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ABSTRACT

This paper presents a new calculation method for internal combustion engine (1.C. Engine)
lubrication system. The main objective of this method is to establish pressure - volumetric flow curves
of the lubrication network and of the oil pump according to designing and working parameters of the
engine. Then the working point of the system will be determined through the intersection of these two
curves. Based on the found working point, the pressures and volumetric flows of all units are specified.
With these values, a traditional calculation for these units can be implemented reliably to conclude if
these units are suitable for the system and how the working situation of the whole system is. To solve
this matter lightly, a general calculating program on Matlab-Simulink was built. The diesel D243 engine
was chosen as an object for the calculating program. The method developed was proved to be able to
calculate I.C. Engine lubrication system either for new engine design or for test calculation of in-used
engines. Moreover, it can be used to calculate pressurized lubrication systems of other mechanical
machines.
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TOM TAT

Bai béo trinh bay mét phuong phép tinh toan méi bé sung cho tinh toan truyén théng hé thong
béi tron dong co dét trong. Noi dung chinh cla phwong phap la thiét Iap déc tinh lwu lvong - 4p suét
cla luwdi va ctia bom déu theo dung so db b tri, két cau céc phén tir cia hé théng cung véi céc théng
sé lam viéc cu thé cta déng co. Ttr d6, diém lam viéc cua hé théng duwoc xac dinh chinh la diém cat
nhau cla hai déc tinh. Trén co sé& diém lam viéc sé xac dinh duoc &p suét va luu lwong cla moi phén
tr trong hé théng. Céc gié tri nay sé duoc dung trong tinh toan truyén théng cho tirmg phén tir dé
khéng dinh réng, phén tir dé c6 phu hop cho hé théng hay khéng va tinh trang hoat déng ctia toan bo
hé théng ra sao. Toan b6 qua trinh tinh toén duoc thé hién trong mét chuong trinh xay dung trén
Matlab-Simulink va d‘ong co diesel D243 duoc chon lam dbi twong cho mét vi du ép dung phuong
phap. T sw hop ly clia cac két qua tinh toén thu duoc va tir céch thirc xay dung phuwong phap co6 thé
két luan réng, phuwong phap tinh toan téng thé co thé dung khéng nhing dé tinh toan thiét ké ma con
dé tinh toén kiém nghiém hé théng béi tron dong co dét trong. Ngoai ra, phuong phép nay ciing cé
thé mé réng dé tinh toén hé théng béi tron cudng birc cia may moc co khi néi chung.

I. INTRODUCTION units are simultaneously investigated according

Lubrication system is one of most to their real lay-out on the engine.
important systems of internal combustion Il. MODEL AND SIMULATION
engines (1.C. Engines). It affects greatly

. e 2.1 Model of the lubrication system
mechanical losses, wear and lifetime of the y

engine. Appropriate choose of units of this Many types of lubrication for I.C.
System is one of main contents of the I1.C. Engines are Currently available, such as oil
Engine calculation and design. However, the splash by moving engine parts in the crankcase,
calculation and design in I.C. Engine textbooks oil blended in gasoline in some small two-
up to now [1-3] have been described separately, stroke-gasoline  engines ~ or  pressurized
which causes many difficulties to choose proper lubrication by a pump [1-3]. The most popular
units for the system during new engine design among these types is the last one which is
or test calculation for in-used engines. To classified in two types, wet-sump and dried-
overcome this difficulty it is necessary to set up sump lubrication system with many different
a simulation program to calculate generally the constructions and lay-outs. Fig. 1 is one of wet-
whole lubrication system, in which all system sump lubrication systems.
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Fig.1 A wet-sump lubrication system lay-out

1: sump, 2: oil pump, 3: rough oil filter, 4: oil pressure gauge, 5: main oil gallery, 6: crankshaft
lubricating line, 7: camshaft lubricating line, 8: fine oil filter, 9: oil cooler

To simplify the model the following
assumptions were used:

- The working state of the engine is stable and
the calculation is carried out at the norm engine
out-put.

- Viscosity of lubricating oil depends only on
the temperature.

- In- and out - unit temperatures are chosen
according to [1], but the temperature in the
journal bearings is determined for the control
purpose basing on the balance between the
thermal energy released by friction and the
calorie taken away from the bearing by the oil

[1].

Units of the lubrication network (not
including oil pump), which have flow
resistance, cause pressure loss. These units can
be classified into 2 groups. The first one
consists of the so called oil consumption units
having such a characteristic that oil after
passing the units drains to the oil sump. This
group includes journal bearings lubricated by
pressurized oil, oil cooling branched-off
radiator 9, fine filter 8 (Fig. 1) and oil nozzles
(for instance nozzle to cool down the piston top
or nozzle of centrifugal filter). Belong to the
second group are non-consumption units, such
as rough filter 3 (Fig. 1), in series oil cooler,
connecting parts and pipes. Each unit of the
lubrication system (also including oil pump)
has the volumetric flow-pressure characteristic
dpecified by V = f(Ap) equation (where Ap:
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pressure difference of oil passing the unit). This
characteristic is determined according to the
methods described as follows.

The characteristic of journal-bearings
(shortly called hereinafter bearings) is given by
the following equation [1]:

Aa(p — po)dA2

(cm®¥s) (1-1)
0

V =¢d2mA +

& and o coefficients depending on relative
. . €

eccentricity of the bearingy =— (e: absolute
5

eccentricity; 8: bearing interstice value) and on

|
E (Iand d: bearing length and diameter) [1];

. nn i .
: angle velocity o = —; n: engine revolution
30

(rpm);

A: bearing radial interstice A = 23;

A: loaded area coefficient chosen according to
[1];

w: oil viscosity (depending on temperature);

p: pressure at bearing inlet; po: atmospheric
pressure.

The characteristic of oil nozzles can be
determined as follows:

V = uf /Z(p - Po)
p

(1-2)
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u: nozzle flow empirical coefficient according
to [7]; f: nozzle orifice area;

p: nozzle inlet pressure;
p: oil density.

The characteristic of fine filter 8 and oil
cooler 9 (Fig. 1) V = f(p — po), in principle, can
be calculated following (1-2) [1] or
experimented if it is not delivered by the
manufacturer.

For the rough filter 3 (Fig. 1), it is
acceptable that the oil flow depends only on the
difference of the inlet and outlet pressure of the
filter (Ap = pin — Pou), DUt NOt on each individual
pressure. Similarly, its characteristic V = f(Ap)
can be either calculated [1] or experimented.

By the connecting parts, pipes and lines,
the location and route pressure losses are
correspondent mainly to their structure and oil
velocity, their characteristic is determined in
detail in [7].

From the above-determined pressure loss
characteristics, an equivalent resistance curve of
the network referred to the pump outlet can be
obtained and called as the net curve V, (Fig. 2).
It is necessary that the volumetric flow at the
referred point has to be equal to the sum of
flows of all oil consumption units in the
network.

for the oil pump, its volumetric flow-
pressure curve (also called pump characteristic
V,) (Fig. 2) can be either semi-empirically
calculated or built only by an experiment.

The working point of the system (Vy; pw)
at the considered regime is the intersection of
the net and pump curves (Fig. 2).

From the found working point and basing
on the net curve, the flow and pressure at any
point in the oil network can be determined.

With the determined inlet bearing
pressure, the oil temperature in each bearing is
calculated to assure if the safe condition (below
110°C) and the wet-friction lubricating
condition are satisfied [1].
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Fig.2 Determination of system working point

2.2 Calculating method

To solve the considered problem, a
program on Matlab-Simulink was built, which
includes following blocks:

- Subprograms for V-p characteristics of:

+ Oil consumption units, such as main
bearings, com-rod bearings, camshaft bearings
and oil injecting nozzles;

+ Oil non-consumption units, for instance
rough and fine filters (including penetration and
centrifugal filters) and oil cooler;

* Oil pump.

Fig. 3 describes one of such subprogram
for main bearing as an example.
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Fig.3 Subprogram for main bearing

In subprograms for main bearings and
con-rod bearings, some experimental graphs [1]
are interpolated by Lagrange [4] and the
temperature of inlet bearings is chosen
experientially among 70 - 75°C [1] to determine
oil viscosity [5].
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- Main program for the network curve creation
and for finding the working point of the whole
lubrication system.

- Other subprograms to control the oil
temperature and hydraulic lubricating condition
in the bearings according to [1].

1. APLICATION FOR DIESEL D243

To apply the developed -calculating
method, the diesel engine D243 was chosen as
an objective. Main specifications of this engine
are shown in Tab 1.

D243 is a four-stroke four-cylinder in-
line water-cooled natural-aspirated diesel
engine, which was manufactured and assembled
in Disoco company in Vietnam under the
design in Belarus basing on the diesel engines
D50 series, in order to be used on tractors and
small ships.

Other  necessary  economical and
technical specifications of D243 are listed in
detail in [5].

Table 1. Main specifications of diesel engine D243

Ord. Item/Symbol Value Unit | Ord. Item/Symbol Value Unit
1 Bore (D) 110 | mm | a4 | Rated power output 80/2200 | hp/rpm
[revolution
2 Stroke (S) 125 mm 5 Firing order 1-3-4-2 -
3 Compression ratio (g) 16,4 - 6 Fuel consumption 183 g/hp.h

3.1 D243 lubrication system

The lubrication system of D243 belongs
to wet-sump type and is shown in Fig. 4. It uses
only one fully centrifugal oil-filter 4, in which
oil is partly injected through two nozzles
causing torque that rotates its rotor and then
drains to the sump 1 while filtered oil flows into
the main oil gallery 6. From there oil is leaded
to five main bearings of the crankshaft 8
through the branched drains 7 in the engine
block and then flows in four drilled drains of

Fig. 4 Lay-out of the lubrication system of diesel D243
1: sump, 2: oil pump, 3: oil cooler, 4: fully
centrifugal oil filter, 5: oil pressure gauge, 6:
main oil gallery, 7: crankshaft lubricating line, 8:
crankshaft, 9: camshaft lubricating line, 10:
camshaft
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the crankshaft to the con-rod bearings.
Thecamshaft 10 has three bearings lubricated
by oilfrom the main oil gallery 6 through the
branched drains 9. The specifications of all the
bearings and of the lubrication system that are
necessary for the calculation are given
thoroughly in [5].

3.2 Calculating program and results

The subprograms to build characteristic of
main bearings, con-rod bearings, camshaft
bearings, and of other units such as centrifugal oil
filter 4 and oil cooler 3 (Fig. 4) and the main
program for the net curve are shown in detail in [5].

Particularly, for the oil pump of D243,
since its characteristic given by the
manufacturer is not available, the authors
already tested the pump on the pump test bed
MIRKOR (Hungary) at ICE Lab, Hanoi
University of Technology, at 1320 rpm
(relevant to 2200 rpm in the diesel engine
D243), Fig. 5, to establish the pump curve. The
oil used in the test is HD50 having dynamic
viscosity of 16,3 — 21,9 ¢St at 100°C. The oil
temperature is maintained at 85°C by an electric
heater and the pump output pressure is variable
through a throttle valve from 4 to 10 at [5]. The
test results shown in the Tab. 2 are inputed into
the subprogram to get the pump function V, =
f(pp — po) through Lagrange interpolation
method [4].
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Table 2. Test results of the oil pump of diesel
D243

(C¥§/S) 4925 | 4253 | 394,4 | 375,6 | 356.7 | 309,9 | 277,5
ppat) | 4 5 6 7 8 9 10

Basing on all aboved-mentioned
programs, a general program to calculate

lubrication system of diesel engine D243 was
built and shown in the Fig. 6. After runing this
program, the results were obtained as follows:
pump volumetric flow 373,50 cm®/s, pressure in
the main oil gallery 7,1 at (Tab. 3). These
results are fully agreed with data of tractor and
automobile diesel engines [1-3].

The program of calculation of
thermodynamics, kinetics and dynamics of
four-stroke engines [6] built by ICE department
of HUT was used to calculate loaded graphs of
main bearings and con-rod bearings at the rated
engine power.

Using the found values of bearing inlet
pressure in Tab. 3, the hydraulic lubricating
condition and the temperature in the bearings
were calculated according to [1]. The control
results, for instance the temperature in main
bearings was 93°C, Tab 3, finally proved that
all the requirements were met for the engine
D243 [5].

At last, the centrifugal oil filter and the
oil cooler were also calculated according to [1]
at pressures and flows found from the general
calculation. The control calculation for these
units also demonstrated that they are suitable
for the diesel engine D243 [5].

Fig. 5. Test apparatus for the oil pump of diesel
D243

IV. CONCLUSIONS

The aboved - mentioned calculation
considered generally all units of lubrication
system under the concrete working conditions
of the engine, so it is closer to the reality and at
the same time the calculating procedure is
clearer. Finding of the working points of the
network is important for oil prerssure and oil
flow to be obtained in order to control the
hydraulic lubricating condition for the bearings,
oil temperature in the bearings, capacity and
quality of oil filters more visually.

The calculation also proved that changing
working parameters of any unit in the system
will affect the whole system working.

The calculating method developed within
this research can be used either to design or to
assess 1.C. Engine lubrication system. Besides,
it can be also suitable for choosing reasonable
system units.

Finally the calculating method is believed
to be able to to calculate pressurized lubrication
system not only for I.C. Engine in particular but
also for other mechahnical machines in general.

Table 3. Generally calculating results for the lubrication system of diesel engine D243

Centr!fugal ol Main bearing con-rod bearing Cams_haft Oil pump Oil temperature
filter bearing : . :
in main bearing
0
pat) | V(cm®s) | p(at) | V(cm%s) | p(at) | V(cm¥/s) | p(at) | V(cm®/s) | p(at) | V(cm%s) ()
6,30 | 349,94 | 6,30 12,65 6,10 10,28 6,10 0,63 7,10 | 373,50 93
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‘
Oil pump velocity
V,

p V,, (0il pump flow)
Py (cm¥s)
V, (0il pump flow) +
-
Main bear. length [ i
Pmb Friction Fiction System work. poiat
Oil pump pres. (at) Ang. Velfg'a%, Coad Quec -&
Main bear. diameter dp Coeff. 0.0174
Pout —=—1 Engine velocity Vi1 Qsic (fiction heat energy) o
Pout | LOSS Vi (Main bear. flow) -
fter mb '
VA s [0.01015]
Pio ¥ M2l cooler Bear. tempr.
I | ) contr.. subprogr b Dffr. Qq, and
Poeb Q it Q
P ) ) \ Tempr. control
out Engine velocity | ] Coeff. 0.005565
Inlet
cooler Oil cooler Ve (big end bear. flow) + + Qui
pres. flow "
Cam. bear. pres. l_' +
I—| I— Engi loci Vep + —_—
L— ngine velocity 1265
Loss |Pin Vi V) V¢ (cam. bear. flow) V; (main bear. flow)
in front ! mds)
of cooler

Main oil gallery pres. Vit

Vnoz (folter nozzle flow)
Pvar (var. pres. (at))

n (engine velocity (rpm))

Fig. 6 General program to calculate lubrication system of diesel engine D243
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