














INTRODUCTION ,

Air Sea Rescue operations in the San Diego area have required
occasionai ‘opernl‘ sea landings to reScue‘Acrash» survivors w‘hvo'we,r.e drowning
or injured or plainly suffering from severe shock, The rescue ;pilot has
been unable to find any helpful published doctrine or imstructions to
guide him in such landings; and’ oftén on requesting advice from an older
Pilot would be told, "Every case has to bs judged on its merits," and no
more. The plain fact was that the pilot who had made the successful open
.sea hndmg had done the job with so many things preésing‘ on his mind in
addition to the actual landing that afterwards he could not remember clearly
Just how he had made the land:.ng and teke~off, So many planes have been
lost or badly damaged in open sea landings that an objective study of

- pilot technique and doctrine supported by tests made as fé;r as possible

under controiled conditions and recorded by obSerirers, cameras, and stress
registering instruments, became very desirable, Th1s isa report of such
a study and experiments.

The long held and generally accepted conclusion that all. geaplane
landings should be made into the wind, if possible, was fji.rst substantislly

challer;ged by a Pan-American pilot who made a dowm swell, down wind experiment

in the middle of the Pacific Ocean, His repoi't of the success of this landing. |

and take-oﬁ‘ in the long Pac:_f:,c swell was widely discussed by seaplane
pilots in the Navy and Coast Guard,

It is obvious that no sound dnalysis of what happens during landings
and take~offs under varying conditions of sea and w’in_d. is possible without

considerable study of the forces, forms, and velocities involved and how

‘these affect one enother and the scaplane,

The available authorities on waves wetre écrdialfaﬁd generous with
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advice, but it was quickly ‘apparent from discussion with them and' from stu'dy‘ |
of available piiblished material that most of the information on wave and
sea motion.and its forms and forces was inadequate for a well done study
of the relationship of wave phenomena to seaplane landings and takesoffs,
The mechanics of a complex sea, in particular, are very obscure; and pro%
bably a clear undorstanding of these would help to throw a great white
light on some of the baffling forces that someﬁrnes suddenly disconcert
seaplane pilots in the middle 'of a landing or take-off run at sea.

7 & discussion of wind, waves aqd sﬁell will be found as a part of
this report. )

The landing and take-off tests supporting this report were made
-off the coast of Southorn California. "

The. principal hazard to scaplane landings and take=offs in this
ar_ej_a; is the long fast Pacific swell which or'igiﬁgtes usually in the violent
s‘tcrmsr of the ?Iestérn‘Aleutians, and is influenced by the various storms
through which it passes cnroute here, Theée swells exhibit a hcight on
arrival hera of from three to twelve feet, a velocity of fifteon to forty
Jmots, and the length between swells of from one hundred to thirteen hmdred
feet. Local winds gencrate shorter seas from various directions and of
heights from one to oighteen feet, and rarely of the same poriod as the
.Pa.c‘-:i'.fic‘ swoell,
| During these tests; landings and take-offs were made on all headings
with regard to the swell, that is, up and down swell and parallel to the
swell and quartering the swell up and down; and on all headings with rogard
%o the wind, that is, up and dovn wind @h@l\ cross wind and with the wind on
the bow end on the quarter. lLandings and take-offs were made by oleven
different pilots varying in expericnce from. 3,600 hours to 600 houra,.
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Déli'berate attempts were made to use various Janding techniques su'ch as’
) hold:.ng the nose very high, dragging the nose, relieving bounces by quick
application of power, "sitting them out" with the nose hlgh, figrrbing ten~
denc::e to plane off by quick and radical usc of the elovators, and similar

variations in take-off techniqus. Each pilot was encouragod %o try his own
) ideas freely, and the merit and effectivencss of tﬁese ideas was enalyzed
and eriticized freely by the other pilofs. Tt is believed thet the aviator
riding as co-pilot learned as much in each test as the pilot, A total of
fifty-four landings and take-offs were made giving the equivalent of one
hundred and eight instances of pilot experience and imprejssions. An attempt
was made to keep careful records of londing and take-off rimning time and
 air speeds and acéelerations in bow, conter of gro.vity, step, and ta:.l, on
‘all tests; with simultaneous movie records of tho uppearance of the sea £rom
the pilot‘s position; of the p:llot‘s cockpit during the landing ahd take-off,
and 6f the plane itself from a boat clongside during ea_ch ianding end take~
~off, Many of these records werc disappointiﬁg’ die to faiiures of the
ihstments*; distraction of the recorder, and fao ilure of the movie record
due to the operators bouncing in a crash boo.t, or the crudial point of the
picturo being obscured by spray, or the camera running out of film at the '
wrong moment,

. ona number of occaa;[ons vhen particular sea conditions considered

~ importent to this study existed for a brief period, tost landings and take-

offs were made without any or only a part of the instruments rééoﬁdﬁmg;,- -Father

than miss the opportunity while waiting instrument adjustmonts.

- Generally speaking, the records and pictiites do not reflect the tive
conditions encounterod: - From thém some simplo landings and take-offs look
difficult and vice versa; due to yariations of toohnique boing used and the
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large element of luck in'these landings, and the differing abilitios of
the ;phoﬁb'gmphe:js to get pictu:cés showihg ‘the swells truly. |

It is understood that this is a highly controversial sﬁbjaét and 7
jbl}@ test ;p,i"lots have already found that other pilots .who have made one

or two .open ‘sea landings under service conditions and who have previously:

“been unable to give a coherent picture of just how they handled ‘them, are

immediately upon. getting this data, old masters who are prepareéﬁ to state .
authoritatively that (a) the report is misleading, (b) the seas in their

‘ localities are entirely diffl:-rent and these techniques would be suicide

for them, (¢) that this seriesf of tests has been completed ‘pniiy by good
luck, (d) that open sea landings arc very easy and this discussion is much
ado about jno‘thj.ng, (e) that open sca landings are impossible -and the: idea
should be given up véntirely, otc., .e;cc. ‘

At the start of aviation, enthusiasts were discouraged by the comment

that man was not intended to fly like the birds. Man can now fly higher

and: farther and faster than the best of the birds » but tho albatross and

the petrel still put the aviator's battle with the sea to scorn. Whether

the human flier will oubclass these creatures in their clemont s too, dopends:

only : on the brains and courage and determination applied to the problem,
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SECTION I - A

DESGRIPI'ION OF OBJECTIVE AND SCOFE OF
‘TESTS AND STUDY

Tests were planned to make landings and take-offs in the open
sea under progressively'more severe conditions to determine:
(l) What heading with respect to the local sea, Pacific swell,

and the wind, is best for landings and take-offs under conditions to be

‘found in these waters.,

(2) What choracteristics or qualities of various conditions of
sea and wind constitute special hazards to aircraft landing or taking off.

' (3) What pilot t,é,c’hniques could best be employed to make successful
landings and take-offs under various conditions of sen and wind,

(4) hat merit thé PBM-3 airplene hes as a rescue plane for this
type of work. |

(5) What special weaknesses the PBM-3 airplane mey exhib,'it: in
th:i'.f;fs' ‘work and to anelyze these and recommend spedific alterations where
possible to cure them, .

(6) By careful observation and. analysis of recorded data, what
stressocs on the ajrcrafﬁ ipcident to open sea operations under various
conditions indiecate hazards of structural failure possibly not previously
kmovm or understood,

(7) ¥ihat advantages and disadvantages are encountered in carrying

and using JATO gear for rough wter landings and take~-offs.







changde¢ under wind influence have approximately the form of a sine curve,
The fronts of the swells aro no steeper than the backs.
7. That the Eastern Pacific swell is usually travelling a't. betﬂeen

t.wenty and forty Jmots, but that the actual translation of vater is pract-

ticaliy negligible.

8. That the cctual energy in ‘the sv:ell which may affect an -gip
is small, but that ‘the h:.lls and valleys cuused in the sea's surface ‘by the
swell affect an aircraft landing or Ataking; off ‘._arlmost the same as dips 01:
bumps in a rummy aﬁ‘ec'b a land planc, That a take-off into the swell is
more difficult than a 'ba.kc-off down swell only because tho eircraft is hlttlng

- the swells oftcnor and hitting morc of thom.

9. That plene is not "throwm off" the mater by a rough sea, bxrb
ac'bually planes off due to the 1nc11mta.on of tho wator's surfaco over which
it is runn;.ng, "and: Newton's law that a moving body will cont:!.nue in 8 sto;l;e
of umfbrm motion until actod upon by an oxtorml force;

10, That the bost direction i‘or a lemd:mg or takesoff in a vzell de-
fined swell with winds of less than twenty knots is parallel to the swell.

~ That in the presenco of' several definitec wave systems, tho sca should be

studied very carefully by the pilot and an attompt made to 1and on o heading
which will riot run divectly into the face of oither wave systom and whick
will bring the wind on the bow rather than on the qu‘artot if 1% cannotibe

brought sheadi Such conditlons ere very difficult end dangerous, and the .

: pilot should be alort for the uncxpected. Experienced and careful p:.lotis 'ha.ve

. found themselves running into a high and ugly wave in the middle of thoir

landing run and had the airplanc token right out of thoir hands, A lending

" can be nmadg with safcty part':llcl_ to tﬁe swell eitheor on the cres‘b.or in the

trough,
| 11, That, the second choico of landing,or take-off heading in a ‘1'oiag
fasgt swell is direc'b1y~‘élown swell, Such a landing stiould touch dovm on; -{;he
e | R \ /0.
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To accomplish.this, -

the nose s.hqul@ be deliberately 'mmhed down as the ._pla.n.ef races. up: the back 'l
of a swell and approaches the crest, As the p]ane ‘starts to fall bagk on

“again, the nose should again.be pulled up., This techniq;_ze requires -ﬁegf

fast pilot Péaction, but 48 bolieved safer than to-kold tho. nose. high ot a2l o
timos  because the principal damage suffered in these tosts was fyom the shoek
of falling back on hard aftcr & high bounce. , |

6+ That a. landing should be made into a fast swell only when the wind
is blow:mg from that direbtion with a force so great that a landing ov any
other hending will be very hazardous duo to the w:md. Landings: have been:
nade hero eross wind and down Jaind in winds of Fifteen knots without breskages

7. That a landing quartering the swell is better than a landing dive
ectly into the face of the swell, | o '

8. That the pilot 's final decision on hlS landing direction shonld

be a. compromise botween first, attempting to land parallel to 'bhe swell or

down. swell and without running dnto the face of « second wave syétem possibly

conicealed boneath. the first, and second, bringmg ag much of the prevail 1

9. That the pilot should, if possible, study the sea from a height: of
about two thousend fect to detoct any large ocean swell which might be eon~

cealed by the swoll whick ‘is the only ono apparent at low eltitude. Heo

should then drag the son ab abiout twenty of thirty feot of hosdings all

around the compass to note on which hendings the sea appears casiests Pho
N . .bl
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direction of the wind, tnlegs it be twenty kists or move, should always b

considered e hanerd secondary %o the ses condltions in planning s in

| anding should be dragged i M’f

g spat with the propsllers in low
‘piteh, the:flaps down full, and the tabs set to require a slight down pressure

- .10, That the finsl approach for the: lan

‘on ‘the yoke, :‘thl;is approach should bs made at not to exceed. fifeén lmots
ahove the stalling speed of the dircraft as loaded, A careful watch should
be kept: on the sea well ahead during this run; and if the sea shead suddenly

>appears relatively smooth, the a:lrcraf’b should be stalled on as quickly and

as short as' posgible. Rurning the plane's speed out on the landing can bé
dohe with the plane's nose very high or dragging the nose slightly, but the
pilot should in either case be slert to play the nose of the plane up and dowm

~ to-ease the shock of its pas’sa‘ge through the waves and to avoid planing off

cont;rel. with his elevators.

11, That a pilot contemplating a landing in the open sea should make
an. orderly study of that sea checking the following points particularly:

‘(a) From two thousand feet or higher, is a definite ground swell per=
ceptible? If so, turn and parallel it and set the directional gyro on zero.

(b) Drop a smoke float on the water and circle it keeping it sharply
in sight; 4s it rises on the crest of a swell, start timing it with e.v. stop

watch or sweep second hand. Count its passage over three or five or so

.succ;eésive swells, and clock it again on the crest of a swell. Divide the

total time in seconds by the number of swells passed to get the periari of the

swell in seconds. The velocity of the swell in Mnots is roughly egual to

three fime.s' the period of the swell in seconds. The distance between successive

swells in feet is equal to approximately five times the square of the period of
- =5=
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the swell exp

resaed dn seconds. Now the pilet knows & MbEle about the snell,

parallel fio it. If your directional gyro is not very close to sefo or 180,

{e) Go down o several hundred feet and study. the. swell agai

(" £

the waye system you-ave now looking at is entirely different from the one:

you meagured &b two thonsend feet, I there gre Trominent groups of swsdis
larger than their fellows but all swells appear from the samé directiony

essune ‘that two wave systems of different periods are rolling the same
direction. Heasure tho period and compute the length and veloeity of the
swell noted at low altitude just as you did the big ground swell which yod

now cannot. sec

+{(d) Betimato the force and direction of the surface wind: by ‘SeanEn's
eye froii. the surface sea condition and the smoke float observéd at very Yow
altitudes

* (&) Weke 4 wilds civels at forty or fifty Feot stealying momenterily on
cardinal points o observe on which heading the sea appears less boisterouse -
The pilot's best heading for a landing is probably the one on which the sea
appeats: sioothest - observed from low altitude if such & heading will not
throw him intg the face of either observed wave system, |

- {£) Study the seca looking for groups of ‘waves vhich appear markedly
higher than those ebout them. If such waves ave strikingly apparent, the
phase or very dangerous if it strikes them,

(g) Having weighed whet he has loarncd about the swell, the surfage

conditions; and the wind, the pilot should décide on o heading for’ h'“

- and: shioEt- Fmou. of :"épﬁeﬁﬂ afitor Ianding.

b=
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" 11, Teke-Offs o

1. That tho grestest difficulty=-though ot the greatost danger--in

~ any take-off other than into the wind is in getting the aireraft wp to

stecrable speed on the heading desireds
2. That the best take-off heading is parallel to the swell imless this

~ requires a cross wind run in a wind of twenty kncts or morcs

3. That it is practically impossible to start a cross wind take=off
run in the open sea with the PBH~3 airplane, starting the takesoff heading
from rest. The solution to this is to head either down wind or wp wind and
accclerate to steerable speed and then ease around parallel to the ‘;SWBIJ: for
wind as the spray and pounding are less, and the plane can be brought from
Som wind‘ to c.::,o:ss»wiv;nd much more handily than from up wind to eross wind,

4e That, & take=off run perallel 'td the swell may be ggépmplismd- oither

on & constant heading or by casing the nose arouid down wind to stay on the

. crost of a selected swell. The latter clection is 'a'imost instinctive with

the pllot and does not require a: turn of more than a f;aw degrees,

5.- That the aircraft should be dragged off at the earliest possible
moment regardless of whether it slaps' successive waves or not,

6. That the second best talge-off heading in a well formed and regular
and fast moving swell is down swell disregarding the wind unless it bo twenty
knots or more., The best technique for the down swell take-off is to accelerate
the aircraft wmtil it is running as ,fas;b as it can without planing off the |
tops of the swells, the nose being 5oékeyed up and down froely to hold it
on. This r\m should be con‘tim;ed; patiently wntil a condition with a ].argo
smell with smaller swells ahead is overtakeny oxr' overtakes the ui.rcraft,
then tho plane should ﬁc nosed down at the ,té_p’r of' the swell, tho throttles

opencd smartly o takesoff pover gnd every offort mads to roach tekoroff

s



spéed and- stay in the air when the aireraft planes off on :bhgl top of the next
swell overtaken. This operation sounds difficult in the telling, but has
been found surprisingly easy vwhen smartly executed, ‘

7. That a take=off into the swell in a calm or light winds is to be
avoided like death, Such take-offs have been accomplished in these tests
in a high slow moving swell; but in a long low Pacific swell moving at twenty-
f:ive knoﬁs_, the pilot found when he headed into the swell and accellerated
that the swells were coming at him so fast they gave the impression of a
very rough high sea., Under the same conditions, a dowm swell cross wind

t~ke-off was made smoothly and easily., If the pilot decides that he must

nake a take-off into the swell, the technique is the same as for a dowm
swell take-off, that is, to get as much way as possible on the aireraft
without planing off and ‘then' suddenly race down the back of a long swell
and attempt to stay in the air when she planes off at the next swell. Pilots
should be warned that in a teke-off into the fast swell, the a‘_:’.rpraft will
strike successive swells so fast that the affect is pounding rather than

8, That the pilot will probably be surprised at thoe difficulty he
» meets in stéeéring while taxling in a moderate soca, apd shéuld' be warned
+hat he must use power sparingly in a QOn;plex‘sea (one formed by two vigorous
wave systems coming from sources thirty degrees or 'm_ore -apart) because under
these conditions he can very easily lose a wing tip float. Recourse here |
aust be taken *t('._o sea va,nphbr,s , possibly stréamed from forward to get a better
‘turning effect. The FBM with dead engines will drift dowm win_d in a fresh |
wind faster than a raft which ho.s no drogue out,

9. That in the preaence ‘of a complex gea end a fresh w:lnd, the pilot
faces his 'most dif,f:lcul{: take-oﬁ‘ problem. Under 'bl-;ese civcwnstnmes he

=8 |
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shoﬁld Select ‘& takedoff headling -which vrill avold going dn.rect]y into the
face of either swell system and which W111 still bring the wind ahead if -
possible. Then taxiing as fast as he tan and s‘bill mairntain good control of

.his ‘ep'lane and not ‘damage his hull or witig tip float; he should study the sed

ahead unt:!.l he observes a distinct lessening of its v1olence, at whidh time

he sh6tild ‘gdvarics. his throttles smartiy to- take&off power and at'bempt to arag
‘Bhe aircraft off by the time he strikes the very rough saa beyond; Ii-‘ a wing; o
tip float is lost ot ‘damaged in the final takesoff tun and the pilét still

has latei'al control, his Judgnent as 6 whether to cqﬁtihue or throttle

back should ‘be ‘colored by the ;‘knowled;ge that his plane will almost surely

roll. over and sink when the damaged:float £ills with water. Throttling S

'back -ahd. facing this ‘problem may still be preferable to attempting to fly
ottt an: airerai‘t which may have a badly danu.gcd wing or suffer one subsequently
from ‘the swinging :float or floa'h stru'bs. N ‘ P

o o Tha‘b on- all take-offs the co—pllot should carefully check every-
¥ing: that tho p_l.lqt. does to be sure that if He s picked up hig T1aps for

‘Gﬁﬁéﬁl‘; steering in some stage of his maneuvers, they arc put down again as
the pilot: desires ‘before ‘the teke-off attemp‘b, that the throttles do not

creep, that m.ndshleld wipers are turncd on or off as desirable; that emergency |

p“ er is taken :E'rom the eng:.nes as the pilot calls for i‘b, that Jets, 11‘ used,
are f:!.red when the p:Llot si,gnals for them, and generally dguble check afl.l of _"'

the pilot's roubme.

faty

1 That the use of Jet or rocket power to assls‘b in mak:mg quick

take-off is oné of . the most importanﬁ coutr:.’btrh:.ons to safe seaplane opera~ - ‘ I

gh. weitor. over made.
2« That the use of JATO Eeardwmgthese tesbs i:nprb’ﬁ'ed the dontrol.
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of the aircraft,
3. That if the jets are fired after the airplane bas got good steerage
way, tho failure of one jet to fire does not sibstantially affect the cone

| trollability of the airplaﬁe; and will not embartass any competent pilot

except in that ho receives only half the jet thrust expected;

. ke That the best doctrine for the usé of jots in rough water take= '
offs recommended herein is to fire maximum jet power immediately after take-
off power :‘Ls;‘ taken from both engines.

5s That the liquid jet ins'ballatiqn, two 'units, gives three thousand

pounds total thrust fof approximately forty seconds and weighs over seventeen
hundred pounds: for the two loaded units, The solid units weigh é.pproxifmg?'_l:ely

two hundred pounds apiece and give a thrust of one thousand pounds per imit

for twelve seconds. By firing four units in pairs of two with a two second

overlap, a two thousand pound thrust for twenty-two soconds may be had. ' By

firingvfbu_r units simultaneously, a four thousand pound thrust for twelve
seconds mey be had, If the take-off doctrine rocommended by this report is
e’:pployjed on a FBM-3 pirplane stripped for resz',;uc work, the airplane should - -
be got off ‘the waﬁer 4n its final run in ton seconds or less with.the use

of jetss so it is recommended that using solid jets, all four jets be fired

simultaneously. The solid jets when once fircd cannot be turned off. In

contrast the liquid jets can be turncd on and off as many times as the pilot
desires until the forty seconds of fuel has been burned out. This flexibility
of operation of the liquid type jet is very valuablo as a blast of jet may

bo used to'get a plane out of trouble in a bad landing and the ‘plane vl
sti11 be able to land, do its joﬁ and meke & :jet assisted take;-i-dji‘f; Improved

1quid jet propellants which will cub tho total weight of these mits by

possibly fifty per cent should make the liquid jets superior to the solid
<10~ | |
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GENERAL DESCRIFTION -

The instruments recommended all required 12 Volt direct ourrent
power source. Provisions were made to supply this from storago battery,
and the wiring diagram is attached to this report. From Martin report No,
1785, locations were selected for the placing of the accelerometers to fall

in the ‘general vicinity as employed in the Martin tests,

Instrument . ‘ Centor of -
Location ~ Nose Gravity Step Tgil : ‘

(1) Preliminary (1) 25 (1) 360 (1) 675 (1) 900
tests, Martin 4 ‘

(2) Rough tests, (2) 10 (2) 340 (2) 712 (2) 892
Marti ! '

. (3) Air ;rtlation (3) 16 3/8 (3) 369 (3) 679 -(3) 897 3/8

tests

One half inch wooden platforms werc built at each of these stations

as recommended in the instructions -furnished with the two component sccelero-

meters,

" Due to the blurring of the rccords of the instruments at the stop
and tail during JATO take-off, shock mountings were tried December 7, Tests
were continued with original installation, ' '

The Hathoway instrument was mounted adjacent to the accelerometer
at the center of gravity location. The synchronous recorder was located at
this point also, While the master control was located at the center of
gravity, the test controls were moumted on the instrument board directly in
froat of the co-pilot and adjacont to the control for -the Jet teke-off, The

control switches were installed so that they could be operated individually
or colloctively, ' ) '

The hydrobal is a device brought out by the Mertin Company for de-

,~<;termining the weight carried and the conter of gravity. One cell was located

.80 station 136 7/8 and another ot station 687 7/8, Prior to beginning the

“tests, the airplane was weighed in an empty condition, without gas and oil, "
without the jot equipment, but with tho instrumentation instelled, Careful
éontrol of the weight and the center of gravity was meintained throughout

‘the rango of the tests,

Ono camera was mounted above tho pilot's cockpit for the purpose of

;* Koeping a running record of the sea into which the landings werc made and

from which the take-offs were conducted, Another camera was installed in
the pilot's cockpit to rocord the flight and ongine instrument ‘readings, .
Pictorial records of these flights were made from at lesst one surface boat.

) Tho wavemeter was menufactured in accordance with spocifications

furnished by the Seripp's Institute, Lo Jolla, California, It consisted of
an aluminum alloy tube of sufficicnt longth end dismeter to float a largo..*
metal disc damper at = lovel 30 fethoms below thesurface, The wave (swell)
:Ic;lia.ghts are obtained by observing the maximun and minimim exposure of the-
ube, — - ' w
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-of recovery 1 y:paraclnxhc could thus be retained, It is believed thi
original bearing surface is sv.ﬂ.‘fic:.ent when the forward brace is st:.ffene&.

.of way occurred when defective wiring set off the port Jot, only--Feb ¥
61'.h. ‘The pilot reported adequate control although the airplane was alr ondy

Offshore Tes‘bs -

xedudin &ifit:.enlt:.es with instruments; cz
:ln:]uries susﬁame& by the airplane pertain te (1 ‘bet
and (2) to secondaty structures or (in a i‘ew caSes) (3) o equipmont.

The Jato is entirely an accessory up ‘t-"" this writing und, nb"b
lar- gu;;pmenﬁ;, Inauries to four & _Qt-ﬁ Surpe

o Di nd while taking off, on land:r.ngs
2@8‘ , On il'anuary 6th one bottle was lost overbo thes
‘three hottles the forward gupport was cracked. after the bo'atles slipped
off the pear supporf. Sep Photo 527-B,

The losses all eccurred on operations of considerable severity--
well abové average conditions encountered even on normal off shore
landings. The losses would not have occurred. in sheltered operationss
L discrépancy in dimensions of Jeto bottle and support developed at
time of manufdcture which was corrected in the £icld at the exponse of

the beariﬂg area on the rear fitting, (Photo 57 ), With rough oper~

ations it is believed the forward support sprlngs" sufficiently to per-

nit this S-Llppageo

For futiire r(standard) inetallations » the support supplied fd;'- the
airplanes should be modified to match the bottlc dimensions. The fenturie

kn intoresting side light on the Jato .and its cffect on the control

t skid at the time the jet was applied.

S'bructm'a.l fa:.lures include, (:L) rivef popping; (2) y wd w
(3“) fatring datisge,. (4) wing sti.ffcnér and h and €14 ;

ivet; popping end skin doformation o cmﬁ*red Sporadicaily but
70} __g immedia‘be buoyancy" bal m mo. b any inej

thi.s mem'b@a'. f. ﬂew membar ms mstallcﬁ @f‘ -
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max;mm ‘conditions were ra'bher more severe’ during tho present fes‘bs.

) The structural dcs1gn appoars rather well balanced; no. recommen-
fﬁ"‘tmns are made to cover the fow woaknessés disclosed, les:b oxtra woight,
mig _ In vork of this type weight must be care-
; controlled° lcnom.ng ‘bhe ‘conditions necessary to cover rescue

se ‘The factors concerncd with successful landing opera.tlons are

g spoed, time in coming to rest, and controllability during this.

: It would appear from the rosults that these are met rather
s_uccessftﬂ.ly, however there have been instances where the con‘bro, wWas
ina e"‘uate or the operat:.on occurred so quickly that the elevators wore

,ch)
P . power plant is barely adequate for normal operations and ons’
s:gder d to be below the best. average reserve for seaplano opemt:l.ons.

are recommended for standard operations of th:.s sor&.

_’-?‘?9*

& word conmcerning planes for new procurgment for air gg& Foscues

-not be out of plage, No specific typé; size or power I ‘

y Where all other conditions are adequa’be, groeter cg;

to ¢ohtrollability on the wator and shortening of landing could proba
be supplied with suitable vanes controllahle from the cockpﬁi.

In comparing the sea with rough wator conditions at- Norfolk,

.several varistions w:lll be notod in prevailing conditions, S

NORFORK - o SLN DIEGO

Uoves 35" %o 4' (ostimated) choppy 3" %o 6' (measured) swells o

Wind 35 to 40 kyots - 15 kmots

Swells raether than winds characteriged tho seas to bc operated
ﬁ*, at ngr Diego, The S p"s La“bomtory rg,ports that swoll ‘speeds. range










SECTION IIT
DESCRIPTION OF TESTS

The Coast Guard Lir Station at San Diego was authorized 'by Chief

of Naval Operations letter dated 30 July, 1944, and received here 4 September;

1944, to make open sea landing tests with the PBM-3 airplane foi' which
authority was requested by Goast Guard Lir Station, San Diego, lottor dated
20 May, 1944. lction was immediately started to got physical possession
off PBM=-3C airplanc BUNO 6586 whicfl had been designated for the tests, to get
JETO cquipment on the station and the necessary pilots chc-éked out in its
use, to draw up and accomplish the instrument rocording plan, -obtain and

calibrate the instruments, obtein the services of & man capable of making

anglyses of the instrument stross rogords so that indications that the tests =

\

! were putting excessive stresses on the nirereft would be qu:.ckly nvnilablo,

obtain services of the necessary photographers and assure thnt proper cameras
and £ilm and proccssing facilitics werc availeble s and acquire or dovel'op
fac:.h‘bies for accurately detormining actunl wind cnd sca conditions oxis:bﬂng
at the time and place the tests were conducted,
The airpleno requirod an engine change boforc it was r;:ady for use.

This was accomplished at .S, San Dicgo. Wing float strut braces (Buler
Bullétin No, 26) werc installed, .

4n immediate study undertaken to _det‘ermine“ tho ideal instrumcntation
for these tests suggested thnt the best cngineering analysis of the tosts
should be based on the records of oscillographs with pickups at the bow,
center of gravity, the tail, scveral poin'bs on ‘i;ho chino,. and several points

in 'bhe wing so that i‘ron tho rccords we could detormino not only thc stressas

.and strains 1nvolvcd, but what oseilintions oceurred. and just where the

nofes were. Discussions 5f structural failure problems with desigm onginecrs



)

A pertable anémometer cmied aboard the photographer's boat gave accm'a:be

leads to the belief that many structural failurcs that are difficult to
explain on the basis of measurecd gtresses 'nay be more properly attributable
to os'ciilat'ion or vibrafion phenomena. | To consider the problem from ‘this
angle,- it would be necessary to study tho plane both as a rigid body and as &
flexible body in which strosses have a very closo rolationship to- time.

On :mqtury it was quickly apperent that the bureau felt that the on-

-gineering aspect of these tests was being over-emphnéized ‘and that oseillographs

would not be supplied, so the plan of instrumentation was changed to one in=
volving the use of four NACA two component accelerometers and one Hathoway
landing analyzer., The acceleromoters were installed in the nose, center of

gravity, step, ‘and tail; end the Hﬁthoway ‘instrument, at the conf.e_r of gravi‘b})'h

ments were injured in shipment,

Hr. Henry S, Cocklin, icronautical Engincer,. U, S. Coast Guard, had
reported to this station '8 Octobr, 1944, én;l his assistance and ’advié_e on
these tests were vinvn.luablo. Mr., Cocklin did a1l tho work of rurming Aévm:
instrunents lost in transit, gobting damaged instrunonts repaired, gotting
the instruments installed and calibrated » and finally organizing and cb'm'félié-
nating the records and making thc engincering a.na;ysis for this rcport and tho
final arraﬁgement of the movie record of “the tosts, Lfter considergble delay
end difficulty, all of the instruments wore got in working .ofdcr,, dﬁiibratﬁd
and installed in the aircraft; eameras and rhotographers were obtainedy a Hydro<

bal was :mstalled in the plane, the planc was cheeked on scales for welght and

‘ bala.nge;, the air ‘speed moters calibra‘te'd, and on 17 November tosts were startads

recordﬁ-rgs of the wind, but the earlier records of the sen cond:.tiens were
based on the estimates of observors and .t.h.e_se.. qstimtas varied videly between

g¢.

e

' The' last of the instruments was rocei&ed November 9, 1944. Some of .tho ingbrti= -
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several observers .e/stimatfing'., the same sea, Wide inquiries were made as to

‘the ‘existence or availability of any sort of device to mepsure the height

and speed of a swell accurateiy. Efter some-experimentation, it was detiormined
that ‘the speed of & swell could be measured with fair accuracy by having

~a crash boat run with tho swell and synchronize its speed to stay in phase

with the swell. The specd of the crash boat was then taken as the speed of |
'A the swell.. The Scripps Institute of Ocesnography at lLa Jol:la rocommahd‘eci a
- vave met‘er’buoy consisting of a thin spar buoy balanced to flc;at vert‘:ica;lily"

end with the one foot divisions painted in contrasting co]iors up the spar.

The spar is attached to a wide motal pan like a big mushroom anchor which is
suspended 186 feet down, The theory of oporation is that the tendency of the |
spar to float up on a swell will be countcracted by the pull of the mushroom

180 feet below which is in still watcr. This dévice probably underreads a

- 1ittle, but was the best available, Readings were taken at the lowest water

level and at the highest water level on Athe spar, and tho differonce i_‘ééarded
as the height of the swell. Letcr it w.s discovered that the Institute of
Oceanography at La Jolla made regular recordings of swell conditions in this-
vieinity, and their observations and data were used wheraver possible,

The first landa';ngs were mé.de off Point Loma to test the instruments
on 17, 18 and 19 Hovember., A total of eight landings and take~offs were made
i a swell estimated from eight to eleven fe‘é‘b, and a wind from almost calm

40 ten knots, to place stresses on the instruments in order to check their

~ smooth operation and to work out an ordorly plan of operstion on the basis
-of a sound knowledge of the problems involved, Ail of these first eight
 lsudings were made in a relatively slow swell, and the landings were made

parallel to the swell and down swell and into the swell to dotermine the

‘cantrollability of the airplane in this work before attempting to land mesr - o

3= J;\?,'



a boat. A1l of these dandings were very carefully done, 'ﬁthoﬁt; hurrying
and without attempting to land ciose to a given spot to make pl';o‘bogmphict
records. The highest shock encountered was 4% g; and though the ‘a.trp]a'nlel'
gave the impression of being banged about pretty roughly, post 'flig’h£ in-

spections révegied no indications of damage,

On 24, November, the first good records were obtained; &nd tests were

! continuved mak:l.ng landings and take-offs on all headings around the compass,

taking the wind or swell on approximately all relative bearings from t.he
plane to determine which of these was best for given sea condition‘s. At the
start of the tests there were some spirited arguments between pilots taking
part as to the relative merit of power on and power off land:n.ngs, but shortly
after the tests began, the power on advocates conceded that a better and
slower open sea landing could be made by making the approach as though a
power on landing were to be made but cutting the throttles back and then
heaving the yoke back hard just before the ins‘l':ant of s."l:f.all. (4t the end. of
the tests the '5;;;@;:ient was re-opened and it appears that a. reasonable con=-

olusion is thet each pilot should make his om best and slowest lsnding:)

On: 2 December, while making a down swell take-off in an eight footsea

over a three foot, twenty-five knot swell with fifteen knots of wind :gstem;‘
the take-off was fumﬁled' in the cockpit due to a misunderstanding between the
pilot and co-pilot as to when the co-pilot took the throtﬂes; The co=pilot;
fgiled to fire the jets through fumbling, and the throttles worked back 4o

thirty-seven inches while the pilot was fighting the yoke to keep the aify

under control. During the long run (seventy seconds), a sea was overtalen

where the eight foot local ‘Waves were in phase w’ith the three foot: Pacific

swell undernea‘bh, anﬁ ‘bhe a:xpzl:ane took a violent pounding in this: es.ea.. @ﬁe
Jet wnit was torn loose fmm dits supports and swuhg from one end, ']:he

wlyem
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accelerometers registered 8) g. Post flight inspection revealed oil chnnding

in the wing root fillets, ard a crack in the crown skin just aft of the

by 12 December and the tests continued. The progress of xhg‘teSts'Was.ﬁetﬁrﬂéﬂ_

by a long, disappointing period of good weather; and flights were madé‘to
Point A:guello, two hundred miles up the coast, to find desirable swell
‘cqnditions;f it was found that‘operatiohs‘at Point Arguello were clﬁmSy»aﬁd',
vunSatiéfactbry because’photbgraphcrs had to be sent to Santa Barbara the day
before and then‘taken‘sdmc fifty miles in a crash boat to the scene of “the
tests, Long delays followed while the records were boiné:QOt back and
developed and analyzed. 7 ‘ ‘

| During the tests at Point Argucllo, a landing was made inbo bhe. swell

which was a long six foot, twenty-five knot swell from the Northwest over-

. riding a four foot, forty-oight kmot, Pacific ground swell from the West,

Tho landing was made with a five knot wind astern. The landing was very hards

Subsoquont repeated attempts to take off on the samc hcading were unsuccessfuls

Take-offs parallel to the swell and down swell in this same sca were very eng,.‘

Post £light inspection of the plane after these tests, which had registered
& maximm of 5.5 g accceleration, disclosed that the cngine mount support
esscmblies were doformed. Compression stresses had caused the aluminum hat

section flanges to separatc hetween the end of the rivétingaat cach end of

the flange. Lfter the aircraft was ropsired and again rceady for use,rﬁhérev

vas a long delay waiting for morc substantial scas to continue the tests.

‘Grug charnel about ene hundred and fifty miles North of here for furthor

tests. On this occesion, tho sea was found %6 b short and relativoly high:

with & vory lov wind, The soa hero vew much.moze of & rip than & true deep
| - | G9.

o

radome. The hull otherwise showed no signs of damage. Repairs were completed



l
v;a’i'.er sea. - ;These seas were curving from the West around Point éﬁrringtéﬂ.—- ‘
4 landing was made parallel Ato the swell and cross wind, ‘and tho plane went ‘
on very comfortably and stayed on. From taxiing sbout to feel out the sea 7
on various headings, it was apparent that this sea condition was different 1

~ from any encountered in our previous thirty-three landings., A t,ake-off ‘wias . |
made parallel to the swell and cross wind, and the plane dragged off very

nicely with a meximum shock of 2% g. A second landing was made down swell
down wind, This swell was seven foct high and advancing at ninctoen knotss
The wind was four kmots or lcss. The planc was dropped on full stall at )
LSy knc_rbs about ten fect past the crest of the swell wherc tho pilot qutqd ' A
to land, The plane ‘settled. on very comfortably and rode along for a considerable '
way when it overtook a small swell and plancd into tho air about s.’;x‘ fect. |
When ‘the airplane settled on again, it hit the back of a swell very hard and
vounéed off, When the planc fcll on the third time at a spced of gbout. forty«=
- seven knots, it stayed on; but on the last bounce the port jet uridt was tor '
completely out of its fitting and wont by the board, The starboard unit

wes torh loose at onc end and swung bolow the boaver tail like a pendullm. The
plane was taxiod to sholtered waters whero the remeining wnit was removed and

an inspection was madc of the plane at anchor. No signs of strain could be
found in the e.nginemoﬁnt supports, or wing attachment fittings, or the huill
generally;, so it was takon off and flovm home. Whon the plane was ,.haﬁledfdnt,;:

it was d’i;scbveréd 'tha-t; the hull was damaged alorig tho chine which ﬁas widiikled
on the port side from the z\nain' stop forward, a distance of seven foot, nine
ifiches § foii Tivets wore removed to inspect for signs of I.‘shoarj. ‘There was

no evidence of shear: The m‘mkled chine was made tight by calking mh dno
éhmma'be cempouna. ‘Tuenty-fotr rivots at variaus ‘pleces on the bobtom &6 *ahe
Zeft mido of the keel T the area bobveen ‘the uain step and toenby-four inchos

/00.



fomrd of ’ohe main step which were weeping wore roplaced. ‘Three stringers
on ‘the left side of the keel just forward of the step which were slightly

deformed were straightoncd and a stiffoner installod. Both tho MAGCA landing

analyzer and one accelerometer at the conter of grevity .indipa'bed ovor 11 g

for this landing, Mr. Cocklin stated that he did not believe the acceleras.

" tions were ‘really as much as 11 g. Careful inspection reveeled no other

damage to this airplanc than that just doscribed,

As a 1"esult of this landing, pilots worc porsuaded of two things,
£3r3%, that this is about the ruggcdest hull over put into an airplane, and
swennd, that something strange is happoning in somc wave systems which ro=
sulis in very Vdiffcrent forces being present :.n tﬁo wave systems ‘éhat look

on the surface to bo very much alike,

&% this stage in the tests, it appcarcd very dosirable to learn a lot -

zore about wave motion and possible mysterious forces presont in a tumbled
sen that were not understood by anyonc hore. Inquir'i'es wore difeqtod to

the U, S, Naval Institute and to the Univorsity of California'sﬁceanogmpﬁiq
Institute at La Jolla, California. The Naval Institute supplied a list of -

aixbhorifies on thc subject, and thc Institute of Occanography sent an cceanos

grapher to conduct a discussion on wave motion and forces for the pilots

flying the tosts and supplied roference material for study., Aftor these

; matters wore given some study, a numbor of previously held boliefs wore

ci'iscarded ‘and' some of tho mysterics of wave motion o.hd forces wero cleared
up. There appears to be a great void, howevor, in the available knowledge

of the forces involved in wave motion and aspecially in complex vove motien.

B Lieytenant Gomma,nder 0. So ‘Reading, USC&GS, suggostod that a study of waves

empj.qying photogrammetrics mjrght conttibuta -some of tho miasing BNaFers,

Gonside;_'iﬁg all of the ¥aluable equipmcmt going int-o the gen. theso aays,

"';Z.»'.'J . . ' .
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it seoms reasonable that a thorough study of this problem from all angles
would pay d:.videuds.

After the study of wave motion, the very hard down swell landing in
the Sa.nta Cruz channel was explained by the presence of o. oomple'xi sca,
The principel mystifying point before had been that the airplare though -
slowing down hit on the same bad positlon on the backs -of threé¢ successive ‘
swells. The oarlier assumption was that the period of the swoll vas conw.
stent and that only an object moving at constant speed could stay predi,sely
in phase with it, The wave motion s‘bﬁdy oxplained that of two wave motions
gimultaneously preosent in the seca, usuaily onc is conccaled benecath the _
other ond that greet waves whosrz-. heights are cqual to the sum of the heights
of the 'l;wo. sys.tems_ vhen in phasc, advance with a speod dﬁferept -'f:r_gm either..
& low ceiling at the -time of the tests had not permitted climbing to detect
‘the hidden Pacific swell,

On 12 January a landing and teke-off wore made five hundred miles West

- of San Diocgo. This lunding was intcrosting from a numbor of angles. To
. begin with, less than twenty miles away in any direction tho wind was. light

and tho sca was calm oxcopt for the long fast Pacific swell which was from-
flest Nortimost trevelling about thirty knots and was about six focot highe

Loeally a hard, short sca scven fcot high was rolling from North by West under

‘the influenco of an cightoen knot wnstondy wind, The plane was brought in with

the wind and short scn on the port bow and with the concealed ghotnd swoll

rolling from a little abaft ;fho port bcam, The ldnding was planned to touch
dowh at sueh a point thot the landing runout viould end approxﬁna‘boly on tho'
wind lino 'bhroﬂgh a waft floq:bmg on tho -goas The plang Wa;s sﬁalled of: p"gve-p
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cisely on the top of one of the short seas, and ran her way out almost withowt
leaving the water but pour’zding very hard in this tumbled sea, The ‘take~off
was made after féeling out the soa on various courses and speeds approximately
into the wind (in this tumbled sca the pilot did not bolieve he could turn dovm
wind without losing or badly damaging a wing tip float in the tufn) on a
hoading almost parallel with the ground swell and with the wind and short

sea on the port bow. The planc was taxied fast taking the pounding as i;b

came and advancing 2s fa‘st as possible without planing off the tops of the

waves. Very suddenly e rolatively flat spacc appearcd about one point on

the starboard bow, thc planc was 'burned to 11'., throttles werec advanccd quickly -

to take-oﬁ: povier and the ;]cts VIOTC f:ll‘cd. The aircraft planed off the top
of the first big sea at the ond of the rclatively smooth arca and botwoen
jots and throttles was held off. The plane suffqrcd no damagos from this

ltmding and takec-off cxccpt a breaking of minor cqu:.pmont not a part of the

' hull or fittings. This vas probably as difficult a londing and toko=off as - |

any made during thosc tosts, not becausc of the hoight of the soa; but beesuse
of its complex charactor; and the success of this landing and "Bﬁke“-o‘i‘f is
attr:.butad as much to luck as to skill.

On 20 January a ].and:lng was made off Point Lom in a ten foot, twenty-
four knot sea and sixteen knots of wind from about twenty degrees to the
right of the sea, The landing was fnade parallel to the swcll and with the
wind just forward of the port beam. *"T,'he airpl;qhe was stolled in and ran
a short way before planing off to.about three foet. When the plane fell back
on ag&iﬁ, it struck a wave with the right wing tip float which was a little
lower than the left, and tho planec being at that time driftmg to the righrb,
the side of the wing tip flout and the r:.ght flap were dmnaged.

On 30 January the tosts were continued, this time attempting e “ech=
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nique of dé.libera‘bely dragging the nose of the airplane .on the latter part

of the run up the backs of waves, Previously the nose had been held high
alwdys during the runout of spced after a landing. Tho theory of the-bene=~
fits to bc gained by the nose dragging techniquo was (a) that the aircraft
would slow down faster, and (b) that it would planc off ‘the to;ﬁ of « wave at
a lower angle of attack and reduce the lift still being obtained from the

wii':igs.v This technique was tried out in fourteon lendings in seas varying

" from throe to six feet in hoight travelling ot o velocity of from thirtys

nine knote down to fiftecn knots and winds from five to fifteen knots.
Landings and take-offs were made on all cai'dim;l hcadings with respect to
the swell and wind, During all of thesc tests, the wind and swell dil‘ret:;ftiqn
ooincidod. The tests wero very succossful and indicatcd that this technique
has considerablc merit; howcver‘, in order to usc it effectively, the pilot

had to exhibit very fast reactions lest he fail to lecad with his controls

ehough to koep the plane's nose at the proper attitude at the proper time.

The results of 211 of thesc londing tecsts indicated over and over that a
landing in o s'oz'). of any sevefity, and cspocielly in a complex sca,. is not
a job for an inoxperienced pilot and is going to bo vory dangorous and
possibly very difficult .f,or cven the best f)ilofb with tho :equipment jnojo‘
aveilable, , '

A very stfiking thing about those fosts has boen the fact that in
?iftyqfoim londings in seas of varying soverity, every woll stn‘lled landing
kas been initiaily good, .and tho start of - cach landing run has seemed to the
pilot casior than ho oxpocted, and that each timo a plane was damaged, the

damsge was done at that stage in the landing run where ‘the plané had too

much speed to bo kept on and not enough speed for good control. All ihe

demage was rooeived when the plane droppod on hard after planing off 4 swelly

- <10-
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except in the landing of 20 January when it is believed the damsge was !;;aiu.s'_el‘é: '

principally because a tcn foot ses caught onc wing tip float and flap, This
suggests the deosirability of devising scme soii of air or water bresk cr
'fo.rward firing jet, or propeller capable of insiant change from f dl_'ward To
revarse pitch. or back again with a small pitch qither w‘ay, in order that the
scaplane landing run can be cut very short. Because the landing speed and
th3a longth of the landing run are for the present convontional aireraft

,di:-"e,ctly proportional to the load, it is most important now that open sea

- or rough water landings bc made at the lowest gross weight possible. The
~intelligent use of droppable tanks alléws a pilot considcrablo floxibility
in his plans, and for o difficult mission ho should burn fusl from his integral

tanks until the fuel remaining in thesc tonks is only cnough to make his -
rescue and got home or to the ncarcst i-cfueling point with o comfortable
margin of safoty, before shifting suction to the droppable tanks, He should
Jettison his droppable tanks carly é’nough to permit a carcful .check of his .
longitudinal balance before landing,

Anothor desireble improvement in a seaplanc for rescuc work is a meang

of turning with positive control from up wind to down wind at very slow
s,peed.‘ This could probably be accomplished by ~ simple water ruddor,

During these tcsts, tnkce=offs were made on all headings with regard to

wind and: swell ‘just as the landings were, The only damago encoun‘herad :In
the take~=off was attr:.butod solely to pilot error; however, on.a mmber of
22casions only -'l',he use of JATO prevented sorious damage. On all take'-gﬁ‘;& :
it was found most important to got as much way on the aircraft as possibile
'withdub planing off, before th;a pilot committed ‘himself to the 'Bake-off, and

that great advantage was gained on oithor a dovm swell or up swe’l], take-off

by app‘v; ring take-off | power at the top of a large gwell and easing 'Bhe rwse . |
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dowm to race domm the front or bagk of tho swell. This technique gave very
fast acceleration, and oftcn the aircraf"‘ could be dragged off from the top
of the rext swell or with only one substartiz. bounce.

‘’he problem of taxiing is very intfno.oly comccted with tho take-off
prodlen. It was found that difficulty in morcuwering on 'bhe_ water was more:
cf 'a-wave problem than a wind problom and that in.some conditions c;f swell
o Séa steering was very difficult oven with winds of only five to seven

imots, that on other occasions 7ith winds of fiftcen to twenty lmots steering

e e e st e o 4 e b S b
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was no more difficult than in tho same wind condition in & harbor. - When the
™y . seais rough due to a local wind, stresming of sea anchors to assist in
“ maneuvering is very likely to rcsult in taking cons:.derablo water aboard.
when the hatches arc opened. Some improvement in the low speed stecring
qualities of the PBM on the wator is desirable. It was noted that the PBM

'a'firc:“a‘i’t with its enginos dead drifts vory fast in e fresh wind, appro;c;l;t_gg;l;e“;';; '

« * one lmot fastor than a lifo raft without a drogue. Because of this character=
- 'ﬁ@mwﬁt i§ believed morc desirablc to cut the engines and drift domn to
~. .
4 coward-of a raft than to attempt to bull the airplane around in a rough 'sea )

) 'bo taxi dom wind.

>

e “e . 1y winds of less than twenty knots, tho best tako-off heading e R

. ,fo{md' 't.o be parqllel to the swell and gotting a component of the wind nhead
if pagsibla. Tt is usually impossible to start the PBM-B airplano on this

T 'headizxg from rest becauso of its quick weather cocking. ~ Attempts wore made

TN

carrying ¢ take-off power on the woather engine alone, but in some cases even

this msn't enough to hold thc course and the an'plano could not be got up to ;
‘good steerable speed on one engine anyway; so usually as soon as pqwe_r. was

incéreased on the lecward angine, the airplang ‘would come right around into
;

A,

:l;he wind, The best soluhion to this ptroblem vas £oun;i %o be heading the. plmie
Y- ".. _12_ )

Jo8..

et e v o e e e e e mmeaee e e e o e i it S




dovn wind, which can be .abcpmp_lish_ed safely‘ if the sea is not too tumbled
and irregular, by the usual techniqué of delibé_mtely laying the wind on the -
port bow and holding it there by port throttle and then sudde;ily gtarting &

tarn to port with the port throttlo cut back, the starboard throttle advanced

ané the rudder hard left to got the airplane swinging left very fast, Some

* iudgmont must be exhibited by tho pilot in this manewver lest the sea be 460

rbug’h and he lose a wing tip float., Once hee.ded down wind, the airplane will
quickly pick up speed until stcoring control is good and can be eased eross |
wind very handily and the take-pff run made with a minimum of difficulty.,

The run down wind is much preferable to accelerating into the wind because

the pounding and the spray are much less and less throttling and ..;.poe._d are
necessary to make the turn to .cross wind, During down swell taxiing the |
pilot will feel some alarm when the fast Pacific swells overteke him, bub
these are not a serious hazard to this type airplsne, The pilot should
remember that his airpland is rising like a duck on each .of these swells;

and becp.use it is relatively so light and the teil surfaces are high_,_ ‘he

need have 1ittle foar of boeing pooped as a small ship may be po_o'p'eé ina

‘808, ~'I‘h_t‘a .8ea will appear strikingly smoother to thd pilot taxiing down
swell than to one taxiing up swell rogardless of the direetion of the wind,
A pilot who is making his first open sea landing and take-off or is unfamiliar

with the existing sea conflitions, will probably make = much better take-off

if he will taxi about a little on various headings at various speeds to

feel out this particilar sea, This should be o "must" vith all pilots unless

't.hé sea or wind are increasing rap‘idl-y, or minutes are going t@":measure dafe. .'
or death for a rescuad crash sm'vivor a‘noard.

Ina lanﬁatust Pogific. swall the second best bake-off hea;ding An wihda

of loss than ‘bWenty knots is directly down: swell disrsgarding the winde Th;lﬂ
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take<off is made best by tming down swell at the highest posaible speed
"that still won't cause the aircraft to plane off the tops of the swells,”
carefully studying the sea wntil the pilot finds that he has overtaken, or

has been overtaken by, a large swell with rclgtively smaller swolls ahead..
The throttles are advanced smartly to take-off power at thae crest of the

swell, the nose is oaséd down and an offort is made to race down the"frq_pt..
of the swell., The aircraft, should ac’célerixte voryfas“b and with good luck
and smart handling it can be hold off the water when 1t planes off the. top

of the next swell overteken. 'If it doos bounce again, tho bounces .are casys

This type of take-off will secm 2ll wrong to the pilot making it, but hew111 N

almost :I.nvariably be surpriscd and pleasod with. the case with vhich it is
accomplished.

Take-offs diroctl,r into thc long fast Pnc:t.f.‘ic swell are a vory poar
last choice, end should be undertoken only if the pilot feels tha‘b the wind
is too strong to permit a safc toke-off on any other heading, On a takc=off

into a long fast swell, the pilot is quickly struck by tho impression, as hisf

‘plane ga:thers spoad, that the scas arc very closc together and vory high

and vory ugly; end what appcared +o0 be 2 long low swell vhile he was taxiing;

- now looks like a high roaring sca. Attempts to jockoy thc nosc up or down

in these soas are met with groat dii‘ficul’oy because he is orossing the schg

g0 fast whﬂo still far below flymg sprod,

The most difficult take-off conditions ‘arc cncountered in a conpiex I

‘gea with a fresh Wmd;, unless Vthc wind ‘happons to be pamllol to tho long ’

Pacific swell, in which case the tako-off should be mado vory handily dmts
the wind, T .

During r~ny take-nﬁf i:n camplex sor tho pilot should koep enmr :Ln
mind that whon two wave sys:bgams -aro in phase, the height of the reaul'l:am'.

el




wave 18 oqual to the sun of the heights of #he two which form it, and that

if by chance therc is a small chop caused by the wind on top of this very

high wevey he may casily knock off a wing tip float or a flap if he hits

it Just right. For this type of sca it is very desirable that the pilot

carofully weigh'in his mind all the factors which are going to hazard or

affoct his take-off. "By the time he has made the landing, he has already

learncd a great doal about this sca and he can now use that Inowledge plus

what ho has gathered from taxiing in planning a take-off rwn which will

() ‘avoid running directly into the face of any large wave system, (b), biring

as large a componont of the wind ahcad as possible, and (c) involve a minimum

of difficult taxicd turns out of the wind, Having decided on the take-off

hoading and boing sure that the enginecs qr‘o rcady for take-off, mixture P.i¢hi,

propellers in low pitch, flaps dovm (or juice chocked up to the flap motors

if the ‘fléps are kept up until a final stage -in the run), crew stotioned and

ready for take-off, and co-pilot ihstruéte’\d as to when he takes the throttlcs

and when he fires the Jets if they arc to be used, 'l';ho pilot starts his

trnke-off using just as much power cs hc can withéut the airplanc pitan’:'.ﬁg,
off the4’to’ps‘ of the swells and advances over the séa using elcva‘l;ors ond
ailerons smartly to keep the pLﬁé well under control and s’imultmeéug‘ly

studying the sean choad., At this stage the cirplanc is toking a considerable

measure of abuse, but this spoed on the plone is .going to contribute metorinlly

to making a short take-off run in the most dangcrous part of the takesoff,
The pilot should continue to run aheed, studying the sea ahead patiently,
?ll';l'nro‘b‘biing back or increasing throttles as necessary to avoid pflzming off

_the Waves and still keep thc moximum Way passiblo on tha plaric short of ‘the:

g off spoed, Within, at the most, 'lsh'f,;gf"“. seconds 5 @ rele'b:.vely smoo‘bh

$pot ‘should uppear ahead wh:.ch is ‘eoused by ’['th complex wave motions being
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‘pla'ne is running at a given instont, é.lwnys having duc rogard ‘to the de.nger .

for the moment in opposite phase, end at this instant the pilo‘t should

| adve.nce his throttles to take-off power and hammer his way across the rela= |

tively smooth spot =nd attempt to stoy in the air when he plano_s off on the
first large sea boyond this a.réa. If jets are used, maximum jet power should

-be fired ot the same instant the throttles are advanced to take-off power.

Pilots have noticed that there is one particular atpitude at which a

seaplane accelerates much faster than at any othor; and because fast accolera=

tion 1s very desirable, every cffort should be made on a take=off run to stay
very closo to that attitude with respect to the water surfacc over which the

A

'of sma.shing tho nose of the sea plnne mto a wave front,

During the tosts rcported here, the great majority of p:llots hnve
agreed that the bost take-off is made in the opon sea using full flaps, ‘mr!;
there is a difference of opinion as to whether the to.ke-off run should be ;
started with full flaps or half flaps or no flaps. A slight advantage in

acceleration will be gained by starting the take-off run .wi‘ﬁh the flaps up;

but in a difficult tckeo-off both pilot and co=pilot arc very busy, arec under
considerable mental strain and are bcmg shaken about in their seats pretty
badly, so it is probably worth considering the possibility of the flop switeh
boing fumbled or of “some othor necessory measurc being overlooked in ‘the cos

pilot's concontration on the flaps . During the take-off run 'bh_o -co—‘pil'_qi','f,-

normally takos tho throttlos as soon as the pilot has pushed them. to

approximately take-off power or at an earlier point prearranged betwoen
pilot ..and co=pilot. Becauae during the carly stages of the run the pilot
hag had to play his >tl'ntot_’\§les freely to assist in stooring, the throttle
friction brako is probably off; and the co-pilot's first gesture on taking
the throttles should be to sot up the throttle friction brake firmly. He



should then be alert to. handle flaps, windshield wip,e,r,g, and jets, as pre=
arTanged or on the pilot's signal. He should attempt simultaneously to check
the engine gauge readings for indi:cations of trouble and the plane itself,

especially tho wing tip floats and flaps, for indications of domage on takowoff.

In case the airplanc receives serious damege during the take=off, the
co=pilot should not cut the throttles back without the Ppilot's signel, The
decision whether to stop or continue a take-off when o wing tip float or
flap or possibly e jet un1t has boen damaged or torn loose nust or cou:rse,
be made quickly, and the pilot should have considered such poss:.bilities before
the take~off and be prepared to make a quick dceision, The pilot's decision
as to whother to throttle back or continuc the take-off if he has already
reached a spoed w1th good aileron control should be based on (a) can repairs
be ‘effected locally with the mcans at hand, (b) if a wing tip float is badly

damaged. or lost, the sirplanc will probably roll over and sink rather fast

unless a lifc raft can be got under that wing tip very quickly which 1s ot

best a difficult trick, (e¢) will the crash survivors ;]ust- picked up sumrim
longer exposure, () does the expo'cted' weathor indicate that surface vessels -
can be gulded to the spot in a reasonable time, (e) has the. damage to the
plane created the probability thnt it cannot be kef:t safely undor control
during o £light o the nearost protocted maters or shipping, (f) could a wing
tip .f-loat if torn loose and démglihg below the wing and‘endz,",ngeringlthe wing
structure, be shot away by gun fire, andm(‘g) other considecrations special to
that situation. _ |

During these 'tes_,tsw JATO gear was caarriéd' on néa'rly‘ ‘all u'bhe 'fil’-ightga

'bhe aircraft got ‘into trou‘ble from which it eould ‘bo saved by %\ sudaen

P~

applicat:!.en of power: Oh several accasions it yes so. savede FJ.fIteen z!et
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take-offs were made in the open sea om various headings ‘and ‘under varisus
- sea’ conditions; On one oocasion one. jot. failed to fire due to an- eleqtrical

groun_d. Possibly becn.use thé take=off dodtrine using jets here had been to

- got good way on the airplane before firing the jets, the fa:.l\me of one’ Je'b ‘
to fire did not in any sense jeopardize either the stabz.lity or the controlla.-

bility of the airdraft, the only rosult folt in the cockpit was less thrust
than had been expected,

Two theories on best doctrine for open sca take-offs with jet’s’ have

| ‘beon advanced here, The other onc is that the jets should both be fired

before the throttles are advdnced‘, one jet being fired ahead of the other
'Eb- eorrect -for the winds effect on the aircraft; The theory in favor of

that doctrine is that the pilot now has tho thrust of the jots ond all of
the throttle power left for steoring effect, Soveral objections to it are

(u) the Jets have a very limited poriod of burning in contrast to practica;

‘unlimited time of power from thc enginos, (b) if one of the Jets, by éhgnee,'
fails to fire, & sudden turninp effect may be felt at low speed, and (¢) n .

- the case of solid jets the pilot commits h:imsclf to this incroment of thrust

and cannot turn it off until it has burned out.

411 the pilots flying in these tosts have been very enthusizstic

about the merit of tho jots, and a number of take-off's have been ‘made- with -

+the Jets which the pilots feel cortain could not have been acoomplished
wrbhout them, At first tho pilots »wqre worried over the -possil;;il;_i;y that-
the jet thrust imposed on the airplare during the rough takc-off i;iyolving

radical‘fli‘ght attitudos might introduce pr‘ohibitive stick foré‘é&," but-

tests indicated that the 'bh:rust of - those jets is felt onJy as additional
power and the airplane is definrbely more coutrollable with-the. jets on
than in the same toke-off without them probably. due’ to going -in@xe‘!!&j?i;ﬁ
.- . \ .18,
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Requests have beén made by th:v.s station for the provisipn of jets
on all patrol ‘aireraft operated here to be used to protect the aircraft :
s:.tuat?.ons where additional power is cmergently nccessary, such as plm;:!ﬁg
high in a i‘adi,cal attitude from a very rough sea. |

The shortcomings of the jets as presently available are (a) the

great weight of the liquid wnits and (b) the lack of flexibility of the

" solid units which cannot be turned on and off 1like the liquid units. It 8 - .

understcod that o new jet propellant which will very radically reduce the

weight of the liquid units is almost ready for use. Until this vimprové,xﬁeﬁ:ﬁ;

is available, the ‘solid units arc considered much more desirable for rough
water operatiochs than the liquid because of the contrast in weight, eiglrb

Inmdrod pounds for the solid s against over seventeon hundred pounds for .

the ‘liquid.

Though the pilots taking pert in these tosts wero of varying opinfoms

as to tho over-all merit of the FBM-3 airplene, they agreed that (a) the
aifplzme ha:s very fine landing charactcristics s (b) it has a very rugged
hull and wing structurc and ongine mount structure, (c) ‘it is probably

at lecst as controllsblo through all stages of a rough water landing and
’taice-off as any other airplane prcsént];r availziﬁie and adaptablo to this:
work--end possibly a little better then any othor, and (d) it hrs cosy

stick forces and is not tiring to fly on a long search. Th: objections

' to the airplane as o rescue planc arc: (a) The engines have to be Qon’bmlm‘

babied, and at tho best will probably throw cnginc parts into the cowling
sooner or later. Mo onc has complete: confidence in these engihos. (B) It

requires three times es long to get away on o rescuc call as the Cataline=-

‘egain meinly bocause of these cngines. (c) It does not have the flexibifity
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~ widely, and a few of the momorande records wore lost or destroyed in handling

of the land cat in being able to go to an alternste field if the first choice

~is shut in. The ch’oice of sea dromes is much morc limited, . -

¥

The data forWarded with this report may appear at some pomts not
to 'be in suppor{. of the conclusions and some discrep.:mc:.es will be noted
between its various sections, This data was taken from readings of instruments,:
from observers' estimates » cnd some of the weather deta was from the recorded
observations of the Institute of Oceanography at Le Jolla., Sometimes the -
observations of the oceanographers were made é.t a different time of the day .
from the tests and varied considerzably from the aétual conditions existing
at the time of the tests. Sometimes the estimates of two observers differed

and had to be reconstructed from momory, and one or two film records weore

‘lost in the photo lsb. Lost individuals feol thet their opinions were being
influenced, no efforts have boon mads to make nll the data consistent except

that requests wero mande for.tho correction of glrring errors, It is bellevea
that the weather data appenring on the: recapitulntion sheot (Section VI) is
generally the most reliabloe, ‘ ’

Throughout this study = continuous offort has been made to keep

" the approach objective. All porties to this study have been constantly

urged not to tfy to prove anything; but rather to qﬁestion everything -for |

validity, including all their own boliofs end enrlicr conclusions on the
- matters at issus, Readers arc urged to study this report with the sgmg
icha:llen_ging a'bti'bude.

|
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.val which in one given locality. elapses between the appearance gf two cons:

£ is the . acceleration of gravity. For a 10 foot. high wave the total én’ergy

SECTION IV ' : ' <
§IND, WAVES AND SWEIL -~ .

INTRODUGT'ION,

Some information on waves and swell was obtained from oceanographers:
of the Scripps Institute, University of California, and checks of the :
practical results of their formulae against carefully observed data suggest
that they are, within the limitations specified by the oceanographer, very -
reliable. The oceanopraphers approach to this subject was very detailed
and thorouzh and much of it is believed unnecessary and unsuitable to this

"discussion, It is emphasized that the data and the formulae r;iven below
- are empirical; that some of these vary moderately in conclusion between

authorities, and that all of this matter is based on limited observation.

. DEFINITIONS.

A wave is described by 1ts engﬁh, L, representing the horizontal
distance from crest to crest or trough to trough (see Fig, 14, ), and by i'bs -
height H, representing the vertical distance from trough to crest, kL vave
is fur'bhermore characterized by its period, I, representing the time inter=

secutive crests.

F_igure 14,

Wind waves are waves vhich are growing in height under the influence  *

of the wind, -

~ Swells are waves gencrated by winds far away and which have. advanced: - -
into regions of weakor vinds or calms and are decroasing in heigh'b.

' For a given velocity, dhe t height becomos reater,. the te’"“"hg, P
stretch of wgter overowhigﬁ the wing hass “blown, Thig stre'béh is é’;’ od - the™ .

£ fgch of the wind and is roprosented by the letter, F.

By eneray of the wave is always understood tho averagc energar over
onc wave length.. The erorgy is in part potential, E.ﬁ; associated with %hev ,
éa.splacemcnt of the mtor particles above or below the:level. of equili‘br«
and in part it is ctic, Eys associated with the motion of the particle:
In surfacc waves halt‘ the enerpy,is present’as kinctic and half as pote
The total energy is E = 1/8 £p H2 r.here D is the density of the water, &

is 800 foot-pounds per square foot. ;
During one wave por:n.od, T, the. vrave crest advances. ‘one WaVE lex;g'bh, B
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‘broak if thoy arc fomcg by interference, A4s o result of these procoss _
intorforonce, formation of shor'b-crcsted waves, and the broa.king of waves»s L

wvelopeity arc the same, the steepnoss of ;ho mare,

DEFINITIONS. (Coriti)

4

L, and the velocit# of rthe'wave', Gv is therefore defined ags C =%‘" .

A normal, well~formed ocean swell exh:r.bits very consistent relationships
between G in Knots, L in fect, and T In seconds; These can be doseribed by
“the formulae C = 3:03 T, L = 5,12 T2, 1 = 0,33 € , It is unfortunate that
no simple rolationship exists between the foregoing factors and the haight
of a Tave, ‘however a general rule is that the ratio % always remains less
than 1 ,

7
DISCUSSION,

Waves of relatively small h01hlrts can be represonted by a sine cnrve.
These are the waves with which wo: afre here conoerned, - This discussion w11l
deal with waves which appoar as rhythmic and regular deformations of tha
Burf&oo.

As the height of & wave increases, the profile departs from tho t _‘e‘
sine durve to an approach to & trochoid, In the trochoid tho ‘trbughs are
flattor and the wave crests are narrowor than in a sinc wave., Vhen wvaves
of differont hoights and lengths orc present simultancously, the appearancc
of the free surface becomes vory complicated becausc in some arcas the Waves
may be opposite "in phasc and therefore ¢liminate cach othor; whereas in other
rogions they may coincide in phase end the wave heiphts may be added,

The wavo pattorn formed by interforence shows groups of waves which’
reach the double he:tght of the woves. in the two trnins and which aré
soparated by rogions in which the waves disappear complotcly. Those groups
advance with the velocity which is ncarly c¢qual to ono half of the average
velocity of the two wave systems.

Bocause of intorfercncc, formation of short created waves and breaking
of waves, thore is litile regularity in the appoarance of the sca mn'facc' :
particularly whon a strong wind blaws,

Whore short » high wind waves ocewr simultancously v'ith the long, 101?;
swall, tho shortor, higher wnyes. domim'to to such an oxtont that the pposgnce
of thc long swell is obscured, . )

White. caps arc formod. 'by the breaking of rolativoly short we ives. us"v
appearing as ridors on Jonger waves. Faves break when thelr steopness:
the critical value £ 3%, large waves may attain this steopness and

the instantancous appearance of the soats surface presonts a high]y complie
éated picture,

There appears to be a very def inite relationship betwecn thc gtespnd
of a wave and the ratio betwoen the wave weldcity and theo wind velo&i‘bys.
Waves are steepest when the Iocal) wind is tirice tho welocity of the local
swell or weves, and as tho wave veloeity incrcasos or the wind decreases;
the stoepness of ‘the waves lossens rapl ‘Yhon gind volocity and 3

s is approximately half
tﬁo wind veloeity,

as great as vhen the swell volocity: is f i’
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. day 200" per minite t6 a relstive 300" por ninute at tho instent of corrtact.

' between wave hoight and: period, end wind velocity and duration; the decay of

‘gverage froguent ot

DISCUSSION. (Conts,)

Tho lengths of most waves and the heights of low waves are apt to bé
underestimated, -while the heights of big waves are ganerally overestimated,
Experienced and careful observers ooncludo thit waves above 55 high are
extrenely rare, though litorature contains many reports of waves exceeding

A strong wind ean raise high waves in a short time. As dn example; a
wind of 32 knots may produce 20! high waves in 40 hours, -4 wave volooity
has been observed to havo doubled during 18 hours imder a wind velocity of

. 22 knotss The effoct of increasing wind velodity on wavo stoepness is

obscure, Authoritios aro at issuc on this subject, The stocpness of a .
wave ‘is governed rather by the stage of do\'olop;nent ‘of the wave thon by the.

immediate wind volocity affccting it.

The height of the swell decrcases as the swell advances,
- Some authors claim that the period of the swoll remains unaltered
vhon tho swell ‘advances, wheroas others cloim that the period increases, _
The greater amount of ovidence appears to favor the latter opinion, ;

In the type of waves under discussion here, the water particles move.
in vertical circles which may be likened to one of a great number of hoops
advgneing side by side with the uppor profilc of the swell forming the upper -
half .of the hoop, ~Their radius is vory roughly % « .The particles complote
ono rovolution in time, I, In an average ocean swell travelling at. 30 khoks;. .
She volocdty of the water partisles in this rotation should nowhere oxceed 2.
knots, and consequontly booomes a very small factor except that ‘the vertical.

componant will pogsibly chango an. nirplano's rate of descent whon flowm on at:

It should be noted, however, that this offect is prosent at only onc inetant
‘Vh_on riding over a :swell, and at all othor times the vertical componént of the
force of these rotating water particles is changing through zero to a negative
value so rapidly thet it is unlikely to have much practical effcet on gn air-

-ceraft landing or taking off, ‘

Plates 1 to 5 appended show cortnin roln‘hioriships- between wind velocity |

and fotch; wave height and poriod for & long and short fotch; the relationship

waves as affoeted by distance; and tho offect of opposing or following winds
on the height of a swoll, ' o

KFPLICKTION OF VLVE KNOWIEDGE BY THE PILOT,

There are many viays in which a knowledge of soa formation may be used
by a pilot who is contemplating an opon sca landing or take-off. To Hegin
with, the final election for a landing dircction in any §6a, othor than a
suooth one comp y without swell, is o compromiSe, The pilot desires
to get on end g i with the ninimum of damnge of to get off and stay off

re thie wind 1s pladaly very Lights no ovd Lege toy
lection independent-of wind dircetion; but when the wind bocones fresh ¢ !
ngy the probl oirs complicated. Theon it ds zare thot the fong |
to only o nple mave system, and as indicatod on tho « -
waves, froquent groubs of waves will appear Which
svérage © i groun appony which: a:
thani the averaps wavos This ooours Bocause the holghts of the wi 68




APPLIG&H@N F VAVE KNOWLEDGE BY THE PILOT, (Cont.)

when two wave systems are in phase are equal to ‘the sum of ‘the heights of
the two systems and when two wave systems are in opposite phase, the crests
of one systen. f:.l]: he troughs of tho othor system and the sca ooks relas
tively smoothe & pilot can take advantage of this and if it ién™t important
for him to land a‘l:. a par't.:l.cular point, he may be able to drag over the sea
ot o spded just above stall until such.a smooth spot develops ahead of him
énd then drop on and run mos‘h of his way out boefore he hits a very hard wave,

A pilot contemplating a landing, who romembors that a locally formed -
moderate sca may almost complotely conceal a large ocean swell ‘beneath it, ’
will save himsc)f groat embarrassment if in planning his lnnding ho will also.
remember that the concoaled ocenn swell may be advancing ~t 30 or 40 lmots,
and that if he strikes such a swell at high speed vory far from parallel
to the advanc:,ng swell front, he may find himsolf planing off 20 or 30 foet
:Lnto the air wrbh no flying speed.or control, .

Pilots shculd remember that the longths of waves and thé heights of
low wavos are usurlly undorestimated. 4 pilot should alwnys assumo that
the sea bencath him is goinz to be much rousher than it appears from the
air., HMeny pilots foar landings cross wind or parallel to the swall because
thoy imagine that thoy arc likely to watcrloop or drag a wing tip float umder
of ‘glide down the face.of the swell out of control. The last image is mo
hazard at all. The first two are smcll hezards compared to thet of slamning
into the front of a 30 knot ocoan sw2ll out of control. So if a pilot will -
very carefully check the Airection of the ocoan swell while he is high enough
80 that hé can seo it {1,500 foot plus) and romembor that if tho wind is
blowing he won't see 'bl}‘:t.s swell in his landing ap'proach, he may still con«
sider it and avoid seripus trouble,

Every pllot lmows the walue of & lee. Somc do not malize that n lee
aonsidom'ble advhntage up to 10 miles off, Horc it sheuld be '
" Tasids -;

Rc-!mombcrmg that wind waves ere growing in height, that a strong wind
mll m:l.so lugh mves in a ahort t:me ‘.nd that a wmave voloca.ty may double

creases, a ;
attcfmpt a_ e mediatel;r or possibly wait the arrival of & moro .seawortlv "

3

o’ts estmerto surface. \yj.nds on ‘the sea with rcadomblez accsuracy..

10 Jongth of a ewell and the spoed with which thet. srell. is:

ore. difficult-and ‘generally vory poo

's formule, 1ongth and speoad iof swells i
dro] 'k 4. gioke £loat, cirele tho

. cowrt 5 or 6 timcs as

ark™ agam as it Tised o

5 ” w:l'!. give tih .
i knots, eqw.»ls 3,031




v T e e 2 ey - - — e - - - . - - - —s - s
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*bhe speed of the swell.at 10 knots and‘ the dastanee between 8‘-’19‘118 &

100 feet,

Knowing that' thc gwell is tmvellm”- 30 lmets a,pd that the wind: .'n.s
£ no ; aléulato thaf & londdng. |
peed: - |

m“fho i3 W gl g

wver: f« swells of 85 knok: a g down wind., phd down

| wider the same conditions wili give us a landing speed over the swells:

: Jaiotss Manifestly, in the dowm swell londing wo are going %o tena ‘ho
plane off on swells much lcss than on the up swell landing,

After careful study hore of the factors in & rouph sca which endanger
an aireraft landing or taking off, it has becn concludod, though without

. mathemdtical proof, thet almost tho cntire force from a moving sea that
S throtws the aircraft ifto: the air ageinst the wishes of the pilot is caused
' by the pIa,nmg effect of the gireraft running up the front or back of

tonding to continic in that direction from tho top of the swe
: d down by graviihy. This offect is analogous 46 that, which
plane 40 be throwm. into tho #£ir whon it rolls down & smooth. lan

.é;nd strikes ‘a long dip or bump in the strip.

- presented abovo was prepared in ‘tho main i‘rom a mamiscriph
rocasting Wind, Yaves and Swell', propared for the:
ice; U. So Navy, by The U. S. Navy Projec‘b, at The Sefipps :
anogrephy, ‘Univorsity of California, La Jolla, Califoraids
IThat 3insti i ¢1d not proof read the material presented cbave ond. is not
respons*’ble for 6rrors. Anyono intopested in further study of this subject . 1
ig referred to the publ:.cation mén‘bsloned above and the following additienal -
o } referenc.es* \ I

-

wa "'Hk:ndrad 8001311.‘/‘810&1 phenomena. Gambn:l.dga, Englzmda,
&n: ea.rz:ien @ Jsbion of thﬂ.s book: appeared in 1910.

. pm icalmnml of tidos gnd Wavesg f‘m‘f York. Longmans, Greefi .

tlantic Ocoan,
Soty, Jipml 19’26)
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Plate 1.

Wind Waves - Forecasting
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WIND VELOCITY, U, IN KNOTS
8

3

GENERATION OF WAVES
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DECAY OF WAVES
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PILOF'S REPCRT OF LANDING VHICH DLMAGED FBM-3C, BUNO 6586,
20-'315-“‘&3!) 19453 OFF POINT LOML , GLLIFORNIA

‘The local sea was a ‘relz;.ti’vely short 10 foot sca moving from the
Vlest at 24 knots, The winc‘ was blowing 16 knots from about 20° to. the
right of the sea and was causing a croass chop about 2 feet high with
occasional breaks on the crestsy The landinsz vas made parallel to the
swell with the w:md on the port bow,

The gross weight of the a.irplane was 43,000 pounds, the cen'ber of
gravi'by vas at 30;8% uT.I..C. _

L full stall landing was made at 63 knotsi ~ The plane ‘stayea_ on fof
a. :s‘hor-'t time before planing off to nbdt‘_rb 3 fect: ¥hile in th‘eg alr; the

' planc drifted to the right, slowly, but not as fagi‘. as the sea, and se‘tﬂed
. on aga:n falling :mto the trough at such an attitude that the 10 foot sea
_ With the 2 foot chop on top of it was blo to roach up afid. strike the m:’gh'ﬂ

flap cn_nd wing »tj,p float. it the instant of this contact, the right w:.hg
s sl;L htly lowor. The low right wiﬁg could havo been due o -the lofs.
flop.-t planing a bit as tho plano wont off, or it could have bcen due to

slow pilot reaétioh. Lateral control at the time wns as pood.as could he

] 6xp‘ccted wndor. th“e:cireumsi:ancesi The plane .hi'-b with a jolting ‘shoéﬁi.Fﬁﬁiéﬁ

wasn't felt in ‘the cockpit as especially severe, but which registered 93 g. i
in the bow, 6 £+ at the center of pro.v:.ty, and 5 end 4 g respectively at
the ster\ o.nf=I ta:.l. Tho a‘barbom.‘d Jet unit was torn loose fram its fastenj.ngs
at one end. The plano was taxicd home, Tmin{f and running qunrtor:lng deth
this seca was very di:fficult and 4t is possibia tha’c. ﬁhe s'bafbaqrd ﬂ.o‘“ﬁ'b Wh‘s
damagec‘ in this mzmeuvor; )

Post £1lisht dinspection Povealed that the #ight wing; float wos dis‘hed
in on the oﬁ’cbonr:f sidej Bﬁbkiihg thives £ramass The ri;ght ﬁlap o bé@

N » /az_".
































































