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» ConvENsATE PuMPS remove liquid
from vessels under vncuum, such as
ateam-turbing condenser hotwells. Cen-
trifugal pumps are generally used on
these opplications. Becauss of large
locd changes on the turbine, discharge
rate of these pumps must be adjusted
to mointain hotwell Jiquid Jevel within
sale operating limita, This can be done
sutomatically by float or submergence
control. The latter method is discussed
in this anticle.

Whot s Submergance? Submergence
ia generally considered s being the dif-
ferenca in eclevation between tho hot-
well Jevel and the pump's center line
(horizontal unit). This head, however,
represents only approximately the en-
ergy available 10 deliver liquid 1o the
impeller eye, when the pump is near
the hotwell and connected directly by
overelze suction pipe. The true net posi
tive suction bead (npsh) at the pump's
suction flange is the 10ta) availabls head
(static plus velocity head) corrected to
tho impelles’s center line above the va-
por pressure ot this point. Even though
the term submergence, because of its
popularity, is used hereafter, it should
be borne in mind that npsh is the
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densote pumps are connected 1o the hotwell below the surfoce condenser serving o
lorge stecom turbine In o modern public-ulility centrol-power gencroting plont

criterion for successful pump opera.
tion, .

Centrifugal pumps, 83 generally
buily, have o rising head-capacity char.
octeristic like Fig. 1. AL constant
speed, as the discharge decreases the
total dynamic hesd developed by the
pump increases. For example, in Fig.
1 at 375 gpm the pump develops 275-ft
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sary st times to change the rate st’

which liquid flows through the system,
which can be done by throlting the
pump’s discharge. This artificielly b

creases the “system head so thet It

crosaes the pump's head-capacity curve
at a lower capacity, as is dose with
system-bead curve 2, which crosses tho
haad.

head, point B, where at 2ero dischorge
the head is 350 ft, point A.

On the other hand, the total head
required to cause the liquid to flow
through the asystem decreases as the
volume decresses. Again, in Fig. 1 ot
point C, the system head at 400 gpm
equals 258 . At 300 gpm, system
head drops 10 163 (1, point D,

If flow from o centrilugal pump is
not regulated there is only one condi-
tion where it will operate. This is the
point where the system-head curve in-
tersects tho pump’s head-copacity
curve, point C, Fig. 1. At this polnt,
heod developed by the pump just over-
comes the system resistance o the
liquid delivered, At all lower capaci-
tes, head developed is greater than
the systcm requires.

With many installations, it is neces-

ity curve ot E. .
Capacity of the pump can slto I!el_?
duced by bypassing nome of the liguid

discharged by it back to the suetio

For condensate service we may uie &8
other method, known as submergenss
control—that fs, control by (ke Liquid
level in the hotwell. .

Submergence Control Opgration. For
successful operntion of this ool
with a centrifuga} pump a giveo &
matgence s required to causs o §'
quantity of liquid to enter the i) et
At this submergence the pump €2
liver no more than this quantity.

At o given submergence and cops e
the head developed by the puP .
creases shorply because of partial e

oration of the liquid at the i"’:‘:

eye. Point at which this drop 0
occurs is known as the br
head developed by the pump dect
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EFFECTS OF SUBMERGENCE. Hnd-cn‘pedty, system-head

pump which

I ond broke-horsepower curves for o

d, i 'heod [

ond brak

pump, When pump h Is

‘ wnti} it equals the system head ot this

capacity, Fig. 2 shows the character-
istio curves for a pump with only a few
break points indicated. There are, how-
over, an infinite number of these points

" a1 which the pump can operate.

For a pump to operate properly with
submergence control, it must be se:

; lected a0 the base head-capacity curve
; Intersects the system-hiead curve ot some
+ Capacity, point C, beyond the maximum

flow destred, point B, If submergence

* ot 3 desired masimom flow were suff-
- cient, total head doveloped by the pump

would be greater than the system head.
The unlt must bo sclected s0 maximum
Swbmergence available s greater than

® submergence for operation at re-
m.upncily. Operation will be as

Pump Operatien. If a maximum flow
375 gpm, point B, comes into the hot-
¥ell from the condenser and the sub-
Bergence s 4.2 f1, the pump will op

_ EIate at sbout 400 gpm, point C. Thus

.hx::“ﬂp Temoves more water from tho
Il than the condenser adds to it.

Hotwell fove] 15 lowered until the sub-

! .<m"lﬂlco is equal 10 56" ft. At this

trgence the pump becomes stabil-
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ized and operates at point D. This s
the point where tho head-capacity curve
(in the break region) crosses the sys-
tem-head curve, .

The pump then delivers just a3 much

woter as s added to the hotwell and
the Jevel remaing constent. 1€ the steam
condensed decreases to where 300 gpm
flows into the hotwell the pump tempo-
tarily continues to remove from it
more water than js added unul sub-
mergence decreases Lo 3.1 ft, when the
two curves crots at B. The pump then
becomes stebilized once mors and the
hotwell lovel remains constant ot 3.1-1t
submergence.
" The reverse applics if the steam flow
increases.  Thus, stobilizotion takes
place rapidly end for any sicam flow
10 the condenser up to point C. At all
tmes, therclore, the total hoad devel
oped by the pump is equal to the sys-
tem head ond the pump dolivers o
much water as Is ndded to the hot-
well.

Note that a pump operating with sub.
mergence control always operates in
the hreak regions or off the head-ca:
pacily curve. This is evidently so be-
couse the pump operates on the base

Dech,

curves for o
d rate

show how ufcilon

} condensate-Pump Discharge

curve only at point C, which is grester
than the maximum Bow, or if the sub-
mergence were artificially maintained,"
greater than the amount required for
sny particular Bow. For the latter,
some type of flont control would be
required and throttle or bypass contrel
would be necessary. .

Mein disad of aub
control is that some vaporization of Lhe
liquid always accompanies operation in
the bresk regions. Becauso of the rise
in pressure these vapor pockets or .
bubbles collspse as they flow through
the impeller. This action s accom-
panied by noise and in Ume by pitting
and corrosion of tho impeller passages.
Undue bearing wear may also result
from varying shock loads Imposed when
cavitation occurs (pump operating in
the bresk region).

But power for operating in tbe breok
regions will always be less than that
required olong the base head-capacity
curve ABC since the tota} dynamic head
that the pump develops Is less than
indicated on this curve. This decrease
in power and the climination of axternal
controls arc the chiel merits of sub-
mergence conirol.
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