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INTRODUCTION 

A Rankine c y c l e  o p e r a t i n g  on the  thermal d i f f e r e n c e s  o f  t h e  G u l f  Stream 

i s  very s i m i l a r  t o  a convent iona l  f o s s i l  f u e l  power p l a n t ,  All  o f  t h e  major  

components a re  s i m i l a r  i n  f u n c t i o n  b u t  d i f f e r e n t  des ign c r i t e r i a  and o p e r a t i n g  

c o n d i t i o n s  are  r e q u i r e d  f o r  each system. 

c y c l e  ocean thermal power p l a n t  i s  shown i n  f i g u r e  1. 

des ign  c o n d i t i o n  imposed on t h i s  c y c l e  i s  t h a t  o f  t h e  low temperature d i f -  

ferences o f  t h e  ocean s i t e .  I n  t h e  case o f  t h e  t u r b i n e  t h i s  temperature d i f -  

ference o r  a v a i l a b l e  head between s t a t e s  one and two i s  f u r t h e r  reduced by 

h e a t  exchanger losses.  I n  c o n s i d e r i n g  an o v e r a l l  system a n a l y s i s  i t  i s  

necessary t o  c a r e f u l l y  s tudy  t h e  t r a d e o f f s  between h e a t  exchanger and t u r b i n e  

e f f i c i e n c i e s .  T h i s  i n t e r a c t i o n  i s  p a r t i c u l a r l y  s i g n i f i c a n t  because o f  t h e  

f i x e d  temperature d i f f e r e n c e s .  

p l a n t  as f o l l o w s :  

A schematic diagram o f  t h e  c l o s e d  

The most s i g n i f i c a n t  

Power o u t p u t  can be w r i t t e n  f o r  the  power 

I n  t h i s  qP i s  t h e  power e f f i c i e n c y  o f  the  system and i s  d e f i n e d  as 

t h e  r a t i o  o f  N e t  power o u t p u t  t o  gross power generated. T h i s  term i s  a 

f u n c t i o n  of t h e  p a r a s i t i c  losses i n  t h e  system and t h e r e f o r e  decreases as 

t h e  mass f l o w  r a t e  of t h e  work ing  f l u i d  increases.  As a r e s u l t  a one 

percent  decrease i n  t u r b i n e  e f f i c i e n c y  a t  a f i x e d  power o u t p u t  would r e q u i r e  
. . _ _  .r -- . 

s i g n i f i c a n t l y  more th,an:a one p e r c e n t  i n c r e a s e  i n  mass f l o w  r a t e .  
“ I  b 

i LJ -I 1 *, 5 ,  * 
9 -  % *I 

S a t i s f a c t o r y  p l a n t  performance i s  c r i t i c a l l y  r e l a t e d  t o  c y c l e  and there-  

f o r e  t u r b i n e  e f f i c i e n c y .  

t h a t  w i  11 g i v e  t h e  h i g h e s t  practical:2e’ffi.cien-dy;.,; Re$ati ve t o  o t h e r  components 

I t  i s  t o  o u r  i n t e r e s t  t o  choose a t u r b i n e  des ign 
f-i v.Fik.Yp!;, ;$.: 

* p r a  ’ 4-2 

“e- .._ “ 
i n  t h e  system t u r b i n e  c o s t  does n o t  appea; 

f o r e  on a b a s i s  o f  choosing t u r b i n e  

r f a c t o r .  I t  i s  t h e r e -  

Sgns‘foF-m~xYmum e f f i c i e n c y  t h a t  we have 
- -- n.. 
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proceeded. The purpose of t h i s  report i s  t o  describe considerations in 

design point selection for the turbine based on thermodynamic and f lu id  

dynami c c r i  t e r i  a. 

Turbine Types 

Both axial and radial  flow turbines could be used in this application. 

Efficiencies above 90% have been obtained with both(’). When range of 

operation a t  h i g h  efficiency i s  compared on the basis of spec i f ic  speed 

( turbine speed for u n i t  head and unit flow), the axial machine has a wider 

range. Blade t i p  speeds i n  this application are  low enough s o  t h a t  stress 

considerations are not severe fo r  e i the r  confi gurati on. Radi a1 flow machi nes 

are usually able t o  achieve higher stage loadings. 

temperature differences in th i s  application, only a s ingle  stage is  required 

for  radial  or axial  flow. 

Although b o t h  radial  and axial flow machines appear acceptable a t  design 

For most f luids  and the 

point,some consideration must be given t o  off-design performance. 

OTG power plant where variation in operating conditions are found d u r i n g  

the year a t  each s i t e , t h i s  i s  s ignif icant .  Axial machines of fixed geometry 

operating a t  constant head have less variation in efficiency with speed than 

a radial  machine. I f  par t ia l  admission i s  used fo r  thot t l ing,axial  machines 

again appear t o  be favored. 

the axial flow machine for our application. 

For the 

These considerations have led us t o  choose 

Working Fluid Influence on Design 

Working f lu id  selection i s  as important t o  the turbine as i t  i s  t o  

other components in the cycle. However because of the r e s t r i c t ive  cycle 
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conditions of an ocean thermal gradient power plant the working f lu id  

influence i s  somewhat d i f fe ren t  from a conventional power cycle. Using 

a h o t  s ide temperature of 70°F and a cold side temperature of 40°F i t  i s  

possibleYJto determine cycle operating properties for  working f lu ids .  

A summary for ten selected working f luids  i s  given in Table I .  With the 

exception of water and carbon dioxide a1 1 have reasonable vapor pressures 

a t  the upper cycle work ing  temperature. 

fe ren t ia l  ex is t s  across the turbine for  some of the candidate f luids  a l l  

are pract ical .  The isentropic enthalpy drop across the turbine does vary 

by almost one order of magnitude fo r  the different  f lu ids .  

this leads t o  mass flow rates  which d i f f e r  by a factor  o f  eight for any 

given power o u t p u t .  

be a t t r ac t ive  f luids  i f  flow losses are  t o  be reduced. 

And although low pressure dif-  

Excluding water 

1 

I t  would appear t h a t  ammonia and normal butane would  

Generally i t  i s  said t h a t  a high molecular weight is desirable for a 

working f lu id  so  as t o  reduce turbine blade speed. This i s  usually useful 

t o  lower the number of turbine stages required. I n  th i s  application the 

enthalpy drop across the turbine is  so l w  t h a t  any of these f luids  would 

only require one stage and in most cases the spouting velocity ( i sen t ropic  

velocity when expanded t o  zero pressure) is so low t h a t  speed induced blade 

s t resses  are not a problem. 

Turbine s i z e  can be a problem however'witk OTG power plants.  With 

f luids  having low isentrop c head large flow rates  are required fo r  a given 

power o u t p u t .  

would have a mass flow of bout 250 lb/sec. A l l  the candidate f luids  in 

Table I have flow ra tes  from 20 t o  160 times greater.  

which i s  a be t t e r  indicator of r e l a t ive  s i z e  i s  also given in Table 1 .  I t  can 

For example a 100 ITW simple steam power plant (800 psia,  900°F) 

A grouping of terms 



TABLE I WORKING FLUID CYCLE P R O P E R T I E S  

1JORKII.IG 
FLUID 

Water 
Propane 
Carbo!) 13i o x i  de 
Ammoni a 
S u 1 fur D i o x i  de 
n-Butai;e 
Freon- 12 
Freon C318 

Freon 502 

G e n e t r a r  12/31 

VAPOR PRESS. AP L 
AT 70°F 7 0 " t ~  40" BTU/lb 

. 3  c 13 1071 

124=3  82,8 156.7 

853.4 199.8 95 
128.8 39.6 536.2 

49.1 16.2 162.2 

31.6 13.9 163.5 

61 - 4  23.4 64.1 

40.1 12,8 48,5 

151.3 39.7 63.1 

85.7 33.8 72.2 

H 
BTU/ 1 b 

36 

6.  
2.9 

20.2 

6.1 
11 .o 

2.5 
3.2 

3.1 

4.3 

~ ~ 4 0 ° F  

2445 8 
1 348 

11 44 
3.971 
3.02 

4.88 
0 774 

1.13 

,447 
,907 

fi l b / s e c  
for  100 nw 

2,900 
17500 
36400 
5200 
1 7200 

9600 
42100 
33000 

34000 
24210 

MP ,L 1 * 5  M Turb ine  S i z e  
MW 

170,343 18 .15 
7 . 8 5 ~ 1 0 ~  44 3.1 
26 .6~10 '  44 4.72 

4. 36x106 64.1 1.44 

2 3 6 ~ 1 0 ~  120.9 e 60 

1 8 . 8 ~ 1 0 ~  17 22 

1 .99x106 58.1 3.9 

2 .O6x1Ob '200 .77 

6 . 2 4 ~ 1 0 ~  111.6 1.8 
3.29~10'  103.5 2.0 

P 
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be shown from thermodynamic principles t h a t  the g r o u p i n g  [Molecular Weight * 
Condenser Pressure * (Latent Heat) l a 5 ]  i s  proportional t o  the turbine o u t p u t  

per unit  area of the turbine ex i t .  ('I I n  order t o  reduce turbine s i ze  and 

cost , this  parameter should be numerically large. 

along with turbine mass flow ra t e  for the candidate work ing  f lu ids  i n  f igure 2 .  

If  low flow ra t e  and small turbine s i ze  are considered desirable,  ammonia 

This parameter i s  compared 

again appears t o  be the best  f lu id  followed by normal butane and propane. 

T h i s  examination can be carried one s tep fur ther .  Troutonk rule s t a t e s  t h a t  

the product of molecular weight and la ten t  heat divided by the absolute temp- 

erature i s  approximately constant 'for a l l  f lu ids  a t  atmospheric pressure. 

This would suggest tha t  the grouping given above be modified so tha t  turbine 

output per u n i t  area would be proportional t o  the product of condenser pressure 

and square root of the la ten t  heat, indicating tha t  a desirable f lu id  should 

have low molecular weight and high vapor pressure a t  the temperatures i n  
' 

question. Again ammonia followed by propane appear to  be favorable candidates. 

Using geometrically s imilar  axial flow turbines operating under s imilar  

conditions, the f l u i d s  can be compared as t o  power o u t p u t  s i z e  for an i n d i v -  

idual u n i t . ( * )  The maximum power per--unit f o r  similar design is  given by 

the following: 

T h i s  calculation leads t o  the results shown in the l a s t  column of Table 1. 

Ammonia unit stze i s  larger than al.1 other f luids  by a t  l ea s t  a factor  o f  

four. When building an overall OTG plant with 400 megawatts net capacity 

ammonia would appear t o  be the best  working f lu id  from a turbine point of 
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view as i t  wi l l  require the fewest number of units.  However for  the design 

studies t o  be described below, three working f luids  were considered: 

Ammonia, propane and refr igerant  12/31 e 

Turbomachine Design Point 

Turbomachines are usually c lass i f ied  by dimensionless terms. These 

dimensionless terms can be used t o  describe general turbine geometry and 

can be used t o  correlate  turbine performance. Dimensionless analysis can 

be used t o  delineate numerous dimensionless groups t o  describe flow in 

turbomachines. 

especially pertinent t o  turbomachines, 

The usual f l u id  mechanical groups a r i s e  as well as a se r ies  

Although a number of different  

groups have been used t o  describe turbomachines, for this  study i t  has 

been convenient t o  use two par t icular  groups: 

diameter. 

Specific speed and spec i f ic  

Specific speed Ns and spec i f ic  diameter Ds are defined as follows: 

The units used for each term are  those conventionally used and i t  can be 

seen t h a t  t he i r  use produces an NS an'd DS which are not t ru ly  dimensionless. 

For most types of operation these two parameters can be .used to  .adequately 

characterize turbine use. 

efficiency. 

t o  control other- dimensionless variables, as well .and  . t h i s  .will be described 

below, 

, . ,  . . .  . " I -  

I n  par t icular  N and D s  can be r e l a t ed . to  turbine 

In order to  achieve a h i g h  efficiency it , .  also becomes, ..necessary 
-s. . .  

. .  

Numerous investigations have produced correl a t i  ons o f  the e f fec t  o f  
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: 

des ign v a r i a b l e s  on f l o w  e f f i c i e n c y .  Those which achieve the  most success 

r e l y  h e a v i l y  on exper imenta l  loss data  f o r  turbomachine blades. 

o f  B a l j e  i s  t h e  most e x t e n s i v e  ( 3 y 4 y 5 ) e  

c o r r e l a t i o n  o f  performance as a f u n c t i o n  o f  des ign v a r i a b l e s  ( 4 , 5 ) a  

r e s u l t  o f  t h i s  study, shown i n  f i g u r e  3, i s  a Ns-Ds diagram which i n d i c a t e s  

reg ions  o f  e f f i c i e n t  o p e r a t i o n .  A l though t h e r e  i s  a r e g i o n  o f  h i g h  e f f i c i e n c y  

t h e  maximum e f f i c i e n c y  i s  found where Ns = 120 and O s  = 1.2. 

The work 

H i s  most r e c e n t  s tudy  i n v o l v e s  a 

One 

I n  a d d i t i o n  t o  i n d i c a t i n g  the numer ica l  values f o r  N, and Os,  o t h e r  

des ign parameters a r e  g i v e n  as w e l l .  

a x i a l  f l ow  f u l l  admission t u r b i n e  des ign f o r  a g iven  o p e r a t i n g  p o i n t  when 

s p e c i f i c  speed is known. 

e f f i c i e n c y  a r e  shown i n  Tab le  I 1  

F i g u r e s  4,5,6 can be used t o  determine 

A t  Ns = 120 t h e  des ign v a r i a b l e s  g i v i n g  h i g h  

NS = 120 

S/h = .02 h/D = .22 

DS = 1.2 

a2 = 15" 

B~ = 42" 

a3 = 85" 

B 3  = 12" 

Degree o f  r e a c t i o n  = .6 

Turb ine  t o t a l  e f f i c i e n c y  = 91,5% 

TABLE I 1  TURBINE DESIGN POINT PARAMETERS 

S p e c i f y i n g  Ns o n l y  determines t h e  shape of t h e  t u r b i n e .  

i a b l e s  must be e s t a b l i s h e d  i n  o r d e r  t o  determine t u r b i n e  s i z e .  O f  the  

Other  design var-  

v a r i a b l e s  remain ing  i n  equat ion  3 o n l y  two a r e  independent, 

a w o r k i n g  f l u i d  and thermal s i t e  c o n d i t i o n s  reduces the  number of  independent v a r i a b l e s  

t o  one. For  a turb ine,  u n i t  power o u t p u t  i s  r e l a t e d  t o  mass f low r a t e  as 

f o l  1 ows : 

S p e c i f y i n g  
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I n t r o d u c t i o n  o f  t h i s  equat ion  i n t o  t h e  s p e c i f i c  speed equat ion  y i e l d s :  

For  a g i v e n  w o r k i n g  f l u i d  t h i s  equat ion  r e l a t e s  power and t u r b i n e  speed 

a t  t h e  des ign p o i n t .  As t u r b i n e  power o u t p u t  increases, optimum t u r b i n e  

speed decreases as t h e  square r o o t  o f  the  p w e r  increase.  

Numerous c a l c u l a t i o n s  were performed so as t o  e s t a b l i s h  des ign p o i n t  

c o n d i t i o n s  f o r  a l l  p o s s i b l e  o p e r a t i n g  c o n d i t i o n s  w i t h  the  number o f  v a r i a b l e s  

i n v o l v e d .  

r e s u l t s  f o r  ammonia, propane and R 12/31 a t  a f i x e d  b o i l e r  temperature o f  

68°F and a s e r i e s  o f  condenser temperatures.  

Only i l l u s t r a t i v e  r e s u l t s  a r e  shown here,  F igures  7,8 and 9 g i v e  

A t  a gross power o u t p u t  o f  

30 nw p e r  u n i t  ammonia diameters range f rom 6 t o  9.5 f e e t  f o r  condenser temp- 

e r a t u r e s  f rom 42 t o  56°F. Turb ine speeds run  f rom 3100 RPM t o  1300 RPM f o r  

the  same c o n d i t i o n s .  For  a propane t u r b i n e  s i z e  ranges f rom 8.5 t o  14 f e e t  

and speed f rom 1200 t o  475 RPM. Wi th  R 12/31 as the  work ing  f l u i d  t h e  t u r b i n e  

s i z e  would range f rom 36 t o  70 f e e t  and the  speed f rom 240 t o  70 RPM. T h i s  

range o f  s i z e  and speed must be narrowed a t  the  des ign p o i n t  f o r  s a t i s f a c t o r y  

opera t ion .  

the  same s i z e  R 12/31 t u r b i n e  - i s  ,used as was found f o r  propane, t h e  gross 

power o u t p u t  p e r  u n i t  would be about  1 m ~ .  

unreasonable t u r b i n e  work ing  f l u i d  f o r  these thermal  d i f f e r e n c e s .  

A t  t h i s  . p w e r  l e v e l  t h e  R 12/31 t u r b i n e  s i z e  i s  - p r o h i b i t i v e .  I f  

R 12/31 seems t o  become an 

R e t u r n i n g  t o  f i g u r e s  7 and 8 f o r  ammonia and propane i t  can be seen 

t h a t  t h e  optimum design p o i n t  dimensions a r e  s t r o n g l y  dependent on s i t e  

c o n d i t i o n s .  S i x t e e n  30 t o  35 ITW gross t u r b i n e  u n i t s  shou ld  produce t h e  
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400 11w n e t  c a p a c i t y  needed f o r  our proposed p l a n t  design. 

diameter and speed w i l l  depend on s i t e  thermal c o n d i t i o n s  as w e l l  as on 

h e a t  exchanger design i n  the  b o i l e r  and condenser. F u r t h e r  work i s  

r e q u i r e d  i n  o r d e r  t o  determine t h e  behav io r  o f  t he  design chosen i n  o f f -  

des ign  c o n d i t i o n s .  This  r e q u i r e s  a d i f f e r e n t  type o f  a n a l y s i s  and shou ld  

i n c l u d e  as w e l l  o f f -des ign  c o n d i t i o n s  f o r  the o t h e r  components i n  the  

o v e r a l l  power p l a n t .  

Optimum design 

I n  o rde r  t o  g e t  an approx imat ion  o f  o f f - d e s i g n  e f f e c t s  on t u r b i n e  

o p e r a t i o n  t h e  B a l j e  and B i n s l e y  design c h a r t s  can a l s o  be used. 

t u r b i n e  power ou tpu t  and/or t u r b i n e  speed, the range o f  ope ra t i on  can be 

determined as a f u n c t i o n  o f  s p e c i f i c  speed and the o t h e r  o p e r a t i n g  parameters. 

T h i s  a n a l y s i s  i s  n o t  of f -design a n a l y s i s  because these cha r t s  a re  based on 

By f i x i n g  

t h e  optimum s p e c i f i c  d iameter b e i n g  used f o r  each s p e c i f i c  speed. 

t h i s  approach does ,al low a r e g i o n  o f  ope ra t i on  t o  be s t u d i e d  and a l s o  g ives 

an i n d i c a t i o n  o f  the range o f  t u r b i n e  e f f i c i e n c i e s  t o  be expected. R e s u l t s  

f o r  ammonia, propane and R 12/31 a r e  shown i n  f i g u r e s  10 t o  18. I n  f i g u r e s  

10 t o  13, t u r b i n e  power w a s . f i x e d  and mass . f l o w  r a t e ,  t u r b i n e  speed and t u r b i n e  

However 

d iameter  were c a l c u l a t e d  as a f u n c t i o n  o f  condenser and b o i l e r  temperature 

a t  a f i x e d  s p e c i f i c  speed o f  120. 

be r u n  a t  3600 RPM w i t h  h i g h  e f f i c i e n c y  i f  the  temperature d i f f e r e n c e  t h e  

Fo r  a 30 llk~ u n i t ,  t h e  ammonia t u r b i n e  can 

turbi ,ne sees i s  30°F o r  greater. .  F 0 r . a  15°F temperature d i f f e r e n c e  t h e  

t u r b i n e  speed c o u l d  be  1800 RPM: F o r  a .20  tw propane t u r b i n e  the  temperature 

d i f f e r e n c e  f o r  h i g h  e f f i c i e n c y  must exceed 30°F f o r  1800 RPM speed. 

a s i n g  t u r b i n e  speed i s  d e s i r a b l e  because t h i s  reduces the r e q u i r e d  t u r b i n e  

s i z e  and c o s t .  

I n c r e -  
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For purposes of comparison three turbine designs are  compared i n  

Table 111, one for  each working f luid.  

same internal temperature difference of 16°F. 

All a re  for  operation with the 

*TABLE I11 

TURBINE DESIGN COMPARISON 

TB = 68°F TC = 52°F 

Ammoni a Propane R 12/31 

D = 8 f t .  

N = 1800 RPM 

D = 9.6 f t .  

N = 820 RPM 

D = 52 f t .  

N = 105 RPM 

Ih = 1950 lb/sec rh = 4400 lb/sec rh = 9000 lb/sec 

I n  figures 14 t o  18 turbine power and speed were fixed and  turbine s i z e  and 

efficiency were calculated as a function of condenser and boi le r  temperature. 

As can be seen from equation 6 i f  pwer  and speed are fixed then only 

condenser and boi ler  conditions need t o  be specified in order t o  determine 

spec i f ic  speed and in t u r n  efficiency. 

efficiency stays above 85% for  a l l  conditions considered. 

i s  fixed the variation in efficiency wil l  be greater.  

90% i s  needed however and conditions which y ie ld  eff ic iencies  above 90% are 

those having low condenser temperatures and h igh  boi ler  temperatures. 

f a c t  i t  can be noted tha t  large temperature differences reduce the variation 

F i r s t  i t  should be noted t h a t  the 

However when s ize  

An efficiency above 

I n  

in a l l  design parameters. 

performance fo r  th i s  work ing  f l u id  would be the poorest of the three candidate 

working f lu ids .  

Figure 18 fo r  R 12/31 shows tha t  off design 

Over the range considered turbine s i z e  varies by a factor  of 



1 .o 

m 
pi 
=> 
I- 

. .8C 

L 

.- . 

'82 68 

68 

70 

7 2  

BOILER . 
74 TEblPERATURE, 
76 O F  

78 
80 
82 

4; ob 46 48 5b 52 54 56 . .- . .  
CONDENSER TEMPERATURE, "F 

Figure 14 40 mw 2400RPli l  Ammonia Turbine Operating R a n g e  ' 



.-
I 

O
PT

IM
Ut

l 
DI

AM
ET

ER
, 

FT
. 

. T
UR

BI
NE

 E
FE

IC
IE

NC
Y 

0
3
 

W
 

-
 

u
l 

m
 

U
 

03
 

1
0
 

0
 

-
1
 
0
 -
 -
-
-
P
 

, 

1 i I i 1 !A I 

4
 

c
 

;o
 

m
 

Y
 

. *I
.
 

.. . 



, ..... ' . .  & 

? 

I . .  0 

W 
u ~ 

U k.  90 
W 

W z 

e 
3 
I- 

c( 

m 

.80. 

m 

$2 

72 

68 

BOILER 
TEtlPETURE, 
"F 

42 44 46 48 50 52 54 56 
CONDENSER TEMPERATURE, O F  

F igu re  16 30 mw 1200' RPFl Propane Turbine Operating Range 



TU
RB

IN
E 

EF
FI

CI
EN

CY
 

4
 

OP
TI

M
UM

 D
IA

M
ET

ER
, 

FT
. 

0
 

-
I
 

03
 

a
 

C1
 

cn
 

U
 

03
 

a
 

,
o
 

p
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

8 

I 

--
i 
c
 

W
 

m
 

" 



.95 

> 
V z 
W 

V 

L L  
w 
w z 
a2 
Iy 
5 
I- 

U 

E. 90 

H 

.85 

60 

t- 
W 2 50 
.) 

n: 
w 
I- 
w 
E . <  
w 
n 

3 
P 90 
6 

c 
w 
I- a 
0 

30 
1 

I \ 66 

-. 

/ 
70 

72 
74 
78 

BOILER 
TEPPERATURE, 
"F 

4'2 4'4 4'6 48 50 52 5.4 56 
CONDENSER TEP'PERATI'RE, O F  

1 

F i g u r e  18 20 mw 150 RPII R12/31 Tu rb ine  Opera t ing  Range 

I_ . -- -____I_ 



11 

two and turbine efficiency would be expected t o  change more dramatically 

t h a n  i s  shown i f  s i ze  were fixed and s i t e  conditions varied as i s  shown. 

Figure 14  f o r  ammonia and  f igure 16 f o r  propane can be used t o  choose 

design s i ze  for  these working f lu id  turbines a t  the 30 IITN unit  s ize .  

As can be seen from the resul ts  presented here, the actual s i z e  of 

the turbine used f o r  any of the f luids  depends upon the s i t e  conditions 

and the heat exchanger design. Shape and other dimensionless ra t ios  for  

the turbine are specified now. The design c r i t e r i a  used here have been 

incorporated in to  the heat exchanger model and are  being used t o  obtain 

s i ze  information for  the heat exchanger designs being considered. 

Based on the f lu id  mechanical and thermodynamic performance of the 

turbine design, ammonia i s  the preferred working f lu id .  

a somewhat larger  and slower unit  o f  less  power, propane would also be 

acceptable. 

Although requiring 

i 
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Nomenclature 

D = Diameter, f t .  

Ds . .  = Specific diameter 

h = Blade height, f t .  - 

H 

L 

M = Molecular weight 

Is1 = Mass flow ra te ,  lb/sec.  

N = Rotative speed, RPM 

= Specific s-peed 

= Isentropic head for  turbine,, BTU/lb. 

= Latent heat of vaporization, BTU/lb. 

Ns 
Q = Volumetric flow, cuft/sec.  

P = Power leve l ,  l ~ k ~  

= Condenser vapor pressure, psia 

= Blade t i p  clearance, f t .  

= Specif ic  volume of vapor,  cuf t / lb .  

p C  

S 

9 
V 

rl = Turbine efficiency 

= Power plant Carnot efficiency 

= Absolute flow angle, degrees 

= Relative flow angle, degrees 

nP 
a 

B 

/+- 

I 

P = Degree of reaction 

J, = Flow factor  


