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$EVWUDFW

$� KLJK� SRZHU� &:� �&RQWLQXRXV�:DYH�� HOHFWURQ� OLQDF� KDV

EHHQ� GHYHORSHG� DW� 31&� DQG� LWV� LQMHFWRU� VHFWLRQ� KDV� EHHQ

FRPSOHWHG�LQ�������7KLV�SDSHU�SUHVHQWV�WKH�FRQFHSWXDO�GHVLJQ�RI

EHDP�GXPS�IRU�D�KLJK�SRZHU�ORZ�HQHUJ\�EHDP������N:�RI���

0H9� HOHFWURQ��� ,W� KDV� D� 5LQJ� DQG� 'LVN� VWUXFWXUH�� 7KH� WKHUPDO

DQDO\VLV�� VWUHVV� DQDO\VLV� VKRZHG� WKDW� ���� N:� HOHFWURQ� EHDP

FRXOG�EH� VHFXUHO\� VWRSSHG� LQ� WKH� EHDP�GXPS��7KH� WHPSHUDWXUH

ULVH�DW�KLJKHVW�SRVLWLRQ�ZDV�HVWLPDWHG�WR�EH�����GHJUHH�
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LQ������DW�31&��7KH�LQMHFWRU�KDV�EHHQ�FRPSOHWHG�DQG�VWDUWHG�LWV

RSHUDWLRQ� DW� ���� 0H9� EHDP� HQHUJ\� LQ� VXPPHU� ����� DQG� WKH

ZKROH� IDFLOLW\� LV� SODQQHG� WR� EH� FRPPLVVLRQHG� DW� ������ 0DLQ
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�HVWLPDWHG�YDOXH�E\�VLPXODWLRQ

$V�WKH�EHDP�LV�D�FRQVLGHUDEO\�KLJK�SRZHU�DQG�RI�ORZ�HQHUJ\

HOHFWURQ��WKH�DYHUDJH�SRZHU�GHQVLW\�RI�KHDW�JHQHUDWLRQ�GXH�WR�WKH

HQHUJ\� GHSRVLWLRQ� LV� TXLWH� ODUJH�� VR� WKDW� LW� LV� RI� H[WUHPH

LPSRUWDQFH�WR�UHDOL]H�WKH�EHDP�GXPS�WR�EH�VHFXUHG�E\�UHPRYLQJ

WKH�KHDW�YHU\�HIILFLHQWO\��$W�WKH�VDPH�WLPH��UDGLDWLRQ�VKLHOGLQJ�RI

WKH�EHDP�GXPS�LV�DOVR�RI�WKH�PDMRU�FRQFHUQ�

'HVLJQ

7KH� FRQFHSWXDO� GHVLJQ� RI� WKH� EHDP� GXPS� LV� EDVHG� RQ� WKH

IROORZLQJ�GHVLJQ�FULWHULD�

����� WR�GLVSHUVH�WKH�EHDP�E\�PDJQHW�LQ�IURQW�RI�WKH�EHDP�HQWU\

����� WR�VWRS�WKH�EHDP�SDUW�E\�SDUW�LQ�VSDWLDOO\�VHSDUDWHG�EORFNV

��� WR�PLQLPL]H�WKH�LQGXFWLRQ�RI�UDGLRDFWLYLW\

7KH�ILUVW�FULWHULD�LV�IRU�PDNLQJ�WKH�SRZHU�GHQVLW\�VPDOOHU�E\

GHIRFXVLQJ�VSUHDGLQJ� WKH� EHDP�� ,W� LV� DOVR� DVVXULQJ� WR� DYRLG

PLVKDSV� RI� WKH� SLQ� SRLQW� EHDP� KLWWLQJ� WKH� FRPSRQHQW�� 7KH

VHFRQG�FULWHULD�PDNHV�DOVR�D�UHGXFWLRQ�RI�SRZHU�GHSRVLWLRQ�LQ�D

VPDOO�UHJLRQ�RI�WKH�EHDP�GXPS��7KH�WKLUG�FULWHULD�HOLPLQDWHV�WKH

XVH� RI� ZDWHU� WR� VWRS� WKH� EHDP�� /LTXLG� WDUJHW� GRHV� QHFHVVDULO\

LQFUHDVH�WKH�WRWDO�LQYHQWRU\�RI�WKH�UDGLRDFWLYH�PDWHULDOV�

7KH�FRQFHSW�RI�WKH�SUHVHQW�GHVLJQ�LV��DV�VKRZQ�LQ�)LJXUH���

5LQJ�DQG�'LVN��5'��V\VWHP��7KH�SDUW�ZKHUH�HQHUJ\�LV�GHSRVLWHG

FRQVLVWV�RI����ULQJV�DQG���GLVNV��WKLFNQHVV�RI���FP���(DFK�SODWH�LV

PDGH� IURP�2)+&� �2[\JHQ� )UHH�+LJK�SXULW\� &RSSHU��� $OO� WKH

ULQJV�KDYH�GLIIHUHQW� LQVLGH�GLDPHWHUV� �WKH�EHDP�UXQV� LQVLGH� WKLV

ULQJ����7KH�IURQWPRVW�ULQJ�KDV�WKH�LQVLGH�GLDPHWHU�RI������FP�DQG

RWKHU�ULQJV�KDYH�VPDOOHU�GLDPHWHU�ZLWK�LQFUHPHQW�RI�����FP�IURP

XSVWUHDP�WR�GRZQVWUHDP�

Lead Shield

Beam Pipe

Vacuum Jacket

Cooling Channel Copper Ring

Beam Line

)LJ������%HDP�'XPS�LQ�FURVV�VHFWLRQ�

7KH� EHDP� HQWHUV� LQWR� WKH� F\OLQGULFDO� YHVVHO� WKURXJK� D

GLVSHUVLRQ�PDJQHW�ZKLFK�LV�ORFDWHG���P�IURQW�RI�ULQJV��6LQFH�WKH

EHDP�KDV� VSDWLDOO\� D�*DXVVLDQ�SURILOH�� WKH� LQQHU� IURQW� HGJHV� RI

ULQJV�VWRS�WKH�QDUURZ�DQQXDO� OREH�RI� WKH�EHDP�� IURP�RXWVLGH�DV

JRLQJ�WR�WKH�EDFNZDUG��)LQDOO\�WKH�EHDP�LV�VWRSSHG�E\�WKH�GLVN

VHW�DW� WKH�EDFNHQG�RI� WKH�EORFN��)LJXUH��� LV�D� IURQW�YLHZ�RI� WKH

LQQHU�IURQW�HGJHV�

7KHVH�ULQJV�DQG�GLVNV�DUH�IRUPHG�LQWR���PRGXODU�XQLWV��(DFK

PRGXOH� LV� HOHFWULFDOO\� LQVXODWHG� IURP� HDFK� RWKHU� LQ� RUGHU� WR

PHDVXUH�WKH�EHDP�FXUUHQW�GHSRVLWHG�RQ

WKHP�� ,W� FDQ� EH� UHSODFHG�H[FKDQJHG� DV� D� XQLW�� ,Q� D� PRGXOH� D

FRROLQJ�ZDWHU�IORZV�LQ�VHULHV�IURP�ULQJ�WR�ULQJ��,Q�RUGHU�WR�UHGXFH

UDGLRO\VLV�RI�FRROLQJ�ZDWHU�DQG�WR�HOLPLQDWH�WKH�YDFXXP�ZLQGRZ

EHWZHHQ� WKH� EHDP� GXPS� �WDUJHW�� DQG� WKH� DFFHOHUDWLQJ� WXEH�

FRROLQJ�ZDWHU�LV�QRW�H[SRVHG�WR�GLUHFW�LQFLGHQW�HOHFWURQ�EHDP�
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)LJ������$�IURQW�YLHZ�RI�WKH�LQQHU�IURQW�HGJHV�

7KHVH� PRGXOHV� IRUP� D� WRWDO� WDUJHW� EORFN� DQG� LW� DOVR

HOHFWULFDOO\�LQVXODWHG�IURP�WKH�PDLQ�ERG\�RI� WKH�EHDP�GXPS��$

WRWDO�YLHZ�RI�WKLV�WDUJHW�EORFN�LV�JLYHQ�LQ�)LJXUH���DQG�WKH�31&

EHDP�GXPS�LV�VKRZQ�LQ�)LJXUH���

)LJ������$�WRWDO�YLHZ�RI�WDUJHW�EORFN�

)LJ������9LHZ�RI�WKH�31&�EHDP�GXPS�

7KH�SUREOHP�RI�FRQQHFWLQJ�EHWZHHQ�WKH�EHDP�GXPS�DQG�WKH

DFFHOHUDWRU� �WKH� SUHVVXUH� GLIIHUHQFH� EHWZHHQ� �� u� ��
¤�
� WRUU� DQG

��u ��¤�� WRUU� LQ� WKH� DFFHOHUDWLQJ� WXEH�� ZDV� VROYHG� E\� XVLQJ� D
GLIIHUHQWLDO� SXPSLQJ� VWDWLRQV� DQG� D� ORZ� FRQGXFWDQFH� EHDP

WUDQVSRUW�WXEH�

7KHUPDO�DQG�6WUHVV�$QDO\VLV

6HYHUDO�FRPSXWHU�FRGHV�ZHUH�XVHG� LQ�RUGHU� WR�HVWLPDWH� WKH

WHPSHUDWXUH� ULVH� DQG� WKH� VWUHVV� RI� ULQJV� ZLWK� IXOO� EHDP� SRZHU�

7KLV� FDOFXODWLRQ� DVVXPHG� WKDW� WKH� WUDQVYHUVH� EHDP� LQWHQVLW\� LV

*DXVVLDQ� GLVWULEXWLRQ� DQG� WKH� HOHFWURQ� LV� LQMHFWHG� WR� WKH� WDUJHW

EORFN�ZLWK�WKH�DQJOH�RI�LQFLGHQFH�YDULHG�EHWZHHQ����DQG����

)LUVWO\�� WKH� SRZHU� GHQVLW\� LQ� WKH� WDUJHW� EORFN� LV� FDOFXODWHG

XVLQJ�WKH�(*6��>�@�FRGH��7KH�(*6��FRGH�SHUIRUPV�0RQWH�&DUOR

VLPXODWLRQV�RI�WKH�UDGLDWLRQ�WUDQVSRUW�RI�HOHFWURQV��SRVLWURQV�DQG

SKRWRQV� LQ� DQ\� PDWHULDOV�� 7KHQ� ZH� DSSOLHG� WKH� 35(67$

DOJRULWKP� �3DUDPHWHU� 5HGXFHG� (OHFWURQ�6WHS� 7UDQVSRUW

$OJRULWKP��>�@��ZKLFK�ZDV�GHYHORSHG�E\�%LHODMHZ�DQG�5RJHUV�WR

LPSURYH�WKH�HOHFWURQ�WUDQVSRUW�LQ�(*6��LQ�WKH�ORZ�HQHUJ\�UHJLRQ�

7KH�PD[LPXP�SRZHU�GHQVLW\�ZDV�HVWLPDWHG�WR�EH�����N:�FP
�
�

8VLQJ�WKH�SRZHU�GHQVLWLHV�IURP�WKH�(*6���ZH�SURFHHGHG�WR

WKH� WKHUPDO� DQDO\VLV� XVLQJ� WKH� ILQLWH� HOHPHQW� PHWKRG� FRGH

$16<6�>�@��([DPSOHV�RI�WKH�UHVXOWV�RI�WKH�DQDO\VLV�DUH�VKRZQ�LQ

)LJXUHV� �� DQG� ��� 7KH\� DUH� FURVV�VHFWLRQDO� YLHZV� RI� D� ULQJ� LQ

ZKLFK� VWUHVV� LV� HVWLPDWHG� WR� EHFRPH� PD[LPXP�� 7KH� UHVXOWV

SUHGLFWHG�WKDW�WKH�PD[LPXP�WHPSHUDWXUH�ULVH�LQ�WKH�ULQJ�LV�DW�WKH

LQQHU� IURQW� HGJH� RI� ULQJ� DQG� LV� ���� GHJUHH�� DQG� SHDN� VWUHVV� RI

����NJ�PP
�
�

ANSYS 5.0 A
JUL 11 1996
17:42:06
PLOT NO.   1
NODAL SOLUTION
STEP=1
SUB =1
TIME=1
TEMP
TEPC=11.623
SMN =68.54
SMX =378.187

MN

MX

68.54
102.946
137.351
171.756
206.161
240.567
274.972
309.377
343.782
378.187Cooling 

   Channel 

Electron Beam 

)LJ������7KHUPDO�DQDO\VLV�RI�D�ULQJ�

ANSYS 5.0 A
JUL 11 1996
19:43:05
PLOT NO.   2
NODAL SOLUTION
STEP=1
SUB =1
TIME=1
SEQV     (AVG)
DMX =0.160691
SMN =0.466813
SMX =2.324

MN

MX

0.466813
0.673112
0.879411
1.086
1.292
1.498
1.705
1.911
2.117
2.324

)LJ���� 7KH� 9RQ� 0LVHV� VWUHVVHV� IRU� WKH� KHDW� ORDGV� FDOFXODWHG� ZLWK

$16<6�
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6LQFH� WKH� 9RQ� 0LVHV� VWUHVV� H[FHHGV� WKH� \LHOG� VWUHVV� RI

FRSSHU� ������NJ�PP
�
��� D� SODVWLF� GHIRUPDWLRQ�PLJKW� EH� LQGXFHG

RYHU� D� PDMRU� SRUWLRQ� RI� WKH� ULQJ�� $V� LW� LV� FRQVLGHUHG� WKDW� WKH

WKHUPDO�VWUHVV�FUDFNLQJ�FRXOG�EH�JHQHUDWHG�E\�WKLV�GHIRUPDWLRQ�

ZH� GHVLJQ� WKH� EHDP� GXPS� VXFK� D� GHIRUPHG� GLVN� LV� HDVLO\

UHSODFHG�ZLWK�D�QHZ�RQH�

3KRWRQ�3URGXFWLRQ

7KH� HQHUJ\� GLVWULEXWLRQ� RI� SKRWRQV� �J�UD\V�� JHQHUDWHG� E\

LQFLGHQW�HOHFWURQV�LQ�WKH�WDUJHW�EORFN�DUH�VWXGLHG�XVLQJ�WKH�(*6�

FRGH��)LJXUH���VKRZV�WKH�UHODWLRQVKLS�EHWZHHQ�LWV�HQHUJ\�(�DQG

WKH�VFDWWHULQJ�DQJOH�T�RI� WKH�SKRWRQ��ZKHUH�T� LV� WKH�DQJOH� IURP

WKH�LQFLGHQW�GLUHFWLRQ�RI�HOHFWURQ�EHDP�

(OHFWURQV� DUH� SDUWLFXODUO\� VXVFHSWLEOH� WR� D� ODUJH� DQJOH

GHIOHFWLRQ�E\� VFDWWHULQJ� IURP�QXFOHL� DQG� WKH\� DUH� EDFNVFDWWHUHG

RXW� RI� WKH� WDUJHW� EORFN�� ,Q� WKLV� FRQWH[W�� )LJXUH� �� VKRZV� WKH

FRQFHQWUDWLRQ�RI�EDFNVFDWWHUHG�SKRWRQV�LQ�WKH�GLUHFWLRQ�RI������

$�SUHOLPLQDU\�HVWLPDWH�RI�WKH�DEVRUEHG�GRVH�UDWH�LQ�WKH�EDFNZDUG

GLUHFWLRQ��������DW���P�LV������*\�K�ZLWK�IXOO�EHDP�SRZHU�

&RQFOXVLRQ

$�EHDP�GXPS�DW�31&��HPSOR\LQJ�WKH�5LQJ�	�'LVN�V\VWHP�

KDV�EHHQ�GHVLJQHG�IRU�WKH�KLJK�SRZHU�ORZ�HQHUJ\�EHDP������N:

RI����0H9�HOHFWURQ���7KH�EHDP�FRXOG� EH� VWRSSHG� DW� WKH� LQQHU

HGJH�RI�WKH�ULQJV�ZKLFK�DUH�FRROHG�E\�ZDWHU�

7KH� PD[LPXP� SRZHU� GHQVLW\� LQ� WKH� WDUJHW� EORFN� LV

����N:�FP
�
� ZLWK� IXOO� EHDP� SRZHU� DVVXPLQJ� *DXVVLDQ

GLVWULEXWLRQ� RI� WKH� WUDQVYHUVH� EHDP� LQWHQVLW\�� 7KH� PD[LPXP

WHPSHUDWXUH� ULVH� LQ� WKH� ULQJ� �DW� WKH� LQQHU� IURQW� HGJH� RI� ULQJ�� LV

HVWLPDWHG�WR�EH�����GHJUHH�
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)LJ���� &RUUHODWLRQ� EHWZHHQ� WKH� SKRWRQ� HQHUJ\� (� DQG� WKH� VFDWWHULQJ

DQJOH�T�

5HIHUHQFHV

>�@ 6�� 7R\DPD� HW� DO��� �7UDQVPXWDWLRQ� RI� ORQJ�OLYHG� )LVVLRQ� 3URGXFW

����&V����6U��E\�D�5HDFWRU�$FFHOHUDWRU�6\VWHP���3URFHHGLQJ�RI��QG

,QWHUQDWLRQDO�6\PSRVLXP�RQ�$GYDQFHG�(QHUJ\�5HVHDUFK��������

>�@ :�5�� 1HOVRQ�� +�� +LUD\DPD� DQG� '�:�� 5RJHUV��7KH� (*6�� &RGH

6\VWHP���6/$&�5HSRUW������'HFHPEHU������

>�@ $�)�� %LHODMHZ� DQG� '�:�2�� 5RJHUV�� �35(67$�� 7KH� 3DUDPHWHU

5HGXFHG� (OHFWURQ�6WHS� 7UDQVSRUW� $OJRULWKP� IRU� HOHFWURQ� PRQWH

FDUOR�WUDQVSRUW���1XFO��,QVWU��DQG�0HWK���%��������������

>�@ $16<6��9HU�����D��6ZDQVRQ�$QDO\VLV�6\VWHPV��,QF�
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