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Abstract 

This study discusses the thermal isolation efficiency of 

the air knife system at the opening of two spaces with 

temperature difference. As the tiny outlet of air knife 

can increase the supply air velocity to reduce the 

volume flow rate, forming a good air curtain barrier to 

reduce the energy loss and the effect of outside 

temperature on the interior is the key point of this study. 

This study uses Computational Fluid Dynamics to 

discuss the thermal isolation efficiency and heat affected 

zone coverage ratio of air knife in different 

configurations of supply air angle, supply air velocity 

and volume flow rate proportion of return air and supply 

air. The findings show that the thermal isolation 

efficiency obtained by turning the supply air angle 

towards the warm area is better than the configuration 

of vertically downward supply air, the maximum 

difference is 15%. The supply air velocity and thermal 

isolation efficiency are influenced by the supply air 

angle, but apparently the supply air angle toward the 

warm area can implement thermal insulation at a low 

supply air velocity. When the volume flow rate 

proportion is increased from 0.0 to 1.3, the thermal 

isolation efficiency is increased by about 5%, the 

increasing amplitude is obviously smaller than the 

thermal isolation efficiency obtained by changing the 

supply air angle and the supply air velocity.  

Keyword:Air knife, CFD, Supply air angle, Thermal 

isolation efficiency. 

Introduction 

With the progress of the time, the comfort level and 

convenience will continue to rise。According to the 

survey, an average of 88% of the time per person stays 

in the building. To maintain the quality and comfort of 

the indoor air, the presence of air conditioning will be 

indispensable. The leakage issue is related to heat 

convection phenomenon due to temperature difference 

between indoor and outdoor temperature. The opening 

will cause the high temperature and humid air from 

outdoor will enter to conditioned area. 

The air leak curtain can be set on manual door, 

automatic door, revolving door or air door to reduce the 

indoor air conditioning or outdoor air leakage. Air 

curtain is the most widely used commercial product in 

various industries. The operation uses cross-flow blade 

to drive the air and then sprays through the air ducting. 
Hayes and Stoecker (1969) explained that the air 

curtain equipment is designed with a wide width of the 

outlet which should be used with low speed. However, 

the wide width outlet is matched with the air volume 

obtained by applying the wind speed and the length of 

the wind, Often makes the pedestrians passing through 

the opening feel uncomfortable.  

The air curtain is a continuous gas fluid with air as the 

medium. The jet barrier formed by a single opening or 

multiple openings is used to block the energy transfer 

from the opening. The application range can be 

extended to prevent the spread of germs in the medical 

system. (Cao et al., 2014, Cook et al., 2009). The 

opening of the dust particles and smoke barrier Shih et 

al.(2011). Building fire facilities (Luo et al., 2013, 

Juraeva et al., 2016) food preservation (Hammond et al., 

2011, Goncalves et al., 2012, Gil-Lopez et al., 2014, 

Goncalves et al., 2012) Building energy conservation 

(Wang and Zhong, 2014, Frank and Linden, 2015, 

Giraldez et al., 2013, Neto et al., 2006) and other related 

applications. 

Costa et al.(2006) used a k–ɛ turbulence model and a 

two-layer wall function based on numerical simulations 

of differential equations for mass conservation in 2D 

models. The simulated air curtain is installed in two 

adjacent temperature-connected spaces to analyze the 

speed, height and reverse temperature gradient of the 

moving air curtain. The influence of different dynamic 

and geometric parameters on the sealing efficiency is 

found when the air curtain spray angle is 15°-20°. When 

the spray is facing outdoors, the air curtain sealing 

efficiency can be improved. F.C. Hayes explained when 

there is no external interference to the air curtain, the 

balance ratio between the kinetic energy and the thermal 

buoyancy of the air curtain fan is determined by the 

dimensionless parameter (Dm) of the air curtain 

stability Hayes (1968), The air curtain is 

approximately stable with a deflection coefficient Dm, 

minimum, and the sealing condition is optimal, and the 

efficiency can be increased to 75-80%.。Foster et al. 
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(2007) used numerical simulation and experimental data 

to compare the effectiveness of air curtains at different 

velocities, and numerically calculated and analyzed 

using 2-D and 3-D CFD models respectively. It was 

found that the air curtain flow cannot be assumed to be 

2-D, because the central part of the jet comes from the 

Coanda effect of the air curtain device, which causes the 

edge of the jet to bend to and form a void.  

In recent years, there has been another type of airflow 

concentrating system, namely the air knife system. 

When the air knife system is used, it is necessary to add 

a blower as a jet pressure source, and the pressurized air 

is sent to the air inlet of the air knife by the air duct, and 

then the air is sent out from the air outlet through the 

rectifying layer. Because of the gap flowing through the 

air outlet of the air knife system, the Iberoulli's theorem 

knows that the space is rapidly shrinking, which will 

increase the airflow speed. Because of the interference 

of the centrifugal force without blades, it has a relatively 

stable concentrated airflow, which can be used to 

replace the air curtain system. The efficiency of the air 

knife and the scope of its application have also 

gradually expanded. From Gill et al. (2004), by 

changing the special geometric shape and the Coanda 

effect, high-speed and uniform jet characteristics are 

produced, which are applied to the beef packaging 

process. 

Summarizing the sealing effectiveness of the air curtain 

has been confirmed, indicating that when applied to the 

air-conditioned space where the door is opened, the use 

of the appropriate air curtain can provide considerable 

energy saving effects. The main of this research is to 

use the air knife system which is often applied to the 

production line to remove moisture, dust, cooling and 

other application. The narrow nozzle width 

characterized by a streamlined design that allow the air 

curtain to easily reach high wind speeds and achieves a 

sealing effect with only a small amount of air. The air 

curtain system combined with the return air outlet has 

been found to have a high sealing effect, but the 

relevant design for the application of the return air in the 

building is insufficient, and how to achieve the good 

sealing efficiency with regard to the efficiency of the 

retrofit air inlet and the related parameter configuration. 

It is the focus of this study. 

Numerical model 

Domain geometry 

The experimental space is 110cm (L) × 408cm (W) × 

250cm (H) and 416cm (L) × 408cm (W) × 250cm (H) 

two unequal length spaces, from a 110cm (W) × 210cm 

(H The doorway is connected, as shown in Figure 1. 

The size of the air knife is 6.5cm (L) × 144cm (W) × 

13.3cm (H), which is placed at the front of the doorway 

215.7cm from the ground and 12.5cm away from the 

wall. The outlet opening is 0.2cm horizontally 

downward. 

 

Figure 1:Experimental space plan. 

The air knife nozzle has an opening width of 0.2 cm, a 

length of 144 cm, and an outlet aspect ratio of 0.0139. 

The blower is fed with high-pressure air from the side 

position, and is mixed by the hollow chamber in the 

water droplet shape section. The working principle of 

the air knife to produce the air curtain is shown in Fig. 

2. 

 

Figure 2:Air knife working principle 

Computational Fluid Dynamics 

The 3D simulation software uses the computational 

fluid dynamics software ANSYS Workbench 15.0 

(Computational Fluid Dynamics, CFD for short) to 

discuss the spatial airflow distribution and temperature 

diffusion behavior of the air knife. Based on the 

experimental space size and boundary conditions, a 

virtual model laboratory with equal proportion is 

generated. The experimental results are used to verify 

the airflow velocity distribution of the wind blade, and 

the error degree of the flow field change trend and 

experimental data is calculated.  And test the time 

step of the numerical model, and select the setting that 

meets the numerical accuracy and stability to increase 

the reliability of the simulation result. By using the 

simulation parameters, the configuration and boundary 

conditions of the air knife are further predicted, and the 

utility of the air knife in the two adjacent spaces under 

the temperature difference is predicted. 

Geometric Model Construction 

When discussing the change of the air knife angle to the 

flow field, the air knife angle is defined as α which is 

the angle between the normal line and the vertical line 

of the air knife outlet. When the α is changed, the 

direction of the air outlet is only rotated and the air 

knife is not changed. The size of the geometry model is 

shown in Figure 3. 
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Figure 3:Air angle diagram 

Experiment Boundary Condition settings 

In this study, a scaled model was constructed based on 

the actual size of the model laboratory and the 

configuration of the air knife. In the model, the 

experimental space and the inlet and outlet boundary 

temperature are constant at 27°C, and no heat source 

exists. The air knife inlet is a circular tube with a 

diameter of 9.6cm, the air inlet volume is 350CMH, and 

the average air inlet speed is 13.547m/s; the two spaces 

each have a pressure of 1 atmosphere, used as the air 

pressure for balancing the experimental space; the 

working fluid is incompressible air. The flow field is a 

steady flow field and considers the gravity; the air knife, 

wall and floor boundary are both adiabatic and no heat 

transfer. The detailed boundary condition settings are 

shown in Table 1. 

Table 1:Boundary Condition Setting 

No Boundary QTY Type Value unit 

1 Air knife 1 wall - - 

2 Outlet 2 pressure-outlet 1 atm 

3 
Air knife 

inlet 
1 velocity-inlet 13.5473 m/s 

4 
Air knife 

outlet 
1 interior - - 

5 other - wall - - 

 

Grid Test and Turbulent Models Comparison 

The growth mode of the research grid is divided into 

two areas, in which the wind knife is divided into 

unstructured grids to adapt to the shape of the air knife, 

and the grid in the jet area of the air knife exit is 

partially encrypted to match the airflow. Drastic changes; 

the rest of the experimental space is suitable for the use 

of structured mesh, which reduces the number of 

meshes and improves the computational efficiency. The 

grid configuration of the geometric space is shown in 

Figure 4. 

The standard k-ε and SST k-ω turbulence models are 

used in the grid test. The number of grids of the three 

groups is 773, 214, 643, 933, 541, 931. The number of 

grids is compared with the experimental test points 

under the same case setting conditions. The position of 

the measured point at the same point below the air outlet 

of the air knife is calculated, and the error of the wind 

speed value at each point is calculated. The relative 

error values are shown in Fig. 5 and Fig. 6. 

 

Figure 4:Schematic diagram of grid configuration 

 

 

Figure 5:Grid number and experimental difference of 

standard k-ε turbulence model 

 

 

Figure 6:the number of grids and experimental 

differences of shear pressure transmission k-ω 

turbulence model 

Discussion and analysis 

Research Basis 

Exploring the barrier efficiency of the air curtain, the air 

conditioning space is as shown in the dotted line in 

Figure 7. Moreover, it is discussed that the boundary 
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condition of the wall at the time of heat transmission is 

set to be adiabatic, and there is no heat exchange with 

the outside environment, which is mainly caused by the 

influence of air knife, floor return air, outlet ventilation 

and doorway convection. 

 

Figure 7:Protection Heat Balance 

The change in heat in the air conditioning space is 

indicative of the rate of thermal intrusion over time. In 

the formula, the V table volume and the C_P table 

constant pressure specific heat are constant, but the air 

density ρ and the spatial average temperature T are 

functions of time. The rate of heat intrusion in the 

air-conditioned space, as shown in equation (1). The 

heat flux from the opening into and out of the 

air-conditioned space is expressed by the formula (2). 
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By the relationship between the conservation of energy 

in the first law of thermodynamics, the energy entering 

and leaving the system and the changes in the system 

must reach a balance, as expressed by equation (3). 
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The heat flux from the doorway can be obtained by 

formula (4): 
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The heat insulation efficiency is as shown in formula (5), 

which defines the percentage of heat flux (
jetQ ) that is 

influenced from the doorway using the air knife.  
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Analysis of the Thermal Insulation efficiency 

This study will focus on air insulation between 

air-conditioned and outdoor space in analyze the 

temperature differences. The outlet angle, air velocity, 

and volume ratio is changed to achieve the heat 

insulation efficiency. Using the results calculated by the 

commercially available simulation software, the 

calculation of the heat gain estimation and the heat 

insulation efficiency evaluation method, the influence of 

the air knife configuration on the heat insulation 

efficiency are analyzed. 

Air Volume Ratio 

As shown in Fig. 8 and Fig. 9, the air volume ratio is 

vary from the heat insulation efficiency when the wind 

angle is 0 and 15 degrees. It can be found that the 

increase of the air volume ratio has a tendency to 

improve the heat insulation efficiency, and the trend of 

increasing the air volume ratio and the heat insulation 

efficiency is approximately linear. When the air volume 

ratio is increased from 0.0 to 1.3, the average difference 

in efficiency of the outlet is increased by 5.86 %. When 

the outlet angle is 15 degrees, the average is increased 

by 5.64 %. It can be seen that even if the different air 

outlet angles increase the air volume, the heat insulation 

efficiency is similar to the improved insulation 

efficiency. 

 

Figure 8:Outlet angle 0 degrees, different air volume 

ratio and insulation efficiency 

 

 

Figure 9:Outlet angle 15 degrees, different air volume 

ratio and insulation efficiency 

Air Velocity 

As shown in Fig. 10 and Fig. 11, the wind speed and the 

heat insulation efficiency are different when the wind 

angle is 0 and 15 degrees. When the outlet is set to 0 

degree, the trend of air pattern and heat insulation 

efficiency is convex. The efficiency of the heat 

insulation reach the maximum when the velocity is 

increased to 15 m/s. And the efficiency will getting 

lower when the velocity is decreased to 10 m/s. The 

trend of 15 degrees of wind exit angle is slightly 

different when the wind speed is low, and the highest 
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heat insulation efficiency is achieved at low wind speed, 

and then decreases as the wind speed increases. 

 

Figure 10:Outlet angle 0 degrees, different air velocity 

and insulation efficiency 

 

Figure 11:Outlet angle 15 degrees, different air velocity 

and insulation efficiency 

Outlet Angle 

As shown in figure 12, figure 13 and figure 14, with 

different outlet angle, the insulation efficiency also 

different. It can be found that even at different velocity 

and air volume ratios the best efficiency of the 

insulation is obtained by 15 degrees. When the outlet 

angle is adjusted from 0 degrees to 15 degrees, the heat 

output efficiency of the wind speed of 10m/s is 

increased by 14.86, 9.21% at 15m/s, and 6.62% at 

20m/s. It can be seen that adjusting the outlet angle has 

the greatest influence on the low wind speed. 

 

Figure 12:Wind speed 10 m/s, different outlet angle and 

insulation efficiency 

 

Figure 13 Wind speed 15 m/s, different outlet angle and 

insulation efficiency 

 

 

Figure 14:Wind speed 20 m/s, different outlet angle and 

insulation efficiency 

Conclusion 

Cold air often leaks from the opening of the building 

structure or the door, especially when the door is used 

frequently. From the standpoint of energy saving 

performance and recycling age, it has been shown that 

the use of high efficiency air curtains as isolation is 

cleaner and cheaper than other common systems. 

This study uses air knives to replace the widely used 

commercial air curtain equipment products, breaking 

through the threshold of air curtain equipment efficiency, 

and improving the width of the wide air outlet to create 

a large amount of airflow, will causing an 

uncomfortable feeling to the pedestrians through the 

opening. The research focused on the outlet angle, air 

velocity and air volume ratio of the air knife, and 

summarized the research results as follows: 

1. The air knife is rotated 15 degrees toward the 

higher temperature side, the heat insulation is 

increased by 5 to 15 % compared to air knife with 0 

degree. This is the most effective way to improve 

efficiency. 

2. Under the influence of the external wind field and 

unbalanced ventilation, the same air velocity and air 

volume ratio are opened from the opening of the 

door until the heat intrusion rate drops, and the 

outlet angle is much better than using 0 degrees. 

The rate of intrusion acceleration is moderate, and 

the time to reach the maximum thermal intrusion 

rate is shortened, reducing the impact of the 

moment of opening the door. However, after the 
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trough, there is no significant difference in the heat 

intrusion rate between the two. If used in the door 

opening for a long time, the advantage of rotating 

the wind angle will be small. 

3. Even if the outlet length of the air knife covers the 

entire width of the doorway, if there is no deflection 

angle, the air curtain will deflect into the room due 

to the temperature difference, and the gap between 

the air outlet and the side of the doorway is difficult 

to achieve good insulation effect. 

4. Excessive wind speed will not only reduce the heat 

insulation efficiency, but also increase the affected 

area, causing the heat to spread rapidly throughout 

the room. 

5. By increasing the air volume ratio found that it can 

improve the heat insulation efficiency. When the air 

volume ratio is increased from 0.0 to 1.3, the heat 

insulation efficiency is increased by 5.86% on 

average, and the air volume ratio has a linear 

relationship with the heat insulation efficiency 

trend. 
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