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4. BACKGROUND /DISCUSSION. Reciprocat ing engine icing conditions are a constant 
source of concern in a i r c r a f t operat ions s ince they can r e s u l t in loss of power 

* and, i f not e l iminated, eventual engine malfunction or f a i l u r e . The d i f f e r e n t 
types of ic ing conditions are charac ter i zed as a i r induction system icing and 
a i r c r a f t fuel system ic ing . Because of a subs tant ia l number of a i r c r a f t acc idents 
a t t r i b u t e d to incidents involving such i c ing , i t i s important for a p i l o t t o know 
the kinds of i ce formation encountered, and the manner in which each i s formed. 

5 . INDUCTION SYSTEM ICING. Induction system icing may be character ized as 
Impact I c e , T h r o t t l e I c e , and Fuel Vaporization I c e . Any one, or a combination of 
the three kinds of induction i c ing , can cause a ser ious loss of power by 
r e s t r i c t i n g the flow of the f u e l / a i r mixture to the engine and by in ter ference 
with the proper f u e l / a i r r a t i o . Because induction icing acc idents can be 
prevented by the p i l o t in v i r t u a l l y a l l c a s e s , improved p i l o t awareness, 
a t t e n t i o n , and adherence to recommended procedures should reduce acc idents of t h i s 
type . 

a . Impact I c e - Impact i ce i s formed by moisture-laden a i r a t temperatures 
below freez ing , s t r ik ing and freezing on elements of the induction system which 
a r e a t temperatures of 32° F . o r below. Under these condit ions , i ce may build up 
on such components as the a i r scoops, heat o r a l t e r n a t e a i r va lves , intake 
s c r e e n s , and protrus ions in the c a r b u r e t o r . P i l o t s should be p a r t i c u l a r l y a l e r t 
for such icing when flying in snow, s l e e t , r a i n , or clouds, expec ia l l y when they 
see i ce forming on the windshield or leading edge of the wings. The ambient 
temperature a t which impact i ce can be expected to build most rapidly i s about 
25° F . , when the supercooled moisture in the a i r i s s t i l l in a semiliquid s t a t e . 
This type of icing a f f e c t s an engine with fuel i n j e c t i o n , as well as carbureted 
engines. I t i s usual ly pre ferab le to use carburetor heat or a l t e r n a t e a i r as an 
i c e prevention means, r a t h e r than as a d e i c i e r , because f a s t forming i ce which i s 
not immediately recognized by the p i l o t may s i g n i f i c a n t l y lower the amount of heat 
ava i lab le from the carbure tor heating system. Addit ional ly , t o prevent power los s 
from impact i c e , i t may be necessary to turn to carburetor heat or a l t e r n a t e a i r 
before the s e l e c t o r valve i s frozen f a s t by the accumulation of i ce around i t . 
When icing condit ions are present , i t i s wise to guard against a ser ious buildup 
before deicing capab i l i t y i s l o s t . The use of p a r t i a l heat for i ce prevention 
without some instrumentation to gauge i t s e f f e c t may be worse than none a t a l l 
under the c ircumstances . Impact icing i s unlikely under extremely cold 
condi t ions , because the r e l a t i v e humidity i s usually low in cold a i r and because 
such moisture as i s present usually c o n s i s t s of i ce c r y s t a l s which pass through 
the a i r system harmlessly. The use of p a r t i a l heat when the temperature i s below 
32° F . may, for example, r a i s e the mixture temperature up to the danger range,^ 
whereas, fu l l carburetor heat would bring i t well above any danger of i c ing . 

b. T h r o t t l e I ce - T h r o t t l e i c e i s usual ly formed a t or near a p a r t i a l l y 
closed t h r o t t l e , t yp ica l of an o f f - i d l e or c r u i s e power s e t t i n g . This occurs when 
water vapor in the a i r condenses and freezes because of the cooling r e s t r i c t i o n 
caused by the carburetor venturi and the t h r o t t l e b u t t e r f l y va lve . The r a t e of 
i c e a c c r e t i o n within and immediately downstream from the carburetor venturi and 
t h r o t t l e b u t t e r f l y valve i s a function of the amount of entrained moisture in the 
a i r . I f t h i s icing condition i s allowed to continue, the i ce may build up unt i l 
i t e f f e c t i v e l y t h r o t t l e s the engine. Vis ib le moisture in the a i r i s not necessary 
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f o r t h i s type i c ing , sometimes making i t d i f f i c u l t for the p i l o t to bel ieve unless 
he i s fu l ly aware of th i s icing e f f e c t . The e f f e c t of t h r o t t l e icing i s a pro ­
gres s ive decl ine in the power del ivered by the engine. With a f ixed p i tch 
prope l l er th i s i s evidenced try a loss in engine RPh arri a loss of a l t i t u d e or 
airspeed unless the t h r o t t l e i s slowly advanced. With a constant speed p r o p e l l e r , 
there wi l l normally be no change in RPM but the same decrease in a irp lane 
performance wi l l occur . A decrease in manifold pressure or exhaust gas 
temperature wi l l occur before any not iceable decrease in engine and a irp lane 
performance. I f these indicat ions are not noted by the p i l o t and no c o r r e c t i v e 
a c t i o n i s taken, the decl ine in engine power wi l l probably continue progres s ive ly 
u n t i l i t becomes necessary to retr im to maintain a l t i t u d e ; and engine roughness 
w i l l occur probably followed by backf ir ing . Beyond t h i s s t a g e , i n s u f f i c i e n t 
power may be ava i lab le to maintain f l i g h t ; and complete stoppage may o c c u r , 
e s p e c i a l l y i f the t h r o t t l e i s moved abruptly . 

c . Fuel Vaporization I c e - This icing condition usually occurs in conjunction 
with t h r o t t l e i c ing . I t i s most prevelant with conventional f l o a t type 
c a r b u r e t o r s , and to a l e s s e r degree with pressure carburetors when the a i r / f u e l 
mixture reaches a freezing temperature as a r e s u l t of the cooling of the mixture 
during the expansion process that takes place between the carburetor and engine 
manifold. This does not present a problem on systems which i n j e c t fuel a t a 
l o c a t i o n beyond which the passages are kept warm by engine heat . Thus the 
i n j e c t i o n of fuel d i r e c t l y into each c y l i n d e r , o r a i r heated by a supercharger , 
genera l ly precludes such ic ing. Vaporization icing may occur a t temperatures from 

. . , 32" F . to as high as 100° F . with a r e l a t i v e humidity of 50 percent or above. 
> R e l a t i v e humidity r e l a t e s the ac tua l water vapor present to tha t which could be 

present . Therefore , temperature l arge ly determines the maximum amount of water 
vapor a i r can hold. Since av iat ion weather reports normally include a i r 
temperature and dewpoint temperature, i t i s possible to r e l a t e the temperature -
dewpoint spread to r e l a t i v e humidity. As the spread becomes l e s s , r e l a t i v e 
humidity increases and becomes 100% when temperature and dewpoint are the same. 
In genera l , when the temperature-dewpoint spread reaches 20* F . or l e s s , you have 
a r e l a t i v e humidity of 50% o r higher and are in potent ia l icing condi t ions . 

6. FUEL SYSTEM ICING. Ice formation in the a i r c r a f t fuel system r e s u l t s from the 
presence of water in the fuel system. This water may be undissolved or d i sso lved . 
One condition of undissolved water i s entrained water which cons i s t s of minute 
water p a r t i c l e s suspended in the fue l . This may occur as a r e s u l t of mechanical 
a g i t a t i o n of f ree water or conversion of dissolved water through temperature 
reduct ion . Entrained water wi l l s e t t l e out in time under s t a t i c condit ions and 
may or may not be drained during normal s erv ic ing , depending on the r a t e a t which 
i t i s converted to free water . In g e n e r a l , i t i s not l ike ly that a l l entrained 
water can ever be separated from fuel under f ie ld condit ions . The s e t t l i n g r a t e 
depends on a s e r i e s of f a c t o r s including temperature, quiescence and droplet s i z e . 

a . The droplet s i ze wi l l vary depending upon the mechanics of formation. 
Usually, the p a r t i c l e s are so small as to be invis ib le to the naked eye , but in 
extreme c a s e s , can cause s l i g h t haziness in the fue l . Water in so lut ion cannot be 
removed except by deyhdration or by converting i t through temperature reduct ion to 
entra ined , then to f ree water . 
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b. Another condition of undissolved water i s free water which may be 
introduced as a r e s u l t of refuel ing or the s e t t l i n g of entrained water that 
c o l l e c t s a t the bottom of a fuel tank. Free water i s usually present in e a s i l y 
d e t e c t a b l e quant i t i e s a t the bottom of the tank, separated by a continuous 
i n t e r f a c e from the fuel above. Free water can be drained from a fuel tank through 
the sump drains which a r e provided for that purpose. Free water frozen on the 
bottom of r e s e r v o i r s , such as the fuel tanks and fuel f i l t e r , may render water 
dra ins useless and can l a t e r melt re leas ing the water -into the system thereby 
causing engine malfunction o r stoppage. I f such a condition i s de tec ted , the 
a i r c r a f t may be placed in a warm hangar to ree s tab l i sh proper draining of these 
r e s e r v o i r s , and a l l sumps and drains should be ac t iva ted and checked p r i o r to any 
f ly ing . Entrained water ( i . e . , water in so lut ion with petroleum fuels) 
c o n s t i t u t e s a r e l a t i v e l y small p a r t of the t o t a l po tent ia l water in a p a r t i c u l a r 
system, the quantity dissolved being dependent on fuel temperature and the 
e x i s t i n g pressure and the water s o l u b i l i t y c h a r a c t e r i s t i c s of the fue l . Entrained 
water wi l l freeze in cold fuel and tend to s tay in suspension longer s ince the 
s p e c i f i c grav i ty of i ce i s approximately the same as tha t of av ia t ion gaso l ine . 

c . Water in suspension may freeze and form ice c r y s t a l s of su f f i c i en t s i z e 
such t h a t fuel s creens , s t r a i n e r s , and f i l t e r s may be blocked. Some of t h i s water 
may be cooled further when the fuel en ters carbure tor a i r passages and causes 
c a r b u r e t o r metering component i c ing , when conditions are not otherwise conducive 
t o th i s form of i c ing . 

7. PREVENTION PROCEDURES. 

a . Induction System Ic ing - To prevent acc idents due to induction system 
i c ing , the p i l o t should regu lar ly use heat under conditions known to be conducive 
t o atmospheric icing and be a l e r t a t a l l times for indicat ions of icing in the 
fuel system. The following precaut ions and procedures wi l l tend to reduce the 
l ikel ihood of induction system icing problems: 

( 1 ) P e r i o d i c a l l y check the carburetor heat systems and contro l s for 
proper condition and operat ion . 

( 2 ) S t a r t the engine with the carbure tor heat control in the COLD 
pos i t ion to avoid possible damage to the system and a f i r e hazard because of a 
backf ire while s t a r t i n g . 

(3 ) As a pre f l ight item, check the carburetor heat e f fec t iveness by 
noting the power drop (when heat i s applied) on runup. 

(4 ) When the r e l a t i v e humidity i s above 50 percent and the temperature i s 
below 70° F . , apply carburetor heat br i e f ly immediately before takeoff , 
p a r t i c u l a r l y with f loa t type c a r b u r e t o r s , to remove any ice whicn may have been 
accumulated during t a x i and runup. General ly , the use of carburetor heat for 
tax i ing i s not recommended because of possible ingestion of foreign matter on some 
i n s t a l l a t i o n s which have the unf i l tered a i r admitted witn tne contro l in the HOT 
o r ALTERNATE AIR pos i t i ons . 
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( 5 ) Conduct takeoff without carburetor heat , unless extreme intake icing 
condit ions are present . 

(6) Remain a l e r t for indicat ions of induction system icing during takeoff 
and cl imb-out, e spec ia l ly when the r e l a t i v e humidity i s above 50 p e r c e n t , o r when 
v i s i b l e moisture is present in the atmosphere. 

(7 ) With instrumentation such as carburetor or mixture temperature 
gauges, p a r t i a l heat should be used to keep the intake temperature in a safe 
range . Without such instrumentation, f u l l heat should be used i n t e r m i t t e n t l y as 
considered necessary 

(8) I f induction system ice i s suspected of causing a power l o s s , apply 
f u l l heat or a l t e r n a t e a i r . Do not d i s t u r b the t h r o t t l e unt i l improvement i s 
noted. Expect a further power los s momentarily and then a r i s e in power as the 
i c e i s melted. 

(9 ) I f the ice p e r s i s t s a f t e r a period with fu l l heat , gradual ly advance 
the t h r o t t l e to fu l l power and climb a t the maximum r a t e ava i lab le to produce as 
much heat as poss ib le . Leaning with the mixture control wi l l general ly increase 
the heat but should be used with caution as i t may k i l l the engine under 
circumstances in which a r e s t a r t i s impossible. 

(10 ) Avoid clouds as much as poss ib le . 

(11) As a l a s t r e s o r t , and a t the r i sk of ca tas t roph ic engine damage, a 
severe ly iced engine may sometimes be rel ieved by inducing backfiring with the 
mixture c o n t r o l . This i s a c r i t i c a l procedure a t best , should not be attempted 
with supercharged engines, and must be done with the carburetor heat contro l in 
the COLD p o s i t i o n . 

(12 ) Heat should be applied for a short time to warm the induction system 
before beginning a prolonged descent with the engine thro t t l ed and l e f t on during 
the descent . Power lever advancement should be performed p e r i o d i c a l l y during 
descent to assure that power recovery can be achieved. The p i lo t should be 
prepared to turn heat off a f t e r power i s regained to resume level f l i g h t o r 
i n i t i a t e a go-around from an abandoned approach. 

(13 ) The p i l o t should remember that induction system icing i s poss ib le , 
p a r t i c u l a r l y with f loa t type c a r b u r e t o r s , with temperatures as high as 1 0 0 \ F . 
and the humidity as low as 50 p e r c e n t . I t i s more l i k e l y / however, with 
temperatures below 70° F . and the r e l a t i v e humidity above 80 p e r c e n t . The 
l ikel ihood of icing increases as the temperature decreases (down to 3 2 ° F . ) and as 
the r e l a t i v e humidity increases . 

(14) General - When no carbure tor a i r or mixture temperature instrumen­
t a t i o n i s a v a i l a b l e , the general p r a c t i c e with smaller engines should be to use 
fu l l heat whenever carburetor heat i s applied. With higher output engines , 
however, e s p e c i a l l y those with superchargers , d iscr iminat ion in the use of heat 
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should be e x e r c i s e d because of t n e p o s s i b l e eng ine o v e r h e a t i n g and d e t o n a t i o n 
h a z a r d i n v o l v e d . In the c a s e of p r e s s u r i z e d a i r c r a f t , use of a l t e r n a t e o r heated 
c a r b u r e t o r a i r .-'By r e a u i r e d e p r e s s u r l z a t i o n of t n e passenger compartment . A p i l o t 
o f an a i r p l a n e equipped with a c a r b u r e t o r a i r o r m i x t u r e t e m p e r a t u r e gauge should 
make i t a p r a c t i c e t o r e g u l a t e h i s c a r b u r e t o r n e a t by r e f e r e n c e , t o t h i s i n d i c a t o r . 
I n any a i r p l a n e , t h e e x c e s s i v e use of h e a t during f u l l power o p e r a t i o n s , such a s 
t a k e o f f s o r emergency g o - a r o u n d s , may r e s u l t in s e r i o u s r e d u c t i o n in t h e power 
d e v e l o p e d , a s we l l a s the hazard of eng ine damage. I t slioula be noted t h a t 
c a r b u r e t o r h e a t i s r a r e l y needed for o r i e f high power o p e r a t i o n s . 

b . F u e l System I c i n g . The use of a n t i - i c i n g a d d i t i v e s f o r some p i s t o n - e n g i n e 
powered a i r c r a f t has been approved a s a means of p r e v e n t i n g problems witn w a t e r 
and i c e in a v i a t i o n g a s o l i n e . Some l a b o r a t o r y ano f l i g h t t e s t i n g i n d i c a t e d t h a t 
t h e use o f h e x y l e n e g l y c o l , c e r t a i n methanol d e r i v a t i v e s and e t n y l e n e g l y c o l 
monomethyl e t h e r (EGNE) in smal l c o n c e n t r a t i o n s i n h i b i t fuel sys tem i c i n g . These 
t e s t s i n d i c a t e t h a t the use of H3ME a t a maximum 0.15% by volume c o n c e n t r a t i o n 
s u b s t a n t i a l l y i n h i b i t s fue l system i c i n g under most o p e r a t i n g c o n d i t i o n s . Tne 
c o n c e n t r a t i o n of a d d i t i v e s in the fue l i s c r i t i c a l . Marked d e t e r i o r a t i o n in 
a d d i t i v e e f f e c t i v e n e s s may r e s u l t from t o o l i t t l e o r t o o much a d d i t i v e . 

CAUTION: I t snould be r e c o g n i z e d t h a t the a n t i - i c i n g a d d i t i v e i s in no 
way a s j b s t i t u t e o r r e p l a c e m e n t f o r c a r b u r e t o r h e a t . S t r i c t a d h e r e n c e t o 
o p e r a t i n g i n s t r u c t i o n s i n v o l v m q t h e use of c a r b u r e t o r n e a t should be 
adhered t o a t a l l t i m e s when o p e r a t i n g under a t m o s p h e r i c c o n d i t i o n s 
c o n d u c i v e t o i c i n g . 

c . CONCLUSIONS. 

a . The e v i d e n c e i s c l e a r t n a t c a r b u r e t o r i c ing and a v i a t i o n g a s o l i n e fue l 
s y s t e r i c i n g problems a r e p r e v e n t e d with p r o p e r use of a i r c r a f t c a r b u r e t o r a i r 
h e a t and by good housekeeping t o e l i m i n a t e water f r o r g a s o l i n e and the a i r c r a f t 
f u e l s y s t e m . 

o . Fuel a n t i - i c i n g a d d i t i v e s have oeen found t o have a b e n e f i c i a l e f f e c t on 
t n e p r e v e n t i o n or fue l system i c ing when p r o p e r l y blended m the fue l sy s t ems of 
a i r c r a f t powered by r e c i p r o c a t i n g e n g i n e s . 

c . Fuel a n t i - i c i n g a d d i t i v e s a r e not e f f e c t i v e in p r e v e n t i n g o r reduc ing 
c a r b u r e t o r i c e under a l l o p e r a t i n g c o n d i t i o n s and a r e no s u b s t i t u t e f o r tne 
n e c e s s i t y o f c a r b u r e t o r h e a t o r fo l lowing p r e s c r i b e d f l i g h t manual o p e r a t i n g 
p r o c e d u r e s . 

d . The e f f e c t s and recommendations d e s c r i b e d in t h i s c i r c u l a r a r e g e n e r a l in 
n a t u r e and a p p r o p r i a t e t o most c e r t i f i c a t e d a i r p l a n e s . The p i l o t s h o u l d . r e f e r t o 
a l l a v a i l a b l e o p e r a t i n g i n s t r u c t i o n s and p l a c a r d s p e r t a i n i n g t o h i s a i r p l a n e t o 
d e t e r m i n e whe£fcer any s p e c i a l c o n s i d e r a t i o n o r p r o c e d u r e s apply t o i t s o p e r a t i o n . 

M. C. Beard 
Director of Airworthiness 
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