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WR� VXSSO\� DLU� IDUWKHU� WKDQ� H[KDXVW� DLU�� H[KDXVW� DLU� LV�
EHOLHYHG� WR� EH� RQO\� GRPLQDQW� QHDU� WKH� RXWOHW��
+RZHYHU�� WKHUH� LV� OLWWOH� LQYHVWLJDWLRQ� DERXW� WKH�
GLIIHUHQFH� EHWZHHQ� VXSSO\� DLU� DQG� H[KDXVW� DLU� LQ�
YHQWLODWHG� URRP�� 2QH� WZR�GLPHQVLRQDO� YHQWLODWHG�
URRP� LV� WDNHQ� DV� DQ� H[DPSOH�� LQ� ZKLFK� ERWK� VXSSO\�
DLU� PRGH� DQG� H[KDXVW� DLU� PRGH� DUH� VLPXODWHG� E\�
XVLQJ� &)'� VRIWZDUH�� 7KH� IORZ� SDWWHUQ� LQ� WKH� URRP�
ZLWKRXW� LQILOWUDWLRQV� DQG� ZLWK� LQILOWUDWLRQV� DUH�
FRPSDUHG�� 7KH� QXPHULFDO� UHVXOWV� LQGLFDWH� WKDW� WKH�
IORZ� SDWWHUQ� UHVXOWHG� E\� H[KDXVW� DLU� LV� DOPRVW� WKH�
VDPH�ZLWK� WKDW� UHVXOWHG� E\� VXSSO\� DLU� ZKHQ� WKHUH� LV�
QR� LQILOWUDWLRQ��:KHQ� WKH� LQILOWUDWLRQ�H[LVWV�� WKH� IORZ�
SDWWHUQ� IRU� H[KDXVW� DLU� LV� GLIIHUHQW� IURP� WKDW� IRU�
VXSSO\� DLU�� :KHQ� LQILOWUDWLRQ� H[LVWV� DOPRVW�
HYHU\ZKHUH�� WKH� LQIOXHQFH� RI� H[KDXVW� DLU� H[LVWV� RQO\�
QHDU�WKH�RXWOHW��ZKLOH�WKH�LQIOXHQFH�RI�VXSSO\�DLU�KDV�
QR� REYLRXV� GLIIHUHQFH� ZLWK� WKH� FDVH� ZLWKRXW�
LQILOWUDWLRQ��0RUHRYHU�� WKH� VSHFLILF� LQIOXHQFH� FDXVHG�
E\�LQILOWUDWLRQ�GLPHQVLRQ�LV�GLVFXVVHG��7KH�VWXG\�FDQ�
H[SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�H[KDXVW�DLU�DQG�VXSSO\�
DLU�� DQG� PD\� EH� KHOSIXO� IRU� WKH� GHVLJQ� RI� GLIIHUHQW�
IORZ�SDWWHUQ��
�

�,1752'8&7,21�
,Q� WUDGLWLRQDO� WKHRU\�� D� IUHH� DLU� MHW� LV� D� IORZ� RI� DLU�
LVVXLQJ�IURP�DQ�RSHQLQJ�RU�D�QR]]OH�LQWR�DQ�DLU�VSDFH�
ZKHUH� WKHUH�DUH�QR�VROLG�ERXQGDULHV� WR� LQIOXHQFH� WKH�
IORZ�SDWWHUQ�DQG�ZKHUH�WKH�WHPSHUDWXUH�ZLWKLQ�WKH�MHW�
LV� WKH� VDPH� DV� WKH� VXUURXQGLQJ� WHPSHUDWXUH�� ,Q� WKH�
IUHH� VSDFH�� VXSSO\�DLU� LV�H[DFWO\�D� IUHH�DLU� MHW�ZKRVH�
FKDUDFWHULVWLFV�DUH�WKDW�WKH�YHORFLW\�GHFD\V�VORZO\�DQG�
WKH� LQIOXHQFH� UHJLRQ� LV� ODUJH�� DV� VLPXODWHG� LQ�)LJ�� ���
%\�FRPSDULVRQ��LQ�IUHH�VSDFH�H[KDXVW�DLU�LV�MXVW�OLNH�D�
SRLQW�VLQN��ZKRVH�YHORFLW\�LV�DSSUR[LPDWHO\�TXDGUDWLF�
DWWHQXDWLRQ� DQG� WKH� LQIOXHQFH� UHJLRQ� LV� VPDOO� OLNH� D�
VSKHUH��DV�VLPXODWHG�LQ�)LJ������
$XWRPDWLFDOO\� SHRSOH� XVXDOO\� KROG� WKH� LGHD� WKDW� WKH�
FKDUDFWHULVWLFV� RI� VXSSO\� DLU� DQG� H[KDXVW� DLU� LQ�
YHQWLODWHG�URRP�DUH�VLPLODU�WR�WKRVH�LQ�WKH�IUHH�VSDFH��
7KHUHIRUH�� WKH� LQIOXHQFH� RI� H[KDXVW� DLU� LV� XVXDOO\�
QHJOHFWHG�LQ�SUDFWLFDO�DSSOLFDWLRQ��
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Fig. 1. Supply air in free space 
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Fig. 2 Exhaust air in free space 

)RU� H[DPSOH�� $6+5$(� +DQGERRN�+9$&�
$SSOLFDWLRQV� �$6+5$(�� ������ PHQWLRQHG� WKDW� ³WKH�
DLU�YHORFLW\�IURP�WKH�H[KDXVW�KRRG�GHFUHDVHV�UDSLGO\�
ZLWK� GLVWDQFH� IURP� WKH� KRRG� LQ� D� URRP´�� ,QGXVWULDO�
9HQWLODWLRQ�'HVLJQ� *XLGHERRN� �*RRGIHOORZ�� ������
SRLQWHG�RXW�³LW�FDQ�EH�HDVLHU��LQVLGH�D�VSHFLILF�YROXPH��
WR� XVH� VXSSO\� WKDQ� WR� XVH� H[KDXVW� DLU� WR� FRQWURO�
FRQWDPLQDQWV� EHFDXVH� RI� WKH� PXFK� ORQJHU� UDQJH� RI�
LQIOXHQFH� DLU� IURP�D� VXSSO\�RSHQLQJV� KDYH� WKH� VDPH�
VL]H�DQG�WKH�VDPH�DLUIORZ�UDWH�´�+RZHYHU��LV�WKLV�LGHD�
DOZD\V�FRUUHFW"�:KDW�LV�WKH�UHDVRQ�ZK\�WKH�LQIOXHQFH�
RI�H[KDXVW�DLU�GHFUHDVHV�TXLFNO\"�:KDW� LV�GLIIHUHQFH�
RI�IORZ�SDWWHUQ�EHWZHHQ�VXSSO\�DLU�DQG�H[KDXVW�DLU�LQ�
WKH� URRP� YHQWLODWLRQ"� 6HYHUDO� VWXGLHV� DERXW� WKH�
GLIIHUHQW�LQIOXHQFH�EHWZHHQ�VXSSO\�DLU�DQG�H[KDXVW�DLU�
LQ�SUDFWLFDO� DSSOLFDWLRQV�KDYH�EHHQ� FDUULHG�RXW�� VXFK�
DV�WKDW�LQ�D�SDVVHQJHU�YHKLFOH��:DQ�HW�DO�����������
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（a）Supply air mode                                                                    (b) Exhaust air mode 

Fig. 3. Physical model of the ventilated room
GXULQJ�WKH�PDQXDO�KDQGOLQJ�RI�IORXU�DGGLWLYH�SRZGHU�
�+HLQRQHQ�HW�DO�����������LQ�WKH�ODERUDWRU\���&KHQJ�HW�
DO�� �� �������+RZHYHU�� IHZ� VWXGLHV� SRLQW� RXW� WKH�
GLIIHUHQFH� EHWZHHQ� VXSSO\� DLU� DQG� H[KDXVW� DLU� LQ�
YHQWLODWHG�URRP�DQG�WKH�UHDVRQ�ZK\�WKH�LQIOXHQFH�RI�
H[KDXVW�DLU�GHFUHDVHV�TXLFNO\��
,Q� WKLV� VWXG\�� D� WZR�GLPHQVLRQDO� YHQWLODWHG� URRP� LV�
WDNHQ� DV� DQ� H[DPSOH�� &RQVLGHULQJ� WKH� KXJH� FRVW� RI�
PRQH\� DQG� WLPH� IRU� H[SHULPHQWDO� VWXG\�� DQG�
GLIILFXOWLHV� WR�EXLOG�D� URRP�ZLWKRXW�DQ\� LQILOWUDWLRQV��
FRPSXWDWLRQDO� IOXLG� G\QDPLFV� �&)'�� WHFKQLTXH� LV�
XVHG� WR� VLPXODWH� WKH� IORZ� SDWWHUQ� LQ� WKH� URRP��
0RUHRYHU�� WKH� IHDVLELOLW\� DQG� DFFXUDF\� RI� &)'�
WHFKQLTXH�KDV�EHHQ�YHULILHG�LQ�VLPLODU�VWXGLHV��VXFK�DV�
=KDR� �=KDR� HW� DO�� ������� 7KH� GLIIHUHQFH� RI� IORZ�
SDWWHUQ� EHWZHHQ� VXSSO\� DLU� DQG� H[KDXVW� DLU� LV�
FRPSDUHG�� DQG� WKH� UHDVRQ� ZK\� WKH� LQIOXHQFH� RI�
H[KDXVW�DLU�GHFUHDVHV�TXLFNO\�LV�H[SODLQHG��

0(7+2'2/2*<�
 Physical model 
7R� DQDO\]H� WKH� GLIIHUHQFH� RI� IORZ� SDWWHUQ� EHWZHHQ�
VXSSO\�DLU�DQG�H[KDXVW�DLU�LQ�YHQWLODWHG�URRP��D�WZR�
GLPHQVLRQDO�URRP�KDV�EHHQ�EXLOW�DV�VKRZQ�LQ�WKH�)LJ��
���ZLWK�WKH�VL]H�RI���P��/RQJ��î��P��+HLJKW���7KHUH�
DUH�WZR�YHQWLODWLRQ�PRGHV�LQ� WKH�URRP��,Q�VXSSO\�DLU�
PRGH��PRGH�$���RQO\�VXSSO\�DLU�IDQV�H[LVW�DQG�WKH�DLU�
LV� H[KDXVWHG� E\� WKH� SUHVVXUH� GLIIHUHQFH� EHWZHHQ�
LQGRRU�DQG�RXWGRRU�DLU��,Q�H[KDXVW�DLU�PRGH��PRGH�%���
RQO\� H[KDXVW� DLU� IDQV� H[LVW� DQG� WKH� DLU� LV� EDODQFHG�
IURP� WKH� LQWDNH�ZLWKRXW� DQ\�PHFKDQLFDO� SRZHU��7KH�
LQILOWUDWLRQ� FDSDELOLW\� RI� WKH� URRP� LV� GHVFULEHG� ZLWK�
GLIIHUHQW� QXPEHU� DQG� SRVLWLRQV� RI� VPDOO� KROHV�� 7R�
VLPSOLI\�WKH�SUREOHP��WKH�WHPSHUDWXUH�RI�VXSSO\�DLU�LV�
WKH�VDPH�ZLWK� WKDW� LQ� WKH�URRP��DQG� WKHUH� LV�QR�KHDW�
VRXUFH� LQ� WKH� URRP� DQG� WKH�ZDOOV� DUH� DGLDEDWLF��7KH�
VXSSO\�DLU�GLIIXVHU��H[KDXVW�DLU�YHQW��DQG�LQILOWUDWLRQV�
DUH�VLPSOLILHG�WR�OLQHDU�RSHQLQJV��,Q�VXSSO\�DLU�PRGH��
WKH�VXSSO\�DLU�RSHQLQJ�LV�����P�LQ�VL]H�DQG�ORFDWHG�LQ�
WKH� XSSHU� OHIW�� WKH� RXWOHW� LV� DQ� RSHQLQJ� LQ� WKH� ORZHU�
OHIW�DQG�����P�LQ�VL]H��7KH�GLVWDQFH�EHWZHHQ�WKH�LQOHW�

DQG� WKH� WRS� LV� ���� P�� DQG� WKH� RXWOHW� LV� ���� P� DZD\�
IURP�WKH�ERWWRP��7KH�)LJ����D��VKRZV� WKH�GHWDLOV�� ,Q�
H[KDXVW� PRGH�� WKH� SK\VLFDO� FRQVWUXFWLRQ� LV� DOPRVW�
VDPH� ZLWK� VXSSO\� DLU� PRGH�� 7KH� RQO\� GLIIHUHQFH� LV�
WKDW�WKHUH�LV�DQ�H[KDXVW�DLU�IDQ�DW�WKH�RXWOHW�UDWKHU�WKDQ�
WKH�LQOHW��VKRZQ�LQ�)LJ����E���
+HUHLQDIWHU�� IRXU� FDVHV� ZLOO� EH� GLVFXVVHG� E\�
VLPXODWLRQ�� VKRZQ� LQ� 7DEOH� ��� &DVH� �� LV� WKH� URRP�
ZLWKRXW� LQILOWUDWLRQV��&DVH��� UHIHUV� WR� WKH� URRP�ZLWK�
VRPH� LQILOWUDWLRQV�� ZKLFK� DUH� GLVWULEXWHG� LQ� WKH� VLGH�
ZDOOV�HYHQO\��ZLWK� WKH�ZLGWK�RI����P��&DVH��� VKRZV�
WKH� URRP� ZLWK� VXIILFLHQW� LQILOWUDWLRQV�� ZKLFK� DUH�
GLVWULEXWHG� LQ� WKH�ZDOOV�XQLIRUPO\��ZLWK� WKH�ZLGWK�RI�
���� P�� &DVH� �� SUHVHQWV� WKH� VLWXDWLRQ� ZKHQ� WKH�
LQILOWUDWLRQV� SRVLWLRQ� DQG� QXPEHU� DUH� IL[HG�� WKH�
GLPHQVLRQ�YDULHV�IURP��������P�WR����P��

Simulation method  
,Q� WKLV� VWXG\�� $,53$.� LV� DGRSWHG� WR� VLPXODWH� WKH�
DLUIORZ� SDWWHUQ� LQ� WKH� URRP�� ZKLFK� LV� D� VRIWZDUH�
ZLGHO\�XVHG�LQ�LQGRRU�DLUIORZ�VLPXODWLRQ�DQG�YHULILHG�
E\�D�ZLGH�UDQJH�RI�FDVH��/L���������
�,Q�VXSSO\�DLU�PRGH��RQO\�VXSSO\�DLU�IDQV�H[LVW�DQG�WKH�
DLU� LV� H[KDXVWHG� E\� WKH� SUHVVXUH� GLIIHUHQFH� EHWZHHQ�
LQGRRU�DQG�RXWGRRU�DLU��7KHUHIRUH��WKH�VXSSO\�DLU�LQOHW�
LV� GHILQHG� DV� YHORFLW\�LQOHW�� ZLWK� YHORFLW\� RI� �� P�V��
DQG� WKH� RXWOHW� LV� GHILQHG� DV� RXWIORZ�� ,Q� H[KDXVW� DLU�
PRGH�� RQO\� H[KDXVW� DLU� IDQV� H[LVW� DQG� WKH� DLU� LV�
EDODQFHG� IURP� WKH� LQOHW�� 7KHUHIRUH�� WKH� H[KDXVW� DLU�
RXWOHW�LV�GHILQHG�DV�YHORFLW\�RXWOHW��ZLWK�YHORFLW\�RI���
P�V�� WKH� LQOHW� LV� GHILQHG� DV� LQIORZ�� 7KH� LQILOWUDWLRQV�
DUH�DOVR�GHILQHG�DV�RXWIORZ��EDODQFHG�E\�WKH�SUHVVXUH�
GLIIHUHQFH�� $OO� WKH� ZDOOV� DUH� LQVXODWHG�� DQG�
WHPSHUDWXUH� GLIIHUHQFH� EHWZHHQ� DLUIORZ� DQG�
VXUURXQGLQJV� LV� ]HUR��7KH�DPELHQW�JDXJH�SUHVVXUH� LV�
VHW�DV�]HUR�3D��
$V�IRU�LQGRRU�WXUEXOHQW�IORZ��DQ�LQGRRU�]HUR�HTXDWLRQ�
WXUEXOHQFH�PRGHO� LV� XVHG�ZKLFK� DGRSWV� DQ� DOJHEUDLF�
H[SUHVVLRQ�RI�HGG\�YLVFRVLW\�GLUHFWO\�LQ�WKH�QHDU�ZDOO�
UHJLRQ��&KHQ�DQG�;X���������7KH�5H\QROGV�$YHUDJHG�
1DYLHU�6WRNHV� �5$16�� HTXDWLRQV�� WRJHWKHU� ZLWK�
DYHUDJHG�PDVV�FRQVHUYDWLRQ�HTXDWLRQV�DUH�GLVFUHWL]HG�
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E\� XVLQJ� D� ILQLWH� YROXPH� PHWKRG� �)90��� � 7KH�
PRPHQWXP� HTXDWLRQV� DUH� VROYHG� RQ� QRQ�XQLIRUP�
VWDJJHUHG� JULGV� XVLQJ� D� 6HPL�,PSOLFLW� 0HWKRG� IRU�
3UHVVXUH�/LQNHG� (TXDWLRQV� �6,03/(�� DOJRULWKP�
�$QGHUVRQ�� ������� 7KH� GLVFUHWH� HTXDWLRQV� IRU� HDFK�
YDULDEOH� DUH� VROYHG� XVLQJ� D� SRLQW� LPSOLFLW� �*DXVV�

6HLGHO��OLQHDU�HTXDWLRQ�VROYHU�LQ�FRQMXQFWLRQ�ZLWK�DQ�
DOJHEUDLF� PXOWLJULG� �$0*�� PHWKRG�� /LQHDU� XQGHU�
UHOD[DWLRQ�LWHUDWLRQ�LV�DSSOLHG�WR�HQVXUH�FRQYHUJHQFH���
7KH� URRP� LQ� WKLV� VWXG\� LV� GLVFUHWL]HG� E\� KH[DKHGUDO�
FRQWURO� YROXPHV�

Table 1 The discussed cases in the study 
 Case 1 Case 2 Case 3 Case 4 
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Fig. 4 Mesh independence test in the simulation 

0HVK� LQGHSHQGHQFH� WHVW� LV�FDUULHG�RXW�E\�FRPSDULQJ�
DLU� YROXPH� WKURXJK� WKH� LQILOWUDWLRQ� ORFDWHG� LQ� HLJKW�
SRVLWLRQV�LQ�GLIIHUHQW�JULG�GHQVLW\��$V�VKRZQ�LQ�����)LJ��
��D��� WKH� DLU� YROXPH� GLIIHUHQFH� WKURXJK� WKH�
LQILOWUDWLRQ� EHWZHHQ� ��� WKRXVDQG� PHVKHV� DQG� ���
WKRXVDQG�PHVKHV�LV�OHVV�WKDQ�����ZKLFK�LQGLFDWHV�WKDW�
��� WKRXVDQG� PHVKHV� DUH� HQRXJK� WR� VDWLVI\� WKH�
FDOFXODWLRQ� DFFXUDF\�� 6R�� WKH� VLPXODWLRQ� ZLWK� ���
WKRXVDQG� PHVKHV� LV� DGRSWHG�� )LJ�� ��E�� VKRZV� WKH�
LQILOWUDWLRQ� SRVLWLRQV� IRU� WKH� HLJKW� RSHUDWLRQ�
FRQGLWLRQV�LQ�)LJ�����D���

5(68/76�$1'�$1$/<6,6��
Case 1: without infiltration 
)RU� WKH� URRP�ZLWKRXW� LQILOWUDWLRQ� �&DVH� ���� ERWK� WKH�
VXSSO\�DLU�PRGH�DQG�WKH�H[KDXVW�DLU�PRGH�KDYH�EHHQ�
VLPXODWHG�E\�XVLQJ� WKH�PRGHO�DERYH��7KH�UHVXOWV�DUH�
VKRZQ�LQ�)LJ����DQG�)LJ�����
)LJ����VKRZV�WKH�YHORFLW\�YHFWRU�RI�WKH�URRP�ZLWKRXW�
LQILOWUDWLRQ�� $V� VHHQ� LQ� )LJ�� ��� WKH� YHORFLW\� ILHOG� LQ�
H[KDXVW� DLU� PRGH� LV� DOPRVW� WKH� VDPH� ZLWK� WKDW� LQ�
VXSSO\�DLU�PRGH��7KHUH� LV�D� ODUJH�YRUWH[� IRU�ERWK�RI�
WKHP��7KH�LQIOXHQFH�RI�H[KDXVW�DLU�FDQ�EH�FRYHUHG�LQ�
WKH�ZKROH� URRP��7KH�SKHQRPHQRQ� LQGLFDWHV� WKDW� WKH�

H[KDXVW�DLU�FDQ�DOVR�EH�VWURQJ�HQRXJK� WR� LQIOXHQFH�D�
UHODWLYHO\� IDUWKHU� UHJLRQ� MXVW� OLNH� DLU� VXSSO\�� UDWKHU�
WKDQ�RQO\�WR�EH�GRPLQDQW�QHDU�WKH�RXWOHW�LQ�IUHH�VSDFH��
7KH� VPDOO� GLIIHUHQFH� LV� WKDW� WKH� DYHUDJH� DLU� YHORFLW\�
LQ�VXSSO\�DLU�PRGH��������P�V�� LV�D� OLWWOH� ODUJHU� WKDQ�
WKDW�LQ�H[KDXVW�DLU�PRGH��������P�V���
)LJ����VKRZV�WKH�SUHVVXUH�GLVWULEXWLRQ�LQ�WKH�URRP��$V�
VHHQ�LV�)LJ�����WKH�SUHVVXUH�ILHOG�LQ�VXSSO\�DLU�PRGH�LV�
VLPLODU�WR�WKDW� LQ�H[KDXVW�DLU�PRGH��ERWK�RI�WKHP�DUH�
FKDUDFWHUL]HG� E\� ORZHU� SUHVVXUH� LQ� WKH� PLGGOH� DQG�
KLJKHU�SUHVVXUH�LQ�WKH�FRUQHUV��+RZHYHU��WKH�DEVROXWH�
DYHUDJH�SUHVVXUH�LQ�VXSSO\�DLU�PRGH�LV������3D�D�OLWWOH�
ELJJHU� WKDQ� �����3D� LQ� H[KDXVW� DLU�PRGH� �WKH� DFWXDO�
YDOXH�LV�������3D���
$V�D�ZKROH��WKH�IORZ�SDWWHUQ�UHVXOWHG�E\�H[KDXVW�DLU�LV�
DOPRVW�WKH�VDPH�ZLWK�WKDW�UHVXOWHG�E\�VXSSO\�DLU�ZKHQ�
WKHUH�LV�QR�LQILOWUDWLRQ�LQ�WKH�URRP��ZKLFK�LV�GLIIHUHQW�
IURP� WKH� WUDGLWLRQDO� WKHRU\� DERXW� VXSSO\� DLU� DQG�
H[KDXVW�DLU�DV�VKRZQ�LQ�)LJ����DQG�)LJ�������

Case 2: with some infiltrations  
,Q� SUDFWLFH�� WKHUH� PXVW� EH� VRPH� LQILOWUDWLRQV� LQ� WKH�
URRP��GXH�WR�WKH�ZLQGRZV��GRRUV��HWF��7KHUHIRUH��WKH�
URRP�ZLWK�VRPH�LQILOWUDWLRQV��&DVH���� LV�LQYHVWLJDWHG�
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E\� VLPXODWLRQ�� 7KH� VLPXODWHG� YHORFLW\� ILHOG� DQG�
SUHVVXUH�GLVWULEXWLRQ�DUH�VKRZQ�LQ�)LJ����DQG�)LJ������
%\� FRPSDULQJ� WKH� YHORFLW\� ILHOG� LQ� )LJ�� �� ZLWK� WKH�
YHORFLW\�ILHOG�ZLWKRXW�LQILOWUDWLRQ��DV�VKRZQ�LQ�)LJ������
ZH�FDQ�VHH�WKDW�WKH�YHORFLW\�ILHOG�RI�VXSSO\�DLU�PRGH�
FKDQJHV�RQO\� D� OLWWOH��7KH� ODUJH�YRUWH[� LV� VLPLODU� IRU�

VXSSO\�DLU�PRGH�ZLWK� VRPH� LQILOWUDWLRQV�DQG�ZLWKRXW�
LQILOWUDWLRQ�� +RZHYHU�� LQ� H[KDXVW� DLU� PRGH�� WKH�
YHORFLW\� ILHOG� FKDQJHV� D� ORW�� 7KH� ODUJH� YRUWH[� LV�
EURNHQ� LQWR� PDQ\� VPDOO� RQHV�� $QG� WKH� DYHUDJH�
YHORFLW\� LV� VKDUSO\� GHFUHDVHG� WR� ������ P�V�� ZLWK� D�
UHODWLYHO\�ORZHU�YHQWLODWLRQ�DELOLW\��

� �
�D�6XSSO\�DLU�PRGH� �E�([KDXVW�DLU�PRGH�

Fig.5.Velocity vectors in the room without infiltration(Case 1) 

� �
�D�6XSSO\�DLU�PRGH� �E�([KDXVW�DLU�PRGH�

Fig. 6. Pressure field in the room without infiltration(Case 1) 
�

� �
�D�6XSSO\�DLU�PRGH� �E�([KDXVW�DLU�PRGH�

Fig. 7.Velocity vectors in the room with some infiltrations(Case 2) 

� �
�D�6XSSO\�DLU�PRGH� �E�([KDXVW�DLU�PRGH�

Fig. 8. Pressure field in the room with some infiltration(Case 2) 
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,Q� )LJ�� ��� FRPSDUHG� ZLWK� WKH� UHVXOWV� ZLWKRXW�
LQILOWUDWLRQ� VKRZQ� LQ� )LJ�� ��� WKH� SUHVVXUH� ILHOG� RI�
VXSSO\� DLU� PRGH� FKDQJHV� D� OLWWOH�� ,W� PDLQWDLQV� WKH�
FKDUDFWHULVWLF� RI� ORZHU� SUHVVXUH� LQ� WKH� PLGGOH� DQG�
KLJKHU�SUHVVXUH�LQ�WKH�FRUQHUV��7KH�RQO\�GLIIHUHQFH�LV�

WKDW� WKH� DYHUDJH� SUHVVXUH� GHFUHDVHV� WR� ����� 3D��
+RZHYHU�� LQ� H[KDXVW� DLU�PRGH�� WKH� SUHVVXUH� ILHOG� LV�
YHU\� GLIIHUHQW� IURP� WKDW� ZLWKRXW� LQILOWUDWLRQV�� DQG�
WHQGV�WR�EH�XQLIRUP��

� �
�D�6XSSO\�DLU�PRGH� �E�([KDXVW�DLU�PRGH�

Fig.9.Velocity vectors in the room with some infiltrations(Case 3) 

Case 3: with sufficient infiltrations 
)RU�IXUWKHU�DQDO\VLV��VXSSRVH�WKDW�WKHUH�DUH�VXIILFLHQW�
LQILOWUDWLRQV�LQ�WKH�URRP��&DVH����$V�VHHQ�LQ�WKH�)LJ��
���ZKHQ�WKHUH�DUH�VXIILFLHQW�LQILOWUDWLRQV�LQ�WKH�URRP��
WKH�LQIOXHQFH�RI�H[KDXVW�DLU�H[LVWV�RQO\�QHDU�WKH�RXWOHW�
MXVW�OLNH�WKDW�LQ�WKH�IUHH�VSDFH��ZKLOH�WKH�LQIOXHQFH�RI�
VXSSO\� DLU� KDV� QR� REYLRXV� GLIIHUHQFH� ZLWK� &DVH� ���
$SSDUHQWO\�� WKH� LQILOWUDWLRQ� KDV� ODUJHU� LQIOXHQFH� RQ�
H[KDXVW�DLU�PRGH�WKDQ�VXSSO\�DLU�PRGH��7KHUHIRUH��LW�
LV�WKH�LQILOWUDWLRQ�WKDW�PDNHV�WKH�IORZ�SDWWHUQ�GLIIHUHQW�
EHWZHHQ� WKH� VXSSO\� DLU� PRGH� DQG� WKH� H[KDXVW� DLU�
PRGH��$QG�WKH� VXIILFLHQW� LQILOWUDWLRQV�PDNH� WKH� IORZ�
SDWWHUQ� LQ� YHQWLODWHG� URRP� WHQG� WR� EH� WKDW� LQ� IUHH�
VSDFH��
7UDGLWLRQDOO\�� WKH� VXSSO\� DLU� LV� D� MHW� IORZ�� ZKLFK� LV�
VWURQJ� HQRXJK� WR� YHQWLODWH� IDUWKHU� WKDQ� H[KDXVW� DLU��
([KDXVW�DLU� LV�EHOLHYHG�WR�EH�RQO\�GRPLQDQW�QHDU�WKH�
RXWOHW� RI� DLU� DQG� WKH� LQIOXHQFH� RI� H[KDXVW� DLU�
GHFUHDVHV� TXLFNO\�ZKHQ� WKH� GLVWDQFH� WR� WKH� RXWOHW� LV�
LQFUHDVHG��,Q�IDFW��WKH�WUDGLWLRQDO�LGHD�URRWV�LQ�WKH�IUHH�
VSDFH� YHQWLODWLRQ�� +RZHYHU�� LQ� WKH� URRP� ZLWKRXW�
LQILOWUDWLRQV�� WKH� IORZ�SDWWHUQ� UHVXOWHG�E\�H[KDXVW�DLU�
LV� DOPRVW� WKH� VDPH�ZLWK� WKDW� UHVXOWHG� E\� VXSSO\� DLU��
ZKLFK� LQGLFDWHV� WKDW� WKH� H[KDXVW� DLU� LV� DOVR� VWURQJ�
HQRXJK�WR�YHQWLODWH�WKH�URRP�MXVW�OLNH�WKH�VXSSO\�DLU��
,Q� SUDFWLFH�� WKHUH� PXVW� EH� VRPH� LQILOWUDWLRQV� LQ� WKH�
URRP�� ZKLFK� PDNHV� WKH� IORZ� SDWWHUQ� GLIIHUHQW�
EHWZHHQ� WKH� VXSSO\� DLU� DQG� H[KDXVW� DLU�� 7KH�
LQILOWUDWLRQV� KDYH� OLWWOH� HIIHFW� RQ� IORZ� SDWWHUQ� LQ�
VXSSO\�DLU�PRGH��EXW�KDYH�ODUJH�HIIHFW�RQ�IORZ�SDWWHUQ�
LQ� H[KDXVW� DLU�PRGH��:KHQ� LQILOWUDWLRQ� H[LVWV� DOPRVW�
HYHU\ZKHUH�� WKH� LQIOXHQFH� RI� H[KDXVW� DLU� H[LVWV� RQO\�
QHDU�WKH�RXWOHW��MXVW�OLNH�WKH�IUHH�VSDFH�FDVH���

Case 4: infiltrations with different dimension 
6LQFH�LQILOWUDWLRQ�SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKH�URRP�
YHQWLODWLRQ�� IXUWKHU� DQDO\VLV� DERXW� GLIIHUHQW�
GLPHQVLRQ�RI�WKH�LQILOWUDWLRQV�KDYH�EHHQ�GLVFXVVHG�E\�
VLPXODWLRQ�� VKRZQ� DV� &DVH� ��� ZKHUH� WKH� LQILOWUDWLRQ�
QXPEHU� DQG� SRVLWLRQ� DUH� IL[HG� DQG� WKH� ZLGWK� RI�
LQILOWUDWLRQV�YDULHV�IURP��������P�WR�����P��7KH�IORZ�
SDWWHUQV�LQ�VXSSO\�DLU�PRGH�DQG�H[KDXVW�DLU�PRGH�DUH�
VKRZQ� LQ� WKH� )LJ�� ��� DQG� )LJ�� ��� UHVSHFWLYHO\�� ,Q�
DGGLWLRQ�� WKH� FDOFXODWHG� UHVXOWV� VXFK� DV� DLUIORZ�
YROXPH�DUH�VKRZQ�LQ�7DEOH���DQG�7DEOH����
)URP�)LJ�����DQG�7DEOH���� LW� LV� IRXQG� WKDW� LQ�VXSSO\�
DLU�PRGH�WKH�ODUJH�YRUWH[�LQ�WKH�IORZ�SDWWHUQ�LV�DOPRVW�
WKH� VDPH� DQG� WKH� SUHVVXUH� LV� KLJKHU� DURXQG� WKH�
FRUQHUV�DQG�ORZHU�LQ�WKH�PLGGOH�ZKHQ�WKH�GLPHQVLRQ�
RI� LQILOWUDWLRQ� FKDQJHV�� $V� WKH� GLPHQVLRQ� RI� WKH�
LQILOWUDWLRQ� LQFUHDVHV�� WKH� DYHUDJH� YHORFLW\� GHFUHDVHV�
VOLJKWO\� DQG� WKH� DYHUDJH� SUHVVXUH� GHFUHDVH� VKDUSO\��
)LQDOO\�� WKH� DLUIORZ� YROXPH� WKURXJK� WKH� LQILOWUDWLRQ�
EHFRPHV� ODUJHU� DQG� WKH� DLUIORZ� YROXPH� WKURXJK� WKH�
RXWOHW�EHFRPHV�OHVV�UHODWLYHO\��
)URP�)LJ�����DQG�7DEOH����LW�LV�IRXQG�WKDW�LQ�H[KDXVW�
DLU� PRGH� WKH� ODUJH� YRUWH[� LQ� WKH� IORZ� SDWWHUQ�
GLVDSSHDUHG� JUDGXDOO\� DQG� WKH� SUHVVXUH� GLVWULEXWLRQ�
WHQGV� WR� EH� XQLIRUP�ZLWK� WKH� LQFUHDVH� RI� LQILOWUDWLRQ�
GLPHQVLRQ�� $GGLWLRQDOO\�� DV� WKH� GLPHQVLRQ� RI� WKH�
LQILOWUDWLRQ� LQFUHDVHV�� WKH� DYHUDJH� YHORFLW\� GHFUHDVHV�
IDVWHU� WKDQ� WKDW� LQ� VXSSO\� DLU� PRGH�� 6LPLODUO\�� WKH�
DLUIORZ� YROXPH� WKURXJK� WKH� LQILOWUDWLRQ� EHFRPHV�
ODUJHU� DQG� WKH� DLUIORZ� YROXPH� WKURXJK� WKH� LQOHW�
EHFRPHV�OHVV�UHODWLYHO\��
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Table 2. The airflow parameters with different infiltration dimension in supply air mode (Case 4) 
,QILOWUDWLRQ�
ZLGWK�

�
P�

$LUIORZ�YROXPH�WKURXJK� $YHUDJH�
3UHVVXUH�

�
3D�

$YHUDJH�
YHORFLW\�

�
P�V�

LQOHW�
�

P��V�

RXWOHW�
�

P��V�

,QILOWUDWLRQ�
��

P��V�

LQILOWUDWLRQ�
��

P��V�

LQILOWUDWLRQ�
��

P��V�

LQILOWUDWLRQ�
��

P��V�
������� ������ ������ ������ ������ ������ ������ ������ ������
������� ������ ������ ������ ������ ������ ������ ������ ������
������� ������ ������ ������ ������ ������ ������ ������ ������
������� ������ ������ ������ ������ ������ ������ ������ ������
������� ������ ������ ������ ������ ������ ������ ������ ������

 
Table 3. The airflow parameters with different infiltration dimension in exhaust air mode (Case 4) 

,QILOWUDWLRQ�
ZLGWK�

�
P�

$LUIORZ�YROXPH�WKURXJK� $YHUDJH�
3UHVVXUH�

�
3D�

$YHUDJH�
YHORFLW\�

�
P�V�

LQOHW�
�

P��V�

RXWOHW�
�

P��V�

,QILOWUDWLRQ�
��

P��V�

LQILOWUDWLRQ�
��

P��V�

LQILOWUDWLRQ�
��

P��V�

LQILOWUDWLRQ�
��

P��V�
������� ������ ������ ������ ������ ������ ������ ������� ������
������� ������ ������ ������ ������ ������ ������ ������� ������
������� ������ ������ ������ ������ ������ ������ ������� ������
������� ������ ������ ������ ������ ������ ������ ������� ������
������� ������ ������ ������ ������ ������ ������ ������� ������

&21&/86,21�
7R� DQDO\]H� WKH� GLIIHUHQFH� RI� IORZ� SDWWHUQ� EHWZHHQ�
VXSSO\� DLU� DQG� H[KDXVW� DLU�� D� WZR�GLPHQVLRQDO�
YHQWLODWHG�URRP�KDV�EHHQ�LQYHVWLJDWHG�E\�XVLQJ�&)'�
VRIWZDUH�� %RWK� WKH� URRP� ZLWKRXW� DQG� ZLWK�
LQILOWUDWLRQV�KDV�EHHQ�LQYHVWLJDWHG�E\�VLPXODWLRQ��)RU�
IXUWKHU� DQDO\VLV�� GLPHQVLRQ� RI� WKH� LQILOWUDWLRQV� KDYH�
EHHQ�GLVFXVVHG�LQ�GHWDLO��7KH�FRQFOXVLRQV�DUH�OLVWHG�DV�
IROORZV��
��� ,Q� WKH�YHQWLODWHG� URRP�ZLWKRXW� LQILOWUDWLRQ�� WKH�

IORZ� SDWWHUQ� UHVXOWHG� E\� H[KDXVW� DLU� LV� DOPRVW�
WKH� VDPH� ZLWK� WKDW� UHVXOWHG� E\� VXSSO\� DLU��
ZKLFK� LV� GLIIHUHQW� IURP� WKH� WUDGLWLRQDO� WKHRU\��
L�H��� WKH� VXSSO\� DLU� LV� VWURQJ� HQRXJK� WR� VXSSO\�
DLU� IDUWKHU� WKDQ� H[KDXVW� DLU�� DQG� H[KDXVW� DLU� LV�
RQO\�GRPLQDQW�QHDU�WKH�RXWOHW�RI�DLU���

��� ,Q� WKH� URRP� ZLWK� VRPH� LQILOWUDWLRQV�� WKH� IORZ�
SDWWHUQ�IRU�H[KDXVW�DLU�LV�GLIIHUHQW�IURP�WKDW�IRU�
VXSSO\� DLU�� :KHQ� LQILOWUDWLRQ� H[LVWV� DOPRVW�
HYHU\ZKHUH�� WKH�LQIOXHQFH�RI�H[KDXVW�DLU�H[LVWV�
RQO\� QHDU� WKH� RXWOHW�� ZKLOH� WKH� LQIOXHQFH� RI�
VXSSO\� DLU� KDV� QR� REYLRXV� GLIIHUHQFH�ZLWK� WKH�
FDVH�ZLWKRXW�LQILOWUDWLRQ��

��� 7KH� LQILOWUDWLRQ� GLPHQVLRQ� KDYH� D� ODUJHU�
LQIOXHQFH�RQ� H[KDXVW� DLU�PRGH� WKDQ� VXSSO\� DLU�
PRGH�� :KHQ� WKH� LQILOWUDWLRQ� GLPHQVLRQ�
LQFUHDVHV�� WKH� VXSSO\� DLU� PRGH� PDLQWDLQV� WKH�
VDPH� IORZ� SDWWHUQ�� :KLOH� WKH� IORZ� SDWWHUQ� LQ�
H[KDXVW� DLU� PRGH� FKDQJHV� D� ORW�� 7KH� DYHUDJH�
YHORFLW\� GHFUHDVH� VKDUSO\� DQG� WKH� SUHVVXUH�
GLVWULEXWLRQ�WHQGV�WR�EH�XQLIRUP��

$&.12:/('*(0(17�
7KLV� VWXG\� LV� VXSSRUWHG� E\� WKH� 1DWLRQDO� 6FLHQFH�
)RXQGDWLRQ� IRU� 'LVWLQJXLVKHG� <RXQJ� 6FKRODUV� RI�
&KLQD��*UDQW�1R�����������DQG�7KH�QDWLRQDO�VFLHQFH�
DQG� WHFKQRORJ\� VXSSRUW� SURJUDP� �*UDQW� 1R��
����%$-��%�����

5()(5(1&(6�
$6+5$(��������$6+5$(�+DQGERRN²$SSOLFDWLRQV�

&K�����,QGXVWULDO�ORFDO�H[KDXVW��$WODQWD��86$��
&KHQJ��6��)���/XR��:��-���:X��<��/���HW�DO��������7KH�

HIIHFW�RI�DLU�VXSSO\�DQG�DLU�H[KDXVW� ORFDWLRQV�RQ�
SDUWLFOH� UHVWUDLQW� DQG� UHPRYDO� LQ� D� ODERUDWRU\�
XWLOL]LQJ� D� ODJUDQJLDQ� SDUWLFOH�WUDFNLQJ�
PHWKRG��,QW��-��3K\V��������������������

*RRGIHOORZ��+��'��������,QGXVWULDO�YHQWLODWLRQ�GHVLJQ�
JXLGHERRN��$FDGHPLF�SUHVV��

+HLQRQHQ��.���.XOPDOD�� ,��� DQG�6llPlQHQ��$�� ������
/RFDO� YHQWLODWLRQ� IRU� SRZGHU� KDQGOLQJ²
FRPELQDWLRQ� RI� ORFDO� VXSSO\� DQG� H[KDXVW�
DLU��$PHULFDQ� ,QGXVWULDO� +\JLHQH�
$VVRFLDWLRQ������������������

$QGHUVRQ��-��'��������&RPSXWDWLRQDO�IOXLG�G\QDPLFV��
1HZ�<RUN��0F*UDZ�+LOO��

/L�� <�� ������ &RPSXWDWLRQDO� )OXLG� '\QDPLFV�
7HFKQRORJ\� DQG� ,WV� $SSOLFDWLRQ� LQ� :LQG�
(QYLURQPHQW� $QDO\VLV��-RXUQDO� RI� 8UEDQ�
7HFKQRORJ\����������������

&KHQ�� 4�� <��� ;X�� :�� ������ $� ]HUR�HTXDWLRQ�
WXUEXOHQFH�PRGHO� IRU� LQGRRU� DLUIORZ� VLPXODWLRQ��
(QHUJ\�DQG�%XLOGLQJV������������±�����

:DQ��-��:���DQG�YDQ�GHU�.RRL��-���������,QIOXHQFH�RI�
WKH� SRVLWLRQ� RI� VXSSO\� DQG� H[KDXVW� RSHQLQJV� RQ�
FRPIRUW� LQ� D� SDVVHQJHU� YHKLFOH��,QWHUQDWLRQDO�
-RXUQDO�RI�9HKLFOH�'HVLJQ������������������

=KDR� %��� /L� ;�� 7��� <DQ� 4�� 6�� ������ $� VLPSOLILHG�
V\VWHP� IRU� LQGRRU� DLUIORZ� VLPXODWLRQ�� %XLOGLQJ�
DQG� (QYLURQPHQW�� ������ ��������
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