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1. PURPOSE. T h i s a d v i s o r y c i r c u l a r (AC) desc r ibes a method of demonstrat ing 
compliance w i th the requi rements of the Federa l A v i a t i o n Regu la t i ons (FAR) 
concern ing the i n g e s t i o n of water from the runway / tax i way su r face i n t o the 
a i r speed system, the eng ine , and e s s e n t i a l a u x i l i a r y power un i t ( A P U ) l a i r 
i n l e t ducts of t u r b i n e engine powered a i r p l a n e s . L ike a l l a d v i s o r y c i r c u l a r 
m a t e r i a l , i t i s not mandatory and does not c o n s t i t u t e a r e g u l a t i o n . I t i s f o r 
guidance purposes and to p rov ide an example of a method which has been found 
accep tab le . 

2. APPLICABLE FAR SECTIONS. 

a. Sec t i ons 23.1091(c)(2) and 25.1091(d) (2) of the FAR. 

b. Sec t ions 23.1325(a) , 25.1323(d) , and 25.1325(b) of the FAR. 

3. RELATED ADVISORY CIRCULAR. AC 91-6A, Water, S l u s h , and Snow on the Runway, 
dated May 24, 1978. 

4. BACKGROUND. 

a . The Problem. A i r p l a n e t u r b i n e engines are s u s c e p t i b l e to s u r g e , s t a l l , 
and f lameout when they i n g e s t e x c e s s i v e q u a n t i t i e s o f water . A l l c e r t i f i c a t e d 
t u r b i n e engines have demonstrated a c a p a b i l i t y of i n g e s t i n g s imulated r a i n f a l l 
w i thou t s u f f e r i n g opera t i ng problems. The q u a n t i t i e s of water spray inges ted by 
an engine as the a i r p l a n e passes through water s tanding on runways and tax iways 
may exceed the water q u a n t i t i e s used in the engine c e r t i f i c a t i o n t e s t i n g . The 
r e g u l a t i o n s r e q u i r e tha t the a i r p l ane des ign prevent hazardous q u a n t i t i e s o f 
water o r s l u s h f rom being inges ted i n t o engines and APUs dur ing t a k e o f f , 
l a n d i n g , and t a x i i n g . A l s o , water i n g e s t i o n i n t o the a i rspeed system may cause 
system ma l func t ions dur ing t akeo f f s and l and ings . I t i s o f ten p r a c t i c a l to 
i n v e s t i g a t e these e f f e c t s c o n c u r r e n t l y w i th the engine water i n g e s t i o n 
e v a l u a t i o n . 

b. C r i t i c a l Case. I f a c r i t i c a l water i n g e s t i o n problem e x i s t s , i t 
t y p i c a l l y e x i s t s dur ing t akeo f f when engine power demands are h i g h . The 
a i r p l a n e t i r e s cause bow waves, s ide s p r a y , and " r o o s t e r t a i l s " ( s p r a y which i s 

1 An e s s e n t i a l a u x i l i a r y power un i t produces bleed a i r and/or power to d r i v e 
a c c e s s o r i e s necessary f o r the d i spa tch of the a i r p l ane to mainta in safe 
o p e r a t i o n . 
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thrown o f f the t i r e as i t r o t a t e s ) which can c o l l e c t i n t o concen t ra ted water 
streams t h a t may be i nges ted by the eng ine . I f the q u a n t i t y of water i s 
e x c e s s i v e , the opera t i on o f the engine may be a f f e c t e d s u f f i c i e n t l y to cause an 
unsafe c o n d i t i o n . A d d i t i o n a l l y , c e r t a i n a i r p l a n e des igns may a l l ow f o r 
i n g e s t i o n o f hazardous q u a n t i t i e s o f water dur ing l and ing r o l l o u t wh i l e us ing 
r e v e r s e t h r u s t . 

c . L i m i t i n g Mater Depth . A i r p l a n e s should be capable of ope ra t i ng on wet 
runways w i th areas o f s tand ing water w i t hou t c r e a t i n g adverse e n g i n e , APU, and 
a i r s p e e d system ope ra t i ng c h a r a c t e r i s t i c s due to water i n g e s t i o n . T a k e o f f s 
shou ld no t be at tempted when s tand ing w a t e r , s l u s h , o r wet snow g rea te r than 
o n e - h a l f inch in depth covers an app rec i ab le p a r t of the runway ( r e f e r e n c e 
AC 91-6A, "Wate r , S l u s h , and Snow on the Runway," dated 5 /24 /78) . T h e r e f o r e , 
o n e - h a l f inch water 'depth i s the accepted t e s t c r i t e r i a f o r demonstrat ing 
compl iance w i th the re fe renced r e g u l a t o r y requi rements conce rn ing water 
i n g e s t i o n e f f e c t s on e n g i n e s , APUs, and a i r s p e e d systems. An a p p l i c a n t seeking 
a i r w o r t h i n e s s approva l may demonstrate the water i n g e s t i o n c h a r a c t e r i s t i c s o f 
the engine and a i r s p e e d system by conduc t ing t e s t s in a o n e - h a l f inch deep 
water t e s t bed . Upon a success fu l demons t ra t i on , the a i r p l a n e i s approved 
w i t hou t an o p e r a t i n g l i m i t a t i o n on runway water depths . I f the a i r p l a n e can 
demonstrate s u c c e s s f u l l y on l y a t some sha l l ower water d e p t h , then the l e s s e r 
depth becomes a l i m i t a t i o n on tha t a i r p l a n e ' s o p e r a t i o n . 

5. WATER INGESTION TEST PROGRAM. 

a . De te rmina t ion o f Need To T e s t . The a i r p l a n e c o n f i g u r a t i o n g e n e r a l l y 
determines the spray p a t t e r n o f the wa te r . The a p p l i c a n t may show compl iance 
w i t h §§ 23.1091 and 23.1325 or §§ 25.1091, 25.1323, and 25.1325 o f the FAR by 
a n a l y s i s accep tab le to the FAA or by t e s t . 

b. T e s t P l a n . I f i t i s determined t h a t a t e s t i s needed to eva lua te the 
a i r p l a n e spray c h a r a c t e r i s t i c s , the a p p l i c a n t should submit a t e s t p l a n . The 
t e s t plan shou ld i n c l u d e , a t l e a s t , data d e s c r i b i n g the t e s t a i r p l a n e ' s 
c o n f i g u r a t i o n , the t e s t f a c i l i t y , the s e l e c t e d water t e s t d e p t h , the t e s t 
i n s t r u m e n t a t i o n , and the d e t a i l e d t e s t p rocedure . 

c . T e s t C o n s i d e r a t i o n s . The demonstrat ion t e s t s should be e x t e n s i v e enough 
to c l e a r l y show the c r i t i c a l water i n g e s t i o n c h a r a c t e r i s t i c s of the a i r p l a n e , i f 
any . The number o f t e s t runs should be s u f f i c i e n t to demonstrate a l l c r i t i c a l 
phases o f the t a k e o f f , l a n d i n g , and t a x i o p e r a t i o n s . The t e s t procedures 
o u t l i n e d i n paragraph 5d desc r i be a p r e l i m i n a r y t e s t encompassing t e s t runs a t 
d i f f e r e n t speeds , but a t reduced t h r u s t s e t t i n g s , in o rde r to demonstrate t h a t 
no engine i n l e t or a i r speed p o r t i s wet ted and t h a t water i n g e s t i o n i s not 
l i k e l y a t h i g h e r t h r u s t s e t t i n g s . I f , a f t e r a s u f f i c i e n t number o f t e s t runs a t 
d i f f e r e n t speeds, i t i s obv ious by i n s p e c t i o n o f the wetted su r faces t ha t water 
i n g e s t i o n would no t occur even a t h i ghe r t h r u s t s e t t i n g s , f u r t h e r t e s t i n g i s no t 
wa r ran ted . 
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d . Suggested T e s t P rocedure . 

(1 ) A i r p l a n e C o n f i g u r a t i o n . A l l p o r t i o n s o f the a i r p l a n e t ha t may 
i n f l u e n c e the water spray pa t t e rns should be the p roduc t ion c o n f i g u r a t i o n . I f 
spray d e f l e c t o r s ( ch ine t i r e s , f e n d e r s , e t c . ) are used , the p r e d i c t e d i n - s e r v i c e 
wear pa t t e rns shou ld be i nc l uded in the demonstrat ion t e s t i n g . I f the engine 
pneumatic systems ( a i r c o n d i t i o n i n g , a n t i - i c e , e t c . ) , the APU e l e c t r i c a l and 
pneumatic l o a d s , and the s ta te o f the engine and APU i g n i t i o n systems c o u l d have 
an i n f l u e n c e on engine and e s s e n t i a l APU ope ra t i ng c h a r a c t e r i s t i c s wh i l e the 
powerp lants i n g e s t wa te r , the most c r i t i c a l powerp lant ope ra t i ng c o n f i g u r a t i o n 
t h a t i s c o n s i s t e n t w i t h the a p p l i c a n t ' s recommended procedures f o r ope ra t i on on 
wet runways shou ld be used. In a d d i t i o n to t e s t i n g the t a k e o f f c o n f i g u r a t i o n , 
i f the land ing c o n f i g u r a t i o n r e d i r e c t s the water spray i n t o a c r i t i c a l p a t t e r n , 
s imu la ted l and ing t e s t s should be conducted. 

(2 ) T e s t F a c i l i t y . The t e s t f a c i l i t y must have adequate space f o r 
s imu la ted t a k e o f f runs ( a l s o t a x i and land ing r u n s , i f r e q u i r e d ) . The water 
t e s t bed shou ld be cons t r uc ted so t ha t the se lec ted water depth can be 
mainta ined over no t l e s s than 90 pe rcen t o f the t e s t bed a r e a . In te rmed ia te 
dams are a l lowed w i t h i n the water t rough in o rder to maintain a more c o n s i s t e n t 
water depth on s loped o r uneven s u r f a c e s . The t e s t bed l eng th should no t be 
l e s s than t ha t r e q u i r e d to produce a spray pa t te rn o f one second du ra t i on a t 
c r i t i c a l t e s t speeds. The t e s t bed width need on l y accommodate one land ing gear 
i f acceptab le data are presented to the FAA which show the nose gear spray 
combined w i th the main gear spray i s not more hazardous than the spray produced 
by each s e p a r a t e l y . I f a water depth l e s s than o n e - h a l f inch i s used , then t ha t 
depth becomes an ope ra t i ona l l i m i t a t i o n f o r the a i r p l a n e . 

(3) Data C o l l e c t i o n . The a p p l i c a n t i s expected to p rov ide adequate 
personnel and equipment to c o l l e c t the t e s t da ta . The f o l l o w i n g l i s t i s the 
suggested data which are to be c o l l e c t e d : 

( i ) A i r p l a n e Performance Data . The ope ra t i ng c h a r a c t e r i s t i c s o f 
the eng ine (and APU, i f a p p l i c a b l e ) should be r e c o r d e d . The a i r p l a n e v e l o c i t y 
shou ld be recorded when i t en te rs and e x i t s the t e s t bed . Any engine sounds 
which are i n d i c a t i v e o f engine d i s t r e s s should be no ted . The a i r speed system 
shou ld be moni tored to observe any f l u c t u a t i o n s from water i n g e s t i o n . 

( i i ) Water Spray P a t t e r n . The pa t te rn o f water spray on the 
a i r p l a n e shou ld be r e c o r d e d . T h i s can be accompl ished by coa t i ng the 
app rop r i a t e areas o f the a i r p l a n e w i th agents which i d e n t i f y the wet ted areas 
and by us ing s u i t a b l e h igh speed v ideo r e c o r d i n g equ ipmen t / The o r i g i n , 
t r a j e c t o r y , and c o n f i g u r a t i o n o f the water spray should be reco rded . 

( i i i ) Me teo ro l og i ca l Data . The app rop r ia te me teo ro log ica l data 
i n c l u d i n g wind v e l o c i t y should be recorded f o r each t e s t r u n . I f no l o c a l 
a i r p o r t f a c i l i t i e s p rov ide t h i s da ta , app rop r i a te equipment shou ld be p rov i ded 
by the a p p l i c a n t . 

( i v ) P i l o t Comments. P i l o t comments shou ld be noted to determine 
i f the t a k e o f f would have been a f f e c t e d by abnormal aud ib le engine sounds, 
a i r p l a n e ins t rument anomal ies, e t c . 
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(4) T e s t Runs. The purpose of the t e s t runs i s to demonstrate 
compl iance w i th the r e l e v a n t r e g u l a t i o n s by de termin ing t ha t the water spray 
c h a r a c t e r i s t i c s o f the a i r p l a n e are not hazardous to i t s o p e r a t i o n . I f the 
i n d i v i d u a l spray pa t t e rns i n d i c a t e t ha t the combined spray pa t t e rns o f the nose 
and main l and ing gear do not combine to produce a more hazardous spray p a t t e r n , 
then each gear may be t e s t e d i n d i v i d u a l l y . I f the nose gear or the main gear 
i s determined to be the most c r i t i c a l , on l y tha t gear need be t e s t e d . However, 
i f data from the i n d i v i d u a l t e s t s show the p o s s i b i l i t y o f a combined spray 
pa t t e rn p resen t i ng a hazardous c o n d i t i o n , nose and main gear combinat ion 
t e s t i n g should be per formed. 

( i ) Eng ine T h r u s t o r Power S e t t i n g s . The t e s t s should be 
conducted w i th the app rop r i a t e t h r u s t o r power s e t t i n g . However, du r i ng 
p r e l i m i n a r y t e s t s to determine a i r p l a n e speeds f o r c r i t i c a l water spray 
p a t t e r n s , reduced power s e t t i n g s may be used to f a c i l i t a t e e s t a b l i s h i n g t a r g e t 
t e s t bed e n t r y speeds. I f any engine i n l e t or a i r speed system p o r t or probe i s 
wet ted du r i ng reduced power t e s t r u n s , a d d i t i o n a l t e s t i n g at the a p p r o p r i a t e 
power s e t t i n g shou ld be conducted f o r t ha t speed range. I f the reduced power 
t e s t runs demonstrate t h a t no c r i t i c a l speed e x i s t s , and would no t l i k e l y e x i s t 
a t h igher power s e t t i n g s , f u r t h e r t e s t i n g o f t h a t c o n f i g u r a t i o n i s not 
n e c e s s a r y . 

( i i ) T e s t Speeds. To e s t a b l i s h the c r i t i c a l speed range , t e s t runs 
th rough the water t rough shou ld be conducted in speed increments o f not more 
than 20 k n o t s . I f a c r i t i c a l speed reg ion i s determined, sma l le r t e s t speed 
increments may be r e q u i r e d th roughout t h a t speed range . I f p r e l i m i n a r y t e s t s o r 
a n a l y s i s , accep tab le to the FAA, s a t i s f a c t o r i l y show tha t a t e s t speed range i s 
no t c r i t i c a l w i t h r e s p e c t t o engine or a i r speed system water i n g e s t i o n , t e s t 
runs need not be conducted a t speeds w i t h i n tha t range. 

( i i i ) T e s t C o n f i g u r a t i o n s . The f o l l o w i n g ground ope ra t i ona l phases 
shou ld be t e s t e d f o r t h e i r water i n g e s t i o n c h a r a c t e r i s t i c s , un less i t has 
p r e v i o u s l y been determined t h a t a hazard does not e x i s t . 

(A ) S imula ted Takeo f f ( i f r e q u i r e d ) . I f t e s t s o f the t akeo f f 
c o n f i g u r a t i o n are deemed n e c e s s a r y , the runs through the t e s t t rough should be 
conducted a t the c r i t i c a l speeds. I f the ro ta ted a i r p l a n e a t t i t u d e i s suspected 
to be c r i t i c a l , a t l e a s t one run a t Vr should be conducted w i th the a i r p l a n e 
r o t a t e d t o the normal r o t a t i o n angle to show what i n f l u e n c e t h i s combinat ion o f 
power , f l a p s , and ang le has on the spray p a t t e r n . 

(B) S imulated Landing ( i f r e q u i r e d ) . I f t e s t s of the l and ing 
c o n f i g u r a t i o n are deemed n e c e s s a r y , then the runs through the t e s t t rough shou ld 
be conducted a t any c r i t i c a l speeds from the touchdown speed to the lowes t 
a p p r o p r i a t e speed us ing the normal approved land ing c o n f i g u r a t i o n . Engine power 
s e t t i n g s a p p r o p r i a t e f o r l and ing and r o l l - o u t should be used . I f t h r u s t r e v e r s e r s 
o r r e v e r s i n g p r o p e l l e r s are p r o v i d e d , a d d i t i o n a l water i n g e s t i o n t e s t s should be 
cons ide red to eva lua te the use of these systems w h i l e ope ra t i ng on wet runways. 

( C ) T a x i i n g ( i f r e q u i r e d ) . A i r p l a n e speeds, power s e t t i n g s , 
and c o n f i g u r a t i o n s a p p r o p r i a t e f o r normal t a x i ope ra t i ons shou ld a l s o be t e s t e d . 
T h i s requi rement i s u s u a l l y covered dur ing t a k e o f f t e s t s . 
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( i v ) P r e t e s t A c t i v i t y . The water dep th , wind v e l o c i t y s 

and ambient temperature should be recorded be fo re each t e s t r u n . The 
water depth shou ld meet the 90 percen t c r i t e r i a be fo re beg inn ing any t e s t r u n . 
Winds p a r a l l e l t o the water t rough may i n t e r f e r e w i th ma in ta in ing c o n s i s t e n t 
water dep th , un less dams are used th roughout the t r o u g h . 

( v ) T e s t A c t i v i t y . Ou ts ide observers should be p rov ided t o 
determine i f the a i r p l a n e remains in the t e s t bed . The observe rs shou ld a l s o 
note the water spray p a t t e r n , l i s t e n f o r abnormal engine sounds, and observe the 
a f f e c t o f the wind on the spray p a t t e r n . The mo t i on /v ideo cameras, i f used , 
shou ld r e c o r d the t e s t r u n . The p r e l i m i n a r y t e s t data c o l l e c t e d on each t e s t 
run shou ld be p r o v i d e d so t h a t a de terminat ion can be made t h a t the t e s t run 
parameters were met. U s u a l l y , i t i s apparent to the obse rve rs a t the complet ion 
o f each t e s t run whether the run was v a l i d and i f a c r i t i c a l speed was 
i d e n t i f i e d . F a i l u r e to a t t a i n the des i r ed speed o r s tay w i t h i n the t e s t bed 
may d i s q u a l i f y the r u n . 

6. F INDING. 

a . No hazardous q u a n t i t i e s o f water are cons ide red to have been i nges ted 
when rev iew o f the c o l l e c t e d t e s t data shows t h a t : 

( 1 ) No engine f lameout , performance d e g r a d a t i o n , d i s t r e s s , o r a i r speed 
f l u c t u a t i o n s o c c u r r e d which would c rea te a s a f e t y hazard du r ing any o f the t e s t 
runs through the s e l e c t e d water dep th ; and 

( 2 ) I f eng ine sounds denot ing engine d i s t r e s s , such as pops or bangs, 
o r c o c k p i t i ns t rument i n d i c a t i o n s o f engine surge o r s t a l l o c c u r r e d , they were 
no t o f s u f f i c i e n t magnitude to cause a p i l o t in s e r v i c e to abor t the planned 
o p e r a t i o n . 

b. I f the above c r i t e r i a are not met us ing the p r e s c r i b e d water dep th , t e s t 
runs a t another water depth must be performed to e s t a b l i s h an ope ra t i ona l l i m i t . 

7. AIRPLANE FLIGHT MANUAL. I f compliance w i th the water i n g e s t i o n t e s t 
c r i t e r i a i s demonstrated a t a water depth l e s s than t h a t s p e c i f i e d , the l e s s e r 
depth becomes a l i m i t a t i o n in the A i r p l a n e F l i g h t Manual . The l i m i t a t i o n 
shou ld s p e c i f y the water depth f o r which the a i r p l a n e was found a c c e p t a b l e . For 
a l l a i r p l a n e s , any spec ia l i n s t r u c t i o n s f o r opera t ion in runway/ tax iway s tand ing 
water shou ld be i n c l u d e d ( e . g . , spec ia l t i r e s , f l a p s e t t i n g s , engine i g n i t i o n 
s e t t i n g , o r r e v e r s e t h r u s t or p r o p e l l e r s e t t i n g , e t c . ) . Any spec ia l a i r p l a n e 
hand l i ng techn iques necessary to ensure compliance w i th the water i n g e s t i o n t e s t 
requi rements shou ld be compat ib le w i th the hand l ing techniques assumed i n 
e s t a b l i s h i n g the A i r p l a n e F l i g h t Manual performance c h a r a c t e r i s t i c s . 

M. tfRAIG BEARD 
D i r e c t o r o f A i r w o r t h i n e s s 
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