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Abstract. The design and technological scheme of the
two-chamber milking machine collector with a portion air
intake, which provides improved transportation of the milk
mixture, has been develops. The influence of changes in
the volume of the collector's milk chamber and the
intensity of milk transfer on the pressure in the rate of
sucking is studied. The conditions for improving the
transportation of milk to the main milk pipeline with a milk
hose from the milking machine collector are substantiate.
The influence of the diameter of the throttle hole on the
production of a given air flow in the section of the milk
chamber of the collector to create the necessary pressure
gradient is established.

Key words: collector of milking machine, milk/air
mixture, intensity of milk output, throttle hole.

Introduction

The design parameters of milking machines and their
operating modes should have a minimum effect on the
change in the quality of milk. It is known that in modern
milking machines the source of deterioration of milk
quality is air that comes to the milk chamber of the
collector through the throttle channel of the valve
mechanism rod.

Formulation of problem

This is a forced conventional design solution because
the intake of air into the collector is primarily needed to
improve the transportation of milk to the milk pipeline due
to the increase in the pressure gradient.

But when this occurs, fluctuations in the level of
vacuum pressure in teat end spaces of the milking cups
during the phase sucking.

A non-adapted to the modes of milking the amount of
air that comes to the milk chamber, leads to the appearance
of milk-air mixture in the milk hose, which worsens not
only the quality of milk, but also the conditions of its
transportation to the main milk pipeline.

Analysis of recent research results

Transportation of milk from the milking machine to
the milk pipeline is accompany by a vacuum drop due to
the intake of atmospheric air and overcoming resistance
forces. The main characteristics of the suspended part of
the milking machine is the diameter and length of the milk
hose. The volume and design of the collector, the location
and the diameter of the throttling. The works of scientists
[1-8] are aimed at studying the laws of the influence of the
diameter of short milk tubes, long milk hose, the volume of
the collector and the air intake parameters on the mode of
transportation, the health of the animal and, as a result, the
quality of milk.

The flow of air into the milk collection chamber of the
collector ensures its emptying during the compression
phase. The spatial location of the intake air hole in the
system "milking cup-collector-milk hose" is not regulate
and depends on the structural features of the suspended part
of the milking machine. The diameter of the hole is usually
within 0.8-1 mm, which provides an air supply speed of 8-
10 I / min, which is enough for an effective mode of
transportation of milk.

Insufficient air leakage reduces the speed of milk
transportation by the milk hose, which leads to excessive
pulsation of the vacuum in the collector, to avoid which it
is necessary to increase the milking speed to 8.5 m/sec.
Taking into account pulsations, in modern two—phase
milking machines the average speed of movement of a
mixture of milk and air in a flexible pipeline with a
diameter of 0.014 m is 0.98-1.26 m/sec. The duration of
one pulse (DA-2, ADU-1) is 0.8-0.9 s, and this indicates
the presence of pulsation of the milk flow in the hose 2-2.
2 m long during its transportation to the height of the milk
pipeline 1,7-1,8 m.

Studies [9] found that the optimal mode of
transportation would be provide under the condition of
two—phase flow rate within 6,4-7,8 m/s, which exceeds the
above boundary conditions. In addition, the increase in the
speed of transportation of the milk mixture leads to an
increase in the influence of air on the quality of milk, the
mode of its transportation to the milk pipeline becomes
dispersed [9, 10, 11]. Therefore, the decision to increase
the efficiency of the process by increasing the speed of
milk transportation is doubtful.
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Purpose of research

The purpose of research is to improve the quality of
milk by improving the design and technological scheme of
the milking machine collector and the establishment of
rational regime characteristics.

Results of research
Theoretical background and analytical studies make it

possible to establish a rational design and technological
scheme of the milking machine collector [12, 13] (Fig. 1).

Fig. 1. Designed milk collector of a milking machine:
1 — milk chamber; 2 - dividing wall; 3 — body; 4 — milk
branch pipe; 5 — cover with the air distribution chamber;
6 — air pipes to the teat cups; 7 — connecting mechanism;
8 — the valve; 9 — air inlet to pulsator; 10 — throttle opening.

A characteristic structural feature of the collector
(Fig. 1) is the presence of two separated by a partition milk
collection chambers, each of which is connected to the milk
pipeline through a separate milk hose and collects milk
from only two milking glasses. In this case, each milk-
collecting chamber is connect by calibrated holes with the
corresponding distribution chambers of the collector. Due
to this solution, the mode of milk transportation will be
improve, the pressure in the milk chamber during the
sucking stroke is stabilize, and its effective "purge™ during
the compression phase is ensure.

The principle of operation is as follows. When
connecting the milking apparatus to the system vacuum
and milk tubing, vacuum pressure at raised shut-off valve
8 is, circulate through the nozzles 4 into the milk collection
chambers 1 and to the teat end space milking cups.
Simultaneously, through the distribution chamber 5 and the
nozzles 9 and 6 of the vacuum pressure from the pulsator
spreads to the milking cups, in which the sucking phase
should occur. Milk enters one of the sections of the milk
chamber 1 and is discharged through the 4 pipe and milk
hose to the milk pipeline. In the next phase, the pulsator
through the nozzle 9 directs up to a couple of milking cups
of atmospheric air. There is a phase of compression, stops
sucking milk from the nipples. At this moment, the
atmospheric air through the calibrated hole 10 enters the to
the milk chamber. An additional increase in pressure will
be created, which will improve the mode of movement of
the milk-air mixture to the milk pipeline. During the

compression phase of one pair of milking cup in the other
pair, the sucking phase occurs.

The described mode of operation of the developed
collector will eliminate the causes accompanying the
pulsation of the milk flow, dispersion of fat particles and,
accordingly, the deterioration of its quality.

To improve the transporting properties of the
developed collector to the milk chamber during the
compression phase must enter the air with atmospheric
pressure. The duration of filling the air of the milk chamber
of the collector depends on its volume, the diameter of the
throttle hole and the pressure at the beginning of the phase
on both sides of the opening.

Thus, for a certain period dt to the milk chamber of
the collector through the air hole will enter the air volume
of the Vax with intensity Qa, which will cause a change in
pressure on the dp. Let's make a differential equation of

material balance:
Q,pdt=V dp,

where p is the variable pressure value over dt, kPa;
Qu - intensity of air intake through the throttle, m3/s;
Vi is the volume occupying air and causes a change
in pressure on dp, m3.
Divide variables and integrate the resulting equation:
ap _ Q4
PV

Under initial conditions t = t0 = 0, become C2 = 0, we
perform the potentiation:

Qn 1t
p — eVM. . elncl’
|nC1 _ C pn’

For t = to = 0, the equality p = pnis executed, then.
Where pn is the initial pressure in the collector milk
chamber, respectively, is

p.= Ap + px, kPa.
The solution of equation (2) will look (Fig. 2):

U,

an - pn € Vo !
where p,. is the pressure in the collector chamber after the
compression tact, kPa; t.is the duration of the compression
tact, s.

The air entering to the milk chamber of the collector
occupies the entire free volume (V..) and provided the
presence or absence of milk in milk collections is carried
out the equality V.=V, or V,.=V,. However, regardless of
the volume V., the pressure increases with the increase in
the air supply (Fig. 2). Moreover, a lower level of pressure
is observe in collectors with a large free volume, regardless
of the air supply intensity (Q,). The higher initial pressure
(p»)) is characterize by a higher pressure (p..)) at the end of
the compression tact, in accordance with equation (5).

The amount of air entering the dairy chamber of the
collector during the compression tact depends on the
driving pressure difference between the distribution and
dairy chambers of the collector. In accordance with the
Bernoulli equation [14, 15] for a gas medium, we can write:

2
7”/3,, =D, Pm

where p,— air density at pressure pp, kg/m?;



ESTABLISHMENT STRUCTURAL-TECHNOLOGICAL SCHEME OF COLLECTOR ...

113

pp — air pressure in the collector chamber during the
compression tact, kPa;

v, — air speed in the outlet section of the throttle, m/s.

Without taking into account the influence of friction
on the change of airflow velocity in the initial section, we
write:
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Fig. 2. The dependence of the pressure value (pn«) at
the end of the compression stroke on the air supply
intensity (Qx) and the volume of the air occupied (Vax) in
the collector chamber of the collector, under the initial
pressure p, = 50 kPa and the constant duration of the
ter = const.

It is known that during the compression tact in the
collector chamber the pressure is equal to atmospheric, that
iS, Pp = pam. The pressure in the dairy chamber (pn) can
established using the Boyle-Mariotte law:

b = pV, _ »plV. _ pV.
" V _VK_Vic_ 1 -t
VK' _E(QM _Q,’We )tCC

where V,,. — the volume of milk in the milk chamber of the
collector during the suction stroke, m®;

t. — time coordinate of sucking tact (takes values from
0stote), S.

The coefficient %2 in equation (8) is determined by the
design of the developed two-section milk chamber of the
collector (see Figure 1). To each part, only milk comes
from two milking cups with a pairwise milking, and the
minus value of the time coordinate of the sucking time
indicates a constant continuous flow of milk through the
outlet duct. Thus, the pressure p, has a variable amount
during the sucking tact (Fig. 3) and depends on the degree
of filling of milk from the dairy chamber of the collector.

With the increase in the volume of the collection
collector chamber (V), the pressure (pn) at the end of the
sucking cycle is reduced (Fig. 3), regardless of the intensity
of milk yield (Qm). However, regardless of the volume of

the collector chamber of the collector (Vi), the pressure pn
increases with an increase in the intensity of milk yield
(Qm). This can be explained by the change in the volume of
milk in the milk chamber of the collector. So, at the
intensity of milk yield from 0.005 to 0.04 1/ s, the volume
free of milk increases by 50.4-53.6% with an increase in
the volume of the milk chamber of the collector from 0.08
to 0.16 liters. In the second case, regardless of the volume
of the collector chamber of the collector, the volume
occupied by milk increases to 87.5% with an increase in
the intensity of milk yield from 0.005 to 0.04 I/s.
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Fig. 3. The dependence of the pressure value (pn) at
the end of the sucking tact on the milk yield intensity (Qm)
and the volume of the milk collector chamber of the
collector (Vi), under the initial pressure px = 50 kPa and the
duration of sucking ts = 0.6 s.

Assume that the airflow (G,) to the volume of the
collector's milk chamber, through the throttle, is constant.
Then, taking into account the state of the gas equation for
Clapeyron, we determine the mass of the partial volume of
air:

— anVnn

mnn RT '

where mn, — the mass of air in volume Vn, kg;

Vi — partial volume of air with pressure pn, m3;

R — specific gas has become, for air R = 287,1 j/ kg x
K;

T — absolute temperature of air, K.

In turn, the partial mass of air (mnn) entering the dairy
chamber of the collector during the compression tact (t..)
can be established using the equation:

mnn = GntCT = anptCT’
where G, — mass flow of air, kg/s.

Equate (9) and (10) and separate the volume of air
(V.n) in milk free from the volume of the collector's milk

chamber:
B RT prntCT
p}’ll(' .

nn
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Taking into account the equation of continuity of the
flow of a continuous medium, we write:

USd=V""

n

where Sq — section area of the throttle, m?;
d — diameter of the throttle, m.
Equate (11) and (12) and select the diameter of the

throttle (d):
ﬂ'd 2 RTanptcT 4Qn RT pptCT
19 = ]
! 4 “ pl’lK ﬂ:UVltCT p}’lK
Since RTp, = pp, then equation (14) will take the form:

d=2 | 2P
”Un p}’lk‘

Thus, the diameter of the throttle (Fig. 4, 5) depends
on the initial and final levels of pressure of the
corresponding cycles and the intensity of milk yield and
airflow velocity.
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Fig. 4. Dependence of the diameter of the throttle (d)
on the air supply intensity (Q.) and the volume of the
section of the collector chamber (V). Under the condition
of the intensity of milk yield Q,,= 0,03 1/ s and the values
of the initial pressure p, = 50 kPa and the duration of cycles
sucking t.= 0.6 s and compression t,; = 0.4 s.
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Fig. 5. Dependence of the diameter of the throttle (d)
on the air supply intensity (Q,) and the intensity of milk
yield (Q,). Provided the volume of the section of the milk
collector chamber of the collector Vx = 0,10 I, the values of
the initial pressure px = 50 kPa and the duration of sucking
times t.. = 0.6 s and compression t: = 0.4 s.

When increasing the supply of air (Q,) to the section
of the collector (V,), it is necessary to increase the diameter
of the throttle (Fig. 4). This is explained by the fact that at
constant air velocity, which is regulated by a constant
pressure difference (pp-p.) within the given volume of the
dairy chamber, it is necessary to increase the volume of air
(Van) in the milk-free volume to ensure the installation the
given pressure value at the end of the compression tact
(Pur).-

If the volume of the collector's milk chamber (V,) is
increased, the diameter of the throttle must be increased
within the given air supply (Fig. 4). This can be explained
by an increase in milk-free volume (V,.) with a constant
intensity of milk yield (Q,,).

With the increase in the air supply intensity (Q,), the
diameter of the throttle (Fig. 5) increases for a minimum
(2.15 mm) and a maximum (1.09 mm) milk yield intensity
(Q,). This is due to the need to increase the pressure at the
end of the compression tact (p..) with its unchanged
duration (tr = 0.4 s).

A slight decrease (by 2.7-3.9%) of the diameter of the
throttle when the intensity of the milk yield is increased
from 0.03 to 0.12 I/s within the fixed air supply intensity
(Qn). Itis can be explained by the decrease of the free space
of milk (V.,.) the milk chamber of the collector (Fig. 5) and,
accordingly, the higher level of pressure (pn) at the end of
the sucking tact.

Conclusion

Consequently, the diameter of the throttling hole
significantly influences the flow of air to the section of the
dairy chamber of the collector to create the necessary
pressure gradient to improve the conditions for milk
transport to the main milk pipe with a milk hose.
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CTBOPEHHS CTPYKTYPHO-TEXHOJIOTTYHA

CXEMA KOJIEKTOPA JIOIJIbHOI'O ATTIAPATA

O. B. Meogeocvkuii, O. M. Auxesuu, B. I. Auxesuu
AHoTanmigs. B crarti posrisHyTa KOHCTPYKISA 1
TEXHOJIOTIYHA CXEMa JBOKaMEPHOTO IOUIFHOTO amapary
KOJIGKTOpa 3 YacTHHOI  IOBITPO3al0ipHHKA,  SIKHI
3a0e3nedye TOJIMIICHE TPAHCHOPTYBAaHHS MOJIOYHOI
cyminmn. Takox TpeACTaBICHUN BIUTUB 3MIHH OO0CSTY
MOJIOYHOI KaMepH KOJIEKTOpa Ta IHTEHCUBHICTH Iepenadi
MOJIOKA Ha THCK y TaKTi CMOKTaHHA. OOTpyHTOBaHO yMOBH
JUISL  TIONIMIICHHS  TPAHCIOPTYBaHHS  MOJIOKa 10
MaricTpaabHOTO TPYOONPOBOAY 3 MOJIOKONIIIAHTY BijX
JOINBHOTO KOJIEKTOpa MalIiHa. TakoX pO3IIITHYTO BIUIMB
JliaMeTpa OTBOPY IPOCEThHOI 3aCIiHKH Ha BUPOOHHIITBO
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3a1aHo0i BUTPATH TOBITPS B PO3IUTT  MOJOKOKaMepH
KOJIEKTOpA, 00 CTBOPUTH HEOOXiAHNHN TPaIiEHT THCKY.

KuiiouoBi cjoBa: KOJEKTOp IOUIBHOTO arapara,
MOJIOKO-TIOBITpSIHA CYMIIll, iHTEHCHUBHICTh BHPOOHHUIITBA
MOJIOKa, OTBIp IPOCETIs.

CO3JAHUE CTPYKTYPHO-TEXHOJIOT MYECKA
CXEMA KOJIJIEKTOPA JOWUJIBHOI'O AIIITAPATA

A. B. Meoseockuii, O. H. Auxesuu, B. U. Auxesuu

AnHoTanus. B cTathe paccMOTpeHa KOHCTPYKIUS U
TEXHOJIOTUYECKAsT CXeMa JBYXKAMEPHOTO JOUIBHOTO
anmapata KOJUIGKTOpa C 4YacCThi0 BO3/1yX03a00pHHKA,
KOTOPBIN 00ECHeunBaeT yIy4lIEHHOS TPAHCIOPTHPOBKU
MOJIOYHOUW cmecH. Takke TPEICTABICHO BIHSHHE
U3MEHEHHsT 00beMa MOJIOUYHON KaMepbl KOJUICKTOpa U
MHTEHCUBHOCTD TEepeJayll MOJIOKA Ha JaBJCHHE B TaKTe
cocanusi. OOOCHOBAaHBI ~ YCIOBHS ISl YJIy4IIEHHS
TPaHCIIOPTHPOBKH MOJIOKA 1o MarucTpaIbHOTO
TpyOONpOBOJAa C  MOJIOKONUIAHTY  OT  JOUJIBHOTO
KOJUICKTOpa MalliHa. Takke pPacCMOTPEHO BIIUSHUEC
IUaMeTpa  OTBEPCTHS  JPOCCEIbHOW  3aCIOHKH  Ha
MIPOU3BOJCTBO 3aJaHHOTO pacxoja BO3AyXa B pasieie
MOJIOKOKaMephbI KOJIIEKTOPA, 4TOOBL CO31aThb
HEOOXOAUMBIIl TPATUCHT JaBICHUSI.

KiroueBbie c10Ba: KOJUIEKTOP TOWIBHOTO amliapara,
MOJIOKO-BO3IyIITHASI CMECh, HTHTCHCUBHOCTH MIPOU3BOJICTBA
MOJIOKa, OTBEPCTHUE IPOCCEIIS.



	Bibl. 15, fig. 3, tabl. 1.

