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Comparative thermal analysis of applications using novel solar air
heater with u-shaped longitudinal fins: suitable for coastal regions
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ARTICLE INFO ABSTRACT

Article history
Received: 16 December 2019 The aim of the present work is to analyse a novel solar air heater configured with U-shaped

Accepted: 19 March 2020 longitudinal fins. The application of the proposed air heater for freshwater production and ag-
riculture drying has also been analysed for the coastal area of India. The results are motivating
Key words: for use of the proposed air heater for household requirements and smallscale industrial pur-
Solar energy; Air heater; poses to improve the earning in coastal regions. The mathematical model for time-dependent
Fins; Desalination; behaviour of the proposed air heater has been prepared by considering the energy balance of
Solar drying air heater components and solved to get the outlet temperature of the air from air heater. The
results proved that the heater is suitable for the desalination and drying of many agricultural
products. The effect of operating parameters has also been analysed to find suitable values for
freshwater production. Optimum air mass flow rate of 160 kg/hr in air heater has been found
whereas higher water temperature in the storage tank and lower temperature of cooling water
in dehumidifier found suitable for higher yield of freshwater. In the drying process, significant
improvement has been observed compared to direct solar drying and conventional air heater
with 12 hours drying time for banana slices and 10 hours for garlic was found.

Cite this article as: Sachdev T, Gaba VK, Tiwari AK. Comparative thermal analysis of
applications using novel solar air heater with u-shaped longitudinal fins: suitable for
coastal regions. ] Ther Eng 2021;7(5):1174-1183.

INTRODUCTION

in many applications like space heating, desalination, and

Solar energy is nature’s gift to mankind that has been industrial or agricultural drying. These applications always
helped to face the energy and water crisis due to growth —motivate for improvement in the performance of air heaters.
in population and industrialisation. The solar air heater ~The present work deals with the analysis of novel flat plate
is a simple yet effective techniques to utilise solar energy air heaters with U-shaped longitudinal fins for effective
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Performance analysis of desalination system working on humidification-
dehumidification coupled with solar assisted air heater and wind tower:
Closed and open water cycle

Taranjeet Sachdev, Vivek Kumar Gaba, Anil Kr. Tiwari®

Department of Mechanical Engineering, National Institute of Technology Raipur, G.E. Road, Raipur 492010, C.G., India

ARTICLEINFO ABSTRACT

The world which is hot and arid strives for fresh water and thermal comfort, thus there are two basic re-
quirements. In this work, performance of wind tower in combination with solar air heater assisted humidifi-
cation-dehumidification desalination system working with closed and open air water cycle is analysed nu-
merically for cooling effect and fresh water production. The behaviour of system has been studied by different
air flow rate in tower, temperature drop due to energy stored in wall and clay conduits, temperature drop due to
evaporative cooling, humidity of moist air available for cooling, amount of potable water produced in dehu-
midifier and its variation with design and operating variables.

A mathematical model based on fluid flow, heat transfer, energy and mass balance in components of system
has been developed. Study reveals that comfort condition is achieved mainly by evaporative cooling in wind
tower. Optimized column height is found as 8-9 m suitable to design the wind tower with 65% decrease in air
velocity, 31% decrease in air temperatures and change in relative humidity up to 90%, however 42% reduction
in water requirement in humidifier is also achieved at 5 m height with a cooling effect of 3.5 kW. Air mass flow
rate of 0.032-0.035 kg/sec in solar air heater found suitable with maximum productivity of 5 and 4.2 kg/day for
closed and open water cycle respectively. Water mass flow rate of 0.035-0.038 kg/sec in dehumidifier has been

Keywaords:

Wind tower
Humidification
Dehumidification
Desalination
Solar air heater

found suitable for 200% increase in productivity.

1. Introduction

It is well established need of world that potable water and thermal
comfort are utmost desired entity of today particularly for hot and arid
regions. The aim of this paper is to analyze the performance of an in-
novative combined system to fulfill the need of potable water and
cooling requirements in the want of thermal comfort. The proposed
combined system uses the wind towers to provide ventilation and
passive cooling in the regions where climate allow the air to absorb
moisture, thus evaporative cooling can play its role effectively. Wind
towers are designed in such a way that they catch the air at higher
elevation this air is cooled by evaporative cooling by passing the same
through a wet mesh of porous clay and then directed to pass through
the required areas of building by the forced suction created as depicted
in Fig. 1. Use of renewable energy of wind in place of electricity and no
emission of greenhouse gases are the characteristics which makes the
wind tower an economical option to fight against the energy crisis and
pollution.

*Corresponding author.

This moist air that has well served the rooms for cooling is ade-
quately containing water vapor because of being processed through
evaporative cooling. This highly moist air is the best raw material to
give potable water by dehumidification of this air. Hence humidifying
the air for thermal comfort and dehumidifying for potable water is the
technique proposed in this paper. Thus above mentioned two important
needs of human beings can be attained by the system proposed. This
humidification-dehumidification desalination process is very attractive
because of the characteristics like (i) low operational temperature, (ii)
suitability with sustainable energy sources, (iii) less technical compli-
cations (iv) suitable with small scale production.

1.1. Advances in wind tower

Wind tower is a construction which is designed to provide ventila-
tion and passive cooling of buildings. Temperature of ambient air re-
duces significantly when it passes through the wind tower due to sen-
sible cooling provide by tower walls and evaporative cooling provided
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Solar desalination system integrated to use waste heat of air conditioners
for continuous output: suitable for coastal areas
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ABSTRACT

In this work, a solar desalination system working through cyclic humidification and dehumidification
and also utilizing waste hot air of air conditioner is analyzed numerically for the production of pota-
ble water during day and night both operations. The productivity of the proposed system is inves-
tigated for different operating and design variables and compared with a conventional system by
simulation of a mathematical model based on energy and mass conservation of considered compo-
nents in transient behavior using MATLAB. During simulations, climatic and geographic condition
of Mumbai (India) is used due to the availability of saline water, humid air and the high annual
operation of air conditioners. In proposed system air is heated by a double pass solar air heater
whereas the saline water is heated by the hot air coming out from the air-cooled condenser of air
conditioning unit particularly during day hour operation. The same arrangement is used to heat both
air and water during night hours. The use of hot air from the condenser of air conditioner proved
beneficial by increasing the yield by 21%-31% per day that depends under different operating and
design conditions. Air mass flow rate of 0.032-0.035 kg/s in air heater found suitable and resulted
in maximum productivity of 6 kg/d. The mass flow rate of cooling water at 0.038 kg/s has been
found suitable with a maximum productivity of 7 kg/d. Need for higher Initial water temperature
in a storage tank with a productivity of 8.2 kg/d at water temperature 46°C and low temperature
of cooling water in a dehumidifier with a maximum productivity of 10 kg/d found by the analysis.
Productivity variation in the range 4-10.2 kg/d has been found as the heater area varied from 0.5 to
2.5m?2 The proposed system found suitable to work in a region with higher wind speed and ensured
Dbetter utilization of thermal energy with gained output ratio close to 1.

Keywords: Desalination; Humiditication; Dehumidification; Solar energy; Heat transfer

1. Introduction

Water is a basic human requirement but continuous
rise in the world’s population and industrial growth has
resulted in a growing demand for fresh water supply. Water
is available in abundant quantities in nature in the form of
saline water but natural resources of freshwater are lim-
ited and declining in quality due to industrial, agricultural
and domestic wastes. Desalination seems to be a promising
solution to face water shortage problem but most of the

* Corresponding author.

commercially famous techniques are expensive due to high
energy consumption[1] and suitable for large scale produc-
tion (100-50,000 m*/d) [2]. Humidification-dehumidification
(HD) desalination technique is emerging as a success-
ful source of freshwater as it can be easily coupled with
renewable energy sources for the thermal requirement and
suitable for small scale water production. HD desalination
system coupled with solar energy can perform effectively
only during day hours when solar radiations are available.

1944-3994/1944-3986 © 2020 Desalination Publications. All rights reserved.
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Performance Analysis of Solar Desalination
System for Improved Productivity by using
Waste Heat of Household Chimney

Taranjeet Sachdev, Vivek Kumar Gaba, Anil Kr Tiwari

Abstract: This work deals with the analysis of the proposed
innovative humidification-dehumidification (HD) desalinafion
unit in which waste hot air of kitchen chimney has been used for
heafing brackish water. The proposed system is configured with
solar air heater alseo, thus both heated aiv and heated water has
been used fo improve the water yield of desalination unit
compared to conventional system. Mathematical modeling of
propose unit based on energy balance of flat plate air heater,
humidifier, dehumidifier and brackish water tank has been used
to evaluate the effect of operating condiftion. Potable water yield
Jfound fo increase (with highest productivity of 6.5 kg/day) when
mass flow rate of process air increases from 0.6 kg/min to 3
kg/min. Strong dependency of water mass flow rate has also been
Jound as productivity increases (with maximum value of 6.7
kg/day and 7.5 kg/day) by increasing the mass flow rate of
brackish water in humidifier and cold water in dehumidifier
respectively. The higher initial temperature of brackish water alse
Jound beneficial as it increases preductivity. Finally, the thermal
performance of desalination unit has been evaluated in terms of
Gain in Quiput Ratio and coemparison las been made with
conventional system. The ligher GOR of the proposed system
ensures the better utilization of thermal energy in potable wafer
production.

Keyword: air heater, desalination, dehumidification, heat
transfer, humidification, solar energy.

I. INTRODUCTION

Nature has blessed mankind with many blessings to survive
on earth. Solar energy and seawater are such two resources
which can help to face water crisis arise due to surge in
industrialization and growth in population. Many desalination
techniques are available to convert the huge resource of saline
water into potable water but most are facing the problem of
high energy requirement. Humidification dehumidification
(HD) desalination system has emerged as simple yet effective
technique for potable water production with characteristics to
easily couple with solar energy for thermal energy
requirements. The improved devices for utilization of solar
energy and mnovation in system design can play an important
role in productivity enhancement of HD desalination systems.
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This work presents the performance analysis of an immovative
solar HD unit that uses the waste hot air of household kitchen
chimney for heating water before supplying it to the
humidifier whereas process air has been heated by flat plate
solar air heater. Thus proposed system utilizes the fact that
increased air and water temperature increases the moisture
absorbing capacity of air which finally turns into higher yield
of potable water.

Many studies and innovations have been done to enhance
the productivity of systems working on HD principle.
Bourouni ef al. and Ettoney et al. [1] - [3] presented the state
of art of HD desalination system and evalvated the scope of
renewable energy in potable water production. Cemil et al. [4]
analyzed the performance of the solar humidification
dehumidification unit to find the key parameters and their
effect on water yield. Tiwari et al. [5] numerically evaluated
the performance of solar HD system to find the optimum rate
of air and water flow in the system. Mohamed et al.[6]
mvestigated solar HD sytem with the help of experimental
setup and productivity found to 25 % more in theoretical
analysis compared to experimental results.

Hamed et al. [7] performed an experiment to study the
solar HD unit equipped with water heater which found
beneficial with productivity of 22 L. Zubair et al. [8]
presented performance and cost analysis of solar-driven HD
unit at multi locations of Saudi Arabia with maximum
productivity of about 20000 L. Xin [9] investigated the
influence of mass flow rate ratio on energy consumption of
the HD unit and presented the graphical method to find the
optimum value of operating parameters method.

Zhani [10] performed an experimental analysis of new
solar  desalination  working on  humidification
dehumidification principle. The HD unit was designed and
fabricated to perform an experimental study under different
operating conditions. An economic study was also conducted.
to determine the cost of potable water and payback period.
Sachdev et al. [11] performed mathematical analysis to
1dentify the performance of solar HD system using waste heat
of air-conditioners in climatic conditions of coastal areas. The
effect of various operating and design parameters on
productivity has been studied.
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