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Lecture - 07
Double Pipe Heat Exchanger-I1

Hello everyone. This is second lecture of week two of the course Process Equipment
Design and here we are going to discuss double pipe heat exchanger. Now if you
remember we have started this topic in last lecture that is lecture sixth or first lecture
of week two. In that lecture we have discussed design steps about double pipe heat
exchanger okay.

And in this lecture, we are going to illustrate the design of double pipe heat exchanger
through an example, okay. So let us start with the example. Now before starting that
example, here I am having one table where property data of organic liquids are
shown, okay. Now if you remember the last class or now if you remember the last
lecture, there we have discussed properties of different liquids or different fluids,

right.

So in that, so in that property, we have not discussed the density data, right. | have
told you that you can find that data in Perry’s handbook or similar handbooks also.
(Refer Slide Time: 01:42)

Properties of Organic Liquids

Table A.13 Propertios of Selected Organic Liquids at 20C

Liquid Chemical  p fxl0t G k ax 100 10t S (L 2 o x10t
formala  g/m’)  /K) 0K WmK) /9 (No/m) (/s (I/K o)
Acetic acid 1,0, 1049 107 2001 0193 906 - - .
Acetone CiHO 9 ] 143 2160 0,180 1054 33 0418 391 8026
Aniline CHN 1022 85 2004 0172 815 M3 K] 53.16 143
Benzene CoHe 89 106 1738 0.1 1008 6.5 0.73%9 34 193
»-Butyl alcohol CiHy0 810 L3 2366 0.167 811 25 M 3nn 5%
Chloroform CHCly 1489 128 9%7 0129 896 58 0.39%0 435 853
Ethyl acetate CHs0; %00 138 2010 0.137 [ty 149 04% 659 M35
Ethyl alcohol 10 790 110 470 0.182 93 120 152 1629 67
Ethylene glycol — CyH0 15 - 282 0258 911 1% 178 18.7
Glycerine CyHy0y 1260 50 U% 0.285 92 14,800 17 12,609 00000355
nHeptane ity 684 124 219 0140 22 100 0598 648 01
nHexane CeHy 660 135 1884 0137 1102 32 0485 440 5628
Isobutyl alcohol  CyHy0 804 94 2303 0134 4 395 49 6789 R
Methyl akohol ~ CH,0 m 19 470 0212 1084 58 0731 68 2149
nOctane CiHly 0 114 an 0.7 0B 54 0.750 800 1988
nPentane CgHy 626 160 an 0.136 ®8 2% 0.366 67 1un
Toluene CrHy 866 108 1675 0151 1041 586 0671 65 2L
Turpentine CioHy 85 97 1800 0128 82 u§ ] 209 314




So in this slide, I am showing the density data along with other data of the fluids. For
example, if you see, here we have this liquid and corresponding to each liquid we
have this density data. So you can collect the density data from this table and other
data are also here. So either you can collect the data from the graph, which we have
discussed in the last lecture or you can directly collect that data from this table, if that

fluid is falling in this table, right.

So that is about the density data information. And from now, we will start the
example to design a double pipe heat exchanger.
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Design of Double Pipe Heat Exchanger

10,000 Ib/h of benzene will be heated from 60°F to 120°F by heat exchange

with an aniline stream that will be cooled from 150°F to 1 umber of
16-ft hairpins consisting of 2-in. by 1.25-in. schedule 4Q_stainless stegj pipe
(k = 9.4 Btu/h. ft. °F) are available and will be used for This service. A

max'{mum pressure Qrop of_Z,()_gsj_is_sp_ecifieq wme Ispecific
gravity of benzene is 0.879 and that of aniline is 1.022. Determine the
number and configuration of hairpins that are required.

—— _—/”\

So here | am considering example 1 where around 10,000 pound per hour of benzene
will be heated up from 60 to 120 degree Fahrenheit by heat exchange with an aniline
stream which is cooled from 150 to 100 degree Fahrenheit, right. So number of 16
feet hairpins consists of 2 inch by 1.25 inch schedule 40 stainless steel pipe. So I think

you remember that what is the schedule number.

If 1 am saying that 2 inch by 1.25 what is the meaning of that? 2 inch represents the
outer diameter of the exchanger and 1.25 inch represents the inner diameter of the
exchanger, right. What | can say this is basically the nominal diameter of the
equipment or what | can say this is basically the nominal diameter of the pipe like 2
inch is the nominal diameter of outer pipe, 1.25 inch is the nominal diameter of inner

pipe, right.



And here | am having k value also which represents the thermal conductivity of the
material. As you can say, we have stainless steel pipe, fine. So here we have a
benzene as well as aniline. One among that will flow in inner pipe and another will
flow in annular pipe. So we can see the combination of allocation of fluid to inner

pipe or outer pipe right.

Now if we further see, now if we further see, we can have maximum pressure drop of
20 psi, which is for both streams right. So we will calculate the pressure drop of each
side and that should come lesser than 20 psi, fine? Specific gravity of benzene 0.879
and four aniline it is 1.022. So you can get the density data from this problem only.
And next we have to determine the number and configuration of hairpins that are

required, okay.

So here we are going to design the double pipe heat exchanger where we will fix the
number of hairpins and the configuration. Configuration means whether it should be
operated in series or parallel, right. That we have already discussed in the last lecture.
So let us start the solution of this problem.

(Refer Slide Time: 05:07)

Design of Double Pipe Heat Exchanger

Solution of Example -1

We begin by assuming that the hairpins are connected in series
uming It NENPIE a9 Cofieuiod I Senes

on both sides, since this is the simplest configuration, and that the
flow pattern is counter-current. We also place the benzene in the

e

Me; however, either fluid cquld be placed in the inner pipe.

So here we have to start with an assumption that the hair pins are connected in series
on both sides. Like I am considering the simplest configuration okay. So if you
remember what we have to solve in this problem is we have to find the hairpins
number as well as the configuration. So first time considering series configuration,

where both fluids are entering in series in double pipe heat exchanger okay.



And for calculation purpose, we can consider that benzene is flowing in inner pipe
and aniline is flowing in outer pipe, fine. And either fluid could be replaced in inner
pipe. So if we are considering first that benzene is flowing in inner pipe, if all design
conditions will be satisfied, we will consider this configuration or consider this flow,

otherwise we relocate the liquid to inner side or annular side, fine.

And here we are considering that counter current movement between two fluids is
occurring because we are considering series configuration. So let us start with the
solution of that with this assumption. So what we have to compute first? We have to
first collect the properties. And as you know that we have already discussed in the last
lecture that property we usually collect at average temperature, fine.

So here fortunately for both fluids, you know the terminal temperatures, inlet and
outlet temperature of both fluids are known to you. So you can simply calculate the
average temperature and you can see the properties, properties like viscosity thermal
conductivity and specific heat of two fluids and all these information are available in
the graph which we have discussed in the last class. | hope you understand how to
collect the data from that graph, right.

(Refer Slide Time: 07:22)

Design of Double Pipe Heat Exchanger

Solution of Example -1

(b) Determine the heat load and aniline
First trial flow rate by energy balances on the two
(a) Fluid properties at the average stream streams,
temperatures are obtained from figures q = (mCpAT )= 10,000x0.42x60

— = 252,000 Btu/h
252,000 £ (mCpAT
| Benzene Aniline = hpx 052X 50
Flllld plopell) (T = QO‘F) (T = l:goF) mA = 96921b/h

AL AL e

u(cP) 055 ) 20 )
C,(BulbmF) [ 042 052
k(BuhftF) | 0092 | 0.100 |
J

J

So considering those figures, considering so considering those figures we can
consider the viscosity that is in centipoise specific heat and thermal conductivity of

benzene as well as for aniline. Along with that, you already know the density data that



is specific that is a specific gravity of the fluids are known to you, right. So
considering these properties, we will first calculate the heat duty of the exchanger,

fine?

So let us determine the heat duty and further we will calculate the aniline flow rate
because here 10,000 pound per hour flow rate is given corresponding to benzene only.
So first of all we will make the heat duty and then balance the heat with the heat of
another fluid to find out the flow rate of another fluid, right. Because temperatures of

both fluids are known to you fine.

So to compute this we need the specific heat as a property which we have already
collected. So here | am having heat duty as g and that will be nothing but mCp delta T
for benzene. B is representing for benzene. So here you can simply make the balance,
fine? So 2,52,000 Btu per hour is the heat duty which should be balanced with the mC
p dT of aniline, right as A represents the aniline.

So when | am making the balance, | can find that 9692 pound per hour flow rate is
available for aniline. So if you compare the flow rates of two fluids, it is almost equal,
right.

(Refer Slide Time: 09:18)

Design of Double Pipe Heat Exchanger

Solution of Example - 1

For turbulent flow (Re> 10", the Seider-Tate equation is used in the form:

Nu = 0,023 Re 3P (/)™
(¢) Calculate the LMTD

40-30 by = 5 0.023Re"%Pr
LMTD = ——— #34.76°F : 113
(40) 0092 , 042 055 x 2.419
|n(3—0) by = g % 0023(83217)° | —
(d) Calculately assuming, :Ulg/ by = 2902

hft2 °F
D= 138/12=0.115 (fro

o M 41000
€= M~ Tx0115%0.55x2419
= 83217 = turbulent flow

So once | am having the heat duty and flow rate of aniline, we will next calculate log

mean temperature difference. And you understand here that | am considering counter



current flow. So you can simply calculate LMTD because that is a well known

expression and you all know this expression being a chemical engineer.

So here | am having this LMTD which | have found as 34.76 Fahrenheit and then we
will further calculate heat transfer coefficient at inner pipe or at annular side assuming
psi i as 1. It means at present | am, it means psi represents what? Psi represents the
viscosity correction factor fine. So that | am considering 1 because right now, | am

not considering viscosity correction factor.

That I will calculate further and then we will multiply that with the h i or h o whatever
we will obtain, fine? Now here we should also consider the diameter because, what
you know? You know the nominal diameter of outer pipe that is 2 inches and nominal
diameter of inner pipe that is 1.25 inches, right. So we have to find out D i and D o,

fine? Now if | am considering h i, what | have to focus on?

| have to focus on D i value. So that I can collect from, so that I can collect from table
B 2. And what is that table B 2? If you remember the last lecture, we have discussed
the pipe information fine? And that is corresponding to the nominal diameter, outer
diameter, and schedule number if you remember fine? So here | am having for inner
pipe nominal diameter as 1.25, schedule number 40, fine?

(Refer Slide Time: 11:26)
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polution of Example - 1

For turbulent flow (Re > 10'), the Seider-Tate equation is used in the form:

Nut = 0.023 Re"3Prt3 (yufpuy) ™Y

(¢) Calculate the LMTD i
40-30 — hi = — 0.023Re#pr!/?
LMTD = OYE T b
l;/ |-‘#(~> 5 I. n:.:o N2t u?'».i. 0401 ‘a;_l
| : o@ @ (8 b o s 0w
0,881 000891 0435 (KLY 199

(d) (‘ulculg\l

LI07 00073 0435 01 5.29
LASE 000438 0435 025 1% a8y 52

001700 0497 0463 767 3635 18
001543 0407 0440 .94 65 2m
0014 0407 042} [X!] 3

062 058 $20 400 502
w2 062 0436 B9 U8 46
01282 1622 0353 553 2765 803

So let us discuss table B 2. Now if you focus on table B 2, what is given over here?

This is a part of, this is a part of table B 2. Detail of this table we have already



discussed in the last lecture. So if you see, so here | am having 1.25 as a nominal
diameter, if you remember the first column. Second column corresponds to the outer
diameter. So that is 1.66. Now what we have to find over here, we have to find out the

inner diameter of inner pipe, fine?

And that should correspond to 40 schedule number, fine? So 40 schedule number if
you see it is available over here and if you consider this fifth column okay that
corresponds to inner dia, fine? And this is what? This is basically the thickness of pipe
corresponds to 40 S, corresponds to 40 schedule number. So here D i should be 1.38,
fine?

(Refer Slide Time: 12:30)

Design of Double Pipe Heat Exchanger

Solution of Example - 1

For turbulent flow((Re > 10"))the Seidcr—Tatggqiu;gigl is usgg] in the form:

N = 002 R ()| S

(c) Calculate the LMTD K
40-30 b=5 0.023Re"pr!/3
LMTD = m 34.76°F : 1
) 0.092 2 ovog (042X 055 % 2419
(d) Calculately assumingg; =1.0 b = 290 2
| hft2 °F

D,]Q12=O.I15ﬂ from Table B.2)
: m _\‘Jltx 10000 /"
°/j W Tx0TX0S5 X2

= 83217 = turbulent flow

So you see here | am already having 1.38 as inner dia and that is in inches. So we can
convert that into feet and then we can calculate Reynolds number, fine? So that is
corresponding to the benzene. So 10,000 pound per hour flow rate of benzene is
given. Now here we have this pi D i mu. So D i you have already calculated and 0.55

is the viscosity of benzene, fine if you refer the property table.

And 2.419, this is basically the conversion, okay because that viscosity is available in
centipoise. So considering these values we can obtain Reynolds number as 83217 and
it is falling under turbulent flow zone. Now for turbulent flow zone when | am having
Reynolds number greater than 10 to the power 4 we can simply use Seider-Tate

equation and this equation you can refer.



And if | elaborate Nusselt’s number that would be h i D i by k. So simply you can
calculate considering this equation the heat transfer coefficient value and that comes
as 290 Btu per hour feet square degree Fahrenheit, okay. Prandtl number you can
calculate because you already know the properties.

Now here what we have considered, we have considered the heat transfer coefficient
value without viscosity correction factor, fine because | am not focusing on psi value
right now. That | have assumed as 1. So here | am having the value of h i.

(Refer Slide Time: 14:28)

Design of Double Pipe Heat Exchanger
Solution of Example - 1 - 5 LR - 5P

s : v
(6) Caleultehy assu hy = D—co.lliscm - 125)pr'/?
: 0.

D,=2.067in v 1 o
D, = 1.660in / = Sagge ¥ 0116 ((8213)3 - 125
D,. . Dz * Dl = 2.067~-1.66 = 0.0339ft W 4

(.52x2.0x2.4l )
flow area = A, = "(Dz DZ) = 0.00827ft? 0.1

y Btu
9692 hy= 283 ——
(Ar) @ (500877 uftd. R
(200 2419

=8212 $ transition flow

Next is now further we have to find out heat transfer coefficient in annular side right
where aniline is moving, fine? So to calculate that h o we are further assuming phi
naught equal to 1 because | am not considering viscosity correction factor and further

we have to find out D 2 and D 1, fine? So how I can find these values?

These should be corresponding to 2 inches and 1.25 inches, nominal diameters if you
remember, fine because in annular side we have to consider equivalent diameter not D
i or D naught. So for that purpose we have to calculate the D i and D naught. Now
what is D i over here? D i, if | am considering double pipe heat exchanger D i is

what?

D i is the outer diameter of inner pipe, right. And D naught or D o will be what? That
will be the inner diameter of outer pipe. | hope you are understanding. So let us

collect that values from the table B 2.
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bolution of Example -1 boe E L 0116RE® - 125)P

) = —
D,
k 2/3 .1/3
hy = — 041 16[Re?/* - 125]Pr
M(dlguhld\ assumi l«¢’ =10 0
L0087 o Ol 0116 [(8213)2 - 125
: ——x0.116x | |
\D 1.660 in J “ (8213)
- 60 a0ss 1530 0,326 Y 0 A0 1 2865 m
D" Dl / |u~ a1 1M2 0,531 0435 0378 5,04 545 L
ST, 408 0040 1380 0,668 0.435 0361 15 245 221
flow area = BOXS, 665 0191 1278 0881 000801 043 03 1.99 195 000
160 0250 1160 [ L 0435 0 129 164 3
XX 038 05% 1534 000638 0435 0238 19 s 52
1] 1.900 5 0065 1770 0375 001700 0497 0463 767 335
Re = 1 a1 1682 06 001543 0407 0440 594 65
ST S 0345 1610 0.800 OMIE 0407 0421 6.4 3N
SOXS A8 0200 150 1069 001225 0497 019 5.49 2045
: 160 0281 1338 1429 000076 0.497 0350 408 219
XX 0400 1100 1885 00 0288 296 18
@ 2375 5 0065 2245 2 0 0622 05 1234 6170
- 18 0009 ) e o 22 055 1134 i
<er|.® 0154 175 o 0622 15 1045 5225
BST.865 0218 In L E rr { 1508 0.2 (e 0
' A1 ROOHKLE 160) 0,384 1687 2195 001882 0622 136 697 U85 r
X 0.4% 150 265 B2 062 350 551 2065 00

So again | am considering this table B 2, the part of table B 2. So if you see we have
1.25 okay and what | have told you that D i corresponds to the outer diameter of inner
pipe. So inner pipe nominal diameter is 1.25 and this is the outer diameter of 1.25
nominal diameter pipe, right. And for 2 inches, we have to consider the inner diameter

corresponds to 40 schedule number.

So if you see value should come as 2.067. | hope you can understand that. So
corresponding to this we can have D i and D 2 value and we have just seen how these
values have been obtained. Now once | am having D 2 and D i, now once | am having
D 2 and D 1 which | have also represented as D naught and D i corresponding to

annular side not D i of inner pipe right, which we have discussed in the last slide.

So here we have D 2 and D 1 value and considering this we can calculate equivalent
diameter as 0.0339 feet, fine? And next we can find out the flow area pi by 4 D 2
square minus D 1 square. That is simple calculation. So you can find this value and
further we can find out the Reynolds number in annular side, right. So this equivalent

diameter we have.

So this equivalent diameter we just have calculated and considering mass flow rate of
aniline and viscosity of aniline with the conversion factor we can find out Reynolds

number as 8212. So if you see this range of Reynolds number the flow is transition



flow, okay. So that should be so if | am having the transition flow, we have to use

another equation which is shown over here, okay.

So you can consider this equation, okay. This is basically the Hausen equation, if you
remember the last lecture. And here I can find out h naught corresponding to thermal
conductivity of aniline and equivalent diameter. So this is the whole expression. And
when you put the values over here, thermal conductivity and Reynolds number,

Prandtl number value, fine?

So corresponding to all these value you can find out h o value as 283 Btu per hour feet
square degree Fahrenheit. So in this way you can calculate h i and h naught. And now,
we will focus on the psi values where | have to focus on viscosity correction factors,
right. Now how to calculate viscosity correction factor? Viscosity correction factor if

you remember that is basically mu by mu W.

And mu W is what? mu W is basically the viscosity of the fluid at wall temperature,
okay. And mu is the viscosity of the fluid at average temperature which we already

having in a property table, fine? So let us first consider the wall temperature how to

calculate that.
(Refer Slide Time: 19:20)
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Solution of Examp|e | (¢) Calculate ¢, and ¢, and corrected values of h,

and h,
(e) Calculate the pipe wall temperature @d@ = 047L and 1= 743,
’/h LJ / o(Do/ DT, ‘/\/ Therefore, v, 3
L +h( R4 i =(0.55/0.47)““= 1022
o = (2.0/24)*1 = 0.9748
1.66
290490 + 283 (1 33) 125 /b = 290(10222) =

h.ft2.°F

Ty =

Btu
/o= 183(09748) = 276~

So this is the expression for wall temperature and T average and this capital T average
these values of temperature of both fluids are known to us. So we can simply calculate

that; h i and h naught we have already calculated. So considering all these values we



can find out wall temperature as 108.9 degree Fahrenheit okay. Now corresponding to

the figures, figures of what?

Figures of viscosity data fine, we can find out benzene viscosity and aniline viscosity
at 108.9 degree Fahrenheit and it comes out as mu B as 0.47 centipoise and here P
should be capital, sorry for that. P should be capital, fine? So here mu B is 0.47

centipoise and mu A is 2.4 centipoise, okay.

Considering these values of viscosity at wall temperature and viscosity at average
temperature of both fluids, we can find out viscosity correction factors like this, where
psi i is equal to 1.0222 and psi naught is equal to 0.9748, fine? So considering these
value we can calculate h i and h naught as 296 Btu hour feet square degree Fahrenheit

and 276 Btu hour feet square degree Fahrenheit respectively.

So in this way you can find out h i and h naught with viscosity correction factor. Now
once you are having this h i and h naught what we have to calculate first? Obviously,
the overall heat transfer coefficient, fine? So if you remember the overall heat transfer
coefficient expressions it includes five terms in which two terms corresponding to dirt

factor of both fluids fine.

So in this case both fluids like benzene and aniline these fluids fall in organic liquid
range, fine? So in both fluids we can consider same dirt factor, okay because both are
falling in same category.

(Refer Slide Time: 21:47)



Design of Double Pipe Heat Exchanger

Solution of Examp|e -1 () Calculate the required surface area and

@ For liquid n ey I number of hairpins.

h) F rganic process chemicals such as

or Iqlll (Tz.dl IC prum CcNne 1S Such as q=U[)AA'nn \/
q

benzene and aniline, a value off0.001 h.ft*°F/Btu can
be considered. U, 0,
(1) Compute the overall heat-transfer mdhmnl 252,000 s
A= ———— =815
U= [ D, I) In 11) /[)) @ R/ J 89 +34.76 ‘ .
hiD; The external surface area per foot of 1.25-in,
Up ' , schedule 40 pipe is 0435 f.
= l = (1.66/12)n(1.66/ 1.36) == Therefore, L = 0"4'—; = 187.4ft
” ” ( 30
101438 _12 i 4 Since each 16-ft hairpin contains 32 ft of
0.001 * 1.66 Lo pipe,
38 ' o 1874
Bty Number of hairpins = TR 5926
Uy 2. F Thus, six hairpins are required.

So for that purpose we have considered dirt factor as 0.001 hour feet square degree
Fahrenheit per Btu, okay. So this is for both fluids. Considering this we can calculate
overall heat transfer coefficient using this expression where R D i and R D naught are

dirt factor value and in some expressions we can use dirt coefficient.

That would be hod or hid if you remember the basic design parameters lecture, right?
So considering D i, D naught, h i, h naught and thermal conductivity of the material
that is already given in the problem. So considering all these value we can find out
overall heat transfer coefficient at dirt condition as 89 Btu per hour feet square degree

Fahrenheit.

So here you can calculate overall heat transfer coefficient and next what we have to
find out? We already have calculated the heat duty, overall heat transfer coefficient
and LMTD is already with me. So what we have to calculate next is the heat transfer
area, fine? So this is very common equation for heat transfer area that is the duty

should be equal to U A delta T mean and that should be L m.

And here it is not i n it should be In, that is the log mean temperature difference, fine?
So considering all these value we can find out area as 81.5 feet square. And next what
we have to find out? We have to find out the overall length of the exchanger, okay
because we have to calculate the hairpins. And one hairpins, one side of that is 16

feet, fine?



So we will first calculate the overall length and then we will find the hairpins number
by dividing that value with the length of one hairpin, okay. So let us focus on the
calculation of total length of the exchanger. And to calculate that we need the external
surface area per foot of inner pipe, that is 1.25 inch schedule 40 pipe okay. And that
value comes as 0.435. So how | can obtain that value?

(Refer Slide Time: 24:22)

s face arca and

13 595 264
1045 25 36
92 wo 5

(OST. 408 0154 067
MST. 88 0218 199
160 0344 1687
X 04% 1508
Lmiv; K ny

I he external surtace area Mol’ 1.25-in.

Up ’ ' schedule 40 pipg.is 0.435 fi%
= L + {106/ 12 Jln{1 59/ 1.36) + e Therefore, L—= 187.4ft /‘/
296 x 1.38 2x94 276 2 AU (T
54 Since cachl(womams 32 fi of
0.001 « 1.66 01‘ pipe,

1.38 ' 187.4 y
B Number of hairpins = T 5.

h.ft2,°F Thus, six hairpins are required.

That value | can extract from this table which is a part of table B 2. Now here | am
having 1.25 nominal diameter pipe. And if you see here we have the, if you see the
table B 2 properly at the top we have different column names okay. And this column
corresponds to the surface area per unit length, okay. So correspond to 40 S,

correspond to 40 schedule number we can find out value as 4.435, okay.

So 435 feet square per unit length, fine? So total heat transfer area | already know and
I will consider this 0.435 as a perimeter. So you can consider 187.4 feet is the total
length of double pipe heat exchanger, okay. And further if | am considering 16 feet
hairpin, so total length of the pipe is 32 feet, right? Now if you remember the last

lecture, in that lecture | have told you that hairpin length is 16 feet.

So that is the total length but that is given as half of the length, right? So if | am
saying 8 feet hairpin or 16 feet hairpin, it means it is only the half length of the total
pipe, fine? So if 1 am having 16 feet 32 feet is the total length and 187.4 feet length
we have already seen as a total length of exchanger. So we can simply find out 6

hairpins as total number of hairpins, right in this example.



Now further we will focus on pressure drop calculations. So first of all we should
focus on pressure drop of inner pipe where benzene stream is available okay.
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Solution of Example - 1 00267(6 32)(%1 536)7

ap= 3 38
(k) Calculate the pressure drop for the benzene 750+ 1012 ol 022}
stream (inner pipe).

AP = 6.1 psi

\J
The friction factor is calculated from Equation:
f:k Or;()l;;R;EJLrJ];f; k[;l;(:n (Ié;nn;l;_lulj?l.' The pressure drop in the return bends is obtained:

f=00267 — |
A = 00104 ft? AP =16 + 10'”(@- ness <
" 10,000 y 8P, = 1.6+ 107" (245~ 1)(961,538)*/0.879
R —— 2 = é

T Trme i bn bl L iz LB

The pressure drop in the straight sections of pipe

i % s Since the nozzle losses associated with the inner
is calculated using Equation: L)

Y ipes are negligible, the total pressure drop, AP, is:
0P = ———— \/ @: AP+ AP, = 6.1 + 1.85 = 7.95 = 8.0 psi
750+ 10‘20‘53 ===

So for that purpose we can calculate the frictional factor first. So that expression we
have already discussed in the last lecture. So corresponding to the Reynolds number
you can choose the f factor. So in this case Reynolds number is 83,217 and other
parameters are not required. So we can simply calculate dirt, we can simply calculate

friction factor over here.

We can simply calculate friction factor over here and the flow area we can find out
and division of mass flow rate divided by flow area will give the capital G value that
mass flow rate per unit area, right. So value comes as this value. Now the pressure

drop in straight section of the pipe is calculated using following equation.

Now if you remember the pressure drop per discussion, now if you remember the
pressure drop calculation, which we have discussed in the last lecture, in double pipe
heat exchanger, we have two sections. First is the straight pipe where flow is

occurring in a straight pipe and second is the bend okay, return bend.

So we can consider pressure drop in two section simultaneously and then that and
then we add those pressure drops to find out total pressure drop in double pipe heat

exchanger, in inner side or in annular side, right? So this is the expression to calculate



pressure drop in inner pipe and considering all these value where this s corresponds to
the specific heat of the, where this s corresponds to the specific gravity of the

benzene, fine?

So that value you already can see from the problem and putting all these value we can
consider pressure drop as 6.1 psi, that is in a straight pipe only. Now pressure drop in
a return pipe or in return bend we can consider this expression because it will depend
on the number of hairpins that we have computed as 6. You know all other parameters

and you can simply find out pressure drop in return pipe as 1.85 psi, okay.

And addition of these two will give the total pressure drop in inner pipe, right. So here
| am having total pressure drop as 8 psi. So if you recall the limit of pressure drop that
is 20 psi should be the maximum limit, okay. But here | am getting 8. So here | am
working in safer side, right.
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lution of Example - 1
so ution 0 anpeS AP = 0.0456(6 * 32)(1,171,947)?
(I) Caleulate the pressure drop for the aniline 177504102 @-@ +0.9748

stream (annulus).

The friction factor is calculated ﬁ@;&]uulion: AP =475psi

= 0.3673Re™08M = 0.3673(B212)y 041
f=00456 / Since this value greatly exceeds the allowed
m 9692 pressure drop, the minor losses will not be

G= A_[ = 000827 =Q}171'947| m/h.ft calculated. This completes the first trial.

The pressure drop in the straight sections of pipe

is again calculated using Equation with the pipe Summary: e

diameter replaced by the equivalent diameter: The pressure drop on lhc annulus sndc. is t0o large.
.G The Reynolds number in the annulus is less than

AP 10,000, .

T750+107D,5

So now calculate the pressure drop of aniline which is flowing in annular side, fine?
So here we have the expression corresponding to the Reynolds number. So you can
find that value of f like this, okay. And further we can calculate the flow area, okay.
So if you recall the last slide there we can obtain the flow area and that flow area you
can simply find out through table B 2, fine?

So all these values are given, okay. So here | am having the flow area and

corresponding to this G value you can obtain like this. And further we can find out the



pressure drop in a straight pipe and pressure drop in a return pipe. So we will first
calculate the pressure drop in straight pipe. So you have all values including the
specific gravity of aniline and including the annular and including the equivalent

diameter, right.

So pressure drop in a straight pipe you can find out as 47.5 psi fine? So here you
should not calculate the pressure drop in bend, pressure drop in return bend because
this pressure drop is already exceeding than the permissible limit, which is 20 psi
fine? So here my design becomes infeasible. We have to design in such a way so that

both pressure drop should lie within 20 psi, okay.

So here we have to start the second trial, okay. But what we can summarize from this
first trial is the pressure drop and annular side is too large, that we have already seen
and Reynolds number in annulus is less than 10,000. So flow in annular side or flow
in annulus is in transition zone which we should not use, okay.

(Refer Slide Time: 31:40)

Design of Double Pipe Heat Exchanger :
Solution of Example - 1 Re; ~83217(0.55/20) = 23,0%
Re, - 8212(2.0/0.55) = 30,000

Since. the dimensions of the hairpins are fixed

in this problem. there are relatively few options

for modifving the design. Two possibilities are:

Switch the Muids.y.c.. put the aniline in the
it -

iner pipe and the benzene in the annulus.

(2) Connect the annuli in parallel

Effects of these changes on ‘Rc'\nolds numbers 0P ~ ffs ~ Re-0 M1

and pressure-drops can be estimated as

Ve = N / /23 0 ~0.2314
(1)\Switch the Muids)Since the flow rates.of the TR fed (1022 /0.879)“@
two streams are_approximately the same, the ¢ 3,000

Hence, switching the fluids will result in fully turbulent
flow on both sides of the exchanger.

To estimate the effect on pressure drops, assume that
the number of hairpins does not change. Then the main
factors affecting AP are fand s. Hence,

Rc;nolds numbsscnliall) inversely P— 30,000\ ———
proportional.o { Thus, to 2 475( 520 (0.879/1.022)

So what we can do to overcome this that we have two possibilities. First is we can
switch the fluids, okay. And second is we can connect the annuli in parallel, fine?
Because what we have to do over here? We are not focusing on inner side. We are not
focusing on inner side because there already we are in a safer side, right. But in
annular side or annulus or annuli, we can consider lesser pressure drop and therefore,

we will divide the flow in annular side only not in inner pipe okay.



And these two possibility | have already discussed in lecture one also because what
we should do when the infeasibility occur. So these two options we have already
focused there also, okay. So effect of these two possibility changes on Reynolds
number and pressure drop can be estimated as first of all if I am switching the fluid

okay. So what will happen?

Since the flow rates of two streams are approximately the same, okay because both
fluids are more or less 10,000, one is 10,000 and second is 96 197 something like that.
So both of the fluids are in same flow, okay. So Reynolds number will definitely be
the function of viscosity over here, okay. And that should be inversely proportional
too, fine? So considering this we can simply switch the fluid that aniline is flowing in

inner pipe and benzene is flowing in outer pipe.

So if I am considering that reverse of Reynolds number or switching of Reynolds
number we can find these Reynolds number in inner pipe and annular side. It means
both are falling in turbulent zone, fine? So so once | am having the Reynolds number
of two side we can calculate the pressure drop of two side. So pressure drop changes

we can further find out based on specific gravity value, okay.

So Reynolds number so pressure drop of annular side for straight pipe 6.1 we have
obtained and this is the switching of Reynolds number. So here we can find out final
Reynolds number is 7 psi in inner pipe and 41 psi in annular side okay.
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Solution of Examp|e -1 (2) Connect the annuli in two parallel banks. This change
will have no effect on the flud lowing in the inner pipe.

For the fluid in the annulus; however, both the flow rate

and the length of the flow path will be halved. Therefore,
Clearly, switching the fluids docs mot — Re, ‘# 1/2 24100 v

reduce the annulus-side pressure—drop— Assuming hat the number of hairpins does not change,
—_— i
ncarly cnough (o meet the design  APpy ~ fG°L

specification (unless the number of 4100\ ; ‘
hairpins i reduced by a factor of at least ~ \8Pro)= 47.5 8200 (12« (1f2) Elgf]

0, WHICH 1S \Cl 4 o oi§ .
b, wuich 6 vty wlikeh) Apparently this modification will take care of the
pressure-drop_problem, but will push the Reynolds
number further into the transition region.

Although neither modification by itself will correct the

problems with the initial design, in%lionlhc!
_might,_Hence, we consider a third altemative,




So here again it is more than 20 psi. So obviously switching the fluid does not solve
my problem as it is not reducing annulus side pressure drop, fine? So we have to
connect, so we have to go for the second option and that is to connect the annuli in
two parallel banks, okay. So in this case what will happen? Because whatever would
be the Reynolds number it is divided in two section because we are considering the

parallel flow, right.

So here | am having the Reynolds number like this, which we have divided in, which
we have divided by 2, so 4100 Reynolds number is in annular side and you see further
and you see the revised pressure drop in annular side we can obtain as 7 psi. So
apparently this modification will take care of the pressure drop, but we will push the
Reynolds number further into the transition region because now the Reynolds number
is less than 10,000, fine?

So what we can consider switching the fluid and changing the pattern. Changing the
pattern means changing the configuration is not solving my problem, okay. Though it
is falling under a required pressure drop, but it is putting the liquid to the transition
zone, which we should avoid. So what we can consider, we can consider the
combination of two options together.

(Refer Slide Time: 36:08)
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Solution of Example = 1

(3) Switch the fluids and connect the annuli in two
———
parallel banks. The Reynolds numbers Wil become:
fa’lct Dank; )

e, = 23,000 [t appears that this alternative will
Re, Lﬁ o meet all  design  requirements
However. it is necessary o perform
(he detatled calculations bccaus@
/\p and the mean temperature

0P =Tpsi ifference will all change. and

(i

AP hence the number of hairpins can
fo

The pressure drops will become (assuming no change
in the number of hairpins):

be expected to change as well,
15,000

~0.2314
S it 2
~47.5( o ) (1/2)

So considering this we can make a third alternative where switching as well as
connect the annuli with, connect the annuli in two parallel bank, both we should

consider. So here I am having the Reynolds number. Now if you remember this value



was 30,000 when | have considered switching of the fluid, but because of the half,

because of the parallel flow this value becomes half, okay.

Considering this we can consider, considering this we can find out the pressure drop.
So that comes as 7 psi, right. So it appears that this alternative will meet all design
requirement. However, we have to carry out sufficient calculation to find out h i and h
naught further and mean temperature difference because all configurations are
changing and we also have to see the effect of that on hairpin number.

So let us consider the another trial which I am saying a second trial because here I am
calculating, here I am revising all calculations for second time, okay.
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Solution of Example -1

Second trial

(a) Calculate the LMTD correction factor for the
series/parallel configuration. Aniline in the inner pipe
is the series stream and benzene in the annulus is the

parallel stream. Therefore, ==
T,= 150 °F; 1, = 60 °F Substituting into F Equation gives:
Ty = 100°F; 4, = 120°F
po| 08333-2)
P=(ty=t,)/ (T, ~t,) ~ 2008333 -1)
= (120 - 60)/ (150 - 60) = 0.667 In[(1 = 0.6667)/(1 = 0.6667 + 0.8333)]
R=(T,=Th)/ (4 = t,) | (08333 -2) 2
= (150 = 100)/ (120 - 60) = 0.8333 i 08333(1 - 06667 + 0.8333)172 " 0.8333
X =( 2 (number of parallel branches) F= 0836,/

So here | am having benzene in annulus side and aniline in inner pipe. So here | am
having the temperature differences. And because | am considering parallel flow I have
to calculate F t factor also and that we can consider depending upon the branches. So
we can consider two branches over here. So F t value we can obtain as 0.836.

(Refer Slide Time: 37:43)



De5|gn of Double Pipe Heat Exchanger

Solutlon of Example -1

(1) Caleulate Uy,
(d) Calculate the pipe wall temperature i Do DoIn(Do/D;) 1 RpiDy
1.6 A TR W
1764125 +255 175 90 b o D
Ty Tkl R
176+ 255 55) Do
(¢) Calculate ¢, and ¢, and corrected values of h, Up = 166 (1.66/12)In(1.66/1.38)
and h, P 1170+ 138 2494
At 103°F, py = 2.6 cp and pg =0.5 cp 1 0001+1.66 e
014 - et S
¢ = (2.0/2.6) 0 0.9639 +258+ 138 l
o = (055/0.5)"* = 1.0134 Btu
Btu Up = 69 ———
hi =176 + 0.9639 = 170h fgmol" h.ft?,°F
hy = 255 +1.0134 = 258h o

Considering this we can calculate h i value and h naught value like this. | am not
going into detail of that, because this we have already discussed in first trial. We can
calculate the wall temperature and then the viscosity correction factor and then the
revised h i and h naught value and so the dirt factor and so the overall heat transfer
coefficient considering dirt factor, right?
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Solution of Example =i (h) Calculate the pressure drop for the aniline

(g) Calculate the required surface arca and number of stream (inner pipe).

hairpins. f=0.3673Re" 041

q.= UpARAT, = 0.3673(22,180) 02

N R ! f= 003625

UAT, 69+0836+3476 =M 2 i 92ibm i

v A 00104

L 289k 0.03625(10 + 32)(931,923)?
289 k= 138

Number of rpns = =2- = 029 \/ 750+ 1012 (W) 1022 + 0.9639

Thus, nine hairpins are required. However, the equation = 11.9 psi
for the LMTD correction factor is based on_the

assumption_that both parallel branches are_identical,

two banks of five hairpins, for a total of
hairpins.

And then we will further calculate the total length, how much total length will be

v

required. So that comes out as 289 and this is corresponding to the previous
calculation only. So I am not going into detail of this. If you consider the hairpin, that
comes as 9, okay. So 9 hairpins are odd number. However, the equation for LMTD

correction factor is based on assumption that both parallel branches are identical.



And therefore, we use two branches for 5 hairpins or two banks of 5 hairpins. So total

number of hairpins will be 10, okay. So considering this we can calculate the pressure

drop for inner side. So it comes as 11.9 psi.
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Solution of Example -1 (i) Calculate the pressure drop for the benzene

stream (annulus).
AP =16+ 10-13(2NHP - 1)6%/s The friction factor is calculated from Equation:
AP, f= 0.3673Re™"41 = (.3673(8212) 41
= 164100 Qe 10- 0319231102 =0
- - D ee— 0 2
AP, 6= 3 = gangzy = 6049 b/t

; ‘ : fLG?
Slncc. {hc nozzle lo§s§s associated withthe AP = 750+ 107059
inner pipes are negligible, the total pressure 0.03945(5 + 32)(604,595)?

drop, AP, s: (7,504 102 +0.0339 + 0.879 » 10134

AP =10.2 psi
AP, = AP+ AP =119+ 26 AP, = 1.6+ 107 5(2Nyp = 1)63/s

0P, = 16+ 10732+ § - 1)(604,595)%/0879
AP, = 06 psi

And for reverse side or the return bend we can consider pressure drop as 2.6. So total

pressure drop in inner pipe is 14.5.
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SO|Ut|0n Of Example - 1 (j) Calculate the over-surface and over-design.
-1
Assume the nozzles are made from 1-in. schedule 40 Ue = l]_ - Rpy ml
pipe having a flow arca of 0.006f (Table B.2). Then, Up
D2 833,333 Ibm/h. ft?
= — = —=§33, m/h. 1
Ay 0006 o = [— - 0001(1 + 1.66/1.38)'
Assuming internal return bends, Equation gives: 69

BP, = 2+ 107Ny, G2 /s
5(833,333)? fe2°F
=2+1071% ( )
0879 q
AP, = 0.79 psi o
el = UekaT,

The total pressure drop for the benzene is:

252,000
o, = + OB, =102 +06+0.79 Tt B
: 814+ 0836 + 34,76
80, =006 psi) A=nD,L = 0435 .

And similarly, we can find out the pressure drop in annular side and that should be

11.6. So both pressure drop are falling in a range. Now finally, we have to find out
that how much over design we are considering. So that we have to calculate overall
heat. So that so for that we have to calculate area for clean condition and for dirt
condition, okay.



So you can calculate overall heat transfer coefficient at clean condition and area you
can obtain as 107 feet square, right. And for 10 hairpin of 20 and for 10 hairpins of 32
length, you can find out area as 139 feet square.
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golution_of Example -1

A-Ac 139-107
Ae 107
The required surface area is 125.7 * from Step (g).

Over - surface = = 30%

Therefore, the over-design 1s:

over — desien < 157
ver - design = —= 6%

Comparing these two will give the oversize as 10.6%. So this much is the oversize.
We have considered all feasibility and we met all design in a feasible limit, okay. So
that is all about example 1 and that is all about this lecture. So that is all for now.

Thank you.



