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PURPOSE

et o e s

The purpose of this paper 1s to acquaint the reader with the

ct
[

phenomencn of Alreraft Aquaplening, or Hydroplaning as 1 5 SOme-
times called, and further, to stimlate suffictent interest that

Ar Carrier personnel will incorporate wet ruaway factors in their

Operations and/or Flight Manuals.
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THE FHENOMENCH OF AIRCRATT AGUAPLANING

HASA describes the pheoomencr of aireraft aguaplaning aé follows:
"poueplaning - a condition in wihich hydrodinamic 118t force developed
retwaen the tire fTootprint and the fluid-coversd runway surface =2quals
or exceeds the vertical reacticn of the azirplane mass acting on the tire,

2oulting in loss of directional stability and braking gf‘ectlyeness."
A typical creracteristic ol tire plening i 2 whitish marks on the run-
way, after tnis phznorencn cf ai: : | ning has teken place. These
4
mgrkz are Th 23l of cle nz action providsd by large
1an forc under tie tlre when aqueplaning
Present Civil Air Regulations criteria for extablishing minimum
rurway lengtn is applicable only to dry runwars. Since water is incom-
pressible and unable to develop shearing forces, varying coefficients of

friction are developed betwesn ihe tire ﬂwd runvay during ddVCT e veatner,

depending on the depth of water and the forward speed of the aircraft.

NASA tect results {or wet runweys chow that the ccefficient of Frictior
¥s

veries from 5.3 at slow speeds to C.00 at nigh speeds in the realm of
aguaplaning. as compared to ¢.5 for & dry runwav, This should be ~{r1e
v
proof that edditional runway length will be required when landing during
adverse weather conditions.
Military aviation considers the problem of operating on wet and slip-
pery runways so important that they have included a wet runway factor in

the operating manunl for cach type of aireraft.  Safetly in the civil

fleet vould be greatly improved by doing likewise.




&
-4 -
Aquaplening ic the major problem encountered after Bn airecrafd !f
touches down on the runway during adverse weather conditions Listed
in Appendix 1 are nine accidents that hr/e ocourred since 1959 in
,’
which aguaplaning was a2 contributing factor. Alsc listed ere il 1= -
g S} S =
v dncidents thal rave oucurred since 1959 that are directly attritut- ) <

cvle ©o agquaplaning.

Tt Iis our conviction thaet these accidents and incide.ts reflect tie

Tact tont tue inlformation o aguapianivg compiied dus.rg various researcn
programs is not €% Jo tnese operationgl person-

nel wine are in nee:

15 hoped that air carriers will

<

~ake appropriate action to assure tnat the infermation contained in tre

aguaplaning refersnces (Appendix 2) is put to use in the development cf

improved company procedures for operating on wet runways. To be trul:
any g J

erfective, pilots must then comply witn these company-established procedures.
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DISCUSSICH :

The advent of heary, turbine-powerad, commercial tratspotes has
Frcatly increascd the dangers associated with landing and
frem wet, slippery runvayc.

There has been a considerable amcint of vecearch cunducted and L

eraft, manutacturers, and the

the phenomencn of alrcralt zquaplanig

wnd sssoniated subjects. Unfortunately, as vas staled above, 11U
arnpenrs that this information has not been adeguately alszemivalod.
fin attempt has been made Lo correct this zitusbtion by compiling a

~omprehensive list of pro*e”to and Duul” atlions that have been printed

and attaching them to this paper as A pendix 2. Although rno unit
£ 2 £

price is given witn tris 1lilst there may Le a slight Tece for some of
the publications However, it is belleved that thie should have no
jeﬁerrent effe~t on sny one obtalining naterial that ic needed to up-
gJate Flipht Manvals ard to acquain vhe pilots with the hazardﬁ ol
(he phencmenon of aguapiaaling.

During the course of a reqent air carrier accident investigation
in which aquaplaning was found to be a contributing factor, attenticn
was focused on the question of how well the phienomenon of aquaplaninz
was understood  The investipation revealéd that the Captain =nd
ceveral other pilots interviewed ot later cdates were not Tamilier
with thre phenomenon. Fxamination of the Tlifnht manuals and training
syllabl of several air carriers failed to reveal any reference 1O

aquaplaning or to technigaes for combating it.
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A rtated previously, 1t was found that military aviation ucec

o

N .

vet runvay Jacvor for each aireraflt in determining ninimum len ©h of
mnoey Jor landing as well as takeoff.
FPor oxauple:
The T-3% manual computes the wet runway length bir

~

cultiplying tke dry, vo wind, runway length Ly 1.0,

Do Boh7 omanual inereazses the runway lengih reqguired
wo talke off under clippery ccenditions ty 2;22 of each F 7“-
100 Leet reauired under dry conditions. AU the cenw
e refusal cpeed is reduced by 10K, whlch in effect

provided additional runway for stopping purposes. : ‘ ?'ﬂ
ﬁavy pulLlications ctate that required runway lenzth
oy increace from 40% to 100% when wet, over that

recuived when runvay is dry.

=
C
N
I3
o
N
o
P
f
|9}
-

ecen found in any air carrier manual examined, uhici

culd e used o compute the additional runway required when landing or

cil wecer vet, clippery couditions Some cf the fermulas to com-

ite Lhece JSoetors can be found in Item 2 in Appendix 2. fvg
Tie ciiitory cmploys runway distance markers in conjunction witn ' -

“heir cLooning concept. This is considered to be a better method than

i Linmins corrten used by civil eviation. Even though stopping is a

unecticn coff wotl: dlstance and time, distance can be more'readily

coeniuacei.  Leveral airline Captains, who have been involved in agua-

nienlne irciGents in the past, sugpested changing to the distance

raviier concent aloo,

000007
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-ivil Air Regulations require that an aircraft be capalie
60% of the determined mirimum runway lensth <oy

Lo

destiration. The remaining LO% buffer is supposged to cover such

established Telore the phenomencr of aguaplanicg had rearcte

T20L wireralft ic used in the folicui

s posgible pllot error, adverse weather, etec., but this “ufler

properticns 1t has assumed with the advent

T et gy e 0 E LR ] e 4
ceternination ol ninimum runwey lerngth i

noanoat BT Jeet, at reference or boundary spead, and on 2
In order to conform o the computed minimum rarwa.. = =

RO RE R .7

ceet tle alove condl

cpeed and altitude cver Lo

rappen when scme of the parametoers are varied siigiil

o . L o
A Eceing TZ0B aircralt at

sac a ninioun CAR runvay length of 6500 feet and =
reTerence speed of 134K.

Loeing recommends that the airerafr touch dcwn at -
point 1000 feet from the thresrnold.

The sround distance to stop a Boeing T20B airerafs

touching down at reference plus 10K i3 2704 feet s

e

o-akes, speed Lrakes and full reverse thrust., Place
the aircraft 100 feet over the threshold instead of

50 feet, which is not at all unrealistic during adverse
;-
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weetlrer. On a 3 glide slcpe ar additicnal w54 feet

storurvay will be required te step. How ascume the alr
speed is 10K high on the approach, which is not a&n unre-
alistic ascumption. An additional 350 teet of runway
will be reauired to bleed this 10K off on the éraund.
Unéer these conditions the aircrart would regquire a

totar ot 530L feet of dry ruaway on which to ctop.

S te minimam runvey lengtn of 6500 feot this leaves
owhovsey lor e ogalety buflfer, or a Yzetor of 2%% inetead
o0 Ll to 2epe with wet and slivpery runway condiiions.

Since NASA tests revealed that the coefficient of friction

d as

cn e wet rinway may be zero at high velocities a
LTile &0 L. at slover speeds compared 1o 0.8 for a
) Yy el s, AT oewn rewdily ve coon that the 25% buffer

mentioned abcove ic completely _nudeguile,

In ~:. lognt of the above conciderai =, it ig urged that each air

currigs contlich o wet runway factor as well ac landing techniques for
adverze weather, and publish this informetion in the Flight Manual for
each type alreraft. This information should also be taught formally
at pilot training secsicns. Some of the carriers do verbally discuss
landin' 2 0 wet, <lippery runvays at pilot training ses;ions and pub-
lish tull:ting at ditferent times concerning thic problem. However,
this 1¢ nct cunsidered adequate coverage of the cubject. The informua-
tion necis to be available to the pillet in written form for ready

refersnce at those times when conditions conducive to agquaplaning are

found to exist vpon arrival over the decstination airport.

i
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Propeller or thrust reversers are relied upon to provide zddi-

tional déceleration during landings. wﬁen a headwind or no wind
“condition exists on a runway, reversing is very effective. Hcwever,
if the landing is made under crosswind conditions, reversing can
a.tually te a detriment. (See Appendix 1, Accidents 3, 5, Intidents
L, 11, 14, 15) An aguaplaning aircraft tends to weathervans in a
oro::ﬁi:i and if reversirg is applied while the aireraft is in this
crnzkad position fo the runway, it will aéfuéllv a;sist the erosswind
in movirg the aireraft off the side of the ruxway: "See Fi
This is aétually what occurred in tre accident referrei to earlier
on page 2. When an aircraft becomes cccked‘tc‘the runvay it mayv
become necesesary to add forward thrast to alleviate the sitcaticn
and returr the airera®t to the runway centerline., (Sze Flzure 2
This requires additionsl runway, further diminishing ~re o.ffer
previded ny the CARs wﬂen a minimum length runway is used.

# An:ther exanple thaﬁ indicaﬁeé the wet runway problem is nob
pecelving adequate attenticrn was revealed during Thne ccmpariscn of
Yy Alfferent cperacing teehnthes usel Ly cne alr carrier in opers-
t. Threir L-153 Manual coneiders that "2CK
L: Lhe masxirors cresswind component allowable for landing on wai
runways of normal characteristics. However, it considers *10K

as o narimen crosswind component when landing on snow or ice where

wd

braking Zs poor ® It is difficult to correlate this fact with the
previoucty mentioned evidence regarding reduction of friction coef-

ficient due to aquaplaning.

000010



One other interesting point that was learned during this study

is that as the wheel aquaplanes it comes to a complete steop. If
this condition lasts more than tihree seconds the anti-skid warrning
system is deactivated. This means that at that point., the aircraft

is in & full skid condition. (8See Figure 3)

et



SUMMARY

The advent of heavier, faster aircraft has served to increase

markedly the moblem of aircreft aquaplaning during the landing and

FAA, the aircraft manufacturers and sime of the air carriers. However,

and procedurcs publishad by the airlines in their Training ond £LI 1%

Tt is our firm conviction that the alr carriers ashould b

P
(8

are Lhe

This matter by eslablishing a wet runway factor for

pach different iype aircraft they operate by utilizing formulas that
vase already been ottained by research. Ilanding techniques to core

wink mquaplamiae should alsc be published and all pilots should te
1ua; £

indoctrinated ~oncerning this phenomenon.

600012

results of this research have not b=zen reflected in the techniquer




#1

#3. ftopping distance will depend on: Tire condition, type of runway

depth of water, amount of head wind, delay in applyinz reverse thrust, etc.
Shortly after aquaplaring begins (3 sec.) anti-skid uystem js deactivated

and aircraft i in full skid condition. : ‘

000013
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FIG. i
Aireraft - Boaing T2CB Constants - Will us.;
brakes, cpeed brakes,
full reversce to AOK
on cach landing
Over threshold:
AL, - 501
Tpeed - rol. o+ 10H
fanway - odry
Recommended
S~ fouchdown point '
T 427’04 to stop
e ! —t | f ! I
1600 2000' 3000’ 4000’ 5000' 6000 6500
Over threchold:
Alt. - 1007
Speed - ref. + 20K
Runway - dry
tocuchdown
at 1950
T took 350 to
T bleed off 10K excass '
T~ : (5004 to stop
| \\)5 1 ! i 4 1 g 5
T N""3000 3000' 4000' 5000' 6000" 6500‘ 5
950" lost because 50
high at threshold
Over threshold:
Alt. - 100¢
Opred - ref. + 20K
Runway - wet touchdown
at 1950'
jmrcroﬁ bngms 10 aquapiane off runway\ B
aooo ~2000" 3000’ 4000' 5000' 6000’ 650U E
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FIG. © - During erose-wind landing side thrust from thrust reversers,
once airplane ir canted to centerline, plus cross-wind can drive alrplane
off runway. To ~orrect path, réturn all engines to forward thrust at low
power to return to center, use diffe?ential ?r%king to stralgﬁgfan?}lm
path then r:verse thrust tc stop., (Extracted Trom Decrzmber 1900 boelng

ol cverse th (
Airliner)

. CROSS5-'WIND

- ,’,3._/ SIDE FORCE
REVERSE THRUST :\H_‘ COMPONENMT REVERSE THRRUST

FORCE COMFONENT SIDE FORCE UOMPOMENT

— —~

! i } [CROSSWIND| | B
1 I ] i 1 T
CROSS-  TOWGH START  BRAKES STRAIGHTEN APPLY THRUST
WIND DOWH REVERSE OFF ROLL PATH REVERSERS
THRUST FORWARD SYMMETRICALLY
THRUST

FIG. > - Touchdown is made.on a web runway. The aircraft begins to

Y < - : PR . e
aguaplane almost ilmmediately. The wheels stop turning either from
h-ale action or spin down from the aguaplaning effect. If this con-

dition lastc more than 3 seconds the anti-skid equipment becomes
deactivated. The aircraft is now in a full skid.

WiTH CROSS-WIND AND IN

FULL SKID COND. ACFT WiLL

WEATHERVANE AND ACFT WilL

DRIFT COFF RUNWAY '

* | B

=

— ';gl _,?_ __;.]_f_ _%—_':"—”—”_’ - (C R P

. —— __f___“_
CROSS- TOUCH  ACFT  IF WHEELS STGP FOR WITH NO WIND OR HEAD WIND
WIND DOWN  BEGINS 3 SEC. OR MORE, ANTI- ACFT WILL SLIDE OFF END OF
TO SKID SYSTEM DEACTIVATES RUNWAY UNLESS ENOUGH REVERSE ‘
AQUA-  AND ACFT IN FULL SKID THRUST CAN BE APFLIED Sy~ .
PLANE  CONDITION BEGINS TO METRICALLY TO PREVENT IT. '
WEATHERVANE WITH )
\ CROSS-WIND.

CR;}s»wmc . : 0000 14




199G Accidents

(1)

—
n
~—

(3)

L4/9/59

10/10/59

5/12/59

L

APPENDIX 1

AQUAPLANING *ACCIDENLS

Houston, Texas, Viscount. The aircraft touched down
in a normal landing on the centerline of runway 3
during & heavy raiu storm. & crab of 5° had be
maintained on final apvroach. The Captain zaid the
aircraft began ®water vplaning” on touchdown. He
said that ‘even with 20°-30° of right crab and full
right nose-wheel stesring he was unable Lo uvrevent
the aircraft sliding off ths left side of tre
runway . '

The westher at the time was GCO! scat
12007 broken, 5000% cvercast, visibilivy 1
rain, thunderstorm cvernead moving scuthe
inches of rain had fallen since 18G0 hours.

A .
Winston Salem, H. C., C-h6. After executing a missed
approach to runway 33 because of low vicibility causen
by heavy rain over the approach end, the pilot elected
to land on runway 1% as the vind was given as calm and
the arpproach was clear. Upon touchdown on the wet run-
way, the brakes had no effect so an intentiornal ground-
loop was attempted to keep from running off the
embankment at the end of the runway.

ol

The weather was 800 feet scatterred,
feet overcast, (bl

Charleston, W. Va., Lockheed L-10L3, Weather - rain
falling at time of apprcach and touchdown with standini

vater on runway, scattered clouds at 600' and:1500°7,
wind 4 knots east-southeast.

Aircraft landed first third runway 32 (750" lonz),

S

flaps fully extended, airspeed 105 knols approach.
Brakes functioned properly but no response due to
aquaplaning. Ran out of runway, Captain groundlooped
but aircraft skidded to left and slid down steep
embankment in reverse beyond airport boundary. The .
a2lrcraft was consumed by fire. There were two
fatalities (1 passenger and 1 flight engineer).

000015
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Baltimore, Md., Douplas DO-3. Weather - heavy precipi-
tation, 000! celling, wind B knots northwest .

Aircralft landed 500! from approsch end of runway 32
(L4L0O' lcag) with full flaps. Tnitial braking action
positive; however, with flaps up and tail wheel down
Jjust past midway of runwey, braking action negetive
and ineffective. Aircraft proceeded off end of runway,
over the seawall and intco a creek. Considersble damage
tc alrcraft,

Ctica, N. Y., Convair 40, Weather - ceiling L0CY,
visibility l§ miles in rain, snow and fog, cross wind
ol 11 knots, 1 inch of snow covering a wet rurnway.

eft while weathercocking 1o right.
srrection with right reverse, brates and
veering, Ztruck L ircn snow beank on lert

C., Lonkkeed 10LQC, Takeoff aborted

at which time side loads failed left gear.

lailas, Texas, DC-8. Night ILS arproach. ceiling 3G0%
visicility 3/b mile, light snow and sleet, 8 knot tail-
wind, runvay covered vith 1 inch to 3 inches of slush

Lu

o land on runway 13  Touchdown orcurred at
1o knots instead of 13k reccmmended. Flaps were re-
~rscted and held on runway by forward yoke, #2 and #3
cogine full reverse with "some"™ reverse on #l und #4.
©iid off edge of runway 4220° from touchdown.

Ariompting

o

Liorgantown, W. Va,, DC-3, The aircraft touched down at
GG knots within 300° of the approach end of the 3570°
ilong, 10C* wide runway. When brakes were anplied they
had no effect so the piluyv unlocked the tail wheel in
anticipation of an intentional ground loop to the left.
The aircraft continued in a gradual right skid and de-
parted the runway 50 feet from the end.

The weather was 3000!' scattered, estimated 450(% over-
cast, visibility 6 miles, moderate steady rain, winds calm.

000016




GUrads oy 8wty =y oL o Lovenad

trne fipst 1200 feet of morveey D) wlish

lons arcd 190 feet wide,  An reversing
alrcralt tegan veering to > left, ‘

and ailercer, then nose. vhecl steerins vere ured, tut
Lo no avail and thre ' departed the ruisay on
Lhe et oide 7 Pron the arroah end of the

&r The ULime wee D0 sky oboesred, vicloill
l milte, tharderctocrm and :;fe.v;,f ra'n chover, wind 3

knoits east-niorlheast, (Hhung

cveriead,

Hew Orleans, sy =L oan- Lhe (&
acwn at o point lz00-1,00 ect [rom ihe
a normal manner on the centerline of

woy . The noce was lowered and Tull

ig tlme The rofe appenred T ar

from the gpprozceh end

- 3 T
o 1udw4j. RE

Cuu:-l’-{-\

planing existed Sr:w point of touchtdswn (approximately
era

midpoint of mu weay ) to the place the air
the rurvay.

The weather wac G00° geattered, meacurec 11007 oroken,
LOO0" overcast, mcicrate ra’n chowers, wind west -

southwest 10 knotzo.

Wew York. N. Y , ©C-8 Larding or @ ¢lush and snow-

corered runvay with a 10K tailwind, ncushdown cccurred
Wity fxcessive speed and alroralt cild of & end of
LAy . y '
Knexville, Tenn., L-188. 1landed (n zeavy rain storm.
Fanway covereu witn water. Otrong croscowind from left.
Landed on, right gear, bounced, came down on both,

Begar aquaplaning as nosegear touched down and full
reverse thrust was employed. Slid ¢ff rizht side of
manway tearing oft r»right wing and gear.
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(1) 11/4/59  Indienapolis, Ind., LC-TB. While landing ¢n runway 22
from & back course ILS3, heavy rain was encountered jus
pricr to touchdown. Touchdewn was mede in the center
of runvay . 290C feet from the approach end of t
runvway the right wheel slid off the runway; at 3k00 fe
the rnose wheel left the runway and at 200 feet the left
wheel departed the runway surface.

Weatrer was 300 scatiered, 600 variable overcast
vipitility 5 miles in moderate rain and fog, wind
S5SE € knots, visibility cec aa.onal’v L1y lees in
heavy rain.

[P g
RGO UWOL

» noymal reversing at first, then exeeszive
on 1 ound 2waich only terded to weathercock the airerart

: Formosa, O0-TB. The dircralt touzhed
Che centerliine cf runway 10, approximztzly
Trow approach end at 108K. The Captain zaid #L
peller ran away mcnentarily and veered the airce
to the right. The alrcraft then held thot llno Dnd
hydroplaned off the edge of the wet runway. Corrective
zcticn to straighten the path of t%c aircraft vas to on
avall. The air~raft landed approximately S minutez after
a mcaeerate shewer,

1340 Incidents

~ (: /l/ud ot. Louic, Mo., ETOV-L3L. uu*1.t ch te runway 2h
the pllot was rLVln we atnc"' wing ESE 10-15K, 700!
+

overcast, wls;ulley i* light rain and fog. Crossed
threshold a®t 126K then touched down 1C00° down the
600G runvay, skipped tien touchea down acain 1000f
turther down SouLle.u were placed to fullup, Jull
brakes and maximum reverse thrust were applizd.
Aireraft contirued #3507 off end of rurway into the
mud where #2 engine siruck the ILS localizer shack.

(-} 3/18/60 Houston, Texas, DC-7. Aircraft made an ILS approack
to runvway 3. Weather was 300° ceiling, 1 mile ":i—
bilivy, light rain, wind west at 1CK, wkeeL mark
indicate that aircraft touched down 2/5 of way down
76CCT runway Shertly after “ouchdcwn aiverart com-
menced to swerve o left and continued the swerve
until the left wheel left the runway 5800° from the

000018
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L/20/60

1351 Incidents

(7)

()

12/12/61

10/2/61

7/29/61

19

approach end. It continued 1689% f{urtier where all
three wheels became mired in the mud. Teovmalfunction
or failure of brakes, propeller revercily™, Or nose
whzel steering.

Kansas City, Mo., B707. Pilot appeared to be unable
tn stop his landing roll and aircraft slid cff west
zide of south end of runvay 18. Mo damacc to aircraft.

Jackson, Miss., DC-3. Landed LOGE fram arvroach ond

ot vu"way. Lonres aprlliod Tt Le Lraiioz

ction resuited. With ;5653 e ey an inten-

t;ona- r”"unoml' cp atte ool rooulte.

ttamuted to The :1r ST 2na &ut 2iren oTar, arpraoni-
Ls® gz Lt ] olf :Qay.

= Y
Tnauﬂﬂrjuorm passca over L‘old 13 to 15 inutes

belore the lsnding had depocited 35" of rain.

Atlenta, Ga., DC-TB. Landing wac made ~n runwvay 2
T+ Officer. Landing was normal. fSrocily atle

couchdown lisht brake appiicatlionc wers matic and t
ceemed Lo be operatiig satisfactorily. A0

‘end of the runway was approached and trakeo vere

appoinsld, 1ot OfTicer indizated he had no hrh
Captain checled, then cpened the wm2
alfter havinz pumped tnp hand pumy to ne
craft cllid ofF end of T2E0° Tunway wi.s

‘n the mud  White marmu from poing
end ol runway Bad rained .07 ac i

TreVions 2-huur period.

Uoew York, T Y.
1LS. neveroe Uh

nra’t opexan Lo

“marks about 650 T o approuch ol o and slid
300° past the end of the €000 rmmwny 7. lct stated

v —ouched down ot 125K, Lighkt rain at @ =e time and
hod peen raining for a prolenged pericd cof time.

LT LUNE

“to m with & 10-15K cresswind. . Touched “own at 135

; fork, N Y , DC-8. Landing on JCL #.-Ing a rain

o

to 143K at ILS touchdown point. Avplicd rrakes and
70-90% reverce thrust on 2 ard 3 ana 1dle reverse on
* «ad L. Braking was ineffcctive, ¢ ull reverce
vas applied to-all 4 engines. Aircraft clid 2L 3e

°f end of a BLCOT runway.
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(10)

(11)

{12)

(13)

-

(14

8/7/61

5/7/61

L/9/61

3/5/61

3/8/61

- 20 ~

Jackson, Michigan, DC-3. Aircraft lended out of & low .
vielbility approach. Brakes were applied Lut scemed -
to be weak then r'aded away completely. Ground loop
attenpted but to no avail, and alrcraflt clid off end

of runway.

Kansas City, Mo., DC-3, During a low visibility
epproach in moderate Tein, heavy rein similer to s
water spout wes encountered upon touchdown just as
windshield wipers broke. Could sec outside window
thet aircraft was sliding to right.  Engines tsken

out of reverse pitch. Ceptain sald aircralt was
aquaplaning across a thick layer of water and skidding
to the left with nc response {rcem nose wheel steering,
brakes or corrcectlve power. Soft ground slowed the
alrcraft ‘iciently to regain steering contrcl, rolled
back onto une runwey after passing through the heavy
rain, then taxied Lo the gate.

5]

Buffalo, N. Y., Viscount T00D. Landing on runway 23,
Ceiling 600* obscured, li mile visibility, light snow <
showers., Snow melting as it landed. Smooth landing
at approximately 130K. Brakes applied then hand brake
applied locking the +sheels. Speed not arrested until
aircraft slid inte the mud beyond end of runway.

Akron, Ohio, DC-7. Landing on runway Ol which is
€5987 long. otated crossed field boundary at 110/115K
touching down 5C0-800% from beginning of runway.
Applied reversing until slowed to approximately 5S0K.
Said taxi speed was slow and reasonable. As end of
runway was approached brakes were again applied and
whien not effective full reverse again applied but
gircraft slid off end of runway inte the mud,

Wea”Wor was 400% overcast, lisht rain and fog.

Cnicaro, I11,, L-188. ZLanding on 32R. ©00' overcast,
visibility 2 miles in light drizzle and fog. Slush on
runvay, wind NNE 1L-17K. At touchdown full reversing
was applied. Aircraft began sliding to left side of
runway. Asymmetrical reverse thrust applied but air-
craft cortinued to slide off left side of runway 1700%
from threshold, coming to rest 2500° from threshold
with the left wheel stuck.in the mud. Nose gear and
right main gear rerained on pavement,
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15) 5/23/61 Utica, I Y., Convair 24C. A circling approach was made

to runway 15. Weather was 700® obscuration, visibility
mile, light snow showers and fog, temperature 33°%, .
wind eeet 11 m.p.h., slush on runway and braking action
was poor. Touchdown made at 97K and as nose wheel
touched down aircraft began to skid right. Right
throttle used to correct twice, then aircraft slid
through snow bank and of{ edge of runvay., Reversing
not used. Delay in getting flaps up £5 copilot waiting
to assist in reversing. Captain said "raking action
was nil.

o=

(16y 2/8/61 Baltimore, Md., B707. During takeo.s b” the lst Officer
from right seat on slush-ccvered (% - %% wiwway 33,

the airecraft weathervaned intc the 17K 7 - i, Cor-
ct2d once bty Capdtair using noce whe inz
Oceurred again so Ceptain atorted at oo leg osull

reverse on all enares.  Alraraft
of the 200¢ wide, Y07 Leng ranway at the midooint.

It was found that ridder trim tab had been left in the
5 points right positica that had been used feor landing.

-3

~—

3/9/61 Boston, Mass., Viscount 7hSD. Iuring takeoff fron
runvay 9 the aircralt acczierated normally te 70K but
then was slow accelerating beyond that point and the
‘take~ff was atorted. Inspe ection of the runway found
the snow to be up to & and the distance between the
heavy accumilations was 300% to 450°. The Captain
noted that, ®apparerntly the slush probtlem has many
more ramifications than any of us realized previously.
‘I personally feel cperaticn in ANY snow or water ccn-
dition would be benefited by an add.tianal safety

. ‘ Tactor of a distance marking or acceleration check

' point on the runway. Tre carria at this time limited
the operation of their Viscounts to 3™ slush or stana-

ing water for takeoff or 1™ of either for landing.

(1

w

{18) rell Saannon, Iveland, DC-8. The airera’t londed on runway
' 2L yhick is 10,000 reet long. Approach and configura-

tion were normal. Touchdown occurresd ozt 1000-2000 feet !
from the bheginning of the runway. The runway was wet.
Yeather consisted of drizzle with low ceiling, wind
100° 10 knots with a tailwind component of 3 knots.
Traking action was ineffective until the aircraft de-
celerated below 80 knots. This occurred during the
last several hundered feet of the landing roll and the
aircraft came to rest with the tail overhanging the
runvay. Braking system and spoilers checked normal
and the foot thuh@e*s and anti-skid device were operaflonal.
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APPENDIX 2

AQUAPLANTNG REFERENCE PUBLICAUTONS >

NASA Report, "Tire-tc-Burface Fricticn - Coefficient Measurements
with a C-123 Airplene on Various Runway Surfaces®™ by Sawyer and .
Kolnick, dated June 1952. . :

Sceond Rdition of Garbell Aerconautical Serles No. 3, 1954 "The
Grcund Run of Aircraft in Landing and Takeoff in TCAO Units®

5
2. NATO Report 51, "Tire-Runway Eraking Fricticn Cocfficients™ by : o
1. H. Gough, R. H Sawyes and J. P. Trant, dated Febiuary 1550, . }
G UACA Tecnnical Note LL06, ™Low Tire Friction and Corvoving Forces
on o Wet Surface™ iy Harrin, dated Septewmber 1958,
NASA Memorandum £-23-59L, "Tire-to-Surface Friction Especiolly ‘
Under Wet s"™ by Sawyer, dated March 1959.
(, UASA Report D-h03, ™Investigation of Tandem-Wheel and Air-Jet -
;rrangements for Improving Braking Friction on Wet Surfaces”™
iy E N. Harrin, dated June 1960.
T HASA Report D-552, "3Studies of Retardation Force Developed on an
Aircraft Tire Rolling in Slush or Water™ by W. B. Horne, V. T.
Joyner and T. J. W. Leland, dated September 1960,
L3 P . P4 .
. “Aporoach Speed Control™ and "Stopping Under Adverse Conditions”
in “he February 1961 and December 1960 issues, respectively, of
“he Boeing Airline publicaftion. Our Fig. #2 extracted from the
Dererner nublication. :
). "punway Slush Effects on the Takeoff of a Jet Transport, FAA Project
#306-3%" dated May 1963, Appendix TI referred to "Tire Aquaplaning
Telocity Caleulaticns.®
10 ™Yehicular Measurements of Effective Runway Friction™ FAA Project
‘ ljo. 208-3X Amendment I, dated May 1962 i
3 A
11. FAA - Flight Standards Service Release #470 - ™Statistical (
Presentation of Operational landing Parameters for Transport .
Jet Airplanes™ dated August 8, 1962. :
12. PRunway Slipperiness and Slush”™ NASA Report, by Walter B. Horne ¢

and T. J. W. Leland, dated May 16, 1963.
(Presented at Symposium on the Roysl Azronautical Society, London, .
England) ‘
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I F =% cpdb Ve Ref. (9)
Where F = Retardation force acting on the airplane tire due to slush
p = Mass density of slush
d = Slush depth on ruanway
t = Chord length of tire cross secticn at slush ouwrface
V = Aircraft forward velocity
C :‘Slush‘drag coeiTicient
iI. Tire Aguaplaning Velccity Calculstious
“v - Fv,s : % CL,s ¥ AG VP2 Ref. (9)
Where Fv = Vertical load on tire due to airplano mass
Fv,s = Hydrodynamic pressure force
1 CL.s = Hydrodynamic 1ift coefficient
h¢ = Fluid density
AG = Gross tire contact area
Vp = Tire aquaplaning velocity
IIT. Vo= 4 1 Ref. (12)
Where Vp = Tire hydroplaning velocity (knots)
D = Tire inflation pressure (lbs./in.)

APPENDIX 3

FORMULAS REJATED TO AQUAPLANTING

Assumptions- /(l) Average tire ground-’ raring pressure may be

approximated by tire inflation pressure (p}

(2) All possible runway fluids that can collect
in depths large encugh to produce tire hydro-
planing haeve densities approaching water
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Retardation Forces, Acceleration & Distance Travzrsed by

- 26 -

Aircraft During Takeoff Ref. (7)
(1) « N F + N F
X,85¢ n X,g;n m X,g,m
Where F - Total aircraft retardation force due to )
X,8,€ slush or water .
Nq = Number of nose-vheel tirec
= Retardation force - single nose-vheel ture
x,8,n -
Nm = Number of leading main-wheel tires
F_ . Ketardation force ~ single mein-wheel tire
Aybs ol ‘

1]

A
X,Z.€

W

- Horizontal deceleration alrcraft due to slush weter

Aircraft total gross welght

8 - &

r

Aircraft horizontel acceleration on wet runway

Aircraft norizontal acceleration on dry runway ‘

z Ay
V02 Y

wl-

a +
n,0 n,l

- Incremental takeoff distaace of aircraft

AMreoraft forvard velocity at instant (1)

Areraft forward velocity st

—

ctart (Q)

Areraft horizontal acceleraticn on wet runway 2t start (0)

Aircraft horizontal accelersiion on wet runwey instant (1)

Vy,2)° - (Y,1)°

a + 8a
n,l n,2

(same as above tor different
instant or step)
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