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Abstract. Heat recovering from biogas waste energy requires robust heat 
exchanger design. This paper presents the design of fuel gas-air heat 
exchanger (FGAHE) for recovering waste heat from biogas burning to 
regenerate desiccant material. Mathematical model was built to design the 
FGAHE based on logarithmic mean temperature difference (LMTD) and 
staggered tube bank heat transfer correlations. MATLAB code was 
developed to solve the algorithm based on overall heat transfer coefficient 
iteration technique. The effect on tube diameter on design and thermal 
characteristics of FGAHE is investigated. The results revealed that the 
smaller tube diameter leads to smaller heat transfer area and tube. On the 
other hand, the overall heat transfer coefficient and Nusselt numbers have 
larger rates at smaller tube diameter. In conclusion, the nominated tube 
diameter for FGAHE is the smaller diameter of 0.0127 m due to the high 
thermal performance. 

1 Introduction  
Efficient and economic thermal energy gained from the biomass waste, for drying 
application, requires specific thermal backup unit (TBU) and robust design of heat exchanger 
[1-3]. Basically, transferring heat from flue gas (the hot fluid) to air (the cold fluid) needs 
efficient gas-gas heat exchanger that maximize the utilization of thermal load in the flue 
gases. Based on previous works, the challenge of designing appropriate flue gas-air heat 
exchanger (FGAHE) for recovering waste biomass energy used to regenerate desiccant 
material is still under investigation and development.  

Many previous researches had presented different designs of heat exchanger for different 
applications such as reactivation the silica gel by solar energy [4, 5]. On the other hand, 
during the absence of solar energy the alternative source of the thermal energy is the biomass 
in this trend many other researchers investigate the using of west biomass to introduce hot 
air [3, 6-8]. In an industrial application, the silica gel is regenerated by using fossil full like 
electrical heater at 140 . olar energy was used to regenerate the silica gel through a heat 
exchanger during the day time and after the sun hour using the flue gas from the thermal back 
up unit by using gas to gas heat exchanger [3, 9-12].  
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Abstract. The drying of agriculture product consumes a huge fossil fuel rates that demand to find 
an alternative source of sustainable environmental friendly energy such as solar energy. This work 
presents the difference between using solar heat source and electrical heater in terms of design 
aspect. A circular-finned tube bank heat exchanger is considered against an electrical heater used 
as a heat generator to regenerate silica gel in solar assisted desiccant drying system. The impact 
of tube diameter on the heat transfer area was investigated for both the heat exchanger and the 
electrical heater. The fin performance was investigated by determining fin effectiveness and fin 
efficiency. A mathematical model was developed using MATLAB to describe the forced 
convection heat transfer between hot water supplied by evacuated solar collector with 70 oC and 
ambient air flow over heat exchanger finned tubes. The results revealed that the increasing of tube 
diameter augments the heat transfer area of both heat exchanger and electrical heater. The highest 
of fin efficiency was around 0.745 and the lowest was around 0.687 while the fin effectiveness 
was found to be around 0.998. 
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1. Introduction  

High thermal energy storages are gained from evacuated tube solar collectors that use water to transfer 
heat to another system through an energy converter such as heat exchanger [1-4]. Several different types 
of heat exchangers have been developed for different applications being the shell-and-tube and plate-fin 

the most commonly utilized configurations. Because many heat exchanger arrangements involve multiple 

rows of tubes in a fluid cross flow, the heat transfer characteristics for tube banks are of important 
practical interest. The gas flowing on the outside impinges perpendicularly on these tubes [5]. With 
constant fluid velocity, this type of flow gives rise to an increase in turbulence compared with the case 
where the gas flows along the tubes and parallel to them. Heat exchangers are extensively used in diverse 
industrial processes nowadays. Many previous researches have presented different designs of heat 
exchanger used in different applications such as reactivation the silica gel as shown in Figure1 by using 
many sources of heat for example, solar energy [6, 7]. In an industrial application, the silica gel is
regenerated by using fossil full like electrical heater at 100 ̊ C. A desiccant system was used to dry crushed 
oil palm fronds [6, 8]. Solar energy was used to regenerate the silica gel through a heat exchanger. A
theatrical analysis was carried out with an optimization  of  a  gas-to-gas  heat  exchanger  with  a  non-
constant  cross sectional  area [9]. The results obtained from the modeling demonstrate the premise that 
it is possible to realize designs for heat exchangers that are highly exergy-efficient and very cheap. Some 
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Abstract. 
longevity. If hydrodinamic lubrication conditions are met then the sliding bearings will work 
forever. This is especially important when dealing with high rotation rate environments, where 
ball bearings see very limited use due to their inferior load capacity and longevity. The focus of 
this study is the examination and determination of coefficient of friction values in sliding 
bearings made of tin based white metal alloys conditioned with hydrodinamic lubrication. A 
sliding bearing is based on a kinematic pair made of a steel axle and a braided alloy 
TEGOTENAX V840 made by Ecka Granules. The chemical composition of the this alloy is 
88.7% Sn, 7.6% Sb and 3.7% Cu. The examination was performed using one oil lubricant. 
Experimental data has been used for creating an adaptive neuro-fuzzy inference system model. 
ANFIS model provides an estimation of coefficient of friction values in function of load. Based 
on the ANFIS model an analytical expression, used for connecting load values with coefficient 
of friction values, was defined. This analytical expression is suitable for engineering 
applications and purposes. 

1. Introduction 
Friction is a physics phenomenon that can have positive and negative effects on the manufacture and 
functional processes of mechanical construction designs. Sliding bearings are very commonly used as 
kinematic pairs. Friction coefficient of sliding is one of the basic parameters defining the quality of a 
sliding bearing. High quality sliding bearings have very low friction coefficients values. Friction is a 
phenomenon that, in this case, has a negative effect. With regards to both manufacture and design, 
project developers aim to diminish friction values as much as possible. In full-film lubrication 
conditions, film thickness should be enough to separate the peaks of rough contact surfaces. 
Experiments of R 
aluminum - steel sliding bearing can be much lower than the expected value of 0.8, and that it can 
even be as low as 0.1. 

There are a large number of papers and publications on dealing with the problems of friction 
coefficient and sliding bearings. Numerous authors [2] and [3] have studied the friction coefficient of 
graphite notched bronze. Results show that the friction coefficient lowers with perpendicular load 
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Abstrac The purpose of this study is to understand the 
wear properties of the carburized mild steels at different 
temperatures by the effects that sliding speed, time and 
different loads make. The chosen temperature ranges for 
carburization in this testing are 825oC, 875oC and 925oC, 
and in order to investigate the requirement of the adhesion 
wear, the apparatus pin on disc is utilized. The 
experimentations were executed on a bunch of samplings at 
specific periods of time (5 to 30 minutes), and at various 
loads (9.81N to 49.05N), and certain speeds (1.8 to 8m/sec). 
The findings of these settings illustrated that the method of 
carburization significantly upgrades wear features, for 
example wear rate and wear resistance, and also that these 
characteristics are amplified with raise in the carburization 
temperature. For the moment, the mild steel carburized at 
925oC provides the best outcome for various wear features 
since it offers the utmost wear resistance at this 
temperature. Consequently, it must be given a preference 
for the desired uses and the outcomes will demonstrate 
direct relations of the rate of adhesion wear with time, 
sliding speed and load.

Key words wear, sliding speed, carburization, Carburized 
Mild Steels

I. INTRODUCTION

The research on the mechanical and wear 
characteristics of iron and steel constituent under special 
condition has been conducted by many researchers, but 
mostly their focus was on analyzing the wear properties 
only. In fact, only a handful of studies were made that 
included both the mechanical and wear properties 
keeping in view the matching parameters and 
circumstances [1]. As it is reported by literature, a 
research was conducted by Baldissera and Delprete [2] 
with the purpose to investigate the effects of deep 
cryogenic treatment (DCT) on static mechanical 
properties of 18NiCrMo5 carburized steel. It concluded 
that, the soaking time parameter establishes a well-built 
control to increase the hardness and is stimulated by the 
pre-tempering DCT.

Under the conjecture that the micro structural 
mechanism engrosses the whole process, additional 
advancements could be achievable with a prolonged DCT 
exposure.

The unaffected tensile power of the pre-tempering 
DCT groups may perhaps be correlated to a returning 
outcome owing to the failure in lasting stress.

Another research by Khusid et al [3] investigated the 
wear of carburized high chromium steels and stated that 
Carburization increases the uncompromising wear 
resistance and allocates considerable control of the 
adhesion trends under dry sliding. These outcomes 
establish that the system of surface hardening of high 
chromium steels is essential to manufacture the preferred 
blend of wear resistance and bulk strength characteristics.

Researchers Wang and Lei [4] analyzed the increased 
wear resistance for the subsequent order of materials: 
spherodized carbide, martensite, bainite and lamellar 
pearlite. Their results signified that the discrepancy in 
wear resistance of diverse microstructures were induced 
by the variations in their thermal stability, resistance to 
deformation, resistance to nucleation and propagation of 
micro-cracks, etc.

Kumar and Gupta [5, 6] were the two researchers who 
conducted a series of trials to carry out wide-ranging 
research on low stress abrasive wear properties of 
carburized mild steels, and medium carbon and alloy 
steels examined by heat. They observed that the 
maximum abrasion resistance was found in the steel 
specimens carburized in partly burnt charcoal, and the 
hardness and wear resistance standards of mild steels 
carburized by the application of coal tar pitch were 
analogous with those of heat treated high carbon low Cr-
steels. 

The consequences of microstructure on the abrasive 
wear behaviour of spheroid cast iron were studied by Luo 
et al [7]. He accounted that the wear resistance of 
spheroid grey cast iron was lower than that of steel with a 
comparable matrix. So, he concluded that, the 
austempered structures were less resistant to abrasion 
than the quenched structures, at higher temperature, the 
wear performance of quenched iron and steel samples 
were better than austenite ones.

II. MEASUREMENT METHODS OF WEAR

According to (Rabinowicz,1965), the extensively 
recognized techniques in analyzing wear depend on: 
deciding the sliding surfaces, and then calculating, prior 
to experimenting the removal material, and after that, any 
occurring variation will be recognised as a resulted wear. 
Among the many methods to indicate wear, some are as 
follows:

Weighing method.
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Abstract -The present paper investigates the effect of sliding 
distance, rotation speed of shaft and normal load on wear 
journal bearing coated by babbitt alloys Tegotenax (V840) 
under lubriction condition using artificial neural networks 
(ANNs). An experimental plan was performed on test rig 
apparatus designed and fabricated for obtaining 
experimental results under lubricated conditions. 
Development of ANN models for modeling relationships 
between the wear of Babbitt and radial normal load and 
sliding distance was based on on the acquired experimental 
data. The experimental data have been normalized before 
being used in the ANN model development in order to have 
same scale. The test results show that non-linear 
relationships between the radial load, sliding speed and loss 
material parameters, exist. It has been observed that the 
well-trained ANN models can exactly predict the wear 
according to the radial load and sliding distance. 

Key words: Artificial neural network, Hydrodynamic 
Journal Bearing, Wear, Babbitt Metal - Tin 
Based-Tegotenax (V840)

I. INTRODUCTION

Journal bearings have been used in rotating equipment 
since the invention of the wheel. In its simplest form, a 
journal bearing consists of a cylinder built around an axle 
with a small clearance separating the two. Journal 
bearings play an important role in the dynamics of rotor-
bearings systems, being responsible for supporting the 
machine and transmit forces between the rotor and the 
foundation. The operation of a rotor for a long period of 
time as well as the many starts and stops to which the 
system is subjected, may result in direct contact between 
the shaft and the bearing, leading to high friction in the 
lubricated contact and consequently the wear of the 
bearings wall. This wear causes discontinuities or 
geometric changes in the bearing, which influence the 
bearing radial clearance.

To reduce wear of the surfaces, the clearance is filled 
with a lubricant which allows the contact to operate in the 
mixed or hydrodynamic regime.

Study of tribological materials properties dates back 
to the sixteenth century, almost instantly after the devise 

difference of friction 
coefficient and wear rate depends on interfacial 
conditions such as normal load, geometry, relative 
surface motion, sliding velocity, surface roughness of the 
rubbing surfaces, type of material, system rigidity, 

temperature, stick slip, relative humidity, lubrication and 
vibration [1]. Among these factors sliding distance, 
rotation speed and radial load are the two main factors 
whose play significant role for the difference of friction 
and wear rate. Friction coefficients of different material 
pairs are investigated and compared in [1]. Using a pin on 
disc apparatus, friction coefficients of copper-copper, 
copper-brass, brass-brass, brass-copper pairs are 
investigated experimentally. Results showed that friction 
coefficient varies with duration of rubbing, normal load 
and sliding velocity. The effect of radial load on the 
coefficient of friction and loss material of different 
polymer and composite materials was investigated in [2]. 
It was found that the amount of coefficient of friction and 
loss material are different for different materials.

The tribological behaviours of Babbitt alloy16-16-2
sliding against aluminium bronze ZnCuAl9Mn2 
lubricated by sea water were systematically investigated 
by Wu et al. [3]. The results indicated that the friction 
coefficient decreased as the load increased to 30N and 
then remained at a steady level at high loads, but 
decreased with increase in sliding speed. Zeren et al. [4] 
studied the tribological behaviour of two different tin-
based bearing materials in dry sliding conditions, one of 
these alloys with low Sb content (7%) is known as SAE 
12 and is widely used in the automotive industry and the 
other with high Sb content (20%) is a Sn Sb Cu alloy. 
Experimental results have proved that WM-2 and WM-5
alloys can be used in dry sliding conditions. It has been 
shown that performance of WM-5 under heavy service 
conditions is better than WM-2 due to its alloying 
elements.

The lose weight of material due to rubbing are not 
fundamental properties of a material but characteristic of 
the total engineering system and operating environment. 
Therefore, it is important to establish an mathematical 
model for the prediction of wear. Artificial neural 
network (ANN) has provided an exciting alternative 
method for solving a variety of problems in different 
fields of science and engineering. They represent 
revolutionary computing paradigms that try to mimic the 
biological brain.and are especially useful to address 
problems where solutions are not clearly formulated or 
where the relationships between inputs and outputs are 
not sufficiently known [5]. Many researchers have 
worked on the use of an ANN to predict the intensity of 
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