
0LFKHOH�0RVVD��'LIIXVLRQH�GL�XQ�JHWWR�LQ�XQ�FDPSR�GL�OLTXLGR�LQ�TXLHWH�R�LQ�PRWR�RQGRVR�� &DS�����

��

�� *(77,� ,17(5$*(17,� &21� 81� &$032� ',� 0272� 81,)250(� (�
75$69(56$/(�$/�/252�$66(��

1HL SDUDJUDIL�SUHFHGHQWL�VL�VRQR�DQDOL]]DWL�L�JHWWL�LPPHVVL�LQ�XQ�FDPSR�GL�OLTXLGR�LQ�
TXLHWH� R� LQ�PRWR� XQLIRUPH� VHFRQGR� OD� GLUH]LRQH� GHOO
DVVH� GHO� JHWWR� VWHVVR��1HO� VHJXLWR� VL�
WUDWWHUj� GL� XQ�JHWWR� LQWHUDJHQWH� FRQ�XQ�FDPSR�GL�PRWR�XQLIRUPH�FRQ�GLUH]LRQH� WUDVYHUVDOH�
DOO
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,Q�TXHVWH� FRQGL]LRQL� LO� JHWWR� VXELVFH�XQD� IOHVVLRQH�YHUVR� OD�GLUH]LRQH�GHO�FDPSR�GL�
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/D� SULPD� HTXD]LRQH� HVSULPH��PDWHPDWLFDPHQWH�� O
LSRWHVL� GHOOD� FRQVHUYD]LRQH� GHOOD�
TXDQWLWj�GL�PRWR�GHO�JHWWR�LQ�GLUH]LRQH�SHUSHQGLFRODUH�DO�FDPSR�GL�PRWR�GHO�IOXLGR�HVWHUQR��
6L RVVHUYD�FKH�β q XQ�FRHIILFLHQWH�LQWURGRWWR�SHU�WHQHU�FRQWR�GHOOD�QRQ�XQLIRUPLWj�GHL�YDORUL�
GL YHORFLWj�LQ�XQD�GDWD�VH]LRQH��PHQWUH�θ\ q O
DQJROR�FKH�O
DVVH�GHO�JHWWR�IRUPD�FRQ�O
DVVH�\��

/D�VHFRQGD�HTXD]LRQH�HVSULPH��PDWHPDWLFDPHQWH��O
LSRWHVL�VHFRQGR�FXL�OD�TXDQWLWj�GL�
PRWR LQ�GLUH]LRQH�GHO�FDPSR�GL�PRWR�GHO�IOXLGR�HVWHUQR�DXPHQWD�LQ�IXQ]LRQH�GHOOD�TXDQWLWj�
GL PRWR�GHO�IOXLGR�GL�LQWUXVLRQH��HQWUDLQPHQW�IOXLG���&RQ�F�VL�q�LQGLFDWD�OD�FLUFRQIHUHQ]D�GHO�
JHWWR LQIOHVVR�H�YH q OD�YHORFLWj�GL�LQWUXVLRQH��QRUPDOH�DOO
DVVH�GHO�JHWWR��

/D WHU]D�HTXD]LRQH�VWDELOLVFH�FKH�O
DXPHQWR�GHOOD�SRUWDWD�PDVVLFD�GHO�JHWWR�q�OHJDWD�DO�
SURFHVVR�GL�LQWUXVLRQH��

,O VLVWHPD�GL�TXHVWH�WUH�HTXD]LRQL�SRUWD�DO�VHJXHQWH�ULVXOWDWR�

m y
1

yu = / +
U

Λ Λ
cos sinθ β θ









FRQ�

Λ = U / 1- U
U

0 y0
0

1
y0cos sinθ β θ









HVVHQGR�θ\��LO�YDORUH�GL�θ\ LQ�FRUULVSRQGHQ]D�GHOO
RULIL]LR��
8WLOL]]DQGR� OH� SUHFHGHQWL� HTXD]LRQL� H� IDFHQGR� ULIHULPHQWR� DOOH� ORUR� HVSHULHQ]H��

3ODWWHQ�H�.HIIHU��������RWWHQQHUR�OD�VHJXHQWH�HTXD]LRQH�GLIIHUHQ]LDOH�
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d

dx
= U

U

v

1/ 4 d

1
1+

U

y 1

0

e
3 / 2

y

1/ 22
y0

1
y

θ σ θ

π θ βΛ
β

θ
cos

cos
tanΛ











0LFKHOH�0RVVD��'LIIXVLRQH�GL�XQ�JHWWR�LQ�XQ�FDPSR�GL�OLTXLGR�LQ�TXLHWH�R�LQ�PRWR�RQGRVR�� &DS�����

��

3HU�OD�VROX]LRQH�GHOOD�SUHFHGHQWH�HTXD]LRQH��3ODWWHQ�H�.HIIHU�IHFHUR�OD�VHJXHQWH�LSRWHVL�

( ) ( )e e m 1 y e 1 y y0v = u - U + U -α θ α θ θsin sin sin
 

DYHQGR�LQGLFDWR�FRQ�αH H BBH GXH�GLYHUVL�FRHIILFLHQWL�GL�LQWUXVLRQH��HQWUDLQPHQW�FRHIILFLHQWV��

)LJ�����������$QGDPHQWR�GHL�FRHIILFLHQWL�GL�LQWUXVLRQH�SHU�XQ�JHWWR�WXUEROHQWR�FLUFRODUH�LPPHVVR�LQ�XQ�FDPSR�GL�OLTXLGR�WUDVYHUVDOH�DO�VXR�DVVH� 

6L� SXz� DVVXPHUH� FKH�αH VLD�� JURVVR�PRGR�� OR� VWHVVR�FRHIILFLHQWH�GL� LQWUXVLRQH�XVDWR�SHU� L�
JHWWL�FLUFRODUL�LQ�DFTXD�IHUPD��PHQWUH�αe LQJORED�JOL�HIIHWWL�GL�FXUYDWXUD�GHO�JHWWR��'DOOH�ILJ��
�������� VL� HYLQFH� FKH� L� YDORUL� GL� αe H αe SUHVHQWDQR� XQD� FHUWD� GLVSHUVLRQH�� 7XWWDYLD� q�
LPSRUWDQWH�HYLGHQ]LDUH�FKH�O
LQWUXVLRQH��SHU�L�JHWWL�LPPHVVL�LQ�XQ�FDPSR�GL�IOXLGR�LQ�PRWR�LQ�
GLUH]LRQH�WUDVYHUVDOH�DO�ORUR�DVVH��q�PDJJLRUH�GL�XQ�RUGLQH�GL�JUDQGH]]D�ULVSHWWR�DO�FDVR�GHL�
JHWWL�LQ�DFTXD�IHUPD��

4XHVWD�FRQFOXVLRQH�q�GL�IRQGDPHQWDOH�LPSRUWDQ]D�DO�ILQH�GHOOD�GLIIXVLRQH�GHO�JHWWR��


