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a b s t r a c t

The uniformity of solar drying process and the quality of the product are inter-related parameters. Drying
uniformity is influenced by the significant process air properties which are temperature, humidity and
velocity. Accordingly, solar drying uniformity may be improved by integration with dehumidification
system and/or optimizing the dryer design. These concepts were reviewed extensively in this paper by
brush up the solar thermal hybrid dryers, the performance of solar assisted desiccant systems for
dehumidification of drying air, the effect of geometrical parameters on drying performance, and the
drying performance of different products. In the context of desiccant systems, the performance of drying
is influenced by desiccant material, dehumidifier design and regeneration technique used. While, the
issue of solar dryer design is related to drying chamber geometrical parameters, considering multiple
drying chambers, and modeling and optimization of dryer design. Coming out with this comprehensive
review may motivate to enhance the quality of product and drying performance in terms of cost and
time.

© 2018 Elsevier Ltd. All rights reserved.
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s Hybrid CFD-ANN Scheme for Air 

Flow and Heat Transfer Across In-
Line Flat Tubes Array

A B S T R A C T

Flat tubes are vital components of various technical applications including modern 
heat exchangers, thermal power plants, and automotive radiators. This paper 

neural network (ANN) approach to predict the thermal-hydraulic characteristics of 
in-line flat tubes heat exchangers. A 2D steady state and an incompressible laminar 
flow in a tube configuration are considered for numerical analysis. Finite volume 
technique and body-fitted coordinate system are used to solve the Navier Stokes 
and energy equations. The Reynolds number based on outer hydraulic diameter 
varies between 10 and 320. Heat transfer coefficient and friction are analyzed for 
various tube configurations including transverse and longitudinal pitches. The 
numerical results from CFD analysis are used in the training and testing of the 
ANN for predicting thermal characteristics and friction factors. The predicted 
results revealed a satisfactory performance, with the mean relative error ranging 
from 0.39% to 5.57%, the root-mean-square error ranging from 0.00367 to 0.219, 
and the correlation coefficient (R2) ranging from 99.505% to 99.947%. Thus, this 
study verifies the effectiveness of using ANN in predicting the performance of 
thermal-hydraulic systems in engineering applications such as heat transfer 
modeling and fluid flow in tube bank heat exchangers.
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1. INTRODUCTION

The fluid flow and heat transfer in tube banks 
demonstrate the real-life applications of various 
industrially significant processes. Tube bundles are widely 
employed in cross-flow heat exchangers, and their design 
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is based on the empirical correlations of heat transfer and 
pressure drop. Cross-flow heat exchangers with tube banks 
are essential to numerous thermal and chemical 
engineering processes [1 4]. Flat tube designs have been 
recently introduced for modern heat exchanger 
applications such as automotive radiators. Unlike circular  
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Viscosity Effect on Stiffness of 
Non-conventional (Five Tilted 
Pads) Journal Bearing
A B S T R A C T

In this tribological study, we highlight the effect of lubricating oil viscosity in the Multi-pads 
hydrodynamic journal bearings generate important improvement in characteristics of stiffness 
and stability in the high speed turbomachines. Depending on viscosity of oil film (three 
values) variation for five tilted pads bearing, each pad is pivoted and is facilitated to be tilted 
with small angles, by using Matlab program, we calculate the oil film thickness for 
convergence layer. We applied Reynold's equation and solved it's numerically by using finite 
difference method with 5 nodes technique to find the pressure distributed on each node in the 
mesh of tilted pad, then calculate stiffness coefficients. Results show that there is clear effect 
on stiffens with viscosity change. The increase in value of Krr (for n = 0.3) between viscosity 
(0.04 Pas. s) and viscosity (0.058 Pas. s) is14.33 MN/m, while the increase in Krr value 
between viscosity (0.058 Pas. s) and viscosity (0.087 Pas. s) is 11.37 MN/m. the increase in 
value the of Kss (for n = 0.3) between viscosity (0.04 Pas. s) and viscosity (0.058 Pas. s) 
is5.921 MN/m, while increase in Kss value between viscosity (0.058 Pas. s) and viscosity 
(0.087 Pas. s) is9.55 MN/m respectively. the increase in value of Ksr (for n = 0.3) between 
viscosity (0.04 Pas. s) and viscosity (0.058 Pas. s) is 8.95 MN/m, while the increase in Ksr
value between viscosity (0.058 Pas. s) and viscosity (0.087 Pas. s) is 14.41 MN/m 
respectively. the increase in value of Krs (for n = 0.3) between viscosity (0.04 Pas. s) and 
viscosity (0.058 Pas. s) are 5.08 MN/m, while the increase in Krs value between viscosity 
(0.058 Pas. s) and viscosity (0.087 Pas. s) is8.19 MN/m respectively. The values of the 
dominate principal coefficients Krr is greater than that of Ksr, also The values of the principal 
coefficients Kss is greater than that of cross coupling Krs for all values of viscosity that 
studied. From this result, we can conclude the side effect of cross coupling coefficients (Ksr
,Krs) can be overcome by great values for principal coefficient (Krr, Kss) respectively, so we 
can get good improvement instability for this bearing by variation the viscosity. After that, 
we regarded to use high viscosity lubricant in multi-pad journal bearing to improve the 
performance and stability by controlling the stiffness coefficients.
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