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Summary.—A theoretical examination is made of the deadrise effect on associated mass and wetted area in the
two-dimensional impact case (vertical drop of an infinitely long wedge at zero attitude). Available estimates are
summarised and a new theoretical formula is developed by means of an expanding prism flow which gives results for
associated mass in very close agreement with those given by Wagner’s? semi-empirical formula (on which most of
the estimates of three-dimensional associated mass have so far been based). In addition the new treatment gives a
formula for wetted area which is not available from Wagner’s treatment except for very small values of deadrise angle.

Comparison is made between these and other formulae in the light both of theory and experiment and a brief survey
is made (in Appendix I) of the assumptions involved in applying associated mass methods to motions through a free
surface.

1. Introduction.—The usual method of approach to the seaplane-water impact problem
has been to assume that during the course of an impact, momentum is transferred from the
body to a fictitious  associated ’ or ‘ virtual * mass of watert and by making assumptions about
the nature of this ‘ mass ’ the motion of the body can be determined.

Various estimates have been given in the past for the value of the associated mass, depending
on the assumptions made about the effects of deadrise angle and aspect ration of the wetted
area on the body. (For a summary of these estimates see Appendix II of Ref. 3). The present
note is restricted to a theoretical examination of the deadrise effect and deals with the two-
dimensional case only (vertical drop of an infinitely long wedge at zero attitude). A new
theoretical formula is developed which gives results in very close agreement with Wagner’s®
semi-empirical formula (on which most of the estimates of three-dimensional associated mass
have been based). In addition the new treatment gives a formula for splash-up factor (splash-up
is the rise of displaced water along the sides of the body) which is not available from Wagner’s
treatment except for very small values of deadrise angle.

Also, in Appendix I, a brief survey is made of the assumptions involved in applying associated
mass methods to motions through a free surface.

This report is part of a series giving the results of an investigation of water impact forces
and pressures. . :

* R.ALE. Tech. Note Aero. 1989, received 8th June, 1949.
+ The term ‘ associated mass ’ has commonly been used by writers on this subject and for that reason is used in

the present note.
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2. Available Estimates for the Two-dimensional Associated Mass for Wedges—As shown in
Appendix I, associated mass methods can only give an approximation to the true motion of
a body through a free surface and their worth is largely dependent on the correct choice of values
- for the associated mass to give agreement with experimental results. .

The present report is restricted to a theoretical examination of the deadrise effect and this
can only be made for the two-dimensional case, i.¢., the vertical drop of an infinitely long wedge
at zero attitude. Various estimates have been made for the associated mass under these conditions
and they can be summarised as follows.

2.1. Von Kdrman.!'—The earliest estimate appears to have been made by Von K4rmdn,
who proposed that the associated mass be taken as the mass of a semi-cylinder of water on the
wetted width of the wedge as diameter. He took this wetted width to be the intersection of
the wedge with the undisturbed water surface (Fig. 2b).

This value is half the value obtained from the motion of a flat plate of the same width in
unbounded fluid and Von Karman took it to apply without any correction for finite deadrise
angle (6). Thus (denoting associated mass by M where M is the mass of the wedge) he took

T

yMzgééugzg%hzcotzﬂ . . . )

per unit length of the wedge, where 2¢, is the wetted width given by the intersection with the
undisturbed water surface, % is the draft, (see Fig. 2b), and ¢ is the density of water.

2.2. Wagner*.~—~During an impact motion there will be a rise of displaced water along the
sides of the body (known as ‘ splash-up ’) so that the actual wetted width will be greater than
that given by the intersection of the body with the undisturbed water surface.

Provided that the deadrise angle 6 is small, Wagner® considered that the flow relative to the |
wedge in an impact motion would be closely approximated to by the flow normal to a flat plate

in unbounded fluid if at each instant
(a) the plate width was taken equal to the actual wetted width of the wedge,
and (b) the plate was taken to lie in the plane of the undisturbed free surface.

Thus, his assumed conditions are as shown in Fig 3 and the implications of these conditions are
discussed in Appendix I. ’ '

From these assumptions, Wagner calculated the rise of the free surface during the course
of the motion and found that for a plane-faced wedge the wetted width would be =/2 times
that given by the intersection with the undisturbed water surface, 7.e.,

T

CEGO e .&)

Also, only one side of the plate is wetted in an impact motion as compared with both sides
in motion through an unbounded fluid so that the associated mass in the former case will be
half that in the latter, 7.¢e., ‘

3
uM =ggczzg%k"‘cot20 when 6 is small . .. .. (3)

The value of this approximation decreases as 6 increases and to obtain an expression for the
force on the wedge valid for all deadrise angles, Wagner chose the following method.

(1) If the motion is steady, i.e., V' = constant, then an exact, if laborious, solution of the
impact problem for a plane-faced wedge can be made by a centre of similitude method®.. Wagner
made these calculations for a deadrise angle of 18 deg and quotes the result in Ref. 2.
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| (2) For limitingly small values of 6§ (§ — 0) a value for the vertical force in steady motion can
be obtained from

duM)
2 - . . . . . . @)

where uM is given by equation (3).

F=V-

This gives an asymptotic curve for 6 — 0.

oV?h. N ()

(3) For very great values of 6 (§ — 90 deg) the problem can be simplified to that of the immersion
of a knife edge without splash-up and this can be solved exactly by conformal transformation,
thus giving an asymptotic curve for 6 — 90 deg.

From these three solutions Wagner then derived an empirical variation of impact force with
deadrise angle by generalising equation (3) in the form

3
F=K% LoV .. .. . .. . .6
and by taking ,
20\* ‘
K=(1—=]". . . . .. S . .. . (7)
-
From equations (4), (6) and (7) and by integration we can then obtain
> 1 26\*
ﬂM:@%g%i~;>m N

as an expression for uM valid over the whole range of §. Equation (8) applies strictly only to
steady motions (V = constant) but it has also been taken to apply to unsteady motions
(V' = function of time).

It should be noted that only in the region 6 — 0 does equation (8) assume that the impact
associated mass is half the value of some unbounded fluid associated mass. Also it is only in
the same region that the splash-up factor of #/2 has been derived, so that for usual values of
8 nothing is known of the wetted area.

However, in application, most later writers® have expressed equation (8) in the form

,uMzg—S—cotZB &t . .. .. . .. .. (8a)

a=C?%2O;%) L

and have regérded' & as a deadrise correction factor to the associated mass as given by
equation (3). The splash-up factor has then been taken as z/2 for all deadrise angles.

with

Other more recent writers* have used equation (8) in a form equivalent to

yM—%w%w)mnz ... ... ... (sv
with '
=59 (1-2)




and have assumed that the splash-up factor for finite values of 6 is given by f(8). Theoretically,
this has the advantage that f(§) - =/2 as § — 0 and f(8) — 1 as 8 — /2, but the method of
derivation of equation (8) cannot be said to support the variation for intermediate values of 6.
For instance, there is no evidence in support of the implicit assumption that the associated
mass for a wedge of finite deadrise angle 1s a semi-cylinder of water on the full wetted width as
diameter. '

2.3. Kreps® —Kreps assumed a splash-up factor of z/2 for all deadrise angles and gave a formula
for associated mass in the form of equation (8a), s.e.,

3

pM =% cot®e et L. L L (8a)
but with |
6 : :

51:1—; .. .. .. .. . .. .« ’ . .. (11)

instead of equation .(9) for &. Equation (11) was derived from consideration of the relation
between the flows without splash-up past a prism and past a flat plate.

3. A New Treatment for the Two-dimensional Impact of a Wedge of Finite Deadrise Angle.—
Wagner’s expanding plate flow of section 2.2 applies in the case of limitingly small deadrise
angles. When the deadrise angle is of finite magnitude (as in the case of seaplane hull bottoms)
a better approximation to the relative flow might be obtained by considering the flow past an
expanding prism, derived as shown ini Fig. 4. The deadrise of the prism is the same as that of
the wedge and at any instant its width is equal to the wetted width of the wedge.

The mathematical solution of the flow problem is given in Appendix II. The main
differences appearing when compared with Wagner’s solution are

(a) The splash-up factor is now given by
| ¢ /7 sinf | (1 e) ( e>} |
'b—o' —_— _2—" T l F 2 —I'“ 7; F 1 h— g; .. .. . .. (12)

where I'(n) denotes the complete gamma function. This reduces to Wagner’s factor of
n/2 as 6 — 0, and cfc, — 1 as 0 — /2.

An approximation, valid to within 2 per cent in the range 0 < 8 <{ =/4 is given by

vcﬁoﬂg@_g) T

(b) The associated mass of liquid is given by

e n — 26 . 7 .
ulM = gc*tan 6 o5 [P(l 0) F(l 2)]2 1 (14)
2t/ "\ 72
o, 6
=7 o (1—;) R o1
over the practical range of 6 as compared with Wagner’s value ‘

;E 2

,uM—ng . .. - - .. .. .. .. .. .. (3)

Thus there is a deadrise effect both on splash-up and on associated mass.
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Comparison of the two expressions (equations (3) and (15)) for the associated mass of a flat
plate and of a prism respectively at the same wetted width (2c) shows that the effect of deadrise
1s to introduce the Kreps factor’.

6 .
E=1—= . D

as given in section 2.3.

On the other hand, the splash-up factor as given by equation (12) or (13) is smaller than the
Wagner value of =/2 as used by Kreps, so that the associated mass in terms of draft is given by
(from equations (15) and (13))

M—-ﬁcﬁ@O—OYW | (16)
| M =0 '—8— 0 7’; e - . - o e .

The objection can be raised that, in the treatment of this section, the flow is diverted by the
prism too early (at the point P, in Fig. 4a) as compared with the flow past the wedge (which is
diverted at point P, of Fig. 4a). This is the case, but

(a) the treatment is in any case only approximate,
and (b) in the Wagner flat plate treatment the flow is diverted much too late (at the point Pj),
so that it is considered that the suggested method might give a closer approximation to the
true conditions than consideration of the flat plate flow has provided.

4. Comparison of Results.—Fig. 5 shows a comparison of the various estimates for the two-
dimensional associated mass.

The expanding prism analogy of the present note gives a formula for associated mass

M =02 cot's (1 %SW | (16
7 _9—8—00 . - .. .. .- .. .. X )
whose results (represented by the full line) are in very close agreement with those obtained from
Wagner’s semi-empirical formula

w1/ 2\, |
me%?Q—ﬂhz Y-\

over the range of § <{ #/4. .The latter formula includes the exact centre-of-similitude solution

at 6 = 18 deg, and has been the basis of the majority of three-dimensional associated mass
estimates.

Therefore, the expanding prism analogy might be expected to give a good approximate
representation of events during the impact. In particular, it gives an expression

c_z <1—-9) e R OT:

Co 2 7T

for the splash-up factor in the range 0 < 8 < =/4, whereas Wagner’s theory?® only gives this factor
for limitingly small values of 6. This factor is of importance in determining wetted areas,
instant of chine immersion, etc., and its variation is shown in Fig. 6.

The effect on associated mass of neglecting the variation of the splash-up factor by taking.it
as =/2 for all deadrise angles, while using the deadrise correction factor from prism to flat-plate
flow as derived in the present report, is shown by the broken line in Fig. 5§ which corresponds
to Kreps’s® formula -

3 .
ﬂMe:w%cmw<1—§>m L (8a) and (11)




The results are everywhere greater than those given by Wagner? (equation (5)) or the formula
of the present note (equation (16)).

However, experimental (three-dimensional) measurements of wetted areas for 6—=20 deg have
so far shown no variation of splash-up factor with deadrise angle and support the value =/2
throughout, both in impact and in planing motions. Also, analysis® of three-dimensional
impact results from the N.A.C.A. for values of 6 up to 40 deg would seem to support a deadrise
variation of associated mass

cot®o (1 _ Q)
A

as in Kreps’s formula, rather than the variation

3
cot? 6 (1 — E)
- 7T
of the present report (which agrees with the variation from Wagner’s formula, ¢f. Fig. 5).

Thus two-dimensional theory supports the variation

c = ] .
’5(,:?(.1_;) N O F: )

while three-dimensional experimental results sﬁpport the constant value

C 44

G2 |
The discrepancy would best be investigated by a series of two-dimensional impact tests.
Also shown in Fig. 6 is the variation
c _ = tan@(l_%>
¢ 2 6
for splash-up factor advanced by Milwitzky*, which would give even smaller wetter areas and
later chine immersion than the variation suggested in this report.

(10)

T

5. Conclusions.—(1). The expanding prism analogy of the present report gives a theoretical
formula for the two-dimensional associated mass of a wedge in very close agreement with
Wagner’s? semi-empirical formula. It is

. n’ 2 ( 9)3 2
,LLM—-Q-——S cot® 9 1———ﬂ h
in the range 0 < 0 < =/4.

(2). It also gives an expression for the variation of splash-up factor with deadrise angle which
is not available from Wagner’s® work. This is

c 7T 0
&= 2 (1-3) |
in the range 0 < 0 < =4, which reduces to the Wagner value of =/2 as 6 — 0.

(3). So far, experimental (three-dimensional) results have not shown any variation of splash-up
factor with deadrise. In effect, they support Kreps’s® result for associated mass-

.763
uM = 9—8——(:ot2 <1 — —>h2

in preference to the formula of conclusion 1 or Wagner’s formula (Wh1ch give almost identical
results).
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(4). There is no support for the recently advanced variation

c J”_vvtan(i (1_20) ‘
e 2 0 n

44
of splash-up factor.- (This expression was derived from Wagner’s formula for associated mass

by assuming that the associated mass for a wedge of finite deadrise angle is a semi-cylinder of
water on the wetted width as diameter.) '

LIST OF SYMBOLS
M Mass of body

uM Associated mass of water

Density of water

) Deadrise angle

h ‘Draft with respect to undisturbed free surface

2, Wetted width at intersection of wedge with undisturbed free surface
2¢ Actual wetted width of wedge

V Vertical velocity

F - Vertical force

& Deadrise correction factor to associated mass

The symbols in the appendices are defined as théy OCCUT.
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APPENDIX 1
Application of Associated Mass Methods to the Two-dimensional Impact Problem

A two-dimensional impact is the vertical impact of an infinitely long wedge at zero attitude.
The flow in any cross-section can then be taken as two-dimensional, as in Fig. 1.

At touch-down suppose the (vertical) velocity of the body (Mass M) is V,. The liquid is at
rest, so that the total momentum of the system is MV, As the body penetrates the surface
it sets up motion in the liquid so that the liquid gains momentum and if no external forces are
acting and viscosity is neglected, then the body must lose a corresponding amount in order
to satisfy the law of conservation of momentum. Thus, if V is the velocity of the body at some
later time, “{’, we can write

MVy=MV + uM .V O )

where ulM .V represents the liquid momentum and as yet 1o assumptions have been made
~about the form of pM.

Now, in general, the total momentum of the liquid is given by

.

@:fwm O P

where dz is an element of volume (see Fig. 1) with density ¢ and vectorial velocity v, and the
integral is taken over the whole volume of the liquid. (In our case, B will be vertical.)

The flow is poteﬁtial ’ since it has been generated from rest by the normal pressures applied
to the liquid by the surface of the body and no other forces are acting. Hence

y = — grad ¢ .. .. e . .. . .. (3)
and substituting in equation (2) we get |
E::—fggmd¢h O 7
which by Gauss’s theorem becomes the surface integral ’ .
-E=fewwk=f wﬁm++f WQ%—%I opnds .. . o o (9)
s sp sw Se .

where »  is thé inwards drawn normal,
Sp is the wetted surface of the body,
Sw 1is the free surface of the liquid,
and S, is the surface at co (see Fig. 1).

On S, ¢ is zero so that equation (5) becomes
SR

Sy :

In the motion of a body in unbounded fluid, the second integral in equation (6) disappears so
that ‘ ’

E:f epnds. . . . .. .. . .. (6a)

1.e., the momentum of the liquid can be obtained by an integration over the body surface alone.
8



Furthermore, the potential function ¢ can be expressed in the form
p=V.0 . . ce . . . . .. (7)

where V is the velocity of the body,
and @ is a geometrical function independent of velocity.

- Equation (7) is the basis for the whole of the associated mass treatment of the motion of a
body in unbounded fluid*?, and leads to an expression of the form xA/.V for the component of
liquid momentum in the direction of a ‘ principal axis’ of the energy ellipsoid, where uM has
the dimensions of mass and is determined by the geometry of the body alone, and V is the
velocity component in that direction.

This is no longer the case in the presence of a free surface. Even if it were possible to express
¢ in the form of equation (7), with @ dependent on body shape alone, the second integral of
equation (6) would still involve knowledge of the free surface shape which depends on the history
of the motion.

If associated mass methods are to be applied to the motion of a body through a free surface
it is therefore necessary to assume as an approximation that

=0
on the free surface in which case equation (6a) applies.

Thus the momentary flow conditions (relative to the body) are assumed to be as shown in
Fig. 2, where the free surface ¢ =-0 in Fig. 2b is equivalent to the plane of symmetry ¢ = 0 in
Fig. 2a. Thus the flows in the lower half-planes of the two rmotions are subject to the same
boundary conditions and hence the two flows are identical in that region. In the free surface
problem only half of the body surface is wetted as compared with the whole surface wetted in
the unbounded fluid problem and hence the assoaated mass in the former case is only half that
obtained in the latter.

It can be shown that the motion in Fig. 2 is along a principal axis of the energy ellipsoid so
that equation (1) can be apphed for the momentum balance, with xM a function of the geometry
of the body alone.

A further approximation must still be made. The condition ¢ = 0 on the free surface implies
that the free surface is flat, whereas it will actually be ‘ splashed-up ** in the region of the body,
somewhat as in Fig. 1. For that reason ‘Wagner* takes the condition ¢ = 0 to apply along the
line of the undisturbed free surface (as in Fig. 3) and calculates his results accordingly. The
same approximation is taken in the present report.

APPENDIX II

Mathematical Detaals of the Expanding Prism Analogy to the Two dzmenszonal Impact of a Wedge
of F wnite Deadrise Angle

In this case, when the deadrise angle 0 is finite, a better approximation to the relative flow
than Wagner’s expanding flat plate solution mlght be obtained by considering an expanding
prism flow, derived as shown in Fig. 4a.

* “ Splash-up ’ is the rise of displaced water along the sides of the body.
9




Thus the unbounded relative flow problem is that of the flow of a stream of velocity V' past
a prism of deadrise angle # and momentary width 2c. This is taken as the z-plane, with origin
and axes as shown in Fig. 4b, and the flow in the z-plane can be transformed into a flow past a
flat plate in a ¢-plane (Fig. 4c) as follows.

Transformation Between the z- and {- Planes.—1It is required to transform the prism in the z-plane
into a flat plate in the {-plane, so that the points [+ ¢, 0] go to the points [+ ¢, 0] and the
points [0, 4 ¢c tan f] go to the origin.

The Schwarz-Christoffel transformation gives

Z_; = Ko (CZ _ CZ)_B/" — Ko (C2 _ 02)—" .. . .. . s .. (1)

where # = 0fn, 2 = % + iy, £ = & + in .
._x (&)
dz K ¢

'675:'6—7;;;(_1—_'——525; .. e . » - .. .. « (2)

CZ

If || < ¢, then

Put ¢?/c* = =, then d¢ = cdr[2x"/* and

Ke /2 _
dd:ﬁ” (ITT)ndT » e .. } .. i P > . .. ’ . (3)
When¢ =0,z = + 2c tan 6 |

Therefore, z 4~ tc tan 0 = % f M2 (1 — %) dr . .. .. .. .. (4)
' 0
gives the transformation between the z- and ¢-planes via the v-plane

2
T = —).

(SRR

Also, y positive corresponds to 5 positive and infinity in the z-plane to infinity in the {-plane.
Now =0, |&| <C ¢ corresponds to the faces of the prism in the z-plane. Also »=0 implies = real,
and for this case the integral on the right hand side of equation (4) is solvable in terms of the
incomplete Beta function giving (for positive y)

. Kc ‘ |
z—zctanGZWB,(p,q) .. . . .. .. . (5)

where p = »n 4 %
q=1—n‘-

However, evaluation of B, (p, ¢) is handicapped by the fact that # = 0/= <C §, therefore p and ¢
are both in the range [4, 1], and tables of the incomplete Beta function are only available for
values of p and ¢ equal to 0-5, 1-0, 2-0, etc. It was not considered appropriate to investigate
further numerical solutions in this report. :
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Evaluation of the Constant K in the Transformation.—Since ¢ = ¢ (v = 1) implies that z = ¢,
then from equation (5)

c(l—itan@):% n+31—mn),

: 9 .
i.e., KZB(n—l—%,l——n).cosO .. . . .. . - (6)

N | |
P TR V% i) Iy SRR )

where n = 6/a

and I" denotes the Gamma function.

Correspondence of Flow Fields in the z- and {-Planes.—Take

- %_w = ye~ ¥
and
dw "
J— ZE —_— -Ule 1
Then
dz ‘ ‘
—if __ —if,
ve % = ye /dC .. .. - .. .. .. .. .. (8)
At oo, ‘

> dé‘ >

. L c Ofn
= Um [x(1-5)"]

=K .

Lim' (d_z) _ Lim [KCWIH (e _ 02)—0/ﬂ:| (from (1))

Hence, at infinity in the two planes

v, =Kv .. e .. . . . .. .. . 9)
=248 ce . ce .. e .. .. .. (10)

so that if there is a uniform stream V in the z-plane in the direction of the negative y-axis, there
is a uniform stream KV in the {-plane in the direction of the negative »-axis.

Thus the complex relative flow potential is given by ,
w=— KV V/(* — ) . L
Superimposing a velocity V' in the direction of the positive y axis on the whole system in the
z-plane, we obtain »
w—_—sz—iKV\/(Cg—cz) . .. .. . .. . .o {12)

as the complex potential for the flow caused by a prism moving in liquid at rest at infinity, the
relation between z and ¢ being given by the integral of 1.

11




Momentum of the Liguid.—On the surface of the prism

w =1V (x + 1) +KVC\/<1—§>

, & = & and |¢] < ¢, hence

(12)
hence :
2
s =KVe \f(1- ’%) — ¥y onS, . (14)
Now the momentum of the liquid is given by
B=¢ | ¢nds
SB
hence the vertical component, downwards, is
By=¢ ¢ dx
SB
which from equation (14) becomes
+c ' +e
£\ dx
By =g J_CKVC \/<1 — c—2>- d_f dE — QV f_cydx
A dx | '
zzgf KVe/(l—v)zde—oV | ydx .. .. .. .. (13
—0 —c
52
if = is now taken equal to- =
From equation (3)
dx _ Kccosf "'
) (1 —=)"
hence :
1 dx 1
2K Ve f V(7). e = oKVt cos o f n=1 (] — )R g
0 0 oo
=9K*Vccosb.B(n+41,§—n)
e m— 20 : 7 } ‘
=ele {Sin % Thrhrd—np @Y
also
+e¢
_— gi ydx = —gVc*tan6
therefore -
. ) m— 20 7 . } ‘ '
v =eVe tan(){sm 20 [F(n+ 31 (1—n)] 1 " e - (18)
' 2%9V02<1—§>
and ‘
DB, _ { 14V | 2 d_c}
bE=pr =8\ TT:a (17)
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Splash-up —Considering the flow relative to the prism, then

) w= — iKV /(8 — ) Ly
an

%:K&"(w—&)—" )
hence - '

W _iypem@—epen Ly

On the undisturbed free surface
t=¢&and |&]> ¢

hence the resultant velocity is vertical and of magnitude

2

n—1/2 -
1.»,,=V<1_§>. e

Then the elevation of the water above the keel at position & at time ¢ is given by

n:fz»ndzzf\—“—“)-fl—c— O 00)

cA\1/2=n
- (1-5)

dc
where u(c) = ‘V/EZ . (21)
At the surface of the body £ = x = ¢, and therefore
E=x
171,=f M————;xtanﬁ .. . .. . .. oo (22)
0

cA\/Z—7
(1 ~ Ez)

from the geometry of the body. Solving this integral equation by the same method as used by
Wagner for his flat plate motion, i.e., putting

wlc) =ay + ac +axc®*+ . ... Fac + . ... .. .. .. .. (23)
we find that for a straight-sided wedge,

my = xtan 0 = “—?ij G4+ + ba® + bx® + . ... (from (22))
from which
2 6 tan 6 2K6
Gy = 2 - - N )
0 \/n51n611%+§)11(_§) 7
and .
by=by=....=0

{ When 6 = 0 this reduces to the Wagner value of 2—:: .

13




Now
14 ah

u(c): ay, = m = d_c
hence
_C = 610 . .« .. .. .. .. .« .. .. .. . e (25)

Also hjc, = tan § where ¢, is the wetted width without splash-up.
Therefore, the splash-up factor

s = (s ) (1 - ; R TP )
~ 7 (1 6) f o<a«h” L 27
»-—2( - - or0<o<z. .. . . . o o (27)

The maximum error involved in using the approximate factor given by equation (27) is less than
2 per cent in the range specified.

Also, as 0 — i—; , cg — 1 (from equation (26)).
0

Further Work.—Pressure distributions over the wedge could be obtained by using the flow
potential given by equation (12) instead of Wagner’s flat plate potential, but the work is
complicated by lack of solutions of equation (4) for the transformation between the z- and £-planes.
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Fic. 1. Cross-section of the vertical impact of a wedge Fic, 2. Application of associated mass methods.
Assumed flows relative to body. (Ref. Appendix I.)

at zero attitude. (Ref. Appendix I.)
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