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In  order  to  enhance  cabin  ventilation  concepts  in  aircraft,  it  is  crucial  to  understand  the  complex
interplay  between  forced  convection,  driven  by  the  cabin  ventilation  system,  and  natural  convection
resulting  from  the  thermal  effects  of  passengers’  body  heat.  We  plan  to  investigate  the  interplay
between  the  two  flow  regimes  using  particle  tracking  velocimetry  (PTV)  in  an  actual  aircraft  and
compare  it  with  computational  fluid  dynamics  (CFD)  simulations.
  Mixing  ventilation,  a  common  system  used  in  aircraft  cabins  [1],  introduces  fresh  air  above  pas-
sengers’  heads.  The  passengers’  bodies  heat  the  surrounding  air,  generating  rising  thermal  plumes
that  interact  with  the  cold  supply  air,  as  illustrated  in  figure  1.  Previous  studies  have  demonstrated
the  complexity  of  the  interaction  between  natural  and  forced  convection  in  mixing  ventilation,  using
CFD  simulations  and  experimental  techniques  such  as  particle  image  velocimetry  (PIV)  and  volu-
metric  particle  streak  velocimetry  (VPSV)  in  cabin  models  [1,  2].  They  have  shown  that  several
factors  influence  the  airflow  field,  including  cabin  geometry,  blockage  by  seats  and  passengers,  the
temperature  differential  between  cabin  air,  supply  air,  and  rising  heat  plumes,  as  well  as  the  interac-
tions  of  different  vents  and  buoyancy.  Subsequent  studies,  especially  in  short-haul  aircraft,  compared
mixing  ventilation  to  alternative  ventilation  systems,  demonstrating  that  improved  ventilation  con-
cepts  can  significantly  enhance  passenger  comfort  and  cabin  air  quality  [3,  4].  Therefore,  Bosbach  et
al.  [3]  utilized  methods  such  as  infrared  thermography  and  PIV  measurements,  while  Schmeling  et
al.  [4]  combined  CFD  simulations  and  experimental  aerosol  dispersion  measurements  to  understand
pathogen  transport.
  As  far  as  we  know,  no  study  has  measured  the  three-dimensional  flow  field  inside  an  airplane
cabin  with  mixing  ventilation.  We  use  PTV  to  gain  a  deeper  understanding  of  the  complex  three-
dimensional  flow  interactions  that  occur  as  a  result  of  mixing  ventilation.  The  measurements  take
place  between  two  rows  of  seats,  pictured  in  Figure  2,  in  the  passenger  cabin  of  the  Dornier  728,
a  short-haul  aircraft.  We  replicate  the  mixing  ventilation  conditions  by  introducing  cold  supply  air
from  above  the  seats  and  over  the  luggage  compartment,  illustrated  in  Figure  1.  Each  seat  is  equipped
with  a  thermal  dummy  that  continuously  uses  about  75  watts  of  electrical  power  to  replicate  the  heat
produced  by  a  real  person  Particles  for  PTV  are  generated  using  a  helium-filled  soap  bubble  gen-
erator  from  LaVision.  We  place  two  seeding  devices  near  the  two  vent  openings  —  one  above  the
luggage  compartment,  one  above  the  windows.  Three  high-power  LED  panels  illuminate  the  mea-
surement  area  from  below.  We  record  the  illuminated  particles  using  four  high-speed  sCMOS  cam-
eras  (PCO.edge  5.5),  which  provide  high  spatial  and  temporal  resolution.  For  calibration,  we  record
a  video  of  a  moving  AMOLED  display  -  lacking  backlighting  and  presenting  a  calibration  plate  with
illuminated  marker  points  -  in  the  focal  region  of  all  four  cameras.  To  reduce  glare  caused  by  ambient
light  and  thereby  improve  the  accuracy  of  marker  detection,  we  calibrate  in  a  dark  environment.  We
evaluate  our  data  as  in  Barta  et  al.  [6]  with  proPTV,  a  Python-based  tool  using  the  Soloff  projection
model  [5].  At  the  STAB  Symposium,  we  plan  to  present  the  results.
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Figure 1. Mixing convection in passenger cabin of the Donier 728. The blue arrows symbolize the fresh, cooled
air from the vent openings. Orange arrows symbolize the warm updraft caused by body heat. Red Arrows are
the exhaust air on the bottom. Image adapted from Bosbach et. al. [3]

Figure 2. Picture from the measured area of the Donier 728 with a thermal dummie on each seat.
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