


PLANTS OF 

Diagram 3 a c o n d e n s i n g  i n c l u d e s  
t h e  . f o l l o w i n g  p a r t s :  
- a jet c o n d e n s e r  and  a c o o l e r  

1 e y a s e s  
- p l a n t  t h e  s a i d  
- a c o n d e n s a t e  p l a n t ;  
- a c o o l  , n a t u r a l  

f a r c e d  i n  areas 
w h e r e  w a t e r  s o u r c e s  ai-e a v a i l a b l e ;  

- a p l a n t  f o r  pumping c o l d  w a -  
ter i n t o  t h e  c o n d e n s e r  and  c o o l e r s .  

The cost  t h i s  e q u i p m e n t  is j u s t i f i e d  by  
t h e  h i g h e r  power p r o d u c t  

g a s e s  b e  by 
stearn e j e c t n r s ,  

i f u g a  1 r . 
The d e p e n d s  t h e  g a s  
f l a w  b e  removed t h e  c o n d e n s e r .  
I n  Wairakei p l a n t s  ( N e w  Z e a l a n d )  e i t h e r  
s team are  
u s e d .  
I n  t h e  G e y s e r s  p l a n t s  t h e  
g a s e s  are e x t r a c t e d  by  steam e j e c t o r s .  I n  
t h e  p l a n t s  area ,  where  t h e  
p e r c e n t a g e  gases c o n t a i n e d  i n  n a t u r a l  
steam is h i g h e r ,  i t  is a d v a n t a g e o u s  

e n  t f u g a  1 camp r . 
The c a p a c i t y  a n  d e p e n d s  

The materials  u s e d  f o r  t h e  
t h e  p l a n t  are t h e  f a l l o w i n g :  

- a u s t e n i t i c  s t a i n l e s s  s teel  g a s  
- f e r r i t i c  s t a i n l e s s  steel and  
- c a r b o n  steel t e 

m e e h a n i t e  cas t  

A 

t h e  le  p e r c e n t a g e  c o n-  
t a i n e d  i n  t h e  steam; 

t h e  q u a n t i t y  a i r  i n  t h e  
u n d e r  t h e  

b a s i s  of e x p e r i m e n t a l  d a t a  s i m i  
p l a n t s ) :  

t h e  w e i g h t  o f  t h e  
d i s s o l v e d  i n  t h e  d e a e r a t e d  
w a t e r  i n  t h e  c o n d e n s e r  f r o m  
t a b l e s )  

t h e  i n j e c t i a n  w a t e r  c a p a c i t y  a n d  tempe-  
r a t u r e  and  , t h e r e f o r e ,  t h e  
o f  steam t h e  m i x t u r e  t h e  

i t e d  g a s e s :  

t h e  p r e - e s t a b i l  i s h e d  d e g r e e .  

F i g .  2 i l l u s t r a t e s  t h e  d i a g r a m  t h e  
steam s p e c i f i c  c o n s u m p t i o n  c a l c u l a t e d  f o r  
a 15,000 u n i t ,  a s  a 
f u n c t i o n  t h e  p r e s s u r e  a t  t h e  t u r b i n e  
e x h a u s t  and of t h e  i n c o n d e n s a b l e  
p e r c e n t a g e  c o n t a i n e d  i n  t h e  n a t u r a l  steam. 

F i g .  3 g i v e s  t h e  v a l u e s  t h e  i n - t a k e  
m i x t u r e  c a p a c i t y ,  a n d  t h e  
b y  a c e n t r i f u g a l  c o m p r e s s o r .  as a 

t h e  same v a r i a b l e s  F i g .  2. 
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Baton 

Fig. 4 gives the specific steam 
consumption of the unit, as well as the 
consumption of the ejector, as a function 
of the variables, for the same 
15,000 unit, but equipped with a 
two-stage ejector. 

FUNCTIONAL AND CONSTRUCTIONAL FEATURES OF 

Turbocompressors used in geothermal plants 
are only of the centrifugal type, even if 
the value of capacity at suction 
suggest the application of axial type 

The latter can be used in geothermal 
plants, because the physical and 
chemical characteristics the mixture at 
suction. A low Reynolds number at the 

suction would imply the 
of large axial blades and, their 

efficiency could be maintained, 
because fouling to some components 

the mixture. 
Centrifugal cornpressors are more sui table 
for the following reasons than axial 
machines : 

-Their stage pressure ratio is greater. 
Hence fewer stages are required and the 
cost is less. 

-Centrifugal impellers are less sensitive 
to fouling than axial flow blades. 

.t. 8 

. . 

I 

Ansaldo's turbocompressors for ENEL's 
MW geothermal plants have evolved since 
1980 as follows: 
there are two types of modular compressors 
name 1 y 

(multistage, multishaft, 1 
intercooler) the oldest and 

- 1 1  (geared, 3 shafts, 1 
intercooler). The baeic object common to 
both was to meet the entire range of 
requirements given in the table 
with the minimum number of components 
arranged by simple and changes in the 
machine configuration. 

Steam Mass flow rate 
endogenous gas 

Pressure at condenser 
out let 0.07 bar 
Water cooling temp. 25 
Gas inlet temperature = 26 

mass flow rats = 
Pressure at compressor 
d harge 1.1 bar. abs. 

2 - 1 2 %  
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The M- 1 t b c mp r a r e  f med b y 
t w o  o p e r a t i n g  i n  p a r a l l e l  shown 
i n  F i g .  5. The e n t i r e  f i e l d  

w i t h  4 d i f f e r e n t  
made i n  a1.I cases 

1 p r e s s u r e  c a s i n g  
1 h i g h  p r e s s u r e  c a s i n g  
1 common l a w  p r e s s u r e  s h a f t  
1 h i g h  p r e s s u r e  s h a f t  
1 
7 p r e s s u r e  i m p e l l e r s  
6 h i g h  i m p e l l e r s  

t y p i c a l  v i e w  a 
u n i t  o f  t y p e  1 i n  f i g .  6. 
T h i s  d r a w i n g  refers 1 
which  h a s  t h e  b i g g e s t  f l o w  r a t e .  A l l  t h e  
other c o n f i g u r a t i o n s  a re  o b t a i n e d  by 
c h a n g i n g  i m p e l l e r s  a5 i n d i c a t e d  i n  f i g .  5. 
On d i s c h a r g e  f r o m  t h e  p r e s s u r e  s t a g e ,  
t h e  gases a i  
s a t u r a t i o n  a re  c o n v e y e d  t o  t h e  

where  t h e  h e a t  a c c u m u l a t e d  
d u r i n g  t h e  is removed b y  
c o o l i n g  w a t e r .  The c o o l e r  o f  t h e  jet 
t y p e  w i t h  i n j e c t i o n  w a t e r  t o  c o o l  t h e  
counter f l o w i n g  g a s e s .  Gas takes 
p l a c e  s i m u l t a n e o u s l y  w i t h  a p a r t i a l  
c o n d e n s a t i o n  o f  t h e  steam c o n t a i n e d  in t h e  
m i x t u r e  g a s e s  e v a c u a t e d  f r o m  t h e  

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

I t  is i m p o r t a n t  n o t e  t h a t ,  w i t h  
i t  is p o s s i b l e  t o  t h e  

c o m p r e s s o r  power ,  s i n c e  t h i s  is a f f e c t e d  
by  t h e  t e m p e r a t u r e  t h e  g a s e s  a t  t h e  
i n l e t  of e a c h  s t a g e .  On  t h e  o t h e r  h a n d .  
e x c e s s i v e  c o o l i n g  may t h e  

w a t e r  d r o p l e t s ,  which may p r o d u c e  
t h e  c a s i n g  and  

i n  t h e  f i r s t  i m p e l l e r s  and  i n  t h e  
G e n e r a l l y  t h e  set is s h u t  down 

c l e a n i n g  af ter  a b o u t  h o u r s  
a p t i n . 
The o f  water t h e  
c o o l e r s  may b e  r e d u c e d  t h e  minimum by  
p l a c i n g  l a y e r s  R a s c h i g  i n  t h e  c o o l e r -  
b e l o w  and a b o v e  t h e  w a t e r  
b e t t e r  by  a d e q u a t e l y  t h e  

a s  t o  h a v e  v e r y  l o w  s p e e d s  
i n s i d e .  
The t h e  c o m p r e s s o r  a re  shnwn 
i n  f i g .  7. They c o n s i s t  t h e  
p a r t s :  

3 
4 

6 
7 

1 1  
1 2  

Low pressure body  
High  p r e s s u r e  body  
Speed  i n c r e a s i n g  g e a r  

s p e e d  s h a f t  = 
L o w  p r e s s u r e  
High p r e s s u r e  = 
I n l e t  l a w  p r e s s u r e  f l a n g e s  
O u t l e t  l o w  p r e s s u r e  f l a n g e  
I n l e t  h i g h  p r e s s u r e  f l a n g e s  
O u t l e t  h i g h  p r e s s u r e  f l a n g e  
S u p p o r t  b e a r  i n g s  

p l a t e  
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I n  t h e  clear- a 
f l o w  b y  a s i n g l e  f l o w .  A f t e r  t h i s  

is t h e  n o t  i n  the 
T h e  h i g h  p r e s s u r e  made 

s t a g e s  d o u b l e  f T h e  i m p e l l e r  
e a c h  a r e  t h e  same each 

a . i a t  c a p a c  i 

o b t a i n e d  e i t h e r  
w i t h  w i d t h  a n d  

s t a t i c :  c h a n n e l s  ( i m p e l  a n d  . 
T h e  are c o n n e c t e d  s p e e d  
i n c r e a s i n g  g e a r  b y  m e a n s  o f  gear.  

i n g ,  t h e  is 
w i t h  t h e  team 
t wh i c h v e  the at i- 

d I. t; . 
t o t a l  w e i g h t  f o r  t h i s  is 

T h e  t r s e d bed I 
e x c e e d e d  b y  t h e  I 

T h e  m a s s  f l o w  a t e  
r e q u i r e m e n t s  are  c o v e r e d  w i t h  f i v e  
d i f f e r e n t  f i g .  
Each  is p r o v i d e d  a w i d e  
r a n g e  o f  g a s  m a 5 5  Flow r a t e  a t  t h e  
o u t l e t  T h i s  i s  

t a  i n e d  c h a n g  n g  i m p e l  1 a n d  d i f f u s e r s  
c h a n n e l s  w i d t h  w i t h o u t  a n y  

i t  is a 
b 1 i n  y e o  1 a p p  1 i o n  

t h a t  i t  a l w a y s  q u i t e  d i f f i c u l t  t o  
t h e  gas p e r -c e r i t a q e  c o n t a i n e d  i n  
g e o t h e r m a l  steam. I t  m e a n s  t h a t  e v e n  w i t h  
t h e  m a c h i n e s  already b u i l t  i t  w i l l  b e  

i 1 e m i  mum 
t h e  g e o m e t r y  t r u e  m a s s  

w i t h o u t  e f f i c i e n c y  p e n a l t i e s .  
T h o s e  k i n d  (see f i g .  e 
made t y p e  i m p e l l e r s  w i t h  
t h r e e  d i m e n s i a n a l  p r o f i l e  b a c k w a r d  1 i n e d  

a n d  axia l .  i n l e t ,  j o i n e d  
a t  t h e  e n d s  t h e  t h e  
s p e e d  unit. w i t h  a H I R T H  t y p e  . 

w i t h i-f i ca t  i 
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The ma in  a d v a n t a g e s  G3-I1 o v e r  t h e  
p r e v i o u s  t y p e  are a s  f o l l o w s :  

- Very  compac t  c o n s t r u c t i o n  w i t h  
c o m p r e s s o r  c o m p l e t e l y  i n t e g r a t e d  wi. t h  

(see f i g .  9 

- 3 p i n i o n s  d r i v e n ,  m e a n s  t h e  
a v a i l a b i l i t y  o f  3 d i f f e r e n t  
s p e e d s  t h e  p o s s i b i l i t y  f o r  a b e t t e r  
c h o i c e  o f  i m p e l l e r  d i a m e t e r  e v e r y  

improved  o f  eff 

- f l o w  a t  t h e  i n l e t  e a c h  i m p e l l e r  
w i t h d i t r i b i e 
a n g  1 e. 

mum f 

- Very m e c h a n i c a l  d u e  t h e  
e l  of axia l  t h r u s t  b e a r i n g s  

s h a f t s .  A l l  a x i a l  t h r u s t s  are 
t r a n s p o r t e d  i d l e r  and  low s p e e d  s h a f t s  

" t h r u s t  (see 

- Opened h i g h  e f f i c i e n c v  i m p e l l e r s  w l t h  
t h r e e  d i mens i 1 b 1 . 

f i x e d  a t  t h e  end  t h e  
w i t h  c o u p l i n g "  see 

12/13). T h i s  p e r m i t s  a p e r f e c t  c e n t e r i n g  
t h e  a v o i d s  i n s t a b i l i t y  

p r o b l e m s  w e l l  a s  a r i s i n g  
f r o m  s h r i n k i n g  phenomena b e t w e e n  s h a f t  
i m p e l l e r - .  Such c o u p l i n g  a l l o w s  e a s y  
r e m o v a l  and  a s s e m b l y  after a l o n g  p e r i o d  
o f  and no t h e  

impe l  u n i t  af ter  1 is 
r e q u i r e d .  T h i s  v e r y  p r e c i s e  is 

w i t h  t h e  fac t  t h a t  t h e r e  is 
c a s i n g  e v e r y  i m p e l  lei- which  p e r m i t s  

c l e a r a n c e s  b e t w e e n  t h e  i m p e l l e r  and  
t h e  and  h e n c e  h i g h e r  i c e i i c y .  

- The n e e d  f o r  c o u p l i n g  
a g a i n s t  t h r e e  u s e d  i n  . 
- Fewer  i m p e l l e r s  f a r  e v e r y  
3 i m p e l l e r s  1 ,  2 and 3 
and  i m p e l l e r s  4 and  
5. 

w e i g h t  o f  b i g g e s t  m a c h i n e  is = 
v a r y  f r o m  t o  

f r o m  c o n f i g u r a t i o n  
1 .  

h a s  i n t e r m e d i a t e  
o f  t h e  same k i n d  b e f o r e  

d e s c r i b e d .  
O u t l e t  t e m p e r a t u r e  f r o m  l a s t  s t a g e  

The c o m p r e s s o r  is w i t h  
a n t i s u r g e  s y s t e m  c n m l e t e l y  made 

i n d i p e n d e n t  l i n e  w i t h  two 
i nd p t r egu  1 a t  e a c h  n e  a t e a n  

(see d r a w i n g  14  w i t h  
s c h e m a t i c  

Materials u s e d  a re  
i e i y t h e  r m a  1 f i e l d  

Main are  made 

CASING 

INLET NOZZLE 

CASING R I N G  

6 CASING R IN G  

PINION 

IMPELLER DIFFUSER 

C a s i n g :  M e e h a n i t e  c a s t  

I m p e l l e r s :  s t a i n l e s s  steel 16% 
N i  (17-4 

G a s  l a b y r i n t h  seal:  S t a i n l e s s  

d i f f u s e r :  S t a i n l e s s  steel 

Gearbox  c a s i n g :  C a r b o n  steel 

steel DIN 17 

whee l  and  s h a f t :  steel DIN 
i M a 8  

Hull whee l  and  s h a f t :  steel DIN 
C r  N i 8 

G a s  i n t e r c o o l e r :  S t a i n l e s s  steel 
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