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A3STRACT

atudy bas been made of the probability ¢f acerating a thicimess ol
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The fuzing eystem of the Matador Mod-0 Pilotlessa Aircraft conslsts of
a baro-port pressure systen whichk turns on the radar fuzing system
Anrines the dijva phase of the trajectory. The baro-port pressure sys-
tem nonsisis of two clusters of 1/32" diameter orifices located 90°
apart at astation 45 on the Matador fuselage. If icing conditioms
vere eacouvntered during the trajectory, it is conceivable that the

ice formation would seal off the orifices with a resulting malfunction
of the primary fuzing systen.

Tre threefold purpose of this memorandum is to discuss the probebility
of snrountering meteorological conditions conducive to icing; to de-
termine the reglons of the trajectory where icing could occur, and to
determine the probability of ascreting specified thickmesses of ice ab
gtation A4S during icing conditions.




HOMENCLATUPY

A Cross-gectional area of Matador at maximum diameter, sguare fest

AL Surface area of Matador fuselage forward of nmaximum diasoter,
scuare feel

o Uroplet diameter, microns or feet
a Dianeter of body, feet
i Onllection efficiency, dimensionless

E Droplet Reynolds mumber, dimensionless

o

T Ambient temperature, degrees Fahrenheit
t Fiight tixe, ceconds
v Adrcraft veloclity, feet per second

LI Liquid water content, grams per cubic meter or pounds per cuble
feet

Specific weight of air, pounds per cubic feet

Wy Specific weight of superccoled water droplet, pounds per cubic feel

“ Specific weight of ics, pounds per cubic fest
Ice thickness; inches

y2 Fres ptresn deneity. slugs per cubic foot

M Viscosity, slugs per foot second

N/ Scale modulue, dimensicnless
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ICE FORMATION OF ATHORAFT

The most common type ¢f icing ocours when an alreralt fllse through a
anparcocled cloud. Supercocled ciouds are a suspension of itiny waler
dropleta which remain unfrozen even though the tompersture may be far
below the melting point of ice. Water has been gsupercooled in the
laterators 1o ~72°C 1 and windehield 4eins has been encountered over
England cn a Canberra at -50°C at an altitude of 45,000 feet.2 :However,
it is gensrally believad that the freguency of ocgurrence of superocooled
clouds at temperatures below -40°C is negligible.” This belief is borme
out by the fact that the likelihood of the spentaneous aunclestion fre-z-
ing process {(chance collisions of liquid molecules forming a critical
zize ice cryeiml) increzses quite rapidly with decreasing temperature.
Honee, it i3 impliied that at temperaturce below ~40°C the cloud will be
composed of ice crystals which merely bounce off an alrcraft surface.

An asirplane, flying through a supercooled cloud, collides with the
droplets and becomes wet with a continuous layer of supercooled water.
¥uclel present on the surface initiate the transition from liquid to ice.
Onee a thin £ilm of ice is deposited, succeeding water droplets freeze
upen impact with the ice covered snrface.

A less freguent itype of lecing is experienced when an aircraft encounters
freezing rain. This ocecurs when an aireraft is fiying through rain fall-

ing from ciouds which are at above-freszing temperatures while the ambiant
temperature of the aircraft altitude is below freezing.

PROBABILITY OF ENCOUNRTERING ICIXG CONDITIONS

Supercooled Clonds

Statistics on sircraft ice accrstion cver northwestern Burcpe have been
compiled by the USAF Alr Weathsr Service4 based on 1340 weatber recon-
nsigsencs missions mads dur'ng the pericd 3 Jume 1944 to 3 May 1945, The
flichis were made at average sliitndea of 5000 to 15,00C feel, rat Sre-
guently moagurements of thick cloud decks took pilots as high as 30,000
feot sné down to a few mmdred foeet above the ground., Obsersmilonal dala
from the pilote indicated thal one or more instances of icdmg occurred on
307 of the 134C flights for a percentage of 22.9%. In gensral, icing
conditions were encountered more frequently during the winter and spring

T iy
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wing tabie presents the frequancy of icing uith mnnth
of tha year for noot of thve chaervations.
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S*atistics on aircraft ice aceretion over the North Atlantic were accumm-
Zatsd oy three 0.5, weetheT reconnaissance edircraft on 40 round trips be-

tween Nerih America and England during January to March 1944.5 The percen-
sare of tne totsl flight *ime ths edrcraft was in clouds or ‘cing at var-
tous altitudes iz preosented 1u Table 2.,
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Time ix ilcing 42 27 i9 13 FA
A piste Ziscuseinn of toe freguency of ozcurrence of cloud types, the
s imwd trpes moet condueive to fcing. anid oither metsorology aspecis of
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eircrals 1cing wver Europs are presoented by B. K. Charles in a Sandia
Cormrretisn Tarhnics: Memsrandum. ©

P

Freszing fadn

Freezing rain normally cocurs in tue late fall Lo esrly spring sessons
of 1la ysar and, lo gencral, 1f con fined to the lowest 5000 'as‘ of the
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stmoaspbere, Ieing data acoizmilated on scheduled air transport oporaticna
balow 1000 feet altitude between Berlin and Kaliningrad (1414 flights)
and Kaliningrad and Moscow (809 flighta) between Ostober and March 922-
1937 indicate that freezing rain was encountered about L% of the tiwe.
The [requency of occurrence of this condition shounld decrease with alti-
tode,

ICIRG REGICKS OF MATADOR TRAJECTORY

Goeneral

The <iiat and cruise phase of the Matador itrajectory selected for this
srudy corr Skﬁoﬂﬂqto ihe pre-set indicated dynamic pressure of 220 pounds
veT squars fooht,’ The pushover and dive phase were selected from IBM

:rage‘to'y calculationz lhat correspond to the above-mentioned climd

Toe emblient temperature 1s plotted versus flight time, altitude and
velocity for the climb, crulse, and dive phases of the selected trajec-
tory 4n figures ls, ib and 1z, respectively. The MNACA standard atmos-
phere” was used throughout t is study. In addition, the calculated
weundary layer emperature arnd skin zeﬂnoraxure for flight in clear air
sre shown in figures la, 1b and le. The effect of aerodyasamie heating
on the icing will be discussed later in the memo.

Supersocled Clouds

Since zuperccoolied clouds normaily exist only in the temperature range
£ 329% 4o ~40°F, the potential icing rsgions of the trajectory can be
termined. Figures 1la and ic indicate that the time extent of the
ing regions are £.6 minuies and 0.35 minutes, respectively, for the
-t and dive phases. It is appareni that the icing region dwring
c¢iimb viil te more critical than the icing region during the dive,

S ke L (3
I

Ly bty \2
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Freezdine Rain

Since freezing rain is confinsd to the lower 5000 feeﬁ‘éfiﬁhésixﬁés; ,
vhere, this typs of lcing could oceur ouly during the first minute of s
tha o) imb rhase of the trajeciory. Dnring 4be a.ims mwm:m s
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cecur only for avoroximsiely (.1 minmuts, However, the Jcing durirg ths
diwe phase can be disregarded as the bero-system would have turned on
the radars before this region is sncountered. Hence, the icing dus to
Treezing rein during the climd only naed be furthsr considered,

RATZ OF ICING IN SUPERCOOLED CLOUDS

Distrivuticn of Ice Over Matedor Noge

A s=—eled sketch of ihe Matedor fuszelage forward of the maximm dismeter
is presented in figure 2. The location of the baro-ports is indicated
in the sketch. Since the ports are located well forward of the aaximm

diameter, it io quite conceivable they are in the impingsment region of
the supercooled water droplets. As far as the author knows, stadies of
water droplet trajectories on bodles of revolution of this type have nat
teen made to date. Water droplet trajectories have besn det«riined on
spheres, cylinders and flat plstes by several investigators. Tribusgll
recently determined droplet trajectories for a supersonic wedge. Bergrun
and Cuibertl? ot al, calcuisasted droplet trajectories about several air-
foi1l sections with a differeantisl anaiyzer. The equations of motion of
the supercooled droplsts can be scl ed mrmerically, on a differential
analyzer, or by elecironic simulatior methods {as deacribed by Tribusl3).
In order to sccurately predist the srea of impingement or the distributiom
of ice along the Matedor nose, water droplet trajectory celeulations would
bave 42 be mede Ior this shape. The distribution of ice on any surface

iz primarily a function of droplet diameter, aircrafi speed, and the sur-
face size, share and angle of sttack.

I was felt thal this study 4314 rot werrant +the expense, time, ets. that
would be iavolved in mexing water-droplet itrajectory studies ovexr the
¥stacder for an eccurste determineticen of ice distribution. BHence, the

by 2 ssgumprtlon was made that the ice vas evenly distribuled
: o the mesximun diameter of the fuselags. This 418 shown
n {igure 2 slopg with the probabis alssribution of the ice layer.

Sate of Impingement

Vaing the aasumﬁtion of constant ice thickness along the‘éurfhnb;‘ihé
ice thickness aocreted for may given flight pericd can be oxpresoed as:
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vbore Wy (1iquid water content) is in 1lbs/ft3,

Collection Efflciency, E

The zollection efficiency expresses the ratlo of ths smount of water
whichk ectually impinges on the surfece to the total suount of free
water in the volume swept by the surface (for the Matador, the amownt
swept by the cross-sectional area at the maximum diameters. The col-
lection efficiency is a function of droplet size, air temperature and
nressure, and four aircreft parameters, namely: welociiy, size; shape
and angle of attack. The collection efficlency cannot be accurately
eatimated unless droplsei trajectory calculations, as mentioned pre-
viously for the ice distribution, are made, Hence, an assumption mmst
be made for the collection efficlercy of the Matador.

Table 3, which was extracted { ?‘aser,u indicates the variation
cf E with four paraneters.

TARLE 3
Variation of E with Velocity, Scele, Shape and Droplet Size
Valne of E (percent)

Body Velocity Droplet Diammeter (microms)

e 5 1o toyy 1207 30 . b | sl
iin. dia. 200 10 | 75 | 93 100 |100 {1200 | 200
cylinder 400 6C 2 100 § 100 | 100 | i0C .} 100
Ving with 200 C 0 o 1 10 17 25
Po £+ shord 400 0 0 3 10 20 33 47 |

g S menation of table 3 indicates B varies coraiderably with dmp}nt
S diec:zeter &l to a 1asse* axtr-t wim Tﬁ;%iuy fo‘ the zo-tﬂeg,qh;a;d




wing,

The varistion of collection efficiency with droplel diesmeter for two
atrfoils is plotted in figure 3. The curve for the 20-foot wing was
taiten from table 3. The curves_for the 15.8 foot chord ving were ex-
tracted from Hacker and Dorsch.l> These curves are presented tcpint

S

out (in the absence of collsction effictency dats on s
revolution) the variation of B with droplet dismeter on shapes the -
game order of magnitude in size and at approximately the same velocity
as the Matador. The lirear variation of E showvn in figure 3 was used
in calculations on the Matador,

Tritus? has determined the variation of collection efficiency for
Spheres in terms of the dreplet Resyuclds number and & scale mdnlus.
The dreplet Reynolds munmber is expressed as e

R, = PV D (@
P

The scale modulus 13 expressed as

V=9, a | B ]
vy b ' .

The collection efficiency has been plotted versus droplet Reynolds
m=ber with scale modulus as a parameter by Tritus.?

The variation of collection efficiency with droplet dismster was de-
tsrmined by this method for a sphere of the same diameter as the max.- i
imum Matador fuselsge diesmeter uaing the four flight. conditiouns.of- tha‘ e
Matadcr trajectory that reprosent the extremes of the icing Teglons
shown in figures la and le. These four curves are presented in figwre

4 2long with the lirear variaticn of E with D used in the Matador cal-
sulationa. The collection efficiency for the Matador fnselage shouid

be lz2es than for a2 sphare of ihe same dimseler as the decreassed exrvs-
ture of ths flov stresmlines around the Maisdor shupe wonid allow more
droplets to escape. Hsnce, the linear waristion of aonection offici-
ency vsed in this atndy should be quite oonaemhve.
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relizhie estimaie of 1he minimam thickness of ice gt ststion L3 ries.

aary Lo soa) off the poris or %o clog the ports sufficiently to cuume

nalfunsiion of the primary fuzing system is rather <ifficult to meake.

it seems reasonable that o sheet of ica the same thickness as the orifice

otar would trobably cleg the ports. Even partial closurs of the

w3 would undoubtedly result in lag in the pressure system, BSizncs e

Lieal 100 thicknass could pet be estimated, it was declded to deler-

mine “he probability of accreting ice thicknesses on the same oxder of
tude asz the orifice diameter for the lcing regions specified in

figarss la and lc.

PROBASILITY CF ACCRETIG A SPECIFIED THICKNESS OF ICE
STRING FLIGHT 13 A SUPERCOOLED CILOUD

Probability Anslvsis

irwis and Bergnmlé statistically analyzed flight icing date obtained

in the United States snd developed a method for determining the proba-
bility of exceeding any specified group of values cf liguid-water con-
<ont assosiated simultaneously with temperature and drop-diameter values
iving within specified ranges. The data used included 252 icing en-
coembers and 1038 observations of liguid-water content and drop dismeter.
They <omruied the rrobability aPs, that in any random icing encomnter,
the liguid water content would exceed a specified valus Wy while temper-
ature and drop dismeter are within specified ranges AT axd AD, respec-
tively, for 2 specifisd hordizontal cloud extent, This partial probtabil-

4 3
ity 7o be swpresced ase

ATy = Fn Py By, T) (£}
whore
Pyp = the probability that the drop diemeler will de within the

interval 4D,

the probability that ths texperature wiil iie withinm the

o
i




P‘J (AT) = the conditional probability that the L.:mid water
content will be equal to or greater than W
the condition that the tempersture lies wi%
intervalA T, -

Bargrun end levis amnclyzed tha data by utiliazing the temperature and
drop disneter intervals vpresented below in Table 4.

Table 4

Madium T, °F Az, °F Mediwm D, microns AD, microns

24 32 to 20.5 8 0 to 9.5
15.5 20.5 to 10.5 11 9.5 W 12.5
6.0 6.5 to 10.5 14 12.5 to0 15.5
=4.C -2.5 t5 0.5 17 15.5 to 19.5
~-13.0 -3.5 ©0-19,5 24 19.5 to 29.5
-25 -12.5 t¢ =40 37 2.5 to 49.5

60 over 49.5

All corcelivable conbinations of AD and AT in Table 4 provids 42 dif-
ferent values ofAP;. Lewls and Bergrun state that ths total proba-
bility of exceeding a given lcing condition is the sum of the partial
probabilities since the different possibilities are mitually exclusive.
Specify cally,

s

P=£4P, = &P, (5)
4 i -

+ and Bergrun prepared partial protability charis for itwe classes
cwmlua and layer) and for three regions of the U. S. (Pecific
a, the plateau reg:lon and the ezstern United States). The

trepared with AP, plotted versus Wy withAD, AT and bord~
zontal extent as peraceters.
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Probabilive of Exceeding a Specified Thicknesg og Igg m the -
Climb Fhase of the Matador Trajectory

with t‘m assumption of conetant ice thickness alomg the surface, - . -
equation {1) can be used in conjunction with the partial probatility
charts te determine thes probability of exceading specific thicknesses
of ice, Exanination of figure la indicates the {ime extent of the
potential icing region is 5.6 minutes snd the average velocity is
approxinately 600 ft/sec. The ratio of the maximm cross-ssctional
area (A.) to the surface area /A;) is 0.159. Fraserls uses a value
of 0.5 for the specific gravily of ice accreted on aircreft., Sub-
stituting the above values in equation (1), the thickness can be
expressed as: : ,

¥ = 0.477 By (6)
where

v = ice thickmness, inches

E = collecticn efficlency, per cent

W,;= liquid water content, grmns/metera

The artitrary varlstion cf collection efficiency with drop diameter
{presented in figure 3) when used in conjunction with equation (6)
and the temperature intervals and drop diameter intervals talmlated
in Table 4 can be used to determine the 42 partial probabilities
(Lewis and Bergrunl®) that ice thickness"y"will be exceeded in smy -
random icing encounter, The summation of these partial probadbilities
vill give the total probability of exceeding "y". These partial
probabilities a&id the total probabllity were determined using charts
preparsd by lewis and Bergrun for the Pacific Coast Cummlus clood
types. This cloud type represents the most severe icing conditions
$n toe United States (i.e., the largest liquid water content).: Bence,
the implication i3 that this iclng condition is at lsaszt representa-
tive of icing conditions that would be sncountered by the Matader
wherever used. The horizontal extent of the potentisl ieing region
during the climb is approximately 338 miles. To be conservative, a
borizontal extent of 3C miles was used to determine partial probs~
bilities from the charts, artial probabilities were determined
for ice thicknesaes of 1/32, 1/{6 aod 3/32 of an inch and are pre-

sonted iz Tablos I, IT and III of Appendix I.




Examination of these tables indicatesthat the total probability of exceed.
ing 1/32, 1/16 and 3/32 inch of ice at station 45 wben the Matador has
flowm through a supercooled cloud during the climb is 17, 6 and 2 per
cent, respectively.  Ancther way of exprecsing ths probability is that
the ice thicknesg would be less than 1/32 inch 83 per cent of the time,
twaon 1/32 and 1/16 inch 11 per cent of the time, betwsen 1/16 inch
end 3/32 inch L per'cent of the time, and greater than 3/32 inch 2 per
cent of the time the aircraft has flown through a supercocied cloud.
As previcusly stated in this memo, the probability of encountering fcing
ovar Europe (yearly average) is less than 25 per cent of the time., Eence,
the total prcbabilily of exceeding 1/32, 1/16 and 3/32 inch of 1ce for
ali flights is aporoximately 4. 1,5 and 0.5 per cent, respectively. It
ahonld be emphasized that because of the several conservative assuamptions,
the actusl probabilities would be less than thoss calculated.

Protability of Execeed : cified T
Dive Pbase of the Matador Trajectory

The partial prebebilitles for the dive phase can be detormined in the
same manner ag for the climdb phase., Examination of figure lc indicates
the time extent of the potential icing region is 0.35 mimutes and tbe
average velocity 1s spproximstely 1075 ft/sec. The ice thickness can
be expressed as

vy = 0.055 B« (7)

The partiel probabiiities for exceeding ice thicknesses of 1/64 and
1/32 of an inch during the dive are presented in Tables IV and V.of
Appendix I, A three mile horizontal exteat was uvsed for determining
thease probabilities, ‘ ,

These tabulsr results indicats that the probability of acereting more
than 1/64 and 1/32 inch of ice during the dive phase of the trajectory
in supercooled cloude iz 9 and 1 per cent. respectively. As supercooled
«lowds are present only aboul 25 per cent of the time, the total probe-
vility of exceeding 1/64 and 1/32 fnch for a1l £1lights is spproxinstely
2 ond 1/l per cent, respectively, Hence, it can te concluded that pos-
sivie feing in the climd phase of the trajectory is move &ritical then
in tke pushover and dive phase. :




MATADOR ICING IN FREZZING RAIN

Previcus discussion peinted out that freezing rain need be considered
oaly for the climb phass of the trajectory. Lewisl? indicates that
the rate of precipitation of freezing rain corresponds to a liguid
watar content of .2 grams/meter3 and the aircraft collection efficiency
13 vsuaily 100% as the droplets are very lerge, between 500 and 1000
microns in diameter, Former discussion has indicated that freezirg
rain could occur durisg the first mirmute of flight or at any altitude
telow 500C feet. Howevsr, the vertical extent of freezing rain mmst
be small as the raindrops freeze and becoms sleet at temperatures only
o faw degreez above freezing, Hence, it was assumed that the meaxfwmm
vartical extent of any freeaing rain encounter would not exceed 1000
feat, A calculation of the ice thickness dus to freezing rain from
equation (1) for a thousand feet vertical extent indicates tbe layer
would be approximately 0.0C2 inch thiek. &lso, since freezing rain
rrobably would not occur over 4 per cent of the time, ths probability
of meezin,, rain causing a malfunction of the Matador fuzing system

iz negligidble,

EFFECT OF AERODYNAMIC HEATING

Tr= bounary layer temperature and skin temperature at station 45 were
calculated and are presented in ﬁgures la, 1b and lc. The skin tem-
perature was calculated for flight in clear air. The calculations
ware made based on a turbulent boundary layer existing at station 45.
Heat flow due to radiation and heat flow to the immer body components
were neglected in the heat balance. The convective heat flow through
the boundary lasyer due to frictional heating was equated to the heat
capacity of the skin end an iteration process was used ¢ determine the
trancient skin temperatures dwring the trajectory. The skin temperature
lzgped {he boundsry layer temperature congiderably during the dive phase,
but the termperatures were nearly equel during the other regions of the
Night. .

Yessingerl® hae set up the energy balance for an unheated icing surface.
e c¢oncludes that the surface temperature of an aircraft in icing condi-
tions will be less ithan the surface temperatuvre for the aircraft in
clear -gir. Lence, tbe actusi surface temperaturs in the icing regions
shavn mfis:ureslaaz}dlcmlﬂbalassthmthssnrface!&nperatm :
plotted. Cbelously, if the zurface tam;saratnre vare about 32°F, :le:.ng




‘ghs Matador nose end a linesr varistion of colisciicn efffsieney with

would not occur., Hence, the sffect of asrodynamic heating wouid bo to
decresse the extent of icing rogions during ths climd and divs phases,

EFPECT OF SUBLIMATION

f»fessingarlg has detormined the rate of sublimation of en ice-covered
surface in clear air. This sublimation rate (inches/hr.) was plotted
b7 Messinger versus free stream velocity (knots) with ﬂtituda and
boundarv layer heat transfer cocefficient {Btu/hr °F £t ) ag parameters.
The aprlication of this curve to the cruise treajectory of the Matador,
using tbe flight data from figurs 1b and the heat transfer coefficienta
celculated in the skin temperature detemination, indicates thal the
sublimation rate would be negligible during the cruise., For an alii~-
tude of 30,000 feet, wvelocity of 400 kvots, and a heat transfer oo~
afficient of 24 Btu/kr £t2 OF occcurring at time 8.3 mimmtes during tbe
climb, the rate of sublimation is 0.02 imckes/hr. Tho sublization rate
decreases very rapidly with altitude. Hence, only a negligible amount
of the ice pccreted during the climb phese would sublime off during the
remainder of the irajectory.

CONCLUSIORS B |

Tte probability of ics formation st ihe baropory on the Matador noas
causing a malfunctiion of the primary fuzing system bas been studied.

The results indicate that ice formation dus tc freezing rain is negli-
gible; whereas, ice formation due to supercooled clouds is more critical.

Statistice on aircraft ice accretion over Burope indicate that super-
cooled clouds will Yo encountered approxinsisiy 25 per cent of the time
on m rearly basis, During the winter mcnths this percentage can be ss
igh as 40 per cent. :

Icing during tho <iinb is more criticsi thao ifcing during the dive phase
of the Matador trajectory. A study of the sublimation rate dnrmg tko
cruiaes indicates thet only a very sxmall parcentage of ice acmted dnr—
ing the olimb vould sublimate off during the cruise m #rg

Besed on the consorvatiwve asmmptions of constant :lce thidmess dmg

NCLASSIFIED



dropiet dlameter, the probablility analysee indicate that ths ice accre-
+4icn during the climb phase of the trajectory would be less than 1/22,
1/16 and 3/32 4nch 96, 98.5 and 99.5 per crat of the tims, respectively.
With the asmme nssumptions, the ice asccretion during ihe Qlve phase will
be lesa than 1/64 and 1/32 4nch 98 and 99.7 per cent of the time, res-
pertively. Tbhe actusl probabilities of accreting the specified ice
thicknoszes should be less then indicated because of the couservative
axsuzptisne,  These probabilities cculd be determined more accurately
it watar droplet lrajoctories were deisumined for the Matader body for
e axpectad £1ight conditions. A rors exact estimate of collectlon
afficioncy and area of Izpingewent could be nade from the water droplet
trajyectory ceiculations.

+rickness of ice necessary to canse malfunctioning of the baro-

s not known; however, 14 was assumed that an ice thickness the
: er of magnitude as the crifice diameter would probably affect
+the mormal operaiion of the barov-systen,

RECGHENDATIONS

1. The dismeter of the Matador baroperis should be increased to 1/3
inch to reducs the probability of ice formation affecting the per-
ormance of ths fuzing system,

vy

L]
N

experimental investigation should be made to determine the
rract of various ice-thicknesses on ihe fDumctioning of ike baro-
stem,

G5 E

3, If the sbove-determined probabilities are considsred %too large, &
stiudy of water-drople! irsjectories shouid be made 80 a more ac-
sureto deternination of Lhe probabllity of accreting a specified
thizkness of ice counld e calculatad.

R. C. MATDEN - 5141
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TABLE 1

Probability of Bxceeding 1/32~Inch of Ice
During Climb { 30-Mile Borizontal Extent)

%

: 25,0
{Mrdiwn temperatura, T, °F 24 15,5 5.9 | —4.0 i-12
'Temmerature interval, AT, °F 20.5 ito 16,51 0.5 ~9,5 13,5 L~
Liquid Yegium | Diameter
Water drop dia,| Interval, ]
Conteont , D,microns} 4D,
;é%qggms, nicrons APi L\.Pi APi -—'Pi AP |OPy
5,82 3 9.5 ¢ t.co013 |.o0040 |.00009 ol ©
5,555 11 2,5-12.5 |.0CC02 |.0009C |.00190 |.00045 ol ¢
o468 12 |12.5-15.5 {.00012 }.00450 }.00750 |.00170 o] o
0,335 17 {15.5-19.5 }.CCC40 {.01270 {.018C0 |.00400 of o
. 273 24 119.3-20.5 |.co270 {.01530 §.03157C {.0i300 f.coo3d ©
",177 A7 129.5-43.5 |.00105 {.0260C }.0140C 1.00340 {.0001d ©
0.109 6C >49,5 .0026C |.ci7oc |,01400 {,0039¢ !,0005@ ©

Tetals .00585 |,06652 {.07150 }1,02654 §,00303) O |

r
P;‘—i ,_A‘}’_l: c.lm‘}
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TABLE II

Prebability of Exceeding /16 - Inck of Ice During Climd

30-Mile Horizontal Exitent

L s
P =£l APy = 0,06222

-25,0 |
Yodium temperature, T, °F 24| 15.5 1| 6,0 | - =13.0 |
32 to ]} 20.5 t0]10.5 ]0.5 to }~9.5 -19.5
Temperature interval,AT,°F 20.5 10,5 2.5 =2.2 =19,5 ~
Liguid
dater Medium Digmater
Content, {drop diaj Intervel
Wi, grams/|D,micrond OD ap, AP AP AP, AP, P,
~aters microns
1.64 a 0-9.5 c 0 0 0 o o
1,19 11 2.5-12.5 e 0] .00005 |.00001 0 0
0.936 14 12,.5-15,5 0 ~CC012 |.00040 |.00C10 ¢ o
0. D45 24 19.5-29.5 | .CCC14 | .COG0C | .0124C |.0C230 0 G
0.354 37 R.5-49.5 | 00020 | .00520 |.00700 {.00155 |.0CC03 ©
n 212 o8] >42.5 00055 § .C10CC |,010CC 1.00230 11,0000 ©
Totals 00029 | .02206 |.03175 1,00731 },00011 O

~ UNCLASSIFIED




TABLE III

30-¥ile Horizontal Bxtent

Probability of Exceeding 3/32 - Inch of Ice During Climb

15,5 |

L _13,0

Madiym temmarature, T. °F 6,0 | ~4,0 1
20.5 1u.5 0.5 i =9.5~19.5
to to to to to
sarature interval, AT,°F 10,5 0,5 =2.5 ~19,5 ~40
Dismater
Interval
j AD Al AP; APy | APy APy
niecrons
3 0-9.5 0 0 9] 0 v
11 2.,5-12.5 8] o} 0 0 c
14 12.5-15.5 0 .00002 0 0 0
15.5-19.5 L0003 | L0016 § 00005 C C
19.5-29.5 00080 | 00250 | .00062 clo
R, 5-43.5 .00130 | .00250 | .00058 ol o
>43,5 ,00430 { 00580 1 ,00130 | ,CCQ
5 00693 1.,01098 | 00255 1 C

2\
-
%

1

£




TARLE IV

3-Mile Horizortal Bxtent

Probability of Exceeding 1/64 - Inch of Ice During Dive

Modium tempsrature, T, °F 24 | 15,5 6,0 ~4.0 -13,0{~25.0
32 20-5 10»5 005 "’9~5 ""19.5
to to to to to 1o
Tomperasture interyal o7, °F| 20.5 10.5 C.5 ~2.5 1-19.5 [-40
fiquid
ater Medium { Diameter
ntent,) Drop Inteyval
39 dia.,D AD
gra::sé microna| microns AP, | AP, &Py | AP | APy | APy
Lator/
12 .54 2 0-9.5 Q ¢ 0 C 0 0]
252 11 2,.5-12.5 C G L0001 .CO005 0 ¢
.03 14 {12.515.5 0 ~000181 .00060! .00015 0 0
n 67 i7 115.5-192.5 0 .00110] .00280] 00068 0 0
b ,19 2. {31%.5-29.5 { .0CO30| .01160¢ .019C0| .0C420 0 0
5. 37 {2G.5-42.5 | ,00043{ .0090C{ 010001 .00230¢ 00005 0
I lS &G 49,5 (801301 L014001 01200} ,00300; ,00024) © |
Tstals 002631 ,03588% 044411 ,010381 00020 Q

»
P=%£AP = 0.092%7

'UNCLASSIFIED




TABIE V

Probability of Exceeding 1/32 - Inch of Ice During Dive
3-Mile Horizontal Extent

Madium temperature, T,°F 24 15,5 6,0 | 4,0 | ~13.0 {-25,0
32 2005 10'5 0.5 "9-5 "19-5
to to to to to to

Temperature interval AT,°F| 20,5 10,5 0.5 =2.5 -19,5 { =40

Liquid

Water

Content,} Mecium | Diameter

Wi, Drop Interval AP

gramns/ |dis.,D aD AP IN; AP AP, AP

meteré micn;ns microns i i 1 * 1 i

7.13 8 0-9.5 0 0 0 4] 0 0

2.59 11 2.5-12.5 o] 0 0 0 0 0

12,03 12 |12.5-15.5 0 0 0 0 0 0

i

1.67 17 |15.5-19.5 0 0 o C ¢ G

1.19 24 119.5-29.5 0 .00012{ ,C0058) .0GO1E 0 0

0.77 37 129.5-49.5 0 00057} .00135] .00030 0 0

Celhtd 60 >42.5 2000121 003501 004801 ,00]105] , O

Totsls 000121 ,00419] ,00673] 001511 .00001 o

»
p=%ap, = c.0125%
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