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FRQQHFWHG� E\� YHQWLODWLRQ� GXFWV� EHWZHHQ� ZKLFK� DQ� DLU� KHDWHU� ZLWK� DQ
D[LDO� IDQ�ZDV�SODFHG��ZKLFK�SURGXFHG�D� VWUHDP�RI�KHDWLQJ�DLU�SDVVLQJ
EHWZHHQ� ERWK� H[FKDQJHUV� >��@��The� SULQFLSOH� RI� RSHUDWLRQ� RI� WKH� WHVW
VWDQG�FRQVLVWHG�RI� VLPXODWLQJ� WKH�SURFHVV�RI�DLU�KHDWLQJ� LQ�YHQWLODWLRQ
GXFWV�LPLWDWLQJ�WKH�LQWHULRU�RI�WKH�GU\HU�DQG�WKH�KHDW�flow�EHWZHHQ�WKH
WHVWHG�KHDW�H[FKDQJHUV��The�KRW�DLU�FRPLQJ�RXW�RI�WKH�KHDWHU�VLPXODWHV
KHDWHG� DLU� FRPLQJ� RXW� RI� WKH� GU\HU� >��@�� 3DVVLQJ� WKURXJK� WKH� KHDW
H[FKDQJHU�� LW� UHOHDVHV� SDUW� RI� WKH� KHDW� WR� WKH� WKHUPDO� PHGLXP
FLUFXODWLQJ�LQ�WKH�LQVWDOODWLRQ��ZKLFK�LV�IRUFHG�WR�WKH�KHDW�H[FKDQJHU�LQ
WKH�SODFH�RI� VXFNLQJ� LQ� FROG� DPELHQW� DLU� >��@�� ,Q� WKLV�KHDW� H[FKDQJHU�
WKH�KHDW� LV�WUDQVIHUUHG�WR�WKH�DLU�VXFNHG�LQ�IURP�WKH�HQYLURQPHQW�DQG
LQ� WKLV�ZD\�� DLU� JHWV� LQWR� WKH�KHDWHU� DW� D� WHPSHUDWXUH�KLJKHU� WKDQ� WKH
DPELHQW� WHPSHUDWXUH��The� YLHZ� RI� WKH� WHVW� EHQFK� GXULQJ� WKH� WHVWV� LV
VKRZQ�LQ�)LJXUH���>�����@�

The�FRLOV�filling� WKH� LQVLGH�RI� WKH�KHDW�H[FKDQJHUV�DUH�FRQQHFWHG�E\
PHDQV� RI� WKHUPDOO\� LQVXODWHG� FRSSHU� SLSHOLQHV� >��@�� $� FORVHG
FLUFXODWLRQ�RI� WKH�WKHUPDO�PHGLXP�ZDV�DSSOLHG�WR� WKH�KHDW�H[FKDQJHU
V\VWHP�� &LUFXODWLRQ� RI� WKH� FLUFXODWLQJ� OLTXLG�WKH� WKHUPDO� IDFWRU�ZDV
IRUFHG� E\� WKH� FLUFXODWLQJ� SXPS� LQVWDOOHG� LQ� WKH� V\VWHP� ZLWK� WKH
SRVVLELOLW\� RI� UHJXODWLQJ� WKH�flow� YHORFLW\�� ,Q� DGGLWLRQ�� WKH� H[FKDQJHU
LQVWDOODWLRQ�LQFOXGHV�D�FORVHG�W\SH�OHYHOLQJ�YHVVHO��XVHG�WR�VWDELOL]H�WKH
SUHVVXUH�RI�WKH�OLTXLG�LQ�WKH�V\VWHP��VHUYLFH�YDOYHV��DQG�WKH�YHQW�YDOYH
IRU�WKH�LQVWDOODWLRQ�>��@�

The� WHVW� VWDQG� KDV� EHHQ� HTXLSSHG� ZLWK� FRQWURO� DQG� PHDVXUHPHQW



lp. Un S1 S2 S3

(V) (m3.h-1) (m3.h-1) (m3.h-1)

1 230 471.5 438.6 431.1

2 207 451.6 417.2 413.3

3 184 418.8 387.6 384.0

4 161 390.5 363.2 359.5

5 138 347.9 325.8 325.0

6 115 292.6 270.8 269.8

7 92 259.5 247.5 241.3



D�UHDGLQJ�UHVROXWLRQ�RI����r



RI� ������������ P��K���� 1H[W�� D� WHVW� ZDV� FDUULHG� RXW� IRU� WKH� VLPXODWHG
WHPSHUDWXUH�RI�WKH�DLU�FRPLQJ�RXW�RI�WKH�GU\HU�DW�WKH�OHYHO�RI���r&�DQG
WKH�flow� UDWH� RI� WKH� FRQYH\HG� DLU� LQ� WKH� UDQJH� RI� ������������ P��K���
'XULQJ�WKH�WHVWV��WKH�HQHUJ\�FRQVXPSWLRQ�QHFHVVDU\�WR�KHDW�WKH�DLU�DQG
WKH�DPRXQW�RI� HQHUJ\� WUDQVIHUUHG�E\� WKH� WKHUPDO� IDFWRU�RI� WKH�KHDWHG
DLU� ZHUH� PHDVXUHG�� 2Q� WKLV� EDVLV�� WKH� DPRXQW� RI� KHDW� UHFRYHUHG� E\

PHDQV�RI�D�KHDW�H[FKDQJHU�H[WUDFWHG�IURP�WKH�GU\HU�DQG�WKH�DPRXQW�RI
KHDW� WUDQVIHUUHG�WR� WKH�H[FKDQJHU�XVHG�WR�KHDW� WKH�DLU�VXFNHG� LQ� IURP
WKH�LQVWDOODWLRQ
V�HQYLURQPHQW�ZDV�FDOFXODWHG��The�REWDLQHG�WHVW�UHVXOWV
DUH� SUHVHQWHG� LQ� 7DEOH� ��� VXSSOHPHQWHG� DGGLWLRQDOO\� E\� WKH
WHPSHUDWXUHV� WR� ZKLFK� WKH� DLU� VLPXODWLQJ� WKH� DLU� FRPLQJ� RXW� RI� WKH
GU\HU�ZDV�KHDWHG�

Tube exchanger with sipes Tube exchanger without sipes

T Eel Ecob ΣE temperature
obtained Eel Ecob ΣE temperature

obtained

(°C) (kWh) (kWh) (kWh) (°C) (kWh) (kWh) (kWh) (°C)

50 3,02 1,20 4,22 48,0 3,67 0,66 4,33 47,2

70 5,10 1,94 7,04 66,9 6,0 0,87 6,87 62,6*

*temperature obtained during continuous operation of the heater

7DEOH����(QHUJ\�GHPDQG�IRU�REWDLQLQJ�D�specific�WHPSHUDWXUH�RQ�WKH�WHVW�EHQFK�ZLWK�YDULRXV�KHDW�H[FKDQJHUV�

The� REWDLQHG� UHVXOWV� FOHDUO\� LQGLFDWH� D� ORZHU�efficiency� RI� UHFRYHU\
DQG� KHDW� WUDQVIHU� E\� YDULRXV� WXEH� KHDW� H[FKDQJHUV� IURP� WKH� WKHUPDO
IDFWRU�� ,Q� WKH� FDVH� RI� DQ� H[SHULPHQW� ZLWK� D� WXEH� KHDW� H[FKDQJHU� DW� D
WHPSHUDWXUH� RI� ��r&�� ZLWKRXW� LQVWDOOLQJ� DQ� DGGLWLRQDO� KHDWHU�� WKH
DVVXPHG� DLU� WHPSHUDWXUH�after� WKH� KHDWHU� FRXOG� QRW� EH� REWDLQHG��The
SUHOLPLQDU\�WHVW�UHVXOWV�SUHVHQWHG�DERYH�PDGH�LW�SRVVLEOH�WR�GHFLGH�RQ
HOLPLQDWLQJ� WKH� IDFWRU� VHULHV�ZLWK�D� WXEH�H[FKDQJHU�ZLWKRXW� VLSHV�DQG
FDUU\LQJ�RXW�D�FRPSOHWH�IDFWRU�WHVW�LQ�WKH�FRQGLWLRQV�GHVFULEHG�LQ�SRLQW�
���� ZKHQ� XVHG� LQ� D� FLUFXODWLRQ� V\VWHP� DV� D� WKHUPDO� ZDWHU� IDFWRU� DQG
WKHQ�����RI�DQ�HWK\OHQH�JO\FRO�ZDWHU�PL[WXUH�DQG�WXEXODU�H[FKDQJHUV
ZLWK�VLSHV��ZKLFK�KDYH�EHHQ�verified�DV�PRUH�effective�LQ�WKH�IXQFWLRQ�RI
KHDW�WUDQVIHU�EHWZHHQ�DLU�OLTXLG�DLU�FHQWHUV�

Simulation tests of the parameters of the exchanger
installation on the test bench
The� UHVXOWV� RI� FDOFXODWLRQV� RI� WKH� DPRXQW� RI� WKHUPDO� HQHUJ\

WUDQVIHUUHG� EHWZHHQ� DLU�OLTXLG� DQG� DLU� RQ� D� WHVW� VWDQG� HTXLSSHG� ZLWK
WXEXODU� KHDW� H[FKDQJHUV� ZLWK� ODPHOODH� ZLWK� WZR� W\SHV� RI� WKHUPDO
FLUFXODWLRQ�PHGLXP�DUH�VKRZQ�LQ�7DEOH����
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