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JUSTIFICATION OF THE OPTIMAL COMBINATION OF PARAMETERS FOR
SPECIALIZED BULLDOZER BLADES FOR THE SHANTUI SD32 WHEN HANDLING
LOW-DENSITY MATERIALS
Khankelov T.K., Politaeva N.A.2, Atabaev G*.G*.1, Choriev A.Sh.!

Tashkent State Transport University, Uzbekistan
2Peter the Great St. Petersburg Polytechnic University, Russia

Abstract: The article is devoted to finding the optimal combination of parameters of spherical and
“landfill” dumps intended for the SHANTUI SD 32 bulldozer. Mathematical modeling of the bulldozer’s working
process when moving low-density materials was adopted as a research method; the technical performance of the
bulldozer was selected, providing a reliable assessment of the results of the parametric synthesis of dumps. To
develop analytical relationships for the technical productivity of a bulldozer, the process of prism formation is
divided into three discrete phases and the dependence of the technical productivity of a bulldozer for each phase is
determined, taking into account losses from the drawing prism.

The optimal dimensions of a box blade for equipping the SHANTUI SD32 bulldozer are: working width up
to 3730 mm, radius of curvature up to 1700 mm, cutting edge width up to 460 mm, canopy width up to 140 mm,
opening length up to 860 mm. The optimal dimensions of the “landfill” blade for equipping the SHANTUI SD32
bulldozer are: working width up to 3900 mm, radius of curvature up to 460 mm, cutting edge width up to 124 mm,
canopy width up to 610 mm.

Key words: drawing prism, phase, loss, technical performance, box dump, “landfill” dump.

1. Introduction

Bulldozers are widely used in construction. Currently, their numbers are nearly equal to
those of excavators. Bulldozers account for approximately 35-40% of all earthmoving work in
construction. They are used in road construction, land reclamation, irrigation projects, and
mining quarries. Bulldozers perform grading work, construct highway and railway embankments
using side borrow pits, transport soil over distances up to 100 meters, dig canals and foundation
pits, backfill trenches and holes, clear roads and construction sites of snow, fell trees and uproot
stumps. They are also used as pusher vehicles when working with scrapers [1].

It is known that certain materials (snow, wood chips, coal, etc.) are in some cases most
efficiently moved by bulldozers. However, the capacity of standard blades designed for soil
handling does not allow full utilization of the machine’s traction and power in such cases. For
these situations, high-capacity bulldozer blades, referred to here as specialized blades, have been
developed.
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Within the scope of this study, the term "specialized blades™ refers to high-capacity

bulldozer blades for which large-scale earthmoving is not the sole, primary, or preferred
application. These include [2]:

- **Spherical blades** — for moving lightweight materials,

- **Box blades** — for handling lightweight, loose, liquefied, and coarse-fragment
materials,

- **Landfill blades** — for moving municipal waste.

This study focuses on determining the optimal combination of parameters for such blades
on the **SHANTUI SD32 bulldozer**. The research method employed is **mathematical
modeling of the bulldozer's working process**, with **technical productivity** serving as the
criterion for evaluating blade parameters, ensuring a reliable assessment of parametric blade

synthesis results [3].

2. Literature Review and Problem Statement

Bulldozer productivity is influenced by numerous factors, including design, operational,
and ergonomic aspects. Additionally, some researchers consider that maximum soil
accumulation in front of the blade, its contact area with the blade surface, and the blade's cross-
sectional adaptation to the natural soil chip formation trajectory also play a role [4].

For example, studies [5,6] examine how blade design and material properties affect
productivity, with soil loss from the accumulation prism accounted for only through a loss
coefficient. Research [7,8] incorporates both design and operational parameters in productivity
calculations. Notably, some studies [9,10] also factor in operator skill by applying a correction
coefficient. Works [11,12] focus on calculating key parameters for earthmoving machinery.
Studies [13,14] have examined how the properties of processed materials affect the efficiency of
excavation, leveling, and transportation operations. Currently, numerous research efforts focus
on automating work processes, developing unmanned control systems for earthmoving

equipment, and evaluating how autonomous operation impacts machine performance.

Despite extensive research on bulldozer productivity assessment, two key challenges
remain particularly relevant:

1) Material loss quantification from the drag prism during transportation

2) Optimal blade selection based on the specific properties of handled materials
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3. Research Purpose and Objectives

Among the generalized performance indicators for construction machinery that mainly
consider energy and mass characteristics, productivity occupies a special place. Evaluating
productivity allows assessing how well a machine fits its functional purpose.

The study aims to find the optimal combination of parameters for box-type and "landfill" blades
for the SHANTUI SD32 bulldozer to achieve maximum technical productivity when handling
low-density, low-cohesion materials.

To achieve this goal, the following tasks were addressed:

- Developing a mathematical model of bulldozer productivity equipped with any blade
type, accounting for material losses from the drag prism;

- Determining the material parameters that the blades are designed to handle;

- Classifying and quantitatively describing probable operational scenarios;

- Developing recommendations for optimal parameter combinations of box-type and
"landfill" blades for the SHANTUI SD32 bulldozer.

4. Materials and Methods

The transported material can either be stockpiled or distributed as a layer on the
supporting surface.

When moving a material pile (windrow), losses begin when the entire volume of material
captured by the blade starts moving across the supporting surface - that is, when the drag prism

formation is complete. In this case:

Q = Qmax (1)

Where - Volume of the drawing prism, m3; Qnax- Maximum value of the drawing prism
volume, M2,

Current drawing prism volume
Qi = Qi1 +dQ, (2)

where Q;- Drawing prism volume Q at the end of the -th section of the bulldozer path with a
length of dl,, M3 Q;_,-drawing prism volume Q at the beginning of the i-th section of the
bulldozer path with a length of di,, m®; dQ-volume of loosened material entering the drag prism
at the i-th section of the bulldozer's path with a length of dl,, m>.

dQ=(i—0,5)-dIf -tgp-L-f., (puc.3), 3)

where dl;- | - bulldozer's incremental step length, m; - material's angle of repose, deg;
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L — blade cutting width, m; f.- material loosening coefficient. The volume of material entering
the drag prism is shown in Fig. 1.

i
P

dl,

a) b)
Fig. 1. Material volume entering the drag prism: a) when collecting from a pile; b) during
layer-by-layer cutting.
where p-angle of repose of the material, degrees; dl;-length of the bulldozer's path

increment step, mm; h;,,-thickness of material layer cut by the blade, mm.

When forming the drag prism from a material layer, it is assumed that the process occurs
in three phases (Fig. 2):

az,max
P
almax e
Qs
air
L
3] b)

c

Fig. 2. Phases of drag prism formation: a) first phase; b) second phase; c) third phase
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Phase 1 - the drag prism grows from zero to volume Qqmax due to the growth of the

component Q; (Fig. 2a); no losses occur from the drag prism;
Phase 2 - the drag prism grows from volume  Qqpax t0 Volume (Qq max + Q2 max +

Q) due to the growth of components Q, and Q, (fig.2, b); loss volume is proportional to volume
Q4;

Phase 3 - the drag prism grows from volume (Q; max + Q2 max + @4)to volume

(Qimax T Q2 max T Q3max T Q4 max) due to the growth of components Q5 and Q, (fig.2,
v); volume of losses is proportional to volume Q,;

where Q;,Qz, Q3, Q4-components of the drag prism, m*; Q1 max> Qzmax Qsmax Qamax-
maximum values of volumes, corresponding to volumes Q; Q,, Qs, Q4.

The phase ends when the drag prism stops growing. For the current volume value Q of the
drag prism, the following holds true:

Qi = Qj—1 +dQ —Qy, 4
(fig.2,b): Qp.-volume of losses at the m-th section of the bulldozer's path with length dl;,

dQ =hyy-L-dl-f.. (5)
where f.- material loosening coefficient.

The proportionality of losses to the volume of the drag prism portion not laterally confined
by the blade's wings (volume Q, in fig..2), is expressed by the formula:

QL = Q4 Kp-dl, (6)
where K - coefficient of losses from the drag prism.

Thus, the problem of accounting for losses from the drag prism when calculating its
volume reduces to determining the volume @, on discrete sections of the bulldozer's path from
the start point of prism formation to its completion point. Along this path, the nature of the
volume formation process will change at points (Fig. 2) corresponding to the following boundary
conditions:

Q1 = Qqmax -start of the volume formation process Q, (volume @, begins to form as
soon as the volume Q, reaches its maximum value);
(7)

Q2 = Q2 max - change in the nature of volume formation Q, (nature of volume formation
Q, changes as soon as the volume Q, reaches its maximum value); (8)
Q3 = Q3 .max - completion of the drag prism growth process (the drag prism growth will stop as

soon as the volume Q5 reaches its maximum value); 9)
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Another condition for stopping the growth of the drag prism is the equality between losses and

the volume of material entering the blade:
QL =dQ, (10)

Moreover, condition (10) takes priority over condition (9), since when it occurs, the growth
of the drag prism stops, even if the volume Q5 has not yet reached its maximum value.

4.1. Volume of the drag prism accounting for losses

4.2. According to the adopted assumptions and their corresponding boundary conditions
(7)...(10) for calculating volumes  Q1, Qi max @2 Qzmax @3 Q3max Q4 and Qg max4.2.
Calculation schemes shown in Figures 3-8 were adopted. To simplify the analysis, the cylindrical
surfaces of the blade sections were replaced with vertical planes. When finally determining the
drag prism volume, the introduced error is corrected by adding to the prism a volume
proportional to the segment formed by the blade surface and vertical plane (Fig. 5).

Fi

Eif

Fig. 3. Additional volume formed by the curvature of the blade and its inclination at the
cutting angle.

Qme = (Fl + Fz)[L + ZW(]- - COS.U')]’ (11)
F; = 0,5R?(a — sina),
(12)
F, = 2J[2(1 — cosa) + kZ + 2k, - sinalR? — HQ, (13)
H
Ho = [1+kp sin(a+y+8)] (14)

where F;, F,-areas of cross-sections of cylindrical segments, m%; R-radius of curvature of
the cross-sectional profile of the blade, m; -height of the blade with a visor, m; k-ratio of the
cutting edge width to the radius of curvature; kj,--ratio of the visor width to the radius of
curvature;
H,-height of the blade without a visor, m.

Verification of condition (7) involves calculating the maximum volume value (Fig. 4).
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2‘%\\ . / 5“ |
0

Ay /\tl

Fig. 4. Diagram for calculating the volume of the drawing prism at the end of the 1st phase

of its growth.

L—-2Wcosp | 2Wsinp
2 + 3 I

Ql,max = WZSinzu " tgp [ (15)

In the second phase of blade filling, the drawing prism grows due to volumes and related ratios:

Q2 + Qui = Qz 1) + Qai-1) +dQ, (16)
from which it follows: dQ, + dQ, = dQ, a7
where

do, = Q2 — QZ,(i—l)' (18)
dQ, = Qui — Q4,(i—1)1 (19)
From the calculation scheme (Fig. 4):

dQ, = Wsinu(L — Wcosp)dz,, (20)
dQ, = dz, [z2 é +L- %] (21)

Where

dz, = [—cz + /(2 + 4b2dQ)] /2b,, (22)

L

by = e, (23)
¢, = (L —Wcosu)Wsinu + %, (24)
Zy; = Z(i-1) T dZy. (25)

where dz,-projection of layer thickness dQ,onto the vertical axis OZ; z,-projection of layer
thickness Q2 onto the vertical axis 0Z.

Volumes @, and Q, are calculated using formulas
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Q2; = Qz-1) +dQ2, (26)
Q4 = Qa(i—1) + d04, (27)
With the verification of the condition

Qs < Qe (28)
Where Q max = (H — Wsinutgp)Wsinu(L — Wcosp), (29)

In the third phase of blade filling, the drawing prism increases due to volumes
Qs and Q, (fig..2, c), related to the ratio

Qs + Qu; = Q3(i—1) + Qai-1) + d0O, (30)
from which it follows dQ; + dQ, = dQ, (31)
Where
dQs; = Q3,i - Q3(i—1): (32)
dQ, = Q4,i - Q4(i—1): (33)

The calculation scheme for volumes determining the growth of drawing prisms in the

second and third phases is shown in Figures 5 and 6.

dQz

el
\\\\\ ‘\\“l/L,ZWCOS/

Fig. 5. Diagram for calculating volumes determining the growth of the drawing prism in

the second phase
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S

Fig. 6. Diagram for calculating volumes determining the growth of the drawing prism in
the third phase.

From the calculation scheme in Fig. 6, it follows that

_ L(zp+23)

dQs = asdz} + |bs — 5=] dzd + [e; - 22 dz, (34)
dQ, = [— dz? + [L(Z;;B)] dzs. (35)
Magnitude dz; is found from the equation

azdz3 + bydz2 + c3dz; = dQ, (36)
where

az = —1/(6tg*ptgp), @37

by = s + OB 4 12t gp), (38)

c3 = Ztgzzitgu (L_ZZ;;SH)Z3 + (L — 2Wcosu)Wsinu + L(z, + z3)/tgp, (39)

Z3; = Z3(i-1) + dzs, (40)
Volumes Q5 and Q, are calculated using formulas

Q3 = Q3¢-1) +dQ3, (41)

Q4 = Quqi—1) + dQ4, (42)

with the verification of conditions

Q3 < Q3max aNd Q4 < Qumax (43)

where
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Q3max = (Wsinz,u)tgp(SL — 4Wcosp) /4, (44)
HZL
Q4,max = ﬁ: (45)

For the path traveled by the blade, at any point it is equal to
lei = lei—1) + dly, (46)

4.2. Nomenclature and Characteristics of Transported Materials
According to the technical assignment, the materials intended to be handled by the
specialized dumps include: freshly fallen snow, compacted and packed snow, solid household
waste, liquefied soil, loam, hard coal, and wood chips. The physical properties of these materials,
which characterize them as transported media and supporting surfaces, have been determined

through analysis of literary sources and are summarized in Table 1.

Table 1
Physical properties of materials
Properties of materials | Material number*
1 2 3 4 5 6 7 8

Cohesion index** 1 1 1 1 2 1 2 1
Coefficients:
Friction on metal 0,08 |006 |006 |055 |013 |[050 |045 |04
Friction on material 046 |051 |057 |100 |0,18 |050 |0,75 [1,05
Material loosening 1,0 1,2 1,2 1,4 1,0 1,1 10 |12
Resistance to movement | 0,12 | 0,1 0,1 0,12 |01 0,1 0,12 | 0,12
N.A. Ulyanova 0,05 |005 |005 |005 |005 |005 |0,05 |0,05

Ay

b, 1,76 1,76 1,76 1,76 1,76 1,76 1,76 | 1.76

n 12 12 14 8 12 3 6 8
Cutting resistance, | 5,1 216 |[315 |20,0 17,8 108 20,0 | 30,0
KHIm?
Angle of repose, deg 36 60 60 55 10 40 37 50
Bulk density, mln® 0,3 0,40 0,05 0,43 1,8 1,8 0,8 0,35

*1 - freshly fallen snow, 2 - compacted snow, 3 - rolled snow, 4 - municipal solid waste,
5 - liquefied soil, 6 - loam, 7 - bituminous coal, 8 - wood chips.

**1 - cohesive material, 2 - non-cohesive material.
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Conclusion

The analysis of the effectiveness of equipping the SHANTUI SD32 bulldozer with

high-capacity specialized blades showed that the bulldozer can achieve maximum
productivity

when working with materials that differ in their characteristics from ordinary loam (snow,

municipal waste, liquefied soil, bituminous coal, wood chips) by using box and landfill
blades.

The feasibility of using one of them depends on the probability of the bulldozer working

on liquefied soil (or similar material) versus other materials (snow, waste, coal, wood
chips).

The undeniable effectiveness of equipping the bulldozer with a box blade is expected when
the

probability of the machine working on liquefied soil (or similar material) is 0.5 or higher.

Optimal dimensions of the box blade for the SHANTUI SD32 bulldozer:

Cutting width: up to 3730 mm

Curvature radius: up to 1700 mm

Cutting edge width: up to 460 mm

Canopy width: up to 140 mm

Wing length: up to 860 mm

Optimal dimensions of the landfill blade for the SHANTUI SD32 bulldozer:

Cutting width: up to 3900 mm

Curvature radius: up to 460 mm

Cutting edge width: up to 124 mm

Canopy width: up to 610 mm
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ANALYSIS OF THE OPERATIONAL CHARACTERISTICS OF ENGINE
OILS IN GASIFIED DIESEL ENGINES

Bakhytzhan Kedelbaev?, Dmitriy Ayrapetov ?, Ismailov Ergash?
M. Auezov South Kazakhstan State University
2Tashkent State Transport University, Tashkent, Uzbekistan

Abstract: This study examines the changes in kinematic viscosity and flash point of engine oils during the
operation of gasified diesel engines in buses. An analysis of the operational characteristics of oils used in transport
companies was conducted, including LUKOIL Avangard Ultra M1 15W-40, TOTAL RUBIA WORKS 1000 15W-
40, KV-G 15W-40, and Olympia Performance Top Trans Engine Qil 15W-40. During the research, oil samples were
collected from ISUZU NP37 bus engines at different stages of operation (from 0 to 10,000 km mileage). Kinematic
viscosity at 40°C and 100°C, as well as the flash point in a closed cup according to GOST 6356-75, were measured.
The scientific novelty of the study lies in obtaining new experimental data on the degradation of engine oils under
the operating conditions of gasified diesel engines. The research findings can be used to optimize oil change
intervals and improve the reliability of vehicle power plants.

Keywords: Gasified diesel engines, engine oil, kinematic viscosity, flash point, thermo-oxidative stability,

analysis of operational characteristics, mileage.

Introduction.
One of the key challenges in the economic and technological development of Uzbekistan is

improving the reliability, economic efficiency, and environmental safety of motor vehicles, as
well as reducing their material consumption and energy costs [1]. The quality of operational
materials, including fuels, oils, and lubricants, along with their rational use, plays a significant
role in addressing this issue [2,3]. Optimal engine oil replacement intervals directly impact the
reliability of internal combustion engines (ICE) and the economic efficiency of transport and
technological processes [4,5].

In recent years, the concept of considering lubricating oils as an integral part of engine
design has gained increasing recognition. Understanding the patterns of changes in engine oil
performance characteristics allows for more rational use in engines and provides a scientific
basis for determining replacement intervals. Special attention is given to the operating conditions
of oils in engines running in highly dusty environments. Determining the optimal oil replacement
intervals remains one of the key and most complex tasks in fuel and lubricants science, requiring
in-depth research under real operating conditions.

The physicochemical properties of used oil can serve as a diagnostic parameter, enabling
an assessment of not only the current condition of the engine without disassembly but also

predicting its continued reliable operation for a specified period.
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Among the most significant operational indicators of engine oil, kinematic viscosity and

flash point stand out, as they determine its functional properties. Kinematic viscosity is the ratio
of dynamic viscosity to oil density at the same temperature. This parameter affects oil supply to
the clearances of key friction units in the engine (cylinder-piston group, crankshaft), the
formation of a hydrodynamic friction regime, ease of engine startup at low temperatures,
mechanical losses, fuel efficiency, and the intensity of component wear [6-9].

To assess the service life of engine oil in internal combustion engines, some researchers
propose using threshold values of operational characteristics, upon reaching which the oil should
be replaced [8, 9, 10]. In particular, wear criteria include changes in flash point and kinematic
viscosity: an increase in the latter by 25% or a decrease from the initial value by more than 20%.

Operating conditions of motor vehicles can vary significantly. Engine component wear,
disruptions in the thermal operating regime, and other factors accelerate the degradation of
engine oil properties [11]. This necessitates a revision of the manufacturer-specified oil change
intervals. Delayed oil replacement can lead to an increase in the volume of used petroleum
products, higher emissions of harmful substances, and, consequently, environmental degradation
[12,13]. In this regard, studying the dynamics of kinematic viscosity changes at 40°C and 100°C,
as well as the flash point of engine oils, is relevant for refining optimal replacement intervals
[14,15].

The flash point of engine oil serves as an indicator of the presence of distillate fuel fractions.
It changes due to unburned fuel ingress or leakage. For used oils, the critical flash point range is
considered to be 170-180°C, while for high-viscosity oils, a decrease of 40-50°C is considered
the limit. For example, if the oil contains 1% gasoline, the flash point drops from 200°C to
170°C, and at 6% gasoline, this value nearly halves. Fuel dilution of oil significantly deteriorates
its anti-wear properties, accelerates the formation of carbon deposits and varnish on piston

surfaces, and negatively impacts engine lifespan [16].

Materials and methods.

The research was conducted on gasified diesel internal combustion engines operating
under commercial transport conditions. The objects of analysis were engine oils of the brands
LUKOIL Avangard Ultra M1 15W-40, TOTAL RUBIA WORKS 1000 15W-40, and KV-G
15W-40, which are used in the company’s buses. The selection of these engine oils was based on
their widespread use within the enterprise, as well as the necessity of studying their operational

characteristics in gasified diesel engines. Olympia Performance Top Trans Engine Oil 15W-40
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was considered as an alternative option; however, at the time of the study, it was not used in a

specific bus.

The kinematic viscosity of the engine oil was studied in accordance with the requirements
outlined in GOST 33-2016 “Petroleum Products. Determination of Kinematic Viscosity and
Calculation of Dynamic Viscosity.” The essence of the kinematic viscosity determination
method involved measuring the outflow time of a specified volume of engine oil under the
influence of gravity at a constant temperature using a combined glass viscometer VPZh-2 with a
capillary diameter of 1.31 mm.

A thermostat was used for heating and maintaining the required test temperatures (40°C
and 100°C).

The kinematic viscosity of the engine oil was determined using the following formula:
v=c*1

where:

¢ — calibration constant of the viscometer, mm?/s? (for the VPZh-2 viscometer, ¢ = 0.2759
mm?/s?);

T — sample outflow time from the viscometer, s.

The flash point of the engine oil was determined in a closed cup according to GOST 6356-
75 — "Petroleum Products. Method for Determining the Flash Point in a Pensky-Martens Closed
Cup."

Results and discussions.

During the operation of the monitored vehicles, studies were conducted on samples of
fresh, in-use, and used oil, with mileage recorded. To diagnose the condition of specific
components and assemblies, an oil sample of 0.1 L was taken (Table 1).

The key physicochemical properties of engine oils were examined, including kinematic

viscosity at 40°C and 100°C, as well as the flash point in a closed cup.

Table 1. Technical Parameters and Operating Conditions of the Studied Vehicles

M | Vehicle | License | Yearof | Initial Engine Oil Brand Sample Fuel

Brand Plate Manuf | Mileag at Start of Volume Type

Number | acture | e, km Operation Collected,
ml
1 2 3 4 5 6 10

1 | ISUZU | 90937 2015 693 LUKOIL 100 LNG

NP37 ABA 200 AVANGARD

ULTRA M1 15W-40
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2 | ISUzZU | 90937 2015 | 698200 LUKOIL 100 LNG
NP37 ABA AVANGARD
ULTRA M1 15W-40
3 | ISUzZU | 90937 2015 703 LUKOIL 100 LNG
NP37 ABA 200 AVANGARD
ULTRA M1 15W-40
4 | ISUZU | 90946 2015 654 LUKOIL 100 LNG
NP37 ABA 150 AVANGARD
ULTRA M1 15W-40
5 | ISUZU | 90946 2015 659 LUKOIL 100 LNG
NP37 ABA 150 AVANGARD
ULTRA M1 15W-40
6 | ISUZU | 90946 2015 664 LUKOIL 100 LNG
NP37 ABA 150 AVANGARD
ULTRA M1 15W-40
7 | ISUZU | 90953 2015 753 TOTAL RUBIA 100 LNG
NP37 ABA 500 WORKS 1000 15W-
40
8 | ISUZU | 90953 2015 758 TOTAL RUBIA 100 LNG
NP37 ABA 500 WORKS 1000 15W-
40
9 | ISUZU | 90953 2015 763 TOTAL RUBIA 100 LNG
NP37 ABA 500 WORKS 1000 15W-
40
10 | ZK612 - 2024 6000 KV-G 15W-40 100 LNG
6HG
11 - - - - Olympia 100
Perfomance Top
Trans Engine Oil
15W-40

Olympia Performance Top Trans Engine Oil 15W-40 was selected as an alternative option
for comparative analysis. However, at the time of the study, it was not used in a specific vehicle,
so mileage data is unavailable. The measured viscosity and flash point values are provided to
assess its potential suitability for operation in gasified diesel buses.

The bus using KV-G 15W-40 operates within the same company but differs from the
primary group of studied vehicles. This oil is considered another alternative option for gasified
diesel bus operation. In the future, it may be chosen for broader application, which is why its
characteristics have been included in the comparative analysis. The mileage of this bus differs
from the others, as its operation began later.

After collecting engine oil samples, experiments were conducted to determine its

physicochemical properties. Specifically, kinematic viscosity was measured to assess the oil’s
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flow properties at different temperatures, and the flash point was determined to indicate its fire

L]

resistance and volatility (Table 2).

Table 2. Dynamics of Changes in Kinematic Viscosity and Flash Point of Engine Oils

M | Engine Oil Brand | Initial | Mileag | Fuel | Flash Kinematic | Kinematic
at Start of Mileag eon | Type | Point, | Viscosity at | Viscosity at
Operation e, km Used °’C 40°C, 100°C,

Oil, km mm?/s mm?/s
1 2 3 4 5 6 7
1 LUKOIL 693 0 LNG 221 108,43 16
AVANGARD 200
ULTRA M1 15W-
40
2 LUKOIL 698200 | 5000 | LNG 217 96,98 14,9
AVANGARD
ULTRA M1 15W-
40
3 LUKOIL 703 10000 | LNG 213 85,52 13,795
AVANGARD 200
ULTRA M1 15W-
40
4 LUKOIL 654 0 LNG 221 108,43 16
AVANGARD 150
ULTRA M1 15W-
40
5 LUKOIL 659 5000 |LNG 218 94,88 14,3
AVANGARD 150
ULTRA M1 15W-
40
6 LUKOIL 664 10000 | LNG 215 82,77 13,52
AVANGARD 150
ULTRA M1 15W-
40
7 TOTAL RUBIA 753 0 LNG 225 103 14,9
WORKS 1000 500
15W-40
8 TOTAL RUBIA 758 5000 |LNG 221 92,5 14,4
WORKS 1000 500
15W-40
9 TOTAL RUBIA 763 10000 | LNG 218 83 14
WORKS 1000 500
15W-40
10 KV-G 15W-40 6000 6000 | LNG 235 102,08 12,7
11 Olympia - 0 220 94,081 15,73
Perfomance Top
Trans Engine Oil
15W-40
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According to the data presented in the table, a consistent trend in the operational

characteristics of engine oil during its use in engines can be observed. Specifically:

e The flash point of engine oils decreases with increasing mileage, which may indicate oil
dilution by fuel or its thermo-oxidative degradation. For example, the flash point of LUKOIL
Avangard Ultra M1 15W-40 decreased from 221°C to 213°C after 10,000 km, while for TOTAL
RUBIA WORKS 1000 15W-40, a similar decline was observed from 225°C to 218°C.

e Kinematic viscosity at 40°C and 100°C also decreases over the course of operation. For
LUKOIL Avangard Ultra M1 15W-40, viscosity at 40°C dropped from 108.43 mm?/s to 85.52
mm?/s after 10,000 km, representing a ~21% decrease. A similar reduction was observed for the
other tested oils.

e KV-G 15W-40, used in another bus, exhibited the highest flash point (235°C) at 6,000
km, which may indicate superior thermal stability.

e Olympia Performance Top Trans Engine Oil 15W-40 has not yet been used in a specific
vehicle, but its physicochemical characteristics were included in the analysis to evaluate its
potential for future use.

Thus, the obtained results confirm the necessity of monitoring the operational
characteristics of engine oil as it is used in the engine. Further research will focus on analyzing
oil thermal stability and improving its energy-saving properties through the development and

introduction of new viscosity modifiers and antioxidant additives.

Conclusions and Recommendation.

As a result of the conducted research, changes in the kinematic viscosity and flash point of
engine oils during their operation in gasified diesel buses were studied. It was established that as
mileage increases, there is a consistent decrease in the flash point and a reduction in kinematic
viscosity, which may indicate thermo-oxidative degradation of the oil and potential fuel ingress
into the lubrication system.

Recommendations:

¢ To extend the service life of engine oil in gasified diesel engines, it is recommended to
use oils with enhanced thermo-oxidative stability and low sulfate ash content.

e The optimization of oil change intervals should consider not only mileage but also

operating conditions (temperature loads, fuel type, engine operating mode).
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¢ To prevent oil dilution by fuel and loss of lubricating properties, it is advisable to conduct

regular monitoring of kinematic viscosity and flash point, as well as to implement fuel content
analysis in used oil.

Future Research Directions:

Future studies will focus on investigating the thermal stability of oils in gasified diesel
engine operation. Special attention will be given to the development and introduction of new
viscosity and functional additives that enhance the thermo-oxidative stability of oils and improve
their energy-saving properties. This will not only extend the service life of engine oil but also

increase overall engine efficiency, reducing mechanical losses and fuel consumption.
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EXPERIMENTAL EVALUATION OF THE THERMAL EFFICIENCY OF A MOBILE

WATER DESALINATION DEVICE

Tursunov M. N., Sabirov H., Axtamov T. Z., Sh. A. Abriyev?
tAcademy of Sciences of the Republic of Uzbekistan, Institute of Physical — Technical named
after S.A. Azimov

Abstract: Thermal collectors form the basis of devices that use solar energy to convert mineralized saline
water into drinking water. In this study, the thermal efficiency of a mobile water desalination device’s thermal
collector was investigated. The article analyzes the processes of increasing the intensity of solar radiation, directing
it onto the surface of the thermal collector, the absorption of the directed solar radiation by the structure of solar
elements, and the transfer and loss of thermal energy during the heating and evaporation of mineralized water. The
experiments considered the effects of varying solar radiation intensity on the temperature changes of the water in the
thermal collector and its influence on collector parameters. Based on the results, optimal design solutions were
proposed to improve the thermal efficiency of the collector. This research supports the development of effective
methods for utilizing solar energy to improve clean drinking water supply in rural areas, remote regions, and during
emergency situations.

Keywords: Solar radiation, solar element structure, reflector, thermal collector, cooling system, short-circuit
current, open-circuit voltage, solar radiation flux density.

Introduction.

Water covers approximately 67% of the Earth's surface. However, about 97% of this water
is saline and unsuitable for drinking and irrigation, primarily located in oceans. Freshwater
constitutes only about 3% of the planet's total water supply. Of this 3%, rivers and lakes account
for merely 0.3%, while the rest is stored in underground aquifers and glaciers. Groundwater
cannot serve as a permanent solution for consumption needs, as it is limited and the depletion of
groundwater can harm ecosystems and existing infrastructure [1]. Because a large proportion of
surface water is saline, water scarcity is a significant problem in remote areas of the world,
especially in rural regions. If these areas have access to solar energy, solar-powered desalination
systems can offer an alternative and efficient solution to overcome water scarcity. The growing
global population and the expanding demands of industry and agriculture are intensifying the
need for sustainable use of river, lake, and groundwater resources. However, these natural water
sources are not always directly suitable for consumption, as they often contain excessive
amounts of salts, various impurities, and microorganisms harmful to human health [2]. As a
result, the process of desalinating saline water using solar energy can be considered a viable
option for improving drinking water supply in saline regions. New technologies utilizing solar
energy especially affordable, portable, and environmentally friendly desalination devices—could
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play a critical role in addressing the global water supply problem in the future. For reference,

drinking water consumption has increased sixfold over the past century, and according to
research by experts and industry specialists, it is expected to double again by 2050. Currently,
access to drinking water is a global economic issue, and its growing scarcity is caused by several
factors, including:
e Rapid population growth leading to increased water consumption and the accelerated development
of economic sectors that require significant water resources;
o Depletion of freshwater reserves due to overuse and the reduction of river flows;
e Pollution of water bodies by industrial and domestic wastewater, resulting in the loss of a portion
of water from the freshwater reserves.
In the future, several additional possibilities exist for securing freshwater supply, including:
= Utilization of groundwater resources;
= Extraction of water from glaciers;
= Desalination of ocean and sea water;
= Collection and use of rainwater [3].
= Access to clean drinking water is one of the crucial factors for human health, and its adequate
provision is directly linked to socio-economic development.

Desalination of mineralized water is a technological process aimed at reducing or
completely removing dissolved salts and other contaminant components from the water.
Seawater and ocean water contain a variety of dissolved substances, primarily mineral salts
(mainly sodium chloride), gases (such as nitrogen, oxygen, carbon dioxide, and hydrogen
sulfide), as well as trace amounts of organic compounds. Typically, the average salinity of ocean
and sea water is about 3.47%, although this figure can vary between 3.4% and 3.6% depending
on regional and climatic factors. In contrast, according to the World Health Organization (WHO)
guidelines, the total dissolved salt content in potable water should not exceed 0.05% (500 mg/L)
[4]. The desalination process is not limited to simply reducing salt concentration; it also requires
the significant removal of other potentially harmful components from the water. These include
ions such as calcium, magnesium, sulfate, nitrate, heavy metals, as well as microbiological
contaminants that may pose risks to human health.

Comparative analysis of seawater composition and drinking water. Table 1.

Water type Salt content (%) | Mineral salts (mg/l) Potability
Ocean water 3,47 34,700 Invalid
Sea water 3,4-3,6 34,000-36,000 Invalid
Drinking water <0,05 <500 Valid (WHO standard)
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Structure of the water desalination device
The water desalination device based on a solar cell structure is designed to extract clean
water from saline sources, either for drinking purposes or for other technical applications. The
primary energy source for the operation of the device is solar radiation. This device features a
simple construction, requires relatively low economic investment, and demands minimal

additional maintenance.

Figure 1. Front view of the mobile solar-powered water desalination device

The thermal collector (TC) of this device is made from a stainless steel-based metal alloy,
providing high resistance to corrosion in saline water environments. The external surface of the
collector (the side facing the sun) is thermally insulated from radiation. Inside the TC, a structure
composed of crystalline silicon solar cells with a power rating of 150 W is installed, efficiently
absorbing the incoming solar radiation. Along the arrangement of the solar cell structure inside
the TC, there is a special slit designed to facilitate the free movement of the generated water
vapor.

Connected to this slit is a cooling system that reduces the temperature of the vapor, causing
condensation to occur. Water droplets form due to gravity and are collected into a reservoir
located at the bottom of the system. Reflectors (flat mirror-like surfaces) positioned on both sides
of the thermal collector can enhance the intensity of the incoming solar radiation by up to two

times.
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The mobile cart structure of the device also includes an adjustable handle for setting the

TOSHKENT DAVLAT
-I TRANSPORT UNIVERSITETI

optimal tilt angle, along with storage tanks for the saline feedwater and the produced clean water.

The transparent tempered glass cover allows solar radiation to pass through and
concentrate it onto the surface of the solar cell structure, ensuring high absorption. This increases
the temperature of the mineralized water and raises the overall temperature of the thermal
collector, actively initiating the evaporation process. The generated water vapor rises inside the
TC, reaches the internal surfaces connected to the cooling system, moves towards the slit, and
under conditions of a temperature lower than the ambient environment, condenses to form
droplets. These droplets are then collected as fresh water in a special storage container [5, 6, 7].

Testing Procedure: The water desalination device developed based on the solar cell
structure was set into operating mode at an average optimal tilt angle of o = 38-39° relative to
the horizon (corresponding to the last five days of March). During the experiment, the position of
the device was adjusted hourly to ensure that the solar radiation was directed as perpendicularly
as possible to the surface of the thermal collector (TC). The tests were conducted daily from
10:00 AM to 4:00 PM during sunny days in February and March.

Figure 2. Shows the measurement of the water temperature inside the TC during the

experiment
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In the initial stage, the TC's frontal surface, filled with saline water, was directly exposed

to solar radiation. To rapidly increase the water temperature, two side reflectors and one bottom
reflector were integrated into the device design. These reflectors significantly increased the
concentration of thermal energy by redirecting the solar radiation flux density onto the TC
surface.

As a result, the heat energy generated by the solar cell structure installed inside the TC led
to a rapid rise in the temperature of the saline water. Experimental results showed that the
temperature of the saline water, initially at 14°C, rose to 97°C within just one hour under focused
solar radiation through the reflectors.

This outcome demonstrates that the reflectors, by enhancing the intensity of solar radiation by
approximately 1,5-1,8 times, effectively intensified the thermal flux and significantly improved
the operational efficiency of the desalination device.

Results and discussion. The experimental work for this study was conducted during
February—March 2025 under sunny weather conditions at the Heliopolygon of the Institute of
Physics and Technology in Tashkent. During the tests, the newly designed water desalination
device was evaluated. The thermal collector of the device has a capacity of 16 liters.

At the beginning of the experiments, the initial temperature of the saline water was

recorded at 14°C, while the ambient temperature was measured at 18°C.
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Figure 3. Time-dependent variation of the measured values of SRFD falling on the front

surface of the water purifier
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Figure 3 illustrates the variations of solar radiation flux density (SRFD) over time, showing

both its high and low values. Solar radiation is influenced by several main factors: atmospheric
effects, geographical location, temporal variations, and solar activity [8, 9]. To enhance the
SRFD during spring days, side reflectors were utilized.

On March 19, 2025, under conditions of relatively low solar radiation intensity, the SRFD
measured without reflectors at 10:00 am was 415 W/m?. At the same time, by employing side
reflectors, the SRFD value almost doubled, reaching 825 W/m? The maximum radiation
intensity was observed at 1:30 pm; at that time, the SRFD measured without reflectors was 550
W/m?, while with the help of side reflectors, it increased to 1,135 W/m?.

Such high SRFD values can reach up to 1,600 W/m? or even higher during the summer
months, suggesting the feasibility of expanding the utilization of this energy. For this purpose,
the solar cell structure placed inside the thermal collector served a dual role: it functioned both as
a blackbody absorber for thermal energy and as a photovoltaic cell for generating electrical
energy.
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Figure 4. The time-dependent changes in the desalination plant (OCV and SCC) during
high and low solar radiation flux density (SRFD) days are shown

The following graph illustrates the time-dependent variations of the Open-Circuit Voltage
(OCV) and Short-Circuit Current (SCC) based on hourly changes.
During the experiment, at 9:30 AM, the OCV was recorded at 23,5 V, and by 9:50 AM, it

reached its peak value of 24,6 V. This phenomenon can be explained by the very low initial
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water temperature inside the collector. Over time, as the intensity of solar radiation naturally

increased, the water temperature within the collector gradually rose, leading to a decrease in the
OCV down to 20,7 V.

As the temperature rises, the internal characteristics of the semiconductor material change,
causing a reduction in the open-circuit voltage [10]. This relationship can be expressed by the
following formula:

vV —le L +1
oc — q n(IO )

Where, k— Boltsman constant (1,38-1072 J/K), T — Absolute temperature (Kelvin), q —
Electronic charge (1,6:107" C), I.— The current generated under the influence of light, I, —
recombination current.

The short-circuit current (Voc) primarily depends on the intensity of solar radiation, while
the effect of temperature on it is comparatively minor. At 9:30 am, the initial measured point
indicated a current of 4,1 A. As time progressed, due to the natural increase in solar radiation
flux density (SRFD), the short-circuit current (Vo) also rose. The direct proportional relationship
between SRFD and Isc is confirmed by Equation (2):

Ic = qGLW(1 — R)

Where,  — elementary charge (1,602-101° C), G — generation rate (light absorption
intensity), L — diffusion length of charge carriers, W — width of the active region, R —
reflection coefficient of solar radiation.

The increase in the temperature of the saline water significantly affects the open-circuit
voltage (Vsc), whereas the short-circuit current (lsc) remains almost unchanged or only slightly
decreases. Research results show that for every 1°C increase in temperature, Isc changes by only
about 0,03% to 0,1% [11].

The total surface area of the device is 7,668 cm? During the spring season, the solar-
powered water desalination device produced 10-12 liters of potable water per day (over a period
of 6 hours), which corresponds to more than 1,62 liters of clean drinking water per hour. The
device is capable of effectively purifying not only seawater but also brackish and contaminated
waters from rivers and sewage systems.

This solar desalination device efficiently removes key dissolved particles, including salts

and minerals such as sodium (Na") and calcium (Ca*"). By utilizing solar energy, the device



I

TOSHKENT DAVLAT
TRANSPORT UNIVERSITETI

Tashkent state

transport UW@F}%Q{’ionm Journal Of Transport And Technological Machines
Tashkent 2025, issue 2, https://ijttm.uz/
heats saline water and initiates the evaporation process within approximately 35 minutes. The

generated water vapor then passes into a special cooling system, where it condenses over a
period of about 47 minutes, collecting as clean water droplets in a designated storage container.

The efficiency of a solar thermal collector system is an important parameter that indicates
the proportion of incident solar radiation effectively utilized as useful heat for water evaporation.
This efficiency can be determined using the following formula.

n :&xlOO%
Q

t

Where, 77 -thermal efficiency (%), Qusetur - useful thermal energy consumed for water

evaporation (J), Qtotal - total incident solar energy on the collector surface (J).
The thermal energy used for water evaporation is calculated as.

Qu=rm

Where, r- latent heat of vaporization of water (kJ/kg), typically r=2,423,300 J/kg, m- ass of
evaporated water (kg), here m=0,5 kg.
The total solar energy input is determined by:

Qt:E‘S‘AT

Where, E- solar radiation intensity (W/m?), E=950 W/m?, S- collector surface area (m?),
S=0,7668 m?, At-duration of solar exposure (s), t=10,800 s.
Final calculation: Qu=2,423,300-0,5=1,211,650 J,
Qt=950-0,7668-10,800=7,867,368 J.
Q _ rxm 1211650

= =u _ = x100%=15.4%
Q ExSxr 7867368

n

Conclusion. The conducted experimental studies demonstrated that the portable solar-
powered water desalination device is environmentally friendly, economically efficient, and
characterized by high energy efficiency. The installation of reflectors on the device’s thermal
collector significantly increased the solar radiation flux density, allowing the saline water
temperature to reach 97°C within 2—3 hours. Moreover, the analysis of the electrical parameters
of the solar cells revealed their dependence on temperature and solar radiation intensity. On

average, the device was able to produce up to 0,5 liters of clean drinking water per hour.
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Additionally, this system can be successfully employed to obtain potable water from seawater,

river water, and wastewater sources. The device presents a particularly promising solution for
remote areas where centralized water supply infrastructure is not available.

This study constitutes a component of an ongoing scientific research project and is based
on experimental investigations that have not yet reached their final stage. At each phase, the
system’'s efficiency, operational performance, and design solutions are analyzed separately based
on new modifications of the experimental setup. In the upcoming experimental models, special
attention is being given to minimizing the impact of energy losses and identifying factors that
enhance the system’s overall efficiency. The ultimate goal is to improve the device’s

performance and develop an energy-efficient and cost-effective technology.
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