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GENERAL PORPOISING TESTS OF FLYING-BOAT-HULL MODELS
By F. W.;' S Locke’ Jre

SUMMARY

This report gives evidence in support of the propri-
iety of substituting, for many practical purpdses, a "gen-
eral® porpoising test of flying-boat-hull models in place
of the usual fspecific!" test., The results of a general
test of a particulsr model are presented and compared with
the results of a specific test of the same model, The con~
parison is shown in charts (figs. Y and 5),

The report alsc discusses appropriate average values
of the variables necessarily considered for ordinary use
in general testing. These variables are:

My aerodynamic pitch damping rate

I, pitching moment of inertia

bosition of center of gravity

The terms "general' and M"specifice" are uséd in the
sense in which they have been used for some time by the

NACA in connection with resistance tests. (See NACA T.N,
No. 464.) '

INTRODUCTION

It was concluded in reference 1, from analyses of the
results of systematic tests at this tank, that the por-
poising characteristics of a given flying-boat hull are
determined nainly by only three variables: ‘

A load on water
v speed
M aerodynamic pitch damping rate

q



and that the limit curves of stability could be expressed
ns functions of the planing 1ift coefficient A/E% T2 v

(pctually ﬁhe equivalent criterion \/EZYCV has been

found more convenient), with the aerodynamic pitch damping
M
coefficient ~u~—ﬁ;~m 2s a parameter.
v W pe
2 .

This evidence strongly suggested that some general
porpolising test might properly be substituted for the usu-
al gpecific test. In a general porpoising test, "as in a
general resistance test, the controlling variable or var-
iables would be altered in systematic steps to produce
results apvlicable to any flying boaty; in the specific
test, the loadings and the aerodynamic characteristics of
a particular flying boat are reproduced in the model test
in thelr entirety.

* The advantages of a general porpoising test are ob-
vious; it would '

(1) Provide » basis for predicting the vorpoising
characteristics of proposed conplete air-
planes prior to specific testing. The por-~
poising tests for a comtemplated design
could be run even prior to the fixing of fi-
nal specifications for the aerodynamic struc-
ture and thus valuable time could be saved in
the ensrly stages of -designing, when decisions
for major changes are still possible.

(2) Facilitate direct comparison of the morpoising
characteristics of different hull forms and
thus enormously simplify any problen involv-
ing the hydrodynamic development of hull forn.

A satisfactory general test would appear to be prac—
tically a prerequisite to the successful carrying out . of
any extensive exploration of the porpoising characteris-
tics of systematically varied hull forms within a reason-
able period of tinme.

The usual method of determining the longitudinal dy-
nanic stability of a flying boat is to test a dynanmically
similar model, complete with wings and tail surfaces
(scretines oven notor-drivon nropellers) reprdduccd i1 OXe
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act detail. This method, hewever useful for -specific
testing, has the difficulties that the sercdynamic charac-
teristics are not easily determined nor readily altered.
The method now employed at this tank, described in refer-
ence 3, differs in that the equivalent of the aerodynamic
structure is supplied by a calilbrated Hydrofoil for 1ift
forces and by mechanical means for pitching moments and
damping. The aerodynamic characteristics are therefore
under direct control at all times and may be varied at
will. This feature made possible the strict system by
which the specific tests analyzed in reference 1 were car-
ried out and which has led in turn to the 1dea of general
testing.

It is the purpose of this report to present the re~
sults of a general porpoising test of a particular model
and to show the comparison between these and the results
of a specific test of the same model. The agreement be-
tween the two tests 1g considered sufficiently good to
constitute evidence of the practicability of general test-
ing - at least for many purposes.

The important guestion of the choice of suitable av-
erage values of certain variables, for use under ordinary
circumstances in general porpoising tests, is also dis-
cussed. ’ .

"This investigatiohg conducted at Stevens Institute of
Technology, was sponsored by, and conducted with financial
assistance from, the National Advisory Committee for Aero-
nautics. ‘ :

GENERAL PORPOISING TEST OF A PARTICULAR MODEL

Procedurec Used for General Test

The gsame apparatus was used as is ordinarily employed
at this tank for specific porpoising tests; this apparatus
lg described in detail ia rsference 3. - For the present
general tests, the hvdrofnil which supplies the 1ift force
and its derivatives in szpecific tests was removed from. the
apparatus, with its entire mechanism. This was the only
change made. :

The model and the parts of the apparatus moving ver-
tically with it had a weight corresponding %9 ~Cp = 0.80.

In order %o get other values of the load on the water, the
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st section of Selection of Values of Influential Vari-
es,

All tests were wmade at constant epeed, in substan-
1ly still water, and otherwise in accordance with %he
y

iled procedure ordinarily used for specific porpols~
tests at this tank, as described in reference 3.

The tests for each load coefficient followed the same
ic program, namely:
{1) Tests were made at each of a number of fixed
speeds, the choice of speeds depending upon
the load coefficient.

(2) 4t each speed, tests were made with various val-
ues of the applied moment to cover a range of
steady-motion trims sufficlent to embrace the

‘upper and the lower stability limits.

O]

ed and applied moment, a test was

(3) A4t each spee
th a pitch damping rate corresponding

made wi
. Mq |
te —“”;“"Z'z 0.25 as previously described.
v B oy
2

When this rate failed %o cause stadbility, an
addifional test waes made with a large excess
of pitch damplng to define the steady-motion
attitude.

(4) Graphical records were made of the steady-state,
fully developed porpolising cycle for all Ltests
in which porpoising occurred.

(5) The stability limit was arbitrarily defined as
the trim at whiech the total sweep in trim an-
gle during porpoising (that is, the double
amplitude) is 2°. This definition is of
greatest significance in connection with lowsr-
1imit porpoising, where the amplitude tends to
increase progressiveldy; in the case of upper~
1limit porpoising, which tends to start suddoen-~
1y and may often consist principally of verti-
cal metion, an ardbitrary definition of the
'stabllity limit is largely unnecessary. In the
experience of this tank, porpoisging cycles in
which 2 gsubstantial amplitude in heave occurred
without at least 2° sweep in trim have been ex-~
ceedingly rare (the model being, of course,
free to trim).



General-Tesgt Results and Comparison with
Specific-Test Results

The general-test results are shown in detail in fig-
ures 1 to 3 in large charts, each of which gives com-
plete data for one value of Cp. These figures are the

usval wall-paper charts of trim against speed, as ussd at
this tank; details of their form and preparation will be’
found in reference 3. Cross plots of the trim sweep in
porpoising against the steady-motion trim were prepared
from the porpoising cycles shown on these charts - from
wulCh, in turn, the arbitrarily defined stadility limit
(20° sweep) was read. The stability limits, obtained in
this way, are shown in figure 4, plotted against the cri-
terion ,/Cp/Cy. Phis chart shows also, for dircet com-
parison, the limits for & specific test of the sawe hull.
The gspecific test was made under the particulars and spcc-
ifications of the XPB2M~-1 airplanc, as used in referecnce
3, It is cluar that the agrcocement between the results
from the two typos of test is vory good and that only one
curve is nceeded for either the lover~limit or the upper-
limit points from beth tests, :

ik H-

Figure 4 shows a chart for the specific test and, for
couparison, a chart for the same particulars and specifi-
cations built up frem the general-test charts of figures
1l to 3. Again, the results from the two types of test are
geen to be in good agreement. The actual porpolising cy-
cles are not everywhere identical but they are reasonadly
alike, and it is apparent that both charts define the same

limit curves without abusing either set of data.

The fading out of the upper- 11m1t curve at nigh
speeds was not very thoroughly investignted in %
tests herein reported. At GA = 0,20, the uppe
ig in the process of dying out st the highest spe

e ve

' ] ced tested.
At Cp = 0,10, tests were made at only three very high
speeds =~nd at none of these wasg any upper-limit norpoising
found - though it seems probatle that it would have oc-
curred at lower speeds. The presence or absence of the
high-gpeed cend of the upper-limit curve is important in
practice; attention should therefore be given to explor-
ing this region in the.coursc of future. general tcsts.

The lowost speeds for inception of both upper~limit
and lower-limit porpoising are given in the following



table, which is reproduced from figure 4.

| Cy [Cp/Cy
| Ca :
! ) Lower Upper Lower | Upper
‘ limit limit limit 1 limit
5 Gencral test
0.10 | mmmee | e S A
.20 ————— 4,48 | aeee- 0,100
.40 2,87 4,28 0.220C .148
.60 3,10 4,28 .250 . .181
.80 3.33 4,47 .268 % .200
1.00 3.80 5,18 . 263 .193
Specific test ;
~~~~~~~~~~ 3,15 4.15 0.257 0.166

It will be seen from thiis table that, for all practical
purposes, lower-~limit porpoising may be considered to

start when the value of ./ GA/CV becomes less than about

.260. The starting of upper-limit porpoising, on the
other hand, is governsd by two conditions: (1) the value
of Oy must be greater thran 4.35, which is the average of

the values of Oy for all OCp values except 1.00; and

(2) tke value of J Ca/Cy wmust be less than 0.200.

(D R

jav)
5]

(o)

If sufficient test information were available, condi-
ons for the ending of upper-limit norpoising, at high

a
o

zods, could presumably have been similarly codifiad.
was some

did not start at a
tion was made “hat
the moment curves i T
this possibility, firure 6 was Drebared. T
ot of V/V&/CV against trim, with
ficient Ci = M/Wb4 as a parame

Reproduced from
est available copy.




are from auxiliary cross plots of moment against trim.

The values of the trimiving moment for the curves are close
to the actual test moments, so that undue cross fairing is
not involved. The points scatter about as much as the
limit points in fizure 5 so that 1t is difficult to tell
whether or not there is a disccntinuity in the moument
curves in the upper-limit region; if there is a disconti-
nuity, it is evidently very small. By far the most sig-
nificant point brought out dy this chart is that the trim-
ming moment, like the stability Llimits, is primarily a

function of the trim angle and of /6&/Cv only.

Pigure 7 is a final summary chart of the dynamic sta-
bility and moment characteristics of the hull under con-
sideration, prepared by itracing the curves of figures D
and 6. This chart may be used to calculate the stabilisty
limits of the hull im combination with'any desired gross
welght, aeredynamic characteristics of the wing, inclina-
tion of the thrust axis, and similar factors. The moment
characteristics permit calculating the free-to-trim track
and the available txim range with any desired longitudi-
nal position of the center of gravity, elevator moments,
and so on.

INFLUBNTIAL VARIABLES IX GENEZRAL TESTIHG

Before general porpoising tests can be run, it is
necessary to decide which of the variables can safely dbe
neglected end %o determine suitable values for those that
cannet be neglected, A study wae made in reference 1 of
the effect of various variables on the porpelising charac-
teristios of the XPB2M-1, ag indicated by systematic spe-
cific tests. This part of the report considers that study
as well as the results of octher investigators and gives
recommended values Ffor the variagbles which have to be
considered, :

Bvidence Cencerning Variadles
Mags in vertical oscillation.~ Pigurec 8 shows the re-
sults of specific tests of the XPB2MH-1 at various gross
loads, from references 1 and 3, The limit of stability is
plotted against the eriterion ,/Cp/Cy. Changes of the
gross load Cp  ars, on this Dbasis, changes of the mass
o

in vertical oscillation only and, in the tests shown, the
moment of inertia was kept constant.



The WACA has recently made some experiments on the
lower-limit porpoising characteristics of a forebody alone
(reference 2) with a model having only horizontal tail
surfaces and loaded or unloaded to get desired values of
Gé' It will be seen that the method used was not unlike

that employed in the general porpolsing tests considered
in this report. These experiments have been analyzed by
plotting the critical trim against the ratio  /Cp/Cy.

A similar form of plotting has recently been used by the
WACA in refarences 11 and 12.) The results, shown in
figure 2, are for two different values of the mass in ver-
tical ogcillation, each tested at four different wvalues of
Cp. Tigure 10 is similar to figure ¢ except that the lon-~

gitudinal position of the center of gravity is different
from that for the data of figure 9. For all these tests
the radius of gyration was kept constant.

Study of the three charts in figures 8 to 10 indi-
cates that, within the ranges covered, the magnitude of
the mass in vertical oscillation has no definable influ-
ence on the limits of stability. Additional confifmation
of this conclusion has bean found recently in the unpub-
lished specific tests at this tank of another model where
the gross load was varied.

In an actual airplane, the mass in vertical escilla-
tion must always correspond, ef course, to the asctual
gross weight, In general porpoising tests, therefore. the
mass in vertical oscillation probably should not be al-
lowed to depart too far from the design gross weight of
the hull, if this is known; but, since the data of figures
8 to 10 indicate that doubling the mass has no appreciabdle
influence on the stability limits, it ie apparent that no
grea’t emphasis need be placed on using a very exact value.

Pitching moment of inertia.- The data of figure 8,
from reference 3, are for tests of the XPB2M-1 made at
several different gross weights but with only one moment
of inertia. Additional experiments, from the same refer-
ence, showed that increasing the pitching moment of in-
ertia by 50 percent at one gross weight lowered the lower
limit by only a very slight amount at low speeds and had
practically no other effect on the limits. These experi-
ments indicate, therefore, that neither the moment of in-
ertia nor the radius of gyration has any appreciable in-

O

fluence on the stadility limits.
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British experiments (reierences 6 and 7) have shown
that increasing the moment of 1nert1a by as much as 100
percent without altering the mass has only very minor ef-
fects on both the lower limit and the upper limit.

The NAGA tests of a forebody alone (reference 2) COV—
ered,thls point indirectly. The results, plotted in fig-
ure 11, are not in full agreement with the afore-mentioned
.tests because a similar change of mass at constant moment
of inertia - that is, an alteration in the radius of gyra-
tion -~ had a moderate effect on the stability limit,

A1l sources are in agreement that the main effects
of increasing the moment of inertia Zre to decérease the
frequency of oscillation and to increase somewhat the an-
plitudes of the fully doveloped porpoising oscillations,

The fact that the pitching moment of inertia may have
a small influence on theo stability limits ies not an im-
portant objection to the use of goneral porpoising tests
because, as discussed later, the pitching moment of inertia
of actual flying boats is primarily a function of the hull
length, so that a reasonably reliable value is readily de-
duced for any hull,

_ Center-~of-gravity position.- The specific tests of
the XPB2M-1 (reference 3) show that altering the longitu-
dinal position of the center of gravity causes certain
‘minor changes in the lower-limit curve at low speeds dut
has no othér effect on the stability limits.

Figure 12 shows the results of the WACA tests in ref-
~erence 2. The same data are included as in figures 9 and
10, but they are differentiated on the plot only when the
longitudinal position of the center of gravity differs.

It is clear that the longitudinal position of the center
of graV1ty has no distinguishable influence on the stabil-
ity limit.

. - British tests (references 5, 7, and 9) are in agree-
‘ment in that the lower limit at low speeds is slightly
affécted. In one case, an exfect was- found on the unper
limit, The same British tests showed the vertical position
of the center of gravity to have no distinguishable effect.

The NACA results in figure 13, also from reference 2,
are the only ones available which permit isclating the ef-
fect of varying the height of the center of zravity above



the keel. The results are somewhat scattered, but there
is no clear indication that the vertical position of the
center of gravity has any appreciable influence on the
lower limit,

The longitudinal position of the center of gravity,
though unimportant in fixing the stability limits, is very
important in an actual flying boat because of its major
effect on the free-to-trim track and the available trim
range. General porpoising tests should ordinarily be run,
therefore, with a center~of-gravity position which will
result in a desirable trim track. The effect on trim of
altering the gravity position is easily computed after the
tests are completed.

Aerodynamic derivatives.-~ The analyses in reference 1
indicate that the only aerodynamic derivative not affect-
ing the net load on the water in steady motion and which
has any influence on the stabiiity limitsg is the aerody-
namlc pitch damping rate Mq,

It has been found at this tank (references 3, 5, and
10), and also in British experiments (references 7 and 8),
that the pitch dawmping rate has an appreciable efiect on
the lower limit at high planing speeds. However, if Mq

has a value within the range ordinarily found in modern
practice, further increase is found to have comparatively
little effect. Therefore, while it is desirable that a
good average value of tail damping be used in general por-
poising tests, the precise value selected is not partic~
ularly important. This is especially true in view of the
fact that the principal effect is on the lower limit at
high planing speeds, which is a region of comparatively
little practical importance. ’

The influence of pitch damping rate on the upper lim-
it of stability appears to be confined to affecting, to a
small extent, the speeds at which upper-limit porpoising
beging and ends; it has no measurable effect on the loca~
tion of the upper-limit curve.

Eésuméof To sum up, only two of the possible 11 var-
iables which might conceivably influence the stability
limits have any noticeable effect, provided that

(1) ©None of the others have absurdly impractical
values.
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(2) The 1limit curves are considered in terms of the

criterion  /Cp/Cy.

Variable Influochce
ggzgdon water [ when combined to Vfag/Cv Negligible
Mass'ih,vertical oscgllatiqn Do.
Pitching moment of inertia Slight
Center-of-gravity position Nggligible

'Ao odynarlc"Ze Do.
Aerodynanic Z%; Do.
Aerodynamic Zq Do.
Aefodynamic Méf”l | Do.
vAerodynamic‘_ﬁw‘ Do
”Aerd@ynémic Hq priﬁéh damping,rate>; Appfepiable.

'Ferlburnoses of genera1 tesu1ng,‘iu remains, there-
fore, to gselect . apbvonrlate‘valuos of the aebodynamlc
pltch damp1n5 rate and of the p1tch*n5 momént of inertia.

hese_ﬁvy discugsed herpnnafupry where some cons 1dcration
is given also to convenient positions of the cenber of
grav1tJ, A1l three are necessarily decided upon before
testing can procesd.

Seleétion‘of Values of Influerntial VariabBles

Aerodynamic pitch damping rate Mq;— Ag pointed out

in the discussion the precise values of the pitch damping

. H o ) . T
coefficient, ~—0n9% - sélected‘foﬂfgenaral’porpoising

v Pu b&ﬂ" T T i
2 A .

tests can Dbe more or less arbitrary. Figure 14" shows cal-
culated values of this coefficient for a .number of repre-
sentative flying boats. The American and British hulls



shown, having been constructed during the last decade, arc
21l fairly modern, 4ll of the values of Mq' were calcu-

lated by the same method, for the horizontal tall alone,
from the equation: -

¢
. Pa 2 . d Y\ PR
M =X & 5, 1 Vo ) 1
q 2 Tt Uh do 4 v
The value of X was taken as 1.00. The values of S¢; and
ly were taken from reference 4. The ratio %Wé was
o 7%

calculated for each case from unpublished curves of coordi-
nated wind-~tunnel tests furnished by one of the aircraft
manufacturcers.

j hie¢ tank for an extensive
ising tests ef modifications of the
has been to use three values of %

cient -——2-— , - namely, 0.125, 0,250, and 0.500 - when

occasion demands but to emphasigze the middle value for most
testing. Figure 14 indicates that these three values satis-
factorily cover the range of tail damping rates which have
been used in actual practice. It therefore appears that
the same values, with emphasgis on the middle value, should
be reasonadly satisfactory for general porpoising tests of
most hulls,

Pitching moment of inertia.- The pitching nmoment of
inertia has 1little influence on the limits of stability
but affects the time scale of the motion; and, in any
case, & value 1s necessarily predeternmined before porpois-
ing tests can proceed. It is possible to show that, in
practice, the pitching moment of inertia is chiefly a
function of the hull length.

Benson (reference 2) plotted the pitching radius of
gyration against the gross load, on a coefficient basis.
It was found that k/b increased fairly rapidly with CAO'

The data of reference 5 have been replotted in figure 15,
together with various values accunulated at this tank.

This chart indicates a2 lower rate of increase than Benson's
and clearly does not abuse Benson's édata. The mean line
shown is givsn by - ’ :



N, /
% = 1.38 \6 ’f ’ (2)

Benson 4id not gi%e a statement of lengths with the data.
In reference 4, page 5, it is suggested that the length-
beam ratio may be represented dy

L
- = 5,05 (G, ) (3)

so that combining egquations (2) and (3) gives
k = 0.227 L (4)
which indicates that %/I is indevendent of L.

ther information collected at this tank, shown in
figure 16, indicates that a slow decrease of Xk/L with
increasing & is probably more nearly correct. In any
case, it is obvious that an assumption that k 1is pri-
marily a function of hull length L ‘is close to the faCES.

For the purposesof genaral testing, the curve of fig-
ure 16 appears to bhe a satlsf ctory guide %o fixing the
value of k. 3XEguation (3) may then be used (since L will
be knowa) to deduce a value of mass for computatlon of the
pitching mement of inertia by throwing it into the form

mN\N17/3 )
L o= 6.05 (=) (3a)
\P i /
from which
/ L \3

==y (5705

'uentnr~of—vraV1tv position.- It is desirable, for res-
sons of conve enience, that the position of the center of
gravity bs such that the free-to-trim itrack misses the
lower limit of stability Jjust past the hump and lies Dde-
tween the two linmits at high spesds. This will ordinarily
be accomplished,vwith reasonably conventional hulls, if =
line joining the tip of the main step with the center of
gravity sloves forward, W1th respe gct to a perpendicular to
the forebody keel, by 20° to 25° : c

-

Another, and possibly better, rule is to locate the .
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center of gravity between-0,%5b and 0.40b forward of the
step. The vertical location is less important but nay
well be between 0.80b and 1.00b above the forebody keel
for flying boats and perhaps 2. OOb above the ;orebodv keel
for float seaplanes. (See reference b,y

CONCLUSIONS AND éECOMMENDATIONS

The porpoising characteristics of a flying-boat hull
may be determined by a general porpoising test, in which
all of the aserodynamic characteristics - with the excep-
tion of the pitch damping rate M, - are neglected. The

q
stability limits, determined at various loads, can be re-
M
duced to & single set of curves, with S as a pa-
;4
v Ry
2

rameter, by plotting agaiﬁét‘the cfiterion W/OA/CV°

Appropriate mean values can be deduced for the vari-
ables necessarily decided uvon before general porpoising
tests can be made. These are discussed in the section
Selection of Values of Influential Varigbles, where the
following values are recommended:

Aerodynamic tai1~damping rate, M4
My

4 . - 0.125, 0.250, 0.500 with emnhmsis on the
¥ Eﬂ b4 middle value
>

Pitching moment of inertia

k

- = 0022

Z 5

m = :
6«:05/"

Center-of-gravity position
0.35b to 0.40b ahead of main step

0.80b to 1.00b above the forebody keel for flying
hoats and
2.00b above the forebody keel for float
gseaplanes
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_ A final chart of the tyne of figure 7 shows both the
porpoising and the noment characteristics of a given hull.
Such a chart can bé used to predict the porpoising char-
actoristics of proposed complete flying boats or %to com-
pare hull designs.. Work now in progress alms %o presant
information on resistance, spray-throwing, and directional-
stability characteristics in parallelvsimpl form.

.mxperlmenbalf ow1n*_Twn“,
Stevens Institute of . Technology
.Hoboken,'N.J,, July 10, 1943,

REFRRENCES
1. Davidson, X. s;;h., and Locke, F. W. S., Jr.: Some

Analyses of Svstedatlc Experlment on the Resigtw
~ance and Porpoising Characteristics of Flying-
BOat Palls. FACA A.R.R,, Sept. 1943,

2. Bensnn, James L;.l'The'Porpoising Characteristics of a
Planing Surface Representing the Forebody of a
Flying-Boat Full. HACA L.R.E., liay 1942. ‘

3. Davidson, Kenneth §. M., and Locke, -F. W. 8., Jr.:. .
Some Systematic Hodel Experiments on the Porpoising

Characteristics of Plying-Boat Hulls. NACA & . R.H.,
June 1943,
4, Locke, Fred W. ., Jr,: L Correlation of the Dimen-

sions, Proportions, and Loadings of Existing Sea-
plane Floats and Flying-Boat Hulls. ¥WACA A.R.R.,
Harch 1943,

5., Anon.: Porp0151ng Investigation. Experiments with
#odel Wo. 294-9 (Prygress Revport No, 1 on Research
Project R-35). T.M. ¥o. 46, Stevens Inst, Tech.,
1241, ‘

6. Coombes, L. P., Perring, W. G. A., and Johnston, L.t
The Use of Dynamically Similar Models fof Deter-
mining the Porpoising Characteristics ef Seaplanes.
R, & M. Wo. 1718, British A.R.C.,, 1936,



17

7. Perring, W. G. &,, Coombes, L. P.,, and Johnston, L.:
11

Tank Tests on a Dynamic Model of the Singapore II
Rep. No. B.A. 1050, R.A.B., (British), 1933.

a.

8. Garner, H, M.: Porpoising Tests e¢n a Model of a Fly-
ing Boat Hull. R. & M, o, 1492, British A.R.C.,
1932,

9, Perring, W. G. A., and Hutchinsen, J. L.: Full Zcale
and Model Pcrpoising Tesis of the Singapore IIC.
R, & M. No. 1712, British A.R.C., 1936.

;, dr., and

10, Davidson, Kenneth 8. M., Locke, ¥F. W. S
S f Theory

Suares, A&.! Porpoising - A Conmpar
with Experiment, NACA A,R.R., Jul

11, Bensocn, James M., and Eina, Lindsay J.: The &f
Dead Rise upon the Low-Angle Type of Porypois
WACA A,R.R., Oct. 1942.

12. 3Benson, Yames M., and Klein, Milton ¥.: The Effec
Dead Rise upon the High-Angle Porpois hara
ietics of Two Planing Surfaces in Tand
A.R.R., June 1943,

P2 -
[

i3

»

=
P
[

N

[

eproduced Tro

1R
Lbest_available éﬁpy

be
BIBLIOGRAPHY

Parkinson, John B., and Olson, Roland &. Ta
1/5 Tull-Size Dynamicallv Similar Hodel of bho Arny
04~2 Amphibian with Hotor-Drivon Propellers - NACA Model
117, WACA A.R.Z2., Dec, 1941.

Perring, W. G. A,, and Glaguocrt, H.: The Stadbility on the
Water of a Seaplane in the Planing Condition, R. & M.
N¥o. 1493, British A.R.C,, 1933,

Perring, W. G. A., and Johnston, L.t The Hydrodynamic

rcos and Moments on Simple Planing Surfaces, and an

alvs1~ of the Hydrodynamic Forces and Homents on a

ng Boat Hull, 2. & K. No, 1646, Britisk A.K.C,,

© HB ot
TR

Lo H'

il P iy
.

Schréder, Paul: The Take-~ O¢f of Beaplanes, Based on a NHow
Eydrodynamic Reduction Theory. T.M. No. 6231, HACA, 1931,

Shoemaker, Jamss M., and Parkinson, John B.: 4 CGomplete
Tank Test of a Model of a ¥Flying-Boat Hull - Wi .Ci Model

LN

¥s., 11, T.W, Wo. 464, Walh, 1933.



NACA Fig. 1
Fic.l.- RESULTS FROM GENERAL TESTS
TRACE S Lt
§ Meoe. suze AT g Crart No 71
- OSCLLATION OF &/zajaz
N 2 Decwets / ® C100
—— e o e e
708 35% 188 7944 3972 1906 0826 443 2207 wa [§ b4 9708 4054 2427 1039 5205 2648
Note' THESE_LIMITS TAKEN
. . ittt
_4 4 J..o,“ :0: —os06 & —ot0s —:— ~ro UPPER LIMIT a8 weT ’ . -as
(.s ;g?; ! m"‘ 0036 as'wer e - COTa  rphacor wer + |morse as Tnn R 0152
+ 40173 ABWET 4 +onoa t
PR ﬁ— o— Lawzn [X0 7 ""‘"‘4 ‘M”:Rou L/ ssnunon’ . A
ABcpran g‘ 4 ocoe v ciean ot -cory
- Tn O + om _ +w° T\ﬁ-_\_."\L""ER Loy
i - O + cam e ccos s ~ousg:\ K (-oow
E . § . %-«}a*‘ pise L{ m..\
$o2e 2 "f*g:g - | =oom
o E ol o 4’ * ij M
» Z)——‘ +asat - _4 « o154
N k3 ol o . g ﬂz foc;'rv
i z I
JooF . L A 3
43b FWD, OF STEP % E
CG= L NN R A
¢ «90b ABOVE B. H
| 40 %5 [Seteo Corscmat,Cy =80 85 o
"4 I | | i Lk
| lma ey 24 21 l 30 |'S' Mo
12 15 3 15 [ 7 19 20 2i 22 Jop
MoDEL SPEED, Ff/snc.
TRACES Reproduced from
& Mooe Bizc Lawr Tuse CHART No 7Q best available copy.
m:“ - OSGILLATION OF &2ajz ®
== 2 Deorees ; €080
6184 3092 1948 7080 A8y 1788 344 3972 1966 asee 443 207 9708 4054 2427w ff 14 1039 5295 2648
— [ R,
P4 [Note These Liwrs Taxew -
£RoM FARER GuRves
| ¥ = [ 8
>0 308 = UPPER LIMIT ' 0303
T‘°‘°5 o I & —moson I—e‘ﬂl':g 00T o0 T“’ it — e U mry
"‘°“’ —’-00111 o  Juoomr A'w. .—_l'w.’;%, AI-I\‘ Sl ~oie? er
u\"r x 3.'3?-?3 Fa omnumu " CTEY s meesse
RRCOY CLEAR 00897
Anaun li__l-l-.’uv m oo | — e
| yorrs | I — PO I
[ é I_j L4 |aroogss aname o kooras oL
g E £Y |4os20 0‘1- [rooess \L—" ooros avans ¢ 00008
o vy IQ .‘i.“ma —
1| 4 oghes 4 PRI = W
[ . ° ol o 5_'11'0:':' ﬂ corss ,. \[- 0098
E § | é‘ -[:msq 2 toores T\
~ 1 ad [ o L= on4 E
H - ar : !
E roBI2 E
“~a. ad g L S 5
| ¥ S al [ —_ g
i i Y% -
T I [ = I ~I = = F%
T
2 o] ] 15 [} 1 19 20 2l 22 stop



g *9ud

Fic.2. -~ RESULTS FROM GENERAL TESTS

e 1] Taces § eem sax Crarr Na 69
OscaLATION OF i mmfﬁ I' R C.-060
2 Deonces T o7 €l ma ) .
e 300 1298 Toee 353 74 7944 3572 L9608 ueffet  soes ms neo7 2708 4965 247
-.’— .
al [ hm.:-nammd e
ul [ [
A | i | 7 A
ot ot /“'" 3 P G
anvar G, X 7 [E
T “:‘::'“}":k FROM OBSERVATION -
[ . ' o \/ V- L[_
AR CLEAR "_ .o Lowgy
uml_)ldfvom g g ! b -~ g b
L 1.} JL - R SN S s
7 i i +
H 2
T T T T T C.G. =943b FWD. OF STEP
N 'ﬂ ~ N N £ V. 080b ABOVE B.L.
™ [~ [~ - o
P ¥ T i e | i P
] L R - ] ] e ]
Q o] t 2 13 4 15 L3} 7 Seerm, 18 9 20 =] 2e 23

VOV



VOVN

L"'A;“"E" ThAcES § MooRL Sne Crart No 68
o Scrmeen " E \5/24/42 R C;O.40
2 Decrees . —
.,‘/'.. .« 5304 :-.um. (1) :ﬁm 1346 Toez 3K LTS 7944 397 1908 8826 4A3 2207 2708 4854 2427 'll/{-b‘ 1059 5295 2648
- .
l—l—. | N
J A o
ot el ¥ e ' ..;Q '}'w'!_wm_n-— - @ J“E"“‘“ % -]""‘
& wam, i:l::: a4 _1”" i B iy
W | l{-u'.:.':: 1 / o e q - L, : .
s - N Y Lw:n LT \:J oM OPSERVATION . #'
< | iw e ey ol
- ""'E ' A.T..\l 1= : 5
s 'L‘ﬂ- o un\\ unﬁ; T - é
- 7y 1 e M o Fopn
2 . g N - i-’“_\\\ . e | %_'m l {
1 N S R e s SN
é @*"" donr %r‘. ;_rq. ——— e
= ] -
+ 4 owe ,l'-L'- _%" »au
i T _ ¥ ¥ T ] T e P L
| o™ o] I ] ™ [ = 1 T el
9 10 Xl 12 5 ) 15 (<Y | 18 9 20 21 2 a5

FiG. 2 CONTINUED.

*quooz °*FTd



FiG.3.— RESULTS FROM GENERAL TESTS
Lt Taken

Twacas § Mooe. Sze Chart No 67 . EXPERIMENTAL TOWING TANK
STEVENS INSTITUTE OF TECHNOLOGY

Fomerent o b CA. 020 OsGiLLATION OF
- 2 Decrees Hosorken, NJ

aoes 43 2207 2700 4350 2427 1059 5298 2640 Y NTT s8s3 poee 2oe asm 3209
o P - Maen g
LNy al. ni- L sl
o e e
wf- wl. [ oNFIg. 5 wl wl
P PN . ('8 wig [ e
N o+, i i
. wn‘ﬁ +_w__ —awe  UrrERLimiT g =) .
v . MI wet ‘q}; ! ~aomr _Q%Nn-——-—_ =~ .-:' —ase
g = - Uergn LanT N End
o w (3 - o l;"—_{ acrne ‘q‘l-ul-
: s il 2
é b s FiroM ORSERVATION s = - !L_ s
e e . Ay ]

nTuu »9 - o .__1“
043b FWD OF STEP Fi T L... I S |

,6.6=090b ABOVE B.L. F-'zl'vm—rmfﬂ—“ﬁ'w— o

+
1
8

b—

g

E_
|
i

FX%

/’ . Foxe -

[ ¥ N . - |

[ ™ | [~ e P e v sroe|
a2

|

1

_‘é |
i

&
P
¥

5—
o
©

.

-] 4 15

¢ *3tg

YOVN



A () 4

Twaces § Mooer Sax CHART Na 66 ExrermMENTAL Towes Tank
ScRoER PosTER T ampr o STEVENS INSTITUTE OF TECHNOLOGY
=i GooR Hoemou NI
@
w0se zees teas - weffet wrr sees 2see o4 4m 3209
- — a.
OSCLLATION OF ot o R
2 Deorees Mote: These, Lawrs Tacon
. . "‘tu'. S o]
x, = [ = —
g LW . i
ol P wl.
- o] ol
w !} o l>¢'-' i~ oL
bl atad 3t oom < —ewo
M . . i 7 Lo
E l# Tesses E (5 E [N §
: s P FTamey
i i
é ] % !
g ol - g
<[ . LOWER Lam =
T TOwER LT S _—‘—W‘_‘—
Aswr P“- AFTERGOOY ‘Y AR wET
as 4]0 u————l Soeer Compraen by —————~30 ﬁ Fuou OnsERVATION'L | ‘I’ i
1 T H,24 “ﬁ.m

je IL “ |L | llﬁ 111 18 19 2’0“‘]"'@‘“ mm@ 3"“""““’" \—/} als

F1G.3 CONTINUED.

*3u00¢ °*S1d



¥ ¥y

Lowt Taken
' Fi. 4.~  COMPARISON OF GENERAL AND SPECIFIC TESTS
OSCLLATION OF
2 Decrees
uL PORPOISING  CHARACTERISTICS A, <140,000L85
TRACES g 5 ™ CHarRT No. 64 Ips -1.366+10° SLUGFT® prom—-— EXPERIMENTAL TOWING TANK
TR S XPBEM-} CL’O*AIS?SWDO"MNN Srep STEVENS INSTITUTE OF TECHNOLOGY
S MODEL SCALE = g5 0090 se0ve BL HOBOKEN, N.J
oiza o Purcs Do 0159 HRCE Q235 o251
™ - - PR, .
’ o B
3 wFG.§
3
: " ’ " a ® _}_"' ...\ 4
H l - -r anber da e
£ B vr Jmses N\
4 o S48 Anwer .3 —daa o R . N
t e e I —arn N
T
-~ ; A\.T‘M'_‘p-—j’m L%' . =4 :::'s . \\ \?‘b‘“ o
} o lare ‘ \ ‘*r l‘ i
« \ ’ T ) v \J—
< 0" [sun " I I
1"} A Adl 13 >
@ LR S 'Z‘P—‘—]m- r\\ ‘MT‘ ';;H—L' Amqua T & foam A-L* T4 i T e g "4~
r 3 -
[ £ ]
] T . " . oL 2
H i : ; '(‘P_"“‘ o \* FrowOasERVATION *] ;— -
g .
E ;'-— ® m.u . \\ , ** nd AR TR ) e L = g
; « Jrase ) oy S T.‘. uﬂlna '—'jW‘fn.- 2
) E = . % - A —fsar As - nd
il ! ——— .
. N N b @.——1.- i ‘. Moo l .
515 -alé 45— Speen | Coerroent, Gy =0 55 L 60 I as l
I s I e I e ls‘o.—_+s¢ sern P w | = | ] ok ?uuus v soe | e ] w1
2 i3 14 15 6 7 | 19 2l 22 23 24 25 .26

YOVN



VOVN

Tonces gl saE PORPOISING CHARACTERISTICS CharT Na 73 LuT‘ TT‘KE"
SCusen PONTER T XPB2M-| .z R OSCLLATION OF
L MODEL SCALE =35 2 Decrees
ém/dg= 0.0100 Vm, (0. ft. gec./rad.
“ “ A _ “r
“ | [ e |
=N AT | ‘. AN _
—ﬁ.‘- _ - N ——-:I_ e
Db 3w T T | - _?. A i TN T
kAf — lrew :—k l I t\\ ?_ ]:3.\ { ’ \\ A |
T (2 l‘”‘ L L°mm‘* e l 4 o= 4 ]'“'U"!‘n Lowr — \%N
A ~Lex * e I | * Al Nt §
& | N e o ¥ * |- \\\ i
e [ & l | T L . l 3 ﬂ-,_,, ™
8 7 ~ oo | \g\
z I \'ﬁ‘ ‘-m TT—M I g I 2
Tt T e : - -
B | 5 1 i e ST I lﬂ E ) %_li
! 4 TERE— T |
ol § 0 . |- P l ﬂ?—&l’_’.mr‘ _—ﬁ—]m i
- | Z._l‘m ’ s ‘3}"1“" ool
I 1 . _ ’ zZt = |
| oo & P i } L @ -
[ o S—— e m—" L e o A |
16 9 20 2i 22 23 24 25 26

FiG. 4 CONTINUED.

*yuooy ‘314



NACA Figs. 5,6
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NACA Figs. 7,8
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Stability limits (forebody alone).
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Critical trim, deg
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1

Pitching gyradius, kb

Figs. 14,15
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Fig. 16
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