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How to design an hairpin or double pipe heat exchanger

Following this guide, you'll be able to design two different types of uncommon heat exchangers: hairpin
and double-pipe.

Online version: https://nextgen.sant-ambrogio.it/KB502830

Latest update: 30 set 2021

The Heat Exchanger Wizard available in NextGen allows the design of heat exchangers of the types
defined in the TEMA standards. For special cases, such as for the exchangers in question, it is necessary
to proceed using the single-component design mode, alongside the usual 3D model.

An example of a hairpin exchanger design is shown below:
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Definition of the model and design conditions

Let's start as usual by creating a Heat Exchanger, selecting the reference standard and selecting "U-
tubes'" as the type of exchanger. We define the design conditions exactly as for a TEMA exchanger, with
pressures and temperatures for the tube side and shell side.

When the file is saved, since the item is an heat exchanger, the Heat Exchanger Wizard screen is shown:
you can close this window and cancel the guided creation of the exchanger.
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3D || Additional components

We divide the exchanger into two parts, a first part that can be designed with a 3D model and a second
part for which we will use the additional components.

3D modeling of the main body for the shell side

Following the example of the proposed design, the 3D model of the left section is simple: the main body is
composed - from left to right - of a rounded bottom, cylinder, flange, bolted flat cover with two set-on
nozzles: with the two openings on the lid we calculate the shells making the two "legs" of the exchanger
and their opening reinforcement.

Having initially closed the Heat Exchanger Wizard, it is necessary to give a manual indication of the side
to which the various components belong: it is possible to do this, for each of them, using the appropriate
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drop-down control.

|8 Bolted flat cover "Bolted flat cover #1"

Change active component: ¥ Bolted flat cover #1 | '8 Welding neck flange #1

Essentials Name / Position [Boted flat caver #1 |
0 General Flange material |SA-1DS - Forgings ‘ Database || Edit
m Design conditions Undertolerance method | Absolute value ~ | < >||@
&) Geometry Undertolerance 0 | mm
% Bolts Crverpressure due to static head - internal TiMPa @ 7]
0 Gasket Owerpressure due to static head - Hydraulic test 0.01 imea & (7]
() Standard flange Crverpressure due to static head - external 0 i MPa (7]
:33 Ligaments Heat exchanger side |ShEH side vl o=
L Reinforcements Calculate bolt torque according to ASME PCC-1 O
Jx External loads Design mode O

Definition of additional components for tube side, plate and tube
bundle

On the tubes side we find two welding neck flanges to be calculated, visible in the following image (one
for the pipe side and one for the shell side) and the relative counter flanges.

For counter flanges, if they are made up of two halves, select the "Split ring" option in the ""Geometry"
category. Associate the correct exchanger side. Again for the counter flanges, it is necessary to manually
set the pressure equal to zero and the load on the bolts by reading it from the calculation of the respective
flanges.

& Loose flange "Loose flange 21"

Essentials Flange thickness T =1/ mm
5 General Outside diameter - =] mm
[§] Design conditions Inside diameter B = mm
@ Geometry i| Offset from shell border > mm
#; Bolts split ring (4d)
8 Gasket

For some configurations, the counter flanges are absent: in this case it is sufficient to model only the
flanges on the pipe and shell side that grip the tube plate.

The bonnet and opening components are designed as usual. The tubesheet must be added again as an
additional component, by selecting the appropriate item from the top menu:
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-I||l = Details
Stationary tubesheet
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Floating tubesheet
Standard (30 Tube bundle
\ Torisphericz

Pass partition
s Cylindrical sl .
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Some notes:

e The calculation of the tubesheet inserted as an additional component depends on the presence of a
tube bundle. Both components must be added before the stability can actually be verified

e The tubesheet of a U-tube exchanger normally requires the insertion of the number of hairpins,
therefore a value equal to half the number of holes. Since in this case the hairpins start from one
tubesheet and end in another, it is necessary to adjust the input in order to obtain an adequate
number of holes.

Variations for a double pipe exchanger

Unlike the hairpin, the double pipe does not require the presence of a tube bundle; what plays the role of
tubesheet is then a simple metal ring.

It is no longer necessary to calculate the device as a heat exchanger, it is possible to use a simple vessel.
Calculating as an exchanger, you have the advantage of having two independent pressure and
temperature zones automatically managed by NextGen; in case of vessel, pressure and temperature
(with particular attention in case of vacuum in the chambers) must be managed manually. A further
option is to calculate everything as a jacketed vessel.

For the calculation of the single internal tube we proceed by creating a cylinder as an additional
component, verifying that the internal and external pressure values are adequate.

For the calculation of the ring / tubesheet we can insert a ''welded flat cover" as additional component,
setting it as non-circular, entering the average circumference of the circular crown that constitutes the
cross section as large span and the difference between the greater and smaller radius as short span. The
idea is to calculate a rectangular surface that is the unwinding of the circular crown.
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