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Abstract. The energy saving waste-free technology of receiving vegetable protein from sugar beet pulp is 

developed. The analysis of functioning of the machines and equipment of the offered technology is made. The 

constructive scheme of the experimental batcher mixer is submitted. Theoretical bases of work of a batcher 

mixer are explained and regularities of the process of interfusing of liquids which allow to make the analysis of 

its working process are theoretically investigated. On the basis of the theoretical analysis of the working process 

of interfusing of juice of pressed sugar beet pulp and solution of organic acids in a batcher mixer the 

mathematical description of the process in the form of the equations of a trajectory of driving of a stream of 

solution of organic acids at expiration from a nozzle of a mixing element is received. In the research of the 

working process of a batcher mixer analytical expression for determination of the value of the jet force arising at 

the expiration of solution of organic acids from a nozzle of a mixing element and dependence of efficiency of 

knot taking into account its design data of a batcher mixer are received. In the research of a required power 

dependences of values of the traveling speeds and resisting strengths arising in the course of rotation of a mixing 

element are installed on the drive of the mixer. On the basis of the conducted researches the effectiveness of 

development and introduction of the technology of a batcher mixer is confirmed. 
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Introduction 

Now in the world the deficiency of protein about 4.5 million tons is observed. It creates problems 

in farm animals’ fattening operation. The existing sources of receiving vegetable protein cannot solve 

the developed problem, therefore researchers carry out continuous search of alternative sources of 

vegetable protein [1;2]. In the authors’ opinion the waste of beet sugar production, in particular, sugar 

beet pulp and juice from the pressed sugar beet pulp [3] can be such source of protein. At the same 

time, uniformity of application and distribution of solution of organic acids in juice influences the 

process of receiving vegetable protein. The use of the batcher mixer for the dosed components in a 

stream provides this uniformity. 

The work purpose – identification of regularities between the kinematic, power and process 

parameters during operation of the batcher mixer. 

The object of the research – working process of the batcher mixer when mixing solution of 

organic acids and juice of the pressed sugar beet pulp. 

The subject of the research – analytical description of interrelations of the kinematic, power and 

process parameters during operation of the batcher mixer.  

Materials and methods 

Many scientists were engaged in processing waste of beet sugar production, however, they 

considered the questions concerning only processing of pressed sugar beet pulp, and by-products were 

just utilized [4-6]. Ensuring wastelessness of processing sugar beet is implemented on the basis of an 

essentially new energy saving waste-free technology of receiving vegetable protein from sugar beet 

pulp (RU 2268611). The scheme of placement of the equipment is shown in Fig. 1. Feeder 2 gives 

crude sugar beet pulp with humidity 90…95 % from the diffusive element 3 of the sugar plant to the 

loading bunker of the expeller 1. There it is pressed with division into the pressed sugar beet pulp and 

juice. Juice through the matrix openings and screw openings comes to capacities for coagulation 8. 

The pressed sugar beet pulp with humidity 30…40 % goes for drying. Exhaust gases with the 

temperature of 170…200 ºC are used as the heat carrier when drying. The dried-up pressed sugar beet 

pulp is applied to production of pectin [7-9]. 

Solution of organic acids is prepared in the mixer 7. It consists of 30…35 % of formic acid, 

25…30 % of acetic acid, 15…20 % propionic and 5…6 % of other organic acids. These elements by 

the doser 5 from the capacity for storage 4 get in the mixer 7. The flow of juice is directed via the 

camera of the batcher mixer 6. It is mixed with 1 % solution of organic acids. The received mix is 
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directed to the tanks for coagulation 8 and through 2…3 days proteinaceous paste is received, which is 

dropped out as deposit and clarified liquid. The proteinaceous deposit is sent to the dryer. The clarified 

liquid is merged in the capacity 9 and used as additive in the diet of animals or for production of 

fodder yeast [10]. 

 

Fig. 1. Scheme of placement of equipment for receiving vegetable protein from sugar beet pulp 

The efficiency of the process of mixing liquids is defined by the mixer design. The existing 

designs of mixers do not meet the requirements of the offered technology [11;12]. The mixer of 

liquids (RU 2250799) with the rotating mixing element and the portioning device is developed (Fig. 2) 

for the purpose of improvement of the quality of ready mix, improvement of hashing and ensuring 

dosing of components. The main flow of juice is given to the flowing camera of the case of the mixer 

1. And at the same time solution of organic acids is given to the mixing element 2 along the pipeline 6. 

The juice flow and the reactive force arising at the expiration of solution of organic acids bring the 

mixing element 2 into rotation. Then input of solution of organic acids occurs on all width of the flow 

of juice. The directing valve 3 carries out a diffuser role. At the same time dosing of the mixed 

components is carried out automatically through the system of the valves 4 and 7 connected by the 

mechanical draft 8. The flow of juice is sent to the flowing camera of the building 1 from top to down. 

The valve 4 opens access of juice and it turns the lever 5 when the force of influence of the flow of 

juice exceeds rigidity of the return spring 10. Draft 8 turns the lever 9. Lever 9 opens the valve 7 and it 

provides input of solution of organic acids. The valve 4 under the influence of the return spring 10 

closes the channel of supply of juice when supply of juice is stopped. Then the system of levers 5, 9 

and draft 8 close the valve 7. This mixer is placed in the process pipeline. It provides stream-lining of 

production.  

Let us consider the working process of the batcher mixer in terms of interrelation of the 

kinematic, power and constructive process parameters (Fig. 3). 

The feedline flow rate through one opening is equal to Q = ρB νB S, kg·s
-1

 (νB, m·s
-1

 – speed of the 

movement of solution, S, mm
2
 – the cross-sectional area). At the same time solution of organic acids is 

not squeezed. Therefore, its density ρB, kg·m
-3

 is constant. Then the speed νB is identical in any section 

of the tube when S is a constant. The tube by length 2l, m, gets the angular speed ω, s
-1

, as a result of 

emission of solution of organic acids. The linear (surface) speed of its ends is equal to ωl, m·s
-1

. It is 

opposite to the speed νB. The velocity of retreat is equal ν0 = νB - ωl, m·s
-1

. An impulse stream through 

one opening is Q(νB - ωl), and its measure unit - [kg·m·s
-2

] ≡ [N], i.e. force – F. 
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а) 

 
b) 

 
c) 

Fig. 2. Batcher mixer: a – longitudinal section of the mixer;  

b – general view of the mixer; c – mixing element 

Thus, there are two pairs of forces – two forces are equal in size, parallel and opposite directed, 

and l – an arm of each force concerning the rotation axis (Fig. 3). In this case for the tube the condition 

of balance of the described moments of forces is  

 4 4 ( )BF l Q l lν ω⋅ = − . (1) 

Let us equate the moment of the jet force (1) to the braking moment of the frictional force  

Mf, Nm, 

 4 ( )
B f

Q l l Mν ω− = , (2) 

from where the velocity of retreat ν0, m·s
-1

 of solution of organic acids from the nozzle 

 
0

/ 4
В f

l M lQν ν ω= − = . (3) 

The trajectory equation of the movement of solution  

 
0sin cosx l tα ν α= − + ⋅ , 2

0cos sin ( / 2)y h l t gtα ν α= + + ⋅ − , (4) 

where  t – time from the moment of emission of elementary mass of solution from the tube, s; 

 ν0 – initial speed; 

 x0 =  -lsinα, y0 = h + lcosα – coordinates of point; 

 h – height of position of the center of the mixer, m. 

The stream following from the opening or the nozzle is characterized by the jet action. That needs 

to be considered in interaction with the environment (juice). Variation of momentum ǀmvǀex is [13] 

 
ex

m Q dtν ρ ν= . (5) 

Then Ndt = ρQvdt, from where N = ρQv. Therefore, this jet force is FR = -ρQv (taking into account 

the third law of Newton).  

At the expiration of juice from the opening the jet force FR, N is expressed by the equation [14] 

 2RF SHµϕγ= − , (6) 

where  µ – coefficient of the liquid expiration, it is recommended to accept 0.8…0.9; 
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φ – coefficient of supply of solution of organic acids depending on the design of nozzles 

and their arrangement on the shaft, it is recommended to accept 0.6…0.8; 

 γ – specific weight of the liquid coming out from the nozzle, kg·m
-2

·s
-2

; 

 H – pressure, m. 

When µ = 0.62 and φ = 0.97 [14; 15], FRо = -1.2γSH is received and for the external cylindrical 

nozzle at µ = 0.82 and φ = µ – FRn = -1.346γSH. 

Productivity of the batcher mixer Q, kg·h
-1

 is determined by formula [14] 

 4 60c кQ V nρ= , (7) 

where  Vс – volume of solution of organic acids for one turn, m
3
; 

 nк – rotating speed of the mixing element, min
-1

. 

 

Fig. 3. Scheme for definition of movement trajectory of stream  

at expiration of solution of organic acids 

In the course of operation of the doser with the known cross-sectional area of the exhaust outlet of 

the nozzle of round section the volume of solution for one turn Vс, m
3
 is equal 

 
02cV R Sπ= , (8) 

where  R0 – distance from the rotation axis to the center of gravity of the section, m. 

For geometrical reasons at the radius R, m, and the length of a nozzle l, m the distance of R0, m, is 

determined by formula R0 = (R
2
 + l

2
)

0.5
. 

Nozzle cross-sectional area S, at the known radius of the nozzle of r0, m, is equal to 2

0
S rπ= , then 

on the basis of expressions for Vc, R0, S from formula (7) it is 

 2 2 2 2

08Q r R lπ= + . (9) 
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In order to avoid self-outflow of solution of organic acids it is necessary: 

 2

0 кmR mgfω ≤ , (10) 

where  m – mass of the liquid coming out from the nozzle, kg; 

 g – acceleration of gravity, g = 9.81 m·s
-2

; 

 f – friction coefficient of mix around the nozzle. 

The left part of inequality (10) – the centrifugal force, and right – the friction force of particles of 

solution around the tube walls. Critical value of the angular speed 

 
0

/
к

fg Rω ≤ . (11) 

Productivity Q, kg·h
-1

 of the liquid batcher, when mixing is equal [14] 

 3600Q Sµ νρ= ⋅ . (12) 

Velocity of retreat of solution, when mixing ν, m·s
-1

, is determined by formula 

 
0

2gRν = . (13) 

Rotational speed of the mixing element is determined from a condition, under which the 

centrifugal force should be less or is equal to the material gravity mω
2
R0 ≤ mg, at the same time, the 

allowed angular speed of rotation of the impeller is defined from condition mω
2
R = mg. 

Having expressed the angular speed through therotating speed of an axis of the impeller 

ω = πn/30 and having solved the equation nmax, min
-1

, is received 
max 0 0

30 / / 30 /n g R Rπ= ≈ . 

Then productivity of mixing of Q, kg·h
-1

, is 

 2 2
60( / 4) 15Q D tn D tnπ ρϕ π ρϕ= = , (14) 

where  D – diameter of throughway opening of the doser mixer’s body, m; 

 t – step of arrangement of nozzles on the mixing element, m; 

 n – rotating speed of the mixing element, min
-1

; 

 ρ – density of the mixed weight, kg·m
-3

. 

Required power of Nn, kW for the drive of the mixing element is determined by formula [14] 

 ( ) /n r r a aN PV PV η= +∑ , (15) 

where  Pr – radial component of theforce of resistance to rotation, N; 

 Vr – district speed of the point of application of the net force, m·s
-1

; 

 Pa – axial component of the force of wrung-out liquid operating on the nozzle, N; 

 Va – axial speed of the movement of the point of application of the net force, m·s
-1

; 

 η – transfer efficiency. 

District Vr and axial Va speed 

 (2 cos )rV l dθ ω= + ; cos sina rV V α α= , (16) 

where  θ – nozzle angle of rotation, degree; 

 d – diameter of the nozzle, m. 

Radial Pr and axial Pa forces are determined by formulas 

 ( )2 09.81 45 cos sin
2

f

rP hStg f
ϕ

ρ α α
 

= + + 
 

; ( )2 09.81 45 sin cos
2

f

aP hStg f
ϕ

ρ α α
 

= + + 
 

, (17) 

where  h – depth of immersion of the nozzle, m; 

 φf – angle of friction of the nozzle around juice, degree. 

The analysis of the given results shows that for the offered batcher mixer design the received 

analytical expressions demonstrate its productivity that will be coordinated with the data of researches 

of mixing devices [11;12]. 
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Conclusions 

1. Analytical regularities of interrelations of the kinematic, power and process parameters during 

operation of the batcher mixer are received by consideration of interaction of the flow of juice 

with solution of organic acids moving the mixing element, which allows to set the device 

productivity. 

2. Expression for determination of limiting frequency of rotation is set from a condition of 

restriction of outflow of organic acid solution from the mixing element, which determines the 

operation mode and the possibility of regulation of productivity of the batcher mixer. 

3. Expression for determination of the required power on the drive of the mixing element is received 

in the research of analytical dependences of the speed values and resistance forces arising in the 

course of rotation of the mixing element. 
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