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ABSTRACT

A stu ,..37 has been made of the probability cf accreting &thickness of
i. at the barcports on the Matador Mod-0 fuselage sufficient to cause
malfunctioning of the fuzing system.

,E.ffac: 	 sinf: due to freezing rain can be neglected. Icing due
!,717-ir:ocled c 1,-;nds is more critical dnring the climb pllese of the

tra;i ,..ct.T.,ry than during .the dive phaaa. Only a negligible_ aayount,of
i^e a:.creted dur4rE the climb phase would sublimate ofr during

Przs.bability analyses, which were based on conservative assumptions,
indir2ete Lhat the thickness of ice accretion at the baroports during.
the "211mb phese_of the trajectory will be less than 1/32, 1/6 ana 3/32
lrink 96, 98.5 and 99.5 per cent of tbo time, respectively. The thicki-..-

.':2 of ico accreted ftring 	 dive phase vu be less than. 1/64, a
1/32 intt 93 szia 99.7 ;or cent of the timo
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iSiFTED

INTRODUCTION

The fuzing system of the Matador Mod-0 Pilotless Aircraft consists of
a barn-port pressure system which turns on the radar fusing system

the .dive phase of the trajectory.. The baro.-port pressure sys-
tem consists of two clusters of Or (Demeter orifices located 90°
apart at station 45 on the Matador fuselage. If-icing conditions
were encountered during the trajectory, it is conceivable that the
ice formation would seal off the orifices with a resulting malfunction
of the primary fuzing system,

The threefold purpose of this memorandum is to discuss the probability
of encountering meteorological conditions conducive to icing; to de-
termine the regions of the trajectory where icing could occur, and to
determine the probability of accreting specified thicknesses of ice at
station 45 during icing conditions.



NOMENGLATUFg

A, 	 Cross-sectional area of Matador at maximum ddameter signore fe6t

Surface area of Matador fuselage forward of maximum diameter,
souare feet

Droplet diameter, 1crons or feet

Diameter of body, feet

Cralection efficiency, dimensionless

u . 	Reynolds number, dimensionless

T 	 Ambient temperature, degrees Fahrenheit

t Flight time, seconds

✓ Aircraft velocity, feet per second

W Liquid water content, grams per cubic meter or pounds per cubic
feet

Specific weight of air, pounds per cubic feet

Specific weight of supercooled water droplet, pounds per cubic feet

v, 	 Specific weight of ice, pounds per cdhic feet
1

7 	 Ice thickness ; inches

0
	

Free stream density. slugs per cubic foot

Viscosity, slugs per foot second

\t/ 	 Scale modulus, dimensionless



The most common type of icing occurs when an aircraft files through a
supPrcocled cloud. Supercooled clouds are a suspension of tiny water
droplets which remain unfrozen even though the temperature  ay be far
below the nelting point of ice. Water has been supercooled in the
laLoratsr7 to -72°0 ****4 Inds i4 	 4 ^ine has been encountered over
England on a Canberra at -50°C at an altitude of 45,000 feet.2 However,
it is generally believed that the frequency of occurrence of supercooled
clouds at temperatures below -40°C is negligible. This belief is borne
out b the fact that the likelihood of the spontaneous nucleation freoz-
ing process (chance collisions of liquid molecules forming a critical
zize ice crystal) increases quite rapidly with decreasing temperature.
licnce, it is implied that at temperatures below -40°C the cloud mill be
composed of ice crystals which merely bounce off an aircraft surface.
An airplane, flying through a supercooled cloud, collides with the
droplets and becomes wet with a continuous layer of supercooled eater.
Nuclei present on the surface initiate the transition from liquid to ice.
Once a thin film of ice is deposited, succeeding water droplets freeze
upon impact with the ice covered snrface.

A less frequent type of icing is experienced when an aircraft encounters
freezing rain. This occurs when an aircraft is flying through rain fall-
ing from clouds which are at above-freezing temperatures while the ambient
temperature of the aircraft altitude is below freezing.

PROBABILITY OF ENCOuavaING ICING CONDITIONS

Supercooled Clouds

Statistics on aircraft ice accretion over northwestern &rope bave been
corpiled by the USAF Air Weather Service4 based on 1340 weather moon-
ncissance missions made dur'ug the period 3 June 1944 to 3 May 1945. The
flights were made at average altitndes of 5000 to 15,000 feet, but fre-
cuently meeaurements of thick cloud decks took pilots as high as 30,000
feat and down to a few hundred feet above tla ground. Observational data
from the pilots indicated that one pr more instances of icing -occomTed on
307 of the 1340 flights for a percentage of 22,9%. in general, icing
conditions WTO encountered more frequently during the winter and .spzing
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The followine table presents the frequency of icing with month
,ye the year for rT:-et of the eLaarvations_

TABL I 4

1.,:-.7fith Jon Feb Mar Apr May oan T14.4, Ag Sop Oct Nay

Tc.,1 	 .s...ictons; g5 ' 142 149 0 17P 133 178 76 59 94

inlag Reported: )4 03 49 52 0 13.L., .-,
I 3 9 18 37

Pen7entage: 40 27 35 35 0 7 4 21' 12 31 39

3+atistics on aircraft ice accretion over the North Atlantic were accton-
by three C-54 weather reconnaissance aircraft on 40 round trips be-

ween North America and England during January to March 1944.5 Tbe percen-
tae. of the total flight 4-ime the aircraft was in clouds or icing at var.-
ions altitudes is presented iu Table 2.

TABLE 2

1C,OC,C, 	-12 000 	 15,000

TLne iz tcIng

 ::_`...,..: 	 e 	 or f ,7-gilen:7, of or7enrresee of cloud types, the
:Inst con,iur. ,, to it- Ing, =ti:.: other 'meteorology aspects of

Euror, arf. prqaonted by B, N. Charles in a Sandia

FT4,,, ,, g Rain

Frq.n:truz rain norms:L.1y occurs in the late fall to early s 	 mossons
and, lo general, 1  confined to the lowest 50100 . .foot of Vas
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atmosphere, Icing data accl=alated on scheduled air transport operations
below 1000 feet altitude between Berlin and Poiningrai(1414,1134ttS)
and Kaliningrad and Nbacoi (809 flights) between Oetober and Maret11 129-
1937 indicate that freezing rain was encountered about 4% of the tine.'
The frequency of occurrence of this condition should decrease with alti-
tude.

ICING REGIONS OF MATADOR TRAJECTORY

General

The :limb and cruise phase of the Matador trajectory selected for this
sud correspond to the pre-set indicated dynamic pressure of 220 pounds

per square food;,' The pushover and dive phase were selected frog IBM
tra.lectory calculations ;:hat correspond to the above-mentioned climb
and cruise phase.

The ambient temperature is plotted versus flight time, Altitude and
velocity for the climb, cruise, and dive phases of the selected trajec-
tory ;n figures la, lb and lc, respectively, The EAU standard atmos-
nere' was used throughout this study. In addition, the calculated

boundary layer temperature and skin temperature- for flight in clear air
are shcwn in figures la, lb and lc, The effect of aere4tnamie heating
en the icing will be discussed later in the memo.

Supercooled Clouds

Since supercooled clouds normally exist only in the temperature range
f 32°F to -40°F, the potential icing regions of the trajectory can be

de'Lermimed_ Figures la and lc indicate that the time extent of the
1-:ing regions are 5.6 minutes and 0.35 minutes, respectively, for the

And dive phases. It is apparent that the icing region during
The climb will be more critical than the icing region during the dive.

FreeziuR Rsjn

Sines freezing rain is confined to theJouer 5000 feet of the atoms-
pere, this type of icing could occur only during the first mute of
tbe climb phase of the trajectory. Ikwing-Ithe

IN CLASSIFIED



ocour'enly for omproximately 0.1 minute. However, the loing . during'the
dive phase can be disregarded as the bero-eystem ;iced have turned on
the radars before thin region is encountered. Hence, the icing due to
freezing rein during the climb only need be further considered.

RATE Of ICING IN SUPERCOOLED CLOUDS

DieLribution of ice Over Matador Nose

A qealed sketch of he Matador fuselage forward of the maximum diameter
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 eaximum
diameter, it is quite conceivable they are in the impingement region of
the supercooled water droplets. As far as the author knows, stadies of
water droplet trajectories on bodies of revolution of this type have net
been made to date,, Water droplet trajectories have been detarmined on
spheres, cylinders and flat plates by several investigators. 1 	Tribus9
recently determined droplet trajectories for a supersonic wedge. Bergrun il
and Gulbert12 at a1, calculated droplet trajectories about several air-
foil sections with a differential analyzer. The equations of motion of
the supercooled droplets can be sot ed numerically, on a differential,
analyzer, or by electronic simulatior . methods (as deetribed 	 Tribus-0).
In order to accurately predict the area of impingement or the distribution
of Ice along the Matador nose, water droplet trajectory calculetions would
hare to be made fer this shape. The distribution of ice on any surface
is primarily a function of droplet diameter, aircraft speed, and the sur-
face size. shape and angle of attack,.

It, was felt thnt this etody did not warrant the expense, time, etc. that
would be involved in making water-droplet trajectory studies over the
M.5.tador for an accurate determination of ice distribution, Hence, the
teeeereatiee aseunpeioa wae made that the Ice was evenly distributed
a71,nr!, the nose to th maximum diameter of the fuselage. This is shown
is figere 2 along with the probable eistributioe of the ice layer.

.ate of imeineement

Vein; the assumption of constant ice thickness along the surface, the
ice thickness accreted for any given flight period can be expresses as:



Y' = 12 t E Wi V A0/As wi

whore Wi (liquid water content) is in lbeft,. •

Body Velocity
(mph)

Droplet Diameter (microns)

5 10 ' t5 2`U'
-,

'3110
.

In. dia,

Under

200 10  75 93 100 	 ' 100 100 100

400 6C • 	 90 100 100 100
1
1 100 .., IDD

ring with

6, ft, chord

200 0 0 0 1 10 17 25

400 0 0 3 10 , 	 20 _ 	 33 .

Examination of table 3 indicates S varies considerably with droplet
dlemeter and to a leoser extent with velocity.for the 207feot, chord

Collection Efficiency, E

The collection efficiency expresses the ratio of the amount of water
which actually impinges on the surface to the total amount of free
water in the volume swept by the surface (for the Platedori the amount
swept by the cross-sectional area at the maximum diameter). The col,
lection efficiency is a function of droplet size, air temperature and
prescure, and femur aircraft parameters, namely: velocity, size, shape
(m4 angle of attack. The collection efficiency cannot be accurately
estimated unless droplet trajectory calculations, as mentioned pre-
viously for the ice distribution, are made. Hence, an assumption must
be made for the collection efficiency of the Matador.

Table 3, which was extracted from Fraser, 14 indicates the variation
cif E with four parametera.

TA LA 3

Variation of E with Velocity, Scale, Shape and Droplet Size

Value of E ercent
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wing,

The variation of collection efficiency with droplet diameter fortzwo
airfoils is plotted in figure 3. The,ourve for the 2040tititinglf“
taken from table 3. The curves for the 15.8 foot chord ling Were ex-
tracted from Meeker and Dorsch.15 These curves Arepresantekto4point
out (in.theabsence of,dellectionieffiidenCy4tia'On'ilienderbadiee of
revolution) the variation of g with droplet dieméter:on -Ohapes the'
same order of magnitude in size and at approximately the same velocity
as the Matador. The linear variation of E shown in figure 3 was used
in calculations on the Matador.

Tribus9 has determined the variation of collection efficiency fer
spheres in terms of the droplet Reynolds number and a scale Modulus.
The droplet Reynolds number is expressed as

Ru JaV2 	 (2)

/1

The scale modulus is expressed as

= 9 we
wd

The collection efficiency has been plotted versus droplet Reynolds
number with scale modulus as a parameter by Tribus. 9

The variation of collection efficiency with droplet disaster was de-
termined by this method for a sphere of the same diameter as theiners-
imum Matador fuselage diameter using the four flight- saandittanitiOftal5
Matador trajectory that represent the extremes of the lase regions
shown in figures la and lc. These four curves are presented in figure
4 along with the linear variation of E with D used in the Matador oal-
-alations. The collection efficiency for the Matador fUselage should
be less than for a sphere of the same diameter as the decreased curva-
tur of the flow streamlines around the Matador shape won:Wallow more
droplets to escape. Rance, the linear variation of collection efflal,
ency rsed in this study should be quite conservative.

d (3)
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A reliable efittmale of the minim= thickness esf ice at station 44 eeres-
ear"' to soc3 off the porta or to clog the ports ateficiently to cease
malfunction of the primary razing system is rather difficult to eake.
It seems reasonable that a sheet of ice the same thickness as the orifice
diemeter eeeid erebably clog the ports, Even partial closure of the
nort.c wouY undoubtedly result in lag in the pressure syste►, Since a
critical 'ize. th::.(U ,Lnass could not be ectimated, it vas decided to deter-
name the probability of accreting ice thicknesses on the same order of
maGnitude as the crifice diameter for the icing regions specified in
figures la and lce

FHOBABILITY CF ACaLETIIIG A SPEC2IM THICOESS CF ICE
DURING FLIGHT IN A SUF4RCOOLED CLOUD

Probability Analysis

Lewis and Bergrun16 statistically analyzed flight icing data obtained
in the United States and developed a method for determining the probe-
bility of exceeding any specified group of values of liquid-water con-
tent asectiated simultaneously with temperature and drop-diameter values
lying within specified ranges. The data used included - 252 icing en,
counters and 1038 observations of liquid-water content and drop diameter.
They ccnputed the probability 4P1, that in any random icing encounter,
the liquid water content mould exceed a specified value N1 while temper-
ture and drop diameter are within specified ranges AT and AD, respeee
tieely, for a specified horizontal cloud extent. This partial probabile
t7 	 be expresced an!

CIT)

pmp = the )......obability that the drop diameter will be within the
inter7a14 D.

P = the erobability that the temperatuee will lie eithin thee
intervale,T.

UNCLASSID



w (AT) = the conditional probability that the liquid water
content will be equal to or greater then W i under
the condition that the temperature lies wifhin the
interval .T,

Bergrun and Levis analyzed tha data by utilising the temperature and
drop diameter intervals presented below in Table 4.

Table 4

MedluT. T, 411211 Medium D, microns AD, microns

24 32 to 20.5 8 0 to 9.5

15.5 20.5 to 10.5 11 9.5 to 12.5

6,0 0,5 to 10.5 14 12.5 to 15.5

-4.0 -9.5 to 0,5 17 15.5 to 19.5

-13.0 -9.5 to-19.5 24 19.5 to 29.5

-25 -19.5 to -40 37 29.5 to 49.5

60 over 49,5

All conceivable combinations of e0 andAT in Table 4 provide 1.2 dif-
ferent 'values oftiPi . Levis and Bergrun state that the total probe,-
bility of exceeding a given icing condition is the sum of the partial
probabilities since the different possibilities are mutually exclusive.

I

42 'p	 = fz,t1F
I - -

(5)

Lawi.17 and E.argnin prripar9d partial probability charts for two classes
of clouds (oumulue and layer) and for three regions of the U. S. (Pacific
Coast region, the plateau region and the eastern United States). The
charts were prepared witbaloi plotted versus Wi with4Dy &T and bori,
scats' extent as perameters.

[NCLASSIFIED



Probabi eim2s.e.a...tioes 0
Climb Phase of the Matador TraJectotr

With the assumption of constant ice thickness along the. surface,
equation (1) can be used in conjunction with the partial probability
charts to determine the probability of exceeding specific thicknesses
of ice. Examination of figure la indicates the time extent of the
potential icing region is 5.6 minutes and the average velocity is
approximately 600 ft/sec. The ratio of the maximum cross-sectional
area (Ac ) to the surface area !As ) is 0.159. Praser14 uses a value
of 0.8 for the specific gravity of ice accreted on aircraft. Seib-
stitutieg the above values in equation (1), the thickness can be
expressed az:

y = 0.477 EWi 	 (6)

where

y = ice thickness, inches

E = collection efficiency, per cent

iii= liquid water content, grams/meter3

The arbitrary variation of collection efficiency with drop diameter
(presented in figure 3) when used in conjunction with equation - (6)
and the temperature intervals and drop diameter intervals tabulated
in Table 4 can be used to determine the 42 partial probabilities
(Lewis and Bergrun16 ) that ice,thieknesey",mill be exceedeliAn'say'
random icing encounter. The summation of these partial probabilities
will give the total probability of exceeding oy". These partial
probabilities and the total probability were - determined'nsing charts
prepared by Lewis and Bergrun for the Pacific Coast Cumulus cloud
types. This cloud type represents the most severe icing conditions
in the United States (i.e., the largest liquid water content )

the implication is that this icing condition is at least representa-
tive of icing conditions that would be encountered by the Matador
vier over used. The horizontal extent of the potential ioing:region
dering the climb is approximately 38 miles. To be conservative, a

ehorizontal extent of 30 miles as used to detrmine partial proilar.
bilitiez from the charts. Thepartial probabilities were determined
for ice thicknesses of 1/32, 1/16 and 3/32 of an inch and are pre-
zented in Tables I, IT and III of Appendix I.
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'Nomination of these tables indicatesthat the total prebabdityofexceed.,

inc 1/32, 1/16 and 3/32 inch of ice at station 45 when the Matador has
flown through a supercooled cloud during the clieb is 17; 6 and 2 pir
cent, respectively, Another way of expressing the probability is that
the ice thickness would be less than 1/32 inch 83 per cent of the time,
between 1/32 and 1/16 inch 11 per cent of the tine, between -1/16inch
and 3/32 inch 4 per'cent of the time, and greater than 3/32 indh 2 per
cent of the time the aircraft: has flown through a supercooled cleud.
As previously stated in this memo, the probability efencennteting -ióing
over Europe (yearly average) is less than 25 per cent of the tine. Hence,
the total probability of exceeding 1/32, 1/16 and 3/32 inch of ice for
all flights is approximately 4, 1.5 and 0.5 per cent, respectively. It
should be emphasized that because of the several conservative assumptions,
the actual probabilities would be less than those calculated.

Probability of Etceedine 4 Specified Thickness of Zoe" Drina the
Dive Phase of the Matador 	e o

The partial probabilities for the dive phase can be determined in the
sane manner as for the climb phase. Examination of figure 1c indicates
to time extent of the potential icing region is 0,35 minutes and the
average velocity is approximately 1075 ft/sec., The ice thickness can
be expressed as

y = 0.055 d
	

(7)

The partial probabilities for exceeding ice thicknesses of 1/64 and
1/32 of an inch during the dive are presented in Tables IT and Nr„of.
Appendir I, A three mile horizontal extent was used for -determining
these probabilities.

These tabular results intlicate that the probability of accreting mare
than 1/64 and 1/32 inch of ice during the diee phase of the trajectory
in supercooled clouds is 9 and 1 per cent :, respectively,. As supercociled
clouds are present only about 25 per cent of the time, the total probe..
ttlity of exceeding 1/64 and 1/32 inch for all flights is approximateay
2 and 1/4 per cent, respectively„ Hence, it can be concluded that pos-
sible icing in the climb phase of the trajectory is rscre'driticea than
in the pushover and dive phase.
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MATADOR ICING 24 FHZEZ21G RAIN

Pl -evious discussion pointed out that freezing rain need be considered
only for the climb phase of the trajectory. Lewis17 indicates that
the rate of precipitation of freezing rain corresponds to a liquid
water content of 0,2 grams/Meted and the aircraft collection efficiency
is useelly 100% as the droplets are very large, between 500 and 1000
microns in diameter, Former discussion has indicated that freezing
rain could occur during the first minute of flight or at any altitude
below 5000 feet. However, the vertical extent of freezing rain must
be small as the raindrops freeze and become sleet at temperatures only
a few degrees above freezing. Hence, it was assumed that the maximum
vertical extent of any freezing rain encounter inuld not exceed 1000
feet, A calculation of the ice thickness due to freezing rain from
equation (1) for a thousand feet vertical extent indicates the layer
would be approximately 0.003 inch thiCk. Also, since freezing rain
probably would not occur over 4 per cent of the time, the probability
of freezing rain causing a malfUnction of the Matador fuzing erten
is negligible,

EFFECT OF AERODIRAMIC HEATING

The boundary layer temperature and skin temperature at station 45 were
calculated and are presented in figures la, lb and lc. The skin tem-
perature was calculated for flight in clear air. The calculations
were made based on a turbulent boundary layer existing at station 45.
Heat flaw due to radiation and heat flow to the inner body components
were neglected in the heat balance,. The convective heat flow through
the boundary layer due to frictional heating was equated to the beat
capacity of the skin and an iteration process was used to determine the
transient skin temperatures during the trajectory. The skin temperature
lagged the boundary layer temperature considerably during the - dive phase,
but the tenperatnres were nearly equal during the other regions of the
flight,

Nessingerlg hap set up the energy Nelance for an unheated icing surface.
Be concludes that the surface temperature of an aircraft in icing Goma-
tions will be less than the surface temperature for the aircraft in
clear , air, Hence, the actual surface temperature in the icing regions
shawn in figures la and le would be lees than the surface temperature
plotted. Obviously, if the surfaee temperature were aboul-32V0eing



would not occur. Bence, the effect of aerodynamic beating would be to
decrease the extent of icing regions during the climb and dive phases.

EFFECT OF SUBLIMATION

essinger18 has deterndned the rate of sublimation of an ice-covered
surface in clear air. This mablination rate (inches/hr.) was plotted
by Messinger versus free stream velocity (knots) with altitude and
boundary layer heat transfer coefficient (Btu/hr °F ft2) as parameters.
The application of this curve to the cruise trajectory of the Matador,
using the flight data fro' figure lb and the heat transfer coefficients
calculated in the skin temperature determination, indicates that the
sublimation rate would be negligible during the cruise. For an altie
tude of 30,000 feet, velocity of 400 knots, and a beat transfer ea-
Afficient of 24 Btu/1:r ft2 °F occurring at time 3.3 minutes during the
climb, the rate of sublimation is 0.02 inches/hr. The sublimation rate
decreases very rapidly with altitude. Hence, only a negligible amount
of the ice accreted during the climb phase would sublime off during the
remainder of the trajectory.

OONCLUSIONS

The probability of ice formation at the baroport on the Matador nose
causing a malfunction of the primary fuzing system has been studied.
The results ledecate that ice formation due to freesing rein is negai
gible; whereas, ice formation due to supercooled clouds is more criticaL

Statistics on aircraft ice accretion over %rope 4nalcate that super.
cooled clouds will :to encountered approximately 25 per cent of the time
on a yearly basis, During the winter tenths this percen•age can be as
hiro,. as 40 per cent,

Icing during the climb is more criticel than icing during the dive phase
of the Matador trajectory. A study of the sublimation rate during the
use indicates that only a very small percentage of ice accreted dur..
ing the climb would sublImate off.dnring the cruise .phase..

-

Based on the conservative' assumptions of constant ice thickness.aloug
the Matadcr nose and a linear variation of collection efficiency with



droplet diameter, the probability analyses indicate that the ice =cro-
ft= during the climb phase of the trajectory would be IeSetban 1/32,
1/16 and 3/32 inch 96, 98.5 and 99.5 per ccat of the time, respectively.
With the same assumptions, the ice accretion during tbe dive, phase will
be 10,53 than 1/64 and 1/32 inch 98 and 94.7 per cent of the time, res-
pectively. The actual probabilities of accreting the specified ice
thicknesses should be less than indicated because of the conservative
aslimptions. These probabilities could be determined more accurately
it' water droplei. tra,ieciorie6 wttre tieWrmlned for the Matador body for

rr:.:7ected flight conditions. A more exact estimate of collection
t:!fficliency and sea of impingement could be made from the water droplet
i,rajectory calculations.

The thickness of ice necessary to cause malfunctioning of the baro-
:77stom is not known; hoverer, it was assumed that an ice thickness the
:lane order of magnitude as the orifice diameter would probably affect
the nor .2 operation of the barn-system.

RECOIMIDATIONS

The diameter of the Matador baroports should be increased to 1/8
loch to reduce the probability of ice formation affecting the per-
formance of the fuzing system._?, An experimental investigation should be made to determine the
effect of various ice-thicknesses on the functioning of the baro-
system.

3. If the above-determined probabilities are considered too large, a
study of water-droplet trajectories should be made so a more so-
.t.-urato determination of the probability of accreting a specified
thikr.ess of ice could be calculated.

R. C. MAIM - 5341
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TABLE I

Probability of Exceeding 1/32-Inch of Ice
During Climb (34-Mile Horizontal &tent)

'' .,dig. -r. tem-Prattrs. T. °F

°F

24
32 to
20.5

154
20.5

t to 10.5

6.0
10.5 to

0.5

-4.0
0 5 to

, 	 -9.5

-13.
-9.5
9.5

25.0)

19.
-40Tc,--z)eraturc, interval.l1T,

Liquid
Water
Content
d., 	 ;_Trans/
-itsr3

Medium
drop dia,
Dtmicrons

Diameter
Interval,
AD,

microns API. APi CiFi ari ai

C.°2 n-9.5 C .00013 .00040 .00009 0 C

0.595 11 9.5-12.5 .00002 .00090 .00190 .00045 0 0

C'.4(-8 14 12.5-15.5 .00012 .00450 .00750 .00170 0 0

;0..135
i

17 15.5-19.5 .00040 .01270 .01800 .00400 0 0

.273 24 19.5-29.5 .00270 .01530 .01570 .01300 .00034 C

- 1 77 37 29.5-49.5 .00105 .01600 .C1400 .00340 .00019 0

b.109 6C >49.5 .00160 .01700 .01400 ..„00390 .000510 0

Totaie .00589 .06653 .07150 ..02654 1 .00103 0
vs.

CP 	 = .17149
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TABLE -II

Probability of Exceeding 1/16 - II:1db of Ice During Clicit,

30-Mile Horizontal Ertent

i
Medium temperature, T, OF 24

32 to
20.5

1..5
20.5 to
10.5

6AP
10.5 to
9.5

-4.0
0.5 to
-9.5

APi

1 	 -25.0
,-13.0
-9.5 -19.5
-19.5

L1 Pi

-14
1

Tom -rature interval,ANT,°F

Tin ,,i,4

Medium
drop dia
D,micronA

Diameter
Interval.
AD

microns
0,Pi APi COi

Water
' ,ontent,
Wi . grams/
-:ster3

1.64 8 0-9.5 C 0 0 0

.1c, 11 9.5-12.5 0 0 .00005 .00001 0 0

'..936 14 .5-15.5 0 .00018 .00040 .00010 C 0

,i0 17 5.5-19.5 0 .00068 .00190 .00045

.;46 24 9.5-29.5 .00014 .00600 .01240 .00290

-

0 0

354 37 9.5-49.5 .00020 .00520 .00700 .00155

211 60 >49.5 .00065 41000 • .01000 _ z 00230

Totals ,.00099 ,02206 .03175 .00731 .

= 0.06222
1



TABLE III

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

30-Mile Horizontal Extent

r	

Medium temperature, 	 °F 24 	 15,5 6.0 -4.0
-25.0

-13.0
-9.5 -MI
to 	 to
-19,5 -40emperaturc interva1,4T,°F

32
to
20.5

20.5
to
10.5

IL5
to
0,5

0.5
to
-9.5

Liquid.
Water
Content,
W 4 ,greims
meer-

Medium
drop dia
D micron

Diameter
Interval
AD

microns
dii6Fi 6.Fi. t4Pi API. &Pi A

.46 3 0-9.5 0 0 0 	 0 0 0

1735 9.5-12.5 0 0 0 	 0 0 0

1.405 14 12.5-15.5 0 0 .00002 	 0 0 0

1.155 17 15.5-19.5 0 .00003 .00016 	 .00005 0 0

1111111111 24 9.5-29.5 0 .00080 .00250 	 .00062 0

INEINIIIIIMIKIEMMI
37

Totals

9.5-49.5 .00003 .00130 .00250 	 .00058 0 0

00020 ss IMAIlralng= •
0100a 11,1111W1 -0002 1 	 00601

P =1 
i

 0.02071



p	 AP4 = 0.09299
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TABLE IV

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

3-Mile Horizontal Extent

kdi . temperature 	 T, c*. 24 15.5 6.0 -4.0 -13.0 •

Lem=nature interval tiT '"P

32
to
20.5

20.5
to
10.5

10.5
to
O."

0.5
to
- .

-9.5
to
-....*.

iquid
ester

tent,37

rrems/
' 	 .. 1

Medium
Drop
dies. ,B
microns

Diameter
Interval
AD

microns API APi APi 40i &Pi ,A,Pi

p.56 8 0-9.5 0 0 0 0 0 •

111111

.59 11 9.5-12.5 C 0 .00001 .00005 0

14 0 00018 .00060 .00015 0r.03

.67

1.19

17 0 .00110 .00280 .00068 0

24

77 37

r r ° 60 _ • is 	 t t,e,_

Totals ,:0020 0 	 88 IIM 	 • • 00020



TABLE V

Probability of Exceeding 1/32 - Inch of Ice During Dive

3-Mile Horizontal Extent

Medium temperature, T.°F 24
32
to
20.5

15.5
20.5
to
10.5

6.0
10.5
to
0.5

-4.0
0.5
to
-9.5

-13.0

-9.5
to
-19.5

-4,1g
-19.5
to 	 i
-40Temperature interva1AT, F

Liquid
Water
Content Medium Diameter

Wi, Drop Interval

graTaLdla.,D
meter." microns

&D
microns

6„Fi &Pi LiPi &P1 Ai

7.13 8 0-9.5 0 0 0 0 0 0

2.59 11 9.5-12.5 0 0 0 0 0 0

' 2.03 14 12.5-15.5 0 0 0 C 0 0

1.67 17 15.5-19.5 0 0 0 0 0 0

1.19 2L 19.5-29.5 0 .00012 .00058 .00016 0 0

0.77 37 29.5-49.5 0 .00057 .00135 .00030 0 0

...A . W... o II 	 :4' Will. s

Totals 00012 ,00419 .00673 .00151 .00001

P=  APi = 0
'
0.1256
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