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TEE EFFECT OF THE A:TGLE 0F AFTERBODT KE_EL 0i_

TEE WATER P_RFOR_IANCE OF A FLYI:_G-BOAT n-ULL MODEL

By John M. Allison

,_.A.C.A. model II-C was tested in the "_$.A.C.A. tank

according to the general zethod with the angle of after-

body keel set at five different angles from 2-1/2 ° to 9 ° ,

but without changing other features of the h_All. The re-

sults of the tests are e,rpressed in curves of test data
and of nondimensional coefficients.

At the depth of step used in the tests, 3.3 percent

beam, the smaller angles of aftorbody keel give greater

load-resistance ratios at the hump speed and smaller at

high sDeed than the larger angles of az_terbody keel, Co_z-

parlsons are zade of t'le load-resistance ratios at several

other _oints in the s_eed range,

The effect of variation of the angle of afterbody

keel upon the take-off _erformance of a hypothetical fly-

ing boat of 15,000 pounds gross weight having a hull of
model !I-C lines is calculated, and the calculations show

that the craft with the largest of the angles of after-

body k_el tested, 9 °, tahes off in the least time and dis-

tance.

ISTRODUCTIO_

The afterbody and forebody of the hull of a flyinl

boat act together to produce the total hydrodynamic lift

and resistance. At rest, and at low speeds, the forebody

and afterbody together supply the b_oyancy required to

keep the hull afloat. With increase in soe_d, the bow
rises and the afterbody surface runs in the water at a

positive angle of attach favorable for lifting. After the

hull rises on the step and planing be,Eins, the afterbody

no longer plays an important part in providing lift, but

it may be a source of oonsidorable resistance if it runs
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near enough to the s Arface of tLe water to be struck by
spray thrown back from the planing forebody°

The general effect of change in the angle of after-
body keel upon the Tater performance of models of flying-
boat hulls had been observed in testing a number of mod-

els, but it could not be determined quantitatively in

those tests because it could not be separated from the

effects of other changes. These tests have been made with

a model of generally convsntional form in which the an_le

of aftcrbody keel can bc changed without changing the zest
of the model.

DESCRIPTION OF _0DEL

N.A.C.A. model l_-C, the offsets for which are given

in table I, was used in these tents. As shown in figure

I, this model was made in two pieces joint& at the step

and was so arranged that the angle of aftcrbody keel could

be changed by inserting wooden wedges of suitable taper

between the afterbody and forobody. The angle between the

afterbody keel and the base line is taken as the angle of

afterbody keel; the angle between the forebody and after-

body keel lines _ill be 1 ° more than the angle of after-

body l:eel, as define&. The distance from the step to the

after end of the afterbody, or sternpost, was kept con-

stant for all the changes investigated.

The model was built of laminated mahogany with a tol-

erance of 0.02 inch on dimensions below the chines. The

surface was finished uith several coats of gray enamel

rubbed smooth. The settings of the angle of afterbody
keel are believed to be accurate to _0.15 °. For conven-

ience, each change of setting was given an identification

number following the ll-C as follows:

Model

I!-C-7

Angle o! _afterbo

2-1/2 o

I!-C-8 4 o

5-I/2 °

7 °

II-C-10 9 °
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APPAR_TUS _D TEST L_ET!IOD

The E.A.C.A, tank and its equipment used in these

tests are described in references 1 and 2. The tests were

of the "general" type in _hich the N_odel is towed at a

number of constant speeds at different fixed angles of

trim and at different constant loads.

RE SULT S

The net values of resistance and trimming moment are

plotted against speed in figures 2 to 33 and include the

air drag on the part of the model above the water, The

center about which moments are taken is shown in figure 1.

A positive trimming moment is one that tends to increase

tlle trim angle; that is, to raise the bow. Trim angle in

this case is the angle between the base line and the water

surface.

Precision.- The test results as represented by the
faire¢! curves are believed to be accurate within the fol-

lowing limits:

Resistance ±0.2 lb.

Load • .3 lb.

Speed

Trim angle

.i ft./sec.

.I O

Trimming moment _:i lb.-ft.

Derived data.- The nondimensional coefficients used

are as follows:

Speed coefficient CV_ V

Resistance coefficient,
R

CR = wbS

Load coefficient,

Trimming-moment coefficient,
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where A is load on water, lb.

R, water resiztance, lb.

_, trimninI n_omeut, l o.-ft.

W t specific weight of _:ater (63.5 lb. per on.ft.
for water in the _T.A.C.A. tan_).

g, acceleration of gravity, ft./sec. 2

b, beam of hull, ft.

V, speed, ft./sec.

These coefficients may be used with any consistent

system of units.

Figures 34 to ZS, in which CR is _-!otted against

C V at best trim anxle T O , with CA as a parameter, are

developed from the original resistance c_rvos by cross-

plotting. The points for the A/R curves of figure Z9

are calculated directly from figures _4 to 38. The naxi-

mum trimming-moment coefficient curves of figure 41 are ob-

tained from the naxi_um _ositive values of trimning moment

for each angle and load in figures 2 to 32.

DISCUSSIOiT

Resistance characteristics.- In figure 39, the load-

resistance ratio A/R--isplo[Ked a_ainst CA for each

angle of afterbo_y __e_l with the values of the narameter

CV chosen to bring out a performance coi_arison at v_ri-

ous speeds. Figure 40 presents the same information but

with _/_ plotted acainst angle of afterbody keel. At

hump speed, A/R decreases with increase in angle of af-

terbody keel. The [?ercentage '!ecrease is greater for the

larger values of C_. At CV = 4.5 and CV = 6.0, large

improvement is obtained by increasing the angle of after-

body keel from 2-1/2 ° to 5-1/2 °. Any further increase

produces a much smaller inprovezont. At CV = 3.5. which

is intermediate between _nu.np and high s_cods, the small
anglcs of aftcrbody l:_l have the best values of A/R,

but the trend is loss marked than at hump zpced.
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The increase in A/R ratio at the hump speed result-

ing from a decrease in angle of aft,3rbody keel probably

results from the additional llft given by the afterbody

surface running at a more favorable angle of attack. This

additional llft helps raise the hull out of the water,

thus decreasing the wave-making resistance,

At speed coefficients of 4.5 and S.0 the forebody

carries practically all of the load while the afterbody

contributes only frictional resistance; high angles of af-

torbody keel result in higher A/R ratios because they

reduce the area of afterbody surface struck by water coming

from the step.

T_riqmiA_-mqm!!nt_cha_ract_e_r_Istiqs.- The large lift _ro-

duced b', an afterbody bottom surface running at a high

anjle of attack causes the center of pressure of the wzter

forces to move aft. Consequently, the smaller the angle

of afterbody 1.:eel, the greater the angle of attack of the

aftcrbottom surface for a given trim and th_ farther aft

tile center of pressure will move. For example, in the
curves for 7 = 9 ° and 7 = II ° (fiz. 41) the center of

preszure lias moved so far aft that the L_,aximum moment is

negative for all loads.

T_rim.an__le_chara_ckeristics.- The best trim angle at

the hump decreases but slightly in magnitude with decrease

in an_le of afterbody ._zeel. At high speeds, reducing the

angle of keel appreciably decreases the best trim angle.

The difference in best trim angle between two of these

hulls is, however, numerically less than the difference

in their angles of afterbody keels. Thel-efore the after-

body of small keel anglos will run closer to the surface
of the water

Static characterist!c_s.- Figures 42 and 43 are plot-

ted from test data. In figure 42, the trimming moments at

rest are plotted for the various settings of angle of af-

terbody keel. These curves are useful for estimating the

majnitude of the effect of a change in augle of afterbody

keel upon the attitude at rest of a hull of this t_e.

The center of moments used was that shown on figure l,

Figure 43 consists of curves showing the drafts at rest of

each model fez- different trim angles and loads. The sva!l-

er the angle of afterbody keel, the higher in the water

the hull ._ill tend to flea% owing to the buoyancy supplied

by the afterbodj.
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_l_ra__v_ch_a_ra_cteri__t_icsa_d cenerj_l_b_l)__(i_.- The pho-

tographs of the models running in the water show that the

spray characteristics are a_fected by chances in the an-

gle of afterbody keel. The effect is sho_vn in the en-

larged photographs (figs. 44(a) to 44(d)), _hich compare

model ll-C-10 (90 angle of afterbody i_eel) and ll-C-8 (4 °

angle Of afterbody keel) at the same trim angle (7 °) and

load, and at approxira_tely the same speed. When cozpar-
in_ the pictures of the bow (c) and (d), it will be ob-

served that the bow wave in (c) (9 o angle of afterbody

keel) is considerably higher than that in (d) (40 angle of

afterbody k_el). Drafts observed at this speed (slightly

below hump sDeed) show the model in (c) to be riding deeD-

er in the water than the one in (d). The resistances were

22.9 ooun(ls for model ll-C-10, shown in 44(c) and 18.9

pounds for n_odel 13_-C-8, shown in 44(d). Pictures of the

sterns of tlze same :nog_els under the same conditions are

shown in 44(a) a_._d 44(b), respectively. The afterbody of

the model in (b) is running at a larger angle of attack
!

and wroducing more lift than the one in _a) as evidenced

in the photograph b F the U_eavier waves at the stern. The

bow wave of the model with 9 ° angle of _fterbody keel (c)

is slightly higher than that of the model with 4° angle of

afterbody keel (d) thereby ve_i_yi..g the condition ob-

served when con___aring (c) and (d). The photographs in

figures 45(a) and _lS(b) furnish a basis for the comparison

of the same mo_elz running at 9 o angle of trim, 40 pounds

load, and slightly above hump speed. Model ll-C-10 shown

in 45(a) with the larger angle _f afterbody keel has its

aftcrbody clear of the water while the one in 45(b) ll-C-8,

does not. The resistances were 8.8 pounds and 9.3 pounds,

respect ively.

Riding on the afterbody occurred during the testing of
model ll- C-V _,_-1/2 ° angle of afterbo&y l_eel). In this at-

titude t!_e ste_ is entirely out of the water. The dotted

line on the resiste.nce curve for a load of 5 pounds (fig.

6) shows "-low the resistance drops, beginning at a speed of
85 feet per second. At a trim angle of 7 ° and loads of 20

and 40 pound.s, this _odel rode on the afterbody ab all

speeds above 25 feet per second. A full-scale hull of a

flying boat could not be _ade to ride on the afterbody be-

cause the control moment required to hold the attitude

would be too great.

Take-off exam_ie.- The effect of changing the angle

of the afterbody _eel can be seen from the following ex-

azple. A hypothetical flying boat is assumed to be fitted
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successively with five hulls each similar to one of the
model ll-C forms that were tested. Aside from the hull
each combination has the following characteristics:

Gross load ..........

Wing area ..........

Eorsepower (two engines) • •

Effective aspect ratio
(with _round effect] ....

Parasite-drag coefficient
(excluding hull) .......

Airfoil ..........

Propeller diameter .....

Propeller pitch angle
(fixed pitch at 0.75R) . . .

15,000 lb.

1,0C0 sq.ft.

1,240

7.0

0.05

Clark Y (data ta!_en

from T.R. To. 352,

c .A. )

i0 ft.

19 °

A wing setting of 8 ° was used in all cases in order

quickly to transfer tile load from the hull to the wings.

The curves for thrust, total resistance (air plus water),

and air drag are shown in figure 4_. Tile thrust was cal-

culated from the charts of reference 3.

The calculated performances of the flying boats com-

pare as follows:

Hull ll-C-10 ll-C-9 ll-C ll-C-8 ll-C-7

Angle of after-

body keel, de_.

Beam, ft.

9 7 5-1/2 4 2-1/2

8.075 8.075 8.C75 8.075 8.075

Take-off run,

ft. 34G0 3640 G830 5140 --

Take-off time,

sec. 27.2 28.4 28.7 35.7 --
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It will be seen that at a speed of 85 feet per second
the resistance of the craft with the 2-1/2 ° angle of after-

body keel exceeds the thrust and does not fall below the

thrust until a speed of 95 feet per second is reached.
With this hull the craft will not ta_ze off.

The tabulated values of take-off time and distance

indicate that little additional improvement can be ex-
pected by increasing the angle of afterbody keel beyond 9 ° .

FiGure 43 shows that setting the afterbody of the hy-

pothetical hull at a small angle causcs a decrease in ex-

cess thrust that extends over a considerable oortion of

the hi_h-sFeed range; whcreas, the gain in excess thrust

at the hump extends over a small range of speed. If larger

thrust had been assumed, the high-speed resistance peak

would have boon less critical and the advantage shown by

the larger angles of afterbody keel would have been re-

duced.

C0_CLUSI0_S

These conclusions are based on tests ef models having

a depth of step of 3.3 nercent of the bes m. Changing the

denth of the step will produce effects that were not nres-
ent in these tests.

I. A small anglo of afterbody L_eel is favorable for

low resistance at low speed and a large ar_gle is best at

high speeds.

2. For the hull tested, having a load coefficient

C A of 0.4 at the hump, the optimum angle of afterbody

keel is near 9 °.

3. A small angle of aftcrbody kecl reduces the maxi-

mum positive trimming moment.

4. A hull _ith a large angle of aftorbody keel has

a larger best trim angle at high sDoods.

Further tests are planned in which the angle of after-

body keel will be varied up to 15 ° for each of several

depths of step.

Langley _emorial Aeronautical Laboratory,

National Advisory Committee for Aeronautics,

Langley Field, Va., July 10, 1935.
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Fig. 44

Model 11-0-10

9° Angle of afterbody keel
Model 11-C-8

4 ° Angle of afterbody keel

(a) Load, 100 lb.,
speed, 12.8 f.p.s.

1"= 7 °

(b) Load, 100 lb.,
speed, 12.0 f.p.s.

T:7 o

Figure 44.- Photographs of spray
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Hodel ii--_-i0

9° Angle of afterbody keel
Model II-C-_

4° Angle of afterbody keel

(s) Load, 40 lb.,
speed, 19.4 f.p.e.

T -S °

(b) Load, 40 lb.,
speed, 20.0 f.p.s.

T=S =

(o) Load, 40 lb.,
speed, 19.4 f.p.s.

7=S o

(d) Load, 40 lb.,

speed, _0.0 f.p.s.
1-=80

Figure 45.- Pho_ographs of spray
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