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1o

WITH A 22—- ANGIE OF DEAD RISE

By Sidney A. Batterson
SUMMARY

Teats were made on a prismatic float model to determine the
" relationship between the vertical landing acceleration and flight-
path angle for geaplenes linding In smooth water. The tests were
made at both high and. low forward speeds and at trims of 0% and -3°.

The model had a 22—2]= angle of dead rise and a grose welght of 1100

pounds. The results of the tests indicated thabt, over the test range
of flight-path angle, the meximum vertical landing acceleration
closely & approximated en exponential line for 0° trim. The runs

made &t -3~ trim showed - with only & elight variation resulbing
from bow effects - that, as the flight-path angle increased, greater
increases in load resul‘bed. under conditions in which the sum of the
trim and flight-path angle was positive than under conditions in
which this sum was negative. With the model set at -3° trim the
minimum depth of immesrsion at the instant of maximum acceleration
occurred at a flight-path angle in the region between 3° and 4°;
however, greater depths were recorded which were especially
noticeable at smaller flight-path angles. Otservatlons based on

the results of this test indicated possible hazards eccompanying
low~attitude high-speed landings.

INTRODUCTION

A perles of tests have been conducted in the Langley impact bagin
to determine the effect of the flight-path engle upon the hydrodynamic
land.ing loads. Tests previously reported were made at trims of 3°,
6°, 9°, and 120. (See reforences 1 to 3.} The purpose of the ’cests
descri'bed herein was to extend the investigations carried out in the
tests of references 1 to 3 into the low trim range by securing data
at 0° and -3° trim. Furthermore, since evidence has been presented
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(references 4 and 5) that suction effects may be present during
landings carried out at very low trims and flight-path angles, 1t
wag desired to. obtain data relevant to thie phenomenon under the
controlled testing conditlons possible in the impact besin. The
tests were mede in smooth water with the model described In
references 1 to 3. The results of the test made at 0° trim are
represen‘bat(i)ve of those for a prismatic form with an angle of dead

rige of 22—%‘- s whereas the test made at -3° trim furnishes results

which are not representetive of the prismatic form wlth constant
dead rise, inasmuch a&s the initial water contact 1s made at the
bow where the dead riss varies.

SYMBOIS
Y resultant veloclty of float, feet per second
Vh horizontal velocity component of float, feet per second
Ve vertical velocity component of float, feet per second
g acceleration of gravity (32.2 ft/sec?)
Fiw hydrodynemic impact force normal to water, pounds
W total welght of model, pounds
Fy
W
i"’max maximum impact load factor =
T float trim angle, between model base line (fig. 1) and
level water, degrees
_ v,
4 flight-path angle, degrees (tan 7 = .7-1;
¥y vertical displacement of float, lnches

EQUIFMERT AND INSTRUMENTATION

o
The impact-basin test model M-1, which hes a 2.’%’- angle of
dead rise, is the float described in refersnces 1 to 3. The lines

end pertinent dimensions of this model ere shown in figure 1. The
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gross welght of the model, including the drop linkage, was

1100 pounds. The equipment and instruments used throughout the tests
were the same as those described in reference 2. Impact normel
accelerations were obtalned from en NACA air.demped accelerometer,
which had & frequency of 21 cycles per second.

TEST PROCEDURE

The model wes tested with 0° yaw et trims of 0% and.-3° in
smooth water. The horizontal veloclity for these tests ranged -
from approximately 45 feet per second to 100 feet per-second, and
the vertical velocity ranged from epproximately 0.8 foot per .
‘gecond to 10 feet per second. The approximate range of Fflight-path
engle determined from the conbination of vertieal and horlzontael
velocities was from 0.7° to 10°, The depth of immersion of the
model was measured from the initiasl water contact end in & direction
Perpendicular -to the level water surface. During the impact process
a 1ift equal to the total welght of the model and drop linkage - ..
was exerted on the float by means of the buoyancy engine d.escribed

in rei‘erence 6. All test mesasurements were recorded as time histories.

PRECISION

The apparatus used 1:1 the present testes yileld meaeurements 'bha.t
are bellieved correct within the following limits. ) . !

" Horizontal velocity, oot per second. . R ST

Verticael velocity, foot Dexr £6cond v e o'c o ¢ @ o ¢ 0. 5 o -4 -~ 10,2
Vertical: displacement INChé8 "4 'e.0 ¢ ¢ & 6 ¢ ¢ s°¢ s & o.0. .F0:2
Accelera.tion, g o‘.occon.co_ooo._cconoo too5
weight, Potmd.s . e O $ o 2 e v e r e e s sae e & l‘j“:tEQ.o

RESUIE’S AND DISCUSSION

-~ . . . . : St e, - e -

The max:lmum load factor was derived from acceleromater rec¢ords
obtained for each impect. Since the buoyancy engine contri’buted.
an upwerd £orce egqual to the total weight of the mod.el ‘1g was
subtracted from values obtelned directly from the accelerometer
record in drder to isola.te the lwd.rodynamic foroe resulting from
the 1mpaotg
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Inasmuch as the maximum impact normal geceleration was shown
in reference 6 to be proportional to the. square of the resultant
velocity, the hydrodynamic loed factor was divided by V2. to °
gbtain this quentlity independent of the yelocity. The values.
of hiwmax/ for fleat trims ef 0° and -3° are plotted egainst

the flight-path angle at the instent of water contact in figures 2
and 3, respectively. .

From the data presented in figure 2 the variation of mny /v@
ma.x

with 7 for 0° trim appears to be, for most practical purposes, a
gimple power function over the teést renge. This fact is in agreement
with the results of referencea 1 to 2, vhich showed the veriation

for a series of positive trims up to l“o. The slope of the.curve

for .00 trim (fig. 2) ‘is steeper than those derived at the higher trims.
Thls fact further substéntiates the conclusions of references 2 and 7;
namely, that at the Jow flight-path angles the predaminatinq force
effiects wore due to the dovmward deflection imparted to the weter
lmpinging upon the float bottom, whersas at the high flight-path
angles tke predominating forces regulted from acceleration of the
virtuel mass.

The results obtained from the rung made at -3° trim are not
analagous te those obtained from the positive trims, since at
negative trims the initlal water conftact occurs at the bow - a
section of verying dead rise and varying effective trim. Notwith-
standing this fact, the data of figure 3 indicate a trend that
appeare to be pecullar to the. rune:made at negatlve trim and low
flight-peth angles. The curve a8 determined by the data secured
at flight-path angles above the region between 3° and 4° is for most
practical purpopes & straight.line.. The date obtalned at £light-path
angles below this. reglon,.however, fall to the left of the curve extra-
polated in the reglon.of low values of niw ,VQ. THis phenomenon

apparently 1ndicatee that he runs made at flight-path angles
greatér than those in the region between 3° end 4O exhibited
greater increases in loed as the flight-peth angle increased than
those made at flight-path engles below this region., This result
can be explained by the presence of & reduced pressure aree over a
part of the float bottom at the low flight-path sngles. If the
effect of bow curvature is neglected, this reduced pressure
phenomenon should become aepparent when the algebralc sum of the
trim end flight-path angle is negative; that is, when the trim

is -3° the flight path angle must be .less then 3°. Under this con-
dition, although the float 1s immersing its forward-velocity '
compopent is such that the float bottom tends to pull away from the
water wlth which it is in contact. It can be noted in filgure 3,
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however, that the chenges seems to occur in the flight-path range
between 3° and 4O, indicating that this phenomenon makes its
appearance at slightly higher flight-path angles than are necessary
to make the algebrelc sum of the trim end flight-path angle zero.
This behavior is attributed to the convex curvature in the bow
region which induces such & flow pattern to the water initially
contacted by the bow that the pressures on the rear wetted part of
the bottom are reduced. It is expected that the reduced-pressure
phenomenon will incresse in magnitude with increases in velocity
end with decreames in flight-path angle and trim. .
Reduced pressures &t negative trim and low flight-path angle
have a pronounced efiect upon the depth of immersion ettained at
the time of maximum force. This sffect cen be obassrved by com-
perison of the two curves showlng the variation of depth of immersion
with flight-path angle at the time of meximm g for 0° and -3° trim.
(See Pig. 4.) The trend of the 0° trim curve conforms with data
obtained in references 1 to 3 for the higher trims, since the
depth of immersien at the time of meximum g incresses continuously
with Increasing flight-path angles; wherseas, the curve representlng
the -3° conditicn shows that the minimum depth was atteined at a
flight-path angle in the reglon between 3° and 4°, Observations
besed on the magnitude of the depth of lmmersions obtalned with
both negative trime and positive trime at the very low flight-path
angles show the pegative-trim immersions to be abrnormally large.
The increase In depth of immersion with decreases In flight-path
angles below 49 evidently results from the reduced vertical force
in this range; therefore, in crder to dissipete the vertical momentum,
a greater depth of immersion is necegsary to allow the virtual mass,
dynamic 1ift, and buoyancy forces to build up sufficiently and to
act throughout & longer period of timse.

The date secured at the negative trim iIndicete some possible
hazerds involved in high-speed low-atbitude landings. One such
hezardous conditlion would result from the high speeds asacciated
with lsndings made at low trims and low flight-path angles. Such’

e condition would result in exceedingly high bow loads because of the
large dynamic pressures bullt up due to tha speed. In addition to
constituting & severs structural conditlon, a high bow load, when
coupled with the reduced pressures occurring further aft, could
provide a large stalling miment. Under these conditions the sairplans
would be thrown into e stalled attitude with a consequent loss of

the pilot's &blility to control it., An additional hazard associated
with negative-trim lendings is indicated by the curve of Figure L,
which shows abnormaelly great depths of immersion resuiting frsm

this type of landing. The hlgher drag forces that would be
developed under such cirvcumsbances could produce large and perhaps



6 NACA TN No. 1166

dangeroua longltudinel accelsrations. This drag force would tend
to alleviate the foregoing stalling cheracteristics. During these
testa, however, no instrumentation was avallable to measure the:
water pressures, drag lcads, and pltching moments; therefore, the
determination of the predominating forces affecting the stability
and structural components of the ailrplane throughout the Ilmmeraion
would require further investlgations.

CONCIUDING REMARKS

Teste of a prismatic float were made in the Langley Impact
basln to determine the relationsghlp between the hydrodynamlc
landing loads and flight-path angles for seaplanes landing in
smooth water.,

The results of the tests made for constant model welght and
at modsl trim of 0° indicated that the variation of meximum impact
normel acceleration with flight-peth angle showed very good agree-
ment with an exponential line.

The runs made at -3° trim showed - with only a slight
variation resulting from bow effects - that, as the flight-path
angle increased, greater increases in load resulted under con-
ditions in which the sum of the trim and flight-path angle wase
positlve than under conditions in wvhich this sum was negatlve.
With the modsel set at -3 trim, the minimum depth of immersion at
the instant of maximum acceleration occurred at a flight-path angle
in the reglon between 3° and 4O; whereas much greater depths wers
recorded at smaller flight-path angles.

The resultse indicated that the low-attitude, high-speed landings
might constltute a marked hazard. During these tesits, however, no
instrumentation was avallable to measure the water pressures, drag
loads, and pitching moments; therefors, the determinatlion of the
predmminating forces affecting the stability and structural components
of the airplane throughdut the immersicn would require further
investigations.

Langley Memorial Aeronaubicel Laboretory
Natilonel Advisory Committes for Aeronautics
Langley Field, Va., January 31, 1947



HACA TN No. 1166

EEFERENCES

Batterson, Sidney A.: Varlation of Hydrodynamic Impact Loads
with Fligh'b-Pa'bh Angle for a Prismatic Float at 3° Trim and

with a 22-21- Angle of Dead Rlse. NACA RB No. ISA2k, 1945.

Batterson, Sidney A., and Stewart, Thelme: Varlation of
Hydrodynamic Twpact Ioads with Flight-Path %ngle for a
Priemetic Float at 6° and 9° Trim end a 225 Angle of Dead

Rise. NACA B No. ISK21, 1946.

Ba.tterson, Sidney A.: Variation of Hydrodynamic Impa.ct Loads
with Flight-Path Angle for a Prismetlc Float at 12° Trim end
1°

with & 225 Angle of Dead Rise. NACA BB No. I5K2la, 1946.

Carroll, Thomast A Dangerous Seeplane landing Condition.
l‘IACA TN No. 287, 1928.

Richardson, HE. C.: The Reaction on a Float Bottom when Making
Contact with Water at High Speeds. NACA TN No. 288, 1928.

Batterson, Sidney A.: The NACA Impact Basin and Water Landing
Tests of a Float Model at Various Velocitles and Welghts.
NACA ACR No. ILHIS, 19uh.

Mayo, Wilbur L.t Theoretical and Experimental Dynemic Loe.ds

for a Prismatic Floet Having an Angle of Dead Rise of 22\-l .

NACA RB No. L5F15, 1945.






NACA TN No. 1166 - Fig. 1

Stotion &= - 5 - 12075
. Deck '

Chinz

HalF=breadth

Body plan
Station 2589 21 _ a8 12075
Clune
: Heel
Y Baose /ine
120.75"
o e
Profile "

Frgure l-Lines of float model M-I Tested in Langley impact basin.



Fig. 2 NACA TN No. 1166

4,% %102

2.00

/

8 8 3

v, Ips
/

o 45

a4 98 //

20 //

SO
/

.08
/

06
/

04 :
L

/
oz /
4 6 B8 10 2.0 40 &0 80 foo 200

Flight-path angle, v, deg co&ﬁ%ﬁﬁbﬁ?z‘fﬁﬁims

" /v% with flight-path angle.
wmax

Figure 2.- Varletion of parameter ny

T = Q° 3 W = 1100 pounds.



NACA TN No. 1166 Fig. 3

2.00x 1022
/ )
D
/s /
80 7
50
P
V¥, fps )
40 O 45
£ o 60 )
<o 70 /
& 90 "
RS > 20 4 98 o//
A /
) 4
. </
40 //
.08 =
06 /
//
.04 - L
A /
S /
3] /I
02 . /
2 4 6 8 0 20 40 &0 & 100 200
Flight-path angle, Y, deg co:bﬁ:'!rcégﬁ:nﬁ‘{z:)ﬁm{lcs

Pigure 3.~ Variatlion of parameter nj V2 with flight-path angle.
Ymax

v=-3% w= 1100 pounds



¥, in.

Depth of lmmersion,

-
%)

.

(o)

Y

S

B

-

i] N 7
(deg)

o 1)
\ ]
N 0 |
8 ’___L_’_,___,.—e-—-"—'"'*-___#)

NATHINAL ADVISORY
COMMITTEE FOR AERGNAUTICS

/ 2 3 4 5 6

Flilght-path angle, vy, dsg

-

o] 9 10 1]

Figure L.- Variation of depth of lmmerslon et time of maxionm acceleration with flight-path engle. ¥ = 1100 pounda,

/12

-1

98TT "ON N.I. VOVN




