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� 5�(�6�8�0�(���$�%�6�7�5�$�&�7�
&HWWH� pWXGH� FRQVLVWH� j� OD� PRGpOLVDWLRQ� HW� j� O¶DSSOLFDWLRQ� GH� PpWKRGHV�
QXPpULTXHV�DILQ�G¶RSWLPLVHU�OHV�SHUIRUPDQFHV�G¶XQ�FDSWHXU�VRODLUH�SODQ�j�HDX�
VRXV� OHV�FRQGLWLRQV�PpWpRURORJLTXHV�GX�0DOL��SDUWLFXOLqUHPHQW�DX�PRLV�GH�
MDQYLHU� RX� O¶HQVROHLOOHPHQW� HVW� IDLEOH� HW� OD� FRQVRPPDWLRQ� HQ� HDX� FKDXGH�
LPSRUWDQWH�� �/HV�UpVXOWDWV�REWHQXV�PRQWUHQW�TXH� ORUVTXH� OD�YLWHVVH�GX�YHQW�
SDVVH�GH���P�V�j���P�V�OH�UHQGHPHQW�GpFURLW�GH������j������SRXU�XQH�LQWHQVLWp�
GX� UD\RQQHPHQW� VRODLUH� GH� ����:�P��� /¶DXJPHQWDWLRQ� GH� O¶pSDLVVHXU� GH�
O¶LVRODQW��GHV�GLDPqWUHV�LQWpULHXU�HW�H[WpULHXU�GHV�WXEHV�GRQQH�XQ�UHQGHPHQW�
SRXYDQW� DWWHLQGUH� UHVSHFWLYHPHQW� ��� �� HW� ��� ��� /RUVTXH� OH� PDWpULDX�
FRQVWLWXDQW� O¶DEVRUEHXU�� OD� YLWUH� HW� O¶LVRODQW� VRQW� UHVSHFWLYHPHQW� HQ� DFLHU�
FKURPH�� HQ�SRO\�PpWKDFU\ODWH�� HQ�PRXVVH�GH�SRO\XUpWKDQH�� RQ�REWLHQW� GHV�
UHQGHPHQWV�GH��������������HW��������UHVSHFWLYHPHQW�SRXU�XQH�LQWHQVLWp�GX�
UD\RQQHPHQW� VRODLUH� GH� ���� :�P��� $XVVL�� FHWWH� pWXGH� D� PRQWUp� TXH� OHV�
SDUDPqWUHV� H[WHUQHV� WHOV� TXH� OH� UD\RQQHPHQW� VRODLUH�� OD� YLWHVVH� GX� YHQW� HW�
LQWHUQHV��SURSULpWpV�RSWLTXHV�HW�WKHUPR�SK\VLTXHV�GHV�GLIIpUHQWV�FRPSRVDQWV�
GX�FDSWHXU��LQIOXHQW�WUqV�SHX�VXU�OD�WHPSpUDWXUH�GX�IOXLGH�FDORSRUWHXU����

,��,1752'8&7,21�
/HV�FRPEXVWLEOHV�IRVVLOHV�XWLOLVpV�SRXU�OD�SURGXFWLRQ�GH�
O¶pQHUJLH� WHQGHQW� j� V¶pSXLVHU� DX� YX� GH� OD� GHPDQGH�
FURLVVDQWH�G¶pQHUJLH�DX�QLYHDX�PRQGLDOH��&HWWH�pQRUPH�
FRQVRPPDWLRQ� G
pQHUJLH� UpVXOWDQW� GX� GpYHORSSHPHQW�
pFRQRPLTXH�� VRFLDO� HW� GH� O¶DXJPHQWDWLRQ� GH� OD�
SRSXODWLRQ�HVW�HQ�WUDLQ�GH�SURGXLUH�GHV�HIIHWV�QpJDWLIV�VXU�
QRWUH� HQYLURQQHPHQW�� &HV� HIIHWV� VH� PDQLIHVWHQW�
SULQFLSDOHPHQW�j�WUDYHUV�OHV�pPLVVLRQV�GH�JD]�j�HIIHW�GH�
VHUUH�� OD�SROOXWLRQ�� OD� GpIRUHVWDWLRQ�� OD� GpJUDGDWLRQ�GHV�
WHUUHV�HW�GHV�UHVVRXUFHV�QDWXUHOOHV��'DQV�FH�FRQWH[WH��OHV�
SD\V� DIULFDLQV�� Q¶RQW� SOXV� OH� FKRL[� TXH� GH� GLYHUVLILHU�
OHXUV� VRXUFHV� G¶pQHUJLH�� /HV� pQHUJLHV� UHQRXYHODEOHV�
DSSDUDLVVHQW�DORUV�FRPPH�XQH�DOWHUQDWLYH��&HV�pQHUJLHV�
TXL�XWLOLVHQW�GHV�UHVVRXUFHV�QDWXUHOOHV�WHOV�TXH�OH�VROHLO��
OH�YHQW��O¶HDX��OD�ELRPDVVH�VRQW�SURSUHV��LQpSXLVDEOHV�HW�
GLVSRQLEOHV�� 3DUPL� FHV� pQHUJLHV� UHQRXYHODEOHV�� OH� SOXV�
DERQGDQW� TX¶HVW� OH� VROHLO� SHXW� rWUH� H[SORLWp� GDQV�
SOXVLHXUV�GRPDLQHV� FRPPH� OD�SURGXFWLRQ�G¶pOHFWULFLWp��
OD� FXLVVRQ� VRODLUH�� OH� FKDXIIDJH�� OD� SURGXFWLRQ� G¶HDX�
FKDXGH���
(Q�HIIHW��O¶XWLOLVDWLRQ�GH�O¶pQHUJLH�VRODLUH�OD�SOXV�VLPSOH�
HW� OD� SOXV� GLUHFWH�� HVW� OD� SURGXFWLRQ� G¶HDX� FKDXGH� j�
GHVWLQDWLRQ� GHV�PpQDJHV� HW� GHV� EkWLPHQWV� SXEOLFV�� $X�
0DOL�� OH� FKDXIIDJH� GH� O¶HDX� YLD� OH� VRODLUH� HVW� WUqV� SHX�
XWLOLVp� j� FDXVHV� GH� SOXVLHXUV� FRQWUDLQWHV� GRQW� OH� FR�W�
pOHYp�GHV�LQVWDOODWLRQV��OD�PpFRQQDLVVDQFH�GH�FH�W\SH�GH�
GLVSRVLWLI�SDU�OD�SRSXODWLRQ�HW�VXUWRXW�O¶DULGLWp�GX�FOLPDW�

FDUDFWpULVp� SDU� XQH� SpULRGH� GH� IURLG� ��� PRLV�DQ� DX�
PD[LPXP��TXL�QpFHVVLWH�XQ�IDLEOH�EHVRLQ�HQ�HDX�FKDXGH�
GDQV� OHV� KDELWDWLRQV�� /H� JLVHPHQW� VRODLUH� GX�0DOL� HVW�
FRQVLGpUDEOH��ODUJHPHQW�LQH[SORLWp�DYHF�XQH�LUUDGLDWLRQ�
VRODLUH� WUqV� LPSRUWDQWH� �HQ� PR\HQQH� �� N:K�P��M���
UpSDUWLH� VXU� O¶HQVHPEOH� GX� WHUULWRLUH� SRXU� XQH� GXUpH�
G¶HQVROHLOOHPHQW�MRXUQDOLHU�GH���j����KHXUHV��0LQLVWqUH�
GH� O¶pQHUJLH� HW� GH� O¶HDX�� ������� /¶H[SORLWDWLRQ� GH�
O¶pQHUJLH� VRODLUH� SRXU� FKDXIIHU� O¶HDX� QpFHVVLWH� GHV�
GLVSRVLWLIV�TXL�SHUPHWWHQW�GH�FRQYHUWLU� OH� UD\RQQHPHQW�
VRODLUH� LQFLGHQW� VXU� OD� VXUIDFH� GH� OD� WHUUH�� WHOV� TXH� OHV�
SDQQHDX[� SKRWRYROWDwTXHV�� OHV� FDSWHXUV� SODQV�� OHV�
FDSWHXUV�j�WXEH�VRXV�YLGH��OHV�FDSWHXUV�j�FRQFHQWUDWHXUV��
3OXVLHXUV�WUDYDX[�RQW�pWp�HIIHFWXpV�VXU�O¶RSWLPLVDWLRQ�GHV�
FDSWHXUV� VRODLUHV� SODQV�� D\DQW� VXUWRXW� SRXU� EXW�
O¶DPpOLRUDWLRQ� GH� VRQ� UHQGHPHQW� LQVWDQWDQp� TXL� HVW� OD�
SHUIRUPDQFH� OD� SOXV� VLJQLILFDWLYH� �+KHGLP��� �������
%HQNKHOLID����������
6DQGDOL�HW�.RUWL�����������6HOPL�HW�DO��������RQW�PRQWUp�
TXH� OHV� PpWKRGHV� GH� VLPXODWLRQ� QXPpULTXH� SRXYDLHQW�
rWUH�DSSOLTXpHV�j�O¶pWXGH�GHV�FDSWHXUV�VRODLUHV�HW�REWHQLU�
GHV�UpVXOWDWV�WUqV�SURFKHV�GH�O
H[SpULHQFH���
/¶REMHFWLI�GH�FH� WUDYDLO� FRQVLVWH�j� OD�PRGpOLVDWLRQ�HW� j�
O¶DSSOLFDWLRQ�GH�PpWKRGHV�QXPpULTXHV�DILQ�G¶RSWLPLVHU�
OHV�SHUIRUPDQFHV�G¶XQ�FDSWHXU�VRODLUH�SODQ�j�HDX�VRXV�OHV�
FRQGLWLRQV� PpWpRURORJLTXHV� GX� 0DOL�� SDUWLFXOLqUHPHQW�
DX�PRLV�GH�MDQYLHU�RX�O¶HQVROHLOOHPHQW�HVW�WUqV�IDLEOH�HW�
OD�FRQVRPPDWLRQ�HQ�HDX�FKDXGH�LPSRUWDQWH���
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/¶HIIHW� GHV� SDUDPqWUHV� WHOV� TXH� OD� YLWHVVH� GX� YHQW��
O¶pSDLVVHXU� HW� OD� QDWXUH� GH� O¶LVRODQW�� OHV� GLPHQVLRQV� GHV�
WXEHV�� OD� QDWXUH� GH� O¶DEVRUEHXU�� OD� QDWXUH� GH� OD� YLWUH�
LQIOXDQW� VXU� OH� UHQGHPHQW� HW� OD� WHPSpUDWXUH� GX� FDSWHXU�
VRODLUH�SODQ�VHURQW�pWXGLpV�DILQ�GH�VHUYLU�GH�UpIpUHQFH�SRXU�
XQH�SURGXFWLRQ�ORFDOH�HW�DXVVL�SHUPHWWUH�DX[�SDUWLFXOLHUV�
GH�IDLUH�XQ�FKRL[�DSSURSULp����

,,��',6326,7,)�¬�e78',(5��

/H� FDSWHXU� VRODLUH� SODQ� TXL� VHUD� PRGpOLVp� GDQV� QRWUH�
WUDYDLO�HVW�VFKpPDWLVp�SDU�OD�ILJXUH����,O�FRPSUHQG���

�� 8QH� FRXYHUWXUH� WUDQVSDUHQWH� �YLWUDJH�� IDLWH� HQ�
PDWpULDX[� WUDQVSDUHQWV� DX� UD\RQQHPHQW�YLVLEOH�PDLV�
RSDTXH� DX� UD\RQQHPHQW� LQIUDURXJH� SHUPHWWDQW� GH�
UpDOLVHU�XQ�HIIHW�GH�VHUUH���HOOH�SURWqJH�DXVVL�O¶LQWpULHXU�
GX�FDSWHXU�FRQWUH�OHV�HIIHWV�GH�O¶HQYLURQQHPHQW��

�� 8Q�DEVRUEHXU�TXL�DEVRUEH�OH�UD\RQQHPHQW�VRODLUH�GH�
FRXUWHV�ORQJXHXUV�G¶RQGH�HW�OH�FRQYHUWLW�HQ�FKDOHXU��,O�
HVW� JpQpUDOHPHQW� SHLQW� HQ� QRLU� SRXU� DEVRUEHU�
SUDWLTXHPHQW�WRXV�OHV�UD\RQQHPHQWV�GDQV�OH�VSHFWUH�GX�
YLVLEOH�� ,O� HVW� FRQVWLWXp�G¶XQH�SODTXH� j� ODTXHOOH� VRQW�
LQWpJUpV�GHV�WXEHV�j�WUDYHUV�OHVTXHOV�FLUFXOH�OH�IOXLGH�
FDORSRUWHXU��

�� 8Q�IOXLGH�FDORSRUWHXU�FKDUJp�GH�WUDQVSRUWHU�OD�FKDOHXU�
HPPDJDVLQpH� SDU� O¶DEVRUEHXU� YHUV� OD� VRXUFH� GH�
WHPSpUDWXUH��

�� 8QH� LVRODWLRQ� WKHUPLTXH� VHUYDQW� j� OLPLWHU� OHV�
GpSHUGLWLRQV� WKHUPLTXHV� GX� FDSWHXU� VXU� OHV� F{WpV�
DUULqUH�HW�ODWpUDOH��

�
Fig.1. Schéma du capteur solaire plan 
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����+\SRWKqVHV��

3RXU�VLPSOLILHU�QRWUH�pWXGH��OHV�K\SRWKqVHV�FL�GHVVRXV�RQW�
pWpV�FRQVLGpUpHV���

�� OH�VROHLO�HVW�DVVLPLOp�j�XQ�FRUSV�QRLU��
�� /D�VXUIDFH�GX�FDSWHXU�HVW�XQLIRUPpPHQW�pFODLUpH��
�� /H�WUDQVIHUW�GH�FKDOHXU�j�XQH�VHXOH�GLPHQVLRQ�j�WUDYHUV�

OHV�FRXFKHV�GX�V\VWqPH��
�� /H� GpELW� PDVVLTXH� HVW� XQLIRUPH� GDQV� OHV� WXEHV� GX�

FDSWHXU���
�� �/H�WUDQVIHUW�GH�FKDOHXU�j�SDUWLU�GHV�ERUGV�GX�FDSWHXU�

HVW�QpJOLJHDEOH��
� /D�YLWHVVH�GX�YHQW�H[WpULHXU�HVW�VXSSRVpH�GH�GLUHFWLRQ�

WRXMRXUV�SDUDOOqOH�DX[�IDFHV�GX�FDSWHXU��

�� /H�IOX[�GH�FKDOHXU�UHoX�SDU�OH�FDSWHXU�HVW�IRQFWLRQ�GX�
WHPSV��

�� /HV� SURSULpWpV� SK\VLTXHV� GHV�PDWpULDX[� QH� VRQW� SDV�
IRQFWLRQ�GH�OD�WHPSpUDWXUH���

�� /HV� SURSULpWpV� SK\VLTXHV� GX� IOXLGH� QH� VRQW� SDV�
IRQFWLRQ�GH�OD�WHPSpUDWXUH��

�� /D� SRXVVLqUH� HW� OD� VDOHWp� VXU� OH� FROOHFWHXU� VRQW�
QpJOLJHDEOHV��

�� /H�UpJLPH�G¶pFRXOHPHQW�HVW�WUDQVLWRLUH��
�� /D�WHPSpUDWXUH�GH�OD�SODTXH�DEVRUEDQWH�HVW�VXSSRVpH�

pJDOH�j�FHOOH�GHV�WXEHV��
�� /D� WHPSpUDWXUH� GX� VRO� HVW� VXSSRVpH� pJDOH� j� OD�

WHPSpUDWXUH�DPELDQWH��

�����%LODQ�WKHUPLTXH�GHV�FRPSRVDQWV�GX�FDSWHXU�
VRODLUH�SODQ��

ĂͿ Bilan énergétique de la couverture 
transparente (vitre)�

x� )OX[�GH�FKDOHXU�LQFLGHQW�HW�DEVRUEp�SDU�OD�YLWUH��
��������������������������������49� �Į�6�,&����������������������������������������������������
2��Į��� 6��� ,&� UHSUpVHQWHQW� UHVSHFWLYHPHQW� OH� FRHIILFLHQW�
G
DEVRUSWLRQ� GH� OD� YLWUH�� OD� VXUIDFH� GH� OD� YLWUH� �P��� HW�
O¶pFODLUHPHQW�JOREDO�LQFLGHQW�VXU�OH�FDSWHXU�SODQ��:�P����

x� )OX[��GH��FKDOHXU��pFKDQJp��SDU��FRQYHFWLRQ��HQWUH��
OH�YLWUDJH�HW�O¶DLU�DPELDQW��

�����������������������������4F�DP� �KF�DP6��7��7DP��������������������������

7���7DP��KF�DP�GpVLJQDQW�UHVSHFWLYHPHQW�OD�WHPSpUDWXUH�GH�
OD�YLWUH� �.��� OD� WHPSpUDWXUH�DPELDQWH��.��� OH�FRHIILFLHQW��
G
pFKDQJH��SDU��FRQYHFWLRQ��HQWUH��OD��YLWUH��HW��O
DLU��DPELDQW�
�:�P�.����

KF�DP� HVW� GRQQp� SDU� OD� FRUUHODWLRQ� GH� 0DF$GDPV�
�0F$'$06����������

x� )OX[�GH�FKDOHXU�pFKDQJp�SDU�UD\RQQHPHQW�HQWUH�
OH�YLWUDJH�HW�OH�FLHO��

��������������������4U�FLHO� �KU�FLHO6��7��7FLHO����������������������������

DYHF� � �� �� �
� � � �r ciel ciel cielh T T T TH V � � OH�FRHIILFLHQW��

G
pFKDQJH��SDU��UD\RQQHPHQW��HQWUH�� OD��YLWUH��HW��OH�FLHO�
�:�P�.����İ��O¶pPLVVLYLWp�GX�YLWUDJH�HW�V�OD�FRQVWDQWH�GH�
6WpSKDQH�%ROW]PDQ�����������������������������������������������������������������������������������

/D�WHPSpUDWXUH�GX�FLHO��7FLHO��HVW�HVWLPpH�SDU�OD�FRUUHODWLRQ�
GH�6ZLQEDQN��'XIILH�HW�:LOOLDP����������

�

x� )OX[�GH�FKDOHXU�pFKDQJp�SDU�FRQYHFWLRQ�HQWUH�OH�
YLWUDJH�HW�O¶DEVRUEHXU��

������������������������4F��� �KF��6��7��7�������������������������������������
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UHVSHFWLYHPHQW� OD� VXUIDFH� GH� O
DEVRUEHXU� �P���� OD�
WHPSpUDWXUH�GH�O
DEVRUEHXU��.���OD�GLVWDQFH�HQWUH�OD�YLWUH�
HW�O¶DEVRUEHXU��P���OD�FRQGXFWLYLWp�WKHUPLTXH�GH�O¶DLU��:��
P�.���OH�FRHIILFLHQW�G
pFKDQJH�WKHUPLTXH�SDU�FRQYHFWLRQ�
HQWUH�OD�YLWUH�HW�O
DEVRUEHXU��:�P�.���



J. P. Soaphys, Vol 2, N°1 (2020) C20A03  Kanouté et al.,  
�

http://dx.doi.org/10.46411/jpsoaphys.2020.01.03  C20A03-3 © 2020 SOAPHYS  

/H�QRPEUH�GH�1XVVHOW�1X�SRXU�GHX[�VXUIDFHV�SDUDOOqOHV�
LQFOLQpHV� G¶XQ� DQJOH� HQWUH� ��� HW� ����� HVW� GRQQp� SDU�OD�
FRUUpODWLRQ�GH�+ROODQGV�HW�DO����������

x� )OX[�GH�FKDOHXU�pFKDQJp�SDU�UD\RQQHPHQW�HQWUH�
OH�YLWUDJH�HW�O¶DEVRUEHXU��
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x� )OX[� GH� FKDOHXU� pFKDQJp� SDU� FRQYHFWLRQ� HQWUH�
O¶DEVRUEHXU�HW�OH�IOXLGH�FDORSRUWHXU��HDX��
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6�����VXUIDFH�GH�FRQWDFW�DEVRUEHXU�IOXLGH�FDORSRUWHXU��P����
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pFKDQJH� SDU� FRQYHFWLRQ� HQWUH�
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x� )OX[� GH� FKDOHXU� pFKDQJp� SDU� FRQGXFWLRQ� HQWUH�
O¶DEVRUEHXU�HW�O¶LVRODQW�
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�\ �� �\ �VRQW�GH�FRQVWDQWHV�HW�7LVO��ȜLVO��ȜDEV��ȜOD��6OD��6DEL��H���
HOD�� HLVO� UHSUpVHQWHQW� UHVSHFWLYHPHQW� OD� WHPSpUDWXUH� GH�
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��/H� ELODQ� G¶pQHUJLH� WRWDO� TXL� GpFULW� OH� FRPSRUWHPHQW�
WKHUPLTXH�GX�FDSWHXU�pWXGLp�HVW�IRUPp�GHV�pTXDWLRQV�����
��������������������

�����'pWHUPLQDWLRQ�GHV�FRHIILFLHQWV�JOREDX[�
G¶pFKDQJH�GH�FKDOHXU�DYHF�O¶HQYLURQQHPHQW�����

/HV�SHUWHV�GH�FKDOHXU�VH�SURGXLVHQW�YHUV�O¶DYDQW��O¶DUULqUH�
HW� OHV� SDUWLHV� ODWpUDOHV� GX� FDSWHXU�� &HV� SHUWHV� VH�
PDQLIHVWHQW�VRXV�OHV�WURLV�PRGHV�GH�WUDQVIHUW�GH�FKDOHXU���

/¶DQDORJLH� pOHFWULTXH� OLpH� DX[� GLIIpUHQWHV� UpVLVWDQFHV�
WKHUPLTXHV�ORUV�GHV�pFKDQJHV�GH�FKDOHXU�HIIHFWXpV�VXU�OHV�
GLIIpUHQWV�pOpPHQWV�GX�FDSWHXU�HVW�LOOXVWUpH�VXU�OD�)LJXUH�
���
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Fig.2 : Circuit électrique équivalent relative à un capteur 

solaire plan  

a- Coefficient de pertes thermiques vers l’avant   
/H�FRHIILFLHQW�GH�SHUWHV�WKHUPLTXHV�JOREDO�YHUV�O¶DYDQW�GX�
FDSWHXU�HVW�GRQQp�SDU�OD�UHODWLRQ�VXLYDQWH���
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b- Coefficient de pertes thermiques vers l’arrière  
/D�YDOHXU�GH�FH�FRHIILFLHQW�HVW�WUqV�SHWLWH�FRPSDUpH�j�FHOXL�
GHV�SHUWHV�YHUV�O¶DYDQW��FDU�OH�FDSWHXU�HVW�WUqV��ELHQ��LVROp��
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DUULqUH��6RQ�H[SUHVVLRQ�HVW���
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c- Coefficient de pertes thermiques latérale 
&H�FRHIILFLHQW�HVW�LQIpULHXU�j�FHOXL�GHV�SHUWHV�DUULqUH��GDQV�
OD�PHVXUH�R��OD�VXUIDFH�ODWpUDOH�GX�FDSWHXU�HVW�SOXV�SHWLWH���
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cA ��VXUIDFH�GX�FDSWHXU��H[SRVpH�DX�UD\RQQHPHQW��P����

/H�FRHIILFLHQW�G¶pFKDQJH�GH�SHUWHV�WKHUPLTXHV�JOREDO�YHUV�
O¶HQYLURQQHPHQW�HVW�OD�VRPPH�GHV�WURLV�FRHIILFLHQWV�������
������������������������

d- Rendement du capteur  
/H� UHQGHPHQW� LQVWDQWDQp� �RX� WKHUPLTXH�� GX� FDSWHXU�
VRODLUH�SODQ�HVW�pJDO�DX�UDSSRUW�HQWUH�OH�IOX[�XWLOH�UpFXSpUp�
HW� O¶pFODLUHPHQW� JOREDO� LQFLGHQW� UHoX� SDU� OD� VXUIDFH� GX�
FDSWHXU��
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4X���IOX[�XWLOH�UpFXSpUp�SDU�OH�IOXLGH�FDORSRUWHXU��:���

&SI���&KDOHXU�VSpFLILTXH�GX�IOXLGH�FDORSRUWHXU��-�NJ�.���
7IV���7HPSpUDWXUH�GH�VRUWLH�GX�IOXLGH��.���

7IH���7HPSpUDWXUH�G¶HQWUpH�GX�IOXLGH��.���

�

�

�����9DOLGDWLRQ�GX�FRGH�QXPpULTXH

/HV�WHPSpUDWXUHV�GHV�FRPSRVDQWHV�RQW�pWp�SULVHV�pJDOHV�j�
OD� WHPSpUDWXUH�DPELDQWH��LQLWLDOLVDWLRQ��j� O¶H[FHSWLRQ�GH�
OD� WHPSpUDWXUH� GH� O¶DEVRUEHXU� TXL� HVW� OpJqUHPHQW�
VXSpULHXUH��/HV�GRQQpHV�GH� WHPSpUDWXUH� DPELDQWH� HW� GH�
UD\RQQHPHQW�VRODLUH�RQW�pWp�UHFXHLOOLHV�OH������������j�OD�
VWDWLRQ� PpWpRURORJLTXH� GH� OD� IDFXOWp� GHV� VFLHQFHV� HW�
WHFKQLTXHV�GH�%DPDNR��

/HV� pTXDWLRQV� GpFULYDQW� OHV� GLIIpUHQWV� pFKDQJHV� GH�
FKDOHXU�PLV� HQ� MHX� j� O¶LQWpULHXU�G¶XQ� FDSWHXU� HQ� UpJLPH�
WUDQVLWRLUH� ���� ����� ��������� RQW�pWp�GLVFUpWLVpHV�SDU� OD�
PpWKRGH�GH�GLIIpUHQFH�ILQLH��&HV�pTXDWLRQV�RQW�HQVXLWH�pWp�
UpVROXHV�QXPpULTXHPHQW�DYHF�OH�ORJLFLHO�0DWODE��0DWODE���
������SDU�OD�PpWKRGH�LWpUDWLYH�GH�*DXVV�6HLGHO��

/D� ILJXUH� ��� PRQWUH� O¶pYROXWLRQ� GHV� GLIIpUHQWHV�
WHPSpUDWXUHV� GX� FDSWHXU� HQ� IRQFWLRQ� GX� WHPSV�� /D�
WHPSpUDWXUH� GH� O¶DEVRUEHXU� HVW� OD� SOXV� pOHYpH��(Q� HIIHW��
O¶DEVRUEHXU� DEVRUEH� OD� JUDQGH� SDUWLH� GX� UD\RQQHPHQW�
VRODLUH� JUkFH� j� VRQ� IRUW� FRHIILFLHQW� G¶DEVRUSWLRQ� SRXU�
FKDXIIHU� OH� IOXLGH��/D� WHPSpUDWXUH�GX� IOXLGH�FDORSRUWHXU�
HVW�DVVH]�pOHYpH�SDU� UDSSRUW�DX[�DXWUHV�FRPSRVDQWHV�GX�
FDSWHXU��/¶pFDUW�HQWUH�OHV�WHPSpUDWXUHV�HVW�SULQFLSDOHPHQW�
G��DX�FRHIILFLHQW�GH�FRQYHFWLRQ�HQWUH�OHV�FRPSRVDQWHV��/D�
WHPSpUDWXUH�GH�O¶LVRODQW�HVW�DVVH]�IDLEOH�SDU�UDSSRUW�j�FHOOH�
GX�IOXLGH�SDUFH�TX¶LO�UpVLVWH�DX[�SHUWHV�WKHUPLTXHV�YHUV�OHV�
F{WpV�GH�O¶DEVRUEHXU�DLQVL�TX�j�FHOOHV�GXHV�j�O¶DFWLRQ�GX�
YHQW��/D�WHPSpUDWXUH�GH�OD�YLWUH�HVW�IDLEOH�SDU�UDSSRUW�DX[�
DXWUHV� FRPSRVDQWHV� GX� FDSWHXU� j� FDXVH� GHV� SHUWHV�
WKHUPLTXHV� YHUV� O¶H[WpULHXU� HW� j� VRQ� IDLEOH� FRHIILFLHQW�
G¶DEVRUSWLRQ�� 'HV� IOXFWXDWLRQV� GXHV� DX[� UD\RQQHPHQWV�
VRODLUHV� DSSDUDLVVHQW� SHQGDQW� OHV� SUHPLqUHV� KHXUHV� HQ�
DFFRUG�DYHF�OH�UpVXOWDW�GH�%UDKLPL���������

�
Fig.3. Evolution des Températures de différentes composantes 

du capteur en fonction du temps. 

,9��5e68/7$76�(7�',6&866,21�

/HV� GRQQpHV� PpWpRURORJLTXHV� XWLOLVpHV� GDQV� FH� WUDYDLO�
VRQW�UpVXPpHV�GDQV�OH�WDEOHDX�FL�GHVVRXV�

Table 1 : Paramètres d’entrée pour la simulation du capteur 
plan étudié 

3DUDPqWUH� 9DOHXU� 5pIpUHQFH�
/DWLWXGH�%DPDNR� �����q� �
/RQJLWXGH�%DPDNR� ��q� �
$OWLWXGH�%DPDNR� ����P� �

ventV ��YLWHVVH�GX�YHQW� ����P�V� �

E �/¶DQJOH�G¶LQFOLQDLVRQ� �����q� �
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islU ���PDVVH�YROXPLTXH�GH�
O¶LVRODQW��

���.J�P��
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O
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O
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WKHUPLTXH�GH�YHUUH�
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abO ���FRQGXFWLYLWp�
WKHUPLTXH�GH�O
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islO ��FRQGXFWLYLWp�
WKHUPLTXH�GH�O
LVRODQW�
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�

V���FRQVWDQWH�GH�6WpSKDQH�
%ROW]PDQ�

����u ���� �
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�
�����9DULDWLRQ�WHPSRUHOOH�GX�UD\RQQHPHQW�VRODLUH��

6XU�OD�ILJXUH����HVW�UHSUpVHQWpH�O�LQWHQVLWp�GX�UD\RQQHPHQW�
VRODLUH�HQ�IRQFWLRQ�GX�WHPSV�HQUHJLVWUp�OH������������SDU�
OD�VWDWLRQ�UDGLRPpWULTXH�VLWXpH�VXU�OH�VLWH�GH�OD�IDFXOWp�GHV�
VFLHQFHV�HW� WHFKQLTXHV��2Q�FRQVWDWH�TXH� O¶LQWHQVLWp�FURLW�
GH���K�j���K��DWWHLQW�VRQ�PD[LPXP�HQWUH����K�HW���K��SXLV�
GpFURLW��

�
Fig.4. Variation de l’intensité solaire en fonction du temps 
�����(IIHW�GH�OD�YLWHVVH�GX�YHQW�VXU�OD�WHPSpUDWXUH�
GX�IOXLGH�FDORSRUWHXU�HW�OH�UHQGHPHQW�GX�FDSWHXU�

/D�WHPSpUDWXUH�GX�IOXLGH�FDORSRUWHXU�GLPLQXH�OpJqUHPHQW�
DYHF� O¶DFFURLVVHPHQW� GH� OD� YLWHVVH� GX� YHQW� FRPPH� OH�
PRQWUH� OD� ILJXUH� ��� /H� FDSWHXU� VH� UHIURLGL� j� FDXVH� GH�
O�DXJPHQWDWLRQ� GH� O¶pFKDQJH� SDU� FRQYHFWLRQ� HQWUH� OH�
FDSWHXU�HW�O¶DPELDQW���

/¶DXJPHQWDWLRQ�GH�OD�YLWHVVH�GX�YHQW�HQJHQGUH�DXVVL�XQH�
EDLVVH� GH� OD� WHPSpUDWXUH� GHV� GLIIpUHQWV� pOpPHQWV� GX�
FDSWHXU��&HFL�FRQGXLW�j�XQH�pOpYDWLRQ�GHV�SHUWHV�GRQF�j�XQ�
GpFURLVVHPHQW�GX�UHQGHPHQW�LQVWDQWDQp�GX�FDSWHXU��ILJXUH�
����$LQVL��ORUVTXH�OD�YLWHVVH�GX�YHQW�YDULH�GH���P�V�j���P�V��
OH� UHQGHPHQW� LQVWDQWDQp�SDVVH�GH������j������SRXU�XQ�
UD\RQQHPHQW�VRODLUH�GH�����:�P���/HV�YLWHVVHV�GH�YHQW�
IDLEOH�GRQQHQW�XQ�PHLOOHXU�UHQGHPHQW��=KDQJ�HW�DO���������
HW�XQH�WHPSpUDWXUH�SOXV�pOHYpH�GX�IOXLGH�j�OD�VRUWLH��

��
Fig.5. Evolution de la température du fluide caloporteur au 

cours de la journée. 

��
Fig.6. Evolution du rendement en fonction du rayonnement 

pour différentes valeurs de la vitesse du vent. 

�
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�����(IIHW�GH�O¶pSDLVVHXU�GH�O¶LVRODQW�VXU�OD�
WHPSpUDWXUH�GX�IOXLGH�FDORSRUWHXU�HW�OH�
UHQGHPHQW�GX�FDSWHXU�

,O� DSSDUDLW�� VXU� OD� ILJXUH���TXH� OD� WHPSpUDWXUH�GX� IOXLGH�
DXJPHQWH�OpJqUHPHQW�HQ�IRQFWLRQ�GH�O¶DFFURLVVHPHQW�GH�
O¶pSDLVVHXU�GH�O¶LVRODQW�G��SULQFLSDOHPHQW�j�OD�GLPLQXWLRQ�
GHV�SHUWHV�SDU�FRQGXFWLRQ��

/¶LQIOXHQFH�GH� O¶pSDLVVHXU�GH� O¶LVRODQW� VXU� OH� UHQGHPHQW�
HVW� LOOXVWUpH� SDU� OD� ILJXUH� ��� 8QH� DXJPHQWDWLRQ� GH�
O¶pSDLVVHXU� GH� O¶LVRODQW� HQWUDLQH� GH� IDLEOHV� SHUWHV� SDU�
FRQGXFWLRQ� j� O¶DUULqUH� GX� FDSWHXU� FRQGXLVDQW� j� XQ�
UHQGHPHQW�OpJqUHPHQW�pOHYp�HQ�DFFRUG�DYHF�OHV�UpVXOWDWV�
GH�=KDQJ�HW�DO���������/H�UHQGHPHQW�SDVVH�GH������j����
��ORUVTXH�OH�UD\RQQHPHQW�VRODLUH�YDULH�GH����j�����:�P���
$� SDUWLU� GH� ���� :�P��� OD� GLIIpUHQFH� GH� UHQGHPHQW�
FRUUHVSRQGDQW�DX[�pSDLVVHXUV�H[WUrPHV�GH�O¶LVRODQW����FP�
���FP��QH�GpSDVVH�SDV��������/HV�YDOHXUV�PD[LPXP�HW�
PLQLPXP�GX� UHQGHPHQW� ������HW� GH���������SRXU�XQH�
LQWHQVLWp� VRODLUH� GH� ���� :�P�� FRUUHVSRQGHQW�
UHVSHFWLYHPHQW�DX[�pSDLVVHXUV�����FP�HW���FP��

�
Fig.�7. Evolution de la température du fluide caloporteur au 

cours de la journée. 

�
Fig.8. Evolution du rendement en fonction du rayonnement 

pour différentes valeurs de l’épaisseur. 

�����,QIOXHQFH�GHV�GLPHQVLRQV�GHV�WXEHV�VXU�OH�
UHQGHPHQW�HW�OD�WHPSpUDWXUH�GX�FDSWHXU��

/¶DXJPHQWDWLRQ�GHV�GLDPqWUHV� H[WpULHXU� HW� LQWpULHXU�GHV�
WXEHV� GH� O¶DEVRUEHXU� FRQGXLW� j� O¶DFFURLVVHPHQW� GX�
UHQGHPHQW�FRPPH�O¶LQGLTXH�OD�ILJXUH���HW�OHV�UpVXOWDWV�GH�
OD� OLWWpUDWXUH� �6RXDG��� ������� =KDQJ� HW� DO��� ������� � /D�
YDULDWLRQ� GH� OD� WDLOOH� GHV� WXEHV� LPSOLTXH� XQ� QRPEUH� GH�
5H\QROGV�SOXV�pOHYp��FH�TXL�IDYRULVH�OH�WUDQVIHUW�FRQYHFWLI�
HQWUH� O¶DEVRUEHXU� HW� OH� IOXLGH� G¶R�� XQH� pOpYDWLRQ� GH�
UHQGHPHQW�� 8QH� DXJPHQWDWLRQ� GH� �� PP� GHV� GLDPqWUHV�
HQWUDLQH�XQH�DXJPHQWDWLRQ�GX�UHQGHPHQW�G¶HQYLURQ�����

4XDQW�j� OD� WHPSpUDWXUH�� OHV�GLDPqWUHV�GHV� WXEHV�XWLOLVpV�
RQW�WUqV�SHX�G¶LQIOXHQFH�VXU�HOOH��ILJXUH������

�
Fig.9. Evolution journalière du rendement instantané pour 

différentes valeurs des dimensions des tubes.  

�
Fig.10. Evolution journalière de la température correspondant 

à différentes valeurs des dimensions des tubes.  

�����,QIOXHQFH�GH�OD�QDWXUH�GX�PDWpULDX�GH�
O¶DEVRUEHXU�VXU�OD�WHPSpUDWXUH�GX�IOXLGH�
FDORSRUWHXU�HW�OH�UHQGHPHQW���

&RPPH� QRXV� SRXYRQV� OH� FRQVWDWHU� VXU� OD� ILJXUH� ���� OH�
UHQGHPHQW�YDULH�VXEVWDQWLHOOHPHQW�������������HW�������
HQ�IRQFWLRQ�GH�OD�QDWXUH�GX�PDWpULDX��DOXPLQLXP��FXLYUH�
HW� DFLHU� FKURPH�QRLU��� ,O� HVW� TXDVL� FRQVWDQW� SRXU� XQ�
UD\RQQHPHQW� VRODLUH� G¶XQH� LQWHQVLWp� VXSpULHXUH� j� ����
:�P��� � &HOD� HVW� G�� j� OD� IDLEOH� pPLVVLYLWp� GH� O¶DFLHU�
FKURPH�QRLU�TXL�UpGXLW�OHV�SHUWHV�UDGLDWLYHV�HW�j�VD�IRUWH�
DEVRUSWLYLWp� G�� j� VD� FRXFKH� VpOHFWLYH�� � /¶LPSDFW� GX�
PDWpULDX�VXU�OD�WHPSpUDWXUH�GX�IOXLGH�FDORSRUWHXU�HVW�GH���
.�HQWUH�XQH�SODTXH�DEVRUEDQWH�HQ�DFLHU�FKURPH�QRLU�HW�OH�
FXLYUH��GH�PrPH�TX¶HQWUH�OH�FXLYUH�HW�O¶DOXPLQLXP��ILJXUH�
������

�
Fig.11. Évolution du rendement en fonction du rayonnement 

pour différents types de matériau.  

�
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Fig.12. Evolution de la température du fluide caloporteur au 

cours de la journée en fonction du rayonnement pour 
différents types de matériau.  

�����,QIOXHQFH�GH�OD�QDWXUH�GX�PDWpULDX�GH�OD�YLWUH�
VXU�OD�WHPSpUDWXUH�GX�IOXLGH�FDORSRUWHXU�HW�OH�
UHQGHPHQW�LQVWDQWDQp��

/¶pYROXWLRQ�GX�UHQGHPHQW�HW�GH�OD�WHPSpUDWXUH�GX�IOXLGH�
FDORSRUWHXU� GX� FDSWHXU� HQ� IRQFWLRQ� GHV� SURSULpWpV�
RSWLTXHV� GH� OD� YLWUH� �FRXYHUWXUH� WUDQVSDUHQWH�� HVW�
SUpVHQWpH� SDU� OHV� ILJXUHV� ��� HW� ���� 2Q� Q¶REVHUYH�
TXDVLPHQW� SDV� GH� GLIIpUHQFH� GH� WHPSpUDWXUH� GX� IOXLGH�
FDORSRUWHXU� DYHF� OD� QDWXUH� GHV� GLIIpUHQWHV� FRXYHUWXUHV�
WUDQVSDUHQWHV�XWLOLVpHV�GDQV�FHWWH�pWXGH��ILJXUH�����

3RXU�XQH�LQWHQVLWp�VRODLUH�YDULDQW�GH���:�P��j����:�P���
OH�UHQGHPHQW�LQVWDQWDQp�GX�FDSWHXU�SDVVH�UHVSHFWLYHPHQW�
GH����������������������HW��������j��������������������
��HW������SRXU� OH�YHUUH�FODLU�� OH�SODVWLTXH�SOH[LJODV�� OH�
YHUUH� SULPp� HW� OH� SRO\�PpWKDFU\ODWH�� /H� UHQGHPHQW� HVW�
TXDVL�FRQVWDQW�DX�GHOj�GH�����:�P���

/D� WHPSpUDWXUH� HW� OH� UHQGHPHQW� GH� OD� FRXYHUWXUH�
WUDQVSDUHQWH� HQ� SRO\�PpWKDFU\ODWH� VRQW� OpJqUHPHQW� SOXV�
pOHYpV�TXH�FHX[�HQ�YHUUH�SULPp��HQ�SOH[LJODV�RX�HQ�YHUUH�
FODLUH�

&H�UpVXOWDW�V¶H[SOLTXH�SDU�OD�IRUWH�WUDQVPLVVLYLWp�GH�FHWWH�
FRXYHUWXUH� IDFH� DX[� UD\RQV� VRODLUHV� GH� SHWLWH� ORQJXHXU�
G¶RQGH� HW� VD� IDLEOH� pPLVVLYLWp� TXL� UpGXLW� OHV� SHUWHV�
UDGLDWLYHV��

Fig.13. Evolution de la température du fluide caloporteur au 
cours de la journée.�

�
Fig.14. Evolution du rendement en fonction du rayonnement 
pour différents types de vitrage.��

�����,QIOXHQFH�GH�OD�QDWXUH�GX�PDWpULDX�GH�
O¶LVRODQW�VXU�OD�WHPSpUDWXUH�GX�IOXLGH�FDORSRUWHXU�
HW�OH�UHQGHPHQW�LQVWDQWDQp���

/HV� ILJXUHV� ������ PRQWUHQW� OHV� HIIHWV� GHV� GLIIpUHQWV�
PDWpULDX[�TXL�SHXYHQW�rWUH�XWLOLVpV�FRPPH�LVRODQW�VXU�OH�
UHQGHPHQW� LQVWDQWDQp� HW� OD� WHPSpUDWXUH� GX� IOXLGH�
FDORSRUWHXU�� &RPPH� QRXV� SRXYRQV� O¶REVHUYHU� VXU� OD�
ILJXUH�����OD�QDWXUH�GX�PDWpULDX�XWLOLVp�QµD�SUDWLTXHPHQW�
DXFXQ� LPSDFW� VXU� OD� YDULDWLRQ� GH� OD� WHPSpUDWXUH�� � /D�
PRXVVH� GH� SRO\XUpWKDQH� FRPPH� LVRODQW� �ILJXUH� �����
SUpVHQWH�OH�PHLOOHXU�UHQGHPHQW��a������SDU�UDSSRUW�DX[�
DXWUHV� W\SHV� G¶LVRODQW� �a����� ��� a���� �� ��� GXH� j� VHV�
SURSULpWpV� WKHUPR�SK\VLTXHV� WHOOHV� TXH� OD� IDLEOH�
FRQGXFWLYLWp� WKHUPLTXH� HW� XQH� LPSRUWDQWH� FKDOHXU�
VSpFLILTXH��

Fig.15. Evolution de la température du fluide caloporteur au 
cours de la journée 

Fig.16. Évolution du rendement en fonction du rayonnement 
pour différents types d’isolant. 

�����,QIOXHQFH�GH�OD�ORQJXHXU�GX�WXEH�VXU�OH�
UHQGHPHQW�LQVWDQWDQp�HW�OD�WHPSpUDWXUH�GH�VRUWLH�

/RUVTXH� OD� ORQJXHXU� GX� WXEH� SDVVH� GH� ����P� j� ��P�� OH�
UHQGHPHQW� LQVWDQWDQp� DXJPHQWH� G¶XQ� SHX� SOXV� GH� �� ��
�ILJXUH�����SRXU�XQH�LQWHQVLWp�YDULDQW�GH����:�P��j�����
:�P���¬�SDUWLU�GH�����:�P���SRXU�OHV�ORQJXHXUV�VLPXOpHV�
OH�UHQGHPHQW�HVW�FRQVWDQW�HW�DXJPHQWH�GH��������(Q�HIIHW��
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SOXV� OH� WXEH� HVW� ORQJ�� SOXV� OH� WHPSV� GX� WUDMHW� GX� IOXLGH�
DXJPHQWH�� 'H� FH� IDLW�� O¶pFDUW� HQWUH� OD� WHPSpUDWXUH� GX�
IOXLGH�j�O¶HQWUpH�HW�OD�WHPSpUDWXUH�j�OD�VRUWLH�DXJPHQWH��FH�
TXL� LPSOLTXH� XQH� OpJqUH� DXJPHQWDWLRQ� GX� UHQGHPHQW��
$XVVL��O¶DXJPHQWDWLRQ�GH�OD�ORQJXHXU�GX�WXEH�SDVVDQW�GH�
���� P� j� �� P� LQIOXHQFH� WUqV� SHX� OD� YDULDWLRQ� GH� OD�
WHPSpUDWXUH�FRPPH�QRXV�SRXYRQV�O¶REVHUYHU�VXU�OD�ILJXUH�
�����

 

Fig.17. Effet de la longueur du tube sur le rendement 
instantané 

�
Fig.18. Effet de la longueur du tube sur la température 

9��&21&/86,21��

&HWWH�pWXGH�D�SHUPLV�G¶pODERUHU�XQ�PRGqOH�QXPpULTXH��GH�
VLPXOHU� TXHOTXHV� SDUDPqWUHV� H[WHUQHV� �UD\RQQHPHQW�
VRODLUH��OD�YLWHVVH�GX�YHQW��HW�LQWHUQHV��SURSULpWpV�RSWLTXHV�
HW� WKHUPR�SK\VLTXHV� GHV� GLIIpUHQWV� FRPSRVDQWV� GX�
FDSWHXU�� LQIOXDQW� VXU� OH� UHQGHPHQW� HW� OD� WHPSpUDWXUH� GX�
FDSWHXU�VRODLUH�SODQ�DX�PRLV�GH�-DQYLHU�VRXV�OHV�FRQGLWLRQV�
PpWpRURORJLTXHV� GX�0DOL�� /HV� UpVXOWDWV� RQW�PRQWUp� TXH�
SRXU�XQ�UD\RQQHPHQW�VRODLUH�PD[LPXP�GH�����:�P�����

Ͳ� OH� UHQGHPHQW�GLPLQXH�GH������j������� ORUVTXH� OD�
YLWHVVH�GX�YHQW�FURLW�GH���P�V�j���P�V���

Ͳ� ORUVTXH�O¶pSDLVVHXU�GH�O¶LVRODQW�SDVVH�GH���FP�j����
FP�� OH� UHQGHPHQW� DXJPHQWH� GH� ��� �� j� ��� ��
UHVSHFWLYHPHQW���

Ͳ� O¶DXJPHQWDWLRQ�GHV�GLDPqWUHV� LQWpULHXU�HW�H[WpULHXU�
GHV�WXEHV��HQWUDLQH�FHOOH�GX�UHQGHPHQW�GRQW�OD�YDOHXU�
PD[LPDOH�DWWHLQWH�HVW�GH��������

Ͳ� SRXU� XQ� DEVRUEHXU� HQ� DFLHU� FKURPH�� OH� UHQGHPHQW�
REWHQX�HVW�PD[LPDOH��������

Ͳ� /H�UHQGHPHQW�OH�SOXV�pOHYp�HVW�GH��������SRXU�XQH�
YLWUH�HQ�SRO\�PpWKDFU\ODWH��

Ͳ� /¶LVRODQW�GRQW� OH�PDWpULDX�HVW�FRQVWLWXp�GH�PRXVVH�
GH�SRO\XUpWKDQH� IRXUQL� OH� UHQGHPHQW� OH� SOXV� pOHYp�
VRLW���������

Ͳ� 3OXV�OH�WXEH�GDQV�OHTXHO��OH�IOXLGH�FDORSRUWHXU�FLUFXOH�
HVW�ORQJ��SOXV�OH�UHQGHPHQW�HVW�pOHYp��LO�DWWHLQW�����
GDQV�OH�FDV�GH�QRWUH�pWXGH��

(QILQ�OD�WHPSpUDWXUH�GX�IOXLGH�FDORSRUWHXU�j�OD�VRUWLH�YDULH�
SHX� HQ� IRQFWLRQ� GHV� SDUDPqWUHV� LQWHUQHV� HW� H[WHUQHV�
pWXGLpV��VD�YDOHXU�HVW�FRPSULVH�HQWUH�������.�HW�����.��
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