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Page 7, second line from bottom:
"Pake~off time, sec. 27.2 28.4 28.7 35,7
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THE EFFECT OF THE ANCLE 0F AFTZRBODY KZZL ON
TEZ TATER PSRFORMANCE OF A PLYING-30AT EULL MODIL

By John M. Allison
SULIIARY

Ned.C.A, model 11-C was tested in the T,A.C,A. tank
according to the general nethod with the angle of aftere
body kcel set at five different angles from 2-—1/2o to 90,
but without changing otler features of tlhiec mll, Tie re-
sults of the tests are expressed in curves of test data
and of ncndinensional coefficients.,

At the depth of step used in the tests, 3.3 percent
beam, thc smaller angles of afterbody kecel give greater
load=rcsistancoe ratios at the hump speed and smaller at
hich speed than the larger angles of afterbody keel, Com-
parilscns are nade of tie load~resistance ratios at several
other noints in the sneed range,

The effect of variation of the angle of afterbody
kXeel upon the take-off nerformance of a hypothetical fly-
ing boat of 15,000 pounds gross weight having a2 hull of
model 11i~C lines is calculated, and tihe calculations show
that the craft with the largest of the angles of after-
body kecel tested, 9°, talres off in the least time and dis-
tance.

IJTRODUCTION

The aftertody and forebody ol the »ull of a flyinsz
boat act together to produce the total hydrodyanamic 1ift
and resistance, At rest, and at low sreeds, the forebody
and afterbody together supply the bvuorancy recuired to
Zeep the hull afloat. With increase iz spesed, tlae bow
rises and the afterbody surface runs in the water at a .
positive angle of attacl: favorabdble for 1ifting. After the
hull rises on the step and »nlaning tezins, the afterbody
no longer plays an important part in providing 1ift, b=ut
it may be a sourcc of considerable resistance if it runs
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near enough to the suarface of the water %o Dbe struck by
spray thrown back from the »laning forebody.

The general effect of change in the angle of after-
body keel upon tke water performance of models of flying-
boat hulls had been observed in testing a number of nod-
els, but it could not be determincd gquantitatively in
those tests because it could not be separated from the
cffects of other changcs. Thesc tests have becen made with
a model of generally conventional form in which the angle
of aftcrbody keel can bec changed without changing the rest
of the model.

DESCRIPTIOXY OF lODEL

N.A.C.A. model 11=C, the offsets for which are given
ir table I, was used in these tecsts. As shown in figure
1, this model was made in two pieces joincd at the step
and was so arranged that the angle of aftcrbody keecl could
be changed Dby inserting wooden wedges of suitable taper
between thc afterbody and forebody. Thc angle betwoen the
afterbody kecel and the basc lince is taken as the angle of
afterbody kcecl; the angle between the foredbody and after-
body keel lines will be 1% more than the angle ¢of after~-
body lieel, as defined. The distance from the step to the
after end of the afterbody, or sternpost, was lept con-
stant for all the changes investigated,

The model was built of laninated naihogany with a tol-
erance of C,02 inch on dimensions below tae chines.. The
surface was finished with several coats of gray enamel
rubdbbed 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 11-C as follows:

Kodel dngle of afterbody lcel
11-C-7 2-1/2°

11-C-8 40

11-¢ 5-1/2°

11-0-9 7°

11-0~-10 9°
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AFPFARATUS ANWD TEST IETIZOD

The ¥.A.C.A, tank and its equipruent used in these
tests are described in references 1 and 2. The tests were
of the "general" type in which the model is towed at a
nunber of constant speeds at different fixed angles of
trim and at differont constant loads.

RESULTS

The net values of resistance and trimming moment are
plotted against speed in figures 2 to 33 and include tae
air drag on the part of the model avove the water, The
center about wiich moments are taken is shown in figure 1.
A positive trinming moment is one that teuds to increasec
the trim angle; that is, to raise the bow. Trim angle in
this case is the angle between the base line and the watcer
surface.

faired curves are believed to be accurate within the fol-
lowing limits:

Resistance £0,2 1Y,

Load + .3 1b,
Speed £ .1 ft./sec.
Trim angle + ,1°
Trinning noment £1 1o.~ft.

Derived data.~ The nondimensional coefficients used
s %

are a
3 v
Speed coefficient Cyp = —pee
’ v E é_:,s_
Resi : £ 3 2
esistance coefficient, Cg = 53
Load coefficient on = —é_
a fficient, Cp = 53
Trinning-moment coefficient, CM = ;%r
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vhere A is load on water, 10,
R, water resistaance, 1b.
H, trimning monent, lo.-ft.

w, spyecific weight of water {63.5 1b. per cu.ft,
for water in *he W,A.0.A. tank).

£, acceleration of gravity, ft./sec.?
b, beam of hull, ft.

T, speed, ft./secs
These coefficients may be used with any consistent
system of units.

Figures 34 to &, ia which Cgy 1s rlotted against
Cy at best trim aanjle T,, with CA as a parameter, are
developed from the c¢riginal resistance cnrves by cross-
rilotiings. The poinis for the A/R curves of figure Z9
are calculated directly from figures 74 to 38. The nmaxi-
munm trimming-moment coefficient curves of figure 41 are ob-
taincd from the zaxinum nositive values of trinning mement
for ecach angle and load in figures 2 to 32,

DISCUSSICH

Resistance characteristics.~ In figure 39, the load-
resistance ratio A/R is plotied azainst CA for eack
angle of afterbody kesl with the values o7 the parameter
Cy chosen to bring ount a performsace comparison at veri-
ous speeds. TFigure 40 preosents the sanme information dut
with ~4/R plot:icd acainst angle of afterbody Lccl. At
hump speed, AR decrcascs with incrcase in angle of af-
terbody zeel. The mnercentage decrease is greater for tae
larger values of Cap. At Cy = 4,5 and Cy = 5.0, large
improvement is obtained by increasing tlhe angle of after-
body keel from 2-1/2O to 5-1/20. Any further increase
produces a2 much smaller inmprovement., At Gy = 3.5, walch
is intermediate between hump and high spcceds, the small
arnzgles of aftcerbody zecl have tic best valucs of A/R.
but the trend is less marlked than at hump spced.
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The increase in A/R ratio at the hurp speed result-
ing from a decrease in angle of aftertody keel prodatly
results from the additioral 1lift given by the afterbody
surface running at a nmore favorable angle of attack, Tais
additional 1ift helps raise tixe 2ull out of the water,
thus decrcasing tiae wave-maizing resistance,

At spced coefficients of 4.5 arnd 6,0 thec forevedy
carrics practically all of the load whilc the aftorbody
contributes only frictional resistanco; high angles of af-
terbody kcel result in haigher A/R ratios because they
reduce the area of afterbody surface struck by water comirg
from the stepe.

Trinmrming-moment characteristicse.~ The large 1ift =»ro-
dured b¥ an afterbody bhottom surface ruining at a high
anzle of attack causes the center of pressure of the water
forces to move aft, Consequeatly, the sraller the anzgle
of afterbody lkeel, the greater the arngle of attack of tie
aftcrbottom surface for a given trim and the farther aft
. the center of pregsure will move., For exauple, in the
carves for T = 99 and T = 11% (fig. 41) the center of
pressure Las noved so far aft that the uaxinmum monent is
negative for all lnads.

Trim-angle characteristics.~ The best irim angle at
tiie hunp decreases but siightly in rmasnitude with decrease
in anzle of afterbody kxeel, 4t high speeds, reducing the
angle of keel appreciadbly decreases tlie best trim angle.
The difference in best trim angle betwecen two of these
nulls is, however, numerically less than the diiference
in their angles of afterbody kzcels. Thorefore the aftoer-
body of small lteel angles will run closcr to the surface
of the water. '

Static characterigticg.~ Figures 42 ard 43 are plot-
ted from test data. In figure 42, the trirming moments at
rest are plotted for the various settings of angle of af-
tervody lteel., These curves are useiul for estimating the
naznitude of the effect of a chaange in angle of afterdody
Zeel unon the attitude at rest of a2 bhull of this type.

The center of moments used was that siown on figure 1,
Figure 43 consists of curves showiig the drafts at rest of
each model for different tria angles and loads. The small-
er the angle of afterbody lreel, tho Lhigher in the water

the kull will tend to float owing o the buoyancy supplied
by the afterbody.




6 T.A.C.A, Techrical Note Ko. £41

Spray characteristics and general behavior.- The pho-
tographs of the models ruuaning in tlae water show that the
spray characteristics are affected vy changes in the an-
cgle of afterbody keels The effect is sliown in the en-
larged photographs (figs. 44la) to 44(d)), waich compare
nodel 11-C-106 (99 angle of aftterbody Feel) and 11-0-8 (4°
angle of zfterbody Yeel) at the same trim angle (7° ) and
load, and at approximately the same specd. When conmnpar-
ing the plcturcs of the bow (c) and (d), it will be ob-
served that the bow wave in (c) (9° angle of afterbody
ke2l) is consideradly higher than that in (d) {(4° angle of
aftertody kcel)., Drafts observed at this speed (slightly
below huup speed) show the model in (c¢) %o be riding deep-
er in the wa*er than the one in (d)., The resistances were
22.9 pounds for model 11-~C~10, shown in 44(c) and 18,9
rounds for model 11-(C-8, showa in 44(d). Pictures of the
storns of the same models under the same ccnditions are
shown in 44(a) ond 44(b), respectively. The afterboldy of
the model in {b) is rununing at a larger angle of attack
and producing more 1ift than the omne in {2) as evidenced
in the photograph by the l:eavier waves at the stern., The
bow vave of the model witn 9° angle of afterbodv zeel (c)
is slightly higher than that of the nmodel with 4° angle of
afterbody keel (4), thereby verifying tne condition obw-
served when conparing {c¢) and (d). The “hotograpns in
fizures 45(a) an &a(b) furnish 2 basis for the comparison
of the same models running at 9° angle of trim, 40 pounds
load, and slightly above hump speed. Iodel 11-C~10 showa
in 45(a) with the larger angle u? aftervody keel has its
afterbody clear of the water while the one in 45(b) 11~C-8,
does note The resistances were B8 pounds and 9.3 povnds,
respectively.

Riding 01 the afteroouy occurred during tihe testirg of
model 11-C=-7 1’” angle of afterbody lzeel), In this at-
titade tle steﬁ is entirely out of the water. The dotted
line on the resistance curve for a load of 5 pounds (fig.
6) shows low tle resistance drops, boglng*ng at a speed of
35 feet per second, At a trim angle of 7% a2nd loads of 20
and 40 pounds, this nodel rode on the afterbody at all
speeds above 25 feet per seconds A full-scale hull of a
flying btoat could 2ot be made to ride on the afterbody be-~
cause the control moment required to hold the attitude
would be too great,

TakXe-o0ff example.~ The effect of chauging the angle
of the afterbo &y Zeel can be seen from the following ex-
amples A hypothetical flying boat is assumed to be fitted
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ssively with five hulls each sinilar to one of the

11-C forms that were testeds Aside from fthe hull
combination has the following characteristics:
Gross load . . . . . . . . . . 15,000 1%.

Wing area « + « « 4« + + + <« 1,0CO sg.ft.

Zorsepower (two engines) . . . 1,240

Effective aspect ratio

(with ground effect) . . . . . 7.0
Farasite~drag coefficient

(exeluding Auwll) . « . . . . . 0.05
Airfoil . ¢ ¢ ¢ 4 4 « « + « . QClarik Y (data talken

from TaRe 0. 352)

T.a.C04,)
Propeller diameter . . . . . 10 ©t.

Propeller pitcl angle

(fixed pitch at 0. 75R) . . . 19°

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

vickly to transfer thae load from tlhe hull to the wings.
q

Tae ¢

urves for thrust, total resistance (air plus water),

and air drag are shown in figare 45. The thrust was cal-

culat

ed from the charts of reference 3,

The calcualated performances of the flying boats com—

pare as follows:
Hull 11=-C-10 11l=C-9 1i-C 11-C=~8 11=C=-7
Angle of after-

body kcel, dez. g 7 5-1/2 4 2-1/2
Beam, ft. ) 8.075 8.075 g2.075 8.075 8.075
Talze=o0ff tinme,

SCCe 27.2 28.4 2847 3347 -
Talzeg=off run,

ft. 3480 3540 3830 5140 --
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It will be seen that at a sreed of 85 feet per second
the resistance of the craft with the 2-1/20 angle of after-
body keel exceeds the tarust and does not fall below the
tarust until a speed of 9% fect per second is reached.

With this hull the craft will not tale off.

The tabulated valucs of itake-=off time and distance
indicate that little additional improvement can be ex-
pected by incrcasing tho angle of aftcrood Lcel beyond 9°

Figure 45 shows that sottinzg the aftcrbody of the hyry-
pothetical hull at a small anglc causcs a dccrcasc in ex-
ccss thrast that cxtends over a consideratle nortion of
the high-~spceed range; whercas, the gaian in excess thrust
at the hump extends over a small range of spccd, If larger
tarust had becn assumecd, the high-specd resistonce peak
would have Tbeen less critical and the advantage shown by
the larger angles of afterbody kcecl would have bcen re—
duced.,.

COXCLUSIONS

These coneclusions are based on tests of models haviag
a depth of step of 3.3 perceat of the becm. Changing the
denth of the step will produce effects that were not pres

ent in these tests.

le A small angle of afterbody keel is favorable for
low resistance at lovw snced and a large angle is vest at
high speeds,

2e¢ TFTor the hull tested, having a load coefficient
CA ©of 044 at the hump, the optimum angle of afterbody

Zecl is near. 9°,

3« A small angle of aftcrbody lzecl reduces the naxi-
mum positive trimming momoent,

4, A hull witi a large angle of altorbody keel has
a larger best trim angle at aigh snceds.

Further tests are plaanned 1n which thc angle of after-
body kccl will be varied up to 15% for cach of scveral
dcpths of step.

Langley liemorial Aeronautical Laboratory,
National Advisory Coumittee for Aeronautics,
Langley Field, Va., July 10, 19235.
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(a) Load, 100 1b., (b) Load, 100 1v.,
speed, 13.8 £f.p.s. speed, 12.0 £.p.s.
T=17° T="7°

b.,

) oad, 100
speed, 13.8 f.p.s. epeed, 12,0 f.p.s.
T=10 T=e

Figure 44.- Photographs of spray
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Model 11-C-10 Model 11-~C-3
9° Angle of afterbody keel 49 Angle of afterbody keel

T3 ¢

(a) Load, 40 1b., (b) Load, 40 1b.,
speed, 12.4 f.p.s. speed, 20,0 f.p.s.
T = §° T=9°

g&S“‘

(o) Load, 40 1b. (4) Load, 40 1b.,
speed, 19.4 f.p.s. speed, 30,0 f.p.s.
T=9° : T=8°

Figure 45.- Photographs of Bpray
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