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1 Background z,|

Faster speed, yet lower power consumption, has of- 2 K Y17
ten been the design objective of high-performance ma- N . U - .
rine vehicles such as hovercrafts, Surface-Effect Ships =~ P st %3
(SES), among others. Lower power consumption also _x T

means less carbon-dioxide emission, an issue of great ',f" T
environmental concern. The concept of a multi-hull Pl B

system offers favorable possibility of powering reduc-
tion in steady motion. Configuration arrangement griaur - _
component hulls is therefore an important design issﬁgsmons with separation and stagger.

to address.

The problems of steady forward-motion of multi-as finding a velocity potentiab(x, y, z) that satisfies
hulls and SES (hulls with a pressure cushion) weleaplace’s equation, but is subject to the free-surface
analyzed in Yeung et al. [1], and Yeung & Wan [2]poundary condition:
respectively. Therein, linearized theory was used to kod (2,9, 0)+bus(2,y,0)=Py(z,y) /pU (1)

obtain the interference wave resistance, which C%vr]wereko _ g/U2 andU is the forward speed in direc-

be either positive or hegative, increasing or reduci'n[%n 2 (Fig. 1) andp the water density. Here?(z, y)

the powering for a given speed. Results for a sifis the applied (cushion) pressure, which vanishes ex-
gle pressure cushion are quite well known (see, e.g@ept in the planform region§p. Conditions of de-
Wehausen & Laitone [3], Newman & Poole [4], anctaying disturbances as—-oc and the absence of up-
Doctors & Sharma [5]). The possibility of shapingstream wavesa(— oo) are also to be observed. We
the pressure function within a cushion was consideré@te also that the linearized fluid pressprand the

in the interesting work of Tuck et al. [6]. However,l0ngitudinal free-surface slopg are given by:

the effects of combining multiple numbers of cush- p(x,y,2) — P(z,y) = —pUd. + pgz, )
ions, perhaps even of dis-similar shapes, have yet to 9Ce(x,y) = Udpr(x,9,0) — Py /p. 3)

be thoroughly explored. This paper addresses the mu"The velocity potentiatyp(z,y, z) can be given in

tiple pressure-cushion problem in the same vein as [{dyms of derivative of the Green functighas:

& [2], with the aim of obtaining the necessary interfer- U

ence expressions for rapid evaluation of the behavior ?» = fﬂpg//f(f’n)Gx(ﬂf—f?y—ﬁ%zao)didn G

of a pressure collection. Given that there have bee?[ T :
. . after performing an integration by partynThe Green

reports [7] on the use of multiple cushions to SUCCeSET tion (T is given in [3]:

fully improve the rides and maneuverability of SES

igure 1: Coordinate systems: shown for two pressure

and other cushioned crafts, developing a methodologxxfg. y—1;2,C) = 1+1+4ko/”/59 soc2 0
to assess the powering performance of multi-cushions T Ty
is desirable. o ehErO) .
]ﬁ d -y coslk(z — &) cos 8] cos|k(y — n) sin 6]
2 Resistance of a Translating Pressure Cushion x/

2
o . . 2 ko2 4+C) sec? 0 s L
Within the framework of linear theory, the generalized™ 4k00 df sec” fe™ sinfko(x — ) sec 0]

steady wave resistance problem can be summarlzgdcosw€0 (y — 1) sin O sec? 6]
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whereG, andG,, denote the terms that are symmetrigvhere A is the displacement (or “lift") due to the

(the first three) and asymmetric with respectte-£), cushion, andh/Lp is the (hydrostatic) head af,,

respectively. to cushion length. p ratio. The plot provides the in-
The wave resistance induced by a moving cushidaresting observation: The wave drag to displacement

is given by the integral of product of the pressute ratio is proportional to the head-to-length ratio times

and free-surface slope Eq. (3} ffSPP(x,y)degdn a function that depends only aBp/Lp and F,. In

and can be simplified to (with the change of variabl€ig. 3,for a fixedh/L p, a wide cushion always yields

A = sec 0): higher resistance. The highly oscillatory behavior is
related to the interference of the waves generated by
Ryp = mpU? /Oo L|AP()\)|27 (6) the bow and stern of the cushion.
1 M2 -1
where Ap()), the complex wave-making amplitude B[;/Lpzl.'OO L
(or the Kochin) function, is given by : 12y Sﬁtpi&?&
L ByLp=020 o
]{70)\4 iko\ V21
Ap()\) = P ko AEFVA=1n) gean (7 |
P( ) WPUQ//SP@,U)e § n ( ) Dg_o,g -
o

06 ki
In arriving at Eq. (6), we note that there was no con- ‘

tribution from Gr. Further, from Egs. (6-7), we ob- 04 1
serve thatR,,p will be decreased by 75% when pres- o>

sureP is reduced by 50%. So, smalléris favored in . . e
terms of reducing wave resistance. However this will 0 2 6 8, 10 12 14
increase the size of the cushion for a fixed displace- V@R

ment.

. . Figure 3:C,,p for a rectangular cushiony=>5, 3=20.
A pressure cushion profile of peak valiig, that g F g =5, 5

is infinitely differentiable in the horizontal plane [4] is
shown in Fig. 2. This hyperbolic tangent form with the

tapering parameters and 3, in the longitudinal and 3 . Dual Cushions with Separation and Stagger

transverse directions respectively, leads to a cIost : . .
form expression for (7) (see [2]) n the case of two pressure c_ushlons with separation
' and stagger, as defined in Fig. 1, the total wave re-

For a confirmation of our computed results withyjstancer,,, . on the two pressure cushions is not only
the sum of the resistance due to presdirer, y) (i.e.,
Ry, ) and pressuré’ (R.p,) individually, but also

of an interference tern®,,, . ., , which cannot be ig-
nored. This term accounts for the effect of pressure 1
on pressure 2K, ., ) as well as the effect of pres-
sure 2 on pressure R(,, _ ., ), or effectively, the su-
perposition of the wave-interference effects of each of
the surface distribution in the field. Following [1], we
can establish:

P(z,y) = Pn{[tanh o(z + 1) - tanho(z — 1)]
x [tanh 8(5 + 1) — tanh 8(y — 1)]}/4

P(2,9)/Pn

RwT = RwPl + Rng + RwPl =P,
Figure 2:Pressure functioP(z, y) of a cushion ¢=5, 8= = Ruy, +Rup +Rup . + Rup . (9)
20) in unitized variablesz = 2z/B,, § = 2y/L,. ! : e e
whereR,,, andR,,, are each given by the equivalents of

_ _ the Michell formula [8],0r Eq. (6-7) here.
[4], the wave resistance experienced by the pres-

sure cushion is shown in Fig. 3 as a function of the _
Froude numberK; 2), with the beam-to-length ratio, 3-1  The Interference Resistancé?.,,, .,
Bp/Lp, of the cushion as a parameter. Here, the nofonsider the two local frames of referenC;z1y; 21

dimensionalized resistance coefficient is defined by @ndO2z2y222 in Fig.1. Using Egs. (2-4), we can write
the expression of the interference resistariRgs .,

Ryp Ryp (pressure 2 acting on the wave slope at cushion 2 gen-

Cup = 2P2 Bp/pg x 2A(h/Lp)’ (®)  erated by cushion 1) anRl,,,, ., (pressure 1 acting




on the wave slope at cushion 1 generated by cushidn Results and Discussion

2) as: Restricting the investigation to dual cushions in this

) paper, we show some sample results of having first

Rup,—p, = LQ/ pz(x%y2)dx2dy2//pl(§hm) dual cushions in parallel, and then in tandem, config-
ampg*l)sp, Sp, urations. ForBp/Lp = 0.5, we compare the perfor-

mance of the dual cushions, each of peak presByre
against a mono-cushion of the same displacement and
geometry. The mono-cushion resistangg, there-
fore, has a pressure aff,,, applied over the same
“footprint”. Figs. 4 and 5 show the interference and
total wave resistance, respectively, relativeRig for

dual cushions in a parallel configuration. In these fig-

Then combining Egs. (10) and (11), and recallin§"eS: the surface functions approach unitgat= 0,
thatzs = 1 — st, ya = y1 — sp, andzy = 27, We can hen the two cushions overlay. Then both functions

show that thesummedesistance on the two pressur&l/OP Off in an oscillatory manner in both directions.
cushions can be written as: Significant interference drag occurs when' B,, is ~
unity andF, is below the first resistance hollow of the
mono-cushion. Note that for large, or sp, the dual-
cushion resistance approaches the expected value of
50% of that of the mono-cushion.

To obtain the actual dual-cushi@r),r, one should
multiply the Ry / Ry ratio byC,, the mono-cushion re-
sistance coefficient defined by Eq. (8), this latter func-

Gayrozs (T2 +st—E1;y2+8p—115 22,0)dE1dn; - (10)

U2
ﬁ//Pl(mlayl)dwldylf/PQ(£27772)
709° M) 51, s,

Goyzyay (01 —st—=Ea3y1 —sp—1)2; 21, 0)déadnz  (11)

Ryp,—p, =

_U?
Ryp,—p,=—— || P1(z1,y1)dx1d Py (&,
Pi=P, QWPQQ//SPII(% y1)day yl//spj(fz 12)
Gwmlmlwl(wl_St_£2;y1_sp_772;Oa0)d€2d772 (12)

Of interest is that only~,, survives in this summation.

Eqg. (12) is still unwieldy. However, iboth cushions tion is plotted as 4r netF T ;
are symmetric about their own axis, P(z, —y) = "°on IS plotied as araceaganstt, for reterence.

P(zx,y), the result simplifies greatly in a manner sim: The c?rr%spondl'?r? tresu_lts of h?"éng the ﬂual cush-
ilar to the hull-to-hull interference problem of [1]. Un-'9NS [N tandeém withst bEING varied are shown in

: : : : . Figs. 6 and 7. The oscillatory patterns are more com-
der this assumption  in Eq. (7) can be written as: plex. The lowerF,, region shows clearly the interefer-

koAt , ence effects of transverse waves. Besides that, a valley
Ap(N)= U2//P(€777)6’k°& cos(koAV/ A2 — 1n)dédn  of low total drag occurs for a combination &, and
e Hse (13) st/L,. This valley extends to larger values €f/ L,
and the interference resistance is given by: (partly visible). . .
The effects of varying both stagger and separation
, [ are shown in Figs. 8 and 9 fdr, = 0.42, which is
Ryp =p, = 2mpU / WCOS(’%SPAV A?2—1)  at the first hollow, and for a higher Froude number,
= ' N T F,=1. Here, ), is the maximum (transverse) wave-
x {R(ApAp, )cos(kost) +I(ApAp Q)Sln(ko)‘St)}(l4) length of the Kelvin wave system. These plots paral-

lel the so-called Weinblum configurations of di-hulls.
The behavior at the two speeds are drastically differ-

C\ i i - - - -
Here, 3t and 3 denote real and imaginary parts, reent, butRr/R, at30% is achievable for a wide range

spectively. Similarly, if the pressure cushions havi L )
symmetry about the axis, P(z,1) — P(—x,y), i.e. &f sp—st combinations. These and other complex fea

fore-aft symmetry, then Eq. (7) can be written as: tures will be further discussed in the Workshop.
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Figure 5: Rr/Ry vs. F,, and sp, for st = 0, with

Figure 4:R; e s/ Ro for dual cushions vsE,, andsp,
Co(F,,) shown.
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Figure 6: Rnterr/Ro VS. F,, and st for dual cushions in  Figure 7: Ry /Ry vs. F,, and st, for dual cushions in tan-
tandem(sp = 0). dem(sp = 0.), with Cy(F,) shown.
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Figure 8: Dual-cushionRr /Ry Vs. st/ A, and sp/X,, at Figure 9: Dual-cushionRr /Ry Vs. st/ A, and sp/X,, at
F, =0.42 F,=1.0



