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Abstract 
A novel ventilation system is presented in this study, 
named diffuse wall ventilation. The system is suitable for 
renovation projects, where the low ceiling and visible 
inlet and ducts are not accepted due to space limitation 
and design preference. The ventilation performance is 
evaluated by the numerical method under different 
operating conditions and inlet configurations. The CFD 
results indicate that diffuse wall ventilation creates a 
stratified flow pattern that is comparable to displacement 
ventilation. Due to the large inlet area, the air velocity in 
the occupied zone is much lower than displacement 
ventilation. The half-wall inlet provides the best 
performance in preventing cross-infection between 
occupants. The personal exposure index εexp for the target 
person is up to 11.8, the values with the full-wall inlet and 
lamella inlet are 2.16 and 5.04, respectively. This study 
indicates that diffuse wall ventilation is a promising 
ventilation principle for office buildings with low ceiling 
height.  

Key Innovations 
• Proposed a novel ventilation concept 
• Development of diffuse wall ventilation CFD 

model 
• Prediction of the airflow pattern in an office with 

diffuse wall ventilation  
• Evaluation of system ability on preventing cross-

infection  

Practical Implications 
The study reveals that diffuse wall ventilation can provide 
a stratified flow pattern but avoid draught risk at the 
occupied zone. The system efficiency on remove airborne 
contaminant is comparable to displacement ventilation.  
 

Introduction 
The importance of maintaining a good indoor 
environment in buildings has been realized in the last few 
decades. In the wake of the COVID-19 pandemic, 
increased awareness of a ventilation system’s ability to 
remove contaminants and inhibit the spreading of diseases 
is expected. Depending on the applied air distribution 
principle, the ventilation systems create different airflow 
patterns in the room and therefore result in different 
indoor environments. The most widely used air 
distribution principles are mixing ventilation and 

displacement ventilation, which are based on the dilution 
principle and replacement principle, respectively (Yang et 
al., 2019). In recent years, diffuse ceiling ventilation has 
drawn a lot of attention in the building industries, 
especially in the Nordic countries (Wu et al., 2018)(C. 
Zhang & Heiselberg, 2019)(Rahnama et al., 2020). The 
system uses a suspended ceiling as air inlet. Due to the 
large inlet area, the fresh air is delivered into the room 
with a low velocity and no fixed jet direction. Diffuse 
ceiling ventilation shows superior performance in 
handling high heat load with low draught risk, which is 
suitable for offices or classrooms with high ventilation 
demand and high internal heat loads (C. Zhang et al., 
2016)(Hviid & Svendsen, 2013). The system presents an 
aesthetic advantage over the traditional ventilation system 
due to no visible diffuser from the room side (C. Zhang et 
al., 2014). A limitation of this system is the space above 
the suspended ceiling is used as a plenum to distribute air, 
therefore, a reduction of ceiling height in the occupied 
zone is expected.  
A novel ventilation concept named diffuse wall 
ventilation is proposed in this study. The ventilation 
concept is inspired by diffuse ceiling ventilation. Instead 
of using the suspected ceiling as air inlet, the entire wall 
or a large part of the wall serves as air inlet. The diffuse 
wall is made of textile material covered with vertically 
mounted lamellas, and the space behind the textile is 
utilized as a plenum to distribute air, as illustrated in 
Figure 1. The diffuse wall ventilation is proposed initially 
as a part of an office renovation project, where the low 
ceiling and visible inlets and ducts are not accepted due to 
the space limitation and design preference, making the 
traditional ventilation concepts unsuitable. Even though 
the concept of supplying air from wall inlets has been 
widely researched and applied, such as displacement 
ventilation and stratum ventilation, supplying air from the 
entire wall has not been well documented.  

 
Figure 1 Illustration of diffuse wall ventilation concept 
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The study aims to investigate the ventilation performance 
of diffuse wall ventilation by CFD simulations. Special 
attention is paid to indoor thermal comfort and the 
system’s ability on preventing cross-infection between 
occupants. The ventilation performance is predicted under 
different operation conditions and inlet configurations. 
 

Case descriptions 
The diffuse wall ventilation is designed in an Annex 20 
room with an office layout (Lemaire et al., 1993). The 
room has a dimension of 4.2 m *3.6 m* 2.5 m, which has 
been widely used to test various air distribution principles 
in previous studies (P. V Nielsen & Jakubowska, 2009)(P. 
V. Nielsen, 2007). Figure 3 shows the furnishings and 
heat loads in the room to present a two-person office 
room. The heat sources include two people, two PC and 
two desk-lamps, with a total heat load of 480 W. The 
exhaust is located on the top corner of the wall opposite 
to diffuse wall inlet.  In order to investigate the 
effectiveness of diffuse wall ventilation on removing 
exhaled contaminant, N2O is released from one 
occupant’s mouth to represent the exhaled fine droplet 
nuclei (<5 µm). The N2O volume fraction of the exhaled 
air is around 4%, which is approximately the CO2 
concentration in exhaled air from a human. Both 
occupants are with a heat load of 100 W and a pulmonary 
ventilation rate of 8.3 l/min. 

 
Figure 2. Furnishings and heat load as a two-person 

office (P. V Nielsen & Jakubowska, 2009) 
Because the diffuse wall ventilation is at the design phase, 
different inlet designs are investigated and compared in 
this study. Figure 3 illustrates three inlet configurations: 
full-wall (textile diffuser cover the entire wall), half-wall 
(textile diffuser cover lower half of the wall), and lamella 
(textile diffuser covered with vertically mounted 
lamellas). For each inlet configuration, the ventilation 
system is operated with three boundary conditions with 
∆T (supply and exhaust temperature difference) of 3, 6 
and 10 K, as shown in Table 1.  

  
(a) (b) 

 

 

(c)  
Figure 3. Inlet configurations for diffuse wall ventilation 

(a) Full-wall (b) Half-wall (c) Lamella 
Table 1. Case description  

Case  ∆T  
[oC] 

Inlet 
temperature 

[oC] 

ACH  
[h-1] 

1 3 20 8.3 
2 6 17 4.2 
3 10 13 2.5 

 
CFD model development 
The full-wall configuration is presented here as a base-
line model, Figure 3 (a). This study focus on the indoor 
environment in the occupied zone, therefore, the plenum 
is excluded in the model to simplify the problem and 
computation time. The diffuse wall inlet is defined as a 
velocity inlet with uniform velocity distribution. The 
exhaust located in the upper corner of the wall is defined 
as outflow with zero diffusion flux. People, PC and lamps 
are modelled as blocks with surface heat flux. The 
radiation heat exchange between surfaces are excluded 
from this study, and only the convective heat flux is used 
as input. To simulate contaminant from exhalation, a mass 
flow of 1.1088 ×10-5 kg/s N2O is defined at the source 
person’s moth. 
Mesh is an important factor for a high-quality CFD 
model. The general idea is that fine grids must be used in 
areas with large gradients to minimize false diffusion and 
dispersive errors. In this study, layers of prism cells and 
the tetrahedral cells are applied to the boundary surfaces, 
like occupants, walls, furniture and heat loads, with 
special attention around the occupants’ mouth area. 
Structure meshes are applied to the free stream in the 
occupied zone. Three meshes with 500 K, 700K and 1M 
cells were created for the mesh independence study. By 
comparing the mass balance, heat balance, temperature 
and velocity at critical points, the mesh with 700K cells 
shows a satisfactory independence and is selected as the 
one used for further simulation, as shown in Figure 4.  

 
Figure 4 Cross-section of the 700K mesh 
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The diffuse wall ventilation is a low-moment system, the 
airflow in the room is driven by thermal buoyancy from 
heat sources. SST k-ω turbulence model is recommended 
by Z. Zhang et al. (2007) for the natural convection flow 
problem. The Boussinesq hypothesis is selected to model 
buoyancy-driven flow, with air thermal expansion 
coefficient of 0.343*10-3 K-1. The pressure-velocity 
coupling is resolved using the SIMPLE scheme. A 
second-order upwind discretization scheme is applied for 
all equations. 
Due to the lack of experimental results for the diffuse wall 
ventilation, an alternative approach is applied to validate 
the CFD model. The model is validated by a diffuse 
ceiling ventilation measurement with the same boundary 
condition, except the inlet is located at the ceiling instead 
of the sidewall.  The validation procedure and results are 
presented in detail in Ramstad & Tveit (2020). 
 

Results 
Impact of operating conditions 
Figure 5 illustrates the flow pattern from the full-wall inlet 
under three operating conditions. The supply air falls 
towards the floor after leaving the inlet. Supply air 
accelerates alone the diffuse wall surface and develops 
into a plane discharge flow after it reaches the floor. The 
depth of the discharge flow depends on the supply air 
temperature. The depth is about 0.6 m with ∆T of 3 K, 
while the depth reduces to 0.3 m with ∆T increases to 10 
K, see Figure 6.  The discharge flow travels along the 
floor and rises when it meets the heat sources, the flow 
pattern is comparable with displacement ventilation, see 
Figure 7. Compare with displacement ventilation, the air 
velocity is lower in the occupied zone with diffuse wall 
ventilation, where the max velocities at the ankle level are 
lower than 0.05 m/s in all cases. The draught rate DR is 
below 10% in all cases. The temperature stratification can 
be observed in the room with diffuse wall ventilation, as 
shown in Figure 8. In all three cases, the differences 
between occupants' ankle (0.1 m) and head (1.1 m) are 
less than 2 oC, so no discomfort risk due to vertical 
temperature gradient occurs.  
The cross-infection risk is evaluated by the personal 
exposure index εexp at the target occupant’s breathing 
zone.  The simulation results indicate that case 1 provides 
the highest εexp of 2.2. The contaminant raises up driven 
by the thermal plume generated by heat sources and 
distributes horizontally at the upper zone. However, a 
higher mixing level is found in case 2 and case 3, the εexp 
reduces to 0.98 and 0.93, respectively (Table 2). The 
contaminant removal effectiveness in the occupied zones 
εoz ranges from 1.15 to 0.98 in three cases.  
The personal exposure index εexp for the target person is 
expressed by Equation (1) : 

𝜀𝜀𝑒𝑒𝑒𝑒𝑒𝑒 = 𝐶𝐶𝑅𝑅
𝐶𝐶𝑒𝑒𝑒𝑒𝑒𝑒

             (1) 

And the contaminant removal effectiveness εoz is 
expressed by Equation (2): 

𝜀𝜀𝑜𝑜𝑜𝑜 = 𝐶𝐶𝑅𝑅
𝐶𝐶𝑜𝑜𝑜𝑜

                 (2) 

Where: CR is the concentration at the exhaust, Cexp is the 
concentration at the target person’s breathing zone, and 
Coz is the average concentration in the occupied zone.  

Table 2. Ventilation performance of full-wall inlet: 
Thermal comfort and contaminant removal effectiveness 
Case DRmax  

[%] 
∆Tankle-head,max 
[oC] 

𝜺𝜺𝒐𝒐𝒐𝒐 𝜺𝜺𝒆𝒆𝒆𝒆𝒆𝒆 

1 7.6 1.15 1.15 2.16 

2 7.2 1.55 1.00 0.94 

3 8.6 1.74 0.98 0.93 

 
Impact of design inlet configuration 
The ventilation performances with different inlet 
configurations are simulated with the operational 
condition of case 1. The simulation results present in 
Figure 10 – 12. Different from the other two inlet 
configurations, the half-wall inlet creates a kind of 
laminal flow layer without significant velocity 
acceleration in the vertical direction, as shown in Figure 
10. Stratification layers clearly separated the space into 
two zones, the lower zone with cold and clean air and the 
upper zone with warm and polluted air. Because the 
occupants are seated in the lower stratification layer, the 
vertical temperature difference between occupants’ ankle 
and head is the lowest in this case with the value of 0.9 
oC. However, special attention should be paid when 
designing such a half-wall inlet. If occupants' head and 
ankle are located in the different stratification layers, 
discomfort caused by vertical temperature difference 
might occur.  The personal exposure index εexp at the 
target occupant’s breathing zone is up to 11.8, which is 5 
times the value in the full-wall inlet case and more than 2 
times the value in the lamella inlet case.  The detailed 
ventilation performance criteria under different inlet 
configurations can be found in Table 3. 

Table 3. Ventilation performance with different inlet 
configurations: Thermal comfort and contaminant 

removal effectiveness 
Inlet 
configurations 

DRmax 
[%] 

∆Tankle-

head,max [oC] 
𝜺𝜺𝒐𝒐𝒐𝒐 𝜺𝜺𝒆𝒆𝒆𝒆𝒆𝒆 

Full-wall 7.6 1.15 1.15 2.16 

Half-wall 6.9 0.9 2.54 11.8 

Lamella 5.5 1.27 1.30 5.04 

 
Conclusion and further directions  
A novel ventilation concept named diffuse wall 
ventilation is proposed in this study and investigated by 
numerical simulations. The system is suitable for 
renovation projects, where the low ceiling and visible 
inlet and ducts are not acceptable due to space limitation 
and design preference. The ventilation system creates a 
stratified flow pattern that is comparable to displacement 
ventilation. However, due to the large inlet area, the air 
velocity in the occupied zone is much lower than 
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displacement ventilation, which is <0.05 m/s in all the 
cases. The half-wall inlet provides the best performance 
in preventing cross-infection between occupants. The 
personal exposure index εexp at the target person’s 
breathing zone is up to 11.8, the values with the full-wall 
inlet and lamella inlet are 2.16 and 5.04, respectively.  
The limitation of this study is that uniform distribution 
from diffuse wall inlet is assumed. However, due to the 
inlet properties (pressure drop) and the dimension of the 
plenum, the air distribution from diffuse wall inlet might 
vary from case to case. The supply air will have heat 
exchange with surrounding surfaces in the plenum before 
entering the room, which results in an increase in supply 
air temperature. Therefore, a more detailed CFD model 
with plenum will be developed in further study. An 
experimental test in the Annex 20 room with diffuse wall 
ventilation will be conducted in further study. Different 
inlet configurations will be tested and the measured data 
will be used for the CFD model validation. In addition, 
the previous study (Qian et al., 2006) indicated the cross-
infection risk in a room with thermal stratification can 
vary significantly depending on occupants' relative 
position and flow direction. The impact of occupants' 
position will be studied.  
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(a) (b) (c) 

Figure 5. Flow pattern in front of the full-wall inlet (a) ∆T3 (b) ∆T6 (c) ∆T10 
 

   
(a) (b) (c) 

Figure 6. Velocity profile of discharge flow (a) ∆T3 (b) ∆T6 (c) ∆T10 
 

    
 (a) (b) (c) 

Figure 7. Velocity field in the cross-section of the room (a) ∆T3 (b) ∆T6 (c) ∆T10 
 

    
 (a) (b) (c) 

Figure 8. Temperature field in the cross-section of the room (a) ∆T3 (b) ∆T6 (c) ∆T10 
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(a) (b) (c) 

Figure 9. Contaminant field in the cross-section of the room (a) ∆T3 (b) ∆T6 (c) ∆T10 
 

   

 
(a) (b) (c) 

Figure 10. Flow pattern in front of diffuse wall inlet (a) Full-wall (b) Half-wall (c) Lamella 
 

   
(a) (b) (c) 
Figure 11. Velocity profile of discharge flow ((a) Full-wall (b) Half-wall (c) Lamella 
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(a) (b) (c) 

Figure 12. Contaminant field in the cross-section of the room (a) Full-wall (b) Half-wall (c) Lamella 
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