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Abstract. This study examines how increasing temperature affects hydraulic fluid properties and the dynamic behavior of 

cylinders. Rising temperature reduces viscosity and density, causing pressure instability, cavitation, internal leakage, and 

vibration. Mathematical models of thermal expansion, pressure variation, and flow response were developed, and analytical 

graphs confirmed nonlinear growth of oscillation amplitude at high temperatures. The results highlight the significant role 

of thermal effects in hydraulic system reliability, efficiency, and control optimization. 

INTRODUCTION 

When the temperature rises (as the liquid heats up), the viscosity of the liquid decreases.  The heated liquid 

becomes less viscous, and additional pressure develops within it. As a result, internal leakage within the pump 

increases. The cylinders operate slower or create additional space for oscillation, leading to incomplete closure of the 

valves. The pressure in the system decreases, and the heated liquid flows more rapidly, but due to its reduced density, 

the pump cannot generate the required pressure. The risk of cavitation in the system increases. This process causes 

"noise" and "vibration" to occur. The movement of the cylinders in their working state changes, potentially becoming 

slower and more erratic [10-12]. The return speed of the cylinder increases, but its force decreases. Connected parts 

wear out quickly because high temperatures either harden or melt them. The service life of hydraulic units (pumps, 

hydraulic motors) decreases. Metal surfaces heat up, accelerating wear. During thermal expansion, the liquid volume 

increases, and the probability of evaporation rises. The hydraulic accumulator pressure changes. "Inexplicable 

hardening" is observed in mechanical parts. Internal pressure losses increase. Flow resistance in pipelines intensifies. 

The pump is forced to raise pressure more because it increases.  The elasticity of pipe connections decreases. At low 

temperatures, rubber seals harden and do not close properly, causing leaks to appear [1,2,3,6].  

EXPERIMENTAL RESEARCH 

In this regard, various effective cooling systems have been implemented that are capable of maintaining a stable 

operating oil temperature in different climatic conditions. The Navoi region is one of the areas in Uzbekistan that 

experiences the highest temperatures, with the external temperature potentially rising to +46.7 °C during summer 

months. Under such conditions, the heat exchange of the hydraulic system decreases sharply, and the efficiency of 

specialized coolers becomes insufficient [4,7,8]. 
The figure below shows how a double-sided cylinder works. 
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a) b) 

Figure 1. Forward and backward movement of a cylinder in a hydraulic system. a) forward movement b) 

backward movement. 

 

If the liquid enters through the reception of the liquid on the left (main inlet), it moves to the right (forward impact), 

which forces the liquid discharged into the cylinder chamber to flow in the secondary direction. If the liquid is supplied 

to the secondary half (liquid intake on the right), it moves on the surface of the cylinder ring and moves the cylinder 

and the cylinder piston to the left (reverse motion). In this case, the transferred liquid moves to the primary side. In 

connection with the construction described above, there is another feature that needs to be taken into account [13-15]. 

For forward and reverse displacement, the liquid is supplied to the primary side, if the entire piston surface AP is 

available for the acting force, then during reverse motion, the liquid enters the secondary side AS. The following image 

illustrates this situation. 

 
Figure 2. Surfaces of liquid pressure on the cylinder. 

 

This means that even if the same amount of fluid is supplied, the forces that begin to move during the forward and 

reverse impacts are equal [16-17]. 

When the temperature rises, the following happens: 

The density of the oil decreases, and as the mass decreases, the pressure inside the chamber also decreases. 

The volume of the liquid expands, the free space in the chamber increases. 

The viscosity of the oil decreases, and the flow rate increases, but the pressure holding capacity decreases. 

Due to changes in piston movement, micro-cavities and bubbles (initial cavitation) appear in the chamber. 

As a result: 

The pressure in the left chamber is unstable, a cavity can form behind the piston, and the cylinder moves "with 

vibration." 

We can see such gaps in the figure below. 

 
Figure 3. Changes in pressure zones inside the cylinder with increasing temperature 

 

Based on Figure 3 above, the quantity of the 1st reversible fluid. 2, 3 - cavities formed on the piston sides of the 

cylinder. 4-amount of propellant fluid. Increasing the temperature causes cavities, vapor bubbles, internal leaks, and 
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deformations in all pressure zones of the hydraulic cylinder. As a result, the transmission capacity of the cylinder 

decreases, and the rod stroke becomes unstable. [7,8]. 

RESEARCH RESULTS 

If the system is partially or completely closed and the fluid temperature rises, the volume of the fluid changes due 

to thermal expansion: 
∆𝑉𝑡ℎ

𝑉
= 𝛽∆𝑇                                                                              (1) 

it creates pressure if the system volume remains constant. The pressure generated in a closed state can be expressed 

as follows. 

∆𝑃𝑡ℎ = −𝐾
∆𝑉𝑡ℎ

𝑉
= −𝐾𝛽∆𝑇                                                              (2) 

From this formula, it can be seen that if the temperature increases and the volume is not eliminated accordingly, 

the pressure can reach large values, but in practical systems with an increase in a large amount of space or temperature, 

the viscosity of the liquid μ(T) decreases, which reduces hydraulic resistance, and under the same pump parameters, 

the flow Q increases. 

𝑅(𝑇) = 𝐶𝜇(𝑇)                                                                         (3) 

Let's compose the following formula depending on the fluid yield and temperature. 

𝑄 =
∆𝑃𝑡ℎ

𝐶𝜇(𝑇)
                                                                                (4) 

Here; ∆𝑉𝑡ℎ - volume change (m3), V-volume in the hydraulic system (m3), β-coefficient of thermal expansion of 

the liquid, ∆T-external temperature affecting the liquid (°C), ∆𝑃𝑡ℎ-pressure change in the hydraulic system (bar), K-

temperature change coefficient, μ-liquid viscosity coefficient. Q-liquid flow rate (ml/s), R-liquid resistance force 

(Newtons), 

Based on the above formulas, we obtain the following graph by calculating the fluid flow rate at T1=10°C, 

T2=20°C, T3=30°C, T4=40°C, T5=46.7°C, and 0-120 ml/s at various temperature values between 10-46.7°C. 

 
Figure 4. Analytical graph of pressure and liquid flow rate 

 

As can be seen from the graph, the slope of the lines increases with increasing temperature - this is the result of a 

decrease and an increase in the actual volumetric capacity of the pump. At the same time, at high temperatures, the 

risk of cavitation arises due to an increase in the liquid vapor pressure (according to the Clausius-Clapeyron equation), 

which negatively affects the pump's operation. 
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One of the main physical properties of hydraulic fluids is density (ρ), which decreases with increasing temperature. 

This process occurs as a result of the expansion of the distance between liquid molecules. 

With increasing temperature, the kinetic energy of liquid molecules increases. 

As a result: 

Molecules move away from each other 

The volume occupied by the liquid increases. 

The mass corresponding to this volume remains constant. 

We express the decrease in density using the following formula. 

𝜌(𝑇) = 𝜌0(1 + 𝛽𝑇)                                                                   (5) 

If; 
𝜌

𝜌0
= (1 + 𝛽𝑇) → 

𝑉

𝑉0
= (1 + 𝛼𝑇) →  𝐾𝑉 = 1 −

𝑉

𝑉0
= 1 −

𝑋

𝑋𝐸
                            (6) 

Here; 𝜌 - density of the liquid affected by temperature (kg/m3), 𝜌0 - initial density of the liquid (kg/m3), 𝐾𝑉 - coefficient 

of volume change, Xe - displacement of the cylinder rod due to temperature change (mm), X - initial displacement of 

the cylinder rod (mm) 

Analysis of 5 different values, T0=0°C, T1=10°C, T2=20°C, T3=30°C, T4=40°C, T5=46.7°C in the range of values 

from 10 to 46.7°C through the coefficient of temperature and volume change is shown by the graph in Figure 5. 

 
Figure 5. Analytical graph of the volume change coefficient and temperature at different values. 

 

In this analysis, the change in volume of the same type of liquid in the temperature range from 10°C to 46.7°C was 

considered. In the study, a different value of the volumetric expansion coefficient of the liquid (from 0 to 0.001) was 

chosen as the basis. Each value represents, to a certain extent, the temperature sensitivity of the liquid; As the volume 

change coefficient increases, the volume response of the liquid to temperature change increases. 

1. At small values of the volume change coefficient, the sensitivity of the liquid to thermal effects in this range is 

very low, and in the range from 10°C to 20°C, the volume increases almost linearly and uniformly. Since the volume 

difference formed with increasing temperature is very small, the difference between the lines will also be minimal. 

This shows that the thermal density of the liquid is unstable, which leads to a change in pressure. 

2. At values in the middle range. In this case, the volume response of the liquid to temperature increases 

significantly. In the range of 20-40 °C, the change in volume relatively accelerates, but the overall trend remains 

linear. This reflects the expansion of internal distances with an increase in thermal energy in the structural connections 

of the liquid. 

3. Maximum value (0.01). This coefficient represents the highest thermal sensitivity. In the study, it was noted that 

above 40°C, the line became slightly curved. This can be based on two reasons: 
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Disruption of the molecular order of a liquid (i.e., rapid expansion of the intermolecular space under the influence 

of heat), 

The transition of volumetric expansion to a nonlinear regime is a typical physical phenomenon observed in many 

liquids at high temperatures. 

At the same time, for all other KV values above 40°C, such a significant difference is not observed. This indicates 

that the deviation of the volumetric expansion from the linear model occurs only in the case of high sensitivity. 

The dependence of liquid volume on temperature is proportional, and with an increase in KV, the intensity of 

volume increase also increases. 

For coefficients in the range from 0 to 0.00075, the change in volume is mainly linear. At temperature T1=10°C, 

Kv=0.0011, at T2=20°C, Kv=0.00232, at T3=30°C, Kv=0.0039, at T4=40°C, Kv=0.0065, and at T5=46.7°C, Kv=0.01. 

This situation in practical hydraulic systems means that in high-temperature regimes, a sharp change in pressure 

occurs precisely in liquids with high temperatures, which leads to a redistribution of loads inside the cylinder. 

If;  

T=const. ∆𝑃𝑡ℎ = 𝑓1(𝐾𝑉) ;     ∆𝑃𝑡ℎ =
𝛽∆𝑇

𝐾+
1

𝐾𝑉

                                           (7) 

We present an analysis of the pressure dependence graph at the values of the volume change coefficient in Figure 

6 below. 

 
Figure 6. Analytical graph of the volume change coefficient and pressure at different values. 

 

An analysis was conducted on the parabolic change in pressure increase within a hydraulic system, resulting from 

the increase in volume change coefficient of identical liquids at different temperatures: T1=10°C, T2=20°C, T3=30°C, 

T4=40°C, T5=46.7°C. It was found that an increase in temperature due to external influence raises the pressure of the 

liquid in the closed system, causing additional cavities to form in the cylinder rod. This, in turn, creates a gap that 

allows for piston vibration. This relationship can be expressed through the following function. 

𝐹 = 𝑚𝑎 = 𝑚
𝑑𝑣

𝑑𝑡
=

∆𝑃𝑡ℎ

𝐴𝑆
  => 

∆𝑃𝑡ℎ

𝐴𝑆∙𝑚
=

𝑑𝑣

𝑑𝑡
=> ∫ 𝑑𝑣 =

∆𝑃𝑡ℎ

𝐴𝑆∙𝑚
 ∫ 𝑑𝑡 => 𝑣 =

∆𝑃𝑡ℎ

𝐴𝑆∙𝑚
∙ 𝑡 => 

=> ∫ 𝑑𝑋 =
∆𝑃𝑡ℎ

𝐴𝑆∙𝑚
 𝑡 ∫ 𝑑𝑡 =>  𝑋 =

∆𝑃𝑡ℎ

𝐴𝑆∙𝑚
∙

𝑡2

2
                                                              (8) 

If the function ∆𝑃𝑡ℎ = 𝑓1(𝐾𝑉) in formula 7 depends on the pressure and volume change coefficients, we will 

construct the following function. 

𝑋𝐸 = 𝑓2(∆𝑃𝑡ℎ)                                                                           (9) 

Here; As - surface area of the rod in contact with the liquid (m2), F - force exerted by the liquid (Newton), m - mass 

of the liquid in the cylinder (kg), 𝑎 - acceleration of the cylinder piston (m/s2), 𝑣 - velocity of the cylinder piston (m/s), 

t - time (s), 
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We will analyze the change in the amplitude of oscillations of the cylinder and the pressure in the hydraulic system 

due to various reasons with a liquid at 5 different constant temperatures using Figure 7 below. 

 
Figure 7. Analytical graph of the volume change coefficient and the oscillation amplitude of the cylinder at different 

temperature values. 

 

The same liquids at different temperatures at T1=10°C, T2=20°C, T3=30°C, T4=40°C, T5=46.7°C, as a result of 

increasing the volume change coefficient, influence the change in cylinder movement in the hydraulic system through 

small oscillations. The higher the temperature of the liquid, the greater the amplitude of oscillations of the piston in 

the cylinder, causing a parabolic increase. Mechanical reactions of dynamic and cyclic displacement were 

systematically analyzed. 

CONCLUSIONS 

Research results indicate that changes in the thermodynamic parameters of the fluid significantly affect its 

influence on the mechanical parts of the hydraulic system. In a closed hydraulic system, if heat is continuously 

transferred to the fluid, the internal energy received by the system generates mechanical energy. This mechanical 

energy can cause harmful movements in the system, primarily leading to vibration and disconnection of connecting 

parts.  Based on external temperature values, temperatures ranging from 10°C to 46.7°C are considered an important 

external factor in various hydraulic machines within hydraulic systems, and the principles of fluid mechanics are 

applied in these conditions. The type, temperature, volume, and viscosity coefficients of the fluid are the main 

parameters for controlling the movement and force of mechanisms in a hydraulic system. This study theoretically 

examined the influence of increasing fluid temperature on the dynamic properties that arise during cylinder movement. 

These results provide a foundation for graphical analysis of theoretical studies through mathematical equations in the 

design of hydraulic control systems, maintaining and operating temperature in a steady state to achieve optimal 

temperature, load, operation, reliability, and efficiency. Future research, especially in higher educational institutions 

in the field of engineering, will contribute to the study of hydraulic system designs, control methods, and further 

optimization of system performance. 
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