SUPERPRESSURE PUMPS contirued

heater coxty are reflected in the type of
pumping scheme chosen. This is neces-
sary becouse excessive heater cosls
would reduce some of the savings that
result from using superpressures,

Fig. 6A shows the rectangular pres
sure-volume diagram for sn incompres-
sible Ruid. Diagram srea indicates the
amount of work in foot-pounds per
pound that must be done to compress
DESION PROBLEMS :::eﬂuid from suctlon to discharge pres-

Performance. Feed pumps for su- If the real properiies of water aro
perpressure plants require considernbly idered, the p lume diagram
more input horsepower per pound of chonges to the shape in Fig. 6D. Thix
steam delivered to main turbine then is  shows that the theoretical work required
required at lower pressures. It is, thore: ia reduced somewhat by the volume
fore, imperative that optimum pump change, ¥ to V4. To illustrate the mag.
qmclunc'y be obtained in ordec not to  nitude of the compressibility, assume
jeopardize the advantages of the super-  that water at 500 F is compresaed from
pressura_cycle.

Design of the high-speed pump lor

2000 to S000 psi. Under these condi--

require some leakage . -
design s being dov:Io;:]mu:.h: wmp',
this leakoge 10 » minimyy, ‘v‘y“h’
progreasing on s test rig, Fig 3 o7k i
scal performance under mmlm%
‘b': condll:o;n and to lnvnlllze !be
t materials 3
e ma combination suitable {,,
Matorlals. Research :
number of years have x;“dk'
proper chemical analysiy
for feed pumps, T
in superpressure application
the range of previous praciie
the use of chrome steels thy,
pump interlor.
Physi

€3 involvey
8 8ro wilh
¢, requi;

oughout ¢hy)

tions the specific volume will be reduced
1.7%, ing i i

the various arcangements in Fig. 1A.1D

1-anolysis studies indicate thy(

hiek

requires new approaches to determine
performance of the individual impellers
and the correet shaps of the discharge
volutes. Tip speed is about 509% greater
than that ordinarily used in modern
pump practice. Qur firm is developing
basic design information by tests that
check the performance of o complete
stago opernting at high tip speeds. Test
rig is arranged to handlo hot water so
actus) fieM inlet conditions can be ob-
tained and the necessary net positive

Decause work js done on the water
beiween points | and 2, Fig. 6B, the
water temperature increases, even
though pump efficiency is assumed to
be 10095, For the 3000-pai pressure
rise discusscd above, water temperature
will increase 10 F. Actual tempersture
rise will ba atill greater, depending on
the internal logses In the pump. Tt s
evident that it is necessary 10 consider
compressibility during design of these
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wall and atresse
within safe limits and prem.u :r:;ﬂ
ufscturing problems. Some Dlrﬂcnh;

liminary investigations show that a gy,

isfoctorily tight joint can be obu!nul‘

with bolted construction, thus reiaininy

enac of maintenance. .
ur design includes provi

bringing the inside and ouul;':':( t’l:: 4

baf:el up to operating temperatate gy

‘ ,% c pumps,
W suction head for various capacitics meas- Shakt seal will be an ly im-
s ured. portant part of o ful installsti fon

as ible. Also, thermu) °

Compressibility. Some Inlcreuix;c
problems present themselves when we
make performance calewlations for

of 8 superpressure pump. Ordinary
watercooled packing, as used in many
preseat designa, will not be suitable for

is provided for 10 minlmizs

thermal stresses. Particular carc must be 4

given 10 expansion problems In high.

high-preesure pumps. Weo ordinarily
think of water as being incompressible
at the pressures encountered in usual
boiler feed-pump practice. Actually, of
couree, water is compressible, and for
pressures of 5000 psi thia is definitely
a facior to be considered.

the pressures and speeds involved. This
is pacticularly trus of the sccondary
unit in Flg. 1C ond 1D, where senl is
exposed to 2100 psl and aither 350- or
500-F water.

Design of the pump Incorporates s
packingless shaft geal. While this will

Borrel-typa feed pumps require littla molntenonce, but wi
) hen work must be don
5 on o unit it Ia importont thay disossembly bo eosy. A" frome hero i big haI;
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P pumps for superp sery.
iee. ’

barrel-type feed pump has proven f1sell
10 be well suited {or this service. Main.
tensnce, when needed, le aimple, can
ba performed quickly, Fig. 5.

Dischorge pressure

Pressure-volume diagroms for A, 60
intomprassible fuld; B compressble -

sowit -

Malntenance. Relinbility is of prime §
Iimportance in superpressure plants. The |

seping this Michigan munici-
| plant out front in today’s

»:From Ta inceprioN of the munici
pal digsel power plant in 1931, we have

1l engines, burning straight-run resi
B dusl tuel, This policy has paid off in
3" fuel economy, low operating snd main-

B (_' tenance costs.

-1n 23 years, plant capacity has grown

lram 1600 to 16,430 kw, keeping pace

- with load growth of the community.

k> Grand Hoven, which now has a populs-

lion of 10,000 1o 12,000, supports 51 in-

consistently used large slow-gpeed die- -

diesels inatalled in 1931 were Dela-
Vergne dcrcle 200-rpm 1140-bhp 800-
kw G.cyl units. A similor unit was in-
stalled [n 1934. In 1937, when the plant
was expanded for two additions) en-
gines, & Nordberg 2250-bhp 225.rpm me-
chanical-injection 1600-kw 2-cycls 6-cy)
unit was put on the line. In 1942, we

. added the filth engine, o Nordberg 2-

cyele 225-rpm air-injection diescl, rated
at 3850 bhp, 2715 kw, 225 rpm.

In 1946, management, recognising the
need for additional power, studied the
feasibility of exiending and modernizing
the 150-psi stcam plant that had been
tetained for stundby service. Coal could
be purchased for $8 or $9 & ton. But
the nsture and size of the load was
against cconomical steam operation, es-
pecially in view of the wide varisnce in
load demand. Besides, operating bath
steam and diesel plants would have re-
quired additional personnel, since the
steam plant Is in & separate building.

So the diesel plant wos extended a
second time. The sixth engine to go on
the Jine, another Nordberg 3850-bhp

ir-injection unit, started operation in

. dustries that moke a wide range of prod-
e,

"Like many other municipal planta, we
began with reciprocating atesm engines,

BE dded turhines, and later turned to in-

leraalcombustion engines a8 a more

Y efficient yourca of power.

Diesst Installations. The first two
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June 1948. Total plant capacity rose 10
943p kw, but with pesk loads rooming
past the 7000-kw mark, the plant ol
did not have sufficient firm capacity.
The 194748 expansion had provided
additionsl space for 4000 to 5000 kw in
diesel power, or 5000 to 6000 kw in gas-
turbine power. We tock bids on both
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types of prime movers and made an in-
vestigation ond analysis.

Advantagos appeared for both types
of prime movers. But over-all evidence
Indicsted that the diesel engine was
more advantageous for Grand lHaven,
and » 2-eycle, 9cyl, 29x40-in. mechanl-
cal-injection dicael, reted 7000 bhp,
5000 kw net at 171.5 rpm, was ordered
from Nordberg Manufacturing Co.

Before this unit could he built and
{nstalled, an onticipated power emer-
gency required extrs capacity st the
carliest possible date. 1n addition, man:
agement wanted to save banking costs
for fuel burned under the boiler in the
steam plant. In June 1951, we Installed
two 1000kw Ceneral Motors™ surplus
engines in the powerhouse basement.
These englines operate at 720 rpm, burn.
ing a gos o) or No. 3 dissillate. They
supply standby and peaking power.

We slso ordered a Nordberg 3000k w
10-cyl 4300-bhp 225-rpm 21%4x31n, 2.
cycle mechanical.injection unit, which
will replace the No. 3 DeLaVergne en.
gine when it is Installed in late 1953,

The 5000-kw unit was placed in serv.
ice .April 11, 1952, giving the plant a
tota] cepacity of 16,430 kw. All the
engines, except the two General Mators
units, use residusl oil for luel.

Auxiliary Equipmont. Table bottom
of page 77 lists auxifiary equipment
for the new 5000-kw engine. One of the
interesting features of the installation
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