UNCLASSIFIED

10 268 183

Reproduced
by the

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

®

UNCLASSIFIED



NOTICE: When govermment or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
govermment procurement operation, the U. 8.
Government thereby incurs no responsibility, nor any
obligation vhatsoever; and the fact that the Govemn-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manmufacture, use or sell any
patented invention that may in any way be related
thereto.



268183

TOWING TANK TESTS
OF "THE UF-2 SEAPLANE

The Origindl Hull
and |1% Modmcat

Co -Cello

Volume I
Eorverer - NAVAL WEAPONS

without restr!

Spray’ Characteristics

JULY 31, 1961

SHIN MEIWA INDUSTRY CO., LTD.



 CONTENTS

FAGE
I. 1um(.DUCT1m-.o.....-.......n-co...............ooo....-oco-o- l

0. DESCRIPTION OF TANK, TOWING APPARATUS AND MODEL.¢.cieeeecores
‘. TmKooolc--.oooca..c-ol.colc-o-o.ooloocnoo..oooono-acotao

B. mm& APPMUS..--....o-.--.......-......oo..o-........

& W NN

c. Mmm.......-....-.....a.c.......o....o.-....-..-...a-..

W

m. TEST ler;:‘sl.l...Q"DOOl‘ll"'-l-....'.l' e 8 2 & 8 08 B 000 s e 0D
A, SPRAY IN STILL WATER, .. ..c0veoeeecevoevrseenvscscsoccaseas O
Bl Smum"Am......o...\OOOCQIOOODIOI'.C.vl.ll.!tll...... 9

N, Dlxu&slm.....-o.‘..........-.-.....----....-...............n

v- cmcLlBlmS'o------000-.0-:.!‘0-00.. oooooo .....ooo..-........u



“»

-

"
4

Ui
'.‘,é"‘AA ]

(& |
HHE

Voo nPrWN M g

E¥

12a,b

1333
- - -

16a,b
17a,b
18s,b
19a,b
208.,b
2a,b

“'J‘ P

LIST OF ILLUSTRATIONS

TITL®

Dun’im. .f meloooo--o-oooo-oooooooooo...o--o-o-.o.oo
T.'t cm&ooloolooctotooolooto'tolnoo'..-oio.ooo..‘o.l..

TITIE

Tm ww‘t“’ T“ “00 Lolouoooonoooooooo---o-oooono
M‘ w‘tu’ M 'oi z-o‘.ooocuo-uonoo IR NN NN NEN]
u”. of Md’ a‘i‘m m.oo.oo.oolcol.ou-novcolonl.
m.. Of m‘l’ m“m w “OO 1‘0..:.0..-0.000-.00000
Lines of Model, Modifled Hull NOe 2 ....c00vaversrncncsss
Extent of Reconstruotion of Hull, .c.ce.cvveeerrvacaseonn .
Arrangements of Propeller, Flap and Horisontal l‘til.
Mm‘morm.l&'...'l...... 00000 c0 0o 0seabes®P000s
w m*ter........'.........'l’.... ....... S e 00 000 0o 000
Teke=eff Run in Still Water, Free Irim, G. w., 34,0000 bs, .
Teke=off Hun in Still Weter, free Trim, G. W. 36,0001bs..
Sp‘q ‘.n am mt.r’ G. u. %,mt)l...........o..-..o..
*v m &nl *tel', G. u. 36,mtll.... oooooooooooo [
Maximum Spray in Waves,2 x 102feet, G.W. 34,0000bs........
Maximum Spriy in Waves,2x 123feet, Ge.de 34,0000bs........
Meximum sp'v in *N.ZX]MI‘.Q‘I’., G.U. %’muooooo...
Maximun m in *v.,SXl?Jfoet. G um‘o-oo-ooo
Maximum Spray in daves,3 % lisfeet, G.W, 34,0000bs..cccc0.
Maximun Spray in daves, 2x 102feet, G.W. 36,0008b8..cc.c00
Maximum Spray in *'.'2xwt.“' oo B‘i'ml-o'ooto
Maximum Spray in Waves,2X li4feet, G.W. 36,000ba........
lhximm Spray in Waves,3x 123fest, G.d. 36,008bs........
m in h'.’3xw Gou, ”m---oqoo

Rifeet of Sprey Dem in 3Md1) umr. Q. W, 36,08000s.......

PAGE

16
17

FPAGE

18
19
20
2
2
23
L2
L
26
27
29
31
33
35
37
39
41
43
45
47
49
51
53
5.



1, ANIRCOUCTION

lhe present report describles the results of the towing tenk tests
concerning the sjray cnaracteristics of 5 UF-2 null model and its
modification performed in Japsn oy whin Meiwe induastry uvampany Liwited
under the contract with the Grumman adreratt un,_ineering Corporation,
The object ot tne test is to find an efiective method in order to
minimis- the water spray on the Lhull of tr. UF=2 1lying boat generated
during teke-off and landing. UThrec¢ new wooden & models were
manufactured for the present test: one original UF=-2 anu th. other two
modified by th: groove type spray suppressor and with spray dam, They
were tested in May, June anu July 1961, and the towing tank tests in
still water sna in waves were completed om July 11, 1961.

lhe present report and tb attsched two reels of 16 millimeter
motion picture film contain the whole test results for tho spray

characteristics,



I.

DESCRIPTION OF TRIK, TONING AFPARATUS ANU MwaLs

A, TAK

Two towing tanks were u3sed.

length Width Derth Max. dpeed Remarks
Tank No,1l 200m 8 m 4 @ 15m/3 no wave generator

Tank No.2 10Un . 4.5m. 2.2m 5m/s with wave generator

Tank No,1 Dbelongs to Iransportation
Technical Resssxrch lnatitute,
Ministry of Transportation,
Tokyo(left).

Tank No.2 belongs to Research and
Development Institute Japan Defence
Agency, lst Hesearch and Development
Center, Tﬁo(leﬁ'.).



Bs  APPARATUS

1, Tank No,i

Towing linkage i3 of parallelogram

L type as shown in the left photograph
and Fig.l. Resistance is measured by
a 304l spring type balance and is
recorded on & dram., Trim and heave
. are measure’ from photegraphs.

2, Tank No.2

| Towing linkege is of the smme type
as for Teak No.l deseribead sheve

(photegraph on the lert asd Fig.2).
Resistsnes is meamured by a U4ype
spring bdalance with 4

;
]




C. MBHS

lhree 8% wooden models, namely the original hull, moditied
hull no. 1 and modified bull no. 2 were used, Table 1 shows the
dimensions and Fig. 3 through lig. 5 show the line drawings of
these models, Iig. 6 shows the extent of reeonstruction of the
hull and kig. 7 is a drawing showing the location of propsliers,
flaps and horizontal tail relative to the hull, Ii;. 8 is the

photographs o1 thLe models,



M. IS AESUlls

The tests were made by towing the nodel at constant speed in still
weter and in regular waves, <[he mocel was free to pitch and heave with
zero aerodynamic pitcuang manept.

Moment o1 ine-.ie in piteh, C.G. pusition, wing lilt ana take=off
speed supplied by the urumman Compuny were used with troude Number
scalinc., Fig. 9 shows th. loau on water,

Test cases are presented in lable [T,

The height o: sprey was meuswred by sn&p pnotograli.s and 1o
uillimeter motion picture ana w:3s ulso ouserved on the running
carriage. The results of the test‘ure all incluued in the prescnt

report and two reels ot 16 myn motion picture,



A, MR LT ofibL WAl

The tirst spray test was performed in tank No, 1, using the original
model and the Modiilication Nu, 1, .he gross weight was 34,000 pounds
and 36,000 pounds, The sprey was pnotographea at 1U speeds, from 0.9
knots to €£,.7 «rots, every 7 knots, <The results are shown in iigure
10e,b and in rigure lla,u.

ascarding to the figures, there is no spray problem in still water
up to 10U rnots, At 13,7 knots and 20.t «aots, camparatively heavy sprays
were generated in froamt c¢if thc propeller plune on tue oripinal model,
These spreays were effectivel;, suppres:ed 3n liodificstion Ne. 2. Ab 27.5
knots and L4 «not.. sprey approaches tne {lap and hits it on noun uw
original model and the Modificetion Ho, 1, At these two speeds uprays
touched tue tall lightly with G.d. 30,0001bs. Ywo mcdels were very clean
ut spsods above 41,2 &nots,

The spraye with a gross weicht of 30,000 pounds are souewhal ..igh »
than those with 34,000 pounds. Howaver, ilw gemerul puttern of L. Spray
is very similar with the two gross weights.

To study the spray in still water more closely, the second spray
test was performed in Tank No. 2, with the original model, Moditication
No., 1 and Medification No. 2. They werse tested at 10 speeds from O to 31
knots, st every 3 knots. The test results are shown in Figuwre 12a,L and
in Figure 13a,b. In the ssme figures the temts with & model ef the
Modification No, 2 are also show. Theo oﬁrq photographs of the 3 models
in the sam9 ocondition, that is, with the sane ;ross weight and the same

speod are arranged in line for the convenienoce of cumparison,



accordin; to the photéi;raphs the sypray up to about 10 hnots is
very small, At 1lu.3 «nots a amall oblister sprey is yenerated near the
oow side on tne orisinal model. ITuere is almost no .pruy in l.xiifications
No. 1 and No, 2 at tnis spoed, at 1.7 xaots, 17,0 .nots und 20,0 anots,
hizh blister'aprays were genecrated in tront of the propeller pluio. As
the suction o:i the ruming propeller is very stron; &t full throttle and
at such low speeds, these blister s riys will be sucked anto thc propeller
plane and may damage the propeller and ongines will vecoame very wet on
the ori,inal model,

In Modificacions Yo, 1 and No, 2, the ;roove type spray su;pressor
exhibits a very effoctive spray suppres;ion and thece i3 no spray which
is near thc propeller tip on pboth nodifications at these 3 spoeds.

At 24 knots, the spray roots of t ¢ 3 modols move buck and the
| blister spray goes back oi t.: propeller planc, lheretore -here wall
be no propeller spray jroblem at this speea and above., however, the
hizhest polnt of the bl.ster sproy moves back to the flaj. position and
some smount of spray hit flap on tac 3 models.

The rear end o.i thc groove t;ps sprey suppressor is &b aoout the
propeller plane and at 2, knots tho sjrsy suppressor cames out of the
wvater campletely and naturally it losuvs its effestivensss. 4As the shape
of the botiom surface which touches the water at about 2, xnots are the
seme in all the 3 models, the saape of sprey is also the same in the
3 wedals. The blister spray at 24 knots, 27.5 kaets and at 31 knots
hit the flgp cmparatively heavily, especially with a gross wight of
56,000 pounds in all 3 models,
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At & ;TOoss wellut ob 4,000 pounds tuc tail L3 iree irom 3psuy on aLl
3 models, However, t 36,000 pounds and butween tue 8_ecuds 01 /.5

knote and 31 knots the spray touches the tuil lightl; .

Nodifigation N, 2 With Spray Dup

A 5=inon sprey dem wuas attached elong tho chine frau il propeller
plane to the step on the modal Modification No., 2 and was testua,

Up to 20,6 knots the spray characteristics is very sinilar to tic
Modifieation o, 2 without s ray dam, abt 2, xnots tne blistor spri) iz
lowered by tho spray dew ani the spray does not uit the flap, at 27.,
knots ana 3. xnots the weignt of olister s ray i3 aiso 1ow.r and .0 not
hit flaps, Tomerefore tho spray dam was observed eifective =t specda oy
24 knots, 27,5 xnots and 31 knots in atill water, The resiits woe s.om

in ligure 2Aa,b,

.
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3. 2fdal 1IN WAV

The resuits ol thu syrey test in waves are containea in the motion
picture,

The test cases are as suown in lable I, -tch iram: of tue notion
pacture was closcly investigatea ana tac freuases wiich coniain the most
scvere sSpray conuition were picked ur, and saap  notogrurhs were med-,

in tue sij, L4 through ruge 23, » spray photo raphs or the 3 modols
in thc same test condition wus arranged in itne ior the comveaience of
camparison,

according to the photogra;us there were no sjruy prouvlems for all
nouels at speeds up to 7 anots., 4t 7 knotg and il knots, the oow ol tue
original model digs a lattle into tne wave creat and some solid water
e¢reeps up on the bow deck. This does not ocowr on the Moditications
No, 1 and No, 2. The bow deekx of the two modeis are free fram wubter,

in the ariginal modul, between 1, snots anu 24 knots, nigh blister
sprays are generated in iront o: the ;ropeller plane. Julging iram the
photograph, this spray will ve sucked up by the running propeller, At
about 17 knots, the sprey is haghest. In Modiiications No, 1 and 2,
these sprays are eficotively suppressed and tuere is no spray which 1is
near the propeller tip. lhe eZfect of th. spray suppressar is the most
remarkable at tais speed range. '4

between 2, knots and 31 knots, sprays hit the fiaps in the three
modils, aince the spray suppressor which is out from thc bow to the
Fropeller plane oames out of the water surfase campletely at 2, knets,
the shapes of bottam suwface which touch the water above this speed are
the seme in the three models, the shapes and heights of spray are also

the seme.



ab 31 anots in all the 3 moduls tie spray approuches the tail plane
and oeccasionally touches it Luu not so heavily.

The effeet of S-inch 3.ray aauw, which is atbtached along the chine
from tie propeller plane to tuc step on the l.odi.ication Vo, 2 model was
tested, The spray dam lowured tne spray height a little at 24 to 31
£nots, out not so low as to make the flap {ree from sprays.

The height o1 spray with the gross weight of 30,000 pounds is
somevhat higher then with the gross weight of 34,00 pounds, lowever,
the difterence is not so large,

ty 1Increasing the wave height from 2 feet to 3 feet, the height
of spray is somewhai increased, but not so large,

With the same gross weiznt and wave height, the sgray neight is a

little nighor in short wave lengths in the range oif the prescnt test.



N, DAsCUS3L0d

The results of the spray test are aiscussed irom Lhe stanupoints as

follows:
1) Bow Spray
2) Fropeller spray
3) ilap spray
4) Tail Sprey
1) pew Spray

in still water tne bow of tne orig.nal moicl causes no spray trouble
at low taxiing; speed. However in waves, especially in critical wave
lengths, when taxiing at / to 10 «nots, vhe Low digs lightly into the wave
crest and solid water creeps up on tic pow dweck. Tuis will cause some
trouble wuen taxiing in rough seas, thorefore some moiilicalion 1s considered
necessary on this point. This was done oy elungating th. Low Uy 25 incues
in Modificataon No., 1, and 48 inches in loditication Ho, 2. ‘the elongation

together with the s,ray groove around tne bow solved tuis problem.

2) [Eremller jscey

In the ariginal model heavy sprays are generated at speeds iram 14
knets to 2, imots in froat of the propelier planse in still water and in
wvaves, This spray will be sucked up by the propeller heavily., Juiging
fram the height and amount of the spray the engine will also became too
wt. The mropsller spray problem is considered the most serious one.

i'h- groove type spray suppressar which is out on Modificationa No, 1
and No, 2 from the bovw t0 the propeller plane supmressed the spray
offectively. As seen in the photographs almost sero spray conditions were
realised up to about 24 xnots., The effect of the groove type spray
supresscr is the most remarkable at this speed rangs,. |

u



gy the use of the sup.ressor tue propeller spray problea is

considered to be solvea completely.

3) kLlsp spray

When tie speod is increased up to 2. anots, the spray groove wtich
ends at the propeller planc cames out of the weter surface and naturally
10ses 1ts eftectivenass, since no modii.cations were done &iong the
chin® rearward tne propeller plane on botn iodifications No, L and No, 2,
the spray at speeas above 2, xknots are similar in the 3 mouels, and sprays
hit llap,

1t 1s not impossible to cut the spray groove alon; tie chine further
pback to the step which wiil suppress tx'xc 3pruy Lo Lhe ilep ana tail
etfectively. uowever, the bottom surface near tne ste; touc.es wator at
high s;eeds up tou tuc take-off speed. Thoretore it is not desiraole to
have such a groove along lhe chine which touches tne water ut nLih speed.
By e separate tank experiment, the wuter pressure in the groove 1is about
cne-hali oi th. speed pressure, thersiore tue ,ressure in tuc groove will
be about U psi &t & speed or o0 xnots. Such high ressurc in the groove
may cause structural troubles om the groove cover, at higu speed toe spray
groove will increase the water arag oy apout >(U% anu also arlect sumewiat
on the porpoising stability. [his is t.c reason why tho groove was stopped
at the propeller plane.

Fer the suppression o: tie spray to the {lap same other method which
is structurally more simple and sturdy is considered to be mar. aaequate,
A spray Gem is one o1 the methods, A 5~inch syray dam extending sownward
vertically at the chine wus attached to tbe Modificet.om Ne. 2 up to tic
step and was tested, Tho test results suow that in stall water tue spray
beigut to the flap is somewhat lowered and even with a gross weight of

36,000 pounds, the top of the spray is aimost touching the flap trailing

.dg. f\m down, 12



However, in waves tie tOp o. the spray hits the iiap &s in the case
without spray aam. 1t cunnot be said, ticre.ore, tuat the spray dam
solve3 the flap siray prublem completely, Lowevsr, the saray dam winiuizes
the ila; sprgy trouble to some extent.

an invoard spre; strip as used on the dmily flyin; voat wus tried but
it wus not successiul in tue present case.

a2ince there are no simple methods to solve toue flap spray problem
which is established at pressent, it is conaidered tuat to use the spray
dam along the rear hLalf chine of the ftorvody is a pructical method for the
present case,

The height oif spray cam may be tapered to the step or tie end of the
spray dam may be a little forward to the step. 3ince tne time available
for the present test is limited, the test four the spra, dam could not be
periormed fwrther, Thereifore there remains such provlems as the effect
o1 spray dam on Ui~ water arag at f.gu speed <n. ¢n the porpoising

property or tue hulis

4) 1eil S.ray
At certain speeas sxays touche the horizontal tail plane ligntly.

it is 10t oconsidered necessary to adopt some device especially far tne

teil surey.



v o YT
. -

llie test results suow that thece are Licve wuinas s spry, jrovlen
in the originel null with GeW. J4,000L100 @i 30,0001us.

The first one 1s tue vow spruy problem when taxiin, in waves ut low
speeds. lhe second ome 1s the propeller spray at 14 ut to 2, xt both in
still water and in waves, wuicu is considered the most serious spray
problem. [he tiard one is thc flap spray at 24 <t to 31 kt.

The bow spray and tie propeller spray problems were soived in eitner
the mod. No, 1 or the mod, No. 2 model.

Particularly tine propeller spray problem can be said to be solved
alnoat completely duc to the use of th. groove type s;ray suppressor,

However, there is a liwit to tn: efrecliveness o1l tau grouve ty;e
sjray suppressor, thut is, in snorter wave lenztus, where tue pateling
motion of thv hull i3 so augmented that L ucscen:in; lower edge ut the
spray suppressor cover at tac bow touches tac water surtface, toc waer
will cresp up alony the surfuce 0. i@ SUpPpressor cover anu .me bow
spray will be gencruted, Owing to the linited capacit, of tuc wave
generutor an tuc tank No. 2 such exireme cases oi suort wuve s.ngth
coula not be testeq,

Within the range of the wave coniitions tested tho spray suppressors
of tho med, No, 1 ana No, 2 displayed & remarasble efiect to eliminate
the propeller spray and no spray wall toush the propellers ana tue
engines.

The effectivensss of the mod, No, 1 and lio, 2 are aimost the seme,
however, in the oritical short wave lengths mentioned above the mod, .
No. 1 with higher bow chine may display better spray characteristics.




as to the Llep - ruy Lhe two modliicat.cns showed ro improvenent.,
since the rear ends of tr. suppressores are at the propeller plane
and no mod.ficatiins werc mad. cn the bottom surface in the rearwaxd
portion o: the propcller plenc,

Jie spray dum atteched to the rear nelfl of the forcbody of the mod.
No, 2 lowered tue hi.nt o: 115‘1' spray tu suckh an extent that the {lap was
free frou syray in »till veter, however, in wuves tue sprays occagionally
hit the flap. Lthe effectiveness oi the spray dam can not be seid jertect,
but it 1c tie sim, Jest and the most preeticitd cne and could solve the {lap
spray preblen Lo sone extent provided the flap structure is strenpgthened

in & certain po-tion,
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@ @ @ Parailelogram Linkage

C.G. Of liodel

doale {for leave

3cale for Pitech

Pointer of Jpring Balance

Hesistance ltecording Drum

Weight far Adjusting Load on Water
Weight to adjusting: Pitching Moment
Torque Tuve

BEOEE@EDOO

Universal Joint

Fig. 1 Towing Apparatus, Tank No, 1

18



C.G., of Model

@O @ e i

3cale for Heave

Scale for Piteh

Scale for Wave Height

U=Type Spring balanee

Weight for adjusting Load on wWate:

BEEREOO

rige 2 Towing Apparatus, Tank No, 2

19
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Notes
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Al dimensions are in inch

prewing goale 18
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Y50 V40 y30 V20 Yo 0 vi0 yzo V30 v4r V5o

Notes All dimensions are in inches, full size,
Drawing scale is 1/5 and 2/5 of the model.

FMge 3 lines of UF=2 Griginal Hull.
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