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SIMPLIFIED CALCULATION OF GREEN
FUNCTION AND ITS APPLICATION IN
SHIP WAVE MAKING RESISTANCE

ABSTRACT

Ship wave making resistance is a very importduatracteristiof ship performance. When we
select a flow calculation method, we need to consider both accuracy and practical®yadtical
methods that are simple to use and highly efficiemtveell suited for quickly evaluating the large
number ofalternative designs that typically neta be considered for conaeand preliminary
design, and especialtgr hydrodynamic optimizatiorthe mathematical formulation of ship wave
making problem is introduced here. A modified single integral representation of the Green
function associated with the theory of ship wave making resistance is derived from the
well-known classical basic doubletégral representation of the Green function. The modified
single integral representation of the Green function is considerably better for purposes of
numerical calculationsNoblesse h& developed a modified theory named Neumbfiohell
theory based on NewannKelvin theory. A well-known fundamental &iculty of the
NeumanrKelvin theory is that the Neumasfelvin boundary integral flow representation
involves a troublesome line integral around the ship waterlihe. waterline integral in the
NeumanrKelvin flow representation can be eliminateyl a consistent lineaflow modeland a
series of mathematical transformatioinstwo steps Because of the complexity of the exact
integral Green function, it will be useful if we can get a simple analytical ajppatirn that is
valid within the entire region. Another feature of the simplified Green function is that the
singularity associated with the Green function is removed in a mathematical regularization method.
Finally the simplified Green function only costs ofalgebraic, exponential and trigonometric
elementary functions. The absolute error and the relative error of the simplified local flow
component in the Green function are considered here, and both the exact and simplified local flow
component in thélogner potential for the Wigley ship at three Froude numbers are computed and
compared. We can see that this method is particularly simple and well suited for practical
applications.

Key words: Green functiopsimplified Green functionwave making resiance,
NeumanrMichell theory
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Y 1 ¢ MATLAB p A
A 17 L W ¥
T " DbPFEFP LO&Rae 1 ) F 0 "E 5.14 5.2 5.3 A
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7
rho=0.01:0.01:0.99;

LL=zeros(15,99);

color=['b"'r' 'c''g' 'K7;

gamma=0:0.25:1;

xi=0:0.5:1;

for k=1:3

for j=1:5

for i=1:99

d=rho(i)/(1-rho(i));
a=xi(k)*d;b=sqgrt(tgamma(j)"2)*sqrt(ixi(k)*2)*d;c=gamma(j)*sqrt(xi(k)"2)*d;
y=@ (t)imag(expint((b*c*sqrt(1-t."2)+a*1i).*sqrt(1t."2)).*exp((b*t-c*sqrt...
(1-t.A2)+a*1i).*sqrt(:t.22))+Hlog((b*tc*sqrt(1-t./2)+a*1li).*sqrt(1-t.~2)));
LL(j+5*(k -1),i)=d/(1+d)*(1+(2+d)/(1+d)*c/(d+a}yquadyk(y,-1,1)/pi;

end

figure(k);

hold on;

plot(rho,LL(j+5*(k-1),:),color(j));

end

end

xi=0:0.01:1,;

LLL=zeros(15,101);

gamma=0:0.25:1;

rho=0.25:0.25:0.75;

for k=1:3

d=rhok)/(1-rho(k));

for j=1:5

fori=1:101

a=xi(i)*d;b=sqgrt(tgammaf(j)"2)*sqrt(2xi(i)*2) *d;c=gammaf(j)*sqrt(xi(i)*2)*d;
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y=@(t)imag(expint((b*c*sqgrt(1-t."2)+a*1i).*sqrt(1t.~2)).*exp((b*tc*sqrt...
(1-t.~2)+a*1i).*sqrt(:t.22))+log((b*tc*sqrt(1-t.22)+a*1i).*sqrt(1:-t.~2)));
LLL(j+5*(k -1),i)=d/(1+d)*(1+(2+d)/(1+d)*c/(d+ayuadyk(y,-1,1)/pi;

end

figure(3+k);

hold on;

plot(xi,LLL(j+5*(k -1),:),color(j));

end

end

gamma=0:0.01:1;

LLLL=zeros(15,101);

xi=0:0.25:1;

rho=0.25:0.25:0.75;

for k=1:3

d=rho(K)/(trho(k));

for j=1:5

fori=1:101
a=xi(j)*d;b=sqgrt(xgammayf(i)2)*sqrt(2xi(j)*2)*d;c=gammaf(i)*sqrt(xi(j)*2)*d;
y=@ (t)imag(expint((b*c*sqrt(1-t."2)+a*1i).*sqrt(1t."2)).*exp((b*t-c*sqrt...
(1-t.A2)+a*1i).*sqrt(:t.22))+log((b*tc*sqrt(1-t./2)+a*1i).*sqrt(1t.~2)));
LLLL(j+5*(k -1),i)=d/(1+d)*(1+(2+d)/(1+d)*c/(d+a}uadyk(y,-1,1)/pi;

end

figure(6+k);
hold on;
plot(gamma, LLLL(j+5*(k-1),:),color(j));
end
end

A2 2 4 ) "

G e "7 Ne 55 T @ Pl P, Ps

4 a=d 1~ Ps ’ D 3 08f 2=04 b=d 1~

D 38f 0=14 c=d 1~ P, A "'

A=zeros(3);b=zeros(3,1);x=zeros(9,1);
mf={'mf1','mf2','mf3','mf4','mf5','mf6'};

syms rr
mfl=rr.*(1-rr).A3;mf2=rr.~2.*(2-rr).A3;mf3=rr.A3.*(1-rr)."3;
mfd=rr.*(1-rr).~2;mf5=rr.~2.*(2-rr).A2;mf6=rr.A3.*(1-rr)."2;
for k=13

for j=k:3

mm=eval(mf{k}).*eval(mf{j});
A(k,j)=quadgk(@(rr)eval(mm),0,1);

A k)=Ak.));

end

mmm=eval(mf{k});
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b(k)=quadk(@(r)arrayfun(@ (rr)eval(mmm).*(rquadyk(@ (t)imag(expint(rr./(1..
rr).*1i.*sqrt(1-t.72)). *exp(rr./(2rr).*1i.*sqrt(1-t.22))+log(rr.{1-rr).*...
li.*sqrt(1-t.22)))-1,1)/pi),r),0,1);

end

a=A\b;

X(7:9)=a;

for k=4:6

for j=k:6

mm=eval(mf{k}).*eval(mf{j});

A(k-3,j-3)=quadgik(@(rr)eval(mm),0,1);

A(j-3,k-3)=A(k-3,j-3);

end

mmm=eval(mf{k});

b(k-3)=quadgk@ (r)arrayfun(@(rr)eval(mmm).*(rqguadgk@ (t)imag(expint(rr./(1..
rr).*t.*sgrt(1-t./2)). *exp(rr./(krr).*t. *sqrt(1-t.22))+log(rr./(Lrr...
).*t.*sqrt(1-t.72))),-1,1)/pi),r),0,1);

end

c=A\b;

X(1:3)=c;

for k=4:6

for j=k:6

mm=eval(mf{k}).*eval(mf{j});

A(K-3,j-3)=quadgK@(rr)eval(mm),0,1);

A(j-3,k-3)=A(k-3,j-3);

end

mmm=eval(mf{k});

b(k-3)=quadgk@ (r)arrayfun(@/(rr)eval(mmm).*(rr.*(3r)-quadgK@ (t)imag(expint...
(rr./(2-rr).*(t.~2-1)). *exp(rr./(2=rr).*(t.~2-1)) Hog(rr./(Z-rr).*...
(t.~2-1))),-1,1)/pi),n),0,1);

end
d=A\b;
X(4:6)=dc;
A2 3 ) "
G e @M Nol A 3 22T
G 55 T Pi P, P A "

A=zeros(9);b=zeros(9,1);
mf={'mfl','mf2','mf3','mf4','mf5','mf6','mf7','mf8','mf9'};

syms rr kk gg

mfl=rr.*(1-kk).*(1-rr).A2;mf2=rr.~2.*(1-kK).*(1-rr). 2;mf3=rr.A3.*(1:-Kkk).*...
(1-rr).~2;
mfd=rr.*(1-kk).*(1-rr).A2.*gg;mf5=rr.~2.*(1kK).*(1-rr)."2.*gg;mf6=rr."3.*...
(1-kK).*(1-rr).~2.*gQ;
mf7=rr.*kk.*(1-rr).A3;mf8=rr.A2.*kk.*(1-rr)."3;mfo=rr.*3.*kk.*(1-rr)."3;
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for i=1:9
for j=i:9

mm=eval(mf{i}).*eval(mf{j}).*gg;

A(i,j)=quadgk@ (narrayfun(@ (riyuadgk@ (k)arrayfun(@ (kkgquadgk@(gg)eval...
(mm)./gg,0.002,0.998),k),0.002,0.998),r),0.002,0.998);

AGD=A(L);

end

mmm=eval(mf{i});

b(i)=quadgK@ (r)arrayfun(@ nquadgk@ (k)arrayfun(@ (kkjjuadgk@(g)arrayfun(@...
(gg)eval(mmm).*(rr.*(1+(2rr).*gg.*sqrt(1-kk.*2)./(1+kk)}quadgK@ (t)imag...
(expint((sqrt(2gg.”~2).*sqrt(tkk.~2).*rr./(1-rr).*t-gg.*sqrt(Ekk."2).*...
rr./(1-rr). *sqrt(2-t.A2)+kK.*rr./(1-rr).*1i). *sqrt(1-t.”2)).*exp((sqrt...
(1-9gg9.72).*sqrt(2kk.~2).*rr./(1-rr).*t-gg. *sqrt(Ekk.”2). *rr./(1-rr).*...
sqrt(L:t.A2)+kk.*rr./(1-rr).*1i).*sqrt(1-t.22))+log((sqrt(tgg.n2).*sqrt...
(1-kk.~2).*rr./(1-rr).*t-gg.*sqrt(Ekk.~2). *rr./(1-rr). *sqrt(1-t.22)+KkK.*...
rr./(1-rr).*1i).*sqrt(1-t.2))),-1,1)/pi),g),0.002,0.998),k),0.002,0.998),...
r,0.002,0.998);

end
x=A\b;
A24 * L 4
T b E Ne P L=[1+y/(1+d))/(1+d)+l6 "E
L "E 54 ~ "DhE P L
55 56 ANe P L G Gree®
Ne A 7

rho=0.01:0.01:0.99;

L=zeros(18,99);La=zeros(18,99);

Era=zeros(18,99);Err=zeros(18,99);

color=['b"'m''c''r''g' 'k7;

gamma=0:0.2:1;

xi=0;

for j=1:6

for i=1:99

d=rho(i)/(1-rho(i));
a=xi*d;b=sqrt(tgamma(j)"2)*sqgrt(xi*2)*d;c=gammay)*sqrt(1-xi*2)*d;
y=@ (t)imag(expint((b*c*sqrt(1-t."2)+a*1i).*sqrt(1t."2)).*exp((b*t-c*sqrt...
(1-t.A2)+a*1i).*sqrt(:t.22))+Hlog((b*tc*sqrt(1-t./2)+a*1li).*sqrt(1t.~2)));
L(j,i)=1+c/(d+ayquadgKy,-1,1)/pi;
A=4+6*d+26*d"2;B=1+39*d24*d"2;C=(4+3*d+5*d"J/(1+d);
La(j,)=1/(1+d)+1/(1+d)"2*c/(d+a)+0.2*d/(1+d)"5*((A+B*gammaf(j)) *¢ki) -C*xi);
Era(j,)=(L(.)-La(.i);

Err(j,i)=Era(j,i)/L(j,))*100;

end

figure(1);
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hold on;

plot(rho,La(j,:),[":",color(A)]);

plot(rho,L(j,:),color()));

figure(4);

hold on;

plot(rho,Era(j,:),color(j));

figure(7);

hold on;

plot(rho,Err(j,:),color(j));

end

psi=0:0.2:1;

gamma=1;xi=zeros(6);

for j=1:6

Xi())=(1-psi(j)*2)/(1+psi()"2);

for i=1:99

d=rho(i)/(1-rho(i));
a=xi(j)*d;b=sqgrt(xgamma”2)*sqrt(xi(j)*2)*d;c=gamma*sqrt(1xi(j)*2)*d;
y=@ (t)imag(expint((b*c*sqrt(1-t."2)+a*1i).*sqrt(1t."2)).*exp((b*t-c*sqrt...
(1-t.~2)+a*1i).*sqrt(:t.22))+log((b*tc*sqrt(1-t./2)+a*1i).*sqrt(1t.~2)));
L(6+j,i)=1+psi(jquadgKy,-1,1)/pi;
A=4+6*d+26*d"2;B=1+39*d24*d"2;C=(4+3*d+5*d"2)/(1+d);
La(6+j,i)=1/(1+d)+psi(j)/(1+d)2+0.2*d/(1+d)"5*((A+B*gamma)*{Li(j)) -C*xi(j));
Era(6+j,i)=(L(6+j,irLa(6+},)));

Err(6+j,i)=Era(6+],i)/L(6+j,i)*100;

end

figure(2);

hold on;

plot(rho,La(6+j,:)}"",color(7-))]);

plot(rho,L(6+j,:),color()));

figure(5);

hold on;

plot(rho,Era(6+j,:),color(j));

figure(8);

hold on;

plot(rho,Err(6+j,:),color(j));

end

xi=0:0.2:1;

gamma=0;

for j=1:6

for i=1:99

d=rho(i)/(3-rho(i));
a=xi(j)*d;b=sqgrt(:gamma”2)*sqrt(xi(j)*2)*d;c=gamma*sqrt(ixi(j)*2)*d;
y=@(t)imag(expint((b*c*sqgrt(1-t.2)+a*1i).*sqrt(1t.~2)).*exp((b*tc*sqrt...
(1-tA2)+a*1i).*sqrt(:t.22))+Hlog((b*tc*sqrt(1-t.22)+a*1i).*sqrt(1t.~2)));
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L(12+j i)=1+c/(d+a)quadgKy,-1,1)/pi;
A=4+6*d+26*d"2;B=1+39*d24*d"2;C=(4+3*d+5*d"2)/(1+d);

La(12+j,i)=1/(1+d)+1/(1+d)"2*c/(d+a)+0.2*d/(1+d)"5*((A+B*gamma)*i(j)) -C*xi(j));

Era(12+j,i)=(L(12+j,i}La(12+j,)));

Err(12+],))=Era(12+j,i)/L(12+},i)*100;

end

figure(3);

hold on;

plot(rho,La(12+j,:),[":",color(#)]);

plot(rho,L(12+j,:),color()));

figure(6);

hold on;

plot(rho,Era(12+j,:),color(j));

figure(9);

hold on;

plot(rho,Err(12+j,:),color()));

end

A25 . * L

cb ¥ 0<d<0.1 ) 34 L ” 57
Y F P L ST i 5"

D=0.001:0.001:0.1;

L=zeros(18,100);La=zeros(18,100);

Err=zeros(18,100);

color=[b"'m''c''r''g' 'k7;

gamma=0:0.2:1;

xi=0;

for j=1:6

for i=1:100

d=D(i);
a=xi*d;b=sqrt(tgamma(j)"2)*sqgrt(xi*2)*d;c=gammal(j)sqrt(1:-xi*2)*d;
y=@ (t)imag(expint((b*c*sqrt(1-t."2)+a*1i).*sqrt(1t."2)).*exp((b*t-c*sqrt...
(1-t.A2)+a*1i).*sqrt(:t.22))+Hlog((b*tc*sqrt(1-t./2)+a*1li).*sqrt(1t.~2)));
L(j,i)=1+c/(d+ayquadgKy,-1,1)/pi;
A=4+6*d+26*d"2;B=1+39*d24*d"2;C=(4+3*d+5*d"2)/L+d);
La(j,)=1/(1+d)+1/(1+d)"2*c/(d+a)+0.2*d/(1+d)"5*((A+B*gammay(j)) *¢ki) -C*xi);
Err(j,i)=(L(,i) -La(,i))/L(j,i)*100;

end

figure(1);

hold on;

plot(D,Err(j,:),color(j));

end

psi=0:0.2:1;
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gamma=1;xi=zeros(6);

for j=1:6

Xi())=(1-psi(j)*2)/(1+psi()"2);

for i=1:100

d=D(i);
a=xi(j)*d;b=sqgrt(xgamma”2)*sqrt(xi(j)*2)*d;c=gamma*sqrt(1xi(j)*2)*d;
y=@ (t)imag(expint((b*c*sqrt(1-t."2)+a*1i).*sqrt(1t."2)).*exp((b*t-c*sqrt...
(1-t.~2)+a*1i).*sqrt(:t.22))+log((b*tc*sqrt(1-t./2)+a*1i).*sqrt(1t.~2)));
L(6+j,i))=1+psi(jFquadgKy,-1,1)/pi;
A=4+6*d+26*d"2;B=1+39*d24*d"2;C=(4+3*d+5*d"2)/(1+d);
La(6+j,i)=1/(1+d)+psi(j)/(1+d)2+0.2*d/(1+d)"5*((A+B*gamma)*{Li(j)) -C*xi(j));
Err(6+],))=(L(6+],i)-La(6+j,i))/L(6+j,i)*100;

end

figure(2);

hold on;

plot(D,Err(6+j,:),cola()));

end

xi=0:0.2:1;

gamma=0;

for j=1:6

for i=1:100

d=D(i);
a=xi(j)*d;b=sqgrt(xgamma”2)*sqrt(xi(j)*2)*d;c=gamma*sqrt(ixi(j)*2)*d;
y=@ (t)imag(expint((b*c*sqrt(1-t."2)+a*1i).*sqrt(1t."2)).*exp((b*t-c*sqrt...
(1-t.~2)+a*1i).*sqrt(:t.22))+log((b*tc*sqrt(1-t./2)+a*1i).*sqrt(1t.~2)));
L(12+j,i)=1+c/(d+a)quadgKy,-1,1)/pi;
A=4+6*d+26*d"2;B=1+39*d24*d"2;C=(4+3*d+5*d"2)/(1+d);
La(12+j,i)=1/(1+d)+1/(1+d)"2*c/(d+a)+0.2*d/(1+d)"5*((A+B*gamma)*i(j)) -C*xi(j));
Err(12+],i)=(L(12+j,i}La(12+],i))/L(12+],i)*100;

end
figure(3);
hold on;
plot(D,Err(12+j,:),color(j));
end
A26 | * L
Gh ¥ 0<1/d<0.1 . P L “ 58
3G 25T - Ty F P L
nT i 5" Ba Ne A '

DD=0.002:0.002:0.1;
L=zeros(8,50);La=zeros(18,50);
Err=zeros(18,50);
color=[b"'m''c''r''g' 'k7;
gamma=0:0.2:1;
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xi=0;

for j=1:6

for i=1:50

d=1/DD(i);
a=xi*d;b=sqrt(tgamma(j)"2)*sqgrt(xi*2)*d;c=gammal(j)*sqrt(xi*2)*d;
y=@ (t)imag(expint((b*c*sqrt(1-t."2)+a*1i).*sqrt(1t."2)).*exp((b*t-c*sqrt...
(1-t.~2)+a*1i).*sqrt(:t.22))+log((b*tc*sqrt(1-t.22)+a*1i).*sqrt(1t.~2)));
L(j,i)=1+c/(d+ayquadgKy,-1,1)/pi;
A=4+6*d+26*d"2;B=1+39*d24*d"2;C=(4+3*d+5*d"2)/(1+d);
La(j,i)=1/(1+d)+1/(1+d)"2*c/(d+a)+0.2*d/(1+d)"5*((A+B*gammaf(j)) *¢ki) -C*xi);
Err(j,i)=(L(,i) -La(j,i))/L(j,i)*100;

end

figure(1);

hold on;

plot(DD,Err(j,:),color(j));

end

psi=0:0.2:1;

gamma=1;xi=zeros(6);

for j=1:6

Xi())=(1-psi(j)*2)/(1+psi()"2);

for i=1:50

d=1/DD(i);
a=xi(j)*d;b=sqgrt(xgamma”2)*sqrt(xi(j)*2)*d;c=gamma*sqrt(ixi(j)*2)*d;
y=@ (t)imag(expint((b*c*sqrt(1-t."2)+a*1i).*sqrt(1t."2)).*exp((b*t-c*sqrt...
(1-t.~2)+a*1i).*sqrt(:t.22))+log((b*tc*sqrt(1-t./2)+a*1li).*sqrt(1t.~2)));
L(6+j,i)=1+psi(jquadgKy,-1,1)/pi;
A=4+6*d+26*d"2;B=1+39*d24*d"2;C=(4+3*d+5*d"2)/(1+d);
La(6+j,i)=1/(1+d)+psi(j)/(1+d)2+0.2*d/(1+d)"5*((A+B*gamma)*¢Li(j)) -C*xi(j));
Err(6+],))=(L(6+],i)-La(6+j,i))/L(6+j,i)*100;

end

figure(2);

hold on;

plot(DD,Err(6+j,:),color(j));

end

xi=0:0.21;

gamma=0;

for j=1:6

for i=1:50

d=1/DD(i);
a=xi(j)*d;b=sqgrt(xgamma”2)*sqrt(xi(j)*2)*d;c=gamma*sqrt(ixi(j)*2)*d;
y=@(t)imag(expint((b*c*sqgrt(1-t."2)+a*1i).*sqrt(1t.~2)).*exp((b*tc*sqrt...
(1-tA2)+a*1i).*sqrt(:t.22))+Hlog((b*tc*sqrt(1-t./2)+a*1li).*sqrt(1-t./2)));
L(12+j,i)=1+c/(d+a)quadgky,-1,1)/pi;
A=4+6*d+26*d"\2;B=1+39*d24*d"2;C=(4+3*d+5*d"2)/(1+d);
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La(12+j,i)=1/(1+d)+1/(1+d)"2*c/(d+a)+0.2*d/(1+d)"5*((A+B*gamma)*§i(j)) -C*xi(j));
Err(12+),i)=(L(12+j,i}La(12+},i))/L(12+],i)*100;

end

figure(3);

hold on;

plot(DD,Err(12+j,:),color(j));

end
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SIMPLIFIED CALCULATION OF GREEN
FUNCTION AND ITS APPLICATION IN
SHIP WAVE MAKING RESISTANCE

The prosperity of human world is strongly connected withetkdoration of the seak the
field of Naval Architeture and Ocean Engineeringe need to consider the ship performarnke.
shiphas a variety of performane@cluding sip'sbuoyancyvessel stabilityrapidity, seakeeping
maneuverabilityand so onAmong all thesecharacteristis, ship resistance is a very important
characteristiof ship performance. Ship wave makimgistance is one of tmgost importanparts
of as h i nedstance and theprediction of the flow around ahip hull is a classical ship
hydrodynamics problenso $ip wave makingesistance isonsidered in thiarticle

When we select a flow calculation method, we need to consider both accuracy and
practicality of the method. Practical methods that are simple to use dng &fiicient are well
suited for quickly evaluating the large numberatternative designs that typically ne&s be
considered for conge and preliminary design, and especidtly hydrodynamic optimizationin
this case, practical methods need nothigghly accurate However, detail design and design
evaluation involve many fewer choices and require mocerate computational tools, farhich
efficiency and ease of use are less imporfEimis, highlyefficient (in terms of both user time and
central processingunit) and robust approximate methods are important for many practical
applicationsespeciallyat early design stages afaal hull-form optimization

We consider a ship that steadily advances at constant speed along a straightcpbith in
water of effectively irfinite depth and lateral exteand the flow due toit. The mathematical
formulation of ship wave making problem can be simplified as a boundary value problem
according to our basic assumptions. It consists of Laplace equhtitbripoundry condition
free-surface boundary conditipninfinite seabottom surface boundary conditiomadiation
condition and so on. We also give out its fatimensional boundary value problem. So what we
need is the solution of the boundary value problem.

Longtime ago theoretical investigations of the wareking resistance of ships were almost
exclusively restricted to the evaluation and testing of Mitheelebrated wave resistance formula
(mainly for idealized hulls of simple geometrical shape), and sitige the advent of fast
electronic computers has it become possible to contemplate the implementation of more
sophisticatedheories than Michell's firgirder thinship approximation. Prediction of flow about
an arbitrary ship hull even if one greatlgimplifies the real problem by neglecting any efigot
to the ship propeller, the viscosity of water, the formation of spray at the ship bowreand
surface nonlinearitiespresents formidable difficulties, however, from both the standpofritse
development of a satisfactory mathematical model and of the numerical implememtation
such theory.

This problem can be solved by an ordinary Green function metthednumerical difficulties
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of the problem can essentially be traced to the complexitiyeofathematical expression for the
Green function and a modified single integral representation of the Green function associated
with the theory of ship wave making resistance is derived from theknaln classical basic
double integral representatiaf the Green function. The modified single integral representation
of the Green function is considerably better for purposes of numerical calculati@nslagsical
Green function is given by the sum of three componéhéd isa wave component defindyy a
singleFourier integral with continuous integrand, the fundamentaldpaee Green functioi/r
where r is thelistance between the source p@int the flowfield pointin the Green functiorgnd

a local flow component that is given by a double riguintegral with singular integrandhis
singulardouble Fourier integral can be transformed into a single integral, with integrandsexbres
in terms of the exponentiahtegral with a complex argument we can see in this articlEhe
modified singleintegral representation of the Green functi®isuited for numerical evaluation in
the neaffield, but is not suitable for numerical evaluation in thefiigld. And the modified single
integral representation of the Green function is still very sophistil andts calculation needa

lot of time.

Noblesse hadeveloped a modified theory named Neumbfichell theory based on the
NeumanrKelvin theory, which can be used to predict the drag, sinkage, trim, and wave profiles of
a ship advancing in calm vt Both of the NeumanMlichell theory and the Neumasitelvin
theory belong to potential flow theory that ignores the fluid viscosity and defines the velocity of
flow field by the derivative of velocity potential function, and can be used by introducmgean
function that satisfies both of the radiation condition and the KéNhahell linearized free
surface boundary condition. The classical Neurrgalvin theory proposed by Brard and Guevel
is a natural extension of the thship theory proposed by Miell and the slender ship
approximations proposed Iyoblesse and Hogner. In the Neumdgeivin theory, the boundary
condition is satisfied through an integral equation at the ship hull surface, and a waterline integral
term which causes a lot of problenssinvolved in the boundary integral representation, so the
NeumanrKelvin theory has failed to yield a both practical and accurate computing method to
forecast the dag of a ship and other important features of the flow around a ship hull, such as
sinkage, trim and wave profiles. Specifically, the difficulty about the troublesome waterline
integral around the ship waterline which occurs in Neuntéelrin theory is overcome by the
NeumanrMichell theory. In NeumariKelvin theory, the integrand of the watesdi integral is
G. x- Gy, . is the flow velocity potential function, and G is the Green function which satisfies the
radiation condition and the KelviMlichell linearized freesurface boundary condition. The term
G. x is eliminated by using a consistent linear flow model; furthermore, we introduce a vector
wave function which is related to the wave component in the Green function G, theGgdues
not appeain NeumannMichell theory by using a series of mathemdtitansformations. Then
the NM theory expresses the flow potential at every flow points in terms of only a surface integral
over the mean wetted ship hull surface, as the sum of the Hogner slender ship approximation term
which is defined explicitly intermm of t he ship hull 6s geometry and
solve the flow potential through iterative algorithm, and we can get the pressures at the wetted
surface of the ship with the help of the Bernoulli relation, furthermore, we can obtain the forces
and hydrodynamic pitch moment exerted on the ship hull to predict the drag, sinkage and trim.

Because of the complexity of the exact integral Green function, it will be useful if we can get
a simple analytical approximation that is valid within the entire region. In this article, we modify
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the local flow component in order to yield the near field &ar field asynptotic approximations
of the function bmore easily. Then we make a series of change of variables to analyze the
geometry properties of the functiod The variations of the functiobdwith respect to the three
var i abl e saredepictedin Fagural5.105.3. Then we consider tresymptoticproperties
and geometry properties of thenctionLdand use some different methods to solve the simplified
function L& The verification of he approximatiorto the local flowcomponents presented in
Figure 5.4, with absolute errorand relative error depicted in Figre 5.5 and Figire 5.6,
respectivelyThe relative error is also depicted for 0<d<0.1 (in the near fieldigure 5.7 and for
0<1/d<0.1 (in the far field) irFigure 5.8. It is shown in the figures that the maximum of the
absolute error i$Ergmax=0.049, and the maximum of the relative errolEi8]max=9.534% in the
three particular cases a=0, b=0 or ¢=0, i.e.,@x=0, Uy=0 or Urz=0. Both theabsolute error
and therelative errorof the simple approximatioto thefunction L aresufficientsmall We also
calculatethe gradient othe local flowcomponentand simplify its form. Another feature of the
simplified Green function is that the singularity associated wéh&reen function is removed in a
mathematical regularization method. Finally the simplified Green function only consists of
algebraic, exponential and trigonometelementary functionsThese analyticahpproximations
are valid within the entire flow regn, and are appreciably simpler than #pproximations-
based on nedfield and farfield asymptotic expansions, polynomial approximations, or table
interpolations in complementary contiguous regionsgiven in the literature Indeed, the
simplified Green function given in this article is remarkably simple. Both the exact and the
simplified local flow component in the Hogner potential for the Wigley ship at three Froude
numbers are computed and compared. It is shown in thedhat the results given by the exact
and the simplified local flow component are quite similar, the errotiseofirag, sinkage and trim
aresufficientsmall

From all the reasons listed above, we can safely draw a conclusion that the methods
consideredere and the simplified Green function are particularly simple and well suited for
practical applications.




