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PROBLEMS CAUSED BY PULSATION

Pulsations are caused bv reciprocating positive displacement pumps such as plunger and diaphrasm
metering pumps, air operated diaphragm pumps, multi-plunger pumps and homaogenisers. Rotary positive
displacement pumps such as peristaltic and lobe pumps also create asignificantly pulsating tlow as do filling
machines which can, in some applications, be ' treated 48 a reciprocating purmp.,

The most commaon sign or pulsation (s often shaking and naisy pipework - sometimes referred to as water
hammer. If left unchecked this can result in partial or complete fracture of the pipe. legking joints, damaged
pipe hangers and wear and fear on purmps and mountings. Polsations can also cause damage fo instrumentation
and other system companents such as heat exchangers,

The process related erfects caused by uneven flow can often be more costly as thev can lead to product loss
due to damage and waste. Uneven flow to the process can in itself be a problem and causes unstable
fnstrument and sensor readings.

If the process invoelves spraving, a pulsing flow at the spray nezzle will cause an uneven egress of liquid.
Fhis resufts in uneven coatings which s particularly relevant o some confectionary and pharmaceutical
processes-such as tablet coating in tumbling machines.

When dosing or metering ane liquid into another, slugging can occur with reciprocating pumps since flow
arly occurs on the torward stroke; on the suction stroke no dosing takes place. The result is a very unevenly
proportioned combined flow which can often still be present even after passing through a mixer.

Reciprocating tlow on the mlet of positive displacement pumps can cause cavitation and over delivery due
to Inertia where the suction pipework is long or complex. Cavitation can be recognised by the llow rate
being below what is expected (often with excessive pump noisel whilst over deliverv is the appasite.

The solution to all of these problems caused by pulsating flow is to install pulsation dampers.

FLOWGUARD HYGIENIC PULSATION DAMPER BENEFITS
PULSATION DAMPERS

Floweirard pulsation dampers consist of & vessel which
contains a volume of iner gas, usually air or nitrogen, al
a parlicular pressure ("pre-charge’ pressurg). The gas s
retzined by a flexible membrane within the vessel and
process liguid is accessible to the other side. When the
pump s on its delivery stroke, part of the flow s
displaced into the damper causing a pre-determined rise
in pressurs o2 level dictated by the size of damper
selected, On the suction stroke this liguid is released
back inta the line allowing pressure to fall. Consequently

Remove pressure-and flow fluctuation

Eliminate noisy shaking pipes

Pravide a continuous steady flow to the process
Cibtain stable Instrument readings

Prevent cavitation due to difticult sudion conditions

Provent overdosing

asmall amount of liquid enters the damper at the ‘peak’ Pump Discharge Pressure Without Damper
of each pulse and is returned to the line when the Pressure Vanation -0 to 2.0 bar (29.0 psi)
iollowing “valley' occurs resulting in the pressure Flow Nariation S VoS "i'u_gwl'

pulsations being absorbed. The slight residual pressure e L eeee———— — : = ’?Ix—
fluciuation is known as the ‘level of damping” and is =& e E== 5t
selected tosuit the application.

A plain vessel or standpipe could sometimes be used
to achieve a similar effect. However apart from the
inherent difficulty of cleaning such a vessel under a CIP
regime, the advanlage of using a damping vessel with a
flexible membrane is that the pre-charge gas is not
absorbed by the process liquid and also the gas pressure Pressure Variation - 0.07 bar (1.0 psi)
can be set above atmospheric to keep size to a Flowmeter Variation — None — steady at 7Umin (1.8 gom)

minimium. The bwo oscillograph traces shown hero
illustrate the pulsations cawsed by a2 420 Vhr simplex
metering  pump both with and without a damper antd
show just hiow effective pulsation dampers can be,
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PROBLEMS ASSOCIATED WITH SURGE

FPressure surges can occur in almost any piping system from a single
Ly pipe to a complex process lavout, They are brought about by a
rapid change in the velocity of fluid rlow such as might be caused by
the closing of a shut off valve or the madulation of a process control
valve. The resulting pipe vibration s often referred #0 as water
hammer, shock or surge and it can lead to some surprising and
unwelcome effects.

If may he no more than a mild bang or clunk with little or no
pipework movement but it can be much mare severe resulting in
substantial damage. It mayv be solitary ‘bang” or shock, whilst in others
it is repeated rapidly producing a hammering effect.

There can be a variety of phvsical results. Cracked pump casings,
valves bodies, stems, seafs and heat exchanger plates are not unknown
and complete failure of the pipe itself can occur. Heat exchangers are
particularly valnerable. Thev can suffer from cross comtamination due
to the plate seals ‘pumping” and the seals themselves can be damaged
by pressure surges leading to the expensive process of re-sealing,
Pressure surges can cause major problems such as damaged
instrumentation, leaking joints, relief vafves Blowing off and hlown
bursting discs. Apart rrom the direct costs these incur, with some
liguids there may be a cost impact rram envirommental considerations,

COMMON CAUSES

Valve Operation

In smaller lines this mav be Iriggered by a fast acting
virlve - often Solengid or air operatad - whereas wilh
larger diameter systems the valve may appear to he
relativaly slovs closing but still cause a surge. Problems
af this bype occur within a wide range of systems from
simple elbow taps round in plumbing systems, valves on
filling machines o bwo slage process control valves:

Filling of Empty Lines and Hoses
These prablents occur where Hlow generated by either a

pump or a lankfreservoir fills an empty or partially

empty line and mests a restriction or chanae of

direction. Although generally encountered after a
shutdewn some processes experience this problem on a
recilar basis.

AVOIDING AND CURING SURGE

Many suree problems can be avoided by good pipework
design and exercisinz care in the selection and
installation of process wilves. Slowing down the speeds
of valve aperation.can have a signiticant impact.

I itis not pessible 1o-avod the propagation of a surge
then the pipeline can be protected by fitting o surge
suppression device or sprae alleviator,

FLOWGUARD HYGIENIC SURGE
ABSORBERS

The Basic surge abzorber comprises 3 pressure vessel in
which is fitted a flexible membrane. One side of this is
filled with am irert gas such as air or pitrogen to.a pre-
determined pressure (the pre-charge pressurs) The other
side of the memhbrane is connected to the process rluid,
A5 othe surge: reaches the absorber s hig

causes liguid 1o be displaced into the unit compressing

B
BREr ressare
the gas pre-charge which tvpically would have been sal
jusl below the normal operating pressure of the sestem.

The sizing of the surge absorber would: allow the rise
in pressure due to hauid being taken into the umit o be
lirmited toa presdetermined value suitable tor the design
conditions of the plant, Location of the unit is Important
and it would normally be i
cause of the surge to prevent
travelling back up the line and damaging upstream
equipment.

Although single membrane surge absorbers are
suitable for most non-hygienic doties, where there ic a
CIP reguirement a double membrane design ithe FGTD
ypel should be used: the principle of operation s

ust upsiream ol the

the pressure wave

hevarewer, the same.




HYGIENIC ASPECTS OF THE DESIGN

The FG/TD design was designed with the foad, beverags
and pharmaceutical industries in mined. It is a double
membrane or transter damper and §s suitable for clean-
in-place applications. In ieals carred oul by Campelen &
Chorleywood Food Ressarch Association to the EHEDG
protocol twas found 1o clean better than the reference
e,

The use of two membranes which are hydraulically
connected with a transier tluid overcomes the problems
ol crevices and product stagnation which are inherent in
most other damper cesigns. To ensure efficient cleaning
during the CIP ovele 1t i @ true flow through designowith
the product weted lower shell being crevice free and
having no small corners or dead areas. 1L s normally
manufactured in 316 stainless <teel with a choice of
tood quality materials 1or the lower (process contact)
membrang. Theside inlet port is altached tangentiallv to
promote a scouring action of the <shell during ¢leaning
and the urfit can ke partially dismantled for inspection
of the lowsr shell and membrane - the process wetted
paris - without less o1 precharge pressure or transier
Tlaid.

DESIGN SELECTION

Transfer Fluid

[he tramster thuid is selected in canjunction with the
client. Il nesds 1o be compatible with the process luid
{in case the lower membrane tailsi as well as the upper
and loawer membranes. There  also needs 1o be g
substantial margin behween its boiling point and tho
maximum operating or cleaning temperature reached
by the svstem: Commanly wsed lioumids are sterile
water, vegetable oils. alcohol and glvcerine, In cases
where a membrane [ailure detector i required it i3 also

to have a (significant)
difference in conductivity between the process anid
fransier Huoids.

an additional  requirement

Membrane Material
Marry
tlependant upon the process fluid and cleaning regime,
The upper membrane is usually a standard rubber grade
as il s only i contact with the transfer flind, The lower
process wetted) membrane can be provided in black or
white, in either a Standard or food guality compound,
Certificates for both the housing and membrane
maierials are available on reguest.

different rubber compounds  are available

Connections

Process connection size s normally the same asthe line
diameter o avoid constriction of flow and miaintain
velocity. The connection tvpe |s specified to suit the
customers requirements; any tvpe can be provided such
as RIT, |DF, ILC, SME DIN 11831, Tri-clamp ete.

DESIGN OPTIONS

Hot Water,/Cold Water Jackeis

Fhese are normally manufactured around the lower shell
as this s the part which holds process liguid; jacket
connections:.can bescrewed or flanged.

Surface Finish

If somiething other than a standard finish is required, that
of the Internal (process welledi parts can be specificd
separately to that of the external parts. Mechanical
polishing 7s widely used and, although
particular requirersents can be met, most finishes fall
into the following three ranzes: 0.4 0 0.2 Ba. 0.7 o 0.05
Ra anel (L0251 (.07 25 Ra. which roughly correspond to
satin”, “dull mirror’ and *mirror’. Electro-palishing ancd
Lead blasting are also used.

CLslomers

Failure Detection Device

& conduitivity probe and controller can be fitted in arder
to cletect a rupture of the lower (process contact)
membrane. The probe is located in the transfer fluid
which is selected to have a diferent conductivity to that
al the process: fluid. Should the lower membrane fail
then the fransfer and process fluid will mix, The resultant
change in fluid conductivity sensed by the conductiviby
probe can either sel off an LED or be linked 1o an alarm




The FG/TD hygienic damper solves problems!

Product contamination - Pharamaceutical Manufacture Contamination of coofant into product at a major [nsulin Plant
was the result of pulsing flow passing through plate type heat exchangers fitted to the suction side of triplex pumps.
Steaddy Tlow o and through the heat exchanger was achieved by fiiting an FG/TD hvgienic pulsation damper prior to the
pump — after the heat exchangor — on oach of the twelve lines involved,

Production shortfall during blending - Cola Production A shortfall in production was traced to a reciprocating blending
pump which was not delivening the predicted flowrate. The cause was found 1o be cavitation occurring in the pump ducto
virry long suction pipework, 2 prablem which wasscost effectively resolved by fitting an FOTD damper 1o the pump inlet.

Accurate brine and vegetable oil blending - Margarine Manufacture A new production line used a mult-headed
metering pump for proporioning grior o blending. Accurate and even hlending was imperative and FGTD pulsation
dampers were fitted 1o prevent slugging and get unitarm flow inlothe miser. They also #nahled the flowmeters to give
consistent readings

Heat exchanger damage - Brewery Leaking seals and oracked plates an o heat exchanger used tor wort cooling were
{ound 10 be due to pressure surges cawsed by acontrol valve downstream of the cooler, An economic solution waste fit
a hvgienic surge absorber just upstream of the valve kl,_‘{‘j]l."‘ﬁ_.', the pressure peak 1o acceptable loveds.

UV Steriliser damage -lce Cream Plant - Breakage of glass Wwhbes and clamps on a sugar solution UV steriliser was found
by a well known manufactorer to be due o pressure surges caused by preumatic valves clasing, The costs of downtime
and tleaning up mare than paid for the FGTD unit which cured the problem completely,

Lineven “tablet’ spray coating - Confectionary Manufacturer

A prabiem of uneven starch/sugar coating an- a well know confection was found 1o be caused by pump pulsations
atfecting the spray pattern in a tumbling type ceating machinge.. The fitting of a hygienic pulsation damper cured the
problem and elimmated all lost product due to coating thickness varialion

Homogeniser problems on box filling - Dairy Plant Repeated problems with 2 homogeniser in 2 farge dainv were found
Loy bie due 1o surpss czosed by fast acting walves ona box dilling line, Fitling a hyvitienic surge zbaorber cured the problem
and also improved the dilling accuracy,

High cake decoration wastage - Bakery An uneven widlh of chocolate decoration on cakes was Being caused by the
pulsations from the feed pumip. A CIF damper fittee o the outlet of this pump brouaht the width variation down o barely
detectable levels, eliminating this cause of waste prooduct and improving product consistency,

Mould filling shortfall - Confectionary Manufacturer Chocolate moulds 3t a well known company were not filling
completely when the line was ran at masimum speed; the filllng. machine could not deaw hiqued in fast enough. The
solution was an FG/TD hvaenic unit iitted just before the filling maching which acted as a store for chacolate and
allowed the head to 1ill completely.

Homaogensiser pulsations - lce Cream Manufacture & #idlands manutacturer had problems of pipe vibration and nolse
on both the upstream and downstream sides of o homaogeniser, [t reciprocaling action was clearly the root caise and
the ftting of dampe:s 1o both the infet and odtlet proved e be the appropriate remedy,
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