First, we look at heat exchanger construction \\\

Expansion Joints in Heat Exchangers

BASICS

Presented by: Ray Delaforce
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First, we look at heat exchanger construction \\\

Cohmm s iHes tloatenogp Aradotype heatsexchanger
Tubesheets

Exchanger tubes

The shell — the shellside

The channel — the tubeside

Tube supports — often called baffles
Nozzles

cooopDp

This is fixed heat exchanger

We discuss the problems with the fixed heat exchanger in a moment
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First, we look at heat exchanger construction \\\

Theresishee flapamd) fifesah tgpedteseexdimabgerneat exchangers
U Floating tubesheet — can slide inside the shell
0 Floating head - contains the tube side fluid
U The shell closure — contains the shell side fluid

3

This is the floating head heat exchanger
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First, we look at heat exchanger construction \\\

Phebéein s widhorha fisezhbe ddedwarentee two heat exchangers
As the temperature changgjs:

Fixed the
tubesheets moves
with the shell

Floating
tubesheets do not
move with the
shell

The tubesheet is free to slide inside the shell
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First, we look at heat exchanger construction \\\

Problems with the fixed heat exchanger
If the tubes are hotter thap the shell, the tubes want to expand

I
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First, we look at heat exchanger construction \\\

Praeib emsutithdlsbdlked heat exchanger

If the tubes are hotter than the shell, the tubes want to expand
Relatively: the shell may try to contract

Creating a bending stress in the tubesheets

Also tensile stresses in the shell, and compressive stress in the tubes

An Expansion Joint can reduce these stresses
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First, we look at heat exchanger construction \\\

First we cut the shell, then the Expansion Joint is installed
Now we can see the benefit of the expansion joint

)
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Fhretevivrdoplpas bé&ikpacisanygdoicdanstruction \\\

First we cut the shell, then the Expansion Joint is installed
Now we can see the benefit of the expansion joint
This is what happens, shell moves independently of the tubes

However, stresses are induced in the expansion joint
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\
Theretanvm &y pieangbbxipesnssed Jesatgftant dnkfichinh joimanufacture \\\
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The Tloick gairthias) dinet naoeedugge sttemn tickeult to manufacture \\\

The thin joint is so name because of:
0 Relatively thin material from which it is manufactured

0 The many convolutions is comprises

PV Elite can analyse all the thin joint configurations
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The thick joint, as the name suggests is thicker \\\

It is commonly called a shell element , it comprises

An annular plate

Two knuckles

Two shell elements make one convolution
There might be an Outer cylinder

Here is the main shell of the heat exchanger

coooU

Outer knuckle

Annular plate

Inner knuckle




\
Cbheadidek flon et & pihe thasrst i sggesthasstiallledement joint \\\

As it opens with the shell movement, there are bending moments
This gives rise to bending stresses

O The joint may be overstressed — this is an obvious problem

O The joint may have a very short fatigue life

ﬁ

10/2/2014



Hensider fcmayaegpdd this sindsshadkt bz sdvedi @beyoiertis joint
We can estimate the number of fatigue cycles it can withstand
Here is a fatigue curve from ASME V111, Division 2
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Here are examples of thin and thick expansion joints
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Heesaaaecesam let thiethas i@tk sigck e bentdhiook jaimts

Example of a square expansion joint



Teess dvelsaignefhibtoipp €€ desaps it ticslke ppipansion joints \\

Flanged and Flued Flanged Only Plain Joint
Ty
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Pressure Acting on Annular Plates

Axial Extension of Joint

Pressure Acting on Shell
(Annular act like stiffeners)
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Axial Compression of Joint 16
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Letysibsokrattharmstogy ad b ealelsapk ahehesoekpansion joints \\\

1950’s: Work was done by Kopp & Sayre
At the beginning oﬁ ‘dhelr publlcatlon they stat% #e design method

Euhﬂmosnm Thsarte

Design Theory

All of the types of expansion joints shown in Figure 2 are statically
indeterminate to a high degree, but they can be made subject to
rational analysis by introducing various simplifying assumptions,
which may need to differ in different cases.

and

In the 50’s there Wé;re no computersto do soph

Ulnion Col ege .

ticated work

Schenectady, N.Y.

They had to use prpd edures englneers could u<;e ith a slide rule

Contributed by the Heat Transfer Division and

presented at the Annual Meeting of the American

Society of Mechanical Engineers, New York, N. Y.,
} November 27th—December 1st, 1060,

. Revised May 15, 1952.
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They used stpdidomnsahgiinmgdddio ehgoketdreiaredekmiliar
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Theyl98eshtiatiarfsSTaAMA hdddmesgpaesisrajeifdranaysis

Happily, engineers do not have to solve these equations

EXPANSION T o T T TTICHANGERS 19

R 3
Figure 9-b represen © ra strip in the shell
assumed to be 1 in. wi ’ \ " aper. The deflections
are, of course, greatly « "-.l taken at A, with the

r-ax18 along the shell a
equation results:

- 3, the following beam

Second differential
of the deflection y

First differential of
the shear stress p

dez — ¥ T TV

(Combining the two equations:

dy __Cy
dzt E'T

The solution (in this case) for this differential equation is

y = Ae "=gin a. Solution

A 1s & constant which depends on the initial angle of the strip, and
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The 1998 edition of TEMA had an expansion joint analysis \\\

They also simplified the model for easier analysis

HowGES:2¢ REFECHKR REANETRTPNSTAN B onservative, the expansion joint

. i ines the nomenclature used in the followin ragraphs based upon the
often fails EilRaa%t oty SpaEgE :

FIGURE RCB-8.22
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Tt de8ded ithentb T [viAt hadaamerpartsion joint analysis \\\

They also simplified the model for easier analysis

However, the TEMA method is so conservative, the expansion joint
often fails the analysis.

In the 2007 version of TEMA the analysis was removed in place of a
Finite Element Method.

The FEA software was written by the Paulin Research Group

We take a brief look at this later
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Let consider the thin joint for a moment k\\
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Let consider the thin joint for a moment \\\

Oonkelecasemp gdaghabndi&e ttiesthin joint held in alignment
The tube bundle keeps the alignment

Piping attached to nozzles can cause bellows to mis-align

NNNNNN
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Let consider the thin joint for a moment \\\

Cbeasedareathgpiaduay oaddige ahtheserswppb Hapdesisomisen heated

The bellows are not supported, and could fail
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Let consider the thin joint for a moment \\\

These are thetfaitisefnsagesdf the unsupported bellows
Bersdmgn ex@amnae of Column Squirm Latedalrd@ibceiSquirm

-

|

In all these movements the bellows can fail

The bellows have to be supported somehow
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Let consider the thin joint for a moment \\\

These are methods of support, to prevent latgudheggasgive expansion

We could have support in the form a a gimble arrangement

4" L Note the gap to
limit expansion
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\/¢¢ booisialea prebhem)jwiirth foreadesigrent Expansion Joints \\\

These are methods of support

We could have support in the form a a gimble arrangement
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We look at a problem with the design of Expansion Joints \\\

m W ] (f‘ thilRERLILY, AGS) g/ %0”“"3“”9
requl ements an create a Clrcular eS|gn OglIC.
» Flexibility is required to reduce loads on tubesheet and tubes.
» Flexibility is provided by reducing thickness or increasing outside
diameter of expansion joint.
» However, either of these approaches result in diminished pressure
capacity.
» Pressure capacity is satisfied by adding thickness, but this causes
Increased joint stiffness.
O The circular logic can be overcome with a few iterations. Some
cases where pressure and displacement loads are equally
Important may require a finely balanced design.
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\}
We hgidratom kratiotbenhiatbrthef dbsi @x pdritsiparnsiom doalysis \\\

U For expansion joints, thicker is not always better.

» A common misconception is that increasing the thickness will
eliminate a stress problem.

» Increasing the thickness of a thick walled expansion likely
Increases the stiffness, leading to increased stresses.

» Identify the cause of the high stress, then address it by changing
the geometry.
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We againdookak Htaistahteeaargipansion joint analysis

0 Some common design methods for thick walled joints:

» Kopp and Sayre (1950, 1952)

e Original paper to address thick walled expansion joints.
e Widely used.

» Wolf and Mains (1972)

e Introduced a more analytical approach using “ring finite
elements”.

» Singh and Soler (1984)
e Extended Kopp and Sayer method using shell theory.

» TEMA , ASME, and other codes and guidance
» K-Shell (Dr. Arturs Kalnins)
» Finite Element Analysis (Flanged+Flued)
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We can now look at a PV Elite example \\

We are going to have a look at some expansion joints

Thank you for watching this presentation

10/2/2014 31



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31

