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Lecture - 06
Double Pipe Heat Exchanger-1

Hello everyone. Welcome to the second week of this course, that is Process
Equipment Design. So here we are having first lecture of this week and this is
basically sixth lecture of this course. And this lecture covers the design of double pipe
heat exchanger, okay. So here first of all we will discuss double pipe heat exchanger
and then we will proceed to the design of this exchanger, okay.

So double pipe heat exchanger as | have also discussed previously that it is the
simplest type of heat exchanger
(Refer Slide Time: 01:03)

Double Pipe Equipment

A simple double-pipe exchanger consists of two pairs of concentric pipes.
Such a configuration is called a hairpin, for obvious reasons. The two fluids
that are transferring heat flow in the inner and outer pipes, respectively. The
fluids usually flow thrommt%)mmh a flow
pattern is called counter flow or counter-current flow. In some special-purpose

applications, parallel (or co-current) flow is employed in which the two streams
flow in the same direction.
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where two pipes are placed concentrically where lesser diameter pipe is inside the
larger diameter pipe, okay. So this is basically a simplest heat exchanger okay and
such a configuration is called as the hairpin okay and because of this return band it is
called as hairpin and the reason is very simple because it is completely similar to the
hairpin we usually use okay.

So the two fluids are transferring heat and one is flowing inner side and one is flowing
inner and one is flowing at inner pipe and another is flowing at annular side okay as



we also have discussed previously. So here usually, so in this double pipe equipment,
double pipe exchanger usually we have counter current flow. However in some cases
we also consider co-current flow okay.

(Refer Slide Time: 02:11)

Pouble Pipe Exchanger ‘AL

So this is basically the so this is basically the double pipe heat exchanger we consider
in industry where these are basically return bends and we call that as hairpins, okay.
So this image shows 16 hairpins double pipe heat exchanger, as you can count the
hairpins over here, okay.

(Refer Slide Time: 02:39)

Double Pipe Heat Exchanger

Serie?lParalleI Configurétions of Hairpins

Double-pipe exchangers are extremely flexible with respect to configuration of
hairpins, since both the inner pipes and annuli can be connected either in series

orin parallel.
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And now we will discuss the configurations of hairpins and these configurations are
basically series configuration and parallel configuration. So double pipe exchangers
are extremely flexible with respect to configuration of hairpins, okay. And since both



inner pipes and annuli can be connected either in series or in parallel, okay. So how

we can connect that?

First of all we will see for series and then we will go for parallel design or parallel
configuration. So this is basically the series configuration, which we also have
discussed in previous lectures of last week. And here we have the fluid which is
moving in annular side from this and then from this and then it exits from here.
Similarly, in tube side fluid will enter from here and pass through this return bend,

and again pass through this and then it exits from here.

It means fluid exits from one bend and then enters to another bend, okay. In that way
it moves in a series. You can understand the series configuration. And similarly if |
am speaking about parallel configuration, fluid is entering in a different hair band or
different hairpin differently, okay. And it exits differently in parallel configuration.

What is the difference? Let us see with this schematic.

So here if you see in annular side, fluid enters from here, then pass through from this
and then it exits from here, okay. And when | am considering the inner pipe, and
when | am considering inner pipe configuration, it will be divided in two sections and
then half will travel here and half will travel here and then combinely it will exit. So

that is basically the parallel configuration.

So here we consider both configuration and we can design the double pipe heat
exchanger accordingly, okay. So when | am considering series or parallel
configuration, how | should consider log mean temperature difference or the mean
temperature difference. So let us discuss that.

(Refer Slide Time: 05:00)



Series/Parallel Configurations of Hairpins

Double Pipe Heat Exchanger '\

To account for the departure from true counter-flow in series-parallel configurations, the

correction factor, F, given by the following equations:
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So to account from the departure from counter current flow in series parallel
configuration, the counter flow logarithmic mean temperature difference that is
LMTD is multiplied by a correction factor, okay. So when | am having series
configuration and parallel configuration, we have some time co-current flow, we have
some time counter current flow. So obviously LMTD which we have defined it is

only for a specified flow, either counter or current, okay.

But here we have different approach and therefore, we have to consider FT correction
factor and that FT correction factor we can consider through the following equations
and these equations are shown over here. We have this capital F which is nothing but
the FT factor R and this P this we have already discussed okay. And here we have X, X
is basically number of parallel branches, okay.

So whatever would be the branches like in the previous diagram we have like in the
previous diagram we have seen two parallel branches. So x will be two in that case.
So we can simply count the parallel branches that is the x value and then we can
calculate F value okay. So here we have terminal, so here we have terminal

temperatures of both fluids which is moving in series or in parallel, okay.

When | am saying the parallel configuration what is the meaning of that? Parallel
configuration means parallel in terms of whatever is flowing in tubes or whatever is

flowing in inside the tube. In annular side flow will remain in series, okay. So parallel



or series will depend on how the fluid is moving in inner side of the exchanger or

inner pipe of the exchanger. So if R is not equal to zero we can use this expression.

Otherwise we can use this expression. And here P and R which we have already
discussed that we can calculate here as well in the similar line okay. So here you can
consider FT correction factor along with LMTD.

(Refer Slide Time: 07:20)

Over-Surface and Over-Design

Over-surface is a measure of the safety factor incorporated in the design of a
heat exchanger through fouling factors and the use of standard equipment sizes.
Since it deals directly with exchanger surface area, it is easier to visualize than
fouling factors and calculated versus required heat-transfer coefficients. The
percentage over-surface is defined as follows:

V4 Over-surface depends on the

_ A-A relative magnitudes of the total
Ac fouling allowance and the film

v W yrand wall resistances. While

A= Actual heat-transfer surface area in the exchanger values of Q0-40% may be
A, = Calculated heat-transfer surface area based on@ considered typical, higher

values are not unusual.

And further as far as design of double pipe heat exchanger is concerned we should
consider over-surface and over-design, okay. Now what is this over-surface and over-
design? So what is this over-surface and over-design to which I am calling as over-
design to which | am calling as over-design. | am calling over-design as the extra
area, okay. And why | am providing extra area because | am considering dirt factor

okay?

So we will find out overall heat transfer coefficient for clean condition and for dirt
factor condition. So if | am considering clean overall heat transfer coefficient it means
in the overall heat transfer coefficient expression dirt factors are not considered, right.
And if | am considering overall heat transfer coefficient with dirt factor, its value will

different than the clean overall heat transfer coefficient and so the area will differ.

So you can understand over here if I am comparing U at clean condition and U at dirt
condition, obviously U at dirt condition will be smaller in comparison to U at clean

condition and so the increment in area can be observed, okay. So over-surface



percentage how I can calculate that we can consider this expression A — A C divided
by A C into 100, okay. What is A? That is the actual heat transfer surface area in the

exchanger.

Actual means at dirt condition. So A C means calculated heat transfer surface area
based on U c. That is the clean overall heat transfer coefficient. So when you consider
this over-surface percentage it is up to 20 to 40% okay, it is up to 20 to 40% and
sometimes even higher than this and then we consider that the design is not feasible or

that is unusual condition okay.

So when we design any equipment, we definitely consider some over designing
considering dirt factor in overall heat transfer coefficient and that we consider as the
actual condition also. Because in real situation dirt will definitely be formed whatever
would be the fluid is okay. So accordingly we can consider over design and over
surface in double pipe heat exchanger also, okay.
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Now let us start the design of double pipe heat exchanger. Here we are going to
discuss different steps which are involved in designing. So let us start with step 1.
And the step 1 is we have to collect the properties at average temperature of the fluid,
okay. That is very important parameter that we have to collect the property of the
fluid, okay. But that property should be at average temperature not the inlet and outlet

temperature but the average of that too, okay.



And in different equipment we have different condition to average the temperature.
That we will discuss as we will discuss the equipment, but here you can consider
average temperature as simply the arithmetic mean of inlet and outlet temperature of a
fluid okay. So if you know the average temperature you can collect the physical

properties, okay. Now how you will collect the physical property?

First of all let us discuss the viscosity of liquid at atmospheric pressure, okay. Now as
far as the properties are concerned what property you have to collect? When you have
to make the energy balance between two fluids that is m C p dT you have to collect
the specific heat of the fluid okay. And when you are calculating heat transfer
coefficient of the fluid you have to consider you have to consider density, viscosity
etc., to find out Reynolds number and Prandtl number okay.

So all these properties you have to collect at average temperature. So here we should
first focus on viscosity of the fluid okay. So this is the graph from which you can
calculate the, you can collect the physical property or you can collect the viscosity
specifically of a fluid. And if you see here we have y as well as x and this block okay.
On this side we have a temperature and these temperatures are and this temperature is

the average temperature okay.

And here we have the viscosity values. Now how you will obtain that y and x value,
okay.
(Refer Slide Time: 12:31)
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It will depend on different fluids like here we have X and Y value depending upon the
fluid okay. And this table continues here as well okay. So you can consider any fluid
and accordingly you can consider Y and X value, okay? So for example, if I am
considering let us say benzene okay, if | am considering benzene then X value is 12.5
and Y value is 10.9 right. So let us move towards the previous graph.
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So here we have 12.5 and 10.9. So 12.5 will be somewhere here, okay, and Y is
basically 10.9. So 10.9 will be around here, will be here. So this is 12.5 and 10.9 will
lie here. So okay so here we can put a point fine. So here we can put the point fine?
Now on this side, on this temperature side, we already know the average temperature,

okay. So let us say my average temperature is 70 okay?

So what | have to do? | have to draw a line joining this point and wherever it will cut
on Y and wherever it will cut on this axis, this value we can consider as the viscosity
value of the fluid okay? Here this is not a perfect straight line, but you can draw that
through scale and then you can read the value of viscosity. And similarly you can read

the viscosity value for other fluids okay, but that should be at average temperature.

And you can see the value of Y and X from the table which we have already
discussed, okay. So this is for the viscosity of the liquid. In the similar line we can
calculate or we can see the viscosity of the gases, okay.

(Refer Slide Time: 14:47)



If you see here we have the X Y table for different gases. And here we have this graph
where X and Y values are shown. So depending upon the average temperature and the
respective point at and the respective point on this graph you can read the value of
viscosity from this side right. So in this way | can consider viscosities. So in this way
I can consider viscosity of different gases okay.

(Refer Slide Time: 15:24)
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And once | am having the viscosity we have to collect the specific heat of the liquid
okay. And for specific heat of the liquid, we can consider this graph okay. And these
are basically standard graphs, you cannot change these graphs okay. And these graphs
I have taken from R.W. Serth book okay. So in the appendix these graphs are given
and you can read the value from these graphs okay.



So what will happen? Here we have the specific heat value fine? On this side left side
we have temperature and this is again the average temperature. And on right side we
have a specific heat values right. Now here we have different fluids. Here we have
different liquids and corresponding to each liquid we have different number okay?

And here we have the range.

So this is the specific range where these values are correct okay. And the feasibility of
this value will lie in this range right. So let us say again | am considering the example
of benzene fine? I have taken the benzene and number corresponding to benzene is 23
if you can see over here fine? So that 23 you have to locate from this bunch okay? So

if you see where is 23? Here | am having 23.

So this is the circle of benzene okay. And from left sides and from left side, you can
consider the average temperature and let us say my temperature is 100 Fahrenheit that
should be the average temperature. |1 will draw a line through this circle and wherever
it will cut this right axis that value I can note as the specific heat of the material.

So in this way, you can consider specific heat of the liquid, viscosity we have already
discussed right? And now we will focus on the thermal conductivity of the fluids
okay?

(Refer Slide Time: 17:45)
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So here we have this table thermal conductivity of the liquid depending upon the

temperature, you can see depending upon the temperature. But thermal conductivity



does not vary significantly when we are considering liquid that will depend on the
temperature. So according to temperature, value of thermal conductivity of the liquid

will not vary much okay. So here again | am taking the example of benzene.

So at 86 this is the value and at 140 value is this. So you can take. And these
temperature are basically and these temperatures are basically the average
temperature. So if you are finding value in between these two you can interpolate the
value. Otherwise you can consider the extreme values okay. So in that way you can
find the thermal conductivity of the liquid. And similarly, I can find out the density of
the liquid.

Density of the liquid or fluid you can directly see from the tables as you can see the
values of the, as you can see the values of thermal conductivity of the liquid okay. So
that density values are available in books. You must have heard about the Perry’s
handbook. So in that you can find the density value of the liquid and gases okay. So in
this way you have to collect the property of the fluids.

(Refer Slide Time: 19:12)
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Step 2: Compute LMTD

Step 3: Calculate b, M g B
For turbulent flow((Re > 10%)) the Seider-Tate equation is used in the form: 4, wlfof

N = 003 RSP )

v
For the transition region (2100 < Re < 10%), the Hausen equation is used:
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Nu = 1.86 (Re PrDi/ D)™ (/)™
For this D, is required 16 ft hairpin consisting of 2-in. by 1.25 in. schedule
40§ pipe .

So next step is the step number two where | have to calculate LMTD and LMTD
expression is known to you. If it is parallel or series kind of combination, you have to
consider FT correction factor along with LMTD for counter current flow right; LMTD
for counter and then FT factor. Further | have to calculate heat transfer coefficient.

Further I have to calculate heat transfer coefficient inside the tube, okay.



And when | am considering inside the tube, it means that it is the heat transfer
coefficient in straight pipe where fluid is flowing inside the tube not over the tube,
right. So in that case, we consider different flow region and we will apply the
empirical correlations given for that particular region. So first of all, we should
consider the turbulent flow where Reynolds number is more than or equal to 10 to the

power 4.

Here we will use the Seider-Tate equation okay. So there so here we have Nusselt
number is a function of Reynolds number and Prandtl number. And here we have
viscosity correction factor. And this viscosity correction factor is what? This is of the
fluid okay at average temperature okay. So that mu is at average temperature okay
and mu w is the viscosity of the fluid at wall temperature.

How we will consider that wall temperature that we will discuss okay. So this is
basically the viscosity correction factor. Reynolds number, Prandtl number you can
calculate and you can apply this equation. And if | am having transition region where
2100 to 10 to the power 4 Reynolds number is applied, there we can use this Hausen

equation, this equation you can use.

And further if I am having laminar flow where Reynolds number is less than or equal
to 2100 we will consider Seider-Tate equation again. But equation will be slightly
different because here Nusselt number is a function of D i by L along with Reynolds
number and Prandtl number okay. So according to the type of flow you can calculate
or you can apply the respective equation to calculate heat transfer coefficient at inner
side of the pipe, okay.

Next is we have to decide the diameter okay, diameter of pipe, inner diameter of the
pipe we have to decide. Now the question is how we will decide that? To give an
example we are considering like 16 feet hairpin consisting of 2 inches by 1.25 inch
schedule 40 S pipe, okay. So this is basically the dimension and you have to choose

the pipe accordingly, you have to choose the tube accordingly, okay.

So what is the meaning of this 16 feet hairpin? It means 16 feet is the total length
where one hairpin is lying, right consisting of 2 inch by 1.25 inch schedule pipe which



is numbered as 40 S right. So 16 feet hairpin means 16 feet is the total length of the
pipe, one hairpin is there consisting of 2 inch by 1.25 inches. It means 2 inches

corresponding to the outer pipe and 1.25 inch corresponding to the inner pipe okay.

So how I can choose the correct D o or D i okay? To choose that we will to choose
that we will discuss the pipe table in detail, okay.

(Refer Slide Time: 23:21)
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So if you see here | am having the pipe table where properties of steel pipe are shown,
okay. If you see, this is a table B 2. So this is again from R.W. Serth book, appendix
B you can refer. And here | am having nominal pipe size, outer diameter, schedule
number, wall thickness, inner diameter and so on, okay. So here we have this nominal
diameter. And when | continue with this table here we have another section of this

table where 1 am having 2 inch and 1.25 inches, right.

So this 2 and 1.25 is basically the nominal dia of the pipe right? So if |1 am
considering 2 inches and 40 S pipe okay. So how | will choose, corresponding to 2
inches this would be the outer diameter of the tube, okay and if you see for 1 OD of
the tube we have different numbers okay, and these are basically schedule number,
okay. And according to this schedule number wall thickness vary and so the inner dia,
right.

So what is schedule number? Schedule number decides the thickness of a pipe, fine?

For a given OD we can have different schedule numbers and according to the



schedule number, we can have different thickness of the wall of the pipe and we can
have different inner diameter of the pipe though outer diameter will remain same,

okay as you can see from this table. So what inner diameter you can consider?

Here schedule number is given as 40 S okay? So corresponding to 2 inch nominal
diameter, I am finding this as OD. Now 40 S if you are considering, this is 40 S, so
this much wall thickness you should consider and this is the inner diameter. So once
you are fixing that OD of the tube and 40 S as a schedule number of the tube, you can
fix the tube 1D okay.

So in this way you have to select the proper pipe for, you have to select proper pipe
for design of double pipe heat exchanger, okay. Now inner pipe size is 1.25 So 1.25
nominal size is there, this is the OD. Again we have 40 S schedule number for this. So
this is the tube wall thickness and this is tube ID okay. So in this way we can consider

OD and ID of the pipe depending upon nominal size of the pipe, right.

So similarly you can use this table to find out the dimension of other, dimension of
other nominal size pipes okay.
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So let us continue with the design of double pipe heat exchanger. Here 1 am having
step number 4 where | have to calculate overall, where | have to calculate heat
transfer coefficient at outer layer of outer surface of inner pipe. And for this I need to



find out equivalent diameter that is D e, okay. So this is the expression to calculate

heat transfer coefficient on outer surface of the inner pipe, okay.

Here 1 am having this equivalent dia. So equivalent dia you can define as 4 into flow
area by wetted perimeter. So you can consider the geometry and calculate the
equivalent diameter, okay. And here we are considering this at the annular side okay.
So here basically heat transfer | am considering and here basically 1 am considering
heat transfer on annular side when | consider both diameter, when | consider both

diameter okay.

So accordingly you can find D equivalent as D naught — D i okay. Now once you have
this equivalent diameter, we will move further to step 5 where | have to calculate pipe
wall temperature. And this wall temperature | have to find out to compute mu w. That
is the viscosity of the fluid at wall temperature and that will be used to find out
viscosity correction factor okay.

(Refer Slide Time: 28:08)
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Step 6: Calculate viscosity correction factors
¢=(u/p w@ for turbulent flow
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So once | am having wall temperature, | can calculate viscosity correction factor for
turbulent flow and laminar flow. So here you can see the change in power factors and
once | am having h i and h naught I can calculate overall heat transfer coefficient with
dirt factors, okay. So here I am having these dirt factors, okay. So once | am having U

D value I can calculate heat transfer area of double pipe heat exchanger okay?



And then | can decide number of hairpins okay, because you have already decided the
length. Because if you consider the previous example, we have 16 feet length okay.
So total area you have found and that should be divided by circumference. So we can
consider the length of the tube, okay. So number of hairpins will be what? Number of
hairpins will be complete length divided by 2 into length of 1 hairpin.

So length of one hairpin is basically the 16 feet and this L. What is this L? This is
basically total length of double pipe heat exchanger required for sufficient transfer of
heat considering total heat transfer area, okay. So that circumference corresponds to
the circumference of the tube, okay. So accordingly you can calculate the total length

and then you can find out number of hairpins because you need the total length and

length of one hairpin okay.
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Step 9: Calculate pressure drop

Gt
Pressure drop in straight section of pipe AFy = 7.50 x 102D:s¢ E

For laminar flow in the inner pipe, [ =64/Re

For laminar flow in the annulus, f= (%) - (1- K)Z =
ReJ | 14,2+ (1-«%/Ink

For turbulent flow f=03673 Re—U.Z!H >

Pressure drop in return section of pipe v Total pressure drop

AP, = 16 x 10BNy - 16Ys  (urbulent o) g AP,

AP, =20 x 10" 3 @Nyp - 1)6%/s  (aminar flow, Re > 500)

where

K= 1)] / Dz
Dy =0D of inner pi
)y = D) of outer pi

And now we will calculate further and now we will calculate the pressure drop in
double pipe heat exchanger, okay so that pressure drop. So as far as this pressure drop
is concerned, in double pipe we have two section. One section is the straight section
of the pipe okay and second section is the bend when | am considering hairpin, okay.
So we have to consider the pressure drop in a straight pipe and pressure drop in the

return pipe or the bend pipe also.

So first let us focus on pressure drop in straight section of the pipe okay. And to
calculate this we have this empirical correlation and here we have this f factor that is

the frictional factor. So it will depend on the type of flow. So for laminar flow in inner



pipe, we can consider f as 64 by R e. For laminar flow in annular, we can calculate f

factor from this expression where different nomenclatures are shown over here.

And similarly for turbulent flow we can consider f factor depending upon the
Reynolds number. However, Reynolds number dependence is available for other
factors also. And then we will calculate the pressure drop in return section of the pipe
okay, because | have already told you that we have two sections, straight section and

return section or the hairpin section.

And in this section you can use these empirical correlations for turbulent as well as
laminar flow. So overall pressure drop in double pipe heat exchanger is the pressure
drop due to friction in a straight pipe and pressure drop due to friction in return pipe
okay. So that will give the total pressure drop. So that will give the total pressure drop
in double pipe heat exchanger.

(Refer Slide Time: 31:49)
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Step 10: If calculate pressure drop is within the specified range, it is

considered as final design
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So now we will compare the calculated pressure drop with the permissible limit. If it
falls within the permissible limit or within the specified range, we can consider that as
a final design, okay, we can consider that as a final design. However, if it is not
falling within the specified range, we have two possibilities. Number one is we have
to switch the fluid.

Switch the fluid means whatever we have allocated to inner pipe that should be

allocated to annular side. And whatever is allocated to annular side that should be



allocated to inner side, okay. So we have to switch the fluid. Next is we have to
connect the annuli in parallel, okay. So once | am considering the parallel connection,

we have to consider FT correction factor according to the R value.

So if you are finding R equal to 1 or not equal to 1, you can choose the FT correction
factor accordingly. And then you can consider the LMTD. And then you can consider
LMTD also, okay. So in this way we can complete the design of double pipe heat
exchanger. In the next lecture we will demonstrate this design or we will illustrate this
design with the help of some examples. So then the concept of design or steps of
design of double pipe heat exchanger will be more clear to you. So | am stopping over

here. So thank you everyone.



