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Abstract: 

The hydraulic expansion process HYTEX is, in the meantime, 
20 years old and is now established as a recognized process in 
the heat transfer equipment construction sector worldwide. It 
was above all the technical advantages, the wide range of 
possible applications for the process and the superior quality 
achieved compared to other tube fastening process wich have 
led to the HYTEX process being widely used. 



Hydraul ic Expansion o f  Tubes 

1. The o r i g i n  o f  the  HYTEX process 

The hydraul ic  expansion process HYTEX i s ,  i n  the meantime, 20 years 

o l d  and i s  now establ ished as a recognized process i n  the heat t rans-  
f e r  equipment construct ion sector worldwide. It was above a l l  the 

technical  advantages, the wide range o f  possib le appl i ca t ions  f o r  the 
process and the  superior q u a l i t y  achieved compared t o  o ther  tube fasten- 
i n g  processes which have l e d  t o  the HYTEX process being widely used. 

I n  the ea r l y  1970s Germany was going through an innovat ive phase, par t -  
i c u l  a r l y  i n  the p lan t  construct ion sector, heat t r ans fe r  equipment 
construct ion sector  f o r  the chemical indust ry  and l a s t  but not l e a s t  
the power engineering sector. The f i r s t  commercial nuclear power p lants  
had been commissioned and f u r t he r  ones were being s tead i l y  planned. 

The high degree o f  a v a i l a b i l i t y  t o  be f u l f i l l e d  by the ind iv idua l  

p lan t  components and the more s t r ingen t  operating safe ty  requirements 
j u s t i f i a b l y  l ed  t o  the question o f  possib le improvement o f  the tube/ 

tubesheet j o i n t  i n  a heat exchanger being raised. 

A t  t he  t ime the  tube expansion processes by r o l l i n g ,  which had been 
used f o r  150 years and were based on p rac t i ca l  experience, were 
regarded as s ta te  o f  the a r t .  

The frequency w i th  which tube damage occurred i n  the tubeltubesheet 

j o i n t  sect ion increased a t  an alarming r a t e  i n  t h i s  period. Spec- 
t acu la r  tube damage occurred above a1 1 i n  the heat recovery b o i l e r s  i n  

ammonia p lants  [2]. These heat exchangers which a t  the t ime were 
mainly fabr icated as U-tube constructions, cooled the hot  process gas 

i n  the tubes and generated saturated steam on the she l l  side. They 

f u l f i l l e d  p r a c t i c a l l y  the same funct ion as a steam generator i n  a 

nuclear power s ta t i on  w i t h  pressurized water reactor .  
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The tubeltubesheet j o i n t  understandably became a very t op i ca l  subject 

and i n  Germany a working group was set  up i n  which the experts from 

the heavy machinery and heat t r ans fe r  equipment sector  jo ined forces 

w i t h  materi  a1 speci a1 i s t s  and tube expander manufacturers t o  determine 

ways and means of improving t h i s  tube fastening method. It was i n t u i -  

t i v e l y  known t h a t  the high residual  tube stresses i n  the area around 

the expansion po in ts  and the presence o f  gaps between the tube and the 

tubesheet were the cause o f  the damage. 

Extensive t e s t i n g  f o r  corrosion due t o  stress cracking was therefore  
ca r r ied  out a t  the tubehubesheet j o i n t s  dur ing which d i f f e r e n t  ex- 
pansion moments, tube materials, geometries o f  the ro ta ted  hard steel  
expansi on cy l  i nders as we1 1 as d i  f ferent  types o f  expansi on equi pment 

were invest igated.  The resu l t s  were d i  s i  11 us i  oni ng. It was not  
possib le t o  determine a  c lea r  t rend and any assumed order was com- 

p l e t e l y  d is rupted when the t es t s  were repeated. 

Pa ra l l e l  t o  these expansion t e s t s  we contemplated wi-th i n t e res t  the 
i n i t i a l  r e s u l t s  o f  t e s t s  i n  which the tubes were exploded i n t o  the 

tubesheets. We were not, however, convinced by t h i s  new, a t  f i r s t  
s i gh t  seemingly simple method of tube fastening because i t  was found 
t h a t  the  increase i n  mater ia l  hardness and the presence o f  a  gap had a 
great  s i m i l a r i t y  w i t h  the expanded tube j o i n t .  

During a  discussion about the advantages and disadvantages o f  the 
explosive tube fastening i t  become apparent t h a t  the cause f o r  the 

unacceptable proper t ies  o f  the j o i n t s  made i n  t h i s  way l i e s  i n  the 
very high deformation speed. 

The knowledge o f  t h i s  f a c t  and i t s  analysis then l ed  t o  the idea o f  a  

"gentle", i .e. slow tube fastening process using a  f l u i d .  That was how 
the idea o f  the HYTEX process was born [7].  It was t r i e d  out s t r a i gh t -  

away using simple means without a  great deal o f  theor i z ing  and con- 



s t a n t l y  improved a f t e r  encouraging i n i t i a l  resu l t s .  The improvements 

re la ted  mainly t o  the equipment. The f i r s t ,  self-made expansion u n i t  

expanded the tubes using hydraul ic  f l u i d .  This however, l ed  not  only 

t o  the inner  surface o f  the tube being fouled w i t h  o i l  but  a lso t o  the 

workplace becomi ng unacceptably d i r t y .  This d i  sadvantage was soon e l  i - 
minated by i n teg ra t i ng  the medium separator i n  the HYTEX u n i t  (Fig. 1) .  

Thi s medi um separator separates the pressure generating hydraul i c 

f l u i d  from the expansion f l u i d  and ensures t h a t  the expansion sect ion 

i s  f i l l e d  w i t h  t h i s  f l u i d .  

A f t e r  several f u r t he r  development stages the HYTEX u n i t  reached i t s  

present set-up and form (Fig. 2).  Great s ign i f icance was attached t o  

the re1 i a b i l  i t y  o f  the p l an t  and t o  ease o f  operation and a t  the  same 

t ime t o  achieving and maintaining a high standard o f  qua l i t y .  The u n i t  

was equipped w i t h  a piezoelectronic high pressure sensor and an elec- 

t r o n i c  moni tor ing system t o  measure the expansion pressure d i r e c t l y .  

The obvious physical and mechanical condi t ions which prevai 1 dur ing 

the tube fastening process based on hydraul ic  expansion soon l e d  t o  

the incept ion o f  a su i tab le  ca lcu la t ion  method which could r e l i a b l y  

determine the qua1 i t y  o f  a tube/tubesheet j o i n t  i n  advance [I] . This 
f a c t  made i t  possible t o  develop an understanding o f  the mutual i n -  

f luence mechanism o f  the two partners, i .e. the tubesheet and the  tube 

as i t  i s  known today [12] . The f a c t  t ha t  i t  i s  possib le t o  ca lcu la te  

the j o i n t  was one o f  the main reasons f o r  the HYTEX process being ap- 

p l i e d  worldwide w i t h i n  a very short  period o f  t ime [3, 4, 81. The re -  

search work ca r r ied  out a t  the end o f  the 1970s and the beginning o f  

the 1980s a t  AECL contr ibuted s i g n i f i c a n t l y  t o  t h i s  [9, 10, 111. 

2. The pr incip le  o f  hydraulic expansion 
The p r i n c i p l e  o f  hydraul ic  expansion i s  amazingly simple. I n  the ex- 

pansion sector, the tube a t  f i r s t  becomes e l a s t i c  then p l a s t i c a l l y  

deformed due t o  the pressure o f  the hydraul ic  f l u i d ,  and i s  then 

pressed against the borehole wal l  . By increasing the pressure fu r the r ,  



t h e  tubesheet o r  t h e  header a l s o  becomes e l a s t i c  and i n  some cases 

subsequently a1 so p l a s t i c a l l y  deformed. A g rea te r  e l a s t i c  reverse 

deformat ion o f  t h e  tubesheet compared t o  t h e  tube a f t e r  t h e  pressure 

i s  r e l i e v e d  i s  dec i s i ve  t o  ensure the  res idua l  adhesive pressure 

between t h e  tube and t h e  tubesheet. 

The ex ten t  o f  t h e  reverse deformation depends on t h e  geometries and 

t h e  y i e l d  p o i n t s  o f  t h e  tubes and t h e  tubesheets and can be determined 
i n  a c a l c u l a t i o n .  The e x t r a c t i o n  fo rce  can be c o n t r o l l e d  by t h e  ex- 
pansi on pressure 1 eve1 and t h e  expansi on d i  stance. 

The p r i n c i p l e  o f  hyd rau l i c  expansion i s  i l l u s t r a t e d  i n  F ig.  3. F i r s t  

o f  a l l  t h e  tube i s  subjected t o  e l a s t i c  s t ress  u n t i l  i t  s t a r t s  t o  
y i e l d  and u n t i l  t h e  clearance between t h e  tube and t h e  tubesheet 
becomes smal le r  and smal ler .  When t h e  tube i s  supported by t h e  bore- 

ho le  wa l l ,  t h e  tubesheet i s  a l so  subjected t o  e l a s t i c  and i n  some 
cases p a r t i a l l y  p l a s t i c  s t resses.  Once t h e  expansion pressure i s  re -  

l i eved ,  reverse deformat ion occurs. The ex ten t  o f  t h i s  d i f f e r s  because 
i n  most cases t h e  tube and t h e  tubesheet a re  made o f  d i f f e r e n t  mate- 

r i a l s  and have d i f f e r e n t  geometries. This  i s  why t h e  s lope o f  t h e  
e l  a s t i  c reverse deformat ion curves d i f f e r .  For reasons o f  equi 1 i brium, 

a r a d i a l  adhesive pressure pH then remains between t h e  tube and t h e  
borehole. I n  t h i s  way t h e  tube i s  embraced and a l so  fastened. Th is  ad- 
hesive pressure on l y  occurs when t h e  f r e e  reverse deformat ion o f  t h e  
tube i s  l e s s  than t h e  f r e e  reverse deformation o f  t h e  tubesheet. 

The f a c t  t h a t  t h e  tube can o n l y  be fastened as a r e s u l t  o f  t h e  deform- 
a t i o n  and expansion o f  t h e  s t r u c t u r e  by t h e  h y d r o s t a t i c  pressure ren-  

ders i t  poss ib le  t o  c a l c u l a t e  t h e  necessary expansion pressure. Fur- 
thermore i t  i s  poss ib le  t o  determine t h e  st resses i n  t h e  tubesheet 

du r ing  and a f t e r  t he  expansion process. These are indispensable t o  

assess the  e f f i c i e n c y  and re1 i a b i l  i t y  o f  a tubel tubesheet  j o i n t .  



Assessment by c a l c u l a t i o n  f a c i  1 i t a t e s  the  s e l e c t i o n  o f  t h e  m a t e r i a l s  

and geometries o f  t h e  tubes and tubesheets r i g h t  from the  p lann ing  

stage. The t h e o r e t i c a l  d e r i v a t i o n  o f  t he  hydraul i c expansion was 

pub1 ished i n  [7] . 

S t r u c t u r a l  aspect o f  t h e  tukel tubesheet  j o i n t  

The tubel tubesheet  j o i n t  can have var ious  d i f f e r e n t  s t ruc tu res .  Some 
o f  these a re  i l l u s t r a t e d  i n  Fig. 4. The most f requent  c o n s t r u c t i o n  i s  
expansion i n t o  t h e  p l a i n  borehole. Var ian t  b i s  app l i ed  i f  h igh  ex t rac -  

t i o n  fo rces  a re  requi red.  The smooth groove i s  very  easy and economic- 

a l  t o  make and t h e r e f o r e  no s i g n i f i c a n t  a d d i t i o n a l  cos ts  a re  incur red .  

In c e r t a i n  s p e c i f i c  cases a j o i n t  i nco rpo ra t i ng  an i n s e r t e d  contac t  
sleeve made o f  p l a s t i c  o r  metal may be b e n e f i c i a l .  

As shown i n  [13] i t  i s  extremely easy t o  determine t h e  adhesive pres- 
sure. The dec i s ion  as t o  how h igh  t h e  minimum adhesive pressure must 

be depends on t h e  sur face q u a l i t y  o f  t h e  borehole and t h e  tube as w e l l  
as on t h e  expansion d is tance and t h e  f l u i d  pressure. A d i f f e r e n t i a t i o n  

must be made between j u s t  expansion and fastening.  An adhesive pres- 

sure o f  approx. 200 bar  i s  adequate f o r  mere expansion whereas adhe- 
s i v e  pressures o f  300 t o  500 bar  and more a r e  requ i red  f o r  fas ten ing .  

The ca l  cu l  a t i  on method der ived f o r  t h e  design o f  hydraul i ca l  l y  expand- 

ed tubel tubesheet  j o i n t s  assumes t h a t  t h e  tube i s  rendered t o  a com- 
p l e t e l y  p l a s t i c  s t a t e  b u t  t h a t  t h e  tubesheet i s  n o t  s t ressed t o  beyond 
i s  e l a s t i c  l i m i t .  Th is  would be des i rab le  bu t  i n  p rac t i ce ,  however, 
f o r  a wide range o f  reasons, both ma te r ia l  combinations and tube l tube-  
sheet geometries are  o f t e n  se lec ted  which r e q u i r e  the  tubesheet t o  be 

i n  a p a r t i a l l y  p l a s t i c  s t a t e  dur ing  t h e  fas ten ing  process i n  o rde r  t o  
achieve the  requ i red  degree o f  fastening.  I n  these cases i t  i s  n o t  

poss ib le  t o  b u i l d  up permanent adhesion w i thout  t h i s  p a r t i a l  p l a s t i c  

deformation. 



This f a c t  makes the  quest ion o f  t h e  maximum admiss ib le expansion pres- 

sure, which does not  nega t i ve l y  a f fec t  t h e  adjacent  j o i n t s ,  seem very 

re levan t .  In such cases i t  i s  nowadays a l s o  economical ly v i a b l e  t o  
c a r r y  ou t  an e l a s t o - p l a s t i c  f i n i t e  element c a l c u l a t i o n  i n  o rder  t o  

determine the  st ress,  t he  course and the  ex ten t  o f  t h e  p l a s t i c  area 

du r ing  t h e  expansion process. 

F ig.  5 g ives  an example o f  such an e l a s t o - p l a s t i c  FEM c a l c u l a t i o n .  I n  

t h i s  case i t  i s  assumed t h a t  t h e r e  i s  a r a d i a l  gap o f  0.3 n between 
t h e  tube and t h e  borehole. A constant  contac t  f o r c e  cannot be b u i l t  up 
u n t i l  t h i s  gap no longer  e x i s t s  as a r e s u l t  o f  t he  p l a s t i c  deformat ion 
o f  t h e  tube. I n  o rder  t o  f u l f i l l  t h i s  c o n d i t i o n  a t o t a l  o f  seven gap 

elements were used t o  j o i n  t h e  tube t o  t h e  borehole. 

F ig.  5a shows the  curves o f  t h e  same equ iva len t  s t resses du r ing  t h e  
expansion process w i t h  p i  = 2500 bar.  The shaded areas a r e  t h e  p l a s t i c -  

a l l y  deformed areas o f  t h e  tubesheet and t h e  tube du r ing  t h e  expansion 

process. 

S i m i l a r l y  Fig. 5b shows t h e  curves o f  t h e  same equ iva len t  s t resses 
du r ing  an expansion process w i t h  p i  = 3500 bar.  The p l a s t i c  area i n  
t h e  tubesheet l igament  has extended considerably.  

The compari son o f  t he  FEM c a l c u l a t i o n  w i t h  t h e  a n a l y t i c a l  c a l c u l a t i o n  

o f  t h e  res idua l  adhesive pressure between t h e  tube and the  borehole 
w a l l  once t h e  pressure has been re1 ieved shows t h a t  t h e  r e s u l t s  t a l l y  
very  we1 1, as t h e  d e v i a t i o n  amounts t o  l e s s  than 8 %. 

The problems o f  possi b l  e  i nadmi s s i  b l  e  i n te r fe rence  d u r i  ng t h e  expan- 

s i o n  process are  extremely important  from t h e  p o i n t  o f  view o f  s a f e t y  
and designing an economi c  cons t ruc t ion .  An e l  asto-p l  a s t i  c  parameter 

s tudy was c a r r i e d  ou t  f o r  a whole ser ies  o f  common tubesheet geome- 
t r i e s  i n  o rder  t o  e s t a b l i s h  appropr ia te  dec i s i ve  c r i t e r i a .  According 
t o  ma te r i a l  law the  i d e a l  was assumed t o  be e l a s t o - p l a s t i c  w i thout  any 

hardness increase.  



Ca lcu la t i ons  were c a r r i e d  ou t  f o r  t h e  f o l l o w i n g  geometries t /D1 = 1.1; 

1.2; 1.3; 1.4 us ing  t h e  FE-program ANSYS (F ig.  7 ) .  Here t h e  s t a r t  o f  

t h e  p l a s t i f i c a t i o n  process and t h e  progress o f  t he  p l a s t i c  area were 

observed. R e l a t i v e l y  low i n t e r n a l  pressure increments o f  p = 50, each 
w i t h  approximately 100 i t e r a t i o n s ,  were requ i red  f o r  t h i s .  

The r e s u l t s  were publ ished i n  [13]; here Fig.  6 shows t h e  spread o f  

t h e  p l a s t i c  area r e l a t i n g  t o  t h e  p l a t e  geometry t / D i  = 1.2. The i n d i -  

v i dua l  i l l u s t r a t i o n s  show t h e  spread o f  t h e  p l a s t i c  area i n  graphic 

form. 

It i s  no t  easy t o  answer t h e  quest ion regard ing  t h e  exhaust ion o f  t h e  

l igament  bear ing capac i ty  because t h e  support e f f e c t  o f  t h e  r e s t  o f  

t h e  tubesheet and the  curva ture  o f  t h e  borehole have a great  i n f l u e n c e  

on t h e  bear ing and deformation capac i t y  o f  t h e  l igament.  It i s ,  how- 

ever, impor tan t  t o  know whether o r  n o t  t h e  expansion o r  adhesive pres- 

sure places inadmiss ib le  s t ress  on t h e  adjacent  tubel tubesheet  j o i n t .  

Fig. 7 se ts  out  t h e  appropr ia te  i n fo rma t ion  f o r  d i f f e r e n t  tubesheet 

geometri es . 

I n  F i g  . 7 t h e  r a d i  a1 d i  sp l  acement o f  po i  n t  1, i .e. t h e  pressure on t h e  

adjacent  borehole, i s  p l o t t e d  as a parameter f o r  t h e  f o u r  d i f f e r e n t  

tubesheet geometries as a f u n c t i o n  o f  t he  i n t e r n a l  pressure r e l a t e d  t o  

t h e  y i e l d  p o i n t .  The pene t ra t i on  o f  t h e  p l a s t i c  area and t h e  r e l a t e d  

j o i n t  takes p lace a t  t h e  end o f  t h e  cont inuous curves. The broken 

curves denote t h e  f u r t h e r  pressure beyond t h i s  p o i n t  up t o  tw i ce  the  

i n i  ti a1 i n t e r n a l  p l  a s t i  c i  z i  ng pressure. No acce le ra t i on  o f  t h e  r a d i a l  

displacement can be detected which means t h a t  t he  bear ing capac i ty  o f  

t h e  s t ruc tu res  has no t  y e t  been reached a t  t w i c e  t h e  i n i t i a l  i n t e r n a l  

p l a s t i c i z i n g  pressure. 

4. Advantages o f  t h e  hyd rau l i c  expansion process 

The hyd rau l i c  expansion process i s  an a l t e r n a t i v e  method o f  tube 

fastening,  which has numerous advantages over t he  convent ional expan- 



s i o n  method used f o r  tubel tubesheet  j o i n t s .  The expansion of a tube 

o n l y  takes seconds, i r r e s p e c t i v e  o f  t h e  fas ten ing  length .  No t o o l  wear 

i s  i nvo l ved  and the re fo re  i t  i s  a l so  poss ib le  t o  save costs.  Only one 

person i s  requ i red  t o  operate the  p l a n t  du r ing  t h e  expansion process. 

It i s  n o t  necessary t o  c lean t h e  tubes. 

The advantages o f  t h e  hyd rau l i c  expansion process a re  l i s t e d  below: 

- t ime  and cos t  saving 

- c a l  c u l  ab i  1 i t y  
- u n i f o r m i t y  o f  a l l  j o i n t s  
- minimal res idua l  s t resses i n  t h e  tube 

- c losu re  o f  gap between tube and tubesheet 

- re1  i ab le  moni t o r i  ng 
- p o s s i b i l i t y  t o  regu la te  the  tube fo rce  

- low deformat ion speed 

The advantages o f  t h e  process predest ine  t h e  HYTEX 'process f o r  heat 
exchangers i n  which t h e r e  i s  a r i s k  o f  c rev i ce  corros ion.  It i s  t h e  
o n l y  process whi ch enables easy qua1 i t y  c o n t r o l  du r ing  manufacture. 

5. New construction p o s s i b i l i t i e s  i n  the heat t ransfer  equipment sector 
using hydraul i c  expansion 
The process o f  hydraul i c a l  l y  fas ten ing  tubes i n t o  tubesheets opens t h e  

way f o r  new const ruc t ions  i n  t h e  heat exchanger cons t ruc t i on  sector .  
I n  t h i s  sense the  HYTEX process n o t  on l y  has an i nnova t i ve  i n f l u e n c e  
on t h e  tubekubesheet  j o i n t  bu t  a l s o  on t h e  e n t i r e  heat exchanger 
desi  gn. 

For example tube/tubesheet j o i n t s  w i t h  d i f f i c u l t  access can be reached 

us ing  f 1 e x i  b l  e  probes (F ig  . 8). This  means t h a t  t h e  headers, i n  which 

t h e  heat exchange tubes end, can be kept correspondingly  small. The 
heat exchanger can be constructed more compactly and t h e  volume o f  t h e  
tube-s ide medium can be minimized. Another example f o r  new poss ib le  



const ruc t ions  i n  t he  heat exchanger sec tor  i s  t h e  expansion o f  tubes 

a t  a g reat  depth. Tubes were success fu l l y  expanded and fastened t o  t h e  

tubesheet a t  a depth o f  14 m (Fig.  9).  

Prev ious ly  a t  l e a s t  one tube-s ide waterbox was requ i red  f o r  each shel l- 
s ide  pressure stage. This  new technology means t h a t  i t  i s  poss ib le  t o  

d i v i d e  the  shel 1 sec t i on  i n t o  several pressure sec t ions  w i thou t  having 

t o  r e s o r t  t o  a c o s t l y  waterbox. 

This  f a c t  means t h a t  vessels connected i n  se r i es  can be combined t o  

form a mu1 t i - s t a g e  u n i t  (Fig. 10). A good example f o r  a heat exchanger 

constructed i n t h i  s way i s t h e  dupl ex preheater.  Space-savi ng construc-  

t i o n ,  sho r t  and simple p ipe  r o u t i n g  and compactness a re  t h e  fea tures  

o f  t h i s  system which a r e  h i g h l y  valued i n  power s t a t i o n s  (Fig. 11.). 

An i n t e r e s t i n g  techn ica l  s o l u t i o n  which can on l y  be achieved w i t h  

HYTEX i s  t h e  s t r a i g h t  tube heat exchanger which requ i res  i n t e n s i v e  

coo l i ng  f rom t h e  s h e l l  s e c t i o n  due t o  the  tubesheet being subjected t o  

h igh  temperature. I n  most cases t h i s  i nvo l ves  heat recovery b o i l e r s  

which cool t h e  process gas f rom var ious  chemical processes and b r i n g  

t h e  feedwater up t o  b o i l i n g  temperature i n  t h e  s h e l l  sect ion.  The 

steam generated i n  t h i s  way i s  mos t l y  f e d  i n t o  t h e  process. F ig.  12 i s  

a diagram showing t h e  cons t ruc t i on  o f  such a heat recovery b o i l e r .  

As t h e  t h i n  tubesheets a r e  i n t e n s i v e l y  cooled by t h e  coo l i ng  medium i n  

t h e  s h e l l  sect ion,  two t h i n  tubesheets supported by t h e  heat exchanger 

tubes a re  requi red.  The d i f f e r e n t  temperatures o f  t h e  tubes and t h e  

s h e l l  generate tube fo rces  which together  w i t h  t h e  i n t e r n a l  pressure 

produce considerable s t resses i n  t h e  tubes and a l so  i n  t h e  tube l tube-  

sheet j o i n t s .  I n  many cases these st resses cannot be c o n t r o l l e d  i n  
convent ional cons t ruc t ions  . 

One remedy i s  t h e  S t r a i n  B lock ing  System (SBS), a process based on t h e  

pre-s t ress ing  o f  t he  tubes. Using t h i s  process the  tube s t ress  can be 



minimized d u r i  ng ope ra t i  on. The sequence o f  t h e  i n d i v i d u a l  work steps 

i s  as fo l l ows :  a t  f i r s t  t h e  tubes are  h y d r a u l i c a l l y  expanded i n t o  a 

tubesheet and welded t o  t h e  tubesheet (F ig.  13).  I f  necessary, t h e  

e n t i r e  heat exchanger i s  heat t rea ted .  No anneal ing damage can occur 

as t h e  tubes can expand f r e e l y .  I n  t h e  next s tep  t h e  i n d i v i d u a l  tubes 

are  preheated w i t h  a heat ing  probe. 

Once they  have extended by a f i xed ,  ca l cu la ted  amount they  a r e  hydrau- 

1 i c a l l  y expanded i n t o  t h e  second tubesheet. The expansi on process 

takes o n l y  seconds and t h e  sequence i n  which t h e  i n d i v i d u a l  tubes a re  

fastened i s  o f  no s i g n i f i c a n c e  as f a r  as t h e  r e s u l t a n t  p re -s t ress ing  

o f  t h e  tubesheet i t  concerned. The tubes a re  permanently anchored i n  

t h e  t h i n  tubesheets as a r e s u l t  o f  t h e  deformat ion o f  t h e  tubes i n  t h e  

smooth grooves. The tubel tubesheet  we1 d j o i n t s  on ly  f u l  f i  11 a seal i ng 

func t ion ,  they a re  no t  invo lved i n  t h e  t r a n s f e r  o f  tube forces.  I n  

p r a c t i c e  t h e  process can be very easi  l y  monitored [14] . No a d d i t i o n a l  

expensive equipment i s  requ i red  and i t  i s u s e r - f r i e n d l y  [13] . 

Fig.  14 shows an example o f  t h e  tubesheet deformat ion o f  a loaded tube- 

sheet. I n  t h i s  case, i t  i s  determined t h a t  t h e  tubes extend by 2.3 mn 
so t h a t  t h e  tubesheet deformation remains as small as poss ib le  under 

opera t ing  cond i t i ons  [5, 61 . 

A t ime- tes ted  a p p l i c a t i o n  o f  t h e  hyd rau l i c  expansion process t o  re -  

f u r b i s h  damaged tubes i n  se rv i ce  i s  HYTEX s leeving.  

A t h in -wa l l ed  tube o f  a s u i t a b l e  ma te r i a l  i s  i n s e r t e d  i n  t h e  weakened 

tubes and pressed aga ins t  t h e  o r i g i n a l  weakened tube us ing  a hyd rau l i c  

f l u i d  (F ig.  15). During t h i s  process the  e n t i r e  p l a s t i c  deformat ion o f  

t h e  composite tube must be determined and r e s t r i c t e d .  I f  necessary, 

hyd rau l i c  expansion can be c a r r i e d  out  a t  a h igher  pressure i n  t h e  

tubesheet sect ion.  When s e l e c t i n g  t h e  ma te r ia l  f o r  t he  sleeve, i t  i s  

important  t o  consider  t h e  s t ress  caused by i n t e r n a l  o r  ex terna l  pres- 

sure and temperature as we l l  as t h e  s t ress  due t o  surpressed thermal 

expansion i n  an a x i a l  d i r e c t i o n .  



A c a r e f u l  l y  considered cons t ruc t ion ,  t e s t i n g  i n  t he  development work- 

shop and p r a c t i c a l  experience guarantee a favourably p r i c e d  and r a p i d  
r e f u r b i  shment of damaged heat exchangers du r ing  a sho r t  i nspec t i on  

outage. 

6. Sumnary 
Since i t  was in t roduced approximately twenty years ago, t h e  process 
f o r  t h e  h y d r a u l i c  expansion o f  tubes has been developed f u r t h e r  and 
new poss ib le  appl i ca t ions  es tab l  i shed i n  connect ion w i t h  t h e  construc-  

t i o n  o f  vessels. The advantages o f  t h e  process were recognized. I n  
a d d i t i o n  t o  t h e  c l o s i n g  o f  t h e  gap and t h e  u n i f o r m i t y  o f  a l l  t h e  
j o i n t s ,  i t  i s ,  above a l l ,  t h e  low deformat ion speed o f  t h e  tubes which 
i s  i n c r e a s i n g l y  being acknowledged. 

The low inhe ren t  s t resses and t h e  slow tube deformation ensure crack- 
f r e e  tubel tubesheet  j o i n t s  which a r e  no t  scep t i  b l  e  t o  corros ion.  Areas 

w i t h  d i f f i c u l t  access and a l so  a t  d i f f e r e n t  depths can be r e l i a b l y  
reached by us ing  t h e  f l e x i b l e  probe. Mu l t i - s tage  heat exchangers can 

be cons t ruc ted  w i thout  expensi ve headers. These a re  cha rac te r i  zed by 

1 ow cos ts  and g rea te r  avai  1 ab i  1 i t y .  

The SBS permi ts  s p e c i f i c  p re -s t ress ing  o f  tubes and thus t h e  approp- 

r i a t e  cons t ruc t i on  o f  t h e  tube/tubesheet j o i n t s  f o r  each s p e c i f i c  ap- 
p l  i c a t i o n .  HYTEX s leev ing  i s  a t ime- tes ted  process f o r  r e f u r b i s h i n g  
damaged tubes i n  operat ion.  It o f f e r s  a r a p i d  and low-pr iced s o l u t i o n  

t o  unexpected problems and i s  recognized by p l a n t  operators as a prac- 

t i c a l  remedy i n  an emergency. 
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1 Tube - 5 Separator 

2 Tube plate 6 Booster 

5 - Probe 7 Valve 

4 Water tank - 8 Oil tank 

Fig. 1 Diagram o f  HYTEX expansion equipment 
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Fig. 2 HYTEX expansion equipment 



Fig. 3 The principle of hydraulic expansion 
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$3 Contact jacket 

--- 

F i g .  4 Var ious types of tube/ tubesheet  j o i n t  





F i g .  6 Resul ts  o f  an e l a s t o - p l a s t i c  FEM ca lcu la t ion  f o r  t/Di = 1.2 
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Fig.  8 Use o f  t h e  f l e x i b l e  probe 





Fig .  10 Comparison of single and mu1 ti -stage constructions 

a) single stage construction 

b )  mu1 ti -stage construction 
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1. Operat~ng pressure on tube ude 

p : 33.5 bar 

D i 
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Fig .  15 HYTEX sleeving 






