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NATION AERONAUTICS 

RESEARCH MEglORANDUM 

f o r  the  

Bureau of Aeronautics, Department of the  Navy 

HYDRODYNAMIC INVESTIGATION OF THE TAKEI-OFF 

MODEL OF THE CONVAIR XF2Y-1 AIRPLANE 

TED NO. NACA DE 372 

By E l l i s  E. McBride and Lloyd J. Fisher 

SUMMARY 

An investigation was made of the  take-off character is t ics  of a 
1110-scale dynamic model of the  Convair XF2Y-1 airplane. This airplane 
i s  a water-based, jet-propelled, delta-wing f igh te r  incorporating a 
hydro-ski landing gear. Tests were made with the  or ig ina l  configuration, 
with the  beaching wheels removed, and with t h e  wheels ins ta l led  and 
fa i r ings  added i n  front of the  wheels. Each configuration was t e s t ed  a t  
weight and balance conditions simulating 17,000 pounds gross weight with 
the moment due t o  7,600 pounds of thrus t ,  17,300 pounds gross weight with 
a 9,500-pound thrus t  condition, and 23,000 pounds gross weight with a 
9,300-pound thrus t  condition. 

Constant-speed runs were made a t  various elevon se t t ings  and ver t i -  
c a l  ski-s t rut  positions; and t r i m ,  r i s e ,  and resistance were measured. 
Accelerated runs were made with controlled elevons and scale shock s t r u t s  
which could be extended as  desired, and the  longitudinal s t a b i l i t y  and 
spray character is t ics  were observed and photographed. 

INTRODUCTION 

The XF2Y-1 airplane i s  the prototype of a j e t  -propelled, delta-wing, 
supersonic, water-based f igh te r  b u i l t  by Convair. It i s  the  f i r s t  a i r -  
plane incorporating a hydro-ski landing gear i n  the  or iginal  design. 
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Investigations of the  take-off character is t ics  of a 1110-scale 
dynamic model of the  airplane were conducted i n  the  Langley tank no. 2 
a t  the  request of the  Bureau of Aeronautics, Department of the  Navy. 
Investigations were made with the  or iginal  configuration, with the 
beaching wheels removed, and with the  wheels ins ta l led  and fa i r ings  
added i n  front  of the  wheels. Three combinations of thrus t  and gross 
weight were included i n  the  investigations. The data from these investi-  
gattons are  presented without analysis i n  t h i s  paper. 

SYMBOLS 

mean aerodynamic chord 

resistance, water and a i r ,  l b  

r i s e  of center of gravity from s t a t i c  condition, in .  

ra ted th rus t ,  l b  

v e r t i c a l  component of thrus t ,  l b  

speed, knots 

v e r t i c a l  posit ion of s k i t r a i l i n g  edge, in .  below keel 

elevon deflection, deg 

gross load, l b  

angle of trim (angle between keel of hu l l  and horizontal) ,  
deg 

Description of Model 

Photographs of the  1110-scale dynamic model of the  Convair XF2Y-1 a i r -  
plane a re  shown i n  f igure 1. Figure 2 i s  a three-view general-arrangement 
drawing of the  airplane. The 1110-scale model and pertinent information 
were furnished by the  manufacturer. The model was constructed pr incipal ly  
of balsa wood and was bal lasted in terna l ly  t o  obtain the  desired gross 
weights and a pitching moment of ine r t i a  of 50,000 slug-feet2 ( f u l l  
sca le) .  As the  t e s t s  progressed the  or iginal  balsa-wood h u l l  deteriorated 
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and a new h u l l  of molded f i b e r  glass  and p la s t i c  was constructed, Pe r t i -  
nent data on the  model and ful l -scale  airplane are  given i n  t ab le  I. 

Bench t e s t s  of the  model shock s t r u t s  indicated a reasonable approxi- 
mation of the  ful l -scale  character is t ics .  Pertinent data on the  shock 
s t r u t s  are  l i s t e d  i n  t ab le  I. The s t r u t  could be locked inoperative so 
t h a t  t e s t s  a t  various f ixed s t r u t  positions could be made o r  could be 
f u l l y  extended automatically when desired. 

The model was constructed so tha t  a f a i r ing  could be added i n  front  
of t h e  beaching wheels or the  wheels could be removed and the  wheel s l o t s  
f i l l e d .  Figure 3 i s  a drawing of the rear  portion of the sk i  showing the  
i n s t a l l a t  ion of the  beaching wheel and i t s  f a i r ing .  

Test Methods and Equipment 

The model w a s  t e s t ed  i n  the  Langley tank no. 2. A photograph of t h e  
model attached t o  the  towing apparatus i s  shown i n  f igure 4. The model 
was f r ee  t o  t r i m  about a pivot located a t  i t s  center of gravity and was 
f ree  t o  move ver t ica l ly ,  but was restrained with respect t o  the  towing 
carriage both longitudinally and l a t e r a l l y  and i n  r o l l  and yaw. The 
t e s t s  were made with the  or ig ina l  configuration (beaching wheels ins ta l led ,  
f i g .  2) ,  with the  wheels removed, and with the  wheels ins ta l led  and 
fa i r ings  added i n  front  of the  wheels ( f igs .  1 and 3 ) .  Each configuration 
was tes ted  a t  weight and balance conditions simulating 17,000 pounds gross 
weight with the  moment due t o  7,600 pounds of thrus t ,  17,500 pounds gross 
weight with a 9,500-pound thrus t  condition, and 23,000 pounds gross weight 
with a 9,500-pound thrust  condition. The center of gravity was located 
a t  28.8 percent mean aerodynamic chord and 46 inches ( f u l l  scale)  
above the keel of the  hul l .  T r i m  was measured visual ly  from a t r i m  scale 
attached t o  the towing s t a f f .  Rise was measured visual ly  from a scale 
a t  the  top of the towing s t a f f .  The resistance was measured by a s t ra in-  
gage beam i n  the  towing s t a f f .  

An attempt was made t o  supply the  model with scale j e t  th rus t  by 
using compressed a i r .  This was unsatisfactory because of the  s t i f fness  
of the  hose required t o  supply the  high air pressure needed. However, 
the  pitching moment applied by the  thrust  was simulated by sh i f t ing  a 
ba l las t  weight t o  simulate a power-on condition. The use of an unbal- 
anced pitching moment t o  simulate tha t  applied by the  th rus t  neglects the  
reduction i n  gross load caused by the  ve r t i ca l  component of the  th rus t  
when the  airplane i s  at a posit ive t r i m .  Therefore, the  model i n  the  
or iginal  configuration was t e s t ed  a t  gross load conditions from 
14,500 pounds t o  17,000 pounds by 300-pound increments and resistance 
was measured i n  order t o  determine the  e f fec t  of small load changes on 
the  relationship &/R. A l l  resistance data i n  t h i s  paper have been 
corrected accordingly. 

CONFIDENTIAL 
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S t a b i l i t y  was observed i n  constant-acceleration runs a t  3 f t / s e c  2 
with control lable  elevons and actuat ing s k i  shock s t r u t s  dupl icat ing t h e  
take-off procedure f o r  minimum res i s tance  a s  c lose  a s  poss ible .  While 
at  r e s t ,  t h e  sk i s  were s e t  a t  t h e  posi t ion,  Y = 35 inches (recommended 
by t h e  manufacturer, f i g .  2) ,  and were f u l l y  extended when t h e  model had 
accelera ted t o  forward speeds corresponding t o  about 50, 65, 85, and 
103 .knots . Tests  were made at  t h r ee  longi tudinal  center-of -gravi ty  posi-  
t i ons :  30, 28.8, and 27 percent mean aerodynamic chord. Motion p ic tu res  
and sequence photographs were made of these  t e s t s .  

The aerodynamic t e s t s  were made at constant speeds. Trim and drag 
were measured. The model was f i xed  v e r t i c a l l y  so  t h a t  a t  t h e  highest 
trim t h e  lowest p a r t  of t h e  model was about 112 inch above t h e  water. 
Both t h e  power-off and power-on moment conditions were simulated. 

For convenience, t h e  data obtained a r e  presented a s  converted t o  
fu l l - s ca l e  values according t o  Froude's law. 

Aerodynamics 

The va r i a t i on  of t r i m  with elevon def lec t  ion i s  shown i n  f igure  5.  
The aerodynamic drag measured a t  various t r i m s  and speeds i s  p lo t t ed  i n  
f i gu re  6. 

Correct ion f o r  Ver t i ca l  Component of Thrust 

When t h e  model was t e s t e d  a t  various reduced gross loads t h e  
r e su l t i ng  &/R w a s  found t o  remain constant as load was decreased. 
Only t h e  values of R f o r  t h e  14,500-pound and t h e  17,000-pound 
weight conditions a r e  shown i n  f i gu re  7. The r e s u l t s  from t e s t s  at  t h e  
intermediate weight conditions f a l l  between these  l im i t s .  The other  
curves used i n  correct ing t h e  measured res is tance f o r  t h e  reduction i n  
gross load due t o  t h e  v e r t i c a l  component of t h r u s t  a r e  a l s o  shown i n  
f i gu re  7. The curves f o r  v e r t i c a l  component of t h ru s t  a r e  based on t h e  
expression 

TV = T s i n  T 
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Curves f o r  t h e  r a t i o  of t h e  corrected res i s tance  t o  measured res i s tance  
a r e  based on t h e  expressions 

- = Constant = - 
A0 - Tv 

Trim, Rise, and Resistance 

Trim, r i s e ,  and res is tance obtained with t h e  o r ig ina l  configuration 
a t  17,000 pounds gross weight and a 7,600-pound t h r u s t  condit ion a r e  
shown i n  f igure  8 f o r  various s k i  posi t ions  and elevon def lect ions .  Trim 
and r i s e  a t  minimum res i s tance  a r e  shown i n  f igure  9. 

Figure 10 shows t h e  trim, r i s e ,  and res is tance f o r  t h e  no-wheel con- 
f igura t ion  a t  l 7 , O O O  pounds gross weight and a 7,600-~ound t h r u s t  condi- 
t i o n  obtained a t  two v e r t i c a l  s k i  posi t ions  of Y = 55 and 35 inches a t  
various elevon def lect ions .  Figure 11 shows t h e  t r i m  and r i s e  a t  minimum 
res is tance f o r  t h i s  configuration. 

Figure 12 shows t h e  trim, r i s e ,  and res is tance f o r  t h e  wheel-and- 
f a i r i n g  configuration a t  17,000 pounds gross weight and a 7,600-~0und 
t h r u s t  condition obtained a t  two v e r t i c a l  s k i  posi t ions  of 
Y = 55 and 35 inches a t  various elevon def lect ions .  Figure 13 shows 
t h e  t r i m  and r i s e  at  minimum res i s tance  f o r  t h i s  configuration.  

Figures 14 t o  19 show t h e  t r i m ,  r i s e ,  and res is tance obtained at  
17,500 pounds gross weight with a 9,500-pound t h r u s t  condit ion f o r  t h e  
various wheel conditions, s k i  posi t ions ,  and elevon def lect ions  t e s t e d .  

Figures 20 t o  24 show t h e  trim, r i s e ,  and res is tance obtained at 
23,000 pounds gross weight and a 9,500-pound t h r u s t  condit ion f o r  t h e  
various wheel conditions, sk i  posi t ions ,  and elevon def lect ions  t e s t e d ,  
The invest igat ion of t h e  o r ig ina l  configuration was l imi ted  t o  one v e r t i -  
c a l  s k i  posi t ion,  Y = 35 inches, because of t h e  high res i s tance  obtained. 

S t a b i l i t y  and Spray 

The behavior of t h e  model was s a t i s f ac to ry  when t he  s k i s  were 
extended i n  t e s t s  a t  forward speeds corresponding t o  50, 65, 85, 
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and 103 knots. When t h e  sk i s  were extended, t h e  r i s e  of t h e  model 
increased and some change i n  t r i m  was noted. This change i n  t r i m  was 
steady and no o sc i l l a t i on  of more than 1 cycle was apparent. 

Stable  take-off s were made a t  a l l  t h r e e  center-of -gravi ty  pos i t  ions 
t e s t e d .  A t  t h e  pos i t ion  of 30 percent mean aerodynamic chord t h e  model 
w a s  very sens i t ive  t o  elevon con t ro l  and it was easy t o  over-control. 
Figure 25 shows some t y p i c a l  spray photographs taken during these  t e s t s  
f o r  t h e  o r ig ina l  configuration, t h e  no-wheel configuration, and t h e  
wheel-and-fairing configuration a t  a center-of-gravity pos i t ion  of 
28.8 percent mean aerodynamic chord and 17,000 pounds gross weight with 
a 7,600-pound t h r u s t  condition. Under t h e  conditions t e s t e d  (smooth 
water with no wind and no sca le  air inflow in to  t h e  in take ducts) ,  t h e  
j e t  intake ducts were well  shielded from spray by t h e  wing roo t .  Heavy 
spray impinged on t h e  under surface of t h e  wing, and, a t  speeds below about 
50 knots , a large  quant i ty  of water was dumped on t op  of t h e  wing. I n  
t h e  o r ig ina l  configuration ( f i g .  23 ( a )  ) , a j e t  of spray or ig ina t ing  a t  
t h e  s l o t  around t h e  wheel impinged on t h e  under s ide  of t h e  wing a t  
speeds above 50 knots. Removing t h e  wheels ( f i g .  25(b) ) or  adding a 
f a i r i n g  i n  f ron t  of t he  wheel ( f i g .  25(c ) )  eliminated t h i s  j e t  of spray 
and considerably improved t h e  spray a t  high speeds. 

Langley Aeronautical Laboratory, 
National Advisory Committee f o r  Aeronautics, 

Langley Fie ld ,  Va. ,  June 22, 1954. 

E l l i s  E. McBride 
Aeronautical Research Sc i en t i s t  

Aeronaut ch Sc i en t i s t  

Approved : 
John B. Parkinson 

Chief of Hydrodynamics Division 

CONFIDENTIAL 



NACA RM ~ ~ 5 4 G 0 8 a  + CONFIDENTIAL 

PERTINENT DATA OF THE CONVAIR XF2Y-1 AIRPLANE 

Model Ful l  scale  

Wing : 
Area. sq f t  . . . . . . . . . . . . . . . . . .  5.63 563 
Span. f t  . . . . . . . . . . . . . . . . . . .  3.367 33 -67 
Sweepback (leading edge). deg . . . . . . . . .  6 0 60 
Mean aerodynamic chord. f t  . . . . . . . . . .  2.1408 21.408 

H u l l  : 
Overall length. f t  . . . . . . . . . . . . . .  5.283 52.83 
Maximum beam. f t  . . . . . . . . . . . . . . .  0.417 4.17 
Dead-rise angle. deg . . . . . . . . . . . . .  35 35 

Hydro- sk i  : 
Overall length. i n  . . . . . . . . . . . . . . .  22*5 225 
Ma~imumbeam~ i n  . . . . . . . . . . . . . . . .  2-9  29 

Shock s t r u t :  
Maximum load absorption (each s t r u t ) .  l b  . . .  33 33 , 000 
Stroke. i n  . . . . . . . . . . . . . . . . . . .  2.7 27 
Piston diameter. i n  . . . . . . . . . . . . . .  0.45 4.5 
Ratio of extended t o  compressed-air volume . . 3 3 
I n i t i a l  a i r  pressure. 1b/sq i n  . . . . . . . . .  36 360 
Extension time. sec . . . . . . . . . . . . . .  0.0316 0.10 
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Figure 2.- General arrangement of Convair XF2Y-1 airplane.  
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E lev on 
Povrer-off def'lect,ion, Paver-on 
condi t ion  6 

e 
condi t ion  

20 bo 60 80 100 12 0 
Speed, V, k~ots 

Figure 5.- Variation of trim with elevon deflection. Center-of-gravity 
location, 28.8 percent mean aerodynamic chord; gross weight, 
17,000 pounds; thrust condition, 7,600 pounds. 
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Speed, V, 
knots 

0 h 8 12 16 2 0 2h 28 

T r i m ,  r, deg 

Figure 6.- Aerodynamic drag of model i n  o r ig ina l  configuration. Values 
a r e  f u l l  sca le .  
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0 2 4 6 8 10 12 4 16 18 20 22 
~rim,7, deg 
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4 b 8  load, 
lb 

--------O.----- 17,000 --- u---14,500 

3 02 

2 -4 

1,6 

.8 

o 10 20 30 LO 50 60 70 80 90 100 110 

Speed, V ,  knots  

Rated t h r u s t ,  T, l b  Gross wt ., 

o 2 4 6 8 10 12 l.4 16 18 20 22 
Trim, r9 deg 

Figure 7.- b v e s  used in correcting resistance for reduction in gross 
load due to vertical component of thrust. 
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(a) Elev.ons, 15'. 

Figure 8.- Trim, rise, and resistance for original configuration. Gross 
weight, 17,000 pounds; thrust condition, 7,600 pounds. 



NACA RM SL54G08a CONFIDENTIAL 
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(b) Elevons, OO. 

Figure 8.- Continued. 
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I I I I I I I I I I I I I 
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Speed, V ,  knots 

of ski T. E., Y, ins 
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Speed, V, h o t s  

(c) Elevons, -15'. 

Figure 8.- Continued. 
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Figure 8.- Concluded. 
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Speed,' V, knots 

Figure 9.- Trim and rise at minimum resistance for original configuration. 
Gross weight, 17,000 pounds; thrust condition, 7,600 pounds. 
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0 10 20 30 40 50 60 70 80 90 100 110 

Speed, V, knots 

Elevon deflection, 6 
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12x 103 
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0 10 20 30 40 50 60 70 80 90 100 110 
Speed, V, knots 

(a) Ski position, Y = 55 inches. 

Figure 10.- Trim, rise, and resistance for no-wheel configuration. Gross 
weight, 17,000 pounds; thrust condition, 7,600 pounds. 
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(b) Ski position, Y = 35 inches. 

Figure 10. - Concluded. 
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S p e d ,  V, knots 

Figure 11.- Trim and rise at minimum resistance for no-wheel configuration. 
Gross weight, 17,000 pounds; thrust condition, 7,600 pounds. 
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Speed, V ,  knots 
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Speed, V, knots 
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(a) Ski position, Y = 55 inches. 

Figure 12.- Trim, rise, and resistance for wheel-and-fairing configuration. 
Gross weight, 17,000 pounds; thrust condition, 7,600 pounds. 
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(b) Ski position, Y = 35 inches. 

Figure 12.- Concluded. 
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. w e  13.- Trim and rise at minimum resistance for wheel-and-fairing 
configuration. Gross weight, 17,000 pounds; thrust condition, 
7,600 pounds. 
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(a) Ski position, Y = 55 inches. 

Figure 14.- Trim, rise, and resistance for original configuration. Gross 
weight, 17,500 pounds; thrust condition, 9,500 pounds. 
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(b) Ski position, Y = 33 inches. 

Figure 14.- Concluded. 
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Figure 15.- Trim and rise at minimum resistance for original configuration. 
Gross weight, 17,500 pounds; thrust condition, 9,500 pounds. 
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(a) Ski position, Y = 55 inches. 

Figure 16.- Trim, rise, and resistance for no-wheel configuration. Gross 
weight, 17,500 pounds; thrust condition, 9,500 pounds. 
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(b) Ski position, Y = 35 inches. 

Figure 16.- Concluded, 
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Figure 17.- Trim and rise at minimum resistance for no-wheel configuration. 
Gross weight, 17,500 pounds; thrust condition, 9,500 pounds. 
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(a) Ski position, Y = 55 inches. 

Figure 18. - Trim, rise, and resistance for wheel-and-fairing configuration. 
Gross weight, 17,500 pounds; thrust condition, 9,500 pounds. 
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(b) Ski position, Y = 33 inches. 

Figure 18.- Concluded. 
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Figure 19.- Trim and rise at minimum resistance for wheel-and-fairing 
configuration. Gross weight, 17,500 pounds; thrust condition, 
9,500 pounds. 



NACA RM SL34G08a 

10 20 30 40 50 60 70 80 90 100 110 
Speed, V, knots 

0 - 15'' 
n - 250 

10 20 30 b0 50 60 70 80 90 100 110 120 
Speed, V ,  knots 

0 10 20 30 40 50 60 70 80 90 100 110 120 

Speed, V, knots 

Figure 20.- Trim, rise, and resistance for original configuration. Gross 
weight, 23,000 pounds; thrust condition, 9,500 pounds; ski position, 
Y = 35 inches. 
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(a) Ski position, Y = 55 inches. 

Figure 21.- Trim, rise, and resistance for no-wheel configuration. Gross 
weight, 23,000 pounds; thrust condition, 9,500 pounds. 
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(b) Ski posi t ion,  Y = 35 inches. 

Figure 21.- Concluded. 
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.gure 22.- Trim and rise at minimum resistance for no-wheel configuration. 
Gross weight, 23,000 pounds; thrust condition, 9,500 pounds. 
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(a) Ski position, Y = 55 inches. 

Figure 23.- Trim, rise, and resistance for wheel-and-fairing configuration. 
Gross weight, 23,000 pounds; thrust condition, 9,500 pounds. 
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(b) Ski position, Y = 35 inches. 

Figure 23.- Concluded. 
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Figure 24.- Trim and rise at minimum resistance for wheel-and-fairing 
configuration. Gross weight, 23,000 pounds; thrust condition, 
9,500 pounds. 
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(a) Original configuration, ~584910 
Figure 25. - ~yplcal spray photographs during take-off run. Constant 

acceleration, 3 ft/sec2; gross weight, 17,000 pounds; thrust condition, 
7,600 pounds; center-of-gravity position, 28.8 percent mean aerodynamic 
chord, 
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(b) No-wheel configuration. 

Figure 25,- Continued, 
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