
BUILDING HEIGHT AND URBAN CONFIGURATION EFFECTS ON WIND FLOW 
ABOVE A BARREL VAULTED ROOF 
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$%675$&7�
7KLV� SDSHU� SUHVHQWV� D� QXPHULFDO� �&)'�� DQDO\VLV� RI�
ZLQG� IORZ� DERYH� D� EDUUHO� YDXOWHG� EXLOGLQJ� SODFHG�
ZLWKLQ�WZR�GLIIHUHQW�XUEDQ�VHWWLQJ��XUEDQ�FDQ\RQ�DQG�
D� VWDJJHUHG� FRQILJXUDWLRQ��� � 7KH� EXLOGLQJ� KHLJKW� LV�
FKDQJHG� WR� LGHQWLI\� WKH� HIIHFW� RI� WKH�EXLOGLQJ�KHLJKW�
DQG�WKH�VXUURXQGLQJ�XUEDQ�FRQILJXUDWLRQ�RQ�WKH�ZLQG�
YHORFLW\�DERYH� WKH�EDUUHO�YDXOWHG� URRI��5HVXOWV� VKRZ�
WKDW� ZLWK� WKH� LQFUHDVH� LQ� EXLOGLQJ� KHLJKW� WKH� ZLQG�
YHORFLW\� LQFUHDVHV� DQG� DFFRUGLQJO\� WKH� HQHUJ\� \LHOG�
RI�D� URRI�PRXQWHG�ZLQG� WXUELQH� LQFUHDVHV��:KHQ� WKH�
EXLOGLQJ� LV� KLJKHU� WKDQ� LWV� VXUURXQGLQJV�� WKH� XUEDQ�
FDQ\RQ� LQWURGXFHV� PRUH� DFFHOHUDWLRQ� DERYH� WKH�
LQYHVWLJDWHG� URRI� WKDQ� WKH� VWDJJHUHG� FRQILJXUDWLRQ��
+RZHYHU�� ZKHQ� WKH� EXLOGLQJ� LV� ORZHU� WKDQ� RU� WKH�
VDPH�KHLJKW�DV� WKH� VXUURXQGLQJ�XUEDQ�FRQILJXUDWLRQ��
WKH� VWDJJHUHG� XUEDQ� FRQILJXUDWLRQ� LQWURGXFHV� PRUH�
DFFHOHUDWLRQ� DERYH� WKH� LQYHVWLJDWHG� URRI� WKDQ� WKH�
XUEDQ�FDQ\RQ�FRQILJXUDWLRQ��

,1752'8&7,21�
$ERKHOD� HW� DO�� ������� XVLQJ� &RPSXWDWLRQDO� )OXLG�
'\QDPLFV� &)'� FRQGXFWHG� UHVHDUFK� WR� LGHQWLI\� WKH�
RSWLPXP�URRI�VKDSH�IRU�URRI�PRXQWLQJ�ZLQG�WXUELQHV��
6L[�URRI�VKDSHV�ZHUH�FRPSDUHG�QDPHO\��IODW��GRPHG��
JDEOHG�� S\UDPLGDO�� EDUUHO�YDXOWHG� DQG�ZHGJHG� URRIV��
,W� ZDV� FRQFOXGHG� WKDW� WKH� EDUUHO�YDXOWHG� URRI� LV� WKH�
RSWLPXP�URRI�VKDSH�IRU�URRI�PRXQWLQJ�ZLQG�WXUELQHV�
LQ� WHUPV� RI� DFFHOHUDWLQJ�ZLQG� DERYH� WKH� URRI�� 2WKHU�
LQYHVWLJDWHG� IDFWRUV� LQFOXGHG� WKH� ZLQG� GLUHFWLRQ�� LW�
ZDV�SURYHQ�WKDW�ZLWK�WKH�FKDQJH�LQ�ZLQG�GLUHFWLRQ�WKH�
DFFHOHUDWLQJ� HIIHFW� RI� WKH� URRI� VKDSH� FKDQJHV��
DFFRUGLQJO\� WKH�RSWLPXP�URRI�PRXQWLQJ� ORFDWLRQ� IRU�
WKH�ZLQG�WXUELQH�DERYH�HDFK�RI�WKH�LQYHVWLJDWHG�URRI�
VKDSHV��
6LPXODWLRQ� UHVXOWV� LQGLFDWH� WKDW� WKH� EDUUHO� YDXOWHG�
URRI� VKDSH� LV� WKH� RSWLPXP� URRI� VKDSH� IRU� URRI�
PRXQWLQJ� ZLQG� WXUELQH� XQGHU� D� ZLQG� GLUHFWLRQ�
SDUDOOHO� WR�WKH�URRI�SURILOH�������%RWK�WKH�EDUUHO�YDXOW�
DQG� WKH� ��� ZLQG� GLUHFWLRQ� ZHUH� FKRVHQ� IRU�
LQYHVWLJDWLQJ� RWKHU� YDULDEOHV� DIIHFWLQJ� ZLQG� IORZ�
DERYH� WKH� URRI��7KH�RWKHU�YDULDEOHV� DUH� WKH�EXLOGLQJ�
KHLJKW� DQG� WKH� VXUURXQGLQJ� XUEDQ� FRQILJXUDWLRQ�� ,Q�
WKLV�SDSHU��ZLQG� IORZ�DURXQG�D���P�DQG���P�EDUUHO�
YDXOWHG�EXLOGLQJV�DUH�LQYHVWLJDWHG�DQG�FRPSDUHG�WR�D�
�P� KLJK� EDVH� FDVH� WR� LGHQWLI\� WKH� HIIHFW� RI� YDU\LQJ�
WKH�KHLJKW�RI�WKH�EXLOGLQJ�RQ�WKH�WXUEXOHQFH�LQWHQVLW\�

DQG�WKH�VWUHDPZLVH�YHORFLW\�DERYH�WKH�EDUUHO�YDXOWHG�
URRI� DQG� LWV� HIIHFW� RQ� VSHFLI\LQJ� WKH� PRXQWLQJ�
ORFDWLRQ�RI�WKH�ZLQG�WXUELQH��

6,08/$7,21�02'(/�
&)'� VLPXODWLRQV� DUH� HPEHGGHG� ZLWK� HUURUV� DQG�
XQFHUWDLQWLHV�� 7KXV�� IRU� UXQQLQJ� FRQVLVWHQW� &)'�
VLPXODWLRQV�� OLWHUDWXUH�RQ�EHVW�SUDFWLFH�JXLGHOLQHV�IRU�
XVLQJ�&)'� LV� UHYLHZHG� DQG� XVHG� DV� D� VWDUWLQJ� SRLQW�
IRU� VLPXODWLRQV� LQ� WKLV� SDSHU�� 7KH� VLPXODWLRQ�
FRQGLWLRQV� XVHG� LQ� WKLV� SDSHU� ZHUH� H[WUDFWHG� IURP�
%ORFNHQ�HW�DO����������)UDQNH�HW�DO����������&KHQ�DQG�
=KDL� ��������:LW� ������� DQG� 6¡UHQVHQ� DQG� 1LHOVHQ�
�������� $FFRUGLQJ� WR� WKHVH� SXEOLFDWLRQV�� WKH�
PLQLPXP� UHTXLUHPHQWV� IRU� FDUU\LQJ�RXW� D� FRQVLVWHQW�
&)'�VLPXODWLRQ��QHHGV�WR�DGRSW��

 6HFRQG�RUGHU�6FKHPHV�RU�DERYH��IRU�VROYLQJ�
WKH�DOJHEUDLF�HTXDWLRQV��

 7KH�VFDOHG� UHVLGXDOV� VKRXOG�EH� LQ� WKH� UDQJH�
RI������WR�������

 0XOWL�EORFN� VWUXFWXUHG� PHVKHV� DUH�
SUHIHUDEOH� DQG� FDUU\LQJ� RXW� VHQVLWLYLW\�
DQDO\VLV� ZLWK� WKUHH� OHYHOV� RI� UHILQHPHQWV�
ZKHUH�WKH�UDWLR�RI�FHOOV�IRU�WZR�FRQVHFXWLYH�
JULGV�VKRXOG�EH�DW�OHDVW������

 0HVK� FHOOV� WR� EH� HTXLGLVWDQW� ZKLOH� UHILQLQJ�
WKH� PHVK� LQ� DUHDV� RI� FRPSOH[� IORZ�
SKHQRPHQD��

 ,I� FHOOV� DUH� VWUHWFKHG�� D� UDWLR� QRW� H[FHHGLQJ�
����EHWZHHQ�WZR�FRQVHFXWLYH�FHOOV�VKRXOG�EH�
PDLQWDLQHG��

 )RU� IORZV� DURXQG� LVRODWHG� EXLOGLQJV�� WKH�
UHDOL]DEOH�N��WXUEXOHQFH�PRGHO�LV�SUHIHUUHG��

 $FFXUDF\� RI� WKH� VWXGLHG� EXLOGLQJV� VKRXOG�
LQFOXGH� GHWDLOV� RI� GLPHQVLRQ� HTXDO� WR� RU�
PRUH�WKDQ��P��

 ,I�+�LV�WKH�KHLJKW�RI�WKH�KLJKHVW�EXLOGLQJ�WKH�
ODWHUDO� GLPHQVLRQ�  � �+� �� %XLOGLQJ� ZLGWK��
)ORZ�GLUHFWLRQ�GLPHQVLRQ� ���+���%XLOGLQJ�
GLPHQVLRQ� LQ� IORZ� GLUHFWLRQ� DQG� 9HUWLFDO�
'LUHFWLRQ�  � �+� ZKLOH� PDLQWDLQLQJ� D�
EORFNDJH�UDWLR�EHORZ�����

 )RU� WKH� ERXQGDU\� FRQGLWLRQV�� WKH� ERWWRP�
ZRXOG�EH�D�QRQ�VOLS�ZDOO�ZLWK�VWDQGDUG�ZDOO�
IXQFWLRQV��WRS�DQG�VLGH�ZRXOG�EH�V\PPHWU\��
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RXWIORZ�ZRXOG�EH�SUHVVXUH�RXWOHW�DQG�LQIORZ�
ZRXOG� EH� D� ORJ� ODZ� DWPRVSKHULF� ERXQGDU\�
OD\HU� SURILOH� ZKLFK� VKRXOG� EH� PDLQWDLQHG�
WKURXJKRXW�WKH�OHQJWK�RI�WKH�GRPDLQ�ZKHQ�LW�
LV�HPSW\��

 +RUL]RQWDO� KRPRJHQHLW\� RI� $%/� SURILOH�
WKURXJKRXW�WKH�FRPSXWDWLRQDO�GRPDLQ��

$OO� WHQ� SRLQWV� ZHUH� FRQVLGHUHG� IRU� UXQQLQJ� WKH�
VLPXODWLRQV� DQG� KRUL]RQWDO� KRPRJHQHLW\� ZDV�
DFKLHYHG�IRU� WKH�DWPRVSKHULF�ERXQGDU\�OD\HU�SURILOH���
)RU� YDOLGDWLQJ� WKH� XVH� RI� &)'� DQG� DFKLHYLQJ� D�
KRPRJHQRXV�ERXQGDU\�OD\HU��VLPXODWLRQ�UHVXOWV�ZHUH�
FRPSDUHG� WR� SXEOLVKHG� LQ�VLWX� PHDVXUHPHQWV�� ZLQG�
WXQQHOV� WHVWV� DQG� YDOLGDWHG� &)'� VLPXODWLRQV� UHVXOWV�
IRU� WKH� IORZ� SUREOHP� RI� ZLQG� URXQG� D� VXUIDFH�
PRXQWHG� FXEH� LQ� D� WXUEXOHQW� FKDQQHO� IORZ� �$ERKHOD�
HW�DO����������
7KH�UHDOL]DEOH�N��WXUEXOHQFH�PRGHO�ZDV�XVHG�IRU�WKH�
FORVXUH� RI� WKH� WUDQVSRUW� HTXDWLRQV�� 7KH� 6,03/(�
DOJRULWKP�VFKHPH�ZDV�XVHG�IRU�WKH�SUHVVXUH�YHORFLW\�
FRXSOLQJ�� 3UHVVXUH� LQWHUSRODWLRQ� LV� VHFRQG� RUGHU� DQG�
VHFRQG�RUGHU� GLVFUHWLVDWLRQ� VFKHPHV� ZHUH� XVHG� IRU�
ERWK� WKH� FRQYHFWLRQ� DQG� WKH� YLVFRXV� WHUPV� RI� WKH�
JRYHUQLQJ�HTXDWLRQV��7KH� VROXWLRQ�ZDV� LQLWLDOLVHG�E\�
WKH� YDOXHV� RI� WKH� LQOHW� ERXQGDU\� FRQGLWLRQV�� 7KH�
FKRVHQ� FRQYHUJHQFH� FULWHULRQ� ZDV� VSHFLILHG� VR� WKDW�
WKH�UHVLGXDOV�GHFUHDVH�WR������IRU�DOO�WKH�HTXDWLRQV��
)RU� WKH� FRPSXWDWLRQDO� PHVK�� D� mesh independence 
study was carried out to determine the dependence of 
the flow field on the refinement of the mesh. The 
base case has resolution of 0.3m around the cube. 
Two other meshes were used. The first mesh had a 
resolution of 0.2m around the cube and 0.8m 
throughout the rest of the computational domain. The 
second mesh had a resolution of 0.1m around the 
cube and 0.8m throughout the rest of the 
computational domain. The three meshes where 
compared to each other; qualitatively the main flow 
features for the 0.3m mesh are the same as in the 
0.2m and the 0.1m mesh. The same agreement was 
noticed for the pressure coefficients plot along the 
streamwise centreline along the windward facade, 
roof and leeward facade of the cube. Insignificant 
discrepancies on top of the cube were noticed in the 
pressure coefficients plot. Thus, it can be concluded 
that the 0.3m mesh is sufficient for running a mesh 
independent simulation.�

5(68/76�$1$/<6,6�
7KLV� LQYHVWLJDWLRQ�KDV�SURYHQ� WKDW�ERWK�� WKH�EXLOGLQJ�
KHLJKW� DQG� WKH� VXUURXQGLQJ� XUEDQ� FRQILJXUDWLRQ��
DIIHFW�ZLQG�IORZ�DERYH�WKH�URRI�RI�D�EXLOGLQJ��,Q�WKH�
IROORZLQJ� VHFWLRQV�� WKH� HIIHFW� RI� ERWK� YDULDEOHV� ZLOO�
EH� GLVFXVVHG� WKURXJK� DQDO\VLQJ� WKH� VWUHDPZLVH�
YHORFLW\� SDWKOLQHV�� WXUEXOHQFH� LQWHQVLW\� DQG�
VWUHDPZLVH� YHORFLW\� DERYH� WKH� LQYHVWLJDWHG� URRI�
FDVHV�� 9LVXDOL]LQJ� WKH� IORZ� SDWWHUQ� DURXQG� WKH�
LQYHVWLJDWHG�FDVHV�KHOS�GHWHUPLQH�UHFLUFXODWLRQ�DUHDV��
VWDJQDWLRQ� SRLQWV�� IORZ� VHSDUDWLRQ� DQG� UHDWWDFKPHQW��
7KLV� JLYHV� D� TXDOLWDWLYH� DVVHVVPHQW� RI� WKH� SRWHQWLDO�

SODFHV� DERYH� WKH� URRI� ZKHUH� D� ZLQG� WXUELQH� FDQ� EH�
PRXQWHG�� 
+RZHYHU��LQ�RUGHU�WR�GHWHUPLQH�WKH�H[DFW�ORFDWLRQ�IRU�
PRXQWLQJ� D� ZLQG� WXUELQH�� ERWK� WKH� WXUEXOHQFH�
LQWHQVLW\� DQG� ZLQG� VSHHG� VKRXOG� EH� GHWHUPLQHG�
TXDQWLWDWLYHO\��$� UXOH�RI� WKXPE� LV� WR�DYRLG� ORFDWLRQV�
RI�KLJK�WXUEXOHQFH�LQWHQVLW\�DQG�ORZ�ZLQG�VSHHG���,Q�
RUGHU� WR� VWXG\�ZLQG� IORZ�FKDUDFWHULVWLFV�� VWUHDPZLVH�
YHORFLW\� SDWKOLQHV� ZHUH� SORWWHG� DORQJ� WKH� YHUWLFDO�
FHQWUDO�SODQ�SDVVLQJ�WKURXJK�WKH�EXLOGLQJ��WXUEXOHQFH�
LQWHQVLW\�DQG�VWUHDPZLVH�YHORFLW\�ZHUH�SORWWHG�IRU����
GLIIHUHQW� ORFDWLRQV�DERYH� WKH� URRI� �)LJXUH����VWDUWLQJ�
DW��P�KHLJKW�XS�WR���P�KHLJKW��7R�EH�DEOH�WR�LGHQWLI\�
WKH� DFFHOHUDWLQJ� HIIHFW�� DOO� SORWWHG� YDOXHV� ZHUH�
QRUPDOL]HG�DJDLQVW�WKH�YDOXHV�DW�WKH�VDPH�ORFDWLRQV�LQ�
DQ�HPSW\�GRPDLQ��

The height variable 
,Q� WKH� ��P� EDUUHO� YDXOWHG� EXLOGLQJ� FDVH� GRPDLQ��
GLPHQVLRQV�RI�����[�����[���P�DUH�XVHG�WR�VLPXODWH�
ZLQG�IORZ�DURXQG�WKH�VWXGLHG�FDVH�ZKLFK�UHVXOWHG�LQ�D�
EORFNDJH� UDWLR� RI� ����� ZKLFK� LV� OHVV� � WKDQ� WKH�
PD[LPXP� UHFRPPHQGHG� EORFNDJH� UDWLR�� ,Q� WKH� ��P�
EDUUHO� YDXOWHG� EXLOGLQJ� FDVH� D� GRPDLQ� ZLWK�
GLPHQVLRQV� ���� [� ���� [� ���P� LV� XVHG� WR� VLPXODWH�
ZLQG�IORZ�DURXQG�WKH�VWXGLHG�FDVH�ZKLFK�UHVXOWHG�LQ�D�
EORFNDJH� UDWLR� RI� ����� ZKLFK� LV� DOVR� OHVV� WKDQ� WKH�
PD[LPXP� UHFRPPHQGHG� EORFNDJH� UDWLR� RI� ���� 7KH�
IORZ�YDULDEOHV�DUH�PHDVXUHG�IURP�GLUHFWO\�DERYH� WKH�
URRI�WR�D�GLVWDQFH�RI��P��WKH�YHUWLFDO�GLVWDQFH�ZKHUH�
WKH� EXLOGLQJ� KDV� DQ� HIIHFW� RQ� WKH� ZLQG� IORZ� ILHOG�
DERYH�LW���

�
)LJXUH���/RFDWLRQV�RI�PHDVXUHPHQW�SRLQWV�

VXSHULPSRVHG�RQ�WKH�URRI�SODQ�

)LJXUH���VKRZV�WKH�VWUHDPZLVH�YHORFLW\�SDWKOLQHV�IRU�
WKH� WKUHH� FDVHV�� ZKHUH� WKH� PDLQ� IORZ� IHDWXUHV� DUH�
VLPLODU� WR� HDFK� RWKHU� DQG� WKH� �P� YDXOWHG� URRI� FDVH��
7KH�IORZ�ZDV�DWWDFKHG�WR�WKH�URRIV�VXUIDFHV�DQG�RQO\�
VHSDUDWHG�DW�WKH�OHHZDUG�GLUHFWLRQ�RI�WKH�EXLOGLQJ��WKH�
VWDJQDWLRQ�SRLQW�ZDV�IRUPHG�DW�WKH�VDPH�ORFDWLRQ�DW�D�
KHLJKW� RI� ����RI� WKH�EXLOGLQJ� KHLJKW� LQ� DOO� FDVHV� DQG�
WKH� VWDQGLQJ�YRUWH[� LQ� IURQW� RI� WKH�ZLQGZDUG� IDFDGH�
ZDV� IRUPHG�DW� WKH� VDPH� ORFDWLRQ� IRU� DOO� WKUHH� FDVHV��
$V� IRU� WKH�YRUWH[� OHHZDUG� WKH�EXLOGLQJ��ERWK� WKH��P�
FDVH�DQG�WKH���P�H[KLELW�WKH�VDPH�SDWWHUQ�H[FHSW�IRU�
WKH� UHDWWDFKPHQW� OHQJWK�ZKLFK� LV� ODUJHU� IRU� WKH� ��P�
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FDVH� WKDQ� WKH��P�FDVH�ZKLFK�VXJJHVWV� WKDW� WKHUH� LV�D�
UHODWLRQ� EHWZHHQ� WKH� EXLOGLQJ� KHLJKW� DQG� WKH�
UHDWWDFKPHQW� OHQJWK� OHHZDUG� WKH� EXLOGLQJ�� )RU� WKH�
��P�FDVH�WKH�OHHZDUG�YRUWH[�ZDV�IRUPHG�DW�WKH�VDPH�
ORFDWLRQ� ZLWK� UHVSHFW� WR� WKH� EXLOGLQJ� URRI�� KRZHYHU�
WKH� UHFLUFXODWLRQ� DUHD� GLG� QRW� UHDFK� WKH� JURXQG� DV� LW�
LQWHUIHUHG� ZLWK� DQRWKHU� EDFNIORZ� DUHD� ZKLFK� ZDV�
IRUPHG�QHDU�WKH�JURXQG�GXH�WR�WKH�SUHVVXUH�GLIIHUHQFH�
EHWZHHQ� WKH� OHHZDUG� DQG� WKH�ZLQGZDUG� DUHDV� RI� WKH�
EXLOGLQJ�� +RZHYHU�� LW� FDQ� EH� DUJXHG� WKDW� WKLV�
EHKDYLRXU�GLG�QRW�DIIHFW�WKH�IORZ�SDWWHUQ�RQ�WRS�RI�WKH�
URRI��

�

�

�
)LJXUH���6WUHDPOLQH�YHORFLW\�SDWKOLQHV�DORQJ�WKH�
FHQWUDO�YHUWLFDO�D[LV�IRU�WKH��P��WRS�����P��PLGGOH��

DQG�WKH����P�YDXOWHG�EXLOGLQJV��ERWWRP���

3ORWWLQJ� ERWK� WKH� WXUEXOHQFH� LQWHQVLWLHV� DQG� WKH�
VWUHDPZLVH� YHORFLWLHV� DORQJ� WKH� ��� PHDVXUHPHQWV�
SRLQWV�IRU�WKH���P�DQG���P�EDUUHO�YDXOWHG�EXLOGLQJV��
LW� ZDV� QRWLFHG� WKDW� WKH� VDPH� IORZ� SDWWHUQV� ZHUH�
FRQVLVWHQW� DPRQJ� ERWK� FDVHV� VLQFH� WKH� PD[LPXP�
WXUEXOHQFH�LQWHQVLW\�RFFXUUHG�DW� WKH�VDPH�ORFDWLRQ�RI�
9���� �EHWZHHQ� WKH� URRI� ZLQGZDUG� HGJHG� DQG� WKH�
PLGGOH� RI� WKH� URRI�� DQG� WKH� PD[LPXP� VWUHDPZLVH�
YHORFLW\� RFFXUUHG� DW� WKH� VDPH� ORFDWLRQ� RI� 9����

�PLGSRLQW�RI�WKH�EDUUHO�YDXOWHG�URRI���+RZHYHU��ZKHQ�
FRPSDULQJ� WKH�YDOXHV� DW� ERWK� ORFDWLRQV� IRU� WKH� WKUHH�
FDVHV�� )LJXUH� �� VKRZV� WKDW� WKHUH�ZDV� DQ� LQFUHDVH� LQ�
WKH� WXUEXOHQFH� LQWHQVLW\� ZLWK� WKH� LQFUHDVH� LQ� WKH�
KHLJKW�RI� WKH�EXLOGLQJ�ZKLFK� VXJJHVWV� WKDW� WKHUH� LV�D�
UHODWLRQVKLS� EHWZHHQ� WKH� EXLOGLQJ� KHLJKW� DQG� WKH�
WXUEXOHQFH�LQWHQVLW\��7KLV�REVHUYDWLRQ�ZDV�FRQILUPHG�
E\� -KD� �������ZKR� QRWHG� WKDW� WXUEXOHQFH�ZLWKLQ� WKH�
EXLOW� HQYLURQPHQW� LV� KLJKO\� GHSHQGHQW� RQ� EXLOGLQJV�
KHLJKWV�� WKH� KLJKHU� WKH� EXLOGLQJ� KHLJKW� WKH� PRUH�
WXUEXOHQFH�ZLOO�EH�JHQHUDWHG��
2WKHU� YDULDEOHV� PLJKW� DIIHFW� WKH� ORFDWLRQ� RI� WKH�
PD[LPXP� UHFRUGHG� WXUEXOHQFH� LQWHQVLW\� VXFK� DV� WKH�
ZLGWK� DQG� WKH� OHQJWK�RI� WKH� URRI�� ,W� VKRXOG�EH�QRWHG�
WKDW�WKH�UHFRPPHQGDWLRQV�IURP�WKH�(QFUDIW�:DUZLFN�
:LQG� 7ULDOV� 3URMHFW� �(QFUDIW�� ������ DQG� WKH�
:,1(85� ������� UHSRUW� UHODWHV� WKH� SRVLWLRQ� RI�
PD[LPXP� WXUEXOHQFH� DUHDV� ZLWK� WKH� EXLOGLQJ� KHLJKW�
����� DQG� ���� �� ���� RI� WKH� EXLOGLQJ� KHLJKW�
UHVSHFWLYHO\��� +RZHYHU�� ERWK� SURMHFWV� GHSHQGHG� RQ�
LQ�VLWX�PHDVXUHPHQWV�IRU�DVVHVVLQJ�ZLQG�UHVRXUFHV�DW�
ORFDWLRQV� RI� XUEDQ� ZLQG� WXUELQHV�� EXW�� WKHUH� ZDV� QR�
FOHDU�LQIRUPDWLRQ�DERXW�KRZ�WKH�WXUEXOHQFH�GDWD�ZDV�
FROOHFWHG��HVSHFLDOO\�ZKHQ�WKH�DQHPRPHWHUV�XVHG�DUH�
FRQYHQWLRQDO� FXE� DQHPRPHWHUV� NQRZQ� IRU� WKHLU�
OLPLWDWLRQV� LQ� FDSWXULQJ� WXUEXOHQFH�� XOWUDVRQLF�
DQHPRPHWHUV�DUH� UHTXLUHG� IRU� UHJLVWHULQJ� WXUEXOHQFH��
7KXV�� UHVHDUFK� LV� QHHGHG� LQ� WKLV� DUHD� WR� LGHQWLI\�
ZKHWKHU�RU�QRW�WKLV�UHODWLRQVKLS�H[LVWV��,Q�OLJKW�RI�WKH�
REWDLQHG�UHVXOWV� LQ� WKLV�ZRUN��EXLOGLQJ�KHLJKW�DIIHFWV�
WKH�YDOXH�RI� WXUEXOHQFH�DERYH� WKH� URRI�ZKLOH� LW�GRHV�
QRW�DIIHFW�WKH�ORFDWLRQ�ZKHUH�WKH�WXUEXOHQFH�RFFXUV���

�
)LJXUH���&RPSDULVRQ�EHWZHHQ�WKH�PD[LPXP�

UHFRUGHG�WXUEXOHQFH�LQWHQVLWLHV�DW�ORFDWLRQ�Y����IRU�
WKH���KHLJKWV�

$V� IRU� WKH� VWUHDPZLVH� YHORFLW\�� )LJXUH� �� VKRZV� WKDW�
WKH�DFFHOHUDWLQJ�HIIHFW�RI�WKH�EXLOGLQJ�ZDV�FRQVLVWHQW�
DPRQJ� WKH� WKUHH� FDVHV� DERYH� WKH� KHLJKW� RI� ���+�
ZKHUH�WKH�DFFHOHUDWLRQ�LQFUHDVHG�ZLWK�WKH�LQFUHDVH�LQ�
KHLJKW��EXW� IURP�WKH�KLJKHVW�SRLQW�RI� WKH�URRI�WR�WKDW�
KHLJKW� WKH� VDPH� SDWWHUQ� DSSOLHG� WR� WKH� ��P� DQG� WKH�
��P� FDVHV� EXW� IRU� WKH� �P� FDVH� WKH� SDWWHUQ� ZDV�
GLIIHUHQW�� ZKLFK� VXJJHVWV� WKDW� WKH� JURXQG� URXJKQHVV�
KDG� DQ� HIIHFW� RQ� WKH� VWUHDPZLVH� YHORFLW\�� 7KH� XVHG�
URXJKQHVV� OHQJWK� LQ� DOO� WKUHH� FDVHV� ZDV� HTXDO� WR�
����P� ZKLFK� FRUUHVSRQGV� WR� QHDUO\� IODW� RU� JHQWO\�
XQGXODWLQJ�FRXQWU\VLGH��
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$OWKRXJK� WKLV� LV�FRQVLGHUHG� ORZ�URXJKQHVV��)LJXUH���
VKRZV�WKDW� LW�KDG�DQ�HIIHFW�RQ�WKH�DFFHOHUDWLQJ�HIIHFW�
DERYH� WKH��P�EDUUHO�YDXOWHG�EXLOGLQJ�DQG� WKLV�HIIHFW�
GHFUHDVHG� ZLWK� WKH� LQFUHDVH� RI� WKH� EXLOGLQJ� KHLJKW��
)RU�DOO�WKUHH�FDVHV��WKH�PD[LPXP�VWUHDPZLVH�YHORFLW\�
RFFXUUHG�DW�WKH�VDPH�ORFDWLRQ��9�����URRI�PLGSRLQW�DW�
KHLJKW� ���+� �ZKHUH�+� LV� HTXDO� WR� �P�� KHLJKW� RI� WKH�
�P� FDVH���� WKH� �P� FDVH� UHJLVWHUHG� D� PD[LPXP�
VWUHDPZLVH� YHORFLW\� RI� ����8�� WKH� ��P� FDVH�
UHJLVWHUHG� ����8�� DV� IRU� WKH� ��P� FDVH�� LW� UHJLVWHUHG�
����8��7KH�LQFUHDVH�LQ�WKH�HQHUJ\�\LHOG�LV�FDOFXODWHG�
EDVHG� RQ� WKH� FXEH� UHODWLRQVKLS� EHWZHHQ� WKH� ZLQG�
YHORFLW\� DQG� WKH� HQHUJ\� \LHOG� RI� D� ZLQG� WXUELQH��
ZKLFK� LV� JRYHUQHG� E\� WKH� HTXDWLRQ��3� � ���&Sȡ$9���
ZKHUH� 3� LV� WKH� SRZHU� RXWSXW�� &S� LV� WKH� SRZHU�
FRHIILFLHQW�RI�WKH�WXUELQH��ȡ�LV�WKH�DLU�GHQVLW\��$�LV�WKH�
WXUELQH¶V�VZHSW�DUHD�DQG�9�LV�WKH�ZLQG�YHORFLW\��7KXV��
LW�FDQ�EH�DUJXHG�WKDW�D�URRI�PRXQWHG�ZLQG�WXUELQH�RQ�
WRS� RI� KLJKHU� EXLOGLQJV� ZLOO� EH� LQWURGXFHG� WR� PRUH�
ZLQG� DFFHOHUDWLRQ� DQG� DFFRUGLQJO\� ZRXOG� FDSWXUH�
PRUH� SRZHU� IURP� WKH� ZLQG� SURYLGHG� WKDW� DOO� RWKHU�
FRQGLWLRQV�VXFK�DV�WXUEXOHQFH�UHPDLQ�FRQVWDQW��

�
)LJXUH���&RPSDULVRQ�EHWZHHQ�WKH�PD[LPXP�

UHFRUGHG�YHORFLWLHV�DW�ORFDWLRQ�Y����IRU�WKH���KHLJKWV�

7KHVH� UHVXOWV� ZHUH� LQ� DFFRUGDQFH� ZLWK� WKRVH� IURP�
5HLWHU� �������ZKR� IRXQG� WKDW� WKH�DFFHOHUDWLQJ�HIIHFW�
DERYH� WKH� EXLOGLQJ� LV� KLJKO\� GHSHQGHQW� RQ� WKH�
EXLOGLQJ� KHLJKW� DQG� LQGHSHQGHQW� RI� EXLOGLQJ� OHQJWK��
6HYHUDO� VLPXODWLRQV� ZHUH� FDUULHG� RXW� ZLWK� GLIIHUHQW�
EXLOGLQJV�KHLJKWV�DQG�FRQVWDQW� OHQJWK�DQG�ZLGWK�DQG�
LW� ZDV� QRWLFHG� WKDW� WKH� DFFHOHUDWLRQ� HIIHFW� LQFUHDVHV�
ZLWK� WKH� LQFUHDVH� LQ� WKH� EXLOGLQJ� KHLJKW�� 2WKHU�
VLPXODWLRQV� ZHUH� FDUULHG� RXW� YDU\LQJ� EXLOGLQJ¶V�
OHQJWK�DQG�IL[LQJ�EXLOGLQJ�KHLJKW�DQG�WKH�UHVXOWV�ZHUH�
QRW� FKDQJLQJ�� 7KXV�� LW� ZDV� FRQILUPHG� WKDW� EXLOGLQJ�
KHLJKW�LV�D�NH\�SDUDPHWHU�LQIOXHQFLQJ�WKH�DFFHOHUDWLQJ�
HIIHFW� DURXQG� D� VLQJOH� EXLOGLQJ�� WKH� KLJKHU� WKH�
EXLOGLQJ��WKH�PRUH�WKH�DFFHOHUDWLQJ�HIIHFW��

Surrounding urban configuration 
,Q� WKLV�VHFWLRQ�� WZR�XUEDQ�FRQILJXUDWLRQV�DUH�XVHG� WR�
H[DPLQH� WKHLU� HIIHFW� RQ� WKH� HQHUJ\� \LHOG� DQG�
SRVLWLRQLQJ� RI� D� URRI� PRXQWHG� ZLQG� WXUELQH�� 7KHVH�

FRQILJXUDWLRQV� DUH� D� VWUHHW� FDQ\RQ� XUEDQ�
FRQILJXUDWLRQ� DQG� D� VWDJJHUHG� XUEDQ� FRQILJXUDWLRQ�
ZKRVH� EXLOGLQJV� KHLJKWV� DUH� �P� DQG� WKH� VSDFLQJ�
EHWZHHQ�WKH�EXLOGLQJV�DUH��P�LQ�DOO�GLUHFWLRQV��)LJXUH�
����7KH�EDUUHO�YDXOWHG� URRI�FDVH�ZLWK�ZLQG�GLUHFWLRQ�
SDUDOOHO� WR� WKH� URRI� SURILOH� ZDV� FKRVHQ� DV� WKH� VWXG\�
FDVH� LQ� WKLV� VHFWLRQ� VLQFH� LW� KDV� SURYHQ� WR� EH� WKH�
RSWLPXP�URRI�VKDSH�IRU�PRXQWLQJ�ZLQG�WXUELQHV��

�

�
)LJXUH���7KH�WZR�XUEDQ�FRQILJXUDWLRQV�PRGHOOHG��
WRS��WKH�VWUHHW�FDQ\RQ�DQG�ERWWRP�WKH�VWDJJHUHG�

VWUHHW��ERWK�VKRZ�WKH�EDUUHOOHG�YDXOWHG�EXLOGLQJ�LQ�WKH�
FHQWUH�DW�D�KHLJKW�RI���PHWUHV��

$V� VHHQ� LQ� WKH� SUHYLRXV� VHFWLRQ� WKH� KHLJKW� RI� WKH�
EXLOGLQJ� KDG� DQ� HIIHFW� RQ� ZLQG� IORZ� DERYH� WKH�
LQYHVWLJDWHG� URRI�� WKXV� IRXU� GLIIHUHQW� KHLJKWV� ZHUH�
FKRVHQ� IRU� WKH� EDUUHO� YDXOWHG� EXLOGLQJ� WR� EH� SODFHG�
ZLWKLQ� WKH� SURSRVHG� XUEDQ� FRQILJXUDWLRQV�� )RU� WKH�
ILUVW� FDVH�� WKH� EXLOGLQJ� KHLJKW� LV� OHVV� WKDQ� WKH�
VXUURXQGLQJ� XUEDQ� FRQWH[W� ����P��� WKH� VHFRQG� FDVH�
WKH� EXLOGLQJ� KHLJKW� LV� WKH� VDPH� DV� WKH� VXUURXQGLQJ�
XUEDQ�FRQWH[W���P���WKH�WKLUG�DQG�WKH�IRXUWK�FDVHV�WKH�
EXLOGLQJV� KHLJKWV� DUH� KLJKHU� WKDQ� WKH� VXUURXQGLQJ�
XUEDQ�FRQWH[W����P�DQG���P�UHVSHFWLYHO\���
,Q� FRQVWUXFWLQJ� WKH� FRPSXWDWLRQDO� GRPDLQ�� WKH� VDPH�
GLVWDQFH� EHWZHHQ� WKH� H[WHQWV� RI� WKH� VWXGLHG� XUEDQ�
FRQILJXUDWLRQ� DQG� WKH� IURQW�� WKH� VLGH� DQG� WRS�
ERXQGDULHV� LV� HTXDO� WR� ILYH� WLPHV� WKH� KHLJKW� RI� WKH�
KLJKHVW� EXLOGLQJ� DQG� D� GLVWDQFH� IURP� WKH� OHHZDUG�
EXLOGLQJ�LQ�WKH�XUEDQ�FRQILJXUDWLRQ�ZKLFK�LV����WLPHV�
WKH� KHLJKW� RI� WKH� WDOOHVW� EXLOGLQJ�� 7KH� REWDLQHG�
EORFNDJH�UDWLRV�IRU�WKH���P����P���P�����P�FDVHV�DUH�
������ ������ ����� DQG� ����� UHVSHFWLYHO\�� 6LQFH� WKH�
EORFNDJH�UDWLRV�IRU� WKH����P�DQG��P�FDVHV�H[FHHGHG�
����WKH�GRPDLQ�VL]H�RI�WKH���P�FDVH�ZDV�XVHG�IRU�DOO�
WKH�FDVHV�WR�PDLQWDLQ�D�EORFNDJH�UDWLR�OHVV�WKDQ�����
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7KH�PHVK�LV�WKH�VDPH�DV�LQ�WKH��P�EDUUHO�YDXOW�FDVH��
����P�VSDFLQJ�LQ�WKH�[��\�DQG�]�GLUHFWLRQV�DZD\�IURP�
WKH�XUEDQ�FRQILJXUDWLRQ�DQG�����P�VSDFLQJ�LQ�WKH�[��\�
DQG� ]� GLUHFWLRQV� FORVH� WR� WKH� XUEDQ� FRQILJXUDWLRQ��
+RZHYHU��IRU�WKH����P�FDVHV�WKH�PHVK�DZD\�IURP�WKH�
XUEDQ�FRQILJXUDWLRQ�KDV�D� UHVROXWLRQ�RI�����P� LQ� WKH�
[��\�DQG�]�GLUHFWLRQV�DQG�WKH�VDPH�UHVROXWLRQ�RI����P�
FORVH� WR� WKH� XUEDQ� FRQILJXUDWLRQ�� 7KLV� LV� GXH� WR� WKH�
OLPLWHG� FRPSXWDWLRQDO� SRZHU� ZKLFK� GLG� QRW� HQDEOH�
KDYLQJ� D� ILQHU� PHVK� DZD\� IURP� WKH� XUEDQ�

FRQILJXUDWLRQ�� ,Q� RUGHU� WR� DVVHVV� WKH� HIIHFW� RI�
FRDUVHQLQJ� WKH� PHVK� DZD\� IURP� WKH� VWXGLHG� XUEDQ�
FRQILJXUDWLRQ�� WKH�PHVK� IRU� WKH��P�YDXOWHG�EXLOGLQJ�
ZLWKLQ� D� VWUHHW� FDQ\RQ� XUEDQ� FRQILJXUDWLRQ� ZDV�
FRDUVHQHG�WR�UHDFK����P��WKH�VLPXODWLRQ�ZDV�UXQ��WKH�
UHVXOWV� ZHUH� FRPSDUHG� WR� WKH� ILQH� PHVK� DQG� QR�
GLIIHUHQFHV� ZHUH� REVHUYHG�� 7KXV�� WKH� UHVXOWV� IRU� WKH�
FRDUVHQHG� PHVK� DZD\� IURP� WKH� XUEDQ� FRQILJXUDWLRQ�
LQ� WKH� ��P� EDUUHO� YDXOWHG� EXLOGLQJ� ZLWKLQ� GLIIHUHQW�
XUEDQ�FRQILJXUDWLRQV�ZHUH�DFFHSWHG��

�
)LJXUH���6WUHDPZLVH�YHORFLW\�SDWKOLQHV�DORQJ�WKH�YHUWLFDO�FHQWUDO�SODQ�SDVVLQJ�WKURXJK�WKH����P���P����P�
DQG���P��XS�WR�GRZQ��YDXOWHG�EXLOGLQJ�LQ�DQ�XUEDQ�FDQ\RQ�FRQILJXUDWLRQ��OHIW��DQG�D�VWDJJHUHG�XUEDQ�

FRQILJXUDWLRQ��ULJKW���

�
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7KH�UHVXOWV�IURP�WKHVH�ODVW�VHULHV�RI�VLPXODWLRQV�QHHG�
WR�EH�VSOLW�LQWR�WZR�JURXSV�WR�EH�XQGHUVWRRG��WKH�ILUVW�
JURXS� LV� ZKHUH� WKH� PRGHOOHG� EXLOGLQJ� LV� EHORZ� RU�
HTXDO� WR� LWV� VXUURXQGLQJV¶� KHLJKW� DQG� WKH� VHFRQG�
JURXS�ZKHUH�WKH�PRGHOOHG�EXLOGLQJ�LV�KLJKHU�WKDQ�LWV�
VXUURXQGLQJV�� ,Q� WKH� ILUVW� JURXS�� WKH� VXUIDFH�
URXJKQHVV�GRPLQDWHV�WKH�DLUIORZ��ZKLOVW�LQ�WKH�VHFRQG�
JURXS� WKH� URXJKQHVV� HIIHFW� LV� OHVV�PDUNHG�� )LJXUH� ��
VKRZV�WKH�VWUHDPZLVH�YHORFLW\�SDWKOLQHV�IRU�DOO�HLJKW�
LQYHVWLJDWHG�FDVHV��)RU�WKH����P�FDVH�� WKH�WXUEXOHQFH�
LQWHQVLW\� GLPLQLVKHV� DERYH� ���+�� DQG� WKH� PD[LPXP�
QRUPDOLVHG� VWUHDPZLVH� YHORFLWLHV� UHDFK� D� PD[LPXP�
DW� ���+�� � $W� WKLV� KHLJKW� WKH� VWDJJHUHG� FRQILJXUDWLRQ�
KDV� D� QRUPDOLVHG� VWUHDPZLVH� YHORFLW\� �FRPSDUHG� WR�
DQ� HPSW\� GRPDLQ�� RI� ������ ZKLOVW� WKH� FDQ\RQ�
FRQILJXUDWLRQ�YDOXH�LV��������:KHQ�WKH�EDUUHO�YDXOW�LV�
DW�WKH�VDPH�KHLJKW�DV�LWV�VXUURXQGLQJV��WKH�URXJKQHVV�
RI� WKH� VXUURXQGLQJV� LQFUHDVHV� WKH� WXUEXOHQFH� DQG�
SXVKHV� WKH� SRVLWLRQ� RI� WKH� PD[LPXP� QRUPDOLVHG�
VWUHDPZLVH� YHORFLW\� WR� ���+�� � 7KH� YDOXHV� DQG� RUGHU�
ZHUH�LGHQWLFDO�WR�WKH����P�FDVH��
$V� WKH� EDUUHO� YDXOWHG� EXLOGLQJ� ULVHV� DERYH� WKH�
VXUURXQGLQJV� �WKH� VHFRQG� JURXS�� WKH� URXJKQHVV�
HIIHFWV�GLPLQLVK��UHVXOWLQJ�LQ�WKH�WXUEXOHQFH�LQWHQVLW\�
DQG� QRUPDOLVHG� VWUHDPZLVH� YHORFLW\� SURILOHV�
FRUUHVSRQGLQJ�WR�WKH�LVRODWHG�EXLOGLQJ�FDVH���)RU�ERWK�
EXLOGLQJ� KHLJKWV� DQG� XUEDQ� FRQILJXUDWLRQV�� WKH�
WXUEXOHQFH� LQWHQVLW\� EHFRPHV� OHVV� VLJQLILFDQW� DERYH�
���+�� IROORZLQJ� WKH� SHUIRUPDQFH� RI� WKH� LVRODWHG�
EXLOGLQJ�� )RU� WKH� ��P� KLJK� FDVH� WKH� FDQ\RQ� DQG�
VWDJJHUHG� FRQILJXUDWLRQ� KDYH� D� QRUPDOLVHG�
VWUHDPZLVH�YHORFLWLHV�RI������DQG�����UHVSHFWLYHO\�DW�
���+�� $QG� WKH� ��P� KHLJKW� FDVH� KDV� QRUPDOLVHG�
VWUHDPZLVH�YHORFLWLHV�RI������DQG������IRU�WKH�FDQ\RQ�
DQG�VWDJJHUHG�FRQILJXUDWLRQV�UHVSHFWLYHO\��$�UHYHUVDO�
RI�WKH�VLWXDWLRQ�IRXQG�LQ�ILUVW�JURXS�LQ�WKDW�WKH�FDQ\RQ�
FRQILJXUDWLRQ� KDV� OHVV� LPSDFW� RQ� YHORFLW\� WKDQ� WKH�
VWDJJHUHG� FRQILJXUDWLRQ�� EXW� IRU� ERWK� FDVHV� WKH�
QRUPDOLVHG� VWUHDPZLVH� YHORFLWLHV� ZHUH� OHVV� WKDQ� WKH�
LVRODWHG�EXLOGLQJ�FDVH��
&RPSDULQJ� WKH� UHVXOWV� IRU� HDFK� EXLOGLQJ� KHLJKW� IRU�
WKH�LVRODWHG�EXLOGLQJ�FDVH��WKH�EXLOGLQJ�SODFHG�ZLWKLQ�
DQ� XUEDQ� FDQ\RQ� FRQILJXUDWLRQ� DQG� WKH� EXLOGLQJ�
SODFHG� ZLWKLQ� D� VWDJJHUHG� XUEDQ� FRQILJXUDWLRQ�� WKH�
HIIHFW� RI� WKH� XUEDQ� FRQILJXUDWLRQ� RQ� WKH� VWUHDPZLVH�
YHORFLW\� DERYH� WKH� YDXOWHG� URRI� FDQ� EH� LGHQWLILHG��
)LJXUH���VKRZV�WKH�QRUPDOLVHG�VWUHDPZLVH�YHORFLWLHV�
DW� WKH� ORFDWLRQV� RI� PD[LPXP� UHFRUGHG� VWUHDPZLVH�
YHORFLW\� IRU� ERWK� WKH� XUEDQ� FDQ\RQ� FDVH� DQG� WKH�
VWDJJHUHG�XUEDQ�FDVH�IRU�WKH����P�YDXOWHG�EXLOGLQJ��,W�
LV�QRWLFHG� WKDW� WKH� LQFUHDVH� LQ� VWUHDPZLVH�YHORFLW\� LV�
YHU\� ORZ� LQ�ERWK�FDVHV�FRPSDUHG� WR� WKH� LVRODWHG��P�
YDXOWHG� EXLOGLQJ� ZKLFK� PHDQV� WKDW� ERWK� VWDJJHUHG�
DQG� XUEDQ� FRQILJXUDWLRQV� UHGXFHG� WKH� DFFHOHUDWLQJ�
HIIHFW� RI� WKH� YDXOWHG� URRI� VKDSH�� 7KH� PD[LPXP�
VWUHDPZLVH� YHORFLW\� IRU� ERWK� FDVHV�ZHUH� UHFRUGHG� DW�
WKH� VDPH� ORFDWLRQ� �9����� ZKLFK�PLJKW� EH� DWWULEXWHG�
WR� WKH� V\PPHWU\� RI� ERWK� FRQILJXUDWLRQV� DQG� QRW�
QHFHVVDULO\� GXH� WR� WKH� URRI� HIIHFW� RI� WKH� YDXOW� VLQFH�
WKH� ORFDWLRQV� RI� PD[LPXP� UHFRUGHG� WXUEXOHQFH�
LQWHQVLWLHV�ZHUH�GLIIHUHQW�IRU�ERWK�FDVHV��

�
)LJXUH���0D[LPXP�QRUPDOL]HG�VWUHDPZLVH�YHORFLW\�
DERYH�WKH�����YDXOWHG�EXLOGLQJ�ZLWKLQ�DQ�XUEDQ�
FDQ\RQ�FRQILJXUDWLRQ�DQG�D�VWDJJHUHG�XUEDQ�

FRQILJXUDWLRQ�

)RU� WKH��P�YDXOWHG�EXLOGLQJ� FDVH�� )LJXUH� �� VKRZV�D�
FRPSDULVRQ� EHWZHHQ� WKH� WKUHH� FDVHV�� WKH� LVRODWHG�
EXLOGLQJ� FDVH�� WKH� EXLOGLQJ� ZLWKLQ� DQ� XUEDQ� FDQ\RQ�
FRQILJXUDWLRQ� DQG� WKH� EXLOGLQJ� ZLWKLQ� D� VWDJJHUHG�
XUEDQ� FRQILJXUDWLRQ�� � $OO� PD[LPXP� VWUHDPZLVH�
YHORFLWLHV� RFFXUUHG� DW� WKH� VDPH� ORFDWLRQ� �9������
+RZHYHU��WKH�WKUHH�SDWWHUQV�ZHUH�GLIIHUHQW�IURP�HDFK�
RWKHU��ERWK�WKH�XUEDQ�FDQ\RQ�DQG�WKH�VWDJJHUHG�XUEDQ�
FRQILJXUDWLRQV�ZHUH�VLPLODU�WR�WKH�SUHYLRXV�WZR�FDVHV�
RI� WKH����P��7KH�SDWWHUQ�RI� WKH� LVRODWHG��P�EXLOGLQJ�
FDVH�LV�GLIIHUHQW�IURP�ERWK�FDVHV��LQGLFDWLQJ�D�KLJKHU�
VWUHDPZLVH� YHORFLW\� WKDQ� LQ� DOO� FDVHV� RI� H[DPLQHG�
XUEDQ� FRQILJXUDWLRQV� ZKLFK� VXJJHVWV� WKDW� WKH�
SODFHPHQW� RI� WKH� EXLOGLQJ� ZLWKLQ� DQ� XUEDQ�
FRQILJXUDWLRQ�ZRXOG�KDYH�DQ�HIIHFW�RQ�WKH�VWUHDPZLVH�
YHORFLW\�DERYH�WKH�URRI���

�
)LJXUH���0D[LPXP�QRUPDOL]HG�VWUHDPZLVH�YHORFLW\�
DERYH�WKH��P�YDXOWHG�EXLOGLQJ�IRU�WKH�LVRODWHG�

EXLOGLQJ��ZLWKLQ�DQ�XUEDQ�FDQ\RQ�FRQILJXUDWLRQ�DQG�
D�VWDJJHUHG�XUEDQ�FRQILJXUDWLRQ�

,Q�WKH�UHJLRQ�ZKHUH�LW�ZDV�SURSRVHG�WR�PRXQW�D�ZLQG�
WXUELQH�DERYH�DQ� LVRODWHG� URRI� �DW� KHLJKW����+��� LW� LV�
QRWLFHG� WKDW� WKH� LVRODWHG� EXLOGLQJ� ZRXOG� LQWURGXFH�
PRUH�DFFHOHUDWLRQ�WR�WKH�ZLQG�WKDQ�D�EXLOGLQJ�SODFHG�
ZLWKLQ�DQ�XUEDQ�FRQWH[W��7KLV�DUHD�ZKHUH�DQ�LVRODWHG�
EXLOGLQJ�LV�PRUH�SUHIHUDEOH�WKDQ�D�EXLOGLQJ�ZLWKLQ�DQ�
XUEDQ� FRQWH[W� H[WHQGV� ���+� ZKHQ� FRPSDUHG� WR� WKH�
XUEDQ� FDQ\RQ� FRQILJXUDWLRQ� DQG� WR� ���+� ZKHQ�
FRPSDUHG�WR�WKH�VWDJJHUHG�XUEDQ�FRQILJXUDWLRQ��DIWHU�
WKHVH� KHLJKWV� UHVSHFWLYHO\� WKH� URRI� PRXQWHG� ZLQG�
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WXUELQH�ZLOO�EHQHILW�IURP�PRUH�DFFHOHUDWLRQ�RQ�WRS�RI�
D�YDXOWHG�EXLOGLQJ�ZLWKLQ�XUEDQ�FRQWH[W��7KLV�FDQ�EH�
DWWULEXWHG� WR� WKH� GHFUHDVH� LQ� WKH� URRI� HIIHFW� ZLWK�
KHLJKW�DERYH�WKH�URRI�RI�WKH�LVRODWHG�EXLOGLQJ�DQG�WKH�
ODUJHU� HIIHFW� RI� WKH� XUEDQ� FRQILJXUDWLRQ� GXH� WR� LWV�
ODUJHU�VXUIDFH�DUHD��
)RU�WKH���P�FDVHV��)LJXUH���VKRZV�WKDW�DOO�WKUHH�FDVHV�
EHQHILWHG� IURP� WKH�DFFHOHUDWLQJ�HIIHFW�RI� WKH�YDXOWHG�
URRI� VKDSH��$ERYH� WKH� DUHD� RI�PD[LPXP� WXUEXOHQFH�
LQWHQVLWLHV� ����+� WR� ���+��� WKH� LVRODWHG� EXLOGLQJ�
UHFRUGHG� WKH� PD[LPXP� LQFUHDVH� LQ� VWUHDPZLVH�
YHORFLW\� WKDQ� WKH� YDXOWHG� EXLOGLQJ� ZLWKLQ� XUEDQ�
FDQ\RQ� FRQILJXUDWLRQ� DQG� WKHQ� WKH� YDXOWHG� EXLOGLQJ�
ZLWKLQ�VWDJJHUHG�XUEDQ�FRQILJXUDWLRQ����

�
)LJXUH���0D[LPXP�QRUPDOL]HG�VWUHDPZLVH�YHORFLW\�
DERYH�WKH���P�YDXOWHG�EXLOGLQJ�IRU�WKH�LVRODWHG�

EXLOGLQJ��ZLWKLQ�DQ�XUEDQ�FDQ\RQ�FRQILJXUDWLRQ�DQG�
D�VWDJJHUHG�XUEDQ�FRQILJXUDWLRQ�

�
)LJXUH����0D[LPXP�QRUPDOL]HG�VWUHDPZLVH�YHORFLW\�
DERYH�WKH���P�YDXOWHG�EXLOGLQJ�IRU�WKH�LVRODWHG�

EXLOGLQJ��ZLWKLQ�DQ�XUEDQ�FDQ\RQ�FRQILJXUDWLRQ�DQG�
D�VWDJJHUHG�XUEDQ�FRQILJXUDWLRQ�

7KH�ORFDWLRQ�RI�WKH�PD[LPXP�LQFUHDVH�LQ�VWUHDPZLVH�
YHORFLWLHV�LV�WKH�VDPH�IRU�DOO�FDVHV�EXW�WKH�YDOXHV�DUH�
VOLJKWO\� GLIIHUHQW� ZKHQ� FRPSDUHG� WR� WKH� RYHUDOO�
DFFHOHUDWLRQ��7KLV�PHDQV� WKDW� WKH� VXUURXQGLQJ� XUEDQ�
FRQILJXUDWLRQ� VWLOO� KDG� DQ� HIIHFW� RQ� WKH� H[WHQW� RI�
DFFHOHUDWLRQ�DERYH�D���P�YDXOWHG�URRI�SODFHG�ZLWKLQ�
GLIIHUHQW� XUEDQ� FRQILJXUDWLRQV�� +RZHYHU�� WKLV� HIIHFW�
LV� VPDOO� ZKHQ� FRPSDUHG� WR� WKH� SUHYLRXV� WZR� FDVHV��
)RU� WKH� ��P� FDVHV�� )LJXUH� ��� VKRZV� WKDW� WKH� WKUHH�
FXUYHV� KDG� WKH� VDPH� SDWWHUQ� DQG� WKH� PD[LPXP�
UHFRUGHG� YDOXHV� ZHUH� UHFRUGHG� DW� WKH� VDPH� ORFDWLRQ�
�9������ +RZHYHU�� WKHUH� ZHUH� VPDOO� GLIIHUHQFHV�

EHWZHHQ� WKH� YDOXHV� UHFRUGHG� IRU� WKH� WKUHH� FDVHV��
$ERYH�WKH�DUHD�RI�PD[LPXP�WXUEXOHQFH�LQWHQVLW\��7,��
����+���WKH�LVRODWHG�EXLOGLQJ�UHFRUGHG�D�PD[LPXP�RI�
����8� WKHQ� WKH� EXLOGLQJ� ZLWKLQ� DQ� XUEDQ� FDQ\RQ�
FRQILJXUDWLRQ� UHFRUGHG� ����8� DQG� WKHQ� WKH� EXLOGLQJ�
ZLWKLQ� WKH� VWDJJHUHG� XUEDQ� FRQILJXUDWLRQ� UHFRUGHG�
����8��

&21&/86,21�
,W�FDQ�EH�DUJXHG�WKDW�D�URRI�PRXQWHG�ZLQG�WXUELQH�KDV�
KLJKHU� SRWHQWLDOV� LI� PRXQWHG� RQ� WRS� RI� KLJKHU�
EXLOGLQJV�WKDQ�ORZ�ULVH�EXLOGLQJV��+RZHYHU��LW�VKRXOG�
EH� QRWHG� WKDW� D� ZLQG� WXUELQH� PRXQWHG� RQ� WRS� RI�
KLJKHU� EXLOGLQJV� ZRXOG� DOVR� EH� VXEMHFWHG� WR� KLJKHU�
OHYHOV� RI� WXUEXOHQFH� ZKLFK� VKRXOG� EH� NHSW� LQ� PLQG�
ZKHQ� FKRRVLQJ� D� VSHFLILF� ZLQG� WXUELQH� PRGHO� DV� LW�
VKRXOG� EH� DEOH� WR� ZLWKVWDQG� WKH� KLJKHU� OHYHOV� RI�
WXUEXOHQFH���
:KHQ� VWXG\LQJ� WKH� HIIHFW� RI� WKH� VXUURXQGLQJ� XUEDQ�
FRQILJXUDWLRQ� �XUEDQ� FDQ\RQ� DQG� VWDJJHUHG�
FRQILJXUDWLRQV�� RQ� ZLQG� IORZ� DERYH� WKH� EDUUHO�
YDXOWHG� URRI� VXEMHFWHG� WR�D����ZLQG�GLUHFWLRQ�KDYLQJ�
GLIIHUHQW� KHLJKWV�� LW� ZDV� QRWLFHG� WKDW� WKH� FORVHU� WKH�
EXLOGLQJ� KHLJKW� WR� LWV� VXUURXQGLQJ�� WKH� PRUH�
GLVWXUEDQFH� WKH� IORZ� ZLOO� EH� VXEMHFWHG� WR� DQG� WKH�
WDOOHU� WKH� EXLOGLQJ� WKDQ� WKH� VXUURXQGLQJ� XUEDQ�
FRQILJXUDWLRQ�� WKH� OHVV� WKH�HIIHFW�RQ� WKH� IORZ�DURXQG�
DQG� DERYH� WKH� EXLOGLQJ�� 7KLV� LV� DWWULEXWHG� WR� WKH�
VXUURXQGLQJ� WHUUDLQ� URXJKQHVV�� ,Q� WKH� FDVH� RI� WKH�
LVRODWHG�EXLOGLQJ�� WKH� URXJKQHVV� OHQJWK�ZDV� HTXDO� WR�
����� ZKLFK� FRUUHVSRQGV� WR� QHDUO\� IODW� RU� JHQWO\�
XQGXODWLQJ� FRXQWU\VLGH� DV� IRU� WKH� RWKHU� FDVHV� ZKHUH�
WKH� EDUUHO� YDXOWHG� EXLOGLQJ�ZDV� SODFHG�ZLWKLQ� XUEDQ�
FRQWH[W�� WKH� URXJKQHVV� FRUUHVSRQGV� WR� WKDW� RI�
GRPHVWLF�KRXVLQJ�DUHDV�ZKLFK�DIIHFWHG�WKH�ZLQG�IORZ�
DERYH�WKH�LQYHVWLJDWHG�FDVHV��
:KHQ� FRPSDULQJ� WKH� IORZ� SDWWHUQV� RI� WKH� XUEDQ�
FDQ\RQ�FRQILJXUDWLRQ� WR� WKH� VWDJJHUHG�FRQILJXUDWLRQ��
LW� ZDV� QRWLFHG� WKDW� WKH� VWDJJHUHG� FRQILJXUDWLRQ� KDG�
OHVV� HIIHFW� RQ� WKH� IORZ� SDWWHUQV� DURXQG� WKH�
LQYHVWLJDWHG� EXLOGLQJV� WKDQ� WKH� XUEDQ� FDQ\RQ�
FRQILJXUDWLRQ�� 7KLV� FDQ� EH� DWWULEXWHG� WR� WKH� ODUJHU�
GLVWDQFH� LQ� IURQW� RI� WKH� VWXGLHG� EXLOGLQJ� LQ� WKH�
VWDJJHUHG� FRQILJXUDWLRQ� WKDQ� WKH� XUEDQ� FDQ\RQ�
FRQILJXUDWLRQ� ZKLFK� JLYHV� WKH� IORZ� D� FKDQFH� WR�
GHYHORS�DQG�H[KLELWV� VLPLODU� IHDWXUHV� WR� WKRVH�RI� WKH�
LVRODWHG�EXLOGLQJV�FDVHV���
7KXV�� IRU� URRI� PRXQWLQJ� D� ZLQG� WXUELQH� ZLWKLQ� DQ�
XUEDQ� FRQILJXUDWLRQ�� LW� LV� UHFRPPHQGHG� WKDW� WKH�
EXLOGLQJ� VKRXOG� EH� KLJKHU� WKDQ� WKH� VXUURXQGLQJ�
EXLOGLQJV�� )RU� VSHFLI\LQJ� WKH� RSWLPXP� ORFDWLRQ� IRU�
PRXQWLQJ� WKH� ZLQG� WXUELQH�� ERWK� WKH� WXUEXOHQFH�
LQWHQVLW\� DQG� WKH� VWUHDPZLVH� YHORFLW\� VKRXOG� EH�
DVVHVVHG� DERYH� WKH� URRI� SODFHG� ZLWKLQ� WKH� XUEDQ�
VHWWLQJ��
&)'�UHVXOWV�LQGLFDWH�WKDW��WKH�WXUEXOHQFH�LQWHQVLW\�IRU�
WKH�EDUUHO� YDXOWHG� URRIHG�EXLOGLQJ� LV� DIIHFWHG�E\� WKH�
EXLOGLQJ¶V�KHLJKW�ZKHWKHU�LVRODWHG�RU�ZLWKLQ�GLIIHUHQW�
XUEDQ�FRQILJXUDWLRQV��+RZHYHU�� � WKH�SUHVHQFH�RI� WKH�
EXLOGLQJ� ZLWKLQ� DQ� XUEDQ� FRQILJXUDWLRQ� ZLOO� QRW�
QHFHVVDULO\� FRQWULEXWH� WR� LQFUHDVLQJ� WKH� WXUEXOHQFH�
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LQWHQVLW\� DERYH� LWV� URRI� DV� WKH� IORZ� LV� FRPSOLFDWHG�
DQG� RWKHU� IDFWRUV� VXFK� DV� WKH� URRI� VKDSH�� WKH� XUEDQ�
FRQILJXUDWLRQ�� EXLOGLQJ� JHRPHWU\� DQG� DQ\� RWKHU�
HOHPHQWV� ZLWKLQ� WKH� XUEDQ� FRQWH[W� PLJKW� DIIHFW� WKH�
IORZ��$V� VHHQ� LQ� WKH� FDVH�RI� WKH���P�EDUUHO� YDXOWHG�
EXLOGLQJ� ZLWKLQ� ERWK� XUEDQ� FRQILJXUDWLRQV�� WKH�
LVRODWHG� EXLOGLQJ� FDVH� UHJLVWHUHG� KLJKHU� WXUEXOHQFH�
DERYH� WKH� URRI� �����7,�� WKDQ� WKH� EXLOGLQJ� SODFHG�
ZLWKLQ�GLIIHUHQW�XUEDQ�FRQILJXUDWLRQV������7,�IRU�ERWK�
XUEDQ�FRQILJXUDWLRQV���,Q�DGGLWLRQ��LW�ZDV�QRWLFHG�WKDW�
ZLWK� WKH� LQFUHDVH� LQ� WKH� KHLJKW� RI� WKH� EXLOGLQJ�
ZKHWKHU� LVRODWHG�RU�SODFHG�ZLWKLQ�DQ�XUEDQ�DUHD�� WKH�
WXUEXOHQFH� LQWHQVLW\� LQFUHDVHG� ZKLFK� LQGLFDWHV� WKH�
SUHVHQFH� RI� D� UHODWLRQVKLS� EHWZHHQ� WKH� EXLOGLQJ�
KHLJKW�DQG�WKH�WXUEXOHQFH�LW�FDXVHV�DERYH�LWV�URRI���
)LJXUH����VKRZV�D�FRPSDULVRQ�EHWZHHQ� WKH� LQFUHDVH�
LQ� WKH� VWUHDPZLVH� YHORFLW\� DW� WKH� SURSRVHG� ZLQG�
WXUELQH� RSWLPXP� PRXQWLQJ� ORFDWLRQ� IRU� DOO�
LQYHVWLJDWHG�EDUUHO� YDXOWHG� URRI�FDVHV�XQGHU����ZLQG�
GLUHFWLRQ�� ,W� LV�QRWLFHG� WKDW�DW� WKH�SURSRVHG�RSWLPXP�
PRXQWLQJ� ORFDWLRQ� RI� D� ZLQG� WXUELQH� DERYH� WKH�
LQYHVWLJDWHG� FDVHV�� WKH� LVRODWHG� EXLOGLQJ� ZRXOG�
LQWURGXFH� PRUH� DFFHOHUDWLRQ� WR� WKH� ZLQG� WKDQ� D�
EXLOGLQJ�SODFHG�ZLWKLQ�DQ�XUEDQ�FRQWH[W��&RPSDULQJ�
WKH� FDVHV� RI� GLIIHUHQW� EDUUHO� YDXOWHG� EXLOGLQJV� ZLWK�
GLIIHUHQW� KHLJKWV� ZLWKLQ� GLIIHUHQW� XUEDQ�
FRQILJXUDWLRQV�� WKH� GHFUHDVH� LQ� WKH� GLIIHUHQFH�
EHWZHHQ�WKH�UHFRUGHG�YDOXHV�LV�UHODWHG�WR�WKH�LQFUHDVH�
LQ� WKH� KHLJKW� RI� WKH� VWXGLHG� EXLOGLQJ�� 7KLV� VXJJHVWV�
WKDW� ZLWK� WKH� LQFUHDVH� LQ� KHLJKW�� WKH� HIIHFW� RI� WKH�
VXUURXQGLQJ� XUEDQ� FRQWH[W� GLPLQLVKHV� DQG� RWKHU�
YDULDEOHV�VXFK�DV�WKH�URRI�VKDSH�DQG�WKH�KHLJKW�RI�WKH�
EXLOGLQJ�DIIHFW�WKH�IORZ�DERYH�WKH�EXLOGLQJ�URRI��
�

�
)LJXUH����&RPSDULVRQ�EHWZHHQ�WKH�LQFUHDVH�LQ�WKH�
VWUHDPZLVH�YHORFLW\�IRU�WKH�LQYHVWLJDWHG�FDVHV�

,W�LV�QRWLFHG�WKDW�ZKHQ�WKH�EXLOGLQJ�LV�KLJKHU�WKDQ�LWV�
VXUURXQGLQJV� WKH� XUEDQ� FDQ\RQ� LQWURGXFHV� PRUH�
DFFHOHUDWLRQ� DERYH� WKH� LQYHVWLJDWHG� URRI� WKDQ� WKH�
VWDJJHUHG�FRQILJXUDWLRQ��+RZHYHU��ZKHQ�WKH�EXLOGLQJ�
LV� ORZHU� WKDQ�RU� WKH� VDPH� KHLJKW� DV� WKH� VXUURXQGLQJ�
XUEDQ� FRQILJXUDWLRQ�� WKH� VWDJJHUHG� XUEDQ�
FRQILJXUDWLRQ�LQWURGXFHV�PRUH�DFFHOHUDWLRQ�DERYH�WKH�
LQYHVWLJDWHG� URRI� WKDQ� WKH� XUEDQ� FDQ\RQ�
FRQILJXUDWLRQ��7KH�GLIIHUHQFH�LQ�SDWWHUQV�EHWZHHQ�WKH�
WZR�FDVHV�PLJKW�EH�DWWULEXWHG�WR�WKH�HIIHFW�RI�JURXQG�
URXJKQHVV�RQ�ZLQG�IORZ�DERYH�WKH�LQYHVWLJDWHG�FDVHV�
DQG� KRZ� WKH� &)'� FRGH� VROYHV� WKH� IORZ� QHDU� WR� WKH�
JURXQG�� 7KXV�� PRUH� UHVHDUFK� LV� UHTXLUHG� WR�

LQYHVWLJDWH� WKH� UHDVRQ� EHKLQG� WKLV� FKDQJH� LQ� SDWWHUQ�
DQG�ZKHWKHU�LW�LV�UHODWHG�WR�WKH�HIIHFW�RI�WKH�JHRPHWU\�
RI� WKH� XUEDQ� VHWWLQJ� RU� LW� LV� UHODWHG� WR� WKH� ZD\� LQ�
ZKLFK� WKH� &)'� FRGH� VROYHV� WKH� IORZ� DW� ORZHU�
DOWLWXGHV��

5()(5(1&(6�
$ERKHOD��,���+DP]D��1��DQG�'XGHN��6���������
(IIHFW�

RI� 5RRI� 6KDSH� RQ� WKH� (QHUJ\� <LHOG� DQG�
3RVLWLRQLQJ� RI� 5RRI� 0RXQWHG� :LQG�
7XUELQHV
�� %XLOGLQJ� 6LPXODWLRQ� �����
�%6������� 6\GQH\�� $XVWUDOLD�� SS�� �����
������

%ORFNHQ�� %��� 6WDWKRSRXORV�� 7��� &DUPHOLHW�� -�� DQG�
+HQVHQ�� -�/�0�� ������� 
$SSOLFDWLRQ� RI�
FRPSXWDWLRQDO� IOXLG� G\QDPLFV� LQ� EXLOGLQJ�
SHUIRUPDQFH� VLPXODWLRQ� IRU� WKH� RXWGRRU�
HQYLURQPHQW�� DQ� RYHUYLHZ
�� -RXUQDO� RI�
%XLOGLQJ� 3HUIRUPDQFH� 6LPXODWLRQ�� ������ SS��
���������

&KHQ�� 4�� DQG� =KDL�� =�� ������� 
7KH� XVH� RI�
&RPSXWDWLRQDO� )OXLG� '\QDPLFV� WRROV� IRU�
LQGRRU� HQYLURQPHQWDO� GHVLJQ
�� LQ� 0DONDZL��
$�0�� DQG� $XJHQEURH�� *�� �HGV��� $GYDQFHG�
%XLOGLQJ� 6LPXODWLRQ�� 2[IRUGVKLUH�� 6SRQ�
3UHVV��

(QFUDIW��������(QFUDIW�:DUZLFN�:LQG�7ULDOV�3URMHFW��
$YDLODEOH� DW��
KWWS���ZZZ�ZDUZLFNZLQGWULDOV�RUJ�XN�UHVRXU
FHV�:DUZLFN�:LQG�7ULDOV�)LQDO�5HSRUW��
SGI��$FFHVVHG�����)HEUXDU\��������

)UDQNH�� -��� +LUVFK�� &��� -HQVHQ�� $�*��� .OLLV�� +�:���
6FKDW]PDQQ�� 0��� :HVWEXU\�� 3�6��� 0LOHV��
6�'���:OLVVH�� -�$�� DQG�:ULJKW��1�*�� �������
5HFRPPHQGDWLRQV� RI� WKH� &267� DFWLRQ� &���
RQ� WKH�XVH�RI�&)'� LQ�SUHGLFWLQJ�SHGHVWULDQ�
ZLQG�HQYLURQPHQW��

-KD�� $�5�� ������� :LQG� 7XUELQH� 7HFKQRORJ\��
+RERNHQ��&5&�3UHVV��

6¡UHQVHQ�� '�1�� DQG� 1LHOVHQ�� 3�9�� ������� 
4XDOLW\�
FRQWURO� RI� FRPSXWDWLRQDO� IOXLG� G\QDPLFV� LQ�
LQGRRU�HQYLURQPHQWV
��,QGRRU�$LU���������SS��
������

:,1(85� ������� :LQG� (QHUJ\� ,QWHJUDWLRQ� LQ� WKH�
8UEDQ� (QYLURQPHQW�� 5HSRUW� RQ� 5HVRXUFH�
$VVHVVPHQW� ������� >2QOLQH@�� $YDLODEOH� DW��
KWWS���ZZZ�LHH�
OLEUDU\�HX�LPDJHV�DOOBLHHOLEUDU\BGRFV�����
��ZLQHXU�SGI��$FFHVVHG�����)HEUXDU\��������

:LW��6�'���������
8QFHUWDLQW\�LQ�EXLOGLQJ�VLPXODWRQ
��
LQ�0DONDZL��$�0��DQG�$XJHQEURH��*���HGV���
$GYDQFHG�%XLOGLQJ�6LPXODWLRQ��2[IRUGVKLUH��
6SRQ�3UHVV���SS���������

�
�

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

- 497 -

http://www.warwickwindtrials.org.uk/resources/Warwick+Wind+Trials+Final+Report+.pdf
http://www.warwickwindtrials.org.uk/resources/Warwick+Wind+Trials+Final+Report+.pdf
http://www.warwickwindtrials.org.uk/resources/Warwick+Wind+Trials+Final+Report+.pdf
http://www.iee-library.eu/images/all_ieelibrary_docs/514%20wineur.pdf
http://www.iee-library.eu/images/all_ieelibrary_docs/514%20wineur.pdf
http://www.iee-library.eu/images/all_ieelibrary_docs/514%20wineur.pdf

