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【摘要】　得到中弧线小弯度薄叶片叶轮机械声场的详细结果。讨论适用于近声场, 叶片的弯、掠等

几何特征及运行条件也都在频域解中显式地表示出来。
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1　旋转源声场频域解

在叶轮机械气动声学研究方面较早的工作是讨论紧凑源远场问题,这对深入了解此类物

理现象的机理及其声学设计是远远不够的。文献[ 1]得到旋转源近声场的频域解,本文将之应

用于叶轮机械近声场研究(以下各符号除非特殊说明均见文献[ 1] ) ,所得结果显式地表示了叶

片径向、轴向位置非紧凑性对声场结构的影响。
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设源绕 y 1轴旋转(见文献[ 1]之图 1) ,那么其声场频域解为
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径向位置R、周向位置 ∃b 引起的近场修正为:
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2　叶轮机械气动噪声源

只考虑线性源(厚度源与载荷源) ,作薄叶片假设,叶片法向速度 V n及作用力 f i 分别为叶

片两侧相应点处的合法向速度和合力。中弧线中点柱坐标为( R, RM , FA ) , &为倾角。叶片中弧
线坐标 ∋其原点在弧线中点。径向力未做讨论。在叶面上积分式( 1)有:
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　　n1 :叶片面法向矢量的轴向投影。设有厚度分布函数h( ∋) ,其规范化函数H ( Z)∈[ 0, 1] , Z

∈ [ - 1/ 2, 1/ 2] , h( ∋) = btbH ( Z) , Z= ∋/ b( b: 弦长, tb: 最大厚度与弦长之比)。用上加“- ”表示

随体坐标中的量值,那么厚度体分布函数为: H- ( R , ∃s- ∀ �, y 1 ) = h( ∋) �( y 1- y c1) ,由此得到:
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　　将上述厚度、力分布函数代入式( 3)并与( 1)比较可得到叶轮机械厚度源和力源分别为

aT = (R∀ sin&H- ″( R, ∃s - ∀ �, y 1 ) �∋/ ��, aF = �F i ( Y
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3　叶轮机械声辐射频域解

叶片中弧线弯度较小时近似有 ∋= R (∃b- RM ) / sin&, ∃b= RM + ∋sin&/ R , y c1= FA + ∋cos&。
将前述噪声源表达式代入( 2)可以得到下述分别对应于 Pn0、Pn1、P n2、P n3的解。
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下标T、∃、1分别表示厚度源、周向和轴向力源。)0 , )s分别表达了叶片轴向和周向位置变化产
生的相移: )0= k0·FA·cos∃, )s= RM +  / 2。k x0, ky0为波数, ∗ 0T、∗ 0∃、∗ 01则为波形状函数:
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4　几点讨论

( 1) 解不但可以处理远场( p n0) ,亦可用于分析近场( p n1, p n2 , p n3 ) ; ( 2) 解清楚地表达了厚

度、周向力和轴向力各自引起的声场, 这为分析提供了方便; ( 3) 作薄叶片、中弧线小弯度假

设,但整个解中考虑了叶片的弯、掠, 因而适用性较广; ( 4) 由( 4)式可知,弯、掠在远场只以 )0、

)s形式影响声场相位, 但在近场(式 5, 6, 7)不但影响相位还影响到幅值, FA 影响 p n1, RM 影

响 p n2、p n3 ; ( 5) 除远场外,所有波形状函数均为加权函数,这些“权”体现了弯、掠的影响。
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PRELIMINARY SEARCH FOR NEW FLOW- TYPES
IN TURBOMACHINERY
Liu Jingmei and Zhou Sheng

( 4th Dept. Beij ing University of Aeronautics and Astronautics, Beij ing　100083)

ABSTRACT　　　　As view ed from f low - types, the developing pr ocess of aircraft

aer odynsmics is compar ed w ith that o f turbomachine gasdynamics. Fo r the branch of turbo-

machine′s gasdynamics, it is found that the steady body- f it ted f low- type is st ill the search-

ing object . How ever, the entire body- f it ted f low- type is impo ssible. It means that the unex-

pected separat ions in turbomachinery can not be eliminated. And our comparison has shown

that , as for the development of flow- types, the branch of tur bomachine′s gasdynamics lag s

considerably behind the branch of aircraft aerodynamics! Some of the suggest ions, w ith r e-

gard to the possible w ays of int roducing new ideas o f f low- types from aircr af t aer odynamics

into turbomachine gasdynam ics, are presented in this paper .

Key words　Turbomachines　V ortex f low　Non- steady f low　Separated flow

FULL- LENGTH PAPERS

AEROACOUSTIC SOLUTION OF TURBOMACHINERY

IN FREQUENCY DOMAIN
Ju Hongbin

(Dept. of Enginering Mechanics, Tsinghua University , Beij ing　100084)

Zhong Fangyuan
( Shanghai University , Shanghai　20003)

ABSTRACT　　　　According to the sound radiat ion solut ion of ro tat ing sour ce in fr e-

quency domain, formulae o f no ise sources in turbomachine have been der iv ed. Then the de-

tailed aer oacoust ic so lut ions of the sound field in the turbomachine, the blades of w hich ar e

thin and bent slight in the mid- chord alignment w ere obtained. T he result is suitable for

near sound f ield analy sis. M oreover the influence of geometric parameters and operat ion con-

dit ions are explicitly expressed in the f requency domain solut ions.

Key words　Turbomachines　Frequency domain analy sis　Aerodynam ic noise

EFFECT OF SMALL RADIAL DISTORTION OF INLET FLOW

ON STALL FLUTTER IN AXIAL FLOW COMPRESSOR
Feng Yucheng, Zhao Xiuhua, Hu Zongan, Ji Tu, Wang Yunwei

( 4th Dept. Beij ing University of Aeronautics and Astronautics, Beij ing　100083)

ABSTRACT　　　　T he ef fect of small radial stagnat ion pressur e disto rtion of inlet


