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sumARY .

An investigation has been made of a fl:-i~-boat-hull model to
determine the effects on the resistance and spray characteristics
of reversed-type lon~itui!.in.alsteps desi~ed so that the surfaces
of the steps normal to the hull bottom face inboard.,or toward the
keel of the hull.

Results of the tests were campa&ed with results of tests of a
conventional flyin~-beet-hull model. At speeds near the hump speed.,
the reversed-t:~e lon~itudimal steps effected no appreciable improve-
ment in the resistance and.spray characteristics of the hull, whereas
at hi:~er planil~ speeds they affected.a small jmgrovement in the
resistance and an appreciable reductim in the hei@t of tilespray’
by decreasi~ the lateral flow of the spray and directin~ it aft.
This reihxctionin e~ay would be advanta~eous.’ifwettiqj of tinetail
extension and horizontal tail at high speeds were objectionable.
In aiivpractical application, the improvements in resistance and
spra:-characteristics could be obtained with reversed-type longi-
t~uiinalsteps extending about one beam forward of the transverse
step.

WC’RODUC!J!1ON

Numerous forms and arran~ments of lon~itutinal steps have
been tested.in the past (references 1 to 3) wiiththe obJect of
impr~ving the resistance an@.spray characteristics of flying-boat
hulls and seaplane floats. In several cases,lo~tudinal ste~s
have teen successfully applied to full-scale flying-boat htis
(references 4,and ~). h all instances mentioned the form of’the
longitudinal steps was such that the surfaces of the steps normal
to the %otimnof the hull faced outboard, or away from the keel
of the hull.
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Longitudinal steps of the reversed type so constructed that the
surfaces of the stepp normal to the bottom of the hull face inboard,
or toward the keel of the hull, are the sub~eot% the present
invest@a.tion. Longitudinal steps of.this rever8ed fo~ have been
applied wtth some successto the bottoms of lap-strake high-speed
motorboats. This application indicatsd tQat there might be advantages
in applying them to seaplane and flying-boat hulls. The dimensions
and locations of the reversed-type longitudinal steps used in this
investi@tion were supplied by Mr. William J. Snadeck3 and were
ba~ed on the results ophia experience with lay-strake speed boats
of the Pigeon-Snadeclcidesign.

In order to determine the effects of the reversed-type lon@-
tudinal steps on the resistance and spray of flying boats, the
steps were applied to the forehody of a model of the hull of a
conventional flying’boat. Tests were mde of the model with the
conventional bottom and with the modified bottom incorporating the
longitudinal Elteps,and a coqprison is made of the resistance and
spray characlmristics of the two configurations.

SYMBOLS

load coefficient
0

Ji_
wbs

resistance coefficient

()

“~

wb3

k)

v~peed coefficient —
@

trtmmirqj-momentcoefficient

0

&

wb4

load on water, pounds

specific weight of water, pounds per cubic foot (63.4 for these
tests, usual~ taken as 64 for sea water)

beam of-hull, feet

resistance, potis

.—sp@ed, feet per eecond

acceleration of gravi~, 32.2 feet per second per second

I
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M tri?mntngmoment, pound-feet (tail-heavymomentszce consitimd
positive)

T trim; angle between forebody keel

MODELS

at step and”horizontal

The qarent form selected for these tests was Langley tank
model 120-R, which is a ~-size model of the hull of a conventional

flying boat. The.princi~al dimensions of the hull and the location
of the center of moments used in theee tests are given in table 1.
The modified model, which was designated Langley tank model 204, is
shown in the ph&ograyh8 of figure 1. Mode,l’204 was canstructe~
by cutting the reversed-t= longitudinal steps into the forebcd.y
OP model 120-R. The foum and uiangeinent of “Se lonmtudinal StSpS

are shown in figiwe 2. The faces of the ,steyswere cut normal to
the bottom of the parent form to a constant depth of S/32 inch
(1 percent bee3n). The steps were decreased in depth at”the forward
ends in order to Yair them into the keel. The distance between
the steps was 1.4 inches (approximately 10 percent bean) at the
transverse step and was continuously decreased,forward of the
transverse step. ,

The models were tested in Le@Ley tank no. 1, which is described
in reference 6. The water in the tank was at the U-foot level
d.ur~ the tests.

The tests were made by the gemral method described in refer-
ence 6. The models were testid in both the fixed-trim and free-tu-
trim conditions. For the free-to-trim tests the models were pivoted
about the center of gravity, which was located 14.~ inches above
the keel and 6.93 i.nchepforward of the transverse step. A wide
enough ran% of’fixed trims was testealto determine the minimum
rsGistanm characteristics of model 204. The air drag of the towing
gear was subtracted from the measured resistance. The air hag of
the models iS inclhded in the resistance values presented.

Spray photo~aphs of the models were taken at low speeds with ,
the models free.to trim and at hi@” speeds with the mode16 fixed.
in trim. The direction of the flow of water ovecrthe bottom of
the forebody was also determined. For these tests the bottom @
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the forebody was coated with a thin film of linseed oil, and spots
of a mixture of lampblack and linseed otl were applied in a regular
yattern. Th& model was then lowered into the water at predetxn?mined
conditions of speed, load, and trim, for the length of t3me necessary
to streak the -black. The fldw pattern as determined by the
lampblack etreaka was

The free-to-trim
st+s (model 204) arO

photo~a~hed.

RESULT3 AND I?XXU9SION

characteristics of the model with lon@tudinal
presen%d @figure 3. The trim and resistance

at ~he ‘hump speed witl-model 204 free.to trim was approximately the
same as that obtained for the model without the longitudinal steps
(model 120-R). The load-resistance ratio A/R at the huq was
approximately j).OJ which is an avera~ valw” for conventional flying
boats.

For the model with longituUnal steps, best trim, HsiStince
at best trim, end trirmni~-moment at.best trim are plotted agaimst
speed in figure k. The trti for ninim~ resistance occurred at
the hump speed at approximately 9° and at high speed at approxi-
mately 50. These values of trim are approximately the same as
those obtained for the model withoutthe longitudinal steps.

A comparison of the resistance for the model with and without
longitudinal steps is given in figures s(a) and y(b) for fixed
trims of 9° at hwnp speed and 5° at high speed. At syeeds near-
the hump the longitudinal steps had no app~ciable effect on the
resistance. At-high speeds, however, the resistance was decreased
when longitudinal steps were used.

Spray photographs of the models, taken at points approxinntely
elona the unloadin& curva of.a flying boat having a @,oss.load
coefficient–of 0.94 and a speed coefficient at get-away of 7.5,
ere presented.in figures6 and 7. The photographs of figure 6.>
were taken with the models free to trhn and the photographs of
fi~e 7 With the models at P fixed him. It can be seen from ,’‘
figures 6(a) and 6(3) that at low speeds the.only effect of the
longitudinal steps waa.to break up slightly @e forward yart or
the bow blister. The height.of the mati spray blister in the
region of the.propellers,however, was not appreciably changed.
From figures 6(c) and 6(d), it can be seen that for speeds in the
region of the hump the light loose watir at the forward boundary
of the spray from the model without longitud@l stqs was eliminated
by the longitudinal steps. Th~ photographs of fi~e 7 show that
at high speeds an appreciable reduction in the height of the spray
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.
around the tail extension was effected by the application’of the
longitudinal steps ● This reduction in spray would be advantageous
if wetting of the tail extension and.,horizontal tail was objectionable.

.,
The manner in which the longitudinal steps &educed the hi@-speed

spray la illustrated by the drawings of figure 8, which represent the
flow patterns obtained for the two models for a typical high-speed
condition. At him speeds the longitudinal steps reduced the later+
flow of the epray and directed it aft. The forebody area wetted
by the spr~ was thereby reduced. Ii?would ap-pear,then,that the
reversed-type longitudinal steps effected a reduction in resistance
and spray only at the hi@er planing speeds. These improvements in
resistance and spray characteristics, therefore,.could be obtained
with the application of reversed-t~e longitudinal steps exteg
about one beam forward of the transverse stbp.

CONCLUDING REMARKS

,.

Application of reversed-type longitudinal steps to ‘thefo~ebody
of a model of a conventional flying-boat hull effected no appreciable
improvement h the resi~tance o> sfiay characteristics naar--tiehwnp
speed. At the higher planing speeds, the rever~ed-tyjjelongitudinal
steps effected a small improvement in the resistance of the hull and
an appreciable reduction in the heIght of the spray by decreasing

. the lateral flow of the spray and directing it aft. This reduction
in spray would be advantageous if wetting of the tail extension
S.Z@horizontal tail was objectionable. Since favorable results
were obtained orilyat high speeds, in any practical application
the extent of the reversed-type longitudinal steps need be only
about one lean forward of the transverse”step.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Field, Vs., May 19, 19@[
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IZRINCIPALDIMENSIONSOF 1AIKZE% TANK MOIX!XS120-R AND 204

M17e3’lsion Model 1.20-R Model204

Distance”centerof moments
forwm& of step,in. 6.93 6.93

D@tance center of momnts

above Ia3el, in. 14.50 14*5Q
,

Lengthover all, in. U20.04 320.04

BeSQI,in. 15.00 1~.oo

Depth of step, In. “73 ●73

Length of forebody, in. 50.31 50.31

Lengthof afterb@y, w. 41.10 41.1o

Lengthof tail extension,In. 28.63 28.63

Angle of dead rise (measured
to chine), deg 17 17

Depth of knlgitudinal:
steps, in. --------e.- 5/32

Distance between,longitudinal
Steps at transverse step, in. ----------- 1.4

.
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(a) Plan fo~,

(b)Profile.

Figurel.- Plan-formandprofileviewsof model X)U.
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Figure z!.- Longitudinal steps on forebody
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Speed coefficient, ~

(a) T, 9°.

A Model” 1~.R

o Model 234
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i
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Speed coefficient, Cv

(b) ~, 5°.
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Figure 5.- Models 1X)-R and 20+. Comparison of variation of resistance with speed.



NACA TN No. 1356 Fig.6a,b

~

l’&-

.* ‘3 cc

=. s .-

- ~ .-s. 7
—

Model lZO-R; T, 7.5°

(b) Cv, 1.97; CA, Wow.

Figure6.- Models 123-Rand Z14. Sprayphotographs,
free to trim.
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Model 123-R;T, 11.7°

s (d) Cv,

Fig.6c,d

Model ~~; T, 11.9°

2.75; CA, 0.75..

Model 204; T, 11.5°

3.18; CA, 0.75.

.
Figure 6.- Concluded.
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Model 120-R

(a) Cv, 3.95’; CA,
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Model 12D-R

0.75.

Model X)4

(b) Cv, 4.74; CA, 0.60. .

Figure7.- Models 1=-R and 234. Sprayphotographs,
7° fixedtrim.
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Figure 7.- Concluded.
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Fig. 8
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Figure~.- Models lZkR ad ZM. Flow pattern on
forebo~bottas. 8Cv,b.~; CA, 0.35; T, 6.0 .



I 
TTTLfcAn Investigation of Effects of Reversed-Type Longitudinal Steps on Resistance and 

Spray Characteristics of a Flying-Boat Hull 
AUTHORIS): Carter, Arthur W.; Clement, Eugene P.; Morewitz, Alvin H. 
ORIGINATING AGENCY: Langley Memorial Aeronautical Laboratory, Langley Field, Va. 
PUBLISHED BY: National Advisory Committee for Aeronautics, Washington, D. C. 

OTi-6642 

-fflanfiL. 
OalO. AOEKCY NO. 

TN-1356 
niSUSKINO AQCNCV NO. 

(Same) 

July ' 47 Unclass. U.S. E"fl- 17 
lUUSTQATIONl 

photos, tables, diagrs. graphs 
ABSTRACT: 

Te"st results were compared with the conventional type hull.  Models were tested in 
both fixed-trim and free-to-trim conditions. A wide enough range of fixed trim was 
tested to determine minimum resistance characteristics of the model.   Spray photo- 
graphs of the model were taken at low speeds with models free to trim and at high 
speeds with models fixed in trims.   Reverse -type longitudinal steps, near hump 
speeds, effected no appreciable Improvement. At higher speeds, they effected a 
small Improvement. 

DISTRIBUTION: Request copies of this report only from Publishing Agency 
DIVISION: Water-borne Aircraft (21) 
SECTION: planning (4) 

ATI SHEET NO.:     R-21-4-1 

SUBJECT HEADINGS: steps, Longitudinal - Spray characteris- 
tics (9041935); Steps, Longitudinal - Resistance characteris- 
tics (90419.34); Flying boats - Spray characteristics (41760) 

Air Doamontf Division, Intofllgonco Doparrmont 
Air Matoriel Command 

AIR TECHNICAL INDEX Wright-Pattorson Air Forco Baio 
, Ohio 




