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Abstract 

This study investigated the air distribution and contaminant transport in aircraft cabins with 

gaspers on using computational fluid dynamics (CFD). If the detailed gasper geometry were 

used in the CFD simulations, the grid number would be unacceptably high. To reduce the grid 

number, this investigation proposed a method for simplifying the gasper geometry. The 

method was then validated by two sets of experimental data obtained from a cabin mockup 

and a real aircraft cabin. It was found that for the cabin mockup, the CFD simulation with the 

simplified gasper model reduced the grid number from 1.58 million to 0.3 million and the 

computing cost from 2 days to 1 hour without compromising the accuracy. In the five-row 

economy-class cabin of the MD82 airplane, the CFD simulation with the simplified gasper 

model was acceptable in predicting the distribution of air velocity, air temperature, and 

contaminant concentration.  
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1. Introduction 

 

Over the last few decades, the transmission of airborne infectious diseases such as 

tuberculosis (Kenyon et al., 1996), influenza (Moser et al., 1979), and severe acute 

respiratory syndrome (Olsen et al., 2003) has been observed in aircraft cabins. As more and 

more passengers travel by air (ACI, 2007), they demand a cleaner and healthier cabin 

environment. Gaspers, the small, circular, and adjustable vents installed in aircraft cabins for 

each passenger above the seat, are used in commercial airplanes as a personalized ventilation 

system for regulating thermal comfort. Turing on gaspers may affect the air distribution in an 

aircraft cabin (You et al., 2016) and further influence contaminant transport. It is crucial to 

investigate the air distribution and contaminant transport in cabins with gaspers turned on in 

order to evaluate the usefulness of gaspers in protecting passenger from exposure to 

contaminants.  

 

Several experimental studies have been conducted in this area. Dai et al. (2015) measured the 

flow field of a gasper-induced isothermal jet with a high-precision hotwire anemometer. You 

et al. (2016) used a particle imaging velocimetry (PIV) technique to measure the interactions 

among the gasper-induced flow, the main flow in the cabin, and the thermal plume from a 

passenger in a cabin mockup. To study the impact of gaspers in actual airliners, Li et al. 

(2016) measured the distributions of air velocity, air temperature, and contaminant 

concentrations in the economy-class cabin of a retired MD-82 airliner with two fifths of the 

gaspers open and compared them with the distributions when the gaspers were off. They 

found that turning on the gaspers would not necessarily improve the air quality.  

 

Conducting experiments in a real aircraft cabin is very expensive, but numerical methods 

have also been employed to investigate the air distribution and contaminant transport in 

aircraft cabins with gaspers on. Among these methods, computational fluid dynamics (CFD) 

has been widely used because it is informative and economical (Liu et al., 2012a). For 

instance, Zhang et al. (2009) used CFD to predict the air distribution and gaseous and 

particulate contaminant transport in a half-occupied, twin-aisle aircraft cabin mockup. Liu et 

al. (2013) used experimental data to evaluate the performance of various turbulence models 

in predicting the air distribution in the first-class cabin of an MD-82 airliner. Gupta et al. 

(2012) assessed the risk of airborne infection in aircraft cabins by using CFD to predict the 

spatial and temporal distributions of droplets exhaled by a passenger in a seven-row, twin-

aisle aircraft cabin. Although the above studies are interesting, in all of these cases it was 

assumed that the gaspers were turned off.  

 

To study gasper-induced flow, Shi et al. (2015) used detailed gasper geometry in CFD to 

predict the air distribution of a jet from a gasper. Describing the geometry required millions 
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of cells. You et al. (2016) used the detailed geometry of the gasper in predicting the air 

distribution in half of a one-row, single-aisle cabin mockup with one gasper turned on. They 

found that the grid around the gasper accounted for 28% of the total grid, while the volume of 

this region was only 0.0006% of the total cabin mockup volume. If detailed gasper geometry 

were applied in a section of a cabin (where a minimum of five rows are needed for 

contaminant transport), the total grid number used to discretize the domain would be at least 

20 million. The computation would require a computer cluster with at least 64 GB RAM. 

However, both of the above studies found that the jet flow from the gasper developed 

similarly to a round jet, suggesting that the gasper could be simplified as a round nozzle in 

the CFD simulations. 

 

The literature review indicated that CFD could be an informative tool for studying air 

distribution and contaminant transport in airplane cabins with gaspers on, but the computing 

costs would be unacceptably high. This high cost is a result of the large grid number needed 

to represent the detailed geometry of the gaspers. For affordable CFD simulations, it is 

essential to reduce the grid number for the gaspers without compromising accuracy. This 

need forms the objective of the study reported in this paper. 

 

2. Method for Simulating Air Distribution and Contaminant Transport in a Cabin with 

Gaspers on 

 

The jet behavior observed in previous studies (Dai et al., 2015; You et al., 2016) appears to be 

similar to that of a round jet. The present investigation explored the possibility of simplifying 

the gasper geometry as a round nozzle for CFD simulations. A simple round nozzle 

(simplified gasper) was used to replace the complex gasper for predicting the air distribution 

and contaminant transport in cabins. The results predicted with the simplified gasper were 

validated by experimental data from a cabin mockup and a real aircraft cabin.  

 

2.1 Brief introduction of the CFD method used 

 

This investigation used the SST k-ω model (Menter, 1994) for predicting the air distribution 

in cabins with gaspers on, because it was able to accurately predict the air distribution in the 

critical area (You et al., 2016). The SST k-ω model is a Reynolds-averaged Navier-Stokes 

(RANS) model. For an incompressible Newtonian flow, the RANS equation can be written as: 
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where U is the Reynolds-averaged air velocity, t the time, x the coordinate, ρ the air density, P 

the pressure, μ the air viscosity, u the fluctuating air velocity, and S the source term. The bar 

stands for Reynolds average. The SST k-ω model uses the Boussinesq eddy-viscosity 

approximation to link the turbulence Reynolds stresses to eddy-viscosity: 
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where i ju u  is the turbulence Reynolds stress, μt the eddy viscosity, and k the turbulence 

kinetic energy. The k can be expressed as: 
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In the SST k-ω model, the turbulent eddy viscosity is calculated by: 
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where α* is a coefficient that damps the turbulent viscosity, causing a low-Reynolds-number 

correction; S is the strain rate magnitude; F2 a blending function; a1 a constant; and ω the 

specific dissipation rate.  

 

Thus, the model needs to solve two additional governing equations, one for k and the other 

for ω. The equation for k is  
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where σk is the turbulent Prandtl number for k, kG  the generation of turbulence kinetic 

energy due to mean velocity gradients, and Yk the dissipation of k due to turbulence. This 

model calculates the ω by: 
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where σω is the turbulent Prandtl number for ω, Gω the generation of ω, Yω the dissipation of 

ω due to turbulence, and Dω the cross-diffusion term.  To simulate the buoyancy effect, the 

Boussinesq approximation was adopted in this study. Note that the SST k-ω model does not 

consider the production due to buoyancy in the k equation or the ω equation (Menter, 1994). 

 

Contaminant transport was simulated by the Eulerian method (Zhang and Chen, 2007) by: 
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where ϕ is the SF6 concentration, Γϕ the diffusion coefficient, and Sϕ the mass flow rate of SF6 

source per unit volume. A detailed description of all the terms in the equations can be found 

in the ANSYS Fluent manual (ANSYS, 2010).  

 

The SIMPLE algorithm (Patankar, 1980) was used to couple the pressure and velocity. This 

study used the PRESTO! scheme for pressure discretization and the second-order upwind 

scheme for discretizing all the other variables. Two convergence criteria were used in this 

study. First, the scaled residuals for velocity, turbulence, and energy had to reach 10-4, 10-4, 

and 10-6, respectively. Second, this study monitored the velocity magnitude at distances of 0.1 

m, 0.25 m, and 0.5 m from the gasper outlet, and the first decimal number of the velocity 

magnitude could not change with further iteration after the simulation results had converged.  

 

2.2 Simplification of the gasper for CFD simulations 

 

This study proposed the use of a round jet in place of the jet from the gasper. If the round jet 

has the same downstream velocity field as that from the gasper, the complex gasper geometry 

can be simplified as a round nozzle in CFD simulations. This section describes our approach. 

 

In order to obtain the downstream velocity field of the gasper-induced jet, a CFD calculation 

was first carried out with the detailed gasper geometry as shown in Figure 1(a), placed in a 

space as shown in Figure 1(b).  The dimensions of the space were 0.6 m (L) × 0.6 m (W) × 

0.6 m (H), as recommended by Shi et al. (2015) in order to capture the decay in the centerline 

velocity with distance. The bottom wall was defined as the pressure outlet, and all other walls 

were defined as no-slip walls. The supply flow rate was 1.2 L/s in this investigation, and the 
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jet was isothermal. 

 

 

(a)                                                                        (b) 

Figure 1 (a) Comparison of the detailed gasper geometry and the simplified gasper geometry; 

(b) case setup for studying the jet.  

 

With the use of the CFD method described in the previous section, the centerline velocity (Um) 

of the jet was found to decay as a function of axial distance (s) as shown in Figure 2. The 

axial distance is defined as the distance from the lower edge of the gasper. The centerline 

velocity decay was then used to determine the dimensions of the round nozzle. 

 

 
Figure 2 Centerline velocity decay as a function of axial distance for two types of jet. 

 

For the round jet in the developed region, the non-dimensional centerline velocity can be 

expressed as (Pope 2000): 
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where Um,0 is the exit velocity of the round jet, B a constant of 6.2 (Hussein et al., 1994), s0 

the position of the virtual jet origin, and d the diameter of the round inlet.  

 

From equation (8), the Um decay with s could be expressed as:  
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s s



                                                                                                                                                  (9)          

where B* is an empirical constant. To ensure that the gasper-induced flow has the same Um 

profile as that of the round jet, the values of B* and s0 can be determined by least square 

regression from the predicted Um profile as shown in Figure 2. In this case, the least square 

regression in the fully developed jet region led to a B* of 0.75 and an s0 of 0 with an R2 of 

0.99. Because the s0 of the round jet is assumed in theory to be 0, the calculated s0 can be 

used to determine the location of the nozzle outlet. The B* can then be used to determine the 

diameter of the round nozzle, d, as shown in Figure 1(a).  

 

Combining Eqs. (8) and (9) yields the following expression: 

*
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Since the flow rate Q from the round nozzle is  
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Eqs. (10) and (11) can be solved to yield 
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so that the diameter and supply air velocity of the nozzle can be determined. 

 

For the gasper shown in Figure 1(a), the B* is 0.75 and Q is 1.2 L/s. The corresponding d is 

12.64 mm, and Um,0 is 9.56 m/s. The complex gasper has thus been simplified as a round 

nozzle for CFD prediction of air distribution in a space with the gasper on. This effort can 

reduce the grid number required to discretize the gasper because the nozzle is very simple. As 

a result, the computing cost is decreased without compromising the accuracy of the CFD 

prediction.   

 

3 Validation of the simplified gasper model for simulating the gasper flow 

 

To validate the claim above in regard to the computing cost and accuracy of the CFD 

prediction, this study used two cases: a cabin mockup (You et al., 2016) and a real cabin (Li 
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et al., 2016). In the mockup, high-quality air velocity distribution measurements were 

performed with PIV. In the real cabin, which was a section of an MD-82 economy-class cabin, 

the measured distributions of air velocity and airborne contaminant were simulated by use of 

a tracer gas. The measured data can be used for the validation of air distribution in cabins 

with the simplified gaspers.  

 

3.1 Cabin mockup case 

 

The cabin mockup was half of a one-row cabin that simulated a Boeing 737 as shown in 

Figure 3. The main air supply to the cabin flowed downward from a linear diffuser on the 

ceiling and was exhausted at floor level. A gasper was installed on the inclined surface of the 

ceiling to provide personalized ventilation to a passenger simulated by a heated box, as 

shown in the figure. The box was placed in the middle of the cabin with 75 W of sensible heat. 

The PIV system was used to obtain the flow in the critical area where the main cabin flow, 

gasper-induced flow, and thermal plume from the human simulator encountered one another, 

as shown in the area enclosed by the dashed lines in Figure 3. The experiment included the 

measurement of the surface temperature, inlet air temperature, and flow rates, which were 

used as boundary conditions for the CFD simulation.  

 

 
Figure 3 The sketch of the aircraft cabin mockup. 

 

The CFD simulation used the simplified gasper model, in which the diameter d was 12.64 

mm and s0 was 0 as shown in Figure 1(a). This study considered three grid resolutions, 0.2, 

0.3, and 0.65 million for CFD grid independence test. The resolution of 0.3 million was found 

to be sufficient to model the flow in the chamber. Figure 4 compares the distribution of the 

grid structure near the gasper for different gasper geometry models. The grid size for the 
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detailed gasper geometry model was much smaller compared to that for the simplified one. 

As a result, using the complex gasper geometry would increase the total grid number to 1.58 

million (You et al., 2016).  

 

 

(a)                                                               (b) 

Figure 4 Comparison of the grid structure near the gasper for (a) the simplified gasper 

geometry model, and (b) the detailed gasper geometry model. 

 

Figure 5 compares the air velocity distribution predicted by the simulation with the data 

measured by PIV in the critical area. The results of the CFD simulation with the detailed 

gasper geometry (You et al., 2016) are also plotted in the figure for comparison. The CFD 

predictions with the simplified gasper model correctly captured the jet from the upper right 

section to the lower left section, as well as the circulation at the lower right. Moreover, the jet 

direction and velocity magnitude predicted by CFD with the simplified gasper model were 

similar to those predicted with the actual gasper geometry. In summary, the CFD simulation 

with the simplified gasper model accurately predicted the air distribution in the critical area, 

and no obvious discrepancy was observed between the air distribution predicted by CFD with 

the simplified gasper model and that with the actual gasper geometry.  
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Figure 5 Comparison of the predicted airflow field by CFD with different gasper geometry models 

and experimental data in the critical area. 

 

For quantitative analysis of the performance of the simplified gasper model, Figure 6 shows 

the horizontal and vertical velocity profiles at five lines in the critical area predicted by CFD 

and measured by PIV. In the horizontal velocity profiles shown in Figure 6(a), the results 

simulated by CFD with the simplified gasper model capture the measured peak velocity, as 

do the results with the actual gasper geometry. In the vertical velocity profiles shown in 

Figure 6(b), the CFD results with the simplified gasper model agree reasonably well with the 

experimental data. When the results predicted by CFD with the two gasper geometry models 

are compared with the experimental data, it can be seen that the prediction with the simplified 

gasper model was slightly better for the horizontal velocity and slightly worse for the vertical 

velocity. The results predicted by the two models are comparable.  

 

 

(a) 
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(b) 

Figure 6 Comparison of the predicted and measured velocity profiles in the critical area: (a) 

horizontal velocity and (b) vertical velocity. 

 

On the basis of the analysis above, Table 1 further compares the grid cells used and the 

computing time required to meet the convergence criteria discussed in Section 2.1. Since the 

actual gasper geometry was more complicated than that of the simplified gasper model, the 

grid size needed to depict the gasper details was much smaller. Thus, the total grid number 

for the case with the actual gasper geometry was more than five times that for the case with 

the simplified gasper model. In addition, the actual geometry required 17601 iterations to 

achieve convergence, whereas the simplified geometry required only 4251 iterations. The 

difference in total grid number and computing cost resulted in a huge difference in computing 

time between the two cases. This investigation used a workstation with a quad-core processor 

of 3.0 GHz and RAM of 16 GB. The computing time for the case with the actual gasper 

geometry was two days, while using the simplified gasper model reduced the computing time 

to only 1 hour. Moreover, as discussed above, the CFD simulation using the simplified gasper 

model predicted the air distribution with similar accuracy to that of the simulation using the 

actual geometry. Thus, the simplified gasper model reduced the total grid number and 
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computing time needed to predict the air distribution in the cabin mockup without 

compromising accuracy.   

 

Table 1. Evaluation of the simplified gasper model.  

 Actual gasper geometry Simplified gasper model 

Grid number 1.58 million 0.3 million 

Computing cost  17601 iterations 4251 iterations 

Computing time 2 days 1 hour 

Accuracy Similar 

 

3.2 Real cabin case  

 

Li et al. (2016) conducted air distribution measurements in a section of the economy-class 

cabin of an MD-82 plane with the geometric configuration shown in Figure 7(a). Each row of 

the cabin had five seats and five gaspers. Air was supplied to the cabin as a whole from the 

diffusers at the cabin shoulders on both sides and was exhausted on both sides near the floor. 

Heated manikins were placed on the seats to simulate passengers. As shown in Figure 7(b), a 

gas mixture of 1% SF6 and 99% N2 was placed as a contaminant source in aisle seat 9C with 

an SF6 mass flow rate of 1.02×10-6 kg/s. The gaspers in columns B and C were open during 

the test. As shown in Figure 7(b), Li et al. (2016) measured the distributions of air 

temperature, air velocity, and an airborne contaminant simulated by a tracer gas in five cross 

sections (CS7 to CS11, indicated by solid red lines) and three longitudinal sections (ASLS, 

CALS, and WSLS, indicated by dashed red lines). The experiment also measured the time-

averaged velocity and velocity fluctuation at the diffusers; air temperature and airflow rate 

for each opened gasper; and the temperature of the cabin walls, ceiling, floor, manikins, and 

seats.  
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 (a)                                                                      (b) 

Figure 7 (a) Sketch of the five-row MD-82 economy-class cabin and (b) measuring positions 

by Li et al. (2016).  

 

The present investigation simplified the gaspers in the cabin as simple nozzles in the CFD 

simulation. The gaspers in the economy-class cabin were different from the ones used in the 

half of the one-row cabin; the diameter of the nozzle was 10.03 mm, and s0 was 0.0 mm as 

determined by the method outlined in Section 2.2. The measured air velocity, temperature, 

and SF6 concentration at the cross sections in the front (CS7) and back (CS9) were used as 

the boundary conditions in the CFD simulation. Thus, the experimental data at the remaining 

three cross sections and three longitudinal sections could be used to validate the CFD results. 

Three grid resolutions, 1.65, 2.98, and 6.37 million, were tested for CFD grid independence, 

and the resolution of 2.98 million passed the test. The CFD simulation results converged after 

8004 iterations. The total computing time was about 1 day on the same computer as that used 

for the half of the one-row cabin.  

 

This study compared the simulated distributions of the air velocity, air temperature, and 

contaminant concentration with the measured data in the cabin. Figure 8 shows the 

comparison in two cross sections (CS8 and CS9) and two longitudinal sections (ASLS and 

CALS). The circles in Figures 8(a) and (b) represent the arms of the passengers that cut 

through the cross sections, while the V-shapes below the circles represent the thighs of the 

passengers on the seats.  

 

 
(a)                                                                    (b)



14 

 

(c)                                                                  (d) 

 

Figure 8 Comparison between the predicted and measured airflow field in (a) CS8, (b) CS9, 

(c) ASLS, and (d) CALS. 

 

The experimental data in CS8 shows a strong jet from gasper, while that in CS9 is not 

obvious. Since the gasper is very small, and the jet velocity gradient is very large, the flow 

field near the gasper is very sensitive to the measuring location. Therefore, under current 

measuring resolution (60 mm x 60 mm), the measurement in CS9 may fail to capture the 

large velocity of the jet. The experimental data in CS8 shows that the flow from the gaspers 

first merged with the flow from the diffusers and then flowed downward toward the aisle. 

Compared with the air distribution in CS8, the merged flow in CS9 was much weaker. The 

CFD simulation in this study used the measured flow from the diffusers as the boundary 

conditions. Since the velocity at the diffusers differed from row to row, the air distributions in 

CS8 and CS9 were different. Nevertheless, the general trend of the flow was mixing 

ventilation at the two cross sections. The upward flows above the passengers were due to the 

thermal plumes caused by the body heat. Similar results were observed in the CFD simulation 

results. However, the air velocity calculated by CFD differed significantly from the measured 

data on both sides of CS8.  The CFD simulation assumed that the manikins had uniform 

temperature in each section of the head, upper body, and lower body. Since the two sides of 

CS8 were affected by the buoyancy from the heated manikins, the difference may have been 

caused by the discrepancy between the actual temperature profile and that used as the CFD 

boundary condition.  

 

In the longitudinal sections, the experimental results showed that the air traveled from the 

front to the back of the cabin. This is because the measured velocity component in the 

longitudinal direction had a clear backward trend. Since the experimental data from the 

diffusers was used as the boundary conditions for the CFD simulation, the calculated air 

velocity also exhibits longitudinal transport toward the back of the cabin. Although the 
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agreement between the CFD prediction and the experimental measurements is not as good as 

that for the one-row cabin, the CFD simulation results are acceptable due to the many 

uncertainties associated with the measurements for such a complex scenario. 

 

Figure 9 further compares the predicted and measured temperature fields in the CS9 and 

ASLS sections. Since the airflow in the cabin was well mixed, the temperature distribution 

should have been relatively uniform. The CFD simulation with the simplified gasper model 

was able to predict the uniform temperature field. At CS9, the air temperature in the center of 

the cabin was lower than the rest of the cabin, because the central region was in the path of 

cool air from the diffusers and gaspers. The air temperature on the upper right side of the 

cabin was higher than in the rest of the cabin. It should be noted that the flow boundary 

conditions of the diffusers were very complex (Liu et al., 2012b), and at times the flow 

direction could even be toward a diffuser. Therefore, the high temperature in that area may 

have been caused by air circulation that was due to the complexity of the flow in the region.  

 

 

(a) 

 

(b) 

Figure 9 Comparison between the predicted and measured temperature field in (a) CS9, and 

(b) ASLS. 

 

At section ASLS, the measured air temperature was about 1.0 K higher than the simulated 

temperature. The difference may have been caused by experimental error, as the two sections 

were not measured at the same time. The air temperature in the upper part of the cabin was 
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slightly higher than in the lower part. The same trend was observed in the air temperature 

distribution calculated by CFD. Because of the obstructions created by the seat backs and the 

complex airflow pattern, it is difficult to perform a quantitative comparison of the calculated 

and measured air temperature distributions. Note that the air temperature fields were measured 

with a precision of ±0.5 K (Li et al., 2016). As the difference between the predicted and 

measured data was less than 1.0 K, the CFD simulation results are considered to be good. 

 

This study also compared the simulated and measured SF6 concentration distributions at 

sections CS9 and ASLS because the SF6 source was located in these two sections, as shown 

in Figure 10. Since the air was supplied symmetrically from the diffusers and gaspers, the 

flow at CS9 was almost symmetric. Thus, SF6 from the source in seat 9C was contained on 

the left side of the cabin, as shown in both the measured and calculated results. The CFD 

results agree well with the measured data in this section. 

 

 

(a) 

 

(b) 

Figure 10 Comparison between predicted and measured contaminant concentration in (a) 

CS9, and (b) ASLS. 

 

However, the measured SF6 distribution at section ASLS shows that the SF6 moved upward 

from seat 9C and travelled toward the back rows, but the backward trend was not captured 

very well by the simulation. As can be seen in the air velocity distribution in Figure 8(a), the 

predicted flow direction at the source location was downward, but the measured flow 
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direction was upward. This difference could be a major reason for the discrepancies in SF6 

dispersion. 

 

4. Discussion 

 

This study used the simplified gasper model in a CFD simulation of a five-row section of the 

economy-class cabin. If this method were applied to the entire 28-row economy-class cabin, 

the total grid number would be 21 million, and the computing time would be around one 

week on our small workstation, which is still feasible. However, if the detailed gasper 

geometry were applied to the whole cabin, the total grid number would be over 100 million. 

This would require a large computer cluster and significant computing time, which might not 

be feasible for design studies. The simplified gasper model can dramatically reduce the total 

grid number and computing time needed to predict contaminant transport in aircraft cabins 

without compromising accuracy. Thus, the method for simplifying the gasper geometry could 

be used in future investigations to study the aircraft cabin environment with gaspers on.  

 

In addition to gaspers, diffusers with complicated geometry are commonly used in aircraft 

cabins and buildings. The advanced aircraft cabin in the Boeing 747-8 has about 50 slots per 

row on each side of the cabin shoulder and ceiling as diffuser outlets. The supply air from a 

duct is directed to the slots by an array of nozzles with extremely complicated geometry. In 

buildings, round and square diffusers are commonly installed. The round diffusers supply air 

through concentrically annular outlets, and the square diffusers through multiple slots. Using 

the detailed geometry for these diffusers could result in large grid numbers and high 

computing costs. The concept proposed in this study for simplifying the gasper geometry 

could also be used to simplify the complex geometry of the diffusers in aircraft and buildings.  

 

5. Conclusions 

 

This investigation proposed a method for simplifying the geometry of a gasper to a round 

nozzle. The simplified gasper model was implemented in CFD to replace the complex gasper 

geometry for predicting air distribution and contaminant transport in an aircraft cabin. The 

predicted results were validated by experimental data in two cases: a cabin mockup and a real 

cabin. Within the scope of this research, the following conclusions can be drawn: 

(1) The proposed method for simplifying the gasper geometry as a round nozzle could 

ensure that the jet from the nozzle and the jet from the complex gasper geometry have the 

same downstream velocity field.   

(2) Compared with the detailed gasper geometry in the CFD simulation for the cabin 

mockup, the simplified gasper model reduced the grid number from 1.58 million to 0.3 

million and the computing time from 2 days to 1 hour without compromising accuracy. 
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(3) The CFD simulation with the simplified gasper model was acceptable in predicting the 

distributions of air velocity, air temperature, and contaminant concentration in a five-row 

section of the economy-class cabin of the MD82 airplane. 
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