


i 

Proceedings of 

International Conference
on 

Renewable and Sustainable Energy
(ICRSE 2017)

April 12th & 13th, 2017 

 

 
 

Organized by 

Department of Mechanical Engineering 

Hindusthan College of Engineering & 
Technology 

Coimbatore, India.  

www.hindusthan.net 
 



ii 

© 2017, ICRSE-Hindusthan College of Engineering & Technology

No part of this book can be reproduced in any form or by any means without 
prior written permission from the publisher.



iii

Preface  

The continuous depletion of fossil fuel resources and its adverse environmental impacts on 

global climate puts forward great challenges for the research and development in the field of 

Energy Engineering and Technology. The concept of energy efficiency and its necessity needs 

to be explored. To full-fill the current social requirements and to meet the future energy 

demand, the Department of Mechanical Engineering, Hindusthan College of Engineering and 

Technology, Coimbatore has organized an International Conference on Renewable and 

Sustainable Energy 2017 to focus the recent research developments in the field of Renewable 

Energy Technology and to provide a plat form to disseminate the new developments and ideas 

to enhance the energy efficiency. We also invite renewable energy product manufacturers for 

exploiting their innovative products in conference exhibition.  The outcome of this conference 

aims to bring the researchers, engineers, industrial experts, scientists and research scholars in 

the sphere of technical interests. This proceeding contain two abstracts of keynote address, 

forty technical papers published by the research scholars in the field of solar energy 

applications, thermal energy storage, bio-diesel energy, wind energy and the issues related to 

energy and the environment. We also thank the reviewers for their valuable review support for 

selecting the papers for the conference. Further, the selected papers of this conference will be 

published in Thermal Science: Scientific Journal. 

We would like to be grateful to the Management of Hindusthan College of Engineering and 

Technology, Coimbatore for providing an opportunity to organize this event. We also express 

our gratitude to our Principal, Heads of Departments and faculty members for their kind 

support during every stages of the conference. Besides, we would like to thank all the authors 

for their value contributions to ICRSE2017. Further, the work contributions provided by all the 

supporting staffs are recognized. We also thank all the financial sponsors, for their financial 

support to make the conference a grant success. Moreover, the technical experts for their 

keynote address are highly acknowledged. The supports provided by student voluntaries are 

highly appreciated.  
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NUMERICAL SIMULATION OF A HEAT PUMP ASSISTED 
REGENERATIVE SOLAR STILL WITH PCM HEAT STORAGE FOR COLD 

CLIMATES OF KAZAKHSTAN

Ye. Shakir1, B. Saparova1, M. Mohanraj2, Ye. Belyayev1, S. Jayaraj3, A. Kaltayev1

1Department of Mechanics, Al-Farabi Kazakh National University, Almaty, Kazakhstan
2Department of Mechanical Engineering, Hindusthan College of Engineering and Technology, 

Coimbatore, India 
3Department of Mechanical Engineering, National Institute of Technology, Calicut, India

Email: mohanrajrac@yahoo.co.in; yerzhan.belyayev@gmail.com

A numerical model has been proposed in this work for predicting the energy performances of the heat 
pump assisted regenerative solar still with PCM heat storage under Kazakhstan climates. The 
numerical model is based on energy and mass balance. A new regenerative heat pump configuration 
with PCM heat storage is proposed to improve the performance. A comparison of results has been 
made between the conventional solar still and heat pump assisted regenerative solar still with PCM. 
The numerical simulation was performed for wide range of ambient temperatures between -30 C and 
30 C with wide range of solar intensities between 100 W/m2 and 900 W/m2. The numerical simulation 
results showed that heat pump assisted regenerative solar still is more energy efficiency and produce 
better yield when compared to the conventional simple solar still. The influences of solar intensity, 
ambient temperature, different PCM materials, heat pump operating temperatures are discussed. The 
predicted values were found to be in good agreement with experimental results reported in literature.  

Key words: Solar stills; PCM heat storage; Heat pumps; Cold climates; Kazakhstan   
 

INTRODUCTION 

Water is the main element, essential for all forms of life, for the existence of natural 
ecosystems, social and economic development of any country. Fresh water on Earth is just 3%. In 
addition, water resources are distributed according to the land surface is extremely uneven. By 2025, 
according to UN forecasts, the acute shortage of water will experience more than 2.8 billion people.
Increasing water scarcity is caused by the growing world population and the development of the global 
economy and climate change. 

To date, as a result of combination of anthropogenic and natural factors the desertification 
processes in varying degrees subject to more than 70% of the territory of Kazakhstan. In particular, the 
Aral Sea dried up almost 90%. Kazakhstan is experiencing an acute shortage of water resources for the 
needs of industry and agriculture and for drinking water. However, in Kazakhstan there are huge 
reserves of groundwater, including brackish water. Also there is the Caspian Sea and Balkhash Lake.
The production of clean water using various desalination technologies is a very important task for the 
socioeconomic development of Kazakhstan. 

In the previous work [1], numerical simulation of heat pump assisted regenerative solar still 
for cold climates of Kazakhstan without heat storage was carried out. For cold climate conditions 
using the heat pump for pre-heating of water is justified. In [1] it is also shown that the integration of a 
heat pump with a solar still increases the productivity of clean water by 2-3 times. In [2] experimental 
investigation of solar still equipped with an external latent heat storage system and evacuated tube
collectors was presented. The maximum yield and daily efficiency of 6.555 kg/m2 day and 50% were 
obtained for a solar still with an external condenser filled with PCM. Experiments were conducted for 
the climatic conditions of Tehran, Iran. In [3] experiments were conducted with sand and servotherm 
medium oil as sensible passive storage in a single slope single basin solar still. The experiments were 
conducted in South India. For sand and servotherm medium oil shows higher productivity compared to 
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conventional still. In [4] exergy analysis of solar desalination still combined with heat storage system 
using PCM was presented for meteorological conditions of Morocco. It was shown that the 
instantaneous exergy efficiency of the solar still is less than 5% during the daytime but there are some 
cases where it exceeds 80% at night-time. In [5] a double passes solar air collector–coupled modified 
solar still, with PCM, have been experimentally investigated. The experimental results show that, the 
freshwater productivity approximately reached 9.36 (L/m2 day) for the double passes solar air 
collector-coupled modified solar still, with PCM, while its value is recorded 4.5 (L/m2 day) for the 
conventional still. The results were presented for the Egyptian climatic conditions. It can also be noted 
earlier researches [6-14] on the integration of a solar distiller with heat storage material to increase 
productivity. 

All the above theoretical and experimental work was presented for warm climatic conditions 
where additional heating elements such as a heat pump, were not used. A brief review of the 
combination of a desalination system with a heat pump was presented in [1]. In present research 
numerical simulation of a heat pump assisted regenerative solar still with PCM heat storage for cold
climates of Kazakhstan is conducted. A numerical algorithm to study performance of heat pump 
assisted regenerative solar still with PCM heat storage system has been developed.       

SYSTEM DESCRIPTION
 
The schematic diagram of the heat pump assisted regenerative solar still, which will be used to 

conduct experiments is depicted in Figure 1. The heat pump assisted regenerative solar still consists of 
a hermetically sealed reciprocating compressor, a shell and coil type condenser with thermal storage, a 
liquid receiver, a sealed-type refrigerant drier, a thermostatic expansion device, plate type evaporator 
with heat storage provision, basin area 2 m2 that accommodates brackish water. The condenser will 
contribute to heat basin water (evaporation), especially during low solar radiation using heat pump 
refrigerant (R134a). The water in the basin is heated by the incident solar radiation transmitted through 
the glazing surface. The water will condense under this glass cover and the evaporator. The condensate 
will be collected by two beakers.

   

 
Fig. 1. Schematic view of the heat pump assisted regenerative solar still with PCM  
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MATHEMATICAL MODEL

To simulate the performance of heat pump assisted regenerative solar still the following 
mathematical model according to [1, 15] was formulated. Basic assumptions of mathematical model: 

1) all the process are steady state;
2) pressure drop, potential, kinetic and chemical effects are assumed to be negligible in heat 

pump circuit; 
3) compression of the refrigerant vapor is assumed to follow a polytrophic process;
4) expansion of refrigerant liquid is considered to be isenthalpic; 
5) the water temperature gradient is negligible;
6) vapor losses through the side, as well as other losses are negligible;
7) the heat conduction within the still is negligible.  
According to [15] energy balance equations for different part of heat pump assisted 

regenerative solar still are as follow:
Energy balance for glass cover:
 

agcagrgwcgwrgwevHgg
g

gg qqqqqG
dt
dT

Cm ,,,,,1      (1)

Energy balance for the evaporator
 

fevewevewc
e

ee qqq
dt
dTCm ,,,

                         (2)

Energy balance for the water 
 

w
wbc

w

g
gwcgwrgwevHwgg

w
ww A

Wq
A
A

qqqG
dt

dTCm ,,,,11   (3)  

 
Energy balance for the absorber 
 

pcmbcwbcHbwgg
b

bb qqG
dt
dTCm ,,111 (4)

Energy balance for the PCM 

losspcmbc
pcm

eq qq
dt

dT
M , (5)

where eqM is the equivalent heat capacity of PCM [16], and it is indicated in different phases of the 
PCM during the process of state change from solid to liquid as follows:

mpcmpcmlpcmeq

mpcmmpcmpcmeq

mpcmpcmspcmeq

TTforCmM
TTTforLmM

TTforCmM

,

,

The rate of condensation is estimated:
 

ww

ewevegwevw

w

wev

HA
qAqA

H
q

dt
dm ,,,                             (6)
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In the right hand side of expressions (1)-(6) unknown terms mainly describe convective and 
radiative heat transfer between different parts of the heat pump assisted solar still according to [15-16].

METHOD OF SOLUTION
 
Numerical algorithm for solution of (1)-(6) based on the fourth order Runge-Kutta method [1]. 

Computer program for implementation of numerical algorithm developed by means of C++ 
programming software. As the initial conditions for temperature at the different part of the heat pump 
assisted solar still ambient temperature were assumed. At the first time step this temperature value was 
used to calculate convective and radiative heat transfer coefficients. Based on this values and physical 
properties temperatures at the different positions of the system were calculated. In Table 1 the basic 
system parameters are performed. 

                             Table1. Basic parameters of the heat pump assisted solar still
Parameter Symbol Value Unit 

Mass of the glass cover
gm 10.12 2mkg  

Specific heat of glass 
gC 800 11 CkgJ  

Absorptivity of glass 
g

0.0475 - 

Reflectivity of glass
g  0.0735 - 

Mass of water 
wm  20.60 2mkg  

Specific heat of water
wC 4178 11 CkgJ  

Absorptivity of water
w

0.05 - 

Mass of plate absorber 
bm  15.60 2mkg  

Specific heat of plate absorber 
bC  480 11 CkgJ  

Absorptivity of plate absorber
b  0.95 - 

Thermal conductivity of plate absorber 
bk 16.30 11 KmW  

Thermal conductivity of insulation 
ik 0.039 11 KmW  

Mass of evaporator
em  7.35 2mkg  

Specific heat of evaporator
eC  385 11 CkgJ

RESULTS AND DISCUSSION
A numerical modeling for predicting energy performances of the heat pump assisted 

regenerative solar still with PCM heat storage in Fort-Shevchenko town of Kazakhstan on the eastern 
shore of Caspian Sea has been conducted. Kazakhstan is one of the leading countries in the Central 
Asian region with the average annual solar radiation potential. Annual duration of sunshine is 2200-
3000 hours, and the estimated capacity of 1300-1700 kW per 1 m2 per year, which exceeds that of 
Northern and Central Europe. Fig.3 shows the average daily direct and diffuse solar radiation on a 
horizontal surface with actual conditions of cloudiness for Fort-Shevchenko town, W/m2. 
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Fig. 2. The total solar radiation in Almaty city 

Numerical values of temperature variation with and without PCM in Fort-Shevchenko town 
for July month is illustrated in Figure 3.  

 

a) 
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a) – with PCM, b)  - without PCM
 

Fig.3. The temperature variation of the different solar still parts 

According to the Fig.3 at the beginning of the day the curves gradually increase, reaching
maximum at 12 h and 14 h, then gradually decreased. Due to the high absorption coefficient of the 
absorption plate with black paint its temperature reaches a maximum value of 86.6 and 99.7 C in July
with and without PCM, accordingly. The temperature of the glass is 74.2 and 83 C with and without 
PCM. Almost 2 C difference between absorber and glass temperatures is due to convective heat 
exchange with ambient air and water vapor condensation at the evaporator. Water temperature is 92 C
without PCM. In PCM including case water temperature is 

Fig.4 shows the productivity of heat pump assisted regenerative solar still with and without 
PCM. More than 75% of condensed water is produced by evaporator comparing to glass cover. A 
large amount of water vapor is condensate very quickly due to the low temperature of the refrigerant.
Total, glass and evaporator productivity without using PCM are above compared to using PCM. This 
is due to the fact that a certain amount of heat is expended for the melting of PCM.

Fig.5 shows temperature variation without heat pump. As a phase change material Paraffin 62 
was taken. Melting temperature of Paraffin 62 is ranging between 52- C. During calculations the 
melting point of PCM was assumed to be equal to 57 C. The water temperature without PCM is higher 

The maximum temperature of paraffin reaches 53 C. 
This temperature is not sufficient for melting PCM.

Fig.6 shows water temperature variation with and without heat pump. During calculations, 
PCM was not taken into account. It follows from the Fig.6 that the water temperature without a heat 
pump is much lower than with its inclusion. Also after 6 pm the water temperature drops to the level 
of the environment, whereas with the heat pump the distiller operates continuously and at night with a 
m C.      

b)
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Fig.4 – Productivity of the distiller for a typical summer day (July)

Fig.5 – The temperature variation without heat pump 
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Fig.6 – The water temperature variation

CONCLUSION

Numerical simulation of a heat pump assisted regenerative solar still with PCM under 
meteorological conditions of Kazakhstan has been conducted. Numerical results show that integrating 
the heat pump gives a much greater solar still productivity compared to PCM. Mathematical model 
and numerical algorithm accurately characterizes the thermal performance of the solar distiller. In the 
future work it is planned to build an experimental setup.  
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