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normal and this might damage some electric motors. Table 45
gives pertinent data on standard 100-hp induction motors.

TABLE 4 DATA ON 100-HP MOTORS
No. of poles Type of rings Normal speed, rpm Maximum allowable speed

2 Die cast 3600 6000 rpm = 167% of normal
2 Brazed 3600 4800 rpm = 1339%, of normal
4 Die cast 1800 3600 rpm = 200% of normal
4 Brazed 1800 2600 rpm = 145% of normal

The published information indicates that the higher the effi-
ciency of the pump the greater will be the maximum negative
speed surge for any given installation. Also, it appears that
the speed transient depends upon the design and efficiency of the
pump to a greater extent than do the head and discharge tran-
sients. If the author could supply it, a valuable contribution
would be a family of curves similar to those in Fig. 11 of the paper,
but showing the maximum reversed speed of the pump.

It might be inferred from a statement by the author that the
curves usually supplied by the manufacturer are sufficient for
estimating the minimum head (downsurge) during transient
operation. This seldom will be the case. The curves must ex-
tend at least to the discharge corresponding to zero head in order
to estimate the minimum transient head for several existing in-
stallations. Extrapolation of test curves or estimated perform-
ance curves which do not extend even to the point of maximum
power is risky because one is apt to be influenced more by the
particular drafting curve at hand than by the probable character-
istics of the pump.

W. J. Rurineans.® With the present trend toward large
pumping units and the development of reversible pump turbines,
water-hammer analysis plays an important part in the design of
this type of installation, The author indicates the possibility of
preparing charts based upon pump characteristics, which are of
considerable help in making a study of the water-hammer phenom-
ena under various conditions of operation.

The reversible pump turbine presents similar problems in op-
eration, and the author’s paper is therefore quite timely in calling
attention to the importance of obtaining complete model test
data on all the characteristics of this type of unit. After a model
has been built and is being tested, the cost of complete tests of all
the characteristics is not very much greater than the cost of the
tests for the zone of normal operation.

It is hoped that the author can continue his work on pumps of
various specific speeds to arrive at some estimate of the perform-
ance over a wide range of operating conditions. This type of in-
formation which would permit fairly accurate calculations of wa-
ter hammer could lead to large savings in plant construction costs,
and therefore would be a valuable contribution to the industry.

AvurHOR'S CLOSURE

The author wishes to thank Messrs. Angus, Kittredge, and
Rheingans for their written discussions.

Professor Angus has requested further information on the
water-hammer analysis of the Grand Coulee Pumping Plant.
For this installation the pump characteristics for the zones of
normal pump operation and turbine operation were obtained
from tests conducted at the California Institute of Technology
on a model fixed-vane diffuser pump. The pump characteristics
tor the zone of energy dissipation were then estimated from these
characteristics with the aid of the complete characteristics of the
single volute pump given in the paper by Professor Knapp.

5 Information supplied through courtesy of the Westinghouse Elec-
tric Corporation, East Pittsburgh, Pa.

6 Manager, Hydraulics Section, Power Department, Allis-Chalmers
Manufacturing Company, Milwaukee, Wis. Mem. ASME.

During the water-hammer tests at Grand Coulee Pumping
Plant, the pump intake water surface was at elevation 1290
which produced a pump submergence of 87 ft. The pump lift
H,, measured above the intake water surface elevation, was 280
ft and the discharge head at the pump (neglecting pipe-line fric-
tion) was 280 4 87 = 367 ft. The maximum observed head rise
at the discharge side of the pump due to a power interruption was
390—367 = 23 ft, and the maximum head at the pump was then
390
367
Similarly for the Granby Pumping Plant, the water-hammer tests
were conducted with the pump intake water surface at elevation
8240 which produced a pump submergence of 60 ft. The pump
lift. H,y, measured above the intake water surface elevation, was
131 ft and the discharge head at the pump (neglecting pipe-line
friction) was 191 ft. The maximum observed head of 226 ft at
the discharge side of the butterfly valve for normal valve closure

= 1.06 times the normal discharge head at the pump.

. 226 .
subsequent to a power failure was ol = 1.18 times the normal

discharge head at the valve. For a delayed valve closure the
maximum head at the discharge side of the butterfly valve was
272
191

The average wave velocity for the P-1 discharge line tested
at Grand Coulee Pumping Plant was 3200 ft per sec, and the
wave travel time was 0.29 sec. It is interesting to note that for
this discharge line with Hy, = 280 ft and Qo = 1600 cu ft per sec,

= 1.42 times the normal discharge head at the valve.

e 2L
the basic parameters given in this paper are2p = 5.0and K, — =
a

0.031. Then from Fig. 11 the following results are obtainable:

Maximum downsurge at pump = 0.42 X 280 = 118 ft
Maximum downsurge at mid-length = 0.23 X 280 = 64 ft
Maximum upsurge at pump = 0.08 X 280 = 22 ft
Maximum upsurge at mid-length = 0.04 X 280 = 11 ft

The observed maximum and minimum surges shown in Table 3
were as follows:

367 — 277 = 90 ft
390 — 367 = 23 ft

When either the computed or observed downsurge values are
plotted on the discharge-line profile, the minimum hydraulic
gradient is found to be considerably above the axis of the pipe,
and water-column separation does not occur at any location in the
discharge line below the siphon outlets.

The water-hammer studies for Tracy and Granby Pumping
Plants indicated that there was actually a greater likelihood of
water-column separation at these two plants than at the Grand
Coulee Pumping Plant because of their longer discharge lines.
In fact, Tracy and Granby Pumping Plants were originally pro-
vided with surge tanks at each discharge line. However, by
making modifications in the pipe-line profile and permitting the
pressures at certain locations in the discharge line to drop
momentarily to about 15 ft below atmospheric pressure, four 30-
ft-diam surge tanks were eliminated at these two pumping plants
with a savings of over one million dollars.

Professor Kittredge has called attention to an interesting point
in connection with the momentary negative-speed surge and the
subsequent runaway speed in reverse. In addition to the frie-
tion effects which he has noted, another factor which often
minimizes the runaway speed in reverse is the rapid draining of
the discharge line. It is seen, however, from Fig. 5 (¢) that at
the rated head the pump will run faster in reverse than rated
speed.

Professor Kittredge has inquired about the availability of
curves similar to Fig. 11 for estimating the maximum reverse

Maximum downsurge at pump
Maximum upsurge at pump

Il
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T1G. 18 ApprTioNaL WaTER-HaMMER ErrFecTs IN PuMp-DiscHARGE LINES DUE To A POWER FAILURE
AT THE PusMp MOTORS

speed subsequent to power failure. Such curves are shown in
Fig. 18(d) and are plotted in terms of the same basic parameters,

2L
2p and K, L as those shown in Fig. 11. In addition to these

curves, Fig. 18 (a), (b), and (c) also include curves for estimating
the time of flow reversal, time of zero speed, and time of reaching
maximum reverse speed. The times noted in these figures are
measured from the instant of power failure and are expressed in

L
terms of units of p sec. These curves have been found useful

for estimating the required timing of control valves, and for
estimating the maximum reverse speeds.

The writer is in agreement with Professor Kittredge on the
desirability of obtaining the manufacturer’s pump data for zero

head operation in order to determine the downsurge accurately
during transient operation. However, such additional data are
usually required only in those cases when water-column separa-
tion at some location in the discharge line is indicated as a
possibility.

The writer agrees with Mr. Rheingans on the need for further
water-hammer studies with pumps of various specific speeds.
Some additional studies of this type have been made during the
past few years on other pumps of various types and specific
speeds. In general, these studies indicate that substantial
changes in the pump characteristics have only a moderate effect
on the limiting transient effects. This is due to the fact that in
addition to the pump characteristics, the transient effects depend
to a greater extent upon the pump and motor inertia and the dis-
charge-line characteristics.
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