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SUMMARY 

Investigations were made in order to determine the hydrodynamic 
characteristics of two aerodynamically refined planing-tail hulls. One 
hull had an afterbody that was a tapered boom and the other had two 
afterbodies consisting of tapered booms fairing out of the engine 
nacelles . Over a wide range of center-of-gravity location~ both models 
had a large range of elevator deflection for stable take-offs. The 
lower trim limit of stability peak was high for both configurations but 
t rims obtainable were great enough to permit operation above the lower 
trim limit. No upper- limit porpoising was encountered with either 
configuration . Stable landings could be made over a wide range of trim 
and location of the center of gravity~ provided the vertical chine strips 
were not extended to the point of the step. Extension of the vertical 
chine strips to the point of the step resulted in unstable landings. The 
relatively high trims and the vertical chine strips were effective in 
reducing the propeller spray . The hump load- resistance ratios for the 
aerodynamically refined hulls were low (2.9 to 3.6). Directional insta
bility was noticed over a short range of speed with the single-boom 
configuration . The twin booms provide a substantial amount of transverse 
righting moment. 

INTRODUCTION 

In order to obtain flying- boat forms that will permit increased range 
and speed over those in present-day U8e~ several refinements of the planing
tail type of hull have been investigated in the Langley 300 MPH 7- by 10-foot 
tunnel and in Langley t~nk no. 2 . The air drag of the planing-tail flying
boat hull employing a deep step and full-etep fairing has been shown in 
reference 1 to be considerably less than that of a comparable conventional
type hull . In reference 2~ the hydrodynamic characteristics of this 
planing- tail- hull configuration were shown to be an improvement over those 
of a conventional hull. The aerodynamic characteristics of several modi
fications of the planing-tail type of hull embodying an airfoil-eection 
forebody plan form and slender "boom like" afterbodies have been reported 
in reference 3. This aerodynamic refinement resulted in a decrease in hull 
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volume and a sUbstantial decrease in the aero~amic drag below that of 
the hulls reported in reference 1. The t wo configurations, which had lower 
drag than the others , were a configuration with an "afterbody" that was 
simply a tapered "boom of circular cross section (see fig . l ( a) ) and a 
configuration that had t wo "afterbodies" consisting of tapered booms fairing 
out of the engine nacelles (see fig . l (b)). 

The results of the hydrodynamic investigation of these two configu
rations conducted in Langley taD$ no . 2 are given in the present paper. 
Because of the large portion of the total volume forward of the center of 
gravity , the problem of airplane balance may limit the application of these 
hulls to special- purpose , high-performance airplanes . 

There was some doubt that a small conical boom would be a hydrody
namically adequate substitute for an afterbody, although tests of refer
ence 4 had indicated that a small cylindrical boom might be sufficient. 
Consequently, there was included in the wind- tunnel investigation a 
hull in which a small tail float was faired into the end of the tail 
boom (see fig . l(c)). Exploratory tank tests were made with the tail 
float on the single- boom conf iguration but these tests showed that the 
tail float actually impaired take-off performance and tank tests were 
discontinued in favor of the simpler hulls having lower drag . 

SYMBOlS 

C4:> gross load coefficient (¥Wb3) 

CL load coefficient (~b3) 

Cy speed coefficient (V/IBb) 

CR resistance coefficient (Rfrb~ 

L/R load-resistance ratio 

Lo gross load on water , pounds 

L load on water , pounds 

R resistance, pounds 

Y speed, feet per second 

T trim, measured between forebody keel and horizontal, degrees 

g acceleration of gravity, feet per second per second 
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b maximum beam of hull (6.43 ft, full size) 

w specific weight of water (63.0 lb/cu ft in these tests) 

mean aerodynamic chord 

DESCRIPl'ION OF MODEIS 

The model having an afterbody consisting of a single boom was desig
nated Langley tank model 237-7B. Photographs of this model are shown in 
figures 2(a) and 2(b). The general arrangement and hull lines are shown 
in figures 3 and 4~ respectively. The model with the twin booms was 
designated Langley tank model 237-7TB. Photographs of this model are 
shown in figures 5(a) and 5(b). General arrangement and hull lines are 
shown in figures 6 and 7~ respectively. Offsets for both configurations 
are given in reference 3. 
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The forebody plan form was a modified 16-eeries symmetrical airfoil 
section with length-beam ratio of 7.0. The upper portion of the hull as 
used in the wind tunnel was not reproduced. In order to provide adequate 
spray control, chine strips of 0.05b depth were used on both configurations . 
On the singl&-boom configuration~ the chine strips extended from 0.5b aft of 
the nose to the point of the step where they were faired to zero depth. The 
chine strips on the twin-boom configuration extended from 0.5b aft of the 
nose to 1.45b forward of the point of the step. The booms of either con
figuration were simple cones of circular cross section. The twin-boom 
configuration had two conical booms, one faired out of each engine nacelle. 
The nacelles of this configuration were moved outboard to reduce the inter
ference between the forebody wake and the booms. Both configurations had 
slightly shorter booms than t hose tested in the wind tunnel, but it is 
believed this difference would have no appreciable effect on the aerody
namic characterist ics . 

These models were ~ - si ze powered dynamic models of a hypothetical 

flying boat of 65,000 pounds gross load (c~ = 3.87). The wing and 

nower used for both configurations corresponded to those of the Boeing XPBB-l 
~hich resulted in a wing loading of 35 .6 pounds per square foot and a power 
loading of 14.8 pounds per brake horsepower for the hypothetical design. 
The wing was located as shown in figures 3 and 6 . The wing incidence rela
tive to the base line was 4°. The tail surfaces of the single-boom configu-

ration were those of the Boeing XPBB-l to ~6 scale . The area of the hori

zontal tail surfaces of the t win-boom configuration was the same as that of 
the single boom, but the shape and arrangement were altered to fac ilitate 
mounting between the vertical fins . The total area of the vertical fins 
was approximately 1 .75 times that used on the single-boom model. 
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PROCEDURE 

Take-off Stability 

The center-of-gravity limits of stability were determined by making 
accelerated runs at a constant acceleration of one foot per second per 
second to take-off, with fixed elevators and full power. A sufficient 
number of center-of-gravity locations and elevator settings were tested 
to define the stability limits. A center-of-gravity limit of stability 
is defined as that condition at which the amplitude of trim oscillation 
reaches a value of 20 or the trims at high speeds become less than 20. 
Trims of less than 20 at high speeds were considered to be unsafe for 
practical operation. The variation of trim with speed was also observed 
during these runs. To find the trim limits of stability, the towing 
carriage was held at constant speeds, while the model trim was slowly 
increased or decreased until the porpoising limit was crossed. 

Landing Stability 

Prior to landing, the model was trimmed in the air to the desired 
contact trim with the carriage held at a constant speed slightly greater 
than the model flying speed. The carriage was then decelerated at a con
stant rate of three feet per second per second allowing the model to 
glide onto the water with fixed elevators in simulation of an actual 
landing. The descent to the water from flight was made from a height 
of 0.3b above the water. This procedure was used to hold the sinking 
speeds to reasonable values (approx. 300 ft/min full size). After the 
f irst contact the rise restriction was removed. Landings were made 
with the center of gravity located at 0 .20c, 0.30c, and 0.40c , using 
one-quarter static thrust. 

Spray 

The range of speeds over which spray was in the propellers was 
defined for a series of gross loads. (See reference 5.) The model was 
free to trim about the 0.30c location of the center of gravity with the 
elevators fixed at 00

• Constant-apeed runs were made at full power 
starting with a light load on the water and increasing the load until 
spray entered the propellers. 

Resistance 

The resistance characteristics were obtained with the wing and tail 
surfaces removed. The tail booms of both configurations were supported by 
auxiliary means. A lift curve was determined from the variation in take
off speed with trim observed in the take-off stability tests. The load on 
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the water corresponding to this curve was applied by dead weights. The 
range of trim tested at any speed was selected from the stability tests 
as being the range of stable trim obtainable at that speed by the use of 
the elevators. The resistance selected at each speed was the lowest 
resistance obtained at that speed. The trims at high speed were arbi
trarily limited to 120. 

Static Transverse Stability 
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The static transverse stability was determined by inclining the model 
with the wing removed. The model was balanced at its normal gross load 
with weights located on the center line at the 0.30c location of the center 
of gravity and then moved outboard to apply an upsetting moment. The 
resultant angle of heel was measured as the angle between the plane of 
symmetry and the vertical. 

Im3ULTS AND DISClBSION 

The exploratory tests made with a tail float ( see fig. l(c)) indicated 
that such a configuration operated in a range of trim which was lower than 
that obtained with the boom alone. Near the take~ff speed the model 
trimmed up suddenly resulting in premature take-offs. Because the tail 
float was apparently clear at the start of the motion~ this trimming up 
was thought to be the result of negative air pressures acting on the float 
bottom as it operated in the trough of water formed in the forebody wake. 
This hydrodynamic feature~ coupled with the increase in air drag due to the 
float~ caused interest to be centered on the hull with the boo~ alone. 

Take-Off Stability and Trim 

The center-of-gravity limits of stability for the two models are given 
in figure 8 as a plot of elevator deflections against center-of-gravity 
locations. The range of fixed elevator deflection for stable take~ffs was 
large for both configurations. For the single-boom configuration, this 
range increased from 150 at 0.20c to 300 at 0.40c . The range of fixed ele
vator deflection for the twin-boom configuration was about 250 at 0.206 and 
400 at 0.40c. At the maximum fixed elevator deflection of -300 take~ffs 
of both configurations were stable. 

The region of lower-limit porpoising encountered with the lower ele
vator deflections is shown in figure 9 where the trim limits of stability 
for the two models are plotted against speed coefficient. The lower trim 
limits were the same for both configurations with the exception of a slight 
difference in the minimum speed at which lower-limit porpoising was first 
encountered. The maximum trim at which lower-limit porpoising appeared was 
high for both configurations. No upper-limit porpoising was encountered 
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wi th either configuration. This absence of upper-limit porpoising enabled 
stable take-offs to be made with full elevator deflection (-300

) as shown 
in figure 8. The high peak trims and the absence of upper-limit porpoising 

were probably both due to the high sternpost angles (15 ~ 0) . 

In figure 10~ typical plots of variation in trim of the two config
urat ions at fixed elevator deflections are plotted against speed coefficient 
f or the three locations of the center of gravity investigated. Typical 
phot ographs are shown in figures 11 and 12. The static trims of both con
figurations were high (approx. 100

). The trim of the single-boom 
configur.at ion increased until a speed coefficient of approximately 2.5 was 
r eached. From this speed~ until a speed coefficient of approximately 5.0~ 
the trim remained fairly constant at large elevator deflections (-150 

t o -300 ). This flattening of the trim track was the result of the powe:l:"ful 
f orebody roach which rose almost vertically and impinged on the boom in 
t his speed range. The twin-boom configuration had higher hump trims since 
t he forebody roach did not strike the booms. With both models~ trims obtain
able with a wide range of elevator deflection were high enough to permit 
operation above the lower trim limit of stability and no upper-limit por
poising was encountered. 

The stability and trim characteristics of the two configurations differ 
chiefly in their range of elevator deflection for stable take-offs and the 
operating trims for given elevator deflections. These differences in 
stability and trim characteristics for the two models may be attributed 
pr imarily to differences in the tail surfaces~ differences in the chine 
strips~ and the change in position of booms relative to the roach behind 
t he forebody. Of these three changes~ the last constitutes the only dif
f erence that is inherent in the change from single-boom to twin-boom con
f i guration. The significant conclusion appears to be that both the single
boom and twin-boom configurations can be designed to have a large range of 
fixed elevator deflection for stable take-offs over a wide range of location 
of the center of gravity. 

Landing Stability 

The maximum amplitudes of oscillation in trim and rise during landing 
of the twin-boom configuration are shown in figure 13. Landings were stable 
at all contact trims and positions of the center of gravity. 

The maximum amplitudes of oscillation in trim and rise during landings 
of the single-boom configuration are shown in figure 14. At forward 
positions of the center of gravity~ violent lower-limit porpoising occurred 
during the landing runout for all landing trims. At after positions of the 
center of gravity lower-limit porpoising occurred at landing trims below 70

• 

This instability could not be associated with the boom inasmuch as this 
portion of the hull was generally clear of the water when porpoising 
occurred. The presence of the vertical chine strips near the point of t he 
step appeared to introduce an undesirable bow-down hydrodynamic moment which 

J 
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resulted in low trims. Extending the chine strips aft on the t wi n-boom 
configuration caused similar landing behavior for this model . 

Satisfactory landing stability, therefore, can be attained with 
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either configurat ion. To avoid instability during the landing runout, 
however, vert ical chine strips near the point of the step should be avoided . 

Spray 

The range of speed over which apr~ entered the propellers is plotted 
against gross load coefficient in figure 15 for both configurations. At 
the gross load used for the stability tests (65,000 lb, full size, 
C~ of 3.87), the propellers of the twin-boom configuration operated in 

spray over a shorter speed-coefficient range (Cv = 2.0 to 2.6) than did 

those of the single-boom configuration (Cv = 1.4 to 3.8) 8S a result of 

the higher trims and greater nacelle spacing of the twin-boom model . For 
both models the chine strips produced a confused pattern of l ight spray 
which tended to become more intense as load was increased beyond the load 
at which spray first entered the propellers. At the gross load used for 
stability tests the propeller spray of both models was satisf actory . 
Figures ll(b), ll(c), and 12(a) are photographs of the models operating 
in the spray region at normal gross load of 65,000 pounds, full size . 

At high trims, through a speed range from approximately Cv = 6 to 

take-off, transverse spray from the forebody, aft of the vert ical chine 
strips, wetted the under surface of the wing and the booms of the 
twin-boom configuration. 

Resistance 

Resistance coefficient, load-res i stance ratio, trim, and load 
coefficient at best trim (with 120 considered the maximum usable trim 
at high speed) are plotted against speed coefficient in figure 16. 
The hump 6/R values of 3.6 for the single-boom and 2 . 9 for the twin
boom are considerably less than those obt ained in well-designed 
conventional hulls but are of the same order as those of single-float 
seaplanes . Actually a lower power loading than was used in the powered 
model tests would be needed in order to take off without ass istance j a 
high-speed airplane would have such a low power loading. High hump 
trims and, therefore, high hump resistance were natural results of 
placing small booms high with respect to tIle forebody. 

The t win-boom model appeared to have inherently higher r esistance than 
the single-boom model over most of the speed range. At the hump speed the 
single boom rode on the roach behind the forebody . The resultant decrease 
in trim tended to lower resistance. At high speed, the differences in the 
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resistance of the two models may be attributed to three factors: first~ 

the difference in air drag as a result of the methods used to connect the 
hydrodynamic components j second~ the differences in the vertical chine 
strip configuration; and third~ the differences in spray on the tail booms. 
It is difficult to find a practical location for the twin booms that would 
permit them to be clear of spray at high speeds. 

Directional Stability 

No quantitative study was made of directional stability. The models~ 
however ~ were attached to a tubular staff which was slightly flexible 
torsionally and a decided tendency to yaw was noticed at a speed coefficient 
of about 4.0 on the single- boom model. This tendency occurred over a speed
coefficient range of less than 0. 3. In this region the peak of the roach 
from the forebody was in contact with the end of the boom. The twin-boom 
configuration showed no tendency to yaw since the forebody roach did not 
strike the t a il booms . 

Static Transverse Stability 

The transverse righting moment of the twin-boom configuration (full 
size) without tip floats is plotted against angle of heel in figure 17. 
The righting moment required for this hull as determined by the U. S. Navy 
specification SR-59C (r eference 6) at an assumed angle of heel of 60 ( con
sidered to be representative of the angles for submergence of wing-tip 
floats) is also shown. The twin booms provided a substantial amount of the 
transverse righting moment required . 

CONCLUSIONS 

The results of the tests to determine the hydrodynamic character-
istics of aerodynamically refined planing- tail seaplane hulls ~ having slender 
boom-like afterbodies~ indicate the following conclusions : 

1. Both the single- boom and t win- boom configurations had a large range 
of fixed elevator defl ection for stable take-offs over a wide range of 
location of the center of gravity . 

2 . The peaks of the lower trim limits of stability were high (11 . 30 

for the single- boom configuration and 110 for the t win-boom configuration). 
However~ trims obta i nable were great enough to permit operating above the 
lower trim limits and no upper trim limits of stability were found . 

3. Adequate landing stability can be obta i ned over a wide range of 
contact trim and center- of-gravity position provided the vertical chine 
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strips are not extended to the point of the step. Extension of the 
vertical chine strips to the point of the step resulted in unstable 
landings. 

4. The vertical chine strips and the relatively high operating trims 
resulted in light propeller spray. 

5. The hump load-resistance ratios for both configurations (3.6 for 
the single-boom model and 2.9 for the twin-boom model ) were lower than 
those for conventional hulls. 

6. Directional instability was noticed over a short speed range with 
the single-boom configuration . 

9 

7. The twin booms provide a substantial amount of transverse righting 
moment. 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Air Force Base~ Va. 
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(a) With single boom. (Langley tank model 23'7-T8.) 

Figure 1.- Wind-tunnel models. 
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(b) With twin booms . (langley tank model 237-7TB.) 

Figure 1.- Continued. 
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(c) With single boom and tail float. (Langley tank model 237-TF1.) 

Figure 1.- Concluded. 
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(a) Profile view. 

Figure 2.- M:>del with single boom. Langley tank model 237-713. 
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(b) Bottom view. 

Figure 2.- Concluded. I 
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Section showing 
vertical chine strips 

52.42 

1------ 33.80 - -----+-- - --- 35.39 -----~_i 

1------------- 69.19 

Figure 3.- General arrangement of moiel 237- 7B . (All dimensions 
are in inches.) 
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Figure 4.- Hull l i nes of model 237- 7B . 



(a) Three-quarter bottom view. 

Figure 5.- M:>del with twin booms. langley tank model 237-7TB. 
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~D) 001;1;om V1SW. 

Figure 5.- Concluded. 
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1---- 29.56 ----~ 

1-------- 52 . 42 ----------+~ 
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Section showing 
vertical chine strips 
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Figure 6 .- General arrangement of model 237-7TB. (All dimensions 
are in inches.) 
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Figure 7.- Hull lines of model 237-7TB. 
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Figure 8.- Center-of-gravity limits of stability. Gross load coefficient 3.87; full power. 
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Figure 10.- Variation of trim with speed. 
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Figure 11.- Photographs of single-boom configuration being tested. Full 
power; gross load coefficient, 3.87. 
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(a) Cv = 2.12; trim = 13 . 'fJ . (b) Cv = 2.92; triln = 10 .4°. 

(c) Cv = 6 . 26; trlin = 13.6° . (d) Cv = 8 .35; trim = 7. 1°. 

Figure 12 .- Photographs of twin-boom configurat ion being tested. Full 
power; gross load coefficient, 3.87 . 

~ 
§1 
~ 
o 

~ 

'@ 
+" 

W 
\Jl 





NACA RM No. L9B04 37 

c.g. location 
100 per cent M.A.C . . 

~ . 
0 4) 0 ..., 0 ?fJ ro 

c 80 0 40 
0 .... ..., 
0 

~ 8 f:D .-f Q) 

ro P 
0..., .... c 

..., Q) 

~ 0 40 > ~ 
Q) ..... 0-0 

Q) 

'd 2) 
~ ..., 
.~ 

.-I 0 0- 0 (;I 0 0 
~ <> crrf> fP @ 0 

0 
0 2 4 6 5 10 12 14 16 18 

Contact trim, deg 

(a) Amplitude of vertical motion. 

~ 
Q) 

'd 

8- 8 .... 
M ..., 
t: ..... 6 
t: ~ 0 ..... 
td 
.-I 

4 .-I ..... 
0 
Ol 
0 

..... 
2 0 0 0 

Q) 0 0 0 
'd 0 

8 0 <E!o 0 8 0 
~ 8 0 ..., EI .... 
.-I 0 r 0 2 4 6 8 10 12 14 16 18 

Contact trim, deg 

(b) Amplitude of trim osc i llation. 

Fi gure 13 .- Landing s t abilit y of t wi n-boom model . 



38 

t¥) 
Q) 

'd 

E ...... 
~ 
~ 

Q ...... 
Q 
0 ...... 
~ 
cO 

.--1 

.--1 ...... 
U 
en 
0 

.... 
0 

Q) 

'd 
~ 
~ 
·rl 
.--1 r 

100 

80 

Model trims violently 
against lower trim stop at 

60 c8ntact trims of less than 
8 , c.g. 2) percent M.A.C. 

2 

o 

Contact trim, deg 

o 
o 0 

(a) Amplitude of vertical mot ion. 

12 Model trims Violent1l ~ 
0 0 

agai nst lower trim s 0 at 
c8ntact trims of less ~han 0 

10 
8 , c .g. 2) percent M.A.C. 

0 

8 

6 G 

4- G 

2 

00 2 6 8 10 12 
Contact t rim, deg 

(b) Amplitude of trim oscillation. 

NAeA RM No . L9B04 

c.g . location 
per cent M.A. C. 

o 2) 
o :fJ 
o 40 

16 

~ 

14- 16 

Figure 14 .- Landing stab ili t y of single-boom model . 

1 



NACA RM No. L9B04 

0 

<J 
0 .. 
~ 
~ 
Q) 
·rl 
0 

..-I 
'--i 
'--i 
Q) 
0 
u 

"0 
'Il 
0 

r-l 

CIl 
CIl 
0 
~ 
0 

Intermittent spr~ 
in propellers 

3 

2 
1.0 2.0 

Gross load for stability 
and resistance tests 

S·ingle boom 

3.0 4.0 
Speed coefficient, Cv 

39 

Figure 15 .- Gross load coefficient at which spray enters propellers. 



11! 

bO 12 
Q) 

'0 

.~" 
H 

E-< 10 

8 4. 

<]3 
t) 

... 
~ 
s::: 
Q) 

'rl 
() 

·rl 2 
~ 
~ 
Q) 
0 
() 

] 11 

Owe 
0 

It' 
I 

/ 
'/ 

~ 

1.0 

\ 
---, --\ // ~ 

\/ /Trim/''-. '\ 

\( 
\ 

1.4 
Tail booms 

clear water 

1.2 

\ '/ 1.0 
\ / P:: 

t) 

'-./ Transverse spray 
" be gins s triking ~ 

s::: 

2.0 

Single boom ---

Twin boom- ---

3.0 4.0 5.0 
Speed coefficient, Cv 

tail booms 

6.0 7. 0 8.0 

Q) 

8 ·rl . () 

·rl 
~ 
~ 
Q) 
0 
() 

.6 ~ 

B 
(J) 

' rl 
(J) 
Q) 
po: 

.4 

.2 

o 

7 

6 

5 
<11 po: 

" 0 
·rl 

4. ~ 
rd 
H 
Q) 
() 

h 

~ 
3 

(J) 

·rl 
(J) 
Q) 

H 
I 

'0 

~ 
H 

2 

1 

o 

Figure 16 .- Minimum s t able resistance characteristics for s ingle-boom and twin-boom hulls. 

+=-
0 

s; 
&; 

~ 
!2l 
o 

t-I 

~ o 
+=-



'" » 
C") 
» 

t;' 
~ 
~ 
'< .., 
;;; 
p: 
< 
" 

32),000 

280,000 

...., 2<40,000 
'H 

.0 

.-i 2)(), 000 

~ 
Q) 

§ 160,000 

~ ...... ...., 
~ 14),000 
...... 
0:: 

130,000 

40,000 

o 

D 

- -- --- ------------

U. S. Navy requirement for righting moment with 
~Wing tip float submerged at 60 angle of heel 

~One boom leaves water 

~ Wing tip would 
enter water 

(, 

ocr ~ 
o 2 4 6 B 10 12 14 16 18 2) 22 24 a; 28 

Angle of heel, deg 

Figure 17.- Righting moment of twin-boom configuration without tip floats. 

s; 
~ 

~ 
~ 
t-t 

~ o 
oF" 

oF" 
f-' 


