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BUBYEHHA BMJIMBY KOHCTPYKTUBHUX TA PEXUMHUX NAPAMETPIB
PO34YNHOHACOCA HA BEJNIMYNHY OB’EMHOIO TA 3AIrAJIbHOIO KOE®ILIEHTA
KOPUCHOI It

AHOTALJIA. 3asHadyeHo, wo echekmusHicmb pobomu po3duHoHacocie mpaduyitiHo OUiHIEMBbCS 3a
3HaYeHHAM KoedbiyieHma KOpucHoOI Oil, KUl eu3HaYaembCs CYKYMHICMIO mpbox cKrnadosux: 06’eMHO20,
eidpaeniyHo2o ma mexariyHo2o KK/M. BenuduHa 3azanbHo20 KK makox ennueae Ha egekmusHicmb
suUKopucmaHHs  romyxHocmi  fpueoda  MmawuHu. B pobomi npedcmaenieHi  pe3ynbmamu
eKkcriepumMeHmarbHUX OOCiOXeHb [0 8CMAaHOBMIEHHIO 6MIU8y KOHCMPYKMUBHUX ma PeXuMHUX
rnapamempige 8epmukasibHo20 JOughbepeHujanbHO20 PO3YUHOHAcoCy 3 mapinyacmumu KranaHamu, rpu
repekaJyeaHHi 8arnHsIHO-MiWaHo20 po34yuHy. lNpoaHanizoeaHoO ma eudinneHO OCHOBHI chakmopu enugy ma
Ix iHmepesarnu 3miHuU, 00 sikux cnid sidHecmu: diamemp omeopy cidna KnarnaHa, sucomy nidtiomy KranaHa,
macy KnanaHa, 4acmomy ma O08XUHY pyxy poboyoz2o opzaHy Mpu 8U3Ha4qeHili pyXsueocmi pPO34YUHY.
HaeeleHi epaghiuHi 3anexHocmi, siki 00360/510Mb MPOGeCMU aHaslia ma ecmaHo8umu pauioHarbHi
3HaYeHHs1 3a3HayeHux napamempie Ha eenu4quHy o6’eMHo20 KoegiuieHma kopucHoi dii. OmpumaHi
pauioHaribHi  4ucrnosi 3Ha4YeHHsl 8CMAaHOBIIEHUX KOHCMPYKMUBHUX ma PexuMHUX napamempie
pPO3YUHOHacoca Maromb MPaKMuUYHe 3HaYEHHS MpuU MPOEKMYy8aHHi HOBUX KOHCMPYKUil obnadHaHHS ma
eKcrilyamaujii 8Xxe iCHyr4quXx.

Knroyoei cnoea: posqyuHoHacoc, 3azasibHuli koegbiuieHm KopucHoi Oil, ob’emHuli KoegiuyieHm
KopucHOI Oif, onmumisauisi napamempig, 6ydieenbHi pO34YUHHI CyMilui

STUDY OF THE INFLUENCE OF THE DESIGN AND MODE PARAMETERS OF THE NON-
PUMP SOLUTION ON THE VOLUME AND TOTAL CO-FIGURE COEFFICIENT OF ACTION

ABSTRACT. It is noted that the efficiency of solution pumps is traditionally evaluated by the value
of the coether-useful effect value, which is determined by a set of three components: volumetric, hydraulic
and mechanical efficiency. The value of the total efficiency also affects the efficiency of using the power of
the machine drive. The paper presents the results of experimental studies on establishing the influence of
structural and mode parameters of a vertical differential solution pump with poppet valves when pumping
lime-sand solution. The main influencing factors and their intervals of change, which should include: the
diameter of the valve seat opening, the height of the valve lift, the mass of the valve, the frequency and length
of movement of the working body with the determined mobility of the solution, were analyzed and highlighted.
Graphical dependencies are given, which make it possible to conduct an analysis and establish the rational
values of the specified parameters on the value of the volumetric efficiency. The obtained rational numerical
values of the established design and mode parameters of the solution pump have practical significance in
the design of new equipment structures and the operation of existing ones.

Keywords: solution pump, total efficiency, volumetric efficiency, parameter optimization, mortar con-
struction mixtures.
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1. Problem statement. Analysis of existing designs of solution pumps shows that the most
common are pumps with ball valves, for which a significant amount of research and optimization
has been carried out. At the same time, the issues of determining the volumetric efficiency of dish
valve solution pumps remain poorly understood [1, 2].

The design features of such pumps, in particular the ramjet operating chamber and the re-
duced volume of the harmful space, create the prerequisites for increased volumetric efficiency,
improved valve operating conditions and reduced hydraulic losses. Additionally, the application of
a differentiated plunger contributes to the reduction of uneven supply and expands the possibilities
of performance regulation [3].

Insufficient studies on the influence of these factors on the volumetric efficiency factor make
it necessary to carry out an appropriate theoretical analysis.

2. Analysis of recent research and publications. The efficiency of solution pumps is tra-
ditionally evaluated by the value of the efficiency coefficient, which is determined by a set of three
components: volumetric, hydraulic and mechanical efficiency [4]. The value of the total efficiency
also affects the efficiency of using the power of the machine drive and consists of three components:

ﬂsaz = 7705 ) 77 r’ n,nrzex > (1)

where 7,6 — volumetric efficiency; #r — hydraulic efficiency; 7..x — mechanical efficiency.

At the same time, the mechanical efficiency is determined by the design features of the kine-
matical scheme of the pump and has a practically constant value for a specific design, in connection
with which, in most studies, the main attention is paid to the volumetric and hydraulic components.

The analysis of scientific papers [5, 6, 7] shows that the volumetric and hydraulic efficiency
of the mortar-suckers depend on a complex of structural and regime factors. The main ones include
the frequency of movement of the working body, the parameters of the valve units, the method of
regulating the supply, as well as the geometry and hydrodynamic characteristics of the flow part of
the pump. Considerable attention in the literature is paid to the study of the influence of valve sys-
tems on the processes of suction and injection, since they determine the conditions of filling the
working chamber.

It was established that the increased hydraulic resistance of the valve units leads to a decrease
in hydraulic efficiency, deterioration of the filling of the working chamber and a decrease in the
pump supply. In addition, disruption of flow continuity in the valve zone can cause the occurrence
of hydroimpact phenomena, which negatively affects the stability of the pump and reduces its vol-
umetric efficiency [4, 5, 8].

However, in the available research, insufficient attention is paid to the comprehensive analysis
of the influence of the design of valve assemblies and the flow part on the volumetric efficiency
factor, which necessitates further research in this direction.

3. Purpose and objectives of the study. The purpose of this article is to analyze the working
conditions and establish the influence of the design parameters of the solution pump with poppet
valves on the value of the volume efficiency.

4. Discussion of research results. To study the influence of the design parameters of a mortar
pump with poppet valves on the volumetric efficiency, the laboratory experiment method was used
[9, 10]. The design and operating parameters that most affect the volumetric efficiency of the mortar
pump were selected as determining factors, in particular, the valve lift height, the diameter of its
seat, the mass of the suction valve, as well as the stroke length and the frequency of movement of
the working element.

Experimental studies were performed on a specialized test stage (Fig. 1), using a solution
pump equipped with poppet valves.

In the first stage of the experiments, when studying the volumetric efficiency of the solution
pump, a study was conducted aimed at determining the influence of various constructive pas. In
particular, the dependence of the value of the volume efficiency coefficient on design parameters,
such as the diameter of the valve seat opening d., the height of the valve lift 4, the weight of the
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valve my, was studied. Other parameters for this stage of the experiment were fixed: the mobility of
the solution OK = 10 cm, the frequency of movement of the working body » = 120 min™' and the

length of its stroke L = 65 mm.
/ 4
> C
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Fig. 1. Test bench layout:
1 — hopper mixer; 2 — test solution pump; 3 — measuring capacity; 4 — solution pipe; 5 — connecting vac-
uum hose; 6 — manometer; 7 — loading device.

In order to determine the volumetric efficiency of the solution pump, which is used as a
criterion for the effectiveness of constructive decisions, we adopt the following functional depend-
ence:

9
77:&-100%:M,% ()
O, w-n-D°-L-t
where Qo — is the actual pump supply, 1/s; On — theoretical pump supply, I/s; V'— volume of meas-
uring capacity, 60 I; n — frequency of movement of the working body, min™'; D — plunger diameter,
127 mm; L — plunger stroke length, mm; ¢ — time of filling with a solution of a measuring container,
S.

At the initial stage of determining the interval of values of the design parameters of the valve,
the diameter of the seat opening d., the lifting height 4 and the mass my, the gradient movement
method was used. As the starting point (zero level), the following values of the studied parameters
were chosen: 4 = 15 mm, d. = 50 mm, my = 0.5 kg with intervals of variation of 5 mm, 10 mm and
100 g, respectively. In the region of this "point" the response surface was approximated using a
plane, which was constructed using a linear three-factor design [11, 12]. The matrix of this plan is
shown in Table 1.

=1 (de, b, mi). 3)
In this matrix, the values of the changing factors are marked with the sign "+", at the top
level, at the bottom - "—", and "0" - at the middle (zero).
Table 1. Matrix of a linear three-factor plan for conducting an experiment when moving along a gradient
No Xi(h, mm) X> (de, mm) X3 (M, g) Y (efficiency, %)
1 +(20) + (60) + (600) 70,5
2 - (10) + (60) + (600) 74
3 +(20) - (40) + (600) 78
4 -(10) - (40) + (600) 81
5 +(20) + (60) - (400) 66
6 - (10) + (60) - (400) 69
7 +(20) - (40) - (400) 70,5
8 -(10) - (40) - (400) 72,5
9 0 (15) 0 (50) 0 (500) 72,5
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As a result of statistical data processing, the equation was obtained:

n=-106,26+5,45-h+6.73-d,—0,14-h* —0,063-d_—0,06-h-d_,% 4)
Based on this equation, the plot is shown in Figure 1.
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Figure 1. Graph of the dependence of the volumetric efficiency of the solution pump on the seat
diameter d and the lifting height /4 of the suction valve at m;=0.6 kg; n=120 rpm; OK=10 cm

In carrying out the present plan, the following sequence of execution of its lines
1,2,3,9,4,5,6,7,8 was used. As a result of statistical data processing, the equation:

n=-135,9+34,04-0OK -0,24-n—1,44-OK* —0,002-n° +0,02-OK - n,% (5)

Based on equation 5, the plot is shown in Figure 2.
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Figure 2. Graph of the dependence of the volumetric efficiency of the solution pump on the fre-
quency n of the movement of the working body and the mobility OK of the pumped solution at
d=50 mm /=10 mm; m;=0.6 kg.

A study of the influence of the stroke length L of the plunger on the volume efficiency of
the investigated solution pump was carried out. This is due to the fact that the possibility of adjusting
the feed is built into the structure and is very convenient to operate. The study was carried out
according to fixed parameters that had previously been determined to achieve the maximum volume
efficiency of the solution pump in the previous series of experiments. Only the upper 80% of the
plunger travel adjustment range was used to conduct the experiment, since at small values there is
a significant increase in the error of the experiment, which can lead to inaccurate results.
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The results of the experiment were processed using the method of least squares [11] and the
following equation was obtained as a result:

n=-0,186-1+2,36- L+9,064,% (6)

Based on equation 6, a plot of the volumetric efficiency of the solution pump versus the

stroke length L of its working body is depicted in Figure 3.
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Figure 3. Graph of the dependence of the volumetric efficiency of the solution pump on the stroke
length L of its working body at =50 mm A=10 mm; m;=0.6 kg; n=120 rpm; OK=10 cm

After that, a study of the influence of the mass of the suction valve on the volume efficiency
of the solution pump was carried out. The parameters according to which the maximum result was
achieved in the previous series of experiments were fixed: valve lifting height # — 10 mm, mobility
of the solution OK — 10 cm, frequency of movement of the plunger 7 — 120 min™'. The mass of the
valve was changed with the help of lead loads, which were put on the valve stem and fixed with a
nut. The efficiency was determined for different valve seat opening diameters: dc = 40 mm, dc = 50
mm, dc = 60 mm. The results of this series of experiments are presented in Table 2 and in the graph
of Figure 4.

Table 2. Results of the determination of the maximum values of the volumetric efficiency of the solution
ump for a valve with different masses

dc=40 mm dc=50 mm dc=60 mm
mg, kg n, % mg, kg 7, % mk, kg 1, %o
0,5 80,5 0,5 81 0,5 68
0.6 81 0.6 85 0.6 74
0,7 76 0,7 83 0,7 75
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Figure 4. Graph of the volume efficiency of the solution pump versus the mass and diame-
ter of the valve seat at: /=10 mm; »=120 rpm; OK=10 cm
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5. Conclusions. As a result of experimental studies of a vertical differential solution pump
with poppet valves, when pumping a lime-sand solution with a mobility of 10 cm and a fraction size
of up to 5 mm, it was established that the maximum volume efficiency is achieved with the follow-
ing design parameters: valve seat opening diameter d. = 50 mm, valve lifting height 2= 10 mm,
valve weight m; = 0.6 kg, frequency of movement of the working body # = 105 min''. However,
due to the strong pulsation of the solution jet at a given frequency, which can be seen in Figure 2, a
rational frequency range from 100 to 125 min™! was chosen and the frequency of movement was set
at a value of # = 120 min™', which better meets the technological requirements.

From the graph shown in Figure 1, it can be deduced that regardless of the diameter of the
valve seat opening, with an increase in the height of the valve lift above the seat, the volume effi-
ciency of the solution pump first increases to the maximum value, and then decreases again. With a
constant height of valve lifting and an increase in the diameter of the seat opening, there is also an
increase in the volume efficiency to the maximum value at dc = 50 mm, and then a decrease again.
The pattern clearly expressed on the graph is that the maximum volumetric efficiency of the solution
pump, which is 81% with a smaller diameter of the seat opening, is achieved with a higher valve
lifting height of 12 mm, and with a larger diameter, the efficiency of 76% is the opposite with a
lower height of 8 mm.

A decrease in the stroke length of the working body leads to an increase in the volume of
the "dead" space of the working chamber, that is, it reduces the coefficient of its filling. This is
reflected in the graph shown in Figure 3, based on experimental data, where there is a drop in the
volume efficiency of the solution pump. This dependence is the regulating characteristic of the de-
signed solution pump. In the ranges of increasing the speed of movement of the working body shown
in Figure 3 and reducing the length of its stroke shown in Figure 2 by 40%, the volume efficiency
of the solution pump is practically equally reduced, namely by 2—6%.

When the mass of the valve increases, there is also a decrease in the rational volume effi-
ciency, which is explained by the increase in the time of delay in opening the valve due to the high
force required to separate the valve from the seat. Thus, the graph shows that when the load on the
valve increases, the volumetric efficiency increases, but this load must remain within a certain ra-
tional value to ensure minimal lateness during valve operation. In addition, each diameter of the seat
opening has its own optimal valve weight as shown in the graph in Figure 4.
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