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Abstract 

This dissertation is focused on the design improvement and development of the Thai 

horizontal axis windmill intended for water pumping coupled to a water ladder pump 

and Archimedean’s pipe-screw pump especially for low head high volume of open farm 

pond. Laboratory scales 1.0 meter diameter wind tunnel tests were conducted to assess 

the aerodynamic performance of Thai sail rotor model (TSRM) and the performance of 

characteristics of Archimedean’s pipe-screw model (APSM). A family of Thai sail rotor 

model systems were manufactured with four, six, eight and twelve arms. The tests on 

Thai sail rotors are conducted in an open jet wind tunnel with a wind tunnel outlet 

opening of 1.2 meters in diameter. Experiments were carried out to optimize the 

different parameters like degree of solidity by varying the number and the size of the 

sails. The optimum power coefficient (Cp) for the Thai sail rotor model is TSRM 12B-T0 

of about 0.16 at trip speed ratio of 0.9. Archimedean’s pipe-screw model testing were 

conducted to assess the performance of water pumping. A model of pump has been 

manufactured, 1.0 meter long with the blade small rubber tube was constructed. 

Experiments were carried out to optimize the different parameters by varying the pitch, 

rotation speed of the pump shaft, intake submergence, slope angle and the size of the 

blade. The optimized pitch of Archimedean’s pipe-screw is 1.4D. These outputs were 

considered for the development the of prototype of the new generation of Thai sail 

windmill for water pumping to water ladder pump and Archimedean’s pipe-screw 

pump. In the large scale, there were twelve triangular sails sweeping a circle of 8 meters 

diameter. In the construction of this windmill all efforts were made to maximize use of 
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materials and parts available in the local market. The construction cost of material and 

parts is 150,000 Baht excluding the cost of machining and fabrication. The result of 

performance tests of the prototype of Thai sail windmill coupled to water ladder pump 

have indicated a water pumping rate of 8.04 - 49.58 m
3
/hr at head of 1.0 meter under 

wind speeds of 1.5 - 4.5 m/s. It was found that the curves for the prototype of Thai sail 

windmill coupled to twelve Archimedean’s pipe-screw pump of wind speed and the 

discharge of was increased depending on wind speed. The discharge amount varied 

between 9.56 – 38.23 m
3
/hr at head of 1.5 meters in wind speeds from 1.0 - 5.0 m/s.  

Keywords: Sail windmill/ Wind power/ Water pumping/ Archimedean’s screw pump/ 

Wind pump 
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1 

CHAPTER 1  INTRODUCTION 

1.1 Background 

Windmills have been in use for many centuries for pumping water, United Nations 

Economic and Social Commission for Asia and the Pacific. Major, S. et al [1] produced 

a wind map for Thailand, which combines and updates the wind speed data previously 

available. Thailand experiences generally very low wind speeds with typically average 

speed of not above 3 m/s. According  to  a  report  on  wind  resource assessment  of  

Thailand  done  by  the  Department of Energy Development  and  Promotion  (DEDP) 

in 2001, the fair wind areas in the Class 1.3 to Class 2 category (4.4 m/s wind speed at 

50 m height) or higher are located on the west side of the Gulf of Thailand as shown in 

Figure 1.1 [2]. There are three basic types of windmill in active use for water pumping 

in Thailand; the slow speed sail rotor type, the high speed wooden rotor type and the 

multi-blade steel rotor type [3].  

For at least 60 years, locally constructed windmills have been used for salt farming. The 

Thai bamboo mat windmills or a Thai sail windmill that is a type of slow wind speed 

turbine [4], are widely in use in Thailand in the region near Samut Sakorn and Samut 

Songkram as shown in Figure 1.2. A large number were made with sail rotor diameter 

varying between 7 to 9 meters. These windmills are actually constructed from wood, 

bamboo and cloth materials which often carry six triangular sails as shown in Figure 3. 

Power is transmitted by a chain coupled to a ladder pump. The operating data, starting 

wind velocity is 1.7 m/s, average discharge is 17.3 litres/sec at pumping head 0.6 m and 

average wind speed 17 km/h [4]. The commercial Thai sail windmill are suitable for 

water pumping in salt farm which fixed in azimuth, rotating one way in the southwest 

monsoon and reversing direction in the northeast monsoon [4],[5].   

Cretan windmills is a type of sail windmill such as Thai sail windmill, used for grinding 

corn in the Greek island, used for pumping water for on Great. The Cretan-type 

windmill is particularly effective for low-speed winds (< 5m/s) [6]. The characteristics 

of sail mill, observations were of brake load and speed found that, for high starting 

torque but moderate power follow from the use of large loosely sheeted sail, for higher 

power can be achieved at a higher speed but at the expense of starting torque by the use 

of large sails on alternate arms, or by the use of small sails on all the arms [7].  


