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TEOHKCALilOTENO.80.

‘MHZLMADWEIGHT@F THEAIRSHIP

and

THENUM3EROF PASSENGERSTIM!?CAMBE CARPIZD.*

By

ColonelCrocco.

I’crmuiaforObtainlr.mWei@t of DeadLoai&

In orderto determinean approximateformulagivingthe

weightof thedeadloadin functioaof thevolume Vof the””

envelopeandof themaximumve30cityv, we willtaketherel-

ativeweightof thevariouspartsof theairshipsP‘, Ii, V,

A, T34, adoptinga meanvalueof thecoefficientsdetermined.

Thisfozmulanaybe adoptedbothforsemi–rigidairship=

=ith6uspendednacelleandnon-rigidenvelope,withorwithout

internalsuspensions,andto airshipswithrigidlongitudinal

* In 1913>comparinatheeffectof increaseof dimensionsin
airplanesandairships,I demonstratedina leoturegivenat the
Congressof CivilEngineers,Rome(“TheCatastropheof theL.2
andtheFutureofAirships,*’Annalsof the Societyof Italian
EngineersandArchitects,No.5,March1, 1514)thattheyewasa
Zairlya~roxima.telimitof gainforthea~rplane,andthat
thoughsucha limitwasa littlemoreextendedfortheairship =
it n~vertkelessexisted.

Someyearslater,aftertheWar,in a publicationof the
BritishAirMinistry,thereappearedsimilarcalculationsshowing
theadvisabilityof increasingthecubatureof airships,withcut
settinganylimitto suchincre~se.Wishingthereforeto finda
completeandpractioalsolutionof theproblemby meansof stric%
numericaltalc-ilati~ns,we confidedsuchcalwlationsto Signor ,
PrimoCelllni,whofr.mtheveryfirst,hasmadetheco~uta=
tionsforourairships.Therescltshowsthatthereisan f)PTl-
MUMvalueof theratio‘betweentheusefulloadandthstotalIcad :
at about270,000oubicmeters,andthatpracticallytheIncrease
of oubaturebeyondthisLimita~.devenup to it,hardlyConpen-
satesforthe~gre~tercommercialriskinourredby thecoricentra-
tionof tonnage.
ExtzactfromtheTransactionsof theAeronauticalE~esine.nt&l

InstZtute,Rome,Italy. (September,1920).
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‘oeau.,.rithpowsrunitscn externalsup~.ortso’rin Daaezlee,#.
2kLd nitb. non-rigidenvelopes,+wi%’horw3thoutinternalbraci~g

oables,

~~~gh~ of theenveione.- TheenvelcpecGns:.sts~fvariousp:.rts:

lst.Rubberon theouterreinforcedpart(about0.2C0kg. -1

per squarerieter);itsweightisproportionalto thesurface, .
2/3”

(v ),

2nd.Yp.briecf th.zouterreinforcedpart;its‘7eightis

:~roportionalto thewn$ace (V”3) and,tothetension,which

iilcreasesaccordingto thepresame (vr/s) andthediameter

(vil~)* Thereforetheweightof thefabricinczeasesas
I

v
2/3 *Y1/3 v3/3 = v4/3

3rd.Theinsideportionof thereinforcedpart [internal

bracingcables)proportionalto theVolumeV.

4th.Thediaphragmsandbuttsproportionalto theirmmbez

n, 2/3andto.thesurface(v ).

5tk!.In-teriorballonetonbeam,tubes,etc.,

to thei3urfacearea (Y~~3).

N.a. Fozalltheenvelopesenumeratedbelow,

theballonet= 045of theenvelope,

proportion

thevolumec:

f
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. .. .Rubber %bcic

.. outerreirtiorced~ outerreinforced
Volume: part part

-—
: We~ght:Coefficienis:‘Height:Coefficients

U&r.. : kg. : ~kg.:. . .. .
. A~,~ : la~co : 735 : 1.34V2’3 : 303 : 0.00290V3’3

. . . . ..
A ~ 180G0 : 975 : 1.41V2’3 : 1060 : 0.00226V*’3

. . . . .
T34 i 360@o ;

.
1550 : L42V2’3 : 2700 : 0,00227V4’3. .

: 1.39V213 ;
.. .

MeanCoefficient .. 0.00.22?V4’3

. .,. Internal : Diaphragm ‘ : InnerBallonet
., b~acing : and ..

Aizships:
onbeam,tube~

cables. .. Butts : etc... .
:~eight:Coeffici–:Peight:Coefficients~We>ght:

ents : . . .. . .
. kg. : .. kg. : .. kg. :. . -. .,

~fA : 160 : 0.0132“r
. .. .

A : 290 : 0.0161V
. .. .

T3~ : 585 : C.0162V
. ..

;!eanCoefficient0.0152V

..

..

..
,
.,
...
..

300

830

1300

:0.114-n V=’3 : 600 :1.14VQ/2
. .

~0,112nV2’3 1 ’770:1.12V2’2
. . ..
:f3.133~ V2’3 : ~890 .0,90V2J3
. ..
:G.1~5riv=’s ; :1.09V*’3 -

Thentiievol~e of theballonet= 0.5thatof

themeanweightof tineenvelopeis givenby:
.

1.39v3/3
+- 0.00227

= 0.0152v +

v 4/3 2/3.+0.0152V+0.l15n V

(0.115n + 2.48)V2’3+ 0.00227

theenvelupe,

+1.0SV2’3= ~

v 4/3

,

*
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~ei-W.tof GasandA2rValves?adtheirControl.- Thisweightis

● proportionalto thevolumeV of theenvelope,andfromthe

meantkievholeof t-hepartswhichhelpinbearingtheloadgiven

by
Tol’xne- Wej.@t-of envelopeandValVeS

,’ -

or,thelongitudinalbeam,tln6naoellesuspensionswiththeir.
brackets,thelongitudinalgirder,thereinforcedsidesof the

nacelleandtheirsuspensioncqbles.Thestressesin thebeams

of theaunitureareduepartlyto thebendingmomentandpartly

to shear,cause&by theloadcar~,ied:Volume-17ei.ght02 ep.ielope.,
Emavalves= v - 1. The

stressesproportionalto

of thebays (V“3) and

. of tk.earmat-ue[v]/a):

. (?J

bendingmorlentproducesin the‘oeam

theload (V- I) andto thelength

inverselyproportionalto theheig!!t

thatis,inall,proportionalto ‘

..1:3
-“1) LJr 1/3

=TT-1,
#

Shearingstresses”

lst.In thebeams

load,thebay,andthe

proportionalto V - 1.

areproduced:

andtheirdiagonalsproportionalto the

height,as forbendingmomen-ts,therefore

.

,.

Znd,In thestrutsproportionalto theload V = 1.

Ther&fcrethesiresses,andwith.theutheweightof theze-

.
,
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inforced.nrmatu.rs(imgitudinalbeam,s~ls~ensions,thereinforced

partof We bowamdnacellesuspensions,thereinforcedFartof,

thelonqttudinalgtrder$thezeinfo=ce~~idssof thenacelleand

theirs-is~ensiontubes)sa-epro~ortionalto theremainderof the

load:

‘Wolume-l?ei,glhtof envelopeandvalves= V - I.

Voltuae..e......c..cu.:.

~n-~elqe ami’valV5S . .k&

v -I f!
● ..● .4.......4.●

ReinforcedArr:atu-e., 11

Coefficient.,..:.....,..
......

which

O*131

.. Airships.“—-. ? ..
l.~(heavy)~ 34. ~; v.

. . .
“—J

.
—.

..

..

..

.

..

..

..

..

..

.

12030 i 36CO0..
Zmc : 7350

;

9310 : 28650.
Lao : 3750

KeanCoefficient= 0.131x (-J- 1)

.

.. 146!50

.

.. 3575

.

.. 21075
i
.. 14s0

CO.ClV + G.0152T (O.li,5n -I-2.4/3)V2’3+ 0.”OC227l“’~q~’~<T-’

= 0,1277v - (O.015G6n + 0.325)

proportionalt~ thebendingfio;~entswhich

Thesemonentsdependon thelengthof the

Theweightof tk.isis

it hasto sujj~ort.

stiffenedpaztpropor-

tionalto vi/3, to thepressureof thewindon thesuzfaeezand

.
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to thesguareof thevelocity,thatis,to V2V2’3.

Fror!thisitfoilo.~sthatthebendingmoments$andther~fore

theweight.05thestiffer;edparb:areproportionalto

par-h

V-2v

P, M, A, andV, thestiffened
thereforeresistsdone the

externalpressure,leaningon -&heenvelope,intheairshipT
thestiffenedpartis incorporatedwiththe‘be&,lQnwh~.chit
leansforresistingexternalpressure.In the l?4 theweight
indicated,600kg., is thatofthecu olaalone,as we cannot

Edeterminethemezghtof thebeen~liicbearsthezesistar.ceto-
gethermlththes~iffeaeclpar%;thecoefficientdeterminedwill
thareforebe lessthanthetrueone,andisnotxeckonedin de-
terminingthemeancoef~icient.

.

.. Airshiy.s,..

. ..

. q-rJ. Lq : vT-&
.

“—— . .
. . .. .

Volume cu.P.* . 5000 : 12100 i 150?20. .. .
Speed km/h .“ %6 : 76 ~ 82.. . .
Weightof stiffened.,:

. .. .. .
partofbow kg. : 66 : 120 ~: 180. .. .
Coefficient :0.0CC0232V2 V~C.UGG0225v2V~0.00G0230v%. .A . .. .

.. Airships..

. .. A . T34

. .. .

Volmne. cu.n. ... ~&ooo
. .

Speed km/h
... E!3.
.

Weightof stiffenedpartofbow”:

Coeffi~ien*
215

%.0000225V2

..

. 36000
..
. 120.
..
● 6G0 ..

-v%000(2150 V2”-V ‘

●

.

.. ..
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Meancoefficientfor p~,MA,T’,A:

0.GGO022?3V2V (v= speedinm/see,)

T!ei~ztof .empenr.age.- Therotatingc~uplesof theempennageare

proportionalto thevolume V andareequalto theprod~l.ctof

theforcesandtheirtiistancefromtl.ebaricente~of theenvel-

Gpe. 1/3As thedistamresareproportionalto V , theforcesand

cortsauentiy thesurfacesof theempennage,andalsotheweight

of theempennage,areproportionalto:

a coefficient,we muetabstraot .
theweightof thepartconsidered
reinforcedarmature.Therestof
addto thewei~t of theumner,

‘zei@tof theplane~andf~ames.

●
✎ Airsh.i-ps.

..
Volume

● *.**...*9 Curt-,: 5,0CG : l~,~(jo : 18,000: 36,0C0
. . . .

Weight of kesls..... kg.~ 65 : 146i 171~ LGC. .. . ..
Coefficient........... :(j=29V2’3~G.28V2’3:0.25V2’3~G.37V2’3

. . . ..

340 : 460 : 6C0
. . . .

Coefficient........... ~0.63V2’3~C,55V2’3~0.6?V2’3~0.55V2/3

Meancoefficientof keels= 0.30V2/3

11

.



WeititofEnrineSets.- orpowerplant,

inciuded:engiws,radiators,~~bes,water,otl,controls,proF=l-

l.er,andlongerons.Sinceheadresistancevar%s accordingto tfie

accordingto

willvaryac-

sqllare.of thespeedandarea (V2-f2/3 j andpOWe~
3 -2/s

=Vl> thetieightof thepowerplant2 2/3V7V

cording
V3V2’3

L. .
Airships.,.

. .. .

. P1’ ... 1withmo!$lernacelle.

.

volume ● ........ Cu.nl. : 5,coo ..
.. ..

sp~ ~d ....*..... in/in: 86 .
.. ..

Poser .......... E.P.: 420 ..
.. .

‘7.EO
..

0001%3

.

Coetfident ....... i0...
.

3 2/3v v

..

.

.

.

●

1
..
. Ai, rship S
●
✎

✎

A
.. ~34

. . &.

..

.. O*** .!*. cu. i2*: 18,000 : 36,OGO
..
..
..
..

99.0.4,,.,~/h

*.*......, H.P.

,ofplant kg.
..
..
..
..Coefficient

As tke

0.00C200● ☛✎✎✎✎

airshipsPT,M, andA, havesuspendednacellesand
,
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per m/see.)

enginesetjuts

out,isthereforemorspenetratingthantkeprecedingandtiasa

smallercoefficient:

~.C!>OZ23v3 V2~3(v= sFeedperr:/sec.)

If,Snstezd,ws risktokavea coefficiefitinfunctionofHP on-

ly,andgivsnthatalltheabove-n~edatxshipshaveli@t en-

gines(about1 kg.perHP)@Athw90&enpropsller$indirecttrans-

mission,tuneweightof thepo~eryl~ntwillle a“oout:

l,SOOkg.~erHP.

Feititof thelioorin~CablesandHoldinqDevi.oes.-Thismay.QEO

be takenasproportionalto t% vokme:

O*C1v
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fi~ientswe havethefollowingformula,mhickgive$app20ximate-.
lY the total weight of thedeadloadinkg.:

P = (c.1755+ C*00002275V’)v+ (c,09994n + 3.075)v2i3+

4/3
+ 0.001s725v + (numberHP)2.150

N.B.-AS we saidat thebeginning,suds
, to be takenas approxizatioas,fo~we oamaot

withincreaseof ouhatuze,tksweightof the
deadload=ill$.nczep.seexactlyaccordingto. given. In thedevelop~,entof thedetailsof

formulasaremeant
saydefinitelythat,
v~~iouspartsof the
thecoeffici.snts
each.projectvax-—

Wgg.ght ofDeadLoadforVariousOubatu_res.

In orderto determinetheweightof thedeadloadxforvar-

touscubatures,We WillellFposet~t ~Teha~-e~ profileof envel-

.
mum~ee.iof 120km/h. YorthewholeairshipFe w511assume

thattheheadresist~ceexpre~sedinkg,is equalto:

R = C.008S V=

inherev = .spesdperm/’seo.and S thecrosssectionin square

ueteuaat thepointof greatestdiazzeter.Thissectionmaybe
takenas

s = 0,31sv2/6

* .TMs determinationis much influenced ‘~y the characteristicsof
.J theaizship(Gaxi.MIwspeed,coefficientof resistance,etc.).

W thepresent,ws shallconfineoursslveetothestudyof a. typehavingaverageoh~-acteristics,



andwe theretore‘have:

Theusefui

andthemotive

be:

R = 0;00302V2’3V2

powerin ki~ogrammeterswillbe:

ill=

in

0.00302 V2’%3

HP fora pzopellerefficiency=

HP = G.hOOC576V’” v3

o*7

Witha maximumvelocityof 120km/h.~ tinei~otiv~powerinIK

forthe.variouscubatureswillbe:

●
✎

✎

PowerinHP ~~ .. PowerinHP
Volume ~

.
. :: Volume ~ .

. Total ~ Percu.mi: Total 1Per cu.fi.. ..
50,coo : 2,9C!0 : 0.0590 ::~50,0~(): 8,470 : 0.0338. .. . .
100,OCO : 4,600 ; 0,0460 ~~3G0,000i 9,570 : c.0319. . ,. . .
1’50,000i 6,020 ~ 0.0401 i:350,000~ 10,600 : 0.0303. . .. . .
200,000 ~ 7,300 i 0.0365 ;;~oo,ooo ; 11,570 ~ 0.0289. . .*. .. ... . .

andtheweightof thedeadloadwillbe as follows:

.

.
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W d Ztsparts.

of Ballone!t= 0.5thatof theenveloF~:

.

10Diaphragms.Vol-uie

.

50,000., 1,830
3,000
3,930
4,755
5,530
6,245
6,910
‘i,565

.. 0.0378
0.C3C0
O.G262
C.0238
0.0221
0.0208
0.0197
0.0189

.. 4,2G0
10,60C
18,120
26,620
35,780
45,750
56,100
67,200

.

..

.
,“
..
..
,.
..
..

0.0840.. 760 : 0.0152
.. 1,520 : 0.0152.. 2.280 :.rO~Ol152

0.1060
0.1208

100,000
150,000

..

..

..

..

..

..

..

..

..

..

..

..

..
..
..
..
●
✎

✎
✎

3;040 ‘..
..
..
..

0.0152
0.0152
0.0152
0.0152
0.0152

o*1331
~,3,432
0.1525
G.1603
o*1680

200,OCCJ .
●

✎
✎

✎
✎

✎
✎

✎
✎

✎

..

..

..

..
●
✎

..
. ..
●

✎

..

..

..

●
✎

●

.. ..

.. .

.. Diaphza~sand :InteznalBallonet: Total~eight
●

so,000
lGO,000
150,000
200 ,Oco
250s000
300,000
350~ooo
4C0,000

*

: 2;485 : 0.0248: 2,355: 0.0~35: le,960 : 0.1996
: 3,250 : 0.0217: 3,080: C.0205: 30,6f50: 0.2042
: 3,940 : 0.0197: 3,735: c,0~&6: Q,IC)G : (3.2105
: 4,565 : 0.0183: 4,330: C.0173: 53,995 : 0.2160
: 5,165 : 0.0172: 4,0c0: 0.0163: 66,6~0 : 0.2220
: 5,715 : 0.C163: 5,4~0: 0.0155:7S,465 : @.2270
: 6,260 : 0,C157: 5,930: 0.~i48:G3,035 : 0.2326
. . . .
. . . . : :

,- .

.,
.
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TotalandUnitWeight(Der cubio~eter)of DeadLoad

fora maximm velocityof 120km/h.(33.3m/see.).

.. Envelope ‘Gas& AirValves:ReinforcingArma-
~ with10Diaphr.~ antiControls.~ ts.re

Volume:— . .
“ Total ~Unit : Total : Unit‘ :

.
i’otaL1 Ufiit.

ou.m.: kg. ; kg. : kg. ; kg. ; kg. ; kg,.
50,000: S,900
100,000:19,960
150,000
200,000
250,000
300,000
35G,000
.4CG,000

50,000
~()(),()()()
150,000
20G,000
250,000
300,000
350,000
400,000

:30,660
:42,lCO
:53;995
:66,620
:79:465
:93,035..
..
..
..

..

..

..
●
✎

✎
✎

✎
✎

✎
✎

✎
✎

3.2042
0,2105
0.2160
o*2220
0s2270
0.2326

..

..

..

..

..

..

..

..

..

..

..

..

500
1, 0CX3
1,500
.2>OGO
2,500
3,000
3,500
4,000

.

..

..

..
●
✎

✎
✎

✎
✎

✎

0.010
0,010
0.010
G.020
00010
0.010
0.010
o*010

..
,.
..
..
●
✎

✎
✎

✎
✎

●
✎

..

..

..

..

5,1!30
10,350
25,450
20,400
25,350
3G.200
35;000
39,700

..

..

..

..

..

..

..

..

0.1G38
o.1C35
0.1030
0,1020
0.1014
0.10Q6
0.1000
0.0992

: Stiffer~edPart :.. of theBow :
●. Total1 Unit ~ Total ~ Unit ~ Total 1 Unit.... kg. ; kg. ; kg. . kg. ; kg. : kg.. . .
.. 1,260.. 2,520.. 3,?80. 5,(345
.. 6,305. 7,560. 8,820
: 10,090
;

..

.
Rudders

: 0.0252
: 0.0252
: 0,0.252
: o.o~sz
: 0.0252
: 0.0252
: 0.C252
: 0.0252..

.. 42.0:0.00820

.. 650 :0.00650. E15C:0.00567
: 1,030 :0.00525
: 1,190 :0.C94?6
: 1,350 :0.00450
: 1,490 :O*CW20
: 1,630 :0.00407. ..

.. 845.. 1,340.. 1,750.. 2,120.. 2,460“.. 2,785.. 3,080.. 3,370. ..

: 0.01690‘
: 0.01340
: 0.01167
: o.G1O6O
: 0.00984
: 0.00928
: 0.0G880
: 0.CU842..

-—
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TotalandUnitWeight(~erc~~bi.cmeter)ofDe3dLoad

fora MaximnnVe20cityof 120kn/h.(33.3fi/sec.)

50,000
100,000
150,0C0
~oo,ooo”
250,000
300,000
350.000
400-000

50,000
10G,000
150,000
2C0,000
250,C)OO
300,000
350,000
40G,000

●
✎

✎

✎

✎
✎

✎
✎

✎
✎

✎

✎
✎

✎

✎
✎

✎
✎

✎
✎

✎
✎

✎

✎

✎

5,510
8,?40
11,440
13,E30
16.100
18;200
20>120
22,000

..

.

..

.

.

.

..

.

C.XL02: 725
0.087’4: 1,150
o.c)7e3: 1;505
0,GW4 : 1,325
0.06’44: 2;120
C..LlGc&: 2,390
0.0575: 2,650
0.0550: 2,890

..

..

..

.

..

..

..

..

..

..

..

..

0.’3145: 650 : 0.013
0.0115 : 1,300 : 0.013

(-J,~Q~4: 5>250 : 0.913
0.0079 : 3,900 : 0.013
0s0076 : 4;550 : 0.013
0.CX172: 5,200 : 0.013

..

..

..

..
MooringCables: DeadLoad :. .. . .

! Total j Unit ~ Total ~ Unit ~.. kg. : kg. : ,kg. : kg. ;. .
.. 500 : 0.010: 25,490: 0.510 :.. 1,000: 0.010: 4g,olo: o.4~() :
.. 2,500: o.G~o: 70,385: om469 :.. 2,-J~-J: 0.G1O : S3,000: 0.465 :
.. 2,500: 0.010:115,1”70: 0.463 :.. 3,000: 0.010:133,0C5: 0.453 :.. 3,500: o=olo:162,175: 0.464 :.. 4,000: O.G1O:185,9i.5: G.465 :
. . . . .. . . .

,

.
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FYorflFigs.1 and2 It followsthat theunitweightof the

envelopeincreaseswiththeinoreaseof cubatureowingto the

la,brio02 ib.esxternalreinforcingpart,andthat,ir.creasing

i2ecmbatureu-otoabeut200,000m., ths~eisan appreciable

~in in theunitweightof thedeadload,althoughthisoubature

givesa slightlydiminishedunitweightandrsachesa minimumbe-

tween250,000and300,000cubicmeters.

~6 we

ltiberofPassen~ersfora GivenFliah~.

havssaid,by deadloadwe meanthewholeof thees-

sentialpartsof thestructure;tken,aocordingto theduration

andobjeotof thejourney,mustbe takenonboardnavigatingin-

struments,thecrew,thepassengers,cabins,foodstu~fs,baggage,

tanksforballastandfuel,eto.; in short,allthatconstitutes

theloadtobe ~~rriedandwhich,v~:ing fromtimeto time,

forms,togettlerwithth,edeadload$thefixedload.

As a firstapproximation,. we maytaketheweight[inkg.),

Of theloadwhichcaabe cairiedas follows:

@JwPY ● , ● . ● ● . ● . , . . .= 12T’1’3

wirelessSet.,... . . . ..=200kg.

GeneratingSetandElectric
Lighting;-.. . . . . . . =’6,5TPis

En@~e ~Ppwre~pvrt~~rl~ToOls . . , = 0.1 (No.ofHP) ;

Tanksforfuelandliquidbalkst = 7% of theliquid
containedthereinifnotunder
pressure;l@ ifunderpressure,
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Cabinsandfuiniturefarcrewand
passengers = 25 k~.perperson.

MinimumCrew:

1

1

1

2

2

1

2

4

First Cormander.

SecondCommander.

ChiefPilot.

pi~~ts(Steer~mea),

11 (foreievator).

He~dDriver.

PowerHP
500 = Numberof drivers(1foreach500HP).

WirelessOperators.

MechanicsandRiggers.
HP14+-556averageweightof each , . . . . . . . . 75 kg.

Passengers,averageweightof each . . . . , . . . 75 kg.

~ggageper~e~son(mew andpassengers)each . . 25 kg.

Foodandwate~perpersonfor24hours . . . . . . 3 kg.

He willnowsupposethata distai~oeof 5,000km.istobe

ccveredin ca.Lmweather,at a cmisingspeedof95 km/h.at half

power(53hourslsailing)andwe Wishto knowhowmanypassengers‘

oe~be oarri.edfcmthedifferentcubatures.We willtake:

~..100kg.theli.fti,ngforceof thegasper cubicmeter.

0.250 “ hourlyconsumptionof fuelperHP.

0.050 “ liquidballastavailableper 3.cubicmeterof gz:

Thetotalweightperpassengeraarri.~dwillbe:



.

Passenger.

ck-oh .

Baggage

Fo~dfoz

,,

.*

,.

two

.**.

*,**

***,

days .

*I

.
●

.

.

Total

●

9
●

●

●

☛

☛

✎

●

✎

✎

✌

. .

.*

. .

.,

,

.

.

*

13s “

ThefollowingTablegivestheweightof thevariousparts

,

-,

. . -.

b

.
t
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5G,000: 55,000:25,4904 mc ,000: llG,000:4S,G1O
150,000: ~~5,c33:7(J,3~o

, 200,000: 220;009:93;000
250,0C0: 2riE,000:115,770
300,000: 330,@OO:iZ9,000
350,000: 3!35,000:162,170
400,000: 440,000:185,910. .

● .. .. .. .. .. .. .
:Gen.erat-:Engine
:ingSst : sPnre.

.. 2,500:.. 5,0G0:.. 7,500:
: 10,000:
: 12,500:
: 15,000:
: Zv,soo:
: 20,000:. .. .. .. .. .. .
. ... Tanks~
~forBal-:

19#zmo:
ZO,sccl:
59,900:
48,350:
56,120:
63,400:
7Q2250:
76,S50:......

....

440
H30
64~
?‘co
760
800
850
590

..

..

..

..

..

..

..
..
..
..
..
..
.

ew

200
203
200
200
200
200
200
2G0

● ✎
✎

✎
✎ ✎ Fuel : Nuuber ; Weight

● .. . ..
kg, i

. ... kg, : kg. : .. kg.
6 50,000: 24-J : 230 : 1,520 : 20 .

100,000:
. 1,500

3@o : 460 : 2,480 : 23 . 1,730
350,000: 350 :

.
600 : 3,320 : 26 . 1,9.50

200,000:
.

380 : ?30 : 4,080 : 29 . 2,180
250,000:

.
410 : 850 : 4,800 : 3i . 2,320

300,000:
.

440 : 950 : 5,49~ : 33 . 2,4E0
350,000:

.
460 : 1060 : 6,q4$(j: 35 . 2,630

400,000: 480
.

: 1160 : 6,770 : 37 .
b .. 2,?’70. . .... . ..

*.

..

.

,,



.

.

.

,

1

. . .. ;FoodfOr:
.. .. . : Remaining. . Total :

Vclune ~ Cabin ~Baggage~ Crew : Lifting
for : Weight :.

: 2 Days,::-..
Force. .. .. .

Cu,m. : kg. ~ kg. : kg. : kg. .. kg.

50,000
100,000
150,000
20(?,Ocxl
250,000
30G,000
350,000
4G0,00C

50,000
100,000
150,000
200,000
250,000
300,000
350,000
400,000

.. 500.. 580.. 650.. ?30.. 780.. 830.
● 880.. 930
....
.i
..

: Numbez
. of
:Passen-
.. gers
..
.

.. 500 : 120 : 52,500 : 2,500

.. 580 : 140 : 90,540 : 19,460.. 650 : 160 : 126,300: 38,7C0.. 730 : 180 : ~61,3f50: 58,740.. 760 : 190 : 195,480: ?9,520.. 830 : 200 : 229,630: 100,370.. 880 : 210 : 263,230 : 121,?70.. t230 : 220 : 296,910 : 143,090. . . .. . . .

. . . .. . . .

. . . .. . . .. . . .. . . .

.... Ts i ~ht o f
: Passen-: . .. .
.. gers : Cabin : Baggage :Foodstuffs. .: ●.. .. . kg. ~ kg. ~ kg.

.. 19 :.. 148 :.. 295 :
●. 448 :
.. 6G7 :
●. 766 :.. 930 :
:1,G92 :

1,420 : 460 :
11,100 : 3,?30 :

480
‘ 3.730

~2;150 : 7;390 : 7;390
33,630 : 11,210 : 11,210
&5,540 : 15,170 :
57,470 : 19,150 :
69,730 : 23,230 :
81,930 : 27,300 :

15,170
1s;150
23,230
27,300

..

..

..

..

..

.
●

✎
✎

✎
✎

120
900

1,770
2,590
3,640
4,600
5,580
6,560

●

✎

. . . . .
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Thefollowingtableisma~eup fromthepreceding

L

. . .. .

.. Volumeof : Weightof ~ Nucberof
voluxla : C*S : ~~~~ : Passezgezs

~perpassenger:
Em
erpassenger/:per lCOOcum.. .. . 3

al. D?* . cmm .. . kg. ~

50,0C0 .
● 2,630 : 0.2020 : 0.38

100,OCO .. 676 : 0.G412 : L 48
150,000 .. 508 : 0.0270 : 1.97
200,000 . 44s : 0.0216 : 2*24
250,00G ‘~ 412 . 0.0186 : 2.43
300,Oco .. 392 ~ o.@155 : 2.55 .
350,000 . 376 .. . C.0152 : 2.66
400,0G0 . 366 .. 0.0140 : 2.’73. . .. . . k

FzomFig.3, m seethatfora givenlengthof flight,thxe

ismuchad~mntagein increasingtheoubature,bothon aocountof

the~eateznumberofpassengersperunitvoluiie,whichmeansa

smallercubatureperEassenger,andalsoon accountof thesmall-

erwei&htof fuelperpassenger,whichmeansa lowerrateof

transport.In thecaseconsideredof a tripof 5,000km., there

is an appreciableadve~tagein increasingthecubatureus-to

2C0,00Gcubicmeters,

T

of thedeadload, ut

smaller.

as was

beyond

alzeadystatedfortheunitweight

tk.atcubatuzetheadvantageis

●

●

Tramktetlby FanisOffice,N.A.C.A.
... .“i

,. .“
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Weight in

,Tot~weightofenvelope

‘1

inkg.

.!

.



** . - ,. .

co

.:
:

l?- ul

,

‘1, ,,
,,, .’, I

I



-.
. . -.

(-1
n

*
(-1

o
n
n
r, I

.

Mmbdr of pzswvps per1000ma of gaa, ‘“

,:

W-*


