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Hello everybody. We will be continuing today with our discussions on the design of 

Shell and Tube Heat Exchangers. So, without wasting any time I will directly go to 

the process, the problem was already given to you. It was just an extension of the 

problem which was given for the double pipe exchanger. So, the same problem with a 

higher flow rate has been given so that you can start designing a shell and tube heat 

exchanger with it. 
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So, in the last class what we had done is, we had discussed how to assume the U, how 

to find out F T, calculate delta T LMTD from there we can find out the total area of 

heat transfer. Now, once we have decided on the total area of heat transfer we make 

some certain assumptions and certain calculations. First thing what we do is, we 

assume the outside diameter of the tube through which the heat transfer occurs . 
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This was already told to you in the last class that as a first case we usually take either 

19.05 millimeters or it means we either take a three fourth inch or a 1 inch pipe. 

Now, the thing is that, why do not we generally prefer to go below three fourth inch? 

Although you will find that from the codes the data on 5/8 inch is also available. The 

primary reason is that it is difficult to mechanically clean tubes smaller than three 

fourth inch. 

So, therefore, unless otherwise specified it is or rather we can go for chemical 

cleaning or certain other things are specified, for example we will need a very high 

velocity or something. We would preferably not go below 3 4th inch and we would 

like to keep the pipe the other tube diameters around 1 inch. So, this is to start with 

and then maybe while we go along with the design it can happen that will have to 

modify this particular thing. 

So, just remember it is quite evident that we would be preferring smaller tube just 

because it ensures a higher velocity which gives you a higher heat transfer 

coefficient, but at the same time it incurs a higher pressure drop. But when you have 

a higher heat transfer coefficient at a higher velocity quite naturally if you have 

smaller tubes then it leads to a more compact heat exchanger also. 

And we prefer the larger diameter tubes primarily from the point of cleaning, ease of 

cleaning because that provision has to be kept in mind. And slightly higher diameter 



tubes they are more rugged also. So, therefore, and definitely the pressure drop also 

will be less so with these things we decide on the tube diameter. 
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In the last class I had shown you these two tables where for each particular OD the 

other details are available which you can use and you can go ahead. Once that is done 

next is the length of the tube. Now, regarding the length of the tube I had already 

mentioned that the standard tube lengths which are there according to codes, we 

would always like to prefer standard tube lengths. 

Simply because there then it is very easy to get the spares and it is also very easy to 

means the delivery time a faster delivery time is also ensured etcetera. So, therefore, 

the standard lengths have been mentioned and I told you that generally we would not 

like to have tube diameters lower than 2.5 meters. 

There are certain things that it is important for you to remember that, if the shell 

diameter to the length of the heat exchanger is less than 3 then in that case there is 

every chance that the entry and exit losses they become significant compared to the 

loss which is incurred during the straight flow through the pipe. 

As a result, we would be encountering quite a high amount of pressure drop which 

we do not want. Again at the same time we would not like to go for tubes larger than 

say 12, 30 meters or so for two reasons, one is definitely a transportation is the 



problem the other thing you have to remember that anyhow the heat exchanger 

occupies a good amount of float space. 

So, and also you need to keep some other space from where the tube can be taken out 

and it can be introduced into the shell. So, therefore, some additional space also has 

to be kept for that. So, keeping these things in mind we are usually we adopt 6 meters 

or 12 meters of tubes. For the present design what we would prefer is, we would 

prefer we will first start with 6 meters of tubes go for multiple passes then if required 

we will think of something else. 

And the other thing is if you take a longer tube which is also important that naturally 

then lesser number of tubes will be required then lesser number of tubes will be 

required lesser number of holes have to be; have to be drilled in that tube sheet. So, 

therefore, it becomes the design becomes less complicated and also you know that  

when fewer tubes are required so, naturally in that case it goes for a lower cost also. 

So, anyhow so based on this more or less we are going to adopt the tube length as 

usually I will start with 6 meters length. Now, this was also discussed in the last 

class, will this 6 millimeters be available for heat transfer or not. Because it is very 

evident to you that if you look at the tube then in that case you are going to see that 

there is some amount of tube which will be within this particular tube sheet . 
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So, this particular tube part of the tube this will not be available for heat transfer . So, 

naturally if you have a fixed tube sheet we have to subtract 2 into the tube sheet 

thickness from the total length of the tube to, in order to get the effective length of 

the tube which is actually available for heat transfer. 

Now, when we have a floating head what happens definitely these 2 tube sheets are 

there, along with that there is a dead space which is the basically this portion of the 

space which is beyond the nozzle of the shell side fluid because, this part is also not 

available for heat exchange and.  

So, therefore, we have to subtract an additional portion of the length also. Now, the 

question is will we not have to subtract this for the case of a fixed tube sheet? 

Usually you will find that the nozzle is placed as close as possible to the tube sheet  so 

that the dead space is minimized.  

But, for the floating head this part is there again from the codes based on the shell ID 

and the design pressure the dimensions of XLZ is there which you can consider and 

you can go ahead with this. Similar, codes or similar specifications in the codes are 

also available for your U tubes as well depending upon the placement of the nozzle 

before the U tube or after the U tube.  

If the nozzle is placed before the U tube the entire U bend is available and in that 

case more or less we just subtract the thickness of the tube sheet, and if it is after the 

nozzle we have to subtract some particular length which is also available in the codes 

well. So, now next is, what is the tube sheet thickness that, that you have to subtract 

here and to find out the effective length? So, what is this particular tube sheet 

thickness? 
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So, therefore, again the codes have come to a rescue and more or less the minimum 

permissible tube sheet thickness is specified as is given in this particular  table. So, 

you need to respect this particular minimum tube sheet thickness you have to ensure 

that the tube sheet thickness that you have considered is more than the minimum that 

you have specified. 

Generally, we find that for the tubes of diameters 25 millimeters or less the tube sheet 

thickness is usually not lower than the outer diameter of the tubes. So, therefore, TS 

is not less than D o, for D o equal to or less than 25 millimeters that is usually. There 

are certain other typical things that you can you can do, whenever you have found out 

the tube sheet thickness definitely need to check that it is above the minimum.  

And for deciding the tube sheet thickness usually you can either take its the thumb 

rule that you can either take 50 millimeters or you can calculate it from this particular 

formula whichever is higher you can take it you can adopt that particular value when 

the shell diameter is greater than or equal to 500 millimeters. 

For shell diameters less than 500 millimeters TS is again the higher of D s by 10 or 

the value calculated in millimeters from this particular formula. So, you can take it 

typically to start with you can assume, TS equals to 35 millimeters for low pressure 

units, 50 and to 150 millimeters for high pressure units the heat exchanger which you 



are supposed to design will be a low pressure unit. So, therefore, you can start with 

38 millimeters and then find out the effective tube length. 
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Once the effective tube length has been found out the D o has been assumed so now, 

you can go ahead to find out the number of tubes. Now, one thing is for there the 

number of tubes on what does it depend or rather what does it influence the fluid flow 

rate and the available pressure drop right. So, these are the two things which have to 

be respected when you are designing or you are deciding on the number of tubes. 

So, therefore, after you have decided the number of tubes you need to make some 

amount of checks depending upon the fluid that you are dealing with you just  need to 

check or whether the tube side velocity and the shell side velocity they respect the or 

they lie within these particular limits or not. Where it is quite evident if the velocity 

is lower then there are chances of fouling, if the velocity is higher than the erosion 

rate of erosion or the erosion chances are more. 

So, therefore, if you have water and similar liquids then the velocity in the tube side 

and shell side must confirmed to these particular specifications. If you have having 

vapour quite naturally the vapour velocity will be a function of operating pressure 

and fluid density and these particular ranges they are provided and these need to be 

respected in your case. 



One more thing also you need to remember if you are using too many tubes then in 

that case too many holes have to be drilled in the tube sheet and under that case it the 

tube sheet becomes weaker. So, this is also a consideration that you need to keep in 

mind. So, if you find that after you have calculated the N t does not respect these 

things then there are certain things that you can do right. 

And often what you do is, you need to provide additional area to compensate for 

fouling. How can you provide this additional area? You can either increase D o or 

you can increase L e or you can increase N t. When you increase D o what happens? 

Naturally, the velocity decreases the chances of fouling increases you have to keep 

this in mind. Same thing is true for when you increase the number of the tubes. When 

you increase the tube length the pressure drop considerations have to be kept in mind. 

When you find that in order to comply to these velocity constraints it is not possible 

for you either to change any of these D o, L e, N t from pressure drop fouling etcetera 

etcetera, considerations then it can always happen that for severe fouling cases you 

may have; you may have to keep a spare exchanger in space for to ensure continuous 

operation of the system that can also happen. 
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Well. So, therefore what are the things we have decided on the number of tubes tube 

length and the tube diameter. Now, we have to arrange the tubes inside the shell and 

accordingly we have to drill the holes in the tube sheet and arrange the tubes. This 



has already been discussed to you that the tube pitch it can either be square or it can 

be a rotated square it is just a rotated square or a triangle equilateral triangular pitch 

or maybe a rotated equilateral triangular.  

These pitches, as has already been told to you, are defined in terms of the included 

angle with respect to the flow direction of the shell side fluid. In short the advantages 

disadvantages have been told to you, in short the square pitch definitely it guarantees 

the lowest heat transfer coefficient and the lowest pressure drop. And the main 

important advantage of this is the ease of mechanical cleaning of the outer tube 

surface they are used for vaporizing applications. 

Now, when cleaning is not a factor for example, when we are using fixed tube sheets 

under that conditions definitely we would be preferring an equilateral triangular pitch 

because an equilateral triangular pitch two things. Firstly, it ensures greater number 

of tubes within the same particular area and the other thing is that it guarantees 

naturally it guarantees a heat transfer coefficient of about 25 percent higher provided 

all other factors remain the same. 

So, naturally when we are going for maybe you will be opting for a fixed tube sheet 

under that condition, you can opt for a triangular pitch if pressure drop constraints are 

respected. And when we go for a triangular and a rotated triangular pitch everything 

is mentioned here so accordingly you can decide the pitch. 

Now, after you have decided the pitch again generally thus the pitch is actually the 

center to center distance this is the pitch remember. And this particular part the 

distance between the tubes this is known as the tube clearance. Normally, the 

minimum pitch is 1.25 of the outside diameter this is the minimum. If suppose you 

have the tubes are much closer than this the tube sheet becomes weaker from that 

considerations the minimum has been decided. 

So, what I would suggest is when you go for your design you can first adopt the 

minimum and see if you can accommodate all your tubes or not because when you go 

for a minimum naturally you are utilizing the minimum space quite natural shell 

diameter will be the minimum. So, it might come out to be more economic if its fine 

then you can proceed or else you may think of increasing the tube pitch. 
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Well, after everything has been decided then. See, normally you can adopt any pitch 

that you want ok if it is greater than 1.25, but again in this case it is advisable that 

you follow some particular codes. So, therefore, as per the codes and this table it has 

been taken from the book by Kern heat transfer by Kern. 

The table in Kern is an FPS unit, we have converted it into the them in terms of 

millimeters. From here the shell diameter I will be discussing, once you know the 

shell diameter you know the total number of tubes then from there you can decide on 

the number of passes as well, right. 
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Now, these particular this data it is available both for square pitch and for triangular 

pitch for different sizes of the outside diameter of the tube and the square pitch. And. 

so therefore, after you have selected the square or triangular pitch you have decided 

on the OD of the tube you can select your pitch. And then based on the pitch you 

refer to the correct table and to decide on the number of passes. Usually, we would 

prefer 2 passes if one pass does not suffice, normally we do not go beyond 4 or 6 

passes if it is possible. 
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Note one thing all of these they are in terms of 1 shell pass and multiple tube passes 

right. So, therefore, you can use F T equals to X by Y, that particular formula and 

you can go ahead, I believe this should be sufficient if not then we will think of using 

more number of shell passes normally that is possibly that will not be required. 
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Well, after this the next thing is the shell inner diameter. Now, considering the shell 

inner diameter how are we going to find it out? Say, suppose for the square pitch for 

the square pitch, what do we find? That for this particular area this is P t this is P t. 



So, therefore, what is this area? This area is P t square. I have I have denoted it with a 

small t. In this P t square how many holes have been accommodated? This P t square 

one fourth, one fourth, one fourth, one fourth so therefore one hole has been 

accommodated. 

So, for one hole the cross section of the shell that is utilized is P t square provided we 

are going for a square pitch. So, for N t number of holes how what will be the cross 

sectional area of the shell? It should be N t into P t square provided it is a square 

pitch. If it is not a square pitch then in that case what do we find its going to be? 

It is going to be in this particular case if this is P t then this is going to be sin 60 so, 

root 3 P T and so therefore, from there if you find its going to be root 3 by 2 P T 

square from half base root 3 by 4 I believe. From half base into height you are going 

to get this and that is going to accommodate your one particular tube. 

So, therefore, here also this into N t gives you, but that it should give you the total 

shell cross section which will be required to accommodate N t number of tubes. Now, 

there is one thing do you think that inside the shell the tubes will be completely tight 

fitted it is not.  

So, there has to be some clearance between say this is the shell and suppose this is 

the we say it is the ODL the outer tube diameter limit. So, therefore, there should be 

some distance so that the tube sheet can be pulled out and it can be introduced 

without doing any damage to the shell. 

So, therefore, there has to be some particular clearance in this particular case. And 

naturally when you are having a single pass, then you need to ensure that there is 

sufficient clearance between the shell OD and the last or the outermost location of the 

tubes. If it is a double pass then we need to find we need to ensure that from both the 

partition as well as from the shell outside diameter there is sufficient clearance. 

So, accordingly to take this into account one particular factor is considered which 

accounts for the incomplete coverage of the shell cross section due to the clearance, 

which is required between the shell and the outermost tubes. This clearance naturally 

the smaller amount of clearance has to be kept for 1 tube pass a slightly more number 

of clearance has to be kept for 2 tube passes. 



If you have higher number of tube passes then the number the fraction of the 

clearance that has to be kept that has to be naturally increased. And so accordingly 

CTP decreases with the increase in number of passes, its 0.93 for 1 pass 0.9 for 2 

tube passes right. So, therefore what do we do with this particular thing naturally we 

also include the CTP here also. 

So, therefore, we divide it by CTP so that we can accommodate for the extra area 

which is required and then we compute the shell diameter. So, therefore, this whole 

thing this should be equal to pi by 4 into D s square right, here it should be this by 

CTP this should be equal to pi by 4 into D s square. 

So, therefore, in this if you substitute N t from A 0 equals to pi D 0 N t L e, if you 

substitute this here and then if you find D s you will find that this is the formula 

where, in order to account for both the triangular as well as the square pitch we have 

denoted this particular fraction as CL, but CL naturally it is 1. 

Since this is the correction factor to P t just to account for the difference in the cross 

sectional area of the shell in order to accommodate 1 tube for the square pitch and for 

the triangular pitch, right. So, therefore, this CL naturally this is equal to 1 for 45 and 

90 degrees and this is equals to 0.87 which is root 3 by 2 for 30 and 60 degrees layout 

and. 

So, accordingly you can find out the D s from here you find that you know A o you 

have decided P t you know L e you know D o, CTP you can very well find out 

generally if it is 2 pass its 0.9 so you can find out D s. Once you can find out D s 

then, if you see by here you know D s so accordingly you can proceed. 

And with this you have decided you have decided the tube dimensions, you have 

decided the shell dimension, you have decided the tube arrangements, you have 

decided the number of tubes, you have also decided the length of the tubes or the you 

have decided the length of the heat exchanger. 
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Just like I had I have already discussed these particular things that, shells shorter than 

when the length is shorter than 3 times the diameter quite naturally they suffer from 

poor fluid distribution. Longer than 15 times I have already said it is difficult for 

mechanical handling. So, normally we would like to respect this particular ratio. 

So, once the shell diameter has been decided just check up whether this particular 

ratio is fine or not and we can also this is the conventional heat exchangers they 

generally maintain this particular ratio. So, therefore, these things have to be checked 

with time as you proceed with the design just to ensure that you are doing a proper 

design. 
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Well, one thing is before you decide D s and before you arrange for the decide on the 

arrangement it is important that you have decided the type of shell and tube heat 

exchanger. Whether you are going for a U tube or a fixed tube or a floating head 

whatever it is that has to be decided. This has been amply discussed during the 

introduction of the shell and tube exchangers. 

I will not be going into the details fixed tube sheet naturally it is going to be it  is 

going to be the cheapest, but in this case mechanical or chemical cleaning it is 

particularly the bundle it is not removable that is the only main problem here, 

otherwise we will go for a fixed tube sheet. In any case if you do not adopt a fixed 

tube sheet then depending upon the advantages and the limitations we will be 

selecting either a U tube or a floating head. 
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So, therefore, different parameters on which you are going to base are there you can 

refer to this table when you go for selection of the heat exchange the type of the heat 

exchanger. After you select only the tube pitch the tube layout all those things will be 

finalized and then you find out the shell diameter. Once everything is done the all the 

geometric parameters have been defined. 

So, now, there are two things you know that you have to do, one is to find out the 

overall heat transfer coefficient. Remember you had started with some particular 



assumption, check if the as the whatever you had assumed and whatever you have 

now found out whether now whatever you are finding out is greater than the design 

value that you have assumed in that case there is sufficient margin you can proceed. 

If no then possibly you have to check the design change the tube diameters  etcetera, 

etcetera and proceed with the geometric parameters once more. Now, finding out this 

particular U it is pretty simple, we always find it out in terms of the outside diameter 

of the inner tube. So, for an unfinished shell and tube heat exchanger this is the 

general formula the same for the double pipe as well as for the shell and tube. 

Finding out h i is no big deal we will do it in the same particular way. For finding out 

the h o for the outside what you need to do, you need to find out the you can go for 

this particular formula. Now, in this particular equation what are the things that you 

need to find out, one is definitely finding out D e the other is finding out G s. Once 

these two can be worked out then generally we can go ahead with this right. 

Now, to find out D e what is D e it is the equivalent diameter or the equi periphery 

diameter in whatever way you can you wish you can define it is nothing, but the, four 

times again I repeat this I have here done earlier 4 r H where, r H this is equals to 

cross sectional area divided by the wetted perimeter. 
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What is the cross sectional area in this particular in this particular case if you find , 

what is the cross sectional area again? The cross sectional area it is going to be P T 

square minus pi by 4 D o square right. And what is the wetted cross section in this 

particular case, if you consider what will be the wetted perimeter, wetted perimeter 

will naturally be the tube od so pi D o. 

So therefore, from there if you divide one with the other for the square pitch and for 

the triangular pitch you can find out the equivalent diameter by considering the cross 

sectional area and the wetted perimeter fine. The next is the mass flux which is the 

mass flow rate divided by A e. Now, tell me one thing what is this A e? This A e it is 

actually the flow cross section, the bundle flow cross area through which the shell is 

flowing. 

It is true that the shell is entering on one side it is flowing along it is coming down 

the other side, but normally if you consider the flow area across which this is flowing 

then it is basically say it is basically this particular area right. So, for finding out the 

bundle flow cross section for DVD, if suppose we take the area between two 

particular baffles. The baffle spacing it is equal to B right. 

So, therefore, normally D s into B is the area which should be the cross flow area 

which is available for the tubes it should be B into D s this is D s and this is B 

agreed. But this whole area it is not available for cross flow why? Because number of 

tubes are there so, therefore, what is the fraction of the area that is available for cross 

flow it is naturally equals to B into D s into the fraction will be P T minus D o by P 

T. So, from here you can find out the bundle flow cross area, once bundle flow cross 

area can be found out then you can find out the mass velocity. 

And once the mass velocity is found out then here you find this you can you this is 

the property group all other properties can be found out and you can find out h o. h i 

has been found out h o has been found out the other terms are pretty simple you can 

find out U 0 once U 0 is found out you can make this check. 
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If this check it complies then in that case you are lucky, you can go ahead and do the 

pressure drop calculations. What are the pressure drop calculations? We had already 

discussed this during double pipe, it is the straight pipe pressure drop or the core 

pressure drop as it is said.  

There has to be some entry losses there has to be some exit losses, regarding the entry 

and the exit losses they have been expressed in terms of expansion coefficient and 

contraction coefficient and the ratio of the area by the frontal area beta. So, therefore, 

and these are the expressions for the coefficients for the straight section you already 

know what should be the expression.  

Suppose, there is some particular acceleration pressure drop due to significant change 

of the fluid density from the inlet to the outlet this normally will not happen, if that is 

there then only this part comes otherwise this part generally it can be neglected. Same 

formula applies for the tube side and the shell side. So, from here you can find out 

the pressure drop you can find out the fluid pumping power as well. 
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Well Kern had suggested another particular expression where the pressure drop 

across the return bends were considered as fraction of the pressure drop or a or some 

multiple of the pressure drop for the straight pipe. And accordingly he had suggested 

the tube side fluid pressure drop by this expression the shell side fluid pressure drop 

for cross flow across the banks by this expression N p it this is the number of passes 

and N b is the number of baffles. 

So, therefore, in this particular case you will find that it is the straight pressure drop 

into the number of times the shell side fluid is changing the direction. So, in this case 

1 2 3 4 5 6 number of baffles are there, and the number of times the changing is 1 2 3 

4 5 6 7.  

So, therefore, in that particular way your number of times the fluid changes it is 

direction its N b plus 1 and accordingly the shell side pressure drop has been found 

out where the friction factor and the mass fluxes Reynolds number they are they have 

already been discussed there is nothing more for me to do. So, the pressure drop has 

also been found out. 
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Next check is what to find out whether the pressure drop that you have estimated lies 

within the allowable pressure drop. Either the allowable pressure drop will be 

provided in your problem or else you need to check the allowable pressure drop and 

again for that the codes have provided some particular data. So, therefore, you can 

refer to this and find out whether the allowable pressure drop lies within these limits 

If it lies within these limits again you are lucky or else you have to you have to do 

something, doing something means you have to increase the diameter to decrease the 

velocity and accordingly you have to make some adjustments or you have to increase 

the to in order to decrease the pipe length you have to increase the number of passes 

certain things have to be done. So, in that way we can go ahead. 
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Now, with this; what have we done? We have completely we have completed the 

thermal design we have completed the hydraulic design. There are certain other 

things which have to be considered before you can complete the design, one is 

baffles. We will be discussing just the segmental baffles in this case. 

Now, in the baffles what are the things that have to be decided there are three things, 

one thing is pitch, what is pitch? The distance between the adjacent baffles, this is 

given by B. Now, and what is this going to depend? Normally, this varies between 1 

5th shell diameter, to the shell diameter, but actually it depends upon the maximum 

unsupported straight tube length of the tube, the maximum length of the tube that can 

be unsupported 

Because, baffles if you remember there are two purposes one purpose is that 

definitely it lends additional turbulence and mixing in the shell side fluid, but it also 

imparts structural support to the tube side fluid right. So, therefore, they have to be 

placed such that they lend adequate support to the tubes. So, therefore, the baffle 

pitch is primarily decided based on the maximum unsupported straight tube length. 

And again from IS 4503 there is some particular specification here, this has been 

specified both by IS 4503 as well as by TEMA. 
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Why I am showing you this for two different codes? Just to bring it to a notice that 

whenever you are designing you have to follow one particular code you cannot mix 

up codes. There is some difference between the different codes. So, therefore, 

whenever you are going for a design you should follow any one particular code and 

then you should proceed. 

Well what is the next thing, the baffle cut. The baffle cut you know the it is the 

amount of the circle which has been cut out to form the segmental baffle this 

typically is taken as 25 percent it and the other thing is baffle orientation also 

whether it should be a horizontal or whether it should be vertical. 

Normally, if you are going for a vaporizing system it does not matter you can take 

either a horizontal or a vertical cut. If you are going for a condensation section quite 

naturally if you take a vertical cut, then it will allow the liquid to the condensing 

liquid to fall down it is not going to get accumulated on the baffles  so we would 

prefer a vertical cut for your condensing systems. 
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There is one other very important thing for when you are designing the baffles, what 

is it? You need to remember that first thing is from the outside diameter of the tube 

there has to be some clearance, why? Because see anyhow when the fluid is growing 

at such a high velocity the tubes might vibrate and if they are vibrating to such an 

extent that the baffle breaks away we do not want that. 

So, there has to be some particular clearance normally suppose we define it by x. So, 

then in that case there has to be another clearance between the baffle and the outer 

shell. Normally, if this is x that particular clearance is taken as 2 x so that we can pull 

the tube without damaging the shell as I have told you. 

Now, here also I have provided you another table to for the minimum clearance 

between the bundle and the shell ID. So, therefore, from here depending upon what 

type of tube you have decided we you can refer to this for the D s you can find out D 

s minus OTL, accordingly you can decide this particular clearance and this particular 

clearance. Remember one thing this is the minimum clearance that is there. 

You can go for a higher clearance, but again remember if the clearance between the 

baffle and the outer the shell it is too much then there is a possibility that the shell 

side fluid it will entirely flow through the area between the baffle and the shell side 

and it is going to bypass the tubes. 



We do not want this maldistribution of the fluids we want the shell side fluid to come 

in contact with the tube side fluid and remain in contact to the maximum and extent 

for the maximum possible heat transfer. So, therefore, we would not want a very 

great clearance between the baffle and the outside diameter again we would not like 

the baffle to be completely in touch with the outside diameter. So, accordingly this 

design has to be done. 

(Refer Slide Time: 37:39) 

 

Tie rights I have nothing to say the sorry tie rods I have nothing to say just remember 

that the minimum number of tie rods have to be 4 and the minimum tie rod diameter 

it is 10 millimeters depending upon the nominal diameter of the shell we are going to 

decide upon the tie rods. 



(Refer Slide Time: 37:53) 

 

There is one important thing which was not mentioned to you I think, I will be 

mentioning this and then finishing off this lecture. See when from the shell side fluid 

the fluid is falling it falls at a very high velocity compared the nozzle is of a smaller 

diameter so naturally the velocity is very high. Directly it comes and it hits upon the 

tube on the outside. What can happen the tubes can erode away you do not want this. 

So, very frequently what we do we place an impingement baffle here right . So, that 

so that the this fluid comes it directly strikes here and then from here it falls down so, 

that the velocity has slightly reduced and the tubes on the outside are saved from the 

great impact here. 



(Refer Slide Time: 38:49) 

 

Now, for this particular impingement baffle also you see there are some fixed 

dimensions with respect to the nozzle diameter which have been fixed for this 

particular impingement baffle right. And these things they are already specified what 

should be the width and what should be the distance from the nozzle, the distance this 

distance and this distance both of them are very important right. 

So, therefore, this has to be kept in mind the thickness of the baffle is specified 

everything from the nozzle and then, the width I have told the length on this part this 

also has been has been specified from the codes based on nozzle diameter you can 

consider these things and you can design the impingement baffle. 

But remember one thing this impingement baffle it is just for the large velocity. So, 

therefore, the velocity of the tube it is of the shell side fluid which is falling through 

the nozzle it is defined as half rho s u s square right. So, whether you need a baffle or 

not that depends upon this particular term. 

So, therefore, what you need to do? You have designed everything you have sized the 

nozzles you know the density and the velocity of the fluid which is falling from here 

you know the nozzle dimension you know the flow rate, you can find out u s, you can 

find out rho s u s square. Find it out and then check whether for non corrosive non 

aggressive single fluids this particular term is higher than this or not .  



Other liquids this is the limit. If gases and vapours are there then for saturated or 

liquid vapour mixtures always impingement baffles are provided for slurries 

definitely impingement baffles will be provided because in that case the tendency of 

erosion will be higher. For your liquids this is the check, checkup if you think 

impingement baffle should be used these are the dimensions that should be respected 

and accordingly the design has to be made. 

(Refer Slide Time: 40:44) 

 

So, I think with this I will be ending the discussions on shell and tube heat exchanger. 

More or less everything has been designed or everything has been discussed. In case 

you have got any doubts or you want to discuss anything else you can definitely get 

back to us. I think you can go back to the problem, you can start working on the 

problem, just in the same way that I have discussed about the procedure. For any 

doubts we can have a discussion later on. 

Thank you so much. 


