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ABSTRACT 

This study introduces a hybrid ventilation (HBV) 

system in a pig house combining natural and partial 

pit mechanical ventilation (PPMV). The PPMV 

system is installed below the slatted floor with the 

capacity of 30% of the maximum ventilation rate. 

The proposed PPMV system can collect highly 

concentrated air and clean it in an economic approach 

so that odour emissions are abated. In this paper, the 

performance of HBV system in winter has been 

evaluated by analyzing the velocity and temperature 

distribution from CFD simulations, including the 

effects of heating capacity distribution, location of 

the heating system and outdoor temperatures.   

INTRODUCTION 

Natural ventilation (NV) is one of the fundamental 

techniques to reduce the energy consumption in 

buildings. People can be more easily adapted to 

higher temperature in naturally ventilated buildings 

so that complains of the Sick Building Syndrome and 

its associated symptoms has been decreased 

comparing to mechanical ventilation (MV) system. 

Due to the benefits of NV, the increased application 

of NV has been found in green building design in 

areas with mild summers (Roth et al. 2006). In more 

harsh climate (e.g. cold winter or hot humid summer), 

it may be insufficient to maintain thermal comfort by 

only NV (Charvat et al. 2005). In conditions where 

NV are deemed insufficient, hybrid ventilation 

(HBV), a combination of NV and MV, provides a 

compromise.  

Although a few projects have been conducted in 

residential and office buildings (Heiselberg, 2002; 

Veld, 2008; Zhai et al., 2010), few studies have been 

found in livestock buildings. The first study of hybrid 

ventilation used in livestock buildings was reported 

by Zhang et al. (1992).  The concept of this work was 

based on a general use of NV and MV was only 

switched on when the temperature difference 

between indoor and outdoor was bigger than the 

setting point in order to increase inlet airflow 

momentum to avoid cold draft. In this approach, the 

system could only control the ventilation rate roughly 

and be applicable in limited climate conditions. For 

example, the time of applying NV might be 

shortened greatly at the area with longer cold winter. 

Therefore, a better control system is needed to ensure 

the successful application of HBV in livestock 

buildings. In addition, one of the most important 

goals to design the ventilation system for livestock 

buildings is to control the odor emissions to the 

atmosphere. The MV part in HBV is not only to 

compromise NV but also to collect the odor 

emissions at the most and they can be cleaned 

economically.  

HBV system, combining the NV and partial pit 

mechanical ventilation (PPMV) has been applied in a 

cattle building in Denmark. From the articles 

published by Rong et al. (2014, 2015), the results 

indicate that in summer average 64% of ammonia 

emissions can be collected by the PPMV and in 

winter average 83% of ammonia emissions can be 

collected. The concept of developing HBV system in 

the confined pig houses is borrowed from the hybrid 

ventilated cattle building.  

In this study, the HBV developed for the confined 

pig house will be introduced as well as the difference 

from the cattle building. Secondly, the performance 

of HBV in the pig house will be investigated in the 

winter through exploring the air speed and 

temperature distribution by CFD simulations 

including the effect of heating system, outdoor 

temperature and outdoor wind speed. Since there is 

no such built building now, no possible validation of 

CFD simulation could be performed. 

METHODOLOGY   

Geometry and HBV system 
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The sketch of the pig house is shown in Figure 1. The 

building is 50.0 m in length, 22.0 m in width and 

11.3 m in height. The building is separated to two 

parts by a corridor in the middle. On each part, there 

are four rows of pig pens and 10 pig pens in each row. 

The sizes of each pen are 2.4 m in length and 5.0 m 

in width. There is a corridor with width of 1.0 m 

between two rows of the pen. In each pen one-third 

of the floor is solid floor and the other two-third is 

slatted floor with the opening ratio of 16.5%.  The 

height of the pen is 1.0 m along the width of the solid 

floor and 0.75 m along the width of the slatted floor. 

At the height of 1.0 m over the solid floor, a covered 

creep is installed in each pen for maintaining a 

second climate zone for small pigs. Below the solid 

floor, there are air channels to exhaust the air from 

the slurry channel, which is installed under the slatted 

floor. There are exhausts connecting the slurry 

channel and the air channel for the pit vent.  

There are four rows of openings on each side (length 

direction) of the building. Two rows of openings are 

on the side wall, one row is on the roof and one row 

is on the ridge. These openings are used for NV as 

well as for day lighting. The capacity of the pit vent 

is 30% of the maximum ventilation rate (100 m
3
 h

-1
 

pig
-1

) when the pig house is only installed with MV. 

Automatically controlled openings of the ventilation 

system can be illustrated in a photo, seen in Figure 1 

(b).  

Figure 1 Sketch of the pig house (a) and a photo of 

the auto-controlled openings (b). 

Geometry model in CFD simulation in winter 

In winter the openings on the ridge is closed and the 

openings on the roof will be closed or opened 

according to the climate conditions and pigs weight. 

This house is designed for both piglets and fattening 

pigs growing from 30.0 to 110.0 kg. Therefore it is 

important that the system can ensure the required 

thermal conditions for the piglets under the average 

lowest temperature in Denmark, which is -10.0 ℃. 

Under this situation, the openings on the roof are also 

closed.  

The geometry model used in CFD simulation for the 

winter case is revealed in Figure 2. Because small 

openings on the side wall lead to challenge of mesh 

quality, the 1 cm opening has been revised to 5 cm 

opening only at one-fifth in the middle so that the 

inlet momentum is maintained.  

 Figure 2 geometry model and mesh distribution for 

CFD simulation 

Numerical methods 

The realizable 𝑘 − 𝜀  model and enhanced wall 

treatment are used in CFD modeling. The geometries 

are built in a Cartesian coordinate system 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 is around 2.4 million.  

Porous media modeling 

The slatted floor has complex geometry. The actual 

size modeling leads to a huge mesh file which our 

current computer capacity could not afford. 

Therefore, some researchers have modeled the slatted 

floor as porous media (Bjerg et al. 2008; Bjerg et al. 

2011; Rong et al. 2010; Wu et al. 2012). The 

resistance coefficients required to be determined in 

porous media modeling is obtained from the 

following equation: 
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∆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 ℃). In this 

study, the resistance coefficients are obtained from 

the study of Bjerg et al. (2008, 2010) where 𝑅1 is 40 

and 𝑅2  is 15000. In addition, the animal occupied 

zone (AOZ) is also modeled as porous media. The 

area of AOZ is defined as the height of 0.5 m at the 

solid floor area since small pigs will mainly stay 

there.  

Wind profile 

The profiles described by Richards and Hoxey (1993) 

was used to specify the distribution of velocity 𝑢, 𝑘 

and 𝜀  with height at the inlet boundaries of 

simulating domain.  

𝑢 =
𝑢∗

𝐾
𝑙𝑛 (

𝑌+𝑌0

𝑌0
)                                                       (2) 

𝑘 =
𝑢∗
2

√𝐶𝜇
                                                                    (3) 

𝜀 =
𝑢∗
2

𝐾(𝑌+𝑌0)
                                                               (4) 

𝑢∗ =
𝐾𝑈𝑟𝑒𝑓

𝑙𝑛[(10+𝑌0) 𝑌0⁄ ]
                                                     (5) 

where 𝑢∗  is the friction velocity, m s
-1

; 𝑈𝑟𝑒𝑓  is the 

reference velocity at 10 m height, m s
-1

, which was 

measured by ultrasonic anemometer located outdoor; 

𝐾 is the von Karman Constant, 0.42; 𝑌 is the height 

along the vertical coordinate in the computational 

domain, m; 𝑌0 is the terrain roughness length, defined 

as 0.01m.  

Boundary conditions 

The non-slip conditions are defined at all solid walls. 

The cases are simulated under no wind conditions. 

Pressure inlet is assigned at the openings and velocity 

outlet is defined at the pit vent exhaust (the airflow 

rate is 5% of the maximum ventilation rate 100 m
3
 h

-1
) 

at most cases. The designed pig house is supposed to 

raise 1280 pigs and the designed indoor temperature 

is 18 ℃. 50% of the heat production from the pigs on 

weight of 30.0 kg is transferred by convection which 

leads to the heat generation at the AOZ is 232 w m
-3

 

at the solid floor and 58 w m
-3

 at the slatted floor. 

The outdoor temperature is assumed to be -10.0 ℃ as 

well as -5.0 and 0.0 ℃. The heat loss through the 

walls is 11.2 w m
-2

 and through the windows’ 

surfaces is 56 w m
-2

. The thermal boundary 

conditions determined at the walls is -11.2 w m
2
 and 

at the windows surface is 1.2℃according to the on-

site experimental experience. The thermal boundary  

Figure 3 Location of heating pipes near the side wall 

(on the opposite side the system is not shown). 

Table 1 simulated cases 

cases Heat 

flux 
a
 

(w m
-2

) 

Heat 

generation
b
  

 (w m
-3

) 

Location 

of  

heating 

pipes 

T-10Pit5
c
 

Heat5Loc3 

3.4 11605 Location 3 

T-10Pit5 

Heat10Loc3 

6.8 10994 Location 3 

T-10Pit5 

Heat15Loc3 

10.2 10384 Location 3 

T-10Pit5 

Heat20Loc3 

13.6 9773 Location 3 

T-10Pit5 

Heat25Loc3 

17.0 9162 Location 3 

T-10Pit5 

Heat25Ref 

17.0 9162 Reference 

T-10Pit5 

Heat25Loc1 

17.0 9162 Location 1 

T-10Pit5 

Heat25Loc2 

17.0 9162 Location 2 

T-5Pit5 

Heat25Loc3 

17.0 9162 Location 3 

T0Pit5 

Heat25Loc3 

17.0 9162 Location 3 

T0Pit7.5 

Heat25Loc3 

17.0 9162 Location 3 

a
heat flux defined at the solid floor. 

b
heat generation from the heating pipes. 

c
It means that the outdoor temperature is -10.0℃ , 

pit vent is 5% of maximum ventilation rate and 5% 

of heating capacity is distributed on the solid floor 

with heating pipes installed at location 3  

conditions are varied accordingly when the outdoor 

temperature changes. The heating system consists of 

the floor heating at the solid floor area and the 

heating pipes located near the side wall openings on 

both sides and the locations are shown in Figure 3. 

The simulated cases and thermal boundary conditions 

are summarized in Table 1. The simulated cases are 

under the conditions that 25% of heat capacity 

distributed on the solid floor unless another location 

is mentioned. 
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RESULTS  

Effect of heating system capacity distribution 

The results shown in Figure 4 indicate that increasing 

the heating capacity distributed on the solid floor 

provides relatively satisfactory results at AOZ, where 

the temperature is around 20.0 ℃with 25% of heat 

capacity distributed on the solid floor. Figure 5 is an  

Figure 4 Temperature distribution at plane of Y=0.25 

m under various heat percent distributed on the solid 

floor and the heating pipes installed at location 3. 

  

Figure 5 vector and temperature distribution at the 

plane of Z=10.0 m under 25% of heat capacity 

distributed on the solid floor and the heating pipes 

installed at location 3. 

example of vector and temperature distribution at 

plane of Z=10.0 m with 25% of heat capacity 

distributed on the solid floor.  Two vortexes are 

observed in the middle. Due to the two vortexes, the 

adverse flow disturbs the cold jet so that only limited 

part of the cold flow could reach the cover plates, 

which leads to slightly lower temperature at that area.  

Effect of location of heating system 

Figure 6 shows the effect of location that heating 

pipes are installed on temperature distribution at 

AOZ. It is observed that installing the heating pipes 

at location 1 and location 2 in the room is not a good 

option. It provides better temperature distribution at 

AOZ when the heating pipes are equipped at the 

location 3 (Figure 4e) and the reference location 

(Figure 6a).  

The velocity vector and temperature distribution at 

plane of Z=10.0 m when the heating pipes are 

installed at reference locations. Comparing to Figure 

5, little difference is found for velocity distribution. 

The temperature distribution at the lower area close 

to the sidewalls is slightly higher with the reference 

location. The heating pipes are installed at the height 

of 1.1m which is around 1.0 m lower than the height 

of location 3. Therefore the air is heated more than 

the situation of location 3. Besides, the radiation is 

not considered in the simulations, which might leads 

to the temperature not distributed as evenly as that in 

real operation. To install the heating pipes at location 

3 or reference location depends on the on-site 

conditions. These two locations may be acceptable 

for providing appropriate temperature distribution.  

Effect of outdoor temperature and pit vent airflow 

rate 
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Figure 6 Temperature distribution at plane of Y=0.25 

m at different locations of heating pipes installed at 

the room with 25% of heating capacity distributed on 

the solid floor 

Figure 7 Vector and temperature distribution at plane 

of Z=10.0 m with the heating pipes installed at the 

reference location and 25% of heating capacity 

distributed on the solid floor.  

 

Figure 8 Temperature distribution at plane of Y=0.25 

m under different outdoor temperature and pit vent 

airflow rate. (a) outdoor temperature of -5.0 ℃ and 

pit vent of 5% maximum ventilation rate; (b) outdoor 

temperature of 0.0 ℃ and pit vent of 5% maximum 

ventilation rate; (c) outdoor temperature of 0.0 ℃ 

and pit vent of 7.5% maximum ventilation rate.  

The effect of outdoor temperature and pit vent 

airflow rate on temperature distribution is revealed in 

Figure 8 and Figure 9. Asymmetrical distribution of 

temperature is observed with the outdoor temperature 

of -5.0 and 0.0 ℃. It is as expected that the indoor 

temperature increases with outdoor temperature when 

the ventilation rate maintain the same. The indoor 

temperature changes from 22.0 to 18.0-19.0 ℃ at the 

AOZ when the pit vent airflow rate increases from 

5.0% to 7.5% of the maximum ventilation rate.  

 DISCUSSION   

The above results show that hybrid ventilation could 

provide appropriate indoor thermal conditions in 

winter if the heating system is designed properly. 

With 25% of heating capacity distributed on the solid 

floor, around 20.0 ℃  can be reached at AOZ 

although the temperature is slightly lower in some 

pens below the roof openings. It is sure that the goal 

is to provide uniform temperature distribution in the 
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whole pig barn. To achieve this, it is probably 

required local control of the heating system. Besides, 

the location to sample the indoor temperature as one 

of the control parameters should be considered 

carefully. The percent of heating capacity distributed 

on the solid floor could not be further increased due 

to the heat amount provided by the heat exchanger. 

The heating pipes could be installed at location 3 and 

reference location. The indoor temperature 

distribution at the planes of top and side view 

indicates that it could be a negative influence on the 

temperature distribution at the pen close to the side 

wall in the rows near the front and back walls if the 

heating pipes installed at the location 3. But in 

practical installation, there may be a pig gate on the 

side wall, which could interfere with the heating 

pipes at the height of 1.1 m at the reference location.  

Asymmetrical distribution of indoor temperature with 

outdoor temperature of 5.0 and 0.0 ℃ is found in the 

simulations. Due to the openings are only opened 

one-fifth in the middle, it is expected that the flow is 

not symmetrical but three-dimensional flow. Besides, 

it is also affected by the strength of buoyancy force 

and mechanical force in the system. With higher 

outdoor temperature, the buoyancy force might be 

descended with smaller outdoor-indoor temperature. 

This might increase the instability of the flow.  

Figure 9 Temperature distribution at plane of Z=0.25 

m under different outdoor temperature and pit vent 

airflow rate. (a) outdoor temperature of -5.0 ℃ and 

pit vent of 5% maximum ventilation rate; (b) outdoor 

temperature of 0.0 ℃ and pit vent of 5% maximum 

ventilation rate; (c) outdoor temperature of 0.0 ℃ 

and pit vent of 7.5% maximum ventilation rate. 

CONCLUSIONS 

This study investigates the indoor temperature and air 

speed distribution with a hybrid ventilation system 

installed in a confined pig barns. The following 

conclusions can be drawn from the results.  

 Higher percent of heating capacity distributed on 

the solid floor provide better indoor temperature 

distribution at animal occupied zone.  

 It should be considered carefully where the 

indoor temperature should be sampled as one of 

the control parameters for the hybrid ventilation 

system since the temperature distribution is not 

exactly uniform in all pens in winter.  

 Although outdoor temperature increase from -

10.0 to 0.0 ℃, increasing the pit vent airflow 

rate from 5.0% to 7.5% of the maximum 

ventilation rate might lead to the slightly lower 

temperature which cannot reach the design 

requirement.  
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