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EXPERIMENTAL OPTIMIZATION OF PRESSURE DISTRIBUTION MECHANISM 
IN A PNEUMATIC MAIZE PLANTER FOR LOCAL WORKING  

CONDITION IN PAKISTAN
Abstract. This study was conducted to evaluate the feasibility of optimizing a series-type air distribution system  

in pneumatic planter transforming uniform seed placement through efficient vacuum pressure with the blower rotation for 
the planting of maize crop. A laboratory-based experimental facility was designed to test the performance of the pneumatic 
planter under four blower speeds (600, 900, 1 200, and 1 500 rpm) and three seed metering (SM) disc rotational speeds 
(17, 22, and 28 rpm). The most critical performance parameters were the vacuum pressure, the velocity losses of air,  
and the uniformity of seed-drop. To determine the effect of the blower rotation the on vacuum pressure, the vacuum pressure 
was observed at different locations in the air distribution system. The experimental results were confirmed with ANSYS 
simulation modeling the dynamics of airflow and pressure distribution in the series air channel-type. The physical tests  
and the simulation tests done to determine the behaviour of the seeds in the airflow (vacuum pressure) and accurate delivery  
of the seeds. The findings revealed that revolution of blowers and rotation of the disc created a statistically significant 
difference (p < 0.05) in a vacuum pressure and seed distribution uniformity. The minimum optimal range of vacuum was –4.2 
to –3.9 kPa that was created at 1 500 rotations of blower per minute (BR4) and 22 rpm disc equivalence and the vacuum range 
was efficient on seed pick up and vortex seed loss. On the other hand, when the speeds of the blower were low (600–1 200 rpm)  
the vacuum pressure was weak (–0.24 to –2.28 kPa), with which the placement of the seeds was erratic. Even though BR4 
showed better performance, it also had the negative impact of increasing power requirement and fuel usage due to the heavy 
demand of the PTO on the tractor. The series type pressure distribution geometry optimized the performance of the pneumatic 
seed planter in terms of seed placement at BR4 and disc speed of 22 rpm. Despite the enhanced reliability of operations when 
there is increased speed of blowers, careful thought should be put on energy efficiency.
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ЭКСПЕРИМЕНТАЛЬНАЯ ОПТИМИЗАЦИЯ МЕХАНИЗМА РАСПРЕДЕЛЕНИЯ ДАВЛЕНИЯ 
В ПНЕВМАТИЧЕСКОЙ СЕЯЛКЕ ДЛЯ КУКУРУЗЫ С УЧЕТОМ ЛОКАЛЬНЫХ  

УСЛОВИЙ РАБОТЫ В ПАКИСТАНЕ

Аннотация. Исследование было проведено с целью оценки возможности оптимизации последовательной сис- 
темы воздушного распределения в пневматической сеялке для обеспечения равномерного размещения семян по- 
средством эффективного вакуумного давления при вращении воздуходувки для посева кукурузы. Лабораторный 
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экспериментальный стенд был разработан для испытаний пневматической сеялки при четырех скоростях вращения  
воздуходувки (600, 900, 1 200 и 1 500 об/мин) и трех скоростях вращения высевающего диска (17, 22 и 28 об/мин). 
Ключевыми параметрами оценки являлись вакуумное давление, потери скорости воздуха и равномерность высевa 
семян. Для определения влияния вращения воздуходувки на вакуумное давление последнее фиксировалось в раз- 
личных точках воздушной распределительной системы. Экспериментальные результаты были подтверждены моде- 
лированием при помощи CFD-технологии ANSYS (рассчитывались динамика воздушного потока и распреде- 
ление давления в системе с последовательным воздушным каналом). Физические испытания и численное моделиро- 
вание использовались для определения поведения семян в воздушном потоке (вакуумном давлении) и их точной 
подачи. Результаты показали, что скорость вращения воздуходувки и диска создавали статистически значимую 
разницу (p < 0,05) в вакуумном давлении и равномерность распределения семян. Минимальный оптимальный 
диапазон вакуума составлял от –4,2 до –3,9 кПа, что достигалось при 1 500 об/мин воздуходувки (BR4) и скорости 
вращения диска 22 об/мин, и этот диапазон был эффективен для захвата семян и снижения потерь из-за вихревого 
эффекта. С другой стороны, при низких скоростях вращения воздуходувки (600–1 200 об/мин) вакуумное давление 
было слабым (от –0,24 до –2,28 кПа), вследствие чего размещение семян было неустойчивым. Несмотря на то что ре- 
жим BR4 показал лучшие результаты, он имел недостатки – рост потребления мощности и топлива из-за вы- 
сокой нагрузки на ВОМ трактора. Геометрия конструкции последовательной системы подачи воздуха позволила 
оптимизировать работу пневматической сеялки по равномерности размещения семян при BR4 и скорости диска  
22 об/мин. При увеличении скорости вращения воздуходувки обеспечивается высокая надежность работы, однако 
следует учитывать вопросы энергоэффективности.

Ключевые слова: пневматическая сеялка, оптимизация, ANSYS, вакуумное давление, равномерность высева
Для цитирования: Экспериментальная оптимизация механизма распределения давления в пневматической 

сеялке для кукурузы с учетом локальных условий работы в Пакистане / Афтаб Халик, Фиаз Ахмад, Ибрар Ахмад  
[и др.] // Весці Нацыянальнай акадэміі навук Беларусi. Серыя аграрных навук. – 2026. – Т. 64, № 1. – С. 76–88. https://
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Introduction. Maize (Zea mays L.) is widely grown to make several types of by products, which 
are used in the food and industrial sectors where demand is on a rapid increase in Pakistan, the maize 
production has improved through its production growing from 6.134 million tonnes to 8.465 million 
tonnes over the recent five years. Although this is a satisfactory production, reports show that there 
 is a considerable gap between expected and actual yields of maize (8–12 t/ha and 4 t/ha respectively)  
in Pakistan [1]. Precision sowing machinery can help to establish seedling significantly, thus maximizing 
the crop yield and profit generation in a unit acre of maize production [2, 3]. The precision seed planters 
are considered as a better choice, in comparison with traditional and labor-intensive seeding systems [4].

The pneumatic precision planter has been designed with mechanically operated seed metering system 
that operates under vacuum pressure. The stability of the vacuum pressure has a large impact on the 
operational efficiency of a pneumatic seeder [5]. Pneumatic planters work with the both positive and 
negative pressures [6]. The working performance of the pneumatic planter is directly affected by the 
uniformity and stability of the air distribution system. The length of pipe and distance between the inlet 
to outlet have insignificant effects on the pressure and velocity loss [7, 8]. However, airflow distributors 
allocation is one of the most important factors to maintain the desired air pressure for efficient sowing 
[5, 9, 10]. It can enhance the engine power requirement to attain the desired pressure [11]. Therefore,  
the importance of the allotter in the air supply system cannot be ignored [5]. Reports show that the airflow 
distribution geometry highly affects the pressure loss during field operation of pneumatic planter [12–15]. 

Various studies evaluated design and operating conditions for pneumatic planter air distributors 
[9, 16–18]. Dai et al. [19] determined the effect of inlet pipe diameters on the pneumatic pressure  
of the precision planters and found that the increase in internal diameter of the pipe negatively affects  
the pressure of the pneumatic planter during the sowing operation. Yin et al. [5] examined four types 
of air distribution allotters for pressure stabilization in the corn planter using computational fluid 
dynamics (CFD) simulation and found that paralleled axis of the inlet and the outlet was the best way 
to kept the pressure consistency in seed metering system. Ghafori and Sharifi [20] evaluated the effect 
of the elbow angles (45°, 60°, and 90°) in the flow pipe with auxiliary air to the initial air intake for the 
pneumatic planter on seed delivery using CFD simulation and concluded that the 45° elbow performed 
well and reduced the conveying energy requirement and mitigated the seed damage [20]. The coupling 
of CFD with Discrete Element Method (DEM) is also an excellent option to simulate the air distribution 
geometries [21]. Hui Li et al. [22] conducted a research study to optimize the seed motion characteristics 
and working parameters of an air-assisted centralized pneumatic metering system using CFD-DEM 
simulation and the simulated results exhibited that air flow velocity 20–24 m/s at different feeding 
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rates improved the sowing uniformity and economized power consumption of the seedling system. The 
literature reports that an irrational mechanism for the air distribution system of the precision metering 
device causes uneven air distribution in each seeding unit, high pressure loss, seed loss, and also affects 
the field performance [23, 24].

The most of pneumatic planter used for maize sowing in Pakistan has a series type air distribution 
system. The available precision planters consume high power and show less uniformity in drilling 
the seed. Optimization of air flow system in the pneumatic planters is one of the main hurdles in the 
adoption of pneumatic planters. Very little is known about the pneumatic air flow geometry, hence  
it is direly needed to optimize the air flow system in the pneumatic planter. 

Thus, the present study was conducted to investigate the effect of air distribution system on pressure 
profile and by compared with CFD analysis using ANSYS for its validation. The study was also aimed 
to optimize the series type air distribution system of pneumatic planter at various blower rotations  
and to determine its effect on the vacuum pressure, air velocity loss and their impact on the seed drop. 

Material and Methods. Study Site. The laboratory experiment tests were performed at the Farm 
Machinery workshop of the Department of Agriculture Engineering, Bahauddin Zakariya University  
(Multan, Pakistan). The precision planter was operated with 85 Hp tractor (Millat 385 model) and 
the seed metering mechanism with 1 kW electric power motor which was integral part of the planter.  
The graded maize seed (Pioneer-P1429) with 90 % germination rate was used in all treatments  
to measure the performance of seed metering system. 

Pneumatic Planter. In this study, pneumatic precision planter (AgriTech model 2018, AgriTech 
Industries, Multan, Pakistan) was used for the lab testing and validation of simulated results. The main 
part of this planter is a perforated seed disc and a circular rotation air suction blower which suck the air 
from the inlets at the right of each metering unit through 274 cm long pipe and create vacuum. The outlet 
reaching pipe that conveys the air to outlet was connected with four pipes having 5.10 cm diameter.  
The blower fan having 52.98 cm diameter was operated with the tractor PTO shaft to create the vacuum 
pressure. Four rubber pipes connect with the inlet to the air delivery pipe in the series combination.  
On the rear side of the planter two pneumatic wheels were attached, right side wheel rotates the fertilizer 
unit and left side operate the seed metering unit. The planter has two furrow openers which makes 68.5 
cm wide furrow bed to place the seed (Figure 1). 

Working of Laboratory Experimental Setup. The air distribution system plays significant role  
in the pneumatic planter which stabilize the vacuum pressure for its field. The planter was tested in the 
laboratory by using a test bench at the farm machinery laboratory of the Department of Agriculture  

Figure 1. Pictorial representation of AgriTech pneumatic planter (a); developed model of planter (b);  
CAD model of planter: functional parts of planter (c)
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Engineering, Bahauddin Zakariya University. Pressure gauges were installed on each seed metering 
unit (U1, U2, U3, and U4) to observe the vacuum pressure. Figure 2, shows the schematic view  
of the lab test bench which fully equipped with pressure gauge to determine the pressure distribution and 
seed collectors for seed dropping profile. The test bench was also equipped with an electric motor to run 
the metering unit at the smooth rotation of seed disc [25, 26] and seed collection boxes. Three sprockets 
of different diameters were also attached with electric motor to variate the angular speed of seed disc. 
The main focus of this experiment was to investigate the effect of airflow distributor geometry on the 
pressure distribution and air velocity profile in four air inlets of seed metering units at the different 
blower rpm. The pressure loss also effects the seed dropping profile [10, 27, 28]. 

The effect of pressure loss on the seed drop efficiency also evaluated at different blower rpm and disk 
rotation as shown in (Table 1). Airflow velocities were measured using a mini anemometer (UT363), 
with a range from 0.30 m/s and 5 % rdg + 0.5 accuracy. The rotation of the metering disc and blower  
pully count using Digital Photo Tachometer (RM-1500/1501/1502) PROVA instruments INC. Digital 
Photo Tachometer had the capacity to count the rpm (10–29999) range with 0.04  % ± 2 accuracy.  
The planter was tested in the laboratory using selected parameters as shown in Figure 3. 

T a b l e  1.  Operational parameters for lab scale testing of machine

Sr. No. Parameters Values

1 Blower revolution (rpm) 600 (BR1), 900 (BR2), 1 200 (BR3), 1 500 (BR4)
2 Disk rotation (rpm) 17, 22, 28

CFD Simulation of Air Distribution System. The CFD simulation was conducted to determine 
the effect of air flow geometry on the air pressure and to validate the laboratory findings for the optimization 
of the planter design. During maize sowing, air pressure was ensured (–3.5 to –4 kPa) in the distributors 
of the pneumatic precision planter. The CFD method was applied to different mechanical design 
structures [12]. For the computational method commercial ANSYS (Workbench) Fluent Release 16.2 
©SPS IP, lnc., software was used to analyze the vacuum pressure at each intel. 

Building of Geometry. The findings of the flow field analysis depend primarily on the extraction  
of the computational region and grid features [29]. Therefore, three dimensional solid model of air distribution 
pipe was design using SolidWorks premium (2022) software (Figure 4, a). To simulate pressure distri- 
bution in ANSYS Fluent through air delivery mechanism, there is no need to design all part of the 
precision planter. The material which was used for the development of air distribution pipe was mild 
steel with density 7 850 kg/m3, elastic modulus 210 GPa and poison ratio 0.303.

Generation of Mesh. The meshing had done in the ANSYS Fluent 16.2, to build the finite element 
model as shown in Figure 4, b. To get the maximum accuracy of quantitative analysis, tetrahedral cell 
meshed by fine size of meshing. The grid structure during meshing was cell-vertex to decompose  

Figure 2. Schematic view of the lab scale motorized test bench
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the flow domain into control volume. The model 
was meshed with mesh size 1.2 × 10–3, transition  
ratio 0.72, 137 208 elements and 29 662 nodes.

Boundary Baseline and Parameters. The cor- 
rectness of calculation is strongly relaying on 
the boundary conditions of the conducted study.  
In this study, the mechanics of boundary conditions 
involved were the blower revolution, airflow velo- 
city and vacuum pressure. To establish these con- 
ditions, the reference pressure utilized was the nor- 
mal room pressure, also known as static pressure  
(p0), which is equivalent to 101 325 Pa (760 mmHg). 
This pressure applied at each inlet, along with the 
airflow velocity which obtained from laboratory 
experiments at 600, 900, 1200, and 1500 rpm 
of the blower. The inlet pressure 10 135 Pa was 
selected for simulation whereas outlet pressure 

was adjusted –4000 Pa which is the optimum pressure for maize seed sowing with precision maize. Four 
different inlet air velocity (18, 30, 45, 55 m/s) was selected for simulation. The laboratory findings were 
used as input in the simulation model to obtain a pressure profile in the series base air distribution pipe, 
especially with the variation of airflow velocities. 

Model Validation. After the mesh validation the next step was the selection of numerical model 
for the smooth simulation process. The airflow in the precision pneumatic device was determined  
to be a continuous compressible phase due to the fact that the flow velocity exceeded with the PTO  
and blower rotation. This study examined the pressure distribution in the pneumatic pipe. Therefore, with 
the relativity of the Reynolds number in the air suction units the k – ε turbulence model was selected. 
The base of CFD simulation for the airflow turbulence analysis worked on the following equations (1) 
and (2) describe as mass and momentum conversation equation or Navier Stokes transport equation [30]:

	
( ) 0,j

j
u

t x
∂ρ ∂

+ ρ =
∂ ∂ 	

(1)

	
– standart , i j ijt

i
j i j

u uu p k F
t x x x

∂ρ ∂σ∂ρ ∂
+ = + +

∂ ∂ ∂ ∂ 	
(2)

Figure 3. Depiction of laboratory experimental setup to evaluate the series type air distribution system  
and seed metering (SM) unit

Figure 4. Physical 3D model (a); ANSYS meshing of model (b)
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where ρ – fluid density (kg/m³); t – time (s); xj – spatial coordinate ( j = 1, 2, 3 for 3D space); ui, uj, – 
velocity component in the j-th direction (m/s); ut – velocity component (typically time or total velocity); 
p – pressure (Pa); σij – viscous stress tensor components (N/m²); Fi – body force per unit volume  
(e.g., gravity, buoyancy) in direction i (N/m³); standard k – turbulent kinetic energy.

The equation (3) describes determination of the k – ε turbulence model kinetic energy k and dissi- 
pation rate ε:

	
( ) ( ) P P – – ,t

i k b M k
i j k j

y kk ku Y S
t x x x

 ∂ ∂ ∂ µ ∂ ρ + ρ = µ + + + ρε +  ∂ ∂ ∂ σ ∂   	
(3)

where k – turbulent kinetic energy (TKE) (m²/s²); μ – molecular dynamic viscosity (Pa·s or kg/m·s);  
μt – turbulent (eddy) viscosity; σk – turbulent Prandtl number for k; Pk – production of k due to mean 
velocity gradients; Pb – buoyancy production (or destruction) of turbulent kinetic energy; ρε –  
dissipation rate of TKE (energy lost due to turbulence); YM – contribution of fluctuating dilatation  
in production of k compressible turbulence to the overall dissipation rate; Sk – user-defined source term 
(additional sources of k).

Data Analysis. For the data analysis used statistical Software (Statistix 8.1, Tallahessee, FL, USA) 
for analysis of variance (ANOVA) and (LSD) pairwise evaluation of the collected data for laboratory 
experiments. The least significant difference (LSD) test was used to segregate treatment outcomes. 
However, the F-test indicated statistical significance at the 0.05 probability level.

Results and Discussions. Laboratory Experiment Outcomes. Pneumatic maize planter needs to work  
under suitable and stable air pressure for the precision sowing of seeds. Therefore, the experimental 
workbench was tested at four blower revolutions to adjust the minimum pressure loss and efficient  
air velocity profile. 

This Figure 5 shows, the loss of pressure at the PU during laboratory experiments. The mean values 
of the pressure and air velocity loss at four metering units were collected after three repetitions. The statistical 
analysis of the data shows a significant factor (p < 0.05).

The vacuum pressure (–2.11, –1.78, –0.75, and –0.24) kPa was observed on U1, U2, U3 at U4 at BR1 
was 600 rpm. Figure 6 also shows that as the with the increase of the blower speed the vacuum pressure 

Figure 5. Pictorial presentation of unit-wise pressure loss in pneumatic units (PU) at selected blower revolutions

Figure 6. Graphical presentation of unit-wise pressure profile at selected blower rotations
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availability also increased such as vacuum pressure was increased on U4 from –1.02 kPa to –2.28 as the 
blower revolution increased from 900 (BR2) to 1200 (BR3) and similar trend was also observed on other 
units. However, graph shows that there was minimum pressure variation (–4.45, –4.27, –4.03, and –3.98) 
kPa on all seed distribution units found at the 1 500 rpm (BR4) of blower revolution as compared to that 
of other blower speeds. Likewise, during the laboratory experiment found the average pressure variation 
at whole metering system was –2.8 kPa at BR1, and –1.7, –0.5, –0.2 for BR2 to BR4. The findings also 
revealed that in series type air distribution system reduced the pressure loss with increasing the blower 
revolution but utilized more the engine power.

It represents the pressure loss in each PU at different blower revolutions. In a series-type air supply 
system, the pressure drops from unit to unit but was minimum at the unit which was close to the outlet. 

Effect on Air Velocity. Figure 7 displays that pressure drops directly relate to the air velocity profile 
at pneumatic units. In a series type supply system, the air velocity drop at the inlets as far from the suction 
outlet [5]. Additionally, the air velocity profile describes with the set of multi-color histograms on the graph.  
The set of extreme left histograms (BR1) shows that the air velocity dropped from 1.78 m/s at U1  
to 0.68 m/s at U4. The air velocity profile at BR2 was (2.06, 1.62, 1.40, and 1.10) m/s while at BR3 ranges  
from (2.49, 2.36, 1.96, and 1.60) m/s from UI to U4. Furthermore, the depiction of histogram height  
on the graph shows that at BR4 found a minimum air velocity drop was (3.2, 3.16, 3.10, and 3.08) m/s  
which helps to attain the maximum pressure. The height of histogram at the first three blower revaluations, 
clarify that at BR2 and BR3 the air velocity drop was less as compared to BR1 that increases the utilization 
of PTO power. The collective air velocity from each inlet helps out to maintain the –4 kPa pressure which 
is recommended for maize seed sowing. The collective air outlet velocities at tested blower revolutions 
were 18 m/s at BR1, 30 m/s at BR2, 45 m/s at BR3 and 55 m/s at BR4

 which used in the CFD analysis.
The graph variations were cleared that the planter attain optimum pressure and air velocity at BR4  

for proper seed picking from the perforated seed disc. The air velocity and vacuum pressure play important 
role in the precise placing of seed at the adjusted distance and depth [31–33]. However, the histograms 
of the laboratory experimental data reveled that as like pressure, the air velocity profile was stabilize  
at BR4, and gradually decrease from U2 to U4. There should be need to improve the air distribution 
system to stabilize the air velocity and pressure with minimum utilization of tractor power. 

CDF Simulation Analysis. Computational fluid dynamics (CFD) study was conducted to characterize 
the effect of air distribution geometry on the pressure profile by the feasible model selection and nume- 
rical simulation under the different inlet air velocities. Therefore, the measured values of study provide 
the idealized condition to optimizing of the air distribution geometry.

Figure 8, a & b represents the CFD simulation of pressure distribution geometry at the 600 and 
900 blower rpm. The air velocity at the inlets of simulation model was 18 m/s for BR1 and 30 m/s for 
BR2, with 10.1325 and –4.000 kPa inlet pressure and outlet pressure. The selected air flow velocity 
was constant in each unit during CFD simulation. The contours of the simulation result show multi-
color profile which describe the pressure pattern. These contours pattern of simulation shows that there  

Figure 7. Depiction of unit-wise air velocity profile at selected blower revolutions
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is highest pressure loss at 600 rpm of blower revolution. The color gradient of pressure contours in air 
delivery pipe shows that unit wise drop of pressure had similar trend as the laboratory experiment. 
The color gradient (legends) in the Figure shows the range of pressure –4.2 to –3.9 (red), –3.9 to –3.3 
(yellow), –3.3 to –2.7 (green) and –2.7 to –2.1 (indigo). In the Figure extreme right-side contours with  
red color represents the inlet which close to the outlet. Likewise, the change of contours color from red  
to indigo depicted the variation of pressure in the U2 to U4. The pressure contours with multi-color 
gradient showed that the pressure at the 18 m/s inlet velocity was (–3.6, –2.95, –2.46, and –1.72) kPa 
whereas, at the 30 m/s inlet velocity the pressure was (–3.84, –3.45, –3.19, and –2.81) kPa from U1 to U4. 
From the pressure contours of BR1 and BR2 cleared that the pressure drops gradually increase as the 
inlet away from the outlet. The reason behind that the elongation of air delivery pipe pressure drop  
was more at unit U4 due to less air friction [5]. 

Figure 9, a & b illustrate the pressure profile at 1 200 and 1 500 blower rpm. The simulations 
were performed at air inlet velocities of 45 m/s for BR3 and 55 m/s for BR4. In Figure 9, a contour had  
the color range from red to green which shows the –4.2 to –3 kPa pressure range. The color combination 
of the simulation results depicted that at the 45 m/s air velocity the pressure profile was in between 
–4.2 to –3.6 kPa in the first three units and –3.6 to –3 kPa between U3 and U4. In Figure 9, b represents
the distribution of vacuum pressure at 55 m/s air velocity in each unit was between –4.2 to –3.9 kPa 
with minimum drop. The contour gradients show that the pressure distribution was –4.2 kPa at the U1,  
while (–3.99, –3.92, and –3.91) kPa at the U2, U3, and U4. The simulation results conclude that at the  
1 500 blower rpm or 55 m/s velocity had a minimum unit wise pressure drop as compare to other three  
air velocities. The gradients of contours show only red and yellow colors at BR4 which identify the 
range –4.2 kPa to –3.91 of pressure. The laboratory outcomes and simulation findings cleared that  
the minimum pressure drop at 1 500 blower rpm and the planter performs well. 

The research studies revealed that at low pressure the 15 to 25 % more missing index was produced 
due to the detachment of the seed with disc hole [34–36]. Therefore, the air suction blower rpm should 
avoid to operate in this range of 18 to 30 m/s air velocity or 600–900 rpm blower revolutions to overcome 
the seed loss.

Figure 8. Depiction of pressure distribution profile at 600 blower rpm (a); at 900 blower rpm (b)
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Comparative Analysis of CFD and Laboratory Outcomes. Comparative relation between the labo- 
ratory and simulation findings is presented in Figure 10. The amber lines with square markers represent 
simulation results of air delivery mechanism while blue lines with circular markers stands for laboratory 
results. In the graph, for BR 600, the amber line shows sharp dip and reflects pressure from –4 to –1 kPa  
while blue line has gentle slope from U1 to U2 and compares slope pattern with the amber line. Variation 
in the gradient of the lines was noticeable for the case of BR 1 200. These variations can be linked  
with each other at three units (U1, U2, and U3) and deviate at U4. Furthermore, at the 1 500 BR the both  
simulation and laboratory experiment outcomes lines were closed. The graphical representation of com- 
parative results suggested that a clear gap between effect of pressure drop at the 600, 900 and 1 200 blower  
rotation (BR) or 18, 30 and 45 m/s air velocities. The outcomes of both studies revealed that at the 1 500 blower  
rpm or 55 m/s air velocity, the pressure distribution was stabilized in between –4.2 to –3.9 kPa in each  
unit. However, this is the efficient condition for maize seed picking and precise placement in the soil. 

Comparison of the study pointed that air friction in pipe effected the pressure and air velocity. When 
the pipe is long, pressure and velocity drop is usually insignificant due to pipe friction. But if the length  
of the pipe or channel is very short, these so-called minor losses may become major [5, 37]. The experiment 
and simulation results indicated that the length of the air delivery pipe and inlet connection were two 
significant parameters that directly affect the pressure and velocity drop.

Effect Studied Parameters on Seed Dropping. The seed dropping profile also evaluates at three 
disk rotations R1, R2, and R3 (17, 22, and 28) rpm which was tested at four blower revolutions 600, 900, 
1 200 and 1 500 rpm as previous calculations. Figure 11, shows the graphical representation of the seed 
dropping profile with respect to weight drop from each unit at selected blower rpm and disc rotations. 
In the graph, lower black line with blue markers shows the seed dropping at BR1, amber dotted line 
with green square markers stands for the BR2, middle green line with red triangular markers represents 
the BR3 seed frequency. Further, the top dark blue line with cross square markers depicted the seed  
dropping at BR4 which shows the maximum frequency. The seed corporations in Pakistan provide 8–10 kg  
seed weight per acre for maize crop. According to this the perforated seed disc with 26 holes should 

Figure 9. Pressure distribution profile at 1 200 blower rpm (a); at 1 500 blower rpm (b)
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drop 113 g seed at 17-disc rpm, 168.8 g at 22 and 187.62 at 28 rpm of disc. The colored graphical lines 
depicted the data which cleared that at 22-disc rpm and 1 500 blower revolution (BR4) the seed drop 
equally from each unit (U1R2, U2R2, U3R2, U4R2). The graph lines show that at the first unit (UI) seed 
dropping rate was near to calculated amount but decrease up to this like with effect of pressure drop.  
The frequency of seed dropping equalize at BR4, because of the low pressure drop that was cleared 
during laboratory and simulation study.

The seed dropping from the unit at the 17 and 28 disc rpm shows more variation as the pressure 
profile. The blue doted boxes on the graph lines identify the minimum seed loss at R2 and selected blower 
revolutions (BR) in seed metering units. This study concluded that in the series types air distribution 
system the at the 22-disc rpm and 1 500 blower rpm could be an efficient condition to reduce the seed 
loss in the pneumatic planter.

The reasonable allocation of the airflow system is important to equalize vacuum pressure in precision 
planters [6, 10, 38]. The importance of the air supply system cannot be ignored during the planter  
design [39]. The laboratory experiment and simulation results concluded that it is necessary to change 
the air distribution geometry in parallel, cylindrical end distribution air allotters, and cylindrical 
circumferential distribution air allotters for the equal distribution of pressure and air velocities [40–43]. 
The high suction force increases the use of engine power and fuel consumption. The pressure on each 
unit affects the seed dropping. For the efficient sowing of maize crop the optimum pressure should be 
round to 4 kPa [17, 44]. The motorized seed metering mechanism control the disc rotation during sowing. 

Figure 10. Comparison of laboratory and simulation finding for the validation of study

Figure 11. Effect of seed drop with the variation of blower rotation
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This study concluded that for the series types air distribution system required highest blower revolution  
(1 500 rpm) which will ultimately require higher power to stabilize the pressure for pneumatic planter 
and speed placement. 

Conclusion. Precision planters are the best option to mechanized the maize sowing, as the air distribution 
geometry plays vital role on the performance of the pneumatic planter. In this study the optimization 
of the air distribution system of local pneumatic planter had been performed to investigate the pressure 
configuration. The laboratory experiments and ANSYS simulation were performed to investigate the planter 
performance at 600, 900, 1 200, and 1 500 blower rpm. The outcomes of the laboratory and simulation 
study concluded that at the blower revolution of 600, 900 and 1 200 rpm had a 18, 30 and 45 m/s  
air velocity create more pressure drop from –3.5 to –1.8 kPa, which badly effect the planter performance. 
Furthermore, at the 1 500 rpm or 55 m/s air velocity the operating pressure was in between from  
–4.2 to –3.9 kPa which is recommended for the maize seed sowing. To maintains this pressure, the series 
air distribution system, utilize more engine power and fuel consumption as high blower revolution. 
The wheel driven seed mechanism of planter converts into motorized system to control the seed disk 
rotation at 17, 22, and 28 rpm. The laboratory experimental outcomes found the efficient seed dropping 
with minimum seed loss at 1 500 rpm of blower and 22 rpm of disc rotation. The experimental data 
and results of this study provides the research guidelines and design consideration to modify the new 
pneumatic planting machinery.

References

1. Khan I., Lei H., Khan A., Muhammad I., Javeed T., Khan A., Huo X. Yield gap analysis of major food crops  
in Pakistan: prospects for food security. Environmental Science and Pollution Research, 2021, vol. 28, no. 7, pp. 7994–8011. 
https://doi.org/10.1007/s11356-020-11166-4 

2. Ahmad F., Adeel M., Qui B., Ma Jing, Shoaib M., Shakoor A., Chandio F. Ali. Sowing uniformity of bed-type 
pneumatic maize planter at various seedbed preparation levels and machine travel speeds. International Journal of Agricultural 
and Biological Engineering, 2021, vol. 14, no. 1, pp. 165–171. https://doi.org/10.25165/j.ijabe.20211401.5054

3. Ji J., Sang Y., He Z., Jin X., Wang S. Designing an intelligent monitoring system for corn seeding by machine vision 
and Genetic Algorithm-optimized Back Propagation algorithm under precision positioning. PLoS One, 2021, vol. 16, no. 7, 
art. e0294884. https://doi.org/10.1371/journal.pone.0254544

4. Sharaby N., Doroshenko A., Butovchenko A., Legkonogih A. A comparative analysis of precision seed planters.  
E3S Web of Conferences, 2019, vol. 135, art. 01080. https://doi.org/10.1051/e3sconf/201913501080 

5. Yin Xiaowei, Yang Li, Zhang Dongxing, Cui Tao, Han Dandan, Zhang Tianliang, Yu Yiming. Design and experiment 
of balance and low-loss air allotter in air pressure maize precision planter. Nongye Gongcheng Xuebao = Transactions  
of the Chinese Society of Agricultural Engineering, 2016, vol. 32, no. 19, pp. 9–17 (in Chinese). https://doi.org/10.11975/ 
j.issn.1002-6819.2016.19.002

6. Liao Yitao, Shu Caixia, Liao Qingxi, Wei Yuepei, Wang Lei, Wang Du, Zheng Juan. Air pressure stabilizing method 
and experiment of pneumatic seed-metering system of precision rapeseed planter. Nongye Gongcheng Xuebao = Transactions 
of the Chinese Society of Agricultural Engineering, 2017, vol. 35, no. 15, pp. 49–56. https://doi.org/10.11975/j.issn.1002-
6819.2017.15.006

7. Lei X., Wu W., Chang C., Li T., Zhou Z., Guo J., Zhu P., Hu J., Cheng H., Zhou W., Deng F., Chen Y., Wu Y., Ren W.  
Seeding performance caused by inclination angle in a centralized seed-metering device for rapeseed. Agriculture, 2022,  
vol. 12, no. 5, art. 590. https://doi.org/10.3390/agriculture12050590

8. Guzman L., Chen Y., Landry H. Coupled cfd-dem simulation of seed flow in an air seeder distributor tube. Processes, 
2020, vol. 8, no. 12, art. 1597. https://doi.org/10.3390/pr8121597

9. Lei X., Liao Y., Zhang Q., Wang L., Liao Q. Numerical simulation of seed motion characteristics of distribution 
head for rapeseed and wheat. Computers and Electronics in Agriculture, 2018, vol. 150, pp. 98–109. https://doi.org/10.1016/ 
j.compag.2018.04.009

10. Ibrahim E. J., Liao Q., Wang L., Liao Y., Yao L. Design and experiment of multi-row pneumatic precision metering 
device for rapeseed. International Journal of Agricultural and Biological Engineering, 2018, vol. 11, no. 5, pp. 116–123. 
https://doi.org/10.25165/j.ijabe.20181105.3544

11. Gupta P., Kapuriya Rohitkumar L., Yadav R. Tractor air intake pressure use in pneumatic planter. International 
Journal of Advanced Scientific Research and Management, 2017, vol. 2, no. 4, pp. 1–5.

12. Han D., Zhang D., Jing H., Yang L., Cui T., Ding Y., Wang Z., Wang Y., Zhang T. DEM-CFD coupling simulation 
and optimization of an inside-filling air-blowing maize precision seed-metering device. Computers and Electronics in Agriculture, 
2018, vol. 150, pp. 426–438. https://doi.org/10.1016/j.compag.2018.05.006

13. Joubert E. C., Harms T. M., Muller A., Hipondoka M., Henschel J. R. A CFD study of wind patterns over a desert 
dune and the effect on seed dispersion. Environmental Fluid Mechanics, 2012, vol. 12, no. 1, pp. 23–44. https://doi.org/10.1007/
s10652-011-9230-3

На
ци
он
ал
ьн
ая

 а
ка
де
ми
я 
на
ук

 Б
ел
ар
ус
и



	 Весці Нацыянальнай акадэміі навук Беларусі. Серыя аграрных навук. 2026. Т. 64, № 1. С. 76–88	 87

14. Zhang Z., Chen J., Li Y., Guan Z., Liao C., Qiao X. Design and experiment on the air-blowing and vibrating supply 
seed tray for precision seeders. International Journal of Agricultural and Biological Engineering, 2022, vol. 15, no. 3,  
pp. 115–121. https://doi.org/10.25165/j.ijabe.20221503.6873

15. Abdulkadir T. D., Mahadi M. R., Wayayok A., Kassim M. S. M. Optimization of vacuum manifold design for seeding 
of SRI seedling tray. Cogent Engineering, 2019, vol. 6, no. 1, art. 1681245. https://doi.org/10.1080/23311916.2019.1681245

16. Yazgi A., Demir V., Değirmencioğlu A. Comparison of computational fluid dynamics-based simulations and visualized  
seed trajectories in different seed tubes. Turkish Journal of Agriculture and Forestry, 2020, vol. 44, no. 6, pp. 599–611. https://
doi.org/10.3906/tar-1910-15

17. Alipour N., Shahgholi G., Jahanbakhshi A. Evaluation and comparison and the performance of pressurized and vacuum  
cylindrical distributors in soybean cultivation. Results Engineering, 2022, vol. 16, art. 100546. https://doi.org/10.1016/j.
rineng.2022.100546

18. Li Z., Zhang H., Xie R., Gu X., Du J., Chen Y. Evaluation on the performance of airflow distribution device of pneumatic 
seeder for rapeseed through CFD simulations. Agriculture, 2022, vol. 12, no. 11, art. 1781. https://doi.org/10.3390/agriculture12111781

19. Dai Yizheng, Luo Xiwen, Wang Zaiman, Zeng Shan, Zang Ying, Yang Wenwu, Zhang Minghua, Wang Baolong, 
Xing He. Design and experiment of rice pneumatic centralized seed distributor. Nongye Gongcheng Xuebao = Transactions 
of the Chinese Society of Agricultural Engineering, 2016, vol. 32, no. 24, pp. 36–42 (in Chinese). https://doi.org/10.11975/j.
issn.1002-6819.2016.24.005

20. Ghafori H., Sharifi M. Numerical and experimental study of an innovative design of elbow in the pipe line  
of a pneumatic conveying system. Powder Technology, 2018, vol. 331, pp. 171–178. https://doi.org/10.1016/j.powtec.2018.03.022

21. Wang Y., Li H., Hu H., He J., Wang Q., Lu C., Liu P., He D., Lin X. DEM – CFD coupling simulation and 
optimization of a self-suction wheat shooting device. Powder Technology, 2021, vol. 393, pp. 494–509. https://doi.org/10.1016/j.
powtec.2021.08.013

22. Li H., Liu H., Zhou J., Wei G., Shi S., Zhang X., Zhang R., Zhu H., He T. Development and first results of a no-till 
pneumatic seeder for maize precise sowing in huang-huai-hai plain of China. Agriculture, 2021, vol. 11, no. 10, art. 1023. 
https://doi.org/10.3390/agriculture11101023

23. Yatskul A., Lemiere J.-P., Cointault F. Influence of the divider head functioning conditions and geometry on the seed’s 
distribution accuracy of the air-seeder. Biosystems Engineering, 2017, vol. 161, pp. 120–134. https://doi.org/10.1016/j.
biosystemseng.2017.06.015

24. Mudarisov S., Badretdinov I., Rakhimov Z., Lukmanov R., Nurullin E. Numerical simulation of two-phase ‘Air-
Seed’ flow in the distribution system of the grain seeder. Computers and Electronics in  Agriculture, 2020, vol. 168,  
art. 105151. https://doi.org/10.1016/j.compag.2019.105151

25. Wang W., Wu K., Zhang Y., Wang M., Zhang C., Chen L. The development of an electric-driven control system  
for a high-speed precision planter based on the double closed-loop fuzzy PID algorithm. Agronomy, 2022, vol. 12, no. 4,  
art. 945. https://doi.org/10.3390/agronomy12040945

26. Cay A., Kocabiyik H., May S. Development of an electro-mechanic control system for seed-metering unit of single 
seed corn planters Part II: Field performance. Computers and Electronics in Agriculture, 2018, vol. 145, pp. 11–17. https://doi.
org/10.1016/j.compag.2017.12.021

27. Yasir S. H., Liao Q., Yu J., He D. Design and test of a pneumatic precision metering device for wheat. Agricultural 
Engineering International: CIGR Journal, 2012, vol. 14, no. 1, pp. 16–25.

28. Verma A., Sahu M., Soni G., Pradhan P. Optimization of operational parameters of a pneumatic planter for sunflower 
seed. Agricultural Engineering Today, 2018, vol. 42, no. 1, pp. 38–45.

29. Jiang J., Liu C., Yu B. Modeling and simulation for pressure character of the plate-inclined axial piston type hydraulic 
transformer. The 2010 IEEE International Conference on Information and Automation: conference proceedings, June 20–23, 
2010, Harbin, Heilongjiang, China. Piscataway, 2010, pp. 245–249. https://doi.org/10.1109/ICINFA.2010.5512171

30. Ismail I., John J., Pane E. A., Suyitno B. M., Rahayu G. H. N. N., Rhakasywi D., Suwandi A. Computational fluid 
dynamics simulation of the turbulence models in the tested section on wind tunnel. Ain Shams Engineering Journal, 2020,  
vol. 11, no. 4, pp. 1201–1209. https://doi.org/10.1016/j.asej.2020.02.012

31. Ren C., Lai Q. H., Zhang Z. G., Gao X. J., Wang Z. Y., Li Y. Y. Internal flow field analysis of air-suction roller-
type precision metering device. Applied Mechanics and Materials, 2014, vol. 620, pp. 84–88. https://doi.org/10.4028/www.
scientific.net/AMM.620.84

32. Chang J., Zhang X. Design and test of one-step centralized type pneumatic seeding system. Nongye Gongcheng 
Xuebao = Transactions of the Chinese Society of Agricultural Engineering, 2011, vol. 27, no. 1, pp. 136–141 (in Chinese).

33. Lai Q., Ma W., Liu S., Su W., Zhang Z. Simulation and experiment on seed-filling performance of pneumatic disc 
seed-metering device for mini-tuber. Nongye Jixie Xuebao = Transactions of the Chinese Society of Agricultural Machinery, 
2017, vol. 48, no. 5, pp. 44–53 (in Chinese). https://doi.org/10.6041/j.issn.1000-1298.2017.05.005

34. Lu B., Ni X., Li S., Li K., Qi Q. Simulation and experimental study of a split high-speed precision seeding system. 
Agriculture, 2022, vol. 12, no. 7, art. 1037. https://doi.org/10.3390/agriculture12071037

35. Rubio Scola I., Rossi S., Bourges G. Air drill seeder distributor head evaluation: a comparison between laboratory 
tests and computational fluid dynamics simulations. Information and communication technologies for agriculture – Theme II: 
Data. Springer optimization and its applications, vol. 183. Cham, 2022, pp. 189–205. https://doi.org/10.1007/978-3-030-84148-5_8

36. Li Y., Liu Y., Liu L. Distribution mechanism of airflow in seed tube of different lengths in pneumatic seeder. Nongye 
Jixie Xuebao = Transactions of the Chinese Society of Agricultural Machinery, 2020, vol. 51, no. 6, pp. 55–64 (in Chinese). 
https://doi.org/10.6041/j.issn.1000-1298.2020.06.006

На
ци
он
ал
ьн
ая

 а
ка
де
ми
я 
на
ук

 Б
ел
ар
ус
и



88	 Proceedings of the National Academy of Sciences of Belarus. Agrarian series, 2026, vol. 64, no. 1, рр. 76–88	

37. Qin J., Zhang X., Jiang Z. Design and calculation of the allotter in the central-type drill system. Nongye Zhuangbei 
Jishu = Agricultural Equipment & Technology, 2004, vol. 30, no. 6, pp. 37–38 (in Chinese).

38. Li L., Zhu D., Zhang S., Wen S., Jiang R., Wu L. Design and experiment of slider-hole-wheel precision hill-direct-
seeding metering device for rice. Zhejiang Nongye Xuebao = Acta Agriculturae Zhejiangensis, 2018, vol. 30, no. 12,  
pp. 2153–2160 (in Chinese). https://doi.org/10.3969/j.issn.1004-1524.2018.07.22

39. Li X., Liao Q., Yu J., Shu C., Liao Y. Dynamic analysis and simulation on sucking process of pneumatic precision 
metering device for rapeseed. Journal of Agriculture, Food and Environment, 2012, vol. 10, no. 1, pp. 450–454.

40. Shi Song, Zhang Dongxing, Yang Li, Cui Tao, Zhang Rui, Yin Xiaowei. Design and experiment of pneumatic maize 
precision seed-metering device with combined holes. Nongye Gongcheng Xuebao = Transactions of the Chinese Society  
of Agricultural Engineering, 2014, vol. 30, no. 5, pp. 10–18 (in Chinese). https://doi.org/10.3969/j.issn.1002-6819.2014.05.002

41. Shi S., Zhang D., Yang L., Cui T., Li K., Yin X.. Simulation and verification of seed-filling performance of pneumatic-
combined holes maize precision seed-metering device based on EDEM. Nongye Gongcheng Xuebao = Transactions  
of the Chinese Society of Agricultural Engineering, 2015, vol. 31, no. 3, pp. 62–69 (in Chinese). https://doi.org/10.3969/j.
issn.1002-6819.2015.03.009

42. Gong Z., Chen J., Li Y., Li J. Seed force in airflow field of vacuum tray precision seeder device during suction process  
of seeds. Nongye Jixie Xuebao = Transactions of the Chinese Society of Agricultural Machinery, 2014, vol. 45, no. 6,  
pp. 92–97, 117 (in Chinese). https://doi.org/10.6041/j.issn.1000-1298.2014.06.015

43. Yasir S. H., Liao Q. Simulation of negative pressure behavior using different shapes and positions of pressure inlet 
and seed hole diameters using ANSYS-CFX to optimize the structure of a pneumatic metering device designed for wheat. 
Agricultural Engineering International: CIGR Journal, 2014, vol. 16, no. 4, pp. 122–134.

44. Karayel D., Barut Z. B., Özmerzi A. Mathematical modelling of vacuum pressure on a precision seeder. Biosystems 
Engineering, 2004, vol. 87, no. 4, pp. 437–444. https://doi.org/10.1016/j.biosystemseng.2004.01.011

Information about the authors

Aftab Khaliq – M. Sc. (Agricultural Engineering), Scien- 
tific Officer, Agricultural Engineering Institute, Pakistan 
Agricultural Research Council (44000, Islamabad, Pakistan).  
https://orcid.org/0009-0005-4572-8868. E-mail: aftabkhaliq123@
gmail.com

Fiaz Ahmad – Ph. D. (Agricultural Bioenvironmental and 
Energy Engineering), Professor of the Department of Agricul- 
tural Engineering, Bahauddin Zakariya University (Multan, 
60000, Pakistan). https://orcid.org/0000-0002-3304-8663. 
E-mail: fiazahmad@bzu.edu.pk

Ibrar Ahmad – Ph. D. Scholar, College of Biosystems 
Engineering and Food Science, Zhejiang University (310058, 
Hangzhou, China). https://orcid.org/0009-0004-2101-1320. 
E-mail: ibrarrai@ zju.edu.cn

Muhammad Awais – M. Sc. (Agricultural Engineering), 
Department of Agricultural Engineering, Bahauddin Zaka- 
riya University (Multan, 60000, Pakistan). https://orcid.
org/0009-0006-5987-1259. E-mail: m.awaispk@outlook.com

Hafiz Sultan Mahmood – Ph. D. (Agricultural Engineering 
and Precision Agriculture), Principle Scientific Officer, Agri- 
cultural Engineering Institute, Pakistan Agricultural Research 
Council (44000, Islamabad, Pakistan). https://orcid.org/0000-
0002-2715-9666. E-mail: sultan_fmi@hotmail.com

Muhammad Mohsin Ali – M. Sc. (Agricultural Engi- 
neering), Senior Scientific Officer, Agricultural Engineering 
Institute, Pakistan Agricultural Research Council (44000, 
Islamabad, Pakistan). https://orcid.org/0009-0005-4251-0695. 
E-mail: mohsinali.mahr@gmail.com

Nadeem Zubair – M. Sc. (Mechanical Engineering), 
School of Mechanical Engineering, Jiamusi University  
(258, Xuefu St., Jiamusi City, Xiangyang District, Heilon- 
gjiang Province, China). https://orcid.org/0009-0002-2641-
8969. E-mail: nadeemzubair6080@gmail.com

Информация об авторах

Афтаб Халик – магистр сельскохозяйственных наук, 
научный сотрудник, Институт механизации сельского 
хозяйства, Совет сельскохозяйственных исследований 
Пакистана (44000, Исламабад, Пакистан). https://orcid.
org/0009-0005-4572-8868. E-mail: aftabkhaliq123@gmail.com

Фиаз Ахмад – кандидат наук (сельскохозяйственная  
биоэкологическая и энергетическая инженерия), профес- 
сор кафедры механизации сельского хозяйства, Универ- 
ситет Бахауддина Закарии (Мултан, 60000, Пакистан). 
https://orcid.org/0000-0002-3304-8663. E-mail: fiazahmad@
bzu.edu.pk

Ибрар Ахмад – доктор наук, Колледж биосистемной 
инженерии и науки о пищевых продуктах, Чжэцзянский 
университет (310058, Ханчжоу, Китай). https://orcid.org/0009-
0004-2101-1320. E-mail: ibrarrai@ zju.edu.cn

Мухаммад Аваис – магистр сельскохозяйственных  
наук, кафедра механизации сельского хозяйства, Универ- 
ситет Бахауддина Закарии (Мултан, 60000, Пакистан). 
https://orcid.org/0009-0006-5987-1259. E-mail: m.awaispk@
outlook.com

Хафиз Султан Махмуд – кандидат наук (сельскохо- 
зяйственное машиностроение и точное земледелие), глав-
ный научный сотрудник, Институт механизации сельско- 
го хозяйства, Совет сельскохозяйственных исследований  
Пакистана (44000, Исламабад, Пакистан). https://orcid.
org/0000-0002-2715-9666. E-mail: sultan_fmi@hotmail.com

Мухаммад Мохсин Али – магистр сельскохозяйствен-
ных наук, старший научный сотрудник, Институт меха- 
низации сельского хозяйства, Совет сельскохозяйствен- 
ных исследований  Пакистана (44000, Исламабад, Паки- 
стан). https://orcid.org/0009-0005-4251-0695. E-mail: mohsinali.
mahr@gmail.com

Надим Зубаир – магистр наук (машиностроение), 
Школа машиностроения, Университет Цзямусы (258, 
ул. Сюэфу, город Цзямусы, район Сянъян, провинция 
Хэйлунцзян, Китай). https://orcid.org/0009-0002-2641-8969. 
E-mail: nadeemzubair6080@gmail.com

На
ци
он
ал
ьн
ая

 а
ка
де
ми
я 
на
ук

 Б
ел
ар
ус
и




