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SUMMARY

Reason for Enqujry

Information was required on t'he effect on the water forces of
ventilating the afterbody of a stepped hull, and also on what improve-
ment could be obtained by utilising the dynamic hend of +he air stream.

Range of Investigation

Examination of thc available information showed that a reduction
of ten per cent in resistance might be expected by the efficient supply
of enough air in the region of maximum air suction on a hull afterbody.
Ducts were designed for a Shetland hull to feed air from the dynamic
head pressure in the region of the bows. Measurements of the air
and water forces and of thec air flow passing through the ducts were made
for a range of attitudes and drafts in the planing region, with the
model;

2
3

in normal air flow conditions, no dynaomic head ventilation,
in nomal air flow conditions with dynamic head
ventilation.

31§ screened from any eir flow,

Conclusions

Over the planing rcgion there is a general decreasc due to the
dynamic head ventilation of obout tcn per cent in resistance/load on
water ratio and draft. Therc is some reduction of pitching moment
comparcd with the unventilatcd hull in the normel air flow., The volume
air flow through the ducts is about 500 cu.ft./sec. full scale at
62 knots, which corresponds to an encrgy content of sbout 8 H.P.

The unducted hull in the correct air flow is in turn better than
the screened hull by sbout the same amount, although vhen corrected
for air forccs these differences can become very large. These air
forces arc however mcasured with the hull just clear of the water and
are of doubtful value,

The tcsts in air flow and with dynamic head ventilation demonstrate
the beneficial cffects of ventilation =nd further tests arc required
with increased ventilation,
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To exomine the interfetence between air and water flow it is
recammended that tests be mode

(1) * to measure the pressurc distribution on the hull in stability
and force tests with different degrees of ventilation,

(2) to measﬁre the air forces acting on a hull at different
drafts.
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Introduction

A major design problem in the design of stepped hulls for seaplenes
is the efficient ventildtion of the afterbody. The supply of sufficient
air to the'afterbedy bottom in the planing region, when the afterbody
'is .clear of the wake from the- forebody, has custanan]y béen obtained by
suitable design of the step and afterbody geometry.! However the .demand
for greater efficiency and the movement towards high water speeds and
drafts, has made the problem more scverc,?2 The presence of air suctions
under the afterbody is thought to be-the primary factor in interaction
between the water and air flow assuming that the water flow has Just
been efficiently separatcd from the hull bottom by the main step. These-
alr suctions lead to upper limit porpoising instability on disturbancc
and low drag/lift efficlency at both small and large drafts. R

In the 1ast few years suvura.l exper:.ments have been made model and

. full scale to find whéther any: improvement in ventilation efficiency

- can be obtained by supplying air direct to the afterbody., These ’
-experiments have however been made empirically without examining the
nature of the air and water flow over the hull bottom, and had very
little success.lsks

' It was therefore decided to explore more efficiocnt methods of
ventilating the afterbody, :and in the first ploce to obtain the air
supply from the dynamic head of the free air streem, The design of
an cffective ducting system wos considered to depend on:

(2) the position of the duct exits on the afterbody bottom
oy L

(b) the direction in which the oir supplied should be ejected
relative to the boat,

(c¢) the dimensions of the ducts,
(@) the volume and pressurc of sir flow at the duct exits,

(e¢) the position of thc air intake to the ducts when using the
dynamic head of the free streom for the air supply.

From theoretical consider=tions of air lubrication® it was
considered that the separation of water flow from the aftcrbody bottom and
reduction of drag is gremtest when the alr leaves the duct exits in an
.aft dircction parallcl to the hull bottom. The tests on the Sea=Otterd
showed that the improvement of porpoising -stability with ventilation
occurs when the duct cxits arc about 30 per cent of the beam aft of the
step and the attitude excceds 8° on the forebody keel datum. For
positions nearer the step there wos very little improvement in the
stability limits.

The pressure distribution on the aftcerbody of u model "Empire"
flying boat has been mensurcd in the R.ALE, tonk. 758 An cnalysis of
these results given in Appendix I, shows that if thc suctions on the
af'terbody bottom were removed by efflclent ventilation then at 57 knots
full scale the resistance would be reduced as follows:

Attitude Percentage
degrees Reduction

5 6
7 10 -
9 11

The meximum suctions were shown to be present at from 30 to 60 pur
cent of the beam aft of the mein step end about 25 per cent of the bunm

<5 s
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out transversely from the keel, s .

The hull of the Shetland was considered to be a useful form for
the experiments to determine whether improvements of the above order -
could be obtained by ventilation, It was representative of contemporary
design, having a straight V step moderately faired in elevation. Such
steps, when sufficiently faired, have a very low air drag. Full scale
water pressurc mcasurements had shown that with such a step suctions:
could occur on the afterbody bottom.? Duct exits were chosen on the
bases of the Empire boat and Sea-Ottcr results.

The air was 'to be ejéctcd aft at 59 downwards with respect to the
aftcrbody kecel. The position of the duct intakes would ideally be put
in the upper part of the bow, &t the stagnation position, so that the
air ventilation ducts could also produce some reduction of air drag and
increase of air 1lift as well as reduction of water drog. Sincc however
insufficient data was available on the pressure distribution on the bows
the intakes were put at the highest part of the. forebody planing bottom.
The ducts were designed for mJ.m.mum losses of héad in thc passaoge from
intekes to cxits. 3 :

The generel purpose of this dynamic head ventilation was to show
that afterbody ventilotion could be considersbly improved by the simple
introduction of air in o reasonably effioierit manner without undue b
expenditure of cnergy., The details of practical applications of - the
results and the effects on stobility are left to further investigations.

2 Ronege of Investigation . 5

It was customary nt the time of writing, to measure water forces on a
partial block model bchind 2 screen, so as to c¢liminate air interference
difficultics,8 Tests hove thercfore been made in three conditions: -

a) screencd
b) unscreened, without ventilation
c) unscrecned, with ventilation.
The screened rcsults form part of the general investigation of thc
effcet of air flow on the ventilation of the sftcrbody. All :

tests were mnde on a’' standard partial model, Fig.1t.

The investigotion consisted in finding the effcct of ventilation,
by air flow ond duet ventilation, on the resistance, 1lift, pitching
moment and spray characteristics over o range of drafts and attitudces.
Tests werc made by the generalised mc.thod10 for the planing range only,
i.e, Froude's law wns neglected,

The air flow under the carriages was modified by means of flaps
to give reasonably 'correct' air flow conditions. heasurements were
made on both carriages, Nos. 1 and 2, but only the results on No.1
carriage are given in this report. Results on No,2 carriage confirmed
the effect of ventilation but were otherwisc unrclicble in absolute
value beccause of drag balonce difficulties.

Mcasurementsof air 1ift and drag were made in air flow with the .
model Just clear of the water.

wcasurements of the air flow through the ducts were made with .
pitot stotic tubes, Fig.5, for different drafts ~nd attitudes over a
range of spceds

. Sproy conditions were photographed for the condition of zero !
pprlicd roment for the take-off planing range,

e
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Description of model

Tests.were made on a 1 : 19 scalc flat topped resistonce model of
the Shétland hull. The hull line€ and position and dimensions of the
ducts are given in Fig.1. Photographs showing a general view and an
exploded vicw of the model are given in Fig.2.

4 Results
The results are pi‘cscn:ted on a gencralised basis in terms of:-
~ RAp Resistance/Load on water .
My, doment =boyt C.G./Load on water x bean
‘fcﬂ/cv = [A/"-N2b2 :).2 = Lift coufficient
d/b = draft/bcam
oy attitude of keel at main step.

It is ‘assumed that
' Ve
B, Mo, Y = £( /0y, ag)

i,e. independent of Froude and Reynold's Numbers. The 1ift efficicney
is defined in tems of the rclationship between 4/b and /Cy, which is
usually lincar at constant attitude. On a simple wcdge‘(?‘nc would expcet
the 1lift to be zero when the draft is zero. Generally ¥9/Cy is tcken
to define draft at ony given attitude.

The rcsults for the model in the unscreencd condition will include
both air and water forces. In the first instance the results have becn
presented as totul foreces i.c, air + wnter, Later, in porcgraph 6, an
attempt is made to separatc out the nir ferces.

4.1 Air Draog and Lift

The results of measurements of {he air drag and lift forecs on the
1 1 19 scale model held Just clear of the woter surface arc given in
Table II. Figs.3 and 4 rcpresent the change in air drag and 1lift over
a renge of attitudes and speed for the modcl hull respectively with =ond
without ventilation. They show thnt for the riodel without ventilation
there is a change cf cir flow conditions in the attitude range
Gpu1l = 4° to 60, This suggests that between these two angles there
ex?.sts an attitude at which the eir flow separatcd from the forcbody
bottom at the step rejoins the ofterbody bottom

Ventilation improves the air tlow conditions, smoothing out the
lift/attitudc curves ond rvducing the model drag.

4.2 Air flow through the ducts

The results of measurcrients of air flow through the ducts are
toabuleted in Teble IIT for a range of attitudes spced and load on water,
Figs.6 =nd 7 represent the variation of cir flow with draft ond attitudo.

The volume of air passing through the ducts may be conveniently
expressed as follows: -

dirmetér of duct

beam at main step

moen speed of adr flow over the cross section of the duct
carringe specd or gpeed of aircroft,

If Dy
b

Va
Vo

mun

the volume of air passing through two ducts }'\u!.‘ second is: -

D
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2x7tde xV
L a

In practice it is convenient to express this volume in non-dimensional
units, -

volume of air passing through 2 ducts per sec,
b2 x Ve

x Da2 la
CV°1=2°(b) .vc

Cyvol =

which for the hull as tested is:-
Va
Cyor = 0.036k . “/V.

The energy in the air-strcam passing through the ducts may be expressed
in H.P. by the formula:-

H.P, = (Volume of air per sec.) P .

where P 0.002378 slugs/ft.3
Vo, = mean speed of air flow in ft./sec.

For the Shetland at 62 knots full scale

Vg 2 .
H,P. = 0.01678 . (ﬁ) . (volume of air per sec.)

In Table IV values of V&/V,, dp, Cyol and the volume flow of air
and energy at N.T.P. arc tabulated for a range of attitudes at 62 knots
(full scale). The variation of the volume coefficient with draft and
attitude for the same speed is represented in fig,8. It is shown that
therc is a rapid decrcase in thc rate of volume flow between &y,17 = 4°
dnd 6°. This result is in accordance with the earlier suggested chaonge
of air flow conditions in thec zattitude renge.

The volume of air flowing through thc two ducts at 62 knots full
scale is of the order 500 cu.ft, per second and the corresponding cnergy
in the air stream 6 H.P. .

4.3 [Total Resistance Characteristics

The results of mcasuremcnts of resistance of the Shetland hull model,
with and without ventilation, in "correct" air flo./ conditions on No.1
carriage, and for a screened modcl without ventilation over a rangc of
attitudes, speed, and lozd on water, arc tabulated Vin Table V as 2 ratio
R together with corrcsponding 1ift cocfficients YC4/Cy. Figs. 92, 10a
112 and 122 represent the veriation of the resistaonce coefficient z /A 5
with attitude and 1ift coefficient ( Y0/Cy). :

Comparison of these resistonce charncteristies for the model with
and without ventilation shows that:-

(a) the rcsistance coefficient %/A of & model with ventilation,
is smaller than for = model with&ut ventilation over the
complete ronge of attitudes and Y/C, from the hump spced,
to the take-off speed,

the reduction of resistance cocfficient and draft is less at
large values of YCA/C,,

the reduction of rusistonce coefficients is higher in the range
of attitudes ag = LO38' to 8038' than at the extreme attitude
e = 10938',

Laghe
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Comparison of resistance characteriatics for a model without
ventilation in "correct" air flow conditions and in screened conditions
shows that:-

(a) for % = 4°38' the difference between resistance coefﬁclents
is .very small, t

(b) for attitudes at and above @x = 8938', the resistance
coefficients of a screened model arc smaller than unscreened,
but at g = 6 38" the reverse is the case,

4,4 Total Lift Characteristics

The results of measurements of drafts of the Shetland hull model
with and without ventilation in "correct" air flow conditions, and for
screened conditions over a range of attitudes, speed, and load on water
are tabulated in Table V., Figs.13, 14, 15 ond ‘/6 represent the change
of draft coefficient /b with 1ift coefficient YCA/Cy, and attitude.

In Teble VII the veriation of draft with 1lift coefficient is
represented algebraiczlly by:=-

d

/o = m. (Fu/cy) +an

vjaere m and n ore constants at constant attitude. The range of
A/Cv for which this relationship holds is nlso given.

Compzrison of the draf't charccteristics 4/b for the model with
and without ventilation in "correct" air flow conditions, shows that:-

(a) the smzllest drafts are for o ventilated model, and the
biggest for a v.’cret.ned model over thé compl(.te ronge of
attitudes and YCA/C, in Toble VII,

(b) over these rangcs of mﬁ/cv the draft charascteristics may be
represented by parallel straight lines for ¢k constant,

(c¢) for the Vbntllﬁtnd modcl these lincs pass through ‘/Cé/cv =0
for % = 4‘/3 6°38' ond 10°38', but at % = 8938' d/p = 0
A/q = 0,024,

occurs at

(d) over the range of ‘C(l/‘ given in Table VII the slopes of

the llgcs decrcase wnh increase of attitude, except when
8938,

4.5 [Totnl Moment Charactecristics

The results of meoaurcments of pitching moment <bout the centre
of gravity are tebulated in Table V and reprgsented in Figs.417 and 18
in terms of the pitching moment coufficient */A.b, attitude, speed, and
load on water,

Comparison of the results shows that: -~

(2) the model with ventilation will run st smaller attitudes thon
the model without ventilation in the high apeed planing range,
but at higher attitudcs on the low specd range when the rear
step is immersed,

(b) the model without ventilation in unscrcened conditions will run
at smnller attitudes than the model in screencd conditions for
the whole planing rungc.
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(¢) the change of pitching moment characteristics which occurs
when the aft step just becomes immersed (og = 10938') is
altered by ventilation.

Attitude, Draft and Total Resistance for zero applied moment

From the results for pitching moment, draft, and resistance of the
Shetland hull model the attitudes, drafts, end resistance charncteristics
© over the range of speed from just before hump speed to taoke-off speed

were estimatod for the zero applied moment case, The attitudes for zero
applied moment are plotted in Fig.19, =nd corresponding draft and
resistance coefficients in Fig,20 as = function of speed or specd
coefficient

(c =)

Vg.b

v
. 4
Fig.21 represents the change of draft and resistance coefficients
with lift coefficient c._\/Cv in the planing region.

Comparison of the rcsults shows that:-

(2) from C, = 3,5 (hump speed) to Cy = 7 the attitudes for a
model with ventilation are smaller thon without ventilation,

(b) above C, = 7 there exist two values of the attitude at which
M = 0 for a model with and without ventilation,

(e¢) fram Gy = 3,5 (hump speed) to Gy = 6.1, the screened model
runs at higher attitudes than when unscreened,

(@) =above C, = 6,1 the screencd model hus two values of the
attitude at which ¥ = 0 and in the region of G, = 7 the
smaller is lower than that for the model with ventilation,

(e¢) in the range of ’fc-’*/c ':R 0,08 to ‘f”ﬁ/cv > 0.2, the
: resistance coefficicnt (*/A) is smcllest for a modelwith
ventilation,

(f) in this range of fc“/cv, below 0,155, the resistance
cocfficient for an unscreened model without ventilotion is
smaller than for a screened model, but sbove YCa/Cy = 0.155
the reverse is the case,
over the rangc of \/L'._,/qv ¥ 0.09 to vt 8/C, = 0.24 the draft
characteriztica may be represented by parallel streight lines

73
Ay = . (”'A/Cv) +n
where m and n are constants (tcbulated in Teble VII).

+ (h) ovér this- range of Wl\/(‘.v the smallest drafts are for a
ventilated model, and the highest for o scrceencd model.

5.1 Spray conditions for zcro applied moment

Comparative sproy photogr~phs, for the model of the Shetland
hull with and without ventilation for zero appliecd moment, are given
in Fig. 22,

Examination of these photographs shows that in the planing
region the spray is cleancr for o model with ventilation - probably
because of the smaller drafts.
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6 Separation of air and water forces

Gott showed that it is pot possible to considcr the water flow as
independent of the air flow,® but made a suggestion that, if a dynamic
model is very stable, the reaistance tests on a screened model are not
likely to be much in error.

In order to check this conclusion in the case of the model of the
Shetland hull, thc force charactcristica as measured btehind the screen,
have been compared with thosc measured in air flow, corrected for air
1ift and air drag as measurcd for the model juat sbove the surface of
the water. : :

resistance of 2 screened model

If Ry =
& = load on the.water for a screccned model
D = air drag of the model just above the water surface
I, = air 1ift of the model just chove the water surface
R = total resistance of an unscrecned model
b8, = 1load 'on the water for an unscrecred model
Ry = water resistance of an unscreened model for the normal routine
of water resistance measurcments
Ry = R-D
by = D=L,

In Table VI valucs are tsbulated of R-"'/Aw for a model of the
Shetland hull with and without ventilation over a x;a.nge of acttitudes,
together with the corresponding 1ift coefficients M \/Cy. Figs. 9b,
10b, "11b ond 12b represent watcer resistance coefficients over o ronge
of attitudes and 1ift coefficients * cA/CV for an unscreencd model with
and without ventilution, and for a model in screened conditions, .

Comparison of these resistance charactceriatics shows that: -

(a) the watcr resistance charzcteristics for an unacreencd model
in the range of attitudes ag = 6°38' and ¥ = £938' are much
smallcr than for = screensd model,

(b) in this range of ~ttitudes for small values of {cl\/(“?r
differences may be over 40% end for high values of CA/CV
over 6%,

(c) for attitudes ag ="4938' and ay = 10°38' it is difficult to
rcach any definite conclusion ﬁccuus\. of thc scattered nature
of the points for the unscrecned modcl.

In fact, D and L probably do not represent air drag and air 1lift
for a model running on the surface of the watcr. These corrected results
were therefore not uscd for discussing the duct ventilation character-
isties.

7 Discussion

The tcst results recorded in this report mey be considered from two
points of view, (1) of practical importancec, i.c. of how the character-
isties of the hull moy be improved by dynamic head ventilation, and
(2) the general effcct of nir flow on the watcr forces.

Dynemic head ventilation has been shown effcctive in the folluwing
respects, -

(n) It improves the air flow cround the model in the regior of the
change of air flow conditions especizlly at high speeds
(e.g. for the Shetland hull in the renge of attitudes
i = 6938" to @ = 89381),

- 11 =
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It reduces the attitude for zero applied moment in the planing
condition between the hump ‘and takc-off speed. ~For the
.Shetland hull the average value of rcduction being about %o

It reduces the rcsistance and draft of the model, i.e. increascs
1lifting forcc at constant draft.

The reduction of the rcsistancc is particularly marked at
high spced and in the range of attitudes where changes of air
flow conditions occur.

In the rangc of attitudcs where changes of air flow conditions
occur therc is a repid reduction in the volume of the air
passing through the ventilating ducts, (for the model of
Shetland hull over 20%). This is accompanied by a reduction
in the energy of the duct stream of the air from the order

of 6 to 3 H.P. at 62 knots full scalc,

The general effect of air flow on water forces, based on the tests
on screencd and unscrecncd model of the Shetland hull shows that:-

(a) It is espccially important in the range of attitudes where
changes of air flow condition occur,

(b) The total resistance and draft for a screened model of the
Shetland hull are grecater than when unscrecned.

(c) When corrcctions arc made for air lift and drag forces the
water resistancc of en unscreencd model becomes much smaller
than that of the screened one and at high spceds the differences
may emount to over 40% in the critical rangc of attitudes.

(d) The air flow reduccs the attitudes for zcro appliecd moment
by about £°.

Both the effect of the ventilation ducts and the effect of cir
flow would appear to correspond to differcnt degrecs of aftcrbody
ventilation., Unfortunately there is os yct no data on what standard
of ventilation is achicved under full scale conditions.

It is known howcver thet porpoising stability is generally better
full scale, although it is as yet not ccrtain whether this is becnuse
of less severe diaturbance conditions or better ventilation. The faoct
that both trim attitudes ~nd stability limits tend to bc lower full
scale¢ thin model scale appuars to point to better ventilation as at
least part of the renson.

Yodel scalc, the achieved cfficicney of ventilation could be
cstimated by comparison of the draft charncturistics with those of 2
forebody only., Proposcd wedge measurements will providc systematic
data on this nspect, but full scale generaliscd data on stability and
force charactcristics aore eszas.utial for scale effects.

8 Recommendations for further work

Results of the cxperiments described in this report show that
even for the comparatively stable hull form of the Shetland there is
considerable intcraction between the air and watcr flow under the
afterbody. It has been shown earlier that resistance mcasurements
made on an unstablc model behind o screen are of doubtful significance
because of air-watcer interfercnce®, ond 1t now appears that screened
measurements on fairly stable hulls may also be doubtful. There is how-
cver little quantitativedata on the nature of the air flow ~nd its inter-
action with the watcr flow, This will be obviously dependent on both

=2 =
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the air flow conditions and the hull form =and in particular the degree
of ventilation of the afterbody.

The following series of tests are recommended to measure and
understand better thc charzcteristics of wentilation nnd interference.

(1) Stability and trim tests with the dynomic model of the
Shetland using (a2) the same dynamic head ducting used on the
resistance modcl (b) zn cxternal air supply in order to obtain
comparison with model and full scale measurements,

(2) Repeat force mcosurements on the resistonce model with o
faired superstructurc to reproduce more representotive 2ir flow
conditions over the afterbody, aznd a1rn addition tests with an
external air supply. The cffect of wings and slipstrcam might
also be looked into and vxwmincd if found importont.

(3) iieasurements of the air pressure distribution on the hull
for both sclected dynamic znd resistaonce model test conditions of
(1) =na (2).

(4) Wind tunnel measurements of the odir forces scting on a hull

in the presence of ground over o range of attitudes and drafts, and
in the presence of wings =nd slipstream. This is to provide cvidence
on the validity of the cir 1ift and drag corrections based upon
measurements madc Jjust clenr of the water.

Conclusiong

It is concluded from thesc tests that at a given specd and lozd on
water ventilation of the ofterbody bottom of the Shetland hull by
dynamic head pressure, reduccs the resistance ond draft of the hull
epproximately ten per cent (modcl tests) over the whole pleaning range.
For zc¢ro cpplicd moment there is 2 corresyvonding inerease in the lifting
force of the hull and a reduction in attitude of h.lf a degree. This
reduction of resistance and inerczse of 1ifting force is of the samc
ordcr as calculated for the "Empire' bo~t, assuming that the measured
gir suctions on the aftcerbody bottom were removed., It w-s also found
that natural ventiletion due to the presence of normal air flow has o
big but unknown influcnce on the water forces.

To understand bettcr the nature of the air flow nnd its interzetion
with the watcr flow it is recomuended that furthcer cxperiments be mede
to mcasure,

(1) the pressurc distribution, the total forces, porpoising
stobility and trim for different deogrees of ventilation.

(2) air forces acting on 2 hull for different attitudes, drafts
and specds,
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LIST CF SY»BULS

attitude reletive to the forebody keel
afterkeel angle relative to the forebody keel

nu

overall deadrisc angle
deadrisc anzle at keel
deadrisc angle at chine
mecen dcadrise angle

bean

local bemm

draft

diometer of front part of ventilated duct

distance aft from main step along datum line of hull
distance bearwisc from central line of hull

Bt n i

total drag of hull

afterbody drog due to pressure distribution on bottom
air drag

air 1ift

lond on the water at rest

locd on the water 3

af'terbody lifting forec due to pressure distribution
on af'tecrbody

Force on afterbody bottom due to pressure distribution

I

(o]

o g nnnn

P

R
R
D
L
14
A
14
P

local pressure
mean pressure

AMoment: 7 = pitching moment cbout C.G.
Aoment p
Velocity:

Ve speed of aircraft or towing carricge
Va spced of loecal air flow

Acceleration:
-4 = acceleration due to gravity

Density:
w density of sen water = 64,4 1b,/ft,3
p density of air = 0,002378 slugs/ft.>

Energy: H.P. energy in the air-strean passing through ducts in il.P.

Coefficients:
veloeity coefficient (¥roude Number)

CAo =% static beam loeding coefficient
w.b

A
Ca —— = beam loading coefficient
w. b3 ’

R/a resistance cocfficient
d/b = draft coefficient .
M/Ab = pitching mecment coeffiecicent

=l
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'LIST UF SY:BOLS (Cont'd)

(._A_..
w. V2, b2
R-R,

R

lif't cocfficient
A=D,

i

). T

) . 100 = percentage reduction of
drag due to removing

suction on af'terbody bottom

Volume of air through 2 ducts per sec,

Author

A.G. Smith
H.G, White

#.G. Smith
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J.R. Dawson

G.L. Fletcher

E.J. Bvans
a.G. Smith
R..re Shaw
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K. Tomaszewski
S. Raymond
G.F. Chalmers
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ASPPRNDIX T

Calculation of the poszible reduction of drag of the "Empire
boat at 57 knots full scale by removing azir suctions from the
afterbody bottam.

In research on afterbody bottom ventilation it is very useful to
know the possible reduction of drag by removing the air suctigng on the
afterbody bottom. From work done in the R....E. seaplane tank!>- on the
"Empire" boat calculations have been made for one speed (57 knots -
full scale).

From reference 8 and unpublished data the pressure distribution was
determined for attitudes 52, 7° and 9° on the afterbody bottom of the
"Fmpire" boat. Fig.23 represcnts the location of the pressure points
and teble VIII values of the pressure for the 1 : 16 model at 24 f.p.s.

For each lateral section of the afterbody bottom the pressure distribution

was plotted as shown in fig.2k. The mezn values of the pressure for each
section were found using a planimeter and are tebulated in Tsble IX.
Teble IX also gives the mean values of the pressure components, in the
plane of symmetry of the hull, Ty . sin p. b'/b, where b' is the local
beam, and b the beam ot the step. In fig.25 the variation of these
components along the afterbody keel line is plotted for attitudes 50, 7°
and 9°. The resultant forces normzl to the afterbody were then found by
means of n planimeter. These forces and their horizontcl and nommal
components to the woter linme cre given in t=ble X,

If R, A are drag and lo~d on water for the "Empire" bozi hull with -
suction on the fterbody bottom/, and R, znd A, drog and lifting force
on afterbody bottom due to the suctions, zs tcbulated above, the dreg
of the hull without suctions will be:~

. AN
R = (RR) . ()
and the percentage reduction of drsg by removing suctions on the afterbody
bottom: -
R Rs Ba,
n=7 . 100 = (1 -) . (4 - %) . 100

The results given in taoble XI show that for the “Empire" boat at
57 knots the possible reductions of totol drag are:—

5° more than 67
79 more then 107
9% more then 11%

(I}
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TLBIE I
Particu of i’untilate Shetland
Model Scale 1 19 - ' .
. All up Weight 120,000 lb. . .
S?:ati-c Besm Loading Coefficient cAo - 0.9

-
.

Beam (at step) b = 12 £t. 6.imsy ‘- -

Forebody + Beam, Ratio 3.5 (reference to point of step)

Afterbody *+ Besm, Ratio 3.3 o "

o

Unfaired Step Depth 9% of Beam (at keel) ..--

" Gentre of Gravity Position:

Above Datum at hain Step 16 ft.
Forward of Step Parallel to Datum Line 5 ft. 2 ins.

. Keel Angle to Hull Datum .2038!
Afterkeel Angle to Forebody Keel 7°35¢

Step Included Angle in Plan - 136°

Deadrise Angle on Forebody at Mein Step:
Deadrise Angle at Keel O = 30°

Deddrise Angle at.Chine.f, = .15°

Mean Doodrise Angle . 6, = 259. 7 oo o me . el

The shape end position of ducts relative to th&“hull, is-given in Fig.1.
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TABLE II

Adr Lift and Air Drag for 1 : 19 Scale Shetland Hull
Measured just clear of the Water on No,1 R,i.E, Carriage.

Model Scale (b = 7,88") R
Speed %ith Ventilation | #ithout Ventilation
v Adr adr air- Air
(¢ S &) Lift Drag Lift Drag
el 08 05T | MR 1) (1b,) (1b.)

0.02 0.14 =

0.02 0. 14 0,10
0, 02 0.17 0.15
0.02 0.16 0.17
0.02 0.19 0.13

0,13 0.36 0.23
0.13 0. 36 0,28
0.13 0.46 0.42
0.13 0.4 0. 35
0.13 0. 50 0. 37

0.43 0.53 0. 35
0.40 0.53 0.40
0. 38 0.67 0.59
0.43 0.59 0.45
0.43 0.71 0. 54

L.BLE IIT

Velocity Yeasurement of iir Flow through Duct with Different
Drafts and attitudes

Model Scale Nyl
(b = 7.88") _:é
Speed: | Load on| C,
Ve water 1
(fop.s.) | & (1v.)

Vo i )
& 22X ?10‘" Speed for Pitot Position:
Ve Carriage Speed

4

0.172
0.172
0,172
0.172
0.172
0.155
0. 146
0. 134
0.122
C.098
0.098
0.098
0,098
0, 098
0.076
0.076
| 0.076
{ 0.076
l 0. C‘76

v ahnwno bbb =R
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TABLE VI

Water: Resistance Characteristics of Shetland Hull

" with and without Ventilation (Corrected
for Air Drag and Air Lift Forces

~ith Ventilation| without Ventilation

o]
&g
Keel Ya . ey
(£ D) &, e e

938! ‘ 0. 341
6938" 12 0.332
8038" . 0. 327
10938! 0, 320

6938 0.236
8938 . 0.229
10038" 0,220

'6938" 0,174
8938!¢ . C.166
10038 . 0,156

4,938" ) 0. 143
6038' 0,133
8038' |. : 0.121
10938" 0,109

1,038" : 0.111
69381 7.1 0,100
" 8038" . 0. 082
10038 0,071

14,938" : 0.079
6°38" 0.070
§038¢ | 0, 052

4038! -1 .0.293 0.063
6°38" 0. 041

PABLE VII

Algebraical Representation of Variatvion of Draft
with Load on Water and Speed over a Range of Attitudes

% =mXx V-(-A-(,;V +n The Range [

I
1© Tith iithout | Without Vemtl-| of Yoa
Keel Ventilation Jentilation | lation Scrcened
m n m | n m n ipplicable

| |
,038' | 0.0113] 0.000|0.0113{ 0,010 | 0.0113} 0,017 n.o9o—o.1z,5|

p03n|
10938"
aero 1
Applic d‘l 0.0072 | 0.034 | 0.0072 | 0,047 | 0,0072| 0.054 ([0,090-0. 240
rioment | |

0103 -0.022 | 0.0103{ 0,000 | 0.0103| 0,009 10,055-0.230

O.
0.0095| 0.000 | 0,0095| 0.018 | 0.0095| 0.029 0.075-(,.1m|
Qe
u.O\F‘3| 0.000 | 0.0083| 0,014 | 0,0083f 0,021 [0,075-0,220 |

i
6038" |
1
!

=25




R.A.E. Report No. Aero, 2143.
TABLE VIIL

Air Pressure Distribution on Afterbody Bottom of
1.¢ 16 scale "Empire" boat, measured at 24 f,p,.s.

Pressure| . £a = pressure (1b,/ft.2)
Point | X

e _ rO _ =0 )
No. b .a= 5 a=7 a=9

1 0 -0.7224| =0.8056 | -0.722%
19 0.478| 0.275| -0.8004| -0.9303| -0.8264
10 0. 840 -0, 9044 | -0.8836 | -0,7380

2 o} -0,6185| -0, 8056 '-0.1;781
20 0,464 | 0,869| =0,7796| -1.0083 | =1.0707
11 0,783 =0,6757| -0.7538 | -0,5093

3 0 | -0.4796 | -0.5977 | =0.5041
21 0.435 -0.5925| -0.8004 | -0, 5509
12 0.739 =0.4574 | -0, 5509 | =0. 4262

N 0 -0.2390| -0, 2806 ;0.4566
22 0.466 | 2,017 | =0, 3742 -0.5405 { -0. 3690
13 | 0,681 -0. 0259 | -0, 2703 | -0.5200

5 0 -0.1351{ =0.1559 | =0. 2806
23 0.377 | 2.580{ -0.2599 | -0,4366 | -0,4678
14 0.638 +0, 0208 | -0.2599 | =0, 4262

6 0 =0, 1455} -0.1871 } =0. 2806
2l 0.333| 3,119 | -0.2027 | -0, 3014 | -0. 3846
15 0,579 +0. 0416 | -0.1871 | =0. 3950

7 ) -0,1351 | -0.1871 | =0. 3326
25 "1 0.319| 3.739| -0.2287{ -0,2910 | =0. 3534
16 0. 522 +0,0520| -0.1871 | -0, 37,2

8 o | -0,2080 | -0,2599 | =0, 3638
26 0. 304 | 40334 | =0.2495  -0.2495 | -0, 3534
17 0.493 | -0.0104 | -0.1871 | -0. 3118

9 0 -0.2183 | =0.2390 | -0. 3599
27 0.275| 4.869 | =0,2599 | -0. 3014 | -0. 3326
18 [ 0.420 -0.1663 | -0. 3534 | ~0- 0000
{ _ L
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TABLE IX

an Air Pressure Along the Afterbo

16 Scale "Empire" Boat at 24 f,p,s.

Variation
of 1

om (1b./£t.9)

Pn X sind x B (1b./£t.2)

(1=7°

o = 90

X = 50

a= 79

a = 96

-1,0349
=-1.0775
-0, 6680
-0, 3894
=0, 2874
-0. 2600
-0.2789
-0, 2828
-0, 3233

-0, 9526
-0. 7499
-0- 10—932
-0. 488,
-0.4110
-0. 3900
-0.4200
-Oo z1'279
-0. 3006

-0.7811‘-
-0,6727
-0.3939
-0.1884
-0, 1282
-0.0936
-0,0938
=-0,1032
-0.0972

-0. 8680
-0, 8878
-0. 5110-1
-0.2735
-Ou 1 893
-0.1530
-0, 1508
-0.1342
=0, 1344

~0,7986
-0,6179
«0.3795
-Ou 3&-93
-0.2706
-0, 2226
~0, 2271
-0.2030
-0. 1249

TABLE X

Drag and Lift on Afterbody Bottom on 1 ; 16 3cale

"Empire" Boat at 24 f.p.s. Due to Air Pressure Distribution

=Pxcos|Ry =P x sin

P
ag® - ag®| (1b.) ) (2% - 2,°)

(a¥ - o

(1p)"

2030|
0030!
_1030!

0.252
0.338
0.319

0,252
0.338
0. 319

0.011
0,003
-0, 008

TABLE XTI

Poasible Reduction of Drag for Full Sale "Empire" Poat

57 Knots by Removing Suction on Afterbody Bottom

A
(1bv.)

(16

(1%

- EE;%A&:
{1v,)

= %— x 100%

17203

13926

10649 .
i

45
12

=34

1033
1384
1305

5194
3014
2543
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GENERAL VIEW AND EXPLODED VIEW OF HULL WITH
VENTILATION DUCTS
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