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ABSTRACT

The slamming of the planing crafts is the most irtgtt
structural phenomenon that a vessel is encountiuedg their
career. Many researchers have investigated thiagohenon in
various methods. In this paper we investigated dhalytical
results of impact of symmetrical wedge to the waterface
briefly, then the asymmetric impact of a 2D sectbia wedge to
the water surface was studied. To analyze abovaqgohenon,
we used a numbers of analytical relationships sliemmarizes
how to achieve these equations. Finally, obtainedlygical
relationships were used to determine the pressstgbdition and
maximum value on a wedge with different deadrisglesy The
results indicated good agreement between the autaiasults
and results of other researcher’s studies.

KEYWORDS: Analytical Method, Asymmetric Impact,
Wedge, Pressure Distribution.
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1.0 INTRODUCTION

In high speed craft one of the most important feraeting on the
structure is the slamming force of impacting to Weger surface.
Slamming is doubly important for designers, firahalysis of
dynamic behavior of vessel, because this phenomebgn
creating strong forces in front of vessel causegatiee
acceleration on the ship movement, and it affeictsgly on the
movement of vessel. Second, forces arising froms thi
phenomenon, because these forces are one of thempastant
external forces on planing hull body.

This force cause’s severe local damage to the fstbressel
and in extreme conditions, buckling intermediatekdé not
unexpected. It should be noted that the force efdlamming,
increases with increasing speed.

Hua, [1] discovered the importance of this issuenmvhpecifying
the difficulty of evaluating the design loads fdaming craft with
the Theoretical methods.

Rose& Rutersson, [2] while measuring the hydrodyicam
pressure by using a real size model boat in wanditon, came
to this topic that the front waves have more pnesguan surface
waves because of asymmetric condition. This issa® theen
analyzed so far with the help of numerical methaisyilarity
solution and experimentally data.

For the first time T. von Karman [3] studied theue of
impact of wedge to surface of water, with momentheory. In
this theory the rise of level of water and the effef gravity is
negligible.

In 1932 H. Wagner [4] began new research in traklfiln
his own research, he considered rise up level téwa
In Wagner method, for small angles of uplift anduasing no
trapped air, better values for hydrodynamic fornd enaximum
pressure was obtained. In this way, at the poirnitnpfct of free
surface to the body, singularities were seen.

Many researchers have done several activities dicgptto
Wagner’s theory.
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Watanabe [5] in1986, eliminated singularities bytehang
Flow solution of the body in zone root spray withagvier
solution in the outside zone. However solutionnsfide area was
not high degree of accuracy.Armand and Cointe {6]1887
eliminated singularities by coinciding the resutis Wagner
method in both inside and outside zone.Howison,if71991,
developed Armand and Cointe methods in order tot me@der
range of body.

Cointe [8] in 1991, used Howison method, for twads of
wedge with both small and large deadrise angletisait, [9] in
2002 considered various inside and outside arems Wagner
methods.In this paper, to calculate the asymmatriessure
distribution of impact, a simple method is set adow Wagner
generalized method and this theory was providedTbyama
[10].

The provided formula in this paper is followed by tmethod
that Wagner used for wedge that is entering theemwat
symmetric mode. One of the assumptions used tagedwow to
distribute the pressure caused by impact on thegeeis the
profiles shape on water in the area of impact, thiat figure is
based on the Wagner's impact theory. Although thi&thod
derived from a simple perspective, its results carag with a
more complex numerical method that is derived frBoolan,
[11] are acceptable. Wang [12] understood the itapoe of
effect of asymmetric body shape of planing crafileventering
water surface.in addition, many laboratory actdgtihave been
done in this field

2.0 IMPACT OF WEDGE TO THE SURFACE

Wagner in 1932 investigated impact of wedge to weder
surface and by assuming the ideal fluid, obtaitedadded mass
that is caused by the impact of asymmetric wedderielg water
with constant speed and specific weight. Finallyghining speed
fluid rising up around the body and integration ipfWagner
obtained height of rising up fluid in specific diste from the
axis [13].

Toyamain 1993 [14], studied about the wedge engaoc
water with specific mass and constant speed in astnic mode.
For this purpose, he used the linear model of libeyhad been
used in Wagner model. Toyama by assuming that fhiiidleal
and by defining a parameter that determines thenamtrical
section, calculated the fluid rise up speed ardhadody and by
integrating on the equation, water rise up levehioted. Finally,
with regard to the assumption of linearity of thedp and the
potential equation of a flat plate, pressure distion due to
impacting on water was obtained and therefore poinith
maximum pressure was specified. In this paper wdieti about
Toyama modeling and the results of his work.

2.1Wagner’s theory for symmetric impact

Wagner investigated the fluid flow around a wedgéhwmass
per unit length (m) that is entering the water abastant speed.
His work was based on von Karman original ideagging the

impact phenomenon, the momentum of the falling weedg

transfers to water. Body momentum, when it impaices water
level, is m.y, while m is the mass of the wedge agdswelocity
of the wedge at the moment of impact. During theewantry,
wedge speed will be reduced and its mass increasego the

inertia of the surrounding water. This apparentsnagalled the
added mass (M).

Considering the presence of external forces suofrasty,
buoyancy and friction forces, themomentum equdtiecomes

;.9 _ (1)
MV +—-(My,V) = F

As can be seen slamming force directly dependsduaed
mass and its changes in time. By assuming the filéd) we can
conclude that fluid movement in length will be natation and
there will be a potential speegl When continuity equation is
valid, added mass is calculated by following edurati

P a¢
Mzz:ﬁff(p%ds (2)

Wheren is the entrance of the wedge into the water. Wiagne
solved Laplace equation by taking into accountiweboundary
conditions on the planing craft and free surfacegtened
vertical velocity of the fluid around the bodyigure 1shows the
Wagner assumptions for symmetrical wedgeto theasarfof
water.

T

Figurel. Wagner assumptions for symmetrical wedgite
surface of water

According to initial assumptions in figure (1), thertical
velocity of the fluid at point x from the center tife wedge is
calculated by equation (3).

v

Jl—_— ®)

By integrating of this equation, the water rise lapel will be
calculated. For four conditions, linear, secondeordhird-order
and fourth-order of section shape, Wagner calcdlegeel of rise
up of wateras shown in Figure 2.

Vy:
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Figure Z Entering sections with different forms into w[15]

2.2 Toyama Modeling of the asymmetric impact of
wedge to the water surface

In this section to obtain analytical solution foongputing

distributed pressure on the planing craft hull withine section,
by taking advantage of Wagner potential theory @ekloping it
for 2D impacting to the surface, we will study tasymmetric
impact. To transfer the result to 3D and to obt#inroll forces

and momentum of trim and yaw ,we will use the tlgeof

slender body.

Toyama by assuming ideal fluid and by defining eapzeter
which characterizes the asymmetry of the sectibtaioed the
speed of fluid rising up around the body and wité integrating
of the equation, also obtained water rising up lle#nally,
considering the assumption of linear body and pgatkeaquation
on a flat plate, pressure distribution due to inipat the water
and therefore the points with maximum pressurebtaioed. In
this section we will discuss about Toyama modelargl the
results of his works. Entry wedge into the wateagdam in
asymmetric mode are shownbelow [16].

Figure 3 shows the asymmetric impact of wedge ® th

surface of water so that tfand B, are deadrise angle abd,

C, are half wetted beam, on both sides of the body. F

asymmetric impact, average half wetted beam andaitsitions,
can be considered as follows:

Y
< I c
cz e c1
[ ]
n2 r 3
™
—_ i
8] = i
= ' B= f:h i x
-1 c cgufl'_ oo (rtil o
'21:0

Figure 3: Assumption and parameter of Toyama imasgtric
impact [16].

®

A
CZEC1+EC2 @)
. . . 5
C=5C1+EC2 ()

As shown in figure (3), (1) parameter determines tate of
asymmetric impact so that if p=0, it will be thereaWagner
primary mode.

Toyama by assuming the ideal fluid and constancthefspeed
of the entry of wedge into the water, calculateel shray water
speed around the planing craft body in the forracpfation (6).

Cc
— e
As can be seen by letting p=0(symmetric mode) wet@ehe
equation that was presented by Wagner. Now, wite th
integrating of this equation, the position of wateound the

planing craft anywhere with the distance x from gedxis can
be achieved.

¢
nx) =f vy, (x)dt e
0

2
n@) = v/ - =] ©

By modifying the appropriate variable, the abovegnal can
be simplified as follows:

1 1
M ® =5 [ [E- i - 20 + (2 = D2y dn - (@)
0
So that:

Ve, =8, x=5 u=n

We can change equation (8) such as follows:
§A; — A E>p+1

AW = {7 MR ©

Where the coefficient, andA,are calculated as follows:

1 1—p?+

A= [sin~?1 K LLE]
1—u? 13 (10)
1 11
e = T IR = 208 + 4% = 1) = iy 4

And for lift up water {=p+1) on both side of craft, we have:
s e 5 )
8 {(1-wy1-p?}

T]_z_§+ sinTtp 4 py/1 — (13)

5 {1+wyl-p)
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]
On the other hand, according to the figuren@ndn,can be “:i (c; — ¢3) v
expressed as follows: (19)
L1, .
N1 = (1+ p)ctanp, (14) =2 (¢ = &) (20)
Nz = (1 —pctanf, (15) Proposed potential function for the asymmetric iotda as

Substituting values of equation (14) and (15) ieations (12)
and (13) and considering:an—gz results in (16):

z R—ll
sinTlu 4 py/1 —p? = (Z)R(—-l-l) (16)

The asymmetry parameter can be obtained from thleg; and

B, in the above equation.However, because the asymymetr
parameter p is always smaller than 1, and in mas¢ésis much
smaller than 1 in (|gl), the above equation (16) can be
simplified as:

(R-1)
(R+1)

n=)

In order to find p, Toyama presented following enmagai
equations that is approximate solution of equafi®). [17]

a7

) R-1 st
f&) g k=

(1) R—-1 R<1

R) R+
(18)
0.77 + 0.003R + 0.0016R?,, 1<R<3
F(R=] 076 +0.015R — 0.0005R2, 3 <R<10
0.80 + 0.0072R — 0.00013R2, 10 <R < 20

2.3. Modified Modeling of the asymmetric impact of
wedge to the water surface

. 1 1
Figure 4 shows a wedge section with asymmetry entry M%W(tanﬁl—tansz)

wheres, ,5,,c; and c, are the deadrise angle and the half beam
in side 1 and 2 respectively.

&y
T4
L
Side 2
(ba.d2)
ul —_
6 | 51
- » X
C2 €

Figure 4. TascOnassumptions in asymmetric impact

Toyama (1993) introduceg as asymmetric parameter but in the
current model this parameter is evaluated as [15]:

follows:

Yy v

The potential functionwas derived respect to timd space,
and substituted in energy equation, was obtainedptlessure
distribution for the asymmetric entry in the follavay:

(21)

=-wycZ—(—p+y)?+
wlce + (mp+yw) w?  (-p+y)?
Je2 = (—p+y)? 2 2= (-n+y)?
For a wedge sectionis assuming that the asymmnigs not

affect the jet velocity, half wetted beam and issiation, in the
case of dry chine, can be calculated from (23)(24)t

oI

(22)

T 1

€= ZWt(tanﬁl + tan[)’Z) (23)
€= T b — 24
T4 W(tanﬁl tan[)’Z) (24)

The asymmetry parameter and its variation is catedl as:

_T 1 1

M_4Wt (tamB1 tanBz) (25)
(26)

While w is downward vertical velocity in directiaf axis Y,
and t is entering time of wedge to the water s@fac

The above equations are for dry chine mode. Inedethine
mode, half wetted beam is calculated as followsthin case of
wetted chine in the side 1, the boundary condigd®=0 in y=h.

The pressure on the side 1 (right side) can berdeted by
the following equation:

_w(ee+ (=p+bpw)  w?  (mp+by)?
Ve2 = (—u+by)?

By simplifying the equation (27):

P
’ PEICTE N

On the other hand, from the previous equationsbeaconcluded

2 _(_ 275
%w_zm

(—lll +by)?
C+C?—=(—p+by)?
+2Cln

| Cu+b)
wheret, the instant is when the chine wetting from the slde

(28)

=w(t—t)
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occurs. On other hand from the equation (4), ) énd (20):

CG+pu=c (29)

Gptp=¢ (30)
Assuming that the wetted chine in the side 1 da¢saffect

the half wetted beam in the side 2:
m wt

2= 2tang, (31)
m w

©2=3 (32)
2 tan 3,

The equations (28), (29), (30) were solved iterdyivto
calculatec andu. The equations (27), (30) and (32) were resolved
to obtaincandji.By substituting the result in equation (22), the
pressure distribution on wedge was obtained. Wreurs the
chine wetting in side 2, the boundary conditiondmee: P=0 in
y=b, and finally, the pressure on the side 2 (left sidan be
determined by the following equation:

P w(cé+ (—p+ b)) w2 (—p+by)? B (33)
P JZ - (uib)? 2 C-(uHb)
By simplifying equation (33):
2(cé + (=1 + b))/ c2 = (= + b,)? _ (34)
(=1 +by)?
By integrating theequation (34):
2[C7 = (—p+ b1)2]% JCE = (Chib,)?
3 Gppye WO R (35)
C++C*—(—pn+by)?
| (—u 1) = w(t—t;)

(—p+by)

Wherg, is the instant when the chine wetting from the<id
occurs.When chine wetting occurs in both sides, etyeations
(28) and (35) are solving to calculateand x, and¢andj are
obtained resolving (34) and (27). Then, with substig the
values in equation (22), pressure distribution ioleid. Also by
using the same equation, pressure distributioniffierdnt heel
angles is obtained.

+2Cln|

3.0 RESULTS

The Figures 5~8 show the results of pressure bigtan on
wedge section for deadrise anglegpft= 10 andp, = 30.
The dimensionless coefficient of pressure is cateul as:
P
r %pwz (36)

45

40 1 =0.07c i
=0.11
35 =020 ’
30 =0.34
o 25
(&] /
20 /
15 // =
10 B
5 |’ i —
/ ! f —
0
10 -08 05 03 00 03 05 08 1.0

y/0.5B
Figure 5: Pressure distribution 8y = 10 andg, = 30

The results show that in the first wedge impadhtosurface,
the water pressure on the right side suddenly .riBes when
chine was wet in the same side, the pressure omight side,
reduced and on the left side increased. FiguresdS6ashow the
pressure distribution before chine wetting in théesl. The
results are compared with Toyama (1993) and CFDefivogl[18,
19].

Figures 7 and 8 show the pressure distribution reeémd
after chine wetting in the side 2 respectively. Tésults data are
compared with CFD simulations.

g &8 8 8 &
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y/0.58B

Figure 6: Pressure distribution fyr= 10 andg, = 30
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Figure 7: Pressure distribution f8§ = 10andf, = 30
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Figure 8: Pressure distribution 8§ = 10andf, = 30

The horizontal and vertical forces are calculatgdritegrating
the pressure on any section.

Figure 9 shows the variation the vertical forceimtgirthe
impact for a wedge section wifl1=20° andB,=30°, the results
are compared with Xu et.al. (1998) work and CFD «liog), the
current model shows a good agreement with the atindrors.

! |
— Present Model
o e e CFD
...... Xu

+ N\
\\
’ *
SR W X

0.0 01 0.2 03 04 0.5 0.6 0.7
T

Figure 9variation of vertical force fop,=20° andB,=30¢

4.0 CONCLUSIONS

In this paper, we first reviewed and analyzed wesigametrical
impact to the surface, then problem of two dimemsicedge
section asymmetrical impact to the surface of wates studied.
To analyze the mentioned phenomenon in asymmetmoale,
number of analyzed relationships were used that tooachieve
these relations has been mentioned briefly. Fip#tlg obtained
analytical relations to determine the pressureaitligion and its
maximum value on wedges with different deadriselengere
applied. The results showed good agreement bettheeresults
and the results of other researchers study. Firmllanalyzing
the results, pressure distribution response reltdedeometric
and physical changes in impact problem were studied
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