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Hello, welcome to Numerical Ship and Offshore Hydrodynamics.
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Today, we are going to discuss about the Froude scaling.
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And, these are the keywords that you are going to use to get this lecture.
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So, let us come back to our topic which is the Froude scaling. Now, when you do the
experiment normally you are doing in the model scale. A ship normally conventional
ship the length would be the scale of 150 — 200 meter long, right.

So, therefore, going a full scale experiment is really tough. So, then what we do in lab we
do the experiment in the model scale and then we try to find out what would be the
forces or the parameter that we measure in experimental in model scale what would be
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that in the full scale and therefore, we have to do some scaling factor. So, we do here the

Froude scaling.

Now, if you look at here that we are using that let us say L;, B, T, be the length
breadth and the draft of the original vessel or we can call is a prototype and then we have
L, . By . T, could be the length, breadth and draft of the model scale vessel. And, we
maintain that length of the full scale vessel by length of the model scale vessel is equal to

length of the breadth of the full scale vessel by beam of the model scale and also the

draft also the ratio also is similar and equal to lambda.

Having said this, let us try to find out how we can scale up certain parameters. So, let us
start with how we can scale the volume. Now, you can see that volume is nothing but of
course, you are doing the dimension analysis the length cube. Now, you can see that
length is modeled by lambda. So, definitely the volume should be scaled by lambda
cube, right. When you understand that volume is scaled by lambda cube, then we can do

many many many parameters also you can scaled.

Let us see that how we can scale the time periods. Now, you see here | am using the
formula for time period which is mass divided by the spring constant. Now, here just for
sake of clarity we are using for the heave modes. Now, in heave modes this nothing but

the mass divided by the restoring force which is p ginto A, .

Now, here you can see that I did not write the A, because most of the time that water

plane area is not available. However, which is available to you is the water plane area
coefficient. Now, when you design a vessel that is already you know this may be taught

in the hydrostatic courses basic hydrostatic courses.

We are going to define so many design parameter. One is called the block coefficient
that we discussed before. We did not discuss the water plane area coefficient or (Refer
Time: 03:42) area coefficients, this basically when you do the design then a designer can

assume that ok that would be my the water plane area coefficient.

And, with the help of that we can get the area using this formula that o g C,, equal to |
m | mean it is C, multiply the length into breadth, right. So, from here you can see that

very quickly you can get the water plane area if you know the coefficient of the water
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plane area. Similar to the volume if we know the block coefficient then multiply the

block coefficient by L into B into T we will get the volume.

Similarly, if you know the that water plane area coefficient, then we can multiply with
the length and beam we can get the water plane. Anyways, now this is how we can get
this the water plane and then we can just cancel out the similar terms. So, that we cancel
out the rho right, we cancel out the coefficient because this coefficient should be same

whether it is a model ship or as a actual ship.

So, therefore, we have this expression T equalto V¢ by V  that my displacement ratio

as well as the length into breadth by full scale divided by length into breadth for the
model scale. Now, you know that this displacement is lambda cube as we mentioned

over here you can see here and also you can see the other parameter is lambda square.

So, it is A%/ A2. So, therefore, the scaling of time period is /4 ok fine. So, now, let us

see what the other parameter that we can scale.

(Refer Slide Time: 05:37)
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Now, we are doing the velocity. Now, velocity is the L/T, right. Now, | just rearrange it

L/T= Il_'—s ; that means, the ratio between the actual ship by model ship length divided by

M
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the time period of the actual ship by model ship. lL‘—S =/ and _I-l_-—s =/ . So, I understand

M M

that velocity can be scaled by J2.

Now, let us see the acceleration then formula for acceleration is _I_LZI mean that is the

dimension analysis we do is TLz So, again that | can arrange the similar way which is

ﬁand then we can see that it is i which is A . So, acceleration is order of 1.

T2/T? Jaz

Now, once you understand that acceleration it is scaled you cannot it is similar for model

or for the ship it is order of 1, then we can really scale the force. So, how we can scale

the force it is mass, time you know acceleration. So, | just here they mention that V; is

nothing but the volume. So, volume of the ship we can call this | mean V also here | am
using the V.

So, mass and then p will cancel out. So, therefore, essentially the ratio of the volume
and then multiplied by the ratio of the acceleration. So, from my previous slide I know
that ratio of the volume is nothing but A°® and then acceleration is order of 1. So,

therefore, that I know that my force is the order of A%, right.
(Refer Slide Time: 07:46)
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Now, once | know the force is also lambda cube so, let us try to find out how we can
scale the damping and the added mass, right. Now, you see the added mass also a force
and damping also a force. So, definitely my right hand side should be lambda cube, right.

So, let us see that what is there in the left hand side.

Now, | know that right hand side is of course, lambda cube and left hand side also added
mass also the added mass force is added mass multiplied by the acceleration. So,
therefore, it is the ratio between the added mass of the prototype divided and the and

model multiplied by the ratio of the acceleration equal to lambda cube. Now, as you

know that that V—S =1. So, therefore, | understand that added mass also can be scaled by
VM

A%,

Now, let us see how we can scale the damping, ok. Now, in damping in the right hand
side of course, it is lambda cube because it is force and in the left hand side it is damping
coefficient multiplied by the velocity that represents a force. So, now if you do the again

the scaled analysis this \\//—S =2 that we have found out right that velocity the ratio of

M

velocity just you know we found know it is a root lambda.

So, therefore, that BB—Sx\/Z:/l?’ which is the dimension of the force and from here |

M
understand that damping actually we can scaled by A>°. Now, this is how we can do the
scaling for the different parameters that actually we can measure through our through

experiment in lab, ok.

So, how we can contact the experiment that to get the damping and added mass we have
already discussed it before. So, in connection to that once we have the damping
coefficient in scaled model or the added mass in the scaled model. And, sometimes the
natural frequency also you can get through the scaled model and then we can use this
scaling factor and we can guess that what would be the added mass in the real ship, what
would be the damping coefficient for the real ship and what is the natural time period for

the real ship, ok.

So, now, let us see one let us solve one problem.
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A model ship is excited at a 1.5-sec wave. If Froude scaling ( 1:36) is used
then find the time period of the incident wave at which the Full-scale ship
may experience high response
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Now, it is written that a model ship is excited at 1.5 second wave. Now, if you maintain

the Froude scaling 1:36, so that means, that that lambda scaling of lambda is 1:36 ok.
So, then if it is used; that means, it means that that length of the ship by length of the
model equal to 36, right that is what the meaning of 1 is to 36 scaling. So, the question is
asked that what the time period of the incident wave at which the full scale ship maybe

experience high response.

Now, we discussed in seakeeping that in the natural time period only natural time period
that ship tend to experience the high response, right. So, therefore, here it is given that

that natural time period we can guess because it is not explicitly mentioned here that

moderation is excited at 1.5 second wave it means that that natural T,; =1.5Sec, right.

So, if it is so, then we try to find out what is the natural time period for the real ship and

scaling also is given 1.36 second, right. So, the model scale the T,, =1.5Sec. So, we are

using the Froude scaling. So, _:_-—S: J7 . So, here the 2 =36. So, therefore, that \/4 =6,

M

right.

. . TS
And then we understand that t I mean that time period of the ﬁzGand therefore, we

can find out that our in real ship T, =9Secwave can cause a huge damage. | mean | do
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not say | mean it is a high response. So, | cannot say whether it is a damage or not at that

particular anyways.

So, this is how actually we can solve some problem using the Froude scaling. Sometimes
in fact, it is possible to share the both of the data like we can say that what is the natural

time period for the model scale, right and also we can say the scaling factor and also we

can say that what is the let us say C,, coefficientand one can ask that what would be the

added mass also.

So, let us see let us go back and just see that what | said just here. So, here you can see
that sometimes it might be given that what is the model scale the scaling factor is given

to you and also it is given to you is what is the value for the model time period this also

gives to youand also the C,, will be given to you.

So, if the all the data is given to you some even one can ask what would be the natural
time period for the you know what is the added mass for the ship. So, in that case you
have to use the this standard formula and use the Froude scaling and you can solve the

problem, ok.

Anyway, so, let us move on today we are also going to discuss some more problems. So,

let us take the next one.

(Refer Slide Time: 14:36)

Consider a 150 m. long barge of uniform rectangular cross-section with breadth
25m.and draft 10m. Assume it to have 90% of its mass as heave added mass and
negligible roll added moment of inertia. At 0 speed, what frequency of sea-waves will
produce largest heave and roll motion? Assume no damping, and rigid-body roll radius
of gyration as half the breadth. Also KG = 7.5 m.

L=150m, B=25m,1=10m

= T oo= =0.725 rad / sec
A, =(09)xpxLxBx1 S =\ T9x10 (
0 = & 1 =2X—7[=8.66sec
M+09M 0.725
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This, ok. So, it says that consider a 150 meter long barge I mean uniform rectangular
cross-section. So, that means, that each cross sections it is uniform and it is 25 meter and
then the draft is 10 meter and assume that we have a 90 percent of the mass can be

considered as a added mass, right.

So, it says that at 0 speed what the free at what frequency of sea waves will produce the
largest heave and roll motion? And, also it is given that we you know there is no
damping, fine and then that the rigid body roll radius of gyration is equals to the half the
breadth. So, it is half of 25 which is 12.5 and also kg is given ok. So, now how do | solve

this problem?

So, let us first write that what is the formula let us solve the first problem and try to
figure out what is the formula for you know the natural time period for or frequency for
heave mode. Now, this data are given to you. So, L=150m,B=25m,T=10m and also

that it is given that it is 90 percent of the mass should be your divided mass.

So, it is A, =(0.9)xpxLxBxT, right ok and now this is the formula for your

frequency w; . It is w, =«,LA”" . So, | replace everything __potB . So, | know
M +0.9M 1.9%x pLBT

that that this expression will come, right.

So, A, I replaced by LxB here and also that mass actually | use this pLBT . And, now, |

can cancel the similar term. So, p is cancelled out, L is cancelled out, B is cancelled out.

So, finally, I got that it is 1 99 T So, just I am taking approximately g=10 m/s® and
I X
T=10m.
10
So, then I can get w, = 1910 =0.725rad /sec. We really do not understand much |
I X

mean we cannot visualize the frequency we it is much more clearer to me at least for me

to know that what is the time period. Now, if | just time period if you use the formula it

2xm = 2x7 =8.66secwhich is almost 9 seconds.
@, 0.725
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So, what meaning? It means that a 9 second waves if heat that shape then it can have the
high oscillation in heave mode, ok. Now, so, actually this problem gives a some nice
practical feeling that I am going to discuss after this the problem. Now, let us solve the
next problem which is here you can see that added moment of inertia for roll is ignored
ok and radius of gyration is given.

(Refer Slide Time: 18:21)

Consider a 150 m. long barge of unif gul tion with breadth -
25m.and draft 10m. Assume it to have 90% of its mass as heave added mass and

negligible roll added moment of inertia. At 0 speed, what frequency of sea-waves will

produce largest heave and roll motion? Assume no damping, and rigid-body roll radius

of gyration as half the breadth. Also KG = 7.5 m.

L=150m, B=25m,1=10m o, =

_ - -
. peVGM, 0= ]0><2‘ =0.415 rad / sec
4 M/\":‘ (125)-
0 2xm
_ |pgYGM, T ==——=1544sec ..
0, J g;/:}f 2 0415 )

So, this is the basic parameters L =150m,B=25m, T =10m and this is the formula for

! VGM; . . :
the natural frequency o, = 'OQMTT in the roll.So, again | substitute M by the pxV;

that means, the volume or p into V and then if | cancel the similar terms here also the

p and V will cancelled out. So, finally, I have this @ xg x GM; xk?, .

Now, this the radius of gyration is given there it is half of the breadth, so, it is 12.5.

However, | have to calculate what is the value of GM, right, ok yes ok.
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Consider a 150 m. long barge of uniform rectangular cross-section with breadth
25m.and draft 10m. Assume it to have 90% of its mass as heave added mass and —
negligible roll added moment of inertia. At 0 speed, what frequency of sea-waves will
produce largest heave and roll motion? Assume no damping, and rigid-body roll radius
of gyration as half the breadth. Also KG = 7.5 m. X .
LB'12 B

I
L=150m, B=25m,1'=10m BM;===——=—=520m
V IBT 12T

0= ,gx(fM, GM, =5+520-75=2.7m
(R T
k-
XX 0 .7
0, = l ><2’ =0.415 rad / sec
(12.55

KB+BM =KG+GM

GM =KB+BM-KG

o
Y

A |

o)

So, let us see now here we are going to use this formula up to finding out the GM; .

Now, we know that the KB+BM =KG+GM , right. Now, this is already discussed in
our initial days lecture, right and I think you all know this formula very well. So, | just
physically 1 can demonstrate here yeah. So, this is the pain here. So, this is the last point
we call the kill, right and then you can take then G sum over here and B may be some

over here and m maybe this.

So, | just say this KG+GM should be equal to B sumover here. So, KB+ BM right and
then from there | can get GM = KB +BM —KG . Now, here I will tell you that since it is
applicable in case of a roll or in case of a pitch also, | did not mention explicitly this
GM; or GM, . Inboth the cases GM =KB+BM —-KG.

Now, in case of a roll that BM;, :%ok. |, is nothing but LB®/12 ok and volume is

LBT . So, this is very well known, right. It is LB®/12, it is this is the for a rectangle this

is the second moment of area everybody know that so, nothing new over here.

So, | can get this equal to B square by 2 LT because if you cancel out the similar terms, it

2
will become this 12_T=5'20m' So, incase ofa GM; | amusing that | mean BM; | use

5.20. And, now since the draft is T=10m, so, since the draft is 10 so, therefore, that

buoyancy should be the middle point so I cantake thisas 5 and KG is given is 7.5.
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So, therefore, | can get the value GM, equalto KB is 5, BM is 5.20 and KG is 7.5. So,

the value is 2.5, right and then we have that o, = /gxkﬁjust use this formula I can

take w, = 10x27 =0.415rad /sec this comes out to be 0.415 radian per second.
*\ (@12.5)°

So, here | get that value is 0.415rad /sec and let us take that what is the value here the

time period T, = gﬂrﬁ =15.44sec because it is you are much more comfortable with this

time period. Now, you can see here it excite at 15.5 second which is very normal in
ocean going vessel. That is what we discussed during our lectures about the natural time
period of heave mode roll mode and pitch mode | discuss that in case of a roll it is much

bigger compared to the not | mean in 5 second is huge actually I will tell you.

Normal in ocean going in ocean normal it is mostly this 10 to 20 second waves that is
actually operating this the sea. So, therefore, this roll is very much into that domain.
However, heave is 10, so, still it is better. Now, here let us try to this is not there in this
problem, let us try to find out the pitch natural frequency, ok. Now, no data is given to

you for pitch, but still we can approximate.

So, that is how | say that it is always of course, we are going to do everything
numerically what where we do from the first principle and we solve this problem from
the first principle | accept. But, however, it is always very important to get some
engineering idea about the things so that at least you can do some very quick estimation
and you can find out what is the natural frequency or search some basic things like this.

Let us see here we do not compute anything which is using some kind of approximation.
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Consider a 150 m. long barge of uniform rectangular cross-section with breadth -
25m.and draft 10m. Assume it to have 90% of its mass as heave added mass and
negligible roll added moment of inertia. At 0 speed, what frequency of sea-waves will
produce largest heave and roll motion? Assume no damping, and rigid-body roll radius
of gyration as half the breadth. Also KG = 7.5 m.
GM, =BM, =1,=150

L=150m, B=25m,1=10m

K, =(03)xL=50
VGM 10x150

o= [P o | 2K 0 635kad ) sec
LSME, "\ 15x(50)

1= 2B 9.93sec
0.635

o)

So, this is the given to you L =150m,B=25m, T =10m. Now, what | approximate first

that at and pitch added moment of inertia maybe the 50 percent of the you know that

moment of inertia pitch moment of inertia. So, added moment of inertia | take is a 50

percent of this. So, therefore, in the denominator I am taking 1.5Mk? , ok.

Now, we need to approximate so many things over here, right because again you know

that volume will cancelled out and we and then we have the ’% . Now, nothing
Ty

is known to me, right. GM_ I do not know, K, 1 do not know, right then how do I

understand that what would be the possible natural frequency for this particular vessel.

Now, here comes the idea of the approximation. So, | just approximate my GM, =BM; .

Now, simply you can take here that instead of you know LB®/12 it should be L°B/12.
2 2

. ... B L
So, you leave with earlier it is o7 Now, we have Ethat you can do. No problem.

Otherwise what insert | did not do that also.

What I did is basically I am taking simply BM  is the order of length 150. See here the

whole point is the approximate. We are not computing anything. Similarly, 1 am doing
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with the K =(0.3)xL. So, | just take the one third of the length. Now, with this

approximation, if I try to calculate the natural frequency a, it comes out 0.6.

You know if you just do that it comes for 10 seconds. Now, you see like it is very much
impractical you know in realistic answer | get that normally that heave and pitch time
period are very close by. So, it is also comes out 10 second and that and then heave
comes around the 9 seconds. So, you know you can do the same conventional process

that | did for the roll because KG is given to you can simply find out what is your

GM, directly, right.

And, also you can take that you know K, is one third of L that also you can take and
you do the analysis and you can find out that what would be the it is T, is given should

be T, ok, anyway. So, what is the natural now here what the inter you know interesting

observation |1 want to make as follows. Here it is 10 second for pitch; it is almost 10

second for heave. Now, you see suppose a 10 second wave is hitting the ship.

Now, then the ship will excite both in heave and pitch mode and why that is what | said
it is very important to know the information about the phase. Now, you see in both
situation heave and pitch excited by the same wave and then both tend to get to the
maximum amplitude. Now, if both coming at the same time it means that it is heaving
maximum at that time pitching also maximum. Now, you can see that how much of

bending moment will come in this particular case.

So, that is why this phase is also very important. Now, if | see that both are not ina 10
second wave, but both have a phase like let us say it has this let us say some 10 second or
sorry 0.1 second phase lag. So, therefore, when heave got maximum pitch may not be get

maximum at the time, may be pitch may be the minimum at that particular time, right.

So, that is why this problem gives a very nice idea about you know when that is why this
coupled equation of motion analysis is also very important for us right, ok. So, with this |
have one more problem. So, let us very quickly see this problem and I will you know |

will leave that most to you to do this in home, ok.
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Consider a rectangular floating box of length L, breadth B and draft T. The sectional
heave added mass can be approximated by the mass of water of a semicircle of diameter
B. Based on strip theory for determining the added mass, calculate the di ional heave
added mass coefficients for B/T=2,3,4. Also determine the undamped heave natural periods
for these three B/T cases when T=4m.

A= lpﬂx(ﬁ) xI‘:ﬂpB-L
- |2 2 8

Ol)

So, this is the problem we have the rectangular again we have rectangular barge with the
length is L, Band T and it is given that the sectional added mass is given to you which is
the which is the area of the semicircle whose diameter is equals to the beam, right. So,
now, then you have to find out the added mass coefficient with respect to B/T ratio. So,

this is the problem.

Now, how to do that? Now, here is given the sectional added mass is nothing but you

know that that area of a semicircle whose a beam is equals to the | mean whose radius

2
diameter is equals to the beam. So, therefore, the area is nothing but you know ﬂx(%j

for the circle and then if you multiply by another % , then it is the area for the semi circle

now if you multiply by the row. So, it is a it is a mass.
And, then if you multiplied by the length L then it becomes a you know the volume. So,
it is that dimension equal to the dimension of the mass. So, | understand A,; is equal to

2
7B L. Now, what is the dimensionless quantity? So, | just divided the added mass by

mass. So, mass term is LBT and this is the added mass | just compute here and if you

cancel out the similar term it becomes %(TEJ So, this is the first part of the question.
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Now, if you replace (?j by 2 3 4, then you can find out what is the ratio. Next question
is the what is the natural time period for the undamped system.

(Refer Slide Time: 30:19)

Consider a rectangular floating box of length L, breadth B and draft T. The sectional
heave added mass can be approximated by the mass of water of a semicircle of diameter
B. Based on strip theory for determining the added mass, calculate the di i heave
added mass coefficients for B/T=2,3,4. Also determine the undamped heave natural periods
for these three B/T cases when T=4m.

M+ 4,

L=2r

And, now this is the formula for the undamped system, T, =27 MLA'?“ right. So, now,
\} PIA,

what | what you can do over here you know | know the ratio % So, | can divide the

whole thing by mass and | replace the mass by oLBT and then A, = LB and again you

can cancel out the similar term and finally, you have this term

_gzzﬂJpLBTa+AB/M)

pOLB

Now, you can put (?j ratio 2, 3, 4 and you can take that the T = 4 and then you can

find out what is the natural frequency for this particular vessel with different (TE] ratio
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ok, fine. So, just work out this and find out those numerical values ok. So, with this let us

stop today.

Thank you.
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