an ailrcraft and the
relative welght coefficients are investigated. The entire weight
(or mass) G, o an alrcraft 1is composed of the terms

Q. — g, + 0_5“ + @ + 0}«1'
The four G terms on the right-hand side of this equation denote,
respectively, the structural weight of the aircraft, the weight of all
power equipment, the weight of fuel, and the weight of the crew,
equipment, and payload. Dividing both sides of the total weight
cquation oy GC yilelds fou: relative welght coefficient terms whose
sum 1s unity,” These coefficlents are useful in determining, among
other factors, certain performance and economy characteristics of
crulsing speeds., The author concludes that the equation of relative
welghts 1is the bh§ic equation which establishes the relationships
between the flyiag characteristics of an alrcraft and its parameters,
Orlg.art, has; 1 formulas and 2 figures,
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tg
octg
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cosec
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ch
th
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arc sin
arc cos
arc tg
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arc th
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1g
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l.c’l
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oosh’1
tanh-1
coth-1
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curl
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ON THE EQUATION OF RELATIVE WEIGHTS OF AN AIRCRAFT
N. A. Fomin

The total welght (mass) of an aircraft 1s composed of several
parts with distinguishing features:

0:—0,+0q+0'+0m. (1)

where Gu’ ch, Gp, and Gegp are, respectively, the structural welght
of the aircraft, the weight of all power equipment, the weight of
fuel, and the welight of systems, equipment, crew, and payvload.

The Gy depends on a number of parameters of the aircraft and
its parts, mainly on wing loading p, wing aspect ratio A, coefficlent
of rated overlcad Tiys the weight of the aircraft, etc.

The ch depends on the weight of the engine, the value of thrust
of the alrcraft, the weight of tanks, etc.

The G, depends on specific fuel consumption, range of the alrcraft,
its crulsing speed, weight of the aircraft, etc.

The chp in general is not d!rectly connect2d with the parameters
and characteristics of the alrcraft or 1ts welght and 1s determined in
accordance with technical requirements, depending upon the type of

aircraft and its function.

FTD-MT-24-348-68 1
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If we divide both sides of (1) by Gc we will obtain the equality

o Lim Ty o Ty i By Feor s (2)

to which attention was turned for the first time by V. F. Bolkhovitdinov
[(1]; 1t is called the equation of relative weights of an aircraft, where

a - ) (1) - G
I--.-OL. hq--a"-. ;.--F'_-. Reoe = —2 are the relative weights of the
C 0 Ve ¢ . Ve a.

structure, propulsion system, fuel, equipment, crew, and loads. The
relative welght of the propulsion system can be presented as

icy-'l-.'f., (3)

where EO is the starting trust-to-weight ratio of an aircraft with a
turbojet engine and rg 1s the specific weight of propulsion system.

The relative weight of the fuel load kp can be expressed as
follows: for a given duration t' of flight of an aircraft with turbo-
Jet engine:

3q~!#ﬁb;ﬂﬁ' (4)

and for a given range Lmax of flight of aircraft with a turbojet engine

at Mxp = const and pr = var,

- y [ E
"-'R’c'o 'L..'wf" — o} U4y (5)
where 8 = 1,15-1.20 — a coefficient considering aeronautical margin,
R = 0.00145, 1if ET £ 0.3,
R =0.001, 1f 0.3 < ET < 0.5,
u = 0,0009 ng, if kp < 0.3 and M < 2.0,
u = 0,0009 Hgp + VEGp tyt", 1f 0.3 < ky < 0.5 and M > 2.0,
u = 0.0009 Hgp + 0.09, 1if 0.3 < kp < 0.5 and M < 2.0,
FTD-MT-24-348-68 2
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Yy — coefficient, considering the i:fluence of cpeed of flight on

specific fuel consumption,
£ — coefficient considering the influence of speed of flight on
engine thrust,
s -- relative alir density,
t' — time of flight (for Formula &),
t" — time of acceleration [takeoff run] (for Formulas 4 anrd 5),
CTO — specific fuel consumption,

_ g 2
ch drag coefficient at cy 0, DO = cxi/cy

— Mach number corresponding to crulsing speed,
— riean value of crulsing altltude.

Mip
Hyp

Using the equation of relative weights (2) and the given equalities
(3)-(5) it 1s possible to obtain expressions for "available" thrust-

to-weight ratio Eop (turbojet engine):

L—n, — &,

r.+:1-€C,.M' (6)

ap-

if duration of flight, is given, and

l--;l _i:or - ‘R*Cf.l‘muv ‘:.E; __i_ (1)
' r.'

Te I'.M.'

T”-

if range 1s given; they permit Jjudging about the character of the
infiuence of one or another parameter on the "available" thrust-to-
welght ratio of the aircraft. It 1s necessary to keep 1in mind tnat

use of the formula

is meaningful only for designed alrcraft; to find EO for projected
alrcraft in this way 1s impossible, since G, 1s a quantity dependent

of Pocy. Analysis of (6) and (7) permits judging about the qualitative
influence of different parameters on EOp'

FTD-MT-24-348-68 3
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Quantitatively this influence can be determined with help of the
formulas

c.-rll‘_':.'ﬂ. - (8)
- .
= o l +_.'¢y('o—l)'

-y ’ ’ .

: L
where o w —=—: ggom L, gm—1, o=-2; E' i1s a new value of Eo,
' ky Co Ly Y

obtalned 1if En is increased by AEn. If we increase thrust-to-weight
ratio EO’ installing on the aircraft two engines instead of one, at

Loax = const, Gcar‘ = const and k} = GIEK:

-i-o 'l—_L;.ll-O-T') .

Ty
kv 4 rae
N

The formulas in (8) can easily be obtained from the equation of
relative weights:

Z+E+E+E-L

Ir E] is increased by Aﬁl, then Ez, E3, and k, will be changed and the
equation will take the form

B+ak + M+ ks +himl,

Then 7"—3.(1— AE') Ak, = -C-—A—‘r- - Ge ws Oy —;“-—

1-8 ';““'?ﬁﬁ:




' = P
Setting Pcy ey we will obtain

] Ak, . :
lo—l.(l_i__':“) f

or
-y T y al .
bo = {4 l_’r:";. (9)
For actual realization of an aircraft with a prescribed M number of |
horizontal flight to be posslble requires first of all equality of
"available" and "required" thrust-to-weight ratio. The latter can be !
expressed on the basis of the equalitles i

. , L i
{»Mnn-0.0148 lf -?l = ‘
and h

Ml' -0|012 VL‘.
) ‘s
§
vi
]
Thus,
i
- 460M2, ¢, b
..1.._-——(’ —, 1if Mmax is given,
or (10) i
—  060M2Le, .
. a——lit f is gilven.
“.f' v " i Mup given
Equating éOp and tgp, we have
1=k, — &, 4850 M3, ¢x
retoVBC, ¢ . tp (11)

Iw
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1=K —TFpe  IRVCy Loy VD 8 600MM e

() .. Ty “.' Ty P

(11')

From this we will obtain equations with respect to M which enabling us

to determine that value of Mmax or Mxp which is possibly and practically

realizable for an aircraft with the selected parameters:

zlo zﬂ't po C;.. C'u 'Qo Llﬂ or l"
4650 Mys C, (ry + SRACH 1) — Ep(1 — B — Ko ) = O, (12)

“WM:'Q.—M"‘}’(I—z.—z'—u)-i-SR%C‘,L...pVE:D;—O. (12' )
Any greater value of M can be found with decrease
Las, Zlo o, Crov Css [

Any smaller value of M will provide the possibility of iricreasing

Lassy Kese o ¢,

Solving the first equation (12), we will obtain for M at a given
duration t'

M ‘/ tp(1— &, — k,,
] 46500 ¢, (ry + 4K C,, w)
@)

Note. For determination of the value of Mmax it is possible to

use graphic procedure. Pursuing several values M, determine ¢, Cys




and ¢ and by '13) calculate Mmax' Construct a curve in coordinates
Maan and My.o (Fig. 1); Mmax can be found from its intersection with
a straight line drawn from the origin of the coordinates at an angle

of uUs°; Maan and M., must be taken in the same scale.

Moo
.
N o Fig. 1. Example of
S " < .7' graphic solution of
: ! equation (13).
? 7
|
|
i

The quantity MKp can be found also, using a graphic solution
(Fig. 2), taking the following functions for plotting of curves:

6950 Moycarg=¥,

and

Mug$p (1 —Fs = Fw — ) —
e tRYCo, btV T D=ty (14)

Fig. 2. Example of
9.8 — , graphical solution of
equation (14). 1In
//m points A, B, and C a

given value of Lmax

' ; . < = ‘ can be obtalned, other
T //:;7 o things being equal and

- s with corresponding values
2800 5 . of Myp and t,. Between

8 _ ' points A and B the given
A . value of Lmax and other

] (] ) things being equal cannot
be obtalned.

FTD-MT-24-343-68




The point of intersection of these curves on the graph in coordinates
M, 01, and 82 will determine the urknown value Mup'

From (13) and (14) it is easy to see that to each M, at constant
values of all parameters, there will cor:2spund its own E;, which can
be called the "necessary" specific weight of the structure of the
aircraft. Using (11) and (11'), 1t can be expressed:

2 .
mes ¥s

i — 4650M (}
.l.-'l—k“'- T . (r.+MC"‘I) (15)

or

- - 6950 ]
t..- l’—-“"_ A:.;t".f. — ‘R*c" l;,"v CI.D. . (16)
up

The "available specific weight of the structure Rxp 1s the welght
which can be obtained at given strength of the structure and selected
parameters of wing, fuselage, etc. It can be expressed by these
formulas:

for aircraft with sweptback wing,

T
- ! aC T
l.-(0.027wu‘:1-1/-;-+%)(1+P|NM+ fy) + 0,065, (17)

for aircraft with delta wing of small aspect ratlo,

‘i..-(o.owwu, i 1/-‘;+§f-) (1 4 B,Ae m + By) + 0,065. (18)

Here Gc — in m total weight (mass) of aircraft,
Bl = 0.07-0.09 — for supersonic aircraft,

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

81 = 0.08-0.115 — for transonic transyo>rt aircraft,

FTD-MT-24-348-68 8




m = 1 — for supersonic aircraft,

n=1,2-1.3 — for subsonic and transonic aircraft,
82 = 0.27 — for supersonic aircraft,
62 = 0.15 — for subsonic and transonic aircraft,

'-l,,-_-’-f‘%,-')- (@8R + Zi8skey) — coefficient of relief of wing,

n — wing taper,
€ — portion of fuel in wing,
EE - relative coordinate in fractions of
semispan of CG of fuel 1in wing,
E; - portion of welght of propulsion system
in wing,
EE — relative coordinate in fractions of

semispan of CG of power plant.

The major problem of designing reduc~d to ensuring the equality
of "avallable" Exp to "necessary" R“n'

On the basis of the material outlined above it can be concluded
that the equation of relative welights of an aircraft is the fundamental
equation with which the relationships between the flight characteristics
of' an aircraft and i1ts parameters are established.
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