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Abstract-This study investigated the effects of melon (citrullus
lanatus) seed oil and coconut (cocos nucifera) seed oil on
hydrodynamic journal bearing performance regarding pressure
distribution, load carrying capacity and eccentricity ratio at
varying loading and speed conditions. Vegetable oil-based
lubricants are credible alternatives to petroleum based
lubricants, which are not environmentally friendly. The melon
seed oil and coconut seed oil were extracted using the Soxhlet
extraction method, and then subjected to laboratory analyses.
Journal bearing test apparatus was used to carry out the
hydrodynamic pressure distribution and load capacity tests.
The average hydrodynamic pressures generated with melon
seed oil and coconut seed oil were, respectively, 21.56% and
6.28% lower than that of the SAE20W50 oil. Load carrying
capacities were 24.45% and 6.97% lower while the eccentricity
ratios were 96% and 103% higher, respectively. The
experimental results were numerically validated. The overall
performance of melon seed oil and coconut seed oil in this
research confirmed that they are excellent candidate base oil
stocks that should be fully exploited.
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l. INTRODUCTION

The industrial applications of lubrication are commonly
found in rotating machines such as automotive engines,
turbines, generators, pumps and compressors. These rotating
machines are usually equipped with journal bearings, most
especially hydrodynamic journal bearings. The hydrodynamic
journal bearing is made up of the journal (shaft), which rotates
in a casing (bearing). The lubricant oil is trapped in the
clearance between the shaft and the casing. Adequate
lubrication of hydrodynamic journal bearings minimizes
friction and wear due to metal-to-metal contact, which mostly
occurs during start and stop of the operations. Friction and
wear are the major causes of power loss, material wastage and
vibration in machinery. Thus, any means to reduce friction will
lead to reduction of wear and its associated losses. Lubricants
act as protective layers on surfaces of contacting bodies to
minimize material loss (Yousif & El-Tayeb, 2008). Due to

continuous motion of the shaft, hydrodynamic lubrication in
journal bearings generates hydrodynamic pressure in the
lubricant, and thus separates the shaft and the bearing surfaces
from direct contact. The hydrodynamic pressure generated and
the lifting force (load carrying capacity) on the shaft are two
important performance measurements of the lubricated bearing.
Here, the lubricant properties play significant roles in the
overall hydrodynamic pressure distribution, load carrying
capacity and the eccentricity ratio.

The influence of chemically modified rapeseed oil on
tribological performance of journal bearings was investigated
by Baskar et al. (2016) using the journal bearing test ring. The
results of their experiment showed that copper dioxide nano-
particle additives exhibited higher wear and friction reduction
behaviour than the commercial synthetic lubricant oils.
Similarly, Kumar and Gupta (2014) investigated the behaviour
of hydrodynamic journal bearings under the influence of the
multi-grade oil SAE 10W30. The experimental results were
theoretically verified using Raimondi and Boyd charts and
confirmed satisfactory. Khasbage et al. (2016) experimentally
investigated the tribological properties of Jatropha oil and its
performance in hydrodynamic journal bearings in comparison
with the synthetic lubricant SAE40. The results showed that
pure jatropha oil exhibited similar behaviour as the synthetic
lubricant. Baskar and Sriram (2012) carried out an analysis of
pressure distribution in a hydrodynamic journal bearings
subjected to varying loading conditions and operating
parameters under different vegetable oils such as rapeseed oil
and soya bean oil. The results obtained were comparable with
those of the commercial lubricant SAE20W40. Furthermore,
pressure distribution and load carrying capacity of a
hydrodynamic journal bearing were investigated using the
Finite Element Method (FEM) and an analytical method by
Nuruzzaman et al. (2010). Both results were in agreement with
available published results, though numerical results were
better; thus, confirming the validity of the study.

This study aimed at investigating the effects of Melon
(citrullus lanatus) seed oil and Coconut (cocos nucifera) seed
oil on hydrodynamic journal bearing performance regarding
pressure distribution, load carrying capacity and eccentricity
ratio at varying loading and speed conditions, with results
compared with those obtained for the commercial engine oil
SAE20W50.
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Il.  MATERIALS AND METHODS

Five litres, each, of pure melon seed oil, coconut seed oil
and SAE20W50 were used for each experiment as the
apparatus’ tank must be filled completely. The journal bearing
used had a length of 0.0445m, a diameter of 0.0508m and a
clearance of 0.000052m. Table 1 shows the physicochemical
properties of the samples.

TABLE I. PHYSICOCHEMICAL PROPERTIES OF THE OIL SAMPLES
Melon seed oil | Coconut seed oil | SAE20W50

Acid value (mg/g) 4.15 5.05 2.47
Peroxide value (mg/g) 0.80 0.20 0.20
Free fatty acid 2.08 2.53 1.23
Viscosity (cP) 99.09 72.67 420.00
Relative density 111 1.09 114
Saponification value (KOH/g) 46.28 93.97 -193.55

P5013 Journal Frictional Apparatus (including P5014-
Pressure Distribution Apparatus) produced by Cussons
Technology was used. The pressure distribution and the load-
carrying capacities of the formulated lubricants and the
reference oil (SAE20W50) were measured. The main journal
friction apparatus was connected to a compressor for supply of
compressed air maintaining a pressure of 6 bars (6x105 Pa). At
the load of 490.5N, the speed of the motor was varied from 7,
5, 3, 2, to 1rev/sec, and at each speed, the pressure at the
tapping points 1 to 5 along each of the axial holes A to F was
measured. Similarly, at the speed of 5 rev/sec, the load on the
bearing was varied from 98.1N through 196.2N, 294.3N,
392.4N to 490.5N and the pressure at each of the 5 tapping
points, around the bearing surface, for each of the holes A to F
was measured and recorded. The experimental set-up is shown
in Fig. 1.

A. Analysis of Hydrodynamic Pressure and Load Carrying

Capacity

The bearing casing (Fig. 1) was unwrapped into a
rectangular shape and discretized into 6 x 5 elements. One-
third of the circumference was used as shown in (1). Equation
(2) represents the area of the unwrapped casing. The
hydrodynamic force acting on the elements along axial hole A
is expressed as (3) and the corresponding vertical force Fy,, is
expressed as (4) (Cussons Technology, 2015), for n=1, 2, 3, 4,
5.

T
B== (@)
Where B = width of the unwrapped bearing sector; D =
diameter of the bearing.
D
A=— @
where A = area of the unwrapped bearing sector; L = Length of
the bearing.

where F5 = hydrodynamic forces along axial holes A, Py =
hydrodynamic pressures along axial holes A and n = number of
axial holes from 1 to 5.

Fay = AT Py, cos B° 4

where Fay = vertical component of hydrodynamic force (load
carrying capacity) along axial hole A.
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Figure 1. Schematic Drawing of Experimental Set-Up Showing (a) Journal
Bearing Test Equipment, and (b) Sectional View X-X

The hydrodynamic pressure generated experimentally at
each tapping points 1 to 5 along the axial holes A to F in Fig.
la, is expressed as (5) while the hydrodynamic force is
expressed as (6). The average pressure on the unwrapped plate
was determined from (7).

P = {2111 Ppn + 2111 P, + Zrll Pen + Zrll Pp, + Zrll Pg, +

21 Pen} ()
where P = total hydrodynamic pressure, Pa-Pr = hydrodynamic
pressures along axial holes A to F, respectively.

Fp = A Zrll Pan (3) F= A{Z? Pyn + 2111 Pg, + 2111 l:)Cn + 2111 Ppp + 2111 Pg, +
2 Pen} (6)
International Journal of Science and Engineering Investigations, VVolume 10, Issue 113, June 2021 62

www.lJSEl.com

ISSN: 2251-8843

Paper 1D: 1011321-09



where F = total hydrodynamic force along axial holes A to F.

Maximum
P

— pressure
Paverage Total number of elements Y Hydrodynamic
— H L—l’|:c5511r;
where Payersge = average hydrodynamic pressure across the distribution
bearing domain Applied profile

load Applied

load
Journal

B. Numerical Analysis

The relationship between the distribution of lubricant
pressure as a function of speed and geometry of journal Bearing
bearing, lubricant viscosity and oil clearance is analytically
presented in Reynolds equation. For the practical application of
Reynolds equation, a simplified 2-D form is used

Lubricating
oil
Lifting force

Frictional force

(Gundarneeya, 2015) and expressed as Lubricant inlet
2 (p32) 4 2 (p322) = gyp Lt @
ox (h ax) + [i5% (h 6y) - 6UT] dx (8)

Axial pressure
distribution field

where x = circumferential length of bearing along x-axis; y =
axial length of bearing along y-axis

h = film thickness, P = hydrodynamic pressure separating the
two sliding surfaces
U = sliding velocity in x-axis, = lubricant dynamic viscosity 0

;—x(h3g—z) = Flow term (poiseuille flow) due to pressure ‘

. - . . Shaft (Journal)
gradient in x-direction aft (Journa

| | Bearing housing

a 30p\ _ . .
E(h 5) = Flow term (poiseuille flow) due to pressure

gradient in y-direction ) _ ®) ) o
Figure 2. Journal Bearing Geom_etry: _(a) Circumferential View, and (b)

6Un%= Flow term (couette flow) due to fluid lubricant Axial View
velocity in x-direction

Fig. 2 shows the basic geometry of a typical hydrodynamic 4
journal bearing and key analytical features.

The Finite Element Method was used to numerically °- - Py

3

analyze the solutions to (8) by following procedural steps
adopted by Nwosu (1998). The bearing in Fig. 2b was
unwrapped and its surface was discretized into 50 by 50 b b
bilinear rectangular-shaped finite elements as in Fig. 3. Fig. 3
has 1 node at each of the four corners of the rectangle. The

v

interpolation function is linear within the rectangle in x and y ® £ |
directions (Fig. 3). The shape function for the element was -
developed from the interpolation function (Kwon and Bang, _ o
1997; Khennane, 2013) for nodal pressure, P, as expressed. Figure 3. Bilinear Rectangular Element
in (9) or (10).
P=a,+ apx+ azy+ a, ©) Equation (11) considers four nodes of the element.
P1 1 x1 y1 X117 (a4
Z; P2 1 x2 Y2 X2Y2 a, 1
= 1 X
) CONS [5] | e A o an
4
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Substituting the coordinate values of Fig. 3 into (11) and
following matrix algebra rules, we obtain

aj bc bc bc bc] (P21
az 1 |-¢ ¢ ¢ —c|])Pp2 (12)
as —~——|-b -b b b P3
a, = abc 1 -1 1 -1|[ps

Substituting (12) into (10) we obtain

(bc — cx — by + xy)p; +
1 (bc + cx — by — xy)p,
P= +(bc + cx + by + xy)ps + (13)

(bc — cx + by — xy)p.
which can be represented as
P(x,y) = Hi(x,y)P; + Hy(x, )P,
+H; (%, y)P; + Ha(x, y) Py (14)

Equation (14) is the interpolation function for the 4-noded
element of Fig. 3.

H(x,y) is the Lagrange shape function for the bilinear
rectangular element, which is expressed in (14a — 14d).

Hy = m (b=x)(c~) (142)
Hy=—(b+2)(c—y) (14b)
Hy = ——(b+2)(c+Y) (14c)
Hy=—(b-x)(c+ ) (14d)

Equation 14 can be represented for ease of numerical
computation as

P =% pH; (15)

Galerkin's method was used to convert the continuous
partial differential equation (Reynolds equation) to a discrete
algebraic equation by means of a weak formulation for the
purpose of finding the solution numerically (Kwon and Bang,
1997). Equation (8) was multiplied by a test (weighted)
function, W, and integrated by parts twice; first, with respect to
x and second, with respect to y as shown in (16) to arrive at the
weak formulation in (17).

I=[fw [Bx( 3ap) aay (h3 gp) 6U77 dXdy] (16)

where | = weighted residual of Reynolds equation

_ 3[dwadp |, dwap dh
= - [’ 6—ya—y]dﬂ — Jywloung]do+
J, h*w2dr=0 (17)

Solutions to (17) were obtained through numerical analysis
using a MATLAB program. The first integral is a pressure term
over the domain. The second integral is a velocity term due to
wedge action of lubricant flow between the bearing and the
journal surfaces while the line integral is a pressure term along
the domain boundary where the pressure is considered zero.
Substituting (17) into (15) and noting that, by Galerkin's

method, weighting functions are identical with the shape
functions (Wi = Hi) we obtain

dH; 6H1 0H; 0H;
{11p1fga ax dQ +21 lplfgay 6yd
6Un dh
— 1 [ Hyd (18)

Rearranging in a matrix form (Erhunmwun & Akpobi,
2019) yields

[KeI{P} =

where

6Un dh
15 93 (19)

K¢ = element pressure matrix
P, = nodal pressure (4 nodes per element) and F€ =
element velocity vector

_ o oH; aHl 0H; 0H;
[K¢] = fQ o o 00+ fne 3 3y dQ (20)
Substitute (14a—14d) into (20) to yields, for an element
Kf = f_ IS 16b2 s[(y —¢)* + (x — b)*]dydx (21)

Wolfram Mathematica.9 software was used to compute the
integral of elemental (21) to yield
c?+ b2

3bc

ki = (22)

Following the same integration procedure, the remaining
elements in the element matrix were computed as

rc2+ b2 b2-2¢%2  p+c?  ¢2-2b%]
3bc 6bc 6bc 6bc

bZ2—2c?  c2+b% (2-2b%2 b+ c?
6bc 3bc 6bc 6bc

[Ke] il 2+ b2 24p2  p2_2c? (23)

6bc 3bc 3bc 6bc

c2-2b?2 b+c? b2-2¢%2 c2+b?

L 6bc 6bc 6bc 3bc -

The same procedures were followed in the formulation of
the element vector expressed as

H,y
b H

Fe= [ Hda= [ ffc
H,

With the aid of Mathematica application software, (24) was
integrated to yield

dydx (24)

b?c?
(b+x0)(c+Y0)
bc?(b+2x)

(b+x0)(c+¥0)
bebr2xp)(er2yy) @)

(b+x0)(c+Y0)
bZc(c+2y,)
(b+x0)(c+¥0)
The following boundary conditions were used: P(x,0) =

—n 9| =19 =
P(x,I)—O,d—yy—I/Z—O

Fé =«
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I1l.  RESULTS AND DISCUSSION

The results of the performance of the journal bearings in
respect of the hydrodynamic pressure distribution, load-
carrying capacity and the eccentricity are presented and
discussed here:

A. Hdrodynamic Pressure Distribution

Figs. 4 and 5 show the hydrodynamic pressure performance
of the plain journal bearing lubricated with coconut seed oil-
based and melon seed oil-based stock as compared to the high-
grade commercial engine oil (SAE20W50) under varying
loading and angular speed conditions. In both cases, the results
show similar trends where the generated hydrodynamic
pressure increased with increase in angular speed of the journal
and the externally applied load. These trends are in agreement
with existing research literature (Srinivas et al., 2015). The
maximum hydrodynamic pressure generated by SAE20W50 at
maximum load was 0.86MPa while those for coconut seed oil
and melon seed oil were 0.84MPa and 0.855MPa, respectively.
Similarly, the maximum hydrodynamic pressure at the highest
speed were 0.68MPa, 0.73MPa and 0.855MPa, respectively.

—+—=SAE20W50-exp. =t=SAE20WS50-num.
—4—CKO-exp. =—==CKO-num.
—=—MSO-exp. ——MSO-num.

350000
300000
250000
200000
150000
= 100000

50000

Pressure [Nm?]

0 200 400 600
Load [N]
(@)

—+—SAE20W50-exp. —+—SAE20W50-num

——CKO-exp. ~=—CKO-num.
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(b)
Figure 4. Hydrodynamic Pressure for Pure Coconut Seed Oil(CKO), Melon

Seed Qil (MSO) and SAE20W50 Lubricants: (a) Against Load and (b)
Against Speed
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Figure 5. Hydrodynamic Pressure Distributions Profiles for Experimental
and Numerical computation for SAE20W50 Lubricant, Coconut Seed oil
(CKO) and Melon Seed Oil (MSO) at 420 rev/min

In both cases, coconut seed oil and melon seed oil, in their
pure state, performed well as the high-grade reference
commercial engine oil (SAE20W50).
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B. Load-Carrying Capacity

Fig. 6 shows the dynamic load-carrying capacity
performance of the hydrodynamic journal bearing, lubricated
with pure coconut oil-based, melon seed oil-based stock and
SAE20WH50 lubricant. The trend in Fig. 6 shows that as the
external load increased, the dynamic load-carrying capacity of
the bearing also increased. A similar trend was shown with the
increase in angular speed of the bearing.
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Figure 6. Load carrying Capacity for Pure Coconut Seed Oil (CKO), Melon

Seed Oil (MSO) and SAE20WS50 lubricants: (a) Against Load and (b) Against
Speed

However, in both cases, the changes in external load had a
more rapid change of the dynamic load carrying capacity. Both
trends are in agreement with existing literature (Nuruzzaman et
al., 2010). The total dynamic load carrying capacity was
computed by integrating all the elemental nodal pressure
contributions over the bearing surface area and multiplying the
average pressure by the total surface area. At a constant
external load of 490.5N and angular speed of 420rev/min, the
maximum dynamic load carrying capacity of 0.669KN
(SAE20W50), 0.683KN (coconut seed oil) and 0.564KN
(melon seed oil) were computed from the experimental results.

C. Effects of Eccentricity

Fig. 7 shows graphs of angular speed and external load
against eccentricity ratio for pure coconut seed oil-base, melon
seed oil-base stock, and SAE20W50. The eccentricity ratio
decreased with increase in the angular speed. The overall trend
of the plotted results is in agreement with the published
literature (Nuruzzaman et al., 2010).
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Figure 7. Eccentricity Ratio for Pure Coconut Seed Oil(CKO), Melon Seed
Oil(MSO) and SAE20W50 Lubricants: (a) Against Load and (b) Against
Speed

At the angular speed of 420rev/min and constant load of
490.5N, the eccentricity ratio was 0.24 (SAE20W50), 0.54
(coconut seed oil) and 0.62 (melon seed oil).

IV. CONCLUSION

This paper investigated the effects of melon seed oil and
coconut seed oil on the performance of a hydrodynamic journal
bearing. Hydrodynamic journal bearing tests were carried out
under varying load and speed conditions, to determine the
pressure distribution, load carrying capacity and the
eccentricity ratio of pure coconut seed oil and melon seed oil.
A commercial engine oil (SAE20W50) was used as control.
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The overall results showed that the commercial engine oil
(SAE20W50) performed slightly better than pure coconut seed
oil and pure melon seed oil. In all cases, the generated
hydrodynamic pressure increased with increase in external load
(at constant speed) and with increase in speed (at constant
external load). In the same way, load-carrying capacity
increased with increase in speed, and increase in external load.

The shaft eccentricity decreased with increase in speed (at
constant external load) and increased with increase in external
load (at constant speed). The performance of pure coconut seed
oil and melon seed oil were comparable to that of the high
grade commercial engine oil (SAE20W50). The experimental
results were validated with numerical analysis using the finite
element method. Melon seed oil and coconut seed oil have
great potential as excellent lubricant oil-based stock.
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