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Resumen:�(Q� HVWH� WUDEDMR� VH� DQDOL]y� HO� FRPSRUWDPLHQWR� GH� OD� GL-
QiPLFD�GHO�ÀXMR�HQ�XQ� URWRU�GH� WXUELQD� UDGLDO�GH�XQ�VLVWHPD�GH�HQHU-
JpWLFR�EDVDGR�HQ�FLFOR�5DQNLQH�RUJiQLFR�SDUD�HO� DSURYHFKDPLHQWR�GH�
FDORU�UHVLGXDO��(O�DQiOLVLV�VH�OOHYy�D�FDER�FRQVLGHUDQGR�GRV�SDUiPHWURV�
GH�GLVHxR�HQ�OD�WXUELQD�UDGLDO��OD�YHORFLGDG�HVSHFt¿FD�1BV�\�HO�iQJXOR�
UHODWLYR�GHO�ÀXMR�D�OD�HQWUDGD�GHO�URWRU�ȕB���3ULPHUR�VH�OOHYy�D�FDER�XQ�
GLVHxR�SUHOLPLQDU�GH�OD�WXUELQD�XWLOL]DQGR�HVWRV�SDUiPHWURV�FRPR�YDULD-
EOHV�SDUD�VHOHFFLRQDU�XQ�YDORU�DGHFXDGR�GH�1BV��/DV�GLPHQVLRQHV�JH-
QHUDOHV�GH�OD�WXUELQD�VH�FDOFXODURQ�D�SDUWLU�GH�OD�HFXDFLyQ�GH�(XOHU�SDUD�
WXUERPiTXLQDV�\�GH�OD�HFXDFLyQ�GH�FRQWLQXLGDG�GH�ÀXMR�SDUWLHQGR�GH�ODV�
FRQGLFLRQHV�WHUPRGLQiPLFDV�D�OD�HQWUDGD�GH�OD�WXUELQD�\�OD�UHODFLyQ�GH�
SUHVLyQ�3B5��&RQ�HVWRV�GDWRV�VH�GH¿QLy�OD�JHRPHWUtD�HQ���GLPHQVLRQHV�
GHO�URWRU�\�VH�OOHYy�D�FDER�XQ�DQiOLVLV�QXPpULFR�GHO�ÀXMR�HQ�HO�GRPLQLR�
GH¿QLGR�FRPR�PRGHOR�JHRPpWULFR�SDUD�GLIHUHQWHV�GLUHFFLRQHV�UHODWLYDV�
GHO�ÀXMR�D�OD�HQWUDGD�GHO�URWRU�������������������������\�������)LQDOPHQWH�
VH�HYDOXy�HO�GHVDUUROOR�GHO�ÀXMR�HQ�HVWDGR�HVWDFLRQDULR�D�WUDYpV�GHO�URWRU��
REVHUYDQGR�FRPR�SDUD�HO�iQJXOR�GH�HQWUDGD�GH�����OD�GLUHFFLyQ�GHO�ÀXMR�
PDQWLHQH�OD�PHQRU�GHVYLDFLyQ�FRQ�UHVSHFWR�D�OD�GLUHFFLyQ�LPSXHVWD�SRU�
HO�iODEH�SDUD�YDORUHV�GH�VSDQ�GH�����������\������
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Abstract: ,Q�WKLV�ZRUN�WKH�EHKDYLRU�RI�WKH�ÀRZ�G\QDPLFV�LQ�D�UDGLDO�
WXUELQH�URWRU�RI�DQ�HQHUJ\�V\VWHP�EDVHG�RQ�RUJDQLF�5DQNLQH�F\FOH�IRU�
WKH�XWLOL]DWLRQ�RI�UHVLGXDO�KHDW�ZDV�DQDO\]HG��7KH�DQDO\VLV�ZDV�FDUULHG�
RXW�FRQVLGHULQJ�WZR�GHVLJQ�SDUDPHWHUV�LQ�WKH�UDGLDO�WXUELQH��WKH�VSHFL¿F�
VSHHG�1BV�DQG�WKH�UHODWLYH�URWRU�LQÀRZ�DQJOH�ȕB���$�SUHOLPLQDU\�GHVLJQ�
RI�WKH�WXUELQH�ZDV�FDUULHG�RXW�XVLQJ�WKHVH�WZR�SDUDPHWHUV��7KH�JHQHUDO�
GLPHQVLRQV�RI�WKH�WXUELQH�ZHUH�FDOFXODWHG�IURP�WKH�(XOHU�HTXDWLRQ�IRU�
WXUERPDFKLQHV�DQG�IURP�WKH�ÀRZ�FRQWLQXLW\�HTXDWLRQ�VWDUWLQJ�IURP�WKH�
WKHUPRG\QDPLF�FRQGLWLRQV�DW� WXUELQH� LQOHW� DQG� WKH�SUHVVXUH� UDWLR3B5��
7KUHH�GLPHQVLRQDO� JHRPHWU\� RI� WKH� URWRU�ZDV� GH¿QHG� DQG� D� QXPHUL-
FDO�DQDO\VLV�RI�WKH�ÀRZ�LQ�WKH�GRPDLQ�GH¿QHG�DV�JHRPHWULF�PRGHO�ZDV�
FDUULHG�RXW�IRU�GLIIHUHQW�UHODWLYH�GLUHFWLRQV�RI� WKH�ÀRZ�DW� WKH�HQWUDQFH�
RI� WKH�URWRU�� ������ ������ ������� �����DQG�������)LQDOO\�� LW�HYDOXDWHG� WKH�
GHYHORSPHQW�RI�WKH�ÀRZ�LQ�D�VWHDG\�VWDWH�WKURXJK�WKH�URWRU��REVHUYLQJ�
KRZ�IRU�WKH�DQJOH�RI�HQWU\�RI�����WKH�GLUHFWLRQ�RI�WKH�ÀRZ�PDLQWDLQV�WKH�
VPDOOHVW�GHYLDWLRQ�ZLWK�UHVSHFW�WR�WKH�GLUHFWLRQ�LPSRVHG�E\�WKH�EODGH�IRU�
VSDQ�YDOXHV�RI�����������DQG������

Keywords: Radial turbine, computational !uid dynamics, secondary 
!ow generation, energy system, waste heat utilization.

Introducción

/DV�WXUELQDV�UDGLDOHV�VXHOHQ�VHU�XVDGDV�HQ�DSOLFDFLRQHV�GH�EDMDV�SR-
WHQFLDV�GHELGR�D�VX�PHMRU�GHVHPSHxR�DO�WUDEDMDU�FRQ�EDMRV�ÀXMRV�PiVL-
FRV��DGHPiV�GH�SHUPLWLU�XQD�UHODFLyQ�GH�H[SDQVLyQ�PXFKR�PD\RU�TXH�ODV�
WXUELQDV�D[LDOHV�>���@�

3DUD� DSOLFDFLRQHV� GH� UHFXSHUDFLyQ� GH� FDORU� VX� LPSOHPHQWDFLyQ� KD�
LGR�HQ�DXPHQWR�MXQWR�FRQ�GLVSRVLWLYRV�GH�GHVSOD]DPLHQWR�SRVLWLYR�FRPR�
SDUWH�GH�VLVWHPDV�GH�&LFOR�5DQNLQH�2UJiQLFR��25&���/D�SUHIHUHQFLD�SRU�
WXUELQDV�UDGLDOHV�UDGLFD�HQ�OD�VLPSOLFLGDG�GH�VX�IXQFLRQDPLHQWR�\�PDQ-
WHQLPLHQWR��DXQTXH�SDUD� ORJUDU�TXH�XQD� WXUELQD�UDGLDO�VHD�H¿FLHQWH�VH�
UHTXLHUH�XQ�JUDQ�WUDEDMR�GH�GLVHxR�\D�TXH�SRU�VX�FRQ¿JXUDFLyQ�HV�PX\�
SRVLEOH�TXH�DSDUH]FDQ�ÀXMRV�VHFXQGDULRV�TXH�GLVLSHQ�OD�HQHUJtD�FLQpWLFD�
TXH�GHEH�VHU�WUDQVIHULGD�DO�URWRU�>���@�

([LVWHQ�GLYHUVRV�JUXSRV�GH�LQYHVWLJDFLyQ�HQ�WRGR�HO�PXQGR�TXH�HV-
WXGLDQ�OD�GLQiPLFD�GHO�ÀXMR�HQ�WXUELQDV�UDGLDOHV�SDUD�VX�DSOLFDFLyQ�HQ�
VLVWHPDV�25&��(Q�JHQHUDO�OD�PHWRGRORJtD�GHO�GLVHxR�FRQVLVWH�HQ�PRGH-
ODU�QXPpULFDPHQWH�HO�ÀXMR�HQ�XQ�GRPLQLR�SUHYLDPHQWH�FDOFXODGR��SDUD�
SRVWHULRUPHQWH�YDOLGDU�HO�PRGHOR�QXPpULFR�FRQ�H[SHULPHQWRV�>����@�

Antecedentes
/D�JHRPHWUtD�GHO�URWRU�GHEH�VDWLVIDFHU��GH�DFXHUGR�FRQ�ODV�FRQGLFLR-

QHV�GH�GLVHxR��OD�FRQVHUYDFLyQ�GH�PDVD�\�OD�FRQVHUYDFLyQ�GH�PRPHQWR�
DQJXODU��(VWRV�GRV�SULQFLSLRV�ItVLFRV�TXHGDQ�UHVWULQJLGRV�GXUDQWH�HO�GL-
VHxR�SRU� OD� SRWHQFLD� UHTXHULGD�\� OD� GLVSRQLELOLGDG� HQHUJpWLFD��6H�KDQ�
SURSXHVWR�GLVWLQWDV�PHWRGRORJtDV�GH�GLVHxR�TXH�EXVFDQ�ORJUDU�XQD�WXUEL-
QD�H¿FLHQWH�FRQVLGHUDQGR�OD�JHRPHWUtD�GHO�URWRU�>����@��6LQ�HPEDUJR��HO�
UHQGLPLHQWR�D�OR�ODUJR�GHO�URWRU�YDUtD�VHJ~Q�ODV�YDULDEOHV�WHUPRGLQiPL-
FDV��ORV�SDUiPHWURV�FLQHPiWLFRV�\�ODV�FRQGLFLRQHV�JHRPpWULFDV��3RU�OR�
WDQWR��XQD�HYDOXDFLyQ�GH�OD�SpUGLGD�GH�H¿FLHQFLD�GH�OD�WXUELQD�D�OR�ODUJR�

GHO�URWRU�UHVXOWD�XQ�SDUiPHWUR�LQGLVSHQVDEOH�SDUD�LGHQWL¿FDU�ODV�FRQGL-
FLRQHV�JHRPpWULFDV��FLQHPiWLFDV�\�WHUPRGLQiPLFDV�TXH�FDXVDQ�SpUGLGDV�
GH�HQHUJtD��(Q�HVWH�WUDEDMR�VH�DQDOL]D�OD�LQÀXHQFLD�GH�OD�FRQGLFLyQ�FLQH-
PiWLFD�D�OD�HQWUDGD�GHO�URWRU��(VWR�LPSOLFD�DMXVWDU�OD�YHORFLGDG�GH�URWD-
FLyQ�GHO�URWRU�SDUD�ORJUDU�TXH�OD�YHORFLGDG�UHODWLYD�GHO�ÀXMR�D�OD�HQWUDGD�
GHO�URWRU�VDWLVIDJD�XQ�iQJXOR�GH¿QLGR�HQWUH������\�������/D�YHORFLGDG�GH�
URWDFLyQ�\�HO�UDGLR�GH�OD�WXUELQD�GH¿QHQ�OD�YHORFLGDG�WDQJHQFLDO�D�OD�TXH�
JLUD�OD�SXQWD�GHO�iODEH�HQ�OD�HQWUDGD��SRU�OR�WDQWR��OD�YHORFLGDG�DEVROXWD�
�TXH�VH�HVWDEOHFH�FRQ�ORV�iODEHV�¿MRV�HQ�HO�HVWDWRU��GHEH�DMXVWDUVH�D�ODV�
FRQGLFLRQHV�FLQHPiWLFDV�GHO�URWRU��7RGRV�HVWRV�SDUiPHWURV�VRQ�FDOFXOD-
GRV�D�SDUWLU�GH�Q~PHURV�DGLPHQVLRQDOHV�SURSLRV�GH�WXUELQDV�UDGLDOHV��ORV�
FXDOHV�GHEHQ�XELFDUVH�GHQWUR�GH�XQ�UDQJR�HVSHFt¿FR�SDUD�DVHJXUDU�XQ�
H¿FLHQWH�IXQFLRQDPLHQWR�GH�OD�WXUELQD�>��@�

(O�HVWXGLR�GHO�ÀXMR�HQ� WXUELQDV�UDGLDOHV�SDUD�DSOLFDFLRQHV�GH�25&�
HV�GH�VXPD�LPSRUWDQFLD�GHELGR�D�ORV�EDMRV�UDQJRV�GH�WHPSHUDWXUDV�HQ�
ORV�TXH�RSHUDQ�HVWH�WLSR�GH�VLVWHPDV��(VWD�FRQGLFLyQ�UHVXOWD�HQ�XQD�EDMD�
H¿FLHQFLD�WpUPLFD�GHO�FLFOR��VL�D�HVWR�VH�OH�VXPD�XQD�EDMD�H¿FLHQFLD�GH�OD�
WXUELQD��VX�LPSOHPHQWDFLyQ�FRPHUFLDO�GHMD�GH�VHU�DWUDFWLYD��VLQ�HPEDU-
JR��XQD�WXUELQD�H¿FLHQWH�UHVXOWD�IDFWLEOH�SDUD�VX�XWLOL]DFLyQ�HQ�OD�UHFX-
SHUDFLyQ�GH�FDORU�GH�GHVHFKR�\D�TXH�SRGUtD�LQFOXVR�VXSHUDU�OD�H¿FLHQFLD�
GH�ODV�FHOGDV�IRWRYROWDLFDV�

Metodología

3DUWLHQGR�GH�ODV�FRQGLFLRQHV�GH�RSHUDFLyQ�GH�OD�WXUELQD�PRVWUDGDV�HQ�
OD�7DEOD����VH�GH¿QHQ�ODV�FRQGLFLRQHV�WHUPRGLQiPLFDV�\�FLQHPiWLFDV�HQ�
OD�HQWUDGD�\�VDOLGD�GH�OD�WXUELQD�

Tabla 1. Dimensiones generales del rotor.

El comportamiento de Į��FRQ�UHVSHFWR�D�ȕ��VH�HV�LQGHSHQGLHQWH�GH�ODV�
FRQGLFLRQHV�GH�RSHUDFLyQ�GH�OD�WXUELQD�\�VH�PXHVWUD�HQ�OD�)LJXUD����$TXt�
VH�REVHUYD�FRPR�SDUD�iQJXORV�UHODWLYRV�D�OD�HQWUDGD�GHO�URWRU�GH������TXH�
UHVXOWHQ�HQ�YHORFLGDGHV�DEVROXWDV�FRQ�iQJXORV�PHQRUHV�D������DOHMDGRV�
GH�OD�FRQGLFLyQ�WDQJHQFLDO���VH�UHTXLHUHQ�YDORUHV�GH Ns���������'DGDV�
ODV�UHFRPHQGDFLRQHV�GH�OD�OLWHUDWXUD��VH�GHFLGLy�XWLOL]DU�HVWH�YDORU�SDUD�
HO�FiOFXOR�GH�OD�JHRPHWUtD�GHO�URWRU�
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)LJXUD����9DULDFLyQ�GH�Į��FRQ�UHVSHFWR�D�ȕ��SDUD�GLIHUHQWHV�YDORUHV�GH�1V�

8QD�YH]�FRQVWUXLGR�HO�GRPLQLR�JHRPpWULFR��VROR�XQ�FDQDO�GH�ÀXMR��VH�
GH¿QLHURQ�ODV�FRQGLFLRQHV�GH�IURQWHUD�\�ORV�PRGHORV�QXPpULFRV�SDUD�VX�
DQiOLVLV��(Q�ODV�)LJXUDV�����VH�PXHVWUDQ�ODV�OtQHDV�GH�FRUULHQWH�HQ�GLIHUHQ-
WHV�VSDQV�SDUD�ORV���FDVRV�DQDOL]DGRV��iQJXORV�UHODWLYRV�GH�HQWUDGD�GH�������
�����������������\������

)LJXUD����/tQHDV�GH�FRUULHQWH�SDUD�XQ�iQJXOR�GH�HQWUDGD�GH������HQ�VSDQ�
����������\������UHVSHFWLYDPHQWH�

6H�REVHUYD�FRPR�SDUD�HO�iQJXOR�GH�HQWUDGD�GH�������)LJXUD����H[LVWH�
OD�IRUPDFLyQ�GH�GRV�UHFLUFXODFLRQHV�HQ�HO�ODGR�SUHVLyQ�HQ�HO�VSDQ�GH�������
(VWDV�UHFLUFXODFLRQHV�DSDUHFHQ�HQ�OD�SULPHUD�PLWDG�GHO�UHFRUULGR�GHO�ÀXMR�
HQ�GLUHFFLyQ�PHULGLRQDO��(Q�HO�VSDQ�GH����� WDPELpQ�H[LVWH�XQD�UHFLUFX-
ODFLyQ�HQ�HO� ODGR�SUHVLyQ�PX\�FHUFDQD�DO�ERUGH�GH�HQWUDGD�\�GH�PHQRU�
PDJQLWXG��3DUD�HO�VSDQ�GH������OD�UHFLUFXODFLyQ�GLVPLQX\H�HQ�PDJQLWXG��
VLQ�HPEDUJR��VH�IRUPD�XQD�UHJLyQ�GH�HVWDQFDPLHQWR�HQ�OD�SULPHUD�PLWDG�
GHO�UHFRUULGR�PHULGLRQDO�GHO�ÀXMR��OR�TXH�FDXVD�TXH�HO�ÀXMR�QR�VH�DSHJXH�
DO�iODEH��\�DGHPiV�VH�IRUPD�DKRUD�XQD�UHFLUFXODFLyQ�HQ�HO�ODGR�VXFFLyQ�D�
OD�PLWDG�GH�OD�GLVWDQFLD�PHULGLRQDO�

)LJXUD����/tQHDV�GH�FRUULHQWH�SDUD�XQ�iQJXOR�GH�HQWUDGD�GH������HQ�VSDQ�
����������\������UHVSHFWLYDPHQWH�

3DUD�HO�FDVR�GH�XQ�iQJXOR�GH�HQWUDGD�GH�������)LJXUD����HQ�HO�VSDQ�GH�
�����H[LVWH�XQ�ÀXMR�DSHJDGR�D�OD�GLUHFFLyQ�GH�GLVHxR��VLQ�HPEDUJR��SDUD�
HO�VSDQ�GH�����\������H[LVWH�OD�IRUPDFLyQ�GH�XQD�UHFLUFXODFLyQ�HQ�HO�ODGR�
VXFFLyQ�GH�iODEH�TXH�DXPHQWD�FRQIRUPH�HO�VSDQ�FUHFH�
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)LJXUD���/tQHDV�GH�FRUULHQWH�SDUD�XQ�iQJXOR�GH�HQWUDGD�GH������HQ�VSDQ�
����������\������UHVSHFWLYDPHQWH�

3DUD�HO�FDVR�GH�XQ�iQJXOR�GH�HQWUDGD�GH�������)LJXUD����HQ�HO�VSDQ�GH�
�����H[LVWH�XQD�SHTXHxD�UHFLUFXODFLyQ�HQ�HO�ODGR�VXFFLyQ�GHO�iODEH��3DUD�HO�
VSDQ�GH�����HVWD�UHFLUFXODFLyQ�HQ�HO�ODGR�VXFFLyQ�VH�SUHVHQWD�HQ�XQD�SRVL-
FLyQ�PHULGLRQDO�PD\RU��\�HQ�OD�FHUFDQtD�GHO�ERUGH�GH�HQWUDGD��VH�REVHUYD�OD�
IRUPDFLyQ�GH�XQD�UHFLUFXODFLyQ�HQ�HO�ODGR�SUHVLyQ�GHO�iODEH��<D�HQ�HO�VSDQ�
GH������ODV�UHFLUFXODFLRQHV�GHO�VSDQ�����VH�YHQ�LQFUHPHQWDGDV��DIHFWDQGR�
HQ�JUDQ�PHGLGD�OD�GLUHFFLyQ�GHO�ÀXMR�D�OD�VDOLGD�GHO�URWRU�

)LJXUD����/tQHDV�GH�FRUULHQWH�SDUD�XQ�iQJXOR�GH�HQWUDGD�GH������HQ�VSDQ�
����������\������UHVSHFWLYDPHQWH�

3DUD�HO�FDVR�GH�XQ�iQJXOR�GH�HQWUDGD�GH� ����� �)LJXUD����HQ�HO� VSDQ�
GH������VH�REVHUYDQ�UHFLUFXODFLRQHV�HQ�HO�ODGR�SUHVLyQ�\�VXFFLyQ�GHO�iOD-
EH�FHUFD�GHO�ERUGH�GH�HQWUDGD��(Q�HO�VSDQ�GH�����HVWDV�UHFLUFXODFLRQHV�VH�
PDQWLHQHQ� HQ�SRVLFLyQ�\�PDJQLWXG�� SHUPLWLHQGR�TXH� HO�ÀXMR� UHWRPH� OD�
GLUHFFLyQ�GH�GLVHxR�SDUD�HO�ERUGH�GH�VDOLGD��6LQ�HPEDUJR��SDUD�HO�VSDQ�
GH������ODV�UHFLUFXODFLRQHV�DXPHQWDQ�HQ�PDJQLWXG�\�DGHPiV�DSDUHFH�XQD�
WHUFHUD�UHFLUFXODFLyQ�FHUFD�GHO�ERUGH�GH�VDOLGD��DIHFWDQGR�SULQFLSDOPHQWH�
DO�ODGR�VXFFLyQ�GHO�iODEH�
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)LJXUD����/tQHDV�GH�FRUULHQWH�SDUD�XQ�iQJXOR�GH�HQWUDGD�GH������HQ�VSDQ�
����������\������UHVSHFWLYDPHQWH�

3DUD�HO�FDVR�GH�XQ�iQJXOR�GH�������)LJXUD����VH�REVHUYD�SDUD�HO�VSDQ�GH�
�����XQD�UHFLUFXODFLyQ�HQ�HO�ERUGH�GH�HQWUDGD��HO�FXDO�DIHFWD�DO�ÀXMR�D�OR�
ODUJR�GH�WRGR�HO�ODGR�SUHVLyQ�GHO�iODEH��(Q�HO�VSDQ�GH�����HVWD�UHFLUFXODFLyQ�
VLJXH�SUHVHQWH��FRQ�PHQRU�DIHFWDFLyQ�HQ�HO�GHVDUUROOR�GHO�ÀXMR��VLQ�HPEDU-
JR��H[LVWH�XQD�UHFLUFXODFLyQ�HQ�HO�ODGR�VXFFLyQ�HQ�XQD�SRVLFLyQ�PHULGLRQDO�
GH������)LQDOPHQWH��SDUD�HO�VSDQ�GH������ODV�UHFLUFXODFLRQHV�DXPHQWDQ�HQ�
ODV�PLVPDV�SRVLFLRQHV�DIHFWDQGR�DO�ÀXMR�D�OR�ODUJR�GH�OD�SRVLFLyQ�PHULGLR-
QDO�WDQWR�SDUD�HO�ODGR�VXFFLyQ�FRPR�SDUD�HO�ODGR�SUHVLyQ�

Conclusión

'H�DQiOLVLV�UHDOL]DGR�HQ�HVWH�WUDEDMR�VH�REVHUYD�OD�LQÀXHQFLD�GH�OD�YH-
ORFLGDG�HVSHFt¿FD�Ns�HQ�OD�GLUHFFLyQ�GHO�ÀXMR�HQ�HO�PDUFR�GH�UHIHUHQFLD�
DEVROXWR�SDUD�XQD�GLUHFFLyQ� UHODWLYD�� VLHQGR�pVWD�GH� LPSRUWDQFLD�SRU� OD�
FRQ¿JXUDFLyQ�JHRPpWULFD�GHO�HVWDWRU��$GHPiV��OD�YHORFLGDG�UHODWLYD�WLHQH�
XQ�LPSDFWR�LPSRUWDQWH�HQ�OD�GLQiPLFD�GHO�ÀXMR�GXUDQWH�OD�RSHUDFLyQ�GHO�
URWRU�GH�WXUELQD�UDGLDO��

6H�REVHUYD�TXH��SDUD�ORV�FDVRV�DQDOL]DGRV��OD�GLUHFFLyQ�GH������SUHVHQ-
WD�HO�PHMRU�GHVHPSHxR�GHO�ÀXMR��PDQWHQLHQGR�HO�ÀXMR�FRQ�PD\RU�DSHJR�D�
OD�GLUHFFLyQ�LPSXHVWD�SRU�HO�iODEH��(VWR�FRQVLGHUDQGR�TXH�SDUD�WRGRV�ORV�
FDVRV�HVWXGLDGRV��HQ�OD�FHUFDQtD�GH�OD�SXQWD�GHO�iODEH��VSDQ�FHUFDQR�D����
H[LVWH�OD�IRUPDFLyQ�GH�XQD�UHFLUFXODFLyQ�HQ�HO�ODGR�VXFFLyQ�GHO�iODEH��OD�
FXDO�GHEH�HVWDU�DVRFLDGD�D�OD�JHRPHWUtD�GHO�SHU¿O�PHULGLRQDO�FRUUHVSRQ-
GLHQWH�DO�VSDQ�GH���

&RPR�UHFRPHQGDFLyQ�VH�SURSRQH�UHDOL]DU�DQiOLVLV�FRQ�GLIHUHQWHV�FRQ-
¿JXUDFLRQHV�GH�SHU¿O�PHULGLRQDO�WDQWR�HQ�OD�UDt]�FRPR�HQ�OD�SXQWD��$GH-
PiV�GH�YDOLGDU�OR�UHVXOWDGRV�QXPpULFRV�FRQ�PRGHORV�H[SHULPHQWDOHV�

(O�GHVDUUROOR�GH�WXUELQDV�H¿FLHQWHV�SDUD�HVWH�WLSR�GH�DSOLFDFLRQHV�HV�GH�
VXPD� LPSRUWDQFLD�SDUD� OD� LPSOHPHQWDFLyQ�GH� WHFQRORJtDV�TXH�SHUPLWDQ�
DSURYHFKDU�ODV�IXHQWHV�FRQ�EDMR�FRQWHQLGR�HQHUJpWLFR��TXH�GH�RWUD�PDQHUD�
VRQ�FRQVLGHUDGDV�FRPR�FDORU�GH�GHVHFKR�

Símbolos

K� HQWDOStD� � � �N-�NJ�������� � �
             

ȡ� GHQVLGDG� � � �NJ�P3�
      
Ȧ� YHORFLGDG�DQJXODU� � �UDG�V�� � � �

     
3� SUHVLyQ� � � �EDU�
      
1V� YHORFLGDG�HVSHFt¿FD�� �P�V�� � � �

       
8� YHORFLGDG�GHO�iODEH� � �P�V�� � � �

       
&ș� YHORFLGDG�WDQJHQFLDO� �P�V�
      
Į� iQJXOR�DEVROXWR� � ���� � � �

    
ȕ� iQJXOR�UHODWLYR� � ���� � � �

       
E� DOWXUD�GHO�iODEH� � �PP�

W� HVSHVRU�GHO�iODEH� � �PP�� � � �
  

1R� Q~PHUR�GH�iODEHV� � ���� � � �
        
    



R e v i s t a  C i e n t í f i c a 69

Bibliografía 

+ Baskharone, Erian (2006). Principles of Turbomachinery 
in Air-Breathing Engines. Estados Unidos de América: Cambrid-
ge University Press. ISBN # 139780521858106.

+ Schobeiri, M. (2005). Turbomachinery Flow Physics 
and Dynamic Performance. Alemania: Springer. ISBN # 
3540223681.

+ Aungier, Ronald H. (2005). Turbine Aerodynamics. Estados 
Unidos de América: ASME Press. ISBN # 0791802418.

+ Dixon, S. L. y Hall, C. A. (2010). Fluid Mechanics and 
Thermodynamics of Turbomachinery. Estados Unidos de Améri-
ca: Elsevier. ISBN # 978185617793-1.

+ Pini, M.; y De Servi, C.; Burigana, M.; Bahamonde, S.; 
Rubino, A.; Vitale, S. y Colonna, P. (2017). Fluid-dynamic design 
and characterization of a mini-ORC turbinefor laboratory expe-
riments. Energy Procedia, 129, 1141-1148. ISSN # 8766102.

+ Meroni, Andrea; Robertson, Miles; Martinez-Botas, Ricar-
do y Haglind, Fredrik (2018). A methodology for the preliminary 
design and performance prediction of high-pressure ratio ra-
GLDO�LQÀRZ�WXUELQHV��(QHUJ\������������������,661�������������

+ Li, Yan y Ren, Xiao-dong (2016). Investigation of the or-
JDQLF�5DQNLQH�F\FOH��25&��V\VWHP�DQG�WKH�UDGLDO�LQÀRZ�WXUELQH�
design. Applied Thermal Engineering, 96, 541-554. ISSN # 1359-
4311.

+ Kim, Yeop-Do y Kim, You-Taek (2017). Preliminary design 
DQDO\VLV�RI�D�UDGLDO�LQÀRZ�WXUELQH�IRU�RUJDQLF�5DQNLQH�F\FOHV��
Applied Thermal Engineering, 120, 549-559. ISSN # 1359-4311.

+ Saueret, Emile y Gu, Yuantong (2014). Three-dimensional 
off design numerical analysis of an organic Rankine cycle ra-
GLDO�LQÀRZ�WXUELQH��$SSOLHG�(QHUJ\����������������,661��������
2619.

+ Fiaschi, D.; Manfrida, G. y Maraschiello, F. (2012). Ther-
PR�ÀXLG�G\QDPLFV�SUHOLPLQDU\�GHVLJQ�RI�WXUER�H[SDQGHUV�IRU�
ORC cycles. Applied Energy, 97, 601-608, ISSN # 0306-2619.

+ Lv, G.; Yang, J.; Shao, W. y Wang, X. (2018). Aerodynamic 
GHVLJQ�RSWLPL]DWLRQ�RI�UDGLDO�LQÀRZ�WXUELQH�LQ�VXSHUFULWLFDO�&2��
cycles using a one-dimensional model. Energy Conversion and 
Management, 165, 827-839, ISSN # 0196-8904.

+ Bajle, O.E. (1981). Turbomachines: A Guide to Design Se-
lection and Theory, John Wiley and Sons. 


