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Abstract

In order to  develop more efficient engines, it is essential to optimize the lubrication circuit of the power 

train systems. In this paper, during an engine design and development process, a network analysis of the 

engine lubrication system is described in detail. Two elements have been added to the lubrication circuit 

in the modified engine. These elements are hydraulic lifters and an Anti-drain valve. The effect of adding 

and changing the mentioned elements and increasing the bearing clearance has been investigated on oil 

pump capacity. Also, chain tensioner and anti-drain valve as two new important components in the lubrica-

tion system have been investigated as well as other components from tribological point of view. Improving 

chain tensioner material from Nitride Butyl Rubber to Poly-Amid and changing the oil jet hole position 

and diameter, reduce the intensity of wear to the standard level without significant decreasing of main gal-

ley pressure. Adding an anti-drain valve near hydraulic lifter gallery decreases the time which oil needs 

to reach lifters with sufficient pressure at engine startup. The analyses are done by Flowmaster7.6 and 

AVL-EXCITE7.02 software and an accessory code. Finally, theoretical results are validated by a completely 

controlled lubrication functional test.
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Introduction

Modern engines are being designed to operate at high 

engine speeds and loads. In order to fulfill the require-

ments of developing new engines, lubrication system must 

be improved. Up to now, some methods have been devel-

oped by several researchers. Robert S. LO [1], in 1971, 

developed an analytical method of simulating an automo-

tive engine lubrication system. This analytical method 

was used to determine the adequacy of oil pump capac-

ity, evaluating bearing design and oil path circuit. Neu and 

Wade [2], in 1977, represented the entire engine lubrica-

tion system by a series-parallel network of flow passages 

and flow elements. The pressure distribution and flow 

rates in the network were computed according to pressure-

flow characteristics of each element. Hass and Esch [3], in 

1991, presented an overview of the influences of various 

oil pump parameters as oil pump suction port, rotor geom-

etry and oil pump component clearances on the engine's 

operating behavior. Mian [4], in 1997, introduced design 

methods and strategies for pump sizing and flow balance, 

applicable to a variety of engine classes. Also, he gave 

mathematical models for oil flows through piston cooling 

jets, plain journal bearings and plain bearings with a single 

oil hole feed. S.M. Chun et al. [5, 6], in 2000, developed a 

computer model to allow for parametric studies of engine 

lubrication systems. They investigated the effects of vari-

ous aeration ratios on flow rate and pressure. Felix Klin-

gebiel and Uwe Kahlstorf [7], in 2000, proposed the use 

of 1-D fluid flow models to predict the engine lubrication 

system behavior. They used the FLOWMASTER2 pro-

gram for building 1-D Fluid Flow Simulation Models in 

an easy manner via a graphical user interface. S.M. Chun 

[8], in 2003, focused on the flow model through camshaft 

bearings and hydraulic tappets as well as periodical flow 

through an oil jet on the big end of the connecting rod. 

Also, the pressure resistance and pressure gain as the lubri-

cant approaches and leaves the oil drillings on the crank-

shaft and camshaft were considered. Yiqing Yuan et al. [9], 

in 2007, established a methodology for predicting lubrica-

tion flow in the rod bearings and oil circuits that can be 

used to guide engineering designs. Yaguo Lu et al. [10], 

in 2009, developed a software for simulating aero-engine 

lubrication system.

In this paper, two important components, chain tension-

er and anti-drain valve, have been investigated as well as 

other components in the lubrication system. The analysis 

of these elements with other components in a lubrication 

circuit was not discussed in previous works. The results of 

these changes have been analyzed during a design proc-

ess from a tribological point of view. For more accurate 

results, bearings are analyzed in AVL-EXCITE software 

and an accessory code is developed for making bearing oil 

flow map and linked to Flowmaster which has not been 

done yet. In AVL-EXCITE software, bearing oil flow rate 

due to shaft rotation, displacement and oil feed pressure 

for all main and pin bearings have been calculated pre-

cisely. The accessory code also used to convert the results 

of bearing analyses as input was data to the known format 

data of Flowmaster software.

Engine description

There are three important reasons for improving the base 

engine to the modified engine: (1) using inexpensive and 

locally abundant CNG fuel, (2) demanding higher power 

and (3) modifying weaknesses of the base engine. The en-

gine parameters are listed in table 1.

Lubrication functional test

This test is applicable to Diesel and Gasoline engines. It 

is intended that this test is carried out at an early stage of 

development on a standard test bed on a fired engine. The 

engine must have a development status as a requirement 

for this test. The test was planned to be carried out on a 

maximum clearance engine but in the case of minor modi-

fications to an existing engine concept the tests can also be 

carried on a normally build engine. 

After installing the sensors in particular locations of lu-

brication circuit like the main gallery, oil pump outlet, oil 

filter inlet and outlet, the end side of the hydraulic lifter 

gallery, the engine is configured on the dynamometer and 

prepared for lubrication functional test. This test is divided 

into steady state and transient parts. In the steady state 

each temperature engine speed is swept from idle to rated 

speed and data acquisition is performed for each point. 

Consequently, oil pump flow rate and oil pressure at the 

mentioned points are measured and essential characteristic 

curves can be extracted. In the transient part, on the other 

hand, the time of delivering oil to different elements in 

the lubrication circuit is measured. Finally, the results of 

the simulation can be compared and validated with experi-

mental test.  A view of lubrication functional test cell and 

its equipment is shown in Figure 1.














