s

s S O

TR

June 7, 1960 V. H. PAVLECKA 2,939,286

DYNAMIC STEAM CYCLE

Filed March 15, 1957 25 Sheets-Sheet 1
U > — -
é/ZJL N (614'/ &r5 }
€4 &
. é / 5 817 g5
é./:,_ll o20 2, UL :
L _ % t
|
|
|
< 0 “ ] JI
,.éé 72 go& 603 o
4
" Z]
- &&e0
] 679
LD,
m’%ﬁz&lo

A Gt
COMPEESSOE & DONVEN & TL@8/NE 7 /
comperssoe G vewven sy rvesme 7,
Y, .
7z % 75 _
s/l A//@
>
ty J 7 A |
Y/ ’ ¢
ad ’”‘\ o v .
// @; } v Ef i —
72 %
] 4 15250 4 2\510;1 2 :’(é% %
T‘?il 7%
+ é/ /L>\ / LX= A 01
d/léz \67 e; / | A
& J "Q/ L/ hz A / Gy THEOUEH HERT EXCARNGLE EF7
4 .
/
N ’/@ aty [ ///f@ » INVENTOR.
NI s A Veooimme e Povicces
NI 1L Fre. . BY
Ll e Ll T WA
Y > E DRIABLEISPEED )
Al/;-/ X, <D Coces figs. 1-7 %: v 2

ATEOPL Arroents.



June 7, 1960 V. H. PAVLECKA 2,939,286
DYNAMIC STEAM CYCLE

Filed March 15, 1957 25 Sheets-Sheet 2
l T
| | . A
} I I I I 7 parix
Comppessor Cy DRNEN B¢ TUREBINE 7,
COMPRESSOL (o DEIVEN BY FUCENE T, 7| ~%
M
G
sovold / — ,
20 G
s/t ll .
Z o W VT 7, A%,
%/ 7,4l v
/ Y"@ v £ ‘\
62‘\// 63"/ ‘I| 17/ e
//,?) T ‘6_"(_____; | \16;, 7 7_,}
C Tz = —— )
4 / 2 g ' jy’\l?' \”L EfMo L2 ‘F*-A/{?
D g'/(>~ © RN—~—1<7
e e, A
% / L 2 ‘e‘L (6‘-/-@)
"G
Ndingd
6 = 6 ,+6/
A e
3 GppFE |7 & =
EATROPY Tarix A 7“1t
CompeEssOe G DEMEN B TUEEINE 7, 64”-—7/
COMPRESSOL Cop DENVEN BY 7UEBINE 7, ’ Y, 7,
4 .
o 4
-
274 1% e
Gé‘ﬁ//
L T\ e v 2z
: ya<74 & T
77 “AN )
& | Al T E e [ 1k
\/?\L\\ 2l ( i 24" i
/ e & (% R
R\l
_
& le 7
R / Ilc AT AT INVENTOR.
§ 5 = ,%- Gt Vso/nr6 e vz £0es
N 4 K-@ BY
g Gm} g oy, < X0 %‘;Zé ; Zﬂéc
EXN7R0P,

ATTOCNEY,



hd

ENTHREPE

-

ENTHBZLPY

June 7, 1960 V. H. PAVLECKA 2,939,286

DYNAMIC STEAM CYCLE

Filed March 15, 1957 25 Sheets-Sheet 3
____/ Ty natx
COMPRESSOR (G DENVEN B TUREMNE 7gy - ;
——4——1— % arax
COMPLESSOR Cp DEIVEN BY TLRENE g, 7 b 77'"'”
A\
A=
/ ya
/
/ //
7
ST 7
/| 37 _7] /.
£~/ 7| 2
4’/ ‘\‘ pa ;”-f,
s AN,
iy P e\ /
—7] 902 |€
/ P "\ \z 6. 5, & _i | &= —r
Ve // P / v .@m -
Ly o e W% %02
R~ f))/ sy %% =
4 IR (=4 " ~r Y
|| & % > —‘(6} w /2"’1[
LA 4
]

N
\

\
2K
A\
S\
£
l\
N ,\‘!
qd\\e{
|

ENTLOPY

COMPELESSOL § DEIWEN BY TULEBINE g
CompeEsSSoR C, DEIVEN BY TURBNE 7,

v

", 2”07
. 4
— A

4
62’ I}NNV l.;-l//’
ol EhG. 5.
, < 64 #) g( O
/ 7/ e 4 Yég 4 ,62-/3 -

L, wr2r o

P P INVENTOR.

3 Voomne . Lovesces

PR o BY
4}/ . & ~/g,<ejo %?Zg/ 7%4(,

ENTROLY TTOENE

AN

\
)
&'m

H
)
+
O
R
)
»
“3
A \‘ \(
%

N
N

]
N\
N
D

BN
N
i

N




2,939,286

V. H. PAVLECKA
DYNAMIC STEAM CYCLE

June 7, 1960

25 Sheets-Sheet 4

Filed March 15, 1957

ArroeA sy

R N m
€D, Qo2 3 m 3
/i .
aso7 [~ @|_ 77 \Rw\ BN W
— &
079 _||_|U 20
70 S
i 77 ltsd 0| = mp. Ny
2 Q)
‘oe2+ — & *. v T \WW a200m | ”n A/W
P-4 &
[ AWV
*. e W / 3 %
£
o7 i Cozo 629 N
002 009
% — 262 7 m ..
| €2 NS
< 2 007
hﬁ\\lﬂl\\.\\ ) _ 2 709, 209 @Qw,
7 %
qoLN Sy 6 s oz, w27 | %00 poo
= W Y69 P A
P or2dl T . L. £02
Z )L TEEE [t 402
soyAmSy| PV er 7o) e % 7297 = rw\lw: = _* A m/
% 2o i
ﬂﬁ _.___HMFW__\\ T asel 9% x LB
SUH \5-?/ @%-\\\\\% \ NNNR IIQ.NN L—]
el aeerl g L
_.______ﬁﬁ_-\\\? 2 S5l
7y m 7 nﬂi% 4% ( %¢/ 609 ) 4
206 . m\\ s__ 124 V2 _Iﬂ/|>|>>\||rlw\ i 0443 | —&02
&= e Ol z
] ost s S #
2 L A
4 \}5-..7 877 P! X 7% J.\mm, N e 72
Ti 3 7007 < 772 92,
4 4
=0 =y h k R = S M N‘%\
& V7 \.“\ \ou“MMMWl
- { X \.\ 57 4 .._ e az a. N\ —
o2l g2 o¥
L 77

o4



[£4

June 7, 1960

Filed March 15, 1957

V. H. PAVLECKA

DYNAMIC STEAM CYCLE

2,939,286

25 Sheets-Sheet 5

AULL
/702
i %
&y -
\
& [T %
/
L~ Gz
—E 2 [dg]
Gy
-
%o G %G~ C;J‘ <7 L-._ Gene
- 7 g Py
L 2 [z Ah
M ‘e
| % (g =7
@lcoocemr| | &
) — |
~or e xG. 211
! Yl l :
R |
7‘ .\ i JIMAX,
I 5 MAX TN ¥
| | I //}705; P
(A7%x) /, 2
COMPEESTOR £ LIV EN B8 / L"‘
- resmE Tiy T Ayl
72
5¢ pz) A 5 - 2
COMPELSSOL Co DE/VEN B4 G

| FesneE 72,

/¥ & |
44z,
/ A/I;;—az ” -, T

/

J

y -3 |7
4 /A |7
% Al Gs
fe &
9 c  \a#s,
%ﬁ‘ = ] o —';5 f 72

Gy A'%?/; €7 (‘4 6}@-4 A,/;/‘)
Z G a4,

Gty E G a4,

E-70 _jEE;;ﬂ;a ¢§?‘

% /z\r@ #2 YARIABLE SPEED

CycLE figs, 811

N

N A2

A

\
/ i
GG raGt G

ENTHAL LGS
f\}b Gy
N
N
o

ENT O

Cx=z0

INVENTOR.

Yoo0m1.e M. Povisces
BY

e b T VN

ATTOCN LY,



June 7, 1960

Filed March 15, 1957

I [

V. H. PAVLECKA

2,939,286

DYNAMIC STEAM CYCLE

25 Sheets-Sheet 6

S Zanall 7]

T

COMPELSSOR &) DENVEN

5@@@ _2525;;.¢5l

[ B 7UEE/NE P2

COMPRLESSOR Cop OEIVEN
f S TN E 7(-/1

pt
Zr ant,

!

ENTH PP

Gd#e, S any +
g an) .
< 7 Ui ‘7 4%@#‘754
@d/(e :@'4//‘,1
fr4
/ A4,
//”7‘\\ A%
Ve =L
" Jg VO 7,
- £ X4 — o o
j L - 22 r
[4 6&’
Cé
A4, / >}a
% < Lo
A \K il l 7 ‘\\ / ‘ “ Locys oF STR7E Prro 7
G0y by w,<zo| // { \\ ‘ \)/
ENTEOPL VA \
7 i
At
Zxe. £O0: |/
//’ AH,”
)/ i
2
Z
// sz
4
P .
7 I 4 .
g 4// % e ]
7?\ 3 2 /'/ /
p; f\\4 nm L
T " 2|/
bl ] 7
P
M| A / < ¢ - 1 INVENTOR.
NI < ,/ 24" VZposmrme e Povieces
ek L
i W b ‘
g et ete Thehtas T Vol

ENTEOPY

ArrofnEl



2,939,286

V. H. PAVLECKA
DYNAMIC STEAM CYCLE

June 7, 1960

25 Sheets-Sheet 7

Filed March 15, 1957

ATOILNT

(L5 7v08) 72X
ocPf

IS TELNT

‘s

Aooding %S

rSO7EHULNT

X

XN
“ 4‘ £

Z.
CF X

(a7 e

I TG LNT

o1 54

PC e
w7053 ,,
ory 3 2
o b
7o .~

YOUENIZLTY |

s

%_|

Yil4

i \)
sy \ N
— s8N}
W =N 7 M
s = W W ™~ N
—zN R\
NI
3
2L ‘St
e AN
379V

20 4oL/ 27963
400 42dw3, Yorp
S JO VoIs43] \eN\

LE 24T
o

w -
L
[ ———
o LSS
y U] % @ m% e
Y i il )
—
£
4
Cop awm.l. ) 6o 2
> |
£
777727 N\\ 777 \\\

N



ENTHALLPY

June 7, 1960 V. H. PAVLECKA 2,939,286
DYNAMIC STEAM CYCLE
Filed March 15, 1957 ' 25 Sheets-Sheet 8

ﬁao 150

I_’/Gojél

ENTHALPLY

ENTROPY

ENTHALPY

EnTROPY

ENTROPY

| ENTHLPY

G, 15,

INVENTOR.
Viaommne H. Poviccka

U WL TUL

ENTROP
oLy Arrorney.



June 7,

1960

Filed March 15, 1957

B

V. H. PAVLECKA
DYNAMIC STEAM CYCLE

2,939,286

25 Sheets-Sheet 9

T
912 o) SE,

V2920

LN TGP

Z
P4 290 % &,
Tz L96
2 3 iy -l?/
svwerEe [T o X ')
- < Aurenmroe) " L CoNSTANT SPEED
€ Cyesg fzjs 923
— e ==
[& L —
Sz L S955  ~LIOF 7905
~/256 HE 986 G
&,
/\/\/WT f‘;eoe— Crgzs
7947 ¥ G , 1954
(e .~ 1
iep7EE = 04N _r9ps__ P 930 % :
W =1 1902 7977 O I 972 Como ~ /927
—7 7 - 1< W4
Z ez 925
[ S—
/
il /
7prar.
By Zhe. 28,
Vi [ 374Va 77-
1 L T < T3 A7 FOLL LOAD
Z s/ 7 7
/ N & 7, | Commesssoe &y oerven
E’ }7}/ @%% % 7, BY FEENE T,
Al s bomshont P xq 4 "';&2 COMARLSSOE Cop DE/VEN
c, 13 qonslen ey \% By FLesnE
e T G 7 4 (73
v ~—_ 2 L
‘;f/{é’ a9 e Tt
K\ 2 ) A /?,\ /;‘T\ 72 /4
/ ' D G ,)‘%;‘% X=20
44 2/ f"@\"& P 1
I3
& ﬁ/é@ <l A ,{é// ke, /s \Variab/d INVENTOR.
e Ll oG Visoimme He Foovitces
% 1A ” BY
4 e
61-;};,_! <L O %44{ /./Zaéfc ’
NTEOPY ATTOENEY.



2,939,286

V. H. PAVLECKA
DYNAMIC STEAM CYCLE

June 7, 1960

25 Sheets—Sheet 10

Filed March 15, 1957

$ N
N
N

e — Corar EPELN m N w
I\,\ 7002 S o2 N
6267 1 sver 7 M H_ Sy N M
Looro [ \peer & === N N\
; { Vazeom X N K
*l 2665/ pprr] 226 \opas BRI A\
t N .Hm&&&ﬁ MM 4/%
1318 N
Lo ‘reer %Q&\fw % —~ m N
B
s26r 4 m
£202 oz £09 VM
P02 . =
(902 2002 Coroe
osoe reoe
gooz 7 S ouenTzin
7 0902
v
\\ &roe 28
o202 7 b v -
peoz SERNA~8202 os7y 7 W\wm\&w
o0 %W%.m,u/ /0 PO 3 :
A g
n.kﬁ& r GFEF =R3178 \N&.\\ 75
i | i ) 5
o[ > D
ik = = £003 6r6F
N M / - ‘
207" 5608 || 9602\, o7 S
, 02 peoc o2 Gooe, 2002 —,. L PO th&\
7 )
oz A
2f02 ‘D& °2. W.Nm‘.




June 7, 1960

Filed March 15, 1957

V. H. PAVLECKA
DYNAMIC STEAM CYCLE

2,939,286

25 Sheets-Sheet 11

- 0
Ceozs T
é&iﬁ%-\\~“
//féZE%! //ﬁézk%¢
c r ;.
/ 2026
o NN s 036 I N
= = i = %—eaae
3 2027
> = )
[ 0356 OE0H o032
 LOFT —, oo — fp—
N NNANNE NN 70 R
CO037— A (2035 /4;{
.3 70010 ”/
ooz e
o3 €090 02z 2019
+—20z5
2028 \*-ﬁ
E———
2057 2020
TEO0rE
0 ‘ 2003 colrf .
- / J
: G048 2080 : b ~
[:::Cj"é&2£c7é%kﬂ7 X /
2031 2 iy =
|
- | 2050 .
2012 ] o9 | - J INVENTOR.
y —— —/ ) l Vioomre M. LPovicces
 — PR BY
C
cos3 ,ZZ, Z 4 / Zyé@

Arroe/ e



EN7HFLAPE

June 7, 1

960

Filed March 15, 1957

V. H. PAVLECKA
DYNAMIC STEAM CYCLE

2,939,286

25 Sheets-Sheet 12

ENTHRLPS

ENTLOLY

% -
. AN AR
g
- 1
azaa;r;/
7l
p’ P. 7 }( /
4\¥// ‘ ey ‘/( 24,7 COM,
7/ v 174
s, Gy <,
r 63 //( ||‘
\
"7; / ’ ’
4 /7 o ! 7o’
\k; LA AT
7 ——'7‘. ’ , \ i i 7
A [~ — SO+ — Y
o s AL Fra. 22,
A | xeso
“2 >,
N X2 prd comresssoe Cy DEIWVEN
. By TULENE T,
AW 2
/ % //C/IS‘ Variatle COMEEESSOC Co LOIVEN
>Ié::f(§ BY TUCEINE 7,
z
<% <L 7= Tamax_ J/
— V|4
T~ Tassx 220
N
L
) A &
24" [ | 444,= consr
2 w;z//Il ’ \\{@ /
2 i /%
. 7
'0411 / / @// |
d | vy
Vi Y
d//cz /8 Constort /Z o 6;]/ ! ‘é,, E; Go 230
/——4 -z, | / “ G A4
/ >4 P # 7 A B‘A 7
z a///' Gv::;;ﬁ&:::fi54%@ Z. G
y e 7 COMPELESSOR & ORIVEN
s| 7 % [ go | BY TLEENE Tz
COMPEESSOL (o OCIVEN
~ v (/6 . T BY TLREBINE 7'02
N 2 2\t 5 Woriable INVENTOR.
Visomn.e #o Lo9v2cces

BY%L‘ 4 ZJ 'ﬁé:

ST rOCNLES,



June 7, 1960

Filed March 15, 1957

———————— AUl

f.f?iff::’f

V. H. PAVLECKA 2,939,286
DYNAMIC STEAM CYCLE

25 Sheets—-Sheet 13

FULL

A -27;60 G?4o

#2 CoNSTANT SPEED

i

—~2L 09

2do3. [edol
64.’_' (24./4 G‘
LT 4y £ =4/
N 4 C 6_{
£ {. .. S )P
243 Cq, S

WE/GHT AOW Gy =&, + G
WEIGHT FLOW &G\ Gy + Gpp

Cycee, figs.2428
] . MI/E]
f”e ALTLA
Copos
%y
& L~ 2409
Pl Y “

l

2407 73,

COOLRANT I 408

(74

Ys
o

I?l'/ﬁo 36'.

COMPAELESSOC &) 2EIVEN

/
Vﬂ - Ly, &Y TUEBINE o
2

COMPRLESIOR (G ORIVEN

e B TUCEINE Z_},
Z %
7' /4

’> X=140
7 e N e
2 | %
g2l =
tont i- % J
c| 2
N} | 7
Gy
#eo N2 = 7’ // INVENTOR.
N > Vosomne £y Lovesces
3 %3 2 tx<to

T U,

ArroeNES



2,939,286
25 Sheets-Sheet 14

V. H. PAVLECKA
DYNAMIC STEAM CYCLE

June 7, 1960
Filed March 15, 19567

87002 7=

11

Rzl

IS

££5S

G/52

INVENTOR.

Voomne e LPovicces

%5444, ; Zpgk,
A roAES,

I
POSS 052

405 5oz —|

o252,

oo

28]
EF235

N~ 2FPe
0022
2
4

C2 2T



2,939,286
25 Sheets—Sheet 15

V. H. PAVLECKA
DYNAMIC STEAM CYCLE

June 7, 1960
Filed March 15, 1957

Ty TGS S ALOIUNT
NPT 5D SSZITWOD

Dy NG AP
MINSC T SSTIIN O

=
7 o \Q\\NNn ‘P& \QWNN.\\V_\ Y &.\

ASOIUN7 % L%

]

N
%
R
INVENTOR.
V2 o0/mr0 . LPovesces
BY
WA

ol
Y
S AT IEHLNT

/7 202

b
ArroRNEH,

3T

Ry
N o X
N
\1
\Q\, / “§
P 7ESALNT

P 05165 Ay /
V\._
.

b“l

ASOILNT
2 \\M\.o

\4

\

)

WY
AAIOHLNT

NU\\\ i

\»,‘1
N
5 w
A
‘vfi
&

SNER
+ |
A\

- Gy FAr8SAL ST
NINF T E SIPIIWOD

Ty zvSIrL A
NINFT D SIPIAHOD

L& ITL




i

June 7, 1960 V. H. PAVLECKA 2,939,286
DYNAMIC STEAM CYCLE
Filed March 15, 1957 v 25 Sheets-Sheet 16

~UEL

¢ e
- | _Z; /] 4?190
INTERMEDIATE
TEMPERATURE

- %% Cycie, g5 29-32

3

——
__'é__géz,e |78
"
, % ——— L
—it % ld&el @ SR ;
C. & -
7
G %
) ) A/\/\/\A L
_— 1 “Gn (é)a
SERTEE % COOLANT
- > (C)/P e %

C &,

\
N o
NV
QAR
N
R\
“‘;
\Q
S
T
00

Maxinomn ~U / Zy // Y

7€ /e a4

gz | NS | e 50
P o

a4,

\
&
7 .
% : ké
277 / 2 % 7 compesssoe L, Oer-

Ve 5S¢ 70.53/,4/:@

comresrssoe Cp
Y vewvenw £ 7ue-

1
N
A
m\f\l
<3

URAN

ENTH P

7
@z L5 \\AM < "LAZA/: 7,
a1 ~ Z/ 4 (Z:.Z;
Ao e—/’@
] oA
— Xa .
2 Zg; INVENTOR.
S // %, }%‘Gﬁ* | Vigomre e Povicces
N " Qu BY
7 4
¢ | P xeso by T UL,
ENTROLY

ATTOENEY



XN

June 7, 1960 _ V. H. PAVLECKA 2,939,286
DYNAMIC STEAM CYCLE
Filed March 15, 1957 v 25 Sheets-Sheet 17

o
8
<
R

- — | ZG. 32,

d//;&e

€ Z
/L "% o '&"6 | |comeesae & oeven
\ BY TLEBNE 7¢;‘,

G5
COMLELSSOR Co DEIVEN

.
s~ 2 - B FeesweE 7,

Y T, Ce-r0

LENTHRLOY

1 \ ! v

@ " ; _%1‘ e (=]
P 91}(1 x<r0
ENTLOPY

N
|y
D
BY \\!
8
|

%, -27.1/6: 3410

a%,

BY FLEBNE T,
COMPLESSOC Co DEIVEN

Ve: AF (5‘
6 ’
\\;- 7 Cosrperssoe (& De/VEN
y
K3
7%
\

e
g B TLRE/AE 7”:/
’3 7 d &, Vo S -— 4 A
/ Z
- < y x=L0
. >/ \\ {6 )
c‘A A X‘/ f/' 4
¥ & t‘—é L { % INVENTOR.
NIDS RN A g Vesoinme #e Povecces
§ 2 , (—/}w BY )
N @, PRE -y 20 %flgx / Zﬂé

vreory Lg Brroen s



June 7, 1960

Filed March 15, 1957

1%3 e Ao A

V. H. PAVLECKA 2,939,286
DYNAMIC STEAM CYCLE

25 Sheets-Sheet 18

L TLANHBTGE

| g
- (%
—E 4 | 2
14
&, =2
Fhe. F3.

First Verséion of Hrgh TemPE-

RATURE Cycle, figs.33-35

CowsTaNT OR VARIABLE EH7ER <
Speed

G woLonT

W)
ﬁa

=

TEAILPLERTUNEL

yaz
AT
N / ) e, 36.
N A
Q /ﬁl._4
&f (4 %/ \
Q 0 = ” .
% s J /é: 7 G =G T GG,
N 2 /‘&
S | G (’
X<t 0
LN 780,
INVENTOR.
Voomme . Fooriices

e dd T

N 7 ArrognEy



June 7, 1960 V. H. PAVLECKA

2,939,286

DYNAMIC STEAM CYCLE

Filed March 15, 1957

25 Sheets-Sheet 19

4
-
TG, 362, -
¥ o~
AR T P " .
Sefize VALY
O 8-1-2-6-9-8 3
£e56E2-FTWF \\ '
Fet0-7-5-4-527-r0 G/ NN
3
\ ¢
Q vy /K 4%§> A¢%z < Z3
) G, N
3 xm\ Sk MJN\
3 A T
MIBNNNN 77 NN
o S swreosd £ atd “
4 14
%
v
G V%
ué%2§é50 dgﬁﬁiégk 4§q4 / 7
¥
N
X
3
S 4
N %
N2
0 N
lg /| %% ;x\ INVENTOR.
S 52 \ N\ VZpomse e oovecces
g f/ E’\
K
%
o 277777 M\\\\\i z;//"%

J7 1318

5
preony &

Arroenvsy.



2,939,286
25 Sheets-Sheet 20

V. H. PAVLECKA
DYNAMIC STEAM CYCLE

June 7, 1960
Filed March 15, 1957

N .
bt ALOTLNT N a/%w._
¥ > A > Lt e, 2 NI
- K Non.\w ) r ] D N
A2 2R e IR IN D
TLIAALO O OIS LNEUSNOS L& \\\ o] A .hhw 1 w ﬁ N
TEO7 IV ONE THO7 LI " V;N\ > m ” S g /wi
Walle> 274 73S PO
7 2
o nu\w\ww .7 \&\ SN K4 3 %
oF =Xy V\ &\N o ST z/ L_P N
AN 2 P P 3
Sl e
¥ i 4/ Ao
/

L/
2
4

N o v\.w\V S
=/ 27 "
.\\\sm\ WQ v.\\\“‘\ :n”.h\\ \ N\W\\ V\N{\/ \.Q i
A A= VA
" \\ — S
34 4 I 2
e i

/
/- 1/ N
e / Mﬂm\ V\\\ \\ i \ "2 o7 77727

S TGS LNT

e & o 1 \ 1
" 4 \% \ / %, 5 z
2t ol Lhoesvgy = U+ Uy 2 7 -
74 &%K %8 \\. \ N y_q\wvs,\\ . \\wQ%w utzwmx*mw . .w(\w - % \ Vo INIFIIAL T
iz A oo et 1y o Favari I pizrize €7 ave LD SHOSSIIIWOD
2. \ mﬁ\g gy | ane "y s Py Ty rveos
|4 \Q\\_w\;.mn .\ HO TINC2Y FO fLlLy Zyp AF NI E) FOSSTIINOI
21 Sk SN e ey 5 S
N b aNvLB|\ i3y
.6 P #uF\\\N Ty [0 worsieg AWeITS
R —— ) g 4 71

AT —
mNnﬁvsgvs§b$$&Qth“MWuh WMMMY

H0 S0y

° GF 2



2,939,286
25 Sheets-Sheet 21

V. H. PAVLECKA
DYNAMIC STEAM CYCLE

June 7, 1960
Filed March 15, 1957

~ =
Q y
Joag = " ] X 3
lows | g% & E W
9005 & N
Lo . seors 117M 194 A BN /m K
%07, e oF 2 X Dy
"~ T j LG 7o2d JJ = I~ N
, a7 4 108 = = 2 E X
7 . ™ - < ;
\QQGmMWkMNﬂWW 7 L /4 : sungay poO7 ﬁ. W B
. X
o L mﬁbmwv mP&@h&&bR&u Jorny mm
wh\.\ \\\R ]
Sﬂﬁmmykmu oZ0p | GO
7
k\V\ v ~~—— [— LPJ PSS
10> = % 1% o
]

.

auIgin) avoy aup
Y7200 3wy S3rr0y

o , or 2

oy | oy .
y %% 4 \<“:<. ji r2 mv
| 2205 /%4
(/4
-Q% M 4 L \ ubN WN U\.U
ﬁw\ goop4— | P zy = /4 y Ll A xwexn«\a.u
v Iy e I
. I JOSEINS WD)
WQQMN S L 2 Wg < 4 .MQQ pwo %1/

\\




2,939,286

V. H. PAVLECKA
DYNAMIC STEAM CYCLE

June 7, 1960

25 Sheets-Sheet 22

Filed March 15, 1957

Aour4y)

TV LT

. s V.z
or Vvﬂq e N Iy
/X% = 2 N .
Eley NA £ M.\ Nn.u.‘.&b.\..wu.nm@.th g2 U W H/% m
[ ¥ P 2 N
N\\ il P P4 i e NN
/e
Ry | 2 % X ' ‘ VR ST
L A e sV RN
%& S \\Q\\ \& //_ N\. “ NQ~ \W 2 \»m.b M.W\V. E g
.wUJm&\Q\N / 1%/ \\\ Nm\\\\ 4 /wQ\\ A\uwsﬁ \M\ew..wtw.w % ) M”L M /m
= 2 A P gy Y N
\ % / 7 g o N
iy (s [ iy ) m% \ — VY
T o\ 7 o7 N4 B g
E7s \mw A Q\W\ £9 , j\\l\ m.m)w, - \W#%
4 2 @w\\ VA o |\\Z2 | & ] or=n
Q\m / P . m A
/B 4 ‘o \4 7\ Gy S ?\% Z, \
/o ’ 7y 2y
; / ’ ~ \\« \Y\A | 4o \\\A@
2 AL / / /] _ 4 /
Ly ” mk\ / w..w/» /
e \V. 0. \ [/ p %
\ \N Y~ a4 = \\&\\V d
A 1 W74
&
|\\\/\ wed AV ki g _Aw V4
e\l = ALY \\N
2\ 2 Al 7
” / ‘w
ANV / [/
S\ AL/ 2y -
: UL S | Feersuos sty o Mup pooy Joutdsxd
\..W\\V /_ / .\th\\ Pﬂ‘ N.n%v\bw\v .\» soaryg 2nf E2+29+75
RN Al iy i 4 N seaug . -apito poads
4 __\ s \k 2 it PUOZSUDD POOY [/7/
V| i PN poedS puopsucy)
/ —f o \_\ | “
Nm.fl\\ z < N\\.\N\N mxstmr\ _ |

V3 4

o2y



2,939,286

V. H. PAVLECKA

DYNAMIC STEAM CYCLE

June 7, 1960

25 Sheets-Sheet 23

Filed March 15, 1987

N
N
AEVE
N
/ EN N R
nuPAmwvn Purguny 2 8 N
/ pocy 2N Q
LIVETOGD ] NN
. ¥ 0
k%\hg e /M
- N ¥
Sopcpy. &y Hhits I N
Apgpon( wods /4 < . poSE mw >
g D N
1 mw;mxmu<<mxseﬂwv °% ﬁu'
UL
LOSSRLIUOD
n,
\h$hv\\\\ rIIIJ\\\\L L) LOAS
Hh B e B &5 |llrmw\
\“MMW/I///// | \\\\A
e =+ | [ S
w /4 £ 7
222 P24 2/90.0
Pty o ar 9p-c5 5877 13t uedon] 49
" ] Ssasdwo> aup prwo Zny 290/
mw)(w&.w v 2y [ PYOT U Y17 2V 4200y
oz LI F 27
¢ /
F Suponby Ayond kkxwﬁwp 10EE



June 7, 1960 V. H. PAVLECKA 2,939,286

DYNAMIC STEAM CYCLE
Filed March 15, 1957 25 Sheets-Sheet 24

Fre. ZE, oy

\\f‘i’m
N
9

NG
|\$\|

9

S

NI

S

= 2~/ / Z \ ' aHy,
= da Vil
e Xl A e g Ne\ 2=
f f/ Z -GGG, / (2 @-7)( 2
2%, =12 ©

pd

%’J\& l g A
“ /i—g 73 7

i
aH, / 5 7;*; e f{ [ 57 Eol* Gz
1

Lpg /{
’?; LG/4

/
Vorioble Speed Cycle. 7u, /5 the Compressor Torbire
driving of/ #he Compressors. C,,Coond Cz, 7y /s
the Lood Jurbine delivering only exterral/ [ower.
4 //7;,, ond dHy,,, 7; ond 7;, [, fh end g are Vorioble.

iz 2

INVENTOR.
V. omme H. Paviccks

BY%ZXZ‘Wé

ArroRrneEy.



June 7, 1960 V. H. PAVLECKA 2,939,286
DYNAMIC STEAM CYCLE
Filed March 15, 1957 . 25 Sheets-Sheet 25

ﬂa’ £ Vorioble Speed Cycle. The Compressor Jordrne
7%, drwves alf Compressors; Yhe Load Torbme 7is
delivers only external Power.

7”
A A
2 'L"C:Z,'” 0

A Low Logd Condt#im,

/‘,I/ 4 74 S#eorn 5/94’%;7.? /s
// %& T Shut OfF
° \ &z Cr=Gp=0

¥ =

‘Ma
/

“'GL

D

G\§

™ .

R
; ){\

W,

5\\%

N\
)
O
x
S
b4
-@r

A
O
2/ N\

I\

~

I\\\
X K

,\w K3

S N
AN

RN

g :
(" v
2 ,7/ €y
I.I-/G 46 //Or/'dé/e Speed Cycle
¢ ‘ Ling Condition Gp=Go=0O
X = 47 ‘ 4
| 7 %
% gl//
/ 4..\ 9’” -
&’ / &,
L ot
// » al 1/1( _
o 7 6///
w o 3
xctoN~ S5 Gt A &
- ﬁerZ/ ,T
2. Ak AN
4§71 73R /]
L (s «(
"t
gl leans

INVENTOR.
Voomme H, Poscces .

VAt TV

A rroRNEY. ’



United States Patent O:

2,939,286

Patented June 7, 1960

-
1ce

1

2,939,286
DYNAMIC STEAM CYCLE

Viadimir H. Pavleckq, Pacific Palisades, Calif., assignor
to American Machine & Foundry Company, 2 corpo-
* ration of New Jersey - -

Filed Mar. 15, 1957, Ser. No. 646,355
40 Claims. (CL 60-—73)

This invention relates to dynamic steam cycles and
power plants operating in accordance with such cycles.
In the disclosed cycles, in their barest essentials, wet
steam is compressed by means of a dynamic compressor,
then superheated at constant pressure, then expanded to
some superheated state to produce useful work, then
cooled to the same wet state and dynamically recom-
pressed once more. This cycle has higher thermal effi-
ciency the the Calusius-Rankine cycle in the contemplated
region of operation and can be instrumented more easily

and at a lower cost than the power plants using the.

Clausius-Rankine cycle.

In the Clausius-Rankine cycle, water, at some high
pressure, is converted into superheated steam which is
then expended, to produce useful work, to condenser
pressure and temperature. Steam enters the condenser
as a wet steam, and if leaves the condenser as water. This
water is pumped back into the boiler, thus closing the
cycle. The above cycle is the cycle which is used at the
- present time in all steam power plants, large or small.
The Carnot efficiency of this cycle is given by the equation

AxX

Tmax

Tm — Tmin
— )

7 Carnot™

which is the maximum theoretically efficiency that no
cycle ever reaches for reasons which are fully known.
All attempts to increases the attainable thermal efficiency
have been in the direction of making Tway and pmey as
high as possible. The highest thermal efficiency now
obtainable is that in the Eddystone steam power plant
(Pennsylvania), which has the maximum efficiency of
42.5% at full load. This full load efficiency is ob-
tained at Tpaz=—=1200° F. and pp.,=5200 pounds per
square inch. The complexity of such installation and its
high initial cost can be realized from reading its descrip-
tion in Paper No. 56-A~165 of ASME, dated August
30, 1956, entitled “Engineering the Eddystone Plant,” by
J. H. Harlow.

The maximom efficiency of 42.5% at full load can be
obtained with the Clausius-Rankine cycle only when the
power plant is a very large power plant. For example,
the Fddystone plant is the 325 megawatts plant. This is
so because it is impossible to utilize steam at 5200 p.s.i.
and 1200° F. in a small turbine. Even in the above plant,
the superpressure turbine is a very small machine. Super-
heaters and evaporators also are realizable at such high
pressures only when they are of reasomably large size.
Medium size plants use Tmax=1000° F. and ppax=13800
p.s.i. and they have thermal efficiency in the order of
30%-33%. These power plants can have lower capacity,
such as 75 megawatts. Power plants of lower capacity
use Tyax=700° F. and ppex=800 p.s.i. and their thermal
efficiencies are of the order in 28%~31%.

The invention discloses several versions of a dynamic
steam cycle which is capable of attaining higher efficien-
cies than the Clausius-Rankine cycle when actual im-
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plementation of the two cycles is taken into considera-
tion. These higher efficiencies are obtainable with much
lower pressures than the pressures currently used with
the Clausius-Rankine cycle. Moreover, in the disclosed
cycle, the working fluid is steam, as in the Clausius-
Rankine cycle, and it is used as a wet steam throughout
the compression portion of the cycle, and as a super-
healted steam throughout the expansion portion of the
cycle.

In the Clausius-Rankine cycle, steam is superheated, ex-
panded either to a dry or wet state, is condensed into
water, the condensed water is pumped back into a boiler
at very high pressure where it is evaporated and the re-
sulting steam is superheated to the desired temperature,
thus closing the cycle. The heat of the liquid must be
supplied by the boiler, and a larger quantity of heat must
be removed by a condenser for converting steam having
a quality of 1.0, or slightly lower than 1.0, into water.
This lowers the efficiency of the cycle. In the disclosed
cycle, superheated steam leaving the last stage of the’
turbine is not condensed into water but is converted,
or cooled, into steam having a quality in the order
of .65-.75. 'This wet steam is then dynamically recom-
pressed in the dynamic compressors-in such a manner
that it remains as a wet steam after it is compressed.
Such dynamic compression can be performed efficiently
as long as steam remains wet. The cycle also permits
the return of the greater portion of the rejected heat
into the cycle, and it is also provided with a regenera-
tive circuit which increases the weight flow of the wet
steam in the course of its compression to the maximum
pressure, ps, of the cycle. The maximum pressure. of the
cycle may be in the order of 300-750 pounds per square
inch for most applications, while the maximum tempera-
ture may be in the order of 800°~1500° F., the higher
temperature having a very marked effect on the thermal
efficiency of the cycle. For example, with ps=440 p.s.i.
and Ts=1660° F. (T; is the maximum temperature of
the cycle), the thermal efficiency is in the order of
389%-39%, while with p,=560 p.si. and T;=1935° R.,
it is in the order of 46%—50%. 1Ii is also possible to
obtain higher maximum pressures, ps, with the disclosed
cycle by introducing a larger number of compression
steps, such as three steps, using three dynamic compres-
sors connected in series. When p,, in such a case, is
made in the order of 1500 p.s.i. and the maximum tem-
perature Ty is made equal to 1475° F., then the thermal
efficiency will be in the order of 55%-60%. This latter
version of the disclosed cy¢le is suitable for power plants
of higher rating. This rating, however, need not be as
high as that for the supercritical Clausius-Rankine cycle,
the limiting factor being the size, or the dimensions, of
the last compression stage in the last compression step
compressor. For example, if three serially connected
dynamic compressors are used, then the determining
compression stage will be the very last compression stage.
of the third compressor; i.e., the high pressure compressor.
Because in the disclosed cycle the weight flow through
the third compressor is much larger than through the
first compressor (this will become more apparent later),
it is possible to envisage power plants which have a rat-
ing in the order of 10,000 H.P., which still use three
compression steps and three to- four reheats. According-
ly, the disclosed cycle is much more versatile in terms of a
feasible, readily obtainable minimum rating than the
Clausins-Rankine cycle, even for the maximum attain-
able efficiencies, such as 55%—60% efficiencies. . This
compares very favorably with the minimum ratings in
the order of 300-325 megawatts (using the Eddystone
Plant as an example) for the Clausius-Rankine cycl
which, even then, has a lower efficiency. -
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While the disclosed cycle may have wide variations in .~ 7
It is diverted to the input of the second compressor C,,

py without drastic effect- on efficiency, the Clausius-Ran-
kine cycle inherently is a high pressure cycle for com-

,parable eﬁimency In the supercritical cycle, this pres- -

sure is 5200 p.s.d.

This high pressure produces low effi-

ciency machinery. - For example, the high pressure stages -

of the turbines are less efficient, than are the low pressure -

stages. The"low pressure stages may have -an efficiency
in.the order of 94%-96%, while the high pressure stages
may have an efficiency in the order of €0%-70%. - High
pressures also lower the efficiencies of pumps and produce
boilers and ducts having low Reynolds number.
* fore, the machmery for utﬂmno the_heat -and .the. poten-

tial energies is. more efficient . a.nd less. expensive -when.
The disclosed cycle .

the maximum pressures are. lower. .
is capable of producing high efficiencies at moderate pres-
SUres. (400—1000 p.s.i.)- and- still hlgher efficiencies- at
a pressure in-the. order of 1500- p.s.d., which is:a much
lower pressure. than 5200 p.s..-used i m the supercrmcal
" cycle. The Reynolds number of all components.in the
disclosed cycle is very high, including steam  turbines,
- dynamic -Compressors, ducting, heaters (heaters. in the
_disclosed ‘cycle replace the boiler of the Clausius-Rankine
cycle), heat recuperators and mixing heat exchangers

i (used for maintaining constant the quality 'of wet steam

in the course of its dynamic compression). The high
“Reynolds number and thin walls of the machinery (be-
cause of lower pressure) contribute to. the- higher effi-

ciency -and low initial cost and ‘maintenance cost of the
In its sim- .

machinery required for practicing the cycle. .
plest form (see-the Mollier chart, Fig. 26), steam . of
X;1=.65-75 quality and weight flow G; is compressed
" through. the first step of compression from pressure p;
to pressure ps in the first dynainlc compressor Cy.-..The

quality of steam is allowed to increase to some higher :

value, ‘determined by the compression ratio of compres-
sor Cy, but it will remain, as a rule, wet, having a quality
in the order of Xy==

There--

. 2,8809286 - - o e =

steam  having a. pressure p2+Ap and temperature Te.

and therefore, it is mixed with the steam leaving the first
compressor which has the weight flow G;. ‘The mixing
of Gy and Gg in a mixing heat exchanger produces a
steam flow G1-+Gg which may be either a superheated
steam or a slightly wet steam having a higher quality

- than .65-.75. 1In ‘order to make its’ quality ‘equal to

10

.65-75, preheated water from the condenser is injected.
into the ‘mixing heat exchanger which returns the quality
of steam ‘back io. the .65-.75 level. _This water. weight
flow is-designated as Gy. Accordingly, Go=G+Gg-+Gq.

. - The circuit producing the weight flow- ‘G Will be referred

to-hereafter as-the weight-and quality- regenerative cir-
cuit. This circuit restores the quality to its original level,
and it s a regenerative circuit because the weight flow
Gg of the superheated steam, which still has heat and

- potential-energies, is returned back into the cyclé and is

20

recirculated once more at a hlgher pressure level 2% than
the condenser pressure pyi .- -

The above cycle is apphcable either to. vanable speed
or’ constant spesd power plants, and it will. be described

-in connection with two types-of - variable speed power

25

plants and two types-of constant speed-power plants using
the simplest version of the -cyclé; ie., having two :com- -
pression steps, -one reheat step, one weight: and ‘quality
regenerative circuit and one heat recuperative .circuit.

-~ For larger rating power plants; the number of the com-

30

- of the specification.

35

9. The compressed steam of. -

X,=.9, and under pressure p, and temperatures Ty, is

reduced in_quality back to p;; ie., X;j=.65-.75, at con-
" stant temperature. T, .and constant pressure py by inject-
ing a superheated steam Gy from.one of the turbines
and a heated water Gy from.a heat exchanger and con-
_denser. -
to quality X, increases the weight flow from G; to Ga.
The weight flow G, is compressed in-the second com-
pressor C, to pressure py, temperature. T, and a quality
in the order .of X, -determined by the ¢ompression Tatio
of the second. compressor C,. It is then superheated to
temperature Tj at constant pressure py, and the super-
heated steam, still having the weight flow Gs, is expanded
in the first turbme Ty, to pressure py and temperature Tg.
The partially expanded steam: is then divided into two
weight flows Gy and Gg.
to temperature Ty at pressure p, and. then expanded in a
second turbine Tu, to a state Ty and p;. - ¥t is then re-
turned, through cooling, to state py, T1, X1 by injecting
water, having a weight flow Gy, thus increasing the total
weight flow from G; to G, which is equal to G3+Gig.
One part of this wet steam is returned into compressor
C; as the. previously mentioned weight flow Gi. This
closes- one-part of -the cycle at point 1. The remaining
portion of the wet steam Gy is returned to a conderser
as.a weight flow G;; where it is condensed into water.
One part of the cycle is thus closed at point 1 of the cycle,
-at which_ point the weight -flow G, is returned back to the
first compressor C.

It now is necessary to: return to that portlon of ‘the
" cycle at which superheated: steam leaves the Iast stage of
the first turbine. Tuy. -It has been stated prewously that
the weight flow Gy, leaving the first turbine Tuy, is.divided
into ‘two ‘weight flows. G3 and Gs. . The weight flow Gg,
as- stated -previously,. is- reheated and then exparded in
,the second ‘turbine Ty,

: 1t is mecessary to dccount for Gg. G is & saperheated

The weight flow G is reheated. -

40

This return of the compressed weight flow Gy~

pression steps, reheat steps and the-number of the regen-
erative and recuperating circuits is increased- with a
marked increase in the thermal efficiency of the: cycle.
This last version of the cycle will be described at the end -
The -above-order of description is :
not.in the order of the relative importance of the modified
versions of-the cycle.” Rather, it‘is in the order of their
simplicity so-as to_facilitate the - understanding of the -
more complex versions of the cycle in the light of the

- simpler versions which are described in the beginning of

this spec1ﬁcatlon

It is an object of this mventwn »to provide a novel
thermodynamic cycle in which™ an ‘elastic fluid which is
in a liquid state at room temperatures and atmospheric
pressure, such .as:water, is used in the cycle, the com-
pression step of the cycle being performed with the fluid
having liquid as well as gaseous states throughout the’
compression: stép and approachmg or only reaching the -
gaseous state, remaining in gaseous state throughout the

. expansion step or steps of the cycle, and the weight flows

50

throughout the ‘above steps increasing during the com-
pressmn step and decreasing during the expansion steps.

It is an additional object of this invention to provide
the thermodynarmc cycle of the above type in which the

" increase in the weight flow during .the compression. step

55

is an inverse function of the decrease in the we1ght flow
during the expansion step. - :

~ It'is an additional ob]ect of thls mvennon to prov1de
a thermodynamic cycle using a working fluid ‘capable of -

~-having a change.in phase from liquid to gas-and from

60

65

gas to liquid during the operation of the cycle, the addi-
tional - characteristic of ‘the cycle ‘being that' the weight
flow of the fluid is maximum in that part of the cycle
which has maximum thermodynamic efficiency, and is

" minimum in the minimum thermodynarmc efficiency por-

tion of the cycle. - .

It is also an object of this mventlon to prov1de a novel
dynamic steam cycle using.a “progressively dincreasing
weight-flow of working fluid in. the compression. step of
the cycle, a progressively decreasing weight flow -in the

" expansion step of the cycle, relatively low ma%imum -

70

-To close the cycle completely, .

75

pressures and having thermal_efficiéncies higher than the '
efficiencies obtainable with the ‘Clausius-Rankine cycle at
any pressure and comparable temperatures, the -obtaif-
able -efficiencies. approaching the ideal Carnot efﬁc1ency _

-more closely - than the Clausxus-Rankme cycle by using

maximum weight ﬂow of the workmg Tuid through ‘that
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pomon of the expansion step of the-cycle which has max-
imum thermodynamic efficiency. ’

It is an additional object of this mventxon to provxde;

power plants using the dynamic steam cycle of the above
type capable of operating at constant and variable speeds
with the variations in load.

It is also an object of this invention to provide a novel

dynamic steam cycle in which a progressively increasing’

weight flow of wet steam is dynamically compressed while
it remains wet through the compression step; the com-
pressed wet steam is then superheated, a progressively
decreasing weight flow of superheated steam is then ex-
pended, then cooled to its original state of the wet steam
and then recompressed again at substantially constant
quality and without being allowed to become a super-
heated steam during the compression step of the cycle.

It is also an object of this invention to provide a
dynamic steam cycle in which wet steam having a weight
flow G; is compressed from state T; and p; to a state
T, and p,; the weight flow G; is then increased to a
weight flow G, having the same pressure pg; the weight
flow G, is then compressed to a state ps and T, with the
compressed steam still remaining as a wet steam or
reaching a saturation point at the end of the compression
step; it is then superheated to a state p, and Tj, expanded
to a state Tg, p;, and cooled back to state py, Ti.

Another object of this invention is to provide a dynamic
steam cycle having a plurality of dynamic compression
steps of ‘wet steam and a plurality of quality and weight
flow regenerative circuits for maintaining constant the
wet quality of steam in the course of all compression
steps and for progressively increasing the weight flow with
each step of compression, the cycle also having a plurality
of expansmn and reheat steps and at least one heat re-
cuperating circuit on the low pressure side of the cycle.

Still another object of this invention is to provide
control systems for power plants utilizing the above cycle
and operating either at constant speed or variable speed
with the variation in the external load.

The novel features which are believed to be character-
istic of this invention, both as to its organization and
methods of operation, together with further objects and
advantages thereof, will be better understood from the
following description given in connection with the accom-
panying drawings in which several embodiments of the
invention are illustrated by way of several examples. It
is to be expressly understood, however, that the drawings
are for the purpose of illustration only and are not in-
tended as a definition of the limits of the invention.
Referring to the drawings:

Figures. 1 through 5 are the Molher charts for the
" variable speed power plant;

Figures 6 and 7 are the schematic diagrams of the
variable speed power plant;

Figures 8 through 10 are Mollier charts for a modi-
fied version of the variable speed power plant;

Figure 11 is a schematic diagram for the second version
of the variable speed power plant;

Figures 12 through 15 are the Mollier charts for vari-
ous types of dynamic compression of wet steam;

Figures 16 through 18 are the Mollier charts for vari-
ous types of expansion of superheated steam which are
feasible with the disclosed dynamic cycle;

Figures 19, 20 and 20A are the schematic diagrams
of the first type of the constant speed power plant;

Figures 21 through 23 are the Mollier charts for the
first constant speed power plant disclosed in Figures 19
and 20;

Figures 24 and 25 are the schematic diagrams of the
second type of constant speed power plant; -

Figures 26 through 28 are the Mollier charts for the
second type of the constant speed power plant;

. Figure 29 is the schematic diagram and Figs. 30, 31
and 32 are the Mollier charts for the third version of
the constant speed power plant; .

10

Figure 33.is the schematic dJagram and Fig. 34 is theé
Mollier chart for the fourth version constant speed power
plant with two compression steps and three reheat steps;.

Figure 35 is the temperature-entropy chart for the
power plant shown in Fig. 33;

Figures 36 and 36B are thv entropy-temperature charts
for the disclosed cycle, and Fig. 36A is the same chart
for the Clausius-Rankine cycle.

Figure 37 is the schematic diagram and Figs, 38 and 39
are the Mollier charts of the fifth version of the constant’

- speed power plant using two reheats and three compres-
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sion steps;

Figure 40 is the schematic dlagram and Flgs. 41 and
42 are the Mollier charts for the sixth version of the
constant speed power plant.

Figure 43 is the schematic dlagram and Figs. 44, 45
and 46 arc the Mollier charts for the third version of
the variable speed power plant.

The first version of the variable speed c'ycle

The first version of the variable speed dynamic steam
cycle is illustrated in Figs. 1 through 7. The Mollier
charts, shown in Figs. 1 through 5, can be understood
quite readily from the examination of Fig. 1 alone if one
is to restrict such examination only to the. enthalpy-
entropy changes in the steam. However, for complete
understanding of the cycle, it is also necessary to take
into consideration the weight flows in various branches
of the circuit, which are indicated by arrows in Figs. 1’
and 6. - The description of Fig. 6 will be given first, and
the description of Fig. 1 will follow.

Schematic diagram of the first version of the variable.
speed power plant.—Referring to. Fig. 6, the main com-
ponents of the power plant include two serially con-
nected compressors C; and Cj driven by two serially
connected compressor turbines Tuy and Tuy and a load
turbine Tu; connected to the output of the second com-
pressor C,-in parallel with the second compressor, tur-
bine Tug. The entire circuit is a closed loop. circuit, the
exhaust steam from the turbines Tuy and Tus being re-
turned to the first compressor C1 Steam is used as a
working fluid because of its superior thermodynamic char-
acteristics for the purpose at hand. The cycle must in-
clude a phase change in the working fluid, and such change
is obtainable most readily, at the temperatures and pres-
sures used in the cycle, with steam rather than with any
other fluid. Beginning with compressor C;, it discharges
into a steam quality regulator F, through a duct 601.
The steam quality regulator F; also receives superheated
steam from the exhaust side of turbine Tu; through a
duct 603 and preheated water from a hot well W through
a pump P, a duct 631, a coil 639 of a heat exchanger
637 and a duct 600. The above three imput circuits,
ie., ducts 600, 601, and 603, pass through the regulator
F, and leave it through three ducts 606, 662, and 604.
Ducts 602 and 604 convey wet steam G, and superheated
steam Gg to a mixing heat exchanger M;, and duct 606"
conveys the preheated water Gy into the heat exchanger
M, through a plurality of spray nozzles 605. 1t is the
function of the regulator Fy and exchanger M; to produce.
a weight flow G, of steam in duct 607, having the same’
quality as the quality of the sieam entering-compressor
C;; ie., the quality of the steam in duct 632. The rea-
sons for making the two qualities equal will be discussed
more in detail in connection with the description of Figs.
12 through 14. As will appear later, such control of
quality produces the most efficient compression of steam,
in the two compressors with maximum weight flow of
fiuid through the second compressor C;. From the above
description, it follows that .

Gg=G11+Get-Gr 2)
The above weight fliows are indicated in Figs. 1 through 6

by the arrows in the Mollier charts and by the lead lines
connecting the respective weight flow G’s to their re-
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spective ducts. These weight flows corréspond to the flow
of steam in pounds per second. : For. example, Gy is the.
weight flow to and from compressor C;, Gy i is the wetght
flow through compressor Cj, etc. :

The gquality regulators, such as Fj, are. known in the
art, especially in chemical” mdustry, where they are used
for thixing dissimilar gases in. fixed, predetermined pro-
portion. - In this case, these regulators are used for main-
taining constant ‘the_quality- of steam, for: example in

duct 607, at, say, .65, by combining the higher quality

“wet steam from: duct 601, the ‘superheated steam from
turbme Tu1 and heated water from well W.. . = .
“The. mixing heat excharigers are also known in the art
Exchanger M, merely acts as a mixing chamber for the
fluids injected -into it.. - -
. The .exchanger dlscharges into a duct 667 connected
to the input side ‘of compressor_C,. . The output side of

compressor C; is connectéd to & heater H; through a

~ duct 608. . Heater Hy may be a ¢oil it a combustion
chamber: using coal or, oil ‘as fuel, -or it-may be a coil
in a . heat exchanger connected to:an atomic reactor
) Superheated steam_leaves heater -H; through a duct 609
and is- expanded in a turbine Tu; which drives compres-
“sor Cy:
’ Duct 603 is connected to regulator. Fy, ‘while duct 611

“Turbine Ty discharges into ducts 603 and.$11.

" §26-7-8-1 and 1-2-3-4-5-6-11=12-1.
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is connécted - to a two-way valve 612 which, directs the

flow- of . the superheated steam either into a ‘duct 613 or
duct 614. - Duct 614 is connected-to. a two-way valve

615 and-to the second heater. Hy through a_ duct 641..

Heater H, ‘conveys the reheated superheated steam to
turbine Tuy. - The: ‘two-way valve 615.is-connected on

30

its - dlscharge side :to ducts 616 and 617, Valve 615 can-

diréct the steam flow either into duct 616 or duct 617.

Duct 617 is connected to the third heater Hy which is.con-
nected through a duct 618 to.the load turbine Tuz. Turbine
Tu3 1s connected-to an external load 619 through a reduc-
tion gear 620. ‘Turbine Tu; discharges into a duct 621 and
then into. the second quality regulator F,.

35

‘An alterna- -

tive -circuit is also indicated by a dotted duct 660 for -

the exhaust of turbine Tus which connects it directly to

40

a condenser 622. - Condenser 622 has a coil 623 con--

nected. to a-source of cold water 624, or other source

of cooling medlum suitable for converting the super--

heated -steam into water.

W having, besides duct 625, three additional ducts 626,

The condensed -water leaves-
condenser- 622 through a-duct 625 and enters a-hot well

45

627, -and 628." Duct 626 is connected to a source. of -
make-up water 629 through a regulated valve 630 which -
maintains ‘constant the water level in well W; duct 628 -

is connected to pump. P; and duct 627, which is used
for. startmg the power plant, is connected to duct 632.

Duct 632 is connected to ducts 633 and 661.: Ducts 633
and 632 connect-the second mixing heat exchanger M-

to compressor Cy and duct. 661 connects exchanger Mj
‘to. condenser 622. Exchanger M, is provided with the
: water-spraymg ‘nozzles 634 which are connected to a
- steam quality regulator F, through a duct 635. ‘Two addi-
tional -ducts 636 and 662 also connect regulator F; to
exchanger M.. Regulator F, receives superheated steam
_ from turbine Tuz through a heat exchanger 637 and a
duct 638. - Coil 639 of the heat exchanger 637 is con-
nected to pump P through: duct 631 and to regulator
Fy through duct 609. The regulator is also connected
to, hot water well and pump P through ducts 63% and
640 and to the ‘exhaust side of turbine Tuy through duct
621.. This regulator is identical to regulator F; in. its

60

fu.nctlon It: keeps constant the quality of steam entering -

. compressor Cs.

“The operaﬁon of the power plant of Frg 6-will be d.lS- .
ro

cussed now in -connection with the cycle diagrams illus-
trafed in Figs. -1 to 5 and the-schematic dragram shown

-in: Fig. 6.. Wet steam, having a quality in-the order of .

5 enters compressor Cl through duct 632 VTh.s,

entrre cyclers fndicated in Frg 1 by the- pomts 19324

2,030,286 e

“Stéam is poly-
tropically compressed ‘to ‘state 2 in compressor C; and,
after passmg through the steam quality. regulator F;
and the mixing heat exchanger M,, it leaves M; at a
lower temperature T3 and a lower quality which is equal
to.the quality of steam at point 1. ~Thérefore, X;==
.65=.75 at point 3. ‘The quahty at pomt 2 may be in the
order of .9if -

- : o P
It should be iotéd here that. the pressure pr, at the entry
into compressor C; may be in thé order of 1 inch of mer-
cury. (condensér préessure) while the pressure in the out-
ptit 'side of ‘¢ompressor -C; may be in the order of 1
atmosphere. ' Thé changes inthe conditions of steam from
point 2 to point 3 are obtained by discharging part of
the superheated steam exhaust from turbine Tx; into the
regulator Fy. - This is indicated by a weight flow Gg. A

"~ weight flow 'Gy of condensed water is also supplied to

regulator F;. from hot well W by -means.of pump P
after the temperature of this water has been raised to a
higher température than T; in the heat exchanger 637
by the exhaust steam from turbine Tu. Accordingly,
the weight flow 'of the steam through duct 697, indicated
as Gy in Fig."1, and into compressor Cz is-equal to~
(Gy=G1}+Get-Gy “(3)

where Gg is the weight flow of superheated steam from
Tu; toregulator Fy; Gy is the weight flow of hot water
from well W-to regulator F, and spray nozzles §05. '

Therefore, GZ»GI For example, in one cycle
G= 0pound ' '
IR i second :
while
' Gye=3. 2pounds
- second

in_another cycle Gz_24 ete. : :
'Ihe magnitude of G is determined by the overall cycle,
but miore. particularly by the position of point 9 in Fig. 1,
which indicates the state of steam -in  the  mixing heat
exchanger. M; prior to its quenching by water leavmg
nozzles 605: - Therefore, point 9 corresponds to an imag-
inary state of equalibrium reached by steam leaving tur-
bine Tu; and steam leaving compressor C;.. This equi-
librinm is not present in the actual plant because of the
preserice of the nozzles 605 in the same chamber into

~which water Gy is injected together with the steams G;
‘For the same reasons, Gj; does not exist as. .

and Gs.
such in the actual power plant but it, as well as point 9,
are thermodynamic parameters which play a useful role
in the overall evaluation of the cycle. . The larger the

"Gy and the hxgher the T5, the more efﬁcxent is the cycle

because .
: T5—T3
2.

must be as high as possible to obtain h1gh eﬁiclency, and

_the weight flow G, should be also maximum in this leg

of the cycle so that a maximum’ amount of ‘weight flow
would be reachmg point 5 in Fig. 1 by being raised
through the minimum temperature range. The above
follows from the equation for the Carnot etﬁc1ency whlch
in th1s case, becomes R . 3

: 'TS‘-T{ -

’ICamnt’:

T e (4)
G, enters into: the above relatlonshlps because it may be”
shown that- the mean temperature of the cycle betweenv
points. 1-4-is higher- if - the. Welght flow Gy is larger-
through the upper, or second, compression step 34 of the
cycle; than the weight-flow- Gi through the lower com-

5 pression step 1-—2 Steam is then- agam compressed from
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point 3 to point 4, points 3 and 1 being, as stated previ-
ously, on the same quality X; line and points 2 and 4
being on the quality lines X, and X;, respectively, which
may be the same lines. In general, steam should be dy-
namically compressed at the lowest quality possible with-
out injury to the blading of the compressors. Quality of
.65-.75 is a reasonably safe figure. Compression with
low quality requires less work, and therefore, the limit
as to quality is a purely dynamic one; i.c., the compressor
blading is eroded by the steam having a lower quality
than .65, and therefore, this quality is the most prac-
ticable from the point of view of the life of the compres-
sor blading. In axial compressors, the low quality steam,
such as .65, would produce centrifuging of water toward
its outer periphery, and such concentration of water would
produce flow distortions, low efficiency of compression,
and blade erosions. Therefore, .65 quality can be toler-
ated in the centrifugal and centripetal compressors, but
it must be in the order of .85 with the axial compressors.
Therefore, the use of centrifugal or centripetal compres-
sors is more advantageous with this cycle, the centripetal
compressor giving the highest compression ratios at the
highest efficiency and large weight flows. The quality
of steam at point 4 may have any quality, depending
upon the compression ratio, but it should be lower than
1.0 for obtaining a more efficient compression and max-
imum weight flow. This is also true of point 2. The com-
pressed steam is discharged into heater H; where it is
heated from state 4 to state 5, to temperature T, which
may be the maximum temperature in one type of the
cycle. The magnitude of this temperature is determined
by the type of source of heat used in heater H;. If an
atomic heterogeneous reactor is used, the temperature
will be about 530° F., with a homogeneous reactor it will
be about 1000° F., and in a combustion chamber using
oil or coal, it will be about 1500° F. The above tem-
peratures are the steam temperatures for point 5 in Fig. 1
and duct 609 and the input side of turbine Tu;. Prior
discussion of the maximum efficiency indicates that it
is desirable to have Tj, Ty and Ty; as high as possible.
The turbines Tu;, Tug and Tuz can be designed quite
readily for the temperatures as high as 1500° F. Higher
temperatures have adverse effects on the alloys used for
turbine blading, and there is also a possibility of en-
countering dissociation of steam into hydrogen and oxy-
gen. Therefore, the limiting factor is the temperature
which can be used with the known alloys and without
encountering dissociation phenomena. The temperature
of 1500° F. is sufficiently low so as not to be a factor
in the dissociation of steam into hydrogen and oxygen.
The temperature of 1500° F. can also be used safely in
the turbines, especially when the first stage of the tur-
bine is water-cooled or air-cooled. The entire weight
flow Gg, flowing through duct 609, is expanded through
turbine 'I‘zq which corresponds to the enthalpy drop 5-6
indicated in Fig. 1. The degree of expansion through
turbine Tu, must be carried out in this cycle up to point 6,
Fig. 1, which Hes slightly above the pressure line p,
which corresponds to the pressure obtained at the exit
from compressor C,. This pressure is indicated by point
2 in Fig. 1. The pressure at point 6 should be slighty
higher than at point 2 in order to obtain the pressure
gradient between these two points, for obtaining the weight
flow Gg from turbine Tz, to the quality regulator Fj.
This regulator is connected directly to the output of com-
pressor C; through duct 6061, and therefore, it receives
the compressed steam at pressure p,. The amount of
steam flowing from turbine Tu; to regulator F; is deter-
mined by the capacity of compressor C, rather than duct
603, this latter duct being made sufficiently large so as to
supply that part of steam which is necessary to maintain
the steam entering compressor C, of proper quality. The
steam quality regulator F; controls the quality of steam
reaching compressor C; by controlling the amount of
flow G4 from turbine Tu, to exchanger M.

The re-
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maining steam leaving turbine Tu, flows over duct 61X
to the two turbines Tuy and Tu;, which are connected in -
parallel with respect to duct 611 and the exhaust of
turbine Ty,. When T;=Ty,, the division of welght flow
G; between the two parallel circuits Ty, and Ty, will be
equal, and therefore, G4 will be equal to Gs. When Ty,
becomes lower than T; at part load, then G5>Gy, the
division .of the weight flow following the following rela-
tionship:

by Ty

Gy T ®)
The heaters' Hy and Hy may be identical in nature and,
therefore, the temperatures produced in the steam after
it leaves these heaters may be the same as indicated by
Ty; and T, in Fig., 2, which lie on the same isothermal
ling 28. Ty may be higher at full load, as indicated in
Fig. 1, if the full load operation is transient in nature
and turbine T, can withstand this higher temperature.
When Ty, must be operated at full load for long periods
of time, then the maximum values of Ty and T,; will
have to be equal. When the temperatures Ty and Tig
are equal at full load and G, and G; are also equal, then
the two turbines Ty, and Ty, are identical to each other
in terms of size, number of stages, breathing capacity,
etc.

The above type .of operating of turbines Ty, and Ty,
represents no more than one convenient mode of oper-
ating these turbines, which produces an equal division of
weight flow at full load. The division of the weight flow
at part load, as will be described more in detail later,
is not equal because the temperatures, in the heater H;
is lowered, Therefore, there is a greater weight flow
through the load turbine Ty, than through the compres-
sor turbine Ty,, the division of flow being in accordance
with equation (5). However, the above unequal division )
of weight flow at part load takes place with steam en-
tering the load turbine Ty, at lower Tyy and lower pres-
sure. - Accordingly, the dynamic similarity of the load
turbine Ty, remains constant. One of the advantages of
such a mode of operating Tu, and Tu; is that the two
turbines are identical to each other. The illustrated cycle,
with the higher temperature for the load turbine Tus, is
more efficient than when the temperatures for the load
turbine and of the compressor turbine Tu, are equal.
It also will have a higher output at full load and part
loads. . The disadvantage of such cycle resides in the fact
that it Tequires two different turbines, Turbine Tu; will
require a larger number of stages than turbine Tuy be-
cause Ay is larger than AHpy,. Tymax may be as

high as 1500° F., as mentioned previously, but it would
be preferable to operate the load turbine at such tem-
perature only for a relatively short period of time so as
to avoid its dimensional deterioration due to. creep. En-
largement .of the turbine rotor takes place when it is
operated at high temperature for a long period of time,
such enlargement being a function of temperature and
time., When full load operation is encountered over rela-
tlvely short periods of time, which, for example, is the
case in ship propulsion, then the cycle of the type using
Tiimax at full load shown in F1g 1, is the better of the
two.

The remalmng portlon of this cycle should be apparent
from the prior description of Fig. 6. The only part which
needs mentioning is that water entering the mixing heat
exchanger- M; through ducts 600 and 606 and nozzles
605.is preheated in the heat exchanger 637 by means of
a coil 639 and means of superheated steam leaving tur-
bine Tu. . This gain in heat is indicated by AHjy, in Fig. 3.
This reheating of water increases the weight flow G, the
thermal efficiency and the specific output of the power
plant.

The injection of water Gr and Gg; is indicated by the-
arrows having bent-over portions to indicate that water
is injected through the mixers M’s and- quality regulators
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Fs. The positions of the arrows on the Mollier charts'
is not thermodynamlcally accurate: it would be more
accurate, from the thermodynamic point of view, to have
arrow Gy to enter-the cycle at point “1,” and arrow Gg
at point- “3” on the Mollier charts. However, from™ the
point of view of the flow diagram. illustrated in Fig. 6,
such ‘positioning of the . arrows: Gg-and Gg. would not
" correspond to the ductmg illustrated in Fig. 6, therefore
an arbitrary decision was made to make the following
--choice: the positions of these arrows -actually shown on
all the Mollier charts is that corresponding to the actual
ducting rather.than the. thermodynamically -correct plot-.
ting ‘of ‘their posmons on-the Mollier charts.
be'kept it mind in studymg the Mollier charts. )
~Control. system for the. first version of the variable
,speed power plant.—The control system for the variable
speed power plant is disclosed in Fig. 7. The variable
speed power plants- are manually controlled, sincé they
are used in ships, Iocomotlves, and other forms of trans-
portatlon equipment; or in’ such machines as bulldozers,
etc. The illustrated . controls are mechanical - controls
rather than electronic contiols. The electronic controls,
which ‘are knows in the art, are more complex, and for
this reason, ‘the principles. ‘of the control system can be
- shown-in & snnpler manner with the mechanical system..
The electronic system, however, is. more sensitive .and
will réplace the ‘mechanical system in actual practice..

~The disclosed system includes a. manually controlled-

~valve 700 having a hand wheel 701 :mounted on a shaft.
702.. Shaft 702 has a plurality of bevel gears 703-706.

which slide in and out pistons 767-716 for closing-
or ‘'opening cyhnders 711-714 to a’ “hydraulic fluid nunder:
pressure, ‘such - as oil, which is supplied to valve 700
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 through a duct 715 oonneeted to an oil pump-716 driven. . .

by turbine Tu; through gears 717. ; v
are ‘connectéd fo the respective duets 720-723. -Dict
720 is connected to a cylinder of a needle valve 724
which regulates the amount of fuel reaching heater Hj..
. Valve 724 has a sliding piston 725 within the “cylinder.
- Piston' 725 is provided with a seat:726 for the needle 727.

which is actuated by:an actiator 728 ‘and a- temperature-.

- sensitive elemient.729 mounted in the input duct-of turbine.
" Tu,. Piston 725 is provided with a central duct-730

which admits fuel into heater H1 Piston 725 slides up

- and down on a boss.731 and is. held in its. upward posi-

_ tion-by a compression spring 732 against the downward-

pressure exerted on the flangés of piston 725 by .oil

" introduced into the cylinder by. duct 720.  Valve -724:
Vcontrols the temperature Ty of stéam. entering tarbine
Tu; in the manner iridicated in Flgs 1-5. This tem-.

perature remains -constant until T’y =Tg (see Fig. 3),
and it is then ‘decreased with the decrease in load, as
shown in Figs. 4 and 5. - Such contro} of Ty is obtamed
as_follows: at full load, ‘piston- 707 is in a-wide open
posmon as mdlcated in“Fig.” 7;- and full oil pressure
‘reaches cylinder 733 which depresses piston -725 ‘and
puts valve 724 into”a-wide opén position. In order to
keep T constant at-full load, the second. control is pro-
vided; which inclades’ the' temperature-sensmve element

729. - Element 729 regulates’ the position of needle 727

~with respect to seat 726, - If Ty becomes- higher than the
desired maximum value, lever arm 735 is rotated counter-
clockwise -around a pIVOt 736, which shifts piston 737

to the left; as viewed in Fig. 7, which: opens a port 738
This ‘admits. oil under pressure from a

duct 749, which is connected to duct 715 through valve:
700; to an -annular space 741, orifices 742, the inmer

. chamber 743 within ‘piston 739, port 738, ard a cylinder
" 744.  The oil entenng cylinder 744 presses on the piston

. 'ﬁanges 745 and -shifts. piston’ 739 'to thé left which
- partially” “closes needle “valve | 724 -thus lowermg Ts.

Shntxng of ‘piston 739 to the left closes port. 738 arrest-f

'y;fu;ther temperature-correctmg movement of

: chttse the temperature-sensmve “elemient 729 &lonie ‘would

- Cylinders 711-714.

Tt s necessary, to have ‘actuator. 728" be- 2
75
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not be able to mamtam T constant as the wexght ﬂow
G, varies over wide limits. - Therefore, -actuator 728 acts,
so-to speak, as a mechanical means for adjusting the
Tength of the links, extendlng the range of operation of
element 729 by producing a longer range of -travel of
needle 727 réquired as the external load varies from. full
load to the predeterminied load illustrated in Fig. 3.

also may be cormpared to a mechanical memory. dev1ce

. which responds to -the repeated signals from actuator

729 of one- sign; this sign . may be. either posmve or.
negative. The above-mentloned predefermined load . is
the load at which T¢=Ty,"’, and heater Hy' becomes. dis-
connected from the source of .heat. When the load de-
creases still further, ‘actuator 728 will place: needle 727,
into its extreme upper -position and hold it-there; through-
out the remaining portion of -the decrease’ in.load (Figs.
3, 4, and 5). However, during this range of part: load
oOperation, piston 707 will begin parttally to close cylinder
711, thereby reducing the oil pressure in duct.720. - The
oil _pressure will be reduced also.in cylinder 733, and.
spring 732 will move piston 725 ‘in the upward du'ectlon,
thus partially closing valve 724. -Accordingly, valve 724
will respond only to the manual control between the pre-
deternined load and the mo-load operating range, and
the movement of piston 725 will override: the effect of
the opening of needle .727."

Since T, travels up and .down with the _variations in
load (see Figs. 1 through'5), the control system for Ty
is similar to that for T; described above. = Therefore, -it

also includes an ‘actuator 750, a needle valve 751, a tem-

perature-sensitive “element 752, and ducts 721" and 753.
which. furnish oil under-pressure from -pump 716 - for.
actuating valve 751 and. actuator 756, *“At_full -load, Tq
has an intermediate value shown' in. Fig. 1; it then in
creases to Ty, and then decreasestO;T-,"" at-no load.
Therefore; valve 751 closes completely -at no.-load, with

-points 6”’" and 7'*"’ lying on the ‘same temperature line.-

The temperature of steam- entermg the load turbine-
Tug is. reduced from Ty, to Ty;”, at-which point'(Fig.:
3) Ty”=Ts. - Therefore, no fuel reaches heatei Hj, and
a needle valve 755:is completely closed. The-opera'tion-t
of valve 755 requires only a manual control; and this is.
accomplished by wheel 761 and piston 710 connected to:
the wheel by the bevel gears 706. s

- As indicated-in -Fig. 5, no steam reaches. load turbme
Tuz at no load. - ‘This-is accomplished by-means of a-
shut-off valve 759 which becomes closed when -wheel:
701 is turned to the no-load position. and piston 769.
shuts- off cylinder 713 and duct 722 -from- pump:- 716.
The oil under- pressure, which becomes trapped in ‘duct’
722, drains off back to an. oil tank 756 -through- ducts
757'and 758. Duct 758 is connected to four drain-ducts’

- 768763, - The rate-of return; or drain flow; is made -ads

55

60

Justable by means of four needle valves 765-768, Whlch‘

'are connected in series with the respective ducts.

~Turbines Tu; and Tus- are also provided with: shut-
off valves 776 and 771, which become partially closed

‘if these turbines exceed ‘maximum safe-speed when thére-

is a-sudden reduction in external load 763.- These valves-

are only safety devices, operated by the speed "governors.

780 and 781, which regulate the -amount:ofoil under

- pressure reaching these valves from. tank 756- and-pump:

70

716 through valves 783 and 784, These valves will-be:
described more -in- detail - inconnection: ‘with-" Fig. 20,
where the corresponding valve is numbered as valve.2003.-

- The variable speed‘control system; - therefore, - is . a:
manually-operated system which: producns t‘le parameter
changes indicated in Figs. 1-5: -

Mollier heat charts for the ﬁrst version of the vartable
speed - power - plant- ~QOnly “a -brief -description ' of - the .
charts ‘per se is _necessary because of the prior: reference -
to these charts. in the course of the. descnpnon -of Figs.-

" 6and 7. The varlable speed-vanable power. operatlon is-

- obtained by -imeans of the inverse {emperature and .in+

“verse flow control” between ‘the full Toad and some pre-

By
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determined part load at which Ty,?" is equal to Tg. - This
condition is -illustrated in Fig. 3. As the load. decreases
still further, all temperatures Ty, Ty and Ty decrease in
the manner indicated in Figs. 4 and 5, Fig. 5 corre-
sponding to no-load condition. Referring once more to
Fig. 1, it illustrates the cycle at full Ioad. Ty, is
maximum at this load and T; has some intermediate
value which is determined by the- magnitude of the heat
drop
AHT“2
required. for operating compressor. Cy.
7 - A.HT'uz

is greater than AH, and the weight flow G, through tur-
bine Ty, is such as to furnish enough power for oper-
ating compressor C; at-its rated capacity and speed so
as to produce pressure P, on the output side of this
compressor. If-it is assumed that the compressors C;
and C, have the same power requirements, AHg, will
be smaller than AHg, because of the greater weight
flow G, through compressor C,. Temperature T; is
made lower than temperature Ty because the weight flow
G, is larger than the weight flow G, This is so be-
cause the weight flow Gy is. divided three ways; one
part, Gg, is used in the regenerative circuit Fi—M;; the
second part G.; is used in turbine T, and the third
part is used in turbine Ty, The values of G, and Gs

follow the previously mentioned relationship:
- G i’lx

As the external load is made to decrease, Ty is made to
jncrease and Ty; is made to decrease, until Ty reaches
its’ maximum value Ty,,.. This condition is illustrated
in Fig. 3. “As the external power is made to decrease
from full load, Ty; continuously decreases from its maxi-
mum value Tyyp,,. to the lower temperatures indicated
by Ty', Ty, Ty’ in Figs. 2, 3 and 4. At the same
time, Ty, after reaching its maximum value Ty, in
Fig. 3, also decreases with the further decrease in load
as indicated in Fig. 4, by T;'”’. The dotted lines in
Fig. 2 indicate that load condition at which Ty and Ty,
are equal to each other, and the dotted lines in Fig. 4
indicate the outline of the cycle when the external load
is smaller than the full load and greater than that load
which is. illustrated in Fig. 2. The locus traveled by Ty
is ‘fllustrated by a dotted line 400 in Fig. 4. Similar loci
are also indicated for T5 and Tg in Fig. 4 by lines 401
and 402. Fig. 5 corresponds to a no-load condition, or
idling. All parameters have their minimum values and
only heater H; receives some fuel. Heaters Hy and Hj,
receive no fuel and, therefore, Tg""’’ and T;”’" have the
same value. Turbine Ty, does not appear on the Mollier
chart of Fig. 5 because valve 759 is closed and the load
turbine Ty, is standing still.

Examination of Figs. 1-4 discloses that the pressures
Do and Ps remain constant in Figs. 1, 2 and 3. Pressure
p; temains constant because although

AHT,_,2
increases with the increase of Ty and reaches its maxi-
mum value at

A HTu,” |
in Fig. 3 when Ty reaches its maximum value Ty, .
the weight flow Gy reaches its minimum value in Fig. 3.
Therefore, as long as the total momentum and power
delivered by turbine Ty, remains constant, p, will also
Temain constant. Since the power,
- . ; ANp
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G- AH'ruz

Dy will remain constant as long as the above product
remains constant, which is the case in Figs. 1,2 and 3.
The pressure on the output side of compressor C, is 2
and it remains constant because Ps is constant, Ty is
constant,

is equal to~

AHyp
!
is constant and G, is constant. Both of the above pres-
sures decrease with the further decrease in load because
of the decrease in Ts, Tg, Ty and

AHT“1 and AHTu2

All of the above.variations in the parameters are ob-
tained by means of the control system illustrated in
Fig. 7 in the manner described previously in connectlon
with the description of Fig. 7.

The second version of the variable speed cycle

The first version of the variable speed cycle can be
improved by making T; and Ty; equal to each other
and also equal to the maximum temperature of the cycle
when the external load is greater than or equal to the
full load. At the same time, Tg is made equal to T,
as illustrated in Fig. 8, and therefore, heater Hy, Fig. 11,
does not receive fuel and valve 1189 is completely closed.
Higher thermal efficiency is obtainable with this cycle
because of the higher temperature T Because of the
higher T;, it now is necessary to adjust the value of

AHTul‘

so that it is equal to the power required for driving com-
pressor C, and the accessories of the power plant. This
AHyy, is indicated in Fig. 8. It is also indicated there
that point 6 of the cycle is no longer on the pressure
line p, but is on a high pressure line pg because of the
increase in Ty as compared to the magnitude of Ty in
Fig. 1. The weight flow Gg in this cycle will be smaller
than in Fig. 1 because point 13 in Fig. 8 is at a higher
temperature than the corresponding point in Fig. 1. Since
Ts is also greater, the specific output will likewise be
greater in Fig. 8. AHp,, will also be considerably greater
in Fig. 8 than in Fig. 1, and, therefore, the load turbine
Tuz; will be larger in size than the same turbine in Fig.
1. The compressor turbine Tz, will also be consider-
ably larger, and there will be some increase in the size
of Tu; even if G, remains constant in both cases.

Before proceeding with a further description of this
cycle, it should be stated here that Fig. 11 needs no de-~
tailed description since it is identical to Fig. 7, with one
exception: duct 1166, which corresponds to duct 603
in Fig. 6 in function, now is connected on the inpui
side to an appropriate stage in turbine Tuy which has a
pressure equal to po--Ap. A reference to Fig. 6 indicates
that duct 603 is connected to the exhaust side of the first
turbine Tu; rather than to the second turbine Tus, which
is the case in Fig, 11. The reason for this change is
found in Fig. 8, where it is indicated that ps--Ap now
occurs in Tu, and not on the exhaust side of Tu; which
is now at a higher pressure peg.

The changes thai take place in the cycle with the de-
crease in load from the overload condition to the full
load, part load, and no load conditions are illustrated in
Figs. 9 and 10. As the load decreases from that shown in
Fig. 8, valve 116¢ is opened and heater H, receives fuel
to the extent required to raise the temperature of stéam
reaching turbine Tu, to some temperature which is be-
tween points 6 and 7’ in Fig. 9, while p; and p, remain
constant. Turbine Tuy, which is a single turbine with a
steam bleeding outlet, is designated in Fig. 11 as Tug and
Tu, for designating in the corresponding manner the heat
changes in Figs. 8 through 10. AHg,, AHg, and AHgy,
remain constant until the load decreases to the load illus-
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trated in Fig. 9, and therefore, pa and p, remain constant:
AHryy, increases as the load decreases from that shown
in- Fig. 8 to that shown in Fig. 9. Although AHry, in-
creases because-of the increase in Ty from that shown in
Fig. 8 (T+=T; because valve 1160 is closed) to the maxi-
mum value shown in Fig. 9, the weight flows Gs, Gg and
- Gy all decrease. Therefore, turbine Tuy-Tu, runs at
constant sPeed during this range in load variations. - There

is.a decrease in the weight flows Gy, Gg, and G5 because”

Tq.increases.while Ty; decreases.- The weight flows, -or

10

the division of the steam flow Gg- mto Ga and - G4, w111 )

follow the following relatlonshlp Tenos A

‘/Tu

Flg 9 also md1cates, in dotted lmes, that conchtlon
at which T,'=T),". This condition may correspond to the
full load operation, although the power plant, obvrously,
can also be operated in the manner indicated in Fig. 8,
which-may correspond to the fill load operation:as well.

®
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When Tjyy-»=T, valve-1201 becomes fully. closed, -and .

no fuel reaches heater Ha. Accordmgly, heater Hj at
this point-may be shunted altogether in the manner indi-
cated - by -the. shunting duct 616, which corresponds to
the similarly numbered duct in Fig, 6. When the external
load decreases still further, it becomes necessary to .re-
duce Tj and T, at-the same-time, and such decrease of
T5 decreases Tg and Tyy. Tyy decreases with the decrease

25

" in T and Tg-because heater H; now: does. not receive

‘any- fuel, .and therefore, Tg"'——-Tllul - Since "T5 and Ty
decrease, pa-and p, also decrease in the manner indicated

in Fig. 10. The paths followed by the points 2, 3, 4, 5, 6,.

7, and 13 with the-decrease in load are indicated by the
dotted .lines in Fig. 10, “point 2 being connected by the
~dotted line to-point-2’", point 5 to point 5%/, etc..
. ~Fig- 10 does not indicate the idling condition since the
-points . 1-2"%-37-4'"'-5""'_6'""_7'""-8'"’~1  indicate - that

that condition of the cycle when the power plant- still.

- delivers a considerable amount of power-indicated on
the chart by the magnitude-of AHpy,"”.
heat drop must be equal to zero, and this is ‘accomplished

"by closing valves 615 and 1101.. Valve 1100 also be<
comes. closed and valve 612 is placed. in the position so
as to make the entire weight flow .G, discharge into tur-
bine Tug-Tu, through duct 613. :Valve 1102, ‘at no load,
is open only to the extent required by the internal load
‘at idling conditions, and the entire Mollier chart at idling
condition then becomes the same. as that shown in Fig. 5;
except that the bleeding of steam into the regenerative
circuit willrcorrespond to that indicated in Figs. 8~10.: -

-This second version of the variable speed cycle is more
‘advantageous in several respects than the first version of
the variable speed: cycle described prevrously in connec-
tion with Figs. 1-7. The second version will have higher
thermal - efficiency, higher specific . output, Wlder load
range, and lower specific -weight.

The control system for the second versron of the vari-

able speed power plant is- identical to:that shown  in

Fig. 7, and,-therefore, needs-no additional description-or -

illustration. The control system needs. no additional: ele-
ments for controlling the inverse variations in G;-and -Gy
because these variations take place automatrcally ‘with the
variation or control of T; and Ty m accordance with
) Equatron (6).

~-From the above descnptron of the two versions of the
varrable speed cycles, it is obvious that the second cycle
is so-much more advantageous than the first that the
only Jjustification for indicating -the first cycle -in ~this

. At no load, this °
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cycles.In Fig. 12, the compression is obtamed along a
constant enthalpy line 1200 ‘which joins two constant
enthalpy points'1 and 2. The quality of stear “decreases’
as the compressron prqceeds_from point 1 to ‘point 2,
and therefore, it is minimum at point 2. The qilahty of
steam at point 2 should never be lower than the minimim
quality compatible with .the safe operafion of -the’ com-
pressor,- which meanis that the percentage of ‘water’ should
be sufficiently low so as to avoid the erosion of the com-
pressor blades. As was mentioned previously, this quality
should be in the order of .65 for centrifugal and centrip-
etal compressors, and in the order of .75:or .85. for.axial
COmPressors. The quality at point 1 depends on the com-
pression ratio, and its maximum value may be as high as
1.0.  The total heat change Q_for the compressron lllus-»
trated in Fig. 8 is grven by the. equatlon, L

o=y @
Th1s heat change should be mmrmum for reducmg the
mined compression ratio. From this  equation,. it follows
that line 1200 should have as.low an enthalpy’ readmg
as possible, and therefore, its position is determmed _pri*
manly by the posmon of ‘point 2.- - The .type of com-
pression illustrated -in Fig. 12" will require a: minimum
amotunt of work because the enthalpy change is equal to
zero. However, this type of compressron ‘is dlﬂicult (but
not mpossrble) to obtain in practice since it ‘will require
the injection of water into each-stage of thée compressor:
Such injection of water is dlﬂicult to materialize from a
mechanical pornt of view. -

The same is also true of Flg 13 where the compressron
is obtained along- a constant: quality- line -1300. - -This
type -of compression will: require ‘more .work: than- that
illustrated in Fig. 12 because of the increase in enthalpy

" from point 1 to point 2. It also will - require the.injec-
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tion of water within each compression stage -and,-there-
fore,-is as difficult to obtain from-a purely mechamcal
point of view as that illustrated in Fig-12.- -

-The type-of compression illustrated. in F1g 14 w111 re-
quire -2 maximum amount- of work -because of large
enthalpy changes. This is the type of compression. illus-
trated in all the: remaining - figures. The compression
from point 1 to point-2 is obtained in the first compressor
C;. - The quality of the compressed steam:is- then brought
back to line 1400 by injection: of -water -into -steam. irx

" the manner described prev1ously, and it is recompressed
_ again from point 3 to point -4 in the second compressor

- 50

Ci. - -As stated prewously, the _quality--line- 1006 - may.
have a minimum :valie ‘in the order of- 65— 75.: When

. low horse power plants are comnsidered, the: difference in

the amount of work that-will be requrred for obtammg

 the same compression ratio -in: Fig.:14-as that.in Figs. 12

55

and 13 is not so marked. as to justify . the mechamcal com-

: plexmes required by the type of compresswn 1llustrated

65

“description ‘resides in the fact that it is.a simpler cycle, . ..

thus constrtutmg a good mtroductlon to its more reﬁned

version shown in Figs. 8-11.
Types of steamn compresszon posszble wzth the steam cycle

- Figs. 12 through 15 disclose-the types of ¢ompréssion
whrch ¢af be sed ddvantageously with the disclosed steam

70

in Figs. 12 and '13. =
--Fig. - 15-is no more ‘than ‘a repetrtron of the type of
compressron illustrated in Flg 14, "except. that while the

“total compressron in F1g 14 is. obtamed in two compres-

sors, it is obtained, in Flg 15, in three compressors, i~
dicated by the compressron steps 1-2, 3—4, and 5-6. - The
amount of work required in this case is less than that re-
quired in Fig. 14, but-it requires the use of alarger num-
ber of compressors and, therefore, is less-advantageous

“from a mechanical point . of view than that illustrated

in Fig. 14. Accordmgly, the multr—step compression of
the type illustrated i in Fig, 15 is justified only when large
compression - ratlos are contemplated in large power
plants. - .

It may be stated in general that the eﬁicrency of.dy-
famic compression ‘with the increase of pressure imposes

_ a practical limit on the maximum’ pressure feasible with

75

Such" compression becomes ineffi-

the disclosed cycles.
How-

cient at the pressures which are above 1500 p.s..-



2,080,286

17
ever, this limit for efficient compression does not medn
that there is corresponding limit on the maximum rating
of power plants; there is no limit to the rating.

Types of expansion possible with the disclosed cycle

Figs. 16 through 18 illustrate the types of expansion
that are feasible with the disclosed cycles. In Fig. 16,
the expansion is performed in two steps, the first step
being from point S to point 6 and the second expansion
being from point 6 to point 8. There is no reheat used
in this cycle, and therefore, point 6 and point 7 dre lo-
cated on the same pressure and temperature line. Be-
cause of large increase in volume of steam as it expands
from pomt 5 to point 8, it is more convenient, from the
point of view of the turbme construction, t6 perform the
expansion in two separate turbines rather than in a single
turbine. For this reason, all the- disclosed power plants
utilize at least two turbines and two steps of expansion.
When the compression ratic is low and the maximum
temperature Ty is also low, the heat drop from point 5
to point 8 will be small, and the expansion can be carried
out in a single turbine directly from point 5 to point 8.
This will be the case only in small power plants which
will have a much lower efficiency than the power plants
where the enthalpy change is large.

Fig. 17 illustrates the expansion in two steps and in
two turbines with a reheat between the. two turbines,
which has already been discussed in connection with Figs.
1 through 7 and 8 through 11. . This type of expansion
increases the specific output of the power plant, and it
also increases its thermal efficiency by approachmg more
closely the ideal expansion at constam maximum tem-
perature.

Fig. 18 illustrdtes a multi-step expansion with multiple
reheating and, therefore, i$ merely a multiplication of
the type of expansion illustrated in Fig. 17. The num-
ber of turbines required corresponds to the number of re-
heating cycles. The position of point 5 on the Mollier
chart determines the number of the reheating cycles that
is possible in a given case. The higher the maximum
temperature and the higher the compression ratio, which
determines the magnitude of p,, the larger the number
of the possible reheats. The maximum temperature has
a very marked effect on the thermal efficiency on. the
cycle. The number of reheats also improves the thermal
efficiency since the expansion approaches the éxpansion
at constant maximum temperature, which is the type of
expansion required by the ideal Carnot cycle.”
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Constant speed stecm cycle in which all parameters vary

Except AHTu2

Figs, 19 through 23 illustrate the apphcatxon of the
same steam cycle to the constant speed power plant. In
this constant speed version of the cycle, the first com-
pressor C; is driven by the first turbine Ty,, and the sec-
ond compressor Cy is driven by the second turbine Ty,.
The meaning of the terms “first” and “second,” as they
apply to the disclosed cycles, is that they designate the
first step of compression or expansion and the second
step of compression or expansion, respectively, indicated
on the Mollier charts. Therefore, the direction of flow.
of the working fiuid is followed, i.e. the flow of steam.

The description of this power plant will follow the
same pattern as that used in connection with description
of the variable speed power plant. Its simplified sche-
matic diagram, illustrated in Fig. 19, will be described
first; this will be followed with the description of the
control system illustrated in Fig. 20, and its operation will
be described in connection with the Mollier heat chart
illustrated in Figs. 21 and 23.
of description, only a very brief description of Fig. 19
is necessary.

Schematic diagram for the first version of the constant
speed power plant—Referring to Fig. 19, compressor
C; receives steam of fixed quality through 4 duct 1935

In view of the above type -
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from exchanger 1929, and it discharges the compressed -
steam of higher quality into the quality control regulator
1900 through a duct. 196f. Regulator 1960 also re-
ceives a portion of the exhaust steam from turbine Ty, -
through duct 1902. Regulator 1900 also receives heated
water through duct 1903 from the hot well 1904 which is
connected to-a pump 1905, a duct 1906, and a heat ex-
changer 1907 having a coil 1908. The regulator 1900
is connected to a mixing heat exchanger 1911 -through
ducts 1969 and 1910. The mixing heat exchanger 1911
is provided with a plurality of nozzles 1912 connected
to the regulator 1900 over a duct 1913. The exchangér
1911 discharges steam of fixed quality, X,, into com-
pressor C, through a duct 1914, -and comipressor Cy dis-
charges into a heater 1915 through a duct 1916. The
steam qualities X; and X, are the samé at the entry into
both compressors, as indicated in Fig. 10. Compressor
Cy is driven by the second turbine T, through a shaft
1917. Duct 1918 conveys the superheated steam to the
first turbine T,, which drives COmpressor C; through a
shaft 1919. An interceptor valve 1950 is connected in
series with duct 1918. The expanded steam leaves the
first turbine Ty, through ducts 1902 and 1920. By far

‘the larger portion of the steam flows into a heater 1921

and then over a duct 1922 to the second turbine T,.
An interceptor valve 1923 is inserted in duct 1922. - The
second turbine Ty, also drives an external load, such as
4 generator 1924, Steam leaves the second furbine over
duct: 1925 and then enters the heéat exchanger 1907,
which it leaves over a duct 1926. It then enters the sec-
ond steam quahty regulator 1927, whereupon ‘it éntets
duct 1928, a mixing heat exchanger 1929, and a duct
1939, The regulator 1927 is supphed with water from
hot well 1994 by pump 1905 through ducts 1906 and
1931, this water being sprayed into the exchanger 1929
by means of nozzles 1932. Part of the steam of fixed
quality, X, enters a condenser 1933 through a duct 1934,
and the greater part of it enters a duct 1935 which is con-
nected to the mput side of compressor C;. The con-
denser coil 1936 is conmected to a source 1937 of low
temperature fluid. Condenser 1933 is connected to the
hot well 1904-through a duct 1938. The hot well is
cotinected to a water tank 1939 through a duct 1940 and
a regulator valve 1941 which Keeps constant the water
level 1942 in the Hot well 1904. Hot well 1904 is pro-
vided with a heat coil 1943, which is used during the
starting periods of the power plant. For this purpose; a
duct 1944 is also ‘provided, which connects the upper part

'of the hot well 1864 to-duct 1935 anad comnipressor C;.

Mollier heat charts for the first version of the con-
stant speed power plant—The Mollier heat charts for
the constant speed power plant of the type shown in Figs.
19 and 26 are illustrated in Figs. 21 through 23. ‘The full
load chart is illustrated in Fig. 21, and the remaining
charts are for the progressively decreasxng loads.” There

-aré only two turbines Tu1 and Tus in Figs. 19-23, and

they are connected in series, heater H, being posmoned

between the two turbines for reheating the steam. The

only possible way of maintaining the constant speed “of
turbine Tu, is by maintaining AHr,, constant. (This is
explained ‘more in detail in connection with the déscrip-
tion of Figs. 31-33.) With the power plant disclosed in
Figs. 19 and 20, this can bé accomplished only by in-
creasing Ty with the decreasing load to the extent neces-

‘sary to keep AHp,, comstant and, at the sime time,

decreasing G, ie. the weight flow through the load tur-
bine. When Ty is increased, T; must be decreased to
decrease the weight flow and the power delivered by the
load turbine. When the temperature of gases reaching
turbine Tuy is decreased, Ay, is also decreased; pp is
also decreased because of the decrease in the speed of
Tuy; and therefere, the weight flow in the entire cycle is
also deécreased. The second compréssor Cy is driven by
turbing-Tu,, and therefore, its compression ratio will re-
main constant because it is operated at constdnt speed,



" ‘dotted line 2200 in Figs. 22 and 23.
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Accordingly, the. enthalpy rise AHg, remains constant
-throughout the operation of the power plant - However,
_this does notproduce constant p,; and G, since the p051-
tion- of -point 3  changes constantly with any change in
Ioad it being on the lower pressure lines with a decrease
.in load. ’I‘herefore, Dy will also vary asa direct function
_+.of the variation in pz. . The ‘path- followed - by point 7
from full load to the minimum load is indicated by the
This line must be
“approximately parallel to the constant minimum pressure
line. py which indicates -the pressure in the condenser.
) 'I‘hls pressure for all practical purposes femains constant.

. ‘With line . 2200 being parallel to-line. p;, the heat drop
AH-m2 through turbine TU2, which 1s indicated by line
.7-8, will remain constant.-

F1g 23 indicates that Ty”’ is max1mum, and T5" is mini-
‘roum at minimum load. -Such rise in Ty is offset by the
decrease in T5 insofar as the thermal. efficiency is con-
-cerned, which is maximum when T; and Ty are approx1-

‘ mately equal to each other.

[S44
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: If, at full Ioad Fig. 21, the temperatme of steam enter- .

L. mg the . compressor . turbine Tu; (i.e., Ts) were made
-"equal to-Ty, the thermal efficiency of the power plant,

. .obviously, would have been higher-and the specific out--
put of the power plant also higher than the same quan- -

_tities for the power plant disclosed in Figs. 19-23. - How-
ever, as long as turbine Tuy drives nothing but compres-
sor--Cy, AH(;1 and AH-I-u must be substantially equal.
Therefore, in' this version of the constant speed cycle Ty
_must be lower than Ty because- if it were made equal to
Ty, AHpy, would become too large and compressor C;
‘would operate at an excessive speed.- ngher efficiency
- is .obtained in the next version, or second version, of the
constant -speed cycle, and a still. hlgher efficiency ‘is ob-
tained with the power plant shown in Figs. 29-32, where
the circuit is arranged so that it does become possible to
make T equal to Ty at full load, and both of these tem-
peratures are -made equal to ‘the maxnnum temperature
- obtamable with the cycle..
Control . system for the. first version of the constant
speed power plant Fig. 20.—The. control system for this

power. plant is- illustrated in Figs. 20 and-20-A. Fig.-

" 20-A-illustrates valves 2003 and 2004 of Fig. 20 on an
-enlarged scale. Only. the control elements need a de-
- scription, because :the remaining power plant is identical

to that illustrated in Fig,.19 and, for this- reason, is num--

< bered.in Fig. 20 by the same numerals used in Fig. 19.
"The additional control elements mcIude an oil tank 2000,
an oil pump 2001, a speed governor 2002 driven by tur-
‘bine Tu,, a control valve 2003, an actuator 2604, fuel

2009, 2010, and 2011 and, through the control  valve
172003, to ducts 2012 and 20613:  Duct 2013 is a drain
duct,” whﬂe duct 2612 is a positive pressure duct con-
- nected to pump 2001. Turbine Tu, also includes a maxi-
mum - temperature: control element 2015, which has a
‘temperature-sensitive element 2016 mounted in the mput
-duet of turbine Tu,.

. The operation of the control system is as. foHows at

30

35

-20

2004 is- to- proportion the opening and closmg of the
valves 2005 and 2006 to the extent required by the ex-
ternal load 1924 connected -to' the load: turbine Tuy.
The position of governor 2002 _remains the.same at con-
stant speed, which means that the position-of the pivot
2060 also’remains fixed. - Yet ‘the control valves 2005
and -2086 must be positioned by .this very governor into
proper positions, depending upon the external load con-

~ditions, and-this-is accomplished by actuator 2004 which

may be called:a -proportioning -actuator. - This propor-
tioning is-obtained by advancing plston-cyhnder member
2602 ecither to the left or-to the right, depending on
the ‘position- of member 20622- with respect to ports 2033
and. 2034 in piston-cylinder member 2022... A  working
fluid under positive:pressure is-introduced into-an actua-
tor chamber 2035: through a -port ‘2036 which is- con-
nected to-pump 2001-through ducts 2014 and 2011.
The -cylinder - 2037, which -accommodates. the piston-
cylinder member 2022; is connected to a drain duct 2038

‘through a duct 2044 when piston 2032 is advanced to

the -left while piston-cylinder member 2022 remains sta-

tionary, port -2039 then becomes connected to the posi-

tive -pressure -port -2034;- port. 2034 receives fluid ‘under
pressure -through actuator chamber 2635, which s con-
nected to the high pressure duct 2011 -through duct
2034. Fluid -under positive pressure is. introduced into
chamber 2042 -through ducts 2011, 2014, port. 2036,
actuator chamber: 2635, port 2034 and port 2039, which

is now “open; with the .result that the. piston-cylinder

member 2822. moves to the: left.: At the same time,
chambet 2043 becomes connected to the drain duct 2638
through ‘port 2040 and a branch duct 2044 which per- -
mits piston-cylinder member 2022 to move to the left.
Since piston 2032 remains-in-a fixed position. at - this

time, such movement. of .piston-cylinder member 2022
-comes’ to an end.: However, lever arm: 2025 now has

. been rotated around a fixed" p1vot 2027 in. a counter-
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valves 2005 and 2006, and interceptor valves-2007.and

: ,2008 "‘The interceptor valves are connected to ducts

55

“clockwise. ‘direction -in proportion to the time and the

extent of governor 2002 remaining in the overspeed con-
dition. " Accordingly, the actuator -valve 2004 may be

-regarded as a’ ‘memory - device which- rotates. the: lever
‘arm 2025 in ‘the ‘counter-clockwise direction évery time

the .governor finds itself in the overspeed condmon, and
it does not rotate the lever arm- 2025 in:a-clockwise
direction - after the overspeed ‘condition ceases.. Actua-
tor 2004 will rotate-lever arm 2025:in -a clockwise di-

trectlon, however, every ‘time governor 2002-finds itself

in the underspéed -condition. : The net result of the op-

-eration of the actuator:2004 is that it not only will con-

trol the momentary positioning -of the fuel valves.2005
and 2006, but it also will control their, so-to-speak, long-
‘range settings which must’ correspond ‘to the -heat ‘drop
positions of the power plant-on the charts in Figs. 21

“through 23 “on ‘the lirie- 2200, which is the line between

points- 7, 7 and T, "For the conditions corresponding
to those in Flg 21; valve 2006 will ‘be ‘either fully or

'partly open (Gj; is maximum, but Ty is’ mlmmum) be-

. ‘cause of .the above type of functioning of the actuator

80

- full load, valve 2005 is wide open and valve 2696 is com-

pletely closed, as indicated in Fig. 20. When the ex-
_ternal load is reduced, there is a tendency for the load’

-turbine Tuy momentarily to increase its speed; which ro-
‘tates ‘lever 2018 around pivot 2031 in a clockwise di-
‘rection and-lever arm 2019 to the left by means of a
.crank - arm- 2020 which ‘is rotated” at this time around
_pivot 2028 in.a countérclockwise direction.. This shifts
the: actuator valve pistons 2021 and 2622 to. the left,
‘ag viewed ‘in Fig. 20, with the result that: valve 2005
becomes partly ‘closed to the-extent: determined by the
- movement of cam 2023, which, in turn, is -moved by

_the actuator 2004 through the link arms 2024,-2025, and

" 2026 ‘which are ‘pivoted around fixed -pivots. 2027 .and

2004, while at point 7", Fig: 23, valve 2006 will be again
-either: fu]ly open. or only" partly closed because of the
decrease- in the wexght flow G3”_ but increase in Ty

The only. remalmng portlorn of the control system that

‘needs description is that which includes interceptor valves

" 2007, 2008, -and the governor actuator control valve

85

2003. These ‘valves become partially’ closed if there:is
a_very sudden reduction in load. . 1t beeomes neces-
'sary -to have- these- mterceptor valves in the disclosed

‘system because heaters H; and Hj ‘have' calorific interia

and” will, therefore, supply heat even when valves 2005
and 2006 close -sufficiently: so. as to- reduce the ‘amount

-of fuel reaching heaters H; and H, in response -to the

sudden reduction in load. Accordingly,  if the “inter-

~.-ceptor valves 2004::and 2008 were -not present ‘the two

- 2028 . The function that _is. performed by the actuator .75

-turbines would be. receiving steam at”a’ higher- tempera-
‘ture than that: required by the reduced load: conditions.
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Under such conditions, governor 2002 and its pivot
2028 advance to the right, as viewed in Fig. 20, until
piston 2047 strikes piston 2848 with the result that pis-
ton 2049 is shifted to the right against the pressure of spring
2059 which connects the positive pressure duct 2012 to
_ duct 2011, and oil under positive pressure is introduced into
the cylinders 2052 and 2853 of interceptor valves, thus
partially closing them to the extent determined by the
differential action of the positive pressure of the fluid
and the opposing pressure of the springs 2854 and 2055.
At the very same time, the drain duct 2613 becomes
disconnected from duct 2011 as long as piston 2047
engages piston 2048. When these two pistons become
disengaged, because of the return of governor 2002 to
its mormal position, valves 2007 and 2068 return to
their normal open positions. Accordingly, these valves
and the mechanism which actuates them may be consid-
ered as no more than an overspeed safety device which
comes into play only when there is a sudden reduction
in the external load.
1t should be mentioned here that while the entire con-
trol system has been illustrated as being a purely me-
chanic system which is controlled by a speed governor
2602, there will be many applications, or uses, of the dis-
closed power plants where such contrcl systems will be
found impractical because of the remote location of dif-
ferent elemenis of the power plant, such as turbines
Tu; and Tus. In such cases, it will be impractical to
operate the valves 2005 and 2096 by means of the lever
arms, such as lever arm 2024. When this is the case,
the mechanical system can be replaced with the electronic
control system which can function very effectively, ir-
respective of the physical location of the elements of the
power plant. Since such systems are known in the art
and do not constitute a part of this invention, they need
no description.
An additional element which should be mentioned is
the temperature-sensitive element 2016 positioned in the
“input duct of turbine Tu, which actuates bellows 2015
and link arm 2057, which close valves 2086 and 2005
when the temperature of steam reaching turbine Tup
exceeds a predetermined safe maximum limit. This
meaximum temperature safety device now comes into play
only in case of the malfunctioning of the remaining con-
trol system, and it does not have any effect on the con-
trol system otherwise.

The second version of the constant speed power plant
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Schematic diagram, Fig. 24.—In this version of the

constant speed power plant, the first compressor C; is
driven by the second turbine Tu, and the second com-
pressor C, is driven by the first turbine Ty, Accord-
ingly, the positions of the two turbines are reversed in
this ¢ase as compared to their positions in the first vei-
sion of the constant speed power plant illusirated in
Fig. 19. Since the elements used in all the power plants
are identical, it will suffice to describe this version of
the power plant only briefly in view of the prior descrip-
tion of the variable speed and constant speed power
plants illustrated in the prior figures. Steam enters com-
pressor C; which is driven by turbine Tu,, and after being
compréssed and returned to the same quality by the qual-
ity regulator F, and the mixing heat exchanger M, it
enters duct 2460, compressor C,, heater H;, turbine Tu,,
heater H,, and quality regulator F, through ducts 2461,
2402, and 2403, respectively. That portion of the steam
(weight flow G;) which enters heater H,, follows the
following series circuit: turbine Tu,, a duct 2404, a qual-
ity regulator Fs, a mixing heat exchanger M,, and ducts
2407, 2408, and 2469. Ducts 2498 and 2449 are con-
nected in parallel with respect to duct 2437. Duct 2408
discharges into a condenser 241¢ while duct 240% is con-
nected to compressor C;. The mixing heat exchangers
M; and My, as well as the quality regulators F, and Fs,
are provided with auxiliary ducting which is identical to
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that illustrated in theé prior figures; therefore, these con-
nections need no additional descnptlon

Mollier charts for the second version of the constant
speed power plant, Figs. 26, 27, and 28.—The Mollier
charts for the power plant illustrated in Figs. 24 and 25
are shown in Figs. 26, 27, and 28. Fig. 26 corresponds
to the full load condition, Fig. 27 illustrates a part load
condition, and Fig. 28 illustrates the minimum load con-
dition. Ty remains constant at all loads, which means
that AHyy,, also remains constant; theérefore, p, remains
constant. - It also means that the area of the cycle
1-2-7-8-1 remains constant. The regulation of the
power output and of the load turbine Tu,, theréfore, is
obtained in this case solely by regulating the amount of
weight flow Gj through the load turbine Tu,, G; being
decreased with the decrease in load. This is obtained by
also decreasing G, and T; with the decrease in load. At
no load, G3"”"=G;"’ because valve 2415, Fig. 24, is closed
and Gg is equal to zeto. Therefore, G;” is not indicated
in Fig. 28, but instead it is indicated as G,’’. The com-
pression ratio obtained in compressor C; remains con-
stant throughout the operating range of the power plant,
and therefore, the weight flow G; through compressor
C, also remains constant. It is possible to vary G; under
the above conditions by decreasing G, Gg, and Gy to-
gether with the adjustment of admission valving at the
eniry to' the turbine Tu,. The valving adjustment is
necessary because the thermodynaxmc state ‘at point 7
does not change with the change in the external load,
there is only a change in the weight flow G;, and, there-
fore, the flow area at the entry into the turbine Tu, has
to be changed. This is done by means of valves at the
entry into turbine Tu,, which are a usual part of tur-
bine Tuy. The above adjustment of the input valve,
known as the partial admission valves in the turbine art,
may be compared to the adjustment or matching of the
input impedance with the output impedance for obtain-
ing optimum transmission of power in electrical circuits.
Since such partial admission valves are a standard equip-
ment on the turbines operating in accordance with the
Clausius-Rankine cycle and running at constant speed, this
partial admission valve is not - illustrated in- any of the
figures. The amount of water injected into the mixing
heat exchanger M, through ducts 2412, 2413, and noz-
zles 2414 is represented by the wexght flow Gr; the amount
of steam injected into the mixing heat exchanger F; is
represented by the weight flows Gg and G;. The weight
flow G, remains constant; therefore, the weight flows G,
and G; are either increased or decreased by simulta-
neously increasing or decreasmg Gg and G;. At no load,
G; is equal to zero, and Gy is reduced considerably be-

.cause only a very small weight flow of water (Gq) is

necessary for restoring the quality of steam at point 2,
Fig. 28, to its original quality X,.

This decrease in G; is also obtained by decreasing Tj
with the decrease in load; as illustrated in Figs. 27 and
28. Decrease in Tj decreases Tg, and lower Tg has a
direct effect on G; and G; because of the decrease in the
temperature of Gg.  The decrease in T and Gy also pro-
duces corresponding decrease in py and AHTul, therefore,
the regulation of the entire power plant is obtained by
operating the compressor turbine Cq=Tu; set at the vari-
able speed, variable density, variable temperature, vari-
able weight flow, and variable pressure. At the same
time, the compressor-turbine combination C,-Tu, is
operated at constant speed, constant pressure p,; constant
weight flow Gy through the compressor with the decrease
in load, variable weight flow Gy through turbine Tu,
and constant AHry,,. Stated more simply, Cs~Tu, oper-
ates with all parameters decreasing with the decrease in
load, while Ci~Tus, at the same time, operates with all
parameters remaining constant, except G;, which de-
creases with the decrease in load.

Control system, Fig. 25.—~The control system for such
a power plant is illustrated in Fig. 25. Only a brief de-
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scription -of -this systemi -is necessary, since .its elements
are identical to the elements which were described more
in_detail in connection with the description of the prior
control systems. ~The temperature-sensitive. element 2569

_ in:this case must maintain Ty constant, and-this is ac-

- comphshed by connecting it through:a lever arm 2561, a
link 2562, a lever arm 2563, link' arms 2504 and 25¢S,

_and lever arm 2506; to a bell crank 25¢7-which controls
the closing . and opening of a needle. valve 2563. - This
-valve regulates ‘the amount of fuel reaching heater Ha.
An actuator 2509 performs the same functrcn as the-actu-
‘ator 2004 in Fig. 20. The temperature-sensitive element

- 2500, therefore, regulates the position of the needle valve
2508 so as to maintain constant the temperature of gases
entermg the load turbine Tug. -

‘A speed  governor 2512 is connected to a bell crank
2513,-link 2514, a lever arm 2515, a link 2516, a- bell

crank 2517, a piston 2518 of actuator 2512, a link 2520

and a bell crank-2521 and a needle valve 2522. The sec-

* ond piston-cylinder member- 2524 -of: the actuator 2519 -

is connected to a link 2525 connecting this piston to the
bell - crank '2517.- The operation of this governor-con-
trolled system is to reduce Ty with the decrease in load

10

higher temperatures-will become attainable with still fur-
ther.development of the alloys. --Accordingly, insofar as
the maximum temperature of the cycles:is concerned, the
main limitation is the metallurgical limitation rather than
the ‘thermodynamic limitation. .The description of .the
high temperature cycles will follow the descrlptlon of the
intermediate temperature versions.

The intermediate temperature cycle, shown in Frgs 29
through 32, is-an adaptation of the second version of the
constant speed cycle illustrated in Flgs 24 through 28.

. The basic features of the two. versions, the. sécond and
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in the manner indicated in Figs. 26, 27, and 28. - When the

external- load 2530 decreases, governor 2512 moves. pivot
2531 to the-right, as viewed in Fig. 25. This lifts piston
2518 in piston-cylinder member 2524, which opens ports
2532, thus. introducing the working fluid under pressure
into -chamber 2533 and lifting :piston-cylinder ‘member
2524. The upward movement of prston-cylmder member
2524 revolves bell cranks 2517 and 2521 in a clockwise
direction, . with .the result . that valve
partially closed to the -extentdetermined- by the move-
ment of prston-cyhnder member 2524. .In this manner;
. temperature Ts is progressrvely reduced - with ‘the de-
“crease in load. The. opposite mode of . operatlon takes
place- when the load mcreases,Awhrch requires . opening
- of valve - 2522, The. remaining elements of the control
system, such as valves 2540, 2541, and 2542, funciion
| in the ‘same manner as valves 2603, 2687, and 2008 in

Frg 20 and therefore, need no addrtronal descrrptron i

The thzrd version of ‘the constant speed cycle

For s1mp11fymg the descrrptron the “first and the sec:
ond constant ‘Speed cycles have been illustrated for low
maximum temperatures, Whrch are-the temperatures pro-
duced by the low temperature muclear- reactors.” Higher
temperatures are. obtainable with the present day. high
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temperature nuclear reactors, and still higher tempera- -

tures -are -obtainable with-other sources of heat, such: as
oil, gas, and coal.  The low temperature cycles are srmpler
thermodynarmcally, simpler to implement in practice, sim-
“pler to describe and understand and, therefore, were se-
lected for the first part of the specification since the
basic principles of the cycle can be grasped more readily
with the low .temperature cycles. Yet, in practice, the
low. temperature cycles, obviously, are the least efficient
and, therefore, sacrifice efficiency for. the simplicity of
the apparatus necessary for ‘their practlce Thus, the
initial cost is low, but the efficiency is not the best. .
In general, as:it has been already stated on several oc-
casions, the higher the maximum- temperature, the higher
" the efficiency. - The cycle described below isthe -inter-
miediate temperature cycle because it cam very readily
utilize higher temperatures than the first and the second

-versions of the constant speed cycle which -are inherently

- low temperature cycles. The low temperatures may be
in the order of 550° F.~700° F., the intermediate tem-
peratures- may be in the order _of 709" F.-1100° F., and
the high temperature cycles are in the 1100° F.—1500° F

range. It should be noted here-that insofar as the maxr-,

mum temperature of 1500° F. is concernéd, it is limited
by the presently available metallic alloys used in- the
- turbines.. The air-cooled turbines have already been
successfully operated at 2200° F. and it is obvious that
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the third, are identical; i.e., AHg,, AHry,, Gy, pa, and T1
are maintained constant, -and-all other parameters de-
crease with the decrease in load. - The above is identical
to what is shown in Figs. 26, 27; and 28. - Therefore, the
only difference resides in the point of tappmg, or connect-

_ing, the regenerative .circuit to.the expansion step. of the

cycle for- obtaining the ‘weight ﬂow Gg, as is explamed
more in"detail below.

- As the temperatures Ty and Tr, are made- hrgher in this
cycle as compared to-the temperatures used -in the low
temperature cycles, the heat drops AHqpy,. and AHgy, in-
crease. The heat rises. AHC1 and AH.;,2 were made equal

-to the corresponding heat: rises in the low ‘temperature

cycles for obtaining: a- more. intelligible comparlson be-
tween the low and the intermediate cycles. The increase
in the heat drops AI-ITul and AHTu2 can also be used for
increasing p, and ps. -

. When this alternative version of the cycle is -used, the
number of réheats bétween the first and the last expan-
sions will have to. be.increased in the manner indicated
in the high-temperature version of-the cycle, illustrated
in- Figs. 33-35-and 36-38, for the most advantageous
closing of the cycle. Such optimum closmg of the cycle
means maximum. thermal eﬁicrency, maximum specrﬁc
output and maximum pressure py; i.e., the maximum pres-
sure which can- be.obtained- eﬁicrently with -several - dy-
namic COmMpressors connected- in. series with each other.
No critical pressu.res are contemplated because such pres-
sures- (5000 p.si.) offer only limited thermodynach ad-
vantages; quite on the conirary, it is the region on the
Mollier chart which is least advantageous for.the disclosed
cycle. 'It'is more advantageous. to obtain the gams in
efficiency-and specific output by increasing the maximum
temperatures, if such increase is permltted by the alloys
used jn the turbines, rather than by.an increase in pres—
sure which produces very small and meﬁicrent expansron
stages in the turbines. = -

-Referring to Fig. 29, the ﬁrst difference between thrs
schematic diagram-and that shown in Fig.-24 is that tur-
bine Tuz now discharges into a heat recuperator 2916,

_while-in Fig. 24 this heat recuperator- has been omitted

because temperature Ty in Fig. 24 is so low that no heat
recuperation is feasible. The second and last® difference
is that turbine Tu, now is provided with a steam bleeding
outlet connected to a duct 29¢3. In Fig. 24; the regen-
erative circuit, mcludmg regulator F,; and the mixing heat
exchanger Mj, is connected to the exhaust side of tur-
bine Tu; becanse AHy,, is substantially smaller in Fig.
24 than it is in Fig. 29. ‘Another change that has taken
place is illustrated in the Molliér charts but is not dis-

‘cernible in Fig. 29 even though it is a significant change:

all the increase in AHr,, has been transferred, so-to-
speak, to the load turbine Tu, since the heat . drop
through Tu; must remain equal (neglectmg losses) - to
AHC2 Therefore, Tu; in Fig. 29 is of the same “physical
size as Tuy in Fig. 24, but Tuz is larger in.Fig. 29 than

- in Fig. 24 because of the increase in AHrpy,. ~ If one is
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to assume that G, is-the same in Figs. 24 and 29, then
Gy in Figs. 29-32 can be made consrderably larger because
the temperature Ty in Figs. 30-32 is considerably higher
than Tg in Figs. 26-28. However, a better procedure to
follow in the course of the design of the power plant using
the intermediate temperature cycle is the one in which
the increase.in Gy is not.directly proportional to the in-

[ Y D ST
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¢rease in temperature but is smaller. For example, if the
magnitude of G, in the low temperature cycle is in the
order of 1.5-2.5 pounds per second, the magnitude of G,
for the intermediate temperature cycle may be either the
same (1.5-2.5) or only slightly higher, such as, say
1.8-2.8 or 3.0. Since the temperature of the weight flow
Gg now is higher (it is equal to Ty; vs. Tg in the low tem-
perature cycle) less steam will be required to produce a
comparable increase in G,. Therefore, Gg will be smaller
in this cycle than Gg in the low temperature cycle. The
specific output will be higher and the thermal efficiency
will be in the order of 43% while the efficiency for the
low temperature cycle may be in the order of 23%.

The position of point 11 in Figs. 30-32 is determined
in the same manner as the position of point 2 in Fig. 26,
the two points lyihg on the same pressure line pj.

Figs. 31 and 32 illustrate the changes in the cycle as
the load decreases. In Fig. 32, Ge=0; therefore, valve
2901 is closed. - The load control in these cycles is ob-
tained primarily through the decrease of Ts, Ga, G3, Ge,
Da, AHCz and AHTur i

The cycle of the type illustrated in Figs. 29-32 has
been described in connection with a constant speed power
plant. Its teachings are also applicable to the variable
speed power plant illustrated in Fig. 1, in which case the
area of the cycle 1-2-3-12-6-7-8-1 will decrease be-
cause of the decrease in AHry,, with the decrease in load,
as shown in Figs. 1-5.

High temperature cycle

Figs. 33, 34, and 35 illustrate the cycle in which the
maximum temperature is in the order of 1100° F.~1500°
F. This cycle requires either two or three reheats for
the optimum closing of the cycle. - To obtain two addi-
tional reheats, turbine Ti, of the prior cycles now has
been replaced with two turbines Tu; and Tu, which drive
compressor C,. Compressor C; is identical in rating to
compressor C; in the prior figures. Compressor Cs is of
the same size as before, so long as p, and AHg, remain
constant in all the figures. This, of course, is not manda-
tory, and the above parameters were made equal in all
the cases merely for a more convenient comparison of the
réspective cycles with each other. The load turbine Tu,
of the prior cycles now has been replaced with two tur-
bines Tuy and Tu, which drive compressor C; and a load
3300. Two additional heater coils 3301 and 3302 are
provided for obtaining the additional reheats. Coil 3301
is placed between the turbines Tu, and Tuy, and coil 3362
is placed between turbines Tuy and Tu,. The remaining
elements and connections of the power plant in Fig. 33
are identical to those in Figs. 24 and 29 and need no addi-
tional description. The principles of the contiol system
shown in Fig. 25 are directly applicable to Figs. 33, 34,
and 35; therefore, illustration of the control system is not
necessary. Only a brief description of Fig. 34 is neces-

sary, since the basic principles of this figure are identical

to those used in the prior figures. Wet steam is com-
pressed from state p;, T to state ps, Tz in compressor C;.
The weight flow through compressor C; is equal to Gy
pounds per second. The regenerative circuit F;-M; in-
creases this weight flow by adding a weight flow Gg of
superheated steam and a weight flow Gy of preheated
water. Preheating of this water takes place in a heat ex-
changer 3310, Fig. 33, which receives the expanded steam
from: the exhaust side of turbine Tuy. The state of this
steam is indicated by point 13 in Fig. 34. It has a tem-
perature Ty; which is sufficiently high so as to make heat
recuperation possible in this case. The recuperated heat
is indicated in Fig. 34 by the heat drop AHg which cor-
responds to the enthalpy change between points 13 and 14.

The compressed wet steam has a higher quality at point
2 than at point 1, the constant qualities being designated
by the constant quality lines Xj, Xp, and X, Steam at
point 2 is returned from the quality line X, back to the
quality line X; after it is mixed with the weight flows Gy
and Gy It enters compressor C; at point 3 as a weight
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flow Gs. It is compressed to préssife p, in compressor
C,, and it leaves compressor-C; having a quality X which
may be either higher or lower than the quality X, de-
pending on the compression ratio in compressor C; as
compared to the compression ratio in compressor C;. - In
the illustrated example, AHg, is larger than AHg,; there-
fore, X4<X,. After leaving compressor Cp at pressure
Ds, the compressed steam is superheated to temperature
Ts, expanded in turbine Tiy to state Tg, py reheated in
heater Hj to state T, py; expandéd in turbine Tu, to state
Ts, D10, Teheated in heater Hy to state Tig, p1g, expanded
in turbine Tu; to state Ti;, ps, Teheated in heater Hy to
state Tyg, po, and finally expanded in turbine Ti, to state
Tis, p1. It is then returned to compressor C; after pass-
ing through the heat exchanger 3310, where the heat drop
AHpg is transferred back into the circuit by heating the
weight flow Gy of water which is used jn the mixing heat
exchanger for restoring the quality of steam back to qual-
ity X;. The weight flows Gg and Gy are used in the re-
generative circuit F;~M; in thé same manner as before.

Fig. 35 illustrates the above cycle on the temperature-
entropy chart. It is believed that this chart is self-explana-
tory in view of the given description of Fig. 34, since this
description also applies to Fig. 35. This figre has been
included primarily to indicate the features of the cycle
on the temperature-entropy chart, which is also true of
Fig. 36. Fig. 36 is applicable to all the cycles having two
steps of compression and one reheat step 6-7. In Fig. 36,
the useful work obtained with the cycle is that defined by
the points 1-2-3-4-4’-5-6-7-8-8’-1. The rejected heat
is represented by the area 1-9-10-3-2-1. This area is
relatively large, as it appears on the chart. It should be
remembered, however, that this area does not represent
the total rejected heat but only the heat contained in a
unit of weight flow of steam. Since the weight flow Gq
is relatively small as compared to Gj and Gj, the total
heat loss, or the total rejected heat, is smaller in this
cycle than in the Clausius-Rankine cycle because the
greater part of steam is returned into-the cycle at point 1
while it is still a wet stéam and some of the steam, i.e:; Gg,
is used in the regenerative circuit without being condensed
into water. The heat of compression is also used in the
cycle through the increase of the weight flow Go.

The effect that this ificrease in the weight flow Gy pro-
duces on the thermodynamic efficiency of the cycles is dis-
cussed more in detail below in connection with Figures
364 and 36b, where it is pointed out that much higher
efficiericies are obfainable due to the fact that the maxi-
mum flow in the cyele takes place in that portion of the
cycle which also has maximum efficiency. It also is
pointed ont below that the cycle; from point to:point; does
not have constant efficiency, but some of its phases have
much higher efficiency than the remaining phases. Ac-
cordingly, the only way that one can possibly obtain the
maximum efficiency is by having the maximum flow coin-
cide with the maximum efficiency portion of the cycle.

Referring to Figure 364, it illustrates the temperature-
entropy chart of the conventional Clausius-Rankine cycle
where the entire steam flow, upon the completion of the
expansion step; is condensed and returned back into the
cycle by pumps. Accordingly, the weight flow G, through-
out the cycle remains constant, as illustrated in Figure 36a.
The efficiency of the respective portions A, B and C of
this conventional Clausius-Rankine cycle are given below:

The thermal efficiency of part “A” is:

(‘A’]

. . (1-2-6~-1)
N4 w“py

= -2-6-9-8-1)

®)
This portion of the cycle has a very low efficiency because
the “A” area (1-2-6-1) is small as’ compared to area
(1-6-9-8-1) indicating the rejected heat. -

The thermal efficiency of part “B” is:

B” (2-3-7-6-2)

=T O G0-0-69) @
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. The_efficiency of this portion of the cycle is better, or
numerically- higher, than that of part “A”, because “B” is
greater for:-each increment of -entropy than “A” for the
same increment of entropy, but still relatlvely low. - This
is the reason why the Clausius-Rankine cycle is being con-

stantly advanced:to the “C.P.”, critical pomt on the curve, -

and up, beyond this point, by increasing the maximum
pressure.of the cycle, to enlarge the area “B,” ' while the re-
jected heat area (6-7-10-9-6). remains unchanged Ob-
viously, to-improve 1B significantly, it would require ex-
tremely high. pressures, as indicated on the chart. The
Eddistone plant, in its quest for higher efficiency, has
reached the well nigh ballistic pressureé of 5200 pounds per
square inch. -

. The. thermodynalmc efﬁclency of part “C” is:

_aeom (‘)r__ (3—4-5-7-3)
’70 “py (3<4=5-11-10-7-8)
ThlS portxon of the cycle is high, becanse area “C” is quite

large with respect to the rejected heat area.
The overall efficiency of the Clausius-Rankine cycle is:

(lO)

W l 1 an
R R
from which it follows that - ’

“will always be large and 1ts mﬂuence on thc M0 w111 be
{(and is), considerable, no matter how high 7z and z¢
may be. This is 2 maiter of great importance because
‘it is inherent in the Clausius-Rankine cycle that the weight
flow G; remains constant throughout all the portlons “A”
“B” and “C” of the cycle, and, therefore, there is no
__hope of ever redching significantly higher efficiencies with
this type of cycle: This constant weight flow Gjis indi-
cated in Figure 36a by a plurality of arrows G; follow-

10

- 15

20

25

30

35

ing all the individual steps of the cycle. - It is to be un- ~

" derstood that the constant weight flow Gy, of course, im-
plies, or refers to, the cycle operating.at constant load.
G, varies -with the load, but this discussion apphes to
any weight flow, however ]arge or small, at any g1ven in-
stant because the weight flow in this cycle is a series flow
and, therefore, is exactly the same m all parts of the cycle
at any given instant, ~

Repeating the same type of. dlscussxon and companson
for thé dynamic steam cycle (D.S.C.) - disclosed here;
which is illustrated in Figure 365 (this figure'is a repeti-
tion of Flgure 36,-but on an enlarged scale), in D.S.C.,
area “A,” i§ smallerin Fig. 36b than in Fig. 36a because
the welght flow Gy is raised only to pressure py, as is the

-case in Fig; 364, and, which is even more important, it is
used for only a:small fraction, Gy, of the total; or maxi-
mum, mass flow G, at pomt “3.” - Therefore, the -effect
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--of Iow 4 on the overall 7, is reduced to a-very large ex-'

- tent-because only a small part of the mass flow operates

over this portion of the cycle, and the area of thls por— '

tion is made smaller.
The effect of the part “A” on the overall eﬁicxency 1;0

s the function of the ratio of Gy as compared to Gz, and -

this ratio may be as low as’’
in the D.S.C. '

It should be noted here before proceeding with the dis-
cussion of the Temaining portion of the cycle, that the
weight flow Gy of water is used for cooling and restor-
ing the expanded steam, having weight flow" Gs, back to
its original quality. in- the regulator Fo-Mas.
~_flow is returned into-the cycle by a.pump which raises

the pressure of this water from pressure p; to pressure
p1-+Apy for enabling this water to entet, or return, into
the cycle at point 1, which is at pressure pi. - The cycle of
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- the ordinates of the area “B;”
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this water, as it appears in F1g 36B s 1—9—9 =1 Ttin- -

troduces- only a minor loss in the cycle, as illistrated by
its small area.
pressure ps, pressure p;--Ap; is entirely -adequate for the
purpose. The above means that the cycle, normally, will
have two water pumps, rather than one, as illustrated in
all the figures for simplifying the flow-diagrams.-

The area “B,” is the arca of the-highest mass flow in the
entire cycle and it can be seen, from Figure 36B, that this
portion of the cycle will be a very efficient portion because
are much larger than the
ordinates of the area A;. "Moreover, the area E, of the
rejected heat below “B,;,” is again used by only a small
portlon Gg of the total mass flow Gy,

The area “C;” also has large ofdinates thch are com-
parable to the ordinates of the B; area.. This portion of
the cycle has a reduced, but still high, mass flow G; and,
therefore, will have ‘a beneﬁcral effect on the overall
efficiency. ..

Figures 36a and 36b thus graphlcally 1llustrate the rea-
sons for the high thermal efficienicy of the D.S. C They
may be summarized as follows: .

(1) D.S.C. condenses only a small-amount of steam
intofwater; the condensation takes.place only to the ex-
tent required for obtaining proper control of steam quality
during the compression step of the cycle and for cooling
the expanded steam G;.  The first weight flow is equal to
Gy, for.example, in Figure 33. The low saturation region
is very inefficient in all steam cycles.. Since the weight
flow Gy is very small as compared 10 'Gg, G has no signif-
icant influence on the overall:efficiency of the cycle.
Therefore, the effect of the least efficient low saturation
area-“A;” in Figure 365 has been reduced to an absolute
practicable minimum. - As to the weight flow Gy, it has
already been pointed out that it has no significant effect
on-the efficiency of the cycle.

(2) The least efficient area of the cycle has a: smaller
area Ay in the. D.S.C. as compared to the corresponding
area A in the Clausins-Rankine cycle due to the fact that
the weight flow Gy is raised only to an intermediate pres-
sure ps and not to the maximum pressure Dq of the cycle,
however, what is. more important, is that-Gy is approxi-
mately 0.1 of G, in Fig: 36A, according:to Equation 12.

(3) The-D.S.C. operates “with_ the lnghest mass flows
in the superheated region, which is a region of the high-
est thermal efficiency (areas B; and C; in Figure 36B)

(4). - The area of the rejected heat in the D.S.C. is about
the ‘same -as in the Clausius-Rankine cycle, and may be
even larger, as is shown in ‘Figure-36b, but since only a
small- fraction of the total mass flow operates in this
area, unlike that in the Clausius-Rankine cycle, all (Gy),
or almost all (G3) mass ﬂows operate only in the’ most
favorable regions.

The second version .of the htgh temperature cycle

The second version of the high temperature cycle is illus-
trated in Figs. 37,-38, and 39. ‘The difference between
this cycle and the precedmg cycle, Figs. 33-35, is in the
use of three compression steps and only two reheats.

Such cycle is indicated for larger power plants, but its
minimum rating may beé much smaller than: a feasible
minimum rating for the supercritical cycle which requires
power plants in a 300 megaWatt class. Power plants us-
ing three. steps of compression and two steps of reheating,
illustrated in the above figures, are feasible. with power
plants of 5 or 10 megawatts: The limiting factor is the
size of .the last stage of the compressor and the first stages
in turbine Tuy ,which must have workable -dimensions
from.the point of view of manufacture -and operation,
the .small stages becormng very inefficient because the
Reynolds number becomes very small -

The.advantages of such cycles over cycles with one re-
heat and two compression steps. are, higher efficiency and
hlgher specific.output.. The mu1t1-step cycle may be used
either for variable speed -or constant speed power plants
in_ the same manner as the-cycles with the two compres-

This weight flow need not be raised to



8,980,986

29
sion steps and one or more reheat steps. Since high rat-
ing power plants in the majority of cases, or uses, are
constant speed power plants, the illustrated cycle is for

constant speed operation. The variable speed type of
operatmn will be described at the end of this description

by using the same figures for its description.

The Mollier charts, shown in Figs. 38 and 39, w111 be
described first, with the description of the schemati¢ dia-
gram followmc7 Fig. 38 111ustrates a full load cycle and
Fig. 39 illustrates the changes in the cycle as the load de-
creases to scme predetermined minimum. load or a low
output.  The useful output of the cycle can be reduced
still further by diminishing the weight flows G,, Gs, Gy,
and Gg by partially closing or fully closing the valves
3700, 3701, 3762, and 3703 in the regenerative circuits
shown in Fig. 37. The Mollier chart for this type of
operation is not shown in Figs. 38 and 39 since it would
have unduly complicated these figures. However, the
above should be quite obvious to those skilled in the art
in the light of what is shown and the given description.

Referring once more to Fig. 38, the compression is per-
formed in three steps 1-2, 3-4, and 5-6 in the three
serially connected compressors C;, C;, and C;, The cor-
responding compressions are pi, Pa, Ps, and pg, py being
the condenser pressure. The above type of compression
corresponds to that shown in Fig. 15. The weight flow
in the first compressor is G, G; in the second compressor,
and Gj in the third compressor. The above weight flows
are equal to:

G1=Gn—Gs.
Ga=G1+Gy+Gr
G3=G3+Gs+Gy

(13)

The weight flow Gg, after being raised to. pressure pg, is

superheated to temperature Ty, It is then expanded in
turbine Tu; to temperature Ty and pressure pg, the degree
of expansion being determined by the power required for
driving COmpressor C; by means of turbine Tu; and any
accessories driven by Tuy. Since the weight flows through
C; and Tuy are equal, AHq,, is larger than AHc3 to the
extent required by the losses and the auxiliary eqmpment
The superheated steam at point 9 is expanded to point 10,
the position of which is determined by pressure ps-{-Ap, Ap
being that small increment of pressure which is required
to overcome losses. This pressure Ap is not indicated in
any of the figures and will not be taken into considera-
tion in the claims because of its negligible value. This
expansion takes place through the second compressor tur-
bine Tu, which drives compressors C; and C;.  AHgy, is
smaller than the sum of AHg,+AH¢, because G3>G, and
also G3>G,, the relationship determining the above valies
being

AHsza?AHmG1+AHész-

if the losses are neglected.

At full load, H; does not receive any fuel; therefore,
the weight flow Gg of steam at point 10 and 11 (the two
points coincide) is expended through turbine T3 to a state
12 which has pressure ps---Ap. The remaining portion of
flow G; is diverted into compressor C; as a weight flow
G,. It is mixed with G; and then with a preheated water,
having a weight flow G, in the mixing heat exchanger
M,, Fig. 37.

At point 12, the weight flow Gg is divided into two
weight flows Gy and Gy. Gy is expanded to pressure p;
in the second half of turbine Tu; which is designated as
turbine Tu,.

The remaining portion of Fig.” 38 should be self-
evident from the prior description of the similar dia-
grams.

In the disclosed cycle, the: speed is maintained con-
stant by maintaining AHTu;;,Tu,g constant and varying
Gg and G, as a direct function of the load. This follows
from the equation for power, AN, which is:

AN=GAH :

(14)
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and, in this case, SR
ANy=Ge¢' AHyg+2Hry, G

(16)
where
. AN, is the useful power output.
It also may be stated here that
AH:Z % an.

- where

¢ is the velocity of “through ﬁow” through each stage;
g is the acceleration of gravity.

If ¢ is constant, the peripheral velocity, U, is also con-
stant since U and ¢ are two sides of the velocity triangle.
AHgyy & iy 18 maintained constant, as indicated by a
dotted line between the points 11 (and 10) and 11", ‘This
dotted line is the locus of the constant heat drop as it is
made to travel with- its base along the comdenser pres-
sure line p;-from point 13 to points 137, 13", etc.

The variable speed operation of this power plant
may be obtained in a variety of ways. For example, all
temperatures may be reduced in proportion to the re-
duction in load. The -weight flows Gy and Gz may be
controlled together with the temperatures; which will also
reduce the pressures pg, p4, and pg with the decrease in
load:

Schematic diagram, Fzg._ 37.~The schematic diagram
of this version of the high temperature power plant
should' be apparent: in view of the description of the prior
power plants using the same elements.. All the com-
pressors Cy, Cy, and Cy are connected in series, and the
turbines Tu;, Tu,, and Tug-Tu, are also connecied in
series.. The first two' compressors 'C; and Cy are driven
by the second turbine Tu,; the third compressor Cg is
driven by the first turbine Tu;, and the load 3785 is driven
by the third turbine Tus—Tu, which has a duct 3706 con-
nected-to that stage of this turbine which has a steam
pressure equal to p;+-Ap; i.e., the pressure obtained
on the output side of the first: compressor C;i-+Ap. The
two regenerative circuits Fo~Ms and F3—-Mj are identical
to the regenerative circuits- described- previously. The
first- regenerative circuiit Fo~-Mj is connected- between the
first and the second compressors C; and Cj, and the
second regenerative circuit Fy-Mj is' connected between
the second and third compressors Cy and. C;. The steam
quality control circuit F3-M; reduces: the temperature
of “steam’ reaching it at a temperature corresponding’ to
point 16" in Fig. 39 and leaving it at temperature Tj.

Dynaniic steam cycles having a single compressor turbine
and. a single load turbine

In the cycles.disclosed thus:far either one -or a plurality.
of compressor ‘turbines are used for driving the compres-
sors; and, in some of the circuits, a load turbine is also -
used for driving one or more compressors. The cycle
also may: be arranged so that only a. single compressor
turbine is used for driving all of the compressors and the
load turbine: is used solely for producing the external
power. . This type. of arrangement produces a power
plant having a wide power range and it also has certain
thermodynamic and- operational. advantages. Also, the
control system: which is necessary for implementing this
type of power plant is simpler than the control systems'
obtainable with the: power plants in which the load tur-
bine ‘is used not only for delivering the: external power
but also for operating either one or more compressors,

The constant speed cycle of the above type is illustrated
in- Figs. 40-42, The compressor turbine cycle is
1-2~3-4-5-6-7-8-9-10-1 and the load turbine cycle is
1-2-3-4-5-6-11-12-1. Fig. 41 illustrates the Mollier
chart. for the full load at which time the compressor
turbine has a maximum temperature Tqy,, and the
superheated steam entering the compressor: furbine: Ty
is.expanded to a- wet state: illustrated. by pomt 10. Itis
then returned to its original state at point 1 in the same:



31 : ,
.manner as in the prior power plants. -Points 8 .and 9.
indicate the points at which some of the expanded steam
is returned to ‘the: regenerative “circuits ‘as welght ﬂows
GI7 and Gm

Referring to Flgure 40,- the compressor turbme Tul'

drives three compressors Ci=Cy%,- Cy'and Cs. -Compres-
sor C~C;’ has two parallel compressors 4000 and 4001
which discharge through a duct-4602 into a regenerative

circuit 4903. This circuit is identical to the: previously

- ‘described regenerative ‘circuits using a quality.-control

régulator 'F, and-the mixing heat exchanger M; and;

therefore, needs no additional description. .-It receives
compressed 'steam through a duct 4092 from compressor
C1~Cy’;. a- superheated . steam from turbine Tu, over a
-duct 4604, -and condensed water from hot well 40065 over
ducts 4035, 4036, 4007, 4010 and 4611, pump 4606; and,
apheat,exchanger 4008 provided.with a coil 4009. The
second compressor -discharges: into-the second regenera-
tive circuit 4012 which is a._lso_ providred\{with a quality
control regulator F; and a.mixing heat exchanger Ma.

-Hot water is supplied from the hot well 4005 through a:

" duct 4013 and superheated steam _is supplied through a

10

.‘Another version of the variable speed power plant and
its. Mollier charts is illustrated in Figures 43; 44, 45 and
46.. In this-case Ty; is maximum at full load.and Ty has
some .lower: value which is determined by :the required

‘magnitude . of ‘AHgy,, for producing the required com- -

pression ratios -in-the compressors, - As the -load de-
creases, Ty is increased and T;qis decreased in the manner
indicated-in Figs: 44 and 45 with the concomitant de-
crease in all-parameters. ‘The no-load condition is iflus-
trated in Fig. 46 at which time no steam reaches turbine
Tuy and the temperature Ty of the steam reaching the
compressor turbine is reduced to that minimum . value
T'7"" which is necessary for operating.the power plant at

--no-load - condition. - Since AHT,11 now has a minimum

20

duct 4@14 which .is connected to-anm appropriate stage

in the compressor turbine Tu;.
into heaters H; and H; and these heaters-are connected,

Compressor- Cy discharges.

25

-respectively, to the compressor turbine Tu; and the load -

turbine Tu,.. - The load turbine as well as the compressor
turbine discharge into -the third quality control- circuit,

including - regulator - F; and a_ mixing heat exchanger

‘Mjz.. - The. compressor . turbine Tz; is comnected to Fj

30

through a duct 4015 and the load turbine is connected .
‘to Fy over a duct 4616. Condensed water..is supplied.

" to.the regulator Fs over ‘a duct-4017. . -After-the quality

of the steam- has been returned to its ongmal state Xy,

part -of this steam is conveyed to compressor C; ‘over

35

- ducts 4018, 4019 and 4620. The remaining part of the

steam is-conveyed to a condenser 4021 -through a. duct
4039, and from the condenser .to the hot well 4005
through a duct 4031, A shut-off valve 4022 is provided
-in a duct 4923 for disconnecting the load turbine Tu,
_from compressor C; at no. load.
‘The Mollier charts for this power. plant are ﬂlustrated

40

in Figs. 41 and 42. Fig. 41 corresponds.to the full load -

" condition, ‘while Fig. 42 corresponds to the part load
condition.. The temperature. Ty of the steam entering the

45

compressor turbine is maximum at full load. -- The load,

turbine receives steam at temperature, Ty;, which is lower.
The rémaining portion of Flg 41 needsno addi-

than T7

tional description because of :the prior descrlptlon and
~'the description of similar-charts. -

* Fig. 42 illustrates the changes in- the cycle which take

place when the.power plant is operated at_constant speed

The full load temperature Ty; is increased’ to:the maxi-

. mum temperature Ty," and the full load temperature Ty

is decreased t0 temperature Ty'. . Temperatures Ty, and
T+ are the no load or minimum loadtemperatures.
Since Ay, decreases, all the pressures such as - pg, Dy,
and pg, also decrease; but AHT112 remains constant. Ac-
cordingly, when this cycle is used as a constant.speed

‘cycle, the conirol of the cutput power.is. obtained by re-.
ducing T, increasing Ty; and also by reducing all of the

-Welght flows, the density and pressm.. of the steam flow-
ing through the entire cycle.
--~Although Figures 41 and. 42 111ustrate the Molher
charts for the constant speed cycle, it should be apparent
- that - this ‘type’ of . power :plant .can’.also :be -used. very
réadily as’ a variable: speed plant in ‘which case ‘the pre-
viously described variable speed cycles would apply. For
example, -a-.variable speed cycle could be obtained by

- making T5 and Ty maximum-at full load and reducing

both of these-temperatures simultanéously  with the: de-

--.crease in-load or reducing Ty only and:then reducing Ty -

togéther :with the reduction of Ts in the manner -de-
scribed previously in. connechon w1th the descnptxon of
Flgures9 10and11 SRR T SR S S e

value, ‘the power plant is operating at the lowest sustain-
ing speed.” 'When the external .load is quite low, such as
that iilustrated in Fig. 45, valves 43065 and 4306, Fig. 43,

are closed and no steam bleeding takes place. Therefore,
Gq and Gy, are equal to zero and only water injection is
used for returning-the compressed. steam to ‘its original’
quality X;. These water weight flows are indicated as

G; and Gy; on.the Mollier charts.

The schematic diagram of the variable speed power
plant needs no detailed. description because it-is identical
to-that in Fig. 40 with two modifications: the heat ex-
changer 4608 has been ecliminated and replaced by a

‘heat recuperator 4361 which recovers some of the heat

from the flue gases produced in heater H,. The second
change relates to a wvalve 4300 which is connected in
series with a duct 4302 connected to the input side of the
compressor turbine Tu;-and-an-identical valve 4303 is
connected in series with a-‘duct-4304. Valve 4303 is
closed at no load, and valve 4300 is operated only when
a'very sudden reduction in load is required. . Valves 43088
and 4306, which are in series with the respective steam
bleeding circuits, are normally open, and are closed when

" the external load is quxte low, such as: that shown m-

Fig. 45. ° .

Reverting once more to Flg 44, pomts 7, 11’ 8,9
and 12’ mdlcate some intermediate load ¢ondition when
Ty -—Tu " As the load decreases still further, Ty reaches
a maximum value equal to Tyex. . This' maximum tem-
perature isothermal lineis mdlcated in’ Fig. 44 but no
Molliér chart is given in the drawings for indicating that
condition. when Ty''=Tp.y and, at the same time, Ty;"
is approximately equal to:that value of Ty which is illus-

- trated.in Fig. 44. In other words,.the above part load
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condmon can-be very readlly visualized by stating that
the. two- heat . drops AHypy, and AHgp,, exchange their
places in Fig. 44 in order to produce the above part-load

-condition.”” When the.temperature Ty is increased from

the value indicated.in Fig. 44 to Triae the heat flow into
the heater Hj in Fig. 43 remains ‘constant” while the
weight flow G, has been decreasing-in relation to the
weight flow Gg because of the decrease in Tyy.. - Therefore,

. the-increase in Ty during this transition:from the full

load (Fig. 44) to that load when Ty reaches its maximum

- value Tymax is not due to the decrease in heat supplied to

60

heater H; but is due to the decrease in G4. The decrease

‘in G4 may be a two-fold decrease: it decreases because

of the decrease in Ty; and the concomitant relative in-
crease in Gy and, secondly, there may be a decrease in
the absolute value of G if the increase in AHr,, does

. not counterbalance completely the decrease in Gy.

85

- there is no bleeding from the load turbine Tus.

70
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In both: circuits, Figs.. 40-and 43, steam bleeding is
performed by using only the compressor turbine Tu; and
There-
fore, the entire weight flow Gg is expanded through the
load turbine. Therefore, the external output is equal to

AN‘,=AHT“2 Gs S (18)

Whlle there is a range in the load variation in the
variable speed power plant described above when heater

H; receives a constant amount of heat (between Ty and

Tiax) 2nd the amount of heat supplied to heater H; is
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iiecreased thereafter with the decrease in load, the amount
of heat supphed to heater H, decreases continuously with
the decrease in'load. Thercfore, the fuel, or heat input
into heater Hj'is decreased at a fixed rate with the de-
crease in load until it is equal to zero at no load. The
heat inputs into H; and Hj are both decreased at a fixed
ratio’ with respect to each other until the no-load condi-
tion only after Ty becomes equal t0 Ty

“In the constant speed cycle illustrated in Figs. 41 and

.42, the heat inputs into both heaters H, and H; are de-

cregsed with the decrease in load, both heat inputs being
mutually inter-related at all loads at a preset program or
ratio with réspect to each other.

Tt may be noted-that the heat recuperation has been
replaced with a heat economizer 4301 in the variable
speed cycle This is due to the fact that points 10 and 12
are now in the wet steam region, below the line X=1.0,
due to large enthalpy drops through the two turbines.
The above does not apply to the constant speed power
plant, Figs. 41-42, and there is a heat recuperatron at
the heat exchanger 4988, because point 12 is in the wet
region only at relatively high loads and is in.the super-
heat region thereafter, as indicated in Fig. 42.. The above
conditions, obviously, may vary, depending upon the type
of cycle, or, rather, the range of temperatures, pressures,
weight flows, etc. selected for the operation of the power
plant, and, therefore, heat exchangers may be replaced
with the heat economizers even in the constant speed
cycles. =

No control systems are illustrated for the cycles indi-
cated in Figs. 4046 since the teachings of the described

) control systems are also applicable to these cycles.

“The invention thus discloses dynamic steam cycles and
All cycles in-
clude a dynamic compression circuit including at least
two serially connected compressors C; and Cp; the dy-
namic compression circuit may also include a larger
number of serially connected dynamic compressors. Wet
steam enters the compression circuit having temperature
Ty, qualxty X1 Werght flow G; and pressure p;, and it
leaves the compression circuit as compressed steam hav-
ing temperature Ty, quality X,, weight flow Gy and pres-
sure pg. This is the termmology that will be used in at
least some of the claims. It is necessary to resort to
this terminology (suffix x) in the claims because all of
the parameters describing the steam leaving the compres-
sion circuit may have a wide range of values, as stated
in the speclﬁcatlon, depending upon the type of cycle
selected for any given specific use. The maximum pres-
sure py may have wide vanatlons, depending upon the
number of the compression steps and the compression
ratios of the selected COmPpressors.

If px (maxnnum pressure in the cycle) may have wide

iimits indicated in the specification, it inescapably follows
that Ty and Gy may also have relatlvely wide limits be-
cause both are functions of py for a given useful output.
Although, ‘as indicated in the specification and on -all
the Mollier charts, the quality of steam Ieavmg the com-
pression circuits, as_a rule, should be in the order. of
.85-.95, the above, obvrously, does not mean that the
cycles will be rendered moperanve if X, is. made equal
to, say, .8 or 1.0. In one case, ie. .8, it would means
excessive erosion of blading since the initial guality will
have to be lower than .65, and in the second case, ie.
1.0, it would merely mean lower efficiency of the power
plant; - The same type of termmology, and for the same
reasons, will also be used, at least in some of the claims,
for describing the expansion circuit which includes, for
the reasons stated préviously, at least two turbines. All
of the expansion circuits have steam bleeding for increas-
ing the Welght flows, G, G through G,, through the
compression clrcmts, but these steam bleeding circuits
at times are not in use, as indicated in Figs, 40-46. The
claims also ‘will recite the connections between- the ex-
pansmn circuit, such as clrcmt 5-6-7-8 in Fig. 1, and
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the - regenera’uve circuit, such as F; and M; in Fig. 6.
This circuit is connected “between” COMPpressors C; and
Cy, which means that it is connected in series with, or
between, the output portion (duct 601) of compressor
C, and the input portion of compressor C; {(duct 667).
Throughout the specification, it has been stated that the
point at which the regeneratlve circuit F—M; is con-
nected to the expansion circuit (point 6 in Fig. 1) should
have a slightly higher pressure than the pressure at point
2 in Fig. 1 by the amount Ap, where Ap is that increment
in pressure which is required to overcome the duct losses
(ducts 603 and 611 in Fig. 6) .and the loss encountered
at the entry into the quality regulator Fi-M;. This Ap

" is, therefore, mecessary to produce a positive pressure

gradient between the points 6 and 2 in Fig. 1. In
reciting this connection and describing the position of
point 6 in the expansion circuit in. the claims, the fol-
lowing terminology shall be used, at least in some of
the claims: “a connection between the first regulating
means (F;-M;, Fig. 1) and the first expansion circuit
(circuit 7—S8, Fig. 1, which includes turbines Tu; and
Tu, and heater H,, Fig. 6), said connection bemg at
the pressure point within said first steam expansion cir-
cuit Corresponding (it is the point having pressure pp-+Ap
in Figs. 1 and 6) to the pressure of steam between the
first and the second compressors,” etc., which is pres-
sure pa. The word “Corresponding,” therefore, shall
mesn the pressure expressed by pa+Ap. Althcugh the
quality regulating circuits were illustrated as the flow-
metering devices F; and mixing heat exchangers Moy,
Fig. 1, etc., the circuit will function also if the above
elements are replaced with a condenser, although, ad-
mittedly, the regulation of such condenser may be more
difficult than the control of the preferred embodiments.

Accordingly, the invention is not limited to amy spe-
cific apparatus, since the disclosed cycles and methods
can be practiced with a variety of apparatus, as stated in
the specification.

In concluding the description of the cycle, it is proper
to say that the merits of the cycle, obviously, reside in
the dynamic compression step of the cycle which enables
one to obtain the maximum flows in the most efficient
portion of the cycle, and the minimum flows in the least
efficient portions of the cycle. Even with this fundamen-
tal advantage of the cycle, and the elimination of the
losses produced by the complete condensation and sub-
sequent evaporation of the Entire flow in the Clausius-
Rankine cycle, the success of the cycle, in large measure,
depends on one’s ability to compress efficiently the wet
steam in the compression step, or leg, of the cycle. It
has been mentioned previously that axial flow compres-
sors are not suitable for this purpose because they would
act as centrifuges for suspended-in-steam water particles.
Therefore, only the centrifugal flow compressors or the
centripetal flow compressors remain as suitable compres-
sors. The breathing capacity of the centrifugal flow
compressors is very limited and this limitation alone
practically precludes their use in the disclosed cycles.
There is an additional very serious limitation insofar as
the centrifugal flow compressors are concerned, and that
is their low isentropic thermodynamic efficiency which is
in the order of 75% to 83% as compared to the effi-
ciencies of 78% to 87% of the axial flow compressors,
the axial flow compressors being unacceptable because
of the centrifuging effect.  Therefore, the only compres-
sor that remains is the centripetal flow compressor, either
of contra-rotatable or single rotation type. Fortunately,
this compressor satisfies very well the requirements of
the cycle: it is capable of having extraordinarily large
breathing capacity; the nature of the flow through the
compressor - follows the classical flow pattern - without
centrifuging the liquid phase of the working fluid; it re-
tains high efﬁciency over a remarkably wide range of
operation, which is just the opposue of the other two.
compressors, and, above all, it is capable of having isen-
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tropic thermodynamic - efficiency of 97.5%. The effi-
ciency-of 97.5% is the actual, experimentally: obtained

' efficiency of these compressors. Accordingly, the cen- .

tripetal flow compressors make the actual implementa-
tion of the disclosed cycles a very simple, practical and

inexpensive reality. .

o

The disclosed cycle and. its instrumentation with the -

centripetal flow dynamic compressors and centrifugal flow
turbines—which are the two most efficient. dypamic
machines—makes it especially suitable for use in connec-
tion with the atomic energy reactors of any type. - Two

outstanding factors make this cycle by far the best for.

this purpose: First, its very high thermodynamic effi-
. ciency, and, secondly, the superheated dry steam is non-

radioactive and, therefore, the superheated steam from 1

o

the reactor can enter directly into the first turbine with =

" out any danger.of radioactive contamination of the turbo-
machines and their ducting. To date the atomic energy
reactors use conventional Clausius-Rankine cycle which
*. was. developed many decades ago for use in conngction
with reciprocating steam engines and ‘such cycle is, if
. mot totally, then at least very poorly suited for dynamic
turbomachines. - The Dynamic . Steam Cycle disclosed
here, on the other hand, is based on turbomachines of
today, and, by- itself, when used in the atomic energy
extraction' of power, will realize such savings in terms
. of initial cost and continuous economy of operation due
to increased efficiency, so as to make the atomic energy
power plants immediately competitive with the conven-
tional power plants. It also follows that the  power
plants using conventional fuels can simplify their instru-
mentation with the decrease in cost, and raise their oper-
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circuit and the input side of the first compressor, serially
connected condenser and a hot well; a duct connecting
the -output side of said second regulating ‘means to said
condenser, and duct connections between said hot well
and said first-and second regulating means, said ‘last duct
connections having means for injecting condensed ‘water
from said hot well into said first and second regulating

- means.

- 2. The steam power plant. as:defined in claim 1, which
also includes a heat exchanger connmected between the
exhaust side of said last turbine and the input. side of
said second quality regulating means; said heat exchanger
also having a connection with said hot well and with said
first regulating means' for transferring some of the heat
from the steam-—passing through the heat exchanger from
said last turbine to said second regulating means—to the
water conveyed from said hot well and injected into said
first regulating means. . e

3. The steam power plant as defined in claim 1, which
also includes a’ second ‘expansion circuit connected in
parallel with that portion of the first expansion circuit
which includes the second turbine, said second expansion

* circuit including serially connected heater and a turbine,
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ating efficiencies by using the Dynamic Steam Cycle, since

the disclosed cycle is not predicated on any specific type
of fuel. The non-radioactive properties of dry steam,
however, make this cycle well-nigh indispensible insofar
as the atomic encrgy power plants are concerned. . This,
too, has been the case insofar as the conventional power
plants using organic fuels are concerned, because, after
many decades of experimentation with other media, such
as mercury and other gases such as air, no other medium
has been found which possesses all the thermodynamic
and the physio-chemical advanfages of water and super-
- heated steam. The disclosed cycle, however, brings up~
.. to-datethe use of this old and excellent medium in a
. manner avoiding its total condensation since such con-
. densation becomes totally inexcusable with the advent
‘of the dynamic centripetal flow compressors. - L

¢ What is claimed as new is: - L
1. A steam power plant using steam as a working fluid,
said power plant comprising a series circuit -including
a dynamic steam compression_circuit and a first steam
expansion circuit, said steamcompression’ circuit includ-
ing at least first and second serially connected dynamic
compressors and said first expansion circuit including at
least first and second serially connected steam turbines;
a first heater: included in said -series; said first heater” re-
ceiving compressed steam from' said second compressor
and discharging superheated steam into said first turbine,
a second heater included in said expansion circuit, said
. second “heater being connected between said first ‘and
" second turbines, a first steam quality regulating means
“included in said compression circuit and being .connected
between said first and second compressors, said first regu-

“lating means’ conveymy uu compressed stear. from, the .

- first compressor to the second compressor; a duct cons

* -nection between said first regulating means and said first-
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expansion circuit; said duct connection being at the pres- -

sure point within said first steam expansion circuit which: -

* has thepressure,corr}espond_ing to the pressure of ste,éml
- between the first ‘and the second compressors, said: con-
- mection conveying some of the superheated steam. from

said first expansion circuit into said first means, a second -

steam -quality. regulating- means connected between " the
- - exhaust side of the last turbine in said- first expansion

%

-expansion, info the dynamic .compression step of the cycle

pressors including & first dynamic. compressor rece:

said last-mentioned heater receiving a partially expanded
steam from said first turbine and said last-mentioned tur-
bine discharging expanded steam into said second regu-

lating means. )

4. A steam power plant comprising a compression cir-
cuit including at least serially connected first COmpressor,
a first steam quality regulating means and a-second com-
pressor; an expansion circnit including at least two steam
turbines, each turbine having an input side and an ex-
haust side, a heater connected on. the .input side- of each
turbine, duct means connecting said heaters to the out-
put side of said second- compressor, -a ‘second - steam
‘quality regulating means, input and discharge duct means
connecting the input side of said second regulating means
to the exhaust side of said expansion circuit and the dis-
charge side to the input side of said first COmMpressor, re-
spectively; serially connected condenser, hot well and a
pump, said discharge duct means also connecting said
tondenser to the discharge. side. of said second: control
means, duct means connecting the output side of said
pump to said first and 'second steam quality regulating
means; and duct means connecting that portion, or point,
of the expansion circuit to said first steam quality regu-
lating means whose pressure. corresponds to the steam

_pressuré in said first regulating means. . -~ . o
-~ 5. In a dynamic steam cycle including dynamic com-

pression of wet steam, superheating, expansion and cool-
ing of @ first portion to its original quality and condens-
ing of the second portion into water, the method of in-
creasing the thermodynamic efficiency of said cycle which
includes the step of. increasing the weight flow in the
compression, superheating and expansion portions of the
cycle by injecting at least a portion of said water in the
course of the compression of said, wet steam, "

6. The dynamic steam cycle as defined in claim 5
which also includes the additional step of injecting the
remaining portion of said water into the steam upon its

expansion for cooling said steam and returning it to. its
original quality.” -~ = o
7. The dynamic steam .cycle as, defined in claim 5
or 2 which also includss the -additional step. of Ffurther
increasing said thermodynamic efficiency by diverting =
minor- portion of the superheated steam upon. its partial

for further increasing. the weight flow in the wet and

superheated steam portions of the eycle, o

8. A steam power, plant comprising & compression cir-

cuit having a plurality of serially connected dynamic com-
1,

wet steam of quality X,, an expansion circuit having a
plurality of steam turbines, a heater connected in series
h, tur-

with' said’ expansion. circuit’ on the input side of
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bine; & first steam quality regulating means, duct means
serially connecting said first regulating means between
the exhaust side of the expansion circuit and the input
side of the first compressor, said first regulating means
returning the received steam to said wet quality X,; and
steam_quality regulating means between each preceding
and succeeding compressors in said compression circuit
for returning the quality of steam, entering each of said
last-mentioned regulating means, back to said quality X;

and thereafter discharging the wet steam into the respec-

tive succeeding compressor.

9. The steam power plant as defined in claim 8, which
also includes steam condensing means connected to the
first steam quality regulating means for receiving a por-
tion of the wet steam leaving said first regulating means,
and a connection between all of said regulating means
and said condensing means for m]ectmg water into each
regulating means.

10. The steam power plant as defined in claim 8 in
which each steam quality regulating means, except the
first regulating means, is also connected to that portion
of the expansion circuit which has a steam -pressure coi-
responding to the pressure of the steam entering the re-
spective regulating means from the respective compressor.

11. A steam power plant using steam as a working
fluid, said power plant incuding a compressmn circuit,
an expansmn circuit connected in series loop with
said - compression circuit, said compression circuit hav-
ing dynamic means for compressing wet steam entering
said compression circuit, first means for increasing
the weight flow and for regulating the quality of steam
flowing through said compression circuit in the course
of its compression, duct means connecting said first
means in series with said compression circuit and in shunt
with said expansion circuit, and steam quality regulating
means connecting the exhaust side of the expansion cir-
cuit and the input side of the compression circuit, said
regulating means receiving steam from said expansion
circuit and returning only a portion of the wet steam

. produced by said regulating means back to the input side
of said compression circuit.

12. The power plant defined in claim 11 which also in-
cludes a condenser connected to the output side of said
regulating means for receiving the remaining portion of
said wet steam and, thereafter, condensing it into water,
a hot well receiving the condensed water from said con-
denser, a pump connected to said hot well, and duct con-
nections between the output side of said pump and said
first means and said regulating means for injecting some
of said water into said first means and said regulating
means for maintaining constant the quality of steam leav-
ing said first means and said regulatin° means.

‘13. A steam power plant comprising an “n” number of
serially connected dynamic compressors mcludmg at least
the first and the last compressors, said “n” number being
greater than one, said first compressor receiving wet
steam having a weight flow Gy and quality X; smaller than
1.0, a (n—1) number of steam quality regulating and flow-
increasing means, one means being connected between
each preceding compressor and a corresponding succeeding
compressor for regulating the quality of steam and pro-
gressively increasing the weight flow of steam in the
course of its dynamic compression by said compressors
from G; to Gy, first and second heaters connected to the
output-side of the last compressor, a compressor turbine
conected to the output side of said first heater, a load
turbine connected to the output side of said second heater,
second steam quality regulating means connected with
its input side to the exhaust sides of said turbines and with
its output side to said first compressor, said second regu-
lating means discharging a portion of wet steam having
said ‘weight flow G; back to the input side of said first
compressor, a condenser means also connected to the out-
put side-of said second regulating means for receiving the
remaining portion of said steam and condensing it into
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water, and means for injecting’ sald water into ail of sald
regulating means.

14. A dynamic steam cycle mcludmg the steps of dy-
namically compressing a weight flow G; of wet steam of
quality X;<1 from pressure pr,-and temperature Ty to
pressure py and temperature Tx, restormg the quality: of
steam back to quality X, and increasing the weight flow
during its compression by injecting water and superheated
steam into said stream in‘the course of its compression;
superheating, at constant pressure p,, the compressed
steam from temperature Ty to ‘a-superheat temperature -
Ty; ‘expanding said superheated steam to pressure p; and
temperature T,, cooling the expanded steam from temper-
ature T, back to its original temperature. T; and quality
Xj, dynamically recompressing the weight flow G, ‘of the
cooled steam again to said pressure py and temperature Ty,
condensing the remaining portion of the cooled steam into
water, and injecting said water back into the steam whﬂe
it is undergoing said compressing.

- 15.-A dynamic steam cycle including the steps of dy-
namically compressing wet steam having the initial weighit
flow G, pressure p; and temperature Ty; controlling the
quality and increasing the weight flow of the wet steam. in
the course of its compression by injecting controlled
amounts of water and a first portion of a partially expand-
ed superheated steam for obtaining a weight flow G, of
compressed steam having a pressure py and temperature
Tk upon the completion of the compression portion of the
cycle; superheating the weight flow G, of said compressed

steam -to a temperature Ty; partially expanding the en-

tire weight flow G, of the superheated steam; reducing
said weight flow G, by diverting said first portion of the
partially expanded superheated steam back to-the com-
pression portion of said cycle; reheating and then ex-
panding the remaining portion of the superheated steam
to pressure p;; "extracting -a portion of the heat con-
tained in the expanded steam by preheating' said water;
cooling said remaining portion of the expanded steam :to
temperature Ty; “diverting the weight flow G; from the
cooled ‘steam back to said compression portion of the
cycle; condensing the remaining weight flow-of the cooled
steamn into water; and returning said water into the com-
pression portion of said cycle as the injected water.

16. "A dynamic steam cycie including the steps: of dy-
namically compressing a weight flow Gy of wet steam hav-
ing a quality X; from: pressure p; to- pressure py, Pro<
gressively increasing the weight flow of said steam by
regulating its quality in the.course of its compression by
injecting an injection water-and superheated steam: into
said weight flow Gy for obtaining maximum weight flow
G, of compressed steam having pressure py, superheating
the compressed steam, expanding the superheated steam
from pressure p, to pressure p;, cooling the expanded
steam to its original quality X;, and dynamically.recom-
pressing the weight flow G, of the cooled steam, _

17. The dynamic steam cycle as defined in claim 16
which includes the additional step of condensmg into
water the remaining weight flow -of the cooled steam of
quality X;, preheating the condensed water by means. of
the expanded steam, and using sald preheated water .as
said injection water,

18, The dynamic steam cycle as defined m claJm 16 :
which also includes the additional step of recuperating
a portion of the heat contained in the expanded. steam
by preheating the witer injected. into the welght flow Gl
of the steam in the course of its compressxon .

19. The dynamic steam cycle as defined in claim 16
which includes - the additional ‘step of  expanding. the
entire weight flow G, from said pressure p, to a lower
PIessure pPp; d1v1dmg, thereafter, said weight flow. Gy,
into weight flows. G, and Gy, expanding the. weight ﬂow.
Gy, and injecting. the weight flow G as said superheated
steam into said weight flow G, in the. course of the com-
pression of said weight flow Gy.. - s

20. The dynamic steam cycle as’ deﬁned in claun §;




"-which includes the_addit_iqnal's@ep of performing said
‘compressing in a plurality of the dynamic compression

‘steps,.and increasing said weight flow G, at the com- -

.pletion of each compression step except the last step.

- 21. The dynamic steam cycle as defined in claim 16
which: includes the additional step of performing said
expanding in a plurality-of steps; and diverting a portion
of the. epra.nded steam; at least at-the completion of some

- of the expansmn steps, as:said injected superheated steam

for:increasing ‘said weight. flow Gy

- -22. A dynamic steam cycle including the steps of com-
. pressm_g wet steam having the initial guality X;, weight
flow- G,, pressure p; and temperature Ty to pressure py

temperature Ty,-and quality X, greater than quality X,

- mixing the compressed steam with a water weight flow
G, and a. superheated steam having a weight flow G
and pressure po-|-Ap for obtaining a wet steam weight
flow 'G,, compressing. said weight flow Gy to pressure
ps and temperature Ti superheating the compressed
weight flow G, to temperature Ty and pressure p,, par-
tially -expanding’ the “superheated steam to temperature
T, and pressure p; which is greater than p,; dividing the
partially expanded steam having the weight flow G, into
two- parallel  streams having weight flows G, and Gy;
expanding the weight flow G, to said pressure p, without
reheating, whereby said weight flow G, has the initial
temperature Ty=Ty; dividing the weight flow G, into a
weight flow Gj and said weight flow Gg; expanding the
weight flow G; to said pressure p; and mixing said weight
flow G, with said weight flow Gy: reheating the weight
‘flow. G; to-a temperature Tyy; and- expandmg the re-

" heated. steam to said pressure p;.

23. The dyriamic steam cycle as defined in claim 22
which also includes the steps of progressively decreasing
" Ty to a temperature Tyy”” with the decrease in. power

. from-a full Toad to an intermediate load until said Ty,

- is"equal to Ts, thereby-eliminating the reheating stép of

- said -weight flow G;, and simultaneously progressively

increasing Ty to a temperature Ty”-in"the course of the

decrease -in said power to said intermediate- load.

‘- 24: The dynamic steam’cycle as defined in claim 22

which also includes the step of ‘making G; equal to zero

when no external power is delivered by sdid cycle.

. 25. The dynamic steam cycle: as defined in claim 23
" which ‘also. includes the additional step of decreasing
Ts, Tq', P2 ps. and all the weight flows Wlth a further

decrease in-said load.

" 26. The dynamic steam’ cycle as deﬁned in claim 23

which includes the additional step of varying the weight

flows Gi and G, in accorddnce with - the - relationship
G [T/
. Gév_ Ty
_ where' T7 and Tn are the mstantaneous decreased values
. of Ty and Ty '

227, A dynamic “steam cycle including - the steps of

dynalmcally compressing a weight flow G; of wet steam,
having a quality. Xy, from pressure py to pressure ps; in-
jecting a weight flow Gy of water and a weight flow Gg

rof: superheated steam .into the weight flow G, after its
" . . compression- to_said pressure: p, for increasing its weight .

~flow from. G; to G,, regulating the amounnt of said in-
" jectionto. ‘the extent’ required by the return. of the com-
pressed steam back to said. quality X, dynamically_com-

e pressmg said Welght flow G, from pressure p; to pressure

pa, superheating said weight flow G, to - a temperature
T;, expanding s2id weight flow G to the" pressure cor-
responding “to said pressure “p,, “séparating said ‘weight

flow: G;. upon its expansion to said pressure 2% into .a 7 o

. weight flow G, ‘and: said weight flow. Gg for using. said
welght flow Gy for, said -injecting; expandmg said. weight’

,' flow G; to pressure p;, returning the expanded steam to
. .quality X, dividing  thereafter the weight flow Gy into

- -said’ weight ‘flows G1 and Gy returning said- ‘Tast-men-
'ﬁoned weight - flow G1 mto “the’ compressxon portion “of
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the cycle, condensing said weight flow G, into' water,
and using the condensed water for said injecting, .

28. The dynamic steam cycle as defined in claim 27
which includes- the -additional . step of- regulating the
amount of external power delivered by said cycle by
decreasing said Ty with the decrease in load.

29, The dynamic steam cycle as- defined in claim 27
which - includes the additional steps. of reducing said

“temperature Ty and all the weight flows with the decrease

in the external power delivered- by said cycle

30. The dynamic steam cyclé -as. defined in claim 27
which includes the additional - steps. of -reheating said
weight flow G to a temperature Ty prior to its expan-
sion, decreasing said temperature Ts with the decrease
in the external power delivered by said cycle, and simul-
taneously increasing Ty to the extent required to keep
AHry,, constant with-the-decrease in said power, said
AHTuz being the heat drop obtained through the ex-
pansion of said ‘weight flow Gg. -

31. The dynamic steam cycle as defined in claim 30
which also includes the additional step of decreasmg all
the weight flows as a function of the decrease in said
pOWer.. .

32. The dynamic steam cycle as defined- in claun 27
whlch includes the additional steps -of reheating said
weight flow G; to a temperature Ty prior to its expansion,
and-decreasing all the weight flows and T while main-
taining constant said T with the decrease in the external,
useful power furnished by said cycle.

33, A dynamic steam cycle including.the steps of dy-
namically compressing wet steam through a plurality of
compression  steps- in a -plurality of serially connected
dynamic compressors; beginning the compression of said
wet-steam- with-a weight flow G, having a quality X;;
successively increasing the weight flows in the succeeding

" compressors by injecting superheated steam and water into

the steam at the conclusion of each compression step ex-

" cept the last step and before its entry-into- the respective
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next, or succeeding, compressor; superheating said steam
upon: its exit from the last compressor; expanding ‘the
superheated steam through a plurality of expansion steps;
reheating except the last  expansion-step the superheated
steam after each expansion step at least at some operating
stages of said cycle; cooling the finally expanded steam to
its original wet state having the:quality X;; recompress-

. ing- the weight flow G; of the cooled steam; condensing

into water the remaining portion of the cooled steam, and
returning said ‘water into the cycle as the water injected:
into the steam between and before the compression steps
of said cycle. .

-34. The dynamic steam’ cycle as defined in -claim 33

' whlch also includes the additional step of recuperating a.
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portion of the heat contained in the finally expanded
steam prior to its cooling by preheating the water used for
successively increasing the weight flows..

35. The dynamic.steam cycle as defined -in’ claim 33

-which includes the additional steps of regulating the de-:

gree, or the amount, of injection of the superheated steam
and water into the steam, before its entry into the respec-
tive. successive .compressors, so as to make the quality of
the steam entering the respective compressors equal to X;.
*'36. The dynamic steam cycle as defined in‘claim 33
which includes the additional step of diverting the appro-
priate, controlled amounts of the partially expanded super-
heated steam back to the input sides of all the compres-
sors, except the first compressor; for-obtaining the injected
superheated steam used. for. successwely mcreasxng sald'
weight flows. :
37. The ‘dynamic steam -cycle as- defined in claim 33
which includes at least first, second and third compression
Steps; at least first, second and third expansion steps, and
first and second reheat steps, using the power derived from

~ the first expansmn step for producing the third compres-

sion step, using the power derived from the second expan-

“sion step for producing the first and ‘the second compres-
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sion steps, and using the power derived from the third
expansion step as the useful, external power derived from
said cycle. )

38. The dynamic steam cycle as defined in claim 37
which includes the additional steps of simultaneously de-
creasing the temperatures of the superheated steam en-
tering the first and the second steps of expansion with the
decrease in said external power, and simultaneously in-
creasing the temperature of the steam entering the third
step of expansion with the decrease in said external power.

39. The dynamic steam cycle as defined in claim 38
which includes the additional step of increasing the tem-
perature of the steam entering the third step of expansion
with the decrease in said external power to the extent so
as to maintain constant the heat drop, AHj, of steam
through said third step of expansion irrespective of the
variations in said external power.
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40. The dynamic steam cycle as defined in claim 38
which includes the additional steps of decrasing, with the
decrease in the external power, the weight flows of steam
through the second and third steps of compression and all
the steps of expansion by decreasing the weight flows of
the respective injected steam and water.
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