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SU1vlM.ARY 

Tests of a ~-size model of the Grunman XJR2F-l amphibian 
7 

were mac:le in Langley tank no. 1 to ey.am:i.ne the landing behavior 
in rough water and to meas'ure the normal and angular accelerations 
e:h.llerienced by the model during these landings. 

, All land-1ngs were maO.e normal to the direction of ifave advance, 
a condition assumed to produce the greatest accelerations. Wave 
heie-,hts ,of 4.4 'and 8 .0 i nr ';11es (2 .5 and 4.7 ft, full size) were 
used in the t~sts _ and the wave lengths were varied between, lO and 
50 feet (70 and 3:>0 ft, full size). MaY.imum normal accelerations 
of about 6.5g were obtained in 4.4-inch waves and 8.5g were obtained 
in 8.0- inch i'raves. A Il1&ximum angular acceleration corresponding to 
16 radians per sec<;md per second, full si ze) was obtained in the 
higher i-raves. The data indicate that the air-plane will experience 
its greatest accelerations when landing in ,{aves of about 20 feet 
(140 ft, full size) in length. 

.: . mTRODUCTION 

The Grumman XJR2F-l amphibian is a twin-engine high-wing 
airplane vTi th a design gross load of 22,600 pounds, a power lQading 
of 7 ~9, pounds per 'horsepo"Ter, and a wing loading of 27.2 pound'S 
per. square foot. This airplane is int~nded for use by the Navy' as 
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2 CONFIDENTIAL NACA EM No. L7E14 

a utility transport and for air-sea rescue work, and therefore must 
be seal.rorthy and structurally satisfactory for rough-vTater take-offs 
and landing. Tests of a !:- size pOlvered dynamic model of the 

7 
Grumman XJR2F-l amphibian were made in Langley tank no. 1 to determine 
the landing "behavior in rO"tg...'1 'vater and to measure the normal and 
rulgular acceleration e~~eriensed by the model dl~ing these landings. 
The moclel ,vas landed into oncoming ,-laves 4.4 and 8.0 inches high 
with lengths of waves from ~O to 50 feet. These tests provide the 
designer wi. th experjA1Bntc 1 data for comparison 'In th theoretical 
water load calculations. 

MODEL AND INSTRUMENTATION 

The model used for the tests was a l- size dynamically similar 
7 

model with powered propellers. A detailed description of the model 
is given in reference 1; important dimensions are given in table I. 

The model was fixed in yaw and roll but had freedom in the 
plane of synrruetry (trim -50 to 200 , rise 14 in., and fore and aft 
motion, 11 in.). Tvo linear accelerometers were movnted "Ii thin 
the model. One was located on the axis of rotation (the center of 
gravity) and oriented to respond to accelerations normal to the 
keel. A second accelerometer was mounted 1 foot aft of t..l1e center 
of gravity and. also responded to accelerations normal to the keel. 
For each landing, time histories of the motions of the model with 
respect to the carriage, the passage of wave crests, the speed of 
the carriage, and the accelerations were recorded • . Angular accelerations 
Here calculated from the linear accelerations obtained with the 
two accelerometers. The test setup; uhieh is shoun in figure 1, 
is describeo. in detail in reference 2. The trim is the angle betw·een 
the forebody keel at the step and the horizontal. 

TEST PROCEDURE 

The test procedure wae,in general, similar to that described in 
reference 2. The tOlving carriage 'vas accelerated to a speed such 
that the model vTaS airborne; the model ,vas trimmed to apprOXimately 
the desired landing trim by use of the elevators; and the carriage 
was then clecelerated at a rate of two feet per second per second, 
thus the model \~'as allowed to land. Sufficient propeller thrust 
was used. so that the resultant horizontal force was approx;i.mately 
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zero at contact 'vith. the water. The model remained free to move 
fore a.'I'ld aft th.roughout most of the landing I'm in "mich high impact 
accelerations occurred. 

All of the landings were made vr1 th the model ap:Y;>l'oaching on­
coming .waves in a directIon perpendicuJ.ar to their crests. No 
attempt was made to have the initial la.'I'lding contact occur on a 
pX'edetex'nlined part of a "ave • At least five landings, hcvlever, 
were lJlD.de for each condition of '·Taves to ob'tain ini't;ial contacts 
at Bevel~al parts of the ·wave. All of the landings ,·rere made with a 
model gross load of 65.2 pounds· (22,600 lb. full size) the center 
of gravity located at 25 percent mean aerodynamic chord, and with 
slotted-type ' fla:ps ".eflee .... ed 45 0 • 

. , 
DISCUSSION 

Records qf the time histories of two landings are reproduced in 
figures 2 and 3. In taking data from the records only accelerations 
corresponding to impacts ,vi th the 'vater were considered . The large 
accelerations that occurred after the model was thrown clear of the 
,·rater were caused by contact with a ·rise stop. In general the motion 
in waves was violent, the model was thrmm clear of the water several 
times for each landing. The average number of impacts in ~hich the 
model bounced clear of the water for each landing are plotted against 
wave length in figure 4. The records showed that the most .severe 
impact occurred. ~ubsequent to the initial impact of the landing and 
at speeds bet'veen 70 and 90 percent o~ the minimum flying spee<;l .• 

Most J.andings .... rere made at landIng tri~ 'ranging from 40 to '120
.­

EXaminat.Ion of the data 'obtained in this test and in previous .tests, 
such as reported in reference 2, indicates that landing trim is not 
a prfncipal factor governing the magnitude of the maximum ;impao.t 
accelerations, .since the maximum accelerations generally. occur at· 
some ~ve. enCOQ'I'lter subsequent to initial impact. In this test, 
maximum change in trim during a· singlo wave encounter .showed· no 
consi'stent v~ri~.tion with respect· to"wave length. The model' usually 
attained maximtun trims between 150 and 200 after bouncing clear of 
the water at speeds below' the stall. The maximum change in ,trim 
that qccurred during any cne VTa~e encounter ~ar1ed from about · 150 to 25°. 

The maximum Vertical acceleration is piotted against w~ve .. length 
in figure 5, ~or wave. heights of 4.4 and 8.0 inches. 'fests in 8.0-
inch waves were not made for wave lensths less than 172 feet since 
t he waves at these short lengths became e.rratic (see reference 2). 
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The maximum vertical accelerati on occurred at a wave length of 
approxiw~tely 20 feet (140 ft: full size ) or ti1ree times the length 
of the hull . The maximum values of vertical acceleration. obtained 
ivere 6.5g in the 4 .4-inch i-!ayeS and B.513 in the B.O-inch waves. 
Roweve:~, the most prol)able accelerations to be encmmtered in the 
4 .4-inch and B.O -inch "raves are about 4,Og and 6 .0B, respectively. 
The l arge var iation of nOTIi!!:11 acceleration experienced "'hen several 
l andings were made at the same wave heights and lengths can be 
attributed principally t o the fact tha t it was not feasible to pre ­
deter~rnine on ivhat p.arts of the "raves the model woulcl contact during 
l anding . 

The greatest angul ar acceleration obtained during these tests 
was approximately 110 radians per second per second (16 radiU11s/sec/sec, 
full size) in t...l1e 8 .0 .l'!'inch I·raves . This maximum 3.CceleraUon 
occurred in the shortest wave length investigated. Fai l ure of the 
instruments preven ted obtaining similar data for the 4.4-inch "raves. 

Tne G:cumman enginee:dng. staff has made a more detail ed and 
specific analysis of the l anding records obtained during this 
investigation anct has used these experimenta l data to check their 
theoretical load calculations ( reference 3) . 

CONCLUSIONS 

Rough -vrater l andings of a ~-8ize dynamic model of the Grumman 
7 

XJR2F -l amphibian dis.clos ed the follOiving characteristics: 

1. The model encountered maxim).Ull a·ccelera tions when landing in 
waves of about 20 feet (140 ft, f~ul size) in length . The most 
severe impact occurred subsequent t o the initial impa ct of the landing 
and at a speed be;tvreen 70 and 90 percent., of the minimum flying speed. 

2 . The maxim~un values of normal acceleration encountered by the 
model ,.,ere 6 .5g in 4.4-inch waves ( 2 .5 ft , full size ), and B.5g in 
the S .O -inch 'iva ve s ( 4 .7 ft, fl)~l si ze). HOi-rever , the mos t probable 
accelerations to be encou.. .. T\:,ered. in '4.4-inch and B.O -inch waves are 
about ~.g ancl- 6g, respectively . 

3. TIle IllEtY.imum angul ar a cceleration enc ountered in the B.O-inch 
waves was about 110 radians per second per second (16 radians / sec/sec, 
full size ). The maximum change in trim tt'1at occurred during landing 
for any single ",-rave encounter varied between 150 and 25 0 • 
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4. Maximum trims between 15° and 20° were attained when the 
model was thrown clear of the 'vater during landings in waves. 

Langley Memorial AeronauUcal Laboratory 
National Advtsory Committee for Aeronautics 

Lanc,ley Field, Va . 
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TABIE I 

PRINCIPAL DIMENSIONS OF GR~ffiN XJR2F -l AMPHIBIAN 

Item 

Hull : 
Beam, maximu~ , in •••••••• 
Length of forebody , in . • ••• 
Length of afterbody , in . • • 
Length of tail extensi on, in . 
Length over all , in . 
Length ~ beam ra ti 0 •• •• • 

Type of step • • • • • • • 
Depth of step at keel , in . • 
Dept.h· of step at keel, 

percent beam • • • • • 
Angle of dead rise at step , dse . 

Excluding chine flare • • • • 
Including chine flare • • • • 

Angle of forebcdy keel , d.eg •• 
Angle of afterbody keel, deg • • 
Angle of sternpost to base l' .ne 

deg . " . . . • . . • . . t • 

Angle of for~body chine fl&re 
at step, dee; •• • • • • • • 

Area of ventilation ducts, 
sq in . ......... • . 

Wing: 
Area, sq ft ••••••• • •• 
Span. , in . ......... . . 
Angle of incidence at root, deg 
Mean aerodyn~c chord (M.A.C.) 

Length , in . • • • • • • • • • 
Leading edge forvTard of step , 

in . . . . . . . . . . . . 
Leading edge above base line , . . . . . . 

Horizontal tail surface : 
Area , sq ft •••••••• 
Span, in . •••••• • • 
Angle of stabilizer to "Ting 

chord~ deg •• • • • • • • • 

Propellers : 
Diameter, in . ••• •• ••• • 
Clearance above keel line , in •• 

aNot scale value of full size . 

NACA model 212 
(1/7 size) 

13 ·58 
44.57 
36 .00 
23 ·15 

103 ·72 
5 ·92 

'l'Tansverse 
0 .97 

7 ·1 

22 ·5 
19 ·5 

0 
6 .5 

8 .0 

-10 .0 

3.16 

16 .8 
137 .14 

5 ·0 

18.42 

9 .04 

19 .20 

3.47 
49 .72 

a 
~0 . 5 

CONFIDENTIAL 

Grumman XJR2F -1 
(full size ) 

95 ·0 
312 .0 
252 .0 
167 .0 
'731 .0 
5·92 

Transverse 
6.8 

7 ·1 

22 ·5 
19 ·5 

0 
6 .5 

8.0 

-10 .0 

155 ·0 

822 .0 
960 .0 

5 .0 

129 ·1 

63 .3 

134 .4 

170 .0 
348 .0 

-1 ~ 5 

133 .0 
86 .5 

atio al Ad i',ory 
Co m;"e for r ~ ,.~'1 
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7 ~ Conta c t p l ug s 

8 

3 VI~ ve cr est indicato r 
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