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Hello everyone. I welcome you all in this lecture which is lecture 33 of the course Process 

Equipment Design and this is the 3rd lecture of 7th week and here we are going to discuss 

design of reboilers. If you remember 31 and 32 lecture, in 31th lecture we have discussed 

design of kettle reboiler with the help of two examples. And similarly in 32nd lecture, we will 

discuss design of vertical thermosyphon reboiler with the help of two examples. 

 

And here we will further consider a few examples to illustrate design of reboiler which are 

kettle as well as vertical thermosyphon reboiler so that method is clear to you. So, let us 

discuss example 5. This is not a detailed example. We are discussing of design of some 

section of reboiler with the help of small examples.  
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So, here we have example 5 as kettle reboiler is having 45 centimeter bundle dia. So, bundle 

dia is given as 45 centimeter where vapour is generated. So, dome segment area of this 

reboiler is 4,500 centimeter square and we have to compute shell diameter of the kettle. So, if 

you see here we have the cross sectional view of the shell, bundle is this. So, bundle dia given 

to us as 45 centimeter.  

 



Here we must have the weir and dome segment area means area of this particular section 

4,500 centimeter square. So, what we have to find? We have to find this shell dia that is Ds. 

So, let us start the calculation we have SA that is dome segment area as 4,500 centimeter 

square which will convert it into meter square and it is 0.45. And further we can consider this 

into inch square and that is 697.5 inch square.  

 

Bundle diameter given to us as 45 centimeter as we have also seen here. So, when I convert 

this into inch it is 17.717 inch and we have to further find out this distance and that we 

consider as Db dash and you know that Db dash should be equal to Db + 4 inches. So, 

therefore we are converting 45 into inch. So, 17.7, is the Db we will add 4 over here. So, Db 

dash we can obtain as 21.717 inch and what we have to find further?  

 

We have to compute the shell diameter. So, for that method is already discussed in 31 lecture 

as well as 6th week lectures that we have to fix h / Ds in such a way so that the revised 

segment area should be equal to dome segment area which is given as 4,500 centimeter 

square. So, let us calculate shell diameter and for that we have to initiate h / Ds value as it 

should be equal to 0.4 because this is a thumb rule that h value should be 40% of shell dia. 

 

So, initial guess of h / Ds you can find as 0.4. So, once I am having h / Ds as 0.4 we can 

obtain Db dash / Ds as 0.6. So, you can find Ds value as Db dash / 0.6. So, in this way shell 

diameter you can find out as 36.19 inch. So, further to find out revised segment area we have 

to find out area sector factor and that we can obtain from the table appendix 10 A and this 

appendix is given in R.W. Serth book. 
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So, here we can have area factor as 0.29337 which is corresponding to h / D value as 0.4. So, 

here we have A value as 0.29337 and when we multiply this A with Ds square we can find 

out revise segment area as 384.32. So, this area is in inch square. However, whatever area I 

required is 697.5 inch square. So, what we have to do? We have to provide more value of SA 

dash and that we can do while providing more h value.  

 

So, this comparison will tell you where you have to proceed, further either you have to reduce 

the h value or you have to increase the h value. So, in this case we have to increase the h 

value. So, h / Ds value should be more now.  
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So, next value we are considering as 0.5. So, if I am having h / Ds as 0.5 I can obtain Db dash 

/ Ds as 0.5. So Db dash value is given to you already. So, Ds value you can obtain which 



comes as 43.43 inch. So, corresponding to h / Ds 0.5 we can find out A factor as 0.39270. So, 

you see here we have A value as 0.3927 it will be multiplied by Ds square. So, revise 

segment area we can obtain as 740.8 inch square.  

 

However, value we required at 697.5 inch square. So, if we compare the SA as well as SA 

dash we can obtain that SA dash is slightly higher than SA. So, what we have to do? We have 

to further reduce h / Ds value. So, h / Ds value we can consider now as 0.45. So, again Db 

dash / Ds value should be 0.55. So, considering Db dash value and this 0.55 we can find out 

shell diameter which is 39.485 inch. 

 

And corresponding to 0.5 h / Ds value we can find out A value as 0.34278 so that you can 

consider here. It should be multiplied by Ds square and SA dash you can obtain as 534.6 inch 

square which is further lesser than SA. So, now what we have to do? We have to take the 

value of h / Ds between 0.45 and 0.5. So, next value of h / Ds I am considering as 0.47. So, 

accordingly you can find out the shell diameter as I have already explained. 

 

And that value you can obtain as 40.975 inch. Corresponding to h / Ds value as 0.47 you can 

find out A factor as 0.36272 so that you can obtain here. It should be multiplied by Ds square. 

So SA dash you can obtain as 608.97 which is further lesser than the required value. So, we 

have to further increase h / Ds. So, now h / Ds we are considering as 0.49 corresponding to 

this shell diameter is 42.58 inch. 

 

And corresponding to 0.49 h / Ds you can find A factor as 0.3827 as it is shown over here. 

So, SA dash now; you can obtain as 693.9 which is further lesser than the SA value. So, we 

have to slightly increase h / Ds and next value I am considering as 0.492. So, corresponding 

to this we can find out Ds as 42.749 inch. 
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And A factor you can obtain as 0.3847 so that you can consider over here. SA dash you can 

obtain as 703.03 which is slightly higher than this. So, we again have 0.8% error, but this is 

acceptable because it is slightly higher than the required value. If we are able to match SA 

dash completely with SA so that; will give the perfect design. However, in this case if we are 

not able to find that we should at least remain at higher side because SA dash can never be 

less than SA.  

 

However, the value of SA dash equal to 693 will not work where though here we have lesser 

error. So, error is 0.5%, but still that we cannot consider we will consider this. However, 

when the h / Ds value is lying between two values where value of A is not available you can 

simply interpolate between two values to get the exact SA dash value which must be equal to 

SA.  

 

So, now as far as final shell diameter is concerned that should be 42.749 inch. So, in this way 

you have to take iterative procedure to find out shell diameter of kettle reboiler. So, here we 

have end of the example 5 and now we will consider example 6 in which we are going to 

consider vertical thermosyphon reboiler.  
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So, this example says that we have 20 kg per second vapour which is to be generated in 

vertical thermosyphon reboiler and here we are supposed to maintain the recirculation ratio as 

3 is to 1 and for this calculation we have to neglect viscosity correction factor. So, you see we 

are given the latent heat of vapourization and tube dimensions like 4.2 meter length, OD 20 

mm and ID 14 mm. 

 

Density of the vapour as 30 kg per meter cube, density of the liquid 500 kg per meter cube, 

viscosity of vapour and liquid are shown like this. So, we have to maintain the recirculation 

ratio to generate vapour with the rate of 20 kg per second. So, let us start the solution of this 

problem.  
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So, here you see we are given p, but this is basically the pi value and pi value I am 

considering as 3.14159 and as far as vapour production is concerned that is 20 kg per second, 

lambda we are given as 300 so density values are given like this and similarly we are given 

the viscosities of liquid as well as vapour, tube OD is given as 20 mm and tube ID is 14 mm, 

length of the tube is 4.2 meter. 

 

And recirculation ratio we are given as 3 is to 1. So as far as heat flux is concerned, we 

should consider the maximum heat flux and it is basically 37,900 watt per meter square. So, 

first of all we have to find out the heat duty and this heat duty will be nothing, but m into 

lambda. So, 20 kg per second and 300 is the latent heat. So 6,000 kilowatt is the heat duty 

which is available for this vertical thermosyphon reboiler. 

 

Heat transfer area we can obtain by simply dividing this heat duty by this heat flux. So, 

158.311 meter square is the heat transfer area. Further, we can consider area of one tube and 

that should be pi d 0 L effective. L effective is 4.2 which is the length of the tube and we 

need to deduct twice into tube sheet thickness and that should be 0.025. So, in this way you 

can find out L effective and we can have area of one tube as 0.2608. 

 

And division of this with this gives the number of tubes as 607.13 which we can consider as 

608. So, in this way you can obtain total number of tubes and as I have told you previously 

also that number of tubes will be even or odd it is immaterial as far as vertical thermosyphon 

reboiler design is considered because here we always consider 1-1 pass. So, the next step is 

we have to find out the desired pressure drop. 

 

And desired pressure drop means pressure drop due to friction in tube side and pressure drop 

due to static head in tube side. So, till now you must be aware about the procedure to 

calculate the pressure drop. In tube side, we calculate pressure drop due to friction at entry 

condition and at exit condition and that should be average to find out pressure drop due to 

friction inside the tube. 

 

Actually when I am considering that pressure drop due to friction what I am doing basically? 

I am calculating this at entry point and at exit point. So, when I am considering at entry point 

I am considering total density of liquid because at that time total feed is in liquid phase. So, 



that pressure drop I am considering throughout the length. So, what basically I am assuming? 

I am assuming that in the tube once complete liquid is flowing. 

 

And further in the tube complete mixture is flowing. Therefore, at inlet condition or exit 

condition we consider total length of the tube. We have not considered perimetry or above 

area only, we have not considered perimetry or above length or below length like that. We 

have considered total length therefore we are considering that whatever condition I am saying 

either it is exit condition or at entry condition, at that condition fluid of that type is flowing 

throughout the tube. 
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So, at exit condition we have vapour of 20 kg per second 3 is to 1 is the required recirculation 

ratio. So, liquid value should be 60 kg per second and total of this is 80 kg per second which 

is the feed. So, at exit condition we have to find out density and that density should be 

corresponding to the mixture which is coming out as 101.695 kg per meter cube and this 

calculation is shown in 31st lecture you can refer that.  

 

And further we have to find out ut that is the tube velocity at exit condition and here we are 

considering this density. So, total mass flow rate you know that will be 80 kg per second. 

However, density we are considering of mixture. So, velocity at exit condition you can find 

as 8.405 meter per second. So, once I am having this velocity we can find out Reynolds 

number considering this velocity as well as density of the mixture and viscosity of the liquid 

because liquid is available in more amount. 

 



And as far as viscosity is concerned that will be dominant by the viscosity of the liquid. So, 

we have calculated the Reynolds number accordingly which is coming out as 1.197 into 10 is 

to the power 5. So, corresponding to Reynolds number this we can find out jf factor from the 

respective graph and its value comes as 2.7 into 10 is to the power – 3. So, considering this 

expression and neglecting viscosity correction factor you can find out pressure drop at exit 

condition which is coming out as 0.233 bar.  

 

Similarly, we can find out pressure drop at entry condition where first of all we have to find 

out the velocity and considering density of the liquid at entry condition we find out velocity 

of the liquid as 1.71 meter per second and so the Reynolds number we can obtain which is 

same as this. So, that is 1.197 and based on that we can find out jf value which is also equal 

to the jf which we have already seen previously. 

 

So, its value is 2.7 into 10 is to the power – 3 considering this expression and this velocity 

you can find out pressure drop at entry condition which is basically 0.047 bar. So, now we 

have to take the average of these two values and it gives the pressure drop due to friction in 

tube side and the value comes as 0.14 bar and next we have to find out pressure drop due to 

static head, expression is given here.  

 

And you know v 0 and v i that is the reciprocal of densities. So, considering all these we can 

find out pressure drop due to static head and it is 0.0838 bar and further we can add this value 

as well as this value. So, it will give me the total pressure drop in tube side which is coming 

as 0.22 bar and next we have to find out available pressure drop that would be equal to rho L 

gL where this L is basically the length of the tube. 

 

So, considering all these parameter we can find pressure drop available in distillation column 

side as 0.206 bar. So, this value is coming lesser than this value. So, here we can consider 

that recirculation ratio is not maintained and further we will revise the calculation with the 

new flux value.  

(Refer Slide Time: 22:18) 



 

So, now the flux value we are considering as 33,900 previously it was 37,900 and we have 

reduced 4,000 from this and we can obtain revised heat flux as 33,900 and why it is so? 

Because if you compare these two values the available pressure drop is not very less in 

comparison to pressure drop in the tube side. So, we have to reduce small value from the flux. 

Though we are reducing 4,000, but still it is small.  

 

So, in that case heat load will be same, heat transfer area we can obtain as 176.99 meter 

square, area of one tube we have already calculated previously and now the number of tubes 

we can obtain as 679 and this is the odd value, but we can take this as it is and further at exit 

condition when we calculate pressure drop due to friction we can find the value as 0.1895 

bar.  

 

I am not going into detail of this because methods I have already explained previously. So, at 

entry condition we can find out pressure drop due to friction as 0.0385 bar. So, average of 

this as well as average of this will give the total pressure drop due to friction in tube side 

which is coming out as 0.114. Static head will remain same and that should be 0.084 bar and 

addition of these two will give the total pressure drop in tube side which is coming out as 

0.197, available pressure drop will also be same and that should be 0.206.  

 

So, here you can find that available pressure drop is greater than this value and therefore the 

recirculation ratio of 3 is to 1 can be maintained. So, in this way you have to reduce the flux 

and maintain the recirculation ratio. So, here we have solved few more examples. 
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And now we have the references. 
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And further I am going to summarize the video and this is the summary of video 31, 32 and 

33 lectures. So, here we have considered examples and these examples are solved to illustrate 

the design of reboilers. And as far as reboilers are concerned we have designed kettle reboiler 

and vertical thermosyphon reboiler, but not the horizontal thermosyphon reboiler as well as 

forced circulation reboiler. 

 

And further through these examples, we have discussed the use of graphs and tables in detail 

and wherever these graphs and tables are appearing. So, that is all for now. Thank you. 


