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Tests of a l32Y-3 flying boat w~r0 made e t  the U. S- Waval A i r  
Station, Patuxent River, bid., t o  determfne its hydroitynamfc t r i m  .. . 
IMts of etabi l i ty .  Corresponding t e s t s  were a l so  made of' a 
1/8-size powered dynamic m o d e l  of the dame flying boat, In Langley 
tank no. 1. During the tank tests, the f"I.-siee testing procedure 
was reproduced &e closely ae pO6Sible in order to obtain data for , 

a direct  correlation of the results. ... ., 

A t  a nominal gross load of 66,000 porn&, thi 'lower trim limits 
of the full-size and model Were in good agreement  above a speed af 
80 feet  per eecond. As the speed decreaeed below 80 feet per 8econd., 
the  difference b8tW8en the model t r i m  l imits  and. full-scale trim 
lhtts padimlly '5e&m l a rger .  The upger trim l a i t ' . o f  the  model 
vith f lap8  deflectea .Oo higher .than .Wt' of the '  full-eize, but 
the difference was small over the speed range cmqared. At flap 
def lect ions   seater  than Oo, it was not posfifble k:-trim',either 
the model or  the airplane to the upper lfmit with the center of 
gravity a t  28 percent of the medni 'aer-dhamic chord. . 

The hydroaynamic trlm Umlts of s tabi l i ty  of a large number 
of flying boats have been detedned in  Langley tank no. I by the 
We of' dynamically models. Ih order to investigate the 



val id i ty  of the model ~ ~ c s d ~ r e e ,  the  trim limits of a pB2Y-3 flying 
boat were determined at the U. 8 .  Naval Air Station, Patuxent River, 
MC After the  full-eize data had been obtained, a 1/8-siee powered 
dynamic madel wa8 teBted in the tank under corresponding conditions 
to provide data for a a r e c t  correlation. 

gross load, gounds 

load. on water, POW& 

gpecific weight of. mter, pounds per cubic foot (63.0 for 
full-aiee teste,  63.5 for m0~1 teste)  

beam of' hull, f e e t  

water apee8, feet per eecond 

acceleration of gcavfty, feet .per  second per eecond 

(32.2 ft ,e&) 

elevator deflection, degrees 

men aerodynamic chord 
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Description of Flging B o a t  

The general arrangement of the four-engine pB2y-3 fly- boat 
for which the trlm Ilmite of s tabi l i ty  were obtained l e  shown fn 
f Tgure 1, and pertinent data are listed in table I. The amlane  
had been f f t t ed  by the manufacturer with a center-line akeg aft 
of the second step t o  improve t h e  directLana1 stability character- 
i s t i c s ,  and with a ventilation duct on each side of the keel end , 

just a f t  of the main etep to m o v e  take-off and landing s tabi l i ty .  

To detemlne the lower trim limits of stability, the elevators 
were mved down slowly f r a m  a position at which the airplane W e  

. a t  a stable t r i m  until a lower trim u 8 ~  reached at which porpoie5ng 
was encouqtered; the -8levatars were then moved up Until POrPOiSing 
ceased. ' attemgta , t o  determine the vpper trig limits; the'ele- 

the maximum available trim was reached. If pcrpoising started, the 
elevators were lowered until a stable trim uas again reached. 

. Because of the dtznger involved, the aqplitude of the porpoising . 
waa not allowed to bpild up; consequently, flzllg- developed upper 
1-t porpoising did .not occur, and the upper limit; decreasing 
trim, watll not determined. . . 

vators. :*,e mcrp@ up slowly until parpoising w&B anoomtered OT 

. .  
, .  
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Description  of Model 

. 
m e  powered dynamic model; designated bngley tank d e l  I&, ' 

le a 1/8-sIze W e 1  of t h e  E%%-3 flying boat whoso general arrange- 
ment is shorn in figure 1. The model was comtructed by the 
Consolidated-Vultee Aircraf t  Corporation; detailed data regarding 
the model are given in table T e  Wing-tlp f loats ,  such a s  were 
wed on the full-size flying boat; -re not reproduced on t h e  
model, tnaemuch a8 t h e  model m e  restrained in roll and yaw during 
the tank  t e s t s .  Ventilation duct6 were installed-in the afterbody 
jwt a f t  of the step, but the  center-line skeg ma not fitted aft  
of the second step a8 it was on the full-eize flying boat. Four 
variable-frequency electrfc motors turned the tlwee-blade metal 
propellere. Leading-edge elaks wore fnstalled on the wing t o  
delay the e t a U  and make the stall occur at  angles mors nearly 
equal t o  those expected for  the fu l l - s ize  f lying boat. 

Apparatus and Procedure 

The b 6 t 6  were made in Langley tank no. 1, nhich is described 
i n  reference 1. The towing gear I s  deecribed in reference 2. The 
trim m s  determfned f'rom the.relative poaition of a pointer fixed 
to t h e  v e ~ i c a l  towing staff and a scale t ha t  rotated wlth the 
m o d e l .  ' , .  

The propellers of the model were adjusted t o  a blade angle 
of 80 a t  0.75 radlue. The propeller thrust was measured with the 
model at Oo t r i m  and with the  propellers rotating at r p m  

The effeqtive thrust approximated the sca le  value correepondlng 
to the full-size thruet available w2th SO0 brake-harsepower 
engines (.fig. 2) ' . . 

I 

. 

The trim lfmite were obtained by the methods described in 
reference 3 .  To slraulate condltiane under which Pull-eize data 
were obtained, most of  the rune were nab H t h  the rpm required 
far a net horizontal force of zero,  (thrust = to ta l  drag) A f e w  



The lower trim limits of et&bility obtained for the full-SiZ8 
flying boat at the nominal groea load of 66,OUO pound6 and for fUP 
deflections of Oo, 200, and 40° are ahown in figure 3 Upper limit 
porpoising wa8 encouu@red only when the flaps were at 0'- T h e  
upper limit;' increasing trim, for. t h i s  deflection is ahown in 
figure 3(a) ,. With the flaps deflected to 200 and 400 and :with the 
center of gravity located at & percent mean aerodpamtc chord, 
the  available moment f'rcmthe elevators wa6 inauFficientto InCreaSe 
the trim to the upper limit The maximum available trime attained 
with flaps deflected 200 and 40° are shown aa atable points In 
figIE08 3(b) and 3(c) In order to obtain t h e  uppar U t ,  1% 
would have been neceeaar~r to.move the canter of gra.dty af t  of 
28 percent nean aerdynamlc chord, which was not feasible foY these 
tes$ts. 

For' the'. model, the lower trim limite of &ability are  p e -  
sentea in figme 4 for flap deflections of Oo, 20°, and 40°- A 
small amount of upper 1.imit pmpoiefng wae obtained with the center 
of gravity at 28 perceat mean aerdynm3.c chord for a f lap  deflec- 
t ion of Oo, as shown in figwe 4(a). At flap deflections of 20° 
and 40°, however, the aerodynamic maments obtained nith full-Ug 
eleva'tors (as  with t h e  f u l l - s l z e  f3ying boat) were insufficient 
to trim the model to. the  Ugpr Umit and an a f t  movement of' the 
center of @avity would. have been qecelgeary t o  obtaln the Upper 
limits ' for  these flap deflecttons. 

. .  
The fair& t r i m  limits of t h e  ful l -sfze airplane at the 

66,c~30-po~nd load and tho80 of the model at the carrespaading load 
and speeds are compared in  f igilra 5 :. The limits for the model l i e  
above those of the airplane. Above 80 feet per ~ e c m d ,  howevw, 
the  differences are within the accuracy of determination, and 8 
good correlalSon is obta'lned. As..thq speed decreased below 80 feet 
per -second, the difference between; . the model trim Umite and the 
full-scale trim limits gradually became larger. 



For the full-eiee flyfng boat at nominal grose Imds of 
56,000, 61,000, and 66,000 p o w ,  figure 4 ahowa that increaeing 
the flag deflection raducee t he  lower t r l m  llrnit. This trend has 
been noted in tank teeta of several mdels and is attributed to 
the increase in lift of the wing (decreaee U load on the water) 
that i8,obtained with increased f lap deflection. 

The falred lower limits of the alrplane at t h e  66,000-pound 
l a d  and those of the model at correepondlng load and speed8 a r e  
campared in figme 7. The dscrease in the lfmita with increaee 
in flap deflection for the airplane and model s h ~ w  good agreement. 

In tests of dynamic modela, it has been found that a plot of 
the lower trim limlC -ii the criterion Kh. (which relates 
net waterborne load with speed) resulted in-a single curve for a l l  
loa& (reference 3) EI err effort t o  detemne if a simfhr plot 
for the ful l -s ize  3B2Y-3 f lylng boat would result in  a similar 
reduction of the load parameters to a eingle curve, the full-site 
lower t r im limit8 were plotted against 6 1 %  'rather than 
against ~ / C - V ,  ' inawnzch BB aerodynamic data t o  determine the 
net waterborne load coefficient CA mmnot available. Thia pro- 
cedure is juetified because the same a e r o w m i c  lift; character- 
i 5 t i C 8  apply for all loa&. The reeultant pLot is shown in 
figure 8. In thts figure, for each of the three flap canditians, 
Oo, ZOO, and 4@, tlw load, parameters are sufficiently close to 
each other as to approxims%e singl,e curve, anB indicate that the 
tr im limits of $be fu31 s i w  may be reduced t o  a single c m e  by 
the same methods tha t  apply to t h e  model reeults. 

I3-m the investi@tian of .$he t r fm limits of stebility of a 
p132Y-3 fLylng boat end a l/&-size powered dpamic model, it is  
concluded that: 

. 
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H u l l :  
Length over-all, f t . . . . . . . . . . . . . . . . .  79 .O 
Length of forebody, bow t o  pointi of etep, ft  33.21 
Length of afterbody, point of step t o  

B e a m , f t  . . . . . . . . . . . . . . . . . . .  ..10.5 
Depth of etep, in. . . . . . . . . . . . . . . . .  6.96 
Type of etep . . . . . . . . . . . . . . . . .  30° Vee 
Angle of forebody keel, deg . . . . . . . . . . . .  1.0 
Angle of afterbody keel, deg . . . . 6.25. 
Dead rim, aeg . . . . . . . . . . . . . . . . . .  22 .> 

St8ITLpO8t, ft I . , 21.16 

T a i l  surf ace : 
Horizontal. 

Area, e q f t  * 0 .  * . . 
Span, ft . . . . . . . . . . .  
Tip  chord, ft . . . . . . . .  
Area, sqft  . . . . . . . . .  
Chord, ft . . . . . . . . . .  

Root chord, ft . . . . 
Root incibnce to beee line, deg 
Vertical 

Height, f t  . . . . . 
Propellers: 

Number of propellere . . . . . . . . . . . . . . . .  4 4 

Inboard . . . . . . . . . . . . . . . . . . . . .  4 3 
Outboard. . . . . . . . . . . . . . . . . . . . .  3 3 

I n b e ,  ft , e' . . . I a . . 32.17 1.63 
Outboard, ft . . . . . . . . . . . . . . . . . .  12.5 1.63 

T h r u e t  line, an@e to base line, deg . . . . . . . .  0 0 

Nwiber of blades per propeller 

Diameter of propellere 
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FLAPS (An HINGE) 

RUDDERS hlFT H I M E )  68.58 

VOLUME TIP FZOATS 50.94 CUFT 

POWER lz00 19 EA. 
FOUR R; 1330- 88 €MINES 



Speed, fps 

Figure 2.- Effective thrust of the s h e  powered dynamic model and corresponding 
scale thrust of the full-size PB2Y-3 flying boat. 
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8 Upper I b i t  (increasing trim) 
Upper limit (decreasing  trim) 

A Lower limit 

r FLgure 4.- Langley tank model 165. Trlm limits of stability; @OBS load, 128.0 pounds (66,ooO lb full size); center of 4 
gravity, -percent M A C .  cl 
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Figure 6.- Full-size PBX-3 flying boat. Hfect  of flm deflection on the loner trim 1Mt of atabiliw. Center of mvity, ,  4 , r 
8 =percent H.A.C. 
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Full-size PBZ-3 
1 
8 
- -size model """ 

flying boat 

Speed, fps 
NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 

Figure 7.- Comparison of the  effect of f l ap  deflection on 
the lower trim limit of s tab i l i ty  for the full-size 
PBX-3 flying boat and the 
full-size sBeeds. m i ~ l  
f u l l  size (123.0 lb model 
28-percent M.A.C. 
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