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Superpressures:
The Next Step to
Top Efficiency

Using pressures above the critical makes steam
behave differently. The usual hoifing process
disappears completely. Here's a quick run-
down on steam facts and figures

By B G A SKROTIKI, Associote Editor

» RECENT ANNOUNCEMENTS reveal wo're at the start of
a great stride forward in power-plant conditions—a move
into the region far sbove the critica) pressure. For yeors
our sttenlion centered on the steady advance of throttle
temperature, Now the focus shifta to pressure—to a region
about which most of us ars somewhat hasy.

Sa we believe most engineers will welcoms o refresher

“on the pliyaics and thermodynamica of steam at pressures

above the critical. On the first two pages, we review the
behavior of one pound of water ns it's hented under con-
stant presaure. On the next two pages, we study the action
of steam in diferent cycle layouls and compare thermal
efficiencies and other choracteristics. On the last two,
there are preliminary details of a projected steam plamt
to run at superpressure, together with an outline of some
of the problems being studied.

In the continulng struggle to hold down power cost in
spite of rising fuel prices we naturally look for ways of
improving thermal efficiency. We well know, however,
that this usually means using more complicated equip-
ment in the power plant. Often this entails greater invest.
ment and consequent carrying charges. So the fuel sav-
ing we realize by using more efficient apparatus is portly
offset by the additional financial burden. In any event,
to achieve oir sim, the total production and ihvestment
charges against » kwhr must be reduced. That this has
been consistenily done in the past is the greatest tribute
to the genius of our power-plant design engineers,
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Big Volume Marks Low Pressun '}

Let's pour one pound of 32-F waterin
our eylinder and put a 1otal pressurs of

250 psi on the phton. That places the - ;
piston at a. Now we'll heat the water |

and &ind it expands very slighily to ¢,

while its temperature goes up to 40095 °

F a5 shown above in the lower graph
The upper groph shows that we have

put in 375.2 Biu of hent, which iy the -

enthalpy of the water. '
As we heat heyond this point, beiling
begins and the volume increasca grealy

10 b, while the temperature staya coo- -
stant, We also find that we have pul lo

a grest deal of heat to boil off the water

to steam, as shown in tho upper graph, .

825.1 Buu.

After all the wator has changed to :.

sieam, the volume continues increasing
on further heating, and the temperature
agnin increases. We call this superheat-

ing. The upper graph shows us that for .

*each Btu put Into the superheated steam
we get o greates 1empersture rise 1has

for on equal amount put Into the water. *
It we could look into our cylinder

during the boiling process, we woald

sca waler covering the lower pant. Is *
the water small steam bubbley form,
which rise and break through the wates
surface to join the steam fillicg the |
upper purt of the cylinder. Steam . |
formation causes large volume increass .

rOWER

';hqves as it is heated to steam at diffe

1400 y 1400
ryid
158 Steem 4 1200 L
2000 psie--o 4 1200 or thuid™ 3yl !
A4 1000 ) / 000 p ”\r,‘;l'P
VA : / “ a0
' 4 ‘g oo} “k, D // 1 H S Tonvared
G LAY ool 0 o - | woter . Sy
. oot / ¥ soof D005t/ ¢ 600 //
. o 7
oo} w5 335507 1 00 7 W Sarerated
0-p1i0 2 L14 stegm
oo ) . A
32t 3 : 350 he: T 1200 1800
2 060 1500 ° 500 000 ) EIN
Eathatey, Biv pee B Entholpy, Bto por @ R . .
1400 —y 1400 A
)
1 1 oolghi ... ] ol3ia
¥ o 4 ~7 3
g ¢ A 1000 i . , 1000 4
| “fr-steem 4 S 2 A X
: A B R S & [ 4 P
it  ositieg o 1 = 6ol erer P “ # sooftaf— Ve
3 (1) 2 rerer ".”.fi"-/ awofl-F-eeamcaaa P 400 = 4 5
].' 200 200
o F ssdeis il 32 A il fa 2 L =
- & 5 20
: } s..l?.: mm-.'cgn per B 30 ! Spocsfle votome, o 11 o0 1B -~ Spucific vatema, cv H per Ib
. i
|

ﬂE rooont
C1het

“apo ¢ i

rent constant pressures;

3 4
Presiure Rise Ups Temperature

Starting again with one pound of
32.F water, let's now load our plston to
dovelop a pressura ol 200D psin. As wo
beat the water it again expands very
dightly while its temperature riscs, the
pretsure staying constant. The woter
becoroes saturated ot 635.82 F. Upper
waph shows we have put in 665.7 Bt

olhest’10 bring it to the boiling point,

cacipared to 375.2 Btu at 250 peis.
Heting the solurated water 1o boil

It off 10 steam, we find that the volume

expands by only 0.1621 cu ft, compared
10 1B25] cu ft at 250 psio. Comparing
the total heat input from 32 F, it has
reqiired 1029.1 Beu to form saturated
sieam at 2000 psia and 12003 Biu ot

-250 pain——not very different even though

the volumes differ greatly.

" Adding heat 10 the saturated steam,
w6 superheat it as shown by the rising
temperature. Getting up into the high-

. temperature range we find that the en-

tBalpy {a not greatly different st the
dificrent preasures. For instanco, at
1200 F, 2000-psia steam has 1596.1 Biu

. ll’;'. Ib while 250-psia steam has 1632.7
.

" The hest or enthalpy of 'vaporlu“nn

fot water has deercased markedly lor
1he higher pressurs. It iy only 463.4

"B for the 2000.psia stcam, but 825.1

Bie for 250-psin steam, neasly double.
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No Bolling ot Critical Pressure

Now let us really load our plston by
applying the oritical pressure of 3206.2
psin. Wao start heating our 321 water
and again the volume incresses slightly
while the temperature rises. As we
reach s temperature around 680 ¥ the
rate of volume increaso rises slightly
tll we reach the critical temperature

+
Water or Steam Above Critical?

At superpressures iCs & matter of ar-
bitrary definition whether we call the
fluid water or steam. Wo could adopt
the rule that a1 temperatores sbove the
criticsl we coll the Auid steam, while
below, it's water. The graphs above
summarize 1,0 behavior at many ataies.

The experiment below demonstrates
the di of water level be-

of 705.4 F. Alter that, the vol i
crease ratc dropa off somowhat with the
temperature still cising.

At the critical pressure we didn’t get
any volume increase at o constant tem-
peroture. Looking =t the heatdnput
graph sbove, we find a point of inflec-
tion in the 3206.2.psia prossure curve,
but no horis 1,
boiling process. In ather words, the
boilling or evaporation proceas has dis-
appeared.

Just what doos this mean? We start
off with a fuid we recognizo as waler
a1 moderate room temporatures. As lt is
heated, molecules of the water keep
expanding 1he space they need to main-
10in o constant pressure. Finally, we
gét 1o temperatures at which we know
the fluld acts like stcam or a vapor. At
no time does o water level or meniséus
appeor. Noither do we see any {orma-
tion of steam bubblos. As we heat the
water it simply keeps expending in &
smoath mannar until it b steam.

cause water and stcom densities bocome
equal ot superpressures.

THE DISAPPEARING WAYER LEVEI]

Temparolwrs, F 327.0 €99.4 TO34

Presture, peid Q0 32062

Vopor n.nfuy, 02287 11,66 1988

1b-per cu ft T \ "
Meniscun-=-

Waler demily, v

Ib pee qu ft 364 28% 1988

Heoting water ond s vapor,
sealod in quarlt tubs, ralses
the pressure ond temperature.
Watar love! bocomes indistinct,
disoppears ot criticol  point
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