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ABSTRACT 

This study investigates the effect of modeling the 

slatted floor as porous media on prediction of 

ammonia emissions and airflow patterns. Two 

approaches to determine the resistance coefficients of 

porous media modeling are adopted by using two 

geometries in CFD modeling. The results reveal that 

the ammonia emission with slatted floor modeled as 

actual size (SLM) is generally lower than the value 

with floor modeled as porous media (POM). 

Difference of air speed distribution close to the floor 

is also found between SLM and POM.   

INTRODUCTION 

CFD has been increasingly used to predict airflow 

patterns and improve the design of ventilation 

systems in livestock buildings (Bjerg et al., 2000; 

Bjerg et al., 2011; Norton et al., 2007; Lee et al., 

2013; Rong et al., 2015; Seo et al., 2012; Wu et al., 

2012). The accuracy of CFD modeling depends on 

many factors: time dependent versus steady state, 2D 

versus 3D, discretization scheme, numerical 

algorithm, turbulence models, boundary conditions 

and proper simplification of complex geometry. In 

CFD modeling of livestock buildings, one of the 

challenges is how to model the slatted floor in a 

reasonable approach, which has a complex geometry.  

Due to the complexity of the slatted floor, the mesh 

number becomes huge and thus simplification of the 

geometry model is needed. Generally, to model the 

slatted floor as porous media is one of the popular 

options. But on the other hand, the slatted floor 

installed in the livestock buildings such as pig houses 

and cattle barns allows for manure waste removal as 

well as ventilation air to remove the ammonia/odour 

emissions from the manure surface. Modeling of this 

phenomenon requires correct prediction of the flow 

through the slats and the flow in the slurry. Therefore, 

it is necessary to compare the prediction of ammonia 

emissions and airflow patterns under the two 

modeling approaches: (1) to model the slatted floor 

as porous media (POM) and (2) to model the slatted 

floor as slats in actual sizes (SLM) in a full scale pig 

barn.  

A few studies on modeling the slatted floor as porous 

media were found in literatures. Bjerg et al. (2008) 

proposed an approach to model the slatted floor and 

animal occupied zone as POM. Air velocity was 

measured at two points (one point was located at 0.2 

m below the ceiling and the other one was located at 

0.2 m above the slatted floor). Reasonable agreement 

was found between simulated and measured air speed 

while no comparison of ammonia emissions was 

reported due to the limited experimental data. In this 

study, the slatted floor was modeled as POM, in 

which the resistance coefficients to determine the 

POM were obtained from the relationship of velocity 

and pressure drop that was also achieved through the 

CFD simulations in the geometry of one slot and two 

half slats. This method was extensively adopted by 

other studies. Rong et al. (2010) investigated the 

effect of modeling the slatted floor as POM and SLM 

on prediction of ammonia emissions in a two-

dimensional full scale pig barn. The same resistance 

coefficients were adopted from the study of Bjerg et 

al. (2008). The results showed that the ammonia 

emission predicted by POM was twice as the one by 

SLM. Another study on the effect of POM and SLM 

on airflow and emissions predictions was conducted 

by Wu et al. (2012), in which the experiments were 

performed in a wind tunnel with cross section of 

35X35 cm
2
. The bulk flow was parallel to the scaled 

slatted floor and a container was mounted below the 

slatted floor. The results indicated that the emission 

predicted by POM was higher than the value by SLM. 

The authors also adopted the value of resistance 

coefficients from Bjerg et al. (2008), in which the 

resistance coefficients were calculated for the full 

scale slatted floor. Generally, the resistance 

coefficients were adopted from the study of Bjerg et 

al. (2008). The geometry used in the CFD modeling 

to obtain the relationship of velocity pressure drop 
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has been adjusted that one slot go through from one 

end to the other end without break while maintaining 

the same porosity. It is known that the pressure drop 

through a porous medium material is not only 

influenced by the porosity but also by the 

permeability. Therefore, in our study a complete 

segment of the slatted floor is modeled to obtain the 

resistance coefficients by CFD simulations.  

The above studies stimulate our interest of modeling 

the slatted floor as POM, but further assessments 

may also be needed. In this study, the objectives are 

(1) to use two approaches to obtain the resistance 

coefficients for POM including a complete segment 

of the slatted floor and one slot and two half slats as 

the geometry models seperately for CFD simulations; 

(2) to compare the prediction of air velocity and 

ammonia distribution and emissions by POM and 

SLM in ventilation system with and without partial 

pit ventilation (the partical pit ventilation system is to 

exhaust part of the air through the outlet installed 

below the slatted floor); (3) to compare the prediction 

of air velocity and ammonia distribution in a wind 

tunnel installed with the slurry pit and slatted floor.   

METHODOLOGY 

Geometry 

The geometry model of the full scale pig barn with 

two pens is shown in Figure 1. The length of the pen 

is 2.4 m and the width is 4.8 m. On the left, there is a 

corridor with the length of 4.8 m and width of 1.2 m. 

The two pens were separated by a partial plate as 

well as the slurry container. The floor is designed in 

two opening ratios: the drained floor of 8.5% opening 

in one-third of the pen area and the slatted floor of 

16.5% opening in another two-third area. An element 

of the slatted and drained floor is shown in Figure 2. 

The width and height of the one segment is 2.4 m and 

0.1 m. With slatted floor (Figure 1a), the slats are 

0.08 m with 0.02 m slot between and for drained 

floor the slats are 0.18 m with 0.02 m slot between. 

Based on the geometry sizes of the pig barn and 

slatted and drained floor, the geometry models used 

for CFD simulations (Ansys Fluent 15.0) are 

presented in Figure 3. The geometry model without 

pit vent is not shown here since the only difference is 

that no pit vent is included.  

In order to present the difference that could be 

generated by POM and SLM, the slatted floor 

(3.2X2.4 m
2
) and drained floor (1.6X2.4 m

2
) is also 

modeled in a wind tunnel with the width of 2.4 m and 

height of 2.5 m. The sketch of the wind tunnel is 

shown in Figure 4.  

Numerical method 

The realizable 𝑘 − 𝜀  model and standard wall 

function are used in CFD modeling. The geometry  

 

Figure 1 sketch of full scale pig barn without pit vent 

 

Figure 2 geometry of the floor, (a) slatted floor and 

(b) drained floor. 
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Figure 3 Geometry models and mesh distribution, (a) 

SLM with pit vent, (b) POM with pit vent, (c) mesh 

distribution of SLM and (d) mesh distribution of 

POM.  

model is built in a Cartesian coordinate system (see 

Figure 3b) and the spatial domain is discretized to 

finite control volume using a structured mesh. The 

CFD code uses a pressure-based solver which applies 

a solution strategy where the momentum equations 

are solved first and an equation for a pressure 

correction is obtained using a guessed pressure. The 

governing equations are integrated over each control 

volume so that the relevant quantity (mass, 

momentum, species, etc.) is conserved in a discrete 

sense for each control volume. The SIMPLE method 

is selected to solve the iteration of pressure-velocity 

coupling. The second upwind order scheme is used to 

discretize the N-S equations and turbulence modeling 

equations. The mesh number for POM and SLM is 

3.4 and 7.2 million in the pig barn and 1.8 and 6.4 

million in the wind tunnel.  

Figure 4 sketch modeled in the wind tunnel. 

Porous media modeling 

To model the porous media, the resistance 

coefficients are required to be determined by the 

following equation: 

∆𝑝

𝑙
= 0.5 ∙ 𝑅1 ∙ 𝜌 ∙ 𝑢

2 + 𝜇 ∙ 𝑅2 ∙ 𝑢                              (1) 

where ∆𝑝  is pressure drop through the porous 

medium, Pa; 𝑙  is the height of the porous media 

material, m; 𝑅1 is internal resistance coefficient, m
-1

; 

𝑅2 is viscous resistance coefficient, m
-2

; 𝜌 is the air 

density, kg m
-3

 (1.2 kg m
-3

 at 20℃); 𝑢 is air speed 

through the porous medium, m s
-1

; 𝜇 is air viscosity, 

kg m
-1

 s
-1

 ( 1.8 ∙ 10−5  kg m
-1

 s
-1

 at 20 ℃). The 

procedures to determine the resistance coefficients 

are (1) to simulate the pressure drop through the floor 

which is modeled in actual size under different air 

speed; (2) to fit the relationship between pressure 

drop and vertical air speed by using the results 

achieved from CFD simulations to determine the 

resistance coefficients. 

Boundary conditions 

The simulation cases are run under isothermal 

conditions with air temperature of 20.0 ℃. A non-

slip condition is applied to all solid walls. Velocity 

inlet is assigned at the supplying air inlet with four 

different values under air exchange rate per hour 

(ACH) of 60, 50, 40 and 30 in the pig barn and inlet 
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velocity with 0.5 m s
-1

 is defined in the wind tunnel 

modeling. Pressure outlet is defined at the room 

outlet with 0.0 Pa. The velocity outlet with airflow 

rate of 320 m
3 

h
-1

 is defined at the pit vent outlet, 

where the exhausted airflow rate is 10% of the 

maximum ventilation rate in the pig barn. The mass 

fraction of ammonia species is also defined at the 

inlet and the emission surface under the slatted floor. 

In this study, the mass fraction determined at the 

slurry surface under the slatted floor is assumed to be 

constant with 4.5E-05.  

RESULTS 

Resistance coefficients of POM  

Two approaches by using one complete segment of 

the floor as the geometry (POM1) and using one slot 

and two half slats as the geometry (POM2) to 

determine  the resistance coefficients are presented in 

Figure 5 and Table 1. The results show that slight 

difference is observed for internal resistance 

coefficient (𝑅1) while bigger deviations are found in 

viscous resistance coefficient between POM1 and 

POM2. For example, 𝑅2  is 48111 with POM1 for 

slatted floor while 139556 with POM2 and it is 

70444 with POM1 for the drained floor while 286333 

with POM2.  

 

Figure 5 Relationship between pressure drop and air 

speed for the slatted floor, (a) geometry of POM1 

and (b) geometry of POM2.  

Table 1Resistance coefficients 

 
POM1 POM2 

 

R1  

(m
-1

) 

R2  

(m
-2

) 

R1  

(m
-1

) 

R2  

(m
-2

) 

slatted floor 298 48111 378 139556 

drained floor 1457 70444 1735 286333 

Airflow patterns and ammonia concentration 

distribution in the pig barn 

The streamline, velocity magnitude and 

concentration distribution is shown in Figure 6 and 

Figure 7. The streamline distribution above the 

slatted floor is similar between POM and SLM 

except for the area close to the slatted floor. The 

velocity magnitude distribution in the room is also 

similar at the most locations but the area on the right 

top corner and the area close to the floor. The air 

speed is relatively larger at those areas by SLM. 

Below the floor the velocity magnitude distribution 

and airflow patterns are very different between POM 

and SLM. A big vortex is observed below the slatted  

 

Figure 6 velocity magnitude and streamline (by x and 

y components) distribution at plane of Z=-1.2m, (a) 

POM2, (b) POM1 and (c) SLM. 

floor on the right by POM while no vortex is seen 

below the floor by SLM. The air flows into the pit 

through the drained floor and part of the slatted floor 

on the right and then flows into the room through 
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part of the slatted floor on the left. Besides, higher air 

speed is found below the floor and maximum air 

speed could be 0.3 m s
-1

 by SLM while it is only 

0.12-0.15 m s
-1

 by POM. The difference of 

streamline and air speed distribution between POM1 

and POM2 is only found at the middle area below the 

floor where the air flows to the pit and then leaves 

the pit quickly by POM1. 

The airflow patterns with pit vent is similar to those 

without pit vent since the local exhaust in the pit can 

hardly change it. The ammonia concentration 

distribution between POM and SLM is not 

comparable, seen in Figure 7. More ammonia has 

been transferred from the pit to the room by POM 

than by SLM. 

 

Figure 7 Ammonia concentration distribution at 

plane of Z=1.2m, (a) POM2, (b) POM1, (c) SLM. 

Airflow patterns and ammonia concentration 

distribution in the wind tunnel 

The velocity magnitude and streamline distribution is 

revealed in Figure 7. It is observed that the air speed 

distribution in the pit by POM1 is slightly larger than 

the value by SLM while the air speed at the area 

above the slatted and drained floor is lower by POM1 

comparing to the value by SLM. In Figure 10, it is 

seen that the air speed varies between 0.21 and 0.461 

m s
-1

 by POM and varies from 0.41 to 0.465 m s
-1

 by 

SLM. At y=-0.05 m and z=1.2 m, the vertical 

velocity fluctuates in the slot very much (both 

positive and negative values are found) before x=2.5 

m by SLM while it changes more smoothly with the 

length by POM1. The ammonia seems to be 

transferred more to the air by POM due to the 

observation of higher concentration in the downwind 

while much higher concentration is found in the pit 

by SLM, seen Figure 9. 

Figure 8 Air speed and streamline distribution at 

plane of Z=1.2 m in the wind tunnel modeling, (a) 

POM1 and (b) SLM. 

Ammonia emissions 

Figure 11 presents the total ammonia emissions from 

the pig barn with and without pit vent. Generally, the 

ammonia emissions increase with larger ACH as 

expected by both POM and SLM. When slurry 

surface in the pit is the only emission source, the total 

ammonia emissions from the pig barn with pit vent is 

around 33-59% higher by POM and 28-49% higher 

by SLM comparing to the system without pit vent. 

Without pit vent, the ammonia emissions modeled by 

POM is around 45-64% higher than those modeled 

by SLM and with pit vent the ammonia emissions 

modeled by POM is around 41%-67% higher.  
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Figure 9 Ammonia concentration distribution at 

plane of Z=1.2 m in the wind tunnel modeling, (a) 

POM1 and (b) SLM.  

 

Figure 10 Y velocity and velocity magnitude at two 

lines in wind tunnel modeling.  

 

Figure 11 ammonia emissions from the pig barn with 

and without pit vent.  

Table 2 ammonia emissions collected by pit vent and 

the removal ratio of the pit vent 

ACH Pit vent SLM POM1 POM2 

60 

ammonia 
emissions 

(g h-1) 

5.22 3.72 3.70 

50 5.73 3.78 3.72 

40 4.95 3.23 3.73 

30 4.72 3.15 3.69 

60 

removal 

ratio 

 

0.58 0.25 0.28 

50 0.68 0.32 0.32 

40 0.72 0.34 0.38 

30 0.79 0.37 0.46 

 

Table 2 show the ammonia emissions collected by 

the pit vent and the removal ratio of ammonia 

emissions by the pit vent. The removal ratio is 

defined as the ammonia emissions exhausted by pit 

vent dividing the total ammonia emissions exhausted 

by the pit vent and the room exhaust. The results 

indicate that the ammonia emissions exhausted from 

the pit vent is higher by SLM, which changes from 

4.72 to 5.73 g h
-1

 while it varies from 3.15 to 3.78 g 

h
-1

 by POM1 and hardly changes by POM2. By SLM, 

the ammonia emissions exhausted by the pit vent 

decrease with lower ACH although the airflow rate 

ventilated by pit vent maintains the same, 10% of the 

maximum ventilation rate (100 m
3
 h

-1
 pig

-1
). The 
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removal ratio by the pit vent increases with lower 

ACH by both SLM and POM but it is almost one 

time higher by SLM than those by POM1.  

The ammonia emissions by POM1 modeled in the 

wind tunnel is three times as the value by SLM. 

DISCUSSION 

The effect of POM and SLM on airflow patterns and 

ammonia emissions in the simulation of pig barn and 

the wind tunnel has been investigated. The possible 

reasons to explain the discrepancies between POM 

and SLM could be summarized as followings.  

Firstly, the assumption in POM that the resistance is 

maintained the same in the whole porous media 

domain. Obviously, it is not true by SLM where the 

resistance at the slot area is smaller than the value at 

the solid area on the floor. Therefore the pressure 

distribution above the slatted and drained floor by 

SLM is different from the pressure distribution by 

POM, which leads to the different velocity 

distribution, seen in Figure 10. This also results in the 

varied airflow patterns in the pit.  

Secondly, the standard conservation equation for 

turbulence quantities in the porous media is solved in 

Ansys Fluent. In this approach, the turbulence in 

porous medium is treated as the solid medium has no 

effect on the turbulence generation and dissipation 

rates. This assumption may be reasonable if the 

medium’s opening ratio is quite large and the 

geometric scale of the medium does not interact with 

the scale of the turbulent eddies (Fluent, 2013). It is 

obviously not true for the pig barns with the slatted 

and drained floor. It could be necessary to include 

certain source terms to the turbulence modeling 

equations so that the turbulence kinetic energy and its 

dissipation modeling can be improved.  

Thirdly, theoretical and experimental investigations 

of turbulence in porous medium indicate that the 

effect of porous medium is to dampen the flow and 

turbulence. This dampening is becoming stronger for 

porous medium of smaller opening ratio (Kuznetsov 

& Xiong, 2003). Therefore, if the opening ratio of the 

porous layer is sufficiently small, the flow in porous 

region will remain laminar even if the flow in the 

bulk fluid region is turbulent. Unfortunately, the 

degree of smallness is not defined at the study by 

Kuznetsov and Xiong (2003). If the opening ratio is 

relatively big to keep the flow turbulent, then 

difficulties arise due to the proper mathematical 

treatment given at the macroscopic interface (fluid-

porous media) (de Lemos, 2005). In Ansys Fluent, 

the velocity profile near the surfaces of POM is 

different from the used velocity profiles near the 

solid surfaces. All these uncertainties might lead to 

the difference of air speed distribution between SLM 

and POM, seen Figure 6, 8 and 10. 

The difference of ammonia concentration distribution 

between POM and SLM is generally generated by the 

various airflow patterns. Due to the big vortex on the 

right area in the pit by POM, the ammonia is 

transferred to the room and then follows the main 

vortex in the room to the top area in the room, seen in 

Figure 7. While by SLM, the air flows from the right 

to the left in the pit and then flows to the area close to 

the wall partitioning the corridor and the pen, where 

a reverse vortex is generated so that the ammonia is 

not as easy as by POM to be transferred to the top 

area in the room.  

The observed higher total ammonia emissions from 

the pig barn by POM than those by SLM can also be 

explained by the above reasons. In reality, when the 

ventilation system is run at the maximum ventilation 

rate, the removal ratio by the pit vent is around 48-

55%, which is closer to the value predicted by SLM 

in Table 2. The reason that the removal ratio 

predicted by SLM can arrive at 79% is due to that 30 

ACH is not the maximum ventilation rate and the 

emission source in this study is only defined at the 

slurry surface but not at the surface of the slatted 

floor. If the emission source on the surface of the 

slatted floor is also considered, then the removal ratio 

could be lower since the emissions from the slatted 

floor will be released mostly to the room and 

exhausted by the room exhaust.  

CONCLUSION 

In this study, the effect of POM and SLM on airflow 

patterns, air speed and concentration distribution is 

studied. The following conclusions are obtained: 

 To model the slatted floor as SLM or POM has 

much more effect on air speed distribution and 

ammonia emissions comparing to the effect of 

permeability of porous medium due to the two 

geometry configurations for obtaining the 

resistance coefficients.  

 In full scale pig barns, the removal ratio 

predicted by POM is not comparable to the value 

predicted by SLM, which is closer to the 
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experimental data measured at the on-site 

experiments.  

 The discrepancies of air speed distribution at the 

area close to the slatted floor and in the pit by 

using the geometry of the wind tunnel indicate 

that better mathematical modeling equations may 

be required for airflow and turbulence modeling 

by using POM.  

 In order to obtain reliable relationship between 

pressure drop through the porous medium and 

air speed, the full scale experimental 

measurements may be required since the 

resistance coefficients obtained by CFD 

modeling also introduce uncertainties.  
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