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Dynamic Modeling and Experimental
Study of Forced Convection Evacuated
Tube Solar Collector Used for Grape
Dryer

Amol Ubale, Dilip Panghavhane, and Parmeshwar Ritapure

Abstract The two dimensional performance model, analyzing evacuated tube solar
collector system, used for grape drying is developed. A Solar collector is designed
and fabricated to dry 10 kg of Thompson seedless grapes efficiently, under the forced
convection heat transfer. But this article is restricted to discussion on solar collector
and its thermal performance only. The collector setup consists of ten evacuated
tubes of outer diameter 58 mm and length 1800 mm arranged parallel. This solar
system’s performance is tested experimentally and an analytical thermal model is
developed by solving coupled linear differential equations using Rung-Kutta’s fourth
order method. The experimental data of the solar collector is compared with the
analytical data of thermal model. It is observed that the developed model predicts the
behavior of the actual system accurately with average percentage error in the range
of 2.45−4.6%with coefficient of determination R2 = 0.957−0.98. The experimental
thermal efficiency of the system is observed as high as 31.2% which is higher than
the thermal efficiency of the flat plate collector solar system (15%). Theoretically
calculated and experimentally measured results of air outlet temperature from solar
collector shown a good agreement.

Keywords Evacuated tube solar collector · Forced convection · Runge–kutta
method

Nomenclature

C f Sp. Heat of working fluid (J/kgK)
Hr− f

con Heat transfer coeff. betn absorber and working fluid (W/m2k)
Tr Absorber surface temperature (k)

A. Ubale (B) · P. Ritapure
Zeal Education Society’s College of Engineering and Research, Pune, India
e-mail: amol.ubale@zealeducation.com

D. Panghavhane
Government College of Engineering, Awsari, Pune, India

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021
P. M. Pawar et al. (eds.), Techno-Societal 2020,
https://doi.org/10.1007/978-3-030-69925-3_56

569



Prashant M. Pawar · 
R. Balasubramaniam · 
Babruvahan P. Ronge · 
Santosh B. Salunkhe · Anup S. Vibhute · 
Bhuwaneshwari Melinamath   Editors

Techno-Societal 
2020
Proceedings of the 3rd International 
Conference on Advanced Technologies 
for Societal Applications—Volume 2



x Contents

Experimental Study of Behavior of Under-Reamed Stone
Column in Black Cotton Soil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 547
Prathmesh Solapure, Manasi Shinde, Shubhali Shete,
Saurav Bachhav, and Shailendra Banne

FE Analysis of the Glass/Jute/Polyester Bone Plate Versus
Traditional Metal Plate for Ulna Bone Fracture . . . . . . . . . . . . . . . . . . . . . 559
Rajkumar Deshmukh, Sudarshan Sanap, and Dineshsingh Thakur

Dynamic Modeling and Experimental Study of Forced
Convection Evacuated Tube Solar Collector Used for Grape
Dryer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 569
Amol Ubale, Dilip Panghavhane, and Parmeshwar Ritapure

Effect Analysis of Process Parameters on Lubricated Sliding
Wear of Al–25Zn–2Cu-2.5Si Alloy for Plain Bearing Application . . . . . . 581
Parmeshwar P. Ritapure, Y. R. Kharde, Amol Ubale, and B. D. Aldar

Development of Air Controlled Cotton Cleaning Machine
in Blow Room Part II Calculating Trash Content by Shirley
Analyzer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 593
P. S. Hibare and B. B. Deshmukh

ANovel Scheme of Interleaved Flyback Inverter for Photovoltaic
Application . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 603
Dhanraj D. Daphale and Mahesh S. Yadrami

Experimental Analysis of Piezo-Beam in the Context
of Vibratory Energy Harvesting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 611
Rohan Nikam, Kanchan Bhosale, Sachin S. Pawar,
Santosh B. Salunkhe, and Vaibhav S. Pawar

Manufacturing and Facbrication Processes for Societal
Applications

Ergonomic Analysis Tools for Power-Loom Industry . . . . . . . . . . . . . . . . . 623
Somnath Kolgiri, Rahul Hiremath, and Vaishali Kolgiri

Role of Fillers in Controlling the Properties of Polymer
Composites: A Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 637
K. B. Bommegowda, N. M. Renukappa, and J. Sundara Rajan

Frequency Spectrum Analysis of Various Defects in Rolling
Element Bearings Used in Heavy Load and High Speed
Machinery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 649
Prashant H. Jain and Santosh P. Bhosle

Characterization of Hydroxyapatite-Titanium (HA-Ti) Samples
Synthesized from Different Material Composition . . . . . . . . . . . . . . . . . . . 665
Pranita Sawant, Vijaykumar Jatti, Swati Dhamale, and Meghna Gawade



Effect Analysis of Process Parameters
on Lubricated Sliding Wear
of Al–25Zn–2Cu-2.5Si Alloy for Plain
Bearing Application

Parmeshwar P. Ritapure, Y. R. Kharde, Amol Ubale, and B. D. Aldar

Abstract The present study is an attempt to model lubricated sliding wear of
Aluminum Zinc alloy and wear parameters. The effect of wear parameters like
applied load, sliding speed and sliding time (distance) on the lubricated sliding wear
of the alloy have been investigated using pin-on-disc tribometer with EN24 shaft
steel disc as per Taguchi L9 orthogonal array. The analysis of variance and devel-
oped regression equations were used to investigate the influence of parameters on the
wear of alloy. The pin temperature is identified as the most influencing factor for the
wear and friction characteristics of the composites. The developed linear and Non-
linear regression models were found capable for predicting the lubricated sliding
wear behavior of the alloy. Finally, confirmation tests were conducted to verify the
experimental results foreseen from the mentioned correlations.

Keywords Aluminium Zinc alloy · Analysis of variance · Confirmation test ·
Orthogonal array · Sliding wear ·Wear parameters

1 Introduction

Implementation of Tribology provides economic and environmental benefits by
reducing energy loss due to friction and wear, loss due to breakdowns, depreciation
of machinery and overall global carbon emissions. The wear and friction at tribo-
contact can be reduced successfully by the use of novel materials, low viscosity
lubricants, material treatment, surface modification and material coating [1].

Tribological performance of Zn-Al alloy have been tested and applied in a variety
of engineering applications. These alloys were found to be superior to the traditional
bearing materials including bronze [2], cast iron [3], steel, plastics etc. as far as their
high resistance to wear, high strength, low density, low cost and low coefficient of
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5 Reliability Analysis 
Using Condition 
Monitoring Approach in 
Thermal Power Plants

Hanumant Jagtap, Anand Bewoor, 
Ravinder Kumar, Mohammad H. Ahmadi,  
and Dipen Kumar Rajak

5.1  INTRODUCTION AND BACKGROUND

With the rapid growth of modern technology, maintenance of machineries plays a 
critical role in many industries. The objectives of a maintenance-related decision-
making process are selection and implementation of condition monitoring tech-
niques (CMT) for industrial applications, which can be categorized and reviewed 
on the basis of maintenance scheduling, reliability improvement, and availability 
improvement. One of the major sources of electricity generation in India is the 
thermal power plant (TPP). Continuous electricity generation from TPPs depends 
on the increased availability of its major systems, subsystems, and the equipment 
used. High availability of TPP equipment is associated with its reliability and 
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Investigation of Thermal Desalination
System Using Heat Recovery

Rajan K. Petkar , Chandrakant R. Sonawane , and Hitesh N. Panchal

Abstract The work presented in this paper is an attempt to investigate the per-
formance of thermal desalination system using heat exchanger. Helical coil heat
exchanger has been used as a condenser to condense vapors passing over the coil
where cooling water in the coil absorbs latent heat of condensation as well as sen-
sible heat of vapors. Experiments were conducted for different initial temperature
of water. Results have shown that application of a separate condenser for thermal
desalination system augments rate of distillate output. Condenser also performs the
function of heat recovery. In present work, heat recovery has augmented distillate
output by 50%. Use of warm water for desalination improved vapor generation and
its temperature. This has improved heat recovery of the system.

Keywords Condenser · Distillate output ·Warm water · Heat recovery

1 Introduction

Studies have revealed that freshwater available on earth for human consumption is
only about 1%. Developments in social life have boosted use of freshwater. Freshwa-
ter is also required for industrial applications. Desalination process isworldwide used
for conversion of saline water into potable water. Most of desalination techniques use
electricity. Solar still is a low-priced device for thermal desalination which can be
used without electricity. Researchers have investigated solar stills incorporated with
different energy storage materials to use solar stored energy during night time [1].
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Structural Analysis of Novel Mini
Horizontal Axis Wind Turbine
(NMHAWT)

Pramod Magade, S. P. Chavan, Sushilkumar Magade, and Vikram Gaikwad

Abstract The wind energy is most of the promising renewable energy source. In
wind turbine technology, the turbine blades play an important role as it directly
comes in contact with the wind. Many researchers have concentrated on improving
the aerodynamic performance of wind turbine blade through testing and theoretical
studies. In general, moderate to high-speed winds, typically from 5 m/s to about
25 m/s are considered favourable for most wind turbines in India. But in rural areas,
wind speed is near about 3–9 m/s. The present investigation aims is to compare the
performance of eight blade novel mini Horizontal Axis Wind Turbine (NMHAWT)
blades of novel airfoils over National Advisory Committee for Aeronautics (NACA)
eight blade profiles in terms of loads and performance. Therefore blade design of
well known series of NACA airfoil was selected fromQ blade andMat-Lab software.
Analytical calculations are help out for the selection of NACA 4418 is suitable for
the comparison. The objective of this paper is to decide the novel profile of the blade
for the development. The comparison is done through software for predicting the
performance of a novel mini horizontal axis wind turbine.

Keywords Wind speed · NACA airfoil · Blade structural analysis
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Design, Analysis and Motion Control of Hydraulic 
Excavator using Discrete Sliding Mode Control

with Inertial Delay
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Abstract—The hydraulic excavator is subject to
large disturbance forces during interaction with the 
environment. Hydraulic excavators have complex nonlinear 

operation. In this design, a robust adaptive control is 
applied to the hydraulic excavator for its arm, boom and 
bucket movement. A robust control consisting of discrete 
model independent control with Time Delay Control 
(TDC) plus Integral Sliding Mode Control (I-SMC) is 
designed and implemented. The designed controller 
formation includes TDC excluding dynamics of acceleration 
and Terminal Sliding Mode Control (T-SMC) with 

nonlinear dynamics of expected error and minimum 
execution efforts. In this design, signal measurement is 
considered to decrease noise impact by excluding dynamics 
of acceleration. The conventional controller technique failed 
to provide consistent performance over the whole 
operation region of the excavator. In order to evaluate 
designed integral sliding mode controller, a prototype 

simulation of excavator is used and the results are compared 
with those of a T-SMC and an SMC. The presented method 
achieved better transient performance and tracking 
accuracy in the company of environmental unreliability and 
non-linearities.

Keywords—Integral Sliding Mode Control,
Hydraulic Excavators, Time Delay Control, Non-
linearities, uncertainty, discrete model.

I. In t r o d u c t i o n

The model-based framework configuration approach 
takes into account an effective method of structuring and 
creating complex building frameworks in an implicit 
situation [1], [2]. A structured framework on the basis of 
model are ordinarily utilized: (1) demonstrating a
process; (2) combining a controller for the process; (3) 
re-enacting the controller and process together; and (4) 
incorporating a general framework. In this manner, 
framework demonstrating is a significant initial phase in 
model-based framework plan. Instances of the frameworks 
that can profit by model based structure incorporate 
off-thruway development and mining hardware just as car 
and aviation frameworks. By utilizing the model- based 
framework configuration approach, item advancement cost 
and time can be effectively decreased. Pressure driven 
excavators are generally from the prime utilized earth-moving 
hardware in development and mining industry and they 
will keep on assuming a significant job amid off-thruway 
vehicles in future [3], [5].Common tasks of water powered 
excavators incorporate reviewing, burrowing, and stacking, 
manipulating the boom coordinates, bucket, and arm. 
Because of the significant level of aptitude required for the 
planned activity of the controller framework, working an 
excavator proficiently isn’t a simple assignment. 
Consequently, considering the mechanization of pressure 
driven excavators is vital for
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