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'DQV�OH�SUpVHQW�WUDYDLO��XQ�PRGqOH�WKHUPRG\QDPLTXH�GH�FRPEXVWLRQ�j�]RQH�
XQLTXH�SRXU�OH�FDUEXUDQW�GLHVHO�HW�OH�ELRGLHVHO�D�pWp�PLV�HQ�°XYUH�SRXU�SUpGLUH�
OD� SUHVVLRQ� GX� F\OLQGUH� DILQ� GH� PLHX[� FRPSUHQGUH� OD� FRPEXVWLRQ�
FDUDFWpULVWLTXH� GHV� GLIIpUHQWV� FDUEXUDQWV� WHVWpV� GDQV� XQ� PRWHXU� GLHVHO� HW�
G¶DQDO\VHU�OHV�SHUIRUPDQFHV�FDUDFWpULVWLTXHV�G
XQ�PrPH�PRWHXU�IRQFWLRQQDQW�
DYHF� GLIIpUHQWV� W\SHV� GH� FDUEXUDQWV�� ,O� V¶HVW� DJL� pJDOHPHQW� G¶pYDOXHU� OHV�
pPLVVLRQV�SRWHQWLHOOHV�GH�FHV�FDUEXUDQWV� ORUV�GH� OHXUV�FRPEXVWLRQV�GDQV� OH�
PRWHXU�GLHVHO��/
pYDOXDWLRQ�GX�PRGqOH�HVW�IDLWH�HQ�IRQFWLRQ�GH�OD�FRPSOH[LWp�
WHPSRUHOOH��GH�OD�FRPSOH[LWp�VSDWLDOH�HW�GH�OD�SUpFLVLRQ�GH�OD�SUpGLFWLRQ�j�O
DLGH�
GX� SURJUDPPH� LQIRUPDWLTXH� GpYHORSSp� VRXV� 0$7/$%�� /HV� UpVXOWDWV� GX�
SUpVHQW�PRGqOH�PRQWUHQW�TXH�OHV�pYROXWLRQV�GH�OD�SUHVVLRQ�GX�F\OLQGUH�DLQVL�
TXH�OD�WHPSpUDWXUH�GX�F\OLQGUH�RQW�pWp�UHSURGXLWHV�DYHF�XQH�ERQQH�SUpFLVLRQ��
(Q� RXWUH�� OD� FRPSDUDLVRQ� HQWUH� OHV� SDUDPqWUHV� GH� SHUIRUPDQFH� VLPXOpV� HW�
H[SpULPHQWDX[�GX�PRWHXU�D�PRQWUp�XQH�ERQQH�FRQFRUGDQFH��/HV�UHVXOWDWDV�
PRQWUHQW� pJDOHPHQW� GHV� UpGXFWLRQV� GHV� pPLVVLRQV� SROOXDQWHV� DYHF�
O¶XWLOLVDWLRQ�GHV�FDUEXUDQWV�DOWHUQDWLIV�FRPSDUpV�DX�GLHVHO��

�
,��,1752'8&7,21�

/HV� PRWHXUV� j� FRPEXVWLRQ� LQWHUQH�� FRPPH� OHV�
SULQFLSDX[� PRWHXUV� GH� O
LQGXVWULH� DXWRPRELOH��
FRQVRPPHQW� XQH� TXDQWLWp� WUqV� LPSRUWDQWH� GH�
FRPEXVWLEOH� IRVVLOH� SDU� FRPEXVWLRQ� SRXU� GpYHORSSHU�
OHXU�SXLVVDQFH�HW� pPHWWHQW�GHV�JD]�G¶pFKDSSHPHQW� WHOV�
TXH� OHV� K\GURFDUEXUHV� QRQ� EU�OpV�� OH� PRQR[\GH� GH�
FDUERQH��OH�GLR[\GH�GH�FDUERQH��OHV�R[\GHV�G
D]RWH�HW�OHV�
SDUWLFXOHV� ILQHV��¬� FHOD� V¶DMRXWH� OD� UDUHWp� GHV� pQHUJLHV�
IRVVLOHV� HW� OHXUV� FR�WV� VRXYHQW� pOHYpV� GRQW� ���� VRQW�
SURGXLWHV�HQ�0R\HQ�2ULHQW�GHSXLV������ �.RPQLQRV�HW�
5DNRSRXORV�������HW�O¶(XURSH�j�HOOH�VHXOH�FRPPH�SUqV�
GH������7DUDEHW�������OD�FRQVRPPDWLRQ�PRQGLDOH�GHV�
FRPEXVWLEOHV� FRQYHQWLRQQHOV�� � /H� ELRGLHVHO� GRQW� OHV�
FDUDFWpULVWLTXHV� SK\VLFR�FKLPLTXHV� VRQW� SURFKHV� GX�
JDVRLO� HW� SRXYDQW� rWUH� SURGXLW� ORFDOHPHQW� VHPEOH� rWUH�
XQH� DOWHUQDWLYH� LQWpUHVVDQWH� DX� FDUEXUDQW�
FRQYHQWLRQQHO�%DVKD�� *RSDO�� HW� -HEDUDM� ������
,VVDUL\DNXO�� HW� 'DODL� ������ .QRWKH� HW� 5D]RQ� ������
)DUUHOO� HW� &DYDQDJK� ������ +RHNPDQ� HW� DO�� ������ $O�
0DVKKDGDQL� HW� )HUQDQGR� ������� 'DQV� OH� VRXFL� GH�

UpSRQGUH� DX[� GpILV� pFRQRPLTXHV� HW� OHV� TXHVWLRQV�
HQYLURQQHPHQWDOHV�G¶XQH�SDUW�HW�G¶DXWUH�SDUW�DVVXUHU�OD�
JDUDQWLH�GH�OD�GLVSRQLELOLWp�GHV�UHVVRXUFHV�pQHUJpWLTXHV�
GH� FHV� GHUQLqUHV� DQQpHV�� FKHUFKHXUV� HW� FRQVWUXFWHXUV�
DXWRPRELOHV� RQW� GpYHORSSpV� GHV� PRWHXUV� j� KDXWV�
UHQGHPHQWV��&HV�PRWHXUV�RQW�pWp�PLV�DX�SRLQW�GDQV�OH�EXW�
GH�UpGXLUH�OD�FRQVRPPDWLRQ��OHV�pPLVVLRQV�SROOXDQWHV�HW��
OHV�SHUWHV�GH�FKDOHXU�OLpHV�DX[�SDURLV�$GKDP�HW�0DEVDWH�
������ +DLUXGGLQ�� <XVDI�� HW� :DQGHO� ������ .DSULHOLDQ�
�������

/H� ELRGLHVHO�� SHXW� rWUH� XWLOLVp� GDQV� OHV� PRWHXUV� j�
FRPEXVWLRQ� LQWHUQH� �+LJHOLQ�� ������� 0DKPXGXO� HW� DO��
������HW�O¶RQ�SHXW�pJDOHPHQW�RSWLPLVHU��OH��SURFHVVXV�GH�
FRPEXVWLRQ� G¶XQ� PRWHXU� � SRXU� DYRLU� XQ� UHQGHPHQW�
PRWHXU� pOHYp� WRXW� HQ� UpGXLVDQW� OHV� ULVTXHV� GH�
SROOXWLRQV�.XPDU��9DUXQ��HW�&KDXKDQ���������

&HWWH� pWXGH� D� GRQF� SRXU� REMHFWLIV� GH� VLPXOHU�
QXPpULTXHPHQW� O¶pYROXWLRQ� GH� OD� WHPSpUDWXUH� HW� GH� OD�
SUHVVLRQ� GX� F\OLQGUH� GDQV� OD� FKDPEUH� GH� FRPEXVWLRQ�
G¶XQ� PRWHXU� GLHVHO� SDU� OD� PpWKRGH� WKHUPRG\QDPLTXH�
PRQR�]RQH�HW�G¶pYDOXHU�OHV�pPLVVLRQV�SRWHQWLHOOHV�GHV��
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FRPEXVWLEOHV�XWLOLVpV��/¶pYDOXDWLRQ�GHV�SHUIRUPDQFHV�GHV�
PRWHXUV� GLHVHO� QpFHVVLWH� O¶pODERUDWLRQ� GHV� PRGqOHV�
QXPpULTXHV��� OHV�PRGqOHV�WKpRULTXHV�TXL�UHSUpVHQWHQW� OD�
SUHPLqUH�DSSURFKH�QXPpULTXH�.RPQLQRV�HW�5DNRSRXORV�
������ HW� OHV� PRGqOHV� WKHUPRG\QDPLTXHV� DSSHOpV� DXVVL�
PRGqOHV� ]pUR�GLPHQVLRQQHOV� ��'��� /D� EDVH� GH� OD�
PRGpOLVDWLRQ� ]pUR�GLPHQVLRQQHOOH� UHSRVH� VXU� OHV�
pTXDWLRQV� GH� FRQVHUYDWLRQ� GH� PDVVH� HW� G¶pQHUJLH�� OD�
SUHPLqUH� ORL� GH� OD� WKHUPRG\QDPLTXH�� OHV� SURSULpWpV�
WKHUPRG\QDPLTXHV� GHV� FRPEXVWLEOHV� XWLOLVpV� HW� OHV�
WUDQVIHUWV�WKHUPLTXHV�DYHF�OHV�SDURLV��

/D� PRGpOLVDWLRQ� GHV� WUDQVIHUWV� WKHUPLTXHV� HW� GH� OD�
FRPEXVWLRQ� GDQV� XQH� FKDPEUH� G¶XQ� PRWHXU� GLHVHO� HQ�
VXLYDQW� OH�PRGqOH� WKHUPRG\QDPLTXH� RX�PRGqOH� �'� HVW�
XQH� FRPELQDLVRQ� GH� SOXVLHXUV� PRGqOHV� TXL� VRQW�
JpQpUDOHPHQW�FRQoXV��j�SDUWLU�G¶DSSURFKHV�HPSLULTXHV�RX�
VHPL�HPSLULTXHV��

/HV� PRGqOHV� SK\VLTXHV� VH� VFLQGHQW� HQ� GHX[� JUDQGHV�
FDWpJRULHV� �PRGqOHV�GLPHQVLRQQHOV� ��'��'��HW�PRGqOHV�
WKHUPRG\QDPLTXHV��� 'HV� pWXGHV� SRUWDQW� VXU� OH� PRGqOH�
WKHUPRG\QDPLTXH� PRQR�]RQH� RQW� pWp� UpDOLVpHV� SDU� GH�
QRPEUHX[�FKHUFKHXUV�+DLUXGGLQ��<XVDI��HW�:DQGHO�������
.OHLQ� HW� (ULNVVRQ�� ������<DVDU� HW� DO�� ������5LGD� HW� DO��
������ 6HNKDU�� 5DPD� 5DR�� HW� 3UDVDG� ������$ZDG� HW� DO��
������ <ÕOGÕ]� HW� oHSHU� ������ �3LURWDLV� ������ DYHF� GHV�
UpVXOWDWV�PLWLJpV�HW�OLPLWpV��&HV�DXWHXUV�RQW�GpYHORSSp�GHV�
V\VWqPHV� TXL� XWLOLVHQW� GHV� ORJLFLHOV� GH� VLPXODWLRQ�
WKHUPLTXH��pFRQRPLVDQW�DLQVL�GHV�PR\HQV�H[SpULPHQWDX[�
RQpUHX[��/H�PRGqOH�GH�FRPEXVWLRQ�IRXUQLW�DX�ORJLFLHO�GH�
VLPXODWLRQ� XQH� HVWLPDWLRQ� GHV� SHUWHV� WKHUPLTXHV� DX[�
SDURLV�GX�F\OLQGUH��GH�OD�WHPSpUDWXUH�PR\HQQH�GH�VXUIDFH�
LQWHUQH�GHV�F\OLQGUHV�HW�GHV�SHUIRUPDQFHV�GX�PRWHXU�HQ�
IRQFWLRQ�GX�UpJLPH��GH�OD�FKDUJH��HW�GH�QRPEUHX[�DXWUHV�
SDUDPqWUHV� WHOV� TXH� O¶DYDQFH� j� O¶LQMHFWLRQ�� OH� WDX[� GH�
UHFLUFXODWLRQ�GHV�JD]�G¶pFKDSSHPHQW��(*5���HWF��

�8Q�PRGqOH�]pUR�GLPHQVLRQQHO�FRPELQp�j�XQ�PRGqOH�GH�
]RQH�XQLTXH� HVW� XWLOLVp�GDQV� FH� WUDYDLO�� DILQ�G
DYRLU� XQH�
DQDO\VH� UDSLGH� HW� SUpFLVH� GH� OD� WHPSpUDWXUH� HW� GH� OD�
SUHVVLRQ�GX�F\OLQGUH�GX�PRWHXU�%DVERXV�HW�DO���������SDU�
OD� PpWKRGH� WKHUPRG\QDPLTXH� PRQR�]RQH�� � /D�
WHPSpUDWXUH�� OD�SUHVVLRQ�HW� OD�PDVVH� VRQW�GpWHUPLQpHV�j�
SDUWLU� GHV� pTXDWLRQV� GH� FRQVHUYDWLRQ� GH� PDVVH� HW�
G¶pQHUJLH�5LGD� HW� DO�� ������ HW� SDU� O¶pTXDWLRQ� GHV� JD]�
LGpDX[��/H�PRGqOH�HVW�DORUV�LPSOpPHQWp�GDQV�0DWODE�SXLV�
YDOLGp�DYHF� OHV� UpVXOWDWV�GH� OD� OLWWpUDWXUH��/HV�pPLVVLRQV�
SROOXDQWHV� SRWHQWLHOOHV� FRPPH� OH� 62�� HW� OH� &2�� � � HQ�
IRQFWLRQ�GH�OD�ULFKHVVH�VRQW�pJDOHPHQW�DQDO\VpHV��

,,��0RGpOLVDWLRQ�WKHUPRG\QDPLTXH�

�����'HVFULSWLRQ�GX�PRGqOH�

/D� PRGpOLVDWLRQ� GH� OD� FRPEXVWLRQ� GHV� PRWHXUV� j�
FRPEXVWLRQ�LQWHUQH�GRQQH�OD�FRPSUpKHQVLRQ�GH�EDVH�GH�OD�
SK\VLTXH�HW�OHV�SKpQRPqQHV�FKLPLTXHV�TXL�VH�SURGXLVHQW�
DX�FRXUV�GHV�GLIIpUHQWHV�SKDVHV�GX�F\FOH�PRWHXU��,O�H[LVWH�
SULQFLSDOHPHQW�GHX[� W\SHV�GH�PRGqOH��� � OHV�PRGqOHV�GLW��
RULHQWpV�FRPPDQGH��TXL�GpFULYHQW�OH�PRWHXU�VRXV�OD�IRUPH�
G¶XQ�V\VWqPH�GH�W\SH�HQWUpHV�RX�VRUWLHV���SXLV��OHV�PRGqOHV�
SK\VLTXHV� TXL� FDUDFWpULVHQW� OHV� SKpQRPqQHV� TXL� VH�
SURGXLVHQW� GDQV� OHV�PRWHXUV� GX� SRLQW� GH� YXH� VRLW� GH� OD�

PpFDQLTXH�GHV�IOXLGHV��PRGqOH�PXOWLGLPHQVLRQQHO���VRLW�
GH� OD� WKHUPRG\QDPLTXH� �PRGqOH� WKHUPRG\QDPLTXH� RX�
]pUR�GLPHQVLRQ���/DEUHFKH�������6LQGKX��5DR��HW�0XUWK\�
������ 0$� ������� &H� GHUQLHU� HVW� FODVVp� HQ� GHX[� VRXV�
JURXSHV���OHV�PRGqOHV�PRQR�]RQH�HW�PXOWL]RQH��/D�ILJXUH�
��GRQQH�XQ�DSHUoX�JOREDO�GHV�GLIIpUHQWV�PRGqOHV�HW�OHXUV�
EUDQFKHV��

�
Fig.1 : Types de modèles physiques utilisés dans les moteurs 

/HV�PRGqOHV� WKHUPRG\QDPLTXHV� VRQW� VRXYHQW�EDVpV�SDU�
RUGUH� GH� FRPSOH[LWp� DOODQW� GX� SOXV� VLPSOH� DX� SOXV�
FRPSOLTXp��.RPQLQRV�HW�5DNRSRXORV���������/D�PDMRULWp�
GH� FHV� PRGqOHV� DVVRFLHQW� OD� FLQpWLTXH� FKLPLTXH� SRXU�
VLPXOHU�OH�SURFHVVXV�GH�FRPEXVWLRQ��(Q�FH�TXL�FRQFHUQH�
OH� PRGqOH� PXOWL]RQH�� OD� FKDPEUH� GH� FRPEXVWLRQ� HVW�
GLYLVpH�HQ�SOXVLHXUV�UpJLRQV�RX�]RQHV��GDQV�OHVTXHOOHV�OHV�
SURSULpWpV� WKHUPRG\QDPLTXHV� VRQW� XQLIRUPHV� GDQV�
O
HVSDFH��&DWRQ��&DWRQ�������D�XWLOLVp�XQ�PRGqOH�j�WURLV�
]RQHV��GRQW�OD�]RQH�QRQ�EU�OpH��OD�]RQH�DGLDEDWLTXH�HW�OD�
]RQH� EU�OpH� GH� OD� FRXFKH� OLPLWH�� SRXU� OH� SURFHVVXV� GH�
FRPEXVWLRQ� SRXU� H[DPLQHU� OD� SKDVH� GH� FRPEXVWLRQ�
RSWLPDOH� HW� GpWHUPLQHU� OHV� EDVHV� WKHUPRG\QDPLTXHV�
IRQGDPHQWDOHV� GH� O
HIILFDFLWp� GHV� QRXYHDX[� PRGHV� GH�
FRPEXVWLRQ�� /H� PRGqOH� j� ]RQH� XQLTXH� FRQVLGqUH� OH�
F\OLQGUH� HQWLHU� FRPPH� XQ� FKDPS� KRPRJqQH�� FH� TXL�
VLJQLILH�TXH�OHV�FRPSRVLWLRQV�HW�OD�WKHUPRG\QDPLTXH�GHV�
SURSULpWpV�WHOOHV�TXH�OD�WHPSpUDWXUH�HW�OD�SUHVVLRQ�GDQV�OH�
F\OLQGUH�HQWLHU�VRQW�XQLIRUPHV�GDQV�O
HVSDFH�HW�QH�YDULHQW�
TX
DYHF�OH�WHPSV�RX�O¶DQJOH�GX�YLOHEUHTXLQ��/H�PRGqOH�GH�
PRQR�]RQH�RX�]RQH�XQLTXH�HVW�VRXYHQW�XWLOLVp�HQ�UDLVRQ�
GH� OD� EULqYHWp� GX� WHPSV� GH� FDOFXOV� QpFHVVDLUH� j� OD�
VLPXODWLRQ� �.RPQLQRV� HW� 5DNRSRXORV� ������� 3LURWDLV�
�3LURWDLV� ������ D� SUpFpGHPPHQW� PLV� DX� SRLQW� XQ�
SURJUDPPH� GH� VLPXODWLRQ� GH� PRQWpH� HQ� WHPSpUDWXUH��
XWLOLVDQW�XQ�PRGqOH�GH�FRPEXVWLRQ�©���]RQH�ª�HW�D�FRQFOX�
TXH� OHV� UpVXOWDWV� GHV� SHUIRUPDQFHV� GX� PRWHXU� pWDLHQW�
FRQIRUPHV� DX[� UpVXOWDWV� H[SpULPHQWDX[� HW� FHX[� GHV�
UpVXOWDWV�DQWpULHXUV��

'DQV�OH�PRGqOH�j�]RQH�XQLTXH��RX�j�GLPHQVLRQ�]pUR���OH�
F\FOH�GX�PRWHXU�HVW�PRGpOLVp�HQ�XWLOLVDQW�OD�SUHPLqUH�ORL�
GH� OD� WKHUPRG\QDPLTXH�� HQ� WHQDQW� FRPSWH� GX� WUDYDLO�
DEVRUEp�RX�SURGXLW�SDU� OH�SLVWRQ�HW�GDQV�FHUWDLQV�FDV�� OD�
FKDOHXU� pFKDQJpH� HQWUH� OD� FKDUJH� HW� OHV� SDURLV� GH� OD�
FKDPEUH�GH�FRPEXVWLRQ��FRPPH�OH�PRQWUH�OD�ILJXUH�����
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�
Fig. 2 : Bilan thermique du modèle à une zone de 

combustion (TARABET 2012) 

&RPPH� WRXWH� VWUDWLILFDWLRQ� GH� WHPSpUDWXUH� GDQV� OD�
FKDPEUH� GH� FRPEXVWLRQ� HVW� QpJOLJpH� �.DSULHOLDQ� ������
0$� ������ 6HNKDU�� 5DPD� 5DR�� HW� 3UDVDG� ������ &DWRQ�
������� OHV� PRGqOHV� j� ]RQH� XQLTXH� RQW� WHQGDQFH� j�
VXUHVWLPHU�OH�WDX[�GH�GpJDJHPHQW�GH�FKDOHXU�JOREDO�HW�SDU�
FRQVpTXHQW�� OH� WDX[� G
DXJPHQWDWLRQ� GH� OD� SUHVVLRQ� HW� OD�
FRPEXVWLRQ� PD[LPDOH� SUHVVLRQ� �+DLUXGGLQ�� <XVDI�� HW�
:DQGHO�������$ZDG�HW�DO��������<ÕOGÕ]�HW�oHSHU��������
'H�SOXV��FRPPH�OD�FRPSRVLWLRQ�GX�PpODQJH�HVW�pJDOHPHQW�
FRQVLGpUpH�FRPPH�XQLIRUPH��OH�PRGqOH�j�]RQH�XQLTXH�HVW�
LQFDSDEOH�GH�GpFULUH�OHV�SURFHVVXV�GH�IRUPDWLRQ�GH�+&�HW�
GH� &2�� VDXI� V
LOV� VRQW� GXV� j� XQH� FRPEXVWLRQ� SDUWLHOOH�
JOREDOH� GX� PpODQJH�� (Q� GHKRUV� GH� FHV� OLPLWDWLRQV�
LQKpUHQWHV��OHV�PRGqOHV�j�]RQH�XQLTXH�SHXYHQW�rWUH�XWLOLVp�
SRXU�IRXUQLU�XQH�HVWLPDWLRQ�GX�PRPHQW�GH�O
DOOXPDJH�HW�
GH�OD�IRUPDWLRQ�G
pPLVVLRQV�GH�12[��&HOD�HVW�G��DX�IDLW�
TXH�FHV�SKpQRPqQHV�VRQW�SULQFLSDOHPHQW�FRQWU{OpV�SDU�OD�
WHPSpUDWXUH�GHV�UpJLRQV�OHV�SOXV�FKDXGHV�GH�OD�FKDPEUH�
GH�FRPEXVWLRQ��TXL�HVW�SURFKH�GH�OD�WHPSpUDWXUH�PR\HQQH�
GX�JD]�GX�PpODQJH��

$YDQW� OD� PLVH� DX� SRLQW� GX� PRGqOH� GH� FRPEXVWLRQ�� OHV�
K\SRWKqVHV� VLPSOLILFDWULFHV� HW� DSSUR[LPDWLRQV� SRXU� OHV�
FDOFXOV� GHV� GLIIpUHQWHV� JUDQGHXUV� SK\VLTXHV� VRQW�
UpSHUWRULpHV�GDQV�OH�SDUDJUDSKH�VXLYDQW��

�����+\SRWKqVHV�VLPSOLILFDWULFHV�

&HWWH�SDUWLH�GpFULW�OHV�SULQFLSDOHV�K\SRWKqVHV�FRQFHUQDQW�
OH�PRGqOH� WKHUPRG\QDPLTXH�HW� OHV�pOpPHQWV�QpFHVVDLUHV�
SHUPHWWDQW�OHV�FDOFXOV��

/H�PRGqOH�SUHQG�HQ�FRPSWH�OHV�SULQFLSDX[�SURFHVVXV�TXL�
VH�GpURXOHQW�GDQV�OH�F\OLQGUH��F¶HVW�j�GLUH�OH�PRXYHPHQW�
GH�O¶DLU��OH�GpYHORSSHPHQW�GH�OD�SXOYpULVDWLRQ�GH�FDUEXUDQW�
HW� GH� VRQ�PpODQJH�� O¶LPSDFW� GH� OD� SXOYpULVDWLRQ� VXU� OHV�
SDURLV�GX�F\OLQGUH��OH�WUDQVIHUW�GH�FKDOHXU��OD�FLQpWLTXH�GH�
OD�FRPEXVWLRQ�HW�OD�IRUPDWLRQ�GH�VXLHV��

/D� SUHPLqUH� ORL� GH� OD� WKHUPRG\QDPLTXH� HW� O¶pTXDWLRQ�
G¶pWDW� GX� JD]�� DVVLPLOp� j� XQ� JD]� SDUIDLW�� FRPELQpH� DX[�
GLIIpUHQWV�VRXV�PRGqOHV�VRQW�DSSOLFDEOHV���
/H� IURQW� GH� IODPPH� HVW� FRQVLGpUp� FRPPH� XQH� ]RQH�
DGLDEDWLTXH� HQ� WHUPHV� GH� WUDQVIHUW� GH� FKDOHXU�� PDLV� OD�
FKDOHXU�V
pFRXOH�MXVTX
DX[�SLqFHV�PpFDQLTXHV��
/HV�JD]�REpLVVHQW�j�OD�ORL�GHV�JD]�SDUIDLWV��

/D� SUHVVLRQ� WRWDOH� HVW� pJDOH� j� OD� VRPPH� GHV� SUHVVLRQV�
SDUWLHOOHV�GHV�JD]�FRPSRVDQW�OH�PpODQJH��
/H�PpODQJH�FDUEXUDQW�DLU�HVW�KRPRJqQH��
/H� GpJDJHPHQW� GH� FKDOHXU� HVW� QXO� HQ� WRXW� SRLQW� GH� OD�
FKDPEUH� GH� FRPEXVWLRQ� VDXI� GDQV� OD� ]RQH� GH� UpDFWLRQ�
PDWpULDOLVpH�SDU�OH�IURQW�GH�IODPPH��

�����eTXDWLRQV�ELODQV�GDQV�OH�F\OLQGUH�

�������eTXDWLRQ�UHODWLYH�j�OD�ORL�GHV�JD]�SDUIDLWV�

/HV� JD]� VRQW� FRQVLGpUpV� FRPPH� XQ� PpODQJH� GH� JD]�
SDUIDLWV��/HXUV�SURSULpWpV�WKHUPRG\QDPLTXHV��HQWKDOSLHV��
pQHUJLHV� LQWHUQHV�� PDVVH� PRODLUH�� «�� VRQW� FDOFXOpHV�
VXLYDQW� OHV� ORLV� GH� PpODQJH� GH� JD]� SDUIDLWV�� /D� PDVVH�
WRWDOH� GH� JD]� GDQV� OH� F\OLQGUH� UHVWH� FRQVWDQWH� GXUDQW� OD�
SKDVH� GH� FRPEXVWLRQ�� /¶pTXDWLRQ� JpQpUDOH� GHV� JD]�
SDUIDLWV�V¶pFULW���

�����PV mrT �

�������9ROXPH�HW�VXUIDFH�GX�F\OLQGUH�

/H�YROXPH�GX�F\OLQGUH�G¶XQ�PRWHXU�j�FRPEXVWLRQ�LQWHUQH�
HVW�XQH�IRQFWLRQ�GX�WHPSV�RX�GH�O¶DQJOH�GX�YLOHEUHTXLQ��
&H� YROXPH� HVW� GpWHUPLQp� JUkFH� DX[� SDUDPqWUHV�
JpRPpWULTXHV�GX�PRWHXU���

/¶pTXDWLRQ� GX� YROXPH� HVW� GRQQpH� SDU� O¶pTXDWLRQ� �����
�� � � �� �� �� ���
 � 
 � FRV ����������������mV V
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% ���������DOpVDJH�GX�F\OLQGUH�HQ��P��
6 ��������FRXUVH�GX�SLVWRQ�
UF ��������WDX[�GH�FRPSUHVVLRQ�
Q �����QRPEUH�GH�F\OLQGUH�

/D�VXUIDFH�GX�F\OLQGUH�HVW�GRQQpH�SDU�OD�IRUPXOH�������

� � � �� �
�

� �
 FRV VLQ �����������
�
BA B l a l aS S T T � � � � �

�

���������eTXDWLRQ�G¶pQHUJLH�

/¶pTXDWLRQ�GH�FRQVHUYDWLRQ�G¶pQHUJLH�V¶pFULW�VRXV�OD�
IRUPH��5LGD�HW�DO�����������

���������������ji
j

i j

dmdQdU dW h
dt dt dt dt

 � �¦ ¦ ���

'DQV�FHWWH�pTXDWLRQ��OHV�GLIIpUHQWHV�JUDQGHXUV�SK\VLTXHV�
VRQW�UppFULWHV�GH�OD�PDQLqUH�VXLYDQWH����
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����������fueli wall

i

dU d mu
dt dt

dW dVP
dt dt

dQdQ dQ
dt dt dt
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� �YROXPH�GX�F\OLQGUH

3��SUHVVLRQ�GX�F\OLQGUH
P��PDVVH�GX�JD]�GDQV�OH�F\OLQGUH

� 
 �WKHUPLTXH�OLEpUpH�SDU�OD�FRPEXVWLRQ�GH�FDUEXUDQW
G4 � �G 
 �SDU�OHV�SDUURLV

fuel

wall

V

dQ l énergie
transfert énergie
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°̄

�

(Q�XWLOLVDQW�OH�PHPEUH�GH�GURLWH�GH�O¶pTXDWLRQ�����SXLV�
HQ�SURFpGDQW�SDU�XQ�GpYHORSSHPHQW�RQ�REWLHQW����

� � ������������d mu du dmm u
dt dt dt

 � ��

�RU� � ������������u u T
t T t

w w w
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�DYHF

����������v
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T
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w

���

FH� TXL� GRQQH� DORUV�
� � � �������������v

d mu dT dmmC u
dt dt dt

 � ��

/HV� H[SUHVVLRQV� GHV� pTXDWLRQV� ����� ���� HW� ���� GDQV�
O¶pTXDWLRQ� GH� FRQVHUYDWLRQ� G¶pQHUJLH� ����� RQ� DERXWLW� j�
O¶pTXDWLRQ����

�  �3 � � � K ����������fuel jwall
v j

j

dQ dmdQdT dm dVmC u
dt dt dt dt dt dt

� ¦ �

1RXV� FRQVLGpURQV� TXH� OD� PDVVH� HVW� XQLIRUPH� GDQV� OH�
F\OLQGUH� HW� TXH� O¶HQVHPEOH� GHV� WUDQVIHUWV� G¶pQHUJLH� VH�
UpVXPH�j�FHOOH�TXL�V¶HIIHFWXH�DYHF�OHV�SDURLV���

'DQV�FH�FDV�O¶pTXDWLRQ�����V¶pFULW�DORUV����

�  �3 � � ��K�X� �����������fuel wall
v

dQ dQdT dV dmmC
dt dt dt dt dt

��

RU�RQ�D� ����������h u rT � �

� ���������������fuel wall

v

dQ dQdT dV dmP rT
dt mC dt dt dt dt

ª º
 � � � �« »

¬ ¼
�

(Q�GpULYDQW�O¶pTXDWLRQ�GHV�JD]�SDUIDLWV�GH�O¶pTXDWLRQ�����
FHOD�GRQQH���

�������������dV dP dT dm drP V mr rT mT
dt dt dt dt dt

�  � � �

U� pWDQW� XQH� FRQVWDQWH� RQ� D� �dr
dt

| �HW� O¶pTXDWLRQ� �����

GpYLHQW�DORUV���

������������dV dP dT dmP V mr rT
dt dt dt dt

�  � ���

/D� FRPELQDLVRQ� GH� O¶pTXDWLRQ� ����� HW� ����� GRQQH�
O¶pTXDWLRQ�

�������

� ���������������fuel wall

v

dQ dQdT dPV
dt mC dt dt dt

ª º
 � �« »

¬ ¼
��

DYHF� � ����������������wall
wall

dQ hA T T
dt

 � � ���

R�� wallT �GpVLJQH� OD� WHPSpUDWXUH� GH� OD� SDURLV�� h �HW� A
UHVSHFWLYHPHQW�OH�FRHIILFLHQW�GH�FRQYHFWLRQ�HW�OD�VXUIDFH�
GH�OD�FKDPEUH�GH�FRPEXVWLRQ���

��� ��� ��� ���� ���� �������������pishoh cyl cyl cylh k P V T v� � � ��

R��3F\O�HW�9F\O�VRQW�UHVSHFWLYHPHQW�OD�SUHVVLRQ�HW�OH�YROXPH�
GX� F\OLQGUH�� .KRK� HVW� OD� FRQVWDQW� GH� +RKHQEHUJ� TXL�
FDUDFWpULVH�OH�PRWHXU��.KRK �������ഥ��� ൌ �ܰܥʹ

'DQV� O¶� pTXDWLRQ� ������ K� UHSUpVHQWH� OH� FRHIILFLHQW� GH�
WUDQVIHUW� WKHUPLTXH�H[SULPp�HQ�:��P��.���$� OD� VXUIDFH�
G¶pFKDQJH� HQ� P�� HQWUH� OH� PpODQJH� JD]HX[� HW� VRQ�
HQYLURQQHPHQW��7�HW� wallT ��OHV�WHPSpUDWXUHV�HQ�.HOYLQ�GX�
PpODQJH� HW� GHV� SDURLV� UHVSHFWLYHPHQW�� /D� VXUIDFH�
G¶pFKDQJH�HVW�FRPSRVpH�GH�WURLV�VXUIDFHV��j�VDYRLU�FHOOH�
GH� OD� FXODVVH�� FHOOH� GHV� SDURLV� GX� F\OLQGUH� HW� FHOOH� GX�
SLVWRQ��&HWWH�VXUIDFH�WRWDOH�YDULH�HQ�IRQFWLRQ�GH�OD�SRVLWLRQ�
DQJXODLUH� HW� HVW� FRQQXH� JUkFH� DX[� SDUDPqWUHV�
JpRPpWULTXHV� GX� PRWHXU�� /H� SURILO� GH� WHPSpUDWXUH� GX�
PpODQJH� GpSHQG� GH� OD� SRVLWLRQ� DQJXODLUH� WDQGLV� TXH� OD�
WHPSpUDWXUH�GHV�SDURLV�HVW�DVVLPLOpH�j�FHOOH�GX�OLTXLGH�GH�
UHIURLGLVVHPHQW� j� OD� VRUWLH� GX� PRWHXU�� &HWWH�
DSSUR[LPDWLRQ� HVW� PRLQGUH� FDU� O¶pFDUW� GH� WHPSpUDWXUH�
HQWUH� OHV� SDURLV� GX� F\OLQGUH� HW� OH� OLTXLGH� GH�
UHIURLGLVVHPHQW�HVW� WUqV�SHWLW� SDU� UDSSRUW�j� OD�GLIIpUHQFH�
HQWUH� OD� WHPSpUDWXUH� GX� JD]� HW� FHOOH� GHV� SDURLV�� /H�
SDUDPqWUH�PDQTXDQW� j� O¶HVWLPDWLRQ� GH� FHV� SHUWHV� HVW� OH�
FRHIILFLHQW�GH�WUDQVIHUW�WKHUPLTXH�K��'LYHUV�PRGqOHV�GH�FH�
FRHIILFLHQW� RQW� pWp� GpYHORSSpV� SRXU� OHV� PRWHXUV� j�
FRPEXVWLRQ� LQWHUQH�� 8QH� pWXGH� GH� OD� YDOLGLWp� GH� FHV�
PRGqOHV� SRXU� OHV� PRWHXUV� +&&,� D� pWp� HIIHFWXpH� SDU�
6R\KDQ�HW�DO��6R\KDQ�HW�DO���������,O�HQ�UpVXOWH�TXH�FHOXL�
TXL� UHSUpVHQWH� OH� PLHX[� OHV� pFKDQJHV� WKHUPLTXHV� DX[�
SDURLV� GDQV� XQ� PRWHXU� +&&,� �+RPRJHQHRXV� &KDUJH�
&RPSUHVVLRQ�,JQLWLRQ���XQ�PRWHXU�j�FRPEXVWLRQ�LQWHUQH��
YDULH�DYHF�OD�JpRPpWULH�GX�PRWHXU��OD�WHPSpUDWXUH�HW�DXVVL�
OD�ULFKHVVH�GH�O¶DLU��,O�HVW�GqV�ORUV�GpOLFDW�G¶DIILUPHU�DYHF�
FHUWLWXGH�OD�YDOHXU�OD�SOXV�DGpTXDWH�GH�FH�FRHIILFLHQW���


 
 �����������fuel b
carb

dQ dXm PCI
dt dt

 ���

/HV�pTXDWLRQV������HW������GRQQHQW�O¶pYROXWLRQ�WHPSRUHOOH�
GH� OD� WHPSpUDWXUH�GH� OD�FKDPEUH�GH�FRPEXVWLRQ�TXL�HVW�

� 
 
 � � �������������b
carb wall

v

dXdT dPV m PCI hA T T
dt mC dt dt

ª º � � �« »¬ ¼
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/D� SUHVVLRQ� GDQV� OD� FKDPEUH� GH� FRPEXVWLRQ� HVW�
GpWHUPLQpH�j�SDUWLU�GH�OD�GpULYpH�WHPSRUHOOH�GH�O¶pTXDWLRQ�
GHV�JD]�SDUIDLWV�FRPELQp�j�O¶pTXDWLRQ�GH�FRQVHUYDWLRQ�GH�

O¶pQHUJLH�� 
 ����������������dP V dT dV P
dt T dt dt V

ª º �« »¬ ¼
���

,,,��0RGpOLVDWLRQ�GHV�pPLVVLRQV�SRWHQWLHOOHV�

����ePLVVLRQV�SRWHQWLHOOHV�

,O� HVW� FODLUHPHQW� pWDEOL� TXH� OHV� SURSULpWpV� SK\VLFR�
FKLPLTXHV� GHV� FDUEXUDQWV� LQIOXHQFHQW� OD� TXDOLWp� GH� OD�
FRPEXVWLRQ�HW�SDU�FRQVpTXHQW�OHV�pPLVVLRQV�SROOXDQWHV�GH�
FHV�FDUEXUDQWV��0DGLZDOH�HW�%KRMZDQL�������=DKDULQD��HW�
DO��������:DNLO�HW�DO��������+RHNPDQ�HW�DO���������'H�FH�
IDLW�� OD� FRQQDLVVDQFH� GH� OD� FRPSRVLWLRQ� FKLPLTXH� G¶XQ�
FRPEXVWLEOH� SHUPHW�� HQ� SUHPLqUH� DSSUR[LPDWLRQ�� GH�
GpWHUPLQHU�GHV�RUGUHV�GH�JUDQGHXU�GHV� WHQHXUV�GDQV� OHV�
IXPpHV� GH� FHUWDLQV� JD]� LQFRQGHQVDEOHV� �'$+2�� �������
&HOD�SHXW�V¶HIIHFWXHU�HQ�XWLOLVDQW�XQ�PpFDQLVPH�FKLPLTXH�
JOREDO� GH� FRPEXVWLRQ�� (Q� HIIHW�� OD� PRGpOLVDWLRQ� GH� OD�
FRPEXVWLRQ� SHXW� IDLUH� LQWHUYHQLU� GLIIpUHQWV� W\SHV� GH�
PpFDQLVPHV�FKLPLTXHV�VHORQ�OD�SUpFLVLRQ�UHFKHUFKpH��2Q�
GLVWLQJXH�HQ�JpQpUDO�OHV�PpFDQLVPHV�FKLPLTXHV�JOREDX[��
VHPL�JOREDX[�HW�GpWDLOOpV���

'DQV� XQH� FHUWDLQH� PHVXUH�� LO� UHVVRUW� TXH� OHV� pPLVVLRQV�
SROOXDQWHV� HW� OHV� SDUDPqWUHV� SUpSRQGpUDQWV� GDQV� OD�
IRUPDWLRQ� GHV� SROOXDQWV� ORUV� GH� OD� FRPEXVWLRQ� GX�
ELRGLHVHO� GHPHXUHQW� GHV� VXMHWV� GH� SRLQWV� GLYHUJHQWV�
�.DZDVKLPD�� 0DWVXEDUD�� HW� +RQGD� ������� 'HV� pWXGHV�
DQWpULHXUHV� VRXWLHQQHQW� TXH� OHV� SURSULpWpV�
WKHUPRSK\VLTXHV� DLQVL� TXH� OHV� FRQGLWLRQV� GH�
IRQFWLRQQHPHQW�GX�PRWHXU�FDUDFWpULVHQW�OHV�SHUIRUPDQFHV�
GX�PRWHXU�HW�OHV�pPLVVLRQV�SROOXDQWHV�GX�ELRGLHVHO�LVVXV�
GHV�KXLOHV�YpJpWDOHV�.QRWKH�HW�5D]RQ�������.DZDVKLPD��
0DWVXEDUD�� HW� +RQGD� ������ =RQJR� ������ 7DPLOVHOYDQ��
1DOOXVDP\��HW�5DMNXPDU��������/HV�PHVXUHV�G¶pPLVVLRQV�
SROOXDQWHV� SHUPHWWHQW� G¶DYRLU� GHV� LQIRUPDWLRQV� VXU� OD�
TXDOLWp�GH�OD�FRPEXVWLRQ��HQ�SDUWLFXOLHU�OHV�pPLVVLRQV�GH�
&2��GH�&[+\��12[��GH�2��HW�GH�&2����

'H� IDoRQ� JpQpUDOH�� OD� UpGXFWLRQ� GHV� pPLVVLRQV� GX�
ELRGLHVHO�RX�GHV�KXLOHV�YpJpWDOHV�HVW�GH� O¶RUGUH�GH����j�
���� FRPSDUpH� DX� FDUEXUDQW� SpWUROLHU� �+LJHOLQ�� �������
9DLWLOLQJRP��������%DVKD��*RSDO��HW�-HEDUDM����������

�����eTXDWLRQ�JpQpUDOH�GH�FRPEXVWLRQ�

/HV�GLIIpUHQWV�FRPEXVWLEOHV�VRQW�XWLOLVpV�GDQV�OHV�PrPHV�
FRQGLWLRQV� GH� IRQFWLRQQHPHQW� HW� j� OD� PrPH� SUHVVLRQ��
4DXQG�DX[�PHVXUHV�OLpHV�DX[�pPLVVLRQV�SRWHQWLHOOHV��1���
&2���62���12[��2����HOOHV�VRQW�HIIHFWXpHV�SRXU�XQ�UpJLPH�
SHUPDQHQW�pWDEOL��

/D� FRQQDLVVDQFH� GH� OD� FRPSRVLWLRQ� FKLPLTXH� GHV�
GLIIpUHQWV� FRPEXVWLEOHV�� HQ� SUHPLqUH� DSSUR[LPDWLRQ�� GH�
GpWHUPLQHU�GHV�RUGUHV�GH�JUDQGHXU�GHV�WHQHXUV�GH�FHUWDLQV�
JD]� LQFRQGHQVDEOHV�� &HOD� SHXW� rWUH� IDLW� SDU� O¶XWLOLVDWLRQ�
G¶XQ� PpFDQLVPH� FKLPLTXH� JOREDO� GH� FRPEXVWLRQ�� � (Q�
HIIHW�� OD� PDVVH� GX� FRPEXVWLEOH� XWLOLVp� HVW� GH� ���J� HW�
O¶pTXDWLRQ�JpQpUDOH�GH�FRPEXVWLRQ�G¶XQ�FRPEXVWLEOH�GH�

W\SH� &[+\2]6Z1N� HVW� GRQQpH� SDU� O¶pTXDWLRQ� ����� FL�
GHVVRXV����
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3RXU� OD� GpWHUPLQDWLRQ� GHV� pPLVVLRQV� GHV� FRPSRVpV�
FRPPH�OH�&2��12��HWF�XQ�PpFDQLVPH�FKLPLTXH�GpWDLOOp�
HVW�LQGLVSHQVDEOH���FHOD�Q¶HVW�SDV�SUpYX�GDQV�OH�FDGUH�GH�
FH�WUDYDLO��

,9��0pWKRGH�GH�UpVROXWLRQ�QXPpULTXH�

/HV�pTXDWLRQV�GLIIpUHQWLHOOHV�GX�V\VWqPH�VRQW�QRQ�OLQpDLUHV�
HW� GX� SUHPLHU� RUGUH�� (OOHV� SHXYHQW� rWUH� pFULWHV� VRXV� OD�
IRUPH���
ௗ௬
ௗ௫

ൌ ݂ሺݔǡ �����ሻݕ �;ϮϴͿ�

HW� D� SRXU� VROXWLRQ� ଴ݕ �HQ� ଴ݔ �� 3DUPL� OHV� GLIIpUHQWHV�
PpWKRGHV� QXPpULTXHV� H[LVWDQWHV� HW� TXL� SHUPHWWHQW� OD�
UpVROXWLRQ�GH�FHV�W\SHV�G¶pTXDWLRQ��QRXV�DYRQV�OD�PpWKRGH�
G¶(XOHU�%HOOHWWUH� HW� DO�� ������ +DUHHVK�� 5RKLWK� 7HMD�� HW�
.RQGD�5HGG\��������%DVpH� VXU� OH�GpYHORSSHPHQW�GH� OD�
IRQFWLRQݕ�௞ାଵ�DX�YRLVLQDJH�GHݕ�௞ �HQ�VpULH�GH�7D\ORU��FHWWH�
PpWKRGH�SHUPHW�G¶pWDEOLU�

௞ାଵݕ ൌ ௞ݕ ൅
ݖ
ͳǨ
Ǥ ˆ௞ݕ ൅

ଶݖ

ʹǨ
Ǥ ˆˆ௞ݕ

൅
ଷݖ

͵Ǩ
Ǥ �ˆˆˆ௞ݕ

�������������
;ϮϵͿ�
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3RXU� OHV�FDOFXOV�HW� OD� VLPXODWLRQ�GDQV�QRWUH�pWXGH��QRXV�
DYRQV� XWLOLVp� OH� ORJLFLHO�0DWODE�� &¶HVW� XQ� ORJLFLHO� TXL�
SUpVHQWH�XQ�HQYLURQQHPHQW�FRPSOHW�HW�GHVWLQp�DX�FDOFXO�
VFLHQWLILTXH�� � (Q� RXWUH�� F¶HVW� XQ� ORJLFLHO� RXYHUW� HW�
SURJUDPPDEOH� WRXW� HQ� DSSRUWDQW� XQ� V\VWqPH� LQWHUDFWLI�
LQWpJUDQW� FDOFXO� QXPpULTXH� HW� YLVXDOLVDWLRQ�� 8Q�
SURJUDPPH� 0DWODE� HVW� GpYHORSSp� SRXU� VLPXOHU� OH�
IRQFWLRQQHPHQW� GX� PRWHXU�� /H� SURJUDPPH� SHUPHW�
O
XWLOLVDWLRQ� G
XQ� LQFUpPHQW� YDULDEOH� SRXU� SHUPHWWUH� XQH�
SUpFLVLRQ�DFFHSWDEOH�DYHF�XQ�WHPSV�GH�FDOFXO�PLQLPLVp��

6L� OHV� YDOHXUV� FDOFXOpHV� QH� VRQW� SDV� GDQV� XQH� WROpUDQFH�
DFFHSWDEOH� SDU� UDSSRUW� DX[� VXSSRVLWLRQV� LQLWLDOHV�� OD�
VLPXODWLRQ� HVW� UpSpWpH� HQ� XWLOLVDQW� OHV� YDOHXUV� ILQDOHV�
FDOFXOpHV�HQ�WDQW�TXH�VXSSRVLWLRQV�LQLWLDOHV��(Q�RXWUH��OHV�
GRQQpHV� H[SpULPHQWDOHV� HW� QXPpULTXHV� LVVXHV� GH� OD�
OLWWpUDWXUH�VRQW�XWLOLVpHV�SRXU�OD�YDOLGDWLRQ�GX�PRGqOH��

9��5pVXOWDWV�HW�GLVFXVVLRQ�

�����9DULDWLRQV�GH�OD�SUHVVLRQ�HW�GH�OD�WHPSpUDWXUH�

�������9DOLGDWLRQ�GX�PRGqOH�QXPpULTXH�

/H�PRGqOH�HVW�YDOLGp�j�SDUWLU�GH�GRQQpHV�H[SpULPHQWDOHV�
REWHQXHV� VXU� XQ� PRWHXU� GLHVHO� j� LQMHFWLRQ� GLUHFWH� GX�
ODERUDWRLUH�� /HV� FDUDFWpULVWLTXHV� GX� EDQF� G¶HVVDL� VRQW�
GpWDLOOpHV� GDQV� �5LGD� HW� DO�� ������� /HV� FDUDFWpULVWLTXHV�
VXLYDQWHV���XQ�DOpVDJH�GH������PP�HW�GH�����PP�GH�FRXUVH�
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HW�DYHF�XQ�WDX[�GH�FRPSUHVVLRQ�GH������HVW�FRQVLGpUp�SRXU�
OD�VLPXODWLRQ�GH� OD�PDTXHWWH��/HV�UpVXOWDWV�VRQW�REWHQXV�
SDU�VLPXODWLRQ�SRXU�XQH�YLWHVVH�GH�URWDWLRQ�pJDOH�j������
WU�PLQ�j�FKDUJH�SDUWLHOOH��/HV�FRXUEHV�GH�SUHVVLRQ�HW�GH�OD�
WHPSpUDWXUH� H[SpULPHQWDOH� HW� QXPpULTXH� VRQW�
VXSHUSRVpHV�FRPPH�O¶LQGLTXHQW�OHV�ILJXUHV���HW�����
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Fig.3 : Comparaison de la variation de la pression cylindre de 
A. RIDA et al. et notre simulation 

/HV� YDULDWLRQV� GH� OD� WHPSpUDWXUH� HW� GH� OD� SUHVVLRQ�
PRQWUHQW� XQ� ERQ� DFFRUG� TXDOLWDWLI� HW� TXDQWLWDWLI� DYHF�
FHOOHV� REWHQXHV� SDU� $� 5,'$� HW� DO�� ������ /H� PRGqOH�
PRQWUH�GRQF�XQH�ERQQH�DSWLWXGH�j�SUpGLUH�O¶pYROXWLRQ�GH�
OD�SUHVVLRQ�F\OLQGUH��/HV�3UHVVLRQV�0R\HQQHV�,QGLTXpHV�
�PMI�� VRQW� FRPSDUpHV� VXU� OD� ILJXUH� ��� 8QH� HUUHXU� GH�
SUpGLFWLRQ� LQIpULHXUH� j� ����YDOLGH� OH� FRPSRUWHPHQW� GX�
PRGqOH�
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�VLPXODWLRQ�$�5,'$�HW�DO������
�H[SpULPHQDWO�$�5,'$�HW�DO������
�QRWUH�VLPXODWLRQ

Fig.4 : Comparaison de la variation de la température du 
cylindre de A RIDA et al et notre simulation 

�������9DULDWLRQ�GH�OD�SUHVVLRQ�

$SUqV�DYRLU�IRUPXOp�OH�PRGqOH�PDWKpPDWLTXH�XWLOLVp�GDQV�
O
pODERUDWLRQ�GX�PRWHXU�GLHVHO�j�LQMHFWLRQ�GLUHFWH��',���OHV�
UpVXOWDWV�VLPXOpV�GHV�SUHVVLRQV�GDQV�OH�F\OLQGUH�SRXUUDLHQW�
rWUH� REWHQXV� j� SDUWLU� GX� PRGqOH�� � /D� ILJXUH� �� GpFULW�
O¶pYROXWLRQ�GH�OD�SUHVVLRQ�PRGpOLVpH�GDQV�OH�F\OLQGUH�GX�
PRWHXU���

'¶DSUqV�FHWWH�ILJXUH��QRXV�FRQVWDWRQV�TXH�OHV�FRXUEHV�RQW�
OD� PrPH� DOOXUH� TXHO� TXH� VRLW� OH� FDUEXUDQW� XWLOLVp�� /D�
SUHVVLRQ�F\OLQGUH�GpSHQG�GH�SOXVLHXUV�SDUDPqWUHV�HW�VHORQ�
OD�OLWWpUDWXUH��HOOH�HVW�EHDXFRXS�LQIOXHQFpH�SDU�OH�WDX[�GH�

FRPEXVWLRQ� j� OD� SKDVH� GH� SUpPpODQJH� TXL� j� VRQ� WRXU�
GpSHQG�GX�FDUEXUDQW�LQMHFWp��QDWXUH�GX�FDUEXUDQW���HW�OHV�
FRQGLWLRQV� GH� IRQFWLRQQHPHQW� GX� PRWHXU�.OHLQ� HW�
(ULNVVRQ�� ������ +XDQJ� HW� DO� ������ 6KDKDQJLDQ��
.HVKDYDU]��HW�-D]D\HUL��������

Fig.5 : Variation de la pression cylindre dans une chambre de 
combustion de différents types de biodiesels et du gazoil 

/D� SUHVVLRQ� GX� F\OLQGUH� SHUPHW� GH� GpWHUPLQHU� OH�
UHQGHPHQW� GX�PRWHXU�PDLV� DXVVL� GRQQH� GHV� LQGLFDWLRQV�
VXU� OH� GpURXOHPHQW�GH� OD� FRPEXVWLRQ��8QH� pOpYDWLRQ�GH�
SUHVVLRQ�F\OLQGUH�D�pWp�QRWpH�DYHF�OH�GLHVHO�FRQYHQWLRQQHO��
&HFL�HVW�G��j�OD�FRPEXVWLRQ�j�OD�SKDVH�GH�SUpPpODQJH�TXL�
D�WHQGDQFH�j�rWUH�SOXV�UDSLGH�DYHF�OH�GLHVHO�PDLV�DXVVL�GH�
VHV�SURSULpWpV�WKHUPRSK\VLTXHV�SOXV�pOHYpH�TXH�FHOOHV�GHV�
ELRGLHVHOV��/HV�VLPXODWLRQV�VRQW�HIIHFWXpHV�HQ�SUHQDQW�OHV�
PrPHV� SDUDPqWUHV� HW� GDQV� OHV� PrPHV� FRQGLWLRQV�� &HOD�
PRQWUH� TXH� QRWUH� PRGqOH� HVW� FDSDEOH� GH� SUpGLUH� OHV�
SKpQRPqQHV� GH� FRPEXVWLRQ� GDQV� OD� FKDPEUH� GH�
FRPEXVWLRQ�� (Q� RXWUH�� RQ� SHXW� \� UHPDUTXHU� TXH�
O¶pYROXWLRQ�GHV�SUHVVLRQV�GHV�ELRGLHVHOV�HVW�WUqV�SURFKHV�j�
FHOOH� GX� JD]RLO� HW� VHPEOH� OLpH� DX� IDLWH� TXH� OHV�
FDUDFWpULVWLTXHV� SK\VLFR�FKLPLTXHV� GHV� ELRGLHVHOV� VRQW�
SURFKHV� GX� JD]RLO� FRQYHQWLRQQHO�� 3HQGDQW� OD� SKDVH� GH�
FRPEXVWLRQ�� OD� SUHVVLRQ� GHPHXUH� XQLIRUPH� GDQV� OD�
FKDPEUH�GH�FRPEXVWLRQ�SXLV�DWWHLQW�XQH�YDOHXU�PD[LPDOH�
DYDQW� GH� GpFURLWUH� FRQWLQXHOOHPHQW� MXVTX¶j� OD� ILQ� GH� OD�
FRPEXVWLRQ� GpWHQWH�� &HWWH� GLPLQXWLRQ� HVW� OLpH� j� OD�
WUDQVIRUPDWLRQ�GH�O¶pQHUJLH�FDORULILTXH�GH�FRPEXVWLRQ�HQ�
pQHUJLH� FLQpWLTXH� GX�PRXYHPHQW� GHVFHQGDQW� GX� SLVWRQ��
'XUDQW� WRXW� OH� F\FOH� WKHUPRG\QDPLTXH�� OD� SUHVVLRQ� GH�
SRLQWH� HVW� PRLQV� pOHYpH� FKH]� OH� JD]RLO� FRPSDUpH� DX[�
ELRGLHVHOV�� /H� SLF� pOHYp� GH� OD� SUHVVLRQ� GDQV� OH� FDV� GX�
ELRGLHVHO� SDU� UDSSRUW� j� FHOOH� GX� JD]RLO� HVW� G�� j�
O¶DPpOLRUDWLRQ�GH�OD�FRPEXVWLRQ�GH�FH�FDUEXUDQW�GXH�j�OD�
UDSLGLWp�GH�OD�FRPEXVWLRQ�GX�ELRGLHVHO�GDQV�OD�SKDVH�GH�
FRPEXVWLRQ� SUpPpODQJpH� HQJHQGUpH� SDU� OD� FRPEXVWLRQ�
ORUV�GH�OD�SKDVH�GH�SUpPpODQJH�TXL�D�WHQGDQFH�j�rWUH�SOXV�
UDSLGH� TXH� FHOOH� DYHF� OH� 'LHVHO� PDLV� DXVVL� GH� VHV�
SURSULpWpV� WKHUPRSK\VLTXHV� SOXV� pOHYpH� TXH� FHOOHV� GHV�
ELRGLHVHOV�)HQJ� HW� DO�� ������� 3HQGDQW� OD� SKDVH�
G
H[SDQVLRQ��OH�FRXSOH�SURGXLW�SDU�OH�PRWHXU�HVW�VXIILVDQW�
SRXU�SDVVHU�DX�F\FOH�VXLYDQW�DYHF�SOXV�GH�FRQVRPPDWLRQ�
GH�FDUEXUDQW��(Q�RXWUH��OD�YDOHXU�pOHYpH�GH�OD�SUHVVLRQ�GX�
PRWHXU�ORUV�GH�O
XWLOLVDWLRQ�GX�ELRGLHVHO�FRPSDUpH�j�FHOOH�
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REWHQXH� DYHF� GX� 'LHVHO� SHXW� rWUH� G�� j� XQH� TXDQWLWp�
G
K\GURFDUEXUHV� SOXV� IDLEOH� GDQV� OH� 'LHVHO� HW� j� XQH�
DXJPHQWDWLRQ� GH� OD� SUHVVLRQ� SOXV� IDLEOH�� (Q� RXWUH�� FHOD�
SRXUUDLW� V¶H[SOLTXHU� DXVVL� SDU� OH� FRXUW� GpODL� G¶DXWR�
LQIODPPDWLRQ�HW�OD�FRPEXVWLRQ�UDSLGH�GX�ELRGLHVHO�OLp�SDU�
VRQ� LQGLFH� GH� FpWDQH� pOHYp� �.KLDUL� ������� /HV� DWRPHV�
G
R[\JqQH� GDQV� OD� PROpFXOH� GH� ELRGLHVHO� HOOH�PrPH�
IDYRULVH�OD�FRPEXVWLRQ�FRPSOqWH�GX�FDUEXUDQW�ELRGLHVHO�HW�
GRQF�SOXV�G
pQHUJLH�HVW�OLEpUp��%HQFKHULI�������:DNLO�HW�
DO��������$O�0DVKKDGDQL�HW�)HUQDQGR�������&DWRQ�������

�������9DULDWLRQV�GH�OD�WHPSpUDWXUH�

/D� ILJXUH� �� GpFULW� O¶pYROXWLRQ� GH� OD� WHPSpUDWXUH� j�
O¶LQWpULHXU�GX�F\OLQGUH�G¶XQH�FKDPEUH�GH�FRPEXVWLRQ���

2Q� REVHUYH� XQH� GLPLQXWLRQ� GH� OD� WHPSpUDWXUH� GXH� j�
O¶LQIOXHQFH�pOpPHQWDLUH�GX�PpODQJH�DLU�FDUEXUDQW�HW�JD]�
IUDLV�HW�FKDXG� MXVTX¶j�DWWHLQGUH�XQH�YDOHXU�PLQLPDOH�DX�
SRLQW�PRUW� EDV�� 3XLV� DSUqV� FHWWH� SKDVH� RQ� FRQVWDWH� XQH�
DXJPHQWDWLRQ�SURJUHVVLYH�GH�OD�FRXUEH�GH�WHPSpUDWXUH�HQ�
UDLVRQ�GX�SURFHVVXV�GH�FRPSUHVVLRQ�MXVTX¶j�O¶DPRUoDJH�
GH�OD�FRPEXVWLRQ�R��HOOH�YD�V¶DPSOLILHU�G¶XQH�PDQLqUH�WUqV�
UDSLGH��3DU�OD�VXLWH��HQ�DWWHLJQDQW�OH�SRLQW�PRUW�KDXW��RQ�
REVHUYHUD�XQH�FKXWH�GH�OD�WHPSpUDWXUH�GXH�j�OD�GHVFHQWH�
GX�SLVWRQ�TXL�UpGXLUDLW�OD�WHPSpUDWXUH�GXH�j�OD�GpWHQWH�GHV�
JD]��¬� FHOD� V¶DMRXWH� DXVVL� O¶DXJPHQWDWLRQ� GH� OD� VXUIDFH�
G¶pFKDQJH� HQWUH� OHV� JD]� HW� OHV� SDURLV� GX� F\OLQGUH� TXL�
GpYLHQW�WUqV�LPSRUWDQWH�TX¶DX�GpEXW�GH�O¶DGPLVVLRQ��&HV�
PrPHV� REVHUYDWLRQV� RQW� pWp� IDLWHV� SDU� G¶DXWUHV�
DXWHXUV�5LGD�HW�DO��������0RKDPPHG�HW�DO���������

$SUqV� O¶RXYHUWXUH� GH� OD� VRXSDSH� G¶pFKDSSHPHQW��
O¶pYROXWLRQ� GH� OD� WHPSpUDWXUH� FKDQJH� GH� FRXUEXUH�
�O¶RXYHUWXUH� GH� OD� VRXSDSH� G¶pFKDSSHPHQW� HVW� XQ� SRLQW�
G¶LQIOH[LRQ���(Q�HIIHW��OHV�SHUWHV�GH�FKDOHXU�j�WUDYHUV�OHV�
SDURLV�GLPLQXHQW�DYHF�OD�GLPLQXWLRQ�GH�OD�WHPSpUDWXUH�HW�
OD� FKXWH� GH� WHPSpUDWXUH� GHYLHQW� GH� SOXV� HQ� SOXV� OHQWH��
$SUqV� O¶RXYHUWXUH� GH� OD� VRXSDSH� G¶pFKDSSHPHQW�� OH�
UHIRXOHPHQW�GHV�JD]�YHUV�O¶H[WpULHXU�DFFpOqUH�OD�FKXWH�GH�
WHPSpUDWXUH��$YHF�OD�GLPLQXWLRQ�GX�GpELW�G¶pFKDSSHPHQW��
OD�WHPSpUDWXUH�VH�VWDELOLVH�j�XQH�YDOHXU�FRQVWDQWH��
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Fig.6: Variation de la température cylindre dans une chambre 
de combustion avec différents types de carburants 

�����5pVXOWDWV�GHV�pPLVVLRQV�SRWHQWLHOOHV�

�������ePLVVLRQV�GH�62��

/HV�PHVXUHV� GHV� pPLVVLRQV� GH� 62�� � �SRXU� OHV� GLIIpUHQWV�
FDUEXUDQWV�WHVWpV�VRQW�UHSUpVHQWpHV�GDQV�OD�ILJXUH����

2Q�REVHUYH�TXH�OHV�pPLVVLRQV�GH�GLR[\GH�GH�VRXIUH��62���
VRQW� GDQV� XQH�PRLQGUH�PHVXUH� IDLEOHV�SRXU� OH� JDVRLO� HW�
UHODWLYHPHQW� DEVHQWHV� RX� QXOOHV� SRXU� OHV� ELRGLHVHOV� GH�
MDWURSKD��FRO]D�HW�GH�FRWRQ��/D�PR\HQQH�HVW�LQIpULHXUH�j���
SSP�SRXU�O
HQVHPEOH�GHV�FDUEXUDQWV��&H�UpVXOWDW�HVW�OLp�DX�
IDLW� TXH� OD� WHQHXU� HQ� VRXIUH� GX� JDV�RLO� XWLOLVp� HVW�
SUDWLTXHPHQW�IDLEOH��H[LJHQFHV�GHV�VSpFLILFDWLRQV�GX�JDV�
RLO� HXURSpHQ��� 'H� SOXV�� OHV� ELRGLHVHOV� WRXW� FRPPH� OD�
SOXSDUW�GHV�KXLOHV�YpJpWDOHV�QH�FRQWLHQQHQW�SDV�GH�VRXIUH��
&HOD� H[SOLTXH� OH� UpVXOWDW� REVHUYp� DYHF� OHV� ELRGLHVHOV�
REWHQXV� j� SDUWLU� GHV� KXLOHV� YpJpWDOHV� HQ� WHUPHV�
G
pPLVVLRQV�GH�62���&H�FRQVWDW�D�pWp�UDSSRUWp�pJDOHPHQW�
SDU�G¶DXWUHV�DXWHXUV�FRPPH�'DKR������HW�0DGLZDOH�DQG�
DO�� ����� �.DZDVKLPD�� 0DWVXEDUD�� HW� +RQGD� ������
0DGLZDOH�HW�%KRMZDQL��������&HFL�HVW�G��j�OD�TXDQWLWp�GX�
FRPEXVWLEOH�SULPDLUH�LQWURGXLWH�DYHF�GH�O¶DLU�TXL�UpGXLW�OD�
FRQFHQWUDWLRQ�G¶R[\JqQH�DVSLUpH�GDQV�OH�F\OLQGUH��FH�TXL�
D�XQ�HIIHW�SRVLWLI�VXU�OD�IRUPDWLRQ�GHV�pPLVVLRQV�62��HW�DX�
IDLWH�TXH�OH�ELRGLHVHO�VRLW�XQH�pQHUJLH�SURSUH��

�
Fig.7: Émissions de SO2(ppm) en fonction de l’excès d’air 

������ePLVVLRQV�GH�2��HW�GH�1��

/HV�ILJXUHV���HW���LOOXVWUHQW�UHVSHFWLYHPHQW�OHV�pPLVVLRQV�
GH�2��HW�GH�1��REWHQXHV�DYHF�OH�FDUEXUDQW�FRQYHQWLRQQHO�
HW� OHV� ELRGLHVHOV�� /HV� pPLVVLRQV� GH�2�� � � VRQW� TXDVLPHQW�
LGHQWLTXHV� SRXU� WRXV� OHV� FRPEXVWLEOHV� XWLOLVpV� PDLV�
DXJPHQWHQW� HQ� IRQFWLRQ� GH� O¶H[FqV�� 2Q� SHXW� FRQVWDWHU�
TXHSRXU�GHV�YDOHXUV�GH�ULFKHVVHV�GH�SOXV�HQ�SOXV�pOHYpHV��
OD� FRQFHQWUDWLRQ� GHV� pPLVVLRQV� LPSRUWDQWHV� DXVVL� ELHQ�
SRXU� OHV� FDUEXUDQWV� FRQYHQWLRQQHOV� HW� TXH� FHX[� GHV�
ELRFDUEXUDQWV��/¶RQ�SHXW�GLUH�TXH� O¶H[FqV�G¶DLU� IDYRULVH�
OHV�pPLVVLRQV�GH�2���

�/D� ILJXUH� �� QRXV� UpYqOH� TXH� OD� FRQFHQWUDWLRQ� GHV�
pPLVVLRQV� GH� 1�� HVW� EHDXFRXS� SOXV� LPSRUWDQWH� DYHF� OH�
GLHVHO�FRQYHQWLRQQHO�TXHO�TXH�VRLW� O¶H[FqV�G¶DLU�TX¶DYHF�
OHV�ELRGLHVHOV�XWLOLVpV��'
DXWUH�SDUW��RQ�SHXW�REVHUYHU�TXH�
OHV� pPLVVLRQV� GH� 1��� GLPLQXHQW� VLJQLILFDWLYHPHQW� DYHF�
O
DXJPHQWDWLRQ�GH�O¶H[FqV�G¶DLU��(Q�HIIHW��OH�SDVVDJH�GH�OD�
ULFKHVVH� GH� ����� j� ����� HQWUDvQH� XQH� GLPLQXWLRQ� GHV�
pPLVVLRQV� GH� 1�� G
HQYLURQ� ����� &HWWH� UpGXFWLRQ�
V¶H[SOLTXH�SDUWLFXOLqUHPHQW�SDU�OH�SKpQRPqQH�GH�GLOXWLRQ�
GH�O¶DLU��'$+2���������/HV�ELRGLHVHOV�SUpVHQWHQW�GRQF�XQ�
DYDQWDJH�TXDQW�DX[�pPLVVLRQV�GH�1��SDU�UDSSRUW�DX�JD]RLO��
'HV� REVHUYDWLRQV� VLPLODLUHV� RQW� pWp� UDSSRUWpHV� SDU�
FHUWDLQV� DXWHXUV� �0DGLZDOH� HW� %KRMZDQL� ������ 6XUHVK��

Ϭ

ϮϬ

ϰϬ

ϲϬ

ϴϬ

ϭϳ ϯϭ ϰϱ ϱϴ ϳϬ

^K
Ϯ;
ƉƉ

ŵ
Ϳ

y�Ăŝƌ;йͿ
�ŝŽĚŝĞƐĞů�ĚĞ�:ĂƚƌŽƉŚĂ �ŝŽĚŝĞƐĞů�ĚĞ�ĐŽůǌĂ



J. P. Soaphys, Vol 2, N°1 (2020) C20A10  Dabilgou et al.,  

http://dx.doi.org/10.46411/jpsoaphys.2020.01.10  C20A10-8 © 2020 SOAPHYS 

-DZDKDU�� HW� 5LFKDUG� ������ 9HUYLVFK� .OMDNLF� ������
.DZDVKLPD��0DWVXEDUD��HW�+RQGD��������

¬� GHV� WHPSpUDWXUHV� pOHYpHV�� FRPPH� FHOOHV� TXL� VH�
SURGXLVHQW�GDQV� OD�FKDPEUH�GH�FRPEXVWLRQ�G
XQ�PRWHXU�
GLHVHO�� 1�� HW� 2�� SHXYHQW� UpDJLU� SDU� XQH� VpULH� G
pWDSHV�
FKLPLTXHV� FRQQXHV� VRXV� OH� QRP� GH� PpFDQLVPH� GH�
=HOGRYLFK�� /D� IRUPDWLRQ� GH� 12[� VH� SURGXLW� j� GHV�
WHPSpUDWXUHV� VXSpULHXUHV� j� ����� �&�� HW� OH� WDX[� GH�
IRUPDWLRQ�DXJPHQWH� UDSLGHPHQW�DYHF� O
DXJPHQWDWLRQ�GH�
OD� WHPSpUDWXUH�� 'DQV� OD� SOXSDUW� GHV� FRQGLWLRQV� GH�
FRPEXVWLRQ�GHV�PRWHXUV�GLHVHO��OHV�12[�WKHUPLTXHV�VRQW�
FRQVLGpUpV�FRPPH�OH�SULQFLSDO�FRQWULEXWHXU�DX� WRWDO�GHV�
12[�.DSULHOLDQ�������.XPDU��9DUXQ��HW�&KDXKDQ�������
$O�0DVKKDGDQL�HW�)HUQDQGR���������

�
Fig.8: Émissions de O2 en fonction de l’excès d’air 

�
Fig.9 : Émissions de N2 en fonction de l’excès d’air 

�

�������ePLVVLRQV�GH�&2��

/H� GLR[\GH� GH� FDUERQH� �&2���� HVW� XQ� SURGXLW� GH� OD�
FRPEXVWLRQ� GHV� K\GURFDUEXUHV�� /H� FDUEXUDQW�
K\GURFDUERQp�HVW�HQ�SUHPLHU� OLHX�R[\Gp�HQ�&2�� ORUV�GX�
SURFHVVXV� GH� OD� FRPEXVWLRQ�� (Q� SUpVHQFH� G¶XQH�
WHPSpUDWXUH�VXIILVDPPHQW�pOHYpH�GDQV�OH�F\OLQGUH��HW�DYHF�
OD�SUpVHQFH�G¶R[\JqQH��OH�&2�HVW�R[\Gp�SRXU�IRUPHU�GX�
&2���$LQVL��OD�IRUPDWLRQ�GH�&2��GpSHQG�IRUWHPHQW�GH�OD�
WHPSpUDWXUH�� HW� GH� OD� FRQFHQWUDWLRQ� G
R[\JqQH� GDQV� OH�
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Fig.10 : Les émissions du CO2 en fonction de l’excès d’air 
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