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SUL1 ARY

Tank teots have hoen made to examne the dupeadence of the
corsorsian Jtability, tr aid spray of a four enguned £lving boat
on the corrcet representation of oir flow over the hull, wvings and
tazlplanc,

It 1s shoun thot the sorpoilsine ab¢1 1t measured when the model
18 1ratially soverely disturtec in OLﬁch, n be (1) much teoo optumistic
vhen there 28 bad anterfercnes with whe sar £low over the hull, (2)
1rproved congiderabls by the proescnce of slapstrenm.  The severe wodol
dusturbance used 1s o foaurly qucily applaod nesc douwn displacement in
prtel of 79. The porpoasing ctabilits rwensured with no wnatiad daistur-
bance shows little dependence on the Locol aar flow conditions but with
an nitial dirsturbence of 3° on intermcdinle condaition of strlailaty is
obtained, Thig aintermed.nte stabiledy ronne guives the best agrecment
with vliert fesds made uwader foir operational conditions,

Porooising strbarlity has boun —osured —n the post wathout slip-
tream witn the modelsz atuached ot the C0C6. to o Zarge fitting which can
nterfere considuribly “ath the aar 1oy over the hull. For tests with
sliostream represent.d the modlcl 1s suspended by the wong tips, ath
the farst rig therce s zood stovality fbove LO muots, with the sccond
no stability, usine o ¢ dostuwboance,

The addation of sliostrens fo the model witn <ang tip suspension
reatores o norrov stabrliiy ranse for touc off,

The free to Srem atiotrdes waith olevotor conternl aye ciso shovm %o

Fa

depend or the form of Dusgbﬂawoﬂ, Lot dhere 1s laottle offect of slipstreom

Tne ¢’feet of odding slupstreow 12 of She some ordor os cer bo caloulated,
although more lcboricuwsiy, Irot ¢hrnscs of pitching moment. The bust
agr.cmeat with flaght tests s obteinud wuth the vane tip suspension,
but model attitudes are stall hichor sjust ~bove the hurp speed.

cosured in the

The rote of chouge of attrude srrtn ¢lovator C T
1t teast rosults.

v oYl
prosence of slopstrear as 1n pond cgrocacnt smth £l
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The noture of lae sprn; oo rodico ds altered by the prescnce of
slipetreaw, the reswisiey form o Juoloioativels serecang mucn bctt;r with
flight tezts, In particular inboerfircnce botizcuer the propellurs and bow
sproy ot low soceds 26 onl, [ownd nwodil sc doe za the proscnee of sizip-
strear,
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| Introduction

Teats were required to examine the full scale correlation of
tank tests on porpolsing stability, trim and spray on & large, four
engined flying boat as effectsd by (1) slipstream, (2) degree of initial
disturbance, (3) methed of towing the model. These fests fomm part of a
research programmeq to anvestigate the difference bebtween model and Tull
scale results?.

Farlicr tests have been rade to debemmine the effect of slipstream
cn the stability, trim and szpray of a twain engined flying beat (Lerwnck3),
and in parvicular o develop the technique of representing slipstrcam cn
dynamic mcdeis. The canplete representation of slipsbream was found to
have the expeeted marked effect on tram, but 1ittle on spray or por-
porsing stabllity. Some increasc in stability was found for the unstable
Lervick hull form but in general 1t was clear that the effect of slap-
streem iz small when the null form was cither very stable or very
unstable. It was net possible to make a camparizon with full scale,

The usefulness of model scale results must depend on (1) correct
represeatatior of ull scale condivicns, and (2) a knowledge of scale
effect, Thoe correct represeantalion of the former is now thought to
require the following 1iems to be correct:-

load on watcrn

applicd prtching morents

acrodynamic tail and vwaing damping

slope of 11t curve and stalling inecidcence

O N e

The major scale ofYcet 1z prcbably on interfgrcnce betucon the
afterbody of a hull and the wake from the forebody’s*. This interference
appears to be a primary causc of instability, high drag and change of
tram at high speeds. v nomally begins at a critical angle between
the afterbody keel and the wake, and it 1s this angle vhlch is probably
subject to asrcdynomic and scale differences. The degree and fom of
disturbanc. in pitek used to examine porpoirsaing stability is therefore
as mmportant as the corrcot representation of other full scale conditions,

This rcport descraibes further tests made with slipstream -nd
disturbznce in the toving Yank at the RA. L., and correlates the resuilts
with the available full seale ovidence-.

2 Range of Invemtigaticn

Tests on the water porpoising stabilaity, trim and spray charac-
terictics in take off and landing were made at bwe all up welghts,
120,000 1b, and 130,000 1b, cn a powered dymamic model of the Shefland.
4 G.A. of the Shetland T 1s given in Fag.l, and the hull lines in Fig, 2,
The tests on the take off conditron were made first with slipstream on,
and seccndly without slipstream ot welng relieving loads of the correct
magnitude as mcasured in the tank., The ftests in the landing conditions
were made at 130,000 1b A,U.W, YZero flap was used in a1l conditicns.

The resulis were examined with resvect to

1. effect of glipstream on stability, trim and spray character-
1atics of the model at both weirghts,

2. effect of dasturbance on the stabilisy of the model at bolh
welghts.



3. =frert of the mothed of suspension of the model cn stability

b, cefifcet of 1, 2, and 3 on camparigon witn fuil scale results,
Pull scals results were obbtzined Prom 71171t tests rade at M, ALE.E.
on a 1/2.7% zeale Sneslond hull fitsed to the Saro 37, both with 1ts

originel ta.lplane and vith b Shetland bacdplane’,  These tests
included waber gtabiliby and tram during take-of'l, landing and steady
rung, flight tosle of she offcet of flops on towe-off cerformance and
scmw phofogriphs of the spray coaditions,

Acrodynamic medel daba was given oy wind bannel tests madc on the
Saro 37 and Shcotland, zncliding teats of the effect of slipstrcam and
ground.,

Tank %ests nave alsc been made proevieusly on a 1/19th scale medel
Shetland, asing the centra suspenston, but wathout slipstream,

3 Expermmental Methods

3.1 Reoresentztrion ~f Slinstrean

Tor the present fests, the rmull ol the 1/49th zcale model made for
previous shability fests was used., A new wing was constructed incor-
porating canpressed air driven impulse Larblneu and propelleors, A
photograpl. of the ccmplete medel 1y chown in Frg.3 qnd detarls of the
mounting of the ftuarbines i1a Pig L. The nacelles werc not made to
represent the actual Conteurus inastallatior, bubt represents a streamline
form. This wvas to aveid the possibility of poor «ir flov over modal
radial cngins covilings &b thc Lonr B@ynoldu Jumbers met wiath in tank
testzng,

Four blddu& fixed piteh vropellcrs jere asca to represent the four
bladed constant greed propellers fitied 3o the Tull scale flying beat,
but they are not guaite t= correct zize or sclidat;. The dircnsiens of
the propellers, mod:l and [ll scale. are ineladed 1n Takle T.

Delails of ore turbines and the neothed of suspension of the model
from the carriipe have beew Tully deswrated in an earlier report5, Tt
the Surbines s now used daffer Urem thg earlier versicn in that they have
a single inssecd of a Aouble redoecbion gearing et ieen the turbine and
the propeller ghaft, This glves the later versior a more efficient
poer—ieignt ratlo.

3.

3.2 Measurerent of warg 1ift and thrust

Wing 1irt znd cropel ler thrust neosurements vere made with the
mcdel suspendsd just olear of the aber, The former was messured with
and without glaipstream, over an Ljo¢dcnpﬂ rance of 29 to 200, at a
carriage speed of 3C fup.s., and the latter was measured at speeds of
0, 10, 20, 30 and LO f.p.3., cver a rangs of alr pressares sapplied to
the turbince

3.3 Weesuremonts of porveisang stobility

Durlng emch steady speed rar the model sas given successively a
3 degs and o 7 degs. nose d;dﬂ disturbarce 17 1t was 1nitially stable
rithout any dlstmrbdpa Tiae boat was considered Lo be onstable 1T ghe
resultant undamped osc;]laJlon exceeded 2 degs, n amplitude. VWhen
instability occurred, the amplitude and larmats of the resulitant, steady
mobicon were noted.

Sy



3.4 Observation of spray

For cbzervation o7 the effert of she vropellers on how spray, a
wooden lattice girder was Citued to ~he carriape along the starboard
rarl, and a runobte controlled camera wag rigged to the ond of this as
shom in “re.%, The cwcra vas akout 3 feot from the starboard oulcr
propeller and ot an angle of approximately 60 degs. tc the axis of
symrctry of the model, The rarn spray characteristics, 1.¢. thosc of
the blister cmanating from the reg@on of the main stes, wore recorded
by a camera mouanted aft <) the model at an angle of apprexiratoly LO
degs, to the axis of symmetry.

L Fesults

L1 Laft ard Thrust

The lift characterigtics of the 1/19th s cale model 23 measured in
the tank are given 1in Fiz.b, together with FPLALE, wind tunnel measurements
of the Shetland and Sawunders-REoc wind turnel mcasurements on lhe Saro 37.
The Sarc 37 wang 15 the one on the 1/2.75 scale medel. The slopes of all
three carves for the slipstreom off -ase are identiczl, the most scrdloas
daftfierences being o Cp o,y and the stalliing angle. Under the non-
turbulont air {low cornditrons of the taonk, and at tle low Reynolds Numbors
sencerncd, tae abtalling anele of the tank model 1s deprossed by 2.5 degs.,
and 1ts O, n.x By .28, vhen compared wnth the X.ALZ, wind tunncl tosts.
Tne stall.ng angle and Jp o Tor the 1/19%h c-ale Snesland compare
well with the results facm the Saro tunncl, but this also cperates at
low dcynclds Iumbers, ab whicn the results may be subject to considerable

gnale Cffect.

"

. Reynolds c Stalling
dedel g . =
e Lunber } L } Angle
i ! ;
' RoA L. Vand Turmel | O./5 x 1o 1,33 187 o
 Baro Jind Tunnel 0.2 x 16? 1.06 15.2 '
| B.ALH. Tank 0.18 x 107 k 1.05 1 15,5°
L. ! 4 b

Tre addition cf slipstrcam bo the 1/19th seale model postpones the
stall almeost 3 degs. and alters the slope considerably. The incremants
irn 1ift due to the slipotre vn ave also boen calculated by the method of
Ref.b and arc comparcd witi toe measured btank results in Fig.7. I the
caleulated incroment in Cp due Lo zlipstream i1 cdded to the Cp =a
curve cbitaincd Trom the RUALE. wind tunnel, She resulting curve i1s 1n
good agrocment wilt trat obtained in the ftank for the slipstream on case.
Addation of thesc choorcticel inecrenerts to the tank curve, nowcver,
shows large discrepancles ot higher angles because of the stalling of
the ing.

The Siro 37 snng, and the 1719t seale Shebland wang give curves
in falr agreement, oo that 1t has been arusamed that the effect of slip-
gtream 1s she swe on both, 6 hoo also been assumed. in the absence
of full se.le dta, that the Jift characteristics of the 1/19th scale
wing wnth slipstream are represcentative of {ull scale.

The 111t characteristics of the wing without slapstream will nct
be representative of the full scale wing bub an view of the absence of
full scole data no attemps vwas made to wmprove thom,
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The propeller thoust was corrscetly represented teo study the
effect of thrust mament on trim, bubt sne T. at any one speed was
a lattle higher then ©or eithsr the Suetland full scale propellers
or the Sarc 37 propellers, and the slivsbream wvelocity was accordingly
too hagh.. Tuil scale thrusts were estimated by the method of Ref.7.
The wariation of thrust ceeflicizat vath spszed. madel and full scale
1 given in Fig.h, and from theze curves 1t can be seen that the grsatest
discrepancy occurs belo:r the e spesd (40 mmots). At the higher speeds
the differcnces ars small, and over the zffectrve range of speeds - 40
knots to S0 Imobs - the agresment 1s vell within the accaracy of the
thrust estimation.

4.2  Trim

lioded and 1l scale trums have been compared on the basis of
elevator effectiveness fﬁ%’r&“ﬂ,) , and frez to tram atiitudes with
elevator asutral, The chserved resulbs are plotted in Facs.? and 10,
and frae to ftrin atcitudes are reproduced im F_g 11. The effect of
the slzpstrcam 1s bto trim the boat dovm by comparison wath the trams
cbtained using relieming loads, this beins die te Shrist moment, and
cnatige 11 aercdynamiz pltohine manert nroduced by the slipstream. In
Appendix I 1% 15 shovn tha’ tiese neasursd chentes 1n bram are of the
game order as thogé chtained by cclculation. This changs n traim is
greater Thac 1 dez atb sozeds bebween 40 Incss and 20 knobts for both
erghts tezted., Resalie obbained on 2 /7 05h sealie model Shetland
supported at 1ts »~.z. By oan atvachmont 1n she ull showed the same
high attivudos wathouas sliogstroas abeove the Inmp speed.

I7 the Tree ho trim avtizudes of the vresent tests, with and
without slipsfresi, are .omparea o8l Sle D LA 4. ... results, 1t wnall
be seen tnat, model scale, Ltz bort dous neor tram down so guickly as
full scale above the hmp spsed. This tondency so stick increases bobh

vith incrcase 1n all ap vveight ond removal of slipstresm.

Corparizoa of wlevator sffsetiveness model and full scals 1s glven
in Mrz.12, Curves giving model kecel Zatum actitudes against elevator
sctting, arc drawm for throo speeds; and poants obiained duraing the
CWALVEVLL tests arc superimposed. At both weights, whilst individusl
trims of ths tank medel vaith siapstream are gencrally hzgh, the slopes
of the cirves, 1.:o, clovasor of.cetivencss; agree closely wath those of
the flying modi? over tho takce-off range. Compariscn of the curves Cox
the 1/ 19th secale Snoevland models sho7 that thers i1s a large increass in
elevator ellestivenszss Jdue o slipstream. The two =ets of —urves
obbained 1in Sests witnoat slipstreem agree Tairily well except at L3
knots at the lover "icighh,

=1

.3 Porpensing sbabilisy

-

study she effe_cs - disturbance, slipstresn and method of suspension
of the model on the stak.laity of the model, the limits have been taken
Trom FPrps.9 and 10 and redraun in Figs.13 and 14,

The observed resuvlts ars given in Fags. ¢ and 10. In crder to
ia

—

For a dastabance 7 7 degs . tihe medel 1z unstable abt all speeds
above ©0 mnchte when the slipsbtream 118% increment 1s simulated by
relreving lowds of the measured magnitude, The addivicn of slipstreom
introduced a narro -, stable band ap to 2 speed of CU knzis, aand this band
becomes narrover 2s all ap weight increases TFor zerc disturbance, there
is 2 large stabilicy range vhich is unaffected by the presence of slip-
strea:  DMe 1/19%% scols contre-toved model has a wnde gbable band un



ts for 7 depe., disturbances, ~thich shovs signs of wadening vith
in all up —eight. 1T -tas uob possible to reach no-disturpance
ith the medel toved in this ~ay, and 1ts upper limat of stability
ere disturbance iz hugher thaa She limat for no-disturbance —heir
the model 1z ~"as-tip soed.

4

1oct

L

either the 7 dogs. dastarbance nor cshe no-disturbance 1limits on
¢ wing-tr nvoved medol agree vish these obbaincd at ILAJE.L. on the
F2.70 srale model. Tiath o distarbancs of 3 degs., an intermediste s3%
of Zamate tras found, lying closer to thoe zers disburbanees limits. A5
120,000 1b all ue woighe. —1%l slipstircon on, ithese 3 degs. disvurbance
iimite lic almosb cxactly on the stabiiity limits obtained by b.AVDL.
The agrecment of thcse tve gits of Ilamits s not so good at 130,000 1o
211 wp rexght., The offcet of slipstrean on the model 18 to nder tnas
stable band bevresa these lirmts slightly, especially at the criticar
speed of &0 knoss.

A landing case, 1,.. no relieving lcad, was deone 2t 130,000 1b
ali up weignt, and the Tree Lo vram attisudes with elesvator neusral,
and the stobzliity limive are given in Fig,1h. An estimate of the full
scaie btran, and limite - corrected to medei c.g. postiion and zero flap -
are guperimposed. 4as for the tame-~-olff case, the -Adths of the svable
bands, modal and Cull scale, are ia zood agreement, but the model limits
are hagh by aporoxiantely the s amount as the free to trim.

The anstabill sz of wne taas model, with sliostreamn, s speeds in
the recton of 80 knote 011 scale, takes the for. off a bounce wath 1istle
change 1a trim. Sucl boance porpolsin also observed on the Ilying
model ia this specd rerron,  Titnout s rean, vielent picching occocuars

on tiic mcdel.

o
=
n

L

m oo
o

bt Spray

Tae results txe 7iven in Fags.17 to 24, wath bhe values of the
thraee cnexabicazl naraeters welevant teo spray Tommation,

nemely o0 = —— beam leading

4
= J
0
T . -
Cv = — = _oefficren. of veloc2ly
~fgt

i = attitude of keel dati

WHers
= Jload on the "mter

t

w = density of ‘rher (&f B/Pt7)

L o= Toeam
Vo= vwvelooity
z = accelerstion duc Lo gravisy.

Curves of C = against C for varying valuesg of o are given

i



The effect of the slipstream on bovr spray at a Gy of 1.7 18 very
clearly shown 1n Figs.17 and 1d. Witn the motors on, the blister is
sucked up intc the prepeller dise, hilst »zth them off there 1s no
indicabion of such an effect. A comparison of 1/19th scalc model and
1/2.75 scale model bew spray 1s given in g, 2%, Full scale, spray
enfere the propeller disc over the ¢, renge 1.5 - 2,0, As G,
wncreases, the blister leaves the chine av peoints 1acrcasingly far aft
sc thav 1t 1s not drawn anto the dise. The suction ficld created by
the slipstream, however, causes the blister to be drawn upwards and
breaks 1t into spray which then hits the after under surfacce of the
wing.

A study of the model phobograpns of mesir sproy, Figs.19 - 22,
reveals that the boat 1s darbiest at a C, of 2.5, The breaking up
of the chine blister by the slapstream 1s ~learly seen, and alzo the
tendency Jor the glipstream to swang the blisver 1ato the bedy. At a
Cy of 3.5, thiz latter effect hecomes much —ore marlca and the gtep
blaster hits the tailplane well inboard of the tise. The slipstream
algo tends to clear the wang trailing edge of sgpray. Compariscns of
the main spray model and full geale are giver an Figs.23 and 24 and
show gualitatively good agreement,

The effect of increase in <11 up weapht 218 to make the spray
heavier, both with and wvitinout sizpstrean. 2he spray rises nigher
round bhe after bedy and erbends Turthoer along ble Srailing edge of
the wvang touvards the tuips.

5 Dipcussion

It has been shown that the 1/19%h scale model Shetvland with wing
tlp suspensior 1s dependent on tne siipstream for i:s stabllity with
7 degs. drsturbance. This ~onfirme the suggestlonz that slipetream can
be mmporbtant when the sbtability 15 i1ntermediate hoetween goed and bad.
The explanation probably lies 2n the «ffect of the clipstream on (a) the
ventilation of the afterbody, (b) the onset of the ztall and improvement
an 110t curve slope, and (c) wng and t21l planc damping.

The increase in alr sbream velocity wives better ventilation and
also modilies the waler flow, 1r bis report con zir interlerence effeotsh,
Gott shows that Tor 2 gaven speed, bthere 23 a tenduncy for the water
drag curve to "peak" in o lorclised region about 2 certain atbtibude.

He deduces {rom this that therc may be simileor Jocnlised i1ncreases in
afterbedy suctron in the immediate ne.ghbourhood of particular attitudes.
According Hc this, the locafion of bthe stabilaty limit depends upon the
amplivude of the initial daisturboace 1.c¢. it rmst be sufficiently large
to carry the boat past the critical angle at wnich thesc suction forces
occur. Tae nature of %ae resultant undamped osclllation s independent
of the magnitude of the inivial distarbance, provided that 1t 1s largs
encugh to bring the boat 1ato the rogion vhere thesc destabilising inter-
ferenco [orces arc operative. Thus at cne particular trim at a particular
speed therc 1s a luwzting inetial disturbance roquired to start upoer
lumat perpoising,and the stabiiity oar be epueified as corrcsponding to

a certain disturhance, 1t should be neoted here that the stability lamits
are bascd on th: uadisturbed attitude and nct the mean attitude of the
resultant oscillation.

T'or no-disturbance ainstability, we arc prameraly concerncd with
the water forces on the hull, and whebther the beat has such an upper
lums or not depends cn whether 1t has sufricient clevator power to
tram 1t to the critical attitude at wach 1t cceurs. Where such a liumt
has been found fer the slipstream off crse, 1t agrecs well with the same
limit slipstreom on,

-



The stability limite qith dosiurbance are a function of the
aerodynamic, as well as the ater, for.es, bscause of tne alteration
in wing 1ift and aerodynamic pltcnlag mement causcd by the disturbance,
These acrodynamic Torees arc modifred by the addition of slipstream,
and “halst 3t is possibic to alley, by reliciing loads, for svch an
cffect as stalling of the wnag which occcurs ~then slipstream is nob
present, 1t 1s imposeible to repressnt corroctly the change in wing
112% =nd acredynamic pitching momentas folionng a dzsturbance by any
method other thon the addition of slipstream. The rncrease in the
dampaing factors of wing and tailplane due bo slipsbream i1s umportant
i vivw of the critical nature of dasturbance, ..c. the extra damping
mzy be sulficiont $o damp out the destabilising intecfercnee foreoes
to a hnghcr attitude,

11l scale disturbances ander normal cperational conditicons
seldam exceed 3 degs. if the all up weight 1s greater thon 30,000 1b,
end tank stability lumite based on this degree of disturbence have
been snom to link Jy well with the stabilaty limats obbtained Sull
seale, (

Trz previous bests on a 1/19%r scale Shotland do not give limits
vidch link up wath the prosent tests, These tests were mads wath the
model towed from the attaciment in the hull and the toang conncction
was very large by comparison sith the size of the model., Ite elfect
on the sir Tlov round the ving root probably worsened the stalling
characteristics of the warg, The relieving lceds nsed to represcnt
siipobream J1it increments i1n thesge tests were celoulated, and hence
nade a0 alloiance for bthe severc stalling of the wing wthout slipstream.

The attitude results shor thalb vhen Aue allowarce has been mads
for tle eftect of slipstrear. and thoust manent oa trim, medel scale

attitudes are st1311 haigher than those found oa the flying medel, for
gpeeds Just higher than the huw, This is presumably » scale effect,

The scale paramebter goveraing spray characteristics 1g the

surface tension rumber - Y /oiwvée
where
Y = surface tension coelficient of water
P density (slugs/Dt0)
T = heam of boat
Y = welocity of boit.

Since tark tcsts ure made at the correct Froude Number, the
surfrece tenzlon number fa1l szale 1s ne times the surface tensilon
mirher model scealo, vhere n 1s the mmtio of corrvesponding lenghths on
the models. The spray [ull scale may, sherefore, bhe very different in
Torr Trem thet on the medel, and an foot full scale blisters break into
syray whicn behaves 1n o very different manmer to the solid blisters
cbtoined on the medcl. The presont teste indicate that the glipstream
frem the model propcllers vends to break up the bilsters and when broken
up the spray behaves in o menner s.milar to 11l scale, Thas improvement
in the correlation of model and “ull scale spray resulls 1s highly
desirable in vaew of the large szcale dafferences menticned above.

b Conclusions

The reaulds of the prescnt tests on a 1/19th scale model Shetland
show that the addation of slipstrear greatly amproves the correlation

T

b



of' porpoising stability, free to tram atliitudes, elevator effectiveness
and zpray characteristics with full secale.

6.1 The slipstream improves the lift character-zstics of the wing, so
that during osnillatzons the ~orrect load on water obtains. The increase
in wing and tailplanc damping czaused by the incrcased air flow over them
alters the nature of the instabilaty.

.2 It s showm that the wadth of the stablc region depends on the
magnitude of the initial disturbance, and the present tests indicate
that a disburbance of 3 degs. gives limits of the same order as fThosc
obtained full scale. This disturbance 1z rarcly cxoceded in normal
cperations on & full scale flying boat of over 30,000 1b 2ll up wverght.

.3 A comparison of the presenlt resvlfs, wathout slaipstrear, with
thozse of similar tests made on o 1/19%h scale centre-towsd model shovs
that, in changing “rom centre suspension to wing tip suspension, the
model loses all ats 7 degs. disturbance stabiliby.

6.l The thrusgt marent and change in acrodynamic pitching moment duc

to sluipstream Lave a large effect on the tram, and vhilst cstimations

of this change n trn of tne corrcet order arce possible, 1t 28 simpler
snd more accurate to reprcsunt Lac Lorrcet conditeons, When the cffects
of thrust morent and slipstream have beer allowed for, the model atfi-
tudes, free Lo wrim, are stiil higher than those obtained on the flyang
medel and this 1s presumably dus ©to ssale cffect,

6.5 The clevator effechiveness (dn/dAn)  of the model 1s greatly
wnoreased by slipstrear and 1s shown to agree well with the full scale
value,

6.6  Slipstream radically albters the nature of the medel spray by
breaking up tre biister, and gives spray characteristics which are in
gualitative agreement with those cobserved at ML AE.E. At low values
of O, (1.0 - 2.0) the chine blaster 1s drawm intc the propeller disc
and this interforence of the slipstrecam nth the spray is confirmed by
M, A E B,

-10-



Ligsw of Symbols, Cocfficienbs

ke bean, £T
a . 5
W densivv of water (54 Ib/FH7)
0 density ol water, slugs/ft5
R tetal water drag
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25 acceloration due to gravity, o1/ sec”
v forvard velceaty, 4/ s00
o wtoatude of %he keel davwt to the horizontal, degs.
it clevitor angle to vailplanc, degs.
Y surface Sension of vaber, 1b/ft
Cy m-?ig = cocfficient of veleoecrty = Freoude Namber
VA

G, = “ég = beam loading

wh
L UL
Cp o= = 3 = gtatic heam leading
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Y . =
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APPLNDIA I

Caleulation of the change in waber trim of a
model due to slipstream

Tunnel tests have been made ca the Shetland Model with slipstream
and grouwnd., Asrodynamc priching moment ccefficients are given as
functions of thrust coeificicnt and wing i1ncidence for constant
clevaser angle., The tram of the beat with slipstream off is knom,
and alsc the Te vhen the propellers are on. From the tunnel curves,
the pitching moments with slipstrcam and without slipstream (Tc = o)
can be found, and hence the change in pitching moment duc to slipstream
and thrust mament. From the hydrodynamic pitching moment curves the
change in trim of the boab associated with such a change of aerodynimic
moment ecan be Jound, The results are gaven below, and the calculated
change of tram 1s compared wath the actual trim choage measured in the
tank,

speed, | a® Keel | A
- . O duc o
1:3’10‘5:5 D.L.LP" Tﬁ E)m 5‘}1:@" {JIE Sllp-" A tO Sllp'- 1’2@ Vds P
ful SEEG&m ¢ stroam on! atrcam off stroanm
scalc of'f
1S 10,79 [ 2.8 | -0.59 ~0.10 ~0.45 [3.17 x 107
55 9.6 11,51 -0.,15 ~0.02 ~0.13  {2.75 x 10°
55 8.3 1.0 -0.08 ~0.02 ~0.06 16,6 x 102
75 5.8 1 0.7 -0, 02 ~0.01 -0.01  {8.75 x 105
&5 5.4Y 1006 0 0 o -
E | . '
| .
Speed, knots full scale L5 55 65 75
ALl due to slipstream -155,000 | -62,000 |-40,000 1~9,000
. o o] o o
Estimated Az due to slipstream) =1.4 -2.0 -1.7 ~0.5
and thrust moment
Heasured &v due to slipstream —1.&9 --2.0O —1.90 -1.1°
and thrust moment :
| o

In viers of the approximations made in esbimating the change in
mament, namcly, thct Cp does not caange over the change in attitude,
and that air-sater 1nterference does not alter the hydrodynamic prtching
moment, the csbimated tram change can only be expected to be of the
right order. Tne agreoment obbained for this medel 1s quite good,
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Ttem

Wing
Section

Togd Aces,
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a.m.c.
Aspuct ratzo
Washout
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s

Daihedral
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Wing zetting
FEoot chord

nerofcil dat,

Tallglano

Section

Gross Aresa
Span
Elevator area
Drhedrel

Tip chord Jhove
mll datum

Tarl plane sets-

ing
Hull
Beam

fergboly — tean
ratio

Aftertody — heam

ratio
Step 1ncluded
engle in plan

TABLE [

iodel Data on Shetland

Myll Seale
Shetland

thtlnpen
436 (mod)
236 sq.0%
1.0.33 7t
16,95 £t
8. 61
none

49 30" on wang
datum
100 200

6% 580 1o w1l
dat,
5° 30 45 hall

dat,

R,ALT. 30
LAD se.f%
45,0 f%
139 sq.0t

5% cn tail planc

datum
20,35

1 38 to null
dat.

Unfeaired step depth 9. of beam

Affer keel angle
te Torebody keel

Keel angie to
hull datam
0.G, position
during tcst,

distance forward

of mein step

Hewght avove hull

datum
ALl up weights
during testc
Static bear.
loadings

120,000 1o
130,000 1b
0. 56
1.0

-] L

1719 sc.de

thtlngen
436 (mod)
7.3 sq.Tt
8.08 £t
0,99 Tt
8. 61

none

L° 30" cn wing
datum
100 ant

6° 380 to muil
dat.
5% 30t o hull
dat.

R.ALF,30
1.1y sg.1t
2,52 0%
0.39 vg.T%
none

1,071

LY 381 e hall

dat

0.84

17.50 1b
15,94 1
0.96
1.04

[N

1/2. 715 scale
Snetland

340 sq.ft
50 £t

735
2% from 15.5"
from ¢ to tu,
none

Aerodynamlc
chord 6° 141
to Shetland
hull datum

RAF, 30

Hh3.85 aq.1t
Th.bl Tt

18,25 sq.ft

6% on tailplane
datum

—

20 O' to hull
datum

% of beam
79 35!

1@ zo1

normal 118,14"
forward 2'C, HHM
aft 1'3.67"

5,700 1b
6,250 1b
0.9%6
1.05



Propellers
Type
Diameter

Scladaty
Gear ratio

hr.2078,0PR, K3, Primzed om Owant Britaun.

ABLE I (Continued)

i1l seale
Shetland

Centavris VII
(i1 gear only)
2LO0 H, P./27C0
RE/S.L/+ 73 1

De Havilland
L-%tlade
Hydrrmatio

12,75 7t
0,11k
C. LG

!

1/19 acalse
Sretland

Wooden 4-blade
faxed pateh

7 £t

0.
0,132

T~y

(VNS

1/2.7% scale
Shetland

Pobjoy

Niagara II[
85 HP/3135 PRI
S.1./zero boost

Wooden 2-blade
faixed pitch

6.5 't
0.07
C. 468
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FIG.3. MODEL

FIG4.  DETAIL OF AIR TURBINE AND PROPELLER INSTALLATION

SHETLAND



FIGS.  VIEWS SHOWING MODEL MOUNTED
IN FRONT OF CARRIAGE
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FIG 6.
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s——RAE WIND TUNNEL TESTS ON A SHETLAND MODEL-NO SLIPSTREAM.
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—g——SARQ WIND TUNNEL TESTS ON A SARO 37 MODEL-NO SLIPSTREAM
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