n

d under the sbave regulaiigy -
is 13.5 elm. This requirement iy ¢!
But furnishing two 2‘“‘!‘
steam jets, each rated 6.75 cim agg -
operating only one under normal cgq,
ditions, would be & reasonsble interpry: &
tation of the Heat Exchange lnstityy, -
requirements.  Unless  otherwise 1y .
d I

1 may
furnish double this capacity. If thiy -

pplied In two jets, the previously
mentioned annual apernting costs would
be doubled R
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Pressurs ot pump duction, In. Hg abs

4 Relative capabilities of vecuum pumps dopend on type ond Individual character.
lstics; the rotory-pump copocity remolns relotively constont at, ol pressures

In view of the amall steam end power
requirements this bas been disregarded.
Making Declslon. An smmonis con-
tamination problem may dictate gelec-
tion of the rotary pump. Since an alr
ejector can readily furnish greater alr.
removal capacity than n rotary pump
-this may lead 10 its selection in other
cases. Use of & rotary pump necessi-
tates keeping air leakage within limits
of best practice to avoid loss in vacuum.
At lower loads, where air pumps rather
than the condenser control vacuum, the
air ejector may produce an overage of
0.1 in. Hg better vacuum. .
Combinotion Unir. An i g ar-

a8 decreass in temporature depression
(befow the temperature di

+ When operating in conjunction vm;"".
a surlsce condenser & vacuum pump |
handles an air-water vapor mixture thyt.
has been subcooled several degrees be. .
low the saturation temperature by pass .
ing over the tubes in the air-cooler sec,
tion of the condenser. Under Dalton’y :
law of partlal pressures, each com. '
ponent of this mixture {air and water
vapor} occupies the same total volumer,
as that of the entire mixture, but ench ;‘
component is present at ita own)

tial pressure. Sum of the two partl;
presaures mokes up the total pressurs'd
at the air offtake. This partial pres

sure of the alr at condenser-air off-take GF)

1o the condenser vecuum) of the nh:
vapor mixture os it passes over the oir-
cooler tubes, and with incressed air
leakage.

Air leakage in a tight surface con-
denser, with the turbine glands in good
conditlan, should not normally exceed
3 to 4 cfm. Some condensers perform
consistently with only 1.5 to 2.cfm leak-
age.
to 6 cfm, but greater leskage is un-
usual with a condenser in good condi-
tion, s

Cond f s base their

rangement, in which both high

air ej on the of the

Others may run as high as 5|

has a profound eflect on
removal spparatus.

In all computations involving partial
pressures, temperature depression of §
the air.vapor mixture below the saton-§
tion tempersturc of the vapor must be |
cither measared or assumed. (1f sature
tion temperature were used, the mix:;
ture would be 1009 vapor.) Tho Heat’
Exchange Institute specifies 8 7.5F:
temperature depression. This s coo-
servative, and good condensers should.
do better. Andther eriterion being can-
sidered in the industry sasomes the
sir-vapor ofitake at definite elevation in' 3

pacity of air-§

¥

capability under normal aperation and
high pumpiog capacity when starting
are combined in one set of equipment,
occurs in the primary steam jet—sec-
ondary reciprocating: vacuum pump
unit. This has been in successful op-
eratlon In one modern atation for &
number of years. The secondary pump-
ing unit that operates down to about
4in. Hg abe is used to evacunte the
condenser when starting, and then con-
tinues to run as the second stage of &
steam jet, which operates at about 1 in,
Hg abs. The primary jet can be op.
erated with low.pressure extraction
steam, thereby improvi

Heat Exchange Institate. The following
representalive figures are from the Con-

denser Section of its Standards:
Moximum Free
Steam Condensed, Air Leakage
46 per hr cfmat 70 F
100,001-150,000 65
150,001-250,000 85
250,001-350,000 - 10.0
350,001-450,000 115
450,001-600,000 135

600,001 and up « 160

As applied to large surlsce con.
densars, this table would bear revision,

ng Y

of this combination unit.
AIR-REMOVAL CAPABILITY
Generslly speaking, the ai

since it | designing for mueh
higher air-leakage rates than are nor-
mally experienced. .

As an example, if an 80,000kw tur-

capability of a rotary vacuum pump
decreases with (1) higher vacuums, (2)

84 (472)

bine is selecied for which the fullload
condenser flow is 495,000 1b per hr,
the air leskage for which air ejectors

emperature ahove that of the inlet cir
culsting water. A figure of § F hasd
been mentioned, but it requires s good
sircooling section 1o accomplish this
Such an assumplion implics a greates:
subcooling of the air-vapor mixture ]
high loads than 1.5 F below saturation
temperature, this being more favorable]
to either type of air removal equipment

Under the presaure and temperature
conditions in & condenser, both sirg
and water yapor obey the perfect g
law and Dalton’s law with sufficient sc.
curacy. Thus for a given weight of alr}
at constant temperalure
) Vi ¥
where

Vy = alr volums under reduced preswre’
Vi = free alr volums, or “air leakage” g
P = atmospheris pressure, or 30 in.

Hg abe . A
P, = partisl pressure of the alr at alr of
take, in. Hg abs 4

v
J

POWER o August (/g

For exsmple, if the volumetric capacity
ar pumping speed of o rotary pump is
§50 clm ot 29:in..Hg vacuum, (from
Fig. 4) what corresponding rate of
Jeakage of fres amonpheric sir can It
handle and still maintain this vacuum?
Assume 1.5-F temperature depression
of the sir-vapor mixture.
Condenser pressure, in. Hg abs 1.0
Saturation temperature, F 9.0
Temperature depression, F 15
Temperature ai gir offtake, F 705
Partinl pressuro of vapor at

NS F,in. lg abs 0.78
Partinl pressure of alr,
in. Hg abs 0.22

From equation (1) and neglecting ef-
fect of temperature change on volume:

0 x %2 = 4.0dm

Thus s rotary pump can handie an air-
leakoge rate of 4 cfm of {ree atmos-
pheric air and maintain @ vacuum of
29 in. Hg.

Since the oction of a steam-jet air
ejector is based on the i i

their capabilities under sctusl vacuum
conditions rather than in terms of {ree-
alr handling ability. The rotary pump

capacity, at prices and with operating
costs in propartion.

The higher the vacuum and the lower

d fon at the eir

exhibits an olmost Ithough
ioted val ;

tre th 1

the usual operating range of vacuum
in surface condensers, extending from
atmospheric pressure into a range o
low absolute p: nover realized
in power-plant practice. The 2-stage
stesm-jet air ejector, on the other hand,
exhiblts its characteristics of high ca-
pacity over & more limited range of
P with rapid red in capac-
ity when passing into pressure regions,
both ahove and below the operating
range.

Tabls I shows the eflect of vacuum
varistion on afr-pump petfo

the temp P

offtake, the lesa Iavorable are condi-
tions for either type of air pump. Un-
der the assumed air leaknge, when the
volume to be handled oxceeds the air-
pump capacity at & given vacuum (as
suming the condenser capable of pro-
ducing that vacuum) the air-removal
equipment will be unable to hold the
vacoum and it will foil off until the
smaller sir-vapor specific volume comes
into oquilibrium with the air-pump
eapability. If desired, air-removal ca-
pacity can be doubled by operating two
unity, Remember that some of the
more ditions in the tables.

and Table 11 the effect of variation in
p e at the cond sir ofl-
take. These lables were calculated us-
ing equation (1) and show the eflect
of 4-cfm and 6.75-cim free air leak-
age.
The volume of the air-vapor mixture

of the jet kinetic energy into pressure

energy of the air-vapor mizture in the
diffuser, such jets are always reted in
terms of their weight.rate capacity to
handle an air-vapor mixture. A repre-
sentative “6.75<im” jet with capacity
in Ib-per-hr plotted against vacuum is
shown on the left.hand curve of Fig. 3.
If the temperature depression of the
sirvapor mixture as it enters the jet
suction s known or assumed, the ca-
pacity of the jot in equivalent volume
of Iree alr may be determined 2s shown
in the right-hand curvo of Fig. 3. For
this transformation use the following:
@ Wamw, 4 LETR
where

Wa = total weight of alr-vapor misturs, b

W w weight of air In (ho alr-vapor miz-
. ture, (b

P, = partisl pressure of vapor

Py = partis) preasure of sir

Fig. 4 shows the volumetric capacity
of both types of pumps in terms of

to be handled should ba compared with
the capacities of the two types of air
pumps. The two gumps in Flig. 4, al-
though of different capabilities, have
been eompared because the rotary pump
is, to the author's knowledge, the larg.
est made at present and the one usually
used for this service, Tbe “6.75cim”
air ejector could be supplied for this
condenser,’ although it is larger than
the rotary pump, but it is ymsller than
those often furnished in tha past.
Fig. 4 includes curves of constant free
air leak {i i of these

and those in which the sir pump ca-
pacity is apparently excceded may be
beyond the reach of the condenser or
uneconomical to attain. Large turbines,
unless designed for unusunily high
vacuum, reoch a point where an in-
erense in vacuum produces very little
additional power output with constant
throttle flow. -

Flg. 2 demonstrates the relative abili-
ties of the condenser and lts air pumps
to “control” the vacuum over the load
range, using an 80,000-kw stesm tur-
bine snd a 75000-sq-ft 70,000-gpm con-
denser unit as an example. In this
case, the temperature of the air.vapor
mixture has been taken 5 F above that
of the circulating.-woter inlet, instead
of 7.5 F below saturation temperature.

Solid lines show the condenser char.

istlc at 65- and 80-F inlet circulat-

curves with the characeristic of either
vecuum pump indi the limlti

ing-water temperatures corresponding
to and conditions.

vacuum obtainable. The figure also
indicates the "“starting range” of pump
suction pressure ond the comparative
performance of a large hogging jet,
rated 1350 Ib per hr or 1500-cim alr.
vapor mixture at 10 in. Hg abs with
one and two rotary pumps. Note that
these perf are i

only; air ejectors and hogging jeta are
svailable both lerger end smaller In

Dashed and dotted lines show air-pump
performance with 4cfm {ree sir leak.
age for tho various pump combinations
designated, For the assumed rate of
alr leakage, at all points to the right of
tbe intersection of the two seis of
curves, the air pump can handle the
air leaknge, and has no effect on con-
denser performance. In other words,
(Continued on page 146)
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