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E:E'FECT OF AERODYNAMIC REFll:EMENT ON THE AERODYNAMIC 

CHARACTERISTICS OF A FLYING-BOAT HULL 

By John M. Riebe and Rodger L . Naeseth 

SUIvlMARY 

1m investigation wa.s mao.e to determine the reduction in drag 
that could be obtained fOT a conventiona .. -type flyinG-boat hull by 
means of aerodynamic r efinements . For comparisonf-l , tests were 
made on a streamline bod.y simulating the fuselage of a modern 
trans~ort airplane . 

The unaltered hull, of length-beam :ratlo 9, had a minimum drag 
coefficient of 0 00074 incluMng the intej:"ference of the support 
wing . Fairing the step for a diste..nce equal to nine times the 
d.epth of step at the keel or fairing out the step completely 
resulted in ap~roximately the same reduction in minimnm drag 
coeffic ient, about 11 percent . Rounding the chines at the bow 
for a distance 7 percent of the hull length resulted in approxi ­
mately a 5-percent reduction in minimum (lrag coefncicnt when no 
other alteration was mad.e on the mod.el . Simultaneously fairing 
out the step completely and rounding the bow chines reduced the 
minimum drag coefficient 14 percent . Fairing the hull completely 
rosulted. in ~ 26-percent reduction in mini mum drag coefficient , 
which was the probable limit without )reatly alter i ng the hull 
contours. The landplane fusela~e had a minimum drag coefficient 
of 0 .0040, which is about 46 percent. less than that for the 
unaltered hull and about 27 percent less than that for the com­
pletely faired hull . The hull angle-of-attack rane e for minimum 
drag was little affectod by aerodynamic rofinement and generally 
was between 8l1g1es of attack of 20 and 30

• The longitudinal 
stability and the directional stability for the hull with faired 
steps and chines were generally about the same as for the original 
hull . 

INTRODUCTION 

Beca.use of the requirements for increased range and speed 
in flying boats, a~ investigation of the aerodynamic characteristic s 
of flying-boat htuls as affected by hull dimensions 811d hull shape 
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is bei.np: conducted at the Langley Memoria.l Aer0nautical Laboratory, 
The results of two phases of this i."nvestigation, "?resented in 
references 1 8110. ' 2) have ind.ica~E)d possible wa;ys of reducing hull 
drag 'tTi thout causing larJ!e chal1ges in aerodynamic stability and 
hydrodynamic perfoTmance, 

The present investi~8.tion vias mad.e to c1.eterm~ne the drag 
reduction that could be obtained on the conventional-ty~e hull 
of a hypot.heticl3.1 flytng bOA.t through ael'odynarnlc refinement 
and to detormine the limj.t of such reduc tions without greatly 
al t,ering the general hull c ontours. The refinements were ma.de to 
a hull of length-beam rat; 0 9 (Lan -,ley tanle model 20"3 of i"efer­
ence 1) by fairing the ste1J for a distance equal to nine times 
the depth of step at the keel; fa:1.ring ont the step completely; 
rounding the chtnes at the bow for .a dist ance of about 7 percent 
of the hull length; arid faL'ing Ollt the chines .• chine fla.res, 
and step completely by r01mcli n g the hu~l bott.om , Vi thout devices 
such as ret':'actable steps and. chines, the mOl'S severe alterations 
would probably be "9Y'ohi bi t1 ve because of red.uced hydrodynamic 
performance, The use of such retracting mecha.l'lisms, however, is 
believed to be justified for ael'orlyn::unic refinements that show 
much "9I'omise. Tests '''ere a1 se made on the fuselage of a modern 
high-spee<i landpl811e, a"9prox.-mately equival ent in size and cross 
weight to the hypothetical flyi.ng boat, for the purpose of 
com:paring the drag and stability of the hulls . 

COEFFICTENTS AND SYMBOLS 

The ~e sults of the tests are presented as standard. NACA 
coefficients of forces and moments. Rolling-moment) yawing­
moment, and pitchi~g-moment coefficients are given about the 
locations -shown in figt,_res 1 and 2 . The winG area) me.an 
aerodynamic chord) and span of a hypothetical flying boat derived 
from the XPB-B-l flyin,g boat (fi g . 3) are used in determin:'n8 the 
coefficients and Reynolds number for both the hull and fU8eJ~ge 
tests. 'rhe dat.a are referred t.o the stability axes, wh1.ch are 
a systJm of axes having their origin at the centGT of moments 
shown in figures 1 or-d 2 in which the Z-axis is in the plane of 
s;ymrnetry and perpendicula1:' to t.he relative wind, the X-axis is 
in the plane of symmetry and perpendicular to the Z-axiS, and 
the Y-axis is perpendicular to the plane of symmetry. The 
positive directions of the stability axes are shown in figure 4 . 

. " ! 
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The coefficients and symbols are defined as follows: 

CL 1 ft coefficient (L!~t) 

CD drag coefficient (D~~ 

lateral-force coefficient 

rolling-moment coefflcient 

(q~) 

(q~b) 
em pitching-mo:ment coeffici ent c..~c) 

Cn yawing-moment coefficient (~I-)\ 
qSb 

Lift = -Z 
DraB = -X "rhen ,~ = 0 

X forc8 along X-axis , pounC8 

Y force along Y-axis, pound.s 

Z force along Z-axis, pOQDds 

L rolling moment, f oot-pounds 

M pitching moment, foot-pounds 

N ya'ving moment, foot-pounds 

q free-stream dynamic pr essuro, "9ounds per square foot (p~2) 

S wing area of l~-scale model of hy~othetical flying boat; 
18 .264 square feet, fi.gure 3 

1 
wi~g men~ aerodynamic chord (M.A.C.) of lO-scale mo~el of 

LYDotllO ti cal fl3T in!3 boat; 1.377 feet, fi gure 3 

b wing Sp€1ll c f It-scaJ.e model of hypothetical flying boat; 

13. 97 feet , figure 3 

V air velocity, feet per second 

3 
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p mass density of air, slugs per cubic foot 

~ angle of yaw, degrees 

a angle of attack of hull base line or fuselage center 
line, degrees 

R Reynolds n,~ber basod on M.A.C. of 1~-3cale model of 
hypothetical flying boat 

rate of change of pitching-moment coefficient with angle 

of attack (~ct) 
rate of change 

yaw (dC!! \ 
\c~ ) 

of yawjng-moment coefficient with angle of 

of lateral-force coefficient with angle of 

MODE!J AND APPARATUS 

Langley tank model 203 was designed by the Langley Hydro­
dynamics Divis on and is the samo hlil that was us~d in the 
investigat:!.on of reference 1; dimensions of the model are pre­
sented j.n figure 1 and offsets, in table I. 

The various modifications to the hull, as shown in figu~e 5, 
1..rere made by the nse of interchangeable blocks. A sketch of the 
step fairing which extendect f or a di.stancc ' equal to nine times 
the depth of step at the keel is given 1n figure 6j the fairing 
was similar to that in reference 1. The completely fairEld step 
was constructed by extending the cross-section outUne of the 
forebody bottom at. the step of hull 203 to the sternpost with 
the keel follovTing all arbitrarily faired curve from step to 
sternpost; offsets for the complete step fairing ere presented 
in table II. The offsets for the hull bo~ the chines of which 
were faired arbitrarily f or a distance 7 percent of the hull 
length which is believed. to be hydrod.ynamically satisfactory, are 
presented in table III. The completely faired hull (table IV) 
was constructed by making the part of the forobody below a plane 
half way from the hull base line to the maximum hull height 
identical to the pa.rt above itj the afterbody bottom was faired 
from the step to the sternpost by semic:l.rcles tangent to the hull 

j 
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sides and coincident i'lith the keel location of the hilll "lith the 
complete step fairing . 

The streamline body 'Has a l~ - sca.le model of the fuse l age of 

a typical ,high-speed landplane. Dimensions of the fuselage are 
given in figure 2 and table V. 

The fuselage, hull, and interchangeable bJ.oclm vere of wood. 
and were finished with pigmented varnish. The models were attached 
to a support wing '.Thich Has mo'mted horizontally in the tunnel as 
shown in figure 7; the support "ring 'Was not a scale model of the 
hypothetical "ring (fiG . 3). The ,.,ing location vias similar for 
the models ,.,i th regard to the amount of "Ting projec tion above 
the body. The wing was set at an incidence of 40 on both mode.ls 
and had a 20.36-inch chord arld maximum. thiclmess of 18 percent 
wing chord. Wing ord.inates are given in table VI. 

The volumes, surface areas: and maximum cross - sectional areas 
of the hull \-lith th~ various aerodynamic refinements and. of the 
streamline fuoelage are given in table VII. 

TESTS 

Test ConQ.i tions 

5 

The tests were mado in the r,arigley 300 MPH 7- by 10-foot t 'unnel 
at dynamic pressurcs ranging from 25 to 173 pounds per square foot, 
which correspond t¢ 'airspeeds ranging from 102 to 275 miles per 
hour. Reynolds numberB').~· ba.sed · on the wing mean aerodynamic chord . 6 
of the hypothetical flying boat, ·ranged from .1.22 x 106 to 3.05 x 10 • 
Correspondin3 Mach numbers ranged from ·0.l3 to 0.35. 

Corrections 

Blocking correction.s have been appli'ed to 't,he data. The 
hilll drag has been corrected for horizonta.l-buoyancy effects 
caused,. by a tunnel static-pressure graet·ient. Angles of attack 
have been corrected fo: structural deflectitJns ca used by 
aer0dynamic forces. 

Test Procedure 

The aerodynamic characteri,sties of the hilll ano. fu~elage 
wi th the interference of the support 1-ring wore determined by 
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testing the 1ving alone and the wing and hull or 't-Ting and fuselage 
combination under like conditions. The hQll or fuselage aero­
dynamic coefficient s were then d.etermined by subtraction of 
wing-alone coefficients from the coefficients of the complete 
configuration. 

L~ or der to minimize possible errors resulting from transition 
shift on the wing, the wing transition was fixed at the leading 
edge for all tests by means of roughness strips of approximately 
o .008-tnch-diameter carborunclum particles. The particles were 
applied. for a length of 8 percent ,-line chor o. measured along the 
airfoil contour from the leading edge on both upper and lower 
surfaces. 

The hulls and fuselage were tested 1,'1 th transition fixed. 
A tranAi tion strip ~ inch wide ,,,as located approximately 5 percent 
of the hull length aft of the bow. Carborundum particles of 
approximately O.OOS-inch diameter 't-Tere used for this strip also. 

In order to correlate the data with pr evious investigations, 
for one of the tests the unaltered hull 203 was attached to the 
support wing of reference 1 which was of NACA 4321 section with 
a 20-inch chord. 

RESULTS MID DISCUSSION 

The variation of hull and fuselage aerodynamic character­
istics vTith angle of attack is presented i n figure 8; the 
variation of hull and fuselage aerodynami c characteristics 
wi th angle of yaw is g1 ven in fi gure 9 . Wi thin the range tested, 
Reynolds number had little or no ef fect on the 0xag and longitudinal 
stability for the fuselage and the various hull configurations 
(fig. 8). For convenience, t he minimum dr ag coefficients CDmi 
for a Reynolds number of about 2 .4 x 106, t he percentage drag n 
r eduction resulting from the various aerod.ynamic refinements, and 
the longitudinal-stability and l ateral- stebility parameters for 
the various configurations e presented i n table VIII. 

The data of fi gur e 8 indicate that for a Reynolds number of 
I' 

about 2.4 x 100 the QDaltered hull, Langl ey tank model 203, had a 
minimum drag coefficient of 0.0074, with t he interference of the 
present support-wing setup. 

Fairing the step for a d.1stance of nine t i mes the depth of 
step at the keel, as shown in f i gure 5, r educed the hull minimum 
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drag coefficient about 11 percent. This reduction agrees with 
predictions based on the resu.lts of l'eference 1. Fairing out the 
step completely resulted in EttIe or no further reduction in drag 
coefficient in the positive angle-of-attack range but did result in 
some reduction at negative ant31es of attack; the reduction became 
greater as the angles became more negative. A 'British investigation 
by Clark and Cameron of a similar configuration showed a similar 
result - li ttle o~ no decrease in drag when the step fairing extended 
to the st.f_' r npost. 

ROU.,'I'"J{ling the chinas at the bow of the hull resulted. in a 
reduction in min1Im:.m dr ag coefficient of about 5 percent when no 
other alt eration was made em ·the model. When the complete step 
fairing was added· to the hull "lith the nose falred, the reduction 
in miniml~ drag coeff ic i ent was 14 percent, 2 percent more than 
for th3 cumpletely f c::d. red step configurubion ' .;i ~h no nose fairing. 
These data indicate t hat the ef fects of 1:'8fim:lI1i.8nts are sor.c.ewhat 
depend.ent on the initial cleanness of t he hull " Known i ml i.7idual 
drag reductions caused by f &iring parts of a f lying-boat hull 
cannot be simply added to det ermine the d.rag coefficient of a 
hull incorporating the various refinements; if ' such a proced~re 
were followed the estimated drag mi ght be lower than the actual 
value. 

Completely fairing the hull bottom to the sternpost resulted 
in a minimum drag coefficient of 0.0055, which indicates that the 
maximum reduction in drag coefficient that can be obtained on a 
conventional-type flying-boat hull by means of aerodynamic 
refinement without greatly altering the hull contours is about 
26 percent. 

The angle-of-attack range for minimum drag was little 
affected by aerodynami c ref i~ement ruld occurred at an~~es of 
attack bG-'cween 20 and ]0, with t he exc e):'t. ion of the allgle-of 
attack r 8-l1ge for the ccmpletely f Etired hull configura'Cion \1hich 
occurred at angles of attack between 30 and 50. 

The streaml:i.ne fr'sel age of the lanc.l,llane aI'proximately 
equ1valent in size and grJss wei g..1.t to t,ne hypothetical flying 
boat had a minimum d.rag ceefficient of 0.0040 based on the same 
hypotheti cal wing area, '\olhich "TaS about. 46 percent less than 
the minirIJ.1.mt drag coefficient for the unaltered hull. This value 
was about 27 percent less than that for the completely faired 
hull, which indicates the necessity of dr astically changing the 
hull contours to obtain drag values approaching that of streamline 
bodies. At angles of attack greater than 60 the str'eamHne 
fuselage had a drag coefficient larger than that for the com­
pletely faired hull, which probably resulted. from the greater beam 
of the streamline body. 
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Tests made on the u.'1'J.al tered hull with the su-pport wing of 
reference 1 wb ich was 21 por0ent chord thick and _with the support 
wing of the present investigation 'Thich is 18 percent chord thick 
are compared in figure 10. The hlul I!linimum drag coefficient with 
the interforence of the support wing having a thickness of 
21 percent chord, 0 .0066, agrees closely with other tests of the 
same configuration given in reference l. The incr'ease in hull 
drag coefficient for the 1.lresent snppol't-v-ing setup can be 
attributed to an increase in wing int'J:t'ference. 

Long~tudinal stability ani directional stability generally.varied 
little with &erodynam:Lc refinement; the values of Cllla, and Cn'ljr 
(table VIII) .Tere about 0 .0052 and 0.0012, respectively. The 
completely faired hull was sli ghtl;y less unstable than the 
unalter ed h..111 by an amo'lIlt corresponding to a center-of-gravity 
shift of about ~ percent M.A.C. on a flying boat. The directional 
stabillty for the streamHne fuselaee Vias more than for the hulls; 
Cn'ljr was about 0 .0004 . -

CONCLUSIOrTS 

The res,ul t s of tests in the Langley 300 MPH 7- by 10-foot tunnel 
to determine the recluction in dra.g that could be made on the 
conventional-type hull of a hypothetical flying boat by means of 
aerodynamic refinementG, to determine the limit of such reducttons 
'dthout d't'astic3.11y-altering the hull cont ours, and to compare the 
rosul ts with tests of a fuseIa-ge of a landplane approximately 
equivalent in si7..e ar.d gross vi81ght to the hypothetical flying 
boat indicate the follOYTing conclusions: . 

1. The unaltered hull had a minimum dra coefficiont of 
0.0074 at a ~eynolds number of about 2.4 " 106 in th the inter­
ference of the present support ,-ring . Fai lng the step for a 
distance equal to nine times the depth of stop at the keel or 
fairing out the step completely resulted in about. the same 
reduction in minimum drag coefficient, about 11 percent . 

2. F.ound~ng the chines at the bow for a di8tance of ' 7 percent 
of the hull length resulted in a 5-percent r,eduction in minimum 
drag coefficient when no other alteration was made on the model . 

3. Fairing out the step completely and rOUl1d.ing the bow 
chines reduced the m:i.nimum drag -coefficient 14 percent, a reduction 
about 2 percont larger than the reduction -for the completely 
faired step configuration .ri th no bovr fairing . 

J --- --------' 
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!~. Fairing the hull completely reeul ted in a red'\..\ction in 
minimum drag coefficient of 26 percent, the probable limit of 
drag reduction on a conventional-type hull without greatly 
altering the hull contours. 

5. The la.'1dplane f-'.lselage had a minimum drag coefficient 
of 0.0040 which was 46 percent less than that for tho unaltered 
flying-boat hull and about 27 percent less than that for the 
completel.y i'aired hull . 

6. Kn01'ffi individual drag reductions caused. by fairing parts 
of a flying-boat hull cannot be stmply addfld to determine the 
drag coefficient of a hull incorporating several different 
refinements. 

7. The angle -of-attack r nge for minim1.J.Il1 drag was little 
affected by aerodynamic refinement and occvrred between angles of 
attack of 2° and 3°, with the exception of the anglo-of-attack 
range for the completely faired hu.11 which occurred between 30 

and 50. 

8. Lonei tudinal stability and a_iractional stabHi ty for the 
hulls with refinements ,19re generally about the same as for the 
unaltered hull . 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley ]'ield, Va ., March 7, 19"+7 
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TABLE I 

OFFSETS FOR LPlIGLEY TANK MODEL ro3 (~s 9) 

~l dimensions are in inche eJ 

11 

'-- '~'----r---.--.---'---"-~~----r-~~~~~~~~~~-'~~------~ Height Angle Forebody bottom, beights above base lin'> 
Distance Keel Chine Half Radius of Line of f f----..:..---.:..--=-----------~ 

. Sta- to above above beam and bull centers h°in 
half bo c e 

tiOD F .P. base base at 1 at a ve flaref--.---.---....--r---.---.--.,---r----·-1 
Buttocks 

f--- -
F.P. 

line I1ne chine m~ mum center base (deg ) 1 1 l~ 2 ~ 3 3~ 4 41 
esm line line 2 2 ? 

--, --+--- + -_.- ----1----1--- .-1--- --1 -

o 10·30 10 . 30 0 o 11.00 11.00 

! 2 .13 5 .49 8 .302 .'30 2 .}O 14.29 11.98 10 6 .487.498.148 .32 

1 4 .25 3.76 6.71 3 .06 3.06 1~.72 12 .66 10 4.52 5 .30 6.09 6.56 6 .77 6 .72 

2 8.50 1.133 4.593.86 3.P6 17.36 1 3 .~ 10 2 .402·96 3 .53 4.01 4.38 4.604 .64 

'3 12.7'; .Po 3.244 .32 4.32 18 .41 14.08 10 1.21 1.64 2 .06 2 .49 2.~ 3·10 3 . 2'5 3.28 . 
4 17.00 .27 2 .364 .61 4.61 19.12 14 . ~2 10 .59 .921.2'51.581.89 2 .14 2 .13 2.422 . 38 

~ 21 .2" .04 1.81 4.70 4.79 19.60 14.81 10 .29 .55 .eo 1.04 1·30 1.52 1·70 1.82 1. 85 

6 

7 

8 

9 I 
10 

11 \ 
12F ! 
12A 

13 

14 

15 

16 

17 

I B 

10 

S.". 

?1 

:: I 
25 

26 I 
27 I 
A.P. 

?~.'\o 0 

29.7'\ 0 

34 .00 0 

38.25 0 

42 .50 0 

46 .75 0 

51 .04 0 

1.51 4.89 4.89 10.88 14·99 

1.40 4.92 4 ·92 19 .99 1'5.07 

1. 40 h .92'5 4 .925 20.00 1'5 .08 

5 

o 

o 

1.40 4 .925 4.925 20 .00 

1.40 4.925 4.925 20.00 

1.40 4 .925 4.925' 20 .00 

1.40 4 .925 4.925 20 .00 

';1.04 1.16 2.9'\ 4 .92'5 4.92'5 20 .00 

';5 .2') 1.56 3.324.85 4.'l1 20.00 

59 .50 1.96 3 .65 4.6'\ 1,.86 20 .00 

63 .75 2 .36 13 .944 .35 4.77 20 .00 

68 .00 2.76 4 . 22 4 .00 4.65 20 .00 

72 .25 3 .16 4.433.49 4 .48 20.00 

76.'iO 3 .'\6 4.612 .87 4.28 20.00 

r'O .7'i , .07 4 .72 2.06 4.03 20.00 

Ac .OO 4 .17 4.7'\ 1.06 3.73 20.00 

P8.6R h T;> 4.12 0 

"1, .'\0 8 71 

07 .7~ 11. 43 

102 .00 13 ·61 

106.2'; 1') · 31 

110.0;0 16 .78 

114 ·75 11'.2'5 

116.65 18 ·90 

1.40 20 .00 

3 ·0<' 20 .00 

I 
2.61 

2 .16 

1.69 

20.00 

20 .00 

20.00 

1.17 20.00 

.63 20 .00 

.39 20.00 

15.08 0 

1'5 .0B 0 

1'5 .08 0 

15 .08 0 

1'5 .08 

15 .09 

15.14 

15.23 

15 ·33 

15.52 

1'\ .97 

16.27 

1 0 . 11 

I F .• B3 

19 · 37 

10.61 

.19 .40 .'59 .78 .981.18 1. 33 1.461 .'52 

.18 .36 .55 ·73 .92 1.09 1.23 1· 33 1 .40 

.18 .36 .55 .73 .921.091 .23 1.331.40 

.18 .36 .55 ·73 .92 1.09 1 .23 1·33 1.40 

.18 .36 .55 .73 ·92 1.09 1.23 1·33 1 .40 

.18 .36 .55 ·73 ·92 1 .091 .23 1.33 1.40 

.18 . 36 .55 .73 "2 1.00 11.23 1.33 1.40 

NATIONAL ADVISORY 
COHHITTU fOR AERONAUTICS 
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Ste- Distance Keel 

tion to above 
F.P. base 

line 

12A 51.04 0 

13 5')·25 .08 

14 59 ·50 .27 

15 63 .75 .57 

16 68.00 .88 

17 72·25 1.43 

18 76·50 2 .08 

19 80 ·75 2 .94 

20 85 ·00 3·91 

S.P. 88.68 4.72 

Sta- Distance Keel 

tiOD to above 
F.P. bess 

I1ne 

F.P. 0 10.30 

1 1.00 6.75 4 

! 2.1) 'i.41 
2 

1 4 .2'i 3.76 

2 R.'j() 1.83 

NACA TN No . 1307 

TABr:z II 

OFJI'SETS FOR LANGLEY TANK MODEL 20 3 Wl'1'II COMPLE'l'Z STEP FAIRING 

Half 
Ch1ne beam above at 
base chine 
l1ne 

1.40 4 ·92 

1.50 4 .84 

1.65 4.62 

1.90 4 .26 

2.14 3 ·89 

2 .59 3 ·28 

3 ·02 2 .64 

3 ·56 1.83 

4 .22 ·90 

4.72 0 

~l dimensions are in Inche!J 

Rar1ius Height Line of Angle Afterbody bottom, heights above baae Une 
""d of centers of 
half hull aboTe chine 

ma.x1m\Jl1 at baae flare 
beam center l1ne (deg) ! 

line 2 
4.~,; 20.00 15 .08 0 .18 

4 ·91 20.00 15 .09 .26 

4.86 20 .00 15 .14 .45 

4·77 20.00 15 ·23 .75 

4 .65 20 .00 1~·33 1.06 

4 .48 20 .00 15 ·52 1.61 

4 .28 20 .00 15 ·73 2 .26 

4 .03 20 .00 15·97 3 ·12 

3·73 20 .00 16.27 4 ·09 

TABLE III 

Buttocks 

1 I! 
2 2 2! 

2 3 3! 
2 

0·36 0." 0·13 0 ·92 1.09 1.23 

.44 .63 .81 1.00 1.17 1.31 

.63 .82 1.00 1.19 1.36 1.50 

·93 1.12 1.30 1.49 1.66 1.80 

1.24 1.43 1.61 1.80 1.97 2.11 

1.79 1.98 2.16 2·35 2.'52 

2 .44 2 .63 2.81 3 .00 

3 ·30 3 .49 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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2 

1.33 1.40 

1.41 1.48 

1.60 1.67 

1.90 

OFJI'SETS FOR LANGLEY TANK MODEL 203 \/ITII ROtlNDED BOW CIIINES 

Half 
Chine beam 
above at 
baee chins 
I1ne 

0 

4.,)'1 3·1\6 

~1 dimensions are in inehe~ 

Radius Height Line of Angle 
and. of centere of 
half hull above chine 

maximum at base flare 
beam center (deg) line 

line 

0 11.00 11.00 

2 . )0 14.29 11.98 

3.06 15.72 12.66 

3 .86 17.36 13.'j() 10 

Forebody bottom, height. above baae 11ne 

! 1 2 

6.96 7.30 

5 .89 6·29 

4.4,; '; .02 

2 .40 2·96 

Buttocke 

1! 
2 

2 ~ 3 ~ 4 

7 ·99 

6 .68 7.14 

'i .51 ') .93 6 .27 6.,)4 

3 ·53 4.01 4.38 4 .60 4.64 
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TABLE IV 

OFFSETS FOR COMPLETELY FAIRED LANGLEY TANK MODEL 203 

Distance Radius Line of 
Sta- Keel centers 
tion to above and above half 1".P. baee baee 

line lD/l.Ximlml 
line beam 

F.P. 0 0 11.00 

1 2.13 2·30 11.98 
~ 

1 4.25 3.06 12.66 

2 8.50 3.e6 13.50 

3 12 .75 4·32 14.08 

4 17.00 4.61 14·52 

5 21 .25 4.79 14.81 

6 25 ·50 4./39 14·99 

7 29 ·75 4·92 15 ·07 

8 34 .00 4·925 15 .08 

9 38 .25 4·925 15 .08 

10 42.50 4.92'5 15.08 

11 46.75 4.925 15.08 

12 ')1 .04 4·925 15.08 

13 55 ·25 4·91 15 .09 

14 59 ·50 4.e6 15 .14 

15 63·75 4·77 15 ·23 

16 68 .00 4.65 15 ·33 

17 72.25 4.48 15·52 

18 76 .50 4.28 15·73 

19 eo .75 4.03 15·97 

20 85 .00 3.73 16.27 

S.P. 88 .68 4.72 

21 89·25 5.28 3.40 16 .60 

22 93·,)0 8.71 3·02 16.98 

23 97 .75 11.43 2.61 17 · 39 

24 102 .00 13.61 2 .16 17.84 

25 106.25 1'5· 31 1.69 18.31 

26 

1

110

•

50 16.78 1.17 18.83 

27 114.75 18.25 .63 19·37 

A.P. j116.65 18.90 19.61 ·39 

§l1 dimensions are in inches] 

Height Line of 
of Radius bottom 

hull of centerp 
at bottom above 

center base 
line line 

ll.OO 0 10·30 

14.29 2 .30 8.02 

15·72 3.06 7.34 

17.36 3.e6 6.50 

18.41 4.32 5·92 

19·12 4.61 5.48 

19·60 4.79 '5.19 

19.88 4./39 5 ·01 

19·99 4·92 4·93 

20.00 4·92 4 ·92 

20 .00 4.92 4·92 

20.00 4.92 4.92 

20 .00 4·92 4·92 

20 .00 4.92 4.92 

20.00 4.87 4 ·92 

20.00 4.67 4·92 

26.00 4.38 4·92 

20.00 4.03 4·92 

20 .00 3 ·50 4·92 

20 .00 2.89 4·92 

20 .00 2 .07 4 ·92 

20.00 1.08 4.9.2 

0 4·72 

20 .00 

20.00 

20 .00 

20.00 

20 .00 

20 .00 

20.00 

20 .00 
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Stat10n 

0.158 

.527 
1.054 

2.108 

3.373 
5.059 
7.906 
8.432 

10.804 
14.124 

17.457 

20.580 
23.584 
26.483 

29.513 

33·031 
36·918 
40.185 

43 -716 
45.166 

47.524 

NACA TN No. 1307 

TABLE V 

ORDINATES FOR LANDPLANE FUSELAGE 

[All d1mens1ons are g1ven 1n 1nches] 

Radius 

0.408 
.838 

1.263 

1.887 
2.462 

3.071 
3.e64 

3.989 
4.496 

5.064 
5.492 

5.790 
6.003 
6.156 

6.274 
6.369 
6.436 
6.467 

6.481 
6.482 

6.479 

Station Radius 

50.989 6.440 

54.309 6.420 
'58.143 6.354 

62.267 6.254 
66.378 6.121 

69.896 5.980 
72.557 5.854 
76.404 5.642 

79 ~843 5.420 

84.033 5·103 
87 <538 4.797 

91.015 4.451 
94.494 4.058 

97·973 3.616 
101.451 3.118 
104.837 2·573 
108.144 1.978 
111.543 1.293 

114.521 \ .624 

117.050 0 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



NACA TN No . 1307 

TABLE VI 

ORDINATES FOR SUPPORT WING 

~1 dimensions are given in percent chord] 

Station Upper su.r:f'ace Lower surface 

0·5 1·7'59 1.119 
·75 2.084 1.412 

1.25 2.609 1.SB, 
2.50 3·595 2.700 
5·00 4.967 3.768 
7·50 5·993 4.520 

10.00 6.813 5·103 
15.00 8.089 5·972 
20.00 9·023 6.569 
25.00 9·707 6.986 
30.00 10.183 7 .248 
35.00 10.482 7·379 
40.00 10.609 7.396 
45.00 10.569 7.281 
50.00 10.365 7·052 
55.00 9·991 6.698 
60.00 9.447 6. 220 
65.00 8.742 5.625 
70.00 7.88'3 , 4.920 
75·00 6.869 , 4.129 
80.00 5·733 I 3.286 

! 

85 .00 4.494 . 2.419 
00.00 3.141 1.534 
95.00 1.663 .677 

100.00 .017 .017 

L . E. radius: 0.948 
Slope of radius through end of chord: 0.25484 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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TABLE VII 

VOLUMES , SURFACE AREAS, AND }A.AXIMUM CROSS-SECTIONAL AREAS 

OF IAl"roLEY TANK MODEL 203 WITH AERODYNAMIC REFINEHENTS 

AND OF S'IRE.AMLINE FUSELAGE 

Configuration 

Unaltered hull 

Bm-l chine s rounded 

Step faired nine times 
depth of step at keel 

Step faired completely 

Step faired completely 
and bow chine s 
rounded 

Hull completely 
faired \ 

Streamline 
f·usela.ge 

--I-

Vo1'1llllB Surface area 
M.a.x:imu:r:l cross-

(cu in.) (sq in.) sectional area 
(sq in.) 

12,916 4581 182 

12,935 4581 182 

12,973 4604 182 

13,268 4681 182 

13 .. 287 4681 1 82 

13,114 I 4551~ 1'76 
-

I 
10. 270 I 3630 1 3? 

NATI ONIIJ, j\.D7ISORY 
COHMI l'T.G€ '::<'OR A .. illOHAU'I ICS 



TABLE VIII 

DRAG AND STABILITY PARAMETERS OF LANGLEY TANK MODEL 203 

WITH AERODYNAMIC REFINEMENTS AND STREAMLINE FUSELAGE 

~ag coefficients are presented for R ~ 2.40 X 10~ 

Drag dam den 0 
Configuration CDmin reduction 

do. dl for a. • 2 
(percent) 

Unaltered hull 0.0074 --------- 0.0052 0.0012 

Bow chines rounded .0070 5 .0050 .0012 

Step faired nine t1mes 
depth of step at keel .0066 11 .0050 .0012 

Step fa1red completely .006'5 12 .0051 .0011 

Step faired completely -
and bow chines rmm.ded .0064 14 .0050 --------------

Hull completely fa1red .0055 26 .0045 .0012 

Streamline fuselage .0040 46 .00'53 .0004 

-------- -- - ~- ._ - -< ---~--- ----- - -- - ---- - ---

de 
~ for a. s 20 

0.0053 

.00'53 

.0053 

.0063 

--------------

.0045 

.0014 

---- -~ 
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Figure 1. - Lines of Langley tank m",del 2)3. 
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Figure 3. - Comparison of - - scale models of the XPBB -1 flying boat 

10 
and hypothetical flying boat incorporating hull 203. 
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Figure 4. - System of stability axes. Positive dir ections of forces, 
moments, and angles are indicated by arrows. 

---- _._-_._._.- --~ 



NACA TN No . 130 7 Fig. 5 

Unaltered 

Bow chine s rounded 7 percent 
of hull length 

step faired nine time s step 
depth at keel 

step faired completely 

step faired completely and bow 
chines rounded 7 percent of 
hull length 

Hull completely faired 

Figure 5. - Langley tank model 203 unaltered and with 
aerodynamic refinements. 
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Figure 6. - General details of step faired nine times depth of step at 
keel. Bottom view of hull. 
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Figure 7. - Langley tank model 203 with bow chines rounded 7 percent of hull length mounted 
in the Langley 300 MPH 7 - by 10 -foot tunnel. 
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Figure 8. - Effect of aer odynamic refinement on the aerodynamic 
characteristics in pitch of Langley tank model 203. 
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Figure 9. - Effect of aerodynamic refinement on the aerodynamic 6 
characteristics in yaw of Langley tank model 203. R z 1.2 x 10 ; 
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Figure 10. - Effect of support -wing interference on the aerodynamic 
characteristics in pitch of Langley tank model 203. R Z 3.0 x 106 
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