
CHAPTER 3

CHARACTERISTICS OF PLATE HEAT EXCHANGERS

3 . 1  C o n s t r u c t i o n  o f  P l a t e  He a t  E x c h a n g e r

3 . 1 . 1 .  G e n e r a l  D e s c r i p t i o n

P l a t e  h e a t  e x c h a n g e r s  a r e  made up o f  p r e s s e d  r e c t a n g u l a r  

m e t a l  s h e e t s  t h a t  a r e  c o r r u g a t e d  t o  i n c r e a s e  t u r b u l e n c e  and i mp r ov e  

h e a t  t r a n s f e r ,  a s  w e l l  a s  t o  g i v e  m e c h a n i c a l  r i g i d i t y .  The s h e e t s  

a r e  s u s p e n d e d  v e r t i c a l l y  and c l a m p e d  t o g e t h e r  i n  t h e  f r a m e  f r om a 

t o p  c a r r y i n g  b a r  and a r e  a l i g n e d  by a b o t t o m  b a r .  Two p l a t e s  a r e  

shown i n  F i g .  3 . 1 .

F i g u r e  3 . 1  T y p i c a l  p l a t e s  s h o w i n g  i n t e r m a t i n g  and c h e v r o n

t r o u g h s
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The f o l l o w e r  and t h e  head  a r e  c l a m p e d  t o g e t h e r  by l a t e r a l  b o l t s .  

They n o r m a l l y  h a v e  f l o w  p o r t s  i n  a l l  f o u r  c o r n e r s ,  wh i c h  c o mmu n i c a t e  

w i t h  a p p r o p i a t e  c o n n e c t i o n  m o u n t e d  on t h e  f r a m e  a s  shown i n  F i g .  3 . 2 .

The p l a t e s  a r e  c o m p r e s s e d  a g a i n s t  t h e  s t a t i o n a r y  head  o f  t h e

f r a m e  by a m o v a b l e  f o l l o w e r ,  w h i c h  s l i d e s  a l o n g  t h e  t o p  c a r r y i n g  b a r .

Cal  lying bar

F i g u r e  3 . 2  T y p i c a l  P l a t e  and Frame Hea t  E x c h a n g e r

The

s h a p e d  and 

t h e  t wo 

r e l a t i v e l y

p l a t e s  t h e m s e l v e s  a r e  f i t t e d  w i t h  g a s k e t s ,  w h i c h  a r e  

l o c a t e d  b o t h  t o  p r e v e n t  e x t e r n a l  l e a k a g e  and t o  d i r e c t  

l i q u i d s  n o r m a l l y  f l o w i n g  c o u n t e r c u r r e n t l y  t h r o u g h  t h e  

n a r r o w  p a s s a g e  b e t w e e n  a l t e r n a t e  p a i r s  o f  n e a t  t r a n s f e r

p l a t e s  [ 1 9 1 .
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3 . 1 . 2 .  P l a t e  C o n s t r u c t i o n  F e a t u r e s

P l a t e s  g e n e r a l l y  embody t h e  f o l l o w i n g  f e a t u r e s  a s  shown i n  

Fig.  3.3:

F i g u r e  3 . 3  Di a g r a m o f  h e a t  e x c h a n g e r  p l a t e

1. Two f l o w  p o r t s  p , w h i c h  p r o v i d e  t h e  i n l e t  and o u t l e t  

f o r  one  p r o c e s s  l i q u i d  t o  one  i n t e r p l a t e  p a s s a g e ,  and  t wo  t r a n s f e r  

p o r t s  PT , w h i c h  i n t r o d u c e  t h e  o t h e r  p r o c e s s  l i q u i d  t o  t h e  a d j a c e n t  

p a s s a g e .

2 .  A r e c t a n g u l a r  c o r r u g a t e d  a r e a  H, w h e r e  t h e  m a i n  h e a t  

t r a n s f e r  t a k e s  p l a c e .

3.  End h e a t  t r a n s f e r  z o n e s  D, a p p r o x i m a t e l y  t r i a n g u l a r  i n  

s h a p e ,  w h i c h  d i s t r i b u t e  t h e  l i q u i d  f r om t h e  p o r t s  Pp t o  t h e  a r e a  H.

4.  P o r t  l e a k a g e  a r e a s  L, b e t w e e n  t h e  t r a n s f e r  p o r t  PT and 

t h e  a r e a  H, w h i c h  a r e  v e n t e d  t o  t h e  a t m o s p h e r e  t h r o u g h  g r o o v e s  V, s o
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t h a t  d i r e c t  l e a k a g e  c a n n o t  t a k e  p l a c B  b e t w e e n  t h e  two p r o c e s s  

1 i q u i d s .

5.  End g u i d e s  E, w h i c h  s u s p e n d  and l o c a t e  t h e  p l a t e s  i n  t h e

f r a m e .

6.  A g a s k e t  G, n o r m a l l y  e l a s t o m e r i c ,  w h i c h  i s  c e m e n t e d  i n t o  

a s u i t a b l y  s h a p e d  g r o o v e ,  and w h i c h  s e a l s  b o t h  p e r i p h e r a l l y  and 

a r o u n d  t h e  t r a n s f e r  p o r t s .

The p o r t s  may be a r r a n g e d  i n  t wo  wa y s .

1.  V e r t i c a l  f l o w  t a k e s  p l a c e  b e t w e e n  p o r t s  l o c a t e d  on t h e  

same s i d e  o f  t h e  p l a t e  ( F i g .  3 . 4 ) .

F i g u r e  3 . 4  V e r t i c a l  f l o w  p l a t e  w i t h  c h e v r o n  t r o u g h s
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2.  D i a g o n a l  f l o w  t a k e s  p l a c e  b e t w e e n  o p p o s i t e  c o r n e r s  ( F i g .

3 . 5 ) .

F i g u r e  3 . 5  D i a g o n a l  f l o w  p l a t e  w i t h  i n t e r m a t i n g  t r o u g h s

The p l a t e s  a r e  mount ed so t h a t  t h e r e i s  m e t a l  t o  m e t a l

c o n t a c t ah i n t e r v a l s  t h r o u g h o u t t h e p l a t e  a r e a . The f l o w  i n  e a c h

c h a n n e l ใ ร d i v i d e d  and r e c o m b i n e d and g r e a t l y a g i t a t e d  by t h e

c o r r u g a t i o n s .  B e c a u s e  o f  t h e  s u p p o r t  p r o v i d e d  by p l a t e  t o  p l a t e  

c o n t a c t s ,  t h e  p l a t e s  c a n  be made q u i t e  t h i n ,  o f t e n  a s  f i n e  a s  0 . 6  mm. 

Nomi na l  p l a t e  s e p a r a t i o n  v a r i e s  f r o m  2 t o  5 mm.

Common p l a t e  m a t e r i a l s  a r e  SS304 ,  SS316 ,  T i t a n i u m ,  A s t e l l o y ,  

I n c c l o y  825 ,  I n c o n e l ,  T a n t a l u m ,  P a l l a d i u m .

th1Q5Q£-S0^
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3.  1 . 3 .  G a s k e t

The p o l y m e r s  commonly u s e d  f o r  g a s k e t s  a r e  g i v e n  i n  T a b l e

3 . 1 .

T a b l e  3 . 1  G a s k e t  m a t e r i a l  a p p l i c a t i o n s

Rubber type and max. temp. Suitable for Unsuitable for
Styrene-butadiene (SBR) 87°c

Acrylonitrile-butadiene (nitrile) 137°c 

Isobutylene-isoprene copolymer (butyl)
15 2° c

Ethylene-propylene rubber (EPDM) 
15:°C

Fluorocarbon (Viton ) 177°c

Silicone

General-purpose rubber for a wide 
range of aqueous solutions, dilute 
3cids, etc.

Aqueous liquids, dilute acids, fats, and 
mineral oils

Organic liquids, such as aldehydes, 
ketones, inorganic acids, and organic 
acids

Similar chemical resistance to butyl but 
frequently superior

A wide range of organic liquids; fats and 
oils (at high temperatures) and some 
mineral acids

Specific chemical duties and low- 
temperature applications

Strong acids and many organic liquids

Strong oxidizing solutions, strong acids, 
polar organic solvents

Fats, oils, aromatic hydrocarbons, and 
concentrated mineral acids

Fats, oils, aromatic hydrocarbons, and 
concentrated mineral acids

Esters, ketones

Many organic liquids

Of t h e s e  t h e  t wo s t a n d a r d  r u b b e r s  f o r  p l a t e  h e a t  e x c h a n g e r s  

a r e  b u t y l  r u b b e r  and n i t r i l e  r u b b e r ! 163.  The g a s k e t  i s  t h e  w e a k e s t  

c o mp o n e n t  i n  t h e  p l a t e  h e a t  e x c h a n g e r s ,  so  we mu s t  c o n s i d e r  t h e  r a t e  

and d e g r e e  o f  a t t a c k  on r u b b e r  g a s k e t  m a t e r i a l s  i n  c o n t a c t  w i t h  

f l u i d s  w h i c h  d e p e n d  on a number  o f  f a c t o r s :  f l u i d  c o m p o s i t i o n ,  

g a s k e t  m a t e r i a l ,  maximum o p e r a t i o n  t e m p e r a t u r e ,  o p e r a t i n g  p r e s s u r e ,  

c o m p r e s s i v e  and  o t h e r  m e c h a n i c a l  s t r e s s e s  a s  e x p e r i e n c e d  by t h e  

e l a s t o m e r  d u r i n g  t h e  o p e r a t i o n  o f  p l a t e  h e a t  e x c h a n g e r s ,  and t i m e  o f  

e x p o s u r e .

3.  1 . 4 .  Frame

A p l a t e  h e a t  e x c h a n g e r  f r a m e  i s  b a s e d  on t n e  f o l l o w i n g

u n i t s ,  a s  shown i n  F i g .  3 . 6  and F i g .  3 . 7 .
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F i g u r e  3 . 6  i n d u s t r i a l  f r a m e  w i t h  t i e  b a r  t i g h t e n i n g

F i g u r e  3 . 7 S t a i n l e s s  s t e e l - c l a d  h y g i e n i c  f r a m e  w i t h  s c r e w  c l o s u r e

*
1. Two v e r t i c a l  member s ,  and end s u p p o r t  E and be a d  H, wh i ch  

c a r r i e s  f o u r  l i q u i d  c o n n e c t i o n s  o r  n o z z l e s  c .

2.  Top and b o t t o m  b a r s  BB, c a r r i e d  b e t w e e n  t h e s e  v e r t i c a l
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me mb e r s ,  w h i c h  s u p p o r t  and g u i d e  t h e  p l a t e  p a c k  p .

3.  A f o l l o w e r  ? ,  w h i c h  c o m p r e s s e s  t h e  p l a t e  a g a i n s t  t h e  

he a d  H, and w h i c h  c a n  a l s o  c a r r y  a d d i t i o n a l  l i q u i d  c o n n e c t i o n s .

4,  A means  o f  c l a m p i n g  t h e  p l a t e s  b e t w e e n  t h e  he a d  and 

t h e  f o l l o w e r .

T h i s  c l a m p i n g  i s  n o r m a l l y  do ne  i n  one  o f  t h e  f o l l o w i n g  two

ways  ะ

1. The head  and f o l l o w e r s  a r e  c o m p r e s s e d  t o g e t h e r  by a 

number  o f  t i e  b a r s  T ( F i g  3 . 6  ) .

2.  The c o m p r e s s i v e  l o a d  i s  a p p l i e d  t o  t h e  f o l l o w e r  by one  

o r  t wo t i g h t e n i n g  s c r e w s  ร c a r r i e d  by t h e  end s u p p o r t  ( F i g  3 . 7 ) .

3 . 1 . 5 .  C h a n n e l  C o n s t r u c t i o n

In a p l a t e  h e a t  e x c h a n g e r ,  a c h a n n e l  i s  b o u n d e d  by two 

a d j a c e n t ,  i d e n t i c a l  p l a t e  e l e m e n t s .  The c h a n n e l  has  a f i x e d  

t h e r m a l  l e n g t h ,  d e f i n e d  a s  C201:

•

e = ( T -  T ) = 2 aU 

A t 1111 wC

T o t a l  0 ( a  d i m e n s i o n l e s s  n u m b e r )  i s  t h e  sum o f  t h e  0 v a l u e s  

o f  c h a n n e l s  c o n n e c t e d  i n  s e r i e s ,  and i s  t h u s  l i m i t e d  t o  m u l t i p l e s  o f  

t h e  u n i f o r m  0 v a l u e  o f  a g i v e n  c h a n n e l .  As a r e s u l t ,  i t  i s  a l m o s t  

i m p o s s i b l e  t o  m a t c h  t h e  t h e r m a l  l e n g t h  o f  a d u t y  e x a c t l y ,  and a 

c e r t a i n  o v e r - d i m e n s i o n i n g  i s  n e c e s s a r y .

I t  i s  p o s s i b l e  t o  i n s t a l l  mor e  t h a n  one  k i n d  o f  c h a n n e l  

i n  t h e  same p l a t e  p a c k .  Wi t h  d i f f e r i n g  v a l u e s  o f  0 , t h e  c h a n n e l s  

c o u l d  be mi x e d  t o  p r o d u c e  any d e s i r e d  v a l u e s  o f  0 b e t w e e n  t h e
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h i g h e s t  and l o w e s t  c h a n n e l  v a l u e s .  Two b a s i c  k i n d s  o f  p l a t e s  a r e  

u s e d :  a h i g h - 0  p l a t e  w i t h  o b t u s e  a n g l e  c o r r u g a t i o n s ,  w h i c h  y i e l d s  a 

c o m p a r a t i v e l y  l a r g e  p r e s s u r e  d r o p ,  and a low-Q p l a t e  w i t h  a c u t e  

a n g l e  c o r r u g a t i o n s ,  w h i c h  y i e l d  l e s s  f l o w  r e s i s t a n c e  and t h e r e f o r e  

a s m a l l e r  p r e s s u r e  d r o p .  T h e s e  t wo  p l a t e s  c a n  be  c o mb i n e d  i n t o  

t h r e e  t y p e s  o f  c h a n n e l s - H ,  M, and L [ 2 0 ] ,  a s  p r e s e n t e d  ; ท F i g .  3 . 8 .

H channel 
(high 4* high)

พ  channel 
(high -+■ low)

L channel 
(low 4* low)

F i g u r e  3 . 8 S c h e m a t i c  r e p r e s e n t a t i o n  o f  mi x e d  p l a t e s

3 . 2  O p e r a t i o n

Not  o n l y  p l a t e  h e a t  e x c h a n g e r s  a r e  s u i t a b l e  f o r  f o o d  o r  

s i m p l e  w a t e r / w a t e r  a p p l i c a t i o n s  b u t  i m p r o v e m e n t s  i n  t h e  t h e r m a l  and 

m e c h a n i c a l  d e s i g n  o f  p l a t e  h e a t  e x c h a n g e r s ,  c o u p l e d  w i t h  d e v e l o p m e n t  

i n  e l a s t o m e r  t e c h n o l o g y ,  now make t h e m  s u i t a b l e  f o r  a p p l i c a t i o n s  

i n v o l v i n g  h a z a r d o u s  c h e m i c a l s  s u c h  a s  a c i d s ,  a l k a l i s ,  o i l s ,  s o l v e n t s ,  

h y d r o c a r b o n s  and a q u e o u s  s o l u t i o n s C 2 1 ] .  Suc h  e x c h a n g e r s  f i t  i n t o  any 

f l o w s h e e t  w h e r e  h e a t  a r e  t o  be e x c h a n g e d  b e t w e e n  f l u i d s  u n d e r  a l l  

c o n d i t i o n s  up t o  2 , 0 0 0  kN/m2 and  150 ° c .  M a i n t e n a n c e  r e c o r d s  show 

v e r y  low l e v e l s  o f  f o u l i n g  and c o r r o s i o n .  P r o c e s s  e n g i n e e r s  o f t e n  

p r e f e r  p l a t e  e x c h a n g e r s  t o  c o n v e n t i o n a l  h e a t  e x c h a n g e r s  s o l e l y  

b e c a u s e  o f  i t s  low i n i t i a l  c o s t s [ 2 2 ] ,  w h i c h  may r u n  40% t o  60% l e s s

t h a n  t h a t  o f  c o m p a r a b l e  s h e l l  and t u b e  h e a t  e x c h a n g e r s .
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3 . 3  P l a t e  A r r a n g e m e n t s

3 . 3 .  1. Type  o f  P a s s  A r r a n g e m e n t s

in a p l a t e  e x c h a n g e r ,  t h e r e  e x i s t s  a l a r g e  nu mber  o f  f e a s i b l e  

m u l t i p a s s  f l o w  a r r a n g e m e n t s .  E s s e n t i a l l y ,  t h e s e  a r e  c o m b i n a t i o n s  o f  

p a r a l l e l  f l o w  and c o u n t e r f l o w  a r r a n g e m e n t s  w i t h  h e a t  t r a n s f e r  

t a k i n g  p l a c e  i n  a d j a c e n t  c h a n n e l s .  T h e s e  a r r a n g e m e n t s  c a n  be 

o b t a i n e d  by b l a n k i n g  f l o w  p o r t s  o r  by p r o p e r l y  g a s k e t i n g  a r o u n d  t h e  

p o r t s  i n  t h e  p l a t e s .  T h e r e  a r e  t h r e e  f u n d a m e n t a l  ways  i n  wh i c h  

p l a t e s  c a n  be a r r a n g e d :  s i n g l e  p a s s ,  m u l t i p a s s  w i t h  e q u a l  p a s s e s ,

and m u l t i p a s s  w i t h  u n e q u a l  p a s s e s  [ 4 1 .

3 . 3 . 1 . 1 .  S i n g l e  P a s s

Bo t h  l i q u i d s  a r e  i n  c o u n t e r f l o w  t h r o u g h  p a r a l l e l  p a s s a g e s  

t h a t  make up a s i n g l e  p a s s .

3 . 3 . 1 . 2 .  M u l t i p a s s  Wi t h  Equa l  P a s s e s

When NTU v a l u e s  g r e a t e r  t h a n  t h o s e  g i v e n  by ร s i n g l e  p l a t e  

a r e  r e q u i r e d ,  m u l t i p a s s  a r r a n g e m e n t s  c a n  be u s e d .

3 . 3 . 1 . 3 .  M u l t i p a s s  Wi t h  Un e q u a l  P a s s e s

When f l o w  r a t i o s  a r e  h i g h  o r  t h e r e  i s  some o t h e r  r e a s o n  f o r  

m i n i m i z i n g  t h e  p r e s s u r e  d r o p  on one  s i d e ,  u n e q u a l  p a s s e s  c a n  be u s e d

w i t h  f e w e r  p a s s e s  on t h e  low p r e s s u r e  d r o p  s i d e .
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Some o f  t h e  n - p a r a l l e l  p l a t e s  m u l t i p a s s  a r r a n g e m e n t s  a r e  

shown i n  F i g .  3 . 9  [ 6 1 .

( a )  S i n g l e  P a s s

( c )  2 P a s s  -  1 P a s s

<b) ท P a s s  -  ท P a s s

( d )  4 P a s s  -  1 P a s s

( e )  4 P a s s  -  2 P a s s  ( f )  3 P a s s  -  6 P a s s

F i g u r e  3 . 9  n - p a r a l l e l  p l a t e  s i n g l e  and m u l t i p a s s  a r r a n g e m e n t s

The number o f p a r a i  l e i p a s s a g e s  i s s e t  by t h e

e x c h a n g e r  o u t p u t  and t h e a l l o w a b 1e p r e s s u r e  d r o p . Of c o u r s e , t h e

l a r g e r  t h e  nu mb e r  o f  p a r a l l e l  p a s s a g e s ,  t h e  l o w e r  t h e  p r e s s u r e  d r o p .  

The number  o f  s e r i a l  p a s s a g e s  i s  d e t e r m i n e d  by p l a t e  e f f i c i e n c y  and 

h e a t  e x c h a n g e  r e q u i r e m e n t s .

3 . 3 . 2 .  End E f f e c t s

The LMTD c o r r e c t i o n  f a c t o r  F a s s u m e s  t h a t  t h e  s i z e  o f  t h e
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p a s s e s  i s  i n f i n i t e .  For  s m a l l  p l a t e s ,  h o w e v e r ,  c e r t a i n  a d d i t i o n a l  

f a c t o r s  become i m p o r t a n t .

3 . 3 . 2 . 1 .  End P a s s a g e s

In a l l  p l a t e  a r r a n g e m e n t s ,  e v e r y  p a s s a g e  t r a n s f e r s  h e a t  in 

b o t h  d i r e c t i o n s  e x c e p t  t h e  end p a s s a g e s ,  w h i c h  t r a n s f e r  h e a t  i n  one 

d i r e c t i o n  o n l y .

3 . 3 . 2 . 2 .  Equa l  Number o f  P a s s e s

From F i g .  3 . 9 ( b )  i t  i s  s e e n  t h a t  a l t h o u g h  t h e  f l o w s  a r e  

b a s i c a l l y  c o u n t e r c u r r e n t ,  t h e  p l a t e  t h a t  s e p a r a t e s  p a s s a g e s  a t  t h e  

end o f  e a c h  p a s s  i s  s u b j e c t  t o  p a r a l l e l  f l o w .

3 . 3 . 2 . 3 .  Unequa l  P a s s e s

The t wo p a s s / o n e  p a s s  s y s t e m  i n  F i g  3 . 9 ( c )  h a s  f i v e  p a r a l l e l -  

f l o w  and s i x  c o u n t e r f l o w  p l a t e s .  T h i s  i n e q u a l i t y ,  w h i c h  a p p l i e s  t o  

a l l  p a s s  a r r a n g e m e n t s ,  mus t  be t a k e n  i n t o  a c c o u n t .

The f a c t o r s  c a n  be d e n o t e d  a s  end e f f e c t s ,  b e c a u s e  t h e y  

r e s u l t  f r om p a s s a g e s  a t  t h e  end o f  e a c h  p a s s .  T h e i r  m a g n i t u d e  

i n c r e a s e s  w i t h  t h e  f o l l o w i n g  p a r a m e t e r s . I
1. I n c r e a s e  i n  p l a t e  NTU.

2.  D e c r e a s e  i n  s i z e  o f  p a s s .

3.  I n c r e a s e  i n  number  o f  p a s s e s .

The end e f f e c t  i s  n o t  s e r i o u s  when t h e  number  o f  t h e r m a l

p l a t e s  i s  a b o u t  20 o r  mor e .
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