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Abstract 

In palm oil mill land application systems, the efficiency of slurry transfer from aerobic ponds to plantation channels 

is highly influenced by pump suction performance. This study aims to analyze the suction capability of the 

Progressive Cavity Pump based on the relationship between the available Net Positive Suction Head (NPSHa) and 

the required NPSH (NPSHr). Field measurements and calculations were conducted at pond depths ranging from −1 

m to −5 m to evaluate pump performance under negative suction conditions. The results indicate that the NPSHa 

values consistently exceed the NPSHr value of 2.56 m across all tested depths. Specifically, at −1 m depth, NPSHa 

reached 8.12 m with a margin of 5.56 m, while at −5 m depth, NPSHa remained at 4.12 m with a margin of 1.56 m. 

The increasing NPSHa–NPSHr margin with shallower suction depths demonstrates that the PCP effectively avoids 

cavitation and maintains stable operation even under high negative suction pressure. The findings indicate that the 

PCP provides reliable and energy-efficient performance for transferring aerobic sludge in palm oil mill LA systems. 

Consequently, the PCP demonstrates significant potential as a superior and sustainable alternative to centrifugal 

pumps in organic sludge management and liquid fertilizer distribution. 

 

Keywords: progressive cavity pump, NPSH, suction head, land application, cavitation. 

 

INTRODUCTION 

Indonesia is the world's largest palm oil producer, contributing 59.7% to global demand, with palm oil 

accounting for 72.9% of the total production of vegetable oils, Jelsma et al. (2024). This condition requires palm oil 

farmers and industry stakeholders to continuously enhance and develop the growth of palm fruit production. The 

provision of appropriate nutrients plays a crucial role in improving both yield and fruit quality, Zahir et al. (2025). 

Fertilization, particularly the use of chemical fertilizers, is one of the methods commonly applied to improve 

production yield; however, it involves relatively high operational costs. Moreover, excessive fertilizer application 

may pose risks to ecological balance, soil degradation, water pollution, and the loss of biodiversity, Paliaga et al. 

(2025). An alternative approach is the utilization of aerobic pond effluent from palm oil mills as liquid fertilizer. The 

use of green fertilizers derived from waste presents a promising prospect. The addition of nutrients from wastewater 

to produce renewable fertilizer has the potential to meet up to 13.4% of global fertilizer demand, Shafaghat et al. 

(2024). This liquid fertilizer is distributed into canal systems within the oil palm plantation through a piping network 

commonly referred to as land application (LA). Sustainable wastewater management using the LA system requires 

maintaining a balance between the hydraulic loading rate and the soil’s assimilation capacity, Wang et al. (2025). 

The distance between the palm oil mill effluent (POME) ponds and the oil palm plantation is relatively long, ranging 

from 1 to 3 km, with an elevation difference of approximately 10–30 m. This distance and elevation can be overcome 

by using a fluid machine, namely a pump. The term ‘pump’ is generally used to describe any fluid machine that 

functions to add energy to a fluid, Çengel dan Cimbala (2006). 
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 As shown in Figure 1, a pump increases the pressure of the fluid, allowing it to flow across the required 

distance and elevation 

 

 
Figure 1. The pump provides energy to the fluid. 

The basic parameter for analyzing pump performance is the fluid flow rate, 𝑄, which represents the 

fundamental performance indicator for incompressible flow. This flow rate, also known as discharge, is expressed 

in cubic meters per second (m³/s). Here, 𝑣 denotes the average fluid velocity (m/s), and 𝐴 represents the cross-

sectional area of the pipe (m²), which can be expressed by the following equation (1). 

𝑄 = 𝑣𝐴                                                                                      (1) 

The cross-sectional area of the pipe can be calculated using Equation (2), where 𝐷 is the pipe diameter (m), 

and 𝜋 is a mathematical constant with a value of 3.14. 

𝐴 =
𝜋𝐷2

4
                                                                                   (2) 

The pump performance (net head, 𝐻) is defined as the change in Bernoulli head between the inlet and outlet 

sides of the pump, which can be expressed by the following equation (3): 

𝐻 =  (
𝑃

𝜌𝑔
+  

𝑉2

2𝑔
+ ℎ)

𝑜𝑢𝑡
− (

𝑃

𝜌𝑔
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𝑉2

2𝑔
+ ℎ)

𝑖𝑛
                                                   (3) 

The pump energy (head) derived from pressure is expressed in meters (m), where 𝑃 is the pressure in pascals 

(Pa), 𝜌 is the fluid density in kilograms per cubic meter (kg/m³), and 𝑔 is the gravitational acceleration with a value 

of 9.81 m/s², which can be expressed by the following equation (4). 

𝐻𝑎𝑡𝑚 =
𝑃

𝜌𝑔
                                                                           (4) 

The head due to velocity can be expressed by Equation (5). 

𝐻𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 =
𝑉2

2𝑔
                                                                   (5)                                                                      

The total head loss is influenced by friction factors, minor losses, and elevation differences under horizontal 

conditions with an elevation difference of Δz (m), which can be expressed by the following equation (6). 

𝐻𝑝𝑢𝑚𝑝 = ℎ𝑓 + ℎ𝑚𝑖𝑛𝑜𝑟 + ∆𝑍                                                            (6)                                                          

Where the friction loss (ℎ𝑓) represents the head loss due to friction, 𝑓 is the dimensionless Darcy friction 

factor, and 𝐿 is the pipe length measured in meters (m), which can be expressed by the following equation (7). 

ℎ𝑓 = 𝑓 
𝐿

𝐷

𝑉2

2𝑔
                                                                      (7) 

Minor losses refer to the energy or head losses in fluid flow that are not caused by friction along a straight 

pipe but arise due to flow disturbances at pipe components or fittings, such as bends, joints, valves, and pipe inlets 

or outlets. In certain cases, such as short piping systems with numerous fittings, minor losses can exceed frictional 

losses. Minor losses result from changes in velocity, direction, and cross-sectional area of the fluid flow, which 

generate vortices (eddies) and turbulence, leading to the dissipation of part of the kinetic energy. In Equation (8), the 

coefficient  

𝐾 represents the loss factor, which depends on the type of fitting, joint configuration, and flow conditions. 

ℎ𝑚𝑖𝑛𝑜𝑟 = 𝐾
𝑉2

2𝑔
                                                                                (8) 

Table 1. Types of Components and Estimated K Values 

Type of Component Estimated K Value 

Sharp-edged entrance 0.5 

Smooth entrance 0.04 

Free exit 1.0 

90° sharp bend 0.9 - 1.5 

45° bend 0.3 - 0.4 
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Fully open ball valve 0.05 – 0.15 

Fully open gate valve 0.15 – 0.2 

Fully open globe valve 8 – 10 

Tee (straight-through flow) 0.6 – 0.9 

Tee (branch flow) 1.8 – 2.0 

Reducer (contraction) 0.1 – 0.4 

Expander (enlargement) 0.2 – 1.0 

 

From the total head equation, we can solve for 𝐿 (the maximum length) when we want to find the length 𝐿 

that makes the frictional head loss ℎ𝑓 equal to the remaining head, which can be expressed by the following equation 

(9). 

ℎ𝑓 = 𝐻𝑝𝑢𝑚𝑝 − ℎ𝑚𝑖𝑛𝑜𝑟 − ∆𝑍 
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                                 (9) 

where 𝑓 is the Darcy friction factor, ε = absolute roughness of the pipe (m), D = pipe diameter (m). The 

friction factor 𝑓 can be obtained using the Swamee–Jain explicit formula, which can be expressed by the following 

equation (10). 

𝑓 =  
0,25

[𝑙𝑜𝑔10 (
∈

3,7 𝐷
+

5,74
𝑅𝑒0,9)]

2                                                              (10) 

 

Where Re is the Reynolds number, a dimensionless number used to determine the characteristics of fluid 

flow, indicating whether the flow is laminar, transitional, or turbulent. ρ is fluid density (kg.m−3), 𝑣 is mean velocity 

(m.s−1), 𝜇 is dynamic viscosity (Pa.s), and V  is kinematic viscosity (m2.s−1), which can be expressed by the following 

equation (11) and (12). 

𝑅𝑒 =
𝜌 𝑣 𝐷

µ
                      (11) 

𝑅𝑒 =
𝑉 𝐷

ʋ
                      (12) 

The use of centrifugal pumps in the Land Application (LA) station is widely observed in the field, Wang, 

Tan, Kuang, dan Yu (2024), as centrifugal pumps are relatively economical and spare parts are readily available. 

However, centrifugal pumps have three main drawbacks, Joko et al. (2021), Wang, Tan, Kuang, dan Yu (2023), 

Wróbel et al. (2025): (1) a very low negative suction capability, causing the pump to predominantly draw water 

instead of the organic sludge required by oil palm trees as green fertilizer; (2) the geometric configuration of 

centrifugal pumps, where the inlet (suction pipe) diameter is larger than the outlet (discharge pipe) diameter, resulting 

in a pressure drop within the pump. This pressure reduction decreases the discharge distance and total head produced. 

Moreover, such conditions may induce cavitation, leading to impeller wear and consequently shortening the pump’s 

lifetime; and (3) as the pump rotational speed increases, the pump capacity also increases, thereby requiring higher 

power consumption. 

The Net Positive Suction Head (NPSH) is an important parameter in pumping systems used to prevent 

cavitation, a condition that must be avoided in pump operation. The available NPSH (NPSH𝑎) represents the actual 

value available on the suction side of the pump installation, as shown in Equation (13). 

𝑁𝑃𝑆𝐻𝑎 =
𝑃𝑎𝑡𝑚

𝜌𝑔
+  ℎ𝑠 − ℎ𝐿 −

𝑃𝑣

𝜌𝑔
                (13) 

Where ℎ𝑠 is the static head, which is positive when the pump is located below the fluid surface and negative 

when it is positioned above the fluid surface, measured in meters (m). 𝑃𝑣 denotes the vapor pressure of the fluid at 

the operating temperature, expressed in pascals (Pa) 

The energy loss due to internal friction and flow disturbances is expressed as the head loss (ℎ𝐿) on the suction 

side of the pump, represented by ℎ𝑓 and ℎ𝑚, as shown in Equation (14). These two components are crucial because 

they directly affect the Net Positive Suction Head Available (NPSH𝑎). This energy loss serves to prevent the fluid 

from vaporizing or experiencing cavitation on the suction side of the pump. 

ℎ𝐿 =  ℎ𝑓 + ℎ𝑚      (14) 
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The required NPSHr is the minimum value needed by the pump to prevent cavitation, and its value is 

specified by the pump manufacturer according to the relationship given in Equation (15). 

𝑁𝑃𝑆𝐻𝑎 − 𝑁𝑃𝑆𝐻𝑟  ≥ (0,5 s. d 1)    (15) 

Based on these limitations, this study proposes a new approach by adopting a Progressive Cavity Pump 

(PCP) as a more suitable technological solution for the sustainable transfer of sludge-based organic fertilizer to 

plantation fields. The PCP operates on the principle of positive displacement and offers several significant 

advantages over centrifugal pumps, including: (1) higher suction capability, enabling the transfer of high-viscosity 

sludge containing beneficial organic matter; (2) stable output pressure, which allows for longer distribution distances 

without the risk of cavitation or severe head loss; and (3) improved power efficiency within medium to high 

operational ranges due to its relatively lower rotational speed. 

The novelty of this research lies in its approach, methodology, and focus of investigation. From a 

technological perspective, this study introduces the integration of a Progressive Cavity Pump (PCP) into the Land 

Application (LA) system, which has rarely been implemented in the palm oil plantation sector. This innovation 

enables the direct utilization of organic sludge from wastewater ponds as a renewable liquid fertilizer. Furthermore, 

another aspect of novelty is reflected in the measurement focus. The study not only evaluates the pump’s performance 

but also conducts an in-depth assessment of flow stability, energy efficiency, and fertilizer distribution effectiveness. 

These aspects have been relatively underexplored in previous studies; therefore, this research is expected to provide 

a new contribution to the development of renewable fertilizer distribution technology based on palm oil mill effluent. 

 

LITERATURE REVIEW 

Relevant previous studies 

Research on pump performance and hydrodynamic behavior in complex fluid systems such as sludge and 

palm oil mill effluent (POME) has been widely examined through experimental, analytical, and computational 

approaches. Adam et al. (2025) applied Computational Fluid Dynamics (CFD) to investigate failure mechanisms in 

water injection pumps and found that pressure imbalance and velocity distribution inside the pump casing critically 

influenced cavitation initiation. This CFD-based diagnostic approach offers valuable insight into the relationship 

between Net Positive Suction Head (NPSH) and pump performance by allowing detailed visualization of pressure 

fields and vapor bubble formation regions. In a complementary study, Berli, Niko, and Bambang (2019) proposed 

an early cavitation detection method in centrifugal pumps using statistical parameter extraction in both time and 

frequency domains through Principal Component Analysis (PCA). Their results confirmed that pressure fluctuations 

caused by reduced NPSH could be detected through vibration signatures, reinforcing the strong coupling between 

hydraulic instability and NPSH variation. 

Further investigations by Joko, Kevin, and Rahmat (2021) analyzed the influence of impeller trim diameter 

on centrifugal pump efficiency. They observed that efficiency and head improved with increasing impeller diameter, 

but cavitation risks also rose beyond specific thresholds. This finding highlights that geometric design parameters 

are strongly correlated with NPSH and suction performance. Regarding Progressive Cavity Pumps (PCPs), Kim et 

al. (2023) utilized CFD modeling to study wax deposition behavior in rotor–stator assemblies. They concluded that 

uneven pressure distribution from non-Newtonian flow led to localized deposition, efficiency losses, and increased 

torque demand. Their results emphasize the importance of hydrodynamic balance in PCPs when handling viscous or 

multiphase fluids. Similarly, Müller et al. (2023) developed an adaptive stator adjustment strategy requiring minimal 

sensors, achieving up to 12% higher efficiency without elevating cavitation risk. These studies provide substantial 

contributions to understanding pump fluid dynamics, yet most focus on centrifugal pumps or single-phase fluids. 

The interaction between NPSH characteristics and non-Newtonian sludge flow within PCP systems remains 

insufficiently explored, especially under negative suction head conditions relevant to palm oil mill land application 

(LA) systems. 

 

Theoretical concepts and framework 

According to Çengel and Cimbala (2006), NPSH represents the energy available in a liquid above its vapor 

pressure at the pump suction. It determines whether cavitation will occur when the fluid enters the impeller or suction 

chamber. NPSH is typically divided into two components: the Net Positive Suction Head Available (NPSHa), 

determined by system conditions, and the Net Positive Suction Head Required (NPSHr), an inherent pump 

characteristic. Cavitation occurs when NPSHa falls below NPSHr, leading to vapor bubble formation, surface 

erosion, and reduced hydraulic efficiency. In centrifugal pump applications, maintaining a sufficient NPSHa–NPSHr 

margin ensures stable performance. However, in Progressive Cavity Pumps (PCPs), which operate based on the 
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volumetric displacement principle rather than impeller dynamics, the relationship between NPSH and suction 

stability is more complex. PCPs handle viscous, shear-sensitive, and multiphase fluids through a continuous sealing 

line between the rotor and stator, allowing smooth flow even under high suction lift conditions. Hence, evaluating 

NPSH in PCPs requires considering pressure gradients along the helical cavities and the compressibility of entrained 

gases. 

In palm oil mill operations, Gobi et al. (2011) emphasized the role of stable hydraulic systems in transporting 

POME for biological treatment, while Imam et al. (2025) highlighted the potential for sustainable resource recovery 

through sludge transfer and land application. A consistent NPSH balance is crucial to maintaining continuous sludge 

movement, minimizing cavitation, and improving energy efficiency. Thus, understanding NPSH behavior in PCP 

systems provides the theoretical foundation for sustainable wastewater management and organic sludge utilization 

in palm oil industries. 

Differences in perspectives and conflicting findings 

Scholars have presented varying interpretations regarding the dominant mechanisms of pump degradation 

under slurry and viscous fluid conditions. Peng, Fan, and Ma (2021) identified impeller erosion as the principal factor 

in efficiency decline, primarily influenced by solid particle impact and flow turbulence. Conversely, Wróbel et al. 

(2025) argued that material fatigue induced by cyclic pressure fluctuations had a more significant effect than erosion, 

especially in prolonged operations. These contrasting viewpoints indicate that pump degradation depends not only 

on fluid abrasiveness but also on transient hydraulic pressures associated with NPSH instability. 

Wang, Tan, Kuang, and Yu (2023; 2025) further demonstrated through the Discrete Phase Model (DDPM) 

that inlet geometry profoundly affects suction stability and NPSH maintenance, emphasizing that optimized inlet 

designs can suppress cavitation inception. In contrast, Adam et al. (2025) focused mainly on internal pressure 

distributions without considering inlet boundary conditions. Such methodological differences highlight the need for 

integrated modeling approaches combining CFD-based pressure field analysis with system-level suction dynamics. 

Overall, discrepancies in findings suggest that the relationship between NPSH, flow regime, and mechanical 

performance is not yet fully characterized, particularly for positive displacement pumps such as PCPs operating with 

non-Newtonian sludge. These research inconsistencies underscore the need for experimental validation under real 

industrial conditions to better define NPSH performance thresholds. 

 

Research gap 

Although numerous studies have explored NPSH phenomena in centrifugal and submersible pumps, only 

limited quantitative research has focused on Progressive Cavity Pumps handling high-viscosity, non-Newtonian 

fluids such as palm oil mill sludge. Existing works have yet to integrate NPSH analysis with CFD-based or 

experimental evaluations under negative suction head conditions typical in land application (LA) systems. 

Furthermore, current literature lacks a clear understanding of how NPSH variations affect volumetric 

efficiency, cavitation onset, and energy stability in PCP-driven sludge transfer. The absence of such studies restricts 

the development of design standards for sustainable sludge management systems in palm oil industries. Therefore, 

this study titled “Analysis of NPSH Influence on Progressive Cavity Pump (PCP) Performance for Sustainable 

Sludge Transfer in Palm Oil Mill Land Application Systems” addresses these gaps by: 

1. Quantitatively examining the relationship between NPSH variation and volumetric efficiency of PCPs in 

sludge transfer operations. 

2. Determining the critical NPSH threshold that marks the transition from stable flow to cavitation onset 

under negative suction conditions. 

By bridging theoretical principles with empirical observations, this research contributes to improving pump 

selection, reducing cavitation risk, and enhancing energy efficiency in sustainable wastewater reuse systems in palm 

oil mills. 

 

METHOD 

The research method involves direct observation and field measurements conducted at the aerobic pond of 

a palm oil mill, focusing on the piping installation system at both the suction side and the inlet section of the PCP 

pump. The study utilizes liquid waste generated as a by-product of palm oil mill production as a renewable fertilizer. 

This renewable fertilizer is transferred through a piping system using a Progressive Cavity Pump (PCP) to the 

distribution channels within the oil palm plantation area, as illustrated in Figure 2. 
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Figure 2. Schematic diagram of the PCP pump system in the land application 

Figure 2. Illustrates the process flow scheme of the PCP pump system within the Land Application (LA) 

system. The process begins with measuring the specific gravity of the liquid waste in the aerobic pond of the palm 

oil mill. To determine the density of the sludge being pumped, the calculation of specific gravity is carried out by 

directly weighing the mass of the thickened sludge from the aerobic pond and the mass of water using a 500 mL 

measuring cylinder. The comparison between the mass of clean sludge and clean water is then used to determine the 

specific gravity of the sludge. To obtain the sludge density, the measured specific gravity is multiplied by the water 

density of 1000 kg/m³, as shown in Figure 3 and the equation (16), (17), (18) and (19). 

 
a) 

 
b) 

 
c) 

Figure 3. (a) Measurement mechanism of sludge specific gravity using the mass of a measuring cylinder, (b) water 

mass, and (c) sludge mass. 

 

𝑚𝑏𝑒𝑟𝑠𝑖ℎ 𝑙𝑢𝑚𝑝𝑢𝑟 =  𝑚𝑡𝑜𝑡𝑎𝑙 𝑙𝑢𝑚𝑝𝑢𝑟 −  𝑚𝑔𝑒𝑙𝑎𝑠 𝑢𝑘𝑢𝑟                            (16) 

𝑚𝑏𝑒𝑟𝑠𝑖ℎ 𝑎𝑖𝑟 =  𝑚𝑡𝑜𝑡𝑎𝑙 𝑎𝑖𝑟 −  𝑚𝑔𝑒𝑙𝑎𝑠 𝑢𝑘𝑢𝑟                     (17) 

𝑆𝐺𝐿𝑢𝑚𝑝𝑢𝑟  =  
𝑚𝑏𝑒𝑟𝑠𝑖ℎ 𝑙𝑢𝑚𝑝𝑢𝑟

𝑚𝑏𝑒𝑟𝑠𝑖ℎ 𝑎𝑖𝑟
                        (18) 

𝜌𝐿𝑢𝑚𝑝𝑢𝑟 = 𝑆𝐺𝐿𝑢𝑚𝑝𝑢𝑟  𝑥 𝜌𝑎𝑖𝑟                         (19) 

Knowing the actual density of the sludge is essential to determine its classification, whether the sludge 

intended for fertilizer use is dilute, medium, or thick. This information is required to calculate the flow characteristics 

within the pipeline, specifically to identify whether the flow is laminar, transitional, or turbulent, as represented by 

the Reynolds number. 

The PCP pump is positioned on land, above the surface of the aerobic wastewater pond. The negative suction 

capability of the PCP pump is a crucial qualification, as it enables the suction of sludge containing essential nutrients 

that can enhance palm oil production and serve as an alternative to commercial chemical fertilizers. This negative 

suction capability cannot be achieved by centrifugal pumps, where the NPSHₐ value represents the pump’s actual 

negative suction head performance. in this study, the suction depth reaches the bottom of the pond at approximately 

–5 m, ensuring that the fluid transferred to the plantation area is nutrient-rich organic sludge. To protect the pump 

from contaminants and solid objects such as wood, metal, and stones which could shorten the lifespan of the PCP 

pump components—a vertical vacuum filter tank is installed. This tank functions as a solid particle separator, 
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extending the service life of critical pump components such as the stator, rotor, and universal cardan joint. Figure 4 

illustrates the placement of the vertical vacuum filter tank between the PCP pump and the aerobic wastewater pond. 

  
Figure 4. Position of the PCP Pump and the Vertical Vacuum Filter Tank 

The PCP pump was selected because it possesses a negative suction capability, can operate effectively with 

high-viscosity fluids, and maintains a stable flow rate. The working principle of the PCP pump relies on the 

interaction between the rotor and stator, which produces a continuous flow with stable discharge pressure. To 

measure the volume of liquid fertilizer transferred to the land application (LA) canals, an electromagnetic flowmeter 

is used. Additionally, a pressure gauge is installed to ensure that the pump operates under safe conditions at all times, 

as illustrated in Figure 5. 

  
Figure 5. Flowmeter and Pressure gauge 

With the implementation of the Land Application (LA) system, palm oil mills (POMs) no longer need to 

discharge liquid waste into water bodies or rivers Wang et al. (2025), but can instead reuse it as fertilizer for oil palm 

plantations. The palm oil industry produces a large volume of liquid waste known as Palm Oil Mill Effluent (POME), 

In-chan et al. (2024). POME from the mill can be utilized as a green fertilizer and considered a renewable resource, 

Imam et al. (2025). This renewable or green fertilizer is derived from the aerobic pond, which has undergone 

biological treatment systems combined with adsorption systems, Gobi et al. (2011). The Progressive Cavity Pump 

(PCP) is capable of pumping media with high viscosity and high solid fractions, Müller et al. (2023). The main 

components of the PCP are the rotor and stator Kim et al. (2023), as shown in Figure 2(c). The PCP demonstrates 

high accuracy in transferring fluid, Ugurluoglu et al. (2023) to the irrigation channels of oil palm plantations, as 

illustrated in Figure 2(d). 

 

RESULTS AND DISCUSSION 

Based on the specifications and operational parameters of the PCP pump applied in the field for transferring 

organic sludge from the aerobic pond of the palm oil mill, as presented in Table 2 below. 

Table 2. Specifications and Operational Parameters of the PCP Pump 

Parameter Symbol Value Unit 

Pump Capacity Q 0,0167 m3/s 

Pump Pressure P 1.000.000 Pa 

Suction Pipe Diameter D 0,1524 m 

Type of Pipe: HDPE (High-Density Polyethylene) ∈ 1,5x10-6 m 

Horizontal Suction Pipe Length Lh 2 m 

Vertical Suction Pipe Length Lv -3 m 

Type of Fluid Lumpur  

Fluid Temperature T 30 oC 

Atmospheric Pressure Patm   101,325 Pa 

Dynamic Viscosity of Sludge µ 0,000798 Pa.s 

 

Based on the parameters shown in Table 2, the capacity of the PCP pump is 60 m³/hour, which when 

converted to SI units becomes 0.00167 m³/s. The suction pipe diameter is 6 inches, converted to SI units as 0.1524 
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m. Using Equation (2), the cross-sectional area of the HDPE pipe is calculated as 0.018249 m². Applying Equation 

(1), the flow velocity of the sludge inside the pipe is obtained as 0.9133 m/s. Using the dynamic viscosity of the 

sludge at 30°C (µ = 0.000798 Pa.s), and the measured specific gravity (S.G.) of sludge from the aerobic pond at the 

palm oil mill, determined from Equations (16–18), the S.G. value is found to be 1.078. Therefore, using Equation 

(19), the sludge density is calculated to be 1,078 kg/m³. It can be concluded that the sludge in the aerobic pond is 

classified as dilute sludge, since its density is below 1,200 kg/m³. To obtain the Reynolds number, Equation (12) is 

used, resulting in Re = 1.67445×10⁵. This indicates that the flow inside the suction pipe is turbulent, as the Reynolds 

number (Re) exceeds 4,000. 

The flow within the suction pipe is classified as turbulent flow. Using Equation (10), the Swamee Jain 

correlation, the friction factor (f) is calculated as 0.01617, with the internal surface roughness (ε) of the HDPE pipe 

being 1.5×10⁻⁶ m. The total suction pipe length, consisting of vertical and horizontal sections, is varied at 3 m, 4 m, 

5 m, 6 m, and 7 m. Using Equation (7), the frictional head loss (hf) for a total pipe length of 5 m is obtained as 0.0226 

m. If we take a sample configuration with a total suction pipe length of 5 m and one 45° elbow at the pump inlet, the 

corresponding loss coefficient (K) from Table 1 is 0.9. Therefore, the minor loss on the suction side, calculated using 

Equation (8), is 0.0383 m. To determine the atmospheric head (hatm), Equation (4) is used, yielding a value of 9.581 

m, while the vapor pressure head (hv) is 0.401 m. Based on all the above parameters, the Net Positive Suction Head 

Available (NPSHₐ) can be calculated using Equation (13) for various suction depths of –1 m, –2 m, –3 m, –4 m, and 

–5 m. 

 
Figure 6. Graph of the Relationship between NPSHa and NPSHr 

In Figure 6 below, it is clearly shown that the NPSHₐ curve lies above the NPSHᵣ line. At a suction depth of 

–1 m, the NPSHₐ value is 8.120 m, while at the deepest point of –5 m, the NPSHₐ value decreases to 4.120 m. 

However, the required NPSH (NPSHᵣ) for the PCP pump with a capacity of 60 m³/h, discharge pressure of 10 bar, 

and pump diameter of 6 inches is 2.56 m. 

 
Figure 7. Graph of the Relationship Between NPSHa and the Difference Between NPSHa and NPSHr 
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Figure 7 illustrates the relationship between NPSHa and the difference between NPSHa and NPSHr, where 

the value of NPSHa is relatively higher than its difference. At the shallowest depth of -1 m, the difference is 5.560 

m, indicating excellent performance where the pump can safely operate to suction the sludge. At the deepest depth 

of -5 m, the difference is 1.560 m, showing that the pump can still operate effectively and normally, capable of 

drawing and lifting the organic sludge from the aerobic pond and delivering it efficiently to the land application (LA) 

canals. 

Figure 8 shows that the difference between NPSHa and NPSHr remains above 1, in accordance with Equation 

(15). This demonstrates that the PCP pump is highly suitable for handling negative suction conditions, even at a 

depth of -5 m, where the sludge can still be effectively drawn and lifted. Therefore, the PCP pump can also be utilized 

for sludge pond draining operations without the need for an excavator. The PCP pump is capable of performing 

suction lift without cavitation since the difference between NPSHa and NPSHr remains greater than one at a depth of 

-5 m. 

 
Figure 8. Graph of the Relationship Between NPSHa and NPSHr with respect to cavitation 

 

Based on the inspection and observation results shown in Figure 7, the measured capacity of the PCP pump 

is 57 m³/h at a pressure of 4 bar. This indicates that the PCP pump operates well within its specified range, which 

is 60 m³/h at 10 bar, and is therefore highly suitable for pumping liquid sludge from the aerobic pond effectively 

into the oil palm plantation canals through the land application piping system. 

 

CONCLUSION  

Based on the data analysis and the relationship graph between NPSHa and NPSHr, it can be concluded that the 

Progressive Cavity Pump (PCP) demonstrates excellent negative suction capability in the land application (LA) 

system of palm oil mills. Field measurements and calculations show that the NPSHa and values obtained at suction 

depths ranging from -1 m to -5 m consistently remain above the NPSHr value of 2.56 m, with a margin greater than 

1 m. At a depth of -1 m, the NPSHa reaches 8.120 m, resulting in a difference of 5.560 m, while at -5 m the NPSHa 

is 4.120 m, with a difference of 1.560 m. These results indicate that the PCP effectively performs suction and lifting 

of organic sludge from aerobic ponds without cavitation, even under negative suction conditions up to -5 m. 

Therefore, the PCP has proven to be both effective and reliable in transferring organic sludge to palm oil plantation 

canals through the LA pipeline system. This capability positions the PCP as a suitable technological alternative to 

centrifugal pumps for distributing renewable liquid fertilizer derived from palm oil mill effluent, thereby supporting 

sustainable waste utilization in the plantation sector. 
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