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Lecture -31
Design of Reboiler-5
Hello everyone. | welcome you all in 7th week of the course Process Equipment Design. If
you remember the 6th week of this course there we have discussed design of reboilers and as
far as design is concerned we have considered detailed design of kettle reboiler as well as
vertical thermosyphon reboiler and we have classified the reboilers and further we have seen

that how to select the proper reboiler according to the operating conditions.

So, in this lecture we will discuss design of reboiler with some example so that you can
understand the procedure for designing of these reboilers properly. So, here again we will
discuss design of kettle reboiler as well as thermosyphon reboiler. So, let us start with
example 1.
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Design of Kettle Reboiler
Example - 1

Design a kettle reboiler to vaporise chloripe.a
pressure. The boiling point of chlorine i The heating fluid is water
available at 50 °C and to be cooled up to 307C, The latent heal of chiorine
is 260 kJ/kg The mass flow gf chlorine vape vapor generated is 15000 kg/hr kg/hr

Critical pr pressure of liquid is ar 4

Assume U as C ID of t:t—ge as 21mm, OD
tube type, Iength of tube as (12 m)31.756 mm square prtch ermal
conductrvrty of chlorine as 8.9 Im° C densrty of i _qyrd_arg_\rapqr
chlorine as 1562.5 kg/m3 and 16.3 k t as 0.946 kJ/kg°C,
viscosty as 0.325 cP and surface tension a

e e

and 5 bar

@ (B con
So, you see in this example we have to design a kettle reboiler to vapourize chlorine which is
available at 10 degree Celsius and which is available and 5 bar pressure. Boiling point of the
chlorine is 10 degree Celsius. So, you see here boiling point of the chlorine as well as
chlorine availability both are at same temperature and that is boiling point. What is the
meaning of this that when the chlorine is entering into the kettle reboiler no sensible heating

is required only the vapourization will take place.



So, to heat the chlorine we use water which is available at 50 degree Celsius and which is
cooled up to 30 degree Celsius by providing its heat to the chlorine. So, latent heat of
chlorine is 260 kilojoule per kg and mass flow rate of chlorine vapour generated is 15,000 kg
per hour. So, you see here we have to generate 15,000 kg per hour of chlorine vapour with

the help of water.

Usually we consider steam as a heating media, but in this case because chlorine boiling point
temperature is very low so we can use any other heating source and for that purpose water we
are using. And as far as critical pressure of the liquid is concerned that is basically 8.54 bar
and this is the critical pressure for chlorine. And further we are assuming that initial overall
heat transfer coefficient is 900, ID of the tube is 21 mm, OD of the tube is 25.4 mm.

So, if you know this value this is nothing, but 1 inch. And we are using U tubes and length of
each tube is 12 meter. So this 12 meter is the total length of the U tube and further we have
31.75 mm square pitch. So, if you see what is the relation in pitch as well as OD. So, if you
consider this it is nothing, but 1.25 into OD. So, this is 1.25 OD and arrangement is square.
And further we have thermal conductivity of the chlorine as 8.9 10 is the power — 3 watt per

meter degree Celsius.

Density of liquid and vapour chlorine are given like this and this. Further, we have specific
heat of the chlorine like this, viscosity is given and finally we have the surface tension so you
see all properties are given to us. So, let us start the design of kettle reboiler. Now, if you
recall the lectures which we have covered in 6th week and if you recall the design procedure

for kettle reboiler what is the first step? The first step is obviously to find out heat duty.

In fact, whatever heat transfer equipment we have discussed so far as for a shell and tube heat
exchanger is concerned condenser and now we are discussing the reboiler. The first step in
each case is to find out the heat duty because complete design depends on that how much
heat duty we are dealing with. So, in the case of reboiler heat duty you can find out

depending upon how much vapour you are generating.

So, in this problem around 15,000 kg per hour of vapour of chlorine is generated and latent

heat of the chlorine is given to us. So, we can simply multiply them to find out heat duty.
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So, if you consider here heat duty is 1083.33 kilowatt where 15,000 kg per hour and that we
have converted into seconds and 260 was the latent heat if you recall the example. Further,
we have to find out log mean temperature difference because if you consider the temperature
profile in chlorine side chlorine is entering at 10 degree Celsius and that is nothing, but the

boiling point of the chlorine.

So we have isothermal condition in shell side where boiling is taking place. However, in tube
side we have variation in temperature from 50 to 30 where water is available. So, you see in
this case we will never come across a situation where temperature cross will take place. So,
here only LMTD will work without considering F t correction factor and you know that how
to find out LMTD and the value of that LMTD is 28.854.

So, | know the heat duty, I know LMTD value and overall heat transfer coefficient initial
guess is given to us as 900 watt per meter square degree Celsius. So, we can simply find out
heat transfer area. So, as far as heat transfer area is concerned we can use this expression and
putting values of these parameters we can find out heat transfer area as 41.717 meter square.

So, once | am having the heat transfer area we should find out the number of tubes.

And for that purpose we can have two procedures. First is if | am considering total length of
the tube this is the U tube which enters twice into tube sheet. So, if you see if here tube sheet
is there and this is basically the U tube and total length of the U tube is given as 12 meter so



that is the complete length which enters twice into tube sheet. So, if | have to find out

effective length we have to deduct thickness of tube sheet into 2 from the total length.

However, you can have a different approach here also like if | consider half length of the tube
and that should be 6 meters and if | am considering that length it will enter only once to the
tube sheet. So, in that way | have find out the heat transfer area of a single tube and then we
can find out number of tubes so let us see. Now as far as area of single tube is concerned that
should be pi d O L effective.

So d 0 is given to us as 1 inch or 25.4 mm and this is nothing, but the effective length where I
have considered half of the length and this is basically tube sheet thickness. Usually we
consider tube sheet thickness as 25 mm, but here because OD of the tube is more than 25 mm
we should consider OD of the tube is equal to tube sheet thickness. So, in this way we have

found out tube sheet thickness as 25.4 mm.

So, considering all these values as well as total heat transfer area we can find out number of
tubes as 87.5 which should be 88. Now what is this 88 is number of tube or number of holes?
If I am considering half of the length that is the length of 1 lakh of U tube it means whatever
number of tubes | am considering that is nothing, but the number of holes because so many
holes I have to make in tube sheet.

Now, if I consider the number of U tube that should be just half of the number of holes.
Otherwise what you could do 12 meter was the total length you should deduct twice of tube
sheet thickness from that length and you can find out number of tubes and whatever number
of tubes you can obtain just multiply that by 2 to find out number of holes. So, in that way we

can carry out the calculation.

Now, once | am having number of tube what is the next step? If you recall the procedure of
kettle reboiler we have to find out actual tube count and so the bundle diameter and as far as
actual tube count is concerned we have to refer certain standard tables and these tables are
table C series which is available in R.W. Serth book in appendix C.
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So, let us see table C 1 first. So, if you focus on table C 1 it is given tube count for 5/ 8 inch
OD tubes on 13 / 16 inch square pitch. So, if you see OD of the tube is not 1 inch as we are
given in this problem so this table will not work for me.
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So, let us focus on other tables. So, here | am having table C 2 which says that tube OD is 3/
4 inch and 15/ 16 inch triangular pitch. So, it will also not work for me.
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And then we will focus on table C 3. So, if you see the table C 3
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inch square pitch. So, here this also will not work for me.
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I will focus on table C 4 and it is for 3 /4 inch OD and 1 inch square pitch. So, obviously this

will also not work for me.
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And further we have table C 5 where OD is 1 inch and 1.25 inch square pitch is given. So, as
per the specification this table is suitable for me. So, let us see the actual tube count in this
table. Here, 1 am having U tube and number of tubes we have obtained as 44 and passes are 2.
So, if you see here | am having 44 tubes. So, in this case whatever number of tubes we have

calculated the same number of tube is available in standard table.

Otherwise what you could do whatever number of tubes you will obtain just take next value
which is available in this table. In this table means table C series. So, here | am having 44
tubes and corresponding to this 44 tube shell ID is given as 12 inches and as you remember
the last week lectures the bundle diameter should be slightly lesser than the shell dia and for
that purpose we usually deduct 0.25 inches from this shell ID.
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So, considering this we can find out bundle diameter as 12 inch — 0.25 so that is 11.75 inches
conversion you can make in mm. So, in this way we can find out bundle diameter. So, next
step is to find out heat transfer coefficient in shell side as well as in tube side. So, if you
remember the heat transfer mechanism that is nothing, but the pool boiling. So, we will
consider nucleate boiling correlation over here and in this problem we are given the critical
pressure. So, accordingly we will choose the expression.
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So, here we have the expression depending upon the critical pressure as well as the operating

pressure along with the flux. So, what is this flux? This flux is nothing, but the heat duty
divided by the heat transfer area. In this case whatever number of tubes you have obtained the
same number of tube you can find in standard table C. However, if it will not happen then

what you have to do?

If whatever number of tube you will see in table C that number of tubes are more than
whatever you have calculated, so in that case you have to find out revised area. Revised area
how you can find out because you know the area of one tube into number of tubes. So, based
on that revised area you should consider and accordingly you have to find out the flux. Flux

calculation is very simple heat duty divided by heat transfer area.

So, here I am having flux as 1083.33 into 10 is to the power 3 watt divided by the heat
transfer area. So, this is the simple calculation for flux. Critical pressure for chlorine is given
to us and operating pressure also. So considering these parameters you can find out h nb



value which should come as 2133.3 watt per meter square degree Celsius sorry | forget to

write the value over here, but you can see the value as like this.

Now once you have the heat transfer coefficient in shell side we have to find out heat transfer
coefficient in tube side where water is flowing. So, a particular expression related to water is
known to you, you have to find out velocity and for that you have to find out area per pass
and then you can find out heat transfer coefficient in tube side. So, let us start the calculation
for that.

And here first of all we have to find out the flow rate of water and that we can find out by
making energy balance simply. So, mass flow rate of water you can obtain as 12.958 kg per
second and tube cross sectional area how you can find out you already know the internal
diameter of the tube and pi / 4 into di square should be the cross sectional area of one tube

into number of tubes you already know.

So, area per pass is like 0.01524 meter square. Now once you have this mass flow rate you
can find out volumetric flow that should be divisible by area per pass and then you can find
out velocity as 0.85 meter per second. So, here whatever velocity you will obtain just take
this value as it is. We should not meet that in a permissible limit because we are dealing with
1-2 pass.

And usually in kettle reboiler passes are 1-2 if you recall the design procedure. So, in this
way we can find out the velocity.
(Refer Slide Time: 17:56)
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And so | can find out heat transfer coefficient in tube side considering this expression and so
the value comes out as 4312.996 watt per meter square degree Celsius. So, as you have the
value of h i as well as h 0 you can find out overall heat transfer coefficient calculation and in
this problem dirt factors of two fluids are not given to us along with this thermal conductivity

of tube material is also not known to me.

So, we will eliminate the three terms considering dirt factor as well as thermal conductivity of
the material. So, based on these two term which includes h i as well as h o we can find out
overall heat transfer coefficient value as 1334.76 watt per meter square degree Celsius and
when you compare this with the initial guess you can find error as 48.3% which is more than

plus minus 30%.

So, ideally we should take a repetition of all values depending upon U value as 1334.76, but
for now we are considering the same problem and we are proceeding further because this is
the repeat calculation and | hope you can do that calculation on your own, but in ideal case
we should take the repeat. So, for now we are considering same value of U 0 as we have

obtained and next step is to check critical flux value.

So, to find critical flux value we will use this expression where q cb is the critical flux in
kettle reboiler and here you see all parameters so k b value should be 0.44 and pt is the pitch
and d 0 is the OD of the tube, values you know already and here we have to see that what is
the N t? N t is usually we represent for number of tubes, but here I am considering N t as

number of holes.



So, here N t value should be 88 as you can see here. So, considering all these values we can
find out critical heat flux as 410.117 kilowatt per meter square also.
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And what is the criteria for critical heat flux that the system heat flux should be less than 70%

of critical heat flux. So, we should find out critical heat flux limit and that should be 0.7 into
410.117 so 287.0819 and system flux is this which is 25.968 kilowatt per meter square. So,
you see the condition is satisfied here and next step is to find out the shell dia of kettle
reboiler because here | am using special kind of shell.

And to design the shell diameter we have to first find out that how much vapour we are
considering and how much segment area we want and to find out the segment area we also
have to compute the vapour loading. So, first see the calculation of vapour loading. As far as
the expression is concerned it is like this. And considering surface tension, densities of liquid
and vapour and density of vapour over here we can find out vapour loading as 342.264 kg per

second meter cube that is the unit of vapour unit VL.

So, once | am having the VL value we can find out the segment area as m dot / L into VL. So
m dot you know already that is 15,000 kg per hour of chlorine vapour we are generating so
that should be converted into per second also. And here we have this L is basically L
effective and here you should also keep in mind that L is basically the length of tube bundle
this is not the length of tube because for U tube length is 12 feet. But here we are considering

only 6 meter because that is the length of the bundle.



So in SA you should consider L effective as length of the bundle not the length of the tube.
So, in this case L effective should be 6 — 0.0254 and vapour loading we can consider to find
out segment area which comes as 2.0376 into 10 is to the power — 3.
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So, if I ask you that what is the segment area in kettle reboiler that we can understand with a
schematic as shown here. If you see this is the bundle and this is basically the shell diameter
and SA is the area of this section. Now, if you focus on this schematic SA can be computed
after weir height and for now | only know the bundle diameter so how I can find out weir
height.

Weir height can be obtained by adding 4 inches to bundle dia that is the thumb rule. So, this
height we can find out and this we represent as D b dash. So D b dash you can find out as
11.75 + 4 inches so 15.75 inches you can convert that into mm. Now, to find out shell
diameter we have to carry out iterative procedure. And for that purpose we initially assume
that the height of segment section divided by the shell dia should be 40% or in other word we

can say the height of the segment section is at least 40% of shell dia that is the initial guess.

So, if you consider height segment section so that we represent as h and this is nothing, but
the D s. So h/ D s should be 0.4. Now, if | ask you what should be D b dash / D s? Obviously
the value will be 0.6 only because h + D b dash = D s. So, we can find out shell dia from this
that is 15.75 divided by 0.6 so 26.25 inches is the shell dia. So, we have to find out revised

segment area and for that purpose we have to find out segment area factor.
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12481 0266 0.16755 0316 021294 0366 026032 0416 030910 0.466 035873
12646 0268 0.16932 0318 021480 0368 026225 0418 031107 0.468 036072
12811 0270 017109 0320 021667 0.370 026418 0420 031304 0470 036272
12977 0272 017287 0322 021853 0372 0.26611 0422 031502 0472 036471
13144 0274 017465 0324 022040 0.374 0.26805 0424 031699 0474 0.3667)
13311 0276 0.17644 0326 022228 0376 0.26398 0426 031897 0476 0.36871
13478 0278 0.17823 0328 022415 0378 027192 0428 032095 0478 037071
13646 0280 0.18002 0330 022603 0.380 027385 0430 032293 0480 037270
13815 0282 0.18182 0332 022792 0382 027580 0432 032491 0482 037470
13984 0284 0.18362 0.334 022980 0384 02775 0434 032689 0484 037670
14154 0286 0.18542 0336 023169 038 027969 0436 032887 0.486 037870
14324 0288 0.18723 0.338 0.23358 0.388 028164 0438 033086 0488 038070
1494 0290 0.18%05 0340 023547 0.3% 028359 0.440 033284 04%0 038270
14666 0292 0.19086 0342 023737 0392 0.28554 042 033483 0492 038470
14837 0294 0.19268 0344 023927 0394 0.28750 0.444 033682 0494 038670

0046 001267 009 003850 0.146 00103 0.195 010864 0246 01509 0206 QIS5 0346 020117 0306 028945 046 03880 049 038670

0448 034079 0498 039070
1450 034278 0500 039270

PI e i e e e e e s
So, to find this we have to focus on this particular table and if you see this table here | am
having h / D that is nothing but h / D s and A factor. So, if | focus on h / D as 0.4 A value

should be 0.29337. So, this value you can note down over here.

(Refer Slide Time: 26:03)
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Solution | h
. e o= 0044
ADZ = 029337 + (66675¢107) % 4005
=0B364m? v Ds = ——=——=41846mm
0956 095
(5K),, > ¥/ aeogig
Assume next value of /D, AD? = 2.125% 1073 m?
2=2.
4 h
D— =0.042
400.05 oy
bt B D, 40005
oo - H5Smm Dy = —b-= — = 417588 mm
i} - 0958 0958
(A=004087 / A=001133
|ADZ = 004087 « 0.4445° AD? = 1.975 « 1073 m?
=801 >8A '
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And further we can find out revised area as A into D s square. So, area we can obtain as

0.1304 that I am considering as SA calculated or you can simply consider that SA prime. So,
in this case SA prime or SA calculated is very high in comparison to segment area. So, what
we have to do further? We have to reduce the value of h? So, now we will consider slightly

lesser ratioof h/ D s.



So, further I am having value 0.1 and if h / D s is 0.1 D b dash / D s should be 0.9. So,
considering this we can find out shell dia as 444.5 mm for this ratio h / D s as 0.1 we can find
out segment area factor as 0.04087. So, you can see value over here SA calculated you can
find as 8.07 into 10 is to the power — 3 and that is again more than SA. So, further we have to

reduce h/ D s ratio.

And we should carry out this iterative procedure till I am getting SA calculated should be
equal to SA that will be the perfect design. Otherwise, we should obtain slightly larger value
than SA. SA calculated will never be less than SA perfect design and for perfect design these
two areas should be equal. So, iterative procedure you can see.

(Refer Slide Time: 27:59)
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Solution

D

Dy = 418.025mm

A=0011735

AD? = 2.05+ 1073 m?= 2.0376 * 1073 m?

Dy = 418.025 mm = Shell diameter
~. Shell diameter = 0.418 m

NPTEL ONUNE
‘ ROOBH CEATIACATION COURSE

And we can obtain final diameter of shell as 0.418 and that is corresponding to h / D s value
as 0.043. Now, if you recall the table 10 A where we have area sector factor. So, in that case
only even values are available as far as h / D s is concerned so here we have to interpolate to
find out the correct value for odd value of h / D s. So in that way you can design the kettle
reboiler.

(Refer Slide Time: 28:38)
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Example - 2
A1-2 pass kettle reboiler is used to producg 100000 kg/hyvapor at 5 bar, which
has critical_pressure s . The feed and safurated steam enters the
reboiler an 130 S ectwely The reboiler ha U -tubespf 19.05mm = 3
oD, @m ID and .5ntotal length and tubes are 2 ed in 25. 4mm N 25.4mm square
pitch. The tubes are ma de of material havm As ftiar
value of U, as 8 and steam condensing coefficient a 500 Wim?

calculatf reboiler. Carry out only one iteration for U,. Also compute shell
diameter of kettle. Check the actual flux condition.

Parameters given: p, = 15 kg/m?, p, = 800 kg/m?, o = 0.095 N/m, 7 = 531
kJikg, h,y = 2500 Wim=C, h,, = 3500 W/m*C.
_\/—m;ﬂ

NPTEL ONUNE
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And here | am having second example which | will cover quickly. So, here you see 1-2 pass

kettle reboiler is used to produce 1 lakh per hour of the vapour at 5 bar and critical pressure is
30 bar, feed and saturated steam enters the reboilers at 60 degree Celsius and 130 degree
Celsius. So, in this case you see both are isothermal conditions. So, temperature difference

should be difference of these two values.

So, mean temperature difference should be difference of these two values. So, for reboiler we
are using U tubes with OD of the tube as 19.05 mm so that should be 3 / 4 inches, ID of the
tube is 15 mm, total length of the tube is given as 7.5 meter and tubes are arranged in 12.5
mm square pitch. So, if you consider this pitch it is basically 1 inch and tubes are made with
the material for k = 50 and for initial value of U 0 as 800 is given to us.

Condensing coefficient of steam is given as 5.5 kilowatt per meter square degree Celsius. We
have to find out overall heat transfer coefficient for the reboiler and for that we have to
perform only one, iteration and also compute shell diameter for the kettle and check the flux
conditions.

(Refer Slide Time: 30:21)
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Solution
Vapor produced 100000  kg/h ) Squarepitch  [0.0254 25.4
Latent heat 531 ki/kg kw 50 W/mC
Pressure 5 loar Uo 0.8 kwW/m2C
Pc 30 joar hi 5.5 kW/m2C
f 60 row v 15 kg/m3
s 130 row L 800 kg/m?
0D 0.01905 .75 sigma 0.095 N/m
D 0.015 hid 25\ kw/mc
Totallength 1.5 m hod [ Bs )] fkwmc J

So just see the solution of this problem quickly and here we have the known values here as

well as here and dirt factors are also given to us as you can focus on this line.
(Refer Slide Time: 30:42)
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P 017 P 1.2 P 10
0.104(P,)"(¢)"7 |.x<—) +4(—) +|0<—)
@ : P, P P,

Duty 14750 kw Flux.q 5105241 B1.05Y  kw/m?
LMTD 70 hnb  [3850.318 (B.85)  kw/miC u”
Area 263.393 g L

Area of one tube [0.446 Lo ‘I”IH(I) d 1 d

INo of tubes 590.75 592 U_..ZF,,+E+ %, +I X,,:+IX i
Actual tubes 648

INo of holes 1296 1/Uo 1.2844
Ds 07874 Pl Vo Co.7786 ) kw/mic
m 0.78105 phdiff 268 o

Revised area 288.92

@ o (e cons
So, let us start the solution of this problem. Here, | have to find out heat duty that will be
nothing but m lambda LMTD or we can say the mean temperature difference is 70 degree
which is the difference of two temperatures only. Heat transfer area | can find out, area of one
tube | can find out as we have discussed previously and number of tubes we can obtain as
592.
(Refer Slide Time: 31:10)



Design of Kettle Reboiler
E.u. 3 2m Counts 34 00935

Solution

Iy = 0.104(P,)" st TEMAPorS TEMAU
(in)

" Number of passes Number of passes
p— 1 2 ‘ 6 2 ‘ 6
Duty 114750 ) kW 8 £ % 16 1 P u 2
10 52 “® “ K 2 “ 2
LMTD 70 12 0 .'a " % 7 » 0
V4 13% 104 %0 0 o % [ %
Area 263393 15% %W s M 1% I
IArea of one tube O,AAQ L~ 1% 181 1 154 160 176 176 160
19% m o™ M s ™
No of tubes 590.75 592 J| | M m W W W MM
B oo M M M B W
Actual tubes 648}—\ % 38 8% 36 3 408 K] 378
No of holes 129%  \ 7 4 W
530
Ds 0.7874 | B1-01
3 [ gt
Db 0.78105 )/ s - ¢
Revised area 28892 ¥ N a 918 0 s 9% w 918
kY] 1048 1028 %% m 1056 1044 1020
2 240 uo w0 28 2
s W B0 1% W% s De

L) 1628 1598 1548 153 1640 1628 1602
R oM 54 W96 8 N0 199 2008 A% 208
W1 ROORKEE CEAHCATION COURSE 60 2585 2552 212 2476 2614 58 2558

And actual tube count we can find from this table where if you see table C 3 there OD of the
tube is 3/ 4 inch and 1 inch square pitch is given. So, this is as per the problem given to us.
Now the number of tubes is 592 if you see 592 is not available next value is 648. So this
would be the actual tube count and corresponding to this 31 is the shell dia and Db is

basically 31 — 0.25 inches as we have discussed in previous example.

So, in that case because number of tube are changing now we have to find out revised area
multiplying this number of tube with the area of one tube. So, in this way we can find out the
revised area and we can find out the heat flux q depending upon the revised area and heat
transfer coefficient. We can find out considering this expression and the value comes as 3.85

kilowatt per meter square degree Celsius.

Condensing side heat transfer coefficient dirt factor thermal conductivity of the material you
know. So, we can simply calculate overall heat transfer coefficient and the value comes as
778.6 watt per meter square degree Celsius so we can have error around 2.5% so which is
acceptable. Further, we have to check the critical heat flux condition.

(Refer Slide Time: 32:52)
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Solution

’ A o 0.5
Py A (o — )20 VL = 2290 p, ( )

et = Ky (d,,) (JN—')[%(P:. Pl "\ oL - 1o

VL=377.88 .~

(Critical heat flux )

kb pas - M

lacb 174298.8936  [174.299 kW/m2 LxVL

| —

O T ROORKEE

7 122,009 )k
51.05241087 k122009 ([satisfied ) SA=0.0197 mi

NPTEL ONLINE

ERNFICATION COURSE

This is the expression which we have already discussed in the last example. So, | am simply

giving the value of 70% of q cb and that comes as 122.009. System flux we have already
calculated in the last slide and condition is satisfied in this problem. So, next we have to

focus on shell diameter calculation and for that we should consider VL calculation and then

SA.

So, VL you can obtain as 377.88 and segment area you can consider as 0.0197 meter square

and how to use this expression that | have already explained in previous example.

(Refer Slide Time: 33:43)

.Solution

So, if you carry out the shell diameter calculation you have to find out Db dash and that
should be 4 inches plus Db. So, Db dash you can obtain like this h / Ds initial guess as 0.4
factor A is like this as we have already seen in the last example and you can find out SA dash

Db 0.78105
Db’ 0.88265
0y 04 /
Ds 1.47108
A 0.29337
SA' 0.63487
h/Ds 2 Vv
Ds 1.10331
A 0.11182
SA' 0.13611
hos 1 vV
Ds 0.98072
A 0.04087
S’ 0.03930

Design of Kettle Reboiler

Appendix 104 Aveas of Ccular Segments .
WA WDA WDA WDA WKDA WDA WKDA WDA WDA WD A

0050 0.01468 0.100 004087 0.150 007387 0200 0.11182 0.250 0.15355 0.300 0.19817 0.350 0.24498 0400 0.29337 0450 034278
00027000012 0052 00155 0.102 0.04208 0.152 007531 0202 0.11343 0252 0.15528 0302 020000 0352 024689 0.402 0.29533 0452 0.3477
4 000034 0.05¢ 001646 0.104 04330 0.154 0.07675 0204 0.11504 0254 0.15702 0304 020184 0.354 0.24880 0404 0.29729 0454 0.34676
0.006 0.00062 0056 001737 0.106 0.0452 0.156 007819 0206 0.11665 0256 0.1876 0306 020368 0356 025071 0.406 0.29926 0456 0.4876
0008 0.00095 0058 001830 0.108 0.04576 0.158 0.079%5 0208 0.11827 0258 0.16051 0308 020553 0.358 025263 0.408 030122 0458 035075
0010 000133 0060 001924 0.110 0.04701 0.160 008111 0210 0.11990 0260 0.16226 0310 020738 0.360 025455 0.410 030319 0460 035274
012 000175 0062 0.02020 0.112 0.04826 0162 0.08258 0212 0.12153 0262 0.16402 0312 020923 0.362 025647 0412 0.30516 0462 0374
014 0.0020 0064 0.021)> Q04053 0164 0.08406 0214 012317 0264 0.16578 0314 021108 0.364 02589 0414 030712 0464 035673
0016 0. 0066 0.09215 0.116 0.05080 D166 0.08554 0216 0.12481 0.266 0.16755 0316 021204 0.366 0.26082 0416 030910 0466 035873
0018 00 0068 00215 0.118 0.05209 A168 0.08704 0218 0.12646 0268 0.16932 0.318 021480 0368 0.26225 0418 031107 0468 036072

0.020 000375 0070 0.02417 U120-005T38 0.170 0.08854 0220 0.12811 0270 0.17109 0320 021667 0370 026418 0420 031304 0.470 036272

0022 000432 0072 002520 0122 005469 0.172 0.09004 0222 0.12077 0272 017287 0322 021853 0372 028611 0422 031562 0472 036471

0024 000492 0074 0.02624 0.124 0.05600 0174 009155 0224 013144 0274 017465 0.324 022040 0374 0.26805 0424 0316%9 0474 036671
0026 000555 0.076 002729 0.126 005733 0.176 009307 0226 0.13311 0276 0.17644 0326 022228 0.376 026998 0426 031897 0.476 036871
0.028 000619 0.078 002836 0.128 005866 0.178 0.09460 0228 0.13478 0278 017623 0.328 022415 0.378 027192 0428 0.32095 0478 037071

0.030 000687 0.080 0. TT<G06000 0.18) 0.09613 0230 0.13646 0280 0.18002 0330 022603 0380 027386 0430 032293 0.480 037270
0032 000756 0.082 (0 0.182 009767 0232 013815 0282 0.18182 0332 0.22792 0382 027580 0432 0.3491 0482 037470
0.004 008827 0.084 (3 0184 009922 0234 013984 0.281 0.18362 0334 022980 0.384 027775 0434 032689 0484 037670
0.036 0.00901 0.086 0.0 5066107 0.186 0.10077 0236 014154 0286 0.18542 0336 023169 0386 027969 0435 0.32887 0486 037870

0038 0.00976 0.088 003387 0.138 0.06545 0.188 0.10233 0238 0.14324 0288 0.18723 0.338 023358 0388 028164 0438 033085 0.488 038070
0040 001054 0090 003501 0.140 0.06683 0.190 0.103% 0240 0.1494 0290 0.18%05 0.340 023547 (.39 028359 0.440 033284 0490 038270
0.042 001133 0082 0.03616 0.142 0.06822 0192 0.10547 0242 0.14666 0.292 0.19086 0.342 023737 0.392 0.28554 0.442 0.3483 0492 038470
0044 001214 0.004 003732 0.144 0.06%3 0.194 0.10705 0244 014837 0294 0.19268 0344 023927 0394 028750 0444 033682 0.494 038670
0.046 0.01297 009 0.03850_0.146 007103 0.19 0.10864 0246 0.15009 0.296 0.19451 0.346 024117 0.3% 0.28945 0.46 033880 049 038870
0.018 001382 0.098 0. 0148 ODR4S 0.198 0.11023 0248 0.15182 0298 0.19634 048 024307 0398 0.29141 0.48 034079 0498 039070
0050 0.01468 0.100 004087 0.150 0.0737 0200 0.11182 0250 0.15355 0.300 0.19817 0.350 024498 0.400 0.29337 0450 0.34278 0500 0.39270




as 0.634 which is very high in comparison to whatever SA is required. So, we have to reduce
h / Ds ratio.

So here I am having h / Ds as 0.2 SA dash we can obtain like this which is still very high and
further we have to reduce h / Ds and further I am finding larger value of SA dash in
comparison to SA and how to use this table that is appendix 10 A that | have already
explained in the last example and I am not going into detail of that assuming that you know
the use of it.

(Refer Slide Time: 34:52)
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h/Ds 0.05

Ds 0.929 m

A 0.01468

SA ) (bo127)  m [35.78%)

h/Ds 0.06

Ds 0.939 m

A 0.01924

SA' 0.01696 v m?2  [14.04%
—

h/Ds 0.066

Ds 0.94502  |m

A 0.02215 =

5A' 0.01978 V" m2 - (fo.24%

NPTEL ONLINE
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So, let us see further calculation h / Ds | am now considering as 0.05 SA dash you can obtain
as 0.127 and the error you can see. Now the error becomes positive, so you have to increase
SA dash value. To increase that we should increase h / Ds so now | am considering 0.06. So,
SA dash you can obtain like this which is still less than the SA and further we have to

increase h / Ds.

And finally we can obtain SA dash which is equal to 0.01978 which is slightly higher than
SA, but comparable also. So, you can consider this value as final shell diameter. So, bundle
diameter is 781 mm and shell diameter you can find as 945 mm. So, in this way you can
design the kettle reboiler and here | am stopping this lecture. We will solve a few more

examples in subsequent lectures. So that is all for now. Thank you.



