
,19(67,*$7,1*�,1)/8(1&(�2)�',))(5(17�6+$',1*�'(9,&(6�21�
:,1'2:�7+(50$/�3(5)250$1&(�

�
&H]DU\�0LVLRSHFNL����$ULOG�*XVWDYVHQ����DQG�%M¡UQ�3HWWHU�-HOOH���

��3K�'��&DQGLGDWH��1RUZHJLDQ�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\��7URQGKHLP��1RUZD\�
��3URIHVVRU��1RUZHJLDQ�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\��7URQGKHLP��1RUZD\�

��3URIHVVRU��6,17()�%XLOGLQJ�DQG�,QIUDVWUXFWXUH���1RUZHJLDQ�8QLYHUVLW\�RI�6FLHQFH�DQG�
7HFKQRORJ\��7URQGKHLP��1RUZD\�

�
$%675$&7�
8S� WR� ���� RI� WKH� WRWDO� HQHUJ\� ORVV� WKURXJK� WKH�
EXLOGLQJ� HQYHORSH� PD\� FRPH� IURP� ZLQGRZV�� KHQFH�
WKHLU�WKHUPDO�SHUIRUPDQFH�QHHGV�WR�EH�LPSURYHG��2QH�
SRVVLEOH� VROXWLRQ� LV� WKH� XVH� RI� VKDGLQJ� GHYLFHV�ZLWK�
LQVXODWLQJ� SURSHUWLHV� VXFK� DV� H[WHUQDO� UROOHU� VKXWWHUV�
DQG�LQWHUQDO�UROOHU�EOLQGV���
,Q� WKLV� VWXG\� &RPSXWDWLRQDO� )OXLG� '\QDPLF� �&)'��
VLPXODWLRQV�DUH�FDUULHG�RXW�LQ�RUGHU�WR�LQYHVWLJDWH�WKH�
LQIOXHQFH� RI� H[WHUQDO� VKXWWHUV� DQG� LQWHUQDO� UROOHU�
EOLQGV� RQ�ZLQGRZ� WKHUPDO� SHUIRUPDQFH�� 6LJQLILFDQW�
WKHUPDO� LPSURYHPHQWV� ZHUH� DFKLHYHG� IRU� ZLQGRZV�
ZLWK� DQG�ZLWKRXW� ORZ�HPLVVLYLW\� �ORZ�H�� FRDWLQJ� RQ�
JOD]LQJ�����DQG�����UHVSHFWLYHO\�ZKHQ�ERWK�H[WHUQDO�
DQG�LQWHUQDO�VKDGLQJ�ZHUH�DGGHG��ZLWK�ORZ�HPLVVLYLW\�
VXUIDFHV��� 7KLV� VWXG\� VKRZHG� WKDW� DSSO\LQJ� VKDGLQJ�
GHYLFHV� ZLWK� ORZ� HPLVVLYLW\� VXUIDFHV� JLYH� WKH� VDPH�
UHVXOW�LQ�WHUPV�RI�WKHUPDO�SHUIRUPDQFH�DV�XVLQJ�ORZ�H�
FRDWLQJV� RQ� JOD]LQJ�� 0RUHRYHU�� LW� DSSHDUV� WKDW� WKH�
VLPXODWLRQ� VRIWZDUH�:,1'2:����� FDQ� EH� XVHG� IRU�
DVVHVVLQJ� LQWHUQDO� VKDGLQJ� LQIOXHQFH� RQ� WKHUPDO�
SHUIRUPDQFH�RI�FHQWHU�RI�JOD]LQJ��

,1752'8&7,21�
1RZDGD\V�� VDYLQJ� HQHUJ\� DQG� UHGXFLQJ� FDUERQ�
HPLVVLRQV�LV�RQH�RI�WKH�WRS�SULRULWLHV�LQ�HDFK�VHFWRU�RI�
KXPDQ� DFWLYLW\�� %XLOGLQJV� DUH� DQ� LPSRUWDQW� SDUW� RI�
KXPDQ�OLIH��VLQFH�SHRSOH�XVH�WKHP�IRU�D�PDMRULW\�SDUW�
RI� WKH� GD\�� (QHUJ\� XVH� LQ� EXLOGLQJV� ZRUOGZLGH�
DFFRXQWV�IRU�RYHU�����RI�SULPDU\�HQHUJ\�XVH�DQG�IRU�
DURXQG� ���� RI� JUHHQKRXVH� JDV� HPLVVLRQV�� (QHUJ\�
DQG� HPLVVLRQV� LQFOXGH� ERWK� GLUHFW� XVDJH� RI� IRVVLO�
IXHOV� �RQ�VLWH��DQG� LQGLUHFW�XVH�RI� HQHUJ\� LQ� IRUP�RI�
HOHFWULFLW\�� GLVWULFW� KHDWLQJ�� GLVWULFW� FRROLQJ� DQG�
HPERGLHG�HQHUJ\�LQ�FRQVWUXFWLRQ�PDWHULDOV��9RVV�DQG�
0XVDOO���������
:LQGRZV�DUH�LQVHSDUDEOH�FRPSRQHQWV�RI�WKH�EXLOGLQJ�
HQYHORSH��,Q�PRGHUQ�GHVLJQV�D�WUHQG�RI�LQFUHDVLQJ�WKH�
DUHD� RI� IHQHVWUDWLRQ� SURGXFWV� IRU� UHVLGHQWLDO� DQG�
FRPPHUFLDO� FRQVWUXFWLRQV� LV� VHHQ� ZRUOGZLGH��
:LQGRZV� FRQWULEXWH� WR� D� EHWWHU� VWDQGDUG� RI� OLYLQJ�
ZLWK� GD\OLJKW� DQG� XVHIXO� KHDW� JDLQV�� 2Q� WKH� RWKHU�
KDQG� ZLQGRZV� PD\� FDXVH� KLJKHU� KHDW� ORVVHV� DQG�
XQGHVLUDEOH� KHDW� JDLQV�� &XUUHQWO\�� WKH� WKHUPDO�
WUDQVPLWWDQFH� RI� IHQHVWUDWLRQ� FRPSRQHQWV� LV� QRW� DV�
ORZ� DV� IRU� ZDOOV�� 7KH� VWXG\� E\� *XVWDYVHQ� HW� DO��
�������VKRZV�WKDW�HYHQ�XS�WR�����RI�WKH�WRWDO�HQHUJ\�
ORVV� WKURXJK� WKH� EXLOGLQJ� HQYHORSH� FDQ� EH� GXH� WR�

ZLQGRZV�� 7KHUHIRUH� LPSURYHG� IHQHVWUDWLRQ� SURGXFWV�
KDYH�D�KXJH�SRWHQWLDO�WR�SURYLGH�HQHUJ\�VDYLQJV���
,Q� RUGHU� WR� UHGXFH� KHDW� ORVV� IURP� ZLQGRZV� WKH�
WKHUPDO�LQVXODWLRQ�QHHGV�WR�EH�LPSURYHG��'HVSLWH�WKH�
UHFHQW�GHYHORSPHQWV�WKH�ZLQGRZ�IUDPHV�DUH�VWLOO� WKH�
ZHDNHVW� SRLQW� RI�ZLQGRZV� �*XVWDYVHQ� HW� DO��� �������
7KHUPDO� SHUIRUPDQFH� RI� ZLQGRZ� JOD]LQJ� FDQ� EH�
LPSURYHG� LQ� D� VHYHUDO� ZD\V�� 2QH� RSWLRQ� LV� DGGLQJ�
PRUH� OD\HUV� RI� JODVV�� EXW� WKLV� PDNHV� WKH� ZLQGRZ�
KHDYLHU�� PRUH� H[SHQVLYH�� DQG� UHTXLUHV� PRUH� VROLG�
IUDPH�RSHUDWLQJ�KDUGZDUH��$QRWKHU�VROXWLRQ�LQYROYHV�
DGGLQJ� ORZ� HPLVVLYLW\� FRDWLQJV� �ORZ�H�� RQ� WKH� JODVV�
VXUIDFHV��%RWK� RI� WKHVH�PHWKRGV� ORZHU� WKH� IDFWRU� RI�
VRODU� KHDW� JDLQ� FRHIILFLHQW� �6+*&��� ZKLFK� KDV� WKH�
QHJDWLYH� LQIOXHQFH� RQ� SRVVLEOH� KHDW� JDLQV�� $Q�
DOWHUQDWLYH�VROXWLRQ�WR�DGGUHVV�WKLV�LVVXH�VHHPV�WR�EH�
WKH� XVH� RI� H[WHUQDO� RU� LQWHUQDO� VKDGLQJ� GHYLFHV�ZLWK�
LQVXODWLQJ�SURSHUWLHV���
2QH� W\SH�RI� H[WHUQDO� VKDGLQJ�GHYLFHV� LV� WKH�H[WHUQDO�
UROOHU�VKXWWHU��VHH�H[DPSOH�LQ�)LJXUH�����7KLV�NLQG�RI�
VKDGLQJ�KDV�WKH�IROORZLQJ�DGYDQWDJHV��UHODWLYHO\�HDV\�
WR�LQVWDOO��LPSURYHV�VRXQG�LQVXODWLRQ��JLYHV�DGGLWLRQDO�
SURWHFWLRQ� WR� WKH� ZLQGRZ� �DJDLQVW� EXUJODU\� DQG�
KXUULFDQHV��� UHGXFHV� XQGHVLUHG� VRODU� KHDW� JDLQV�� DQG�
DGGV� VRPH� DGGLWLRQDO� WKHUPDO� UHVLVWDQFH� WR� WKH�
ZLQGRZ� ZKHQ� FORVHG�� $SSOLFDWLRQ� RI� WKH� UROOHU�
VKXWWHUV� FDQ� OHDG� WR� D� QHZ� VROXWLRQ�DSSURDFK� LQ�
ZLQGRZ� WHFKQRORJ\��5HGXFLQJ� WKH� QXPEHU� RI� SDQHV�
RU� ORZ�H� FRDWLQJV� FDQ� LQFUHDVH� WKH� VRODU� KHDW� JDLQ�
FRHIILFLHQW� �6+*&�� DQG� WKXV� LQFUHDVH� VRODU� JDLQV��
([SHFWHG� KLJKHU� KHDW� ORVVHV� GXULQJ� QLJKW� FDQ� EH�
EDODQFHG�E\�WKH�VKDGLQJ¶V�DGGLWLRQDO�LQVXODWLRQ��7KLV�
ZRXOG� PDNH� ZLQGRZV� PRUH� DGMXVWDEOH�G\QDPLF�
FRPSRQHQWV� DQG� KRSHIXOO\� OHDG� WR� EHWWHU� EXLOGLQJ�
WKHUPDO� SHUIRUPDQFH��0RUHRYHU�� WKH� XVH� RI� H[WHUQDO�
VKXWWHUV� DORQJ� ZLWK� KLJKO\� LQVXODWLQJ� ZLQGRZV� FDQ�
DOVR�OHDG�WR�ORZHULQJ�WKH�ULVN�RI�RXWVLGH�FRQGHQVDWLRQ�
RQ�WKH�ZLQGRZ�LQ�WKH�PRUQLQJ��
&XUUHQWO\��RQ�WKH�PDUNHW�WKHUH�DUH�YDULRXV�GHVLJQV�RI�
LQWHUQDO�VKDGLQJV�PDGH�RI�D�ZLGH�UDQJH�RI�PDWHULDOV��
2QH�SURPLVLQJ�W\SH�LQ�WHUPV�RI�D�WKHUPDO�LQVXODWLRQ�
VHHPV� WR� EH� WKH� LQWHUQDO� UROOHU� EOLQG� �H[DPSOH� LV�
SUHVHQWHG� LQ� )LJXUH� ���� ,QWHUQDO� EOLQGV� DUH� PDLQO\�
XVHG�WR�SURYLGH�SULYDF\�WR�RFFXSDQWV�GXULQJ�HYHQLQJV�
DQG�VWRS�JODUH�VRODU�JDLQV�GXULQJ�VXQQ\�GD\V��8VXDOO\�
WKH�PDWHULDOV� XVHG� IRU� LWV� FRQVWUXFWLRQ�DUH� UHODWLYHO\�
WKLQ������±���PP���7DNLQJ�LQWR�DFFRXQW�WKLFNQHVV�DQG�
PDWHULDO� WKHUPDO� FRQGXFWLYLW\� WKRVH� DUH� QRW� DEOH� WR�
JLYH� DGGLWLRQDO� LQVXODWLRQ� LQ� WHUPV� RI� VLPSOH� VROLG�
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VWDWH�FRQGXFWLRQ��+RZHYHU��ZKHQ�LQVWDOOHG�FORVH�WR�D�
JODVV� VXUIDFH� �LQ� D�ZD\� WKDW� JLYHV� UHODWLYH� JRRG� DLU�
WLJKWQHVV�� FUHDWHV� DQ� DGGLWLRQDO� DLU� JDS�ZKLFK� FRXOG�
DGG� DGGLWLRQDO� LQVXODWLRQ� WR� WKH� JOD]LQJ� E\� UHGXFHG�
FRQYHFWLRQ� DQG� UDGLDWLRQ��$OVR� FKDQJLQJ� WKH� EOLQG¶V�
VXUIDFH� HPLVVLYLW\� FDQ� JLYH� UHGXFWLRQ� LQ� KHDW� ORVVHV�
E\�UDGLDWLRQ��
�

�
Figure 1 - Example of 
external roller shutter. 
(Evermotion.org, 2012) 

�
Figure 2 - Example of 
internal roller blind 
(SOD, 2010) 

/,7(5$785(�5(9,(:�
7KH� WRSLF� RI� ZLQGRZ� VKDGLQJ� KDV� EHHQ� VWXGLHG� LQ�
OLWHUDWXUH��KRZHYHU�WKHUH�DUH�KDUGO\�DQ\�SXEOLFDWLRQV�
DGGUHVVLQJ� WKH� LVVXH� RI� WKHUPDO� HIIHFWV� IURP� UROOHU�
VKXWWHUV� DQG� LQWHUQDO� EOLQGV� RQ� ZLQGRZ� WKHUPDO�
SHUIRUPDQFH�� 6RPH� VWXGLHV� ZHUH� DGGUHVVLQJ� WKLV�
LVVXH�EXW�PRVWO\�RQ�SRRUO\�SHUIRUPLQJ�ZLQGRZV��
:RRG� HW� DO�� ������� WRJHWKHU� ZLWK� *ODVJRZ�
&DOHGRQLDQ� 8QLYHUVLW\� H[SHULPHQWDOO\� LQYHVWLJDWHG�
DGGLQJ� LQVXODWLRQ� WR� UHODWLYHO\� ORZ�SHUIRUPLQJ�
KLVWRULF�ZLQGRZV��$Q�H[DPSOH�GRXEOH�KXQJ�ZLQGRZ�
KDV� EHHQ� UHVWRUHG� DQG� WHVWHG� LQ� D� FOLPDWH� FKDPEHU��
$GGLWLRQDO� LQVXODWLRQV� KDYH� EHHQ� DGGHG� RQ� WKH�
LQWHULRU� VLGH�� WHVWHG� DQG� FRPSDUHG� ZLWK� ZLQGRZ�
ZLWKRXW� LQVXODWLRQ�� ,W�ZDV� IRXQG� WKDW�KHDY\� FXUWDLQV�
JLYH�����UHGXFWLRQ�LQ�KHDW�ORVV�WKURXJK�JOD]LQJ��ZHOO�
ILWWHG�H[SDQGHG�SRO\VW\UHQH� �(36��VKXWWHUV�����DQG�
UHIOHFWLYH� UROOHU� EOLQGV� ����� ,PSURYHPHQWV� DUH�
UHODWLYHO\� KLJK� EHFDXVH� WKH� LQYHVWLJDWHG� ZLQGRZ�
LQLWLDOO\� KDG� UHODWLYHO\� KLJK� WKHUPDO� WUDQVPLWWDQFH�
�VLQJOH�SDQH�JOD]LQJ��ZRRGHQ� IUDPH�ZLWKRXW�WKHUPDO�
EUDNH����
=DKHHU�8GGLQ� ������� LQYHVWLJDWHG� WKHUPDO�
SHUIRUPDQFH�RI�VKXWWHUV�DW�G\QDPLF�FRQGLWLRQV�ZKLFK�
RFFXUUHG�DIWHU� WKH�VKDGLQJ�GHYLFH�ZDV�FORVHG�� ,Q� WKH�
OLWHUDWXUH� FRQFHUQLQJ� VKDGLQJ� GHYLFHV�� XVXDOO\� LW� LV�
DVVXPHG� WKDW� LQVWDQWDQHRXVO\� DIWHU� WKH� VKXWWHU� LV�
FORVHG� WKH� WKHUPDO� UHVLVWDQFH� ULVH� WR� WKH� PD[LPXP�
OHYHO��REWDLQHG�E\�VWHDG\�VWDWH�FDOFXODWLRQV���=DKHHU�
8GGLQ� ������� FODLPHG� WKDW� WKLV� DVVXPSWLRQ� LV� QRW�
FRUUHFW�� ([SHULPHQWDO� VWXGLHV� VKRZHG� WKDW�
WHPSHUDWXUH� LQ� WKH� DLU� JDS� EHWZHHQ�ZLQGRZ�JOD]LQJ�
DQG�VKXWWHU�ZDV�VWDELOL]LQJ�IRU�DW�OHDVW���KRXUV��7KRVH�
ILQGLQJV� PRWLYDWHG� =DKHHU�8GGLQ� ������� WR� IXUWKHU�
H[SHULPHQWDO� DQG� QXPHULFDO� LQYHVWLJDWLRQV�� ,W� ZDV�
ILQDOO\� FRQFOXGHG� WKDW� LW� WDNHV� DW� OHDVW� ���� KRXUV� WR�
DFKLHYH� LWV� IXOO\� LQVXODWLQJ� HIIHFW� DQG� WKDW� WLPH� LV�
VWURQJO\�GHSHQGHQW�RQ�VKXWWHU�DVVHPEO\�DLU�WLJKWQHVV��
0RUHRYHU� WKH� LPSRUWDQFH� RI� G\QDPLF� HIIHFW� RI�

WKHUPDO�UHVLVWDQFH�DQG�DLU�WLJKWQHVV�RQ�DQQXDO�HQHUJ\�
SHUIRUPDQFH�IRU�DQ�H[DPSOH�KRXVH�ZDV�DVVHVVHG��
7KH� FDOFXODWLRQ� VWDQGDUG� ,62� ������������� �,62��
������GHVFULEHV�WKH�LQIOXHQFH�RI�VKXWWHUV�RQ�ZLQGRZ�
SHUIRUPDQFH�� ,W� LV� QRWHG� WKDW� LQVWDOOLQJ� ZLQGRZ�
VKXWWHUV�ZLWK�D�FHUWDLQ�WKHUPDO�UHVLVWDQFH� �5VK���DGGV�
DGGLWLRQDO� WKHUPDO� UHVLVWDQFH� WR� WKH� ZLQGRZ�� 7KH�
IRUPXOD� ZKLFK� DOORZV� WKH� FDOFXODWLRQ� RI� DGGLWLRQDO�
LQVXODWLQJ� HIIHFW� �IRU� GLIIHUHQW� DLU� SHUPHDELOLW\� RI�
VKXWWHU��FDQ�EH�IRXQG�LQ�7DEOH����
�
Table 1 - Additional thermal resistance for windows 
with closed shutters. (ISO, 2006) 
$LU�SHUPHDELOLW\�RI�
VKXWWHUV�

$GGLWLRQDO�WKHUPDO�
UHVLVWDQFH�
ǻ5�>�P�.��:@�

9HU\�KLJK� �����
+LJK� �����5VK��������
$YHUDJH� �����5VK��������
/RZ� �����5VK��������
$LUWLJKW� �����5VK��������
�
7KH� ,62� VWDQGDUG� �,62�� ������ DOVR� LQFOXGHV�
SURFHGXUH� RI� FDOFXODWLQJ� VKXWWHU� DLU� SHUPHDELOLW\��
7KRVH�JXLGHOLQHV�KRZHYHU�GR�QRW�DFFRXQW�IRU�VKXWWHUV�
ZLWK�ORZ�HPLVVLYLW\�VXUIDFHV��7KH�,62�VWDQGDUG��,62��
������KDV�EHHQ�XVHG�IRU�YDOLGDWLRQ�RI�WKH�GHYHORSHG�
PRGHO�LQ�WKLV�VWXG\��

6&23(�
7KH�VFRSH�RI�WKLV�VWXG\�LV�WR��

� GHWHUPLQH� WKH� H[WHUQDO� UROOHU� VKXWWHU� DQG�
LQWHUQDO� UROOHU� EOLQG� LQIOXHQFH� RQ� ZLQGRZ��
JOD]LQJ� DQG� IUDPH� WKHUPDO� SHUIRUPDQFH� IRU�
WZR� ZLQGRZV� ZLWK� GLIIHUHQW� JOD]LQJ� XQLWV�
�JOD]LQJ� 8�YDOXHV� RI� ����� DQG� �����
:��P�.����

� FRPSDUH� WKHUPDO� LQVXODWLRQ� LPSURYHPHQWV�
IRU�H[WHUQDO�UROOHU�VKXWWHUV�REWDLQHG�IURP�WKH�
GHYHORSHG� PRGHO� ZLWK� WKH� HYDOXDWLRQ�
PHWKRG�SURSRVHG�E\�WKH�,62�VWDQGDUG��,62��
������

� LQYHVWLJDWH� ZKHWKHU� WKH� ,62� HYDOXDWLRQ�
PHWKRG� �,62�� ������ LV� YDOLG� IRU� H[WHUQDO�
UROOHU� VKXWWHUV� ZLWK� UHODWLYHO\� ORZ� VXUIDFH�
HPLVVLYLW\��

� FRQVLGHU� GLIIHUHQW� PDWHULDOV� DQG� WKHLU�
LQIOXHQFH� RQ� WKHUPDO� SHUIRUPDQFH� RI�
H[WHUQDO�UROOHU�VKXWWHUV��

� GHWHUPLQH� WKH� LQIOXHQFH� RI� ORZHULQJ�
HPLVVLYLW\� RI� VKDGLQJ� VXUIDFHV� IDFLQJ�
ZLQGRZ�DQG�FRPSDUH�WKHUPDO�DQG�VRODU�JDLQ�
SHUIRUPDQFH� RI� VXFK� GHVLJQV� ZLWK� JOD]LQJ�
XQLW�XVLQJ�ORZ�H�FRDWLQJV�SODFHG�RQ�JOD]LQJ�
VXUIDFHV��

� LQYHVWLJDWH� WKH� SRVVLELOLW\� RI� XVLQJ�
:,1'2:� ���� VRIWZDUH� IRU� DVVHVVLQJ�
LQWHUQDO� VKDGLQJ� LQIOXHQFH� RQ� JOD]LQJ�
WKHUPDO�SHUIRUPDQFH��
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,W�VKRXOG�EH�QRWHG�WKDW�WKLV�LV�D�SUHOLPLQDU\�VWXG\�LQ�
ZKLFK� WKH�PDLQ� VFRSH� LV� WR� LQGLFDWH� WKH� SRWHQWLDO� RI�
ZLQGRZ� WKHUPDO� LPSURYHPHQWV� E\� XVLQJ� UROOHU�
VKXWWHUV� DQG� LQWHUQDO� UROOHU� EOLQGV�� )XUWKHU�
LQYHVWLJDWLRQV� PXVW� EH� FDUULHG� RXW� LQ� RUGHU� WR�
GHWHUPLQH� WKH� LQIOXHQFH� DQG� LQVXODWLQJ� HIIHFWV� LQ�
GHWDLO� �LQFOXGLQJ� G\QDPLF� EHKDYLRU� DQG� DFWXDO�
JHRPHWULHV� LQFOXGLQJ� VKXWWHU� ER[�� HWF���� 7KH� �'�
VLPXODWLRQV� ZHUH� SHUIRUPHG� XVLQJ� &)'� VRIWZDUH��
2QO\� WKH� VWHDG\�VWDWH� KDV� EHHQ� FRQVLGHUHG�� ,W� ZDV�
DVVXPHG� WKDW� WKH� JDS� EHWZHHQ� ZLQGRZ� DQG�
LQWHUQDO�H[WHUQDO�VKDGLQJ�LV�DLUWLJKW�DQG�QR�LQILOWUDWLRQ�
LV�RFFXUULQJ���

*(20(75<��
7KH� �'� JHRPHWULHV� KDYH� EHHQ� EXLOW� LQ� RUGHU� WR�
LQYHVWLJDWH� GLIIHUHQW� FRQILJXUDWLRQV�FDVHV�� 'LIIHUHQW�
UROOHU� VKXWWHU� PRGXOHV�GHVLJQV� KDYH� EHHQ� UHYLHZHG��
7KH� JHQHUDO� VKDSH� DQG� GLPHQVLRQV� KDYH� EHHQ�
HVWDEOLVKHG� DQG� XVHG� LQ� WKH� VLPXODWLRQV� �UHIHU� WR�
)LJXUH� �� DQG� )LJXUH� ���� ,QWHUQDO� UROOHU� EOLQGV� ZHUH�
VLPXODWHG�DV�D���PP�WKLFN�KRPRJHQRXV�PDWHULDO��
�

�
Figure 3 - Full geometry including shading devices. 
Numbers indicate the flowing parts: 4 - outside air, 
5 -inside air, 6 - frame support, 7 - frame foam, 8 - 
glass pane spacer, 9 - glass, 10 - seals, 11 - PVC 
frame, 12 -frame air gaps. 
 

�
Figure 4 - External roller shutter and internal roller 
blind geometry sketch. Numbers indicate the flowing 
parts: 1 - external roller shutter material, 2 - 
external roller shutter fill and 3 - internal roller 
blind material.  

7KH�VKDGLQJ�GHYLFHV�ZHUH�PRGHOHG�ZLWK�DQ�H[DPSOH�
39&�IUDPH�GHVLJQHG� IRU���SDQH�JOD]LQJ�� ,Q�RUGHU�WR�
LQYHVWLJDWH�WKH�FRQYHFWLRQ�RFFXUULQJ�EHWZHHQ�JOD]LQJ�
XQLW� DQG� VKDGLQJ� GHYLFHV� D� VWDQGDUG� VL]H� ZLQGRZ�
������P� KLJK�� KDV� EHHQ� FUHDWHG�� 7KH� IXOO� JHRPHWU\�
ZLWK�PDWHULDO�GHVFULSWLRQ�FDQ�EH�IRXQG�LQ�)LJXUH�����

180(5,&$/�352&('85(6�
,Q� WKH� &)'� SURJUDP� �$16<6� )OXHQW� 5HOHDVH� ����
D�FRQWURO�YROXPH�PHWKRG�LV�XVHG�WR�VROYH�WKH�FRXSOHG�
KHDW� DQG� IOXLG�IORZ� HTXDWLRQV� LQ� WZR� GLPHQVLRQV��
&RQGXFWLRQ�� FRQYHFWLRQ� DQG� UDGLDWLRQ� DUH� VLPXODWHG�
QXPHULFDOO\�� $16<6� 'HVLJQ� 0RGHOHU� DQG� $16<6�
0HVKLQJ�ZHUH� XVHG� DV� D� SUH�SURFHVVRU� WR� FUHDWH� WKH�
JHRPHWU\�� PHVK� DQG� WR� FRQVWUXFW� WKH� FRPSXWDWLRQDO�
GRPDLQV��
,Q�RUGHU�WR�DVVHVV�WKH�IORZ�QDWXUH��5D\OHLJK�QXPEHUV�
ZHUH� FDOFXODWHG�� (VWLPDWHV� IRU� WKH� IUDPH� FDYLWLHV�
VKRZ� PD[LPXP� 5D\OHLJK� QXPEHU� WR� EH�
DSSUR[LPDWHO\� ���� [� ����� ZKLFK� LQGLFDWHV� ODPLQDU�
IORZ�� $OVR� 5D\OHLJK� QXPEHUV� IRU� JODVV� FDYLW\� DQG�
FDYLWLHV� EHWZHHQ� VKXWWHU�EOLQG� DQG� JOD]LQJ�IUDPH�
ZHUH�FDOFXODWHG��)RU�VRPH�FDVHV�WKH�UHVXOWV�LQGLFDWHG�
WXUEXOHQW�IORZ�RU�WUDQVLWLRQ�VWDWH�EHWZHHQ�ODPLQDU�DQG�
WXUEXOHQW� IORZ�� ,Q� RUGHU� WR� FKHFN�YDOLGDWH� PRGHO�
FDVHV� ZLWK� H[WHUQDO� DQG� LQWHUQDO� VKDGLQJ�� WKH�PRGHO�
FDVHV� ZHUH� FDOFXODWHG�ZLWK� GLIIHUHQW� VROYHU� VHWWLQJV��
7KH� IROORZLQJ� PRGHOV� ZHUH� WHVWHG� EHIRUH� ILQDO�
VLPXODWLRQ�� �D��ODPLQDU� ±� VRPH� VWXGLHV� LQGLFDWH� WKDW�
IRU�VLPLODU�FDVHV�&)'�VROYHU�DVVXPLQJ�ODPLQDU�IORZ�
JLYHV� UHDVRQDEOH� UHVXOWV� �'HIUDH\H� HW� DO��� ������� �E��
N�Ȧ� 667� PRGHO� �LQFOXGLQJ� DQG� H[FOXGLQJ� ORZ�
5H\QROGV� FRUUHFWLRQV�� ZKLFK� ZDV� UHSRUWHG� LQ�PDQ\�
VWXGLHV�DV�RQH�RI�WKH�PRVW�VXLWDEOH�WXUEXOHQFH�PRGHOV�
IRU� PRGHOLQJ� QDWXUDO� FRQYHFWLRQ� IORZV� ZLWK� ORZ�
5H\QROGV�QXPEHU� �.D\QH��������DQG� �0HQWHU�HW�DO���
�������,Q�DGGLWLRQ��D�FDVH�ZLWK�JUDYLW\�YHFWRU�HTXDO�WR�
�� KDV� EHHQ� FDOFXODWHG� WR� GHWHUPLQH� WKH� LPSDFW� RI�
FRQYHFWLRQ� IORZV� RQ� ZLQGRZ� WKHUPDO� SHUIRUPDQFH��
7KH�VLPXODWLRQ�FRPSDULVRQ�LV�JLYHQ�LQ�7DEOH�����
�
Table 2 - Comparison of window U-values for cases 
with different solver settings*. 
6LPXODWLRQ� :LQGRZ�8�

YDOXH�
>:��P�.�@�

3HUFHQWDJH�GLIIHUHQFH�
WR�WKH�FDVH�ZLWK�
JUDYLW\�YHFWRU�HTXDO�
WR���>�@�

1R�JUDYLW\� ����� ��
/DPLQDU� ����� �����
N�Ȧ�667� ����� �����
N�Ȧ� 667� ORZ�
UH�

����� �����

*Calculations were performed using a mesh with 
maximum cell size 0.9 mm, where emissivity for all 
surfaces has been set to 0.84.  
�
9LVFRXV� GLVVLSDWLRQ� ZDV� QRW� DGGUHVVHG�� DQG� DOO�
WKHUPRSK\VLFDO�SURSHUWLHV�DUH�DVVXPHG�WR�EH�FRQVWDQW�
H[FHSW� IRU� WKH� EXR\DQF\� WHUP� RI� WKH� \�PRPHQWXP�
HTXDWLRQ�� ZKHUH� WKH� %RXVVLQHVT� DSSUR[LPDWLRQ� LV�
XVHG���
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7KH� 6HPL�,PSOLFLW� 0HWKRG� IRU� 3UHVVXUH�OLQNHG�
(TXDWLRQV�&RQVLVWHQW��6,03/(&��ZDV�XVHG�WR�PRGHO�
WKH� LQWHUDFWLRQ� EHWZHHQ� SUHVVXUH� DQG� YHORFLW\�� 7KH�
HQHUJ\� DQG� PRPHQWXP� YDULDEOHV� DW� FHOO� IDFHV� ZHUH�
IRXQG�E\�XVLQJ�WKH�4XDGUDWLF�8SVWUHDP�,QWHUSRODWLRQ�
IRU�&RQYHFWLYH�.LQHWLFV��48,&.��VFKHPH��7KH�&)'�
SURJUDP� XVHV� FHQWUDO� GLIIHUHQFHV� WR� DSSUR[LPDWH�
GLIIXVLRQ� WHUPV� DQG� UHOLHV� RQ� WKH� 35(VVXUH�
67DJJHULQJ� 2SWLRQ� VFKHPH� �35(672�� WR� ILQG� WKH�
SUHVVXUH�YDOXHV�DW�WKH�FHOO�IDFHV���
5DGLDWLRQ� KHDW� WUDQVIHU� ZDV� LQFOXGHG� LQ� WKH�
VLPXODWLRQV� WKURXJK� XVH� RI� WKH� 6XUIDFH� WR� 6XUIDFH�
�6�6�� UDGLDWLRQ� PRGHO�� ZKLFK� FDOFXODWH� WKH� HQHUJ\�
H[FKDQJH�EHWZHHQ�VXUIDFHV� WDNLQJ� LQWR�DFFRXQW� VL]H��
VHSDUDWLRQ�GLVWDQFH�DQG�RULHQWDWLRQ�XVLQJ�D�JHRPHWULF�
IXQFWLRQ� FDOOHG� ³YLHZ� IDFWRU´�� 7KH� 6�6� PRGHO�
LJQRUHV� DEVRUSWLRQ�� HPLVVLRQ� DQG� VFDWWHULQJ�
SKHQRPHQD�LQ�WKH�DLU�FDYLWLHV��7KH�FDYLW\�ZDOOV�ZHUH�
DVVXPHG� WR� EH� GLIIXVH� JUD\�� &RQYHUJHQFH� ZDV�
GHWHUPLQHG�E\�FKHFNLQJ�WKH�UHVLGXDOV�IRU�HQHUJ\�DQG�
HQVXULQJ�WKDW�WKH\�ZHUH�ORZHU�WKDQ���[�������3ULRU�WR�
WKH�ILQDO�FDOFXODWLRQ�D�PHVK�WHVW�KDV�EHHQ�SHUIRUPHG�
IRU� JHRPHWU\� LQFOXGLQJ� ERWK� LQVLGH� DQG� RXWVLGH�
VKDGLQJ�� 0HVK� VHQVLWLYLW\� VWXG\� ZDV� QHFHVVDU\� LQ�
RUGHU� WR� PDNH� WKH� VROXWLRQ� PHVK�LQGHSHQGHQW�� *ULG�
VL]HV� RI� ����� ����� ���� PP� KDYH� EHHQ� WHVWHG�� 7KH�
ZLQGRZ� 8�YDOXH� RQO\� FKDQJH� E\� ����� IURP� WKH�
ILQHVW������PP��WR�WKH�FRDUVHVW������PP��PHVK��,W�ZDV�
GHWHUPLQHG� WKDW� WKLV� GLIIHUHQFH� LQ� JULG� VL]H�ZDV� QRW�
VLJQLILFDQW��KHQFH�JULG�VL]HV�OHVV�WKDQ�RU�HTXDO�WR�����
PP�ZHUH�XVHG� LQ�WKH� ILQDO� VLPXODWLRQV� IRU�DOO�RI� WKH�
FDVHV���
7DEOH� �� DQG�7DEOH� �� GLVSOD\� WKH�PDWHULDO� SURSHUWLHV�
XVHG�LQ�WKH�QXPHULFDO�VLPXODWLRQV��0DWHULDO�GDWD�ZHUH�
PDLQO\� REWDLQHG� IURP� 1)5&� ���� �1)5&�� ����E��
DQG�:,1'2:������/%1/����������
 
Table 3 - Conductivities and emissivities of window 
and shading materials used in the study. 
0DWHULDO� )LJ�QR����

HOHPHQW�
QR��

&RQGXFWL�
YLW\�
>:��P�.�@�

(PLVVL�
YLW\�
>�@�

*ODVV� )LJ������ �� �����
(3'0�VHDOV� )LJ������� ����� ����
39&���ULJLG� )LJ������

)LJ������
)LJ�������

����� ����

6WHHO�� )LJ������ ����� ����
%DVRWHFW�IRDP� )LJ������

)LJ������
������ ����

6SDFHU�
�

)LJ������ ����� ����

$OXPLQXP��$O��
�SDLQWHG��

)LJ������ ���� ����

*material and emissivity used for some parts differ 
among some cases (refer to�Table 6�� 
 
 
 

Table 4 - Air properties for frame cavities and 
cavities created by shading devices used in the CFD 
simulations. 
)LJ��QR����
HOHPHQW�QR��

3URSHUW\� 9DOXH� 8QLW�

)LJ������
)LJ������
)LJ�������
)LJ�������

$YHUDJH� DLU�
WHPSHUDWXUH�

����� �&�

7KHUPDO�
FRQGXFWLYLW\�

�������� :��P�.��

6SHFLILF� KHDW�
FDSDFLW\�

������� -��NJ�.��

'\QDPLF�
YLVFRVLW\�

������[
�����

NJ��P�V��

'HQVLW\� ������� NJ�P��
([SDQVLRQ�
FRHIILFLHQW�

������[
�����

��.�

�
7KH� VLPSOLILHG� ,62� �������� �,62�� ������ ERXQGDU\�
FRQGLWLRQV�ZKLFK�ZHUH�XVHG� LQ�WKH�&)'�VLPXODWLRQV�
DUH�GLVSOD\HG�LQ�7DEOH�����
�
Table 5 - Boundary conditions used in the CFD 
simulations (ISO, 2012). 
%RXQGDU\�FRQGLWLRQ� 9DOXH� 8QLW�
,QGRRU�WHPSHUDWXUH� ������� .�
2XWGRRU�WHPSHUDWXUH� ������� .�
&RPELQHG�FRQYHFWLRQ�
DQG�UDGLDWLRQ�VXUIDFH�
FRHIILFLHQW�RI�KHDW�
WUDQVIHU�IRU�IUDPH�DQG�
YLVLRQ�VHFWLRQV�

LQGRRU�� ������ :��P��.��

RXWGRRU�� ����� :��P��.��

+HDW�IORZ�GHQVLW\�DW�WKH�
IUDPH�ZDOO�LQWHUIDFH�

�� :�P��

�

�
5(68/76�$1'�',6&866,21�
,Q� WKH� VWXG\� ��� GLIIHUHQW� FDVHV� KDYH� EHHQ�PRGHOHG��
ZKHUH�IRU�HDFK�FDVH�WKH�8�YDOXH�KDV�EHHQ�FDOFXODWHG�
�UHIHU�WR�7DEOH�����)RU�VRPH�FDVHV�VXUIDFH�HPLVVLYLW\�
RI� VKDGLQJ� IDFLQJ� JOD]LQJ�IUDPH� KDV� EHHQ� FKDQJHG�
IURP� FKDUDFWHULVWLF� IRU� PDWHULDO� WR� ������ �UHIHU� WR�
FROXPQV�� H[WHUQDO� VKXWWHU� HPLVVLYLW\� DQG� LQWHUQDO�
VKDGLQJ� HPLVVLYLW\� LQ� 7DEOH� ���� *OD]LQJ� FDYLW\� JDV�
GLIIHUV� EHWZHHQ� FDVHV� �DLU�� DUJRQ� DQG� [HQRQ���
0RUHRYHU�� IRU� VRPH� FDVHV� ORZ�H� FRDWLQJV�KDYH�EHHQ�
DGGHG��ZKLFK�ORZHU�WKH�JODVV�HPLVVLYLW\�IURP������WR�
������RQ�VXUIDFHV���DQG����UHIHU�WR�)LJXUH�����
)UDPH� PDWHULDOV� DQG� H[WHUQDO� VKXWWHU� ILOO� PDWHULDO�
KDYH�EHHQ�NHSW�WKH�VDPH�IRU�DOO�FDVHV��
�

�
Figure 5 - Sketch of glazing unit used in the 
simulation. Boxes indicate numbers of glazing 
surface. 
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Table 6 - Characteristic of cases investigated in the study. 

*HRPHWU\� &DVH�
QR�

*OD]�
LQJ�ILOO�

/RZ�H�RQ�
JODVV�

([WHUQDO�
VKXWWHU�
PDWHULDO�

([WHUQDO�
VKXWWHU�

HPLVVLYLW\�

,QWHUQDO�
VKXWWHU�

,QWHUQDO�
VKXWWHU�

HPLVVLYLW\�

8�YDOXH�
:LQGRZ�
>:��P�.�@�

%DVH�ZLQGRZ�

�

�� DLU� QR� �� �� �� �� �����

�� DUJRQ� QR� �� �� �� �� �����

�� DUJRQ� \HV� �� �� �� �� �����

�� [HQRQ� \HV� �� �� �� �� �����

:LQGRZ���H[WHUQDO�
VKDGLQJ�

�

�� DUJRQ� QR� $O� ����� �� �� �����

�� DUJRQ� QR� 39&� ����� �� �� �����

�� DUJRQ� \HV� 39&� ����� �� �� �����

�� DUJRQ� QR� 39&� ������ �� �� �����

:LQGRZ���LQWHUQDO�
VKDGLQJ�

�

�� DUJRQ� \HV� �� �� 39&� ����� �����

��� DUJRQ� \HV� �� �� 39&� ������ �����

��� DUJRQ� QR� �� �� 39&� ������ �����

:LQGRZ���H[WHUQDO�
��LQWHUQDO�VKDGLQJ�

�

��� DUJRQ� \HV� 39&� ����� 39&� ����� �����

��� DUJRQ� QR� 39&� ������ 39&� ������ �����

��� DUJRQ� \HV� 39&� ������ 39&� ������ �����

�
,Q�RUGHU�WR�YDOLGDWH�WKH�PRGHO��8�YDOXHV�RI�FHQWHU�RI�
JOD]LQJ�KDYH�EHHQ�FRPSDUHG�ZLWK�8�YDOXHV�REWDLQHG�
IURP� VLPXODWLRQV� FDUULHG� RXW� XVLQJ� :,1'2:� ����
VRIWZDUH�� ,W� ZDV� FRQFOXGHG� WKDW� DLU� JDSV� EHWZHHQ�
VKDGLQJ� DQG� JOD]LQJ� KDYH� VLPLODU� SURSHUWLHV� �DLU� DV�
JDV�ILOO�� DVSHFW� UDWLR�� 5D\OHLJK� QXPEHU��� WKXV� LI� D�
PRGHO�LV�YDOLG�IRU�D�FHQWHU�RI�JOD]LQJ��LW�LV�DOVR�YDOLG�
IRU� DLU� FDYLWLHV� FUHDWHG� E\� VKDGLQJ�� ,Q� 7DEOH� �� 8�
YDOXHV� IRU� FHQWHU�RI�JOD]LQJ� REWDLQHG� IURP� &)'�
VLPXODWLRQV�DQG�:,1'2:�����ZHUH�FRPSDUHG��
9HU\�JRRG�DJUHHPHQW�KDV�EHHQ�DFKLHYHG� IRU�FDVHV���
DQG��� �UHVSHFWLYHO\�DLU�DQG�DUJRQ�DV�JDV�ILOO�ZLWK�QR�
ORZ�H� FRDWLQJV��� &DVH� �� LV� FUXFLDO� IRU� YDOLGDWLRQ�
SXUSRVH�VLQFH�DLU� LV�XVHG�DV�JDV�ILOO�� WKH�VDPH�DV� IRU�
FDYLWLHV�EHWZHHQ�VKDGLQJ�±�ZLQGRZ��$OVR��IRU�FDVH���
ZKLFK�LQFOXGHV�DUJRQ�DV�JOD]LQJ�FDYLW\�ILOO�DQG�ORZ�H�
FRDWLQJV� JRRG� DJUHHPHQW� ZDV� DFKLHYHG�� &DVH� ��
�[HQRQ� ZLWK� ORZ�H� FRDWLQJV�� LV� FKDUDFWHUL]HG� E\�

D�KLJK� SHUFHQWDJH� GLIIHUHQFH� DQG� DEVROXWH� FKDQJH�
DERXW� WZR� WLPHV� KLJKHU� WKDQ� IRU� RWKHU� FDVHV�� ,Q�
IXUWKHU�FDOFXODWLRQV�JOD]LQJ�ZLWK�[HQRQ�DV�JDV�ILOO�KDV�
QRW�EHHQ�LQFOXGHG���
�
Table 7 - Comparison of U-values for center-of-
glazing obtained from CFD calculation and 
WINDOW 6.0. Cases as given in Table 6. 

&
DV
H�
QR
���

8
�Y
DO
XH
��

&
)'

�

8
�Y
DO
XH
��

:
,1
'
2
:
�

��
��

3H
UF
HQ
WD
JH
�

GL
IIH
UH
QF
H�

>�
@�

$
EV
RO
XW
H�

&
KD
QJ
H�

�:
��P

��
.
���

&DVH��� ����� ����� ����� ������
&DVH��� ����� ����� ����� ������
&DVH��� ����� ����� ����� ������
&DVH��� ����� ����� ������ �����
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)XUWKHUPRUH��WKH�LQIOXHQFH�RI�H[WHUQDO�UROOHU�VKXWWHUV�
KDV�EHHQ�HYDOXDWHG�DQG�FRPSDUHG�XVLQJ�&)'�PHWKRG�
DQG�,62�VWDQGDUG��,62���������,Q�WKH�&)'�VLPXODWLRQ�
LW� ZDV� DVVXPHG� WKDW� VKXWWHUV� DUH� DLUWLJKW�� WKXV� WKH�
IROORZLQJ�IRUPXOD�ZDV�XVHG�IRU�,62�FDOFXODWLRQ� 0.95 
Rsh + 0.17� �,62�� �������ZKHUH�5VK� HTXDOV� WR� VKXWWHU�
WKHUPDO� UHVLVWDQFH� �SURFHGXUH� RI� FDOFXODWLQJ�
DFFRUGLQJ�WR�WKH�,62�VWDQGDUG��,62��������LV�VKRZQ�
LQ� 7DEOH� ���� &RPSDULVRQ� RI� UHVXOWV� LV� SUHVHQWHG� LQ�
7DEOH�����
�
Table 8 - Influence of thermal shutter according to 
ISO (ISO, 2006) and CFD calculation. Cases as 
given in Table 6. 

&
DV
H�
QR
��

�G
HV
FU
LS
WLR
Q�
RI
�

FD
VH
��

6K
XW
WH
U�
WK
HU
��

P
DO
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HV
LVW
DQ
FH
�

&
DV
H�
8
�Y
DO
XH
�

&
)'

��

&
DV
H�
8
�Y
DO
XH
�

GH
WH
UP

LQ
HG
�E
\�

,6
2
���
��
��
�

3H
UF
HQ
WD
JH
�

GL
IIH
UH
QF
H�
>�

@�

&DVH����FDVH�����
$O�IRDP�VKXWWHU��

����� ����� ����� ��

&DVH���±���FDVH�����
39&�IRDP�VKXWWHU��

����� ����� ����� ��

&DVH���±���FDVH�����
$O�IRDP�VKXWWHU��

����� ����� ����� ��

&DVH���±���FDVH�����
$O�IRDP�VKXWWHU���
VKXWWHU�ORZ�
HPLVVLYLW\�VXUIDFH�
��������IDFLQJ�
ZLQGRZ��

����� ����� ����� ���

�
*RRG� DJUHHPHQW�KDV� EHHQ� DFKLHYHG� IRU� FDVHV�ZKHUH�
WKH� VKDGLQJ� VXUIDFH� KDV� HPLVVLYLW\� HTXDO� WR� �����
�SHUFHQWDJH� GLIIHUHQFH� EHORZ� ����� +RZHYHU��
FRPSDULVRQ�VKRZV�WKDW�WKH�,62�VWDQGDUG��,62��������
FDQQRW� EH� XVHG� IRU� DVVHVVLQJ� 8�YDOXH� RI� DVVHPEO\�
ZLQGRZ�VKDGLQJ� ZKLFK� LQFOXGHV� VXUIDFHV� ZLWK� ORZ�
HPLVVLYLW\�� )RU� VXFK� FDVHV� WKH� GLIIHUHQFH� EHWZHHQ�
,62��,62��������DQG�&)'�FDOFXODWLRQV�LV�UHSRUWHG�WR�
EH�DURXQG������
7KH� QH[W� VWHS� RI� WKH� VWXG\� ZDV� WR� GHWHUPLQH� WKH�
LQIOXHQFH� RI� GLIIHUHQW� VKDGLQJ� RSWLRQV� RQ�
ZLQGRZ�IUDPH�8�YDOXH��)LUVW��H[WHUQDO�UROOHU�VKXWWHUV�
DQG� LQWHUQDO�EOLQGV�KDYH�EHHQ�XVHG�ZLWK�D�UHODWLYHO\�
ORZ�SHUIRUPLQJ� JHQHULF� ZLQGRZ� ±� FDVH� �� ��3�� QR�
ORZ�H� RQ� JOD]LQJ�� DLU� DV� JDV�ILOO��� (YDOXDWLRQV� RI�
GLIIHUHQW� RSWLRQV� RI� LPSURYLQJ� ZLQGRZ� WKHUPDO�
SHUIRUPDQFH�DUH�SUHVHQWHG�LQ��
Table 9���
5HVXOWV� VKRZ� WKDW� WKHUPDO� LPSURYHPHQWV� RQ�
UHODWLYHO\� ORZ�SHUIRUPLQJ� ZLQGRZV� E\� XVH� RI�
H[WHUQDO�VKXWWHUV�DUH�VXEVWDQWLDO��ERWK�SHUFHQWDJH�DQG�
DEVROXWH� FKDQJHV��� IRU�FDVH���DURXQG�����UHGXFWLRQ�
RI� 8�YDOXH� ZDV� DFKLHYHG� FRPSDUHG� WR� WKH� LQLWLDO�
VROXWLRQ�� ,PSURYHPHQWV� KLJKHU� WKDQ� ����KDYH� EHHQ�
DFKLHYHG� XVLQJ� ERWK� LQWHUQDO� DQG� H[WHUQDO� VKDGLQJ�
GHYLFH� PDGH� RI� 39&� ZLWK� ORZ� HPLVVLYLW\� VXUIDFHV�
IDFLQJ�WKH�JODVV�VXUIDFH��FDVH������
�

 
Table 9 - Comparison of different options for 
enhancing window thermal performance by shading 
devices. Cases as given in Table 6. 
&DVH� �� ��� �� �� ���
:LQGRZ�8�
YDOXH�
>:��P�.�@�

����� ����� ����� ����� �����

3HUFHQWDJH�
GLIIHUHQFH�
ZLWK�FDVH���
>�@�

�� ���� ���� ���� ����

$EVROXWH�
GLIIHUHQFH�
ZLWK�FDVH���
>:��P�.�@�

�� ������ ������ ������ ������

�
,W� ZDV� FRQFOXGHG� WKDW� WKH� DSSOLFDWLRQ� RI� LQWHUQDO�
EOLQGV� �ZLWK� ORZ� HPLVVLYLW\� VXUIDFH�� JLYHV� VOLJKWO\�
EHWWHU� LPSURYHPHQWV� WKDQ� XVLQJ� H[WHUQDO� VKXWWHUV�
ZLWK� VXUIDFH� HPLVVLYLW\� HTXDO� WR� ����� �UHVSHFWLYHO\�
FDVH����DQG�FDVH�����ZKLOH�LQVWDOOLQJ�LQWHUQDO�EOLQGV�LV�
OHVV� WLPH�� FRVW� DQG� HIIRUW� FRQVXPLQJ�� +RZHYHU��
LQWHUQDO� EOLQGV� JLYH� ORZHU� LPSURYHPHQWV� ZKHQ� WKH�
ORZ� HPLVVLYLW\� VXUIDFH� LV� DGGHG� WR� H[WHUQDO� VKXWWHUV�
EHFDXVH� H[WHUQDO� VKXWWHUV� UHGXFH� WKH� KHDW� IORZ�
WKURXJK�WKH�HQWLUH�V\VWHP��LQFOXGLQJ�IUDPH���
7KH� KLJKHVW� LPSURYHPHQW� WR� IUDPH� WKHUPDO�
SHUIRUPDQFH� KDV� EHHQ� UHFRUGHG� WR� EH� DURXQG� ����
�ORZHUHG� E\� �����:��P�.��� IRU� FDVH� �� �E\�
DSSOLFDWLRQ� RI� H[WHUQDO� UROOHU� VKXWWHUV� ZLWK� ORZ�
HPLVVLYLW\�VXUIDFH����
6LPLODU�FRPSDULVRQ�KDV�EHHQ�SHUIRUPHG�XVLQJ�D�EDVH�
ZLQGRZ� ZLWK� ORZHU� WKHUPDO� WUDQVPLWWDQFH� �ZLQGRZ�
8�YDOXH� IRU� FDVH� �� HTXDOV� WR� ����� :��P�.���� 7KH�
UHVXOWV�DUH�SUHVHQWHG�DQG�FRPSDUHG�LQ� 
Table 10��
 
Table 10 - Comparison of different options for 
enhancing window thermal performance by shading 
devices. Cases as given in Table 6. 
&DVH� �� �� ��� �� ��� ���
:LQGRZ�8�
YDOXH�
>:��P�.�@�

����� ����� ����� ����� ����� �����

3HUFHQWDJH�
GLIIHUHQFH�
FDVH���>�@�

�� ���� ���� ���� ���� ����

$EVROXWH�
GLIIHUHQFH�
ZLWK�FDVH���
>:��P�.�@�

�� ��
�����

�
�����

��
�����

�
�����

�
�����

�
)RU� WKH� ZLQGRZ� ZLWK� DUJRQ� ILOOLQJ� DQG� ORZ�H� JODVV�
WKH� LPSURYHPHQWV� RI� ZLQGRZ� 8�YDOXH� DUH� DOVR�
VXEVWDQWLDO� ±� WKH� KLJKHVW� UHFRUGHG� LPSURYHPHQW� LV�
����ZKLOH� XVLQJ� H[WHUQDO�DQG� LQWHUQDO� VKXWWHUV�ZLWK�
ORZ�HPLVVLYLW\�VXUIDFHV��$SSOLFDWLRQ�RI�LQWHUQDO�UROOHU�
VKXWWHU��ZLWK�VXUIDFH�HPLVVLYLW\�HTXDO�WR�������FDXVHV�
UHGXFWLRQ� RI� WKHUPDO� ORVV� E\� ����� ZKLFK� FDQ� EH�
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GRXEOHG� E\� ORZHULQJ� VKDGLQJ� GHYLFH� VXUIDFH�
HPLVVLYLW\�WR���������
)XUWKHU�� FRPSDULVRQ� EHWZHHQ� FDVHV� ZLWK� ORZ�H�
FRDWLQJV� RQ� WKH� JOD]LQJ� DQG� FDVHV� ZLWK� ORZHUHG�
HPLVVLYLW\� RQ� VKDGLQJ� GHYLFHV� KDV� EHHQ� FDUULHG� RXW��
7DEOH� ��� LQGLFDWHV� WKDW� WKH� RYHUDOO�ZLQGRZ�8�YDOXH�
GLG� QRW� FKDQJH�� 6+*&� IRU� ERWK� FDVHV� KDV� EHHQ�
HYDOXDWHG�XVLQJ�:,1'2:������IRU�FHQWHU�RI�JOD]LQJ�
RQO\�� DVVXPLQJ� WKDW� VKXWWHUV� DUH� RSHQHG��� ,W� ZDV�
FRQFOXGHG� WKDW� FKDQJLQJ� HPLVVLYLW\� RI� H[WHUQDO� DQG�
LQWHUQDO�VKDGLQJ�FDQ�JLYH�WKH�VDPH�WKHUPDO�SURSHUWLHV�
ZKLOH� NHHSLQJ� KLJKHU� 6+*&� YDOXH� RI� DURXQG� �����
7KLV� FRQILJXUDWLRQ� FDQ� ILQG� DSSOLFDWLRQ� IRU� FHUWDLQ�
FOLPDWHV�VLWXDWLRQV��
�
Table 11 - Comparison of cases with different 
location of low emissivity surfaces (case 12 is 
window with no low-e- coating on glass while case 
13 has low-e caring on two glass panes). Cases as 
given in Table 6. 
*HRPHWU\� &DVH���� &DVH���� 3HUFHQWDJH��

GLIIHUHQFH�>�@�
8�YDOXH�
ZLQGRZ��
>:��P�.�@�

����� ����� ����

6+*&� ����� ����� �����

�
,Q� WKH�QH[W� VWHS�&)'�PRGHOLQJ� UHVXOWV� RI� FHQWHU�RI�
JOD]LQJ� �GHILQHG� DFFRUGLQJ� 1)5&� ���� �1)5&��
����D�� LQ� RUGHU� WR� LVRODWH� WKH� VSDFHU� LQIOXHQFH�� KDV�
EHHQ� FRPSDUHG� WR� WKH� UHVXOWV� IURP�:,1'2:� �����
)RU� HDFK� FDVH� VLPXODWLRQ� LQ� :,1'2:� KDV� EHHQ�
SHUIRUPHG�E\� FUHDWLQJ� D���OD\HU� JOD]LQJ�XQLW��ZKHUH�
WKH� �WK� OD\HU� UHSUHVHQWHG� DQ� LQWHUQDO� EOLQG� �WKLV�
UHTXLUHG� FUHDWLRQ� RI� D� FXVWRP� JOD]LQJ� OD\HU� ZKLFK�
WKLFNQHVV�DQG�FRQGXFWLYLW\�ZDV�VHW�WR�WKH�VDPH�YDOXHV�
DV�IRU�WKH�&)'�VLPXODWLRQ���6SDFH�EHWZHHQ��UG�DQG��WK�
SDQH�ZDV� ILOOHG�ZLWK�DLU� �UHIHU� WR� )LJXUH� ����DQG� WKH�
VSDFH�EHWZHHQ�WKH�JODVV�OD\HUV�ZDV�DUJRQ��7KH�VDPH�
,62� �,62�� ������ ERXQGDU\� FRQGLWLRQV� DQG� JOD]LQJ�
KHLJKW������PP��ZHUH�XVHG�IRU�&)'�DQG�:,1'2:�
VLPXODWLRQV���5HVXOWV�RI�WKH�FRPSDULVRQ�DUH�SUHVHQWHG�
LQ�7DEOH������
7KH� FRPSDULVRQ� VKRZV� JRRG� PDWFK� IRU� DOO� RI� WKH�
FDVHV� �SHUFHQWDJH� GLIIHUHQFHV� ORZHU� WKDQ� �����
:,1'2:����� LQGLFDWHV� LQ� JHQHUDO� KLJKHU�8�YDOXHV�
WKDQ� &)'� VLPXODWLRQ�� ZKLFK� ZDV� DOVR� REVHUYHG� IRU�
SULRU� FRPSDULVRQV� �7DEOH� ���� 7KH� DFWXDO� GLIIHUHQFH�
IRU�DOO�FDVHV�DUH�ORZHU�WKDQ������:��P�.��ZKLFK�DUH�
DFFHSWDEOH�ZLWK�UHJDUGV�WR�,62�DQG�1)5&�VWDQGDUGV��
,W� ZDV� FRQFOXGHG� WKDW� :,1'2:� LV� DEOH� WR� JLYH�
UHODWLYHO\� JRRG� HVWLPDWLRQ� RI� FHQWHU�RI�JOD]LQJ�
WKHUPDO�SHUIRUPDQFH�ZKLOH�XVLQJ�LQWHUQDO�EOLQGV��
�

�

Figure 6 - Screen from WINDOW 6.0, numbers in 
squares indicate layers, broken lines indicate low-e 
coatings.  
 
Table 12 - Comparison of results from CFD and 
WINDOW 6.0 simulations for center-of-glazing with 
internal roller blinds.�Cases as given in Table 6. 
&DVH� �� �� �� ��� ���

&)'�
8�YDOXH�
FHQWUH�RI�
JOD]LQJ�
>:��P�.�@�

����� ����� ����� ����� �����

:,1'2:�
8�YDOXH�
FHQWUH�RI�
JOD]LQJ�
>:��P�.�@�

����� ����� ����� ����� �����

$EVROXWH�
GLIIHUHQFH�
>:��P�.�@�

����� ����� ����� ����� �����

3HUFHQWDJH�
GLIIHUHQFH�
>�@�

���� ���� ���� ���� ����

�

&21&/86,216�
6RPH� FRQFOXVLRQV� FDQ� EH� GUDZQ� UHJDUGLQJ� WKHUPDO�
LQIOXHQFH� RI� H[WHUQDO� VKXWWHUV� DQG� LQWHUQDO� UROOHU�
EOLQGV� RQ� ZLQGRZ� WKHUPDO� SHUIRUPDQFH�� )LUVWO\� LW�
ZDV� VKRZQ� WKDW� WKH� FDOFXODWLRQ�PHWKRG�SUHVHQWHG� LQ�
WKH� ,62� ������������� VWDQGDUG� JLYHV� JRRG� UHVXOWV�
ZKLFK�DUH� FRPSDUDEOH�ZLWK� UHODWLYHO\� DFFXUDWH�&)'�
LQYHVWLJDWLRQV��+RZHYHU�� WKH�PHWKRG� LV�RQO\� YDOLG�LI�
WKH�H[WHUQDO�UROOHU� VKXWWHU� VXUIDFH�HPLVVLYLW\� LV�KLJK��
ZKLFK�LV�W\SLFDO�IRU�VKXWWHU�PDWHULDOV��6HFRQGO\��YHU\�
JRRG�LPSURYHPHQWV�ZHUH�DFKLHYHG�IRU�ZLQGRZV�ZLWK�
DQG�ZLWKRXW�ORZ�H�JOD]LQJ��UHVSHFWLYHO\����DQG�����
ZKHQ�ERWK�H[WHUQDO�DQG�LQWHUQDO�VKDGLQJ�ZHUH�DGGHG�
�ZLWK� ORZ� HPLVVLYLW\� VXUIDFHV��� )RU� FRQVLGHUHG�
VKDGLQJ� GHYLFHV� KLJKHU� LQ� LPSURYHPHQWV� FDQ� EH�
DVVLJQHG�WR�H[WHUQDO�UROOHU�VKXWWHUV��VLQFH�WKDW�W\SH�RI�
VKDGLQJ�DOVR�UHGXFHV�WKH�KHDW�ORVV�WKURXJK�WKH�IUDPH��
7KH� VWXG\� LGHQWLILHG� WKH� LPSRUWDQW� UROH� RI� VKDGLQJ�
GHYLFH� VXUIDFH� HPLVVLYLW\� �IRU� VXUIDFHV� IDFLQJ�
JOD]LQJ��� 6WXGLHV� VKRZHG� WKDW� XVLQJ� ORZ� HPLVVLYLW\�
RQ�VKDGLQJ�GHYLFHV�JLYH� WKH�VDPH�UHVXOW� LQ� WHUPV�RI�
WKHUPDO� SHUIRUPDQFH� DV� XVLQJ� ORZ�H� RQ� JOD]LQJ�
�ZKLOH� VKDGHV� DUH� FORVHG�� ZKLOH� LPSURYLQJ�
VXEVWDQWLDOO\� WKH�VRODU�KHDU�JDLQ�FRHIILFLHQW� �6+*&��
�ZKLOH� VKDGHV� DUH� RSHQ��� 7KHUH� LV� JRRG� DJUHHPHQW�
EHWZHHQ�/%1/�VRIWZDUH�:,1'2:�����DQG�WKH�&)'�
VLPXODWLRQV�FDUULHG�RXW�LQ�WKLV�ZRUN���
�

$&.12:/('*0(176�
�
7KLV�ZRUN�ZDV�VXSSRUWHG�E\�WKH�5HVHDUFK�&RXQFLO�RI�
1RUZD\��1718��/LDQ�7UHYDUHIDEULNN�DQG�/DZUHQFH�
%HUNHOH\� 1DWLRQDO� /DERUDWRU\� �/%1/�� WKURXJK� WKH�
1718� DQG� 6,17()� UHVHDUFK� SURMHFW� ´,PSURYHG�
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:LQGRZ� 7HFKQRORJLHV� IRU� (QHUJ\� (IILFLHQW�
%XLOGLQJV´��(II:LQ���

)8785(�:25.�
7KH� ZRUN� SUHVHQWHG� LQ� WKLV� VWXG\� PLJKW� IRUP� DQ�
DGHTXDWH�EDVLV�IRU�IXUWKHU�LQYHVWLJDWLRQV�WR�GHWHUPLQH�
WKH� VKDGLQJ� LQIOXHQFH� RQ� ZLQGRZ� WKHUPDO�
SHUIRUPDQFH��)XUWKHU�ZRUN�VKRXOG�PD\�RQ��

� GHWHUPLQLQJ�WKH�HIIHFW�RI�WKHUPDO�LQVXODWLRQ�
LQ� WUDQVLHQW� VWDWH� RFFXUULQJ� VXEVHTXHQWO\�
DIWHU�FORVLQJ�VKDGLQJ��

� GHYHORSLQJ�YDOLGDWH�PHWKRGV�RI�XVLQJ�/%1/�
VRIWZDUH� �7+(50�� :,1'2:�� IRU�
HYDOXDWLQJ� VKDGLQJ� LQIOXHQFH� RQ� ZLQGRZ�
WKHUPDO�SHUIRUPDQFH��

� GHWHUPLQLQJ� VKDGLQJ� LQIOXHQFH� RQ�
IHQHVWUDWLRQ� SURGXFWV� LQ� GLIIHUHQW�
RULHQWDWLRQV� WKDQ� YHUWLFDO� �H�J��URRI�
ZLQGRZV���

� GHYHORSLQJ� PHWKRGV� IRU� FHUWLILFDWLRQ� RI�
ZLQGRZ� VKDGLQJV� LQ� RUGHU� WR� HQFRXUDJH�
PDQXIDFWXUHV� WR� FUHDWH� QHZ� DQG� LPSURYHG�
GHVLJQV��

� GHWHUPLQLQJ� WKH� LQIOXHQFH� RI� VKXWWHU� ER[HV�
DQG� RWKHU� HOHPHQWV� ZKLFK� FDQ� EHHQ� VHH� LQ�
DFWXDO�GHVLJQV�RI�VKXWWHUV��

�
�

5()(5(1&(6�
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