
 

  

Abstract—Ventilation serves as the primary method for 

regulating the environment within a piggery, and the design of 

various pigpens can significantly influence airflow patterns. To 

explore the influence on airflow trajectory, computational fluid 

dynamics (CFD) was used to simulate airflow and temperature 

in piggeries with four pigpen types: TA (solid boards), TB 

(upper fence and lower solid board), TC (solid boards and 

fences), and TD (fence structures). Results showed:(1) TB 

enabled manure pit airflow to enter the pig activity area more 

easily. (2) TA was prone to cyclone formation with reverse 

airflow, while TB had fewer. TC's aisle fence enhanced 

enclosure ventilation, yet the pigs' breathing plane mainly had 

reverse airflow, and TD had positive airflow. (3) Different plans 

had varying wind speeds and temperatures at pigs' breathing 

height. TC had the lowest average breathing plane temperature 

and relatively low wind speed, providing effective cooling and 

low wind speed. Its temperature variation coefficient (2.71%) 

was lower than others, facilitating better temperature control. 

This study on pigs' breathing zone conditions in four pigpen 

types offers references and theoretical insights for future 

piggery construction. 

 
Index Terms—CFD, numerical simulation, piggery, pigpen, 

temperature, ventilation 

 

I. INTRODUCTION 

HE environmental quality of piggeries is a crucial factor 

influencing the healthy growth of pigs, with ventilation 
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serving as the primary method for regulating this quality 

[1-5]. In the existing research on ventilation in piggeries, 

scholars mainly concentrate on the position and area of 

ventilation openings, often neglecting the impact of pigpen 

type on ventilation [6-9]. Pigpens is the smallest unit in the 

piggery and play a significant role in determining airflow and 

temperature. Therefore, it is essential to explore the 

relationship between pigpen type and the environmental 

conditions, thereby establishing a scientific foundation for 

future piggery construction. 

Currently, the planar structure of closed piggeries is 

predominantly rectangular, with longitudinal mechanical 

ventilation being the preponderant method utilized. Under 

fixed ventilation circumstances and construction patterns, the 

type of pigpen frequently represents a crucial factor 

influencing the environmental conditions within the pig 

activity areas. Based on the survey, there are primarily two 

pigpen categories: solid boards and fences. Enclosures 

constructed with solid boards can effectively segregate 

airflow between adjacent enclosures, which is beneficial for 

epidemic prevention. However, such a design is 

disadvantageous to ventilation and management. Conversely, 

enclosures constructed with fences afford favorable 

ventilation and convenient management, but excessive 

airflow might engender discomfort and energy dissipation for 

the pigs. To explore the impacts of different types of pigpens 

on ventilation and temperature in pig activity areas, this study 

intends to employ computational fluid dynamics (CFD) 

technology to analyze the environmental changes within the 

pigpens [10-13].  

CFD technology has a broad range of applications, such as 

the simulation of ventilation, temperature variations, and 

pollutant volatilization within livestock housing [11, 13 - 16]. 

Wei, X. et al. [17] utilized CFD technology to simulate the 

changes and distribution of temperature and airflow in 

pigsties, reporting a temperature difference between the 

simulated temperature and the actual temperature was less 

than 1.54°C. Mossad, R. R. [18] analyzed the impact of the 

number and position of ventilation openings on airflow and 

temperature using CFD technology, ultimately determining 

the optimal solution. Yang, H. et al. [19] simulated and 

analyzed airflow, temperature, humidity, and NH3 

concentration in a closed piggery. By identifying the 

environmental characteristic points, and then subsequently 

planning the inspection path and monitoring points for the 

track inspection robot, can substantially enhance the 

scientific and rational arrangement of monitoring points. La, 

A. et al. [20] established a CFD model to simulate the 
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propagation and distribution of the porcine reproductive and 

respiratory syndrome virus in piggery environments. Tabase, 

P. K. et al. [21] applied CFD technology to analyze the 

effects of under-floor ventilation systems on airflow and 

ammonia (NH3) distribution in piggery settings. Based on 

current research data, several schemes can be proposed for 

simulating the environmental conditions of animal husbandry 

facilities. The solver type is typically selected as 

pressure-based [21]; the viscous model generally adopts the 

Standard k-ε model [22-25]; the solution method employed is 

SIMPLE (semi-implicit method for pressure linked equations) 

[24, 26]; for the spatial discretization format, the pressure 

term is set to second order; under complex flow conditions, 

the second order upwind scheme is preferred for the 

discretization of momentum, turbulent kinetic energy, 

turbulent dissipation rate, and energy to enhance 

computational accuracy [21, 24, 26, 27]. Currently, in CFD 

simulations, the relative error of temperature can be 

maintained below 10% [28, 29]. Evidence indicates that the 

wind speed error at most monitoring points can be kept below 

30% during the research process, with the minimum error 

reaching within 5% [24, 29-31]. Therefore, it can be 

concluded that a judicious selection of computational models 

and modeling methods is essential for minimizing simulation 

errors [32, 33]. 

 In summary, to strengthen the analysis of environmental 

changes inside the piggery and provide a scientific basis for 

the construction of future piggery facilities, it is of utmost 

importance to explore the types of pigpens as well as the 

airflow dynamics therein. The application of CFD 

technology to study the distribution of environmental factors, 

such as airflow fields and temperature fields, within piggeries 

can significantly economize scientific research resources. In 

this context, the present study focuses on closed nursery 

piggeries as the research object and utilizes computational 

models to simulate the impacts of diverse types of pigpens on 

wind speed and temperature. By analyzing the characteristics 

of changes in wind speed and temperature, this research 

endeavors to identify the environmental influences associated 

with different pigpen designs, thereby improving the 

environmental quality of pig facilities, reducing energy 

consumption, and augmenting the production efficiency of 

pig farming. 

 

II. MATERIALS AND METHODS 

A. Structure of Piggery 

This study focuses on the traditional closed nursery 

piggery located in the Henan province, with the structure and 

ventilation system layout illustrated in Fig. 1. In this layout, 

the positive y-axis direction is oriented to the right side of the 

piggery, where the pigpen numbers range from No.1 to No.10. 

Conversely, the negative y-axis direction points to the left, 

covering pigpen numbers No.11 to No.20. The positive x-axis  

direction extends toward the rear of the piggery, while the 

negative x-axis direction is directed toward the front. 

Additionally, the positive z-axis direction points to the top of 

the piggery, with the negative z-axis direction points towards 

the bottom of the manure pit. The pigpens are symmetrically 

arranged on both sides, with ten pigpens on each side, each 

having dimensions of 4.5 × 4 × 1 m. The piggery adopts a 

negative-pressure mechanical ventilation system, with a wet 

curtain on the front wall as the air inlet and a fan on the back 

wall as the air outlet. The dimensions of the wet curtain are 4 

× 1.7 m, while the fans measure 1.5 × 1.5 m, 1.1 × 1.1 m, and 

0.8 × 0.8 m. The facility accommodates approximately 360 

nursery pigs. The manure pit has a depth of 1.2 m, and 

airflow exchange with the pig activity area occurs solely 

through the slatted floor, with no vents located elsewhere. A 

0.5 m wide aisle is located between the front and rear walls 

and the adjacent pigpens. 

 

B. Types of Pigpens 

In piggeries, four common types of pigpens can be 

identified: pigpens constructed with solid boards (TA), 

pigpens constructed with a combination of semi-solid boards 

and semi-fences (TB), hybrid pigpens (TC), and pigpens 

 
Fig. 1.  The structure of the piggery and the layout of the pigpens. 
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constructed solely with fences (TD).  The detailed structure 

of the pigsty is shown in Fig. 2. The TA pigpen is constructed  

from solid boards and has a height of 1 m, which effectively 

blocks airflow parallel to the ground. In contrast, the TB 

features a lower section composed of solid boards with a 

height of 0.5 m, and it is topped with a fence of the same 

height. The TC pigpen consists of solid boards with a height 

of 1 m on three sides, while the side adjacent to the aisle is 

constructed using a fence. Finally, the TD pigpen is entirely 

made up of a fence and has a height of 1 m. 

 

C. Methods and Steps 

In this study, CFD technology was employed to simulate 

the environment of a piggery. Utilizing the simulation data, 

the influence of different types of pigpens on the wind speed 

trajectory and temperature within the piggery was analyzed. 

The detailed research steps are as follows: 

(1) Construction of structural model 

Analyze the structural architecture of the piggery, measure 

its dimensional parameters, and utilize CFD technology to 

construct a structural model. Refer to simulation cases to 

ascertain  a simplified model for complex structures, thereby 

enhancing computational efficiency and reducing simulation 

errors. 

(2) Determination of research area 

In this study, the nursery piggery was selected as the 

research object, with the respiratory height of the nursery 

pigs serving as the focal area of investigation. By consulting 

relevant literatures and actual conditions, the respiratory 

height of the nursery pigs was set at 0.4 m.  

(3) Division of monitoring points 

To facilitate a more effective comparison of the disparities 

among diverse monitoring points, this study established 

environmental monitoring points with pigpens as basic unit. 

Each pigpen is furnished with 13 monitoring points, thereby 

yielding a cumulative total of 260 monitoring points 

throughout the entire piggery. The detailed information 

regarding the monitoring points is presented in Fig. 3. 

 (4) Acquisition of environmental data 

Using environmental monitoring equipment to gather 

environmental parameters inside the piggery, and set 

boundary conditions for the simulation model. 

 (5) Calculation and analysis of results 

Firstly, a comprehensive analysis of the literature and 

relevant simulation cases was conducted to determine the 

optimal computational model. Secondly, under identical 

environmental conditions, only the type of pigpen was altered, 

and ANSYS (Version 14.5) software was employed for 

simulation calculations to obtain wind speed and temperature 

variations within the piggery. Finally, based on the 

simulation data, a comparison and analysis are conducted to 

assess the impact of different types of pigpens on the 

environmental conditions of the pig activity areas. 

 
Fig. 3.  Division of monitoring points in the pigpen. 

D. CFD Simulation 

Construction of Structural Model and Grid Division  

A three-dimensional structural model of a piggery was 

established by ANSYS software. Each pigpen accommodates 

approximately 18 to 20 pigs. To improve computational 

efficiency, the pigs within each pigpen were simplified and 

represented by four cubes, with each cube having dimensions 

 
Fig. 2.  Types of pigpens. 
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of 0.7 × 0.25 × 0.5 m [34]. Factors such as crossbeams, 

feeders, water pipes, and other elements that exert a relatively 

insignificant influence on the simulation results were 

excluded from the model. Following a grid independence 

verification, the piggery was segmented into a total of 

2,945,258 grids. 

 

Basic Control Equations 

During the simulation process, the air inside the piggery is 

set as an incompressible fluid, following the laws of 

conservation of mass (equation 1), momentum (equation 2), 

and energy (equation 3). 

Conservation of mass equation: 

( ) ( ) ( )
0
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+ + =
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 (1) 

ρ represents the density of fluid in the pigsty, kg٠m–3; u, v, 

and w respectively denote the components of fluid velocity in 

the x, y, and z directions of the coordinate axis, m٠s–1. 

Momentum conservation equation: 
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(2) 

μ represents the dynamic viscosity coefficient, pa∙s; p 

represents the pressure on the fluid, Pa. 

Energy conservation equation: 

( ) ( ) ( )
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 (3) 

T represents the temperature of the fluid inside the piggery, 

K; k represents the thermal conductivity of the fluid, 

W٠(m٠K)–1; cp represents the specific heat capacity of a fluid, 

J٠(kg٠K)–1; ST represents the heat source inside the fluid, W. 

 

Simulation Calculation 

The Ansys Fluent module calculated the temperature and 

wind speed within the piggery. The boundary conditions for 

the simulation are obtained from environmental data 

collected in a prior project [19]. The temperature settings 

were as follows: the right wall was set at 23 °C, the left wall 

at 22.1 °C, the front wall at 23.8 °C, the rear wall at 21.1 °C, 

the roof at 24.9 °C, the ground at 23.5 °C, and the surface 

temperature of the pig body at 38.2 °C. The wet curtain is 

designated as the pressure inlet, the fan serves as the speed 

outlet (Fans with dimensions of 1.5 × 1.5 m and 0.8 × 0.8 m, 

with a wind speed of 1.5 m·s−1; a fan with a size of 1.1 × 1.1 

m, a wind speed of m·s−1). The temperature of the pigpen 

board was set to 24°C. The coupling effects among 

environmental factors were neglected, with the focus solely 

placed on the impact of longitudinal ventilation on the 

piggery. Additionally, the slatted floor is simplified as a 

porous medium model [10, 35-37]. 

The Solver Type was selected as pressure-based. The 

Standard k-ε model was adopted for the Viscosity Model, and 

the SIMPLE method was employed for the solution [24, 26]. 

For the spatial discretization scheme, the pressure term was 

discretized using a second-order scheme, the second-order 

upwind scheme was utilized for the discretization of 

momentum, turbulent kinetic energy, turbulent dissipation 

rate, and energy. The iterative calculation was considered to 

have converged when the residuals of the energy equation 

and other equations reach values of 10−6 and 10−3, 

respectively, and when the environmental parameters at the 

monitoring points remain constant [38]. 

 

III. RESULTS AND DISCUSSION 

A. Analysis of Airflow Trajectory on xz Plane 

Ventilation plays a crucial role in regulating the 

environmental quality of closed piggeries and exerts a 

significant impact on the overall piggery environment. The 

trajectory of airflow is of fundamental importance in 

dictating the distribution of diverse environmental factors. 

Hence, the wind speed field under different ventilation 

schemes is examined as a preliminary step. The principal aim 

of analyzing the airflow trajectory on the xz surface of the 

piggery is to explore the interrelationship among the upper 

airflow (the airflow above the pigpen), the airflow within the 

pigpen, and the airflow in the manure pit. Given the 

symmetrical structure of the piggery, one side (pigpens 

No.1-No.10) was chosen for this study. To mitigate the 

influence of the pig model, the xz plane was selected at a 

distance of 2 m from the right wall of the piggery. Moreover, 

the xy plane was selected at a height of 0.4 m above the 

ground to investigate the airflow trajectory at the breathing 

level of the pigs. 

 

Analysis of Airflow Trajectory in TA Pigpen 

The TA pigpen is constructed entirely from solid boards, 

which effectively obstruct airflow parallel to the ground, 

thereby protecting the pigs from its adverse effects. The 

trajectory of airflow in the xz plane is illustrated in Fig. 4. The 

upper airflow is minimally affected by obstacles, resulting in 

a relatively fast flow speed that is predominantly 

characterized by positive airflow (in the positive direction of 

the x-axis). In contrast, the airflow within the pigpen is 

influenced by the solid boards, leading to a more complex 

airflow trajectory. Additionally, the cesspool is connected to 

the pigpen through a slatted floor, causing its airflow path is 

affected by the airflow in the pigpen. The manure pit can be 

categorized into three regions based on the direction of 

airflow. The horizontal distance from the front wall to 

position MP1 (the boundary position of airflow) is 2 m, with 

the airflow moving in a positive direction. Concurrently, a 

cyclone will form at TA1 (the center of the cyclone is situated 

0.4 m above the ground and 1 m from the front wall), 
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enabling the airflow to ultimately enter the No.1 pigpen 

through the slatted floor. The horizontal distance between  

positions MP1 and MP2 is 10 m, during which the airflow 

direction is reversed (in the negative x-axis direction). 

Furthermore, the horizontal distance from position MP2 to 

the back wall of the piggery is 28 m, where the airflow is 

again positive and exits the piggery through the fans. 

Upon ingress from the wet curtain, the airflow is 

obstructed by a solid board located at the front of the pigpen. 

A portion of the airflow is directed into the manure pit via the 

slatted floor, while the remaining air enters the upper layer of 

the piggery and the interior of the pigpen. The comparative 

analysis is presented as follows: 

 (1) The Fig. 4 and Fig. 5 indicates that the mass flow rate 

of the airflow at the slatted floor in pigpen No.1 is 0.782 

kg٠s–1 (when the mass flow rate is positive, the airflow 

direction is positive along the z-axis; otherwise, it is 

negative.), with the airflow originating from both sides of 

MP1. After passing through the slatted floor, the upper 

airflow converges to form a cyclone parallel to the ground at 

TA2 (where the center of the cyclone is 0.6 m above the 

ground and 3.5 m away from the front solid board of the 

pigpen), which is located at the rear of pigpen No.1. Within 

the manure pit, a reverse airflow exists between positions 

MP1 and MP2, which drives the airflow in the manure pit 

toward the front of the piggery, thereby impeding 

improvements in air quality.  

 (2) The mass flow rates of the airflow at the slatted floor in 

pigpens No.2 and No.3 are –0.131 kg∙s–1 and –0.234 kg∙s–1, 

respectively. The downward airflow partially moves toward 

the front of the pigpen and enters pigpen No.1 through the 

slatted floor. Meanwhile, another portion of the airflow 

recirculates back into the respective pigpen through the 

slatted floor at the front of each pigpen. A cyclone is present 

at TA3 in pigpen No.2, positioned 0.8 m above the ground 

and 2.5 m away from the solid board in front of the pigpen. 

Additionally, a cyclone is located at TA4 in pigpen No.3, 

situated 0.7 m above the ground and 1.5 m away from the 

solid board in front of the pigpen. In pigpen No.3, the airflow 

enters the manure pit and subsequently flows towards both 

sides at position MP2. Between position MP2 and the rear 

wall, the airflow is characterized being in the positive 

direction.  

 (3) The airflow patterns within pigpens No.4 to No.9 are 

consistent with this observation. Specifically, the airflow 

enters the manure pit through the slatted floor located at the 

rear of the pigpen; a portion of this airflow disperses into the 

adjacent pigpens, while the remaining portion continues 

toward the rear of the pigpen, ultimately being discharged 

through fans. A cyclone is positioned at TA5 in pigpens No.4 

 
Fig. 4.  Airflow trajectory on the xz surface of TA-type pigpen. 

 

 
Fig. 5.  Mass flow rate of airflow at the slatted floor in the pigpen. 
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- No.9, situated 0.4 m above the ground and 2 m away from 

the solid board in front of the pigpen.  

 (4) Pigpen No.10 is located near the fan at the end of the 

piggery. It is worthy of note that no cyclone exists inside this 

pigpen. The mass flow rate of airflow at the slatted floor is 

measured at 0.498 kg·s–1. In pigpens No.1 and No.10, the 

predominant airflow is characterized by updrafts, whereas 

pigpens No.2 to No.9 exhibit downdrafts as the main airflow 

pattern. 

 

Analysis of Airflow Trajectory in TB Pigpen 

The upper section of the TB pigpen consists of a fence, 

while the lower section features a solid board, with the 

airflow within the pigpen being primarily influenced by the 

solid board. The airflow trajectory on the xz surface of the TB 

pigpen is illustrated in Fig. 6. In comparison to the TA pigpen, 

the TB pigpen enhances the ventilation efficiency within the 

pigpen. Additionally, the effect of the TB pigpen on the 

airflow inside the manure pit is comparable to that of the TA 

pigpen. The horizontal distance from the front wall of the 

piggery to position MP3 is 3 m, which is 50% longer than the 

TA scheme. Within this distance range, a cyclone exists at 

TB1, which is located at the same position as TA1. The 

horizontal distance between MP3 and MP4 is 20.3 m, which 

is 103% longer than the TA scheme. The distance between 

MP4 and the front wall of the piggery is 23.3 m, which is 

94.17% longer than the TA scheme. The airflow between 

position MP4 and the front wall of the piggery will re-enter 

the pig activity area, which is detrimental to the healthy 

growth of pigs. 

The height of the solid board of the TB pigpen is 0.5 m, 

which minimally obstructs the airflow. This low solid board 

prevents the formation of a cyclone in pigpen No.1, thereby 

reducing the harmful gas accumulation. The airflow between 

MP3 and MP4 flows in reverse, primarily influencing the 

airflow within pigpens No.1 to No.6. The comparative 

analysis is as follows: 

 (1) The mass flow rate of airflow at the slatted floor in 

pigpen No.1 is 0.509 kg·s⁻¹, which represents a decrease of 

34.91% compared to the TA scheme. 

 (2) In pigpen No.2, the airflow predominantly originates 

from beneath the slatted floor at the front of the pigpen. The 

mass flow rate of this airflow is 0.161 kg·s⁻¹, and the vertical 

airflow creates a cyclone effect at TB2 (where the height of 

the cyclone center from the ground is 0.35 m, and the distance 

from the solid board in front of the pigpen is 2.5 m). The 

airflow trajectory in pigpen No.3 is analogous to that in 

pigpen No.2, with a mass flow rate of –0.003 kg·s⁻¹ at the 

slatted floor.  

(3) In pigpen No.6, the airflow converges with that of the 

manure pit, leading to the formation of a cyclone parallel to 

the ground at position TB3. Similarly, the airflow trajectory 

in pigpen No.5 mirrors that of pigpen No.6. At position MP4, 

the airflow diverges towards both sides; one portion flows 

towards the front of the piggery and ultimately enters pigpen 

No.1, while the other flows towards the rear and is expelled 

from the piggery via fans.  

(4) In pigpen No.7, airflow beneath the slatted floor enters 

from the front of the pigpen, with part of it flowing into the 

upper airflow and the remainder re-entering the manure at the 

rear of the pigpen. The airflow trajectory in pigpen No.9 is 

akin to that in pigpen No.7.  

(5) Influenced by the negative pressure fan, the airflow in 

pigpen No.10 predominantly moves towards the fan, with a 

mass flow rate of 0.062 kg·s⁻¹ at the slatted floor. Notably, 

airflow within pigpens No.2 and No.10 is directed upward, 

whereas airflow in pigpens No.3 through No.9 is directed 

downward. 

 
Fig. 6.  Airflow trajectory on the xz surface of TB-type pigpen. 
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Analysis of Airflow Trajectory in TC Pigpen 

The side of the TC pigpen near the aisle is fenced, while 

the other three directions are solid boards. The airflow 

trajectory on the xz surface of the pigpen is illustrated in Fig. 

7. The height of the TC pigpen matches that of the TA, 

resulting in a similar upper airflow trajectory. Since the 

central aisle is fenced on both sides, air can flow freely to 

either side. Based on the airflow direction, the manure pit can 

be divided into three distinct areas. The horizontal distance 

from the front wall to position MP5 measures 3.9 m, which is 

95% longer than that in the TA scheme and 30% longer than 

the TB scheme. A cyclone is located at TC1 within the 

manure pit, corresponding to the positions of TA1 and TB1. 

The distance between positions MP5 and MP6 is 3.8 m, 

which is 62% shorter than the TA scheme and 81.28% shorter 

than the TB scheme. Additionally, the horizontal distance 

from position MP6 to the front wall is 7.7 m, indicating a 

reduction of 38.83% compared to the TA scheme and 66.95% 

compared to the TB scheme. 

When the airflow enters the manure pit, the distance to 

position MP5 is greater than that of both the TA and TB 

schemes. The comparative analysis is as follows: 

 (1) The mass flow rate of the airflow at the slatted floor in 

pigpen No.1 is 0.697 kg·s–1, and its trajectory resembles that 

of the TA scheme.  

(2) Similarly, the airflow trajectory and cyclone position in 

pigpen No.2 align with the TA scheme. At MP6, located 

beneath pigpen No.2, the airflow divides; part of it reverses 

direction, entering pigpen No.1 through the slatted floor, 

while the remaining portion flows towards the rear of the 

piggery.  

 (3) The airflow trajectories in pigpens No.3 to No.9 are 

consistent with those observed in pigpens No.4 to No.9 under 

the TA scheme. The airflow in the front pigpen traverses the 

slatted floor and enters the adjacent pigpen at the rear. In the 

TC scheme, the airflow in the manure pit exhibits a shorter 

retrograde distance. 

 

Analysis of Airflow Trajectory in TD Pigpen 

 The TD pigpen is designed with fences that facilitate 

 
Fig. 7.  Airflow trajectory on the xz surface of TC-type pigpen. 

 

 
Fig. 8.  Airflow trajectory on the xz surface of TD-type pigpen. 
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unobstructed airflow. The airflow trajectory in the xz plane is 

illustrated in Fig. 8. Since the fence does not obstruct the flow 

of air, the airflow trajectory within the pigpen mirrors that of 

the upper layer. However, the airflow in the piggery 

diminishes gradually with increasing distance. Based on the 

direction of airflow, the manure pit can be categorized into 

four distinct areas; nevertheless, the airflow velocity in each 

area remains relatively low compared to other solutions. (1) 

The horizontal distance from the front wall to position MP7 is 

1 m, and the airflow direction is reversed. The main reason 

for the formation of reverse airflow is that the airflow 

entering the piggery from the wet curtain is not blocked by 

the solid board in the aisle, so there is no downward airflow. 

(2) The horizontal distance from positions MP7 to MP8 is 2.2 

m, and the airflow direction is forward. There is a cyclone at 

TD1, which is 1.9 m from the front wall of the piggery and 

0.6 m from the ground surface. (3) The horizontal distance 

from positions MP8 to MP9 is 11.9 m, and the airflow 

direction is reversed. The horizontal distance between 

position MP9 and the back wall of the piggery is 24.9 m, and 

the airflow direction is positive. In the manure pit, the airflow 

between position MP9 and the front wall of the piggery will 

enter the pig activity area. (4) The horizontal distance 

between position MP9 and the front wall of the piggery is 

15.1 m, which is 25.83%, –35.19%, and 96.1% farther away 

than the TA, TB, and TC schemes respectively. The 

comparative analysis is as follows: 

(1) There are two airflow-dividing positions below pigpen 

No.1, namely MP7 and MP8. The mass flow rate of the 

airflow at the slatted floor in pigpen No.1 is –0.006 kg·s–1, 

and the airflow is divided at position MP7. Part of the airflow 

flows in the opposite direction and moves upward after being 

blocked by the front wall of the piggery; the other part of the 

airflow will form a cyclone at TD1 and enter the pigpen No.1 

again.  

(2) The airflow will be divided at MP9 below pigpen No.4, 

and the reverse airflow will eventually enter pigpens No.1 

and No.2 through the slatted floor.  

(3) In the TD scheme, the slatted floors of pigpens No.2 

and No.10 are rising airflows with mass flow rates of 0.078 

kg·s–1 and 0.177 kg·s–1 respectively, and the other pigpens are 

all downward airflows. 

 

B. Analysis of the xy Plane Airflow Trajectory of the 

Pigpen 

To enhance the study of airflow trajectories at the 

breathing height level of pigs, this research selected 

representative pigpens No.1, No.2, No.6, and No.10 from 

each analysis plan. The airflow trajectories in the xy plane 

(0.4 m from the ground). For each scheme is illustrated in Fig. 

9. 

The airflow trajectories in TA pigpens exhibits a similar 

pattern. At the height of the pig's breathing, the airflow is 

predominantly reversed, opposing the direction of the upper 

airflow. Pigpens No.1, No.2, and No.10 are situated 

relatively close to the air inlet and outlet, resulting in 

transverse airflow (in the y-axis direction) at the rear end of 

each pigpen. In contrast, pigpens No.3 through No.9 

experience less disturbance, with the airflow speed at the 

front of the pigpen being greater than that at the back. 

Notably, there is no cyclone present in the breathing plane of 

pigs within TA pigpens. 

In comparison to the TA pigpen, the solid board of the TB 

pigpen is lower and presents a limited obstruction to airflow. 

Changes in the airflow trajectory indicate that the wind speed 

in the pigpens located at the rear of the piggery is greater than 

that in the front pigpens. Notably, there is a reverse airflow in 

pigpen No.1, which shifts closer to the aisle during the flow 

process. The airflow in pigpens No.2 and No.3 is relatively 

complex, featuring reverse airflow near the aisle and positive 

airflow in other areas. In contrast, the airflow patterns in 

pigpens No.4 to No.10 are more uniform, predominantly 

exhibiting positive airflow. 

TC pigpens are significantly influenced by aisle airflow. 

Each pigpen primarily exhibits reverse airflow, with a 

cyclone present in pigpens No.1 to No.4. As the distance of 

airflow travel increases, the cyclone speed in pigpens No.5 to 

No.10 diminishes. The airflow trajectory in the xy plane 

indicates that air enters from the rear of the pigpen, exits from 

the front, and subsequently flows into the middle aisle. The 

mass flow rates of the airflow at the fences of pigpens No.1, 

No.2, No.3, and No.10 are measured at 0.203 kg·s–1, 0.209 

kg·s–1, 0.031 kg·s–1, and 0.019 kg·s–1, respectively (positive 

values indicate that the airflow direction is toward the 

positive y-axis), while the fences of the other pigpens exhibit 

negative airflow. Additionally, the fences on both sides of the 

aisle enhance ventilation efficiency within the pigpen. 

The TD pigpen is constructed entirely of fences, which 

facilitates unrestricted airflow. At the breathing height of the 

pigs in TD pigpens, the airflow speed is relatively high and 

predominantly consists of positive airflow. 

 

C. Analysis of Cloud Charts and Data 

Analysis of Changes in Wind Speed 

The wind speed cloud diagram at the breathing height of 

nursery pigs is illustrated in Fig. 10. The wind speed cloud 

chart intuitively shows that in schemes TA, TB, and TC, the 

high wind speed areas are primarily concentrated in the 

middle aisle, whereas in TD scheme, they are predominantly 

located at the front of the piggery. Table Ⅰ indicates that under 

the same environmental conditions, the average wind speeds 

at the breathing height plane of pigs in TA, TB, TC, and TD 

type pigpens are 0.11 m·s−1, 0.15 m·s−1, 0.13 m·s−1, and 0.32 

m·s−1, respectively. Among these, the TA scheme exhibits 

the lowest average wind speed, while the TD scheme 

demonstrates the highest average wind speed. The 

coefficients of variation of wind speed for the four schemes 

are 45.87%, 45.18%, 46.89%, and 48.42%, respectively. 

Notably, the TD scheme shows the greatest variation in wind 

speed, with values ranging from 0.05 to 0.78 m·s−1. 

Conversely, the TB scheme has the smallest variation, with 

wind speed values ranging from 0.04 to 0.41 m·s−1. This 

implies that the solid board effectively obstructs airflow, 

thereby better maintaining consistent airspeed within the 

pigpen. While the fence structure of the pigpen enhances the 

overall ventilation efficiency, it also contributes to increased 

variation in wind speed. Consequently, this variability may 

impede the precision of the environmental control system in 

large-scale operations. 
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Fig. 9.  Airflow trajectory of pig breathing plane. 

 
Fig. 10.  Wind speed change chart. 

TABLE Ⅰ 

COMPARATIVE ANALYSIS OF ENVIRONMENTAL VALUES AT MONITORING POINTS. 

Type 

Wind speed (m·s−1) Temperature (℃) Average value Coefficient of variation 

Max Min Deviation Max Min Deviation 

Wind 

speed 

(m·s−1) 

Temperature 

(℃) 

Wind 

speed 
Temperature 

TA 0.27 0.04 0.23 24.39 20.3 4.09 0.11 22.20 45.87% 3.3% 

TB 0.41 0.04 0.37 24.65 20.3 4.35 0.15 22.48 45.18% 3.3% 

TC 0.51 0.04 0.47 23.52 20.29 3.23 0.13 21.76 46.89% 2.71% 
TD 0.78 0.05 0.73 23.94 20.04 3.9 0.32 21.87 48.42% 3.75% 
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Fig. 11-a illustrates the average wind speed values for 

pigpens No.1 to No.10, while Fig. 11-b depicts the wind 

speed values on the left and right sides of the piggery, using 

the right wall as the reference point. As shown in Table Ⅱ, 

significant differences in wind speed values exist among the 

various schemes (p < 0.05). The pigpens located at the front 

and rear of the piggery are influenced by the air inlet and air 

outlet, respectively. Notably, the average wind speed in the 

pigpen is higher than that in the central pigpen of the facility. 

In the TA and TC schemes, the solid board impeded the 

airflow, resulting in a gradual decrease in airflow speed. 

Conversely, in the TB and TC solutions, the solid board is 

lower, causing less obstruction to airflow and resulting in a 

progressive increase in airflow speed. The wind speed near 

the left and right walls of the piggery, as well as in the central 

aisle, is relatively higher. Among the various schemes, the 

wind speed in scheme TB is notably more stable.  

 

Analysis of Temperature Changes 

Temperature is a primary concern in the environmental 

regulation of piggery operations. By combining Fig. 12 and 

Fig. 13, it is evident that among the four options, the 

temperature in the pigpen located at the front of the piggery is 

significantly affected by the wet curtain and the manure pit, 

resulting in a lower temperature in this area compared to 

other pigpens. Under identical environmental conditions, the 

average temperatures for schemes TA, TB, TC, and TD are 

recorded as 22.20°C, 22.48°C, 21.76°C, and 21.87°C, 

respectively (As shown in Table Ⅰ). Notably, except for the 

TC and TD schemes, there are extremely significant 

differences in temperature values between the schemes (p < 

0.01). However, no significant differences in temperatures 

were detected on the left and right sides of the piggery across 

each scheme (p < 0.05), as illustrated in Table Ⅱ. Among the 

four schemes, the TC scheme exhibits the lowest average 

temperature and the smallest temperature variation, with a 

range of 20.29°C to 23.52°C. The TB scheme demonstrates 

the best thermal insulation effect, with an average 

temperature that is 3.31% higher than that of the TC scheme. 

The coefficients of variation for temperature among the four 

schemes are 3.3%, 3.3%, 2.71%, and 3.75%, respectively. 

The TC scheme shows the least degree of dispersion in 

temperature values across various monitoring points, while 

the dispersion in the data for the TA and TB schemes is 

equivalent. 

As illustrated in Fig. 13-a, the temperature variations in the 

rear pigpens of the TB and TD schemes are relatively stable, 

except for those pigpens located at the front. These front 

pigpens are significantly influenced by the temperature in the 

manure pit. In contrast, the TA and TC schemes demonstrate 

a gradual increase in average temperature within the piggery 

as the distance from the airflow source increases. This 

phenomenon can be attributed to the solid plate's relatively 

good thermal insulation performance. As the airflow 

progresses, the warm air gradually migrates towards the rear 

of the piggery.  In the TB and TD schemes, the barriers to 

the airflow are less obstructive, resulting in smaller 

differences in average temperatures among the various 

pigpens. Fig. 13-b further illustrates that, across all schemes, 

the high-temperature zones are predominantly concentrated 

along both sides of the piggery. 

 

IV. DISCUSSION 

(1) Research findings 

During the research process, the following main issues 

were discovered: 

1) The solid board can effectively obstruct airflow parallel 

to the ground; however, as the height of the solid board 

increases, it becomes more likely to induce a cyclone effect 

within the pigpen, leading to the accumulation of airflow.  

 
(b) 

Fig. 11.  Analysis of wind speed changes:(a) Comparison of average wind 

speed in the pigpen; (b) Comparison of average wind speeds on the left 

and right sides of the pigpen. 

 

TABLE Ⅱ 

 COMPARISON OF ENVIRONMENTAL DIFFERENCES AMONG VARIOUS 

SCHEMES 

Type 

Comparison of average 

values 
p 

Wind 

speed 

(m·s−1) 

Temperature 

(℃) 

Wind 

speed 
Temperature 

TA−TB −0.04 −0.28 0.00** 0.00** 
TA−TC −0.02 0.44 0.03* 0.00** 

TA−TD −0.21 0.33 0.00** 0.00** 

TB−TC 0.03 0.72 0.00** 0.00** 

TB−TD −0.16 0.62 0.00** 0.00** 

TC−TD −0.19 −0.11 0.00** 0.09 

TA 

left−right 

−0.00 0.01 0.79 0.94 
TB −0.00 0.01 0.68 0.89 

TC 0.00 0.04 0.97 0.65 

TD 0.02 0.08 0.10 0.35 

* p < 0.05; ** p < 0.01 

 
(a) 
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2) After the airflow passes through the wet curtain, it is 

obstructed by the solid board, causing the air to flow 

downward into the manure pit. The airflow entering the 

manure pit creates a cyclone at a specific position, which 

drives harmful gases from the manure pit back into the 

pigpen. 

3) Reverse airflow can easily occur in the manure pit of a 

closed piggery, leading to the backflow of harmful gases. In 

subsequent research, measures should be implemented to 

prevent this backflow of harmful gases. 

4) The proportion of solid boards in the pigpen 

significantly influences the changes in wind speed within the 

pigs' activity area. Replacing the solid boards on both sides of 

the middle aisle with fences can effectively lower the 

temperature at the pigs' breathing plane. Among the four 

schemes evaluated, the TC scheme exhibits the lowest 

temperature at the respiratory plane of the pigs, along with 

the lowest coefficient of temperature variation. 

(2) The ideal pigpen 

Utilizing CFD technology for airflow trajectory simulation 

analysis reveals that reverse airflow is a common occurrence 

across all examined schemes. The presence of reverse airflow 

not only prolongs the air replacement time within the piggery 

but also poses risks to the healthy growth of pigs. 

Consequently, further investigation into the pigpen structure 

is essential in subsequent research to mitigate the occurrence 

of reverse airflow. 

(3) Error analysis of simulation results 

This study thoroughly analyzes relevant cases to construct 

both a structural model and a simulation calculation model 

aimed at minimizing the error in simulation results. The 

literature indicates that, for current CFD simulations, the 

relative error in temperature can be maintained below 10%, 

while the wind speed error can be kept below 30%. The 

application of established computational models and methods 

ensures low simulation errors. Consequently, this study 

obviates the necessity of comparing simulation results with 

actual measured values, thereby significantly reducing the 

consumption of scientific research resources and time. 

In this study, the temperature within the manure pit was 

not considered, which may result in lower temperatures in the 

pigpen at the front of the piggery. Simplifying the pig's form 

to a cube will influence the airflow trajectory across the pig's 

body surface, subsequently affecting the airflow trajectory at 

the respiratory level. The manure pits beneath the 

experimental piggeries are sealed; however, some piggeries 

feature ventilation openings that are not uniformly positioned. 

If vents are present in the manure pit, it is sufficient to 

incorporate additional vents into the model. Future research 

should concentrate on the ventilation openings of the manure 

pit to minimize the likelihood of airflow from the manure pit 

entering the pigpen. 

(4) Innovation and advantages 

Currently, the construction of piggeries is primarily based 

on experience and lacks a solid scientific foundation. This 

study employed CFD technology, using the pigpen as the 

research unit, to investigate the effects of different types of 

pigpens on airflow and temperature within the piggery. 

Scientific methods were utilized to elucidate the impact of 

various pigpen designs on airflow in piggeries. By simulating 

the piggery environment with CFD technology, the study 

 
Fig. 12.  Temperature change chart of the piggery. 
 

 
(a) 

 
(b) 

Fig. 13.  Temperature change analysis:(a) Comparison of average 

temperature in the pigpen;(b) Comparison of average temperature on the 

left and right sides of the pigpen. 
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effectively illustrates the environmental changes that occur, 

significantly reducing the costs associated with scientific 

research. The findings of this research can serve as a valuable 

reference for piggery construction, and the methodologies, 

modeling techniques, and computational models developed 

during the experimental process can be applied to the  

simulation analysis of different environmental scenarios, 

demonstrating substantial practical value. 

(5) Application prospects 

This study offers a comprehensive analysis of the 

influence of various types of pigpens on airflow within the 

piggery and the respiratory conditions of the pigs, thereby 

serving as a valuable reference for piggery construction. The 

simplified model, calculation model, simulation software, 

and research methodologies presented in this simulation 

approach can be effectively utilized for ventilation research 

across diverse application scenarios, significantly enhancing 

the efficiency of scientific inquiry. When confronted with 

different construction patterns in various application 

scenarios, only the boundary conditions and model structures 

need to be adjusted to fulfill the simulation requirements. 

Consequently, varying types of application scenarios can be 

examined consistently. In the context of closed piggeries, 

which are prevalent in Henan, rectangular closed piggeries 

are the most common. Throughout different seasons, the 

ventilation patterns within a closed piggery remain largely 

unchanged. During the subsequent construction phase of the 

piggery, only the model requires appropriate modifications to 

satisfy the simulation criteria. CFD technology has great 

application value in the study of piggery environments. 

(6) Potential challenges 

This method can be applied to a variety of scenarios in 

both agricultural and industrial fields. However, as the range 

of application scenarios expands and environmental variables 

increase, the computational burden on the computer also rises. 

The implementation of CFD technology and related software 

imposes higher demands on users, necessitating a greater 

level of professional knowledge and skills. As subsequent 

research progresses, the range of environmental variables 

under investigation will expand, leading to longer simulation 

calculation times, greater computational demands, and 

heightened requirements for computer configurations. 

 

V. CONCLUSIONS 

This study focuses on a longitudinally ventilated closed 

piggery as the research subject and employs CFD technology 

as the primary research method. It proposes a technical 

approach to analyze variations in temperature and airflow 

within the piggery. To accurately assess the influence of 

different pigpen types on the piggery environment, the study 

utilizes a widely recognized calculation model and constructs 

a structural model based on the actual design of the piggery. 

CFD technology is applied to evaluate the effects of four 

different fence types on the piggery environment under 

uniform environmental conditions. The main conclusions of 

this study are as follows:  

(1) The four types of pigpen structures exhibit significant 

differences in their impact on the airflow trajectory within the 

piggery. In the TA scheme, a reverse airflow occurs in the 

breathing zone of the pigs, which adversely affects air quality 

improvement in the piggery. In the TB scheme, both positive 

and reverse airflows are present in pigpens No. 1 and No. 2, 

while positive air flow predominates in the remaining 

pigpens. In the TC scheme, airflow from the pigpen is 

directed towards the aisle located in the middle of the piggery, 

thereby enhancing overall air circulation. Finally, in the TD 

scheme, the airflow within the pigpen is predominantly 

positive.  

(2) The four pigpen structures exhibit differing impacts on 

wind speed and temperature values within the piggery. 

Specifically, TA scheme records the lowest average wind 

speed, whereas TD scheme demonstrates the highest average 

wind speed. Additionally, the dispersion degree of wind 

speed in TD scheme is the largest, recorded at 48.42%, which 

may hinder the uniform adjustment of wind speed in the 

piggery during subsequent stages. In all schemes, the average 

temperature at the respiratory height plane of the pigs is 

approximately 22°C; however, the temperature values among 

the monitoring points in scheme TC show the least 

dispersion. 

(3) The combined distribution structure of various types of 

pigpens will foster an optimal environment for pig farming. 

As demonstrated above, the TA scheme is more effective in 

reducing wind speed and retaining heat, whereas the TD 

scheme offers superior ventilation and cooling effects. The 

TC type pigpen incorporates the advantages of both the TA 

and TD schemes, thereby exhibiting the most significant 

benefits in the research. Consequently, in future research, 

these four types of pigpens can be strategically combined and 

arranged based on the evolving characteristics of the overall 

environment within the piggery. This approach aims to 

enhance the uniformity of environmental factor distribution 

in the piggery and mitigate the risk of local optimality. 

In summary, CFD technology can be utilized to effectively 

construct a mathematical model of environmental factor 

distribution, thereby providing a scientific basis for the 

construction and selection of piggeries. 
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