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Numer ical Predict ion of Hydrodynamic Perf or mance of Centr if ugal
Pump under Attached Cavitat ing Flows

L i Jun1 , L i u L ij un2 , Feng Zhenping1

(1. Insti tute of Turbomachinery , Xi¡äan Jiaotong Universi ty , Xi¡äan 710049 , China; 2. Research
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Abstract : The hydrodynamic performance of a cent rif ugal pump under a cavi tati ng f low condi tion

was predicted using the improved cavi tation model and a vi scous Reynolds2averaged Navier2Stokes

solver . Numerical simulation of the f low f iel d across an ogive headform/ cyli nder body was per2

formed to conf i rm the accuracy and reliabili ty of the presented methodology. The relation be2

tween the hydrodynamic performance and cavi tation number of the cent rif ugal pump was investi2

gated at two diff erent f low coeff icient s. The inf l uence of the cavi tation number on the attached

cavi ty shape of an impeller was predicted. The numerical resul t s show that a cri tical cavi tation

number exi st s for a given f low rate. The rapid drop in head coeff icient at the cri tical cavi tation

number was captured at two diff erent f low coeff icients. A lower cavi tation number leads to a lar2

ger cavi ty shape and a more rapid drop in head coeff icient of a cent rif ugal pump. The resul t s al so

show the f easibili ty of the present cavi tation model and algori t hms for numerical prediction of a

cent rif ugal pump under cavi tation f low condi tion.
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b2 ¡¡ ¡¡Ò¶ÂÖ³ö¿Ú¿í¶È,m

Cp Ñ¹Á¦Ïµ Êý

D1 Ò¶ÂÖ½ø¿ÚÖ±¾¶,m

D2 ¡¡ ¡¡Ò¶ÂÖ³ö¿ÚÖ±¾¶,m

H ÄÜÍ· ¸ß¶È,m

k ¿Õ»¯Êý

LB ¡¡ ¡¡Ò¶ÂÖÏÒ³¤ ,m

n Ò¶ÂÖ×ªËÙ, r ¡¤min - 1

N z Ò¶ÂÖÒ¶Æ¬Êý

ÊÕ̧åÈÕÆÚ: 2005O07O19. ¡¡×÷Õß¼ò½é: Àî ¡¡¾ü(1971¡« ) ,ÄÐ,¸±½ÌÊÚ. ¡¡»ù½ðÏî Ä¿: ½ÌÓý²¿¸ßµÈÑ§Ð£²©Ê¿Ñ§¿Æµã×¨Ïî ¿ÆÑÐ»ù

½ð×ÊÖúÏî Ä¿(20040698049) ; Î÷ °² ½»Í¨ ´óÑ§×ÔÈ»¿ÆÑ§»ù½ð×ÊÖúÏî Ä¿(2003) .



p ¡¡ ¡¡¾²Ñ¹ , Pa

p0 µ±µØ×ÜÑ¹ , Pa

p ¡Þ Ô¶³¡ Ñ¹Á¦ , Pa

pv ÆøÏà ¾²Ñ¹ , Pa

Q Á÷Á¿,m3 ¡¤s- 1

S3 ÎÞÁ¿̧ÙÖáÏò ¾àÀë

u2 Ò¶ÂÖ³ö¿Ú±ßËÙ¶È,m ¡¤s- 1

¦Â2 Ò¶ÂÖ³ö¿Ú½Ç¶È, (¡ã)

¦Ñ ÃÜ¶È,kg ¡¤m3

¦Ò ¿Õ»¯Ïµ Êý

< Á÷Á¿Ïµ Êý
¦· ÄÜÍ· Ïµ Êý

¡¡ ¡¡ÊýÖµÄ£Äâ¿Õ»¯Á÷¶¯µÄÄÜÁ¦¶ÔÓÚÓÐÐ§µØÉè¼ÆºÍ ÔË

ÐÐÐí¶à¹¤³Ì Éè±¸ÓÐ×Å·Ç³£ ÖØÒªµÄ×÷ÓÃ,ÔÚ́ó ¶àÊýÇé

¿öÏÂ ,¿Õ»¯ÊÇ²»ÀûµÄÁ÷¶¯ ÏÖÏó ,ÄÜ¹»Ôì³ÉË®±ÃÒ¶ÂÖ²Ä

ÁÏÆÆ»µ¡¢ÔëÒô¡¢Õñ¶¯ ºÍ Ë®Á¦ÐÔÄÜÏÂ½µ. ÔÚ¿Õ»¯ Á÷¶¯ µÄ

Ðí¶àÀàÐÍÖÐ,¸½×Å¿Õ»¯¹ã·º ´æÔÚÓÚË®±ÃÖÐ,µ±Ë®±ÃÔÚ

±ä¹¤¿öÁ÷Á¿»òÕßÔÚµÍ Ñ¹Ïµ Í³ ÏÂÔËÐÐÊ±,Ò¶Æ¬±í ÃæºÍ

¶Ë²¿¿ÉÄÜÐÎ³É´ó³ß¶È·¢ Õ¹µÄ̧ ½×ÅÆøÅÝ,ÆäÖÐÆøÅÝÓö

µ½Íâ ²¿µÄ̧ßÑ¹Çø¶ø·¢ ÉúÆÆÁÑ. µ±¿Õ»¯ Ïµ Êý́ ï µ½Ò»¶¨

½çÏÞÊ±,Ë®±ÃµÄË®Á¦Ð§ÂÊºÍ ÄÜÍ· Ïµ ÊýÏÂ½µ. ×î ÖÕ,ÓÉ

Ò¶ÂÖÄÜÍ· Ïµ Êý¼±¾çÏÂ½µ¶ø²úÉúË®±ÃÍâ ÌØÐÔ¿Õ»¯¶Ï ÁÑ

µÄ¹¤¿öÏÖÏó . ½üÄêÀ´ ,Ëæ×Å¼ÆËã»ú¼¼Êõ¡¢¼ÆËãÁ÷Ìå ¶¯

Á¦Ñ§(CFD) µÄ·¢ Õ¹ ,ÒÔ¼°¹¤ ³Ì ÉÏÆÈÇÐÐèÒªÀí½â¿Õ»¯

Á÷¶¯µÄ»úÀí ,ÊýÖµÄ£ÄâÑÐ¾¿µÃµ½ÁȨ̈ß¶ÈÖØÊÓºÍ ·¢ Õ¹ ,

Í¨ ¹ý ÊýÖµÄ£ÄâÑÐ¾¿̧½×Å¿Õ»¯ Á÷¶¯ »úÀí ,¿ÉÒÔ°ï ÖúÉè

¼ÆÈËÔ±Ïû ³ý ¡¢¼õÉÙ»òÕß̧ú×Ù̧½×Å¿Õ»¯Á÷¶¯ÇøÓò,´Ó¶ø

Ìá ¸ßË®±ÃµÄÐÔÄÜ.

ÊýÖµÄ£Äâ̧½×Å¿Õ»¯Á÷¶¯ÔÚÎï ÀíÄ£ÐÍºÍ ÊýÖµ·½·¨

ÉÏ¶¼ÊÇÌô Õ½ÐÔµÄÑÐ¾¿¿ÎÌâ ,×î ´óµÄÀ§ÄÑÊÇÔÚÒºÏà / Æø

Ïà ½çÃǽ¦ ,ÓÉÁ½Ïà ±ä»¯²úÉúµÄ¾Þ́óÃÜ¶È±ä»¯ ,¶øÇÒ̧½

×Å¿Õ»¯µÄ·¢ Éúµã¡¢¿Õ»¯ ³¤ ¶ÈºÍ ¿Õ»¯ ÐÎ×´¶¼Ç¿ÁÒµØÒÀ

ÀµÓÚÑ¹Á¦³¡ ,½ø¶øÊÜµ½¼ÆËãÇøÓòºÍ ¼ÆËãÌõ ¼þµÄÓ°Ïì .

Deshpande[ 1 ] ·¢ Õ¹ÁËEuler ·ÖÎö ·½·¨ ,²¢ ÍÆ¹ãµ½Çó½â

RANS( Reynold2averaged Navier2Stokes) ·½³Ì À´Ô¤

²âÆøÅÝÐÎ×´µÄ¼ º̧Î ÌØÐÔ. Chen ºÍ Hei ster [ 2 ] ·¢ Õ¹ÁË

»ùÓÚµ¥Ïà RANSÊýÖµºÍ ¿Õ»¯ÐÎ×´ÐÞÕýËã·¨ ,²¢ ½øÐÐ

¸½×Å¿Õ»¯ÏÖÏó µÄÊýÖµÄ£Äâ. Hi rschi [ 3 ] ²ÉÓÃÊýÖµÇó½â

µ¥Ïà RA NSºÍ ¸ø¶¨ ³õÊ¼¿Õ»¯ÐÎ×´µÄÊýÖµ·½·¨ ,ÑÐ¾¿

ÁËÀëÐÄ±ÃÔÚ¿Õ»¯·¢ ÉúÊ±Ë®Á¦ÐÔÄÜµÄÓ°Ïì , ²¢ ½øÐÐÁË

ÊÔÑéÑéÖ¤. Medvi tz ºÍ Kunz[ 4 ] µÈ·¢ Õ¹ÁË¶àÏà ¼ÆËãÁ÷

Ìå ¶¯Á¦Ñ§·½·¨ ,²ÉÓÃÁ½Ïà RA NS ·½³Ì Í¨ ¹ý »ì ºÏ ¶¯ Á¿

ºÍ Á÷Á¿·½³Ì À´¿¼ÂÇÆøÏà ²¿·Ö½øÐÐ¿Õ»¯ Á÷¶¯ ÊýÖµÔ¤

²â . RANS ·½³Ì Çó½â¼¼ÊõµÄÓÅµãÊÇ¿ÉÒÔ¿¼ÂÇÐí¶à¿Õ

»¯Á÷¶¯µÄÕæÊµÎï Àí»úÀí , Í¬ Ê±¿ÉÒỐ¦ Àí¸´ ÔÓµÄÁ÷¶¯

ÇøÓò,ÀýÈç±ÚÃæ·ÖÀëµãºÍ ÆøÅÝ³¤ ¶È¿ÉÒÔÍ¨ ¹ý ¼ÆËã¹ý

³Ì È·¶¨ ,²»ÐèÒªÏñ ÊÆÁ÷Ä£ÐÍÄÇÑùÊÂÏÈÈ·¶¨ .

±¾ÎÄ²ÉÓÃ×÷Õß·¢ Õ¹µÄ¿Õ»¯ Ä£ÐÍºÍ Ëã·¨ [ 5 ] ,ñî ºÏ

RANS ·½³Ì Çó½â¼¼Êõ,ÊýÖµ¼ÆËãÁË¾ßÓÐÊÔÑéÊý¾ÝµÄ

¹° ÐÎÍ· ²¿Ô²ÖùÌå ¿Õ»¯ ÈÆÁ÷,ÊýÖµÔ¤²â ÁË2 ÖÖÁ÷Á¿Ïµ

ÊýÏÂ²»Í¬¿Õ»¯ÊýµÄÀëÐÄ±ÃË®Á¦ÐÔÄÜÇúÏß ,ÑÐ¾¿ÁË¿Õ

»¯Ïµ Êý¶ÔÀëÐÄ±ÃÒ¶ÂÖ±í Ãæ̧½×ÅÆøÅÝµÄÓ°Ïì ÌØÐÔ. Êý

Öµ½á¹û±íÃ÷,ÔÚÏà Í¬ µÄÁ÷Á¿Ïµ ÊýÏÂ´æÔÚ×ÅÁÙ½ç¿Õ»¯

Ïµ Êý,ÔÚÁÙ½ç¿Õ»¯ Ïµ ÊýÊ±ÀëÐÄ±ÃµÄË®Á¦ÐÔÄÜÍ» È»ÏÂ

½µ,¿Õ»¯Ïµ ÊýÔ½Ð¡ ,ÀëÐÄ±ÃÒ¶ÂÖ±íÃæ̧½×Å¿Õ»¯¿ÕÇ»Ô½

´ó ,²¢ Í¬Ê±Ôì³ÉË®Á¦ÐÔÄÜÏÂ½µµÄÔ½¿ì .

1 ¡¡¹° ÐÎÍ· ²¿Ô²ÖùÌå ÈÆÁ÷

Í¨ ¹ý Ô²×¶ÐÎÍ· ²¿Ô²ÖùÌå ¿Õ»¯ ÈÆÁ÷µÄËãÀý,Ö¤Ã÷

ÁËËù̧Ä½øºÍ ·¢ Õ¹µÄ¿Õ»¯Ä£ÐÍºÍ Ëã·¨ ¶ÔÓÚ¼âÈñÍ· ²¿µÄ

¸½×Å¿Õ»¯Á÷¶¯ Ä£ÄâµÄ¿É¿¿ÐÔ. Í¨ ³£ , ¼âÈñÍ· ²¿µÄÈÆ

Á÷,Ñ¹Á¦×îµÍ µã×ÜÊÇÎ» ÓÚ¹Ì ¶¨µÄÎ» ÖÃ,Òò́ËÎª ÁË½øÒ»

²½Ö¤Ã÷ËùÌá ³öµÄ¿Õ»¯ Ä£ÐÍºÍ Ëã·¨ µÄ¿É¿¿ÐÔ,ÒÔ¼°¶Ô

¸´ ÔÓÁ÷Ìå »úÐµ̧½×Å¿Õ»¯ Á÷¶¯ µÄÄ£Äâ,²ÉÓÃ¹â »¬¹ý ¶É

µÄ¹° ÐÎÍ· ²¿Ô²ÖùÌå ¿Õ»¯ ÈÆÁ÷×÷Îª ËãÀý½øÐÐÊýÖµÄ£

Äâ,²¢ÇÒÓëÊÔÑéÊý¾Ý[ 6 ] ½øÐÐÁË±È½Ï.

Í¼ 1 ¸ø³öÁË¾ßÓÐ̧½×ÅÆøÅÝµÄ¹° ÐÎÍ· ²¿Ô²ÖùÌå ÈÆ

Á÷µÄ¼ÆËãÍø¸ñ ,¹° ÐÎÍ· ²¿µÄÇúÂÊ°ë¾¶ÊÇºóÃæÔ²ÖùÌå

°ë¾¶µÄ2 ±¶,±¾ÎÄ¼ÆËãÖÐµÄ k ·Ö±ðÎª 0132 ºÍ 0124 ,

ËÉ³ÚÒò×ÓÈ¡ 015. ÓÉÓÚ¹° ÐÎÍ· ²¿Ô²ÖùÌå ¼ º̧Î ½á¹¹ µÄ

¶Ô³ÆÐÔ,Òò́ËÔÚÖÐÐÄÏß ²ÉÓÃ±ê×¼¶Ô³Æ±ß½ç, ½ø¿Ú±ß

½ç¡¢³ö¿Ú±ß½çºÍ Íâ ²¿±ß½ç¾ùÉèÎª Ô¶³¡ ±ß½çÌõ ¼þ,±ÚÃæ

²ÉÓÃÎÞ»¬ÒÆ±ß½çÌõ ¼þ,¿Õ»¯ ¿ÕÇ»±í Ãæ²ÉÓÃ×ÔÓÉ±í Ãæ

±ß½çÌõ ¼þ. Í¼ 2 ¸ø³öÁËÔÚ2 ÖÖ¿Õ»¯Ïµ ÊýÏÂ ,¼ÆËãµÃµ½

µÄ±ÚÃæÑ¹Á¦Ïµ Êý·Ö²¼ÒÔ¼°ÊÔÑéÊý¾Ý. ´ÓÍ¼ 2 ÖÐ¿ÉÒÔ

¿´³ö ,ÊýÖµ¼ÆËã×¼È·µØµÃµ½ÁË¿Õ»¯ ·¢ ÉúµãºÍ ÆøÅÝ³¤

¶È,²¢ÓëÊÔÑéÊý¾ÝÎÇºÏ µÃ·Ç³£ºÃ.

Í¼ 1 ¡¡¹° ÐÎÍ· ²¿Ô²ÖùÌå ÆûÊ´ÈÆÁ÷¼ÆËãÍø¸ñ
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Í¼ 2 ¡¡¹° ÐÎÍ· ²¿Ô²ÖùÌå ¿Õ»¯ÈÆÁ÷¼ÆËã½á¹û

2 ¡¡¿Õ»¯ Ìõ ¼þÏÂÀëÐÄ±ÃË®Á¦ÐÔÄÜÔ¤²â

ÔÚ¶ÔËù·¢ Õ¹µÄ¿Õ»¯Ä£ÐÍºÍ Ëã·¨ µÄÎÈ¶¨ÐÔºÍ ¿É¿¿

ÐÔÑéÖ¤µÄ»ù́ ¡ ÉÏ ,¶Ô¾ßÓÐ3 ¸ö Ò¶Æ¬µÄÀëÐÄ±ÃÔÚ¿Õ»¯

Ìõ ¼þÏÂµÄË®Á¦ÐÔÄÜ½øÐÐÊýÖµÔ¤²â ,ÑÐ¾¿·ÖÎö ÁËÔÚ2

ÖÖÁ÷Á¿Ïµ ÊýÏÂ ,²» Í¬ ¿Õ»¯ Ïµ Êý¶ÔÀëÐÄ±ÃË®Á¦ÐÔÄÜµÄ

Ó°Ïì ÌØÐÔ. 3 ¸ö Ò¶Æ¬ÀëÐÄ±ÃµÄÉè¼Æ²Î ÊýÎª D1 =

01183 m , D2 = 01348 m , b2 = 01018 m ,¦Â2 = 12¡ã,

N z = 3 , n = 800 r/ min.

ÀëÐÄÒ¶ÂÖ±íÃæ̧½×Å¿Õ»¯·¢ ÉúÊ±µÄ¼ÆËãÍø¸ñÈçÍ¼

3 ËùÊ¾,ÀëÐÄÒ¶ÂÖÒ¶Æ¬Õ¤¾à·½Ïò µÄÍø¸ñÊýÊÇ46 ,Á÷¶¯

·½Ïò µÄÍø¸ñÊýÉèÖÃÎª 141 ,°üÀ¨Ç°ºóÑÓÉì¶Î . Îª ÁËÑÐ

¾¿ÔÚ2 ÖÖ<ÏÂ¦Ò¶ÔÀëÐÄ±ÃË®Á¦ÐÔÄÜµÄÓ°Ïì , ·Ö±ð¼Æ

ËãÁËÔÚ<= 01058 Ê±,¦Ò́ Ó01064¡«01135 Ö®¼äµÄ7 ¸ö

¹¤¿ö,ÆäÖÐÔÚ¦Ò= 01135 Ê±Ã»ÓÐ·¢ Éú̧ ½×Å¿Õ»¯ ÏÖÏó .

<= 01047Ê±,¦Ò́ Ó 01052 5¡«01185 Ö®¼äÓÐ9 ¸ö ¹¤¿ö,

ÆäÖÐ¦Ò= 01185 Ê±Ã»ÓÐ·¢ Éú̧½×Å¿Õ»¯ÏÖÏó . ÈçÍ¼ 4 Ëù

Ê¾,ÔÚ2 ÖÖ¦ÒÏÂ ,¦· Ëæ×Å¦ÒµÄ½µµÍ ¶ø¼õÐ¡ ,ÔÚÒ»¶¨µÄ<

ÏÂ ,´æÔÚÒ»̧öÁÙ½ç¦Ò. µ± <Ð¡ÓÚÕâ̧öÁÙ½ç¦ÒÊ±,¦· Í» È»

Ñ¸ËÙÏÂ½µ,Ê¹ÀëÐÄ±ÃË®Á¦ÐÔÄÜ³öÏÖ¶Ï ÁÑÏÖÏó . ±¾ÎÄ¼Æ

Ëã<= 01047 ,101058 Ê±,¦Ò= 01052 5 ,01064 ,¶ø <=

01 058µÄÁÙ½ç¦Ò́ó ÓÚ< = 01 047µÄÁÙ½ç¦Ò, ÕâÓëÀí ÂÛ

Í¼ 3 ¡¡¾ßÓÐ̧½×ÅÆøÅÝµÄÀëÐÄÒ¶ÂÖ¼ÆËãÍø¸ñ

Í¼ 4 ¡¡²» Í¬ <ÏÂ ¦· Óë¦ÒÖ®¼ä¹ØÏµ µÄ¼ÆËã½á¹û

·ÖÎö µÄ½áÂÛÊÇÒ»ÖÂµÄ.

Í¼ 5 ¸ø³ö ÁË¦Ò¶Ô̧½×ÅÆøÅÝ¼ º̧Î ²Î ÊýµÄÓ°Ïì ÌØ

ÐÔ,¸½×ÅÆøÅÝµÄ¼ º̧Î ²Î Êý°üÀ¨ÆøÅÝ³¤ ¶È l ¡¢ÆøÅÝ̧ß¶È

h ºÍ ÆøÅÝµÄÌå »ý v , ´ÓÍ¼ 5 ÖÐ»¹ ¿ÉÒÔ¿´³ö ,Ëæ×Å¦ÒµÄ

¼õÐ¡ ,¸½×ÅÆøÅÝµÄ h¡¢l ºÍ v Ôò²»¶Ï Ôö¼Ó,µ±½Ó½üÁÙ½ç
¦ÒÊ±,ÆøÅÝµÄ¼ º̧Î ²Î ÊýÑ¸ËÙÔö¼Ó,Ôì³ÉÀëÐÄ±ÃÄÚÓÐÐ§

Í¨ Á÷Ãæ»ý A ·¢ Éú±ä»¯ ,µ¼ÖÂÁ÷¶¯ Ä£Ê½·¢ Éú̧ Ä±ä,½ø

¶øÓ°Ïì ÁËÀëÐÄ±ÃµÄË®Á¦ÐÔÄÜ.

(a) <= 01058

(b) <= 01047

Í¼ 5 ¡¡¸½×ÅÆøÅÝ¼ º̧Î ²Î ÊýÓë¿Õ»¯ Ïµ Êý

Ö®¼ä¹ØÏµ µÄ¼ÆËã½á¹û

¡¡ ¡¡Í¼ 6 ¸ø³öÁËÔÚ<= 01047 Ê±,3 ÖÖ¦ÒÇé¿öµÄÑ¹Á¦

Ïµ ÊýµÈÖµÏß ·Ö²¼ºÍ ¸½×ÅÆøÅÝÐÎ×´ . ´ÓÍ¼6ÖÐ¿ÉÒÔ¿´

³ö ,Ëæ×Å¦ÒµÄ¼õÐ¡ , ¸½×ÅÆøÅÝµÄ³¤ ¶ÈºÍ Ìå »ý²» ¶Ï Ôö

¼Ó,µ±¦Ò½Ó½üÁÙ½çÖµÊ±,¸½×ÅÆøÅÝÑ¸ËÙÑØ×ÅÒ¶Æ¬±íÃæ
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