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$%675$&7�
7KLV� SDSHU� SUHVHQWV� DQ� DSSOLFDWLRQ� RI� EXLOGLQJ�
WKHUPDO�DQG�&)'�VLPXODWLRQ� LQ� WKH�UHIXUELVKPHQW�RI�
WKH� +9$&� V\VWHP� RI� WKH� *XOEHQNLDQ� JUHDW� KDOO� LQ�
/LVERQ� �3RUWXJDO��� 7KH� H[LVWLQJ� RYHUKHDG� PL[LQJ�
YHQWLODWLRQ� V\VWHP� ZDV� FRQYHUWHG� LQWR� GLVSODFHPHQW�
YHQWLODWLRQ��
7KH�WKHUPDO�VLPXODWLRQ�WRRO�(QHUJ\3OXV�ZDV�XVHG�WR�
VL]H�WKH�+9$&�V\VWHP��&)'�VLPXODWLRQV�ZKHUH�XVHG�
WR�SUHGLFW�GHWDLOHG�DLUIORZ�YHORFLW\�DQG� WHPSHUDWXUHV�
LQ�WKH�VSDFH�DQG�WR�DVVHVV�WKH�SUHFLVLRQ�RI�WKH�PL[HG�
DQG� GLVSODFHPHQW� YHQWLODWLRQ� PRGHOV� WKDW� DUH�
FXUUHQWO\�DYDLODEOH�LQ�(QHUJ\3OXV��
�

,1752'8&7,21�
7KH� *XOEHQNLDQ� JUHDW� KDOO� LQ� /LVERQ� LV� RQH� RI� WKH�
PRVW� LPSRUWDQW� HQJLQHHULQJ� DQG� DUFKLWHFWRQLF�
EXLOGLQJ�SURMHFWV�RI�WKH���WK�FHQWXU\�LQ�3RUWXJDO��%XLOW�
LQ� ����
V�� LW� KDV� D� VHDWLQJ� FDSDFLW\� RI� ����� RQ� WKH�
PDLQ�IORRU�SOXV�����VHDWV�RQ�D�EDOFRQ\�DUHD�ZLWK�XS�
WR�����DUWLVWV�LQ�WKH�VWDJH�DUHD��VHH�ILJXUH�����
�

7KH� KDOO� KDV� IRXU� PDLQ� DUHDV�� VWDJH�� RUFKHVWUD� SLW��
VWDOOV�DQG�EDOFRQ\��7KH�H[LVWLQJ�+9$&�V\VWHP�XVHV�D�
VLQJOH� DLU�KDQGOLQJ� XQLW� �$+8�� WKDW� VHUYHV� DOO� WKH�
DUHDV�WKURXJK�DQ�RYHUKHDG�PL[LQJ�V\VWHP��$IWHU�IRUW\�
\HDUV� RI� LQWHQVH� XVH�� WKH� H[LVWLQJ� +9$&� V\VWHP�
GRHVQ¶W� PHHW� FXUUHQW� UHTXLUHPHQWV� IRU� LQGRRU� DLU�
TXDOLW\�DQG�WKHUPDO�FRPIRUW��7KH�PDLQ�SUREOHPV�DUH�
H[FHVVLYH� HQHUJ\� XVH� GXULQJ� UHKHDUVDO� SHULRGV��
LQHIILFLHQW�PL[LQJ�RI�WKH�YHQWLODWLRQ�V\VWHP���
�
�

�
)LJXUH���±�*XOEHQNLDQ�JUHDW�KDOO��

�

$IWHU� IRXU�GHFDGHV�RI�FRQWLQXRXV�XVH�WKHUH�LV�D�QHHG�
IRU� D� FRPSOHWH� UHIXUELVKPHQW� RI� WKH� +9$&� DQG�
OLJKWLQJ�V\VWHPV��7KLV�QHHG�FUHDWHG�DQ�RSSRUWXQLW\�WR�
XSGDWH� WKH� V\VWHPV�� EXW� DOVR� WR� FKDQJH� WKH� DLUIORZ�

SDWWHUQ� IURP� RYHUKHDG� PL[LQJ� WR� GLVSODFHPHQW�
YHQWLODWLRQ� �'9��� 7KH� WUDQVLWLRQ� EHWZHHQ� V\VWHPV� LV�
DFKLHYHG� E\� WUDQVIRUPLQJ� WKH� H[LVWLQJ� DLU� H[KDXVW�
RSHQLQJV�� ORFDWHG� XQGHU� WKH� VHDWV�� LQWR� LQIORZ�
RSHQLQJV��DOORZLQJ�WKH�XVH�RI�D�GLVSODFHPHQW�V\VWHP�
�WKH� FXUUHQW� VWDQGDUG� DSSURDFK� LQ� FRQWHPSRUDU\�
FRQFHUW� KDOO� GHVLJQ��� )LJXUH� �� VKRZV� WKH� H[LVWLQJ�
YHQWLODWLRQ�VWUDWHJ\��
�

�
)LJXUH���±�*XOEHQNLDQ�JUHDW�KDOO�H[LVWLQJ�+9$&�

V\VWHP��
�
�

)RU� WKH� QHZ� V\VWHP�� WKH� FRH[LVWHQFH� RI� GLIIHUHQW�
LQGRRU� WKHUPDO� FRPIRUW� UHTXLUHPHQWV� LQ� WKH� URRP�
GLFWDWHG�WKH�XVH�RI�WKUHH�GLVWLQFW�DLU�KDQGOLQJ�XQLWV��

 6HDWLQJ�DUHD��VWDOOV�DQG�EDOFRQ\���
 6WDJH�DUHD��
 2UFKHVWUD�SLW��

�
7KH�JHRPHWU\�RI�WKH�RUFKHVWUD�SLW�PDNHV�WKH�XVH�RI�DQ�
RYHUKHDG� V\VWHP� GLIILFXOW� �WKHUH� LV� QR� FHLOLQJ���
FOHDUO\�� LQ� WKLV� FDVH�� GLVSODFHPHQW� YHQWLODWLRQ� LV� WKH���
EHWWHU�RSWLRQ��,Q�FRQWUDVW��WKH�IXQFWLRQDO�UHTXLUHPHQWV�
RI� WKH� VWDJH� DUHD� PDNH� WKH� XVH� RI� D� GLVSODFHPHQW�
V\VWHP� ZLWK� ORZ�OHYHO� LQIORZ� GLIIXVHUV�� H[WUHPHO\�
GLIILFXOW�� )RU� WKLV� UHDVRQ�� D� YDULDEOH� FRQILJXUDWLRQ�
V\VWHP� LV� XVHG� IRU� WKH� VWDJH�� 7KH� SURSRVHG� +9$&�
V\VWHP�FRQILJXUDWLRQ� IRU� WKH� UHIXUELVKPHQW� LV� VKRZQ�
LQ� ILJXUH� ��� ,Q� LWV� LQLWLDO� FRQILJXUDWLRQ� WKH� V\VWHP�
LQFOXGHG� D� SRWHQWLDOO\� SUREOHPDWLF� LQWHUDFWLRQ�
EHWZHHQ�DQ�RYHUKHDG�V\VWHP��VWDJH�V\VWHP�ZLWK�KLJK�
PRPHQWXP� QR]]OHV�� DQG� D� GLVSODFHPHQW� YHQWLODWLRQ�
V\VWHP��VHDWLQJ�DUHD��ZLWK� ORZ�YHORFLW\� LQIORZ���7KH�
+9$&�V\VWHP�ZDV� VL]HG�XVLQJ� WKH� WKHUPDO�EXLOGLQJ�
VLPXODWLRQ�VRIWZDUH�(QHUJ\3OXV��'2(�/%1/���������
7KH� FRPSOH[LW\� RI� WKH� SURSRVHG� V\VWHP� DQG� WKH�
XQFHUWDLQW\�DERXW�WKH�LQWHUDFWLRQ�RI�WKH�WZR�GLIIHUHQW�
DLUIORZ�SDWWHUQV�FUHDWHG�WKH�QHHG�IRU�D�FRPSXWDWLRQDO�
IOXLG� G\QDPLFV� VLPXODWLRQ� �&)'��� IRFXVLQJ� RQ� WKH�
PDLQ�RFFXSDQF\�DQG�LQWHUQDO�ORDG�VFHQDULRV��
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7+(50$/�6,08/$7,21��
,Q� RUGHU� WR� DQDO\VH� LQGRRU� DLU� FRQGLWLRQV� RI� HDFK�
RFFXSLHG� VSDFH�� WKH� VLPXODWLRQ� PRGHO� LQFOXGHV� IRXU�
WKHUPDO� ]RQHV� �VWDJH�� RUFKHVWUD� SLW�� VWDOOV� DQG�
EDOFRQ\�� VKRZQ� LQ� ILJXUH� ���� 7KH� KDOO� KDV� KHDY\�
FRQFUHWH�FRQVWUXFWLRQ��7KH� IORRU�DQG�ZDOOV�DUH�PDGH�
RI� ���P� FRQFUHWH� ������ :�P�.�� ���� NJ�P��� �����
-�NJ�.��� WKH� URRI� FRQVLVWV� RI� ���P� FRQFUHWH� VODE� ���
:�P�.�� ����� NJ�P��� ���� -�NJ�.�� ZLWK� H[WHUQDO�
LQVXODWLRQ� ������:�P�.������P��DQG�D�YHQWLODWHG�DLU�
FDYLW\��
�
�

�
)LJXUH����*UHDW�KDOO�WKHUPDO�]RQHV��

�

�
7KH�SURSRVHG�+9$&�V\VWHP��FRPSRVHG�RI�WKUHH�DLU�
KDQGOLQJ� XQLWV�� ZDV� PRGHOOHG� XVLQJ� (QHUJ\3OXV�
WHPSODWH� IRU� D� XQLWDU\� V\VWHP�� 7DEOH� �� VKRZV� WKH�
VHWWLQJV� XVHG� IRU� HDFK� DLU�KDQGOLQJ� XQLW�� 7KH� VWDOOV�
DQG�EDOFRQ\� WKHUPDO� ]RQHV�ZHUH�PRGHOOHG�XVLQJ� WKH�
GHWDLOHG� WKUHH� QRGH� 8&6'� GLVSODFHPHQW� YHQWLODWLRQ�
PRGHO� WKDW� LV� DYDLODEOH� LQ� (QHUJ\3OXV� �&DUULOKR� GD�
*UDoD���������������7KLV�PRGHO�UHSURGXFHV�D�WKHUPDO�
DLU�VWUDWLILFDWLRQ��ZLWK�WKUHH�GLVWLQFW�]RQHV��IORRU�]RQH�
�ORZHVW�WHPSHUDWXUH���RFFXSLHG�]RQH��WHPSHUDWXUH�IHOW�
E\� WKH� RFFXSDQWV��� DQG� XSSHU� ]RQH� �KLJKHVW�
WHPSHUDWXUH��� 7KH� RWKHU� ]RQHV� �RUFKHVWUD� SLW� DQG�
VWDJH��ZHUH�WUHDWHG�DV�SHUIHFWO\�PL[HG��

Internal loads scenarios 
7ZR� W\SLFDO� PD[LPXP� VWDJH� XWLOL]DWLRQ� VFHQDULRV�
ZHUH� GHILQHG� WR� VL]H� WKH� V\VWHP�� ODEHOOHG� &ODVVLFDO�
DQG� 0RGHUQ� �VHH� WDEOH� ���� %RWK� VFHQDULRV� XVHG� WKH�
VDPH� RFFXSDQF\� VFKHGXOH�� FRUUHVSRQGLQJ� WR� WKH�
PD[LPXP�� IXOO\� RFFXSLHG� GDLO\� XWLOL]DWLRQ� �IURP� ���
DP� WR���� DP�� IURP���SP� WR� ��SP�� IURP���SP� WR����
IURP������SP�WR�������SP���
�

Sizing criteria 
7KH� WKHUPDO� EXLOGLQJ� VLPXODWLRQ� VL]LQJ� UHVXOWV� DUH�
GHSHQGHQW� RQ� WKH�ZHDWKHU� ILOH� XVHG��6LQFH������� WKH�
7\SLFDO�0HWHRURORJLFDO�<HDU��70<��EHFDPH�WKH�QHZ�
VWDQGDUG� ZHDWKHU� ILOH� XVHG� LQ� HQHUJ\� EDVHG�
VLPXODWLRQV��*DWHV���������7KH�ZHDWKHU� ILOHV�XVHG� LQ�
(QHUJ\3OXV� VLPXODWLRQV� ZHUH� FUHDWHG� EDVHG� RQ� WKLV�
IRUPDW�WKURXJK�VWDWLVWLFDO�PHWKRGV��DQG�W\SLFDOO\��WKH�
H[WUHPH� ZHDWKHU� GDWD� ZHUH� VPRRWKHG� E\� DYHUDJH�
YDOXHV���
7\SLFDOO\�� D� 70<� ZHDWKHU� ILOH� IRU� /LVERQ�
�(QHUJ\3OXV� :HDWKHU�� ZRXOG� EH� XVHG� WR� UXQ� WKH�
VLPXODWLRQV�� 'XH� WR� WKH� JUHDW� VHQVLELOLW\� RI� WKLV�
SURMHFW�� D� ZHDWKHU� GDWD� VHQVLELOLW\� DQDO\VLV� ZDV�
SHUIRUPHG�WR�VHOHFW�DGHTXDWH�ZHDWKHU�GDWD�WR�VL]H�WKH�
+9$&�V\VWHP��
7ZR� DGGLWLRQDO� VRXUFHV� RI� VL]LQJ�ZHDWKHU� GDWD�ZHUH�
FRQVLGHUHG��70<�ZHDWKHU�GDWD��HLJKW�\HDUV�PHDVXUHG�
ZHDWKHU�GDWD��DLUSRUW�RI�/LVERQ���$�WKLUG�ZHDWKHU�GDWD�
VRXUFH�ZDV�FUHDWHG��EDVHG�RQ�DLUSRUW�ZHDWKHU�GDWD�DQG�
$6+5$(� VL]LQJ� FRQGLWLRQV� �$6+5$(� +DQGERRN�
)XQGDPHQWDOV���������
(QWKDOS\� YDOXHV� ZHUH� DQDO\VHG� DQG� D� ���� DQG� ��
SHUFHQWLOH�� KHDWLQJ� �PLQLPXP� HQWKDOS\�� DQG� FRROLQJ�
GHVLJQ� GD\� �PD[LPXP� HQWKDOS\��� IRU� WKH� WKUHH�
VRXUFHV�RI�ZHDWKHU�GDWD�ZHUH�GHILQHG��
�

�

�
�

7DEOH�����6L]LQJ�FULWHULD�±ORDGV�FRQVLGHUHG�LQ�GLIIHUHQW�VFHQDULRV��
�

Zone Scenario Occupancy 
Internal Gains 

Occupants 
( W/occupant) 

Illumination 
(W/m2) Total (W/m2) 

6WDOOV�
&ODVVLFDO�PXVLF� ����� ���� ��� ����

0RGHUQ� ����� ���� ��� ����

%DOFRQ\�
&ODVVLFDO�PXVLF� ���� ���� ��� ����

0RGHUQ� ���� ���� ��� ����

6WDJH�
&ODVVLFDO�PXVLF� ���� ���� ���� ����

0RGHUQ� ��� ���� ���� ����

2UFKHVWUD�3LW�
&ODVVLFDO�PXVLF� �� �� �� ��

0RGHUQ�� ��� ���� ��� ����
� �
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7DEOH���±�8+$¶V�VL]LQJ�FULWHULD���
�

UHA 
Setpoints 

Maximum airflow  
(m3/ occupant*h) 

Maximum airflow 
(m3/h) Temperature 

(ºC) HR (%) 

6WDOOV�DQG�%DOFRQ\� �������� �������� ��� ������

6WDJH� �������� �������� ��� ������

2UFKHVWUD�3LW� �������� �������� ��� �����
�
�
�

HVAC system sizing results 
�

)LJXUHV�����VKRZ�UHVXOWV�RI�D�ZHDWKHU�GDWD�VHQVLELOLW\�
DQDO\VLV� RQ� +9$&� V\VWHP� VL]LQJ� UHVXOWV�� )LJXUH� ��
SUHVHQWV� VL]LQJ� UHVXOWV� IRU� WKH� WKUHH� VRXUFHV� RI�
DQDO\VHG�ZHDWKHU�GDWD��
�
�

�
�
�
�

)LJXUH�����6L]LQJ�UHVXOWV��$LUSRUW�ZHDWKHU�GDWD��70<�
ZHDWKHU�ILOH�DQG�$6+5$(�GHVLJQ�GD\V�VL]LQJ�

FRPSDULVRQ��
�

�
�

)LJXUH����5HVXOWV��6WDOOV�DQG�EDOFRQ\�8+$�VL]LQJ���
�����$LUSRUW�ZHDWKHU�GDWD��

�

7KH� ILJXUH���VKRZV� WKDW� WKH�GHILQLWLRQ�RI� WKH�+9$&�
V\VWHP�GHVLJQ�GD\�KDV�D� ODUJH� LPSDFW�RQ� WKH� V\VWHP�
VL]H�� )LJXUH� �� FRPSDUHV� VL]LQJ� UHVXOWV� IRU� VWDOOV� DQG�
EDOFRQ\�8+$��LI� WKH�DLUIORZ�SDWWHUQ�RI�WKH�V\VWHP�LV�
FRUUHFWO\�PRGHOOHG��GLVSODFHPHQW�PRGHO��RU�LI�PL[LQJ�
PRGHO� ZDV� XVHG�� 7KHVH� UHVXOWV� GHPRQVWUDWH� WKH�
LQIOXHQFH� RI� PRGHOOLQJ� SURSHUO\� WKH� DLUIORZ� SDWWHUQ�
RQ� (QHUJ\3OXV� LQ� RUGHU� WR� ULJKWO\� VL]H� WKH� +9$&�
V\VWHP��
7KH� GLIIHUHQFH� EHWZHHQ� WKH� WZR� H[WUHPH� FDVHV�� IRU�
FRROLQJ� DQG� KHDWLQJ�� VKRZQ� LQ� ILJXUH� �� LV�� ����
�FRROLQJ��DQG������KHDWLQJ���7KH�VL]LQJ�HIIHFWV�RI�WKH�
YHQWLODWLRQ�PRGHO� DUH� ORZHU�� ��� �FRROLQJ�� DQG� ����
�KHDWLQJ���

�

&')�6,08/$7,21�
,Q� WKH� SUHVHQW� FDVH� &)'� ZDV� XVHG� WR� FRQILUP� WKH�
(QHUJ\3OXV� VL]LQJ� UHVXOWV�� DVVHVV� WKHUPDO� FRPIRUW�
�LQFOXGLQJ� DYHUDJH� DLUIORZ� YHORFLW\��� LGHQWLI\� WKH�
RSWLPDO� LQIORZ� VWUDWHJ\� IRU� WKH� VWDJH�� DQG� WHVW� WKH�
FRPSDWLELOLW\� EHWZHHQ� RYHUKHDG� �VWDJH�� DQ�
GLVSODFHPHQW��VHDWLQJ�DUHD��V\VWHPV��
2QH� RI� WKH� ILUVW� H[DPSOHV� RI� WKH� XVH� RI� &)'� WR�
DQDO\]H� WKH� YHQWLODWLRQ� HIILFLHQF\� DQG� WKHUPDO�
FRPIRUW� RI� RYHUKHDG� PL[LQJ� V\VWHPV� LQ� WZR� ODUJH�
DXGLWRULXPV�ZDV�SUHVHQWHG�E\�+DQJDQ�HW�DO���LQ�������
7KLV� VWXG\� IRFXVHG� RQ� WKH� W\SLFDO� GLIILFXOWLHV� RI�
RYHUKHDG� PL[LQJ� V\VWHPV�� SUHYHQWLQJ� RYHUGUDIW� DQG�
DYRLGLQJ� VWLOO� DLU� ]RQHV� ZLWK� SRRU� YHQWLODWLRQ�
HIILFLHQF\�� ,Q� D� PRUH� UHFHQW� DSSOLHG� UHVHDUFK� SDSHU�
E\�.DYJLF� HW� DO�� ������� &)'� LV�XVHG� LQ�D� SRVW�
RFFXSDQF\� DVVHVVPHQW� RI� D� WKHDWUH� ZLWK� D� SRRUO\�
SHUIRUPLQJ� QDWXUDO� YHQWLODWLRQ� V\VWHP�� 7KH� XVXDO�
SLWIDOOV� RI� WKLV� YHQWLODWLRQ� VWUDWHJ\� ZHUH� DSSDUHQW��
H[FHVVLYH� LQIORZ� YHORFLW\��WKH� PHDVXUHG� LQIORZ� UDWH�
SHU�RFFXSDQW�ZDV�����KLJKHU�WKDQ�WKH�YDOXH�XVHG�LQ�
WKH� VL]LQJ� SUHVHQWHG� LQ� WKH� QH[W� VHFWLRQV� RI� WKLV�
SDSHU��DQG� XVHU� FRPSODLQWV� RI� FROG� DQNOHV��$� UHFHQW�
DSSOLFDWLRQ� RI� &)'� LQ� FRQFHUW� KDOO� UHIXUELVKPHQW�
GHVLJQ�ZDV�SUHVHQWHG�E\�6FDQORQ�HW�DO����������$V�LQ�
WKH� SUHVHQW� FDVH�� WKH� SURSRVHG� VROXWLRQ� LQYROYHG�
LQYHUWLQJ� H[LVWLQJ� LQIORZ� DQG� H[KDXVW� RSHQLQJV� LQ�
RUGHU� WR�FRQYHUW� WKH�H[LVWLQJ�RYHUKHDG�V\VWHP�LQWR�D�
GLVSODFHPHQW� V\VWHP�� ,Q� WKLV� FDVH�&)'� LV� XVHG�ERWK�
WR� ILQH� WXQH� WKH� GHVLJQ� DQG� WR� IDFLOLWDWH� LQIRUPDWLRQ�
IORZ�ZLWKLQ�WKH�GHVLJQ�WHDP��

Geometry 
7KH� JHRPHWU\� XVHG� LQ� WKH� VLPXODWLRQ� LV� VKRZQ� LQ�
)LJXUH����7KH�&)'�VLPXODWLRQV�ZHUH�SHUIRUPHG�XVLQJ�
3+2(1,&6� �������� 'XH� WR� LWV� UREXVWQHVV� DQG�
DGHTXDWH�FDSDELOLWLHV� IRU� URRP�YHQWLODWLRQ� IORZV�� WKH�
N�İ�WXUEXOHQFH�PRGHO�ZDV�XVHG�LQ�WKLV�VWXG\��ZLWK�WKH�
<DS� FRUUHFWLRQ� IRU� FRQILQHG� VSDFHV��� %XR\DQF\� ZDV�
PRGHOOHG�XVLQJ�WKH�%RXVVLQHVT�DSSUR[LPDWLRQ���
&)'�VLPXODWLRQV� DUH� WLPH� FRQVXPLQJ�SURFHVVHV� WKDW�
PXVW� EH� VWUHDPOLQHG� E\� LQWURGXFLQJ� VLPSOLILFDWLRQV�
WKDW� DOORZ� IRU� D� FRQYHUJHG� VLPXODWLRQ� LQ� DGHTXDWH�
WLPH��LGHDOO\�OHVV�WKDQ�D�GD\�IRU�HDFK�FDVH���
7KH� V\PPHWU\� RI� WKH� DXGLWRULXP� DORQJ� WKH�
ORQJLWXGLQDO� D[LV� HQDEOHG� IRU� WKH� XVH� RI� D� PRGHO� RI�
RQH�KDOI�RI�WKH�URRP��*URXSLQJ�RI�WKH�DXGLHQFH�URZV�
ZDV�XVHG�ZLWK�HDFK�PRGHOOHG�URZ�UHSUHVHQWLQJ�WKUHH�
URZV��
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�

�
)LJXUH�����*XOEHQNLDQ�JUHDW�KDOO�&)'�PRGHO�JHRPHWU\��KDOI�URRP����

�
,QWHUQDO� ORDGV�� OLNH� RFFXSDQWV� DQG� OLJKWLQJ� ZHUH�
PRGHOOHG� DV� EORFNV� ZLWK� D� IL[HG� KHDW� VRXUFH�
FRPSRVHG� RI� VLPXODWLRQ� GRPDLQ� PDWHULDO� �DLU��� 7KH�
ILJXUH���SUHVHQWV�WKH�JULG�UHILQHPHQW�SHUIRUPHG�DORQJ�
;�D[LV���
,Q� RUGHU� WR� IDFLOLWDWH� WKH� DQDO\VLV� RI� WKH� UHVXOWV� WKH�
DLUIORZ� YHORFLW\� DQG� WHPSHUDWXUH� ZHUH� DYHUDJHG� LQ�
FRQWURO�YROXPHV�WKDW�DUH�FRLQFLGHQW�ZLWK� WKH�WKHUPDO�
ORDG� YROXPHV� VKRZQ� LQ� ILJXUH� �� �LQ� GDUN� DQG� OLJKW�
EOXH����
CFD simulation scenarios 
)RXU�GLIIHUHQW�LQIORZ�FRQILJXUDWLRQV�ZHUH�FUHDWHG�IRU�
WKH� VWDJH� V\VWHP� �WDEOH� ���� 7KH� LQIORZ� ERXQGDU\�
FRQGLWLRQV�WHVWHG�DUH�VKRZQ�LQ�WDEOH�����

7DEOH���±�&)'�VLPXODWHG�VFHQDULRV���
�

Scenario name System description 

&ODVVLFDO�+1�/1� +LJK�1R]]OHV�������P��K�����/RZ�
1R]]OHV�������P��K��

&ODVVLFDO�/%�/1�
/RZ�%DFN�GLIIXVHUV�������P��K����

/RZ�1R]]OHV�������P��K��

0RGHUQ�+1�/1� +LJK�1R]]OHV�������P��K����/RZ�
1R]]OHV�������P��K��

0RGHUQ�/1�+%�
/RZ�1R]]OHV�������P��K����+LJK�

%DFN�������P��K��

�

�
�)LJXUH���±�*ULG�UHILQHPHQW��[[�D[LV��RI�*XOEHQNLDQ�JUHDW�KDOO�3+2(1,&6�PRGHO��

�

7DEOH���±�&)'�VLPXODWLRQ�FRQGLWLRQV��
�

Cases Zone 
Inflow boundary conditions 

Airflow volume (m3/s) 
Velocity (m/s) Temperature (ºC) 

$OO�VFHQDULRV�
%DOFRQ\� ����� ��� ����

6WDOOV� ����� ��� �����

0RGHUQ�VFHQDULR� 2UFKHVWUD�SLW� ����� ��� ����

&ODVVLFDO�+1�/1�

6WDJH�

����� ��� ����

&ODVVLFDO�/%�/1�
������GLIIXVHUV��
������QR]]OHV�� ��� ����

0RGHUQ�+1�/1� ����� ��� ����

0RGHUQ�/1�+%�
������+LJK�EDFN��
������QR]]OHV�� ��� ����

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

- 1838 -



CFD Results 
5HVXOWV�RI�WKH�VLPXODWHG�WHPSHUDWXUH�DQG�YHORFLW\�LQ�WKH�VWDJH��RUFKHVWUD�SLW��EDOFRQ\�DQG�VWDOOV�IRU�WKH�IRXU�&)'�
PRGHOV�VWXGLHG�DUH�VKRZQ�EHORZ��ILJXUHV���������

�

 
)LJXUH���±�5HVXOWV���5RRP�WHPSHUDWXUH�&ODVVLFDO�VFHQDULR��

�

 
)LJXUH���±�5HVXOWV���5RRP�WHPSHUDWXUH�0RGHUQ�VFHQDULR��

�

 
)LJXUH����±�5HVXOWV���5RRP�YHORFLW\�&ODVVLFDO�VFHQDULR��

�
)LJXUH����±5HVXOWV���5RRP�YHORFLW\�0RGHUQ�VFHQDULR��
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)LJXUH�����5HVXOWV��&ODVVLFDO�/%�/1�VFHQDULR���5RRP�WHPSHUDWXUH�SURILOH��
�

 ��
)LJXUH������5HVXOWV��&ODVVLFDO�/%�/1�VFHQDULR���5RRP�YHORFLW\�SURILOH��

�

�
�

)LJXUH���±�5HVXOWV��0RGHUQ�/1�+%�VFHQDULR���5RRP�WHPSHUDWXUH�SURILOH��
�

�
�

)LJXUH����±�5HVXOWV��0RGHUQ�/1�+%�VFHQDULR���5RRP�YHORFLW\�SURILOH��
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)LJXUHV� ����� VKRZ� WKDW� RQO\� WZR� RI� WKH� IRXU�
VLPXODWHG� FDVHV� �&ODVVLFDO� /%�/1� DQG� 0RGHUQ�
/1�+%��SUHVHQW�WHPSHUDWXUH�DQG�DLU�YHORFLW\�YDOXHV�
ZLWKLQ� WKH� WDUJHW� UHTXLUHPHQWV� �VKRZQ� LQ�JUH\� LQ� WKH�
ILJXUH���)LJXUHV�������VKRZ�3+2(1,&6�WHPSHUDWXUH�
DQG� DLU� YHORFLW\� UHVXOWV� IRU� WKHVH� WZR�� EHWWHU�
SHUIRUPLQJ��VFHQDULRV��
'HWDLOHG� DQDO\VLV� RI� WKH� &)'� UHVXOWV� IRU� WKH� WZR�
VFHQDULRV� �&ODVVLFDO�+1�/1� DQG�0RGHUQ�+1�/1� ��
WKDW� GLG� QRW� SHUIRUP� DV� H[SHFWHG� VKRZ� WKDW� WKH� ORZ�
YHORFLW\� DLUIORZ� DORQJ� WKH� FHLOLQJ� �LQ� WKH� SRVLWLYH� [�
GLUHFWLRQ��� FDXVHG� E\� WKH� ODUJH� VWDJH� KHDW� JDLQV��
JUHDWO\� UHGXFHV� WKH� PRPHQWXP� IORZ� IURP� WKH� KLJK�
OHYHO� QR]]OHV� �WKDW� VKRXOG� UHDFK� WKH� VWDJH��� 'XH� WR�
WKLV� HIIHFW�� WKH� SHQHWUDWLRQ� GHSWK� RI� WKHVH� MHWV� LV�
UHGXFHG� WR� DSSUR[LPDWHO\� WHQ�GLDPHWHUV� �����PHWHUV��
VHH� ILJXUH� ����� 7KLV� HIIHFW� LV� LQ� DJUHHPHQW� ZLWK�
H[SHULPHQWDO� ZRUN� E\� $QGUHRSRXORV� HW� DO�� �������
DQG�&KDQ�HW�DO����������VKRZLQJ�WKDW�D�KLJK�YHORFLW\�
MHW� SHUSHQGLFXODU�� RU� KHDG� RQ�� WR� D� XQLIRUP� DLUIORZ�
ZLWK� D� ORZHU�YHORFLW\�PL[HV�ZLWKLQ� WHQ�GLDPHWHUV�RI�
WKH�RXWIORZ�QR]]OH��
)LJXUHV� ������ VKRZ� WKDW� WKH� SURSRVHG� FRQILJXUDWLRQ�
ZRUNV� ZHOO� DQG� WKHUH� LV� QR� UHOHYDQW� QHJDWLYH�
LQWHUDFWLRQ� EHWZHHQ� WKH� GLVSODFHPHQW� YHQWLODWLRQ�
V\VWHP� XVHG� IRU� WKH� VHDWLQJ� DUH� DQG� K\EULG� V\VWHP�
XVHG�IRU�WKH�VWDJH��7KH�EDFN�URZ�RI�WKH�PDLQ�VHDWLQJ�
DUHD� LV� DIIHFWHG� E\� KHDW� DFFXPXODWLRQ� XQGHU� WKH�
EDOFRQ\� DQG� PD\� EHQHILW� IURP� DGGLWLRQDO� GHGLFDWHG�
H[WUDFWLRQ��
�

�
)LJXUH����±�&ODVVLFDO�+1�/1�DQG�0RGHUQ�+1�/1���

KLJK�QR]]OH�YHORFLWLHV�SURILOH�VKRZLQJ�IDVW�YHORFLW\�

GHFD\��DQG�WKHUHE\�OLPLWHG�FRROLQJ�HIIHFW���
�

&203$5,621�%(7:((1�'(7$,/('�
$1'�6,03/,),('�6,08/$7,216�
�

7KLV� VHFWLRQ� SUHVHQWV� D� FRPSDULVRQ� EHWZHHQ�
(QHUJ\3OXV� DQG� &)'� VLPXODWLRQV� UHVXOWV� IRU� WKH�
GLIIHUHQW� VWDJH� +9$&� FRQILJXUDWLRQV� VFHQDULRV�
�&ODVVLFDO�/%�/1�DQG�0RGHUQ�/1�+%����
7DEOH� �� VKRZV� D� SUHGLFWHG� DYHUDJH� WHPSHUDWXUH�
FRPSDULVRQ�EHWZHHQ�&)'�DQG�(QHUJ\3OXV�XVLQJ�WZR�
GLVWLQFW�PRGHOLQJ�DSSURDFKHV��SHUIHFWO\�PL[HG��VLQJOH�

QRGH��DQG�VWUDWLILHG��WKUHH�QRGH�8&6'�GLVSODFHPHQW�
YHQWLODWLRQ�PRGHO���
7KH� FRPSDULVRQ� UHVXOWV�� SUHVHQWHG� LQ� WDEOH� ��� VKRZ�
JRRG� DJUHHPHQW� LQ� DOO� ]RQHV�� H[FHSW� WKH� VWDJH�� 7KH�
GLVFUHSDQFLHV� FDQ� EH� DWWULEXWHG� WR� WKH� GLIILFXOW\� RI�
(QHUJ\3OXV� WR� PRGHO� D� V\VWHP� WKDW� GRHV� QRW�
FRUUHVSRQG� WR� D� W\SLFDO� PL[LQJ� RU� GLVSODFHPHQW�
FRQILJXUDWLRQ��
�
�
�

7DEOH���±�(QHUJ\3OXV�DQG�&)'�VLPXODWLRQV�]RQHV�
WHPSHUDWXUH�UHVXOWV�FRPSDULVRQ��

6FHQDULR� 6LPXODWLRQ��
=RQH�

6WDOOV� %DOFRQ\� 6WDJH� 2UFKHVWUD�SLW�

&ODVVLFDO�

(��'9� ����� ����� ����� ��
(��

0L[LQJ� ����� ����� ����� ��

&)'� ����� ����� ����� ��

Difference  
DV (oC) 0.1 0.1 2.7 - 

Difference  
Mixing 

(oC) 
-2.0 -1.6 -0.9   

0RGHUQ�

(��'9� ����� ����� �� ��
(��

0L[LQJ� ����� ����� ����� �����

&)'� ����� ����� ����� �����

Difference  
DV (oC) -0.7 0.2 - - 

Difference  
Mixing 

(oC) 
-2.5 -1.3 3.0 -0.9 

�
�

7DEOH���±�(QHUJ\3OXV�DQG�&)'�VLPXODWLRQV�]RQHV�
WHPSHUDWXUH�UHVXOWV�FRPSDULVRQ���'LVSODFHPHQW�

PRGHO�KHDW�JDLQV�GLVWULEXWLRQ�IUDFWLRQ�FKDQJH������WR�
������

�

6FHQDULR� 6LPXODWLRQ��
=RQH�

6WDOOV� %DOFRQ\� 6WDJH� 2UFKHVWUD�SLW�

&ODVVLFDO�

(��'9� ����� ����� ����� ��

&)'� ����� ����� ����� ��

Difference 
(oC) -0.3 -0.2 2.4 - 

0RGHUQ�

(��'9� ����� ����� ����� �����

&)'� ����� ����� ����� �����

Difference 
(oC) -1.1 -0.1 3.0 -0.9 

�
�

�
,Q� WKH�(QHUJ\3OXV�8&6'�GLVSODFHPHQW�PRGHO� WHVWHG�
WKHUH� LV� D� QHHG� WR� GHILQH� D� KHDW� JDLQ� GLVWULEXWLRQ�
IDFWRU�WKDW�GHILQHV�WKH�IUDFWLRQ�RI�WKH�FRQYHFWLYH�KHDW�
JDLQV� WKDW�PL[HV� LQWR� WKH�RFFXSLHG�]RQH��DV�RSSRVHG�
WR� EHLQJ� GLUHFWO\� WUDQVSRUWHG� E\� WKH� SOXPHV� LQWR� WKH�
PL[HG� XSSHU� ]RQH�� DQG� WKHUHE\� QRW� IHOW� E\� WKH�
RFFXSDQWV��� 7KHUH� LV� D� ODUJH� XQFHUWDLQW\� RQ� WKH�
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PDJQLWXGH� RI� WKLV� SDUDPHWHU�� LQLWLDO� VLPXODWLRQ�ZHUH�
SHUIRUPHG� XVLQJ� WKH� GHIDXOW� YDOXH� ������� $GGLWLRQDO�
VLPXODWLRQV� ZLWK� WKH� KHDW� GLVWULEXWLRQ� IUDFWLRQ� YDOXH�
DGMXVWHG� WR� ���� DQG� VKRZHG� WKDW� WKLV� FKDQJH� RQ� WKLV�
SDUDPHWHU� SURGXFHV� VLJQLILFDQWO\� GLIIHUHQW�
WHPSHUDWXUH� UHVXOWV� �VHH� WDEOH� ���� &OHDUO\�� IXUWKHU�
UHVHDUFK�LV�QHHGHG�WR�GHWHUPLQH�WKH�DGHTXDWH�YDOXH�RI�
WKLV�SDUDPHWHU�LQ�GLIIHUHQW�FDVHV��
�

&21&/86,21�
$GHTXDWH�+9$&�V\VWHP�VL]LQJ�LV�D�FRPSOH[�SURFHVV�
LQYROYLQJ� PDQ\� YDULDEOHV� WKDW� FDQ� FRQGLWLRQ� ILQDO�
UHVXOWV�� 7KH� VL]LQJ� UHVXOWV� REWDLQHG� IRU� WKH� SUHVHQW�
FDVH�VKRZ�WKDW�WKH�GHILQLWLRQ�RI�WKH�VL]LQJ�GHVLJQ�GD\�
DQG� FRUUHFW� PRGHOLQJ� RI� DLUIORZ� SDWWHUQ� KDYH� D�
VLJQLILFDQW� LPSDFW� RQ� V\VWHP� VL]H� �EHWZHHQ� ��� DQG�
�����GHSHQGLQJ�RQ�WKH�FDVH���
7KH� &)'� VLPXODWLRQV� RI� LQGRRU� IORZ� ILHOGV� DQG�
LQWHUQDO� WHPSHUDWXUHV� SURYHG� LQYDOXDEOH� ILQH� WXQLQJ�
RI�WKH�GHVLJQ��7KH�VWDJH�LQIORZ�V\VWHPV�WHVWHG�LQ�WKH�
&)'� VLPXODWLRQ� VFHQDULRV� &ODVVLFDO� /%�/1� DQG�
0RGHUQ�/1�+%�VKRZHG�JRRG�UHVXOWV�DQG�FRQILUPHG�
WKDW� WKH� SURSRVHG� V\VWHP� FDQ� PHHW� DLU� WHPSHUDWXUH�
DQG�LQGRRU�YHORFLW\�GHVLJQ�JRDOV�IRU�WKH�PDLQ�VHDWLQJ�
DQG�EDOFRQ\�DUHD��7KH�PDLQ�FRQFHUQ�WKDW�ZDV�LQLWLDOO\�
UDLVHG�E\�WKH�SURSRVHG�GHVLJQ�ZDV�QRW�FRQILUPHG�E\�
WKH� VLPXODWLRQ� UHVXOWV�� WKH� VWDJH� V\VWHPV� GR� QRW�
LQFUHDVH� WKH� DLUIORZ�YHORFLW\� LQ� WKH� ILUVW� URZV�RI� WKH�
VHDWLQJ�DUHD��
7KH� FRPSDULVRQ� RI� SUHGLFWHG� RFFXSLHG� ]RQH�
WHPSHUDWXUHV� UHVXOWV� VKRZHG� D� JRRG� DJUHHPHQW�
EHWZHHQ� (QHUJ\3OXV� DQG� &)'�� +RZHYHU�� WKHUH� LV� D�
ODUJH� XQFHUWDLQW\� LQ� WKH� VHQVLEOH� KHDW� JDLQV�
GLVWULEXWLRQ� IUDFWLRQ� WKDW� PXVW� EH� DGGUHVV� LQ� IXWXUH�
UHVHDUFK��
�

$&.12:/('*(0(17�
7KLV� ZRUN� ZDV� IXQGHG� E\� WKH� )XQGDomR� &DORXVWH�
*XOEHQNLDQ��3K�'��*UDQW����������
7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�2VyULR�7RPiV��6DP�
:LVH��0LFKDHO�%UDGEXU\�DQG�'DYLG�5LFKDUGV��
�

5()(5(1&(6�
/%1/�� (QHUJ\3OXV�� �������� (QHUJ\� 3OXV�

'RFXPHQWDWLRQ�� *HWWLQJ� 6WDUWHG� ZLWK�
(QHUJ\3OXV��(QHUJ\3OXV�(QJLQHHULQJ�5HIHUHQFH��
,QSXW�DQG�2XWSXW�5HIHUHQFH��

GD� *UDoD�*�&��� /LQGHQ� 3�)��� ������ $� VLPSOH� PRGHO�
IRU� KHDW� WUDQVIHU� LQ� GLVSODFHPHQW�YHQWLODWLRQ��
5RRP9HQW��������WK�LQWHUQDWLRQDO�FRQIHUHQFH�LQ�
8QLYHUVLW\� RI� &RLPEUD� �� 3RUWXJDO�� ���WK�
6HSWHPEHU�������SS������)LJ������5HI��

&DUULOKR� GD� *UDoD� *�� 6LPSOLILHG� PRGHOV� IRU� KHDW�
WUDQVIHU�LQ�URRPV��3K�'��'LVVHUWDWLRQ��6DQ�'LHJR��
'HSDUWPHQW� RI� (QJLQHHULQJ� 3K\VLFV�� 8QLYHUVLW\�
RI�&DOLIRUQLD��������

*DWHV��$���/LOH\��%���'RQQ��0���������1HZ�=HDODQG¶V�
QHZ�ZHDWKHU�GDWD�±�+RZ�GLIIHUHQW"�3URFHHGLQJV�
RI� ��WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� %XLOGLQJ�
6LPXODWLRQ��%XLOGLQJ�6LPXODWLRQ��������6\GQH\��
$XVWUDOLD���

KWWS���DSSV��HHUH�HQHUJ\�JRY�EXLOGLQJV�HQHUJ\SOXV�ZH
DWKHUGDWD��BHXURSHBZPRBUHJLRQB��357B/LVERD
�������B,1(7,�]LS��DFFHVVHG�LQ�����������

����� $6+5$(� +DQGERRN� ±� )XQGDPHQWDOV��
$PHULFDQ�6RFLHW\�RI�+HDWLQJ��5HIULJHUDWLQJ�DQG�
$LU�&RQGLWLRQLQJ�(QJLQHHUV��$WODQWD��������

&+$0��3+2(1,&6�95��KWWS���ZZZ�FKDP�FR�XN��
��������
$QGUHRSRXORV�� -��� 5RGL�� :��� ������ ([SHULPHQWDO�

LQYHVWLJDWLRQ� RI� MHWV� LQ� D� FURVVIORZ�� -RXUQDO� RI�
)OXLG�0HFKDQLFV�������SS���������

&KDQ�� &��� DQG� /DP�� .��� ������ &HQWHUOLQH� YHORFLW\�
GHFD\� RI� D� FLUFXODU� MHW� LQ� D� FRXQWHUIORZLQJ�
VWUHDP�� 3+<6,&6� 2)� )/8,'6�� YROXPH� ����
QXPEHU����

+�+DQJDQ��)�0F.HQW\��/�*UDYHO��5�&DPDUHUR��&DVH�
VWXG\�� 1XPHULFDO� VLPXODWLRQV� IRU� FRPIRUW�
DVVHVVPHQW� DQG� RSWLPL]DWLRQ� RI� WKH� YHQWLODWLRQ�
GHVLJQ� IRU� FRPSOH[� DWULXPV�� -RXUQDO� RI� :LQG�
(QJLQHHULQJ� DQG� ,QGXVWULDO� $HURG\QDPLFV��
9ROXPH� ���� ,VVXHV� ��±���� 6HSWHPEHU� ������
3DJHV������������

0��.DYJLF��'��0XPRYLF�� =�� 6WHYDQRYLF��$��<RXQJ��
$QDO\VLV� RI� WKHUPDO� FRPIRUW� DQG� LQGRRU� DLU�
TXDOLW\� LQ� D� PHFKDQLFDOO\� YHQWLODWHG� WKHDWUH��
(QHUJ\� DQG� %XLOGLQJV�� 9ROXPH� ���� ,VVXH� ���
������

$��6FDQORQ��$��&DOGHURQH��&)'�%(1&+0$5.,1*��
+$0(5� +$//� $8',725,80� &$6(�
678'<�� 3URFHHGLQJV� RI� %XLOGLQJ� 6LPXODWLRQ�
��������WK�&RQIHUHQFH�RI� ,QWHUQDWLRQDO�%XLOGLQJ�
3HUIRUPDQFH� 6LPXODWLRQ� $VVRFLDWLRQ�� 6\GQH\��
������1RYHPEHU��

�
�
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