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NATIONAL ADVISORY C O M M I W  FOR AERONAUTICS 

TECHNICAL NOTE NO.  1855 

REC O M M E m D  VALUES OF METEOROLOGICAL FACTORS TO BE 

C O I E I m D  I N  THE D.ESIGN OF AIRCRAFT 

ICE-PREVENTION EQUIPMENT 

By Alun R .  Jones and W i l l i a m  ~ e w i s l  

SUMMARY 

Meteorological condit ions conducive t o  a i r c r a f t  i c i ng  a r e  
arranged i n  four  c l a s s i f i c a t i ons  : three a r e  associa ted with cloud 
s t ruc tu re  and the four th  with f reez ing  r a in .  The range of possible 
meteorological f a c t o r s  f o r  each c l a s s i f i c a t i o n  i s  discussed and 
spectf i c  values recommended f o r  considerat ion i n  the design of ice- 
prevention equipment f o r  a i r c r a f t  a r e  se lec ted  and tabulated.  The 
values se lected a r e  ba-qed upon a study of the ava i l ab le  observational  
data and t heo re t i c a l  considerat ions where observations a r e  lacking.  
Recommendations f o r  fu tu re  research i n  the f i e l d  a r e  presented. 

INTRODUCTION 

Design procndures have recen t ly  been es tabl ished f o r  the com- 
puta t ion of the heat  requirements f o r  the protect ion of wings and 
windshields of a i r c r a f t  operat ing In i c ing  condit ions ( references  
1 and 2 ) ; however, t h e i r  use is dependent upon a knowledge of 
such f a c t o r s  a s  the amount of l i q u i d  water i n  the i c ing  cloud and 
the average diameter of the cloud drops. Progress i n  the applica- 
t i o n  of these procedures has been handicapped by the lack of suff i- 
c i e n t  data on the meteorological f a c to r s .  To overcome t h i s  d i f f i -  
cul ty ,  considerable research i n  the laboratory  and i n  f l i g h t  has 

1 
Meteorologist, U.S. Weather Bureau, assigned t o  the Ames 

Aeronautical Laboratory f o r  col laborat ion on NACA i c i ng  
research. 
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been undertaken, independently by various c i v i l  Government agencies, 
the armed services, universit ies,  and private concerns. This 
research has progressed t o  a point where a tentat ive l i s t i n g  of 
icing conditions2 f o r  design purposes can be attempted. 

The preparation of such a l i s t  was undertaken with the view i n  
mind of providing as  complete a coverage as  possible, within the 
probable f l i gh t  range. It i s  not intended that  each icing condition 
tabulated should be specified as  a design requirement fo r  a l l  com- 
ponents of the airplane, but ra ther  that each condition be consid- 
ered as  a possible meteorological s i tuat ion t o  be encountered and, 
therefore, worthy of some attention. For example, the designer, 
having a cer tain component of the airplane i n  mind, should review 
the  l i s t i n g  t o  determine which icing conditions would probably affect 
tha t  component and, therefore, should be included i n  the design 
calculation. For h is  part ,  the operator should consider the l i s t i n g  
as  indicative of the wide variation of conditions through which h is  
a i r c r a f t  might be called upon t o  operate. 

This report i s  based upon a paper which was or iginal ly  prepared 
f o r  the NACA S u b c o d t t e e  on Icing Problems, Committee on Operating 
Problems, f o r  discussion a t  a met ing  held a t  the Lewis Flight 
Propulsion Laboratory, Cleveland, Ohio, on October 18, 1948. The 
purpose of the paper was t o  propose values of design icing conditions 
based on currently available data, and t o  indicate required further 
research. This report incorporates suggestions advanced by members 
of the Subcommittee during the meeting. The authors are  a l so  
indebted t o  Elr. J. K. Hardy of the Royal Aircraft Establishment, 
Farnborough, England,for helpful comments which aided materially i n  
the preparation of the report. 

GENERAL CLASSES OF FLIGHT I C I N G  CONDITIONS 

Experien'ce i n  icing research has shown that  the selection of 
meteorological conditions fo r  the design of a i r c ra f t  ice-prevention 

 h he term "icing condition" as used herein denotes a s t a t e  of the 
atmosphere defined by a se t  of values of temperature, liquid-water 
content, drop diameter, and pressure a l t i t ude  i n  which the tempera- 
ture  is below freezing and the liquid-water content i s  greater than 
zero. 
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equipment is influenced somewhat by t he  pa r t i cu l a r  component t o  be 
protected.  For example, air-induction systems, i n  general,  and 
turbine  engine intakes, i n  pa r t i cu la r ,  a r e  most c r i t i c a l l y  a f fec ted  
by an  encounter with an i c ing  condit ion of high l iquid-water  content, 
even though the  durat ion of t he  encounter is  very shor t .  I n  contras t ,  
propel lers ,  wings, empennages, and windshields, i f  provided with 
adequate protect ion f o r  continuous i c ing  conditions, can usual ly  
t o l e r a t e  b r i e f  and in termit tent  encounters with conditions of g r ea t e r  
sever i ty .  In  f a c t ,  t h e  assumption of continuous f l i g 3 t  a t  i c ing  
conditions known t o  be associated only with discontinuous clouds f o r  
these  l a t t e r  components would be unduly conservative and un jus t i f i ed .  

F l igh t  i c ing  conditions have been divided i n to  four  general  
c lasses  f o r  t he  purposes of t h i s  study. The f irst  th ree  c lasses  a r e  
confined t o  cloud forms and a r e  associated with t he  durat ion of an  
encounter with t he  condition. Since t he  durat ion of f l i g h t  i n  an  
i c ing  condit ion i s  dependent upon t he  f l i g h t  speed, t he  more bas ic  
concept of hor izonta l  extent  of t he  condit ion w i l l  be u t i l i z e d  
herein.  This i s  r ead i ly  convert ible t o  durat ion a t  any se lected 
f l i g h t  speed. The four th  c lass  of i c ing  condit ion i s  t he  spec i a l  
case of f reezing r a in .  A b r i e f  desc r ip t ion  of the  cha r ac t e r i s t i c s  
of each c l a s s  i s  given below, together  with an example of t he  a i r  
plane component o r  fea tu re  t o  which t h e  c lass  app l ies  i n  design con- 
s idera t ions .  The se lec t ion  of values of the  meteorological var iables  
t o  be assigned t o  each c l a s s  w i l l  be discussed i n  a l a t e r  sect ion.  

Class I 

Des ignat  ion: Instantaneous. 

Horizontal extent:  1 /2  mile. 3 

Duration a t  180 miles per hour: 10 seconds. 

3 This should not be taken t o  imply t h a t  these  conditions a r e  
necessar i ly  l imi ted t o  a reas  1/2 mile i n  extent .  This value was 
chosen because it i s  believed t h a t  t he  most severe conditions 
l i k e l y  t o  be encountered a r e  approximately uniform over a d is tance  
of about 1/2 mile. The dis tance  across t h e  upper por t ion of a 
s ing le  cumulus tower is  o rd inar i ly  from 1 t o  3 miles and r a r e l y  
exceeds 5 miles. Average values of l iquid-water  content up t o  
80 percent of the  1/2-mile maximum may occasionally be expected 
f o r  d is tances  up t o  3 miles. 
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Characteristic: Very high liquid-water content. 

Applicable to: Any part of the airplane, such as guide vanes 
in interior ducting, where the sudden collec- 
tion of a large mass of supercooled water 
would be critical. 

Example : Induct ion systems, particularly turbine-engine inlets. 

Class I1 

Designat ion: Intermittent. 

Horizontal extent: 3 miles. 

mation at 180 miles per hour: 1 minute. 

Characteristic: High liquid-water content. 

Applicable to: Any critical component of the airplane where 
ice accretions, even though slight and of short 
duration, could not be tolerated. 

Examples: Induction systems, windshields in any case where 
practically continuous visibility was required. 

Class I11 

Designation: Continuous. 

Horizontal extent and duration: Continuous. 

Characteristic: Moderate to low liquid-water content. 

Applicable to: All components of the airplane, that is, every 
part of the airplane should be examined with 
the question in mind, "Will this part be 
affected seriously by accretions during con- 
tinuous flight in icing conditions?" 

Example: Wings and tail surfaces. 



C l a s s  IV 

Designation: Freezing r a in .  

Horizontal extent :  100 miles. 

m a t i o n  a t  180 miles per hour: About 112 hour. 

Character is t ic  : Very large drops a t  near-freezing temperatures 
and low values of l iquid-water content. 

Applicable to :  Components of the a i rplane f o r  which no pro- 
t ec t ion  would be supplied af ter considering 
Classes I, 11, and 111. 

Example: Fuselage static-pressure airspeed vents probably 
would not  require protection f o r  Classes I, 11, and. 
111, but might be subject  t o  i c ing  i n  f reez ing  r a i n ,  

SELEGTION OF METEOROLOGICAL CONDITIOW 
FOR THE FOUR GElERAL CLASSES 

One of the f ac to r s  of ma jor  importance i n  the se lec t ion  of 
design ic ing conditions, and the operation of a i r c r a f t  i n  these con- 
d i t ions ,  is  the probabi l i ty  of encountering any specif ied meteorolog- 
i c a l  s i tua t ion .  A t  the time of the preparation of t h i s  repor t  the 
s t a t i s t i c a l  analys is  of avai lable  meteorological data had not pro- 
ceeded t o  a point  where e s t h a t e s  of the l ikelihood of meeting a 
specif ied i c ing  condition could be s ta ted.  Omission of the probabil- 
i t y  f ac to r  from t h i s  repor t  was a necessi ty,  therefore,  and is  not  an 
indicat ion t h a t  the subject  is of secondary importance. 

In addi t ion t o  the four  general ic ing c laeses  already defined, 
the i c ing  conditions were fu r the r  c l a s s i f  i ed  i n to  two groups; namely, 
most probable maximum, and normal or typical .  The most probable 
maxFmum does not  represent the maximum that nature could produce, bu t  
ra ther  the maximum t h a t  would probably be encountered i n  al l-weather 
a i r c r a f t  operations. The normal or  typ ica l  designation r e f e r s  t o  the 
average or normal conditions t o  be ant ic ipated in all-weather opera- 
t ions  i n  the United S t a t e s .  To represent the most probable maximum 
conditions of a c lass ,  the l e t t e r  M was used, f o r  example, 
c l a s s  14, 114, e t c .  Similarly,  the l e t t e r  IV was used f o r  
normal conditions . 
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Spec i f  i c  values proposed f o r  a l l  c lasses  of ic ing conditions 
a r e  presented in table I. The quant i t ies  presented f o r  c l a s s  I 
include maxFmum values of liquid-water content t o  be expected a t  
various temperatures and the most probable c orresponding values of 
drop diameter. For c lasses  I1 and 111, values of maximum liquid- 
water content a re  given f o r  a range of values of both temperature 
and drop diameter. The approximate a l t i t ude  ranges i n  which the 
specified conditions are  most l i k e l y  t o  occur a re  a l so  given. The 
f ac to r s  considered i n  estimating the a l t i t ude  ranges were season, 
temperature, cloud type, and liquid-water content. Due t o  the 
absence of r e l i ab l e  data on drop-size dis t r ibut ion,  unifom drop 
s izes  only are  considered i n  the proposed specification.  Values of 
liquid-water content and drop diameter f o r  temperatures of -22' and 
-400 F a re  included i n  the table  f o r  completeness but, should be 
regarded a s  uncertain due t o  the lack of observations a t  very low 
temperatures . 

In the select ion of specif ic  values t o  be included i n  table I, 
consideration has been given t o  (1)  four recent WCA Technical Notes 
(references 3, 4, 5, and 6 ) ;  ( 2 )  data which were obtained during the 
winter of 1947-48 by the Ames Laboratory and have not yet  been pub- 
l ished;  (3)  the monthly reports  of the A i r  Materiel Command Aeronautical 
Ice Research Laboratory a t  Minneapolis; ( 4 )  the various reports pub- 
l i shed  by the Mount Washington Observatory, New Hampshire; (5) data 
obtained by the Douglas Aircraf t  Company, United A i r  Lines, and 
American Air l ines  during f l i g h t  t e s t s  with the lX-6 airplane i n  ic ing 
conditions; and (6)  other publications or papers, such a s  references 
7 and 8. 

Class 14.- Instantaneous, Maxirmun 

In  the l i s t i n g  of conditions f o r  t h i s  c lass ,  an attempt was made 
t o  estimate the greates t  values of liquid-water content tha t  might be 
encountered, a t  freezing temperature and below, anywhere i n  the 
atmosphere, regardless of the season. The la rges t  values of liquid- 
water content would be expected t o  occur i n  the tops of t a l l  cumulus 
clouds, with the maximum water concentration being expected during 
the summer or i n  the t ropics .  Althou* the probabili ty of f ly ing  
through the top of a summer or t rop ica l  cumulus a t  temperatures below 
freezing is somewhat l e s s  than f o r  a winter cumulus, the seriousness 
associated w i t h  the possible loss  of function of the a i r c r a f t  power 
plant  suggests tha t  design considerations be based upon the higher 
liquid-water contents of summer cumulus clouds. 

Since no measurements of subcooled liquid-water content have 
been made i n  such clouds, the values proposed were calculated. A s  a 



NACA TN No. 1855 7 

basis for the calculation, the highest possible moisture charge was 
estimated from a consideration of the maximum sea surface tempera- 
ture, given as 88O F in reference 9. Since values of dew point 
observed over the tropical seas are generally slightly lower than 
the water temperatures, a dew point of 850 F at 1000 millibars was 
chosen as representing the greatest moisture content for cumulus 
cloud formation. A condensation pressure of 950 millibars (948 ft 
pressure altitude) was chosen to represent the lowest cloud base 
likely to occur with tropical cumulus clouds. The following values 
of liquid4ater content were calculated by the method given in 
reference 5, for the temperatures and the pressure altitudes indi- 
cated, using initial conditions listed previously and assuming 
adiabatic lifting with no mixing or precipitation: 

Liquid- 
Pressure water 

Temperature 
(9) 

altitude, 
(ft) 

content , 
( u/m$) 

Calculation of the instantaneous maximum water content was also 
made using the same initial con?litions and considering the effect of 
entrainment and mixing of environmental air. It was assumed in this 
case that the entrainment rate was sufficient to double the cloud 
mass for each 400 millibars of ascent and that the relative humidity 
of the environment was 70 percent. These assumptions are based on a 
consideration of references 10 and 11. The results of the calcula- 
tions are as follows: 

Temperature 
( % I  

~iq~id- 
Pressure water 
altitude, content , 

( 

20,oOo 5.5 
25 7 000 5.2 
30 7 000 4.8 
34,000 4.2 
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A t  present,  there is  no bas i s  f o r  a s a t i s f ac to ry  evaluation of 
the  importance of a . e  formation of l i qu id  p rec ip i ta t ion  i n  depleting 
the  l iquid-water content  of cumulus clouds. The formation of ice  
c ry s t a l s ,  on the other hand, is  known t o  produce an immediate and 
marked reduction i n  the l iquid-water content. (see  reference 5. ) 
Cumulus clouds without ice  c r y s t a l s  have been observed frequently a t  
a temperature of o0 F and occasionally a t  temperatures a s  low a s  
-lo0 F. Limited &.ta a r e  avai lable  f o r  cumlllus clouds below -10' F, 
bu t  it is believed t h a t  the frequency of occurrence of ice  c r y s t a l s  
increases rap id ly  a t  temperatures below t h i s  value. A considerable 
reduction i n  maximum liquid-water content would therefore be expected 
a t  temperatures below -10' F. Consideration of these fac tors ,  and 
the f a c t  t h a t  the  values of dew point  and condensation pressure 
chosen f o r  the  calcula t ions  represent extreme conditions, l e d  t o  the 
conclusion t h a t  the  values of liquid-ter content  chosen f o r  design 
considerations should be somewhat lower than those calcula ted above. 
I n  the case of the lowest a i r  temperature considered (-40' F )  the 
p robabi l i ty  of the occurrence of snow is so grea t  t h a t  the l iquid- 
water content  cannot even be approximated by calcula t ion and, there- 
fo re ,  a value has been estimated. 

No measurements of drop s i ze  a r e  avai lable  f o r  summer or tropi-  
c a l  cumulus clouds. Measurements i n  winter and spr ing (references 5 
and 6, and data on f i l e  from Ames A e r m u t i c a l  Laboratory i c ing  t e s t s  
in the winter of 194748) show tha t ,  of a t o t a l  of 29 observations 
with l iquid-water content  more than 1.0 gram per cubic meter, the 
corresponding value of mean e f fec t ive  diameter was between 8 and 25 
microns i n  a l l  cases,  with 24 cases between 15 and 25 microns. In 
the  absence of more complete information, a drop diameter of 
25 microns from 32' t o  - h O  F, decreasing l i n e a r l y  with temperature 
t o  15 microns a t  -40' F, is  proposed. 

Based on the foregoing discussion, suggested values f o r  
c l a s s  1-44 of l iquid-water content, mean e f fec t ive  drop diameter, and 
most probable a l t i t u d e  of encounter a re  presented f o r  the temperature 
range from 32' t o  -40' F a s  items 1 t o  5, inclusive,  i n  t ab le  I. 

Class I-N.- Inetantaneous, Normal 

Since operations i n  the subfreezing port ions of summer cumulus 
clouds a r e  no t  regarded a s  normal, the values suggested f o r  the 
instantaneous normal c l a s s  a re  based on frequency d i s t r ibu t ions  of 
data  from observations i n  winter cumulus clouds. These condit ions 
a r e  l i s t e d  a s  items 6 t o  10 of . t a b l e  I. 
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Class 1I-M.- In termit tent ,  Maximum 

The in termit tent  c lass  of i c ing  coniiitions i s  considered t o  be 
representa t ive  of clouds i n  which water concentrations aboat one- 
ha l f  a s  severe a s  those assigned t o  t he  instantaneous c lass  would 
be encountered f o r  durations of about f i v e  o r  s i x  times the  
instantaneous c lass  durations.  Such conditions can be expected near 
the  tops of cumulus clouds i n  both summer and winter; however, they 
a r e  much more l i k e l y  t o  be encountered a t  temperatures below 
freezing during winter. Because of t h i s  f a c t ,  and because escape 
from cumulus ic ing i n  summer can o f ten  be made by a descent t o  
warmer a l t i t udes ,  the  winter cumulus conditions have been se lected 
a s  the  bas is  f o r  the  suggested values of the  in termit tent  c l a s s  
i c i ng  conditions. 

The se lec t ion  of values f o r  c l a s s  I1 is based p a r t l y  on the 
discussion i n  referance 5. The values proposed the re in  a r e  the 
r e s u l t  of an  est imate of the maximum l iquid-xater  content  l i k e l y  
t o  be encountered during winter and the lowest temperature and 
l a r g e s t  drop s i z e  l i k e l y  t o  occur w i t h  the chosen value of water 
content .  I n  the se lec t ion  of the values presented i n  table  I, it 
was considered desirable t o  include several  canbinations of tempera- 
tu re  and drop diameter and t o  speci fy  f o r  each the probable maximum 
l iquid-water  content .  The values se lected were determined from an  
examination of s c a t t e r  diagrams s h i l a r  t o  f i gu re s  5 and 8 of 
reference 5 ,  but incorporating a l l  avai lable  data, including the 
194748 Ames Laboratory observations. These condit ions a r e  l i s t e d  
a s  items 11 t o  25, inclusive,  i n  t ab le  I. 

Class 1I-N.- In termit tent ,  Normal 

Items 26 t o  30 of t ab l e  I a r e  suggested t o  represent inter-  
mi t tent  normal i c ing  conditions, based on f l i g h t  experience a s  dis- 
cussed i n  references 5 and 6. 

Class 11144.- Continuous, Maximum 

Conditions i n  t h i s  c lass ,  which occur i n  layer-type clouds, 
have been discussed i n  references 5 and 6. Suf f ic ien t  data  a r e  now 
ava i lab le  t o  est imate with reasonable accuracy the  var ia t ion  of 
maxim~lm liquid-water  content i n  l ayer  clouds with both temperature 
and drop s ize .  Suggested values a r e  presented a s  i t e m  31 t o  45, 
inclus ive ,  t ab l e  I. 
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Class 1114.- Continuous, Normal 

Items 46 t o  49, inclusive, table  I, which are  based on frequency 
dis t r ibut ions of data from layer clouds (references 5 and 6),  give 
the  conditions l ike ly  t o  be experienced i n  a typical  encounter with 
ic ing conditions of the continuous type. 

Class IV-M.- Freezing Rain 

Observational data a re  not available fo r  t h i s  class,  since, i n  
the  only case i n  which data have been taken, the water content of the 
r a i n  was too low t o  measure i n  the presence of the clouds through 
which it was f a l l ing .  For t h i s  reason, the values fo r  the proposed 
condition (i tem 50, t ab le  I )  were calculated. They were based on an 
assumed r a t e  of r a i n f a l l  of 0.10 inch per hour with drops 1 millimeter 
i n  diameter. The use of 0.10 inch per hour is considered appropriate 
because large-scale continuous precipi ta t ion i n  winter is  usually of 
l i g h t  intensity.  

SUGGESTIONS FOR mSEP3ICB 

The preparation of tab le  I required a f a i r l y  comprehensive review 
of available information on the subject of mteorological conditions 
conducive t o  a i r c r a f t  icing and, consequently, revealed which factors  
require fur ther  investigation. In  general, the required additional 
research f a l l s  in to  two categories which can be termed "formative" and 
" s t a t i s t i c a l .  " 

The forxrative category defines the type of icing research which 
has contributed most of the available data. It consists of the 
establ ishmnt of a framework which w i l l  define the problem and provide 
i n i t i a l  answers. Such research requires the selection of the various 
factors  t o  be measured or observed, the development of measurement 
methods, the establishment of ranges t o  be investigated, and a review 
of the resu l t s  t o  define which factors a r e  important and which are  
secondary, and t o  present i n i t i a l  maximum and average values fo r  each 
factor .  Obviously, the conduct of t h i s  type of research requires 
personnel trained i n  mteorology, or a t  l eas t  well acquainted with the 
subject, ~ n d  familiar with meteorological instruments, techniques, and 
data analysis. 

The s t a t i s t i c a l  type of research i s  characterized by the procure-- 
ment of a large volume of data, and may be performed by re la t ive ly  
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untrained personnel, o r  even by automatic instruments. Obviously, 
it cannot be undertaken u n t i l  the  formative research has pointed 
the  way a s  regards q m n t i t i e s  t o  be investigated,  t h e i r  r e l a t i v e  
importance, t he  range t o  be ant ic ipated,  and t he  degree of accuracy 
des i red.  

I n  the  following l i s t s  of suggested fu tu re  formative and 
s t a t i s t i c a l  research,  an attempt has been mde  t o  arrange the  items 
i n  order of importance, the  most important items being l i s t e d  f i r s t .  

Suggested Continuation of Formative Research 
on Conditions Conducive t o  Ic ing 

1. Extend f l i g h t  research a s  required t o  e s t ab l i sh  whether the  
values of t ab l e  I, which a r e  based on winter f l i g h t s  and confined, 
f o r  the  most pa r t ,  t o  northern United S ta tes ,  a r e  representa t ive  of 
conditions everywhere. Conditions f o r  which it would be of immediate 
i n t e r e s t  t o  know the  meteorological quan t i t i e s  a r e  the  low-tempera- 
t u r e  continuous ic ing associated with operations i n  Alaska and the 
A r c t i c ,  the  conditions ex i s t ing  i n  t he  top of l a rge  summer cumulus 
clouds, and the  conditions during summer i n  a l l  types of clouds a t  
a l t i t u d e s  above the  f reezing l eve l .  It i s  a l s o  des i rab le  t o  eventu- 
a l l y  extend the  scope of observations t o  include t he  e n t i r e  world, 
s ince  the re  may be important regional  d i f ferences  i n  cloud c h a r a c t e r  
i s t i c s  such a s  the  difference i n  prevai l ing drop s i ? e  between 
oen t r a l  and eas te rn  United S t a t e s  and t he  Pac i f i c  coast a rea  which 
i s  indicated i n  the  data  taken by the  Ames Laboratory. 

2 .  Obtain f l i g h t  data  on instantaneous values of maximum 
l iquid-water  content, drop s i z e ,  temperature, and a l t i t u d e .  

3. Obtain f l i g h t  da ta  t o  e s t a b l i s h  drop-size d i s t r i bu t i on  
i n  clouds. 

4. Obtain necessary da ta  i n  f l i g h t  through ic ing  clouds f o r  
confirmation o r  modification of t he  method of assuming ad iaba t ic  
l i f t i n g  and no mixing fo r  the  ca lcu la t ion  of l iquid-water  content 
a t  any l e v e l  i n  a cloud. 

Suggested S t a t i s t i c a l  Research on 
Conditions Conducive t o  Icing 

1. Analyze a l l  ava i l ab le  meteorological i c i ng  data  obtained 
i n  f l i g h t  by s t a t i s t i c a l  procedures t o  e s t ab l i sh ,  a t  l e a s t  
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tentatively, the probability of encountering a specified icing condi- 
tion. 

2. Obtain measurements of liquid-water content, bop diameter 
(mean effective, at least, and maximum, if possible), temperatures, 
and altitude during regular,military and commercial operations 
whenever icing conditions are encountered. Time and geographical 
location should also be recorded in order that the data may be 
analyzed with reference to the synoptic weather situation. 

Ames Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Moffett Field, Calif. 
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Intermittent, - Hmirrmtal extent: 3 m i l e s  

Auatirm a t  180 mph: 1 mirmte 

Charaaterietis: H I P  l iquid water armtent 

~ p p l i o a b l e  to:  b ccrtiieal conp-nt oi the airplane 
where ios aooretione, even though s l l gh t and  of 
Bhmt d rn t i rm  Covld not be tolerated. 
m: Indwtirm sptems, vlndehislda vhen o m t i p  
u- r i s i b i l i t y  i s  reqnired. 

Intermittent, 

35 1 A 0  1 ..05 I I I I 

m-n 47 14 2 15  
continuous, 

48 4 .1 

Horizontal d e n t  and duration: Continuous. 
Charaotsristio: HDdemta t o  low l iquid xater content 

f a r  an indefini te  period of time. 
A l ioable to: AU o-nente of tbe airplane; t ha t  

i s ,  every part of the airplsine shovld be examined 
via the question i n  mind, "Will t h i s  part  be 
affeated selioualy by aooretione dvring continuma 
f l i g h t  i n  i c i w  aondltionsf" 

E&BL&&S W i w  and t a i l  surPaess. 

49 4 2  C 1  

Horizontal -tent: 1W milee. 
muation a t  180 mph: 30 minutea. 

m-M 25 Oharaateristia: V e r y  Wee drops a t  neahfrasning 

Freezing 50 t o  .15 1000 0 t o  5,000 temperatme and 1 m  wluse  of l iquid W t e r  eontent. 

mi" 32 ~ p p l i a a b l e  to: Components of t h s  airplans f o r  vhich 

no pmtsot ion would be supplied after coneidsling 
classes I, 11, and III. 

w l e :  Fuselags s t a t i c  preaaure airape@ vents. - 


