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HAZARDS OF OPERATIONS IN SLUSH

. POOR BRAKING
DRAG (DISPLACEMENT AND IMPINGEMENT)

DAMAGE TO SYSTEMS AND STRUCTURE FROM IMPINGE-
MENT

4. ENGINE INGESTION (POWER LOSS AND DAMAGE)

FREEZIEG SLUSH, JAMMING AND DAMAGING MECHANICAL
UNIT:

6. CONTROL PROBLEMS

Figure 1

SPECIFIC GOALS OF SLUSH DRAG PROGRAM

I. MEASURE SLUSH DRAG

2. IDENTIFY INCIPIENT DAMAGE BOUNDARY
3. STUDY SLUSH SPRAY PATTERNS

4. STUDY HYDROPLANING CHARACTERISTICS

Figure 2




TYPES OF TESTS

|.— DECELERATION
A. DRY RUNWAY
B. SLUSH-COVERED RUNWAY
C. SLUSH BED WITH NOSE WHEEL PATH CLEARED

2.- ACCELERATION AND TAKE-OFF

Figure 1

TEST AIRPLANE TAKE-OFF CONFIGURATION

MAX. GROSS WEIGHT =193,000 LB; VR=145KNOTS
TEST WEIGHT =150,000LB; VR=124 KNOTS
4G.E.805-3B ENGINES; MAX THRUST (TOTAL) 46,600LB

THRUST AT IDLE (TOTAL) 1600LB
AIRCRAFT WEIGHT ON NOSE GEAR, 76%

TIRES: NO. - SIZE, IN. PRESSURE (PSlI)
MAIN 8 39x13 130-150
NOSE 2 29x7.7 110~125

Figure 2




LOCATION OF TEST OPERATIONS
AND INSTRUMENTATION

P36 P8
. s
5000 FT Soens
A/C START
A/C A/C A/C 2
STOP BRAKE CuT 100 140
‘ KNOTS KNOTS
D $=120 J |
13 C:::IDQQ . 5 T | 9
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10,000 —BRAKE OFT
FT o ~_ “—ACCELERATE
4000 FT 600Q FT
Pd DECELERATE
P29 TEST BED PI3

Figure 3

BASIC MEASUREMENTS AND INSTRUMENTS

MEASUREMENT INSTRUMENTS
I. AIRPLANE GROUND ¢ PHOTOTHEODOLITES
SPEED b) TAPE SWITGHES

c) SPN-12 DOPPLER RADAR
d) AIR SPEED INDICATOR

2. AIRPLANE ACCEL- o ACCELEROMETER
ERATION b) PHOTOTHEODOLITES
c) TAPE SWITCHES

3. WHEEL ROTATION a) WHEEL ROTATION RECORDER

4. TIME a) CENTRAL TIMING SYSTEM

5. SLUSH SPRAY a) CAMERAS
PATTERN

6. SLUSH DEPTH AND o) SPECIAL SAMPLING SCOOP, -
DENSITY SCALES, AND RULER

Figure k4




PHOTOTHEODOLITE

Figure 5

TAPESWITCH INSTALLATION ON RUNWAY




TAPE SWITCH OSCILLOGRAM RECORD
RECORD, 100 IN./SEC SO

%" SLUSH
105 KNOTS

E PULSES, 00

AIRBORNE INSTRUMENTATION

u ‘ i
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: WHEEL REVOLUTION
ACCELEROMETER BRECORDERIER
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ATTITUDE AND ACCELEROMETER RECORDS
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WHEEL ROTATION RECORD
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CAMERA LOCATIONS ON GROUND

CAMERA LOCATIONS ON AIRCRAFT

10 1l




PHYSICAL PROPERTIES OF FRESH SNOW-ICE

|. SPECIFIC WEIGHT 37 LB/FTS

2. PARTICLE SIZE (% BY WEIGHT)
85 % LESS THAN .25 IN. DIAMETER

12 % BETWEEN .25IN. AND .50 IN. DIAMETER
3 % GREATER THAN .50 IN. DIAMETER

Figure 1

DENSITY - SAMPLE LOCATIONS
TEST BED, 50 FT BY |,000F

®SAMPLE
LEFT
WHEELS Nge o o o o ¢ o o © o o o
W%%SEESA_ o o o o o 0 o o6 o & o o
RIGHT Jo%= % = = & o= -0l o o %
WHEELS

65/ 60| 60| 130 [60 [ 60130 [60]60 [ 130 [60]60]865 |
DISTANCE BETWEEN SAMPLES, FT

Figure 2




DENSITY MEASUREMENT TOOLS

Figure 3

DENSITY MEASUREMENT TEGCHNIQUE

STEP | STEP 4
FLAT
PLATE )/
SLUSH |
S RUNWAY/ /L__‘ SLUSH
». V\' - T - ~ < < I < - s
STEP 2 STER S P,
SCOOP :
//\\~“A|2"RULER
S P BUCKUT _—
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TYPICAL SLUSH-DEPTH VARIATIONS IN TEST BED
—o— MEASURED DEPTH
SLUSH —o— EFFECTIVE DEPTH (SP. GR, 0.8I7)
DEPTH, IN.
3, iy
o} o= =
T LEFT MAIN WHEELS
O L =1 L 1 1 1 1 L ]
3
2 O~ - 0
I NOSE WHEELS
O _ . 1 af L 1 1 1 1 J
3_
2" o = - v
'T' | RIGHT MAIN WHEELS 2
o | 2 3 4 5 6 7 8 9 Ioxlo?
DISTANCE, FT
Figure 1
TYPICAL DECELERATION DATA
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16
g
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OI | | | 1 1]
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Figure 2




TYPICAL SLUSH EFFECT ON WHEEL ROTATION
28,
i NOSE WHEELS

i
2411L_MAIN WHEELS (DRY RUNWAY)
! ENTER SLUSH

20
MAIN WHEELS
w 16 . (DRY RUNWAY)
RPS 12l
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3iis 79
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TIME, SEC.
Figure 3

SLUSH EFFECT ON MAIN WHEEL ROTATION

1.0r
8t
6F
Wg)_UsSH
WpRY |
2 o AFT MAIN WHEELS
o FORWARD MAIN WHEELS
O | | | | P | Y |

40 60 80 100 120 140 160 180
GROUND SPEED, KNOTS

Figure 4




SLUSH EFFECT ON NOSE-WHEEL ROTATION

1.0

1

6
Ws ysH
WpRY

oL o NOSE WHEELS

O | | 1 —IE Il | |
40 60 80 100 120 140 160 180
GROUND SPEED, KNOTS

Figure 5

BASIC DATA FOR AIRCRAFT
DECELERATION TESTS IN SLUSH
EFFECTIVE SLUSH
40er03 = oS DEPTHS, IN.

4 ©.75 TO 125
s 4125 TO 175
32| . o1.75 TO 225
OAoAgAA UAA
24 c  AE ages
RESULTANT e o4
'RETARDATION oG o 5
FORCE, LB || - : W
DRY RUNWAY
8t o 2
O 1 l 1 | 1 =]

50 70 90 IO 130 150 70 190
GROUND "SPEED, KNOTS

Figure 6




AIRCRAFT RETARDATION DUE TO SLUSH
Dg = pd V2, V<110 KNOTS

40.xl03  SLUSH gEOPTH, IN.

32+

SLUSH
DRAG,24
LB

T

| J

0
50 70 90 1lO 130 150 170 190
GROUND SPEED, KNOTS

Figure 7

EFFECT OF SLUSH ON TAKE-OFF
ACCELERATION OF AIRCRAFT

SPECIFIC GRAVITY, 0.817

O o ol e i e i g i
\:2:\:\:\:: \\\\\ SLUSH DEPTH, IN.
81 \\\\\\\:\\\ v
N N
\\\\\\
<0S> {3|F \\\ 1.0
o
D
T.0. gL 1.5
2"
2.0
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(0] 25 50 5 100 125 150

GROUND SPEED, KNOTS

Figure 8
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RESULTS OF TEST WITH NOSE WHEEL
PATH CLEARED OF SLUSH

241

201 l
DECEL., :
|
T I
|
|
12k {

10 . ~L NOSE AND—~
105 MAIN WHEELS| MAIN WHEELS |
GROUND | | IN SLUSH I INSLUSH
SPEED, ' |
KNOTS 105 !

95 -

0 2 5 7 10%102

DISTANCE, FT

Figure 9




SPRAY PATTERN
GROUND SPEED, 40 KNOTS; SLUSH DEPTH, L5 IN.

Figure 1

SPRAY PATTERN
GROUND SPEED, 100 KNOTS; SLUSH DEPTH, 1.3 IN.

Figure 2




SPRAY PATTERN
GROUND SPEED, |16 KNOTS; SLUSH DEPTH, 1.3 IN.

Figure 3

SPRAY PATTERN
GROUND SPEED, 155 KNOTS: SLUSH DEPTH, 1.3 IN.

Figure 4




SPRAY PATTERN
GROUND SPEED, 115 KNOTS; SLUSH DEPTH, 9 IN.

Figure 5

SPRAY PATTERN
GROUND SPEED, 115 KNOTS; SLUSH DEPTH, 1.7 IN.

Figure 6




PRINCIPAL AREAS
OF SLUSH ACCUMULATION OR DAMAGE

(D AIR CONDITIONING INLETS AND PLENUM CHAMBERS
@ CARGO COMPARTMENT DOOR HANDLE

3 MAIN WHEEL AREA

@ KRUEGER FLAPS

) MAIN FLAPS

Figure 7

AIR CONDITIONING SYSTEM

INSULATION MATERIAL PEELED FROM WIRES
AND TORN OFF AIR DUCTS




AIR CONDITIONING PLENUM CHAMBER
ACCUMULATION OF SLUSH

A ®

Figure 9

CARGO DOOR HANDLE
UNLATCHED

Figure 10




REAR WHEEL BRAKE ON LEFT MAIN TRUCK
DAMAGED HEAT SHIELD

ACCUMULATION OF SLUSH IN KRUEGER FLAP
RECESS AREA

Figure 12




e

ACCUMULATION OF SLUSH IN WHEEL WELL

Figure 13

ACCUMULATION OF SLUSH ON MAIN BOGEY
STRUCTURE

Figure 14




SLUSH DRAG ON TEST AIRCRAFT
SLUSH SPECIFIC GRAVITY, 0.82

24-x103 0 ° °_EXP
3 ---— CALC.
SLUSH DRAG |6 |- (TN D-552)
PARAMETER,
d
DS(_S:L), LB
dS 81
_——1"'/ 1 ] ]
0 40 80 120 160
GROUND SPEED, KNOTS
Figure 1
SLUSH DRAG COEFFICIENT
30
(@)
20} O ~TEST AIRPLANE
SLUSH DRAG
COEFFICIENT,
Cp,s
10F
SINGLE WHEEL, Q
LANGLEY LANDING
(LOADS TRACK b
0 40 80 20 160

GROUND SPEED, KNOTS

Figure 2




NORMALIZED AIRPLANE SLUSH DRAG COEFFICIENT

20F
15} |
COES,EIL:JIE?EI\?'?ACGD,S MO PRI
5t
1 i 1 J
0 4 Gigaile 6

VELOCITY RATIO, Vg/Vp

Figure 3

EFFECT OF VERTICAL LOAD
ON SLUSH DRAG COEFFICIENT
MAIN WHEEL TIRE PRESSURE =160 LB/SQ IN.

2.0
145}
AIRCRAFT
SLUSH DRAG GROSS WEIGHT,LB
COEFFICIENT,
i ok 100,000
DS 150,000
193,000
5
! ! 1 ~
0 40 80 120 160

GROUND SPEED, KNOTS

Figure 4




AIRCRAFT ACCELERATION IN | /8 IN. SLUSH

8~ o EXP Vv
AT | e CALC.,TN D-552 R
bEG” 4F — -—CALC., DECEL.TESTS I
o)
120
GR.SP,
KNOTS
20
ACCEL.,
g .10
1 1 | L 1 L 1 1 1 ]

0 I
"4 0 4 8 12 6 20 24 28 32 36
DISTANCE, FTx102

Figure 5

ROTATION AND TAKE-OFF IN SLUSH

dg~1.41IN,
——DRY
cae{ T2 sH (FROM DECEL.DATA)
0 EXP
3
[LIFT-OFF,

l LIFT-OFF,

NOSE ' MAIN
AIRCRAFT.Z i i | l
, S

ACCEL., g |

T W_ —i
—SLUSH ENTRY—» l
[ Sl L -

0 1 2 3 4
TIME, SEC

Figure 6




SLUSH MEASUREMENT

I. SPOT MANUAL
2. SPOT VEHICULAR

3. CONTINUOUS VEHICULAR

Figure 1

AUTOMOBILE DECELERATION IN SLUSH

GROUND
08 SPEED,
KNOTS
06} o 52
O 43 o ©
O 35 O o
9/9 sec? .04}
V2 FTZ & 8
o2} &8
| | 1 1 1 ]
0 4 8 2 16 20 24

EFFECTIVE DEPTH, IN.

Figure 2




SLUSH DRAG ON SINGLE WHEEL

LANGLEY LANDING LOADS TRACK;
GROUND SPEED, 65 TOI05 KNOTS

08 &
(@]
00
06k °s60
OO
2
DS LB-SEC
V2 Fre O
(©)
o2+
1 1 1 1 2l
o4 8 12 16 20 2¢

EFFECTIVE DEPTH, IN.

Figure 3

MEASUREMENT - ERROR EFFECT
ON DISTANCE TO ROTATIONAL SPEED

MEASUREMENT  sluet DEPT
ASUREMENT . SLUSH DERTH,
:
Dh—-+ 116
» 172

DN+ 174

| | | |

0 2 4 6 8x103
DISTANGE, FEET

Figure 4
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CORRELATION OF AIRPLANE AND AUTOMOBILE
DECELERATION IN SLUSH

AUTOMOBILE SPEED, V., 52,43, AND 35 KNOTS

.ZOF
.'6" O/O\O
B
G\ / Ve €12
(_> <_) AIRPLANE
dc a GROUND SPEED,
.08} Vg, KNOTS
o 100
04l o llo
1 | J

| 1 1
0 4 8 12 16 20 24
EFFECTIVE DEPTH, IN.

Figure 5




COMPARISON OF ACCELERATION AND DECELERATION

TESTS
| g IN. SLUSH
160
150}
140t
GROUND
SPEED, 150}
KNOTS
120}
—— CALC, DECEL. TESTS
1o o DATA, ACCEL. TESTS
100
0 0 20 30 40 50 60 70xI02
DISTANCE, FT
Figure 1
ROTATION AND LIFT-OFF FROM SLUSH
COVERED RUNWAY
12
8._
ATTITUDE,
DEG. ROTATION INITIATED
r NOSE WHEELS
LIFT-OFF
Ob——L-o000m L —J
GROUND'40T I : 5000
SPEED, | VR——
KNOTS |20 i e 1 || 1 J
|
2k OOOOT | |
A2 | \-MAIN WHEEL S
g | LIFT-OFF
l | | | |
% ) 5 10x102

DISTANCE, FT

Figure 2




2.

3.

CONCLUSIONS

SLUSH IMPINGEMENT AND INGESTION CAN BE
SERIOUS PROBLEMS DEPENDING ON AIRPLANE
GEOMETRY

HIGH SPEED BRAKING IS ALMOST NONEXISTENT
AND CAN INCREASE "ACCELERATE-STOP"
AND LANDING DISTANCES TO IMPRACTICABLE
VALUES

AIRCRAFT PERFORMANCE SUFFERS TO SUCH A
DEGREE FROM SLUSH DRAG FORCES AS TO
MAKE TAKE-OFFS IN DEEP SLUSH IMPOSSIBLE

Figure 3




SLUSH DRAG ON TEST AIRCRAFT
SLUSH SPECIFIC GRAVITY, 0.817

EXPERIMENTAL
24 ~x103 (5_ DATA
SLUSH
DRAG 16
PARAMETER,

dst OO
Dg LB g|. PREDICTED

ds/ - (D—552)7 o

——L'/ L ! )
0 40 80 120 160
GROUND SPEED, KNOTS

Figure 1

AIRPLANE TAKE-OFF DISTANCE
T/W=.232; W=193,000LB

[CDRY zZASLUSH

DRY RUNWAY

dg, IN.
PREDICTED, TN D-552
77 o
7 -
AIRPLANE TEST RESULTS
T e

P ///////////////////
AIRPLANE TEST RESULTS
1 | I 5 - =7}

0 2 4 6 8 10x103
RUNWAY DISTANCE, FT

Figure 2




POSSIBLE FUTURE STUDIES

. DEVELOPMENT OF OPERATIONAL METHODS FOR
MEASURING SLUSH.

. POSSIBLE CONTROL OF SLUSH AND WATER SPRAY
PATTERNS.

. "ROOSTER TAIL" AND SPRAY INTERFERENCE ON TRUCK-
TYPE GEARS (GEOMETRY, SPAGING, ETC.).

. HYDROPLANING, HOW TO AVOID OR USE TO ADVAN-
TAGE

. PROGRAM SIMILAR TO CURRENT TESTS ON OTHER AIR-
CRAFT TYPES.

Figure 3



INCIDENTS AND ACCIDENTS ON SLICK RUNWAYS
U.S. SCHEDULED PASSENGER OPERATIONS

INCIDENT 1956 | 1957 | 1958 | 1959 | 1960 | 1961 [TOTAL
LANDING

VEERED OFF | | 4 4 3 |5+19(2+19| 2]
RUNWAY

OVERRAN 3 - 2 3 39 (2+19] 14
TAKE -OFF

VEERED OFF | - = - - | @
RUNWAY

OVERRAN = = 2 - | ¢ 4
TOTAL 4 | 4| 8 e -1 “8-1 &

d JET AIRCRAFT

Figure 1

RUNOUT DISTANCE FOR 4-ENGINE JET TRANSPORT
W=160, 000 LB; 50 PERCENT OF IDEAL BRAKING

THRUST REVERSERS OPERATING

srounp'€° I~ BRAKES ON TIRES ON WET
SPEED, 80 o CONCRETE
KNOTS DRY S SRR GROOVED RIB
0 123456 7 8xI0> ___
SMOOTH
DISTANCE, FT

THRUST REVERSERS NOT OPERATING

160 BRAKES ON
UL ol s
RNOTS.  LoR Ny

I [
o 1 2 4 5 6
DISTANCE, FT

|
3 7 8x103
STA

Figure 2




OBJECTIVE OF BRAKING PROGRAM

TO ASSIST IN THE IMPROVEMENT OF FULL-SCALE
AIRPLANE LANDING PERFORMANCE ON SLICK RUNWAYS
AS FOLLOWS:

I. INVESTIGATE METHODS FOR OPERATIONAL DETERMI-
NATION OF RUNWAY BRAKING CONDITIONS.

2. ESTABLISH A REPRODUCIBLE LOW-COEFFICIENT-OF-
FRICTION TEST-RUNWAY SURFACE.

3. CORRELATE FULL-SCALE BRAKING RESULTS AND
THOSE FROM THE LANGLEY LANDING LOADS TRACK.

Figure 3




VARIATION OF t1g WITH GROUND SPEED AIRCRAFT

T
6l
‘-\\"
a4t =
Fs m\‘o\\\‘\\ FOAM (RUN # 30I)
RN e
' FOAM S -
%%EZ(RUN #3033 = L WET
2l g 549 ==
| a Drpep, \\"\
c A8 s
SLUSH e
| | L | | | | | | |
0 20 40 60 80 100

GROUND SPEED, KNOTS

Figure 1

oLy TEST DATA FOR SLUSH GONDITION pccer

KNOTS FT/SEC2
140 =16
120 {-a
100 { -8
80 {-12
60 4-16
GROUND SPEED
40f {-20
20r +-24
l l l | 1 | | | |

O 2 4 6 8 10 12 14 16 18 19 20xI02
DISTANCE, FT.

Figure 2




VARIATION OF KB WITH GROUND SPEED

0

AIRCRAFT

&o o T
o) —o—o—O0———p ©°
o 0
Ooo ®
FOAM (RUN NO.30I)
FOAM
e (RUN no. 303> Smamwe [ WET
_/ AA X N T==—==
| SLUSH & AQAA L XX~ \X
X X XAxAAA A;‘ Xx g X
X )><<§( %(( X 5 gf‘ X§A 828K &a
. % CoFp FEVHEN
20 40 60 80 100

GROUND SPEED, KNOTS

Figure 3

BRAKING TRAILER
LOCKED WHEEL

Figure k4




VARIATION OF Hg WITH GROUND SPEED FOR

BRAKING TRAILER
LOCKED WHEEL

I} | 1 L

1 —

= 1
o 20 40 60
GROUND SPEED, KNOTS

Figure 5

NASA ACCELEROMETER




VARIATION OF jtg WITH GROUND SPEED FOR

ACCELEROMETER

8. LOCKED WHEEL
o WET

e A SLUSH
o FOAM

6

D

Hg
4+
Aﬂ—ﬁﬂ——b—a
3F
2
IF 1 | | 1 | 1 == o] 1 o |
0 20 40 60 80 100

GROUND SPEED, KNOTS

Figure 7

SKIDOMETER




VARIATION OF g WITH GROUND SPEED
FOR SKIDOMETER

T
o WET
.GF a SLUSH
5t {; o ©
4 0
/.L

33—
2( %::E*L—-=3F£=§=
AF

| i S | | [ | | 1k J

(0] 20 40 60 80 100

GROUND SPEED, KNOTS

Figure 9




RUNWAY COMPARISON
AUTOMOBILE ON WET CONCRETE

LANGLEY LANDING
ar &w LOADS TRACK

[_] TEST RUNWAY

2F
1 | JI= | | J
0 I0 20 30 40 50 60
GROUND SPEED, KNOTS
Figure 1
BRAKING EFFECTIVENESS
DRY CONCRETE RUNWAY
_ LANGLEY LANDING LOADS
Lo _ /T (SINGLE WHEEL)
BRAKING - IRPLANE
EFFECTIVENESS, g} \\LEST 5
FB
4r <. ~4-ENGINE JET
Fmax L <. TRANSPORT
| | 1 J
0 20 80 120 160

GROUND SPEED, KNOTS

Figure 2




VARIATION OF FRICTION
COEFFICIENT WITH SLIP RATIO
DRY RUNWAY

FREE FULL
wu_ %(ID

KFMAaX (SLIP RATIO
. HAVG. i 0.1 TO 0.5)

COEFFICIENT '
OF FRICTION, |
N

KSKID

I I
0 2 4 6 8 1.0
SLIP RATIO

Figure 3

BRAKING COEFFICIENT
WET CONCRETE RUNWAY

—— TEST AIRPLANE

- 4-ENGINE JET TRANSPORT
N — — LANGLEY LANDING LOADS TRACK
SR\ \ (SINGLE WHEEL)

1 I e
O 20 40 60 80 100 I20
GROUND SPEED, KNOTS

| | -

Figure 4
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VARIATION OF FRICTION COEFFICIENT
WITH SLIP RATIO

WET RUNWAY
EREE EULEE
ROLL SKID
KFMAX
LOW SPEED
n
FSKID

)

_/—HlGH SPEED
! ! ! l

0 2 4 6 8 10
SLIP RATIO

-~

Figure 5

TEST AIRPLANE BRAKING IN SLUSH

dg, IN.

Ar 0.5
WHEEL BRAKE | |
3_\\PLUS SLUSH | |

HB ol

S T e e e

S —,—,—— e ——

-~
e S e

L WHEEL
’ BRAKE ONLY

1 | 1 | 1
0 20 40 60 80 100 120
GROUND SPEED, KNOTS

Figure 6




COMPARATIVE BRAKING IN SLUSH
dg = 1.5 INCH

TEST AIRPLANE
a4 —— LANGLEY LANDING
LOADS TRACK
(SINGLE WHEEL)

3 \\BRAKE PLUS SLUSH DRAG

=
WHEEL BRAKE ONLY

1 I ! I 1 ]
0 20 40 60 80 100 120
GROUND SPEED, KNOTS

Figure T

TEST AIRPLANE BRAKING ON CONCRETE RUNWAY

o

af DRY
Hg

2k WET

< ———WHEEL BRAKE PLUS SLUSH
"} SLUSH: dg =05 IN.

l | I
0 40 80 120 160
GROUND SPEED, KNOTS

Figure 8




BRAKING ON WET AND FOAM-COVERED
CONCRETE RUNWAYS

LANGLEY LANDING LOADS TRACK
(SINGLE WHEEL)

8 O 3TO 5IN. ORGANIC FOAM

r O 1 TO 3 IN. DETERGENT FOAM

el TEST AIRPLANE

\ —— | IN. ORGANIC FOAM
HB .4\—— WET
\\
21 = ———
| | | 1l
0 40 80 120 160

GROUND SPEED, KNOTS

Figure 9




COMPARISON OF BRAKING RESULTS
WET CONCRETE

AIRCRAFT
————TRAILER

el o~~~ s SKIDOMETER
S —-——AUTOMOBILE

Figure 1

RATIO OF AIRPLANE TO VEHICLE BRAKING FRICTION
BRITISH TRAILER

8
SURFAGE CONDITION
o WET

oL O SLUSH
K.4f

2t

I 1 1
0 4 8 12 16




RATIO OF AIRPLANE TO VEHICLE BRAKING FRICTION
AUTOMOBILE

SURFACE CONDITION

6 (o) WET
S o SLUSH
i %&0
K
o=
| | | ]
0 4 8 12 1.6
V/Vp
Figure 3

RATIO OF AIRPLANE TO VEHICLE BRAKING FRICTION
SWEDISH SKIDOMETER

SURFACE CONDITION
gb O WET

K 0O SLUSH




EFFECT OF 0.05 ERROR IN
Mg ON STOPPING DISTANCE

TEST AIRPLANE

(1 BASIC
ERROR EFFECT

' WHEEL BRAKES AND
§ REVERSE THRUST BRY
\§ WHEEL BRAKES o
§\\\\\ ONLY

WHEEL BRAKES AND
REVERSE THRUST

WHEEL BRAKES ONLY L L

DISTANCE,FT

Figure 5




EFFECT OF SURFACE CONDITION
ON STOPPING DISTANCE
140

1

120

100

80
GROUND SPEED,
KNOTS
60

40

20

2 3
DISTANCE, FT

Figure 1

TEST AIRPLANE BRAKING ON CONCRETE RUNWAY

6

Al DRY
/LL

®al WET
— ___WHEEL BRAKE PLUS SLUSH
WHEEL -~ ——— <
BRAKE ONLY } SLUSH: dg = 0.5 IN.
] | | ]
0 30 80 120 160

GROUND SPEED, KNOTS

Figure 2




VARIATION OF FRICTION COEFFICIENT
WITH SLIP RATIO
WET RUNWAY

FREE FULL
ROLL SKID

KMAX
LOW SPEED

F-SKID

/—H|GH SPEED
! ! |

L.
0 .2 4 6 8 1.0
SLIP RATIO

——

Figure 3

EFFECT OF 0.05 ERROR IN
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