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Abstract: - The existing research investigates the comparative behavior of circumferential pressure distribution 
in a hydrodynamic journal bearing operating at rotational speeds of 250, 500, and 750 RPM under varying 
loads of 0, 0.25, and 0.50 kg for all 360o. Experimental analysis was conducted using SAE 15W30 lubricant to 
evaluate the influence of operating parameters on pressure distribution characteristics. Results reveal that 
rotational speed exerts a more dominant influence on pressure development compared to load, with the highest 
pressure observed at 750 RPM. The maximum fluid film pressure consistently occurred between 120° and 
150°, located within the converging wedge region (90°–270°) where the lubricant film thickness is minimal. 
The study confirms that increasing load enhances the bearing’s peak pressure and load-carrying capacity, while 
higher speeds improve hydrodynamic pressure generation and lubrication performance. ANOVA analysis 
further validates these findings, indicating that Angle is the most influential parameter, followed by Speed and 
Load, all with statistically significant effects (p < 0.05). The strong effect sizes confirm the robustness of the 
experimental model and the reliability of the observed results. 
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1 Introduction 
Hydrodynamic journal bearings are used as 
important parts of rotating machinery performing 
the tasks of carrying shafts in smooth rotations with 
the aid of a lubricant which maintains a thin layer of 
fluid in between journal bearing surfaces. The 
lubricant film permits the counteraction of the 
external load via its pressure distribution system 
which prevents the destruction of metal-to-metal 
contact - wear. The performance reliability of 
pressure bearing tools rely completely on the 
lubrication film pressure characteristics, [1], [2]. 
The motion between the journal and bearing surface 
forces the lubricant through a narrow wedge shape 
to produce force against the action of applied load 
pressure. The prediction of the pressure distribution 
is based on the Reynolds equation that is derived 
from the lubrication approximation of the Navier-
Stokes equations. The equation takes into account 
three elements of lubrication dynamics: viscosity of 
fluid substance and size of separation layer and 
moving speed difference between adjoining 
surfaces, [3], [4], [5]. Journal bearing operational 
parameters that include applied loads directly affect 
the distribution of pressures in lubricant films. 
Lubricant film thickness is known to get thinner 
with an increase in external load, to increase as well, 
the peak pressures inside the lubricated area. 
Knowledge of load altered pressure patterns is 
crucial in maintaining the functionality of bearing 
mechanical reliability, [6], [7]. The investigation 
regarding the hydrodynamic journal bearing 
pressure distribution has been done using several 
analytical and numerical solution methods. The 
classical short-bearing theory provides analytical 
solutions after it performs several simplifications 
such as ignoring the centrifugal forces of the 
lubricant. However, for more precise prediction, 
particularly for high-speed applications,  

The development of modified Reynolds 
equation brings in effects for better prediction of 
high speeds applications, [8], [9]. Finite element 
analysis (FEA) constitutes one of many numerical 
methods that aid in solving complex problems of the 
Reynolds equation given with difficult boundary 
conditions taking into consideration surface 
roughness and thermal rules, [10], [11]. The 
analytical and numerical approaches are used for the 
improved investigation capabilities of pressure 
distribution which works on different structural 
configurations and operational parameters, [12], 
[13]. Analytical and numerical models need 

experimental and theoretical data comparison to 
obtain model validation. The experimental results 
and theoretical predictions show mismatch due to 
model approximations and experimental factors 
which were not factored in [14], [15]. Knowledge 
about hydrodynamic journal bearing pressure 
distribution becomes a basic requirement during 
their design stage with operational applications. 
Analytical and numerical methods establish a 
valuable knowledge about hydrodynamic journal 
bearings but need experimental data inspections for 
their accuracy degree. By assessing factors like 
hydraulic load changes along with lubricant 
characteristics and centrifugal load specificities 
engineers will be able to develop better predictions 
which assist with the development of lasting and 
efficient bearing systems. 

Research on the distribution patterns of pressure 
in hydrodynamic journal bearings with varying 
operational parameters is rare in the scientific 
literature. The existing research targeted fluid film 
pressure characteristics or direct pressure 
distribution analysis of lubricant SAE 15W30. In 
order to design the bearing, extensive understanding 
of pressure variations is necessary. So, load and 
rotation speed have been taken as process 
parameters with the range of 0 kg -0.25 kg and 0.50 
kg and rotation speed varied from 250 RPM to 500 
RPM and 750 RPM while measuring the 
circumferential pressure distribution. 
 

 

2 Material and Methods 
Tests were conducted to analyze the chemical 
compositions of the bearing materials. The analyze 
through Optical Emission Spectroscopy (OES) by 
Foundry-Master Pro (Made by Hitachi High-Tech) 
obtained the chemical composition of the bearing 
material made by the mild steel as shown in Figure 
1. The concentration of carbon (C) along with 
manganese (Mn), silicon (Si), phosphorus (P), sulfur 
(S), chromium (Cr), nickel (Ni), copper (Cu) were 
evaluated by the spectra analysis with the principal 
composition of iron (Fe). 

Mechanical properties of bearing material have 
been tested several times with bench scale 
equipment. Mechanical properties can be seen in 
Table 1. 
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Fig. 1: Chemical composition of bearing material 
Source: created by the authors 

 
 

Table 1. Mechanical properties of bearing material 
Mechanical Properties 

Sr. 

No 
Property Value/Range 

1 Density 7.84 g/cm³ 
2 Hardness      

(Brinell, HBW) 163 HBW 

3 Tensile Strength 543 MPa 
4 Yield Strength 376 MPa 
5 Elongation (%) 26% 
6 Modulus of Elasticity 200 GPa 
7 Poisson’s Ratio 0.28 
8 Thermal Conductivity 51 W/m·K 
 Source: created by the authors 

 
2.1  Experimental Set Up  
The experimental setup includes the bearing of mild 
steel on a rotating journal shaft which is driven by a 
DC motor with speed control. It is equipped with 
circumferential and axial pressure tapes, sealed 
sides and adjustable balancing weights. There are 12 
circumferential and 4 axial pressure tapping on the 
hydrodynamic journal bearing to measure the 
variation of the pressure along circumference and 
axial direction of journal presented in Figure 2(a). 
Outside diameter of the bearing is 75.4mm, inside 
diameter is 54.3mm and width of bearing is 99 mm. 
The journal diameter is 49.6mm. Schematic front 
view has been presented in Figure 2(b). 

When a fully journal bearing apparatus is in 
place, the different elements are imposed, as shown 
in Figure 2. The Journal Bearing Apparatus operates 
using fluid film lubrication, that is, a small amount 
of oil is put between the rotating journal and bearing 
surface. When the process begins, the oil supply 
tank is the first component to properly store the 
lubricant flow to the system. When the drive motor 

is started, the rotating shaft start running (which is 
situated inside of the bearing block), With the 
rotation of shaft bearing lubricant film occurred, and 
generates hydrodynamic pressure. 
 

 
Fig. 2: (a) Pictorial view of baring (b) Front 
schematic layout of the Hydrodynamic journal 
bearing test rig 
Source: created by the authors 

 
A manometer system monitors the oil pressure 

levels in order to avoid sub-optimal lubrication. The 
distribution bracket provides lubrication for the 
essential bearing surface by providing evenly 
dispersed lubricant distribution. The oil collecting 
tram works by collecting surplus oil and at the same 
time prevents system wastage and keeps the 
working area clean. Due to the stable support base 
of the table, oscillations are eliminated, thus 
offering reliable experimental results. The study was 
on the influences of pressure distribution of SAE 
15W30 lubricant under different speed and load 
conditions during such operation. 

 
2.2  Range of Parameters 
The present research of hydrodynamic journal 
bearing test rig covers varying load and speed 
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parameters. Each set of experimental parameters 
repeated three times and 3 readings were recorded 
which further lead to calculating an average final 
value. The applied loads measured at 0 kg and 0.25 
kg and 0.50 kg operated together with rotational 
speeds which ranged from 250 RPM to 500 RPM 
and 750 RPM during the complete test period. 
Circumferential pressure distribution was measured 
which started from the inner edge and arrived at the 
outer edge of different angular positions. Data was 
recorded with respect to the angle for measurements 
for both load and RPM variation. The measurement 
of pressure was done with the use of head height as 
standard. 
 
 
3 Result and Discussion 
To understand hydrodynamic journal bearing 
performance under load changes we need to analyze 
the pressure distributions among different angles. 
The experimental analysis has been conducted to 
check the pressure characteristics of SAE 20W40 
lubricant operating with abovementioned set of 
parameters. The effect of speed and load can be 
easily noticed and the experimental results are 
discussed below. 
 
3.1  Effect on Circumferential Pressure with 

 Respect to Varying Load at Constant 

 Speed 
The results from the hydrodynamic journal bearing 
experiments provide valuable insights into the 
pressure characteristics under varying operating 
conditions. The tests were conducted at three 
different loads (0, 0.25, and 0.5 kg) and three 
different speeds (250, 500, and 750 RPM), allowing 
for a comprehensive analysis of how these factors 
influence bearing performance, and the results are 
presented in Appendix in Figure 3 and Figure 4.  

A critical influence came from the applied load 
and rotational speed regarding the distribution of 
pressure in the lubricant film. The bearing surface 
showed stable pressure conditions under 0 kg load 
because the deformation was low and hydrodynamic 
effects were imperceptible. The maximum pressure 
inside the lubricant film showed direct 
correspondence to the rising load amounts of 0.25 
kg and 0.5 kg. The observations align with classical 
hydrodynamic theory since elevated loads generate 
increased pressure gradients needed to support the 
shaft, [16]. At 250 RPM rotational speed the 
pressure maximum remained lower because 
hydrodynamic effects decreased because the 
lubricant film generated less momentum to form 

significant pressure distribution. The pressure 
distribution at 500 RPM showed a distinct increase 
which signifies stronger fluid film generation. 
Improved hydrodynamic lubrication occurs because 
the rising journal-to-bearing surface relative 
velocity enhances fluid dynamics. Increasing 
rotational speed strengthened the lubricant film 
stability which resulted in lower metal contact while 
also reducing friction levels. The results satisfied 
classical hydrodynamic lubrication theory 
particularly because increased rotational speed 
increases film formation and reduces frictional 
losses, [16], [17].  

The 750 RPM maximum speed produced more 
peak pressure allowing better hydrodynamic effects 
for improved load-carrying ability while high 
system temperatures at 750 RPM could lead to oil 
film break down in high-pressure zones during 
heavy loads. When load increased to 0.5 kg film 
pressure reached its peak value most likely because 
the combination of friction and bearing wear 
occurred. The experimental findings show higher 
bearing speeds generate increased wedge effects 
which boosts lubrication by reducing metal-to-metal 
contact, [18], [19]. Relating to experimental results, 
increased loading shifted the pressure peak toward 
the journal bearing's load-bearing zone. Heavier 
loads create compact pressure zones which the 
theory suggests require powerful lubricant films to 
function properly, [20]. Pressure distribution 
became wider with increased speeds due to 
enhanced oil film thickness from centrifugal forces 
while the data proved that speed alongside load 
determine hydrodynamic journal bearing pressure 
characteristics. 
 
3.2  Effect on Circumferential Pressure with 

 Respect to Varying Speed at Constant 

 Load 
In order to check the effect of varying speed at 
constant load the experimentations has been 
conducted. The tests were conducted at three 
different loads (0, 0.25, and 0.5 kg) and three 
different speeds (250, 500, and 750 RPM), allowing 
for a comprehensive analysis of how these factors 
influence bearing performance in terms of pressure 
characteristics, and the results are presented in 
Appendix in Figure 5 and Figure 6. 

A substantial connection exists between 
pressure distribution patterns and both operating 
speed and external load based on the hydrodynamic 
journal bearing experiments. Hydrostatic pressure 
stays at a low level throughout all speed conditions 
at 0 kg load although elevated peaks form between 
120° and 150° angular positions. The research 
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shows this relationship because external load 
reduces hydrodynamic pressure generation and 
keeps the lubricant film stable with low resistance. 
When the loading condition reaches 0.25 kg and 0.5 
kg the pressure peaks substantially shift toward the 
angular range from 150° to 180°. The journal's 
elevated force creates the need for additional 
hydrodynamic pressure because proper lubrication 
and support require more hydrodynamic pressure as 
per the findings [21]. The pressure reaches above 
13,000 N/m² when operating at 750 RPM with 0.5 
kg load which proves the lubricant film's capacity to 
maintain the applied weight. Negative pressures 
exist at higher levels in the lower part of the bearing 
that indicates possible cavitation effects which can 
lead to lubricant film destruction and boundary or 
mixed lubrication behaivour. 

The influence of speed upon pressure 
distribution remains highly important. At 250 RPM 
the pressure distribution shows low peak values 
because the fluid velocity is not strong enough to 
create a hydrodynamic wedge. The 500 RPM speed 
step elevates pressure distribution intensity until it 
reaches its maximum point between 120° to 180°. 
The peak pressure shows additional elevation at 750 
RPM hence demonstrating that enhanced journal 
speeds both develop better lubricant films and 
improve bearing performance, [22]. Increased 
operating speeds result in a pressure distribution 
expansion which creates a steadier distribution of 
lubricant film around the journal. Because of this 
effect metal-to-metal contact becomes less likely 
which improves both bearing performance and 
operational life span. 

The examination of optimistic and negative 
pressure areas in the bearing demonstrates how its 
lubricating mechanism functions. The studied 
positive pressure peaks existed within the 100° to 
200° area that matches with the journal bearing's 
load-bearing sector. The greatest hydrodynamic 
pressure emerges from this region because the 
lubricant film opposes the load forces. The pressure 
reaches its negative peak beyond 200° because the 
lubricant film grows in size and the diverging wedge 
leads to pressure drop. The diverging part of the 
lubricant film produces pressure reduction 
according to Reynolds' equation, [23]. Under 
prolonged operation negative pressures could 
indicate cavitation which represents a risk to 
continuous lubrication and thus poses a threat to 
bearing efficiency. The investigation of lubricant 
behavior in these areas requires future studies to use 
experimental imaging techniques and develop 
cavitation models, [24]. 

Rotational speed and bearing load directly 
impact hydrodynamic journal bearing pressure 
distribution according to the experimental outcomes. 
Bearing operating loads determine peak pressure 
values and pressure position as well as affect both 
hydrodynamic pressure production and fluid 
lubrication quality. Negative pressure zones that 
form in the materials must be considered within 
long-term analysis of bearing performance because 
they could cause cavitation effects. 
 

Fig. 7: Comprehensive visualization of relationship 
between parameters 
Source: created by the authors 

 
Figure 7 illustrates the interactive effect of 

speed (RPM) and load (Kg) on the measured 
pressure (N/m²) using a heat map representation. 
The color gradient clearly demonstrates that 
pressure increases with both load and speed, 
indicating a synergistic relationship between these 
parameters. At lower loads and speeds, the pressure 
remains minimal, as shown by the darker (violet to 
blue) zones, while higher load–speed combinations 
result in significantly elevated pressure values, 
represented by the yellow regions. 

This behavior can be attributed to the increased 
frictional interactions and hydrodynamic effects 
under higher operating conditions. As the rotational 
speed rises, the rate of fluid shear and particle 
motion increases, leading to greater energy transfer 
and pressure buildup within the system. 
Simultaneously, higher load contributes to greater 
normal stress at the contact surface, enhancing 
particle packing density and film compaction, which 
consequently elevates the overall pressure response. 

The observed trend aligns with earlier studies 
reporting a positive correlation between mechanical 
loading and tribological or pressure responses under 
dynamic operating conditions, [20], [21]. 
Furthermore, similar heat map visualizations have 
been employed to highlight multi-parameter 
dependencies in complex systems, providing an 
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efficient tool for identifying optimum working 
regimes. 

The heat map effectively captures the coupled 
influence of speed and load, emphasizing that the 
maximum pressure is observed at the highest speed 
(750 RPM) and load (0.5 Kg), while the lowest 
values occur under minimal load and speed 
conditions. This visual representation supports 
quantitative understanding of parameter interactions 
and aids in predicting operational behavior for 
system optimization.  
 
3.3  Analysis of Variance (ANOVA) 
The results of the Analysis of Variance (ANOVA) 
are presented in Table 2, which evaluates the 
statistical significance of the factors—Angle, Speed, 
Load, and their interaction (Speed × Load)—on the 
measured response variable (e.g., pressure or 
deformation). 

The ANOVA outcomes indicate that all the 
main effects, namely Angle, Speed, and Load, are 
highly significant, as evident from their p-values 
being much lower than 0.05 (4.33 × 10⁻ ³⁵ , 1.44 × 
10⁻ ²⁰ , and 1.57 × 10⁻ ¹⁶ , respectively). Among 
these, Speed shows the highest F-value (80.28), 
suggesting that rotational speed has the most 
dominant influence on the response variable. The 
Angle factor also exhibits a strong contribution, 
reflecting its critical role in determining directional 
or geometric effects on the system’s behavior. 

The interaction between Speed and Load (Speed 
× Load) is found to be moderately significant (p = 
0.03299 < 0.05), indicating that the combined 
variation of these parameters has a meaningful yet 
lesser influence compared to the main effects. This 
suggests that while both parameters independently 
affect the response, their synergistic impact is less 
pronounced. 

 
Table 2. Analysis of the variance (ANOVA) for the 

parameters 

 
Sum of 

Squares 
df F PR(>F) 

Angle  5.58E+08 11 56.56913 4.33E-35 
Speed  1.44E+08 2 80.27811 1.44E-20 
Load 1.02E+08 2 56.61555 1.57E-16 
Speed:: 

Load 9869699 4 2.751443 0.03299 
Residual 78916184 88   

Source: created by the authors 

 
The residual sum of squares (78916184) 

represents the unexplained variation, which remains 
small relative to the total, confirming the robustness 
of the model. Overall, the ANOVA analysis 

establishes that Speed and Load are statistically 
significant process parameters, with Speed being the 
most influential factor affecting the system’s 
pressure response. 

These findings are consistent with previous 
studies where operational speed and applied load 
were found to significantly affect pressure 
distribution and tribological behavior in similar 
dynamic systems. 

 

 
Fig. 8: Summary of Findings, Factor Importance 
from ANOVA  
Source: created by the authors 

 
In order to check the factor importance through 

ANOVA, the relative value of the experimental 
factors obtained based on the ANOVA effect size 
analysis with partial eta-squared (η2) values has 
been shown graphically in Figure 8. The metric 
scales the amount of variance in the response 
variable due to each factor, which provides an even 
better idea of the relative effect of each factor.  It 
was obviously noted that, Angle had the largest 
effect size (η2= 0.88), indicating that it is the 
strongest factor that affects the behavior of the 
system. This implies that any geometric or 
directional changes put in by the angle have a heavy 
influence on the observed characteristics of pressure 
or response. The significant effects are also 
exhibited by Speed (η2 = 0.65) and Load (η2= 0.57) 
results that show that both operational and 
mechanical parameters are vital in moderating 
system performance. Speed x Load interaction term 
has a relatively small effect (η2= 0.11), which means 
that the joint change of these two parameters has a 
smaller but significant impact on the output. 
Analysis of the effect size has been used to 
determine the relative contribution of process 
parameters to tribological and mechanical systems, 
which proves that the dominant factors (such as 
geometric angle and rotational speed) tend to 
explain most variability of the system, almost the 
same type of observation has also been noted 
earlier. 
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4 Conclusion 
 Applied load has a large influence on the 

pressure force distribution in hydrodynamic 
journal bearings. The peak positive pressure 
increases with the increase in load between 0 
and 0.50 kg, increasing the load carrying 
capacity of the bearing. 

 Rotational speed is also very critical in pressure 
distribution. As speed rises to 750 RPM, a peak 
pressure zone shifts to 120o-150o to 120o-180o 
resulting in better lubrication and hydrodynamic 
pressure generation. 

 The findings of the experiment indicate that 
distribution of pressure is sensitive to changes in 
load and speed. A high load changes angular 
position of peak pressure whereas greater 
speeds increase the effectiveness of lubrication. 

 The highest pressure is found in the converging 
wedge area (90o -270o) where the lubricant film 
thickness is the least. Wear, overheating and 
mechanical failure can be avoided by proper 
choice of lubricant and working conditions. On 
the one hand, the maximum values of pressure 
occur in the range of 120o -150o, and rotational 
speed influences pressure more than the applied 
load. 

 Angle is identified as a most pronouncing or 
influencing parameters but speed is found as 
more influencing parameter when compared to 
load. The analysis of ANOVA demonstrates that 
the Angle parameter is the most essential, and 
then comes Speed and Load, which have 
statistically significant effects (p < 0.05). The 
high effect sizes prove the model and the 
soundness of the experimental design. 
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APPENDIX 

 

 
Fig. 3:  Circumferential pressure distribution at varying load conditions for constant speed 

Source: created by the authors 
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Fig. 4: Variation in pressure distribution with change in load at constant speed 

Source: created by the authors 
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Fig. 5: Circumferential pressure distribution at varying speed for constant load 

Source: created by the authors 
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Fig. 6: Variation in pressure distribution with change in speed at constant load 
Source: created by the authors 
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