Study to determing most
economical rehect pressure
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Prassure to rehecter, psio

.4 Optimum efficiency and heat rate lo'
cycle in Fig. J occurs ot 365 psio

in & molsture content less than 12 to
139, there was a leeling among many
usars that the added complication and
cost of rehest installations were not
justified.

Also, many engineers were not ready
to sdopt the unit arrangement of one
boiler per turbine, so well suited to
reheat. Until the pressure of rising
fuel costs was felt recently, less aiten-
tlion was given to reheat and more to
. ing thermal effick hrough
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In addilion to over.all consideration
of valve and pipe sizes and boiler per-
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with the cross-compound
turbine, generator size olso depends on
rehest pressure, which is the hop tur-
hine exhaust pressure. Fig. 8 shows
output of the h-p 3600-rpm element as
& percentsge of tota) output at different
exhaust pressures for this element.
Whila this curve waa plotted from cal-
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lations for the 120,000-kw rating, it
cen be used for close approximations
for larger ratings with the same steam

\

8

dith Since reheat pressure can

vary iderably without aff

., reheat pr may b:

1 dard

Hest rote, Bty per Kedr

7800
400 440 400 520 560 600

Prassure 1o tehaotar, piio

5 AW pressuro and tomperoture levals
have one best steam-reheal pressure

(1) improving regenerative cycle (2)
topping tutbines (3) moximum prac.

Optimum efficiency ond heot rata haf]
eyele’ in Flg. 6 occurs ot 460 pikl
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1
ing cycle. Four and five stages of lu_d
heating became commonplace in centnlf

imes oven aix and sevey

tical throttle p and tions;
tures. . stages wero used,
Topping. ' Topping turbines filled & Throttle Conditiont.

special need so a considerablo number
were installed in the late 1930s. Be-

* cause of limited opportunities, few have

been installed In recent years.
Regonasative Cycle.  Also in the late

1930s, much progress was made in

using the regenerative feedwater-heat-

2000
Cycle studiod for 120,000-kw crosscompound unit with throttle steom of
7 ;uvi:,.loso F to dotermine optimum pressure for reheating to 1000-F temperature
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For 15 ye
metallurgical developments have po
mitted steady Increase in allowabld
steam temperatures. With the uh:
shermal economy through higher initia]
temperatures, additions] cost and ¢

justified. The present high fuel
however, led to considoring the cel
bination of reheat with high init
steam conditions, even though the poicd
fell below the Fig. 1 curve. &

Reheat Operation, Thereisa d:ﬁnf
trend toward wider use of the singl§
boiler eingle-turbine srrangemcat Sy
couse of proved high availability &
modern boilers and the necessity [
kocping inltial costs os low as ponid
Adoption of thls setup overcomes
objections to the rcheat cycle,
for minimum complication needs 8 &3
gle boller per wrbine. 3

Power plants that have used tho 73
heat cycle many years report no &
difficulties. Reheat turbines bave
put on and off the line as needed
no grester difficulty than with
reheat machines. K

In carlier years, one objection
the large steam volume catrsl
reheat lines thot might cawse
speeding with lond loss. Today,
turbines have intescepting valves
line going to and from turbige to %,
boiler. These valves, under cont®y
the main speed governor, closs i
bine speed Increases by sbout 4% 8%
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Output of h-p turbine decreases with
increase In steam reheoting prossure

" normal, This has proved a satislactory

solutlon 10 the overapeed problem with-
out undue complication of the 1urbine
governor gear.

Reheat Economy. Estimates indicate
that gein in economy by reheat varies
from 4 to 69%. Fig. 2 compares heat
rates for a typical 100,000-kw nonreheat

unit and a similar-size reheat unit. For®

each, throtile steam conditions are 1250
pig, 950 F; exhaust vacuum iy 28%
in. Hg. Feed-heating cycle is the same
in both, and reheat is carried 10 950 F in
the reheat cycle.

Economic analysis, not given, -con-
siders initial cost, fuel cost, load factor,
relinbility, operating convenience, many
other variables, Typica) analyses show
thermal gain may moro than offset addi-
tional cost and complicating factors.

Rehoat Praatwre.  To find the most
desirable pressurs to reheat steam for
the turbine and its feed-heating cycle,
caleularions were based on 120,000-kw
nling with conditions of 1250 paig,
1000 F at throule, rcheat to 950 F, ex-
houst ot 29 in, vecuum. Calculati

With h-p heoter cbove reheot pi

d to give
the two gencrators.
For the results of Fig. 6, steam for
‘the highest-pressure hester was taken
from the h-p turbine’s exhaust. With
9

ratings for

there is an optimum valuve for lotter

rating. Variation In heat rate over en.
tire range of reheat pressure is only a
fraction of 19%. For tho conditions set
up, optimum reheat pressurs is about
365 paia. Sines reheat pressure can
vary Iderably without o iabl

e cr p ar space
is available for an extraction noxzle“on

the h-p turblne et o point giving 8 pres-’

sure higher than reheat preasure, and
another heater can be added to the
beating oycle. This can reduce turbine
heat rate sbout 0.6%. Whether over:
all plant economics justifies this ex-
pense, higher-pressure extraction must
be. analyzed in each case. With an

change in turbine hest rate, other lac-
tors like piping and walve sizes or
boiler performance may indicate a dif-

before the boller, this
heater probably cannot be justifed, but
some power-plant designers are giving

serious to thiese ly
hisgh

ferent p to be more

from the over-all plant view, Thess dats

check with pressures and with throtie
10 reheat pressurc ratios on existing
machines,

Fig. 5 ehows a similar study for an
80,000-kw tuthine for throttle condi-
tions of 1290 psig, 850 F, and 850-F
reheat temperaturs. This machine was
sctually bullt to give reheat pressure of
329 paia at the load point for which the
onslysis was made.

Consideration is belng given to largs
reheat turbines designed for throttle
steam, conditions in the 2000-psig 1050.
F range, reheating to 1000 F. Fig. 7
shows the cycle for making s reheat

were based on the cycle in Fig. 3, This
gram is not necessarily s recom-
mended arrangement, but merely indi
Tu_ the cyele used for convenience to
°blain telativy reqults for comparison.
.':m for the h.p heater in each caso
o exlracted from the turbine at re-
‘:’tll- before golng to reheat boiler.
”::i" ures showed an extraction
P 8 above the reheat point was not
al for thiy ihrottle-steam pres-

Py ﬂ:wnlly with an economizer.
% 4 shows atudy results to find the
ient reheat presgure for this

.0
k. Wen . August 1948

lysis of a 120,000-kw tur-

|';Knc with theso conditions. Unit Is the °

cross-compound type with the h-p 3600-
tpm turbine exhmusting steam to the

reheat boiler and h-p feadwater heater. .

Steatn from the reheater expands in the
intermediste-pressure turbine down to
25 pala, then exhausts 1o the double-
flow 1-p turbine in tandem with the i-p
tnrbine at 1800 rpm.

Fig. 6 shows sgain that efficiency
variation with pressure is only & {rac
tiun of 195. Curves Indicate a most eff-
clent pressure of about 460 psia for
turbine and its feed heating cycle.

8 p

Fig. 9 shows results of determining
optimum rcheat pressure when s finel
henter at 2 higher pressure produces
finol feod'temperature. Feed 1empera-
ture was not held constant in this study,
but was veried a0 an approximately
equal rise occurred in.the highest-pres-
sure heater in each case.

In this at in all calculationa for data
on reheat peeformance, a 10% pressure
drop was aken in the rcheat lines and
relicat boiler.

Today, problems of the steam-plant
designer are more complex than ever,
since not only have fuel costs increased,
but construction and equipment costs
have also jumped in varying propor-
tions. Further increases in pressure and

with the ight regener-
ative cycle have reached the point of
diminishieg returns. In this new-light,
designs making use of the reheat cycle
are being reconsidered. Naturally, re.
heat is not the answer to oll problems
of reduction in power.generation cost
but & number of cases can casily justify
the additional cost of reheating. K

Bibliography.  “The Reheat Cycle,”
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March 30, 1945, “Is Reheat Coming
Back?” Combastion, September 1947
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