
1

Progetto FOAMSPEX: nuovo approccio per il dimensionamento
di sistemi di spegnimento a schiuma.
0��'HPLFKHODA�H�$��/DQFLD�

A�3ROLWHFQLFR�GL�7RULQR����'LSDUWLPHQWR�6FLHQ]D�GHL�0DWHULDOL�H�,QJHJQHULD�&KLPLFD
&�VR�'XFD�GHJOL�$EUX]]L�����²�������725,12
m.demichela@polito.it

��7�5�,��VUO
9LDOH�(XURSD�������������6FDQ]RURVFLDWH��%*�
antonio.lancia@tri.it

Riassunto
/R� VFRSR� GHO� SURJHWWR� )2$063(;� �)2DP� $SSOLFDWLRQ� 0RGHOOLQJ� RI� IRDP
63UHDG� DQG� (;WLQJXLVKPHQW�� q� DUULYDUH� D� XQD� PLJOLRUH� FRPSUHQVLRQH� GHL
PHFFDQLVPL� GL� HVWLQ]LRQH� H� GHL� OLPLWL� GL� XWLOL]]R� GHOOH� VFKLXPH� HVWLQJXHQWL�
LQWHJUDQGR�ODYRUL�WHRULFL�H�VSHULPHQWDOL�LQ�XQ�PRGHOOR�LQJHJQHULVWLFR�SHU�SUHGLUH
OR� VSDQGLPHQWR� GHOOD� VFKLXPD� LQ� FDVR� GL� LQFHQGL� GL� LGURFDUEXUL� GL� YDVWH
SURSRU]LRQL�
6L� SUHVHQWDQR� L� SULPL� ULVXOWDWL� GHOOD� VSHULPHQWD]LRQH� DQFRUD� LQ� FRUVR�� ,Q
SDUWLFRODUH� VL� ULIHULVFH� VXOOD� FDUDWWHUL]]D]LRQH� GHL� JHWWL� GL� VFKLXPD�� WHQHQGR
FRQWR�GHOO·HIIHWWR�DVFHQVLRQDOH�GRYXWR�DO�FDORUH�VYLOXSSDWR�GD�XQ�LQFHQGLR�

1. Introduzione
&RQ�LO�SURJHWWR�)2$063(;��)2DP�$SSOLFDWLRQ�0RGHOOLQJ�RI�IRDP�63UHDG�DQG
(;WLQJXLVKPHQW�� VL� LQWHQGRQR� IRUQLUH� GDWL� VSHULPHQWDOL� H� VYLOXSSDUH� PRGHOOL
SHU� LO� FRUUHWWR� GLPHQVLRQDPHQWR� GHL� VLVWHPL� GL� VSHJQLPHQWR� D� VFKLXPD� SHU� L
VHUEDWRL� GL� FRPEXVWLELOL� OLTXLGL� GL� JUDQGL� GLPHQVLRQL�� 'LIDWWL� VL� ULWLHQH� FKH� OD
FRPEXVWLRQH� GHOO·LQWHUR� FRQWHQXWR� GHO� VHUEDWRLR�� WHQHQGR� O·LQFHQGLR� VRWWR
FRQWUROOR�DO�ILQH�GL�HYLWDUH�HIIHWWL�GRPLQR��QRQ�VLD�XQ·DOWHUQDWLYD�DFFHWWDELOH�VLD
GDO�SXQWR�GL�YLVWD�GHOOD�VLFXUH]]D��FKH�GDO�SXQWR�GL�YLVWD�DPELHQWDOH�

/D�FDSDFLWj�GL�VWLPDUH�LO�WHPSR�GL�FRSHUWXUD�GL�XQD�VFKLXPD�R�GL�ULYHODUH
O·LQFDSDFLWj�GL�FRSULUH�XQD�FHUWD�DUHD�GL�FRPEXVWLELOH�LQFHQGLDWR�q�GL�LPSRUWDQ]D
IRQGDPHQWDOH� SHU� GHFLGHUH� TXDOH� WDWWLFD� DGRWWDUH� SHU� LO� VXR� VSHJQLPHQWR�
4XLQGL�� VXOOD� EDVH� GHL� ULVXOWDWL� GHOOH� SURYH� VSHULPHQWDOL� FRQGRWWH�� VDUj
VYLOXSSDWR�XQ�PRGHOOR�PDWHPDWLFR�SHU�SUHGLUH� OR� VSDQGLPHQWR�GHOOD� VFKLXPD
GXUDQWH�O·LQFHQGLR�

,O�ILQH�q�TXHOOR�GL�RWWHQHUH�XQ�PRGHOOR�FKH�SRVVD�HVVHUH�GL�XWLOLWj�SUDWLFD
QHL�FDVL� UHDOL�H� VLD�TXLQGL� LQ�JUDGR�GL�SUHYHGHUH��SHU�XQD�GHILQLWD� WLSRORJLD�GL
VFKLXPD�� OH� VXH�PRGDOLWj�GL� VSDQGLPHQWR�H� L� OLPLWL�GL�XWLOL]]R�D� VHFRQGD�GHOOD
QDWXUD�GHO�FRPEXVWLELOH�

1HOO·DPELWR�GHO�SURJHWWR�VRQR�VWDWL�VWXGLDWL�H�XWLOL]]DWL�PHWRGL�GL�PLVXUD
SHU�HIIHWWXDUH�SURYH�LQ�FDPSR�VX�VFDOD�UHDOH�SHU�FDUDWWHUL]]DUH�L�JHWWL�GL�VFKLXPD
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SURGRWWL�GDL�PRQLWRU��VLD�GXUDQWH�LO�ODQFLR��FKH�LQ�IDVH�GL�FDGXWD�VXO�FRPEXVWLELOH
LQFHQGLDWR��WHQHQGR�FRQWR�FKH�GXUDQWH�O·DWWUDYHUVDPHQWR�GHL�JDV�FDOGL� LO� IOXVVR
GL�VFKLXPD�q�LQIOXHQ]DWR�GDO�WUDVFLQDPHQWR�H�GDOO·HYDSRUD]LRQH�>�@�

,Q�SDUWLFRODUH��LQ�TXHVWR�DUWLFROR�VL�SUHVHQWDQR�OD�IDVH�GL�SURJHWWD]LRQH�H
OD� VSHULPHQWD]LRQH� FRQGRWWD� QHOO·DSSDUHFFKLDWXUD�PHVVD� D� SXQWR� SHU� YDOXWDUH
O·LQWHUD]LRQH�GHL�ILRFFKL�GL�VFKLXPD�FRQ�L�IXPL�FDOGL�

$WWXDOPHQWH� q� LQ� DWWR� OD� IDVH� GL� VYLOXSSR� GHO� VRIWZDUH� GHGLFDWR
DOO·HODERUD]LRQH� GHL� GDWL� UDFFROWL� FKH� SHUPHWWHUj� GL� YDOXWDUH� O·HIIHWWR
GHOO·LQWHUD]LRQH�WUD�L�ILRFFKL�H�L�IXPL�FDOGL��LQ�IXQ]LRQH�GHOOD�WLSRORJLD�GL�VFKLXPD
LPSLHJDWD�H�GHOOH�GLPHQVLRQL�GHL�ILRFFKL�VWHVVL�

2. Il progetto dell’apparato sperimentale
/·DSSDUHFFKLDWXUD�q�VWDWD�SURJHWWDWD�SHU�PLVXUDUH�O·HIIHWWR�GL�WUDVFLQDPHQWR�GHL
JDV� FDOGL� JHQHUDWL� GXUDQWH� O·LQFHQGLR� VXL� ILRFFKL� GL� VFKLXPD� FKH� FDGRQR� VXO
FRPEXVWLELOH�LQFHQGLDWR�LQ�WHUPLQL�GL�VFDPELR�GL�PDWHULD��HQHUJLD�H�TXDQWLWj�GL
PRWR�

,� ILRFFKL��GXUDQWH� O·DYYLFLQDPHQWR�DO� FRPEXVWLELOH� LQFHQGLDWR��YLDJJLDQR
DWWUDYHUVR� XQ� IOXVVR� PROWR� WXUEROHQWR�� RYH� WHPSHUDWXUH� H� YHORFLWj� GHL� JDV�
QRQFKp� O·LUUDJJLDPHQWR� YDULDQR� PROWR� QHO� WHPSR� H� QHOOR� VSD]LR�� 6L� WUDWWD
HYLGHQWHPHQWH�GL�XQD�VLWXD]LRQH�PROWR�FRPSOHVVD�GD�PRGHOOL]]DUH��SHU�FXL�VL�q
VWDELOLWR� GL� SUHGLVSRUUH� XQ·DSSDUHFFKLDWXUD� LQ� JUDGR� GL� UHDOL]]DUH� GHOOH
FRQGL]LRQL� GL� SURYD� VWD]LRQDULH�� ,Q� SDUWLFRODUH� OD� VSHULPHQWD]LRQH� q� VWDWD
FRQFHSLWD�DO� ILQH�GL�HIIHWWXDUH�OH�PLVXUH�VX�ILRFFKL�GL�VFKLXPD�LQ�FDGXWD�OLEHUD�
FRQ�PRWR�ODWHUDOH�WUDVFXUDELOH��LQ�FRQWURFRUUHQWH�D�XQ�IOXVVR�GL�JDV�FDOGL�

3HU� UHDOL]]DUH� TXDQWR� VRSUD�� OD� OXQJKH]]D� GHOOD� ]RQD� GL� LQWHUD]LRQH�
RYYHUR�O·DOWH]]D�GHO�WXER�GL�PLVXUD��q�VWDWD�GHWHUPLQDWD�ULVROYHQGR�O·HTXD]LRQH
GL�%HUQRXOOL�
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LQ� PRGR� GD� RWWHQHUH� O·DOWH]]D� PLQLPD� QHFHVVDULD� SHU� PDQWHQHUH� LO� IOXVVR
DVFHQGHQWH� GHL� IXPL� VHQ]D� ULFKLHGHUH� XQD� SUHVVXUL]]D]LRQH� LQWHUQD�� FRQ
SRVVLELOL� SUREOHPL� GL� FRQGX]LRQH� LQ� VLFXUH]]D� GHL� EUXFLDWRUL� QRQFKp� OD
IXRULXVFLWD� GL� JDV� FDOGL� DOOD� EDVH� GHOOD� WXED]LRQH� >�@�� 'DL� FDOFROL� HIIHWWXDWL
O·DOWH]]D�PLQLPD�q�ULVXOWDWD�GL���P�
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3HU�TXDQWR�ULJXDUGD�L�ILRFFKL��DO�ILQH�GL�DVVLFXUDUH�XQ�WHPSR�GL�UHVLGHQ]D
VLJQLILFDWLYR�DQFKH�SHU�TXHOOL�SL��JUDQGL�H�SL��SHVDQWL��VL�q�IDWWR�ULIHULPHQWR�DOOD
ORUR�YHORFLWj�GL�FDGXWD�OLEHUD�D�WHPSHUDWXUD�DPELHQWH�LQ�DULD�FDOPD�

,�ILRFFKL�FDGRQR�SHU�HIIHWWR�GL�XQD�IRU]D�GDWD�GDOOD�JUDYLWj�FRQWUDVWDWD�GDO
WUDVFLQDPHQWR�GHL�JDV�FDOGL�
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,� FDOFROL� KDQQR�PRVWUDWR� FRPH� FRQ�XQD� YHORFLWj� GHL� JDV� FDOGL� GL� ������P�V� VL
RWWHQJD� XQ� WHPSR� GL� SHUPDQHQ]D� QHOOD� ]RQD� GL� LQWHUD]LRQH� VXIILFLHQWH� DOOD
YDOXWD]LRQH�VSHULPHQWDOH�GHOOR�VFDPELR�GL�TXDQWLWj�GL�PRWR�DQFKH�SHU�L�ILRFFKL
SL��JUDQGL�

3. L’apparato sperimentale
/·DSSDUDWR�q�FRVWLWXLWR�HVVHQ]LDOPHQWH�GD�XQ�VLVWHPD�GL�JHQHUD]LRQH�GHL�ILRFFKL
GL�VFKLXPD��XQD�]RQD�GL�PLVXUD��XQD�XQLWj�SHU�OD�SURGX]LRQH�GL�JDV�FDOGL�SL��OD
VWUXPHQWD]LRQH�H�LO�VLVWHPD�GL�DFTXLVL]LRQH�GDWL��)LJ�����

,O� VLVWHPD� GL� JHQHUD]LRQH� GHL� ILRFFKL� GL� VFKLXPD� q� VWDWR� SURJHWWDWR
WHQHQGR� FRQWR� FKH� TXHVWL� GHYRQR� SURYHQLUH� GD� XQD� VFKLXPD� ´IUHVFDµ� H� QRQ
SUHIRUPDWD�� TXLQGL� SL�� R� PHQR� GUHQDWD�� GHYRQR� HVVHUH� GL� GLPHQVLRQL
FRQWUROODELOL� H� FDGHUH� FRQ� XQD� IUHTXHQ]D� GL� ���� ILRFFKL� DO� VHFRQGR�� /H
FDUDWWHULVWLFKH�GHOOD�VFKLXPD�GHYRQR�HVVHUH��RYYLDPHQWH��ULSURGXFLELOL�

3HU� UHDOL]]DUH� OH� FRQGL]LRQL�GL� FXL� VRSUD�� OD� VFKLXPD� q�SURGRWWD�GD�XQD
ODQFLD�81,����5�H�GHYLDWD�QHO�WXER�GL�PLVXUD�PHGLDQWH�XQ�JLXQWR�D�7��)LJ����LQ
PRGR�GD�SUHOHYDUQH�XQ�ILOR�FRQWLQXR�FKH�VSH]]DQGRVL� �EUHDN�XS��JHQHUL�VLQJROL
ILRFFKL�� 3RLFKp� LO� EUHDN�XS� VSRQWDQHR� GHOOH� JRFFH� QRQ� HUD� FRQWUROODELOH�� q� VWDWR
UHDOL]]DWR�XQ�HURJDWRUH�D�XJHOOL�LQWHUFDPELDELOL��GLDPHWUL�GD���D���PP��
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Figura 1: Schema dell’apparato sperimentale per lo studio dell’interazione fra i
fiocchi di schiuma e i gas caldi.

,QROWUH��SRLFKp� OD� VFKLXPD� WHQGH�DG�DGHULUH�DOOD� VXSHUILFLH� HVWHUQD�GHJOL
XJHOOL�DOWHUDQGR�LO�GLDPHWUR�GHO�ILRFFR��q�VWDWD�LQVWDOODWD�XQD�YDOYROD�D�VROHQRLGH
FKH�VRIILDVVH� LPSXOVL�GL� DULD� FRPSUHVVD�D�SRFKL�PLOOLPHWUL�GDO� IRUR�GHOO·XJHOOR
SHU�IDYRULUH�LO�GLVWDFFR�GHO�ILRFFR�VWHVVR�

/·LQWHUD]LRQH�WUD�L�ILRFFKL�H�L�JDV�FDOGL�DYYLHQH�LQ�XQ�WXER�PHWDOOLFR�LVRODWR
WHUPLFDPHQWH� DOWR� �� P� H� GL� ���� P� GL� GLDPHWUR�� FRQ� DSHUWXUH� RWWLFKH� SHU� WUH
VWD]LRQL�GL�PLVXUD�SRVL]LRQDWH�YLFLQR�DOOD�FLPD��D�PH]]D�DOWH]]D�H�DOOD�EDVH�GHO
WXER� VWHVVR�� $OOD� EDVH� GL� TXHVWR� q� LQVHULWR� XQ� EUXFLDWRUH� D� SURSDQR�� FRQ� XQD
VRIILDQWH�SHU�O·DULD�D�IOXVVR�YDULDELOH�
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Figura 2: Sezione di alimentazione dei fiocchi di schiuma al tubo di misura.

3RFR�VRWWR�O·XOWLPD�VWD]LRQH�GL�PLVXUD�q�LQVWDOODWR�FRDVVLDOPHQWH�XQ�WXER
GD�����P�GL�GLDPHWUR��DQFK·HVVR�LVRODWR�WHUPLFDPHQWH��FKH�SHUPHWWH� OD�UDFFROWD
GHL�ILRFFKL�SHU�PLVXUDUQH�OD�WHPSHUDWXUD�H�LO�SHVR�

&LDVFXQ�VLVWHPD�GL�PLVXUD�FRQVLVWH�GL�GXH�YLGHRFDPHUH�RUWRJRQDOL�GRWDWH
GL� XQ� VLVWHPD� VWURERVFRSLFR� �IODVK� VLQFURQL� D]LRQDWL� GXH� YROWH� SHU� RJQL
IRWRJUDPPD�UHJLVWUDWR��

2JQL� JUXSSR� GL�PLVXUD� q� FROOHJDWR� D� XQ� FRPSXWHU� SHU� O·DFTXLVL]LRQH� H
UHJLVWUD]LRQH��FKH�UHJLVWUD�OH�LPPDJLQL�GHOOH�GXH�YLGHRFDPHUH�D�XQD�YHORFLWj�GL
���IRWRJUDPPL�DO�VHFRQGR��,� WUH�JUXSSL�VRQR�D� ORUR�YROWD�FROOHJDWL�D�XQ�TXDUWR
FRPSXWHU� GL� VLQFURQL]]D]LRQH� H� VXSHUYLVLRQH�� FKH� FRQWUROOD� O·DWWLYD]LRQH� GHL
IODVK��OD�ORUR�IUHTXHQ]D�H�OD�PLVXUD]LRQH�GL�WHPSHUDWXUD�GHOOD�VFKLXPD�

,�VLVWHPL�GL�PLVXUD�VRQR�VWDWL�FDOLEUDWL��HIIHWWXDQGR�XQD�FDUDWWHUL]]D]LRQH
GHWWDJOLDWD�GHO�SURILOR�GHO�IOXVVR�LQ�GLYHUVH�FRQGL]LRQL�GL�WHPSHUDWXUD�H�YHORFLWj
GHL�JDV�FDOGL��'XUDQWH�OD�FDOLEUD]LRQH�q�VWDWD�ULOHYDWD�XQD�EXRQD�ULSHWLELOLWj�WUD�L
WHVW�H�OH�SHUGLWH�GL�FDULFR�OXQJR�LO�WXER�VRQR�ULVXOWDWH�DEEDVWDQ]D�EDVVH�

,Q�)LJ����q�ULSRUWDWR�LO�GLDJUDPPD�WHPSHUDWXUD�WHPSR�SHU�XQR�GHL�WHVW�GL
FDOLEUD]LRQH� �&RQGL]LRQL� RSHUDWLYH�� SRWHQ]D� HPHVVD� ���� .:�� SRUWDWD� GL
YHQWLOD]LRQH� ���� P��K��� ,Q� )LJ�� �� q� SUHVHQWDWD� OD� FRUULVSRQGHQWH� PLVXUD� GL
YHORFLWj� GHL� JDV�� HIIHWWXDWD�PHGLDQWH� XQ� WXER� GL� 3LWRW� GD� ��PP�PXRYHQGR� OD
VRQGD�GL���FP�RJQL�PLQXWR� OXQJR� LO�GLDPHWUR�SULQFLSDOH�GHO� WXER��'DO�JUDILFR
ULVXOWD�HYLGHQWH�XQ·HOHYDWD�WXUEROHQ]D��FDUDWWHULVWLFD�SHUDOWUR�GHL� IXPL�SURGRWWL
GXUDQWH�XQ�LQFHQGLR�

1HOOD� 7DE�� �� VRQR� LQGLFDWL� JOL� LQWHUYDOOL� GL� WHPSHUDWXUD� H� YHORFLWj� GL
ULIHULPHQWR�RWWHQXWL�GXUDQWH�OD�FDOLEUD]LRQH�SHU�OH�GLYHUVH�FRQGL]LRQL�RSHUDWLYH�

Aria
compressa

Aria
compressa

Scarico
eccesso di
schiuma

Ugello
intercambiabile

Soluzione
schiumogena

LANCIA UNI-86-R

100 mm
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Figura 3: Misure di temperatura dei gas in corrispondenza delle 3 stazioni di misura.
(Condizioni operative: potenza emessa 200 KW, portata di ventilazione 240
m3/h )

Figura 4: Misura della velocità dei gas. (Condizioni operative: potenza emessa 200
KW, portata di ventilazione 240 m3/h ).

4. Risultati
/·DSSDUDWR� VSHULPHQWDOH� q� VWDWR� LQVWDOODWR� SUHVVR� L� ODERUDWRUL� GHO� FHQWUR� GL
ULFHUFD�´63��6ZHGLVK�1DWLRQDO�7HVWLQJ�DQG�5HVHDUFK�,QVWLWXWHµ��%RUDV��6YH]LD�

,�WHVW�VRQR�VWDWL�FRQGRWWL�VX�GXH�GLYHUVL�WLSL�GL�VFKLXPD��XQD�IOXLGD��$)))�
$5��H�XQD�FRPSDWWD��)3���FRQ�UDSSRUWL�GL�HVSDQVLRQH�GHOO·RUGLQH�GL�������FRPH
TXHOOL�XWLOL]]DWL�LQ�SUDWLFD�>�@��/D�GXUDWD�GL�RJQL�SURYD�q�VWDWD�GL�FLUFD����VHFRQGL�

/H�FRQGL]LRQL�GL�SRWHQ]D�WHUPLFD�H�SRUWDWD�GL�YHQWLOD]LRQH�DOOH�TXDOL�VRQR
VWDWH� FRQGRWWH� OH� SURYH� VRQR� LQGLFDWH� LQ� 7DEHOOD� �� DVVRFLDWH� DOOD� VLJOD
LGHQWLILFDWLYD�GHO�WHVW�GL�FDOLEUD]LRQH�GL�ULIHULPHQWR�

6L� QRWL� FRPH� GXUDQWH� OH� SURYH� QRQ� VLDQR� VWDWH� UDJJLXQWH� OH� FRQGL]LRQL
RSHUDWLYH�SL��FULWLFKH��SRWHQ]D�HPHVVD�����N:��SRUWDWD�GL�YHQWLOD]LRQH�����H����
P��K��� SHU� OH� TXDOL� HUD� LQYHFH� VWDWD� HIIHWWXDWD� OD� FDOLEUD]LRQH�� SRLFKp� OH
WHPSHUDWXUH� UDJJLXQWH� �GHOO·RUGLQH� GHL� ��������&�� VH� PDQWHQXWH� SHU� SL�� GL
TXDOFKH�PLQXWR�DYUHEEHUR�SRUWDWR�DO�FROODVVR�GHOO·DSSDUHFFKLDWXUD�
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Tabella 1: Condizioni operative dei test di calibrazione

6LJOD 3RWHQ]D
WHUPLFD
>N:@

3RUWDWD�GL
YHQWLOD]LRQH

>P��K@

6WD]LRQH
GL�PLVXUD

7HPSHUDWXUD
0DVVLPD

>�&@

,QWHUYDOOR�GL
YHORFLWj
>P�V@

OR������ ��� ��� $OWD ��� �����

PL������ ��� ��� 0HGLD ��� �������

XS������ ��� ��� %DVVD ��� �������

OR������ ��� ��� $OWD ��� �����

PL������ ��� ��� 0HGLD ��� �����

XS������ ��� ��� %DVVD ��� �������

OR������ ��� ��� $OWD ��� ���

PL������ ��� ��� 0HGLD ��� �����

XS������ ��� ��� %DVVD ��� �����

OR������ ��� ��� $OWD ��� ���

PL������ ��� ��� 0HGLD ��� �����

XS������ ��� ��� %DVVD ��� �����

OR������ ��� ��� $OWD ��� ���

PL������ ��� ��� 0HGLD ��� �����

XS������ ��� ��� %DVVD ��� ������

Tabella 2: Condizioni operative dei test.

7HVW
3RWHQ]D�WHUPLFD

>N:@

3RUWDWD�GL
YHQWLOD]LRQH

>P��K@

7HVW�GL�FDOLEUD]LRQH
GL�ULIHULPHQWR

��� � � ���

���� ��� ��� ���

����� ��� ��� ������

����� ��� ��� ������

����� ��� ��� ������
� 'XUDQWH� OD� FDOLEUD]LRQH� OH� FRQGL]LRQL� RSHUDWLYH� ���� N:�� ����P��K� QRQ

HUDQR�VWDWH�FRQVLGHUDWH�

,�7HVW�GD���D����VHQ]D�DOFXQ�IOXVVR�LQ�FRQWURFRUUHQWH��VRQR�VWDWL�HIIHWWXDWL
SHU�YHULILFDUH�OH�DVVXQ]LRQL�IDWWH�GXUDQWH�LO�GLPHQVLRQDPHQWR�

/H�PLVXUH�VRQR�VWDWH�FRQGRWWH�FRQ�VXFFHVVR�H�SHU�WXWWL�L�WHVW�HIIHWWXDWL�VRQR
VWDWH� UHJLVWUDWH� OH� LPPDJLQL� GHL� ILRFFKL�� FRQ� OD� SRVVLELOLWj� GL� GHWHUPLQDUQH
YHORFLWj�H�GLPHQVLRQH��QRQFKp�OH�WHPSHUDWXUH�GHOOD�VFKLXPD�DOOD�ILQH�GHO�WXER�GL
PLVXUD�

8QD�SULPD�FRQFOXVLRQH��GL� FDUDWWHUH�TXDOLWDWLYR�� q� FKH�� FRPH� IDFLOPHQWH
LQWXLELOH��L�ILRFFKL�SL��SLFFROL�ULHVFRQR�D�SHQHWUDUH�QHOOH�ILDPPH�UDJJLXQJHQGR�LO
FRPEXVWLELOH� LQFHQGLDWR� VROR� JUD]LH� DO� PRWR� G·LQVLHPH� GHO� JHWWR� GL� VFKLXPD�
,QIDWWL�� L� WHVW� FRQGRWWL� KDQQR� HYLGHQ]LDWR� FRPH� DQFKH� D� UHJLPL� GL� SRWHQ]D
WHUPLFD� H� YHQWLOD]LRQH� QRQ� HFFHVVLYDPHQWH� HOHYDWL� L� ILRFFKL� SL��SLFFROL� IRVVHUR
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GHYLDWL�GDOOD�WUDLHWWRULD�D�FDXVD�GHL�IHQRPHQL�GL�WXUEROHQ]D�R�WUDVFLQDWL�QHO�VHQVR
GHOOD�FRUUHQWH��LQYHUWHQGR�FRVu�OD�GLUH]LRQH�GHO�PRWR�

,� WHVW� KDQQR� LQROWUH� HYLGHQ]LDWR� DOPHQR� XQ� OLPLWH� GHOO·DSSDUHFFKLDWXUD
SURJHWWDWD�� QRQ� q� VWDWR� SRVVLELOH� GHWHUPLQDUH� O·HVDWWR� QXPHUR� GL� ILRFFKL
´VRSUDYYLVVXWLµ�� RYYHUR� TXHOOL� FKH� QRQRVWDQWH� O·LQWHUD]LRQH� FRQ� L� JDV� FDOGL
VHJXLYDQR� OD� WUDLHWWRULD� YHUWLFDOH� UDJJLXQJHQGR� OD� ELODQFLD��'L� FRQVHJXHQ]D� OH
PLVXUH�RWWHQXWH�GDOOD�VWHVVD�SHU�ULFDYDUH�OD�PDVVD�UHVLGXD�GHL�ILRFFKL�VRQR�SRFR
VLJQLILFDWLYH�

5. Sviluppi futuri
$WWXDOPHQWH�q�LQ�DWWR�OD�IDVH�GL�VYLOXSSR�GHO�VRIWZDUH�GHGLFDWR�DOO·HODERUD]LRQH
GHOOH�LPPDJLQL�FKH�SHUPHWWHUj�GL�YDOXWDUH�O·HIIHWWR�GHOO·LQWHUD]LRQH�GHL�ILRFFKL�H
L�IXPL�FDOGL��LQ�IXQ]LRQH�GHOOD�WLSRORJLD�GL�VFKLXPD�LPSLHJDWD�H�GHOOH�GLPHQVLRQL
GHL�ILRFFKL�VWHVVL�

&RQWHPSRUDQHDPHQWH�VL�VWD�PHWWHQGR�D�SXQWR�XQ�PRGHOOR�SHU�GHVFULYHUH
WDOH�LQWHUD]LRQH�LQ�WHUPLQL�GL�VFDPELR�GL�PDWHULD��HQHUJLD�H�TXDQWLWj�GL�PRWR��,
FRHIILFLHQWL� H� OH� FRVWDQWL� GHOOH� FRUUHOD]LRQL� VYLOXSSDWH� VDUDQQR� YHULILFDWL
PHGLDQWH� L�GDWL� VSHULPHQWDOL�� DQDOL]]DQGR� LQ�SDUWLFRODUH� OD� ORUR� VHQVLWLYLWj� DOOH
FRQGL]LRQL�RSHUDWLYH�H�DOOH�SURSULHWj�GHOOH�VFKLXPH�

/D�FRQFOXVLRQH�GHO�SURJHWWR�q�SUHYLVWD�SHU�LO������

Elenco dei simboli
A sezione della particella

dC coefficiente di forma
D diametro interno del tubo
dp densità della particella
f coefficiente d’attrito

g costante gravitazionale
H altezza (H2-H1) del tubo
m massa della particella
∆Pf perdite di carico
Re numero di Reynolds

Red numero di Reynolds per il gas attorno alla 
particella in caduta

u velocità media dei gas nel tubo
∞

pu velocità di caduta libera della particella

up velocità della particella
Vp volume della particella
ρair densità dell’aria
ρ densità dei gas caldi
µ viscosità dinamica dei gas
ν viscosità cinematica dei gas
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