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THE CAICUILATED FLICHT PATH OF TH: U.S.S. MACON

Introduction

These calculations are concerned with the flight path of
$he Macon aftervthe loss of the upper fin and the deflation of the
three after gas cells, Teking into account the actual flight cone
ditions, the question was fai#ed vhether the ship would rise to an
altitude of 4800 feset. For at this altitude, which the record shows
was actually reached, the ship haed exceeded pressure height by about
2000f, In going over pressure height, the ship loses approximately
3% of her lift for evsry 1000 feet. Hence 4800 feel éorrespcnds to a
heaviness cf nearly 11 tons. It was felt that if this additicnal'
heaviness could have been avoided, the ship might have been flown
safely in spite of the loss of some 20 tons of lift from the three
~after cells, The calculations were undertaken to determine whether
the aerodynamic and aefostatic forces alone were sufficieﬁt to force
- the ship up fo 4800 feet or whether there were exfernal forces acting,
i.e. gust forees,

Assumptions
Gseneral

‘Because of the searcity of exact information, many of the
assumpt ions am;: gomewhat érbifrary. It was desired, however, aside
from the control meneouvers, to assume those conditions leading td the
highsst rise,

Zero tiﬁa for the calculations was taken when the gust
struck the after part of the ship. Previous fo this time, it was assumed
that the ship'was_fly1nﬂ at 1250 feet in equilibrium, and in horizontal

flight with neutral elevator. The last assumption required a negative



or nosing-down moment of the ballast of 468 rt.-tons,

The sharp inclination of the ship caused by the gust was
similated in the caleulations by delaying the elevator aection, TFull
down elevator was not applied until l‘minute and 50 seconds after
the casualty. It was assumed that the elevator control was unaffected
by the casualty. The chanzes in superheat were small (50) and were
neglected in the calculations,

Gas loas
From the record we have the following seguence of events in
regerd to the loss of gasg
0%:05'! «~ No, 1 cell damaged
0:10 - Davis driven froam frame 17.53 by escaping gas
0:14 - No, 2 cell was damaged
0:25 - Ho. 0 cell was damsged }
0340 - Deflation of cells proceeding No. O cell deflating
slowly.
1:01 - Message received in control car No. 1 cell deflated
2:30 - lessaze received in control car Ho. 2 cell deflatbed

It was assumed from this that most of the 1ift of the three
after cells had left the ship 2 minutes and 30 seconds after the cesualty.

The sea-level volume of the three after cells at the time
of the casualty, wos estimated by the ship's Firat Iieutenant as follows:

Cell Fo. O 109,200 c.f.
woon 3 245,700 "
wooon 2 386,750 "

Total 741,600 cofa

The‘gas was stated to be 95% pure; this gave a 1ift of 62,7
1bs, per 1000 ¢.f. of gas. The estimafed total 1ift in the three efter
cells was then 23,3 short tons, If we leave sufficient gas in the
celle to suppord their own weight, we have a total loss of lift of
about 20,6 tons, At the start of the esleulations, it appeared that the

static moment caused by this loss of lift was more important than the

static heaviness, For this reason the total 1ift of 20.6 tons was



assumed to be lost in the first 2-1/2 minutes.

Because a reduction in static heaviness means a reduction
also of the static moment, it is difficult to estimate the effect of
a more moderate rate of gas loss. Hawéver, it séems improbable that
such high piteh angles (25°) could be attained a.fewlminutes after the
casualty with a rafe gas loss greatly less then thet assumed. For
- the purpose of calculation, a linear rate of.gas loss was used somewhat
‘reta:cdecil in the last minute of the 2-1/2 minute total period.
Ballest

The &lstribution of the fuel and water ballast just belfore
the casgualty is sﬁown in Table 1. An arbitrary schedule for dropping
ballast was assumed and ia shown in Figure 2. In the calculations only
the ballast'u§ to and ineluding frame 102.5 was dropped. To this |
amount was added the welght of the upper fin Which_wgs about 2000 lbs,
This left 9 tons of ballast in the fore part of the ship which was
dropped before the ship hit the water. Ordering the crew into the bow
three minutes after the casualty was assumed 1o give a ehange‘bf moment
of 450 I't.-tons.

Speed and Thrust

The initial speed was taken as 68,2 knots {100 £/s) which was
sbout 8 knots higher than the observed speed, There is no accurate record
of how the engines were operated during the period of the calculations,
Although standard speed was regiétered on the engine telegraph most of
the period, there is evidence that some of the engines cut out and
others ran irregularly at high piteh angles. The engines‘were also
idled from the control ecar bub the time and duration of this order is
not kndwn. 3ince the moment due $o the engine ﬁhrﬁst was generally

small in comparison with the other tenﬁa in the moment equation, it was



decided to vary the thrust in asccordance with the observed air sveed,
which was important in all the equations. The resulting speed

cﬁrve used is shown in Plpure 3, It is initially and throushout the
calculations somewhat higher than cbserved,

Force and loment Coefficlents

The normal force and moment coefficients &ue to translation
and angle of attack were based on N,A.C.A. wind tunnel tests on a
model of the Akron (Figs. 8 and 9). The force and moment coefficients
due to rotation were obtained analytically and are shown in Figure 10,
They are in fair agrecment with the British experimental results for
the R-101l, The derivation is conﬁained in the Appendix,

The Celculations

The notation, equations, snd sssumed dmensions are shown
ianigure 1. Two-second intervals were used for the first half of the
caleulations; later it was found that four-second intervals were satise
factory, since small errors in . &ssuming mean valués, were quieckly
damped and had a negligible effect on the resultant motion. A surmary of
the calcuiations with sample calculating page is given in the Appendix,

Results

Using the above assumptions, the calculated flight path is
shown in Pigure 4, The best availoble record of the observed path is
contained in Dr, Hbvgaard's report on the loss of the Macon. For
comparison his results are also plotted in Flzure 4. The sgreement hore
" is closer then was anticipated. It will be noted that Dr. Hovgaard's
plot shows a decided tendency of the ship to level off at about 4 minutes,

This was followed a minute later by another rapid rise of the ship, At



this point in the cglculationa, it seemed that this second rise might

be due to the increased engine thrust following the order for standard

- gpeed which océurred sbout this time, To test this effect an inereasing
engine thrust up to 9 tons was used (Fig. 3)., The piteh angle increased
slightly ass ean be ssen in Figure 5 buit was soon reduced by the increase
in speed and eqnsequenﬁ inerease in effectivensss of the elevators, It
does not appear then that the sudden rise occurring arcund 5 ninutes

was due %o inc#%ased engine thrust. It 1s difficult to estimate the
effect of é)cbange in the original assumptions on the behavior of the

| ghip at this point, but it seems improbable that a reduction in the rate
of gas loss would lead to this second rise of the ship. In order %o
examine the effeet of the engine thrust, the valving of No. 9 cell was
delsyed. This oecurred asctually arocund 4 minutes, but wag taken up in

" the gsloulations at 5 minutes. The valving of 4 toms of 1lift from No, ©
cell had an immediate effeet. The resulting reduction in the static
momént led to complete control of the ship in the ealenlations. Control
wea atbained with the ship 14 tons heavy, flying at an engle of attack
of‘lé degreas and at a speed of 30,5 knots. Here it seems thst if any
11t et1ll remained in the after cells, control of the ship would have
béen fegilitated, As noted before, the ship was not actually broﬁght
under control but rose rapidly sbout 1000 feel after begiming o level
off, The ship was observed to level off at sbout 3800 feet, while the
caleulated maximm altitude a?taineﬁ was 4200 feet. ThaFAthe caleulated
path levels off some 400 feet higher than was observed, may be due o

- the rather optimistic lift coefficient and higher speed used, and the

delaying of th@ valving of No., 9 cell.



Hénce it appears that probably not only the difference of 700' but
the total rise of 1100' after the aectuasl path was leveled off has
t0 be considered as unexplained by static and dynamic forces,
Conclusions

In the present work the maximum probable rste of gas loss
was assumed, Tith this assumption the calculation leaves unexplained
a rise of 700 to 1100 feet in altitude. With a more moderate rate
of gas loss, the steepness of the initial flight path eanﬁot be
accounted for, In either case it appears that in addition to the
structural failure the ship encountered rising air currents before
control of the ship had been attained., In these'calcula%ions this
meant an inereésed heaviness of 4 to & tons, which, combined with .
additional hoaviness due to subsequent valving from #9 and #10 cells;
wes apparently more than the ship could support in steady flight.
The arbitrary character of some of the assumptions is fully realized.
Howaver, it is believed that the caleulations brought out the relse
.tive influence of the different factors such as gas ioss, dropping
of ballast, thrust, valving from the forward cells and especially
the importance of correcting the unbalanced static moment as early

ag possible for régaining control Qﬁ the ship,
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APPENDIX

1. The normal 1if4, drag and manent dus to translaetion and angle

of attaek , ;
| L 5) wv
L = C1a {(Vol,) = (CL.g. Vol, = Vo1y
D = Cpg (Vol. )%3 = 7 p % Vol. 3) . 72,
M o= g (v°1.)93 = v?»(cm.g.' vo1.%2) - VR,
Z = Leos G+ Dsinags= vglqcos 1A% Vzaaain @
X =<Lsinc+Doos @ = Vgl.asin a ¢ V‘?'D&c‘és Q

7 = ‘Vz(Lacos @ + Dgsin d,) @ vgza

#

X = V(-Igsin @ + Dyeos a) = V2%,
M o= Vzﬁfla

Cps Cp and Oy baken from NACA Report 448
p = density of standard atmespﬁere at 3000* or ,00218 W -
Vol, = 7.4x10% (vol.) =38100

The gquantities Zg, Xy, end Ma were thus detérmin;ed and plotted .

against angle of attack for use in the eq{ua*tiana. (Fig‘s.*&l end 9)'.

The force and moment coefficients due to mtatiom ©Onan elemental |

cross-section, we have

&4
&= - @ )

vdt = dx

W = QX



APPSNDIX (cont'd)

where F = forée
M* = apparent mass
u = longitudinal velocity component

w = %bransverse velocity component
qa = angular velocity

% = longitudinal distance from C.B.
If S = oross-sectional area, then the apparent mass is given by M' = pS.

The force equation then becomes

T ST
% = puq(S«rx%;i)‘

In order o take care of end effects, we introduce the
factor cos®T , where T is the angle made by a bengent to the hull
profile and the longitudinesl axis of the ship. In addition we account
for the itrailing vortex system with a factor suggested by Dr. von Karman,
nemely ..9-. » Where 4 is the radius of any rear body cross-section snd
I is t(;le radius of the largest cross-section.

If we let 0 =8 cos® 7" our equation becomes on integrating:

o
F = pugq (f+x.(d.1.x{) for the fore body

A, -x
P = pugq B¢+ x &) for the rear body
o f dx

where Xy ls distance to the bow and xp is distance to stern measured from
the center of buoyanecy. =xj = 362', X5 = =423, |

The moment ia given by introducing the fagtor x under the
integral in egch case,

A good approximetion to the hull profile is given by an expression

due to Kilton and Frances Clauser.

K//: :(/_[A/.\ll]‘a) Y2 for the fore body
33 '
V;/ro : (/ +[ '%;2/7) for the rear body
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APPLERDIY (cont'd)

For the purpose of caleulation the quantities in the
parenthesis were evaluated and plotted agsinst angle of attaek (Fig. 10).

Then”
Fg = V4 g

Lt

ft

q Vg My

3. The calculations:

The simnltanEOUﬂ‘séluﬁian of the three ecuations was facilitated by the
uée of a ruled form,ﬁlaced under each caleulating sheet (Fig. 12).

Items 3L $0 34 give fthe chamges in u, w, ¢ a3nd ® for the
interval used., These are added to the initial values obtained for
the last calenlation and entered st the top of the sheet items S to 8;
these are the‘initial values Tor that time’heading. A mean value fér
each is estimated and entered to the right of the initiai values, The
mean values are used in subseguent caleculations, The values of V, ¢ and
B are obtained as indiecated, snd mean values for each estimated by
‘comparison with previous variations, With the mean anzle of attack «
and elevator angle € | items 35 Yo 37 are obtained from charts. With
the static condition entersd in items 11 and 12 and thrust in item 16,
the calculations proecsed in straightlforward fashion using the mean
values., The additional heaviness due to going over pressure height is
obtained as indicated in item 44.

arrors In assuning mean values are goon apporent, the most
difficultj coming from the determination of a proper meén value for g,
Yith sudden changes in static conditions, it was found necessary o
calculate all the terms in the momeunt equation first, except My Vq, then

to determine ¢ by trial and error %o give a correct mean value, This
procedure ig explained also in R, & . 1401, For simplicity in cal-

culations, & linear rate of ballast dropped is recommnended,

w 4 o
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