LT

T

S kit

".,,r,."" -
Ry - 5 Wi _.zTL unv
ﬂa_l

,
i
T

i
:
.

LY STPNTTN
]
L

Orain covier sections +10

Q= Flow, 18 par A

!
]
cna{mé_rgl’: !
|

P~ Absatvte pressves, por

—————~ = E

.!715'0 muao

JEDQ _INIIN ’
o R
|
)

359410 14380 _
243309 1300EN

| 7.2 |

1 P.uaa o e - l
Pl 54_ % ueg

{ { 724 Rild mﬁno
| | rator |

of
a{“"' I
|
l

xl '13

Condensom,

)

f poirs |

0 11p ::0 o | |
SFmed |

‘W‘Iﬂlétohlllﬂm '

suaga uc,sno :}rwo 14‘& m_‘m L""'?%%W“'f"'

Toenvast
PlIAS

W= Sreem anihelpisi, Bto por 16

L A AN T L

9

= vt o5y

furgical

PLAN D, DOUBLE REHEAT CYCLE uscs the liquld matal, sodium,
os heot carrier 10 resuperheat steam at the second reheol polnt

Rising fvol costs and metal-

limitations led -

swing to reheat cycles. In the
drive for more economy -the
double reheat cycles offer on-
couraging future poulbilmexv

By R H SHANNON

United Enginesrs & Constructars inc, for

and
. 4 D SELBY
Genarol Electric Company

in the turbine clrcult.

» THE REHEAT cycie now used in

power plants (1) increnses plant ther-
the inal efficiency (2) reduces turhine main.
tenance by lesscning moisture in exhaust
steam. Using two stages of reheating,
instead of one as at present, offers prac-

tical possibilities of further rnlllng plant

thermal efficiency.

Instead of piping stcam back to the
boiter for reheating, a heat-carrying
fuid moy be used. A liquid metal like
sodivm may circulate between a heatar
in the boiler gas pass and an exchanger
near the turbine where steam emerges
H With the sodi t
heat wxchanger near the turbine it is
practical to design for n stenm-pressure
drop of 5% of reheat pranmre ledving
the turbine.

Study. In ihe table, vpposite page,
it has been sssumed that normal re.
heating in.the boiler causes a pressure

suddenly ceases.

ENC! AND MANA

T SECTION

Desplie the Increased investment
oddod equlpment this cycle moy prove o practicat M‘M"d
-

Double Reheat Cycles—the Next Step'

drop of 10% of reheat pressure, wkik
the heat-exchanger scheme involves ul;
5% steam-pressure drop. This accouch
for the difleronce in station heat it
for Plan 4 ve B, and Plan € va Dnﬂ
All the plans are based on a 100,000} ¢
unit with elght stages of feedw
ing. Heat balance for Plan D
in the circuit dingram above. Nol
Plan E would use the liguid lod
aysiem ot both rcheat points.
The sodium circuit includes: sodisdy|
steam heat exchnngcr. pumnps, pip *
and valves, surge and storage unh,
purifying equipment, gas- prcuu!lﬂ
apparatus, system heating unis, equ
ment for flling system. In odditlon
amergency heat exchanger allows "ﬁ
" sodium system to dissipote heat dud“j
transient periods of startup and shef

do d wh hi
wh ond when turhine stcam supRd ;J,?m could he used for moving the

s - A
am conditions: 2400
..... 1050
408
1000
. Boller
1.5
jwater temparsture, F ..., ........ 508
1 Mu '“:mlb' vnlt heat nate, Bl ;m fewhr, 1,sgg
]
i 7,000
mited net station heal rate, 9,167
‘Mvtﬂaﬁ In net station heat rate mmpand to Plan A Bw pes hwhr . . []
gj don output, kw. . 93,000
’«’W foctor, %. ... 0
Operiling hours pes year. ... ... .oovvveeeaneis 8,760
mited anaual doller saving compared to Plan A °
[}

. C»lhllnd annual savings ot 15%

" 7
&

Comparison of Alternate Schemes of Single and Double Reheating Cycles
100,000-Kw Turbine-Generator With. Eight Stages of Feed Heating

B C (1] E

2400 2400 2400 2400
1050 . 1030 1050 1050

- 497 %0 720 760

1000 | 1000. 1000 1000
Sodium- Boller . Boller  Sodium-
stm heat X wtm heat

axchanyer exchanger

—_— P13 938 236

_— 1000 1000 1000

_— Boller Sodlum-  Sodlum-

otm heat  itm haet

exchanger exchenger

1.5 13 1.5 1.5
508 508 308 508
1462 7,303 1836 1218
88 88 88 88
7,000 7,000 7,000 7,000
9,118 8,911 8,866 8,817
49 136 301 350
93,000 93,000 93,000 93,000
T0 v 70 10

8,760 8,760 8,760 8,760
$11, 200 $50,300 $48,600 379, 600
$74,500 $380, 000 $457,000 $531,000

molten sodium. From the boiler the
1200-F sodium flows to the steam ro-
superhealer, a simple single-pssy tube-
and- lhell counterflow unit. For this
lication where the sodi

ed at 85% for first section and 90%
’lhe second.  For the double- reheat |

gives the reduction in heat rate lor each
plan or cycle referred 1o A a8 the bose.
These reductions were evaluated as fol-
lows:

1. Esti d load factor == 709,

stesm heat exchnnger is designed for o
steam-pressure drop of 5 psi, the unit
would be about 4 fi in dismeter and 20
ft long.

The two pumps would each have &
capacity of absut 800,000 1b per hr with
100-ft tdh. This provides 10095 standby
capacity. For elecizomagnetic pumps
about 100 kp at full rating would be
needed. Centrifugal pumps need 80 hp
or less. All piping and equipment in
the sodium system for superheated
steam rehesting would be stainleas stas).

Since sodium reacts with oxygen, a
nitrogen pressurlzing blankeling system
is needed. The sodlum-system purify-
ing, filling and henting equipment are
needed only for initia) startups or after
protonged shutdown,

Fatimated installed eont of the lignid.
5900 Dtu per i aq It per F or greater,  sodium system, including cost of the ini-

tasily achieved. Little difficulty lml wduum chnrae. is about $300, 000
l SEHM expericnced in Nimiting hoider- Cor
42smetal temperaturea ta 100 F ahove  to the heat rulen shown in toble abova,
he liquid-sodium temperature. -cach cycle has the following thermal
i iooontrifugal or el ictype  eMiclency: A—37.29. §—387.45%. C—
38.3%, D—38.5%, E—38.7%. Table

od at 85%, “he second at 90%%,
d!tNe third ot 929, A 195 mechani-

'plan, the demand was assumed as
kw for all. Turbine-shaft glond
Walreatcam leakage were taken 21
roughout. Water compression ef-
feedwater was neglected for all
v ot affecting the comparisons.
N quid Sodium System. In the dis-
", opposite page, sodium enters the
Iler heatlug section ar 900 F and
‘Wm_xc- at 1200 . Sodium has favor-
ble.characteristics a8 u heat-transler
luld Loeal heat.transfer coefficients
ten tube wall and” sodium, equal

ENGINEERING AND MANAGEMENT SECTION

2. Fuel cost «= 40c per million Bu
3. Fized charges covering amortiza-
tion, interest, taxes, insurance = 159% -
. 4, Period hours per year correspond-
ing to load factor of 7096 w= 8,760
'S. Estimated annual dollar saving ==
(Btu per kwhr reduction) (net kw sta-
vion output) (hr per yesr) (losd face
tor) (fuel cost per Bru)
6. Capitolized value of * saving ‘e
(Estimated snnual dollar saving)/0.15

Example

As an example the saving for Plan 8
over A is 49 Biu per kwhr, then the an-
nual dollar saving «= 49x93,000x8760x
0.7x0.4/10° = $11,200.

Then capitalized value of saving —
$11,200/0.15 o= $74,500.

‘The more-developed plans seem to in-
dicats an adequate margin for any addl-
tional costs that might be involved by a
slightly more complex turbine structure
for the second reheat point. This cycle
might be a practical anawer to what can
be done to fight inflationary [ue) costa,
while steam temperstures are limited.”
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