


TESTS OF TBE LAETDII?G ON WATER OF A MODEL #? A HIGH-SPED 

AIRPLamE - lNXXXY TAFE MODEL 229 

By Douglas A. King 

SUMMARY 

A n  investigation was made at Langley tank no. 2 monorail of the 
landing on smooth water of a 12-size dynamic model of a hypothetical 
jet- and rocket-propelled airplane deaigned to fly at trasonic 
speeds. The model skipped out of the water and experienced msximum 
normal accelerations up to 7.4g and maximum longitudinal accelerations 
up to k . 5 g .  A slight modification which broke the transverse 
curvature of the rem of the fuselage bottom reduced the suction 
forces there, elfminated the resultant skipping, and reduced the 
maximum noma1 accelerations 
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The test is past of an investigation of the feasibility of the 
operatiou f'rom water of high-speed airplanes, and the results of this 
test form a basis f o r  evaluating the improvemmts in hydrodynamic 
characteristics obtained by various types of modifications to the 
basic model. 

Contemporary airplanes designed to fly at transonic and supersonic 
speeds usually have very high landing speeds, caused by the m e  of 
high wing loadingst sweepback of the wing, thin airfoil sections, and 
flam that are not of the extremely high-lift types. 
geasa of such airplanes not only add to the weight but must be completely 
retracted in flight, thereby occupying valuable space in an already 
crowded airplane. High l andkg  speeds lead to the necessity for long, 
mnooth runways and make more difficult the design of landing gears, 
wheels, and brakes. Similar disadvantages obtain during take-off. 
Pre1-y consideration indicated that the majority of the diis- 
advantages might be reduced or eliminated by the operation of high- 
speed airplanes from water instead of from land, and that the modi- 
fications necessary to assure satisfactory hydrodynamic performance 
could be of such I?, form as not to affect the aerodynemic performance 
appreciably. 

The l a d i n g  
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To investigate the f eas ib i l i t y  of the water-based operation of 
high-aped airplanes, a eeries of t e s t s  of a dynamically similar model 
of a hypothetical j e t -  and rocket-propelled transonic airplane is 
being made t o  observe the take-off and landing chasacteristics of 
the model and the effecta of various types of modifications an these 
characteristics. A l l  modifications under consideration are designed 
t o  be retractable or t o  have a minimum of a.ir drag. The f ik s t  par t  
of the investigation is  concerned with landing characteristics, 
which m e  considered t o  be of primary importance because, for  rmny 
applications, the take-off might be mde with the aid of a catapult 
or other maw. The present paper considers only the landing in  
smooth water of the basic model and one modification. The landing 
chasacteristics of the basic model form a reference f o r  evaluating 
the improvements obtained*by the va.ri0x.m types of modificatlons. 

MODEL 

The model, designated Langley tank model 229, was based on an 
existing aimlane t h a t  is designed t o  f l y  at transonic speeds. 
general arrangement of the model is ahown i n  figure 1 and a photograph 
of it is shown as f3gure 2.8 

The 

The suggested interior arrangement of the full-size airplane is  
shown i n  figure 3. As can be seen, the turbojet e n m e ,  together 
with i t s  t a i l  pipe and air-intake  duct^, is mounted above the center 
l ine of the fuselage t o  prevent the entry of Water. The rocket motor 
is placed below the turboJet tail pipe a t  the rear of the fuselage, 
because it waa considered tha t  the entry of water into it would not 
affect its operation. 

1 Pertinent dimemions of the hypothetical airplane and the 12-size 
model are given in  the following table: 
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Full size &bitel 

Wingspan,feet 0 0 e e . 0 . e e e e e e 0 . 0 2 5  2.08 

Wing mea, square f ee t  . e e e e e e . . . . . . 175 1 e215 

Sweepback of wing 3Opercent chord line, degrees . . 35 

Dihedral of wing chord plane, degrees e . . . . . e . e -3 

Wing incidence, degree8 . e e e . e e e 0 0 e 3 

Fuselage length, feet . . e e . . . . . . . e . 42.22 3 e52 

Meximum diameter of fuselage, fee t  . e o e e 5.00 0.42 

Longitudinal position of center of gravity 
Feet from nose e e e . e . e . . . . . . . 21.19 1.76 
Percent M d . C .  projected parallel  to fuselage 

reference l ine  e e . e . e e e . . e . . e e . 18,6 
V e r t i c a l  position of center of gravity 

Feet below fuselage reference l ine  . e . . . . 0*43 O e036 

Gross weight with full fue l  tanks, pounds . e . . 13,140 7.61 

Landing weight with 4.0 gallons of turbojet fue l  
le f t ,  POUS e 0 e 0 e e e e 0 e e e e e e20 5 005 

Moment of iner t ia  i n  pitch, slug-feet2 . e e e e 18,500 

Moment of iner t ia  i n  rol l ,  8hg-fe€?t2 . a e e . 2440 

0 e0749 

o eOOg@ 

Moment of iner t ia  Fn yaw, slug-feet2 e e . o . e 13,600 0.0629 

Turbojet t h u s t ,  pounds 0 e e e . e 0 0- e . 3000 

e 0 e e 6000 

1-74 
With water injection (about) e e e . e e e e e 3500 2.03 

3 e475 Rocket thrust, pounds e e . e e 

Note: Moments of inertia are about the center of gravity and for  the 
landing weight. 

The model was constructed of balsa wood with points of high-stress 
The ta i l  surfaces concentrations reinforced with plymod and h&cdwood. 

were covered vith strong t issue paper. 

To improve the landing characteristics of the basic model, the 
lower rear portion of the fuselage was mcdified slightly t o  f la t ten 
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and break the circular crose eections. The resulting form of the  
bottom was that of a mall planing surface with 20° angle of dead 
r i s e  emerging from the original fuselage. The keel l ine  of t h i s  
modification was tangent t o  the lower profile l ine of the fuselage 
about halfway between the tail and the trailing edge of the wing. 
Figure 4 show a c-ison between the original and the modified 
fuselage. 

The terrts were made at the Langley tank no. 2 monorail, an apparatus 
Which provides a means fo r  launching a model i n t o  the a i r  at a preset 
a t t i tude and distance above the water. 
determined by measuring the time required for  the Launching carriage 
t o  traverse a known distance during unaccelerated mt ion  j u s t  prior 
t o  the release, and could be detemined t o  *O.l f oo t  per aecond. 

The launching speed was 

Aerodynamic t e s t s  of the model were made t o  determine, for 
various attitude8 and flap deflectione, the landing speed and the 
elevator deflection required t o  maintain attitude. 
theae tests, shown i n  figure 5 ,  showed that a stall landing would be 
made a t  an at t i tude of about 120. An att i tude of 80 was selected a8 
Gyaical of a faster  landing. 

The results of 

The behavior of the model during landing and the lenp$h of the 
fanding run were observed visually and recorded by a motion-picture 
camera a t  the side of the tank. 
parallel  and perpendicular t o  the fuaelage reference l ine  were obtained 
by a smll, spring-driven, recording accelermeter with an accuracy 
of The procedure used t o  obtain the accelerations in one 
direction during a run, and then t o  turn the accelerometer through goo 
and repeat the run t o  get the accelerations in the other direction. 
The accelerations presented herein are those measured a t  a point 
% inches f o m d  of the center of gravity and on the fuselage 
reference line. 
are upward and rearward, respectively. 

All landings wBre made at the landing wei 
corresponding t o  8720 pounb, fa& size. Most 
made with a f l q  deflection of 20 
for  seveml landings, but in  th i s  
end pitch in the air a t  hi@ angle 

Time-history records of acceleration8 

1 

1 

Positive senses of normal and longitudinal accelerations 

Flap deflec 400 was used 
ended t o  r o l l  



Landing of Basic Model 

Sequence photogrmhs of tw typical landinga of the basic model 
are  shown as figures 6 and 7. A description of a typical landing 
follows: 
h i t  the water and the model trimmed down a l i t t le .  After running 
i n  the water for a short distaace, the f l o w  of water around the rear 
of the fuselage sucked it down into the water so that the model 
trhmed up rapidly and skipped ozXtr of the water. A t  the second 
contact wlth the water the modeltrimPrad down, ran at that a t t i tude 
for  some distance, trimmed up and then down again. 3y th i s  t i m e  
the model had slcrwed down almoEct caapletely. A t  the end of the run, 
the model turned, usually t o  the right. The turn was ahasp but not 
violent due t o  the low speed at which it occurred. 

A t  the instant of landing, the rear of the fuselage 

In  about half of the landings, the rear of the fuselage touched 
the water l i & t l y  and briefly, making the model trim down slightly 
in the air. The remainder of the landing run then took place as 
previously described. 

’During the approach t o  some landings at high attitudes, the model 
rolled in the air so that one wlng t i p  h i t  the water before any other 
part of the airplane. When this  happened, there was no indication of 
yawing or pivoting around the wing tip. The t i p  wa8 in contact with 
&he water fo r  a very short time only and the mter forces on it 
rolled the model back unt i l  the wings were about level. The model 
then continued its landing in the usual manner. This indicates that  
the wing t i p  prodded adequate p l m h g  lift fo r  lateral s t a b i l i t y  
without undesirably high resistance. 
pleuling surfaces a t  the Mng t i p s  need be used. 

Thus no t i p  floats or special 

Typica l  time histories of normal and longitudinal accelerations 
eQerienced during landings axe shown i n  figure 8, a~ld a summary of 
accelerations and lengths of landing runs is given i n  table I. 
can 3e seen, the maximum accelerations experienced were 7.4g i n  the 
nmrml direction and 4.5g i n  the longitudinal direction. 
of accelerations given i n  table I for any one landing are the  peak 
accelerations obtained at  various times during landing. The first 
peak of normal acceleration is  associated wlth the period of the 
landing run just befare and during the rapid trimming ug preceding 
the sk2p of the mdel  out of the Waeer. The second peak of normal 
acceleration is experienced when the model again h i t s  the water 
after the skip. The time scale of the accelerameter records varied 
somewbat, so precise correlation of the  motion pictures and the t i m e  
histories of accelerations was not possible. 

As 

The values 

The normal accelerations 

5 
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measured on the basic model are about the 
landings of flging boats on rough mter ,  but axe greater than those 
obtained during landin- of flying boats on smooth water or  of land- 
planes ladl ing on runways. The longitudinsl accelerations obtained 
on the modelase considerably greater than those obtained during 
landhgs of flying boats on smooth water, but are about the same 
as those obtained during ditching8 of landplanes which are considered 
t o  have satisfactory ditching chasacteristics. The first peak of 
1ongitudha.I. accelerrttian is greater than the usual maximum 
acceleration experienced by carrier a i rcraf t  in asrested landings. 
The average longitudinal acceleration is about the  me as  that of 
usual arrested landings of c-ier aircraft .  

As the landing at t i tude increased, the height and violence of 
the skip decreaaed. Flap deflection had no apparent effecte on the 
accelerations expsrienced during *sings, but dama.ge t o  the f laps 
was more likely t o  occur at  the 40 f lap  deflection* 

as thoee obta inh  during 

-3 

Landings of Modified Model 

Sequence photopaphe of a ty-pical lanaing of the model with the 
modified fuselage are given a B  figure 9, asd time histories of 
normal acceleration and longitudinal acceleration are given as figuke 10. 
A summasy of the accelerations and lengths of landing runs observed 
awing the t e s t s  ase given in  table II. The maximum accelerations 
experienced by the modified model =re 5.643 normal and 3.68 longitudinal. 
The modification reduced the suction force a t  the rear of the fuselage 
and eliminated the resultant skipping of the model. 
reduced the normal accelerations, but had less effect on the longitudinal 
accelerations. 

The modification 

The air drag added by the modification t o  the fuselage is 
probably negligible ar very -11 because the sharp edges of the 
modification were designed t o  be pasallel t o  the air flow. This 
air drag could be eliminated by using retractable breaker strips in  
place of the modification tested. Such breaker s t r ips  have been 
successfully used on the t a i l  extensions of other models t o  break the 
upward f l o w  of water and thus eliminate suction forces on the ta i l  
extensions. 

The following conclusions were drawn ?'ram the resul ts  of landing 
t e s t s  in  smooth water of a model of a hypothetical transonic airplane 
as originally designed and as modified by the addition of a planing 
surface a t  the rear of the  fuselage: 
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1. The flow of water around the rear of the fuaelage produced 
suctim forces which increased the trim and caused the model t o  
skip out of the water. 

2. Flattening and breaking the clrcu3.m tramsverse sections a t  
the r em of the fuselage bottom reduced the suction at the rear of the 
fuselage and eliminated resultant slripping. 

3.  The nrarirmnn normal accelerations experienced during landin- 
were 7.4g for  the original model and 5.6g for  the modified model. 

4. The maximm longitndinal accelerations were 4.5g f o r  the 
original model ana 3.6g f o r  the modified model. 

5. No t i p  floats or auxiliasy planing surfaces need be used t o  
obtain adequate lateral s tab i l i ty  during water landings. 

Langley Memorial Aeranautical Laboratory 
H a t i c m a l  Advisory Committee for  Aermautics 

Langley Field, Ta. 
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Figure I .-Ge del 229. 







NACA No. 13 



14 

I 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

I 

L, 

U 
5 

3 

4 
f 

m 
N 
nJ 



NACA RM. 
, ?  
1 4  ’ I . €  

I .4 

1.2 

J 1.c 
V 
l- 
2: 
a, 

” 

.- g .e 
0) 
0 
LJ 

.€ t 
3 

.4 

.2 

G 

0 0 
20 0 
4 0  0 

NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 

I 

Angle o f  a t t a c k 3 a ,  deg 
Figure 5 .-Aerodynamic characteristics of model 223.  

15 





17 

i a, 
E 
G 
0 -co 
.rl 
w 
0 

I- 
'd 

*3 

c 

J J  4 u  

+ I  9 ;  
> 
Y 
-I " 
a 

F 

I < " I  

a, 
0 
F: 
a, 
5 
a, Cn 





NACA No. fa 
i i v  

19 





NACA RM>JJo. 2 1  

6 

4 

2 

0 

0 I 2 3 4 3 6 T 
Time,  sec 

I I I I I I I I 

(a 1 Attitude 12". 

-21 

1 2 3 4 
T i m e .  sec 

"0 

(b) Attitude , 89 

5 6 7 

"0 I 2 3 4 5 6 7 
Time, sec 

NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 
(c) Attitude, 123 

4 

2 

0 
I 2 3 4 5 6 0 

Time, sec 
(d) Attitude , So. 

f i g u r e  8 .- Typical time histories of normal and longitudinal 
accelerations experienced during landings  of basic model. 

(All values are fu l l -  size.) 
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Figure IO.-Typical t i m e  histories of normal  a n d  
longitudinal accelerations experienced during 
landings of model with modified fuselage. 

(All  values are full-size) 




