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A COMPLETE TANK TEST OF A MODEL OF A FLYING-BOAT
HULL - N.A.C.A., MODEL K¥O. 1ll-A

By John B, Parkinson

SUMMARY

Model No., ll-A was designed as an improvement over
N.A.C.A, Model No., 11, a complete test of which is de-
scribed in N.A.C.A, Technical Note No. 464. In contrast
with the longitudinal upward curvature in the planing bot-
tom forward of the main step on Model No. 11, the planing
bottom of Model No. 11-A was made as flat as practicable,
Otherwise, the two models have very nearly the same form.

The results of towing tests made on liodel No, 1ll-A
in the N.A.C.A. tank over a wide range of speed, load on
the water, and trim angle are presented, both as original
test data and as nondimensional coefficients. A compari-
son is made with similar results from the test of lodel
No., 11. The practical significance of the improvement ob-
tained is demonstrated by applying the data from the new
form to the illustrative design problem used in the note
on Model No, 1ll.

INTRODUCTION

One of the major items on the research program fo
the N.A.C.A, tank is a study of the behavior of flying-
boat hulls on the water. As a part of this program, 2
fanmily of five models, consisting of a parent form and
four systematic variations, has been tested., The pareal
form is represented by Model Fo. 11,

It was thought that the fore-and-aft upward curvature
in the forebody forward of the step in Hodel No, 11 was
too great and that better performance would be obtainoed by
making the forebody straight for as great a distance for-
ward of the step as was practicable. 4 new forebody was
designed and built in accordance with this idea and assem-
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bled with the original afterbody., The combination was deg-
ignated"N.A.C.A., Model No, 1l1-4A,"

This model was tested in the N.A.C.A. tank at Langley
Field, Va., over a wide range of speed, load on the water,
and trim angle, In addition to providing a direct compar-
ison between the models in guestion, this sort of "complete!
test enables a general comparison to be made with other
known types. As the number of such tests on representa-
tive hulls is increased, the question of relative merit
among them will become increasingly easier to answer, The
test data of llodel No. 11-A are presented for this purpose,
as well as to provide known water characteristics by which
the geometric form may be directly appliod to a new design,
The method for using these data in determining optimum size
of hull, angle of wing setting (incidence), take-off time,
and length of take-off run is described in detail in refer-
ence 1l.

DESCRIPTION OF MODEL 4

Model No, 11-A was made of laminated mahogany to a
tolerance of #0,02 inch on dimensions. The principal lines
are shown in figure 1 and complete faired offsots are given
in table I, The following particulars apply both to it and
to Model ¥o. 11 from which it was derived,

Dendtih (ineludligr 8i1) . & o o oivim 8 ks

Length of forebedy 5| o Gty 4 ft,
RO % a5 b R s Rkl e w e s w DE g
R A L R 14 in,

Depth of step s SRR 40 JRay e, sehibieBb By
O B B . dih oo w s SReYSR

Included angle between forebody
arld. af'bel‘body - . . ° . . . o . . 6.50

The model dimensions and offsets may be readily con-
verted for any size of hull, when the optimum scale ratio
is determined.
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Since the fore-and-aft curvature in the forebody near
the step on Model No. 11 was thought to have an adverse
effect on both its resistance and its spray characteris-
tics, ‘the forebody buttocks, keel, and chines of No, 11-4A
were made without curvature as far forward from the step
as was practicable before forming the bow. .The cross sec-

.tions in this region are straight lines., The forward keel

line at the step has an angle of 1  with the base line,
Near the bow, the chines rise rapidly aad the cross sec-
tions become hollow. e

Aft of the step, Models ¥o. 11 and Fo, 11-4A are iden-
tical, The bottom terminates in a relatively narrow j
"sternpost," aft of which the hull is principally a support
for the tail surfaces and may vary considerably among dif-
ferent designs with little effect on performance,

APPARATUS AND TEST KETHOD

The equipment of the N .A.C.A. tank for testing models
of seaplane floats and hulls is described in reference 2.
The value of the data obtained from this tank is greatly
enhanced by the use of comparatively large models, which
permit more accurate weighing of the forces involved, while
the ‘difference between converted test results and actual
full-scale forces is reduced. j

The small towing gear described in reference 2 was
used when testing ilodel No, 11-A, The desired load on the
water, however, was adjusted by means of counterweights
instead’ of by the hydrovane 1lift device employed when the
gross load and get-away speed of a model are specified in
advance., In a series of constant-speed ruans, simultaneous
values of speed, resistance, and draft were taken, as well
as the moment required to hold the model at the angle of
trim desired., Photographs were taken at desired intervals
throughout the test for a study of wave and spray forma-
tion, With the model at rest, the longitudinal righting
moments and drafts were observed for several. loads and an-
gles of trim, '

Py
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RESULTS

and draft obtained by deducting the usual towing-gear tares
.and, corrections from the observed data are given in table
II for various loads and speeds and for several trim angles,

. ~- -The air drag of the model is included in the net re-
sistance given., The conversion of the air drag from model
to full scale follows the same law as that assumed for the
water resistance; hence, the air drag of the full-sized
hull should be omitted from the estimated air drag of the
‘airplane when applying these results to a take~off calcu-
lation,

The center about which moments were takern is showa on
figure 14 The measured moments must be transferred fron
this point to the actual ceater of gravity for any given
design, Moments which tend to raise the bow are considered
PO sitive,

The drafts given in the table are the distances from
the free~water surface te the point of the keel at the
stepe - :

Figures 2 to 6 were plotted from the data of table
II, They show the resistance and the trimming moment plot-
ted against speed with the load orn the water as a parame-
ters Figures 2 to 5 present extensive data for trim an-
gligg ‘ofed T, 5, 70, and Qo. The curves for the additional
trim angles 2°, 49, 6°, 10°, and 11° in figure 6 were used
to assist in the determination of the minimum resistance
and the angle at which it occurs for various speeds and
‘loads, as will be explained under Derived data, The drafts,
being of secondary importance, were not plotted, but this
may readily be done from the data in table II,

The longitudinal righting moments of the model at
rest for various displacements are shown in figure 7, The
intercepts on the horizontal axis will give the trim anglec
at rest for the various loads. EHere, too, the center of
moments is that shown in figure 1 and the righting moments
must be transferred to the actual center of gravity of the
desigm that is being considered,

Figure 8 shows the observed drafts at rest plotted
against displacement for various angles of trim, ZKnowing

.~
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the trim, these curves may be used to draw the water line
on the hull profile,

Precision.- The test results are believed correct

within the following limits:
Load on water 0,3 ib,
Resistance 0T Thy
Speed F0el T aPes
| Trim angle $0u0,°
A Trimming moment 41 0 1Bt

Derived data.- Inasmuch as the hull should run near
the best trim angle during take-off, the application of
: S the test results is considerably simplified by cross-—fair-
g ing the resistance against trim angle. From these curves,
the minimum resistance and the trim angle at which it is
obtained are found for any speed and load, Figures 9, 10,
and 11 are the results of this operation, plotted in non-
dimensional form so that they may be used for any size of
hull and with any consistent system of units, The nondi-
mensional coefficients adopted are as follows:
A

Load coefficient CA = ——3
w b

R -~ 1
w b° {

Il

Resistance coefficient Cp

Speed coefficient Cy g

2. b

where A is the load on the water, 1lb.

R, resistance, 1D.

w, weight density of water, lb./cu.ft.

| b, beam of hull, ft,
V, speed, f.peSe.
\

g, acceleration of gravity, ft./sec.z
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w = 63,6 1by¢/cu.ft, for N,A.C,A, tank water and is usual-
’ ly taken as 64 1lb,/cu.ft, for sea water.

The application of flgures 9, 10, and 11 to design
problems is fully described in reference 1 and will not be
taken up in this note,

» v

Relative. Merit of Model

It was believed that Model No. 1l1-A, having a fore-
body with less upward curvature than that of Model No. 11,
would show better water performance and spray characterls-
tics,  An analysis of the test results 'shows that this be-
lief was jﬁstified and that Model No, 1l1-A has marked su-
periority in Dboth respects.

Performance.-~ A comparison of resigtance between mod-
els tested by the u0uolete method may be carried out by
'plottlnv the nondimensional ratio, load/resistance (at best

ngle), against load coefficient OA, at representative
speed,coe¢;1cla“ts Cvs This procedure was followed for
Models Ho, 11 and ¥o., 1ll=A and the results are given in
figure 12 Four represontative values of Cy wero chosen;
namely, one at the hump, one ‘where 1oad/resistance is near-
ly constant over s rango of CA, and two well out in the
planing region, It will be seen that Model No, 11-A shows
considerably greater load/resistance ratios at the lower
Cy values and retains its superiority, although to a less-
er degree, at higher Cy values, The ratio at the hump
for this model remains above 5,0 for practically all load-
ings found in good practice, and shows improvement of from
22 to 25 percent over that of ilodel Yo, 11l.

The practical value of such improvement may be shown
by reworking the take-~off problem in reference 1, using
the same method throughout dbut substituting the data of
Model ¥oe 1Y=A for that of lModel Naos 1lle 8

In this problem the following design conditions were
assumed:

GYOSS 10ad . . . L] . . . . :.: _15’000 lbo

Willg area ¥ .4 .'. ey e w 1,000 Schtu

POWOT L) . . . . . ° ] . . L] . . 1,000 hp.
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Effective aspect ratio including-
s SO MO HRBIEE srdhas?  sovaie geids La $ Tal®

. Parasite drag coefficient, ex- ! :
01uding hull . ° . - . . . ° ® L] 0.05

Airfoil ..s Clark Y (data taken from
NeodeCods TeRe Moy 8524 Dbl

Thrust .... linear variation with speéd
from 4,000 Jbe.ab.0.fp 8%
to .3,%k50 1b. at 100 . LeDebe

In the example of reference 1, the size of hull was
.arrived at by.assuming a value of 0,35 for CA at the
hump speed, .which gave a load/resistance ratio of 4,5 and
a beam of 101,5 inches, The superior over-all perform-
‘ance of Model No, 11~A indicates that a smaller hull is
permissible, Accordingly, the value of CA at the hump
was assumed to be 0,40, which for this form gives a load/
resistance of 5,3 (see fig, 12) and a beam.of 96,9 inches,.
This bBeam was used to obtain the results given below. 4.
still smaller beam was also tried but did not give as good
results, Although this latter calculatiom showed slight-
1y lower high~speed resistance, the advantage was more
than offset by a higher hump resistance. i

The best angle of wing setting found by the method de-
scribed in reference 1 was 6.70. This value was assumed
for the calculation.,.

Using figures 9, 10, and 11 for finding the water re-
sistance and following the method outlined in reference 1,
the take-off %ime and distance were obtained., These val-
ues compare with the previous example as follows:

Model No. 11 Model No., 1l1-A Reduction

percent
Time, seconds SIOT o 38 24,0
-~ Run, feet el aSEz0 . 2,400 =& 228

In the preceding calculations, it was assumed that
the hull was near the trim angle for ninimum water resist-
ance during the entire take~off, and that there was no
wind,

»
S o
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There is little difference in the values of maximum
trimming moments at the same trim angles between the two
forms, Model No, 11-A, however, will be more difficult to
hold near the best trim' angle at the hump speed since this
angle is gpproximately 20 lower than that of Model No, 11,
and a much larger vositive moment results from running at
the lower angle, For tohventiohal designs, the center of
gravity would probably have to be moved forward to attain
this angle.

Spray characteristics.- Model No., 11-A was observed
to have a better spray formation throughout the tests.
The natures of the sheets of spray, or "blisters", tarown
by the two forebodies 'are shown in figures 13 and 14, A
close study of the photographs will indicate the detrimen-
tal effect of the curvature found in Model No. 11,

In practice, the blisters from a hull having straight
V-sections are often reduced by spray strips fitted to the
forebody chines which deflect the water downward as it
leaves the hull, The cleanness of running of both lodel
No, 11 and Model No. 1l1l- A would probably be 1mproved by
this means.

Figure 15 shows the appearance of the bow blisters
thrown from Model No. 11-A under conditions usually ob-
tained while taxying, It is difficult, however, to judge
accurately the seaworthiness of a certaln fiormitof bow ‘from
tank tests in smooth water.

CONCLUSIONS

The water resistance of Model No, 11-A in the neigh-
borhood of the hump speed and at planing speeds is less
than that of lModel No. 11 at the same speeds., For the same
load on the water, the better form of Model No, 11l—-A makes
it possible to use a smaller hull than is required with
Model Noe 11, This decreasc in size should reduce the
Welght of the hull and the aerodynamlc resistancee.

For this type of hull, the tests indicate that longi-
tudinal upward curvature such as is found in Model No., 11
is detrimental to satisfactory performance and spray char-
acteristics,
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Compared with other hulls regarding which data are
available, Model Wo. 11-A has excellent characteristics,
By the use of the data presented herein, its geometric
form may be directly applied to a variety of projected de-
signs,

Langley Memorial Aeronautical Laboratory,
Vational Advisory Committee for Aeronautics,
Langley Field, Va., August 7, 1933,
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TABLE I

Offsets in Inches for N.A.C.A. Model No. 1l-A Flying-Boat Hull
Distance below base line Half-breadths
\ Sta. | Dist. Bl B2 B3 B4 | B5 [Main Upper|Main Upper | WLl | WI2 |WI3 |WL4 |WL5
No. from |Keel ' chine |Cove|chine|chinejCove|chine
~ F.P. 11.50| 3.00| 4.50| 6.00| 7.50 32.50{11.009.50|8.00| 6.50
7. C 4.00 4,00 0.25
| % 2.40110.43| 6.25 5.27 2425 0.23[0.68(1.34
‘ 4 4.80(11.80| 8.89| 6.97 «53 3.81 0.38{1.14|2.09{3.55
| l% 7.20112.44110.38] 8,68 7.5L Tl 5.03 1.04|2.24!2.80
2 9,60[12,83}11.30] 9.88| 8.77| 7.93 7.93 6.00 0.31] 1.79(3.49|5.84
\ 3 14,40 18,291 12 .25 {11 .87 110,37 9.86 900 725 1.14| 3.41!6.1=2
4 19,20 (13.48(12.7011.92 11,19 {10.49| 9.8 9.63 7.94 .88 4.85
\ 5 24.00113.58}12.92 (12.25 {11.62 j10.97{10.33] 9.99 B:2B 2.42| 5,92
| 6 28.80 113.66 10.17 8.43
7 | 33.60[13.75 ‘ 10.24 8.49 |
‘ 8 3€.40 [13.88 10.32 £.50 ®Distance from base line
9 43.20 |13.S2 10.40 8.50 to water line (sec-
| {10 48.00 |14.00 10.48 8.50 tion of mull surfsce
I« [optd 1 made by a horizontal
| 10 48.00 {13.44 Distance from center -+ 992 8.50 plane parallel to
‘ aft line (plane of symmetry) base line)
311 82..80 112,97 to btuttock (section of 9.45 8.50
\ 1c 57«60 [12.51 hull surface made by a 9.16]8.23| 8.10|8.10 }8.10] 8.40
13 62.4C {12.04 vertical plane parsl- 9. 38 7.57¢] 7091697 |6.87] Bl
14 67.<0 {11.58 lel to plane of sym~— 9.48| 2.2 ] B6.1%|5.07 [5.07]| 7.58
15 %200 11123 metry) 30.04 | %211kl 5:3812.89 [2.88 6:.77
stern- 10.74 .
post | 76:001 7 24 10.66|7.16 20 | .20
16 76.80| 7.04 4,65 5,78
1o | eeiao| 4y Tigments of stetions 6 to 2120 <o
19 91.20| 3.84 0 A0 BTN 2.85 1.90
- 2 straight lines e :
20 96.00 2.50l = 2480 SO .40

| —
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T °14a®




Table 2

£t.2
sec.

63.6 1b. per cu.ft.

T = 3

50° F.

April 13-15, 1933

TABLE II

Water temperature:
Tank water density;
Trim angle,

Test dates:
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Kinematic viscosity = 0.00001446

Test Data for N.A.C.A. Model No. 11-A Flying-Boat Hull
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Table 2 (Cont'd)

2
8ec.

ft.

63.6 _1b. per ou.ft.

T = B°

50° T,

TABLE II (Continued)
April 13-15, 1933
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Trim angle,

1lb.=-ft.

Tank water deneity:
moment
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Water temperatures

Kinematic viscosity = 0.00001446
Test dates:
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Test Data for N.A.C.A. Model No, 1l-A Flying-Boat BHull
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TABLE II (Continued)

Test Data for N.A.C.A. Model No. 11-A Flying-Boat Hull

££.3
gsec.

Kinematic viscosity = 0.00001448

Test dates: April 13-15, 1933
Water temperature: 500 F.
Tank water density: 63.6 1lb, per cu.ft.

Load |Speed |Resistance|Trimming| Draft| |Load|Speed |Reslstance Trimming|Draft
1b. |f.p.8. 1b. moment | at 1b. | £.De 8. 1b. moment | at
1b.-ft.| step 1b.-ft.| step
in. in.
Trim angle, T = 7° Trim angle, T = 9°
40 8.5 4.5 -14.8 4.05 80 | 11.2 13.1 -20.2 5,15
9.9 4.9 -11.4 3.8 12.8 13.0 2.6 5.3
10.0 5.0 - 9.8 3.8 14.0 14.8 23.6 5.1
171 Dol - 2.8 3.65 158.5 157 35.8 4.7
135.1 6.3 et 3.55 17:6 16.1 35.8 4.0
15.0 6.5 10.4 ) 19,5 16.2 20,9 3.5
16.8 6.5 8.7 3.15 21,3 15.8 9.6 2.9
18.4 6.6 3.4 2.7
20.1 6l L) 2.3 60 11.3 8.8 -18.4 4.3
22.8 6.9 - 9 2.05 12,0 9.8 - 3.5 4.4
25.5 T -2.86 .| 1.7 14.0 10.8 9.6 4.0
29.9 8.2 -5.9 1.35 15.6 119 12X 3.5
35.7 10.0 -11.4 1.4 17.9 11.8 6.9 2.9
19.7 117 2.6 2.5
20 | 11.4 3.2 =-7.1 2.4 21.4 11.9 - 1.8 2.4
13.3 3.4 -3.6 2.2
14.6 3.2 -2.7 2.0 40 11.9 6.2 -14.9 3.15
16.9 3.7 - .9 1.9 12.3 6.8 -7.9 3.2
18.5 Sl -1.8 1.96 13.8 7.0 -3.6 2.9
20.1 3.9 -3.6 Ll 15.8 7.4 -3.5 3.3
22.8 4.2 -4.4 LD 17.9 i -3.6 2.2
25.4 4.9 -4.4 1.3 18.0 7.0 -3.6 2.3
30.0 5.9 -8.9 1.05 21,1 g1 -4.4 1.85
35.7 T8 -8.7 .9
20 | 16.0 4.0 -6.2 1.5
10 | 16.8 3.3 -1.8 1.3 | 4.3 -6.2 1.5
18.5 3.5 -1.8 1.6 19,0 4.6 -8,.23 B
20.0 2.9 -1.8 e 21.0 5.0 -6.3 Y. 8
22.8 3.2 -3.6 1kt
25.3 3.6 -3.6 1.0 10 | 18.0 2.8 -8.2 1.25
30.1 4.8 -4.4 1.0 19.3 3.0 -5.3 .1
36.0 6.2 -8,2 .8 21.0 3.3 -6,2 7.0
BY|L 3855 1.9 -0.9 15k 5| 194 1.6 -8.2 .4
33.0 2.5 -2.6 1.0
35.4 2.8 -2.8 .6 Trim angle, T = 10°
25.5 2.9 -32.6 Sl
30.1 4.4 -3.6 St 100+ 18,9 19.0 14.9 5.45
15.6 21.3 48.1 5.15
Trim angle, T = 9° 17.4 2137 49.0 | 4.75
18.8 21.6 38.5 4.15
100 | 11.2 15.8 -20.2 5.9 20.2 2L 24.5 3.35
13.7 16.9 - 2.6 5.8
13.6 18.0 14.8 Bl 80 | 13.9 15.1 10.4 4,65
15.6 321.5 623.1 Bl 15.6 16.5 21.9 4,35
P70 21.6 69.1 5.8 17.4 L1 18.3 3.65
19.1 20.9 57.6 4,3 18.9 16.9 10.4 3.15
21.0 20.4 43.8 et 21,0 16.7 3.5 2.85
Trim angle, T = 3%
r100 13.8 19.5 -.1 .35
15,9 22.2 30.7 4,65
17:8 32,3 31.6 4,25
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™ Best angle, degrees
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Figure 9.- Variation of resistance coefficient at best

angle with speed coefficient.
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various values of speed coefficient.
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Model No. 11-A

Load 80 1b., Speed, 0.5 .50 Load 70 1b., Speed, 19.0 f.Dp.s.

Figure 13.-Spray photographs at 9° trim angle.
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Model No. 11-A Model No. 11

Load 40 1b., Speed, 17.2 f.p.s.

Load 40 15;, Speed 18.4 f.p.s.

=/
Load 80 1b., Speed, 13.7 f.p.s.

£ PRt ——
Load 80 1b., Speed, 15.1 f.p.s.

Figure 14.-Spray photographs at 7° trim angle.

Model Nb, 11-A

Load 100 lb., Speed 7 £.p.8.

Figure 15.-Spray photograph at 3° trim angle.




