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EFFECT OF WATER-CHEMICAL PARAMETERS OF SHIP ENGINE
COOLING SYSTEMS ON ENGINE RELIABILITY

Abstract: To ensure normal operation of an internal combustion engine, it is necessary to select a cooling system
that maintains optimal temperatures in the combustion chamber, cylinder head, cylinder walls, and piston surfaces

at levels close to their maximum permissible values.

The coolant parameters characterize the physicochemical and thermophysical properties of the heat-transfer
medium within the cooling system. Reliable engine operation can be ensured if the cooling agent meets the following
requirements: it must not cause surface corrosion and must remain stable over an extended period. These properties
can be achieved through the appropriate chemical composition of the heat transfer medium and special treatment.
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Introduction

The water-chemical parameters of the coolant
characterize the physicochemical and thermophysical
properties of the heat carrier in the cooling system.
Reliable engine operation can be ensured if the
coolant meets the following requirements [1]:

e It does not cause corrosion of the metals from
which the parts and assemblies of the engine cooling
system are made;

o |t does not tend to form sediment deposits on
surfaces;

e It maintains stability over a long period of time,
in particular, it has a low foaming index;

e It is characterized by chemical stability and
does not enter into chemical reactions with the non-
metallic parts of the engine cooling system, rubber
hoses, and joints with which it is in constant contact.

Materials and Discussion

Ensuring the listed properties could be achieved
through the appropriate chemical composition and
special treatment of the heat carrier. The main
characteristic of the heat transfer agent's corrosive
aggressiveness is the pH of the hydrogen index. As a
rule, the corrosion intensity of ferrous metals
increases significantly in an acidic environment, that
is, in conditions where the hydrogen index of the
coolant is low. The seasonal variation of the hydrogen
index pH (maximum in summer, minimum in winter)
depends on temperature changes and the intensity of
photosynthesis. In practice, pH depends on the
components dissolved in water, primarily carbon
dioxide. Through research, we established that
instantaneous changes in the corrosion of steel engine
parts occur when the coolant hydrogen index equals
9.5 [2]. It should also be noted that changes in the
heat-carrier pH promote the solubility of the iron
oxide layer, and the rate may increase at high cooling-
agent temperatures when pH < 9.2.

In addition to steel, the hydrogen index actively
affects aluminum alloys. As pH increases, the
corrosive degradation of these alloys intensifies.
Therefore, this characteristic must be taken into
account when preparing coolant for engines whose
cooling systems predominantly contain aluminum
parts.

A particularly significant influence on the
formation of sediment deposits on surfaces is exerted

Doi: Gos¥ef https://dx.doi.org/10.15863/TAS.2026.04.156.15

by the content of various types of salts in the heat
carrier, which is characterized by the hardness index.
The majority of dissolved salts in natural water are
sodium, calcium, and magnesium salts (up to 94%).
Water hardness, which affects the rate of sediment
layer formation on surfaces, is determined by the
number of dissolved salts, and for diesel engines, the
hardness should not exceed 1.5-3 mg/I.

Cavitation-corrosive  degradation and the
formation of sediment layers on surfaces are among
the main factors affecting the reliability and efficiency
of marine engine cooling systems, and 40% of
equipment failures are caused by surface corrosion.
During engine operation, if the coolant does not
undergo special treatment, the following negative
phenomena may occur:

- Erosive-corrosive damage to the surfaces of
the cylinder block and the cylinders themselves.

- Manifestation of stress concentration within
the cylinder volume;

- The formation of sediment layers in the
cooling jacket space and the system’s heat exchangers
leads to changes in the engine’s temperature regime,
increased wear of the cylinder face, and excessive fuel
consumption.

In modern engines boosted for crankshaft
rotation speed, the problem of corrosive degradation
is further exacerbated by cavitation erosion caused by
high-frequency vibration of the cylinder liner. Even
more significant is the formation of sediment layers in
the cooling system, such as sulfate, carbonate, sulfite,
and phosphate salts [3]. The negative impact of these
salts on the cooling system and engine operation
increases service time and repair costs, and vehicle
downtime grows.

The elimination of the aforementioned negative
processes can be achieved through various coolant
preparation methods, the purpose of which is to ensure
the required hydrogen pH and to soften the liquid. In
the case of marine engines, this goal can be achieved
by adding special compounds to the coolant that alter
the physicochemical properties of the heat carrier. At
the present stage, two classes and three main types of
compounds are used in ship cooling systems, which
are added to the cooling water:

- Oil-derived additives manufactured on a
petroleum basis (di-oxidant);
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- Chemical additives representing a mixture of
inhibitors;

- Complex additives consisting of corrosion
inhibitors and organic additives, which in turn reduce
the intensity of corrosion and cavitation erosion.

Chemical additives increase the passivity of
metals by forming a protective layer on their surface,
as they neutralize substances that cause scale deposits
and raise the pH level. Chromate-based additives are
particularly noted for their inhibiting properties;
however, they are toxic and require special
precautions during use. Reducing the concentration of
additives leads to the breakdown of individual surface
areas in the form of so-called pitting corrosion.

Unlike chromium-based additives, boron
nitrate—based additives are non-toxic. Such additives
are considerably less toxic, and increasing or
decreasing their concentration does not affect the
corrosion rate.

Water-emulsion type additives are anti-
corrosion oils that form a white emulsion when
dissolved in water. When this emulsion is used, the
surfaces to be cooled are coated with an oil film that
inhibits corrosive deterioration and the formation of
scale deposits. In addition, the oil film reduces
cavitation damage. The drawback of this type of
additive is the risk of local overheating, as increasing
the oil film thickness worsens the heat exchange
process. Oil-based additives can form a layer 0.3-0.5
mm thick during 500-1000 hours of diesel engine
operation. Beneath this layer, when the temperature
exceeds 170°C, destructive processes may develop on
metal surfaces, which is why the use of this type of
additive in high-performance engines is not
recommended [4].

In cooling systems that use low-freezing-point
liquids based on ethylene glycol, the recommended
anti-corrosion additive is disodium phosphate
(NazHPO4 [1 12H,0), which protects cast iron, steel,
and copper components from corrosion, as such
antifreeze solutions are characterized by a weakly
acidic reaction.

It should be noted that a general classification of
additives used in engine cooling system coolants does
not currently exist, which complicates their analysis.
Therefore, in addition to chemical composition, the
following criteria should be added to the classification
of additives:

1) The area of application - indicates whether
the additive is added to water or to a mixture of water
and ethylene glycol;

2) By purpose - universal and non-universal.
The former is intended for all types and levels of
forcing of diesel engines;

3) The range of effects on processes in the
cooling system - complex (reduces corrosion,
cavitation erosion) and non-complex;

4) By physicochemical composition of
components - organic, inorganic, and mixed;

5) By the mechanism of action on the protective
surface - anodic, cathodic, and mixed,;

6) By the number of components - single-
component and multi-component.

Since cavitation erosion is the main factor in the
destruction of engine components, it is necessary to
use the coolant additives that counteract this process
by modifying the properties of the heat transfer fluid.
It is known that reducing the effects of the cavitation
process requires increasing the following parameters:
density, viscosity, surface tension, saturated vapor
pressure, temperature, and static pressure.

Research has revealed that the density of a liquid
increases with the addition of any type of dissolved
substances to the cooling water, particularly high-
molecular-weight polymers. The presence of
polymers in the coolant alters its rheological
properties, which reduces hydraulic resistance. This,
in turn, reduces the rate of growth of cavitation
damage and the intensity of sediment layer formation
[5, 6, 7]. Polymers of this type include polyacrylamide
and sodium carboxymethylcellulose.

To reduce surface tension, surface-active
substances are used, which also alter the dynamics of
cavitation damage formation and growth [8, 9]. The
addition of surface-active compounds to the coolant
ensures:

- Reduction of surface tension at the interface
between gas and liquid layers;

- Limitation of sediment layer formation;

- Intensification of mass and heat exchange
processes in the boiling and condensation zones
(phase transition);

- Formation of a protective layer on the surface
and reduction of the intensity of erosive and corrosive
processes.

It should be noted that corrosion is a significant
factor in the destruction of cooling system
components. Therefore, it is essential to include
corrosion inhibitors in the additive composition. Since
ferrous metals are used as the primary material for
components in both medium and high RPM diesel
engines, particular attention should be paid to
components that mitigate corrosion. One such
component is the increase of the pH value, which
simultaneously leads to a reduction in polymer
degradation and an increase in detergent properties.
For example, for cast iron parts, sodium silicate can
be used as an additive, where a concentration of 0.1
0.3% ensures a solution pH value of 9-10 [10].

Of particular importance is the protection of the
cylinder block, which is made of aluminum alloys. An
effective inhibitor for its protection is the addition of
nitrates and sodium tripolyphosphate to the additives,
as they possess high protective properties for
aluminum alloys [11]. It should be noted that in
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additives for vibroacoustically active engines with
cylinder blocks made of aluminum alloys, additives
intended for steel, cast iron, and copper alloys should
also be included.

To enhance the anti-corrosion effectiveness of
additives, the following can be added: sodium silicate
for the protection of steel, and disodium phosphate for
the protection of steel, cast iron, and copper. It should
be noted that increasing the number of components in
additives raises their cost, complicates manufacturing,
and increases the toxicity of the coolant. Therefore,
the present study aimed to evaluate the effectiveness
of multifunctional additives with a minimum number
of components and low concentrations.

To determine the properties of individual
components and various compositions, two methods
were used: gravimetric and potentiostatic. The
gravimetric method is one of the simplest and most
effective methods for assessing corrosion. When
using the gravimetric method, the rate of the corrosion
process and, accordingly, the anti-corrosion properties
of the additives are evaluated based on changes in
metal samples immersed in the solution under study.
The disadvantage of the method is the need for an

extended testing period to obtain results and a large
number of test metal samples.

The present study was conducted using base
fluids with and without additives. As is known, metal
corrosion depends on factors such as fluid
temperature, metal surface condition, fluid movement,
contact with other metals, contact area, and others.
The samples were taken in the form of plates
measuring 50x25 mm and 5 mm in thickness, from the
metals present in the cooling system. All plates were
electrically isolated from one another and were fully
immersed in the fluid for 90 days.

The gravimetric study was carried out in cooling
water for two different additive compositions:

A - containing sodium nitrate, sodium
phosphate, sodium molybdate, and benzotriazole at
defined concentrations;

B - containing sodium silicate, ammonium
molybdate, and syntanol at defined concentrations.

The physicochemical properties of the fluids
under study are presented in Table 1.

After the tests were conducted, the metal
samples were washed with distilled water, dried to
constant mass, and weighed on an analytical balance.
The results of the study are presented in Table 2.

Table 1. Physicochemical Properties of the Coolants Under Study

Physicochemical Water without an Solution Solution
characteristics additive A B
Boiling temperature, °C 100 +0,5 101 +£0,5 101 +£0,5
Freezing temperature, °C 00,5 -1 £0,5 -1+0,5
Hydrogen value, pH 7,6 11,3 11,4
Viscosity 0,985 1,015 0,987
Surface tension, n/m? 72 36 38

Table 2. Mass Losses of Samples in the Fluids Under Study AG, ¢

Material Water without an additive Solution Solution
A B

Steel ST20 -0,334 -0,002 -0,003

Cast iron ClI24 -0,826 -0,068 -0,073

Aluminum compound, -0,010 -0,005 -0,002
Al9

Brass -0,016 -0,004 -0,004

Copper -0,005 -0,002 -0,002

The metal corrosion wear rate AG., the wear Wear coefficient
coefficient Z, and the protection effect r during the 7 =146 100% )
AGs !

experiment were determined by the following
formulas:
The corrsion wear rate

(G1-Gy)-10°

AGh = 365-(2-(dB+BH+Hd))’ 1)

where: H x B — plate dimensions; D — plate thickness;

G1 — sample mass before testing; G, - sample mass

after testing.

where AGb — sample mass losses in the base fluid; AGs
— sample mass losses in the solution.

Protection effect

— AGb
"= s ®)

Philadelphia, USA

102

2 Clarivate
AnalytiCS indexed



ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.191 PIF (India) =1.940

Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8100  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) = 6.004  OAJI (USA)  =0.350

Table 3. Corrosion Process Intensity in Various Solutions, t = 20 °C

Material/Solution Water without Solution A Solution B
an additive
AG - 1072 AG - 1072 Z, % r AG - 1072 Z, % r
Steel ST20 0,121 0,0077 93,4 174 0,0021 99,2 | 1148
Cast iron Cl124 0,305 0,024 92,7 12,7 0,0257 92,0 11,9
Aluminum 0,035 0,018 50,0 1,93 0,0071 80,0 6,0
compound, Al9
Brass 0,057 0,014 75,0 3,93 0,0144 75,0 3,93
Copper 0,002 0,007 40,0 2,45 0,007 40,0 2,45

Based on the results of the gravimetric study, the
following conclusions can be drawn:

- The use of the aforementioned additives in
the “Tobol” engine coolant makes it less corrosively
active compared to water containing no additives.

- The additives in water exert a fairly effective
anti-corrosion effect against the corrosive destruction
of both ferrous and non-ferrous metals.

A comparison of the corrosion protection
coefficients of parts involved in the cooling system for
solution A and solution B allows the following
conclusion to be drawn: the use of solution A in the
cooling system is advisable when the parts are
primarily made of cast iron and steel, as it is a more
effective means of protecting these surfaces than
solution B. In turn, the use of solution B is
considerably more advisable for surfaces made of
brass and aluminum alloys, meaning its use is more
effective when parts made of non-ferrous metals
predominate in the cooling system.

In all conducted studies, it was noted that when
additives are used, the increase in the corrosion
protection effect is associated with an increase in fluid
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