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WIND-TUNNEL INVESTIGATION OF A SYSTEMATIC SERIES OF 

MODIFICATIONS TO A FLYING-BOAT HULL 

By Feliclen F. Fullmer, Jr. 

SUMMARY 

An investigatIon ~SB conducted to determine, for one representative 
hull form~ the effect on same of the aerodynam:i.c characteristics of 
systeinatic variatLon.') in the shape and disposition of the chines at and 
near the bow and in the depth of the step. The parent hull was of co~ 
ven-tional design (length-beam ratio equal to 6.7) and had. a depth of 
step equal to 8 percent of the b~am. The investigation was cond.ucted 
at a Reynolds number of 6.4 x 10 based on the model hull length and all 
the tests were made with the hull attached to a wing which completely 
spanned tne tunnel. 

An analysis of the t'esulte obtained at an angle of trim which corr&
sponded to the assumed high-speed attitude of the hulls (T = _O.~o) 
showed tha.t the drag coeffic lent based on hull frontal area of the 
"parent" hull was 0.090. Although the variations in the lines of the bow 
in general had only a small effect on the drag coefficient of the hull, a. 
reduction in drag equa l to 9 percent of the drag of the parent hull could 
be obtained by using a slender bow (profile view) incorporatIng a chine 
faired to conform more closely to the direction of the air flow at the 
bow. The drag coefficient for the hull wHh deep steps, 12 to 16 percent 
of the beam, was the same as that for the parent hull. The drag coef
fi~lent for the hull with a step depth e1ual to 4 percent of the beam 
was 20 nercent less than that for the parent hull; and complete eli:m.i-
nat ton of this step, except for the chine flare, produced no further 
redu cti on in the drag. A cOIp.prom.i se art'angement conSisting of an aux
ili.A.ry longitudInal step and a shallow transverse step (4 percent of the 
beam) produced a hllll which had 14 percent less drag than that of the 
parent hull and was believed to be hydrodynamically practical. Rounding 
a part of the forebody or afterbody chines of the parent hull, either 
separately or together, produced the sarnA (18 percent ) decrease in the 
drag coefficient. TIle eltmination of the sharp chines, the step, and 
the small discontinuity caused by the forebod.y cll1ne flA.:re reduced the 
d:ag coefficient of the parent hull by about 30 per-cen-: . On~third of 
this total reduction in drag is attributable to the eli.m:ination of the 
sharp eh Lnes whereas the remaining two-thirds is due to the eliminatIon 
of the step. 
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INTRODUCTI ON 

The aerodynamic drag of hulls is an exceedingly important factor 
in the design of flying boats because of its i~luence on the param
eters which determine the range and pay load and also because this drag 
has an important effect upon the maximum speed. For this reason, 
inves tigattons of large scope have been conducted by the Nattonal 
Advisory Committee for Aeronautics to determine the drag reductions 
that can be obtained by the aerodynamic refinement of fly i ng-boat 
hulls. Some of these investigations previously reported included tests 
of conventional hulls of length-beam ratios from 6 to 15 (reference 1), 
tests of planing- tai l hulls developed by the NACA (reference 2), and 
tests to determine the effect of aerodynamic r efinement on the drag 
characteristics of a con7entional hull having a length-beam ratio of 9 
(reference 3). 

The present series of tests, conducted on a conventional hull of 
length-beam ratio of 6.7, were made to determine the effect on aerody
nandc drag of systematic v3riations in the shape and disposition of the 
chines at and near the bow, in the depth of step, and in the chines 
rounded on both the forebody and afterbody hydrodynamic surfaces. The 
variations were made in such a manner that the ~esults would indicate 
the impoTtance of the drag of the bow, the step, and the sharp chines 
in relation to the ove~all hull drag. 

The "parent" form of the series was a hull modeled after that of 
a large, modern flying boat. The investigati on was conducted in the 
Langley two-dimensional low-turbulence tunnel which is described in 
reference 4. All tests were made at a Reynolds number of 6.4 x 105 
based on the hull length. Although some of the hull coni'igurations 
investigated were impractical designs from hydrodynamic considerations, 
the tests were made to deter~tne if the reduction in drag would be 
sufficiently large to warran t , for example, the incorporation of some 
auxiliary devIce such as a retractable step or retractable chines to 
produce a hydrodynamically practical hull. 

SYMBOLS 

lift coefficient 

pitching-moment coefficient (~) 
qSc 

drag coefficient ( :S ) 

_J 
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Subscr ipts: 

c 

w 

frontal-area drag coefficient for hull including 

interference effect of mounting wing c w (
D _ D) 

qSF 

angle of attack measured between wing chord and air 
stream, degrees 

angle of trim of hull measured between hull base and 
air stream, degrees 

wing chord, feet 

dynallIic ]1I"essure, pounds per square ~oot (~v2) 

wing area, square feet 

hull frontal area, square feet 

Reynolds number based on model hull length 

mass density of air, slugs per cubic foot 

air velocity, feet per second 

lift, pounds 

pitching moment, foot-pounds 

drag, pounds 

wing-hull combination 

wing alone 

DESC:!UPrI ON OF MODELS 

The model had a no:.."'1I1al depth of step equal to 8 percent of the beam 
and the leI13th-beam ratio was 6.7. A three-view drawing of this basic 
model and. a table givine model dimensions aTe snown in figure 1. 
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In order that changes i n the model configurations could be easily 
made, the hull was assembled in 3 sections: the upper hull, the forebody 
hytlrodyru:.m1c surfaces, and t'he afterbody hydrodynamic surfaces which also 
i ncluded the tail extension (fig . 1). 
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The offsets for the upper hull are given ~n table I. The dimensions 
of the canopy and a sketch illustrating the various hull dimensions are 
given at the end of the table. 

Although the tests of the various fore bodies were made primarily to 
detect the effect of changes in the chine lines near the bow, the keel 
shape was also modified in order that the series of bow shapes would be 
related and would rewesent practical hydrodynamic designs. The bow 
shapes investigated are shown in figure 2 and the offsets are presented 
in table II. The crosa-sectional views at station 5.13 (fig. 2) are 
typical of the cross sections from the forward perpendicular to 
station 12.75. Each of the bow shapes had the same over-all plan form 
and was identical in cross section from station 12.75 to the step. 

In order to maintain the same frontal area of the hull for all 
model configurations, the depth of step was varied by displacing the 
afterbody planing bottom vertically. The offsets for the various 
afterbodies thereby produced are presented in table III. Two of these 
afterbodies, the one used for the tests with 0 percent depth of step 
and the one used for tests with 16 percent (of the beam) depth of step, 
are shown in figure 3. This figure also shows that this method of 
varying the depth of step necessitated the refairing of the sides of 
the hull (see crosa-sectional views at stations 33.75 and 41.25) and a 
part of the tail extension; but since the vertical sides are simply 
straight tangential lines connecting the chine and the upper hull, all 
afterbodies had comparable and related fairings. Some additional tests 
were made with an auxiliary longitudinal step attached to the forebody 
planing bottom, as shown in figure 4. 

The offsets for the parent hull (model with 8 percent depth of step) 
with the forebody and afterbody chines rounded near the bow and sternpost, 
respectively, are presented in table IV and photographs of these chines 
are shown in figures 5(a) and 5(b). The offsets for the model with 
chines rounded over the entire forebody and afterbody hydrodynamic 
surfaces are presented in table V and photographs 'of this configuration 
(model with 0 percent of the beam depth of step) are presented in 
fi gures 5{ c) and 5{ d). The offsets for the afterbody (table V) also 
include ordinates for an afterbody fairing strip immediately aft of the 
step. This fillet is necessary to fair out the small step-like discon
t i nuity i n the chines that is caused by the added flare of the forebody 
planing bottom. 

The wlng was eet at an incidence of 4.30 to the hull base line, 
had a chord of 14.08 inches,and was of the NACA 63,4-420 airfoil section 
(ordinates for airfoil given in table VI). The wing completely spanned 
the tunnel test section except for O.O}-inch gaps which were necessary 
to avoid fouling between the model and the tunnel walls. 
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A convenient method of designating the vEU~ious model configurations 
was devised in order to simplify their identification throughout the 
rest of the paper. Since the parent hull model was derived from the 
offsets of Langley tank model l64~ the same series number was retained 
as the first part of the designation for the present series of hulls. 
In the remaining part of the designation, the letters F and A 
foll~Ned by numbers designate the particular forebody and afterbody 
which was used to form the complete hull. The following table gives 
the basic model configurations which were investigated: 

Model or hull Model configuration 
designation 

Forebody Depth of step 
shape number (percent beam) 

1 64-Fl-A8 Fl 8 
a164-F2-A8 F2 8 
1 64-F3-A8 F3 8 
1 64-F4-A8 F4 8 
164-F2-AO F2 0 
1 64-F2-A4 F2 4 
1 64-F2-Al 2 F2 12 
Ih4-F2-Al6 F2 16 j 

aparent hull. 

Any modifications of the basic configurations are described with a 
statement; for example, "model 164-F2-A8 with chines rounded near the 
bow" or "model 164-F2-A4 with an auxiliary longitudinal step." 

PROCEDURE AND TESTS 

Since bow doors, turrets, and surface roughness would limjt the 
extent of l8~jnar flow over the wing and hul l of a full-scale flying 
boat~ transition strips of O.Ol-inch carborundum grains were shellacked 
to the model to simulate the effect of such discontinuities in wing and 
hull conto~s. The transition strip on the hull (fig. 1) was located at 
a point 5 percent of the hull length aft of the bow of the hull and it 
was 0.50 inch in width. The transition strip on the wing, also shown 
in fig~e l~ covered the leading edge and the first 8 percent of both 
surfaces. 

Li:rt ~ drag, and pi tchine-mcmIfmt measureruents 'Were made on a 
three-component balrulCe for the 'Wing alone and far each of the w1~ 
hull configurations. All the lift and the drag coefficients obtained 
from these tunnel tests were based on the model wing area of 
3.52 square feet. The pitching-moment coefficients were based on the 

5 
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wing chord of 1.173 feet. The drag coefficients of a given hull plus 
the wing-hull interference effects (here inafter referred to simply as 
the drag of the hull) were obtained by subtracting, at any given angle 
of attack, the drag of the wing alone from the drag of the wing-hull 
combinati on. The drag coefficient for the hull was then converted 
from a coefficient based on the wing area to a coeff i cient based on 
the frontal area of 0.444 square foot. 

The investigation was conducted in the Langley- two-dimensional low
turbulence tunnel at a Reynolds number of 6.4 x lob (based on the model 
hull length of 5 .015 ft) which corresponded to a dynamic pressure of 
53 pounds per square foot. Inasmlch as the corres ponding Mach number 
of 0.19 was relatively low, no corrections for the effects of com
pressibility were applied to the data. All the aerodynamic character
istics were obtained over a range of hull trim angle from -100 to 100 , 

a considerably greater range of trim than is usually encountered by a 
full-scale flying boat. 

TUNNEL CORRECTIONS AND ACCURACY OF DATA 

The corrections for the wind-tunnel wall effects were made by the 
fol l owing equations: 

q = 1.141q' 

a. 1.005a.' 

CL 0.99OCL' 

CD 0.99 5CD' 

CM 0.995CM' 

The constants wh1ch are used were ob t ained by the method descrIbed in 
r efer ence 4 and the prixood symbols represen t the values measured in t he 
tunnel. 

The probabl.e error in 1ndivtd.ue.l tes t point.s a s determined f r om 
check tests, consideration of t he sensitivi ty of the measuring instruments, 
and departure of points from t he faired curves is estimated to be wi t h i n 
t he f01Jowin£ limits: 

Over the straight part of t he lift curve: 

±0 . 002 
±O. OOl S 

±O. OOI 
:!0 . 05 

----) 
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Near maximum lift coefficient: 

. . . 

RESULTS AND DISCUSSION 

±o.ooB 

± 0.0048 

±0.003 

±0.05 

The aerodynandc characteristics for the wing alone and for the wing 
with hull 164-F2-A8 (parent hull) are presented in figure 6 to show the 
changes in the lift, drag, and pitching-moment coefficients due to the 
presence of the hull. Similar lift,drag, and pitching-moment curves for 
the other configurations are not presented because no new effects are 
shown. The figure shows that the presence of the hull decreased the 
lift coefficients over the range of low to moderate angle of attack 
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(~ = 00 to ~ = 80
) but increased the lift-curve slope and lift coef

ficients at angles of attack above 8.30
• This increase in lift and 11ft

curve slope at high angles of attack combined with the increase in the 
maximum lift co~fficient obtained with the model of the wing-hull ~ombi
nation indi~ates in general that the presence of the hull had a favorable 
effect on the lift. 

The addition of the hull to the wing causes the increment in drag 
coefficient to decrease as the angle of attack is increased in the positive 
direction. An examination of the tuft-survey sketches in figure 7 shows 
that the air flow over the wing-hull combination improves steadily as ~he 
at ti tude of the model is increased from loW' negatl va to high posl t1 ve 
angles of attack. The higher lift-curve slope, the greater maximum lift 
coefficient, the smsller incremental rise in drag coefficient, and the 
smoother flow of air over the hull indicate that the wing-hull inter
ference effects are favorable at these high angles of attack and that 
the hull has some lift. Thene favorab19 interference effects are shown 
by the occurrence in ftgure 8 of extremely low hull drag coefficients 
at relati vely hIgh hu.ll trIm angles. These favorable effects are obtained. 
only for this one p~tlcular angle of inciiBnce betWBen the W'ing and hull, 
and simil:'1I results shoul,i not be expected if the sngle of incidence is 
changed or if the wing is located at a different position on the hull. 

An exam:!.nation of the pi tching-moment curves (fig. 6) shows t hat 
the addition of the hLlll to the wing increased the value of the negati ve 
p i tchtng-mowent coefficients at low to moderate lift coefficients but 
ha s little or no effect upon the pitchtng-moment coefficient s at high 
values of ~he lift coefficient; thus, the adciltion 0 the hull apparently 
causes the pitchlng-moment curve to assume a positive or adverse slope. 
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Effect of bow shape on drag.- The effect of bow shape on the drag 
characteristics is presented in figure 9. An analysis of the results 
shows that at an angle of trim of -0.20 (the assumed trim angle of the 
hulls in high-speed level flight), hull l 64-Fl-A8 had the lowest drag 
coefficients of any of these hulls. Hull l64-Fl-A8 had a slender bow 
i ncorporating a chine faired to conform more closely to the direction 
of the air flow at the bow. The reduction in drag coefficient obtained 
by use of this bow shape amounted to about 9 percent of the drag of 
hull l64-F8-A8 at thjs same tr5~ angle. The drag coefficients of bow 
shapes F3 and F4 (hull l64-F3-A8 and hull 164-F4-A8, respectively) 
were approximately the same as the drag coefficient of 0.090 (at T = -0.20 ) 

which was obtained with hull l64-F8-A8. An examination of the curves 
at a trj~ angle of 1.70 (the assumed trim angle of the hulls for cruising 
speed in a level flight condition) shows that the drag coefficients 
obtained with all four of the bow shapes were about the same. Although 
variations in the lines of the chine have only a small effect on the 
ove:r-all drag coefncient of a hull, some reduction in drag at the hig1r
speed attitude can be realized by use of a chine of the type designated 
as "bow shape FI" in figure 2. 

The effect of depth of step on drag.- An examination of the data 
(figs. 10 and 11) obtained with hulls l64-F8-AO, l64-F8-A4, 164-F8-A8, 
1 64-F2--A12 , and l64-F2-A16 shows that throughout the assumed range of 
tr:i m for hig1r-speed and cruising flight condit i ons, -0.20 to 1.70 , the 
greatest var:iat i ons in the drag coeffi cients were obtai ned by decreasing 
the depth of step from 8 to 4 percent of the beam. Contrary to 
general belief, these results show that the drag coefflcients wi thin 
the fl i ght range of trim do not vary ~roportionally with changes in the 
denth of step of the hull. The decrease in drag coefficient wh5ch was 
realized with hull l64-F2-A4 or hull 164-F2--AO over that for hull 164-F2-A8 
amounted to appro:x:imately 20 percent at the high-speed trim angle of _0.20 

and to about 13 percent at the crulslng-speed tr i m angle of 1.70 • 

Although the lowest drag coefficients were usually obtained with 
hu lls l64-F2-A4 and l64-F8-AO, they could not be used on an actual flying 
boat because normal ventilation of the step could not be obtained; and 
as a result the hulls would have excessive water resistance and very 
poor hydrodynamic stability characteristics. Results of hydrodyne.mic 
tests of several shallow step hulls (see p. 18 of r eference 5) have 
shown, however, that satisfactory hydrodynamic stability characteristics 
coulo. be obtained from such hulls provided that they were fj.tted with 
an auxjliary longitudinal step attached to the forebody innnediately 
forward of the step. For this reason, the aerodynamic effects of 
adding an auxjliary longitudinal step to hull l64-F8-A4 were determined. 
These results are gi ven in f igure 12 and show t~at the auxiliary longi
tudinal step -Increased the drag of this hull by approx:imately 7 percent 
at both the high-speed tr5m angle of -0.20 and the cruis i ng-speed trim 
angle of 1.70 • The drag coeffjcients of thi s modified hull were, however, 
still ap~rec iably lower (about 14 percent at T = -0.20 and 6 percent at 
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T = l.~) than those coefficients obtained with hull 164-F2-A8. Thus, 
the foregoing results indicate that a comprom:1 se arrangement consisting 
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of an auxiliary longitudinal step and a shallow transverse step (4 percent 
of the beam) would provide the designer with an arrangement which would 
allow an appreciable reduction in aerodynamdc drag without the hydrody
namic disadvantage of the shallow step. 

The effect of rounded chines on t.he drag.- The results obtained 

from tests of hull l64-F8-A8 with the chines rounded near the bow and 
sternpost are presented in figure 13. An examination of the results 
shows that rounding only the :forward part o:f the :forebody ch:i.nes 
(fig. 5(a)) reduced the drag coefficient of the parent hull by about 
18 percent at a trim angle of -0.20 and by approx1mately 12 percent at 
a trim angle of 1.7°. The figure shows also that rounding the chines 
in the vicinity of the sternpost (fig. S(b)) produced approximately the 
same reduction in the drag coefficient. Combindng both of these modi
fications, however, gave no further decreases in drag within the experi
mental accuracy of the data. A comparison of these results with the 
data obtained for hulls 164-F8-A4 and l 64-F8-AO (fig. 10) shows that 
within the flight range of trim,rounding an appropriate part of the 
chines produced essentially. the same reduction in drag coefficient. that 
could be obtained by completely eliminating the step of a sharp chine 
hull. From these results it see~2 possible that a favorable aerodynamic
r..ydrodynam:1 c compromj se mj gbt be made, therefore, by rounding only the 
forward part of the forebody chi nes. Some form of a sharp, light
we ight, retractabl~ chine would, however, have to be i ncorporated into 
a hull of this shape to control the spray at low s peeds when the hull 
acts as a disrlacement craft. 

In order to determine the reduction i n drag coeff i cients wh i ch 
could be obtained by completely el i minatjng the sharp chines, the ste p, 
and the chi ne flare of the fore body plan~ng oottom, a series of tests 
were conducted on hull 164-F8-AO shown i n figures S(c) and Sed). The 
results obtained are presented in figure 14 toge ther with the drag 
curve for the parent hull with sharp chines and for the hull with 0 percent 
depth of step and the sharp chines. The f igure shows that the elimi
nation of all sbarp discont.inuities decreased the drag coefficients of 
hull 164-F8-AO throughout the entire range of trim which was investigated. 
A comparison of the drag coefficients obtained with hull 164-F8-AO 
when all sharp d i scontinu ities were removed with those drag coefficients 
obtained for the r arent hull 164-F8-A8 shows that hull 164-F8-AO produced 
drag coefficients which were about 30 percent lower at 0. trim angle of 
-0.20 and approximately 26 percent lower at a trim angle of 1.7°. An 
analysis of the results shows that at a trim angle T = -0. 20 , approxi
mately one-third of the 30-percent reduct i on in drag i s attributable to 
the elimination of the sharp chines and t hat the rema:i ning twcr-thirds is 
attributable (see effects of changes i n the de pth of ster on drag) to 
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elimnation of the step. At a trim angle T = 1.70 , one-half of the 
26-percent reduction in drag is attributable to elimination of the 
chines and the remaining part is a result of eliminating the step. 
These test results serve to evaluate the gains that can be obtained 
with an idealized configuration which is very poor hydrodynamically. 
Any attempt to realize these drag gains on a practical flying boat 
would require the use of relatively complicated devices, such as re
tractable chines, retractable steps, and perhaps forced step vent i lation 
to achi eve good hydrodynamic characteristics. 

Comparisons with other hulls and a body of revolution.- A compar i son 
of the drag coefficients of several of the 164-seri es hulls with results 
obtained from tests of other hull forma and from tests of a streamline 
body of revolution (fineness ratio 5) are presented in f i gure 15. All 
the curves shown in this figure were obtai ned from tests with trans iti on 
fixed near the bow of the models and all the coefficients include the 
interference effects of the mounting wing. The figure i s intended to 
show the difference between the present hulls and the other hull forms 
and to bring out more clearly the reduct i ons in drag coeffic i ent whi ch 
can be obtained by partly or completely eliminating the sharp chines and 
the transverse main step of a normal hull. It should be noted, however, 
that stri ct quantitative comparisons of the values obtained for the 
present hulls with those obtained for the other hull forms cannot be 
made because of the large differences in the Reynolds numbers and the 
great variation in the interference effects (see p. 9 of reference 6) 
which arise from the use of supporting wings of different chords, plan 
forms, and airfoil sections. An exandnation of the results obtainp-d for 
the parel d, hull 164-.F2-A8 ill1.d hul l 213 (reference 1) shows l;hat the drag 
of the parent hull was approx:i.mately 5 percent lo .... 'er at T = _0. 20 than 
the drag of hull 213 , a sim.::.larly shaped hull of about the same length
beam ratio . Si.nce the drag coeffic i ent", of the parent hull -i.s lower for 
a l ower value of the Reynolds number, the differences in the drag coe f
ficients may be attributable to some slight differences i n r.he Initlal 
degrees of aer~k~ic cleanli ness of the hulls and to the fact that 
the interference effects of.' the different support:lng wings wer e pro'Jably 
more favorab1fl for the case of the parent hull 164-F2-A8 . A comparison 
at the same ane l e of tr i m shows t hat the drag coeffic ient of hull 164-F~A8 
was about 13 percent higher than the drag coeffi.cien t for the s '1m:i larly 
shaped Hughes-Kal ser hull ( reference 7) previously tested in the same 
tllnnp-l. Th8 greater part of thi s variation in drag is probably attribut
able to differenr:es in the Reynolds number and to the type of mounti ng 
w"i ng used ; but some of thts 19.rge d i fference in the drag i s attributaole 
to the fact that th8 Hugh8s-Kai ser hull , des igned primarily for low drag, 
.'as a much cleaner holl from aerodynami c cons l derat t ons. 

------------------- -- - -
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These results presented in figure 15 show that the drag coefficient 
of 0.090 at T = 00 for hull 164-F2-A8 wa~ about 77 percent greater (at the 
same trim angle ) than the drag coefficient of 0.050 for the streamline body 
of revolution te sted in reference 8. A comparison at the same angle of 
trim shows~ however~ that rounding a part of the forebody chines near 
the bow reduced the drag coeffic i ent of hull 164-F2-A8 to a value of 
0.073 which was only 46 percent higher than the drag coefficient obtained 
for the body of revolution . 

If more radical changes in hull design such as the use of full
length retractable chines and r etractable steps are acceptable~ the 
drag of the hull of conventional shape can be reduced still further~ as 
evidenced in figure 15~ by the drag coefficient of 0.063 at T = 00 

obtained for hull 164-F2-A0 when all sharp discontinuities were removed . 
This drag coefficient for the faired hull is still about 25 percent 
higher than the drag coefficient of the body of revolution~ but is 
approximately the lowest drag that can be obtained from this type of hull 
without completely rounding the bottom or altering the shape of the tail 
extension. Since the greater part of the drag coefficient (fig . 15) of 
the body of revolution is skin- friction drag~ any further sizable re
ductions in the drag of flying- boat hulls can be obtained only by reducing 
the amount of hull surface area . 

SUMMARY OF RESULTS 

An investigation~ conducted at a Reynolds number of 6 . 4 X 106 based 
on hull length ~ was made to determine the effect on aerodynamic drag of 
systematic variations in the shape of a flying- boat hull . The parent 
hull was of conventional design (length- beam ratio eQual to 6 . 7) and 
had a depth of step eQual to 8 percent of the beam . An analysis of the 
results obtained at an angle of trim which corresponded to the assumed 
high- speed attitude of the hulls (T = -0 . 20) showed that : 

1 . The drag coefficient based on the hull frontal area of the 
parent hull was 0.090 . 

2 . Although the variations in the lines of the bow in general had 
only a snaIl effect on the drag coefficient of the hull ~ a reduction in 
drag eQual to 9 percent of the drag of the parent hull could be obtained 
by using a slender bow (profile view) incorporating a chine faired to 
conform mor e closely to the direction of the air flow at the bow. 
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3. The drag coeffic i ent for the hull with deep steps, 12 and 
16 percent of the beam, was the same as that oT the parent hull. The 
drag coefficient for the hull wIth a step depth equal to 4 percent of 
the beam was 20 percent less than that for the parent hull and complete 
elimination of the step, except for chine flare, produced no further 
reduction i n drag. 

4. A compromise arrangement consisting of an auxiliary longitudinal 
step and a shallow transverse step (4 percent of the beam) produced a 
hull which had 14 percent less drag than that of the parent hull and was 
believed to be hydrodynamically practical. 

5. Rounding a part of the forebody or afterbody chines of the parent 
hull, either separately or together, produced the same (18 'percent) 
decrease in the drag coefficient. 

6. The elilll:ination of all the sharp chines, the step, and the small 
discontinuity caused by the forebody chine flare reduced the drag coef
fi c i ent of the parent hull by about 30 percent. One-third of this total 
reduction in drag is attributable to the eliminat i on of the sharp chines 
whereas the remaining two-thirds is due to the elimination of the step. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. , November 18, 1947 
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TABLE II 

OFFSETS FOR THE VARIOUS BOW SHAPES 

[Al l dimensions are given in inches ] 

Dis tance 1/2 Chine K.eel 
aft of s.bove above 

station max. base base 
0 beam line line 

a-1•34 0.00 5.06 5.06 
-.84 .60 ~.01 3.94 -.42 .84 .~2 3.5 
0 1.03 4. 0 3.24 
.;8 1.1~ 4.66 3.00 

1.25 1.L~ 4.33 2.~ 2.25 1.76 3.~b 2. 
3·75 2.13 3. 2 1.63 
5..13 2.~ ~:4~ 1.2b 
6.79 2. 9 .93 
8.25 2.8~ 2.0~ .71 
9.75 3.0 1.7 :" 11.25 3.1 1.~6 12.75 ~:5~ 1. 0 .37 

14.25 1. 8 ·31 
15.75 3.34 1.19 .26 
l A·2t 3.3~ 1.12 .21 
1 .4 3.3 1.08 .17 
20.25 3.38 1.02 .11 
21.75 3.38 .97 .06 

b22.75 3.38 . 93 .02 

Distance 1/2 Chine Xeel 
aft of above above 

station max. base base 
0 beam line line 

a_l.~4 0.00 a·06 5.06 
-. 4 .60 L~:~g 3.76 
-.42 .84 3.34 
0 1.03 4.44 3.02 
.38 1.1~ 4.3 2·77 

1.25 1.4 4.01 2.33 
2.25 1.76 3.66 1.95 
3·75 2.1; 3.17 1.50 
5.13 2.~1 2.77 1.18 
b.79 2. 9 2.34 .88 
8.25 2.~ 2.02 .64 9·75 3. 1.75 

11.25 3.1 1'45 :~4 
12.75 3. 25 1. 0 .37 
14.25 3.31 1.28 .31 
15· 75 3.34 1.19 .26 
l~·2.t 3.3~ 1.12 .21 
1 .4 3·3 1.08 .17 
20 .25 3.38 1.02 .11 

b21.75 s:~~ :§~ .06 
22 .75 .02 
aForward perpendicular. 
bStep . 
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TABLE 11.- Concluded 

OFFSETS FOR THE VARIOUS BOW SHAPES - Concluded 

lAll dim elUlione are gi ven i n inOhesJ 

Bow shape F; 

DiB.tenoe 1/2 Chine Keel Buttock lines 
a1't 01' abov~ above 

station max. base base 0.25 0.50 0. 15 1.00 1.25 1.50 1.15 2.00 2 · 50 ;.00 
0 beam line line 

a_::at 0.00 a· 06 5.06 
.60 .65 3.60 4.24 4.6i - .42 .84 11 .40 3.13 ;.6l 4 .1 4 .;8 

4.18 .00 1.0; 4.18 2. 1
4 

;.2 ;f 4.0~ .;8 1.1~ 4 .02 2 ·5 2 ' 48 ;. 0 ;·1 3'41 
1.25 1. 4 ;.6t 2 .10 2. 1 2. ~ ;.ll ;. 5 ;.62 
2. 25 1.16 ;.; 1.15 2 .05 2.~ 2 . 6 2·9; ;.la ;.29 ;.~5 
;.15 2 .1; 2.9~ 1.;1 1.61 1. 6 2 .09 2 ." 2 . 5 2.12 2. 5 2 .91 

t· 13 2 . ~1 2 .5 1.10 1.;0 1.51 1.12 1.92 2.11 2 . 28 2 .42 2.52 
·19 2. 9 2 .22 . O~ 1.01 1.18 1.;6 1.52 1.6a 1.84 1.9~ 2 .08 2.20 

8 .25 2.8~ 1. 95 .6 .80 ·94 1. 09 1.24 1.; 1.52 1.6 ~: l1 lotI 
9 ·15 ;.0 1.12 : a~ :a~ 'F .89 1.01 1.1; 1. 2t 1.; 1. ; 1.12 

11.25 ; .1 1.44 :5t .p .05 'a6 1.0 1.16 1.21 1. 4; 1.5; 
12.15 ; .25 1. 0 ·;1 • 5 Ja • 4 :at 1.0; 1.11 1.2l 1.;1 
14.25 ;.;1 1.28 .;1 .41 ·ao .5~ ·11 'a5 1.0~ 1.1 1. 2a 
t~:~~ ; .~4 1.1~ .26 .;6 · 5 :a .6; 'F .81 ·9 1.0~ 1.1 

;. ~ 1.1 .21 .;0 .~9 ·51 • 6 ·15 : 8~ .~o 1 .0 1.11 
1 . 4 ;.; 1.08 .11 .26 • !) :~ 'a' .62 'IO ·1 . 5 · 9 1.06 
20.25 ,.;0 1.02 .11 .20 .2

4 
· 1 .56 · 4 'I

2 .1~ 'a2 1.00 
21.15 ; .;8 .91 .06 .15 .2 .;; .41 :~ .5~ · 1 .1 • 6 ·95 

'022.15 ;.,8 .9; .02 .11 .20 .29 .;8 ·5 .6; .10 .82 ·91 

Bo" shape F4 

Distanoe 1/2 Chine IMel Buttook linea art ot above above 
station max. baee base 0.25 0·50 0.15 1.00 1.25 1.50 1.15 2.00 2.50 ;.00 

0 beam line line 
la_1.§4 0.00 ,.06 5.06 

-. 4 .60 .48 ,.44 4.04 4.45 
-.42 .!!4 4'M 2.~; ;.44 ;'42 4.11 

. 00 1.0; ;. 2. 1 ;.01 ;. 5 'T ;.88 

.;8 1.lJ ,.69 2.;1 2.1; ;.12 ,. 5 ;.65 
1.25 1. ;.;6 1.1:ll:l 2.2; 2.58 2 . 9 3.15 ;. gO 
2.25 1.16 ,.06 1. 54 1.8; 2.12 2. 1+0 2.66 2. 6 ;.00 ;.05 
;·15 2.1; 2.68 1.2 1. 1<5 1.68 1.20 2.12 2';g 2.49 2 . 61 2.6l t·1

; 2 .~1 2.40 1.01 1.20 1.40 1.60 loll! 1.2 2.12 2.25 2.; 
.~9 2. 9 2.10 .80 r 1.12 1.28 1. 1. 60 ~:l~ 1. 8~ 1.21 2.08 

8. 5 2.8~ 1.88 .64 : 4 'y 1.05 1.19 1.33 1.5 I./)9 1.84 
9.15 ;.0 1.69 :a4 · 6 .81 .~9 1.11 1.22 1.;; 1.4i 1.60 1.69 

11.25 ;.1 La; :a~ .. p · 5 :a4 1.05 1.15 1.2 1.42 1.52 
12 .15 ;.25 1. 0 .;1 .5 • 5 Ja l~ 1.0; 1.11 1.2l 1.;1 
14.25 ;.;1 1.2!! .;1 .41 ·ao 

:~ 
·11 • 6 .~5 1.°i 1.1 1.2S 15·15 ;.;4 1.19 .26 .;6 • 5 . 6; 'l2 .81 • 9 · 9 1.09 1.1 

~J:2Z IjD 
1.12 .21 .;0 ·;9 ·51 

:H 
.15 .8~ 'ao 1:06 1.11 

1.08 .11 .26 .~5 :~ :li1 '10 1.06 20.~~ 1.02 .1 .20 
:24 · 6 · 4 } :tZ . ~2 1.00 

21.1 ·91 .0 .15 · 1 :~ ·59 
· 6~ :8~ : ~ r '022.15 ;.;8 ·9, .02 .11 .20 .29 .38 .56 .70 

Bporward perpendioular. 
bstep. 

Partin g line 

Chine -'" 

Center line 

1.00 

t 
t 

f-+--

All fore body 8hapee have same 
pl an form and all croes sections 
aft of station 12 .15 are identical 

Buttock line 2.00 

Buttock line 1 . 00 
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TABLE III 

OFFSETS FOR THE VARIOUS AFTERBODY BOTTOM SHAPES 

[All dimensions are given in inches] 

Distance o inch 
aft of (0 percent 

station of berun) 
0 

A B 

&22.75 0.02 1.25 
23.25 .06 1.29 
2~.75 .19 1.42 
2 .25 '43 1.~4 
27·75 . 5 1.4 
29. 25 ·59 1.;p 30.75 .~2 1. 0 
32.25 :9~ 

1.88 
33.75 1.93 
3l·25 1.11 1.9b 
3 ·75 1.2~ 1.98 
38.25 1.3 1.98 t9•75 1.51 1.96 
1. 25 1.65 1.A4 

42.p 1.~7 1. 2 
b~. 9 1. 5 1.86 

.2~ 2.4~ 

.7 3·9 

~:~~ ~:~~ 
50.2 ~:6~ 1.7 

aStep• 

bSternpost. 

Depth of step 

0.27 inch 0.54 inch 0.81 inch 1.08 inches 
(4 percent (8 peroent (12 percent (16 percent 
of berun) of berun) of berun) of berun) 

A B A B A B A B 

0.2~ 1.52 0.56 1.Z9 0.8~ 2.06 1.10 2.;; 
1.56 .6a 1. 3 .8 2.10 1.15 2.37 

:~7 1.69 .~4 1.96 1.01 2.2; 1.28 2.50 
·59 1.81 • 7 2.08 1.14 2.~5 1.41 2.62 
.~3 1.91 1.00 2.18 1.27 2. 4 1.54 2.~2 
• 6 2.00 1.13 2.27 1.40 2·5 1.67 2. 1 
.99 2.08 1.26 2'R5 1.53 2.b2 1.80 2.82 

1.12 S·15 1.39 2. 2 1.66 2.64 1.93 2.9b 
1.26 2.20 1-.53 2.47 1.80 2.7 2.07 3.01 
1.3"8 2.23 1.65 2·50 1.92 2·77 2.19 3. 0t 
1.52 2.25 1.79 2.52 2.06 2.79 2'R3 3.0 
1.6~ 2.25 1.92 2.52 2.19 2·79 2. b 3.06 
1.7 2.23 2.05 2.~ 2.~2 2.77 2·59 3.04 
1.92 2.21 2.19 2. 2. 6 2.75 2·A3 3.02 
2.04 2.17 2.~1 2.44 2.58 2.p ~:d 2.98 
2.13 2.13 2. 0 2.40 2.67 2. 7 2·94 
2'63 2'i6 e· 19 

R:43 4. 5 4. ~ ·30 

~:§t ~.l ~:~~ ~.28 
·97 ·99 

~:61 ~:6~ ~'61 ~'6~ 

Center line 1 
.-- -/' "-/ ', Offsets for upper part 

Be run 
at 

chine 

;.;8 
3.37 
;.35 
3·31 
3.24 
3.13 
2.~9 2. 1 
2.58 
2.32 
2.00 
1.65 
1.25 

.82 

.33 
0 

/ I \ of the parent hull 
" \~ (See table I for these 
I \ values ) 

Straight line from chine 
and tangent to upper hull 

Base line 

B 

I 

A 

Typical section 

17 
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TABLE IV 

OFFSETS FOR THE PARENT HULL WITH THE FOREBODY AND AFl'ERBODY ROUNDED NEAR THE BOW AND STERNPOST 

[All dimensions are given in inches] 

Distance 
aft of 

station 
0 

a_::§ft 

-.42 
0 

.38 
1.25 
2.25 
3.75 
~ .13 

.79 
8 .25 
9 ·75 

11.25 
12 .75 
14 . 25 
15 ·75 
1~.25 
1 . 40 
20·75 
21.p b22 . 5 

Forebody 
(Bow shape F2) 

Loci of oenters and arc radii 

Above Out :from Radius 
base oenter of 
line line aro 

5 ·33 -0.40 1.00 
5.21 -.16 1.00 a. 04 .04 1.00 

.92 .19 1.00 
4.01 'gO ·99 
4.2~ • 3 . ~5 
3·7 1.~3 • 1 
3 . 26 1. 0 .60 
2. 67 2 · 33 .36 
2 .21 2.69 .19 
1.85 2.95 .09 

0 

Sharp chines are maintained 
from station 11.25 to 
station 22 . 75 

I I 
aForward perpendicular. 
bStep • 

A:t'terbody 
(Model with 8 percent dept h of step) 

Distance 
aft of 

station 
0 

a22·75 
2~ . 25 
2 .75 
2 .25 
27.75 
29 .25 
30·75 
32 •25 
33 ·75 
3~.25 
3 .75 
38 . 25 

ai ·75 
.25 

blf'P 3· 9 
aStep . 

bsternpos t. 

Loci of 

Above 
base 
line 

Shar p 

2 . 22 
2 ·ti 2 . 1 
2 . 84 
3.02 
3.14 
3, 22 
3. 26 
3. 27 
3 . 25 
3 . 21 

centers and arc radii 

Out from Radius 
center of 
line arc 

chines ar e maintai ned 
from station 22 . 75 to 
station 26 . 25 

0 
3 ·18 .06 
2.96 .19 
2 . 04 . 3/) 
2 . 2~ . 58 
1.8 .~6 
1.52 • 8 
1.16 .96 

.81 1. 00 

. 44 1.00 

. 05 1. 00 
-. 42 1. 00 

1. 00 

Base line 

Base line 

Center line 

Center line 

Variable 
radius 

Variable 

radius 



TABLE V 

OFFSETS FOR THE MODEL WITH 0 PERCENT DEPTH OF STEP AND WITH ALL DIScoNTnrorrIES REMOVED 

Forebody 
(Bow shape F2) 

Distance Locus of arc centers 

aft of Above Out from 
station base center 0 line line 

8...1. ,4 
-0.40 -. 84 5.33 

-.42 5.21 -.16 
0 4. 04 .04 
.,8 . 92 .19 

1. 25 4 . 1>2 .49 
2.25 4· A

O ·77 
, .75 ,. 9 1.14 
5.1, ,.53 1.42 
1>.79 ,.1~ 1. ~O 
8 .25 2 . 8 1. 9 
9·75 2 · 5 2 . 05 

11.25 2"4 2.11> 
IV75 2 .2 2 .25 
14.25 2 .1~ 2.,1 
15·75 2.0 2 .,5 
1~.2t 2.0g 2.,~ 
1 .4 1, 9 2., 
20.25 1. ~ 1 2.,8 

b21. 75 1. 6 2.,8 
22.75 1.82 2 .3]3 
'Forward perpendicular. 

b Step. 

Radius 
of 

arc 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1. 00 
1. 00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

[All dimensions are given in inches] 

Ai'terbody 
(Model with 0 percent depth of step) 

Distance Locus of arc centers 
aft of Above 

station base 
0 line 

a22 .75 1.82 
2~.25 1. 89 
2 .75 2.10 
2 .25 2.24 
27.75 2.~ 
29.25 2. 
30·75 ' 2 .52 
32.25 ~:2~ 33.75 
32. 25 2 .6 
3 .75 2.71 
38.25 2.73 
19.75 2.73 
1.25 2.71 

b42·P 2.67 
43 . 9 

aStep • 
bSternpost. 

Out from Radius 
center of 
line arc 

2.38 1.00 
2.38 1.00 
2.36 1.00 
2 .26 1.00 
2 .2L~ 1.00 
2.15 1.00 
2.02 1.00 
1.84 1.00 
1.6 1.00 
1.40 1.00 
1.11 1.00 

.79 1.00 

.41 1.00 

.01 1. 00 
-.45 1. 00 

1.00 · 

Buttock lines for chine 
fairing on afterbody 

0·50 1.00 1.50 2.00 2·50 

0.20 0.~8 0.56 0.70 0.02 
.2~ • 3 . 1>0 .76 . 89 ., .51> :J~ .92 1.09 
·52 .70 1.06 1.25 

This fairing is 
necessary to fair 

out the chine flare 
of the forebody for 

this model configuration 

~ 

Chine 
above, 
base 
line 

i 

0.93 
1.05 
1. 34 1·5 

~ 
(') 

~ 

~ 
'2i 
o 

f-' 
\Jl 
--.:] 
0\ 

f-' 
\0 
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TABLE VI 

ORDINATES FOR THE NACA 63,4-420 AIRFOIL 

[Stations and ordinates are given in 
percent airfoil chord] 

Upper surface Lower surface 

Station Ordinate Station Ordinate 

0 0 0 0 
.215 1·790 .783 -1·590 
.4~0 2.196 1.070 -1.916 
.e 7 2.827 1.61~ -2.399 

2.0e2 3·954 2.~1 -4.210 
4.538 g.557 5. 62 _ . • 293 
7.024 .~93 7.476 -5. 047 

t· 526 7. 17 10. 74 -5·7 9 
1 .554 9. 42L~ 15.446 -6.732 
14·b03 lO.~89 20.397 -7.40, 
2 .663 11. 14 25.33~ -~.C33 
2~.~32 11. 95 30.26 - .007 
3 . 03 12.036 R5•197 -7·916 

".
C3
74 

11. 906 0.126 -7.622 
. ·940 11.556 45·060 -7·176 

50.000 11.025 50.000 -6.613 
~5.052 1O'B33 54.948 -5 .95~. 
0.095 9. ·92 5l·905 -,.20 

65.12~ 8.~2~ 6 ~ .873 - .403 
70.14 ~. ,3 6~.8£2 -3.550 
~5.156 .253 7 .8 14 -2.673 
0.150 4.9~0 ~~.850 -1.C306 

C35.124 3.b 4 .871 -.992 
90.04 2.379 8~.906 -·311 
95·0 7 1.131 9 ·953 .133 

100.000 0 100.00 0 

L.E. radius: 3.16 
Slope of radius through L.E.: 0.168 

Chord line 

I 
--- .-~ 
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Kodel dimensio08 

lIlng span 
Wing chord 
Hull length 
Kaximum beam 
Kax1mum height 
Depth ot step 
Length-beam ratio ot 

hydrodynamic surtace s 

36.00 inches 
14.08 inches 
60.18 inches 
6.76 inches 

11.00 inches 
0.54 inch (8 percent ot beam) 
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(a) Three-quarter front view of model 164-F2-A8 with chines rounded 
near the bow. 

(b) Three-quarter rear view of model 164-F2-A8 with chines rounded 
near the sternpost. 

Figure 5. - Photographs of the hulls with rounded chines. 
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(c) Front view of model 164-F2-AO with all discontinuities removed . 

(d) Three-quarter view of model 164-F2-AO with all discontinuities 
removed. 

Figure 5.- Concluded. 
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Figure 7.- Sketches showing the character of the air flow over the hull and wing of 
model 164-F2-A8. 
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The drag characteristics of several 164-series hulls as compared with 
forms and a streamline body of revolution. Transition fixed near the 
hulls; Reynolds number based on hull length. 
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