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Hello, welcome to Numerical Ship and Offshore Hydrodynamics, today is the lecture 43.
Today we are going to discuss about the Frank close fit method in last class we stopped
somewhere we are start we are going to start from that point ok.
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And this is the keywords that we are going to use to get this lecture ok. Now, if you
remember in the previous class we said that we are going to use this Green’s function to
calculate the added mass and the damping right. Now, here if you see that the complex
part involves in this expression which is the regular part and of course, | do not say that it
is not complex, but somehow if you take G = 1/r is a strong singularity and if you take

youknow G =Inr, it is little bit it is not that strong the singularity it is a weak singularity.
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Now, but; however, still it is difficult and we have to deal with this also and how to deal
with Inr etcetera etcetera at least for 1/r we have discussed, but major difficulty involves

in this calculation of this particular term ok and we called this as a regular term.

However, this is important because otherwise if you drop this term then we have to
discretize the free surface and things become little bit more complex in terms of machine
the computational effort etcetera it will it is better to use this Green’s function so, that the

domain of discretization becomes only the body right.

(Refer Slide Time: 02:13)

> X
/(f\.t.'hn) —

I
I
I
I
\
(‘{l'l"”rl)*'g """ pec=c-o—c (&1, Mj41)
r

\ ,'C
\ 0
(x;.)) /
('le)'/) \‘ 'Vl' ----- : - —S: - [l’
(6m) R | -

o | (;:;h) %
00

And this is the setup that we have we are going to use that and this is the this is my
section and this section actually I add with number of straight line and we said that if we
use the number of straight line then if it is a straight line it is easier to find out what is the

normal component it is analyticaland it is trivial also.
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So, now here this is the unknown o that also we discuss we first find out o and then

you have to put this o into the source integral equation to get the value for the ¢ .

(Refer Slide Time: 02:57)
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Computation of the Green function is non-trivial ! - * 7,

» Involves angle computations : not as straightforward as is thought! # /

» Involves evaluation of complicated functions
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Now, here you can see that this is the this is principal value that we are going to actually
solve because it is in complex domain it has some cos component sine component and
this is how actually you are going to get this value for this particular thing. Now, here if
you see this is why it is complex, because it is has a improper integral 0 to « and in

order to get this you have two series which is C(r,8) and S(r,0) .
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Now, you see that C(r,9)and S(r,#) is given by this expression and of course, this ¢ the
argument is given by this expression. However, this theta you know theoretically it
seems that this finding out this theta is very very easy | have you know this panel I have

this the straight line and then if I do this so, this is my theta so it is easy.

However, if you do this coding in reality then you can you have to face so much of
trouble because of this angle we are coming here, before that it is very interesting in even
this suppose | find out somehow the theta somehow | find out the theta then how I
compute this term ok. So, now computing this term also it is very interesting to see.
Why, because if you look at this expression it is summation this n is equal to 1 to
infinity.
. cos(n 6)
So, it is Z — Now, we do not have we do not have n is say on cos(n#) because
n=1
this cos(n®)is always oscillate between 0 and 1. So, it means that | have to multiply a

factor which is between 0 to 1 with the other term. So, if | look at it that let us say

0

1 with this.

Now, think of this r I mean this expression now nis going to infinity now you see like if
| try to plot this graph ok. So, first let me erase this.
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And now let us try to plot this graph which is like f n let me write again it is now

nn!’

this one let us try to draw a try to draw the graph what will be the graph for this.

Now, you have to take some the value for r, now let us take this length is the in this
normally the L is the length of the vessel now suppose you have here now ok sorry it is it
is B in this case it is B and now this is let us say this is the body now at this point
suppose you have one point over here and let us say you have this another point over

here and this is the difference isr.

Now, you see for instance let us take some large value r = 10 let us say some realistic
large value 10 now try to find out this value. Now when n= 1 then this value is 1 it is 1.
So, now, | just plot f n versus n now when n = 1 this whole value is 1, when n=2 then it
is sorry 10 sorry the value is 10 sorry very sorry. Now, when n = 2 the value is 100
divided by 2 into factorial 2 so, it is 100 divided by 4 so it is 25.

Now, when n = 3 so, it is 10 cube which is 1000 and divided by n.n!, which is 3.3! = 6.
So, essentially it is 1000 by 18. If you take 20 then it is 50. Now, you can see that more
than 50 some let us say 55 let us say. So, the point is that if you look at it this series and

this series has a infinite sum.
(Refer Slide Time: 08:40)
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Now, it appears that this value starting from 10 and slowly progressing like this way

right. Now, if I add this graph at you know infinitely because you see this sum is infinity.

682



So, definitely you know it is our what | said like assumptions it is blow up because it will

going to blow up because it turns out to be divergent series interestingly it is not.

After some point you can see initially this r" is increases much faster compared to n.n!
up to some limit some Nt. Now, when n >N, after that n.n! is growing much faster
compared to r". So, therefore, the actual graph somehow it will blow up initially and
then it is comes down and sometime asymptotically it goes to 0, that is the nature of this

thing, but you need to find out that what would be the convergent limit.

Now, think of a you know computer computational thing and how we can using the

integer we use integer 32 or whatever it has a limit. Now, if you keep doing this n.n!
like.
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Computation of the Green function is non-trivial !

» Involves angle computations : not as straightforward as is thought!

» Involves evaluation of complicated functions
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Suppose, if you write a very simple type of code like it is you know you can take that let

us say f(n)=f(n—1)+

if [f(n)-f(n-1)|<e, you

have to again you just n = n+1 and again you just do this operation.

Now, this is how one should write simple way, but if you do that you have a you are
going to get an error, why because you do not know the limit of n. Now in some situation

let us say let us take n= 30 let us try to. So, now, if you try to find out n, f(30) which is

r30

nothing but f(30)= f (29 )
g (30) ( )+30.30!
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Now, | have very much doubt if 30 into factorial 30 will return your integer value or not
right. So, once you start writing this code this kind of things you have to deal with. Now,
here | am not going to tell you that what would be the best logical way to approach to
find out this solution ok. So, you think and then you take this as your you know
assignment problem some assignment and come up with some logic ok, if you fail then

definitely we can discuss the same ok.
(Refer Slide Time: 12:30)

The Green-function source-distribution method is:

» very versatile
» can represent any shape of sections, including bulb

» more complicated to compute as it requires relatively more
complex code

» has the problem of ‘irregular-frequencies’ : the discrete set
of frequencies where the method does not work (so
avoid these frequencies !

L\

O\a)

Now, here what is the advantage, this is a very versatile approach the Frank close fit, it
does not depend on the shape of the sections or even you can take the bulbous bow also
right. And then that disadvantage is definitely it is more complicated if you compute the
you know very accurately you try to find out is added mass all these things then radiation

potential in fact, in a way.

It is much more complex because in other approach is really easy because the solution is
developed we are having the chart we have used the chart to get this. And also as you
know similarly like this three dimensional panel method code also there also we have the
problem of a ‘irregular frequency’, in some frequency that solution becomes you know

approach to infinity right. So, here also this is possibility.

So, that is also you have to understand that ok this result is not feasible, this is the
unrealistic solution. So, you must have some kind of idea about the irregular frequency

right.

684



(Refer Slide Time: 13:54)

Advantages and Disadvantages of Conformal Mapping
Methods

+ Smooth solutions over all frequency range (no irregular frequencies)

+ Sharp corners are not well represented

+ Sections with very low sectional area coefficient may not be well
represented

+ Do not deal with fully submerged cross sections (like bow bulbous)

Advantages and Disadvantages of Frank Close-Fit Method

+ Applicable for arbitrary cross sections, including sections with
sharp corners and fully submerged sections

+ Have numerical problems at certain frequencies where the solution
diverges (irregular frequencies). There are ways of reducing this

problem. | ‘

So, now | just listed upon some advantage and disadvantage of the conformal mapping

methods and the Frank close fit method. So, it is a smooth solutions over all frequency
range the conformal mapping. So, we do not have any irregular frequencies there. Now,
sharp corners, but a sharp corners are not you know you cannot get very like if you take a
rectangular barge exactly right and this is the section, it is very difficult to get using this

conformal mapping ok.

And also sections with very low sectional area coefficient may not be well represented;

that means, this g, <0.5 so, maybe the results are not that good ok. So, and also you

really cannot map you know map this bulbous bow sections those things are not possible.

And now on the other hand, we have the Frank close fit method so, it is does not depend
on that what is yours the cross sections, you can apply everywhere even you can use this

the sharp corner also, you can use this for the Frank close fit method.

However, we have the problem of the corners sorry the irregular frequency some
frequencies we this solution may have blow up getting some numerical instability

etcetera ok.
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Now, this is a classical the graph it is now here this is taken from a paper by Nano
Fonseca | am in reference definitely we are going to say this. Now, here you can see that
in the Frank close fit method we can have this irregular frequency; however, in a
conformal mapping we do not have anything right ok. So, this is the problem now it is
only one frequency blow up and remaining. So, it has more advantage because you can

take any type of cross sections.

Now, the main advantage of the conformal mapping is it is easy to apply nowadays
because theory is developed already and we know exactly what to do right. So, it is now
depending on the choice of Lewis coding to use this Frank close fit or conformal
mapping ok.
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Now, and again this is the disadvantage as | said that in case of a you know even if you
try with that will very you know this Lewis curve fitting can go up to this and if you
really use you know many terms like as you know that we can use only two term for the
Frank close fit method if you take more than two terms and all still you do not get the

sharp corner.

(Refer Slide Time: 17:07)
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Now, also; however, if you take any kind of shape in Frank close fit this, this, this, this,
this, this all are possible ok. Now, you can see that here you can see that it is in this
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shape is very critical because you see that abruptly the direction of normal is changing
right. So, it might have the some coding complexity, but it is possible and this is not
possible for Frank close, I mean this is not possible for your conformal mapping

techniques or Lewis curve this is not possible, this is of course, possible for both ok.

(Refer Slide Time: 17:50)

Green-function evaluation requires the angle
subtended by the source pt. to the segment , as
shown :

tan”!(6) can be evaluated in 3 ways

i. within /2 (-2 to +m/2) ./
ii. within 1 (-m to +m)

jii. within 0,2m (0 tom)

Depending on locations of points 1,2,i, '
often some of the three option work &
other does not work. r

And now this is the problem main problem we mentioned before also if you look at my
previous slide somebody mentioned that this inverse angle of competition that is not very
straight forward. Now, you see what is happening over here this angle you can see if this
is the source point and this is your angle. Now, this angle might lying in either from

—zwl2toplus z/2 oritisin —z to = oritis 0 to = all three are possibility.

Now, if you really do not understand and carefully address this the range where it is then
because you are you know in a tan@ if you remember we have a tand. So, here all
positive then here you know this sine sin positive cos negative right here and this is

direction the cos positive and tan sin negative and here both sin cos both are negative.

So, eventually tan is positive now in which range actually whether it is from here
whether the range is here or whether the range is here that is very much important to
calculate exactly the value of this. I am you know it is only when you start coding using

Frank close fit method you can only realize at that particular point.
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You will note that if 8, , 8, are used by option (i) or (ii), there will be a

?? inevaluated 6. . "

Similarly, there will be situation, where only option (ii) will work but not K

(i) or ().

Sometimes, for 8, , one option works, but for 8, the other option are to r ’

be used.
010)

Now, here for instance | am just giving the two points here right so, x; and X. So, now,

here is straight forward this is the theta it is now you know right it is in which angle it is.

So, it is g, -6, right? Because here if it is tan@, —tang,a also this is the your 6. So, this

0 is from this axis you know it is or this axis 6, -4, .

Now, suppose this is not this situation now here it is here now here this is the section,

now here is the point. So, now what about this ¢ ? Still 9, —g, or in this case it should be
6, +6, now it is depending on how you are measuring, are you getting my point? Like if

this is your ok, here point and this is it so, this theta now | know this ¢ is nothing but my
0, -6, fine.

Now, suppose your section is like this way now tell me here it should be if 1 do again

6, -6, you know | do not get it because suppose this is my axis. So, it is you know your
6,and if you take the same orientation so, this is your 4,. So, then if you take in a same

reference then 6, — 6, would not give you this angle.

However, if you take this section which is you know —z/2 to =/2 whatever in this

region if you take this way then you cantake it is 6, — ¢, are you getting ok.
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You will note that if 8, , 8, are used by option (i) or (ii), there wﬁl(be a

4
77 in evaluated 6. i v
Similarly, there will be situation, where only option (i) will work but not \ \
(i) or (iii). .
Sometimes, for 8, , one option works, but for 8, the other option are to r

be used.

0

Let me explain again, now | take two situations here this is your source point and the
cross section is let us say this is your cross section. So, | am lying here in this panel

which is you know it is 0 to = in this region. So, then this angle is g,, this angle is 4,.
So, your ¢ is this ¢ this ¢ is nothing but 6, —¢,, this is the picture number 1 absolutely

fine.

Now, what | am doing in the second situation. So, let us take the same point over here

now this section is here like this and then this is your & right. Now, if I try to go over

here so, this is my as you know it is my @, and if | go this way it is my 6,. Now, my
question is can this 6, -6, gives you this angle in 0 to = in this reference frame? No,

right; however, if you take this reference frame and you define thisas —z /2 to sorry it is
wl2t0 -z /2.

Let us take this reference frame. Now, now you see now | change my reference frame ok.

So, let me do this erase.
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You will note that if 8, , 8, are used by option (i) or (ii), there will be a
7?7 in evaluated 8.

Similarly, there will be situation, where only option (ii) will work but not

(i) or ().

Sometimes, for 8, , one option works, but for 8, the other option are to |

be used. ‘

Now, in this second location now what | am doing is | am not doing in this reference

frame whichisO to ~ I amdoing it from —z/2 to »/2, now this is my point and this is

your axis. So, this is the . Now if | measure from here so, this becomes my ¢, and this

becomes my 4, .

Now, if | measure | am always doing 6, —4,, but now instead of 0 to ~ | am changing it

is from —z/2 to ~/2, the moment | change is this again a valid. See this is how you

have to set the thing, you know that is what like if you blindly always do @, -6, and if

you always taking the limit O to you know 0 to = this is your thing. So, you know you

really do not get the correct answer many I am it is it is possibility right.

So, therefore, one has to be very much careful on all this aspect ok and this is the. So,
once you do this once you find out this theta and if you try to figure out that what is the
algorithm what is the algorithm to get this value of C(r,0) and S(r,&) then you can able to
efficiently you can find out the value of the PV this complicated term and then you are

done with your Frank close fit method ok.
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Commercial codes available for ship-motions computations,
claimed to be based on strip-theory’, can have different
implementation details:

» sectional properties based on  simpler
transformations (which limits the ability to model
different types of sections)

» are the eqn. of motions based on full 6dof coupled
eqns. (i.e. for symmetric ships, heave-pitch-surge
and sway-yaw-roll eqns.) ? Many codes use only
heave-pitch coupling for vertical plane, and single
degree roll for transverse plane.

» how are roll damping modelled? ; ‘

(Refer Slide Time: 25:17)
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So, now I am just going to finish this by you know showing some kind of result this is all

we have discussed. So, we are not going to discuss any more.
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Most codes treat and evaluate roll through a single
degree roll eqn.

But, depending on situations, sway-roll coupling may
be significant!
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Now, we are talking about the coupling as | mentioned that most of the time we are using
that roll is uncoupled. However, in reality, roll is really not uncoupled it is always
coupled with you know the sway. Now, how you see like if you consider that this is your
rolling right. So, if this is the rolling then it can be roll like this way or it could be roll as
in a opposite way this way and this way right, you see it is it can roll this way or it can

roll this way right. So, now, here this one should use the coupling between sway and roll

16knots

red: coupled; blue: sdof
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So, now that is what just the last part | just going to show you this one that the red one is
the coupled one and then blue one is I just use the single degrees of freedom roll motion.
Now, you can see that in the in this here that there is a difference right? So, that is the
one key point people normally think that roll should be should not be it is a single degree
of motion, but it is not definitely if you want to solve the role you have to again use the

coupled equation motion with the sway.

If you try to find out the heave it should be coupled with the pitch definitely and if you
try to figure out the role it should be coupled with the sway right ok.

(Refer Slide Time: 27:12)
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Summary

» At present, 2D strip theories are routinely used by
industry

» However, there are many versions of such ‘strip-
theories’, so one need to understand what type of
‘version’ is used, whether coupled eqns. are used or not,
if coupled then is it only some modes or all 6 degrees,
what type of roll damping is  applied, what method is
used for the important 2D sectional bv problems (i.e.
sectional added mass, damping and diffractions forces)
etc.

A

Ol

And again this is another picture. So, like another and | mean this coupled and uncoupled
ok. So, with that and of course, this is for the different speed right. As a summary that at
present the two dimensional strip theory are routinely used by the industry reason is very
simple because this added mass damping all these things actually you can use using
some kind of chart that is coming from the Lewis curve and also we can simplify the

exciting force also.

We mentioned that using the buoyancy that extra buoyancy or in fact, in case of a head
waves we can figure out that using that simple added mass damping can represent the
diffraction force. So, in many ways most of the industrial people they are having this
strip theory ok and also there are many version of strip theories is available based on
several theories, here in this class we may mostly focus on the two approach one is by
STF paper and second one is the that Journees lecture not lecture the report ok.

So, this is all for the strip theory. So, now, before we finish this strip theory part | would
like to give you a small assignment that you can try in your home to write a strip theory

code with lot of simplified assumptions. So, the assumptions are as follows.
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So, number 1 you know you can take that p=180" ok. The moment you take this
B=180" degree then you can write your this F° in terms of some added mass some a3
now you see that ok. So, second point is that you are only the heave. So, it is single

degree of freedom only the heave, okay? So, then in that case F°3 you can figure out in

terms of azz and bss.

Then, how you get this az3 and bs3? You can get it through some kind of chart right. So,
this chart maybe | we will try to prepare this chart and give to all the students so, that we
can get it. So, the ass bss get from the chart and then this Froude-Krylov force F K force
it is analytical. So, you know how to do that.

And then after doing all these things and then this you figure out how to get this c33

which is nothing but pgA,, right? And you also know how to get the water plane area

right, if I if you know this the y values. So, you can discretize it right you can discretize

itand you can take the area. So, you can get the water plane area.

So, you get all these three terms right and also you have this data what is the mass right.
So, therefore, after that use this strip theory that for that what we discussed throughout.
So, if you get the sectional added mass from the chart so, how to get the by integrating,

how to get the added mass for the body that also you know and then you solve this
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equation (M + A)X+Bx+Cx=F*°, exciting force which is nothing but addition of

diffraction force plus addition of Froude-Krylov force.

So, everything you can do with time domain it will be easy for you because you know
the added mass in real number, you know the damping is a real number, you know C is a
real number. So, then you need to find out the amplitude of everybody using this
analytical method that we have discussed, not analytical like that diffraction force in

terms of added mass and damping that is also we have discussed right.

So, using that you will getting this the diffraction force with amplitude and then you will
get the Froude-Krylov force amplitude. So, everything you can you are actually you can
generate the right hand side is a harmonic motion right because you are getting this F° by
this method and plus you are getting the F¥ by this method. So, therefore, you can
generate your exciting force F™ = F*sin(kx — at) + F° sin(kx — ot) in that way you can get
it ok.

So, it is a very you know it is not very accurate, but what | wanted that you use this and
then at least you just write a code finally, using the motion of the body ok. You have all
the prerequisite, you know this how to solve this equation in time domain using Euler
equation, you know how to get this in time domain, how to write the exciting force, you
get the damping from this chart it will be provided and then you have to solve the

equation of motion.

So, that is actually your some kind of we can say the home assignment and just for your

try let us see how many of you can do this ok.

Thank you very much.
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