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$%675$&7�
7KLV� SDSHU� SUHVHQWV� WKH� QXPHULFDO� VLPXODWLRQ� RI�
VHYHUDO�EXLOGLQJV�ORFDWHG�LQ�6HRXO�FLW\�ZLWK�GLIIHUHQW�
GRPHVWLF� KRW� ZDWHU� GLVWULEXWLRQ�� 7KH� VLPXODWLRQ� LV�
FRPSOHWHG� RQ� WKH� 7516<6� EDVHG� SODWIRUP� E\�
VLPXODWLQJ� WKH� LQIOXHQFH� RI� SLSH� ORFDWLRQ� RQ� WKH�
EXLOGLQJ�URRP�WHPSHUDWXUH�DQG�KHDW�ORDG��$�SRVLWLRQ�
IDFWRU� LV� SURSRVHG� DV� D� FULWHULRQ� WR� HYDOXDWH� SLSH�
SRVLWLRQ� LQIOXHQFH�� 6LPXODWLRQV� DUH� DOVR� FDUULHG� RXW�
XQGHU� GLIIHUHQW� KRW� ZDWHU� WHPSHUDWXUH� DQG� GLIIHUHQW�
ZHDWKHU� FRQGLWLRQV�� VHDVRQDO� KHDW� ORVV�TXDQWLWLHV� DUH�
DOVR�FRQVLGHUHG��,Q�RUGHU�WR�NQRZ�WKH�ZKHUHDERXWV�RI�
KHDW� ORVV�� LQIOXHQFH� RI� KHDW� ORVV� RQ� URRP� DLU�� ZDOOV�
DQG�DGMDFHQW� URRPV�DUH�DOVR� WDNHQ� LQWR�DFFRXQW��7KH�
VLPXODWLQJ� UHVXOWV� VKRZ� WKDW� LQ�FROG�DUHD� OLNH�6HRXO��
SLSHV� ORFDWH� QH[W� WR� HDVW� H[WHUQDO� ZDOO� FDQ� EULQJ�
ELJJHVW�EHQHILW�WR�EXLOGLQJ�URRP�WHPSHUDWXUH�DQG�KHDW�
ORDG��3RVLWLRQ�IDFWRU�JURZV�SURSRUWLRQDOO\�ZLWK�ZDWHU�
WHPSHUDWXUH�DQG�GXULQJ�IDOO�VHDVRQ�EXLOGLQJV�JHW�PRVW�
HIIHFWLYH�KHDW�ORVV� IURP�SLSH��)XUWKHUPRUH��WKH� URRP�
WHPSHUDWXUH� GLIIHUHQFH� FDXVHG� E\� SLSH� ORFDWLRQ� FDQ�
EH�DV�ELJ�DV��℃��

,1752'8&7,21�
:LWK� WKH� LQFUHDVH� LQ� WKH� FRVW� RI� HQHUJ\� DQG� KLJK�
HQHUJ\� FRQVXPSWLRQ� LQ� LQGXVWU\�� EXLOGLQJ��
WUDQVSRUWDWLRQ� DQG� DJULFXOWXUH� VHFWRUV�� HVSHFLDOO\�
EXLOGLQJV� KDYH� UHFHQWO\� UHFHLYHG� FRQVLGHUDEOH�
DWWHQWLRQ�RQ�HQHUJ\�FRQVXPSWLRQ�EHFDXVH�RI�KHDW�ORVV�
�$OL�.HoHEDV���������,Q�UHVLGHQWLDO�EXLOGLQJV��HQHUJ\�
FRQVXPSWLRQ�RI�GRPHVWLF�KRW�ZDWHU�V\VWHPV�LV�SURYHG�
WR�EH�WKH�WKLUG�OHYHO�DIWHU�KHDWLQJ�V\VWHP�DQG�OLJKWLQJ�
V\VWHPV�� 'LVWULFW� +HDWLQJ� �'+�� V\VWHP� FDQ� UHGXFH�
KHDWLQJ�DQG�KRW�ZDWHU�V\VWHP�HQHUJ\�ZDVWH�� LQFUHDVH�
HQHUJ\� HIILFLHQF\� DQG� FRQWURO� WKH� HPLVVLRQ� RI� &2��

DQG�12;��VR�PRUH�DQG�PRUH�FRXQWLHV�DUH�HQJDJHG�LQ�
GHYHORSLQJ�'LVWULFW�+HDWLQJ�V\VWHP��
,Q�'LVWULFW�+HDWLQJ�V\VWHP��KHDW� LV�GHOLYHUHG�WKURXJK�
SLSHOLQHV� WKRVH� DUH� FRPSRVHG� RI� WZR� VHSDUDWH�
SLSHOLQH�]RQHV��7KH�SULPDU\�SLSHOLQH�]RQH�FRYHUV�WKH�
OLQHV� IURP� &+3� SODQW� WR� WKH� DSDUWPHQW¶V� KHDWLQJ�
IDFLOLWLHV� ZKLOH� WKH� VHFRQGDU\� ]RQH� FRYHUV� IURP�
KHDWLQJ� IDFLOLWLHV� WR� LQGLYLGXDO� DSDUWPHQWV�� 7KH�
SULPDU\� SLSHOLQH� LV� ZHOO� LQVWDOOHG� WR� PLQLPL]H� KHDW�
ORVV�E\�WKH�XWLOLW\�FRPSDQ\�SURYLGLQJ�GLVWULFW�KHDWLQJ�

LQ� .RUHD�� +RZHYHU�� WKH� VHFRQGDU\� SLSHOLQHV�
FRQVWUXFWHG� E\� LQGHSHQGHQW� FRQVWUXFWLRQ� FRPSDQLHV��
ZKLFK�FDQ�EH�VXEMHFW�WR�D�ORW�RI�KHDW�ORVV�GXH�WR�SRRU�
HQJLQHHULQJ� SUDFWLFH� DQG� SRRU�PDQDJHPHQW� �%\XQJ�
VLN�3DUN��<RQJ�(XQ�.LP����������������
8VXDOO\�LQ�WKH�VHFRQGDU\�SLSHOLQH�]RQH��WKHUH�DUH�ILYH�
SLSHV� IRU� VXSSO\LQJ� KRW� ZDWHU�� KHDWLQJ� ZDWHU�� FLW\�
ZDWHU� DQG� WKH� UHWXUQ� SLSH� IRU� KHDWLQJ� DQG� GRPHVWLF�
ZDWHU�� $OO� RI� WKHVH� ILYH� SLSHV� DUH� LQ� WKH� VDPH� GXFW�
ORFDWHG�XVXDOO\� QH[W� WR� VWDLUV� RU� LQ� WKH�ZDVKURRP� WR�
VDYH�VSDFH��7KH�ZDWHU� WHPSHUDWXUH�LQ�KHDWLQJ�SLSH�LV�
XVXDOO\�IURP���℃�WR���℃��DQG�WKH�ZDWHU�WHPSHUDWXUH�
LQ�KRW�ZDWHU�SLSH�LV�DOPRVW���℃�WR����℃��ZKLOH�URRP�
WHPSHUDWXUH�SURYHG�WR�EH�DURXQG����℃�WR����℃��KHDW�
ZLOO� WUDQVSRUW� ZKHQHYHU� WKHUH� DUH� WHPSHUDWXUH�
GLIIHUHQFHV�� WKLV� WUDQVSRUWHG� KHDW� FDQ� EH� FDOOHG� KHDW�
ORVV� IURP� SLSH� WR� URRP� HQYLURQPHQW�� 3LSH� OD\RXW��
SLSH� VL]H�� PDWHULDOV� DQG� LQVXODWLRQV�� DOVR� ZDWHU�
WHPSHUDWXUH� DQG� URRP� WHPSHUDWXUH� FDQ� DIIHFW� KHDW�
ORVV�� 6HYHUDO� VWXGLHV� KDYH� EHHQ� SHUIRUPHG� WR�
LQYHVWLJDWH�KHDW�ORVV�DIIHFWLRQ�IDFWRUV�DERXW�KRW�ZDWHU�
SLSLQJ� V\VWHP�� 7KH� &DOLIRUQLD� (QHUJ\� &RPPLVVLRQ�
HPEDUNHG� RQ� TXDQWLILHV� WKH� WLPH�� ZDWHU�� DQG� HQHUJ\�
ZDVWH� FKDUDFWHULVWLFV� ZLWK� FKDQJLQJ� SLSH� OHQJWK��
YROXPH�VLWHV�� LQVXODWLRQ�DQG�URRP�PRLVWXUH�SUHVHQFH�
�+RW�:DWHU�'LVWULEXWLRQ�6\VWHP�5HVHDUFK�±�3KDVH�,��
�������+RZHYHU�� IHZ� VWXGLHV� IRFXV� RQ� SLSH� ORFDWLRQ�
DIIHFWV���
$FFRUGLQJ�WR�WKH�DERYH�LQWURGXFWLRQ��LW�FDQ�EH�FOHDUO\�
VHHQ� WKDW�GRPHVWLF�SLSHOLQHV�QHHG�PRUH�VWDQGDUGL]HG�
GHVLJQ��7KLV�SDSHU�PDLQO\� IRFXV�RQ� WKH� LQIOXHQFH�RI�
SLSH� ORFDWLRQ� LQ� KRXVHKROG� DQG� D� SRVLWLRQ� IDFWRU� LV�
SURSRVHG� WR� HYDOXDWH� VXLWDEOH� SLSH� ORFDWLRQ�� 6HYHUDO�
EXLOGLQJ� PRGHOV� DQG� SLSLQJ� GLVWULEXWLRQ� V\VWHP� DUH�
PDGH� LQ� RUGHU� WR�� ��� VWXG\� WKH� LQIOXHQFH� RQ� URRP�
WHPSHUDWXUH� DQG� EXLOGLQJ� ORDG� RI� GLIIHUHQW� SLSH�
ORFDWLRQ�� ��� VWXG\� WKH� LQIOXHQFH� E\� GLIIHUHQW� ZDWHU�
WHPSHUDWXUH�� ZHDWKHU� GDWD� DQG� VHDVRQV�� ��� ILQG� RXW�
WKH�PRVW�DIIHFWHG�DUHD�E\�SLSH�KHDW�ORVV���

7516<6�
7516<6�
7516<6� LV�D� WUDQVLHQW� V\VWHPV�VLPXODWLRQ�SURJUDP��
,W� LV� GHVLJQHG� WR� VLPXODWH� WKH� WUDQVLHQW� EHKDYLRXU� RI�
WKHUPDO�HQHUJ\�V\VWHPV��6LPXODWLRQ�V\VWHPV�DUH��
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Figure 1TRNSYS studio representation of hot water domestic system

FRQIRUPHG�E\�FRPSRQHQWV�ZKLFK�FDQ�EH�FKRVHQ�IURP�
7516<6� OLEUDU\�� DQG� XVHUV� FDQ� OLQN� WKHVH�
FRPSRQHQWV� WRJHWKHU� WKURXJK� OLQNLQJ� LQSXWV� DQG�
RXWSXWV���
:H� XWLOL]HG� PDQ\� FRPSRQHQWV� IURP� WKH� VWDQGDUG�
7516<6�FRPSRQHQW�OLEUDU\�LQ�WKLV�SDSHU��7KH�PDMRU�
FRPSRQHQWV�DUH�7\SH�����%XLOGLQJ�PRGHO���7\SH�����
�3LSH� PRGHO�� DQG� ZHDWKHU� GDWD� SDUW�� 0RUH� GHWDLOHG�
FRPSRVLWLRQ�RI�W\SHV�FDQ�EH�IRXQG�LQ�)LJXUH����2WKHU�
PLQRU�FRPSRQHQWV�XVHG�LQ�WKLV�VLPXODWLRQ�IXQFWLRQHG�
DV�HTXDWLRQV�DQG�RXWSXW�SORWWHUV��
7\SH� ����� 7\SH� ��� DQG� 7\SH� ��� DUH� ZHDWKHU� GDWD�
UHDGHU� DQG� UDGLDWLRQ� SURFHVVRU�� 7KHVH� FRPSRQHQWV�
FDQ�UHDG�ZHDWKHU�GDWD�DW�UHJXODU�WLPH�LQWHUYDOV�IURP�D�
GDWD� ILOH�� DQG� FRQYHUWLQJ� LW� WR� D� GHVLUHG� V\VWHP� RI�
XQLWV�DQG�SURFHVVLQJ�WKH�VRODU�UDGLDWLRQ�GDWD�WR�REWDLQ�
WLWOHG�VXUIDFH�UDGLDWLRQ�DQG�DQJOH�RI�LQFLGHQFH�IRU�DQ�
DUELWUDU\� QXPEHU� RI� VXUIDFHV�� 7\SH� ���� UHDGV� D�
ZHDWKHU�GDWD� ILOH� LQ� WKH�VWDQGDUG�70<��IRUPDW��7KH�
70<�V� DUH� GDWD� VHWV� RI� KRXUO\� YDOXHV� RI� VRODU�
UDGLDWLRQ� DQG� PHWHRURORJLFDO� HOHPHQWV� IRU� D� ��\HDU�
SHULRG�� WKHVH� VHWV� DUH� GHULYHG� IURP� WKH� ����������
1DWLRQDO� 6RODU� 5DGLDWLRQ� 'DWD� %DVH� �165'%��
�7516<6�� :HDWKHU� GDWD�� ������� 7KH� ZHDWKHU� GDWD�
ILOH�LQ�WKLV�UHVHDUFK�LV�PDLQO\�LQ�6HRXO��6RXWK�.RUHDQ��

EXW� IRU� ODWHU� FRPSDULVRQ��ZHDWKHU� GDWD� RI� 6LQJDSRUH�
DQG�3DULV�DUH�DOVR�XVHG��

7\SH�����%XLOGLQJ�W\SH�PDWKHPDWLF��
7KLV� FRPSRQHQW� GHVFULEHV� D� VLPSOLILHG� PHWKRG� RI�
SURYLGLQJ� KHDWLQJ� DQG� FRROLQJ� HTXLSPHQW�� � %XLOGLQJ�
PRGHO� LQ� 7\SH��� LV� DQ� HQHUJ\� EDODQFH� PRGHO��
$FFRUGLQJ� WR� HQHUJ\� EDODQFH�� FRQYHFWLYH� DQG�
FRQGXFWLYH� IOX[� WR� WKH� DLU� QRGH� FDQ� EH� GHVFULEHG� DV�
EHORZ��
𝑄̇௜ = 𝑄̇௦௨௥௙,௜ + 𝑄̇௜௡௙,௜ + 𝑄̇௩௘௡௧ + 𝑄̇௚,௖,௜ + 𝑄̇௖௣௟௚,௜���������
:KHUH�𝑄̇௜�PHDQV�FRQYHFWLYH�DQG�FRQGXFWLYH�KHDW�IOX[�
LV� FRQVLVWHG� E\� WKH� VXUIDFHV� KHDW� JDLQV�
Q̇ୱ୳୰୤,୧  �FRQYHFWLRQ�IURP�WKH�RXWGRRU�WHPSHUDWXUH���WKH�
LQILOWUDWLRQ� JDLQV� Q̇୧୬୤,୧ ��� YHQWLODWLRQ� JDLQV� Q̇୴ୣ୬୲ , 
LQWHUQDO� JDLQV� Q̇୥,ୡ,୧  lLNH� UDGLDWRUV�� SHRSOH�� FRPSXWHU�
XVHG� LQ� WKH� URRP�� DQG� DOVR� WKH� JDLQV� GXH� WR�
FRQQHFWLYH�DLU�IORZ�IURP�DGMDFHQW�]RQHV�Q̇ୡ୮୪୥,୧��$OO�RI�
WKHVH�TXDQWLWLHV�DUH�JLYHQ�LQ�N-�KU��
:KLOH�UDGLDWLYH�KHDW�IORZV�WR�WKH�ZDOOV�DQG�ZLQGRZV�
FDQ�EH�GHVFULEHG�DV��
𝑄̇௥,௪೔ = 𝑄̇௚,௥,௜,௪೔ + 𝑄̇௦௢௟,௪௜ + 𝑄̇௟௢௡௚,௪௜ + 𝑄̇௪௔௟௟ି௚௔௜௡������������������������������������������������
:KHUH�Q̇୰,୵౟�LV�WKH�UDGLDWLYH�JDLQV�IRU�WKH�ZDOO�VXUIDFH�
WHPSHUDWXUH�QRGH���Q̇୥,୰,୧,୵౟�LV�WKH�UDGLDWLYH�DLU�QRGH�������
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�LQWHUQDO� JDLQV� UHFHLYHG� E\� ZDOO�� �Q̇ୱ୭୪,୵୧�LV� WKH� VRODU�
JDLQV� WKURXJK� ]RQH� ZLQGRZV� UHFHLYHG� E\� ZDOOV���
Q̇୪୭୬୥,୵୧�LV�WKH�ORQJ�ZDYH�UDGLDWLRQ�H[FKDQJH�EHWZHHQ�
WKLV� ZDOO� DQG� DOO� RWKHU� ZDOOV� DQG� ZLQGRZV�� DQG��
Q̇୵ୟ୪୪ି୥ୟ୧୬�LV� WKH� XVHU�VSHFLILHG� KHDW� IORZ� WR� WKH� ZDOO�
RU�ZLQGRZ�VXUIDFH��$OO�RI� WKHVH�TXDQWLWLHV�DUH�JLYHQ�
LQ�N-�KU��
(DFK� KHDW� IOX[� VKRZHG� LQ� ���� DQG� ���� FDQ� EH� DQ�
HTXDWLRQ� RI� WKH� WHPSHUDWXUH� GLIIHUHQFHV�� VR� ZH� FDQ�
NQRZ�WKH�URRP�WHPSHUDWXUH�IURP�WKHVH�WZR�HTXDWLRQV��
,Q� WKLV� SDSHU�� ZH� LJQRUH� WKH� LQILOWUDWLRQ� DQG�
YHQWLODWLRQ� JDLQV� WR� EXLOGLQJV� DQG� WKHUH� DUH� QRW� DQ\�
DFWLYH� OD\HUV� LQ�ZDOOV�� OLNH�KHDWLQJ� V\VWHP� VHW� LQ� WKH�
IORRU�RU�ZDOO��
:LWK� GLIIHUHQW� SLSH� ORFDWLRQ� LQ� D� EXLOGLQJ�� WKH�
LQIOXHQFH�E\�RXWGRRU�HQYLURQPHQW�LV�GLIIHUHQW��7KHVH�
ZLOO� PDNH� WKH� ZDVKURRP� WHPSHUDWXUH� GLIIHUHQW�
GLUHFWO\��)XUWKHUPRUH��DIIHFW� RWKHU� URRP� WHPSHUDWXUH�
DQG�EXLOGLQJ�KHDW�ORDG��$OVR�LQ�7\SH�����ZH�FRQVLGHU�
WKH� ORQJ� ZDYH� UDGLDWLRQ� KDSSHQHG� EHWZHHQ� LQQHU�
VXUIDFHV�RI�ZDOOV�DQG�ZLQGRZV��LW�FDQ�EH�GHVFULEH�DV�
EHORZ��
𝐺௜௥ ��,�)𝜌௜௥����)𝜀௜௥������������������������������������������������������
:KHUH�ρ୧୰�DQG� �ε୧୰�� DUH� GLDJRQDO� PDWULFHV� GHVFULELQJ�
UHIOHFWLYLW\�DQG�HPLVVLYLW\��UHVSHFWLYHO\��7KH�YDULDEOH�
,� GHVFULEHV� WKH� LGHQWLW\�PDWUL[��7KH�YLHZ� IDFWRU�)� LV�
GHILQHG�DV�WKH�IUDFWLRQ�RI�GLIIXVLYHO\�UDGLDWHG�HQHUJ\�
OHDYLQJ�IURP�VXUIDFH�$�WKDW�LV�LQFLGHQW�RQ�VXUIDFHV�%��
7KH�IDFWRU�)�KDV�D�FORVHG�FRQWDFW�ZLWK�SLSH� ORFDWLRQ�
DQG� GLUHFWLRQ�� $ERYH� PHQWLRQHG� UHDVRQV� UHODWH� WKH�
EXLOGLQJ� WKHUPDO� EHKDYLRXU� ZLWK� UHVSHFW� WR� SLSH�
SRVLWLRQ��

7\SH�����SLSH�W\SH�PDWKHPDWLF��
7KLV� FRPSRQHQW� PRGHOV� WKH� WKHUPDO� EHKDYLRXU� RI�
IOXLG� IORZ� LQ� D� SLSH� RU� GXFW� XVLQJ� YDULDEOH� VL]H�

VHJPHQWV�RI�IOXLG��(QWHULQJ�IOXLG�VKLIWV�WKH�SRVLWLRQ�RI�
H[LVWLQJ� VHJPHQWV�� 7KH�PDVV� RI� WKH� QHZ� VHJPHQW� LV�
HTXDO�WR�WKH�IORZ�UDWH�WLPHV�WKH�VLPXODWLRQ�WLPH�VWHS��
7KH� QHZ� VHJPHQW
V� WHPSHUDWXUH� LV� WKDW� RI� WKH�
LQFRPLQJ�IOXLG��7KH�RXWOHW�RI�WKLV�SLSH�LV�D�FROOHFWLRQ�
RI� WKH� HOHPHQWV� WKDW� DUH� �SXVKHG�� RXW� E\� WKH� LQOHW�
IORZ�� 7KLV� �SOXJ�IORZ�� PRGHO� GRHV� QRW� FRQVLGHU�
PL[LQJ�RU�FRQGXFWLRQ�EHWZHHQ�DGMDFHQW�HOHPHQWV��
)RU� HOHPHQWV� WKDW� HQWHU� RU� OHDYH� GXULQJ� D� SDUWLFXODU�
WLPH�VWHS��RQO\�WKH�GXUDWLRQ�RI�WLPH�ZLWKLQ�WKH�SLSH�LV�
FRQVLGHUHG�� 7KH� WRWDO� HQHUJ\� ORVV� UDWH� WR� WKH�
HQYLURQPHQW� LV� WKH� VXPPDWLRQ� RI� WKH� LQGLYLGXDO�
ORVVHV�IURP�HDFK�HOHPHQW�JLYHQ�DV��
𝑄̇௦௨௥௙௔௖௘,௣௜௣௘ = ℎ௢௨௧௦௜ௗ௘𝑆𝐴  �𝑇௝���𝑇௘௡௩��������������������������
,Q� ZKLFK   houtside �LV� WKH� QDWXUDO� FRQYHFWLYH� KHDW�
WUDQVIHU� FRHIILFLHQW�� 6$� LV� WKH� VXUIDFH� DUHD� RI� WKH�
LQVXODWLRQ� QRGH� T୨�LV� RXWVLGH� VXUIDFH� WHPSHUDWXUH� RI�
SLSH� LQVXODWLRQ� DQG� Tୣ ୬୴ �PHDQV� WKH� HQYLURQPHQW�
WHPSHUDWXUH�RI�URRPV��

6,08/$7,21�6<67(0�'(6&5,37,21�
&DVH�PRGHO�
,Q� WKH� ILUVW� V\VWHP��ZH�VXSSRVH� WKH�GRPHVWLF�SLSH� LV�
LQ�ZDVKURRP�� VR� WKUHH� GLIIHUHQW� FDVHV� ZLWK� GLIIHUHQW�
ORFDWLRQ� RI� ZDVKURRP� DUH� PDGH� DQG� LQ� HYHU\� FDVH�
>�)LJ��@�� WKHUH�LV�D�VLPSOH�RQH�KRXVH�ZLWK�DQ�DUHD�RI�
���P���DQG� LQFOXGH� IRXU�]RQHV�� �EDFN�EDOFRQ\�� IURQW�
EDOFRQ\��URRP�DQG�ZDVKURRP���
)RU� WKH� WHPSHUDWXUH� VHWWLQJV�� ZH� GHILQH� URRP�
WHPSHUDWXUH�EHWZHHQ����℃� WR����℃�� IRU�ZDVKURRP��
WKHUH� LV� QR� KHDWLQJ� RU� FRROLQJ� HTXLSPHQW��
7HPSHUDWXUH� LQ� IURQW� DQG� EDFN� EDOFRQ\� DUH� RXW� RI�
FRQWURO�DQG�FKDQJH�ZLWK�RXWVLGH�ZHDWKHU�GDWD��7DEOH�
��VKRZV�SDUDPHWHUV�DERXW�EXLOGLQJ�ZDOOV��

Figure 2 Different Washroom Location Cases
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%ULFN� ������
,QVXODWLRQ� ������
&RQFUHWH� ������
,QVXODWLRQ� ������

([W�URRI� 3O\ZRRG� ������ ������ ������ ������ ������
FRQFUHWH� ������

*URXQG�IORRU� &RQFUHWH� ������ ������ ������ ������ ������
7LPEHU�
IORRU�

������
%RXQGDU\�ZDOO� ILFWLWLRXV�

JODVV�
������ ������ ������ ������ ������

$GM�ZDOO� 0RUWDU� ������ ������ ������ ������ ������
%ULFN� ������
0RUWDU� ������

Table 1 Building Wall 
�

3LSH�OHQJWK� ��P� LQVXODWLRQ�GHQVLW\� ���NJ�P��
3LSH�LQQHU�GLDPHWHU� ����P� LQVXODWLRQ�WKHUPDO�FRQGXFWLYLW\� ������:�PÂ.�
SLSH�RXWHU�GLDPHWHU� ������P� LQVXODWLRQ�VSHFLILF�KHDW� ������N-�NJÂ.�

SLSH�GHQVLW\� �����NJ�P�� IOXLG�GHQVLW\� �����NJ�P��
SLSH�WKHUPDO�FRQGXFWLYLW\� ����:�PÂ.� IOXLG�WKHUPDO�FRQGXFWLYLW\� ������:�PÂ.�

SLSH�VSHFLILF�KHDW� �����N-�NJÂ.� IOXLG�VSHFLILF�KHDW� �����N-�NJÂ.�
LQVXODWLRQ�WKLFNQHVV� �������P� IOXLG�YLVFRVLW\� ������NJ�PÂK�

Table 2 Pipe parameters 
%XLOGLQJ�PRGHO���
,Q�RUGHU� WR� FRPSDUH�ZLWK�DFWXDO� VLWXDWLRQ�� WKH�ZKROH�
DSDUWPHQW� EXLOGLQJ� FRPSOH[� DUH� PRGHOOHG�� 7KUHH��
EXLOGLQJ� PRGHOV� >)LJXUH� �@� DUH� FRQVWUXFWHG�
FRUUHVSRQGLQJ� WR� WKH� WKUHH� FDVHV� ZLWK� GLIIHUHQW�
ZDVKURRP� ORFDWLRQV�� (DFK� EXLOGLQJ� PRGHO� KDV� ��
IORRUV�DQG�WZR�XQLWV�����KRXVHKROGV���WKH�PDWHULDOV�RI�
EXLOGLQJ� DQG� SLSHV� DUH� DOO� WKH� VDPH� DV� FDVH� PRGHOV�
VKRZQ�LQ�7DEOH���DQG�7DEOH����

�
Figure 3 Building model 1 

3LSH�VHWWLQJV�RI�PRGHO���
,Q�WKLV�UHVHDUFK��ZH�RQO\�FRQVLGHU�WKH�KHDW�ORVV�IURP�
KRW� ZDWHU� VXSSO\� SLSH�� 0DLQO\� WKUHH� NLQGV� RI� KRW�
ZDWHU�SLSH�FDQ�EH�XVHG�LQ�EXLOGLQJV��PDLQ�SLSHV�VHW�LQ�
WKH�EDVHPHQW�RI�EXLOGLQJ��YHUWLFDO�SLSH�WUDQVPLW�ZDWHU�
IURP� ORZHU� IORRU� WR� KLJKHU� IORRU�� DQG� EUDQFK� SLSHV�
WUDQVIHU�ZDWHU�WR�HDFK�URRP��+HUH�RQO\�YHUWLFDO�SLSHV�
DUH� FRQVLGHUHG�� 7KH� ZRUNLQJ� IOXLG� LQ� SLSH� LV� ZDWHU�
ZKLFK�VXSSO\�WHPSHUDWXUH�LV����℃��IORZ�UDWH�LV������
NJ�KU��
,Q� WKLV� VLPXODWLRQ� V\VWHP�� SLSH� SDUDPHWHU� VKRZ� DV�
WDEOH� ��� 3LSH� UDGLDWLRQ� DQG� FRQYHFWLRQ� KHDW� IOX[�
FRQQHFWHG� WR� HDFK� ]RQH� DV� LQSXWV� DQG� URRP�
WHPSHUDWXUH� LV� XVHG� DV� WKH� DPELHQW� WHPSHUDWXUH� IRU�
SLSHV��

%XLOGLQJ�DQG�SLSH�PRGHO���
$ERYH� PHQWLRQHG� PRGHOV� SUHVHQWHG� WKH� HIIHFWV� RI�
ZDVKURRP� ORFDWLRQ�� ZKLOH� DQRWKHU� SRVVLEOH� VLWXDWLRQ�
LV� LQ� WKH� VDPH�KRXVH��ZKHQ�SLSH� ORFDWHG� LQ�GLIIHUHQW�

URRP��GLIIHUHQW�KHDW�ORVV�YDOXHV�DUH�REWDLQHG�DOVR��)RU�
WKHVH�UHDVRQ��ZH�PDNH�D�VLQJOH�KRXVH�PRGHO�ZLWK�ILYH�
]RQHV��%DFN�EDOFRQ\��5RRP����5RRP����/LYLQJ�URRP�
DQG� )URQW� EDOFRQ\� >)LJ�@�� 7KHUH� DUH� QR� LQILOWUDWLRQ�
DQG�YHQWLODWLRQ�JDLQV��DQG�ZH�UHJDUG�SLSHV�DV�LQWHUQDO�
JDLQV��2WKHU�SDUDPHWHUV�DQG�PDWHULDO�RI�KRXVH�DUH�DOO�
WKH�VDPH�ZLWK�PRGHO����

�
Figure 4  Building model 2 
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6,08/$7,21�5(68/76�$1'�
',6&866,21�
$QQXDO� VLPXODWLRQV� DUH� FDUULHG� RXW� XQGHU� WKH�
7516<6� HQYLURQPHQW� ZLWK� D� ��KRXU� WLPH� VWHS��
6\VWHPV�ZLWK�GLIIHUHQW�SLSH� ORFDWLRQV� LQ� WKH�FOLPDWLF�
FRQGLWLRQV� LQ� 6HRXO� DUH� LQYHVWLJDWHG�� 7KH� ORFDWLRQ�
LQIOXHQFH�FDQ�EH�FRPSDUHG�WKRXJK�URRP�WHPSHUDWXUH��
SLSH� KHDW� ORVV�� EXLOGLQJ� KHDW� ORDG�� DQRWKHU� VWDQGDUG�
FDOOHG� SRVLWLRQ� IDFWRU� LV� SURSRVHG� LQ� WKLV� SDSHU�� ,Q�
RUGHU�WR�H[SORUH�WKH�SLSH�KHDW�ORVV�DIIHFWLRQ� WR�URRP�
ZDOO�DQG�DGMDFHQW�]RQH��D�VLQJOH�KRXVH�EXLOGLQJ�ZLWK�
ILYH�URRPV�DUH�PDGH���

7HPSHUDWXUH�&KDQJH�
:HDWKHU�FRQGLWLRQ� LQ�6HRXO�FDQ�EH�GLYLGHG� LQWR�IRXU�
GLVWLQFWLYH�VHDVRQV��7KH�ZHDWKHU�WHPSHUDWXUH�FKDQJHV�
DORQJ� HDFK� VHDVRQ�� ����℃a����℃� FDQ� EH� UHDFKHG�
GXULQJ�ZLQWHU�VHDVRQ�IURP�'HFHPEHU�WR�)HEUXDU\������
℃a���℃�FDQ�EH�UHDFKHG�GXULQJ�VXPPHU�VHDVRQ�IURP�
0D\� WR� $XJXVW�� RWKHU� VHDVRQV� DUH� ZLWK� TXLWH� PLOG�
ZHDWKHU�� ,Q� WKLV� VLPXODWLRQ�� ZDVKURRP� WHPSHUDWXUH�
FDQ� EH� DIIHFWHG� RQO\� E\� ZHDWKHU� FRQGLWLRQ�� DQG�
GLIIHUHQW� ORFDWLRQV�� )LJXUH� �� VKRZV� ZDVKURRP�
WHPSHUDWXUH�FKDQJH�FXUYH��
,Q� )LJXUH� ��� WHPSHUDWXUH� FKDQJHV� FRQWLQXRXVO\�
WKURXJK� WKH�\HDU��EHFDXVH� WKHUH� LV�QR�KHDWLQJ�GHYLFH�
LQ�ZDVKURRP��VR�LW�FKDQJHV�DFFRUGLQJ�WR�ZHDWKHU�RQO\��
7KH�EOXH�OLQH�PHDQV�FDVH����ZKHQ�SLSH�ORFDWHV�LQ�WKH�
PLGGOH� RI� URRP�� LW� FKDQJHV� PRVW� JHQWO\� EHFDXVH� LW�

DIIHFWHG�E\�URRP�WHPSHUDWXUH�GLUHFWO\��ZKLOH�IRU�FDVH�
���WKH�UHG�OLQH�KDYH�ORZHU�WHPSHUDWXUH�LQ�ZLQWHU�WKDQ�
FDVH� �� DQG� KLJKHU� WHPSHUDWXUH� LQ� VXPPHU�� WKDW�
EHFDXVH� RQH� RI� WKH� ZDVKURRP� ZDOO� LV� D� SDUW� RI�
H[WHUQDO� ZDOO�� LW� FDQ� WUDQVIHU� KHDW� IURP� HQYLURQPHQW�
GLUHFWO\� IURP� RXWVLGH�� ,Q� FDVH� ��� WKH� JUHHQ� OLQH�
FKDQJHV�GUDPDWLFDOO\�� EHFDXVH�RQH�RI� WKH�ZDVKURRP�
ZDOOV�LV�QH[W�WR�IURQW�EDOFRQ\�DQG�FDQ�EH�UDGLDWHG�E\�
VRODU�FRQGLWLRQ��)URP�FDVH����WKH�ORZHVW�WHPSHUDWXUH�
PD\EH� ��℃   �ORZHU� WKDQ� FDVH� �� DQG� ��� ZKLFK� FDQ�
FRQFOXGH�DV�FDVH���DQG���DUH�PRUH�FRPIRUWDEOH� WKDQ�
FDVH� �� ZKHQ� WHPSHUDWXUH� LV� WDNHQ� LQWR� PDMRU�
FRQVLGHUDWLRQ���

(QHUJ\�ORDG�GLIIHUHQFH�
([FHSW� IRU� WHPSHUDWXUH�� KHDWLQJ� ORDG� LV� DQRWKHU�
LPSRUWDQW� SDUDPHWHU� IRU� EXLOGLQJ�� ,Q� WKH� EXLOGLQJ�
PRGHO�� WKH� ORZHVW� URRP� WHPSHUDWXUH� LV� VHW� DW� ���℃�
ZKLOH�WKH�KLJKHVW�DW����℃��DQG�WKH�DQQXDO�KHDWLQJ�DQG�
FRROLQJ�ORDG�FDQ�EH�FDOFXODWHG�E\�7516<6��
:DWHU�WHPSHUDWXUH�LQ�SLSH�LV�DOZD\V�DURXQG���a���℃��
EXW�URRP�WHPSHUDWXUH�NHHSV�EHWZHHQ���a���℃��DV�D�
UHVXOW�� KHDW� ORVV� KDSSHQV� DOO� DURXQG� WKH� \HDU� IURP�
SLSH� WR� URRP��'XULQJ�ZLQWHU�� WKLV� KHDW� ORVV�FDQ�EH�D�
SRVLWLYH� KHDW� WR� URRP�� ZKLFK� FDQ� LPSURYH� URRP�
WHPSHUDWXUH��KRZHYHU��GXULQJ�VXPPHU�ZKHQ� LW�QHHGV�
WR�PRYH� KHDW� RXW�� WKH� KHDW� ORVV� IURP� SLSH� FDQ� EH� D�
QHJDWLYH� KHDW�� ,Q� WKLV� FDVH�� KHUH� LV� D� VWDQGDUG� DV�
SRVLWLRQ�IDFWRU�WR�HYDOXDWH�SLSH�ORFDWLRQ�LQIOXHQFH�RQ�
EXLOGLQJ�KHDW�ORDG��

Position  factor  (%)�

=
𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒  ℎ𝑒𝑎𝑡  𝑙𝑜𝑠𝑠

𝑡𝑜𝑡𝑎𝑙  ℎ𝑒𝑎𝑡  𝑙𝑜𝑎𝑑  𝑤𝑖𝑡ℎ  𝑝𝑖𝑝𝑒
�

=
𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒  ℎ𝑒𝑎𝑡  𝑙𝑜𝑠𝑠 − 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒  ℎ𝑒𝑎𝑡  𝑙𝑜𝑠𝑠

𝑡𝑜𝑡𝑎𝑙  ℎ𝑒𝑎𝑡  𝑙𝑜𝑎𝑑  𝑤𝑖𝑡ℎ  𝑝𝑖𝑝𝑒
�

�����������������������������������������������������������������������������������

:KHUH� ³WRWDO� KHDW� ORDG� ZLWK� SLSH´� PHDQV� WKH� WRWDO�
KHDW�ORDG�DOO�RYHU�WKH�\HDU�ZKHQ�SLSH�LV�LQ�ZDVKURRP��
HIIHFWLYH� KHDW� ORVV�PHDQV� WKH� DPRXQW� RI� XVHIXO� KHDW�
SLSH� WUDQVIHUUHG� WR� ZDVKURRP�� HTXDOV� WKH� SRVLWLYH�
KHDW�IURP�SLSH�VXEWUDFWV�QHJDWLYH�KHDW�ORVV��
7KHQ�� SRVLWLRQ� IDFWRUV� LQ� WKHVH� WKUHH� GLIIHUHQW�
EXLOGLQJV�DUH�DV�EHORZ�>7DEOH��@��

Figure 5 Annual washroom temperature 
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�
� � 3,3(� 12�3,3(� ',))(5(1&(� 727$/� ��

%8,/',1*�� +($7,1*�/2$'� ���������� ���������� ��������3�� �������� ������
&22/,1*�/2$'� �������� �������� �������1��

%8,/',1*�� +($7,1*�/2$'� ���������� ���������� ��������3�� �������� ������
&22/,1*�/2$'� �������� �������� �������1��

%8,/',1*�� +($7,1*�/2$'� ���������� ���������� ��������3�� �������� ������
&22/,1*�/2$'� �������� �������� �������1��

Table 3 Building heat load comparison (kJ)

,Q� WDEOH� ��� ZH� GLYLGH� KHDW� ORDG� LQWR� KHDWLQJ� DQG�
FRROLQJ� ORDG�� ³SLSH´� PHDQV� WKHUH� DUH� SLSHV� LQ�
ZDVKURRP��ZKLOH� ³QR�SLSH´�PHDQV� WKHUH�DUH�QR�SLSH�
LQ� WKH� EXLOGLQJ�� ³'LIIHUHQFH´� LV� KRZ� PXFK� KHDW�
GHFUHDVH�DIWHU�VHWWLQJ�XS�SLSH��ZKHUH�3�LV�SRVLWLYH��1�
LV� QHJDWLYH�� ³7RWDO´� LV� WKH� WRWDO� KHDW� ORDG� LQFUHPHQW��
7KH�SHUFHQWDJH�LV�SRVLWLRQ�IDFWRU��ZKHUH�������PHDQV�
������� LQIOXHQFH� WR� WKH� ZKROH� EXLOGLQJ� KHDW� ORDG��
)URP�WDEOH����ZH�FDQ�NQRZ�EXLOGLQJ���KDV�WKH�KLJKHVW�
SRVLWLRQ� IDFWRU�� ZKLFK�PHDQV� EXLOGLQJ� FDQ� JHW�PRUH�
SURILW�IURP�SLSH�KHDW�ORVVHV���
)RU� SLSH� KHDW� ORVVHV�� RXWGRRU� ZHDWKHU� GDWD� FDQ� DOVR�
EH�DQ�H[WHUQDO�IDFWRU��ZKLOH�ZDWHU�WHPSHUDWXUH�LQ�WKH�
SLSH� LV�DQ� LQKHUHQW� LQIOXHQFH� IDFWRU��:H�DOVR�JHW� WKH�
LQIOXHQFH�RQ�SRVLWLRQ� IDFWRUV� IURP� WKHVH� WZR�DVSHFWV�
�)LJXUH���DQG�7DEOH�����
)LJXUH���VKRZV�SRVLWLRQ�IDFWRU�FKDQJH�ZLWK�GLIIHUHQW�
ZDWHU� WHPSHUDWXUH�� ,Q� DOO� RI� WKH� WKUHH� EXLOGLQJV��
SRVLWLRQ�IDFWRU�VKRZV�D�OLQHDU�UHODWLRQVKLS�ZLWK�ZDWHU�
WHPSHUDWXUH�� )URP� XSSHU� WR� ORZHU� LV� UHG�� EOXH� DQG�
JUHHQ�� UHVSHFWLYHO\�� ,W� DOVR� H[SODLQHG� EXLOGLQJ� �� KDV�
WKH�EHVW�SRVLWLRQ�IDFWRU��,I�ZH�FRQVLGHU�WKH�LQFUHDVLQJ�
UDWH� RI� HDFK� OLQH�� WKH� UHG� OLQH� LQFUHDVLQJ� UDWH� FDQ�EH�
WZLFH� WKDQ� RWKHU� WZR� OLQHV�� 7KXV�� ZH� FDQ� FRQFOXGH�
SLSH�ZDWHU� WHPSHUDWXUH�HIIHFW�SLSH� ORFDWLRQ�IDFWRU�RI�
EXLOGLQJ���PRVW��$OWKRXJK�ZDWHU�WHPSHUDWXUH�LQ�SLSH�
LV� XVXDOO\� GHFLGHG� E\� EXLOGLQJ� HQHUJ\� FRQVXPSWLRQ�
DQG� FRQVLGHU� PRUH� DERXW� RXWGRRU� SLSHOLQH� VHWWLQJV��
ZH� VWLOO� QHHG� WR� NQRZ� KRZ� GRHV� ZDWHU� WHPSHUDWXUH�
HIIHFW�SRVLWLRQ�IDFWRU��
,Q� RUGHU� WR� VWXG\� WKH� GLIIHUHQW� SHUIRUPDQFH� RI�
SRVLWLRQ� IDFWRU� LQ� GLIIHUHQW� ZHDWKHU� GDWD�� ZH� FKRRVH�
WKUHH� FLWLHV� LQ� 6HRXO�� 6LQJDSRUH� DQG� 3DULV�� 6HRXO� LV�
IRXU�GLVWLQFW�VHDVRQV�FLW\��WKH�ORZHVW�WHPSHUDWXUH�FDQ��

EH� ����℃� ZKLOH� WKH� KLJKHVW� FDQ� EH� DOPRVW� ���℃��
3DULV� DOVR� KDV� IRXU� VHDVRQV� EXW� WKH� WHPSHUDWXUH�
GLIIHUHQFHV�LV�PXFK�VPDOOHU�WKDQ�LQ�6HRXO��6LQJDSRUH�
LV� D� WURSLFDO� UDLQIRUHVW� FOLPDWH�� PHDQ� WHPSHUDWXUH�
DURXQG�WKH�\HDU�LV�DERXW����℃a���℃��)URP�WKH�GDWD�
LQ� WDEOH����ZH�QRWLFH�IRU�FROGHU�FLWLHV� OLNH�6HRXO�DQG�
3DULV��EXLOGLQJ��� LV�PRUH�VXLWDEOH�EXW� LQ�KRW�ZHDWKHU�
FLWLHV� OLNH� 6LQJDSRUH�� KHDW� ORVV� IURP�SLSH� FDQ� DIIHFW�
YHU\�IHZ�SRVLWLYH�HIIHFWV�DQG�HYHQ�QHJDWLYH�HIIHFWV�WR�
EXLOGLQJV��$QRWKHU�FRQFOXVLRQ�IURP�WDEOH���LV� WKDW� LQ�
FLWLHV�ZLWK�IRXU�VHDVRQV��WKH�PRUH�ZDUP�SODFH�DUH�FDQ�
EH�DIIHFW�PRUH�E\�SLSH�KHDW�ORVVHV��
�

�
Figure 6 position factors under different water 

temperature(%). 
�
&,7,(6� %8,/',1*

��
%8,/',1*

��
%8,/',1*

��
6HRXO� ������ ������ ������
6LQJDSRUH� ������ ������ �������
3DULV� ������ ������ ������

Table 4 Position factors in different cities (%) 
 

6($621� /2$'� 3,3(� 12�3,3(� ',))(5(1&(� 727$/� ��
6SULQJ������ +HDWLQJ�

ORDG�
���������� ���������� �������S� ���������S� ������

&RROLQJ�
ORDG�

��������� ��������� ��������Q�
6XPPHU������ +HDWLQJ�

ORDG�
��������� ��������� �������S� �������Q� �������

&RROLQJ�
ORDG�

������� �������� �������Q�
)DOO������� +HDWLQJ�

ORDG�
���������� ���������� �������S� ����������S� ������

&RROLQJ�
ORDG�

��������� ��������� ��������Q�
:LQWHU������� +HDWLQJ�

ORDG�
���������� ���������� �������S� �������S� ������

&RROLQJ�� �� �� ��

Table 5 Building heat load in four seasons (kJ)
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)RXU�VHDVRQV�SRVLWLRQ�IDFWRUV�
)URP�DERYH� UHVXOWV�� SLSH�KHDW� ORVV�FDQ� JLYH�SRVLWLYH�
KHDW� WR� EXLOGLQJ� DOO� RYHU� WKH� \HDU�� 8VXDOO\�� GXULQJ�
ZLQWHU�� KHDW� ORVV� WR� EXLOGLQJV� FDQ� UHGXFHG� KHDWLQJ�
ORDG��ZKLOH�GXULQJ� VXPPHU�KHDW� ORVV� IURP�SLSHV�FDQ�
LQFUHDVH� FRROLQJ� ORDG�� +RZHYHU�� LW� LV� QRW� FOHDU� WKDW�
KRZ� PXFK� KHDW� ORVV� KDSSHQV� WR� EXLOGLQJ� GXULQJ�
VSULQJ� DQG� DXWXPQ�� ,Q� WKLV� SDSHU��ZH� VHW� WKH� ORZHVW�
URRP� WHPSHUDWXUH� DV� ��� ℃ � DQG� WKH� KLJKHVW�
WHPSHUDWXUH�DV����℃��EXW�WKHUH�LV�QR�VHDVRQ�FRQWURO��
LW�PHDQV�QR�PDWWHU�ZKLFK�VHDVRQ��WKH�KHDWLQJ�V\VWHP�
ZLOO�ZRUN� DV� VRRQ� DV� WKH� URRP� WHPSHUDWXUH� LV� ORZHU�
WKDQ����℃��WKLV�PD\EH�QRW�DV�DFWXDO�VLWXDWLRQ��EXW�ZH�
VWLOO�FDQ�ILQG�VHDVRQDO�FKDQJHG�SRVLWLRQ�IDFWRUV��
,Q� WDEOH����SRVLWLRQ� IDFWRUV� LQ� VSULQJ� LV�D� OLWWOH� ORZHU�
WKDQ�WKDW�LQ�IDOO��ZLQWHU�SRVLWLRQ�IDFWRU�LPSURYHV�WR�EH�
WKH�ORZHVW�RQH��)RU�VXPPHU�VHDVRQ��QHJDWLYH�QXPEHU�
PHDQV�SLSH�KHDW�ORVV�GR�QRW�EHQHILW�URRP�WHPSHUDWXUH���

3LSH�LQIOXHQFH�WR�GLIIHUHQW�URRPV�
+HDW� ORVVHV� IURP� SLSH� FDXVH� E\� UDGLDWLRQ� IURP� SLSH�
VXUIDFH� DQG� FRQYHFWLRQ� EHWZHHQ� URRP� WHPSHUDWXUH�
DQG�SLSH�WHPSHUDWXUH�� ,Q�RUGHU�WR�NQRZ�ZKHUHDERXWV�
RI� KHDW� ORVV�� KHDW� ORVV� LQIOXHQFH� RQ� URRP� DLU�� ZDOOV�
DQG� DGMDFHQW� URRPV� DUH� DOVR� WDNHQ� LQWR� DFFRXQW�� $V�
VKRZQ� LQ� )LJXUH� ��� WKH� EOXH� OLQH� SUHVHQWV� KHDW� ORVV�
IURP�SLSH��WKH�UHG�OLQH�SUHVHQWV�KHDW�DPRXQW�DEVRUEHG�
E\�URRP�DLU��,W�LV�HDV\�WR�VHH�WKH�WZR�FXUYHV�FKDQJH�DV�
WKH� VDPH� WUHQG�� DQG� WKH� DPRXQW� DEVRUEHG� E\� URRP�
HQYLURQPHQW�LV�DERXW�����RI�WKH�WRWDO�KHDW�ORVV�IURP�
SLSH�� 2WKHUV� DERXW� ���� KHDW� ORVV� LV� DEVRUEHG� E\�
ZDOOV�DQG�ZLQGRZV�DV�ORQJ�ZDYH�UDGLDWLRQ��
)RU�WKH�SXUSRVH�RI�LQYHVWLJDWLQJ�KRZ�PXFK�KHDW�ORVV�
LQIOXHQFHG� RQ� HDFK� URRP� LQ� WKH� EXLOGLQJ�� PRGHO� ��
ZDV� VLPXODWHG� DQG� JRW� WKH� WHPSHUDWXUH� UHVXOWV� DV�
VKRZQ��)LJXUH��������
,Q� EXLOGLQJ�PRGHO� ��� ZKHQ� SLSH� LV� LQ� IURQW� EDOFRQ\��
:H�FDOFXODWH�WKH�UDGLDWLRQ�DQG�FRQYHFWLRQ�IURP�SLSH��
WKH� KHDW� DEVRUSWLRQ� E\� LQGRRU� URRP� DLU�� WKH� KHDW�
DEVRUEHG� E\� ZDOO� DQG� WKH� KHDW� ORVW� WR� RXWGRRU�
HQYLURQPHQW���
)LJXUH� ����� VKRZ� WKH� WHPSHUDWXUH� FKDQJH� RI� HDFK�
URRP� FDXVH� E\� SLSH� KHDW� ORVV�� ,Q� )LJXUH� ��� LW� VKRZV�
HDFK� URRP� � WHPSHUDWXUH� GLIIHUHQFHV� ZKHQ� WKHUH� DUH�
SLSH�LQ�EDFN�EDOFRQ\�RU�QRW��&RPSDULQJ�WKH�UHG�FXUYH�
DQG�WKH�EODFN�RQH��ZH�FDQ�VHH��ZKHQ�SLSH�LV� LQ�EDFN�
EDOFRQ\�� WKHQ� WHPSHUDWXUH� LQ�EDFN�EDOFRQ\� LQFUHDVHV�
DERXW� ����℃ �� ZKLOH� RWKHUV� GR� QRW� VKRZ� VR� PXFK�
GLIIHUHQFH��7KH�VDPH�VLWXDWLRQ�ZKHQ�SLSH�LV�LQ�OLYLQJ�
URRP���URRP����URRP���DQG�IURQW�EDOFRQ\�VKRZ�IURP�
)LJXUH���WR�)LJXUH�����7KH�ELJJHVW�GLIIHUHQFH�LV�ZKHQ�
SLSH�LQ�URRP�����WKH�GLIIHUHQFH�FDQ�UHDFK���℃��

�
Figure 7 heat loss whereabouts 

��

�
Figure 8 Temp. difference when pipe in back balcony 
�

�
Figure 9 Temp. differences when pipe in living room 
�

�
Figure 10 Temp. differences when pipe in front 

balcony 
�
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�
Figure 11 Temp. differences when pipe in room1 

�

�
Figure 12 Temp. differences when pipe in room2 

&21&/86,21�
7KH� RSWLPL]DWLRQ� DQG� FRPSDUDWLYH� VWXGLHV� RI� WKH�
GRPHVWLF�KRW�ZDWHU�SLSH�V\VWHP�DUH�SHUIRUPHG�LQ�WKLV�
SDSHU��7KH�UHVXOWV�FDQ�EH�XVHG�IRU�GHVLJQ�JXLGHOLQHV��
VLPXODWLRQ� DQG� H[SHULPHQW� VWXGLHV� RI� WKH� FRPSRXQG�
KHDWLQJ� GHYLFH�� 3UHOLPLQDU\� FRQFOXVLRQV� FDQ� EH�
GUDZQ�DV�IROORZV��
�� 3LSH�GXFW�LV�VHW�LQ�ZDVKURRP�LQ�WKLV�SDSHU��VR�ZH�

JLYH� WKUHH� GLIIHUHQW� ZDVKURRP� ORFDWLRQV� WR�
DQDO\]H� WKH� GLIIHUHQW� SLSH� LQIOXHQFH� RQ� URRP�
WKHUPDO� EHKDYLRXU�� :DVKURRP� WHPSHUDWXUH� DQG�
EXLOGLQJ� KHDW� ORDG� DUH� ILUVW� DQDO\]HG� DQG� WKH�
VLPXODWLRQ�UHVXOWV�VKRZ�WKDW�XQGHU�FROG�DUHD�OLNH�
6HRXO��SLSH�ORFDWH�QH[W�WR�HDVW�H[WHUQDO�ZDOO�FDQ�
EULQJ� ELJJHVW� EHQHILW� WR� EXLOGLQJ� URRP�
WHPSHUDWXUH�DQG�KHDW�ORDG��$OVR�D�SRVLWLRQ�IDFWRU�
LV� SURSRVHG� DV� D� FULWHULRQ� WR� HYDOXDWH� SLSH�
SRVLWLRQ�LQIOXHQFH�LQ�WKLV�SDUW���

�� 2WKHU� IDFWRUV� FDQ� DIIHFW� KHDW� ORVV� LQ� GLIIHUHQW�
ORFDWLRQ� DUH� DOVR� WDNHQ� LQWR� FRQVLGHUDWLRQ�� 7KH�
UHVXOWV�VKRZ�SRVLWLRQ�IDFWRU�JURZV�SURSRUWLRQDOO\�
ZLWK� ZDWHU� WHPSHUDWXUH� DQG� GXULQJ� IDOO� VHDVRQ�
EXLOGLQJ�JHW�PRVW�HIIHFWLYH�KHDW�ORVV�IURP�SLSH���

�� )XUWKHUPRUH�� LQ� RUGHU� WR� NQRZ� KHDW� ORVV�
ZKHUHDERXWV� DQG� LQIOXHFH� RQ� WHPSHUDWXUH��
DQRWKHU� VLQJOH� KRXVH� EXLOGLQJ� ZLWK� ILYH� ]RQHV�
ZHUH� VLPXODWHG�� DQG� WKH� UHVXOWV� VKRZ� SLSH� KHDW�
ORVV�PDLQO\�FDQ�RQO\�DIIHFW�WKH�URRP�ZKHUH�SLSH�
ORFDWH� LQ��RQO\� IHZ�RI�KHDW�FDQ� WUDQVIHU� WR�RWKHU�

]RQHV�RU�RXWVLGH�WKURXJK�ZDOOV��$ERXW�����KHDW�
ORVV� IURP� SLSH� LV� DEVRUEHG� E\� URRP� DLU� DQG�
DURXQG������DUH�DEVRUEHG�E\�ZDOOV�DQG�ZLQGRZV�
WKURXJK� ORQJ� ZDYH� UDGLDWLRQ�� 7KH� URRP�
WHPSHUDWXUH� GLIIHUHQFH� FDXVHG� E\� SLSH� ORFDWLRQ�
FDQ�EH�DV�ELJ�DV��℃��

120(1&/$785(�
𝐺̇௜௥  = ORQJ�ZDYH�UDGLDWLRQ�EHWZHHQ�ZDOO�DQG�ZDOOV�RU�
ZLQGRZV 
𝛪 = LGHQWLW\�PDWUL[ 
F = YLHZ�IDFWRU 
𝜌௜௥  = UHIOHFWLYLW\�GLDJRQDO�PDWULFH 
𝜀௜௥ = HPLVVLYLW\�GLDJRQDO�PDWULFH 
𝑄̇௦௨௥௙௔௖௘,௣௜௣௘  = WRWDO�KHDW�ORVV�IURP�SLSH�VXUIDFH�
ℎ௢௨௧௦௜ௗ௘ =  WKH� QDWXUDO� FRQYHFWLYH� KHDW� WUDQVIHU�
FRHIILFLHQW�
SA = WKH�VXUIDFH�DUHD�RI�LQVXODWLRQ 
𝑇௝  [ ℃ ] = RXWVLGH� VXUIDFH� WHPSHUDWXUH� RI� SLSH�
LQVXODWLRQ�
𝑇௘௡௩[℃]    = HQYLURQPHQW�WHPSHUDWXUH 

$&.12:/('*(0(17�
7KLV�UHVHDUFK�KDV�EHHQ�SDUWO\�IXQGHG�E\�.'+&��DQG�
WKH� H[WHQVLYH� DVVLVWDQFH� RI� WKH� PHPEHUV� RI� (QHUJ\�
1HWZRUN�7HDP�RI�.,(5�DUH�JUDWHIXOO\�DFNQRZOHGJHG���

5()(5(1&(6�
$OL� .HoHEDVÜ� D�
�� 0HKPHW� $OL� $ONDQ� E�� 0XVWDID�

%D\KDQ� F�� ������ $SSOLHG� 7KHUPDO� (QJLQHHULQJ�
��������������H������

%\XQJ�6LN� 3DUN�� <RQJ�(XQ� .LP�� ������ 7KH� ��WK�
,QWHUQDWLRQDO� 6\PSRVLXP� RQ� 'LVWULFW� +HDWLQJ�
DQG�&RROLQJ��

%\XQJ�6LN� 3DUN�� <RQJ�(XQ� .LP�� ������ 7KH� ��WK�
,QWHUQDWLRQDO� 6\PSRVLXP� RQ� 'LVWULFW� +HDWLQJ�
DQG�&RROLQJ��

'U�� &DUO� +LOOHU�� 3�(��� 3UHVLGHQW�� 'DYLV�� &DOLIRUQLD�
$SSOLHG�(QHUJ\�7HFKQRORJ\��&RQWUDFW�1R������
�������:RUN�$XWKRUL]DWLRQ�1R��:$����

7516<6�� :HDWKHU� GDWD�� ������ :,� ������� 86$��
6RODU� (QHUJ\� /DERUDWRU\�� 8QLYHUVLW\� RI�
:LVFRQVLQ�0DGLVRQ�� ����� (QJLQHHULQJ� 'ULYH��
�����(QJLQHHULQJ�5HVHDUFK�%XLOGLQJ�0DGLVRQ���

7516<6�� 7516<6� FRRUGLQDWRU�� ������ :,� �������
86$�� 6RODU� (QHUJ\� /DERUDWRU\�� 8QLYHUVLW\� RI�
:LVFRQVLQ�0DGLVRQ�� ����� (QJLQHHULQJ� 'ULYH��
�����(QJLQHHULQJ�5HVHDUFK�%XLOGLQJ�0DGLVRQ�
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