
Machine Learning For Engineering and Science Application
Professor Dr. Balaji Srinivasan

Department of Mechanical Engineering 
Indian Institute of Technology, Madras 

Application 1 Description Fin Heat Transfer
(Refer Slide Time: 00:13)

Welcome back we are going to start with a very-very simple problem almost a trivial problem

and the solution as you will see later on as quite simple so this is the problem of so this is what

discussed quite often in simple undergraduate heat transfer courses even if you do not know heat

transfer  the  problem  is  something  that  you  can  understand  quite  simply  from  a  physics

perspective, so let us take what is known as a fin, a fin simply means an extended surface, why is

it used most often you would have seen this is generator even at the bottom of your motor bike

and several other places you will use notice this very-very commonly it is even used in electronic

devices.

Now the reason this is order to extend heat transfer or in order for something to cool down little

bit easily, so let us say this is the base it is at some temperature I am going to called temperature

as theta, theta of the base now what happens is let us say this portion the base is really hot let us

say it is you know the car radiator or it is an engine and it has brought an very hot and you have

air or some other cooled fluid going passed it and you want to cool it and how would you do so.

Now all of us intuitively understand whether you know heat transfer whether you know fluid

mechanics or not you intuitively understand that you have a few idea with which you can sort of



increase heat transfer which is if this is hot I make sure that I blow air pass you know suppose

you get something hot you kind of blow in it intuitively it is built into the human system if you

blow air pass it, it will become cooler and if you blow faster and faster and this is the reasons

why fans are there this is called convective cooling.

So if you colder air pass it or the surrounding blow is colder then you will increase heat transfer

or you will make it cool faster the other is actually to increase the surface area suppose you want

to you at home if you are trying to cool milk or cool water you will put it in a white base so just

exposer lots  of surface area exposer actually  causes cooling in fact  it  speculated that  earlier

dinosaurs had this large fin like structure I think stegosaurus or something it had large fin like

structure in order to helped it kind of cooled down, so this kind of thing this is what is called a

fin all it does is it increases the amount of surface area that is being exposed to air or whatever is

this surrounding fluid.

Now you know trying to design this structure nicely etcetera is a very important problem within

heat transfer especially when you are you know devices small etcetera-etcetera, so now in such

cases we know that a few parameters determine what the temperature is at various places, so let

us called this distance X and I have kept the temperature measuring device typically what is

called the thermo couple hopefully we would have studied in this school, so I have kept a thermo

couple at a particular place and I measure theta the temperature actually technically speaking this

is you know theta B is temperature minus T on the outside but you do not need to remember this

exactly.

So you keep a thermo couple you measure a temperature we want to find out our question is a

very simple question with which we will start how does theta depend on theta B and X we can

intuitively see that this is where inherent physical knowledge also comes sin that the farther

away you are going to be away that the base the lesser the temperature will be this is R first

intuition second intuition is the higher theta B is the higher your temperature that you measure

here is going to be.

Now this is an example what I would called simply physics modeling you do not you know have

you have some idea of what is the input and what is the output but you do not know what is the

physic in this case of course we know the physics which is how we are going to generate the data



but in many cases like in whether you know what things affect what output but you do not

actually know the physics in fin the question is can neural networks helps in such cases so now

let me post the question little bit better will it depend only on this obviously not we know that it

will depend on the geometry also in some way it will also depend on what kind of fluid you have

outside is it air is it water etcetera.
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So all this parameters are abstracted into one single parameter M now what is this magical M I

am not going to discuss this if you have done heat transfer you already know this but let me just

mention what all it actually includes it includes H which decides whether this is water or not how

fastest the fluid going etcetera all those are sitting in H this is called the convective coefficient

another is K, K is K depend on the material of the solid itself you know obviously that if it is

would temperature would drop in a certain way if it were let us say steel temperature would drop

in another way.

So this depends on the solid other things are things like the cross sectional area how much area

do  you have  across  the  cross  section  of  this  fame  how long  is  this  in  etcetera,  so  all  this

parameters  have somehow been combine in now how have they been combine them into M

through dimensional analysis, so once again our knowledge of the physics of the problem goes

into  deciding  this  factors  that  this  things  are  important  and next  step  is  to  use dimensional



analysis also depends on physics knowledge in order to combine them and make the data a little

bit compact.

So finally the problem in physics is as follows I want to find out how theta, theta S remember the

temperature at a particular location depends on the based temperature this parameter M which

includes all the physics of the problem and the location, so we want to find this function or let us

say approximate this function, now to approximate this function what do you need you need data

what kind of data you need.
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You need data of various theta this various M various X all put together along with what was the

theta so let us say lot of people over lots years in a particular lab or all over the world somehow

measure theta be MX but nobody had a clue what is the function was, so this is of course an

artificial  example but you can easily  extend this  to real life  cases like if I  said for the case

weather or even in certain cases like you know what is the let us say temperature at this point in

the  room provided I  keep my air  conditioner  some where  you do not  have  good analytical

expressions for some cases, so what we can make do is with data, so what we are going to do

next in the next video I would like you to think about how you would do this actually let me

show you the data.
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Here is one example of the data set that I will be using in order to build our model, so the data

said is as follows for each points or there are lets us say thousand people I will show you I have

about I have exactly thousand points or thousand points here and these thousand people or may

be hundred experiments each of them took ten data sets each kind of measure various theta this

various M’s and X’s and found out the actual output temperature measure by the thermo couple

at that particular location X.

So once they have done that you know this historical data is now available to you now you wish

to figure out how can I make theta function of theta B M and X and I would like you to think

about what structure you would use etcetera you know the input and output are already kind of

obvious in this problem what structure you would use how would you measure this etcetera I

would like you to think about that before seen the next video, thank you.


