V International Scientific and
Technical Conference Actual Issues
of Power Supply Systems

Mathematical modeling and determination of optimal regimes for
the wastewater neutralization process using the electrohydraulic

effect

AIPCP25-CF-ICAIPSS2025-00321 | Article

PDF auto-generated using ReView
from

sl

RIVER VALLEY
HNOLOGIES



Auto-generated PDF by ReView V International Scientific and Technical Conference Actual Issues of Power Supply Systems

Mathematical modeling and determination of optimal
regimes for the wastewater neutralization process using the
electrohydraulic effect

Nurlan Aytbaev!?, Alisher Shanazarov!, Rustem Yunusov?, Bexzod
Jumamuratov?, Shahobiddin Rakhmonov*

! Tashkent state technical university named after Islam Karimov, Tashkent, Uzbekistan
’National Research University, Tashkent Institute of Irrigation and Agricultural Mechanization Engineers,
100000 Tashkent, Uzbekistan.
3Tashkent University of Information Technologies named after Muhammad al-Khwarizmi, Tashkent,
Uzbekistan.
“Karshi state technical university, Uzbekistan.

@ Corresponding author: aytbaev.nurlan@mail.ru

Abstract.. The article examines the possibility of applying the electrohydraulic effect for the disinfection of wastewater.
The design of an experimental setup, as well as interchangeable devices used in the wastewater disinfection process, is
described. This paper presents a mathematical model and optimization analysis of the wastewater treatment process based
on the electrohydraulic effect. Key operational parameters - discharge voltage, capacitor capacity, and treatment time -
were studied using statistical experimental design methods. A second-order regression model was developed to predict the
neutralization efficiency, and the adequacy of the model was tested using Student’s t-test and Fisher’s F-test. The optimal
operating parameters were determined, resulting in high-efficiency treatment of wastewater under environmentally friendly
and energy-saving conditions. Along with traditional disinfection methods, considerable attention in modern research is
focused on the development and implementation of innovative technologies for this process.

INTRODUCTION

Modern wastewater treatment technologies include mechanical, chemical, physico - chemical, and biological
methods, as well as their combined applications [1]. The complexity of choosing the optimal treatment method is due
to the heterogeneity of pollutants in wastewater and the need to achieve high purification efficiency [2].

Protecting the environment and using natural resources wisely is one of the main issues of our time. In the treatment
and neutralization of wastewater, the application of energy- and resource-efficient technologies and technical means
plays a leading role. Globally, approximately 1.04 billion cubic meters of wastewater are generated daily. Of this, the
industrial sector accounts for about 22-25%, the residential sector (domestic waste) for about 50%, and agriculture
(especially irrigation runoff) for about 25-30%. To treat and neutralize this water, it is necessary to introduce
environmentally friendly, energy-efficient, and high-quality machines into practice!. In this regard, the use of high-
performance and energy- and resource-efficient technical tools and equipment for wastewater treatment is of great
importance.

Environmental pollution and the rational use of natural resources are critical issues today. One of the effective
methods for addressing these problems is the energy-efficient treatment of wastewater before it is discharged into
natural water bodies [3]. The electrohydraulic effect - a process involving high-voltage pulsed discharges in water -
has shown promising results for wastewater neutralization due to its eco-friendliness and high efficiency.

! https://www.unesco.org/reports/wwdr
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An analysis of scientific studies on wastewater neutralization using the electrohydraulic effect showed that, under
soft operating conditions [4], it is advisable to select the voltage and capacitor capacity within the range of U<20 kV,
C>1,0 mkF,

THEORETICAL RESEARCH

The combined effect of these factors leads to a sharp decrease and elimination of the microorganism population.
The effectiveness of microorganism reduction, or the degree of neutralization (1), as a result of the electrohydraulic
effect (EHE), is usually expressed by the following equation [5]:

N 0" N,
n=——-" (O]
Ny

N - the initial number of microorganisms, N, — the number of surviving microorganisms after treatment with the
electrohydraulic effect (EHE).

In the process of wastewater neutralization, the main factors used to evaluate the effect of electrohydraulic
treatment are discharge voltage (U), treatment time (1), and capacitor capacity (C). These factors are influenced by
various electrical and technological conditions. To study their combined effect, it is necessary to determine the
functional relationship between the parameters of the treated wastewater and the electric pulsed discharge.
To reduce the number of experiments and increase accuracy, as well as to derive mathematical equations describing
the process and determine the optimal regime parameters within the research domain, the study was conducted using
the mathematical theory of experimental design [6, 7].

To construct the experimental design matrix, the transition from actual (natural) values of the factors to their coded
(dimensionless) values was carried out using the following formula:

x; = M )
3

where: X; - the coded value of the i-th factor; X; -the actual (natural) value of the i-th factor; X, -the central

(zero-level) value of the i-th factor; e-the variation interval of the corresponding factor.
For each factor, we first determine the zero level and the range of variation, and then proceed with coding. We
choose the following type of mathematical model:

n n n
y=>by+ Zbl.xi + Zbijx,.xj + Zbijxf 3)
i=1 i<j n=1

We use a second-order experimental design method of the Bn type.

From preliminary experiments, the following were identified as the main parameters affecting the degree of
wastewater neutralization (1):

Xi — Discharge voltage, V

X2 — Capacitor capacity, uF

X3 — Treatment duration, s.

During the experiments, three trials were conducted at each point of the B3 design spectrum. The order of the
experiments was carried out according to the randomization table [6].
The selected factors, their variation intervals, and levels are presented in Table 1.

Table 1. Factor variation intervals and levels

Designation of Factors Factor Interval Levels

Coded Natural -1 0 +1
X1 U Discharge voltage, kV 1 8 9 10
X2 C Capacitor capacity, mkF 0,1 1,2 1,3 1,4
X3 T Treatment duration, s 1,5 5 6,5 8

The matrix of the basic functions for this design is presented in Table 2. The average values and variances of the
m parallel experiments in Table 2 were calculated using the following formulas:
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The reproducibility of the experiment is verified using Cochran’s criterion.
We check the reproducibility of the experiment according to Cochran’s criterion for: g = 0,05

G=0,01064 <G, (v, =2, v,=28)=0,2354

TABLE 2. Experimental Design Matrix of B, (B3) Type and Experimental Results
Matrix of Basis Functions F
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This value does not contradict the hypothesis of the experiment’s reproducibility based on the observed results.
The degree of reproducibility of the variance is calculated using the following formula:

S? {y} :iﬁSz :;ﬁ:Sz :% =6,71429
N& ¢ N+2n+N, &5 ¢ 14 7 ©)
The average variance is calculated as follows:

- S*{y} 6,71429
s*{»} == 22,2381

(7
To determine the regression coefficients, the following sum is calculated:
N _
;= Zf gVe
g=1 = 0...14 (8)
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Where: j=0 for fg():l; j=1.4 for fg/:(xf)g; j=5...10 for So=(xx;), (G=1.4, i:f);
j=1114 o Sy =), (=1.4)

The calculations are presented in Table 2.
Using the calculated sum values for Z, ( j=0..14 ) , the regression coefficients are determined using the following

formulas:

ad_ bE- Y,
b, =ﬁ§,yg —NZ-Z(&- )oe

=l g=1 (9)
1 ﬁ:( ), ¥
i = . x[ y
AN S o (10)
LS, I
i T A s XX >
ij /13 N g J 2 an
C N _ d n N _ b N _
bt/zﬁ le(xlz )yg_ﬁ Z (xl2 )yg_ﬁ Zyg

&=l (12)
Here: a,b,c,d (A4, - N, (/13 ‘N )71 re constants, auxiliary constructions used for calculating model coefficients [8].

When n=3 and the number of coefficients bj; is equal to three, the values of the constants are as follows:
a=5,6875; b=2,1875; c=7; d=13125;(4,-N)"' =0,1; (/13N)_] =0,125.

TABLE 3. Results of calculating the t;-criterion and the b; coefficients.

basis function ] Z; b j S? (b j) S (bj ) tj

1 0 1171,33 84,60 0,90923 0,95353 88,73
X, 1 49,67 4,97 0,22381 0,47309 10,50
X, 2 22,33 2,23 0,22381 0,47309 4,72
X, 3 56,00 5,60 0,22381 0,47309 11,84
XX, 4 5,00 0,62 0,27976 0,52893 1,18
X, X, 5 -0,33 -0,04 0,27976 0,52893 -0,08
X, X5 6 5,00 0,63 0,27976 0,52893 1,18
xl2 7 834,33 -0,60 0,90923 0,95353 -0,63
x22 8 835,67 0,06 0,90923 0,95353 0,07
x? 9 834,00 -0,77 0,90923 0,95353 -0,81

The variances of the coefficients are calculated using the following expressions:

S%(by) =%S2{y}; (13)
b b= (4, -N)'S* {3} (14)
S, }= (4, -N) 'SP (1)
$* b= 5 o) (16)

The values of the tj-criterion are calculated using the following expression:
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S, a7

where: S{bj }: [s? {b, I- sample standard deviation (root mean square deviation).

t, =

The significance of the regression coefficients is verified by comparing the null hypothesis with the alternative
value of Student's ¢-criterion using the following inequality:

t,>t (v=N(m—1)) (18)
2

where: £ 2 (v)-v=N (m-1) - Student's #-distribution quantile with (1— %) % degrees of freedom;
2
the null hypothesis H - = Ois rejected, and the corresponding estimate of b; is considered statistically

significant.
In this case, for g=0.05, the quantile of the Student’s #-distribution ¢ e (8)=2,011
1-=
2

Thus, the mathematical model is obtained in the following form:
7=846+497X +223X +56X +0,62X X —0.04X X +0,63X X - 0,6)(12 + 0,06)(22 - 0,77)(32 The next

stage in processing the experimental results is to test the hypothesis regarding the adequacy of the mathematical model
and the response function. After regression analysis, this is done by comparing the sample variance and the adequacy
variance. The hypothesis about the adequacy of the model - specifically, whether the two variances are equal - is tested
using Fisher's criterion.

2
F =S (19)
2
STw
The selected variance is calculated using the following formula:
N A
D=y’
S2 —=&t (20)
OTK N _ d
The calculation is performed based on the value from the table:
82 = @ =1,7078

S(27TK > S{zﬂ Taking n into account, the calculation is performed as follows:

5 (—
e S {y} ~2,2381
Sore  1,7078
V=N-d=14-10=4; V,=N(n-1) =14(3-1) =28
At q=0.05, the tabulated value of the Fisher criterion according to table [7] is as follows:
F=1,31051 <F4(4,28) =2,71
Thus, the hypothesis regarding the adequacy of the mathematical model and the response function does not
contradict the observed results.
By removing the statistically insignificant coefficients and based on the obtained calculation results, the
mathematical model in the coded form is as follows:

y(x,b)=0,474 + 0,008x, + 0,083x, —0,008x, + 0,025x,x, —0,001x,x; + Q1)
+0,018x,x, +0,053x] —0,055x; —0,065x;

The transition from coded values to natural values of the variables is carried out using the following expression:

=1,31051

P P 7Y ©2)

i

€
According to expression (22), the values of the variables in the equation of the neutralization process using the
electrohydraulic effect are as follows:
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v-9. _C-13 | _T=65
WETT T BT o T s
After converting the coded values to natural values and applying the corresponding transformations, the
mathematical model representing the degree of neutralization obtained from the treatment of wastewater with electric
pulsed discharge takes the following form:
771 =40.179247 + 7.8832U +2.9292127 —76.379C + 6.2UC —0.0264U 7 +

+4.158:C —0,6U2 —0,33541272 + 6C?

To find the optimal value of the mathematical model, calculations are performed using the PascalABC
programming software.
The block diagram of the algorithm for calculating the neutralization efficiency is shown in Figure 1.

/ du, dc, dr, /

ves

usl0

ves no

ves
no

max=n; maxu=u; maxC=C; maxt=t

H T=1+dT |
| P

L_C=C+dC |*

[ le
1 u=u-+du [*

FIGURE 1. Block diagram of the algorithm for calculating the neutralization efficiency during wastewater
treatment using the electrohydraulic effect
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CONCLUSIONS

It has been established that the decrease in the concentration of microorganisms during electrohydraulic treatment
follows an exponential dependence on energy input, which allows for more accurate prediction of disinfection
efficiency

As a result of the research, the following optimal parameters for the wastewater treatment process using the
electrohydraulic effect were determined: discharge voltage of 10 kV, treatment time of 8 seconds, and capacitor
capacity of 1.3 puF. Under these parameters, the volume of neutralized water (equipment productivity) reached 11
m?®/day.
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