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Abstract

Most pipeline systems in dairy and food processing plants arc cleaned by circulating
cleaning solutions under pressure with a liquid pump. The flow of the circulated solutions
is single-phase or flooded flow. Milking system pipehines are subject to special requirements
which distinguish them from those in dairy and other food processing plants. Milking
systemn pipelines are considerably larger in diameter than product lines in dairy plants be-
cause they must carry both milk and air in a stratified flow condition during the milking
process. Milking machine Clean-Tn-Place {CIP) systems have historically used flooded flow
to circulate cleaning solutions. The force to move liquid, however, is typically the vaccum
provided by the same vacuum pump used during milking, rather than a positive pressure
liguid pump.

As the size and complexity of milking machines has increased in recent years, flooded
flow CIP systems have become inadequate. The amount of water required to fully flood a
milking system becomes impractical with very long and/or large diameter pipelines. The
power available ro achieve adequate flow velocity is alse limited. Air admission has been
used to produce two-phase {airfwater) slug flow and overcome some of the limitations of
fully flooded CIP. Cycled air admission can reduce the amount of water required for circu-
lation and increase flow velocitics and thus enhance mechanical cleaning action.

Cvcled air admission has been implemented in the ficld largely through tiral and error
methods. There has been a lack of fundamental design information and testing protocols
for air-injected milking machine CIP systems. This has resulred in mixed suceess in the ap-
plication of air injected systems. This paper summarizes both laboratory and field research
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conducted at the University of Wisconsin Milking Research and Instrction lab 10 provide
basic information for the design of air injected CIP systems and methods for field assess-
ment of these systems. Just as properly implemented air-injection can improve cleaning and
sanitation in milking machines with less water and energy, so to it may have applications
in the cleaning of other types of tube equipment.

Zusammenfassung

Die meisten produktfiihrenden Rohrleitungen in milch- und lebensmittelverarbeitenden
Untermnehmen werden dadurch gercinigt, daf eine Reinigungslésung unrer Druck mit einer
Pumpe durch die Leitungen zirkuoliert wird. Die Strémung der zirkulierten Losung ist ein-
phasig oder eine Totalflutung. Milchsammelleitungssysteme unterliegen besonderen Anfor-
derungen, die sic von denen in milch- und lebensmittelverarbeitenden Unternehmen unter-
scheiden.

Milchsammeleitungssysteme haben einen erheblich gréferen Durchmesser als produkt-
fithrende Rohrleitungen in milchverarbeitenden Unternehmen, da sie sowohl Milch als
auch Luft in einern stratifizierren Strémungsverhilinis withrend des Melkvorganges fidthren
miissen. Melkmaschinen, die gereinigt werden, ohne die Maschine auseinanderzunehmen
{im. Englischen Clean-in-Place (CIP}, haben in der Vergangenheir die Reinigungslosung mit
Totalflurung zirkuliert. Die Kraft, die die Flissigkeir bewegg, ist jedoch typischerweise das
Vakuum, das durch dic gleiche Vakuumpumpe erzeugt wird, die wihrend des Melkvor-
ganges benutzt wird, und niche eine Uberdruckpumpe. Dadurch, daff Melkmaschinen in
den letzten Jahren in Gréfle und Komplexitit zugenommen haben, sind Towlflutungs-CIP
Systeme nicht mehr ausreichend. Die Wassermenge, die bendtigt wird, und das Milchsam-
melleitungssystem vollstindig zu itberfluten wird unpraktisch, wenn Leitungssysteme sehr
lang werden oder einen breiten Durchmesser haben. Die Leistung, die gebrancht wird, um
eine ausreichende Fhefgeschwindigkeit zu ereichen, ist auch begrenzt. Luftzutritt wurde
benutzt, um zwei-phasige (Luft/Wasser} ,,Pfropfen-Strémung” (im Englischen slug flow)
zu erzeugen und die Begrenzungen eines Totalflutungs-CIP zu Gberwinden. Intervalluftzu-
fubr kann die bendtigte Wassermenge reduzieren, die fiir den Kreislauf und die erhdhte
Fliefgeschwindigkeit erforderlich ist und somit die mechanische Reinigungstitigkeit ver-
bessern.

Intervallufrzufuhr wurde in der Praxis primir durch Ausprobieren eingefiihre. In diesem
Bereich gibt es jedoch einen Mangel an grundlegenden Designinformationen und Versuchs-
richtlinien fiir lufrzufithrende CIP Melkmaschinen. Das hat zu einem gemischren Erfolg in
der Anwendung von luftzuftthrenden Systemen gefiihre. Dieser Beitrag faflt sowohl Labor-
als anch Feldversuche zusarumen, die an dem Milking Research and Instroction Labeor der
University of Wisconsin durchgefithrt wurden. Die Forschungsarbeiten wurden durchge-
fiihrct, um grundlegende Informationen fiir das Design von luftzuftthrenden CIP Systemen
und Methoden fiir die Bewertung von Feldversuchen dicser Systeme zur Verfiigung zu stel-
len. So wie eine richtig verwandte Luftzufuhr die Reinigung und Hygiene von Melkmaschi-
nen mit weniger Wasser und Energie verbessern kann, so kann sie auch Anwendung fir die
Reinigung anderer Arten von Rohrleitungssyremen finden.

Introduction

Most pipeline systems in dairy and food processing plants are cleaned by circulat-
ing cleaning solutions nnder pressure with a liquid pump. The flow pattern of the cir-
culated solurions is single-phase or flooded flow. Milking system pipelines are subject
to special requirements which distinguish them from those in dairy and other food pro-
cessing plants. Milking system pipelines are considerably larger in diameter than pro-
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duct lines in dairy plants because they must carry both milk and air ina stratified flow
condition during the milking process. Milking machine Clean-In-Place (CIP) sytems
have historically used flooded flow to circulate cleaning solutions. The force 1o move
liquid, however, is typically the vacuum provided by the same vacoum pump used dur-
ing milking, rather than a positive pressure liquid pump. As the size and complexity
of milking machines has mcreased in recent years, flooded flow CIP systems have be-
come inadequate. The amount of water required to fully flood a milking svstem be-
comes impractical with very long and/or large diameter pipelines. The power available
1o achieve adequate flow velocity is also limited with the equipement available as part
of the milking machine.

As the milking system is under pastial vacuum during the cleaning process, itis pos-
sible to draw a large volume of air into the system. Air admission has been used to pro-
duce two-phase (air/water) slug flow and overcome some of the limitations of fully
flooded CIP. Cycled air admission can reduce the amount of water required for circu-
larion and increase flow velocities and thus enhance mechanical ¢leaning action. The
objective in air injected flow is to form a “slug’ of cleaning solution and move this slug
around the entire pipeline. The slugs may vary from a few centimeters up to several
meters in length. The arca between the slugs contains a slower moving liquid film in
the bottom of the pipe.

Cleaning and disinfection are accomplished by a combination of chemical, thermal
and mechanical actions. The mechanical action is provided by the shear stress devel-
oped at the pipe wall. The design flow velocity for flooded CIP systems are typically
about 3 mfs. The slug velocities developed with air injecred rwo-phase flow can be 3
to § times higher, and the wall shear stress developed ten to twenty times higher than
those in flooded CID circuits. The contact time between the slug and pipe wall is sig-
nificantly reduced, however.

Two-phase, air-water flows have been widely studied and described in comprehen-
sive reviews (2, 3, 13). Air-injected CIP flow differs from that encountered in most two
phase flow literarure in several respects. First, the tlow is unsteady. Liquid enters the
milkline periodically at a low velocity and a slug is formed by periodic air admssion.
This slug is rapidly accelerated and changes length as 1t travels. The milkline is partial-
ly filled by a liquid layer ahead of and behing the slug which moves in the same direc-
tion as the shug but at a lower velocity. Second, there is usuallv only 1 slug in the milk-
line at any time. This differs from fully developed slug flow in which there arc a series
of slugs moving through the line. Third, the system is under partial vacuum rather than
under pressure. One study of air injected milkline cleaning dynamics has been previ-
ously reported (12). The study was done in a 34 mm diameter pipe and used steady air
admission rather than the cycled air admission.

Cycled air admission has been implemented in the field lareely through trial and er-
ror methods. There has been a lack of fundamental design information and testing pro-
tocols for air-injccted milking machine CIP sytems. This has resulred in mixed success
in the application of air injected systems.

This paper summarizes both laboratory and field research conducted at the Univer-
sity of Wisconsin Milking Research and Instruction lab to provide basic information
for the development of standardized soils typical of those found in milking system, test
methods to asses removal of this soil, design of air-injected CIP systems and methods
for field assessment. Just as properly implemenred air-injection can improve cleaning
and sanitation in milking machines with less warer and energy, so it may also have ap-
plications in the cleaning of other rypes of tube equipment.
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FPundamental Concepts of Milking Machine CIP Sytem Design and Operation: Al-
though system designs vary considerably, typical features of milking parlor CIP
systems are shown in Figure 1. Cleaning solutions are transported from the wash vat
through the sanirary parts of the system and back to the wash vat during the CIP pro-
cess. These solutions must make contact with all mitk contact surfaces for sufhcient
time, and with sufficient physical action, to assure cleaning. Two-phase flow patterns
are determined by the diameter of system components and water and air flowrates.
Internal diameters range from 10 mm in short milk rubes to 98 mm or more m milk-
fines and in excess fo 150 mm in milk meters and recorder jars. Flow velocities and
flow patterns therefore vary greatly in the different parts of the system. Air-injection
is normally used to produce slug flow in milklines. The objecrives and optimal contrel
strategics for air and water admission to milking units and other components diffex
from those for the pipeline. Milking units are either flooded or alternately flooded and
emptied. Large components such as some milk meters and recorder jars are generaily
cleaned with a spray or sheet of water over the interior surfaces.

In milking parlors, milking units are commeonly attached to wash assemblies {jetters)
fed from a wash line. This water-draw pipe network and jetters make up the wash man-
ifold. Cycled air-injection may enter through the wash manifold (A1 in Figure 1), the
milkline {A2 in Figure 1) or both. When air is injected only through the wash mani-
foid (A1) it is common to include 2 hose or pipe from the water drawline directly to
the milkline (the dashed line in Figure 1). Air and water are separated at the receiver
jar. The air travels to the distribution tank and is removed from the system by the vac-
uum pump. Water is returned to the wash vat by the milk pump through the milk trans-
fer Line.

Milklines must be sloped berween 1 and 2 percent roward the recetver jar to prevent
slugging in milkiines during milking. All pipelines, hoses and components must also be
installed so that they will drain by gravity berween cleaning cycles. Drainage is an im-
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Fig. 1. Typical features of mitking parior CIP systems.
Abb. 1. Typische Merkmale eines CIP-Reinigungssystems fixr Melkmaschinen.
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portant aspect of cleanning, because any standing water in the system increases the risk
of bacterial growth berween milkings and mixing of different cleaning chemicals dur-
ing cleaning.

The use of cycled air injection through milking units has been referred to as con-
trolled flushing pulsation by Lind (5). He noted that equal distribution of water to all
units is a problem in large parlors. A recent study by Wolrers (14) showed that in-
creased system vacuum improved the removal of residual milk from milking units and
milk meters in flooded systems during the prerinse process. The use of cycled air ad-
mission and controlled flushing pulsation also improved prerinse performance with-
out using a higher vacuum level. No measurements of water or air flow rates were re-
ported, however.

Australian standards {1) require that wash lines be sized to meet the manufacrurer’s
specifications for the minimum water flow rate per jetter {although most man ufactur-
ers do not specify this value). This standard further states that water flow rate through
any unit should not be less than 3 Limin, and the flow rate through the first unit should
nor exceed that through the last unit by more than 50 percent. This standard does not
give guidelines for air injection methods or air flow rates.

Materials and Methods

A series of experiments were performed to characterize the different aspecrs of air inject-
ed flow in milking CIP systems. Several methods of developing milk soil deposits and as-
sessing residual soil were also developed.

Strg flow in milklines: Experiments were performed to characrerize the type of unsteady
shig flow developed in milklines when cycled air admission is used {4, 7). The layout, di-
mensions, internal volume, and operating characteristics of the test system were represen-
tative of modern milking systems. Pipe diameters ranging in diameter from 48 ro 98 mm
were tested. The experimental system monitored air and water admission volume and rates,
the liquid fill depth in the pipe, slug velocity, slug length, and vacuum level in the pipe.

Flow through milking components: Additional studies were performed to determine the
flow characteristics of typical jetter/milking units combination for buth flooded and air-
injected flow and factors affecting the distribution of water flow between unts for typical
milking parlor CIP system designs. Conrrol strategies were developed to balance wash wa-
ter flow berween milking units, optimize cleaning of both milking untis and the milk pipe-
line and reduce the vacuum pump capacity needed for milking parlor CIP systems (6, 3, 2).

Bacterial attachment to pipe wall: Scveral methods were developed to apply bacteria,
milk soil and combined bacreria and milk soil deposits {10, 11). Test sections were designed
to allow placement of soiled chips into the pipe wall withour disturbing the flow stream.
Each test section was mounted horizontally on a shaft/rotor apparatus, filled with 100 mL
of 1:100¢ dilution of pasteurized whole milk inoculated with about 107 efu/mL of a Lacto-
baeillus culture. The test section was rotated at 10 rpm for two hours at room temperature
to allow uniform deposition of milk soil and lactobacilli on the surface of the pipe. The milk
was removed from the pipe section, which was then placed 1 the milking system and sub-
jected to specified cleaning conditions. Test chips from onc collar were removed prior to
cleaning and processed for enumeration of initial lactobacilli counts.

A series of tests were run using plain water at room temperature to isolate the effects of
physical action on hacterial removal. Wall shear stresses ranging from 50 to 250 N/m?, were
examined. A sccond series was run using plain water and several formulations of alkaline
detergents at temperatures ranging from 43 °C to 70 °(; and at two levels of shear.

Bacterial attachment to milking components: Tests were performed on an commercial
mmilking unit and milk meter to examine the flow conditions encountered in objects with com-
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plex flow geometry. The same lactobacillus culture deseribed above was used for all trials.
The milking unit and milk meter were filled with the bacterial suspension and left station-
ary for 1 hat room temperature to allow bacteria to astach to the interior surfaces. After 1h,
the bacterial suspension was poured ourt of the milking components and the components
dnsed with distilled water to remove non-adhering bacteria. The milk meter and mitking unit
were then installed in 2 milking system according to the manufacturers recommendations.
Cleaning tests were performed with both plain water and a detergent solution. Standard
plate count methods were compared with ATP-Biolurninescence assessment methods.

Mudltiple-layer milk soil and bacterial deposit: A spraying apparatus was constructed to
deliver multiple thin layers of miik-soil to test chips. The chips were placed on a tum table
that passed ro chips under 2 spray head once per minute. Warm air was circulated in the
deposit chamber so that each film would dry between spray cycles. The chips are sprayed
for four hours to develop approximately 240 milk soil fayers. Three types of milk-soil were
used. The first type used a mixture of nine parts of pasteurized milk and one part of phos-
phate buffer solution with 9% albumin added 1o the mixture. Additions types were pre-
pared by adding an L. fermentum ATCC 8289 suspension to the milk soil mixture. One of
these inoculated mixtures was cleaned immediately and the other was allowed to incubate
for 24 hours before cleaning. Milk soil and bacterial residuals on the test chips were meas-
ured using both a standard BCA Protein Assay Reagent {Pierce™ cat no 23225} and with
the ATP bicluminescence method.

Results

Slug Flow in milklines: The desired condition for cleaning is to contact all milkline
surfaces with the shug of liquid at adequate velocity to provide mechanical cleaning ac-
tion. If the slug breaks before reaching the receiver, due to insufficient inicial slug size,
insufficient air injector open time or cxcessive air admission, portions of the milkline
surface will not come into contact with cleaning solutions. When one slug is formed
at the beginning of the mikline and mainrained through the entire system, all surfaces
will be have contact with the slug. In order ro achieve this the air injector must be jeft
open long enough for the slug formed ar the air injector to travel the entire milkline.
The initial slug lergth must be also sufficient and air injection rates limited so that the
slug will not dissipate before it reaches the receiver. Excessive slug size causes flooding
of the sanitary trap and is undesirable as this stops the cleaning process.

The ratio of air-to-liquid velocities, referred to as the slip ratio, is 2 parameter com-
monly use to describe rtwo phase flows. The ratio of air to liquid velocity ranged
between 1.1 and 2.2. Increased pressure difference across the slug, and reduced slug
length increased the slip of air past the slug. The inverse of the slip coefficient can be
used to estimate the slug void ratio (velume of air in the slug/total air and water volume
in the stug). The slug void ratio ranged from 0.5 to 0.9 with most values between 0.7
and 0.5 (4, 7.

Siug velocides of 7 to 10 m/s maximize the wall shear stress developed while mini-
mizing the variation of shear stress along the pipe. The rate of air admission to the
milkline should be controlled to achieve these slug velocities. Air admission rates above
this maximum will result in reduced slug density and reduced mechanical cleaning ac-
tion in the milkline.

Flow through milking componernts: Water flow rates through a single, unrestricred
milking unit was found to exceed 20 L/min. Increasing hose length, increasing the lifi
berween the wash line and milk line, and extra air admission reduce the water flow rate
though the unit for a given vacuum difference. When no attempt was made to balance
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flow, great variation in water flow between units occurred. The flow capacity of the
wash water draw linc is determined by system vacuurm, wash water draw line diameter
and length, and the lift from the wash sink. When no air injection was applicd to the
wash manifold, excessive flow through the first several units caused the wash line to be
drained of water with little or no flow through units at the end of the line. Placement
of flow restrictors at each milking unit was shown to improve flow distribution.

Another factor affecting the distribution of water between units is tming of air in-
jection applicd to the wash manifold. When air injection is applied, the wash manifold
is alternately filled and emptied. 1f the filling and emptying of the manifold is not com-
plete in each cycle, significant variation can occur in the flow though units. Air injec-
Hon was shown to improve the mechanical cleaning action in milking units and milk
meters but made balancing flow distribution more difficult. Air injector open time on
the wash line should be set long enough to push water out of the last unir, but no long-
cr. The injector should be closed at lcast long enough to refill each unit. Increasing the
closed time bevond this point further improved unit flow distribution. In general, the
optimal timing cycle for even flow distribution through untis is different for oprimal
slug action in the milk line.

A method called sequenced air injection was developed to optimize timing cycles on
both the milkline and through milking umnits. With reference to Figure 1. both air in-
jectors are closed to fill the wash manifold and draw enough water into the milkline
1o form a slug at the milk/wash valve. The air injector on the milkline (A2 in Figure 1)
is then opened to create optimal slug flow in the milkline. This milkline injector is then
Jdosed and the air injector on the wash manifold {A1 in Figure 1) is opened for suffi-
cient time to empty the wash manifold. This sequencing of air injection otpimizes me-
chanical action in both the milkline and milking anits, reduces flooding of the receiv-
er and reduces the vacuum pump capacity required for cleaning,.

Some cquipment is designed to introduce steady air admission through milking units
or milk meters during cleaning. This steady air admission did improve mechanical
cleaning action of the componenis but made balancing unit flow more difficult and in-
creased the vacuum pump capacity required for cleaning.

Cleaning assessment methods: Bacterial and milk soil artachment methods, describ-
ed above, were shown to be repeatable and reliable for assessing cleaning. The ATP
bicluminescence method correlated well with both protein assay methods in quantify-
ing residual milk and standard plate counts in quaniifying residual bacteria, When bac-
teria were allowed to incubate in the presence of a milk soil, the resulting residue was
much more difficult to remove that either bacteria or milk soil alone.

There was no significant difference in bacteria removal in the temperature ranges
from 43 to 54 °C. Improved removal was observed for temperatures above 60 °C. This
effect corresponded to static tests in which the test bacteria remained viable at temper-
atures up to 54 °C. Interactive cffects were found beoween different types of detergent
and wall shear stress. Some derergents increasd cffectiveness with increasing shear
while others were less effective at high shear. This was due to increased foaming of
some detergents under conditions of high shear.

Discussion

The following procedure, based on the results of the laboratory experiments, has
been developed to set up new systems and diagnose CIP circulation problems in exist-
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ing systems. In addition to laboratory studies, this method has been implemented on
a number of commercial dairies.

1) Sketch and measure systemn; Understanding the flow circuir is essential for CIP
system diagnosis. A sketch should be made indicating the diameter and length of all
lines and focation of critical components such as receiver(s), wash sink(s}, air injec-
tor(s), milk/wash valve(s} and any other ancillary equipment that is cleaned or used for
cleaning. Observe a complete cleaning cycle and note whether air is being drawn in to
the wash lines at the wash sink. Document methods of operation, including the cycles
used, air injector tuming, approximate water volume for each cycle and any manual or
auntomatic operation of valves before or during cleaning.

2) Set air injector open time: The duration of air injection to the milkline shouid be
calculated and adjusted as the first step in setup of the CIP system. The slug formed at
the point of air injection should travel to the receiver without breaking. Measure the
disrance that the slug must travel from the point of air injection to the receiver. Divide
the slug travel distance by the desired slug velocity to detecmine the air injector open
time. Slug velocity for optimal mechanical action is between 7 and 10 m/s. Velocities
at the lower end of this range will extend the time for a complete cleaning cycle which
may be of benefit if the capacity of the milk pump is near its limit.

3) Check slug velocity and adjust air admission rate: Slug velocity should be meas-
ured using a vacuum recorder. The air admission fare to the millkline should then be
adjusted to achieve the desired velocity. The rate at which air is drawn in through the
mitkline air injector determines the travel speed of the slug.

A vacuum recording performed simultaneously at two points on the milkline dur-
ing cleaning is shown in Figore 2. The physical connecrion to the milkline is best done
with a tee inserted in-line with a milk hose near the milk inlet. Sections of transparent
tubing 3 to 6 meters in leagth should be used to connect to the recorder. These tubes

Vacuum Level (kPa) Vacuum Level (in Hg)
50,
e

40+
30
204

104

Time {s)

Fig. 2. Vacuum recording performed simultaneously at two points on the milkiine during
cleaning.

Abb. 2. Ganglinie der Vakuumentwicklung wihrend der Reinigung an zwel verschiedenen
Stelfen der Milchlelung,
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Table 1. Air injection rate to the milkline to produce 7 to 10 mfs shug velocity and vacuum
drop across the mikline shug

Tabelle 1. Unrerdruck und Luftzafubr in die Milchleitung, um eine Pfropfen-Strémungs-
ceschwindigkeit von 7-10 m/s zu erzielen

Milkline Diameter Air Injection Rate Vacoum Drop
48 mm 390- 910 Lim 18-37 kPa
60 mm §70-1300 Lim 15-32 kPa
75 mm 790-1700 L/m 13-29 kPa
98 mm 1300-2800 L/m 11-20 kPa

should be observed closely and bled often to prevent water from entering the record-
er. It is advisable to leave the hoses detached except when a measurement is being
raken. Moisture traps will very quickly £i]l with water and are not recommended. The
two channels are recording the same slug as it moves through the milkline {points 1
and 2 in Figure 1). A single channel recorder can also be used but 1s not as convenient.
The following information can be gained from these vacuum recordings:

Slug Velocity: Stug velocity can be calculared by dividing the distance berween the
+wo measurement points (e. g. distance between points 1 and 2 in Figure 1) by the time
berween vacuum drops {a in Figure 2). The tests points should be at least 10 m apart
for an accurate measurement, It s nOT UNCOMMON O find 2 to 3 slugs in milking par-
jor milklines. The slug formed at the milk/wash valve is usvally the Jargest slug and
produces the largest vacuum drop. Clearly identify the initial slug before caleulating
slug velocity.

Vacuum Drop: A rapid vacuum drop is measured when the slug passes the test
points. The vacuum drop across a slug {b) is a measure of the mechanical ¢leaning ac-
tion produced. The recommended range of vacuum drop across the slug are given in
Table 1. The vacuum drop should be near the maximum of the range at the beginning
of slug travel. This vacuum drop across the slug will decrease slowly as it travels
through the line due to slug decay and air entrainment. Inadequare vacuum drop across
the slug indicates that the slug 1s very short {less than 1 m} and/or that excessive air 1s
passing through the slug. A slow rate of vacuum drop indicates that the slug 1s mov-
ing slowly, usually because of excessive water in the pipeline or an excessively leaky
milk/wash valve.

4) Set air injector closed (off} time: The amount of water drawn in during each cy-
cle is decermined by the amount of time the air injector is closed or off. The close time
should be adjusted so the size of the slug reaching the receiver is just sufficient ro wash
the receiver. Jf the sanitary trap is flooding or excessive water is being transferred
through the trap, the close ime should be reduced. If the close time is reduced to the
minimum value available on the controller and flooding still occurs, the capacity of the
milk pump may necd t© be increascd. Many parlors systems add water to the milkline
in addition to that supplied by the milking units. This is normally not required to pro-
duce a slug. To avoid exceeding the capacity of the milk pump, all or most of the wa-
ter used 1o form the slug should be drawn in through the milking untis rather than di-
rectly into the milkline.
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5) Water flow through milking units: The flow rate through milking units and milk
meters should be measured using a receiving vessel installed in the milk hose between
the milking unit and the milkline. Jf the highest and lowest water flow vary by more
than 50% flow restrictors should be installed at the jetters unit to balance the flow.
Preliminary results from field studies indicate that 3 L/m is sufficient to clean most
mitking units. While many units will clean at flow rates below 3 L/min, the risk of
cleaning failure appears o increase. Some milk meters may require water flow rates
higher than 3 L/min for effective cleaning. After flow distribution is balanced make
sure that there is sufficient reserve in the wash sink so that the sink will not empty al-
lowing air to enter the wash manifold. Air entry at the wash sink acts as an addition-
al air injection location and reduces control of air mjection tming.

6} Final vacuur recorder testing and unit flow rests: After the system has been ad-
justed according to steps 1 to 3, repeat vacuum recorder testing of slug flow. Check
for the presence and strength of slug at the beginning, end and cother critical locations
in the milkline. Slight adjustment of air injector timing may be performed at this time.
The air injector should close just before the slug enters the receiver jar. If the air injec-
tor remains open after the main slug reaches the receiver, excessive water will be car-
ried through the sanitary trap. After fine adjustment of the air injector, recheck milk-
ing unit flow at critical locations including the first, last, and middle units on both sides
of the parlor, and on any units with visible buildup.

Vacuum Pump Capacity and Control Strategies: New standards have been proposed
for the minimum vacuum pump capacity required for mitking (8). With proper system
design and the control sirategies described above, the vacuum pump capacity required
for cleaning will be less than that for milking. The vast majority of milking systems
will have sufficient vacaum pump capacity for cleaning if the vacuum pump capacity
is greater than the air flow rate required ro produce 7 mJs slug velocity in milkline plus
about 56 Limin per unit for steady air admission through claw vents, system leaks and
pulsation.

Remarks

Both laboratory studies and field experience on an increasing number of commer-
cial dairy farms show that the vacuum pump requirements for cleaning can be less than
that for the new recommendations for milking. If milking machine CIP systems are de-
signed and operated properly, significant energy savings can result from both reduced
hot water use and reduced vacuum pump capacity. Improper use of air injection 1s 2
major cause of cleaning failures and excessive vacuum pump sizing. The methods pre-
sented here can be used to properly locate and adjust air injection ta assure efficient
and effective circulation of cleaning solutions. A properly functioning CIP system zids
in the production of consistently high milk qualiry, less trouble for the dairy operator
and fewer callbacks for the equipment dealer.

The milk soil application method produced a tepacious deposit that provided
enovgh resistance to removal and repeatability to be usable for detecting differences
berween derergents. The ATP bioluminescence method was found to correlate well
with other assessment methods in laboratory tests as well as 2 useful relative indicator
of cleaning in field applications. It can be a useful tool, used in combinaton with flow
testing to identify locations of cleaning failures.
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