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NATIONAL ADVISORY COMMITTER FOR ATRONAUTICS

ADVANCE RESTRICTED REPORT

SOME ANALYSES OF SYSTEMATIC EXPERIMENTS ON THEE RESISTANCE
AND PORPCISING CHARACTERISTICS OF FLYING-BOAT EULLS

By Kenneth S. M. Davidson and F. W. §. Locke, Jr.

SUMMARY

This report discusses certain analys~s and conden-
sations of the test results obtained in the sxtensive
series of systematic experiments on the porpoising char-
teristics of flying boats reported in refersnca 1. The
work is believed to simplify amplic=tion of the test re-
sults to practical design problems and to aid in clarify-
ing basic concepts regarding vorpoising.

The exveriments were carried out aecording to strict
system and considerable attention was given, in reference
l, to presenting the results in a form which would nrovide
as clear a visuerl impression as vossible of the influence
and relative importance of the different variables. The
radiating chart of variables in figures 1 and the condensed
summary charts of test results in figures 2 and 3 are taken
from reference 1 and furnish the general background for the
analyses here considered.

It is concluded in this report that:

I - For a given hull form under various combinations
“of 10av1n€ and aerodynamlc cond1t10n°

(a) The stability limits are determined

(1) Primarily by the nmet watap-borne load
in steady moticn A

(2) Secondarily by the tail damping rate
Mq (sec. 3)
This means a rsductiorn in the number of vari-
ables which have to be considered fronm the
total of twelve covered by the expariments
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(b) The lower limit at high speeds is not
affected (chart in fig. 9).

(¢) The hump trim follows the changes in
stern-post angle in the same way as the
limit curves in (a), and the hump re-
sistance igs primsarily a funection of the
hump trim (sec. 14, chart in fig. 15).

(d) The effectiveness of the ventilation of
the main step determines the presence or
absence of upper-limit porpeoising at high
speeds, more effective ventilation suvpres-
sing this type of porpoising (sec. 13),

These conclusions ar= based uvon & consideration of
those variables on the radiating chart on figure 1 which
are not covered by cross-hatching. The remaining veriables
have not yet been considered, and the cross-hatching has
been added to the chart to make this clear. It is believead
that the remaining variables can be treated in a generally
similar way to those considered at this time, but the work
to date is being presented without waiting for further
analyses because 1t scems of sufficient interest in itself.

By considering the analyses so far completed =nd by
some extent anticipating future analyses of variables not
vet completed, it seems clear that when the stability
limits are expressed as functions of ”/CA/CV with

M

"“B”QWT' constant.

- S B
)

(1) The positions of the upver stability limit ~nd
of the peak of the lower stability limit are
governsd primarily by

(a) The stern-post 2ngle (the angle between a
tangent to the forebody keel at the step
and a line joining the tip of the step with
the tip of the stern post)

(b) The prwer (i.e., dynamic 1ift) of the second
step (as influenced by the plan area in thsa
vicinity of the stern post, the general angle




of attack of this area with respect to
the line Jjoining the tip of the stern
post with the tip of the main step, chine
flare, etc.)

(2) The position cf the lower stability limit at
high speeds is governed primarily by

(a) The dead rise and the effective warping
of the forebody bottom, and probably also
the curvature of the forebody bubttocks

(3) Suppression of upper—limit porpoising at high
speeds is governed primarily dy

(a) The effectiveness of the ventilation of
the afterbody bottom in the vicinlity of
the main step

O

f the foregoing, 1(b) and 2(a), while based on the test
data revorted in reference 1, are not analyzed in this
reports. '

These broad conclusions constitute a powerful tool
for clarifying porpoising phenomena, even though they may
not be found strictly applicable, in their entirety, to all
casese. - The mgin concepts are brought out rapidly in the
following diagram:
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In this figure, the closed curve surrounding the
lower limit indicates the area within which changes to
the forebody are effective in altering the position of
the lower limit of stabilitys Similarlys® Shelieloged
curve surrounding the upper limit and peak of the lower
limit indicates the area in which changes to the after—
body are effeective. Like wise, the line around the right—
hand end of the upper limit indicates the area within
which ‘etep ventilation is effective,

INTRODUCTION

The systematic expsriments considered in reference 1
radiated from a givea flying boat tagken as a basic point
of departure. Each of a number of variables was altered,
separately from the others, over a range of wvalues embrac-—
ing the normgl value for the flying boat and intended to
be wide emnough to cover all walues likely +tio be encountered
in practice. The advantage of this procedure is that it
materially simplifies the problem of coordinating test re—
sults, It enables the effect to be estimated of making
corresponding changcs in designs other than that of the
reference flying boat in the agjority of cases.

The variables fall naturally into the following groups

Group I Weight ard Inertia Loading
Group ‘IT erodynanic Conditions
Group III Hull Foru

Grioup TIIA Af terbvody Fornm ,

Group® 1 I Forcbody Form

Group IIIE Hull Form (as = wholo)

The reference flying boat used in the experiments
2

o . T . : = 2 = ¢
was the XPB2M-1, a modern design haviang, for a gross

weight of 140,000 pounds, a wing loading A4/S of 38.0
pounds  per square fool a beam loading A, wb®> of 0,89,
The dimensions and particulars considered as normal are

d
giwven in ‘bable I.

=

he present discussions consider the variables of
groups I and II and some of the variables of group IIIA.
All cconclusions and generalizations are based upon the
ranges of change of the variables covered in the experi-—
mentse Had the changes been extended ad absurdum, sone

of the conclusions would undoubtedly have been altered.

4 O

.
.
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This investigation, conducted at the Stevens Insti-
tute of Technology, was sponsored by, and conducted with
fingncial assistance from the National Advisory Committee
for Aeronautics.

DISCUSSION
Group I Group 11

Weight and Inertia Loading Aerodynamic Conditions

1, These two groups include all of the variables respon—
sible for forces or mcments ecting on the hull other than
hydrodynamic,

The variables of group I are obvious at once; those
of group II are scarcely less obvious, thanks to the
relatively simple coafiguration of the airplane, Thus it
can be said with some sssurance that the list given on
the rediating chart in figure 1 includes glil of the vari-
ables in these two groups which affect forces ond moments
applied to the hull, bvoth in steady motion and in porpois-—
ing.

The mass in vertical oscillation is an additional
variable which, like the aerodynamic component of 2
and one or two other of the aerodynanmic derivatives, can
be made independent (in this case, independent of gross
weight) in the model but not in the ship, Though not
congidered directly in the ¢xpcriments, it was considered
indirectly ~s explained in the next scction.

The symbols on the radiating chart indicate the vari-
ables in these groups which are found to have:

Three open circles —~ no effect on steady—motion re-
sigtance, as determined by in-—
spection

Three blacked circles— very little or no effect on the
stability limits as shown by the
experiments. (See figs. 2 and 3,)

It will be seen that, of the twelve wariables necessarily

considered at the start, six can be ruled out immediately

as having no important effect on either resistance or
porpoising.




2, Regarding the six remaining varisbles, it is apparent
that

(1) A, Z_, and Zg, in combination, fix a net force
which is, in fact, the net water—borne load
in steady motion A&

(2) The center of gravity position and MA, in com=
bination, fix o net moment which detarmines the
trim angle in steady moftion T

(3) Mq determines, by itself, the tail danping
momeats in porpoising motion

MThese combinations strongly suggest that, instead of six,
the controlling variables are reslly thresc; namely,

(1) Net water—borne load A affecting resistance
and porpoising

(2) Net moment M affecting resistance and por—

poising

.

(3) Tail damping rate Mq affecting porpoising
only, not resistance

Wow it is known to tegin with, of course, that the steady—

motion resistance is contro+*ed by the first two of these
as indicated and that Mg affects porpoising. Evidence
that, with Mg fixed, the first two control porpoising
is supplied

(1) By the upper charts (a) in figure 4, where
it is seen that the upper and lower por—
poising limite obtained in the separate
experiments for altered values of Aoy 2o
and Zg, respectively, can be expressed
as unique functions of the net water—borne
load A, with discrepsncies of less than 1°%.

It may be noted here, though it bears mainly
on the discussion of the preceding scction,
that when A is altcorcd by changing Ay, the
mass in vertical oscillation is affectod in
dircect proportion but that when A is zltered
by changing 2Z, or Zg the nass is unaffectedes
Eencc, o demonstration that A ig the pon-
trolling veriavle, whcther the mass ig wvariecd
or not, is in effoct & ¢paonst*“tion that the
mass in vortical oscillation docs not affect
porpoising.




(2) By the more comprehensive charts of the
gsame sort in figures 5 and 6 discussed;
s

The lower charts (b) in figure 4 show that the shifts

in the moment curves obtained in the separate experiments

for altered center—of—gravity locations correspond to the

product of the center—of—gravity shift tiwmes the net water
load, as would be expected; thus the net moment M 1is

the controlling variable.

B In practice, resistance is usually given as a function
of trim, load, and speed, and paepois ing  lindits are fre—
quently expressed in terms of trim and speed — in bot!l
cases without gpecial regard to the availability of the
moments reoguired to produce the stated trins, Ia other
words, moment is not ordinarily treated as an indep&ndent

im being substituted arbitrarily as a parameter,

ment ig discussed in more
ng the substitution, and by
egeding segtiaon, 1t may he

endix, By aak
;
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'im, load, =nd speed,
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(2] *Thke porpoising characteristics are primarily
funections of load and speced,; and secondarily
functions of the tail-damping rate.,

.—f‘

The controlling variables are then reduced to two, Further—
more, the tail-danping rate affects wrimarily the lower
prrpoising limit at high speeds (see fig, 2) and is clearly
of less inportance than the net vatﬁr~corn; load.

Lo, A Burtbhertsimplifdeation in t4p statement of the por-—
polging eharscteristics i effeeted when the stability
limits are plotted against A/V, 1qsbeaa of | A e
speed ie thereby climinated as yt2 consideration.
This is shown iu ‘the ¢ehari ins s which iancludes
the data from the upner charits : nt f igiire 4 and addi—
tiongl dabsz Toriiother sedsie ' of pbsScissas
oivwer A/Va and regpondi i

are
 siocnal criterion
7
|

< o .
An alternate, and somewhsat . form of plobbting
for thig chart "Ps shovisin s Lzure L. the abscissas

are “A/VV instead of JA/CV andithescalp 15 Tercraeds




In this form thHe curves look more familiar and they
are less distorted.

Tre same simplification has, been applied in the pass
with reasonal

nable success to resistance data for the plan—
ing renge (ses references 2 and Z)3 its success for por—
pois vta is not, therefore, very surprising. Nor
need that it has never been widely used in deal-—
ing tance data necessarily influence its adop—
tion ising data? the high precision mequired
V(e information is not ordinarily needed for
stab ts. Its nse reduces the statement of por—
pois cteristics to a single chart with Mq as
a par

The extent of the speed raunges over which porpoisiang
occurs under various conditions, and particularly the
presence or absence of upper—limit porpoising at high
speeds, are not indicated by such charts, These are dis—
cussed in section 13,

il-damping derivative Mq i8 direecily pro—
to speed, Hence, o statement of the proportion—
fficient to define values for all
b

tor HMq/V is su
by

’

X et
speeds, When divided pw/B (pw for water), this
a

e nondimensionals the expression ——;————
W 4

V-"_—.’D
2

ion with which to express

iven design, at all speeds

for the experiments 1in

o
=

=

is therefore a sui Titieni
the tail—damnping r

t
and sigzes. Efsiva

T oa—

6. In summation it appears that the pvorpoising character—
isties of a given hull can be expressed (with th'e reser
tion- noted at the end of sec, 4)by'a single chart with
a single naremeter, The inherent porpoidsing character—
istics, whaich fix the shapes and positions of the 1imit
s oa this chart for a given wvalue of the parameter,

0
must- then depend on hull form only.

£

7. The choice of variables for systematic studies of hull
" :

Dy no means straightforward. The hydrodynamic comn—
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of such quantities as Zg, ! {qs and so Torth,  aEe
not clearly related to geometric configurations and sizes
of specific elements of the hull form in the simple fash—
ijon that the asrodynamic components are clearly; related
to geometiric configurations and sizes of specific elements
of the airplane. Hull form must therefore be dealt with

M

as SUCilla

The 2nds sought are easily stated:
(a) To reduce hump and high—speed resistance

(b) To eliminate porpoising or, failing this,
to widen the range of stadble trim angles

It is desirable to improve both characteristics, and
inprovenent of one at the expense of the other will not
usually be very helpful.

It will
neces,ar" T
huamp resis t
trim track
speeds,

vnderstood $that with any hull form it is
o 1ocate the center of gravity so that the
a s ressonavle, and so that the available
i he stability limits &% planing

(5 f
I
(=5
=]
d- (o]

8¢ In the experiments {reference 1) the chioice of vari—
ables was governed by the underlying concept that the
forebody and afterbody are separate parts of the hull
serving different purposes and that in consequence each
shonld be altered independently of the other, 1

This concent was suggested by the compar‘oon 3 o»
in ~ure 7, between the characteristics oi the "“1 te
hull and those of the forebody alone (under otherwise
identical conditions). This comparison was worked out
before the 1list of hull modifications was Jlecided upony
as exolzined in reference 1, it reveals in particular

(a) That the afiterbody is useful only in the lo w iy
a7 4o

peed range to take—off and tha
¢ higher spceds is entirely

roLrl..ntal; that

cst and at displacement speeds, 1t pro—

At moderate speeds up
trols trim and res 2
lower—limit porpoising
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At high (planing) speeds, it is the direct
cause of upper—limit porpoising and some—
what increased resistances

(b) That the forebody is entirely self—sufficient
at planing speeds and needs no help from the
afterbody

hese indications suggest clearly

(a) That the Fforebody is the main hull — essentially
a stepless, V-bottom, planing boat with the cen—
ser of gravity very far aft

(b) 7That the afterbody is an appendage, the functim
of waich is to control trim (by providing nosing-
down moment) until true planing of the main hull
is established

Group III is accordingly divided into three subgroups

Group IIIA Afterbody Form

Group IIIF Forebody Form

Group IIIH Hull Form (as & whole)
The first two of these are of more interest for present
purposecs than the third and, as e: plalnca previously,
only a part of the first is dealt with in this report,

Group IIIA

Afterbody Form

is, & given body plan) is used to produce a series of hull
forms differing in some consistent fashion in their pro-
portions, the resulting forms are said to spring Trom the
same parent form, It is only when, regardless of propor-—
tions, the shape of one or more sections is altered with
respect to the others that the parent form is said to have
been altered.

9, When 2 given set of vertical transverse sections (that

It is in accordance with these ideas to refer to bhe
following variables of group IIIA as involving no change
of par “u'form:
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\
Afterbody angle for changing which, the samec
Step height afterbody was used in the ex—

periments

Afterbody length for changing which, the after—
body station spacing was uni-—
formly altered
The nrcesont discussion is limited to these variables with
sone rcference to the expeoriments with the forebody alono.
10, Figurc 8 shows the porpoising limit
mentioned variasbles, The lowor—limi
7
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evody alone is added to these chart

re 10 shows a sccond replotting, in which the
reversed scale of JCA/CV is retained for the abscissas
t referrcd to absolute stern—post itrim
o By arbitrary definition,
= {absolato foreboly trim) -
dcfinition is illustrated Dy
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v
considercé., Thig might be expected from the
fact that even so extreme a change a3 I
ing the afterbody entirely (see fig. 7) had
procticaliy no effest,

(2) The "vrcak—awvay® of the lovwer—limit curve irom
the basie curvs for the foretody zlome and the
position of the upper—limit curve are functions
of the storn—post angle primarily.

| P 93 a4 Y B
renoralizations, Iig—

) o Lo,

The poaks of tho bruak—aways of tho 1
curves can be reasounably s well repres
eavelone curve, waich isolates the cffect of the

aftorbody on lower—limit porpoising
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The individuwal points for the upper—limit do
not scatter more from the mean curve than the
points in figure 6, the mean curves on these
two charts being consistent with each other.

Figure 10 may be regarded as providing a further
simplification (fOLlOWan fig. 6) in the statement of
porpoising characteristics. By eliminating differences

directly attributable to differences of stern—post angle,
it clarifies one more variadble in the analysis of por—
poising characteristices., Like figure 4, however, it fails
to talke into account differences in the ranges of speed
(or of / CA/CV) over which upper—limit porpoising occurs
under various conditigns. It fixes the position of the
upper—limit curve but not the extent, The latter is con—
sidered further in seechtion 13,

11, It is clear from the discussion of the »receding
section that the limit curves im figure 10 are substan—
tially incdependent of the forebeody trim., It is seen, too,
that the total range of stern—post trims embraced by the
two limit curves is quite small (of the order of 40)

These observations sugzest strongly that the wake, or
trough, left by the forebody must be substantially in-—
dependent of the forebody trim and relatively flat at

all planing speeds,

12, The photozrapnhs (figs. 11 to 13) were taken in an
attempt to throw further light on the natire of the flow
patterns in the vicinity of the porpoising limits. Three
regions arc shown, in separate figures:

Lower limit at peak of brealk—away (fig. 11)

Upper limit at moderate planing speeds (fig. 183

Upper 1limit at high planing speeds (£fige: 18)

Bacihh region is illustrated by three cases:

ftcloodv angle, 130
fterbody angle, 7

A;oc“oogv angle, 43°
and cach case has three photographs for trim angles cover—
ing a range of 2° in the vicinity of the porpoising limit
under consideration,

These photographs should be viewed as a Tirst attempt
to illustrate the flow patterns. They indicate, however,
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Regarding lower—limit porpoising (fige 11) —

that this type of porpoising is suppressed
when, with increasing trim angle, the tip of
the afterbody first makes contact with the
water surface (this indication being amply

(1)

confirmed by visual observations of the model
dur ing tests)., Since this occurs with stern—
post depressions of the order of 19 to 89,

it" is evident that th
nressed in about the

of K/EZ/ G'(‘_r

e forevody wake is de—
same amount at the values
in gquestion.

(n]
&

Regarding upper—1limit porpoising (f o B3vand
13) =~ that thig type of porpoising develops
when, with an increase of trim of the order

6f 1° %o beyond that required to suppress
lower—limit porpoising, large portion of the
afterbody bottom becomes wetted. This wetting
and the fact that it is followed, when the trim
ig further increased by about lo, by the fore—
body coming clear, so that only the tip of

the afterbody remains in contact with the water
surface, seems to go far toward explaining-the
mechanism of upper—limit porpoising. Evidently
the wetting of the afterbody introduces forces
(=nd moments) which result in the forebody

2]

im
5
o

a

jumping clear and this in turn breaks up the
situation which caused the afterbody wetting.

The photographs in figure 14 were taken to illustrato
the s Lild ity of the flow patterns at fixed values of
JGA/Cv obtained with different combinations of Cp and Cy.
As sueh, %ther properly belong with the discussion of section
4 “%u“*" than here., They are of interest in connection with
the present discussion, however, because theyr indicate that
vaA/Cv is a very exact criterion of flow similarity when
other things are equal, and they therefore provide a back—
ground for saying that very small differences observed in
the othor }hotographs — where other things are not equal -
may bec significanb.

13, t has heen noted, in sections 4 and 10, that the
xtent of the speed range over which upper~limit porpoising

occurs is not necessarily shown in condensations of tes?t

data upon the base JEA/Cv. This speed range or, more
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especially, the range of high speeds over which upper—
limit porpoising is absent, has considerable practical
importance, The absence of upper—limit porpoising is
obviously desirable in itself, and there is a possibil—
ity (nov under investigation) that its presence or ab—
sence is associated with undesirable or desirable, reo—
spectively, landing characteristics.

o+

Reference to figures 8 and 9 indicates?

(1) ©onat, if the upper—limit curve stops short of
take—off, it tends to _stop at more nearly a
constant vaelug of #Cp/Cy (roughly 0,09)
than a coanstant value of spoed

(2) That the upper—limit curve stops short of take—
(a) The storr—post angle is increasocd above
the novmal value of 8°

(b) The s¥en heipht is inercascd above the
normal wvalune of 5 perccnt of the beam

(c) 1In spito of & very low step height (1 per—
cont), & substantial passage is provided
to allow air to reach the rear of fthe

step

Now it will beo scon that, in all three of the cases listed
under (2), there has becen an increase in the amount of

step vontilation, this term being uscd droadly, to include
any mcans by which a supply of air to the step can be ac—
complisked and not mercly the provision of air ducts. The
infecrence is obvious that the avoidance of high—speed uppecr—
limit morpoising dcpends directly on the provision of suffi-—
cient ventilation. Thise inference, furthermore, appears

to be cntirely consistent with the point of view developed
in section 12 that the wetting of a large nortion of the
aftervody bottom marks the beginning of upper—limit por—
poising, for gecneral wetting of tho afterbody bottom is
probabdly associated closely.with the effcctiveness of step
ventilation.

=t
15N
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i
=
my
o
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F K 5 is a chart of =raximum hump resistance
plotted against maximum hump triam, Values are for

ue hump (in the vicinity of 10 ft/sec model
speed) and not for thz voentilation hump (in the vi=-

canity of '8 ft/soc). Data are included for one or two
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variables in addition to those listed in section 9 in

(o]

rder

to enphasize that it is the hump trim itself,

rather than the exact means taken to get it, which con—
trols

sista

the hump resistance., The excess of the total re—
nce over the value of A %tan (T+2° ) is seen t0 be

roughly constant for high trims Dbut to increase rapidly
with

Tow tims so that the total resistance is a minimum

at around 3i° trim.

The arrows on the chart indicate the difference
between the maxinum hump trim and the maximum trim on the
curve of lower—limit porpoising (which usually occurs at
nuch the same speed), The hump trim exceeds the lower
porpoising limit to a moderate extent except when the

hump

b

een

rim is very lows

CONCLUS IONS
The orincipal conclusions to be drawn have already
stated in the Summary of the report,

Particular attention is called to the three charts:

Figure & — which shows that, for a given hull under
sous combinations of loading anéd serodynamic con—
ong, boe stabilivy Tiwits may be e}p ersed as
functions of the dimensionless criterio J@A/CV
. _lig v 4
Wit as & parameter.
- Pw .4 3
Vi ===13h
2

B shows that, for modifications of
th ivad from Lhw sam¢ parent, uncer
gi aerodyn itions, the upper
st ¢ the pcak of the lower stadility
i or lowered as the ctern—post angle
is owered, and in like anount.

ot

e 15 — which siows that
a direet function or the hump
a S

imental Towing Tank,
Stcvens Inatdtuate of e
Hobokeliy Mo Jes el
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APPEND IX

not strictly a part of the present thesis,
iscussion of the substitution of trim for moment
erion Jn the st atements of resistance and por—

Moment is, in fact, an independent variable and
failurec to consider it as such does not dispose of it.
There can be little advantage in knowing best trims (with
respect to either reqlstaace or nornows1n6) without know—
ing whether they can bde cbtained, The general lack of
emphasis on moment is perhaps explained in part by the
difficulties which stil1ll) stand in the way of accurate de—
terminations of the aerodynamic moments during take—off

.and landing. There iw

2 The chart in fignar
normal XPB2M-1 flyiag
whicih cross plots are

(1) Thrust —

(2) Haxzximun

Assuming

ever, which is considey

Corresponding to the thrust

Corresponding to 2%
ship or 18.5 percent of the bean,
is assumed to be shifted with the c.g. )

enother aspect of the matter, how—
ed in what follows,

e 15 shows the usual data for the
boat and, et the four speeds for

drawn, the moments duec to

cuarve shown.

shift of center of gravity —

feet either way in the
(The wing

(3) Maximum elevator Geflection —

Cyi = 0,4 C = 1,0
“nax aero Lo “Crg )

These are the principal moments; they are additive (al—

ebraically),
combination, The magni
precise absolute
indicate approximate ma

it will he observed that

Y
atv

herefore of

S ek ,._J #>

except for the

gignif

the lowest speed (Cy =
the hump and for which the power—on case is
i

thrust moment, in any desired
itudes shown are not claimed to have
jcance} they are intended only <o
ximumns, With this understanding,

2,79), which is about

most interest, the possible effect

n trim of altering the moment combination is
about 23° and
Any trim
for best resistance,

that
within this range is near the trim
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(2) At the highest speed (Cy = 5.57) the elevator
moment is so large that, with any combination
of the other two momenis, the trim can be held

between the porpoising limits and at the value

Ponthiestesrosistance

For these two speceds, then (and for all lower and higher
speeds, re~oectively) moment 1s of secondary interest
only. However,

() At the first intermediate speed (Cy = &.71),
the trim for legst resistance can be reached
with .any possible combination of the moments,
but thig trim is less than the lower porpois—
ing limit, and there are many combinations of
the moments, marticularly in the power—on case,
with wihich the maximum tTim cannot be made to
excced the lower limit.

is onc (a little

eco iary frignighe
nce, takes on pri—-

gw of porpolsing limits

Thus, for spceds in the vicinity of th
above tie hump) moment, though still
point of wiew of steadd—“otlon regista
mary importance from tha point of vit
These speeds, too, ars cepecially i

‘DUJ

rportant becawnse in
accelerated take—off the triwm is felling rapidly from its
peak vaiue initial disturbances are

e nesr the hump; thus in
provided to khelp induce porwoising

5 refore, mowment has to te givea nore
in dealing with porpoising than in dealing
with resistanc;. But there does =aot secm to te any great
need for a mors accurate knowledge of the aercdynamic
(elevetor ) moment; the principal reguirement is to get
the center of gravity in the most advantageous position.

Shiftins the center—of —gravity position is much the
simplest way o alter the moment combination in an existing

g at, and tests to determine the best position - or
the lianiting practicable range of »positons — are ordingrily
carriod out on a new flying %oat. In this case, however, the
conseguences of o skift differ somewhat from those discussed
in section 2 because the wing is not shifted with the center
of gravity. From the point of view of design, with which
thi's paper is pninarily conceraed, the wing ought usually
to “c shiftod when sthe center of E-uv1t" ig shifted to avoid

roducing an additional moment wiaile flying. This was
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simulsted in the experiments which form the background for

Wing not shifted

Wing shifted
Change moment = 4y a

Change moment = (4, - L) &

The difference is meatiened here to avoid possible
i

misunderstanding,

1., Davicdson, Kenneth S. M., and Locke, F. W. S., Jr.:
Some Systematic Model Experiments on the Porpois-—
ing Characteristics of Flying-Boat Hulls, HACA

A RJR,, June 1943,

2, Schroder, Paul: The Take~Off
Hew Hydrodynamic Reduction

Based o a
No. 621,

of Seaplanes,
TheloD i+ Toolls

HACA, 19%%.

3, Anon.: A Couparison of
Pianing Rancc of the Navy ilark V Scaplane Hull,
7.k, Yo, 47, Steveas Inst. Tech., 1940,

|
|
the

the present work and allowed for in calculating the moments
for the charts in figure 16. When the wing is not shifted,
the moment is grcater, as indicated in the following
sketches: j
Direction
L L L of motion
A
4‘\ —-—J,...—-*“"" /?— g
/:"/:‘ L4 ’_// $
i__(..__ a__,,..,' a——-z-:
} 4 ‘.
V ! V
Lo bg by By




TABLE I
DIMENSIONS AND PARTICULARS (NORMAL) FOR FULL-SIZE

FIYING BOAT XPB2M-1 AWD é%-SCALE MODEL

Dimensions Full size 1/30—sca1e model
Beam at main step, in . . . N 162 5,40
@Angle between forebody keel and
base line, deg A A G A 250 2.0
Angle between aft”rOOdJ kcel and
bage line, deg - SR 5.0 5.0
Height of main step at keel Sl oo G o B ot 0.27
Center of PfaVltJ forward of main
step (26.58 percent M.A.C.), in . . . 70 2.33
Center of gravity above base 1line, in . . 146.7 4.89
Gross weight; 8, 1b . . « < . 140,000 L It Wi
Load coefficient, Op (sea water) 0.89
Mloment of inertia in pitch, slug-—*‘tg , 1.366 % 10°
1b-in® . . 6.328 x 10° 250
Wing span, ££ .« - « ¢« « o ¢ o e e e 200 68.6%7
Wing area, S, 83 ft . . - « < + ¢« o v o 683 4,092
Mean aerodynemic chord, M.A.C., in . . . . ?49 8.30
Aspect ratio (geometric) 10.87 10.87
Horizontal tail area, sq¢ £t . . . . . . . 508 0.565
Elevator area, sq £t . . ale 9 % o BAZ 0.160
Distance c.g. to 35 feLcent N A C
horizontal tail (tail length), £t . . . AZ .6 a2
Thrust line above base line at
main ‘gtepy Ao DR . e Mk b oo 2805 B8
Thrust line inclined upward to :
base line, deg e S Sl SO e BB
Ratios 23;112%52
iodel
5 :
Of velocities, A 2 . « o v o o o o s s o e 5,477
Of linear dimensions, A : 3,00 X L
OF Brese, A2ULE0 0 o 5 s e wtadafs » w0 Wik 9,0 X 30°
B2 wolveem,. A e e gwy e wpl s 5 eyl D K o by
OF DomEtbE .. AT\ o w8 elw §1.0 X 10*
Of momente of inertia, A% . aic oe o 243.0 X 10°

a&3ee footnote on p. 2IL.
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TABLE I
DIMENSIONS AND PARTICULARS (NORMAL) FOR FULL-SIZE FLYING
BOAT ¥PB2M-1 AND ga-SCALE NODEL (Continued)
Aerodynamic characteristics Full size I/SO—scale model
C;, at r = 5° (relative to base line,
flaps, U 0 s sl i el A 15089 1 535
e T R e ok T
B0 0 o s i M e v e L RORS 0.1.045

aL/dr (dafad, Itfdeg ", . . .+ 0.0 B4BB wS | OLEGE X AN %P

ar/dw (az/aw), lb-sec/ft <?%13=) .« .. 0.458 vg  0.509 x 107 ¥
dt Vv /

dCMC“/deL = a0y far (ava) - . . . . . 0.0150 0.0150
r peit, 7
diigg/dr (@4/d6), 1b ft/deg (av.) 1.365 v2  5.05 X 107 v2

Paii/dy, 1b £t sec/radian . 8020 X vg 9.90 x 107 v

aM/aw, b sec (Bv.) « « v v v e v u .. 7BB3X Vg 2.90X%x 107 v

i/ a

L e o i e S s TR 3,41
d]v’l; aw
B oy Gengthy 1fvadion . . 5 e 1.61 1.61
dM;dW
Get-away speed, fps . . . . .+« . . 130 R23.74
SO N0 h o wos in e ns e s 1.890 . Y
Get-away T, deg . . « & ¢ o o o s e 3.8 8.8

@A11 trim angles measured relative to the base line.
bContribution of horizontal tail surface only.
CSubscript s is for full size.,
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no effect on steady-motion resistance characteristics,

little or no effect on porpoising characteristiocse
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(a)

Afterbody
angle, deg
12

r7

4.5

V/v?

1.02
.766
.620

Flg. 1la

Afterbody
angle = 12°

Stern-post
angle = 13° ‘

Abs. forebody
trim = 13.4°

Abs. stern-post
trim = 0.4°

Afterbody
angle = 7°

Stern-post

angle = 8°

Abs. forebody
trim = 8.7°

Abs. stern-post
trim = 0.7°

Afterbody
angle = 4.5°

Stern-post
angle = 5.5°

Abs. forebody
trim = 5.5°

Abs. stern-post
trim = 0.0°

/Cp/Cy

0.298

.224
.181

Figure 11.- Steady-motion photographs at lower l1imit, peak of "breakaway'.
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Afterbody
angle, deg
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Figure 11.- Continued.

Fig. 11b
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NACA Fig. 1llec
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(c)

Figure 11.- Concluded.
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NACA Fig. 12a
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Afterbody
angle = 4:5°

Stern-post
angle = 5.5°

Abs. forebody
trim = 7.9°

/AN = 0.493, /Cp/Cy = 0.143

(a) Absolute stern-post trim, 2.4°.

Figure 12.- Steady-motion photographs at upper limit, moderate planing speed
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(b) Absolute stern-post trim, 3.2°;

Figure 12.- Continued.

Fig.
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/2;553:0.493,v%iyév =

(c) Absolute stern-post trim, 4.40.

Concluded.

Fig. 12c
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Fig. 13a
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/a/¥® = 0.146, /Cp/Cy = 0.0425

(a) Absolute stern-post trim, 029,

Figure 13.~ Steady-motion photographs at upper limit, high
planing speeds.
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Figure 13.

Fig. 13b
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(b) Absolute stern-post trim, 1.2°.

- Continued.
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Fig. 15c
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(¢c) Absolute stern-post trim, 2.2°.

Figure 13.- Concluded.
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(a) Absolute forebody trim, 15.4°.

Fig. l4a

CV = 40636
Cp = 0.444
Cy = 4.173
Cp = 0.361
Cy = 3.701
CA = 0.285

Figure 14.- Steady-motion photographs to illustrate similarity of flow
patterns at constant values of /CA/CV obtained with different combinations

of CA and Cv.

Afterbody angle, 12°; VC,/Cy = 0.144.
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Fig, 14b

Cy = 4.636
Cp = 0.444
Cy = 4.173
Cy =.0.361
Cy = 3.701
Cx-= 0-285

(b) Absolute forebody trim, 16.4°5.

Figure 14.- Continued.




NACA Fig. l4c |
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|
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(¢) Absolute forebody trim, 17.4°.

Figure 14.- Concluded.
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Figure 16.- TRIM ANGLE, DEG.
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