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IMPROVING THE PRODUCTIVITY OF SOLAR STILL 

BY USING TILTED WICK  

Abdel-Salam, M. F.*  

ABSTRACT 

The objective of this study was to increase the performance and 

productivity of the solar still to use the distillate water for drinking and 

hydroponic . Fresh water shortages are rapidly becoming a critical 

problem in many areas of the world. Such a crisis seriously affects both 

the industrial and agricultural sectors and adversely affects human life. 

Therefore, the desalination water that uses solar energy is considered the 

best solution for solving this problem. Solar still was designed as a 

rectangular basin with dimensions of 100, 100, and 7.5 cm for length, 

width, and height respectively. This still was locally made up of 3 mm 

thick galvanized iron (GI) steels. Research experiment was statistically 

designed and practically applied at the Solar Energy Laboratory, Dept. of 

Agric. Eng., Fac. of Agric., Ain Shams University, Cairo (φ=30°N). The 

results explained that the maximum amount of distillate water rate was 

5210 mL/h at water salinity at 15000 ppm in April. While the minimum 

value of distillate water rate was 2468 mL/h at salinity 35000 ppm in 

January.  The average of distillate water in April was 5044 mL while, the 

average of distillate water in January was 2595. It is recommended that 

use a solar still with tilted wick because it is cheap, easy to maintain and 

gives high efficiency. 

Keywords: Solar desalination; Solar still; Tilted wick; Active solar stills. 

1-INTRODUCTION 

athematically, 97% of the water in the world is located in the 

ocean, approximately 2% of the water in the world is stored as 

ice in polar region, and 1% is potable water available for the 

need of the animals, plants and human life on earth Gupta et al. (2013). 

Based on the purpose of use, water resources were classified into specific 

grades. The first grade is established household purposes, safe drinking 

and a number of application industries.  
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This water category has a salinity of 5 to 1000 ppm. This kind  of water is 

in lakes  and rivers and can be achieved  industrial desalination processes 

.In large cities, various levels of water salinity are used, where water with 

salinity below 150 ppm is used for drinking while higher salinity water of 

up 1000ppm is used for various household applications. This proved to be 

more effective because the average per capita consumption of the low 

salinity drinking water (150 ppm) is limited to 2 liter /day. More over the 

per person consumption ratio for other household uses  is 200-400 liters / 

day, that is used for cleaning, cooking, washing, gardening, and other 

purposes, El-Dessouky and Ettouney (2002). 

Renewable energy is the alternative solution to the decreasing reserves of 

fossil fuels. Total worldwide renewable energy desalination installations 

amount to capacities less than 1% of that of traditional fossil fuel 

desalination plants. This is due to the high maintenance and capital costs 

required via renewable energy, making these desalination plants. 

Noncompetitive with traditional fuel desalination plants, E. Delyannis 

(2003). 

Abd-El-Salam (1998) mentioned that the use of black muslin absorbed 

the sea water and increased the sea water diffusion surface area. The 

result showed that the distilled water quantity in the summer and winter 

season were 1.33 and 2.89 liter respectively. 

Kabeel and El-Agouz (2011) It was found that the use of single-effect 

solar distillers increases the efficiency from 30 to 40%. Since the daily 

production of fresh water needed by humans between 2 liters to 8 liters 

per person and the requirements of drinking water is ideal for 5 liters per 

person per day and therefore need a solar distillation area Approximately 

2 square meters per person. 

Hansen and Murugavel (2017)  studied the engineering effect of solar 

absorption plate Fins with a hot water tank compared to the traditional 

solar system and achieved a high productivity of 74.5% than the use of 

traditional solar energy. 

Mamlook and Badran (2007) stated that the major factors affecting solar 

still production are wind speed, ambient temperature, solar intensity, 

coupled with collector, salt concentration and water depth. These factors 
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it is advisable for this factor to be given highest priority for enhancing the 

solar still productivity. 

Murugavel and Srithar (2011) mentioned that solar still is considered 

one of the most important solutions to overcome the problem of water in 

remote areas. This device is not popular because of its productivity is low. 

So we used of solar still with tilted wick a layer of water with wick 

material in the basin will increase the evaporation area and enhance the 

production. 

Jani and Modi (2018) reviewed the varies ways of increasing the rate of 

heat transfer in solar still (through using wick material, Nano fluid,  

Extended and micro fins); and suggested the provision of fins 

Along with auxiliary systems (external condenser, heat exchanger, mini 

Solar pond) in solar still as a promising configuration for boosting the 

Distilled water output. 

El-Naggar et al. (2016) evaluated the theoretical  and experimental 

performance of passive solar still and still with strip fins. They have 

deduced that convective heat transfer coefficient raised by 3.6 times 

compared to passive solar still.  

Sadhana et al. (2015) attempted to increases the heat transfer rate from 

still to water using fins appended on absorber plate and got the 18% 

higher distillate. 

Alaian et al. (2016 studied  the pin finned wick surface effect on the 

single slope solar still performance and obtained the efficiency of the  

system 55% with 23% higher yield. 

Velmurugan et al. (2009) used a stepped still and a settling tank to 

desalinate the textile effluent. A maximum raise in production of 98% is 

obtained in stepped solar still when sponge, fin, and pebbles are used in 

this still. A weir-type cascade solar still, integrated with latent heat 

thermal energy storage system, was designed with the view of increasing 

productivity. 

Kabeel (2009) it is noted that tilted wick solar still types have some 

advantages over the fixed type for their high performance in distillation 
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when conducting a pilot study. There was an increase in the production of 

distilled water by 20% to 50% compared to the normal type at 

experimental conditions. 

Yazan and Madhar (2012) design a pyramid shaped solar still with three 

different levels of brine depth of 4,8,10 cm. Two levels of water salinity 

of 15000 ppm and 35000 ppm with three different treatments of without 

material, black cubes of sponge and black stones. The results showed that 

around the noon hour, using the black sponge cubes at water depth of 4 

cm and water salinity of 15000 ppm gave the highest still instantaneous 

efficiency.  

The aims of this research are:  

1. Increasing the productivity of fresh water by using tilted wick in solar 

still.  

2. Study the effect of some factors on the solar desalination processes 

which include solar intensity, wind speed, air temperature, air 

humidity, heat losses and thermal efficiency  

3. Increasing the solar still efficiency.  

2-MATERIALS AND METHODS 

2.1.Solar design and fabricatio: Solar still system was geometrically 

designed amd locally manufacture. This system consistis of water tank, 

rectangular still basin, and storage bottle, Fig. (1). The still basin was 

made up of 2 mm thick galvanized iron (GI) steels with dimensions of 

100, 100, and 7.5 cm for  length , width, and height respectively. The 

basin still was covered with 4 mm thick glass sheet. This basin was 

installed on steel frame with 30° inclined angle , Fig. (2). 

2.2. Instrumentation and measurements:  

A data logger with 8 ports used to measure the temperature using a 

thermocouple (type K) sensor. It measures the temperature every 15 

minutes (water temperature, wick temperature, the temperature of the gap 

between the cover of the glass and the base of the still, internal glass, and 

external glass temperature), Fig. (3).  
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Fig. (2): Two photo of the designed solar still system 

 
Fig. (2): Shows that an elevation ,side view and plan  of th  solar still 

Part name  No. off 

Wick  1 

Galvanized iron  2 

Glass wool 3 

Inlet pipe  4 

Outlet pipe  5 

Tank of distillate water  6 

All dimention . mm  scale 1:1 

a- Front view photo 

Side view photo 
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   Fig. (3): Temperature data logger. 

Thermometer type -k: 

The ambient temperature was measured by thermocouples (type k) 

“Temperature Range: -50 ºC to + 750 ºC and Accuracy: -50 ºC to 199.9 

ºC (± 2 ºC) with 0.1 Resolution”. These thermocouples were connected to 

digital thermometer (DM6801A+). The temperature was read every 15 

minutes as shown Fig. (4). the solar radiation was measured by solar 

power meter (Accuracy: ± 10 W/m2. Range: 1999 W/m.  Resolution: 1 

W/m2) every 15 minutes, Fig. (5). 

  

Fig. (4): Thermometer type -k. Fig. (5):  Solar power meter. 

The experiment was executed inside the solar energy Lab. of the 

Agricultural Engineering Department, Faculty of Agriculture, Ain Shams 

University (Latitude 30° 06′ N, Longitude 31° 14′ E). The experimental 

work was performed on the basin during four months of the year (January, 
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February, March and April 2018) through different days. The following 

parameters were measured hourly for a period (from 8:00 am. to 6:00 

pm). All readings of temperatures, solar intensity were measured every 15 

minute. Also, water productivity was measured every 60 minutes with 

graduated with 15000 and 35000 ppm water salinity. Temperature 

variation, fresh water productivity and solar radiation per day for the 

modified solar still are presented and explained for different months. EC 

PH for three samples of water was carried out at central La, Faculty of 

Agriculture, Ain Shams University B.O.  

Table (1): EC and PH for 3 samples of solar still water. 

 Salt water Drink water Distillated  water 

for efficient design 

EC Over 20000 (ds/m) 0.50 (ds/m) 0.15 

(ds/m) 

PH 9.06 7.69 7.42 

 

The thermal efficiency of the still (ᶯ) was calculated using the equation 

given by (Tiwari  2002) as follows: 

 

ᶯ =
𝐷𝑎𝑖𝑙𝑦 𝑦𝑖𝑒𝑙𝑑∗𝐿

𝐴𝑠∗ℇIs(t)∗3600
 X100           (1) 

 

ᶯ= 
5210∗10−3∗2.35∗106

1∗6571.25∗3600
𝑋100 = 51.8%       (2) 

Where: ᶯ : is the thermal efficiency of the still, L is the latent heat of 

vaporization at the saturation temperature Tw , (equal 2.35*106 J/kg), As is 

area of solar still (m2), and Is (t) is total solar intensity on the glass covers 

of solar still (W/m2). 

3- RESULTS & DISSCUSION 

Fig. (6). Shows the effect of water salinity (15000 ppm and 35000 ppm) 

on the hourly distillate water. The results showed that the maximum value 

of distillate water rate was “493 mL and 437 mL” with salinity levels 
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“15000 ppm and 35000 ppm” respectively at 2:00 pm in January. Due to, 

the solar radiation in this period is very high ant the ambient temperature. 

 

 

Fig. (6): Effect of water salinity on the hourly distillate water in Jan. 

Fig. (7) Shows the effect of water salinity (15000 ppm and 35000 ppm) 

on the hourly distillate water. The results the maximum value of distillate 

water rate was 710 mL, 592 mL at salinity 15000 ppm, 35000 ppm 

respectively in February. 
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Fig. (7): Effect of water salinity on the hourly distillate water in Feb. 

Fig. (8) Shows that effect of water salinity (15000 ppm and 35000 ppm) 

on the hourly distillate water. The results showed that the maximum value 

of distillate water rate was 720 mL, 710 mL at 1:00 p.m. with salinity 

15000 ppm, 35000 ppm respectively in March. 
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Fig. (8): Effect of water salinity on the hourly distillate water in March. 

Fig. (9). Shows the effect of water salinity (15000 ppm and 35000 ppm) 

on the hourly distillate water. The results showed that the average 

distillate water attained its maximum value at 1:00 pm. The average 

distillate water remained its high at the afternoon hours this may be due to 

the accumulative and stored energy at this period compared to the rates 

before noon period. It is obvious that the highest value of distillate water 
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rate is 870 mL/h at water salinity of 15000 ppm in April. On the other 

hand, the increase of water salinity from 15000 ppm to 35000 ppm was 

followed with a decrease in distillate water rate to 853 mL/h. The increase 

in water mass by increasing water salinity resulting in high thermal heat 

capacity then a reduction in evaporating rate may occur. This agrees with 

the results (Yazan 2012). Where he mentioned that the maximum 

distillate yield water obtained at the noon hour was 630.40 mL at salinity 

water of 15000 ppm. 

 

 

Fig. (9):  Effect of water salinity on the hourly distillate water in April. 
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The temperature changes per hour and solar radiation are shown in Figs. 

10, 11, 12 and 13. The results were that the value of solar radiation 

increased in the morning hours till it reaches the maximum value around 

noon hour, is then radiation value starts to decrease rapidly in period from 

afternoon to the sunset hours is .The ambient temperature increase with 

increase solar radiation. This agrees with the results (Yazan 2012). Where 

He said that the solar radiation and ambient temperature decrease in the 

morning and increase until the afternoon and then decrease solar radiation 

at sunset. 

 

 

Fig. (10):  Hourly variations of ambient temperature and solar radiation. 
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Fig. (11):  Hourly variations of ambient temperature and solar radiation. 

Changes in the productivity of distilled water every hour at temperatures 

in the outside atmosphere, on the wick, in the inner glass, and on the glass 

from the outside is shown in Figure (14). The results showed that the 

maximum values of Ta, T glass out, T glass in and Twick  are 37.9 , 68.7, 74.7, 

and 83.5 C° resp. at the 1 pm. due to, the solar radiation is very high in 

this period. 
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Fig. (12): Hourly variations of ambient temperature and solar radiation. 

The average accumulated water productivity per months with salinity 
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Fig. (13): Hourly variations of ambient temperature and solar radiation. 

 

Fig.(14): Hourly variations of ambient , outer glass , wick   

and inner glass temperature. 
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Fig. (15): The accumulated water productivity for months  

with salinity 15000 ,35000 ppm. 

5-CONCLUSSION 

The results showed that: 

1- The maximum value of distillate water was obtained at salinity 15000 

in April. While, the minimum value of distillate water was obtained 

at salinity 35000 ppm in Jan.  The average of distillate water in 

January was 2595 mL. 

2- The highest value of distillate water rate was 5210 mL in April at 

water salinity of 15000 ppm. While the minimum value of distillate 

water rate was 2468 mL in Jan.at salinity 35000 ppm. The average of 

distillate water in April was 5044 mL. 

3- The thermal efficiency of the solar still was 51.8 %. 

RECOMMENDATION 

It is recommended that: 

1- Use the tilted wick in solar stills as it increases the efficiency and 

productivity of the still. 

2- The saline water be fed to the wick to increase the productivity of 

distillate water. 

3- Use a wick that has high absorptivity and diffusivity. 
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 الملخص العربى 

 تحسين انتاجية المقطر الشمسى باستخدام الفتيل المائل 

  *مصطفى فهيم محمد عبد السلام

يعتبر نقص المياه العذبة مشكلة كبيرة خاصة فى المناطق النائية مع توافر المياه المالحة والتى 

تتمثل فى البحار والمحيطات وايضا تزايد تعداد السكان مما ادى الى زيادة الطلب على المياه 

ها  مصدر العذبة لذلك يهدف البحث الى استخدام  الطاقة الشمسية لتحلية المياه المالحة بإعتبار

وايضا تهدف الدراسة الى تحسين وحدة الطاقة الشمسية لزيادة  متجدد ونظيف وصديث للبيئة 

الأداء لتحلية المياه المالحة عن طريق ايتخدام مادة الفتيل المائلة  فى الحوض والتى تؤدى الى 

 زيادة الانتاجية عن طريق تقليل السعة الحجمية للحوض .

يتكون من حوض بسيط. يتكون هذا الحوض  والذيلتنقية المياه مطور يستخدم المقطر الشمسى ال

متر  1متر مربع )طوله  1مم وبفتحة مربعة تبلغ مساحتها  3الحديد المجلفن بسمك قاعدة من من 

 ملم و الفتيل  يميل 4مم ، مع غطاء زجاجي بسمك  75متر( ، و ارتفاع الحوض  1وعرضه 

 الخزان على الفتيل وترتفع درجة حرارته عن طريق الشمس  تتدفق المياه مندرجة ، 30 بزاوية 

مسببة التبخر ، وتتكثف على الغلاف وتنخفض إلى حوض التجميع ، تاركة وراءها الأملاح. تعد 

الطاقة الشمسية ، قسم الهندسة الزراعية ،  عمل الطاقة تم تصميم وتثبيت الإعداد التجريبي في م

الماء المقطر عند  قيمةالنتائج أن متوسط .وقد اظهرت لقاهرة ا كلية الزراعة ، جامعة عين شمس

 ،2722 وابريل هى  جزء فى المليون  فى شهر يناير وفبراير ومارس15000 مستوى ملوحة 

 35000ملى لتر على التوالى . وقيمة الماء المقطر عند مستوى ملوحة  5210و 4235 ،3504

  4021، 3121 ،2468 وفبراير ومارس وابريل هىجزء فى المليون فى شهر يناير 

  ملى لتر على التوالى . 4878 و

  :وتوصى الدراسة

 للماء المالح داخل عالية وانتشارية امتصاصية ذو وان تكونستخدام مادة الفتيل بإ -1

 . المقطر الشمسي لزيادة الأنتاجية

 الفتيل وحجم المقطر لمساحة مناسبالمالح على الفتيل داخل المقطر يكون  الماء سريان -2

ستفادة من مع تقليل الراجع من الماء المالح الزائد للاللحصول على اعلى انتاجية وذلك 

 .داخل المقطر والتبخير التسخين عملية

 جامعة عين شمس. –كلية الزراعة  -قسم الهندسة الزراعية -أستاذ الهندسة الزراعية المساعد *
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