
Comparison

Conclusions.

Introduction

Acknowledgement

This work was made possible by NPRP-S grant # [11S-1231-170155] from the Qatar

National Research Fund (a member of Qatar Foundation). The findings herein reflect

the work, and are solely the responsibility, of the authors.

References
[1] M. Shublaq and A. K. Sleiti, “Experimental analysis of water evaporation losses in cooling towers using filters,” Appl. Therm. Eng., vol. 175,
no. April, p. 115418, 2020, doi: 10.1016/j.applthermaleng.2020.115418.
[2] A. K. Sleiti, W. A. Al-Ammaria, and M. Al-Khawaja, “A novel solar integrated distillation and cooling system - Design and analysis,” Sol. Energy,
vol. 206, pp. 68–83, 2020, doi: 10.1016/j.solener.2020.05.107.
[3] A. K. Sleiti, W. A. Al-Ammari, and M. Al-Khawaja, “Review of innovative approaches of thermo-mechanical refrigeration systems using low
grade heat,” Int. J. Energy Res., vol. 2020, pp. 1–31, 2020, doi: 10.1002/er.5556.
[4] J. Madiouli, A. Lashin, I. Shigidi, I. A. Badruddin, and A. Kessentini, “Experimental study and evaluation of single slope solar still combined
with flat plate collector, parabolic trough and packed bed,” Sol. Energy, vol. 196, no. August 2019, pp. 358–366, 2020, doi:
10.1016/j.solener.2019.12.027.
[5] A. K. Sleiti, M. Al-Khawaja, and W. A. Al-Ammaria, “A combined thermo-mechanical refrigeration system with isobaric expander-compressor
unit powered by low grade heat – Design and analysis,” Int. J. Refrig., 2020, doi: 10.1016/j.ijrefrig.2020.08.017.
[6] A. K. Sleiti, “Tidal power technology review with potential applications in Gulf Stream,” Renewable and Sustainable Energy Reviews. 2017,
doi: 10.1016/j.rser.2016.11.150.

Novel solar driven cooling system integrated with solar 

still system

Ahmad K. Sleiti1*, Wahib A. Al-Ammari1, Mohammed Al-Khawaja1.
1Department of Mechanical and Industrial Engineering, College of Engineering, Qatar University, Doha, Qatar

*asleiti@qu.edu.qaFaculty and PostDoc, Science and Engineering

Figure 1. Challenges, demands, and solution provided by the proposed system.
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Figure 5. Schematic diagram of the proposed system [2]

Figure 3. Schematic diagram of the ejector [2].

Referring to Figure 3 and Figure 4,  
 The coefficient of performance of the solar ejector system is 

given as:

𝑪𝑶𝑷 =
𝑸𝒆

(𝑸𝑬𝑻𝑪−𝑸𝒉,𝒔𝒔)+ ሶ𝑾𝒑𝒖𝒎𝒑
(1)

 The efficiency of the solar still system is given as:

𝜼𝒔𝒔 =
𝑸𝒆𝒗

𝑮×𝑨𝒔𝒘+𝑸𝒉,𝒔𝒔
(2)

 The distilled water per day is obtained by:

𝒎𝒅𝒊𝒔𝒕𝒊𝒍𝒍𝒆𝒅 = σ𝒊
𝒋
(
𝑸𝒆𝒗,𝒔𝒘−𝒈𝒍,𝒊

𝒉𝒇𝒈,𝒗,𝒊
) × 𝟑𝟔𝟎𝟎 (3)

 The efficiency of the solar collector field is expressed as:

𝜂𝑠𝑐 = 𝐹𝑅 𝜏𝛼 − 𝐹𝑅𝑈𝐿(
𝑇𝑐𝑜𝑙𝑙,𝑖𝑛−𝑇𝑎

𝐺
) (4)

 The payback period of the solar still system is calculated by:

PBP = ( CN)/( CL,CSS* md) (5)Figure 2. The working principle of the proposed system [2].

Figure 4. Schematic diagram of the solar still [2].

Figure 6. Effect of the generator 
temperature [2].

Figure 7. Effect of the generator  
pressure [2].

Figure 8. Effect of the evaporator 
temperature [2].

Figure 9. Effects of the solar radiation with its steady and transient variations [2].

Figure 10. Comparison of distilled 
water cost [2, 4].

Figure 11. Effect of working fluid on 
the cooling capacity of the system [2].

Figure 12. Effect of the working fluid 
on the distilled water [2].

Novel integrated solar cooling and solar distillation system is introduced to meet the high
cooling and fresh water demands in hot and arid regions such as Qatar. The system is composed
of a solar-driven ejector cooling system coupled with a single-slope solar still. The introduced
novel system is the first study that integrates two solar systems for cooling and water
production with outputs significantly higher than any existing system. The results show that the
productivity of the solar still is improved by enhancing the evaporation rate (using heating coil)
and by increasing the condensation rate (using cooling coil). Simultaneously, this improved the
COP of the ejector system by increasing its entrainment ratio with a slight increase in the
required solar collector area. The performance of four different scenarios of integration
between the proposed cooling and distillation systems is investigated. The results showed that
the productivity of the still is five times higher than that of the conventional solar still. The
annual produced water considering the hourly variation of the radiant flux was 5067 kg/year,
which is 5.7 times more than the conventional systems. The estimated cost of one-liter distilled
water per 1 m2 area of the present solar still is $0.04, which is only 18% of the water cost of
other still technologies.

 In hot climate regions, cooling demand has the highest part of the consumed

energy and the most contributor to the peak load of the grid [1, 3,5].

 Besides, these regions usually suffer from the shortage of freshwater resources [6].

 Furthermore, these regions receive relatively high intensity of solar radiation

energy that could be utilized to operate a hybrid cooling and water production

system with superior performance potential, which is the main goal of the present

study [5].

 The novelty of the proposed system includes that (1) this coupling of the solar

ejector and still systems has not been introduced before in open literature; (2) in

opposite to studies in open literature, the two integrated systems are both solar

and (3) the outputs (cooling effect and water productivity) of the proposed system

are significantly higher than any existing system.

 Figure 2 shows the working principle of the proposed system.

 The generator of the ejector system is heated by hot water.
 The hot water is being heated by solar energy utilizing

evacuated tube solar collector (ETSC).
 The ETSC can provide hot water with temperature higher

than 373 K.
 On the left-hand side of Figure 5, the solar still system

composed of saline water basin with heating coil (passed
across it), condensing chamber with cooling coil, solar still
room and glass cover to permit the solar radiation of the
sun to the basin.

 The incident solar radiation is absorbed by the basin of the
still with small part being reflected by the glass cover.

 With the increase of the basin temperature, the saline
water starts to vaporize generating freshwater vapor
(FWV).

 The FWV is transferred to the condensing chamber and to
the inner surface of the glass cover to be condensed

 Simulations were performed for four different integration scenarios; S1: the two systems operate separately, S2: the
ejector primary flow passes through the heating coil only, S3: the ejector secondary flow passes through the cooling
coil only and S4: ejector primary and secondary flows pass through heating and cooling coils, respectively.

 The increase of the generator temperature, reduces the COP of the ejector system and slightly reduces the productivity
of the still (See Figure 6).

 The increase of the generator pressure, reduces the COP of the ejector and increases the productivity of the still (See
Figure 7).

 The increase of the evaporator temperature, increases the COP of the ejector system (See Figure 8).
 For the studied working fluids (R134a, R290, R152a, R142b, R124), R290 yields the highest COP while R152a yields the

highest still productivity. However, for its overall performance, safety and environmental issues, R134a is
recommended (See Figure 11 and Figure 12).

 Effects of solar radiation variation in steady and transient modes are presented in Figure 9.
 The annual produced water considering the hourly variation of the radiant flux during any given day in the year,

reached 5067 kg/year in S4 that is 5.7 times more than that in S1.
 The cost of one liter distilled water per 1 m2 area of the present solar still in S4 is $0.04, which is only a small fraction

(18%) of the cost of water produced by another technology that uses solar still coupled with packed bed and a
parabolic trough collector (See Figure 10).

 A novel hybrid solar distillation and cooling system that produces both fresh water and cooling effect is
proposed and investigated.

 The effects of the major operating conditions including the generator temperature, generator pressure,
evaporator temperature, solar radiation, and working fluid on the performance of the system are investigated
and plotted.

 In scenario 4, the water productivity of the still increased by more than five times compared to the
conventional still (scenario 1)

 The solar still efficiency in scenario 3 is higher than that of scenario 2. However, the still productivity in
scenario 2 is higher than that of S3.

 The cost of one liter distilled water per 1 m2 area of the present solar still in S4 is $0.04, which is only 18% of
the cost of water produced by proposed solar still systems.

 Experimental validation and further thermoeconomic investigations are required for future works.
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