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Summary: The paper describes results from a comparison between in-flight measurements and CFD-
simulations of the air flow in an aircraft cabin. Furthermore, a comparison is made between 
simulation results for the same configuration as calculated by different CFD-codes and different users. 
The results indicate a good (qualitative) agreement between the measured and simulated flow field. 
The heat balance however was not in such good agreement. The comparison between the different 
codes showed good quantitative agreement. 
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1. Introduction 
 
As part of a European project on the indoor 
environment in aircraft cabins a research study was 
undertaken with the objective to verify the 
applicability of CFD for the simulation of the indoor 
environment in cabins. Furthermore, a comparison of 
the results from three available CFD-codes within the 
project team was performed to investigate the possible 
differences between the codes. 
 
As standard turbulence models have not been 
validated for this type of flow problem, comparison 
with measurement results should be looked at. To 
allow for a close agreement with the actual conditions 
that an aircraft is exposed to, the measurements 
preferably should be performed in-flight. These type 
of measurements are not widely available. 
 
In the paper, first the in-flight measurement and some 
results are described. Next, the CFD-modelling and 
simulation results are discussed. Conclusions focus on 
the measurement results, the agreement of the CFD-
model with the measurements and the agreement 
between the separate codes. 
 
2. In-flight measurement 
 
2.1. Measurement constraints  and procedure 
The measurements have been performed during a test 
flight with no passengers on board other than the 
required maintenance personnel and persons that 
assisted in the measurements. The investigated 
aircraft cabin was a twin aisle (7 seats per row), with 
two supply slots near the centre line of the cabin. As 
only at cruising height measurements could be 
performed the measurement time on this flight was 
restricted to one hour. Furthermore, as the boundary 
conditions could not be fixed, e.g. the cooling down 

of the aircraft hull and the environmental control 
system (ECS), the measurements could not be 
performed under fully stationary conditions. 
Boundary conditions therefore have been logged as 
much as possible to quantify this variation.  
 
Parameters have been measured to characterise the air 
flow in the cabin, e.g. point measurements of the 
(average) velocity magnitude, flow direction, 
turbulence intensity and temperature. Given the time 
limit, the measurements were performed on a grid that 
was defined over a limited section of the cabin (2 
rows; see Figure 1). As a reference at a number of 
positions in the grid conditions were logged over the 
total measurement period. It was assumed that the 
longitudinal flow could be neglected. In order to 
verify this, the measurement procedure included an 
estimation of the  longitudinal flow rate near the 
galley. To investigate the effect of passengers on the 
flow field, two chairs in the investigated section were 
occupied. 

 
Fig. 1. Sketch of the measurement configuration. 
 
2.2 Measurement results 
With respect to the boundary conditions, it was found 
that the surface temperatures remained fairly constant, 
though the floor temperature decreased steadily in the 
course of the flight as the cargo room was not air 



conditioned (approximately 4K over the measurement 
period). The window temperatures changed due to the 
influence of solar irradiation. In  general, however, 
the average window temperature agrees with the 
average cabin wall temperature. 
 
The supply air temperature, though relatively 
constant, showed some variation over the registration 
period. A short term temperature drop in the supply 
temperature (in the order of 5 K) was present in the 
measured period. This dip however could not be 
traced in the continuous air temperature registrations 
in the cabin. Also, the ECS-data indicated that the air 
temperature during a large part of the measurement 
period remained fairly constant at approximately 
24oC. Due to the low occupancy rate a heating 
situation was created, whereas normally cooling will 
be required. 
 
The supply air velocity was relatively constant during 
the flight, with a constant value for the turbulence 
intensity. The longitudinal distribution of the supply 
air velocity however varied significantly due to local 
obstructions at the supply (e.g. the television 
monitor). The average supply velocity was 4.1 m/s 
(measured variation between 2.1 and 7 m/s). For the 
investigated section the variation was 10% around the 
average value. The supply angle was perpendicular to 
the supply  and 35o downward. The supply flow 
attached to the bin due to the coanda effect. 
 
The presence of a longitudinal flow in the cabin was 
shown. From the indicative measurements an area-
averaged air velocity in the longitudinal direction of 
0.015 m/s was determined. The total longitudinal flow 
rate was determined at 0.14 m3/s, directed towards the 
tail. Based on the available ECS-data and assuming a 
recirculation rate of 50%, the total supply flow rate in 
the cabin was calculated at 2.8 m3/s. This means that 
the longitudinal flow rate was approximately 5% of 
the total supply flow rate. 

 
Fig. 2.  Measured and visualised flow field (velocity in m/s 
and directions) for one row at one side of the cabin (Remark 
(1) data for the aisle interpolated (2) distances not scaled (3) 
seat E, F and G). 

From the measurements on the air flow characteristics 
the flow field was visualised. As an example in Figure 
2 the flow field is shown for one side at one slice of 
the grid. Clear (counter-)clockwise vortices could be 
identified on both sides of the cabin. The results 
indicate some differences in the flow fields for the 
two rows that were investigated. This effect is partly 
caused by the two persons sitting in one row and by 
the longitudinal variation in the supply velocity. 
Nevertheless, both results show that above the chairs 
near the windows the air velocity is relatively high 
(up to 0.3 – 0.4 m/s), whereas the measured average 
air velocity in the cabin is already high with respect to 
comfort conditions (in the order of 0.15 m/s – 
turbulence intensity in the order of 40%).  
 
2.3 Discussion measurement results 
The in-flight measurements described above probably 
have not been performed earlier. The main objective 
of the measurement program was to obtain stationary 
information on the flow field in the cabin of an 
operating aircraft. These measurements have been 
performed under difficult conditions and within a very 
strict and short time schedule. Though much thought 
was given to the development of the measurement 
protocol it was impossible to fully adhere to the 
protocol due to, a.o., (small) differences in the in-situ 
situation.  
 
Nevertheless, the obtained results present valuable 
information with respect to the current actual flow 
field in a typical cabin. Furthermore, the other 
objective, it presents information for comparison with 
CFD-simulations.  
 
Qualitatively the flow field is in agreement with the 
expected flow field in the cabin. Nevertheless, due to 
the significant variation in the supply velocity in 
longitudinal direction, quantitatively the measured 
velocities can differ considerably between two 
adjacent rows. Naturally, this effect complicates a 
good comparison between the actual situation and the 
modelling. It furthermore indicates that more thought 
should be given to the design and implementation of 
the supplies that are currently used. 
 
Given the measurement constraints it was concluded 
that the available data may be applied for a qualitative 
comparison. Quantitative comparison is only possible 
to a limited extent. 
 
3. CFD-simulations 
 
Based on the above described measurement results, 
including the measured boundary conditions, a 
proposal was made for the boundary conditions that 
should be used for the CFD-comparison study. 
Furthermore, extended information was made 
available with respect to the geometry of the 
investigated cabin. 



With this information CFD-models were developed 
within three different codes, two in-house codes 
(Wish-PC [TNO] and Jasmine [BRE]) and one 
commercial code (Fluent). All codes have been 
validated in earlier studies [1] [2] [3]. 
 
It was agreed on that turbulence modelling within all 
models was performed based on the standard k-ε 
model, applying the standard wall functions. 
Differences between the models were mainly found in 
the discretisation of the problem. With the Jasmine 
code, a resistance approach was applied for modelling 
the persons seated in the cabin section, whereas in the 
other two models the persons were modelled in 
relative detail. Secondly, the Fluent code applied an 
unstructured hexahedral grid, whereas the other two 
codes applied structured grids. 
 

 
Fig. 3. Investigated cabin section for CFD simulations. 
 
An impression of the modelled cabin is shown in 
Figure 3. An example result of the velocity and 
temperature field in a vertical plane of the cabin is 
shown for the three codes in Figure 4 to 6. Remark 
that the higher temperature in the aisles is partly 
caused by including extra heat sources in the 
simulations that represent the persons that were 
performing the measurements.  
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Fig. 4. Example result of the velocity and temperature field 
in a vertical plane of the cabin (Wish-PC). 
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Fig. 5. Example result of the velocity and temperature field 
in a vertical plane of the cabin (JASMINE). 
 
 

 

 
Fig. 6. Example result of the velocity and temperature field 
in a vertical plane of the cabin (Fluent). 
 



4. Discussion 
 
From the results shown and from the other results 
available it can be concluded that the simulated flow 
fields all show a good qualitative agreement with the 
measurement results. The effect of the passengers on 
the flow field could not be derived from the 
measurements. The simulation results indicate only 
minor deviations to a situation with empty chairs. 
Quantitatively, the measured maximum velocities 
appear to be somewhat lower. This deviation is partly 
explained by the large velocity gradients that are 
present in the cabin. A measurement point therefore 
may have been positioned just outside the throw of 
the jet. The vortices at both sides of the cabin were 
shown with all three models. Between the models also 
at detail level a good agreement was found.  
 
However, the measured and simulated heat balance 
did not show a good agreement. The simulated cabin 
air temperature was 1 to 2 K higher (for all models) 
than measured. As the measurements were performed 
under difficult circumstances, in a not fully stationary 
situation, the absolute reliability of the measurement 
results is less good. Nevertheless, the difference is 
regarded significant. 
 
It was not possible to obtain any further experimental 
information on this topic. Instead a parameter study 
was performed, applying the developed models. 
Through this study the sensitivity of the flow field and 
temperature in the cabin towards the longitudinal 
flow, instead of no longitudinal flow was investigated. 
Furthermore, a fixed (higher) convective heat transfer 
coefficient (10 W/m2K) was applied instead of the 
standard wall function treatment. With the wall 
function treatment an average heat transfer coefficient 
of 3.8 W/m2K was derived (Wish-PC case). Finally, 
the effect of the lighting heat load (on/off) was 
investigated. For the lighting heat load a total of 21.5 
W/chair was applied (assumed 50% convective). 
Furthermore, a distribution near the wall and in the 
aisle ceiling was prescribed. 
 
In Figure 7 an example result is shown for the 
situation with a fixed heat transfer coefficient. It is 
noticed that the application of a fixed heat transfer 
coefficient introduces a grid dependency as the first 
grid cell position, i.e. the temperature at this point, 
determines the convective heat transfer. 
 
The results from the parameter study indicate that the 
sensitivity of the flow field in the cabin towards these 
parameters is limited. The general flow field is 
maintained under all circumstances. Compare the 
flow field in Figure 4 and Figure 7 as an example. 
Inclusion of the longitudinal flow results in, on 
average, a slightly higher mean air velocity (in the 
order of cm/s) in the cabin.  
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Fig. 7. Example result of the velocity and temperature field 
in a vertical plane of the cabin – fixed heat transfer 
coefficient of 10 W/m2K (Wish-PC). 
 
The average temperature in the cabin is lowered for 
all of the investigated parameter changes. The 
deviation that results from the reduction in the 
lighting heat load and from a fixed heat transfer 
coefficient (at 10 W/m2K) is similar. A temperature 
decrease in the order of 0.5 K is obtained. For the 
variant with the longitudinal flow included, the 
temperature distribution in the investigated cabin 
section is affected significantly by the temperature 
boundary condition for the longitudinal flow. In the 
simulation the measured average cabin temperature 
was applied as boundary condition. The effect of this 
parameter therefore cannot be regarded 
unambiguously. 
 
Following the parameter study it is concluded that 
part of the temperature difference found between 
measurement and simulation can be attributed to the 
heat transfer coefficient as derived from the wall 
function. The remaining difference results from 
uncertainties in the boundary conditions that have 
been applied in the simulation. This mainly is the 
result from the difficult circumstances under which 
the measurements had to be performed. 
 
From the comparison with the measurement data and 
from the parameter study it also can be concluded that 
the flow field in the cabin is simulated well and is less 
sensitive to parameter variations as applied in the 
investigation. 
 
Finally, the comparison of the temperature results 
between the different models qualitatively showed a 



good agreement. The temperature distribution is in 
close agreement with the flow field. However, 
absolute differences in sections of the different 
models could add up to 1 K. Differences in 
discretisation and type of grid are held responsible for 
this. Table 1 summarises the main parameters for the 
discretisation of the different variants. 
 
Table 1. Main parameters model discretisation. 

Model # grid cells grid type 
person 
model 

Wish-PC 1.200.000 structured 
physically, 

detailed 

Jasmine 340.000 structured 
resistance 
approach 

Fluent 980.000 
unstructured, 
hexahedral 

physically, 
detailed 

 
Based on the results it is concluded that the different 
CFD-models investigated showed a good agreement 
with each other, indicating that the restrictions/ 
possibilities of the different codes only have a limited 
effect on the end results. The codes can be used for 
performing additional parameters studies with. 
 
5. Conclusions 
 
Measurements have been performed in a cabin of an 
in-flight aircraft. Though this presented a challenge to 
the experimental design, the results obtained allowed 
for a good impression of the air flow conditions in 
that situation.  
 
The obtained measurement data can only be applied 
for validation purposes on a qualitative level. This 
was mainly due to the limited available experimental 
time, the not fully stationary boundary conditions 
present and to the significant variation in the supply 
velocity in the longitudinal direction. Nevertheless, 
valuable information has been made available from 
these measurements. It also indicates that more 
thought should be given to the design and 
implementation of the supplies that are currently used 
in aircraft cabins. 
 
The simulations with the three (independently) 
applied CFD-models of the investigated cabin showed 
a good agreement with the measured flow field. In the 
simulations the effect of the passengers on the flow 
field is limited. This however may be very different 
when a full air craft cabin is simulated. It also 
depends on the type of supply that is being applied. 
This was verified in a parametric study applying a 
specially developed design tool (see end of this 
section). 
 
In the simulation the heat balance, however, could not 
be brought into good agreement with the experimental 
results. The parameter study indicated a sensitivity, 
especially with respect to the convective heat transfer 
coefficient. This sensitivity and uncertainties in the 

applied boundary conditions are held responsible for 
the deviation in the heat balance. 
 
The three CFD-models that have been applied showed 
a good agreement with each other, indicating that the 
restrictions/possibilities of the different codes only 
have a limited effect on the end results.  
 
In the indicated European project these models have 
been used to perform additional simulations with. E.g. 
one model was used for a specially developed mock-
up configuration, where new developments were 
tested experimentally and were complemented with 
an additional CFD-study. Another model has been 
implemented in a specially developed design tool for 
simulating aircraft cabins. With this tool, a.o., 
parametric simulations of alternative ventilation 
methods and their performance under different cabin 
occupancy loadings have been performed. 
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