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OIL FILM PRESSURE OF JOURNAL BEARING WITH OIL SUPLY
HOLE LOCATED IN THE HOUSING CONCERNING CAVITATION

AP SUAT MANG DAU O TRUOT VOI BUONG CAP DAU TREN BAC CO TINHBEN SU XAM THUC

ABSTRACT

During the operating, the lubricated oil film pressure of hydrodynamic
bearing is varied under the load apply and under the rotation speed. This
pressure is one important characteristic when studying the lubrication problem
for the bearing. An experimental device and the journal bearing are used to
determine the pressure and the temperature of the lubricated oil film. The load is
applied on the housing bearing. The journal bearing is subjected to different
applied load at different velocities. Lubricant oil is circulatingly supplied via oil
supply hole in the housing. The oil film pressure is calculated by numerical
modelization with Reynolds condition taking into account cavitation and also
experimental measured by the pressure sensor with the same applied load. The
calculated pressure and measured pressure of the oil film are agreement with
the applied load. The calculated oil film pressure is corresponded to the
measured pressure; however, the two types of results have a difference in value.
As the load increase, the difference between the numerical modelization results
and experimental results of maximum pressure increase significantly. When the
rotation speed increases, the maximum pressure decreases, the minimum
pressure in calculating increases and minimum pressure in experimenting is
slightly varied.
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TOM TAT

Trong qua trinh lam viéc, 4p sudt mang du bai tron clia 6 thuy dong thay
(6 déi tAc dung clia tai trong va t6c do quay. Ap suét nay la déc tinh quan trong
khi nghién bai toan boi tron cho 6. Mot thiét bi thuc nghiém véi mdt 6 do thuy
dong duoc st dung dé xc dinh &p suat va nhiét do mang dau boi tron. O dd chiu
tai tAc dung va van toc khac nhau. DAu bdi tron duoc c&p tuan hoan théng qualo
cAp dau dat trén bac. Ap sudt mang dau tinh todn md phong voi diéu kién bién
Reynolds c6 tinh dén sy xam thuc va thuc nghiém do thong qua cam bién p suét
V6i cling tai téc dung. Ap sudt mang dau tinh toan tyong dong véi ap suat thuc
nghiém nhung khéc nhau vé gid tri. Khi tng tai, s sai khac gira ap suét I6n nhat
tinh toan va ap sudt 16n nhat thyc nghiém tang nhiéu. Khi toc do quay tang, ap
sudt [6n nhat giam, ap suat nhd nhdt khi tinh md phéng giam con ap sudt nhd
nhat khi thuc nghiém thay d6i it.

Tir khoa: O truot, &p sudt mang dau, xam thue, 16 cAp dau.
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1. INTRODUCTION

The lubricated oil film pressure of hydrodynamic bearing
is varied during the operating under the static or dynamic
load. Hydrodynamic journal bearing based on hydrodynamic
lubrication, which can be described as the load-carrying
surfaces of the bearing are absolutely separated by a thin
film of lubricant in order to prevent metal-to-metal contact.
In 1991, Pai and Majumdar [1] analyzed the stability
characteristics of submerged plain journal bearings under a
unidirectional constant load and variable rotating load. In
1999, Raghunandana and Majumdar [2] analyzed the effects
of non-Newtonian lubricant on the stability of oil film journal
bearings under a unidirectional constant load. In 2000,
Kakoty and Majumdar [3] analyzed the stability of journal
bearings under the effects of fluid Inertia, the next year, Jack
and Stephen [4] reviewed the theory of finite element
applied on elasto-hydrodynamic lubrication. In 2012, Salmial
et al. studied the experimental pressure distribution around
the circumference of a journal bearing and experimental
fluid frictional force of the bearing cause by shearing action.
The results were compared to predicted values from
established Raimondi and Boyd charts. The maximum
pressure value is higher than the theoretical maximum
pressure value. Fiction coefficients of oil lubricant decrease
when the load increases. In 2019, Tran Thi Thanh Hai [6]
presented a solution for measuring the oil film pressure of
the connecting-rod big end bearing. The housing carries the
pressure sensor and can rotate 15 degrees to measure the oil
film pressure at the 24 different positons of bearing with the
crank angle. 2020, Le Anh Dung et al. [7] simulated the
equilibrium position of hydrodynamic bearing by using finite
element method to solve Reynold equation in static load
condition. The results show that, the more loads applied, the
distance from the calculated equilibrium position to the
journal center gets farther. Within the increase of the
Sommerfeld number values, the equilibrium position moves
closer to the y-axis. The faster journal rotation speed makes
the balance point closer to the journal center.

In this study, we present the numerical modelization and
experimenting of oil film pressure in the journal bearing at
the different working regimes. The oil film pressure is
determined by numerical modelization with Reynolds
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condition taking into account cavitation and also measured
by the pressure sensors with the same applied load.
2.NUMERICAL MODELIZATION
2.1. Journal bearing and the equations

The lubrication problem of the hydrodynamic bearing is
solved based on solving the Reynolds equation, the oil film
thickness equation at the dynamic regime. Fig. 1 is the
middle section according to the length of the bearing. The
load W is applied on the housing bearing. Oil supply hole is
located on the housing and at the angle 45° respected to

the load direction. At the symmetric position is the oil
return hole. The diameter of these holes is 5mm.
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Figure 1. Plane section of bearing
The Reynolds equation is [8]:

FmR)+ (%) = 6pv 3 @

where: p is the oil film pressure, h is the oil film
thickness, v is the velocity of journal, p is the dynamic
viscosity of lubricated oil, x and z are circumference and
bearing length direction.

The boundary conditions used to solve the Reynolds
equation are based on the separation of the active zone Q
and inactive zone (cavitation zone) Q. In the active zone,
the pressure is established and equilibrated with the
applied load. In the inactive zone, the pressure (pPg) IS
lower than the atmospheric pressure. The Figure 2 presents
the active zone and inactive zone in the film domain.
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- Inactive zone: p = Pgy ; Peay < 0
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Figure 2. The active zone and the inactive zone in the film domain
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With the dimensionless parameters:

X Z h p
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where: R is the radius of bearing, C is the radial
clearance, o is the angular velocity.

We obtained the dimensionless Reynolds equation:

9 (1y39P 3 P aH

ae(H ae)+a§<H ag“) 20 @
The film thickness equation:

H(8')=1-¢, cos 6 — g, sin ; € is the eccentricity ratio. (3)

The forces acting on the oil film is represented by the
following formula;

j —P.cos8dBd?
e

f:{ (iz)}zz ! X
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with u= (X,y) is the vector (g,, €,), f is the vector of the
hydrodynamic force, w is the vector of the external force,
Fo F,, w, and w, are respectively the hydrodynamic force
and external force along x and y axis.

2.2. Discretization of the Reynolds Equation

The film is discretized by quadrangular elements with
four nodes (Figure 3).

The pressure at the pointin the element is calculated:

P= ZPN =P"{N (5)
with N is the shape function.
B Z]
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Figure 3. Solid surface mesh

Thus 6P, =oN, {P} and the left side of the (2) is written
as:

{P}dadz +

II H
j j (P} deag
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where “e” is representative for each element.
The right side of the (2) is:

o= B
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Assemble the elements we obtain the equation for the
whole mesh:

M.P=-B (6)

where M is stiffness matrix and B is the “load vector”.

By solving (3), we obtain the pressure for the oil film.
2.3. Discretization of the Equilibrium of the Charge

Substitution (5) into the left-side of (4), we have:

f {E(YVV)} . P.[N.cosededl
FEY)) T | P [[nsinededz (7)

Q

In the formula (7), we take:

S= ”N cos0dod{;R = ”N.sinededz @)
Jacobian matrix of the force vector:
F(X,y) OF(X.Y)
T )
¢ oF (X,y) OF (X.,Y)
X ay

where x and y are the coordinate axis located on journal
center according to Figure 1.

Replace (8) into (9), we get:

- s’ SP. S'P-
Huw=-4_¢[r. P]=- '
u T X y T T
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where P, :a—E;Pf :a—E
RG) SR)Y;
Rewrite (3) as:
M(X,Y)P = -B(X,Y) (10)
Derivative (9) respect to the components X,y we
obtain:

M[PY,PV] :[_%P+B:’_%P+BV] (11)
M B B
where M, =— M =—:B_=—B =—
ox oy ox oy
B ) oB
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” % 8 o

oM ) ON, N, &N, aN
— = [[H sinp| ——+—— |d6d{
v % ® 0 o o

Solving the system of (11), we get the vector (P.,P; ).

Substitute it into (9) to obtain the Jacobi matrix Jﬁf(L_J).

Then the vector G:(Y,V) is calculated from the
interpolation steps according to the following formula;
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3. EXPERIMENTAL MEASURMENT OF OIL FILM PRESSURE
3.1. Experimental device

(13)

Figure 4. Functional scheme and photography of experimental device

The experimental device used in this study respects the
kinematics of bearing, including a shaft and a housing. The
photography and functional scheme of the experimental
device are presented on Figure 4. An electric motor (2) with
transmits motion to the shaft (3) through the belt (4). The
shaft is supported by two pillow blocks (5). The shaft, the
housing bearing (6) and the oil film created when the shaft
rotates together form the journal bearing in this study. The
pressure sensors (12) are attached on the bearing to
capture the real pressure in time at the different positions
along the perimeter of the middle section of the bearing.
The oil feed hydraulic system which consists of the oil tank
(7), the oil pump (8), the directional controlling valve (9),
the flow control valve (10), the pressure gauge (11), oil feed
pipe and oil return pipe. However, the housing bearing can
slightly rotate within rotating direction of the journal.

This experimental device is used to research lubricated
condition of hydrodynamic bearing at different operating
regimes. Electric motor power is 0.55kW, rotational speed is
1390rpm and driven by an inverter. Belt transmission ratio
is 1/2, so that rotation speed range of studied bearing is
from 0 to 695rpm. Position of two pulleys are
interchangeable to make the ratio becomes 2, which
means the rotation speed range is 0 to 2780rpm. Load is
apply on the housing by hanging weights.

The dimensions of the bearing as follows: length of the
bearing L= 50mm, diameter of the bearing D = 70mm,
precision of the shaft surface is up to 8 level, precision of
the housing up to 6 level, the radial clearance C = 0.05mm;
lubricated oil with viscosity p = 0.015Pas; the density
p = 850kg/m?®.

The Figure 5 shows the studied journal bearing. The part
of the shaft, which its diameter D and length L, play the role
as the journal of the journal bearing. During operation, the
journal center is supposed to be unmoved and the housing
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center position is changed which makes the distance
between these two centers varies depend on the value of
applied load. The lubricated oil film pressure is measured at
five different positions AL, A2 A3, A4, A5 on the middle cross-
section in the middle of the bearing according to the
perimeter by five pressure sensors (Fig.6) [9].

Housing bearin
Shaft

o | IQ
[N
L

Figure 5. Journal bearing study

Figure 6. Pressure sensor location
3.2. Experimental method

The pressure of the oil film is measured at different
working regimes with the loads 140N, 170N, 200N and
velocities 200rpm, 400rpm, 600rpm. After starting the
experimental device for 10 minutes, the first measurement
is read, and after that the break time between
measurements is 15 minutes. For each load level or
velocity, the measurements were recorded eight times. The
measurement results were analysed by using technique for
analysis of experimental data by Minitab software.

4. THE RESULTS

With the algorithm presented in part 2, we program on
Fortran software. The lubricated oil film pressure of the
journal bearing is calculated and also measured with the
same applied load. The table 1 presents the oil film
measurement pressure at different loads and at different
rotational frequencies. These pressure values are obtained
by the experimental data process. Five pressure value p;,
P, Ps, P4 Ps are the oil film pressure at five positions A1, A2,
A3, A4, A5.

Table 1. Measured ol film pressure at different load and at different velocities

Load | Velocity | Qil film pressure at positions A1, A2 A3, A4, A5 (KPa)
M) | om) | p, b | P | P | P
140 300 758 4113 | 6469 | 6305 | 155

400 8.12 4341 | 6153 | 6193 | 172
600 6.98 4002 | 5774 | 5878 | 16.61
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170 300 9.16 42.37 73.66 771 | 1336
400 8.42 41.62 71.50 7431 | 1457
600 7.51 39.34 | 7208 70.16 | 1532
200 300 1241 47.19 88.17 8550 | 16.79
400 11.08 52.51 82.50 84.62 | 1822
600 9.54 54.03 85.58 8290 | 19.39

Fig. 7 shows the numerical modelization pressures at
the middle cross-section in the middle of the bearing
according to the perimeter, the load of 200N and the
velocities of 300rpm, 400rpm and 600rpm. It shows that,
the pressure is positive in the charge zone, from 0° to 210°
of the housing bearing. When the rotation speed increases,
the maximum value pressure is decreases and the zone
pressure is larger. It can be explained that the minimum
film thickness increases when the velocities increase.
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Figure 7. Calculated pressure (MR) at the different rotation speeds, load
W = 200N
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Figure 8. Comparision the oil film pressurebetween the calculated results
(MR) and measured results (ER) at the load W= 140N, 300rpm

Figure 8 represents a comparison between numerical
modelization pressure and measured in experiments at the
load of 140N and velocity of 300rpm. When the bearing
works, the bearing housing rotates an angle from the original.
It means, the sensor positions also rotate an angle with the
housing bearing. We note, the good agreement on the film
pressure. However, the maximum pressure in the calculated is
66.5kPa at 117° of boring, the maximum in experiment is
64.69kPa at the 105° That can be explained, the maximum
pressure position of oil film is not the same as the position of
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pressure sensor. It means, the pressure reaches the maximum
value at a position in the range from A3 to A4. The real
maximum value of pressure is not measured.
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Figure 9. Comparision oil film pressure between the calculated results (MR)
and measured results (ER) at the different load applied, 300rpm
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Figure 10. Comparision the oil film pressure between the calculated results
(MR) and measured results (ER) at the load W = 200N,300rpm

Fig. 9 shows a comparison of oil film pressure in
calculation and in experiment at different applied loads
and journal speed of 300rpm. It shows that, the more load
applied, the greater difference in in maximum value
between the of calculated pressure and measured pressure.
At the loads of 140N, 170N and 200N, the maximum
pressure of experiment is corresponding to 64.69kPa,
77.1kPa, 88.17kPa and the numerical result is 65.5kPa,
83.25kPa, 96.03kPa. Thus, it remains to suppose that the
experimental device has an imperfection of operation
which is not considered the numerical simulation. The
minimum pressure is slightly varied.

Fig. 10 represents a comparison between the oil film
pressure in numerical simulation and measured at the
different rotational frequencies for the load applied of
200N. The maximum pressure values decrease when the
velocity increases. However, the decrease in maximum
calculated pressure value is less than the decrease in
experimental value. At the rotational frequencies of
300rpm, 400rpm, 600rpm, the maximum calculated
pressures are corresponding to 98.63kPa, 97.2kPa, 96.01kPa
and the experimental results are 88,17kPa, 84.62 KPa, 85.58
KPa respectively. The minimum pressure is slightly varied.
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5. CONCLUSION

This research presents the numerical modelization
pressure and the experimental pressure of the lubricated
oil film for the journal bearings with circulating oils.
Lubricant oil is supplied via oil supply hole in the housing.
The pressure is calculated based on solving the Reynolds
equation taking into account cavitation condition and the
oil film thickness equation, and the equilibrium of the
charge equation which are discretized by a finite element
mesh and are solved by using Newton-Raphson iterations.
The measured pressure of the oil film is determined at five
different positions on the cross-section in the middle of the
bearing according to the perimeter by pressure sensors.

The results show the good agreement on the film
pressures. The pressure is positive in the charge zone, from
0° to around 210° of the housing bearing. However, the
more load applied, the greater difference in value between
the maximum of calculated pressure and measured
pressure. Thus, it remains to suppose that the experimental
device has an imperfection of operation which is not
considered in the numerical simulation. The minimum
pressure is slightly varied.

The maximum pressures decrease when the velocity
increases and the pressure zone is larger. However, the
decrease in experimental pressure is more than the
decrease in calculated pressure. The minimum pressure is
slightly varied.
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