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$%675$&7�
7KH� DLP� RI� WKLVH� SDSHU� LV� WR� WDNH� WKH� DGYDQWDJH� RI�
&)'� DSSOLFDWLRQ� LQ� FDOFXODWLQJ�� RSWLPLVLQJ�� DQG�
GHVLJQLQJ� DLU� FXUWDLQV� XVHG� WR� VHSDUDWH� VPRNH� IUHH�
]RQHV� LQ� FDVH� RI� ILUH�� 3URSHUO\� GHVLJQHG� DLU� FXUWDLQ�
SURGXFHV� D� SUHVVXUH� GURS� ZKLFK� IRUELGV� WUDQVYHUVDO�
IORZ�WKURXJK� WKH�RSHQLQJ�� ,W� LV�KDUG� WR�PDNH�D�JRRG�
TXDOLW\� &)'� FDOFXODWLRQ� RI� WKDW� NLQG� RI� DLU� FXUWDLQ�
EHFDXVH�RI�D�KLJK�YHORFLW\�DQG�UHODWLYHO\�WKLQ�QR]]OH��
0RVW� DLU� FXUWDLQV� DUH� WHVWHG� RQ� VFDOHG� GRZQ�PRGHOV�
ZKLFK� DUH� GLIILFXOW� WR� H[WUDSRODWH�� $XWKRU� RI� WKDW�
DUWLFOH� KDG� GRQH� WHVWV� LQ� D� UHDO� VFDOH� PRGHO�� 7HVWV�
UHVXOWV�ZHUH�XVHG�WR�YHULI\�FKRVHQ�WXUEXOHQFH�PRGHO��
7KH� LQWHQWLRQ� RI� WKLV� SDSHU� LV� WR� SUHVHQW� WKH�
SRVVLELOLWLHV�RI�&)'�ZKLOH�GHVLJQLQJ�DLU�FXUWDLQV�XVHG�
LQ�ILUH�VDIHW\�HQJLQHHULQJ��

,1752'8&7,21�
7R�DYRLG�VWDQGVWLOO�DQG�IDFLOLWDWH�WKH�IORZ�RI�YHKLFOHV�
DQG�SHRSOH�WKURXJK�GRRUZD\V�RI�EXLOGLQJV�DQG�RWKHU�
HQFORVXUHV�� VROLG� GRRUV� DUH� RIWHQ� UHSODFHG� RU�
VXSSOHPHQWHG�E\�DLU�FXUWDLQV��DLU�VFUHHQV��DLU�SODQHV���
6LPXOWDQHRXVO\�� WKH� DLU� VFUHHQ� HOLPLQDWHV�RU� UHGXFHV�
WKH� WUDQVIHU� RI� KHDW� DQG� PDVV� WKURXJK� WKH� RSHQLQJ���
$LU� FXUWDLQV�KDYH�EHFRPH�SRSXODU� LQ� WKH���¶V�RI� WKH�
��WK� FHQWXU\�� QHYHUWKHOHVV�� WKH� SULQFLSOHV� RI� WKH� DLU�
SODQHV�GDWHV�EDFN�WR�������7KH�FRQFHSW�RI�DLU�VFUHHQV�
ZDV�IRXQGHG�E\�7KHRSKLOXV�YDQ�.HQQHO�DQG�KLV�LGHD�
KDV�EHFRPH�D�IRUHUXQQHU�RI�PRGHUQ�DLU�FXUWDLQV��7KH�
IORZ� RI� DLU� DFURVV� WKH� GRRUV� LV� FDXVHG� E\�� WKH�
GLIIHUHQFH�RI�SUHVVXUH�EHWZHHQ�WZR�YROXPHV�RI�IOXLG��
WKH�GLVVLPLODU�WHPSHUDWXUH�YDOXHV��DQG�WKH�SUHVHQFH�RI�
YHQWLODWLRQ�V\VWHP��$LU�FXUWDLQ�GHYLFHV�DUH�RIWHQ�XVHG�
LQ� WKH� HQWUDQFHV� WR� WKH� SXEOLF� EXLOGLQJV�� FRROLQJ�
URRPV� DQG� UHIULJHUDWRUV�� DV� ZHOO� LQ� FKHPLFDO� DQG�
HOHFWURQLF�LQGXVWU\��
7KH� NQRZOHGJH� WKDW� D� GLUHFW� H[SRVXUH� WR� ILUH� LV� QRW�
WKH�PRVW�LPPHGLDWH�WKUHDW�WR�SHRSOH¶V�OLYHV��KDV�EHHQ�
GLVSOD\HG� E\� SUHYLRXV� H[SHULHQFH� DQG� UHVHDUFK�� $�
YDVW� PDMRULW\� RI� IDWDOLWLHV� FRQQHFWHG� ZLWK� ILUH� DUH�
WULJJHUHG� E\� WKH� VPRNH�LQKDODWLRQ�� 7KHUHIRUH�� WR�
GHFUHDVH� WKH� QXPEHU� RI� IDWDOLWLHV� DLU� FXUWDLQ� GHYLFHV�
FDQ� EH� XVHG� DV� YLUWXDO� VFUHHQV� WR� VWRS� VPRNH�
VSUHDGLQJ� LQ� D� EXLOGLQJ� REMHFW�� 6DIH� HYDFXDWLRQ� RI�
SHRSOH�DQG�VHFXUH�LQWHUYHQWLRQ�RI�ILUH�ILJKWHUV�DUH�RI�
VLJQLILFDQW� LPSRUWDQFH� DQG� QHHG� WR� EH� WDNHQ� LQWR�

FRQVLGHUDWLRQ��DV�PHQWLRQHG�LQ�WKH�DUWLFOH�RI�6]WDUEDOD�
DQG� .UDMHZVNL� �������� $LU� VFUHHQV� FDQ� EH� XVHG� WR�
REVWUXFW� RU� UHGXFH� WKH� PRYHPHQW� RI� WR[LF� VPRNH�
ZKLOH� HQDEOLQJ� IXOO� DFFHVV� WR� HPHUJHQF\� H[LWV��
3URSHUO\� GHVLJQHG� DLU� FXUWDLQV� SURGXFH� D� SUHVVXUH�
GURS� ZKLFK� IRUELGV� WUDQVYHUVDO� IORZ� WKURXJK� WKH�
RSHQLQJ���
7KH�PDLQ�FULWHULRQ�IRU�WKH�DLU�FXUWDLQ�LV�LWV�HIILFLHQF\�
ZKLFK� LV� WKH� UDWH� RI� PDVV� DQG� KHDW� WUDQVIHU� ZKLOH�
FURVVLQJ� LW�� LQ� FRPSDULVRQ� ZLWK� WKH� VDPH� RSHQLQJ�
ZLWKRXW�WKH�FXUWDLQ��
)XUWKHUPRUH�� DLU�� FXUWDLQV� GHVLJQLQJ� LV� FRQVLGHUHG�
UHODWLYHO\� GLIILFXOW�� ,W� LV� HVVHQWLDO� WR� NQRZ� WKH�
FRQGLWLRQV�RQ�ERWK�VLGHV�RI�WKH�DLU�FXUWDLQ�WR�FKRVH�LWV�
SDUDPHWHUV�FRUUHFWO\��
,I�WKH�RXWOHW�YHORFLW\�LV�WRR�KLJK�DQG�EORZLQJ�DQJOH�LV�
QRW�RSWLPDO��WKH�DLU�FXUWDLQ�FDQ�LQFUHDVH�WKH�KHDW�DQG�
PDVV� WUDQVIHU� WKURXJK� LWVHOI�� ,Q� RWKHU� FDVH�� LI� WKH� MHW�
YHORFLW\� LV� WRR� ORZ�� DLU� FXUWDLQ� ZLOO� QRW� EH� WLJKW�
HQRXJK��
&XUUHQWO\�� PRVW� RI� WKH� LQVWDOODWLRQV� DUH�
H[SHULPHQWDOO\� VHW� XS� RQ� VFDOHG� GRZQ� RU� IXOO� VFDOH�
SK\VLFDO� PRGHOV�� 1RQHWKHOHVV�� LW� LV� KDUG� WR�
H[WUDSRODWH�UHVXOWV�IURP�WKH�VFDOHG�GRZQ�PRGHO�WR�WKH�
UHDO� JHRPHWULFDO� GLPHQVLRQV� EHFDXVH� WKH� (XOHU�
QXPEHU� VLPLOLWXGH� LV� XQDYDLODEOH��$V� LW� LV�ZULWWHQ� LQ�
SXEOLVKHG� OLWHUDWXUH� WKDW� NLQG� RI� H[WUDSRODWLRQ�
SURYLGHV�DQ�RYHU�HIILFLHQW�UHVXOWV��
7R� VWXG\� WKH� SHUIRUPDQFH� RI� DLU� FXUWDLQV� WKH�
DSSOLFDWLRQ�RI�FRPSXWDWLRQDO�IOXLG�G\QDPLFV��&)'��LV�
LPPHQVHO\� XVHIXO�� ,W� LV� FULWLFDO� WR� SURSHUO\� GHILQH�
LQLWLDO� DQG� ERXQGDU\� FRQGLWLRQV� DQG� FRPSDUH� JDLQHG�
UHVXOWV�IURP�VLPXODWLRQV�ZLWK�DQDO\WLFDO�HTXDWLRQV���

$,5�&857$,1�'(6&5,37,21��
 Velocity distribution 
7KHUH� DUH� QXPHURXV� SXEOLFDWLRQV� LQYROYLQJ�
H[SHULPHQWDO� GDWD� DQG� PDWKHPDWLFDO� DQDO\VLV�
SUHVHQWLQJ� WKH� WKHRU\�RI�D� IUHH�VWUHDP�MHW�DV�YHORFLW\�
SURILOH� DQG� GHIOHFWLRQ� RI� WKH� FHQWUHOLQH� D[LV��
6LJQLILFDQWO\� LQ� WKLV� VXEMHFW�� SXEOLFDWLRQV� RI�
$EUDPRYLFK��������DQG�5DMDUDWQDP��������RIIHU�WKH�
PRVW�IXQGDPHQWDO�SLHFH�RI�LQIRUPDWLRQ��
3DUWLFXODUO\��GHSHQGLQJ�RQ� WKH�KHLJKW�DQG� WKH� VWUHDP�
RI�DQ�DLU��D�MHW�VKRZV�WZR��WKUHH�RU�IRXU�UHJLRQV��,W�LV�
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SRVVLEOH� WR� GLVWLQJXLVK� WKH� SRWHQWLDO� FRUH� ]RQH�� WKH�
WUDQVLWLRQ� ]RQH�� DQG� WKH� GHYHORSHG� ]RQH� RU� WKH�
LPSLQJLQJ�]RQH��)LJ�����
3RWHQWLDO�FRUH�]RQH� ��FKDUDFWHULVWLF� IRU� WKLV� UHJLRQ� LV�
WKDW� WKH� FHQWUHOLQH� YHORFLW\� LV� DOPRVW� FRQVWDQW� DQG�
HTXDO�WR�WKH�RXWOHW�YHORFLW\�8���
7UDQVLWLRQ�]RQH�±�WKLV�UHJLRQ�VWDUWV�ZLWK�WKH�YHORFLW\�
GHFD\� DQG� WKH� DPSOLILFDWLRQ� RI� WKH� MHW� H[SDQVLRQ�� ,W�
JHQHUDOO\� VWDUWV� DIWHU� DSSUR[LPDWHO\� �� H� IURP� WKH�
QR]]OH�� $QDO\WLFDO� VROXWLRQ� RI� WKH� YHORFLW\� FDQ� EH�
GHVFULEHG�E\��
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'HYHORSHG� ]RQH� ±� LQ� WKLV� UHJLRQ� YHORFLW\� GHFD\�
UHPDLQV� FRQVWDQW�� 9HORFLW\� GHFD\� H[SUHVVHG� ZLWK�
QRQ�GLPHQVLRQDO� TXDQWLWLHV�� ,W� JHQHUDOO\� VWDUWV� DIWHU�
DSSUR[LPDWHO\� ��� H� IURP� WKH� QR]]OH�� $QDO\WLFDO�
VROXWLRQ� RI� WKH� YHORFLW\� FDQ� EH� GHVFULEHG� E\�
�6FKOLFKWLQJ��������
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&�� DQG� &�� GHSHQGV� RQ� WKH� QR]]OH� VKDSH� DQG� RQ� WKH�
ERXQGDU\�FRQGLWLRQV��7KH\�DUH�LQ�WKH�UDQJH�������&��
������DQG������&�������
,PSLQJLQJ�]RQH����WKLV�UHJLRQ�LV�LQ�WKH�YLFLQLW\�RI�WKH�
IORRU��7KH�IORZ�LQ�WKDW�]RQH�LV�YHU\�FRPSOH[�DQG�VWLOO�
QRW� ZHOO� NQRZQ�� 7KLFNQHVV� RI� WKDW� ]RQH� LV�
DSSUR[LPDWHO\�����RI�WRWDO�KHLJKW��

�
)LJXUH���=RQHV�RI�D�IUHH�DLU�MHW�

Deflection of jet axis 
$FFRUGLQJ� WR� )�� &�� +D\HV� DQG�:�� )�� 6WRHFNHU�� WKH�
SUREOHP� RI� D� SODQH� MHW�� VXEMHFWHG� WR� D� ODWHUDO� VLGH�
SUHVVXUH�DQG�WKH�EORZLQJ�DQJOH�GLUHFWHG�WR�WKH�VLGH�RI�
KLJKHU�YDOXH�RI�WKH�SUHVVXUH�LV�WUHDWHG�LQ�WKH�OLWHUDWXUH�
ZLWK�WKH�FRQFOXVLRQ�WKDW�WKH�D[LV�RI�WKH�MHW�UHSUHVHQWV�
D�FLUFXODU�FXUYDWXUH���
7KH� [� DQG� \� PRPHQWXP� HTXDWLRQV� IRU� WKH� FRQWURO�
YROXPH�DUH��

     GXEJSG\ RRFR VLQ� � � (JV����

     GXEJSG[ RRFR FRV� � � (TV����

�
7KHVH�HTXDWLRQV�DUH�WUXH�ZKHQ�LW�LV�DVVXPHG�WKDW�RQO\�
H[WHUQDO� IRUFHV� DUH� WKH� SUHVVXUH� IRUFHV� DFWLQJ� RQ� D�
FRQWURO�YROXPH��)LJ������

�
)LJXUH����$LU�FXUWDLQ��

�
,QWHJUDWLQJ� WKH� ILUVW� DQG� WKH� VHFRQG�HTXDWLRQ�ZH�FDQ�
ILQG� WKH� FRRUGLQDWHV� RI� WKH� MHW� FHQWUHOLQH� [F� DQG� \F��
)LQDOO\��ZH�UHFHLYH� WKH�HTXDWLRQ�RI� WKH� MHW�D[LV�DUF¶V�
VKDSH���$OUHDG\�PHQWLRQHG�DQDO\WLFDO�HTXDWLRQV�ZHUH�
QXPHURXVO\� FRQILUPHG� E\� UHVXOWV� RI� H[SHULPHQWDO�
UHVHDUFK���
�
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(;3(5,0(17�
%HIRUH� VWXG\LQJ� WKH� DLU� FXUWDLQ�� XVHG� WR� SUHYHQW�
VPRNH� PRYHPHQW�� WKH� YHULILFDWLRQ� RI� QXPHULFDO�
PRGHO�KDV�WR�EH�GRQH��7KH�YHULILFDWLRQ�ZDV�GRQH�LQ�D�
WXQQHO� ZLWK� GLPHQVLRQV� ��P� ORQJ�� ��P� ZLGWK� DQG� D�
KHLJKW���P��
7HVWV� HTXLSPHQW� HQDEOH� WR� FDUU\� WHVWV� ZLWK� WKH�
EORZLQJ� DQJOH� RI� WKH� MHW� HTXDOOLQJ� �� �� ���� DQG�
YHORFLW\�XS�WR����P�V��1R]]OH�ZHLJKW�LV����PP�EXW�LW�
FDQ� EH� FKDQJDEOH�� 7KH� SUHVVXUH� GLIIHUHQFH� RQ� ERWK�
VLGHV�RI�DLU�FXUWDLQ�FRXOG�EH�VHW�LQ�D�UDQJH�IURP���3D�
WR�����3D��
6FKHPDWLF� GUDZLQJ� RI� WKH� WHVW� IDFLOLW\� LV� SUHVHQWHG�
EHORZ�LQ�)LJXUH����

�
)LJXUH���6FKHPD�RI�WHVW�IDFLOLW\�PDGH�

�
)LJXUH���5HDO�WHVW�WXQQHO�LQ�ODERUDWRU\�

�

The free air jet 
7KH�LQLWLDO�WHVW��ZKLFK�ZDV�GRQH�WR�YDOLGDWH�QXPHULFDO�
PRGHO��ZDV�D�IUHH�MHW�WHVW��7HVWHV�ZHUH�FDUULHG�RXW�IRU�
WKUHH�GLIIHUHQW� DLU� YHORFLWLHV� DW� WKH�QR]]OH�RXWOHW� DQG�
HTXDO����P�V�����P�V�DQG����P�V��5HIHUULQJ�WR�IUHH�MHW�
FHQWUHOLQH�YHORFLW\�GHFD\�DQG�WUDQVYHUVDO�GLVWULEXWLRQ�
RI�WKH�MHW�YHORFLW\�ZHUH�LQWHUSUHWHG��
7KH� YHORFLW\� PHDVXUHPHQWV� LQ� WKH� FHQWUHOLQH� ZHUH�
GRQH� XVLQJ� KRW� ZLUH� WKHUPR� DQHPRPHWU\� ZLWK� WKUHH�
ZLUHV� WR� PHDVXUH� YHORFLW\� LQ� WZR� GLUHFWLRQV��
�)LJXUH�����

�
)LJXUH���9HORFLW\�DW�WKH�QR]]OH�RXWOHW�

��
�$GGLWLRQDOO\�VRPH�YLVXDOLVDWLRQV�RI�WKH�VWUHDP�ZHUH�
GRQH�WR�SUHVHQW�LWV�VKDSH�DQG�WXUEXOHQFH��)LJXUH�����

� �
)LJXUH���$LU�FXUWDLQ�YLVXDOLVDWLRQ�

�
�

6,08/$7,21�
,Q� RUGHU� WR� HYDOXDWH� WKH� SDUDPHWHUV� DQG� WKH�
HIIHFWLYHQHVV�RI�DLU�FXUWDLQ��LW�LV�QHFHVVDU\�WR�SHUIRUP�
VHULHV� RI� FDOFXODWLRQV� XVLQJ� WKH� FRPSXWDWLRQDO� IOXLG�
G\QDPLFV�DSSOLFDWLRQ��
7R� FRQILUP� WKH� FRUUHFWQHVV� RI� � ERXQGDU\� FRQGLWLRQV�
DQG�&)'�PRGHOV�DSSOLFDWLRQ��QXPHULFDO� FDOFXODWLRQV�
RI�IUHH�MHW�ZHUH�SHUIRUPHG��'HILQHG�LQLWLDO�FRQGLWLRQV�
ZHUH�WKH�VDPH�DV�LQ�WKH�H[SHULPHQW��%ORZLQJ�DQJOH�RI�
WKH� MHW� ZDV� HTXDO� ���RXWOHW� YHORFLW\� IURP� WKH� QR]]OH�
���P�V�����P�V�DQG����P�V��7XUEXOHQFH�LQWHQVLW\�ZDV�
WKH�VDPH�DV�LQ�H[SHULPHQW�DQG�ZDV�HTXDO�DERXW������
7KH�WKUHH�GLPHQVLRQDO�PRGHO�RI�WKH�DQDO\]HG�GRPDLQ�
ZDV�EXLOG�DV�LW�ZDV�LQ� WKH�H[SHULPHQW��,Q�WKH�PLGGOH�
RI� WKH� FHLOLQJ� DQ� DLU� FXUWDLQ� RXWOHW�ZDV� FUHDWHG�� 7KH�
GRPDLQ� KDV� EHHQ� GLYLGHG� LQWR� ILQLWH� QXPEHU� RI�
FRQWURO� YROXPHV� XVLQJ� DQ� XQVWUXFWXUHG� KH[DKHGUDO�
JULG�� 7KH� WRWDO� TXDQWLW\� RI� FRQWURO� YROXPHV� ZDV�
DSSUR[LPDWHO\� ���������� ZLWK� GLPHQVLRQV� UDQJLQJ�
IURP���PP�LQ�WKH�DUHD�RI�DLU�FXUWDLQ�RXWOHW�WR����PP�
RQ�WKH�SHULSKHULHV�RI�WKH�GRPDLQ��7KUHH�GLPHQVLRQDO�
PRGHO�LV�SUHVHQWHG�RQ�)LJXUH����
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�
)LJXUH���9LHZ�RI�WKH�&)'�PRGHO�

'LVSOD\HG� QXPHULFDO� VLPXODWLRQV� ZHUH� FRQGXFWHG�
XVLQJ�$16<6�)OXHQW� ������ VRIWZDUH��:KDW� LV�PRUH��
5$16�N�İ�DQG�/(6�WXUEXOHQFH�PRGHO�ZHUH�DSSOLHG�LQ�
WKH� FDOFXODWLRQV�� 'HVFULELQJ� WKH� SLFWXUH�� ERXQGDU\�
FRQGLWLRQV� DUH� GHILQHG� DV� ZDOOV� IRU� WKH� VLGH�� ERWWRP�
DQG� WRS� RI� DQDO\VHG� GRPDLQ�� $GGLWLRQDOO\�� WKH� DLU�
FXUWDLQ�VORW�LV�GHILQHG�DV�YHORFLW\�LQOHW��XSVWUHDP�DQG�
GRZQVWUHDP� SDUW� RI� D�PRGHO� LV� SUHVVXUH� LQOHW�� $IWHU�
WKH� DSSURSULDWHQHVV� RI� WKH� QXPHULFDO� FRQILUPDWLRQ��
YDULRXV�FRQILJXUDWLRQV�� WR�FKHFN� WKH�EHKDYLRXU�RI�DQ�
DLU� VWUHDP�� KDYH� EHHQ� LQYHVWLJDWHG�� IRU� LQVWDQFH��
GLYHUVH� SUHVVXUH� GLIIHUHQFHV� DQG� RXWOHW� YHORFLWLHV���
&RQFOXGLQJ�� UHVXOWV� IURP� WKH�&)'�FDOFXODWLRQV�ZHUH�
FRPSDUHG�ZLWK�WKRVH�IURP�WKH�H[SHULPHQW��
�

5(68/76�
7KH�HIIHFWV�RI�DXWKRU¶V�QXPHULFDO�FDOFXODWLRQV�RI�IUHH�
MHW� DUH� LQ� DQ� H[WUHPHO\� JRRG� DJUHHPHQW� ZLWK� WKH�
H[DPLQHG� UHVXOWV� IURP� H[SHULPHQW�� H[FHSW� WKH� ILUVW�
SDUW� RI� WKH� VWUHDP�� $V� LOOXVWUDWHG� LQ� )LJXUH� ��� WKH�
RXWFRPHV� RI� WKH� FHQWUHOLQH� YHORFLW\� UHYHDO� LPPHQVH�
VLPLODULW\� WR� WKRVH�JLYHQ� LQ� WKH�H[SHULPHQW�� ,Q�RUGHU�
WR�YLVXDOL]H�WKH�YHORFLW\�SURILOH��WKH�YHORFLW\�FRXQWHUV�
LQ�FURVV�VHFWLRQ�RI�DQDO\WLFDO�GRPDLQ�DUH�SUHVHQWHG�LQ�
ILJXUH���DQG����IRU�ERWK�WXUEXOHQFH�PRGHOV��

�

a 

�

b 

�

c 

�
)LJXUH���&HQWUHOLQH�9HORFLW\��

�,� ����Į �����
D�8 ���P�V��E��8 ���P�V��F�8 ����P�V��

�

�
)LJXUH���9HORFLW\�FRXQWHUV�LQ�FURVV�VHFWLRQ�RI�
QXPHULFDO�GRPDLQ��N��İ�WXUEXOHQFH�PRGHO��

�

�
)LJXUH����9HORFLW\�FRXQWHUV�LQ�FURVV�VHFWLRQ�RI�
QXPHULFDO�GRPDLQ��/(6�WXUEXOHQFH�PRGHO��

�

8SVWUHDP�
�SUHVVXUH�LQOHW��

'RZQVWUHDP�
�SUHVVXUH�LQOHW��

$LU�FXUWDLQ�
�YHORFLW\�LQOHW��
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$Q� H[DPSOH� RI� WKH� LGHD� RI� XVLQJ� DLU� FXUWDLQ� DV� D�
VHSDUDWLRQ�RI�WZR�]RQHV���RQH�IXOO�RI�VPRNH�DQG�RQH�
IUHH�RI�VPRNH�LV�SUHVHQWHG�RQ�D�)LJXUH�����

�
)LJXUH����'LYLVLRQ�RI�WZR�]RQHV�XVLQJ�DLU�FXUWDLQ�

�
$Q� H[DPSOH� YLVXDOLVDWLRQV� RI� DLU� FXUWDLQ� XQGHU� WKH�
LQIOXHQFH� RI� ODWHUDO� SUHVVXUH� DUH� SUHVHQWHG� EHORZ�RQ�
)LJXUHV���� DQG����� WKH� FXUYDWXUH�RI� DQ� DLU� VWUHDP� LV�
H[WUHPHO\� FRUUHVSRQGLQJ� IRU� ERWK� WXUEXOHQW� PRGHOV��
N�İ� DQG� /(6�� 7KHUH� LV� DQ� HVVHQWLDO� GLIIHUHQFH� LQ�
YHORFLW\� SURILOH� EXW� ERWK� RI� WKHP� DUH� VXEVWDQWLDOO\�
VLPLODU�WR�ODVHU�YLVXDOLVDWLRQV�SUHVHQWHG�LQ�OLWHUDWXUH��
�

�
)LJXUH����9HORFLW\�SURILOH�LQ�FURVV�VHFWLRQ��N�İ�

WXUEXOHQFH�PRGHO��
�

�
)LJXUH����9HORFLW\�SURILOH�LQ�FURVV�VHFWLRQ��/(6�

WXUEXOHQFH�PRGHO��
�

�
)LJXUH����0DVV�IUDFWLRQ�RI�WUDFHU�JDV�LQ�FURVV�

VHFWLRQ��N�İ�WXUEXOHQFH�PRGHO��
�

�
)LJXUH����0DVV�IUDFWLRQ�RI�WUDFHU�JDV�LQ�FURVV�

VHFWLRQ��/(6�WXUEXOHQFH�PRGHO��
�

,Q�)LJXUH����DQG����D�GLYLVLRQ�RI�WZR�VHSDUDWH�]RQHV�
RI� IOXLG� LV� SUHVHQWHG�� 2QH� RI� WKHP� LV� IXOO� RI� VPRNH�
DQG� WKH� VHFRQG� RQH�� RQ� WKH� RSSRVLWH� VLGH� RI� WKH� DLU�
FXUWDLQ��LV�DOPRVW�IUHH�RI�VPRNH��
0RUHRYHU�� LQ� ERWK� VHWWLQJV� RI� N�İ� WXUEXOHQFH� PRGHO�
DQG� /(6� WXUEXOHQFH� PRGHO�� WKH� DPRXQW� RI� VPRNH�
ZKLFK� LV� WUDQVIHUUHG� WKURXJK� WKH� DLU� FXUWDLQ� LV�
VLJQLILFDQWO\� ORZ�� 0RUH� GHWDLOHG� DQDO\VLV� RI� DLU�
FXUWDLQ� OHDNDJHV� ZLOO� EH� GRQH� LQ� IDUWKHU� UHVHDUFK�
XVLQJ� D� JDV� WUDFHU� GHFD\� PHWKRG� ZKLFK� ZLOO� EH�
LPSOHPHQWHG�WR�&)'�FDOFXODWLRQV��

&21&/86,21�
7KH�VWXG\�SUHVHQWHG� LQ� WKLV�SDSHU�ZDV�DQ� DWWHPSW� WR�
GHPRQVWUDWH� D� SRVVLELOLW\� RI� XVLQJ� &)'� PHWKRGV�
ZKLFK� FDQ� KHOS� DQDO\VH� DOO� UHTXLUHG� SDUDPHWHUV� WR�
FKHFN� LI� DQ� DLU� FXUWDLQ� LV� SURSHUO\� GHVLJQHG��
$FFRUGLQJ� WR� FRQGXFWHG� VLPXODWLRQV�� LW� LV� FUXFLDO� WR�
GHFODUH� WKDW�DLU�FXUWDLQV�FDQ�EH�XVHG�DV�D�GLYLVLRQ�RI�
VPRNH�IUHH�]RQHV�LQ�FDVH�RI�ILUH��
,Q� DGGLWLRQ�� SURSHUO\� GHILQHG� ERXQGDU\� FRQGLWLRQV�
DQG� FKRVHQ� WXUEXOHQW� PRGHO� KDYH� IXQGDPHQWDO�
LQIOXHQFH�RQ�UHFHLYHG�HIIHFWV��
5$16� N�İ� WXUEXOHQFH� PRGHO� SURYLGHV� UHVXOWV�
HVSHFLDOO\�TXLFNO\��KRZHYHU�� WKH�FRQFOXVLRQV�DUH�QRW�
SDUWLFXODUO\� VLPLODU� WR� WKH� UHDOLW\� DQG� HVSHFLDOO\� GXH�
WR� WKH� IDFW� WKDW� WKH� LPSLQJHQW� ]RQH� LV� PRGHOOHG�
LQFRUUHFWO\�� 3DUDPHWHUV� RI� WKH� DLU� FXUWDLQ� FDQ� EH�
XQGHUVL]HG��)RU�PRUH�GHWDLOHG�DQDO\VLV��LW�LV�EHWWHU�WR�
XVH� /(6� PRGHO� ZLWK� DQ� H[FHSWLRQDOO\� GHQVH� PHVK�
EHFDXVH�WKH�PRGHO�LV�YHU\�VXVFHSWLEOH�WR�D�VL]H�RI�WKH�
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PHVK� DQG� FDQ� JLYH� IDOVH� UHVXOWV� LI� HOHPHQWV� DUH�
RYHUVL]HG��
�� ,Q� FDVH� RI� IXUWKHU� VWXGLHV�� LW� LV� FULWLFDO� WR� GHILQH�
SDUDPHWHUV� RI� DQ� DLU� FXUWDLQ� ZKLFK� ZRXOG� EH� WLJKW�
HQRXJK� WR� FRPSOHWHO\� VHSDUDWH� WZR� QHLJKERXULQJ�
]RQHV�� $GGLWLRQDOO\� QHZ� FDOFXODWLRQV� ZLOO� EH� GRQH�
ZLWK� 6$6� WXUEXOHQFH� PRGHO�� 3UREDEO\� UHVXOWV� IURP�
&)'� FDOFXODWLRQV� IRU� GLIIHUHQW� WXUEXOHQFH� PRGHOV�
ZLWK� GLIIHUHQW� VXE�PRGHOV� ZLOO� JLYH� EHWWHU� DFFXUDF\��
,Q�IXUWKHU�VWXGLRV�WKHUH�ZLOO�EH�GRQH�IXOO�VFDOH�WHVWV�RI�
DLU�FXUWDLQ�ZKLFK�LV�LQIOXHQFHG�EH�SUHVVXUH�GLIIHUHQFH�
DQG�KLJK�WHPSHUDWXUH��,W�LV�SUHGLFW�WKDW�IXOO�VFDOH�WHVWV�
UHVXOWV� ZLOO� EH� YHU\� VLPLODU� WR� GRVH� IURP� &)'�
FDOFXODWLRQV��

5()(5(1&(6�
$EUDPRYLWFK� *�1��� 7KH� WKHRU\� RI� WXUEXOHQW� MHWV��
0DVVDFKXVHWWV�0�,�7��SUHVV�������
$16<6�)OXHQW���������7HFKQLFDO�'RFXPHQWDWLRQ�
*R\RQQDXG�/���6ROOLHF�&���0DVV� WUDQVIHU� DQDO\VLV� RI�
DQ� DLU� FXUWDLQ� V\VWHP�� 7UDQVDFWLRQV� RQ� (QJLQHHULQJ�
6FLHQFH�YRO�����������:77�3UHVV�
*XJOLHUPHWWL�)���6DQWUDSLD�/���=RUL�*���$LU�FXUWDLQ�
DSSOLHG�WR�ILUH�VPRNH�SROOXWLRQ�FRQWURO��7UDQVDFWLRQV�
RQ�(FRORJ\�DQG�WKH�(QYLURQPHQW�YRO�����������:77�
3UHVV�
*X\RQQDXQG�/���6ROOLHF�&���'XIUHVHQH�GH�9LUHO�0���
5H\�&���'HVLJQ�RI�DLU�FXUWDLQV�XVHG�IRU�DUHD�
FRQILQHPHQW�LQ�WXQQHOV��([SHULPHQWV�LQ�)OXLGV����
���������������6SULQJHU�9HUODJ������
*XSWD�6���3DYDJHDX�0���(OLFHU�&RUWHV�-��&���&HOOXODU�
FRQILQHPHQW�RI�WXQQHO�VHFWLRQV�EHWZHHQ�WZR�DLU�
FXUWDLQV��%XLOGLQJ�DQG�(QYLURQPDQW����������������
�����
+D\HV�)��&���6WRHFNHU�:��)���+HDW�7UDQVIHU�
&KDUDFWHULVWLFV�RI�WKH�$LU�&XUWDLQ��$6+5$(�
7UDQVDFWLRQV�1R�������������
+D\HV�)��&���6WRHFNHU�:��)���'HVLJ�'DWD�)RU�$LU�
&XUWDLQV��$6+5$(�7UDQVDFWLRQV�1R������������
5DMDUDWQDP� 1��� 7XUEXOHQW� MHWV�� � (OVHYLHU���
$PVWHUGDP�������
6FKOLFKWLQJ�� %RXQGDU\� OD\HU� WKHRU\�� 0F� *UDZ�+LOO�
%RRN��1HZ�<RUN�������
6]WDUEDOD� *��� .UDMHZVNL� *��� $SSOLFDWLRQ� RI� &$(� LQ�
GHVLJQLQJ�SURFHVV�RI�ILUH�YHQWLODWLRQ�V\VWHP�EDVHG�RQ�
MHW�IDQ�V\VWHP��(%(&&�/RQGRQ��8.�������
Krajewski G.,   Sztarbała   G.: Air curtain used for 
separating smoke free zones in case of fire, 12th 
International Conference of Building Simulation 
2011 
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