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Sumrary

The extension of wind tunnel tests of models of airship
hulls to full scele reqguires an extension from a VL 6f the or-
der of less than 500 e€q.f%./cec., %o the order of 80000 sg.ft./
cec., where V = air speed, feet per second, L = length in
feet of the D&* icular form of hull. Ths reason for this re-
search was to fumrnish the airship designer with a method for
finding the VL curve of any conventicnal type of mll, using
data obtained from ac*ual performance of airships flown prior
to 1926.

This ¢digest as given here in Part II, was begun in prelimi-
nary debails, in June, 1922, and completed in April, 1935, as
it was necessary to comploie Part I before Part II could be com-
plesed; the periocd betwesn September, 1933, and Decenmber, 1535,
was devoted to work on Pard I.

The outstandiing results are as Iollows:

1. An emmirical metncd for finding the drag ooefficient of
any bare cirship bull wiih ite VL curve from 1CO0,000 cu.rt.

volume to 6,400,000 cu.ft. volume. (Eee diagrams Figs. 7 and 8
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and example to illustrate its use.)

8. The derivation of an empiricel shepe coefficient +that
can be calculated from the hull contour that defines the VL
curve of any conventional airship shape within the limits placed

on Figs. 7 and 8.

3. (a) That the slope of each VL curve differs with each
type of ull and that its slope is not guite constant.

(b) That Oy = function of {(iL)® and n is a varia-
ble at different values of' VL. Og = drag coefficient of bare
airship hull. Draz = CH'% (Volums)zﬂsvzi

(c) That the value of n vories slowly so that extrap-
olations beyond that given by diag:aﬁs Fige. 7 and 8.0f the VL
curve are not rmuach in error, as requirementy 3 of illustrasive

problem shows.

4. The region from model tests to a volume of 100,000 cu.ft.

size indicates that in this regilon the most rapid change in the
slope occurs with the coaciusion that "The best model in the
wind tunnel will proveklv be the best (lowest drag) airship hull
but not necessarily' oe saeir TL cuzves mey cross and aznin
may re-cross at higher values of VL. In view of this as found
by extrapolating thzs Vi oﬁrves calibrited on performance back
to wind tunmel values and c¢xtrapolating wind tunnel results to
higher values of VL togother with the fact that airship de-

signers are not intsrested in airship Mulls of less than
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100,000 cu.ft. of volume, this part of these researches was left
out. The scale on diagrans at .3 cu.ft. volume calibrated on

existing wind tunnel data is merely for general information.

Tntroduction

The principal components of the drag of bodies in a wind
streanm ﬁas been laid down by Reyacldsg, Stanton, Munk, Prardtl,
Froude, Bairstow and others, so that it is not necessary to out-
line their work here. Refersnce to the summary of thelr work
in the recent K.A.C:!A. Technical Rsport No. 318, "Some Aspects
of the Comparison of ¥odel and Full Scrie Tests" by D. W. Taylor,
is invited, which exprsssed in woris: Dreg = pressure difference

+ skin friction + wave making + compressibility effect.

Symbols'Drag = R = Drag = & (PL 2" ¥ j) /va J ( /
I, = Linear dimensions of langth
Vv = Air spesd.
P = Macs density of air.
¥ = <Viscosity.
V5 = Velocity of sound in air.
¢ = Accelsretion of giavity.
R = Dreg.

I+ ha2 ocen well esiabliar:d imn thiory arnd practice that as far

as airships are concerned 11 compressiblillity effect expressed

T2 s = s -
Dy C‘ 2\) is negligible or zero as the air speeds in flight a=
TJS
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so far below the svced of sound at which compressibility exists.
. L
The wave making (ﬁ%} so important in surface ships is negligi-
ble in airships and if it does exist in a microscopic percent-
age, can vpe included in the constants and exponents in the re-
waining two. So that R= F, PP V3)g (E%-Iij: where n is a
variable Gepending on type of hull - fineness ratio, virsual vol-
ume, length, diameter, eccentricity of nose ellipse, cylindrical
coefficient, and on the value of VL as found ou’ in this re—

search. Or, if reduced to a standard value of kinemasic viscos—

2

ity of -% then R = constant (pL°VZ3) E, (vi) 2.
Let 2K = the constant; (Volume)”®= 12,

then R =K £ (Volwme) °v®, ¥, (V) .

Let Oy = K + 22 (V2)° ,

) =7
5 (Volume) ®y2

then R = (¢ %-(Volume)g/sz in which case it is seen thet CH

is a verizble cepending on the value of (VL)™.

It now remeins to give a method of finding the valus cof
Oy 'knowing thc contour and size of thc alrship mmll. In brief,
this vas cone by taking the whole sihip overformence of a large
numpor of stipe (all Zeppelin types end Nav& nonrigids) as given
in Part I, =2nd calculating thelr sxternal drag and getiting tae
hull drag. Then to find a quantity of linear dimensions that

is celculated fronm the contour and size of each ship such thatv
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if the érag is »plotted against this VL that the results zhow

it to be a smooth curve. Yith this as a vasis, 1t now was neccs-
gary to find a dirensionless quantity that would define each
ship - such a quentity called here "whole hull shape coefficient!
(Y + Z) such that it could be calibrated against the various

values of Oy based on performance.
Boay of Report

Ar exheustive research was wmade to find a dimensionlees
guantity that sufficiently defines a given bull and to express
the relation between Cy at various values of VL and this
gquantity. The effective velocity over the skin of different
types of hulls a%t different speeds was found to be so different
that it could not be expressed as a counstant times air spced, so
the surface area times K71 was given up as n éapparently wvas a
very sensitive quantity. So shapes were geometrically exparnded
to the volume of known ships for comparison. From this compari-
son, relative drag coefficients were obtained by discovering
that she drag of a= airship hull follows very closely the VL
principle over a shori range aaf results are comparable if L

is defincd as - Lg defincd here.as.gsometric.length .where. .

Lg = j’/ (Volume) + %3 (leangih) = :‘/(vutual Vol.) (1engt;1);

this was Giscovored by trial and error in- analyzirg the wind tun-
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nel results and plotting their drag in pcunds versus Vig as
shown in Fig. 6.

The external drags of all the items (about 90 hulls ~ 36
separate types) of Part I can be separated by calculéting the ex-
ternal drags of about six types of hulls and by simultaneous
equations solving for the external drags of all the remaining
types of hulls. However, the results are no better than the cor-
rectness of the external drag of the five of six types calculated.
Yet these results when plotted against VLg show a smooth curve,
For this report it was better, therefore, to caloulate the exter-
nal drag for all the 26 types of hulls (given in Part I) and to
plot themlagainst Vig (Fig. 1) is such a wzrve,

T@ere is another way in which the external drag of various
alrships can be calculated, and that is to assume that the per-
centage of external drag rerains the cams part of the total as
wind tunnel experiments indicate. In gensral, wind tunnel re-
sults show nonrigid typees to have about 80% total drag = exter-
nal drag; and rigid Zeppeiin tvpes to hawve 4C% total drag = ex-
ternal drag. The exact percentage will of course vary with the
type of cars, fins, strubs, wires, e%c., but various percentages
can be assumad on each type based entircly on enginsering judg-
ment., The remaining hull drags, if plotted against VLg, will
give Fig. 23

Now the mean between Fig. 1 and Fig. 2, is Fig. 3. In view

of the fact that Fig. 1 and Fig, 3 give a curve that is practi-
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cally icentical, it gives in Fig. 3 a basis of comparison of
hull drag coefficients when ships are expanded or contracted to
the same volume and the same speed. In other words, the ratio
of hull d&rag coefficients (GH). at tihe same volume and swneed

is the ratio of the drags of the bare hulls as

- P s o278
Drag of uil 1 _ CHL 3 (Vol} "V
D h - 2 . \2; s ’

if p, (Vol), and V are the same for both ships, then

Drag of bhulil 1 _ Sm
Drag of hull 2 Cus

Now with curve [drags, vs. (VngJ as in Fig. 2, the comparison
of ships at different volumes and V = 100 ft./sec., can be car-
ried out. A comparison at 100,000; 200,000; 400,000; 8C0,000;
8,40C,000 was carried out. It necessitated a small extrapola-
tion of curve (Fig. 3) to get €,400,000 yet as the curve is

n
fairly definite and the value qf (% VLg\ showrs n to change

/
value so slowly that this extrapolation is justified.

From here on various methods were stried to find a dimen-
gionless guantity which would show to he a function of these
values of Oy that comparison indicated. If such a quansity
was established it could be represented on a plot or diagran
and calibrated on the comparative results.

Specd and density was kopt constant so that for a given

volure tac reletive values of CH were the same as the relative
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values of their drags as 'g (To1)*/°v® = coratent. Tre cimon-

sionless quantity that »nroved to sufficiently define a hull and

to have no conflicts with the comparative results was (Y + 2).

= (eccentricity of nose ellipse) (cylindrical coefficient)

finenecss ratio); & = ( length \ i tio).
( ) E \geometric length / (fineness ratio)

Eulls were now grouped according to their values of Y and the
pararetric equation of Y against Oy wes plotted (Fig. 4)
where Oy was the total hull drag coefficient of ships'with the
same valuc of Y. A mean curve was drawn through the points
plotted — a curve for volumes 100,0C03; €350,000; 6,400,000
cu.ft. Likewice, for 7 on fig. 5. It is %0 be noted that

= 4 VoI, (LN L gy (A YolN, 4 _
Y = - —
(e) ( ™D 1/ (D/ ‘\c)<1TD3 St 18 Independent of length ex

cept s length affcets wolume.  An interesting research oy si-
nultoncous cquations by the author roveals that thig function

Y, for the ten ships on which it was calculated, appears to be
g truc function of that part of the drag due to pressure Ciffer-

ence, end thot KYIPV® + E 2 /"‘{f} = R gives K a consiont

for all <alues of VL. The writer topes to be able to anslyze
all existing ships, in the near future, in order to prove or
digprove this relation. Bather letting Fig. 4 indlcate

Og=F, T+ E Z ond plot totel Oy azainst Y anéd likewise

2 in Fig. 5 This arounts 4o 2 calibration of Y and Z cn
=2
7 = _L_y L. L ives length the predominate factor
% LD D L °© P
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effect in Z. THow with the values of Y and Z for each mocel
in the wind tumnel the values of Oy according to Y called
Cgy and the values of Cg called Oxy according to Z were
plcked off. To let each have its proper effect, the formula

Y Cgy + 2 Cgyy
Y+ Z

= Oy for given (Y + Z) was used to give the

value of Oy at the various volumes. Witk these various values
of Oy frow model to full scale on %the 17 models, the scales
could be calibrated.

The interval from .3 cu.ft. volume %o 109,000 cu.ft. volume
was calibrated on the diagrams (Figs. 7 and 8) and the slope
given.. The remaining ships from Part I were noﬁ added to give a
complete calibration at IOO,OOO;T 80C,000; and 6,400,020 cu.f%.
volurie; (An exploration of the region just beyond the usual wird
tunnel model size {100 cu.ft. volume) indicates that perhaps some
very sharp changes in VL curve is probable) so that the slove
lines from .3 cu.ft. to 100,000 cu.f%. are the mean over this
pars of the VL curve. However, beyond 100,000 cu.ft. volume
the c¢iagrems in Figs. 7 and 8 will give the VL ocurve veTYy ac-
curately if used in the manner as shovn Dy the example (Fig. 9).
Since the scales are not uniform signht interpolation of values
of Oy at various volumes other than 100,C00; 800,000; and
€,400,000 are very niglerding. The illustrative problem shows
how to get the value of GH (from the VL curve obtained) for

other volumes.
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The limits from which this data is designed are placed on
each diagram and there is no justification for using it other
than within the limits given. However, these limits will covor
practlically all contours of airship hulls that exist or are
proposed today.

Further ground for research is to separate bare hull drag
into pressure Gifference arnd skin friction, a large part of
which has been done during the trial and error methods uscd %o

discover the quantities Y and Z.
Assumptions

1. Tha% external drag, cars, fins, wlres, etc., "vary-'as

the square of the speed.

2. The coefficients used in calculating drag of cars, fins,
etc., were assumed based on engineering judgment. The idea was
to get the curve drag versus (VLg) oriented at the proper or-
der of magnitude as a further check on the results which would
be obtained oy the ﬁercentage of externai drag method. However,
it is Delieved that the coefficients-used to calculate_drag of
cars, fine, wires, étc., are as nsarly coxrrect as the prosent
gcience of aerodynemics cen give.

Units used throughout this report are ft., lb., sec.
Everything in +this report 1s reduced to:

A stardard density of P = .00337 slugs/cu.ft.
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A stendard viecosity of U = .0000003779 slugs/ft.secs
A standard kinematic viscosity of v = %= .000152 sq.ft./

“gee.

i
[ )
v’
L)
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Example to Illustrate Method for Use of Diagrams, Figs. 7 & 8.

bPart J1.

Problem:

An alrsnlp Imll is constructed with a contour like the U.S2.S.
Log Angeles if 100 f%. paraliel section bad been added at the
point of maximuxm cordinate; and to rake it such dimensions
shat the air volume of Mmll = 5,000,000 cu.ft.

Required:
1. Bll drag coefficient-V -V, curve cf this airship oull
3. Barc hull drag in 1lb. a% 100 fv./sec., standard density,
(P = .00237 slugs/cu.ft.)
3. Horsepower avsorbed in overcoming vare mull drag at 120

£%./sec.
Data .
Present dimensions of U.8.S. Los &nzeles.
Svmbol
Air volume of hull 2,764,461.0 cu.ft. ' (Voi)
Length €53.2 f%. L
Ha.xinum diameter 90.7 ft. /-
Gvlindrical coefficient . 850 (= i -
Ty ]
Eccentricity of nose ellipse .o78 (?Lii;;ﬁi> = ¢
Fineness ratio 7.85 L/D

Calculations of dimensions of hkull I prcblem and dimensionless
vantities of shape.

Tol) added in parallel secticn . cu.ft.
100 7 r® = 100 ™ 45.35 = 646,103

Forzer (Vol; . . 8,764,461
Hew (Vol) _ 3,41C,539
Tew langth = & + 10C = 68B3.3 + 100 = 753.3 f£t.
Max. diameter, as forrexly 20,7 £T.
e , " - .2378
New fineness ratio_ %-= zg%f% = B.36 ) o

s _ fya1) - A(Vol) -
Cylindrical coef. = 77 of circumecriving GV11ndev - TrL

- 4 X 3 ﬁ;o BE2 = 13,842,376 _ gga1

T{90.7) X 758.% 19,507,764
3

-, 7=
vy (Tol) + TE = 3,410,569 + L4525

Tirtaal (Vol)

N

3,410,589 + 97,670 = 3,508, 839 cu.ft.
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LOgy, . Viz = 6.54509
Loge I = 2.87984 S
- Lg = (Geometric length =
. (VL) = 2.43493

Y 3 -
= 7 (Vo1 + EI%) (length) =

= 4VyL = 237.1 ft.

4 ' e
v/ il = 242493 - 2.35623 = log,, Lg; Lg = BRI ft. ot
Vol = 3,410,560 cu.ft.
Y = {e) (cylirdrical coef.) (fineness ratio)

YT = .078 X .6961 X 8.36 = 5.691

L (fineness ratio) _ IS _ (758.3)° _ 57E,030 _ 27.916
. Lg D 287.1x0.7 - 20,593 *

L3
|

(¥ + Z2) = 5.691 + 37.916 = 33.607
Log, fY + Z) = 1.53643

Kote:
: 4 v . s s s "
[e, &, £ Vol %—, are dimensionless quantities and can be
i3 T -
g
calculated from any set of dimensions that pertain to the
same volume. (Y + Z; - independernt of volure.]

When L = 758.3 ft. Vol. = 3,410,569 cu.ft.

3
L at 1C0000% _.10000C. .. ....e3
788.5 ) " 8,410,560 = -0%9%8
' -

r - . 3 ’
L at 100000 =,/ (758.5) X .03933 = ,/ 13,785,000

...........

333%.83 ft.

By logs.,

log 758.3 = 3 X 3.37984 = §.53952

" .03932 8.468716-10
| 3{7.103¢8
= 232.83 Tt.

log L at 100G0C ) 8.35889 L at 100000

Desired Yol _ 5.006.000 _ 50.
120000 100000
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log (L at 100,000)° as before 7.10638
50

1.69897
3|8.80565
1og Lg 0005000 2.93522 = 861.41 f+t. = longth
of desired hull.
Requirement 1t
L at. 100,000 ft.° = 233.83 f+%.
L at, 800,000 ft.® = 467.86 ft.
L at 6,400,000 £t.° = 935.33 ft.

L at 5,000,000 £t.® = 861l.41 f%.

VL at 100,000 & 1C0 £%./sec. = 100 X 533.83 =
33383 ft.?/scc. Log,, VL = £.36839

VL at 800,000 & 100 ft./sec. = 100 X 4867.86 =
, 46786 £t.°/sec. Log,, VL = 4.66992

VL at 6,400,000 & 100 ft./sec. = 100 X 935.32 =
93533 ft.%/sec. Log,, VL = 4.97095

YL at 5,000,000 & 100 ft./sec. = 100 X £61.41 =
86141 £t.?/sec. Log,, VL = 4£.93523

Entcr left-hand scale of Fig. 8 with log,, (Y + Z) = 1.52643
end follow aozoss to scale .5 ou-fi. V1. (sec dotted line,
Fig. 8).

From .3 cu.ft. Vol., interpolate for slope and follow across
to 200,000 cu.ft. scale (see doited line).

From 100,000 cu.it. scale, follow across, intcrgolating for
slope, %o 800,000 ard 6,402,000 cu.ft. scales.

traight lire {(sec dotted
g. 8.

From 8QG,000 to 6,400,000 scale ig a s
line solution of this problem in Fi
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"Pick off the following values of Oy, and take logs:

Volunme Oy Log,, Oy

100,000 .02180 8.33848-10

800, 000 .01654 8.21854-10
68, 400, 000 .01380 8.13988-10

Note: Figs. 7 and 8 are for & speed of 100 f£t./sec.,
P = .00237 slugs/<%.®>, and standard P/4. Enter Fig. 9
with log, VL = 4.93533 and from curve pick off
log, Oy = 8.147-1C. Thence Cg = .01403 at 5,000,000

cu.ft. and 100 £%./sec. Use this value in Requirement 2.

Regquirement 3t _
Bare mull drag at 100 £%./sec. P = .00237 slugs/cu.ft.

Drag = Cx & (Vol)”® v@
5

L = 36l.4, V = 100, VL = 88141 it.®/sec.;
10g,, VL = 4.235233.

From Fig. 9 with log,, VL = 4.93533 pick off log,,Cp=8.147-10;
Oy = .01403 as explained above.

2/ 3

Drag = .01403 X -—’39%3 x (5,000,000 ° % 10 = 4860.5 1b.

Requirement 3:
HP. absoTroed in ovecrcoming bare huil drag at 130 ft./sec.
L = 881.41 f%.; ¥V = 130 ft./sec.; VL = 103269 42 /sec.,
log,, VL = 5.01439
From Fig. 9 with log,, VI = 5.01458 pick off . 3
1OgloCE = 8.133-10; GH = .01355 N

‘ 302 2/3 _ .
Drag = Gp (vo1)¥?v3= 01355 x 299837 x(5,000,000)" " x' 127 =
) ' | 6761.8 1b.

o aearieg < Drag V _ B761.8 X 180 _ 40,
HAP. absorbed =20 = RS 1475.3 EP.

(Bull Drag + Extorral Brag) Vmayx
550 X Propeller Efficiency

Yote: “P. to equip ship with =

<
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Syrbols  and Formulas

Length

laxinurm diameter

Distance nose to wax. dia.
Haximum radiuvs

(Vol) -~ air veolume

Eccentricity, rose ellipse

Geometric leagth

Cylindrical coef. {Cyl. Coef) =

Fineness ratio

Pressure difference shape
coef.

Skin friction shane cosf.

Whole hnll shave coef.
Virtual volume
Density

Air specd

VL

Drag

L ft.
D ft.
x £%.
(Vol) cu.f%.

e no dimensions

——
3 ."‘.— 2 . .

e =MX- X 1o dimensions
4/

T - 2 o ot ) s R

g ,\/ L(‘TOI/ + "—""3 ] L fs.

(Voi) _ 4 (¥ol)

1o dimensions

TL WL
1/D 1no dimensidns
Y = e (Cyl. Coef.) (L/D) no
dimengions.
v = o f2 (V1)
” \w D 7
=4
Z = ;— X %._ LL- no dimensions
Le g
(Y + 2)
Vur = (Vol) + T&  cu.ft
b 3
P slugs/cu.f%.
Vv - ft./sec.
Air speed ¥  length  f%.%°/scc.
. y
ROy £ (ve1)” V¥ 1.
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Symools ans Formulas (Cont.)

Drag coef. of bare hull Cy mno dimensions

Hdorsepower absorbed by drag R}; HP. = _125_3

Length at Volume 1\3 = Volume 1
Length at Volume 3/ Volume 2

17
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