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Abstract: This article presents an experimental study carried out on a rotor operating on two foil
bearings. One of the bearings was built in a way to measure the temperature and deformation of
the top foil of the foil bearing. The dynamic performance of the two bearing journals is presented
herein using the vibration trajectories and journal positions in the foil bearing sleeve. Based on these
results, a method for predicting the temperature distribution on the top foil was developed. Then,
the correlations between the temperature distribution and the operating parameters of the bearing
journal were illustrated. It has been observed that the symmetry of the temperature distribution on
the top foil depends on the eccentricity of the rotor operation. The shape and size of the vibration
trajectory had no significant effect on the temperature value in the bearing, unlike the position of the
journal in the bearing. The process of loss of the gas lubricating film was observed, which provides
insight into the phenomena that occur during the first few seconds of rotor operation. The areas in
the bearing from which fresh air had been drawn into the gap between the journal and the top foil
were also determined.

Keywords: foil bearings; journal bearings; oil-free bearings; dynamic characteristic; thermal management

1. Introduction

As it is known, the use of specific bearings in a machine is usually determined by
the operating conditions of the machine, such as the weight of the shaft and its speed, the
ecological nature of the lubricant used for the bearings, the operating temperature range
of the machine, etc. One type of gas bearing is the foil bearing, best suited for low loads
and high rotational speeds [1]. Some companies are trying to introduce devices that use
foil bearings, as these are becoming better designed. What has contributed to this is the
enormous work of scientists around the world who have performed numerous experiments
and simulations to study the phenomena that occur in foil bearings. The main parameters
in these types of bearings are the stiffness and damping of the foil assembly [2] (bump
foil and top foil), which largely depend on the material they are made of [3], the shape of
the bumps [4], as well as the friction pair selected for the journal and top foil [5,6]. These
parameters and the correlations between them have already been well studied (although
some aspects still need to be tested), and some numerical and theoretical models can predict
them with a very good accuracy [7]. The ever-increasing computing power of computers
has led to the creation of 3D numerical models that combine the deformation of the support
structure caused by the pressure exerted by air in the bearing and, at the same time, the
deformation of the lubricating film caused by the deformation of the foil assembly (via
FSI—Fluid Structure Interaction) [8]. Another parameter that determines the proper opera-
tion of the foil bearing is the temperature of the gas film [9]. This important information
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has been neglected for some time because, in traditional gas bearings, small temperature
fluctuations were assumed not to affect bearing operation, so isothermal models were used
in the calculations [10]. It is important to note that a foil bearing is not an ordinary gas bear-
ing as it has additional components between the journal and the sleeve that determine the
operating performance of the bearing and its variable lubrication gap, which is associated
with the temperature that is generated [11,12].

There are experimental studies that confirm the non-isothermal nature of the operation
of the foil bearing [13]. The very fact that the journal in a foil bearing begins to rotate
under conditions of dry friction, then viscous friction and then is isolated by the air film
formed, confirms the need to monitor the temperature of components that are at risk
of damage (such as the top foil). In experimental studies, the number of temperature
sensors used to monitor the proper operation of the bearing varies from one to several.
In some studies, the temperature is specifically raised to several hundred degrees Celsius
in order to investigate the capabilities of foil bearings and try to find ways how to cool
them effectively [14]. All these studies require numerical and theoretical models capable
of predicting the temperature value and, more importantly, its distribution on the top foil,
with respect to the other operating parameters of the rotor [15]. Practically, the lubrication
gap cannot be effectively cooled or flushed since we do not know how the cool air suction
mechanism between the journal and the top foil works, and what the external and internal
factors of the system that determine the temperature rise are. The authors undertook the
difficult task of experimentally investigating the temperature distribution on the surface of
the bump foil, something that has not been often covered in the literature to date. There
are research papers that describe the effect of journal dynamics on the temperature in the
bearing at the measuring points, but this has not been able to explain the temperature
distribution on the top foil. There are many numerical works that show such a distribution
on the top foil, but they have not yet been verified. The results of this work will allow
the numerical models to be correctly verified and will also help to develop a method for
measuring the temperature and its distribution on the top foil.

The authors of this article have provided a detailed description of a foil bearing, which
was designed to measure the temperature and deformation of the top foil depending
on the rotational speed, bearing load, eccentricity and rotor dynamics. The article gives
information on the temperature of the top foil recorded under various operating conditions
of the bearing, from which its distribution was created. In addition, the basic dynamic
parameters of the rotor operating on foil bearings have been presented. The authors
determined the correlation between temperature distribution and rotor dynamics and,
based on the analysis of the obtained data, set out to describe in detail how a lubricating
film forms in a foil bearing.

2. Description of the Test Rig

The test rig consisted of several components, as shown in Figure 1. The electric motor
(electrospindle) was connected to the shaft through a flexible coupling. The maximum
rotational speed of the motor was 24,000 rpm. The shaft was supported by two foil bearings,
and one of them (bearing No. 2) was modified so that the temperature and deformation
of the top foil could be measured. The bearing with thermocouples (bearing No. 2) had
its own special support to accommodate the necessary conductors. The diameter of the
bearing journals was 30 mm. Vibration acceleration in three directions was measured on
the bearing supports (Figure 1a). Eddy current sensors (positioned at a 45-degree angle
to the shaft axis) and laser sensors, placed on additional supports, were used to measure
displacement both in the Y direction (direction of the gravitational force) and X direction
(direction opposite to the direction of the gravitational force). Two types of sensors were
used to reduce the measurement error (Figure 1b). The axial displacement of the shaft was
also recorded.
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Figure 1. (a) Front bearing support (front view); (b) Rear bearing support with measuring equipment

(rear view).

In a traditional foil bearing, it is difficult to measure the temperature and deformation
of the top foil. In the method used [16], which is based on contact between the thermocouple
tip and the foil, there was uncertainty with regard to the correct connection between the
temperature sensors and the surface of the foil. A decision was made to change the
way the thermocouples were mounted and integrated into the foil (Figure 2a,b). This
involved permanently connecting the temperature sensors on the outside of the top foil.
The thermocouples were arranged on the foil, forming a 3 x 6 grid whose dimensions are
shown in Figure 3a. Strain gauges were also welded to the foil. A detailed description of
the entire installation procedure can be found in articles [17,18].

Figure 2. (a) Tested bearing (second bearing); (b) Angular thermocouple distribution on the top foil.

The foil bearing tested consisted of three bump foils and a single top foil made of
Inconel 625. In addition, the top foil had been coated with a Teflon-based anti-friction
material. The bearing had a nominal diameter of 30 mm and a width of 40 mm. The bump
foil had notches, placed across its width, which allowed the passage of conductors towards
the top foil (Figure 3b). The sleeve also had similar notches.
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Figure 3. (a) Thermocouple distribution on the flat surface of the top foil; (b) CAD model of bump
foil with notches.

3. Results

A number of tests had been carried out on the test rig described above. This article
focuses mainly on the correlation between the temperature distribution on the top foil and
the vibrations of the journal. For this purpose, a test was carried out by gradually reducing
the rotor speed from the maximum speed to the lowest speed at which the bearings could
operate, without destroying the anti-friction coating. The test consisted of: accelerating the
rotor to a speed of 24,000 rpm (max. speed), running the rotor at a constant speed for about
200 s, and gradually decreasing the speed (by 2000 rpm). Each set rotational speed matched
the vibration trajectories of the journal, and these affected the temperature distribution of
the foil.

Figure 4 shows the position characteristics of the bearing journals, which started from
a value of —20 um because this value was taken as the value of the radial clearance. At zero
speed (0 rpm), the bearing journals were displaced from the bearing axis by this distance.
The pink colour indicates the moment when the measured values were read. The course
of the rotational speed is marked in black. The red (X1) and green (Y1) colours indicate
the displacement of the first journal in the X and Y directions, and the navy blue (X2) and
turquoise (Y2) colours indicate the displacement of the second journal.
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Figure 4. Rotational speed and radial displacement of the rotor versus time.

During the initial run-up period (Figure 5), up to a speed of 500 rpm, the first bearing
journal changed its position by 5 um and —5 um in the X and Y directions, respectively,
while the second bearing journal changed its position by —8 um and 4 pm in the X and Y
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directions, respectively. At a speed of 10,792 rpm, the displacements of the journals were as
follows: X1—15 pm, Y1—0 pm, X2——2 um, Y2—67 pm. After the maximum speed was
reached, the journals reached a steady state, in relation to the value of the radial clearance,
with the following values: X1—5 pm, Y1—1 pm, X2——2 um, Y2—22 pum. As it could be
observed, the second journal lifted itself higher than the first, which was held in place by
the coupling.
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Figure 5. Rotational speed and radial displacement of the rotor versus time (first 200 s).

Figure 6 shows the position of the journals in both bearings, at different speeds, during
a gradual run-down. The red dots indicate the positions of the journals in the bearings at a
constant selected speed, and the green lines show the displacements of the journals in the
bearing during the test. The word “start” marks the start of the test (at zero speed). The
graphs have different scales to better illustrate the movement of the journals. Each of them
was selected after a period of stable operation and marked on the graph shown in Figure 4.
The journal of the first bearing operated close to one point from maximum speed up to
about 12,000 rpm with a slight deviation in the direction perpendicular to the direction
of the gravitational force (X). This region can be inscribed in a circle with a diameter of
3.5 um. As the speed decreased, the journal dropped by —15 pm relative to the starting
position. This kind of performance had already been observed and was largely associated
with the use of a flexible coupling. The journal of the second bearing, where temperature
was measured, behaved differently. With each lower set speed, it changed its position
within the clearance circle until it reached a position close to the starting position. Up to a
speed of 8000 rpm, it was within an area with a diameter of approximately 10 pm. In both
cases, the speed reduction was followed by a lowering of the journals in the direction of
the gravitational force. This was caused by the loss of the gas film [19].

The graphs presented in Figures 716 show the vibration trajectories obtained for
each set rotational speed (filtered signal according to the rotational speed—1X). Figure 7
shows the vibration trajectories of both journals at a speed of approximately 24,000 rpm.
For journal No. 1, the trajectory appears to be a counter-rotating flat ellipse with a major
axis length of 4 um. On the other hand, the concurrent trajectory of journal No. 2 was
much larger and had dimensions of 9 x 6 um. When the speed was reduced by 2000 rpm
(Figure 8), both journals vibrated in the direction of rotation and the size and shape of the
trajectories did not change significantly. The same occurred at 19,991 rpm and 17,990 rpm
(Figures 9 and 10), except that the trajectory of the second journal was reduced by half. Ata
lower speed (Figure 11), the trajectory of the second journal almost doubled to about 8 um
and both of them were elliptical. At 13,988 rpm (Figure 12), the trajectory of the first journal
increased to 10 um and became circular, while the second journal did not change the nature
of Its movement. Reducing the speed by about 2000 rpm resulted in a further increase
in the trajectory of the first journal to a value of about 18 pm (Figure 13). At a speed of
9947 rpm (Figure 14), a twofold increase in the size of both trajectories was observed, and
the trajectory of the first and the second journal increased to 40 and 10 um, respectively.
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In addition, the trajectory of the first journal became elliptical. When the rotational speed
of the shaft decreased even further (Figure 15), both trajectories increased and reached
a peak at 7867 rpm, 75 pm in the first bearing and 45 pum in the second. Both journals
vibrated in opposite directions. At the lowest recorded speed of 5848 rpm (Figure 16), both
trajectories rounded off and reached values of 32 and 9 um for the first and the second
journal, respectively.
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Figure 6. Position of bearing journals in relation to rotational speed.
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Figure 7. Vibration trajectories of the two bearing journals at a speed of 23,983 rpm.
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Figure 8. Vibration trajectories of the two bearing journals at a speed of 21,980 rpm.
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Figure 9. Vibration trajectories of the two bearing journals at a speed of 19,991 rpm.
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Figure 10. Vibration trajectories of the two bearing journals at a speed of 17,990 rpm.
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Figure 11. Vibration trajectories of the two bearing journals at a speed of 15,993 rpm.
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Figure 12. Vibration trajectories of the two bearing journals at a speed of 13,988 rpm.
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Figure 13. Vibration trajectories of the two bearing journals at a speed of 11,978 rpm.
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Appl. Sci. 2022,12, 9274

8 of 15

0.030 —

0.015 —

0.000 (—

¥ [mm]

-0.015 —

-0.030 —

BEARING 1 BEARING 2
T T 7 1 T T T T T T T
1T

-0.030 -0.015

Figure 15. Vibration trajectories of the two bearing journals at a speed of 7867 rpm.

0.000
X [mm]

0.015 0.030

-0.030 -0.015

0000 0015 0030
X [mm]

BEARING 1 BEARING 2
T T T T 7 1T 71 L L L L |
0.030 — — -

0.015

0.000 —

Y (mm]

-0.015—

-0.030 —

|

L

4f

[

| I I

-0.030 -0.015
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Figures 17 and 18 show temperature waveforms recorded at different rotational speeds.
The decision was made to divide the characteristics according to the position of the thermo-
couples across the width of the foil. In the designations of thermocouples (TC), the symbol

"o

is followed by the distance from the lock of the top foil (along its length), and the next

number, which is written after the hyphen, indicates the distance from one of the edges of
the foil (Figure 2b).
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Thermocouples labelled “TC_26.8-8", “TC_26.8-20" and “TC_26.8-20" were observed
to show the lowest temperature, regardless of operating conditions. In addition, the sensors
placed in the last rows indicated a certain degree of symmetry.

4. Analysis of the Results

In order to comprehensively analyze the relationship between journal movement and
temperature, the decision was made to match the temperatures collected at the points and
place them on the surface of the top foil. For this purpose, in the first step, the temperature
values obtained at the highest speed were shown depending on the width of the foil in
Figure 19a. Then, the temperature variation across the whole width of the foil for all
columns of sensors (TC) was fitted using polynomial curves (in this case, second-order
polynomials were used as they best reflected the nature of the distribution). This method
followed the approach proposed in the article [20]. The curves along the length have
been presented in a similar manner to Figure 19b, but in this case, the best fit guaranteed
a fifth-order polynomial. As can be seen, the temperature values close to the lock (at
the localization marked as 0 mm) were estimated to be too high, so they were discarded.
Probably, if an additional column of thermocouples (placed closer to the foil lock) had been
used, a more accurate fit would have been achieved. In order to find out about the fit of
the curves to the point values, the statistical measure called R-squared was used to qualify
the linear regression manifested by the percentage fit of the curves to the given values.
R-squared is usually between 0 and 1, where 1 means a perfect representation. In our case,
for all rotational speeds, the R-square coefficient was 1. In the literature, one can find the
results of numerical calculations where the temperature is evenly distributed along the
length of the top foil [21] and in some cases the temperature distribution of the top foil
clearly reflects the shape of the bump foil. The peak temperature values on the top foil are
at the apex of the convexity of the bump foil, while the temperature minima correspond to
the segments between the bumps [15,22].
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Figure 19. Temperature distribution curves fitted to temperature values obtained from measurement
points distributed along: (a) the width of the top foil; (b) the length of the top foil.

The presented method overestimates the temperature values close to the lock, but it
describes the temperature distribution between the measurement points with good accuracy.
The next step was to match the two-dimensional temperature results obtained (Figure 19)
to the surface of the top foil. In order to better reflect the temperature changes, an average
value of the nearby measurement points (which are marked in yellow on the right side of
Figure 19) was set in the foil lock (0 mm). This was based on the results described in the
article [13], where the temperature close to the fixed end was close to the value at the free
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end of the top foil. A polynomial surface with a specified degree in x and y was used to
illustrate the temperature distribution on the surface, according to the following formula:

Pyj(x,y) = coo + 10X + co1y + c20X” + 11Xy + copy” + 30X + e X’y + cppxy® (1)

where 10 is the maximum value of i and j; i and j stand for the foil width and length, respectively.

In each case, the best fit was obtained using the polynomial P; 7(x,y), and the R-squared
coefficient ranged from 0.94 to 0.99. Below, examples of temperature distributions obtained
at maximum (Figure 20a) and minimum (Figure 20b) rotational speed are shown.

Temperature [C°]
BB R e® BB ® &

.
Temperature [C°]

‘3‘&‘&5&‘&83&6#8%\88%
0
1

(a) (b)

Figure 20. Temperature distribution on the flat surface of the top foil at: (a) maximum speed;
(b) minimum speed.

Different scales have been used to better illustrate the temperature distribution on
the foil surface. The red dots indicate the measurement points enriched with temperature
values at the edges of the foil, which were determined using a 2D method. In both cases
of extreme speeds, the highest temperature occurs at the edges of the foil, close to the
free end. This means that the lubrication gap was too small in this area, and this was
caused, for example, by excessive pressure on the top foil exerted by the bump foil. Such a
phenomenon could have caused local rubbing of the top foil against the journal.

Figures 21-25 show the obtained temperature distributions on the top foil, as well as
the vibration trajectory at a given rotational speed. The vibration trajectories of the second
journal are shown and described in more detail in Figures 11-16. This foil was modelled
as a perfectly cylindrical surface and its lock was at the top (at the location 0 mm). The
position of the journal is not taken into account in the figures because it would be difficult
to visualize, but in their descriptions it is indicated in the order X and Y, counting from the
bearing axis. The two-dimensional trajectory is in the plane of symmetry of the bearing (red
colour) and its scale is on the back plane. In Figure 21a,b, similar temperature values were
observed but slightly different temperature distributions, probably due to the different
positions of the journal in the bearing.

Along with a different static equilibrium point, at a given rotational speed, the size of
the trajectory also decreased, which translated into slight differences (Figure 22a,b). In each
case, in the lower part of the foil, in the middle of its width, an area of higher temperature
can be seen, while in the middle, near the penultimate column of thermocouples, there is
an area of low temperature (near the free end).

In the upper part of the top foil, on the lock side, an area of increased temperature
is observed, with much lower values at the edges, which may be related to the suction of
air from the environment. At these four analyzed speeds, the distribution appears to be
symmetrical, which is related to the nature of the operation of the entire rotor.

At lower speeds (Figure 23a,b), the vibration trajectories enlarged slightly and the
journals reached the static equilibrium position farther from the bearing axis than at
23,983 rpm. The temperature values remained at a similar level but the nature of the
temperature distribution changed. The area of lower temperature, located closer to the
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free end of the foil, remained unchanged but in the lower part of the foil, the temperature
distribution lost its symmetry. This effect is due to several factors: the shape of the ellipse,
and the direction of the major axis directed to the location of the higher temperature area;
the position of the journal in the bearing; the emerging eccentricity of the journals of the
bearings; and the developing conical vibration mode of the rotor.

—&— 23,983 rpm

[mm)

(@) (b)

Figure 21. Temperature distribution on the surface of the top foil and the vibration trajectory of the
journal: (a) at the speed of 23,983 rpm (—2 um, —1 pm), (b) at the speed of 21,980 rpm (—3 um, —4 pum).

[mm]

(@) (b)

Figure 22. Temperature distribution on the surface of the top foil and the vibration trajectory of the
journal: (a) at the speed of 19,991 rpm (—3 um, —5 pm), (b) at the speed of 17,990 rpm (—3 um, —7 pum).

(a) (b)

Figure 23. Temperature distribution on the surface of the top foil and the vibration trajectory of the
journal: (a) at the speed of 15,993 rpm (—2 um, —8 um), (b) at the speed of 13,988 rpm (—2 um, —8 um).
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Figure 24. Temperature distribution on the surface of the top foil and the vibration trajectory of the
journal: (a) at the speed of 11,978 rpm (—2 um, —9 um), (b) at the speed of 9947 rpm (=1 um, —10 pum).
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Figure 25. Temperature distribution on the surface of the top foil and the vibration trajectory of the
journal: (a) at the speed of 7867 rpm (—1 um, —9 um), (b) at the speed of 5848 rpm (—1 um, —24 um).

In Figure 6, it can be seen that at speeds of 15,993 rpm and 13,988 rpm, the difference
in the positions of both journals is 13 pm while in Figure 12, it can be observed that the
vibration mode of the rotor took a conical form.

As the rotational speed decreased to 11,978 rpm (Figure 24a), the elliptical trajectory
of the journal vibrations increased and its major axis rotated nearly perpendicular to the
lock of the top foil. The journal slightly changed its position and there was still a 13 pm
eccentricity with a conical vibration mode of the rotor. In the upper part of the foil, at its
visible edges as well as at the free end, the low-temperature area increased. The maximum
temperature reached almost 50 °C, which means an increase of about 5 °C compared to
the higher speeds. The highest temperature was no longer near the lock and the edge of
the free end, but at the edges of the foil according to the shape of the trajectory. As the
rotational speed decreased to 9947 rpm (Figure 24b), the conical form enlarged while the
eccentricity of the journals increased to 17 um. This resulted in an increase in the maximum
temperature to 54 °C, which occurred on the left side of the foil except for the area in the
middle, closer to the lock (as at higher speeds). As the air film became thinner and thinner,
the temperature values increased in the plane of symmetry of the foil across its entire width.

At the speed of 7867 rpm (Figure 25a), where the lubricating film was assumed to be
absent or very thin, the journal trajectory had doubled its vibration amplitude (as seen
on the scale). In the plane of symmetry of the foil, the average temperature was about
55 °C, except for the area located on the left side of the foil. The journal sucked cool air
into the space between the journal and the foil at the bottom of the bearing. The enlarged
area in the upper left part of the foil indicated that friction was already occurring between
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the journal and the top foil, causing its free end to be stretched (pulled back) towards the
bearing sleeve. Such a fact causes the cool air to be sucked from the space between the lock
and the free end of the foil and enters the area located in the upper left part. On the other
hand, the nature of the operation of the journal worsens the cooling of the lower part of the
bearing because the highest friction occurred there. The highest temperature occurred at
the edges of the foil because that is where the gas film was thinnest or no longer exists.

The highest temperatures were recorded when the set rotational speed was lowest
(Figure 25b). The journal was already lying on the foil, rotating with a trajectory four times
smaller. Hence, the highest temperature was recorded in the lower part of the bearing, and
the taut top foil (approaching the sleeve) creates a space for cool air to enter.

5. Discussion

To evaluate the temperature and performance of the rotor, two bearings with the
same geometry were used. One of them had the top foil modified and thermocouples
and strain gauges were welded to it. This article focuses on the temperature distribution,
without taking into account the deformation, which is the subject of study in other papers.
The temperature measurement method that was used seems to be reliable. Of course,
welding the measuring elements on the outside of the top foil changes its stiffness and other
properties, but the foil bearing showed no disturbing signs of malfunctioning compared to
the other bearing. The specially designed bump foil also helped with this.

Basic dynamic parameters of the rotor journals, such as vibration trajectories and
displacements of the journals in the bearings, were obtained. The vibration trajectory was
filtered to 1X, which made it very easy to interpret the results. Eighteen thermocouples
were welded on the surface of the top foil, which made it possible to obtain fairly good
measurement resolution for the purpose of evaluating the correct operation of the foil
bearing. To study the temperature distribution on the foil, either a larger number of
measurement points or some approximation of the recorded data was needed. The best
match across the width of the top foil was obtained using a second-order polynomial, and
along the length, using a seventh-order polynomial (assuming that the temperature near
the lock of the foil is the average of the points in the vicinity). Assuming that such curves
and approximations describe well the temperature distribution on the top foil, an attempt
was made to make the temperature distribution dependent on the rotor dynamics (that is
the movement of the bearing journal).

In the center of the bearing (plane of symmetry across the width of the top foil), the
highest temperature value was expected, propagating to smaller values located at the edges.
Such a symmetrical distribution was noticeable when the journals were close to the axis
of the bearing sleeves, otherwise, the distribution across the width of the top foil became
asymmetrical. This phenomenon can be effectively observed by comparing the temperature
distribution and journal positions in the bearing at a given rotational speed. Thus, the
symmetry of the foil temperature distribution depends strongly on the form of vibration of
the entire rotor.

No obvious correlation was observed between the size of the vibration trajectory
and the value or temperature distribution because the flexible set of foils adapts itself
to the size of the trajectory. This becomes different, however, when considering the size
and shape of the trajectory. Some correlations can be observed between the shape of the
vibration trajectory of the journal and the temperature distribution along the length of the
top foil, and thus the gas exchange in the lubrication gap, but this is not unequivocal. Such
phenomena cannot be observed on the built test rig, as it would be necessary to change the
size of the trajectory and its shape under constant operating conditions in terms of journal
position and rotational speed. This would require controlling the unbalance, stiffness and
damping of the set of foils. In the case described herein, the vibration trajectory of the
journal is associated with a given rotational speed, which causes the displacement of the
high- and low-temperature areas.
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Another interesting finding is that when the lubricating film is lost, the rotating
journal, located on the top foil, creates a space for air to enter into the lubrication gap. This
is caused by the weight of the rotor, which exerts pressure on the surface of the foil, and by
viscous friction, which stretches the foil in the opposite direction to the lock. In the case
of the rotational speed at which there is no lubricating film, an important aspect of this
phenomenon is the size and shape of the vibration trajectory, which affects the entry of air
into the foil bearing. This explains how the formation of a lubricating film can proceed in a
foil bearing.

The results presented herein have made it possible to observe from which bearing
spaces the air is sucked in to form the lubricating film. At low rotational speeds, before the
formation of the lubricating film, the journal draws in cool air from the space of the lock
and the free end of the foil and from the areas located near the edge of the top foil, i.e., the
areas located halfway along the length of the edge of the foil, counting in the direction of
rotation. As the rotational speed increases, the area of cooling air supply decreases and is
located at the foil lock (approximately a quarter of the foil length, counting in the direction
of rotation). At high speeds, the air supply from the side of the space of the lock and the
free end of the top foil is limited by the edge of the free end of the foil because it is pulled
towards the journal, as can be seen on the temperature distribution graph (the temperature
at this edge is high).

In some cases, at high speeds, the vibration trajectory forces an additional area to
appear, from which the journal draws in cool air. It is mainly located in the lower part of
the bearing, in the areas where the same temperatures occur at near the lock of the top foil.

6. Conclusions

O  Welding of temperature sensors to the top foil has no significant impact on the
operation of the foil bearing.

O  Eighteen temperature measuring points located on the top foil are sufficient to es-
timate the temperature distribution, but it is recommended to double the number
of thermocouples.

O  The temperature distribution on the top foil can be described using a polynomial.

O The symmetry of the foil temperature distribution strongly depends on the vibration
shape of the entire rotor.

O  The size of the trajectory has no significant effect on the temperature distribution
when the bearing is operating at nominal speed.

O During the formation of a lubricating film, the shape and size of the vibration trajectory
are important factors to be taken into account.
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