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Abstract
The competitiveness improvement of milk products is directly connected with a problem of decreasing energy consumption 

of the process of milk emulsion dispersion. At creating promising types of energy effective dispersers, a necessary condition is to 
elaborate a correct methodology for studying them that takes into account the specificity of the process of fat milk microemulsion 
dispersion. 

Based on the critical analysis of research methods for homogenizers of different types, there have been determined main 
directions of their improvement, taken into account in the elaborated research method for a promising jet-slot type milk homogenizer. 
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The method of theoretical studies, including a choice and analysis of stable and changeable factors of the homogenization 
process in a jet-slot type homogenizer and optimization criteria, has been elaborated. The interconnection of technological, construc-
tive, hydraulic parameters with a dispersion quality has been demonstrated. 

The influence of physical-mechanical properties of milk as a research object was taken into account. An optimal milk tem-
perature was chosen for the studies. Factor variation limits have been substantiated. The constructive scheme of a chamber for the 
experimental homogenizer has been developed. 

At processing the experimental research methodology, the main stage was to develop an experimental set for studying the 
influence of changeable factors of the dispersion process on a homogenization quality. 

Dispersion quality estimation methods have been analyzed and the method of microphotography has been chosen with fur-
ther computed analysis of obtained data. 

The elaborated methodology was used at studying the influence of cream fat and ring slot width on a dispersion quality in a 
jet-slot type homogenizer. The obtained data allow to determine rational parameters of cream fat – 40–50 % and slot width – 0.1 mm. 
The analysis of dispersed characteristics of the milk emulsion allows to make a conclusion about the high homogenization quality, 
comparing with processing in a valve homogenizer. 
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1. Introduction
It is possible to improve the competitiveness of milk products at providing the high assim-

ilability of nutritive substances of a multicomponent product. One of methods for increasing the 
assimilability of milk and milk products is to increase fat phase milk emulsion dispersion [1, 2].  
Homogenization is realized for decreasing an average diameter of fat globules of milk products 
and their even distribution in milk plasma. Dispersion advantages may be considered as a nu-
tritive quality, storage term increase, commodity and taste qualities improvement in milk pro- 
ducts [1, 3]. Among shortcomings of the process, we may separate high specific energy consump-
tion of homogenization (microfluidizers, valve) and a high average diameter of fat globules, com-
paring with most spread and best by this parameter – valve homogenizers (vibrating, electrohy-
draulic, centrifugal) [2, 4].

A possible method for solving the problem of homogenizers is creation of a high velocity 
difference of dispersing and dispersed phases at developing a construction, which operation princi-
ple provides separate feeding of skimmed milk and cream [5, 6]. The most promising in the aspect 
of energy effectiveness is a construction of a jet-slot type milk homogenizer with separate cream 
feeding [7, 8]. But at creating new promising homogenizers, it is necessary to create a method for 
studying the process of fat phase dispersion. Special attention must be paid to the study of an influ-
ence of constructive parameters on an average diameter of milk fat globules. 

Despite the essential amount of developed homogenizers, existing methods of their study 
have essential shortcomings [3, 9, 10]:

– a unitary theory of homogenization that may be used as a background for elaborating the 
methodology for studying homogenization is absent; 

– impossibility of visual observation on the process of fat globules disruption; 
– absence of a computer model of milk fat globules disruption; 
– absence of state standards for determining milk dispersion and homogenization quality. 
So, the aim of the work is to elaborate the method for studying the promising jet-slot type 

milk homogenizer. For attaining the set aim, it is necessary to perform the following tasks, taking 
into account the aforesaid shortcomings: 

– to take into account the interconnection between constructive and technological factors, 
influencing a homogenization quality; 

– to choose a method for determining a dispersion quality. 

2. Materials and Methods
At elaborating the method of analytic studies, there were used: classic dependencies of me-

chanics and hydraulics, criterial hydrodynamic equations, process modeling in the program com-
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plex of finite element analysis ANSYS. The last ones include computer programs for constructing a 
geometric model of a homogenizer chamber (SolidWork) and analysis of hydrodynamic parameters 
of a flow (ANSYS, COSMOSFloWorks).

At elaborating the experimental research methodology, there was used the microphotogra-
phy method by a digital camera and optic microscope and processing of the obtained results by the 
computer program of images analysis. 

A research object is cow drinking milk, fat 2–4 % (Milk and liquid milk products)  
ISO 9622:2013 [11]. Samples were taken according to (Milk and milk products. Guidance on  
sampling) ISO 707:2013 [12]. 

3. Elaboration of the research methodology 
3. 1. Elaboration of the theoretical research methodology 
As a result of the conducted analysis of literary sources about research methods and meth-

odologies for milk fat phase dispersion, the general program of studying the jet-slot type milk 
homogenizer has been elaborated (Fig. 1). The program provides conduction of analytic and ex-
perimental studies, finding of rational parameters of the process and probation of obtained results 
under production conditions. 

Fig. 1. Structural scheme of research

The main task of the theoretical studies is: to substantiate parameters and operation 
modes of the jet-slot type milk homogenizer with separate cream feeding (JSHSC) for get-
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ting the milk emulsion dispersion at level 0.80–0.85 µm at minimal energy consumption of  
the process.

At analyzing literary sources, the following factors of the milk homogenization process in 
JSHSC were determined (Fig. 2) [7, 13, 14]:

– constructive: chamber diameter in the most narrow spot of a confuser dc, ring slot length 
ls and ring slot width h.

– technological: skimmed milk feeding velocity υsk, cream feeding velocity υc , fat phase 
feeding Qf, homogenization productivity Qh, average diameter of a fat globule after homogeniza-
tion dav, homogenization temperature T.

– hydraulic: skimmed milk feeding pressure Δрsk.
Physical-chemical parameters of milk: milk density ρm, milk plasma density ρpl, milk fat 

density ρf, surface tension on the boundary of fat-plasma phases σf-p, acidity °Т, kinematic and 
dynamic viscosity of milk, plasma and water fat μ, ν, μpl, νpl, μf, νf respectively. 

Fig. 2. Interconnection between main factors, initial parameters and optimization criteria  
in JSHSC 

Optimization criteria: average diameter of a fat globule after homogenization dav, power, 
consumed by JSHSC Р, specific energy consumption of JSHSC, Еsp.

For modern milk technological processes, it is completely enough to maintain production 
with the average diameter of fat globules after homogenization as 0.8–0.85 µm. But further disper-
sion increase means disruption at the level, close to one of chylomicrons, so better assimilation of 
milk products [1, 4].

The velocity of skimmed milk feeding, according to the jet-slot milk homogenizer with 
separate cream feeding, closest by the operation principle and construction, must vary from 30 to 
90 m/s. The distance in the homogenizer slot varies within value diapason 0.1–0.9 mm [15]. The fat 
of cream, used at the studies varied in diapason 10–50 % [1, 7].

The temperature of milk homogenization by technological requirements is 40–70 °С. The 
low limit is conditioned by the temperature of complete melting of milk fat, transformed to the 
liquid condition, and the high one – by changes in physical properties of milk, taking place at pas-
teurization and not desirable for homogenization [1].

As a result of the analysis of existing constructions, there was offered the constructive 
scheme of the jet-slot type milk homogenizer (Fig. 3). The chamber of JSHSC (Fig. 3) consists of 
confuser 2, and diffuser 5, branch pipes for feeding and removal of a ready product 1 and 6, con-
tainer with cream 4 and ring slot 3 [8]. Preliminarily skimmed milk with fat Fsk is supplied with 
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velocity υsk through branch pipe 1. In the most narrow spot of confuser 2 with diameter dc cream 
with fat Fc is supplied from container 4 through narrow ring slot 3 of width h with velocity υc. 

Fig. 3. Constructive-technological scheme of the chamber of the jet-slot type milk homogenizer: 
1 – branch pipe for skim milk feeding; 2 – confuser; 3 – ring slot; 4 – container with cream;  

5 – diffuser; 6 – branch pipe for ready product removal; υc – velocity of cream feeding;  
υsk – velocity of skimmed milk feeding; dc – confuser diameter in the most narrow spot; h – width 

of the ring slot; u – sliding velocity of fat globules as to the milk plasma; Fsk – fat of skimmed 
milk; Fc – cream fat; Fn – ready product fat

At entering the ring jet of cream in the skimmed milk flow, the high velocity of fat globules 
streamline forms and results in the Weber criterion growth. As a result, at transferring to the wide 
spot of diffuser 5 fat globules are disrupted. Homogenized and normalized milk with fat Fn is re-
moved through branch pipe 6. 

3. 2. Elaboration of experimental research method 
For realizing the program of experimental studies (Fig. 2) it is necessary:
– to develop the experimental set for studying the process of JSHSC, allowing to regulate 

main factors of the process; 
– to choose the method for homogenization quality estimation; 
– to conduct experimental studies for finding the influence of the process factors on opti-

mization criteria. 
The developed laboratory set for studying the dispersion process in JSHSC is presented in 

work [15]. The main center of the developed set is the homogenization chamber of JSHSC. Its con-
struction, given on Fig. 4, а, b, provides formation of the maximal velocity difference between a fat 
globule and skimmed milk that is a base of effective disruption of fat globules. 

а                                                  b
Fig. 4. Assembled chamber (а) and JSHSC chamber construction (b):  

1 – branch pipe of cream feeding; 2 – branch pipe for skimmed milk feeding; 3 – confuser;  
4 – diffuser; 5 – branch pipe for homogenized milk removal [16]

The chamber of the jet type milk homogenizer (Fig. 4, b) consists of confuser 3 and dif-
fuser 4, forming the narrowest place in the central part of the chamber. Preliminarily skimmed 
milk is supplied through feeding branch pipe 2, after which reaches the narrowest spot, where the 
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necessary amount of cream is added through the slot between the confuser and diffuser through 
supplying branch pipe 1 to skimmed milk that has the most velocity in this place [8]. Homogenized 
milk is removed through branch pipe 5.

The number of iterations of each experiment is 3. Such number provides an error no more 
5 %, that is acceptable for studying the dispersion process. 

Main quality parameters of multicomponent dispersed products include: dispersed phase 
distribution by fractions of different sizes, homogeneity, stableness, structural-mechanical proper-
ties of a product, determined as physical-chemical properties of components and processing tech-
nologies [1, 13]. So, there is a need in a distinct, fast method of emulsion quality estimation. Ways 
of homogenization quality estimation may be divided in groups [10, 17]:

1. Mechanical separation that is operation of two phases stratification. 
2. Sedimentation analysis, based on separation of groups of samples by weight. 
3. Centrifuging method that is in fractioning emulsion components by the influence of ef-

ferent efforts.
4. Analytic method of fat phase stableness estimation, based on consideration of the process 

of fat phase sedimentation.
5. Optic method.
6. Microscope method.
Methods 1–5 allow to estimate the emulsion quality fast, but they have common shortcom-

ings, connected with indirect measuring of dispersed characteristics of the fat emulsion. So, it is 
inexpedient to use these methods at the stage of development and study of new types of homoge-
nizers [15, 17]. Method 6 is characterized by the high labor consumption, but allows to determine 
all necessary dispersed characteristics of the milk emulsion and to construct histograms of fat 
globules distribution by average sizes [18]. Thus, the choice of the microphotography method with 
further analysis of obtained milk samples is substantiated as most rational one under condition of 
quality parameters of the jet-slot milk homogenization process. For obtaining microphotos, we use 
an optic microscope Micromed Р-1-LED (Russia) with general magnification 1500. The micro-
scope is equipped by a digital camera Mustek Wcam 300 (Taiwan) with discrete capacity 640×480, 
connected to a personal computer or a digital camera with high resolution. 

The quality of the milk homogenization process is determined by parameters of the average 
diameter of fat globules (AFG) and the distribution width of the milk emulsion dispersed compo-
sition. The last parameter may be visually assessed by a histogram of fat globules distribution by 
sizes, and quantitatively – by variation coefficient. 

4. Approbation of results and Discussion
The elaborated methodology is used at studying the influence of cream fat and ring slot 

width on the dispersion quality in the jet-slop homogenizer. The results of the experimental studies 
of the type of dependence between cream fat Fc and slot width of the homogenization chamber in 
the narrowest spot h are presented in Table 2.

Table 2
The data of the experimental studies of the type of dependence between cream fat Fc and ring slot width of 
JSHSC h

Slot width, h, mm
Cream fat Fc, %

10 20 30 40 50

0.1 0.75 0.80 0.77 0.74 0.73

0.5 0.79 0.85 0.80 0.79 0.77

0.9 0.84 0.83 0.85 0.84 0.80

The obtained data analysis (Table 2) testifies that at fat increasing of the cream, supplied to 
JSHSC, a dispersion degree grows. 
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Least AFG values may be reached at using cream, which fat is 40–50 % and minimal slot 
width 0.1 mm. At decreasing the cream fat less 10–20 %, the unessential AFG decrease also takes 
place. But at using synchronous milk normalization by fat, it is not rational to use cream of such fat 
in practice. AFR depends on the ring slot width and at its increase from h=0.1 to h=0.9 mm at using 
cream with fat 30 % the dispersion parameters worsen by 10 %.

The dispersion analysis of the obtained data for Fc=40 %, υc=20 m/s, h=0.5 mm, (Fig. 5, 6) 
demonstrated that after processing in JSHSC, the variation coefficient is lower than the analogous 
parameter for valve homogenizers by 17 %. At that AFG of the product, processed in JSHSC, is by 
7 % less than in valve ones, considered as best by this parameter [19, 20].

Fig. 5. Histogram of the fat globules average diameter distribution by size groups 

                                         а                                                                       b

Fig. 6. Microphotos of homogenized milk at using cream: а – fat 60 %; b – fat 40 %

The analysis of the given microphotos (Fig. 6) testifies that the use of cream with fat higher 
50 % without its previous homogenization results in homogenized milk with AFG at level 0.75–
0.83 mcm. But the absence of enough capsule liquid results in conglomerations formation that 
excludes the use of cream with fat higher 50 % [20].

5. Conclusions 
The methodology of the analytic studies of the jet-slot type milk homogenizer that in-

cludes the choice of homogenization process factors and optimization criteria in their intercon-
nection has been elaborated. The constructive scheme of the experimental homogenizer has been 
developed. 

The methodology of the experimental studies, based on the laboratory set for conducting 
them, has been elaborated. The microphotography method with further computer analysis of the 
obtained data has been chosen for homogenization quality estimation. 

The elaborated methodology was probated at studying the cream fat and ring slot width 
influence on the dispersion quality in the jet-slot type homogenizer. The obtained data allow to 
determine the rational parameters of cream fat as 40–50 % and slot width – 0.1 mm. The analysis of 
dispersed characteristics of milk emulsion testifies to the variation coefficient decrease, comparing 
with valve homogenizers by 17 %, and average fat globules diameter – by 7 %. 
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