MAY 121947 ARR No. 5]24

e

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WARTIME REPORT

ORIGINALLY ISSUED

January 1946 as
Advance Restricted Report 5]24

AN ANALYSIS OF THE SKIPPING CHARACTERISTICS

OF SOME FULL-SIZE FLYING BOATS

By F. W. S. Locke, Jr.
Navy Department

WASHINGTON

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

N'ACA LIBRARY
CANGLEY MEMORIAL AERONAUTICAL
LABORATORY
Lasgley Field, Va,

W-104
~—



LG

RACA ARR No, b5J24

NATIONAL ADVISORY COMMITTEE FOR AEROMAUTICS

ADVAYCE RESTRICTED REPORT NO. 5424

AN ANALYSIS OF THE SKIPPING CHARACTERISTICS
‘OF SOME FULL-SIZE FLYING BOATS
By F, W, S. Iﬂon. Jr,

SUMMARY

An analysis is made of the ekipping charscteristios of some fullw
size flying boats. In many cases the only source of data was pllot
opinion, and sometimes this was oontradioctory, It was found that the
more experience a pllot had with a partioular alrplane, the more apt he
was to be untroubled by the sklpping characteristios of that airplane,

Since it 1s ocurrently desirable to design for inexperienced pilots,
a8 figure of merit was edopted which 1s in inverse proportion to the
amount of experience required to make stable landings. Using thls basis
for analysis, 1t has been found thut the skipping characteristics ocan
be lmproved by

1. Deoreasing the initial lcad oooffioient
2. Increasing the step height
3. Deoreasing the sternpost angle

The load coefficlent and the sternpost angle will ordinarily be chosen
from other oconsiderations, Figure 4 may then be used to determine a
step height whioh should insure freedom from good skipping.

There are other unresclved hull form parameters which are known
from model tests to have large secandary effests on sklpping, Hense,
use of the dashed line in figure 4 may be consldered as an upper limit
for purposes of good design.

INTRODUCTION

Skipping may be defined as an wnstable oscillation of hydrodynamio
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origin, predominantly heaving in character, which ocan ocour just efter
lending or just prior to take-off, Skipping 1s asscolated with oandil-
tions whereby the forebody oarries most of the water-borne load and at
the same time a large smount 6f water is washing over the afterbody
botton, A good desoription of the mechanism of skipping may be found
In refecrence 1.

Too numerous a series of serious accidemnts to both large and small
flying boats has been traced to skipping, Beocause of the faot that
hulls with quite violent skipping tendencies can be safely handled by
experienced and careful pilots, there has been, in the past, some ten-
dency on the part of designers to minimize the inherent danger. The
acoumulated experience of the averags pilot is deoreasing during the
war; furthermore, there is tactlioal need for operations under inoreas=-
ingly adverse oonditions, New alrplanes should be designed, therefore,
to take into acoount these two factors which have an important effect
on the landing characteristios of a long-range military flying boat,
Not only may the pilot be relatively inexperlenced, but he also mcy be
fatigued or wounded, Further, because of lack of fuel at the emd of a
long flight, it may be necossary to set domn in rough water. Henoce, it
would seem to be very important for new military flying boats to have
especially good landing characteristios under adverse oonditions,

The purpose of this report is to gather together in one plece in-
formation- oxr the skipping characteristios of a mumber of flying boats,
A graph showing the influence of the hull form on the skipping oharac=~
teristios is given whioh should be useful in laying out the proportions
of the hull in preliminary design to insure good landing behavior, Up=~
per=1imit porpolising is not considered in this report,

DATA

In tables I and II, the pertinent particulars and specifications,
and a single word desoribing the skipping oharacteristios are given for
each hull. In some ocases, this one word represents an interpretation
of a flight-test report, and in others the interpretation of opiniong
expressed by different pllots who had flown the particular airplane,

In a few cases, dlammetriocally opposed views were obtained from differ=-
ent pllots. The viewpoint appears to be in function of the amount of
experience tho dissenting pilot has had with the airplane, A good
example 1s the Catalina, about vhich one pilot said: ™It oan be landod
under any oircumstance without skipping." He had had a great deal of
experience with them. Another pilot, who had a great deal of experience
with Ha.rinera, said: "I have the 'willies' whenever I have to land a
Catalina," Aotually, neither pilot is entirely wrong, The first men
was able to make stable landings instinotively by virtue of experience
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whioch the latter pilot did not bhave, .A third pilot, who liked the
Catalina, stated he could land it without skipplng any time he wished,
but that it would skip very unpleasantly when landed improperly., This
man had more experience with different types of flying boats than
either of the other two. It seemed proper, then, to rate the sklpping
charaoteristios of this flying boat as only "fair,"

Similarly, the other hulls are reted as “good" when, under most
oircumstanoces, they oould make stable landings, The "poor" hulls are
those whioh, in most cases, are unstgble on landing. In nearly all
oases, both stable and unstable landings are possible depending on
pilot teohnique. The method of rating, therefore, 1s to some degree
the inverse of the amount of pllot experience requlred to make steble
landings.

The behavior on landing was ohosen &s the oriterion of comparison
beoause, on the basls of experience, it seems to be somewhat easler to
induce skipping acclidentally on landing than on take-off. Any flying
boat that showed any evidence of inadvertent skipping on take-off,
therefore, was automatically rated as poor.

The data are not really quantitative. A method of meking the
results quantitative would be to determine the range of stable and un-
stable landing trims for all the hulls llsted. This should enable a
much better oorrelation of skipping with hull form. An appendix gives
such detalled information as oould be found about each flying boat.

It 1s not believed to be sufficiently complete to improve materially
the interpretation of the data.

Throughout this report the following notation and nondimensional
ooefflolents are used:

cAo initial load coeffilcient
Lf/b forebody length coefficlent
Ly/b  afterbody length coefficient

h step height

5 sternpost angle

where -

A, initial load on the water, pounds

w speoii:lo )weight of water, pounds per cubic foot (64,0 for sea
water
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b ‘beam at maln step, feet

Lo forebody length, measured from the interseotion of ohine and keel
to the step oentroid along a line parallel to the tangent to
theo forebody keel, feet

Ly af'terbody length, measured f.rom the step oentroid to the seoond
step or sternpost along a line-parallel to the tangent to the
forebody keel, feet

h step height, measured at the step oentroid, peroent of beam at
step
o sternpost angle, tho anglc between the tangent to the forebody

keel at the main step and & line Joining the tip of the step
and the sternpost, degrees

Figure 2 defines the principal dimenslons used., Considerable effort
has been made to bring the dimensions, given on tables I and II, into
oonformation with these definitlions, Unfortunately, errors may still
exist beoause 1t was found on several oocaslons the drawlngs of the seme
alrplane issued by the same manufacturer would be inoonsistent. How=
ever, 1t is belleved that the dimensions given here are a good deal
more acourate than those given in reference 2 and at least as acourate
as, if not more so than, those given in referenoce 3.

ANALYSIS

At the outset, 1t appeared that the get-away speed ooefflclent
might be the primary independent variable (reference 1). However, it
does not malke a very satlsfaotory variable for oorrelating full-soale
behavior beocause it depends on extraneous things like flap setting, wind,
and pilot teolmique. Wing loading would eliminate these things, but it
has the Ilmportant disadvantage that it is not oclearly related to the hull.
On the other hand, the initial load coefflolent C A is 2 more suitable

varieble sinoce empirically it is a funotion of the get-away speed. (See
reference 2.) It varies when the hull size is varied with a given wing

and gross welght, or when the gross weight ohanges in a glven airplane.

Henoe, cAo has been used as the primery independent vuriable, For

studles of systamatio model experiments it would not be nearly so satis-
faotory as it is horo,

The first step taken was to plot the step height h against the
initial load oocefficiont GA « The result is shown in figure 3, where
o
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the different skipping behaviors are differentiated by different symbols.
X 1ine which has been oross-hatched on the undesirable side wes drawn to
put a few "good" points below and as few "falr" or "poor"™ points above
the line as possible. It 1s evident that this line 1s not very effec-
tive in "geparating ths sheep from the goats." The next step was to
plot o against C A, in various ways, Figure 4 shows that by using-

b/o gome improvement is achieved over the correlatiom shown in figure
5.

Further plots, which lntroduced afterbody length end get-away
speed cceffioclent in various foshlons as additional parameters, were
tried; these indicated no systematioc effect of either varliable, Since
a falrly good correlation had already been cbtained in figure 4, the
matter was not pursued further,

DISCUSSION

The limitations of the data should be kept firmly in mind, It 1s
more or less quantitative, being, as far ag posgitle, the averago of
more than one opinion, It camnot, however, be very precise by its very
nature. Even with the hulls classed as "poor," stable landings 1in the
hands of a capable and experienced pilot are possible, Thus, it is
diffioult to lay down a hard-and-fast line, differentiating between the
hulls having "good" and "poor" skipping characteristics, This 1s espe=-
clally true since there arc known to be secondary variables of oonsid-
erable importance. It ls believod, however, that the dushed line in
figure 4 should provide a safe basis for preliminery design.

Figure 3 merely reaffirms all previous experience (references 1, 3,
4, and 5) that the step height has a pewerful influence on the skipping
characteristios. It seems oclear, however, that there has not been suf-
fiocient delineation of the "poor" from the "geod" hulls to allow using
this chart for design purposes. A dashed line was drawn in parallel to
the oross-hatched line sc that the ZPBB-l point lay above the line,
because this flylng boat has outstandingly goocd skipping characteristios.
The line gerves to emphasize the necessity of deep steps.

Figure 4 shows a quite good correlation of skipping characteristiocs
with hull form. It indicates that, if the sternpost angle is fixed from
other oonsiderations, then the step height for good skipping character-
1stios may be found, and that the higher the sternpost angle the higher
the step height must be to give desirable skipping characteristiocs. At
first glance, this is surprising in view of Parkinson's "Jet" oonception
(reference 1) from which it might be oxpocted that, with a fixed step
height, skipping would be reduced by inoreasing the sternpost angle in-
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stead of harming it., However, model tests (referemce 8) actuslly indi-
oate that the skipping characteristics are somewhat harmed by inoreasing
the stornpost angle., Since Parkinson's theory gives such a reasonable
explanation of step height and ventilatiom, it 1s thought that the in-
fluenoce of the sternpost angle must be largely oonfined to the rear half
of the afterbody.

The explanation may lie in the following schematic sketoh, which is
intended to show the independent effect of both sternpost angle and step
height on the stabillty limits.

Primary upper limits
h=3 6 9

Y

upper limits
7 , A
5~ = ;

Lower limits

Trim angle

Speed

Model data in reference b6 indioates that the primary upper limit
is unaltered by ohanges of step helght alome, On the other hand, model
data in reference 6 shows that tho variatioms of the stornpost angle
cause only relatively small changes in the position of the seoondary
upper limit, There is apparently a region of speeds and trims in which
skipping 1s possible with a given step height and moderately large
afterbody angle, As the sternpost angle 1s reduced, the primary upper
1limit oovers up more and more of this region, until a point is reached
below which no further improvement in the skipping oharacteristics
should be expeoted. Hence, the preoeding skoutoh may be taken as at
loast an indication of the comblned influences of step height and
stornpost angle, and is an extension of similar sketch in referenoce 7.
It does not seem unreasonable to push thu ideas expressed in rcferenco
7 a little further and state that the rear half of the afterbody is
largely responsible for the primary upper limit, and the forwmrd half
for the secondary upper limit, and cklpping charaoteristios., This oon=
" ception 1s probably a valid explanation of figure 4, It is believed
that this brings about only a olarifiocation of the ideas expressed in
references 1 and 3, and that Parkingon's "jet" theory offers a broad
explanation of the mechanism of skipping,

The pternpost angle ordinarily will be ohosen to give as high a
primary upper limit of stabllity as is compatibls with hump trim angles
end main spray oharaoteristios, The step height which should ensure
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good skipping oharacteristios oen then be found with the aid of the
reoomeended- 1ine in figure—4, -The step height found in this manner
will be a great deal deeper than has been ordinarily used in past prao-
tioe, It will, unfortunately, oause a ownsiderable umount of alr drag.
By keeping in mind Parkinson's jel -thsory, whioh requires that alr be
admitted to relieve the low pressuires oreated by the high-epeed Jet
issuing from the step, there appear to be several ways of reducing the
step height while retaining good sklpping charaoturistilos.

- Iy

The first method is by using & step of moderate depth and ventila-
tion duots rumning into the afterbody bottoms The area of the required
duots is quite large (referenooc 1) and they may lntorfere seriously
with the interior arrungements of the flylng boat., Ventllatlion ducts
have been used on several aircraft whlch ulready had poor skipping
chureoteristios; when sufflolent duwot area was uscd, thoy seemed to
have a benefioial eoffeot on the sklpping oharaoteristios.

A belter method of reduoing the necessary step helght is to use a
V-plan-forn step (refurence 8). As may be seen from table I, the V-
plan-form step has been qulte widely used in the past. If an ordinary
transverse step is transformed Into a V-step, as on the I'BN~1, the
ohange may aooomplish very little, On the other hand, if the hull is
designed for a V-gtep, ac on the Short "Empire," and if it is not too
shallow, the V-gstep oan be supurior to the ordinary trensverse step.
To i1llustrate the differences in the V-gteps of these two airplanes,
the setches in figure 1 are worth noting. On tho "Empire" boat, the
faoe of the V-gtep 1s of uniform depth, while un the PBN-1 thore is a
definite throttle near the ohine, Model and full-soale experiments on
ventilation (references 1 and 9) have shown thut the introduotion of
air at the keel is needed to alleviato skipping. From an examination
of the PBN-l, because of the throttle near the ohine, it seems obvious
that alr would have a great doal of diffioulty reuohing the keel,

Since the V-gtep 1s belleved to be fundamentelly superior to the
transverse step, an opportunity arises for aorodynamio fairing, British
tosts (referencos 3 end 10) on the Sunderland III have indioated that
by using a moderato fairing the water stebility is not appreoiably -
altered. It 1s also reported that sich a fairing increases the oruising
speed about 6 miles per hour, which is an exoeedingly large benefit,

Afterbody length, step plan form, and the difference between the
forebody and afterbody dead rise near tho step undoubtedly influenoe
the skipping oharacteristios. It 1s not easy to disentangle their sep-
arate influenoes from the availeble full-soale data. Reference 3 should
be oonsulted for a sumnary of model and full-sotle evidenoe on these and
other points. It would esppear that the only satisfactory method of de-
termining the individual effeol of other hull-form variables is through
systematic modol tests, |
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One of the things whioh keeps recurring in the British reports con-
cerning skipping (references 9, 11, and 12, for instance) is that dis-
turbed water aggravated the skipping very materlially., The Sea Otter
(reference 9) is apparently stable during take-off, but violent skipping
was set up whem it ran across the wake of a boat, Refersnce 4 recounts
some of the modul experience at Stovens Institute of Technology on the
influence of rough water on skipping. In another case a model that
seomod quite stable oould be induced into a violent self-susteining
sixipping by allowlng it to run through three of four waves. Theso ox=-
pericnccs serve to emphasize the neoessity of exoeptionally good skip-
ping characteristics, so that rough-water landings oan be performed
safely.

CONCIUSIONS

On the basis of avallable full-gcale evidence bearing on the skip-
pling characteristlcs of flying boats, step height, sternpost angle and
load coeffiolent appear to be the major variables,

The sternpost angle should be selected so as to obtaln the best
compromlse involving thoe: primary upper 1limit of stability, hump trim
angles, and the main spray characterlstics. When the stermpost angle
has been selected, the step helght may be found by using the dashed
line on figure 4.

The shape and locetion of the rear half of the afterbody control
the location of primary upper limlt., The shape and locetion of the for-
ward half of the afterbody control the location of the secondary upper
linit and the skipping oharacteristios, These two beld statements are
belleved to be in substantiel agreement with the conceptioms expressed
in references 1 and 3.

.Aviation Design Research Branch,
Bureau of Aeronautics,
Navy Department,
Tashington, D. C.
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APPENDIX A
DETATLS OF THE SKTPPILG CHARACTERISTICS OF VARIOUS FLYING BOATS

This appendix gives more information on the skipping charaoteris-
tios of the wvarious flying boats listed in tables I and II. The pur-~
pose of this greater deteil is primarily to Justify the "merit" in
whioh eaoh hull was olessed., It also should be useful in that it
gathers together in one place avallable information on the varilous
hulle, Xore information on the dimemsions of some of the airplanes
may be found with the aid of reference 2.

Amphibians P~III~-B Poor

The following is quoted from a hydrodynemio data report by C. E.
Kehlka, Jr., in 1942: "It was usually possiblc to oheok oscillations
during the high-speed portion of the run before they acquired appre-
olable amplitude, but at times this was decidedly trioky and involved
skipping over the water surfece much like a skipping stone,"

Gruman J4F-2 Good

As far as could be determined, no trouble has been expericnoed
with skipping., The airplanc apparontly has a tendency to nose over
whon lendod at too low a trim angle, but this is more likely to be
connected with the low dead-rise bow sections and convex curved water
planes of the forobody, them with the skipping charaocteristios.

Vought 0S520-1 Good

This elrplane has a oonsiderable amount of lower-limit porpolsing
during teke-off unless skillfully hendled. No reports of sklpping on
landing hevo boen found, however.

Saro 37 . Good ! Rofraregicos 3 ahtl 11

Fairly complete tests indioated some dangor of skipping if the
Pilot allowed the airplane to get into abnormal attitudes. The vworst
oondition appeared to be the full-stell landing; othorwise landings
were stable, Rough water aggravates matters.
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Falrey Seal Poor Regference 3
This twin-flont seaplane apparently has no stable range or else a

very narrow one. Conditions are worse in rough water than in smooth.

Grumman J2F-5 Fair

Aocording to pilot's opinions, full-stall and flat-power-on land-
ings are stable, but there is a rather wide range of Intermediate an-
gles whioh are unstable,

Curtiss XSC-1 Good

Preliminary reports Indicate good lending charaoteristilocs,

Grumen JRF-4 Falr Reference 1

Full-stall landings are qulte stable, and intermediate angles
moderately unstable. PFast, flat, power-on landings are very umstable.
The lending stability of this alroraft has been oonsiderably improved
by moving the step aft, thereby lncreasing the step height. Landings
over quite a wide range of trims are now stable, The altered alroraft
is oalled the JRF=b.

Supermarine Sea Otter Poor Referenoe 9

2 little rough wator would set up violent sklpping during take~off,
Structural domage to the engine mount was experienccd after skipping

during one landing.
Hall PH-3 Good
Full-gtall and modcrate angle landings quite stoble according to

onc pillot, This may well be partially attributable to the very low
wing loading.

Consolidated PBY-5 Fair

Full-stall and flat powsr-on landings are stoble, but theore is a
rather wide renge intermediate angle which 1s moderately unstable.
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Naval Alroraft Factory IBN-1 Falr

ILendings made et low trims are qulte stable,but some sklpping en-
countered at higher trims. Full stall 1s umstable. Ventllatlon, using
1,7 square foet of ventilatlon area, helped a little. There ls dls-
agreement as to whether this ailrplane is better or worse than the PBY,
from which it was derivod,

Short Singapore IIo and III Good Reference 3

Behevior quite simlilar to the Hall FH~3, of whlch the Singapore 1s
a contempornry. The stable renge of trims for this hull is about 8°
wlde,

Saro Jerwlok Roferenoce 18

Aooording to refurenoe 18, the shallow transverse step ‘ams exoeed-
ing unstable full-soale; after lowering the forebody and inoorporating
a VY-glen, a full-scale stable form wes produced, The modlfled hull has
almost 11 peroemt step depth at the lkeel, The rcsults shown in refer-
enoe 3 are belleved to epply to the original forr,

Short Sunderland I Good Reforcnoe 14

The airplane has u wide range of attitudes for stablo landingg,
From about 4° to 9° trim anglos are stable,

Consolldated 31 Poor

Consolidated flight tests indloated skipping during both take-off
and lending.

Consolldated XP4Y-1 Fair

Consolidated fllight tests indicated a very marked improvement,
though apparently there was stlll some sxlpping on landing,

Martin PBM-3 Good

It is poseible to land this alroraft over a wide range of trims
without any diffioulty from skipping.
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Short Sunderland IIl Good Ref'erence 10

Even with a 1:4 step falring, deliberate attempts to get skipping
were quite unsuocessful, In referemoce 10, 1t is stated that by making
violent full-stall lendings an occasional skip would be emcountered, but
not enough to define a stability limit. BService usage has indiocated
that the full-stall landing is umstable in slightly rough water. How-
ever, a fairly large number of the aircraft have been in service for
about four years, and by landing at intermedia:be angles have had no
trouble from skipping,.

Martin PBM-6 Fair

The aircraft has been considerably overloaded, Mild skipping oan
be found between trim angles of 10° and 14°, The intensity of this
skipping increases with inoreasing gross welght.,

Boeing XPBB-1 Good Rofereme 1

It is possible to get upper-llmit porpoising with this flying
boat, but, as far as is known, there i1s no skipping on landing at any
attitude or load, It is looked upon wlth great enthusiasm, as far as
skipping is ooncerned, by all pllots who have flown it. It is believed
to be the most stable airoraft in service today.

Consolidated PB2Y-3 Poor Refercnce 1

Violent skipping was found over a wide range of trims, After pro=-
duction had started, the skippling was alleviated by the introduction of
ventilation duots. Some pilots have stated, under oontrolled test con-
ditions, that they oould not tell from the instability on landing whether
the duots were open or olosed, Other pilots have reported considerable
improvement due to the step ventilation.

Short G Felr References 3 and 1§

At low attltudes no instablility oocours on landing, but, as the
trim inoreases, skipping is progressively introduced wntil, at high
attitudes, it is qulte bad. Acoording to reference 15 no trouble need
be had if the airplane is landed fast with a little power.
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Boe 314 .. ?._eferenoe 1

The flying boat was violently unstable Just after landing at high
trims, By moving the step aft, thereby increasing the depth because of

the angle between the forebody and afilerbody keels, a great lmprovement -

in landing at high trims resulted.

)

Martin XPB2M-1 Fair C

Sy g v

At trim anglos below about 6° this eirplane is stable. Above this
trim, quite violent skipping can be obtained. Because of tho large
size of the airplane, the motion is quite slow and 1s vory easy to con-
trol and, hence, may not be objectlonable to the pilot. However, it
should be noted that a large number of the pilots have been men with
years of flyinp-boat experience, iodel experience with thls airplane
(reference ¥) indicutes that it 1s not so good as it could be with a
decper step.
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TABLE I.- SKIPPING CHARACTERISTICS OF VARIOUS FLYING BOATS

Gross | Wing Step
Manufacturer odel e area | Beam| C, [ Height |Shape) £ L
(nxht (£8)| (£4) © | percent b b
b
Amphiblens | P-IIIB 5,200 224 | 4.66|0.a95 | 4.5 |m 2,05 1.92
Gruman J4F-2 4,500| 245 | 4.25| .915 | 6.6 |T 5,15 2,12
Vought 0820=1 4,841 261 | 3.67|1.6%0 | 7.8 [T 3.85 5,08
Sero 57 5,700 | 340 | 4.25]1.160 | 10.0 |20°FV |3.60 3,75
Fairey Seal 6,400 445 | 5.20|1.526 | 6.5 |T 4.22 3,57
Gruman J2F=5 6,661 409 | 5.00| .8%0 | 5.0 |r 2.86 2,69
Curtiss X8C-1 7,642| 281 | 4.38|1.420 | 8.8 |T 5.64 5,04
Gruman JRF-4 8,000 375 | 5,00(1.000 | 6.9 |T 2,84 2,33
Grummen JRF-5 8,000 375 | 5.00|1.000 | 7.5 |T 2.93 2.24
Supermarine | Sea Otter 10,200] 610 | 5,17]1.158 | 4.0 |T 3420 3,90
Hell PE-3 16,150 | 1170 | 8.35| .455 | 3.35 |T 2,90 1,69
Consolidated | PBY=5 26,000 | 1400 | 10.21| .380 | 5.5 |T 2.44 1,51
Short Singapore II | 26,600( 1760 | 10,70 | .339 | 4.6 [30% |2.32 2,16
NAF PEN-1 28,000 | 1400 |10.19| .a15 | 3.5 200 |2.70 1,94
Short Singapore IIT | 51,150] 1760 | 10,70 | .397 | 4.6 |30ov |2.32 2.16
Saro Lerwiock Ia 35,000{ 845 | 8.48| .845 | 3.4 |T 3,04 3.89
Saro Lerwiok Tb 33,000 845 | 8.48| .8¢5 | 7.2 |s0°v |[s.16 3,57
Short Sunderland I | 43,000| 1487 | 9,10 .892 | 9.7 [s00v [3.47 3,36
Consolidated | 51 46,000]| 1048 | 9,17 .9%0 | 2.4 |T 3,01 2,51
Consolidated | XPaY-1 46,000 1048 | 9,17 .930 | 4.9 [soov |2.94 2.58
Martin PEM-3 46,500 | 1406 | 10,00| .726 | 6.0 |T 5,28 2,74
Short Sunderland ITI| 50,000| 1487 | 9.10|1.035 | 9.7 |309Fv |3.47 3,36
Martin PEM-5 56,000 | 1406 | 10.00| .873 | 5.0 |T 5.28 2,74
Boeing XPBB-1 62,000 | 1826 | 10.42| .855 | 9.0 |T 8,40 2.67
Consolidated | PB2Y-3 68,500 | 1780 | 10,50 | .925 | 3.5 |30V |2.85 2,14
Short G 73,500 | 2390 | 11.85| .728 | 5.7 [s0ov |[3.10 3.45
Boeing 314 82,500 | 2867 | 12.50| .660 | 3.0 |T 3,60 2,12
Boeing A-314 82,500 [ 2867 | 12,60 | .660 | 4.75 |T 5.75 1,97
Martin XPB2M-1R 140,000 | 3683 | 13.50| .80 | 5.0 (T 3,52 2,76

1T ~ transverse step; V- Vestep; FV - faired V-step.
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TABIE II.- SKIFPING CHARACTERISTICS OF VARIOUS FLYING BOATS

Dead

rise?

Sternpost Source
Model Forebody|Afterbody| angle merit
(deg) (deg) (deg)
P-IIIB 7 7 12,0 Poor |Owner's flight tests
J4F=2 20 20 7.0 Good |Opinions
082U-1 26 25 7.8 Good |[Opinions
37 27 37 9.0 Good |RAF flight tests
Seal 37 37 7.8 Poor |RAF flight tests
J2F=5 25 26 9.0 Fair [Opinions
X3C-1 Fluted | Fluted 8.6 Good |Opinions
JRF-4 26 25 9.1 Feir |NACA KB No. 3I27
JRF-5 25 26 9.6 Good |Opinions
Sea Otter 21 24 75 Poor |RN flight tests
PH-3 22.5 22,5 Ta7 Good |Opinion
PBY-5 20 20 8.2 Fair |Opinions and RAF flight tests
Singapore II 26 3045 8.6 Good |BAF flight bests
PBN-1 22.6 2245 8.4 Fair |[NAF flight bests
Singapore II1 26 3045 8.6 Good |[RAF flight tests
Lerwick Ia 30 3346 T3 Poor |[RAF flight tests
Lerwiok Ib 30 33.6 8.0 Good [RAF flight tests
SBunderlend I 31 41 9.4 Good |RAF flight bests
31 20 20 67 Poor |Consolidated flight tests
XP4Y-1 20 20 8.0 Fair |[Consolidated flight tests
PBM-3 20 30 845 Good |Mertin and NACA flight tests and opinions
Sunderland III|j 31 41 8.8 Good |RAF flight tests
PBM-5 20 30 8.5 Fair |Opinions
XPBB-1 20 20 7.6 Good |Navy flight tests and NACA BB No, 3I27
PB2Y-3 22,0 22.6 7.5 Poor [Consolidated, Navy, and RAF flight tests
G 31 41 945 Fair |RAF flight tests
314 22,6 22.5 6.9 Poor |[NACA RB No, 3127
A-314 2245 22,6 7.6 Fair |NACA RB No., 3127
XPB2M-1R 20 20 8.0 Fair |Navy flight tests and opinions

 Measured at step on forebody and at maximm dead rise on afterbody
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NACA ARR No. 5J24 Fig. 1

i Forebody

V-STEP USED ON THE SHORT "EMPIRE"

Note tne uniform depth of the face of the step obtained by using
greater deadrise on the afterbody than on the forebedy.

Forebody

V-STEP USED ON THE PBN-1

Note the throttle in the step face resulting “rom using the same
deadrise on the afterbody and forebody.

Fie. |




Fic. 2

L - La
a
| £
5z
(¥
_ .
:E _
7 -1
(- 4
9 |
|
L' bt s LQ.

SCHEMATIC SKETCH TO ILLUSTRATE
DEFINITIONS of DIMENSIONS

"ON H¥Y YOVN

vars

g "3ta




i | : ~
SxiPPING  CHARACTERISTICS - gl
AS AFFECTED BY P ]
LoAD AND STeP HEIGHT e —
io & S 1 O O,S/O—SARO:T —
(o] 000 UNDERLAND : b UNDLRLAND
9 (=] Fair xpglaq / g_
@ Poorz O | xsc-)
8 / -
~ =
_'Qo 7 -~ Lerwick O O JRf-3 =
?\,‘ _ 1 o) J4:'-2 E
k= =
g = VY PR Y B =
- & . o —
.'.‘lu: P / g o ' ) W g
o 5 — '.n' E PBM-30 O\ &PV —
u / Sinaarore X O o  Bose A3H @ i —
- e H —
n s =
T \ x —
4 E \ j @ — SeA QTR —]
'Y —
PBY-5 Q\O v Lerwick @ ® rB2Y-3 g
3 \ Borine U - @ f
\ | Con 31 @ ]
R TR AT T e e R AR AN A=
02 03 Q.4 Q.5 06 0.7_ 08 09 (1.0 1.5 20

Fic. 3 | Loap Coerricient, Ca,

"ON 4YHY VOVN

yers

¢ "Bty



T 1 L t
dKIPPING CHARACTERISTICS ~ &
AS AFFECTED BY e |
LoAD, STEPHEIGHT AND STERNPOST ANGLE - ~ —
.5 e
L’j O QGooo / ]
7 o Far W

. ® Poor L %’ ]
'j XPBB-t 0// § ]

g / ~ },. O Saro 37
ﬁ 1.0 ,!Sum:uzu;uo Io' o) XSC-10 0 05 2u-1 & _
7)) e JaF-2 o ’ =
(?_ 0.9 ,/ Lerwicx — (o) ;
Z ~ =
x 08 — =
b |~ :
0. =
P =
\06 / / Borwne A3 @ g é
§ | / \\‘{.: JeF-5 P: °§ g
'-: Sinaarcee T O O Swmenrere 1L % ® SEAOTTER =
T p—
G’OS =
:l |I_cnmu< ® (@ |[rB2y-> E
I @ Borine 314 _
E @ 1o pen —
0 04 W —
- o rPxe —
W Con.3 | @ —
RRE I T T e T e e R AN

0.2 03 - 0.4 0S5 0.6 01 o8 09 10 1.5 20

Fle. 4 Loap COEFFICIENT, Cy,

‘ON WdY¥ VOVN

vers

p "31d




ﬂlllmﬂlﬂﬂIllllllllllllﬂllIIIWI!IIIN”I’IN»IHIINII

31176 014




ATI0- 8095
TITLE: An Analysis of the Skipping Characteristics of Some Fuli-Size Flying Boats SN (None)
AUTHOR([S): Locke, F. W. 8., Jr. ©RI0. AGERCY NO.
ORIGINATING AGENCY: Office of Navai Research, Washington, D. C. (None)
PUBLISHED BY: National Advisory Committee for Aeronautics, Washington, D. C. "ARR -T2 "

fALD POL, CLASS, COUNTRY LANGUAGE PAGES ILLUSTRATIONS
Jan ! 46 l Unclass. U.S. Eng 20 | tables, graphs, drwgs

ABSTRACT:

The skipping characteristics of flying bombs are discussed. In many cases the only
source of data for anaiysis was pilot opinion, and sometimes this was contradictory.

A figure of merit was adopted which is in inverse proportion to the amount of experience
required to make stable landings. It was found that skipping characteristics cun be
improved by decreasing the initial load coefficient, increasing step height, and decreasing
sternpost angle, Load coefficient and sternpost angle will ordinarily be chosen from other
considerations. Graph is presented to determine the step height which should ensure
freedom from skipping.

DISTRIBUTION: Request copies of this report onl

from Publishing Agency

DIVISION: Water~Borne Aircraft (21)
SECTION:  Stability and Control ()

ATVl SHEET NO.: R-21-6-2

SUBJECT HEADINGS: Seaplanes - Landing characteristics
(84050); Seaplanes - Hydrodynamics (84049.5)

.

Air D Division, Intolil

y Departmont
! Alr Matoriel Command

AIR TECHNICAL INDEX

Wright-Pottersen Air Force 8oic
Oayten, Ohio




