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By Bernard Welnflash, Charles L. Shuford, Jr.,
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SUMMARY

Force tests were made to determlne the effect of trim on the
reslstance, hydrodynemic 11ft, and bydrodynamlc moment of a gtreamllne
fuselage modified by either strips or rows of ailr jets simiiating
chines. Tests were also made of the model.modifled by the strips for
three load—on—the—water condlitions and for the model with the longl-—
tudinal curvature of the after half of the fuselage bottom eliminated.

An increase 1n trim above the zero—moment trim of the model modified
by chine strips resulted 1n lower resistance and greater hydrodynamic
1ift. ZResistances close to a minimum would have been obtalned by
moving the center of gravity aft about 25 percent of the length of the
fuselage. )

Elimination of the longltudinal curvature of the aft end of the
fugelage bottom had a detrimental effect on the trim, reslstance, and
hydrodynamic 1lift of the model with chine strips. An Increase in the
locad on the water for the model with chins strips resulted in higher
trims, hydrodynamic lifts, and load—resistance ratios.

INTRODUCTION

When a body having a circular or oval cross section moves along
the surface of the water at high speeds, the flow of water up around the
convex surface crestes a suction force which keeps the body deeply
Jmnersed. As a result, such a body has very poor hydrodynamic
characteristics.
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Model experiments in Langley tank no. 2 (reference 1) have shown
that the resistance, hydrodynamic 1ift, and trim characteristics of a
typical streamline fuselage can be greatly improved by the use of
sultably located raws of small alr Jets. In further experiments with
this model (reference 2), the results obtained with narrow bresker
strips simulating chines were the same ss those obiasined with rows of
alr Jets 1n the same location. A large number of conflguratlons were
tested wlthout applied moments in these lnvestigations.

In the present lnvestigation, trimming moments were applied to
determine the effect of trim on the hydrodynamic characterlistics of the
nodel with chines slmulated by breasker strips or rows of Jete.
Addltlonal data were obtalned for the chine—strip configuration at
double and half the assumed normal loads. Tests were glso made with
the model modifled to eliminate the longltudinael curvature of the after
half of the fuselage bottom.

DESCRIPTION OF MODEL

The model (fig. 1) was the same streamline fuselage described in
reference 1. As shown In figure 2, the length of the model was
42,22 inches and the maximum diameter was 5 inches. The center of
gravity was located 21.22 inches from the nose and O.43 inch below the
center line and corresgsponds to a normal position for a transonic
elrplane. : ' ' T

Stainless—steel tubes having 0,026—inch inside diameter end spaced
1/4 inch apart were inserted into the bottom of the model normal to the
surface in two rows simulsting chlines. There were 129 Jjets 1n each row.
The bagic model was also modified by 1/16 inch wide strips of
triangular cross section In the same location as the rows of Jéts.
Detalls of the Jets and strips are shown in figure 3.

In addition, the model with chine strlps was modlified to eliminate
the longltudinal curvature of the after half of the fuselage bottom
(fig. 4). This was done by extending the transverse sections downward
go that the after half of the lower profile lline became a stralght line
parallel to the center line.

APPARATUS ANRD PROCEDURE

Tests were conducted on the small model towing gear in Langley
tank no. 2. (fig. 1). The dashpot was used to damp out oscillations in
trim. Alr was supplied to the Jets by mesans of a flexible hose leading
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into the air—tight model. Detalls of the trimming-moment applicator
are ghown in figure 5. The model was supported at lts center of
gravity and was towed free to trim and rise. It was stabtically
balanced erdund the pivot at the center of gravity with the air hose
end the moment appllcator attached.

Measurements were taken of trim, reslstance, and rise at comatant
speeds up to 60 feet per second for a range of applied trimming moments.
Bow—up momente are positive. Because of the excesslively high forces
encountered, the baslc model could not be tested above 22 feet per
second. Trim was measured as the angle of the center line of the model
with the horizontal., The resistance includes the air drag of the model
and was obtained by subtracting the drag of the towlng gear from the
total resietance measured. The rise measurements were used to obtain
the "effective hydrodynamic 1lift." This 1ift was calculated by sub—
tracting from the load on the water the statlic buoyancy corresponding to
the immersed volume of the model at the trim and rise measured at each
speed. '

The load on the water was veriled wilth speed assuming & wing with
a congtant aerodynamic 11ft coefficlent. No data are presented
between 60 feet per second and the assumed take—off speed of 7O feet
per smecond, because at these gpeeds practically all of the model was
out of the water and slight variatlions In wetted surface caused the
readlings to become serratic.

Tests were made for a range of trim at each speed on the basic
model, the model modifled by Jets, and the model modified by strips.
The air flow for each run with the Jet confliguration was chosen as
0.025 pound per second in accordance with Tigure 12 of reference 2.

The model modifled by chine strips was also tested for double and
half the loads on the normal assumed loading curve. In these tests,
the model was run at a fixed trim of 14° and free to trim with zero
moment . o ’

In addition, tests were made of the chine—sirip model modifled to
eliminate the longitudinal curvature of the after half of the fuselage

bottom. These tests were conducted for the model in a free—~to—trim
conditlon with zero moment.

RESCGLTS AKXD DISCUSSION

Comparison of Baslc and Modified Models

Thé variation of resistance, effective hydrodynamic 1ift, and
hydrodynamic trimming moment with trim are compared in figure 6 for the
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baslc model, the model modified by strips, and the model modifled by
Jeta. The effect of the breaker strips and the rows of Jjets on these
hydrodynamic characterlistics was simllar.

Ths strips or Jets did not affect the hydrodynamic characteristice
of the baslic model until e speed of about 12 feet per secord. Above
12 feet per second, the model modlfied by Jets or strips showed better
1lift and resistance characteristics than the basic model this
improvement Increased raplidly with speed.

The moment curves for the baslc model and the model modified by
Jets or strips were about the same up to a speed of about 12 feet per
gecond. Above 17 feet per second the moments for the basic model were
rmuch more positive than for the modifled model. The slopea of the
moment curves for the modifled model were stable at all speeds. AL
high speeds, the slopds generally decreased at the higher trima,

Becaumse of the general similarity of the characteristics with
atripg or Jets, the succeedling dlascussion 1s based entlrely on crosa
plots against speed of the results obtalined with the strips.

Characterdistics at Trim for Minimum Resletance

The hydrodynamic characteristice of the model at best trim are
compared. with those for the zero—moment condition in figure T. Best
trim is the trim at any glven speed for which the resistance was a
minimum., At some epeeds the reslstance remained a minimm for trinms
up to 4° higher than those shown.

To achieve minimum reslistance the trim would have to be Increased
to values ag high as 14°, The resistance curve at best trim varied
little with speed and had a maximum value of 2.0 pounds. The resistance
with zero moment graduaslly increased with speed until it reached a
maximm of 4.0 pounds.

In this investigation, the load on the water was assumed to be the
same at all trims. With an acutal wing, the load on the water would be
greater at the lower trims than &t the higher trims. Therefore, the
reduction in hydrodynamic. resistance at best trim would have been
greater than that shown 1In flgure 7.

The effectlve hydrodynamic 1ift at best trim was much higher than
thet for zero moment. At best trim it was practically eguel to the
load on the water at speeds from about U0 feet per second up. For zero
moment the hydrodynamic 1ift never equaled the load on the water. Ths
hydrodynamic momente at best trim.were large reaching & maximum of
T.4 pound—feet, bow down. oo T
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Characteristics at Constant Trim

Cross plots at constant trims varying from 5° to 16° are given in
figure 8. Resistances close to a minimum were obtained for 10°, 130,
and 16° trims. Below 1L feet per second the resistance increased with
trim. Above this speed, the reslstance decreased with Ilncreasing trim
up to 10° because the frictionsl portion of the resistance decreased
faster than the remalning portion increased. At higher trims, the
reglstance did not vary much with further lncrease In trim,

The maximm hydrodynamic moment for & fixed trim of 10°, for which
reglstances were generally close to a minlmum, was 5.0 pound—feet as
campared with 7.4 pound—feet at best trim. The improvement in planing
characteristics with increase 1n trim 1s shown by the hydrodymamic 11ft
curves, The 1lift was equal to the load on the water for trims greater
than 10° at the higher speeds.

Characteristics at Constant Trimming Moment

Cross plots at various values of trimming moment are given in
figure 9. For a hydrodynamic bow—up moment of 4 pound—feet, the
resistance increased with speed to 6.5 pounds with no indication of
reaching & maximm. The resistances for both 4 and 8 pound—feet bow—
down moment were about the same and did not exceed 2.5 pounds.

The hydrodynamic 1lift increased with hydrodynamic bow—down moment.
For & bow—down moment of 8 pound—feet, the 1lift became almost equal to
the total load at about 30 feet per second; for L pound-feet, at about
50 feet per secornd; and for the lower moments, it remained lsss than
the load at all speeds tested.

Characteristics at Various Center—of-Gravity Posltions

The relocation of the center of gravity to a poeltion farther aft
would have resulted in smsller moments at desirable trims. Moving the
center of gravity aft ls equlvalent to applying a bow—up moment which
is approximately equal to the product of the distance moved, the load
on the water, and the cosine of the trim. The effect of moving the
center of gravity 6 and 12 inches aft of 1ts normal position is shown -
in Plgure 10,

The moment equlvalent to moving the center of gravity a glven
distance 1s proportional to the load on the water; therefore, its effect
would be grestest at low speeds and would diminish to zero at take—off.
However, figure 10 shows that moving the center of gravity back had
an appreclable effect at even the higher speeds. For thls model,
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registances close to a minimum would generally have been obtalned by
moving the center of gravlty aft about 25 percent of the fuselage length
which would bring it to a polnt ahout T5 percent of the fuselage length
from the nose,.- '

Spray Cheracteristics

The photographs in flgures 11 and 12 show the effect of trim on the
gpray characteristics of the model., With an Increase of trim, the
wetted area was decreased and less spray was thrown out. This was more
pronownced at 50 feet per second than st 20 feet per second.

The slde views show how the nerrow strips separate the water from
the glde of the model. The aft vliews show more clearly how the strips
throw the spray outboard.

Effect'of Longlitudlnal Curvature

The effect of the longltudlnal curvature of the after half of the
fuselage bottom on the hydrodynsmic characteristics is shown in
figure 13. The elimination of this fore and aft curvature had 1ts
greatest effect at the higher gpeeds. The trim was consliderably
reduced, the resistance was greatly increased, and the 1ift was
decreased. The higher trim of the model with longitudinal curvature
was evidently caused, not by positive pressures acting forward of the
center of gravity, but by negative pressures acting on the after portion
of the fuselage bottom.

The results of this test show thet the longltudinal curvature of
the after half of the fuselage bottom was an important factor in
gecuring the results obtalned with the basic model modifled by chine
gtrips. By the selectlon of proper curvature, desirable hydrodynamic
characteristice may possibly be obtainable with little hydrodynamic
moment,

Spray characteristics of the model with the longitudinal curvature
eliminsted are shown in figure 1k for speeds of 20, 35, and 50 feet per
second.

Effect of Load
A comparison of trim, resistance, and hydrodynamic 11ft at doubls,
normal, and half loads is shown in figures 15 and 16. The comparison

in figure 15 is with the model free to trim with zero moment and that in
figure 16 is with the model fixed in trim at 14°,
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With the model free to trim, an increase in load resulted in
higher trims because of the wetted area extending farther forward.
This Increase in trim with locad was greatest at the hump speed where
the additlve load was large, and became smaller with increasing speed.

The resistance became higher with an Increase in loasd for both the
free—to—trim and the 14° fixed—trim conditions. For each load, there
1s practically no difference 1ln resistance between these two trim
conditions up to about 25 feet per second. Above 25 feet per second
the resistances for the 14° FPixed trim decreased with speed while those
for the free—to—trim conditlon increased.

The effective hydrodynamic 11t was approximately proportional to
the load on the water for both the free—to-trim and the 14° fixed—trim
condition. The 1ift was much greater at the 14° fixed-trim condition
than the 1lift for corresponding loads at the Free—to—trim condition,
For the 14° fixed-trim condition, the 1lift became equael to the load at
the higher speeds for all three loads; but, for the free—to—trim
condition, 1t did mnot.

The effect of load on the lomd—resistance ratio A/R is shown in
figure 17 for both the free—to—trim and the 14° fixed—trim condition.
An increase in load resulted in larger A/R values for either
condition. This trend 1s similar to that for normal hulls at planing
speeds. The A/R for each loading condition was greatly improved by
fixing the trim at 14°,

CONCLUSIONS

The results of an Iinvestlgation of the hydrodynamic force charac—
teristics of a streamline fuselage indicate the following conclusions:

1, The hydrodynamic characteristics of a streamline fuselage planing
on the surface of the water were grestly improved at all trims by chines
slmilated by small breaker strips or rows of smell alr jets. The
characterlstics were about the same for either the strips or the Jets.

2. An increase 1n trim sbove the zero-moment trim of the model
modified by chine strips resulted in lower resistance and greater

hydrodynamic 1ift.

3. Reslistances close to a minimm would have been cobtained by moving
the center of gravity aft about 25 percent of the length of the fuselage.
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4. Elimination of the longltudinal curvature of the aft end of the
fuselage bottom had a detrimental effect.omn the trim, resistance, and
hydrodynamic 1ift of the model with chine strips.

5. An increase In the load on the water for the model with chine
gtrips resulted in higher trims, hydrodynamic lifte, and load—
resistance ratioa.

Langley Aeronautical Laborstory
Netional Advisory Committee for Aeronautics
Langley Alr Force Base, Va.
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Tigure 7. - Comparison of the hydrodynamic characteristics at best trim

and at zero moment.

(Model modified by chine strips.)
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Effective hydrodynamic 1ift, 1p
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Effective hydrodynamic 1ift, 1b

Resistance. 1b
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Pigure /o .- Calculated effects of assumed center-of-gravity relocation.

(Model modified by chine strips.)
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(¢) Trim, 12.5°; hydrodynamic moment, -k 1b-Ft.

Figure 11.- Spray comparison at various trims.
strips. Speed, 20 fps.
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Model modified by chine
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(¢) Trim, 14.6°; hydrodynemic moment, -6 1b-ft.

Figure 12.- Spray comparison at varlous trims.

Speed, 50 fps.

modified by chine strips.)
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Figure 13.- Effect of curvature of lower profile line; zero moment condition.
(Model modified hy chine strips.)
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Flgure 14~ Spray comparison at various speeds. Longitudinal curvsature
of the after half of the fuselage bottom eliminated. (Model modified

by chine strips.) eSS

(c) Speed, 50 fps; trim, 1.4°.
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Flgure 15. - Effect of load on trim, resistance, and lift for the model free to
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Effective hydrodynamic 1ifg, b
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Figure /s .~ Effect of load on resistance and lift with constant trim, 14O,

(Model modified by chine strips.)
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Figure /7 .- Comparison of load-resistance ratios for half, normal, and double loads.
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