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燃气轮机过渡过程中叶尖间隙估算
及间隙变化对加速过程的影响

北京航空航天大学　　朱之丽　廖　阔

【摘要】　给出了一种估算燃气轮机加、减速过程中叶尖间隙及效率随时间变化的简化方法。算例

结果与国外文献的对比表明该方法是可行的且有一定的准确度。
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1　叶尖间隙估算模型
为了使燃气轮机过渡过程性能模型更准确地反映真实的物理过程,本文给出了一种估算

燃气轮机在加、减速过程中压气机和涡轮叶片叶尖间隙变化及其对效率影响的方法。叶尖间隙

的精确计算模型应当建立在多维换热热伸长分析以及弹性力学的基础之上,但对于燃气轮机

过渡过程性能计算是,需发展一种简化估算方法。叶轮机械的实际工作过程,叶尖间隙变化应

主要由热效应和机械效应两方面引起。为计算方便起见本叶尖间隙估算模型将一台多级压气

机或涡轮简化为一个当量级,再将当量级每个子部分近似的地简化为规则的几何形状。当量级

采用全台的平均气流参数和材料的平均物性。叶尖间隙变化可描述如下[1 ]:

∃CL = ∃R c - ∃R b - ∃R d (1)

式中各 ∃R 分别表示机匣、叶片和盘的径向尺寸瞬时变化。它们的瞬时热伸长用下式估算:

∃R h = C x õ ∃T m õL ,　　　∃T m = [Α(T g - T m ) õA õ ∃ t ]ö(M eõ Cm ) (2)

其中,机匣、叶片和盘的换热系数将用相应的在相似理论基础上建立的实验关联式估算[2 ]。

　　盘和叶片的离心伸长可分别按下两式进行估算[2 ]:
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2　效率变化的估算
因叶尖间隙变化对效率的影响可按下式估计[3 ]:
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　　将上述叶尖间隙模型加入燃气轮机过渡过程模拟计算程序,计算了某双轴涡扇发动机的

加速过程,时间步长 ∃ t取为 0. 05秒。在模拟的加速过程中考虑了转子转速、气流参数和换热



系数等随时间的变化。计算获得了在加速过程中高压压气机和高压涡轮叶尖间隙的变化 (见图

1) ,估算了由于叶尖间隙变化对压气机效率的影响 (见图 2)。

图 1　叶尖间隙随加速时间的变化 图 2　叶尖间隙变化引起的部件效率的变化

图 3　叶尖间隙变化对加速响应曲线的影响

由图 1得知,叶尖间隙随时间的变化规律以及间隙变

化的量级均与参考文献[ 1 ]和[ 2 ]提供的图线相吻合。从图

1 中可看出,在加速开始的 5 秒钟左右时间内,由于转子

部分的受热膨胀较机匣快,加上转速迅速增加产生较大离

心弹性变形,使压气机和涡轮的叶尖间隙变小; 当转子达

最大转速时由于机匣热变形加大导致间隙增大。以后机匣

热伸长达到极限,但转子部件继续膨胀,结果叶尖间隙又

转而减小,这一效果涡轮较压气机更加明显。

由于二次流损失与叶尖间隙成正比变化,因而图 2得

到的压气机效率随时间变化与间隙变化规律相反。由图 3

中可看出叶尖间隙变化对加速过程的影响并不十分明显,

其影响程度相对零部件与气流间热交换影响[4 ]要小得多,

只是在转子加速到最大转速后因叶尖间隙变大使高压转子转速稍有回落。
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TECHN ICAL NO TES
A M UL TIGR ID SCHEM E FOR CALCULATING THREE-D IM ENSIONAL

FLOW S THROUGH COM PRESSOR BLAD E ROW
N ing W e i and Zhou X inha i

(A eroeng ine D ep a r tm en t, N orthwes tern Polytechn ica l U n ivers ity X ian　710072)

ABSTRACT　　　　Based on the M acCo rm ack exp licit d ifference Schem e, a m u lt igrid
schem e has been developed to so lve the th ree2dim en sional Eu ler equat ion s exp ressed by w eak
con servat ion law in cylindrica l coo rd inate system. T he dist ribu t ion and in terpo la t ion fo rm u las
of co rrect ion s fo r the p resen ted m u lt igrid schem e have been derived. T he p resen t Eu ler so lver
w as u sed to calcu la te the flow s of tw o sets of t ran son ic comp resso r ro to r b lade row s, and
p roven to be a valid and u sefu l design too l. T he compu ted resu lts ind ica te that th is schem e is
enab le to accelera te the compu ta t ion convergence great ly, and the m ethod is accu ra te and reli2
ab le.

Key words　Comp resso rs　T h ree2dim en sional f low　F in ite d ifference m ethods

D ESIGN AND EXPER IM ENT OF CENTR IFUGAL COM PRESSOR
3- D IM PELL ERS FOR HEAVY GASES

W ang Shangj in , X i Guang, L iu Sixue
(D ep t. of Power M ach inery , X i’an J iaotong U n ivers ity , X i’an , 710049)

Y uan Yan , W ang Siy i
(Chong Q ing M ach inery M anuf actu r ing F actory , Chong Q ing )

ABSTRACT　　　　A n inverse p rob lem m ethod based on s2 f low su rface theo ry of 32D
flow field has been developed to design cen trifugal comp resso r impellers fo r heavy gases and
som e techn iques to imp rove the perfo rm ance of h igh p ressu re ra t io impellers have been p re2
sen ted too. Tw o impellers w ith M ach num ber M u2= 1126, 1. 06 and rela t ive w idth b2öD 2=

01054, 01036 respect ively have been designed by u se of th is m ethod. Experim en ts of the im 2
pellers have been perfo rm ed in a clo sed2loop test rig w ith F reon gases (R 11) to verify the de2
sign m ethod. T he dynam ic p ressu res d ist ribu t ion from sh roud to hub at the ex its of impellers
and the lo sses of vaneless d iffu sers and vo lu tes have been m easu red and analyzed under d if2
feren t w o rk po in ts. T heir good perfo rm ance ob ta ined from tests show s the design m ethod and
techn iques p resen ted in th is paper is feasib le and favou rab le.

Key words　Cen trifugal comp resso r　32D impeller　D esign and experim en t

A MOD EL FOR EST IM AT ING T IP CL EARANCES
IN GAS TURB INE ENGINE TRANSIENTS

Zhu Zh il i and L iao Kuo
(4th D ep t. B eij ing U n ivers ity of A eronau tics and A s tronau tics, B eij ing　100083)

ABSTRACT　　　　D u ring the gas tu rb ine engine tran sien t, the clearances of the com 2
p resso r and tu rb ine b lade t ip s d iffer from tho se in stab le opera t ion becau se the heat change
betw een gas and componen ts cau ses the differen t rad ia l movem en ts of the ro to r and case. In
o rder to sim u la te the rea l thermodynam ics p rocess in the gas tu rb ine engine tran sien t as po s2
sib le, a model fo r est im at ing the varia t ion s of the t ip clearance and eff iciency w ith t im e is g iv2
en. In th is model, the typ ica l stage cho sen from a m u lt i2stage tu rbom ach inery w ill be decom 2
po sed in to th ree componen ts (case, b lade and disc) , the in stan taneou s heat grow th of each
componen t is ca lcu la ted individually by m ean s of the differen t heat t ran sfer model, and the in2
stan taneou s cen trifugal grow th s of b lade and disc are a lso est im ated, therefo re the in stan ta2
neou s t ip clearance are ob ta ined by summ ing the heat and cen trifugal grow th s of a ll compo2
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nen ts. T he sh if ts in eff iciency resu lted from the change of t ip clearance w ill be p redicted by
sem i2emp irica l fo rm u la, w ith the aid of the t ip clearance model of the vara t ion s of the t ip
clearance, eff iciency and th ru st w ith tran sien t t im e have been est im ated. T he resu lts p rove
the effect iveness and accu racy of the model.

Key words　Gas tu rb ines　T ran sien t p rocess　B lade t ip　C learance

EFFECT OF CURV ING OF HEAVY -D UTY BLAD ES ON W ALL FLOW
Han W an j in , LüHongwe i, L u W enca i, W ang Zhongq i

(Power Eng ineer ing D ep t. H a rbin Ins titu te of Technology , H a rbin , 150001)

ABSTRACT　　　　Stat ic p ressu res on endw alls and b lade su rfaces and grow th of the
lo sses a long flow direct ion w ere m easu red, and the flow visualiza t ion s of the endw all and
b lade suct ion su rface w ith ink traces w ere also m ade. T he experim en ta l resu lts show that the
po sit ive cu rving of the b lade increases the st reamw ise adverse p ressu re gradien t in the cas2
cade in let and m akcs isobars on the fron t part of the b lade suct ion su rface in to oppo sed“C”
shape, thereby the saddle po in t separa t ion near the b lade leading edges and convergence of
separa t ion lines on the suct ion su rface to the cascade m iddle are in ten sif ied. T he negat ive
cu rving of the b lade reduces the adverse p ressu re gradien t in the cascade in let and m akes iso2
bars perpendicu lar to the endw all on the fron t part of the b lade suct ion sarface. A s a resu lt
no t on ly the separa t ion flow near saddle po in t w eaken s, bu t a lso the separa t ion flow on the
suct ion su rface tu rn s in to free vo rtex lam inal separa t ion so as to aviod in tercep t ion of the up2
per and low er separa t ion lines. In con sequence, the secondary vo rtex lo sses are decreased
great ly.

Key words　T u rb ines　Cu rving　B lades　W all f low

CHARACTER IST ICS OF INTERNAL FLOW PERFORM ANCE
OF AN STF FAN PROPUL SION SY STEM

Shan Peng and M a J ihua
(4th D ep t. B eij ing U n ivers ity of A eronau tics and A s tronau tics, B eij ing　100083)

ABSTRACT　　　　T he to ta l characterist ics of a Superson ic T h rough F low (ST F) fan
p ropu lsion system of unconven t ional configu ra t ion have been studied. T herefrom som e con2
clu sion s are ob ta ined as: 1. T he system ’s bypass ra t io m u st be act ively con tro lled by adju st ing
bo th co re and bypass engine’s th rough flow areas. 2. A genera l p ropu lsion system w ith a by2
pass ra t io variab le cycle is ab le to ho ld a h igher fan comp ression ra t io o r a st ronger fan pow er
in superson ic fligh t, w hen it is coup led w ith a variab le co re nozzle crit ica l sect ion area. 3. Fo r
th is new concep t p ropu lsion system , the specif ic th ru st per un it of the to ta l a ir m ass flow
does no t vary w ith alt itude up to the st ra to sphere. Som e calcu la t ional resu lts are p resen ted
b rief ly to suppo rt the above2m en tioned conclu sion s.

Key words　Superson ic fligh t　Superaon ic th rough flow　T u rbofan　P ropu lsion s char2
acterist ics

EVAL UAT ION OF SAFETY L IVES OF AEROENGINE PARTS
Kong Ruil ian and W ang Yanyong

(4th D ep t. B eij ing U n ivers ity of A eronau tics and A s tronau tics, B eij ing　100083)

ABSTRACT　　　　T he safety lives of parts in an aeroengine are determ ined by u se of
the confidence lim its of th ree2param eter W eibu ll d ist ribu t ion. T he safety lives ob ta ined by
the po in t est im at ion of th ree2param eter W eibu ll d ist ribu t ion have been compared w ith tho se
of tw o2param eter W eib ll d ist ribu t ion. It is show n that th is m ethod is conven ien t in engineer2
ing app lica t ion.

Key words　A ircraft engines　Confidence lim it　Safety　L ife
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