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Summary. This article presents an innovative algorithm and mathematical model of 

a torsional vibration viscous damper. The problem of torsional vibrations damping in 
a multicylinder internal combustion engine is extremely important for the reliable 
operation of a drive unit. The effective reduction of the vibration amplitude extends the 
service life and prevents failures that generate logistic and transport problems. One of the 
key parameters used to assess the quality of vibration damper operation is the temperature. 
This criterion is so important that it is the main indicator for the possible replacement of 
dampers installed in trucks, locomotives, and ships. Despite the importance of this 
parameter, the literature lacks mathematical models that describe the thermodynamics of 
damper operation. Therefore, the authors of this paper developed and presented an 
innovative thermohydrodynamic model of a torsional vibrations viscous damper, which 
was used to determine the operating parameters. 

 
 

1. INTRODUCTION 
 

One of the transportation problems is ensuring the reliable operation of propulsion systems. The 
reciprocating internal combustion engine is a source of vibroacoustic phenomena, which pose a serious 
threat to the fatigue strength of a propulsion system. They result from the action of periodically variable 
forces on the piston-crankshaft system of the engine: gas pressure and inertial forces. Regardless of the 
dynamic system in which the engine operates, the greatest threat to its components, especially the 
crankshaft, is torsional vibrations. Torsional vibration dampers are used to minimize this risk. They are 
most commonly placed on the end of the engine’s crankshaft. Torsional vibration viscous dampers are 
widely used in the propulsion systems of automobiles, construction machinery, diesel locomotives, and 
marine vessels. They are individually designed for a specific type of engine, taking into account the 
complexity of the entire propulsion system based on discrete models (Fig. 1). 

As evidenced in practice, these models provide a reasonable approximation to reality, but they do 
not allow for the analysis of phenomena such as thermohydrodynamic effects accompanying the 
operation of a damping device. With this in mind, the authors proposed an innovative model of a passive 
torsional vibration viscous damper. 
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Fig. 1. Examples of damping modeling 
 

Despite the fulfillment of many criteria regarding the material structure, strength, and design rules 
[1, 2], crankshafts are still emergency elements. Damage occurs regardless of their application. They 
are present in compressors [3], trucks [4], buses [5], and even airplanes [6]. Many authors have analyzed 
failure examples to draw appropriate conclusions for the future [7-9]. Global databases are being created 
to collect information about failures around the world [10]. Increasingly accurate methods for 
monitoring the condition of crankshafts and warning against their failure have been introduced [11-15].  

The utilization of a torsional vibration viscous damper is one way to prolong the reliable operational 
lifespan of a crankshaft [16-18]. For large marine engines, special torsional vibration assessment 
procedures have been proposed [19]. Nonetheless, many publications addressing multi-cylinder internal 
combustion engines extensively discuss topics such as engine design, ignition methods, power supply 
and cooling system structures, piston and crank mechanisms, the materials employed in engine 
component fabrication, and the comprehensive approach to designing specific engine parts. On the other 
hand, the phenomena that accompany a running engine are described marginally. In many cases, these 
phenomena significantly affect the reliability, durability, and vibroacoustic effects of an engine. One 
area that has received limited attention is the issue of crankshaft torsional vibrations and strategies for 
mitigating them. This might be attributed to the notion that torsional vibrations are not as significant 
a threat to crankshafts as bending or longitudinal vibrations. The exceptions are the studies [18, 20-21]. 

Undoubtedly, the most difficult-to-detect crankshaft vibrations are torsional vibrations. The main 
reason for this is the fact that they overlap with the rotational motion and do not cause additional 
vibroacoustic phenomena. Very often, these vibrations are wrongly attributed to other phenomena 
accompanying the rotation of the shaft. Therefore, we try to eliminate them by inappropriate methods. 
The misinterpretation of this phenomenon often comes to light in the case of the drive system serious 
failure (e.g., damage of the shaft) (Fig. 2).  
 

 
 
Fig. 2. A damaged shaft 
 

A range of techniques has been employed to eradicate torsional vibrations and their consequences. 
One possibility is to use a device called a vibration damper. Currently, there are many design solutions 
available for this type of device. One of the most commonly used solutions is the application of torsional 
vibrations viscous dampers. They are currently used in the propulsion systems of ships, diesel 
locomotives, working machines, buses, and trucks. 
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Torsional vibrations viscous dampers’ simple structure (Fig. 3) and relatively long service life have 
undoubtedly contributed to their great popularity. Furthermore, their effectiveness across the entire 
spectrum of engine rotational speeds is crucial when compared to alternative design solutions. This 
characteristic enables the engine to transition relatively seamlessly through what is known as critical 
speeds. The graph in Fig. 4 shows the amplitude values of the crankshaft vibrations for different 
rotational speeds and different types of dampers. The graph clearly shows that silicone dampers (silicone 
Torsional Vibrations Damper (TVD)) and silicone-rubber dampers (silicone-rubber TVD) significantly 
reduce the vibrations’ amplitude for all the tested rotational speeds. When the engine is working without 
a damper (without TVD) or with a rubber damper (rubber TVD), we can observe certain frequencies for 
which the amplitude of vibrations significantly increases. 

 
Fig. 3. Torsional vibrations viscous damper: 1 - damper housing, 2 - thrust bearing, 3 - inertia ring, 4 - plug, 5 - 

radial bearing, 6 - cover, 7 - silicone oil 

 
Fig. 4. Torsional vibrations’ amplitudes of the shaft without a torsional vibrations damper (TVD) and with different 

types of torsional vibrations dampers [22] 
 
 
2. VIBRATION DAMPING 

 
Torsional vibrations in shafts are typically subtle and inconspicuous, but they can also generate 

unwanted noise. This occurs when the engine operates within the realm of resonant rotational speeds or 
in cases in which the damper is compromised (see Fig. 5) or chosen incorrectly. 

 

   
(a) (b) (c) 

 

Fig. 5. Mechanical damage to the active surfaces of a torsional vibrations viscous damper 
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The torsional vibrations of crankshafts were first noticed in the shipbuilding industry in the 1920s. 
At that time, the first naval unit equipped with a torsional vibrations viscous damper was a submarine’s 
engine. The damper has been installed to extend the life of the propulsion system, reduce vibrations that 
generate acoustic waves, and improve crew comfort [23-25]. 

If a properly sized and technically efficient damper is fitted to the drive unit (engine), then ship crews, 
working machine operators, and drivers should not feel the nuisance vibroacoustic phenomena during 
work. 

The users of the drive units do not influence the selection of the appropriate damper but are 
responsible for maintaining it in a proper technical condition and taking care of its reliability. The 
authors of the article, during the research conducted in a company dealing with diagnostics, 
regeneration, and repair of torsional vibrations dampers, noticed that the technical condition of the 
damper is not the subject of engine users’ attention. There are several basic reasons for this: 
• it is difficult to access the damper, 
• it is impossible to take a silicone oil sample for testing, 
• it is impossible to prepare the engine crankshaft amplitude-frequency characteristics and compare 

them with reference values. 
The presented problems became the starting point for the search for new methods of diagnosing the 

technical condition of torsional vibrations viscous dampers. Cooperation with the aforementioned 
company resulted in the invention of criteria for evaluating the efficiency of torsional vibrations viscous 
dampers. One of them is the thermal criterion, which consists of measuring the time when the damper 
reaches the saturation temperature. 

 
Fig. 6. Diagrams of angular velocities: 𝜔! (housing angular velocity), 𝜔" (inertia ring angular velocity), 𝜔 =
														𝜔" −𝜔! (relative angular velocity) [22] 
 

As mentioned earlier, the primary function of the damper is to effectively reduce the torsional 
vibrations of the shaft and any associated vibroacoustic consequences. Extensive years of research and 
theoretical investigation have revealed that the motion of the damper’s inertia ring concerning its 
housing commences when the torsional vibration amplitude of the shaft exceeds a specific threshold. 
This relative motion occurrence (Fig. 6) reduces the amplitude of the shaft’s torsional vibrations, causing 
the damper to convert mechanical energy into heat and leading the damper housing to heat up. The 
diagram in Fig. 6 shows the angular velocity of the housing 𝜔!, as well as the angular velocity of the 
inertia ring 𝜔", measured on the test stand after setting the damper to oscillate. The relative angular 
velocity 𝜔 = 𝜔" −𝜔! causes frictional forces inside the oil, filling the damper. As a result, we obtain 
a mechanism that dissipates the energy of torsional vibrations. It should be noted that under real 
conditions, the oscillations are performed around a certain mean, non-zero angular velocity. This can be 
graphically represented by an appropriate vertical shift of the plot. 
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3. WORKING TEMPERATURE OF A VIBRATIONS DAMPER 
 
During the beginning phase of the damper’s use, the heat it generates causes it to warm up, and some 

of this heat is released into the surrounding environment. As the temperature rises, more heat is 
transferred to the outside. This pattern persists until an equilibrium is achieved between the produced 
heat and the heat released into the environment. The time it takes for the damper to reach this 
equilibrium, referred to as the damper saturation time, can serve as a metric for the damper’s efficiency. 
 

 
Fig. 7. Changes in the torsional vibrations damper (TVD) temperature as a function of time: a) a TVD with 

a blocked inertia ring, b) a flawless TVD, and c) a TVD without oil [22] 
 

 
Fig. 8. Variations in temperature over time for a torsional vibrations damper (TVD) containing fluids with varying 

viscosities [22] 
 

The time it takes for the damper to reach equilibrium, known as the damper saturation time, is not a 
fixed value and is influenced by various factors such as the damper’s technical state, size, the viscosity 
of the liquid it contains, the speed at which the shaft rotates, the level of vibrations, and the operating 
environment. The graph in Fig. 7 shows the rate of the damper temperature rise in cases of a locked 
inertia ring, a properly functioning damper, and a damper without silicone oil [26]. In the first case, 
internal friction forces cause a lower temperature increase than in the case of a properly functioning 
damper. This is because the locking of the inertia ring usually occurs as a result of changing the silicone 
oil state from liquid to gel. In this situation, the characteristics of the damper are more like a rubber 
damper than a silicone viscous damper. As a result, the efficiency of dissipating the vibrations of the 
crankshaft is worse. In the absence of oil, however, there is dry friction between the inertia ring and the 
housing. This results in the overheating of the damper and the drastic wear of the rubbing surfaces. 

The graph in Fig. 8 shows the change in the damper temperature as a function of time for different 
silicone oil viscosity values. It can be seen that the higher the viscosity, the higher the temperature. 
A careful analysis of the graph shows that this increase is not linear. Therefore, for sufficiently high 
viscosities, the blocking of the ring and a drop in temperature should be expected due to the negligible 
relative movement of the housing and the ring. It should be emphasized that the previous statement is 
the only hypothesis of the authors, who do not yet have full experimental results in this regard. 

The presented examples show that the measurement of the damper’s saturation time, or even its 
temperature, gives information about the damper’s technical condition. For example, the results 
presented in Fig. 7 allow us to determine the condition of the oil. Based on the damper heating rate in 
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time, we can conclude that the oil is deficient c) or that the oil turns into gel a). The analysis of the 
results indicates that in some cases, the temperature of a technically inoperative damper may exceed the 
permissible values during engine operation (e.g., a damper operating without oil – Fig. 7, curve c). 
Permissible temperatures are those that do not cause such a flow of thermal energy that the damper is 
damaged. In such a situation, overheating occurs most often, and its consequence is damper seizure [27]. 
Failure to reach the appropriate temperature is most likely a signal that the oil has turned to gel and the 
damper is blocked (Fig. 7, curve c). 

In practice, there are effective methods to protect the damper from overheating. Nevertheless, it is 
important to know that they increase the cost of installation and complicate its construction. In practice, 
the phenomenon of the overheating and seizure of the damper causes the device to excite the vibrations 
instead of damping them. 

A properly designed damper should work without failure for a period of 20,000 to 30,000 hours, in 
the temperature range from −30∘C to even 120∘C. Laboratory tests conducted by the authors in 
cooperation with the mentioned company have shown that the damper seizure occurs when its operating 
temperature exceeds the temperature for which it was designed by 60∘C. 

Satisfactory results of the damper’s work are achieved when it works in the temperature range of 
75∘C to 90∘C. The maximum allowable heat transfer rate in the damper depends on: 
• operating conditions (including engine rotational speed), 
• the size of the damper, 
• damper’s structure (bolted damper housing, rolled damper housing). 

Its value is expressed by the following general formula: 

 𝑄̇ = 𝑞̇ ⋅ 𝐴p, (1) 

where 𝑄̇ denotes the maximum allowable heat transfer rate in W, 𝐴p is the total area of the inertia ring 
in m$, and 𝑞̇ is the experimentally determined maximum heat flux density that the damper is able to 
dissipate. According to [28], the maximum values are as follows: 𝑞̇ = 5 000 ÷ 6 100 W⋅m%$ for 
temporary work at the critical angular velocity, 𝑞̇ = 2 500 ÷ 3 050 W⋅m%$ for dampers in small engines 
with a high angular velocity, such as those used in cars and designed for continuous operation at critical 
angular velocity, and 𝑞̇ = 1 250 ÷ 1 525 W⋅m%$ for dampers in large engines with a small angular 
velocity, such as those used in ships, and designed for continuous operation at critical angular velocity. 

Understanding the importance of the above problem, the authors of this publication decided to 
develop a thermohydrodynamic computational model of a torsional vibrations viscous damper, which 
would enable the determination of the correct operating temperature range. 

 
 

4. MODEL OF A TORSIONAL VIBRATIONS VISCOUS DAMPER 
 
Later in the article, we assume that the notation 𝑋& , 𝑋∗,& means 𝑋), 𝑋∗,) or 𝑋$, 𝑋∗,$, respectively, where 

𝑋), 𝑋∗,) refers to the value related to the inner oil gap and 𝑋$, 𝑋∗,$ refers to the value related to the outer 
oil gap. We suggest such indices because both gaps are governed by analogous thermo-hydrodynamic 
laws, and the difference comes down to the geometric dimensions and oil flow velocity. Fig. 9 describes 
the basic geometric parameters of a torsional vibrations viscous damper. 

The mentioned geometrical parameters and material properties determine the moment of inertia of 
the ring. They also directly affect the value of the frictional moment and damping value, which directly 
transforms into the amount of energy dissipated by the damper. In addition to the above-mentioned 
geometric parameters, the following factors have a decisive influence on its work: 
• inner radial clearance 𝐶) = 𝑅",) − 𝑅!,), 
• outer radial clearance 𝐶$ = 𝑅!,$ − 𝑅",$. 

When the damper reaches its saturation temperature and thus starts to operate in a steady state, two 
oil films are formed between the damper housing and its inertia ring: inner and outer. The oil films create 
the internal and external hydrodynamic forces 𝐹*) and 𝐹*$, balancing the inertia ring weight 𝐹 and 
enabling it to be lifted. 
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𝑅!,) – housing inner radius 
𝑅",) – inertia ring inner radius 
𝑅",$ – inertia ring outer radius 
𝑅!,$ – housing outer radius 
𝑏), 𝑏$ – inner and outer widths of the inertia 
ring 
ℎ), ℎ$ – inner and outer oil film thicknesses 
ℎ+ – front oil film thicknesses 

 

Fig. 9. Description of the fundamental geometric characteristics of the damper. 
 
The oil layer velocity in the circumferential direction (Fig. 10) depends on the ring angular velocity 

in relation to the housing angular velocity 𝜔 = 𝜔" −𝜔!. On the other hand, the oil flow in the axial 
direction results from the pressure difference between the oil film 𝑝(𝜑, 𝑧) and the pressure in the damper 
front space 𝑝,. In order to simplify the model, the authors also assumed that the damper was not 
equipped with a radial bearing. Therefore, it was omitted in Fig. 10, and it was assumed that 𝑏) = 𝑏$. 
Note that this assumption does not reduce the generality of the model. This is because one can cut the 
inertia ring into two widths, 𝑏) and 𝑏$ − 𝑏), if there is a need to take into account a radial bearing. 

In the steady state, under liquid friction conditions, the damper operation is described by the 
following quantities: 
• the relative eccentricity of the inner and outer oil film 

 𝜀& =
𝑒&
𝐶&
,  𝑒 = 𝑒) = 𝑒$, (2) 

• the Sommerfeld number defined according to the standard [29] for the inner and outer oil film 

 𝑆,,& =
𝐹 ⋅ 𝜓&$

𝑏& ⋅ 𝐷& ⋅ 𝜂 ⋅ 𝜔
, (3) 

  where 𝜓& = 𝐶&/𝑅!,&, 𝐷& = 2𝑅!,&, and 𝜂 is the dynamic viscosity of the silicone oil. At this point, it 
should be noted that the difference between 𝑅!,& and 𝑅",& in a real damper is so small that, for the 
purposes of the model, one can also assume 𝜓& = 𝐶&/𝑅",& and 𝐷& = 2𝑅",&, 𝐹 is the weight of the inertia 
ring balanced by the hydrodynamic force and satisfies the condition 𝐹 = 𝐹* = 𝐹*) + 𝐹*$, 

• housing temperature 𝑇B, 
• the minimum height of the inner and outer oil film ℎmin,) and ℎmin,$, 
• the average pressure of internal and external oil film 𝑝m,) = 𝐹*)/I𝑏)𝐷",)J and 𝑝m,$ =
𝐹*$/I𝑏$𝐷!,$J. 
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Fig. 10. Geometry, oil flow directions, and forces occurring in a torsional vibrations viscous damper 
 
The assumptions for the thermohydrodynamic model of the torsional vibrations viscous damper are 

related to: 
1. damper construction elements: 

a. construction elements are non-deformable, perfectly smooth, axial parallel and cylindrical 
surfaces, 

b. the inertia ring material is homogeneous, 
2. oil properties: 

a. the oil is an incompressible Newtonian fluid within the range of simulated temperatures and 
operating shear rates, 

b. the oil viscosity is a function of temperature and is described by the relationship 𝜂 = 𝜂(𝑇), 
c. the pressure generated in the oil film may take values greater than or equal to zero, 
d. the pressure in the direction of the radial variable 𝑦 is constant, 
e. the ambient pressure is constant, 

3. oil flow: 
a. the flow is laminar for Re& =

-⋅/⋅0!⋅1!
23

≤ Re&,CR ≈
2).5
67!

 [29], 

b. the velocity of the oil film near the surface is equal to the velocity of the surface rotating inertia 
ring or housing, 

c. the oil flow rate in the axial direction is much greater than the flow rate of the oil flowing in the 
circumferential direction (according to [30], such an assumption is perfectly justified in the case 
of small angular velocity, and such is the relative velocity 𝜔 of the housing and the inertia ring), 

4. heat generation: 
a. the heat generated by the frictional forces is used to change the enthalpy, 
b. ambient temperature 𝑇z = const., 
c. fluid heat exchange takes place by convection [30-34], 
d. in the vicinity of the housing, heat is absorbed by conduction through the damper housing and 

discharged to the environment, 
e. the heat transfer coefficient 𝛼 W⋅m%$ ⋅K%) is assumed to be constant (this article assumes the 

value 𝛼 = 20 W⋅m%$ ⋅K%), which is in accordance with the standard [29], which determines the 
value of this coefficient for a steel cylindrical shape in the range of 15 ÷ 20 W⋅m%$ ⋅K%)). 

Let us note here that the assumption of the laminarity of the silicone oil flow is crucial for the model 
presented in this article. From condition 3 a) for flow laminarity, the value of the Reynolds number can 
be determined for both the inner and outer gaps. For the damper that was used as an example, we have: 
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1. 𝐷) = 0.157 m, 𝐶) = 0.14 ⋅ 10%5 m, 𝜓) = 2𝐶)/𝐷) = 1.78 ⋅ 10%5, 𝜌 = 970 kg⋅m%5, 𝜔max = 2 
rad⋅s%), 𝜂min = 10 Pa⋅s, which, for the internal oil gap, gives a value of the Reynolds number equal 
to Re) ≈ 10%5 and Re),CR ≈ 978.9, 

2. 𝐷$ = 0.26 m, 𝐶$ = 0.52 ⋅ 10%5 m, 𝜓$ = 2𝐶$/𝐷$ = 2 ⋅ 10%5, 𝜌 = 970 kg⋅m%5, 𝜔max = 2 rad⋅s%), 
𝜂min = 10 Pa⋅s, which, for the internal oil gap, gives a value of the Reynolds number equal to Re$ ≈
6.5 ⋅ 10%5 and Re$,CR ≈ 923.5. 
The above calculations clearly show that Re& < Re&,CR, which indicates flow laminarity in both gaps 

of the analyzed damper. 
The mathematical model of a torsional vibrations viscous damper with heat dissipation through the 

housing has been described by a system of equations that include: 
• the shape of the lubrication gap, 
• pressure distribution in the lubricating gap, 
• temperature distribution in the oil film when the heat from the damper is carried away by the 

flowing oil, 
• the thermophysical properties of silicone oil. 

For the damper geometry presented above (Fig. 10), the height of the oil film is a function of relative 
eccentricity. Let us assume that the angle of the ring center and the housing center is measured from the 
load direction. In this case, the height of the oil film is given by the following formula: 

 ℎ& = 𝐶&(1 + 𝜀&cos𝜑). (4) 

The pressure distribution in the viscous damper was derived from the Navier-Stokes equation and 
the equation of the continuity of fluid flow. After the appropriate transformations for the assumed fluid 
flow conditions in the damper are applied, the pressure distribution equation takes the following form: 

 
∂
∂𝑧 X

ℎ&5
∂𝑝&
∂𝑧 Y

= 6𝜂𝜔
∂ℎ&
∂𝜑

. (5) 

As already mentioned, the thermal energy generated by the frictional forces 𝑃f =
)
$
𝜔𝑓𝐹*𝐷$ is 

discharged into the environment through the housing. Based on the assumptions made earlier, this 
temperature is expressed by the following relationship: 

 𝑇B = 𝑇, +
𝜔𝑓𝐹*𝐷$
2𝛼𝐴B

, (6) 

where 𝑇B is the damper housing temperature taking into account the results of the bench tests, for which 
the condition for the correct operation of the damper was defined as 𝑇B ≤ 90∘C [35], 𝑇, is the ambient 
temperature, 𝐴B is heat dissipation area, 𝛼 is a value of the heat transfer coefficient, and 𝑓 is the fluid 
friction coefficient [29, 34]. 

Viscosity is a fundamental thermophysical quantity that describes the phenomenon of internal 
friction caused by the resistance of oil as one layer moves relative to another. A distinction is made 
between kinematic viscosity 𝜈 and dynamic viscosity 𝜂. The kinematic viscosity 𝜈 of silicone oils used 
in torsional vibrations viscous dampers can be described by the following relationship: 

 logI𝜈(𝑇)J =
793.1

273.0 + 𝑇 − 2.559 + logI𝜈
(𝑇$8)J, (7) 

for 𝑇 ranging from 25∘C to 250∘C. The dynamic viscosity 𝜂 can be expressed by the following 
relationship [35, 36]: 

 𝜂(𝑇) = 𝜌 ⋅ 𝜈(𝑇), (8) 

where 𝜌 = 970 kg/m5. The graph of dynamic viscosity as a function of temperature for M30000 oil is 
shown in Fig. 11. 
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Fig. 11. Silicone oil M30000 dynamic viscosity as a function of temperature 
 
 
5. TEMPERATURE SIMULATION OF THE WORKING TORSIONAL VIBRATIONS  
    VISCOUS DAMPER 

 
The operating temperature of the torsional vibrations viscous damper was calculated for the geometry 

and data presented in Table 1. It was assumed that the damper was filled with M30000 silicone oil and 
the weight of its inertia ring was 𝐹 = 89.6 N. 

The algorithm for solving the system of equations presented in the previous section is shown in the 
form of a network diagram in Fig. 12. 
 

Table 1 
Simulation parameters 

 
 

 
Figs. 13, 14, and 15 show the results of numerical simulations obtained after applying the developed 

model for the parameters defined in Tab. 1. The results include the simulation of the damper housing 
temperature, the average pressure in the oil film, and the minimum oil film height. It should be 
emphasized that our model assumes stabilization of the damper working conditions. Therefore, on the 
horizontal axis, we present the value of 𝜔‾ , which is the average absolute value of the angular velocity. 
More precisely, 𝜔‾ = )

9"%9#
∫ |𝜔(𝑡)| d𝑡9"
9#

, where 𝑡) − 𝑡, is the volatility period of the 𝜔 function. 

Parameters of a torsional vibrations viscous damper 
1. The inner radius of the inertia ring 𝑅",) = 78.5 mm 
2. The outer radius of the housing interior 𝑅!,$ = 130 mm 
3. Inner radial clearance 𝐶) ∈ {0.04,0.14} mm 
4. Outer radial clearance 𝐶$ ∈ {0.475,0.52} mm 
5. Width of the inertia ring 𝑏) = 𝑏$ = 33 mm 
6. External surface of the damper 𝐴B = 0.128 m$ 
7. Weight of the inertia ring 𝐹 = 89.6 N 
8. The heat transfer coefficient 𝛼 = 20 W⋅m%$ ⋅K%) 
The remaining input values for the calculation of the damper operating parameters 
9. Type of silicone oil M30000 
10. Silicone oil dynamic viscosity function 𝜂(𝑇) computed from (7) and (8) 
11. Silicone oil density 𝜌 = 970 kg⋅m%5 
12. Ambient temperature 𝑇, = 70∘C 
13. Relative angular velocity of ring and housing 𝜔 ∈ [0.2;  2.0] rad⋅s%) 
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Fig. 12. Network diagram of an algorithm for solving the system of model equations 
 

 

Fig. 13. Influence of the average absolute relative angular velocity on the damper operating temperature (the 
maximum average absolute relative angular velocity 𝜔‾Lim is equal to 1.27 rad⋅s#$and is achieved for the 
permissible temperature 𝑇Lim = 90∘C) 

 

  
(a) (b) 

Fig. 14. Influence of the average absolute relative angular velocity on the average pressure in (a) the inner oil film 
and (b) the outer oil film  
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(a) (b) 

Fig. 15. Influence of the average absolute relative angular velocity on (a) the inner minimum oil film thickness 
and (b) the outer minimum oil film thickness  

 
 
6. CONCLUSIONS 

 
Based on the results of the numerical simulations (Figs. 13, 14 and 15), the following conclusions 

can be drawn: 
• with an increase in the internal radial clearance 𝐶), the operating temperature of the damper 

decreases, 
• the permissible temperature 𝑇Lim of the tested damper is reached at 𝜔‾ = 1.2 rad⋅s%), 𝐶) = 0.04 mm 

and 𝐶$ = 0.475 mm, 
• the minimum thickness of the oil film is slightly lower than the value of the radial clearances – this 

results in a location close to the concentric position inertia ring and housing, 
• the pressure generated in the damper in the inner oil film is greater than the pressure in the outer oil 

film. 
In summary, the torsional vibrations viscous dampers presented in the paper could work properly for 

the analyzed angular velocity and assumed radial clearances. 
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