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NATIONAL ADVISORY COMMITTEE FOR AERONAUT I CS 

TE CHNICAL NOTE NO. 512 

A CO MPLETE TANK TEST OF THE HULL OF THE SIKORSKY 

S- 40 FLY I NG BOAT - A~ERICAN CLIPPER CLASS 

By John R . Dawson 

SUiMARY 

The results of a complete test in the N. A . C. A. tank 
on a model of the hul l of the Sikorsky S- 40 flying boat 
(" American Clipper") are reported . The test data a re 
g iven in tables and curves . From these data nond i men
sional coefficients a r e derived for use in take-off cal
culations and the take- off time and run for t he S- 40 are 
computed . The co~puted take- off time is found to agree 
substantially with the ta~e- off time obtained by the 
Sikorsky Aviation Corporation in p erformance tests of the 
actual craft. 

I J' TRODU CT ION 

The need for tank tests of a series of flying- boat 
hulls representative of the various types now in use is 
pointed out in reference 1 . The results would not only 
al low the considera tion of t_ e relative merits of each 
type of hull, but would set a standard to which future 
developments might be re~erred. Suc~ a series of tests 
has been undertaken by tl e N. A . C. A. and the subject test 
made during Novemb e r and December 19 33 is one of this se
ries. 

The Sikorsky 8- 40 flying boat known a s the "American 
Clippe r" having a hull t at differs greatly from the more 
co mmo n American type seemed to be a logical subject fo r 
one of the s eries, and through the courtesy of the Sikors
ky Aviation Corporation , the lines and offsets for this 
hu l l were obtained. 

This hull has a tra~ sverse secon d step si milar to 
conventional British hulls , but the g eneral propo r tions 
oft h e hu 11 d i :f fer con si d e ra "b 1 Jr fro m Er i tis h p r act ice. 
The keel rises more r apidly at the bow , and t~e r ati o of 
forebody length to afterbody length is much g r eater. As 
the tail surfaces o n this craft are carried on outrigge r s, 
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the usual long tail extending aft of the second step for 
this purpose is not necessa r y . In its stead, there is a 
short stubby tail. 

APPARATUS AND METHODS 

Method of Testing 

T 11 e t est s w ere ma d e ace 0 r d in g tot h e com}) 1 e t e met hod 
a s described in reference 2 . This method consists of meas
u ring speed , load, trim angle, r esistance , trimming moment, 
an d rise in all comb inations through the useful r a n ge . 
The i nd e p en den t va ria b 1 esc h 0 sen are s pee d, lo a d, and t ri m 
ang le . 

The N. A. C. A. tank and its te st ing apparatus a re de
scribed' in reference 3 . The modified tow i ng g ear used 
in thes~ tests · is described in re f erence 4 ~ The p ivot 
for the t o wing gear was p l aced at a n arbitrary position 
marked "center of moments" on fi gu re 1. 

The Model 

1 
A 7-sca le model of the Sik orsky S-40 (N.A.C.A . model 

26 ) was ma de of lamina ted wood , c a refully s and ed, paint 
ed , a nd rubbed . For simplicity the mode l was made with a 
fl a t p lywood d e ck instead of the r ounde d deck used on th e 
full - s ized flying boat. The to l e rance on mo de l dimensions 
Wa s £0.02 inch. The principal line s of the mod e l are 
shown in f i gure 1 and the offsets are g iven in table I. 

Wo de l P artic~lar s 

Over - a ll length 

Forebody leng th (F.P . to main step ) 

Afterbody leng th (main step to second st ep) 

Maximum beam 

Step depth 

99 . 42 in. 

50 . 42 in. 

31. 79 in. 

17.8 6 in • 

• 57 in. 
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Ce nter of moments forward of step 4 .25 in. 

Cen t e r of moments abo ve kee l 14.56 in. 

Angle of dead ris e a t ma in step 22 0 

Ang l e of keel forwar d of ma in step to base line 0 0 

Ang l e of k e e l a f t of ma in step to base lin e 6 . 55 0 

Ang le o f keel af t of s e co nd st ep to base line 15.00 0 

Forebody - pe rcentag e of over - a ll length 50 . 7 

- p e rc e n t ag e of length to second step 61.3 

Beam - pe rc en ta g e of over - a ll leng th 1 8 . 0 

- percentag e of leng th to seco n d step 2 1.7 

- pe rce n t age o f forebody lengt h 35 . 5 

Step depth - pe r centag e of -beam 3 .2 

RE SULTS 

Test Dat a 

The data obta ined a re g iven in tab l e I I ~ Pos i tive 
mom en ts are those whic h tend to raise the bow ; the c en
ter a b out whi ch these c omen ts are taken is s h own in fig 
ure 1 . A stop is f itted in the mo ment measuring g ear t o 
prevent the moment spring from defle cting beyond its elas
ti c limi t . Mo ment values in the table fo l lowed by a plus 
si g n i nd icate that the sp ri ng is aga inst t h is stop and 
the mODent is g reate r than the value r ea d . The exact po 
sition of t ho stop i s dete r n ined by the run nin g conditio n s 
and t he s p ri ng cap acity t he re fo re varies sli ghtl~. Th e 
values of r es ist ance include the a ir drag of the mode l . 

Res i stante an d tri~ming moment, with loa d as pa r ane 
t a r , are p lo tte d aga i ~st sp e e d i n f i gure s 2 t o 7 , each 
figu r e cont ai ning t h e v a l ues fo r o ne t rim ang le . 

Ri ghti ng momen t s and draft s at rest are g iven in fig 
ur e s 8 and 9 . Th e y a~e usefu l in long itudi nal-stability 
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calculations ~n d in determining water lines of the hull 
fo r various static conditio ·~s . 

No ndi mensiQna l Data 

" , The method for the redu ction of test data to a more 
directly usable fo r m d e scri bed in referance 2 is used . 
with thi s ' mode l. Curv e s of resistance against trim angl e 
with lo a d as p arame ter a re p lotte~ for sele ct ed spe~ds , 
a nd th e se curves show fo r each Ib a d and sp ~6d a best tr im 
an~le wh ich will g ive minimu m r ?sista~ce . , ~e st tr im a~~ 
gle' and resi stance at best trim ang le are t~en cr oss- p l ot 
ted aga inst load and afte r redu c i~g the va l u e s to nonQ1men
sio n~l coeffic ien t s, they are plo tte d as re sistance coe f 
f icient a nd best t rim a ngle again s t , sp ee d c oeffi~j 6nt . 

The mo me nts a r e treated similarl ~ . Plots of mom ent against 
tr i m ang le as for r esistance a re pade, and from these p lots 
the mOMent for the best trim arigl~ is deterTi nedc Afte r 
cross- plott ing mo ment at b est tr~m angle aga ~ ne t load a nd 
reducing to no ndime ns iona l coeffl~ie n ts a s abov e, a plot 
of moment co eff ici ent agains t sp€e d co eff ic ient is made . 
The nond i mens iona l co ef ficie n ts used are as follows : 

Load coefficient , C6, 
~ 

= ;;-3 

Resistance co ef fici ent, eR = R 
wb3 

Tr i mm ing- mo ment co effi ci en t, CM = M - -.g;-
\Vb 

.: S pee d co e f f i c i en t , 

whe re ' 6, ,1 s ,the load on the water, 1 b . 

R, , water resistance , 1 b ~ 

,w. we i ght density of water , lb. / cu. ft . 

b , beam of hull , f t . 

lv,! , trimm i ng mouent, lb .- ft . 

' .' 

.. 
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V, speed, ft . /sec . 

g, acceleration of g r avity, ft . /sec . a 

Ho te : w = 63 . 5 Ib . /cu . ft . for the water in the li .A . C.A. 
tank. 

Curves of nondimensional data are g iven i n figures 
-10 to 13 ~ They are for the best t rim ang le only. Figure 
10 gives the variation of best trim a ngle with Cv and 
C~ . Figures 11 and 12 b o th show variation of CR with 
Cv and C~. Figure 11 is more easily interpreted, where
as figure 12 is easier to use in take-off calculations. 
Variation of CM is p lotted in figure 13 . 

Precision of Test Data 

The curves of test data as drawn a re believed to be 
correct within the following limits: 

Load 

Resistance 

Sp eed 

Trili angle 

Trimming mo ment 

±0 .3 lb . 

±O . l lb . 

±O . l ft . /sec. 

±O .l o 

±1.0 lb. - ft . 

It will ce noted that there is considerable disper
sion among the r esistan ce pOints at high s peeds. The ex
planation for this seens to lie in tho cause of the com
pa ratively high resistance at these speeds . The blister 
c om ing from the nain step strikes the afterbo dy which, 
with its wi de second step , presents a large area over 
wh ich the wate r mu st travel . At high speeds this condi
tion ~ust p roduce considerable frictio nal resi s tance and , 
sin ce it cannot be h oped that the blister will alway s fol 
low exactly the same course e ven for a ppa r ently identical 
conditions, the resista n ce vi II necessaril r vary accord
ingly. 

--~-- --- --~----
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Spray Photographs 

Rep r esentat i ve photographs of the .spray are shown in 
,figure t4 . The photograph taken 'at 'V = 52 . 5 f~p.s. il
lustrates the condit i on previously ref e rred to where the 
frictiona l resistance is high . 

DISCUSSION OF RESVLTS 
' .! " 

.' ~ I' 

~he nondimensj~nal data may be used to calculate 
ta'ke- off perfo~mance by the method in reference 2. The 
data g iven by Sotto r f in reference 5 indicat e s that the 
scale effect should be small on a mode l of this size . 

In figure 15 , the load- resistance ratio is plotted 
a g a ins t c /:::, for s eve r a 1 val u e s 0 f C Vas a, n aid inc 0 m-
par in'g .th i ·s' model with ' others tested by the complete me th
o d . 

I n the sele·ct··ion o'f a hull fo r a particular desi g n , 
t a ke- off c alculations should be made using each of the 
hul ls unde r con9ider~tion . Su c h factots as the size of 
hull , angle of wing setting , etc . , can then be taken into 
con sid era t i o'n' • ' 

CALCULATION ,OF TAKE- OFF TIME AND RUN 

A comparison of computed t ake- off time with the take
off time obtained in pe r forman c e tests of a full - sized 
flying boat should be of interest . For this purpose the 
take~ off time for the S- 40 flyin g boat will be computed 
us ing the fol~ow ing data supp l i ed by ·the Sikors~y Aviation 
Cor po rat io n . 

Data 

Gro s s we.i ght .. 0 f S iko r .sky S- 40 

Wing: 
Ai r foil section . 
Area . 
Span 
Angle of wing setting 

• 34,000 lb . 

GS-l 
1 , 7 40 sq . ft . 

114 ft . 
2 . 50 
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Power p l a nt, 4 eng i ne s ea ch de v eloping at 
2 , 000 r. p .. m • . -. ' . 

Propellers: 

Type 

Di ame ter 

Bla d e ang le a t 4 2- inch station. 

Get - away s peed 

Ave r age tak e- off tine with no wind • •. 

Propel ler Thrust 

7 

1500 b. hp. 

Hamilton 
Standard 

10 ft . 6 in. 

75 m. p .h. 
(110 f . p • s • ) 

40 seconds 

Re f erence 6 g iv es cu r v e s for use in the determination 
of p ro pe ller thrust . The no~inal blade a n g le a~ 0 . 75R is 
obtained by applying a correction (take n fr~m fig . 7, ref
erence 7 ) to the blade a ng le at the 42 - inch station . The 
no minal blade ang le at 0 . 75R is f oun d t o b e 13 . 9°. 

Extrapolation of data_ on blad e deflections g iven in 
reference 8 i n dicat es that fo r a 600 - ho r sepowe r engine 
t he effective blade ang le is about 2 0 Dore-than the no m
i na l blad e ang le . The e f fective blade a ngle at 0 . 75R is 
t here fo r e lE . 9 0~ As a check on the accur acy of this ex
tr apo lation the b lade an g le requi r e d to ho ld the eng i ne 
speed to 2 , 000 r. p . c . at maximu !ll ai r slJeed ma y be obt a i ne d 
from fi gure 14 of referen c e 8 . The maxi num a ir spee d of 
the 8- 40 is g ive~ i n re fe re n ce 9 as 137 . 4 m. p . h . Then 
V -- = 0 . 575, C = 1 . 1 64 . From fi gu re 14 of ref e re nce 8 

):lD s 
the blad e an g le at 0.75R requ ir ed to h old eng ine to 2 , 000 
r . p . m. is 1 6° and ~ = 0 . 775 . T~is blnde ang le check s 
closely with the ef f e ct ive blade a n e le 1 5 . 90 • 

The thrust is dete r mine d f ro n fi gu re 1 2 of refe r ence 
6 and the total thru.st (for fou r eng i ne s) is p lo t ted in 
fi gure 1 6 . 
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Lift a 'nd DJ.'lag Curve's 

A section of the GS-l a irfoil wa s includ e d in the data 
supp lied by the Si korskyA~iation Co~poration but no da t a 
t ~garding its characteristics were fura ished. I t wa s 
foun d by insp ection that the GS-l airfoil corresp onded 

' ci o sely to t ~ e N. A . C. A . 4515 airfoil (reference 10) and 
it was assumed tha t the p ro perties of this a i rfoil we re a 
sufficiently close appro x i ma tion for use i n these c a lcu
lations . 

The ref e ren ce line for the GS-l airfoil is tangent 
to the bottom camb e r while t~e ref e renc e line for the 
N . A . C . A ~ 4515 a irfoil is laid out from leading edge to 
trai ling edge . The difference b e twe e n these ref erence 
lines is about 2 . 8 0 so that t h e equivalent angle of wing 
setting fo r the N. A. C. A . 4515 airfoil is 2 . 50 + 2 . 8 0 ~ 5 . 3 0

• 

At a maximum ai r speed of ?01.5 f . p . s . (137 . 4 n . p .h.), 
thrusi hp . = total b . hp . X ~ = 4 X 600 X 0 . 775 = 18 60 h p. 

a 1'1 d i~!:.~.§.i_ h 'P ,~ --~-~~Q. 1§'§'Q._~_~~Q. -_ 5080 ~rab = thrust = = Vnax 201. 5 
lb . 

From this, 

-~Q.~Q. = 
84'00 0 , 

0 . 0 60 and 

Now CD (wing ) = 

D 

~ SV2 
2 

__ 1.___ = ~!Q.Q.Q. '_ 
8 40 0 0 84000 

CL
2 

+ nAR 

( 114)2 
Aspe ct ratio = ----- - = 7 . 47. 

1740 

0 ,. 405. 

Fro m fi gure 46 of referen ce 10, for CL = 0 . 405, 
0 . 11. 

CD (wing ) = 0 . 011 + LQ.~1Q.~L~ = 0 . 018 
TT 7.47 

CDp (including hull) = CD - CD ( wing ) = 0.060 - 0.018 = 
0 . 042 . 

= 

• I 
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But in the tank tests of the model th e air drag of 
the hu ll is inclu'd e d in the resistance, so it must be de
d~cted from this CDp' The cross- sect ional area of the 

mode l converted to ful l size is 70 squar e feet. Assumi ng 
CD (model hull) = 0 . 19* , 

CD ( model hu ll) based on win g area 

CDp (excluding mode l hull) = 0 . 042 - 0.008 = 0 . 034 

The g round effect on the wing is equivalent to a 
change in aspect ratio . I t can be shown that, 

Eifective aspe ct ratio ~~~i~~~_~~~Qt_~~ti~ 
1 - (j 

where (j is an interference coefficient from r~ference ll ~ 

To determine (j the wate r clearance Z is found to 
b e a bout 1 7 feet . 

114 = 0 . 298 
2 X 17 

and also ~ = b1 /b 2 = 1 for a monoplane . 
ure 7 6 of reference 11 , (j = 0 . 39 . 

Effective as p ect rati~ 

Then from fig-

In the follow ing table va lu es of a o an d CDo taken 

from figure 46 of reference 10 are used in computing va l 
ues of CD and CL for the co mp lete flyin g boat (exclud-

ing th e hull ) for an aspect ratio of 12.2. The values of 
CD and C1 thus obtained a r e plotted against a in £ig-

ur e 17 . 

*This value is taken fro m preliminary data of wind-tunn el 
tests now being mad e with Dodels of this and other hulls . 
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de g . de g . : deg . I CDp 
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1. 4 11. 3 ' 2 . 1 . 1 3 . 4 I . 027 .0 5 1 .115 
1. 6 1 5 . 0 2 . 4 I' 17 . 4 ; . 055 1 . 0 67 . 1 56 
-~--- ----- - ------------_ .. _--_ ....... _._------ ------ ---- ----------* cx, . = C 1 X lSO . . . 

1. Ti-TR" -TI'- • 

Take- Off Tim e and Run 

The ti me and l engt h of r u n r equir ed for take- off are 
now computed a s in reference 2 , us ing the curves o f thrust 
(-f i g . ·1 6 ) , C 1 an d CD ( f i g . . i 7) pre v i 0 u s l y c 0 mp u· ted . 
Tot a l r esistance (R + D0 i s plott 'ed wit h the thrust 
curv e in fi gu re 16 . The va l ues of l/a an d V/a (a = 

~ [T - (R + D)] ) a r e pl~tted i n f i gure is . The a r ea un

de r the l/a curve g ives tIe take- off t i me and the area 
'under the Via cur ve g iv es t he length of take-o f f run . 
T i me and run a r e deter mi ned fo r "norma l" take-off (i . e ., 
hol din g the craft at be st t ri m angle .. unt il it takes off ) 
and f or a pul l- off at 110 f . p . s . (the g et - a way speed g iven 
by the manufactur e rs) . 

The results a re a s foll ows : 

~~t-.... ~~_§,,;y, _ ll'_~~Q" 'r.§"k§_::.Q.:f..f. ._~~_~~ 
f . p . s . sec . 

1 2 3 • S (n 0 r .:la 1 ) 46 

110 (pull- o,ff) 38 

l.~~gth_ Q..:f.._!'_~~ 
ft . 

3 , 500 

2 , 60 0 
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The co mpu t ed take-o ff tiQe fo r 110 f . p.s. ge t-away 
sp ee d agrees remarkably well with the av e r age take- off 
ti me of the act u a l cra ft g ive n by the Si k orsky Aviation 
Corpo ration as 40 seconds . Altho ugh the manufacturers 
supplied no da ta regarding the l engt h of take-of f run, they 
stated that the co mpu t ed results ag re ed very well wit h the 
re~ults obt a in ed from fli ght tests~ 

CONCLUDING REMARKS 

Although the agreemerit of the resu lts obt a in ed is en
courag ing , the need fo r a full- s ized chec~ on mo del r e s u lts 
has .not b een f illed . Compensating erro rs in the as~ump
tions made could easi ly ac count for a close agreement even 
~hen individua l it ems a r e se riou s ly . in err or. 

I t is believed that there exists a real n eed for 
tests , on a ful l~ s iz ed seaplane, in whi ch s u fficient data 
to afford a mo r e accur ate comparispn · would be obtained. ' 
Accura t e data ci n the aerodynamic charQcteristics of the 
fl y ing boat and a record of the t ri m angles ' obtained. d.ur
in g th~ tests a r e essent i a l to a stri~t c?mparison between 
the mode l tests and full - sized tests . 

Lang le y Memorial Aeronautical Laborato r y , 
. National Advisory Co mmittee for Aerona:utic s ', 

. La ngley F i eld , Va . , October 30 , 19 34 . 



12 N. A. C. A . Techn ic a l Note No . 512 

REFEREN CES 
" 

1 . Sh6~mak er, J ame s M.: A Complete Tank Test o f a Model 
of a ' Flying- Boa t Hull - N. A.C . A. Model }Jo . 1 6 ~ '
T . N. No . 47 1, !:T . A . C. A . , 19 33 . 

2 . Shoemaker , J ame s M., and Pa r k inson , Jo hn B.: A Co m
p l e te Tank Test of a Model of a Flying-Boat Hull -
N. A. C. A. Model No . 11 . T . N . No . 464 , N . A. C.A., 1933 • 

. 3 .• ·· Truscott, St ar r : The..:; . A. C. A . Tank • . A JIigh-Sp .eed Tow
ing Ba sin f or Testing Mo dels of Seap l~ne Floats • 

. T . R. No . 470 , :r . A. C. A., 19 33 . 

4 . Shoemak er, J ame s M.: 
Pla ning Surfaces . 

Tank Test s of Flat and V-Bottom 
T • loT . No. 509 , N . A • C . A., 1934 . 

5 . So tto r f , W.: Exper i ments wi th Pla.ning Surf a ces. T . M. 
No . 739, N. A. C. A., 1 9 34 . 

6 . Ha rt man , Edwin Po : Working Charts for the D etermina~ 
tion o f Prope ll~ r Th rust . ~t Va rious Air Speeds . 
T . R . No . 481, IT . A . C. A . ,. 1 9 3 4 . 

7 . Diehl , Wa lt e r S.: The Ca lculat ion of Take-Off Run . 
T • R . No . 450 , N . A . C • A . , 19 32 . 

8 . Weick , Fr ed E .: Wor k i n g Charts f or the Sel ection of 
Aluminum Alloy Pro p el lers of a St anda rd Fo rm to Op
e r ate wit h Va rious Ai rcraft Eng i ne s and Bodies . 
T • R . loT o . 350, N' . A. C . A., 1 930 . 

9 . Grey , C. G., and Eridg~an , Leonard : J a ne ' s All the 
World ' s Aircraf t of 1933 . Sa~pso n Low, Marston and 
Co . , Ltd ., 1 93 3 , p . 312c . 

10 . J a cob s , Ea stman :!:J . , Ward, Kenneth E ., and Pinl:e rton , 
Robert M.: The Cha r a ct e ri st ics of 78 Related Air
foi l Sections f ro ~ Test s i n the Va ri ab l e-Density 
Wind Tunnel . T . R . TI o . 4 60 , N . A. C. A., 19 33 . 

11. Reid , Ell iot G.: 
Hill Po ok Co ., 

Ap p li ed Wing The ory . N . Y. Mc Graw
I n c . , 1 9 32 , pp . 1 66 - 17 6 . 



Stati on 

F .P. 
1/2 
1 
2 
3 
4 
5 
7 
9 

11 
13 
15 
17 
19 
21 
2 
25 
27 , F 
27,A 
29 
31 
33 
35 
37 
39 
40 
41 
42,F 
42 ,A 
44 
46 
48 

sternpost 

Dis tance 
f rom 
F . ~. 

10 
I 
I 1. 33 

3 .1G 
4 . 83 
6 •. 55 
8 . 62 

10 . 69 
14 . 83 
18 . 97 
22 . 88 
26.76 
30 . 
33 . 85 
37 .2 f 
40 . 71 
44 . 03 
4.7 . 22 
50 . 43 
50 . 42 
54 . 78 
58 . 89 
63 . 00 
67 . 21 
71 . 49 
75 . 78 
77 . 92 
80 . 06 
82 . 21 
82 .21 
87 . 06 
91.92 
96 . 78 

A. P . I 99 . 42 

TABLE I. OFFSETS IN I NCHES FOR WODEL 26 
--r-

Distance from bas e line Half-b readths 
-

Tangency Rad i us Tangency [ Radius 
Kee l Chine bott om center Chine b ottom I center Deck 

f lare flare 
·-Ol-----·-

0 . 1 8 
4 . 251 4 .25 It . 25 0 . 18 0 .1 8 1 1. 08 
7 . 63 4 . 83 5 . 25 5 .65 1. 46 1.16 2 . 13 I 2 .21 
9 . 13 I 5 . 34 6. 08 7. 37 2 . 60 1. 96 4. .1 8 3 .18 

10 . 10 5 . R2 I 6. 79 9 . 09 3 . 62 2 . 61 
i 5 . 76 14. 04 

10.89 6 . 35 i 7 . 49 11 . 05 4 . 69 3 . 23 I 7 .21 I 4 . 98 
11 . 41 

6 .
82

1 
8. 07 12 . 71 5 . 59 I 3 . 71 8 . 11 5 . 77 

12 . 05 1 7 . 64 8 . 94 15 . 59 6 . 95 4 . 37 9 . 32 7 . 04 
12 . 44 I 8 .29 I 9 . 60 17 . 64 7 . 91 4 . 69 9 . 79 7 . 92 
12 . 70 I 8. 77 10 . 08 I 19 . 86 8 . 45 4 . 79 10 . 36 8 . 45 

1 
12 . 87 1 9 . 14 I 10.45 21. 74 I 8.74 1 . 79 10 . 75 i 8. 74 

I 
12 . 95

1 

9 .39 I 10 . 68 
1

23

•

17 I 8 . 88 4 . 79 1 10 . 96 I 8. 88 
12 . 99 9 . 58 10 . 81 24 . 03 8. 93 4 . 79 11. 01 8 . 93 

I 13 . 00 I 9 . 70 i 10 . Sl0 . 24 . 79 8 . 93 4 . 79 1 11. 09 8 . 93 

I 13 . 00 9 . 79 I 10 . 98 I 2 5 . 46 \ 
8 . 93 4 . 79 1 11. 15 8 . 93 

13 . 00 I 9 . 88 11. 04 I 26.08 8 . 93 4 . 79 11. 15 8 . 93 

I 13 . 00 I 9 • 98 I 11. 09 I 26 .27 8 . 93 4 . 79 I 11. 07 8. 93 

I 13 . 00 i 10 . 07 I 11.14 2 6. 39 8 . 93 4 . 79 10 . 93 8 . 93 
12 . 43

1 

8 . S0 I 8 .93 8 . 93 
I 11. 93 8.4.0 I 8 . 92 8 . 92 I I I 11. 45 7 . 96 I 8 . 85 8. 85 

10 . 97 7 . 56 I I 8 . ':=3 8 . 63 
I 10 . 50 7 .22 I 

I I 
8.29 1 8 .2 9 

I 10 . 00 6.94 7 . 79 7 . 79 
I 9 . 51 6. 72 I I 7 . 10 7 . 10 
I 9 . 30 6 . G7 I 6. ~9 6 . 69 I 9 . 15 6 . 71 6 .23 6 . 23 I 9 . n 6 . 86 5 .75 I 

I 
5 . 75 

I 8. 75 6 . 27 
7 . 45 5 . 52 I 4 . 50 4 . 50 
6 . 14 4 . 87 3 . ill I 2 . 98 
4 . 84 4 . 34 1.29 . 98 

4 . 12 I . 29 ! I 
. 29 

4 . 08 

! 

Radius 
bottom 
f lare 

1. 06 
2.57 
3 . 90 
5 . 33 
6. 40 
8. 28 
9 . 54 

11 .2 6 
12 . 76 
13 . 93 
14 . 58 
15 . 25 
15 . 82 
16 .34 
16. 43 
16. 44 

I 
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Load, 
11:>. 

5 

10 

60 

80 

100 

120 

5 

10 

20 

TABLE II 

Test Data for N. A.C .A. Model No. 26 Fly1ng-Boat Hull 

K1nemat1c v1scos1ty = 0.000014 ft. 2/sec. 
Water density=63.5 Ib./cu.ft. Water temperature=52° F. 

Note: Positive moments tend to raise the bow 

Tr1m angle, T =- 20 Tr1m angle, T = 3
0 

Speed, Res1stance, Trimming Draft Load , Speed, Res1s tance, Tr1mming 
f .. p.s. lb. moment, at lb. f.p.s. lb. moment, 

lb.-ft. step, lb.-ft. 
in. 

29·5 5 ·0 2 1.1 20 42.2 11.7 6 
35·3 5·7 1 1.1 46.6 12.5 6 
~9.2 6.8 1 1.1 52 .5 14.3 6 

4 .8 7.4 1 .9 56.0 15·5 6 
48.8 8 .4 1 .9 
54.0 10.0 1 .8 40 12·3 6.9 ~ 13·9 8.0 
30 .0 7·3 

a 
1.5 16.7 8 ·3 46 

35·3 8.8 1.3 17.0 7.9 40 

~9.5 9.6 3 1.2 18.7 7.8 36 
4.3 10.6 3 1.1 20.8 , 8·5 30 

48.g 11.0 3 1.1 23. 2 8·5 24 
49.5 11.5 3 1.1 26.2 10.0 23 
53·6 12.8 3 1.1 31.5 11.5 19 

~6.9 13.8 19 
6.0 3·1 9 4.7 1.9 16·3 20 
7.8 6.6 36 4 .9 46.2 17.6 18 

5·9 3·7 7 5·3 60 6.8 4.6 6 
7.9 8.7 42 5·6 9·5 7.7 29 

10.2 8·3 30 
5.9 4.2 3 5.8 12.4 10.1 37 
7.7 10·3 45 6.2 13.8 11.9 54 

16.7 14.0 63+ 
5.9 4.6 -3 6·3 18.7 13. 2 59+ 
7.7 12.1 46 6.8 2.0.7 13·4 59+ 

3
0 

22. 6 12.7 a~+ Trim angle, 1= 26.2 12.7 
31.3 15.4 31 

20.7 2.5 3 1.4 ~.9 17.4 30 
23. 0 2.9 2 1.2 ·5 19.7 30 
23·2 3. 0 4 1.2 
26·a ~.4 2 1.1 80 6 .8 5 h 4 
31. .1 2 1. 0 9 · 5 10:4 36 
36.7 4.6 2 .8 10.1 n.o II ll·4 4 .9 1 .9 12.2 12. 1 

.1 6.4 1 .9 13.6 1 .9 53 
46.7 6·3 2 .8 16.6 21.2 66+ 
46.7 6.9 1 .9 26.0 17.1 62+ 
51.8 7·3 2 .7 31.5 17.2 45 
56.0 8.2 2 .6 37.0 19.8 40 

21.1 2. 7 6 1.8 100 6.7 6.2 0 
23. 2 . 4 4 1.5 9· 5 12.9 tt4 26.2 4.7 1.~ 10.0 13·5 
31.4 6.0 

a 
1. 11.6 17.5 43 

36 •8 1·3 1.1 14.2 23. 8 51 

47 . 3 6.7 2 1.1 
1.7 8.2 3 1.2 120 6.6 7.0 2 

46.3 8.6 2 1.0 9.5 15·7 49 
46.7 9.0 2 1.0 9.9 16.8 4~ 51.9 10.5 4 .9 11. 7 20.1 
55·7 n.o 2 .8 

Trim angle, 1'= 50 
17.1 4.3 n 2 .4 
19.1 4.7 12 2.4 5 20.8 2.1 1 
20.e 5.4 n 2·3 22.8 2.0 1 
23·1 6.2 11 1.9 24.g 2.1 1 
26.0 6.8 n 1.9 30 .6 4. 7 1 
31.4 8.7 10 1.7 a4 . 9 .4 3 
36.9 10.1 g 1.5 0.2 5.9 3 

14 

Draft 
at 
step, 
in. 

1.3 
1.2 

.9 
1.1 

3·7 
3. 6 
3·4 
3·3 
3.2 
2.8 
2·5 
2·3 
1.8 
1.9 
1.8 
1.4 

4.8 
4 .8 
4.8 
4.6 
4.4 
4.4 
4.2 
3·4 
2.9 
2.6 
2.2 
2.2 
2.0 

5·6 
5·7 
5·5 
5. 2 
5·1 
5·3 
3·1 
2·3 
2·3 

6.2 
6.2 
5·9 
5·9 
5·8 

6.5 
6.8 
6.6 
6.4 

0.8 
.8 
.9 
.9 
.7 
.7 
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Load, Speed, 
lb. f.p.s. 

5 45. 2 
50 · 5 
55 · 5 

10 20.9 
2a ·O 
2 .9 
30.6 
44 •5 
0·3 

42 .0 
42 .0 
45. 0 
50.6 
55 . 2 

20 16.7 
18 .7 
20.9 
24.2 
2 .9 
30 . 8 
a5 .8 
1.1 

42.0 
45. 0 
50 •2 
55 . 2 

40 12·3 
14 · 3 
16 . 2 
16 · 5 
18·3 
20 . 8 
22.7 
24 · 5 
30 .3 
a5 . 1 
0.1 

45·0 
45. 2 
50 . 0 

60 6 . 0 
8.2 

10·a 
11. 
12.4 
12.6 
14.0 
16.2 
16.5 
18.3 
21.0 
22.8 
24.2 
30 ·a 
46 ' .7 
45·0 

TABLE II (Continued) 

Test Data for N. A.C.A. Model No. 26 Flying-Boat Hull 

Kinematic viscosity = 0.000014 ft. 2/sec. 
Water density=63.5 Ib./cu.ft. Water temperature= 520 F. 

Note: Positive moments tend to raise the bow 

Trim angl e , T ::: 50 

Resistance, Trimming Draft Load, Speed, Resistance, 
lb. moment, at lb. f.p.s. lb. 

lb.-ft. step, 
in. 

7·3 3 0.7 80 6.0 3·7 
9.0 3 .7 8.2 8 . 4 
9.7 3 ·5 10.1 11.5 

11.2 11.1 
3. 0 1 1.2 12.4 11.4 
3. 1 2 1.1 12.7 11. 7 

4. 2 2 1.1 14.0 14.0 

·5 2 1.0 16.0 16.9 

5'4 3 .9 16.7 17.1 
7. 2 .8 18·3 16.2 
7.4 3 .8 20.8 14.9 
8.0 3 1. 0 22.8 14.2 
9.0 2 . 8 24.2 14.9 

10·3 3 . 8 30 .4 1 .9 
11.0 3 .8 35. 1 15·8 

4. 8 5 1.8 100 6.0 4.2 
.2 4 1.9 8·3 10.8 

4.5 1.7 10.2 13·9 
4.9 

a 
1.5 11.2 1a· 2 

4 .9 1.6 12.5 1 .8 
6 ·3 3 1.2 12.8 14.9 
7.7 3 l.l 13·7 17.1 
9.8 1 1.0 16;2 23. 0 
9.6 2 1.1 

11.0 1 1.0 120 5 ·9 4.6 
12 · 5 3 1.0 8 .2 12.7 
14.8 1 .9 10.0 16·3 

12.4 19.8 

Trimming 
moment, 
lb.-ft. 

-45 
-6 

5 
5 
9 

12 

g~+ 
63+ 
63+ 
60+ 

~ 
23 
21 

- 45 
- 6 
10 
12 
16 
18 
33 
69+ 

-47 
-7 
13 
20 

6·3 10 3.2 70 

6 .9 26 3 ·1 Trim angle, T= 

7.1 26 2 .8 
6.9 22 2'4 5 21.2 2.7 1 
6.6 16 2. 23. 2 a· 4 0 
7.2 11 2 .1 26.0 ·3 0 
7.4 12 1.9 28.8 5·1 0 
7.6 11 2.0 ~.4 7 .2 -1 
8.8 11 1.7 .0 9.2 -1 

10.4 9 1.
4 

45.2 11.0 -2 
12·5 7 1. 49.5 11.9 -3 
14.9 5 1.2 54·5 13·6 -3 
14.5 5 1.3 20.8 16.6 3 1.1 10 3·3 2 

-- 23. 2 3·9 1 
3·1 -35 4.4 26.2 5.0 0 

6·3 -7 4.6 28.8 6.0 -1 

7·3 -4 4·3 34.6 8.1 -2 
8.2 3 4.1 ~.8 10·5 =4 8.9 7 4.9 .2 12.0 
9.0 9 .1 49.8 13·9 -6 

lQ.9 42 4.0 54.3 16.1 -6 
11.5 57 3. 6 
11.3 ~ 3'4 

20 17.2 a· 9 2 
10.8 3· 19.0 .0 3 
10·5 30 2·5 21.2 4.5 2 
10.6 26 2.1 23. 1 5.2 2 
10.5 20 2.4 26.2 6 .4 0 
11.6 16 2.0 29.0 7 ' 4 0 
13. 1 ia 1.8 ~.7 10. - 3 
15·3 1.5 .6 12.7 - 8 
17·3 11 1.5 44.8 14.4 -11 

50.0 16.5 -12 
54.2 19.2 -13 

15 

Draft 
at 
step, 
in. 

5. 0 
5·3 4. 2 

.9 
4.7 
4·5 
4.6 
4.6 
4.4 
4·3 
3. 1 
2.8 
2 .8 
2.2 
2.0 

5·6 
5·8 
5'4 
5· 
5·) 
5. 2 
5 · Cl 
5·5 

6.1 
6 . 4 
6 .1 
5·9 

0 .9 
. 9 
.8 
.7 
·5 
.6 
· 5 
·3 
·3 

1.3 
1.1 
1.Cl 

.9 

.8 

.7 

.7 

:4 

1.8 
1.8 
1.7 
1.4 
1.4 
1.2 
1.2 

.8 

.8 

.7 

.6 
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Load, 
l b. 

40 

60 

80 

100 

120 

TABLE II (Continued) 

Test Dat a for I! .A.C.A. Model No. 26 Flying-Boat Hull 

Ki nematic viscosity = 0 . 000014 ft. 2/ sec. 
Wat er dens ity = 63.5 Ib./cu.ft. Water temperature = 520 F. 

Note: Positive mom ents tend to r aise the bow 

Trim angle, T = 7
0 Trim angle, T = 90 

Speed, ReSistance, Trimming Draft Load, Speed, ReSistance, Trimming 
f . p . s . lb. moment , at lb . f.p.s. lb. mom en'L , 

l b .-ft . step, l o. -ft. 
in. 

12.2 6·3 - 5 3. 0 20 16.g 4.5 -16 

14·3 7.1 2 2 . 6 HU~ 5.5 -ll 

15 ·7 7.0 6 2.5 20 .5 6.1 -4 
16.7 7 .0 6 2· 3 22.7 6.8 -5 
18·5 7 .1 6 2· 3 25 · 7 8 . C -12 

20·3 7.2 6 2.1 
22·3 7·3 6 1.9 40 11.5 6.8 -33 
25·8 8 . 2 6 1.8 13.6 7.2 - 25 
28 .7 9 .5 5 1.6 15.6 7·5 -21 

aci· 5 12 . 6 2 1.3 15.0 8.0 -10 
.0 15·5 -6 1.1 20.0 8·3 -3 

44 . 8 15 . 0 -12 1. 0 22 .4 9.2 0 
50. 0 20·5 -19 .9 25· 1 10·5 0 

5·8 3·1 -57 + 4 . 2 60 7.5 6.2 -43 
7.9 6 .1 -36 4 . 4 9·5 7 .7 -42 

10.0 7.0 -28 4.1 11.5 9·5 -38 
12.0 IL5 -19 3.8 13·5 11.0 -19 
14. 2 10 . 7 15 3.6 15·7 11.1.'\ -7 
15·5 10.8 ~a 3. 4 15.0 11.9 - 3 
16 · 5 ll.O 3 .2 20 . 0 12.2 - 2 
18 . 8 10.8 22 2.8 22 .4 12·3 2 

20 · 5 10.7 16 2.1,. 25. 0 13. 0 3 
22 .1 10.5 12 2 · 3 
25·8 11.1 10 1.8 50 7·5 8 .1 -45 

28 · a 11.7 8 1.9 9.5 10.l -43 

44 . 14.4 6 1.6 11.6 12.4· -42 
0.0 17 . 6 1 1.2 13·6 14.4· -20 

45. 0 21.3 -6 1.1 15·7 15·7 9 
17.9 16·3 16 

5 . 8 3·7 -a7+ 4 . 9 20 .0 16.2 9 
7.9 8 · 3 - 3 ~ . O 22.2 16.~ 6 

10.0 9·5 -2S .8 25. 1 16. 5 
12 .0 ll.l -20 4 .5 
14.2 14.0 13 4·3 100 7 '4 10.2 -45 
15·5 15·3 47 4.2 9 . 12.6 - 43 
16.7 15,6 

a+ 
4 . 0 11. 7 15·3 - 42 

18.8 14.2 3·4- 13. 6 17.7 -20 

20 · 3 1 .8 37 2.9 15·8 20 ·3 27 
22 . 0 14 . 6 28 2.6 17.5 20. 7 41 
25·S 14.5 13 2 .1 20.0 20.7 9 

2~ . 6 1~ . 0 12 2.0 21.9 20.5 5 
3 ·5 1 .6 II 1.9 25· 1 20.1 9 

5· 5 4 · 3 -47+ 5 ·6 
7. 9 9. 8 - 8 5.7 120 7'4 12.0 -45 

10.0 12·3 -30 5 · 4 9. 15·5 -43 
12 . 0 14.2 -16 a· 1 ll.6 19 .1 - 49 
14.0 17 . 2 8 . 8 
15·5 19.9 57 4. 0 Trim angle, T= llo 

16.5 20.9 65+ . 8 
15·5 20 . 4 66+ 4 . 3 100 16.6 21.6 - 29 
20 · 5 19.4- 64+ 3 · 5 18.6 22.0 - 29 
22 .2 18.6 49 3. 0 20 ·a 22.1 - 30 

25 ·7 18.0 28 2.4 22. 22 . 15 - 35 
25 ·6 22.9 -28 

5·g 4 . 8 -a9+ 6 . 0 
7 . 8 11.1.'\ - 9 6·3 
9 . 8 15. 2 -29 6.0 

12 .0 17 .. 4 -15 5·7 
14. 0 20·5 12 5.4 

16 

~ 

Draft 
at 
step, 
in. 

1.5 
1.7 
1.4-
1.3 
1.0 

2·5 
2.2 
2.2 
2 .1 
1.9 
1.7 
1.6 

4 .1 
3·7 
3 · 3 
3. 1 
2.6 
2 . 4· 
2.2 
2 . 0 
1.9 

4.7 
4 · 5 
4 .1 
3. 8 
3 · 4 
3. 1 
2 ·5 
2 . ) 
1.9 

5 · 4 
a ·

1 
.9 

4·5 
4·3 
3. 8 
3. 2 
2.6 
2.1 

6 .0 
5 ·7 
5·5 

3·1 
2 .9 
2.4 
2.2 
2 .0 
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Figure 2 . - Resistance and trimming moment, T = 2°. Model 26. 
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Figure 3 . - Resistance and trimming moment, T= 3°. Model 26. 
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6.6 f.p.s. , T= 30 , tJ.= 120 lb. 12.0 f.p.s. ,T = 70 ,tJ. = 60 lb. 

15.5 f.p.s. , T = ,0 , 6 = 100 lb. 15.8 f.p.s. , T= gO ,6= 100 lb. 

24.3 f.p.s. , i = 50 ,6.= 80 lb. 
o 52. 5 f. p. s. ,T a 3 , 6 ;:; 20 lb. 

Figure 14. - Spr~ photo'graphs of N.A.O • .1. model 26 
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