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Lecture - 30
CAD detailed design of profiles

I will continue from where I left off earlier. I was trying to show you that for you to start
making a layout of an equipment, you probably have to do what we do in most of the
other two conditions. In the case of design and when you want to patent some of your
whatever creations, what you do is you check you shall need analysis and all that and
then since we are down in the embodiment design phase of it, one of the first thing when
you do the embodiment design is also check for prior art I do not know kindly put up

with my accented language.

Prior art refers to saying what is already existing, this is part of the intellectual property
this thing. So, this is not about copying, copying is something else you can always
license synchronal. So, one of the thing in prior art is you go and check on the existing
solutions which is already there. So, if you can adopt some of the techniques, which have
a what you call validity and they have been around for quite some time nothing like it
equivalent of it in the academic field or all the published articles. In both the cases most

important thing is we acknowledge what you call the source and so on.
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So, allow me to start with one of the things which is shown here, this is a very what you
call large thing saying a investigation of heat transfer through embossed fin and so, on

there is an abstract, a reasonable thing, I would like to acknowledge the people from

Dehradun 2014 and so on.
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) 1. Introduction 1.1. Heat sink orientation

é

Modern systems and devices are reduced in size and cost with
the improved performance. Many engineering systems and devices
produce heat energy during its operation. Increase in heat dissipa-
tion from operating devices results in better performance and
higher reliability. Application of the extended surfaces over the pri-
mary heated surface is a widely used method of dissipating
unwanted heat to the surrounding environment. Fin geometry
has a great role in making simple, economic and portable heat sink
capable of dissipating maximum heat energy at a fixed heat load.
The convective heat transfer rate from the fin surface can be fur-
ther increased by maintaining forced flow conditions. Although,
such conditions require higher initial and operational costs, there-
fore, forced convection is not preferred in many applications. In
such situations where a higher rate of heat dissipation is required
without imparting artificial velocity to the air, the extended sur-
faces are to be oriented in such a manner that the natural convec-
tion currents are directed toward the major dimension. It has been
observed that the vertical oriented fins having a vertical base have
better heat transfer performance than that of vertical fins with the
horizontal base. It is due to the fact that vertical base heat sink
configuration facilitates larger characteristic length exposed to
the convection currents. Natural convection heat sinks are widely
used in low heat density applications due to its simplicity in design
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The commonly used orientations of a straight finned natural
convection heat sink are vertical base[plate with vertical fin chan-
nels, horizontal base plate with fins facing up, and vertical base
plate with horizontal fin channels as shown in Fig. 1.

Among three, a configuration having a vertical base plate with
the vertical fin channels delivers the best performance for natural
cooling as the air enters from the bottom of the fin channels with
some quantity of air inflows from the fin tips. Air is heated within
the fin channels and rising toward the top.

1.2. Heat transfer enhancement using new fin configurations

There were many studies available in the literature related to
the role of fin configuration in enhancing the convective heat
transfer through the fin. Starner and McManus [ 1] studied four dif-
ferent fin arrays and three different base plates to compute natural
convective heat transfer coefficients with regard to varied fin spac-
ing and the fin height.

Welling and Wooldridge [2] found that the vertically based fin
array orientation is superior among all types of fin arrays with
comparable fin heights. The variation of temperature with the
change in the fin height to fin spacing ratio was discussed and an
equation for optimum value of the fin height to fin spacing ratio

One of the starting points which you need to do is, commonly used orientations of a
straight fin natural convection heat sinks are vertical base plate with vertical fin channels
horizontal base plate with fins facing up vertical base plate with a horizontal fin channels

as shown.

So, a vertical base plate with the vertical fin channel delivers the best performance for

natural cooling. So, I would like to just take you to the figure because it is convenient.



(Refer Slide Time: 02:51)

File  Edit

Home Tools 1-20-S0817771... X @ signin
®BEQ OO (s A MO » - RFAAT O/
D from an array of stainless-steel, vertical rectangular fins, under  the V-type fin array performed better than the rectangular vertical
natural-convection conditions. They reported the optimal fin-sep-  fin array and the V-fin array with bottom spacing design. The
| aration of the vertically-based finned system with respect to  study showed that the performance can be improved further with
@ changes of the temperature excess from 20 to 40 K. the increase in the height of the V-plates. Maziyar et al. [11]

Vertical baseplate/vertical fin channels
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Not the best, but better than a flat wall
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Horizontal baseplate, faces up
Almost as good as the vertical/vertical confiquration

Fig 1. in configuration for natural cooling.

I think it looks almost intuitive. Vertical base plate best configuration vertical base plate
horizontal fin channels not the best, but better than a flat wall, horizontal base plate faces
up as good as the vertical and vertical configuration. So, I mean I will allow me not a
comment on it now working towards it I will just minimize this I will go back with

something which is there in the background here, then there are several industry catalogs.
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I What is Natural Convection Cooling

Natural convection cooling describes a situation where there is no forced air flow from a fan, blower, or any other source, Under

natural convection cooling, the temperature of the air within the heat sink's fins increases due to heat from the heat source. The
-+ '

£ Or

Same thing repeated again which I have shown you earlier except that this is from a

commercial source that is somebody who supplies all these things.



So, they have written a little about what is what you call convection cooling and so on

this is what I have kept on repeating to you earlier.
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I Heat sinks for natural convection

Due to the relatively low airflow generated by natural convection cooling, the fin pattern will need to be very sparse to provide
optimal performance. A dense fin pattern will generate too much restriction to airflow, preventing the warm air from rising out of
the heat sink efficiently.

Sparse fin pattern Dense fin pattern

Due to the relatively lower phase generated by natural convection, the fin pattern will
need to be have know very sparse to provide a optimal performance a dense fin pattern
will generate too much, it i not exactly true it is just the you know slightly what you call
there is an optimum a thing which is there. So, it is obvious, this you know figure just
shows you how the hot air comes and all that heat is trapped between fins and so on; so

LPD series and so on.



(Refer Slide Time: 05:00)

C | & Secure | htpsy/wmnalphanoatech.com/en/naturalcone it Q%
Heat sink attachment/orientation plays a significant role under natural convection.
Tt is recommended that the heat sink be installed to orient the fins in a direction that will not block air movement under natural

convection.

Fig.1 (Finup ) Fig.2 ( Fin side / vertical ) Fig.3 ( Fin side / horizontal )
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The heat sink should be oriented as in Fig.1 or Fig.2 under natural convection cooling.

Based on our testing, if the heat sink is oriented as in Fig.3, the thermal performance will be approximately 25% worse than the Fig.2

Now, this comes to the other way of a looking at these things. So, we have you know
vertical and horizontal; so 1, 2, 3. So, they have given here based on our testing if the
heat sink is the thermal performance is 25 percent worse than in the other figure
meaning. If you oriented something vertically meaning the fins are like this. So, I have a

thing here, I will just show it to you I have a sample here.

(Refer Slide Time: 05:31)

So obviously, there is several ways, one way is making it like this one way is making like

this and then one way is make it does not really matter which way are it is.



So, I think it is very intuitive and correct saying know, this is best this is not so great. If it
were to be vertical like this, you need spacing here you understand know you more like a
pin fin configuration should be there, then the configurations will work now. We come to
some things like this which are on both the directions. So, if you mount a participating
component here, it does not look you know intuitive that you know this there the one in

the bottom I doubt whether it actually can do any good at all you seen this.

So; obviously, such thing there is only one way to mount vertical, end in vertical again
we need to provide some sort of what you call cover over this and then after that neatly it
just sits there like that. Now when we keep it in horizontal, now we know that this;
obviously, not at all designed for such a condition yes provided you give relief, best keep

it like this not a proper way of doing it, which in this case can you put this.

(Refer Slide Time: 06:57)

See in this case all the other things are we can put it like this, we can put it like this or we

can put it like this.

Now, comes the thing is how do we integrate these things and what you do and also.
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I Impact of surface finish on performance

Surface finish will affect the emissivity of a surface and its ability to dissipate heat through radiation. We recommended the use of

tps//wiw alphanovatech.comy/en/natural Qt

an anodized finish under natural convection. Since an anodized surface offers higher emissivity than bare aluminum, the thermal
performance will be better. Under natural convection, unlike forced convection, the amount of heat dissipated through radiation
can become significant.

Our natural convection heat sinks (LPD-series, N-series) come with an anodized surface finish.

I Impact of power dissipation on performance

Under natural convection cooling, the thermal resistance value(°C / W) will change based on the power dissipation of the heat
source. Higher power dissipation will generate more heat and greater natural convection air flow. This will improve the

performance of the heat sink, lowering the thermal resistance.

In case of natural convection cooling, the relationship of the power ¢ ption and temp rise can be as follows.
W=p-At" 125

By determining the B, the temperature rise (At) and the thermal resistance can be calculated at a given wattage

You can calculate the B from our catalog data (thermal resistance and the wattage).

A lot of stuff about power dissipation and so on under a natural convection so many of

these correlations have been given here.
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If you go to several of this is what you call sources and all that know enough information

is available. Now I thought I will start here with sir we can kindly put.
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I will start with having estimated what is the loss in your equipment, meaning if it is a
maybe a 10 kilowatt a device and then you expect that steady losses steady state losses at
the appropriate loads which we know. Partial load its very inefficient, overload is an
efficient at correct one load the efficiency will you know the optimal or we know the

probably the best efficiency, you can get is about 90 percent.

So, 10 percent losses will be there. Now based on this 10 percent losses we can choose a
heat sink as a starting point saying when the heat sink is kept in the fins vertical position
and you select something from the catalog, and then you see here I wanted to jump from
here to the way how do you create this heat sink from the catalog and then how do you

try to use it in your equipment.

So, we are randomly picked up something which is a profile which is 174 millimeters
wide and 28 millimeters high. So, if you see here most likely from here to here this
dimension is about. So, if you if you remove this four from this know, typically about an
inch which is about 25 mm deep, and then this 4 mm typically corresponds to a little
more than a one eighth of an inch ok. And 175, I think if what you call equivalent it

should be about 7 inches.
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So, starting this point I thought we now need to try to create the 3D module in this. [ am
using what you call free or a trial version of what you call cad which you can we of
course, have the licenses for this. Another place which I work which I teach this has the
licenses this has been taken from here. So, if you see this, this is typically any package
from any source you can use there is no problem and I would prefer something know
which is relatively easy to work. So, one of these things is here we have for example, I
have started with this beautiful background bitmap which is already placed there for me

to trace.

So, those numbers at 174 4 in 28 it is exactly what we have had there and then over in I
tried to trace and then I try to make something it is a little what you call just to show that
you know how well it is how well it is not I just move it out can you see it is not actually
a very good not a very what you call very accurate representation, but good enough for
us. Main thing is everything has been rounded off. One of them is the width of the fins
another is a thing, but total number is maintained dimension 28 also is maintained, and
when [ if T go put it back where it belongs you see here it is almost it covers the I think

so, | have now a starting point for a heat sink and then I will now hide the that bitmap.

See I have this beautiful heat sink profile which is there. Why I am doing this is, now if

you go into the three d point version of it.
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See I have this beautiful a heat sink, which is extruded in the z direction. Why I need to
show you this is now this is probably our starting point of various products which we
want to do. Once in your; what you call career whether you are a packaging person,
electrical person or you are a manufacturing person, if you create the drawings for these
profiles, you can use them everywhere else because typically if you notice the fin
spacing fin proportions are all about the same and things have been built on this. Now

just for this thing about it, I will start with what you call this a profile.

Imagine now I need to make an equipment which needs some what you call cooling or
anything, top view looks like this is the front view then this is the side view and we have

various things like now that is a matter of my.
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Placing the heat sinks symmetrically, on see my starting is slowly getting ready. So, I
have two heat sinks which are in the vertical direction, and then if I choose the
appropriate method of demonstration, you see I have a beautiful starting point for all
these things to heat sinks in the vertical direction, and then the dimensions are probably
determined by the other proportions. If its a rack mounted equipment usually the front is
a 19 inch panel, inside what goes inside is if you take a 426 as a width 19 is as the width
usually if you leave 20 mm for the flanges remaining happily goes inside the rack. These

standards you need to verify you should not take it from me now.

So, if you verify the standards you will know the width. Similarly if you take the height
it goes in terms of us 1 u is 44.45 and then generally three u typically three u rack will be
132.5 and this is a good starting point for a rack with heat sinks in the vertical direction
on the face back things. Now while this is one of the what you call conditions, is not the
only way you can do it its very much possible for me, I will try to go out, I have a single
what you call heat sink this at the back it is possible for me now to make various types

of; I will just try to see what best I can do here.

Now, [ will start with a another what you call. See here I have something which forms
the base as the unit. So, all I need to do is now I can just do the extrusion is I have done

before.
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I have my enclosure getting ready very interesting thing know? What I have started with
is just a profile of the heat sink now two variants I have shown, one of them is saying the
heat sinks can be on the either of the sides left and right. So, at the back we have this

extrusion which is going up.

Now, you need to place the various controls on the front panel and start working on it,
which is the relatively easy way of doing it. Again the starting point is that you need to
trace or create a library and generally within a particular what you call area of work or a
the area in which the enterprise or the design house is trying to work will be trying to
deal with certain you know a sizes certain things and all that, I showed you yesterday
what is called the one eighth brick, half brick, quarter brick and all which comes from

probably naval and aircraft power supply.

So, if you take the brick power supply it has certain proportions, and you have a
orientation. So, vertical and horizontal here, I have shown you what is; obviously, you
know a really what you call a nice way of seeing these things seen this know. So, I have
got a heat I mean got a device which is a heat sinks at the back. Now this ought to be the
starting point and not the there is no equation know, which directly gives you how to do
it. Everything depends on your product design. So, in this case you can have them on the
side or you can have this any other way as possible of course, otherwise possible nothing

restricts are saying you need to keep it at the back.



Sometimes it happens as in the case of equipment which are directly mounted in a rack

and, you have no access to the remaining parts of the rack. So, even heat sinks come out

onto the front of the rack. I am sure if you are a professional you will probably agree.

Now at this point it is very much possible for me to start working again in this ok.
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See what we do is now I will try to make

something and remove ha you see how a neat

little front panel, where I have made a little bit of space so that my, it could be a now we



have a full flat what you call capacitive or a resistive display alternatively, earlier used to

have various types of knobs.

This is typically how equipment at the turn off what you call just about you know just
before the Second World War were all beat. Now we play around not play around I am
sorry now we try to adjust for total amount of space available and whether you know the
spacing is sufficient or anything, but the starting point is the profile which I had started
there now you see here very neatly I have everything almost worked up for me and I can
continue to the these adjust know look a little sharp which I do not need such sharpness.
So, I will see if I can cure the unwanted sharpness problem, I will try to one more time I
will try to create I just wanted to chamfer it, there are so, many other ways of doing it is
there I am sure now if you are one of the persons who enjoy this sort of a what you call

solid modeling methods.

I do the same object which I have done earlier, see now I have got a much more
presentable and smoother way of easier way of managing with my profile which I have
started. So, this can continue without the any this thing otherwise, you also have solid
things like if you go to be solid editing, in solid we also have these things like what you
call filleting the edge and so on filet edge and then I make a what you call 6 mm filet, see
there it has become rounded there, because way what I expect is when you are trying to
operate a control most likely we would like to have a smooth rounded edge and not a

chamfered edge.

Now I can continue this filleting with all the surfaces that are present here saying. Now if
I have to take it out further a is in this I have got a nice partly protected enclosure, which
is not harsh on the operator. And from this point is when know where your analysis need
to take place. Now you see suddenly what we know about this height of this heat sink
and then the depth of these fins and then the spacing and all that is probably valid only
for this section of the heat sink.

And if you now go to the manufacturers catalog, the remaining thing it is for you to
make the nearest approximation that is probably total length available for use about half
and there is unlikely that we have used this back surface, the surface will not be used for

mounting anything that will be a new sense know. So, it is likely that this whole thing is



actually can be an opening. So, we have I will again go to the front and then see whether

I can create a proper this looks like a better option.

So, behind that we can continue to have whatever control or display systems we have,
but the heat dissipating part is only the little bit of heat sinks in the top of it and the heat
sink which is there on the side of it, but only remember is on the front surface same thing
is equally valid when it comes to the a rare of the equipment. Now if you go back and
check some of these audio equipment or even this rooters and all, you will notice that
this is exactly what they would have done especially if you are trying to mill something

out of an existing solid or some of these new plastics, they tolerate higher temperature.

So, sometimes you find that the panel is plastic and inside there is a small opening,
probably the heat sink fins project out of it or in the case of a things like of or what you
call power supplies and those things, there is a heat spreader and this bridge which
directly touches the surface of the cover. So, when it touches the surface of the cover and
things that come out, you will be able to clearly see that heat is allowed to dissipate

through the otherwise inert plastic case, which is not you know thermally conductive.

So, this is only one instance of my telling you. So, what I will do at this point I will just

save and then open the earlier drawing, which I have started with.
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See this I have shown you that when we can keep them on the side or we keep them on
the back and so on and oh one proportion. Now let me go to another slightly different
way of doing this, what I will do in this case is because of various of my necessity of this
demonstration, I will try to take a heat sink which is slightly smaller. In this 1 will

remove these two mounting plates here probably I will remove this also.

And then I will just leave a couple of fins and then see whether its possible for me to
make something which is equally interesting. You see where I have started now one more
time I will try to make the extent command and try to trim this object and attach all of

them together.
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See here I have a beautiful profile which about looks like this. I will just switch off this
grid is a little you know destructing, now this being on the top surface I will try to do
something else. What is done here is this is now starting of a different way of making it
as before what I will try to do now is saying see whether I can build an equipment which
is you know see here, if you see this is where we are talking about one more time know I

will to make try to make a solid a box corner to corner.
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See quite good it looks a little like the vertical mounted inverters which I have shown
you that solar inverters. So, we have here a sides of it which form a vertical heat sink and
they are running on the side. So, the back can be mounted directly, in the front you can
have a front panel as you like. Now several options are there one of them is I can try to
cover the whole thing in the front with a equally interesting thing which I will try to see

whether I can make something here.
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Fe 8 Ve G Sufie o Veh Omenien Tantom Toal Anyae R

DBHB[TXDDM’? PALLPES m-,wmvoommw

LNoRetol CTSL-EX R X:1°) 2 AOONIEIU LA Y
st Parsprcive

ﬁ

\ | ==t
Bl i B B i B BBk el
e W 2w B

Blive 9 eacBs




You see here I have a small section, which I can now try to do the various you know

trimming operations and so on.

I am sorry see I have got a cute neat front panel slowly coming up, I will try to join this
into a single what you call poly line now mirror it like before. See I have got what is
obviously, nice curve here and if I see where it is, this curve is sitting on top of it here
can you see here? So, it is firmly very much possible for me now to try to extrude the

curve, see slowly my equipment is getting ready.

So, one of the things you will notice is, I have a front panel here I can do various
operations with the front panel including. See here see beautiful nice equipment is almost
ready, but if you see the starting point was the same profile, which I taken off from one
of the manufacturers catalog which is probably once again based on prior art saying what
the other people have been using. Now in this equipment, I have what you call left side
and the right side what to call access to the various devices then I have a front panel here

and still I have the back panel which is open there.

Now, it is for me to once again know decide whether I cover the back panels also with
heap sinks or one more thing which I thought know which is not so, great is since the top
surface is still available can we do something with it. Other options are also possible for
example, this heat sink can be kept back to back and then we can provide a small fan and

then what you call make sure that the you have seen this know I have a heat sink here.

(Refer Slide Time: 40:53)
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What we will do is I will take the heat sink here, I will take this heat sink there move

them both to the close.
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Temporarily I will delete the; you have seen here now I have got a configuration where
the heat dissipaters are all facing inside and outside there is nothing and then its very

easy for me to provide a small fan at the bottom or on the top and use first cooling.

Advantage of this is in the smaller size density you know, tremendous amount of a what
you call heat or the order of up to four times can be accommodated. And probably we
can have two channels of it like one channel is here same, I can now use this for have
one more of it here, which is a which is probably one of the reasons you know I had

started with.
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Seen this I have got a nice tolerable project coming up. I have now a device which can
probably have two small fans at the bottom in the blow position or two exhaust you
know position in two fans and top and this whole thing forms a module that is what I was

talking to you about.

This is probably exactly how these things have been generated. The common thing is
probably a profile like this which has been tried and tested, then somebody has been

what you call experimenting on this where this profile, and in the normal condition if



you were to make them in the vertical what you call a orientation and then adjust the

total length and the power dissipation.

Another very critical component is there especially regarding convection and from the
device. These heat sinks have one peculiar what you call issues which we talk about. If
the heat sink is cold meaning the temperature is low final steady state temperature, a rate
of heat transfer from the devisor inside will be highest maximum temperature differential
and we are; however, if this is low it cannot really transfer any heat to the ambient looks

a little anomaly.

Now, the other option is if this is high, it can transfer the heat directly to the ambient
very well, but inside know you will have a problem of not able to take. So, more by
experimentation a little bit of thing by hand calculation, we need to find out which is
good. So, some people have suggested approximately half imagine you are inside
ambient is likely to be around 80 degrees all the device and all and ambient outside
ambient is likely to be 40. So, if you have to maintain it 60, 60 to 40 you still have a
differential only inside 80 to 60 also you have a differential, probably one of the reasons

why there are fins on the inside also got it know.

So, these fins transfer heat from the inside the equipment and this forms the enclosure.
So, two of them back to back from the enclosure, you have things you know recirculation
and inside you do not need of find directly here, all you need is something which
recirculates the air and then removes the hotspot and outside conducts a heat away to the
atmosphere, and inside things are equalized and then things look very neat and very
clean inside. So, the starting point is we can always start with things like this, oh I am not

able to enlarge it to full, but we have a beautiful a rendering frame.

So, several of these things you will notice are this way of trying all possible
configurations. So, I have shown you something and this point you know I will try to go
back and try to undo remove one of these things which I feel know is not very useful for

me.
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See this where we have started.
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Now I leave why do I leave? Oh I mean there a no necessity for me to leave it like this
because stop service is still available. So, why not provide one more of these devices

directly on top here?.
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Now if you come back here you will notice I have an equally interesting configuration of
fins being there on the top of the equipment also. So, at this point depending on what I
have told you earlier, it is possible for us to now provide some what you call slits and all
that and make an interesting industrial design or you know very interesting what you call
prospect, when having an equipment in which you know the top and the side surfaces are
also used, and at this point you can start doing the actual calculations about what will be

the net result of the this thing what will be the thermal resistance of it and so on.

Next time if you look around every configuration I have spoken about probably already
exists ok. While its novel and probably you cannot patent in you can what you call
address your problem and then try to solve these problems like this. So, this is I have told
you about you know something is on the side, then I told you something about the front
with the clearance and something about this and the very starting point is saying, we can
even have with this fins directly at the back which is what a lot of this electronic cooling
at the equipment level is about and the depending on the volume that you make for
example, on these solar devices and all that this configuration in the earlier configuration

we have made a solar pump.

Some I am not able to get the picture of it, because this what you call drive for a solar
pump is to be used in the field where you do not want a distracting what you call things

like voltage current and you know whether its following the maximum power point



season and all that is not interesting, that had only one switch in the front. Who press the
switch if everything is fine the motor starts and the pumping starts, if it does not start we
have an error saying probably there is not enough sun or anything just one indication
saying wait for the sun and then the user just needs to wait and then press one more
button and it starts and pumps and MPPT is built into it maximum, but power point is
about tracking the impedance not about tracking the position of the sun. Tracking the
portion of the sun is what you call somewhat wasteful and only in very extreme I mean

special conditions probably that is need to be done.

Otherwise simple clockwork will work and probably three portions is enough something
you have to start of the day midday and then what you call end of the day probably some
the three positions and then a very tiny very low power mechanism, which orients it like
this. That coupled with my design here is probably how in reality projects are made and
then yesterday I showed you one picture of a data acquisition system. That other modules
which were talking about also had a similar look or a style, which all had this front panel
like this and then there were this heat sink. So, that heat at the back or anything on the
side and at the bottom if you recollect there were two connectors and the connectors have

been made such that they cannot be confused with each other.

So, the input to this equipment is through a cable which has sockets at the end sockets
generally you know that comes from the solar this thing sockets is where always you
take the power out and they connect to plugs in this unit. Other side where it goes to the
pump sockets are mounted on it again one more small probably it was a three pin or four
pin device which will go to the pump. Now moment you have these sockets and things

like this which are also typically mill grilled they can tolerate much higher temperature.

So, you can afford to have an enclosure like this probably whole thing made out of an
aluminum dicast aluminum, and you just need to there is a cavity like thing with milling
I mean milled fins everywhere open the cavity mount everything closing. So, it has the
second benefit of being fully waterproof and if the connectors of the correct grade,
making IP 66 67 is not an impossible task and instantly these devices will help us in

realizing these things.

So, I think that will be enough for today. I will stop; I will try to continue little more

about these things in the subsequent lectures.



Thank you.



