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This paper presents a new developed pneumatic mechanism for lime dosing system in 
water treatment application. Technically, a choke formation due to scaling problem in 
such existing water treatment system utilising pump as the transferring medium has 
caused the high cost of operation due to scheduling maintenance and replacement of 
pump tubing. In that sense, the pneumatic system will be a new advancement in 
replacing the transferring medium. In this work, the air regulator is used to control air 
pressure at several levels. At the same time, there is one valve that is installed to control 
the airflow the regulator (air compressor) to the pneumatic cylinder cartridge. The 
assessment is conducted for water with 10% of lime concentration on water sample 25 
PPM as the standard lime concentration for water treatment plant as the domestic usage 
in Malaysia. The trend of dosing rate for the present novel lime dosage utilising a 
pneumatic system shows consistency of increment with the increment of applied air 
pressure during the dosing process. 
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1. Introduction 
 

Water is one of the most crucial elements for living creatures. Based on Kumar and Puri [1], Over 
and above one billion people worldwide do not have instant access to a sufficient and reliable water 
accumulation surpassing 800 million of those unsaved live in rural regions. On more serious matters, 
drinking water contamination situations can conceive interruptions in treated water supply 
operation, which could significantly impact public health and resolve community concerns in drinking 
water quality [2]. 

One of the common use substances uses in the water treatment plant is lime [3]. Some reasons 
for the utilisation of lime in the water treatment system since lime works a significant role in flotation 
by regulating pulp chemistry and collector adsorption, including as the most economical and regularly 

employed reagent for pH control in flotation [4]. In such advanced development in nanotechnology, 
Wang et al., [5] conducted comparative research on the removal of Pb (II) and Zn (II) by using lime 
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and nanoscale zero-valent iron (nZVI). This investigation was carried out to examine the effectiveness 
of nanotechnology for water treatment is whether there are benefits of these nanomaterials over 
established water treatment reagents. In another hand, a study on the flow pattern of air-water has 
been performed experimentally to inspect five unique flow patterns: plug, slug-annular, churn, 
bubbly, and annular, and on a transparent mini pipe with slope of 45° to the horizontal plane [6,7]. 

For instance, most existing water treatment plants currently operate the pump system as their 
core to transmit the treated water for domestic usage. In another hand, Xu et al., [8] has designed 
and applied such an automatic lime dosing system in metal pickling for wastewater treatment. He 
stated that the conventional lime dosing system could trigger some severe dust contamination, 
inadequate working conditions, high labour strength required, low dosing precision, non-uniform 
solution concentration, and still limited in term of automatic control. 

However, a common problem in the pump system for dosing lime substance is the clog due to 
scaling formation. The sediment produced by the mixture between water and lime made the scaling 
process grow and consequently result in scale production since lime is considered as a soil organic 
(sandy) material. In a severe case, the clog may cause a burst on the pump since more power is 
required to produce higher pressure to transmit the mixing water to be treated. This situation has 
triggered the water flow to be ineffective and reduce the pump performance [9]. From that 
perspective, the conventional pump system may prompt higher operational cost due to its frequent 
maintenance requirement. Some other research has evaluated the inherent effect of extreme 
weather on water quality and disinfection by the scale generation adopting the laboratory simulation 
[10]. In a different viewpoint, such discrepancies exist between the convective heat transfer for fluid 
flow within macro and micro pipes [11]. 

Another crucial element in assessing the water treatment plant is the Particle per million (PPM), 
where it is the measurement of an alienate substance with the mixture of water in the water tank. 
For example, this issue in been infiltrated by Mintenig et al., [12], where the identification of 
microplastics (>20 μm) was assessed by the implementation of Fourier Transform Infrared 
Spectroscopy (FTIR) imaging for the water purification process. In severe case, the contaminated 
water supply would consist of high toxic fluoride, and would be a higher PPM level [13]. One study 
was carried out by Nariyan et al., [14] using an unconventional approach such that iodides and 
bromides at parts per million concentrations since those chemicals respond with natural organic 
matters following the oxidative disinfection process and produce toxic disinfectant by-products. They 
found that these toxic substances could be eliminated by using a novel bismuth composite material. 

For developing such great transmission of fluid, technically an advanced approach has been 
employed by the embedded pneumatic system in the plant. Regarding the effectiveness of power 
dissipation Chen et al., [15] embedded airpower meter (APM) to measure the energy consumption 
of flow in pneumatic cylinder actuator system. The cylinder system is developed based on four 
comparisons: state equation of air, energy equation, motion equation and flow equation. The 
prototype computes the pressure fluctuation in the charge and releases side of the cylinder and the 
piston's displacement and velocity. For some improvements, Shi et al., [16] has developed a program 
to estimate the power of the pneumatic system and explore their potential in several applications. 
They suggested a necessity to improve the performance of pneumatic systems and the implied 
components related to compressed air power. 

One way of assessing the quality of water flow is via the measurement of the chemical dosing 
rate. For example, Bonton et al., [17] has conveyed a comparative life cycle evaluation of two water 
treatment plants, an enhanced standard plant and another nanofiltration plant. Based on their 
objective, the study showed very different results for the two plants, attracting consideration to the 
value of the choice of water treatment chemicals and energy sources. This study intends to 
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investigate the dosing rate of lime dosage at specific chemical concentrations using a pneumatic 
system. To the authors' knowledge, this is the first time a lime dosing rate measurement is through 
in a pneumatic system assessed to the in-water treatment. 
 
2. Methodology  
2.1 Flow Rate Measurement 
 

In this investigation, the flow rate computation is essential in learning the desired lime dosing 
rate, which would be essential in designing the pneumatic system. In that case, the calculation on 
pressure changes is required to regulate the flow rate as the pneumatic system is assembled between 
several segments, such as air compressor, 2x column cylinders and indicator needle valve. In this 
design, the control needle valve is utilised to regulate airflow. 

The flow rate, Q is measured as the inlet airflow speed, 𝑣1 at the inlet, opening throat area 
multiplied with 𝐴1 which is equivalent as the outlet water flow 𝑣2 multiplied with the outlet throat 
area, 𝐴2 as shown in Eq. (1). 
 
𝑄 = 𝑣1𝐴1 =  𝑣2𝐴2             (1) 
 

As mentioned earlier that the control needle valve is utilised in controlling the airflow, the inlet 
and outlet speed would be translated to the changes of pressure as in Eq. (2). 
 
𝑃1 − 𝑃2 = (𝑣2

2 − 𝑣1
2)             (2) 

 
Later, Eq. (1) and Eq. (2) are combined in the sense of the relationship with these parameters as 

in Eq. (3). 
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2

𝜌

𝑃1−𝑃2

(
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)
2

−1
=  𝐴2√

2

𝜌
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(
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)
2

−1
           (3) 

 
From the flow rate, Q can be plotted on graph flow rate versus time in this research experiment 

to know the dosing per time and the effectiveness of this pneumatic lime dosing system by using the 
pneumatic method compared to the metering pump system. 
 
2.2 Dosing Rate Measurement 
 

In addition, the dosing calculation also one of the important elements to be considered since the 
particle of chemical would be relying on this relationship. The dosing rate is measured as in (4), where 
the particle per minute, PPM depends on the rate of induced particle and the concentration of the 
mixture between lime and water, C. For instance, the pneumatic cylinder airflow that can be related 
to the flow rate, Q as in Eq. (4). 
 

𝐷 =  
𝑄 𝑥 𝑃𝑃𝑀 𝑥 100

1000 𝑥 𝐶
             (4) 

 

To summarise, several components that are essential in assessing the dosing rate measurement 
is presented in Table 1.  
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Table 1 
Summary on components and control parameters utilised in this study 
Type of cylinder  Components Control Parameters 

Double-acting 
cylinders 

• Piston Area (Bore 
x3.1415) 

• Road Area (for double-
acting cylinders) 

• Pressure valve  

• Cycles per minutes 

 

For a single-acting cylinder, the air consumption that is used in inducing the pressure as in Cubic 
feet per minute is as in Eq. (5), where A is the piston area, S is the applied stroke, and C is the cycles 
per minute. 
 

𝐶𝐹𝑀 =  
𝐴 𝑥 𝑆 𝑥 𝐶

1728
             (5) 

 
Considering this research utilises double-acting of air consumption; consequently, the proportion 

of the parameters should be adjusted. In specific employment, the double-acting cylinder may be 
presumed to prolong and retract at a different rate. In that matter, the condition changes the 
deliberation of air consumption. In this situation, the air consumption of each stroke could be 
counted separately as in Eq. (6), where EC is the extended cycles per minute (ignoring dwell time) 
and RC is the retract cycles per minute (disregarding dwell time). 
 

𝐶𝐹𝑀 =  
𝐴 𝑥 𝑆 𝑥 𝐸𝐶

1728
+ [(𝐴 − 𝑅) 𝑥 𝑆 𝑥 𝑅𝐶]          (6) 

 
The pneumatic system will utilise an air compression mechanism in order to execute the 

kinematic motion of two designed calibration columns unit. The expected results will comprise the 
dosing rate compression efficiency throughout the mechanical system. The schematic diagram is 
demonstrated in Figure 1. 
 

 
Fig. 1. Diagram of the design pneumatic system fluid flow transfer 

 
2.3 Prototype Development 
 

Figure 2 presents the fabricated ideal of the designed water treatment plant employing an upper-
level pneumatic system. This arrangement comprises devices that play a vital function in carrying the 
dosing in the preparation tank to the dosing point. It works adversely as a pump but solely used by 
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pneumatic air as energy relocation. Therefore, this system's critical equipment such as the pneumatic 
column, solenoid valve, and air regulator controls the airflow as an energy force to carry the dosage. 
Moreover, this system uses a rotameter calibration flow for calibrating dosing. From the data 
rotameter calibration, it can gather the total dosing flow that carrier to the dosing point. A ready 
functioning pneumatic system for the water treatment plant is shown in Figure 3. 
 

 
Fig. 2. Developed pneumatic system prototype for the water treatment plant 

 

 
Fig. 3. Fully function pneumatic system 
for the water treatment plant 
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3. Results  
3.1 Dosing Rate Assessment 
 

This section discusses the results obtained from the air pressure variations through valve opening 
on a flowing 10% of lime dosing concentration, with 25 Particle per million (PPM) of the sampling 
examined water. Figure 4 shows the indicator of air pressure released at the measured instant, and 
Figure 5 demonstrated the sample of dosing rate measurement at 0.3 MPa for 40% valve opening. 
 

 
Fig. 4. Sample of air pressure 
measurement at P = 0.2 MPa 

 

 
Fig. 5. Sample of dosing rate 
measurement at P= 0.3 MPa for 40% 
valve opening 
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Figure 6 presents the rate of lime dosing throughout the present pneumatic system for air 
pressure variation released into the pneumatic column. All of the plotted graphs show that the lime 
dosing rate is increased exponentially with respect to the air released pressure. 

The trend of having different released air pressure could be observed in Figure 6, where the 
dosing rate is increased at higher valve opening for several air pressure ranges. As the sample water 
is for 25 PPM and 10% lime concentration on that view, the amount of required flow rate, Q, would 
be obtained through Eq. (4). 

Table 2 presents the airflow rate, Q at different valve opening for the sample of 25 PPM, and the 
relation is demonstrated in Figure 7. It is observed that the airflow rate is proportional to the lime 
dosing rate with respect to pressure. 
 

 
Fig. 6. Lime dosing rate measurement for 25 PPM water sample 

 
Table 2 
Airflow rate, Q at different valve opening for 25 PPM 
Air 
Pressure, 
P (MPa) 

Airflow rate, Q (m³/hr) 

10% 
valve 
opening 

20% 
valve 
opening 

30% 
valve 
opening 

40% 
valve 
opening 

50% 
valve 
opening 

0.00 0.00 0.00 0.00 0.00 0.00 
0.10 12.00 16.00 24.00 32.00 48.00 
0.15 16.00 20.00 32.00 48.00 60.00 
0.20 20.00 28.00 44.00 56.00 72.00 
0.25 21.00 32.00 50.00 64.00 80.00 
0.30 22.00 36.00 56.00 72.00 88.00 
0.35 23.00 39.00 62.00 80.00 100.00 
0.40 24.00 42.00 68.00 88.00 112.00 
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Fig. 7. Airflow rate measurement for 25 PPM water sample 

 
3.2 Dosing Rate Assessment on Different PPM Sampling 
 

This section manifests the trend of having different PPM, as it would be distinct due to the current 
situation of a water treatment plant [18]. At different conditions, e.g., after rain, the PPM level might 
go up to 50 PPM, hence changing the required lime dosing rate. On that issue, it is crucial to address 
the relation of the study with respect to different PPM as presented in Figure 8. 
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(e) 

Fig. 8. Lime dosing rate estimation for respective 
airflow rate, Q on different PPM at (a) 10% valve 
opening, (b) 20% valve opening, (c) 30% valve 
opening, (d) 40% valve opening, and (e) 50% valve 
opening 

 
4. Conclusions 
 

This study presents a new developed pneumatic mechanism for lime dosing system in water 
treatment application. The research involves such a study on different air pressure released to 
correlate with the lime dosing rate. On that view, a pneumatic system is adopted to obtain the 
required lime dosing for a certain level of airflow rate. Here, it is observed that the lime dosing rate 
is increased as the air pressure valve opening is increased as a decent level of pressure. In another 
perspective, the obtained airflow rate has been utilised to obtain the relationship behaviour of 
different PPM level, which is significant for a different condition in the water treatment plant. 
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