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·çÄÜÊÇÎÒ¹úÄ¿Ç°¿ª·¢ÀûÓÃ±È

½Ï³ÉÊìµÄÒ»ÖÖÐÂÄÜÔ´£¬·çµçÊÂÒµ

ÕýÔÚÎÒ¹úÅî²ª·¢Õ¹¡£ÎªÁË°ïÖú¶Á

ÕßÁË½â·çÁ¦·¢µçÖªÊ¶£¬ÎÒÃÇÇë³¤

ÆÚ´ÓÊÂ·çÁ¦·¢µçÑÐ¾¿¹¤×÷µÄÖÐ¹ú

¿ÆÑ§Ôºµç¹¤ÑÐ¾¿ËùÄßÊÜÔªÑÐ¾¿Ô±

×«Ð´ÁË¡¶·çÁ¦·¢µç¡·½²×ù£¬ÒÔ÷Ï

¶ÁÕß¡£

¡ª¡ª¡ª ±àÕß

µÚ¶þ½² ·çÁ¦»úµÄ¹¤×÷Ô­ÀíºÍÆø¶¯Á¦ÌØÐÔ
Äß ÊÜ Ôª

Í¼ 2-1 Æ½°åÔÚÁ÷¶¯¿ÕÆøÖÐËùÊÜµ½µÄ¿ÕÆø¶¯Á¦

1 ¿ÕÆø¶¯Á¦Ñ§µÄ»ù±¾ÖªÊ¶

1. 1 ÉýÁ¦ºÍ×èÁ¦

ÎïÌåÔÚ¿ÕÆøÖÐÔË¶¯»òÕß¿ÕÆøÁ÷¹ýÎïÌåÊ±£¬ÎïÌå½«

ÊÜµ½¿ÕÆøµÄ×÷ÓÃÁ¦£¬³ÆÎª¿ÕÆø¶¯Á¦¡£Í¨³£¿ÕÆø¶¯Á¦ÓÉ

Á½²¿·Ö×é³É£ºÒ»²¿·ÖÊÇÓÉÓÚÆøÁ÷ÈÆÎïÌåÁ÷¶¯Ê±£¬ÔÚÎï

Ìå±íÃæ´¦µÄÁ÷¶¯ËÙ¶È·¢Éú±ä»¯£¬ÒýÆðÆøÁ÷Ñ¹Á¦µÄ±ä

»¯£¬¼´ÎïÌå±íÃæ¸÷´¦ÆøÁ÷µÄËÙ¶ÈÓëÑ¹Á¦²»Í¬£¬´Ó¶ø¶Ô

ÎïÌå²úÉúºÏ³ÉµÄÑ¹Á¦£»ÁíÒ»²¿·ÖÊÇÓÉÓÚÆøÁ÷ÈÆÎïÌåÁ÷

¶¯Ê±£¬ÔÚÎïÌå¸½Ãæ²ãÄÚÓÉÓÚÆøÁ÷Õ³ÐÔ×÷ÓÃ²úÉúµÄÄ¦²Á

Á¦¡£½«Õû¸öÎïÌå±íÃæÕâÐ©Á¦ºÏ³ÉÆðÀ´±ãµÃµ½Ò»¸öºÏ

Á¦£¬Õâ¸öºÏÁ¦¼´Îª¿ÕÆø¶¯Á¦¡£

·çÂÖÒ¶Æ¬ÊÇ·çÁ¦»ú×îÖØÒªµÄ²¿¼þÖ®Ò»¡£ËüµÄÆ½Ãæ

ÐÎ×´ÓëÆÊÃæ¼¸ºÎÐÎ×´ºÍ·çÁ¦»ú¿ÕÆø¶¯Á¦ÌØÐÔÃÜÇÐÏà

¹Ø£¬ÌØ±ðÊÇÆÊÃæ¼¸ºÎÐÎ×´¼´ÒíÐÍÆø¶¯ÌØÐÔµÄºÃ»µ£¬½«

Ö±½ÓÓ°Ïì·çÁ¦»úµÄ·çÄÜÀûÓÃÏµÊý¡£

ÆøÁ÷ÈÆ·çÂÖÒ¶Æ¬µÄÁ÷¶¯±È½Ï¸´ÔÓ£¬ÊÇÒ»¸ö¿Õ¼äµÄ

ÈýÔªÁ÷¶¯¡£µ±Ò¶Æ¬³¤¶ÈÓëÆäÒíÐÍÏÒ³¤Ö®±È (Õ¹ÏÒ±È )½Ï
´óÊ±£¬¿ÉÒÔºöÂÔÆøÁ÷µÄÕ¹ÏòÁ÷¶¯£¬¶ø°ÑÆøÁ÷ÈÆÒ¶Æ¬µÄ

Á÷¶¯¼ò»¯ÎªÈÆÐí¶à¶ÎÒ¶Æ¬Ôª (¼´Ò¶ËØ )µÄÁ÷¶¯£¬Ò¶ËØÖ®
¼ä»¥ÏàÃ»ÓÐ¸ÉÉæ¡£µ±Ã¿¸öÒ¶ËØµÄÕ¹Ïò³¤¶ÈÇ÷ÏòÎÞÇîÐ¡

Ê±£¬Ò¶ËØ¾Í³ÉÁËÒíÐÍ£¬¿ÕÆøÈÆÒ¶ËØµÄÁ÷¶¯¾Í³ÉÁËÈÆÒí

ÐÍµÄÁ÷¶¯£¬Ò²¾Í³ÉÁË¶þÔªÁ÷¶¯»òÆ½ÃæÁ÷¶¯¡£

Í¼ 2-1 Ê¾³ö¿ÕÆøÁ÷¹ýÒ»¿éÆ½°åµÄÇéÐÎ£¬Æ½°åÃæÓë

ÆøÁ÷·½ÏòÐÎ³ÉÒ»¸ö¼Ð½Ç α£¬ α ³ÆÎª¹¥½Ç¡£ÓÉÓÚÆ½°åÉÏ

·½ºÍÏÂ·½µÄÆøÁ÷ËÙ¶È²»Í¬ (ÉÏ·½ËÙ¶È´óÓÚÏÂ·½ËÙ¶È )£¬
Òò´ËÆ½°åÉÏ¡¢ÏÂ·½ËùÊÜµÄÑ¹Á¦Ò²²»Í¬ (ÏÂ·½Ñ¹Á¦´óÓÚ
ÉÏ·½Ñ¹Á¦ )£¬×ÜµÄºÏÁ¦ F ¼´ÎªÆ½°åÔÚÁ÷¶¯¿ÕÆøÖÐËùÊÜ

µ½µÄ¿ÕÆø¶¯Á¦£¬Æä·½Ïò´¹Ö±ÓÚ°åÃæ¡£´ËÁ¦¿É·Ö½âÎªÁ½

¸ö·ÖÁ¦£ºÒ»¸ö·ÖÁ¦ Fy ÓëÆøÁ÷·½Ïò´¹Ö±£¬ËüÊ¹Æ½°åÉÏ

Éý£¬³ÆÎªÉýÁ¦£»ÁíÒ»¸ö·ÖÁ¦ Fx ÓëÆøÁ÷·½ÏòÏàÍ¬£¬³Æ

Îª×èÁ¦¡£ÉýÁ¦ºÍ×èÁ¦ÓëÒ¶Æ¬ÔÚÆøÁ÷·½ÏòµÄÍ¶Ó°Ãæ»ý

S¡¢¿ÕÆøÃÜ¶È p ¼°ÆøÁ÷ËÙ¶È V µÄÆ½·½³É±ÈÀý£¬¿ÉÒÔÏÂ

Ê½±íÊ¾£º

Fy = 1
2 cy pSV2

Fx = 1
2 cx pSV2

F = 1
2 cr pSV2

Ê½ÖÐ£¬ cy ³ÆÎªÉýÁ¦ÏµÊý£» cx ³ÆÎª×èÁ¦ÏµÊý£» cr ³ÆÎª

×ÜµÄÆø¶¯Á¦ÏµÊý¡£

ËùÒÔ cy = Fy

1
2 pSV2

( 2-1 )

cx = Fx

1
2 pSV2

( 2-2 )

ÉýÁ¦ÏµÊýÓë×èÁ¦ÏµÊýÖ®±È³ÆÎªÉý×è±È£¬ÒÔ K ±í

Ê¾¡£Ôò

K = cy
cx

( 2-3 )

ÉýÁ¦ÊÇÊ¹·çÁ¦»úÓÐÐ§¹¤×÷µÄÁ¦£¬¶ø×èÁ¦ÔòÐÎ³É¶Ô

·ç Á¦ ·¢ µç ½² ×ù
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Í¼ 2-5 ÒíÐÍ¼«ÇúÏß

Í¼2-4 ÒíÐÍµÄÉýÁ¦ÌØÐÔºÍ×èÁ¦ÌØÐÔÇúÏß

·çÂÖµÄÕýÃæÑ¹Á¦¡£ÎªÁËÊ¹·çÁ¦»úºÜºÃµØ¹¤×÷£¬¾ÍÐèÒª

Ò¶Æ¬¾ßÓÐÕâÑùµÄÒíÐÍ¶ÏÃæ£¬Ê¹ÆäÄÜµÃµ½×î´óµÄÉýÁ¦ºÍ

×îÐ¡µÄ×èÁ¦£¬Ò²¾ÍÊÇÒªÇó¾ßÓÐºÜ´óµÄÉý×è±È K¡£
1. 2 Ó°ÏìÉýÁ¦ÏµÊýºÍ×èÁ¦ÏµÊýµÄÒòËØ

1. 2. 1 ÒíÐÍµÄÓ°Ïì Í¼ 2-2 ¸ø³öÈýÖÖ²»Í¬½ØÃæÐÎ×´

µÄÒíÐÍÔÚÏàÍ¬¹¥½ÇÏÂµÄÉýÁ¦ºÍ×èÁ¦£¬²»ÄÑ¿´³ö£¬¾ßÓÐ

Á÷ÏßÐÍ½ØÃæµÄÒíÐÍËù²úÉúµÄÉýÁ¦Ô¶½ÏÆ½°åÒíÐÍµÄÉýÁ¦

´ó¡£ÕâÊÇÒòÎªµ±¹¥½Ç²»´óÊ±£¬Á÷ÏßÐÍ½ØÃæ¼¸ºõ²»²úÉú

ÎÐÁ÷£¬¶ø·½ÐÎÆ½°åÔÚÇ°ÑØÔò²úÉú¾Þ´óµÄÎÐÁ÷£¬´Ó¶ø¼õ

ÈõÁËÉýÁ¦¶øÔö´óÁË×èÁ¦¡£

Í¼ 2-2 ²»Í¬Ò¶Æ¬½ØÃæÐÎ×´µÄÉýÁ¦ºÍ×èÁ¦

1. 2. 2 ¹¥½ÇµÄÓ°Ïì ¶ÔÓÚÁ÷ÏßÐÍÒ¶Æ¬À´Ëµ£¬ËüµÄÇ°Ôµ

µã O ÓëºóÔµµã B Ö®¼äµÄÁ¬Ïß OB ³ÆÎªÒíÏÒ£¬ÒíÏÒÓëÇ°

·½À´Á÷ËÙ¶È·½ÏòÖ®¼äµÄ¼Ð½Ç¼´Îª¹¥½Ç£¬ÈçÍ¼2-3ËùÊ¾¡£

Í¼ 2-3 Á÷ÏßÐÍÒ¶Æ¬µÄÒíÐÍ¼°¹¥½Ç

Í¼ 2-4 ¸ø³öÁËÒ»ÖÖÁ÷ÏßÐÍÒ¶Æ¬ÉýÁ¦ÏµÊýºÍ×èÁ¦Ïµ

ÊýËæ¹¥½Ç±ä»¯µÄÇúÏß¡£́ÓÍ¼ÖÐ¿ÉÒÔ¿´³ö£¬Ëæ×Å¹¥½Ç α
ÓÉÁãÖð½¥Ôö´ó£¬cy ÓÉÄ³Ò»ÊýÖµ¿ªÊ¼ËæÖ®Ôö´ó£¬»ù±¾ÉÏ
³ÊÏßÐÔ±ä»¯¡£µ±¹¥½ÇÔöÖÁÄ³Ò»ÁÙ½ç¹¥½Ç αcT Ê±£¬ÉýÁ¦Ïµ

Êý´ïµ½×î´óÖµ cymax¡£µ± α>αcT Ê±£¬cy ¿ªÊ¼Ëæ¹¥½ÇÔö¼Ó
¶øÏÂ½µ£¬¹Ê αcT Ò²³ÆÎªÊ§ËÙ¹¥½Ç¡£ÔÚ¸º¹¥½ÇµÄÇé¿öÏÂ£¬

¼´ α = - α0Ê±£¬ÒíÐÍÆÊÃæÉÏµÄÉýÁ¦ÏµÊýÎªÁã¡£×èÁ¦ÏµÊý

ÇúÏßµÄ±ä»¯ÓëÉýÁ¦ÏµÊýÇúÏßÓÐËù²»Í¬£¬ËüÓÐÁ½¸öÌØÕ÷

²ÎÊý£¬¼´×îÐ¡×èÁ¦ÏµÊý cxmin ºÍÓëÆä¶ÔÓ¦µÄ¹¥½Ç αxmin¡£

Í¨³££¬×èÁ¦ÏµÊý cx ÊÇ¹¥½Ç α µÄ¶þ´Î·½º¯Êý¡£

Í¼ 2-5 Ê¾³öÒíÐÍÉýÁ¦ÏµÊý¶Ô×èÁ¦ÏµÊýµÄ±ä»¯Çú

Ïß£¬Õâ¸öÇúÏß³ÆÎª¼«ÇúÏß¡£¼«ÇúÏßÉÏµÄÃ¿Ò»µã¶ÔÓ¦Ò»

¸ö¹¥½Ç×´Ì¬£¬´ÓÔ­µã O ÖÁÇúÏßÉÏÈÎÒâµã A µÄÁ¬Ïß OA

´ú±íÓëÄ³Ò»¹¥½ÇÏàÓ¦µÄ×ÜÆø¶¯Á¦ÏµÊý cr£¬Ö±Ïß OA µÄ

Ð±ÂÊ tg θ = cy / cx ¼´Îª¸Ã¹¥½ÇÏÂµÄÉý×è±È¡£µ± OA Óë¸Ã

ÇúÏßÏàÇÐÊ± (´ËÊ± A µãÎªÇÐµã )£¬Éý×è±È×î´ó¡£
1. 2. 3 À×ÅµÊýµÄÓ°Ïì cy¡¢ cx ²»µ«ÓëÒíÐÍ¼°ÆäÔÚÆøÁ÷
ÖÐµÄÎ»ÖÃÓÐ¹Ø£¬Ò²Óë×èÖÍ¿ÕÆøÁ÷¶¯µÄÕ³ÐÔÁ¦ ( ¼´Ä¦²Á
Á¦ )ÓÐ¹Ø¡£ÕâÖÖÕ³ÐÔÁ¦¿ÉÒÔÓÃÀ×ÅµÊý Re ±íÊ¾£º

Re = VL
v ( 2-4 )

Ê½ÖÐ£¬ L ÎªÏÒ³¤£ºv Îª¿ÕÆøµÄ¶¯Õ³Á¦ÏµÊý¡£v = µ / p£¬Õâ
Àï£¬µ ÎªÕ³ÐÔÏµÊý¡£
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Í¼ 2-6 ·çÁ¦»úÆð¶¯Ê±µÄÊÜÁ¦Çé¿ö

À×ÅµÊýÊÇÒ»¸öÎÞÁ¿¸ÙÊý¡£À×ÅµÊýÓúÐ¡µÄÁ÷¶¯£¬Õ³

ÐÔ×÷ÓÃÓú´ó£»À×ÅµÊýÓú´óµÄÁ÷¶¯£¬Õ³ÐÔ×÷ÓÃÓúÐ¡¡£À×

ÅµÊýÔö¼Ó£¬ÓÉÓÚÒíÐÍ¸½Ãæ²ãÆøÁ÷Õ³ÐÔ¼õÐ¡£¬×î´óÉýÁ¦

ÏµÊýÔö¼Ó£¬×îÐ¡×èÁ¦ÏµÊý¼õÐ¡£¬Òò¶øÉý×è±ÈÔö¼Ó¡£

1. 2. 4 ÒíÐÍ±íÃæ´Ö²Ú¶ÈµÄÓ°Ïì ÒíÐÍ±íÃæÓÉÓÚ²ÄÁÏ

¼Ó¹¤ÒÔ¼°»·¾³µÄÓ°Ïì£¬²»¿ÉÄÜ¾ø¶Ô¹â»¬£¬×ÜÓÐÐ©°¼Í¹

²»Æ½¡£ÎÒÃÇ°Ñ°¼Í¹²»Æ½µÄ²¨·åÓë²¨¹ÈÖ®¼ä¸ß¶ÈµÄÆ½¾ù

Öµ³ÆÎª´Ö²Ú¶È£¬¼Ç×÷ k¡£ÒíÐÍ±íÃæµÄ´Ö²Ú¶È£¬ÌØ±ðÊÇ
Ç°Ôµ¸½½üµÄ´Ö²Ú¶È£¬¶ÔÒíÐÍ¿ÕÆø¶¯Á¦ÌØÐÔÓÐºÜ´óÓ°

Ïì¡£Ò»°ãÇé¿öÏÂ£¬´Ö²Ú¶ÈÔö´óÊ¹ cx Ôö¼Ó£¬¶ø¶Ô cy Ó°
Ïì²»´ó¡£Êµ¼ÊÇé¿öÖÐ£¬ÕæÕýµÄÆø¶¯¹â»¬±íÃæÊÇ²»´æÔÚ

µÄ¡£¹¤³ÌÉÏÖ»Òª±íÃæ´Ö²Ú¶È×ã¹»Ð¡£¬ÒþÄäÔÚ¸½Ãæ²ãµ×

²¿£¬Ò»°ã¾Í²»»áÒýÆðÄ¦²Á×èÁ¦µÄÔö¼Ó¡£ÕâÖÖ´Ö²Ú¶È³Æ

ÎªÔÊÐí´Ö²Ú¶È£¬¼Ç×÷ ky¡£

ky< 100v
V

= 100L
Re ( 2-5 )

2 ·çÁ¦»úµÄ¹¤×÷Ô­Àí

2. 1 ·çÂÖÔÚ¾²Ö¹Çé¿öÏÂÒ¶Æ¬µÄÊÜÁ¦Çé¿ö

·çÁ¦»úµÄ·çÂÖÓÉÂÖì±¼°¾ùÔÈ·Ö²¼°²×°ÔÚÂÖì±ÉÏµÄ

Èô¸É½°Ò¶Ëù×é³É¡£ÔÚ°²×°ÕâÐ©½°Ò¶Ê±£¬±ØÐë¶ÔÃ¿Ö§½°

Ò¶µÄÒíÆ¬°´Í¬Ò»Ðý×ª·½Ïò£¬ÒÔ½°Ò¶×ÔÉíÖáÎªÖá×ª¹ýÒ»

¸ö¸ø¶¨µÄ½Ç¶È£¬¼´Ê¹Ã¿¸öÒ¶Æ¬µÄÒíÏÒÓë·çÂÖÐý×ªÆ½Ãæ

(·çÂÖÐý×ªÊ±½°Ò¶±úËùÉ¨¹ýµÄÆ½Ãæ )ÐÎ³ÉÒ»¸ö½Ç¶È φ£¬
φ ³ÆÎª°²×°½Ç¡£Í¼ 2-6 Ê¾³ö·çÂÖµÄÆð¶¯Ô­Àí¡£Éè·çÂÖ

µÄÖÐÐÄÖáÎ»ÖÃÓë·çÏòÒ»ÖÂ£¬µ±ÆøÁ÷ÒÔËÙ¶È V Á÷¾­·ç

ÂÖÊ±£¬ÔÚ½°Ò¶ⅠºÍ½°Ò¶ⅡÉÏ½«²úÉúÆø¶¯Á¦ F ºÍ F'¡£

½« F ¼° F'·Ö½â³ÉÑØÆøÁ÷·½ÏòµÄ·ÖÁ¦ Fx ºÍ F'x (×èÁ¦ )
¼°´¹Ö±ÓÚÆøÁ÷·½ÏòµÄ·ÖÁ¦ Fy ºÍ F'y ( ÉýÁ¦ )£¬×èÁ¦ Fx

ºÍ F'x ÐÎ³É¶Ô·çÂÖµÄÕýÃæÑ¹Á¦£¬¶øÉýÁ¦ Fy ºÍ F'y Ôò
¶Ô·çÂÖÖÐÐÄÖá²úÉú×ª¶¯Á¦¾Ø£¬´Ó¶øÊ¹·çÂÖ×ª¶¯ÆðÀ´¡£

2. 2 ·çÂÖÔÚ×ª¶¯Çé¿öÏÂÒ¶Æ¬µÄÊÜÁ¦Çé¿ö

ÏÂÃæ·ÖÎö·çÂÖÆð¶¯ºóÒÔÄ³ÖÖËÙ¶ÈÎÈ¶¨Ðý×ªÊ±Ò¶Æ¬

µÄÊÜÁ¦Çé¿ö¡£Èô·çÂÖÐý×ª½ÇËÙ¶ÈÎª ω£¬ÔòÏà¶ÔÓÚÒ¶
Æ¬ÉÏ¾à×ªÖáÖÐÐÄ r ´¦µÄÒ»Ð¡¶ÎÒ¶Æ¬Ôª (Ò¶ËØ )µÄÆøÁ÷ËÙ
¶È Wr ½«ÊÇ´¹Ö±ÓÚ·çÂÖÐý×ªÃæµÄÀ´Á÷ËÙ¶È V Óë¸ÃÒ¶Æ¬

ÔªµÄÐý×ªÏßËÙ¶È ωr µÄÊ¸Á¿ºÍ£¬ÈçÍ¼ 2-7 ËùÊ¾¡£¿É¼û

ÕâÊ±ÒÔ½ÇËÙ¶È ω Ðý×ªµÄ½°Ò¶£¬ÔÚÓë×ªÖáÖÐÐÄÏà¾à r
´¦µÄÒ¶Æ¬ÔªµÄ¹¥½Ç£¬ÒÑ¾­²»ÊÇ V ÓëÒíÏÒµÄ¼Ð½Ç£¬¶ø

ÊÇ Wr ÓëÒíÏÒµÄ¼Ð½ÇÁË¡£

Í¼ 2-7 Ðý×ª½°Ò¶µÄÆøÁ÷ËÙ¶È¼°ÊÜÁ¦Çé¿ö

ÒÔÏà¶ÔËÙ¶È Wr ´µÏòÒ¶Æ¬ÔªµÄÆøÁ÷£¬²úÉúÆø¶¯Á¦

F£¬ F ¿É·Ö½âÎª´¹Ö±ÓÚ

Wr ·½ÏòµÄÉýÁ¦ Fy ¼°Óë

Wr ·½ Ïò Ò» ÖÂ µÄ ×è Á¦

Fx£¬Ò²¿ÉÒÔ·Ö½âÎªÔÚ·ç

ÂÖÐý×ªÃæÄÚÊ¹½°Ò¶Ðý×ª

µÄÁ¦ Fyl ¼°¶Ô·çÂÖÕýÃæ

µÄÑ¹Á¦ Fxl¡£

ÓÉÓÚ·çÂÖÐý×ªÊ±Ò¶

Æ¬²»Í¬°ë¾¶´¦µÄÏßËÙ¶È

ÊÇ²»Í¬µÄ£¬Òò¶øÏà¶ÔÓÚ

Ò¶ Æ¬ ¸÷ ´¦ µÄ Æø Á÷ ËÙ ¶È

W ÔÚ ´ó Ð¡ ºÍ ·½ ÏòÉÏ Ò²

¶¼²»Í¬£¬Èç¹ûÒ¶Æ¬¸÷´¦

µÄ°²×°½Ç¶¼Ò»Ñù£¬ÔòÒ¶

Æ¬¸÷´¦µÄÊµ¼Ê¹¥½Ç¶¼½«

²»Í¬¡£ÕâÑù³ýÁË¹¥½Ç½Ó

½ü×î¼ÑÖµµÄÒ»Ð¡¶ÎÒ¶Æ¬

ÉýÁ¦½Ï´óÍâ£¬ÆäËü²¿·Ö

ËùµÃµ½µÄÉýÁ¦ÔòÓÉÓÚ¹¥

½Ç Æ« Àë ×î ¼Ñ Öµ ¶ø ²» Àí
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Í¼ 2-8 ¿ÕÆøÁ÷¹ý·çÂÖÐý×ª½ØÃæ¼°ÆäÇ°ºóµÄ×´¿ö

( a )¿ÕÆøÁ÷Ïß ( b )ËÙ¶È±ä»¯ ( c )Ñ¹Á¦±ä»¯

Ïë¡£ËùÒÔÕâÑùµÄÒ¶Æ¬²»¾ß±¸Á¼ºÃµÄÆø¶¯Á¦ÌØÐÔ¡£ÎªÁË

ÔÚÑØÕû¸öÒ¶Æ¬³¤¶È·½Ïò¾ùÄÜ»ñµÃÓÐÀûµÄ¹¥½ÇÊýÖµ£¬¾Í

±ØÐëÊ¹Ò¶Æ¬Ã¿Ò»¸ö½ØÃæµÄ°²×°½ÇËæ×Å°ë¾¶µÄÔö´ó¶øÖð

½¥¼õÐ¡¡£ÔÚ´ËÇé¿öÏÂ£¬ÓÐ¿ÉÄÜÊ¹ÆøÁ÷ÔÚÕû¸öÒ¶Æ¬³¤¶È

¾ùÒÔ×îÓÐÀûµÄ¹¥½Ç´µÏòÃ¿Ò»Ò¶Æ¬Ôª£¬´Ó¶ø¾ßÓÐ±È½ÏºÃ

µÄÆø¶¯Á¦ÐÔÄÜ¡£¶øÇÒ¸÷´¦ÊÜÁ¦±È½Ï¾ùÔÈ£¬Ò²Ôö¼ÓÁËÒ¶

Æ¬µÄÇ¿¶È¡£ÕâÖÖ¾ßÓÐ±ä»¯µÄ°²×°½ÇµÄÒ¶Æ¬³ÆÎªÂÝÐý½°

ÐÍÒ¶Æ¬£¬¶øÄÇÖÖ¸÷´¦°²×°½Ç¾ùÏàÍ¬µÄÒ¶Æ¬³ÆÎªÆ½°åÐÍ

Ò¶Æ¬¡£ÏÔÈ»£¬ÂÝÐý½°ÐÍÒ¶Æ¬±ÈÆðÆ½°åÐÍÒ¶Æ¬À´ÒªºÃµÃ

¶à¡£

¾¡¹ÜÈç´Ë£¬ÓÉÓÚ·çËÙÊÇÔÚ¾­³£±ä»¯µÄ£¬·çËÙµÄ±ä

»¯Ò²½«µ¼ÖÂ¹¥½ÇµÄ¸Ä±ä¡£Èç¹ûÒ¶Æ¬×°ºÃºó°²×°½Ç²»ÔÙ

±ä»¯£¬ÄÇÃ´ËäÔÚÄ³Ò»·çËÙÏÂ¿ÉÄÜµÃµ½×îºÃµÄÆø¶¯Á¦ÐÔ

ÄÜ£¬µ«ÔÚÆäËü·çËÙÏÂÔòÎ´±ØÈç´Ë¡£ÎªÁËÊÊÓ¦²»Í¬µÄ·ç

ËÙ£¬¿ÉÒÔËæ×Å·çËÙµÄ±ä»¯£¬µ÷½ÚÕû¸öÒ¶Æ¬µÄ°²×°½Ç£¬

´Ó¶øÓÐ¿ÉÄÜÔÚºÜ´óµÄ·çËÙ·¶Î§ÄÚ¾ù¿ÉÒÔµÃµ½ÓÅÁ¼µÄÆø

¶¯Á¦ÐÔÄÜ¡£ÕâÖÖ½°Ò¶½Ð×ö±ä½°¾àÊ½Ò¶Æ¬£¬¶ø°ÑÄÇÖÖ°²

×°½ÇÒ»¾­×°ºÃ¾Í²»ÔÙÄÜ±ä¶¯µÄÒ¶Æ¬³ÆÎª¶¨½°¾àÊ½Ò¶

Æ¬¡£ÏÔÈ»£¬´ÓÆø¶¯ÐÔÄÜÀ´¿´£¬±ä½°¾àÊ½ÂÝÐý½°ÐÍÒ¶Æ¬

ÊÇÒ»ÖÖÐÔÄÜÓÅÁ¼µÄÒ¶Æ¬¡£

»¹ÓÐÒ»ÖÖ¿ÉÒÔ»ñµÃÁ¼ºÃÐÔÄÜµÄ·½·¨£¬¼´·çÁ¦»ú²É

È¡±äËÙÔËÐÐ·½Ê½¡£Í¨¹ý¿ØÖÆÊä³ö¹¦ÂÊµÄ°ì·¨£¬Ê¹·çÁ¦

»úµÄ×ªËÙËæ·çËÙµÄ±ä»¯¶ø±ä»¯£¬Á½ÕßÖ®¼ä±£³ÖÒ»¸öºã

¶¨µÄ×î¼Ñ±ÈÖµ£¬´Ó¶øÔÚºÜ´óµÄ·çËÙ·¶Î§ÄÚ¾ù¿ÉÊ¹Ò¶Æ¬

¸÷´¦ÒÔ×î¼ÑµÄ¹¥½ÇÔËÐÐ¡£

3 ·çÁ¦»úµÄÆø¶¯Á¦ÌØÐÔ

3. 1 ±´×È (Betz )ÀíÂÛ
Ç°ÃæËµ¹ý£¬·çÂÖµÄ×÷ÓÃÊÇ½«·çÄÜ×ª»»Îª»úÐµÄÜ¡£

ÓÉÓÚÁ÷¾­·çÂÖºóµÄ·çËÙ²»¿ÉÄÜÎªÁã£¬Òò´Ë·çËùÓµÓÐµÄ

ÄÜÁ¿²»¿ÉÄÜÍêÈ«±»ÀûÓÃ¡£Ò²¾ÍÊÇËµÖ»ÓÐ·çµÄÒ»²¿·ÖÄÜ

Á¿¿ÉÄÜ±»ÎüÊÕ£¬³ÉÎª½°Ò¶µÄ»úÐµÄÜ¡£ÄÇÃ´·çÂÖ¾¿¾¹ÄÜ

¹»ÎüÊÕ¶àÉÙ·çÄÜÄØ?ÎªÌÖÂÛÕâ¸öÎÊÌâ£¬±´×È¼ÙÉèÁËÒ»
ÖÖÀíÏëµÄ·çÂÖ£¬¼´¼Ù¶¨·çÂÖÊÇÒ»¸öÆ½Ãæ½°ÅÌ ( Ã»ÓÐÂÖ
ì±£¬Ò¶Æ¬ÎÞÇî¶à )£»Í¨¹ý·çÂÖµÄÆøÁ÷Ã»ÓÐ×èÁ¦£»ÇÒÕû
¸ö·çÂÖÉ¨ÂÓÃæÉÏµÄÆøÁ÷ÊÇ¾ùÔÈµÄ£»ÆøÁ÷ËÙ¶ÈµÄ·½ÏòÔÚ

Í¨¹ý·çÂÖÇ°ºó¶¼ÊÇÑØ×Å·çÂÖÖáÏßµÄ¡£Í¼ 2-8 ËùÊ¾ÎªÆø

Á÷Á÷¹ýÀíÏë·çÂÖÐý×ªÃæ A ËùÐÎ³ÉµÄ½üËÆÐÎ×´¡£Í¼ÖÐ

Ê¾³ö¿ÕÆøÁ÷¾­½°Ò¶µÄÁ÷ÏßÍ¼ºÍ·çÂÖÇ°ºóµÄËÙ¶È¼°Ñ¹Á¦

±ä»¯¡£ÓÉÓÚ·çÂÖÔÚÐý×ª£¬Ê¹ÆøÁ÷²úÉúÂä²î£¬ÔÚ¿¿½ü·ç

ÂÖ´¦¼°ÔÚ·çÂÖºóÄ³Ò»¾àÀë´¦µÄÆøÁ÷ËÙ¶È¾ùÓÐËù½µµÍ£¬

ÈçÍ¼ÖÐ ( b ) ËùÊ¾¡£Óë´ËÍ¬Ê±£¬¿¿½ü·çÂÖ´¦µÄ¿ÕÆøÑ¹Á¦
Ôö¸ß£¬Í¨¹ý·çÂÖºóÑ¹Á¦¼±¾çÏÂ½µ£¬ÐÎ³ÉÄ³ÖÖ³Ì¶ÈµÄÕæ

¿Õ£¬ËæºóÕæ¿Õ³Ì¶ÈÖð½¥¼õÈõ£¬Ö±µ½»Ö¸´Ô­À´µÄÑ¹Á¦£¬

ÈçÍ¼ÖÐ ( c )ËùÊ¾¡£

Éè V Îª·çÂÖÇ°·½Ô¶´¦µÄ·çËÙ£¬ V1 ÎªÍ¨¹ý·çÂÖ½Ø

Ãæ A µÄÊµ¼ÊËÙ¶È£¬ V2 Îª·çÂÖºó·½Ô¶´¦µÄ·çËÙ£¬Í¨¹ý

·çÂÖµÄÆøÁ÷ÔÚ·çÂÖÇ°·½µÄ½ØÃæÎª A1£¬ÔÚ·çÂÖºó·½µÄ

½ØÃæÎª A2£¬·çÂÖÔ¶´¦µÄÑ¹Á¦Îª p1£¬·çÂÖÇ°ºóµÄÑ¹Á¦
Îª pa ºÍ pb¡£ÏÔÈ»£¬ÔÚµ¥Î»Ê±¼äÄÚ£¬´Ó·çÂÖÇ°µ½·çÂÖ

ºóÆøÁ÷¶¯ÄÜµÄ±ä»¯Á¿¾ÍÊÇÎª·çÂÖËùÎüÊÕ²¢Ê¹·çÂÖÐý×ª

µÄ·çÄÜ E£¬¼´

E = mV2

2
- mV2

2

2
= 1

2 pAV1£¨V2 - V2
2£© ( 2-6 )

Ê½ÖÐ£¬ m Îªµ¥Î»Ê±¼äÄÚÁ÷¹ý·çÂÖ½ØÃæµÄ¿ÕÆøµÄÖÊ

Á¿£¬m = pAV1¡£

·çÂÖÔÚµ¥Î»Ê±¼äÄÚËù½ÓÊÕµÄ¶¯ÄÜÒ²¿ÉÓÃ·ç×÷ÓÃÔÚ

·çÂÖÉÏµÄÁ¦Óë·çÂÖ½ØÃæ´¦µÄ·çËÙÖ®³Ë»ýÀ´±íÊ¾£¬¼´

E = FV1 ( 2-7 )
½«Ê½ ( 2¡ª6 )ÓëÊ½ ( 2¡ª7 )ºÏ²¢£¬ÔòµÃ

F = 1
2 pA( V2 - V2

2 ) ( 2-8 )

¸ù¾ÝÁ÷ÌåµÄ¶¯Á¿·½³Ì£¬·ç×÷ÓÃÔÚ·çÂÖÉÏµÄÁ¦µÈÓÚ

µ¥Î»Ê±¼äÄÚÍ¨¹ý·çÂÖÐý×ªÃæµÄÆøÁ÷¶¯Á¿µÄ±ä»¯£¬¼´

F = mV - mV2 = pAV1 ( V - V2 ) ( 2-9 )
½«Ê½ ( 2-9 )ÓëÊ½ ( 2-8 )ºÏ²¢£¬ÔòµÃ

V1 = V + V2

2 (2-10 )

½«Ê½ ( 2-10 )´úÈëÊ½ ( 2-6 )£¬µÃµ½

E = 1
4 pA( V + V2 ) ( V2 - V2

2 ) ( 2-11 )

Í¨³£ËÙ¶È V ÊÇÒÑÖªµÄ£¬ËùÒÔ E ¿ÉÒÔ¿´³ÉÊÇ V2 µÄº¯

Êý£¬ÇóÆäµ¼Êý d E / d V2£¬²¢Ê¹Ö®ÎªÁã£¬ÔòµÃ
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V2 = V
3 (2-12 )

½«Ê½ ( 2-12 ) ´úÈëÊ½ ( 2-11 )£¬µÃµ½·çÂÖ¿ÉÄÜÎüÊÕµ½µÄ×î
´ó·çÄÜÎª

Emax = 8
27 pAV

3 ( 2-13 )

Õâ¸ö×î´óÄÜÁ¿Ö»ÓÐÔÚ¹¤×÷ÖÐºÁÎÞËðÊ§µÄ·çÂÖ¼´ÀíÏë·ç

ÂÖÖÐ²ÅÄÜµÃµ½£¬²¢×ª±äÎª·çÂÖµÄ»úÐµ¹¦¡£

ÎÒÃÇÈ¡µ¥Î»Ê±¼äÄÚ·çÂÖËùÎüÊÕµÄ·çÄÜ E ÓëÍ¨¹ý·ç

ÂÖÐý×ªÃæµÄÈ«²¿·çÄÜ Ein Ö®±ÈÎª·çÄÜÀûÓÃÏµÊý Cp£¬¼´

Cp = EEm
(2-14 )

Ê½ÖÐ£¬ Ein = 1
2 pAV3¡£µ± V2 =

V
3 Ê±£¬µÃµ½

Cpmax = 16
27≈0. 593 (2-15 )

Ê½ ( 2-15 )¸ø³öÀíÏë·çÂÖµÄ×î´óÀíÂÛÐ§ÂÊ£¬Õâ¾ÍÊÇ
±´×È¼«ÏÞ¡£

3. 2 ·çÄÜÀûÓÃÏµÊý

Êµ¼Ê·çÂÖµÄ·çÄÜÀûÓÃÏµÊýÈçÍ¼ 2-9 ËùÊ¾£¬ÔÚÊµ¼Ê

Ó¦ÓÃÖÐ³£ÓÃ·çÄÜÀûÓÃÏµÊý Cp ¶ÔÒ¶¼âËÙ±È λ µÄ±ä»¯Çú

Ïß±íÊ¾¸Ã·çÂÖµÄ¿ÕÆø¶¯Á¦ÌØÐÔ¡£

Í¼ 2-9 Ò»ÖÖµäÐÍµÄ·çÄÜÀûÓÃÏµÊýÓëÒ¶¼âËÙ±ÈµÄ¹ØÏµÇúÏß

·çÂÖµÄÒ¶¼âËÙ±È λ ÊÇ·çÂÖÒ¶Æ¬µÄÒ¶¼âËÙ¶ÈÓë·ç

ËÙÖ®±È£¬ËüÊÇ·çÁ¦»úµÄÒ»¸öÖØÒªÉè¼Æ²ÎÊý£º

λ = ωR
V ( 2-16 )

Ê½ÖÐ£¬ R ÊÇ·çÂÖµÄ°ë¾¶¡£´ÓÍ¼ 2-9 ¿ÉÒÔ¿´³ö£¬·çÁ¦»ú

µÄ·çÄÜÀûÓÃÏµÊýÒ²¼´·çÂÖ½«·çÄÜ×ª±äÎª»úÐµÄÜµÄÐ§ÂÊ

ÓëÒ¶¼âËÙ±ÈÊÇÃÜÇÐÏà¹ØµÄ¡£·çÄÜÀûÓÃÏµÊý Cp Ö»ÓÐÔÚ

Ò¶¼âËÙ±È λ ÎªÄ³Ò»¶¨Öµ λm Ê±×î´ó¡£ÔÚºãËÙÔËÐÐµÄ·ç

Á¦»úÖÐ£¬ÓÉÓÚ·çÁ¦»ú×ªËÙ²»±ä£¬¶ø·çËÙ¾­³£ÔÚ±ä»¯£¬

Òò´Ë λ ²»¿ÉÄÜ¾­³£±£³ÖÔÚ×î¼ÑÖµ ( ¼´Ê¹ÊÇ²ÉÓÃ±ä½°¾à
Ò¶Æ¬ )£¬ Cp ÖµÍùÍùÓëÆä×î´óÖµÏà²îºÜ¶à£¬Ê¹·çÁ¦»ú³£

³£ÔËÐÐÓÚµÍÐ§×´Ì¬¡£¶ø±äËÙÔËÐÐµÄ·çÁ¦»ú£¬Í¨¹ýÊÊµ±

¿ØÖÆÊä³ö¹¦ÂÊµÄ°ì·¨£¬ÓÐ¿ÉÄÜÊ¹·çÁ¦»úÔÚ·çÂÖÒ¶¼âËÙ

¶ÈÓë·çËÙÖ®±ÈÎªºã¶¨µÄ×î¼ÑÖµµÄÇé¿öÏÂÔË×ª£¬´Ó¶øÊ¹

Cp ÔÚºÜ´óµÄ·çËÙ±ä»¯·¶Î§ÄÚ¾ùÄÜ±£³Ö×î´óÖµ£¬·çÄÜ

×ª»»Îª»úÐµÄÜµÄÐ§ÂÊÎÊÌâÓÐ¿ÉÄÜµÃµ½×î¼Ñ½â¾ö¡£

4 ·çÁ¦»úµÄÊä³ö¹¦ÂÊ

Ç°ÃæÌÖÂÛÁËÀíÏë·çÁ¦»úµÄ¹¦ÂÊÊä³ö£¬¶ÔÒ»Ì¨Êµ¼Ê

µÄ·çÁ¦»ú£¬Æä»úÐµÊä³ö¹¦ÂÊ Pm ¿ÉÒÔÏÂÊ½±íÊ¾£º

Pm = Cp Pw = 1
2 pAV3 Cp = π

8 pD2 V3 Cp ( 2-17 )

Ê½ÖÐ£¬ Pw ÊÇÍ¨¹ý·çÂÖÉ¨ÂÓÃæ»ýµÄ·çµÄ¹¦ÂÊ£¬ D ÊÇ·ç

ÂÖÖ±¾¶¡£·çÄÜÀûÓÃÏµÊý Cp ²»ÊÇÒ»¸ö³£Êý£¬ËüËæ·ç

ËÙ¡¢·çÁ¦»ú×ªËÙÒÔ¼°·çÁ¦»úÒ¶Æ¬²ÎÊýÈç¹¥½Ç¡¢½°¾à½Ç

µÈ¶ø±ä»¯¡£

·çÁ¦»úµÄÒ¶Æ¬ÓÐ¶¨½°¾àµÄ£¬Ò²ÓÐ±ä½°¾àµÄ¡£¶ÔÓÚ

¶¨½°¾àµÄ·çÁ¦»ú£¬³ýÁË²ÉÓÃ¿É¿ØÖÆµÄ±äËÙÔËÐÐÍâ£¬Ò»

°ãºãËÙÔËÐÐµÄ·çÁ¦»ú£¬ÔÚ¶î¶¨·çËÙÒÔÏÂµÄ·çËÙ·¶Î§

ÄÚ£¬ Cp ³£³£Æ«ÀëÆä×î¼ÑÖµ£¬Ê¹Êä³ö¹¦ÂÊÓÐËù½µµÍ£»

³¬¹ý¶î¶¨·çËÙºó£¬Í¨¹ý²ÉÈ¡Æ«º½¿ØÖÆ»òÊ§ËÙ¿ØÖÆµÈ´ë

Ê©£¬Ê¹Êä³ö¹¦ÂÊÏÞÖÆÔÚ¶î¶¨Öµ¸½½ü¡£¶ÔÓÚ±ä½°¾àµÄ·ç

Á¦»ú£¬Í¨¹ýµ÷½Ú½°¾à¿ÉÊ¹ Cp ÔÚ¶î¶¨·çËÙÒÔÏÂ¾ßÓÐ¿É

ÄÜ½Ï´óµÄÖµ£¬´Ó¶øµÃµ½½Ï¶àµÄÄÜÁ¿Êä³ö£»³¬¹ý¶î¶¨·ç

ËÙºó£¬Í¨¹ý¸Ä±ä½°¾à¼õÐ¡ Cp£¬Ê¹Êä³ö¹¦ÂÊ±£³ÖÔÚËü

µÄ¶î¶¨Öµ PmR£¬ÈçÍ¼ 2-10 ËùÊ¾¡£

Í¼ 2-10 ±ä½°¾à·çÁ¦»úµÄÖá¹¦ÂÊÊä³ö

ÓÉÓÚÖÆÔìºÍ¿ØÖÆµÄ¾ÖÏÞÐÔ£¬ÀûÓÃ½Ú¾à¿ØÖÆ±£³Ö

Cp ²»±äÊÇ²»Êµ¼ÊµÄ£¬¼´Ê¹¶ÔÓÚºãËÙÔËÐÐµÄ±ä¾àÒ¶

Æ¬£¬ Cp Ò²»áËæ·çËÙ¶ø±ä»¯¡£

ÖÐ¡¢´óÐÍ·çÁ¦»úÒ»°ãÒÔ¹Ì¶¨×ªËÙÔË×ª£¬ÊÊµ±Éè¼Æ

·çÁ¦»úµÄ Cp Óë λ µÄ¹ØÏµÇúÏß£¬Ê¹ËüµÄ¹¦ÂÊÊä³ö¾ßÓÐ

×ÔÏÞÖÆÌØÐÔ£¬¶ÔÓÚ¶¨½°¾à·çÁ¦»úµÄÔËÐÐ£¬¾ßÓÐÊ®·ÖÖØ

ÒªµÄÒâÒå¡£ÁíÍâ£¬¸Ä±ä¶î¶¨×ªËÙÊ±·çÁ¦»úÔËÐÐÓÐÓ°

Ïì¡£¶î¶¨×ªËÙÒÔ¼°ÓëÖ®ÏàÓ¦µÄ¶î¶¨·çËÙµÄÑ¡ÔñÈ¡¾öÓÚ

·çÁ¦»úËùÔÚ³¡Ö·µÄ·ç¿ö£¬Æ½¾ù·çËÙÎª 9m / s µÄ³¡µØÑ¡
Ôñ¶î¶¨×ªËÙÎª 52. 5r / min ÊÇºÏÊÊµÄ£¬µ«¶ÔÓÚÆ½¾ù·çËÙ

6m / s µÄ³¡µØÑ¡ÔñÕâÑùµÄ×ªËÙ¿ÉÄÜ¾Í²»ºÏÊÊÁË¡£


