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HATIONAL ADVISORY COMHITTZE FOR AERONAUTICS:
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A FLIGHT INVESTIGATION OF THE ICE-PREVENTION RAWULRE JENTS OF
THE UNITED ST&TES AhVAh K~-TYPE A;RSHIP }

By Wesley H. Hillendahl

- SUMIHARY

.This report_describes the first phase of .a comprechensive
reseérch program designedvto investigéte ice prevention and.
elimination on alrships for the'purpose of developing sﬁitable
dlrshlp 1co—prgventlon equip ment

A Naval K ~-type alrsnlp wags outfitted with photographic .
and meteorolog;cal equipment to determine the extent and
efféct of ice formations on.the airship during icing condi-
tions; ?he prope;lers'were_equ;pped with -electrically heated
blade shoes.l

A deSCrlptlon of the equlpmpnt ls presented together
‘Witn records taken during a condition:of wet snow and freezing

rain in which the airship was_flown.successfully for 2% hours.
INTRODUCTION

During the season when icing conditions. occur in the

northern latitudes, it has been necessary to restrict operation



o ' MR No. ARJ19a

of airships to regiéns relatively free from ice on the oc-
casions when such conditions are known to exist. These
operational restrictions are necessary as 1t 1is known that,
when flying in certain types of 1icing conditions’ the forma-
tion of ice can endanger~the,air§hip orvinterfere with 1its
operation in several ways: (1) éifenéivé*aécumulatiqns,opz
the envelope may overlcad the éirShip or throw 1t out ofhu
trim, (2) carburetor ice may cause enginelfailﬁfé, (3) ice
may be thrown”frpm‘the‘propeller,bla@es causing damage bo

the envelope and car, (4) ice on the windows may obstruct

'

the pilot's vision,'ahd (Ej'vérious najor Qnd minor cOntrolé
may become stiff or possibiy“inoperatéve° |

In ordeg to determine the. extent- of ice—préventioﬂ
equipment fequired to operate airships with safety during
icing gbhéitibns; 1t was necessary Tirst to define certaln
of the pfdblems o0f ice formation which are unique tqwthe air-
ghip in fiight.i In some caées, wvhere similarity exists,
techniques developed to prevent ice on the airplane are ép~.
plicable fo the airship. For example;'usc.of an adequate
amount of carburetor-alr preheat in'the«present_service instal-~
lations~has largely eliminatéd the prdblemaof=carbur¢ﬁor icing
on airships;‘:Prbpeller andeindéhieid'icing probleﬁs likewise
may be solved by applying techniques developed for heavier-
than-air craft. . A
In order to_determine fhe effectiveness of ﬁhg épplication

of theée«techniques and to define the problems such as envelope
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and control icing which are unique to the airship, a com-
Prehensive research progrem has been undertaken by the Ames
Aeronautical Laboratory. The ultimate cbjective of the

‘am 1s the devclopment of ice-prevention eduipnent to

o)

3
o
=
)

provide alequate protection for the airship during icing
conditions, |

The present Phase of the research program was undertaken
to define the problems ﬁhich are unique in the prevention of
~ice formation on airships, and was carried out at the aval
Air Station, Lakehurst, Hew Jersey, on a U.S. Havael XK-type
airship equipned to photograrnh iée Tormgtions and to record
meteorological conditions. Ice-prevention equivnent installed
on the ailrship included carburetor-air DPreheat, electrically
heated propeller blszsde shoés, and a rudimentary heated-air
system for the windshield, The prevaration and overation of
the alrship for this investigation was-oarried out, and all
photograprhs taken, by personnel of the Haval Air Station,
Lakehurst, Hew Jersey.

DESCRIPTICH CF EQUIPLENT
The Airship

The airship on which the tests were made is of the type
currently employed by the Navy for patrol and convoy work.
Designated as the X-2L4 it ig 252 feet long, has a volume of
435,000 cubic feet, and a gross 1ift of 26,970 pounds when

erploying helium gas, A complete description aprears in
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2nd 2. As egulipped for this project, the K-2%
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sship 1s ehown in figure 1.
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Scanning various parts of the car, envelope, and Ting wire
twalve 1fé-millimeter electrically hested gun-sight cameras
arranged to obtain vhotographic evidence of ice formation., The

camera assembly and dstells are shown in figures 2 and %3, The

camera loca
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. ) . s \, . .
tions are shovn in figures 4 and 5., The ares

0
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gscanned by the cameras were painted black to provide a cont rast“

ing cackground for ice. all 12 camerass were operated simul—
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toneouzly from the instrumsnt panel in the car. (Sge Tig,

Electrically heated propeller blade shoss were installed

on woth propzlilers as shown in Tigure 7. Fower at 2% volts

ts by shiglding thesn {rom ice and snow accumulationg.

3

de choes on each
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Provigion was made to energlze the ©

propeller alternstely or both simulioneously. Veltmsters .and

b3

L the power to the

P

ammeters on the inztrument panel incdicate
propeller blade shoes and a thermocouple mounted between the

ghoe and the leading e¢dge of one blade on each propeller in-

¢icsteld the temverature rise of the blade.
The thermocouple junction on ths starboard propeller was
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from the center line, wihile the thermocoualn
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on the port propeller was located 21 inches from the centef
line of the‘hub. | |

In addition to the propeller equipment, a profectivé strip
cohsisﬁingloﬁ_sevetal layers of heavy fabric VQS‘éttaéhéﬁ'to the
envelope and car in the plane of the propellers to impeéé'peﬁef
trﬁtibh of 1ce particles in the event of~ih¢ompleté'pfotectibnt
by the propeller ice-prevention ;ystem.

' Me%éorologiéal Equipment

_In,addition to~the'standa§d flight'iﬁgtfdménts{ aﬂ éero~'
.graph_and"anjeleotricél’humidity indicator ﬁefe iﬁstallédAés
shown in figures: 10, 11, ‘and 12, Théidéfééfaph'is'é recording
instrument which provides a record df:altitude, tempefature, |
and hum;d;ty_duping-flight.:’The»humidity"indicator, together
wiph’a.thermometer.exposed to. the air-stréamfand’an'altiméter;
pﬁoVided an,inspantaneousLindioation“of the same}Quantities.

.~ Windshield Ice-Prevention Equipment

Flexible ducts were led from a 20,000-Btu-per-hour com-
bustion heater to' the forward windshield to form a rudimentary
ice-prevention system:. ~The ducts terminated in fantails and

could be directed at any part of the windshield.

Miscellaneous Equipment

The”felative'tempefatﬁreéof the envelope, helium, and air .
were measured with a totglvqf six iron—constantan thermocouples
installed at the forward and aft ends of the envelope. The two
installations were identical: a thermbéouple % inches above the

surface in the alr stream, one on the fabric surface and another
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in thé helium 6 inches from the surface.
. FLIGHT TEST DATA

The following description of an icing flight made by the’
K-24 airship includes both metecrological and photographic
observations to define the icing conditions and the extent of

the ice formations on the zirship.:
leteorclogical Conditions Concurrent with Icing Flight

On the morning of the flight two low-pressure.centers, -

one from the Great Lakes region and the other from West Virginia,

merged over New Jersey éhd movéd odt-OVer fhe Atléntic ocean.
At the same time &now Showers were reported in the mountains
between West Virginia and Maine. The radicsonde, from which
the record in figure 13 was obtained, was released at Lakehurst
at 11:00 a.m. (Eastern Wer Time is used throughout thig report)
and shortly thereafter sndw and freezing rain began falling
at Lakehurst. The weather map-in figure 14 shows that in the
region behind the low a mass of_moist polar maritime air was.
overfiding a colder mass of dry pqlar.continental air. As
the flow behind the low-pressure center became more northerly
the temperature of the ‘air aloft dropped very rapidly. By -
noon a layér of air having temperéturéS'well beloW'freeZing

ranged from 1700 to 4500 feet.,
When the K-2U4 airship took off at 1:45 p.m. the conditions

described above were at their maximum intensity with large
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srowfl tes falling, indicating rapid freezing aloft.

-ioderate snowfali and freezing rain limited to the regior
of New Jersey, which wes at the edge of the precipitation
area, continued until about 6:00 p.m.,at which time the
-8now changed to light rain. The precipitation stopped at

about 7:30 p.um.

pap}

" Teke—ofi Conditions

Prior to take-off the alrsnﬂp wes fueled to 690 gellons

of gnsollne (Loo gal: dlooos;blc)_ - The awroq1p left the

Aa crew of eight

The following weather ocqerVﬁtions were made: mixed
heavy snow and sleet, 1ight'fog, ceiling 400 feet, lower
broken clouds, overcast estimated at 1300 feet, visibility
three~quarters‘mile, temperature 350 F, dew point 34° P,
relative humidity 95 oefoeﬁﬁ, and surface wind NNE & miies
per hour._

During the few minutes the airship was on the field
before take—off,,the upper Sﬁrface of the envelope and
horizontal fins were olanﬂeued wiﬁh a layer.of wet snow.
This layer of snow caused the alrship to be tailheavy on

take~off.
Flight Data

Aerograph records .and Drec1bltat10n observations made

on the airship during the flight are shown in figure 15.
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The following photographs appear chronologically as they
were taken on the flight. The groups of pictures showing the
envelope, front of car, and fins were selected from 32 runs to
show significant changes in the ~appearance of the accumulations

Nl

of ice and snow,

An idea of the extent of the snow accumulated on various
parts of the airship while on the ground and during the first
5 minutes of flight may be obtained from figure 16, The
camera numbers correspond to these appearing in Tigures I
and 5., Of the 12 cameras the records of cameras 3 and 7 arec
omitted. Camera 3% failed to cperate pfoperly and camera 7
showed no ice or snow to accumulate cn the poft helium valve at
any time during the flight, t 1:50‘p:m., when figure 15 was
taken, heavy snow was felllng and the propeller blade shoes were
operating. Shortly after 2:00 p.m, the airship reached
pressure height at 2000 feet.

The forward windshield wes clear of ice upon take-off
but the accumulation shown in figure 17, taken at 2:05 p.m.,
gradually became thicker and more extensive as the flight
progressed, The ends of the heaoted-air ducts directed at
the inner surface of the windshield may be scen in the lower
half of the figure.

Figure 18 taken at approximately the seame time showe ice
accunulating on the lecading edge of the oil-coolcr air scoop,
outrigrer, and proneller spinncr, At this time the airship

was flying with the aft ballonet cmpty and &° down-elevator
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at an airspeéd of 55,knotsﬂ This airspeed was maintained- - - -
throughout the flight.  Visibility was-zero and heavy
snow and rain were falling. The aerograph had cellected
' a thin coat of glaze ice.

| -The snow accumulated cn the top of the envelope and
fins while on the grcund is shown in figure 19, taken at
2:32 p. m., to be gradually thinning out. 1In the regions
-scanned by cameras 1, &, @, and 12 at the stern, car, and
bow, snow and ice were buillding up slowly.

Figure 20, taken an hour after takeroff,'shoWs'a
continuation in the trends éhown in the previous set of
photographs taken 13 minutes earlier. The airship flew -
into a rain shower after these photographs were rakén
and the condition of thé alrship a minute later:-is shown
in figure 21. The effect of the rain is most apparent
in the records of cameras 2, 4%, 10, and 11,

At 3:01 p. m, the;amqunt,of-ice on the engine out-
riggers, shown in figure 22, 1s about the same as it was
an hour before. (See figs 1€.).: The airship.was flyiﬁg”
at 55 knots airspeed with 10° down-elevator,.2° ‘up~inelina-
tion, and aft ballonet empty. “

At about. 3:10 p. m. (fig.'23'.~- cameras 2,”6;?é}
and 9) ice started forming at a more rapid:raﬁéfoh'the”
control and brace wires at the tail, on the.fin
leading edge, and on the car. window. Thirty minutes

later ice and impacted snow have continued to build up as
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shown in figure‘EH, Very little snow remained on the envelope
except at the bow and stern, The haze over a portion of the
rceord of camera 12 is ice in the oﬁening of the camera
fairing. After 700 pounds of sand were jettisoncd the airship

wos flying with 50 down~—e lnvguo and 2°~up—inclination. Views

(@]
L)

ice on the engine outrigger, spotlight, cerograph, and open
alrscoop are shown in figurcs 25, 26, 27, and 28.

At L:05 p.m. 200 gollons of gasoline werc jettisoned
pfoparatory for landing, The airship londed at L:10 p.m.,
about 200 pounds lighﬁ, he camera records shown in Tigure 29
were ma@é upon cantcring the hangar. The heavy accumulation of

snow and icc shown on the shcrn by camera 1 persisted through-

(

out the flight, The records of .the cameras scanning other
parts of thc ecnvelope show mogt of the snow to have melited or
blown off.

No icec could be scen on the control wircs botircon the
recar of the car anc tio dlower vertical fin, nor on the leading
cdge of the fin itsclf at any time during the flight., At no
timc were thc controls sl a:al h or stiff and. the airship
remaincd unuer completc control throughout the entirc flight,

The thermocouples mounted ot the top of the envelope
indicated near-freezing tompgpaturc; in the air, gas, and
surfacc throughout tho flight., Accu ﬁtoigc surcments could
not bec made of thesg temporaturcs or propcller-bladc tempore—
turcs becausc of potentiometer vibration. Subscquent mcasuro~

ments werc madc successfully in nonicing conditions with +the



IR No. A5J19a 11
potentiometer'mountéd in a bungee support.
Landing Conditions

Thé weather conditions on lénding were ceiling 400 feet,
overcast, i~mile vieibility, light snow and fog, temperature
BQO‘F, dew point 33%° F, relative humidity.95 percent, andh
surface wind NNE 9'miles per hour. |

Totel nrecipitetion during the flight wes about 2% inches
of wet snow or 0.29 inch of water (cquivalent).

 The foliowing pictures were taken vhile the K-24 was
being docked. Figure %0 shows the thickness of the.iée whiéh
had accumulated on the oil-cooler strut., The ice remaining
on the cer windshield, spotlight, and electric humidity
tronsmitter cen be secen in Tigure 31. Figures 32,-33,.and 3l

show the snow remsining on the bow and stern of the envelope

and on the uoner fin broce wires, Figure 35 shows the genercl

Heating Characteristics of Propeller Blade Shoes

Subscquent to the icing flight; ground and flight tests
were node to determine the charactcristics of the blade shocs
on the fixed-pitch proﬁellers. The current and power
charscteristice of the three blade shocs, connected in

1, on each propeller arc shown in figurc 36, Thesc

paraliel
“valucs moy be divided by thrce to obtain the charncteristics

of the individual bladc cshocs.



12 MR No. A5J19a

Typicel transiéﬂt heating curves of the propcllcers for

light and ground conditions, when operating the Plade shocs

b

at 28 volts, arc shewn in figurc 37. These curves arce
furnished to indicato the time required to recach cquilibrium
rother than to provide an exact temperature calibration.

While the propecller tempereturce arc fairly insonéitivo to
spced in thc normal operating renge in straight flight,

during sustaincd turns the temperaturc of the propellcer on

the outsidc may drop 1CC- to 20° F, indicating the desirability
of maintaining a straight flight path dﬁring icing conditions

to obtain maximum protccitlon.

DISCUSSION

In accordance with the objectives of the present research,
the data prosontod herein ecstablieh the nature of the ice-
prevention cquipment required by a K-type airship in flying
through a nixture of hecavy wet snow and freezing fain at
temporotures ranging from 309 %o 340 F, Until further dota
are sccumulated in icing conditions, thcsc data arc considered
applicable onlyvto the conditions of thc prescnt tests. |

t is notable that airships have flown for cxtended

i

periods of ftime in dry snow without adversc effect, thile
it may bc concluded from such cxpericnces that dry snow docs
not present an icing problem in flight, it does not ncces-

sarily follow that an airship may beflown with equal succcss
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in wet snow 51ﬁce wet snow has far greater adhesive qualities.
The series of'photographs'of tne-envelope and fins start-
ng ith figufe‘l6'sh0w,-however, that as soon as the airship
attained cruisiﬁglspéedAthe ﬁet'snow began to blow and umelt
off, even though the airship was flying alimost contﬂnuelly in
Snow during'the entire Tlight, The only notable exce ptions
to this tendéncj dﬁ the envelone were-the regions at the stern
and bow écénnéd Py cameras 1 and 12,'respectively. Even
though the snow which. had accumulated in these regions before
take—off continued %o build up throu@héut’the:flight, the
airship'did:ﬁdt’becgme'difficfltlﬁb control at any tine.

If, in estinating the_weivht of the snow at the stern of

the enveldne 1t 1¢. assumed that twe oenSLuV~of;$ne accumula~

. tion is one-thiz et of water éﬁ.ifhéf‘it averages £ inches
inhthickness,nits‘veight;would.be‘égguftéOO‘pounds. Only when
flyihg“af vefy7ibﬁ'altituQePWOuld éﬁéh;éiléaderesent a hazard
to thgva;rship. IT, under this cohdiﬁibh}'the-snow ere to
slide off,ma;faﬁla'change in élevéﬁo¥ aﬁ&Té‘wou1d>be required
to coupensa te fbr'ﬂhé:o-gnge?in.ﬁrim‘#ithéut logs of altitude,
thle the'éecoﬁi lafgestzaggq@ulétibn:6f'show‘occw“med on the
bOW'OI the éﬁvélopé; it ”as'pot;éxﬁéﬁsivé enough to have any
ngtigeébiéléffect"on_tge.aitghiﬁ. R

The accunuliation pfignow ané iéé’o -t engine out-—
riggers, fiﬁ'léading edggs{ ana éiﬁilﬁr locatlions are nowb

.|_ A

considered serious since they ncither interfere with the

i |

operaticn of the airship nor add apprecisdbly to its weight.
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"hus 1t is concluded that an alrshlp may be flown durlng

condltiono s1m11ar to those descrloeo hereln w1thout dangep of
becomlng excesstvelv heavy, and whlle 1oe—preventlon equlpmeﬁt
is ae51rable 1n the reglon of the enveloDe stern and bow, suc%

eouﬂpment is not essentlal for the oUCC@SSfUl operatlon of the

airship,

Theuunount of ice aecumulated on the windshield in flight

o

'indlcates the des1rab111tv of an adeouate»wlndshleld lce pre—

ventlon svctem. “he system 1nstalled fOL the report d t sts

was of VCPJ llmlted effect1VLness.

. -

As d;ocusseo previously, one of the greatest dangers to
the airsh 1p»1s the ice thrown from the p“opelters tnto the cer

and envelope. le CLGCETLCQl*V heated Dfopelter‘ut»ee shoes

provided adequate Orotectlon durlng the chsent tuots SlﬂCC no

1ce was thrown agatnst tne car or enveWOVe.

)

leew;se there wa %8 no gvidence of 1ce 1n~the curburetof—
aif—induction svstem thus 1ndlcatlng the ﬁdoquacy of thc car-
burotor alr Dreheat system.

It is 1nterest1ng to note that in contrast to the reletively
clean condltlon of the K 24 alrshlp upon Tendlng after a Zf—nour
fllgbt an alrshlp moored at th"‘mast ouring the same oeriod
of tlme accumu‘ated an evtrenely"b y snow load on the flns
and nvelope.L‘The snow, 1n°tead of ulOwlng off as 1t dld in
flight, contlnued to bulld up as‘lo ng as snow was falling. The

comparative status of the two airships indicated that the flight

and ground problems are appreciably different even under
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identical weather conditions. - '~
CONCLUSIONS

The following cénéiusidns are drawn fromzthé aéfa;
presented herein:

1. The extent of ice-prevention equipment required for
the operation of an airship in conditions of mixed wet snow
and freezing rain has been established. An airship may be
flown successfully under these conditions when dnly the
propellers and inductioﬁ cystems are adequately protected.

‘2. The propsller thermal-electric blade shoes when
dissipating 1000 watts per blade were successful in prévent—
ing the formation of ice on the propellers uqder the
conditions of the reported icing flight.

3. The installation of an adequate windshield 1lce-
prevention system is very desirable.

4. Wnile ice and snow accumulate at the bow and stern
of the envelope during flight, the present tests indicate
that ice—prevéntion equipment is desirable but not essential.

in these regions when flying in wet snow.

Ames Aeronautical Laboratory,
' National Advisory Committee for Aeronautics,
Hoffett Field, Calif., October 19, 1945,
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Figure 2.- Typical camera pedestal used in photographing ice on the
K-24 envelope, fins,and car.
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Figure 3.- Camera pedestal disassembled.
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NACA
A-8736
9-25-45

Figure 6.- Ice research instrument panel on the K-24 airship
navigator's table.
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NACA
A-8737
9-25-45

Figure 7.- Camber face of blade of 12 foot-6 inch diameter fixed—

pitch propeller on the K-24 airship equipped with thermal-
electric blade shoe.
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NACA
A-8740
9-25-45

Figure 10.- Aerograph mounted on the port side of the K-24 airship
car at the navigator's window.
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Figure 1ll.- Electrical humidity transmitter located on the
starboard side of the K-24 airship car at the rudderman's
window.




MR No. A5J19a

SEA-8T22
9-20-45

Figure 12.-~ Electrical humidity indicator located above the
rudderman's window in the K-24 airship car.
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Figure 13.- Record of radio sonde released at 11:00 a. m, on
Mar. 22, 1945.



A5J 19a

MR NoO.

‘w *d 0¢:2 3® GHAT ‘22 °*Jey g0 dew JeyjeaM ~*HT 8and14

o)

o%

— | |« - : a
- oo | g
)
o] ofm
A N -
£ | 1
o b
& )
v 4
wo m f&-{ o "
wome 3 iy K3 )
-\ o
w NPT s _T % ﬂ - e S
° \
0] “ 1
RN o ! e B L L
® A \T - o
\ % °
. 4 o o, |
NABAS A =
A Q.W l“ »“ P, = “ o
P T ERE e -
w3 BN i B, Py S
e ERD i = -
i ‘ (% 5 AL/ 'Y
i sy . HI\T o) ®
s : —= ; LA |
/. o1 U7 TLr 4 H
o » 4 -3 - - ..n..:.w
ws $ o5
- " o ld-
9 ° ] ° "
e u...w!. N~ -
‘l bd *
oas Ws
4 o, 1 T I? .
£ 2N [
‘% 1
2\ R —— CEEAN
= " = . w a %
; wo i £, . o "\.._
w : a/% 1wt
o-.s- w0 L 1 = Wi - — &
o
= =l /e o Py
2 <
» [
& )
’ -
9 Oﬂlo lﬂa
= ! -
o




MR No. AbJ I9a

v

: fess ; : T S EERea g e
b 100 } El
3 i
R : et Tempni :
2 RELATIVE HUMI DI Ty il _ et R :
. |1 . i ;-_ J} H 4 4= :.'_
d - 90 F £ J1H F [ =
@ : b =
N T H 8 | ST 1T gy Raays e SR Eing]
- ] 1] Bnak o Ibaa; 588
- 36 ; B s g o !
W 34 ! ' ] i
fe) : - +
| i e i e e ik £
32 gl - i e e e
a E e e
‘5 s : ; o = 53 B :
- 30 54 T h ; e
. Hifs S AT Freb H A
) § TEMPERATURE | '
8 - N CUTHEE Rdea
. i PRECIPITATION KEY T
S TR
oy - ) E = SL EET i = i
F = FOG EXAMPLES: o L
2000 R = RAIN R+ = HEAVY RAIN
i i S = SNOW F- = LIGHT FOG 5
St + = HEAVY S = MODERATE SNOW
TR g - = LIGHT
1600 ) i SSETEEEE < J
,ﬂ - .;'14 ; T
- ; : " P i :
— ; : ot
ALTIT rH it
& 1200 UDE ! b ceielsiani
w fe 3 T L :
i N A
w i
Q i Lh
D 3
Z 800 :
p— +
- HEH
< ] R EE 3 . SRANES RE] -
= k] e el et et
400 ii P i
o i} it i i i TRESHRRISY

: : ’ .
1:40 pm 2:00 pm 2:30 pm TIME 3:00 pm ) 3:30. pm ‘ . 4:00 pm

B~ st R+ R+ R- R- R R R R- R F-
PRECIPITATION ¢ S+ o . S+ St S St s+ S S : 5
S+

FIGURE 15. — AEROGRAPH RECORDS OF RELATIVE HUMIDITY, TEMPERATURE AND ALTITUDE FOR THE K-24 AIRSHIP FLIGHT ON MARCH 22, 1945,
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Figure 16.- Condition of the K-24 airship envelope, fins, and car
at 1:50 p. m.,Mar. 22, 1945; 5 minutes after take—off.
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Figure. 1l7.- Ice on the forward window of the K-24 ai
2:05 p. m., Mar. 22, 1945, airship car at
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Figure 19.- Condition of the K-24 aiprship envelope, fins, and car
at 2:32 p. m., Mar. 22, 1945,
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Figure 20.— Condition of the K-24 airship envelope, fins,and car
at 2:45 p. m., Mar. 22, 1945,



MR No. ABJI9a

Camera -~ |0

Camera ~ 9 Camera - 8 Camera - 12

Figure 2l.- Condition of the K-24 airship envelope, fins and car
at 2:46 p.m., Mar. 22, 1945, -
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Figure 23.~ Condition of the K-24 airship envelope, fins,and car
at 3:10 p. m., Mar. 22, 1945,
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Figure 24.,- Condition of the K—24 airship envelope, fins, and car
at 3: 40 p. m., Mar. 22, 1945,
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Figure 29.- Condition of the K-24 airship envelope, fins, and car
after landing at 4:10 p. m., Mar. 22, 1945,
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Figure 3l.- Residual ice on the front of the K-24 airship car,
spﬁtlight and humidity transmitter after landing, Mar. 22
1945
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Figure 32.- Residual ice and snow on the bow of the K-24 airship
"after landing, Mar. 22, 1945,
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