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Effect of flow throttling configurations of plug-type check valve
on waterhammer in a pump delivery pipeline - experimental

investigation2

A nerl plug-type c]reck valve has been desigrred arrd tested to reduce the intensity of wa,terha,rxrrerin
pmp systerns. Novelty of the design lies in simulta,rreorrs application of two ways of flow thr.ottling within
the valve. one of them {,akes place in the configrrra.tion formed between a dampin8 ałrnu-lus rnounted to
the valve case and a sharpedged annulrrs of the valve head. The other is accornplished in the configr:ra,tion
of valve head - valve seat by means of a properĘ shaFed valve head,

Experimental tests have Lreen carried out on a prrmp test rig for different configurations of a specially
prepared valve. Waterhammer is a result of valve se|f-closing after disconnection of the prrrnp motor.
Application of only one of the proposed methods of flow throttli-8 without use of the other does not
r€sult in diminishin8 the irnpact of waterhammer which remains comparable to that of the rrnda,rrrped
valve. Only simultaneous trfu,61flin8 in both mentioned configułations cm produce a desired effect.

The moi- conclusion of the paper is that the newly comtrocted valve is capable of corrsiderably
reducing the level of waterhammerin pipelinę systems due to punp power failure.
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boundar5r layer thicloress,
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Nomenclature

Zeszyt LOO

mass,
prrmp rotational speed,
prrmp rrnit rota.tional speed,
pTessrrre,
volrrmetric flow rate,
prmp unit discharge,
time,
pump torque,
rrnit prrrnp torque,
flow velocity,
distance coordinate,
valve head position,
valve axis angle,
liquid density.
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of pump discharge side,
of friction,
of check valve head,
of hydraulic interaction,
of intemal flow interactiorr,
of liquid,

Subscripts

o , of initial conditions,
p of pmp,
s - of prrnp suction side,
D - o{ check valve,
z - of valve outlet.

1. Introduction

Check va,lves aTe often installed in pump systems to prevent flow reversal
undel conditions of pump poweT failure, thus preventing the change of direction
of the pump impeller rotation. The position of the valve closing element depends
on working Tegime of the pump. During pumping the closing element is in "open'
position (the valve can be completely or partially op€n), during stoppage time is
in "closed" position, After an abrupt fisconnection of the pump motor, the valve
automatically closes due to a flow decrease.

The speed at which the valve closes can yary, mainiy accorfing to its dyna,mic
ProPerties and the rate offlow decrease, thus accorfing to the pressure fifference
between the delivery and suction reselvoirs, and the moment of inertia of rotating
elements of the pump unit. Often in practice, temporary changes in flow firection
occur before the valve can reach its closed position. Bspecially in high-pressure
sYstems or when the pumps work in parallel, the time-lag between the occurrence
of reverse flow and the valve closure may be relativeĘ large. Hydraulic forces
acting on the closing element of the valve during flow r€yersal increase the speed
of valve closure at its final stages. Two very unfavourable phenomena are obseived
thel |2-4,10, 15, 16, 18, 19, 20]:

o slamming of the valve, that is knocking of the closing elemełt against the
valve seat accompanied by a high level of noise,

o waterhammer in the pipeJine callsed by a sudden stop of reverse flow.
Greater velocity of reverse flow results in higher intensity of these "shock pheno-
mena". Besides undesirable noise and excessiye dynarnic load of components of
the flow system, these phenomena aTe responsible for a iarge number of failures
and breakdowns [1, 13, 15, 23]. According to Wilkinson [23], about L6% ofbreak-
downs in British power stations were caused by inappropriate operation of check
valves.

New constructions of check valves are being worked out in order to minimize
the intensity of valve slamming and hydrauEC transients in the pipelines. Con-
sidering types of closing elements, check valves can be divided into two main
groups:

1. swing valves-check valves with rotating closing elements,
2. plug-type valves-check valves with translating closing elements.
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within each group one can distinguish damped or undamped valves. In the un-
damped valves, the position of the valve closing element is control1ed by flowing
liquid only. In the damped valves, the position of the head is additionally influen-
ced by a damping device installed to reduce the speed of the final stages of valve
closure. The damped check valves, hitherto not often used, ate now winning the
favour of manufacturers to become part of their broadened assortment of pro_
ducts.

However, undamped check valves are also being improved. Bndeavours of con-
struction engineers are centred on increasing the speed of valve closure through,
for example, (1) application of specific weight and spring configurations to'increase
the impact of external forces acting in the direction of closing or (2) application
of many, instead of one, valve moving elements to reduce their inertia [7, 8, 10, 15,
19]. These measures give often satisfactory results as far as reducing the inten-
sitY of shock phenomena because for particular installations one can often select
such check valves which fulfill technical requirements determined by an acceptable
range of PTessure variations. However, this is not always possible because oo" .u1
not either increase closing forces nor reduce inertia of closing elements above cer_
tain limits. In order to prevent the pipelines from damage done by waterhammer,
\€IY expensive air accumulators are sometimes used to keep down oscillations of
PleSSuIe, however not to reduce the intensity of valve slamming, A less expensive
construction, suggested by some authors, is grounded on application of check va-
lves equipped with damping devices. If properiy designed, they can be suitable
for reducing the effects of both valve slamming and hydraulic transients.

Reviewing works published over recent yeaTs, one can notice a considerable
Progress in recognition of dynamic behaviour of undamped check va,lves and their
effect on the shock phenomena. In the papels [4, 10, 11, 15, L7,I9], dynamic
properties of different check valves are displayed in the form of so-called dynamic
characteristics proposed by Provoost [16]. The characteristics present the relations
between the maximum velocity of reverse flow and its deceleration in the pipeline.
These characteristics can be helpfui in finding appropriate valves for particular
:nstallations to prevent destructive impact of the shock phenomena. Therefore,
=anufacturers of check valves are being persuaded to supply their products with
il,namic characteristics in a similar way which is customary on the pump market
ą-here performance characteristics are part and parcel of the product [20]. This
'ą-av of doing business is strongly necessitated by the fact that mathematical mo-
:elling of dynamic behaviour of valves sti1l comes acloss major difficulties. So far,
:o satisfactory method of predicting performance characteristics of check valves
:nder transient flow has been worked out [15-17, 19], Anothet, so far, not resolved
_lroblem is precise determination of hydraulic and friction forces acting on the va-
-;e closing elements and this in turn is crucia1 for further precise determination
:f a function describing valve closure and hydraulic transients. It is clear that
:le obstacle in developing reliable mathematical model to account for dynamic
:ęhaviour of check va,lves is certainly shortage of experimental evidence.

Information about damped check valves can be found in [5,9, 1Irl2r14,22].
lJis |5], Kane [9], Wang [22] presented results of their investigations on swing
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valves with external damping devices, intended to keep down the speed of the
final stages of valve closure. It should be noted that these works are mostly the-
oretical. However, Kruisbrik, Throley [11], drawing on dimensional analysis, made
efforts to formulate dynamic characteristics of damped check valves using a mo-
de1 of swing valve with an external damping device. A bottom line of this paper
is extension of Provoost's [16] dynamic characteristics on damped check valves.
It is suggested that experimental investigations should be carried out in order
to confirm usefulness of these characteristics. Plug-type check va.lves are subject
of papers II2,I4], especially in terms of their effect on hydraulic transients. Re-
sults of theoretical analysis of a plug-type valve with a cylindrical closing element
slowed down along its whole displacement thanks to special clearances in the cy-
linder, are presented by Kubie [12]. This design is not one of the most successful
due to an undesired delay in early stages of valve closure. Miiller [14] outlined the
problem of application and investigation of plug-type valves pointing out advan-
tages that can be achieved from damping the final stages of valve closure.

In the light of the above presented review, one can acknowledge that know-how
concerning check valves is incomplete. A striking fact is lack of reliabie mathema-
tical models and well-documented experimental investigations. It refers in parti-
cular to damped check valves. Moreover, problems connected with design of new
improved check valves to reduce the impact of the shock phenomena have not
met even a slightest response in the literature.

Better access to results of experiments hitherto carried out as well as more
investigations relevant to the topic could certainly lead to better recognition of
phenomena involved in operating of the check valves and to verification of ma-
thematical models and finding the causes of their divergence, if any, from the
experiments. In order to bridge the gap, a physical model of a new original dam-
ped check valve has been put forward and appropriate experimental investiga-
tions have been conducted at the Liquid Dynamics Department of the Institute
of Fluid-Flow Machinery, Polish Academy of Sciences, Gdańsk. The experimental
investigations aimed at determination of the influence of proposed methods of
damping on hydraulic transients.

2. Physical model of damped plug-type check valve

A flow diagram of the proposed damped plug-type check valve is presented
in Fig. 1. A cylindrical closing element (valve head) is equipped with a conical
element 1, sharpedged annulus of the head 2 and pivot 3. During valve closure,
the head is pressed down towards the surface of the valve seat 4. Valve opening
(in Fig. 1, the valve head is in open position) is caused by liquid flow of rateQ.
Let us consider the behaviour of the closing element when the flow rate decreases.
Valve closure begins at the instant when the resultant hydraulic force acting on
the valve head in the axial direction begins having lower values than the axial
component of gravity and frictional forces combined. Displacement of the head is
accompanied by internal flow of rate Q; towards the upper part of the valve case
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Fig. 1. A flow diagram of the proposed damped plug-type check valve.

above the head. Internal flow is not throttled during early stages ofvalve closure.
It is assumed that the hydrometric area between the inner wall of the valve case
and the sharpedged annulus of the head is not smaller than the area of the valve
inlet section. When the head goes down, internal flow is throttied according to the
size of the clearance between the two damping annuli. As a result of this throt-
tling, the speed of the head in the final stages ofvalve closure should be reduced.
Besides throttling internal flow, there is also a configuration of throttling external
flow consisted of the conical element 1 and the valve seat 4. when the head moves
down towards the seat, the pass between these two elements becomes narlowel.
^Ąpplication of the conical element leads to a change in flow characteristics of the
valve.

Novelty of the above proposed design lies in application of two configurations
of throttling liquid flow within the vŃe. One of ihem consists in throTt[ng in-
ternal flow in the clearance between the sharpedged annulus of the head and the
annulus of the case, thus reducing the speed of valve closure in its fina1 stages.
The other increases throttling external flow through the valve when it is partiallv
open.

An experimental model of plug-type check valve has been constructed, based
on the above concept, in order to conduct experimenta1 investigations. Respon-
fing to the necessity of investigating the influence of the valve on hydraulic tran_
sients, various damping configurations with respect to internal and external flow
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have been prepared by means of the replaceable annulus 5 and conical element 1.

The following configurations have been taken into account:

o valve with two throttling configurations (double damped valve),

o valve with throttling internal flow only without use of a conical element of
the head (valve with a damper),

o va,lve with throttling external flow by means of a conically shaped end of
the valve head (valve with a shaped head),

o valve without additional throttling elements as a special case of damped va-
lve with a flat pressing surface of the head and without annuli for throttfing
internal flow (undamped valve).

It has been also investigated how the characteristics ofthe valve respond to chan-
ges in conditions of throttling internal flow, namely when the diameter and height
of the damper change, the non-replaceable sharpedged head ring assumed. Like-
wise, the response of the valve to changes in conditions of throttling external
flow, that is to changes in coning angle of the head's conical element, assuming
its constant height and upper diameter, has been investigated.

The protruding pivotal element of the valve is seated in a low-friction slide
bearings. This construction enables us to measure the hydraulic force exerted by
the liquid on the valve head and to record the position of the head. Mounting
of the additional weights is also possible. Main technical data referring to the
repiaceable and non-replaceable elements of the valve are shown in Tab.1.

3. Experimental rig

Experimental investigations of the plug-type check valve were carried out on a
pump test rig in the laboratory of Liquid Dynamics Department at the Institute of
Fluid Flow Machinery, Polish Academy of Sciences, Gdańsk, Poland. A diagram
of the hydraulic installation of the rig is presented in Fig. 2. The installation
consists of a suction tesetvoir, short suction pipeline, centrifugal pump, proposed
plug-type check valve, butterfly valve, delivery pipeline, delivery reservoir and
over-flow pipeline with a control valve to set pressure in the delivery reservoir.
The check valve has been installed in vertical position in the delivery pipeline
close to the outiet orifice of the pump within a distance of two inner diameters of
the pipeline from the delivery nozzle. An electrodynamometer with controllable
rotational speed is used as the pump motor. The shaft of the pump is connected
to the shaft of the electrodynamometer by means of an electromagnetic coupling
to allow quick disconnection of the motor.

Main technical data referring to the components of the test rig have been
inserted in Tab. 2, whereas static characteristics of the applied 65PJM160-type
centrifugal pump obtained during previous tests are presented in Fig. 3. The
characteristics of the pump are presented in the form of unit characteristics
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Table 1. Main technical parameters of the plug-type check valve

Pała.meter Symbol
lvlea
sure Value (values)

Pipe inlet/outlet diameter Do m 0.066

Maximum lift zo m 0.04

Total mass of moving elements In; kg 0,456

case inner fia.rneter D" m 0.120

Shałpedged annulus outer diameter Dt m 0.099

Head cylinder diameter Dg m 0.074

case annulus inner diameter Dp m 0.103, 0.101, 0.0996, 0.0994, 0.0992

Case annulus hĘht hp m 0.008, 0.012

0.016, 0.024

Cońcal element hĘht h" m 0.014

Conical element upper fiameter DsS m 0.0658

conical element lower fia.meter D" m 0.051, 0.055, 0.059, 0.062, 0.0645

\t - Ql and z11 - Ę1 where

ą1 : a"P is the prrmp unit rotational speed,
{Ho -- --- r

r\aQn: ffi pump unit discharge,

TTll = DtĘ - pump unit toTque.

The test rig has been provided with a measuTing equipment capable of fin-
Jing static and dynamic characteristics of the valve in steady and unsteady flow
ryimes.

{. Investigation of static characteristics of the valve

The valve has been investigated under steady flow conditions for five different
:,:nical elements as in Tab. 1., the sixth being of zero-thickness - valve head
Ę:th a flat pressing surface. Within each case, two series of investigations have
teen performed in order to determine the influence of flow throttling on static
:taracteristics:

o with a ca§e annulus having inner diameter of Dp:99.2. 10-3 m,
o without a case annulus.
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pump plpe

Fig. 2. Dia5ram of the test rig.

The investigations have been conducted for two opposite flow directions within a
wide range of flow rate. The flow rate has been controlled by proper adjustment of
the pump rotational speed whereas the change in flow firection has been achieved
thanks to reverse installation of the va,lve. During the investigations, the fo1lowing
quantities have been measured:

o valve head position,

o volumetric flow rate,

. ptessure drop in the valve,

o hydraulic thrust on the valve head.

A diagram of applied measuring equipment is shown in Fig. 4.
A strain gauge dynamometer has been applied in order to control the position

of the valve head and measure hydraulic force. One end of the dynamometer has
been connected to the valve pivot whereas the other has been connected to the
valve case by a screw which also controls the position of the valve head. Pressrrre
drop across the valve Ap, has been determined from pTessure measurements be-
fore and behind the valve at a distance of two and twelve inner diameters of the
pipeline, respectively. Measured values of pressure have been recalculated then to
obtain the pressure at the inlet and at the outlet of the valve, subtracting pres-
sure losses due to friction in the pipeline stretches two and twelve diameters long,
respectively. The friction coefficient has been taken from the graph of Colebrook
and White.

Based on these investigations, the relations between the pressure ,drop in the
valve (Ap,), flow rate (Q) and hydraulic thrust (Ę) have been found for different
positions of the valve head and with respect to all assumed configurations. No
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Fig. 3. Unit characteristics of the 65PJM16O centrifugal pump.
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Table 2. Main technical parameters of the test rig.

Element parameter Measure unit Value

Electrodynamometer

Ra.nge of rotational speed rev/min +3000.0

Range of power kW +10.0

Moment of inertia of rotating pa.rts kg -' 0-15

Centrifugal

prrmp

Impeller diameter m 0_16

suction nozzle diameter m 0.08

Delivery nozzle dia.neter m 0_065

Moment of inertia of rotating parts k8 *' 0.007

Suction pipeline

Total length m 6.2

Inner diameter m 0_08

wall thickness m 0.0035

Delivery pipeline

Total length m 29.3

[nner diameter m 0.066

wal] thickness m 0.002

Delivery

reservoir

Total volume m3 1-6

Volume of the air at atmospheric pressure m3 0-9

Open-air suction

reservoir

Maximum volume m 8.0

Head range m o+2

influence of the annulus 5 on the above relations has been found. chosen results
of investigations of the valve with the conical element having lower diameter of
64.5.10-3 m ale displayed in Fig. 5. Measured values on the 

^p"(Q) 
curves appa-

Iently lie very close to square functions. Values referring to the characteristics of
Lp"(Fn) seem to belong to ]inear functions. This suggests that the experimental
curves should not be sensitive to the Reynolds number and could be approximated
by square and linear functions, respectively.
Values of the flow discharge coefficient for each investigated position of the valve
head can be determined by means of the least square approximation for 

^p"(Q}.This coefficient referred to the inlet cross sectional area, Aa has been calculated
from the formula:

CQ= la l

A,\ErTpłTp

Then, the hydraulic thrust coefi.cient has been evaluated based on linear ap
proximation for Ap,,(Ę). This coefficient has been defined as the ratio of the
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Fi5. 5, CŁaracteristics of the plug-type check valve with the conical element of lower dia.meter D" =
64.5 . 10-3 m.

hydraulic thrust on the valve head and the force due to pressure difference be-
tween the inlet and the outlet of the valve

Cr- Ar'LP,

In Figs. 6-11, the flow discharge coefficient Cq and, the hydraulic thrust coemcient
Cp referring to the two flow directions and different configurations are plotted
against dimensionless position of the valve head (r* : zlzo),It becomes clear
from comparison of the presented graphs that the shape of the vaive head has a
significant effect on the characteristics Cq(r-) and, Cp(z"). Application of conical
elements with larger diameters .D, leads to smaller values of Cą for a constant
position of the head. Thus, the pressure drop acToss the valve and the hydraulic
thrust become larger. It shouid be also noted that the influence of the conical
element on these coefrcients becomes smaller when valve opening increases and
is insignificant when the valve is fully open.

l
*

§T
l

ł
l

ił
§
/
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;

Fig. 6, The flow discharge coefficient and thrust
coefficient versus dimensionless position of the
valve head for the two opposite flow directions.
The lower diameter of the cońcal element D" =
64,5 mrn.

Fig, 7. The flow discharge coefficient and thTust
coefficient versus dimensionless position of the
valve head for the two opposite flow directions.
The lorrer diameter of the cońcal element D.. =
62 mrn.

5. Experiments under transient conditions

The experiments described in this chapter concern the situation of discon-
necting the pump motol (by means of an electromagnetic coupling). The inve-
stigations have been calried out for al1 prepared configuTations of the valve. For
reliable compalison, each configulation has been tested starting from the same
steady working conditions. These conditions have been determined as:

. pump rotational speed ??o = 1500 lerr/ min ,

. volumetlic flow Tate Qo: 5.0. 10-3 m3/s,

. wateT head in the suction TeseTvoir above the centre line of the horizontal
delivery pipe 114, = S,

o absolute pTessule in the delivery resetvoil, referred to that of the delivery
pipe level p = 170 kPa,

o temperature of water 9'C.

When the pump was stopped the following quantities were measuTed:

. pump rotational speed (n),

o valve head position (z),

o inlet pressure (pd),

o outlet pressure (p,), - volumetric flow rate (Q).
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!ig. 8. The flow discharge coefficient arrd thrust
:oeficient velsus dimensionless position of the
ralve head for the two opposite flow directions.
l}e lower fiarneter of the conical element D" =j9 mm.

i5. 10. The flow discharge coefficient arrd thrust
::fficient versus dimensionless position of the
rrh-e head for the two opposite flow directions.
l\e lower diarneter of the conical element D" =
I] m_

Fig. 9. The flow discharge coefficient and thrust
coefficient versus dimensionless position of the
valve head for the two opposite flow directions,
The lower diameter of the conical element D" =
55 mrn.

z'I- l

Fig. 11. The flow discharge coefficient and thrust
coefficient versus dimensionless position of the
valve head for the two opposite flow directions.
The lower diameter of the conical element D" =
o.
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A diagram of measuring equipment for measurements of these quantities is pre-
sented in Fig. 12. Time variations of the flow rate have been determined ap-
proximately from hot-wire measurements of the axial component of velocity in
the pipeline. A hot-wire probe has been mounted at the centre line of a pipeline
stretch at a distance of forty inner diameters of the pipeline from the valve under
investigation. The probe had been caiibrated under steady flow conditions to find
a correlation between the readings of the probe (in volts) and the flow rate. On
the basis of this correlation, voltage signals taken from the probe amplifier have
been recalculated into variations of the flow rate in flow under consideration. It
is difficult to evaluate the accuracy of this measuring technique for lack of infor-
mation about variations of the velocity profile in the pipeline during unsteady
flow. It has been roughly estimated that the relative measuring error should not
exceed I2%.The estimation procedure based on [21,24] where it is assumed that
deformation of the velocity profile in the pipefine, when turbulent flow comes to
an abrupt stoppage, takes place only in the boundary layer whereas outside it, in
the "cote", flow is uniform, see Fig. 13.

In the light of these assumptions, the measuring error should not be higher
than the ratio of cross sectional areas taken by the boundary layer (in the form
of a ring) and the pipeline. The boundary layer thickness, determined from the
formula

8.,
),- Re

as in [24], is ó: 2.2.I0-3 for D = 66.10-3, A = 0.02 and -Re :1.ż.104. This
Reynolds number refers to I27o of the tested lange of flow rate according to the
assumed error (initial Ęe = 105). The cross sectional area of the ring taken by
the boundary layer of thickness b : 2.2. 10-3 is L2% of that of the pipeline.

Chosen results of investigations in the form of time variations of the measured
qua§ties are presented in Figs. 14-17. The highest pressure variations on both
sides (at the inlet or at the outlet) of the valve are recorded usually at the moment
after the head has come into contact with the valve seat. Then the pressule before
the valve has its minimum value whereas behind the valve reaches a maximum.
The oscillations of plessule are usually so large that they disturb the continuity
of flow and cause tiquid column separation when the plessuTe on any side of the
valve has dropped near that of saturation. It should be noted that in most cases
a transient state of repeated closure and opening of the valve occurs due to a
temporary drop of plessure at the outlet below the pressure at the inlet.

Comparing the presented transients, one can see a considerable influence of
the applied methods of damping liquid flow in the valve on variations of pressure
within the system and on the speed of valve closure in its final stages. This
speed may be deemed a measule of the intensity of valve slamming. For further
considerations and presentation of some more important results during the course
of investigations, the following dimensionless parameters of the valve have been

b-
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Fig. 12. A diagram of equipment for measurements rrnder transient conditions.
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Fig. 13. Model of velocity distribution in trrrbu]ent pipe flow.
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rnade use of:

ss

The parameters s}, h} define the process of throttling internal flow. s, is the
ratio of the cross sectional areas of (1) the clearance between the inner wall of the
damper annulus and the head sharpedged annulus and of (2) the head including
the sharpedged annulus. ń.o is a ratio of the height of the damper annulus and the
maximum lift the head. Parameters s],ń] refer to throttling external flow and
are determined in a similar way with the cross section of the valve inlet denoted
as D, the lower diameter of the conical element D, and its height br.

To describe the phenomenon of waterhammer the following parameter is in-
troduced

(
U m,o,r -

Pmax - PO

Po

and represents the ratio of the pressure suTge in the delivery pipeline behind the
l-alve due to its closure and the initial plessuTe at the same section before discon-
nection of the pump motor.

The influence of each individual damping method on waterhammeT is presen-
ted in Figs. 18, 19. From Fig. 18, one can say that application of a conical element
of the head without a damper leads to an unfavourable increase in pressure surge,
compared to the undamped valve. The situation becomes more unfavourable with
the clearance between the side conical surface and the valve seat becoming smal-
ler. In the author's opinion the situation may be explained as follows:

1. From the static characteristics of the valve (Fig.6-11) it is evident that
slightly lowerflow coefrcient Cq at the open position of the valve with the
conical element results in somewhat higher hydraulic thrust on the valve
head, so that in consequence the valve closure begins with greater delay.

2. During final stages of valve closure under the conditions of reverse flow, the
"Ievelse" hydraulic thrust aggravated by throttling internal flow leads to a
precipitation of valve closure.

3. As a result, IeveTse flow gets higher rate and then higher deceleration when
it rapidly stops.

,_* he
,rp = ,o'

D?- D?
D?

h::h"
zo
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Fig, 18. Influence of throttling external flow in
the configuration of va]ve head - valve seat on
waterhamrner. No throttling of interna] flow.

logls;) t-]

Fig. 19. Lrfluence of throttling internal flow in
the configuration of case - valve head on łvater-
hammer. No throttling of external flow.

More unfavoulabl€ infltence on watelhammel has been found in the configu-
ration of valve case - valve head. Bven for small clearances between the annuli
of the head and the case, the force due to throttling is not so laTge as to decele-
Iate the valve head. However, the shape of the glaph in Fig. 19 - location of the
maximum - suggests that a propel choice of the clearance, plovided it is sma1l in
size, can effectively subdue the impact of waterhammer. This possibility, in fact,
is taken into account in hitherto applied check valves.

Effects of simultaneous application of the two ways of throttling are displayed
in Figs. 2a-22. In Fig. 20, the influence of the conical element in the double
damped valve on waterhammer is presented. One can see that, unlike in Fig. 18,
pIeSSuTe SuTge becomes smaller with diminishing the size of the clearance between
the side conical surface and the valve seat. This positive impact of the conical ele-
ment is a result of a lower flow rate of reverse flow due to the increasing intensity
of throttiing internal flow with simultaneous decelerating of the head.

The influence of the throttling configuration of case annulus-head sharpedged
annulus in the double damped valve is illustrated in Figs. 27, 22.In Fig. 21,
a favourable influence of the configuration can be reported for a much larger
clearance between the annuli than in the case without a conical element, see Fig.
19. Further reducing the size of the clearance subdues the impact of waterhammer
more efficiently. In Fig.22, the waterhammer paTameter is presented as a function
of the height of the case annulus. The highest rate of reducing the intensity of
waterhammer has been achieved during deceleration of the valve head beginning
from 30% of its maximum lift.

From the obtained results, one can conclude that the proposed design of double
damPed Piug-type check vaJve considerably subdues the impact of waterhammer,
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Fig 20. Double damped valve. Effect of the coni-
cal element of the valve head on waterhmmer.

10- 'o-- ,ogrr;lł:ol-. 
1

Fig 21. Double damped valve. Effect of the cle-
arance in the damper on waterhammer.

compared to those damped check valves in which throttling devices are insta,lled
only to reduce the speed of valve closure in its final stages.

6. Conclusions

A damped plug-type check valve of original design has been constructed and
tested in order to reduce the effect of waterhammer in pump systems. The novelty
of the design lies in simultaneous application of two methods of throttling liquid
flow within the valve. One of them takes place in the throttling clearance of the
configuration of valve case-valve head in the clearance between the case annulus
and the sharpedged annulus ofthe valve head. Like in check valves used hitherto,
due to throttling internai flow in this clearance, decelerating of the valve head is
achieved in the final stages of valve closure. The other method of throttling takes
Place in the configuration of valve head-vaJve seat by means of a conical element
as the press-down surface of the head. This method leads to an increase in flow
throttling when the valve is partially open.

Experimental investigations have been carried out on a pump test rig for diffe-
rent confi,gurations of a specially prepared valve. Waterhammer has been a result
of valve self-closing after disconnection of the pump motol. Application of one of
the proposed methods of throttling (without application of the other) does not
result in diminishing the impact of waterhammer which remains comparable to
that of the undamped valve. Each conical element used in the investigations of
the valve without throttling internal flow has led to an increase in pressure surge,
comPared to the valve with a flat press-down surface of the head. Similarly, for
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Fi1,.22.Double damped va]ve. Effect of the height of the damper annulus on waterhamrner.

each size of the clearance in the configuration of case annulus-head sharpedged
amulus used in the investigations without a conical element, a much desired re-
luction of the impact of waterhammeT has not been achieved. Howevel, as the
obtained results stggest, considerable reduction in size of this clearance can lead
lo reduction of pressure variations below those of the undamped valve.

Simu]taneous throttling in both mentioned configurations significantly sub-
jues the impact of waterhammer. The conical shape of the head's press-down

"urface has been positively verified in the valve with double throttiing. As a re-
;nlt, for the smallest clearance between the case annulus and head sharpedged
ąnnulus and the largest conical element of the head applied, a considerable re-
juction of pressure variations has been found, compared to the undamped valve.
rhis result is to confirm usefulness ofthe new construction ofthe plug-type check
-.:alve in diminishing the level of waterhammer in pump systems after pump pov/el
:ailure. Towards the end of the papel it shouid be underlined that there is still
a need of a calculation method to be worked out with a view to appropriately
;electing the parameters of the two presented throttling configurations. The re-
;dts of experimental investigations could be then serviceable in validation of this
:alcu]ation method.

!,{anuscript received in April 1995
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Badania doświadczalne wpływu układów dławieniowych wzniosowego
zaworu zwrotnego na przebieg uderzenia hydraulicznego w

przewodzie tłocznym pompy

streszczenie

Opracowarro i zbadarro wzŃosowy zawór zwrotny oryginalnej konstrukcji w celu zmniejszmiapoziomu
uderzenia hydra.ulicznego w układach pompowych. Oryginalność rozwiązania polega na równoczesn;rm
zastosowanirr dwóch sposobów dławienia przepływu cieczy w zaworze. Jeden z ńch jest realizowany w
szczelinie tłumika utworzonej w układzie: pieŃcień obudowy-ostrokrawędziowy pienścień elementu za-
mykającego (sovbk") zaworu. Drugi sposób jest realizowany w układzie: grzybek-piazdo zaworu za
pomocą u_kształtowa.rrego grzybka.,

Badania doświadczalne przeprowadzono na stanowisku pompowym dla różnych konfigrrracji specjal-
nie przygotowalrego za$roru. Uderzenie hydr:auliczne było wynikiem sarnoczynnego za,rnlorięcia zaworu
po odłączeniu napędu pompy. Poprzez pojedyncze zastosowa,rrie proponowarrych sposobów nie uzyskano
korzystnego efektu łagodzenia uderzenia hydraulicznego w porównarriu do zaworu bez tłurnieńa. Równo-
czesne zastosowa,rrie dwóch zaproponowanych sposobów zrtat:zńe zwiększyło efekt łagodzenia uderzenia
hydraulicznego.

W rezultacie potwierdzono założor.ąprzydatność opracowanego zaworu do zmniejszarriapoziomu ude-
rzenia hydraulicznego w układzie pompowym w warunkach odłączeniana,pędu pompy.


