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�)�L�J�X�U�H�������3�U�R�S�R�V�H�G���V�W�H�S�V���I�R�U���W�K�H���G�H�W�H�U�P�L�Q�D�W�L�R�Q���R�I���W�K�H�U�P�D�O���D�Q�G���Y�L�V�X�D�O���S�H�U�I�R�U�P�D�Q�F�H��

Thermo-air  model  description     
�7�K�H���Z�L�Q�G�R�Z�� �P�R�G�H�O�� �H�Q�F�D�S�V�X�O�D�W�L�Q�J�� �Y�H�Q�W�L�O�D�W�L�R�Q���� �V�R�O�D�U��
�D�Q�G���G�D�\�O�L�J�K�W���W�U�D�Q�V�P�L�V�V�L�R�Q���L�Q���W�K�H���F�R�P�P�H�U�F�L�D�O���E�X�L�O�G�L�Q�J��
�V�L�P�X�O�D�W�L�R�Q���W�R�R�O���7�5�1�6�<�6���������L�V���F�R�Q�Q�H�F�W�H�G���W�R���W�K�H���7�\�S�H��
�������� �Z�K�L�F�K�� �L�V�� �D�� �G�\�Q�D�P�L�F�� �P�X�O�W�L���]�R�Q�H�� �E�X�L�O�G�L�Q�J�� �P�R�G�H�O����
�7�K�H���E�X�L�O�G�L�Q�J���L�V���V�S�O�L�W���L�Q�W�R���K�R�P�R�J�H�Q�H�R�X�V���W�K�H�U�P�D�O���]�R�Q�H�V����
�(�D�F�K�� �]�R�Q�H�� �L�V�� �Z�U�L�W�W�H�Q�� �D�V�� �D�� �Q�R�G�H�� �R�I�� �D�L�U�� �Z�L�W�K�� �X�Q�L�I�R�U�P��
�W�H�P�S�H�U�D�W�X�U�H���� �V�X�U�U�R�X�Q�G�H�G�� �E�\�� �Z�D�O�O�V�� �F�K�D�U�D�F�W�H�U�L�]�H�G�� �E�\�� �D��
�W�K�H�U�P�D�O���U�H�V�L�V�W�D�Q�F�H���D�Q�G���D���P�D�V�V�����7�K�H���P�R�G�H�O���F�D�U�U�L�H�V���R�X�W��
�D���E�D�O�D�Q�F�H���V�K�H�H�W���R�I���H�Q�H�U�J�\���L�Q�F�O�X�G�L�Q�J���D�L�U���D�Q�G���Z�D�O�O�V�����7�K�H��
�H�T�X�D�W�L�R�Q�V�� �D�U�H�� �U�H�V�R�O�Y�H�G�� �E�\�� �W�K�H�� �P�H�W�K�R�G�� �R�I�� �W�U�D�Q�V�I�H�U��
�I�X�Q�F�W�L�R�Q�V�����7�5�1�6�<�6������������������ ��

�7�K�H���F�D�O�F�X�O�D�W�L�R�Q���R�I���D�L�U���I�O�R�Z���U�D�W�H���E�\���Q�D�W�X�U�D�O���Y�H�Q�W�L�O�D�W�L�R�Q��
�L�V���D�F�K�L�H�Y�H�G���E�\�� �D�S�S�O�\�L�Q�J���W�K�H���F�R�U�U�H�O�D�W�L�R�Q�V���V�X�P�P�D�U�L�]�H�G��
�L�Q� � � ��&�D�F�L�R�O�R�� �H�W�� �D�O������ �������������� �,�I�� �P�H�F�K�D�Q�L�F�D�O�� �Y�H�Q�W�L�O�D�W�L�R�Q��
�V�\�V�W�H�P�� �H�[�L�V�W�V���� �L�W�� �L�V�� �F�R�Q�V�L�G�H�U�H�G���W�K�D�W�� �L�W���G�R�H�V�Q�¶�W�� �L�Q�W�H�U�D�F�W��
�Z�L�W�K�� �W�K�H�� �Q�D�W�X�U�D�O�� �Y�H�Q�W�L�O�D�W�L�R�Q���� �,�Q�� �D�G�G�L�W�L�R�Q���� �W�K�H��
�L�Q�I�L�O�W�U�D�W�L�R�Q�� �I�O�R�Z�� �L�V�� �K�R�O�G�� �W�R�� �E�H�� �F�R�Q�V�W�D�Q�W���� �7�K�H�V�H��
�K�\�S�R�W�K�H�V�H�V���D�U�H���U�L�J�K�W�H�R�X�V���X�Q�G�H�U���W�K�H���F�R�Q�G�L�W�L�R�Q���W�K�D�W���W�K�H��
�D�L�U�� �F�K�D�Q�J�H�� �I�O�R�Z�� �R�I�� �P�H�F�K�D�Q�L�F�D�O�� �Y�H�Q�W�L�O�D�W�L�R�Q�� �D�Q�G��
�L�Q�I�L�O�W�U�D�W�L�R�Q�� �L�V�� �O�D�U�J�H�O�\�� �L�Q�I�H�U�L�R�U�� �W�R�� �W�K�H�� �R�Q�H�� �R�I�� �Q�D�W�X�U�D�O��
�Y�H�Q�W�L�O�D�W�L�R�Q���� �Z�K�L�F�K�� �L�V�� �W�K�H�� �W�\�S�L�F�D�O�� �F�D�V�H���� �&�R�P�S�D�U�H�G�� �W�R��
�W�K�H�� �L�Q�F�H�U�W�L�W�X�G�H�� �J�H�Q�H�U�D�W�H�G�� �E�\�� �Q�D�W�X�U�D�O�� �Y�H�Q�W�L�O�D�W�L�R�Q���� �W�K�H��
�P�R�G�L�I�L�F�D�W�L�R�Q�� �R�Q�� �D�L�U�� �F�K�D�Q�J�H�� �U�D�W�H�V�� �E�\�� �L�Q�I�L�O�W�U�D�W�L�R�Q�� �D�Q�G��
�P�H�F�K�D�Q�L�F�D�O�� �Y�H�Q�W�L�O�D�W�L�R�Q�� �F�D�Q�� �E�H�� �U�H�J�D�U�G�H�G���D�V���Q�H�J�O�L�J�L�E�O�H��
�L�Q���W�K�H���H�Q�H�U�J�\���E�D�O�D�Q�F�H���V�K�H�H�W����

Secondary  effect  of  solar  gains  

�7�K�H�� �V�W�X�G�\�� �F�R�Q�V�L�G�H�U�V�� �W�Z�R�� �E�D�V�L�F�� �Z�L�Q�G�R�Z��

�F�R�Q�I�L�J�X�U�D�W�L�R�Q�V�� �L�Q�� �R�U�G�H�U�� �W�R�� �D�V�V�H�V�V�� �K�R�Z�� �W�K�H�� �J�O�D�V�V��
�R�S�H�Q�L�Q�J�V�� �L�Q�I�O�X�H�Q�F�H�� �W�K�H�� �K�H�D�W�� �D�Q�G�� �O�X�P�L�Q�R�X�V��
�W�U�D�Q�V�P�L�V�V�L�R�Q����

�$�Q���D�S�H�U�W�X�U�H���Z�L�W�K�R�X�W���Z�L�Q�G�R�Z���F�D�Q���E�H���V�H�H�Q���D�V���D�����Y�L�U�W�X�D�O��
�Z�D�O�O���� �K�D�Y�L�Q�J�� �Q�R�� �F�R�Q�G�X�F�W�L�Y�H�� �H�[�F�K�D�Q�J�H�� �E�X�W�� �Z�L�W�K�� �W�K�H��
�V�R�O�D�U�� �I�D�F�W�R�U�� �D�Q�G�� �W�K�H�� �O�L�J�K�W�� �W�U�D�Q�V�P�L�V�V�L�R�Q�� �F�R�H�I�I�L�F�L�H�Q�W��
�H�T�X�D�O�� �W�R�� ������ �7�K�L�V�� �³�Z�D�O�O�´�� �L�V�� �D�O�V�R�� �P�R�G�H�O�H�G�� �R�X�W�V�L�G�H�� �W�K�H��
�7�\�S�H���������W�R���L�V�V�X�H���W�K�H���L�Q�F�L�G�H�Q�W���U�D�G�L�D�W�L�Y�H���F�R�Q�W�U�L�E�X�W�L�R�Q���W�R��
�W�K�H�� �U�R�R�P���� �Z�K�L�F�K�� �L�V�� �H�T�X�D�O�� �W�R�� �L�Q�F�L�G�H�Q�W�� �G�L�U�H�F�W�� �D�Q�G��
�G�L�I�I�X�V�H�� �U�D�G�L�D�W�L�R�Q�� �I�O�X�[�� �R�Q�� �W�K�H�� �R�S�H�Q�L�Q�J�� �W�L�P�H�V�� �L�W�V��
�V�X�U�I�D�F�H����

�,�Q�� �S�D�U�W�L�F�X�O�D�U���� �I�R�U�� �D�� �K�R�U�L�]�R�Q�W�D�O�� �V�D�V�K�� �Z�L�Q�G�R�Z���� �W�K�H��
�R�Y�H�U�O�D�S�S�H�G�� �G�R�X�E�O�H�� �S�D�Q�H�V�� �U�H�G�X�F�H�� �S�D�U�W�L�D�O�O�\�� �W�K�H��
�W�U�D�Q�V�P�L�W�W�D�Q�F�H���� �,�W�� �L�V�� �D�V�V�X�P�H�G�� �W�K�D�W�� �R�Y�H�U�O�D�S�S�H�G�� �G�R�X�E�O�H��
�S�D�Q�H�V���D�U�H���H�T�X�L�Y�D�O�H�Q�W���W�R���T�X�D�G�U�X�S�O�H���S�D�Q�H�V���Z�L�Q�G�R�Z�����7�K�H��
�U�D�W�L�R�� �R�I�� �W�U�D�Q�V�P�L�W�W�D�Q�F�H�� �F�D�Q�� �E�H�� �U�R�X�J�K�O�\�� �W�K�R�X�J�K�W�� �D�V�� �W�K�H��
�V�T�X�D�U�H�� �R�I�� �G�R�X�E�O�H�� �S�D�Q�H�V���� �7�R�J�H�W�K�H�U�� �Z�L�W�K�� �W�K�H�� �R�W�K�H�U���K�D�O�I��
�R�S�H�Q���V�X�U�I�D�F�H���W�K�D�W���W�K�H���W�U�D�Q�V�P�L�V�V�L�R�Q���I�D�F�W�R�U�V���H�T�X�D�O���W�R��������
�Z�H���R�E�W�D�L�Q��

�2୪ =
�2ౢ
మାଵ
ଶ � � � � � ��� ������  

SC = SC୭ଶ + 1
2 �� ������  

�Z�K�H�U�H���2୪�� �L�V���W�K�H���O�X�P�L�Q�R�X�V���W�U�D�Q�V�P�L�W�W�D�Q�F�H���D�Q�G���6�&���L�V���W�K�H��
�V�K�D�G�L�Q�J�� �F�R�H�I�I�L�F�L�H�Q�W�� �D�F�F�R�U�G�L�Q�J�� �W�R�� ���$�6�+�5�$�(���� ��������������
�7�K�H���I�R�R�W���L�Q�G�L�F�H�V���³�R�´���P�H�D�Q�V���W�K�H���R�U�L�J�L�Q�D�O���Y�D�O�X�H����

�$�� �W�R�S���K�X�Q�J�� �Z�L�Q�G�R�Z�� �K�D�V���D���P�R�U�H�� �F�R�P�S�O�H�[�� �J�H�R�P�H�W�U�\����

Proceedings of BS2013: 
13th Conference of International Building Performance Simulation Association, ChambŽry, France, August 26-28

- 9 -



The   opening   plane   is   divided   into   the   unprotected  
part,   Aopen,   represented   by   the   equivalent   opening  
surface,   and   the   projection   of   inclined   window.  
Because   the   top-hung  windows  open  with   a   relative  
small   angle,   typically   less   than   30°,   the   optical  
properties   τlo   and   SCo   are   considered   as   constants.  
Thus  the  modification  of  transmittance  can  be  written  
within  the  same  principle.  

τ୪ = (1 − ౦
౭ౚ౭

)τ୪୭ +
౦

౭ౚ౭
            (3)��

SC = (1 − A୭୮ୣ୬
A୵୧୬ୢ୭୵

)SC୭ +
A୭୮ୣ୬
A୵୧୬ୢ୭୵

   (4)��

where   A୭୮ୣ୬   is   the   opened   surface   and   A୵୧୬ୢ୭୵   is  
the  window  surface.  

�/�L�J�K�W�L�Q�J�����R�F�F�X�S�D�W�L�R�Q���D�Q�G���Y�H�Q�W�L�O�D�W�L�R�Q���V�F�H�Q�D�U�L�R�V��

Energy   consumption   is   inherently   linked   to   the  
occupation   scenario   and   ventilation   strategy.   The  
internal   gains   come   from   occupation   and   electrical  
equipments   contribution.   In   the   simulation,   the  
internal   heat   gains   from   occupants   and   office  
electrical   equipments   are  modulated   during   the   day  
according  to  the  schedule.  (Figure  3a)  

The  natural  lighting  rate  is  calculated  by  means  of  a  
simplified  method  based  on  a  daylight  factor  (CSTB,  
2005).  The  rate  of  artificial  lighting  use  is  on  average  
for   multiple   offices   determined   in   function   of   the  
natural   lighting   in   the   room   according   to  
(Alessandrini  et  al.,  2006).  (Figure  3b)  

Only  when  the  office  room  is  occupied,  a  mechanical  
ventilation  system  is  active  to  assure  the  hygienic  air  
change,  namely  25  m3/   (h∙person).  Window  opening  
is  allowed  if  outdoor  temperature  is  below  the  indoor  
temperature  and   if   the  outdoor  temperature   is  higher  
than   the   threshold   temperature,   Tout,close,thres,   in   order  
to   avoid   cold   draft   during   occupancy   hours   or  

under-cooling   of   the   room   during   non-occupancy  
hours.  Then,  the  opening  of  the  window  is  controlled  
by   comparing   the   indoor   temperature   with   two  
set-point   values:   Tin,min   and   Tin,max   as   presented   on  
Figure  4.  When   the   indoor  temperature  rises  up   to  a  
cooling   set   point   temperature   Tset-point,cooling,   the  
window  is  closed  and  the  active  cooling  starts.  

�%�X�L�O�G�L�Q�J���W�\�S�R�O�R�J�\��

A   one   person   office   room   representing   a   whole  
building  located  in  two  climate  zones  is  examined  in  
the   simulations:   Paris   (temperate)   and   Nice  
(Mediterranean).  Several  glazing  surface  ratios  on  the  
facade   which   affect   luminous   and   radiant  
transmission   are   chosen   as   30%,   50%   and   70%.  
(Reiter   and   De   Herde,   2001)   The   internal  
contributions   are   due   to   the   following   electrical  
equipments:   a   computer   and   an   inkjet   printer,   for   a  
total   average   power   of   100   W   (8   W/m²)   in  
accordance   with   “EnergyStar”   label.   The   sensible  
heat  gains  from  occupants  are  75  W  per  person.  

The   thermal   characteristics   of   the   rooms   reach   the  
requirements   of   French   Thermal   Regulation  
(RT2012).  The  office  has  medium  thermal  inertia,  as  
defined   by   (CEN,   2008),   which   is   the   most  
widespread  in  Europe.  The  floor  consists  of  concrete  
plate   and   partition   walls   are   plasterboards.   The  
windows  have  an  aluminum  frame  and  low-e  double  
glazing  panes  4/16/4   filled  with  85%  argon:  Uw=1.4  
W/(m2K),   solar   factor   SC=0.59   and   luminous  
transmittance  τ  =  0.71.  The  reflectivity  of  all  internal  
walls  is  set  to  be  0.5.  

According   to   the   works   of   (Pernodet,   2009),   the  
following  fixed  values  have  been  set  as   ��
�z�� daytime   ventilation:   Tin,min=   22   °C,   Tin,max=  

23  °C,  Tout,close,thres=  15  °C  
�z�� nighttime   ventilation:   Tin,min=   21   °C,   Tin,max=  

23  °C,  Tout,close,thres=  12  °C
  

     

Figure  3  a.  Occupants  schedule  during  weekdays.  (Filfli,  2006)  
b.  Use  of  artificial  lighting  regarding  to  natural  lighting  in  a  room  estimated  from  outdoor  irradiation.  

(Alessandrini  et  al.,  2006)  
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The  overhangs,  if  present  as   solar  protection,  have  a  

width  of  0.75m,  0.85m  and  1m  for  the  opening  ratio  
of  30%,  50%  and  70%,  respectively,  and  are   located  
0.5  m  above  the  window.  The  far  away  obstacles  are  
neglected  in  this  work.     

RESULTS  
A   series   of   simulation   drawn   in   this   study   covers  
several   typical   building   configurations   in   France,  
mainly   in   two   climate   regions,   Nice   and   Paris;;   two  
extreme   days   in   hot   seasons,   summer   solstice   and  
autumnal   equinox;;   with   or   without   an   overhang   as  
solar   protection.   Within   these   configurations,   the  
outdoor   temperature   and   solar   zenith   angle   vary  
significantly,   which   could   provide   a   comprehensive  
samples   for   comparison   and   help   understand   the  
effect  of  natural  ventilation  on  solar  gains  and  natural  

�)�L�J�X�U�H�������&�K�D�U�W���V�K�R�Z�L�Q�J���Z�L�Q�G�R�Z���R�S�H�Q�L�Q�J���F�R�Q�W�U�R�O  
���3�H�U�Q�R�G�H�W����������������

   Solstice   Equinox  

  
  
  

  
  
Nice  

  

  
  
  
  
  

Paris  

�)�L�J�X�U�H�������� �&�R�R�O�L�Q�J���Q�H�H�G�V���R�I���R�I�I�L�F�H���Z�L�W�K���V�D�V�K���Z�L�Q�G�R�Z���F�D�O�F�X�O�D�W�H�G  �E�\���W�K�H���P�H�W�K�R�G�V���Z�L�W�K���R�U���Z�L�W�K�R�X�W���F�R�Q�V�L�G�H�U�D�W�L�R�Q���R�I��
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�O�L�J�K�W�L�Q�J�� �U�H�F�H�L�Y�H�G�� �E�\�� �W�K�H�� �U�R�R�P�V���� �)�R�U�� �W�K�H�� �V�D�N�H�� �R�I��
�V�L�P�S�O�L�F�L�W�\�� �L�Q�� �W�K�H�� �D�Q�D�O�\�V�L�V�� �R�I�� �W�K�H�� �V�H�F�R�Q�G�D�U�\�� �H�I�I�H�F�W���� �D�O�O��
�F�R�Q�I�L�J�X�U�D�W�L�R�Q�V�� �X�V�H�� �D���K�\�E�U�L�G�� �F�R�R�O�L�Q�J�� �V�W�U�D�W�H�J�\�� ���Q�D�W�X�U�D�O��
�Y�H�Q�W�L�O�D�W�L�R�Q�� �D�Q�G�� �D�F�W�L�Y�H�� �F�R�R�O�L�Q�J������ �:�K�H�Q�� �W�K�H�� �R�X�W�G�R�R�U��
�W�H�P�S�H�U�D�W�X�U�H���L�V���W�R�R�� �K�L�J�K�� �L�Q�� �V�X�P�P�H�U���� �W�K�H�� �H�I�I�L�F�L�H�Q�F�\�� �R�I��
�Q�D�W�X�U�D�O�� �Y�H�Q�W�L�O�D�W�L�R�Q�� �G�H�F�U�H�D�V�L�Q�J�� �V�K�D�U�S�O�\���� �W�K�H�� �L�Q�G�R�R�U��
�P�H�F�K�D�Q�L�F�D�O�� �F�R�R�O�L�Q�J�� �V�\�V�W�H�P�� �Z�L�O�O�� �W�K�H�Q�� �E�H�� �D�F�W�L�Y�H���� �%�\��
�F�R�P�S�D�U�L�Q�J���W�K�H���H�Q�H�U�J�\���F�R�Q�V�X�P�S�W�L�R�Q���E�H�W�Z�H�H�Q���G�L�I�I�H�U�H�Q�W��
�F�R�Q�I�L�J�X�U�D�W�L�R�Q�V�� �X�Q�G�H�U�� �W�K�H�� �V�D�P�H�� �F�R�R�O�L�Q�J�� �V�F�H�Q�D�U�L�R���� �R�Q�H��
�F�R�X�O�G�� �F�R�Q�F�O�X�G�H�� �K�R�Z�� �W�K�H�� �V�H�F�R�Q�G�D�U�\�� �H�I�I�H�F�W�� �L�Q�I�O�X�H�Q�F�H�V��
�W�K�H���F�D�O�F�X�O�D�W�L�R�Q���� �7�K�X�V�� �R�Q�H�� �F�D�Q�� �L�G�H�Q�W�L�I�\�� �X�Q�G�H�U�� �Z�K�L�F�K��
�F�R�Q�G�L�W�L�R�Q�V�� �W�K�H�� �V�L�P�S�O�L�I�L�H�G�� �F�D�O�F�X�O�D�W�L�R�Q�� �Z�L�W�K�R�X�W��
�V�H�F�R�Q�G�D�U�\���H�I�I�H�F�W���L�V���U�R�E�X�V�W���D�Q�G���H�I�I�L�F�L�H�Q�W������

�+�R�U�L�]�R�Q�W�D�O���V�D�V�K���Z�L�Q�G�R�Z�V�� ��

�)�L�J�X�U�H�� ���� �S�U�H�V�H�Q�W�V���W�K�H���D�Y�H�U�D�J�H�� �G�D�L�O�\�� �F�R�R�O�L�Q�J�� �Q�H�H�G�V�� �R�I��
�R�I�I�L�F�H�� �U�R�R�P�V�� �Z�L�W�K�� �V�D�V�K�� �Z�L�Q�G�R�Z�V���� �Z�L�W�K�R�X�W�� �R�Y�H�U�K�D�Q�J����
�G�X�U�L�Q�J�� �W�K�H�� �Z�H�H�N�� �D�U�R�X�Q�G�� �V�X�P�P�H�U�� �V�R�O�V�W�L�F�H�� �D�Q�G�� �W�K�H��
�Z�H�H�N�� �D�U�R�X�Q�G�� �D�X�W�X�P�Q�D�O�� �H�T�X�L�Q�R�[���� �7�K�H�� �H�[�W�U�H�P�H��
�V�L�W�X�D�W�L�R�Q�� �F�R�U�U�H�V�S�R�Q�G�V�� �K�H�U�H�� �W�R�� �W�K�H�� �P�D�[�L�P�X�P�� �R�S�H�Q�L�Q�J��
�V�X�U�I�D�F�H�V�� �I�D�F�L�Q�J�� �W�R�� �W�K�H�� �V�R�X�W�K���� �7�K�H�� �R�S�H�Q�L�Q�J�� �U�H�G�X�F�H�V��
�S�D�U�W�L�D�O�O�\�� �W�K�H�� �P�H�F�K�D�Q�L�F�D�O�� �F�R�R�O�L�Q�J�� �O�R�D�G�V���� �I�R�U�� �L�Q�V�W�D�Q�F�H����
�V�R�X�W�K���R�U�L�H�Q�W�H�G���E�\�����������D�Q�G���R�W�K�H�U���R�U�L�H�Q�W�D�W�L�R�Q�V���E�\����������
�R�I�� �W�K�H�� �H�Q�H�U�J�\�� �F�R�Q�V�X�P�S�W�L�R�Q�� �R�I�� �R�I�I�L�F�H�V�� �L�Q�� �W�K�H�� �V�D�P�H��
�V�L�W�X�D�W�L�R�Q�V�� �E�X�W�� �Z�L�W�K�� �Z�L�Q�G�R�Z�V�� �D�O�O�� �F�O�R�V�H�G���� �7�K�H�� �I�L�J�X�U�H��
�V�K�R�Z�V�� �W�K�H�� �G�L�I�I�H�U�H�Q�F�H�� �E�H�W�Z�H�H�Q�� �W�K�H�� �F�R�R�O�L�Q�J�� �Q�H�H�G�V��
�P�R�G�H�O�H�G�� �Q�H�J�O�H�F�W�L�Q�J�� �V�H�F�R�Q�G�D�U�\�� �H�I�I�H�F�W�� ���&�1������ �D�Q�G���W�K�H��
�F�R�R�O�L�Q�J���Q�H�H�G�V���P�R�G�H�O�H�G���Z�L�W�K���V�H�F�R�Q�G�D�U�\�� �H�I�I�H�F�W�����&�1�V�H������
�*�H�Q�H�U�D�O�O�\�� �W�K�H�� �F�R�R�O�L�Q�J�� �Q�H�H�G�V�� �F�R�Q�V�L�G�H�U�L�Q�J�� �V�H�F�R�Q�G�D�U�\��
�H�I�I�H�F�W���D�U�H���O�D�U�J�H�U������

�7�K�L�V�� �G�L�V�F�U�H�S�D�Q�F�\�� �F�D�Q�� �E�H�� �H�[�S�O�D�L�Q�H�G�� �E�\�� �W�Z�R�� �U�H�D�V�R�Q�V��
�Z�L�W�K���F�R�Q�W�U�D�U�\���H�I�I�H�F�W�V���� ��

�z�� �2�Q���W�K�H���R�Q�H���K�D�Q�G�����D�I�W�H�U���R�S�H�Q�L�Q�J���W�K�H���Z�L�Q�G�R�Z�����W�K�H��
�R�I�I�L�F�H�� �U�R�R�P�� �U�H�F�H�L�Y�H�V�� �P�R�U�H�� �V�R�O�D�U�� �J�D�L�Q�V����
�D�X�J�P�H�Q�W�L�Q�J���W�K�H���L�Q�G�R�R�U���W�H�P�S�H�U�D�W�X�U�H���� ��

�z�� �2�Q���W�K�H���R�W�K�H�U���K�D�Q�G�����K�L�J�K�H�U���Q�D�W�X�U�D�O���O�L�J�K�W�L�Q�J���S�D�V�V�H�V��
�L�Q�W�R�� �W�K�H�� �U�R�R�P���� �U�H�G�X�F�L�Q�J�� �W�K�H�� �D�U�W�L�I�L�F�L�D�O�� �O�L�J�K�W�L�Q�J��
�G�H�P�D�Q�G�V�����V�R���D�V���W�K�H���L�Q�G�R�R�U���W�H�P�S�H�U�D�W�X�U�H���� ��

�7�K�H���I�D�V�W�H�U���W�K�H���L�Q�G�R�R�U���W�H�P�S�H�U�D�W�X�U�H���L�Q�F�U�H�D�V�H�V�����W�K�H���I�D�V�W�H�U��
�W�K�H�� �Z�L�Q�G�R�Z�� �L�V�� �F�O�R�V�H�G�� �D�Q�G���W�K�H���D�F�W�L�Y�H�� �F�R�R�O�L�Q�J�� �L�V���X�V�H�G����
�L�Q�F�U�H�D�V�L�Q�J���V�R���W�K�H���F�R�R�O�L�Q�J���G�H�P�D�Q�G�V�����7�K�H���I�L�Q�D�O���U�H�V�X�O�W���L�V��
�D���F�R�P�S�U�R�P�L�V�H���R�I���W�K�H���W�Z�R���H�I�I�H�F�W�V����

�$�F�F�R�U�G�L�Q�J���W�R���W�K�L�V���D�Q�D�O�\�V�L�V���� �W�K�H���F�R�Q�I�L�J�X�U�D�W�L�R�Q���R�I�� �3�D�U�L�V��
�L�Q�� �V�X�P�P�H�U�� �V�R�O�V�W�L�F�H���� �L�Q�Y�R�O�Y�L�Q�J�� �W�K�H�� �P�R�V�W�� �V�L�J�Q�L�I�L�F�D�Q�W��
�G�L�I�I�H�U�H�Q�F�H�� �G�X�H�� �W�R�� �W�K�H�� �V�H�F�R�Q�G�D�U�\�� �H�I�I�H�F�W���� �K�H�U�H�D�I�W�H�U�� �L�V��
�S�L�F�N�H�G�� �R�X�W�� �W�R�� �L�Q�V�S�H�F�W�� �W�K�H�� �G�H�W�D�L�O�V�� �R�I�� �W�K�H�� �H�Q�H�U�J�\��
�F�R�Q�V�X�P�S�W�L�R�Q�����)�L�J�X�U�H����������

�)�R�U�� �W�K�L�V�� �J�R�D�O���� �W�K�H�� �W�R�W�D�O�� �F�R�R�O�L�Q�J�� �Q�H�H�G�V�� �G�L�I�I�H�U�H�Q�F�H�� �L�V��
�V�H�S�D�U�D�W�H�G�� �L�Q�W�R�� �W�Z�R�� �S�D�U�W�V���� �2�Q�H�� �L�V�� �W�K�H�� �F�R�R�O�L�Q�J�� �Q�H�H�G�V��
�L�Q�F�U�H�D�V�L�Q�J�� �F�D�X�V�H�G�� �E�\�� �W�K�H�� �V�R�O�D�U�� �J�D�L�Q�V�� ��∆ଵ���� �D�Q�G�� �W�K�H��
�R�W�K�H�U�� �R�Q�H�� �L�V�� �W�K�H�� �U�H�G�X�F�W�L�R�Q�� �R�I�� �W�K�H�� �D�U�W�L�I�L�F�L�D�O�� �O�L�J�K�W�L�Q�J��
��∆ଶ������
�7�K�H�� �J�U�H�\�� �F�R�O�X�P�Q�� �L�Q���)�L�J�X�U�H�� �����L�V�� �W�K�H�� �F�R�R�O�L�Q�J�� �Q�H�H�G�V��
�G�L�I�I�H�U�H�Q�F�H���F�D�O�F�X�O�D�W�H�G���U�H�V�X�O�W�V���R�I���)�L�J�X�U�H��������

∆= CNୱୣ − CN�� ��������
�2�Q�H���F�D�Q���F�K�H�F�N���W�K�D�W���W�K�H���J�O�R�E�D�O���G�L�I�I�H�U�H�Q�F�H���L�V���W�K�H���V�X�P���R�I��
∆ଵ�D�Q�G��∆ଶ����

∆= ∆ଵ + ∆ଶ�� ��������
�7�K�H���O�D�U�J�H�V�W�� �E�O�D�F�N�� �F�R�O�X�P�Q�V���U�H�S�U�H�V�H�Q�W���W�K�H�� �F�R�Q�W�U�L�E�X�W�L�R�Q��
�R�I�� �V�R�O�D�U�� �J�D�L�Q�V�� �E�\�� �R�S�H�Q�L�Q�J�� �Z�L�Q�G�R�Z�� �W�R�� �W�K�H���L�Q�F�U�H�D�V�H�� �R�I��
�W�K�H�� �F�R�R�O�L�Q�J�� �Q�H�H�G�V���� �7�K�H�� �Z�K�L�W�H�� �F�R�O�X�P�Q�V�� �Z�L�W�K���Q�H�J�D�W�L�Y�H��
�Y�D�O�X�H�V���U�H�S�U�H�V�H�Q�W���W�K�H���D�U�W�L�I�L�F�L�D�O���O�L�J�K�W�L�Q�J�� �F�R�Q�W�U�L�E�X�W�L�R�Q���W�R��
�W�K�H���G�L�I�I�H�U�H�Q�F�H���R�I���F�R�R�O�L�Q�J���Q�H�H�G�V������

�$�Q�D�O�\�V�L�V���R�I���K�R�U�L�]�R�Q�W�D�O���V�D�V�K���Z�L�Q�G�R�Z���V�L�P�X�O�D�W�L�R�Q�V��

�)�L�J�X�U�H�� ���� �H�[�K�L�E�L�W�V�� �W�K�H�� �V�L�P�X�O�D�W�L�R�Q�� �U�H�V�X�O�W�V�� �R�I�� �G�D�L�O�\��
�F�R�R�O�L�Q�J�� �Q�H�H�G�V�� �E�\�� �U�H�V�H�W�W�L�Q�J�� �W�K�H�� �S�R�L�Q�W�V�� �R�Q�� �D�Q�� �H�Q�H�U�J�\��
�F�R�Q�V�X�P�S�W�L�R�Q�� �P�D�S���� �L�Q�F�O�X�G�L�Q�J�� �W�K�H�� �F�R�Q�I�L�J�X�U�D�W�L�R�Q�V�� �R�I��
�R�I�I�L�F�H�V�� �I�D�F�L�Q�J�� �W�R�� ���� �G�L�U�H�F�W�L�R�Q�V���� �Z�L�W�K�� �R�U�� �Z�L�W�K�R�X�W�� �D�Q��
�R�Y�H�U�K�D�Q�J�� �D�V�� �V�R�O�D�U�� �S�U�R�W�H�F�W�L�R�Q�� �G�H�Y�L�F�H�����I�R�U�� �W�K�H�� ����
�D�S�H�U�W�X�U�H�� �U�D�W�L�R�V�����L�Q�� �1�L�F�H�� �D�Q�G�� �L�Q�� �3�D�U�L�V���� �R�Q�� �V�X�P�P�H�U��
�V�R�O�V�W�L�F�H���D�Q�G���R�Q���D�X�W�X�P�Q���H�T�X�L�Q�R�[����

�$�Q�\�� �H�O�H�P�H�Q�W�� �W�K�D�W�� �O�L�P�L�W�V�� �W�K�H�� �V�X�Q�� �L�Q�I�O�X�H�Q�F�H�� �R�Q�� �W�K�H��
�Z�L�Q�G�R�Z�� �V�X�F�K�� �D�V�� �V�H�D�V�R�Q���� �F�O�L�P�D�W�H�� �]�R�Q�H�V�� �D�Q�G�� �V�R�O�D�U��
�S�U�R�W�H�F�W�L�R�Q���G�H�Y�L�F�H�V���U�H�G�X�F�H���W�K�H���L�P�S�D�F�W���R�I���W�K�H���V�H�F�R�Q�G�D�U�\��
�H�I�I�H�F�W�����7�K�H���U�H�V�X�O�W�V���D�U�H���F�D�W�H�J�R�U�L�]�H�G���L�Q�W�R�������J�U�R�X�S�V����

�z�� �,�Q�� �*�U�R�X�S���,���L�Q�� �E�O�X�H�����P�R�V�W�� �R�I�� �W�K�H�� �F�D�V�H�V���D�U�H���R�Q��
�D�X�W�X�P�Q�D�O�� �H�T�X�L�Q�R�[���� �7�K�H�� �R�X�W�G�R�R�U�� �W�H�P�S�H�U�D�W�X�U�H�� �L�V��
�O�R�Z�� �H�Q�R�X�J�K���� �W�K�H�� �R�U�L�J�L�Q�D�O�� �F�R�R�O�L�Q�J�� �Q�H�H�G�V�� �L�V��
�E�H�W�Z�H�H�Q�������� �W�R���������:�K���P���� �L�Q���1�L�F�H���D�Q�G���L�V���D�O�P�R�V�W��
�]�H�U�R�� �L�Q�� �3�D�U�L�V���� �7�K�H�� �Q�D�W�X�U�D�O�� �Y�H�Q�W�L�O�D�W�L�R�Q�� �F�R�X�O�G��
�F�R�Y�H�U���D�O�O���F�R�R�O�L�Q�J���Q�H�H�G�V���V�R���W�K�D�W���W�K�H���F�D�O�F�X�O�D�W�L�R�Q���R�I��
�V�H�F�R�Q�G�D�U�\���H�I�I�H�F�W���L�V���X�Q�Q�H�F�H�V�V�D�U�\����

�z�� �,�Q���*�U�R�X�S���,�,���L�Q���Y�L�R�O�H�W�����W�K�H���V�H�F�R�Q�G�D�U�\���H�I�I�H�F�W���K�D�V���D��
�V�O�L�J�K�W�� �L�Q�I�O�X�H�Q�F�H�� �R�Q�� �F�R�R�O�L�Q�J�� �Q�H�H�G�V�� �V�L�P�X�O�D�W�L�R�Q����
�7�K�H�V�H�� �F�D�V�H�V���Z�L�W�K�� �U�H�O�D�W�L�Y�H�� �O�R�Z�� �R�U�L�J�L�Q�D�O�� �F�R�R�O�L�Q�J��
�Q�H�H�G�V�� �D�U�H�� �W�K�H�� �R�I�I�L�F�H�V���Q�R�W�� �R�U�L�H�Q�W�H�G�� �W�R�� �W�K�H�� �V�R�X�W�K��
�Z�L�W�K�� �V�P�D�O�O�� �R�S�H�Q�L�Q�J�� �V�X�U�I�D�F�H���� �$�V�� �W�K�H�� �Q�D�W�X�U�D�O��
�Y�H�Q�W�L�O�D�W�L�R�Q���H�I�I�L�F�L�H�Q�F�\���L�V���O�L�P�L�W�H�G�����W�K�H���V�H�F�R�Q�G�D�U�\

��
�)�L�J�X�U�H�������&�R�R�O�L�Q�J���Q�H�H�G�V���G�L�I�I�H�U�H�Q�F�H���V�H�S�D�U�D�W�L�Q�J���W�K�H��
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   Figure  7  Comparative  results  between  original  cooling  needs  and  cases  with  natural  ventilation� � � � � �
�H�I�I�H�F�W�� �G�R�H�V�Q�¶�W�� �K�D�Y�H�� �F�R�Q�V�L�G�H�U�D�E�O�H�� �L�Q�I�O�X�H�Q�F�H�� �R�Q��
�W�K�H���F�D�O�F�X�O�D�W�L�R�Q����

   �,�Q�� �*�U�R�X�S�� �,�9�� �L�Q���U�H�G���� �W�K�H�� �F�D�V�H�V�� �O�R�F�D�W�H�G�� �L�Q�� �W�K�H��
�K�L�J�K�H�V�W�� �R�U�L�J�L�Q�D�O�� �F�R�R�O�L�Q�J�� �Q�H�H�G�V�� �U�H�J�L�R�Q�� �D�U�H��
�V�R�X�W�K���R�U�L�H�Q�W�H�G�� �R�I�I�L�F�H�V���Z�L�W�K�� �������� �D�Q�G�� ��������
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