reduced.

if the pumps supplying an unprotected pipeline are stopped suddenly the flow will IS0 SEOT.
If the pipeline profile 1s relatively close to the hydraulic grade line, the sudden decelerstion of
the water column may cause the pressure to drop to a value less than atmospheric pressuze. The
lowest value to which pressure could deop i vapour pressure. Vaporization or even wafer
column separation may thus ocour at peaks along the pipeline. When the pressure wave 18
returned as a positive wave the water columns will rejoin giving dse o water hamuner over
pfﬁﬁﬁﬂifﬁ&

Unless some method of water hammer protection is wstalled, 2 pumping pipeline systern will
normally have to be designed for 2 water hammer head, This is often done with high pressure
liies where water hammer heads may be small s comparison with the pumping head. For shon
lines this may be an economic solution. Switable jocations for varions water hammer protection
devices are shown in Fig 6.2,

The philosophy behind the design of most methods of protection agamst water hanumer 1
similar, The obiective in most cases s 1o reduce the down surge w the pipeline caused by
stoppang the pumps. The upsurge will then he correspondingly reduced, or may even be enticely
ehmranated. The most common method of hmiting the downsuarge 15 w0 feed water mnto the pipe

as soon a3 the pressure tends o drop.

The sudden momentum change of the water column beyond the tank is prevented so the
¢lastic water hammer phenomenon 18 converted to a slow motion surge phenomenon. Pact of
the original kinetic energy of the water column 1 canveried into potestial energy instead of
elastic energy. The water column gradually decelerates under the effect of the difference s heads
between the ends. If it is allowed to decelerate the water columnn would gather momentum m the
ceverse direction and impact against the pump to cause water hammer overpressuses. I
however, the waier column is asrested at its poing of maximum potential energy, which comedes
with the point of minimum kinetic energy, there will be no sudden change m momenium and
consequently no water hammmer overpressure. The reverse flow may be stopped by installiog a
refiox valve or throtthing device at the entrance to the discharge mnk or air vessel, or m the
pipeline. A small orifice bypass to the reflux valve would then allow the pressuces on either side
to graduslly equalize.

Charts are available for the design of air vessels and for invesigation of the pump mertia
effects, so that a water hammer analysis is not normally necessacy. Rigid water column theory
may be emploved for the analysis of surge tank action, and in some cases, of discharge tanks.

if the pipeline system meorporates i line reflux valves or a pump by pass valve, an elastic
watesr hammer analysis is usually necessary. The analysis may be done geaphically or, i 2 numbesr
of solutions of stmilar systems are envisaged, a computer program could be developed.
Normally the location, size and dischasge chamctenisuics of 4 protective device such as a
discharge tank have to be determined by wrial and ervor. The location and size of inline or bypass
reflux valves may simiarly have to be detcoined by wial In these mstances o compuier
program is usually the most economucal method of solution, 25 & general propram could be
developed and by varying the design parameters methodically, an optimum solonon arnived at,
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If the rotational inertia of 2 centrifugal pump and motor continue to rotate the pump for
while after power failure, water hammer pressure transients may be reduced. The rotating
pump, motor and entrained water will continue to feed water into the potenttal vacuum on
the delivery side, thereby alleviating the sudden deceleration of the water columnn, The effect
is most noticeable on low head, shost pipelines.

After the power supply to the motor is cut off, the pump will gradually slow down unti
can no longer deliver water agamst the delivery head existing at the tme. It the delivery head
15 still higher than the suction head it will then force water through the pump in the reverse
direction, with the pump still spinning in the forward direction, provided there is no reflux or
control valve on the delivery side of the pump. The purmp will rapidly decelerate and pather
momentum i the reverse divection, and will act as a turbine under these conditions. The
reverse speed of the puimp will increase untl it reaches runaway speed. Under these
conditions there is a rapid deceleration of the reverse flow and water hammer overpressures
will resnls

19 e 38 a reflux valve on the delivery side of the pump, the reverse flow will be
arrested, but water hammes overpressures will still occur. The pressure changes at the pump
following power fadure may be caleulated graphically or by computer.

The upsuree coukd be reduced considerably f reverse flow through the pump was
“ p " lw') : y » E - j v } "
permitted. I flow reversyl was prevented, the maximum head-rise above operting head (M)
would be approximately equal to the lowest head-drop below H,,

A simple sule of thé thumb for ascertaming whether the purop mertia will have an effect
in reducing the water hammer pressures is:

. . .- ., 5 . .

If the inertia patameter [ = MNY/WALH” exceeds 0.01, the pump inertia may reduce the

down sutge by at least 10%. Here M is the moment of inertia of the pump, N 1s the speed in
tpim and AL 5 the volume of water in the pipe.

Some installations have a fywheel fitted to the pump o increase the moment of inertia,
In most cases the Jywheel would have to be impracticably heavy, also it should be bome in
mind that starting currents may thereby be incressed. The effect of punp nerta can be
neglected and the pumps assumed to stop mstantancously.

{i) Pump Bypass Reflux Valve

One of the simplest arrangements for protecting a pumpitg main against water hammer
15 a reflux valve wstalled in parallel with the pump (Fig, (6.3)). The reflux or non-retuin valve
would discharge only i the same direction as the pumps. Under normal putnping conditions
the pumping head would be higher than the suction head and the pressure difference would
maintain the reflux valve i a dosed position. On stopping the pumps, the head i the
delivery pipe would tend to drop below the suction head, i which case water would be
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drawn through the bypass valve. The pressuze would therefore only drop to the suction
pressure less any friction loss in the bypass. The retum wave over pressure would be reduced
correspondingly. Fig, 6.4. gives the maximurm and minimum head at pump after power fatlure.

This method of water hammer protection cannot be used n all cases, as the delivery pressure
will often never drop blow the suction pressure. In other cases there may stidl be an apprecrable
water hammer overpressure (equal in value to the initial drop in pressure). This method 15 used
only when the pumping head is considerably less than cve/g In addition, the initial drop in
pressure along the entire pipeline length should be tolerable. The suction reservoir level should
also be relatively high or there may still be colurn separation in the delivery line.

Notmally the intake pipes deaw disectly from a constant head reservoir. However, there may
be cases where the intake pipe is faicly long and water hammer could be a problem 1n 1t too. In
these cases a bypass reflux valve would, in a similar way to that deseobed above, prevent the
suction pressure exceeding the delivery pressure.

Water may also be deawn theough the pusmp during the period that the delivery head 1s below
the suction head, espectally if the machine was designed for high specific speeds, as is the case
with through flow pumps. In some cases the bypass reflux valve could even be omitted,
although there is normally a fairly high head loss through a stanonary pump. A constant bleedes
line led off 1o the suction reservoir with 2 smaller diameter pipeline can also be connected to the
pump outlet after the sluice valve 1o reduce the water hammer effects. This may result
wastage of energy.

{ii) Surge Tanks

The water surface in 2 surge tank 1s exposed to atmospheric pressure, while, the bottom of
the tank is open o the pipeline. The tank 2cts as # balancing tank for the flow varavons that
may oceur, discharging in case of a head drop in the pipe, or filling in case of 2 head mise. Surge
tanks are used principally at the head of turbine peastocks, although there are cases where they
can be applicd n pumping systems. Tt is seldom that the hydraulic grade line of 2 pumping line 1
low enough to enable an open tank to be used. It may be possible to consiruct a surge tank at a
peak in the pipeline profile and protect the pipeline between the pumps and the tank against
water hammer by some other means. If the surge tank is relatively large, it could be treated as
the discharge end of the intermediate pipeline length and this section could be treated as an
mdependent pipeline shorter i length than the onginal pipeline.

The fluctuations of the water surface level in 2 surge tank following power failure may be
studied analytically. The fluctuations in tank level may be dampened with a throttling onfice. In
this case the pressure variations in the lae may be mote extreme than for the unrestricted
orifice. The maximum heads at pump afier power failure is presented in Fig. 6.4. A differentizl
surge tank includes a small diameter riser in the middle of the tank. The tank may have 2 varying
cross section or multiple shafts. Such variations are more applicable to hydropower plant than
puz;;piﬂg systems as they are useful for dampening the surges in cases of rapid load variation on
turbines,
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FIG. 6.5 : DISCHARGE TANK

(#i) Discharge Tanks

fn situations where the pipeline profile is considerably jower than the hydraulic grade line 1t
roay siill be possible 1o use a tank, but one which under normal operating conditions 15 wolated
from the pipeline. The tank water sarface would be subjected to atmosphenic pressure but
would be below the hydraulic grade line, as opposed to that of 2 surge tank.

# discharge tank would normally be situated on the first rise along the pipeline and possibly
on subsequent and successively higher nises. “The tank will be more efficient n reducing pressuce
variations, the nearer the level in the tanks is t© the hydraulic grade line. Tt should be connected
to the pipeline via a reflux valve installed to discharge from ihe tank into the pipelme 1f the
pipeline head drops below the water curface elevation in the tank Normally the reflux valve
would be held shut by the pressure in the pumpting lne. A soall bore bypass to the reflux valve,
connected to a floar valve in the tank, shoukd be installed to fil the tank slowly after 1t has
discharged. Fig, 6.5 depicts 2 typical dischasge tank arrangement.

The function of a discharge tank is to fill any low pressure zone caused by pump stoppage,
thus preventing water colurn separation. [ he water column between the tank and the discharge
end of the pipeline (ot 2 subsequent tank) will gradually decelerate under the action of the bead
differences between the two ends. Tt may be necessary fo prevent feverse motion of the water
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LU WICH COUU CAUSE WATEr Nammer over pressures by mstalling a retlux valve mn the line.

A discharge tank will only operate if the water surface is above the lowest level to which the
head in the pipeline would otherwise drop following pump stoppage. For very long pipelines
with 2 number of successively higher peaks, more than one discharge tank may be installed along
the line. The tanks should be installed at the peaks where water column separation is most likely.
The lowest head which will occur at any point beyond a tank as the down surge travels along the
hine 1s that of the water surface elevation of the preceding tank.

The best position for discharge tanks and inline reflux valves is selected by trial and error and
experience. In a case with many peaks or major pipelines with laxge friction heads, a complete
analysis should be catried out, either graphically or by computer. In particular, a final check
should be done for flows less than the maximum design capacity of the pipeline.

Hven though a number of tanks may be installed along a pipeline, vaporization is always
possible along rising sections between the tanks. Provided there are no local peaks, and the line
uses fairly steeply between tanks, this imited vaporization should not lead to water hammer
OVErpressuces.

6.17.4 AIR VESSELS

If the profile of a pipeline is not high enough to use a surge tank or discharge tank to protect
the line, 1t may be possible to force water into the pipe behind the low-pressure wave by means
of compressed air in a vessel The pressure in the vessel will gradually decrease as water is
released until the pressure in the vessel equals that in the adjacent line. At this stage the
decelerating water column will tend to reverse. However, whereas the outlet of the air vessel
should be untestricted, the inlet should be throttled. A suitable arrangement 15 to have the water
discharge out through a reflux valve that shuts when the water column reverses, A small orifice
open bypass would allow the vessel to refill slowly. (Fig 6.6)

A rational design of zir vessel involves caleulation of the dimensionless parameters, as
follows:

Pipeline parameter = p = CV,/ 2gH, (6.22)
C, C

Air vessel parameter= p 260
(6.23)

Ke= Coefficient of Head Loss such that K. Ho is the total head loss for a flow of (Y into
air vessel. (Ref. to Fig, 6.7 to 6. 10) C is water hammer wave velocity, Vo 1s initial velocity and
Ho s absolute head (including atmospheric head), Co is the volume of Ais, L is the length of
pipelne.
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6.17.4.1 Design Of Air Vessel

The pipeline parameter, C+is calculated from the maximum likely line velocity and pumping
head, and the corresponding chart selected from Figs. 6.7 to 6. 10 for an assumed Kc value 1. ¢,
0.0, 0.3, 0.5 or 0.7. The value of Air Vessel parameter corresponding to the selected line 1s used
to read off the maximum head envelope along the pipeline from the same chart.

The volume of air, Co, is calculated once the air vessel parameter 1s known. The vessel
capacity should be sufficient to ensure no air Where escapes into the pipeline, and should exceed
the maximum air volume. This is the volume during mumimum pressure conditions and is

S(Ho/Haa)1/ 112,

The outlet diameter is usually designed to be about one-half the main pipe diameter. The
outlet should be designed with a bellmouth to suppress vortices and entertainment. The air in
the vessel will dissolve in the water to some extent and will have to be replerushed by
means of 2 compressor.
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The requisite ¢ffective capacity of the vessel is also calculated from the expression.
V, = 1200 to 1500 Q/7Z, (6.24)
Where,

v, = effective volume in lirves,
() = discharge of pumps in lps and

Zp = permissible number of switching opetation per hour for three-phase
TROEOTS:

(10-15 for squirrel-cage motors direct in line,

6-10 for squirrel-cage motors with star delta starter,

6-10 for motors with rotor starier,

Perrnissible number of starts for motors as per IS 325 is 3.
A worked out example is at Appendix 6.7)

6.17.4.2 In-Line Reflux Valves

Intine reflux valves would normally be used in conjunction with surge tanks, discharge
tanks or Air vessels. Following pumps shutdown, the tank or vessel would discharge water
into the pipe either side of the reflux valve, This would alleviate the violent pressure drop
and convert the phenotmenon into a slow motion effect. The reflux valve would then arrest
the water columm at the time of reversal, which coincides, with the pomnt of mintmum kinetic
energy and maximum potential energy of the water column. There would therefore be little
motmentum change in the water column when the reflux valve is shut and consequently
negligible water hammer pressure rise.

There ate situations where water column separation and the formation of vapour pockets
in the pipeline following pump stoppage would be tolerable, provided the vapour pockets
did not collapse resulting in water hammer pressures. Reversal of the water column beyond
the vapour pocket could in fact be prevented with an w-line reflux vatve at the downstream
extremity of the vapour pocket. The water column would be arrested at its point of
mninimum momentum, so there would be littde head nise.

Vapotization would occur at peaks in the pipeline where the water haminer pressure
drops to the vapour pressute of the water. 1f the first rise along the pipeline was higher than
subsequent peaks, the vaporization would be confined to the first peak.

Inn locating the reflux valve, allowance should be made for some lateral dispersion of the
vapour pocket. The valve should be installed at a suitable dip in the pipeline in order to trap
the vapour pocket and to ensure proper functioning of the valve doors when the water
column retuens,
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(4

A small diameter bypass to the reflux valve should be installed to permit slow refilling of
the vapour pocket otherwise over pressures may occur on restarting the pumps. The
diameter of the bypass should be of the order of one-tenth of the pipeline diameter. An ar
release valve should be installed in the pipeline at the peak to release air which would come
out of solution during the period of low pressure.

It is common practice to install reflux valves immediately downstream of the pumps.
Such reflux valves would not prevent water hammer pressures in the pipeline. They merely
prevent return flow through the pump and prevent water hammer pressure reaching the
pumnps.

Normally a reflux valve installed on its own m pipe-line will not reduce water hammer
pressures, although tt may limit the latetal extent of the shock. In fact, in some situations
wncliscriminate positioning of reflux valves in a line could be detrimental to water hammer

pressures. For mstance if a pressure relief valve was mnstalled upstream of the reflux valve the
reflux valve would counteract the effect of the other valve. It may also amplify reflections
from branch pipes or collapse of vapour pockets.

In some pumps installations, autoaatically closing control valves, instead of reflux valves,
are installed on the pump delivery side.

6.17.4.3 Release Valves

There are a number of sophisticated water hammer release valves (often referred to as surge
relief valve or surger suppressors) available commercially. These valves have hydraulic actuators
which automatically open, then gradually close after pumps tripping. The valves are normally the
needle type, which discharge into a pipe leading to the suction reservoir, or else sleeve valves,
mounted in the suction reservoir. The valves must have a gradual throttling effect over the
complete range of closure. Needle and sleeve valves are sutably designed to minimize cavitation
and corroston assoctated with the high discharge velocities which occur during the throttling
process.

The valves ate usually installed on the delivery side of the pump reflux valves and discharge
directly to the suction reservoir. They should not discharge mto the suction pipe as they
mvanably draw air through the throat, and this could reach the pumps.

The valves may be actuated by an electrical fault or by a pressure sensor. The valve should
open fully before the negative pressure wave returns to the pumps as a positive pressure wave.
As the pressure on the top of the piston increases again the valve gradually closes, maintaining
the pressure within desired limits. The closing rate may be adjusted by a pilot valve in the
hydraulic circuit.

If no over pressure higher than the operating head is tolerable, the valve would be sized to
chscharge the full flow at a head equal to the operating head, where reliability 1s of importance,
and if water hammer 1s likely to be a problem during a partial shutdown of the pumps, two or
more release valves may be installed i parallel. They could be set to operate at successively
lower delivery heads.
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could be disengaged to prevent their operation.

The types of control valves available as release valves for pumping lines normally cannot
open i less than about five seconds. Their use is therefore limited to pipelines over two
kilometers in length. This method of water hammer protection s normally most economucal
for cases when the pumping head greatly exceeds cv,/g, since the larger the pumping head,
the smalier the valve needed.

A less sophisticated valve than the control valves described above, which has been used
on small pumps installation, is the spring-loaded release valve. The valve is set to open when
the pressure reaches a prefixed maximum. Some over pressure is necessaty to open the valve
and to force water out.

Where a relief valve is power operated and actuated by a relay so as to open before
reversal of flow takes place, over pressures can be held down so as not to rise more than 10
to 20% above normal operating pressure, although there may be an initial drop in pressure at
the pump down to atmosphere or below. With the surge rehef valve open, however, all
succeeding reversals are dissipated through the open valve. The pipeline then assumes a
penstock condition and the surge relief valve must be closed very slowly to prevent penstock
surge. With large diameter lines for low pressure water service the economic justification for
rather elaborate protective devices is obvious since without them the lines would have to be
designed for shock pressures considerably in excess of the normal working pressure. This 15
particularly true in the case of concrete pipes, or of thin-walled steel pipes. With thin-walled
steel pipes where the pressure may fall below atmospheric under shock conditions, it may be
necessaty to provide vacuum breakers to prevent collapsing of the pipe.

6.17.4.4. Shut-Off Effects On Suction Line

The effect of power interruption on the pump suction line depends on the arrangement
of the suction piping. Nothing of much consequence will occur where the suction line 15
short and considerable suction lift has to be developed by the pump in order to get water
flow to it. In the case of a booster pump, however, where water flows to the pumps suction
through a long line under pressure, the result of a power mterruption is much like what takes
place in a discharge line and the measures taken to cushion shock are similat. To be most
effective, a suppressor in such a booster pump suction should be placed close to the pumps.
The booster pumps problem is frequently encountered in connection with the intermittent
filling of standpipes such as overhead sprinkler tanks, pressure tanks in tall buildings and
locomotive filling tanks in railroad yards. In cases where frequent fillings are required, the
shock-pressure problem may be most annoying and corrective measures are cleatly called for,
especially if the pumps suction is taken from a branch line off a distribution network which
may be adverscly affected for large distances back from the pump. As an alternative to
wstalling suppressors in such cases, consideration should be given to providing automatic
means for slowly closing a valve in the pump discharge before power is cut off.
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Another pump-suction problem involving surge on a large scale 1s encountered 1n water
works intakes where the pumps may be fed through a conduit extending for several
kilometers from some lake or reservoir in the mountains. In order to look after surge m the
case of a sudden power interruption, it may be necessary to provide ample relicf valves of
gravity overflow, discharging to a recetving basin of generous proportions.

6.17.4.5 Reciprocating Pumps Or Hydraulic Rams

Reciprocating pumps cause pulsation problem not encountered with the continuous
action of centrifugal pumps. Owing to the irregulanty of flow through a reciprocating pump,
more ot less water hammer develops in the suction and discharge lines and cannot be
suppressed entirely with vacuum or air chambers. For this reason it is advisable to design the
suction and discharge lines of reciprocating pumps for something like 50% in excess of the
normal working pressure and to provide ample air chambers at the pumps. Shock conditions
obtaining with hydraulic rams are decidedly worse than with reciprocating pumps and
generous provision should be made in the design of their piping. An allowance of at least 21
kg/cm? extra beyond the working pressure is called for with rams.

6.18 SPECIAL DEVICES FOR CONTROL OF WATER HAMMER

"The philosophy is (i) to minimize the length of the returing water column causing water
hammer (1) to dissipate enetgy of the water column length by air cushion valve and (i) to
provide a quick opening pressure relief valve to relieve any 1ise in pressures in critical zones.
These objectives are achieved by the following three valves.

6.18.1 ZERO VELOCITY VALVE

The principle behind the design of this valve is to artest the forward moving water
column at zero momentum ie when its velocity is zero and before any retum velocity is

established.

The valve fitted in the pipeline consists of an outer shell and an inner fixed dome leaving
a streamlined annular passage for water. A closing disc is mounted on central and peripheral
guide rods and is held in the closed position by one or more springs when there is no flow of
water. A bypass connects the upstream and downstream sides of the disc. The springs are so
designed that the disc temains in fully open position for velocity of water equal to 25% of
the designed maximum velocity in the pipeline.

With sudden stoppage of pumps the forward velocity of water column goes on
decreasing due to friction and gravity. When the forward velocity becomes less than 25% of
the maximum, the flap starts closing at the same rate as the velocity of water. The flap comes
to the fully closed position when forward velocity approaches zero magnitude, water column
on the upstream side of the valve is thus prevented from acquiring a reversed: velocity and
taking part in creating surge pressuses. The bypass valve maintains balanced pressures on the
disc and also avoids vacuum on the downstream side of valve if that column experiences
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AT YLD
The main advantages of zero velocity valves are
@ Controlled closing charactenistics, and
() Low loss of head due to streamlined design.
6.18.2 Ar CUSHION VALVE

The principle of this valve is to allow large quantities of air in the pumping main during
separation, entrap the alr, compress it with the retuming air column and expel the air under
controlled pressute so a3 to dissipate the energy of the teturning water colum. An effective
ait cushion is thus provided.

The valve is mounted on TEE-joint on the dsing main at locations where water column
separation is likely. The valve has a spring loaded air inlet port, an outlet normally closed by a
float, a spring loaded outlet poppet valve and an adjustable needle valve control orifice.

When there is sudden stoppage of pump due to power failure, partial vacuum is created
in the main. With differential pressure, the spring loaded port opens and admits outside an
into the main, When the pressure in the main becomes near atmospheric, the inlet valve
closes under spring pressute. The enfrapped air is then compressed by the returning wates
column tll the poppet valve opens. With float in dropped position, the air is expelled
through poppet valve and controlled orifice under predetermined pressure thus dissipating
the energy of the returting water column,

6.18.3 OppostD Popretr VALVE

As the name implics, the valve has two poppets of slightly different areas mounted on the
same stem. The actual load on the stem is thus the difference in loads on the two poppets
and is thus light. A weak spung is therefore, able to keep the valve closed under normal
working pressure. If pressure in the water main increases beyond a certain lignit, the increase
in differential pressure overcomes the holding pressure of the spring, opens the valve and
allows water to discharge through both the poppets.

On account of the light spring, the valve is able to open quickly and thus reduce the peak
surge pressute to the desired limit.

6,19 WORKING OF THE SPECIAL DEVICES AS A SYSTEM

Fivery valve has a different function to perform for limiting water surge after power
failure. Locations of the valves have therefore to be based on the results of the analysis of
water column separation. Atr cushion valves are located where separation of water column 1s
indicated. Zero velocity valves are so placed that the entite length of water column 1s suitably
divided in spite of differing gradients and undulations. More than one valve may be required
in such cases.

Opposed Poppet pressure telief valves are generally placed near the atr cushion valves or
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on the upstream side of the Zero Velocity Valves, if further limiting of peak surge pressure 13
required for the safety of the pipeline. '

6191 CHOCE QF PROTECTIVE DIEVICE

The best method of water hammer protection for a2 pumping line will depend on the
hydraulic and physical characteristics of the system. The accompanying Table 6.8 summanzes
the ranges over which vadous devices are suitable. The most influential parameter in
selecting the method of protection is the pipeline pasameter p = Cvo /gty When the pipeline
parameter is much preater than 1, a reflux valve by passing the pumps may suffice. For
successively smaller values of p it becomes necessary to use a surge tank, a dischatge tank m
combination with an inline reflux valve, an air vessel, or a release valve. The protective
devices listed in Table 6.8 are arranged in approximate order of increasing cost. Thus, to
select the most suitable device, one checks down the Table until the variables are within the
required range.

Tt may be possible to use two or more protective devices on the same line. This possibility
should not be ignored as the most economical armngement ofien involves more than one
method of protection. In patticular the rotational inertia of the pump often has a slight effect
in reducing the required capacity of a tank or air vessel. A comprehensive water harmer
analysis would be necessary if 2 series of protection devices in combination 1s envisaged.

TADLE &8
SUMMURY OF METHODS OF WATER HAMMER PROTECTION
Method of protection Required range of Remarks
(In approximate order Variables

of increasing cost}

Inertia of pump (MNF/ WALH 2 > 0.01 Approxumate

Pump bypass refhux vaive {CV“ / gtz e Some water may also be
) drawn through pump

In-hne reflux valve (cvy / gHy2 > 1 Normally used in

conjuncticn with some
other method of
protection. Water column
separation possible
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Method of protection Required range of Remarks

(In approximate order Variables
of increasing cost)

Surge tank H small Pipeline should be near
hydraulic grade line so
height of tank is practical

Automatic release valve (C,VO J gHp2 << 1 Pipeline profile should be

e - convex downwards.
(L/C) Tosees Water column separation
likely.

Discharge tanks (Cv, /ghy2 > 1 h = pressure head at
tank./ Pipeline profile
should be convex
upwards

Air vessel (Cvy/gHy2 < 1 Pipeline profile preferably

convex downwards.

The example in App. 6.7 gives the methods of analysis and calculations for water column
sepatation and computation of Atr Vessel stze.

M = Moment of Inertia of rotating parts of pump, motor and entramed water
{mass x radius of gyration®)

N = Pump speed in rpm

W = Wt of water per uait volume

A = Pipe cross section Area

L = Pipeline length

Ho = Pumping head

h = Pressure head

¢ = Water hammer wave velocity

v, = Initial velocity

}J = Pump parameter,

f = Pump mted efficiency

(expressed as a fraction).
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