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ABSTRACT

A preliminary design of 2 coal turning 25,CC0
Y2 naval ship provulsiocon plant was completed. The sys<tem con-
sists of a comcined Closed :raj.on ujclﬁ and b0t om-ns Ranxine
cycle. <Coal combustion capability is achieved oy using a
Pressurized Fluidized 3ed (PF2) hneater. & thermodynamic
analysis and volume estimate was conducted fer various EBray=icn
cycle compressor pressure ratics (7. ).

The resul<®s show that a maximum thermcdynamic
afficiency ( 7+ ) 1s achieved in <%he range of Te = 5 to 6.
Total volume on the other hand has a2 mininmum z2rcund T = 2.5
and climbs steeply above zhat. A *irade-off exists tetween
efficiency and volume with a zood design range of e = L 5

e,

The design of a mcdern coal Surning cembined cycle
offer;ng h;sh efficiency at toth rated and part load is within
the reacn of present technology. Heat exchangers and *"**o-
machinery design are well within the state of the art and 2F3

technology is expec<ed to come on line within the nex? few vyears
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I. ZINTRCDUCTION

~
Ny

1. ?urnéée,§>-“creas-“g prices and decreasing subpllies of

%
v

Tuel oil nhas crea%*ed a need for nighly efficient ship pro-

-

pulsicn sys*ems capable of utilizing fuels cother than cil.
The purposes of this thesis is to perform a preliminary desizn

0f a combined cycle propulsion plant equirzped with a multi-

-

fuels ccmtustor capable of burning coal or oil. «—

~

2. System Description. The systenm investigated is a closed
=3

regenerative 3rayten Cycle combined with a2 *ottcming Ranxine

cycle. orking fluids for the cycles are air and wazer

4
D>
L}

respeczively. The neater {or the 3rayicn cycl2 is a pressur-
ized fluidized zed (PP2)., The xeater cycle is assen<ially an
oocen regenerative 3raytcon cycle. This thesis was conducted
considering <he neater only in its ccal bdurning mode of opersa-
tien. Work done bty the 3ray*cn and Rankine cycles will drive

a common shaft through a double reduc<ticn tyre gear. An enthalpy-

enthropy diagram is shown on figure 1.

3. Sccece.
a. QObjectives. The objectives of this thesis are to:
(1) Perform a thermodynamic analysis of the sys<em

fer varicus closed 3rayton cycle pressure ratics uzilizing




Heater Cycla

Closed 3rayton Cycle

Rankine Zycle




realistic values for component efficiencies and locsses,
i
(2) Zstimate major component volumes and thus otzain f
a *otal volume for se* of rarame*ers listed in {1, atcve.
(3) Select a se*t of parame*ers for design based

upon the abtove results.
v

() Discuss the technizal feasibili<y and implications

0 the desizm as a means for naval ship propwulsicn. |
g 4

(1) The system paramezers selacted Jor design wera
those Which Zave the lowes<® %total wvclume within an 2ccepzabls
range of thermal effliciency.

+

(2) Ain accep*able

> - 3 Sl A «r A=
0L Therma. eIllclare i3

"y
[0}

an

(i3]

defined 25 2 1% of *he maximum 2fficiency.
2, Limitgtions *c Sz2oTe2.

(1) lio component or system testing was carriad out.
(2) The system was designed with the aid of a
computer utilizing performance paranmeters of currently avail-

able equipment.

'y
w

(3) The concept of pressurized fluidized ted (7F3)
combus+ion has no% teen proven in a shipboard environment<.

The thesis was ccnducted tased on the assumption that a ZF2

system would te zut to sea in the near future,.
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ZI. THERVCLYIAMIC ANALYSIS

L+ The 3ravtcn Zucla
a. Jdorking cvycla., This is a clcsed 3Zray*on cycle

utilizing air as the working fluid. Ajlr was chesen sinc

this 1s proposed {or suriace ship application and would thus
eliminate the need for carrying a reserve supply of zas iI
something like Helium or C0, were used.

Advanzazes ¢ a clcsed cycle over an copen cycle are

<he follcwing:
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{1) Compresscr suc*icn oressure is n

t0 ambient. 3y increasing the working pressure of =ha2 cye
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a significant reduction in engine size can Te achieve
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transfer capacity of the weorking fluild thus resultin

(3) The use of a high pressure fluid gives <he added
advantage of regulating the cycle pressure level by varying

the inventory of gas in the loop. II th is done in a =anne

| D
[ 7]

which kx2p%t the maximum temperaiture and speed constant, the
turbomachinery vector diagrams would remain essentially un-
changed, The resul?t is little or no change in compressor or
<urbine efficiencies with varying load, thus maintaining high
dar+ load efficiency.

A Tempera*ure - a2ntrovy (T~-s) diagram of *the working

cycle is shown in Figure 2.

\0

MR




compressor suction, cooler discharge
compressor discharge, regen inlet (cold)
regan outlat (cold), heater inlet
neatar outlet, *turbine inlet

turbine outlet, regen inlet (hot)

regen outlet (hot), WH3 inlet

473 outlet, cooler inlet

% N0 NI SR\ I
s ee as s e s ae

2t input from heater cycle
neat released to Rankine cycle

t relaased to sea water cocler

(o] J




The analysis was conductad Tty assuming values IIr

T,s T., Termicompresser polytropic efficiency), M. .2, . turtine
b e . i )
polytrocic efficiency), Z4 i(regeneratcr effectiveness,, zand
Y .
P >T' {*otal pressure drov;.
The specific neat was assumed to vary with Temperazure
according o the fcllowing relation:
- -~ -~ /-~ '5\ ™ - S I VA ] “S*MZ o -~ e -A-'—:"“\:
To(TY = LZL75 - {3.759xL1077) T - {(2.1C€xl07Y7TT- 1,221kl )T
- R T
Jor T in 7R’
~— amer /1w On
ww A1 ...u/;...m- X
The Following are delined:
. - compresser cressure ratis 2./7.,
- - -
—. = *turbine pressure razioc (?./?.)
T /7
é?L - % %otal pressure drop arsund closed 2rzyton lcov
R - power (ne%) frcm closed 3ray*on cycle
2, - mass flow of working fluid in ZrayIcn crcla
. (o] . .
7. - temp in "R at goint i
a, - anthalpy at coint i
2 - gas constant
2. - pressur=z ats. 2%t point i
v - specific volume
ER - regenerator effectiveness
The basic procedure was to determine TZ' TJ. TS’ Té.
L] .
i:r and dy Tor various pressure ratics (T

[ - .
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B,

i

eater Zvrcle.

*

cembus<ticon air as the

diagram of <he heater

Rajor compcnents

s

cuperator and turbvine

This is an open 3rayton cycle z21s

working fluid. The heater i1%selfl I

a pressurized fluidized bed uzilizing coal as fuel. & T~

cycle is shown in rfigure 2.

of *he cycle consist of a neater, T

driven compresscr. The surbine is

S -

=

rowered oty exnhaus<t Zases leaving the recuperator.

The analysis was conducted Tty assuming values of T7,.,
Tone S0P, ?,(?}. and 3 (equivalence rz%ic). 3oth <he

exhaust procducts and combtusticn air were assumed to Te perfect

Zases With specific hea*s varying in accordance with the re-

Tran - nea%er compressor prassure ratio ?Zh/?ln:
=y - neater turtine pressure ratio (?7h/?éh>
é%%Lk - % %*otal pressure drop arcund axea%er 126D
éa - mass flow of air in heater cycle

5, - mass flow of fuel 1in heater cycle

/A)s - stcichicme*ric fuel - air ratio of fuel used

n

§oe
3
-

1
'

LEV - Lower Heating Value of fuel used |
T - atsolute temp at point ih |
n.. - enthalpy at point i, ;
]
!

efficiency of the neater cycle

)
A
ta
(@]

\

recuperator effectiveness !

14
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f

compressor inlet

compresscr outlet, recup inlet (¢
recup cutlet (cold), heater inlest
max air temp in heater

neater outlet, recup inlet (hot)
recup outlet (hot), <urbine inle+
turtine exhaus<

0ld,

released to working cycle
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Assume the heater cycle to be a control volume -3,

e

as$ shown in rigure %.

r;lf:..:iv | ! K
— > "3

-y  asamy —
» . L]
[y { A
m_ h,. (. = ms) N
la a b s
b I !
Figure 4+,
. ,
“~ S - - - [P I Y e -~ -
iz leaving the 2.7, must T2 sgual ¢ <3 #ntering e
L

w¥orking cycle %hus,

fy - M) =(n, » ag)ihyy - A

Ferforning a neat bdalance on the C.V. 3ives us

cow

n o+ o) = m.(TKY) '
) h mf(-m‘. - mahlh

Therefore,

&‘3 :ja {- /. ‘, - /',//\
P = = = v, - - ity ]
e = du - .'F\_‘,Lm/ - ‘ L'\ F+(s g N 74 Alh_{// '..\/“/‘5 kD _'1V

e e




d —

Assume the heater cycle *o be a control volume -2.7..

as shown in Figure 4.

. - - - T - - - ==
MaodV ?

< ;l 3 :B

|
5.
| f
I |
o __
r;’a. Ain (%a i :53 Ary
fizure .

25 leaving the .7, must Ta sgqual <o iS entering <ths
working cycle <%hus, ,H
QB -la (hl - h ) :(m - 'n‘.)(ﬂbh - 4.51 )

Performing a neat balance on the C.7V. zives us

l*—‘

i3 * (my * me) hoy = BL(LHV) + 2 by

-

Therefore,

T

k)
w
&-
0
W
e

>
i
1
}

!
I'P'l“; L-'V L\

£
x

(PPt pe = -




Trom a power talance Sevween =he turbire and cozrressor
i = dgn {no net work]
- -
= m m Vo= . -y = - - m 3
2, Cpe (Tmz = Tmy) T (P2 7 Red vpm (Tgp = “om
Tut
i ~ /oo
- R VA4 X'
T.n =708 Ulen,
! ~ -t
e \ ST 2 Ve AP\ -
Tck = lep \JtEn) T;'\ -"‘\} |- 9//'7-“ | Ten :
thus,
oo //r‘ P) - -~ /—/ \ N o= - - :‘,r - ]
oo R ) =T (s 9 Cos T Tey Tl
Cpe tin \Heh L - - -
3 ; %( Cop s =
Ll 877 T Sr, Y Cae B [ Gy
ST g T ePE TR L AP TS ey -
~r
e ¥

>4

s+ (%L PlCoTon =

(o G
Tin \_\I’U\> f -]

-
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4

e\
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3y substitution

:
’1-(;://\ 2 5,:‘." T'Ca T T \Tlie | /e ‘
,’QP\ = | NINSS ] L TR AL RN, Lo TP |
. - - - »
?/}T' ; r =/ - / \/' / ( |
“ - InA) - ) w/."_ \ }
L’ \/“)59] Coe s L Ch) o _ i
- /AP
Thus Med and (p ) can te found through knewn cr assumed
N
quantities.
JSetermination of T.,, ?5h !
C - - A ,/—— — \
- — ALK T len — —c M3k T lIN )
“rec = / - -
/l - o~ d
‘-""‘N( SA ‘TL)\B Q_:hlr\&f Y Y O
A ~r)
where C. = Cp (Mt
= .
wheraelcre,
- hraadil r‘ - \‘ -,7 /., - *,
HOREL Y *C“/Spj\gﬂ\"sh)
Ton and Tz, can De found once ., i3 determined. assume
that
°
Te. = T4 + 10073
in 3
19




- = 3 ~. man i 3 ; - : + A ;
2. Tre Zankinme Zycle, Thisz 1s a ToTlioming sveam cyc.2 Inat

recovers neat from the clscsed 3rayzcn cycle *thazl wcull olner-
wigse hHe discharged overtoard through the cooler. The rala- b

tively not zas leaving the regsnerator is pre-cccled In =

daste Hea® 3oiler (4ER) =efore deing sent %o the ccoler whiz!
brings the *enmperature deown %o cemzressor inlet condizicrs.
i
A T-3 diagram of the Rankine cycls is shown in Tigure 3.
B
>

L8]

[
N
®
-
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Major componen+ts of the cycie are <he WH2, ccndanser,

steam turtine, and feed pump. 1% is assumed tha<t =n2 Jaed

‘u

ump is driven with power from the turtirne.

The analysis was conduc*ed by assuming values cf 7

14

<t

naloy at deint is

T. - absolute temp a* point is

"
'y
]

pinch point on 3ray*on side

37 - saturation poin®t on s%eam side
A -  mass flow ratio (&./4.)
X - quality of steam exiting turtine
?‘s - absolute pressure at zeint is
Wa - power (net) from the steam cycle
?f - thermal efficiency of the combined cycle
.
T - mass flow of steam in Ranxine cycle

Rankine cycle paramezers wWere chosen for maximum work.
The 2rocedure was as follows:

(1) Compute T3§ from the relation

T‘G = Ts - AT

-

(2) Assume a value for 7T 0" T1 <7 < 662.0°7

21




\J
~-
(@]
(6]
12

‘g
[
ot
®

(3) Obtain Pa.m, A5 Nog Ireom steam tabdles.

)

Al
1

{3) Zcmpuze Pyg Zrem the relation
= - Ns 1wl v - . Vs - - dm
n,g hSS /f(-s,\“:s Nyg %) Zet “hs<s ; Trom steam *ab
{3) <Ihtain x (<urbdine exit), n.- Ircm s%eam <azles

PR UL
s s N505)
{2) Compute & Srom the relaticn
= \
- ™ /a3 ! [4 .'\,ppj
ﬁ - ™ - . - L
3 N3¢ sF
13, Compute in freom the relation
3 \ / \-.
- ! 2t -7 - \
Wz = m3 /3[‘\hzs nes) “(M2s “ny]
*(10) Iterate with Too {step 2) un%til Hq is maximum.

(11) Compute Tz from the relaticn
- - - - 2 :
Co(Ts)+ Ty 2 ColTre) *Top =R (nee ~nyy i Duns

(12) Calculate 7+ from the relatzion

Tt =iyt %

22 f




IZI. VCLUVE ANALYSIC

. Turhomachinery. An analytical procedurs for the ninimun

volume desizn of turbtomachinery was develcped by Lee .rel,

.

). The follcowing egquations and mathematical exzressicns

Summarize that tortion of the procedurs wnich are appllicatle
T0 compressor and turtine designs in this thesis. 7Volume

stralirned Ty Lee!

3 - - - R - < ~ : - -
s metncd nesglecsts the voluze of casing, inleas

1 i syt e ~ 1.

and ouzleT plilenums, and Tezring assentl
[ag]

EX) Turbine,

Sl st

wereassumed Throughcus the =2na’ysis.,

v
3
1]
th
9]
‘_‘
’.l
(o]
£
‘.J
3
N

n
I‘J
]
X
W]
O
<
[o]
s}
Q
by
[&]
[W]
‘e,
@
<
<

-y T - - -
C. - max. allcwazle tis sp=ed
v
-~ PO - s - -
2. - Flew coalfizient at tiz
-

] - oclytropic coefficient

K - isentropic expecrent

a - ampli~ication factor

=4 - correction factor for <arper

23




-

uning values

acss

oy

suzed

338 ColDU

volune

2k
-

X-a» and s.

-r

)]

¥

<l
g 1
Y]
. {
\J -~
Q. '
s
X N
D 4
' 2
1 _.
N e
f '
N,
1"
-
PN

omru<te

-
-

aterial derenden%t constan<ts.

2 m

ar

)
Ix3

‘Nhere

ulatad

then Te ca

can

——— e -




- \
~ B ~ &
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ﬂe‘[=C|_ 4 ‘ N \ ( /.| I I
-l il s 4 /»\171’/" -_‘_,I\< -.”/(.’ s - “s "
- _
DT\: Do oegT PO T B
) Lo s, ) — o —
- - 5 ] P -~ - s - . -
The axial chord Zor a stage is given DY 2-. ITzr a
-
ne who.e “Tur:cine

1 ek S o - EE ¢
Large nunlter <¢I ssages, summavidn oI o ISr th
-

=
(=]
can be approximated Yy ar intezgral:

’2 ,3
7 -
- - ‘.‘ ? . AN = ) :;‘
ol ) -
=

|
-4
A
[
>
N

where

/. 'v/ '\.'-"—' ,'- - N . \\ , . .
V[;"\/ . “_,‘N').'DD l\)/~/D-} U‘)’

-\

This integral can be evaluated numerically thus,

- ~

D. Conpressor. An approach similar to that o the
*urbine was used for the axial cocmpressor. axial exit stages
wereassumed in the analysis.

The volume was ccmputed ty assuming values for 37, U,
-

-

N i -

' IR Cpo X0 J o, X 4 2y X, Ky o O, and'?'y (olade material

yield stress).
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A3 ~ith the turtine define

//,5
«.,. = { :(.\ k/
- )/
5N fl
where
-y - -
. LM N ~a - - O z P
K:k‘;\/lj Q/”LJ';D'%_);,w

2. Heat Exchangers. The volumes of the Regererazecr, Re-

cuperator, Ccoler, and Heater were computed using the nezhcd
o nininmum volume design developaed oty Lee (rel. 1I). In
essence Lee found that the optimal diameter ratio (I,/0) Sar
these heat exchangers can te sstablished as a2 simple rela<ion

to the pressure ratio (77 _.) of the cycle. The resul*ts of the

]
A D

optimally disitributed pressure drops (‘?* ) as rercried oy

Lee were also studied. Parametric equations relating cressure
drop to pressure ratio were developed and used in this araliysis.
No consideration has been macde on computing the volume of the
shell, headers, or other appendages. Lee's relations were
developed from basic heat transfer and pressure drop relaticn-

ships.
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APppr 3w T

tor. The regeneracr is assumed 0 Te i ;

a. Iegenera
Q
counter Zlow shell z2nd tube neat axchanger. =Zizh sressure

is inside the

tices.

tubes as is the case Jor current desizn

s
"
(O]
O

]

The followinz are delinsd:

A4r) -
! P/z’..l

7
’:k\
\ =/ Raq

-
AR -

: ius

> -
r

> -
{

A -

. )

£

Talues for \ > /‘qg and

the fcllowing

LY
1

s e e e —
: = TN e——— o

% pressure drop across the regenerzaicr
(both steams)

- - -~ - -
diameter razio Jcor regenrnerator

enthalpny difference acress the intericr
stream of R:2g.

<“ube inside diameter

log mean temp. difference of not and cold
streams

?randl?® nuzmber
density

dynamic viscosicy
thermal ccnductivity

can ze estimated from

n
4
b
\
0
®
m




C s

The wvolume can

Vcl,,‘eg =

. . .
ers %o gsuantities inside =he <tu-es

refers to guantities cu+tside the zutes,

as follows:

s -3 %
;4 - -~ St - S TS e
\ 1. X s 1 . b - '
o mma s b= ] " T =
~ i . e .
~ 3 L d ~ “ ‘\.Dai J - L e SR -
s 43 - - So> P
< ’ =
~ T <, -, ~ o
Mt \' ¢ -\—__—".“‘.‘
— —

“han Se ccmputed as Jollcws:

o} Zecuperatcr., The recugeratcr i1s sinilar In desigm

to the regenera<or crnly it refers %o <the neater cycla.

The following 2re defined:

/,/ P\‘
» sRec

N

=N
(D / Rec

% pressure drop across *he recurerator
(poth streams)

diameter ratio for recuperator

% pressure drop across the neater side
{outside tubes)

% pressure drop across the P73

Znthalpy difference across the intericr
stream of recup.




Yalues fa““ﬁf\ ardfzg} can bte es=tima<ed Irom =he
- * \?/"?.EC * \D ,T‘.eC = - - e )
following relations l
i
|
ra2n /AP 2L ;AP j
. { == = - | — -
(P ree AP UTR TATF L. T UTE e !
’D'\ \\ - /'g
\ JRac ©2

ry
1
3]

Suzscripts 1 and 2 re $0 quantities inside and cu<tside

47 3 A s o Qa0
the tubes respectively,. Ag g +5 COomputed 25 Jollcws:
Rec
~ .. -
e o s el R S. 0 S
A —— * i
= /7 ‘ - .
L - ‘d. ) m. ~ [ - ;T mm—
Ai;:_ \ 4, fmor Mim = - o AReg SR DO S

— 0y . - -
where 7 and Y are as orevicusly cdefined.

Then compute the volume

‘aemy 1
/A.f" -Ol."l

= 2 —

o N
O4zec Rec| P /Rac

o)

c. <c0o0ler. The ccoler is assumed %o Se a shell and <tube

e oS S ikt o e

neat exchanger with the gas inside the tubes and salt watzer
outside.

The follcwing are defined:

% pressure dreop acrcss the ccoler {air side)

/\
D
3‘)
)
5]
[]

diameter ratioc for ccoler

8]
'

e

bl;l

NG
)

AA, 21» - enthalpy difference across %the in%eriocr !

stream of cooler |

Y. . . . f‘!
JH2 - 3P. vel. of working fluid at WHB exit

1=
2 3




pressure dro® acress

pressure drop across <the nleazer

(inside tupes)

e,
vy

polytropic ccoling wazer »ump

1))
0
O
<

.

of coolin

as+timazed fron

v

o

‘~here 7

£y

-




The voiune is thus

Yol = A

clr

SIr i

d. Heatar. The aea*er 1s assumed %2 e a shell a-d :

tube heat exchanger with the werking zas in the ubes and

comtustion gas out.

my, S a1 H <3
n@ Zo0llowinZ are defined:

el - diameter ratio for heaczer

enthapny differerce across the intericr
3tream of heater

Talues of /== _ (4P — and (Zh) are
\>/ .-1 ' ‘\P/Inwz, T vy ad
2stinated from the follcwing relations:
\ — - -
//é:,.:. s = 21809 e -2 - AP = :
N7 Aars - 7, .
AP - - 3
JAP Y - '-l') 27 J«ﬂ\)
N WP /At \ & SAar-

where

Subscripts 1 and 2 refer to quantities inside and ocutside




the Tubes resgectlively. Clompute A... as fcllcws:
Ve {
!
X i
e S - > - - 23
\ i [ n T - = -
A =, '4)'4" {4 Mz \".u'\'."‘ f"’l"—:'/ T ~-/—' i __"“
the - \ . AR A= .,. -~ ) DE S A

where 7 , f , X are as previsusly dafined.

g. sast2 Heat 2o0iler. The Toiler is z33umed o 2e a

once through cross-counterilow Iype, 2s shewn in Flgurs 3,

S1g2 fressure s inside the Tubes thus 3aturaticon oressure

gas out

t

3

Nataer 1

-

steam out

gas in

i

T

izure 5.
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2oiler veolume i3 estimated using neat transfar relaticrs

and volumes Irem similar U.S. Navy ZCGAS (Ccmbined

The feollcowing are defined:

C.g ~ ave. specific heat cn steam sids
s - ave, specilic heat on air side

NTY ~ Numbter Transfer Unis
793 - numper ¢I passes

A - Heat transier area

7 - overall heat *transier coefficlen<
T - tTotal volunme
hn

o o= CMIN Mg Cas ~. Co
i - - B oy S ol
- / . /\

CMiAxX mz L r o, Cps

! N

[NaY - \
< =1, J CR !'//,\, -
SR = und VIO L (/

’ \ - , .

= /-2 Vyoelie N e azor

NT U AN ;,)f(ﬂl." CQ/,(HL:’ \.{<~‘ =< P,




Tor sinilar desisns assume Agpm x 7.

~ Y
thus V. CMIN. NTU.
- - -
W o< *\ﬂ.".‘ X NmTY
[ - Canlds T la -
i II II

’ \
. I \
.IT ag ' J’,.‘p \ C:'iI-N‘- ::I’U*

< | s
: LY NI T :
\\CA'I;A L ‘l"L"T ] ;
.LI -k oy “
i
!
- -~ M . ) -~ - - - N ’ ]
ne Term; V.. canl Te evalua=ted Irom xnewn daza
N -‘ 1l
RET N, ST .
PPRLIW A R X RN
\ - -'./,

on previous designs ic give

7 = 12,87 % OMINN e My
e T Ll e M, IR
WH3 R ’

3ut it shculd te noted thal the atove egquaticn assumes

Vi

N

r)

A
3

ere o.

e

(@]
’ 4
‘ 4
[N
v
"y
O
%
1]
3]
]
)
8]
7]

thus

Correcting the above equation {or power gives

0017 CMIN * NTU < m, = 2n,

T3

. Y
e

/

AP\
hd

As stated previously Vol & (=




- . i A X B ..
Jorrecsing again for rnraessure dreop ylialds

g
SARN -
[um = .0CCHS CHIN * NTU e m3a, S— ), (sul
.uhB \ ; Ve
)
.'Y qu' - O:
CWIN in 277/s - 7R
.
=L in lom/s
S
An_ in 3TU/I%x '
3 |
< Sardarger Twa =~ Aern r 13 agssumed = ko) sne™?
-t ,,ul".u-..SE.. . -eaT _OI‘.-euSe. - u.sa\.a-ueq pYe] ce a 3ie..

and tute crossflcw neat exchangsr with salt water inside th2

Zubes 2and s%teanm outside.

Tre Tollowing are defined.

> - inside +ture diameter
N - nunber of =ubes
Z - length of =*ubes

- Zravitational acceleration cens*tan<

1

%
»

]
U

res

ure drop on the salt water side

(0]

ct

'y

ion facte

]

ric

ry
[}
la]

¢ - density of cooling water

K - velocity <f cooling water

A - cross sect. free flow area on water side
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snaere N

N - flew rate of
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n “1en¥ in conden
G - ..ea« --C -—a e
S - Nc\x;s:ecif;c nhea?
e

steam quallity esnter

ns - enthapy diflarence
-5 sat. 3=%eam

A - mass “low o s=Tean
s

iffarance aCross

cooling water

0f cooling water a:jf
he ccoling wa<er side

ing condenser

< e
grnterlng ccrndensel

Trom Sasic heat transier ralationsnizs

+herefare,

where W
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[}

trovosad design of a 25,C0CC *P coal-Tired combined

cycle was ccmpleted. CZcal compusticn is accomplisned using

-~ _." < - b = - -p - ~-
TTEesSsSure rallos, varying S . = 9@ ZTayon yc.2, varjins
LY /
ol - > - N - - - -
= regeneriztor W 2cTLVeness ), dlllerent cIlplesscr .2 T,

a, Ths Tluidized 3ed., The dressurized fluldized Ted

operatas at a Dpressure oI 3 %o 1< atmostharss.

reszure 13
. : X e : -

nmaintained by an exkhaus®t driven compresser. FOor Sroper com-

7 -~y H 3y M 5 Y q - -

zustion inceming alr aust e frehegzted Tty <The recurerator S

at leas< 70C°F., The bed material is zrimarily limeszTone which

serves ¢ capture sulfler Iin the csal and thus minimize 3C,

Xeep KOX emissions at an accaptable level.

The Tluid bYed itself is atout <+ ft. deep. Preheazted
combustion air enters the ved via a perforated ted plate under-
nea*h the Yed. Pressure dreop across the ted is assumed to te
139,

The PF3 is used %0 nheat the working fluid in the closed

3ray*on cycle. The working fluild leaves the regenerator angd




ducted To turtes submerged in =the Fiuid ted for Ii

to the turtine Inle® zemp (7). (TFigure 7)

exhaus?t
A

. : SV i At Mg
NQLInZ 12432 bo!

o

o
-
e’
¥
Fluid bed
((170COF)
Y '
/\ Y\

Y . P
coal in__v 5 working siuic
- - — —-—— ’r - g \
combustlion —=TS f
air in 7T .
b “h) zrid plate
4
Pizure 7,

T e —— o — e .

—— e
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2. Assumptions. The computer Jragram was run wizh Ine

Tolliowing input wvalues: i

(’7:(?; = 038 '
",;f'f?\ = 91
- =, = .38

h \
Pris) = .3
o
AP ! .~
=) = 1o
foan3 = .54
- 22, o
Tl = 580.0 R

Al 2 +35.0 °3
w3 = 135.C osi

Taim = 2C0.0 psi (want at l2as®t 30 psl zreater
i than w2

Jower = 250CC =2

™, = 535.0 %%

T, = 760 ° (limited by acid corrssisn in the
7h turbine)

7:5 F),'\ = . 85

f),.x'P)n = .89

Il = .90 (11% excess air)

In addition it was assumed tha®t scoop injecticn cculd de
used for both the cooler and ccndenser at speeds grea®ter than
10 knots, therefore power reqguirements for sal?t water circulating

41
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Jumps were 2xciuda2d in the calzuiatlons.

S. FZesults. The compu®er outdut is providec in Atzendlix
S. No%e that the zaturation zressure fcor pressure razics 7
2 and 3 were below the 20 psia specification. Thnis is Zdue

to the fact that the iow Dressure sirean leavin

ator is at 2 temperazure Selow the sasuration temp. at 2CCpsia.
A plot of L. vs. T, . and Voli ey VS 7. is shown in Fligure
2.

Y \ - : . - - -

Note that <the vclume increzses sharzly atcve .=

due largely %o the rapid sgrow<th in the waste heaT Zcilser.
Maximum - occurs at around o _ = &, To investizate the

;NP R .
affect of f3f/” on '~ and Vclt, the »rogram was run Ieor

»D
-/ - 4 - - - - o T A
>—'m = .0+, .0¢, .0§, .10, and .12 dYetween . _ oI ~ and S.
N sa <
fsa Bt T - F - ~ - - -
The resul¥s Dlozted on Fizure 9 show that signilicans
zains in - can De realized with very little increase in Y
B wme s - J - - 4 - — e PRy - -~ Ve - bwa - -a LA Y

for +he rarge of 4-6 pressure ra%tio. The effect of changing

]
Z; (regenerator effectiveness) in this range with a —7 s E
.05 was further investigated.
The results listed in Table 1 show no increase in effi-

ciency as Eq is reduced. ZFurihermore, volume increases sharcly

as a greater percentage of <the work is being done by the Ranxine
cycle as E? decreases.
Thus for greatest efficiency with minimum volume, cycle operation

practicabtle.

should Ye zt the highest ER
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"T0 investigate zhe

inlet <emp.) runs were made on % different temperatures and

the resulTs shewn in Figure 10. 4As expected 27fiziency de-

creased with Increasing T, with very little changs In the range

¢ intersst 4-5.5 TTC. Tolume on the other hand decreased

sligh<tly for ._c less than 3.5 but increased signilicanzly

azcve that. Thus Ifor best elficiency and le223T vociume T:

should e £2pt as close %t¢ cooling water tTemreraTure 23 2CS3iti=2.
Finally, changes in werking pressure of <he 3rayien cycla

were investigated. ZIacrs2ases Iin weorkZing »sressure may ragulre

additicral wvolume of 3ray=on cycle ccrniponents

in 2

time 2llcw a3 decrease in

~
5073 roressure 2diff

arensial

in turn increase cycle 2£f

These r2s5ults are Teorm out

d. 3ystenm lelection.

criteria the hignes<t <%herm
.

igure 11). Thus it

imum volume at 0=~ = 482,

-
(v

oressures
C< “hese *%wo

efficliency.

However,

the problem

wrTther increase

lankine cycle s<*eam oressure
Detween Toller sire
iclency yet fur
in Figuzr=s 11,
in accordance with

1l efficiency corisidered i

is desired

that only

7Cpsl and 10Cpsi meet

to select

the

these zltermasi

the d

o

S

w

clant w

ves with

the ef

volume.

e

.:-

(93}
-3

AL
T~

‘. .
ith min-

'3

3ray*on

« - ~re
-e."‘.\..J

the 1COpsi case has minimum vclune
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The apoliication of this system <o llavy ships haz man;

X

implicac<.cns. rne of which is the fact that neizher Zlos=4d
2ray*on ncr 2ombined cycles have been previcusly used., =HZowever,

rable effor®t at this tine *to zet

g:
[14]
"
[§]
'J
n
W
O
(9]
3
[ %]
.l
.
[11]

(Comtined Zas Turczine and Steanm) sys*tems crn tcard Navy shizs.

when 2quizped wiih 3 mulzi-fusls nezter

(1}
ty
[}
(\4
4]
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]
O
(9]
$3
O
!‘
IS ]
[$43
2
)
[
[e]
.4
W

offers Ine additicral Ilexidvility of Surning the chearest :or
mosT readlly avalladtla Iuel.

dvantages ¢ the Cleosed Zrayton comtined cycis ara:

L, The Zray*ton cycle orerates at iemperaitures sutstan-

<
i

tially celow the material 1imit *han in <he cgen cycle 3sas
turdines resulting in cheaprer, mcre relizhle, and longer 1if2
componenss.

2, Low pressure steam Systems are well rroven, and have

significantly less water chemistry problems than higher zressure

an
ones.

3} Aas lcad decreases and fuel flow is cut tack, the cen-
trol valves (Figure 12) bYetween the compressor outle®t and coolar

inlet can 9e opened as necessary (x<eeping max. temp and speed
constanrt, So as to ensure that the vector diagrams of all sec-
tions of <*he turtomachinery tlading remain unchanged. Turtine
and compressor efficiencliles will remain essentially the sane

producing high 7 . at part load. This regquires use of a CR?
i
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= v

{controllatle =eversille pitch) oropeller to main<ain cons*ans

1) Higher overall system weigh® and volume due iz <he

addi<ticnal heat sxchangers and ztiping reguirsd Tar *he Tlosed

2) A complex, integrazed control systam 13 required 3¢

~ 3 s 2 -3 3 - ey
sgordinate control of the combined cycle, fuel

3, Tluidized ted ccnmbuszion i3 not a fully developed
engineering concept. Land Ttased proiotyves nhave teen duils
and operated with limited but increasing lavels of success. &
shiptoard vrototTyvpe is rerlaps 3 years in the future with nro-

ducticn of 2 marinized version a% lezs® 10 years away.
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The resul
acaquisiticn cost) ship for *he zame military missien.

5) Reacticn *time with coal Tired fluidized bed comtusicrs
to load changes are generally slower than <*hat for 9il heaters

necessitating in a separate fuel oil system for rapid increases

in load.




V7. CONCLTSIONS AND

RZCOVMMENDATICNS

The Closed 3rayzon combined cycle offers an atiraciive

alternative system for many s
the first Arat olil embargo, S
could resul?t in decreasead ste
eadiness of the U.S. Navy's
IZ owr ships cculd have
r2adily avallable fuel, =his

aveoided 2y swiztching %o coal,

oropulsion tliant is the devel
comtustor., The desizn of hea

zachinery usad in the combine

L) The desizn of a moder
within the reach of present =

2) This combined cycle
both rzted load and part load
aspect of the Closed 3rayton

3) deight and volume of
would ve greater than that of
system.

4) Coal offers the benef

nipbcard applications. As wi=zh
subsequent cut-o0ifs 37 Arab olil
aning days and a lcwer cverall

defense posiure,

- —~—n -
3 Ju2l sources in zr2z2< ztundzance
a S - & -
ring o a sugcessiul nul=i-fuels

rm ¢cal Turning combined cysle is
echnelogy.
would offer hign efficiency at

due tc the un

.J

q&e con »rc-;-ng
cycle.
a Closed Bray*ton combined cycle

ar equivalently rated CCGAS tyze

£it of a readily availatle,
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re.as

and acgulsition cost®t due <o lower 3TU neat value per Ion when

ively cheap fuel at *the expense of increased 3nlip 3i:c

compared to cil.

3rayton cemoined cycle eguirped with a fluid ted neater saculd

orn a U.3. Navy =hip *o attempt to gquantitatively deline the

w e

ship

The author maXes the following recommendations:

') Development of a land based *est site ¢ a Tlosad

ot

\ s 2= 4.3 i § - Tavy - el . -
2} A pressurized fluldized Ted comiuszter 3uitatl:a <o

-~

board impact of *he system.
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The compute

!

orogram rferforms a thermodynamic analysis j

and comporent volume computation for various speciliad

3rayton cycle compressor pressure ratios.

The oprogranm

7:(?)

4]
jb
r3

“ower
“ih
7h

1
r/,; P)h

.

- lisentropic turbine efficiency (Rankire
cycle)

accedts as inpu® <he following guantiti

- regerierator 2I7ectiveness

!

- isentropic pump elficlasncy (Ranxine
cycla)

- total pressure Zdrop arcund 3rayton cyclie
.
poTo)

- fficiency of *the was=e heat Teiler

- Ccompressor inlet temp. {3rayton cwcle)
- furbine inle*t zemp (3rayzcn cycla)
- steam condensing temp.

- min. temp 4ifT, between s<treams in W43
tat PF¥ and Té)

- min. saturation pressure in *the Rankine cycle

- net powver out of the combined cycle

- compressor inlet temp. (heater cycle;
-~ turbine exit temp. (heater cycle)

- polytrcpic compresscr efficiency (heater
cycle)

-




-

& vt eme AR e e

- - poly*rsric =urbine =2fficiency (nezzer zyclsa, I
P - eguivalence ratic

{
WP - working pressure in the 3rayson cyclea. '

Jutdut is as shown in Appenrndix 3.
The maln program performs <he thermodynamic analysis cf
the clcsed 3ray*ton cycle and the Rankine cycle.

Tormed by the wvarious sublw

. - . ey = - . . . e =
1, Subroutine HZIATZIR performs a thermedymanic anal)ysis 33

- ,

the neazer 2ycle.

2

P

2) 3ubroutine IHD ccmputes—s- Jor the regenerasor, re-
cuperavor, cceoler and heater.

-\ Fond B -~

AR
3, Subroutine I7PP calculates 5 for the regenerator, re-

cuperator, cooler, heater and Leller.

L)

(7]}

uZroutine TURVCL finds *turbire wvolumes.

3, 3ubroutine CTCHMPVIL finds compressor vvalumes.

£) 3Subroutine RTCII computes the regeneraicr volume.

7) 3Subroutine ZCUP comruiss the racuperatcr volume.

2) Subroutine CCCLER computes *he cooler wvelume.

%) Subrou COMBUSTCR computes the heater volume.

10) Subroutine WH2BVCL computes the waste heat Zoiler wvolume.
11) 3Subroutine TCONDVCL computes <he condenser wvclume.

=)
N [
~—

Subroutine 3TMTA3 is a computerized version of the szeax

tables. 3Reproduced from ref. 15.
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JIMEMSION CR(30),SATLIQ(3),STEAM(3),TP2(12) ,WR(11) !
, REAL NCP MTP,NPIS,NTIS,NWHB NT Ll,L-,(O '
| REAL WCPH,N’PH MB,MS ,MA MF NH LML IT KL, npPP ’
REAL LHV,M, M1,M2 NTU
CCMMON /STW/DQESS TEMP ,QUAL,SATLIQ,STEAM
' COMMCN /HTR/MH, PRH LPOH, T2H, T3H, Tan, TS, 6H, 1A, 4F
CCMMON /DIA/D HDREa JJDCLR DHDHT? CHOREC
COMMON /PRES,DPPYKA JPDQCG,DPPCLR,DPPREC,DPHI,DPHZ,:HDHT
COMMON /CCMB/DPPRG,IPPRC,IPPHE ,DHCHR,DPHER
Q‘AD(:,lO) NCP,NTP,ER,MPIS,NTIS,0P, MWK, 71,73, T1S,07,2M1 4, X
10 FORMAT (7Fs. 3,5r7 ‘,12\
READ(S,IS) PR, TIH, T7H,NCPH,NTPH 25T, P
FORMAT (73.1, 2F6. ‘,3F5 3,F5.1)

—
[9])

no
o
n
<
2
Z
3>
——‘
3

A
A4
b
G
(A

23CPL(TL)+(R/NCP)*LCG(7R)
T22EXP(Z/.2475)
CALL ITER (T2,2)
TR=1/(1-DP) /PR
2=CP1{T4)+R*TP=L0G(TR)
T5=EXP(2/.2475)

CALL ITER (759,2)

IF(T2 .GT. T5) GO TO 30

H T6=T5-ER*(T5-T2)

T3=T2+€37(75-T2)
G0 TO 40
30 76275 i
T3=T2
49 Li=T1
L2=1122.0
IF(L2 .GT. T8) G0 To 50 .
G0 TO 60
5C L2=T6~(T6-T1)/10. 1
60 TPP(1)=2 :
WR1=0. 3
C=(L2-L1)/10. )
D0 70 J=1,11 ;
TSFsTPP{J)-0T
T3S=T5-0T
TaTSF-460
CALL STMTAB (2,T7,2.)
PSF=PRESS
HSFaSATLIQ(2)
T2T35-460
CALL STMTAB (7,PSF,T)
H3S=aSTEAM(2)
S3SaSTEAM(3)
T=2T715-460

6L




v '—'"'—--—--—----------._._._,._______‘1

CALL sTMTAB (2,7,3.}
P4S=PRESS
V1S=SATLIQ(1)
H1S=SATLIQ(2)
S1S=SATLIQ(3)
CALL STMTAB (9,738,833
d4S1S=STEAM(2)
*(H3S-HASIS)
(8,P45,H4S)

Ad3=H3S~NTIS
CALL STMTAB
A=QUAL
Y4S=STEAM(L)
H2S [S=HL1S+V1S*(PS
H2S=H1S+(H2ST3-Hl
T2S=T1S+13.
3=Ny HB*(LPZ(T -CP2
Z=ACR(TPP(S) ) ~TPP (¢

F-P4S)
SY/NPIS

(TPP{J) )1/ (435-RSF)
Ya3®(HSF~H25) /4WHB

TP L)

CALL ""22 (17,2)
NR’"‘3*(4’5*H~3‘A45‘H25)
Il"\u A.Q ) GO TO 58
IS(T7 LT, T1) G0 70 73

IF(PSF .LT. PMIN) 80 TO 75
IT(WR(J) .GT. WR1) GO TO 63
IF(X .GT. .37) 30 TO 75
58 ARL=HR(J)
TPO{J+1)=T?P
70 CONTINUE
G0 TQ 76
75 IF(ABS(TPP(J)-TPP(J-1)) .LT. .1) 50 70 76
L1=TPO(])
L2=TPO(J-1)
50 TO 50
76 WB=CP2(T2)+CP2(T1)-CP2(T5)-CP2(T2)
QIN=CP2(T4)-CP2(T )
NT=(WB+WR(J))/QIN
1B= . TOT*PUR/ (WB+WR (J) )
MS=B*MB
QB=MB*QIN
CALL HEATER (QB,TLH,T7H,NCPH,NTPH,PHI,T3,Te
CALL DHD(PR)
OHOHT=0HOHTR
k=1

P(3)-C

77 CALL 0PP(T6,T7,PR,JP,ZR,T2,73,0PPH,TaH, T5H, T4 ,7R4, WP, B, YA

*  MF ,X)
G=1.33
N=2G/ (G={(G-1,)*NT?)
PaWP* (PR-DPPREG)
V=1./ARHO(T4,P)
YMNTURB=0.90
CALL TURBVOL (N,8,Y,TR,T4,YMNTURB)
G=1.39




T

M2G/ (G- (3-1.0"TPH)

pald.T* (PRH-QPPREL)

y=1./ARHO(THH,?)

H=MA+MF r
VHTRTURS=20.0 ‘
TR™=L,/ (1, -DPOH) PR ‘
CALL TURBVOL (N,M,Y,TRH,T6H,/HTRTURS)

T2T15/T3S

0=2p4S,PSF

N1, /{1.-L3G(T)/L2G(P))

YSTMTURS=0.0

i CALL TURSYOL (N,MS,/35,?,73S,9STMTURR)

$ G=1.4

'uf N=G/{G={GQ=1.),C?)

: yal./ARHO(T1,WP)

YMNCOMP=0.0

CALL COMPYCL (N,™B.Y,PR,VMNCOMP)

Y=1, /ARHQ(535.,.4, "3

YHTRCOMP20.)

CALL COMPYCL (N,MA,¢,PRH,VHTICCWP)

0=.125

YREGEN=Q.

CALL REGEM (T2,73,75,76,4P,0,43,7R ,DPPREG, DHCRES, 1RE3EN!
YRECUP=0.0

CALL RECUP (T24,73H,T5H,T6H,2RH,IPOH,3, MA MF SPORET YRECUP)
92,25

YCLR=0.0

CALL CQOLER (T7,T1,wP,D,NTP,MB,JHDCLR,DPPCLR,VCLR)
0PPRG=DPPREG .
DPPRC=NPOREL ‘1

DPPHE=DPOY
OHOHR=DHDHTR
OPHE2=DPH2
VHTR=0.9
CALL COMBUSTOR (T3,T4,T3H,TSH,wP,PR,D,"B,PRH,MA,MF /HTR)
YYHB=0.0
CALL WHBVOL {M8,MS,T6,T7 ,NWHB,42S,H3S,JPPKHB,/HNB)
VCOND=0.0
CALL CONDVCL (MS,X,vCOND)
VOL T=VMNTURB+VHTRTURB+VSTATURS+VMNC OHP+VHTRC OMP+YREGE N+VRE CUP
*  4#YCLR#VHTR+VWHB+VCOND
IF(X .EQ. 1) GO TO 78
IF(VOLT .GT. YOLl) GO TO 81
IF((DPPCLR-.002) .LT. 0.0) GG TO 81
78 K=K+1
VOL1=VOLT
V1aVCLR
Y23VWHB
G0 T0 77
31 VOLT=VOL1
CLR=Y1

63




1WHB=Y2
WRITE(S,32) PR, 0P, VB
82 ~WRMA*("' '3RAYTON 0YCLE: PRESSURE RATIO=',F3.2/14, WAk Ing
x 9Q=;<UR=- ,== L/1X, "TOTAL PRESSURE JRCP=',F3.2/1K, "MASS TLlw
* (1om/s)=",786. 2’f‘ox 'STATE  TIuP{geg )"}
WRITE(5,32} 71
33 SORMAT (12X, 1" ,3%,F6.1)
ARITE(6,84) T2
34 fuRMAT(l X,'2' ,34,%56.1)
ARITE(6,35) T3
85 C“QWA»(‘Z(, 3',5%,F5.1)
WRITE(5,36) T4
26 TORMAT \.- X,'1' 8%,F5.1)
4R17E(6,8 ) )
37 FORMAT(12 (,'5',8%,F5.1)
ARITE(S 8‘ T8
38 -”RMAT(‘ZY ‘A ,5X,F5.1)
wR:TE{6,39, TPO(S)
39 FORMAT (12X, 'P0" 5X,F6.1)
NRITE(S,QO) 7
30 FGREAT(‘Z( 'TUL9%,F6.1/ /5%, 'COMPCNENT 2P9 DD YOL{zu Tu)')
WRIT (5,3’) DPPREG,DHDREG,YREGEN, SR
91 rOQMAT(7x ‘ResEN’ 4( Fl. 3,1x F1.3,1X,F7.1,2X,'gFF=" 52,2}
WRITE(5,92) JMNTJRS \NT?
32 FORMAT(5X, 'TURBINE' ,13X,F3,1,2X, 'EFF(P)="F2 2)
WRITE(S, 93) 9PPCLR JHDC;Q YCLR
33 F3RMAT(6X,‘C00LER',4X,F .3,1x,F4.3,3x,F5.1)
WRITE(6,34) VMNCOMP NCP ‘
3¢ FORMAT(IY, 'CCMPRESSOR! 13X, F5,1,2%, "5 =" FL )
WRITE(6,95) DP41
35 FORMAT(8X, 'HEATER' ,34,55.4)
ARITE (6 96) 0P OWHR | NWH3E
96 FORMAT(SX,'BOILER‘ 34,F8,3,13%,'57F=" F4.2/)
JARITE(6,100) PRH,DPPH WA,MF
1C0 FORMAT{1X, '"HEATER CYCLE: PRESSURE RAT! ',F3.2/1%,'TOTAL
* PRESSURE JRCP=',F3.2/1X, 'AIR FLCW(1bm,s)=",F5.2/1X, 'FUEL
* TLOW(1om/s)=", 55, 2,/10x,‘srATs TEMP (deg R) ")

WRITE(6,101) TIH

101 FORMAT(12X,'lh',5X,76.1)
HRITE(S,IOZ) TZH
122 FORMAT{12X, '2n',5%,76.1)
ARITE(6 103) T3H
103 FORMAT(IZX 'In',5%,F6.1)
WARITE(S 04) T4H
104 rORﬂAA(lZX ‘4h',5%,76.1)
WARITE(S, 105) T:H
105 FORMAT(IZX,'Sh',SX,Fé.l)
WRITE(6,106) T6H
106 FORMAT(12X, 'Sh' ,5X,F6.1)
WARITE(6,107) T7H
107 FORMAT(12X,'7Th' ,5X,F6.1//8X, 'CCMPONENT DPP  2HD VQL{cu %'
€
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130
138
136

137

138
200

[

* lST_Al‘ '

*

*9X,

- STQP

EQH=(TIH-T24)/[TEH-T2H)
ARITE(S, llO) Dqu_.,JHCREL YRECU?
FORMAT(7X, 'RECUP' ,3x,Fa, 3,1(,’4 ‘
ARITE (G, lll) VHTQTURB NTPH
GQMA (OX '"TURBINE' ,_dX F3.1,2%,'2F7{P1=",72,2)
nRI {5, 112) OPH2 ,OHDHTR,VHTR
FORMAT(SX, "MEATER' ,4X,72.3,1%,74.3,3X,
ARITE(G,] 13) IhnRCOWP NCPH
FORMAT(4X, 'COMPRESSCRY ,14X%,°7
ARITT (S, 120) PSF 18,3
‘OR“A:( X QlNK:VE CVCLE
2W(lbm/s)=",F3.2/1X
=WP(deg R) PRESSURE(psi)')
WRITE(6,121 ) T1S,248
FORMAT(12X, l; ,94,75.1,8X,%5.1)
tR'T"(‘ . 2) 25,7SF
P”Al(lZY ZS','X 5.1,8%,

NRITE(6,123) TSF,2SF
FORMAT(12X, 'SF',5X, =5 pN
NRITE(é,lZl) T3S,

:LRMAT(lZY '3s! "X,FG.I,3X,F5.1)
ARITE (B 25‘ T15,P45,X

FORMAT(1 ZX 45',5X,F6.l,8X,
HRITE(S,IZS) YWHB
FORMAT(SX,' JMPONENT YCL(cu
WRITE(S, 129) FRY 4TURB,NT S
rORNA'(oX 'TURS! VE',SY 3.1,2%,"2FF(1S)=" R, 2)
ARLTZ(D lau) iCIND
FORMAT(SX,'CONOENSER',4X,F5.l/)
NRITE(E,lBS) NT

FORMAT( ‘L', 'SUMMARY:THERMAL EFF=' 75
ARITE (B x36) MH,PHI
rORMAT’QX '"HEATER EFF='
SFC-MF*3600 /PUR
NRITE(G, 137) SFC,YOLT,?WR
FORMA*(QX SrC(1bm/HP-hr)
'POHER(HP)",,/ 1)
RANKINE=WR(J)/WB
WRITE(6,138) RANKINE
FORMAT (9X, 'WORK FRAC 8Y STM Cv
CONTINUE

Lf

i l'l

F5.1,2%, '

SATURATICN PRESS!

1 athd ]
, FLTW RATIC=',

1]
[8)3
-

) —
~

8%, *F

F5.1,2X%,'QLAL=",75.3/}

££)'/6%, "3CILIR',5X,F5.1)

-
3

,F5.3," (PHI=',F3.2,')")

1 =

eI

3/9%,'VOL TOTAL(cu f<)=',75.1

&/

.3) !

[$4]

cLe='F

END

FUNCTION CPL(T)
CP1=,2475*L0G(T)~(3.759E-5*T)+(2.553E-8*T**2)- (4,
RETURN

END

FUNCTION CP2(T)
CP2=.2475%T-(1.379E-5*T**2)+(1.702E-8*T**3)-(3.078E-12%T*4)
RETURN

{
|
h
103E-12%T*=3) !
|
!
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10

20

20

ZND

FUNCTICN Amg(T)

TK=3.%7,9.,

AMU=TR™L 5% Z-0/ (TK+113,4)

RETURN

=00

FUNCTICN ARKC(T,?]

R=33.35

ARHO=P =143 /R/7T
RETURN

-VD

FUNCTION AXKIT,?°

1=.332%E-3

222154

2=12

TX=3.*7 ¢

A= (AYTCS™ 20 L LBy e L e T T 505

A 20AK A (L 3R AE3™ (L3, 22 aRMS( T, 20 it 225 = 373, 28030
RETURN

IND

SUNCTICN APR(T,2)

CP=ACP(T)

MU=AMI(T)

{K=AK(T,P)

APR=C2=(MU /XK

RETURN

END

CNCTION ASIGMALT,?)

A‘ZS\A—.: 20370223, vAK (T A L sl L Age Ty L L2k
*(1./APR(T,2)™ 204 )= {1,/ (18 .0 2%ARR0(7,P) /"™ 41

RETURN

ZND

::UHC\AU\J C {
ACP=,2472-3, 7
RETURN

<MD

T)
5

SUBRZUTINE ITER (T,X)

TiaT

TREXP(X+.2475*LOG(TI-CPL(T):

/.2475)

IF(ABS(T-T1) .L7. 1.2-2) GO 70 20

GO 7O 10

RETURN

END

SUBROUTINE ITER2(T,X)
Tl=T

T=X/ACP(T)

IF(ABS(T-T1) .LT. 1.2-2) 50 70 20

G0 70 10
RETURN
END
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SUBRCUTINE HEATER (QB,TIH,T7H,NCPH,NTPH 247,73,73)
REAL LHV,NH,MF ,MA, ucow wTaq N

COMMON /HTR/NH,PRH,:pph,TZH,TSH,TJH,TSH,T&H,MA,ﬂF
L4V=12900.

FA=,0922

ATH=AC? (T7H)*T7Y

°) q,Aro(v‘!d)*T* :

NH=L={ (L+FAXPYI ) *HTHAHAIH ) (FATPH I 5V)
vE=Q8/ (NH*LHY)

MASME / (FAXOK )

T2H=0.,0

TEH=0.0

TAT=AC{{TAH+ATTH) /2

CPC=ACP((T1H+TZ%)/7 )

Mz (LeFA™04 L) TN TRY* [ 2P TTH SRS
D=CPC*TIH*(CPC/NCPHACP T TPY)
PRH={N/DI**(NCPY/CRC)

THZ=TLH*ORU*=(CDC /MLAH)

Mz (1 +FABH [V * P TATTH+CPC e TIH™ (ORE*={ COC,/CPH V- 1)
s {L+FATPU ) *CP THT7H*DQY*= (DT \TPY)
OPOH=L(N/D) (L, /(CPT™NTPH) )
TIH=(1-IPOK)*PIH

THE= s7H’(*QH)'*\'°T*Wx9H\
IFLABS(T2H-TH2) .L7. 1) G0 72 20
‘F(ABS(’BH-THG) LT 1) G0 Ta 20
T2H=TH

T6H=THE

30 TO 10

T24=TH2

T5H=THe

TEM=13-100.
TAH=TSH+QB/ (ACP(T5H 2+13C0. )= (MA+MF) )
TIH=T24+ (1L +MF /MA) = TSH-T5H)

ETURN

M0

SUBROUTINE OHD(PR)

COMMON /CTA/DHDREG,OHDCLR,OHDHTR ,2HOREC
DHDREG=.557+.O933*°R

IF (DHDREG .GT. .95) OHDREG=.35
DHDCLR=.076+.092*PR

DHDHTR=.214+.048*PR

DHDREC=,63

RETURN

€MD

)

SUBROUTINE DPP(76,77,7R,0P,ER,T2,73,0P04,TH4, THE T4 ,PRH,P 1, A

* MF LK)

REAL M, MA MF 11 M2
COMMON /PRES/CPPWHB ,DPPREG,DPPCLR,IPPREC,DPHL,JPH2,DHDNT
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NTG=76-T7
DPPWHB=FLOAT(X)*.202
JPPREGs{.135-.0234%0Q =P/ ]
IF{DPPRES .LT. .Ql) JPPREG=.01
TR(T2 .23, T3) DOPPREG=Q.C
0PH2s( . J108*PR-.J1)=0P/ .1
T1=(T3+T3)>.5
TT=(TH4+THS)*.5

Pl=b>(pR-D2)
P2=14,7%(PRE-0PPK)

Ml=M

M2 =MA+MF

AU T=aMY(TL

U 2=AMU(TT)
{RHO1=ARKO({™1,?1}
ARAQ2=ARKO(TT,? 2}

B (ML /M2 (L 7S T ML AMY2) % L 28) Y URECL, (REC2 (P L2
DPH1=0PHZ*OHDHT*=3/2
OPPCLR=0P-DPPYHB-0PPRES-DPH]
IPPREC=0PPH-IPHR- .1

RETURM

20

SUBROUTINE TURBVOL (G,M,V,TR,T,Y0L)
REAL M, M,K1L,17
SF=4.0
UT=850.
PHIT=0.6
YA=0.,9
CL=2.0
P1=3,14159
RHCM=15.12
A=9.63E6
8=-95.14
ALPHA=1.2
A1=2.5
X1=.307
KI1=3,3%E-3
THETA=0.8
RT=SQRT{M*V /(PHIT*UT*P I*(1,-VyA**2)))
YB=SQRT (1. «TR**(1./G)*(1.-VA**2))
C1=0.2%(A1+1.) "L, /V* {1, -VA**2) *THx2*xQTo*2<Y 1 /(1]
C2=2.%(A-8*T)/(SF*ALPHA)
C322, ,*G*TH (1, -VA**2 ) **(G-1, ) /(SF*ALPHA)
C4==1 *THETA*RHOM*YT**2/2,
H=(VA-YB) /20,
SUM=0.0
X1=0.0
Y1=VA
00 100 J=i,21
MaCI*( (1. =Y1)/(1.+Y1))*PHIT**2+Y1**2
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30

100

0=C24+C3™ (L, -y Lx=2)=* (1, =3)=C3* (1, =Y ¥*2)
ON=CL* (2., %Y 1*(l, =YL} /L. =V 1) =(PUIT*=24vix*) /(1 =Y 1) (L. =¥ 1}
w2V (1, SV 1) *(PHITR* 24y 1x*2) )
D=2 %Y 1% (1, - ® ) ** (.1, ") =(3=-1,)~C3-2. %Y 1*C2
%2=,5% {1,/ (N/D)Y*= . 5)*( (ON*0-0D*N)/0**2)
IF(X1 .£9. 0.0) 30 TO =0
SUM=SUM+(X1+X2),2.
X1=X2
Y1aY1-H
CONTINUE
T T=H*SUM
YOL=2 %P [*QT**2*C 17T
RETURN
EMD

SUBROUTINE COMPYCL (G,M,7,2R,YCL)

REAL M,N,KIL,IT

SF=4.0

UT=350.

PHIT=0.3

1A=0.0

CL=2.3

PI=3.14159

RHOM=15.12

ALPHA=1.2

Al=12.0
X1=.05

Ki1=4.93t-3

THETA=0.3

SIGMAY=12,34E5

RT=SQRT(M*V/(PHIT*UT*@ [* (1. -VA*X*2)))

YB=SQRT(1.-PR*={-1./G)*(1.-VA*=2})

Cla. 2% (AL+L1)*L. /Y™ {1, -VAX*2) My TH2*QTe*2 <O T* 2*X1 /K11

£2=<1*THETA*RHCM*YT**2 /2.

C3=2.*SIGMAY/(SF*ALPHA)

H=(VB-VA}/20.

SuM=0.0

X1=0.0

Y1=VA

00 100 J=1,21

N=CL*((1.-Y1) /(1. +YL))*(PHIT**2+,49%Y1**2 ) /(PHIT*™2+.7225*Y1*=2
*

)

0=C3+C2* (L.-11*=2)

ON=CL* (=L, *(PHIT**2+.49%Y1*=2) /(PHIT**2+.7225*Y 12} *(1.+¥1)-(1
LAY L) F (LAY L) n (S2VF (PHIT*2+ 49%Y 1**2) / (PHIT**2+,7225"Y1**2)+
*,98%Y1*(1,-Y1)/(L.+Y1) /(PHIT**2+,7225%Y1**2)-1,345*Y1=(1.-Y1}/
(LAY L)*(PHIT**2+ . 49%Y Lx*2) = (PHIT*"2+.,7225*Y [**2)** (-2) )

00=-2.%C2*Y1

X2=,5%(1./(N/D}**.5)*({ (DN*D-DD*N)/D**2)

IF(X! .EQ. 3.0) GO TO 50

SUM=SUM+(X1+X2) /2.




50
100

39

X1=x2

Y1=Y1+H

CONTINCE

IT==H*SLM

YQL=2,*P I¥RT*=2*CL*1T
RETURN

ENO

SUBROUTINE REGEN (72,73,75,76,P,0,MB 2R JPPREG, DHORESG,VCL)
REAL M8
T=T5/2+T§8/2
212P*pR
SIGMA=ASIGMA
Q. T

=2 .

*x 310(,32547D) %™ 13/ (.56%DTLM <L il

R*”‘P /4 *SIGMARGAMMA® (MB*  3134) < (DHL*2325. 1=~ , 1% (1. -0~JRE3)
*xw2 41x(1, +PR**(*2)*DHDRE@*'(- ))**,341%35.3
VOL=AREG*DPPREG*™(-.41)

RETURN

END

SUBROUTINE RECUP (T24,T3H,TSH,TSH,PRH,DPPH O, MA MF DPPREZ VCL)
REAL MAMF

T=T5H/2.+T6H/2.

PC=1./(1.-0PPH)

P=14,7*PRH

SIGMA=ASIGMA(T,?)

DTLM=T3H-T2YH

GAMMA=(6303.*P ) =* (- 41)*(.0254*0)*=1  18%(.56*DTLM)*~(-1.11)
DH1=CP2(T5H)-CP2(T6H)

PI=3.14159

DHOREC=.65

CM=MA+MF

AREC=P 1/4. *SICMA*GAMMA* (Cit* ,454) ~(DH1*2326. )**1 .41~ (1.+0HOREC)
**%2.,41% (1, +DHDREC* ™ (=3) *PCx*2)** 41%35.3
VOL=AREC*DPPREC**(~.41)

RETURN

END

SUBROUTINE COOLER (77,T1,P,D,NTP,MB,DHDCLR,DPPCLR,VCL)

REAL NPP NTP,MB

[F(T7 .LT. 71) GO TO 99

TA=T7/2.+TL/2.

SIGMA=ASIGMA(TA,P)

TC1=5830.

TC2=540.

OTM=(T1-TCI-T7+TC2) /LOG( (T1-TC1) /(T7-7C2))

GAMMA= (6803, *0)** (- 41)*(,0254*D)**1,18%( .56*0TLM)**(-1,31)
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OH1=CP2(T77)-CP2(T1)

PI=3.14139

TWaTCl/2.+7C2/2.

RK=AK{TA,P)/1.2-4

RMU=AMU(TA) /5.4E-2

RMa (T7-T1)*ACP(TA)/(1.=10.)
RPR=APR(TA,P) /6.4

NPP=.30

RRHO=ARHO(TA,P),64.0
RSY=ARHO(T7,7)/64.0
ALPHASRK*RMU** (-, 3) *RM** B*QpR=* 4
CB=RM=*(-2,75) *RMU™*(-.25) *RRHC*RSV/NT? /NPP

** (1. +ALPHATDOHDCLR) ™™, 4 1* (1, +C3*DHOCLR™™({-3) ) ™. 3l
YOL=ACLR™PPCLR** (-~ 11)

RETURN

END

SUBRCUTIMNE COMBUSTCOR (T3,T4,7T4H,TSH, wr,PR,D, M8 ,2RH,MA,F /oL
REAL MB ,MA, MF .M

COMMON /CCMB/DPPRG,DPPRC ,DPPHE,DHDHR,JPHE2

T=T3/2+74/2

P=wP={PR-DPPRG)

SIGMA=ASIGMA(T,P)
DTLM=(TS5H-T3-T4H+T4) /LOG( [T5H=T3) /{TdH-T4))

GAMMA= (6803 .*P)*x (- 41)*( ,0254*0)**1 ,16%( .56™DTLM)*={-1.31)
DH1=CP2(T4)-CP2(T3)

P1=3.14159

TH=TdH /2+T5H/2

TRH=(1.-DPPYE ) *PRY

PH=14,7*(PRH-DPPRC)

RK=AK(T,P)/AK(TH,PH)

RMJ=AMU (T) /AMU(TH)

M=MA+MF

QM=MB/M

RPR=APR(T,P)}/APR(TH,PH)

ALPHA=RK*QMU** (- ,3) *QM** 8S*QPR** 1

AHTR=PI /4, *STGMA*GAMMA* (MB* ,454)* (DH1"2326, )**1.11* (1 +DHDHR) *
* (1, +ALPHA*DHDHR)**1 .41*OHDHR**(-1,23)%35.3
YOL=AHTR*DPHE2** (. .11)

RETURN

END

SUBROUTINE WHBVOL (MB,MS,T6,T7,NWHB,H2S,H3S,DPPWHB,V0L)
REAL MB,MS,NWHB ,NTY

TaT6/2+77/2

CP=ACP(T)

CPS=2.0

CRMS*CPS/ (MB*CP)

IF(CR .GT. L.) GO TO 10

CMINaMS*CPS
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GO TO 20

10 CR=1./CR |
CUIN=CP™MB |

20 PS=4.0 |
t

, ER=(NWHB*CR-1.)/{MWHB-1.)
NTUS(~PS)*LOG(L.+L. /CR™LOG(L,-CR*(1.-ER*=(1./PS))/(CR-ER*=1 /
*05))))
DH=H3S-H2S
YOL=.00045*CAINTNTUMS*OH*DPOYHB*~ (-, 41)
RETURN
END

SUBROUTINE CONOVOL {(MS,x,VOL)
REAL MS

OL=MS*X*27.3

RETURN

ZND




, ~18000000E+Q1, .22822091E+02, .18776645E+03,
e 73
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SUERCUTINE STMTAB (WI XI,7:

JIMENSION SATLIG(3),STEAM(S
CCMMON /SIM/PQ“SS,T:‘P QUAL

CATA (CGEF:T(I),.=1,30)

‘

SATLIQ,STEAM
220822215+04, .3
.69573391E+03, .604542518+01,

)
),COEFFT(237)
;

.7CCcoocCE+0L,

.- .195136325+Q0
,-.30625849E+00,
, .333929425-C3,
, .26548914E-04,
. .30706919E+00,
. .4500 coccev«s
DATA (COEFFT(I

A % 4 4 A 4 x

,=.522799525-00,

.72595872C0E+00, .14585634E+(2,
.200000G0E~01,-.7423344CE-058,
.3134920€E-C4, .13679922£-032,
.36241343E+01, .14960615E-C2,
SSCOOCOOE+03,-.987368885-22,
= 31, 60) / 3C041186¢- 17

||~|

.911489582-01,

53

u - O

[\,n—‘w(‘)
a2 o (n O
Cr B O
> falupo OO
(J O (N ()

7::Z~924a-05

.2803252CE-C1

‘/.267*2c'07

v dodll

- *2;-- OQ: “‘

*,-.3289317 E-LJ J11738460E-11, (11244478E-, "94-3553E-CE
*, 81536341 —02, .69519255E‘Ol, .25¢C CCu»; 03, 2273:uci-23
*,-,84272696E-21, .12704366£-183,-.36375.83E-13, 8337330CE~
*,-.542515642-10, *“t37322 O/,-.23104756E-Od, 2303= 2z~ ZL
*, .33353897g+31, .430101%3E+03, 5*9273775*03,-._u*ol/”OF-l9
*, .92756:d3E-17,-.354706 ot- 13,- .28C046773-12, ,353822092¢-L

*, .33936398£-08,-.99567213e-06,-.59157¢6928-03, 73142327 E-uC/
0 ,1= 51, 20) / .550000008‘03,

ATA (CCEFFT{I)
-.11722587E-21,

. .38512734E+C0,
. .73857180E-22,
.-.70679233E-14,
. .20734203E-04,
,-.336080225-23,

BATA (CoEFFTIL) e
. .15587770E-07,

. .55000000€+03,
L .34979672E-12,
. .12399614E-02,
, .12945371E-21,
. .17548001E-12,
, .10150974E+01,
JATA (COEFFT(I)
. ,59217855E-16,

*. .59598410E-08,

*,25000000E+03,

*. .19239634E-17,
* . . ,35546496E-06,
*. ,19000000€+01 ,
*

,=+18796109%E+Q3,

DATA (COEFFT(I)
, -11199420e+Q4,

, .52379937e+05,
, .35122466E+04,~

, .52122736E+03, -

»
*
*
*, .30000C0Qe+01,
*
*, .12340954&-Q4,
«

.27458303E-12, -

,+=121,150)

.56553573€-19, .477258058-17,
.13335302¢-10, - 3116C333€—Oc,
.25000C0CE+02, .47CCOCC0E=03,
.332253068-19, .3C075575E-13,
.30114201E-11, .581396428-39,
.21762691€-01, .25000000E+03
,35319792€-20, .25720265E-13,
91,120)  / .30506309€-13,
,31264440£-05, .17002639€-01,
134743147618, .24971473€-15
-.51337380E-10, .43178986E-08,
.12798551E+01, .54927377£+03,
-.55873129E-19,-.13817574E-17,
.23202424E-09, .361459675-06,
.21848036E+03, .45000000E~03,
/- .21134438E-20,
-.183458225-14, - 66417458612,
.45575915E-06, .12325099E-02,
.50084539€-23, -, 15659070E-21,
.15250351E~13,-.74068320E-12.
14285709602, .36753405E+00,
-.11088077E+05, - 1599458 7€+05,
.156997976403, -.202133428+03,

,{=151,180) / .15040455g+03

.1500000Ce+0Q1,~-.14863585E+06,
.29474498E€+05,-.,18907536E+05
.12340833€E+04, -,68928827E-02,
.13C00000E-04, .7084899Q€+01,
.11682947£-01,-.12001388~C0,
.13583136£-03,-.15099312€-02,

.21343C26E+03
-.53349153E-11
- 11366254E-03

.33C0CCC0CE~03
-.723986512-13

.36712981:2-07

,=.78453129E-25

-.313312048-15/
.23683238E-13
.45CCCCCCE~C3
.38302£88z-14
.18326835¢-35
.25C0C000E+03
.02520106E-14
.12506461:2-03
.35000C0CE+Q3/
.18327038E-18
.14589£63€-10
.740€38797£+00
-.4609911¢-13
..0479899¢-08
.17C0C00CE+0!
.91407633E+04
.18650175£+02/
.13C50547E+03
-.13414819E+06
.37853876e~02
.12036826E+04
..0307788E~02
.208123918+C1
.20CCCO0CE~QL
.330BCECAE~C2/

1]

| ~—t—
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QATA (CCEFFT(I),1=131,210) /- 32’¢l4087-05, 324491012 -03
.15400835e+04, .187326657E+Q02, .539738738+02, .20713841f-0:

*
*, .130000CCE+Q4, .130C0C0CE+Ql,-.0436380CE-J5, .364188C3z-0¢ |
*, .38879248E+Q1, .11034060CE-Q5, .472250015-03,-.341 3800E~C L |
*, .69416973E-05,-.50892120E-02, .10951922E+Ol, .. 3CCCCCCE~-U~
*, .18000C00E+01,-.33101208€E-03, .21351913E+01, .3350029.1%+I3 ‘
*,-.77236618E-03, .3675365CE+QQ, - 25450‘21c+u3 .252497072-C ;
*,-.16427106z+01, .01477766€+03, 8.0, 3.9 ! ‘
DATA (COEFFT(I),I=211,237) / 0.0, ¢.0, 0.3, 8.2, 3.0
=, 0.0,0.0,0.0,0.0,0.0,¢.0,0.0,0.0,0.0,3.0,3.2, .30CGCCCQE~03
*, .14000000E+01,~-.15478253%€E-04, ,19351556E-01, .238%8%0%E-01
*, 23329643£-04, ,11493791£-02,-.131392085+02, .328802L128-C3
*,-.12592899€-01, .5510115CE+DL/

N=NI

X=X1

Y=Y!

[=M-3

LINK=0

PQESQ‘

DELTAL1=0.0

£RRORL=0.0

£RR0R2=0.,0

IF (N-8) 1000,1000,1C30
10C0 IF (1) 1020,1020,1010
1010 LINK=1
N=1
1020 IF (X-COEFFT(N)) 1040,1C40,1320
1030 N=I
1040 GO 7O (1130,1080,1230,1230,1080,1G8C,118C,L320),4
1050 X=Z
N=2
1060 TEMP=X
G0 T0 1190
1070 PRESS=EXP(Z)
G0 70 1150
1080 II=2
Jd=3
TOLER=.005
G0 TO 1100
1090 I1=3
Jd=2
TOLER=.00C005
1100 H=y
1110 LINK=2
1120 N=1
1130 X=ALOG({PRESS)
PLOG=X
GO TO 1190
1140 TEW=aZ
1150 X=TEMP
J=l

7%




N=4

30 TO 1190
1180 SATLIQ{(d)=Z

DESE D

Yan+1

TF (J-3) 1190,:113C,117¢
1170 IF (LINK) 1540,15840,1300

1180 HaX
S=Y
X=$
1190 1=23%N-19
K=1
IF (X-COEFFT(I)) 1200,1200,121C
1200 x=12
1210 I=1+<
: ARG=KX-COEFFT( 1)
| 220.0
; 20 1220 K=1,10
i Ial+]

1220 Z=Z*ARGHCOEFFT(D)

; 50 70 (1140,1070, 050,115C,1160,1160,1410) ,»

& 123Q TEMP=Y

' 30 TO 1300

1240 ERROR=H-STEAM(II)
IF (ABS(ERROR)~TOLEZR) 1540,1250,1250

1250 IF (ERRORL) 126Q,1280,126Q

1260 £RRORL=FRRQRL-E RROR
1F (ABS(ERRCRL)-TOLZR)Y 1290,1290,1270

1270 SLOPE=DELTAL/ZRRCRL

1280 DELTAL=SLOPE*ERROR
ERRORL=ERROR

1290 TEMP=TEMP+DELTAL

1300 IF (PRESS-COEFFT(1)) 1320,1320,1310

1310 IF ((.00001178*PRESS+.00411)*PRESS+282,1-TEP) 1320,1320,1520

1320 T=,55555556*TEMP+255.38223
TLOG=ALOG(T)
TAU=1.0/T
COEFFT(222)=TAU*TAU*136210.06
COEFFT(217)=EXP(COERFT(222)+7.8791476-TLOG)
COEFFT(221)=162460.*TAU
COEFFT(220)=126970. *TAU
COEFFT{219)=EXP(149.27765-23.*TLOG)
COEFFT(212)=1.39-COEFFT(217)
COEFFT(211)=82,546-COEFFT(221)
COEFFT(210)=,21828*T-COEFFT(220)
COEFFT (209)=COEFFT(219)-.0003635*T
COEFFT(222)=(COEFFT(222)+COEFFT(222)+1.0) *COEFFT(217)
COEFFT(217)=COEFFT(212)-COEFFT(222)
COEFFT(214)sCOEFFT(217)/COEFFT(ZLZ)
COEFFT(216)=COEFFT (21 11 *COEFFT (214)+41,273-COEFFT(221)
COEFFT(215)=COEFFT(210)*COEFFT(214) - .5%COEFFT(220Q)
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COEFFT(214)=COEFFT(209)*COEFFT(214)+1.8461538*COEFFT(219)

COEFFT(221)=.50*COEFFT(211)-COEFFT(215)

COEFFT(220)=.25*CCEFFT(210)-COEFFT(21S)
CCEFFT(219)=.075923077*COEFFT(209)-COEFFT(214)
COEFFT(218)=(,0037299965*T+14,531813) ~T+17806.513+472,2493*7_CG
COEFFT(223)=-.0074599931*T-14,531813*TLOG+2.4524439+472.21937

**TAY

1330

*COEFFT(211) )~CREFFT(226)~CC EFFT

P=,068046190*PRESS
PLOG=ALOG(PRESS) :
COEFFT(213)=COEFFT (212)*TAU
COEFFT(226)=COEFFT(ZL3)
COEFFT (225)=COETFT (226) *COEFFT (226
CCEFFT(224)=CIEFFT{225) *C! E:=Tt225
COEF‘T(224)=COEF. (224)*COEFFT(224) ~COEFTT(226)
COEFFT(226)=CCEFFT(226) *COEFFT(213
”0E‘FT\213) =p*TAyY
STZAM(L)={ ({COEFFT(209)=COEF=T{2
{

vvv.\,

COEFFTI210) I=CoEFFT 2220
+4.55304/C0EFFT{223))

-
N

24
2

**.0100185

STEAM(2)=(({{COEFFT{2:4) ~CCEFFT(2

(22
*COEFFT(ZIS))*COE’FT{ZZO)+CuE”T§2’7))*°*u“EF?T(218))* “4 33632

STEAM(3)=( (((CIEFFT(219)~CCEFFT(224)+CCEFFT(220) )*CCEFFT(225)+

*COEFFT(221) ) *COEFFT (226)+CCEFFT {222) ) *COEFFT(213)+C0EFFT223)

1360

1370
1380

*+4,55504*PL0G) *(-.02419825)

QUAL=1.0
[=LINK+L
GO TO (1640,1640,1340,1240,1340,1450}),1
A=STEAM(IID)
IF (H-X) 1350,1640,1360
Y=SATLIQ(II
QUAL=(H-Y)/(X-Y)
X=1.0-QUAL
STEAM(1)aQUAL*STEAM(1 )+X*SATLIG(
STEAM(JJ ) =QUAL*STEAM(JJ J+X*SATL!
STEAM(II)=H
IF (LINK-2) 1640,1640,1460
[=(I1-1)*11+154
d=l
X=PLOG
00 1380 K=209,219
COEFFT(K)=COEFFT(I)
[=2]+1
X=X -COEFFT(209)
Y=Y-COEFFT (210)
COEFFT(209)=(COEFFT(211) *X+COEFFT(212) )*X+COEFFT(213)
COEFFT(210)=(COEFFT(214) *X+COEFFT(215) ) *X«COEFFT (2186)
COEFFT(211)=( (COEFFT(217)*X+COEFFT(218) )*X+COEFFT(219) )=y
ZsCOEFFT (211 )+COEFFT(210)
SLOPE=COEFFT(211)+2Z
I=Z*Y+COEFFT (209)
G0 TO (1390,1430,1530,154Q),J

1)
G(Jd3d)

76

f

———.
———— L




[ —"

aaen

1390
1400
1410

1420
2430

14490

1450
1360
1470
1480
1490
1300

1510
1520

1530

1540
1550
1560

1570
1580

p4
<

T N = RO

(Z-d) 1420,1370,1370

187 :

& 70 1370

DPOS=SL0PE

PRESS=EXP(Z)

PLCG=Z

IF (1-227) 1520,1520,1440

“INK=4

[I=2

Jd=3

G0 TC 1izC

DH=H~STEAM(2)
STEAM(3)=STEAM(3 ) =DH/(TTP+453.89)
0S=S-STEAM(3)
QELTAL=STEZAM(3 ) -ZRRCRL

IF {ERRORL) 1470,1490,147C
IF (ABS(OELTAL)-.00C005) 1
OPDS=(PLOG-PLOGL) /DELTAL
PLCGL=PLOG

ERRCRL=STEAM(3)
PRESS=PRESS*(1.Q+DS*DPOS)
IF (LINK-4) 1510,1510,155¢
{F (ABS(DS)-.0CCCOS) 1.40,1:20,1120

-t vt W A CL ) e I

5C0, 120G, 1480

=z
Fa
[§ 4

(e
[0 0]

Cu vt =< >< I
LT LI T R e d
[N N N Vs R o

G0 7O 1370

TEMP=Z

DTDS=SLOPE

X=PLOG

Y=H

{=165

J=4

GO0 7O 137Q

DTDH=SLOPE

G0 TQ 1300

TEMP=2TEMP+0S*0TOS

IF (ABS(DH)-.005) 1610,1580,156Q
DELTA2=0H-ERROR2

IF (ERROR2) 1570,1590,1570C

IF {ABS(DELTA2)-.005) 1600,1600,1530
DTOH=(TEMP1~-TEMP) /DELTA2




1590 TEMPL=TEMP
ZRROR2=0H
1600 TEHP=TEMP+DH™DTOH
50 TO 1320
1610 IF (ABS(DS)-.000005) 1640,1500,1500
1520 WRITE (6,153C) NI,XI,YI
1630 FORMAT (13,2514.3.13H OUT OF RANGE)
STOP
? 1640 RETURN
E\ND

2 . e e
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HZEATER CYCLI:

TaMaT PRE3ST

-\ya e

DT Y

IS ws

'\’q :,L\,N .4.4-1/3

i PRISSURI RalIl=2.7
CRE=135.°
Z J3CP=.1C
/s ) =ell, 37
TINP(deg R) SUMMARY:THERMAL IFF=C.27¢
3%0.9 HFATER IFF=0.327 (FHI=C.3U
675.7 SFC(Lom/HP-nr;=C.372
13€8.2 JCIL TCTAL{cou T%,=812.%
2060.0 PCLIR(H?;=230CC.3
13ct.2 4CRX FRAC 3Y STN CYCIZ=C
311.2
784.0
775.2
IP®  IED  VCL(su ft
.C78  LTee 15.5 ZFT=0.2E
10.¢ ZFF(P=C.31
.CC7 .28 139.3
25.3 ZEFF{?;=C.Z%
.3CC3
012 IFT=C.54

FRISSTRZ RATIC = +.7¢

3 ZRC:‘-. 3

L.?,al.

S e -dUJ\dum/ 3.9"’

.ri
-
3

A~
)

=0

2'n
an

7h

COMPONENT

RECU?
TUR3INE
HEATER

CCMPRESICR

RANKINE

CYCLE
STEAM FLOW(Lbm/s)=

TZMP(deg 2

535.0
325.2
L727.-
305%.3
G&5.8
76€0.0C
DP® DED  7CL{cu <%

)
5C 2.5 ZFP=0.96

)
[N
'—‘
O

)
SATURATION PRIESSURE= 56.7

2.%6

FLOW RATIC=0.0C67

STATE
1ls
2s
37
s
4s

CCMPONENT

B0ILER
TURBINE

CCNDENSER

TIMP(deg R) U
540.90
555.0 5
749.0 5
776.2 5
540.0
VoL{cu f£1%)
152.3




IR LVvMoy gD,

—aréta o Wi o et

4CRXING PRISSTREZ
TCTAL PRESSURI I

- - . N . . /~
MASS FLOU Ltm/s

'y

Q'Y Fuo e

CCONPCNENT
REGEN

TUR3INE

o it
~AAT TS
EACREE - T

JCHPRESSCR
“TATIR
3CILIR

i skt b

e My AV
TSATER CYCLE:

TCTAL SRISIURE
- - - N
TUEL FLoW(lom/s )=

TEM?

STATE
ih
2n
3n
tn
BYs
dn
7h

COMPCNENT
RECUP
TURBINE

HEATE:

CCMPRESSCR
ANKINE CYC

OND -

—~ &
o woru o
£ O .

®

OO WOUNMNOWN

R)

. o

R

A0 ONO U (B

EaL) WL

O \n 0N oO\\Wnn

~3
(¢

w
Y]
‘g

-y -
oHD

.310  .650
.022  .358

Z: SATURATION

STEAM FLOW(Ltm/s)= 2.%

FLCW RATIC=Q.

STATE
1s
2s
SF
3s
bs
COMPCNENT
BOILER
TURBINE
CCNDENSZR

0086

TEMP(deg R)
540.0
555.0
806.2
839.7
340.0

VOL(cu Tt)

. TRISSURT RATIC= 2.C¢
=135.3
Cs=.10
y=287,83
TTMP(deg X) SUMMWMRY:THERMAL IFF=0.432

540.0 YZATER  IFF=C.333 (FHI=C.:T,

766 .3 3FC(lom/HE-nr) =C.55C
1538.3 JCL TOTALlcu fT,= 31,1
2C6G.0 SCUER(HEP)=235¢CC.C
1543,9 WCRX FRAC 3Y STM IYILZ=C.le~

a7

k1.2

231.3

922  DHD  Vili{cu £%)

.030  .337 11,5 =FF=C,23

5,3 IZIFF{2)=C.%L
L0225 . 352 28,9
20.3 ITR(F;=0.38

.0CCl

.02 ITF=C.G4
SRESSUPE RATIC= &.7¢9

DREP=.43

TCL{cu T%)
2.2 ZIFT=0.93
0.9 ZFT(P)=0.29
28.6
12.7 ZEFP(2)=0.85
PRESSURE= 128.0

0.3 QUAL=0.819




3RAYTCN C¥CLZ: FRISSCRE
«CRXING FRISIURZ = 133.C
TCTAL PRISSURZE ZRCP=.10
MASS FLCA (Ltm/s)=239.91
STATZ  TELP(deg R,
1 3%C.0
2 843.9
3 1433.2
+ 2060.0
5 152€.9
o 927.0
b g876.2
7 860.5
CONFONZNT 72 -HED
3ZGED 221 .33¢
TUR3INE
:CCL:R L3320 ke
CCMPRESSCR
::A zR ,CCC3
3CILER LCoké
HIATER JYCLE: FRISSTRE ;

TCTAL PRESSURE

DRCP=.43

AIR .L..L.uj(ubm/s/ "19-59

FUEL ?LyN(me s)

lh
2h
3h
Lh
3n
€h
7h
COMPCNENT
RECU?
TUR3INE
HZATZ
CCMFRESSCR
RANKINE
STEAM
TLOW RATIC=0
STATE
is
2s
ST
3s
4a
CCMPCNENT
BO0ILZR
TURBINZ
CONLCENSZR

uYCLE: H
SLCW(Lom/s) =
0133

29

. s

T"‘l’-’

~—

.

s T
~3\D '\ 0 £ oun

On ‘:'U\U\\D\.)uf\
ownwn fFUn\n 0- W
O O OO Om

DPP
.25

033

odD
.650

406

3.19

TEMP(deg R)
540.0
555.0Q
841.8
802.0
540.0

VOL(cu £t)
119.0

5.1 Z=F

70.5

A

SATURATION PRE

AMTA - i ~
Neal™ w.vO
s " s ——— -
'w:.AP-.T:“. 2AD e e
e - A arem A A
1LA-:R ZIT=0,533 (FEI=C.3T)
P vy \ = e 2
- >
37C{Lbm/32P-hr)=C.+73
- ﬂ‘m,-/ P YT ~e -
iCL -C-Ag\cu Jul= 2eZ.Z
D TRV =2NZAN A
2CUER(EF ) =280C0C. 2
P
1 M T AN My MmNt Arms A AL
NCRX FRAC 3V ITW U Z=C.lE7
v ! -~ \
- -
i\..-aﬁcu - v
- -———— o~ -
13,2 ZFTF=C.zZc
1 A ~ww. SY=0 2
P - oo N~y w e Y
28 A
29 .z
18,5 IRW/2Y=¢ 2R
- . —— -\ & e N e
Ta%=(0 .58
a2z >
M~~~ = 9
- 7

CL(cu %)
. I77=0.9
. TERR U):
-~ - -

3
Lo
._
[ 7]
p—_
u
o
(9 V)
o




3RAYTCN SYCLl=Z: 3PRESSURZI RATIC= 5.20
HORKING PRISSURE=135.0
TCTAL °R‘SSUR CRCP=.1C
MASS FLOW (Lom/s)=212.74
STATE TZiP{dez R) STVMARY TEIZVAL IT7=0.324C
1 340.0 ::AT:‘ TTT=0.3733 (FHEI=0.30)
2 905.8 SFC(Lm/E2=-nr)=C.=4éC
3 1391.,3 TCL TCTAL(2u ©%,=3%6.1
4 2C€0.0 POHER(ED)=250CC.C
3 1488.1 YCRK TRAC 3Y ITW ZYCSLEZ=g.1l:
5 372.:
=2 376.%
7 248,35
CCYMPONZNT -P? -0 7CLicu =%
2EIGZEY 210 .S30 187 ZFF=0 L33
TUR3INZ 2.7 ZIZFFP(2)=C.3L
CCCLZER Q22 5738 127.3
CMZRES3CR 15,7 ZZFF(E)=C,3E
dEnT:R .2C03
3CII=R .068 ITP=C. 54
HEATSER CYCLZ: FRESSURZI RATIO= 4.79
TCTAL PRISSURZ LCROZ=.43
.1:4. &u\ai“(ucm/ S)= 38 -""9
FUEL FLSW(lom/s)= 3.15
TATZ  TEMP(deg R)
ina 235.0
2n 335.2
3h 1427 .4
Lh +798.9
sn 1861.,2
én 3Ls.0
7h 760.0
CCMPCNENT -2P DED 7CL{cu %)
RECU? 289 .5650 2.1 IFT=0.90
TURBINE 0.8 IFT(2)=0.%¢
HZEATER LOBL L Lsh 12.4
COMFRESSCR 11.5 TF(2)=0.85
URE=

RANKINE CYCLE:

STEAM FLOW(Lom/s)=

[\SIN e}
(@]
o
(@]

SATURATION &
5‘21

FLCW RATIO=0.0245

STAT=
is
2s
ory

3s
Ls

CCMPCNEUT
3CILE
TURBINE

CCNCENSER

TEMP(deg R)

540.0
555.0
341.8
937.1 200.0
540.0
TCL(cu
298.1
10.9
117 04

QUAL=0.825

£
£

ZFF(1Is)=0.88

|



3RAYTCN CYZLI: FRESSURE RATIC = 6.00
NCRXKING ’Q.SbU?*-’35.0
mQTAL PRESSURZ DRC?2=.10
¥ASS FLOH(me/s\=’9?.OO
STATE :‘A'ﬂ(de7 2) SCMMARY s TEERMAL  ZI0Ts=
1 340.0 EZATEIR IFF=0
2 39 .4 SFo(lem/EP-nr
3 13638 ¥CL TOTAL.(Ccu
4 20€0.0 'OluR(n?,=25C
5 1366.2 WCRK FRAC 27
6 1011.3
=2 376.8
7 335.3
CowPCIENT or? ZHED VCL{cu %)

RZGEN 213 .35¢C 13,4 3IFR=0,368
TURRINE 2.2 ZIFF(2)=C.%1
CCCLER L0186 323 12%.7
MFRISSC 15,3 IFT(2)=s.23
HEATZER .00C3
30IL=R o7 =IF=C .5

HZATER CYCLE: ©PFRES3IURI RATIC= &.79
TCTAL PRISSURZ DROP=.43
AIR FLCW(Zom/s)=38. 4.7
F‘Juh QLUlJ(uum/S}- 17
STATE “..u'IP(deﬂ' R)
ih 535.0
2h 335.2
Bh 1375.4
Ln 4755.8
Sh 1443.3
5h 945,0
7h 760.0
CCMPONENT DPP DHD YOL(cu £%}

RECU?P 278  .650 2.1 IFF=0.8¢
TURIINE 0.8 IRT(2)=0.89
HEATES .055 .502 9.5

COMPRESSC 11.4 IFP(P)=0.85
RANKINE CYCLZE: SATURATICN PRESSURE= 200.0
STEAM FLOW(me/s)= .70
FLCW RATIC=0.0340

STATE  TEMP(deg R) PRESSURE(psi)

ls 540,0 0.5

2s 555.0 200.0

SF 841.8 200.0

3s 976.8 200.0

4s 249Q.0 0.5 QUAL=Q.338
COMPONENT  VOL(cu %)

BOILER 523.6
TURBINE 16.2 EFF(1S)=0.38
CONDENSZER 153.3
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VIC)viy~—-

.
~
b4
=
-
-
~
A
-~
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<
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BRAYTON CYCLZ: FPRESSURE RATIC=7.CO
WORXING FPREESURE=1135.0
TCTAL PRESSURZI DRCP=.10
MASS Flow(Ltm/s)=187.48

S5TaT® TEM?(deg ) SUVMARY : THZ R
1 s5L0,0 HTATE
2 1007.0 SFC(Ldm/H:
3 13c6.9 fOL TCmAu\
L 2060.0
5 1345.5
6 1047.6
Pt 876.8
7 825.2
CCHMPCNENT 022 DHD TCL{cu £%)
REGEN 010 .35¢C 13.6 =
TURIINE 1.9 =
2CCLER 212 .72¢C 152.5
COMPRES3ICR 15.3 =
HEATER .OCQok
30IZ=R .078 =z

HSATER CYCLE: 2PRESSURE RATIC= L.7¢
TCTAL PRESSURE JRCP=.-+3
AIR FLOW(Lom/s)= 38.22
FUZL FLOW{Zom/s)= 3.17

STATE TIMP(deg R)

1h 535.0
25 835.2
2h 1333. )
bn 4921 ,2
sn 1804, 9
8h 95,0
7 76C.0
COMPCNENT 3PP 2HD  VOL(cu £%)
RECUP 267 .630 2.1
TURBINE 0.3
HEATER .066 .550 7.7
CCMPRES3OR 11.4
RANKINE CYCLZ: SATURATICN PRISSURZ=

STEAM .HOW(me/S)- 7.92
FLOW RATIO=0.0422

o

3

ICRV "?&C 3

STATE TEMP(deg R) PRESSURE( psi)

is 540.0 0.5
2s 855.0 200.C
SF 341.8 200.0
38 1012.6 200.0
540.0 0.5

UOMPONENm TOL(cu £+

30I1ER 782.4

TURBINE 21.0 ZFFP(Is)=0.28

CCONDENSZR 183.6

QUAL=0.8L9




3RAYTCN CYCLZ:

PRISSTURZ

NCRKING PREISSURZ= 135.0
TOTAL PRESSUYRE ZRC?= .10

MASS FLOW(Zm/s) =

131.22

STATE  TENP(deg R)
1 549.0Q
2 1049 .3
3 1272.5
L 2060.0
by 1302.9
6 1080.2
PP 876.8
7 3814.3
COMPCNENT DP? ZHED
IEGEN 010 .9350
-CRB;W"
COLER 310 .52
\.UA'PR..SSOR
HEATER ofolel12
BCILER 080
HEATER CYCLE

\TIS= 2.3C

APRVA Y

SUNMMARY s THERMAL =F7=0.<¢C
HEATER ZF7=0.333 PHI=Z.3C
SFC(Lbm/H?-nr;=C.=353
TCL TCTALcu ft/‘=1550 7
PCUER(HP;=25CCC.¢C
GORK PRAC 3Y 37T I¥Ilz=C.2ZZ

YCl{icu %)
13.. Z7F=0.3
1.6 ZIFF(2)=
312
15,1 zZFF(2)=¢C

PRESSTRE RATIC= .79

T0TAL PRESSURE CROD= .43
AIR TLOW(Lom/s)=38.43
FUZL FLCW(L:m/s)= 3.19

STATE TEMP(geg R)
ln 535.0
2h §35.2
2h 1268.2
4n 4692.5
sh 1372.5
én S45.0
7h 760.0
COMPONENT DP? DED
RECUP 256 .630
TURBINE
HEATER .076 .,598
COMPRESSOR

RANKINE CYCLE:

1 —
R
vej ¢
'y o
— -~ .
[ ¢ ¢
O [e e N

~ N
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SATURATICN PRESSURE=2C0.0
STTAM FLOW(Lbm/s)= 8.97
FLOW RATIO=0. ou95

STATE TEMP(deg R)
ls 540,0
23 555.0
SF 841,32
3s 1045.2
bg 54Q.0
COMPCNENT VCL{cu %)
30ILZR 1083.
TUR3INE 25.
CONDENSZR 210.

°R~SSUR~(psi)
0.5
200.0
200.0
200.0

0.5

QUA.L“-'O .

¢
t-a

w
Q)

[$]

LV
D




P S

BRAYTON L."C"" PRESSURE RATIC= 9.00
WORKING PRISSURZI=135.0
TOTAL "°"SDUR... DRCP=.12

MASS FLCU(Lbm/s)=176.55
STA™E  M™=3P(deg R) SUVMARY i THERNAL ITF=C.-36
1 540.0 YTATER  IFF=0.3233 (PHI
2 1089.0 SFC(Lbm/4Z-nr)=0.%c<
3 1245,0 JCL TCTnu{ca f)=135C
L 2060.0 PCWER(H?)=25CCC.0
5 1266.2 WORX FRAC 3Y ST CUTLZ
5 1110.2
c? 74,8
7 308.2
COMPONINT P2 CHED 7CL{cu £t)
IEZIEN 010 .35¢C 12.7 32FT=C.3ZZ
TURIINE 1.4 EFR(?)=C.21
CCCLER .00 ScL 157.53
SOMPRES3ICR 15.0 ZFF(?)=C.Z3
HEATER .COC4
3CTIZER .080 ZFT=0.54
ETAMER CYCLE: PRISSURE RATIO= 2,79
mOTAL PRESSURE DRCP = &
&'R ?duﬂ(’* m/s)= 38.80
JEL FLCW(Lem/s)= 3.322
STATE  TEMP(deg R)
ih 535.0
2h 2135.2
2h 1283.3
Ln L668.2
5h 1345.0
fn 945.0
7h 760.0
COMPCNENT DPP  CDHD 7CL(cu £%)
Racu= 245  ,650 2.2 ZFr=0.85
TURBINE 0.8 ZFF(2)=C.89
HEATER .087 646 5.7
CCMPRESSOR 11.7 =FF{2)=0.85
RANKINE CYCLZE: SATURATICN PRESSURE= 200.C0
STEAM FLOW(ZLom/s)= 9.90
FLOW RATIO=0.0560
STATE TEMP(deg R) PRESSURE(psi)
is 540.0 0.5
2s 555.0 200.0
ST 8k1.8 200.0
3s 1075.2 200.0
bg 540.0 0.5 aJUAL=0,267
OMPONENT 7CL(su £%
30IL=R 14139.0
TURBINE 29.8 ZPF(IS) =0.88
CONDENSER 2%.5




3IRAYTCN 2YCLE: SRESSTURT RATIC=10.00
JORKIMNG PRESSURE=1235.0
TCTAL PRESSURE DRCP=.10
L MASS FLOW (Ldm/3)=17%.CO0
STATS  TEMP(deg R) SUNMARY:THERMAL ZFF=C.=32 J
1 349.0 GEATTR  IFT=0.933 ({(FEI=C.50) R
2 1125.1 SFC(Lbm/4P-hr)=0.%63 ,
3 1221.1 YCL TOTAL(cu f%.=2%C2.C §
L4 206G.0. SCWER(HP)=25C0C.0
5 123%4.2 YCRX FRAC 3Y 37 CYI1Z=0.26¢
! PP 3876.7
: 7 300.9 i
: COMPONENT DPP  DHD 70L(cu T%)
: REGEY .C10  .950 12.4 IFF=0C.c8 4
. TURIINE 1.3 ITFF(?)=C.Gi
‘ CCOLER .008  .9%3 232,82
COMPRESSOR 14,9 IFT(2)=0.38
HEATER , 000k
30ILER .C82 ITT=0.54

WTATER CYCLZ: PRESSURS RATIC= 4.79
MCPAT, PRISSURE DRCP=.43

AIR FLOW!Lbm/s)= 39.22

PUEL FLOW(Lbm/s)= 3.25

STATE  TEMP(deg R)
ih 535.6

2h 835.2
3h 122,53
4n L647.3
5n 1321.1
én oLks.0
7h 760.0
COMPONENT DPP DHD  VCL(cu £t)
RECUP .235 .650 2.2 EFF=0.84
PTURBINE 0.8 ZFF(P)=0.89
HEATER .098 .6S4 5.0
COMPRESSCR 11.9 ZFF(P)=0.85
AANKINE CYCLE: SATURATICN PRESSURE= 199.9
STEAM FLCOW(Lom/s)= 10.76
FLOW RATIO0=0.0618
STATE TEMP(deg R) PRESSURE(psi)
1s 540.0 0.5
2s 555.0 199.9
37 k1.7 199.9
3s 1133.1 199.9
Lg 540.0 0.5 QUAL=C.875
' COMPONENT YOL(cu £%)
: BOILER 1320.56
: TURBINE 3,0 EZFF(15)=0.88
§ CCNDENSER 257.1







