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A COMPLETE TANK 'rEST OF A MODEL OF A FLYING-BOAT 

HULL - N.A.C.A. MODEL NO. ll-A 

By John 13. 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. 46 4 . 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. ll-A was made as flat as practicable. 
Otherwi se, the two model s have very nearly the same form . 

The results of towing tests made on Model No. ll-A 
in the N.A.C.A. t~1k 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 Model 
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. 11. 

IUTRODUCTION 

One of the major items on the research program for 
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, a 
family of five models, consisting of a parent forra and 
four systematic variations, has been tested. The pa!~.(r.l t · 

form is represented by Model No. 11. 

It was thought that the fore-and-aft upward curvature 
in the forebody forward of the step in Model No. 11 was 
too gr eat and that better performance would be obtainod by 
making tho forebody strai g2t for as g reat a distance for
ward of tho s tep as was practicable. A new forobody was 
designed and built in accordance with this idea and assom-
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bled wirth the original afterbody, The combination was des
i gn ate d "N . A. C . A. lvl 0 del No. 11-A. " 

This model was tested in t h e 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 p roviding a direct comp ar
ison between the models in question, this sort of "comp lete" 
t e st enables a goneral comp ar i son to be made with oth er 
kn own typos . As the numb er of such tests on represen ta
tive hulls is increased, the question of relative merit 
among them will become increasingly easier to a n swer. The 
test dat a of Hodel No. Il-A are presented for this purp ose, 
as well as to p rov.ide known water characteristics by which 
t h e g eometric form may be direc t ly applio d to a new design. 
Th e metilod for using these data in determini n g optimum: size 
of hu l l, angle of wing setting ( incid ence), take-off time, 
and length of tak e-off run is described i n detail in refer
ence 1. 

DESCRIPTION OF MODEL 

Model No. ll-A was made of laminated mahogany to a 
t o lerance of ± O.02 incb on di me n sio n s. Th e principal lines 
are s h own in f i gur eland comp l et e f a i r ed of f s c t s are given 
i n table I. Tn e followin g p articu l a rs appl y both to it and 
to Model No. 11 from whic h it was d erived. 

Length (i n cludi ng t a i l) . · · 
L en g th of forebody 

Be a Jtl · · 
Dep t h . . . 
Dept h of step . . . . . · · 
Dead rise at step . . 
I n clu ded a ngle b et ween fore b ody 

an d a f terb ody . . . • • • • • 

· · 8 f t. 

4 ft, 

· · 17 i n . 

14 i n. 

· · 0. 56 in . 

. . . 2 2_1/2
0 

Th e model di men sio n s an d o f fsets may be readily con
verted for any size of hull, when t h e optimum scale ratio 
is determi n ed. 



N.A.C.A • . Techn~cal Note No. 470 3 

Sinc e the f 0 re- a n d-aft curvature in t he f or e bod;y "ne ar 
the step on Model No. 11 was thought to hcwe an a d ver se 
effect on both its resistance and its sp r 8.y characteris
tics, ' the forebody buttocks, keel, and chi ne s of lif o . ll-A 
were made without curvature as far forward from t h e step 
as was p racticable before forming the bow • . The cross sec-

,tions in thi s region are strai gh t li n es. ~~ e forward keel 
line at the step has an an gle of 1

0 
with t~e base line. 

Near the bow, the chi;nes rise rapidly a:nd the cross sec
tions become hollow. 

Aft o,f the step, Models No. 11 and :io. ll-A are i0_en
tical. The bot t om ter~ {n aies in a ·relativel y narrow 
"sternpost ," af.t of which the hull is principally no suppo~t 
for the tail surfaces and may vary consider ably among dif
ferent designs with little effect on p er f orman ce. 

APPARATUS AllfD TEST If.ETHOD 

The e qu ipment of the N .A.C.A. tank f or t es ting models 
of seap lane floats and hulls is described in reference 2. 
The value of the data obtained from this tank is g reatly 
enhanced by the u se of comparatively larg e @odels, which 
permit more accurate wei ghing of the f orces involved, while 
the' :diff erence between converted test resu l ts c.net act'ual 
full-scale f orces is reduced • 

. The small towing g e a r described in reference 2 was 
used when testing Hod,el No. ll-A. The desired load on the 
water , however, was adjusted by means of counterweights 
instead' of by t h e hydrovCl.ne l ·ift device e mp loyed when the 
gross load and get-away speed of a model are specified in 
advance. In a serieS of constant-speed run s, si multaneous 
values of speed, resistance, and draft were taken, as well 
as the moment required to hold the model at the angle of 
trim desired . Photo graph s were tak en a t desired · interva.ls 
throughout the test for a study of wave and spray forma
tion. With the model at rest; th~ longitudinal ri ghting 
moments and dra.fts were observed for sever ;).l · loads and an
gles of trim. 



, 

4 N .A. C .. A. T,echnica:l Note No . • ,47.0 

RESULTS 

'J!.EL§.t-A.~.t~- ]:Jet values of, .resistance, .. trimming moment, 
and draft obtained ' by deducting the usual towing-gear tares 

. an~ Qorrections from the observed data are g iven in table 
II for various loa,ds and speeds and for several trim a ngles • 

. 
- , ·,The ai r drag of the · model i s included in the n et re-

sistance given. The conversion of the air drag from model 
to full scale follows the same law as that assumed f o r the 
water resistance~ h ence, t h e air drag of the full-si .zed 
hull should be omitted f rom the estimated air drag of the 

' airplane when 'applying these results to a take-off c'alcu
lation. 

The center about which moments were taker .. is shown on 
figure 1. The measu red moments must be transferred from 
this po int to the actual center of gravity fo r any g iv en 
de s i gn . Moments which tend t o raise the bow are c onsi d ered 
positive. 

The drafts given .in the table are the distances f rom 
the free-water su rf ac e to. the point. of the keel at the 
step. 

Figures 2 to 6 were plotted from the data of table 
II. They show the resistance and the t ri mming moment plot
ted agains t speed with the load on the water as a parame
ter.' F i gures 2 t o 5 pr esen t exten siv e data for trim a n
gles of 3°, 5°, 7°, and QO.. The cu rves for the additional 
trim angles 2°, 4°, 6 °, 10°, and 11° in figure 6 were used 
to a ss ist in the determination of the minimum resistance 
arid the angle at which it · oc curs · for various speeds and 

' loads, as will be exp lai n ed under Derived data. The drafts, 
being of secondary imp ortance, were not plotted, but t h is 
may readily be done from the data i n table II . 

The longitudinal righting moments of t h o model at 
rest fo r various displacements are shown in figure 7 . The 
i n tercepts on the ·horizontal · axis wiil g ive the trim ' ang le 
at res t f or the various loads. Here, too, the center of 
moments is that shown in figur e I and the righting moments 
must be transferred to the actual centor of gravity of the 
desigm that is being considered. 

Figure 8 shows t h e observed drafts at rest plotted 
against displacemen t for various angle s of t rim. Knowing 
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the trim, these curves may be used to draw tile water line 
on the hull profile. ' 

Precisi~.- The test results are belfeved correct 
within the following limits: 

Load on water ±0.3 lb. 

Resistance ±O.l lb. 

Speed ±O.l f .p. s. 

Trim angle :to.l o 

Trimming moment :3:-1.0 lb.-ft. 

Derived data.- Inasmuch as the hull should run near 
the best trim angle during take-off, t h e applicatton of 
the test results is considerably simplified by cross-fair
ing the resistance against trim angle. From th,ese. curves, 
the minimum resistance and the trim angle ' at which it is 
obtained are fo'und for any speed and load. Figures 9, 10, 
and 11 are the results of this operation, plott'ed in non
dimensional form so that they may b.e used for any size of 
hull and with any consistent system of units. The nondi
mensional coofficients adopted are as follows: 

f::. = 
W b 3 Load coefficient Cf::. 

eR = -1L_ 
w b 3 Resistance coefficient 

Speed co~fficient Cv V = 
Jgb 

where f::. is the load on the water, lb. 

R, resistance, lb. 
, " 

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

b, beam of hull, ft. 

V, sp e ed, f. p • s. 

g , acc'elerati 'on' o'f 'gr'avity, ft./sec/a 
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W = 63. 6 lb_/cu.ft. fo r N. A.C . Ai tank wBte r and i~ usual
ly t ak en as 64 lb./Cll . ft . f or sea ·water. · 

The application of figures 9, 10, and 11 to design 
p roblems is fully described in ref~rence i and will not be 
taken up in this note. 

;Relati ve, Merit of Model 

It was b&lieved that Model No. II-A, having a fore
b ody with less 11pward curv-ature than that' of Hodel No. 11, 
wo u l d sh ow better water performance and spray characteris
tics. An analysis of the test results " sho ws that this be
lief . was j~stif~ed ana that Mode l No . ll-A ha~ marked su
veri ~ri ty in both resp ects. 

E§_r..[92;)~!.~n~£l_ . - A comparison of resi~ta.n ce between mod
els tested by t4B conp lete method may be c arr ied out by 

'plotting the nondi~ en si~n al rati6, load/resistance (at best 
an gl .e) , a g ainst lo ad coeff'icient Cb" at representative 
sp eed. coetficie~ts CV~ This pr oc edut e was followed for 
},:oclels l~ o.· 11' and :~ o. ll-A and the re sults arc 'g iven in 
f i gure 12. jour repr esentative values of Cv were chosen; 
namely , one at the hump, one ?where load/resistance is near
ly constan t over a rang o of C6, and two wel l out in the 
p laning region. It will be seen t h at Model No. II-A shows 
considerably gre a ter load/resist anc e ratios at the lower 
Cy values and :!.'etaills its superiority , altho 1.t gh to 8. less
er C18 {;;ree , at hi t::!1er Cy values. Th e ratio at the hump 
for th i s TIodel remains above 5.0 for practically all load
i!l g s found in good p ractice, and shows improve!!lent of from 
22 to 25 p e rcent ov e r that of ilodel No . 11 . 

The p ractic al ~alu~ of such imp rovement may be nhown 
by r 8TIorkir:.g t h e t ;).l-: e-o:l:'f p ro bl em ,i n ref eTenc e 1, using 
t he Game n ethod t h ro ugh out but substituting t h e data of 
Hoi el No. l l-A for that of Model No . 11. 

In t~li s p roblem t h e f ol10wi.ng design-. conditions were 
assume d: 

Gross load . . . . 15,000 lb. 

Win g area . • • • 1,000 sq.ft. 

P ower . • • • 1,000 r..p. 
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Effective aspect ratio including' 
'. gr.o1.lnd eff e ct • 7.0 

Parasite ·drag coefficient, 
eluding hull . • • • • 

ex-. . . . 0.05 

Airfoj,l 

Thrust .... 

Clark Y (data taken from 
N.A.C.A. T.R. Eo. 352, p. 26) 

linear variation with speed 
from 4 ,QOO lb. at 0 f.p.s. 
to 3,150 lb. at 100 f.p.s. 

7 

,In the examp le of reference 1, the size of hull was 
arrived at by . assuming a va.lue of 0.35 for Ct:,. 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-

' ande of Model No . ll - A indicates ·that a smaller hull is 
per~issible. Accordingly, the val ue of Ct:,. at the hump 
was assumed to be 0 . 40, which for this form gives a 'load/ 
resistance of 5 0 3 (se e f ig. 12) and a beam. of 96.S inches. 
This beam was used to obtairt the results given ~elowG A . 
still smaller b eam was also tried but did not give as good 
results. Although this latter cal culatiom showed slight
ly l::J\7er hi ?;h-speed resis~ance , the advantage was more 
than offset by a higher hump res.i ·stance. 

The best nngle of wing setting found by the method de
scribed in reference 1 was 6.7°. This value was assumed 
for tee c alculation. 

Using f i gur es 9 , 10, and 11 for finding the water re
sistemcs and f ollowin g the method outlined in re ference 1, 
the take-o f f tioe and distance were obtained. Th ese val
ues compare with the previous example as follows: 

Model No. 11 Model No. ll-A Reduction 
percent 

Time , seconds 50 38 24.0 

., -Run " feet 3 ,120 2,410. 22.8 

In the precedin~ cialculations, it was assumed that 
the hull was near the trim a n g le for minimu~ water resist
ance during the entire take-off, a nd that there was no 
wind. 
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There is little difference in t~e values of maximum 
trimming moments at the !?ame trim angle s between the two 
forms. Model No . II-A, howeve~, w~ll be mora difficult to 
hold near tne best trim ' angle ' at t h e hump speed since this 
angle is approximatoly 2 0 lower than that of Model No . 11, 
and a. mu.ch larger positive moment rosults from running at 
the lower angle . For conventiohal designs, the centor of 
gravity would probably . havo to be moved forward to attaim 
this angle. 

§..Irr§,LQ.har§.ct~u·.tQtJ.. Q"§ .• - Model No. ll-A was observed 
to have a be tt er spray formation t hr oughout the tests. 
The natures of the she e ts of 'spray, or II-blisters ll , t'~r own 
by the two forebodies ~re shown in fig~re s 13 and 1 4 . A 
close 'study of the phot"o graphs will indicnte the detrimen
tal eff ec t of the cur'v 'a ~ur e found in Model No. 11. 

In p,rac.tic~, the blisters from a hull h av·ing straight 
V-sec t ions are often reduced by spray strips fitted to the 
forebody 'chines which deflect t h e wat er downward as it 
leave's the :'nul l. The cleanness of running of both l1:odel 
No . 11 and Mod 'e l No. ll - A w'01.l1d l) robably be improved by 
this means. 

Figure 15 sh6ws t h e ap~ earance of the bow blisters 
thrown from Model No. ll-A under conditions usually ob
tained while taxyi~g. It is difficult, however, to judge 
accurately the seaworth iness of a certairr form of bow 'from 
tank tests in smooth water. 

CONCLUSIONS 

The water resistance of Model No . ll-A in t h e neigh
borhood of the hump speed and at p l an i ng speeds is less 
than that of god~l No . 11 at the same speeds . For the same 
load on the water, the better form of Model No. ll-A makes 
it possible to use a s maller hull than is required with 
Model No . 11. This decrease in sizo should reduco the 
we ight of t h e h1).ll and t he aerodynamic resistance . , . . 

For this type of hUll, t h o tests indic a te t h at longi 
tudin .<tl upward, cu rvature su.ch as ' is found in Mo d el No . 11 
is detrimontal to satisfa,ctory pe r fo r man ce and s p ray char
acteri stics . 
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Compared with other hulls re garding which data are 
available, Model No . ll - A has excellent characteristics. 
By the use of the data presented herein, its geometri~ 
form may be directly app lied to a variety of projected de
sign s. 

Lan gley Memorial Aeronauti c al Labora.tory, 
National Advisory Committee for Aeronaut ics, 

Langley Field , Va., Au.gust 7, 1933 . 
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TABLE I z 
Offsets in Inches f or N .A. C .A. Model No. ll-A P lying-E oat Hull :r--

Dista nce b elow base line Half - b readths J 0 

Dist. Bl B2 B3 B4 B5 Main 'Upper Ma in Upper WLI I WL2 WL3 iVL4 WL5 :r--Sta. 
No. from Keel ' chine Cove ch ine chine Cove chine . 18 

F.P. 11.50 3.00 4.50 6.00 7.50 "12.50 illoOO 9.50 8.00 6.50 ~ 
F .P. 0 4 .00 --4.00 
~ 2.40 10.431 6.25 
1 4 .80 11. 80 8.89 
1~ 7.20 '12. 44! 10. 38 
2 9 . 60 12 . 83 11.3 0 
3 14. 40 13 . 29 12 .25 
4 19.20i 13 . 48 12. ?0 
5 2 4 .00! 13 .58 12. 92 
6 2 8 . 80 113 • 66 
7 '4'4 "C ! l r[ 7 ~ u t... . b I. 0 . Q 

8 38. 40 13 . 83 
9 43.20 13 . 92 

10 48. 00 14 . 00 

5.27 
6.97 6. 33 
8. 68 7.51 7.19 
9 . 88 e.77 7.93 7.93 

11 027110.3 7 9 . 56 9. 00 
11. 92 11.1.91 10 .49 9 . 82 9 . 63 
12.25 1110 62110.97 110.33 9 . 99 

I 10.17 
I l 10 .24 ' 

' 10 . 32 
10.40 
10.48 

forld 'I 
10 48.00 13 . 44 1 Distance from cent er . 9. 92 
aft I li ne (pla ne of sY!lEetry) 
11 52. 8° 112 . 97 to tut t ock ( section of 9.45 
12 57 .60 Il~ . 5 l hull surfa ce made b y a 9.16 18.23 
13 62. LiC!1.2 .04 1 vert ica l pla ne pare.l- 9.1 6 7. 5 7 
14 67. GO ll l . 58 leI t o plane of s~~- 9 . 48 7 . 2 1 
15 I 72. 00Iu . ll metry) 10.04 7 .11 1 

stern 110 •74 I 
post 7 6 . 00 7 . 2'; 10. 66 7.16 

! 

0.25 
2.25 
3.81 
5.03 
6.00 
7.25 
7 .94 
8.28 
8.43 
8.49 
8.50 
8.50 
8 .50 

8.50 

8.50 

8. 10
1
8 •10 

7.09 6 .97 
6 .1'1 15 .07 
5 .38 i2.59 

.20 

1,8 .10 
6 .97 

/

5 .07 
2 .59 

.20 

8.40 
8 .11 
7 . 58 
6 . 77 

17 81. 60 5 . 91 4 . 00 I 4 . 61 
18 86 . 40 4 . 77 ?l;me~ts Of . stat ions 6 to 3.40 , 3 . 3 1 

::r 
~ 
...,-

0.23 0.6811.34 10 
0.38/1.14 2.09 3.55 ~ 
1.04 2.24 3.80 

0. 31 1.7913.49 5.84 
1.14 3.41

1

6 .12 1 

2: 
o 

1.88 4.89 I 
2.42 5.92 

I i 
I I I I 

GDistance from base line 
to water line (sec
tion of hull surface 
made by a horiz ontal 
plane parallel tJ 
base line) 

ct' 
(1) 

2: 
o 

It-
-.J 
o 

8 

~ ..... 
(1) 

16 7 6 .80 7 . 04 I 4.65 J 1 5 .78 

19 91.2 0 3 . 64 ~O l ~C~UG 1:e are 2.85 'I 1.90 I 
2 0 196. 00 2 . 50 skal.g.!t hnes 2 . 33 -i __ . _4_0-'--____________ -' ..... 
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Load Speed 
lb. f.p.s. 

10 42.4 
46.7 
51.8 

100 6.8 
8.6 

80 6.9 
8.7 

10.1 
11.2 

60 6.9 
8 . 6 

10.1 
11.2 
13.2 
14.6 
23.7 
26.0 
30.1 
36.7 

40 6.9 
8.6 

10.3 
11.2 
13.4 
14.5 
15.8 
17.9 
19.0 
19.6 
21.0 
21.7 
23.5 
25.9 
31.2 
36.8 
41.8 

20 13.2 
14.2 
15.9 
17.7 
19.0 
19 . 7 
20.8 
23.6 
26.0 
31. 5 
36.5 
41.7 
45.8 

TABLE II 

Teet Data for N.A.C.A. Kodel No. ll-A Flying-Boat Hull 

Kinematic viscosity ~ 0.00001446 ft.2 
sec . 

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

Trim angle, T = 2u 
r---.-----.---------.-------.---~ 

Resistance Trimming Draft Load Speed Resistance Trimming Draft 
lb. 

6.7 
7.4 
7.6 

8.7 
13.7 

7.4 
10.5 
la.5 
14.5 

4.9 
7.2 
8.2 

11.1 
12.1 
14.6 
13.8 
12.9 
13.8 
15.7 

3.1 
4.4 
4.8 
5.7 
7.9 
8.1 
8.7 
8.5 
8.8 
8.1 
8.1 
8 .5 
8.7 
9.0 

10.8 
11.9 
12.9 

3.4 
3.2 
3.5 
3.9 
4.0 
4.5 
4.7 
5.1 
5.8 
6.6 
7.4 
7.9 
8.6 

moment at lb . f.p.s. lb. moment at 
lb.-ft. 

-3.6 
-4.5 
-5.4 

step 
in. 

1.0 
.8 

1.0 

5 42.5 
46.7 
51.8 

Trim angle, T 30 

23.5 6.4 10 17.7 
43.5 6.75 19.2 

20.9 
22.6 5.9 24.0 
36.6 5 .9 25 .4 
34.8 5.65 31. 3 
36.6 5 .8 36.4 

42.2 
12.2 5 .3 45.9 
26.1 5 .1 51.4 
27.0 4.8 
29.6 5.05 5 18.9 
47.8 4.9 20.8 
62.0 5.0 24 .0 
64.6 3.5 26.0 
52.4 2.9 31.7 
26.1 a .5 36.9 
17.4 2.2 41.5 

45.8 
9.5 4.35 51.4 

16.4 4.2 
18.3 4.1 
22.6 4.1 
34.8 3.9 60 38.6 
41.8 4.0 
43 . 5 3.8 40 38.4 
41.8 3.5 43.0 
41.0 3.4 
36.6 3.5 20 38.5 
32 .3 3.0 43.6 
31.3 2.8 49.3 
24.4 2.6 
17.5 2.5 
11.3 2 .1 
6.1 1.7 100 7.1 
2.5 1.6 8.9 

9.9 
13.8 2.9 11.2 
13.8 2.6 
11.3 2.6 80 7.1 
9.5 2 .5 8.9 
8.6 2.4 10.0 
6.9 2.3 11.1 
7.8 2.0 12.5 
5.2 2.05 13.2 
4.3 1.5 23.4 
2.6 1.4 26.9 

-1.1 1.3 29.0 
-2.0 1.1 
-2.7 1.1 

4.3 
4.9 
5.5 

2.3 
2.2 
2.7 
2.9 
3.5 
4.2 
4.8 
5.0 
5.6 
6.6 

1.1 
1.5 
2.1 
1.9 
2.8 
3.0 
4.1 
3.9 
4.9 

Trim angle, 

13.1 

9.7 
11.1 

6.6 
7.6 
8.9 

Trim angle, 

9.1 
13.5 
15.0 
17.8 

7.7 
10.3 
11.5 
13.1 
15.3 
16.3 
14.4 
13.8 
13.9 

lb.-ft. step 

-2.8 
-3.6 
-4.5 

1.7 
1.7 
1.7 

. 7 

.7 
-.2 

-1.9 
-2.0 
-2.7 
-4.5 

0.7 
.7 

-.3 
-.2 

-1.1 
-1.1 
-2.0 
-2.0 
-3.6 

T = 40 

3.4 

-1.9 
-3.7 

-3.7 
-4.5 
-6.2 

T .. 5° 

-0.2 
21.8 
24.4 
30.6 

2.5 
15.7 
16.6 
21.8 
30.6 
36.6 
61.1 
28.8 
19.1 

in. 

0.9 
.7 
.6 

2.1 I 
1.55 
1.5 
1.5 
1.2 
1.2 
1.1 

.7 

.8 

.65 

1.5 
1.2 
1.1 

.9 

.7 

.8 

.6 

.8 J .7 

1.7 

1.5 
1.4 

1.1 
.9 
.9 

6.6 
6.7 
6.5 
6.5 

6.1 
5.8 
5.6 
5.8 
5.75 
5.75 
3.5 
2.8 
2.5 



N.A.O.A. Teohnioal lote No. 470 
TABLE II (Continued) 

Table 2 (Cont'd) 

Load Speed 
lb. f.p.s. 

eo 7.1 
8.8 

10.0 
12.1 
13.1 
14.8 
16.5 
18.4 
19.9 
21.7 
24.6 
26.7 
28.9 
34.2 
36.2 
39.4 

40 7.4 
8.6 

10.1 
12.1 
13.2 
14.7 
16.5 
18.4 
19.8 
·21.6 
24.0 
26.7 
28.8 
34.0 
35.2 
39.2 
44.2 

20 13.3 
14.7 
16.7 
18.3 
20.0 
21.4 
24.1 
26.6 
31.3 
34.2 
39.5 
41.4 
44.0 
49.8 

10 18.2 
20.0 
21.8 
24.2 
26.7 
31.6 
34.1 
39.0 
44.2 
50.0 

Test Data for i .A.O.A. Kode1 No. 11-' Flying-Boat Bull 

Kinematio visoosity a 0.00001446 ft.2 seo. 
Test dates. April 13-15, 1933 
Water temperature, 500 F. 
Tank water density: 63.6 lb. per ou.ft . 

Trim angle, T - bO 

Resistanoe Trimm1~ Draft 
lb. moment at 

lb.-ft. step 

Load Speed Resistanoe Trimming 
lb. f.p.s. lb . moment 

lb.-ft. 
in. 

5.5 0.8 5.3 
7.4 7.0 6.1 
8.4 9.1 5.0 
9.1 18.3 4 .9 

10.2. 34.1 4.9 
11.6 54.9 4.8 
11.8 61.9 4 .35 
11.0 57 .6 4 .06 
10.5 46.2 2. 7 
10.2 35 . 7 3.0 
10 . 7 19.2 2 .6 

5 20.0 1.2 -]..1 
21.8 1.6 -1.1 
24 .3 1.7 -1.1 
26.6 2 .0 -1.1 
31.6 3 . 0 -1.9 
34.0 3.1 -1.1 
35.6 3 .2 -1.1 
39.0 5.2 -2.8 
41.2 4.4 -2.8 
44.2 5.0 -2.8 
50.2 6.3 -3.6 

10.7 14.0 2 . 25 
11.5 7.8 2.2 Trim angle, T - 60 

11.2 2.6 1.85 
11.7 -.1 1.85 60 39.9 12.3 -8.9 
12.6 -3.6 1.5 

40 39 . 5 10.4 -9.8 
3.7 - 4 . 4 4 . 35 44 . 5 12.6 -11.5 
3 .8 -1.9 4. 2 
4.2 2 . 5 4.0 20 39.8 7.6 -7.1 
5.2 15.7 4.1 44.4 9.0 -8.9 
5.6 22.7 4 . 0 44 . 7 9.6 -8.9 
6.1 28.8 3.8 
6.3 26.1 3.3 Trim angle, T ... .,0 
6.3 19.9 2 .8 
6.5 13.1 2.76 100 8.6 12.7 -7.0 
6.2 8. 7 2 . 6 9 . 7 14. 3 -1.7 
6.7 6.1 2.2 9.8 14 .7 .9 
7.1 3. 4 2.0 11.8 17 .4 12.1 
7.7 .8 1 . 9 
8.6 - 2 . 8 1 .6 
8.6 -4.4 1 .5 

80 8 . 4 10.0 -9.6 
9 . 8 11.3 -4.5 

9.8 -6.3 1.3 
11.3 -8.0 1. 3 

9.9 11.6 -4.5 
11.6 11.5 6.0 
13.1 13.6 28.1 

2.8 5.1 2 . 7 15.1 16.1 60.3 
3.0 5.1 2 . 5 16.4 16 .4 69.9 
3. 1 4 .3 2.2 
3.0 3.4 2 . 2 
3.2 1.6 2. 1 
3.4 1.6 1.8 
3.5 - 1.1 1.7 

18. 4 15.1 65.6 
20.3 14.7 48.2 
23.0 14.0 20.2 
25.2 14.1 9.6 
30.4 14.3 0 

4.1 -1.9 1 . 5 
5.0 -2.7 1 . 2 
5.7 -3.6 1.0 
7.0 -5.2 1 .1 
7.6 -6.3 1 . 1 
7. 7 -5 . 2 . 8 
9.8 -8.0 .9 

60 8.5 7.4 -11.4 
9.9 7.5 -B.7 

10.0 7.5 -B.O 
11.4 B. 3 - .9 
13.1 9.4 20.2 
15.0 10.4 34.9 
16.B 10.7 34.1 

1.7 0.8 1. 7 
1.8 - .1 1.4 
2.2 -1 . 1 1 . 3 

1B.4 10.4 24.4 
20.2 10.3 15.B 
22 .8 10.0 6.9 

2.4 -1.9 1. 2 
2.9 -1.1 1.2 

25.6 10.6 .9 
30.4 11.5 -4.4 

3.5 -1.9 1.0 35 . 7 12.7 -10.5 
4.3 -3.6 .85 
5.2 -2.8 . 8 
6 . 2 -4.4 .8 
7 . 8 -5.0 .7 

Draft 
at 
step 
in. 

1.0 
.8 
.9 
.8 
.7 
.7 
.6 
.6 
.6 
.4 
.5 

1.35 

1.36 
1.25 

.95 

.85 

.85 

6.55 
6.3 
6.25 
6.25 

5.65 
5.6 
5.5 
5.45 
5.4 
5.3 
4.95 
4.5 
3.75 
2.8 
2.7 
2.1 

4.95 
4.75 
4.7 
4.7 
4.7 
4.3 
3.95 
3.4 
2.9 
2.55 
2.1 
1.7 
1.5 
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TABLE II (Continued) 

Test Data for N.A .C.A. Kodel No. ll-A Flying-Boa.t Hull 
ft 2 

Kinematic viscosity ~ 0 .00001446 --'-sec. 
Test dates: April 13-15, 1933 
Water temperature: 500 F. 
Tank water density: 63.6 lb. per cu . ft . 

r---.-----.---------.-------r---~ 

Speed Resistance Tr1:'/lming Load Speed Res1stance Tri1Dming Draft 
lb. f.p.s. lb. moment at 

lb.-ft. step 

Load 
lb. f.p. s. lb. moment 

lb.-ft. 
in. 

Trim angle, T .. 70 Trim angle, T = gO 

40 8.5 4.5 -14.8 4.05 
9.9 4.9 -11.4 3.8 

10.0 5.0 - 9.8 3.8 
11.1 5.1 - 2.8 3.65 
13.1 6.3 7.7 3.55 
15.0 6.5 10.4 3.1 
16.8 6.5 8.7 3.15 

80 11.2 12.1 -20.2 
12 .8 13 . 0 2.6 
14 . 0 14 .8 23.6 
15.5 15.7 35.8 
17.5 16.1 35.8 
19.5 lS.1 20.9 
21.3 15. 8 9.6 

18.4 6.6 3.4 2.7 
20.1 6.7 .9 2.3 
22.8 6.9 - .9 2.05 
25.5 7.3 -2.6 1.7 
29.9 8.2 -6.9 1.35 
35.7 10.0 -11.4 1.4 

60 11.3 8.8 -18.4 
12 . 0 9 . 2 - 3.5 
14.0 10.8 9.6 
15.6 11.3 12.1 
17.9 11.8 6.9 
19.7 11.7 2.6 

20 11.4 3.2 -7.1 2.4 21.4 11.9 - 1.8 
13.3 3.4 -3.6 2.2 
14.6 3.2 -2.7 2.0 
16.9 3.7 - . 9 1.9 
18.5 3.7 -1.8 1.95 
20.1 3.9 -2.6 1.7 
22.8 4.2 -4.4 1.5 
25.4 4.9 -4.4 1.3 
30.0 5.9 -6 . 9 1.05 

40 11.3 6.2 -14.9 
12.3 6.8 -7.9 
13.8 7.0 -3.6 
15 . 8 7.4 -3.5 
17.9 7.7 -3.S 
19.0 7.7 -3.6 
21.1 8.1 -4.4 

35.7 7.8 -8.7 .9 
20 16.0 4.0 -6.2 

10 16.8 2.3 -1.8 1.3 
18.5 2.5 -1.8 1.5 
20.0 2.9 -1.8 1.3 

1 7.7 4. 3 -6.2 
19.0 4.6 -6.2 
21 .0 5.0 -6.2 

22.8 3.2 -3.6 1.1 
25.2 3.6 -3.6 1.0 
30.1 4.8 -4.4 1.0 
36.0 6.2 -6.2 .8 

10 18.0 2.8 -6.2 
19.3 3.0 -6.2 
21.0 3.3 -6.2 

5 18.5 1.9 -0 . 9 1.1 5 19.4 1 .6 -6.2 
23.0 2.5 -2 . 6 1.0 
25.4 2.8 -2.6 .6 Trim angle, T 100 

25.5 2.9 -2.6 . 7 
30.1 4.4 -3.6 .7 100 13.9 19.0 14.9 

15.6 21.3 48.1 
Trim angle, T = 90 17.4 21.7 49.0 

18.8 21.6 38.5 
100 11.2 15.8 -20.2 5.9 20.2 21.7 24.5 

12.7 16.9 ..,. 2.S 5.8 
13.6 18.0 14.8 5.7 
15.S 21.5 62.1 5.7 
17.0 21.6 69.1 5.2 
19.1 20.9 57.6 4.3 
21.0 20.4 43.8 3.7 

80 13.9 15 .1 10.4 
15.6 16 . 5 21.9 
17.4 17 .1 18.3 
18.9 16.9 10.4 
21.0 lS.7 3.5 

Trim angle, T:: 11
0 

100 13. 8 19 . 5 - .1 
15.9 22. 2 30.7 
17 . 2 22 . 3 31.6 

Draft 
at 
step 
in . 

5.1 5 
5. 2 
5.1 
4. 7 
4.0 
3 . 5 
2 . 9 

4 . 3 
4.4 
4. 0 
3. 5 
2 .9 
2 . 5 
2 .4 

3 .15 
3. 2 
2.9 
2 . 3 
2.2 
2. 3 
1. 85 

1. 5 
1.5 
1.7 
1 . 3 

1 . 25 
1.1 
1.0 

. 4 

5.45 
5.15 
4.75 
4.15 
3.35 

4.65 
4 . 35 
3 .65 
3.15 
2.85 

5.35 
4.S5 
4.25 
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Model No. ll-A 

Load 40 lb., Speed, 16.6 f.p.s. 

Load 80 lb., Speed, 19.5 f.p.s. 

rig. 13 

Model WOe 11 

Load 40 lb., Speed, 17.2 f.p.s. 

Load?O lb., Speed, 19.0 i.p.s. 

Figure l3.-Spr~ photographs at 90 trim angle. 



N.A.C.A. TeChnical Note No. 470 Figs. 14,15 

Model No. 11 

Load 40 lb., Speed, 17.2 f.p.s. 

Figure l4. -Sprs\y photographs at 70 trim angle. 

Model No. 1l~ 

Speed, 

Figure l5.-Sprs\y photograph at 30 trim angle • 
.. 


