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AN ANALYSIS OF THE REHEAT CYCLE FOR STEAM

Some t e x t - b o o k s  on heat  e n g in e s  iake the  sweeping  

s ta te m e n t  t h a t  e f f i o i e n s y  i s  a p p r e c i a b l y  improved by 

r©hoacin.g th@ steam r . f t e r  i t  has I’loTwed p a r t i a l l y  through 

t h e  eng ine  i n  the  u s u a l  manner, and then  having t h e  vapour  

r e tu r n e d  to  th e  prime mover,  but w i t h  a h igh  s u p e r h e a t ,  t o  

complete  i t s  work.

The s ta te m e n t  i s  made t o  apply  whether t h e  r e h e a te i  

i s  in c o r p o r a t e d  w i t h i n  the  main b o i l e r  w a l l s , whether i t  i s  

a s e p a r a te  u n i t  having i t s  own furnace  or whether  t h e  

r e h e a t e r  u s e s  h igh  p r e s s u r e  and h ig h  temperature steam to 

s upp ly  the  r e h e a t .

As fa r  as  t h e  author  i s  aware no a t tem pt  has been 

made to  f u l l y  s u b s t a n t i a t e  such a s t a t e m e n t ,  hence the  

f o l l o w i n g  a n a l y s i s  lias been made t o  ga in  f u r t h e r  in fo r m a t io n  

r egard ing  t h e  p o s s i b l e  g a i n s  w i t h  r e s p e c t  to  th e  Rankine  

c y c l e .

The use  o f  a r e h e a t e r  i n v o l v e s  the  i n s t a l l a t i o n  

o f  p l a n t  whose c o s t  w i l l  be a f a i r  prop or t ion  o f  the  t o t a l  

c o s t  o f  t h e  p l a n t ,  hence  i t  i s  e s s e n t i a l ,  to  r ehea t  under  

c o n d i t i o n s  o f  maximum p o s s i b l e  g a in  In order t o  cover  tn e  

extiw. c o s t  o f  p l a n t .

In p r a c t i c e  o n l y  one r e h e a t e r  has been used  up t o  

th e  p r e s en t  d a t e ,  t h a t  I s ,  expans ion  o f  th e  steam 1 s  s p l i t  

up i n t o  two s t a g e s  w i th  r e h e a t i n g  between t h e  two s t a g e s .  

Hence the author has c o n s id e r e d  t h e  ques t ion  o f  r e h e a t i n g  

a t  one p o in t  on ly  o f  the  steam flow through the  prime mover.



Mo in fo r m a t io n  l a  a v a i l a b l e  as  reoarda t h e  beat  p o in t  

o f  t h e  expans ion  t o  be s e l e c t e d  t e r  r e h e a t i n g  and th e  p o a a ib le  

g a i n  t o  be d e r i v e d ,  henoe m i s  t h e s i s  l a  d e v o i d  to  the  

d e t e r m in a t io n  o f  t h e  p o in t  a t  which  r e h e a t i n g  should  take  

p l a o e  in order  t o  o b t a i n  t h e  maximum e f f i c i e n c y  o f  the  

t h e o r e t i c a l  c y c l e  and the p o s s i b l e  ga in  a h lch  can be o b t a i n e d .

The m k l n e  c y c l e  l a  c o n s id e r e d  w i th  r e h e a t i n g  

performed a t  I n ter m e d ia te  p o i n t s  o f  t h e  exp a n s io n ,  e x p u l s i o n  

i n  t h e  second s t a g e  b e ing  taken r i g h t  down to  exhaust  o r  

back p r e s s u r e .  I t  a l l  c a s e s  r e h e a t i n g  i s  c o n s id er e d  a t

c o n s t a n t  p r e s s u r e .

SUPER1, tIATSD STExJtl

The preeeure-Volume diagram and th e  temperatare  -  

eStrop y  diagram, f o r  a  . I n g l e  r e h e a t  a r e  g iv e n  i n  f i g u r e .

1 ,  2 ,  3 and 4 ( s e e  a t t a c h e d  b lue  p r i n t s ) .

In a l l  o a s e s  the steam I s  r e h e a te d  up to the  

same temperatu re  a .  t h a t  o f  t h e  steam I n i t i a l ! )  l e d  t o  t h e

prime mover.

nm is l lR E -ynm a DL.Ohnl, (F16 .  1)

The steam i s  a l low ed  to  expand I n i t i a l l y  from »o» 

t 0  a s  i n  th e  Rankin ,  c y c l e ,  . i t  "d- the . team I s  l e d  to

t h e  r e h e a t e r  where I t  I s  h e a t e d  a t  c o n s t a n t  p r e s su re  (P3 ) ,  

L  volume i n c r e a s i n g  from Vd t o  Ve .  The steam I s  then l e d  

oack to  the  pr im, mover and a l low ed  to  expand from "e" t o  " f  

a t  t h e  end o f  th e  f i r s t  exp an s ion  the steam may be s i g n e r  

j u s t  dry s a t u r a t e d ,  s l i g h t l y  superheated  or s U a h t l y  wet  

a c c o r d in g  t o  th e  amount o f  expans ion  a l lowed  In the f i r s t

s t a g e .



The t h r e e  condi t l o m  w i l l  be c o n s i d e r e d  by meats o f  

the t em peratu re -en tropy  diagram.

5TE/U.1 J"3T DRY 3A '‘UR^TFX) /.T ^1D OF FIRST _EXPANSION j F i ^ ^ l  

F l a ,   ̂ i s the feod-wat er s t a t e  p o in t  and "c" i s  the

s t a t e  po in t  o f  the  aunerheated steam as  i n i t i e l l v  l e d  to the  

prime move". "ccT r e p r e s e n t s  the  f i r s t  s ta g e  exp a n s io n .

’de” r e p r e s e n t s  r e h e a t i n g  up t o  th e  i n i t i a l  tem perature at  

c on s tan t  p r e s s u r e .  "e f " r e p r e s e n t s  the second s ta g e  expans ion  

down t o  back pre ssu re  w i t h  temperature T2 •

Work done in the rehe. i t  c y c l e  i s  p r o p o r t io n a l  to  

the area "m 0 c i c 4 m" in t h e  f i r s t  s t a g e  and t  t h e  a r e a

"a m d e f  a" in the  second s t a g e . Total  work done i s

p r o p o r t io n a l  t o  the area  "k b c c d e f  a" .

Work done :  n 0 c1 c d +  * r. d e f   ̂ ^

.  - { ( V T , ) ( 1  h ^ l - t - V T . - T p - T ,  ( 1 = 6 ,  +  ? ? ' >
T T g "I

+  ^ j T 3 - T 2 ) ( l + T j )  +  Kpg(Tg-'%)- 1'aVloge :f2'*'1Sp2J'0g« ( l )

■ eat. Suppl i e d  .  r b c^c d +  k am d e f  h  ̂ ^

-  -{(T^Tg) ( l - h f ^ )  "h hp1( T 8-T1 ) - T 3 ( l o g e f J ' f R p l l o g e

+  / l 3 + T 3 -To f  Xp2 (T3-T5 ))-........................ ( 2 )

C ycle  K f f lc le n a y  =- T2T
. k i.  {(Tl -T3 ) ( l  +  |^ ) -» 'K pi(T 8- T i ) - T 3 ( l o g e ^ •♦ •R p 110ge f

+  ( ( T 2-T 2) ( l ' t ' 7 ; J >  hp2('ra-T 3) -T 2 ( l o’<8 T  ̂+ Rmglog,

{ (T1..TS ) ( 1 ^ T  >: Kpi (Te ‘ rr1 ) - T3 ( l o g '*?3 +Kr I1 + -T2 +Kn ;

}
(4)

. . n e r n » t , SV .  l o j ^ L J m j  = a b c c d r +  d e f

= { T i _ T j ( l + ? l ) + K p l ( T s " T l ) , - T 2 ( l ° Z «  ? 2 + W S
+  { k o 2 ( t 8 - t 5 )  ~ t 2  k p  l o g s  T ; J - -------------------------------------   |

^ . s u J B B l l o d  = | L^ Tf ! 4  +  H ^ i T a- n ) }  + { K p , ( T s- T 3J , , , . - ( 6 )

J y c l a -  { ( T i - T 2 ) ( l 4 - T l ) ^ ^ P l ^ 3  - T l ) - T 2 ( 1 0 g , 7 p > K 0 ] 10ge^ ^ >

S£llSl9BJiy+  { p  (T , -T 3 ) -T .  l y  l O g r v } - (e )



J t a a a  a t l l l  auparheatftd, at,  jpd o f  f j t g t _ g s £ a n g i o n  ( F i r . t )

" cd" r i 'oresen t  b the f i r s t  s ta g e  expans ion ,  the steam : e in g  

a t  a superheat  tempezsture Tg1 '/lien l e d  to  the r e h e a t e r .  

R eheat in g  ta k e s  p l a c e  from "p" 1 o "e" .

’*or k done -  a b c c d g + * r d e f

= { ( ^ - T g X l + ^ l )  -T2 (lOga^ p i l o g e^ ) J

+ { KP 3 ^ r s " rr81> * r2 KP3 l 0 S e ~ R lj  -...........................( 7 )

Heat 1 , .
d u o o l l e d  » k a b o c d j - h j d e h

= f Li > T i  - t2 ' hEp1 xT»'*Ti ! i 4' f KP3^r 8 3 { ! • - - ( e)

f f i t a s x  -  -T 2 ) i l  + T V 1"hP l (Ts

+ ( * p g n .  -  t 3> -  V m  l 0 , >  W  M

-  T2 - r p }  +  f t p ^ T ,  -Tg )}

"cd" r e p r e s e n t s  expans ion  in the  f i r s t  s t a g e ,  the  steam 

p . , i n ;  r dryness  f r . s t l o r .  *h«'‘ to  t ' e  r . h e . t . r ,

iijjpl” the  f i r s t  reheat  e f f e c t  when the steam i a made dry

s a t u r a t e d ,  the steam i s  then superheated from "e 1" to " e" 

w i t h  temperature g

V/ork done -  m b c 1 c d - h a r a e L e f

-  -H'p1 (Ts- T 1)-T3 ( l o g eijv'- -h Kp i  loggTt')}

-h { ( T5 - T;,) (1 +• ̂ ) -h aD4 ( Te-T3 ) - T2 (1 ogef 3  + - % l< > 6 e  % ) }  —  

hftat 3 u n r l i e d  ■a m b c^c d 4"k a m e e i h



+  { 1.3 + 7 3  - T ,   1

M l i » S S S  -  f lT l - T ,) (  l  + ^ ) + K p 1 (Te- 7 l) - l3 ( 1 0 M T ^ K p 1L08. T[)]
+  { t 3 - 7 . j )  ( 1  +  T 3 )  ' • '  k p 4  1  T 8 ' T 3 '  " T 2 1 1 0 8 = T ^  +  l ' p 4 l ° l e  T ^ l j

 - -  (12 )

( ( T 1.T 3 ) ( l - h T i ) > KP l (Ts - Tl ) - T3 ( 1°6e  )̂j
•f ^L3 >  '3 -Tg +■ Kp I T3- ^

I  I  i l  l  J1„ t h .  oquatlonff Kl » , n ,  Tj . 1 1 1  h , v .  d l f f . r . n t  v . l n . . .  hP1 KP2

K- and 1D . 1 1 1  h t v s  d i f f e r e n t  v a l u e e  s i n c e  th e y  r e f e r  to  
«5 4

d i f f e r e n t  ranges  of  p r e s s u r e  and s u p e r n e a t i n g .

The PanHlne c y c l e  e f f i c i e n c y  fo r  the same l i m i t i n g  temperatures  

T8 , T i  and T2 I s  >-

f ( ? l - T 2 )(3  +l]'>  ■hKp1 (T 8 - T i ) - T 2 ( l o g e  T ^ ^ KP l l o 6 e 7%)] ______

^L i + Ti -  T2 >  tip l (Ta -  T i ) ]

I t  i s  im p o s s ib le  to  d i r e c t l y  determine the c o n d i t i o n s  amongst the  

g i v e n  c a s e s  for a maximum c y c l e  e f f i c i e n c y  because  s e v e r a l

v a r i a b l e s  are i n v o lv e d .

The method adopted I s  t h a t  o f  de term in e  the c y c l e  e f f i c i e n c y  for  

v a r i o u s  v a l u e s  of  P3 w i t h  corresponding s a t u r a t i o n  temperature  

T ,  and p l o t t i n g  the e f f i c i e n c y  against,  the p r e s su re  P3 . The 

p r e s s u r e  a t  which r e h e a t i n g  should take  p l a c e  fo r  maximum 

e f f i c i e n c y  can then be ob ta in ed  from the curves as w e l l  as  the

maximum e f f i c i e n c y  o f  the c y c l e .

D e t e r m i n i n g  t h e  e f f i c i e n c y  f o r  v a r i o u s  v a l u e s  o f  Tj  w i t h  

c o n s e q u e n t  v a r y i n g  v a l u e s  o f  Kp i  Kp2  Kp3 art I.p4 from



e q u a t i o n s  (» )  or ( 6 ) / L  t o )  

hen„  , m o w » = i . .  - v ,  th e  l 0 **1' hea -

e n t r  opy c h . r t  f o r  - t e -  ( » "  ? 1 « -  5 )  "

4

. . 0, .  . O l . r . u o  h . . t  drop f r o -  P l  t o  P ,  t o t u r . U o n

t , T . p . r . t u r ,  I , )  - •<*•" r . p r . s o - t s  r . h . . t t n ,  » t  o o n . t . n t

ppoooor ,  P3 to br in g  t b .  t . - p o r . t o r .  b.oK t o  tbo In . 1

, W .  t . . » . r . t Ur .  T„. -of"  —
. m . b . t l ,  boot  drop f r o .  P5 ( r . b . . t . d )  t o  b .ok  p r . o o u r ,  P2

= 0 d +- o f

Ilf3it SUDDi m
Tota l  heat  &t "o" r e h e a t  a u p n J led from

to " e"

( T o t a l  heat a t  " c"

^ _ H e a t  s u p p l i e d  on Rankine c y c l e  
T h e r e f o r e ,  Heat s u p p l i e d  “ +-haRt cupni i ed durlnr r e h e a t i n g .

s e n s i b l e  hea* In water  a t  Tg.

s e n s i b l e  h e a t  In w a t e r  a t  Tg) -  ^

Ranklre
C yc le .

Heat supp l ied  on Ranklne c y c l e  
- f h e a t  supp l ied  by reheatar

(L4;

1„ * . o  = . . 0 0  n  m.y b .  p o . o l b l .  to  p . r f o r .  t h ,  r . h . . t l n ,  b ,  

n y n l . .  5 .  Both = , = 1 0 .  . r .  f u l l y  o o n e l d . r o d  In t h l .  t h . .  . .

O i s l a - S  . f f l o l o n o j  = r n K l f ^ S  1161

0 ^  .1 1 1  » l « » y »  h . « .  .  b l Eh . r  « f f l o l . n c y  t h a n  Ov o l .  » J

r . :  r
^  eoo°Fi m  » « — «
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the i n l t l & l  steam temnerature has been assumed.

3 t . « .  . . .  400 lb = . =<!. t—  ‘ b . . .  350 1 5 , .  per . I n , .

3 0 0  l b s .  per s q . i n s .  a b e . ,  2 5 0  l b a . , r e r  s q . i n n .  abs nd

200 l b s .  per sq .  i n s .  aba.  each w i t h  the tem peratu res  7 5 0 ,  700 ,

650 ,  6 0 0 ,  550 aid 500°F.

The back or exhaust  p r e s su r e  has been taken at 1 l b .  oer sq .  

I n s .  a b s .  in a l l  c a s e s .

■a r t  gh own in t a b l e s  ' o s .  1 t o  >]6  ■

Table Nos. 1 t o  6 r e f e r  t o  steam a t  500 lb 3 . pe r  sq . i n s .  ab s .  

Table Nos.  7 t o  12 r e f e r  to  steam a t  4 00 l b s .  per s q . i n s  a b s .  

Table Nos .  13 t o  16 r e f e r  t o  steam a t  350 l b s .  ne-  s q . i n s . a b s .

Table N os .  15 to  24 r e f e r  t o  steam a t  300 I b e .  per a c ■ In s .a b n .

Table Nos. 25 to  30 r e f e r  to  steam a t  250 l b s .  per s q . i n s , a b s .

Table Nos .  31 to 36 r e f e r  to  s t e  m a t  200 l b s .  per s q . i n s . a b s .

The c y c l e  e f f i c i e n c y  curves  are shown I n  P l a t e s  " o s . 1a t o  0 g

P l a t e  No. I n i t i a l  steam 
Pressure  l b s .  
per s q . I n s . a b s .

I n i t i a l  
Steam Te:n-0  ̂
p e r a tu r e s  F

Beck 
P r e s su re  
l b s . p e r  
s q . i n s . a b s .

Working
Cycle

1A 5 0 0 500 t o  750 1 A

IB TOO d o . 1 B

2 A 4  00 d o . 1 A

23 4 0 0 d o . 1 B

3A 3 50 d o . 1 A

3B 350 d o . 1 B

4A 3 0 0 d o . 1 A

43 3 0 0 d o . 1 B

5 A 2 50 d o . 1 A

i i B
2li0 d o . 1 B

-

-  6

i
'  _



P l a t e  Ho. i n i t i a l  Steam 
P r e s s u r e  l b s .
per  s q . i n s . ' J b s .

i n i t i a l  
Steam Tem­
p e r a t u r e s  E

Sack
P r e s s u r e  
I b e . o e r  s q . 
i n s .  aba,

f o r k in g
Cycle

6 A 200 600 to 750 1 A

6E 200 do. 1 B

The e f f i c i e n c y  o f  the  Ranklne c y c l e  I s  shown f o r  each i n i t i a l  

temperature hy means o f  d o t t e d  l i n e s  on p l a t e s  r e f e r r i n g  to

Cycle  A.
E f f i c i e n c y  curves f o r  Cycle  A l i e  p a r t i a l l y  above and o a r t l a l l y  

below the hai.kine e f f i c i e n c y  l i n e .  Hence f o r  Cycle  A, I t  Is  

important to choose the  r e n e a t  p o i n t  c a r e f u l l y  i f  t h e  g r e a t e s t

g a in  i s  d e s i r * d .

Tables  1 t o  36 a l s o  g i v e  the ercenta&e g a in  over the Rsnkine 

c y c l e .  I f  i t  lm assured  that  the - a t l o  o f  a c t u a l  thermal  

e f f i c i e n c y  o f  p la n t  t o  t h e o r e t i c a l  c y c l e  e f f i c i e n c y  i s  not 

a f f e c t e d  by the adopt ion  of r e h e a t i n g  then the  g a i n s  shown w i l l  

r e p r e s e n t  the pe r c en ta g e  sav in g  in fue, .  ugsd .

When t h e  Rankine c y c l e  i s  f o l l o w e d  t h e  steam c o n t a i n s  a f a i r  

amount o f  mois ture  at  the lower s t a g e s  o f  expans ion ,  but  when 

a r e h e a t  c y c l e  i s  adopted tho amount o f  mois ture  a t  the la * e r  

s t a g e s  i s  reduced,  the e d u c t io n  be ing  i n v e r s e l y  p r o p o r t io n a l  

l.o the pres su re  ,*t which re) e a t i n g  ta k e s  p l a c e ,  or ,  p r op or t ion a l  

t o  th e  amount o f  expans ion in  the f i r s t  s t a g e .

In  p r a c t i c e  th e  e f f i c i e n c y  r a t i o  o f  a Prime mover i n c r e a s e s  

s l i g h t l y  as  t h e  q u a l i t y  o f  t h e  s team i s  h i g h e r  a t  t h e  end <f 

e xpans ion ,  t h i s  i s  p a r t i c u l a r l y  t h e  c a se  in  t h e  steam turbine . 

Hence, in  p r a c t i c e ,  i t  may be  e x r e c t e d  t h a t  t h e  fa ir *  w i l l  be 

s l i g h t l y  h i - h e r  t h a n  th e  t h e o r e t i c a l  v a l u e s .

P l a t e r  1A t o  65 have been u se d  t o  o b t a i n  t h e  maximum cyc le  

e f f i c i e n c i e s ,  r e h e a t  p r e s s u r e  f o r  maximum e f f i c i e n c y  'tA  

p e r c e n t a g e  g a i n s  over  the  Rankine c y c l e .  The r e s u l t s  a r e



Lai i l  Ion b e t ween » iixlmum B f l ' i c lanM  jGvc-J.g_A.'_jmd I n i t i a l  Staam 

/ am psr& tn ra  ( R e h e a t in g  t o  In  W a p e i : a t u r  , )

Table Ko. ?7 has  been used i i  p l o t t i n g  t h e  maximum a f f l o i e n c y

a g a i r r  t the i n i t i a l  steam temperatu re .  The r e s u l t  i s  shewn

in P l a t e  No. 7A. The r e l a t i o n s h i p  in  t h e  case  o f  each

pre ssu re  f o l l o w s  the s t r a i g h t  l i n e  l a e  o f  the form

haximum Cycle  e f f i c i e n c y  a a cone ant  +  a c o n s ta n t  (steam
temperatu re  -  5 0 0 )

The a c tu a l  e quat ions  f o r  the U n i t i n g  c o n d i t i o n s  cons id ered

in t h i s  i n v e s t i g a t i o n  are

For 500 l b s . p e r  sq . I n s . a b s . , Max . e f f i c i e n c y  = . 3 4 3 1 ^ . 0 0 0 1 0 8

i. .no  " 11 " " " M ax .J f f ic i f 'nc , /  -  .3341 +■ .00C1CC4
1 ( t  -  3 0 0 )

■I , = o ................... “ " M a x . e f f i c i e n c y  = . 3 2 8 5  +  .000108 *:
'#% B E ’ ( t  -  500)

" rno " " " " " M a x . e f f i c i e n c y  = .3212 + .000113
( t  -  500)

r cn " " " " " Max, e f f i c i e n c y :  .3144 +  .0001136
( t  -  500)

200 I t  I I M a x . e f f i c i e n c y  : .3050  +  .000115  
( t  -  500)

Where t  r i n i t i a l  steam temperature ( r e h e a t i n g  up to  i n i t i a l  

t e m p e r a t u r e ) .

The l i n e s  are almost p a r a l l e l  md i f  the average  v a l u e  tif t h e  

c o e f f i c i e n t  o f  "t" i s  used no g r e a t  error  w i l l  be i n v o l v e d .  

The average  va lue  i s  .0001107 and the g r e a t e s t  error o c c u r s  

w ith  200 l b s .  per s q . i n s .  a b a .  and 750°F,  the error  being 

.00108 in e f f i c i e n c y  which r e p r e s e n t s  an error  o f  o n ly  *324£

The c o n s t a n t s ,  f o r  the e q u a t io n s  g i v e n ,  v hen p l o t t e d  again*  

pressu re  g i v e *  a curve w hic h  h a s  the f o l l o w in eqnat ion  

Gon s t i n t  ■ .305 +" .0002 (P-hOO) -- . _154 x 10 Hp)



Hence I f  the average c o e f f i c i e n t  o f  the temperature i s  used  

t h e  f o l l o r i n g  ge ne r a l  e q u a t io n  can be used t o  determine the  

maximum o o s s i b l e  e f f i c i e n c y  fo r  any p r e s su r e  from 200 t o  500 

l b s .  per s q . i n s .  a b s .  and f o r  any temnerature from 500 to  

750°F

Max. e f f i c i e n c y  -  .305 +• .0002 ( P - . 00)—.2154 x 10 (?)

f . 0001107 i t  -  600)

Where P = a b s .  steam p r e s su r e

t  * steam temperature ( i n i t i a l  and a f t e r  r e h e a t i n g ) .

C y c le  B . The curves  are s i m i l a r  to thos e for  Cyc le  A and are  

s h c m  in P l a t s  No. 73 .

The e q u a t io n s  to the  l i n e s  are

F o r  5 0 0 l b s . p e r sq . i n s . a b s . , L ax .e f f i c i e n c y  = . 4  002 r .0 0 0 1 6 0  
( t  -  5 0 0 )

" 4 0 0 II II Max . e f f i c i e n c y  % . 3  8 64 + .0 0 0 1 7 1  
( t  -  5 0 0 )

" 3 5 0 11 II Max . e f f i c i e n c y  % . 3 8 0 5  - h  .0 0 0 1 7 6  
( t  -  5 0 0 )

" 3 0 0 II II Max . e f f i c i e n c y  : . 3 7 2 0  -f 00 0 1 7 2  
( t  -  6 0 0 )

" 2 6 0 II II II II II Max. e f f i c i e n c y '2 0  -h . 0 0 0 1 7 8  
( t  -  SCO)

" 2 0 0 ii n i Max.e f f i c i e n c y  - . 3  5 07 -h . 0 0 0 1 6 8  
( t  -  5 0 0 )

Again,  the l i n e s  are almost  p a r a l l e l .  The r e i n  va lue  o f  the  

c o e f f i c i e n t  o f  "t" i s  .000172 which g i v e s  the g r e a t e s t  error  

in  the case o f  250 l b s .  ner s q . i n s .  a b s . ,  the error  being  

on ly  .OOlf welch i s  an error  of only . 3 6 9 /  .

A s i m i l a r  t re a tm e n t  fo r  t h e  equat ion s  fo r  maximum e f f i c i e n c y  

g i v e s  the fo._ n e r a l  formula f o r  Cycle  B

; a x . E f f i c i e n c y  *  .3607 ■+■ . C 0 0 2 6 i ; P - 2 0 0 ) - .316 x lO‘ 1 3 (P)4 ,4 y  

- K 000172 ( t - 5 0 0 )

In o r d e r  to  d i s p e n s e  w it h  t h e  use of f o rm u lae  and v a r ia b le  

c o n s t a n t s ,  t h e  c u rv e s  shown i n  P l a t e s  8A and 8B ht,ve been



c o n s tr u c t e d  from those  i n  P l a t e s  7A and 7B r e s p e c t i v e l y .  

Maximum e f f i c i e n c y  i s  s l o t t e d  g a i n s t  i n i t i a l  steam o r e ss u r e  

for  v a r io u s  tem peratu res  in  s t e p s  o f  10°F.  P l a t e  8A r e f e r s  

to  Cycle  A «nd P l a t e  65 r e f e r s  to  Cycle  B. These p l a t e s  

enab le  the  g r e a t e s t  p o s s i b l e  c y c l e  e f f i c i e n c y  be ing  r e td  o f f  

d i r e c t l y  for  any i n i t i a l  steam pressure  from 2 0 0  to  500 l b s .  

pei j q . i n s .  a b s .  with any i n i t i a l  temperature from 500 to  

750 °F, r e p e a t i n g  taking  p l a c e  up t o  the i n i t i a l  steam 

tempe n a t u r e .

£ l* ie ._ 9 £  g i v e s  the o r e s a u r ,  at  which r e h e a t i n g  must take  

p l a c e  to  g i v e  maximum e f f i c i e n c y  on Cycle  A. The curves  

are i r r e g u l a r  but tne g e n e r a l  trend  i s tha t  r e h e a t i n g  should  

take  p l a c e  at P r o g r e s s i v e l y  lower p r e s s u r e s  a s  t h e  i n i t i a l  

stBam temperature i s  h i g h e r  and h i g h e r .  At p r e s s u r e s  <f 500,  

.’.50 and 300 l b s .  per s q . i n s .  a b s .  there  i s ,  wlde c h o lee  a t  

the l e x e r  temperatu res ,  t h i s  i s  da e t c  the e f f i c i e n c y  curves  

being  f l a t  a s  seen  in P l a t e s  Noa. 1A, ZL and tA .

l-l&te_9B.  The curves are s i m i l a r  to those  o f  9A but r e f e r

to ^yc le  3 .  In t h i s  case  the g e n e r a l  trend j a that  

r e h e a t i n g  should take  n l a c e  at  p r o g r e s s i v e l y  h igh e r  P r e s su r e s  

a s  thp i n i t i a l  steam temperature i s  h igher  and h i g h e r .

P l a t e s  8A. 6R, 9A and 9B re pr ese nt  a summary o f  t h i s

i n v e s t i g a t i o n  and can he used t o  s o lv e  any g iv e n  case  w i t h in

tne l i m i t s  c o n s id er e d ,  t h a t  i s ,  any pressure  from 200 to 500  

l b s .  per sq.  i n s .  abs .  w i t h  any temperature from 500 to  750°F.

iilS-lQ-U o w ln g  pon&luslon&_aje_d£awn_from _the var ious t a b l e*

And-fl.UTY0a o b t a i n e d  i -

Cxsle_A

(1) P e h e a t i n g  must t ak e  p i  oe a f t e r  a m odera te  amount <f 

e x p a n s i o n  h a s  t a k e n  p l a c e  in  t h e  f i r s t  s t a g e  i f  maximum 

r a in  i s  d ' s i r e d .  The r e s u l t i n g  a d v a n ta g e  o f  r e h e a t i n g  t h e



1 2 .

' 1 
i# B

ateam when s t i l l  * t  * moderate ly  high p r e s su r e  I s  that  

the  r e h e a te r  need not  be of e x c e p t i o n a l l y  l a r g e  vo lum etr ic  

c a p a c i t y .

(2)  Percentage  ga in  over the Rankine c y c l e  f o r  a g iv e n

pre ssu re  i n c r e a s e s  w i t h  i n c r e a s e  of steam tem rere ture  

Mid t enoenature  o f  r e h e a t i n g .

(%) As the degree  of i n i t i a l  superheat  d e c r e a s e s  th e

p e r m i s s ib l e  amount o f  expans ion  in  the f i r s t  s tage  

d e c r e a s e s  in order to  o b ta in  maximum e f f i c i e n c y .

( 4 ) Reheating i s  o f  d o u b t fu l  commercial  advantage u n l e s s  

a h igh  degree  o f  supernoat i s  employ'd w i t h  r e h e a t i n g  

up to the I n i t i a l  steam tem o e r a tu r e . This involve,-,  

t h e  use o f  a r e h e a t e r  in c orp ora te d  w i t h  a b o i l e r  or tie 

use o f  a s e p a r a t e l y  f i r e d  r e h e a t e r .  Hence e x tr a  c a p i t a l  

and running c o s t s  must be c a r e f u l l y  c o n s id er e d  in 

con e c t l o n  w i th  the sav in g  in f u e l  r o s u l t i n r  from the  

higher  thermal e f f i c i e n c y  of the  prime mover.

( 5 ) Reheating w i th  l i v e  b o i l e r  steam w i l l  r a i s e  the

reheat  temperature on ly up to the s a t u r a t i o n  temm r a tu re

o f  the l i v e  steam. Hence, f r o  par .  ( 2 ) ,  the thermal  

e f f i c i e n c y  w i l l  be lower than in the  c a s e  cf reheating  

t o  i n i t i a l  steam t em oe r a tu r e .  Therefore  r e h e a t i n g  w i th  

l i v e  b o i l e r  stoam it; o f  d o u b t fu l  advantage exeeot  t h a t  a 

simpler  and cheaper apparatus  can be i n s t a l l e d  near the  

prime mover i n s t e a d  o f  in the b o i l e r  h o u s e .

( 6 /  The gain  lo  o f  such a small order  tha t  r e h e a t i n g  can

only be J u s t i f i e d  in the case  of power p l a n t s  o f  

l a r g e  o u tput .

C yc le  B

( l )  The maximum g a i n s  are very l a r r e  and approximate ly

c o n s ta n t  for  a g iv e n  steam and e q u a l  re h e a t  terwe r a tu re

-  13 .  -

/  -* £ 
'



for  any I n i t i a l  p r e s s u r e  from 200 t o  500 I b a .  per eg .  

Ina.  t b a .  Tbuo for  a temre r a tu r e  cf 750^? the maximum 

ga in  v a r i e s  from 2 3 . 2 a to  23 .63%  t o r  pr e s su re s  varying  

from 2 0 0  to 600 l b s .  per nq. I n s .  a b s .  r e s p e c t i v e l y .

( 2 ) The maximum g a in  i n c r e a s e s  w i t h  i n c r e a s e  cf i n i t i a l  

and equal  reheat  t em perature .

( 3 ) Reheat in g  must take  p la c e  when the steam has  expanded 

in the  f i r s t  s tage  almost  down to atmospheric  pres su re  

in order to  obta in  maximum g a i n .  The r e s u l t i n g

sadvantage  i s  t h a t  t h e  r e h e a te r  must have a l a r g e  

vo lu m e tr ic  c a p a c i t y  i f  the  steam v e l o c i t y  has to b-  

kept w i t h i n  r e a s o n a b le  l i m i t s .
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