-

View metadata, citation and similar papers at core.ac.uk brought to you byff CORE

provided by NASA Technical Reports Server

o

- TECHNICAL NOTES.
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.

e No. 80.

TEE DEAD WEIGHT OF THE AIRSHIP
- and
THE NUMBER OF PASSENGERS THAT CAN BE CARRIED.
By ~

Colonel Crocco.

. Extract fron .
the Transactions of the Aeronautical Experimental Institute
Rome, Italy, September, 1920,

January, 1922.


https://core.ac.uk/display/42805212?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

NATIONAL ADVISORY CQMMITTEE FOR AERONAUTICS.

TECHNI CAL HWOTE NO. 8O.

THE DEAD WEIGHT OF THE AIRSHIP

and

THE NUMBER OF PASSENGERS THAT CAN BE CARPIED.*

By

Colonel Crocco.

Formule for Obtaining Weight of Dead Load.

In order %o determine an approzximate formula gilving the
welght of +he dead load in function cf the volume V of the
envelope and of the maximum velocity v, we will take the rel-
ative weight of the various parts of the airships Pv, I, v,
A, T°%, adopting a mean value of the coefficients cetermined.

This formula may be adopted both for semi-rigid airships
with suspended nacelle and non-rigid envelope, with or without

internal suspensions, and to airships with rigid longiftudinal

* In 1913, comparing the effect of increase of dimensions in
airplanes and airships, I demonstrated in a lecture given at the
Congress of Civil Engineers, Rome ("The Catastrophe of the L.3
and the Future of Airships," Annals of the Society of Isalian
Engineers and Architects, No.5, March 1, 1914) that there was &
fairly approximete limit of gain for the airplane, and that
though such a 1limit was a little more extended for the airship

it nevertheless existed.

Some years later, zafter the War, in & publicabtion of the
British Air inistry, there appeared similar calculations showing
the advisability of increasing the cubature of alrships, without
setting any limit to such increase. Wishing therefore to find a

ik

complete and practical solutiom of the problem by means of strics

numerical calculations, we confided such caloulations to Signor
Primo Cellini, who from the very first, has made the corputa—,
tione for ocur airships. The result shows that there is an OPTI-
UM value of the tatio between the useful load and the total load
at about 370,000 cubic meters, and that practically the Increasse
of cubature bevord this limit arnd sven up to it, hardly compen—
satee for the greater commercial risk incurred by the concentra-
tlon of tormags.

Extract from the Transactions of the Aeronsutical Experimental
Institute, Rome, Italy, (September, 1920).
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veam, with power units cn external suprorte or in nacelles,
and with non-rigid envelopes, with or without internal bracing
cables.

Weipght of the envelope.~ The envelcpe consists of varicus paris

lgt. BRubber 6n the outer reinforced part (about 0.3CO kg
per square nmeter); its weight is proportionmal to the surface,
(Vz/a). -

2nd. Fabric ¢f the outer reinforced part; its veight is
proporticonal to the surface (VZ/S) and to the tension, which
(vl‘-/3 )

increases sccording to the nressure and the diameter

(V1”3 ), Therefore the weight of the fabric increases as

3rd. The inside portion of +the reinforced part (internal
bracing cables) prevorbional to the Volume V.

4th. The diaphragms and butts proportional to their number
n, and to the surface (V377).

5tk. Interior ballonet on beam, tubes, etc., proportiocnal
to the surface area (va/2),

¥.B. For all the envelopes enumerated below, the volume cI

the ballenet = 0.5 of tkhe envelope,



Rubber : Fabric
L . outer reinforced ©  outer reinforced
Airshnips® Volume part - part
: Weight :Coefficients: FWeight :Coefficients
cu.m. kg, ¢ 2 Kge o

A 113100 : 705 @ 1.34 V3’3 : 503 : 0.00280 V*/°
A+ 180G0 : 975 ¢ 1.41 V3®/3® : 1080 : 0.00328 V*/3

T2+ : 38000 : 1550 : 1.42 V2/® : 2700 : 0.00237 V3
Mean Coefficient 1 1.39 v2/3 : 0.00237 V*/3
Internal : Diaphragnms + : Inner Ballonet
] .+ . bracing : and. ! on beam, tubesg
Airehips: cables. T - Butts : : etec.

;Weightzcoeffici— ;Weight:Coefficients ;We;ght:
: : envs : : : :
kg. : o kg ¢ ke

A . 180 : 0.0132 V : 300 :0.114 n V3/3 . 800 :1.14 V3/F
A : 200 : 0.0181V : 830 :0.112 n V3/® . 770 :1.13 v3/°
T34 . 585 : 0.0182 V : 1300 :0.120 n V2/® : 890 :0.90 V3’3

ifean Coefficient 0.0155 V : :0.115 1 V373 : 109 v37®

Then tue volume of the ballonet = 0.5 that of the envelope,

the mean weight of the envelope 1s given by:

2/3

2/3 L 1,00 v3/° =

z/
1.58 v°/% 4 0.00227 V*® + 0.0152 V + 0.115 n V

2/3 4/ 3

= 0.0182 V + {0.115 n + 2.48)V + 0.002237 V
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Weight of Gas and Air Valves and their Controls.- This weight le

proportional to the volume V of the envelope, and from the
mean value takern for the various airszipé it comes outv at:

0.01 V ,
Weicght of the reinforced armatbure.- By zeinforced armature we
mean the whole of the parts which help in bearing the load given

by
Volume -~ Weight of envelope and valves

or, the longitudinal beam. the nacelle suspensions with their .
braékets, the longliudinal girder, the reinforced sides of the
nacelle and their suspension cables. The stresses in the beams

of the armature are due vartly to the bending momenf and partly
to shear, caused by the load carr ied : Volumefﬁeight of envelope
end valves = V - I. The bending moment produces in the beam
stresses proporiional to the load (V - I) and to the lergth

of the bays (V 1/3) ard inversesly proportional to the height

of the armature (V’®): %hat is, in all, proportional to

/3
v

Shearing stresses are produced:

lgt, In “he beams and their diagonals proportional to the
load, the bay, and the height, as for bending moments, therefore
proportional o V -~ I,

and, In the struts proportional to the load V - I.

Therefore the stresses, and with ther the weight of the re-



inforced armature (longitudinal heam, suspensions, the reinforced
rart of the bow and nacelle suspsnsions, the reinforced rart of
the longitudinal girder, the reinforced sidas of the nacelle and

their suspension tubes) axe prorortional to the remalinder of the

load:
Tolume-Yeight of envelope and valves = V - I.

H Alrships

. lM(neavy) . i . v
VOIume veevrnn.. ... cw.m. : 12000 38000 . 14850
Fovelcpre and valves ..kz, ° 269C : 7350 : 3575
VA S c.. " : 9310 . 28850  : 11075
Reinforced 4rrature .. " : 1310 . 3750 : 1480
Coefficient «vvevennen.. . ¢ 0,130 (V-I) 0,132(Vv-I) : 0.133(V-I)

R A

Yean Coefficient = 0.131 x (V - I)

waich may elso be writvten:

0.181 {V - [0.01 ¥ + C.0152 ¥ (0.135 n + 5.48)v?"® 4 0.0os27 v/

0.131 F2,S7428 ¥ ~ (0,115 n + 2.48)v%7% - ¢.00337 V¢ %)=

it

2/3 _ .0.0002975 v¥/°

0.1877 V -~ (0.013C8 1 + 0.3235) V

¥eizht o7 the S+tiffened Part of the Bow.~ The weight of this is

rroportional to the bending moxents which it has Ho support.

These monents depend on the length of the stiffened part propor-

. /3 . -
ional tc V » tvo ths rressure of the wind on tre surface, axd
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to the squarTe of the velocity, that is, to v3V2’/3,
From this it follows that the bending moments, and theruvfore

the weight of the stiffered part. ere proportional to

v1/3 va v:z/a -2 v

N.3., - While in the airships P, ¥, A, and V, the stiffered
rart 1s serarate from the beam and therefore resists aione the
external pressure, leaning on the envelope, in the airship T
the stiff ened part is incorporated with ths bear on which it
leans for resisting external pressure. In the T*% the weight
indicated, 800 kg., is that of the cupola alone, as we cannot
determine the weight of the beam which bears the resistance to-—
gether with the stiffened part: the coefficient determined will
tharefore be less than the true one, and is not reckoned in de~
termining the mean coefficient.

Alrsairzr s

0 ) 1h ; v
Volume  ou.m. ; 5000 ; 13100 ; 15000
Sreed  km/a - 86 : 76 : 83
Weight of stiffened¢§ ; g
part of bow kg, 3 88 E 130 ) 3 180
Coefficient Eo.oooozza v2 vfo.oooozzs v® vfo.oooozso 2V
e : :
: Airships
A e
Volume =~ ocu.m. Z 18000 ; 36000
Speed /b : 83 : 120
Weight of stiffened part of bow 215 § 600

Coefficient -10.0000835 v~ V £0.0000150 v° ¥



Hean cecefficient for Pv, MA, Vv, A:
0. 00002273 vV (v = speed in m/sec.)
Veizht of empenrase.~ The rotating céuples of the empennage are
proportional to the volume V and are equal to the product of
the forces and their distaﬁce from thLe baricenter of the envel-
ope. As the distances ars proportional to Vl/a, the forces'and
consequentiy ths surfaces of the empennage, and also the weight

of the empennage, are proportional to:

K.B.- In ordsr %o deduce o enefficient, we muet abstract
from the lower reinforced keel the weight of the part considered
as belng incorporated with the rsinforced armature. Tae rest of
the weight of the smpennage we add to the weight of the upper,
lateral keels. In the wéight of the rudders is included only the
weight of the planes and franes. _ -

Airships

A Y Y i
Volume .......... ocwr { 5,0C0 : 13,100 : 18,000 : 36,0C0
Welgat of kesls ..... kg.i 85 146 171 : 260
Coefficisnt ........... :0.28 T2/%i0.38 V2/3:0.85 V3/i0. 57 v2/°
Telght of rudders  ¥g i: 185 - 340 : 280 : 6C0
COBELclent «uvnrree.s 0,83 V2/3i0.65 V2/%50.67 ¥2/%i0.55 v2/°
2/3

Mean coefficient of kesls = 0.30 V

2/3
" n mucd8ers = 0.883 V
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Weizht of Engine Sets.- In the engine sets, or power plani, are

inciuded: enginss, radiators, tubes, water, oll, cuntrols, prorsi-
ler and longerons. Since head resistance varies according to the
sqnare. of the speed and area (v3V2/%) and powsr according %o

v V%7 = v®¥2/% | the weight of the power plant will vary ac-

cording te:

va Ve/s
Airships.
v . U

. £ . with wooder nacelle
Volume ....... .. CU.TC 5,000 : 13,100
Speed  t...v...n.. km/h_; 86 : 83
Power ...... . H.P.; 420 ; 630
Teight of plant kg, . 7E0 : 1170
Coefficient .......  :0.000183 vov2/3 : 0.000178 v3v2/3

; Airships

: A : 34
Volune e enenee Olleil & 18,000 : 36,000
Spsed «......... km/h - 86 : 120
POWET «eunnnnnn. E.P. 1050 : 3700
Veight of plant kg. : 1850 : 4960
Cosfficient ...... : 0.000200 v® ¥2/3  : 0,000133 v° Va3

As tke airships Pv, Y, and A, have susrended nacelles and



are similar ina type, we may deducs from thenm the mesan coefficisntg
for their type:

€.020188 v V2/3 (v = gvwe=d per m/sec.)
wihile the Taé, & Tigid type in =hich ounly tke sngine sst juts
ous, 1ls trherefore mors penetrating than tre preogding 2nd has a
sraller coefficlient:

0.000123 v® V273 (v = speed per n/sec.)
If, instead, we tish ‘0 have a coefficient in function of HP on-
ly, and givsen that 21l the above-named airships have light en~
gines (about 1 kg. per HP) witk wooden propsllers in direct trans-
mission, the welght of the powsr rlent will be gbout:

1,200 kg, »exr HP,

Feight of Supvorts of Power Plant.- By supporis we rean: trans-
versal bridges, external supports, engine nacellss =nd tae part
relating to the power plant only in rixed nacalles., Tas rean for
the foregoing airships in function of P givses

C. 350 kg, per H?

Felicht of the Pilot's Czoin.— This may Dbz taken as about'propor—

tional $o the volute:

0.013 Vv

Weizh? of whe iooring Caovles and Holding Devices.- This may olso

be taken as progortional to the volume:

0.C1 V



Total Weight of Decd Load.- From the sum of the foregoing coef-

ficients we have the following formula, whick gived approzximate-

ly the total weight of the dead load in kg.:

/
P = (0C.1755 + 0.00002275 v-)V + (C.09994 n + 3.075)v>"®

+ 0.0019725 V*'® & (rumber HP)2.150

K.B.~ As we sald at the beginning, such formulas are meant

to be taken as spproxizations, for we cannot say dsfinitely that,
with increase of cubature, ths weight of the vazious parts of the
dead load —ill incrsase exactly ascording to the coefficients
given. In the devslopwent of the details of eack project vaz-
ious problems mey azise, the sclution of which may cause inorsass
or decrease of the weight caloulatad by the formula. However,
the values obtained by the formula are always good for s prelimi-
nary study. :

Weight of Dead Load for Various Cubatures.

In order to determine the weight of the dead load* for var-
ilous cubatures, we will suprpose that we have & pzrofile of envel-
ope with zn aspact -ztioc of about‘lIG, 10 dlaphragms, and a maxi-
mum sreed of 120 km/h. For the whole airship we will assume
that the head resistance expreszsed in kg, is equal to:

R = 0.008 S v*

-

where v = gpesd per m/ssc. and S +he crosg section in sduars

meters at the point of greastest dlameter. This section ray be
taken as

s = 0.313 v2/°

*_Thig determination is much influenced by +tane characteristics of
the alrship (aximam speed, coefficient of resistance, eic,)

For the present, we shall confine ourselves to the study of a
type having average characteristics.



and we thersfore have:
R = 0:00303 V*/3 v2
The useful power in kilogrammeters will be:
L = 0.00303 V378 ¢3

and the motive power in HP for a propeller efficiency = 0.7 will
be:

. /
HP = G, 0000576 V- ° v°

With a maximum velocity of 120 km/h., the motive power in HI

for ths various cubatures will be:

§ Power in HP §§ -; Power in HP
Volume : : :: Volume . :
Total . Per cu.ng:: . Total -Per ou.m.
50,000 - : 2,800 : 0.0580 :: 350,000 : 8,470 : 0.0338
100,000 : 4,800 : 0,0460 :: 300,000 : 9,570 : C.0319
150,000 : 6,020 : 0,040l :: 350,000 : 10,800 : 0.0303
200,000 : 7,300 : 0.0365 :: 400,000 -+ 11,570 - 0.0289

and the weight of the dead load will be as follows:



Total and Unit Weight

10 Diaphragms.

-.-12“

(per cubic meter) of thée Envelope

and Its Parta.

Volume of Ballonet = 0.5 that of the enveloré:

Outex Rubber

Outer Fabric

Internal Suspensioxn

: (reinforcing) (reinforcing)
Volume N 3
Total . Unit | Total Unit Total Unit
S, 1, kg, ke, ke, ko, kg, ko,
50,000 : 1,890 : 0.0378 : 4,3C0 : 0,0840 : 760 : 0.01523
109,000 : 3,000 : 0.03C0 : 10,600 : 0.,10€0 : 1,530 @ 0.0153
150,000 : 3,830 : 0.0262 : 18,120 @ 0.1208 : 3,380 = 0JQI33
200,0C0 : 4,785 : 0.0238 : 26,620 @ 0.1331 : 3,040 : 0.0152
250,000 : 5,520 : 0.0231 : 35,780 : 0.1432 : 3,800 : 0.0153
300,000 : 6,345 : 0.0208 : 45,750 @ 0.1535 : 4,560 : 0.0153
350,000 : 6,910 : 0,0197 : 58,100 :@ G.1603 : 5,330 : Q.0l53
400,000 : 7,365 : 0.0189 : 87,300 : 0.1680 : 86,080 :@ 0.0152

50,000 :
100,000 :
150,000 :
200,0C0 :
250,000 :
300,000 :
350,000 :
400,000 :

Diaphragns and

;Internal Ballonet;

Total Telght

Butis on Beam
: . Tubas, etac. :
: Total Unit @ Total @ Unit Total Unit
kg, ke, kg, kg, kg. kg,
1,585 : 0.0318 : 1,465 : C.0287 @ ©,800 : 0.1880
2,485 : 0.0248 : 2,355 : 0.0235 : 18,860 @ 0.1996
3,350 : 0.0217 : 3,080 : C.0205 : 30,660 : 0.3043
3,940 : 0.0197 @ 3,735 : C.0186 : 43,100 : 0,35105
4,565 : 0.0183 : 4,330 : C,0173 : 52,295 : 0.3160
5,165 : 0.0172 : 4,000 : 0.0163 : 66,830 : 0.3330
5,715 : 0.Ci163 : 5,430 : 0.0155 : 75,485 :@ 0.237C
6,360 0.0157 :+ 5,830 : 0.0148 : $3,035 : 0.23336




Total and Unit Weicht (per

for a maxirmum veloeity

of 120 kwm/h.

cubis meter) of Dead Load

(33.3 m/sec.).

0. 00407

Envelore ‘Gas & Air Valres f Reinforcing Arma-
* with 10 Diaphr. and Controls. ture
Volume " .
: Total | Unit Total | Unit’ Total Unit
Cl. M. kg, . ke. kg, . kg. kg. kg,
50,000 : 2,800 ° 0.15680 : 3500 0.010 : 5,190 *: 0.1038
100,000 :19,860 : 0.1996 : 1,000 0.010 * 10,350 : 0.1035
150,000 :30,660 : 02,3043 : 1,500 : 0,010 : 15,450 : 00,1030
300,000 43,1060 : 0,3105 : 35,000 : G.0i0 : 20,400 : 0.1020
250,000 53,995 : 0.2160 : 3,500 :* 0,010 : 35,350 : 0.1014
300,000 :66,830 : 0.2320 : 3,000 0.010 : 4GC,300 = 0.1006
350,000 :79.465 : 0.3370 : 3,500 0.010 : 35,000 : 0.1000
.4CC,000 :83,035 : 0.2338 : 4,000 0.01C : 39,700 : 0,0993
: gtiffened Part Keels Rudders
: of the Bow
Total . Unit Total Unit . Total Unit .
kg, . kg xg. kg. kg. kg.
50,000 : 1,380 : 0.0353 : 430 :0.00820 : 845 : 0.01890
100,000 : 2,530 : 0.0352 : 8650 :0.0085C : 1,340 : 0.01340
150,000 ¢ 3,780 : 0,0353 : 85C :0.00567 : 1,730 : 0.01167
80C,000 * 5,043 : 0.0383 : 1,030 :0.00315 : 3,120 : 0.Gl060
350,000 : €,305 : 0.0353 @ 1,190 :0.00478 : 2,480 @ 0.00884
300,000 * 7,860 : 0.,0252 : 1,350 :0.00450 : 2,785 : 0,009238
350,000 : 8,830 : 0.C253 @ 1,480 :0.004230 : 3,080 : 0.00880C
400,000 @ 10,090 : 0.0353 : 1,830 3,370 * 0,00843




Total and Unit Weicht {(Per cubic meter) of Dead Load
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for a Maximum Velocity of 120 km/h. (33.3 wm/sec.)

Engine Set

Suppoztes of |

Porver Plank

Cavwin Controi

. and Pacseangers.

Volume | : -
. Total Uait Tosal . Univ ;7 Total Tnit
Cu.M. . kg, kg, kg. kg. . kg. g,
50,000 ¢ 5,510 : C.1102 @ 735 : 0.0145 850 0.013
100,000 : 8,740 : 0.0874 : 1,150 : 0.0115 1,300 0.013
150,000 : 11,440 : 0.0%€3 : 1,505 t 0.0100 1,950 0.013
200,000 : 13,880 : 0.08¢4 : 1,325 @ 02,0091 2,800 C.CL3
350,000 : 18,100 : 0.0644 : 23,120 : 0.0084 5,250 0,013
300,000 : 18,300 : C.0B08 : 2,380 : 0.007¢ 3,800 0. 013
350,000 : 30,120 : 0.0375 : 23,850 @ 0,0076 4,550 0,013
400,000 @ 23,000 : 0.0550 @ 2,890 : 0,C072 5,300 0.013
Mooring Cables: Dead Load
. Total Unit . Total Unit
. g. . kg, . kg kg.
50,000 : 500 ¢ 0.010 : 35,490 : 0,510
10G,000 : 1,000 : 0.010 : 42,010 : 0.480
150,000 : 1,500 : 0.010 : 70,385 : 0.468
200,000 @ 3,020 @ 0,010 : 93,000 : 0.465
350,000 : 2,500 : 0.010 :115,770 : 0.463
300,000 @ 3,000 : O0.010 :132,005 : 0.453
350,000 @ 3,500 : 0.010 :163,175 @ 0.464
4+0G,000 : 0. C10 0. 465

4,000 :

$185,915 :
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From Figs. 1 and 3 it follows that the unit welight of the
envelope increases with the incorease of cubature owing to the
Jabric of the sexternal reinforcing part, and that, ircreasing
the oubature up to avout 300,000 m., thare is an appreciable
oain in the unit weight of the dead load, although this cubature
gives a slightly diminished unit weight and rsaches & ninimum be-

tween 350,000 and 300,000 cubic meters.

Mumoer of Passengers for a Given Flipght.

As we have sald, by dead load we mean the whole of the es¥
sential parts of the structure; then, according to_the duration
and object of the journey, must be taken on board navigating in-
struments, the crew, the passengers, cabins, foodstuifs, baggage.,
tenks for ballast and fuel, eto.; in short., all tha’s constitubes
the load to be carried and which, varving from time to time,
Zorms, together with the dead load, the fixed load,

As a first approximation, we may take the weight (in kg. ).

of the load which can be carried as follows:

Cangmay . + v & v v v v v . e . .= 12 v/
Wireless Set . . . . . . . . = 300 kg.
Generaﬁing Set and Electric
Lighting v v « o « o o « . = 6.5 v°
Engine Spare Parte and Tools . . . = 0.1 (Ho. of HP)

7% of the liquid

Tanks for fuel and iiquid ballast
contained therein if not under
pressure; 1l0% if under pressure.
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Cabins and furriture for crew and

passengars = 35 kg, per person.
Minimum Crew:
First Commander.
Second Commander.
Chief Pilot.
Pilots (Steecrsmen).

" (for elevator).

H N N

Heszd Driver.

——————.PO‘;gg HP _ Wumber of drivers (1 for each 500 HP).

2 Wireless Operators.

4 Mechanics and Riggers.

14 +-é%% average weight of each . . . . . . . . . 75 kg
Passengers, average welght of each . . . . . . . . 75 kg.

Baggage per perscn {orew and passengers) each . . 25 k§.

Food and water per person for 24 hours . . . . . . 3 kg,

Ve will now suppose that a distance of 5,000 km. is to be
ccvered in calm weather, at a cruising speed of 95 km/h. at half
power (53 hours' sailirg) ard we wish to know how many passengers
can be carried for the different cubatures. We will take:

1.100 kg. the lifting force of the gas per cubic meter.
0.350 " Thourly consurpition of fuel per HP.
C.050 " 1liguid ballast avallable per 1 cubic meter of ge-

The total weight per passenger carrisd will be:



Passenger . . . . ... .. .. . . 75Esg.
Ga‘b in L ] L] + L] L] ‘ . LY . L] L . - . L] 25 !'
Baggage .+ ¢« « ¢« ¢ v v+ 4« 4 4« « . 25 U
Food for two days . . . . . « . . . 6

Total 31 v

The following Table gives the weight of the varlous parts
of the useful load anéd fusl, and the nuwber of passengers

whioh can De carried.



Height of Fuel, of the Varicus Pamis of Posaible Toad

and Nuwmber of Pasegengors.

:Lifting @ Dead .01 Fuel - Wimeless
Volume : Foice Lozd :Ballast :fur 53 hiGangway @ . Set
: : 1tFlignt o :
: rat half - :
: : : power - :
1 cu.m, = T :
Cu. . 1.1 kz.: keg. kg, kg. xg. kg.
5GC,000 : 5BF,000: 25,420 : 2,500 : 19,300 : 440 : 200
106,000 @ 116,000: 48,010 : 5,000 : 30,500 : 58D : 2C0
150,000 : 185,0C0: 70,380 : 7,500 @ 39,200 : 640 : 200
200,000 : 330,000: 33,000 : 10,000 : 48,350 : 7CO : 200
350,0C0 : 37Y5,000:115,770 : 18,500 : 56,130 : 760 : 300
500,000 : 330,000:129,000 : 15,000 @ 63,400 : 800 : 200
350,000 : 385,000:1823,170 : 17,500 : 70,350 : 850 200
400,000 : 440,000:185,910 : 30,000 : 76,350 : 890 : 2C0
:Generat-! Engine : Tagks >
+ ting Set : Spare. :for Bal-:
;8 : Pg:ts tlast & @ . SBrew
: : P Fuel ' Nuwber Welght
kg' kg- kg& : kg‘
50,000 = 340 230 : 1,520 20 : 1,500
100,000 : 300 480 @ 2,480 23 1,730
350,000 : 350 800 : 3,330 26 T 1,950
200,000 : 380 730 4,080 ¢ 29 : 2,180
850,000 : 410 850 ! 4,800 ¢ 31 : 2,330
300,000 : 440 930 : 5,490 33 : 2,480
350,000 : 480 t 1060 86,140 35 3,830
400,000 : 480 6,770 37 3,770

: 1180 :
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_ Weight of Fuel of the Various Parts of P¢sgib1§ Load

and Humber of Pasgencers.

. ¥Food foz.

: Remsining

: : O S : GOrew : _total Lifting
Velume ! OCabin [ Baggage . for Weight Foroe
: : : 8 Days.
cu.i., - kg. kg, : kg. kg. kg,
50,000 : 50O : 500 : 120 : 53,500 : 3,500
100,000 = 580 : 580 : 140 : 80,540 19,460
150,000 : 850 : 650 : 180 T 138,300 @ 38,700
200,000 : 730 : 730 : 180 T 161,380 ¢ 58,740
850,000 780 : 780 : 180 : 195,480 79,520
30GC,000 830 : 830 H 300 239,830 : 100,370
350,000 ¢ £80 : 880 : 210 > 363,230 121,770
4G0,00C : 230 : €30 : 320 296,910 143,00
! Number
: of : Tsesight o)
:Pagsen~ : Passen-: : : :
: gers : gers Cabin * Baggage : Foodstuffs
: kg. kg, : kg.
50,000 19 : 1,420 480 480 : 1320
100,000 : 148 : 11,100 : 3,730 : - 3,730 800
150,000 : 2385 : 23,150 : 7,380 ¢ 7,390 : 1,770
300,000 448 : 33,630 : 11,310 @ 11,210 : 2,890
250,000 : 807 : 45,540 @ 15,170 ¢ 15,170 : 3,840
300,000 : 766 ¢ 57,47Y0 ' 19,150 : 19,150 : 4,800
350,000 : 230 : 82,730 : 23,230 : 23,330 : 5,580
400,000 :1,093 1 81,830 : 37,300 27 ,300 : 6,560




- 20 =

The following table is made up from the preceding.

Volume of : Weight of  : Number of

Volums : CGas : Fuel : Passerngers
! per passsnger Egr passenger/: rer 1000 cu.n.

Clu. I, : CUL. fila : kg,

50,0C0 : 3,630 : 0. 2020 : 0.38
100,0C0 : 876 : 0. 0413 : 1.48
150,000 : 508 : 0.0370 : 1.97
200,000 . 448 : 0.0316 : 2. 34
250,000 : 413 : 0. 0186 : 2,453
300,0C0 : 3823 : 0.0188 : 2.55
550,000 : 76 : G.0152 : 8.66
400,000 : 386 : 0. 0140 : 3.73

: . : .

From Fig., 3, we see that for a given length of flight, thsre
is much advantage in increasing the oubature, both on account of
the g-eater number of rassengers per unit volume, which means a
snaller cubature per rassenger, and also on account of the smal;-

er weight of fuel per passenger, which means a lower rate of
transzort. In %the case considered of a trip of 5,000 km., thers
ig an appreciable advantage in increasing the cubature up -to
3C0,00C cubic meters, as was already stated for the unit weight
of the dead_load,ﬁbut bevond that cubature the advantage is

smaller,

Translated oy Paris Offics, FM.A.C.A.
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